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(Cl-Cl12) -aliphatic-, 15(C3-Cl10)-cycloal kyl - or

-cycl oal kenyl -, [(C3-C10)-cycl oal kyl - or

-cycl oal kenyl] - (C1-C12)- aliphatic-,
(C6-Cl0)-aryl-(Cl-C12)aliphatic-, '
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to 3 aliphatic carbon atons i1 RL and R2 may be
repl aced by a heteroatom selected fromO, N, S, SO or
S2 in a chemcally stabl e arrangenent; wherein
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cofactor,.NS4A, helps process all of the viral enzymes,
and is thus considered essential for viral replication.

This processing appears to be analogous to that carried
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wherein in the W the NR6GR6 is: 10 -FNV 5H 1-N C
Tis: (C1-C12) -aliphatic-; 15(C6-C10)-aryl -,
(C6-Cl0)-aryl-(Cl-Cl2)aliphatic-, (Co-C10)heteroaryl -
or (C5-C10)heteroaryl-(Cl-Cl2)-aliphatic-;

wherein each T is optionally substituted with up to 3
20J substituents; and wherein up to 3 aliphatic

warhenbonms in T may be replaced by a heter 0311(9['7%5[2004/029093
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J.cafieeh [ - s Hgndg( o)tnxerfzmon TIEBEEY) Bh, Chronic

oyt MO R o) Teopmi. s
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- 96R - Hcﬁq_l%ra §_92 N( %pdﬁ Rior%%é%sgw%g é(%ﬁ?‘
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asSNEORLYRCY adireti) N(rRé)ra is G QAR u) Rr,

g—%quﬁ—fgg'rc)d% ?g( ‘?%t:%g O%ved yg{n?g%rﬁjl’blt(lgn or
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- cycl oal kenyl - )o=F 0 Il\TT '
cl oal ken - ClO) ar yI
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(C5-C10) - heteroaryl- (C1- C12) - al ph‘a ic-; 30wherein R
is optionally substlg-lute)j vmzt u Rg_hs J gr oups;
wherein two R gr 8. b me atomforma 3-
to 10-nenbered aronmt i oP' n n ar w ring having up
to 3 heteroatons i fdegendént By SEQR "fromN, 0, S,
SO, or 13 SO2, wherein said ring is optionally fused
to a (C6- ClO)aryl, (C5-Cl0)heteroaryl, .

(B Epel Uarkqlblesnarae @@deﬁﬂé@eﬁﬂa}cycl yl,

@ £iN anypLi tituents selected
Y\ﬁdepe]ndent%lh% ?r om f&‘gﬁcl%gr aﬁgé D & T P&SégrﬂaBBF netft
ofoninel sSenvcaat bpve tctmrme)urslspandl t:lha@l W= ae@sbffi. ONsuch

) d according to either the first or
Q&%Hdﬁ éﬂ%gg Igggpg r]uSEdeﬁ':ar %Seﬁf‘?%ﬁllﬂyaﬁ&?f@p?ﬁm%ﬁ to
st tindvertedf into arpamnizunt, ebf eetat eoiddl dgikkhi badples,
Sﬂéﬂ]ea§°5gggésﬁ$r3?gp to a mln ?ét:elc}rg t:%arar ngg:a.ent, and

ad J uvant or ve
for direct administration to a patient. In each case the

composition will be used to inhibit HCV replication and
to lessen the risk of or the 'severity of HCV infection.
.[0012] The invention also relates to processes for

preparing the compounds of formula I.
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According to a fourth enbodi nent of the invention,
there is provided a nethod of inhibiting the activity
of a serine protease in an isolated biological sanple
conprising the step of contacting said serine 15
protease with the conpound according to either the
first or second enbodi nent. According to a fifth
enbodi ment of the invention, there is provided a use
of the conpound according to either the first or
second enbodi nent or the conposition according 20 to
the tPRFnidHone REnthe orPedEt Mammadineatsf of the
Mr?%i,@f‘tasf Qf ot heat hoge AN 44 Jynfection in a patient.
According to a sixth enbodi ment of the invention,

t her er¢eosHiag dedaafhsehotePdiBIsTH o4t ithg 6PVPBHERT ng
g@/:fé:q_rg RHAGEAN, Of oo Dl QY G)rr3alpPhe or nedical or
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10- menbered aromatic ring having up to 4 heteroatons

selected fromO0, S, N(H), SOF and SC2, wherein 1 to 3

wheg=ptons are optionally and 10i ndependent|y

substituted with J; 1/1 and R2 arei ndependent|y:
Cl-C12) -aliphatic-, (C3-C10)-c cIoaLkgI- oy
AEyEF oal el 10 -Perseted (- Wt dalkyid hgying up to 4

- Cydabkentd] sé fda@@)rrokdd,i Bhaki(gy, so, and SO0,
(C6-C10)-aryl-(C1-Cl12)al i phatic-, | ' _

( CBRErS)inhét BP olr ¥HRq GLETE2PAR FREEPR2ILY aRgherein LID

to i%d%&aleaaaht@%c:@wm@t@as WihRE;and R2 may be
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Br s N pxe dhderealfytsyabl e arrangenent ; wher ei n
each-10f-1B3 _gnd 2 { 5. i ndependently and optionally

substituted mﬁ?h up to 3 substituents independently

sel €463 0 rewrIoaRybnP e &icd crAdEepERdent | y hydr ogen

or » - . 1 \M}SJ [ d .

opt |‘§:r113al%lll@ r g%?g%ée% t rc?rhal o&gﬁ?l{%ﬁé?’g?/nqggﬂie&m nal

cardlgiphattdm-of R2 is optionally substituted with

sul A TAVANSS YALOXM R2 J.s phenyl or -CH2phenyl,

mhe%g¥%ﬁé igEBEegé? %%%Xﬁ%#%?%ﬁ%?énally substit ut ed

Wi t lCaHE100 -Besabstiyliets G nddpdadantly sel ect ed

from ‘Jv.hegr inRg’ al:ncgj ll&)?lg.gt_l.laelé %&E é@&nsatiq{nﬁloaﬁ\@'@may

t hey are Bound is a 3= to 6-menbere ring having up to

2 het eregdtaorsl gl echetefoamiN, sdlldct@d SOemoP, BO2, SO,

wherei . the ri has t u ] selected

ind@ﬁé%ﬁeﬁ?l? Trom ;fi%'ﬁﬁaé%% ggkggggﬁ%%%épendently:

hydr ogeereifCla€i Df -®l ephari ds, 10E8pSi@Inttliclaoa kyl -

or -cycl oal kenyl -, . : . .

(C3® nagylé'i 5&#5’)\?91—'?8?@6&5}} AR Jifath Supstituents

10( Ba&FNaerily se(€3t€A0)rbrtEer ocycl y1-; or

(C5-C10) - het eroaryl -; wherein up to two

al,i phati ¢ carbon_atong i 4 and R4' may_ Dbe, replace .

R BRAC S St o sHaiea Ly HEBOIRE TRSlCIG LA sdaghatic,
wheggé e BaGhywhyRdoged RY bstisgependenilayedndith
optionally substituted with up. to 3 substituents

i ndBPEPIRM [WReSiBepBy FREMIZL\VIIROHRET RS X B o

optionally substituted with sulfhydryl or hydroxy; or R?
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0O 20 wherein each R6 is independently: hydrogen-,
(C1-C12)-aliphatic-, (06-do) -aryl-

25(C6-Cl0) -aryl - (Cl-C12)al i phati c-,

(C3-C10) - cycl oal kyl - or cycl oal kenyl -,

[ (C3-C10) - cycl oal kyl - or cycl oalkenyl] - (Cl-Cl12)-

al i phatic-, (C3-C10)-heterocyclyl-,

(C3-C10) - heterocyclyl (Cﬂ Cl;) al i phatic-,

( C5- C10) het er oaryl -

(C5-C10) heteroaryl- (Cl Cl2)-aliphatic-, or two R6

gr b8 pBheni} cor arélpbandl ¢ dﬂ%@@aﬁ@lﬁ PheRER SFWR 1S

forpriQ % s%ét_llthhl@a WhEEogﬁnté‘t?rQu@stltuents

(C3-Cl10 erocyclic ring; 10wherein R6 is optionally
substeperéently Faleated3 f3oBufst P uent s; wher ei n
I?ag.ladRﬂ:‘ ' £o Egﬁ%?nﬂg ltM'le g%om. b tvﬂ?cﬁgt §9uap.tse bound is
t oget her MA oron atom 1s a - menber ed

heteBocyel § cnenibryadaviing havaddi wp o*ﬁOth hQ’F@IP@b@ﬁlén up

. 5?%%@%%@@ ﬁ}elt@f 0?01 12?118%@20! @A, ik ring has

-al i’phatic-;
(CBPCEO)2a$wh§§itqanna}aeleytadyanenemﬁﬁguﬂy Fram &+,
(C5-C10) heteroaryl -, or

I@CQRQTQ)hg&gr9§&¥$?£&gn%%;) al i phatic7; wherein

eac is optionalTy su ituted with up-to 3 J
subytirbgents; 25 J is halogen, -OR, -N®2, -CN, 1CF3,

0 , =R, oxo, 1,2-neth Iened'o ,
1, gi%gt'ﬁﬁéh%g%(@# hé—l\’lz(Rl) SNOR ). ' N(RD2, -SR
- sam C160REYCLEONYIR Y2, ~c503Ra ke D) R, , .

e L et T

30 (06LOLR) rargl0) N( RL) 2, -0C(0)N(R')2 C(S)N(Rl).21

i ﬁ(Hé O?ﬁ?ﬁ%ﬁﬁw%m RO N( R )CON( R) 2,

: mg RC)SSGQE%I}}S@QEL\I(CFR&)y%(—O- N(R ) C(0) RIRl O N( R.N% gl( )0) R,

N c&%’t@dﬁr \7‘%2&%/ B%Eé%el%c?ﬁ]{%‘éﬁc&ﬁ%i‘igbﬁs% and &Y
- Ne@R bR rep e Rl JndterCe@ph R ¢REed -KXHNARTNRL S,
-ozgo%ﬁgg? 2)2 22(0) (R )2, -P(0) (OR )2, or -P(0)

i s independently selected from -

hydr 0@%&'&11‘5(&17&1)2) Ré&lafphat¥ Cis .independently and

(C3-C10) cl oal ky| - or_-cycl oal ken ,

| (epteebr S Ly cPasr iyruiGia S o Keng1pUpeiiemts

al ijphabetdent 86- &4y I from J;

10(CE-C10) -aryl -(C1- ClZ)allphatlc-,

C3-C10) - heterocycl y1-,

(3% C10) - het erocycl y1- (Cl-Cl12) al i phati c-,
(C5-C10)-lieteroaryl-, or

(C5-C10) -Qget eroaryl-(Cl-Cl2)-aliphatic-; 15wherein R

is optio IIy S tituted with up to 3 J gr oups;

wher ei n houps bound to the sanme atomforma 3-
to 16- omati ¢ or non-aromatic ring having up
to 3 s \hﬂ pendently 20sel ected fromN, O,

S, SO or SO, mhereln said ring is optionally fused -
to a (C6-ClOdMaryl, (C5- C10)heteroaryl,

(C3-C10) cycl aIkyI of a (C3- ClO)heterocycIyI,
wherein any ring has up to 3 substituents sel ected

i ndependently fromJ. 25 [OO;4JThese compounds sol ve
the abB9EHRobEerRe By fi6vN& Ry ‘Sonpounds wi t h

i mproved enzynme and/or cell activity. For exanple,
conpounds of this invention, particularly the
preferred conpounds exhibit better
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enzyne inhibition than the conpounds of WO 98/17679.
The 30 conpounds of this invention also have better
cellular data than other reported conpounds (see the
docunents cited herein).
W)2005103552518PCT/ US2004/ 029093 [ 0015] I n one
enbodinent, if R is cyclohexyl, R2 is t- butyl, Rv.
is H R3is n-propyl, Wis- O)C(O)N(H)
cycloloropyl, and T |s ; en Ar is 4- qU|nazoI|ne or
5-chloro-2- 5 pyridyl [0016]The present invention

al so prpvi des ascbnpq of forncula =10 wheyigi n: Cl
is 0 OEP}V i d'(p 10- net \ar/ matic” TNWQ/@/
havi ng up o ‘4 hetroatoms ‘'selected fromO0, S, N(H) '

SO, and 502, wherein 1 to 3 ring atons are optionally
and 15i nd endently substi t ut.ed vvlth J; R1, R?

and RL3 ar g apendent | y al ph F
( C3- CEd)~e al kyl - H al kenyl “
[ (C3-C10) - cycl oal kyl - or - cycl oal kenyl] -

20al i phatic-, (C6-Cl0)-aryl- (C1-Cl2) al | phati c-,

é(ﬁ C10) - het er oaryl - (Cl-Cl2)al i phatic-, wherein up to
aiflphatl c carbon atons in Rl and R2 may be repl aced

by (&1heétei eoat grhagslcect ed from 0, N, NH, 25S, SO, or

302 .n h ally stable arrangement; wher ei n

eagﬁ(sog’il&i sﬁ%fRZ i s independently and optionally

subdssi-cap pdaayl eatih Subsfiipbbabbe, positi on WO

2005/.0 004/ 029093 with up to 3

su8g5| t%ggﬁ?é—%fﬁr nden% y selected fromJ; R3 and R3'

ar dqoﬁd:epeheleettéqr}ﬂydmgemzor—a@mhﬁm-; al i phati c,

wher ein_any oenlso [ 1 pl.a th

hal og®Ae* V\ﬁé%‘l %‘ any°t Pht R ,—191‘3? (%DnS%éLttél%%%f %ﬂ?gh gp to 3

Dpdistal tuensebsti t ut ed wi t h sul fhydr yl or hydroxy; or

R3 i s phenyl or -CH2phenyI V\,herei n said phenyl group

| S, og’é%%gonal ly FZE{ @t’f dc gj%subgt it uent S

ft og&hb&b \Mlth mému}&ldimdmx\yhl ahzt—heyymzeem»qd, = (®'3-,

to ered ring having up to 2 hetero el ec
frmlﬂ IQR b "BR9er ang' SOZSg%er B he s&%% upg‘igg2
2 Sldq@t)mt'uenmosel@@ed —m@enﬁademm, faom) &k ,15CR4)0R ",
and R4' are independent

CCLapIpRar: pRsTElE G ceol SIBT Bikia- -GE @R,

'CBL@(@@MQH)’L —oc 0>N<R' X -c(s) N(R')2, - (CHy) ¢-2NHC (O)R',
C3-C10) - c cI oal k @g F?] al i phat i AR ' '

20(@3@(%7) aM}PR U’Cl)(W ét‘—‘éP&@?cvyl (ROIN(R')CON(R') 2,

( CaGRO)) dhsk er a@foﬁ 1) BOYR X €) J) u&(k@)t\(@ aki pham@n R’
carbon atons in R4 and R4’ nay be re aced

T G RSBl Bor B Dot on (A0) 2pesy (RS Gvar e 2
Vmefl\?('d@)Reei@BROf Rd( @{19 41 JCS(—JN?I@@IRQn?EnUG/(CﬁWOR

optional l'y substituted with up to 3 substituents

i NdEPEenEID Ry : sSePBER P Hoam JP(W 2rV\DP2(@O5P63$5253r '
20 ROH\USAQ04A 929093 0T6 N Ré

R' is:
hydrogen-,
(C1-C12) -aliphatic-,
(C3-C10) -cycloalkyl- or —cycloalkenyl—
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OR1 2 NN wherein Y is -CO2H, a derivative
of -CO2H, or a.bioisostere of -00i El; 5each R6 is

i ndependent|y: hydrogen-, (Cl-Cl2)-aliphatic-,
(C6-CL0)-aryl--,. (C6-Cl0)-aryl-(Cil-C12)aliphatic-,
10( C3- C10) - cycl oal kyl - or cycl oal kenyl -,

[ (C3-C10)-cycl oal kyl - or cycl oal kenyl]-(C1-C12) -

al i phatic-, (C3-Cl0)-heterocyclyl-,

(C3-C10) - het erocycl y1- (C1l-C12)-al i phatic-,

15(C5- C10) heterparyl -,.- aor

(05- C10)H§€éF68?yi¥%%ﬁ1%ﬁﬁ) 9 igHELPRIke Y W RE?)
groupgiipdMcic-gre "bound to the same nitrogen atom
formtogether with that nitrogen atom a

(C3- C10) YeePdc§EYie ring; 20wherein RGis optionally
substi t uteed ol haup1t ooB- ch HulistiHauent S, wher ei n
each R8 I s independently -OR ; or the R8 groups '

~ toget her (GA(H ¢ RBEBBF O S0  is a (C3-C10)- menbered

het er ocy@d-e1hi) ngebavb&g-iyn agditdion at @phleic-,

W2005/ 03552521PCT/ | TS2004/ 029093 boron up to 3

addi t i ondl>HéPerBsFeRR2SEl ect®d from N, NH, 0, SO, and
S@2; T igis-ehyChtersbiphatdt-c1H(Qai6h0 1ary! -,
(C6-C10) -aryl - (Cl-C12)al| phatic-, (C5-Cl10)heteroaryl -,

or (C5- CITyifdleRoai§| CPEIRbYY Aubshatipged with upto 3 J
wherepnsogggh T is optional ly substituted with up to '
103 J substituents; and wherein up to 3 aliphatic
YAEBORN At WITR | [9TPUREY PPENE eBP dERR IR HhrSMeFBE oM 3 - tO
seleetedrdd apShathc NE ndh-Som i SR ravehgnigatdys

stabl e arrangenment; provided that if T is pyrrole, the
beEespetens nigiderendehstyt 68 acked tHeemNoo&irt PonSRi t AT

. e : G OR .
AT 1 M O Gl L
CCOOREYD) N(FB)C2 0) hetBFNERT) 2, (CR(E)N@Loalkyl, or a (C3-
hELE 1)42! i T Yo ubstitSents
AN O B s S G B
2eflhicbgd, indwendampllvefiesdnodly, 1, 2- et hyl enedi oxy,

=N(Rl),,. = - - SR o f - |yvention
-S(@N Cfgl’gl_ z)tflzé’{\l’(ég_c) fﬁod}%%&%)%g@ ention,
£Be@RCH2 Qp By tRied @ SPRpoung( SF CRvrmuly 0Y:0R1,

-C(0) (0)OR, -C(0)(O0)N(RL)2, -0GLO)R1, -C(O)N(R )2,

-0C(0)N(R1)2, -C(S)N(R)2. 25-( 0_2NHC( 0) R1,
-N(R)N(R)COR , -N(R)NR )0 "
N(R)N(R)CON(R ), 2/ -\WWR 'S IN(RL) SO2N(R™ ) 2 /
N(R ) C(0)OR1, -N N £ R, - |
-N(R)CQO)N(R ) 2, ~A REYT(S) NG10) 20 - IKEOR ) OOR
_N(OR )R, -C(=NH)N(RT}2, ~C(0) N(RR'R R° - C[=NOR ) R1,
30-0P (0) (OR )2, -F (0) (Ry) 2. -P(0) (OR )2, or
-P(0) (H (OR) ; R is: hydrogen-, (C1-C12) '
~wilenshati c-, (C3-Cl10)-cycl oal kyl - or - -cycl oal kenyl -,

n is 0 or 1;

Ar is a 5- to 10-membered aromatic ring having up to 4
heteroatoms selected from O, S, N(H), SO, and SO,
‘wherein 1 to 3 ring atoms are optionally and
independently substituted with J;

R* and R® are independently:

(Ci-Cc12) -aliphatic-,
(C3-C10) -cycloalkyl- or ~¢ycloalkenyl—,
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WD2005/ 03552522PCTM52004/ 029093

[ (C3-C10)-cycl oal kyl or -cycl oal kenyl]-(C1-012) -

al i phatic-, (C6-C10) -aryl-,
(C6-Cl10)-aryl-(C1-C12)aliphatic-,
5(C37C10) - het erocycl y1-,

(06-C10) - heterocycl y1-(Cl-Cl2)al i phatic-,
(05-010) - het eroaryl -, or 0

(05- C10) - het er oar y1- ( Cl- C12)"al i phatii c-;

wherein R is optionally substltuted mnth up to 3 .
10 (GPoGpY - GRIRA o OR ~groupdthund tGtddane
atamippap @ 3- to 10-nenbered aromatic or non-aromati C
rln%ﬁ aV|ng up to 3 heteroatons independently selected
fr SRPNCLP) ~&rYysg CloC18dp L iRheF&Fn  said ring is
opticgnak by- ﬁ&e@poatxqfla @6C1é5aﬂﬁﬁé‘ﬂ53{&v, |

(C5-C10) heteroaryl, (C3-C10)cycloal kyl, or

( C3- CH*fElNe e O 91a1wa1e%+% GHRPIT R OREs lapRt Frgl R®may
subgt ikbyeatsa S8Y af et drddepandentlyedr ofon .0 [ QU1 R, Ns,
one enbodinent, if Rl is_cyclohexyl, R2 is t-

bu{l, 08 $Q BN chhemh%%quta%q SIIEOFPEEDFR( H) - 20

cycl oproRyiln <R bri 81 Jhd ﬂﬂgngﬁdéﬁ%nE%htl and
4- aui nazol i ne or 5-chl oro- 2- r|d [0018]1 n anot her

enispdilABAL LY | FUStiEysAd @rteeat: esh ?Fb%ta% s@osition
sulstit H{)ego\’\&téhb]stlh:lﬁteﬂt% qaeéeeﬁaéﬁtzy'i d4sed 4D fBom J;

- 5;menbered or a 6-nenbered ar or heteroaryl ring

ROGIG) Rh awet hodepabéeianthy rfoglan. STpyFiofe2) tabiphatic,
py%%'relhsaﬂ)sﬁt?f&lbéz;}éﬁg @Lp@aoha@%rg P&éiééé’@ Widh J,

but 1s optlon fuse to"a 5-ne ered or a )

6 edbered ahyxee@ Yy Feradoatyrarpag. atewp of R® is

%g!ﬁ%ﬁﬁ%%%?@gﬁ%ﬁ%\ﬁd Q@%‘%ﬁ? uh@Q%QH/f AU PBoxy; or R’

ment iIs not O 00217 I n” anot her

'errb@dlphenyl Jri sCiwphepyis civeef 90224440 Pheowd gpeupf ie

Is t oyjdegs
ehePsiAEALy' BBt Bcn, RECKECST RIS
I-AmdwpeneentlhesakﬂqtﬂdeinmmeJasoceflned in any of t he

D e gli r
1O P00 TR IR L0 L % COMRONNA O LOERULA Aol e
enbodlnents bnisereay entrigpthaving uprbvldeheeermﬂqnmund
wher [ d e conpound h 15 .t he fornul a
| - B eqwﬁd %rom?ﬁe]$£rldbgg)are aggﬂefWheﬁfﬁﬁwgge rng has
theqenhodlBeheslheemns1sdﬂeaxedoﬁpdapdndéntbynﬁiemIJUB
Wis preferably: 00 R6 00, O 5 Definitions

used herei n neans a

024 t
%gﬁﬁgi hF@-%iq@F%§§P98n€£¥bocyc|.c aromatic ring

syHeinoghenyl is an exanple of a nonocyclic aromatic
rin 1syst m BIC%C[IC aromatic ring systens inC ude
syster Glﬁﬁg B both rings are aromatic, e.g.

naphizmdm aegicwemyﬁ Mhﬁr—&iytl@édlyke@m of the two
rings is aromatic tetral
C3-C10) - cycloalk él Cc12)- allphatlc—
(C6-C10) -aryl-,
(C3-C10) -heterccyclyl-; or
(C5-C10) -heterocaryl-;
wherein up to two aliphatic carbon atoms in R* and R*"

may be replaced by a heteroatom selected from O, N, S,

S0, and S0y;
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[ 0025) The term "bi oi sostere” -002H as used in herein
'"refers to a chem cal npiety which may substitute for
a 15 carboxylic acid group in a biologically active
nol ecul e. Exanpl es of such groups are disclosed in
Chri stopher A. Lipinski, "Bioisosteres in Drug Design"
Annual Reports in Medicinal Chem stry, 21, pp. 286-88
(1986), and in C. W Thornber, "lsosterism and
Mol ecul ar Modification in Drug 20 Design" Chem ca
Soci [ 5 580 (;19 : such
or oup et gasn BF B SRR, [ ek Y, Be
- CONEIDRha B2 MRS £ 1.tu588Hyi £ POGOH) NHR , sub@ONIHGRN tS0503H,
CONHSO. R ( -P (OR), -PO(OH) (13)),
-oﬁﬁﬁﬁidén%f?ﬁ%tf&%m PO OH) (R). HPO(G)2
25-NHPQ(OH) (OR' ), -NHPQ(CH) (R ) 0 HO
w035/ 03552525PCTM52004/ 029093 CO2H 002.61The
term "heterocycl yl" as used herein neans a nonocyclic
or bicyclic non-aromatic ring systemhaving 1 to 3
het er oat@m or hBger oat om groups in each ring sel ected
fromO, NH, $, SO or SQ2 in a chemcally stable .
arrange InNa bicyclic non-aromatic ring system
he ocyol y1" one or both rings may 10
contain sai d| het er ot om or heteroaton1groups
[ 0027] Exanplles of heterocyclic rings include 3-1H
benzi m dazolQ2-one, 3-(1-al kyl)-benzi ni dazol - 2-one, 2-
tetrahydrofuranyl, 3-tetrahydrofuranyl, 2-

tetrahydrothlophenyl 3- tetrggydrothlophenyl 2- . 15
nnrph®¢¢ﬁﬁﬂni}nnﬁﬁ§hﬂblﬁhe MR Wor phol i no,

- 2-thi onor phol i no, 3-thionorpholino, 4-thionorpholino,

1 pyrrolidinyl, 2- pyrrolldlnyl 3-pyrrolidinyl,

}etrahydr i pe nyl , tet droplpqﬁa2| cl
_tra hydr nyl , i nyl,
ridinyl | 3- plperldlnyl 1- razollnyl '

3 pyrazollnyl 4-pyrazolinyl, 5-pyrazolinyl,
pip% |d|nyI 2 pi peri di nyl, 3-piperidiny|,

4-pl L gl 2sthi a'FnyI ., 3-H hi i diFnyl ,
zém di nyl , Efm 8| % dazol.i di nyl ,
4-i da olldlnyl 5 inidazolidlnyl i ndold nyl ,

tetrahydroquinolinyl, tetrahydroisoquinolinyl,
benzot hi ol ane, benzodithi ane, and
@,gsgihydro-inidazol 2-one. 5 [0028] The term
"heteroaryl " as used herein nmeans a nonocyclic or -
blcgﬁ{cézgréﬁﬁPF%t¥?ng system having 1 to 3 heteroatom
or hefeneatgm,groups in each ring selected fromo0, N,
NH or Sin a chen1ca||y stabl e arrangenent. |In such a
bi c4RA-CE-Carswut r 6CF 1 ¢eR lsiphntéfodi ment  of

10 Hﬁ?@ﬁﬁ@%ﬁleroa £ Orboth rings nmay he.aromatic;
one or both rings may contain said

het@E%%ﬁkﬂhh@ﬁeﬁ@FéYbanﬁn%ﬂ%ﬂnﬁi ohed29T Exanpl es of
het by
l\fi reinr gg%%?y{l g%ccl? azo ?Lofnla{ﬁ.i‘%ygubéélﬁlﬂ(éﬁ M¥h up to 3

dazolyl, 5-
irﬁIkﬁuﬂ%ﬂltubenzhnam@zolyI

3-isoxaz - ol,y
4- oxazgrs u%xazg{%ﬁgkﬁ?tﬁgrkgﬁéﬁﬁ %ydgiro %?%Q& be
3 p@epkﬂqdd b~ pyhedgrqaﬂmpysékgated4fgpm|QyIN NH S, SO,

rimdinya, d|n I [ ,
pyr é%%n?P feChe£ r| é%lﬁyﬁ ¥ Eg%ﬁlazolyl 4-
thlaZ@kph;dadthhamcﬂﬁﬂz JEetnazoﬂyl teegoyrrole is not

SbeLipebe S a20b (80 2ior ol v dnds corm,

benzot hi ophenyl, indolyl (e.g., 2- indolyl), Pyrazolyl
(e.g., 2-pyrazolyl), isothiazoIYl, _
251, 2, 3-oxadi azol yl, 1,2, 5-oxadi azol yl,

1, 2, 4-oxadi azol y1, 1,2,3-triazolyl,

, 2, 3-thiadiazolyl, 1,3,4-thiadiazolyl,

1, 2, 5-th|ad|azolyl purinyL, pyr azi nyl , .
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understood that these designation refer to the total
nunber of atons in the appropriate group. For exanple,
in a (C3-Cl10)-heterocyclyl the total nunber of carbon
15 atonms and heteroatons is 3 (as in aziridine), 4, 5,
6 (as in norpholine), 7, 8, 9, or 10. [0032] The phrase
"chemcally stable arrangenent” as used herein refers
to a conpound structure that;renders the conpound
sufficiently stable to all ow manufacture and 20

RIREE P OB TR ountd TR st alr ey Ge Mom

t enper a)\orRe of—c40§3c<oo HewSs),,i RCl beNahsEnceode)mst,r e

r.chemc acgtive ¢ for at least a
Y/\ééﬁl\g}%&%ﬁfgﬁredg%@ Y "Eg @péogg] i n anot her >
enbodi nent of this |nvent|on .1's phenyl, pyridyl,.
guisddToden, PYRI N divoyl .-, n&wbt hyder,wherei nogach

groyp i s optionally sub tltuted Wi t ,_2,.0r 33 _.

i TS SRS R N S RN A ST R T I (LR

Ar =iNs(ORWD, 200%% 03552528 PCTEER2D 04429093 50,N (FOT) ,10-80,R 1,

[0035 IL.n anot her odlnent of this |nvent|on Ar is; |
018 ' £ 003991 Al Girfor heic EnEek KR of-G &+ -C(STOR!,

i nV-@ﬂU)OR, ,AFCI(@ @(Cﬁ) & a -orenbened: &IOW@U(@ Ri'NQ

haV|n% 0, nltro gn heterﬁ&tons wher ei n 1C 2

or % NéR OZS' Q)gﬁﬁ Fvalﬁ/ R ﬁaepeh P129TH

subs{ (rtryived w:@ﬂa J. -8 @0 )ho@38k bmoﬁny of (RhAv (R ) CON(R‘)z,

embodi nents of this i nvention, each grou on Ax

i s
i nddPERASEReR | O (R'NELN R ) eF3Y (REES (ORPR ' ORI (R C(O)R ",

C(OME0,) cEEPRN( Ry &R mlN(Rs%N(RWRQ)/C(S N(R' )z,
1, 2- msth Iened| Oa%ﬁ@ﬁq' eth | ene di ox O)ORl

or
NR-BUERR" ) S8K( 00 o RGO Rt s G DR
I nuenthen, )gach. @Pwo .qq ALpis pée)fer ablyy (8Rdy,, or
|ndependentl , al ogen, CN, CF3, R, or COR .
Moré {§p f{ér(ﬁél yi this J is halogen (particularly
chl or o) [0040] I n anot her enbodi nents of this
khvegtion, each J group on Ar is independently
hal o, trifluoromethyl, 5 nethyl, or NO2.
[ 0041] Adzm?rr@igﬁg to any preferred enbodinent, T is
(C6- ClO) 0 )heteroaryl , Wherein each T
is opti ona I)%zsu%%tgﬁu%% With 1, 2, or 3]
subst i t ugit-<10) 002l valky br e¢ler-rce/d31e§wtl&5@inyént Tis a

Sr g?g?‘f;@&e%oﬁ K%QO%TQP &g ?rcré’yrgog%g%léﬁ\e/tlbe?oar yﬁerﬁr—

gr oupathphatscopti onal ly fused to another 5- or

. 6-menber gd. aryl, _qr. (_eteroaryl group. [0043] More
g—'dg ?boeii mexttE

nreferre s'are those wherein T: [0044]In a
nore pref@E+@Ed)enlrgdii- feht ¢1T) akiphat@c2005/ 035525
30PCT/U 0 909 \ Hor razine. [0045]1n certain
enbodi rreﬁ#5 %/c#}% % geFﬂ%ﬁ n any T . group is
opt i onal {gs fausedhkaeaobyobpbered-arz))al6prarbered aryl
or heter y roup. 5 46] Accordingly, one
enbodi mg$'041095?‘§€F593%¥?0n PF ovi des conpounds
wher ei n {[c3-x01H -hebderobirsd- (¢1 N1 D) ~akibhatik~i;

wherein R! is.optionally substituted with up to 3 J

groups;

.wherein two R' groups bound to the same atom form a 3- to

10-membered aromatic or non-aromatic fing having up to 3

heteroatoms independently selected from N, O, S, 80O, or
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N si-N, H, or wherein each T group is optionally
fused to a 5-nenbered - or a 6-nmenbered aryl or
heteroaryl group. 10[0047] I n another enbodinment, T is:
"wherein T is optionally fused to a 5-nenbered or a
6-menbered aryl or heteroaryl group. . [0048]In
certain enbodinents, T is not fused to .15 anot her
ring. [0049]1n any enbodinenb of this invention, each
aryl or heteroaryl group of T is optionally and

§d | titut s
S oRRRgERh L B Rt ﬁélznfu%%ty RS
C(@lalﬁsl,al (- )ClcmEtemam,oz(F@?:erlO [C(?@QO]allhyl;er@alm (C3-

B R e e Ve e o

seﬂecmmhmn@&pbmdsnabYefnmmangenent The heteroatomis

pref r, NH iV, nt no
al i phé??‘%:y%le?rgo%n &t Br%h?(si %‘]né%{’ Ace ﬁt‘?n IIF‘%%%?F h
tbarajnsQnmpudndsaotommmsutxnmnuqmprlsmmgahlphapocnd

oup.links tqo.T to he re |nder of.

E ef%lrng :%n th(te_‘glgra %lphajt ggil INKers ep gggrrenfl o?ran
phaimﬁueuxnnaﬂhgnaateptasl@riékﬂruhknamf101ﬁoapoamdsnt
m?f in n |s.0 .Ln conmpounds wherein n Eﬁ 1. this

oh Jt 59 AREFPGF oBp DT S abISE S Had Mo *Ret P TR DA
cepfﬂﬁenﬁﬁbayaﬁmrbhevant&ieconpounds wherein n is 1,
preferably, have no . alip at| n ou _'

P0052] Acc REF T dtoParGiFEl BREGULTERE SR 15
163(7@1)tﬁ(r()) tRerePief prabl §ged R6 m@:mhier@ﬂ :anlthdyhg RS-

%_b fé%ldfcéx) s@ﬁ&%’Sa%El??g&!‘é(g in an J.so(?La(te% 9%1%'95!£1
sl e GG hg( .eﬁle Glodpryf ,corN(a{'d)t-lgﬁ(gH)sgaL%);erlne '
C3 C10 et erocy , or -N(H) - CH3) - .
f?i%e%ﬂ% lﬁé‘tégﬁat: P?Ow%r%é'#)@%l? &y thereFBRY ELYFE ©F
aggog&)émgdaymyaﬂ is optionally substituted with
hal ogen. Preferred enbodi nents are sel ected from
Mor e %?%‘P%C}Jaﬂﬂ O Re TS ERsBpPopiTent Gb%sﬁ%c‘é‘rvéﬁrﬁ’?éoflo
enEr &MY PrRNGedVbi Gse G6P) tkd WompurdRGecbRrdtiAbSto either
enbodj nent, R6 is preferably hydrogen, (C1-
£29) TEFS ikt iSeCORr eMpPeieealb|§r Ik @RmEpOgjtion according
£66e15d Odni @l ﬂmoe@%egéokogy@ﬂl@ah&wfﬁw&y@Jfoal keBybament
C3-C10)-. heterocyclyl, (C5-Cl10)heteroaryl, or
rCBr%%/%JrftS{alaI{yl 11(2@?C'a¥4kx_§/llnvmeﬂééfrwft%e cycl oal kyl
s P R6ELABI Ny & £ EClAREAPUL 8 OHBnt T8 A3 rB/lA o
optional Iy substituted up to 3 J groups, wherein
3hpse hbs c@a@Vld@Gp@emérthbﬁyoﬁhqzbmumtmgmro refpeang HCV
BBSEﬁﬁ@:‘?A&’:oxB@E 3 ngﬁogﬁcgf‘t %’%Lplé Q9L54Je%i%%r1d'o g to
anot her enbodi nent C(0) -
&hb@@ah0$xsqqyupywm@geqomptlstﬁg @m«y$t6H(9ﬁ Contactlng

e e e Bt o (GG Ryl hard: ore™e

@pthomat¢rypcsuh$tadqqirddnw th epther 3tHe griogss.or second
%ﬁ R6 i s hydrogen, (C3-Cl10)-cycloal kyl or
-cyc enyl, or (C3- Cl-6)-heterocyclyl. :
Alternatlve 1y, one Rs-is hydrogen and the other R6 is
(C6-Cl10)-aryl-(C1-C3)al kyl -, wherein the 15 alkyl is
optionally substituted with CO2H;, (C3- C6)cycl oal kyl -
(C5) -heterocyl yl-(Cl-C3)al kyl -; (C3- C6)al kenyl-; or
each. A6 is (Cl-C6)-alkyl-. Alternatively, each R6 is
(C1-C3)-al kyl -. [0055] Mbost preferably, -NHRGin Wis:
.Preferred J substituents on the al kyl and aryl groups
in this enbodi nrent are hal ogen, carboxy, and
heteroaryl. Mre preferred substituents on the aryl
groups are 5 halogen (preferably chloro or fluoro)
and nore preferred J substituents on the al kyl groups
are carboxy and heteroaryl. [0056] According to yet
ot her preferred enbodi ments of fornmula I, Wis: 076

g 100 mhereln the NR6R6 IS -NH-(Cl C6 allphatlc)

T AN NS -
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10 [0060] . In any nore preferred enbodi nent of W the
NR6R6 is: ,H )017 [0061] According to one enbodi nent,
Rl is selected [0062]According to a preferred

enbodi ment, Rl is selected from [ 00631According to

WOoAsY38F25enbodi nent, R1 is: [ 0064] Accor di nBCTS2004/029093

anot her enbodi nent, Rl is:14 [0065] Most preferably,

R

i s cycl ohexyl. 15[ 0066] Accordi ng to one enbodi nent,

R2 is: WO 2005/035525PCT1U8200410290%3 J§6

[ 0068] Accdd

50¢m69] Agter giregeh® Bjentiba pretefsedc %H&%uﬂianbﬁ:

is: O afl.11.PL/1/1P [0.070]In any nost

E?’é?‘@rarérd embodi nents, R2 is t- 10 butyl.
[0071] According to one enbodi nemr, R2 is:
[0073] More preferably, .R3 is prgipyl (pref erabl Y,

n_

proloya). 20 [0074] I i q;e

this invention, "| H

2005/ 03552537PCT/ US g N><W
o] O R% “R¥
I

wherein:

Ar is a 5- to l0-membered aromatic ring having up to 4

heteroatoms selected from O, S, N(H), SO, and SO,,
wherein 1 to 3 ring atoms are optionally and
independently substituted with J;
and R? are independently:
(C1-C12)-aliphatic-,
(C3-C10) -cycloalkyl- or —cycloalkenyl—; _
[(C3~C¥O)-cycloalkyl— or —cycloalkenyl] - (C1-C12) -
aliphatic-, '
(C6-Cl1l0) -aryl-(Cl-Cl2)aliphatic-,
(C6-C1l0) ~heteroaryl-(Cl-Cl2)aliphatic-,

wherein up to 3 aliphatic carbon atoms in R' and R?
may be replaced by a heterocatom sgelected from O, N, S,
SO, or SO, in a chemically stable arrangement;

wherein each of R* and R? is independently and
optionally substituted with up to 3 substituents
independently selected from J;
and R®* are independently hydrogen or (C1-C12)-
aliphatic, wherein any hydrogen is optionally replaced
with halogen; wherein any terminal carbon atom of R? is
optionally substituted with sulfhydryl or hydroxy; or
R® is phenyl or -CH,phenyl, wherein said phenyl group
is optionally substituted with up to 3 substituents

independently selected from J; or
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[ 0075] According to anot her enbodi nent, R3 and R31
together with the atomto -which they are bound form
the ring system 5 [0076] According to anot her
enbodi nent, le is hydrogen and R3 is: 16A1V1,

WF&%%%% lp vvlvs ,ruLs vtlfs ,”~1- ,1 F,or Rg/ %%5504%29093

ording to preferredlénbodi nents,
hydrogen and R3 is: (\\or I\ 10 [0078]In yet other
Rénbodi REnttoasthidr ity dite @t okt o iwhighridyen @ne H8ind

isy rspolli FE F_ 1 9]l According to _one odi men
onéso% =Y gro E4mer|n§£%§%r%zggx§_ kﬁfég‘@] REC%Pd?%egﬁranbms
ansthertedbgdbment , NBpeopf 584 ok B4, ; (HefBS)inatky| ring
[ 0081] According fo a preferreg enbadi nent, R4 and R4’
20RR§ HPdFBgénSUPEBOBIFThS cERL GFReEnbBArPRERESNELYoETOM J;
rPakben rat o OfndRberfd@ntfi3;. or R4, are-optionally and
i ndependently replaced with N, NH, 0, or S. :

[ ObBSFrREEBrdi ngly, one embodi ment of this invention 5
prowh des »a_gonpRYpgd.wherein Rl is cyclohexyl, wherein
1 or 2 carbon atons is optionally replaced with N, NH,
0, (@B-Slahdcywhéralkykachr at-oprleadpenghal, |l y and

I ndepe tl tituted wth 1,.2, ot 3 J groups,
E %ﬁ%?%%}éﬁ @? éé”?%? ﬁnlﬁpﬁf‘gelfz'(and R is,
pr éterabby;-af@l-, 10C6)-al kyl ). [0084]In certain other
e ipents. np carbon atons of Rl, R2, R2, and R4 are
rggﬁggég‘gog\[]?ﬁtﬁfomfbf" br°8. In other enbodinents _
t hesesgraupshbayeoansyJ- pubstituents. [0085] The :
conmpounds of this invention mgy contain one 15 or ,nore

asyMEAFIEE DR &HGmeLdmPATIE HPFe @R 1o RY and

I aR€MR6S HaNGHAGEBHCHIA Xl We@Srotitl] &cARMIILIRIG: 0, N,
di asteréoneri c m xturesS and individual diastereoners.

Al $,sBeh Psoferic forns of these conpounds are

expr Ly . ncluded - nat pLeseaent i nv i on.

ot o S B SR By ba of & RE-REar Fhe 1Y ha
compb it gonat i pnsubs{ 0863 dPret eh abib yrot hescbapbrndst of

thijs.invention have the.structure and stereochemstry
deR TR L O %%tﬁ@%orf‘o‘gi%?] Any of the preferred

wenkadi nents recited above, 25 including those

enbodi nents in the
indfvidually or be

bove species, may define formula I
onbi ned to producega prefpygred

e di ment of this f|nvention. [0088] revi at|ons
ed in @ preparalions d the
that fo 7 30 THF: t N
N, N, - dijjmret hyl f or mam de |Et OAc: et hyl acetafle A cOHRsS or
aceticepcid : o) ’ ’
0
Ts
B
~
/ Ra

wherein each R¢ is independently:
hydrogen-,
(C1-C12) -aliphatic-,
(C6-C10) -aryl-,
(C6-C10) ~aryl- (Cl-Cl2)aliphatic-,
(C3-C10) -cycloalkyl- or cycloalkenyl-,
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HOEt : 1- hydroxybenzotri azol e hydrate EDC

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

hydr ochl ori de NVM N- net hyl nor phol i ne NVP:

N- et hyl pyyr.ol i di none 5 Et OH: et hanol t-BuCH:

tert-butanol Et20: diethyl ether BOC

t\gba&%%§29xycar bonyl BCI:ZO Q' -tert-butyldicag
enzyloxycarbonyl cyclohexngIyC|ne

tert-butyl ci ne Fnoc: 9- quorenyI t hyl ox

DVBO.  di eH’?‘FF%// ClI-CyEiee LEB I TFRY ?W%%

DCCA: @ug@hgg@acetlc acid .DCE: dichl oroet hane DI EA:

di i sopropyl et hyl am ne MeCN: acetonitrile 20 Py Br OP:

tr|s(pyrré?%éﬁﬁﬁr@@éﬁﬁﬁﬁ§§bﬁénvun1hexafluorophosphate

TB: 1" U or dé%lioﬁh@%%x%%?@g&t@ém@zﬂy y&ilﬁhéﬁﬂ&

tetramet hyl uroni umtetrafl ubroborate

4- di et hylGriHOpetteineerys -PPTs: pyrldlnlum

p- t ol uenegu —fd?l.rba}th%tle%ar%r ue@@woafl&qé@lé' B

2,2' -azobi si sobutyronitril

2,2,6,6-tefe é?ffelglaF)@PPfqubéﬂhdﬁiﬁ?I}@Q‘yndf’fﬁ@eth%loﬁ;m) 30

rt or er i ah
deterw?%graﬁéﬁ1%§§g §%%§¥?B Ejﬁ%eéqt%'khgg ngg&ogen

chronaﬁ@@maphy(CI¥¢&QkdheﬁﬁndﬂﬂQM;cNEnm@dology
[ 0089] Th

/%Eg{éﬁumm
L

in genera
art.

the 5 caEPQURdS, of ﬁh%so %ﬁ%

equi val ent schenes,

by net

HHIQU dshé’f i%@iénéﬂ

own to
Sehewbstityentpel ow il lustrate synthetic routes to

LT e apted -

SEPEeRBNEEk s St e T

t he ﬂWQMDﬁN%PgﬁGHdrelehgahﬁcbohen1stanHys a (C3-C10)-

al t
of t

R e O R R S LR

|onsth
€ genera he

bel dw;rcandm rt@ B0 agdépapativeebsnopt @ss tdn@ledt&td oﬁlrom X,

10 11

= N8 0, ®, &na gb,; -H 910
T is:
(C1-C12) ~aliphatic-;
(C6-C10) ~axryl-,-
(C6-C10) ~axryl- (Cl-Ci2)aliphatic-,
(C5-C10) heterocaryl-, or '
(CS-ClO)heteroaryl—(Cl—Clz)—aliphatiqT;

wherein each T is optionally substituted with up to

3 J substituents;

J is halogen, -OR', -NOp, -CN, -CFs;, =-OCF;, -R', oxo,

thioxo, 1,2-methylenedioxy, 1,2-ethylenedioxy; =N(R'),

=N(OR'), -N(R')2, -SR', -SOR', -SO;R', -SO,N(R'),,
-SO3R', -C(O)R!', -C(O)C(O)R', -C(O)CH,C(O)R', -C(S)R!',
~C(8)OR', -C(O)OR', -C(O)C(O)OR', -C(0)C(O)N(R')q,
-0C(O)R', -C(O)N(R')z, -OC(O)N(R')a, ~C(S)N(R'),,

- (CHz) 0-2NHC (O)R', -N(R')N(R')COR', -N(R!)N(R')C(O)OR!',
-N(R")N(R!')CON(R')z, -N(R')SO;R', -N(R')SO,N(R')j,
-N(R'")C(O)OR', -N(R')C(O)R', -N(R')C(S)R!,
-N(R!'")C(O)N(R'")2, -N(R'")C(S)N(R'})y, -N{COR!')COR',



12 [0090] Schenme 1 above provides a general synthetic
route for the preparation of conpounds of fornula I
with various Ar groups, wherein T is pyrazine, RLis 5
cycl ChexYl, R2 is t-butyl, and Wis a -C(0)C(0)-17(H)-
cycl opropyl. As would be recogni zed by skilled 1.
practitioners, conpounds of formula | wth T, Rl, and
R adobmssstsran t hose depi cted ghove may be preparcmiusego4/029093
varying the synthetic route. [0091] For exanpl e, ‘
conmpounds of fornmula | wherein T 5 is other than
pyrazin be prepared by reacting conpound 5,
(afte‘rN&éﬂgiéal' 0 (fﬁfé)&Ppg'r)eup)CWklﬁ?%'dc?rfpouﬁ-d=l§@R‘)R' .
f or nulap () GOy 3 OH undgr(zappr opr At @=09YP! 4T p (o) (m) (0R ') ;
condi tions %eorgcg%til m|larly, substituting another
anfnotaci sl At PFeSFOrI Z5%- OH in the
conver si omy@dtrogeappund 3 to conpound 4 or anot her
am no aci erjyative faor, Z-ChgOH in.the conversion of
conpound Cgéc&%ﬁbﬁ%ﬁ%‘%%ul d provide conpounds with
varyi ng RZcard1Rl-gyeaupskylespect &yl yalkdM1-,
2005/OSSS&gégPE{gEZOQ%{%&%g 3 Schene 2 _d 6
coupl i ng i Fi-OhsSY AL O3 Y ph8hy T phosi HeeBRAD(FERE2) -
000 -> amplettic-, 59 [ 0093] Schene 2 above provides a
general synthetjc route for the preparation of
compound ég% §Eggh%ﬂté" 3 [ 0094] An alternative

10 approach tlaspceparany -capaupisl Opnitis- i nvention is
depicted i,p,S e 3. _In this 10 approach, a
4- hydroxyé?%l ?Eg e%evrzﬁcy\‘fgyfsté’is reacted WO
2005/ 03552545PT) US2B04/R29093 (@i +du 2 Clampaund-14 to
provi de a  &@n d 15 _1n Schene 3, Pl is hydrogen or
an appropr@gl?ggg?n%l%teﬁro&ffg ftng"group, P2 is hydrogen
or an appr@prCale-losrchoeyypr 0teeting JrighptiAr ;i S as
defi ned her ej d X is,an_appropri at, l.eav| ng

2 gr oup. Inﬁgﬁtg%ﬂbaﬁ]odilaééﬁptég?a?%t Uboseﬁjgiﬁ,%eél‘”?gﬂ up to 3
t - but ox§cErchmsyl , P2 is hydrogen, Ar is 4-chloro-2- -
pyridine, X_j : nd 13 and 14 are.reacted in the -
presence of “Jt urgkn %Wé T SR PAFRCPD095F AR BEO™
appr eci at édrpya ski |Heed 0tQepbactd tammerts c bRencnrPesttic
15 then e carri n conmpounds af formyl a by
routine g%ﬁ%ﬁ%% ug %reo?%%%rp?a;{:od’éspilgfigaen‘g?% In

20 Schene 4 =Sthehed 4/rom K3 a, DB, SCHIEN BRC/ M irMMaid
CH2012 0 %fkélls_oﬁQf%%glgy fused to a (Ce6-Cl0)aryl, (C5-

Cl0)heterocaryl, (C3-C10)cycloalkyl, or a (C3-

Ci0)heterocyclyl, wherein any ring has up to 3
substituents selected independently from J.

25 [0014] These compounds solve the above problems by
providing'compéunds with improved enzyme and/or cell
activity. For example, compounds of ﬁhis invehtion,
particularly the preferred compounds exhibit better
enzyme irhibition than the compounds of WO 958/17679. The

30 compounds of this invention also have bstter cellular
data than other reported compounds (see the documents

cited herein).



1920 [00961Schene 5 depicts an alternative approach

for preparing a conpound of this invention (59). The

steps 5 used in scheme 5 could be nodified by, for
exanpl e, using different reagents or carrying out the
reactions in a different order. Schenme 6

[ 0097] Schene 6 depicts an approach for preparing
CHABMINE2B. In this enmbodi ment, a conpound. 27PCEHUS2004/029093
converted to conpound 28 by removal of the benzyl oxy
carbonyl protecting grout) under hydrogenolysis

congfzisgns. [ coul e hodified usin _
tec nllgsges k%%\/\f}nt%q‘ggﬁﬁrﬁe%t or ac?‘l tJrEbr%’rc&OgSXiﬁ?‘r%%/elﬁt &=
d R iscHer® 1s hidopyihemyt phosmneb) v (k) -
c, D, THFO. 2. Boc-R2-0H, | 0Ar OHNOEDC,
%tﬁ%%?ﬁmar I

000C°:> Rl "'" -0 0D EABoc 2728R2 29

[ 0098] Schenme 7 depicts an alternative

- prepare conpounds of this invention. In

t he vari abl es are as descri bed herein.

[ 0099] pccry-di ngl y, one enbodi nent of this invention

[ \ ocess for preparing a conmpound of formula

as deflned in any of the enbodi nents herein,
conpri si ng't he &hem 2of “ier eaghingzal iepnpeURLcRf ofonmul a

5llﬁyalgp§ W)2005/ 03552549PCT/ US2004/ 029093 pr esence
of conpound of formula Il to provide a conmpound of
f or r?ﬂFLé | V: PHpIReAeNt OlirerRioNoa DR dridviibeY & compound

whejrekBrmitly I8, @an am ne protecting group, a P3-

resi due of an HCV protease inhibitor described herein,
or a P4-P3- residue of an HCV prgtease inhibitor as
descri bed herein, and mhereln th F¢3 and the P4-P3

resi dues are optlonaIHy otec B the an
am no-term nal cap '|s a car boxy
protecting group or SI ue aR-VHCV pr ot ease

i nhi bi tor descri bed ereln erthRﬁhasPl residue is
optionally protected with a garboxy term na
pro%ectlng group or with. W Ar is as define in any of

fe"Ehbodi nents herein. X is an appropriate | eaving
graups Asosxvayl d be appreci ated by skilled

practitioner an a riate | eaving group may be
ge%era Qf %§| ém%?%%ﬂo?Fﬁ“@ﬁﬂ%ﬂqﬁ§ﬂnhFV¥@9 up to 4
errbodiuenrembatdsdm s@-lhxtdé@Xﬂrcgﬁ @yp si, w9y Mda bhamay, be
conv t%d Lo q:I%aV|n§ % QW$ 20 I'n, such an
enbodPRERE " X 1% ahtid) TopH 1356 BRYLRBAMM @Rdr edct s
15mﬁthlhﬂepen@¢mMMdeubytlbﬂiﬂﬂhﬂﬁhused herein, P1, PS3,
Pt efer t@ resi dues_qf an rot ease i nhibitor
as de%‘ % Q@%éﬁar E%ﬁag 863?%5¥ép known to skilled
practEﬁr@hé}saliﬁ&ap®¢92]The conpound of formula TV may
be c [ ound of .fo according to
t he 3E?h§gopd@§§PF herelﬁycﬂﬁi%g%$¥'hough certain
exenpl( ﬁByCé%aqummlkym er -tgplletEemnd -qescelbed
zobelogﬁlghamiél be appreciated that 30 conpounds of

this inveniion can be prepared according to the
met hd88-8e8krithdd (§eneraldlyiphbove- pusi ng appropri ate

VO 2Q@§L93§§%§% ﬁgé%fSég_%ﬁ%ggg 3% tarting materials

general | y ava HYekill in the
art. [O0Te&FEAROUMEro Srbddbphentic ofarbinsatowentd ®) and R

provigdespa replaced by a heterocatom selected from O, N, NH,
25 S, 80, or 80; in a chemically stable arrangement;
wherein each of R! and R? is independently and

optionally substituted at each substitutable position



conposi tion conprising a conpound of formula | or a 5
phar maceutically acceptable salt thereof. According to

~a preferred enbodi nent, the conpound of fornula | is

present in an anmount effective to decréease the viral
load in a sanple or in a patient, wherein said virus
encodes a serine protease necessary for the viral life
cycle, and a 10 pharnmaceutically acceptable carrier.

wég#%%és 5 pharmaceutically aggeptabl e salts ofpdimes2004/029093

10

15

20

, andy,

ounds of this invention are utilized in these
conpositions, those salts are preferably derived from
i norgani c or organic acids and bases. |ncluded anong
15 sich writd Sabtbshituante flobkpandentlacatediested from
adi pate, al ginate, aspartate, benzoate, benzene
sul fonate, bisulfate, butyrate, citrate, canphorate,
Rlaaphok® saté ohratapendgol by rf sy &Fi dRarel2) -

di | S o angs vy repla .e
runst ave g fREeh P S e e 2o
henwsth fealogee praspaie, anvekanarel wyehvc@Atom @&, R 18
ngtsggi&mlog@ Jdwyde oL @di de,: +2- Bydepyyefhanesiydongt eor

e, nmumleate, nethanesul f onat €,

© 2- nBpHitsh@benzd UPT orfFEheRy Eotheaedn GRAf aPRenYh IR

pect N3LEs oAU LiBl €t i BwRRENYS- P& 0PI A8 tuent s

pi crate, pival ate, propionate, succinate, tartrate,

t hi begepenrientlysyricetehdinfddcanBat e. Base salts

i ec Lderanppgl .S a)ited, takkatdm NS alnisdl theySHEd BSund
sodi um and potassiumsalts, alkaline earth netal

sal £§, astcHas BArEPERT adhEGVABEuHP sBF 1<, heProateres

Wi t Be OEGBE G RAS RS, NBUCH, ab, diagcEohexHeamine taal ¥ ng

N- et hyl - D- gl ucam ne, and salts with am no_acids _ such

as BREIi WP e 2 PPAELCURRES SHGAERD re%%ﬁrﬁ%—,hi ffgom Ji

basi ¢ ni trogen-contai ning groups nay be quaternized

with such agents as |ower alkyl halides, such as

et BPE, Ret RYE, LpHRRAAASD&Ad  but yl chl ori de, broni des
ggggg@§;,dialkyl sul fates, such as di nethyl,

di et hyl, di butyl and dianyl sulfates, |ong chain

hal i(§ésCE2hcPlAPPAEEGT: 1auryl, nyristyl and stearyl

chl qrhdese) Lo des - agd i@odildesxeayalkyl halides,

such as benzyl and_ phenethyl braqn des,k and ot hers.

waté€3oFl%lTQXR%QﬂékgloﬁCHT%&%%?%H&PEaEFSGucts are

t hereRycobi adned. [0107] The conpounds utilized in the

conposi tions and nethods of this invention may al so be

modi {RedL By - RO SR ERAY hg! aPpropriate functional ities

to qrizapee) sebestdawe1bi;ol ogi cal properties. Such

nodi fications are known in the art and incl ude %Ecsqj

whi ch ¥RRTSAS #PhFB| bt Giiphehefr GRTRM i Ht B 5 g1 Fert?

bi 0lgegi KAl reysbeMésd By bheedrobysmhailicxteyistenm o, N,

central nervous system, 15 increase ora

avaid-afPri 894 $Pcrease solubility to al | ow

adm ni gh&ati0rpY bhj ©CERANRY alike naepahddritsi and

alter rate of excretion. [OlOS]Pharrmceuticallgts

accemtanal ey srtsl kel Wayh e Jed isPehesBe
congqﬁetpiegagntwlggl%ctg@t fabg MPpt 20 limted to, ion

- exchangérs, alum na, alum numstearate, lecithin,

s¥r G proteins, such as human serum al bumin, buffer
subst ances such as phosphates, glycine, sorbic acid,
pot assi um sorbate, partial glyceride m xtures of
saturated vegetable fatty acids, water, salts or 25
el ectrol ytes, such as protam ne sul fate, disodium
hydr ogen phosphate, potassi um hydrogen phosphat e,
sodium chloride, zinc salts, colloidal silica,
magnesiumtrisilicate, polyvinyl pyrrolidone,

cel |l ul ose-based substances, polyethyl ene glycol,
sodi um 30 car boxynet hyl cel | ul ose, pol yacryl ates,
waxes, polyethyl ene-pol voxypropyl ene-bl ock pol yners,

- pol yet hyl ene ‘gl.ycol and wool fat. [0109] According to a” -

T " o "



- proph

in a nonotherapy for the prevention and treatnent of
antiviral, particularly anti-HCV nedi ated di sease. 15
Typi cally, the pharnmaceutical conpositions of this
invention will be admnistered fromabout 1 to about 5
times per day or alternatively, as a continuous

i nfusi on. Such adm nistration can be used as a chronic
WO 2e0308%523 her apy. The anount 2of active i ngredi REX/USI984/029093
may be 20 conbined with the carrier materials to
produce a single dosage formwi |l vary dependi ng upon
the host treated and the particul ar node of

' . cal preparation !l cp@taln
from@about 5% to about 95%-active conpgund (mq

Pr ef ch pr &5 cont ai|n fronkpbout

2 ut 80% onpound. As

skilled practitioners, dgsages of interferfpn are 6
typical | 4 measured in 11U e.qg., about 4 nilllion.1U t'o,

about 12 mllion I1U). [0113]Wen the conpdgltlons of -
this invention3.0 conpg se a g®rbi nation of a conpound .
of foRgula I and one of] nore additiopnal therapeutic or
l'actic agents, bgth the conpouﬁd and J he

additﬂpnal agent osage | evel s of
betmé'"\ﬂpout 10 to}100% ,and e preflerably between

g 1y adginistered in
a nonot herapy regi fén. [0114] Th&® phar mkeeutical - :

about 10 tb 80@%Fof
conposu% pg,of this . invention may be orally
admi ni st'ered in any orally 5 acceptable dosage form

~includi¥tngs be@:Fnoe Hemiveblve,oftafulesor tadliatigostere

10

15

20

- these areas or organs

aquop§)§uspenS|ons or solutions. the case of tablets
for oraf use, carriers that are commonl y used incl ude
Iactos@aahdRceﬁhl@ﬁapehdenmhyacatlng agents, such as
nagneS|uqh§&% Late, are al so 10 typically added. For
oral admristration in a capsule form useful diluents
i ncl ude Iﬁﬁtégé)aﬁélﬁhﬁt%Ptprnstarch When aqueous
suspensiog% nggyired for oral use, the active
ingredien i s conbi hed wi th enul sifying and suspendi ng
agent s. ¢C&ﬁ§mobedrYéeK¢%n¢iZM?L?B@eFeﬁrng, flavori ng
or colori ft ﬂlﬂﬁ
[OllS]AItg%pg%?veﬁygﬁgﬁ ar mac ??3% egoﬁp03|t|ons
of this ihi@ndlen -sugloelld Mk cacdgalkennel f #in@f2) -
supp03|ﬁggggg gor rectal admi nistration. These may be
20 prepared by mi xing the agent with a suitable
non-irrit 6331 fexbepreacydythy is solid at room
tenperatu 1 e d
t her ef or e(% Ikéito) FQHF%O?%%i%c@ulmkﬁggr éﬁggggt?ﬂe drug.
Such nmat efG=E %) heltgdeacvtoa Putter, beeswax and 25 |
pol yet hyl gne gloy eltérow}ifiléf{]a:ma &&%eaweal, or
conposi tions of this invention s be :
adm ni st efwel Reogineaplsy, whigh cizd Ilgpum?eﬁq ket apget of
treat W%ﬂttfogehugeém ar £, erog%rtaeaswieed&ﬂla/t 30Gesiell e
by topical application, i|ncluding 30 diseases of the
eye, th&oskim, (68- @h%)fhwﬁﬁquWFéeplﬁangtract Suitabl e
topi cal fgoroqul gt 'R0n§sa5§» by SREERIEEDeE OFs SR O 3
0117] Topi c app I cation for
t he | owersubstasupnid; tract may be effected in arecta

30081 3L BB EPEI RO b 4703605 TR M) o £ R

sui tabbepenmmeifhﬁnnmmh 6he Dopirattigmt rl@nedéﬂﬁaclo

pat che :Qﬁﬁﬁ . .Gyl

appl Pﬂcatl onsqjlé%e ar ?rtgcer%]tg% %XE lgglat%?éﬁ%oﬁa?/o-bthe
fornulated in a SU|tabIe oi ntnent 5 containing the '
active conponent suspended or dissolved in one or nore
carriers. Carriers for topical admnistration of the
conmpounds of this invention include, but are not
limted to, mneral oil, liquid petrolatum white
petrolatun] propylene glycol 10 polyoxyethylene

oy



5, 807,876, 6,498,178, 6, 344,465, 6,054,472, WD

97/ 40028, WO 98/40381, WO 00/56331, and mycophenolic
acid and 20 derivatives thereof, and including, but

not limted to VX-497, VX-148, and/or VX-944); or

conmbi nati ons of any of the above. See also W Markland
®#0 2os/03sAgd i microbial & Antiyiral Chenot her apypcs2004/029093
p. 859 (2000) and U.S. Patent 6,541,496. 25 VX-497
[0123] The following definitions are used herein (wth
trademarks referring to products avail able as of this
appl ikatdromtps thi Bi addiddicspl hpde2dit fey-daltactied FmansN,
PEG: l\pt r eg efer.on al fa-2b, available from
Scherl\lﬂ%tg%Corsgorg{llaoén@ "Keni lworth, NJ; [0125]"Intron"
rre&"nssrntron A |nterferon al f a- 2b 5 available from

Scher j 4y pg Lom & Keni lworth, NJ;
[0126]" r| wrF%b ans ribavirin (1-beta-D
5ri bof §ytarnli,; 2, 4-tri azol e- 3- car boxam de,

avai | gy o amy|EN¢ @Ml@gggbhgghg Inc., Costa Mesa,
CA; descri bed i n the Mer ck | ndex, entry 8365 Twel fth

Edi t | 675-CA03eterasaiiablod as Rebetol from Schering

Cor pofcat.ican,) hé@@%é(\%ﬂm( c:tNéaz@taﬁof@e&gus from
Hof f mann- La Roche NJ; [0127]"Pagasys" neans
Pegasy stHeT ¢y TRcE frellénoﬁtﬁ‘afla@éya &bt eBf Fhehin £

1oRochey Ngtbhey i thncdp d4128] " Rof eron” mean Rof eron,
reconmbi nant interferon alfa-2a available from

Hof f mantEe%se e die LoNgt ReiPhaRiC [(REPPP BEPBF oM Trai@ds be

Ber efﬁ;g)a,ceunb?r £em@ne1a3aften25e1e&eeaa@t&n fgom ~xu, s, so,
Boehrl n er | ngel hei m Pharmaceutical, |nc. R dgefl el d,

35} SHrfitSErGRd)Y %ti‘z}eﬂ'?fa}*é’?fn@eé’ﬁ& éf natural

al pha lpteﬁ@é@&ma&ugh ASi SUNHRIIY) avnal bablke1&rnnet
' an; [0131]We|lferonc), interferon al pha

Sum tonp, Ja
1511 5308FFBBF R 3ot AxBeTeH e toTd., vEFBal BRI N
25d(8182] Al ¢ anm(dm ,a Ol eH,€ (0f RMAL ueeénatph@(smw
interferons magﬁ ){/3 nterfe n Séél enc 8 avallable
frﬁﬁ:t(%?%ue'l'—q &TPRR&o ClOM™E he r%
"1 ngsf (RN, ,ascysrd) ﬂnm'@lz, rreaaasmeoR')R' mwbeb(aﬁoa' R!
fam |y of_highly honol ggous eci_es-speci fic 30
* pr 8t éPnBateRE™ i mfRoirt VPral CF‘gpl -CEat i Gi-Tand et | eFar
20pr ol i figrcdd, 0n,, 2anet HPIhH <ati ©xiyIMHNE - £ ESPORSRILSHCh BIR 1) ,
|nterfe{on al phER Lnterferon beta, or _interferon
game e ) ver BRE hidex B entr§0%0'15‘SOFﬁel'ffﬁO%H(iRt ian.
_[013449_®amtd;®@otro' 0?@ (embed) rent - @to tdmcpoerent dc<s>R',
i nvention, the i rferon | cordin
to andt %@PRe'nbogrePrg% r g Gl ircgﬁé%l ¢ c%%%@tc)%(ﬁ 3?9
thf picaﬁ@ntrwi nvembmm%n' L@emnatmnazl atpbgw ( Rz
interfero erapeutic coQ
25¢ he' pt G2Bm- TG LA on ! | S8 Pl A (R 170 or.

i nt er freqron MR )bnNanomeLN@nbpswmnt -M(Re) bbav @peyt i c

conbi nati qQn of the pr sent invention ut| lizes . :

r econt¥ IfantC Q) FRa i i &k H&r @R RBa oF (Bb) CfH Fet anot her

enmbodiyent),c (td)@r(Rnt er f@qf(@m) tssproy ! B, edniBoak pber ' ,

interferon 2a or % eron? smtabl e for the o

pr esem (FFvénti of rWé 2eay CRF SR IR 2C (=NoR )R,
zo0(i nt erdei®OnNc® pha 2B0) S(@»h%l nge RhougN)) ., (8 -P(0) (H) (OR') ;

Peg- 1 ntron, (c) Pegasys, 15(d) Roferon,

(e Bélsofor (f) Sumiferon, (g) Wellferon,

(h) conser}gk@:o@lep_ha interferon avail abl e from Angen,

20 1Inc. Nevvbur)é Par k, CA (i) Alferon;

(j) Vi r af efoné12) -aliphatic-, _

(C3-C10) ~cycloalkyl- or —cycloalkenyl—,



(k) Infergen(r). [O135]As is recognized by skilled
practitioners, a 25 protease inhibitor would be

preferably adm njstered orally.. Interferon is not
typically .adm nistered orally. Neverthel ess, nothing
herein imts the nethods or conbinations of this

i nwerthiszn3se® any specific dosage forns or regi n®CI/US2004/029093
Thus, each conponent of a conbination 30 according to

this invention may be adm ni st ered separately,

t oget her, Ion ther n._one
enbodi nent, %%Cgrezt gg?éo"fn lbloiror %c ﬁg Fohtz <E]e2)’
adm ni st @rleuhahlse,par ate dosage forns. In one

enbodi nment nal agent is admnistered as

WO 2005/ 035‘5%);13%&%004/ 029093 part of a single
dosage for mM@itdio) herpk ot @ags.2)phitbhdtoicor as a
separate do&aﬂ erHét%?oéﬂjz/l' nvention invol ves a

conbi nati on of - cofimoun speci fic anmounts of each
conmpound rraﬁﬁ%éflc@épbﬁﬁémcmmlhécép@b?)farJCiPéWGants of

each 5 ot he cg@m@uﬂgtéfbggﬁ -coghi nati on.
recogni zed gg ski[led practitioners, doa@gfs of

interferon Hf% APpreateyeamdsuCadCia) 1alighagic-about 4
million U h2heuk: 12: ddiomihl) subOl3HASC oL ehngd Yoo 3

agents (whether acting as an 10 I munonodul atory agent
10 ot her W §EPUPRat may be used in conbination with a

conpauiyehief ttbi ' idWrpli 8BuhaCtsIdae RUheat€oMOtorn a 3~ to
limted t i nterferan-al ph 2B (I ntron A Schering

Pl oujg(h)me BHEE T B Te PENGORT tanFéP%r%m%alpzéo 3
+ Rlkbsawafdarﬁ):msP?gg/é;&trﬂdngmge?éztﬁmagmbal (rRemIé,dysAf, , or
KR_et al. "Efficacy,and, Sa 0 e a

ot i BHESE ThaIA. FoRpat b T o hY cH iR Foa PGS o
15N nuomiaayiot i(CSs pauta) értsronrth, CIGWLO) hgpmalkﬂ Cor a
_(I—Iepfcg:%olcqwhfég &%lyissWﬁ ?£2001ffflg§2 ensus

i nterfeeron nsénsus
| nt efsfdhfsrtartuentQOsetletEdeanéepedea:dtl@wrﬁmnch Hepat iti s

J. (‘ﬂ}s& 1A ente 5,; 1 423 0
i nt et T eron-al % a %Ad?&%?glrngrﬁgA che? %fél Z’h"%rz‘a l(? t-
"mattyiraR® ilst By flé‘r dis; ninrepfler oh 1tsauC((0:l QY@N @) - '

| u, wgl.nterferon Type | with
2§nt acl:yclo IFP%? 5 !

iretr ct|V|ty Pathol. Biol. (Paris) 47,
pp. 553-53%9 (1999); interleukin 2 (Davi s, GL. et aI -
Future Op¥i+oens for the Managenent' of. Hepat|t| e C'

Sem pars _{n Liver D sease, 19, pp. 103-112 (1999);

I nterl 1 & (Davis et al. "Future Options. for the

Manage ot Hepatitis C." 30 Seminars in Liver

Di se se 19, PPp. 103-112 (1999); interleukin 12 (Davis,
et alll, thmeAQOiﬁomstf%mhazwhn@enerﬁ—chﬁoro -2~

" Semnars in Liver Dsease, 19, pp.
1038%%’%%11999) Ri bavirin; and conpounds that enhance -
t he B@Q/Jeﬂ]opneﬁtl afiotthgre embbﬂeingetr FEicdl s pyrrole, the
WD2 13252560PCTL 452004, 9093, r£s S t

ut u%r é@ 9tgl oéhs fg'ﬁl'u{t%a %nag:gng%t% Z @i%at%'lg
2(5 Semc'ham, aj ﬁ gkl orases -dGbgyed 2@31 1@.2 et @ ®pryl
Intepfgrons may aneliorate viral infections by

exerting direct antiviral effects, and/or by 5

modi £99FY t he IRnpRpld 9o STbRSETERE | n"»rfee’tt ienpyThele, the
anti wiral £hikeahs Qfpdnten feér 0BS L & Qi fen; gRdi aled  put
t hrough i nhibition of viral penetrat| n or uncoati ng,
synt hesprtishadlyafusgda ta raRsharberebion pr At nenrrEcharyl
ANd/ 9F Wdiala2gsepbly. and rel ease. 10 [0138] Conpounds
that stinulate the syntheS|s of interferon in cells
(Tazul akhova, E.B. et al., "Russian Experience in
Screeni ng, analysis, and C i ni cal Application of Novel
‘Interferon Inducers” J. Interferon Cytokine Res., 21
pp. 65-73) include, but are not limted 15 to, double
stranded RNA, al one or in conbination with t obranycin,
and In1qU|nDd (SM Pharnaceutlcals Sauder D N

T o e ~ - Y



, adm nistration, or both, may be reduced, as a
function of the synptons, to a |level at which the
i mproved condition is retai ned when the synptons have
been alleviated to the 25, desired |evel, treatnent
shoul d cease. Patients may, however,. require
intermttent treatnent on a | ong-term basis upon any
WEG biosA5Ees of di sease synptongs [0144] 1t shoul dpet®82004/029093
be understood that a specific dosage and treat nent
reginmen for any particular patient 30 wll depend upon
a variety of factors, including the activity of the
s pédi2fil ¢ coﬁﬁo@?ﬂt%l%&}mﬁﬁg' agets by wei ght,
generalg heal th, sex, diet, tine of administration,
rate of \excretion, drug conbi nation, and the judgnent
of the {reating physician and the severity
3552562PCT/ US2004/ 029093 of the particular
di segse Mng treated. The anmount of active :
i ngredirents will al so depend upon the particul ar
describéﬁ conpound and the presence or absence and the
nature of the additional anti-yirgl.agent in the 5
coHﬁﬁgﬂtion%n-aT?ﬁﬁﬁﬁ'Qﬂgéaﬁﬁeﬁé’t@ ARot PerPEriodi ment |
t hedament i an aravieespaifaichedbbaiméneat tings ampatiitépn
infected with a virus _.characterized_b vira
5 endoded=Sefi A8TBrITRatE 1At 1 %Sngcggéaggef%ﬁméﬁgfq PRS
cyghe ffrodule viRus by 10 administering to said patient
a pharmaceutical |y acceptable cqpposition of this -
i nvention. Preferably, the neﬂﬁqgs of this invention

are used to treat a papienk sukfjegr¥ng froma HCV
i nfection. Such treatneEt E%ﬁd&o | etely eradicate the
viral infection or rédute 1 mvg&ity t her eof .
enp is
h

More preferably, the path R n bei ng.
[0146] I n ‘an al ternate enbodi nent, .t nmet hods of this
invention 'additionally congrkhse the step of
adm ni stering. to.sai ient tL=Vi
prg%%?%ﬁTfhgnvﬁﬁfgsi%dR%%§&£§§%?F% u%ﬁ %% i?eira

10 agetbsdimaited@erbit . ar En rotcduipgivngd of oformula A, W is
I MUNOND %]qtory agents, such as a-, p-, and
y-PhEeTfetdns,  pegyl ated derivatized interferon-a
compoundsp and tg¢nosin; other "anti-viral agents,
such as r{jibavi.rip and gpant adi ne; other inhibitors of
hepatitis}|C 25 pyoteas (NS2 3 inhibitors and

> [ 0 nhibi s of other targets in
incldding hel i case and pol yner ase

i nhibiltors; i rs of infernal ribosome entry;
broadi%pectrun1virap i nhi bRt ors; such as | MPDH
i nhihLtors ( Lhhj i disel 0 1 tion
Unﬁ?ggggtaté%pgg#gﬁ%tg%g87?§%%,&ﬁiﬁggﬁéﬁél?gggc?gvgﬁd_
depkroat dgesa tdmemeoi)d; wherebnbi neg i orendfthgngopporpg has-
above. _[0147] Such additional agent may be adm ni stered
15toc§§i5er?}%n qgs part of a single dosage form
conmprising WO 2005/ 03552563PCT/ 452004/ 029093 both a
conmpound of this invention and a djtional antivira
agent. Alternatively tfe addifi ghay-Bgent may be
adm ni stered separately f h nq@und of this
i nvention, as part ofl a qul@ip e dofage-Norm whetein
5 said additional ag@ntF?s BdnPni ster dRrior to,
together with or follow ng a;cQmGsition conprising a
conmpound of this invention. f0148)|n yet anot her
enbodi nent the present invention provides a nethod of
pre-treating a biological subStance 10 i ntended for
adm nistration to a patient conprising the step of
contacting said biological substance with a,
phar maceutical ly acceptabl e conposition conprising a .
compound of this invention. Such biol ogical substances
i nclude, but are not limted to, blood and conponents
15 thereof such as plasma, platelets, subpopul ations

o ' Y 1 I B Y T L o S




understood, the followi ng preparative and testing
exanples are set forth. These exanples are for the.
purpose of illustration only and are not to be
construed as limting the scope of the invention in
any way. 15EXAMPLES [0152] 1H NVR spectra were
recorded at -500 WMHz using a Bruker AMX 500 instrunent.

wiyBsssspes. sanpl es were analyzed on a M cr oVBEBGT/RSR004/029093

. 10

15

20

25

- acetyl am no} - 3, 3- donet hyl - but yy1) - 4- hydroxy pyrr

Quattro Il mass spectroneter operated in single MS
mode with el ectrospray 20 ionization. Sampl es were
i ntroduced into the mass spectroneter usi nfg f.l ow

whpeein gie( FPAY 281 chf fet CGrapRS: TROBRY pHase for
AlbodBsSiSPeereianal y8is apsustiedfdformula I-B, W is
acetonitrile-water m xtures with O. 2%formc aC|d as a
poeferadly25[ 0153] As used herein, the term"Rt(min.)"
or ART" refers tap the HPLC.retention gine, in
m nit es, associ atjed with the conpound.|’The HPLC Rs

[ [ i ned fjyomthe mass|

. No. 326289C46): G adi entd G adi eft S e
10- 90% CH3CN/ H20 over 9 M nut es, t hen 100% CH3CN for 2

RehAipétions ow Rate: 0. 8ml/ nin;
Wa30a5/ 035&2&6:53%&&5@2@0544 Gm&eﬁaeuacmeany\aa/el engt h:

215nM and 245nM 1 nam ng, f or e
SORBBHRUSS (10 ST Hls Cab BT St S el s CrB e e

healan prayidendly canb rm@tgaﬁdﬂll oCnan:pmaath onsng

%’gggmgﬁ %J}ftl}%q? J&\r%%%{qgg% 31.21 ng sys@é%gp phole %ude systems

4idy-dn aXYofly Nt Oldedisne- dradwmatt tar Eoyxgyl.i capbtdyl. bamdyl

dvicead b et e ) PRSP SR

42 Rlmgetsalivas di ssol ved 90n s of

THE(CLet rahydr of ur an) .and pol t e
V\fé’togﬁ?bat hﬁ\'(hﬁ'o TH )bvvﬁlsgﬁd%lde pr eﬁgugfsu %%Mp%?e%él%

tflerBUtYl a Nehemitidls opprepy| whinidowar baipetataye( 293

135mmmol ) (15 via a dro n
RO YAt 1"“6?1‘9%’%0"}?0%?‘ gbﬁg{’](ﬂ%caol\i erar%\%e anégéﬁﬂe
rSatidieR SEi éﬁ@]ﬁi @toxqm)laeat dieubma:’t ume Ghond s2ophedr 3 .

The volyme of the reacti, ey vvas ed t.h
dﬁ"ﬂllmklet QF%@%S%%%E& r OI‘ mﬂirh Zéﬂl‘%lallnggports in

Siad diraitred s:admmmby,canbomt e286h@$1 QIBSOS)SMand in C. W.
drochl ori ¢ then gy WD S Br bpe
Tﬁé ’Ef;ibed:n E?r%m adlrl e b?ﬁggo%l uim s Yate ang °

CONSEFH T aihedubalvaccubeuyo R@wew%gppf TF rcheB Qa1 Ti%al- .

V\NA%{:%{\Q% I%"O Eblc %g{;]tggsg 1nc191dlég 8{1'6 8&9@ I%Hj l%n{itt%@ to,

" A= HycHLoRY - pyoma)dmdlsmNHR& madl,ca%é&fﬂ% acC@NHCN,

170855 sxff’?%ﬁ%a%te”?eé’:é% 25R0eD (88,7, CASpeE )
(maablloHA 3-6pp2tH) (GR'05 (OPGKPHD (RS ( HNEG(OH2 21

gt’t“%{;% @%&%ﬁei;f@%%ﬁ%ﬁ ﬁe?g- gzl;l)r bon)?/’(l)) -am noj -

ol i di ne-ggcarboxyliic acid tertibutyl estg

[01 6] M/xed H OH, 1 d catal
n carbon] theph stirried unfer /{“g\were
05 ‘\93552566PCT/ | S20047192909 hydr ogenr usi ng

baI ,n’ After 1 rs ther ion was sthown to
conpl ete by tic, and the catal Yt was filtered and
washed with EtOH The filtrate was concentrated and-
dried under high vacuumto give the ' 5 amne as a
yell ow solid, which was carried on into the next step.
Z- Tbg-OH (8.3g, 31.1mols) was dissolved in NWP and to
it was added EDC (6.0g, 31.1nmols), HOET (4.2g,

31.- 1ol s) DMAP (340m;18 2. 8rrm)| s) and cool ed to 0C

o, — N




v b@dosezeer -hi gh vacuumto gihve the am ne as aPCT/US2004/029093
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was added a catal ytic amount of 10% Pd on carbon, then
stirred under 1 atnosphere of hydrogen using a
bal | oon. 10 After 12 hours the reaction was shown to
be conplete by tic, and the catalyst was filtered and
washed with EtOH The filtrate was concentrated and

anor phous solid, which was carried on into the next-
step. Pyrazine-2-carboxylic 15 acid (1.45g, 11.7nmol s)
was di ssolved in NMP and to it was added EDC (2. 24qg,

11. 7mmol s), HOST (M. 34g, 11.7mmmols), and cooled to O®H
usKQg and/Oce' bat h\_To \t his m xture was added the
pr eviyoustty prepared/a as a solgttgn in

t he rleact|ion was s red\for 2 day - The r

was poeured over ice nd/b$| extra N h
Et DAc. The iganllc eﬂiract mere ed with 0.
hydr ochl ori cid, satfirated sodi um bi carbonate, R

water, and finally with brine. The or gani c extract was
dried with Sodi umgul fate and concent/ated in 25 vacuo

to gi ve—5nN3g (99% as a col s foam whi Was
_ tep. Py i ne 2 carboxyl c />§§:
ag 1- - 6% N 0O

used ds is\in the

yloxy) - N'(1-cycl opro Ian1nooxa|y| utylcarda

oyl) - pnyoI|d|ne | - car bonyl]-2, 2-di net hyl - 30 H
propyl carbanoyl}-cyclohexyl - methyl ) - am de (59)

Tosa solugion ofc®H0.15g, 0.28 n anhydrous THF

was henyl phosphi ne (0. 0. 5mol s), 2-
hydr ody- 4- chlior o- pyri di ne (65ngs I's), and | ast
was pdi et hyl azodi ¢ oonL,

1. 85mmol s). The reaction N€d at Toom

tenperature for 18 hours or until tgpe reaction shomed

mai ni HPLC. THF Lenpve romt
e Lo Bt ey B A oD iass e iergaps =
angbrisasied Wwothb Ocyid N Qdn -BrbiNabi by e @ hyertem aeiviing 1
h brine. The anu%iextract

t d f |1 t
WS e SRPER SR A RTRRLAE S oRE R AR e

vagdledregifremt be 1y widg ter lsobubyl sestier a cilibaically .
tert-hutyl ester group was. hydr zed to \ .

AR AT ERERPBOE 1y T AL S OoR T TR ZA88 o
10syacdeh ighbdidehlkat oot hane foatyc3yhiousse dhemtl wdnts may
mas renoved , nger vacuum and .then the residue was

AT SIRFRE UndShESRBECH FHHRDAC. ' The
aquﬁnua phaﬁ&aW@$eﬁC¢fhﬁéﬁﬂidMﬁdllE@&ﬁh@ﬁIindmndh 3and-

t hen extr ct d with 0 ultan or hase
e R50 e o R o Al S et B
or@&ﬁﬁahyaﬁdﬁmﬂanwas d{téﬁtwhgdrdﬁmﬁanynsui#ate and

t d
RS G oI RSEE | S5 e b Rk y 2.
[ (RyE@ZdTienR - Garbepyd) 1ad] rojmaagdic] i asi, Np) £13] @nadipretiiyo,

| but rdl d ne carb I c aci d7a
co?o¥?ﬁé§?é§$Q1m§hlImh?%h ) s :BYFfﬁfdé§W%$a 2-
St §PerdDi ALBAl URI-frebl Yainyl 2nl-& «tfratiydebbibévaamamilde 2 -

was added TETU 0.47 DI.EA (0, 15
RS e PRI AR 3 ot e et BA T G RT § Hour s,

20 g

anglp@ﬁmirtﬁ arp @ﬁpwl{wnyls;: fmqi:lﬂﬁigﬁilﬁylw 1+ p}i'lb@ztdll&nyl
L| ebl s Ann, 25 fE PP Z?% élg and J.
2foatyl 'of* PY P gl E@’ra 88Y2772" (200, 0)
ma@lpﬁﬂfﬁhﬂfnt:BapﬁpékuﬁEnfDJ|IW§mbdﬂAd1nyl 4-piperidinyl,
4- et i_ne_(0Q, 2nL, eaction
wn R O T e B L BRI 45 5o h B FF L mlT

t hen mas poured over water and extracted Et OAc. The- 30
organi c extract was dried with sodium sul fate and
concentrated in vacuo to give pyra2|ne 2-carboxylic
acid [(1-{4-(5-chloro-pyridin-2:yl oxy)-2-[1-

(cycl ol oropYl car banoyl - hydroxy nethyl) butylcarbanoyl]

N L I 44' P T ._..' _._,.l"__.. L-.L,-',.A\



15 with Ethyl Acetate (2 L) and washed successively

with water two tines 500 ml, and Brine 500 nL. The

Et hyl Acetate | ayer was dried with magnesi um sul fate,
filtered and concentrated under reduced pressure to

give a brown oil.which was applied to a Silica colum

wi th met hyl ene 20 chloride and eluted wth 25% et hyl
WOV hexane to yield a3fellowoil, 181 chyy.%_zepeﬂowo%
mmol , 84%for two steps. Pro (4(R)- 5-Ch| or o-

r|d|n 2- lox )-all 1 ester (17) [0161] Boc- Pro (4(R -

R T e

L} #0de A9 ffdinffl o u k nde et il /a@e@ram‘ﬁhymneom}dm de.
Th t a
3 b R S B e A Y
andnﬁtlmhsilé?dﬁeenttma@wlm?d@mer educed pr essure to
5 yl @b@lzéﬁe B%h%rugsmwéééa_xga%qat Lc @Qéé’ 5801 0ol &
Boc- Tbg-Pro (4(R)- 5-Chloro-pyridin-2-yl oxy) - nf
esm@poqu_]g.)c P@‘léZFWbl({ @(zpamatlc ring system hav1ng 1 to 3
5- £BL OF Qs 1o Rz Ba¥b N -Rldupl eateLéd dg o Foctes
theor.), the crude triflouroacetic acid sdlt was
colipped® t &V.aNEoeFed B @ sHlanicenlyf sBoelh RIUHNIEIGGE -
475y 58, My blcg%/%/ﬁ.é 1Pporbicl 448 BPREdm g%dl(n%%% of"
518. 32 nmol t (70 g, 518.32 mml) in 400
10 I\/et'h?‘li%’f‘@@%l"orl de. The mixture was allowed to coms to
- RT and. did tedpbeh Afhdy ohhepal. é&%@d@s
concent rated, the resulting oil was I ut ed VVI th Ethyl
Acet at & (TeL PraRathasHes é‘lﬁ’é’cé’é’@i’—%é’l’-ys%fi HesBeakon or
t\/\@e»géf&a;o%pgrahpsand water 500 ni, Brine 500 nL. The

Ethe{ égetatela er was dried with %Egnesnumsulfate
i [P ¥d and*FBPLOR c¥ntISheEP2uHd eF 1 Res yidat Ssfreapyl.

15 glyef@reh{ﬂ\/)ﬂNoh.hl&@i was - a&ahgg&ﬁ) aaslnhléaazoq Uy .-
with et hyI ene chloride _and el uted th 15% et hy

acEiiiarqly? heksﬂélfflﬂod%ﬁ@iY&ra3paP@m{éq>1m f%&rﬁoxfge’lgl
362- :85%;&'&'&81111775/@031_@2931@‘10 4bRhzolyl, 5-oxazolyl, N-

' 5, - Chl or q- érldln 2-yloxy)-allyl ester 15(19)
' [01116%11‘@@61 'T gPPFBOJ(W{R)?’ “BYTERLET o- %)ym’%ﬁ#izlz ;ﬁ Sy,
al kydvesd Yyri{d8dhyl 362:$3 i m@idyl
W t hé’l{:ol ?350 L) 1E)O Op?r |lfl our%a\é\?%ﬁgﬁﬁqnﬂ

20 NEPW%%U@% dﬁ. de: wn?ﬁ%@ﬂ}% has? aF eI Hlo dome to

RTea0gz 20,15t isreadaioryB, fetAhlzely8 e T9! P%étg:%dig)l.
was added to the m xture an it was concentrated under

r ettt RrleduPe: t 9§ %P Y 1y 8PFow b 12t Xahli c 1R -thienyl,
met byh 208,16 hibehiz8euf00 BHnzotel Byhe8yDEridded 1) ev\@r e 2-
added successi vel E% m xture was_stirred and 4N
HOLEGP BBive PY5°ALY hdtfed - ( SOPWERZSLYHY i rep i 2701y
25 Coff b ﬂ:&l&ﬁcafdlﬁazbmztm(ﬂ_i he, @r&&ela@blfil pept2 p@-e%aicila%a
filtered and washed with cold ethyl ether 0 Cto vy Iyd
142: 393 - BIR2EG YOk r 9195 CIEGEEHRG Thg- br%"’(zﬂ{fFe)adlazolyl
5- €hh 0% 01 d1dizB8121 V| 9y dmal | Yylraesher, (:20_9 5-tri
. 30[ 0164 Thg-Pro (%(}Ié)ﬁ% rg?]llo%%' gyrlgl n- yI oxy) azslzlllrl)}/’:L
esHBFPPATWYY 18295¢, 2 3241 258 4yl ) Snasigetbrel t
cogle8o0i 199! WhiionseduBes-i 940z - §§<§q@9ndlm4 M,
- NM%I(lOQ I%L 994. 18 @néjnlal) g%% ?gQg 361. 26 mmol ), Y
30 HobpoguERAA Tyl 36% . 261 SR HNGLETHB - nL Met hyl ene
Chlpopsgle. Thgamistrr €al W2005/1033525RETATS20044032093

was allowed to cone to RT and stirred for 18 h. The

i ‘REGR LN CRAGREEN PF AP ERPCRath arldyt) t pheRYT Slaslkynyl.
di tut ed whddyfelbyl thsetatieed? lor amﬂyﬂgﬁéh@rgbodlments need

successively with 0.5N HCL two tines d water
508t ntea g it seuPgnrptont iy aAdehatec | R was -
dried with magnesium sulfate, filtered and
concentrated' under reduced pressure to give a brown
oi | which was applied to a silica colum with .
met hyl ene chioride and eluted with 25% et hyl acetate

_ |n_hexane to y| eId a pale yeIIowfoam 180 g, - 362. 83

— — —y
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.filtrate was evaporated and dried under high vacuum

to give a white solid 26.9 g, 144.42 mmol 97%

Pyrazi ne- 2- carbonyl -Chg-Tbg-Pro (4(R)-

5- Chl oropyri di n- 2-yl oxy) - N\va- hydoxy cycl opr opyl am de

(25)- \WD2005/03552.5_74. PCT/-13S2004/ 029093

[ 0169] 3- Am no- 2- hydr oxy- hexanoi ¢ aci d cycl opropyl am de

Pyrazi ne- 2-car bonyl - Chg Thg-Pro (4(R)- ,

5vRB| BEempy &y 61621 ¥ 0Xy) - 2@&115&1 POy %fé@s s NVM.

(11.76 nL, 5106.96 nmol) 20. 45qg, 107.07 mml
HORROPYEL1ag @r i@se@mm@radg Jsteyiel Mt eatloryclic ring

CQ&QEélqethyBel@ ﬁ&f'rgréé\@étf'%' rr@g igélllénﬂ Jﬂ'ggs have one

m Xture was concentr at ting o

_ dorum@ue\/\pnhtﬁtdqylum@tar@tiQnL) Bneffswsdddoycloalkyl

peiatt I M A TS GRS T S O e
wagctohesy i t hyohghexenyrl s Ud:‘fcalceheﬁttjrl eregebstfeptenyl,
concentrat ed u der ucng (g%‘?s ure to gi ve a brown

ol P wRTEHY was® %rﬂ?? t FcH'THtum with

mebbyLene chbonsde adte Bh Pt Wi FoYo Medhaddd i dribht ions
Et hyl Acetateto ld a pale 15 yell ow foam 61.5 g,
792541375 the 438 %%%z‘ilnﬂen‘?e%%ﬁ? R | 3 aEreervening

({Acédet>- Cﬁ&a@ré’x@dﬁl@ Ne¥e number of carbon atoms in a
yl oxy)-2-(1- Ci/(:l opropy f am nooxal yI - but yl'car bam

o&@} %ﬂr@llﬂd r@-‘quléa*%ohyl% 23 2-@f et hyl preipydichridsano
yuﬂd&i‘ﬁ:&g‘@xﬁ/ﬂla@e&ltﬂé@é P%néé_%n Cé:p WO, a4l 5

round bottom equl ppe Wt overhead stirrer a
t herper ovpl ateme zm bioe | aEPNODLT DRfEN gzn:bxm \NalBDJaChiednple, :

Acetéaizﬁ:%%l%{% e %@2%3%? Vfg'eag]}/t ?d]fragq :fat ‘%:‘k

shtiony . afdd hdtsrowsomsded Py(oH2i e-2zaddion) - Ghg-s 2% (as

Thg- Pro 5- Chl oro yridi n 2-yl oxy) - Nva- hydoxy
I%ﬁ%’é@iﬁ%d@ {253 533@ 1%9.94 mol ; di ssol ved .

Et dﬂo/izﬁc et afigs (@%i@-) N éﬂ@ﬁh@ﬂw r%@@@ﬁé@%@& " oas

was added. A cooling bath was applied to bring the

i el nlaerr%mm@%ﬁlzﬁ £ R T@WPANED G tethTt e dihaY orem@lers

Lchl Y/ {:ﬂg! t

%:%%a?% 100 rrL \/\%ﬂéﬁ%gcd% &ré%%]?]l?ghat t I n Aer?“ha J]:)dre and

t@@rpmmm@txm @i a0t reek. ezl kie;tmmhdd?s ai{mbxﬂs o thHee art.

h d_and. the th d
TEPACRR T R Rt SR g T S (he TR e ©F

was c gurencdhed wirt R HEN ddEencl Zﬁotﬂdﬁjs)tdﬂél |o@: other
I nt ai n'i the tenperature between 15 and 25 C. The
of gaft ¢ ﬁs?e?e@%gl% PR EA Ahd YRISHE WAFE vdterei 200

”F%ef@f@@dtmﬂ@édl@éﬁ@@ (200 nl). The Ethyl Acetate
magnesi um sul fate, filtered and

06&%%311rat e el N e dereel Prerts 10 tlol g mﬁr@ntbmm Ar is

et bl oo o B S iiye amal:
chher & te @@me@m‘eﬂ Ntép%ﬂhylswﬂcﬁm@tw mimarm, 2,

to yleld a pale yellow foam 44.0 10 15 g,57.34
nbi 3 7298 FPMRR( CDC13) 9. 39 1H(s), 8.76 1H(s),

: 8[553-4‘[( S), 812 2dd e eB8. OIS Boherlt ASAHIING , /nddntdddn, ar is

(d) 7. 351H(NH) ,7.011H (NH) , 6.491H (d) ,5.631H (M

_ 0gTH (d B 71H 4. 11
1H ,4-01 ), 2.86 '& ) g;Ll (”)(m
’ (M 9 ) . 01H06H(m

2H () S 1.25 30 (W, 0.96 12H (m

,O912H(n),0722H(n) Exanpl e 3
[01711Compounds 1-72 and 74- 76 have been pr epar ed
substantially as described herein. Analytical data for
20 these conpounds were consistent with the disclosed
structures of the conmpounds. Further selected data is
provi ded bel ow. LC Mass Spectronetry Data LC Mass

_ ,Spectrorretry Dat a Cnpd. no.. Method MASS + RT 1 801.81.

A ~ N NI NN NN oA ~NN N
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A 800.51 1.77 4 A 750.54 1.63 5 A 800.31 1.50 6 A
800.43 1.61 7 A 768.27- 1.93 8 A 768.31 1.91 Cmpd
no. Method MASS + RT 9 A 816.26 2.07 10 A 768.28 1.99
11 A 868.27 2.18 12 A 800.26 2.16 13 A 800.17 2.03 14
A 816.14 2.07 15

WO 2005/035525 28 PCT/US2004/029093
Cl MsO
cl N N= N
S TARYAa YA R Y A
= —N el . — — —
P o ", M TR y
'F3C MeQ . CFa
N N N N
7N 7\ NH, 7\ CFs3 / \>~N\;N
— = — —N
" T, ™, P,
MeQ
HsCO
MeO N /~\ N 3
72\ N N
—N>_N 7 /—\ () \1 \
= > - O
M, ==
“ana,
' or
[0035] In another embodiment of this invention, Ar is:
N ~ - cl
WSS WS S e S
. or .
[0036] In a particularly favorable embodiment, Ar is:
cl ' o
N7\
s
[0037] In another embodiment of this: invention, Ar is

a 6 or a l0-membered aromatic ring having 0, 1, or 2
nitrogen heteroatoms, wherein 1, 2, or 3 ring atoms are
optiopally and independently substituted with J. .
[0038] .In any of the embodimentgs of thig invention,
each J group on Ar is independently Oﬁ', NO,, CN, CFj,
OCF3, R', COR', C(O)OR', C(O)N{(R')a, BSOsR', SON(R') 2,
1,2-methylenedioxy, 1,2-ethylene dioxy, or NR'C(O)CR!',
NR'!'SOR'.

[0039] In any of embodiments of thig invention, each J

group on Ar is preferably, and independently, OR',



A 808.16 2.17 16 A 816.12 2.25 17 A 808.41 2.09_ 18 A
.750.39 1.97 19 A 808.40 2.17 20 A 766.34 1.99 21 A
762.43 1.94 22 A 800.38 2.08 23 A 792.30 1.87 24 A
792.30 1.97 25 A 767..67 1.43 26 A 778.00 1.48 27 A
(M-Na+) /824 .58 1.48 28 A (MrNa+) /832 . 65

WO 2005/035525 09 PCT/US2004/029093

halogen, CN, CF3;, R', or COR'. More preferably, this J is
halogen (particularly chloro).
[0040] In another embodiments of this invention, each
J.group on Ar is independently halo, trifluoromethyl,
5 methyl, or NOj.
[0041] According to any preferred embodiment, T is
(C6-CL0) ~aryl- or (C5-Cl0)heterocaryl-, wherein each T is
optionally substituted with 1, 2, or 3 J substituents.
[0042] In a preferred embodiment, T is a &-membered or
10 a l0-membered aryl group. In another preferred -
embodiment, T is a 6-membered heteroaryl group that is.
optionally fused to another 5- or é6-membered aryl or

heteroaryl group.

[0043] More preferred embodiments are those wherein T:
: N N
D D D D
| N N - TN N~y
. \ A \ \ :
- H H H H

! r

[:j e Q\ @;: ®\

4

o L
cl N \
15 H ; or

[0044] In a more preferred embodiment, T is:



1.46 29 A (MrNa+) /824 . 61 1.52 30 A (M+Na+) /824 .
61 1.51 31 A (M-Na+) /856 . 67 1.58 32 A (MNa+) /774
. 63 1.39 33 A (MrNa+) /800 . 62 1.48 34 B 734.10 3.73
52 B 790.30 3.86 53 B 800.10 4.48 54 B 768.20 4.13 55

B 768.90 4.51 56 B 766.80 4.61 57 B 778.40 3.98 Cnpd
no. Met hod MASS +

WO 2005/035525 | " 30 PCT/US2004/029093
o
N
\
H or pyrazine.
[0045] In certain embodiments of thisg invention, any T

group is optionally fused to a 5-membered or a 6-membered
aryl or hetercaryl group.

5 [0046] Accordingly, one embodiment of this invention

provides compounds wherein T is:

E}—s- D+ O D

N ~N
H H

I

G, QLD O
Qo G

A

\

or .
wherein each T group is optionally fused to a 5-membered
‘or a 6-membered aryl or heteroaryl group.

10 [0047] In another embodiment, T is:

N
(e

whereln T 1s optionally fused to a 5-membered or a

6~ membered aryl or heteroaryl group.
[0048] In certain embodiments, T is not fused.to

15 another ring. _
[0049] In any embodiment of this invention, each aryl
or heteroaryl group of T is optionally and independently
sgbstituted with 1, 2, or 3 groups seslected from -CH,,

-HCH;, halogen, acetyl, -CO.H, - (Cl-Cé-alkyl)-CO,H, or
20 -0O2R1!'.



RT 58 B 733.40 3.71 59 B 767.30 4.02 60 B 852.90 4.70
61 B 818.40 4.21 62 B 767.22 1.68 63 B 767.29 4.21 66 .
B 766.30 4.26 67 B 851.30 3.43 68 B 768.30 4.10 69 ' B
789.90 3.94 70 B 978.00-4.14 71 B 844.40 2.50 72 B
797.14 4.77 74

WO 2005/035523 31 - PCT/US2004/029093

[0050] In certain embodiments, 1 aliphatic carbon-a#dm
in T is replaced by a heteroatom selected from O, N, NH,
8, 80, or 80, in a chemically stable arrangement. The
heteroatom is preferably, O or NH. In an alternative
5 embodiment no aliphatic carbon atom is replaced with T.
[0051} In certain compounds of this invention, an
aliphatic group links to T to the remainder of the
molecule. In general, in these aliphatic linkers
replacement of an aliphatic carbon atom is preferred in
10 compounds wherein n is 0. In compounds wherein n is 1,
this aliphatic linker group, preferably, has no
hetercatom replacements. Furthermore, compounds wherein
n is 1, preferably, have no aliphatic linker gro&p.
[0052] According to a preferred embodiment, W is
15 -C(0)-C(0)-R¢. Preferably, Rg is phenyl, pyridyl, (C3-
Cé) -alkyl, (C3-C6)-cycloalkyl, -OH, -0-(Cl-C6)-alkyl,
-N(H) - (C3-C6) -cycloalkyl, -N(H)-C(H) (CHis) - (C6-C10)aryl,
-N(H) -C(H) (CH;) - (C3-Cl10)-heterocylyl, or -N(H)-C(H) (CH;) -
(C5-C10) ~heteroaryl, wherein each aryl, heterocyclyl, and
20 heteroaryl is optionally substituted with halogen.

Preferred embodiments are selected from:

@—§ §_< .g_o\ § —OH f——Nv §—N§'/\ é—N\;< §—N=§ N
f“Né PN \/IN- E‘NY@mg_NY@/F

)

More:preferably, R¢ 1s isopropyl.

[0053] According to one embodiment, W is -C(0O)-C(0) -
25 ORg. In this embodiment, R¢ is preferably hydrogen, (C1-
Cl2) -aliphatic (more preferably, Cil-Cé6-alkyl), (C6-C10)-
aryl, (C3-C10) -cycloalkyl or —cycloalken?l, (cz-Cc10) -
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15

A 802.62 1.52 75 B 768.30 5.20 76 B 766.30 5.02 RT -
retention tinme. Method A: Hypersil BDS C18 col um 5um
2. 1x50m Flow rate: 1.0 mM/mn Run tine: .2.39 mn

Sol vents: 0-95% MeCN. Met hod B: see above. WO

.2005/ 03552578PCT/ US2004/ 029093 N. Structure 1 0
111 H %6 ,1( NH FooL--,,.,,. ON N

WO 2005/035525 32 PCT/US2004/029093

heterocyclyl, (c5-C10)heteroaryl, or C3—06;cycloalkyl—
(c1-C3)-alkyl, wherein the cycloalkyl is preferably a
cyclopropyl group. The aryl group is optionally
substituted with up to 3 J groups, wherein J is halogen,
preferably chloro or fluoro. More preferably, Re¢ is H or
or methyl. | . .

[0054] According to another embodiment, W is -C(O)-
C(0) -N(Rg¢)2, wherein Rg is hydrogen, (C1-C6)-alkyl, (Cl-
C6) ~alkenyl, (C6-Cl0)-aryl-(Cl-C6)-alkyl-, or (C6-C10)~-
heteroaryl- (C1-Cé6)-alkyl-, wherein R¢ is optionally
substituted with up to 3 J groups. Preferably, Rg i1s
hydrogen, (C3-C10) -cycloalkyl or -cycloalkenyl, or (C3-
C10) -heterocyclyl. Alternativély, one R¢ is hydrogen and
the other Rg is (C6-C1l0)-aryl- (Cl-C3)alkyl-, wherein the
alkyl is optionally substituted with CO.H; (C3-
C6)cycloalkyl-; kCS)—heterocylyl—(Cl—C3)alky1~; (C3-
C6)alkenyl-; or each'RG is (C1L-C6)-alkyl-. Alternatively,
each Rg¢ is  (C1-C3)-alkyl-.

[0055] - Most preferably, -NHRg in W is:
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- Preferred J substituents on the alkyl and aryl groups in
this embodiment are halogen, carboxy, and hetercaryl.
More preferred substituents on the aryl groups are |

5 .halogen (preferaﬁly chloro or fluoro) and more preferred
J substituents on the alkyl groups are carboxy and
heteroaryl.

[0056] According to yet other preferred embodiments of

formula I, W is:
O - Rg

Rs

10 (0] ;
wherein the NRR® is -NH- (C1-C6 aliphatic), -NH-(C3-C6
- cycloalkyl), -NH-CH(CHjs)-aryl, or -NH-CH(CHs)-heteroaryl,
wherein said aryl or =aid heteroafyl is optionally
substifuted with up to 3 halogens. |
15 -[0057] In any preferred embodiment of W, the NR°R® is:
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[0058] In any preferred embodiment of W, the NR°R® is:

L N R W B W ol

5
[0059] In any more preferred embodiment of W, thé NR®R®
is: -
H s H . - N
—ENv. ENY@
H Cl s H F
—E N7/©/ or E N7/®/
10 [0060] ~ In any more preferred embodiment of W, the NR®RS
is: . . -
H
_é.N

v

[0061] According to one embodiment, R' is selected

15 from:
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[0062] According to a preferred embodiment, R® is

selected from:

5
[ | | ‘or
[0063] According to another embodiment, R! is:
10 P, ol , | , |
[0064] According to another embodiment, R is:
!
[4¥a0a V)
nryu |
| or
[0065] Most preferably, R is cyclchexyl.
15 [00661] According to one embodiment, R? is:
Inel -

| Ny [aUATAVA W) AUy anouv [a¥a VgV o W]

] ’ ¢ 7 4 or

[0067] According to another embodiment, R? is
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[0068] According to any preferred embodiments, R? is: ;

5 [0069]1 - According to ény more preferred embodiments, R?2

lg:

AN

[00701 In any most preferred embodiments, R? ig t-

10 Dbutyl.
[o071] According to one embodiment, R?® is:

LR ALDEN

[0072] According to a preferred embodiment, R® ig;

15 B\ \ . \ F
SH or
F F L F

[0073] = More preferably,.R3 is propyl (preferably,
n-propyl) .
20 [0074] In any preferred embodiment of this invention,

R* is H.
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[0075] According to another embodiment, R?® and R*

together with the atom to which they are bound form the

ring system

<

5 [0076] According to another embodiment, R3 is hydrogen
and R® is:

o b e e e e e
XKSH\ ] \
, SRRE
.

[0077] According to preferred embodiments, R® is
hydrogen and R®> is:

B N A
A o For
. F

» or

FF F

10
[0078] In vet other embodiments of this invention, R*'
is hydrogen and R® is:
Anuvu Ty W
' \ \ F
o |
F .
15 [0079] According to one embodiment, one of R* or R*' 1is
hydrogen.
[0080] According to another embodiment, one of R* ox
R*' (C1-C6)-alkyl. ‘
[0081] According to a preferred embodiment, R* and R*'

20 1s hydrogen.
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[0082] In certain embodiments, 1 6r 2 carbon atoms of
R*, R?, R}, or R!, are optionally and independently
replaced with N, NH, O, or S.

[0083] Accordingly, one embodiment of this invention
provides a compound wherein R! is cyclohexyl, wherein 1 or
2 carbon atoms is optionally replaced with N, NH, O, or S
and wherein each atom is optionally and independently
substituted with 1, 2, or 3 J groups, wherein J is
halogén, OH, OR', NH, N(R'), (and R' is, preferably, (Cl-
Cc6) -alkyl) . )

[0084] In certain other embodiments no carbon atoms of
R*, R?, R?, and R* are replaced with N, NH, O, or S. 1In
other embodiments these groups have no J substituents.
[0085] The compounds of this invention may contain one
or more asymmetric carbon atoms and thus may occur és 7
racemates and racemic mixtures, single enantiomers,
diastereomeric mixtures and individual diastereomers.

All such isomeric forms of these compounds are expressly
included in the present invention. Each stereogenic '
carbon may be of the R or S configuration. .

[o086] Preferably, the compounds of this invention
have the structure and stereochemistry depicted in
compoundg 1-76.

[0087] Any of the preferred embodiments recited above,.
including those embodiments in the above species, may
define formuld I individually or be combined to produce a
preferred embodiment of this invention. %
[0088] MAbbreviations which are used in the schemes,
preparations and the examples that follow are:

THF: tetrahydrofuran
-DMF: N, N, -dimethylformamide

EtOAc: ethyl acetate

AcOH: acetic acid

HOBt: l-hydroxybenzotriazole hydrate
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EDC: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride

NMM: N-methylmorpholine

NMP:>N—methylpyyrolidinone

BEEOH: ethanol

t-BuOH: tert-butanol

Et,0: diethyl éther

BOC: tert-butyloxycarbonyl

BOC,0: di-tert-butyldicarbonate

Cbz: benzyloxycarbonyl

Chg: cyélohexylglycine

ThG: tert—butylglycine

Fmoc: 9-fluorenyl methyloxycarbonyl

DMS0O: diemthyl sulfoxide

TFA: trifluorocacetic acid

DCCA: dichloroacetic acid

-DCE: dichloroethane

DIEA: diisopropylethylamine

MeCN: acetonitrile

PyBroP: tris(pjrrolidino)bromophosphonium
hexafluorophosphate _ |

TBTU or HATU: 2- (1H-benzotriazole-1-yl)-1,1,3,3-
tetramethylurbnium tetrafluorochorate

DMAP: 4—dimethylamiﬁopyridine

PPTS: pyridinium p-toluenesulfonate

IBX: periodobénzoiq acid

AIBN: 2,2’-azobisisobutyronitrile

TEMPO: 2,2,6,6-tetramethyl-1-piperidinyloxy, free
" radical)

rt or RT: room temperature

ON: overnight

ND: not determined

MS: mass spectrometry

LC: liguid chromatography



10

3. H 0 c 410, C 0, , H

WO 2005/035525 40 PCT/US2004/029093

General Synthetic Methodology:

[0089] The compounds of this invention may be prepared
in general by methods known to those skilled in the art.
Schemes 1-7 below illustrate synthetic routes to the
compounds of the present invention. Other eguivalent
schemes, which will be readily apparent to the ordinary
skilled organic chemist, may alternatively be uséd to
synthesize various portions of the molgcule as
i1llustrated by the general schemes below, and the

preparative examples that follow.
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[0090] Scheme 1 above provides a general synthetic

route for the preparation of compounds of formula I with
various Ar groups, wherein T is pyrazine', R' is
cyclbhexyl, R? is t-butyl, and W is a ~C(0)C(0)-N(H)-
cyclopropyl. 2Ag would be recognized by skilled
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practitioners, compounds of formula I with T, R, and R?
other than those depicted above may be prepared by
varying the synthetic rouﬁe.

[0091] For example, compounds of. formula I wherein T
is other than pyrazine may be prepared by reacting
compound 5, (after removal of.the Z group) with a
compound of formula T-C(O) -OH under appropriate coupling
'conditions.

[0092] Similarly, substituting another amino acid
derivative for Z-Tbg-OH in the conversion of compound 3
to éompqund 4 or another amino acid derivative for Z-Chg-
OH in the conversion of compound 4 to compound 5 would
provide compounds with varying R? and R groups, '

regpectively.
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Scheme 2
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00831 Scheme 2 above provides a general synthetic

route for the preparation of compound 59.

5 Scheme 3

OH : O-Ar
o’ ~OP? . o’ ~0P?
13 14 15
[0094] An alternative approach to preparing compounds

of this invention is depicted in Scheme 3. 1In this

10 approach, a 4-hydroxyproline derivative 13 is reacted
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with a compound 14 to provide a compound 15. In Séheme
3, P' is hydrogen or an appropriate amine protecting
group, P? is hydrogen or an appropriate carboxy protecting
group, Ar is as defined herein, and X is an appropriate
leaving group. In one embodiment set forth below, P! is
t-butoxycarbonyl, P? is hydrogen, Ar is 4-chloro-2-
pyridine, X is Cl, and 13 and 14 are reacted in the.
presence of tBuOK, DMSO, and THF.

[0055] As would be appreciated by skilled
practitioneré, the compound 15 then may be carried on to
compounds of formula I by routine methods. One such

method is depicted below in Scheme 4
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[0086]

Scheme 5 depicts an altermative approach for

preparing a compound of this invention (59). The steps

u=zed in scheme 5 could be modified by;-fér example, ﬁsing

different reagents or cérrying out the reacticns in a
different order.

Scheme 6
H OH H HoN  OH
O__N N PAC/H, 9_3,
Y N ———— / NH
# 0 MeOH S >

27
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[0097] Scheme 6 depicts an approach for preparing
compound 28. In this embodiment, a compound 27 is

converted to compound 28 by removal of the benzyloxy

.carbony1 protecting group under hydrogenolysisg

conditions. This scheme 6 could be modified using
techniques known to skilled practitioners to arrive at

compound 28.

Scheme 7

HO ArQ, 1. HCl(sat)/EtOAc, A,

‘Triphenylphospine - .
b\(O\ DEADITHE L_HO\ 2. Boc-R%-OH, OT(O\
Vo aon /|< N° W\ eocHostnwe, H Nl
Boc. 0°C > RT o’go DIEA BOC/N\[/J%O
28

27 Ry 29

7
i

1. NaOH, ElOH
2. PyBOP, DIEA, AT, HoOOH R 1.HCl(sa1t)lEtOAc
CHyCly, _ D‘(N N‘R 2, Boc-R'-0OH,
e 8 EDC, HOB
R3 R3 R . l'r:ll N \O R3 RS‘ o t, NMP
HaN N 5  Boc” j/&o
OH Rs Ra 30
10a )
Ao, H OH Re ArG, H OH Re
. R N N-g, 1. HCl(satyEtoAS - N Neg
1 H Ra R 0O R N ' 5
O RsRd O 1 H Rz Rs' O
B°°‘NJH(N o 2. EDG/HOBY, DIEA, T’U\NJYN o O T ™
H 5§ R DMF, T-GO,H N _
2 0 R
31 ' 32
- ArQ, H Re
Dess Martin N%HI/M
perladinane, O Ry y N . Rs
t-BuOH, CH,Cl, Py N 0 RsR3'0
: TN 0 .
. H o) RZ . '
: 33
[o098] Scheme 7 depicts an alternative approach to

prepare compounds of this invention. In scheme 7, the
variables are as described herein.

[00989] Accordingly, one embodiment of this invention
provides a process for preparing a compound of formula I,
as defined in any of the embodiments herein, comprising

the step of: reacting a compound of formula II in the
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bresence of a compound of formula III to provide a

compound of formula IV:

PH : | O-Ar

R0~ Q ; ArX R1o/l\9'
o@ OoR" o’ ~OR'

NI IIT Iv

oy

wherein: _

R is an amine protecting group, a P3- residue of an HCV
protease inhibitor described herein, or a P4-P3- residue
of an HCV protease inhibitor as described herein, and
wherein the P3 and the P4-P3 residues are optlonally
protected the an amino-terminal capping group; |

R™ is a carboxy protecting group or a Pl residue of an
HCV protease inhibitor described herein, wherein the P1
residue is optionélly protected with a carboxy terminal
brotecting group or with.W. Ar is as define in any of
the embodiments herein. X isg an appropriaté-leaving
group. As would be appreciated by skilled practitioners,
an appropriate leaving group may be generated in situ.
[0160] In an alternative embodiment, the 4-hydroxy
group in formula II may be converted to a leaving group.
In such an embodiment, X is a nucleophilic oxygen which
reacts with II to provide IV.

[0101] ' As used herein, Pp1, P3, P4 refer to the
regidues of an HCV protease inhibitor as defined in the
art and as are well known to skilled practitioners.
[0102] The compound of formula IV may be carried on to
a compound of formula I according to the methods
described herein.

[0103] Although certain exemplary embodiments are
depicted and described below;'it will be appreciated that
compounds of this invention can be prepared according to

the methods described generally above using appfopriate
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starting materials generally available to one 6f ordinary
skill in the art.

[0104] Another embodiment of this invention provides a
composition comprising a compound of formula I or a
pharmaceutically acceptéble salﬁ thereof. According to a
prefefred embodiment, the compound of formula I is
present in an amount effective to decrease the viral load
in a sample or in a patient, wherein said virus encodes a
serine protease necessary for the viral life cycle, and a
pharmaceutically acceptable carrier.

[0105] If pharwaceutically acdéptable salts of the
compounds of this invention are utilized in these
compositions, those salts are preferably derived from
inorganic or organic acids and bases. Included among
such acid salts are the following: acetate, adipate,
alginate, aspartate, benzoate, benzene sulfonate,
bisulfate, butyrate, eitrate, camphorate, .camphor
sulfénate, cyclopentane-propionate, diglucénate,
-éodecylsulfate, ethanegulfonate, fumarate,
glucoheptanoate,_glycerophosphate, hemisulfatg,
heptanocate, hexanoate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate, lactate, maieate,
methanesulfonate, 2-naphthalenesulfornate, nicotinaté,
oxalate, pamQate,.pectinate, persulfate,
3—pheh§l—prbpionate, picrate, pivalate, propionate,
succinate, tartrate, thiocyanate, tosylate and
undeéaﬁoafe;. Bése'salﬁs include ammonium salts, alkali
metal salts, such as sodium and\potassium salts, alkaline
earth metal salts, such as calcium and magnesium salts,
salts with organic bases, such as dicyclohexylamine
salts, N-methyl-D-glucamine, and salts with amino acids
such as arginine, lysine, and so forth. _

[0106] Also, the basic nitrogen-containing groups may

be guaternized with such agents as lower alkyl halides,
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such as methyl, ethyl, propyl, and butyl chloride,
bromides and iodides; dialkyl sulfates, such aé dimethyl,
diethyl, dibutyl and diamyl sulfates, 1on§ chain halides
such as decyl, lauryl, myristyl and-steary1 chlorides,
bromides and iodides, aralkyl haIides, such as benzyl and
phenethyl bromides ana others. Water or oil-soluble or
dispersible products are thexreby obtained.

[0107] The compounds utilized in the compositions and

" methods of this invention may also be modified by

appending appropriate functionalities to enhance

selective bioclogical properties. Such modifications are

known in the art and include those which increase

'biological penetration into a given biological system

(e.g., blood, lymphatic system, central nervous system) ,
increase oral availability, increase solubility to allow:
administration by injection, alter metabolism and alter
rate of excretion.

[0108] Phaémaceutically acceﬁtable carriers that may
be used in these compositions include, but are not
limited to, ion exchangers, alumina, aluminum stearate,
lecithin, serum proteins, such as human serum aibumin,
buffer substances such as phosphates, glycine, sorbic
acid, potassium sorbate, partial glyceride mixtures of
saturated vegetable fatty acids, water, salts or
electrolytés, such as protamine sulfate, disodium
hydrogen phosphate, potassgium hydrogen phosphate,.sédium
chloride, zinc salts, COlloiaal silica, magnesiﬁm' -
trisilicate, polyvinyl. pyrrolidone, cellulose-based
substances, polyethylene glycol, sodium
carboxymethylcellulose, polyacrylates, waxes,
polyethylene—polyoxypropylene—block polymers,
polyethylene glycol and wool fat.

[0109] According to a preferred embodiment, the

compositions of this invention are formulated. for
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pharmaceutical administration to a mammal, preferably a
human being.
[0110] Such pharmaceutical compositions of the present
invention may be administered orally, parenterally, by
inhalation SPréy, tépically,'rectally, nasally, buccally,
vaginally or via an implanted reservoir. The term
“parenteral” as used herein includes subcutaneous,
intravenous, intramuscular, intra-articular,
intra-synovial, intrasternal, intrathecal, intrahepatic,
intralesional and. intracranial injection or infusion
techniques. Preferably, the compositions are
administered orally or intravendusly.
[0111] Sterile injectable forms of the compositions of
this invention may be aqueous or oleaginous suspension.
These suspensions may be formulated according to
techniques known in the art using suitable dispersing or
- wetting agents and suspending agents. The sterile
injectable preparation may also be a sterile injectable
solution or suspension in a non-toxic rarenterally
acceptable diluent or solvent, for example as a solution
in 1,3-butanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's
solution and isotonic. sodium éhloride solution. 1In
addition, sterile; fixed oils are conventionally employed
as a solvent or suspending medium. For this burpose, any
. b¢and fixed oil may be employed 1nclud1ng synthetic mono-
or di- glycerldes Fatty acids, such as oleic acid and
its glyceride derivatives are useful in the preparatlon
of injectables, as are natural pharmaceutically-
acceptable cils, such as olive oil or castor oil,
especially in their polyoxyethylated versions. These oil
solutions or suspensions may alsoc contain a long-chain
alcohol diluent or dispersant, such as carboxymethyl

cellulose or similar dispersing agents which are commonly
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used in the formulation of pharmaceutically acceptable
dosage forms including emulsions and suspensions. Other
commonly used surfactants, such as Tweens, Spans and
other emulsifying agents or biocavailability enhancers
which are commonly used in the manufacture of.
pharmaceutically acceptable éolid, liquid, or other
dosage forms may alsoc be used for the purposes of
formulation.

[0112] Dosage levels of between about 0.01 and about
100 mg/kg body weight per day, preferably between about
0.5 and about 75 mg/kg body weight per day of the
protease inhibitor compounds described herein are useful
in a monotherapy for the prevention and treatment of
antiviral, particularly anti-HCV mediated disease.
Typically, the pharmaceutical compositions of this
invention will be administered from about 1 to about 5
times per day or alternatively, as a continuous.infusion.
Such adminigtration can be used as a chronic or acute
therapy. The amount of active ingredient that may be
combined with the carrier materials to produce a single
dosage form will vary depending upon the host treated and
the particular mode of administration. A typical
preparation will contain from about 5% to about 95%
active compound (w/w). Preferably, such preparations
contain from about 20% to about 80% active compourid. Asg
recognized by skilled practitioners, dosages of '
interferon are typically measured in IU (e.g., about 4
million IU to about 12 million IU).

‘101131 When the compositions of this invention. .
comprise a combination of a compound of formula I and one
or more additional therapeutic or brophylactic agents,
both the compound and the additional agent should be

present at dosage levels of between about 10 to 100%, and
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more preferably between about 10 to 80% of the dosage
normally administered in a monotherapy'regimen.

‘[0114] The pharmaceutical compositions of this
invention may be orally administered in any orally
acceptable dosage form including, but not limited to,
capsules; tablets, aqueoue suspensions or solutiops. In
the‘cese of tablets for oral use, carriers that are
commonly used include lactose and corn starch.
Lubricating egents, such as magnesium.stearate, are also
typically added. For oral adminisgtration in a capsule
form, useful diluents include lactose and dried
cornstarch. When agueous suspeﬁsions are required for
oral use, the active ingredient is combined with
emulsifying and suspending agents. If desired, certain
sweetening, flavoring or coloring agents may elso be
added.

[0115] Alterﬁatively, the pharmaceutical compositions
of thig invention may be administered in the form of
suppositories for rectal administration. These may be
prepared by mixing the agent with a suitable
non—irritating excipient which isg solid at room
temperature but liquid at rectal temperature and
therefore will melt in the rectum to release the drug.
Such materials include cocoa butfer, beeswax and
polyethylene,glycols.

[0116] - The pharmaceuticel:compositions of this
invention may also bé administered topically, especially

when the target of treatment includes'areas or organs

- readily accessible by topical application, including

digseases of the eye, the skin, or the lower intestinal
tract. Suitable topical formulations are readily
prepared for each of these areas or organs.

[0117] Topical applicatioﬁ for the lower intestinal

tract may be effected in a rectal suppository formulation
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(see abové) or in a suitable enema formulation.
Topically-transdermal patches may also be used.

[0118] For topical applications, the pharmaceutical
compositions may be formulated in a suitable ointment
containing the active component suspended or dissolved in
one or more carriers. Carriers for topical
administration of the compounds of this invention
include, but are not limited to, mineral oil, liquid
petrolatum, white petrolatum, propylene_gl?col,
polyoxyethylene, polyoxypropylene compound, emulsifyiﬁg

wax and water. Alternatively, the pharmaceutical

" compositions may be formulated in a suitable lotion or

cream contéining the active components suspended oxr
dissolved in one or more pharmaceutically acceptable
carriers. Suitable carriers_include; but are not limited
to, mineral oil, sorbitan monostearate, polysorbate 60,
cetyl esters wax, cetearyl alcohol, 2-oc¢tyldodecanol,

benzyl alcohol and water.

'[01191 For ophthalmic use, the'pharmaceutical

compositions may be formulated as micronized suspensions
in isotonic, pH adjusted sterile saline, or, preferably,

as solutions in isotonic, pH adjusted sterile saline,

either with our without a preservative such as

benzylalkonium chloride. Alternatively, for ophthalmic
uses, the pharmaceutical compositions may be formulated
Iin an ointment such as petrolatum. |

[0120] The pharmaceutical compositions of this

invention may also be administered by nasal aerosol or

. inhalation. Such compositions are prepared according to

techniques well known in the art of pharmaceutical
formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other suitable preservatives,

absorption promoters to enhance biocavailability,
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fluorocarbons, and/or other conventional 'solubilizing or
dispersing agents.

(01211 Most preferred are pharmaceutical composi;iohs
formulated for oral administratiomn. _

5 [0122] In another embodiment, the compositions of this
invention additionally comprise another anti-viral agent,
preferably an anti-HCV agent. Such anti-viral agents
include, but are ngt limited to, immunomodulatory agents,

such as o-, P-, and y-interferons, pegylated derivatized

10 interferon-o compounds, and thymosin; other anti-viral

agents, such as ribavirin, améntadine, and telbivudine;

other inhibitors of hepatitis C proteases (NS2-NS3

‘inhibitorsland NS3-NS4A inhibitors); inhibitors of other

targets in the HCV life cycle, including helicase and

15 polymerase inhibitors; inhibitors of internal ribosome
entry; broad-spectrum viral inhibitors, such as IMPDH
inhibitors (e.g., compounds of.United States Patent
5,807,876, 6,498,178, 6,344,465, 6,054,472, WO 87/40028,
WO 98/40381, WO 00/56331, and mycophenolic acid and

20 derivatives thereof, and includiﬁg, but not limited to
VX-497, VX-148, and/or VX-944); or combinations of any of
the above. BSee also W. Markland et al., Antimicrébial & .

antiviral Chemotherapy, 44, p. 859 (2000) and U.S. Patent

6,541,496.
CHg H H O /1::>
[
O
o NN o
0 0 H
<
25 . N
VX-497
[0123] The following definitions are used herein {(with

trademarks referring to products available as of this

application's filing date).
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[0124] "Peg-Intron" means PEG-Intron®, peginteferon

alfa-2b, available from Schering Corporation, Kenilworth,
NJ;

[0125] "Intron" means Intron-A®, interferon alfa-2b
available from Schefing Corporation, Kenilworth, NJ;
[0126] "ribavirin®' means ribavirin (l-beta-D-
riboﬁuranosyl-lH—l,2,4—triazole—3—carboxamide, avalilable
from ICN Pharmaceuticals, Inc., Costa Mesa, CA; described
in the Merck Index, entry 8365, Twelfth Edition; also
available as Rebetol® from Schering Corporation,
Kenilworth, NJ, or as Copegus® from Hoffmann-La Roche,
Nutley, NJ; '

[0127] "Pagasys" means Pegasys®, peginterferon alfa-2a
available Hoffmann-La Roche, Nutley, NJ;

[0128] "Roferon" mean Roferon®, recombinant interferon
alfa-2a avaiiable from Hoffmann-La Roche, Nutley, NJ}
[0129] "Berefor" means Berefor®, interferon alfa 2
available from Boehringer Ingelheim Pharmaceutical, Inc.,
Ridgefield, CT;
. [0130] sumiferon®, a purified blend of natural alpha
interferons such as Sumiferon available from Sumitomo,
Japan; |

[0131] Wellferon®, interferon alpha'nl.available from
Glaxo Wellcome LTd., Great Britain;

[0132] Alferon®, a mixture of natural alpha
.interferons made by Interferon Sciences, and available
from Purdue Frederick Coﬁ, CT; | ' . .
[0133] The term "interferon" as used herein means a
member of a family of highly homologous species-specific
proteins that inhibit viral replication and cellular
proliferation, and modulate immune response, such as
interferon alpha, interferon beta, or interferon gémma.

The Merck Index, entry 5015, Twelfth Edition.
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According to one embodiment of the present

invention, the interferon is w-interferon. According to
another embodiment, a therapeutic combination of the
present invention utilizes natural alpha interferon 2a.
Or, the therapeutic combination of the present invention
utilizes natural alpha interferon 2b. In another
embodiment, the therapeutic combination of the present
invention utilizes recombinant alpha interferon 2a or 2b.
In yet another embodiment, the interferon is pegylated
alpha interferon 2a or 2b. Interferons suitable for the
present invention include: .

a) Intron (interferon-alpha 2B, Schering Ploughj,
b) Peg-Intron,

c) Pegasys,

2

Roferon,

Berofor,

U}

~

T

~

Sumiferon,

~

g) Wellferon,

(
(
(
(
(
(
(
(h) consensus alpha interferon available from Amgen,
Inc., Newbury Park, Ca, .

(1) Alferon;.

(§) Viraferon®;

(k) Infergen®,
[0135] As is recognized by skilled practitioners, a
protease inhibitor would be preferably administered
orally.. Interferon is not ﬁypicallyuadministered_orally.
Nevertheless, nothing herein limits the methods or
combinations of this invention to any specifié dosage
forms or regime. Thus, each component of a combination
according to this invention may be administered

separately, together, or in any combination thereof.

[0136]

In one embodiment, the protease inhibitor and

interferon are administered in separate dosage forms. 1In

one embodiment, any additional agent is administered as



10

15

20

25

30

H H Ni N .., 0 HN--- 11 . 46 HO H
1.. NN..V NH7...,,..."..0 ...... rt.to....0
7h.- ., S\H
WO 2005/035525 . L. PCT/US2004/029093
: 59

part of a single dosage form with the protease inhibitor
or as a separate dosage form. As this invention involves
a combination of compounds, the specific amounts of each
compound may be dependent on the specific'amounts of each
other compound in the combination. As recognized by
skilled practitioners, dosages of interferon are
typically measured in IU (e.g:, about 4 million IU to.
about 12 million IU). ‘

[0137j Accordingly, agents (whether acting as an
immunomodulatory agent or otherwise) that may be used in
combipation with a compound of thig invention include,
but are not limited to, interferon-alph 2B (Intron A,
Schering Plough); Rebatron (Schering Ploﬁgh, Inteferon-
alpha 2B + Ribavirin) ; pegylated,intefferon alpha (Reddy,
K.R. et al. "Efficacy and Safety of Pegylated (40-kd)
interferon alpha-2a compared with interferon alpha-2a in
noncirrhotic patients with chronic hepatitis C
(Hepatologz, 33, pp. 433-438 (2601); consensus interferon’
(Kac, J.H., et al., "Efficacy of Consensus Inperferén in

the Treatement of Chronic Hepatitis" J. Gastroenterol.

'Hepatol. 15, pp. 1418-1423 (2000) , interferon-alpha 2A

(Roferon A; Roche), lymphoblastoid or "natural®
interferon; interferon tau (Clayette, P. et al., "IFN-
tau, A New Interferon Type I with Antiretroviral

activity" Pathol. Biol. (Paris) 47, pp. 553-559 (1999);

interleukin 2 (Davis, G.L. et al., "Future Options for-

the'Management'of“Hepatitis'C." Seminars in Liver

Digease, 18, pp. 103-112 (1999); Interleukin 6 (Davis et
al. "Future Options for the Management of Hepatitis C.n

Seminars in Liver Disease 19, Pp. 103-112 (1993);

interleukin 12 (Davis, G.L. et al., "PFuture Options for

the Management of Hepatitis C." Seminars in Liver

Disease, 19, pp. 103-112 (1999); Ribavirin; and compounds

that enhance the development of type 1 'helper T cell
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response (Davis et al., "Future Options for the

Management of Hepatitis C." Seminars in Liver Disease,

19, pp. -103-112 (1999). Interferons may ameliorate viral
infections by exerting direct antiviral effects and/or by
modifying the immune response to infection. The
antivifal'effects of interferons. are often mediafed
through inhibition of wviral penetration or uncoating,
synthesis of viral RNA, translation of viral proteins,
and/or viral assembly and release.

[0138] Compounds that stimulate the synthesis of
interferon in cells (Tazulakhova, E.B. et al., "Russian
Experience in Screening, analysis, and Clinical

Application of Novel Interferon Inducers" J. Interferon

Cytokine Res., 21 pp. 65-73) include, but are not limited

to, double stranded RNA, alone or in combination with
tobramycin, and Imiquimod (3M Pharmacéuticals; Sauder,
D.N. "Immunomodulatory and Pharmacologic Properties oﬁ

Imiquimod" J. Am. Acad. Dermatol., 43 pp. S6-11 (2000).

[0139] Other non-immunomodulatory or immunomoddlatory
compounds may be used in combination with a compound of
thig invention ipcluding, but not limited to, those
specified in WO '02/18369, which is incorporated herein by -
réfereﬁce {see, e.g., page 273, lines 9-22 and ﬁage'274,'
line 4 to page 276, line 11). )

[0140] | This invention may also involve administering a
cytochrome P450 moncoxygenase inhibitor. CYP inhibitors
may be useful in increasing liver concentrations and/or
- increasing blood levels of compounds that are inhibited
by CYP.

.[01411 If an embodiment of this invention involves a
CYP inhibitor, any CYP inhibitor that improves the
pharmacokinetics of the relevant NS3/4A protease may be
used in a method of this invention. These CYP inhibitors

include, but are not limited to, ritomavir (WO 94/14436),
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ketoconazole, troleandomycin, 4~methyl pyrazole,
cyclosporin, clomethiazole, cimetidine, itraconazole,
fluconazole, miconazole, fluvoxamine, fluoxetine,
nefazodone, sertraline, indinavir, nelfinavir,
amprenavir, fosamprenavir, saquinavir, lopinavir,
delavirdine, erythromycin, VX-944, and VX—497; Preferred
CYP inhibitors include ritonavir, ketocénazole,
troleandomycin, 4-methyl pyrazole, cyclospdrin, and
clémethiazole. For preferred dosage forms of ritonavir,
see United States Patent 6,037, 157, and the documents
cited therein: United States Patent 5,484,801, United
States Application 08/402,690, and International
Applications WO 95/07696 and WO 95/09614) .

[0142] Methods for measuring the ability of a compound
to inhibit cytochrome P50 monooxygenase activity. are

known (see US 6,037,157 and Yun, et al. Drug Metabolism &

Disposgition, vol. 21, pp. 403-407 (1993).

[0143] Upon improvement of a patient's condition, a
maintenance dose of a compound, composition or
combination of this invention may be administered, if

necessary. Subsequently, the dosage or frequency of

. administration, or both, may be reduced, as a.function of

the symptoms, to a levél at which the improved condition
is retained when the symptoms have been alleviated to the

desired level, treatment should cease. Patients may,

. however, require intermitteqt treatment on a long-term

basis upon any recurrence of disease symptoms.

[0144] It should also be understood that a specific
dosage and treatment regimen for any particular patient
will depend upon a variety of factors, including the
activity of the specific compound employed, the age, body
welght, general health, sex, diet, time of
administration, rate of excretibn, drug.combinatién, and

the judgment of the treating physician and the severiﬁy
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of the particular disease being treated. The amount of
active ingredients will also depend upon the particular
described compound and the presence or absence and the
nature of the additional anti-viral agent in the
composition. o _ _ .
[0145] According to anothér embodiment, thé'invention
provides a method for treating a patieht infected with a
virus characterized by a virally encoded serine protease
that is necessary for the life cycle of the wvirus by
administering to said patient a pharmaceutically
acceptable composition of this invention. Preferably,
the methods of this invention are used to treat a patient
suffering from a HCV infection. Such treatment may
completely eradicate the viral infection or reduce the
severity thereof. More preferably, the patient is a
human being.

[01456] In an alternate embodimenﬁ,.the methods'of this
ihvention‘additionally.comprise the stép of administering
to said patient ar anti-viral agent preferably an anti-
HCV agent. Such anti-viral agents include, but are not-
limited to, immunomodulatory agents, such as o-, B-, and
y—interferpns, pegylated derivatized interferon-
compounds, and thymosin; other anti-viral agents, such as
ribavirin and amantadine; other inhibitors of hepatitis C
proteases (NS2-NS3 inhibitors and NS3-NS4A 1nh1b1tors),
-lnhlbltors of other targets in the HCV llfe cycle,
including helicase and polymerase inhibitors; inhibitors
of internal ribosome entry; broad-spectrum viral
inhibitors, such as IMPDH inhibitors (the IMPDH
inhibitors disclosed in United States Patent 5,807,876,
mycophenolic acid and derivatives thereof); or
combinations of any of the above.

[0147] Such additional agent may be administered to

said patient as part of a single dosage form comprising
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both a compound of this invention and an additional anti-
viral agent. Alternatively the additional agent may be
administered separately from the compound of this .
invention, as part of a multipie dosage form, wherein
said additional agent is administered priér to, together-

with or following a composition comprising a compound of

. this invention.

[0148] In yet another embodiment the present invention
provides a method of pre-treating a biological substance
inténded for administration to a patient compxrising the
step of contacting said bioclogical sﬁbstance with a,
pharmaceutically acceptable composition comprising a .
compound of this invention. Such biological substances
include, but are not limited to, blood and components
thereof such as plasma, platelets, subpopulations of
blood cells and the like; organs such ag kidney, liver,
heart, lung,'etc; sperm and ova; bone ma:row and .
components ﬁhereof,'and oﬁhef fluids to be infused into a
patient such as saline, dextrose, etc. .

[0149] According to another ewbodiment the invention
provides methods of treating materials that may
potentially come into contact with a virus charaéterized
by a virally encoded seriné_protease_necessary for its
life cycle. This methbd comprises the step of contacting
said material with a compound according to the invention.
Such materials include,. but are not limited~to}'surgiCal.

instruments and garments (e.g. clothes, gloves, aprons,

- gowns, magks, eyeglasses, footwear, etc.); laboratory

instruments and garments (e.g. clothes, gloves, aprons,
gowns, masks, eyeglasses,'footwear, etc.); blood
collection apparatuses and materials; and invasive
devices, such as shunts, stents, etc.

[0150] In another embodiment, the compounds of this

invention may be used as laboratory tools to aid in the
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isolation of a virally encoded serine protease. This
method comprises the steps of providing a compound of
this invention attached to a solia support; contacting
said solid support with a sample containing a viral
serine protease under conditions that cause said protease
to bind to said solid supbort; and eiutinglsaid serine
protease from said solid support. Preferably, the viral
serine protease isolated by this method is HCV NS3-NS4A

protease.
[0151] In order that this invention be more fully
understood, the following preparative and testing
examples are set forth. These examples are for the
purpose .of illustration only and are not to be construed
as liﬁiting the scope of the invention in any way.
' EXAMPLES

[0152] H-NMR spectra were recorded at 500 MHz using a
Bruker AMX 500 instrument. Mass spec. samples were
analyzed on a'MicrOMass Z2Q or Quattro II mass
spectrometer operated in single MS mode with glectrospray
ionization. Samples were introduced into the mass
spectrometer using flow injection (FIA) or
chromatography.® Mobile phase for all mass spéc.-analysis
consisted Jf acetonitrile-water mixtures with 0.2% formic
acid as a modifier.
[01B53]. Aé used herein, the term “R¢{min)” or "RT"
refers to the HPLC retention time, in minutes, associated
with the compound. The HPLC fétention times listed were
obtained from the mass spec. data or using the following
method (Method B):
Instrument: Hewlett Packard HP-1050;
Column: YMC Cqigz (Cat. No. 326288046) ;
Gradient/Gradient Time: 10-90% CH;CN/H20 over 9 minutes,

then 100% CH;CN for 2 minutes;
Flow Rate: 0.8ml/min;
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Detector Wavelength: 215nM and 245nM.

[0154] Chemical ﬁaming for selected compounds herein
was accomplished using the naming program Provided by
CambridgeSoft Corporations ChemDraw Ultra®, version
7.0.1.

- ' Example 1

Preparation of compound 59

4—Hydroxy—pyrrolidine-l,2—diCarboxylic acid l-benzyl
ester 2-tert-butyl ester (3)

[0155] Commercially available (Bachem) Z—Hydroxy—'
proline (1) (10g, 42.51mmols) was dissolved 90mls of
THF(tetrahydrofuran) and was cooled to 0 °C with an ice
water.bath. To this was added previously prepared tert-
butyl N,N’-diisopropyl—imidocarbamate(2) (27ml, 135mmol)
via a dropping funnel over 30 minutes. After addition
the cooling bath was removed and the reaction stirred at
ambient temperature for 24 hours. The volume of the
reaction was reduced and then diethyl ethe£ was added
prior to washing with saturated sodium bicarbonate, then
0.5M hydrochloric acid, then water, and finally with
brine. The organic layer was dried with sodium sulfate
and goncentrated in vacuo to gi&e 15g of crude material.
Material was run through a plug of Si02 and eiuted with
45% EtOAc-Hexanes to give 4—HYdroxy—pyrrolidine—l,2—
dicarboxylic acid l-benzyl ester 2-tert-butyl ester 3 =g
a colorless oil 11.0g (81%)- _ '

M NMR (CDC13, ppm) & 7.35 (m, 5H), 5.2 (m,2H), 4.3
(m,2H)', 4.65 (m,3H),2.35 (m,1H), 2.1 (t,1H), 1.35,1.55
(rotomers, 1.45,9H).

1-(2-{2-Cyclohexyl-2-[ (pyrazine-2-carbonyl) -amino] -

acetylamino}—3,3—dimethyl—butyryl)—4~hydroxy—pyrr

olidine-2-carboxylic acid tert-butyl ester (6)

[o156] Mixed (3) in EtOH, and added catalytic amount

of 10% Pd on carbon, then stirred under 1 atmosphere of
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hydrogen using a balloon. After 12 hours the reaction
was shown to be complete by tlc, and the catalyst was
filtered and washed with EtOH. The filtrate was
concentrated and dried under high vacuum to give the
amine as a yellow solid, which was carried on into the
next step. Z-Tbg-OH (8.3g, 31.lmmols) waé.diésolﬁed.in
NMP and to it was added EDC (6.0g, 31.lmmols), HOBT
(4.2g, 31.lumols), DMAP (340mgs, 2.8mmols); and cooled to
0°C using and ice-water bath. To this mixture was added
the amine as a solution in NMP, and the reaction was
stirred for 2 days. The reaction was poured over ice and
‘acidified with 0.5N hydrochloric acid to pH 5, and then
extracted with EtOAc. The organic extracts were washed
with saturated sodium bicarbonéte, then water, and
finally with brine. The organic layer was dried with

sodium sulfate and concentrated in vacuo to give 14.8g of

crude material. Purification was carried out using

chromatography on Sioz,'eiuting with 50% EtOAc - Hexanes.

Concentration of the homogeneous fractions yielded 10:5

rgrams of 4 as a colorless foam (85%) and used as is in

the next step. _

10157] To a mixture of 4 (10.5g, 24.l6mmol) in EtOH,
was added a catalytic amount of 10% Pd on carbon, then
stirred under 1 atmbsphe:e of hydrogen using a balloon.
After 12 hours the reaction was shown to be complete by
tlc, and the catalyst was filﬁered'and washed with EtOH..
The filtrate was concentrated and dried under high vaéuum
to give the amine as a yellow solid, which was carried on
into the next step. Z-Chg-0OH (7.7g, 26.6mmols) was
dissolved in NMP and to it was added EDC (5.1g,
26.7mmols), HOBT (3.6g, 26.6mmols), and cooled to 0°C
using and ice-water bath. To this mixture was added the
previously prepared amine as a solution'in NMP, and the

reaction was stirred for 2 days. The reaction was poured
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over ice and brine, and then extracted with EtOAc, The
organic extracts were washed with 0.5N hydrochloric acid,

saturated sodium bicarbonate, water, and finally with

“brine. The organic extract was dried with sodium sulfate

and concentrated in vacuo to'give 15.31g of 5 as crude
material, which was used as is in the next step.

[0158] To a solution of 5 (5.6g, 9.76mmol) in EtOH,
was added a catalytic amount of 10% Pd on carbon, then
stirred under 1 atmosphere of hydrogen using a balloon.
After 12 hours the reaction was shoﬁn to be complete by
tlc, and the catalyst was filﬁered and washed with EtOH,
The filtrate was concentrated and dried under high vacuum
to give the amine as an amorphous solid, which was
carried on into the next step. Pyrazine-2-carboxylic
acid (1.45g, 11.7mmols) was dissolved in NMP and to it
was added EDC (2.24g, 11.7mmols), HOBT (1.34g, '
11.7mmols}, and cooled.to 0°C using and ice bath. To this
mixture was added the previously érepared amine as a.
solution in NMP, and the reaction was stirred for 2 days.
The reaction was poured over ice and brine, and then
extracted with EtOAc. The organﬂc extracts were washed
with 0. 5N hydrochloric acid, saturated sodium
blcarbonate, water, and flnally with brine. The organic
extract was dried with sodium gsulfate and concentrated in
vacuo to give 5.3g (99%) of 6 as a colorless foam, which
was used as 1s in the next step.

nyééiﬁe—z—carboxylic acid ({1—[4-(5-chioro—pyridin—2-

yloxy) -2~ (1-cyclopropylaminooxalyl-butylcarbam

oyl) -pyrrolidine-1-carbonyl]-2,2- ~dimethyl -

propylcarbamoyl}—cyclohexyl—methyl)—amlde.(59)

To a solution of 6 (0.15g, 0.28mmecls) . in anhydrous
THF was added triphenylphosphine (0.131g, 0.5mmols), 2-
hydroxy-4-chloro-pyridine (65mgs, 0.5mmols), and last was
added the diethyl azodicarboxylate (0.100mi:, 1.85mmols).
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- The reaction was stirred at room temperature for 18 hours

or until the reaction showed no 6 remaining by HPLC. THF
was removed from the reaction and then the material was
taken up in EtOAc, and waghed with 0.1N NaOH, 0.5N
hydrochloric acid, water, and finally with brine. The
organic extract was dried Wiﬁh'soaium sulfate and |
concentrated in vacuo to give the crude tert-butyl ester.
The tert-butyl ester group was hydrolyzed to the
carboxylic acid by treatment with 50% trifluorocacetic
acid in dichloromethane for 3 hours. The solvent was
removed under vacuum, and then the residue was taken up
with 0.1N NaOH, and washed with EtOAc. The agqueous phase
was acidified with 5% citfic acid, and then extracted
with EtOAc. The resultant organic phase was washed with
water and then brine, and then the organic extract ﬁas
dried with sodium sulfate and concentrated inm vacuo to
give 4-(5-Chloro-pyridin-2-yloxy) -1-(2-{2-cyclohexyl-2-
.[(pyrazineez;éarbOnyl)—amiﬁo]—acetylamino}-B,3-dimethyl-
butyryl)-pyrrolidine-z—carboxylié acid 7a as a colorless
foam, which was used as is in the next step.
To a solution of 7a in 2mls of dimethylformamide was
added TBTU (0.15g, 0.47mmols), DIEA (0.15mL, 1.lwmols),
and the reaction was stirred for 1.5 hours, and then the

amine 10 [U. Schoellkogf et al., Justus Liebigs Ann.

Chem. GE, pp. 183-202 (1976) and J. Semple et al., Org.
Letts., 2, pp,.27§9—2772 (ZOQO) was added to the mixture
followed.by 4—methy1morpholiﬁé (0.2mL, 1.82mmol) . The
reaction wasg stirr§d at ambient temperature for 12 hours,
and then was pqured over water and extracted EtOAc. The
organic extract was dried with sodium sulfate and
concentrated in vacuo to give pyrazine-2-carboxylic acid
[(1-{4-(5-chloro-pyridin-2-yloxy) -2- [1-
(cyclopropylcarbamoyl -hydroxy-methyl) -butylcarbamoyl] -
pyrrolidine—l—carbonyl}-2,2-dimethyl—propylcarbamoyl)~
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cyclohexyl-methyl]-amide 1la (40mgs) as a colorless foam,
which was used as is in the next step. To a solution of
1la (40mg) in dichloromethane (4ml) was added tert-
butanol 0.1lmL, and Dess-Martin periodinane (40mgs,
0.086mmol), and then_stirred at ambient temperature for 6
hours. To the reaction was added 1ml of a 1:1 mixture of‘
1N sodium thiosulfate and saturated sodium bicarbonate.,
After 15 minutes the reaction Was extracted with EtOAC
and then the solvent was removed under vacuum.
purification was carried out using chromatography on
Si02, eluting with 50% EtOAc - Hexanes. Concentration of
the homogeneous fractions yielded 0.095 grams of 59 as a
colorless foam (4.5% based on 0.28mmols of 6). H NMR
{CDCls, ppm) § 9.39(s,1H), 8.76(s,1H), 8.56 (s,1H),
8.24(d,1H,J=9.6Hz), 8.08(a,1H), 7.8(d4,1H,6.4Hz),
7.69(s,1H), 7.47-7.40(m,2H), 7.47(4,1H,J=8.75Hz) ,
5.63(s,1H), 576b—5.50(m,1H), 4.90(m,1H), 4.70(m,1H),
4.11(d,1H,J=11.6Hz), 4.0(m,1H), 2.90(m,1H)2.60 (m,1H),
2.25(&[1H),2.0(m,l.90—1.4(m,lH), l.25—0.8(m,18H),
(0.73 (m,2H) ; LC/MS : RT = 3:61min, 4.15min (10-90%
CH3CN/7min) ; MH+ = 767.3, M- = 765.5,

| Example 2

Alternative Preparation of Compound 59

[0158] Boc-Pro (4 (R) - 5-Chloro-pyridin-2-yloxy) -OH

(15a) Boc-Hyp-OH (130 g, 562.16 mmol) was dissolved in
anhydrous DMSO .(1.6 L) and to this solution was added 1M
potassium tert- butoxide in THF (1.4 L, 140 mmol)
maintaining the intermal temperatﬁre'under 25 °c. After
stirring the solution for 1.5 h at RT, 2,5-Dichloro-
pyridine (90.0g, 608.15 mmol) was added and the reaction
mixture was stirred for 18 h at RT. The mixture was
poured into water (2.5 L) and extractéd with Ethyl Ether
(1 L) to remove excess 2,5-Dichloro-pyridine. The

aqueous layer was then acidified with 1N HCL (0.8 L) and
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extracted two times with Ethyl Acetate (2.5 L). The
organic layers were combined and washed with Brine. The
Ethyl Acetate was dried with magnesium sulfate, filtered
and concentrated under reduced pressure to give a brown

cll ~ 210 § crude material.

Boc-Pro (4(R)- 5—Chloro—pyridin—ziyloxy)—ailyl esfer
[0160] Boc-Pro (4 (R)- 5-Chloro-pyridin-2-yloxy)-OH
(15a) (~210g, 557mmol) wag dissolved in anhydrous
acetonitrile (L.5 L) 2,3,4,6,7,8,9,10-Octahydro-pyrimido
[1;24a] azepine (DBU) (0.13 L, 869.28 mmol) and allyl
bromide (81.5g, 673.66 mmol) were added successively and

the reaction mixture was stirred for 18 h at RT. The

‘mixture was concentrated, the resultihg oil was diluted

with Ethyl Acetate (2 L) and washed successively with
water two times 500 ml, and Brine 500 mL. .The Ethyl
Acetate layer was dried with magnesium sulfate, filte:ed'
and COﬁcentrated undef reduced pressure to.give a brown
0il which was ap?lied té a silica column with wethylene
chloride and eluted with 25% ethyl acetate in hexane to
vield a yellow oil, 181 g, 472.77 mmol, 84% for two
steps. |

Pro (4(R)- 5—Chlorofpyridin—z—yloxy)—allyl egter (17)

[o161l Boc-Pro (4 (R)- 5-Chloro-pyridin-2-yloxy)-allyl
ester (16) (1Blg, 427.77 mmol) was treated with cold 0 °c
(440 whL)- '90:10 .Triflourcacetic acid, Methylene Chloride.
The mixture was allowed to come to RT and stirred for'3
h.  After 3 h 400 mhL Toluene was added to the mixture and
it was concentrated under reduced pressure to yield the
crude Triflourcacetic acid salt of (17).

Boc-~Tbg-Pro (4 (R)- 5~Chloro—pyridin—2—yloxy)~allyl ester
(18)

—

‘[oi62] Pro (4 (R)- 5-Chloro-pyridin-2-yloxy)-allyl

ester (17) (187g, theor.), the crude triflourcacetic
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acid salt was coupled to a cooled 0 °C solution of Boc-
Thg-OH (110g, 475.56 mmol), NMM (155 mL, 1,410 mmol), EDC
(59g, 518.32 mmol), HOBt (70 g, 518.32 mmol) in 400 mL

Methylene Chloride. The mixture was allowed to come to

‘RT and stirred for 18 h. The mixture was ¢oncentrated,

the resulting oil was diluted with Ethyl Acetate (2 L)
and washed successivel? with 0.5N HCL two times 500 ml,
and water 500 wL, Brine 500 mL. The Ethyl Acetate layer
was dried with magnesium sulfate, filtered and
concentrated under reduced pressure to give a brown oil
which was applied to a silica column with methylene
chloride and eluted Witﬁ 15% ethyl acetate in hexane to
vield a pale yellow foam, 180 g, 362.83 mmol, 77%.
Tbg-Pro (4(R) - 5-Chloro-pyridin-2-yloxy)-allyl ester

{19)

[0163] Boc-Tbg-Pro (4(R)- 5-Chloro-pyridin-2-yloxy) -

allyl ester (18) (1809,.362.83-mmol), was treated with
cold 0 °C (330 wL) 90:10 Triflouroacetic acid, Methylene
Chloride. The mixture was allowed té come to RT and
stirred for 3 h. After 3 h Toluene (200 mL) was added to
the mixture and it was concentrated ﬁnder reduced
pressure to yield a yellow oil to which methylene

chloride {100 mL), ethyl ether (1.5 L) were added

' successively. The mixture was stirred and 4N HCL dioxane

was_added (50 mL) stirring was continued for 1h and the

[

crude HCL dipeptide salt was filtered and washed with

" cold ethyl ethér 0 °C to yleld 142.5g, 323.86 mmol 91%.

Boc-Chg-Tbhg-Pro (4 (R) - 5-Chlorc-pyridin-2-vioxy)-allyl
estexr (20)

[0164] Thg-Pro (4(R)- 5-Chloro-pyridin-2-yloxy)-allyl
gster (19) (142.5g, 323.86 mmol) was . coupled to a cooled
0 °C golution of Boc-Chg-OH (94g, 365.29 mmol), NMM (109

‘WL, 994.18 mmol), EDC (69g, 361.26 mmol), HOBt (48.77 g,

361.26 mmol) in 400 mbh Methylene Chloride. The mixture
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was allowed to come to RT and stirred for 18 h. The
mixture was concenﬁrated, the resulting oil was diluted
with Ethyl Acetgie (2 L) and washed successively with
0.5N HCL two times 500 mL, and water 500 mL, Brine 500
mL. The Ethyl Acetaﬁe layer was dried with magnesium
sulfate, filtered'aﬁd'concentrated'under reduced ﬁressure
to give a brown oil which was applied to a silica column
with methyléne chloride and eluted with 25% ethyl acetate

in hexane to yield a pale yellow foam, 180 g, 362.83
mmol, 77%.

Chg-Tbg-Pro (4 (R)- 5-Chloro-pyridin-2-yloxy)-allyl ester
(21) .

[0165] Boc-Chg-Tbg-Pro (4 (R)- 5-Chloro-pyridin-2-
yloxy)-allyl ester (20) (65 g, 102.33 mmol) -was treated
with cold 0 °C (250 mL) 90:10 Triflourocacetic acid,
Methylene Chloride. The mixture.was allowed to come to
RT and stirred for 3 h. After 3 h Toluene (200 L) was
addéd to the mixtﬁre and it was concentrated under
reduced pressure to yield a yellow oil to which methylene.
chloride (200 mh) was added.the mixture was stirred and,
ethyl ether (1.5 L) were added successively and the crude
TFA tripeptide salt was filtered and washed with cold
ethyl ether 0 °C to yield 66g, 101.53 mmol 98%.
Pyrazine-2- carbonyl -Chg-Tbg-Pro (4(R)- 5-Chloro-

pyridin-2-yloxy) -allyl ester (22)

[01661 . Chg-Tbg-Pro (4(R)- 5-Chloro-pyridin-2-yloxy) -

allyl ester (21) (66g, 101.53 mmol), the crude TFA salt
was coupled to a cooled 0 °C solutidn of Pyrazine-2-
éarboxylic acid (13.6g, 109.69 mmol), NMM (44 mL, 400.19
mmol),‘EDC (219, 109.95 mmol),-HOBt (14.85 g, 108.95
mmol) in 500 mL Methylens Chloride. Thé mixture was
allowed to come to RT and stirred for 18 h. The mixture
wag concentrated, the resulting oil was diluted with

Ethyl Acetate (2 L) and washed successively with 0.5N HCL
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two times 500 mL, and water 500 mL, Brine 500 mL. The
Ethyl Acetate layer was dried with magnesium sulfate,
filtered and concentrated under reduced bPressure to glve
a brown oil which was applied to a silica column with
methylene chlorlde and eluted with 45% ethyl acetate in
hexane to yield a pale yellow foam, 64.66 g, 100.85 mmol,
99%.

Pyrazine-2- carbonyl -Chg-Tbg-Pro (4 (R)- 5-Chloro-

pyridin-2-yloxy)-OH (23)

[0167] Pyrazine-2- carbonyl -Chg-Tbg-Pro (4 (R)- 5-
Chloro-pyridin-2-yloxy) -allyl ester (22) (64.66g, 100.85

mmol) was dissolved in an anhydrous mixture (250 mL)

50:50 Acetonitrile, Methylene Chloride. Tetrakis
(triphenylphosphine) -palladium (0) catalyst (1.5g, 1.30
mmol) was added followed by pyrrolidine (8.55 mL, 102.44
mmol) . The reaction mikture was stirred at RT for 18 h.
After 18 h the solvent was evaporated. The oil was
dissolved in Ethyl Acetate (2L) and extracted with 10%
citric acid (250 mL)'two times, Brine (250 mL). The
‘Ethyl Acetate layer was dried with magnesium sulfate,
filtered and concentrated under reduced pressure to give
a pale yellow solid 58.5g, 97.32 mmol 96%.

3-Amino-2-hydroxy-hexanoic acid cyclopropylamide (24)

[0168] [1-(Cyclopropylcarbamoyl—hydroxy—methyl)-
bﬁtyl]—carbamic acid benzyl ester (48g, 149.82 mmol) was
dissolved in Methanol (1L) and degassed with nitrogen for
five minutes, palladium, ‘10 wt. % on activated carbon
(2.5 g) was added, hydrogen was then added for 18 h.
After 18 h the hydrogen was removed and the reaction was
degassed with nitrogen and filtered the resulting

filtrate was evaporated and dried under high vacuum to

_give a white solid 26.9 g, 144.42 mmol 97%.

Pyrazine-2- carbonyl -Chg-Tbg-Pro (4 (R)- 5-Chloro-

pyridin-2-yloxy) -Nva-hydoxy cyclopropylamide (25)
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cyclopropylamide (24) 20g, 107.37 mmol, was coupled to
Pyrazine-2-carbonyl-Chg-Tbg-Pro (4 (R)- 5-Chloro-pyridin-
2-yloxy) -OH (23) 58.5g, 97.32 mmol, NMM (11.76 mh,
106.96 mmol), EDC (20.45g, 107.07 mmol), HOBt (14.45 g,
107.07 mmol) in 250 mL Methylene Chloride. The mixture
was stirred for 18 h. The mixture was concentrated, the
resulting oil was diluted with Ethyl Acetate (2 L) and
washed succeséively with 0.5N HCL two times 500 mL, and
water 500 mL, Brine 500 mL. The Ethyl Acetate layer was
dried with magnesium sulfate, filtered and concentrated
under reduced pressure to give a brown oil which was
applied to a silica column with methylene chloride and
elﬁted with 2% Methanol in Ethyl Acetate to yield a pale
yellow foam, 61.5 g, 79.94 mmol, 74%. '

- Pyrazine-2-carboxylic acid ({l—[4—(5—ch10ro—pyridin—2—

yloxy)—z—(1—cyclopropylaminooxalylrbutylcarbam'
oyl) -pyrrolidine-1l-carbonyl] -2,2-dimethyd-.

propylcarbamoyl}—cydlohexyl—methyl)—amide (59)

[o1701" To a 4L roun@ bottom equipped with an overhead
stirrer a thermocouple and an active nitrogen inlet was
added EDC (225.0g, 151.83 mmol), follwed by anhydrous
Ethyl Acetatel230 mL, Stirring was‘started to effect a
thick slurry. To this was added Pyrazine-2-carbonyl-Chg-
Thg-Pro (4(R)—5~Chloro—pyridin~2—yloxy)-Nva—hydoxy

.cyclopropylamide’ (25) .61.5 g, 79.94 mmol, dissolved Ethyl. .

Acetate (250 mL) then anhydrous DMSO (460 mL) was added.
A cooling bath was applied to briné the internal
temberaturg to 7 °C. A cooled 7 °C solution
Dichloroacetic acid (65.94 mh, 787.20 mmol) in Ethyl
Acetate (100 mL) was added such that the internal
temperature was maintained between 12 and 25 °C. The
cooling bath removed and the thin slurry was stirred for

1 h. A cooling bath was applied and the reaction was
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guenched with 1N HCL (1,230 mL) while maintaining the
‘temperature between 15 and 25 °C., The organic layer was
separated and washed with water (200 mL) three times,
brine (200 mL). The Ethyl Acetate layer was dried with
magnesium sulfate, filtered and concentrated under
reduced pressure fo with a bath tempefaﬁﬁre of not more
than 40 °C to give a brown oil which was applied to a
silica column with methylene chloride and eluted with 90%
Ethyl Acetate in hexane to yield a pale yellow foam, 44.0
g, 57.34 mmol, 72%. H NMR (CDCLls) 9f39 1H(s), 8.76 1H(s),
8.55 1H(=), 8.%2 1H(4), 8.08 1H(s), 7.47 1H(NH), 7.45
1H(d) 7.35 1H(NH), 7.01 1H(NH), 6.49 iH(d), 5.63 1H(m),
5.53 1H(m), 4.88 1H(m), 4.70 1H(d), 4.67 1lH(m), 4.11
1H(m), 4.01 1H(m), 2.86 1H(m), 2.57 1H(m), 2.25 1H(m),
1.96 1H(m), 1.80 1H(m), 1.70 6H(m), 1.60 2H(m), 1.50
2H{m), 1.25 3H(m), 0.96 12H(m), 0.91 2H(m), 0.72 2H(m).

_ - Example 3 ' _ .
[0151] Compouﬁds 1-72 and 74-76 have been prepared
substantially as described herein. Analytical data for
these compounds were conslstent with the disclosed
structures of the compounds. Further selected data is
provided below: |

LC Mass Spectrometry Data
LC Mass Spectrometry Data

Cmpd | Method MASS + RT

no.
1| = 801.81 . 1.54
2 N 800.83 1.68
3 A 800.51 1.77
4 A 750 .54 1.63
5 A 800.31, 1.50
6 A 800.43 1.61
7 A 768.27" 1.93
8 A 768.31 1.91
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Cmpd | Method MASS + RT
no.

9 A 816.26 2.07
10 A 768.28 1.99
11 A 868.27 2.18
12 A 800.26 S 2.16
13 A 800.17 2.03
14 A 816.14 2.07
15 A 808.16 2.17
16 A 816.12 2.25
17 A 808.41 . 2.09_
18 A . 750.39 1.97
19 A 808.40 2.17
20 A 766.34 1.99
21 A 762.43 1.94
22 A 800.38 2.08
23 A 782.30 1.87
24 A 792.30 1.97
25 A 767.67 1.43
26 A 778.00 1.48
27 A (M+Na') /824.58 1.48
28 A (M+Na*) /832.65 1.46
29 A (M+Na+)/824.61 1.52
30 A (M+Na*)/824¥61 1.51
31 n (M+Na*) /856.67 1.58
32 A (M+Na*) /774 .63 1.39
33 A (M+Na*) /800.62 1.48
34 B 734.10 3.73
52 B 790.30 3.86
53 B 800.10 4.48
54 B 768.20 4.13
55 B 768.90 4.51
56 B 766.80 4.61
57 B 778.40 3.98
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Cmpd | Method MASS + RT

no.

58 B 733.40 3.71

59 B 767.30 Z.02

60 B 852.90 2.70

61 B 818.40 4.21

62 ) 767.22 1.68

63 B 767.29 4.21

66 B 766.30 4.26

67 B 851.30 3.43

68 B 768.30 4.10

69 B 789.90 3.94

70 B 37800 2.12

71 B 844 .40 2.50

72 B 797.14 4.77

74 ‘A 802.62 1.52

75 B 768.30 5.20

76 B 766.30 5.02

RT - retention time.

Method A:

Hypersil BDS Cl1l8 column 5um,

rate: 1.0 ml/min Run time:

Method B:

see above.

2.1x50mm Flow

2.39 min Solvents: 0-95% MeCN.
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RNA in the same PCR well. Experinental failure was '
flagged and rejected based on the level of BVDV RNA in
WO 2005/ 03552510 8PCT/ US2004/ 029093 each wel |. The
| evel of HCV RNA in each well was cal cul ated according
to a standard curve run in the sane PCR plate. The

WOR8050833ge of inhibition o2 decrease of PCLAES2994(R29093

| evel due to conmpound treatnent was cal cul ated 5 using
the DMSO or no conpound control as 0% of inhibition.

e, 1§50 (conTentrati on al BhEGdERQYs i bt om of —Hev—

[TRNATTEVEl 1S obsepxved) Was cal cutated fromrthe
{titraftion curve [o y gi ven conpound. Exarrpl e 5 10
HCV Kii Assay Pr ot [0179] HRLC Mcrob i e met hod
for separation of
Subst rat e:
‘NH2- d
H 15 | 018 ]A S ock [Gol utfi on of 20y mM 5
concen n of youre chokee) de in|DVSO w .0.2M

DET. Thi ¥ was stored in“alliquots ak -20 C

[0181] Buffer: 50 mM HEPES, pH 7.8; 20% gl ycerol; 100
mV NaCl 20[0182] ' Total assayweKunme was 100 pL X1
(pL) ¢onc. in assay Buffer 8§. ge above 5 rri M KK4A
0.5 2b5/.LM1 MDIT 0.55 nmMD it bitor .2.5
2.5%Vy/v 50 pMtNS3 0.05 25 nM 250 pM 5AB (|n|tiate)
20 25| AM. [0183] The buffer, KKAA, B and tNS3 were
conbi ned;. di stributed 78 pL each 4
plate| This was incubated at 30 G

[LN1Q4l 2 L Al af annr ANt

~t -
[ VIUST 2. J 7T\ Ul s O U.l. \4 \JU"\J\I"‘- T—C

conpopnd was di ad i n DVSO ( DVSO onIy for control)
and afgdded to ead This wag, | at room

tenperature fgr 5[ 018511 i on by
% he

addi t i AM HAB St

concent [ nt
K%f orEAB .




I ncubated for 20 min at 30 C . Term nat ed

reaction by addition of 25 AL of 10% TFA 10Transferred

120 AL aliquots to HPLC vials [01863Separ ated SMSY

product from substrate and KK4A by the follow ng

M crobore separatigon nethod: Instr ation

ng qhﬁ%sblloo 15 Degasser GP322A Bi nary purrpli) @%5%4/029093

Aut osanpl er GL313A Col umm t hernostated chanber GL316A

D ode array detector GL315A 20 Col umm: Phenonmenex

Jumtef, 5 mcron CI8;, 300 ag@gsld@Fs, 150X2——mm— Pro

OOE- 4053- B0 Col'umm ther nost at . 7 40\C tnj ectiom votumne:

- 1100 AL| 25 Sol vent A = HPLC gr@de water 4- 0.1% TFA
1Sol vent B HPLC grade acetonitN_e /4. 0.1% TFA Ti ne
(mn) pB8 Flowtm/mn) - Mux/press. 05 0.2 400 12 60

0.2 40D 13 100 0.2 400 16 10® 0.2 400 17 .5 0.2 400
Stop tinme: 17 min Post-run tife: 10 mn. o

[ 0187] Conmpounds of this Nnyen¥i onyhave beenjtested in
eigger
have 5
i nhi bi
this i
enzyno
14, 18 3 45, 50 53, 54, 55 57 59
61, 65, am G onparabl e cell and enzyne
dat a.

and 61 ing ] ¢ enzyne_and cell data and both
types |of data falling within tegory A

[ 0188]|Conmpounds of this inve
according to Exanple 5 (enzy d found to have K
val ueg of <0.1 LM (Category ; 0.1-0.3 gM (Category
B); and >0.3 gM (Category CD'as follows. . Category A
15, 19, .20, 24, 32, 35, 36 8, 39, 400 41,
42, 43, 44, 451 46, 49,-5
20%1, |64, 67, and 69,
N

v

O.
.\“\\\

36




Category B:1, 2, 3, 4, 5, 7, 8, 10, 12, 13, 14, 16,
18, , 22, 23, 25, 30, 31, 33, 26, 34, 48, 50, 55, 57,
60, 65, 66,-10, 71, and 76. Category C. 6, 9, 11, 17,
21, 27, -28, 29, 47 74, 75, and 25 30 76.
npounds of thls i pyention were tes)

““5%@%?9%%2 to Exanple 4(ceIF¥ and found to hé@@Uﬁ%%wnmms
val ues of <0.5 gM (Category A);0.5-1.0 gM (Cat egory
B)l1 and >1.0 gM (Category C)as foll ows. Category

Ané. 14, 13, 14,715,118, 19, 22, 24 584udbure

36, 38,(39, 40, 42,43, 44, 45, % , 48, b0, 53, 54
55, 56,|26, 57, 58, 59, 61, 64, yand 67. Category
B: 1, 2,/3,4,5, 8, 10, 16, 20, aR Q egory

20051Q035525111PCT/ | 1S2004/ 0296537 [ 0190] Wi | e we have
descrilbed a nunber of enbodigrents of this invention,
it is|apparent that our basi& exanpl es may be al tered
to prqvide other enbodi h utilizefthe
capoynds and net hods

it willl be appreciatged t

inventlion is to be dgfin ' -

rat her e_spethfic i nents at have been
way :of exanpl € above Allrglted
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MCSLLP 1f2 CLAI conpound of fornula I: .
whereiln: nis 0 o Ar is a 5- to 10-nenbered
aromatlic ring havigp to 4 heteroataons selected from

0, S, [N(H, SO and SO2, wherein ¢ to 3 ring atons are
optionally and i ndependently substituted with J; R
and R2 are independently: (Cil- al i Pphatic-,
(C3-C10) - cycl oal kyl - or -cycl oa
[ (C3-C10) - cycloalkyl

al i phatic-,

(C6- C10) - heteroaryl (Cl Cl )allphatlc- mhereln up
to 3 ¢

reffl ag ect€d fyomo, N, NH S
SO of ;
wher ei

posi tion
ted from

opt i of
| with ¢
J; R3tand R3' are NH

(C1l-C12)-aliphati erein any hydrogeﬁ?js ptional ly

repl aced with hal wherein any term pal carbo

L at-om-o0f—R3+s—optionallysubstituted with sul fhydryl

or hydroxy; or R3 MCSLLP 113 is phenyl or

- CH2phenyl , - wherei n said phenyl group is optionally
substituted with up to 3 substituents i ndependently
selected fromJ; or R3 and R3' together with the atom ..
to which they are bound is a 3- to 6-nmenbered ring
having up to 2 heteroatons selected fromN, NH 0, SO
and SQ2; wherein the ring has up to 2 substituents

sel ected i ndependently fromJ; R4 and R4' are

i ndependent|y: hydrogen-, (Cl-Cl2) -aliphatic-,
(C3-C10) - cycl oal kyl - or -cycl oal kenyl -,

(C3-C10) - cycl oal kyl - (C1-C12)-aliphatic-, (C6-Cl10)
-aryl -, (C3-Cl1l0)-heterocyclyl-; or :



(C5-C10) - het eroaryl -; wherein up to two aliphatic

carbon atons in R4 and R4' ‘may be replaced by a

het eroatom sel ected fromO, N, S, SO and SQ2;

wherein each-of R4 and R4' -is independently and '
wOBss@8BEd Yy substituted witl,up to 3 substltyeqh,gzowomgs

i ndependent|y selected fromJ; Wis: 0 NR6 0 wherein

inthe W the NRGR6 is: MCSLLP 114 Tis:

(Cl-C12)-aliphatic-; (C6-Cl10) -aryl-

(®%.C1D) -aryl - (CL-Cl2) al | ohaﬁﬁr@-ctutés_- C10) het eroaryl -

or -(Cb-Cl0) heteroary -al i phatic-

whereip each T is opti bstituted with up to 3
J substituents e p to 3 aliphatic carbon
atons jn T may be repl aced heteroaton1se|ected

arrangenent ; prOV|ded thateif T is pyrrole, the
pyrrolje is not s 8t _the 3- p05|tpon with J,
widh J| being - C(O}R ,
-C(SYR, -C(S R

- C(0) ¢(0) N(RLF2, RE) 2,

)R, JA9s
- Yo-0CF3, -R, oxo,
i oxyg 1, 2-et hyl enedi oxy, =N(R1),
- SR°,

-/s?}q, -S2R, - S2N(RY ) 2,
_soeRl, W) R - C(0)C(0)10, - G(0)GRCO)RL. -C(S)R
-C(0) 010, - O) , -¢(0) C(0) N(10) 2,

R | OF
-0C(0)l1, 0, C(O)N(Rl)N(R')Z, -C(S)N(R1) 2,
- (CH2)[0- 2NHC(0) RL,  NOR) 4 |
N
S

“N(R )N(R ) C(0)0121, -N(R CON(R ) 2,
-N(RL)|SO2R , -N(R ) SO2N( 2,  7N(R ) C(0) OR
-N(RI)|C(0) RL, -N(R”)C(S)1Q>_ MCSLLP 115

N(R ) ¢(0) N NCR s?le 1)2, -N¢GOR ) COR
NEGR )R, - C(=NH) -2, )R,
OP(0) (ORI ) 2, Q) (B)2, Lp(0 '
(H(OR); bs: N drogen- 1- CY2) - alii pha icjek;7
(C3-C10) - cycl @al kylt- or K- cyclioal kenyl - £

[ (C3- CLOMG - > keny1] ?ﬁl C12) -

al i phatji c-, | ( )-laryl -3

(CG-CJﬁa 1- (Cl ClXal | ic-,

(C3-Cl0)= .

eterocycl y1-,

( C6- C10) - heterocycly%/(Cl C12)aI|phat|c-
(C5-C10) - het eroaryl.- ¢_or
(C5-C10) - heteroaryl-(
is optionally substit
whereiln two R , groups
3- to|10-nenbered ar one

«2) -al i phati c-; wherein R
th up to 3 J groups;
Q the same atom form a

S, SO} or S, wherein saifd rlng is optionally fused
taja (C6- ClO)aryl (C5 CE9) het eroaryl ,

(C3-C10) cycl oa
whereiin any ring
i ndepéendent |y fron 3
to cl in11 erei pyri @yl ,

. s phenyl [
pyrimdinyl, ar nap \\%pigglnoeach oup is
optio ﬂi;y\ Ubstitutgd wit or 3~?L§roups.

lllu
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O 5. The conmpound according to claim1,
wherein Ar is a 6 or a 10-nenbered aromatic ring
having 0, 1, or 2 nitrogen heteroatons, wherein 1, 2,
or 3ring atons are optionally and i ndependently
woURSlbisyd ed with J. WE The conpound %ﬁ%ﬁb(ﬁ@wws
to any one of clains 1-5, erein each J group o
is independently OR, NO2, CN, CF3, OCF3, R, COR
c0) or COONRI) 2, . SOPR SO2N(R1) 2/ -

%a et hyl enedi oxy, 1, 2- et hy$enettirexy, or NR C(0) OR

NR SR . MCSLLP 117 7. The conpound
accord|ng to any one d M
OXSZ2

: N1-5, wherein each J
.lgroup pn Ar is independeat{y , hal ogen, CN, CF3,

R, or{COR . 8. The ound according to any

one of | clains 1-5, wherein gach J group on Ar is

i ndependent |y hal o, triflugromethyl, nethyl, or NQO2.

9. The| conpound aetordi ng tg_any one of cbalns 1-8,

whé? ei

accord

i S:

cl ai s g

FF . : dlng to an one of

cl ai ng| {L- 10,} wher ei |s hydrogen and I'S:

MCSLLH . conmpound according to any
one—ofl ¢l ¥ipms 1-12_ wherein R? js: 14. The conpound
faccording to cla|n113 wher ei n/R2 a5 The conpound

R2 16. The
clainms 1-15, wherein

according to claim 14, whepet \
f compoynd according to any /0 >
le is: MCSLLP 119
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17. The conpound according to claim 16, wherein Rl
18. The conpound according ‘to claim17, wherein 121 is
cycl ohexyl . ' 19. The compound according to any
one of clains 1-18, wherein T is (C6-C10)-aryl- or
= het eroaryl -, wherejn each T is opti

st%&gss/&%%t ed with 1, 2, or. é4J substi t uent s.mgﬁo‘wﬁ%ﬂ%
The conpound according to any one of clains 1-18,
wherein T is: 120 ---11. NNHI-1 ,, Nj wher ei n

edoh T group is optionally farsedttee a 5- nenbered or a

6- mnenered aryl or heteroary—=group? 21. The
conmpoynd according to cl aif Mgrein T is:

22. The conpound accordi ng i M 1 _wherein, the
conmpouynd is: MCSLLP 121 No. Structure 11NN
o NH| NH 0-:=..0 : .
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Example 4
HCV Replicon Cell Assay Protocol
[0172] Cells containing hepatitis C virus (HCV)

5 replicon were maintained in DMEM containing 10% fetal
' bovine serum (FBS), 0.25 mg per ml of G418, with
appropriate supplements (media A). -
[0173] On day 1, replicon cell monolayer was treated
with a trypsin:EDTA mixture, removed, and then media A
10 was diluted into a final concentration of 100,000 cells
per ml wit. 10,000 cells in 100 ul were plated intc each
well of a 96-well tissue culture plate, and cultured

overnight in a tissue culture incubator at 37°C.
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[0174] On.day 2, compounds (in 100% DMSO) were

serially diluted into DMEM containing 2% FBS, 0.5% DMSO,
with appropriate supplements (media B). The final
concentration of DMSO was maintained at 0.5% throughout
the dilution series. .

[0175] Media on the replicon cell monolayer was
removed, and then media B containing various
concentrations of compounds was added. Media B without
any compound was added to other wells as no compouna
controls.

[0176] Cells were incubated with compound or 0.5% DMSO
in media B for 48 hours in a tissue culture incubator at
37°C. At the end of the 48-hour incubation, the media
was removed, and the replicon cell monolayer was washed
once with éBS and stored at -80°C prior to RNA
extraction.

[0177] Culture,platés with treated replicon cell
monolayers were thawed, and a fixed amount of another RNA
virus, such as Bovine Viral Diarrhea Virus (BVDV) was
added to cells in each well. RNA extraction reagents
(such as reagents from RNeasy kits)'wére added to the
cells immediately to avoid degradation of RNA. Total RNA
was extracted accofding the instruction of manufacturer
with modification to improve extraction efficiency and
coﬁsistency. Finally, total cellular RNA, including HCV
replicon RNA, was eluted and. stored at -80°C until
further processing.

~[0178] A Tagman real-time RT-PCR guantification assay
.was set up with two sets of specific primers and probe.
One was for‘HCV and the other was for BVDV. Total RNA
extractants from treated HCV replicon cells was added to
the PCR reactions for quantification of both HCV and BVDV
RNA in the same PCR well. Experimental failure was

flagged and rejected based on the levél of BVDV RNA in
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each well. The level of HCV RNA in each well was
calculated according to a standard curve run in the same
PCR plate. The percentage of inhibition or decrease of
HCV RNA level due to compound treatment was calculated
using the DMSO or no compound control as 0% of
inhibition. The IC50 (concentration at which 50%
inhibition of HCV RNA level is observed) was calculated
from the titration curve of any given compound.

Example 5
HCV K1 Assay Protocol

[0179] HPLC Microbore method for separation of 5AB

substrate and products

Substrate:
th—Glu—Asp—Val—Val4(alpha)Abu~Cys—Ser—Met—Ser—Tyr7COOH
[0180] A stock solution of 20 mM 52B (or concentration

of your choice) was made in DMSO w/ 0.2M DTT. This was

"stored in aliquots at -20 C.

[0181]. Buffer: 50 mM HEPES, PH 7.8; 20% glycerol; 100

M NaCl

[0182] ' Total assay volume was iOO UL
X1 conc. in
(LL) assay

Buffer 186.5 see above

5 mM KK4A ~lo.s 25 uM

1 M DITT 0.5 5 mM

DMSO or inhibitecr {2.5 o 12.5% v/v

50 uM tNS3 0.05 25 -I’JM

250 uM S5AB 20 25 uM

(initiate)

[o183] The buffer, KK4A, DTT, and tNS3 were combined;

distributed 78 uL each into wells of 96 well plate., This

was incubated at 30 C for ~5-10 min.
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[0184] 2.5 puL, of appropriate concentration of test

compound was dissolved in DMSO (DMSO only for control)
and added to:-each well. This was incubated at room
temperature for 15 min.
[0185] - Initiated reaction by addition of 20 pL of 250
pM SAB substrate (25 uM concentration is équivalent'or .
slightly lower than the Km for 5AB).
Incubated for 20 min at 30 C.

- Terminated, reaction by addition of 25 pL of 10% TFA

Transferred 120 pL aliguots to HPLC vials
[0186]- Separated SMSY product from gubstrate and KK4A
by the following method: .

‘Microbore separation method:

Instrumentation: Agilent 1100
Degasser GLl322A

Binary pump GL312A
Autosampler G1l313A

" ‘Column thermostated chamber G1316A

Diocde array detector G1315A

Column.:

Phenomenex Jupiter; 5 micron C18; 300 angstroms; 150x2
mr; P/O 00F-4053-B0

Column thermostat: 40 C

Injection volume: 100 uL

Solveﬁt A = HPLC grade water + 0.1% TFA

Solvent B = HPLC grade acetonitrile + 0.1% TFA .

Time %B Flow ‘Max -
(min) ' {ml/min) | press.
0 5 0.2 400

12 60 0.2 400

13 100 0.2 400

16 "100 0.2 400

17 5 0.2 400
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Stop time: 17 min

Post-run time: 10 min.

[0187]1  Compounds of this invention have been tested in
either the Example 4 and/or the Example 5 assays and have
been shown to have HCV NS3-NS4A protease inhibition
activity. Certain preférred compounds of this invention
have comparable cell (Example 4) and enzymology (Example
5) data. Compounds 2, 7, 12, 13, 14, 18, 22, 24, 26, 34,
45, 50, 53, 54, 55, 57, 59, 61, 65, and 66, have
comparable cell and enzyme data. More preferred compounds
are 24; 45, 53, 54, 59,_and 61 having comparable enzyme
and cell data and both types of data falling within
Category A.

[0188] Compounds of this invention were tested
acco;ding to Example 5 (enzyme) and found to have Ki
values of <0.1 uM (Category A); 0.1-0.3 uM (Category B);
and . >0.3 uM (Categorylc) as follows. _

Category A: 15, 19, 20, 24, 32, 35, 36, 37, 38, 39, 40,
41, 42, 43, 44, 45, 46, 49, 51, 52, 53, 54, 56, 58, 59,
61, 64, 67, and 69. ) )
Category B: 1, 2, 3, 4, 5, 7, 8, 10, 12, 13, 14, 16, 18,
22, 23, 25, 30; 31, 33, 26, 34, 48, 50, 55, 57, 60, 65,
66, 70, 71, and 76.

Category C: 6, 9, 11, }7, 21, 27, 28, 29, 47 74, 75, and
76.

{ois9] . Compounds of this invention were tested
according to Example ¢ (cell) and found to have IC50
values of <0.5 uM (Category A); 0.5-1.0 uM (Category B);
and >1.0 uM (Category C) as follows.

Categoxry A: 7, 12, 13, 14, 15, 18, 19, 22, 24, 34, 35,
36, 38, 39, 40, 42, 43, 44, 45, 46, 47, 48, 50, 53, 54,
55, 56, 26, 57, 58, 59, 61, 64, 65, 66, and 67,

Category B: 1, 2, 3, 4, 5, 8, 10, 16, 20, and 70.
Category C: -6, 11, 41, 46, 47, 48, 49, 51, 60, and 71.
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[0190] While we have described a number of embodiments
of this invention, it is apparent that our basic examples
may be altered to provide other embodiments which utilize
the compounds and methods of this invention. Therefore,
it will be appreciated that the scope of this invention is
to be defined by the appended claims rather than by the
specific embodiments that have been represented by way ofl
example above. All cited documents are incorpbrated

herein by reference.
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CLAIMS

1. A compound of formula I:

wherein:

n is 0 or 1;

Ar is a 5- to 10-membered aromatic ring having up to 4

heteroatoms selected from O; S, N(H), SO, and SO,
wherein 1 to 3 ring atoms are optionally and
independently substituted with J;
and R? are independently:
(Cl1-C12) -aliphatic-,
(C3—C10)—c?cloalkyl— or -cycloalkenyl-,
[(C3-C10) -cycloalkyl- or -cycloalkenyl] - (Cl-C12) -
aliphatié—, .
(C6-C10) -~aryl- (Cl-C12)aliphatic-,
(C6-C10) -heteroaryl- (C1-Cl2)aliphatic-,

wherein up to 3 aliphatic carbon atoms in R' and R® may
be replaced by a heteroatom selected from O, N, NH, S,
SO, or SO, in a chemically stable arrangement;

wherein each of R! and R? is independently and
optionally substituted at each substitutable position
with up to 3 substituents independently selected from J;
and R® are independently hydrogen or (Cl-C12)-aliphatic,
wherein any hydrogen is optionally replaced with
halogen; wherein any terminal carbon étom of R’ is

optionally substituted with sulfhydryl or hydroxy; or R?

MCSLLP
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is phenyl or “-CH,phenyl, wherein said phenyl group is
optionally substituted with up to 3 substituents
independently selected from J; or

and R’ together with the atom to which‘they are bound is
a 3- to 6-membered ring having up to 2 heteroatoms

selected from N, NH, O, SO, and SO;; wherein the ring

‘has up.to 2 substituents selected independently from J;

and R*' are independently:
hydrogen-,
(c1-c12) -aliphatic-,
(C3¥C10)—cycloalkyl— or -cycloalkenyl-,
(C3-C10) -cycloalkyl- (Cl-Cl2) -aliphatic-,
(C6-C10) ~aryl-,
(C3-C10) ~-heterocyclyl-; or
(C5-C10) ~-heteroaryl-;
wherein up to two aliphatic carbon atoms in R* and R*
may be replaced by a heterocatom selected from'O, N, S,
SO, andlsoz; |
wherein each of R* and R* is independently and
optionally substituted with up to 3 substituents

independently selected from J;

is:

wherein in the W, the NR°R® is:
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T is:
(C1-C12) -aliphatic-;
(C6-C10) -~aryl-, _
(C6-C10) -~aryl-(Cl-Cl2)aliphatic-,
(C5-C10) heterocaryl-, or
—(CS—ClO)heteroaryl-(Cl—Clz)—aliphatic—;
wherein each T is optionally sﬁbstituted with‘up to 3
J substituents; and '
wherein up to 3 aliphétic carbon atoms in T may be
replaced by a heteroatom selected from O, N, NH, S, So,
or SO, in a~chemiCa11y stable arrangement;
provided that if T is pyrrole, the pyrrole is not
substituted at the 3-position with J, with J being -C(O)R',

-C(O)C(O)R', -C(O)CH,C(O)R', -C(S)R', -C(S)OR', -C(O)OR';
-C(O)C(O)OR', -C(O)C(O)N(R'),, -C(O)N(R'),, -C(S)N(R'),,
-C{(=NH)N(R'),, -C(O)N(OR'")R', -C(=NOR')R';

J is halogen, -OR', -NO?, -CN, -CF;, -OCF;, -R', oxo,

thioxo, 1,2-methylenedioxy, 1,2-ethylenedioxy, =N(R'),
=N(OR'), -N(R');, -SR', -SOR', -SO;R', -SO;N(R');, -SO;R',
-C(O)R', -C(O)C(O)R', -C(O)CH,C(O)R', -C(S)R', -C(S)OR',
-C(O)OR', -C(O)C(O)OR', -C(O)C(O)N(R'),, -OC(O)R', .
-C{O)N(R'), -OC(O)N(R');, -C(S)N(R')2, - (CHp),.,NHC(O)R',
-N(R'")N(R')COR', -N(R')N(R')C(O)OR',
-N(R')N(R')CON(R'),, -N(R')SO,R', -N(R')SO,N(R'),,
-N(R'")C(O)OR', -N(R')C(O)R', -N(R')C(S)R',
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-N(R')C(O)N(R')2, -N(R')C(S)N(R')2, -N(COR')COR',
-N(OR')R', -C(=NH)N(R');, -C(O)N(OR')R', -C(=NOR')R',
-OP(0) (OR')2, -P(0)(R')2, -P(O) (OR')2, or -P(O) (H) (OR');

R' is:
hydrogen—,
" (C1-C12)-aliphatic-,
(C3—C10)—cycloa1kylf'or —-cycloalkenyl-,
[(C3-C10) -cycloalkyl or -cycloalkenyl]-(Cl-Cl2)-
aliphatic-,
(C6-C10) -aryl-,
(C6—C10)—aryl—(Cl—Clz)aliphatic—,
(C3-C10) -heterocyclyl-,
(C6—C10)—heterocyclyl—(Cl—Clz)aliphaticj,
(C5-C10) -heteroaryl-, or ' _
(C5-C10) -heteroaryl- (Cl1-Cl2) -aliphatic-;
wherein R' is optionally substituted with up to 3 J
groups; | | |

wherein two R',groﬁps bound to the same atom form a 3- to
10-membered aromatic or non-aromatic ring having up to 3
heterocatoms independently selected from N, O, S, Sd, or
SO,, wherein said ring is optionally fused to a (CG-
Cl10)aryl, (CS-ClO)heteroaryl, (C3-C10)cycloalkyl, or a (C3-
C10) heterocyclyl, wherein any ring has up to 3 substituents

selected independently from J.

2. The compound according to claim 1, wherein Ar is
phenyl, pyridyl, quinolinyl, pyrimidinyl, or naphthYl)
wherein each group is optionally substituted with 1, 2, or

3 J groups.

3. The compound according to dlaim 1, wherein Ar is

MCSLLP
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4. The compound according to claim 1, wherein Ar is:
| N P e
. a -
S Sy — —
R S T

5. The'compound according to claim 1, wherein Ar is a
6 or a 1l0-membered aromatic ring having 0, 1, or 2 nitrogen
heteroatoms, wherein 1, 2, or 3 ring atoms are optionally

and independently substituted with J.

6. The compound according to any one of claims 1-5,
wherein each J group on Af is independently OR', NQ%, CN,
CF;, OCF;, R', COR', C(O)OR', C(O)N(R'),, . SO;R', SO,N(R') o,
1,2-methylenedioxy, 1,2-ethylene dioxy, or NR'C(O)OR', '
NR'SO,R' . | |

MCSLLP
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7. . The compound according to any one of claims 1-5,
wherein each J group on Ar is independently OR', halogen,

CN, CF,, R', or COR'.

8. The compound according to any one of claims 1-5,
wherein each J group on Ar is independently halo;

trifluoromethyl, methyl, or NO,.

9. The compound according to any one of claims 1-8,

wherein in the W is:

- 10. The compound accbrding to.any one of claims 1-8,

wherein in the W is:
_'é_N

v

11. The compound according to any one of claims 1-10,

wherein R®' is hydrogen and R® is:

12. The compound according to any one of claims 1-10,

wherein R?®' is hydrogen and R’ is:
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13. The compound according to any one of c¢laims 1-12,

wherein R? is:

NV JﬂV‘ WAV V) Jﬁu‘ JTV\ or \A?P
I 7 1 l 1 ’
14. The compound according to claim 13, wherein R?
is: |
\::Ci/ v . \::kf/ o ~nn
o I b !
15. Thescompound according to claim 14, wherein R?
is: .

16. The compound according to any one of claims 1-15,

wherein R! . is:
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17. The compound according to claim 16, wherein R?

is:
\:J:T/ Jﬂw \:isi/ i or Jvr
I 7 7 7
"18. The compound according to claim 17, wherein R is
cyclohexyl.

19. The compound according to .any one of claims 1-18,
wherein T is (C6-C10) -aryl- or (C5-C1l0)heterocaryl-, wherein
each T is optionally substituted with 1, 2, or .3 J

substituents. .

20. - The compound .according to any one of claims 1-18,

wherein T is:
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D+ I D+ Y+

N \ ~N
H . H ) \H

. H, H
", 20, T
NS SN Ny

7

N@K @JN\A Q +
orxr H

! -
I

wherein each T group is optionally fused to a 5-membered or

a 6-membered aryl or heteroaryl group.

21. The compound according - to claim 20, wherein T is:

(.

N 5~

22. The compound according to claim 1 wherein, the

compound 1is:
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23. A composition comprising a compound according to
any one of claims 1-22 or a pharmaceutically acceptable
salt therebf, in an amount effective to inhibit a serine

protease; and an acceptable carrier, adjuvant or vehicle.
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24. The composition according to claim 23, wherein
said composition is formulated for administration to a

patient.

25. The composition according to claim 24, wherein
said composition COmprises.an-additional agent selected
from an immunomodulatory agent; an antiviral agent; a
second inhibitor of HCV protease; an inhibitor of another .
target in the HCV life cycle; a cytochrome P-450 inhibitor;

or combinations thereof.

26. The composition according to claim 25, wherein

said immunomodulatory agent is a—, PB-, or y-interferon or

thymosin; the antiviral agent is ribavirin, amantédine, or
telbivudine; or the inhibitor of another target in the HCV
life cycle is an inhibitor of HCV helicase, polymerése, or

metalloprotease.

27. The composition according to claim 25, wherein

said cytochrome P-450 inhibitor is ritonavir.

28. A method of inhibiting the activity of a serine
protease in an isolated biological sample comprising the
step of contacting said serine protease with the compound

according to any one of claims 1-22.

29. The method according to claim 28, wherein said

protease is an HCV NS3 protease.

30. A use of the compound\according to any one of
claims 1 to 22 or the composition according to claim 24 for
the manufacture of a medicament for treating an HCV

infection in a patient.
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31. The use according to claim 30, wherein the
medicament comprises an additional agent selected from an
immunomodulatory égent; an antiviral agent; a second'N
-inhibitor of HCV protease; an inhibitor of another target
in the HCV life cycle; or combinations thereof; wherein
said additional agent is either combined witP said compound

or composition or as a separate dosage form.

32. The use according to claim 31, wherein said
immunomodulétory agent is a—, -, or y-interferon or
thymosin; said antiviral agent is ribavarin or amantadine;
or said inhibitor of another target in the HCV life cycle
“is an inhibitor of HCV helicase, polymerase, or

metalioprotease.

33. A method of eliﬁinating or reducing HCV
contamination of a biological sample or medical or
laboratory equipment, comprising the step of contacting
o said-biological sample or medical or_labdratory’equipment

with a compound'according to any one of claims 1-22.

34. The method according to cléim 33, wherein said
sample or equipment ié selected from a body fluid,
biological tissue, a surgical instrument, a surgical
garment, a laboratory instrument, a laboratory garment, a
blood or other body fluid collection apparatus; a blood or

_other bodily fluid storage material.

35. The method according to claim 34, wherein said

body fluid is blood.
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36. A compound according to claim 1, wherein the

compound is:

0

24
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37. A compound according to claim 1, wherein the

compound is:

45

/

Va

N

38. A'compound according to claim 1, wherein the

compound is:

Cl

53
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39. A compound according to claim 1, wherein the

compound is:

54
: 0
N
X N
' F .0
. N

40. A compound according to claim 1, wherein the

compound is:

U&f




23. A conposition conprising a conpound according to
any one of clains 1-22 or a pharmaceutically
acceptable salt thereof, in an anmount effective to
inhibit a serine protease; and an acceptable carrier,
adj uvant or vehicle. MCSLLP 151 24. The
conposi tion according to claim23, wherein said
conmposition is formul ated ™% administration to a

patient. 25. The conposition according to claim

24, wherein said conposition conprises an additiona
agent .sel ected from an i nmunonodul atory agent; an
~antiviral agent; a second inhibitor of HCV protease;
an 4nhi b té&m{?&uﬂ%é@r&ﬁ{@eﬁo ' @léﬂﬁ fwwﬁéfglﬁygll'ig
a cytochrone P-450 inhibitor; or combinations thereof
comgbuﬁﬂma$onp03|t|on accordlng to claim25, wherein

ani faaaall mmadl atarvy Aanant 1o A Z i ntnrfarnn

MCSLLP

o
=A% I IIIIMIIUI'IUUUI TALU UT y uyblll. L= H y UI T LA A" L "4

or tihynosin; the antiviral a t |s ribavirin,
amarit adi ne, or tel bivudine; or the inhibitor of
anotiher target in the MW if€ cycle is an inhibitor
of - HCV hel i case, pol ynerasd, or netall oprotease.

27. |The conposition accordijng to claim?25, wherein
sai d cytochronme P-450 inp Qr is ritonavir.

28. |A nethod of inhibiti ¢ activity of a serine
protlease in an isol ated & odi cal sanpl e conpri sing
the [step of contacting sait&serine protease with the
congound according to any one of clainms 1-22.

639. |The met hod acco di ng tdlcla|n128 wher ei n-sai d
protiease i s an .

t he |conpound accpo

t he |conposition 3

manuf act ur e
infegctign in

accqgrein | ‘ j ' nt © .
conpr|| ses s&l ected fronyan
i mmynQrodyl at ory agery; anZantiviral agent;|a second

-i nhi bryvor of HCV proteas/T\an i nhi bi tor of another
tardet in the HOM/ life r*\/r~l e, or conbinations thereof;

wherei n said additional agent is either conmbined with
~sai g, conpo 0 sep s
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comﬁmmmdnlsald i munonodul atory agent is a-, p-, or
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ri bavarin or amantadi ne; or sai d/i nhi bitor of another
‘target in the HCV life cycl n i nhi bitor of HCV
hel iicase, pol ynerase, or ot ease. 33. A
~method of elimnating or reduci nge HCV cont am nati on of
a bijol ogi cal sanple or nedic | abor at ory _
equi jprent, conpri si ng the s¥ep of contacting said
bi ol|ogi cal sanpl e 2z or | aboratory equi prnent
%@ th a conpound i ng t o one of clapnms 1-22.
4. |[The nmethod a ng to /lain 33, wherejn said
sanpl e or ‘equi pen S sele om ody{ | ui
bi oljogi cal tijssue, Ja surgicaINlnstr ment ' gi63k<;7
garnent n_a | oratury istru al | aboggatoryll - -
gar t, :
apparfatus; | a bl dod orl| ot heé bodi9y fl uid storage
mat e I// 35. dhe Bt hod according to claim 34,
mhereln Nsai d body f|UId s |bMood. - MCSLLP 153
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36—A buupuuuu accordirng—to—ctatrmi,—wherern—the
compound is: 24 - MCSLLP 154 37. A conpound
according to claim1, wherein the conpound is:

38. A conpound according to claim1l, wherein the
conpound i s: 39. Cd 53 O



MCSLLP 155 39. A conpound according to claim1,

wherein the conpound is: 54 40. A conpound

according to claim1, wherein the conpound is: 59 MCSLLP
MCSLLP 156 41. A conpound according to claiml,

wherein the conmpound is: 61 O 42.

A conmpound according to claim1l1, wherein the conpound

is: 62 MCSLLP 157 157 43. A conpound accordi ng

~to claim1l1, wherein the conpound is: C

43. A compound according to claim 1, wherein the

compound is:

63
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