WO 2009/082701PCT/US2008/087736 HCV PROTEASE INHIBITORS AND USES THEREOF
CROSS-REFERENCE TO RELATED APPLICATIONS [0001]The present invention claims priority to
United States Broti&i8R&I* Application serial number 61/016,110, filed DeteMBRPB435807, United
States provisional application serial number 61/016,473, filed December 23, 2007, United States

provisional application sefghwRbe AP RIARITHRY ANEIAELPARRGRSFUNIted States provisional
application serial number 61/098,675, filed September 19, 2008, the entirety of each of which is

hereby incorporated by reference. TECHNICAL FIELD OF THE INVENTION [0002]The present

invention relates to compaurdsygeicl ReNatEbitosrf AGY Aieasa TTORdnvention also provides
phaimaceut.ic%IiLacc ptable compositions comprising compounds of the present invention and

methods of & sa‘g‘%BWFﬁ?}sﬁ’Ei‘é‘i‘?g‘?ﬁ‘f SR Yot L SR 2 RRE K EIROIND OF THE
INVENTION {080 3ltis cestimated! thataver 217 Qooilliampedslewortwide-arepinacted with the Hepatitis

C virus (HCV). With an estimated human sero-p, ence qf 3% globally, HCV.is the major cause for
most cases 0 iﬁ%n&%h@% %é{?t?%?@i e%r%i, Aé’&e}z{t ar.lfts tedﬁ)%t(ﬁ%)é@wﬁ{‘f}, f@%(bcﬁfmf):s =24, 1999).
While the symnptorfisiah AtLitélhehatitls 08 dedibsehBipatigntsiatdenst 86%n efrtHG\mnibtections

become chianjes and A0Yohthase infagtad develon ver.cihosis, Thete s Iess f1an.a g0% sunvival
rate at four years post cirrhosis diagnosis. é ronic FICV Thtection s also assotiatad with-increased
incidence ofefiepratocellular carcinoma. [0004]HCYV is a positive-stranded RNA virus whose genome
encodes a polyprotein of approximately 3000 amino acids. This precursor protein is processed into at
least 10 viral structural and nonstructural proteins: C, El, E2, p7, N52, NS3, NS4A, NS4B, NS5A, and

NS5B (Blight, K.J., et al., AntiviFICHREK 3 LIUERD §F/THY INGBSTIGAV nonstructural (NS) proteins are
derived by @iﬂo'yti‘?kg%?e\éég%ﬁzfeﬂﬂ@n%wﬁﬁ%?%ﬁﬁ’&@d@&E%ﬁ“@%ﬁﬂt&’@&?%ﬁ?%@&&“a' catalytic

machinery for viral replication. [00051NS3 is an approximately 68 Kda protein, and has both an
N-terminal EfifE Priteake BEMdH RiEarFRicpl RSB A CommosEand SHAITSHIGOTPRAfinuS. It has

been showgstiat fheedN S RRIN SRINGE 35 Riep-iadtesdpnitRBerNaPrelanse actvityuof NS3. NS3
functions as a proteolytic enzyme that cleaves sites liberating other nonstructural proteins necessary

for HCV re;ﬁiﬁioé%ﬁ and is a viable therapeutic target for antiviral chemotherapy. [0006]No vaccines are
available for HCV, and the establistERERSEPDH @I TEIFINNENTION

[0003] It is estimated that over 170 million people worldwide are infected with the Hepatitis
C virus (HCV). With an estimated human sero~prevalence of 3% globally, HCV is the major
cause for most cases of non-A, non-B hepatitis, {Alberti, A. e al., J. Hepatology 31 ., (Suppl. 1)
17-24, 1999). While the symptoms of acute hepatitis subside in some patients, at least 85% of
HCV infections become chronic, and 20% of those infected develop Hiver cirrhosis. There is less
than a 50% survival rate at four years post ciirhosis diagnosis. Chronic HCV infection is also
associated with increased incidence of hepatoceliular carcinoma.

[0604] HCV is a positive-stranded RNA virus whose genome encodes a polyprotein of
approximately 3000 amino acids. This precursor protem is processed into at least 10 viral
structural and nonstructural proteins: C, E1, E2, p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B
(Blight, K.J., et a]., Antiviral Ther. 3, Suppl. 3: 71-81, 1998). HCV nonstructural (NS) proteins
are derived by proteolytic cleavage of the polyprotein and are presumed to provide the essential
catalytic machinery for viral replication.

[0005]  NS3 is an approximately 68 Kda protein, and has both an N-terminal serine protease

domain and an RNA-dependent ATPase domain at its C-terminus. If has been shown that the
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treatment is effective in only 15-20% of patients (Weiland, 0., FEMS Microbiol. Rev. 14: 279- 88,
1994), and has significant side effects (Walker, M.A., et al., DDT 4: 518-29, 1999; Moradpour, D., et
al., Eur. J. Gastroenterol. Hepatol. 11: 1199-1202, 1999). While the current standard of care,
pegylated interferon a in combination with ribavirin, is more efficacious and appears to decrease
hepatocellular carcinoma in patients with HCV-related cirrhosis (Hung, C.H., et al., J Viral Hepatitis
13(6): 409-414, 2006), this treatment has also been shown to produce side effects such as thyroid

dysfunctj Huang, J.F., et al., J Viral titis 1.3(6): 396- 40 00 0 00r prognosis for
o e O e e R T S R B ot
the ovemvitetrhitig evegthéahaevicaribiiors Wfd@vNESpromasenBd MivaRY nb0e383 ttha sl 6dw been

found tﬁ%&ﬁ%ﬁﬁ’%ﬂ&i% %Hgg Qﬁ&lgﬁéﬁ& an epﬂgr&g@gﬁ_ tiﬁﬁé}x O?ﬁg%B ble compositions thereof, are

effective as inhibitors of HCV protease. Such compounds have ‘ neral formulal: 0, Rz ora
pharmat®fifdally NecepesbiessarethertioblovhiereiitiRl, RiId Rixxn, ®REbRehegn dhR2mstrecd sivlefigad herein.

[0009]Campeynds gidhep rﬁsﬁﬂgqiégi@%’ b2 RNdRhAKEACEH IS bEAS AiERIs CORPPSILO Q%t-hﬁreoﬁ

are useful for treating a variety of diseases, disorders or conditions, associated with HCV. Suc
disease88 dit¥tdbrandrssnsigoitisantiside widdsdedeiisad Nefeine! (061 0PEEmbodh8ZPravild by this
disclosute, aigalsOmiseiuliorthe stugyetiby ARiRase 11 :Dielngicalandggthelagicaldbgnamena; the

study of intracellular signal transduction pathways mediated f% HCV protease; and the comparative

evaluatiSATGRTHER FRESy Preyiaied InfSisors 4 ob FORRn e X BB b aYEE i govraed sreiotsoditthd of

formuladpfars to decrease hepatocellular carcinoma in patients with HCV-related cirrhosis (Hung,
C.H., et al., J Viral Hepatitis 13(6): 409-414, 2006), this treatment has also been shown to
produce side effects such as thyroid dysfunction (Huang, J.F., ef al., J Viral Hepatitis 13(6); 396-
401, 2006).
[0007] The poor prognosis for patients suffering from HCV infection and the current lack of
effective, approved treatments, highlights the overwhelming need for new inhibitors of HCV

NS3 protease.

SUMMARY
[0008] It has now been found that compounds of this disclosure, and pharmaceutically
acceptable compositions thereof, are effective as inhibitors of HCV protease. Such compounds

have the general formula I:

or a pharmaceutically acceptable salt thereof, wherein R', R¥', R* R®, R* and R? are as defined
herein.

[6009]  Compounds of the present disclosure, and pharmaceutically acceptable compositions
thereof, are usefﬁ} for treating a variety of diseases, disorders or conditions, associated with

HCV. Such diseases, disorders, or conditions include those described herein.
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0 or a pharmaceutically acceptable salt thereof, wherein: R3 and RI' are independently hydrogen or
optionally substituted C16 aliphatic, or R1 and R1 are taken together to form an optionally substituted
3-7 membered carbocyclic ring; R2a is -OH or -NHSO,R2; R2 is -N(R)2 or an optionally substituted
group selected from C3_7 cycloalkyl, a bridged bicyclic, 6-10 membered aryl, 5-10 membered
heteroaryl having 1-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 4-7
membered heterocyclyl having 1-2 heteroatoms independently selected from nitrogen, oxygen, or
sulfur; e is independently hydrogen, .optionally substituted 6 aliphatic, ar: R on the same
nitrogenﬁgﬂ%ﬁ arer&%E%’r? 89%%%‘%%@%%@%%%63%%8 o?n%qsff-sfignifrcﬁﬁb%?zs gt%i;(%%%i%rﬁtﬁésﬁaving
1-2 hetercaidmsci depenthohilyice i@utechiom Mitrageén pOxytgen]olasuifume] R3nslaciaripetdovgysup -L-Y,
wherein -L5Y. i he_following: | ivalent C2.8 ght or branched, hydrocarbon
i S R K R S S O S R
indepengentyjreplacedday aspeoctingalig oo elacied froml NREADE FC(0)NR-, -N(R)S02-,
-SO2N(R)-, -S(0)- , -SO2-, -0C(0)-, -C(0)0-, or -C(0)-, wkerein at least one double bond is located in an
alpha-beta position relative to the carbonyl, sulfoxidg; or sulfonyl functional group; and Y is hydrogen

or C1_6 aliphatic optionally substituted ?1 oxof halogen, NO2, or CN; or 0:0 L is a bivalent C2_8
straight or branched, hydrocarbon chainheret

L ;xas at least one double bond and at least one
methylene unit of L is replaced by a ffctionl grolpmelegted from -C(0)-, -NRC(0)-, -C(0)NR-,
-N(R)S02-, -SO2N(R)-, -S(0)-, -502-, - OC(®-, ( in at least one double bond is located
in an alpha-beta position relative to the carbonﬁ, sul%xide or sulfonyl functional group, and one or two
additional methylene units of L are optionally and indepenffently replaced by cyclopropylene, -0-, :
-N(R)-, or -C(0)-; and Y is hydrogen or Ci_o aliphatic optionally substituted with oxo, halogen, NO2, or
CN; or (c) L is a bivalent C2_8 straight or branched, hydrocarbon chain wherein L has at least one
double S6A® By e el tharesk RergiBlaced by a functional group selected from

-C(0)-, itleralrRAt deastdependenthidipdrogds tocateshinl paubiphaidets pokittoneetat/eatal tRE functional

group, and @96 ¥R.additinnalnasthvianeupiisate areptinnaly asdpdengndently replaced by
cycloprclgylgrl -O-I, _Mgg%)}g -C(0)-; and Y is hydrogen or C1,6 aliphatic optionally substituted with
oxo, halogen, 3, or CN"or’

R™ is -N(R). or an optionally substituted group selected from Cs.; cycloalkyl, a bridged bicyclic,

6-10 membered aryl, 5-10 membered heteroaryl having 1-4 hetercatoms independently
selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
each R is independently hydrogen, optionally substituted C, ¢ aliphatic, or:
two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7
membered heterocyclic ring having 1-2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;
R’ is a warhead group —L-Y, wherein ~L-Y is selected from the following:

(a) L 1s a bivalent Cyg straight or branched, hydrocarbon chain wherein L has at least one
double bond and one or two additional methylene units of L are independently replaced
by a functional group selected from -NRC(O)-, -C(OINR-, -N(R)SO»-, -SO;N(R)-, ~S(O)~.
, -S04, -OC(0)-, C(O)O-, or -C(O)-, wherein at least one double bond is located in an
alpha-beta position relative to the carbonyl, sulfoxide, or sulfonyl functional group; and
Y is hydrogen or C, aliphatic optionally substituted with oxo, halogen, NO,, or CN; or

(b) L is a bivalent C,_g straight or branched, hydrocarbon chain wherein L has at least one
double bond and at least one methylene unit of L is replaced by a functional group
selected from -C{O)-, -NRC(0)-, -C{OINR-, -N(R)SO>-, -SO:N(R)-, -8(0)-, -80;-, -
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(d) L is a bivalent C2_5 straight or branched; hydrocarbon chain wherein L has at least one alkylidenyl
double bond and at least one methylene unit of L is replaced by a functional group selected from
-C(0)-, -NRC(0)-, -C(O)NR-, -N(R)S02-, -SO2N(R)--, -S(0)-, -S02-, -0C(0)-, or -C(0)0-, wherein at least
one double bond is located in an alpha-beta position relative to the carbonyl, sulfoxide, or sulfonyl
functional group, and one or two additional methylene units of L are optionally and independently
replaced by cyclopropylene, -0-, -N(R)-, or -C(0)-; and Y is hydrogen or C1,6 aliphatic optionally
substituted with oxo, halogen, NO2, or CN; or ie) L is a bivalent C2_8 straight or branched,

hydrocarbon chéifmetemi{ P afbeisibiRé tre Bsndonbie orrE s @dRiitiBnan et units of
L are optionallya@idbincépsrderttly caplagéosbifoNRCEOIu] £6:(0) NRetioh{ RIS OR-anS QRNGR) -, -5-, -5(0)-,
-502-, -0C(0)-, Q- G RonaNch¥iiS1BYIrassD of @1a§eaBBB§H§1®pgﬁﬁ‘ai%é&@ﬁ%@%%dré%ﬂb@(%haloge”1
NO2, or CN; o;?ggOL IS alblvalg E%%@sﬂtralggrzgg)rmpran@he , hydrocarbon clg1 n wherein ilne methylene
unit of L is rep@ceP iy &5&fopropyiehe’ ast one-or o adk aner%gfh@léﬁ fi§ BRioRPEY
independently yeiaiced By INRG (®lo2@0YOR0-NIR)B02-, -SO2N(R)-, -S-, -5(0)-, -502-, -0C(0)-, or
B T
covalent bond and Y is selec om: (1) - \ - o or - . or (i) C2-6 alkeny
substituted with ?2 ¢ kﬂ"j‘g g r&eCﬁQ ;E%arshi%r)ﬁffégﬁﬂ?ﬁﬁy’f%tf’ ngIIV SRR Vit B%Ib?ﬁ%‘g%ﬁ’@ﬁ, NO2. or
CN; or (iv) a ssigesrediam nidMberebdheitemiciralit rng tenbhy Hohédterdatatmdssleatediflarhasxygen or
nitrogen wherqipsaaid Figiie sHRBURI WD dedR QG QMR Srab Y hdusdtHbRig Py Rmembered

substtoted with 157 B R BT RO AERF S o e BEHRH Doy s v ring i
substituted witl is4Reogrowps: eraluiled peptiatipl insdaivated 816 mrembrdegannidocydlidNrig having
0-3t‘) hﬁtetroda(ngr%s@49%9\%@1@@85@%@%@%?@@&'}5&9%@@%&5% %Ea%"ib&ém\é’%eleﬂ%@éqeﬁa%&?e e
Saicing 5 suBLHIARTDE R0 61T BEl LRy et oAbyl
ring having 1-Ztwtesektseddivmlepéntte MR SElbeted( HONRAIS RIS (xy g NIR $UKBOWhei@in, said ring
is substituted wiilrdyt Re JOUPE-ORKLRIR-EDREIRA MRS IR0 BAVNLE- T UKOgsRs yuherein
said ring is sqbstituted ith 1-4 Re grqups; (-)ﬁrlg'i ad5-me Poer d hetclaro ryl ring having ;-3 .
heteroatoms n?&éﬁ?ﬂo%!?ﬂ&y%é?etgfegaﬁé’ﬁ%l gf’éﬂ%&gsﬁ W%S&Hfff,%ﬁ FETHRS 4400 1 S8 stituted
with 1-3 Re gred@itoor](xitednyBi0 membefed bisycliptsailmtethdpaniaiipndestiiurateldeal dryl ring
having 0-3 heteyeriaeps BttenendentiiSelrCiefyQmhaiNOUEHy EYAR b A SUHhRESHARAS 1ing Is
substiuted wif -4 K groyps; () s -CR): and iz selecte from
(¢) L is a bivalent Cpg straight or branched, hydrocarbon chain wherein L has at least one
triple bond and one or two additional methylene units of L are optionally and
independently replaced by NRC(O)-, -C{OINR-, -N(R}SOs-, -SO:N(R)-, -S-, -8{0)-,
-50,-, -OC(0)-, or =C(0)O-, and Y is hydrogen or C; aliphatic optionally substituted
with oxo, halogen, NOg, or CN; or
(£) L is a bivalent C,.4 straight or branched, hydrocarbon chain wherein one methylene unit of
L 1s replaced by cyclopropylene and one or two additional methylene units of L are
independently replaced by -NRC(O)-, -C(O)NR-, -N(R)SO»-, ~-SO;N(R)-, ~8-, -S(0)-,
_—SOz—, -OC(0)-, or —=C(0)O-; and Y is hydrogen or C; aliphatic substituted with oxo,
- halogen, NO,, or CN; or
(g) L is a covalent bond and Y is selected from:
(i) -CH,F, -CH,Cl, -CH,CN, or ~CHaNOy; or
(iij Ca.¢ alkenyl substituted with oxo, NO,, or CN; or
(1ii) Ca¢ alkynyl optionally substituted with oxo, halogen, NO,, or CN; or
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(i) C1,6 alkyl substituted with oxo, halogen, NO2, or CN; or (ii) C2_6 alkenyl optionally substituted with
oxo, halogen, NO2, or CN:-or (i) C2,6 alkynyl optionally substituted with oxo, halogen, NO2, or CN; or
(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from oxygen or nitrogen
wherein said ring is substituted with 1-2 Re groups; or (v) a saturated 5-6 membered heterocyclic ring
having 1-2 heteroatom selected from oxygen or nitrogen wherein said ring is substituted with 1-4 Re
groups; or (vi) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4 Re
groups; or Page 3b of 185 (vii) a partially unsaturated 3-6 membered monocyclic ring having 0-3
heteroatoms infé@éperidBritipd et tegomehifeigeryekygeng drEintur, hrerewosnisthsted komstituted
with 1-4 Re groupsipfctVil) tfriahiyerasadnidbiac %cunemberedisard@yglic:pigr wherein said ring is
substituted with, 1-4 Be groniss o (b a-pialhoipsatysated 4if membered hsipragysls Haghaving

1-2 heteroatoms independently selected from nitrogen, oxygen, or. sulfur, wherein said ring is
substituted with 1-%%‘@?68&5?3?&3%%%@%88 =d %‘d]?ﬁrﬁ rm&lﬁé%iﬁa%‘&l?ﬁtfggens wherein said
ring is substituted wigiurae®Re-gromscmd(sireosyahernbered bretoroadyiinia s vabitignied wisherdhtoms
independently selgcteehfpanamnitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 Re
groups; or (xii) an 8-10 meﬂwbered bi &Iig,_ gaturag%ldé doartialla/ uHsa.turaﬁg?d or ebr_%l ﬁgt% having 0-3

heteroatoms i 5Ié2pe&1n8£érﬁlt€i‘y3§elfgsc%télé rom nltr%iﬁcrann, oxygné?ﬂlfoo %u‘ffd%‘,’%vhé‘?/érilﬁ said rlngr?sa Slibstituted

with 1-4 Re groupsidgptnisaNRIE¢ORdarnthy iniseleated frngen. (ipC hbfatkybatsstitsted with oxo,

halogen, NO2, or &%tgﬁtg@\gaq_@_gke%d&gtigpally substituted with oxo, halogen, NO2, or CN; or (iii)
C2_6 alkynyl optionally substituted wit oxo, halogen, NO2, or CN; or. ) o
g)iii) a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is

substituted with 1-4 R® groups; or

(ix) a partially unsaturated 4-6 membered heterocyclic ring having [-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups; or

{x) a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted with
1-4 R® groups; or

(xi} a 5-membered heteroaryl ring having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3.R* groups; or

(xii} an 8-10 membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R® groups;

() L is ~C{O)- and Y is selected from:

(1) Ci alkyl substituted with oxo, halogen, NO,, or CN; or

(i} Cy.6 alkenyl optionally substituted with oxo, halogen, NO», or CN; or

(ifi) C,.¢ alkynyl optionally substituted with oxo, halogen, NO», or CN; or

(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups; or

(v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-4 R groups; or

(vi) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituied with 1-4

R® groups; or
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(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from oxygen or nitrogen
wherein said ring is substituted with 1-2 Re groups; or (v) a saturated 5-6 membered heterocyclic ring
having 1-2 heteroatom selected from oxygen or nitrogen wherein said ring is substituted with 1-4 Re
groups; or (vi) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4 Re
groups; or (vii) a partially unsaturated 3-6 membered monocyclic ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-4 Re
groups; or (viii) a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is substituted
with 1-4 Re grduips:aopatially passaiipianshttraxenbssdremiseretichsteg oeyrolie rihg hatrgtons

heteroatoms indepgngenivnas!ecied SHOmRJHIr oGS YSRILAr S fubNhereir saidJing _gnéugs_tltuted
with 1-4 Re groups; or, xaegjlu&,membeered aromatic ring having 0-2 nitrogens wherein said ring is e
substituted with 13 ‘rﬁggb BEhdrtl) &8'89RseMbered heteroaryl ring having 1-3 heteroatoms
independently gelgxtedpbreimigittaganr0xyges, afciibitsd WhesesySriding isisbistitad wighid-3 Re
groups; or (xii) an s%i)ls 1tme5n\9ﬁﬁeld ’. '(;yclic%s_aturated, partially unsaturated, or aryl ring having 0-3

heteroatoms in%e endently Selecie féé:‘r{ﬁu itroge , oxygen, or sulfur, Wlﬁléerein S [lg(: ing is substituted
with 1.4 Re grodHer (FEUE USSARED 5 s BPATS b I Rdeur bR BrafHaao™
hydrocarbon chainpdupdrddstseleletactiffom: (ijreGi2 BxyGHa G su@hi2 Ghbrom-GHAN@Z or (i) C2_6
alkenyl optionally g&pﬁ%ytg%,}@ﬂtﬁug@, NO2,.or. CN, and optionally substituted with halogen; or (iii)

3 .
. C2-6 alkynyl optlonalfy1 substituted wWitH ox , h%ﬁogen, NO2, or CN; or (iv) a saturated 3-4 membered

heterocyclic rifg) kvimgribbesé roataticselgdtedizgdh? oxygesnowhitrogeniihiegsinsshidring isiubstituted
with 1-2 Re groupgzpﬁ(\é}@cﬁgt&rated 5-6 membered heterocyclic ring having 1-2 heteroatom selected
from oxygen or nitrogen whérein said ring is substituted with 1-4 Re groups; or (vi) a saturated 3-6
membered carBdtycheneHp v dreRsEid fing hesumsstitifeciaigons Réepeodpslopelected from

nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R groups; or

(xii) an 8-10 membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R® groups;

(i) L is =N(R)C(O)- and Y is selected from:

(7)) Cy.6 alkyl substituted with oxo, halogen, NO,, or CN; or

(i) Co.6 alkenyl optionally substituted with oxo, halogen, NO,, or CN; or

(#1i) Cy.¢ alkynyl optionally substituted with oxo, halogen, NO,, or CN; or

(iv) a saturated 3-4 membered heterocyclic ring having ! heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups; or

(v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups; or

(vi) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4
R® groups; or

(vii) a partially unsaturated 3-6 membered monocyclic ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups; or

(viii} a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is

substituted with 1-4 R® groups; or
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(vii) a partially unsaturated 3-6 membered monocyclic ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-4 Re groups; or (viii) a
partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4 Re
groups; or (ix) a partially unsaturated 4-6 membered heterocyclic ring having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-4 Re
groups; or (xX) a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted with

1-4 Re groups;.of (xi).a 5-membered heteroaryl ring haying 1-3 heteroatoms in ndently selected
from nirogen, By e A e L o e e e e 0
membered bicyclig)dsandsetdly paftictitd Unsaturitedsor axylrng travinguo-3iheternasasringleisendently
selected from nitrQgen; Quaei, rSréf e#fé@%?in said ring is substituted with 1-4 Re groups; (k) L is a
covalent bond, -CH2-, -NH-, -C(0)-, -CH2NH-, -NHCH2-, -NHC(0)-> -NHC(0)CH20C(0)-,
-CH2NHC(0)-, GNpSomrhsS aooHz-1ing Hoord-Rocins sTha o Nl ragds sussséieedadtrom: (i)
-CH2F, -CH2C1, ﬁhﬁ%ﬁsrgﬁZNOZ; or (i) C2_6 alkenyl optionally substituted with oxo, NO2, or

CN, and optionally subsfituted with haloqen; or (iii) C2_6 alkynyl optionally substituted with oxo,
halogen, NO2, &/ @N:Brubys&hersayl3ngdemperkd hetereryeliciRtey ARGV ISR 4BM selected
from oxygen or nigagerivberein saidiing isresbstiitenyith JdiRearaups 9V gatusated 5-6
membered heterggyclic ring having 1-2 heteroatom selected from oxygen or nitrogen wherein said ring
is substituted witH' 2% REGRSTRE St Ay S SatBraut s s ki parat Givbot e fiftg, Wik said ring
is substituted withhttdrdRegrOMEASH @TderiRY schartiallyounsatusate d:3-&membekedwhenracygkic ring having
0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1PRE gibEEEtesr i)l £ Fardetiptinsaturated 3-6 membered carbocyclic ring, wherein
said ring is §ubstutedadih 04 Kengiedips uasdxaepatialpyinsattaied 4yadimamberadinetatcyclic
ring having 1-Zhetergatoms ipdependently selected from nitrogen, oxygen, or sulfur, wherein-said ring

is substituted wjth 1-4 Re groups;
(Il} “&I‘?QE ~C%‘128B —C?fgCN, or M"CHzNOz, or
' (ii) Ca.¢ alkenyl optionally substituted with oxo, NO-, or CN, and optionally substituted

with halogen; or

(iii} Cy.¢ alkynyl optionally substituted with oxo, halogen, NO,, or CN; or

(iv} a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups; or

{v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups; or

(vi} a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4
R® groups; or '

(vii) a partially unsaturated 3-6 membered monocyclic fiﬁg having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R groups; or

(viii) a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is
substituted with 1-4 R® groups; or

(ix) a partially unsaturated 4-6 membered heterocyclic ring having 1-2 heteroatoms
independently seclected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups; or

(x) a 6-membered aromatic ring having (-2 nitrogens wherein said ring i1s substituted with
1-4 R® groups; or

(xi} a 5-membered heteroaryl ring having 1-3 hetercatoms independently sclected from
nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R® groups; or
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(x) a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted with 1-4 Re
groups; or (xi) a 5-membered heteroaryl ring having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 Re groups; or (xi an 8-10
membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-4 Re groups; R7is
an optionally substituted group selected from C1.6 aliphatic, a bridged bicyclic, 6-10 membered aryl,
5-10 membered heteroaryl having 1-4 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, or 4-7 n@@%ﬁ%r@'&@%@%@%&%ﬁ@ﬁé{%ﬁg SPIOTALSE BAfEHY THERipEreb A sBR 8315 Hifrogen,
oxygen, or sulfur; lanet{RomsiinRpisdendy Rd @andl Roarertakemiogater withulieir intereeniagl atoms to
form a saturated g dnsatwaiactd &-2R mermberedsing having 2-6 heteroatoms independently selected

from nitrogen, gxygen, or sulfur; wherein 16-22 me red ring.is, opti ubstj ith
(12.""p, Wlﬁéqre?ﬁ: %isaar??ﬁ’u(femetr_\ﬁr’(())%{’lﬂ()E ?"Fnérugiliie;@ ¢ 'béccztlrjf?g?le\f\kgé 6?\§¢{?§Thd—é\é%t§&¥tly
halogen, -OR; N RIEF2Yr&h-o ptiBe - $Ubs it YrouptEeRebidet frotH ¢ oGl or €3 7
cycloalkyl; and £aghHR;isnthdepanttetvdyfimpitonally substituted C1.6 aliphatic; each occurrence of RY is

ind_epen_dentlyﬁ}eI,@S@’f[ggzhglg@ﬁ&pgg,;@}mﬁb@gr -N(R")2, or opt_ionally supstitut_ed CIA aliphatic;
m is an |_ntegerif_r081 0 to 4, ngluisw 1S |sbatr_1 |rt1t e{ﬂgrggé 01\?84, |p&lﬁ$lg§d gngogx!d 1ar;£g% u@{é romOto
4, inclusive; Wfqé)relﬁﬁtﬁ@%% BPNY 1Y %btﬁ-‘zzge%%. » M2, 0 ’ P Y - ,
with halogen; or
(iii) Ca.¢ alkynyl optionally substituted with -oxo, halogen, NOs, or CN; or
(iv) a saturatéd 3-4 membered heterocyclic ring having I heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups; or
(v} a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups; or
(vi) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4
R® groups; or
{vii) a partially unsaturated 3-6 membered monocyclic ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups; or
(viti) a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is
substituted with 1-4 R® groups; or
(ix) a partially unsaturated 4-6 membered heterocyciic ring having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups; or
(x) a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted with
1-4 R® groups; or
(xi) a 5-membered heteroaryl ring having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R® groups; or
(xii) an 8-10 membered bicyclic, sauirated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said

ring is substituted with 1-4 R° groups;
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11101 Ahlin another aspect, there is provided a compond of formula S. 0 Rz  or a pharmaceutically
acceptable salt thereof, wherein: Rl and R1' are independently hydrogen or optionally substituted C1.6
aliphatic, or R1 and R are taken together to form an optionally substituted 3-7 membered carbocyclic
ring; R2"is -OH or -NHSO2R2; R2 is -N(R)2 or an optionally substituted group selected from C3.7
cycloalkyl, a bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxygen, or sulfur; each R is independently

hydrogen, ppti@rwél !&esila bsﬁm@d@dﬂS?faﬁ}ﬂdaﬁl@m%ﬂQ}ﬁ@Q Qd@&ﬂﬂi@@wat@hieal@‘tii@n
together with the piitagendqdeHm,a Anb RMelhrisAlgiet Y&l&i}?@%ﬁ%ﬂ%&ﬂ%ﬂﬁ@%ﬁ%‘%ﬁi _
independently selected from nitrogen, oxygen, or Sulfur; R3 is a'warhead group -L-Y, wheréin: L is a

bivalent C2.8 strafficsrbrapieriéiéh g drdeamanfepsiornhensinnelhasehsédatibrievdolisrylssxd and one

or two additional methylensiinits of Lcare indspandensiviteriacediby & fungtional seypsetagted from
-NRC(0)-, -C(0)NR-, -N(R)S02-, -SO2N(R)-, -5(0)-, -0C(0)-, -C(0)0-, or -C(0)-, wherein at least one

double bond is locEeEFiH an alpha-beta position relative to the carbonyl, sulfoxide, or sulfonyl

functional group; Y ishyckagene &6, liRirtin eptinnsiy sHBsIiuEed WitlhaxesdrlaganwNG2x0r CN, or

a 3-10 membered monocyclic or bicyclic, saturated, partially unsaturated, or aryl rin having 0-3

heteroatoms independefffl§ %F@@téﬂqwﬁﬁfﬁiﬁé’éﬁeﬁf YGandencadnoily 25al ¥R i NaRd ringr is
substituted with 1-4 Re gsoupsicand.eaghRe.ixangepesdently satectestfirgoroR; Zcexoni92,-halogen,

CN, a suitable leaving group selected from alkoxy, sulphonyloxy, optionally substituted )
alkylsulphonyloxy, optioPaiy¥dystiutd Bty Rifkéry B asshdiyeipbatinanbsimedaifoxy, acyl,
diazonium, or C1,6 aliphgtis suiagtifuted withcoxo, halogen, NO2, or CN, wherein: Q is a bivalent C1,6
unsaturated; $faighkog Rramehesk vt AsArbR GhaNhe eIl OREe BFHIVG BRfhvianeuriinrlQ are

saturated or unsaturated 12-18 membered ring having 2-6 hetercatoms independently
selected from nitrogen oxygen, or sulfur, wherein the ring formed thereby comprises -L-
Y or

R? and a ring formed by R' and R’ are taken together with their intervening atoms to form
an optionally substituted saturated or unsaturated 12-18 membered ring having 2-6
heteroatoms independently selected from nitrogen oxygen, or sulfur, wherein the ring

formed thereby comprises a warhead group;

R\H/N\/ILP;??-

R*is H, -NHC(O)R?, -NHC(O)OR®, 0 R , or a natural or unnatural amino acid
side-chain group;

each R® is independently -N(R), or an optionally substituted grounp selected from Cy.4 aliphatic, a
bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms =
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl
having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

R® is an optionally substituted group selected from C, aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms

"independently selected from nitrogen, oxygen, or sulfur; and
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independently replaced by -N(R)-, -S-, -0-, -C(0)-, -0C(0)-, -C(0)0-, -SO-, or -SO2-, -N(R)C(0)-,
-C(O)N(R)-, -N(R)S02-, or -SO2N(R)-; and Z is hydrogen or C16 aliphatic substituted with oxo,
halogen, NO2, or CN:, or R3 and RI are taken together with their intervening atoms to form an
optionally substituted saturated or unsaturated 12-18 membered ring having 2-6 heteroatoms
independently selected from nitrogen oxygen, or sulfur, wherein the ring formed thereby comprises a
warhead group -L-Y; or R3 and a ring formed by RI and Rh are taken together with their intervening

atoms tg,form an optionally substifuted saturated qr unsaturated 12-18 membered.ring. haying 2-6
Page 3_?%ofli8q§1 ﬁgﬁg%% o%‘%ﬁ%‘éﬁerﬁg‘rﬁ%f@fé gec%edr from h’?trecl)g éﬁtégiyééegﬁf(f) e%?ﬁfﬁ?ﬁv%e%é?ﬁ the ring
formed themsbylwsedprisbsSal Wankeddrgdoegierbaryl Chavin gRU-dsHaterNH (0 JRES paHB() B8 S5 tedr a
natural or uppatural atming.agic Side-chain grous: sah RSis independenily N(RY2,ar an, eptionally
substituted _grouplsé)?éct’ed r%m’C],6Sa_1lipHatic, a bridged bicyclic,gé)ﬁ?(?‘ mém%grgc% a]%%ﬁ??ég]?lp%gﬁ r%)embered
heteroaryl hadsngpdeathiedrstad MerirmtEpesml ontyse ectedutomdnitrogen, oxygen, or sulfur, or 4-7

. membered heterocyslyl havingsl-2 heteroatoms independently selected from nitrogen, oxygen, or
sulfur; R6 is ary Iy H].ituted group selected from C1,5 aliphatic, a bridged bicyclic, 6-10

membergdiaryl, 5-T8-Mmeffibered; hetetaarykhawngkdrdohetespatamedndepandantiaaloctagdiom
nitrogen, oxygen, or sulfur, or 4-7 membered heteracyclyl having 1-2 heteroatoms independently
selected from APBEES 8)?)'7‘&5?{"1@;@5%#6)5 (4} ﬁ%dé#gﬁﬁgﬂﬁlg'é&ﬁ%ﬂﬂ%%%% & from C1,6

aliphatic, a bridged bicyclic, 6-10 mgeberédmnilrdedl) oxepracseddigieroaryl having 1-4 heteroatoms
g‘gﬁfgg@fﬁ;’%’ﬁ eé?&%e I gbﬂigl%gneg%fré’ﬁ%%?s Sét?ol%l'ﬁﬂé) é)lfb‘s‘ﬁ?u%& moer qlg?t_‘“zégr%}’rﬁ'y' having 1-2
pendently Sélected Tfrom nitrogen, oxygen, or sulfur; and J“S
p is an integer from 1 to 6, inclusive;
each occurrence of R is independently halogen, -OR%; -CN; -N{R®),; or an
optionally substituted group selected from C,4 aliphatic or Cs.7 cycloalkyl; and
each R® is independently optionally substituted C; aliphatic;
each occurrencé of R? is independently selected from halogen, -OR°, -CN, -NO,, -N(R®),, or
optionally substituted C,4 aliphatic;
m is an integer from 0 to 4, inclusive;
s is an integer from 0 to 4, inclusive; and
t is an integer from 0 to 4, inclusive;
wherein the sum of s and t is non-zero.
LR In another aspect, there is provided a compound of formula It
o R
R3

N
R‘Q/‘\r . R? R1 '
O R2a
@] N
H

I
or a pharmaceutically acceptable salt thereof, wherein:
R' and R are independently hydrogen or optionally substituted Ci aliphatic, or R' and R" are
taken together to form an optionally substituted 3-7 membered carbocyclic ring;

R* is -OH or -NHSO,R?;
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Rz is; or R4 and Rz are taken together with their intervening atoms to form a saturated or unsaturated *
16-22 membered ring having 2-6 heteroatoms independently selected from nitrogen, oxygen, or sulfur;
wherein the 16-22 membered ring is optionally substituted with (In, wherein: p is an integer from | to 6,
inclusive; each occun-ence of le is independently halogen, -OR; -CN; -N(R)2; or an optionally
substituted group selected from C1,6 aliphatic or C327 cycloalkyl; and each R is independently
optionally substituted Cl 6 aliphatic; each occurrence of 127 is independently selected from halogen,

-OR, -C %R% [10 tfP”&H}g allgs |t%%dc C‘ieﬁir hatlef,am I}S‘fﬁc?l r\,\t//?égdegﬁ ed% Allilncluswe

sis anin ege |nc Ve; an nteger from 0 wherein the sum of s
and tis norﬁﬁékonqlﬁbdr@dllﬂrybt %ﬁ@thwa@eéthﬁ’ia@xsl phevided! et comtpostodefifoleperldénRy 0 or a

pharmaceuligaly qreatahie, sl (aeieal, whetgiiRland R 2 deprndsathy ivdiagen oroptionally
P

substituted C1_6 aliphatic, or'Ri‘and’RI. are taken fogether to form an optionally"substituted
membered }@af:m?@]mmmgendenﬂy selected from nitrogen, oxygen, or sulfur;

each R is independently hydrogen, optionally substituted C; aliphatic, or:
two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7
membered heterocyclic ring having 1-2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

R? is a warhead group —L-Y, wherein:

L is a bivalent Cyg straight or branched, hydrocarbon chain wherein L has at least one double
bond and one or two additional methylene units of L are independently replaced by a
functional group selected from -NRC(O)-, ~-C{O)NR-, -N(R)SO»-, -SO,;N(R)-, -S(O)-, -SO»-,
-OC(0)-, -C(O)0-, or -C(O)-, wherein at least one double bond is located in an alpha-beta
position relative to the carbonyl, sulfoxide, or sulfonyl functional group;

Y 1s hydrogen, C,5 aliphatic optionally substituted with oxo, halogen, NO,, or CN, or a 3-10
membered monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, and wherein said ring is
substituted with 1-4 R groups; and

each R® is independently selected from —Q-Z, 0xo, NO,, halogen,.CN, a suitable leaving group
selected from alkoxy, sulphonyloxy, optionally substituted alkylsulphonyloxy, optionally
substituted alkenylsulfonvioxy, optionally substituted arvisulfonyloxy, acyl, diazonium, or
C).¢ aliphatic substituted with oxo, halogen, NO,, or CN, wherein:

Q is a bivalent Cy.¢ unsaturated, straight or branched, hydrocarbon chain, wherein one or
two methylene units of @ are
independently replaced by -N(R)-, -S-, -O-, - . -C{O)-, -OC(O)-, -C(O)O-, -SO-, or
-8O,-, -N(RYC(0)-, ~-C(OIN(R)-, -N(R)SOz—, or ~SO;N(R)-; and
Z.1s hydrogen or C ¢ aliphatic substituted with oxo, halogen, NO», or CN;
or R* and R' are taken together with their intervening atoms to form an opticnally substituted
saturated or unsaturated 12-18 membered ring having 2-6 heteroatoms independently
selected from nitrogen oxygen, or sulfur, wherein the ring formed thereby comprises a
warhead group -L-Y; or
R® and a ring formed by R' and R"* are taken together with their intervening atoms to form

an optionally substituted saturated or unsaturated 12-18 membered ring having 2-6
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R2a is -OH or -NHSO2R2; R2 is -N(R)2 or an optionally substituted group selected from C37
cycloalkyl, a bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 hetero atoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxygen, or sulfur; each R is independently
hydrogen, optionally substituted Ci_6 aliphatic, or: two R on the same nitrogen atom are taken
together with the nitrogen to form a 4-7 membered heterocyclic ring having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; R3 is a warhead group -L-Y, wherein: L is a
bivalent C2_8 BHEgHEBY RARReRTHY S e BRI OB O SHEHFiBIEBdHREand one
or two additionfarmetiiydene unitsrofek avedptionadyparid Yhdependently replaced by -NRC(0)-,
-C(O)NR-, -N(R)S02-, -SO2N(R)-, -S-, -S(0)-, -SO2-,60C(0)-, or Y is hydrogen, C1.6 aliphatic optionally
substituted with oxo, halogen, NO2, or G, or ﬁS-lO efmbered monocyclic or bicyclic, saturated,
partially unsaturated, or aryl ring having 0-3Thetergato i dependently selected from nitrogen,

oxygen or;seffurangiier)ieaisirg is sobstiteed with 1:4 Re.aronpsuaRsheachRe ifid

~independently selected from -Q-Z, oxo, NOZ2, halogen, CN, a suitable leaving group selected from
alkoxy, sulp 8yZ8ptonally substituted alkylsulphonyloxy, optionally Page 3j of 185 substituted

alkenylsiafprioxih Rptienaly, SnpRiuteth aptsutinp ity @y fiag enisiiR dardal €6 alighiatie, substituted

with oxo, halogen, NO2, or CN, wherein: Q js a bivalent C1_ 6 unsaturated, strajght or branched,
hydrocarbo 8P iste fy thBsrais Aty e B G are fidlefanpe At TEFIaReT By -N(R)-,
-S-, -0-, -C([@)fepeeh@)r seG(0M0 froS QitroEe® Wy =i B) Gil)rr, & @IN{RMbeMNFRIEORc o1 SO2N(R)-;

and Z is hydrogen o C1_6 aliphatic substituted with axo, halogen, NO2, or C1\1:, or R3 and Rl are
aken togo i TR R R e PSR Do Bt SHhited or ameaturated
12-18 nigmibetedbritignhlyingbR:6ihetanoatomsdedé pendefily stigctdd frobnidisddsnyokygér.tor sulfur,
wherein the ring formed. ther, comprises .-L-Y: or, R3 an ing formed.by Rl and.Rb are.taken
tenather T B e P B RO T 16
membered fimy avingR-6xiyeteroatonl§imdepéidanthpesiédiedrfrarl vitheg e obigheiconutfur,

wherein thqrf&ggetﬁféﬂﬁg stggg%gyﬁ%%mﬁ%g&%\y%g&a& %HHE;anR4 is H, -NHC(0)R5, -NHC(0)0R6,, or
a natural or unnatural amino acid
R’ is an optionally substituted group selected from C,; aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms

independently selected from nitrogen, oxygen, or sulfur; and

= o O
(R%—(\I:N—f@
R*is tCsor R* and R” are taken together with their infervening atoms to form

a saturated or unsaturated 16-22 membered ring having 2-6 heteroatoms independently
selected from nitrogen, oxygen, or sulfur;
wherein the 16-22 membered ring is optionally substituted with (R™),,, wherein:
p is an integer from 1 to 6, inclusive;
each occurrence of R™ is independently halogen, -OR®; -CN; -N(R®),; or an
optionally substituted group selected from C,.¢ aliphatic or Cs.; cycloalkyl; and
each R°® is independently optionally substituted C; 4 aliphatic;
each occurrence of RY is independently selected from halogen, -OR°, -CN, -NO,, -N(R%,, or
optionally substituted C,4 aliphatic;

m is an integer from 0 to 4, inclusive;

s is an integer from 0 to 4, inclusive; and

Page 3iof 185



side-chain group; each R5 is independently -N(R)2 or an optionally substituted group selected from
C1.6 aliphatic, a bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4
heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl
having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur; R6 is an optionally
substituted group selected from C1_6 aliphatic, a bridged bicyclic, 6-10 membered aryl, 5-10
membered heteroaryl having 1-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur,
or 4-7 membered heterocyclyl having 1-2 heteroatoms independently selected from nitrogen, oxygen,
or sulfur BAR BPSEFPBLTith AiPeBY iuted group selected from C1_6 aliphatic, a bridged bicyclic,
6-10 mevhbenedlaryinbel® meémibsexedzeateroaryl having 1-4 heteroatoms independently selected from
nitrogeribéxfgien, or sulfar aoothey aeribdxed heteradytly chawing:d & Fetentaloms independently
selected from nitrogen, oxygen, or sulfur; and Page 3l§Ri 185 0 (ROrnyN4.,J Rz is; or R4 and 12" are
taken together with their intervening atoms to form a&%aturated or unsaturated 16-22 membered ring
having 2-6 heteroatoms independently salécted nitrogen, oxygen, or sulfur; wherein the 16-22

i rein: p is an integer from 1 to 6, inclusive; each
Nz+N(R)2; or an optionally substituted group
selected from Ci.6 aliphatic or C17 cycloalkyy; andieac is wrependently optionally substituted C1.6
aliphatic; each occurrence of BY is independeritly seHecte rom halogen, -OR, -CN, -NO2, -N(R)2, or
optionally substituted C1-4 aliphatic; m is an integer from @to 4, inclusive; s is an integer from 0 to 4,
inclusive; and t is an integer from 0 to 4, inclusive;]yvherein the sum of s and t is non-zero.

or a pharmaceutically acceptable salt thereof, wherein:
R' and R' are independently hydrogen or optionally substituted C;¢ aliphatic, or R! and R" are
_ taken together to form an optionally substituted 3-7 membered carbocyclic ring;

R* is -OH or -NHSO,R?;

R? is -N(R), or an optionally substituted group selected from Cs.; cycloalkyl, a bridged bicyclic,

~ 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each R is independently hydrogen, optionally substituted C, aliphatic, or:

two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7
membered heterocyclic ring having 1-2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

R* is a warhead group -L-Y, Wherein:

1. is a bivalent Cs.g straight or branched, hydrocarbon chain wherein L has at least one triple bond
and one or two additional methylene units of L. are optionally and independently replaced by
-NRC(O)-, -C(O)NR-, -N{R)SO;-, -SO;N(R)-, =5-, -8(0)-, -50;-, -OC(O)-, or -C(0)O-,

Y is hydrogen, C, aliphatic optionally substituted with oxo, halogen, NO,, or CN, or a 3-10

| membered monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, and wherein said ring is
substituted with'1-4 R® groups; and

each R° is independently selected from —Q-Z, oxo, NO,, halogen, CN, a suitable leaving group
selected from alkoxy, sulphonyloxy, optionally substituted alkylsulphonyloxy, optionally
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[0010d]In a further aspect, there is provided a compound of formula I: ,Rz 0 or a pharmaceutically
acceptable salt thereof, wherein: RE and Rr are independently hydrogen or optionally substituted C1.6
aliphatic, or RE and Rt. are taken together to form an optionally substituted 3-7 membered carbocyclic
ring; R2a is -OH or -NHSO2R2; R2 is -N(R)2 or an optionally substituted group selected from C3_7
cycloalkyl, a bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2

heteroatomsn endently.selected from nitrogen ., or sulfur; Page 31 of 185 each R is
ndopencent el SRUN S RE0 S B ST 0P A0 dats & m are
taken togethes Withate nibogendo fdrnxe halopsaniiereer keerdeyrelis ring having 1-2 heteroatoms

independenty elegiad HARCIRISAQNO%H, B UIVARAS BRIEAAIRNR Ll eIty L is 2

bivalent C2_5 straight or branched, hydrocarbon chain wherein one methylene unit of L is replaced by
cyclopropylene arttomectiting datiions fethjrosadshits smisaed Moedertently réplatéd by

-NRC(0)-, -C(0)NRyeHR) %927 0SOBN(R)s: - Ss0:8(O)ni(88R20 -0 RIS s hyglegasn, G16 aliphatic
optionally substituted vyith oxo, halogen, NO2, or CN, or a 3-10 membered monocyclic or bicyclic,
saturated, partiall?@h@%‘rﬁ% , or aryl ring having 0-3 heteroatoms independently selected from

nitrogen, oxygerns aistdith and, WHeRIN Saiesingds substituiadivith, d Rergraups; wherein: each Re
s debendenly SaRsed O im0t o2 loge N, 8 ol e i ity om
alkenylsulfonylaxytatiationaty substiuted aryismferadoxy g aetidiazoniseatdds dlighsticaubstituted
with 0xo, haIO%gfétheé) g‘bronrr%tlydgyf\:/r? %)r(%ig%:n, or sulfur, wherein the ring formed thereby comprises ~L-

Y; or

R’ and a ring formed by R' and R" are taken together with their intervening atoms to form
an optionally substituted saturated or unsaturated 12-18 membered ring having 2-6
heteroatoms independently selected from nitrogen oxygen, or sulfur, wherein the ring

formed thereby comprises a warhead group;

’ O
Rs\ﬂ/ N \HLH X

R* is H, -NHC(O)R’, -NHC(O)OR®, 0 R , or a natural or unnatural amino acid
side-chain group;

each R’ is independently -N(R); or an optionally substituted gréup selected from C,; aliphatic, a
bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having
1-4 heteroatoms independently selected from nifrogen, oxygen, or sulfur, or 4-7 membered
heterocyclyl having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

R® is an optionally substituted group selected from C;_é aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; and

R’ is an optionally substituted group selected from Ci aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms

independently selected from nitrogen, oxygen, or sulfur; and

Page 3k of 185



Q is a bivalent C16 unsaturated, straight or branched, hydrocarbon chain, wherein one or two
methylene units of Q are independently replaced by -N(R)-, -S-, -0-, -C(0)-, - OC(0)-, -C(0)0-, -SO-, or
-S02-, -N(R)C(0)-, -C(0)N(R)-, -N(R)S02-, or - SO2N(R)-; and Z is hydrogen or C1,6 aliphatic
optionally substituted with oxo, halogen, NO2, or CN; or R3 and R1 are taken together with their
intervening atoms to form an optionally substituted saturated or unsaturated 12-18 membered ring
having 2-6 heteroatoms independently selected from nitrogen oxygen, or sulfur, wherein the ring
formed thereby comprisgs -L-¥% or R3 and a ring founed by Rl and Rh are taken together with their
intervening atgmso fgrm é.mé tionally substituted saturated or unsaturated 12-18 membered ring
having Z6;fieteroa 1S dependenily.sglreted from %E&H&n\ﬂ%ﬁ’ﬂ_@i}v RlesiuRWRRERID heting
formed thereby comprises a warhead group; Page 3m of 185 R4 is H, -NHC(O?RS, -NHC(OEORG,-, ora
natural or thi&REEAAInBRaRie 3kf-thiam @%%@Eﬁr@%dﬁn&g‘%’iﬁﬁe%én%%ﬁﬂwm}ﬁd@ﬁ#ﬁﬁ tonally

substituted greumsedacteddren &xdeéhaliphatia; a bridged bicyclic, 6-10 membered aryl, 5-10
membered heteroaryl havin%?l# heteroatoms indepenpdently selected from nitrogen, oxygen, or sulfur,

or 4-7 memberSFHRPSA TR ARG 193 RE M8 HOPAE YR LR IFE i B dretitf B nitrogen, oxygen,

or sulfur; R6 is anpaptianalysubstitutedsgtetlpssalected from C1_6 aliphatic, a bridged bicyclic, 6-10

membered aryl, 5-10 membered?t% teroaryl havjng.1-4 heteroat msgi?HQngen ently selected from
Net

nitrogen, oxygen, B SAREHTEPSE 9 e BrSRREEHBIRRF ALY 1° {SatariG Adependently

selected from nitrogesipaatienubsButbdrpang Riciscafopionalysidostitied evolypigelestad from C1_6
aliphatic, a bridged hé‘ clic, 6-10 rgeerered ar%%(, 5-1(%. mtelg1 ereii eteroaryl having 1-4 heteroatoms
independently sel&ed S AHBEERUSIHERY SRS A-rs AdAR ed heterocyclyl having 1-2
heteroatanisdadenenderitly’ saléntepefrdmthitroipendoftyge halop sulfdRANEN RN Bsr-N@ R4cand Rz
are taken toggthef W&l tggli{em;rveglié}g atoms to form a saturated or unsaturated 16-22 membered

e

ring having0 -éoﬁaegroa oms in é’f)gl r?t?;’/ selected from nitrogen, oxygen, or sulfur; wherein the

16-22 nremberetegefismoftioraiycdubstituted with (Rm)p, wherein: p is an integer from 1 to 6,
inclusivg;ﬁ%;gi%%gygg&c&tgfﬁﬂkiﬁgﬂge%dently halogen, -OR, -CN; -N(R)2; or an optionally

substituted group selected from C1.6 aliphatic or C3r7 cycloalkyl; and each R is independently
optionallyssabatiegesdan Cgadiphalisivwach occurrence of RY is independently selected from halogen,

-OR, -ClVaNQ 2 NIR)Ss OfRptirnallysubstituted CIA aliphatic;

[60104d] In a further aspect, there is provided a compound of formula I

or a pharmaceutically acceptable salt thereof, wherein:

R! and R! are mdependently hydrogen_ or optionally substituted C, ¢ aliphatic, orR' and R" are
taken together to form an optionally substituted 3-7 membered carbocyclic ring;

R*is -OH or -NHSO,R;

R? is -N(R), or an optionally substituted group selected from Cs; cycloalkyl, a bridged bicyclic,
6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2

heteroatoms independently selected from nitrogen, oxygen, or sulfur;

Page 31 0f 185



m is an integer from 0 to 4, inclusive; s is an integer from 0 to 4, inclusive; and t is an integer from 0O to
4, inclusive; wherein the sum of s and t is non-zero. 100100In another aspect, there is provided a
compound of formula I: ,Ftz 0 or a pharmaceutically acceptable salt thereof, wherein: Rl and R1" are
independently hydrogen or optionally substituted C16 aliphatic, or Rl and R1' are taken together to
form an optionally substituted 3-7 membered carbocyclic ring; R2a is -OH or -NHSO2R2; R2 is -N(R)2
or an optionally substituted group selected from C3.7 cycloalkyl, a bridged bicyclic, 6-10 membered

ceraen B OB ependenty selected from
nitrogen, oxygéem Brauthersasechioeindependerity Mattbeewitbphionathesubstitored £1,5 aliphatic, or:

two R on the same, ilragen, atom. ate taken ogether with dhe nittogen ta farm.a dqZ membered

heterocyclic ring having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur; R3
is a warhead groupteess wre#ein oL sl 8 ovalent bond, -C(0)-, -N(R)C(0)-, -NH-, -CH2NH-,
-NHCHE{NHQ@%@%{%@;{;%%MHQ@)-, -NHSO02-, -NHSO2CH2-, -NHC(0)CH20C(0)-, or -SO2NH-,
or a bivalent C1_ g saturated or unsaturated, straight or branched, hydrocarbon chain; and Y is
Selected‘ﬂ‘f)ﬁ]b(]ﬁél?aﬂ&ﬁtﬁﬁjrfﬂght or branched, hydrocarbon chain wherein one methylene unit of L is

replaced by cyclopropylene and one or two additional methylene units of L are independently

replaced by -NRC(O)-, -C(O)NR-, -N(R)SO;-, -SO.N(R)-, ~-S-, -§(0)-, -SO,-, -OC(0)-, or

-C{0)O-;

Y is hydrogen, C]_-E, aliphatic optionally substituted with oxo, halogen, NO,, or CN, or a 3-10
membered monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, and wherein said ring 1s
substitated with 1-4 R® groups; wherein:

“each R° is independently selected from —Q-Z, oxo, NO,, halogen, CN, a suitable leaving group
selected from alkoxy, sulphonyloxy, optionally substituted alkylsulphonyloxy, optionally
substituted alkenylsulfonyloxy, optionally substituted arylsulfonyloxy, acyl, diazonium, or
C). aliphatic .sabstituted with oxo, halogen, NO,, or CN, wherem:

Q is a bivalent C,. unsaturated, straight or branched, hydrocarbon chain, wherein one or
" two methylene units of Q are independently replaced by ~N(R)-, -S-, -O-, -C(0)-, -
OC(0)-, -C(O)O-, -8O-, or -SO;-, -N(R)C(O)-, -C(ON(R)-, -N(R)SO,-, or —
SO,N(R)-; and
Z is hydrogen or C, 4 aliphatic optionally substituted with oxo, halogen, NO,, or CN;
or R? and R' are taken together with their intervening atoms to form an optionally substituted
saturated or unsaturated 12-18 membered ring having 2-6 heteroatoms independently
selected from nitrogen oxygen, or sulfur, wherein the ring formed thereby comprises -L.-
Y; or
R® and a ring formed by R' and R" are taken together with their intervening atoms to form
an optionally substituted saturated or unsaturated 12-18 membered ring having 2-6
heteroatoms independently selected from nitrogen oxygen, or sulfur, wherein the ring

formed thereby comprises a warhead group;
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-CH2F, -CH2C1, -CH2CN, or - CH2NO?2; or (ii) C2_6 alkenyl optionally substituted with oxo, NO2, or
CN, and optionally substituted with halogen; or (iif) C2_6 alkynyl optionally substituted with oxo,
halogen, NO2, or CN; or (iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected
from oxygen or nitrogen wherein said ring is substituted with 1-2 Re groups; or (v) a saturated 5-6
membered heterocyclic ring having 1-2 heteroatom selected from oxygen or nitrogen wherein said ring
is substituted with 1-4 Re groups; or (Re)1-2 (7NN--Q-ZNR crl+4( 6 (vi) 12 - 1-2, Or1-2 ; or (vii) a
saturated 3-6 membered carbocyclic ring, wherein sgid ring is substituted with 1-4 Re groups; or (viii) a
partially unsaturated 3-6 membered mono§yclle¥ rlng aving 0-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, wherein stiRstituted with 1-4 Re groups; or (ix) a partially
unsaturated 3-6 membered carboc cli rlng whergin sdld ring is substituted with 1-4 Re groups; or 0- 3
(1-127-FROEZ B saturated 4-6 membe?ea FEHRDEYERETHE HARRRY 1
heteroatorrt&dadﬁaﬁrgd@miy selected from nitrogen, oxygen, or sulfur, wherein said ring is substituted

with 1-4350 g{plg%sldependenﬂy -N(R), or an optionally substituted group selected from C,.; aliphatic, a

bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygeﬁ, or sulfur, or 4-7 membered heterocyclyl
having {-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

RS is an optionally substituted group selected from Ci. aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
ihdependenﬂy selected from nitrogen, oxygen, or sulfur; and

R’ is an optionally substituted group selected from C,¢ aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms

independentiy selected from nitrogen, oxygen, or sulfur; and

(R (IDH/ |
R”is ol ;or R* and R” are taken together with their intervening atoms to form
a safurated or unsaturated 16-22 membered ring having 2-6 heteroatoms mdependently
selected from nitrogen, oxygen, or sulfur; |
wherein the 16-22 membered ring is optionally substituted with (R™),, wherein:
p 18 an integer from | to 6, inclusive;
each occurrence of R™ is independently halogen, -OR?; -CN; -N{R%),; or an
optionally subst_ituted group sclected from C,.¢ aliphatic or C;7 cycloalkyl; and
cach R° i independenﬂy optionally substituted C;_ aliphatic;
cach occurrence of RY is independently selected from halogen, -OR®, -CN, -NQ,, -N{R®),, or
optionally substituted C;_4 aliphatic;
m is an integer from 0 fo 4, inclusive;
s is an integer from 0 to 4, inclusive; and
t1s an mmteger from O to 4, inclusive;

wherein the sum of s and t 1s non-zero.
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(xii) O(Re)i-2 ; or (xiii) a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is
substituted with 1-4 Re groups; or .,"N,1".._ 5 rrNin, ,15 Il i-(Ne)1-4 ?1-knen_4 ""--- -I (Re)i-3 """ (XxiV)
(Re)i-3 /./--"NN wherein each Re is as defined above and described herein; or (xv) a 5-membered
heteroaryl ring having 1-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur,
wherein said ring is substituted with 1-3 Re groups; or cc"N";) 7/--(Re)i-3 (1c1i)

[0010e} In another aspect, there is provided a compound of formula I:

R3

[
R4/Kn/ R1 R?'
'e) R2a
C N
H

I

or 2 pharmaceutically acceptable salt thereof, wherein:

R' and R" are independently hydrogen or optionally substituted C,¢ aliphatic, or R’ and R" are
taken together to form an optionally substituted 3-7 membered carbocyclic ring;

R* is -OH or -NHSO,R?;

R? is -N(R); or an optionally substituted group selected from Cj.7 cycloalkyl, a bridged bicyclic,
6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, br 4-7 membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each R is independently hydrogen, optionally substituted C, ¢ aliphatic, or:

two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7
membered heterocyclic ring having 1-2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

R’ is a warhead group —L-Y, wherein:

L is a covalent bond, -C(O)-, -N(R)C(O)-, -NH-, -CH;NH-, -NHCH»-NHC(O)CH>OC(O)-,
—CH;NH_C(O)-, -NHSO,-, -NHSO,CH;-, -NHC(O)CH,0C(O)-, or -SO;NH-, or a bivalent C;.
g saturated or unsaturated, straight or branched, hydrocarbon chain; and

Y is selected from the following :

(i) -CHoF, -CH,Cl, -CH,CN, or — CHzNO»; or

(if) Co. alkenyl optionally substituted with oxo, NO;, or CN, and optionally substituted
with halogen; or

(iii} Ca.¢ alkynyl optionally substituted with oxo, halogen, NO,, or CN; or

(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from

oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups; or
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Ft<NN '24LN (Re)1-2 < \I-2-1;1Re)1-2 <e (R )1-2 zt?IN -77-(Re)i-2 yO, N 111-kil -71-(Re)i-2 N
-111111,_ t(Re)1-2 0 (

(v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups; or
(R®).2 (R%)12
2/\1\&’9 Z %{\MNR QN‘%
(vi) 12

(vii) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4

12 or

R® groups; or

(viif) a partially unsaturated 3-6 membered monécyclic ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R groups; or

(ix) a partially unsaturated 3-6 niembered carbocyclic ring, wherein said ring is
substituted with 1-4 R® groups; or

0-3
/
P N Re

(x) (% \m_y ( )1"2,01'

(xi) a partially unsaturated 4-6 membered heterocyclic ring having 1-2 heteroatoms
mdependently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups; or

0 O o o)
?“N.)S ,/lk 0 ANR XLN%

e SY, Fh )

(xiiy © (R®)12 (R%)1.2 or (R%12
;or |
(xiii} a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted
with 1-4 R® groups; or
N\ N
wherein each R® is as defined above and described herein; or

(xv} a 5-membered heteroaryl ring having 1-3 heteroatoms independently selected from

nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R® groups; or
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hcar(Re)1-3 (s  (x-vii) an 8-10 membered bicyclic, saturated, partially unsaturated, or aryl ring having
0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 Re groups; or R3 and R1 are taken together with their intervening atoms to form
an optionally substituted saturated or unsaturated 12-18 membered ring having 2-6 heteroatoms
independently selected from nitrogen oxygen, or sulfur, wherein the ring formed thereby comprises
-L-Y; or R3 and a ring formed by 121 and Rh are taken together with their intervening atoms to form an
optionally substituted saturated or unsafyrated 12-18 menﬁered ring having 2-6 heteroatoms
independently seleé'zg‘fgom nitrogenmn, or sulfur,é rein the ring foﬁrxﬁthereby comprises a
warhead group; \\h':j IC(0)RE, - OR6,0 Qﬂi tural or é@fﬁamino acid
side-chain gro(spieac IS(TEFrIlSdepe d@ﬁﬁygﬁ% )2 or nopfio F%%S? substitutédgroup selected from

C1,6 aliphatic, a bridged bicyclic, 6-10;membered aryl, 5;10 membered heterggryl having 1-4
heteroatoms indepengéntly selected frr,\é\'m nitrogen, oxyygt, or sulfur, or 4-7 mgmbered heterocyclyl

having 1-2 heteroatgms,independenly Splected from %gﬁn, oxygen, or s fur:;_\rR6 is an optionally
substituted group sﬁ_e@‘edﬁﬁom C1,BalifH&ib;2a bridg%twﬁ)@,z&lo memperédaryl, 5-10
membered heteroaryl having 1-4 heterogtoms independently selected from nifyogen, oxygen, or
sulfur, or 4-7 membe{;ea‘i%eterocycly «ra\hﬁg 1-2 hetero(a{( spindependently gelegted from nitrogen,

oxygen, or sulfur; agdy _7~(r®), , TR TR N R®

S S S\ S\
< € 2 N « N
% 71, (R S _f Rz SN ROz B"KJJ R®

(xvii) an 8-10 membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nifrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R® groups;

or R? and R’ are taken together with their intervening atoms to form an optionally substituted
saturated or unsaturated 12-18 membered ring having 2-6 heteroatoms independently

selected from nitrogen oxygen, or sulfur, wherein the ring formed thereby comprises -L-

Y, or _ |
R® and a ring formed by R' and R** are taken together with their intervening atoms to form

an optionally substituted saturated or unsaturated 12-18 membered ring having 2-6

heteroatoms independently selected from nitrogen oxygen, or sulfur, wherein the ring

formed thereby comprises a warhead group;

H 7
R5YN\[)1\H:2?-

R*is H, -NHC(O)R®, -NHC(OYOR®, © R’ , or a natural or unnatural amino acid
side-chain group;

each R’ is independently -N(R), or an optionally substituted group selected from C . aliphatic, a
bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl
having 1-2 héteroatoms independently selected from nitrogen, oxygen, or sulfur;

R® is an optionally substituted group selected from Cig aliphatic, a bridged bicyclic, 6-10

membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
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R7 is an optionally substituted group selected from C1_6 aliphatic, a bridged bicyclic, 6-10 membered
aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur; and (R)m - LAN .N' W is; or R4 and W are taken together with their
intervening atoms to form a saturated or unsaturated 16-22 membered ring having 2-6 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; wherein the 16-22 membered ring is optionally

substituted with (e)p, wherein. p is an.integer from_ 1 ta 6, inclusive: each occurrenge of 12.7 is
iependerh b R B R S e e ol
aliphatic ori@BpencypoitiaicldcteddrenchitR gstindeygsmdensiyligptiadally substituted C1,6 aliphatic; each
occurrenee of 3 ndapangienilcgelssipdiRaraainene; Ot N@RaMR ALt ortinnally
substituted C14 aliphatic; m is an integer from 0 to 4, inclusive; s is an integer from O to 4, inclusive; t

is an integererabRTed e Linclisenitiedehstieasyinhaiazahd thesenoidndermeRatly isdrgsehdently
selected fromQidod¥R, NQ2eNalRaeEN, aisHilahia.baying ey selciad Tomalkemyoms |

sulphonyloxy, optionally substituted alkylsulphonyloxy, optionally substituted alkenylsulfonyloxy,
optionally sitgeatnfsatryremHehIsRAFOR RIS HHAT S 8%liphatic substituted with oxo, halogen,
NO2, or CN, wherein. Qg a bivalent C1,6 unsaturated, straight or branched, hydrocarbon chain,
wherein one & meithy Eﬁéﬁunits of Q are independently replaced by -N(R)-, -S-, -0-, -C(0)-, -
OC(0)-, REI0)0-, -SO<; o 502-, ;N{RYCH0) R EOWMIER Jo cdfR) SOR-their 1SORN{R) ataund @ fordrydrogen
or C1.6 aliphatic subtiuted i o5} dogen NQZ. 91 O 00 A B YL ARNShasRREh e S
provided a compound of formula I:™
selected from nitrogen, oxygen, or sulfur;
wherein the 16-22 membered ring is optionally substituted with (R™),, wherein:
p is an integer from 1 to 6, inclusive;
each occurrence of R” is independently halogen, -OR®; -CN; -N(R°),; or an optionally
substituted group selected from C,_¢ aliphatic or C,.7 cycloalkyl; and
each R® is independenﬂy optionally substituted C,¢ aliphatic;
each occurrence of R’ is independently selected from halogen, -OR°, -CN, -NO,, -N(R®)., or
optionally substituted C,4 aliphatic;
m is an integer from 0 to 4, inclusive;
s is an integer from O to 4, inclusive;
t1s an integér from 0 to 4, inclusive;
wherein the sum of s and t is non-zero;
cach R° is independently selected from —Q-Z, oxo, NO,, halogen, CN, a suitable leaving group
selected from alkoxy, sﬁlphonyloxy, optionally substituted alkylsulphonyloxy, optionally
substituted alkenylsulfonyloxy, optionally substituted arvisulfonyloxy, acyl, diazonium, or
Cis a_liphatic substituted with oxo, halogen, NO,, or CN, wherein:
Q is a bivalent Cy¢ unsaturated, straight or branched, hydrocarbon chain, wherein one or
two methylene units of Q are independently replaced by -N(R)-, -5-, -O-, ~-C(O})~, -
OC(0})-, -C(0)YO-, -SO-, or -S0;-, -N(R)C(O)-, -C(OIN(R)-, -N(R)SO»-, or —
SON(R)-;and
Z is hydrogen or C,¢ aliphatic substituted with oxo, halogen, NO,, or CN.

[00101] In yet another aspect, there is provided a compound of formula I:
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or a pharmaceutically acceptable salt thereof, wherein: Rl and Ri are independently hydrogen or
optionally substituted C1.6 aliphatic, or Rl and R are taken together to form an optionally substituted
3-7 membered carbocyclic ring; R2a is -OH or -NHSO2R2; 2 R is -N(R)2 or an optionally substituted
group selected from C3.7 cycloalkyl, a bridged bicyclic, 6-10 membered aryl, 5-10 membered
heteroaryl having 1-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 4-7
membered heterocyclyl having 1-2 heteroatoms independently selected from nitrogen, oxygen, or
sulfur; each R is independently hydrogen, optionally sugstituted C1.6 aliphatic, or: two R on the same
nitrogen atom are taken together with the nltrogen t@form a 4-7 membered heterocyclic ring having
1-2 heteroatoms independently selected from njtro§en, oxygen, or sulfur; R3 isa warhead group -L-Y,
wherein: L is a covalent bond, -C(0)-, -N(R)C(Q)-, -IWH-, -CH2NH-, -NHCH2-NHC(0)CH20C(0)-,
-CH2NHC(0)-, -NHS02-, -NHSOZCH:!i4 (0O)GHZAC(@+, or -SO2NH-, or a bivalent Cl_ g saturated
or unsaturated, straight or branched, hydrocgarb hapx anck¥ is selected from the following: 0 a 1
,N,CH30 CNNzry,CN 0 ON ﬁ :

O
I

or a pharmaceutically acceptable salt thereof, wherein:

R! and R' are independently hydrogen or optionally substituted C;.4 aliphatic, or R' and R are
taken together to form an optionally substituted 3-7 membered carbocyclic ring;

R* is -OH or -NHSO,R%;

R? is “N(R); or an optionally substituted group selected from Cs cycloalkyl, a bridged bicyelic,
6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each R is independently hydrogen, optionally substituted C, aliphatic, or:

two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7
membered heterocyclic ring having 1-2 heteroatoms independently selected from
- nitrogen, oxygen, or sulfur;

R’is a warhead group —L-Y, wherein:

L is a covalent bond, -C(C)-, -N(R)C(G)-, -NH-, -CHyNH-, «»NHCHZWNHC(O)CHgOC(O}—,
~CHoNHC(Q)-, -NHSO;,-, -NHSO-CH,-, -NHC(O)YCH,GC(O)-, or -SO,NH-, or a bivalent C;.
g saturated or unsaturated, straight or branched, hydrocarbon chain; and

Y is selected from the following:

B0 b e e

6]

a _ b ¢ d e f
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-t  Utt zzzzaaaaabbbbbccccc or ddddd wherein each Re is independently selected from
halogen, or R3 and RI are taken together with their intervening atoms to form an optionally substituted
saturated or unsaturated 12-18 membered ring having 2-6 heteroatoms independently Page 3v of 185
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selected from nitrogen oxygen, or sulfur, wherein the ring formed thereby comprises -L-Y; or R3 and a
ring formed by RI and RI' are taken together with their intervening atoms to form an optionally
substituted saturated or unsaturated 12-18 membered ring having 2-6 heteroatoms independently
selected from nitrogen oxygen, or sulfur, wherein the ring formed thereby comprises a warhead group;
0 R4 is H, -NHC(0)R5, -NHC(0)OR6,0RT, or a natural or unnatural amino acid side-chain group; each
R5 is independently -N(R)2 or an optionally substituted group selected from C16 aliphatic, a bridged
bicyclic, 6-10 membgred aryl, 5-19! membered heteroaryl hav&pg 1-4 heteroatoms independently
selected from ni n, oxydésN or ulfg{i, or 4<7-mnembereghée ro&yclyl h ﬁﬁi-zeheteroatoms
independently sgl‘iec dm ﬂzgg}l- ygen, o Nulfur; is4n optio ES Stituted group selected
from C1.6 alipﬁatic!\‘a bridged bicyclic, 6-180"membered aryl, 5-10 memb ed%eteroaryl having 1-4
heteroatoms independently selected from nitrogdii, oxygen, or sulfur, or 4-7 membered heterocyclyl
having 1-2 heteroatopys independgptly selecte Jtrom nitrogen, oxygen, orgplfur; and R7 is an
optionally substituted group selected from C1.6 aliphatic, a bridged bicyclic, 6-10 membered aryl, 5-10
membered heteroapyltaving 1-4 hetéoatoms i endently ted from et en, gxygen, or sulfur,
or 4-7 membered Ej@yﬁ%ﬁ ha 1ng/1N2 heterﬂgt Rideperidently §éle tégr%ﬁr%trogen, oxygen,
or sulfur; and 0 \A2WTt; or R re take¥ together witr;r'zthensintervenf%l'g atoms to form a '
saturated or unsaturated 16-22 membgred ring having 2-6 heteroatoms independently selected from
~ nitrogen, oxygen, or r!}fur; wherein the 16-22 bered ring is optionally substituted with (np,
wherein: p is an inteég from Ito 6 fficlusive; e%ccurrencé’eﬁf R'is ind éeundently halogen, -OR;
-CN; -N(R)2; or an gptionally subgtituted group selected from C%‘.@ aliphatic or C3_,7 cycloalkyl; and
E% eg%

each R is indepepeditly optio substitutedhC T aliphatic;jPage 3w offl occurrence of R.
is independently §elegted from! haldger, -O /-NQ2,
% N z

. iopélly substituted C1.4
aliphatic; -
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m is an integer from O to 4, inclusive; s is an integer from O to 4, inclusive; t is an integer from 0 to 4,
inclusive; and wherein the sum of s and t is non-zero. 10010g]In a further aspect, there is provided a
compound of formula I: ,Ftz 0 or a pharmaceutically acceptable salt thereof, wherein: R1 and RI' are
independently hydrogen or optionally substituted C1.6 aliphatic, or R1 and R1' are taken together to
form an optionally substituted 3-7 membered carbocyclic ring; R2a is -OH or -NHSO2R2; R2 is -N(R)2
or an optionally substituted group selected from C3.7 cycloalkyl, a bridged bicyclic, 6-10 membered
aryl, 5-10 membered heteroaryj;having 1-4 heteroatoms independently selected from nitrogen,

oxygen, or sulfur, ©r 4-F memblred heterogyglyl having 1-2 hstematoms independently selected from
nitrogen, oxygen.nor sulfur; [ach/ ISTeependen ge@eﬁmub itujed C1.6 aliphatic, or:
two R on the sarme trogé’hza & are taker?toge her with tH;nftrdgen to fo
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wherein each R® is independently selected from halogen,
or R and R' are taken together with their intervening atoms to form an optionally substituted

saturated or unsaturated 12-18 membered ring having 2-6 heteroatoms independently
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membered heterocyclic ring having 1-2 heteroatoms independently selected from nitrogen, oxygen, or
sulfur; R3 is selected from: Me ON 0O a Page 3x of 185 rs 000 -LI'i0);1/42-0)C-7 vwxY Et00 00

selected from nitrogen.oxygen, or sulfur, wherein the ring formed thereby comprises -L-
Y; or

R? and a ring formed by R' and R" are taken together with their intervening atoms to form
an optionally substituted saturated or umsaturated 12-18 membered ring having 2-6
heteroatoms independently selected from nitrogen oxygen, or sulfur, wherein the ring

formed thereby comprises a warhead group;

H 0
5 .
H
RT

‘R*is H, -NHC(O)R®, -NHC(O)OR®, ©

, Or a natural or unnatural amino acid
side-chain group;

each R is independently -N(R), or an optionally substituted group selected from Cy aliphatic, a
bridged bicjfclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl
having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

R® is an optionally substituted group selected from Ci¢ aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; and

R’ is an optionally substituted group selected from Cj¢ aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having [-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms

independently selected from nitrogen, oxygen, or sulfur; and

= o O
R*is oo

a saturated or unsaturated 16-22 membered ring having 2-6 heteroatoms independently

: or R* and R” are taken together with their intervening atoms to form

selected from nitrogen, oxygen, or sulfur;
wherein the 16-22 membered ring is optionally substituted with (R™),, wherein:
p is an integer from 1 to 6, inclusive;
each occurrence of R™ is independently halogen, -OR®; -CN; -N(R®),; or an
optionally substituted group selected from C, aliphatic or Cs7 cycloalkyl; and
each R° is independently optionally substituted C,.4 aliphatic;
Page 3w of 185
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each occurrence of R is independently selected from halogen, -OR®, -CN, -NO,, -N(R®),, or
optionally substituted C;.4 aliphatic;
m is an integer from 0 to 4, inclusive;
s is an integer from 0 to 4, inclusive;
tis an integer from 0 to 4, inclusive; and
wherein the sum of s and t is non-zero.
[0010g] In a further aspect, there is provided a compound of formula I:
o) R

R3

N
R"/%( R R
O Xﬂ/ RZa
O N
H

I
or a pharmaceutically acceptable salt thereof, wherein:
R' and R" are independently hydrogen or optionally substituted C,.¢ aliphatic, or R! and RV are
taken together to form an optionally substituted 3-7 membered carbocyclic ring;
R* is -OH or -NHSO,R%
R? is -N(R), or an optionally substituted group selected from C;.7 cycloalkyl, a bridged bicyclic,
6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyelyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur;
each R is independently hydrogen, optionally substituted C,.¢ aliphatic, or:
two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7
membered heterocyclic ring having 1-2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;
R® is selected from:

: Me
—~ O CN H ;{\/H L,?l/\/;\!;
~ S T b g e
8 O O
a b e d
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0 OMe iiitit1111141141414VVVVVVWWWWWWXX.VCXX Or yyyyyy wherein each Re is
independently halogen, NO2, CN, oxo, or a suitable leaving group selected from alkoxy, sulphonyloxy,
optionally substituted alkylsulphonyloxy, optionally substituted alkenylsulfonyloxy, optionally
substituted arylsulfonyloxy, acyl, or diazonium. 0 R4 is H, -NHC(0)R5, -NHC(0)OR6,, or a natural or
unnatural amino acid side-chain group; each R5 is independently -N(R)2 or an optionally substituted
group selected from C1.6 aliphatic, a bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl
having 1-4 heteroatomsdndepen@ggtly selecteg from ni[—gggen, OXygeR, or Su|fl@’H30I’ 4-7 membered
heterocyclyl having 1-2/heteroatyms independently selgcted fr mn@wxygen, or sulfur; R6 is an
optionally substitdted Wroup selecteeHront C_6 aliphatic, @ridgedibicyclic, 6-18Membered aryl, 5-10
membered heteroaryldthving 1-4 heteroatonidfifrlependently selectééHéihiitrogen, oxygen, or sulfur,
or sulfur; and R7 is gn optionally syibstituted grogp selected frog1 C16 aliphatic, a bridged bicyclic, 6-10
membered aryh%b% d petergaryk.bavi > heﬂ%@aﬂn{;in ré&r%l&sﬁelected from
nitrogen, oxygen, or s ,0r4-7m ered heter lyrhating 1-2 héte@atdms independently
selected from nitrogen, oxygen, or sulfur; and )0 (RN J-rr' R." is)t; or R4 and R." are taken together

with their intervepinag:atams to form asatrated oppdwaturated o2 membggggyring having 2-6
heteroatoms independently selected from Bitrogen, oxygen, or sulfur;

O CH
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wherein the 16-22 membered ring is optionally substituted with (In, wherein: p is an integer from | to 6,
inclusive; each occurrence of Rm is independently halogen, -OR: -CN; -N(R)2; or an optionally
substituted group selected from C1_6 aliphatic or C3_7 cycloalkyl; and each R is independently
optionally substituted C1,6 aliphatic; each occurrence of RY is independently selected from halogen,
-OR, -CN, -NO2, -N(R12, or optionally substituted CIA aliphatic; m is an integer from O to 4, inclusive;
s is an integer from O to 4, inclusive; and t is an integer from O to 4, inclusive; wherein the sum of s and
t is non-zero. 10010h]In 6notper aspect, there is provided a cog;pound selected from the group

consistir%go f 1-11-21:3] Page 3ad ofl185 oo~ A, 1A OD
H o | S\}—F 5

47774 _ HuuBBU VovVRY WWWWWW XXXXXX Of  yyywyy

wherein each R° is independently halogen, NO,, CN, oxo, or a suitable leaving group selected

from alkoxy, sulphonyloxy, optionally substituted alkylsulphonyloxy, optionally substituted

alkenylsulfonyloxy, optionally substituted arylsulfonyloxy, acyl, or diazonium.

. H 9

R5\[rN\')‘\H:??-

R*is H, -NHC(O)R’, NHC(O)OR®, © R’ , or a natural or unnatural amino acid
side-chain group;

each R’ is independently -N(R), or an optionally substituted group selected from C; aliphatic, a
bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl
having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

R® is an optionally substituted group selected from Cp aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; and

R’ is an optionally substituted group selected from Cj, aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected

from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms

independently selected from nitrogen, oxygen, or sulfur; and

= . O

®Re || N4
z - T i ~
R 15 t

a saturated or unsaturated 16-22 membered ring having 2-6 heteroatoms independently

; or R* and R” are taken together with their intervening atoms to form

selected from nitrogen, oxygen, or sulfur;
wherein the 16-22 membered ring is optionally substituted with (R™),, wherein:
p is an integer from 1 to 6, inclusive;
each occurrence of R™ is independently halogen, -OR®; -CN; -N(R®);; or an

optionally substituted group selected from C,.¢ aliphatic or Cs.7 cycloalkyl; and
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each R® is independently optionally substituted Cy.4 aliphatic;
each occurrence of RY is independently selected from halogen, -OR®, -CN, -NQ,, -N(R®),, or
optionally substituted C;4 aliphatic;
m is an integer from 0 to 4, inclusive;
s is an integer from 0 to 4, inclusive; and
t is an integer from € o 4, inclusive;
wherein the sum of s and t is non-zero. 7
[6010h] In another aspect, there is provided a cofnpound selected from the group

consisting of:
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1-551-56 1-571-58 Page 3aj of 185 or a pharmaceutically acceptable salt thereof. [00101]In yet
another aspect, there is also provided a composition comprising a compound of the above-mentioned
aspects, and a pharmaceutically acceptable adjuvant, carrier, or vehicle. [0010j]In a further aspect,
there is provided a conjugate of the formula Cys159-linker- inhibitor moiety, wherein the Cys159 is
Cys159 of HCV protease. [0010k]In another aspect, there is provided a conjugate of the formula
Cys16-linker- inhibitor moiety, wherein the Cys16 is Cys16 of HCV protease. 1001011In yet another
aspect, there is provided the use of a compoung of the above- metnioned aspects or a composition
thereof in the manhufacture of a medicament for jihibiting Hcv%se, or a mutant thereof, activity in
a biological sa@gor in a patient. [OOlOm]In,a er aspect,the Tsfp?ovided the use of a
compound of the alig#2- mentioned aspectsoor a composition thereof ip the manufacture of a
medicament for trea anJﬂCoVCpg,otease me ate.d d @raer in ag_;le
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BRIEF DESCRIPTION OF THE DRAWINGS 10011]Figure 1 depicts a mass spectroscopic analysis of
HCV NS3/4A wild-type protease in the presence of test compound 14. 100121Figure 2 depicts a mass
spectroscopic analysis of HCV NS3/4A wild -type protease in the presence of test compound 1-25.
10013]Figure 3 depicts a mass spectroscopic analysis of HCV NS3/4A protease. [00141Figure 4
depicts a mass spectroscopic analysis of HCV NS3/4A mutant D168V protease in the presence of test
compound 1-11. [0015]Figure 5 depicts a mass spectroscopic analysis of HCV NS3/4A mutant A156S
protease in thegoresence of test compoung I-11. [001611Figure 6 depicts a mass spectroscopic
analysis of NS3/4A mutant R155kKgrotease in the presence of test compound I-11. [0017]Figure
7 depicts a Syspgctroscopic analy CV NS3/4A mutant A156T protease in the presence of
test compound 1- 1I 100181Figure 8 depi tsﬂfﬁat the NS3 internal self-cleavage products are inhibited
by treatement of replicon gells wjth Compoun@.1-47 for 16 Q)ogrs [0019]I9)g @- epicts an irreversible

covalent |nh|b|'gor glc 9 ikf)@f NS3 proté?ag@m, NJSW H o) o 0
ig o oﬁyﬂ\,)§ ) <?f£ 7

O/ NH \N/
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demonstrates prolonged inhibition of NS3 protease activity in the wild-type replicon cells, as measured
by self-cleavage, after the compounds are removed. [0020]Figure 10 depicts an irreversible covalent
inhibitor (compound 1-25) of NS3 protease demonstrate prolonged inhibition of NS3 protease activity
in the wild-type replicon cells, as measured by self-cleavage, after the compounds are removed.
DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS I. General Description of Compounds of
the Invention: 10021]In certain embodiments, the present invention provides a compound of formula I:
WO 2009/082701PCT/US2008/0877 l. or a pharmaceutically acceptable salt thereof, wherein: RI
and Ri' a@tﬁpendently hydrogen %na ly substituted C1,6-afiphatic, or Rl and 121" are taken

together t aryoptionally substitfited embered carbocyglig/ring; R2a is -OH or -NHSO2R2;
R2is -N(R)2 or % optlonally substituted gro electedofrgna, C3f/ e 'g yI a bridged bicyclic, 6-10
membered aryl, 55 edoheteroaryl hmggn o%oms indePendently st;elecged from
nitrogen, oxygen, t'rr emlqgareh‘i te Iyt having 1-2 hetérq tokhs doaoendently
selected from pidr e'?l or sulfur Risi ep éh, dptj ﬂ?y suBstituted

h*the fitrogen to form a 4-7

endently dr g
CL1..6 aliphatig; ort_two R n the same ni rogen tom are taken togeth&f r Vi
frgm nitrogen, oxygen, or

membered heterocyclic ring having 1-2 hetere s independently
sulfur; R3 is a wafhe

group, or:

1-28 I-29 1-39
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and Rl are taken together with their intervening atoms to form an optionally substituted saturated or
unsaturated 12-18 membered ring having 2-6 heteroatoms independently selected from nitrogen
oxygen, or sulfur, wherein the ring formed thereby comprises a warhead group; or R3 and a ring
formed by R' and RI' are taken together with their intervening atoms to fol in an optionally substituted
saturated or unsaturated 12-18 membered ring having 2-6 heteroatoms independently selected from
nitrogen oxygen, or sulfur, wherein the ring formed thereby comprises a warhead group; WO
2009/082701PCT/US2008/087736 R4 is H, -NHC(Q®RS, -NHC(0)OR6,0R7, or a natural or unnatural
amino acig=side-chain group; each R5 is indgpende -N(R)2 oryam, optionally substituted group
selected f% .6 aliphatic, a bridged blcyéhtw 6- embered -1Q membered hetcroaryl
having 1-4 he er%toms independently sele@ted from nlgo%eq oxygen stulfur or 4-7 membered

‘heterocyclyl havifig-1-2 betergagoms independently %el teg’from nltroge Xygenaogsylfur; R6 is an
optionally subsﬂtu% d from |€| 8'aligh ﬁbrﬁ@ed blcycllz‘ig\ﬁgj yéred aryl, 5-10

membered h&{gmaisyg aviig fi1-4 e)jo‘qfoms"?mepe entIy selectg fﬂo\rp@l ogen, bxygen, or sulfur,
or 4-7 me dheter 1-2 het ms independently elécted fro nitrogen, oxygen,

or sulfur; R7is an opn%%ally substituted group elected from C1.6 aﬁ)haotlc a bridged bicyclic, 6-10

membered aryl, 5-1®mgmbered heteroarylwhaw 1-4 heteroatoms indepengently selected from
nitrogen, oxygen, or suffur, or 4-7 membered heterocyclyl having 1-2 hetefoatoms independently
selected from nitrogeni-@%ygen, or sulfur; and 0 (R¥)AIN4 Fe isit\ j or R4 and RI ake3thken together
with their intervening atoms to form an optionally substituted, saturated or unsaturated 16-22
membered ring having 2-6 heteroatoms independently selected from nitrogen, oxygen, or sulfur; each

1-46 I-41 1-42

I-43 I-44 1-45
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wherein the sum of s and t is non-zero. 2. Compounds and Definitions: [00221Compounds of this
invention include those described generally above, and are further illustrated by the classes,
subclasses, and species disclosed herein. As used herein, the following definitions shall apply unless
otherwise indicated. For purposes of this invention, the chemical Page 5 of 185 WO
2009/082701PCT/US2008/087736 elements are identified in accordance with the Periodic Table of the
Elements, CAS version, Handbook of Chemistry and Physics, 75th Ed. Additionally, general principles
of organic chemistry are described in Organlc Chemistry”, Thomas Sorrell, University Science Books,
Sausalit 9, and "March's Advancéd Organic Chemistry", d Ed.: Smith, MB. and March, J.,
John Wi%ons, New York: ZOO@E:},entlre contents of wh re hereby incorporated by
reference. The term "aliphatic” atic group”, as used e\é’n means a straight-chain (i.e.,
unbranched) or §ranched, substituted or un:substltuted hydrocarbon ctfain that is gompetely saturated
or that contains gné, or mo° Gipits of unsatugation, r & Mghocyclic hyd C hisyclic
hydrocarbon th m "etéil/y\@turated QL%W ifs ong or rgoregjwkts f u ration, but which
is not aromatic ﬁl\s;ﬁ;ie‘fer d to herein aﬁs’ cycley," "cycloallpha ic"3 or "byclo Ryl"}, that has a
single point Q atta ‘iiment to the rest em & Unless otherwise 3pe led, allphatlc groups
contain 1-6 aliphatic carbon atoms. In Some-=®mbodiments, aliphatic gre contain 1-5 aliphatic
carbon atoms. In other'embodiments, aliphatie’'groups contain 1-4 aliphatic carbon atoms. In still other
embodiments, aliphatig ggoups contain 1-3 aliphagig£arbon atoms, and in ygggther embodiments,

_ aliphatic groups contain 1-2 aliphatic carbon atoms. In some embodiments, "cycloaliphatic” (or
"carbocycle" or "cycloallyl") refers to a monocyclic C3-C6 hydrg bon that is completely saturated or
that contains one or more units of unsaturation, but WEICh is not atic, that has a single point of

attachment to the rest of the molecule. Suitabl groups inc udg but are not limited to, linear or
branched, substituted or unsubstituted alkyl, a ynyl groups an brlds he\g/eof such as
(cycloalkyhalkyl, (cyeloat I)aIkyI or (cycloal lkenyj. [0024]As useu. A i%yn "bridged
bicyclic" refers to afty bicycfic rin stem, i.e, cadrbdcy, |cHor\ﬁéterocyC| saturgted or partially
unsaturated, havmgz:aﬂ\eé?ﬁ 0 e%;%ge%sﬁde‘fgéd by Eﬁs

UPAC, a "bridge™is an Unbranched chain of
atoms or an atom.or bonaié’onnectlng o bridgeheads, where a "hritigehead" is any skeletal
atom of thehﬁ y énrwhich is bonded to Mr more skeletal a@s (exchuding hydrogen). In
some embodi nts a bridged bicyclic grou 7-12 ring members-&nd 0-4 heteroatoms
independently selecteg.fi®m nitrogen, oxygen, ofsigfur. Such bridged bicyqliggroups are well known
in the art and include those groups set forth below where_each group is attached to the rest of the
molecule at any substitutable carbon or nitrogen atom.Urless otherwise specified, a bridged bicyclic
group is WO 2009/082701PCT/US2008/087736 o tm substituted with one or more substituents

as set forth for aliphatic groups. Additignally or alternatively, %y%gubstitutable nitrogen of a bridged
bicyclic group is optionally substituted. Exen \)gge(ﬁL s include:
k "
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Ci..."37,0NH S [0025]The term "lower alkyl" refers to a C1.4 straight or branched alkyl group.
Exemplary lower alkyl groups are methyl, ethyl, propyl, isopropyl, butyl, isobutyl, and tert-butyl.
[0026]The term "lower haloallcyl" refers to a CIA straight or branched alkyl group that is substituted
with one or more halogen atoms. [0027]The term "heteroatom” means one or more of oxygen, sulfur,
nitrogen, phosphorus, or silicon (including, any oxidized form of nitrogen, sulfur, phosphorus, or silicon;
the quatemized form of any basic nitrogen or; a substitutable nitrogen of a heterocyclic ring, for
example N (as in 3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or NR 1 (as in N-substituted
pyrrolidinyl)). [0028]The term "unsa ed," as used herein, means that a moiety has one or more
units of unsaturation. WO 2009/08 PET/S2008/087736 [0029]As used herein, the term "bivalent
C1.5 (or C14 saturated or unsaturated, stra ht or branched, hydrocarbon chain”, refers to bivalent
alkylene, alkenylene, and alkynylene chaln tare stragggt or branched as defined herein. [0030]The
term "alkylene" refers to a bivalent aIkyI gro ,@»ﬁe{faln isa
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polymethylene group, i.e., -(CH2),-,-, wherein n is a positive integer, preferably from | to 6, from | to 4,
from 1 to 3, from 1 to 2, or from 2 to 3. A substituted alkylene chain is a polymethylene group in which
one or more methylene hydrogen atoms are replaced with a substituent. Suitable substituents include
those described below for a substituted aliphatic group. [0031]The term "alkenylene" refers to a
bivalent alkenyl group. A substituted alkenylene chain is a polymethylene group containing at least one
double bond in which one or more hydrogen atoms are replaced with a substituent. Suitable
substituents include those described below for a substitetted aliphatic group. [0032]As used herein, the
term "cyclopropy N '
"halogen" means
“aralkyl," "aralkog

& anlkyl," refers to monocyclic or bicyclic ring systems having a total of five
r)zg/fbherein at least ong ring in the systé?’n ' arom@ticand%@rein each ring in
the system con S @Qj\ 1
"aryl ring." [00 N lon br\a;s;part of a larger ¥oi ity a ‘in "dralkyl" "aralkoxy," or
-aryloxyalkyl," réferssto meinocycliccand bicyCclic ridg systegsﬁravinjg\a total af five to 10 ring members,
wherein at least one r\yy’rg’m He gystem js aromatic and whierein éacﬁ)ring irf the system contains three
to seven ring membefs. Theterm."dryl" may be used interchange by with the term "awl ring”. In
certain embodiments of the pr%sent invention, "aryl" refers to an gromatic ring system which includes,

embers The "aryl" may be{used_intérc ly with the term

but not limited to, phenyl, bi [, naphthyl, anthracyl and the likg;~which may bear one or more
substituents. Also included within the scope of the term "aryl," as it is used herein, is a group in which
an aromatic ring is fused to opggr more non-aromatic rings, such asgugganyl, phthalimidyl,
naphthimidyl, phenanthridinyl, or tetrahydronaphthyl, and the like. WO

. €.9., "heteroarallcyl,” or "hetereatalkgxy,;srefer to groups having 5 to 10 ring
or 9 gng atoms; having 6, 10, or 14 it efectrons shared in a cyclic array; and
o: b@ atoms, from one to five heteroatéins. The term chetgroatom" refers to
nitrogen, oxygen, or sulfug and includes any-pxidized form of ngggggn(dﬂ sulfur, &fd any quatemized
o (O . N .
form of a basic nitrogen. Héteroaryltgroups ingldde, without limitagjon;Tthie yl, fﬁraﬁmpyrrolyl,
imidazolyl, pyrazolyl, triazol f oﬁzd&isoxazolyl&b@cﬂaz@lyl, hiazolyl, iSothiazolyl,
thiadiazolyt, pyridyl, pyridazinyl, pyrimi fnyl, pyrazinyl, in@mfzingl, p@rinyl, Aaphthyriclinyl, and
pteridinyl. The termsgdetergaryd’ and hetcroar-", as used herein, also include groups in which a
heteroaromatic ring is fused.to one or more aryl, cycloaliphatic, of heterocyclyl rings, where the radical
or point of attachment is on the heteroaromatic ring. Nonlimitigtg examples include indolyl, isoindolyl,
benzothicnyl, benzofur enzofuranyl, indazolyl, benzimidazolyl, benzthiazolyl, quinolyl,
isoquinolyl, cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, 4H-quinolizinyl, carbazolyl, acridinyl,
phenazinyl, phenothiazinyl, pherde&bzinyl, tetrahydroquinolinyl, ter@&ydroisoquinolinyl, and
pyrido[2,3-b]-1,4-exazin3(4H)-one. A heteroaryl group may be mono- or bicyclic. The term -heteroaryl"
may be used interchangeably with the tel ins "heteroaryl ring," "heteroaryl group,” or "heteroaromatic,"
any of which terms aclisde ysings that are optionally substituted. The tem, "heteroaralkyl" refers to an

alkyl group substituted by & heteroaryl, wherein the and heteroaryl portions independently are
e
abl

optionally substituted. [00§f7,1As userg hegeiRthe ter rocycle," "heterocyclyl," "heterocyclic
radical," and "heterocyclic ring' intefchan er to a stable 5- to 7-membered
monocyclic or 7-10-memperel bi ic heterocyghc moiety thgf is either saturateg or partially

v

unsaturated, and havingN ition toycarbon atoms, one or m%%?‘grab ongd@ four,

heteroatoms, as defif&d above®When'used in reference to a ri "héperosycle, the term
"nitrogen” includes a substiti4ed nitrogen. As an example, inF? safurated of partially Yinsaturated ring
having 0-3 hcteroatoms seledted from oxygen, sulfur or giseoger; the nitrogen may be N (as in 3,4-
dihydro-2H-pyrrolyl), s ifPpyrrolidinyl), or NR (as in N-substituted pytrolidinyl). [00381A
heterocyclic ring can be attached to its pendant group at any hetgroatom or carbon atom that results in
a stable structure and any of the ring atoms can be optionally substituted. Examples of such saturated
or partially unsaturated heterocy& radicals include, without =~ **
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Page 9 of 185 WO 2009/082701PCT/US2008/087736 Limitation, tetrahydrofuranyl,
tetrahydrothiophenyt pyrrolidinyl, piperidinyl, pyrrolinyl, tetrahydroquinolinyt, tetrahydroisoquinolinyl,
decahydroquinolinyl, oxazolidinyl, piperazinyl, dioxanyl, dioxolanyl, diazepinyt, oxazepinyl, thiazepinyl,
rnorpholinyl, and quinuelidinyt. The teluis "heterocycle,” Theterocyclyl," "heterocyclyl ring,"
"heterocyclic group,” "heterocyclic moiety,"” and "heterocyclic radical," are used interchangeably herein,
and also include groups in which a heterocyclyl ring is fused to one or more aryl, hetcroaryl, or
cycloaliphatic rings, such as indolinyt, 3H-indoly1, chrsranyl, phenanthridinyt, or tetrahydroquinotinyt,
where the radical or point of attachment is on the hé cyelyt ring. A heterocyclyl group may be
mono- or bicyclic. The term "heterocyclylalkyl" refers’to an a&lkyl@roup substituted by a heterocyclyl,
wherein the alky, heterocyclyt portions indeperrdently arel/optionally substituted. 100391As used
herein, the term%y unsaturated"” refers to a ring moiety ' Iee%;,@ne double or triple
bond. The terme’par ially aturated" is intended to encompass ri | rﬁﬂ% sites of
unsaturation, but is not infended to include aryl or hcteroarylmoiéties) as héreir defined. [0001]As

used herein, the phrase "nz | amino cid%igba-chain %p%ub'" ‘ % thg side- chain group of any of
~ the 20 amino acids naturally o HYONF t8ins. Such natural ami Cids include the nonpolar, or

hydrophobic amino acidsy glyCinegala iheMVvaling leucine isoleuging; methionine, phenylalanine,

tryptophan, and prolgg- Cysteipe is sgimetimes classified as nor?p ar or hydrophobic and other times

as polar, Natural amino aciéj\s a Clude polar, or hydrophilic amino acids, such as tyrosine, serine,
threonine, aspartic acid (also%known as aspartate, when charged), glutamic acid (also known as
glutamate, when charged), aspara 'ge, and glutamine. Certair& pigé%r, or hydrophilic, amino acids have
charged side-chains. Such chargéd amino acids include lysine, arginine, and histidinc. One of ordinary
skill in the ephevouleutcainizedrablorotetioncdf a polar or hydrophilic amino acid side-chain can

render tthqﬁ@{pino ac'hgj1 ryﬂ%ﬂ%ﬁhgo%%@%erg ?;Sjitg@y B{&;%% dJ%Q&?(%R%WOMAI%@H% can render

that tyroine nonpolar an rophobic by virtue of protecting the hydroxyl group. [0040]As used herein,
the phrasenesndor dhaaheis derisigedcisansiorong s referaecicaiteiceprinbl§radi wihrecacids not
included,in, thg.list of 20 amino acids naturally occuring in proteins, as described above. Such amino
acids include the D-isomer of any of the 20 naturallg occuring amino acids. Unnatural amino acids also

include H8H&erine, BriithirBCHEMEtcils IRy KN CoMNer G s AP arHiad-aeidsdidktnains are
well knowsRReRERriinas:Hskl AO-200842827 8L RET/ LherAAE/087736 in the art and include

unnatural aliphatic side chains. Other unnatural amino acids, include modified amino acids, including
those thmﬁ%m-mkyi[atéa?%vaa@&?bﬁ%%fﬁwéryrafeé?%ée?ﬁa&af%ﬁﬁas?e@%%ébﬁnsf}&nféd, and
the like.iinisameremebocinesisiaryRraliaamifaEnithisedsisomer. In some embodiments, an
unnatur ino acid is a L-isomer. 100411As described herein, compounds of the.invention may
contain IATLhaly s SsTEi R NS 1 G AT PR Tt B e G RTHE BFCABIER by the
term "optiemathddorspetisnoe ans thadsitien ghenareihyteagensaftthe cesigndiachnroiéy atebigpiaced with
a suitablg ybetiuent. Uniess, athenvise indialed: an. eRipnaliy substiued:, group may have a
suitable SUBSHTUSNHT At each SUbStRUtab(E pogtlon of%g group, and w &l more than one position in
any givdfid®odture nlayzbégbbstitipted, witrensretiradednthsubsstitfentosipotad frdntha spetified
group, e JHOSHYENLMAY e GRS NG SRS Qn diterent AL AR Y MOSIURN, S RIPAlansOl,
substituents envisioned by this invention are preferably those that result in the formation o% stable or
chemicdll feassilsies corpiolsddisaTHer iarmpasaible,” as used herein, refers to compounds that are not
substantially altered when subjected to conditions to allow for their production, detection, and, in
certain embodiments, their recoveriy, urification, and use for one or more of the purposes disclosed

herein. 10042]Suitable mono% FREntd G QEHERIBANA S atom of an "optionally
substitujggi grouprgrendeRsrdenti Raledens el ARtRis-CEHEN KR4 I HPE prBrease in
(CH2)0-4C(0)0R; -(C1:12)0CH(OR)Z2; -(CHAASR; -(CH2)0A4Ph, which may be substituted with R;
-(CH2)OEWE?PP2fG_OfI5‘F‘?WHTBHOr‘h%ﬂ/)ije substituted with R; -CH=CHPh, which may be substituted with
R; -(CH2001 40(CH230rPy delyicwhiehnsn aycbesubsiitutat vidtBHANORS 3AN; wiNd:tyfe I)RANR)2;
-(CH2)oA4N(R)C(0)Ra; -N(Ra)C -(CH2)0A4N(R)C(0)NR2; -N(R)C(S)NR2; -(CH2)A4N(R)C(0)0R;
-N(R)N(fi‘j’é’(ﬁi%{?’ﬁx?gij’ﬂ@éjﬁi% *>N(R)N(R.)C(0)OR, -(CH2)0-4C(0)R; -C(S)R: -(CH2)0AC(0)OR;
-(CH2)0A€18) SR; ¥{gih2 Podeplc(0) AR Ip (GO () Ris-AT{ONCHR)OASR<aSC(S)SR;
-(CH2)0A45C(0)R; -(CH2)04C(0)NR2; -C(S)NR2; -C(S)SR; -SC(S)SR, -(CH2)0_40C(0)NR2;
-C(0)N(OR"R; -C(0)C(0)R% -C(0)CH2C(0)RP4atN@IRIRS5(CH2)0-4SSR; -(CF12)04S(0)2R,
-(CH2)0-4S(0)20R, -(C1-12)0-A0S(0)2R; -S(0)2NR2; -(CH2)A4S(0)R; -N(R)S(0)2NR2; -N(R)S(0)2R;
-N(OR)R; -C(NH)NR2; -P(0)2R; -P(0)R2; -OP(0)R2; -OP(0)(OR)2; SiR3; -(ClI straight or branched
alkylene)O-N(R)2; or -(CIA straight or :



WO 2009/082701PCT/US2008/087736 branched alkylenc)C(0)0-N(R)2, wherein each R may be
substituted as defined below and is independently hydrogen, C4_6 aliphatic, -CH2Ph, -0(CH2)0_111h,
-CH2-(5-6 membered heteroaryl ring), or a 5-6-membered saturated, partially unsaturated, or awl ring
having 0-4 hetcroatoms independently selected from nitrogen, oxygen, or sulfur, or, notwithstanding
the definition above, two independent occurrences of R, taken together with their intervening atom(s),
form a 3-12-membered saturated, partially unsaturated, or awl mono- or bicyclic ring having 0-4
heteroajms indepgndently, selactad,lom piraden, Axyden, I sifusywRighmay.he substikied as
defined below. 10043]Suitable monovalent substituents on R (or the ring formed by taking two
indeperideisegctuilie neessnsr Rittsgeenerani thék intervening atoms), are independently halogen,
(CH2)0083816. GRS EHRIANL (ERIRR0BIcAEHZIE POV(XIZA AbAIGRA SEN, -N3.
-(CH2)0_2C(0)1:1",-(CH2)0_2C(0)0H, -(CH2)0_2C(0)0R', -(CH2)042SR", -(CH2)0-2SH,
-(Cf12)rofgrss in-tesyernsripfiest cempyvrdNRI2, -NO2, -Si11."4, -0SiRe3, -C(0)S13."1 -(C1_4
straightjgpfgpncheg @k yieag)e(Q)PRiaQr sRolssuhsseinsash R imovsnisstiuteshamwherssareceded

by "halo" is substituted only with one or more_halogens, and is independently selected from Ci,"4
aliphati® s Ph OPESERRsAB et FPaiielildered saturated, partially unsaturated, or awl ring
having @edingtcropienms indepandentheseleetachitopicnitraben orYGEN, DISSuiur nfiitablel dalent
substituents on a saturated carhon atom ofcﬁjrfglude =0 and S. 100441Suitable divalent substituents
ona saﬁjf)é?%%f&%}%%ﬂrgﬁg}ﬁeo‘? éﬁshg%lgﬁgﬂy substituted" group include the following: =0, S, =2,
=NNHC{@)18jt, =NfighE{ 030 Repici N kS ()2 123 3 - aNRia = NOR eaO{ G RI2MNRB 0ayonaBildd* 2)) 2 3S-,
wherein each independent ocgurr of R. S f hydrogen, C1_6 aliphatic which may be
substitu?é::g{%%leé]g .rgé%}’%%e‘?&%? oig%ﬂﬁ%ﬁggﬁ?lﬁ?ﬁ 1:rl%%eqr{n L%}Sr'ed saturated, partially unsaturated, or
awl ring[feifhg O-Figueectobapnis indepesrdibitlyoselentanhitotr iiwogennddyen IoNSafupt@eitable
divalent i .10 Vieiahs [ r ., opti ituted" group
include:d-%o C%;{&Af% %%ég%&v%%%fgﬁh@gé %i\rggézge%(%% %%ﬁ%%e%f%%@%c%%ﬁf%ﬁgﬁ%r%gg‘aen, C16
aliphatienstietshbaystié dapatateticashd smpgwslowe serapvassubstituted 5-6-membered saturated,
partiallyyfituraiggypL ?ﬁyaggﬂ&%viﬁe&fﬁmgt@wﬁmﬁﬂm%mﬁﬁabﬁéqt%se&m pHttegen,
oxygen, or sulfur. WO 2009/082701PCT/US2008/087736 [0045]Suitable substituents on the aliphatic
group of REIREdfemaloRisd, ubiRRIGRMNS IO EeR actithidR)heonilde pyorp ieqn)eshs; NH2,
-NHR, -NR:?w QI sNQRE- MR saahiklisipasulstitbieshevsahere preceded by "halo" is substituted
only with one or more halogens, and is independently C1_4 aliphatic, -CH2Ph, -0(CH2)0_]Ph, or a
5-6-membered saturated, partially unsaturated, or aryl ring having 0-4 heteroatoms independently
selected from nitrogep EFP/DEPD ESIRTFAAGH BIFHIGRIR BybStIMBIS DIMESVDStitutable nitrogen of an
"optionally substituted" grqup i %ude -Rt, -NKRJ%’ -C(0)Rt, -C(0)ORt, -C(0)C(0)Rt, -C(0)CH2C(0)Rt,
_S(0)2RT, % ‘is?%’(’f(gﬂr(ll PHPOHBES ‘fzf”&?’?f{ftﬁt)S(O)th; wherein each 11:r is
indepeniéatly hydnogenjG:hhwhiclenmaybbesubstivtedias efinked Helowpunsubstitmidd EIOPh, or an
unsubstituted 5-6-membered saturated, partially unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or, notwithstanding the definition above, two
independent occurrences of Rt, taken together with their intervening atom(s) form an unsubstituted
3-12-membered saturated, partially unsaturated, or aryl mono- or bicyclic ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur. [0047] Suitable substituents on the aliphatic
group of R.] are independently halogen, -12, -(haloRe), -01-1, -OR’, -O(haloR), -CN, -C(0)0OH, -C(0)0R,
-NH2, -NHRI, --NR2, or -NO2, wherein each le is unsubstituted or where preceded by "halo" is
substituted only with one or more halogens, and is independently C14.4 aliphatic, -CH2Ph,
-0(CH2)0-1Ph, or a 5-6- membered saturated, partially unsaturated, or aryl ring having 0-4
heteroatoms independently selected from nitrogen, oxygen, or sulfur. [0048]As used herein, the term
"pharmaceutically acceptable salt" refers to those salts which are, within the scope of sound medical
judgment, suitable for use in contact with the tissues of humans and lower animals without undue
toxicity, irritation, allergic response and the like, and are commensurate with a reasonable benefit/risk
ratio. Pharmaceutically acceptable salts are well known in the art. For example, S. M. Berge et al,,
describe pharmaceutically acceptable salts iR #stafmied IBharmaceutical Sciences, 1977, 66, 1-19,
incorporated herein by reference. Pharmaceutically acceptable salts of the compounds of this
invention include those derived from suitable inorganic and organic acids and bases. Examples of
phatmaceutically acceptable, nontoxic acid addition salts are salts of an amino group formed with
inorganic acids such as hydrochloric acid, hydrobrornic acid, phosphoric acid, sulfuric acid and
perchloric acid or with WO 2009/082701PCT/US2008/087736 organic acids such as acetic acid,
oxalic acid, maleic acid, tartaric acid, citric acid, succinic acid or matonic acid or by using other
methods used in the art such as ion exchange. Other pharmaceutically acceptable salts include
adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate, bisulfate, borate, butyrate,

camphorate, camphorsulfonate, citrate, cyclopentanepropionate, digluconate, dodecylsulfate,
othanaciilfonate formate fiimarate aliicobhentonate alhvieeronhoenhate aliicaonate hemicriilfate



[0049]Salts derived from appropriate bases include alkali metal, alkaline earth metal, ammonium and
Ntt(Ci 4alkyl)t salts. Representative alkali or alkaline earth metal_ salts include sodium, lithium,
potassium, ca%mgwgaﬁesium, and the like. Further pharmaceuticallypggégmﬂ@'gﬁts include, when
appropriate, nontoxic ammonium, quaternary ammonium, and amine cations formed using counterions
such as halide, hydroxide, carboxylate, sulfate, phospRate, nitrate, loweralkyl sulfonate and aryl
sulfonate. 10050]Unless otherwise stated, structurgs depicted herein are also meant to include all
isomeric (e.g., eriantiomeric, diastereométic, a ometric (or conformational)) forms of the structure;
for example, the R and S configurations far eas mmetric center, Z and E double bond isomers,
and Z and E conformational isomers. There re, $ingle stéreochemical isomers as well as
enantiomeric, diastereomeric, and geometri® (oreQnf igfial) mixtures of the present compounds
are within the scope of the invention. Unless o%emﬁ'se stated, all tautomeric forms of the compounds
of the invention are within the scope of the invention. Aditionally, unless otherwise stated, structures
depicted herein are also meant to include compoynds that differ only in the presence of one or more
isotopically enriched atoms. For example, ccmunds having the present structures including the

replacemenft bPHYERSERISY treerREtr bRl 5F e replacement of a carbon by a BC- or
BC-enriche! eadronaay & ¥eiibincine ssopg-abHisHmeantion Ruehcompaundsare saatulafor example,
as analytical tools, as probes in biologicg| assays, or.as therapeutic agents.in accordance with the
present inventii® (Agg Wé&%ﬁ?@gﬁﬁg@%& %‘%@i?ﬁ%%ﬁrﬁ?ﬁ@%%ﬁ%%?%ﬁ%{}%d compound comprises
one or morR’tiguteticnMaiBmS’; WO 2009/082701PCT/US2008/087736 [0051]As used herein, the term
'irreversible;;or Yirreversible inhibjtor”. refers, to an inhibitor (i.e. a co und), that is able. to be
covalenty BoRdu b e O o SR s o R e BT er s o
reversible inhibitdrismabiedodophdto { butid gehdcatipaylaldete foiinacomiatennberddanity) HCV
protease, and thereforg, canbecomg dissogiatedfrom the REViRrolease.anieyersible inhibitor wil
remain substasnt?aﬁy boun }[oolglc\/ p|9 ease once ’covaﬁ]en?‘gon% %rmatlrg}r{} ﬁ S occu?redé.] Irreversible
inhibitors usudkiegikspryiimstdepbnwiastyd wrerdlsgahexdaged 8iimhibition increases with the time
with which the, i@ﬂilﬂﬂ%?éﬁdébﬁ?ﬂ#ﬁ%%ﬂﬂ&ﬁh&%%@f&t@d@ﬁ%@%ﬁﬂ?@%@iments’ an irreversible inhibitor
d fo HCV len d fc

will remain substantially bouni ICV protease once covalent bond foi illation has occurred and will
remain bound for50tifn &M GaR 4Y 1 semGERt Hah ke feedheh oV Photisiifoasp IMBIbaSHor identifying if
a compound is acting ahaadiriengrsibie nhibiieiare Knovwieenabaidinary siilia thenart. Such
methods include, but are not limited to, enzyme kinetic analysis of the inhibition profile of the
compound with HC\V‘HP@F&a%’@C%%@%Fmass spectrometry of the protein drug target modified in the
presence ofthe: inhikitaeampeund, discontinuous exposure, also known as "washout," experiments,
and the use of labeling, Buch as [adict)labtﬁelled jt%h{glitor, tto show cg[)valept (rﬁodificatiotp oflthe enzyme,
as well as other metfods kAGWH 16 oN& ot SKill ih eéralﬂ.eféﬁ%%‘%c?noemgf Or ﬁ%rﬁnslgﬁ |?'|nﬁL|§ art will
recognize that certasnbgiacty edurntibnabgroups:cdi- i hasthaadhes s4vikg dSebkteergimythe term
"warhead" or "warh roup’ refers to a f opal present.on. present
invention wherein tﬁé@@ﬁ%ﬁ%ﬁ%ﬁéﬁﬁi’g i%ottf%%%%%g%fggg a ééﬁé%m%i%éﬁc %?%gr%{%rgo%%%?dresidue (such
as cysteine, lysine, Histitlinenmrietherskidbgsgapable of being covalently modified) present in the

binding pocket ofgthg, [AIGEL HIRIR HNRIEDY ReVRT $ibly %Q&MUPQ&.&E‘%&%K&%AH‘QLgﬁlé‘l%medated that

the -L-Y group, as defined and described herein, provides such warhead groups for covalently, and
irreversibly, inhibitinfp e eptiirl boubsired sswiise et 2ihhBREPeiddERTBIES a compound

that binds to arid /onigyBilskiémé ﬁ%}%ﬁ@&%@%i&@@@%ﬁ%@@é&ﬂﬂﬁ?ﬁ&,@ RinemRediments, an

inhibitor has an IC50 and/or binding constant of less about 50 nM, less than about 1 JIM, less than
about 500 nM, less THETABSLIPEERTNINRESHAABHOSHOIO:NM, or less than about 1 nM. [0055]A
compound of the present invention may be tethered to a detectable moiety. One of ordinary skill in the
art will recognize that a detectable moiety may be attached to a provided Page 15 of 185
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WO 2009/082701PCUS2008/087736 compound via a suitable substituent. As used herein, the term
"suitable substituent" refers to a moiety that is capable of covalent attachment to a detectable moiety.
Such moieties"aréWHIFKAbwn to one of ordinary skill in the art and incluBe*groadpE’8itaining, e.g., a
carboxylate moiety, an amino moiety, a thiol moiety, or a hydroxyl moiety, to name but a few. It will be
appreciated that such moieties may be directly attacihed to a provided compound or via a tethering
group, such as a bivalent saturated or unégturﬁted drecarbon chain. In some embodiments, such
moieties may be attached via click chemistryy’In 3gmegmbodiments, such moieties may be attached

via a 1,3-cygloadditi a ﬁlﬁ%‘i ithan afkyne optiB'naII in the presence of a copper catalyst.
Methods oﬁlslsl?l% gﬂ%&@éﬁ?hi‘stry (rygal?nbwn in theR art and 1§E?u131euf@oosreu ¢ easchlbaé%}ng?/fﬂ%stovtsev et at,
Angew. ChemsidntclBal 2002, 41, 2596-99 and Sun et at, Bioconjugate Chem., 2006, 17, 52-57,
[00561As u ' flgte I ety s used | _ ith rm "label" and
seiatein.{og B dRiegab AR sihsed Inranosanly v gdar

relates to any moiety capable of being det g., primary and secondar Primary

labels, such abtieafibisetelie$(E guemiiueg, BAP; U readsred eGiomadutiags! -4hdilasrascent labels
are signal gengRENAFRROIEL AR WiEh.AaB.he.detrcledvithout furthgr modifications. Detectable

moieties also include luminescent and phospharescent groups. [00571The term "secondary label" as
used herein réf&f8%d MsSIRACT PSRRI AFEr G4 iEHs brBtEmaNEge ASHBErequire the presence of

a second irkernesliatadanprodustien ohapaleciablesiomsl Hambietin, thesecandaty intermediate
may include streptavidin-enzyme copjugates.For antigen_labels, secondary intermedijates may include
antibody-enzy%egkgﬁﬂ@gie@@m%ﬂ%r SERIYBUPE dot 5 CREEMIAP PR Hettie they transfer
energy to anotier ginogin dheprocess of, nentadiative-fldoiesaentiesanagce enasgisansfer (FRET),
and the secong froup ‘Bfosdellle%?es rgmdn%[]%c%%doai‘%rggl. !QQ@EI]The temis "fluorescent label", -fluorescent
dye", and "fluorophore™ as use(fiher'e'ln refer {8 oleties that absorb light energy at a defined excitation
wavelengttRans emibtighilerebgijtata gifterenevtayélendth; Examples ofiflecrésoehit,ldbEls include, but
are not limited tq; uQr JAlc I Elug lexa Fluor
546. Alexa Fﬂ'ﬁ%%%@i@a%%ﬁ%@%ﬁé% o uo%%S : ﬁe@%ﬁ ﬁé@%%%@ﬁ%ﬁ%@ 680), AMCA,
AMCA-S, BODPY idyegs(BORIPY FLsuBODIPY RS IBEDIRY oFME] BODPY TRIBEDIPY 530/550,
BODIPY 5581568, RORIRYiRA4/RIARORIPY-R48/38BORIPY 581/591, BODIPY 630/650, BODIPY
650/665), Carboxyrhodamine 6G, carboxy-X-rhiodamine (ROX), Cascade WO

20091082701PCT/Ug QS 36 Blue, Cascade Yellow, Coumarin 343, Cyanine dyes (Cy3, Cy5,
Cy3.5, Cy5.5), Satis xyk Dialkylaminocoumarin, 41,51-Dichloro-21,7'-dimethoxy-fluorescein,
DM-NERF,Esin, Erythrosin, FluidteScai, AR dPSXPEouHI-ART SiHROL #BUu¢° 1’ 700, 1RD
800), JOE, Lissamprenstipdabsinetd, MatiagBloe uMathexycoimasnrsNaphthafluprasgedis Oregon
Green 488, Oéee%)nat(grgenrégoodﬂe%? tGé?en 514, Pacific Blue, PYMPO, Pyrene, Rhodamine B,
Rhodamine 6G. Rhodaming Green, Rhod rﬁ?ﬁ}eﬁﬁ%ﬁwgg%]’gr%% "

2',4' 5 7'-Tetrhbremosutfoh&flisordspeidsTigtramethlerh daapeine GRMRN, -NO;, -N(R%),, or
Carboxytetra 1 ine (FAMRA).. Texas Red, Texas Red-X. 100591The term "mass-tag" as
used herein rr:aa {}%}{%ﬂgﬁﬁéﬁnﬁg&; fﬁgﬁsﬁ%gb%aﬁe of being uniquely detected by virtue of its mass using
mass spectroffeti@asiogeldetiomtbehniques. Examples of mass-tags include electrophore release
tags such @&M%}éﬁ[@%@&g)&ﬂgggg@@robenzyl)oxy]phenylI-3-methylglyceronylIisonipecotic Acid, 4'
42,3,5,6- Tetraftuoro-4-(pentafluorophenoxyD]methyl acetophenone, and their derivatives. The
synthesis dntagtintseeritredtitdalsitalsis described in United States Patents 4,650,750, 4,709,016,
5,360,819 12253 kmd 02273 nanbiMbp 104, 5,610,020, and 5,650,270. Other examples of
mass-tags include, but are not limited to, nucleotides, dideoxynucleotides, oligonucleotides of varying
length and base composition, oligopeptides, oligosaccharides, and other synthetic polymers of varying
length and menepemEoRRARfRRAsIarge variety of organic molecules, both neutral and charged

(biomolecu synthetic com un.dsgélo,f an ropriate mass range (100-2000 Dal:tons) may also
be used aslﬁ(?%%{s-ta 8%8&‘?& et t’ﬁ?éﬁ@ﬁﬁﬁ%ﬁ%éﬁﬁﬂ@‘eiﬁgm?ﬂ ggﬁ‘éeol%p%aﬁ?oé‘ﬁmﬁ% used herein,
means a mdasutable drahge:insiic¥sprotedseact iy betiieesrina Aampteheemptisiblioaegmpound of
the presentinvention, or composition, thereof, and [l rotease, and an equivalent sample comprising
HOV protesa e SRR A S R iy
Compounds: age Sof I¥



[0061]In certain embodiments, the present invention provides a compound of formula I: WO

2009/082701PCT/US2008/087736 or a pharmaceutically acceptable salt thereof, wherein: Rl and RI'
are independeRth1UFT&N or optionally substituted C1.6 aliphatic, or BE YRR Biken together to
form an optionally substituted 3-7 membered carbocyclic ring; R2a is -OH or -NHSO2R2; R2 is -N(R)2

or an optionpiy-suhstitutadramonn.sleeted M 2ofiricloalybralridgse.hicyalic, 8@ membered

aryl, 5-10 mempered heteroaryl havilf?g 1-4 heteroatoms inde endentlyﬁgelegted from nitrogen,
¥

Ie ,
oxygen, or SEMHo0sr % F HRBHIBE AR RSTEIScyQlyl Fhavitffiiosfiseteisis e tfidte AbiarER Selected from
nitrogen, oxygenrorasutfencrdaginR dsdnsle peraenty, iyxdiegessamtianaivsybstittedieoks6 aliphatic,

or: two R. qn the. sa itrogen atom are taken together with the, pitr to.for é-? membered
heterocycI%]dr'i!ﬁg]??a\rl?%glﬁﬁa?w%%é%%fo%ig%ﬁg&rﬁggﬁ%'%‘fg@’tedsfrgpﬁ’gﬁﬁoggéﬂf@@ ed"Or sulfur; R3
is -L-Y, whéfeich, LI isJeheoWdlken&bbmd, ok evbiale AL Gtisaturatechorentn satuiate dirsthadghit or branched,

hydrocarbo}t;nlc%h‘aolrrgje\é/ge@ n one, two, or three methylene units of L are optionally and independently

replaced by cyclopropylene, -NR-, -N(R)C(0)-, -C(0)N(R)-, -N(R)S02-, -S02N(R)-, -0-, -C(0)-, -0C(0)-,
-C(0)0-, -S{802D)-, -502-{rC (2Bt C(eNRIphoic risihy dsogenh o&in, Gediphaticightidrallf. substituted

with 0x0. halRMEAIOZ: Lo arAmEhered MaTReYeli BLCInNal, salualsd porialy

unsaturated, or ar%l fing having 0-3 heteroatoms indepen selected from nitrog Xygen, or

sulfur, and Erecs it ring i8S ubswiLREA T of ReayFeins casdneaesy Fie byderteprendently selected
from -Q-Z, gxo.iNQ2aHAlRB8 Nh& Ns & SUHRRIS |8AVIRGIT5P URLOk & ik Soaliphatic,Rptignally substituted

with oxo, halogen, NO2, or CN, wherein: _ o
unsaturation, but which is not aromatic (also referred to herein as "carbocycle,” “cycloaliphatic”

or “cycloalkyl™), that has a single point of attachment to the rest of the molecule. Unless
otherwise specified, aliphatic groups contain 1-6 aliphatic carbon atoms. In some embodiments,
aliphatic groups contain 1-5 aliphatic carbon atoms. In other embodiments, aliphatic groups
contain 1-4 aliphatic carbon atoms. In still other cmbodiments, aliphatic groups contain 1-3
aliphatic carbon atoms, and in yet other embodiments, aliphatic groups contain 1-2 aliphatic
carbon atoms. In some embodiments, “cycloaliphatic” (or “carbocycle” or “cycloaltky!™} refers
to a monocyclic C;-Cy hydrocarbon that is completely saturated or that contains one or more
units of unsaturation, but which is not aromatic, that has a single point of attachment 1o the rest
of the molecule. Suitable aliphatic groups include, but are not limited to, linear or branched,
substituted or unsubstituted alkyl, alkenyl, alkynyl groups and hybrids thereof such as
(cycloalkylhalkyl, {cycloalkenyhalkyl or (cycloalkylalkenyl.

f0024]  As used herein, the term “bridged bicyclic” refers to any bicyclic ring system, i.c.
carbocyclic or heterocyclic, saturated or partially unsaturated, having at least one bridge. As
defined by IUPAC, a “bridge” is an unbranched chain of atoms or an atom or a valence bond
connecting two bridgeheads, where a “bridgehead” is any skeletal atom of the ring system which
is bonded to three or more skeletal atoms (excluding hydrogen). In some embodiments, a
bridged bicyclic group has 7-12 ring members and 0-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. Such bridged bicyclic groups are well known in the art and include
those groups set forth below where each group is attached to the rest of the molecule at any

substitutable carbon or nitrogen atom. Unless otherwise specified, a bridged bicycelic group is
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WO 2009/082701PCT/US2008/087736 Q is a covalent bond or a bivalent Ci.6 saturated or
unsaturated, straight or branched, hydrocarbon chain, wherein one or two methxlene units of Q are
optionally and" 1% gé??&@ﬁtly replaced by -N(R)-, -S-, -0-, -C(0)-, -OC(O)-I’;C-%](E%-?@@@?, or -SO2-,
-N(R)C(0)-, -C(0)N(R)-, -N(R)S02-, or -SO2N(R)-; and Z is hydrogen or C1,6 aliphatic optionally
substitutedopilih aX0 sHeeen, MB2osr GNnerKRIubidhaningfosmnedrhy R angiRicateotaken together
with their intervening atoms to, form an option I%/ substituted saturated or unsaturated %-18
memberect L REAIHGT 2 S HALE S5 LB LR TARORT S8l FEASHO AT SRR BRI Y sulfur,
wherein theuingnfioimecttiptiatty cgnpiises aimartzead group; 0 R4 is H, -NHC(0)R6, -NHC(0)OR6,0
side-chain group; each R5 is independently -N(R)2 or an optionally substituted group selected from
C1.6 aliphatic, a bridged bicyclic, 6-1§ memberedaryl, 5-10 membered{heteroaryl having 1-4
heteroatoms independ itro enar suknr, or4-7 membered heterocyclyl
having 1-2 hetcroato cte ;\?ﬁ?& ge Ifr; R6 is an optionally
substituted group selected from C1.4 aliphatic, a bridged bicyclic, 6-10 membered aryl, 5-10
membered heteroaryl having 1-4 hetcroatoms independently selected from nitrogen, oxygen, or sulfur,
or 4-7 membered heterqayclyl havipg 1-2 heterogtoms indepgandently s¢lected from nitrogen, oxygen,
or sulfur; and R7 is an opfionally sybstituted grojg seleqted from Clie ahatic a bridged bicyclic, 6-10
membered aryl, 5-10 ergd it &ﬂ%tly selected from

mg inglep
nitrogen, oxygen, or SUlfur, or 4- memberedﬁ“ﬂeterocyclyl %aving 1-2 Reteroafoms independently

selected from nitrogen, oxygen, or sulfur; and s W is-r< ; or R4 and Rz are taken together with their
6-22 membered ring

intervening atoms t angopti stptttes, d op turated s
having 2-6 heteroat d den cled fram Qitrggen, oxygef {L; each occurrence of
BY is independently setected fr&m ha n, -OR¥Y -CN,™ , -N , Or Opt
aliphatic; and Page @125 @ @ @Ej
[ ;NH 6
N

[0025]  The term “lower alkyl” refers to a C) .4 straight or branched alkyl group. Exemplary

lower alkyl groups are methyl, ethyl, propyl, isopropyl, butyl, isobutyl, and tert-buty!,

[0026]  The term “lower haloalkyl” refers to a Cy4 straight or branched alky! group that is
substituted with one or more halogen atoms.

[06627]  The term “hetercatom” means one or more of oxygen, sulfur, nitrogen, phosphorus,
or silicon ({including, any oxidized form of nitrogen., sulfur, phosphorus, or silicon; the
quaternized form of any basic nitrogen or; a substitutable nitrogen of a heterocyclic ring, for
example N (as in 3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or NR” (as in N-substituted
pyrrolidinyl)).

[6028) The term "unsaturated,” as used herein, means that a moiety has one or more units of

unsaturation.
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WO 2009/082701PCT/US2008/087736 m is an integer from O to 4, inclusive; s is an integer from 0O to
4, inclusive; tis an mteger from O to 4, inclusive; wherein the sum of s and t is non-zero. [0062]In
certain emboﬂﬂ@ﬂ? 21813 covalent bond. [0063]In certain embodiment§ (VYR Nt c1-8
saturated or unsaturated straight or branched, hydrocarbon chain, wherein one, two, or three

”&g}ﬂ?&f 1801t of Lé@rgagpﬁ@aalIm@Mﬂ%@%ﬁg}%@@%@@g@y@%w&gg{z&nags(@g% @rNC((R)I\CIJFg?)
‘N=N-, or [068 a?ﬁf Sisamss ﬂnnéﬁffgs e @H@@ SRSPatEY Gl imEaRG bR, Btfaight or
branched, bﬁédﬁﬁﬁ@[hﬁfbﬁhﬁim&mdéﬁmaim@{ﬁbodlments L is -CH2-. 100651In certain embodiments, L is
a covalent NH-, 2NH NHC , e

-NHC(0)- - O)CH%‘OE‘}(’B)-- ﬁ?ﬁ#&fﬁd H@&ﬂ e HROB e 2- AN R YSREHEEE J5- 2or -SO2NH-.
[0066]In sqmlgreafﬁzlyttdmgmm;s 1k: Js(éimualerﬂe@ﬁh 8 Btrgighit or ibraac hedshlygrbearbancchaim wherein L
has at Ieas n d.o €, ddli et units of.L a ally and
mdependenty%e?) aceﬁ )? C %85&0%{% gl\fﬁf)%b@mg%@%?ﬁf ]é]-q‘-l (Ogﬁ%gff Q-IOC(O)
-C(0)0-, -Ogr@M(Rl)w}@ﬁh@@@)x m@mﬁﬁhﬁm&m@m@mpi@@ bivaentb&Rudtstaight or branched,

hydrocarb%&ﬁ%&ﬂ%fﬁ%@@ée&%%% igorbiehond and.at pag) one methylene unit of L is
replaced by -C(0)-, -NRC(0)-, -C(0)NR-, -N(R)S02-, -SO2N(R)-, -S-, -5(0)-, -SO2-, -0C(0)-, or and one

or two addith9RBI melhyisme fendene aresptiondiNasncelervb erently veltituisd pyesylasbropylene,
-0-, -N(R)-,c04irG£0)- polymethylene group containing at least one double bond in which one or more

hydrogen atoms are replaced with a substituent. Suitable substituents include those described
below for a substituted aliphatic group.
{0032]  As used herein, the ferm “cyclopropylenyl” refers to a bivalent cyclopropyl group of

é’z‘é
the following structure: .

1833] The term “halogen” means F, Cl, By, or L.

[0034]  The term “aryl” used alone or as part of a larger moiety as in “aralkyl,” “aralkoxy,” or
“aryloxyalkyl,” refers to monocyclic or bicyclic ring systems having a total of five to fourteen
ring members, wherein at least one ring in the system 15 aromatic and wherein each ring in the
system contains 3 to 7 ring members. The term “aryl” may be used interchangeably with the
term “atyl ring.”

[0635]  The term “aryl” used alone or as part of a larger moicty as in “aralkyl,” “aralkoxy,” or
“aryloxyalkyl,” refers to monocyclic and bicyclic ring systems having a total of five to 10 ring
members, wherein at least one ring in the system is aromatic and whercin each ring in the system
contains three to seven ring members. The term “aryl” may be used interchangeably with the
term “aryl ring”. In certain embodiments of the present invention, “aryl” refers to ap aromatic
ring system which mcludes, but not limited to, phenyl, biphenyl, naphthyl, anthracyl and the like,
which may bear one or more substituents. Also included within the scope of the term “aryl,” as
it is used herein, is a group in which an aromatic ring 1s fused to one or more non—aromatic rings,
such as indanyl, phthalimidyl, naphthimidyl, phenanthridinyl, or tetrahydronaphthyl, and the
like.
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[0068]In some embodiments, L is a bivalent C2.5 straight or branched, hydrocarbon chain wherein L

has at least o%eodog%%lﬁ%g)nd and at least one methylene unit of L is repll%%%j l‘g} sio%gogé’ and one or
two additional mezt(hyfene units of L are optionally and independently replaceézoy cyc{opropylene, -0-,

-Na)-, or -C(0)-. [0069]As described above, in certain embodiments, L is a bivalent C2..8 straight or
branched, [yedspcarhas ishairhabereil kilasaiteast ang donble haond.«Dnrgbamivale gkill in the art

ill ize that double bgnd ist within the hyd b hai b
WO 2000/0BIFILI 2B 58 G5 1 B BB B0 A i allylcene

group. By wiay tifexaimpleviigoh) &) b giotig havingaralkyidetie branahédctainhdndtides
-CH2C(:CH2§C_H2-. Thus,.in some embo imen%s, L is,a bivalent C2,8 straight or branched,
nycrocarbdh, CHATA vIRERs T AL AP IaRE: SR ARG GBI GRS EXSIATIAR TgRSTips include
-NHC(0)C(sx3kta) GH2A ) QA0 [l beletain yembiadiinents ol nsregbivalenti marstraighuaetoianched,
hydrocarban chain,wherein L has at least one douhle bond and at least one.methylene, unit of L is
roplaced bRy T SR o A L R ey B oy
-C(0)CH=CHi@#8):, S(OEH=-0lzolgH 2@ OH=0CHzo L H 2C(OSH =-CH(BIYL, thiazolyl,
-CH2CH2GC ~H= .= . =CHC - -C 2 ~H=C 2NH -, or
CH2CH2C O O D L sl B
bivalent CriesbtaigIat brethetsadinkl drbe d¢ten Baainsyhepath Thataeaat ledstisdeelsiivlelond and at

least one medhylene Woitof kids 1eplacabdOG(O)s 407 2 IBSame &MAOdiaRiE ks apivalent C2_8

straight or branched, hydrocarbon chain wherein L has at least one double bond and at least one
methylene k6T EYE T8l 88 By NRETE) - OQ0INIR A AQRRIS0B- s RRRLOSEISTBR, -S02-
-0C(0)-, or Ne@rinand ene-oniveaddisionaloneshylare-uiisaf bearereptianalbhsanthinggpendently

replaced by c¢yclopropylene, -0-, -N(R)-, or -C(0)-. In some embaodjments, L is -CH20C(0)CH=CHCH2-,
-CHz-OC(o%%@@ﬁ-?s}z%ﬁ%@mc@f&i@é@ .qwfﬂod%ﬂmha?ﬁ%%im 240y

-NRC(0)CHufetds | isMR {0y CitimC HERRN(CHS); , cNR£6G{0) GHEGH Ci 260k ind HANR G =CH-,
:NRSOZCHECH:a’ng SO2 E}C?Ci 2:19, :NR 'Czll}lzgf(ﬁ)-.’?N_R%g%gg}éiﬁ\km%HZN .(_I_HS)-,
NRSO2CHZEH gé&’ﬁg’a_&%@ , ‘Rfﬁ?g%%) ORI G N (CCHICH

-CH2NRC (B 1@n2 NRE(OCH kb nGH2 GHIRNRC(0Y<ior JOHRMNRG(@royglbpnepplensd wherein
each R is independently udieden.orapuonaliy substiited. €18, AIBMalicy caromatic, ” any of

which terms include rings that are optionally substituted. The term “heteroaralky!” refers to an

alkyl group substituted by a heteroaryl, wherem the alkyl and heteroaryl portions independently

are optionaily substituted.

[0037]  As used herein, the terms “heterocycle,” “heterocyclyl,” “heterocyclic radical,” and

“heterocyclic ring” are used interchangeably and refer to a stable 5- to 7-membered monocyclic

or 7-10-membered bicyclic heterocyclic moiety that is either saturated or partially unsaturated,

and having, in addition fo carbon atorns, one or more, preferably onc to four, heteroatoms, as

defined above. When used in reference to a ring atom of a heterocycle, the term "nitrogen”

includes a substituted nitrogen. As an example, in a saturated or partially unsaturated ring having

(-3 heteroatoms sclected from oxygen, sulfur or nitroger, the nitrogen may be N {as in 34—

dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl), or "NR (as in N-substituted pyrrolidinyl).

[0038] A heterocyclic ring can be attached to its pendant group at any heteroatom or carbon

atom that results in a stable structure and any of the ring atoms can be optionally substituted.

Examples of such saturated or partially unsaturated heterocyclic radicals include, without
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[0074]In certain embodiments, L is -NHC(0)CH=CH-, -NHC(0)CH=CHCH2N(CH3)-,
-NHC(0)CH=CHCH20-, -CH2NHC(0)CH=CH-, -NHSO2CH=CH-, -NHSO2CH=CHCH?2-,
-NHC(0)(C=N¥{E}"4KiiC(0)CH=CHCH2N(CH3)-, -NHSO2CH=CH-, JNHEBYEBICHCH2-
-NHC(0)CH=CHCH20-, -NHC(0)C(=CH2)CH2-, -CH2NHC(0)-, -CH2NHC(0)CH=CH-,
-CH2CH2NIG{@n, OfichiZGARICY SlaROmMIERBhenW Or2AR/A82 7 A RETHYS 20084AR717 36 [0075]In
some embodiments, L is a bivalent C248 straight or branched, hydrocarbon cpai_n wherein L has at

least one tHNEHEAR RIS A AHGORHERRLTT i N ATRE IS RFArghEBY b RIPAERY hydrocarbon
chain wlTer@s'tginﬂaai@td@aﬁt, anecHiple bonehany snepmwordditonal metyteorduritsiotL are
optionally and independently replaced by -NRC(0)-, :C(O)NR:, -S-, -5(0)-, -5Q2;, -C(=S):, -C(=NR)-, -0-,
-N(R)-, or -@?Bﬁ-.q?ﬁp%?ﬁgeem%%fﬁ%ﬂgi L H%tgl%ctgl%gs?%%e Ft{r]?ﬁii%r%g??% and Bt Ie’%?stff%%g ethylene unit
of II_ ij replacedtiya (Rora(BICGHT)eal; CHR) n3e Cli0)0H a0pC(Oreinr 2] 0O I6]kxe pplasynl. groups
include -CE-C-, -CECCH2N(isopropyl.)-, -NHC(0)CE- 12CHer, -CECCH20-..-CH2C(0)CE-C-,
O & R e e T o S e T Y ey St or
branched, hyidhogadFonndhiaincvieereiyl, ghenmiiiitoheunitadi triqueplare &by dpelsdrebylene and one
or two addifj uni ' n 5 —omR +C(ONR-,
-N(R)soz-,‘;gqr@%%?ﬁ R%ﬁéigymt% ar‘ffel?’r S?%%%%HI%Cﬁ%%@%@%?(%?@ﬁ%éig%lﬁo&eg(g%éyg%% _NHC(0)-
cyclopropyleiecrfoirsiney eletited geferialip abolaovrisubyaioely, Cheteostghattepiichally

substitutedam%[haga(get%@g@ppmgs RuSdaSe =1 mpembaigdmanocyclic or bicyclic, saturated,
partially unsaturated, or aryl ring having 0-3 heteroatoms independently selected from nitrogen,

oxygen, or B8¥Ur, arlth WisE s atbe 7 iPeuB Ly RRETHRIN 2 R greapaciRdd R4S hdependently

selected frameQ-dn0xNQZ iiialogen, GN,@-sUtaRialcayiaegkauns aftdkdoOrliphatigiswherein Q is a
covalent bond or a bivalent C1..6 ?Eturated or unsaturated, straight or branclged,ggdro)gﬁrbon chain,

wherein ond®&t R8T SHRRS LRI S YRS Bt Bh A1) Al Ao RrEENE FERISEEE B K(R)-, -S-, -0-,
-C(0)-, -OCH)retids,(B) RereiB @At -502-, -N(R)C(0)-, - C(OIN(R)-, -N(R)S02-, or -SO2N(R)-; and, Z is
hydrogen qr, 6 aliphati tionally substituted with oxo, halogen, NO2 or CN, 791In certain
vl 1 v o e e b e S e AT e
with oxo, hatlegemyit@2 oy GNbdr2&emecemibodimediis pXusi@dn GratkienyBogtiorially sulpstituted with
oxo, halogen. N. r ' YA4s.C2:-6 a optionally substi with oxo,
halogen, N 519‘ o%r%ﬁg IﬁlesoAr%g%e%bgm%%@g@i%}@ Gaéhgge’n%%gl]r}\{ éét@gﬁlggh%(/o%%r%gé?séﬁg isC2_1
alkynyl. [00833ueinstivestiepbedifraniaanmis Optephiiy bsbibrelinste nithoxsoneloge alap®ad or N. Such Y
groups inclyde sCH2E, rEHARbICHRGN: ARd GHANOR P, AARUABANLRGHLHSROQBI087736

[0082]In certain embodiments, Y is a saturated 3-6 membered monocyclic ring having 0-3
hydrophilic amino acids, such as tyrosine, serine, threomine, aspartic acid {(also known as

aspartate, when charged), glutamic acid (also known as glutamate, when charged), asparagine,
and glutamine. Certain polar, or hydrophilic, amino acids have charged side-chains. Such
charged amino acids include lysine, arginine, and histidine. One of ordinary skill in the art
would recognize that protection of a potar or hydrophilic amino acid side-chain can render that
amino acid nonpolar. For example, a suitably protected tyrosine hydroxyl group can render that
tyroine nonpolar and hydrophobic by virtue of protecting the hydroxyl group.

[0046]  As used herein, the phrase “unnatural amine acid side-chain group” refers to the side-
chain group of amino acids not included in the list of 20 amino acids naturally occuring m
proteins, as described above. Such amine acids include the D-isomer of any of the 20 naturally
occuring amino acids. Unnatural amino acids also include homoserine, omithine, norleueine,

and thyroxine. Other unnatural amino acids side-chains are well known to on¢ of ordinary skilt
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heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein Y is substituted with 1-4
Re groups, wherein each Re is as defined above and described herein. [0083]In some embodiments,
Y is a saturate§EH Mg ered heterocyclic ring having | heteroatom setéct88##8#F6Xgen or nitrogen
wherein said ring is substituted with 1-2 Re groups, wherein each Re is as defined above and

described hengin, ExempIacy.skehdings BisRPQide.and oxglangfings: Whetein:gaghuing is

substituted with 1-2 Re groups, wherein each Re is as defined above and described herein. [0084]In

other embdtHBrtsM s dsattrdieesbesaibihie da kdigd cyeliccdmyorabmyaes Hetstom selected

from oxygefnainiragenadierainisaichang issunsttnteswithnled R e arouRs. Whekeiseach Re is as
defined above and described herein. Such rings include piperidine and pyrrolidine, wherein each ring

is substitut&a AT 112 REGFEbRLmEE A HBA R RETRO A6 d SrEd BB 12 NNK"™-Q-Z (N \c"." tt-4.J1cr
above and @estribed hetairibal cactain eqmhpslindents, ¥dsinderdioiReld: 2 combareispaaeiR, Q, Z, and

Re is as defined abgve and described herein. [0085]In some embadiments, Y is a saturated 3-6
membered%g%tgtce@cligl ??ﬁ%?Sthé%e%%nglﬁld Flﬁgt%r%uﬂléﬁ% et%C?Wig%]}”f%ZFIREr%CFgﬁgsgywﬁgréeiﬂneach Reis as
defined abGveiamdtdescniiecdaasein: mceitainre miogimenfshy dsseyelepropyty eyctefiutyd, cyclopentyl,

or CVC'°hex%fh“‘a’“%f%j%%%%@i&i@%iSb%‘febs%ti}%ﬂ%?%%i%hllcﬁeﬁf%g YRS SIRRGEFNRE,$,35 defined

above and described herein..
have a suitable substituent at each substitutable position of the group, and when more than one
position in any given structure may be substituted with more than one substituent seiected from a
specified group, the substituent may be either the same or different at every position.
Combinations of substituents envisioned by this invention are preferably those that result in the
formation of stable or chemically feasible compounds. The term “stable,” as used herein, refers
to compounds that are not substantially altered when subjected to conditions to allow for their
production, detection, and, in certain embodiments, their recovery, purification, and use for one
or more of the purposes disclosed herein.
[6042]  Suitable monovalent substituents on a substitutable carbon atom of an “optionally
substituted” group are independently halogen; —(CH,)p.4R®;, ~(CH;)o 4OR®; -O(CH,)p4R®, ~O-
{CH1)o4C(O)OR®; ~(CHy)osCH(OR®)p; ~(CH2)o4SR®; ~(CHa)y 4Ph, which may be substituted
with R%; —(CHz)o 4O(CHz)o-1Ph which may be substituted with R®, ~CH=CHPh, which may be

=Nz, ~(CHzjoaN(R%;  ~(CH)oaNRIICOR® -NRICSIR®;,  ~(Cil)o-aNRIC{GINR®;
-NRICSINR®;  «(CHaleNRICIOOR®;, —NR*INRIC(OIR®;,  -NER"INRIIC(ONR;
-NREINRSHC(OYOR®;, ~(CHo4C(OIR®; —C(S)R®;, —(CH2)paCIOYOR®; —{CH;)o4C{O)SRY;
~(CH; )0 sC(OYOSIR%y; «(CHy )osOC(O)R®; ~OC(O) CHa)g_sSR—, SC(S)SR®; —(CH2)o_4SC{OIRS,
—{CHp)oC{ONR®,;,  —C(S)NR®;  -C(S)SR°,  -SC(S)SR°,  ~(CHy)oOC(O)NR®;
-CION(OR®IR®;, ~C{OYCOIR®; —CLOICH,COIR®;, —CNORR®; ~(CH3)o4SSR®; —(CHz)o_
sS(ORR® ~(CH)paS(0),0R®; ~(CHz)o4OS(0RR®  —S(ORNR®;  -(CHy)ysS(OR®;
-N(R?)S(O):NR; -N(R*)S(0),R®; ~-N(OR*)R®; ~C(NH)NR®,; ~P(O}%,R®; -P(O)R°,; -OP(O)R®;;
~OP(O)(OR®); SiR%; —(Cy4 straight or branched alkylene)O-N(R®)y; or —(Ci4 straight or
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"NA,- Re In certain embodiments, Y, wherein Re is as defined above and described herein. In certain
embodiments, Y is cyclopropyl optionally substituted with halogen, CN or NO2. [0086]In certain
embodiments ™ @(Q/%?ﬂblly unsaturated 3-6 membered monocyclie rirﬁﬂ(ﬁm B3 Heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-4 Re

groups, W%ﬁ%&%&%{i@@?&%ﬂ@? 30N andh desariPed derein. A0S ZHR-soms.emprdiments, Y is
a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4 Re

groups, whigfensndartly Ritieess Hefinbehaove kb, dbéekbedPherelt- (s eridstimmierts, Y is
cyclopropepyl eyclohutenyhpeyalopenten kMR 200082 401 ReI Ah32008/Q8i¢43k sy clohexenyl

wherein each ring is substituted with 1-4 Re groups, wherein each Re is as defined -3 Vaire( Re )

above and B&EAEheslsHied TeBHAIROSMb SaEnt, ST STy irai BRlREREBS S5 H8ined above

and descrigghherRimdQRa&EIN &akBI0e Ao taReN S iS RiMaHia! bnsaty alesl 4 G&membered
heterocyclic ring having 1-2 hetcroatoms independently selected from nitrogen, oxygen, or su]fur,

wherein said Fng & S artHEt hit TUhRUOGIBESY: Whif e RETY LY o8B BdVE and
described hekgHatoiisGeitanemBodinedtsoy BtSReCeadenns: sulfur, which may be substituted

as defined below.

[6043]  Suitable monovalent substituents on R° {or the ring formed by taking two
independent occurrences of R° together with thewr intervening atoms), are independently
halogen, —(CHj)eoR®, —(haloR®), —{(CHy)s0H, ~(CH)e0R®, —(CHy)p ,CHOR®),;
-O(haloR*®), —CN, N3, «(CH,)o2C(O)R®, ~(CHz)o2C(O)OH, «(CHa)o-2C{O)OR®, {CH;)o-2SR?,
~(CHy)o;SH, —(CH;)-2NHz, —(CH2)o-oNHR®, —(CHz)e2NR®;, -NO,;, -SiR%, -0SiR®%,
-C(O)SR® —(Cy 4 straight or branched aikylene)C(O)OR®, or ~SSR* wherein cach R® is
unsubstituted or where preceded by “halo” is substituted only with one or more halogens, and 15
independently selected from C, aliphatic, -CH;Ph, —O(CH).,Ph, or a 5-6—membered
saturated, partially unsaturated, or aryl ring having 0-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. Suitable divalent substituents on a saturated carbon atom of R°
include =0 and =S.

[0044]  Suitable divalent substituents on a saturated carbon atom of an “optionally
substituted” group include the following: =0, =S, =NNR';, =NNHC(O)R’, =NNHC(0O)OR’,
=NNHS(O},R", =NR", =NOR", ~O{C(R ")), 50, or ~S(C(R 1)), 18-, wherein each independent
occurrence of R is selected from hydrogen, C)_s aliphatic which may be substituted as defined
below, or an unsubstituted 5—6—membered saturated, partially unsaturated, or aryl ring having 0-
4 heteroatoms independently selected from mnitrogen, oxygen, or sulfur. Suitable divalent
substituents that are bound to vicinal substitutable carbons of an “optionally substituted” group
inchude: _O(CR*E)?,,,30“', wherein each independent oceurrence of R’ is selected from hydrogen,
Ci.¢ aliphatic whic.h may be substituted as defined below, or an unsubstituted 5-6-membered
saturated, partially unsaturated, or aryl ring having 0-4 heteroatoms independently selected from

nitrogen, oxygen, or sutfur.
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wherein each R and Re is as defined above and described herein. 100891In certain embodiments, Y
Is a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted with 1-4 Re
groups, wherelPSaEH 1Y roup is as defined above and described herel& THRERAH Embodiments, Y
is phenyl, pyridyl, or pyrimidinyl, wherein each ring is substituted with 1-4 Re groups, wherein each Re

is as definqdgabpve snesleseriadhieraimd ARRHN sepe LATbRLIME Rifois-selegtabirgm: N" 515
1le-1-(Re)N ge&l.;%?-éRe 1-3 (Re)1-4 2Tr DR )'-.4i.3 N, wherein each Re is as defined above and
described hE&R fDog i UtHer eThpbHHERsCEIOR 5 h B ndtBredty iRy KAHHE 1-3
heteroatomsdadepangs bl selecedftanpRisegedy oxMgens @Lﬂ)‘éﬁiﬁkgd \Mh?r?;iﬂl&ﬁi@l fingdge substituted
with 1-3 Re groups, wherein,each Re group is as defined ab escribed herein. In some
embodime f%?g‘f & 4! e SRrRIFR A ‘Iﬁ/%lﬂ%%tfﬁﬁt%%zgﬁ’a?&yﬁﬁ?é]%ﬁ}inﬁr 12‘-3%‘1@?3?8%1?6?33
independentiyrselegtedaftp manitregémraxylgén, lanth s Hiule wiexehs sdigaidenis scibstiiuted with - 4 Re
groups, Whl%eoineeag(h Igg groa%ris as defined above and described herein. Exemplary such rings are
isoxazolyl, oxa%orh’/ﬂ ﬁ%aﬁofyﬁ, imidazolyl, pyrazolyl, pyrrolyl, furanyl, thienyl,

[#046]  Suitable substituents on & substitutable nitrogen of an “optionally substituted” group

include -R!, -NR%,, -COR', -C(OHOR!, -COIC(OR', -C{O)CH,C(OR', -S(OLR],
-S{O}NR,, ~C(SINRY,, —~C(NHINR',, or -N(RNS(O)R; wherein each R is independently
hydrogen, C,.¢ aliphatic which may be substituted as defined below, unsubstituted —~OPh, ot an
unsubstituted  5-6-membered  saturated, partially unsaturated, or aryl ring having 0-4
heteroatoms independently selected from wnitrogen, oxygen, or sulfur, or, notwithstanding the
definition above, two independent occurrences of R', taken together with their intervening
atom(s) form an unsubstituted 3-12-membered saturated, partially unsaturated, or aryi mono— or
bicyclic ring having 0—4 heteroatoms independently selected from nitrogen, oxygen, or sulfur.
[0047)  Suitable substituents on the aliphatic group of R' are independently halogen, -R®,
~(haloR®), —OH, —-0OR*, —O(haloR*), -CN, ~C(Q)OH, ~C(O)OR®, -NH,, ~NHR®, -NR®;, or
-NO;, wherein each R® is unsubstituted or where preceded by “halo” is substituted only with one
or more halogens, and is independently C,4aliphatic, -CH;Ph, —-O(CH;)o_;Ph, or a 5-6-
membered saturated, partially unsaturated, or aryl ring having 0—4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur.

{0048]  Asused herein, the term "pharmaccutically acceptable salt” refers to those salts which
are, within the scope of sound medical judgment, suitablie for use in contact with the tissues of
humans and lower animals without undue toxicity, irritation, allergic response and the like, and
are commensurate with a reasonable benefit/nsk ratio. Pharmaceutically acceptable salts are well
known in the art. For example, S. M. Berge et al,, describe pharmaceutically acceptable salts in
detail in J. Pharmaccutical Sciences, 1977, 66, 1-19, incorporated herein by reference.
Pharmaceutically acceptable salts of the compounds of this invention include those derived from
suitable inorganic and organic acids and bases. Examples of pharmaceutically acceptable,
nontoxic acid addition salts are salts of an amino group formed with inorganic acids such as

hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid and perchloric acid or with

Page 13 of 185



triazole, thiadiazole, and oxadiazole, wherein each ring is substituted with 1-3 Re groups, Page 24 of
185 WO 2009/082701PCI7US2008/087736 wherein each Re group is as defined above and
described her&if i ¢&#AIn embodiments, Y is selected from: N ((( N FCITOS2008/087736
t(Re/1.3k_11-(Re)4.2jirt(Re)1_2Re "Airs NN71?1", ,etl Re et(Re)1_3(11#(Re)i-277(Re)1-2 00,0,0,5
(NS.4( 7_13Reid 4RB ke a2 Mo 50id; dNdiic acid, maleic acid, tartaric acid, citric acid, succinic acid

or malonic acid or by using other methods used in the art such as ion exchange. Other
pharmaceutically acceptable salts include adipate, alginate, ascorbate, aspartate,
benzenesulfonate, benzoate, bisulfate, borate, butyrate, camphorate, camphorsulfonate, citrate,
cyclopentanspropionate, digluconate, dodecylsulfate, cthanesulfonate, formate, fumarate,
glucoheptonate, glycerophosphate, gluconate, hemisulfate, heptanoate, hexanoate, hydroiodide,
2-hydroxy-ethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate, malate, maleate,
malonate, methanesulfonate, Z-naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate,
palmitate, pamoate, pectinate, persulfate, 3—phenylpropionate, phosphate, pivalate, propionate,
stearate, succinate, sulfate, tartrate, thiocyanate, p—toluenesulforate, undecanoate, valerate salts,
and the like.

[0049] Salts derived from appropriate bases include alkali metal, alkaline earth metal,
ammonium and N'(C; 4alkyl); salts. Representative alkali or alkaline earth metal salts include
sodium, lithium, potassium, calcium, magnesium, and the like. Further pharmaceutically
acceptable salts include, when appropriate, nontoxic ammonivm, quaternary ammonium, and
amine cations formed using counterions such as halide, hydroxide, carboxylate, sulfate,
phosphate, nitrate, loweralkyl sulfonate and aryl sulfonate.

[6050]  Unless otherwise stated, structures depicted herein are also meant to include all
isomeric (e.g., enantiomeric, diastereomeric, and geometric {or conformational}) forms of the
structure; for example, the R and S configurations for each asymmetric center, Z and E double
bond isomers, and Z and E conformational isomers. Therefore, single stereochemical isomers as
well as enantiomeric, diastereomeric, and geometric {or conformational) mixtures of the present
compounds are within the scope of the invention. Unless otherwise stated, all tautomeric forms
of the compounds of the invention are within the scope of the invention. Additionally, unless
otherwise stated, structures depicted herein are also meant to include compounds that differ only
in the presence of ane or more isotopically enriched atoms, For exampie, compounds having the
present structures including the replacement of hydrogen by deuterium or tritium, or the
replacement of a carbon by a “*C- or “C-enriched carbon are within the scope of this invention.
Such compounds are useful, for example, as analytical tools, as probes in biological assays, or as
therapeutic agents in accordance with the present invention. In certamn embodiments, a warhead

. ) . . .
moiety, R°, of a provided compound comprises one or more deuterium atoms.
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(Re)i _2 ? N wherein each R and Re is as defined above and described herein. 100921In certain
embodiments, Y is an 8-10 membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms im)e??g%?fémly selected from nitrogen, oxygen, or sulfur, WHSF@E%%%@%%@ is substituted
with 1-4 Re groups, wherein Re is as defined above and described herein. According to another

aspect, Y igas9110 memberedibioyclisnmpartalyibinsaturatiegsel-anylying having dn3nbrieroatoms
tituted with 1-4 Re

independently selected from nitrogen, oxygen, or sulfur, wherein said ring is substi

groups, Wh(éFeﬁcﬂTEH%uﬁgg e %68\}’(? g‘h"&%@%’cﬁﬁi@%‘fﬁ&% Y BRI AR §H§§’1aﬁti ¢1i®Pihgs include
2,3-dihydrobendbldlisaiftiazola: wheteitasaievinglii suliibtivutehmbth biddRe gioupgewhdiein Re is as
defined above and described herein. [0 defined generally aboye, each Re.qroup is
inclopende i) e R T 8, S Mo, FEgan N R RS dRE 6 aliphatic
optionally shibBlitvtpdweaihaoxostraldienhbio2wdl :©hbimduesairiQhideuoh el 8PN parglsonachivalent C1.-6

saturated or unsatura Hai g,t,or bran h?d h}( carbon chain, w er]ei .one or two methylene units
o1 0 are o B e o e

-S02-, - N(RYE{®)-{heCi@m(RY nbitiiRyS0es “SOAN(RYS afilt T hilurogériorcn. @wlighatic
optionally spstitbitgd with 9xQ..nalogRR MR 0L QR IRHEGILAIR: R MBOHI IS BfyS C1_6

aliphatic optionally substituted with oxo, halogen, NO2, or CN. In other embodiments, Ré is oxo, NO2,

halogen, oP@RE \IS'S 0oTras2ree PCT P So0bEus P36 00Ts iRl sohe b ABeliteRkiRe is -Q-Z,

wherein Q j5,a sovalent Rendanchdds Mdiogepbigs, R" is hydrogen). In other embodiments, le is
-Q-Z, wherein %é?s a bivalent C1 saturated or unsaturated, straight or branched, hydrocarbon chain,

wherein ond®BPtwo Metieits imtdad areBpiBAatgiraaH RS TapIEES BPNRIR-, -NRC(0)-,
-C(O)NR-, t3omDof ckdi@iry 2i0-in@Fe O Zudn athpaembariments, £3tindtbivalent M istight or
branched, hydrocarhon chain. having at least one double bagn erein one, or two methylene units of
Q are optioar\yﬁciwlﬁno(ﬁb iﬁae g’rﬁ&@qtlvg qa%%@%ﬁﬁ??ﬁ“—‘%\lﬁ&%—, VORBIREE:, T UF. OIS so-, or
-SO2-. In cgrtainembpadithentsidheldigaigty oddiieRie droppeissbydfogenniivisonnerenbddiments, -Q-Z
is -NHC(0)CH=CHZ2 or -C(0)CH=CH2. [0096]In.certain embodiments, each R, is independently
MR R ST G S e T R e
-CECH, -C(a)o@ktialiphie)0 OHRFy «C{O00HRAGENH@ (6) Bl 2@ 1meCE0)CH 2F ptE(MEMECN, or

-CH2C(O)C\&FQ]‘% J&’%%lﬂk?ﬁ'im embodiments, le is a suitable leaving group, ie a group that is subject
to nucleophilic displacement. A "suitable leaving" is a chemical group that is readily displaced by a

desired incti¥fidly chiensiehrrioretyskiich B thevtioprories ot seiteimelive intstest] Siable leaving

groups are well KnowiRimdhe artae g SeGeiAdANERd-Qrganic &hemtsiry. cdapy:-Matcl, p1h Ed., pp.
351-357, John Wiley and Sons, N.Y. Such leaving groups include, but are not limited to, halogen,

alkoxy, sulFHsHTEkEosphsiahPsasemaed afihisursas s optrsHaibasisstanacup is
allfengqls?lf@@d@%mmtige@fﬂ% &u@&g’tm@ wlbﬁ%@@y%@m WM aaey@é@ﬁ@,r?wﬂemlgiﬁﬁ'ﬂiﬁ@; &-(xamplles O)f
suitable leavin roups Incijude oro, l1odo, bromo, fluoro, acet xy,,met anesulionyloxy (mesyloxy),
sl ST T R T S Rt B SRR (e

[0098]In ceptaitie thbreblirientssitheifallowindepmbed Mmemls Bnaheerbif atiots of -V -gfoup, as
defined and described herein, provides such warhead groups for covalently, and irreversibly,
inhibiting the protein.

[0054]  As used herein, the term “inkibitor” is defined as a compound that binds to and /or
inhibits HCV protease with measurable affinity. In certain crabodiments, an inhibitor has an [Csp
and/or binding constant of less about 50 uM, less than about 1 pM, less than about 500 nM, less
than about 100 nM, less than about 10 nM, or less than about 1 nM.

[6055] A compound of the present invention may be tethered to a detectable moiety, One of

ordinary skill in the art will recognize that a detectable moiety may be attached to a provided
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apply: (a) L is a bivalent C2..8 straight or branched, hydrocarbon chain wherein L has at least one

double bond and one or two additional methylene units of L are optionally and independently replaced
by -NRC(0)-, ¥LFfRi32R{(R)502-, -502N(R)-, -S-, -5(0)-, -5027, -0C(0)F CEHFFEL B propylene, -0-,
-N(R)-, or -C(0)- ; and Y is hydrogen or C16 aliphatic optionally substituted with oxo, halogen, NO2, or

UN; or (b) Ldspkivalent &musiraishtenbranchadsdydracarban-chain.whessird hasaideast one
double bond and at least one methylene unit of L is re%%ged by -C(0)-, -NRC(0)-, -C(O)NR-,

-N(R)S02-,1&esp ks, caneblespp povalgbattagey). iop qeigsitledntihe e et R A Shethylene
lﬁngs of L akﬁéalmtié@:n?ﬂ};’]ﬁflddﬂg@pﬁl?meﬁl%b’ef@iﬁ“@g{ﬁﬂl@ﬂd@)’gﬂﬁﬁl{@@c&’d%&lﬁggpe;g%&l\i@ﬂb@{}g@f@'; abnd \lf is
ydrogen or aliphatic optionally substituted with oxo, halogen, , or CN; or cg) L is a bivalent
5 suraigPEITAACHER oG i R T A G TS e Hr o ot leat one
meotlhyga'ne amnizted_iizﬂecisthrl&ptaﬁ;dnbgeté@(@)ay a}mddﬁa@ipra&wgadditimqgémﬂ;yl?@amﬂbr ofid areC ipteisonally
and independently replaced by cyclopropylene, -0-, - -. or =C(0)-; a rogen or C1
aliphatic oﬁﬁ%ﬁ%’f% %ru%gtitﬁlt%ldd\?vi %ﬁ%@ﬁ%‘ég@ﬁ &)ilg%a)rt%wdgf(y )dia%og l:():l\?érf)én Ib?ﬁ”s“fraight or
branched, hydirdrasitesatamwttersry bdwesdtiedstctriedonbsieybdndeardmbidastienewiethylene unit
of L is repl .y - - ' 7o) l] ic_optiona ubsti d with oxo, halogen,
A5G0V s R n ALY &a@?,?éﬁ%?&%&&%@ﬁﬁﬁ% Wil 20 R %%élﬁﬂg%y W %Ee

NO2, or CN; or L is a bivalent C2_8 straight or branc ydrocarbon chain wherein L has at least
one doublePiseisatc atnaasesis méiitene onirelickisheepidncdcipenTiobe andny irhydrogen or
Cl6 aliph%@mﬁ&%ﬁ%&tﬁ&%@d With ox0-DAQeNHNQE, SoeN 0fs0k. 19 NREHOUCH=CH-,
-NRC(O)CH=_CHCH2NéC 3)-, -MCH= HCH20-, -CH2NRC(0)CH=CH-, -NRSO2CH=CH-,
-NRSO2CHMsmgeme CNReIBItCENDS = TNRC(0)(C=N2)C(0)-, -NRC(0)CH=CHCH2N(CH3)-,
-NRSO2CHg3H-, -NRSQREHTS e Han “NREDGRTEHEHA RGO GiR)eHam
-CH2NRC(0)-, -CH2NRC(0)CH=CH-, -CH2CH2NRC(0)-, or -CH2NRC(0)cyclopropylene-; wherein R is
H or optionayeSUBEHEES & £7% BRkatteake P rgyieeh %.%-c@_%a*aﬁiﬁ?h%lﬁé@pﬁamf@'subsmuted
with oxo, halege MR, abGNuol (grddioiistodld G(Q) Ga@HP - NP CQ)G He], ek 2 GHB)-,
-NHC(0)CH=CHCH20-, -CH2NHC(0)CH=CH-, -NHSO2CH=CH-, -NHSO2CH=CHCH?2-,
-NHC(0)(0= fi*?%ﬁfé?lﬁ)(‘&%{?ﬁ‘)%&%??fﬁﬁ‘ﬁﬁmﬁgeﬁﬁmﬁ(é@ﬁ%& el %ﬂ%ﬂlﬁ“
-NHSO2CH=QiiGH s, DHGEOMChbrTHCk2De)udd HE{O)CErCGP)isitgreCibt2 Nt E£0)-,
-CH2NHC( {=CHs, - G (@)-,.@r -CH2NHC(0)cyclopropylene-; and Y, is hydrogen or Cl _6
aliphatic op%)g;n Iy s'_t es('[t;lat|{1jl]t¥edj'é| v%?’#%)%(? %Io%‘ge%q, eé?l%r)r gﬁs (g)or (ﬁs}gﬁl% a nggfe}%lP Er‘zi straight or
branched, Nsddﬂr@?caﬁfb@m ehigdensviheredauirthis picherst driesatkylidetyhelbab letondbeta af keast one
methylene wnitflL isseplaged BYaC @l NRGO 1 GIONR N RENR- S RMR:zsSe -50)-
-502-, -0C(0)-, or and one or two additional met ylene units of L are optionally and independently
replaced by®yegaisropylieheaniizen Npkdls, orecondyyy: drfarveliaigid ogenimsrds , endlipfiatizoptionally
substituted yifh,e%e. RBlagenefied: %ro%\i @ dlsbelp ARIYAlE0CAide SHA IOk PERRE .

e

hydrocarbon chajn wherein L has at least one triple bond and one or two additional methylene units of
L are optioAXTR 5 REPHACE SETRIERY TEPIATSHIBS IRES N, reNRISRRY8TS. (EREIINGR)-, -S-, -S(0)-,
-802-, -0C(@): s@bn e paviidc¥s isdydsagenuiC1,6 aliphatic optionally substituted with oxo, halogen,
NO2, or CN; u L js -C=-C; _-C---CCH2N(isopropyl)-, - I—,lCﬁ%) CECCH2CH2-, -CH2-CC-CH2-i
oo cifgaEs Fuose e e Pt A8 THPBRE: § M bptonally
substitutedrefithtexaibiado gen,aNoB, hCiizor (k) L dsfmbivaldntit?2iettaight o brandihgd,
hydrocarbon chain whgrein one methylene unit is replaced b lapropylene and one or two
itonal Ry e R P e B e B R R s0a
-SO2N(R)-Alg<a 18¢0)Jv802cx0 EI(®)- 3 &, 40¢6) (inanthd iddrydilogeisarAlt8 Bliphatic aptienally

substitutedlaiifh a0 AIPPRA: MAZARLEMN T 113 FRYPIEH RANAANHLoIPeRgIeRigR Lom: () C15

alkyl substituted with oxo, halogeni, N
AMCA-S, BODIPY dyes (BODIPY FL, BODIPY R6G, BODIPY TMR, BODIPY TR, BODIPY

530/550, BODIPY 558/568, BODIPY 564/570, BODIPY 576/589, BODIPY 581/591, BODIPY
630/650, BODIPY 650/065), Carboxyrhodamine 6G, carboxy-X-rhodamine (ROX), Cascade
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(i) C2,6 alkenyl optionally substituted with oxo, halogen, NO2, or CN; or (iii) C2_6 alkynyl optionally
substituted with oxo, halogen, NO2, or CN; or (iv) a saturated 3-4 membered heterocyclic ring having |
heteroatom s&lEctE #a oxygen or nitrogen wherein said ring is substﬁ’ﬁ%%ﬁgﬁgﬁe groups,
wherein each Re is as defined above and described herein; or (v) a saturated 5-6 membered

heterocycligjifigchaving t=Acheteraatiam satectadfemieyaers olpRroageswhesein saigkying is
substituted with 1-4 Re g?roups, wherein each Re is as define aé%ove and described herein; or

d
(IReL(2(W122ORFAWHS S RAGR e M o (RUPI99 2, Ofifehein duarrissity I AR RERS Bs defined
above and glesesied hereissQre AN) apattatechad® Mmeyrhairb @ty miy,s0ereip, said ring is
substituted with 1-4 Re groups, wherein each le is as defined abgve and described herein; or (viii) a
oartally unSEPATE o ey G THGHEVITY 08 MACIGBRSFIS {EFet ey solected
from nitrogétR, dxypgen Coresulflly, GragreitrsaidSiihgPisSebiBhite) teBly iR, 1 P4rtengrRgglmirkeeBein each Re is
as defined ve and described herein; or (ix);a partially,unsaturated 3-6 mempergd.carbocyclic ring,
wherein sal ?%ﬁan%esu siti%’%lé)(édvr\rif’m: 1%?3% g;?gﬁé%mi\?v e%fr{gﬁi ?é%??ge %%%’dé"ﬁ%gd%ag%%ae and
described heramyudme-Buotss®hRe) T2opstivheralmencH RENS as(@dfinatt iy bidldeiseribed herein;

or (xi) a paﬁigﬁ{){%s%%ﬁ@eq 4-6 mempered heterocyclic ring having 1-2 heteroatoms independently
selected from nitrogen, oxygén, or sulfur, wherein said ring is substituted with 1-4 Re groups, wherein

each Re is[4458kfinddatsone Bt thas cHbedhbasin, el ierdin Bash Riaing keistisdéfied above and
described hgfeinly Yetected by virtue of its mass using mass spectrometry (MS) detection techniques.

Examples of mass-tags include eclectrophore release taps such as  N-[3-]4"-[(p-
Methoxytetrafluorobenzyljoxyphenyl]-3-methylgiyceronyljisonipecotic  Acid,  4°-{2,3,5,6-
Tetrafluoro-4-(pentafluorophenoxy!) jmethyl acetophenone, and their derivatives, The synthesis
and utility of these mass~tags is described in United States Patents 4,650,750, 4,709,016,
5,360,8191, 5,516,931, 5,602,273, 5,604,104, 5,610,020, and 5,650,270, Other examples of
mass-tags include, but are not limited to, nucleotides, dideoxynucleotides, oligonucieotides of
varying length and base composition, oligopeptides, oligosaccharides, and other synthetic
polymers of varying length and monomer composition. A large variety of organic molecules,
both neutral and charged (biomolecules or synthetic compounds) of an appropriate mass range
(100—2000 Daltons) may also be used as mass-tags.

[8060]  The terms “measurable affinity” and “measurably inhibit,” as used herein, means a
measurable change in HCV protease activity between a sample comptising a compound of the
present invention, or composition thereof, and HCV protease, and an equivalent sample

comprising HCV protease, in the absence of said compound, or composition thereof.

3. Description of Exemplary Compounds:

[0061]  In certain cmbodiments, the present tnvention provides a compound of formula I
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i) @ 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted with 1-4 Re
groups, wherein each Re group is as defined above and described herein; Or ,N,NN 1., 1r .-1 .
f-.,-(Rek4 frl- ‘{‘f?é)('%"f’gﬁﬁ R.),3( (xiN.,"--,,1...".60 wherein each Re is aé’%ﬁﬁ@aséﬂﬁm and descrlbed
herein; or ()1-3 5,, -7(Re)1-3 ? (xv) a 5-membered heteroaryl ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfirz wherein said ring is substituted with 1-3 R.’
groups, wherein each le group is as defined above gnd described herein; or WO
2009/082701PCT/US2008/087736 #(Re)R3 oc

Y'Y

WZ

1

or a pharmaceutically acceptabie salt thereof, wherein:

R! and RY arc independently hydrogen or optionally substituted Cy.¢ aliphatic, or R' and R! are
taken together to form an optionally substituted 3-7 membered carbocyclic ring;

R* is -OH or -NHSO,R;

R” is -N(R); or an optionally substituted group selected from Ca.; cycloalkyl, a bridged bicyclic,
6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxygen, or sulfur;

cach R is independently hydrogen, optionally substitured C, ¢ aliphatic, or:

two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7
membered heterocyclic ring having 1-2 heteroatoms independently selected from
mirogen, oxygen, or sulfur;

R? is -L-Y, wherein:

L s a covalent bond or a bivalent Cy¢ saturated or unsaturated, straight or branched,
hydrocarbon chain, wherein one, two, or three methylene units of L are optionally and
independently replaced by cyclopropyleng, —NR-, -N(R)C(O)-, -C(O)N(R)-, -N(R}SO;-,
-SON(R)-, -O-, -C(0)-, -OC(0)-, -C(0)O-, -5-, -S80-, -S0;-, -C(=S)-, -C{(=NR)-, -N=N-,
or -C(=Ny)-;

Y is hydrogen, Cy ¢ aliphatic optionally substituted with oxo, halogen, NO,, or CN, or a 3-10
membered monocyclic or bicychic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, and wherein said
ring is substituted with 1-4 R® groups; and

each R® is independently selected from —Q-Z, oxo, NO,, halogen, CN, a suitable leaving
group, or a C1¢ aliphatic optionally substituted with oxo, halogen, NO, or CN, wherein:
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Re ()1-2 NNN FiCtr (Re)i -2 N )7-R1 -2 (N'N Si-Re 4, N ( \--r(Re)i-3 1 \-77-(Re)12 a N- airt,

WO 2009/082701 PCT/US2008/087736

Q 1s a covalent bond or a bivalent C)¢ saturated or unsaturated, straight or branched,
hydrocarbon chain, wherein one or two methylene units of Q are optionally and
independently replaced by N(R}-, -5-, -O-, -C(0)-, -0C(0)-, -C{0)O-, -80-, or
-80;-, -N(R)C{O)-, -C{ON(R)-, -N(R)SO,-, or —SO:N(R)}-; and

Z is hydrogen or C1. aliphatic optionally substituted with oxo, halogen, NOy, or CN; or

R* and a ring formed by R and RY arc taken together with their intervening atoms to form an
optionally substituted saturated or unsaturated 12-18 membered ring having 2-6
heteroatoms independently selected from nitrogen oxygen, or sulfur, wherein the ring

formed thereby comprises a warhead group;

y 0

RﬁTN \Kl‘\ﬁ??

R'isH, ~NHC(O}R5, ~NHC(O)OR6, 0 RY , Ot a natural or unnatural amine acid
side-chain group;

cach R’ is independently -N{R), or an optionally substituted group selected from C,4 aliphatic, a
bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl
having 1-2 heteroatoms independently selected from nifrogen, oxygen, or sulfur;

R® is an optionally substituted group sclected from Ci4 aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; and

R’ is an optionally substituted group selected from C, aliphatic, a bridged bicyche, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms

independently selected from nitrogen, oxygen, or sulfur; and

O

o~ 5

o i |

R*is ‘ s or R” and R” are taken together with their intervening atoms to form

an optionally substituted, saturated or unsaturated 16-22 membered ring having 2-6
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
each occurrence of RY is independently selected from halogen, -OR®, -CN, -NO,, -N(R%;, or

optionally substituted C, 4 aliphatic; and
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N"NeN-liRzONeici?? RNRGO0 SCLTh(Re)1,3se0s C)CN-1Re)1-2 (s (Re)l -2 ( N hir(Re)i-2

(SNN
WO 2009/082701 PCT/US2008/087736

m 1s an integer from 0 to 4, inclusive;

s 1§ an integer from 0 to 4, inclusive;

tis an integer from 0 to 4, inclusive,

wherein the sum of s and t is non-zero.

[0662]  In certain embodiments, L is a covalent bond.

[0063] In certain cmbodiments, L 1s a bivalent Cyg saturated or unsaturated, straight or
branched, hydrocarbon chain, wherein one, two, or three methylene units of L are optionally and
independently replaced by cyclopropylene, -NR-, -N(R)C(O)-, -C(O)N(R)-, -N(R)SO,-,
-SO;N(R)-, -0-, -C(0)-, -0C(0)-, -C(0)O-, -S-, -8O-, -80;-, -C{=S)-, -C(=NR}-, -N=N-, or
-C(=Ny)-.

[0064]  In certain embodiments, L 1s a bivalent Cis saturated or unsaturated, straight or
branched, hydrocarbon chain, In certatn embodiments, L is ~CHj-.

[0065] In certain embodiments, L is & covalent bond, —CHz-, -NH-, <CH;NH-, -NHCH;-,
~-NHC(O)-, -NHC(O)CH,0C(0)-, -CH,NHC(O)-, -NHSO,-, -NHSO,CH,-,
-NHC(O)YCH,0C(0)-, or -SO,NH-,

[0066] in some embodiments, L is a bivalent Cy¢ straight or branched, hydrocarbon chamn
wherein L. has at least one double bond and one or two additional methylene units of L are
optionally and independently replaced by -NRC(O)-, -C(O)NR-, -N(R)SO;-, -SO;N(R)-, ~S-,
-$(0)-, -SO;-, -0C(0)-, ~C(0)0-, ~0-, -N(R)-, or -C{O)-.

[6067]  In certain embodiments, L is a bivalent Cy¢ straight or branched, hydrocarbon chain
wherein L has at least one double bond and at least one methylene unit of L is replaced by
-C{O)-, -NRC(O)-, -CLOINR-, -N(R)SO;-, -SO:N(R)-, ~5-, -5(Q)-, -80;-, -0C(0})-, or -C{O)O-,
and one or two additional methylene units of L. are optionally and independently replaced by
cyclopropylene, ~O-, -N(R)-, or ~-C(O)-.

[0068]  In some embodiments, L is a bivalent Cyg straight or branched, hydrocarbon cham
wherein L has at lecast one double bond and at lcast one methylene unit of L is replaced by
-C(Q)-, and one or two additional methylene units of 1. are optionally and independently
replaced by cyclopropylene, —O-, -N{R)-, or -C(O)}-.

|6069] As described above, in certain embodiments, 1 is a bivalent C.5 straight or branched,
hydrocarbon chain wherein L has at least one double bond. One of ordinary skill in the art wilt

recognize that such a double bond may exist within the hydrocarbon chain backbone or may be
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wherein each R and Re is as defined above and described herein; or (xvii) an 8-10 membered bicyclic,
saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently selected from
nitrogen, oxyg‘gﬂ, 8?950%@!1, wherein said ring is substituted with 1-4 Re 5%5%2,0 &féih Re is as
defined above and described herein; (m) L is -C(0)- and Y is selected from: (i) C1..6 alkyl substituted

with oxo, halegen. thiNdnbieMiOfiPfobnatikenyl Rpiienabi sy bslivied with:gx0 shalegen, NO,, or
memberechaTBHoC I, YOG 2 HELEHGL A S RCHAE Mo Hel Br il rEkein sai ring is
substitutedenibim2Rel groLipisal exaimeRshoRbriscasidefinekaboveancheiesctihedshriein; or (v) a
anerein sel I SRR TR A AUV MGG LB et 2 Uefined sbove and -
described H&éh; orliReYe ¢MiNdBZittXINNRb(vijofs\(00 $BDdrdranchbbtgifreadieRsh@n Z, and Re is
as deﬂnedvﬁ)%%\{ﬁ Erlll(gsda?qgﬁ?%geh&)ru%ﬁ $nd and at least one methylene unit of L is replaced by

-C(0)-.  In certain embodiments, L is -C(O)CH=CH(CH;)-, -C{O)CH=CHCH;NH(CH;)-,

-C(O)CH=CH(CH3)-, ~C(0)CH=CH-, -CH,C{O)CH=CH-~, -CH,C(O)CH=CH(CH;)-,

-CH,CH,C(O)CH=CH-, -CH,CH,C(O)CH=CHCH;-, -CH,CH,C{O)CH=CHCH;NH(CHs)-, or

-CH,CH,C(O)YCH=CH{CHas)-, or ~CH(CH;)OC(0)CH=CH-.

[0671]  In certain embodiments, L is a bivalent Cy straight or branched, hydrocarbon chain

wherein L has at least one double bond and at least one methylene unit of L is replaced by

-0C(0O)-.

[0072] In some embodiments, L is a bivalent C,g straight or branched, hydrocarbon chain

wherein L has at lcast one double bond and at least onc methylene unit of L is replaced by

-NRC(O)-, -C(O)NR-, -N(R)SO»-, -SO:N(R)-, -S-, -8(0)-, -S0;-, -OC(O}-, or ~C(0)O-, and one

or two additional methylene units of L arc optionally and independently replaced by

cyclopropylene, ~O-, -N(R)-, ar -C(O)-. In some embodiments, L is -CH,OC(0)CH=CHCH;-,

-CH-OC{OYCH=CH-, or -CH(CH=CH,)OC{O)CH=CH-.

[6073] In certain embodiments, L is -NRC(O)CH=CH-, -NRC(O)CH=CHCH;N(CHjs)-,

-NRC(O)YCH=CHCH,0-, -CH:NRC(O)CH=CH-, -NRSQ,CH=CH-, -NRSO,CH=CHCH;-,

-NRC(OHC=No)C(O)-, -NRC{OYCH=CHCH,N{CH3)-, -NRSO-CH=CH-, -NRSO,CH=CHCH,-,

-NRC(O)CH=CHCH,0-, -NRC(O)C(=CH;)CH,-, -CH,NRC(O}-, -CH;NRC(O)CH=CH-,

-CH;CH,NRC(O)-, or -CH,NRC(O)eyclopropylene-, wherein each R is independently hydrogen

or optionally substituted C, ¢ aliphatic.

[0074]  In certain embodiments, L is -NHC(O)CH=CH-, -NHC(O)YCH=CHCH,N(CH:)-,

-NHC{O)YCH=CHCH,0-, -CH,NHC({O)CH=CH-, -NHSO,CH=CH-, -NHSO,CH=CHCH,-,

-NHC{OYC=N)C(O)-, -NHC(O)YCH=CHCH;N(CHa)-, -NHSO,CH=CH-, -NHSO,CH=CHCH,-

, -NHC(O)CH=CHCH,0-, -NHC{O)C(=CH;)CH;-, -CH;NHC(0)-, -CH;NHC(O)CH=CH-,

-CH,CH,NHC(O)-, or -CH,NHC{O)cyclopropylene-,
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(a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4 Re groups,
wherein each Re is as defined above and described herein; or Page 30 _ Vi artially
unsaturated 3" Membered monocyclic ring having 0-3 heteroatoms incre%g)ribr?s(?gé]s{k/é)é%fgcted from
nitrogen, oxygen, or sulfur, wherein said ring is substituted with 14 Re groups, wherein each Re is as
defined abgogaand deserbedihereinitQri(ix) Abpartially,ynsaigiose dranthedehybexacbeadheryclic ring,

wherein said ring s substituted with 14 Re groups, wherejn each Re is as defined aboye and
described H‘%Fé?ﬁ: %@&)agﬁewhg?gﬁ]gg@ﬂn%’ flscg%agleﬁﬁ'e%d%eg%sé and: é%%?iged‘%gfgﬁ%ygF (xi) a
partially unisaturadetlydr6csriembieredvhetdrdcyeli atringthaltingp k- Bohe terbavormstindefiemeehtly selected
from nitrogen, oxygen, or sulfur, wherein said ring is substit ith,1-4Re _wherein each Re
L e S RS B S M SRR

is as defined above and de in; or 27°0r Wherein each R
and Re is aS(0&firfidd-aHows lantcddiEoribed. Hétincor(iii) desemermbbrdichenenatic ringakfaving 0-2

nitrogens WRETEH: St 1RSI SHPSItES WD duf dRE ARURR-IIPIRIR ARG OTOUR( 2 defined
above and described herein; Or
-C(0)YO-, or -OC(Q)-, or -O-.
[0076]  Exemplary L groups include -C=C-, -C=CCH;N(isopropyl)-, -NHC(O)YC=CCH,CHy-,
-CH-C=C-CHy-, -C=CCH,0-, -CH;C(0)C=C-, -C(0)C=C-, o7 -CH;0C(=0)C=C-,
10077}  In certain embodiments, L is a bivaient C,¢ straight or branched, hydrocarbon chain
wherein one methylene unit of L is replaced by cyclopropylene and one or two additional
methylene units of L are independently replaced by -C(O}-, -NRC{O}-, -C{ONR-, -N(R}S0-,
or -SO:N(R)-. Exemplary L groups include -NHC(O)-cyclopropylene-SO,- and -NHC(O)-
cyclopropylene-.
[0078]  As defined gencrally above, Y is hydrogen, Ci aliphatic optionally substituted with
oxo, halogen, NO,, or CN, or a 3-10 membered monocyclic or bicyclic, saturated, partially
unsaturated, or aryl ring having 0-3 heteroatoms independently selected from nitrogen, oxygen,
or sulfur, and wherein said ring is substituted with at 1-4 R® groups, cach R® is independently
selected from —Q-Z, oxo, NO,, halogen, CN, a suitabie leaving group, or C,4 aliphatic, wherein
Q is a covalent bond or a bivalent Cis saturated or unsaturated, straight or branched,
hydrocarbon chain, wherein one or two methylene units of (O are optionally and independently
replaced by ~N(R)-, -S-, -0-, -C(0}-, -0C{O)-, -C(OYD-, -80-, or -SOs-, -N(RYC(O)-, -
C(ON(R}-, -N(R)SO,-, or ~SO;N(R)-; and, Z is hydrogen or C aliphatic optionally substituted
with oxo, halogen, NO,, or CN. '
[8079]  In certain embodiments, Y is hydrogen.
[0086)  In certain embodiments, Y is Ci aliphatic optionally substituted with oxo, halogen,
NQO,, or CN. In some embodiments, Y is Cy4 alkenyl optionally substituted with oxo, halogen,
NO,, or CN. In other embodiments, Y is Cy. alkynyl optionally substituted with oxo, halogen,
NO,, or CN. In some embodiments, Y is Co6 alkenyl. In other embodiments, Y is Co4 alkynyl.
[0081] In other embodiments, Y is Ci¢ alkyl substituted with oxo, halogen, NO,, or CN,
Such Y groups include -CH,F, -CH,Cl, ~-CH,CN, and -CH;NO,.
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frfrN NNN ne,........ "(Re) - -(R.),, h--ORe)1.4 --r-*1-(Re)1 _a(R )14 rlc ....)1-3 ( V) N wherein each

Re is as defined a(l)aﬁgve g\nd described herein or (xv) a 5-membered heteré)a}l%lz{%ggsq%\éing 1-3
hetcroatoms iﬂvé)ef)er{%sén[ﬂy selected from nitrogen, oxygen, or sulfur, wherein said ring is substituted

with 1-3 Re groups, wherein each 12, group is as defined above and described herein; or 111R R NR
(xvi) ( Nb(NWsE(NNENceNait daibiRinknds;. Tlis AlsRa)dt 3. theie)t2hontfdReicwihgnerigaeh R and Re is
as defined above and desgl{}r)e h_e{ein; %r %}vii an 8-10 member1 d bicyclic, saturated; dartially
unsaturateBCBPHATHRGRERY B3 PRl UL RLOR G PisgRr ey UG RN MittByEREkygen, or
sulfur, whertéih said’ rings, sulesfitisied Riithatl 4 drbupsandidereincRecisias defined above and

described TE({QP’ In some embodiments, Y is a saturated 3-4 membered heterocyclic ring having 1
heteroatom selected from oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups,
wherein cach R® is as defined above and described herein. Exemplary such rings are epoxide and
oxetane rings, wherein each ring is substituted with 1-2 R® groups, wherein each R® is as defined
above and described herein.

[0084]  In other embodiments, Y is a sawmrated 5-6 membered heterocyclic ring having 1-2
heteroatom selected from oxygen or nitrogen wherein said ring is substituted with 1-4 R” groups,
wherein each R° is as defined above and described herein, Such rings include piperidine and
pyrrolidine, wherein each ring is substituted with 1-4 R® groups, wherein each R® is as defined

(R%)1.2
{\N’Q‘Z Z_é/\NR

%\—Muz

above and described herein. In certain embodiments, Y is , 2 or
(R
G
2 wherein each R, Q, Z, and R” is as defined above and described herein.
[0085]  In some embodiments, Y is a saturated 3-6 membered carbocyclic ring, wherein said
ring is substituted with 1-4 R® groups, wherein cach R® is as defined above and described herein,
I certain embodiments, Y is cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl, wherein each

ring is substituted with 1-4 R® groups, wherein each R° is as defined above and described herein..
g group

P AR
p’J ™ v

In certain embodiments, Y is cyclopropyl optionally substituted with halogen, CN or NO,.

In certain embodiments, Y is , wherein R® is as defined above and described herein.
[6486] In certain embodiments, Y is a partially unsaturated 3-6 membered monocyclic ring
having 0-3 heteroatoms independently selected from nitrogen, oxygen, or suifur, wherein said
ring is substituted with 1-4 R® groups, wherein cach R® 18 as defined above and described herein.

[0087)  In some embodiments, Y is a partially unsaturated 3-6 membered carbocyclic ring,
wherein said ring is substituted with 1-4 R® groups, wherein each R® is as defined above and

described herein. In some embodiments, Y is cyclopropenyl, cyclobutenyl, cyclopentenyl, or
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(n) Lis -N(R)C(0)- and Y is selected from: (i) C2.6 alkyl substituted with 0Xo0, halogen, NO2, or CN; or
(i) C2_6 alken ﬂ?{ll (%Ftlonall substituted with oxo, halogen, NO2, or CN; or (ii) C2 6 alkgynyl optionally
substituted wi R4S en, NO2, or CN; or (iv) a saturated 3-4 membP Hsﬁgfgé%gy%hc ring having 1
heteroatom selected from oxygen or nitrogen wherein said ring is substituted with 1-2 Re groups,

wherein eagh|Resisnasvdefineckabaye iavechdraetibed harrinemy hasatikaptt Sstiembered
heterocyclic ring having 1-2 heteroatom selected from oxygen, or nitrogen wherein said ring is
substituted with 1-4 Re groups, wherein each Re is as defin?é‘%t?ove and described herein; or (Re)1.2

5\VINeNNR ( (V)1-2 or (Re)1l-2\c" wherein each R, Q, RelS_as
above and described herein. In certain embodiments, Y is , wherein cach R° is as

defined above and described herein.

[0088]  In certain embodiments, Y is a partially unsaturated 4-6 membered heterocyclic ring
having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R® groups, wherein each R® is as defined above and described herein.

In certain embodiments, Y is selected from:

o] (R%42 Re J1z Re)* 2

wherein each R and R® is as defined above and described herein.
[0089]  In certain embodiments, Y is a 6-membered aromatic ring having 0-2 nitrogens
wherein said ring is substituted with 1-4 R® groups, wherein each R® group is as defined above
and described herem. In certain embodiments, Y i1s phenyl, pyridyl, or pyrimidinyl, wherein
cach ring is substituted with 1-4 R® groups, wherein cach R® is as defined above and described
herein.
[0090]  Insome embodiments, Y is selected from:

N

gO (R g R)4§ (Re)ﬁsg'@—ﬁ)sék

wherein each R® is as defined above and described herein.
[0051]  In other embodiments, Y is a S-membered heteroaryi ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3
R® groups, wherein each R® group is as defined above and described herein. In some
embodiments, Y is a 5 membered partially unsaturated or aryl ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, and sulfur, wherein said ring is substituted with |-
4 R® groups, wherein cach R® group is as defined above and described herein. Exemplary such
rings are isoxazolyl, oxazolyl, thiazolyl, mmidazolyl, pyrazolyl, pyrrolyl, furanyl, thienyl,
triazole, thiadiazole, and oxadiazole, wherein each ring is substituted with 1-3 R® groups,
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defined above and described herein; or (vii) a saturated 3-6 membered carbocyclic ring, wherein said
ring is substituted with 1-4 Re groups, wherein each Re is as defined ahove and described herein; or
(viii) a partiall;}”t?nzé’g%{ﬁ’?é{%]d 3-6 membered monocyclic ring having 0-3 h])e?gf%séng?ﬁess%ﬁ’aependently
selected from nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1A Re groups, wherein
each Re is\agdefingd Rb@yerandsdrsesbesberaind Q&b adpartialycunsatundiaddng membered
carbocyclic rjing, wherein said ring is substituted with 14 Re groups, wherein each Re is as defined
above and S&@ \%?therein; or 0-3 VCSIRe)1.2 (C), wherein each Re is as defined above and
described herein; or (Ri) a partially unsafirated 4-6 membgred heterocyclic r@g having 1-2
heteroatoms indepe«l eptly selected fggm\}pitrogen, oX g;eH,\Qr sulfur, whekginsgid ring is substituted
with 1-4 Re groupé@é‘iﬁ@ach R@T@ﬁd@ﬁn@d abayrg apelrtescribed ¢iereimR5r 0 0 0A NR"17
cntel) 1-21-2 (Re)1-2(R11.20r

' N0

S e e
N N ~
e Qe e O
\_ 7R L E)e \ TR (NJRS
0 0 0 0L
¢ o, ¢ N ¢ N
;bi(Re)g,a g_L‘Rr(Re)m g—LL.:/?\(Reh-z Bw&__’/ R®
S S S, S..
¢ {2 LN 4 N
éw\\_‘!’)"(Re)m 3_“-—:&‘(;26)7'2 ém@(Re)1-2 ?_Nw--l/ R?

wherein each R and R® is as defined above and described herein.

[0092] In certzin embodiments, Y is an 8-10 membered bicyclic, saturated, partially
unsaturated, or aryl ring having 0-3 heteroatoms mdependently selected from nitroger, oxygen,
or sulfur, wherein said ring is substituted with 1-4 R® groups, wherein R® is as defined above and
described herein.  According to another aspect, Y is a 9-10 membered bicyclic, partially
unsaturated, or ary! ring having 1-3 heteroatoms independently selected from nitrogen, oxygen,
or sulfur, wherein said ring is substituted with 1-4 R® groups, wherein R® is as defined above and
described herein,  Exemplary such bicyclic rings include 2,3-dihydrobenzo[d]isothiazole,
wherein said ring is substituted with 1-4 R® groups, wherein R® is as defined above and described
herem.

[0093]  As defined generally above, each R® group is independently selected from --Q-Z, oxo,
NOz, halogen, CN, a suitable leaving group, or C, aliphatic optionally substituted with oxo,
halogen, NO», or CN, wherein () is 4 covalent bond or a bivalent C; saturated or unsaturated,
straight or branched, hydrocarbon chain, wherein one or two methylene units of (§ are optionally
and independently replaced by —-N(R)-, -S-, -O-, -C(O)-, -0OC(0)-, -C(0)0-, -SO-, or -S5O, -
NR)C(O)-, -C(OMN(R)-, -N(R)SOy-, or —-SO;N(R)-; and Z is hydrogen or Cis aliphatic
optionally substituted with oxo, halogen, NO,, or CN.

[0094] In certain embodiments, R® is Cy ¢ aliphatic optionally substituted with oxo, halogen,
NO,, or CN. In other embodiments, R® is oxo, NO, halogen, or CN,
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wherein each R and Re is as defined above and described herein; or (xiii) a 6-membered aromatic ring
having 0-2 nitrogens wherein said ring is substituted with 1-4 Re groups, wherein each Re group is as
defined above ammf(e&?%ed herein; or wherein each Re is as deflnedﬁ(éjggtslmusf%%sescrlbed herein;
or (xv) a 5-membered heteroaryl ring having 1-3 heteroatoms independently selected from nitrogen,

oxygen, or wglfsr, wme&@iﬁk%@ieoﬂﬂ@eﬂﬁqwbgiiqtgdw@mm Ra groups, BUﬁtEaﬁiﬁZ%ﬂQﬂdRﬁJ@fOUp is as

defined ab?ve 0 %?F %ggn d I%eor cr embgi& r& q\”}){"(ls ~Q \%h%r §1 1Fsoal w e%}tzClZ Za I‘&tgtl'l 2
or unsaturated, straight or branched, hydrocarbon chain, wherein one or two methylene units of
Q are optionally and independently replaced by -NR-, -NRC(Q)-, -C{O)NR-, -S-, -O-, -C(0)-,
-S0-, or -80,-. In other embodiments, Q is a bivalent Cog straight or branched, hydrocarbon
chain having at least one double bond, wherein one or two methylene units of Q are optionally
and independently replaced by -NR-, -NRC(0)-, -C(O)NR-, -S-, -O-, -C(O}-, -50-, or -50,-. In
certain embodiments, the 7 moiety of the R® group is hydrogen. In some embodiments, -Q-Z 13
-NHC{O)YCH=CH; or -C(O)YCH=CH,.
[0096]  In certain embodiments, each R® is independently selected from from oxo, NO,, CN,
fluoro, chloro, -NHC(0)CH=CH,, -C(O)CH=CH,, -CH,CH=CH,, -C=CH, -C(O)OCH,CI,
-CIOYOCH,F, -C(OYOCHLCN, -C(O)CHCL, -C(O)YCHF, ~-C{O)YCH,CN, or -~CH,C(O)CHa.
[6097]  In certam embodiments, R is a suitable icaving group, ic a group that is subject to
nucleophilic displacement. A “suitable leaving” is a chemical group that is readily displaced by
a desired incoming chemical moiety such as the thiol moiety of a cysteine of interest. Suitable
feaving groups are well known in the art, e.g., see, "Advanced Organic Chemistry,” Jerry March,
5™ Ed., pp. 351-357, John Wiley and Sons, N.Y. Such leaving groups include, but are not
limited to, halogen, alkoxy, sulphonyloxy, optionally substituted alkylsulphonyloxy, optionally
substituted alkenyisuifonyloxy, optionally substituted arylsulfonyloxy, acyl, and diazonium
moicties. Examples of suitable leaving groups include chloro, 10do, bromo, fluore, acetoxy,
methanesulfonyloxy (mesyloxy), tosyloxy, triflyloxy, nitro-phenylsulfonyloxy (nosyloxy), and
bromo-phenylsulfonyloxy (brosyloxy).
[0098] In certain embodiments, the following embodiments and combinations of -L-Y
apply:

(a) L is & bivalent Cyg straight or branched, hydrocarbon chain wherein L has at least one
double bond and one or two additional methylene units of I. are optionally and
independently replaced by -NRC{O)-, -C{OINR-, -N(R)SO:-, -SO,N(R)-, -S-, -S(0}-,
-S0;-, -0C(0)-, -C{O)O-, cyclopropylene, ~O-, -N{R)-, or -C(O)- ; and Y is hydrogen or
Cy.6 aliphatic optionally substituted with oxo, halogen, NO,, or CN; or

(b) L is a bivalent Cy 5 straight or branched, hydrocarbon chain wherein L has at ieast one

doubic bond and at least one methylene unit of L is replaced by -C(0)-, -NRC(O)-,
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N hir(Re)i-2 S". rtCHN MONRe)-1-2 wherein each R and Re is as defined above and described

herein; or (rvii) an 8-10 membered bicyclic, saturated, partially unsaturateqf
heteroatoms i o%i%‘&%(&%ﬁ%/ selected from nitrogen, oxygen, or sulfur, whet

oSrz%r%I s{"%gsczl having 0-3
RS Mg is substituted

with 1-4 Re groups, wherein Re is as defined above and described herein; (0) L is a bivalent C1_6

saturated or unsatyaperl, SHagRT.or-BraRohed. hy d@parksmn-chaimoane: Y.osseleetrichikosm: (1) C2.6

I% Sy bstil{'ute
AiogER,

a saturated 3-4 mechpesedehetetbeylicying akngshdetaraatageseleCiedliphmioxygenlyr nitrogen

wherein said ”ngs{ﬁaéstfﬁz%ﬁ't\%fjﬁ‘ﬁ% ’y{\’/é%] aé%%n%(?r%lrj&?\!-\é\éherem each Re is as defined above and

alkyl substituted with oxo, halogen, NO2, or CN: (i) C2_6 alkenyl optjona
halogen, NO2, or tN? ttﬁ]i*)ac%‘g é‘?ﬂf/n’iﬂ%p?rgrtra {Fsﬂ%@ffﬁﬁé&%it %QS‘}

described herein; or a satura

with oxo,
ég,yor CN; or (iv)

rmerbered heterocyclic ring having 1-2 heteroatom selected

from oxygen dghltr‘agaebiwharéhm s_aiﬁigh'hq Fwwbsﬂithyéwmmcﬁaﬂq@mﬁpé iwbetéiaseanh Re is as
defined above and, desgribed hereif QLREHy R/ N G2 ANNRAY B4 B 2R 3 VR ein each R,

Q, Z,and Re is as

additional methylene units of L are optionally and independently replaced by
cyclopropylene, ~O-, -N(R)-, or -C{O}-; and Y is hydrogen or C,.s aliphatic optionally
substituted with oxo, halogen, NO,, or CN; or
(d) L is a bivalent Co straight or branched, hydrocarbon chain wherein I has at least one
double bond and at least one methylene unit of L is replaced by ~C(O)-; and Y is
hydrogen or C; aliphatic optionally substituted with oxo, halogen, NO,, or CN; or
(¢) L is a bivalent Cy.5 straight or branched, hydrocarbon chain wherein 1. has at least one
double bond and at least one methylene unit of L is replaced by -OC(0)-; and Y is
hydrogen or C,¢ aliphatic optionally substituted with oxo, halogen, NO, or CN; or
(i L is -NRC(O)CH=CH-, -NRC(O)CH=CHCH;N(CHj)-, -NRC(O)CH=CHCH,O-,
-CH,NRC(O)CH=CH-, -NRSO,CH=CH-, -NRSQ,CH=CHCH,-, -NRC(O)(C=N,)-,
-NRC(O)C=N;)C(O)-, -NRC(O)CH=CHCH,N(CH3)-, -NRSO,CH=CH-,
-NRSOQ,CH=CHCH;,-, -NRC(0)CH=CHCH,0-, -NRC(0)C{=CH,)CH,-, -CH,NRC(0})-,
-CHNRC(O)CH=CH-, -CH,CH.NRC(O)-, or ~-CH,NRC{O)cyclopropylene-; wherein R
is H or optionally substituted Cy¢ aliphatic; and Y is hydrogen or C,.¢ aliphatic optionally
substituted with oxo, halogen, NO,, or CN; or
(g) L i8 -NHC{O)CH=CH-, -NHC(O)CH=CHCH,N(CH;)-, -NHC(O)CH=CHCH,O-,
~ -CH,NHC(0)CH=CH-, -NHSO,CH=CH-, -NHSO,CH=CHCH,-, -NHC(O)(C=N,)-,
-NHC(O}C=N,)C(0)-, -NHC{O)YCH=CHCH,N{CH3)~, -NHSO,CH=CH-,
-NHSO,CH=CHCH;-, -NHC(O)CH=CHCH,0-, -NHC{0)C(=CH;)CH;-, -CH,NHC(O)-,
-CH,NHC(O)YCH=CH-, -CH,CH,;NHC(0)-, or ~-CH,NHC{O)cyclopropylene-; and Y is
hydrogen or Cy¢ aliphatic optionaliy substituted with oxo, halogen, NO-, or CN; or
(h) L is a bivalent Co5 straight or branched, hydrocarbon chain wherein L has at icast one
alkylidenyl double bond and at least one methylene unit of L is replaced by -C(O)-,
-NRC(O)-, -C(O)NR-, -NR)SO7-, -SONR)-, -S-, -8(0)-, -80;,-, -OC(0)-, ot ~C(0)O-,
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defined above and described herein; or (vii) a saturated 3-6 membered carbocyclic ring, wherein said
ring is substituted with 1-4 Re groups, wherein each Re is as defined above and described herein; or
(viii) a partially" th¥4¢{’48Y 3-6 membered monocyclic ring having 0-3 heteBRBHE irfependently

selected from nitrogen, oxygen, or sulfur, wherein said ring is Page 34 of 185 substituted with 14 Re

groups, wherein 6achiRs: 5,83 dafinedRbgus ARt descriRedMaein. f ixanRariply,uagaturated 3-6
membered carbocyclic ring, wherein said ring is substituted with 1-4 Re groups, wherein each Re is as
defined above aril e<erBRYRereth; SrB3 3¢ Whersin'eldrdaess ad defittatisssienaly described

herein; or (xi) a paiakyddrsateatedids6é emberad heterocyclic ring having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfyr, wherein said ring is substituted with 14 Re
groups, wherei &dth &éigné et B ITE S J’éf L8R h éfh?‘%?rél“\kh feih BAUPE and Re is as
defined above angidedgrikdeahbesatn porpaiidiGons miereldnaramatioring dra\vipgoRaBynitrdgens wherein

T L R 5SS o it e s
-850, -OC(0)-, or -C(0)0-, and Y is hydrogen or C, ¢ aliphatic optionally substituted
with oxo, halogen, NO,, or CN; or
G L is -C=C-, -C=CCH;N(isopropyl}-, -NHC{O)C=CCH,CH;-, -CH;-C=C-CH,-,
-C=CCH,0-, -CH,C(0)C=C-, -C(0)C=C-, or -CH,0C(=0)C=C~; and Y is hydrogen or
Cy.¢ aliphatic optionally substituted with oxo, halogen, NO,, or CN; or
(k) L is a bivalent Cy 4 straight or branched, hydrocarbon chain wherein one methylene unit
of L is replaced by cyclopropylene and one or two additional methylene units of L are
independently replaced by -NRC(O)-, -C(O)NR-, -N(R)SO;-, -SO;N(R)-, -8-, -5(0)-,
-S0;-, -OC(Q)-, or -C(0)0-; and Y is hydrogen or C,¢ aliphatic optionally substituted
with oxo, halogen, NO;, or CN; or
(D L is a covalent bond and Y is sclected from:
(i) Cy.¢ alkyl substituted with oxo, halogen, NO,, or CN;
(i) Cy.¢ alkenyl optionally substituted with oxo, halogen, NO,, or CN; or
(iif} Cy.5 alkynyl optionally substituted with oxo, halogen, NO,, or CN; or
(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from
oxygen of nitrogen wherein said ring is substituted with 1-2 R® groups, wherein each
R° is as defined above and described herein; or
{v) & saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with [-4 R® groups, wherein each
RF is as defined above and described herein; or
{(R%)12 (R
%@N’QZ (%l’}/\NR QN’(%-
1.2

(vi) \ 2 or 2 wherein each R, Q, Z, and R® is as

defined above and described herein; or
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(riP) wherein each Re is as defined above and described herein; or (xv) a 5-membered heteroaryl ring
having 1-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said ring is

substituted with® 2% 8% bups, wherein each Re group is as defined abBE SR U S bed herein: or N
c, (¢, (N(N (xvi) .1"(Re)1-3.'7.-tcl(R )1-27\_11r(Re)1-2hit/ Re 0-61, hjr(Re)1-2 N h_IL(Re)1_2 'ANNe

JINRO, (vii} a saturated 3-6 membered carbocyclic ring, wheremn said ring is substituted with 1-4
R® groups, wherein each R® is as defined above and described herein; or
(viif) a pariially unsaturated 3-6 membered monocyclic ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups, wherein each R® is as defined above and described
herein; or
(ix} a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is
substituted with 1-4 R® groups, wherein cach R® is as defined above and described
herein; or

0-3

(x) (2" "2 wherein each R® is as defined above and described herein; or
(x7) a partially unsaturated 4-6 membered heterocyclic ring having 1-2 heteroatoms
mdependently selected from nitrogen, oxygen, or sulfur, wherein said ring is

substituted with [-4 R® groups, wherein each R° is as defined above and described

herein; or
0 O o 0
3
“N/U} £ 0 £ MR a\ N
TRz (?7 t )1-2 ‘% v 12 \/'%/)qz
(JCII) 0 (R@)T-Z (Re)‘!“Z or (Re)‘l.z

wherein each R and R°® is as defined above and described herein; or
(xiif) 2 6-membered aromatic ring having 0-2 nitrogens wherein said ring 1s substituted
with 1-4 R® groups, wherein each R® group is as defined above and described herein;
or
/\ (R® ' N\ {RE <3 "g :\_(Re)wa
I RS SN SLE
wherein cach R® is as defined above and described herein; or
{(xv) a 5-membered heteroaryl ring having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R" groups,

wherein cach R” group 1s as defined above and described herein; or
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(Re e"Srici3Re wherein each R and Re is as defined above and described herein; or (xvii) an 8-10
membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected from%ﬁ%’{jﬁ??%%ygen or sulfur, wherein said ring is substitute8“tH*H®EYroups, wherein
Re is as defined above and described herein (11) L is a covalent bond, -CH2-, -NH-, -C(0)-, -CH2NH-,
-NHCH2-, -NHC(0)-, -NHC(O)CHZOC(O)-R CH2NHC(0)-, gNHS02-, -NHSO2€H2-, -NHC(0)CH20C(0)-,

or -SO2NH-; and Y |s ted from: ( 6 alkyl subs d with oxo, h , NO2, or CN; or (ii)
C2_6 alkenyl optlonag| s @qnﬂutgd (faglogen %Z%. N; or (| J <a|kyny| optionally
substituted with ¢X&) alogen, NO2, or Cl\w or (iv) a s tura ed 3- ﬁ membeHed heterocyclic ring having |

heteroatom selected from oxygen or ru'{;ggen wherein sgid ring is substltuted with 1-2 Re groups,
wherein each Re is as dgfined above amd described hegpln or (v) a saturalr\ed 5-6 membered
heterocyclic ring havi \2 heteroatﬁiﬂl ted fromgoxyigen or nitrog \L Lein said ring is
substituted with 1-4 R Lfﬁ)éf “wher Eafc ‘Re is a \ M8U-above arrd—dféarlbed herein; or (Re)i-2
(/NNQ-Z 2\INNR <4.6 (vQ)l -255\12, Orgwherein each R@Q Z, and Re is as. defined above and

described herein; or A N
3\_1 (R%43 é "“‘(R) 3_\\,,,,1; (R%.2 3 b R

s EN
§‘“ e X _: Rz S% ( N(R@) 3_3(&_3%9

wherein each R and R®is as defined above and described herein; or

(xvii) an 8-10 membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from mitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R® groups, wherein R® is as defined above and described
herem;

(m) L 18 ~C(O)- and Y 1s selected from:

(1) C) alkyl substitufed with oxo, halogen, NO,, or CN; or

(i7) Cz¢ alkenyl optionally substituted with oxo, halogen, NO,, or CN; or

(111} Cy6 alkyny! optionally substituted with oxo, halogen, NO,, or CN; or

(iv) a saturated 3-4 membered heterocyclic ring having | heteroatom selected from
OXygen or nitrogen wherein said ring is substituted with 1-2 R® groups, wherein cach
R° is a5 defined above and described herein; or

(v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups, wherein each
RF is as defined above and described herein; or

(R%2 {(R®)s2

%7/ N—O-Z ‘;;(}/\NR QN%

{vi) \_{J) , \_(_/)1"2, or 2 wherein each R, Q, Z, and R® is as
defined above and described herein; or

(vii) a saturated 3-6 membered carbocyelic ring, wherein said ring is substituted with 1-4

R® groups, wherein cach R® is as defined above and described herein; or
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(vii) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 4 Re groups,
wherein each Re is as defined above and described herein; or (viii) a partially unsaturated 3-6
membered mohB&EHETMAY having 0-3 heteroatoms independently selected fraMRratfen, oxygen; or
sulfur, wherein said ring is substituted with 1-4 le groups, wherein each le is as defined above and

described hereinyQ (la?%@rt&ﬁpti@HYaMF‘a‘i@é@@%&&r%%%ﬁ?gi@%{%%ﬂ? g nwheERiRSaid ring is
substituted with 1-4 Re groups, wherein each le is as defined above and described herein; or --(R (x)

---1-7-)112, whereilMCARHEEY s SRR aBy8An A u8riBb S hFeil B X Fah &Ry unsaturated
4-6 membered hetergeyaliedingihaving LréubgtetRaianmaindependentlyisaleatadfremenitiogen,
oxygen, or sulfur, wherein said ring is substituted with 1-4 le groups, wherein each Re is as defined
above and describedTFePef; or 0 00 (NOANRN'a? (2[jlij)1-2 (nifl)1.2\ 1+1)1-2 (Re)1-2(Re)i-20r (Re)1-2
wherein each R dndl le isusialyefined:aiol 8-anddaderesbedbheselr; onfxiiyabtrmendbangdiaromatic ring

having 0-2 nitrogens \%Qﬁé%‘g ﬁﬁi’d 1r_i£1%eisg( %Jlétissitixt/ tﬁﬁvﬁ?ﬁff%%ﬁ gé%z%a%ﬁgr{{?t%g)%%crhle group is as

. 1 .
defined above and des¢ erein; or = criP)
herein; or
0-3
)
(R : : : :
(x) 2 D 2, wherein each R® is as defined above and described herein; or

(xi) a partially unsaturated 4-6 membered heterocyclic ring having 1-2 heteroatoms
_independenily selected from nitrogen, oxygen, or sulfur, wherein said ring is

substituted with 1-4 R® groups, wherein each R is as defined above and described

herein; or
o O 0 0
?-N% £ 0 ,\ANR eLN"??
)‘-JT%(RQ)“ ‘?? L )1-2 (% ¢ )1.2 \H_/)wz
(xiiy © (R (R%12 or (R%2

wherein each R and R® is as defined above and described herein; or
(xiif) a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted

with 1-4 R® groups, wherein each R® group is as defined above and described herein;

Qr
N
/\ . "/N\\ ) (N?l.. 5 (N{E_N_ e ...!( i— ’513
) BU{R b ET\/—(R W ;—R/N (R%:5 ?T\/ (R )H;KN 7 R,

wherein each R” is as defined above and described herein; or
{xv) a S-membered heteroaryl ring having 1-3 hetercatoms independently selected from
nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R® groups,

wherein each R® group is as defined above and described herein; or

N § : .
S R U TS
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wherein each le is as defined above and described herein; or (xv) a 5-membered heteroaryl ring
having 1-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted Wifﬁq%%"%%%ups, wherein each Re group is as defined ab%%"é%%&[‘%j%%é%ed herein; or
(xvi) ITS-j-(Re)i-3(ciN WO 2009/082701PCT/US2008/087736 e (3(Re)1.2R ( NO, ( 7 -i-r(R)1-2'h N
i_p Re S,S" ('NI(N -CN(Re/1-2-;_jj Rg;nyvherein each R and Re is as deﬁped above and described
herein; or N N ' N\N

N
e Qe (e
\ TR \ R \_7R). (Nm’f R

O 0 O

o) ~
§ 0, ¢ N ¢ N
ST Vo®hs S RI:  SET®%:  SRTR

S S S\ S\
¢ S T T
ST A I S SO S

wherein each R and R° is as defined above and described herein; or

(xvii) an 8-10 membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatormns independently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R® groups, wherein R® is as defined above and described
herem;

{m) L is -N{R)C(O}- and Y is selected from:

(i) Ci¢ alky! substituted with oxo, halogen, NO3, or CN; or

(if) Cs alkenyl optionally substituted with oxo, halogen, NO,, or CN; or

(iify Co.6 alkynyl optionally substituted with oxo, halogen, NO,, or CN; or

{(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups, wherein each
R° is as defined above and described herein; or

(v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups, wherein each

R* is as defined above and described herein; or

(R®4.2 {R%)1
of NG z‘{}ﬁ\NR K\A‘N%’
(vi) 17'2 , 11‘2, or 2 wherein cach R, Q, Z, and R® is as

defined above and described herein; or

(vi) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4
R® groups, wherein each R® is as defined above and described herein; or

(viify a partially unsaturated 3-6 membered monocyclic ring having 0-3 heteroatoms

independently selected from nitrogen, oxygen, or sulfur, wheremn said ring 18
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(nil) an 8-10 membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-4 Re
groups, wherelPRE1¢4 Y efined above and described herein. 100991Iﬁ%€@(§ﬁﬁ " ¥iD38iments, the Y
group of formula I is selected from those set forth in Table 1, below, wherein each wavy line indicates

the point of attachmenftauthewastiof treraalecierdablenIR ExemplanydYateuna abkasmaula l: 0010 1

a gli NzCH30CN CN 0--r :2) vkl VV
erein; or

(ix) a parbally unsaturated 3-6 membered carbocyclic ring, wherein said ring is
substituted with 1-4 R groups, wherein each R® is as defined above and described
herein; or

0-3

(x) '2" )1'2, wherein each R is as defined above and described herein; or
(x/) a partially unsaturated 4-6 membered heterocyclic ring having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is

substituted with 14 R® groups, wherein each R® is as defined above and described

herein; or
o 9 o
s & e (L &
)j“-(R% \—/{-/ 3\‘~ )
{xif) G (R®h.2 (R%h.2

wherein each R and R® is as defined above and described herein; or
(xiiiy a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted
with 1-4 R® groups, wherein each R° group is as defined above and described herein;
or
Ny N
N N O s D
ST R 3-— - Mg .(R%Q. — (% C -
{xiv) L\/J K\,«)

wherein each R® is as defined above and described herein; or

R®)3

{xv) a 5-membered heteroaryl ring having [-3 heteroatoms independently selected from
nifrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R® groups,

wherein cach R® group is as defined above and described herein; or

§ § § §
- 2 ¢ N ¢ N
o) gﬂ‘"(ﬂeh-s R éﬂ{Re)1.2 Bﬁ_‘:r R®
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Me MeN""NO )-Re\)-Re I;tr"NNt/Ir0 WM YYZZaaa bbbCCCdddeeefff eeeeﬁtfgggghhhhliii WO
2009/082701PCT/US2008/087736 000Me (271'...", Rel"....... " Me '917.--kK.- |
JYYYzzzzaaa3255bBBéec ddddd wherein each Re is mdependently ggal%?gs %sgv?ﬁg group, NO2,
CN, or oxo. [001001In certain embodiments, the R3 group of formula | is selected from those set forth
In '

~ o n "
2 N‘N °N
\ 7 ?(R“f} (.."Q,’%R‘*)e-z i\ TR \_Jre
o] O 0 O..
¢ § } (ON ¢ N
g—\\ijl\!?"(':"-e)w.s Ly (R%2 3""\\__"6“@@)12 g“ﬁjf‘ R®
3 S 3
¢ 2 ¢ N ¢ N
g_— {R®). 3_\&“?( b2 ;_\'*_‘H’J".'"(Re)m 3’7,\,_?/" R®

wherein each R and R°® is as defined above and described herein; or

(xvii) an 8-10 membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with [-4 R® groups, wherein R® is as defined above and described
herein,

(0} L 1s a bivalent C, 5 saturated or unsaturated, straight or branched, hydrocarbon chain; and

Y 1s selected from:

(1) Cy6 alkyl substituted with oxo, halogen, NO3, or CN;

(i1} Co.s alkenyl optionally substituted with oxo, halogen, NOs, or CN; or

(iif) Cog alkynyl optionally substituted with oxo, halogen, NOy, or CN; or

(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups, wherein each
R® is as defined above and described herein; or

{v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups, wherein each

R® is as defined above and described herein; or

(R%: (R%):2 q
,?;_(\N’Q‘Z ,?;(\_S\NR (
(vi) L 51'2, or , wherein each R, Q, Z, and R® is as

defined above and described herem; or

(vi7) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4
R° groups, wherein each R® is as defined above and described herein; or

(viii) a parfially unsaturated 3-6 membered monocyclic ring having 0-3 heteroatoms

independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
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Table 2, below, wherein each wavy tine indicates the point of attachment to the rest of the molecule.
Table 2. Exemplary R3 Groups: 0 abcd "ar-NR) HHH 000Me NMe efghi OMe0000 )("-}N.:%".--Nme 1J
Et00 0 ""1/4-5NQ 88482701 PCT/US2008/087736

substituted with 14 R® groups, wherein cach R is as defined above and described
herein; or
(ix) a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is
substituted with 1-4 R® groups, wherein each R® is as defined above and described
herem; or
0-3

[/
(‘C) %T»—.JTH(RE)T-Z

(xi) a partially unsaturated 4-6 membered heterocyclic ring having 1-2 heteroatoms

, wherein each R® is as defined above and described herein; or

independently selected from nitrogen, oxygen, or sulfur, whercin said ring 1s
substituted with 1-4 R® groups, wherein each R® is as defined above and described

herein; or

) O
o ’u\ 2& /\)I\NR (L %
e S, e
(xify O Re e R Re -2
wherein each R and R° is as defined above and described herein; or
(xiii) a 6-membered aromatic ring having 0-2 nitrogens whetein said ring 18 substituted
with 1-4 R® groups, wherein each R® group is as defined above and described herein,;
or
Ny
| 3 (Re g (R [/\ (R%): 5 ;—-:C — (R4 §—E E—(R"h-g
(xiv) "
wherein each R” is as defined above and described herein; or
{xv) & 5-membered heteroaryl ring having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R® groups,
wherein cach R® group is as defined above and described herein; or
N N N

€ R oE 2 ;(“ g

{xvi) EU R = (R -ﬁ—’? R®
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wherein each R and R® is as defined above and described herein; or

{xvii) an 8-10 membered bicyclic, saturated, partially unsaturated, or ary! ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R® groups, wherein R° is as defined above and described

herein;

(¢} L is a covalent bond, ~CHz-, -NH-, -C(O)-, -CH;NH-, -NHCH;-, -NHC(O})-,

-NHC(0)CH,0C(0)-, -CH,;NHC(O)-, -NHS0;-, ~-NHSO:CHy-, -NHC(O)CH,0C(0O)-, or

-SO,NH-; and Y 1s selected from:

{7) Cy¢ alky! substituted with oxo, halogen, NO,, or CN; or

(if) Co.s alkenyl optionally substituted with oxo, halogen, NOy, or CN; or

(iif) Cy.5 alkynyl optionally substituted with oxo, halogen, NO,, or CN; or

(iv) a saturatcd 3-4 membered heterocyclic ring having 1 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups, wherein each
R® is as defined above and described herein; or

(v} a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups, wherein each
R is as defined above and described herein; or

(ngﬁ\ (R%) .3\
%{\MN“Q'Z %\_M NR (\_MN%
(vi) 2 2 gr 142

defmed above and described herein; or

, wherein each R, Q, Z, and R® is as

(vii) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4

R® groups, wherein cach R is as defined above and described herein; or
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(viii) a partially unsaturated 3-6 membered monocyclic ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherem said ring is
substituted with 14 R® groups, wherein each R® is as defined above and described
herein; or

{(ix) a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is
substituted with 14 R® groups, wherein each R® is as defined above and described
herein; or

0-3

P
< (R® . . . ,
(x) L% S )1'2, wherein each R® is as defined above and described herein; or

(xi) a partially unsaturated 4-6 membered heterocyclic ring having 1-2 heteroatoms
independently sclected from nitrogen, oxygen, or sulfur, wherein said ring is

substituted with 14 R® groups, wherein each R” is as defined above and described

herein; or
0 0 0 0
N €0 € TNR &N?‘*
)__T‘(Re)1_2 (% v f/)%? (?’ v -(_/)1 2 \[-(_/)12
(xiiy O (R%)-2 (R%.2 or Rz

wherein each R and R° is as defined above and described herein; or
{xi7i) a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted
with 1-4 R® groups, wherein each R® group is as defined above and described herein,

or
N

N N Na X
- g@_(RE}14 g@_ﬂ_mm 3@ REY. 3"{-\/&(?% g—;(Nﬁ—{Re)iws
wherein each R® is as defined above and described herein; or
{xv) a S-membered heteroaryl ring having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R® groups,

wherein each R® group is es defined above and described herein; or

g § i N
¢ { 2 § N ¢ N
o ST s ST TR SLTRE, SRTR
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wherein each R and R is as defined above and described herein; or
(xvii) an 8-10 membered bicyelic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms ndependently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R® groups, wherein R® is as defined above and described
herein.
[0099]  In ceriain embodiments, the Y group of formula T is sefected from those set forth in

Table 1, below, wherein cach wavy line indicates the point of attachment to the rest of the

molecule.
Table 1. Exemplary Y Groups of Fornmula I

o) o) 0 0 0
0 Oj g ¢cHy J c g ¢ 4 CH,

a b c d e f
) Ci
Q S~ 53
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G A A A
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alitt1410,11, 14 AP VWWWWWWXXXXXXYYYYYY wherein eadlf RERIHIERndently a
suitable leaving group, NO2, CN, or oxo. [001011 In certain embodiments, the RI and Itr groups of
formula | are indepengdently hydrogen or optionally substituted C1..5 aJiphatic. In some embodiments,
R."is hydrogen apd 111 is C1_4gliphatic. In other embodlments ife.is hydrogen and RI' is n-propyl.

1001021 In certain ¢ dwg%?ﬁj Rit of forn If I aﬁ"ﬁn :[jpether to form
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an optionally substituted 3-7 membered carbocyclic ring. In some embodiments, the 12" and Ru WO
2009/082701PCT/US2008/087736 groups of formula | are taken together to form an optionally
substituted cyggﬁiﬂgﬁfi]/f?ﬂﬁ]g. In some embodiments, the R1 and R1. groﬁﬁ?ﬁ%&%ﬁﬁ%re taken
together to foim a cyclopropyl ring substituted with ethyl or vinyl. or R4 and W are taken together
with their intervening atpms to forman optionally substituted, saierated or unsaturated 16-22
membered ring having-N6 hetergatbns indep tly select Neom nit , QXygen, or sulfur.
[001041 In certain e bO}jNﬂentsEefg‘zwroq&nof\f rmyla LL? - C(Q)gu . In some embodiments, the
R4 group of formulaf T NHC(@{) 8. In other-@mbodimehts;?the\R4 gf pR'@g 0 formula I is0. In certain
embodiments, the R4 gr of founula I is hydrogen. [001051In g8ome embodiments, when 124 is
-NHC(0)R5, R5 is CL_6 aliphatic or an optionally substituted group selected from a bridged bicyclic,
6-10 membered aryl, 5£e@ memberélfiheteroaryfihaving 1-4 gieteroatomdiindependently selected from
nitrogen, oxygen, or sulfyy, or 4- 7 membered heterocyclyl having 1-2 heteroatoms independently

selected from nitroger;Bxygeh, gl@.ltfur. 1901061 n someefMbodimentssdhen R4 is -NHC(0)ORS,
R6 is C14 aliphatic o£n ptionally} substitited royrp selecEd a br@e Rgyclic, 6-10 membered
aryl, 5-10 membere'a‘rhe’tbroaryl 1-4 heterogtoms ﬁ’aﬁe@énde tlﬁse €cted from nitrogen,

oxygen, or sulfur, or 4- 7 membered heterocyclyl h g 1-2 heteroatoms independently selected from

nitrogen, oxygen, or su?&w. [00107] In some embodiments, the R4 group of fotinula | is an amino acid

side-chain group. In some embodinients, the Rf"diroup of fofffiula | is affnnatural amino acid

side-chain group. me err:gknents, the RLgtoup of formula I is an aliphgtic unnatural amino acid
bpd

side-chain group. hs e embpdi , the [4 of fofmuls-Lis an ufnatyral amino acid
side-chain group*ef alanine s tuted With ~gvo, Ok tht / grotys, in eych R is as defined
WO 20091082701PC 2008/087736 above. In some embodiments, the'12.4 group of formula | is

natural amino acid side-chain group.
499 Fir 58§ e uuu

H Me
N A N N HN R
L\ %50 /'[E x~ oA
\ \
vyy 999 W xxx By
| N MeN"y o-N 0
S == | Npp— N
%@ %ENf s o o
o - \\

ez aaaa bbbh ceee dddd
0 N g—N N
> —_— \> — \  N— L
[ 2 [ T N ,L\./\ T £> —
25N 20 pes P s
Q
ecee Niiid 2oy hithh 711}

Page 40 of 185



[00108] In certain embodiments, the R4 group of formula | is the natural amino acid side-chain group
of alanine (i.e., R4 is methyl). In some embodiments, the 124 group of formula | is the natural amino
acid side-chaiwa%Wﬁﬁ‘%—alanine. In some embodiments, the R4 grouﬁ%?wm%gﬁg the natural
amino acid side-chain group of L-alanine. [001091In other embodiments, the 124 group of formula I is
the natural amino acid slde-chain group of valine. In some embodiments, the R4 group of formula 1 is
the natural amino aci Ni\de-cha’ up of D-Maline. In so mbad#rents4Be 124 group of formula |
is the natural amino fcidside;c group %L%HE [00110 ome emjboghments, the R4 group of
formula 1 consists o ixturdohafniNo aci side-chairigroups in both the D and L- configuration.
Such R4 groups are refgrred to herein as "D, L&Mmixed amino acid side-chain goups.” In some
embodiments, the ratio d§ D- to L-amino acid side-chain groups is selected frofy any of 6:1, 5:1, 4:1,
3:1,2:1,1:1, 1:2, 1:3, 1;4; 1:5, and 1:6. Thus, in certain embodiments, the R4 group of formula | is a
D,L-mixed alanine sideféhain group™ other edfbodiments, #i&"#4 grod¥8t fol 'Rata 1 is a D,L-mixed
valine side-chain g:ﬁS[OOﬂl]Whi not wishing tg.be bounq\lby any:@arti ular theory, it is believed

¢ )

that for compounds of fo a-t havi amino de{thain grolp'ji the D-configuration is useful
in allowing a compe 0 adopt an ofign ioh CRY e te.hinding, 1-1 rotégse. 1001121In
certain embodiments, the R5 and fe grotps of formulg | are ing€pendently optionally substituted
groups selected from optionally substituted group sel€cted from C1.6 aliphatic, 6-10 membered aryl,
5-10 membered hoteroggyh having Jheteroatgrps indepengantly selegted from nitrogen, oxygen, or
sulfur, or 4-7 membered(peterocyclyé having 1-2 heteroatoms independently selected from nitrogen,
oxygen, or sulfur. In somg embodimnts, R5 is alj optionally substitutgd 5-10 membered heteroaryl
having 1-4 heteroatoniz;indggandryity setected 'tro%ﬁ%yyg, M‘”’ and R7 is an
optionally substituted Cl_6 ' In gj%%bé iments, R5 is N 13%. and R7 is cyclohexyl.
[00113]In certain embodiments, 124 is -NLIC(0)R5, Wherein R5 is independently -N(R)2 or an
optionally substituted ggoup selectetgll{tgm C16 gjphatic. In F%W embogdjments, R5 is -N(R)2 and each
R is independently hydrogen, optionally substituted C1_6 aliphatic, or two R on the same Page 47 of
185 WO 2009/082mlus 08/087736%hitrogen é}ﬂém are taken togethé&kwith the nitrogen to form
ocyrdic eterQat

a 4-7 membered iC% ing %Ws indéﬁ&hde?rﬁmle from nitrogen,
oxygen, or sulfur. [f some embodiments, R5 is -N(R)2 aneeach R is indepeﬁ‘dently hydrogen or
t-butyl. [00114] In certajp,gmbodiments, the R5.grayp of forgyale, 1 is apeptigpally substituted 5-10
membered heteroaryl ring having 1-4 heteroatoms independen%selected from nitrogen, oxygen, or

sulfur. In sOREETBOME MLIRE LN SHHO StEatRdi s Mfb¥id heteroatyl ring having 1-2
nitrogens. IHEeURin @rhadimeRisiRadsipiperasinybf 08l IR cectain embadiments:ithe R7 group of
formula 1 is.an optionally substituted C16 aliphatic group. In some embodiments, R7 is a branched
C15 aikyl i mUBIY SIBORIFAIE R TE LyLTAE ] By EaGHERen o (e ret o e

molecule,

Table 2. Exemplary R Groups:
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RY (ROrn-J_N . In certain embodiments, R7 is n certain embodiments, R7 is Nie [00117]In some
embodiments, Ft' is halogen. In other embodiments, RY is CH aliphatic. In certain embodiments, RY is
fluoro.In certa}ﬁ e%‘%éja??ﬁénts RY is chloro. In certain WO 2009/082708P&F1¥5068/087736
embodiments, RY is bromo. In certain embodiments, RY is iodo. In other embodiments, RY is vinyl.
[00118] In some 8mbod|mentsO m is an mtquer between & and 3, inclusive. In somecembodiments, m is
1. Insome ﬂﬂén/ ents,.m ig/2. In s e 8 m%m 1$23. OQl;llQ]/mso ogiments, s is an
integer bet nd 3, ml’;‘ Usive. In some @mbodiments, f is 0. In ome embodume ts, sis . In
some embodlments s is 2. fir¢omp embodiments, s is 3. In some embodiments, s is 4. [00120] In
some embodiments, t is an integer between 1 and 3, inclusive. In some embodiments, t is 0. In some
embodiments, tfs I. In some‘embodimerits, tis 2. In Zme embodiments, tis 3. In Some embodiments,

tis 4.
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[00121] In certain embodiments, the R2a group of formula | is -OH. In other embodiments, the Raa
group of formula I is -NHSO2R2, wherein R2 is as defined above and described herein. Thus, the
present invenw&nz%‘]%%ﬁgé a compound of formula I-a or I-b: 0 "Rz0-Rz 'S Sﬁﬂg%égé%tically
acceptable salt thereof, wherein each of R', RI', R2, R3, R4, and W is as defined above for formula |
and described in clag®ges and subclagges above and herein. [00122]In certain embodiments, the R2
group of formula I- %N-N(R)Z.In ot Nemlgodiments, th oup of folthe 'T’\ iﬁean optionally
substituted grou;}u%ﬂg;ted from C%EV ygloalkyl, 6-10+ H‘%?eéed aryl, 5- mbered heteroaryt
having 1-4 hetcroato independ’entlgll selected from nitrolgen, oxygen, or sulfur, or 4-7 membered
heterocyclyl havé% 12 heteroatoms independently se%%cted from nitrogen, oxygen, or sulfur. In certain
embodiments, R3%& C3..7 cycloalk§fi‘r 6-10 membef&{ aryl. In some €fffbodiments, R2 is optionally
substituted 6-10 membered aryl. In e embodiments is phenyl. In cestéin embodiments, R2 is
cyclopropyl. [00 Zﬁf‘bertain eml:;Fb imefits, R2 is sel om C3_7 cycloal yﬁea bridged bicyclic,
6-10 membered atyl,\5-10 membéi theteroaryI having 1-4 heteroatoms fridependently selected from
Page 49 of 185 WO 3009/082701PCT/US2008/087736 nitrogen, oxygen, or sulfur, or 4-7 membered
heterocyclyl havififj 1-2 heteroatomzgndependently sebdcted from nitrogén, oxygen, or sulfur. 1001241
In certain embodimegts, the R3 group;of formula | is a waghead group. In some embodiments, the R3
and R' groups of fgrmyla | are take to,‘/geﬁqer with theirﬁté}r-vaﬂing atoms&ﬁ;?ml:an optionally
substituted satur or unsatura -18 membereding having 2-6 hetdfdatoms independently
selected from nitrogeR®oxygen, or sulfur, wherein the ring formed thereby comprises a warhead group.
In some embodilﬂéents, R3 and a ripg,formed by R ang R1. are taken toggther with their intervening
atoms to fowl an"Optionally substituted saturated or unsaturated 12-18 membered ring having 2-6
heteroatoms independetﬁtly selected frfom nitrogen Qxygen, or s‘ggur, wherein e ring formed thereby

comprises a warhead{groyp. 10(33;5};1Ij s defin@ﬁ?g_réa\l\l.‘y vey thefring Forr‘r&ed by the R3 and R’
groups of foimula | ses a %d é\gu sed\heret e phrage~gomprises a warhead
group” means that the ring formed by R3 and Rl'is either substituted with a waxhead group or has such
a warhead group incorporatéd within the ring. For example, the ring formed b Rl and R1 may be
substituted with an -L-Y warhead group, wherein such groups are as described herein. Alternatively,

the ring formed by R3 &7l 12.1 hadtfie appropriate féatures of a warhe¥d group incorporated within

the ring. For example,dhe ring for@ed by R3 ang R1 may incIHde one or mqlfé units of unsaturation
and optional substitfientg and/ﬂegyeio{tom whRich. in corfibingtion, resWety that is capable
' se |
3 an

of covalently mo ) Ccv a nce\yit eseqt | i#n. In certain
embodiments, the ring formet by d KI'is optionally’stibstituted attHe a-, 13-, or y-position with
respect to the carbon to which R1 is attached. 10012611t will be appreciated that when R3 and R1 are
taken together with theirinterveningsatoms to fé¥m an optior@#y substiteted saturated or unsaturated

12-18 membered ring having 2-6 heteroatoms ir&dependently elected fromp-gitfrogen oxygen, or sulfur,
such compounds in dSeNthoseﬁ%riif\RB darin forrr@ﬂ\and@'are taken together.
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1001271 Exemplary compounds of formula | wherein 12.3 and a ring formed by R1 and R1' are taken
together include those of formula I-c-1, I-c-2, I-c-3, I-c-4, I-c-5-, and I-c-6:_or a pharmaceutically
acceptable salt Here8¥ Wherein each of Rh, RI, and le is as defined ab8%é’ %ﬁé@%@ﬁﬁed in classes
and subclasses herein. It will be appreciated that, although formulae I-c-1, I-c-2, I-c-3, I-c-4, I-c-S, and

[-c-6 depict a cyclo yl rin med by RI Ry, this groug is depicted far the purposes of
exemplification and|thexefore]ot tand B" g?@u[&as schbeg=aerein, emplated. 1001281
Exemplary such oun ude thosgsSegforth in T »infra [0 While compounds of

formulae I-c-1, I-c-2,I-¢:4, 1-c-5, and I-c-6 are depicted as having (Z)-double bond stereochemistry in
the macrocyclic ring, itfyill be understood that, in certain embodiments, compounds of formulae I-c-1,
[-c-2,l-c-5, and I-c-6 may be WO 2009/082701PCT/US2008/087736 provided having (E)-double bond
stereochcmistry in the &¥&&rocylic rHEin some@mbodimer, mixtures®§Fboth stereoisomers are
provided. In other embodiments, compounds of formulae 1-c1, 1-c-2, 1-c-3vih-c-4, I-c-5, and 1-c-6 may
be treated under suitable-tdaditio saturate double bopd™§Q0130}kNcertain embodiments, RI
and R are taken togethef tofont ani o onary silbs -7 ered kar cyclic ring. In some
embodiments, such cethpo nds:&re 8 formuldl-c8  1-d orjérp safmageutidally acceptable salt
thereof, wherein each R2', R@, R4, RI, and R'is as defined in formula 1 and gescribed in classes and

subclasses above and herei 1001311In some embodiments, R is an optionally substituted group
selected from ClI,.6 alip}‘ﬁtic. In some embodiments, R is ethyl. In other embodiments, R is vinyl.
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[00132] Exemplary R3 groups of formula 1-d include those described above and herein, as well as
those depicted in Table 3, below. 100133]In certain embodiments, R4 and le are taken together with
their mtervenl%) i1t ?B]Torm an optionally substituted, saturated or unsaturated 16-22 membered
ring having 2-6 heteroatoms independently selected from nitrogen, oxygen, or sulfur. In some
embodiments, R4 and R" are taken t gethelowith their intervening atoms to form an optionally
substituted, unsatugated 18-2@,_;311 %{éﬂ ri ing 3-5 heteroatoms independently selected from
nitrogen, oxygen, af sulfur. InNsome émbddiments, the ring for edbyl Zeft and R Is substituted with
one or more II gampsﬁheré m~eagh occurrence of Rm Isade%b{ Gptlﬂh?l/%s , ~OR’; -CN; -SCN; -
SR; -SOR; -SO2R; -NO2; -N(R)2; -NHC(0)R, ogagvé‘p@p ANSubStittitd groupselected from the
group consisting of C1_6 aliphatic and C3_7 cyc?oalkyl In certaln embodlments the present invention
provides compounds offsrmula I-e Or I-f: WO 2869/082704#CT/US2088#87736 or a
pharmaceutically acceptablg salt thereof, wherein each of m, s, t, R2a, R3, RY, and R is as defined in
formula 1 and describ /Iasses and subcl sses aboge and he[Em p is an mteger from 1 to 6,
inclusive; and eath occut e of Rm is |nde ndentl I%Iclg,e 2; of an optionally
substituted gr ectelg from gUp cé‘ﬁlsstlng %‘t ;?pha and e31 cycloalkyl. [00134] In
some embodlments pisl. In some e embodlments pis 2. g00135; In_certain ey tijglg ments RmisC1 6
aliphatic. In $bme emboalments RIS metﬁ}\}r JiOOlBézfz n some embodiment is an optionally
substituted gyou selected from C1-6 aliphatic. In some embodiments, R is ethyl. In other
embodlmenta\\ %vmyl 00 ] Exemplary R roups of formulae I-e.and 1-f mEl_pde those described
herein and degicted in Iow,_ &88] pc'h}}s’% forrffula@ I6 and |- are depicted
as having eitiét (2) or (E) doub %ond stereochenﬁ’stry in the macrocyclicGingsitwill be understood
that, in certain embod| fﬁdtfd compounds of for iﬁae 1-e and I-f may bg@%\ﬁded having (E)-double
bond stereS‘é‘f‘ié‘r‘nlstry in‘the macrocyc f€ ring. | rtain em%ﬁﬁents compounds of formulae I-e and
1-f may be owded havingy(Z)-do band stereochemlsgs}[‘ in the macrocyllc ring. In some
embodime r s\gfji@ysteei soﬁ@p arés p i Kppounds of
formulae 1-e a rlrf may be treated Unffer suitable condigiens to samrate the doalale bond, thereby
forming a compound of formula I-g or I-h: WO 20091082701PCT/US2008/087736

fiIfit S kkkickk 1114 mmmmnn  HHRRRD
0 OoH O 0 OH N. _F
~
7—‘%’0\/\)\0& E’H])Loa chs‘o’\”/u\osst ?'L)j(CN ‘e([,/:r\‘l/
006000 pPpPppp 499994 PITTFY SSSSSS

0 0 0
1 \>'"F }LD

tittit uuuun vy WHIWHIWW XXXXXX yevpy
wherein each R is independently a suitable leaving group, NO,, CN, or oxo.

[00101] 1In certain embodiments, the R' and R’ groups of formula I are independently
hydrogen or optionally substituted Cy.¢ aliphatic, In some embodiments, R" is hydrogen and R"
is Cy.4 aliphatic. In other embodiments, R' is hydrogen and R" is n-propyl.

[60102] In certain embodiments, the R' and R! groups of formula T are taken together to form

an optionally substituted 3-7 membered carbocyclic ring. In some embodiments, the R' and R
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1-h or a pharmaceutically acceptable salt thereof [00139]In certain embodiments, Rl and Rz are taken
together as described above, and R3 and a ring formed by Rl and R" are taken together as described
above, to forrﬁvﬁowg?/lﬁ?ﬁ%crocyclic compounds. In certain embodiments, %@Wﬂ'&g/%ﬁzﬁéd by le and fe
is substituted with one or more Rm groups as described above for formulae I-e and I-f. In some

embodimentsuthempasiaeyciie irenfaspead-hy RamndadinatosmeshyiRyanstdb issubstituted with an
-L-Y warhead group to provide g compound of formula |-j or I-k: or agharmaceutically acceptable salt

thereof; wHSF&IFBERHAMLn e Sorfdie iy Fapre gt sul g et M B IR b BHET M tHEOE S preparing
such compsandssituadditiort@lthosevtiescribed herein for the synthesis of other macrocycles and
compounds incorporating a warhead, include those described by McCauley, J.Aoet al., Angew. Chem.
Int. Ed., 2008,47, pp. 9104-7. WO 2009/082701PCUUS2008/087736 L0014l101 Inj some embodiments,
a methylene unit of the macrocyclic ring formed by R' and a ring form @Bﬁis replaced by
an L-Y moiety to provide a compound of formula 1-na ar I-n: or a anrm eutically cceptable salt

thereof: wH@MRleadh somelepbediantly. i prodents &(GiRgINdI OBk bond. [0014 1 J As Hescribed

above and gigteindiR CREIRA TRAAIMeRESHENE AR AEAHR HEROMRAUNES S Fhmylaidsisivdrogen. In
certain embodiments, the present invention provides a compound of formula Il-a or 1l-b: 1l-all-b

wherein eattPBfHhERISEB 2D 1932 J7ber g SOHIRIBE TEAGEP RS RN dspsy e sridescribed in
classes angigyailassesdyesaidr sulfur.

[00104] In certain cmbodiments, the R group of formula I is -NHC(O)R®. In some
embodiments, the R* group of formula I is -NHC(OYOR®, In other embodiments, the R* group of

y 0O
RJTNY‘L@
M
6 R’ _

[00105] In some embodiments, whea R* is MNHC(O)RS, R’ is Cis aliphatic or an optionally

formula T is In certain embodiments, the R* group of formufa 1 is

hydrogen.

substitated group selected from a bridged bicyclic, 6-10 membered aryl, 5-10 membered
heteroaryi having 1-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 4-
7 membered heterocyclyl having 1-2 heteroatoms independently selected from nitrogen, oxygen,
or sulfur,

[00106] In some embodiments, when R? is -NHC(O)OR®, R® is C,.6 aliphatic or an optionally
substituted group selected from a bridged bicyclic, 6-10 membered aryl, 5-10 membered
heteroaryl having [-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 4-
7 membered heterocyclyl having 1-2 heteroatoms independently selected from nitrogen, oxygen,
or sulfur.

[00107] In some embodiments, the R* group of formula 1 is an amino acid side-chain group.
In some embodiments, the R* group of formula I is an unnatural amino acid side-chain group.
In some embodiments, the R® group of formula I is an aliphatic unnatural amino acid side-chain
group. In some embodiments, the R* group of formula I is an unnatural amino acid side-chain

group of alanine substituted with one, two, or three R® groups, wherein cach R° is as defined
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[001421 Exemplary compounds of formula | are set forth in Table 3 below. WO
2009/082701PCT/US2008/087736 Table 3. Exemplary Compounds of kumula 1
2009/082701PCTHTE%008/087736 WO 2009/082701PCT/USZOOS/OS??%USP%%B@% 30 WO
2009/082701PCTIUS2008/087736 1-311-321-33

above. In some embodiments, the R* group of formula I is a natural amino acid side-chain
group.
[60108] In certain embodiments, the R* group of formula T is the natural amino acid side-
chain group of alanine (i.e., R? is methyl). In some embodiments, the R" group of formula I is
the natural amino acid side-chain group of D-alanine. In some embodiments, the R” group of
formula I is the natural amino acid side-chain group of L-alanine.
[00109] In other embodiments, the R* group of formula I is the natural amino acid side-chain
group of valine. Tn some embodiments, the R® group of formula 1 is the natural amino acid side-
chain group of D-valine. In some embodiments, the R* group of formula T is the natural amino
acid side-chain proup of L-valine.
[60110] In some embodiments, the R" group of formula I consists of a mixture of amino acid
side-chain groups in both the D- and L- configuration. Such R* groups are referred to herein as
“D,L-mixed amimno acid side-chain groups.” In some embodiments, the ratio of D- to L-amiro
acid side-chain groups is selected from any of 6:1, 5:1, 4:1, 3:1, 2:1, 11, 1:2, 1.3, 1:4; 1.5, and
1:6. Thus, in certain embodiments, the R? group of formula I 18 a D,L-mixed alanine side-chain
group. In other embodiments, the R group of formula I is a D,L-mixed valine side-chain group.
[80111] While not wishing to be bound by any particular theory, it is believed that for
compounds of formula I, having an amino acid side-chain group in the D-configuration is useful
in allowing a compound to adopt an orientation conducive to binding HCV protease.
[00112] In certain embodiments, the R® and R’ groups of formula 1 arc independently
optionally substituted groups selected from optionally substituted group selected from Cis
aliphatic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or suffur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfyr. In some embodiments, R’ is an
optionally substituted 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or suifur, and R’ is an optionally substituted Cy¢ aliphatic group. In
N

(&b

. 5. STt
some embodiments, R is

[00113] In certain embodiments, R* is -NHC(O)R®, wherein R’ is independently -N(R ), or an

and R’ is cyclohexyl.

optionally substituted group selected from Cy aliphatic. In some embodiments, R” is -N{R); and

each R is independently hydrogen, optionally substituted Ci.¢ aliphatic, or two R on the same
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WO 2009/082701PCT/US2008/087736 WO 2009/082701PCT/US2008/087736 1-491-501-51

1-521-531-54 1-551-56 1-591-60 1-611-62 WO 2009/082701PCT/US2008/087736
WO 2009/082701 PCT/US2008/087736

nitrogen atom are taken together with the nitrogen to form a 4-7 membered heterocyclic ring
having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur. In some
embodiments, R® is -N(R), and cach R is independently hydrogen or z-butyl.
[00114] In certain embodiments, the R” group of formula I is an optionally substituted 5-10
membered heteroaryl ring having 1-4 heteroatoms independently selected from nitrogen, oxygen,
or sulfur. In some embodiments, R’ is an optionally substituted 6 membered heteroaryl ring
having 1-2 nitrogens. In certain embodiments, R’ is piperazinyl.
[00115] In certain embodiments, the R” group of formula 1 is an optionally substitated Ci
aliphatic group. In some embodiments, R’ is a branched Cs alkyl group. In other
embodiments, R’ is cyclopentyl or cyclohexyl.

RY

. O
O
[06116) In certain embodiments, R is ¢ ', In certain embodiments, R* is

=
(Ry}m—@\/) RY 7~y
2 N RV} P N

ESN | , | 0 |
O . In certam embodiments, R® is i In certam
Rl |
L
Vi _4/0 AN
(Ry)m_\ } N N ) '1{&
embodiments, R” is ‘. In certain embodiments, R” is “2 70,
y z |
In certain embodimeats, R® is ™. In certain embodiments, R® is
4 RY
(R%@
N O
=0 . . . N—,’{w | . . .
Y. In certain embodiments, R is . In certain embodiments, R

F
0O

N—4
18 ﬂ:d.
[60117] In some embodiments, R is halogen. In other embodiments, R’ is C;4 aliphatic. In

certain embodiments, RY is fluoro. In certain embodiments, R¥ is chloro. In certain
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1-631-64 1-651-66 [00143]In certain embodiments, the present invention provides any compound
depicted in Table 3, above, or a pharmaceutically acceptable salt thereof. [00144] As defined generally
above, R3 is Mﬂw%’g ﬂFoup Without wishing to be bound by any parﬁ" A (51%77?&5 believed that
such R3 groups, i.e. warhead groups, are particularly suitable for covalently binding to a key cysteine

residue in thgrbingling demanai Gy carateasBo Pnarl Rrdinamy sidll indhenartaviltapnredate that HCV
protease, and mutants thereof, have a cysteine residue in the binding domain. In certain embodiments,

compoundglaiﬂthe present invention have a warhead group characterized in that inventive compounds
may target MIHQﬂSazcxsﬁt@énerm&th@f HGY praiease. b2 0093827 LRG 1Y 1 1§2Q08/087736
[00145]Thus |n some emb? rLments %18 characte szd in that thiﬁ] -L-Y moiety is capable of
covalentIyB ?St%%‘ygtel & fELigleY n}‘rléve BNy W’B‘E Eeﬁ% B%yme, In certain
embodlmemwltlﬁb cysteine resltcdﬂenm@yshsgmfﬁrté‘g\drmatmel oand rmutammeredﬁ wimsre the
provided resu%ug, ur Sberln in.accar ith Uni jprot (bcode 8 1516 ne of ordinary skill

in the art Weﬁ]recognlzéstﬁ%t a varlé]%y o?war’ﬁg%a’ érlaups as a]efln greéilrb] are suitable for such

covalent bendingmsiich R3. Jrowps imdiodechiat sisetnot limited to, those described herein and depicted
in Table 3, gigpsgy THiS pREnamenaRMay Qe determined.y.perf Oaﬂw fﬂ@ﬁg iSRECHOSGaRIc

experiments using the protocol describéd in detail it Examples 17 through 21, infra. [00147]According
to another 83pedMeAE. préseniintantigRbpfsvRaES hléénjégé@écﬁm}aﬂr@m?ﬂ@\% Broté@asicor a mutant

thereof, cog@%%&gnggq t%quﬁgmﬁg@ggs@ In some embodiments, the inhibitor is covalently
bonded via a linker m0|ety [00148] In certain,embodiments, the present invention provides a

conjugate cﬁ?‘ﬂl\@}orﬁb?@"@‘?ﬁ%*ﬁﬁéﬁﬁhﬁﬁtoﬁmé@f%%‘f Britfar KT IO URSH recognize

that the "||nt|ﬁ@|ﬁ2§ QbR QITRERGNDR NASCIRY wirFigad greup-asdessibad hev@iRediceardingly, in
certain embodiments, the. linker group.is as defl ofrﬂ%yé,\gas defined above and described in

classes and SHbdHRSEHEFEMO TR R 4pprad 5# ¥h5Pthe linker group is bivalent and,

therefore, the corresponding -L-Y groserRs also intended to besi@alent resulting from the reaction of
the warhead with the Cysl of FICX protease, or a mutant thereof. [00149] In certain embodiments,
the inhibitor moiety is a co pou d of formula A: O- %

.
Ry

i-a I-b
or a pharmaceutically acceptable salt thereof, wherein each of RLRY. RA R, R4, and R®is as
defined above for formula I and described in classes and subclasses above and herein.
[00122] In certain embodiments, the R group of formula I-b is -N(R);. In other
embodiments, the R group of formula I-b is an optionally substituted group selected from Cs.
cycloalkyl, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 hceteroatoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocycly! having 1-
2 heteroatoms independently selected from nitrogen, oxygen, or sulfur. In certain embodiments,
R” is Cay cycloalkyl or 6-10 membered aryl. In some embodiments, R” is optionally substituted
6-10 membered aryl. In some embodiments, R” is phenyl. In certain embodiments, R” is
cyciopropyl.
[00123] In cerfain embodiments, R” is selected from Cas cycloalkyl, a bridged bicyclic, 6-10

membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected from
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A wherein each of the RI, RP, R2a, R4, and 12z groups of formula A is as defined for formula | above
and described in classes and subclasses herein. Thus, in certain embodiments, the present invention
provides a cor\’Yﬁ’g"ﬁf’gﬂgﬁ% formula: WO 2009/082701PCT/USZOOS/OS%?@W%%@% wherein each
of the RI, Ri-4, K and fe groups of the conjugate is as defined for formula 1 above

and describaghirclpsses andisubelassas iRiein Q04201 nsame. emhedimenisidiadegharacterized in

that the -L-Y moiety is capable of covalerg‘ly binding to a cysteine residue thereby irreversibly inhibiting
the enzymé&elfg! PERBTAE s CHE ' steine residue is Cys16 of HCV protease, or a mutant
thereof, whigog 2kle provisiamh residueaumberiv isin acdondanceiwithvbinipdoiriepdeQARS4).
[00151]According to anpther aspect, the present invention provides a conjugate comprising HCV
protease, GPIPHUHEH Lol LN I BFREUAS 4 TATAF GF S50 et Sa BheBimente, the
inhibitor is covaterthy dpoinciely vidaitirddesamaiedy of00EER]zindcEttdinrembodinrent Sative FFésent

invention piovies A caRINale g Ihe.(oimula GSAE-nketsniibiior molety, Qne.of ardingry skilin the

. atoquns 1 @ 3 . .
art will recognize that the "linker” group correspo 1o -L-Y warhead group asdescri ,ed herein.

Accordinglyhdvtoereainisrabouifiea s tire linkengrobpdisentsdBlinetiions fornadiy defimdRabove and
described i clagses, ARtk SURGARSERRETGIR, Lk RS APRMECIIRCNOWRNER el 6 diaker group is

bivalent and, therefore, the corresponding -L-Y group is also intended to be bivalent resulting from the

reaction of tAWaINeRd Wit THereydnBheF GO hioteadenvindensidarittnelesist foms8Raceertain

embodime B%EB%M&@%B@%%&%&%&@@ Hﬁ%@ é@ﬂﬁ‘rﬂ@ﬁ AdlarReRZroup.
[06125]  As defined generally above, the ring formed by the R® and R' groups of formula I
comprises a4 warhead group. As used herein, the phrase “comprises a warhead group” means that
the ring formed by R® and R' is either substituted with a warhead group or has such a warhead
group incorporated within the 1ing. For example, the ring formed by R' and R' may be
substituted with an -L-Y warhead group, wherein such groups are as described herein.
Alternatively, the ring formed by R* and R has the appropriate features of a warhead group
incorporated within the ring. For example, the ring formed by R* and R' may include one or
more units of unsaturation and optional substituents and/or heteroatoms which, in combination,
result in a moicty that is capable of covalently modifying HCV protease in accordance with the
present invention. In certain embodiments, the ring formed by R’ and R' is optionally
substituted at the ¢-, -, o y-position with respect to the carbon to which R” is attached.
[66126] Tt will be appreciated that when R’ and R’ arc taken together with their intervening
atoms to form an optionally substituted saturated or unsaturated 12-18 membered ring having 2-6
heteroatoms independently selected from nitrogen oxygen, or sulfur, such compounds inctude
those wherein RY and a ring formed by R' and and R" are taken together,
[00127]  Exemplary compounds of formula ¥ wherein R® and a ring formed by R' and R' are

taken together include those of formula I-¢-1, I-¢-2, F-¢-3, I-¢-4, I-¢-5-, and I-c-6:
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A-1 wherein each of the RI, 111", R2a, R4, and Rz groups of formula A-1 is as defined for formula |
above and described in classes and subclasses herein. Thus, in certain embodiments, the present
invention proVtR &% lgate of the formula; WO 2009/082701PCT/USBEI& 3850 wherein each
of the R1, R, R2a, R4, and Itz groups of the conjugate is as defined for formula 1 above and described
in classes and subclasses hereirm@General Methods of Providing, the Present Compounds [00154] In
certain embodiments, the presesit compounds are generally pré%ared according to Scheme 1 set forth
below: Scheme I WO 2009/082701PCT/US2008/087736 [0G155] In one aspect, the present invention

provides methods for preé)ari pounds of formula 1, acgoxding to the steps depicted in Scheme 1
above wherein each varia defihed jand descri [ ang’ each PG is a suitable protecting
group. At step S-1, an N-pyotected\e.gx roline deri f foimula A is condensed with an
alpha-aminoester of fofmu [ ide coupling* W a dHpeptide of formula C.

e those described in detail in
PCT publication number wob 2 (US6825347), t which is hereby incorporated by
reference. Unless othernyjke indicated, said cond#igps aﬁe referenced as suitable peptide coupling
conditions throughout this application. [00156]At step S-2, the ester group is hydrolyzed with a suitable
base and subsequently neutralized tb¢fve a dipeptide of forfnfifa D. Suitable bases include, but are
not limited to, alkaline metals, alkalinggearth metal hydroxiqgs, and combinations thereof. In some
embodiments, the base is lithium hy@roxide. [00157] At stgp S-3, a dipeptide of formula D is coupled

leavage of the Boc group is
achieved by contacting a compound of organic acid in a halogenated
hydrocarbon solvent. In some- i . In some efnbogdiments, the acid is trifluoroacetic acid and
the solvent is dichloromethane._[001591 At step 5-5, &h ain& of formula G is coupled with an
carboxylic acid of formula H using suitable peptide coupling conditions to give an intermediate
compound of formula 1-0. [00160] Infefmhediate compound offfnula 1-0 is converted to compounds of
formula I in steps which are describegkas examples herein.[f00161] As defined generally above, the
PG group of fommlae A, C, D, and Flis a suitable amino protecting group. Suitable amino protecting
groups are well known in the art andiqclude those descriBed in detail in Protecting Groups in Organic

Synthesis, T. W. Greene and =8 s, 3'd edi ile§ & Sons, 1999, the entirety of
which is incorporated herein hy. ) peted mihe known in the art and include

uitabl€ m o-pritegted amines further include, but are
' nd the like. Examples of suitable

mono- 0
I-¢-5 f-c-6

or a pharmaceutically acceptable salt thereof, wherein each of R”, R*, and R” is as defined above
and described in classes and subclasses herein. Tt will be appreciated that, although formulae I-
¢-1, I-¢-2, T-¢-3, T-c-4, I-¢-5, and T-c-6 depict a cyclopropyl ring formed by R! and RY, this
group is depicted for the purposes of exemplification and therefore other R' and R groups, 4s
described herein, are contemplated.
[00128] Exemplary such compounds include those set forth in Table 3, infra.
{60129] While compounds of formulae ¥-c-1, I-¢-2, T-c-3, I-¢-4, 1-¢-5, and I-¢-6 are depicted
as having (Z)-double bond stersochemistry i the macrocyclic ring, it will be understood that, m

certain embodiments, compounds of formulae I-¢-1, J-¢-2, I-¢-3, I-¢-4, I-¢-5, and I-c-6 may be
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WO 2009/082701PCT/US2008/087736 protected amino moieties include t-butyloxycarbonytamino
(-NHBOC), ethyloxycarbonylamino, methyloxycarbonylamino, trichloroethyloxycarbonylamino,
alIonxycarborW%?H%’/P{BSGJIQI‘HAIIOC), benzyloxocarbonylamino(-NHCBZ),aﬁ' %#8?@87‘3?/Iamino(-NHBn),
fluorenylmethylcarbonyl (-NHFmoc), formamido, acetamido, chloroacetamido, dichloroacetamido,

trichloroacefgmidenphenyirgaismidad HiIRacaiamite nRRRESMRIARs tantidinhanvisibis and the like.

Suitable di-protected amines include amines that are substituted with two substituents independently

selected froti IS ARBSHBREPHBER a8 ATHIE: JrAbEtsa bfimeds £RaRArKE PTRTES Eic imides,

such as phthalimidec-maleimitessuseipindeyandibe-tikadOQla2]n elteembagismentse the present
compounds, are generally prepared according to Scheme 2 set forth below. Scheme 2 R3 M Page
68 of 185 \9\9&3’%%5@5082701PCT/USZOO8/087736 [00163] In one aspect, the present invention
provides mgiads fdn preparingbaefitpaunds offforRiukad, @keondingito thefstepsidepiotetlin Scheme 1

above. At step 5-6,.removal of t e%gc roup from a dipep ide.of formula C is achieved under
sﬁjgtéug:d ?ﬁﬂ me{mbcre CdrIB(‘é%Ha (ﬁzé%tggno?c?vﬁ: ao ?mcnts, such compounds are oF

acid-catalyzed conditions 10 give a rmu
formula I-d:
RZ
o]
ﬁ G
R4 N 7 RZB
Y, © K
0 R°

R?
I-d

or a pharmaceutically acceptable salt thereof, wherein each R* R*, R*, R, and R® is as defined

in formula I and described in classes and subclasses above and herein.

[060131] In some embodiments, R°® is an optionally substituted group selected from Cig

aliphatic. In some embodiments, R° is ethyl. In other embodiments, R° is vinyl.

[60132] Exemplary R® groups of formula I-d include those described above and herein, as

well as those depicted in Table 3, below,

[00133]  In certain embodiments, R* and R” are taken together with their intervening atoms to -

form an optionally substituted, saturated or unsaturated 16-22 membered ring having 2-6

heteroatoms independently selected from nitrogen, oxygen, or sulfur. In some embodiments, R!

and R” are taken together with their interveming atoms to form an optionally substituted,

unsaturated 18-22 membered ring having 3-5 heteroatoms independently selected from nitrogen,

oxygen, ot sulfur. In some embodiments, the ring formed by R* and R” is substituted with one or

more R™ groups, wherein each occurrence of R™ 18 independently halogen, -OR®; -CN; -SCN; -

SR®; -SOR®; -SO;R®; -NO,; -N(R");; ~NHC(O)R®, or an optionally substituted group sclected

from the group consisting of C,, aliphatic and C;; cycloalkyl. In certain embodiments, the

present invention provides compounds of formula §-e or I-f:
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[00164] At step S-7, a dipeptide ester of formula J is condensed with a functionalized amino acid of
formula Il usm suitable peptide coupling conditions to give a tripeptide ester of formula K which is
further conver %8%"% &ptide ester of for loth L in steps which are degﬂﬁe%‘]g@(’@%%ples herein.
[00165] At step 5-8, the ester group on a compound of formula L is hydrolyzed with a suitable base
and subsequently neutralfzgd to give a tripeptide of formula M. Suitable bases include, but are not
limited to, alkaline metal kaline earth metal hydroxides;@and combinations thereof. In some
embodiments, the basels liffityin hydroxide. [00166] At @ 9, a tripeptide of formula M is
condensed with a sulf nam mula E using suitabje pap upling conditions to give
compounds of formula 1. [00167] The PG group of formulae C, fl, and K is a suitable amino protecting
group as described gbove. 4. Uses, Formulation and Ad

inistratiopn_Pharmaceutically acceptable
compositions 100]5%8)& cordin to noﬂ‘ner mbolifimkekt,.the invéntibn pﬂow es a composition
comprising a compoun(\j%@ﬂ%hg mvﬁ tl h%irmacel&}gall acadept tive thereof and a
pharmaceutically acceptahle g 52 ju or vehicle t of ¢ ound in compositions of
this invention is such that igl eff gtlve to meaé&rably inhibit MCV grotease or &mutant thereof, in a
biological sample or in a pa{%lenﬁ In certain embodiments, tHe arount of compound in compositions of
this invention is such that is effective to measurably inhibit HCV pfotease, or a mutant thereof, in a

biological sample. 10,8 RIS M FEUAISPATIIIEN SR APPSO of s fuapfon s formulated

for administration to a patient i h such composition. In'Some embodiments, a composmon of
this mvenUé?ﬁ@eﬁomﬁfma@@dﬁmddﬁmmmm@mm%@quré@m%@he term "patient," as used
herein, meg @5 nPreferaply, g /napamal, and most preferably a human. WO
2009/082701PCT/ 2008/087736 [00170]The term "pharmaceutically acceptable carrier, adjuvant, or
vehicle" refeeh tocauisreetatiRcattiardentitraiy, srloetictdtat-§06s h@das%%h@mkhﬁacologlcal
activity of the, GampALAF wa@etxm&'&@gffamﬁﬁ&%qngwmﬂawd%%%gm&marners adjuvants or
vehicles that may be used in the compositions of this invention includ are not limited to, ion
exchangerd)Mifhink, siaRRIRStEEFates ledRIAMESEPIRTIBIBISASS Such as human serum albumin,
buffer substgnass such-asPhgsRhates, VEIne, saRisagitkopRiassismsathiRte; paitial glyceride

mixtures of saturated vegetable fatty acids, water, salts or electrolgtes such as i)rotamlne sulfate,
disodium hi#i3§kn FhawphaEPHERESS UM My GBHPRESSHETEEE SRTPCHHER, ARt Sats, colloidal
silica, magagsikib. t[jﬁtbﬁ@t&nwdmw;mg[ pymhd@naneﬁ}hlulaﬁegbm& Hstanges, polyethylene glycol,
sodium ca eellulosg, acr tes w olyox pylene-blpck polymers,
oyetyior il ol SO Tot FO A O S A S AR A e any
non-toxic séttrasien, Bhlt 6f mivester or other derivative of a compound of this invention that, upon
administratj aregi |ent |s capa le of providing, either directly or i ndlrect nd of this
invention olgg]}lglgrlhlb?%%ﬁ Actve rcrge %g% eﬁ or\fresg(lljg {haé?eo %g d“?ﬁ%\s 58eﬁéﬁéﬁg Qt%é term
|nh|b|tm|Iymhitehmreitatmnehgnmdaéithem@@ﬁcméanslghait aflﬁwétab@dﬁetmﬁé@due tveirgof is also an
inhibitor of HENoRRaleasen oA mutant hereek AALTPIGOTPGsians elihs RrsseRlinysion may be

administered orally, parenterally, by inhalation spray, topically, rectally, nasally, buccally, vaginally or
via an impl&RREheBEryoR. trhBsansy chardiste il ca i satheErapisnedinesnds e irameetu s Cintravenous,

mtramuscullﬁa intragyticulan. iR Yialdntrsiemalinsrathesa). intrahapatisintsaiesignal and
n racramaqome embodiments, mixtures of both sterecoisomers are provided. In other embodiments,

compounds of formulae I-e and I may be treated under suitable conditions to saturate the

double bond, thereby forming a compound of formula I-g or F-h:
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injection or infusion techniques.Preferably, the compositions are administered orally, intraperitoneally
or intravenously. Sterile injectable forms of the compositions of this invention may be aqueous or
oleaginous su ﬁ'g?é‘ﬁ?zf’#]ese suspensions may be formulated accordiﬁ&%@é?ﬁ%/f?ﬁfﬂ@s known in the
art using suitable dispersing or wetting agents and suspending agents. The sterile injectable
preparation may also be asjerile injectable solution or suspension in a nontoxic parenterally

: 133-butanediol. Among the acceptable
r's solution and isotonic sodium chloride
solution. In addition, sterile, fixed gis are conventionally gmployed &5 a solvent or suspending
purpose, any bland fixed oil may

be employed inclugiggnthetic Mono- or di-%lyceridmes;_ atty acidg, such as qgleic acid and its
glyceride derivatives dr Lﬁgful ingth pr%ar tion cglﬁir)ﬂ' tables, as ate natur
pharmaceutically-accepel% |g?ils, stichvas wiiversil or cm-ou‘ especi ¥apolyoxyethylated
versions. These oil solutians, A suspensio 1ay also comsima' Io&%-cb)ai cohol diluent or
dispersant, such as carbgg?ne yl ¢ellulose & similar dispérsin .agents that Bre commonly used in
the formulation of pharmacéutically acceptable dosage fornts in uding emulsions and suspensions.
Other commonly used surfactantsl-guch as Tweens, Spans andBbher emulsifying agents or

bioavaiIabiI&gya%@m(eﬂg%%%i%‘b%ﬁb&o&m@g%ﬂjsed in the manufacture of pharmaceutically acceptable

solid, liquid, or other rms may also be used for the purposes of formulation.

[00175]PhdAHadbutivatiyte saprabrsteRp et nesotibistavbetiomvmaipiabratiyediRinidtered in any
orally acceptahle fosage fotmh iRCIYding DU ARLINIRD B £ARRMIGS ARG AGHEQHS SisPensions or

solutions. In the case of tablets for oral use, carriers commonly used include lactose and corn starch.
LubricatingaB@ptadsubh e shiveditrrisdis arey. Bresddy §prdl§ doadutiméidorahsaemmistration in a

capsule forpyresefuldilpentsdnehide lastesaand.grigd corastareh. Whan-agugRussUsRENSIONS are
required for oral use, the active ingredient is combined with emu],sifyir]gdand suspending agents. If

desired, ceRATPSRReIASAT ISR B ColBiEn§alEMs fndgyhiSo Byt 8tt 28] alematively,
pharmaceuiiaglydaccapiaples tompasidons @fshisinkeotibR:may be administered in the form of
suppositories for rectal administration. These can be pre ,o_.‘ by mixing the agent with a suitable
non-irritating excipient thézyllm solid at mom temperature fiquid at rectal temperature and therefore
will melt in the rectum tof I qthe drug. Such materi ge cocoa butter, beeswax and
polyethylene glycols. [ armaceutically acceptabtegomposiions of this invention may also be
administered topically, : tin\(ﬁjdes areas or organs readily
accessible by topical
Suitable topical forpruy;
application for the lower )tﬁstina r osﬁ%{orzgnulation (see above)
or in a suitable enema formulgtion ay alsg’he Gsed. WO
2009/082701PCT/US2008, di g [ Hti operig d pharmaceutically
acceptable compositions may hedoruulated in a suitable oigtment; alning the active component
suspended or dissolved in one or %egéarriers. Carriers for topic g.grﬁfnistration of compounds of
this invention include, but are not limited to, mineral oil, liquid petrolatum, white petrolatum, propylene
glycol, polyoxyethylene, polyox&bropylene compound, emulsifying fhix and water. Altematively,

provided pharprseuticallipceeablecempesttionssanbe-formudated inasritahleIgtign or cream
containing the active components_suspended or dissolved in gne or more pharmaceutically acceptable

C N pha :
carriers. SHEABIRIESErMAERibe! BaParReiBEhirAmBaURss niftrdsiogifo LpaesidaachisA bsten e,
polysorbaten@yeiyisesighsr waxoeaieant aleohak2-acsendecanakhbenadiaicates and water.

1001801For goRralmc uae, Broyided, pharmaceically BGeqRighls campgpions ma be

iespe

eas or gsgans. [00178]Topical
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fol ululated as micronized suspensions in isotonic, p1-1 adjusted sterile saline, or, preferably, as
solutions in isgtonic, pH adjusted sterile saline, either with or without a preservative such as
benzyIaIkoniu%oc?‘ﬂ%q@c%’:%\lternatively, for ophthalmic uses, the phaima@gg{fésa%ﬂi}/ggéggﬁtable
compositions may be formulated in an ointment such as petrolatum. 1001811Pharmaceutically

acceptablejgpnpositionsmekHtisdnyaniamsiayalstmheaeBinisiRrr(ypasahasFP 30l A ihalation.
Such compositions are prepared accqrding to tec?ni ues well-known in the art of pharmaceutical
formulatiorfl&%éomﬁg %‘é%r ' lddsa@@?ﬂ‘fﬁi i a“%&i%mﬁffm %8}{%’)9}15?@%%}?81-%}%5%& suitable
preservativeg-gbsorption promoters to enhance bioavailability, fluorocarbons, and/or other
conventional solubilizing or dispersing agents. [00182] Mgst preferably, phannaceutically acceptable
compositions of this invefffién are formulated for oral ad |A(Stration. Such formulations may be
administered with or witQ{(Su f FI In some embodimen aceutically acceptable compositions of
this invention are administeged \without food. In other e htsp pharmaceutically acceptable
compositions of this i f/entio réﬁidministered with fopd. [00483 The amount of compounds of the
present invention that inay be combined with the carri ¢ material&to produce a composition in a single
dosage form will vagyydepending the hogt tregeeg~the partic mo?_lle obadministration.
Preferably, provided co %jition N ul rmulate ())O;pata gevef petween 0.01 - 100 mg/kg
[
8

body weight/day of the inhibitar can belad

inistered to a patient receiv g fese compositions. WO
2000/082701PCUUS2008)98" 0844t should also od that a specific dosage and
treatment regimen for any garti tient will depend upan aiv@asiedy/of tactors, including the activity
of the specific compound employ#d, thé“age, body weight, gener ‘ health, sex, diet, time of
administration, rate of excretion, d/rug combination, and the judgment of the treating physician and the
severity of the particular disea Eppeing treated. The amount of a coE}pound of the present invention in
the composition will also depend upon the particular compound in the composition. Uses of
Compounder antiaPtraamaebuticatiriesdptattel Cdwipositibrs1 00488l Chbmporls EftekiGompositions
described herein arg,generally useful for the inhibition of HCV protease activity and/or the activity of a
mutant thereof. Thus, provided compounds are useful for treating non-A, non-B hepatitis, including

hepatitis CIM0d186 PAERSHIS A @RIy VA AT R GEHodE NSRS SR rOHEHRY SARRAHEIST variants
within the hastr¥Noridwigessbn ditferant.genstipeshaverowheen e RedtSinosmandsdalral.,
Hepatology, Vol. 42, No. 4, 2005). These genotypes have been further classified into more closely
related, ge IV?ﬂ‘iinNC?Subtypes. Comparative sequence portions, known as consensus
sequences, are set forth in Table 3a, b *HCV genotypeg)ard subtypes are distributed differently in
different pans of the world, and certai genotypes predomifate in certain areas. Genotypes 1-3 are

widely distributed throughout { aug Subtype | @AEF valent in North and South America, Europe,
\ofth America and Rl

and Australia. Subtype Ib is Ccommon |n r and,is also found in parts of Asia.
Genotype 2 is present in most deQ/ej P ies, bt L,B\Q% than genotype 1
(http://www.hcvadvocate.org/hepatitis/fgctsbaeets_pdfigenotﬁne_ S)pdf). Other genotypes are
prevalent in ex-US patient populatior}f_ aand are therefore impﬂr_i)ant targets. 1001871Notably, a
cysteinc located at amino acid position 159 in genotype Ib is conserved in all genotypes and subtypes
of HCV N58secguencedtdhdate, Rith8GgR’thedRinoapidipesitdmmdyrblemifferénbirotnér genotypes
and subtypg%cg&r@%tmgss i%nﬁ%ﬁ%%l%%e@%%ﬂ? with irreversible inhibitors should enable the
development of agents which are effective against multiple I-WV genotypes. 1001881As described
herein, the [$fd4&ht ivenpiery peowiiads ridearsils baishbitots oflehls dp#iste HCV protease genotypes,
and variants thereof. Such compounds, comprising a warhead group designated as R3, include those
of formulae |, I-a, I-b,I-c-2, 1-c-3, I-c-4, I-c-5, I-c-
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WO 2009/082701PCT/US2008/087736 6, WI, I-e,I-g, 1-h, llI-a, and Il-b, as described herein. In some
embodiments, R3 is characterized in that the -L-Y moiety is capable of covalently binding to a cysteine
residue thereByIrtEVEFEIHR inhibiting the enzyme. Without wishing to bePb&3Fd By &y particular
theory, it is believed that such R3 groups, i.e. warhead groups, are particularly suitable for covalently

binding to g-kay tysleingresiaredmihedingding gomain of one or more /WV protease genotypes or
variants thereof. In some embodiments, one or more genotypes inhibited by uf:ompounds of the present

invention include | a, Ib, 2a, and 3a. In certain embodiments, one or more ariants include
A156T, A156S, D168V, D168A and . [00189]0ne of ordinary skill inghg art will appreciate that
FICV protease genotypg(s nd yvarian have one or more cysteine rb/ﬁ\dues near the binding
domain. Wlthoutcwlshmg %bound by any:particular theory, it is believed: that proximity of a warhead

group to the stf@me offint t facilitatgs co%mo ifigation of that cy t ine by the warhead group.

In some embodlmaﬁ{x(s Hc telne re,é(d'ij@ I (fy%[ f HC s subtype Ib, or a
variant thereof, wfi @t gngj |re5|dueH rg is in accordance ﬁh L(epde Q91RS4).
Cystcinc re&dues%other HC\)6 proteas@g’(e otypesand subtypes suitable for covaFent modification by
irreversible inhibit f the present invention include those summarized'in Table 3a, below, where the
bold and underlined "C" nefers to a cysteinc residue conserved at an equipglent position to Cys159 of
HCV protease subtype Ib. Table 3a. HCV otype/ sube Representative Sequence Portion' Patient
ID Sequence Identifier la GHAVGLFRAAVC&VV .H77.NC 004102SEQ ID NO: 1

Q
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la GHAVGIFRAAVCTRGVAKAYV CH.B1D-V271.E17482858 SEQ ID NO: 2 la

GHAVGIFRAAVCTROVAKAV DE.BID-V25.EU482831 SEQ ID NO: 3 la
GHAVGLFRARQEFHEVRKAV US.177-H21.AFO753 SEQ ID NO: 4 Ib (%?FA‘\?&%’P&@?MQ/CTRGVMCAV

AU.HCV-A.AJO00009 SEQ ID NO: 5 Ib GHVVGIFRAAVCTRGVAICAV

y o
Y / H ? Q\\JP * H 0 o0
O g p [ (Y i
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CH.BID-V272.EU482859 SEQ ID NO: 6 Ib GHAVGIFRAAVCTRGVAKAV JP.HCV-BK.M58335 ' SEQ
ID NO: 7 le GHAVGIFRAAVCTRGVALCAV 1D.HC-G9.D14853 SEQ ID NO: 8 Ic
GHVAGIFRARCHRER/AKAV IN.AY051292.AY051292 SEQ ID NO: 9 35T/US2008/087736
GHAVGIFRAAVCSRGVAKSI JP.AY746460.AY746460 ' SEQ ID NO: 10
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2a GRAVGIFRAAVCSRGVAKSI JP.JCH-6AB047645 SEQ ID NO: 11 2a
GHAVGIFRAAVCSRGVAKSI .G2AK | .AF169003 SEQ ID NO: 12 2b GHAVGLFRAAVCARGVAKSI
JP.HC-18.D16Y8FCEEID NO: 13 2b GHAVGLFRAAVCARGVAICSI JIBMBPE AN 3273F. SEQ ID
NO: 14 WO 2009/082701PCT/US2008/087736 HCV
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genotype/ subtype Representative Sequence Portiona Patient ID Sequence Identifier 2¢
GHAVGIFRAAVCSRGVAKSI .BEBE1.D50409 SEQ ID NO: 15 2i AHAVGIFRAAVCSRGVAKSI
VN.D54.DQ15588Y ¢} ID NO6 2k GHAVGIFRAAICTRGAAKSI MDNATIS ABYETE63

e, B

G
1
T T2 T
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SEQ ID NO: 17 3a, GHVAGIFRAAVCTRGVAKAL CH.452.DQ437509 SEQ ID NO: 18 3a
GHVAGIFRAAVCIRGVAKAL DE.HCVCENS1.X76918 SEQ ID NO: 19 3a GILVAGIFRAAVC TR
GVAKAL ID .p¥93"E{%%314121 SEQ ID NO: 20 3b GHVMGIFIAVVCTRGYARR Y569 16.0Q284965
SEQ ID NO: 21 3b

1-4% I-50 i-51
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GHVVGIFRAAVCTRGVAKAL JP.HCV-Tr.D493741 SEQ ID NO: 22 3k GHVAGIFRAAVCTRGVAKAL
ID.JK049.D63821 SEQ ID NO: 23 4a GHAAGIFRAAVCTRGVAKAYV EG.Eg9.DQ988077SEQ ID NO:
24 4a GHAAGT BRARAVEYRGVAKAY .01-09.DQ418782 .F751DQ4187§F§/E%3{’%%76’:625 SEQ ID NO:
26 4a GHAAGLFRAAVCTRGVAKAV

I-59 1-60

1-61 1-62

Page 62 of 183



4d GFIAAGIFRAAVCTRGVAKAYV ,03-18.D0Q418786 SEQ ID NO: 27 4d GHAAGIFRAAVCTRGVAKTV
.24.DQ516083 SEQ ID NO: 28 4f GHAVGIFRAAVCTRGVAKAV FRIEBT84.EF589160SEQ ID NO: 29
4f GHAVGIFRAR AKAV FR.IFBT88.EF58916 SEQ ID NO: 30 3§ T/US2008/887736
GHVVGVERAAVCTRGVAKAL

[80143] In certain embodiments, the present invention provides any compound depicted In
Table 3, above, or a pharmaceuticaily acceptable salt thercof,

[00144]  As defined generally above, RY is a warhead group. Without wishing to be bound by
any particular theory, it is believed that such R® groups, ic. warhead groups, are particularly
suitable for covalently binding to a key cysteine residue in the binding domain of HCV protease.
One of ordinary skill in the art will appreciate that HCV protease, and mutants thereof, have a
cysteine residue in the binding domain. In certain embodiments, compounds of the present
invention have a warhead group characterized in that inventive compounds may target the C159

cysteine residue of HCV protease.
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GB.EUH1480.Y13184 SEQ ID NO: 31 5a GHVVGVFRAAVCTRGVAKAL ZA.SA13.AF064490SEQ ID
NO: 32 6a GHVVGLFRAAVCTRGVAKSL HK.6a74.DQ480524 SEQ ID NO: 33 6a
GFIVVGLFRARYEPENPAKSL HK.6a77.DQ480512 HK.EUHK?2.Y12083CE& ¥ G334 SEQ ID NO:
35 6a GHVVGLFRAAVCTRGVAKSL

[00145] Thus, in some embodiments, R® is characterized in that the -L-Y moiety is capable of
covalently binding to a cysteine residue thereby irreversibly inhibiting the enzyme, In certain
embodiments, the cysteine residue 15 Cys159 of HCV protease, or a mutant thereof, where the
provided residue numbering is in accordance with Uniprot (code Q91RS4).

[00146] One of ordinary skill in the art will recognize that a variety of warhead groups, as
defined herein, are suitable for such covalent bonding. Such R’ groups include, but are not
limited to, those described herein and depicted in Table 3, supra. This phenomenon may be
determined by performing mass spectroscopic experiments using the protocol described m detail
in Examples 17 through 21, infra.

[00147] According to another aspect, the present invention provides a conjugate comprising
HCV protease, or a mutant thercof, covalently bonded to an inhibitor at Cys139. In some
embodiments, the inhibitor is covalently bonded via a linker moiety.

[60148] In certain embodiments, the present invention provides a conjugate of the formula
Cys159-linker—inhibitor moiety., One of ordinary skill in the art will recognize that the “linker”
group corresponds to an -L-Y warhead group as described herein.  Accordingly, in certain
embodiments, the linker group is as defined for -1.-Y was defined above and described in classes
and subclasses herein. It will be appreciated, however, that the linker group is bivalent and,
therefore, the corresponding -L-Y group 1s also intended to be bivalent resulting from the
reaction of the warhead with the Cys159 of HCV protease, or & mutant thereof.

[00149] In certain embodiments, the inhibitor moiety is a compound of formula A
O-R*

A
wherein cach of the R', RV, R* R*, and R® groups of formula A is as defined for formula 1
above and described in classes and subclasses herein. Thus, in certain embodiments, the present

invention provides a conjugate of the formula:
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6b GHVVGLFRAAVCTRGVAKAL .Th580.NC 009827 SEQ ID NO: 36 6¢
GHVVGLFRAAVCTRGVAKAL TH.Th846.EF424629SEQ ID NO: 37 6d DHVVGLFRAAVCTRGVAKAL
VN.VN235.D82263€EH"D NO: 38 6e GILVVGLFRAAVCTRGVAKAI C T EXYEHBG%14805 SEQ ID
NO: 39 6f GHAVGIFRAA VCTRGVAKAI

wherein each of the R', R', R*®, R’, and R” groups of the conjugate is as defined for formula I
above and described in classes and subclasses herein.
[00150] In some embodiments, R’ is characterized in that the -L-Y moiety is capable of
covalently binding to a cysteine residue thereby irreversibly inhibiting the enzyme. In certain
embodiments, the cysteine residue is Cyslé of HCV protease, or a mutant thereof, where the
provided residue numbering is in accordance with Uniprot (code Q91RS4).
[00151]  According to another aspect, the present invention provides a conjugate comprising
HCV protease, or a mutant thereof, covalently bonded to an mhibitor at Cysl6. in S0ME
embodiments, the mhibitor is covalently bonded via a linker moiety.
[60152] In certain embodiments, the present invention provides a conjugate of the formula
Cysl6-linker-inhibrtor moiety. One of ordinary skill in the art will recognize that the “linker”
group corresponds to an -L-Y watrhead group as described herein. Accordingly, in certam
embodiments, the linker group 1s as defined for -L-Y was defined above and described in classes
and subclasses herein. It will be appreciated, however, that the linker group is bivalent and,
therefore, the corresponding -L-Y group 18 also intended to be bivalent resulting from the
reaction of the warhead with the Cys16 of HCV protease, or a mutant thereof.
[60153]  In certain embodiments, the inhibitor moiety is a compound of formula A-1:

O-RZ

L}
Snns

N
R4ﬁr R? R‘i’ ,
o a
o N)QN,R
H

0
A-1 _
wherein each of the R', R”, R®, R", and R” groups of formula A-1 is as defined for formula I
above and described in classes and subclasses herein. Thus, in certain embodiments, the present

invention provides a conjugate of the formula:
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TH.C-0044.DQ835760 SEQ ID NO: 40 6f GHAVGIFRAAVCTRGVAKAI TH.C-0046.DQ835764SEQ ID
NO: 41 GFIVVGLFRAAVCTRGVAKAL HK.HK6554.DQ314806 SEQ ID NO: 42 6
GHVVGLFRARYHHEN/AKAL 1DIK046.D63822 SEQ ID NO: 43 6h GlNR&?i’—"ﬁ?&%%TRGVAKSL
VN.VN004.D84265 SEQ ID NO: 44 6i

Cyis16

R"

R )

a
NX’TR
H

O

wherein each of the R', RY, R®, R*, and R” groups of the conjugate is as defined for formula I

above and described in classes and subclasses herem.

General Methods of Providing the Present Compounds

[06154] In certam embodiments, the present compounds are generally prepared according to

Scheme 1 set forth below:

Scheme |
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GHVAGIFRAAVCTRGVAKSL TH.C-0159.DQ835762 SEQ ID NO: 45 6] GHVAGIFRAAVCTRGVAKSL
TH.C-0667.DQ835761 SEQ ID NO: 46 GHVAGIFRAAVCTRGVAKSL TH.Th553.DQ835769 SEQ ID
NO: 47 6k GI—%/A@W—’QAW\/CTRGVAKSL CN.K1v141.DQ278893 CN.KM4E 5886 SEQ ID NO: 48
SEQ ID NO: 49 6k

[00155] In one aspect, the present invention provides methods for preparing compounds of
formula 1, according to the steps depicted in Scheme 1 above wherein each variable is as defined
and described herein and each PG is a snitable protecting group. At step 8§-1, an N-protected
(e.g. Boc) proline derivative of formula A is condensed with an alpha-aminoester of formula B
using peptide coupling conditions to give a dipeptide of formula C. Suitable peptide coupling
conditions are well known in the art and include those described in detail in PCT publication
number WQ2002004822 (US6823347), the entirety of which is hereby incorporated by
reference. Unless otherwise indicated, said conditions are referenced as suitable peptide
coupling conditions throughout this application.

[60156] At step S-2, the ester group is hydrolyzed with a suitable base and subsequently
neutralized to give a dipeptide of formula D, Suitable bases include, but are not limited to,
alkaline metals, alkaiine ecarth metal hydroxides, and combinations thereof, TIn some
embodiments, the base is hthium hydroxide.

[00157} At step S-3, a dipeptide of formula D is coupled with a sulfonamide of formula E
using suitable peptide coupling conditions to give an acylsulfonamide of formula F.

[00158] At step S-4, cleavage of the protective group (e.g. Boc removal) from a dipeptide of
formula F gives an amine of formula G. In certain embodiments, cleavage of the Boc group is
achieved by contacting a compound of formula F with a mineral or organic acid in a halogenated
hydrocarbon solvent. In some embodiments, In some embodiments, the acid is trifluoroacetic
acid and the solvent is dichioromethane,

[60159] At step S-5, an amine of formula G is coupled with an carboxylic acid of formula H
using suitable peptide coupling conditions to give an intermediate compound of formula I-6.
[00160] Intermediate compound of formula I-0 is converted to compounds of formula T in
steps which are described as examples herein,

[00161] As defined generally above, the PG group of formulae A, C, D, and F is a suitable
amino protecting group. Suitable amino protecting groups arc well known in the art and include
those described in detail in Protecting Groups in Organic Synthesis, T. W. Greene and P. G. M.
Wuts, 3¢ edition, John Wiley & Sons, 1999, the entirety of which is incorporated herein by
reference. Protected amines are well known in the art and include those described in detail in
Greene (1999). Suitable mono-protected amines further include, but are not limited to,

aralkylamines, carbamates, allyl amines, amides, and the like. FExamples of suitable mono-
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GHVAGIFRAAVCTRGVAKSL 6k GFIVAGIFRAAVCTRGVAKSL VN. VN405 D84264 SEQ ID NO
61 GHVAGIFRAAVCTRGVAKSL US.537796.EF424628 SEQ ID NO: 51 6
GHAVGVERARYEIRERPAKSL TH.C-0185.DQ835765 SEQ ID NO: 52 é’ﬁF’USZ“"S"}S”“
GHAVGVFRAAVCTRGVAKSL TH.C-0208.DQ835763

protected amino moieties include t-butyloxycarbonylamino (-NHBOC), ethyloxycarbonylamino,
methyloxycarbonylamino, trichloroethyloxycarbonylamino, allyloxycarbonylamino (-NHAlloc),
benzyloxocarbonylamino {-NHCBZ), allylamino, benzylamino {-NHBn),
fluorenylmethylcarbonyl (-NHFmoc), formamido, acetamido, chloroacetamido,
dichloroacetamido, trichloroacetamido, phenylacetamido, trifluoroacetamido, benzamido, t-
butyldiphenylsilyl, and the hke. Suitable di-protected amines include amines that are substituted
with two substituents independently selected from those described above as mono-protected

amines, and further include cyclic imides, such as phthalimide, maleimide, succinimide, and the

like.
[#0162] In other embodiments, the present compounds are generally prepared according to
Scheme 2 set forth below.
Scheme 2
R3
PG, OH
O—FR" O—Rz Q/Kr
w ©
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SEQ ID NO: 53 6n GHVVGIFRAAVCTRGVAKSL CN.KM42.DQ278894 TH.D86/93.DQ835768 SEQ
ID NO: 54 1 %g% Eg O:ﬂé55 GHW.GIFRAAVCIRGVAKSL 60 GHAVG;,(E@@A%%%%?VAKAI
CA.QC227.ERPA82HEEQ ID NO: 56 WO 2009/082701PCT/US2008/087736 HCV genotype!
subtype

[60163] In one aspect, the present invention provides methods for preparing compounds of

formula I, according to the steps depicted in Scheme 1 above. At step S-6, removal of the Boc

group from a dipeptide of formula € is achieved under acid-catalyzed conditions to give a

dipeptide ester of formula J.

[00164] At step S-7, a dipeptide ester of formula J is condensed with a functionalized amino

acid of formula H using suitable peptide coupling conditions fo give a tripeptide ester of formula

K which is further converted to a tripeptide ester of formula L in steps which are described as

examples herein.

[060165] At step S-8, the ester group on a compound of formula L is hydrolyzed with a

suifable base and subsequently neutralized to give a tripeptide of formuia M. Suitable bases

include, but are not limited to, alkaline metals, alkaline earth metal hydroxides, and

combinations thereof, In some embodiments, the base is lithium hydroxide.

[00166] At step S-9, a tripeptide of formula M is condensed with a sulfonamide of formula E

using suitable peptide coupling conditions to give compounds of formula 1.

[60167] The PG group of formulac C, H, and K 15 a suitable amino protecting group as

described above.

4, Uses, Formulation and Administration
Pharmaceutically acceptable compositions

[00168] According to another embodiment, the invention provides a composition comprising
a compound of this invention or a pharmaceutically acceptable derivative thereof and a
pharmaceutically acceptable carrier, adjuvant, or vehicle. The amount of compound in
compositions of this invention is such that 1s effective to measurably inhibit HCV protease, or a
mutant thereof, in a biological sample or in a patient. In certain embodiments, the amount of
compound in compositions of this mvention is such that is effective to measurably inhibit HCV
protease, or a mutant thereof, in a biological sample or in a patient. In certain embodiments, &
composition of this invention is formulated for administration to & patient in need of such
composition. In some embodiments, a composition of this invention is formulated for oral
admimigtration to a patient.

[06169] The term “patient,” as used herein, means an animal, preferably a mammal, and most

preferably a human.
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Representative Sequence Portion' Patient ID Sequence Identifier 6p GHVVGLFRAAVCTRGVAKAI
CA.QC216.EF424626SEQ ID NO: 57 6 GHAVGLFRAAVCTRGVAKAI CA.QC99.EF424625 SEQ ID
NO: 58 61 GHVY S EBKANVCTRGVAKAI VN.TV241.EF632069 SEQ IDIE VB #8736
GHVVGLFRAAVCTRGVAKA1

[60170]  The term “pharmaceutically acceptable carrier, adjuvant, or vehicle” refers to a non-
toxic carrier, adjuvant, or vehicle that does not destroy the pharmacological activity of the
compound with which it is formulated. Pharmaceuticaily acceptable carriers, adjuvants or
vehicles that may be used in the compositions of this invention include, but are not limited to,
ion exchangers, alumina, aluminum stearate, lecithin, serum proteins, such as human serum
albumin, buffer substances such as phosphates, glycine, sorbic acid, potassium sorbate, partial
glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such as
protamme sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, sodium
chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based
substances, polyethylene glycol, sodium carboxymethylcellulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers, polyethylene glycol and wool fat.

[00171] A “pharmacecutically acceptable derivative” means any non-toxic salt, ester, salt of an
ester or other derivative of a compound of this invention that, upon administration to a recipient,
is capable of providing, either directly or indirectly, a compound of this invention or an
inhibitorily active metabolite or residue thereof.

[60172]  As used herein, the term "inhibitorily active metabolite or residue thereof" means that
a metabolite or residue thereof is also an inhibitor of HCV protease, or a mutant thereof,

[80173]  Compositions of the present invention may be administered orally, parenterally, by
inhalation spray, topically, rectally, nasally, buccally, vaginally or via an implanted reservoir.
The term "parenteral” as used herein includes subcutancous, intravenous, intramuscular, intra-
articular, intra-synovial, intrasternal, intrathecal, intrahepatic, intralesional and intracranial
injection ot infusion techniques. Preferably, the compositions are administered orally,
infraperitoneally or intravenously. Sterile injectable forms of the compositions of this invention
may be aquecus or olcaginous 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 nog-
toxic parenterally acceptable dituent 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 1sofonic sodium chloride solution. In addition, sterile, fixed oils are conventionally

employed as a solvent or suspending medium.
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VN.TV249.EF632070 SEQ ID NO: 60 6t GHWOLFRAAVCTRGVAKAI VN.VT21.EF632071 SEQ ID
NO: 61 1 7a SHCVGIFRAAVCTRGVAKAYV CA.QC69.EF108306 SEQ ID NO: 62 a It will be
appreciated bvgﬁ% %?%F&fnary skill in the an that every virus is prone to PSR AR e %ubject to
polymorphisms, and any genotype consensus sequences described herein are representative of a

given genofyRgQr SESYREpIpeR, fﬁ@mﬁﬁ@w&)ﬁm&ﬁ %ﬁtﬁ@cﬁ@@ﬁ&@ﬂﬂ@ﬁ@@t or
http: //hcwanl owc ntent/se uence/NEW LIGN/align.html|. %?O 9§1Dru9 resistan merging as a
significant & e Sforngaj ST ple e G B STEAHEE TS B eap Fted for HCV

protease ir&@ﬁm&mmﬁ%e&a@lmmﬁ ﬁmaﬁ@ﬂnppﬂundmmﬂydﬁﬁﬂim 201 anrt AWe18&Gideveloped by
Bochrlnger Inge L Im an Ver X rma Hvel qe structures of. BILN 2061 and
%{) ? i 50

S, respe
VX-950 are 3 pic é%“f)ecl 9191 Vllji‘lac V%l’“’r]gégn article pu%tlllslﬁ’eé “‘by%r ex

Pharmacetatsoadsn‘enltltdeldng+ci1wtrdd§isﬂls1uame Btdjesoft Hepatitisc@hvinnseBgrindliRoetease," squarely
addresses faoiRrREIAL MUACfep @}9@8&9@@9%@@&vyat%\é&%aglgr&q S B ANLRe in et al., The
Journal of |oog|ca ry, 27 No. 1

Issue of Aprl 23, pp. 17508-17514, 2004. This
article con@ﬁ?@ﬁ@ﬁhaﬂﬂﬁi@&aréoﬁéﬁ)aﬂﬂ@@lzh@m@vqwdmng@m@ﬂl%le&ﬂ@ﬂnbﬁ@t@@lbfwﬂv enzymes

lm'%ht requLﬂﬁ@éﬁmgr%ﬁ(&@%HQ@p%ﬁs'Qnﬂ‘&ﬁé%ﬂ tREEWEERL BV HRaImRMS enfRfERAge 17513,
ast paragra
baragd E)uch are commonly used in the manufacture of pharmaceutically acceptable selid, liquid, or

other dosage forms may also be used for the purposes of formulation.

[60175] Pharmaceutically acceptable compositions of this imvention may be orally
administered in any orally acceptable dosage form including, but not limited to, capsules, tablets,
aqueous suspensions or solutions. In the case of tablets for oral use, carriers commonly used
include lactose and corn starch. Lubricating agents, such as magnesium stearate, are also
typically added. For oral adnunistration in a capsule form, useful diluents include lactose and
dried comstarch. When aqueous suspensions are reqaired for oral use, the active ingredient is
combined with emulsifying and suspending agents. 1f desired, certain sweetening, flavoring or
coloring agents may also be added.

[06176]  Alternatively, pharmaceutically acceptable compositions of this invention may be
administered in the form of suppositories for rectal administration. These can be prepared by
mixing the agent with a suitable non-irritating excipient that is solid at room temperature but
Hguid at rectal temperature and therefore will melt in the rectum fo release the drug. Such
materials include cocoe butter, beeswax and polyethylene glycols.

[60177] Pharmaceutically acceptable compositions of this invention may also be administered
topically, especially when the target of treatment includes areas or organs readily accessible by
topical application, inctuding discases of the eve, the skin, or the lower intestinal tract. Suitable
topical formulations are readily prepared for cach of these areas or organs.

[060178] Topical application for the lower intestinal tract can be effected in a rectal
suppository formulation (see above) or in a suitable enema formulation. Topically-transdermal

patches may also be used.
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WO 2009/082701PCT/US2008/087736 [00192]Resistance to specific antiviral drugs is a major factor
limiting the efficacy of therapies against many retroviruses or RNA viruses. The error-prone nature of
these viruses St E 18 tHe development of mutations that afford resist&‘ﬁgég%ggﬂﬂsé’ﬁy available
drugs or drugs undergoing clinical testing. The resistance problem is a critical hurdle faced in drug

developmeygh pigneve§ GoVrapesificaihiitarsidedtipattd M Patenisp 804 9 J@eantia,viieo resistance

study using two HCV NS3.4A protease inhjhitors, VX- 950 and BILN 2061, found that resistance

mutations SUTRLRSE! R ANEE NRAERIHIB RIS SRS STEMIMEIh e EaUoN I SlsceB ity to the

inhibitor itselfridawenkss tRaprimaysptigtanceairruiationscagainss BlhN R0atioweseiulybsusceptible to

VX-950, and the m@or resistance rgutiti%n against VX-950 r.emaineld sensitive to BILN %061 (Lin et
e Ja, 260 © ¥

al., Jour. BT, eHel" 2Pl 1980 ) PRIS £G It RAL S SRRy fBtInel it provided
compoundsgadiyhilyittiati teasblivextiEds peoteasepnuutants; intlindinguA 166 Tyakt 56 SitdHe8Vyand D168A
and R155K, This stands in contrast to r known HCV protease.inhjbitors, (e.g., VX-950 and BILN
2061) wincHOH T e o (oo S R LN S e o shown
to be an effestiveotibitothefaglivk sonprHEVsprotakdetmigsahsl Forexamnmpiahamtesigetiforth in Tables

4a and 4b Q%%ﬂbté’ hetgahe BlHNRO6LANd:¥X: @00 dala als agfRaoethLin gt alnand elsewhere in

the ITCV literature, and the data for compound 1-3 was obtained according to methods set forth in the
Examples, TrastsaiisonpluisHirg @ becboung By any Siafclidethdon oriipdretdld trgrtompounds of
the presentjinvgniion/nay be effective inhibitors of drug resistant forms of HCV protease. While Table
4b shows compound 1-3 activity against four reference HCV variants (A1561, A156S, D168V, and
D168A), thE&H8ling ExaPRINEE i e SEHBE G PR CRPUHRItS BIRAY PR MSNthat are active

against thege-vadiants ascyselbassashilitRLaSKksaE M. alpiei 4a-ompalativerdtdri@ues (10/1)8

BILN 20615\0/1)1%38530 ix\{\/i-sl—ot]égig',ogHAa jsnegt]éd> sﬁgglg ga?i(r)lg é%t?e?%ith or without a preservative such as
benzylalkonium chloride. Alternatively, for ophthalmic uses, the pharmaceutically acceptable
compositions may be formulated in an ointment such as petrolatum.
[00181] Pharmaceutically acceptable compositions of this invention may also be administered
by nasal acrosol 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
bioavailability, fluorocarbons, and/or other conventional solubilizing or dispersing agents.
[00182] Most preferably, pharmaceutically acceptable compositions of this invention are
formulated for oral administration, Such formulations may be administered with or without
food. In some embodiments, pharmaceutically acceptable compositions of this invention are
administered without food. In other embodiments, pharmaceutically acceptable compositions of
this invention are administered with food.
[00183] The amount of compounds of the present invention that may be combined with the
carrier materials to produce a composition in a single dosage form will vary depending upon the
host treated, the particular mode of administration. Preferably, provided compositions should be
formulated so that a dosage of between 0.01 - 100 mg/kg body weight/day of the inhibitor can be

administered to a patient receiving these compositions.
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112 2900 D168V >1200 43 WO 2009/082701PCT/US2008/087736 D168A >1200 150 a Wild-type
data were obtained from cell-based assays, and mutdata were obtained from biochemical assays. See
Lin et al. and pYBHEYEdEscribed herein. Table 4b. Comparative IC50 \EEESHRNE HILN 2061
VX-950 Compound 1-1

[60184] 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 weight, general health, sex, diet, time of administration, rate
of excretion, drug combination, and the judgment of the treating physician and the severity of the
particular disease being treated. The amount of a compound of the present invention in the

composition will also depend upon the particular compound in the composition.

Uses of Compounds and Pharmaceutically Acceptable Compositions
[06185] Compounds and compositions described herein are generally useful for the inhibition
of HCV protease activity and/or the activity of a mutant thereof. Thus, provided compounds are
useful for treating non-A, non-B hepatitis, including hepatitis C.
[08186] HCV is an extremely variable virus that forms polymorphic swarms of variants within
the host. Worldwide, six different genotypes have now been defined (Simmonds ef al,
Hepatology, Vol. 42, No, 4, 2005). These genotypes have been further classified into more
closely related, geneticalty distinct subtypes. Comparative sequence portions, known as
consensus sequences, are set forth in Table 3a, below. HCV genotypes and subtypes are
distributed differently n different parts of the world, and certain genotypes predominate in
certain arcas. Genotypes 1-3 are widely distributed throughout the world. Subtype la is prevalent
in North and South America, Europe, and Australia. Subtype 1b is common in North America
and Europe, and is also found n parts of Asia. Genotype 2 is present in most developed
countries, but is less common than genotype 1
{(http://www hevadvocate.org/bepatitis/factshests_pdfigenotype FS.pdf). Other genotypes are
prevalent m ex-US patient populations and are therefore important targets.
[00187] Notably, a cysteine located at amino acid position 139 in genotype 1b is conserved in
ail genotypes and subtypes of HCV NS3 sequenced to date, although the amino acid pesition
may be different in other genotypes and subtypes. Targeting this cysteine residue with
irreversible inhibitors should enable the development of agents which are effective against
multiple HCV genotypes.
[00188]  As described herein, the present invention provides irreversible inhibitors of one or
more HCV protease genotypes, and variants thereof. Such compounds, comprising a warhead

group designated as R?, include those of formulae I, ¥-a, I-b, I-¢-1, -2, I-¢-3, 4, I8, T
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WT 4 402 0.66 A156T A1565 7 4650 2 D168V 5090 163 2 ID168A 1860

WO 2009/682701 PCT/US2008/087736

6, i-d, I-e, 1-f, I-g, I-h, Hi-a, and 1I-b, as described herein. In some embodiments, R? is
characterized in that the -L-Y moiety is capable of covalently binding to a cysteine residue
thereby trreversibly inhibiting the enzyme. Without wishing to be bound by any particular
theory, it is believed that such R’ groups, i.c. warhead groups, arc particularly suitable for
covalently binding to a key cysteine residue in the binding domain of one or more HCV protease
genotypes or variants thereof. In some embodiments, one or more genotypes inhibited by
compounds of the present invention include 1a, 1b, 2a, and 3a. In certain embodiments, one or
more such variants include A156T, A156S, D168V, D168A, and R155K.

[06189] One of ordinary skill in the art will appreciate that HCV protease genotypes and
variants thereof have one or more cysteine residues near the binding domain. Without wishing to
be bound by any particular theory, it 1s believed that proximity of a warhead group to the
cysteine of mferest facilitates covalent modification of that cysteine by the warhead group. In
some cmbodiments, the cysteine residue of interest is Cys159 of HCV protease subtype 1b, or a
variant thereof, where the provided residue numbering is in accordance with Uniprot (code
Q91RS4). Cysteine residues of other HCV protease genotypes and subtypes suitable for
covalent modification by irreversible inhibitors of the present mvention include those
summarized in Table 3a, below, where the boid and underlined “C” refers to a cysteine residue

conserved at an equivalent position to Cys159 of HCV protease subtype 1Ib.

Tabie 3a.
HCV Representative Sequence Patient ID Sequence
genotype/ Portion® Identifier
subtype
la GHAVGLFRAAVCTRGVAKAV H77NC 004102 SEQIDNO: 1

la GHAVGIFRAAVCTRGVAKAY | CH.BID-V27]1 EU4B2858 | SEQID NO: 2
la GHAVGIFRAAVCTRGVAKAV | DEBID-V25.EU482831 | SEQID NO: 3
ia GHAVGLFRAAVCTRGVAKAYV | US.H77-H21.AF011753 | SEQIDNO: 4
1b GHAVGIFRAAVCTRGVAKAV | AUHCV-A.AJ000009 | SEQIDNO:S
1b GHVVGIFRAAVCTRGVAKAV | CH.BID-V272.EU482859 | SEQIDNO: 6
1b GHAVGIFRAAVCTRGVAKAV JP.HCV-BK.MS58335 SEQ IDNQ; 7
lc GHAVGIFRAAVCTRGVAKAV ID.HC-G9.D14853 SEQ IDNO: §
lc GHVAGIFRAAVCTRGVAKAV | INAY051292.AY051292 | SEQIDNO:9

2a GHAVGIFRAAVCSRGVAKSI | JP.AY746450.AY 746460 | SEQ ID NO: 10
2a GHAVGIFRAAVCSRGVAKSI JP.JCH-6.AB047645 SEQID NO: 11
2a GHAVGIFRAAVCSRGVAKSI G2AK1.AF169003 SEQ ID NO: 12

2b GHAVGLFRAAVCARGVAKSI JP HC-J8.D10988 SEQIDNO: 13
2b GHAVGLFRAAVCARGVAKST | JP.MD2b1-2.AY232731 | SEQ ID NO: 14
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193 8 a Wild-type data were obtained from cell-based assays, and mutant data were obtained from
biochemical assagﬁ.gSge; Il_in at al. and protocols described herein. 1001951Without wishing to be
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SEQ ID NO: 46

0]

GHVAGIFRAAVCTRGVAKSL

TH.Th553.DQ835769

SEQ ID NO: 47

6k

GHVAGIFRAAVCTRGVAKSL

CN.KM41.DQ278893

SEQ ID NO: 48

6k

GHVAGIFRAAVCTRGVAKSL

CN.KM45.DQ278891]

SEQ 1D NO: 49

ok

GHVAGIFRAAVCTRGVAKSL

VN.VN4(35.D84264

SEQ 1D NO: 50

6l

GHVAGIFRAAVCTRGVAKSL

US.537796.EF424628

SEQ ID NQ: 51

ém

GHAVGVFRAAVCTRGVAKSL

TH.C-0185.DQ835765

SEQ ID NO: 52

om

GHAVGVFRAAVCTRGVAKSL

TH.C-0208.DQ835763

SEQ 1D NO: 53

6n

GHVVGIFRAAVCTRGVAKSL

CN.KM42.DQ278894

SEQ 1D NO: 34

fm

GHVVGIFRAAVCTRGVAKSL

TH.DB6/93.DOB35768

SEQ ID NO: 55

6o

GHAVGLFRAAVCTRGVAKAI

CA.QC227 EF424627

SEQ ID NO: 56
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[002001The activity of a compound utilized in this invention as an inhibitor of NS3, NS3.4A, or a
mutant thereof, may be assayed in vitro, in vivo or in a cell line. In vitro assays include assays that
&towline inhibﬁigﬁﬂg?"%ﬁf’ﬁ@r the serinc protease activity ancUor the subsgﬁﬂgﬁmﬂ?&_’i@ﬁal
consequences, or ATPase activity of activated NS3, NS3ii4A, or a mutant thereof. Alternate in vitro
assays quantjigie the abilypeldbrauREEdQDIND 10 NS3 piNRIFA. Inhibitorshidiag may be
measured ygaginlabelling the indikitar prior to binding, isolating the inhibitor/Nggigiesnhibitor/ NS34A
complex gnaiigigemining the amount of radiolabel pound. WO 2009/082701PCT/US2008/087736

Alternatively, igQibitor jRemgrax ke determined 0y roRming @ epmpetdion exgepmentwhere new
inhibitors are |@§ubate@wgh@$mv@ﬁgﬁ;&zm fo knawmsadipligands| Retaitedigongditions for
assaying a corgpound gfiNzediiprRisvaveriensian IvhibReraTINER aiNS IAS 19R@MyTant thereof,
are set forth inghe Exappe;ReloNh JOPROVETOINE Pralaasas BFeRia0e| SEYoNarewplytic
enzymes fhat ¢jeave pgpideRPRAS GITREAINK ANe Sere proigasegamily Keligerdhe digestive
enzymes ChymgirypsirsitypSirRand/erasiasgrand proresgsywvelygthin bicgdolgiag¢perine
proteases POSSESS a characteristic "catalylic triad™ comprising Serine, aspartic acid, and histidine, that

together fungtiQuitg.aghyatesernenodaia.soalantRond withihe eRwmssibstRiasthereby

hydrolyzing a peptide bond. In addition to those stated above, serine proteases participate in a variety
of functiong ARG rPADHIRPARB N RSRC HBO S0 ASWsEa RarE iR PR dtment,”
“treat,” and-éfreatingveaien gveyersinge altlexibiipg, dathyisgdhatanseifaninkibitngdhe progress of a
disease or dis rtier, trtc;@e QL rrfore/s%}rt'negtt/oms the@;}ﬁ" airibe%j herein. In some embodiments,
treatment M4y %) C SIS 80 REF BRSPS 8- %eloped. In other embodiments,
treatment may be administered in the absence of symptoms. For example, treatment may be

administer susceptible individual prior to the opset of symptoms (e.g., in light of a history of
symptomszgrq(ﬁi?ﬁ inuiﬁ% rgflég?lcéatilg grrn%rg% éﬂéc“é%’i‘iﬁﬁ?fé fé@%&# iorre%fﬁ”?e%rﬂlt l[meg%iglqso%}é continued
after sym pwmspha\detge'sémm?mé’xa_mmeﬂ@ipfpem @rcxﬂ@wmiéitorec_tm d@ﬁ@n{@@Z@@}ﬁrhe N
compounds angl GHMACRINCRE REARIAING {extaeimeEtad of E?O?B?rf:eﬁgtﬁ?%'o \%%Hl%% JRRY pEadministered

using any amount and any route of administration effective riessening the severity of
cancer, an Bisirmeriicis disoreiércla ndugeyeneldiNe Phludloyitel tiserpieicdutizophrenia, a
bone-related disorder, liveyclisease, or a cardiac disorder. The exact amount required will vary from
subject to subject, depending jomthe species,t—a%, and general condition of the subject, the severity of

the infection, the particular agg Jimodiesp ministration, and the like. The compounds of the
invention arc preferably formulated i ge unit form for ease of administration and uniformity of
dosage. The cxprcssion "dosage? nit Mini" as used herein refers to a physically discrete unit of agent
appropriate for the patient to be treated. It wilhbe understood, however;that the total daily usage of the
compounds and compositions of EZﬁqge(s{épt lnventiormwill pe aley y‘th attepding physician within
the scope of sound medical judgméht. The Speéific el pypaiticuylar patient or
WO 2009/082701PCTRUSX nism will dépend dpos a variety offactors including the
disorder being treate ¢ [ @

the specific composition employed;the age, body weight, g&neral health, sex and diet of the patient;
the time of administration, roB#e.Bf286ministration, and rate of excy@kbfof the specific compound
employed,; §i|ﬁ|rat' the t ; sﬁk _ g ' ination or. coingidental i e specific
compound f(i:itrﬁp oyeg,{ rg%g I é%gtgtg%g%e I Hﬁgbglv%/%s ? tﬁ%%%%g{%ﬁﬁ%%%ﬁ%%%ﬁgﬁ abaﬁglﬁ}tﬁ’}gs used
herein, me&asementindicspré fdeadifsalmémmatrian drapesse preferabiyaddtssratic 1o0ded ofThe
pharmaceyically acceRiabig.comPasiians althisinyertisnscandie amingtered t fupaps and other

animals orally, rectally, parenterally, intracistemally, intravaginally, intraperitoncall , topically (as by
powders, offifrigisis (HeBitys) Hutakyioad adssrapofpish) $pray> e ika0e pEeRsEcln the severity

of the infectigrReing freatas I eartainiRmpbodinarits sthe sRmparRgsHAbherinventionRaay be
administered orally or parenterally at dosage levels of about 0.01 r\%%/k to about 50 mg/kg and

preferably PO SEBTE PHIEKE ©FBPBES TS 6160 Be Boa WelgReur sy, S B¥more times a
day, to obtairs thgdesiragherapeutic effect. [00205] In some embodiments, a provided composition is
administered to a patient in need thereof onge cg@i%ydfq\éiéhout wishing to be bound by any particular
theory, it is believed that prolonged duration of

action of an irreversible inhibitor of HCV NS3 protease
is particularly advantageous for once daily administration to a patient in need thereof for the treatment
of a disorder associated with HCV NS3 protease. In certain embodiments, a provided composition is
administered to a patient in need thereof at least once daily. In other embodiments, a provided
composition is administered to a patient in need thereof twice daily, three times daily, or four times
daily. [00206] Compounds of formula |, for example, generally provide prolonged duration of action
when administered to a patient as compared to a corresponding compound of formula | wherein the
12.3 moiety of formula | is instead a non-warhead moiety such as straight alkyl (e.g., unsubstituted

alkyl), branched alkyl, cycloalkyl, or allcenyl. For example, a compound of formula | can provide
nrolonaed diriration of actinn when adminicterad tn 2 natient ac comnarad to a2 correennndina



pharmaceutically acceptable emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In
addition to the active compounds, the liquid dosage forms may contain inert diluents commonly used
in the art sucfwgs",‘%fggggaple, water or other solvents, solubilizing ageﬂ%r’gﬁ&”%%fﬂaﬁers such as
ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propylene glgesd] 1, 8Rutmenegieokidimetivifarpamide noils (lcrartieag epitefreed ogroundnut,
corn, germ, olive, castor, and sesame oils), élycer,ol, tetraE‘ drofurfuryl alcohotll, Il%o%yethylene glycols
and fatty aliei@Lie AL EPYIPARAA EONH A BS thEPEsT B A SFRE TR RN ral &Sthpositions
can also inglude fdjtivaiisbpehmsiveitngagantsifemusifiing ancsespendingrgeas,Bweetening,
flavoring, agqr%gerfg‘min agents, %LQtOZOS hn-ectqglne pre r%tiqng, fqr felxﬁnpﬁlefastﬁrﬁge én-ectable
agueous o ofeali %ﬁgls‘ﬂsﬁ@ﬁ%io%sfnr%ay & formulateo c?co?%liné%c e Kiowh art usmd%suitable
dispersing dnvelgiting afervtdiandssespe mdibgpage st TRY steidtesinjectable preparation may also be a
sterile inje solytion, suspension or emulsion.i IC P2 rall ntablediluent or
solvent, foﬁ@?g%nlnple% ézcgliﬁlﬁonr%gi%%ﬁéﬁeﬁg% %&%@1@??&%& %&%%\?ghé?%%ﬁ | solvents that
may be enfiifoyetEAkd iGbrfRddes sesislutiomuBIR selpdiddazeiit dthdiunhibivoridelisolation. In
addition, steyile; fixed ils are.conventianaly sRpIRYaE asASavsRtar arspending.megium. For this

purpose any bland fixed oil can be empldyed including synthetic mono- or diglycerides. In addition,

fatty acids SuEens rsieshdiilare2febdmetidlpraparaton &F injedtdblaad fsoDusITREHjiGtable
foundationg gandResiarilized.car examplesdy il atiopitongh a1 bactesialrriaining ittep or by
incorporating sterilizm% agents in the form of sterile solid compositions which can be dissolved or
dispersed ity 2tbhld Wktelof Wher sterile injectable medium prior to use. [00210]In order to prolong the
effect of a pgrmpgund eidhe-preseRtinKeniian, tilispaiiendesiabladoishm thaahsprptiamof the
compound from subcutaneous or intramuscular injection. This ma mplished by the use of a
liquid suspBRLiBiE Equé‘i”?/%tdﬂfxlédglg %%%h%%%ﬁuﬁﬁ%{o Wﬁgtéj%%é}%ﬁcg?&%n@mr%“ t& of absorption
of the companinsgl themdenendsHpO priiscaaténbibéaiss dhptioviXket; mdBH Ny Jegecidinigbim crystal size
and crystalline fowl. Alternatively, delayed absorption of a,parenterally administered compound form is
accomplishoéﬂdY t%/v%i fgggﬁﬁn&a{é\{}' s)tfjbs%deecr?&]l(r}lgd %%é%r%%%iuﬁlgt kl% %G(Si?r\%%?c & qnsjtéoc‘?(falb e%tfe%%t forms are
made by forifeimgamibioen odpl leomaltice sofatse womound m@ipiﬂeg@da@é@dlym”é&r@@ugh as
polylactides, W 209RR2RAE L /BIPRONRIOGL 3analydlieals: Renendina pan hedatio of

compound to polymer and the nature of the particular polymer employed, thé rate of compound

release casliserontioliby HEXAMplaEraf BihdichisHepraeramaupd inhare inbkitks peipéradasters) and
poly(anhydgidesas Q@R}%&JE&%&&%@J&JQ&@JH{@HQmﬁag@&%@i%gqp%%m spiaRRing themeMpound in

liposomes or microemulsions that are compatible with body tissues. [002111Compositions for rectal or
vaginal adiitistriag dhet srerepanty fisiositsrs WRIEATC A b & prEBEREd By Higtne thd&ompounds of
tf:is ir?venti%amaﬁa ﬁmmgmﬂjﬂg&a&eg ?Wﬁi@i@'éﬁﬁ_%%Her%ﬂ?Qﬁii@U%ﬁnﬁ%thwene .
glycol or a syppository wax.which are solid_at ambient te rature but liquid at body temperature an
therefore nﬁ%%‘g %?%‘étd?ﬁaﬁ’v%?ﬁ%cé\?&éaﬁ%l? I a%lég:ﬁ)g éfvé*‘&?ﬁ%&%&’ﬁ% 17%¥Solid dosage
forms for odal@tendttistraticiddh cluge cadpsiiasitabiais tipillscpoivd ersimndlgeantiies, dnwstich solid
dosage forarg%, éﬁg &(itg\t%cgarrriw?und is mixed with at least one inert, pharmaceutically acceptable
excipient or'carrier'suchas S6dium citrate or dicalciwn phosphate and/or a) fillers or extenders such as
starches, lactose, sucrose, glucos&alrivatanitobrmndiwi|ii¢ deid (Y Binders such as, for example,
carboxyrnethylccllulose, alginates;getatin;potyvinytpyrrgtidinone;-sucrpse, and acacia, c) humectants
such as glycerol, d) disintegrating agents suci-82%ar--agar¥¢2Rum carbonate, potato or tapioca
starch, alginic acid, certain sil catevﬁ.fand sodiurqé:arbonate, e)1§6>Iution retarding agents such as
paraffin, O absorption accelerators such as quaternary ammaonium.conjpounds, g) wetting agents such
as, for example, cetyl alcohol|andghcerpl monesigarate, h) abgwrbents such as kaolin and bentonite
clay, and i) lubricants such as tatc; catcigm-stearate; magnesiunrstearate, solid polyethylene glycols,
sodium lamy! sulfate, and mixtur&&¥fereof. In tH&case of capst@s, tablets and pills, the dosage form
may also comprise buffering agept 00,213]Sgl1i§b&omp sition%)f a similar type may also be
employed as fillers in soft and-hard- filled gelatin capsules using such excipients as lactose or milk
sugar as well as high molecular weight p0|y%t£1 el%gfq%:ols and the like. The solid dosage folios of
tablets, dragccs, capsules, pills, and granules €an be prepared with coatings and shells such as
enteric coatings and other coatings well known in the pharmaceutical formulating art. They may
optionally contain opacifying agents and can also be of a composition that they release the active
ingredient(s) only, or preferentially, in a certain part of the intestinal tract, optionally, in a delayed
manner. Examples of embedding compositions that can be used include polymeric substances and
waxes. WO 2009/082701PCT/US2008/087736




Solid compositions of a similar type may also be employed as fillers in soft and hard-filled gelatin
capsules using such excipients as lactose or milk sugar as well as high molecular weight polethylene
glycols and th%’ﬂl?g{.’gi[ﬁé 141The active compounds can also be in micrb¢&ACIHERES foiw with one
or more excipients as noted above. The solid dosage forms of tablets, dragecs, capsules, pills, and
granules can be prepared wit caju\tlrigs Iand shells suchjas enteric coatings, release controlling
coatings and other coatings well 88Wn in the Eﬁg?maceutical ?8?mula?{[ng art. In such solid dosage
forms the acWibl-tmdetandernapthipeddinixedititsedtdsast oné merndifuentsuchtaissuirose, lactose or

starch. Su%ogf?e?ﬁgﬁ %&{955 BL@%P&%%%&@C&? %gga%g%_le ,gﬁl‘ctice, additional substances other than

inert diluents, e.g., tableting lubricants and other tableting aids such a magnesium stearate and
microcrystalline cellulose. In the case of capsules, tablets and pills, the dosage forms may also
comprise buffering agents. They may. aptiefal-£RRRIN opacifyingagents and can also be of a
composition that they release the active ingredient(s) only, or preferentially..in a certain part of the
intestinal tract, optionally, in a delayed wmener. Examptas of emhmeging€ompositions that can be
used include polymeticsubstances-and-waxes: {00215 Dosage forms-for-topigal or transdermal
administration of a campd¥hd of this invention includeé*®intments, pasté%, creams, Lotions, gels,
powders, solutions, sprax,'f,sﬁiphailants or patches. The active component is admixed under sterile
conditions with a phapmaceutically acceptable carrier and any needed preservatives or buffers as may
be required. OphthalmicAwsgauldtion, ear drops, jand egsndrops are alsp contemplated as being within
the scope of this inventiomAdditionatty, thepresentinverntiomnicontemptatesthe use of transdermal
patches, which have thePd88ed advantd§® of prpvidingféontrolled deliery of a compound to the bodly.
Such dosage forms gan pepade by diggelving or dispgpnsing the compound injthe proper medium.
Absorptionaenhancera can.also 0e used.to.increase.the. flux of the compound across the skin. The rate
can be contrdiiét By dliet Brovibimgdaietecebiasting Hie st dreas! fajadrepe RiFi A ®8mpound in a

polymer matsbhahiogla Q92 18lAckadingrdoeis.enRadingnt:the invention relates to a method of
inhibiting scrinc protease actjvity in a biological sample comprising.the step of contacting said
biological slﬂmaﬁi with U FpBGRLP OF fiRe! @wwﬁ%?%@ﬁ?ﬂbé o ReEBTRp eI SERPEEmpound.
[00217] Acepfelinglia anashesrrRatvodimeaniitaelinovansiond sdatesiian meibpdebinhiiding:HCV
protease, or a mut%nt thereof, ct'g/g}/ inlafio!lo ica hsaﬂg_,]ple.compr'sin tf]le.ste ) of WO
2009/08276TPETRIE2 608877 36 ‘CORtaC iﬁ"\é gald o oglr&%’legyafznptl &M I% a'td f)‘iéjuﬁﬁoélf this
invention, ovaghcahyogitioricamprignglsgidegonpabadutnl edotbiroeambatiibhehntyclkivlyention relates
to a method,of irreversibly inhibiting H t 7Or utant thereof, activity.in a i ical sample
comprisinggtlﬁcén}él;e\é%gf%ﬁ%ﬁ’t%é%%&%%}%&fﬁ%%ﬁpﬁfé/%it Oéeceomcplgaﬁ%lgﬁ?lh%‘égﬁn%fgr%ﬁ, ora
compositiopreiermpisingieaid borrpotnanfpoad 8] Tlvertemrondiigl ogivalbsdnipletras Lisbd dierein,
includes, wifbqusalion- il g lties.ek eiasiadaisRl, RinRsiermatera) obiaiped,gpm a mammal

or extracts thereof; and blood, saliva, urine, feces, semen, tears, or other body flul r extracts
thereof. [002£9] iR iok SRftNEhriteaieooPaT s th Akl 6. detivitfkimd) biotdeieatisample is useful
for a varietyy@fogg[ggses that are known to one of skill in the art. Examples of such purposes include,
but are not limited to, blood transfusion, organ-transplantation, biological specimen storage, and
biological 44K, [0bsoBRoRMORh & BHIbbdmsiosttrEOReSBHG RASA B eIRE BrE Midthod of
inhibi_tczng FICY @gﬁﬁetaﬁe;x%@@mhw,am thereat: sedivity K1 scmatersssoDmIsing theastep O‘Iﬁn‘u@dminisaeriﬂg
to said patient a compound of t resent invention, or a. composition comprising said compound.
10031] AcTBIAAG RS BHE: o 0BG B RO AL MOt bl At G o
protease, ok arwictsantt fthewdol, inmkidty imen patient coreprisicigathectitdpetfagroinisteringig,said patient a

compound gf the present.jnvention, .qr a composition comprising.said,compound.. Acgording to certain

em bodimeftlc':bsu, ¥§é ilﬁn\'?(gkr)\%lohﬁ{ergelgt%ég%% é)rmge%%%ﬁ%f ilrlﬂr(g%rs %I%/‘ ig}%iﬁﬂ%ﬁﬂ\fﬁg g)gjslé,%r a mutant

thereof, activityrisrialpathent comprising teste pbiadmimistdring fomsell patenmraaompoand of the

present inventi iti rsi | : iments, the present
R b 8%%%&8&& ON:GHNR F%%ﬂ{dt&gg?;tﬂ»%éé@ﬁy c%f" é&\l;%{aem??&%%%oﬂ‘

invention provides a met for treating a disorder m protease, or a mutant thereof, in
a patient inieddHerest, wempdsiging Stepesfadrivimistarndeto saidl patheat awsbraptusd according to
the present invention or pharmaceutically acce ?gal g mposition thereof. Such disorders are
described in detail herein. [OOZZZjDependin@%‘@% ?E% articular condition, or disease, to be treated,
additional therapeutic agents, which are normally administered to treat that condition, may be
administered in combination with compounds and compositions of this invention. As used herein,
additional therapeutic agents that are normally administered to treat a particular disease, or condition,
are known as "appropriate for the disease, or condition, being treated".




WO 20091082701PCT/US2008/087736 1002231 In certain embodiments, a provided compound, or
composition thereof, is administered in combination with another inhibitor of HCV protease, or a
variant thereol ¥t ¥5i#é"8mbodiments, a provided compound, or compops‘?ﬁbq‘??t??&@fﬁ??qs administered
in combination with another antiviral agent. Such antiviral agents include, but are not limited to,

immunomagdatrny;AgR ML i 5 ueh Baapid- s@behy-WierfatopswReamsieshartivatizadlinerderon-a
compounds, and thymosin; other anti-viral agents, such as ribavirin, amantadine, and telbivudine;

other inhibtSFEt hisgBEHN e roEe BeSTNSS NEF FPRHBRS-AREeRS 2N e nhTBIESFE, B%. BILN 2061
and VX-95@j;rinhiitorsafieihner iiargatsdatheriednifiergyele singbudingthelisase andpelymerase
inhibitors; inhibitors of jnternal ribosome entry; broagd-spectrum yiral inhibitors, such gs IMPDH
inibitors (S iy SEPAEITE ATH Bl i MM e HISTab(fF 81 orEIETts B above.
[00224] In cert@imginbbd srentisy Bodomalimnaticompbizho omtreaintivvira hagenisimaybeadministered. In
certain em%%glimne%t& a eognbin%t‘ion gf % or more antivira agents ma ,l%e e%qmini teregl. In some

. S1l " v 18 gbserved afier aboyt mmu%,aa INUICS, 4DO MINULES, about .
embodiments, he antivira agents are Sefeéted from nibavinin or Intertéron: 1h other em odiments, the
antiviral agéhmmﬁemWQr@ﬁl m@msabmhm mmplé@w:f h@etmtsrlbheti%tﬁi@itarsl_}oﬁttlﬂiﬁdmsention may
a1e0 e compashuih Inglas wIRUD BN EelRNls Woplaheimers Bisgass aieh oo Arcept()

and Excelon(r); treatments for HIV such as ritonavir: treatments for Parkinson's Disease such as

LDOPA/eafbsitl6paremesiporsnopih il & pdrsta, Heokderipting, foergsiibie, rstresaphendyl, and
amantading, agemis fordreating Multiale Selsrasis (MSh3yeh asdhgia iﬁf&gﬁﬁg{&&%ﬁiﬁﬁ\@nex(f) and

Rebie), Copaxone(r), and mitoxantrone; treatments for asthma such as albuterol and Sing,ulair(r);
agents for (el SHsTEO R rfasAkRIEE. Z5iehety B erHarPeRibquiB) Sare RRRSGERIGY, @
anti-inflammatpsna e Mesueh RSG5t eRSIEr Sidscl NFo ackers, dbolt RAumazathi@prongnes,

cyclophosphamide, and sulfasalazine; immunomodulatory and immunosuppressive agents such as
cyclosporirf LTS, FsamyEhes 9%‘869&’:?&%@%&8%‘5‘%%ﬁé?éﬂﬁ‘s,"j‘bc?&hi‘@8§€é‘i"8?o‘§?m
cyclophopharaitehaazathiopsineliandoaybasale bennedremmplic fackormsiseh @sfacetyldhislinesterase
inhibitors, MAO inhibitors, interferons, anti-convulsants, ion channel blockers, riluzole, and
- ParkinA BRSO T e ol BB e e 0 b B s ers, ACE
inhibitors, ditmighios, imreltab: lkedgliap cbarfenblpckdrbeayidostatihgp@gents for treating liver disease

such as co 'ﬁﬁero' ramine, int , .antisyi {s; a s for. ting blood
disorders s@c a cégt?%%gg[g!%? ’s,{ﬁgrftélliugle%r{r{%%% ﬁ%tgs}gg%% %ﬁgg&%ﬁ’%ﬁﬁ%@%@ 008/087736
growth fgqt@r&ﬂa@éﬂwﬁméﬂmﬁ@w 4mwmpmm%@9k#¥élﬁésf§9dma§ﬂ®ﬁochrome P450 inhibitors
(-e.. inhibitgys 6 meiaholichieakdpuimh adi GYEAAGIRNIPIOL: (e 9 wkalnlienpzala Angitonavir), and
agents for treating immunodeficiency disorders such as gamma globulin. 1002261In certain
embodimeit§uaspsiftds &Feae BrEdbnIHoEMtfoRlEIh SRR CE (e AtipdcEdialsferasmposition

thereof; argadminiztaredimeampinalienwith a-mansslonahanifedneian siRNA therapeutic. [002271
Those additional agents may be administered separately from an inventive compound-containing

compositioff A& hartEtaPHIRDIE ey iRl dfn eRDRIRS i vaTy CORBEERISH SRS PRZBISENS  of a single
dosage foildegnixed tegeihad withhacomgounrdedtbis invernbian ie-disinglasetmpesitiomds administered
as part of @g%éﬁle (;Iosagptla %egin?]e, the two active agents may be submitted simultaneously,
sequentialﬁ? k?rrndénﬁt {085 time from one another normally within five hours from one another.
1002281 Agexisd héateinqtihiey teffacdopmibinaiicng Hicbinbivvateh anehralatéd tef WS réfeisiio the
simultaneous or se u([ﬁntiaﬁ %Jlami‘g\gstratiog of thera’peutic a entsﬂnh.%cc I’d?

nce with .thils Jnvention. For
Of a mutan %F? 4 1. VItra, 10 Yive OF H1.8. ! ude

S84VT [ C > Fo assavs 1Mce .
example, a'compoun e p}'esentblr}llvenrflon may be administere wﬂfano?ﬁeﬁherapeutlc agent

simuItapeo@réiy&)rhséqwmiaﬂ%ﬁhi@éparf:a‘i@itmn @@ﬂg‘j@f@t‘nﬁ@@r wﬁge?m@ndfpatgm glbsemitndosage fonn.
Accordingly, i preseRiipvertion pRrevides g single ynikdosage {aam, comnyiing: 2 gampound of

formula I, an additional therapeutic agent, and a pharmaceutically acceptable carrier, adjuvant, or
vehicle. [00P9¥Rhé: aifourHs OB b e ANE cofntiso ithdb Bedtadthd daalN iepaptititagent (in those
com IOOSitioﬂﬁ;ﬁﬁﬁ'ﬂi@Biﬂ@%ﬁ%%@%@@ﬁ?ﬁﬁﬂ%ﬁ%@%ﬂ%%%ﬁéﬁ%ﬂdﬂﬁ?%‘%ﬁh@ttﬁ@a}/ be
combined with the carrier materials to produce a single dosage form will vary depending upon the host
treated and%@tﬁs{ﬁ%%ﬁ%&@%%&%@%{%ﬁnﬁ»%rs?awgéémﬂbﬁ%rwlﬂlﬁéeﬁ%ﬁﬁon should be
formulated so that a dosage of between 0.0, - }9 rp%rgg body weight/day of an inventive can be
administered. 1002301In those compositionsaﬁml Yo prise an additional therapeutic agent, that
additional therapeutic agent and the compound of this invention may act synergistically. Therefore, the
amount of additional therapeutic agent in such compositions will be less than that required in a
monotherapy utilizing only that therapeutic agent. In such compositions a dosage of between 0.01 -
100 mg/kg body weight/day of the additional therapeutic agent can be administered. WO
2009/082701PCT/1JS2008/087736 [00231]The amount of additional therapeutic agent present in the
compositions of this invention will be no more than the amount that would normally be administered in
a composition comprising that therapeutic agent as the only active agent. Preferably the amount of

additional therapeutic agent in the presently disclosed compositions will range from about 50% to
10004+ of the amoirint normallyy nrecent in 2 comnocitinn commbpricina that aneant ac the onlvy



EXEMPLIFICATION 1002321 As depicted in the Examples below, in certain exemplary embodiments,
compounds are prepared according to the following general procedures. It will be a Preciated that,

although the d@?fé? "Wictods depict the synthesis of certain compounopscgf[ﬁ‘?ggﬁll%ggﬁt invention, the
following general methods, and other methods known to one of ordinary skill in the art, can be applied

to all compgundsiaag, suheiBssesiapehspeci@sahBachyaliihase.compaubesxpsidescihbead herein.
1002331 Compound numbers utilized jn the Examples, below, correspond to compound numbers set
forth in Taﬂ%wsfrg@b * BN "T‘B'zi)li’lrl\tll1 Ii\% 1 [Brggéﬁ‘] Hpad; Jeftiel ré%?é%%ﬁ&ccording to
the steps angdhigiediatamas desssibddiieiain Sieianlivtermeadialbie: M3 or NS3+44,
2009/082701PCT/US2008/087736 [00233]T0 a salytion of (IR, 2S)-1-amino-2-vinylcyclopropane

R BR SR

. Or 1 are set
carboxylic acid’ él%ﬁlill estertofuenesuito i g, 1.0 mmol) and

(2S,4R)-1-(t$20butoXycer parisdded af4 -« flugeoisoilyddlinetdigac boryiex ypyciahidipeichobdxylic acid (0.4

g, 1.0 mePﬂH)%%@Lrg &%%E?ﬁ%@%ewfgguﬁfﬁ%gﬂé@gg(& &k &%%}g%%%@i% (0.46 mL, 2.5

mmol) under 'stirring. The mixture was stirred at r.t. for two hours. A onsumption of
startMg matetigibsiasteandantions eh naleod ashéeuipietited . St e erittaswasseissolvasebierSe ml. ethyl

acetate andyyashedinithwatanand-ring tice. and.Ariediaver NazSod.Afiersemayalef solvent, the

crude product was subject to chromatography on silica gel (hexane:EtOAc = 1:1). 0.35 g of the title

compound SHE dhiaRetcvEen eosd 3t rTHZy S st tniasisRydhateofyzing 2 peptide bond.

In addition to those stated above, serine proteases participate iz a variety of functions including
immunity and inflammation.

[06202]  As used heremn, the terms “treatment,” “treat,” and “treating” refer to reversing,
alleviating, delaying the onset of, or mhibiting the progress of a disease or disorder, or one or
more symptoms thereof, as described herein. In some embodiments, treatment may be
administered after one or more symptoms have developed. In other embodiments, treatment may
be administered in the absence of symptoms. For example, treatment may be administered to a
susceptible individual prior to the onset of symptoms (e.g., in light of a history of symptoms
and/or in light of genetic or other susceptibility factors)., Treatment may also be continued after
symptoms have resolved, for example to prevent or delay their recurrence.

[60203] The compounds and compositions, according to the method of the present invention,
may be administered using any amount and any route of administration effective for treating or
lessening the severity of cancer, an autoimmune disorder, a neurodegenerative or neurological
disorder, schizophrenia, a bone-related disorder, liver disease, or a cardiac disorder. The exact
amount required will vary from subject to subject, depending on the species, age, and general
condition of the subject, the severity of the infection, the particular agent, its mode of
administration, and the like. The compounds of the invention arc preferably formulated in dosage
unit form for case of administration and uniformity of dosage. The cxpression "dosage unit
form" as used herein refers to a physically discrete unit of agent appropriate for the patent to be
ireated. 1t will be understood, however, that the total daily usage of the compounds and
compositions of the present invention will be decided by the attending physician within the scope

of sound medical judgment. The specific effective dose level for any particular patient or
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[00236] To a solution of the product of step la (0.35 g, 0.66 mmol) in 5 mL of THF/ McOH (1:1) was
added IN LiOH aqueous solution (2 mL, 2.0 mmol). After stirring at r.t. for }?f r reaction
mixture was n‘ggt?%?ﬁiga—’%ith 1.0 N HCI. The organic solvents were evagg;}a élcj? i 37eqr}§/acuum, and the
remaining aqueous phase was acidified to pH-3 using 1.0 N HO and was extracted with EtOAc. The
organic laygtmas washrgndtipbhineyare, wassdiiediaetian iydidualcYWaing treated and the

2009/082701PCT/US%00 /087736 magnesiu ﬁjlfate..@fter remO\(/{aI(r)r}‘ oI%n O.CS.’, gc%f the title
compound WA Sbt4irka: SRR 528D R+, Bee P I Thté PmEH eqcpf% ';flero% dofution of the
product of sieplifdBerg)d@d; tunal}, a0 welelaf RM wastladdechCiXdt (@ 16 pytkr®, theriohzand the
resulting solution.was stirred at 40C, for.1 hour. cyclopropylsulfonamjde (0.18. and DBU
(0.16 9. 1O IO AT Ao 5 o TR Y PR R SRR DS S S “iomal 10
hours. Thecsgleget: vimsdivetionesh dve ticateb thedregiduedviasailtitatovith Eranidarnd ws thtashed with

agueous N%gﬁﬁcbwlﬁ]{oﬁglg?}ﬁﬁe&%’ MBHEER sArtoR.andbipenAfer dringiqyetNa2SO4 and

removal of solvent, the residue was subjected to chromatography on silica gel using hexane/Et0OAc
(1:1-1:2). Aneiahisfn B otthangers eoAipodnisiad bsairsaaRmg mqet e amenan: 1), MS rn/z:

605.0 (M- L Sigp diigimediale.dl, MORI0ARZIANLGTIVERONBIC! 304902881 The produc

from step le (0.25 g, 0.41 mmol) was dissolved in 4 N HC1 in dipxane. The mixture was stirred at r.t.

for | hour. Aftdurertorad HEBIABITE s el it SeRien B Wl riret o il By Bvaporation to

dryness. Thispeeasse! REMigddilion fellawsdbmevaperationvastepealed taur dimesito give a
residue solid which was used directly for tge next,steg' %S mﬂ%: .507.0_£/IEFF. . S}ep I?_éalntermediate le
1002391 TEESoNitith SFe Bt SPstdp 160 6%, B8 i) BFitEnTRiGeLg!n certam

(Fmoc)amiggbbdataninet® cbhghdd Somirobttnbcd miy dfeDitinisased daeith A padtl28ime, 0.33 mmol)
and DIEA (130 mg, 1.0 mmol t. under stirring.. TLC analysisindicated cogmpletion,of the coupling
reaction ha%’&‘oaégu ‘r’gj{& 8?:%}?08})1@ i%ﬁﬁﬂﬁéﬁ-%ﬁuﬁor%é% of éﬂﬁée%g%%o}ﬁ?@dgiﬁr? Lzgln‘?d ek%w%(ture was
washed withharbliffer/fgHet 41 AacObbdiAeit) paldC 08 andditifimeandayas diied twalebitgS04. After
removal of %glveng% thfeecrude oil product was subject to chromatography on silica gel (eluents:

EtOAe/hexénéﬁP% bta gf 0.14 g of the title compound was obtained. WO

2009/0827 (RET/UB2008/08T¥B6:Ste s Ifrdritethredipastipn is administered 1o a patient in need
thereof once daily. Without wishing to be bound by any particular theory, it is believed that

prolonged duration of action of an irreversible inhibitor of HCV NS3 protease 1s particularly
advantageous for once daily administration to a patient in need thereof for the treatment of a
disorder associated with HCV NS3 protease. In certain embodiments, a provided composition is
administered to a patient in need thereof at least once daily. In other embodiments, a provided
composition is administered to & patient in need thereof twice daily, three times daily, or four
times daily.

[00206] Compounds of formula 1, for example, generaily provide prolonged duration of action
when administered to a patient as compared to a corresponding compound of formula T wherein
the R’ moiety of formula I is instead a non-warhead moiety such as straight alkyl (e.g.,
unsubstituted alkyl), branched aikyl, cycloalkyl, or alkenyl. For example, a compound of
formula ¥ can provide prolonged duration of action when administered to a patient as compared
to a corresponding compound of formula I wherein the R* moiety of formula I is instead a non-
warhead moiety such as methyl, ethyl, propyl, butyl (e.g., t-butyl), unsubstituted straight or
branched alkenyi (e.g. Cys alkenyl), cyclohexyl, or cyclopentyl.

Page 81 of 185



Nt 0 0 1002401A solution of 0.10 g of the product of step le in 1 mL of DMF with 1294, piperidine was
stirred for 1.5 hours at r.t. and then was evaporated to dryness under hi e residue was
trituated with REXANSTStHEr (4:1) to yield 70 mg of the title compound. S%gﬂ%g%%ﬁg%nd (-1)HNO
00 JJ HN1-< 00 [002411 (3R,5S)-14(S)-3-aerylamido-2-(tert-butoxycarbonylamino)propanoy1)-5-
01R,2S)-14(myotoprapylsulipmleathamayh) -Galindeiiepiopyietibamay ppyralidifindey 1t
fluoroisoind Iine-2-e,%9x%late: Acryloyl.chloride (10 uL, 0.12 mnmol) was added dro wist? at0OCtoa
stirred sol RSHBFBE Y ( .ﬁ@?ﬁl?‘}‘foﬁy W& prBtuet Hron nsqtesp()ll '3 ST HEM %nﬁéir&iflng 3 equiv. of
triethylamingxifshén reRéimnabtucevwasstinet, abe . Sqfod doSafr Soamsl the rovas:diletativeith 10 mL of
DCM. The resulting solution was washed twice with brine and was dried.over.ma, il sulfate.
Removal o?osn?)?\lloéﬁr’g 4 (C)Hr1 et%etﬁ%esgﬁucfé’%grg%aé??gm% ei/voars(%gﬁrri ?e‘éf%?fg 1%&%%9‘%@6?%% silica gel
eluting firsewitlsifiex anefEt0 AL Beolivls )ismebtive alveithl. DEWI- erebbastol (8011ac@8e1))yemkiotal of 27 mg

of the title Gompo (Rine RO0.4/E4 MO A0 11 MSymyz; Efk WO
2009/082701%CT7%%Z¥{&)§% 0877§&%5%1%1§$§ ’sirﬁilar?asrgiég?]%’ﬁ&sﬂin% thé%f%%%c% Inteerr\?ediate lithe
following coisotindsoiersqske ptudnut - 2qU02g3m, ofive, castor, and sesame oils), glycerol,

(3R 55)-L4(S )2 AeHl-AUORAD 0N ERIBR) 3y visH KRRAmI N BRSNS and mixtures
((1R,25)-1-(eyeloprop |sulfor(1§ylcarbamoy1)- -vinyleyelopropylcarbamgyOpyrrolidin-3-y1 4-
fluoroisoindesh @%%%M%Wa BUgRIS. OIS GTPECOMEATEDI oD A0 MWy 2IB8S g g

agents, emulsifying and suspending agents, sweetening, flavoring, and perfuming agents.

[00208] Injectable preparations, for example, sterile injectable aqueous or oleaginous
suspensions may be formulated according to the known art using suitable dispersing or wetting
agents and saspending agents. The sterile injectable preparation may also be a sterile injectable
solution, suspension or emulsion in a nontoxic parenterally 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, U.S.P. and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed as a soivent or suspending medium. For
this purpose any bland fixed oil can be employed including synthetic mono- or diglycerides. In
addition, fatty acids such as oleic acid are used in the preparation of injectables.

[00209] The injectable formulations can be sterilized, for example, by filtration through a
bacterial-retaining filter, or by incorporating sterilizing agents in the form of sterile solid
compositions which can be dissolved or dispersed in sterile water or other sterile injectable
medium prior to use.

[00210] In order to prolong the effect of a compound of the present invention, if is often
desirable fo slow the absorption of the compound from subcutaneous or intramuscular injection.
This may be accomplished by the use of a liquid suspension of crystalline or amorphous material
with poor water solubility. The rate of absorption of the compound then depends upon its rate of
dissolution that, in turn, may depend upon crystal size and crystalline form. Alternatively,
delayed absorption of a parenterally administered compound form is accomplished by dissolving
or suspending the compound in an oil vehicle, Injectable depot forms are madé by forming

microencapsule matrices of the compound in biodegradable polymers such as polylactide-
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[002441(3R,5S)-14(25)-2-(tert-butoxyearbonylandno)-3-(2-ehloro-2-
phenylacetamldo% anoyl)-5-((IR,2S)-1-(eyelopropyisulfonylearbamaqyl)-2-
vmyleycloproBWe ?%%}Opyrrolldln 3-y14-fluoroisoindoline-2- carboxyiyct /UI%O%@& BcM/MeoH
95:5); MS m/z: 845.2 (M+H-). WO 2009/082701PCT/US2008/087736

1002431)(3@@@}&%5)%;{&&{&8@)@%@(&%&@@@dﬁiﬁtﬁh@lttﬁ(ﬁgl}é‘iédHﬂftﬁmﬁﬁ‘l@ﬂbﬁtﬁﬁiculu
enamido)propanoyl)-5-((LR 1-(e car

vmyleyclodﬁ%@@a?gﬁ’%ﬁ%p éﬁ&ﬁﬁm %‘f f[l ?n&?_'ﬂln %&'ﬁ@%lg@mﬁ?s’o(& E@&M/MeOH
9:1); MS nﬂmS@ﬂd&'b(Mp&bheiOG}%ﬁﬂ.l@ﬁym}&bmmbmmlpgﬂ‘aﬁigmde@t dbdpierimeclidte 1d and
(S)-4- (Fm oé)% ’(’i% utox amlnﬁ) ut%nom ? 0W|n ompouq  was prepared:
1-5 10024 FRY ¢ ? S’W%?cry %ea Erthito ﬁggrbonlﬁf’asf’nr?ﬁsb%n?ano ,2S)-

1- (eyelopr@pmsui;ﬁ@nig,lhe‘aﬂbandyyﬂs)x@swnylcyclopropylcarbamoyppyrrol|d|n -3-y1 4-

Tuoroisaingaing 2 SRR 1040 CORMAINANH, MSIEELA M EXAVPLE 2 Lo

[002481 T d'was prepared accor |ng to the steps and intel tes as described below.
Step 2a: Intetnbedpaeeard by mixing the compounds of this invention with suitable non-irritating

excipients or carriers such as cocoa butter, polyethylene glycol or a suppository wax which are
solid at ambient temperature but liguid at body temperature and therefore melt in the rectum or
vaginal cavity and release the active compound.

[06212] Solid dosage forms for oral administration include capsules, tablets, pills, powders,
and granules. In such solid dosage forms, the active compound is mixed with at least one nert,
pharmaccutically acceptable excipient or carrier such as sodium citrate or dicalcium phosphate
and/or a) fillers or extenders such as starches, lactose, sucrose, glucose, mannitol, and silicic
acid, b) binders such as, for cxample, carboxymethylcellulose, alginates, gelatin,
polyvinylpyrrolidinone, sucrose, and acacia, ¢} humectants such as glycerol, d) disintegrating
agents such as agar--agar, calcium carbonate, potato or tapioca starch, alginic acid, certain
silicates, and sodium carbonate, e) solution retarding agents such as paraffin, f) absorption
accelerators such as quaternary ammonium compounds, g) wetting agents such as, for example,
cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and bentonite clay, and i)
lubricants such as tale, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium
lauryl sulfate, and mixtures thereof, In the case of capsnles, tablets and pills, the dosage form
may also comprise buffering agents.

[00213]  Solid compositions of a similar type may also be employed as fillers in soft and hard-
filled gelatin capsules using such excipients as lactose or milk sugar as well as high molecular
weight polyethyiene glycols and the like. The solid dosage forms of tablets, dragees, capsules,
pills, and granules can be prepared with coatings and shells such as enteric coatings and other
coatings well known in the pharmaceutical formulating art. They may optionally contain
opacifying agents and can also be of a composition that they release the active ingredient(s) only,
or prefereniially, in a certain part of the intestinal tract, optiopally, in a delayed manner.

Examples of embedding compositions that can be used include polymeric substances and waxes.
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WO 2009/082701PCT/US2008/087736 ViLO N /' b-NH 0 HN 0 00 ti,ti 'BocHN-S-c,j it 0 1002491To a
solution of the product of step Id from Example 1 (0.12 g, 0.22 mrnol) and N- Boe-glyeine (0.054g,
0.31 mmol) in A8 At etonitrile was added HATU (133 mg, 0.35 mioly Gy %0.12 mL, 0.66
mmol) at r.t. under stirring. The reaction mixture was stirred for 2 h. LC-MS and TLC analysis indicated

completiongafithe,sunting: repstiomiA h:raaf Hi0As wasdeuradin.and tae mixtiewasiwashed with
a buffer (pH-4, AcONa/AcOH), NaHCOQ3 and brine, and was dried gver Na 2S04, After removal of
solvent, th&TFHBEBTOIH LY el SUBJEBIHS R BTt EBh |5 it o TR BINE ETOXERExane). A total
of 0.10 g opshehtittecompundivatebtained: R10.2 (Et0OAc); MS m/z: 664.0 (Mr-Hfr). Step 2b:
lntermediaiﬁﬂ%?ﬁi]o Nll?te %ctive compounds can also be in micro-encapsulated form with one or more
excipients as noted above. The solid dosage forms of tablets, dragees, capsules, pills, and
granules can be prepared with coatings and shells such as enteric coatings, release controlling
coatings and other coatings well known in the pharmaceutical formulating art, In such solid
dosage forms the active compound may be admixed with at least one inert diluent such as
sucrose, lactose or starch. Such dosage forms may also comprise, as is normal practice,
additional substances other than inert diluents, ¢.g., tableting lubricants and other tableting aids
such a magnesium stearate and microcrystalline cellulose. In the case of capsules, tablets and
pills, the dosage forms may also comprise buffering agents. They may optionally contain
opacifying agents and can also be of a composition that they release the active ingredient(s) only,
or preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner,
Examples of embedding compositions that can be used include polymeric substances and waxcs.
[00215] Dosage forms for topical or transdermal administration of a compound of this
invention include ointments, pastes, creams, lotions, gels, powders, solutions, sprays, inhalants
or patches. The active component 18 admixed under sterile conditions with a pharmaceutically
acceptabie carrier and any needed preservatives or buffers as may be required. Ophthalmic
formulation, ear drops, and eve drops are also contemplated as being within the scope of this
invention. Additionally, the present invention contemplates the use of transdermal patches,
which have the added advantage of providing controlled delivery of a compound to the body.
Such dosage forms can be made by dissolving or dispensing the compound in the proper
medium. Absorption enhancers can also be used fo increase the flux of the compound across the
skin. The rate can be controlled by either providing a rate controlling membrane or by dispersing
the compound in 2 polymer matrix or gel.

[00216] According to one embodiment, the invention relates to a method of inhibiting serine
protease activity in a biological sample comprising the step of contacting said biological sample
with a compound of this invention, or a cornposition comprising said compound.

[00217] According to another embodiment, the invention relates to a method of inhibiting

HCV protease, or a mutant thereof, activity in a biological sample comprising the step of
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HN-S-S 0 [002501 The product from step 2a (0.10 g, 0.15 mmol) was dissolved in 2 mL of 4 N HO in
dixoxane and the reaction was stirred for 1 hour at RT. After removal of solvents, a 3-mL portion of
DCM was poulfE i itiidled by evaporation to dryness. This process of FENFYEARTGH followed by
evaporation was repeated three times to give the title compound Intermediate 2b as its HC1 salt (0.10
g). MS mhéo’i%tiﬂ%“ﬂdih“b%@ﬁ%ﬂ 26 Q.A000/OBRARAMP TS 2008(Q87 736:1 Brmposition
[00251](3R,5S)-1-(2-aerylamidoacet 1)-5-((1R,2%_—1-(eyelop_ropyIsquonerarbamoyO-Z-
vinyleyclopfiByis B S0 SERMARidifR L5 FHSRGTESHH o e BA B oSt T A S Shpound was
made by couplingbintenmegiater2ly anstasrylie acishusing AT Udeewing: the eouplingHaactions
described for Intermediate 2a. A total qzéﬁg},m‘%%of the ti}le cgmpound was obtained; Rf 0.1 (EtOAc); MS
m/z: 617.9 IPLEP8 “fo 5B 5] Pt e BIte et HRe B Lt b e B hiBie 3V B Boflbiving
compoundsomoeitinadersinditeryid tehA@d82531(3R,5S)-1-(2-(E)-but-2-enamidoacety1)-5-((1R,2S)-1-
(eyclopropyjsulignylearbamoyl)-2-vinyleyclopropylcarhamoyl)pyrrolidin-3-y1-4- . .
11uoroisoi%@glﬁﬁi-zfcggr%%ﬁlyla%é}ﬁ@ mii%'%%z.ﬁe( S,L?{I N 38?%{“(1%8’ Wltﬁ{%% fimitation, cel
cultures or extracts thereof, biopsied material obtained from a mammal or extracts thereof; and

blood, saliva, urine, feces, semen, tears, or other body fluids or extracts thereof,

[66219] Inhibition of HCV protease, or a mutant thereof, activity in a biological sample is
useful for a variety of purposes that are known to one of skill in the art. Examples of such
purposes include, but are not limited to, blood transfusion, organ-transplantation, biological
specimen storage, and biological assays.

[06220]  Another embodiment of the present invention relates to a method of inhibiting HCV
protease, or a mutant thereof, activity in a patient comprising the step of administering to said
patient a compound of the present invention, or a composition comprising said compound.
[00221] According to another embodiment, the invention relates to 2 method of inhibiting
HCV protease, or a mutant thereof, activity in a patient comprising the step of administering to
said patient a compound of the present invention, or a composition comprising said compound.
According to certain embodiments, the invention refates to a method of irreversibly inhibiting
HCV protease, or a mutant thereof, activity i a patient comprising the step of administering to
said patient a compound of the present invention, or a composition comprising said compound.
In other embodiments, the present invention provides a method for treating 2 disorder mediated
by HCV protease, or a mutant thereof, in a patient in need thereof, comprising the step of
administering to said patient a compound according to the present invention or pharmaceutically
acceptable composition thereof. Such disorders are described in detail herein.

[66222] Depending upon the particular condition, or discase, to be treated, additional
therapeutic agents, which are normally administered to treat that condition, may be administered
m combinatior: with compounds and compositions of this invention. As used herein, additional
therapeutic agents that are normally administered to treat a particular disease, or condition, are

known as "appropriate for the disease, or condition, being treated”.
3
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[002541(3R,SS)-1-((R)-2-acrylamidopropanoy1)-541R,2S)-1-

(cyclopropylsulfo E}/Icarbamoyl)-z-vinyIcycIopropylcarbamoyl)pyrrolidin-3-¥/’h-s% 08/087736

fluoroisoindolife- Oggﬁﬁ%}iylate: MS miz: 632.1 (M7 Hi. 1-9 Pe

[00255](3R,58)-14(R)-2-acrylamido-3-methylbutanoy1)-5-((IR,28)-1-

(cyclopropyseifnylearkamey dne-vinykey cloppapydearbammeybpyroplidumpoyitiod- thereof, is
288;05'36?8 d é%g%%f%jf {‘ggx aé%ﬁ'\ﬁswit /Za'n6t gr' %n&;@qﬁcg_gaéé%?_rﬂease, or a varian_t thereof. In

(cyclopropy&mdfmmﬂmﬁﬂmmoyi%@?x?&f@%%ﬁiﬁylmrhmm@ﬁ@yrméitdhﬁ,-:«}i@/]adinjnistered in
gggrgc;losg ég%%@@%%}&\&%%%@é%%@vﬁfﬁégﬁ %&M -‘Ji;ilg‘?’lrﬁa"i%gng?lr%iu]d%,sblw aQe not limited to,
[002571(5 Shtur(@)odu{@och gy rinsitin-a-yiarmid ) propemnty DEEHIR, dS)atized interferon-o
ronon LT P R I S e,
the procedisfeisudinse sy intEbtarape bentidifollonifriepeoripeinds Waibiniadeditniitpy4A
inhibitors, ¢.g. BILN 2061 and VX-950); nhibitors of other targets in the HCV life cycle,
including helicase and polymerase inhibitors; inhibitors of internal ribosome entry; broad-
spectrum viral inhibitors, such as IMPDH inhibitors {e.g., mycophenolic acid and derivatives
thereofY; or combinations of any of the above.
[00224] In certain embodiments, a combination of 2 or more antiviral agents may be
administered. In certain embodiments, a combination of 3 or more antiviral agents may be
administered. In some embodiments, the antiviral agents are selected from ribavirin or
mterferon, In other embodiments, the antiviral agent is e-interferon.
[00225]  Other examples of agents the inhibitors of this invention may also be combined with
iclude, without limitation: treatments for Alzheimer's Disease such as Aricept® and Excelon®,
treatments for HIV such as ritonavir; freatments for Parkinson's Discase such as 1.
DOPA/carbidopa, entacapone, ropinrole, pramipexole, bromocriptine, pergolide, trihexephendyl,
and amantadine; agents for freating Multiple Sclerosis (MS) such as beta interferon (e.g,
Avonex® and Rebif@'), Copaxone®, and mitoxantrone; treatments for asthma such as albuterol
and Singulair™; agents for treating schizophrenia such as zyprexe, risperdal, seroquel, and
haloperidol; anti-inflammatory agents such as corficosteroids, TNF blockers, IL-1 RA,
azathioprine, cyclophospharmide, and sulfasalazine; immunomodulatory and immunosuppressive
agents such as cyclosporin, tacrolimus, rapamycin, mycophenolate mofetil, interferons,
corticosteroids, cyclophophamide, azathioprine, and sulfasalazine; neurotrophic factors such as
acctylcholinesterase inhibitors, MAQ inhibitors, interferons, anti-convulsants, ion channel
blockers, riluzole, and anti-Parkinsonian agents; agents for treating cardiovascular disease such
as beta-blockers, ACE inhibitors, diuretics, nifrates, calciumn channel blockers, and stating; apents
for treating liver disease such as corticosteroids, cholestyramine, interferons, and anti-viral

agents, agents for treating blood disorders such as corticosteroids, anti-leukemic agents, and
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1-46 1002591 (5S)-1-(2-acetamido-2-0-aeryloylazetidin-3-yflacetyl)-5-01R,2S)-1-

(cyclopropylsulfonylcarbamoy1)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3:y1-4-
quoroisoindolmg-%cgzlaﬁ%g’)l(ylate: MS miz: 715.2 (M+H-). Page 98 of 185&{%%5%08/087736

2009/082701PCT/US2008/087736 1-51
[002601(5§30Mﬁ2fz(dt0a§ryé@yiatz&ﬁqim%@)oﬂi@@lﬁpﬁﬂmﬂﬂm.mbmmwiami mm;dﬁ-ﬁﬁf:{@l
1|‘T utznrsg is1<; |(r? ﬁ%%ég;%?%&%ﬁg (?\ﬁg § ri}% i : 192@\%%%%5) 15@%%355‘%]01 ﬁ!gl(%x&% %%‘%?}&é%ér? -}\e/vas prepared
according tndhiersieips adddatarinadiates asndestirivedchelewdBtep!Ba: daenmediate. 3a | 00262]To a
solution of () A0 2 eI BN RAMARIPRIGRANRIG AL, O ptfinaceuicaly
acceptable composition thereof, are administered in combination with a monoclonal antibody or
an siRNA therapeutic.
[00227) Those additional agents may be administered separately from an inventive
compound-containing composition, as part of a multiple dosage regimen. Alternatively, those
agents may be part of 2 single dosage form, mixed together with a compound of this invention in
a single composition. If administered as part of a multiple dosage regime, the two active agents
may be submitted simultaneously, sequentially or within a period of time from one another
normally within five hours from one another.
[00228]  As used herein, the term “combination,” “combined,” and related terms refers to the
simultaneous or sequential administration of therapeutic agents in accordance with this
invention. For example, a compound of the present invention may be administered with another
therapeutic agent simultaneously or sequentially in separate unit dosage forms or together in a
single unit dosage form. Accordingly, the present invention provides a single unit dosage form
comprising e compound of formula I, an additional therapeutic agent, and a pharmaceutically
acceptable carrier, adjuvant, or vehicle.
[00229] The amount of both, an inventive compound and additional therapeutic agent (in
those compositions which comprise an additional therapeutic agent as described above) 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. Preferably, compositions of this
invention should be formulated so that a dosage of between 0.01 - 100 mg/kg body weight/day of
an inventive can be administered.
[60230] In those compositions which comprise an additional therapeutic agent, that additional
therapeutic agent and the compound of this invention may act synergistically. Thercfore, the
amount of additional therapeutic agent in such compositions will be less than that required in a
monotherapy utilizing only that therapeutic agent. In such compositions a dosage of between

0.01 - 100 mg/kg body weight/day of the additional therapeutic agent can be administered.
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mmol), TEA (4.5 mL, 30 mmol) in 50 mL CH2CI2 was added nitrobenzenesulfonyt chloride (2.9 g, 13.0
mmol) at RT. The mixture was stirred for 10 hours at RT. The solvent was removed under vacuum
followed by the 338 HERSE 100 mI. Et0AC. The organic layer was Washegc%?ﬁzfﬁﬁﬂﬁaé(to pH 3), water
and brine. The organic layer was dried over Na2S04, filtered and the solvent was removed to afford
the crude Iggrspdiaie el 6). Stepah: dniepsadiajendhriiéal 2001 08AFALRGT JSRP08/087736
[00263]The crude Intﬁrmediate 3a ( .O%é, K2CO3 ﬁ(ulﬂi 4 eqtﬁi Q\qere. driﬂ‘s‘sgojved in 10.mL DMF. Mel
(0.8 mL, 4 BRI R AL IO T HE TR oM A e é I RRALSEFREPIH YD hours. The
DMF was mosjhsheniovedupaer vaetiumtiantch 100t aftoA e ias: sd dedsandihe ndiktiorelwas washed
with water and brine. The organic layer.was dried over Na2304. After removya| of bé nt, the crude
Protiuct wal e e G R (el E R R A DNER o e
Intermediatke 3bioME ntpal38 @efiVinNadmBiepodaohmpesme diateBe [BORG 43 ¥ thar gwhitielyof
Intermedia&gﬁ@g‘ 8.9, 3.8 nunol) in 10 mL of THF/MeOH (1:1) was added 1 N LiOH aqueous solution
(5.8 rL, 5.8 mmol). After stirring at r.t. for 10 hours, the reaction mixture was neutralized with 1.0 N
HC1. The organic solvent was evaporated under vacuum, and the remaining aqueous phase was
acidified to pH-3 using 1.0 N HC1 and waggexisagiae \instOAc. The organic layer was washed with
brine, and was dried over anhydrous sodium sulfate. After removal of solvent, 1.5 g of Intermediate 3c

was obtain823k irfke doiodm-the Faganire bebde)r WOROTIOBE7 OIS TIRISEURDETEY 36 Step 3d:

Intermediate:3eed 02024 o a5 Al tion eldnternedinie dak40. 12:6) 820 mmabland, nterrpediate 3¢
(0.12 g, 0.3 mmol) in 5.0 mL of anhydrous acctgnitrilc was added HATU (0.11.g, 0.3 mmol) and D1EA

(0.14 mL, 6t &RE) BeEfPdsarsHivingthese Snsilas omPPeme ifgicmsd ERpisioldf the
coupling reagtiamafteicanentioods, AndGitk fetisds lebktOAewas palied dikiandibermpire was washed

with a buffergép%!-ﬁ, 1cONaIAcO!a-Qd N§HC03 a(llﬁd brine. Th%orjgt?nic layer Wgs driéed oﬁe Na2S04.
After remo U8 ST <SG AP IR R &5 SHOGTREEY SPESE LIS KBNS ARy B SR gL e([ements:
EtOAc/hexamejn A total of 0.10 g of Intermediate 3d was obtained: Rf 0.1 (EtOAc); MS m/z: 891.8
(M-EFF). - Intermediate 3e 0 [002661.Tq,a solution of, Intermediate 0.109,0.11 mmol) in 3
i DM WS ek SRR 5 e 8 36 oy S e LR a0 g it Bl eing
mixture wasisthyedefdp20ihdelrls 3t sRF230 mL EtOAc was added and the mixture was washed with
water and brine and water. The organic layer was dried over Na2S04. After removal of solvent, the

crude product was subject to chromatography on silica gel (eluents: EtOAc/hexane) to produce 0.1 g of
crude Intermediate 3e. MS nn/z: 706.9 (M-(IHXAMPLE 1

0 Niz E
O <
MNH%
NH £
0
HN>:OO WNH»%FQ
X °
I-1
[06234] The title compound was prepared according to the steps and miermediates as
described below.

Step 1a: Infermediate 1a
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Page 101 of 185 WO 2009/082701PCT/US2008/087736 Step 31: Compound 1-11

[00267](3R,53{2—11éS)-Z-ﬁ[ert-butoxycarbonylamino)-3-(N- POTUSI008/687736
rnethylaeryla |8c?f %‘5%{ byl)-5-41R,28)-1-(eyc|opropylsuIfonylcarbamoﬁﬁ-%zé

vinylcyclopropylcarbatnoyl)pyrrolidin-3-y14-fluoroisoindoline-2-carboxylate(1-11) Acryloyl chloride (9
uL, 0.11 mmol) was added dropwise at O C to jrred solution of 0.1 g (0.1 mmol) of the product from
step 3e in 3 mL of DCM containing 0.04 nth (O m5l) of triethylamine. The reaction mixture was
stirred at r.t. for 1.5 hrs and then was diluted wjth 10 mL of DCM. The resulting solution was washed
twice with brine and was dried over magnesium-gulfate. Removal of solvent afforded the crude
product, which was purified by chromatograph )@ silica gel eluting first with hexane/EtOAc (1:3 - 1:5)
and then with EtOAc. A total of 20 mg of the titk c&npound was obtained: [00268] Rf 0.15 (EtOAc); MS
m/z: 760.9 (M+IT). IHNMR (CD30D, 400 M 7.32 (m, 1H), 7.13-6.98 (m, 2H), 6.75 (m, 1H), 6.23
(dd, 1H, J = 2.3, 16.5 Hz), 5.73 (m, 2H), 5.4 9 (m, 2H), 5.12 (dd, 1H, J = 1.4, 10.0 Hz), 4.72 (s,
4H), 4.45 (m, 1H), 4.25-4.09 (m, 1H), 3.91s¢¢h, 1 NB.793.50 (m, 114), 3.15 (s, 3H), 2.96 (m, [H), 2.42
(m, 1H), 225 (m, 2H), 1.87 (m, 1H), 1.45-0.85 (M, [00269]In similar fashion using the
intermediate 3e, 2-chloroethanesulfonyl chloride,_gand trigthyl amine, the following compound was
: < - . .

prepared %\{393%}009 8%231 ujfgg -cl;g L(Jﬁzz%ﬁg-ﬁqgﬂgg-%n% ckﬁa?c%gng%a]fb%%yhc acid ethyl ester

toluenesuifonic acid (033 g 1.0 mmol) and (254R)-1-{tert-butoxycarbonylj-4-(4-

fluoroisoindoline-2-carbonyloxyypyrrolidine-2-carboxylic acid (0.4 g, 1.0 mmel) in 10 mL of

acetonitrile was added HATU (0.44 g, 1.2 mmol) and then DIEA (0.46 mL, 2.5 mmol) under

stirring. The mixture was stirred at r.t. for two hours. After the complete consumption of starting

materials, the reaction mixture was evaporated. The residue was dissolved in 30 mL ethyl acetate

and washed with water and brine twice and dried over Na;SQ4. After removal of solvent, the

crude product was subject to chromatography on silica gel (hexane:EtOAc = 1:1). 0.35 g of the

title compound was obtained: MS m/z: 532.0 (M+H").

Step 1b: Intermediate 1b

2N

/N
Boc OH
o]

[60236] To a solution of the product of step 1a (0.35 g, 0.66 mmol) in 5 mL of THF/ MeOH
(1:1) was added 1N LiOH aqueous sohution (2 mL, 2.0 mmol). After stirmng at r.t. for 10 hours,
the reaction mixture was neutralized with 1.0 N HCL The organic solvents were evaporated
under vacuum, and the remaining aqueous phase was acidified to pH~3 using 1.0 N HCI and was

extracted with EtOAc. The organic layer was washed with brine, and was dried over anhydrous
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[00270](3R,5S)-14(S)-2-(tert-butoxycarbonylamino)-3-(N-

methylvinylsulfonamido ropanoyl)-54(1R,28)-1-(cyclopropylsuIfonylcarbamo%l -2-
vinylcyclopropvﬁ’:é?% %pyrrolidin-3-y14-fluoroisoindoIine-2-carboxyI£féVﬁ°f’: 6.%7Z%M/MeOH
95:5); MS rniz: 797.3 (M+H [002711In similar fashion, using

(S)-4-(FmogaminZ(tert: Ritexyeathomdamnino) butangic meidinpieR Jasioubadalans af::
(S)-3-amino-é—,(t(ert;b Jtoxyearbonylamino)propanoic acid, the following compound was prepared: 1-13
[00272[(3R% ‘)—M(§) 2-(tert-butoxycarbonylamino)-4-(N-rnethylacrylamido)butanoy1)-
5-01R,2S)-dtdgyelaptamdaiafonylcarbamoyl)-2-yinylcyclopropylcarbamoyOpyrrolidin-3-y1
4-fluoroisoindoline-2-carboxylate: Rf: 0.45 ( /MeOH 95:5); MS miz: 775.3 (MH). [00273]In similar
fashion, following the procedures described mple 3, compound 1-14 can be made by using ethyl
iodide in step 3b in place of methyl iodide: 2009/082701PCT/US2008/087736

1-14 (3R,5S)-1-0)-2-(tert-butoxycarbonylam 3-(N-ethylacrylamido)propanoy1)-5-((IR,25)-
1-(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-y14-
11tmoisoindoline-2-carboxylate [00274] Cogipound 1-15 was made by following the procedures
described in Example 3, using ally' bromide‘in step 3b in place of methyl iodide. 1-15
[00275](3R,5S)-14(S)-3-(N-allylacgiamido)}-2-{tert-butoxycarbonylamino)propanoy1)-5-

Bo’ NH O

d = Q
o

Q
[00237] To a solution of the product of steplb (0.30 g, 0.6 mmol) in 10 mL of DCM was
added CDI {0.16 g, 1.0 mmol) and the resulting solution was stirred at 46°C for 1 hour.

cyclopropylsulfonamide (0.18 g, 1.5 mmol) and DBU (0.16 g, 1.0 mmol) were added to the
reaction mixture. The mixture was stirred at 40°C for additional 10 hours. The solvent was then
removed and the residue was diluted with BtOAc and was washed with aqueous NaOAc buffer
(pH~5, 2x10 mL), NaHCO; solution and brine. After drying over Na,SO4 and removal of
solvent, the residue was subjected to chromatography on silica gel using hexane/EtOAc
(1:1~1:2). A total of 0.30 g of the title compound was obtained: Ry 0.1 (EtOAc:hexane = 1:1),
MS m/z: 605.0 (M-1).

Step 1d: Intermediate 1d

N
o

HN
NH 0
o A
HN—
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((1R,2S)-1-(cyclopropylsulfonylcarbamoy1)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-y14-
fluoroisoindoline-2-carboxylate: PS: 0.58 (DCM/MeOH 95:5); MS m/z: 787.3 M+1-1t)73ﬂ[f00276]The
following comﬁ&ﬁ%’éﬂéﬁq e made by starting with the (IR, 22)-1-amino]35T@%f§9?3§?§Fop opane
carboxylic acid ethyl ester in step la and following the appropriate procedures described in Example 3:

1-1.6 (3R, 560238]L(Sri3- Prailly lneiy aepicto)s 2:( tert-buimxyarkomylaRine) AIrspRODK B4 R, 2R)-

oD e DR 2 S My R RS PN IRl e SpBpjeome
(3R,5S)-1-H(S)ndufte rmqumxmwﬁewmmmememw wﬁmﬁbﬁpﬂaaﬁh@y@l&wm by

S icrs e SR B S
(3R,58)-1-G8p-3ME nylarfid -2 &k t-butoxycarbonylamino)propanoy1)-5-WR,2R)-1-

(cycloprop lfonylcarh -2-ethylcyclopropylcarbamoyOpyrrolidin-3-y1 4-

lluoroisoin o%#]fé%g%?ﬁglo%(&%gétgglOOZ??1 In similar fashion, the following compound was prepared:
1-50 [00278](58)-1-(2-(tert-butoxycarbonylamin 1(E)-4-(dimethylamino)-N-methylbut-2-
enamido)propanoyl)-5-((1R,28)-1-(cyclopropyls ylearbamoy1)-2-
vinylcyclopropylcarbaraoyl)pyrrolidin-3-y14-fluokoispindoline-2-carboxylate: [00279] El: 0.45
(DCM/MeOH 95:5); MS m/z: 818.5 (M+1-1-). /L

Frnoc\ %
H
N
—

o
N
HH 0
%
O L)

- L
X

&
[006239] To a solution of the product of step 1d (0.16 g, 028 mmol) and N-Boc-3-
(Fmoc)amino-L-alanine (0.15 g, 0.35 mmol) in 5.0 mL of DMF was added HATU (125 mg, 0.33
mmot} and DIEA (130 myg, 1.0 mmol) at r.t. under stirring. TLC analysis indicated completion of
the coupling reaction had occurred after one hour. A 20-mL portion of EtOAc was poured in and
the mixture was washed with a buffer (pH~4, AcONa/AcOH), NaHC03 and brine, and was dried
over MgSQ,. After removal of soivent, the crude oil product was subject to chromatography on

silica gel (eluents: EtOAc/hexane). A total of 0.14 g of the title compound was obtained.
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WO 2009/082701PCT/1182008/087736 EXAMPLE 4 C-1-01,1H t 1-19 [002801 The title compound
was prepared according to the steps and intermediates as described below. Step 4a: Intermediate 4a
[00281] The INtEnEdEie e from step le was treated with 4 N HC1 accgr%]l‘ﬁﬁgs %ﬂg(}glf)?’r%cedure
described in step id to afford the Intermediate 4a as its HCI salt. MS m/z: 815.2 (M+141). Step 4b:
Intermediagefl F\HRRGR4E82701PCT/US2008/087736 [002821Cyclopentylchloroformate (1,5 equiv.)
was added dropwise at O C to a stirred solution_of, Intermediate 4a (1 equiv.) from step 4a in DCM
containing 3 equiv. of triethylamine. The reacti pture was stirred at r.t. for 1.5 his and then was
diluted with 10 mL of DCM. The resulting solutisfi{was washed twice with brine and was dried over
magnesium sulfate. Removal of solvent afforded the crude product, which was purified by
chromatography on silica gel eluting first with hekane/EtOAc (1:3 - 1:5) and then with EtOAc to afford
the title compound (60-90%): MS m/z: 925.2 (M-I} Step 4c: Compound 1-19 0

HQN}—&: o q
s <
3%

[60240] A sclution of 0.10 g of the product of step 1e in 1 mL of DMF with 12% piperidine

z

was stirred for 1.5 hours at r.t. and then was evaporated to dryness under high vacuum. The
residue was trituated with hexane/ether (4:1) to yield 70 mg of the title compound.

Step 1g:

Compound (1-1)

[66241] (ARAS)-1-{(S)-3-acrvlamido-2-(tert-butoxycarbonylamine)propanoyl)-5-
({(1R.28)-1-{cyclopropylsulfenylearbameyl)-2-vinyleyeloprepylearbamoylpyrrolidin-3-yl 4-
fluoroisoindoline-2-carboxylate: Acryloyl chloride (10 L, 0.12 mmol) was added dropwise at
0 °C to a stirred solution of 35 mg (0.08mmol) of the product from step 1f in 3 mL of DCM
containing 3 equiv. of triethylamine. The reaction mixture was stirred at r.t. for 1.5 hrs and then
was diluted with 10 mL of DCM. The resulting solution was washed twice with brine and was
dricd over magnesium sulfate. Removal of solvent afforded the crude product, which was
purified by chromatography on silica gel eluting first with hexane/EtOAc (1:3 ~ 1:5) and then
with DCM-methanol (50:1 ~ 25:1)). A total of 27 mg of the title compound was obtained: R¢ 0.4
(EA:MeOH = 10:1); MS m/z: 746.9 (M+H"),
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0 0"0 0? N a0 \NH t [00283] (3R,SS)-1-((S)-3-acrylam ido-2-(cyclopentylo xycarbonyla
mino)propanoyl)-5- 01R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarba moyflpyr
rolidin-3-y1 4-%33?8%@8%%‘0“ne-2-carboxylate: The title compound was g%ﬁ%i%%?ﬁ“"fmermediate 4b
according to the procedures described in step If and step 1g. MS m/z: 759.0 (M+I-F). [00284]Starting

from the appseprjatadniaimediaiRg, .5 Mikaffsbion, he-feliawin ofaRMPALNES Weksoprepared: 1-20
WO 2009/082701PCT/US2008/087736 100285](3R,58)-14(8)-2-(cyclopentyloxycarbonylamino)-3-(N-

methylacrylETidEHBFdhanoy 1)-54(1R,28)-1-(cyclopropylsulfonylcarbamoy1)-2-
vinylcyclopropylcarbamoyl)pyrrolidin- -fluoroisoindoline-2-carboxylate: Rf: 0.4 (Etaike/MeOH 20:1);
MS m/z: 773.2 (M+1-1). 1-21 [00286% o
(3R,58)-14(8)-2-(cyc|opentyloxycarboﬁylamiﬁﬁ)-4-(Nmethylacrylamido)butanoyl)-54(1R,28)-1-(cyclopr
opylsulfonylcarbamoy1)-2- %

& o o
vinylcyclopropylcarbamoyl)pyrrolidin-B%ﬁll@Qﬁg%- 4 -2-carboxylate: Rf: 0.4 (EtOAc/MeOH
20:1); MS m/z: 787.3 (M+H 1-52 © HNiH\O "

o, 0

o4
\\\>ng
H

-2
[00243] (3R,55)-1-((S)-2-(tert-butoxycarbonylamine)-3-(vinyisulfonamido)propanoyl)-5-
((1R,28)-1-(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoybpyrrolidin-3-y] 4-
fluoroisoindoline-2-carboxylate: Rf: 0.50 (EtOAc/MeOH 10:1); MS mv/z: 805.3 (M+H ).

@F

L

¢, D ;
HN N
ey
=0 HiN-8—<]
X °

1-3
[00244]  (3R,55)-1-((28)-2-(tert-butoxyearbonviamine)-3-(2-chloro-2-
phenylacetamido)propanoyl)-5-((1R,28}-1-(cyclopropylsulfonylcarbamoyl)-2-
vinylevclopropvlearbamoy!)pyrrolidin-3-yl 4-fluoreisoindoline-2-carboxylate: Rf: 0.50
(DCM/MeOH 95:5); MS m/z: 845.2 (M-+H).

I-4
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[00287](58)-5-01R,28)-1-(cyclopropylsulfonylcarbamoy1)-2-

vinylcyclopropylcarbamo 1) 1-(2-(4-(methoxycarbonyl)bicyclo[2.2.2loctane-1-
carboxamido)- (ﬁ rﬁe%h 1Iacrylam|do)propanoyl)pyrrol|d|n 3-y1 4- fluor0|§(%rljrt1]]§ I 73?:arboxylate

[002881 Rf: 0.45 (EtOAc/MeOH 10:1); MS mu: 855.3 (M+FF), EXAMPLE 5 WO
2009/0827(Go2€1 T/ 108 A05/08Y 73 Lo 19028 heniiily-Sa(mpaytnetasiprepgbad recording to the

steps and |nte|r1|e iates as d Ste Inter edlat a 1002901 To a solution of
Boc-L- Thr@BﬁWﬂé‘(t ‘4’3&"@3@ Fﬁﬁgiﬁ ?Oe &%’Wg‘?@cﬂé EfStyl chloride (0.32 g, 3.0 mmol) at
RI followed-tayltyelqatdjiidua bh amtd)ptieralidinBryb-DM AR dndoFie 2 (b laG R0} 5 The reaction

mixture Waﬁ)ﬁt@rﬁp &I%M@T i{%ﬂ%’gﬂlﬁlﬁ?Hcog solution (10 mL) was added to quench the
ours

reaction. A aqueous solution was added slowly to pH -3. The DCM layer was
collected aifg2¥d adueoubnashisxtraute thby oM (Rixamedidte TideantdSnic(Fyerawas)diied over

Na2S04, filtey y ; e
2009/0827@1PCT%%%%(§1 %@% ?aéﬁgl%‘é‘mw&ﬁ%%&fmd@ Repsta

(002911(3R,55)-1-2S,3R)-3-((E)-but-2-enoyloxy)-2-(tert-

%\("

L Dy

S

o
1-5

[06247] (3R,58)-1-((S)-4-acrylamido-2-(tert-butoxycarbonylamino)butanoyl)-5-((1R,25)-

1-{cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-yi 4-

fluoroisoindoline-2-carboxylate: Rf: 0.40 (FtOAc/McOH 10:1); MS m/z: 761.3 (M+H").

EXAMPLE 2

HN 5—(]
\

1-6
[00248) The title compound was prepared according fo the steps and intermediates as
described below.

Step 2a: Intermediate 2a
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bu to xycarbonylamino)butanoy1)-54(1R,2S)-1-(eyclopropylsulfonylcarbamoy1)-2-
vinylcyclopropylearbamoyflpyr rolidin-3-y1-4-fluoroisoindoline-2-earboxylate:The title compound was
made by coup |Hgf(1?19t/3% diate Id from Example 1 and Intermediate 5a %Fﬁ[éslz—m&fﬂﬁ%‘?lowing the
coupling reactions described for Intermediate le in Example 1. A total of 90 mg of the title compound
was obtained from 109 mg of Intermediate 1d: 0.5 (EtOAC); MS miz: 774.3 (MH-H r). [00292
|Starting from the Intermediate Id, by coupling?’%‘the appropriate inteliediates, in similar fashion, the
following compounds were prepared: N0 O o [-23

[002931(3R,55)-14(S)-2-(tert-butoxycarbonyla |\ino)-3-(2-(tert-
butoxyearbonylatnino)aeryloyloxy)propanoy1)35-{f 1R,25)-1- WO 2009/082701PCT/US2008/087736
(cyclopropylsulfonylcarbamoy))-2-vinylcyclo ylcarbamoyl)pyrrolidin-3-yl 4-
fluoroisoindoline-2-carboxylate: MS m/z: 862:2(M-1). 1-24
1002941(3R,58)-1428,3R)-3-(acryloylo>§§>4/)726h(t O—‘{%b)fu_'@%carbonyIamino)butanoyl)-S-

Boc HN—(%—Q
[00249] To a solution of the product of step 1d from Example 1 (0.12 g, 0.22 mmol} and N-
Boc-glycine (0.054¢, 0.31 mmol) in 4.0 mL of acetonitrile was added HATU (133 mg, 0.35
mmot) and DIEA (.12 mL, 0.66 mmol} at r.t. under stirring. The reaction mixture was siirred
for 2 h. LC-MS and TLC analysis indicated compietion of the coupling reaction. A 20-mL of
EtOAc was poured in and the mixture was washed with a buffer (pH~4, AcONa/AcOH),
NaHCO; and brine, and was dried over Na ,804. After removal of solvent, the crude product was

subject to chromatography on silica gel (cluents: EtOAc/hexane). A total of 0.10 g of the title
compound was obtained: Ry 0.2 (EtOAc); MS m/z: 664.0 (M+H").

Qp

N

Step 2b: Intermediate 2b

9/&0
Q}
— NH O
HN—E—Q

[06256] The product from step 2a (0.10 g, 0.15 mmol) was dissotved in 2 mL of 4 N HCI in
dixoxane and the reaction was stirred for 1 hour at RT. After removal of solvents, a 3-mL portion
of DCM was poured in followed by evaporation to dryness. This process of DCM addition
followed by evaporation was repeated three times to give the title compound Intermediate 2b as
its HC! salt (0.10 ). MS m/z: 564.0 (M+H" ),

Step 2¢:
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((1R,2S)-1-(cyclopropylsulfonylcarbamoy1)-2-yinylcyclopropylearbamoyl)pyrrolidin-3-y14-
fluoroisoindoline-2-carboxylate: Rf: 0.4 (EtOAc); MS m/z: 760.1 (M-1). EXAMPLE 6 Compound 1-25
[00295](1-25)%%9??11@‘288 pound was prepared according to the steps%ﬁ%ﬁﬂ%ﬁ?&tes as
described below: Step 6a: Intermediate 6a WO 2009/082791PCT/US2008/087736 OH >r [00296] To
a solution of N-Boc-pyroglutamic acid (0.23 g mol) in 10.0 mL of anhydrous TI-IF was added
2-methylprop-1-enyl)magnesium bromide (O.SW%HE, 5 mL, 2.5 mmol) at -78C slowly. The reaction
mixture was stirred for 1 h at -78C. 1 N FICI (25 jnL) aqueous solution was added and the mixture
was slowly warmed up to RT, The pH was adjusted to -3-4 by 1 N HC1. The THE was then removed
under vacuum and the remaining aqueous wa®% extracted by DCM (3 X 15 mL). The organic layer was
dried over Na3S04, filterd and the solvent wasyemoved to provide the crude product. Step 6b: 1-25
[00297](3R,58)-1-((S)-2-(tert-butoxyearbony%o)-?-methyl-5-oxooct-6-enoy1)-5-

Vi

((IR,28)-1-(cyclopropylsulfonylcarbamo%mo 'O eije p(gopylcarbamoybpyrrolidin-3-y1 4-
fluoroisoindoline-2-carboxylate: The title pou simade by coupling Intermediate Id from
Example 1 and Intermediate 6a using HAM' foll&Wing thé coupling reactions described for Intermediate

le in Example 1. A total of 80 mg of the title compound was obtained from
1-6

[06251]  (3R,58)-1-(2-acrylamidoacetyD)-3-((1R,28)-1-(cyclopropyisulfonylearbamoyi)-2-
vinyleyclopropylearbamoyhpyrrolidin-3-yl - 4-fluorcisoindoline-2-carboxylate: The fitle
compound was made by coupling Intermediate 2b and acrylic acid using HATU following the
coupling reactions described for Intermediate 2a. A total of 50 mg of the title compound was
obtained: R¢ 0.1 (EtOAC); MS m/z: 617.9 (M+H ).

[00252] Following the procedures described in Example 2, the following compounds were

made similarly:

7
[600253]  (3R.58)-1-(2-(E)-but-2-enamidoacetyl)-5-((1R,28)-1-
(cyclopropyisulfonyicarbamoyl)-2-vinyvieyclopropylearbamoyl)pyrrefidin-3-vi-4-
fluoroisoindoline-2-carboxylate: MS m/z: 632.0 (M+H).
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108 mg of Intermediate Id: Rf.0.3 (FtOAc); MS miz: 774.1 (M+1-1-). 1IHNMR (CD30D, 400 MHz) 67.31
(dd, 1H, J=13.3,7.4 w 7.13-6.98 (m, 2H), 6.18 (s, IH), 5.74 (m, 1H), 5.38és, 1H), 5.32 (d, 1H,
J=17.0 Hz), 543 {*1879L10.1 Hz), 4.72 (s, 4H), 4.48 (dd, 1H, J=17.0, 6 TEHBHTE m, 2H), 3.89
(m, 1H), 2.93 (m, 1H), 2.60-2.35 (m, 2H), 2.22 (m, 2H), 2.10 (s, 3H), 2.02-1.75 (br, 1H), 1.88 (s, 3H),
1.46-0.80 (m, 14H). WO 2009/082701PCT/US2008/087736 NMR (CD30D, 100 MHz): 201.8, 175.3,
1745, 170.6, 157.7, 156.9, 155.6, 141.1, 134. 1.2,124.8,119.9, 119.7, 118.6, 115.0, 114.8, 80.3,
76.1, 61.0, 55.0, 549, 54.8, 53.5, 53.3, 52.% , 50.1, 42.6, 40.3, 35.7,35.4 , 32.1, 28.7, 28.5, 27.7,
26.9, 24.0, 20.9, 6.74, 6.47. 1002981 Starting.from the Intermediate Id, by coupling with the appropriate
intermediates made similarly as described in Step i6: Otﬁﬁ following compounds were prepared: 1-26
[002991(3R,58)-1-1(S,E)-2-(tert-butoxycgrk1pn”I éf&\-‘gxooct-&enoyl)-S-((lR,28)-1-
(cyclopropylsuIfonylcarbamoyl)-z-vinylcygoﬁ?gﬁyl rbamoyl)pyrrolidin-3-3,1-4-
fluoroisoindoline-2-carboxylate: A total of 80 mg of the title compound was obtained from 150 mg of
Intermediate id: Rf 0.3 (EtOAc); MS ink: 760.3 (M¥Ri+). 1-27

[003001(3Rgpsl- 1{5;3s (IerRHioyeRthRoyIAMINN G Methydyp-oxohept-6-enoy1)-5-
01R,2S)-1-(cyclopropylsulfonylcarbamaoy1l)- -vinylcyclopropylcarbamoyl)p%rrolidin-3-y1 4- Page 114 of
-

185 WO 2t8iissnyapienylgebamarhely vigglcyclopropyicarbamoyhpyrrelidin-3-yl-4-
fluoroiscindeiine-2-carboxylate: MS m/z: 632.1 (M+H ).

P

8]
f B 700
HFN)\T‘,N,_ g
Ous N O
LN
U
1-9

[00255]  (3R,5S)-1-{(R)-2-acrylamide-3-methylbutanoyl}-5-((1R,25)-1-
(cvclopropylsulfonyicarbamoyl)-2-vinvlcyclepropylcarbamoyi)pyrrolidin-3-yi-4-
fluoroisoindoline-2-carboxylate: MS m/z; 660.2 (M-+H").

YO

F
<

.‘?.:N
BN
Ny -8
N N
H
a 4 §LH v
o]

0,0
Y
CHg

[-19
[00236] (3R,55)-1-(2-(2-acetoxybenzamido)acetyl)-5-((1R,25)-1-
(cyelopropylsulfonylearbameyi)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-vi-4-
flnoroiseindoline-2-carboxylate: MS m/z: 724.0 (M+H").
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fluoroisoindoline-2-carboxylate: A total of 80 mg of the title compound was obtained from 150 mg of
Intermediate 1d: Rf 0.4 (EtOAc); MS m/z: 782.2 (M-ENC). IHNMR (CD30D, 400 MHz) 7.31 (dd, 1H,
J=13.3, 7.4 HHO7BYEE 1H, 3=33, 7.4 Hz), 7.0 (m, 1H), 6.12 (s, 1H), BEH(RHY 874 (m, 1H),
5.39 (s, 1H), 5.31 (dd, 1H, J=1.4, 17.0 Hz), 5.12 (di, HI, J=10.1, 1.4 Hz), 4.73 (m, 4H), 4.48 (m, 1H),
4.32 (m, 2H), 3.90 (m, 114), 2.91 (m, 1H), 2. 42 (m 1H), 2.22 (m, 2H), 2.01 (m, 1H), 1.90-1.85 (m, 2H),
1.84 (s, 3H), 1.40-1.02 (m, 14H). 1-39

[00301](3R,5S)-1-0S,E)-2-(tert- butoxycarbon -methyl-5-oxooct-6-enoyl)-5-
01R,212)-1-(cyclopropylsulionylcarbamoy1)-2- ylc cl p pylcarbamoyflpyrrolidin-3-y1
4-fluoroisoindoline-2-carboxylate: A total of 50 mpound was obtained from 150 mg of
Intermediate Id: Rf 0.5 (EtOAC); MS m [OO ] Starting from the Intermediate 1d, the

following compounds are prepared by Qu in W|th the appropriate intermediates made similarly as
described in Step 6a: 1-28
(3R,5S)-14(S)-2-(tert-butoxycarbonylamino)-5- olbbtt-6- -ynoy1)-5-((1R,2S)-1-

(cyclopropy!mh‘cqnylqasmwm@mw@@mmu@mmywm}m(m 1-

fluor0|somdollne 2- c rbox
(35 5o 1 o Y2 By B TR RSBy 116 1R 25 1.
(cyclopropylauﬂmmaﬂnam@yﬂbeiywwkydsﬁr(mvﬁmhaﬂm@yﬂpWMrﬁ%W(M+H .

fluoroisoin
(3R,5S)-14 (tert ?os%cgcr cl)’(r)l{i/%urlﬁbﬁng S%el) ?Ié}é%%l%?% 3%5%1% b mﬁ &@ﬁfﬁ%

1- (cycloprdpgdsuitm&wlgarbamoyl) 2-vinylcyclopropylcarbantoyflpyrrolidin-3-y1 4-
iluoroisoindoline-2-carboxylate WO 2003/082701PCT/U82008/087736

-

I-46
[06259]  (88)-1-(2-acetamido-2-(1-acryloylazetidin-3-yl)acetyl)-5-((1R,28)-1-
{cyclopropylsulfonylcarbameyl)-2-vinyicyclopropylcarbameoylpyrrolidin-3-yl-4-
flucroisoindoline-2-carboxylate: MS nyz; 715.2 (M+H").
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1-31 (3R,5S)-14(S)-2-(tert-butoxycarbonylamino)-4,4,7-trimethyl-5-oxooet-6-enoy1)-54(1R,2S)- 1-(ey
(r:llé)p;r%pg::)s:)l(; g Icarba m oyl) -2-yi nylcyclopropylearbamoyflpyrrolidin-3- X%ﬁ{;ﬁlﬂ%gtfﬂg{/g}ggOlndoh
(3R,55)-14(S)- 2 (tert butoxycarbonylamino)-6-methyl-4-oxohept-5-enoy0-54(1R,2S)-1-
(eyclopropylsulfonylcarbamoy0-2-yinyleyclopropykgarbamoyflpyrrolidin-3-y14-

fluor0|somdollne 2-earbox Q!eate [003031MS nn/z: 760.1 (M-H1. [00304] The followmg;compound was
made by pHl#&lim EfalyFet Aetrsgereitin Sy %%MQRSWWYWIBW@@WBWWFM Feaction
described l@]ﬂas)&a(cW@@@mmamﬂx%ﬁﬂyjsmﬂﬁle&wpiﬁpﬁkaammoyl)pyrmhdm-:s -yl-4-

[003051(3 55 14 ( uto la gy -methyl-5-oxooct-6-enoy1)-5-

01R,2R)- 1%8yc 656' % ﬁ'?cﬁy Sarba )iXt 7?/5 gﬁﬁp ? I\ZTWﬁopyIcarbamoyOpyrroIidin-3-y1
4-fluoroisoindoline-2-earboxylate: A total of 33 mg of the title compound was obtained from 100 mg of
Intermediate 1d: Rf 0.5 (EtOAc); MS rn'z: 776@%&&]& 100306JIn similar fashion, the following
compounds arc made:
(3R,55)-14(S)-2-(tert-butoxycarbonylamino)-6-niethyl-5-oxohept-6-enoy1)-5-((IR,2R)-1-
(cyclopropylsulfonylcarbamoy1)-2- ethylcyclopr arbamoyl)pyrrolidin-311 4-

fluoroisoindoline-2-carboxylate Ot
0,
/ Y
N I, it
N "N \v
H H
owm\i/goo
>§,O _\N/
i O=L\;

I-11
[60261] The title compound was prepared according to the steps and intermediates as
described below.

Step 3a: Intermediate 3a

100262] To a solution of (8)-3-amino-2-{tert-butoxyearbonylaminoypropanoic acid (2.04 g, 10
mmol), TEA (4.5 mL, 30 mmol} in 50 mL CH,Cl; was added nitrobenzenesulfonyl chlonde (2.9
g, 13.0 mmeol) at RT. The mixture was stirred for 10 hours at RT. The solvent was removed
under vacuum followed by the addition of 100 mL EtOAc. The organic layer was washed with 1
N HCI (to pH 3), water and brine. The organic layer was dried over NaySQ,, filtered and the
solvent was removed to afford the crude Intermediate 3a (4.0 g).

Step 3b: Intermediate 3b
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[-60 (3R,5S)-14(S)-2-(tert-butoxycarbonylamino)-6-methy1-4-oxobept-5-enoy1)-54(1R,2R)-1-
(cyclopropylsuffonylcarbamoy1)-2-ethylcyclopropylcarbamoyflpyrrolidin-3-y1 4-
quoroisoindoIiwg-fil?:gé?rsﬁgyylate 001-61 r C¥m82908f087736
(3R,5S)-14(S)-2-(tert-butoxycarbonylamino)-5-cyclobutenyl-5-oxopentanoy1)-5-
O1R,2R)-1-(cyclopropylsulfonylcarbamoy1)-2-ethylcgstopropylcarbamoyflpyrrolidin-3- y1
4-fluoroisoindoline-2-carboxylate 1-62 (3 s 2-(tert-bu toxyca rbonylarnino)-6-cyclobu tylid
ene-5-o0xo hexanoyl)-5- R,2R)-1-(cyclopropylsw It&mMcarbam oy0-2-ethylcyclopropylcarbamoyOpy
rrolidin-3- yl 4-fluoroisoindoline-2-carboxylate 1-61%3‘::0
(3R,5S)-1-0S,E)-2-(tert-butoxycarbonylamino)-8,8-dimethyl-5-oxonon-6-enoy0-5-
((IR,2R)-1-(cyclopropylsuIfonylearbamoyl)-2-eth>€;?’§8?opylcarbamoyﬂpyrrolidin-3-
yl4-fluoroisoindoline-2-carboxylate WO 2009/082701PCT/US2008/087736 1-64
(3R,SS)-1-p26tertThatoxyednbomyddiaind)-2-(8)-B:080cydopentid)eryt) doetib) in 10 mL

R2R)-1-(oyslppropy sy tRrvicarbamey g (MYl RBI QPHE 2 RRMQUIRYHRIEN s simed
y14-fluoroisoindoline-2-carbox3/ate
for 20 hours. The DMF was mostly removed under vacuum and 100 mL EtOAc was added and
the mixture was washed with water and brine. The organic layer was dried over Na;SO.. After
removal of solvent, the crude product was subject to a short silica gel column (eluents:
EtOAc/hexane) to produce 1.62 g of the Intermediate 3b. MS m/z: 439.9 (M+Na").

Step 3c: Intermediate 3¢
OH

ﬁ,O\g/N\é:&O

On !
\S-’Z."O

@NOE

[06264] To a solution of Intermediate 3b (1.6 g, 3.8 mmol) in 10 mL of THF/MeOH (1:1)
was added 1 N LiOH aqueous solution (5.8 mL, 5.8 mmol). After stirring at r.t. for 10 hours, the
reaction mixture was neutralized with 1.0 N HCL The organic solvent was evaporated under
vacuum, and the remaining aqueous phase was acidified to pH~3 using 1.0 N HCl and was
extracted with EtOAc. The organic layer was washed with brine, and was dried over anhydrous
sodium sulfate, After removal of solvent, 1.5 g of Intermediate 3¢ was obtained. MS m/z: 402.0

(M-1, negative mode).
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1003071 The following compound was made by prolonged palladium catalyzed hydrogenation (24-48
hours) of Intermediate Id, followed by coupling reaction described in step 6b: 1-44
(3R,58)-1-0)-?83?&%@@%carbonylamino)-7-methy1-5-oxooct-6-enoy1 -g-T(f-Sm{’s’ 087736
(cyclopropanesulfonamido)-1-oxohexan-2-ylcarbamoyppyrrolidin-3-yl 4-fluoroisoindoline2-carboxylate:
A total of 58tgpa @fhertittaisenapound (1-44) was obtained from 100 mg of Intermediate Id: It( 0.5
(Et0Ae); MS m/z: 800.2 (M+Na"). WO 2009/082701PCT/US2008/087736 EXAMPLE 7
[00308)(laR,3aS,5R,9S,16aS,2)-11-(oaitrophenylsulfony1)-9-(tert-
ylcarbamoy1)-3,8-dioxo-Lla,2,3,3a,4,5,6,8,9,10,11,12,13,1
oCl o0

4,16a-hexadecahydrocyclopropa[nlpyrro

[1,4,81triazacyclopentadecin-5-y1-4-fluoroisaindoling-2; cﬁp@ylate(l-%)ﬁhetitle compound is

prepared according to the steps and interme%ii(gﬁ‘ég scribed below: Step 7a: Intermediate 7a

[003091The Intermediate 7a was made followirigithe ‘prigtedure described for the synthesis of

Intermediate 3c by using 5-bromopent-%9m§r§iﬁz%alk ting reagent. Step 7b: Intermediate 7b
O

[00265] To a solution of Intermediate id (0.12 g, 0.20 mmol) and Intermediate 3¢ (0.12 g,
0.3 mmol) in 5.0 mL of anhydrous acetonitrile was added HATU (0.11 g, 0.3 mmol) and DIEA
(0.14 mL, 0.9 mmol) at 1.t, under stirring, TLC analysis and LC-MS indicated completion of the
coupling reaction after one hour. A 20-mL portion of EtOAc was poured in and the mixture was
washed with a buffer (pH~4, AcONa/AcOH), NaHCO; and brine. The organic layer was dried
over NapSO4. After removal of solvent, the crude product was subject to chromatography on
silica gel (eluents: EtOAc/hexane). A fotal of 0.10 g of Intermediate 3d was obtained: Ry 0.1
(EtOAc), MS m/z: 891.8 (M+H").

Step 3e: Intermediate 3e
F

;\:NYO o O\\S«?O
A E‘W
Nie
N H
H\/L
%/OYN g e
O -

j00266] To a solution of Intermediate 3d (0.10 g, 0.11 mmol) in 3 mL DMF was added

\N/
H

phenylthiol (30 mg, 0.26 mmel) and K,COs (40 mg, 0.3 mmol). The resulting mixture was
stirred for 20 hours at RT. 30 mL EtOAc was added and the nuxture was washed with water and
brine and water. The organic iayer was dried over Na,SOq. After removal of sobvent, the crude
product was subject to chromatography on silica gel (eluents: EtOAc/hexane) to produce 0.1 g of

crude Intermediate 3e. MS m/z: 706.9 (M+H").
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WO 2009/082701PCT/US2008/087736 >ro NO2 0' [003101 The Intermediate 7b was made by
coupling Intermediate hi from Example 1 and Intermediate 7a using HATU following the coupling
reactions deschBéd13Fiftermediate le in Example 1. MS: 946.2 (M+1). gf@@%@@%%ound 1-45
1003111 To a solution of 540 mg of Intermediate 7b in 150 mL of anhydrous dichloromethane was
added 100 gng, 33cBiapash@itimethylphenyl)-4,5-dihydroimidazol-2-
yIidene[2-(i-propoxy)-5-(N,N-dimethylaanosquonyI) phettyljmethyleneruthenium (ll) (Zhan catalyst 1B,
RC-303, Zannan Pharma Ltd.) under pitfogen. The resulting mixture was heated at 48 C overnight.
The LC-MS showed complete conve +tp the product. Reaction solution was subject to flash column
chromatography on silica gel with eluent\(}reptane/Etake v/v 1:1 to pure EtOAc), giving 140 mg of the
desired product. MS: 916.3 (ES-). WO 20094.082701PCT/US2008/087736 [00312]In similar fashion,

by starting with (S)-5-a|Iylamino-2-tert-butoxym¥gla irpe pentanoic acid in step 7a, the following

compound was prepared: 1-53 [00313]MS: 91~ - ]In similar fashion, by starting with
(S)-4-[But-3-cnyl-(2-nitro-benzenesulforwi)r-hmlgé) 2-tgrt*butokycarbonylamino-butyric acid in step 7a,
o

the following compound was prepared; i
N

L

[60267]  (3R,S55)-1-{(5)-2-(tert-butoxycarbonylamino)-3-(N-
methylacrylamido)propanoevl)-5-((1R,25)-1-(cyelopropylsulfonylearbamoyl}-2-
vinyleyelopropylcarbamoyl)pyrrolidin-3-yl 4-fluoroiscindoline-2-carboxylate (I-11)
Acryloyl chloride (9 ¥L, 0.11 mmol) was added dropwise at 0 °C to a stirred solution of 0.1 g
(0.1 mmol) of the product from step 3¢ in 3 mL of DCM containing 0.04 mL (0.3 mmol) of
triethylamine. The reaction mixture was stirred at r.t. for 1.3 hrs and then was diluted with 10 mL
of DCM. The resulting solution was washed twice with brine and was dried over magnesium
sulfate. Removal of solvent afforded the crude product, which was purified by chromatography
on silica gel eluting first with hexane/EtOAc (1:3 ~ 1:5) and then with EtOAc. A total of 20 mg
of the title compound was obtaimned:

[00268] R 0.15 (EtOAc); MS m/z: 760.9 (M+H"). "HNMR (CDs0D, 400 MHz) § 7.32 (m,
1H), 7.13-6.98 (m, 2H), 6.75 (m, 1H), 6.23 (dd, 1H, J = 2.3, 16.5 Hz), 5.73 (m, 2H), 5.45-5.29
(m, 2H), 5.12 (dd, 1H, J = 1.4, 10.0 Hz), 4.72 (s, 4H), 4.45 (m, 1H), 4.25-4.09 (m, 1H), 3.91 (m,
1H}, 3.75-3.50 (m, 1H), 3.15 (s, 3H), 2.96 (m, 1H), 2.42 (m, 1H), 2.25 (m, ZH), 1.87 (m, 1H),
1.45-0.85 (m, 14H).

[60269] In similar fashion using the Intermediate 3e, 2-chloroethanesulfonyl chloride, and

triethyl amine, the following compound was prepared:
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1-54 [003151MS 916.3 (ES-) WO 2009/082701PCT/US2008/087736 EXAMPLE 8 1-35
[003161(laR,3aS,5R,9S,16aS,Z2)-11-acryloy1-9-(tert-butoxycarbonylaming)-1a-
(cyclopropylsﬁ’Yf&ﬁgﬂ%g%‘}ghoyl)-&8-dioxo-EIa,2,3,3a,4,5,6,8,9,10,11,1£E {‘ﬁﬁ‘%fgﬁ 7e3§"<adec:ahydrocycl
opropaltilpyrrolo[2,1-c1[1,4,81tfiazacyclopentadecin-5-y1-4- fluoroisoindoline-2-carboxylate (1-35):

ing to the steps and intermediates as described below:

he Intermediate 8a was made by treating compound 1-45
from Example 7 with thiophenol folloviing hélf)rocedure described in step 3e. MS: 733.3 (M+1).

The title compound was prepared acc
[003171Step 8a: Intermediate 8a: [00

1003191 Step 8b: Compound 1-35: WO 20

described in step 3f. 114 0.2 (5% Me

]

oyl chloride following the procedure
raiz: Y87.3 (MTH").

]

O%QlBQT/AJSZOOS/OS??SG [00320]The title

compound was made by treating Inte(rjm%cliﬁ
1-11
Q

telBayyith
X, \

!

I-12

[86270] (3R.55)-1-((8)-2-(tert-butoxycarbonylaminc)-3-(N-
methylvinylsulfonamide)propanoyl)-5-((1R,25)-1-(cyclopropyisulfonylcarbamoyl)-2-
vinyleyclopropylearbamoyl)pyrrolidin-3-yl 4-fluoroisoindoline-2-carboxylate: Rf: 0.55
(DCM/MeOH 95:5); MS m/z: 797.3 (M+H ),
[00271}

acid in step 3a in the place of (S)-3-amino-2-(tert-butoxycarbonylamino)propanoic acid, the

In similar fashion, using (S)-4-(Fmocamino)}-2-{tert-butoxycarbonylamino)butanoic

following compound was prepared:

1-13
[60272] (3R.58)-1-({S)-2-(tert-butoxycarbonyiamino}-4-(N-methylacrylamido)butanovl)-
5-((1R,28)-1-(cyclopropylsulfonylcarbamoyl)-2-vinyleyclopropylcarbamoyl)pyrrolidin-3-yl
~ 4-fluoroisoindoline-2-carboxvlate; Rf: 0.45 (DCM/MeOH 95:3); MS m/z: 775.3 (M+H").
[00273]

can be made by using ethyl iodide in step 3b in place of methyl iodide:

In similar fashion, following the procedures described in Example 3, compound |-14
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1003211In similar fashion, by treating Intermediate 8a with chloroacetyl chloride (1.2 eq), the following
compound was ared: ci 1-47

(laR,3aS,511, @’é? %g gsﬂmll ehIoroacetyl-9-(tert-butoxyearbonylamino)-lfgji@%q%%‘}%%ﬁsuIfonylearbam
oyl)-3,8-dimo-1,1a,2,3,3a,4,5,6,8,9,10,11,12,13,14,16a-hexadecahydroeyelopropa[nlpyrrolo[2,1-e][1,4
,8]triazacyelopentadeein-5-y1-4- fluoroiseindoline-2-earboxylate (1-45) [00322]MS: 831.2 (M+Na-).
[00323]In similar fashion, by treating mediate 8a with Chloroacetyl chloride (3.0 eq), the following
compound was prepared: WO 2009/08Z7QLPCT/US2008/087736 1-48 [00324] MS: 907.2 (M-INM).
[00325]In similar fashion, by starting with cofﬁpounds 1-53, and 1-54 in step 8a, the following
compounds were prepared: 1-36

(laR,345R,95,16aS,2)-12-acryloy1-9-(tert- but Xyea Ia |no) la-(cyclopropylsulfonylcarbamoyl)-3,
8-dioxo-1,13,2,3,3a,4,5,6,8,9,10,11,12,13, 1ﬁ 1 a- rocyclopropa[nIpyrrolo[24 cl[1,4,9Priaz
acyclopentadecin-5-y14- quor0|somdoI|ne?2 xyla

1-14
(3R,55)-1-((5)-2-(tert-butoxycarbonylaminoe)-3-(N-ethylacrylamido)propanoyl-5-((1R,2S)-
1-(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyljpyrrolidin-3-yi 4-
fluoroiseindoline-2-carboxyiate
[06274] Compound 1-15 was made by following the procedures described in Example 3, using

allyl bromide in step 3b in place of methyl iodide.

I-15
[06275] (3R, 58)-1~((S)-3~(N-aliylacryiamido)-2-(tert-butoxycarbonyiamino }propanoyi)-5-
({1R,25)-1-{cyclopropylsulionylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-yl 4-
fluoroisoindoline-2-carboxylate: Rf: 0.58 (DCM/MeOH 95:5); MS m/z; 787.3 (M+H"),
100276] The following compounds can be made by starting with the (1R, 25)-1-amino-2-
ethylcyclopropane carboxylic acid ethyl ester in step 1a and following the appropriate procedures

described in Example 3:

Page 104 o 185



[00326]MS: 785.3 (ES-). WO 2009/082701PCMS2008/087736 N 0 000 1 >i30 0J) 1-37
(laR,3aS,5R,9S,16aS,27)-13-acryloy1-9-(tert-butoxycarbonylamino)-1a-(cyclopropylsulfonylcarbamoyl)
-3,8-dioxo-1,18"9 3%84H8’5 8. 9,10,11,12,13,14,16a-hexadecahydrocyclSprép2firrdfo[1,2-al[1,4,10)t
riazacyclopentadecin-5-y14- fluoroisoindoline-2-carboxylate 1003271MS 787.3 (ES), 785.3 (ES-).
EXAMPLE 9(1-40) of \ - [00328]The titlecompound is prepared according to the steps and

intermediates as described in the sch below:
N G
Y
1)
Q 2 O\\S,,O
Y 7, N
oYﬂ 0 NV
XO E\ Vs
0 —
I-16

(BR,55)-1-((S)-3-(N-allylacrvlamido)-2-(tert-butoxvearbonylamino)propanoeyi)-5-((1R,2R)-
1-(cyclopropylsulfonyicarbamoyl)-2-ethvleyclopropyicarbamoyl)pyrrolidin-3-yi 4-

fluoroisoindoline-2-carboxylate

v’
)
l&i @ 0\\!{?
ri -
b ! N v
H H
4] N &}
Yy e
I
>r \N/
o= _
_
1-17

(3R 58)-1-((5)-2-(tert-butoxycarbenylamino)-3-(N-methylacrylamido)propanoyi)-5-
((IR,ZR}-1-{cyciopropyisuifonylcarbamoyl)-2-ethyicyciopropylearbamoyl)pyrroiidin-3-vi

4-fluoreisoindoline-2-carboxylate
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WO 2009/082701PCT/US2008/087736 2,2-armethylhemi-enyl carbonochlondate \4. ---"..k."..-0 R, /CI
ENNy.C.02me II\--N,-Co 11 come ONiOH HCI C 11 RUH 2) HC1 3) FIATIJ, WFEA %,) Ha
PCT/US2008/087736

ii*'1Cri'S-1\L ¥ ¢ G080

H 9 o\yp
s N’
0 ﬁ\/IL o Y
o
XO \'NH
o —
I-18

(3R,58)-1-((S)-3-acrvlamido-2-(tert-butoxycarbonylamino)propanoyl)-5-((iR,2K}-1-
(cyclopropylsulfonylezrbamoyl)-2-ethylcyclopropylcarbamoyl)pyrrolidin-3-yl 4-

fluercisoindoline-2-carboxyiate
[00277]  In similar fashion, the following compound was prepared:

00
LT
Y0
i

I-50
[00278]  (55)-1-(2-(tert-butoxycarbenylamino}-3-((E}-4-(dimethylamino)-N-methytbut-2-
enamido)propancyl)-5-((1R,28)-1-(cyclopropyisulfonvicarbamov}-2-
vinylcyclopropylearbamoyl}pyrrofidin-3-yl 4-fluoroisoindoline-2-carboxylate:
[60279] Rf 0.45 (DCM/McOH 95:5); MS m/z: 818.5 (M+H").
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ONCO2Me 0 NH BOO Intermediate 9-1

[003291Meth)@2 2012 12-tetramethy1-4,9-dioxo-3,10-dioxa-5,8-diazahexadee-15-ene-7- carboxylate
(Intermediate -(B.a?jgsyg{irring solution of 381 mg of methyl PCT/USI0081087736
2-amino-3-(tertbutoxycarbonylamino)propanoate hydrochloride, and 1 mL of Et3N in 10 mL of
anhydrous THF, was added 1.5 mmol of 2,2gimetyihex-5-enyt carbonochloridatc. The resulting
mixture was stirred at rt overnight, then cqncentrated. The residue was subject to column
chromatography on Page 129 of 185 2009/082701PCT/US2008/087736 silica gel with
heptanes/EtOAc (v/v 7/1) as eluent, gi@?ﬂo mg colorless oil (90%). IHNMR (400 MHz, CDCI3) d
5.82 (m, 1H), 5.64 (hr s, 1H), 5.02 (dd, 1H; 5¢%13.2. L8 Hz), 4.95 (d, 1H, J = 8.2 Hz), 4.83 (br s, 1H),
4.39 (hr d, 1H, J = 6.0 Hz), 3.83 (hr s, 2H), 3.80 (s, 3H), 2.25 (M, 2H), 102 (m, 2H), 1.43 (s, 9H), 1.35
(m, 2H), 0.91 (s, 6H). Intermediate 9-2 NCO2 0L 5.
[00330]2,2,12,12-tetramethy1-4,9-dioxo- (ﬁ-\glgcaﬁémz;ﬁqexadec-15-ene-7-carboxy|ic acid
(Intermediate 9-2). To a stirring mixture of 530G mg okintermediate 8-1 in a mixed solvent of
MeO011-THF (5 mL-5 mL), was added @mg IaiOH-E120 followed by 5 mL of water. The reaction
mixture was stirred at rt for 30 min, then acidifi¢d using 12 mL of 1.0 N I-10, and extracted with 60 ml.
of dichloromethane. The organic layer was washed with brine and dried over MgSO4. After filtration
and concentration, 460 mg of sticky oil was obtalf€d as desired product (95%). LC-MS: m/z = 357.2
(ES-). Intenmdiate 913 title compound was prepared according to the steps and intermediates as

described below.

Step 4a: Intermediate 4a

\F
1+]
y 200
PN N.sV
HaN A, 0 H
3 N
Fmoc

[60281] The Intermediate le from step le was treated with 4 N HCI according to the
procedure described in step 1d to afford the Intermediate 4a as its HCI salt.
MS m/z: 815.2 (M+H").

Step 4b: Intermediate 4b
F

Q

o

4]

Fk,rﬁ D%
i, N’
M N {kH \V
N

N

OY: o0

o
o
Fmoc
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Bo< [00331i(2S,4R)-1-tert-butyl 2-methyl 4-(4-bromoisoindoline-2-earbonyloxy)pyrrolidine-
1,2-dicarboxylate (Intermediate 9-3). To a solution containing 0.5 g of (2S,4R)-1-tert-butyl 2- methyl
4-hydroxypyrrSififieZ$¥3Hicarboxylate (2 mmol) in 5 mL of N,N-dimethyPACEtatid& W4s added 370
mg of carbonyl diimidazolc (1.1 equiv.). The reaction was heated at 60 C for 1 hr, then 400 mg of

-bromoisajfiighe (2 Emehyanadiethd heseaction.essentipusdial 60 CQuermiaht der cooling

down, the reaction mixture was extracted with 50 mL of EtOAc, and washed with water, brine, and
dried over NAZSDAT Aptarmeditiondand cortehtiEpriithed iU VoS PUHiTE By fiagh cdlumn

chromatograpiy, ailies. 9elHsing NERIAREHELIAC (VY 3 (2he SiinGN IS SRlich (4R M7 9%). LC-MS:
rn/z = 369.2 (ES+, M+1 - Boc), WO 2009/082701PCT/US2008/087736 Intermediate 9-4 0, CO2 e

Boc [00332 25 AR hetesiulsing FOUHRRLAS Aveabgth{iSe iR IR D284 BTG By iR
1,2-dicarbc§%@tﬁb.e Khﬂigvmlaﬂhatea&éﬁfo%g@ @lcAfud® ﬁcﬁ?l!ﬂ,tliiﬂﬂi@f &&%mﬁmw Wﬁ@lﬁf&lﬁ%@gﬁf@ (fl-SB mr;gt)
in 30 mL of de-gassed taluepe, was added 170 of palladium tetrakistriphenylphosphine followed by
700 L of JAIIbERyRHIES ESh Oy O Ao Wy GO S BFFIBRC Aftr
cooling dowsmloendabeerityad $emovesi Lnder. reduced pressure, and the residue was purified by flash

column chrgma og%Eh 0 _ii&a gel with heptanesiEtOAc (v/v 9/1 - 3/1) as eluent, giving white solid
533 mg (813%}’. {CC- l.%l’li‘Il ZQIi 17.2 (ES-I-, MH-1-Boc). Intermediate 9-5 NCOM, 0 IINA.O r.\ NHBoc

[00283]  (3R,58)-1-({8)-3-acrylamido-2-(cyclopentyloxycarbonyviamino)propanoyl)-5-
((1R,28)-1-(cyclopropylsulfonylearbamoyl)-2-vinyleyclopropylcarbamoyl)pyrrolidin-3-yl 4-
fluoroisoindoline-2-carboxylate: The title compound was prepared from Intermediate 4b
according to the procedures described in step 1f and step 1g. MS m/z: 759.0 (M+H").

[00284]  Starting from the appropriate intermediates, i similar fashion, the following

compounds were prepared:

04
ﬁ i c\\sfxo
/ -~
¥ N ‘v
H H
0. N 0
ﬁ/ g
oahy
o=_
-
I-26
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[00333] (25,4R)-methyl14(S)-3-(tert-butoxycarbonylamino)-24(2,2-dimethylhex-5-
enyloxy)carbonylamin o)propan oyl)-4-(4-vinyl-2,3-dihyd ro-I ll-in dene-2-

earbonyloxy)p‘?fﬁaﬁ?fl’ﬁ’éz- -Icarboxylate (Intermediate 9-5). Intermediate §3TW§%9(§gggg%rotected using
4 N MCI in dioxane as described in Example 1. 288 mg of this de-Boc intermediate (0.82 mmol) was
added to a|gliting MPEWS-CQERIIBEIIp&: B SLintRINesRE-9R-(1.0 mmol), 400 mg of of HATU
(2.05 mmol), 300 at. of DIPEA in 5 mL of T|-IF. After overnight stirring, the reaction mixture was
diluted witH 6 HABHERRP SR NASHEH it d s tBE RSB 5SS diluted HC1, and dried
over Na2SQdyiGengentiadiebaangipitificiadion Sy fashrcediwasiabrbrasbogreph R O silica gel with
heptanes/E1QAc ( ﬂé IV _\é/%te sﬁ% Efe .(90%). LC-MS: m/z = 557.3 (ES+, M+1-Boc). WO
2006/0807b1 DR b 5 e B o6 M o OMe 111.NyLo 0."-NHBoc [003341
Macrocyclic Intermediate 9-6. Under N2, a diluted solution of 485 mg of intermediate 9-5 and 150 mg
Zhan's catalyst 1B were stirred in 100 mL of de-gassed dichloroethane at 50C overnight. The reaction
mixture was then passed through a short col riﬁn eluted with heptanes/EtOAc (v/v 1/3). The
concentrated fraction was then subject to pre?#" urification, giving 312 mg of browny solid (70%).
LC-MS: ink = 529.2 (ES+, M+1- Hoc). Interpe@fa{;b‘fg- i}sﬂ\lHBoe [00335] Macrocycle Intermediate
9-8. 25 mg of intermediate 9-6 was hyd@ya‘ga Y g({ﬁ MgOH and 1 mL of THF using 1 mL of 1.0 N
LiOH for 1 hr. 1.2 mL of 1.0 N MCI was then &dded,{and the reaction mixture was extracted with 30 mL
of dichloromethane. The organic layer wAy then washed with brine, and dried over MgSO4. After
filtration and concentration, the residue wés redissolved in 1.5 mL of anhydrous acetonitrile, 25 mg of
HATU, 200 uL of D1PEA were then added followletf by 13 mg of intermediate 9-7. After stirring at rt for

20 min, th ion MixtEre Was,c, ( n ifi irectly by prep-HPLC, giving 20 mg yellow
solid (61% 6 - S(%ggiﬁzz(ﬁg%gﬁ%ﬁ?og&a%g@gk@@)2%03361 1-40: To a solution of 20 mg
of intermediead92grstmridoputanaietidlUiasthbniey clupopdssivnyBarasoal2M HC1 in dioxane. After
S0 min, they(EACHa RS IRRCAIIaIEt Loz desliasartRtide 0 k. of acetonitie, 200

uL of DIPEA, 20'mg of acrylic acid, and 50 mg of HATU. After stirring at it for 30 mm, the reaction
mixture was-EohedHPatel: Bl atified by PreP-MPLC, giving white solid 14.0 mg (68%). LC-MS: miz =
779.3 (ES-), 781.2 (ES+) Page 132 of 185 WO 2009/082701PCT/1182008/087736

.
e I z_)ﬁr"‘ io G/\\!O
.\o)k@/hl \(L I ?rw W
f\

1-52
[06287F  (5SF5-((1R,28)-1-(cyclopropylsulfonyicarbamoyl)-2-
vinylcyclopropylearbamoyi)-1-(2-(4-(methoxycarbonyl)bicyclo[2.2.2] octane-1-
carboxamido)-3-(N-methylacrylamido)propanoylipyrrolidin-3-yi 4-fluoroiscindoline-2-
carboxylate:
[06288] RF 0.45 (EtOAc/MeOH 10:1); MS m/z: 855.3 (M+H ™),

EXAMPLES
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[00337]In similar fashion, by starting with Intermediate 3c instead of ntermediate 3a, the following
compound can be made: 1-41 [003381In similar fashion, using the saturated form of Intermediate 9-6,
the following COMPOUNRG Was made: 1-42 1003391 LC-MS: rniz = 781.3 EE* &5 S+). [00340]In
similar fashion, if both Intermediate 9-7 and Intermediate 9-8 are hydrogenated before coupling, the
following compound can be made: 1-43 AWO 2009/082701PCT/US2008/087736

EXAMPLE 10 0 1-55 [00341]Enone-yclic 1-45. The title compound was prepared according to
the steps

1-22
[00289] The title compound was prepared according to the steps and intermediates as
described below:

Step 5a: Intermediate 5a
o B OM
T
>(0 I .
v
)

[00290] To a solution of Boc-L-Threonine (0.44¢ 2.0 mmol) i 10.0 mL of DCM was added
crotyl chloride (0.32 g, 3.0 mmol) at RT followed by the addition of catalytic amount of DMAP
and TEA (1.0 mL, 6 mwmol). The reaction mixture was stirred for 10 h at RT. Aqueous NaHCO,
sofution (10 ml) was added to quench the reaction. After 2 hours, I N HCl aqueous solution was
added slowly to pH ~3. The DCM layer was collected and the aqueous was extracted by DCM
(2 X 10 mL). The organic layer was dried over Na,SOy, filterd and the solvent was removed to

provide the crude product.
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and intermediates as described in the scheme below: o WO 2009/082701PCT/US2008/087736
[00342](S)-2-benzyl1-(2,2-dimethylhex-5-env1)5-oxopyrrolidine-1,2-dicarboxylate (Intermediate 10-1):
At 0 C, to a stifftht §8It#i8h of 440 mg of 5-0xo-pyrrolidine-2-carboxylic BEM é‘???@lg@fér (2 mmol),
300 uL of triethylamine, 300 mg of N,N-dimethylaminopyridine (2.2mmol) in 7 mL of dichloromethane,
was addedgg.menok.ah 4-pentenyl-1-y1 chlorofooliate. The reaction mixture was then warmed to rt, and
stirred 24 hr. After concentration, the resulting residue was dissolved in EtOAc 40 mL, washed with 6
mL of 1.0 N ag. HO, brine, and dried ovgr anhydrous sodium sulfate. The organic solvent was
evaporated under reduced pressure, %e residue was purified by flash chromatography on silica
gel using heptane/EtOAc (v/v 4/1- 2/1), givi 0 mg of colorless oil as intermediate 10-1 (58%).
Intermediate 10-2 10034312-((2,2-d imethyllaex-5-enyloxy)ca rbonyla mino)-7-
methy1-5-oxooct-6-enoic acid (Intermediate 10-2). 'Ifqheo 'é%%énzylation was done with 13 mg of
Pd(OAc)2, 24 uL of Et3N, 278 uL of Et3SiH jn ofkdigh bt;gmethane at rt for 30 mm. After filtration,
the concentrated residue was subject to@fi F Peagent (2.5 equiv) addition at -78 C for 2 hr. After
quenching with diluted acid, the productwas-exracted with dichloromethane and dried over MgSO4.
The concentrated product is desired intermeghdte_10-2, which was used directly for next step. [00344]
Following the general procedures described in Example 9, Intermediate 9-4 was de-Boced with 4 N

HO, then C%}I@ﬁﬁimﬁ%(ﬁm%g %Q(F(%?"Wﬂ- _e%g%@g?_dﬁw_rmediate 10-3. Intermediate 10-3

underwent is using either Grubbs cat or Zhan's catalyst, to give macrocycle
Intermediatertgarbheyipmiie iy thwlyhis-((1# 13D Ecyleprenaisulioryioanlmedidkd-10-4 was coupled with

'ntermedia@.@gﬂumﬁlﬁe&ﬂa&éﬂeﬁmm@&@ L1 MRoTHlGITm SRRk [00342] IRgimilar fashion

compound 1-56 can be prepared'when using the saturated form Intermediate 9-7: WO
20091082 75 peuni ygs tpde O pouding Intermediate 1d from Example 1 and Intermediate Sa using

HATU following the coupling reactions described for Intermediate le in Example 1. A total of
00 mg of the title compound was obtained from 109 mg of Intermediate Id: R; 0.5 (EtOAc);
MS m/z: 774.3 (M+H).

[00292]  Starting from the Intermediate 1d, by coupling with the appropriate intermediates, in

similar fashion, the following compounds were prepared:

1-23
[00293] (BR,55)-1-((S)-2-{tert-butoxycarbonylamine }-3-(2-(tert-
batoxycarbenylamino)acrvioylexy)propanoyh-5-((IR,28)-1-
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1-56 EXAMPLE 11 Single chain HCV protease (wt) peptide expression and purification 1003461The
single-chain proteolytie domain (NS4A21-32-GSGS-NS33_631) was cloned into pET-14b (Novagen,
Madison, WI)‘gH&({ 4 8imed into DH10B cells (Invitrogen). The resulﬁﬁggﬁﬂsﬂrﬂ? \i&s transferred

into Escherichia coil BL21 (Novagen) for protein expression and purification as described previously
(rlf 2). Bri(T(Lwctbﬁ-@g]g;o%&w@%ﬁg%)gn_mrﬁ,ﬁl%,é{bmlf%e@uﬂﬁls%Wﬁ{&yggiﬂ,%cc)jytig/mLf of ampicillin until
the optical gensity at nm (0D reached were induced by addition o

isopropyl-P-E 651%‘383%%&85?’&%%@ ’@/)Z'tg%fmfl&ﬂer an additional incubation at 18 C for 20 h,

bacteria were harvested by centrifugation at 6,000 xg for 10 min and resuspended in a lysis buffer
containing 50 mM Na3PO4, p1-1 8.0, 30Q mM NaC1, 5 mM 2-mercaptoethanol, 10% glycerol, 0.5%

Igepal CA630, and a protease inhibitoggpcktail consisting of 1 mM phenylmethylsullonyi fluoride, 0.5
nginit leupeptin, pepstatin A, and 2m amidine. Cells were lysed by freezing and thawing,
followed by sonication. Cell debris was r d by centrifugation at 12,000 x g for 30 min. The

supernatant was further clarified by passing through a (g.45-um filter (Corning) and then loaded onto a
HiTrap chclating column charged with NiSal (.lgﬁ)%%%a I%g‘r%rmacia Biotech). The bound protein was
eluted with an imidazole solution in a 100-tgs5 OM' } rbT;édient. Selected fractions were run
through Ni2+ column chromatography aﬁ&v‘\‘/ e@analyped on a 10% sodium dodecyl sulfate (SDS)-
polyacrylamide gel. The purified protei esolved by electrophoresis in a 12% SDS-PAGE gel and
then transferred onto a nitrocellulose m mbmﬁg.,;The protein was analyzed by Western blot analysis
using monoclonal antibodies against NS3. Proteins were visualized by using a chemiluminescence kit
(Roche) with horseradish peroxidase-conjugatecl'ﬁt‘)at anti-mouse antibodies (Pierce) as secondary
antibodies. ff@4proteik wasi N ek Pe G pnch 39188 - BR B uRaga 430 ¢ k) DMGhoy1)-5-
2009/082701PCT/U52008/087736 EXAMPLE 12 Cloning and expression of HCV protease A156S,

A156T, 9168R. I bEy AP Rt P IfaRY A FARNN- AN Usp rRs At b P ikt pna

fragments gahSkAMISRMEtarpengsatatyPGRaRMIened/Fito PET) expression vector. After
transformation into BL21 competent cells, the expression was induced with IPTG for 2 hours. The

His-tagged fusion proteins were purified using affinity column followed by size exclusion
chromatography. EXAMPLE 13 1003481 AsEawbUfidi.62% CHAPS, 50rriM Tris pH 7.5, 50% glycerol,
2uM M-2235 (Bachem) substrate. In a 50 | B%Iacéﬁ%'&’ﬁgd 49 ut assay buffer, lul (1U) 1-1CV serine
protease (Bioenza). Incubate 20 minutes at FOOM temperature. The plate was read at either 350/460
nm (excitation/ emission) on a fluorescent micro-plate reader or monitored at one-minute intervals to
achieve the kinetic curve. [00349] The eryzyme tolerated 1% DMSO and 2% methanol. In the
experiments of testing compounds, the Q oinds in pure DIMSO were diluted 10 times with 20%
methanol (10% DIMS and 20% methanol). TRis compound solution was added to the reaction (not

exceeding 10% of the final reaction volume). The final meentration of the organic solvents was: 1%
DMSO and 2% methanol. EXAMPLE 14 Adgi i ﬁpfrs@cols Method A:

o H A,
>°
[00295]  (1-25): The title compound was prepared according to the steps and ntermediates as

described below:

Step 6a: Intermediate 62
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[003501 The compounds were assayed to evaluate the antiviral activity and cytotoxicity of compounds
in vitro using HCV RNA repticons. This assay used thc cell tine ET (luc-u ineo/ET)g which is a human
Huh7 hepator%vé) E&IiRE%hat contains an HCV RNA repticon with a statﬁe]iﬁjézf(cjzorsé(séﬁafuc) reporter and
three cell culture-adaptive mutations. The HCV RNA levels were directly measured by viral specific
TagMan RT-PCR: Forward primer:ACGCAGAAAGCETCTAGCCAT(SEQ ID NO: 63) Reverse

primer: TACTCACCGGTTCCGCAGA(SEQ IWOPage 137 of 185 WO
2009/082701PCT/US2008/087736 Probe:[6-FAMECCTGGAGGCTGCACGACACTCARTAMRA] (SEQ
ID NO: 65) [00351] The ET cell line was groyin in Dulbecco's modified essential media (DMEM), 10%
fetal bovine serum (PBS), 1% penicillin-streptomyem (p¢n-strep), 1% glutamine, 250 ug/mL G4l 8 in a

5% CO2 incubator at 37C. All cell culture reagents were obtained from Mediatech (Manassas, VA).

Cells were [Wﬁi(sriz%g @%&ﬁ[@f&?@fﬁ%@ﬁﬂ%ﬁ@ﬁ%@ Qb 3fp2% %@.&%ﬂﬁ(&ﬂ’ﬁ'ﬂni”lw@iﬁﬁ?%?"’e” assay

plates (Costar) dedicated to cell number (cytotoxicity) or antiviral activity assessments. Drugs were

added at sBaB4u18s ddHceAtradisAs erdn M- thenassag dris T b D MENT BoATERE Mo Sen-strep, 1%

glutamine. bipman interferan alphareh{fiBhiBiplabs, MNewsBrpnswickydNd) m&iopt@cﬁeﬂﬂ? each run as
a positive control compound. Cells were processed 72 hr post drug addition when the cells are still

I
subconfluehitsArRARactivif I S sty HrlayAnterapi cBriodetividy Ritaradusedivity using the
S:]eady-GgQM' @ﬁaﬁﬂ H@ﬁyﬁyﬁ@rw” iﬂmm&gﬂ&f&g@d&%@ﬁacwﬁ]aﬁ@@{me(@dﬁiﬂg&quéaﬁwgr's indstructilon.
The number of cells in well was detennine Cytorox-1 reagent (Promgga). Compound profile
was deriveﬁ‘ﬁf@glgﬁ I&ﬁlﬁ é%glééb@“?ié%@ NGt é%&h%?ﬁ?&tfb‘gﬁ:ﬁﬁ&{?ﬁg@%@s %’%gp?gbeation by
50%), EC)Go(eifectiveceoneertrabideitbibiitrepradusg.replication by 90%), 1050 (concentration
decreasingsgeell6 |albg1;ty by 50%) and SI50 (selective index: EC50/1050) values. 1050 values for
selected comBou‘nds‘are set forth in Table 5, below. Method B: KV protease assay using FRET
methodology [00352] A quantitative, fluofescence resonance energy transfer (FRET)-based
methodology was employed to identimNSBMA protease inhibitors. The assay employed a
synthetic FRET peptide, derived from NS5A/5B cleavage site, with the HCV protease to
evaluate the activity of compounds against the protease by monitoring the cleavage activity of the

complex. A synthetic peptide which encompas e NS&A-5B junction (NH2-
EDVVCCSMSYK-COOH) was labeled with Dak n &%at N- and C-termini, respectiv-cly
t Was Msed to estimate the IC50 value of the

s th
(Invitrogen, Carlsbad, CA). Fluorescence %@%&@m
test compound. The two fluorophorcs forréua guenching pair and exhibit FRET within the intact peptide.
Upon cleavage of the FRET peptide by%fCVON 3/4A proteinase complex (100ng/mL), WO
2009/082701PCT/US2008/087736 the fluorescefige is recovered and can be continuously monitored

Victated NAA I o3 ohac OB FoS S PR TRINANY GBS A ESEAS herate 1050 values
as depicted(iay, z2)ripoungdp9iinibableadyanole? -Tiel pratocod yicar rodifipe FRETr3aded assay (v_02)
op17508. TBI B SOk S oo o g s Skt R AT D e, ana
D168V mufamiEaitipé HEN MNemaliltefoteagéldizyimibasfchowspiing reactions described

for Intermediate e in Example 1. A total of 80 mg of the title compound was obtained from

108 mg of Intermediate 1d: R 0.3 (EtOAc); MS m/z 774.1 (M+H"). "HNMR (CD-OD, 400

MHz) § 7.31 (dd, 1H, }=13.3, 7.4 Hz), 7.13-6.98 (m, 2H), 6.18 (s, [H), 5.74 (m, 1H), 5.38 (s,

1H), 5.32 (d, 1H, J=17.0 Hz), 5.12 (d, 1H, ]=10.1 Hz), 4.72 (s, 4H), 4.48 (dd, 1H, J=17.0, 9.16

Hz), 4.29 {m, 2H), 3.89 (m, 1H), 2.93 (m, 1H), 2.60-2.35 (m, 2H}, 2.22 (m, 2H), 2.10 (s, 3H),

2.02-1.75 (br, 1H), 1.88 (s, 3H}, 1.46-0.80 (m, 14H).
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[003541 10X stocks of NS3/4A protease enzyme from Bioenza (Mountain View, CA) and 1.13X
5-FAM/QXLTm520 FRET peptide substrate from Anaspec (San Jose, CA) were prepared in 50 rnM
HEPES, pH 789 1f'#fWfNaC1, 5 mM DTT and 20% glycerol. 5 p.L of &&dFeiayiie Here
pre-incubated in a Corning (#3573) 384-well, black, non-treated microtiter plate (Coming, NY) for 30
min at 25C! itnarQEonbyRImeselp0% DMSO and serially diluted compounds prepared in 50%
DMSO. Protease reactions were started with the addition of 45 j.tL of the FRET substrate and

monitored fot%1 20 ifinutdd at/A%. 8777, 136 alirbugh Dldb2 orobHEnbleks! 9 & Sitergy1 plate
reader from; BiQT ek QMIRGOgKL, ¥1T), Atdhe sonctusion ﬁ.ﬁ%@@?ﬁﬁ@ﬁpﬁﬂqﬁm&ﬁ)gyﬁ% {som each well

were examined for linear reaction Kinetics and fit statistics (R2, absolute sum of squares). Initial

velocity (0 rﬁﬁwht@%w&éﬁﬁﬂn%_ﬁ@s¥4®ﬂﬂ&aéﬁ4aéa‘b1ion was determined from the slope of a plot of
relative flu 6@%”‘39%%% ¥S4Ime (iamieak@nd enRRiRd.a9aiNst IphRIRL Genceniration to

estimate iCso from log[]nhibitorl vs Response, Variable Slope model in GraphPad Prism from
GraphPad Seewara (s ah diegsdapdtercBothaivde sy cureetBd cosipy are set forth in Table 5,
below. [00355]Table 5 shows the activity of selected compounds of this invention in the FRET Assay.
The compound numbers correspond to tQ_e compound numbers in Table 3. Compounds having an
activity designated as "A" provided an, 1050 <10 nM; compounds having an activity designated as "B"
provided an 1050 10-100 nM; compo%aving an activity designated as "C" provided an IC50 of
100-1000 nM; compounds having an activiirdeésignated as "D" provided an IC50 of 1000-10,000 n_M;
and compounds having an activity designategl as "E" provided an IC50 >10,000 nM. WO
2009/082701PCT/US2008/087736 Table 5. maticP&t# for Exemplary Compounds Kn)
EXAMPLE 16 HCV Protease FRET Assay f;@% gr[;a'th NS3/44 Ib Enzymes (ICsoicr).
1003561 The following protocol was useé g&h@rﬁte pparent” 1050 (IC50_1pp) values as depicted
in Table 6, below. Without wishing to b i@: id by any/particular theory, it is believed that ICso_Ary,
contrasted with 1050 values, may provitle a mngre useful indication of time-dependent inhibition, and
are thus more representative of* binding affinity>Tke protocol is a modified FRET-based assay (v03)
developed to evaluate compound potency, rank-ﬂﬁtger and resistance profiles against wild type and
C159S, A156S, A156T, D168A, D168V, 11155K mutants of the HCV NS314A |b protease enzyme as
follows:10%08f98ks dBRISBHA PR 4 e tdntyxmeafienyBivienrS-(Moortainoyieiv(0)%dd 1.13X

5-FA1VUQ ) ' 1Bs; CA) were prepared in 50 inM
Tris-HC1, Sﬁ’t ;JE;@?%%&%B%Q@m%@@ @%@?}f@gg@%ﬁ%@% %rg;me were added to
Coming (#3s7R)igduielian- 2w eoldna2vel HEt rus? tegiie 7res ud cksmitidtiddropaies (Coming,
NY) after sSpRUnG: @rtheafrd 1avelmeraha0Ye RVR0-a0d satialty diluted compounds prepared in 50%
DMSO. Protease reactions were immediately started after enzyme addition with the addition of 45 ul_,
of the FRET substrate and monitored for 60-90 minutes at ),,"485/2i,m520 in a Synergyl plate reader
from BioTek (Winooski, VT). At the conclasion of each assay, progress curves from each well were
examined for linear reaction kinetics it statistics (R2, 95% confidence intervals, absolute sum of
squares). Initial velocity (O minutes to inytes) from each reaction was determined from the slope
of a plot of relative fluorescence units vs tlméﬁminutes) and then plotted against inhibitor concentration
as a percent of the no inhibitor and no enzynf? ontrols,tq,estimate apparent 1050 from log[Inhibitor]
vs Response, Variable Slope model in Graph%ﬂs frétn GraphPad Software (San Diego, CA).
[00357] Table 6 shows the activity of selgctggﬁg olnds ofhis invention in the FRET Assay. The
compound numbers correspond to the coﬁﬁpquna numbers in Table 3. Compounds having an activity
designated as "A" provided an IC50 <1 M: ¢ mpounds having an activity designated as "B" provided
an 1050 >10 nM and ..100 nM; compounds Ra¥jng an activity designated as "C" provided an IC50
>100 nM and -..1000 nM; compounds having an activity designated as "D" provided an 1050 >1000
nM and <10,000 nM; and compounds having an ggjivity designated as "E" provided an 1050 >10,000
nM. Table 6 Enzymatic Data for Exemplary Compounds Compound tested Enzyme / Assay Inhibition
{i}(BSGOY (3R,58)-1-((5)-2-(tert-butoxvcarbonylamino)-6-methyl-5-oxehept-6-enoyl)-5-
((1R,28)-1-(cyclopropylsalionylcarbamoyl)-2-vinyleyclopropylearbamovhpyrrolidin-3-y] 4-
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(I-1) WT A HCV A156S A HCV A156T B HCV D168A C HCV D168V B Replicon 2 B

WO 2009/082701 PCT/US2008/087736

flaoroisoindoline-2-carboxylate: A total of 80 mg of the title compound was obtained from 150

mg of Intermediate 1d: R; 0.4 (EtOAc); MS m/z: 782.2 (M+Na™), 'HNMR (CD:0D, 400 MHz)

6 7.31 (dd, 1H, J=13.3, 7.4 Hz), 7.09 (dd, 1H, J=33, 7.4 Hz), 7.0 (m, 1H), 6.12 (s, |H), 5.82 (s,

1H), 5.74 (m, 1H), 5.39 (s, 1H), 5.31 {dd, 1H, }=1.4, 17.0 Hz), 5.12 (dd, 1H, J=10.1, 1.4 Hz),

4.73 (m, 4H), 4.48 (m, 1H), 432 (m, 2H), 3.90 (m, 1H), 2.91 (m, 1H), 2.42 (m, 1H), 2.22 (m,
2H),2.01 (m, 1H), 1.90-1.85 (m, 2H), 1.84 (s, 3H), 1.40-1.02 (m, 14H).

F
Q;Nf
9 0

\\'P
N W
oYﬁ\AGO §H \v
0

1-39

[60301]  (3R,58)-1-((S,E)-2-(tert-butoxycarbonylamino)-6-methyl-5-0xo0ct-6-enoyl)-5-
({1R,2R)-1-(cyclopropylsulfonyicarbamoyl)-2-ethylcyclopropylcarbamoylpyrrolidin-3-yl
4-fluoroisoindoline-2-carboxylate: A total of 50 mg of the title compound was obtained from
150 mg of Intermediate 1d: R; 0.5 (EtOAc); MS m/z: 796.2 (M+Na"),

[00302] Starting from the Intermediate Id, the following compounds are prepared by

coupling with the appropriate intermediates made similarly as described in Step 6a:

I-28
(3R,58)-1-{(S}-2-{tert-butoxycarbonylamine)-5-oxooct-6-ynoyl)-5-({1R,25)-1-
{cyclopropyisalfonylcarbamoyl)-2-vinyleyclopropylearbamoyipyrrolidin-3-yi 4-

fluoroiseindoline-2-carboxylate
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WO 2069/082701 PCT/US2008/487736

1-29
(3R,58)-1-({5)-2-(tert-butoxycarbonylamino)-8,8-dimethyl-5-oxenon-6-ynoyl)-5-((1R,25)-1-
{cyclopropyisulfonylcarbameyl)-2-vinyleyvelopropylearbamoylpyrrolidin-3-yl 4-

ﬂueroisoiitdolinenz-carboxy]ate

1-3¢
(3R,55)-1-((5)-2-(tert-butoxycarbonylamino)-3,3,7-trimethyl-5-0x00ct-6-enoyl)-5-({1R,25}-

1-(eyclopropylsulionylcarbameyl)-2-vinylcycloprepylearbamovl)pyrrolidin-3-yl 4-

fluoroisoindoline-2-carboxylate
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WO 2069/082701 PCT/US2008/087736
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I-31
(3R.58)-1-((S)-2-(tert-butoxycarbonylamine)-4,4,7-trimethyl-5-oxo0oct-6-enoyl}-5-((1R,28)-

OYH
\i/o

I-(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrroelidin-3-v1 4-

fluoroisoindoline-2-carboxyiate

I-32
(3R,55)-1-((S)-2-(tert-butoxycarbonylamino}-6-methyl-4-oxohept-5-enovh-5-(1R,25)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-yl 4-
fluoreisoindoline-2-carboxylate
[60303] MSm/z: 760.1 (M+H).

[00364] The following compound was made By palladium catalyzed hydrogenation of

Intermediate 1d, followed by coupling reaction described in step 6b:
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%f’

1 00

\\ i

N\/g v
§-33
[60305] (3R,58)-1-((S)-2-(tert-butoxycarbonylamino)-7-methyl-3-0x00¢ct-6-enoyl)-5-
{{1R,2R)-1-(cyclopropylsulfonylcarbamoyl)-2-ethylcyclopropylcarbamoyhpyrrolidin-3-yl
4-fluoroisoindoline-2-carboxylate: A total of 33 mg of the title compound was obtained from

100 mg of Intermediate 1d: R+ 0.5 (EtOAc); MS m/z: 776.2 (M+H).

[006306]  In similar fashion, the following compounds are made:

>I’
Df&l

(3R,58)-1-((S)-Z-(tert-butoxycarbenylaming }-6-methyl-3-oxohept-6-enovl)-5-((1R,2R)-1-
(cyclopropylsulfonyicarbameyl)-2-ethyleyelopropylearbamoyi)pyrrolidin-3-vi 4-

flusroisoindoline-2-carboxylate
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(2-19) WT A HCV A156S A HCV A156T A HCV D168A HCV D168V B (1-20) WT

WO 2009/082701 PCT/US2008/687736

I-60
(3R,58)-1-((S)-2(tert-butoxycarbonylamine)-6-methyl-4-oxohept-5-enoyl)-5-((AR,2R)-1-
{cyciopropylsulfenylcarbamoyly-2-ethyleyclopropylearbamoyl)pyrrolidin-3-vi 4-

fluoroiseindoline-2-carboxylate

Boc” T O
Qlo
I-61

(3R,55)-1-({S)-2-(tert-butoxycarbonylamino)-S-cyclobutenyl-5-oxopentanoyl)-5-
((1RZR)-1-(cyclopropyisulfonyicarbamoyl)-2-ethyleyelopropyvicarbamoylpyrrolidin-3-

vyl 4-fluoroiscindoline-2-carboxylate
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N
M
/N O
Bog : O
{20
I-62

(3R,55)-1-((S)-2-(tert-butoxyecarbonylamino}-6-cyclobutylidene-5-oxohexanoyl)-5-
{{1R,2R)-1-(cyclopropyisulfonyicarbamoyl)-2-ethyicyclopropylcarbamovl)pyrrolidin-3-

vi 4-fluoroisoindoline-2-carboxylate

Boc

i-63
(3R,38)-1-((5,E)-2-(tert-butoxycarbonylamine)-8,8-dimethyl-5-oxonon-6-enoyl)-5-

((IR,2R)-1-(cyclopropylsulfenylearbamoyl)-2-ethyleyelopropylearbamoyl)pyrrolidin-3-

yl 4-flaoroisoindoline-2-carboxylate
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WO 2089/082701 PCT/US2008/087736

(3R,58)-1-((8)-2-(tert-butoxycarbonylamino)-2-((S}-2-oxocyclopent-3-enyiacetyl)-S-
((IR,2R)-1-(cyclopropylsulfonyicarbamoyl)-2-ethyicyelopropylearbamoyl)pyrrolidin-3-

vl 4-fluoroisoindoline-2-carboxyiate

[00307] The following compound was made by prolonged palladium catalyzed hydrogenation
(24-48 hours) of Intermediate 14, followed by coupling reaction described in step 6b:

4]
7
Z‘kr(ﬁ 0 o0
M -5
W LAV
O N A, O
Y Q
>j°/
(S ~
[-44

(3R, 55)-1-((5)-2-{tert-butoxyearbonylamine)-7-methyl-5-oxooct-6-enoyl)-5-(1-
(cyclopropanesulfonamido)-1-oxohexan-2-vicarbamovi)pyrrolidin-3-vl 4-fluoroisoindoline-
2-carboxylate: A total of 58 mg of the title compound (1-44) was obtained from 100 mg of
Intermediate 1d: R; 0.5 (EtOAc); MS m/z: 800.2 (M+Na").
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EXAMPLET

(N LA

I -
N v
[

" .
oﬁ,&\i,go o
7 5

}

%?,55 NO,
B-45
[60308]  (1aR,3a8,5R,95,16a8,Z)-11-{¢-niirophenyisulfonyl)-9-(tert-

/f

butoxyearbonylamino)-1a-(cyclopropylsutfonylcarbamoyl)-3 8-dioxe-
1,1a,2,3,3a,4,5,6,8,9,10,11,12,13,14,16a-hexadecahydrocyclopropajn]pyrrolo[2,1-
c}{1,4,8}iriazacyclopentadecin-5-yl-4-fiuorcisoindoline-2-carboxylate  (I-45). The title
compound is prepared according to the steps and intermediates as described below:
Step 7a: Infermediate 7a
cﬁ,ﬂ\/ﬁo
>f° o;’NJ\/_
e

E NO,

[0636%] The Intermediate 7a was made following the procedure described for the synthesis
of Intermediate 3¢ by using S-bromopent-1-ene as the alkylating reagent.

Step 7b: Intermediate 7b
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A HCV D168V B Replicon 2 B Replicon 2 C 1 Page 143 of 185 Compound tested Enzyme / Assay

Inhibition (1-24“)
0 2009/082701 PCT/US2008/087736

0
5 w 200
N, R
Ho Y N
OYN\/KOO
XO _\N’\/\;

[06310] The Intermediate 7b was made by coupling Intermediate 1d from Example 1 and
Intermediate 7a using HATU following the coupling reactions described for Intermediate e in
Example 1. MS: 946.2 (M+]).

Step 7e: Compound 1-45

OYH J 82
.
v/

H N "
OYN\AOO
>

0?’5

OE NOy

[00311] To a solution of 540 mg of Imtermediate 7b in 150 ml of anhydrous
dichloromethane was added 100 mg !,3-Bis(2.4,6-trimethyiphenyl)-4,5-dihydroimidazol-2-
ylidene[2-(i-propoxy)-5-(N,N-dimethylaminosulfonyl) phenyl|methyleneruthenium (I} (Zhan
catalyst 1B, RC-303, Zannan Pharma Ltd.) under nitrogen. The resulting mixture was heated at
48 °C overnight, The LC-MS showed complete conversion to the product. Reaction solution was
subject to flash column chromatography on sifica gel with eluent (heptane/EtOAc v/v 1:1 to pure
EtOAc), giving 140 mg of the desired product. MS: 916.3 (ES-).
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WO 2009/082701 PCT/US2008/087736

[00312] In similar fashion, by starting with (S)-5-allylamino-2-tert-butoxycarbonylamino-

pentanoic acid in step 7a, the following compound was prepared:

[60313] MS: 916.3 (ES-)
[08314] In similar fashion, by starting with (S)-4-[But-3-enyl-(2-nitro-benzenesulfonyl)-

amino]-2-tert-butoxycarbonylamino-butyric acid in step 7a, the foliowing compound was

prepared:

[00315] MS :916.3 (ES-)
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EXAMPLE 8

1-35
[60316]  (1aR,3a5,5R,9S,16a8,7)-11-acryloyl-9-(tert-butoxycarbonylamino)-1a-
{cyclopropylsutfonylearbamoyl)-3,8-dioxo-1,1a,2,3,32,4,5,6,8,9,16,11,12,13,14,1 6a-
hexadecahydrocyclopropa[n]pyrrolo{2,1-c}[1,4,8]triazacyclopentadecin-5-yi-4-
fluoroisoindoline-2-carboxylate (I-35): The title compound was prepared according to the steps

and intermediates as described below:

100317]  Step 8a: Intermediate 8a;

[60318] The Intermediate 8a was made by treating compound 1-45 from Example 7 with
thiophenol following the procedure described in step 3e. MS: 733.3 (M+1).
[60319]  Step 8b: Compound I-35;
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WG 2009/082791 PCT/US2008/087736

[60326] The title compound was made by ticating Intermediate 8a with acryloyl chloride
following the procedure described in step 3f. R, 0.2 (5% MeOH in DCM);, MS m/z; 787.3
(M+H").

100321]  In similar fashion, by treating Intermediate 8a with chloroacetyl chloride (1.2 eq),

the following compound was prepared:

i-47
(1aR,3aS,5R,98,16a5,Z)-11-chloroacetyl-9-(tert-butoxycarbonylamino)-1a-
(cyclopropylsulfonyicarbamoyl)-3,8-dioxo-1,12,2,3,3a,4,5,6,8,9,10,11,12,13,14,16a-
hexadecahvdrocyclopropa[n]pyrrole[2,1-ci{14,8]triazacyclopentadecin-S-yi-4-

fluoroiseindoline-Z-carboxylate (E-45)
[00322] MS: 831.2 (M+Na"),
{06323}  In similar fashion, by treating Intermediate 8a with Chloroacetyl chlonide (3.0 eq),

the following compound was prepared:
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WO 2009/082701 PCT/US2008/087736

1-48

[00324]  MS: 9072 (M+Na").
[00325] In similar fashion, by starting with compounds I-53, and 1-54 in step 8a, the

foliowing compounds were prepared:

oMY
ot
0
y
1-36

{1aR,3a8,5R,98,16a8,7)-12-acryloyl-9-(tert-butoxycarbonylamino}-la-
(cyc]opropylsuife;éylcarbamayl)~3,8~di0xo~1,1 2,2,3.32,4,5,6,8,9.10,11,12,13,14,16a-
hexadecahydrocyclopropaln|pyrrofo{2,1-¢} [1,4,9}triazacyciopehtadecin-S-y§ 4-
fluoroiscindoline-2-carboxylate

[60326] MS: 785.3 (ES-).
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WO 2009/082701 PCT/US2068/087736

(12R,3a8,5R,95,16a8,7;}-13-acryioyl-9-(tert-butoxycarbonylamine}-1a-
{cvclopropylisulfonylcarbamoyl)-3,8-dioxo-1,11,2,3,32,4,5,6,8,9,16,11,12,13,14,16a~
nexadeeahydrocyclopropale]pyrrolo{l,2-a[[1,4,10]triazacyclopentadecin-5-yi 4-
fluoreisoindeline-2-carboxylate

[00327] MS : 7873 (ES+), 785.3 (ES-).

EXAMPLE 9 (I-40)
s
X

F o 0

7 B W
Nez,, N’S
. AV

H
O N\/K °
g

[06328]  The title compound is prepared according to the steps and intermediates as described

in the scheme below:
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2,2-cimethyihex-5-enyt carbonochioridate

H;N\Y(COZMQ \/\XIOTCI \/\/J</o Ygrm;m Lo \/\/I</o N\(cozlﬁ
HEl —

RHBo¢ © NHBoc © NHBac
6-1 G2
N0
qxco,m N0 Snls = hd
h S

i =14 A,
Boc ! N On,,
hH e Dfr,’
ar’ 1 P{PPN3 4
Itl sie 1]

oo
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1) LiGH 4 N P 7
2 H \
3) HATL, DIPEA A\, 13**»

7 g 1 Y
A i:, -
o “ » -:) acrylic acid ” - a/ \7
¢, 0 HATY, DIPEA H
| Y b N\/R o
Hfs, P o3 Y g
& z

i 0-7 “"NHEoc 140 Di
\/\)QDYHTCOZME

o NHBOC

Intermediate 9-1

[60329] Methyl 2,2,12,12-tetramethyl-4,9-dioxo-3,10-dioxa-5,8-diazahexadec-15-¢ne-7-
carboxylate (Intermediate 9-1}. To a stirring solution of 381 mg of methyl 2-amino-3-(tert-
butoxycarbonylamino))propanoate hydrochloride, and 1 mL of Et;N in 10 mL of anhydrous THF,
was added 1.5 mmol of 2,2-dimethythex-5-enyl carbonochloridate. The resulting mixture was

stirred at rt overnight, then concentrated. The residue was subject to column chromatography on
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sﬂiéa gel with heptanes/EtOAc (v/v 7/1) as eluent, giving 500 mg colorless oif (90%). 'HNMR
(400 MHz, CDCls) d 5.82 (m, 1H), 5.64 (brs, 1H), 5.02 (dd, 1H, J= 13.2, 1.8 Hz), 4.95 (d, 1H,J
=82 Hz), 483 (brs, 1H), 4.39 (br d, 1H, T = 6.0 Hz), 3.83 (br s, 2H), 3.80 (s, 31, 2.55 (m, 2H),
2.02 (m, 2H), 1.43 (s, 9H), 1.35 (m, 2H), 0.91 (s, 6H),

Intermediate 9-2

\/\/k/nYﬁ\(cozu

c NHBoC

[003301  2,2,12,12-tetramethyl-4,9-dioxo-3,10-dioxa-5,8-diazahexadec-15-ene-7-carboxylic
acid (Intermediate 9-2). To a stirring mixture of 500 mg of intermediate §-1 in a mixed solvent
of MeOH-THF (5§ mL-5 mL), was added 420 mg of LiOH-H,0 followed by 5 mL of water. The
reaction mixture was stirred at rt for 30 min, then acidified using 12 mL of 1.0 N HC}, and
extracted with 60 mL of dichloromethane. The organic layer was washed with brine and dried
over MgSO;. After filtration and concentration, 460 mg of sticky oil was obtained as desired
product (95%). LC-MS: m/z = 357.2 (ES-).

Intermediate 9-3

S t”\fo
i

Br
0,

s,
Q\cozm

Bos
{60331} (25,4R)-1-tert-butyl 2-methyl 4-(4-bromoisoindoline-2-carbonvioxy)pyrrolidine-
1,2-dicarboxylate (Intermediate 9-3). To a solution containing 0.5 g of (28,4R)-1-tert-butyt 2-
methyl 4-hydroxypyrrolidine-1,2-dicarboxylate (2 mmol) in 5 mL of N,N-dimethylacctamide,
was added 370 mg of carbony! diimidazole (1.1 equiv.). The reaction was heated at 60 °C for 1
oir, then 400 mg of 4-bromoisoindole (2 mmol) was added. The reaction was continued at 60 °C
overnight, After cooling down, the reaction mixture was extracted with 50 mL of EiOA¢, and
washed with water, brinc, and dricd over NapSQq. After filtration and concentration, the residuc
was purified by flash column chromatography on silica gel using heptanes/EtOAc (viv 5/2),
giving white sofid 745 mg (79%). LC-MS: m/z = 369.2 (ES+, M+1 - Boc).
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Intermediate 9-4

[00332] (2S4R)-1-tert-butyl 2-methyl 4-(4-vinylisoindoline-2-carbonyloxy)pyrrolidine-
1,2-dicarboxylate (Intermediate 9-4). Under Ar, to a solution of 745 mg of intermediate 8-3
(.58 mmol) in 30 mlL of de-gassed toluene, was added 170 mg of palladium
tetrakistriphenylphosphine followed by 700 uL of vinyl tributyltin (2.4 mmol). The reaction
mixture was heated at 100 °C overnight. After cooling down, the solvent was removed under
reduced pressurc, and the residue was purified by flash column chromatography on sifica gel
with heptanes/EtOAc (v/v 9/1 - 3/1) as eluent, giving white solid 533 mg (81%). LC-MS: m/z =
317.2 (ES+, M+1-Boc).

Entermediate 9-5

\_/
S 0
o,
T o H i
YN\AQ
o N
NHBoc

160333] (254R)-methyl 1-{(8)-3-(tert-butoxycarboenylamino}-2-((2,2-dimethythex-5-
enyloxyjcarbonylamino)propaneyly-4-(4-vinyl-2,3-dihydre-1 H-indene-2-
carbonyloxy)pyrrolidine-2-carboxylate (Imtermediate 9-5). Intermediate 9-4 was Boc-
deprotected using 4 N HCI in dioxane as described in Example 1. 288 mg of this de-Boc
intermediate (0.82 mmol) was added to a stirring mixture containing 358 mg of intermediate 9-
2 (1.0 mmol), 400 mg of of HATU (1.05 mmol}), 300 ul. of DIPEA i 5 mL of THF. After
overnight stirring, the reaction mixture was diluted with 60 mL of EtOAc, and washed with
saturated  sodium bicarbonate, diluted HCl, and dried over Na,80.. Concentration and
purification by flash column chromatography on silica gel with heptanes/EtOAc (1/1) giving
white solid 485 mg (90%). LC-MS: m/z = 557.3 (ES+, M+1-Boc).
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Intermediate 9-6

¢

GMe
OYE\E/&O 8
O Supgoc

[00334] Macrocyclic Intermediate 9-6. Under N, a diluted solution of 485 mg of

intermediate 9-5 and 150 mg Zhan’s catalyst 1B were stirred in 100 mi of de-gassed

dichloroethane at 50 °C overnight. The reaction mixture was then passed through a short column,

then eluted with heptanes/EtOAc (v/v 1/3). The concentrated fraction was then subject to pre-

HPLC purification, giving 312 mg of browny solid (70%). LC-MS: m/z = 529.2 (ES+, M+1-
Boc).

Intermediate 9-8

4

N

1
N 8
% o
H %A
Ny, N/s
N H
H
o ”\/l\ ©
SR
Y : i

©  “~jHBoc

L]

[00335] Macrocycle Intermediate 9-8. 25 mg of intermediate 9-6 was hydrolyzed in 1 mL
of MeOH and 1 mL of THF using I mL of 1.0 N LiOH for 1 hr. 1.2 mL of 1.0 N HCI was then
added, and the reaction mixture was extracted with 30 mL of dichloromethane. The organic layer
was then washed with brine, and dried over MgS0,. After filration and concentration, the
residue was redissolved in 1.5 mL of anhydrous acetonitrile, 25 mg of HATU, 200 ul. of DIPEA
were then added followed by 13 mg of intermediate 9-7. After stirring at 11 for 20 min, the
reaction mixture was concentrated and purified directly by prep-HPLC, giving 20 mg yellow
solid (61%). LC-MS: m/z = 727.2 (ES+, M+1-Boc, 825.2 (ES-).

[60336] 1-40: To a solution of 20 mg of intermediate 9-8 stirred in ! L dichloromethane, was
added 1.5 mL of 4.0 M HC! i dioxane. After 30 min, the reaction mixture was concentrazed. To
the residue was added 1.5 mL of acetonitrile, 200 uL of DIPEA, 20 mg of acrylic acid, and 50
mg of HATU. After stirring at 1t for 30 nun, the reaction mixture was concentrated and purified
by prep-HPLC, giving white solid 14.0 mg (68%). LC-MS: m/z = 779.3 (ES-), 781.2 (ES+)
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[08337] In similar fashion, by starting with Intermediate 3¢ instead of Intermediate 3a, the
following compound can be made:
N /D

\
‘s”‘

w

I-41
[060338] In similar fashion, using the saturated form of Intermediate 9-6, the following

compound was made:

>

53*

I-42
160339} LC-MS:m/z=78L3 (ES-), 783.2 (ES+).
[00340] In similar faghion, if both Intermedizte 9-7 and Intermediate 9-8 are hydrogenated

-

~

before coupling, the following compound can be made:
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EXAMPLE 10
/
N, 0
v

|-55
[00341] Enone-macrocyclic 1-45. The title compound was prepared according to the steps

and intermediates as described in the scheme below:

Sk o Moo
1) Pd(OAcYy, EtSiH OY 2

[/\—wo 4 ~ B, W
Broc” N . EL,N, DMAP, DCM g =C 7y 2-Me-1-propenyt MgBr [+
\></\/ o
10-1 10-2

Ry, R com \%\/
&Yo \/\*f‘w{ M
g)\CGzMB 10-2 \\\/\X/QYE N ] CO, e RCM

Boe
1) 4 Kl
2) HATL, DIPEA e
10-4 o
10-3 ==
Y
( i A /
- “
1y LIOH
© e \ 8

/ AT 5, e
oMe 3) HATU, DIPEA . o o
Ne,,, e
N
N Yy

o 0 "
Hwn‘_- NES% GYN\E/KO *
0;_( ] H & 4
10-4 57 oi< o
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00342

(S)-2-benzyl  1-(2,2-dimethylitex-5-enyl)  S-oxopyrrolidine-1,2-dicarboxylate

(Intermediate 10-1): At 0 °C, to a stirring solution of 440 mg of 5-Oxo-pyrrolidine-2-carboxylic

actd benzyl ester (2 mmoi), 300 vl of triethylamine, 300 mg of N,N-dimethylaminopyridine

(2.2mmol) in 7 mL of dichloromethane, was added 2 mmol of 4-pentenyl-1-y! chloroformate,

The reaction mixture was then warmed to rt, and stirred 24 hr. After concentration, the resulting

residue was dissolved in EtOAc 40 ml., washed with 6 mL of 1.0 N ag. HCI, brine, and dried

over anhydrous sodium sulfate. The organic solvent was evaporated under reduced pressure, and

the residue was purified by flash chromatography on silica gel using heptane/EtOAc (v/v 4/1-

2/1), giving 430 mg of coloriess o1l as intermediate 10-1 (58%).

[(0343]

Infermediate 10-2

|
1 H
\/\/</O\|( N €oH
Q
L+

2-((2,2-dimethylhex-5S-enyloxy)carbonylamino)-7-methyl-5-0xooct-6-enoic  acid

(Intermediate 10-2). The debenzylation was done with 13 mg of Pd(OAc),, 24 ul. of EtsN, 278
uL of Et;SiH in 2 mL of dichloromethane at rt for 30 min. After filtration, the concentrated

residue was subject to Grignard reagent (2.5 equiv) addition at -78 °C for 2 hr. After quenching

with diluted acid, the product was extracted with dichloromethane and dried over MgSQ,. The

concentrated product is desired intermediate 10-2, which was used directly for next step.

[09344]

Following the general procedures described in Example 9, Intermediate 9-4 was

de-Boced with 4 N HCI, then coupled with intermediate 16-2, which produced Intermediate

10-3. Intermediate 10-3 underwent olefin metathesis using either Grubbs catalyst or Zhan's

catafyst, to give macrocycle Intermediate 16-4. After basic hydrolysis with LiOH, the acid form

of intermediate 10-4 was coupled with Intermediate 9-7, furnishing the title compound I-58,
MS: m/e = 806.3 (ES").

[00345]

In similar fashion, compound 1-56 can be prepared when using the saturated form of

Intermediate 9-7;
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EXAMPLE 11

Single chain HCV protease (wt) peptide expression and purification

[00346] The single-chain proteolytic domain (NS4A;;.3:-GSGS-NSs3.631) was cloned into
pET-14b (Novagen, Madison, WI) and transformed into DH10B cells (Invitrogen). The resulting
plastmd was transferred into Escherichia cofi BL21 (Novagen) for protein expression and
purification as described previously (1, 2). Briefly, the cultures were grown at 37 °C in LB
medium containing 100 pg/mlL of ampicillin vntil the optical density at 600 nm {OD600)
reached 1.0 and were induced by addition of isopropyl-p-D-thiogalactopyranoside (IPTG) to |
mM. After an additional incubation at 18 °C for 20 h, bacteria were harvested by centrifugation
at 6,000 =g for 10 min and resuspended in a lysis buffer containing 50 mM Na:PO., pH 8.0, 300
mM NaCl, 5 mM 2-mercaptoethanol, 10% glycerol, 0.5% Igepal CA630, and a protease inhibitor
cocktail consisting of 1 mM phenylmethylsulfonyl fluoride, 0.5 pg/mL leupeptin, pepstatin A,
and 2mM benzamidine. Cells were lysed by freezing and thawing, followed by sonication. Cell
debris was removed by centrifugation at 12,000 x g for 30 min. The supernatant was further
clarified by passing through a 0.45-um filter (Corning) and then loaded onto a HiTrap chelating
column charged with NiSQ, (Amersham Pharmacia Biotech). The bound protein was eluted with
an imidazole solution m & 100-t0-300 mM haear gradient. Selected fractions were run through
Ni*' columnn chromatography and were analyzed on a 10% sodium dodecyl suifate (SDS)-
polyacrylamide gel. The purified protein was resolved by electrophoresis in a 12% SDS-PAGE
get and then transferred onto a nitrocellulose membrane. The protein was analyzed by Western
biot analysis using monoclonal antibodies against NS3. Proteins were visualized by using a
chemiluminescence kit (Roche) with horseradish peroxidase-conjugated goat anti-mouse
antibodies (Pierce) as secondary antibodies. The protein was aliquoted and stored at -80 °C,
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EXAMPLE 12

Cloning and expression of HCV protease A1568, A156T, D168A, D168V drag-resistance
mutants and C1595 variant

[060347] The mutant DNA fragments of NS4A/NS3 were generated by PCR and cloned into
pET expression vector. After transformation into BL21 competent cells, the expression was
induced with IPTG for 2 hours. The His-tagged fusion proteins were purified using affinity

column followed by size exclusion chromatography.

EXAMPLE 13

[60348]  Assay buffer: 2% CHAPS, 50mM Tris pH 7.5, 50% glycerol, 2uM M-2235 (Bachem)
substrate. In a 50 ul reaction, add 49 ul assay buffer, lul (1U) HCV serine protease (Bioenza).
Incubate 20 minutes at room temperature. The plate was read at either 350/460 nm (excitation/
emission) on a fluorescent micro-plate reader or monitored at one-minute ntervals to achieve the
kinetic curve.

[00349]  The enzyme tolerated 1% DMSO and 2% methanol. In the experiments of testing
compounds, the compounds i pure DMSO were diluted 10 times with 20% methanol (10%
DMSO and 20% methanol). This compound solution was added to the reaction (not exceeding

10% of the final reaction volume). The final concentration of the organic solvenis was: 1%

DMSO and 2% methanol.

EXAMPLE 14
Additional assay protocols
Method A;
[00350] The compounds were assayed to evaluate the antiviral activity and cytotoxicity of
compounds ir vitro using HCV RNA replicons. This assay used the cell line ET (luc-ubi-
neo/ET), which is & human Huh? hepatoma cell line that contains an HCV RNA replicon with a
stable luciferase (Luc) reporter and three cell culture-adaptive mutations. The HCV RNA levels
were directly measured by viral specific TagMan RT-PCR:
Forward primer; ACGCAGAAAGCGTCTAGCCAT (SEQ ID NO: 63)
Reverse primer: TACTCACCGGTTCCGCAGA (SEQ ID NO: 64)
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Probe: [6-FAM]-CCTGGAGGCTGCACGACACTCAT-[TAMRA]
(SEQ ID NO: 65)

[00351] The ET cell line was grown in Dulbecco’s modified essential media (DMEM}, 10%
fetal bovine serum (FBS), 1% penicillin-streptomycin (pen-strep), 1% glutamine, 250 pg/ml
G418 1 a 5% CO; incubator at 37°C. All cell culture reagents were obtained from Mediatech
(Manassas, VA). Cells were trypsinized (1% trypsin:EDTA) and plated out at 5 x 10° cells/well
in white 96-well assay plates (Costar) dedicated to cell number (cytotoxicity) or antiviral activity
agsessments, Drugs were added at six 3-fold concentrations each and the assay was run m
DMEM, 5% FBS, 1% pen-strep, 1% glutamine. Human mierferon alpha-2b (PBL Biolabs, New
Brunswick, NJ) was included in each run as a positive control compound. Cells were processed
72 hr post drug addition when the cells are still subconfluent. Antiviral activity was measured by
analyzing replicon-derived luciferase activity using the Steady-Glo Luciferase Assay System
(Promega, Madison, WI) according to manufacturer’s instruction. The number of cells in each
well was determined by CytoTox-1 reagent (Promega). Compound profile was derived by
calculating applicable ECs, (effective concentration inhibiting virus replication by 50%), ECy
(effective concentration inhibiting virus replication by 90%), 1Cso (concentration decreasing cell
viability by 50%) and Sls (selective index: ECsy/ICsp) values. 1Csy values for selected

compounds are set forth in Table 5, below.

Method B: HCV protease assay using FRET methodology

[00352] A quantitative, fluorescence resonance energy transfer (FRET)-based methodology
was employed to identify HCV NS3/4A protease inhibitors. The assay employed a synthetic
FRET peptide, derived from the HCV NS3A/3B cleavage site, with the HCV protease to
evaluate the activity of compounds against the protease by monitoring the cleavage activity of
the complex., A synthetic peptide which encompasses the NSSA-5B junction (NH2-
EDVVCCSMSYK-COOH) was labeled with Dabeyl and Edans at N- and C-termini, respectively
(Invitrogen, Carlsbad, CA). Fluorescence measurement was used to estimate the ICsq value of the
test compound. The two fluorophores form a guenching pair and exhibit FRET within the intact

peptide. Upon cleavage of the FRET peptide by HCV NS3/4A proteinase complex (100ng/mL),
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the fluorescence is recovered and can be contmuously monitored at excitation/emission =

340/490nm.

EXAMPLE 15
HCV Protease FRET Assay for Wild Type and Mutated NS3/4A 1b Enzymes (1Cs)
[00353] The following protocol was used to generate 1Csy values as depicted for compound
239 in Table 4, above. The protocol is a modified FRET-based assay (v_02) from in Vitro
Resistance Studies of HCV Serine Protease Inhibitors, 2004, JBC, vol. 279, No. 17, ppl7508-
17514, Inherent potency of compounds was assessed against A156S, A156T, DI168A, and
D168V mutants of the HCV NS3/4A [b protease enzyme as follows:
[00354] 10X stocks of NS3/4A protease enzyme from Bioenza (Mountain View, CA) and
LI3X 5-FAM/QXL™3520 FRET peptide substrate from Anaspec (San Jose, CA) were prepared
mn 50 mM HEPES, pH 7.8, 100 mM NaCl, 3 mM DTT and 20% glycerol. 5 uL of each enzyme
were pre-incubated m a Corning (#3573) 384-well, black, non-treated microtiter plate (Corning,
NY) for 30 min at 25°C with a 0.5 uL volume of 50% DMSO and serially diluted compounds
prepared in 50% DMSO. Protease reactions were started with the addition of 45 pl. of the FRET
substrate and monitored for 120 minutes at A,487/ k514 through Quad® monochromoters in a
Synergy® plate reader from BioTek (Winooski, VT). At the conclusion of each assay, progress
curves from each well were examined for linear reaction kinetics and fit statistics (R, absolute
sum of squares). Initial velocity (0 minutes to 30+ minutes) from cach reaction was determined
from the slope of a plot of relative fluorescence units vs time (minutes) and then plotted against
inhibitor concentration to estimate fCsq from log[inhibitor] vs Response, Variable Slope model
in GraphPad Prism from GraphPad Software (San Diego, CA). 1Csy values for selected
compounds are set forth in Table 5, below.
[60355] Table 5 shows the activity of selected compounds of this invention in the FRET
Assay. The compound numbers correspond fo the compound numbers in Table 3. Compounds
having an activity designated as “A” provided an 1C¢ <10 nM; compounds having an activity
designated as “B” provided an 1Csy 10-100 nM; compounds having an activity designated as “C”
provided an ICsp of 100-1000 nM; compounds having an activity designated as "D" provided an
1Csp of 1000-10,000 nM; and compounds having an activity designated as "E" provided an ICsg
>10,000 nM.
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Table 5. Enzymatic Data for Exemplary Compounds (ICs)

Compeund tested Enzyme / Assay Inhibition

WT

>

HCV A1568
(1-1) HCV A156T
HCV D168A

HCV D168V
WT

HCV A156S
(1-6) HCV A156T
HCV D168A
HCV D168V
WT
D168A
WT
DI168A

0-7)

(I-11)

w | O wl W W e | o ] ]

EXAMPLE 16

HCYV Protease FRET Assay for WT and Mutated NS3/4A 1b Enzymes (Cso_arr).

[00356] The following protocol was used to generate “apparent” 1Cs; (ICsp app) values as
depicted 1n Table 6, below. Without wishing to be bound by any particular theory, it is believed
that 1Csy app, contrasted with ICsy values, may provide a more useful indication of time-
dependent mhibition, and are thus more representative of binding affinity. The protocol is a
modified FRET-based assay (v_03) developed to evaluate compound potency, rank-order and
resistance profiles against wild type and C159S, A156S8, A156T, D168A, D168V, R1I55K
mutants of the HCV NS3/4A 1b protease enzyme as follows:10X stocks of NS3/4A protease
cnzyme from Bioenza (Mountain View, CA) and 1.13X 5-FAM/QXL™S520 FRET peptide
substrate from Anaspec (San Jose, CA) were prepared in 50 mM Tris-HCI, pH 7.5, 5 mM DTT,
2% CHAPS and 20% glycerol. 5 uL of each enzyme were added to Corning (#3575) 384-well,
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black, microtiter plates (Corning, NY) after spotting a 0.5 pL volume of 50% DMSO and serally
diluted compounds prepared in 50% DMSO. Protease reactions were immediately started after
enzyme addition with the addition of 45 il of the FRET substrate and monitored for 60-90
minutes at hd835/hm320 in a Synergy’ plate reader from BioTek (Winooski, VT), At the
conclusion of each assay, progress curves from each well were examined for linear reaction
kinetics and fit statistics (R%, 95% confidence intervals, absolute sum of squares}. Initial velocity
(0 minutes to 15+ minutes) from cach reaction was determined from the slope of a plot of
relative fluorescence units vs time (minutes) and then plotted against inhibitor concentration as a
percent of the no inhibitor and no enzyme controls to estimate apparent ICsy from log[Inhibitor]
vs Response, Variable Slope model in GraphPad Prism from GraphPad Software (San Diego,
CA).

[60357] Table 6 shows the activity of selected compounds of this invention in the FRET
Assay. The compound numbers correspond to the compound numbers in Table 3. Compounds
having an activity designated as “A” provided an ICs; <10 nM; compounds having an activity
designated as “B” provided an ICs >10 nM and <100 nM; compounds having an activity
designated as “C” provided an ICs >100 oM and <1000 nM; compounds having an activity
designated as "D" provided an ICsy >1000 nM and <10,000 nM; and compounds having an
activity designated as "E" provided an 1Cso >10,000 nM,

Table 6. Enzymatic Data for Exemplary Compounds

Compound tested Enzyme / Assay Inhibition
WT A
HCV Al568 A
HCV A156T B
(- HCV D168A C
HCV D168V 3
Replicon * B
Replicon > B!
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Compound tested

Enzyme / Assay

Inhibition

(i-2)

WT

HCV A1368

HCV A156T

HCV DI68A

HCV D168V

Replicon *

Replicon *

—

(I-3)

WT

HCV A1565

HCV A156T

HCV DI68A

HCV D168V

Replicon *

Replicon

[

(I-6)

WT

HCV A1568

HCV A156T

HCV DI168A

HCV D168V

Replicon *

Replicon *

(I-7)

WT

HCV A156S

HCV A156T

HCV D168A

HCV D168V

(I-8)

WT

HCV A1565

HCV A156T

HCV DI168A

HCV D168V

(1-9)

WT

HCV A1568

HCV AT156T

HCV DI68A

HCV D168V

(1-10)

WT

HCV AI56S

HCV Al56T

HCV D168A

HCV D168V

ciglololalaiw | F Eleis el lojluolonlClaloom s O e iw|ow > = 1O o ===
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QDUICIIICALIL LI T II BS)

rument was set in linear mode

+la
IIIyUyIUUAI as LIIC b

standard to calibrate the

with no compound, the protein

nd |-l ha

£

pproxim ’QQ?}’ 751 Darh

Y
wlll VVILHT

species at MW 25,218 Da,
bf compound I-1 at 747 Da.

As depicted in Figure
,240 Da which is 77
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<l e I
JTTTIUUTIU S L oy, LY, 1
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WI,J. J.U, T

ro, L LI, L 20, I Z

e

2, 1-23, 1-24, 1-26, and |-
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HCV Al156T

HCV D168A

HCV D168V

HCV R155K

Replicon *

Replicon °

pu—
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WT
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HCV Di68A

HCV D168V

Replicon *

—

Replicon
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27 were tested in a similar fashion, using the methods described in Example 17, and measurable
covalent modification of HCV NS3/4A wild type was observed. EXAMPLE 20 [003651 As depicted in
Figures 4, 5, &F%ﬁ%’gﬁsﬁﬂ%s spectrometric analysis of HCV mutants in tﬁ‘éﬁf)‘fl AHEE S compound I-11
was performed. HCV Mutants (A156S), (R155K), (D168A), (A156T), and (D168V) were incubated for 3

hrs at a 1(
10ul of O

JX 1Ol access of ies
1%C1’¥1’R°ﬁﬁ6 tegerhicn

compound to prote

o CBIZIS S pitigYdire

. 2 Ul aliquots of T
ctly R MALL

he samples were diluted with
)| target using Sinapinic acid as

the desor
50:50). Fa
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depicted i
time, The
mass of ¢
complete

htion matrix (10 WO
r intact protein mass
setting of 24,500 an
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ml in 0.1% TFA:Acetonitrile

n linear mode using a pulsed
brate the instrument. [00366] As
onversion after 3 hours reaction
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EXAMPLE 22 Mutant constructs [00372] Constructs containing clinically relevant mutations were

generated by performin
(ReBLikon Gngfn 27

h2 e

site-directed mutagenesis on the pFK-I389-Iue-ubi-Tneo-NSS-3'ET plasmid
3b9/082701PCT/US2008/087736 (Heidelberg, Eermaiif 8 idfhg the

QuickChange Il Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA) according to manufacturer's
, DEIOW. Table 7. Rrimer sequence used to

directions
establish
ACCCGA

ACAGC SEQ ID NO: 67 NS3-A

AR Wit The Prmers
Wut%?ﬁlpéé’ﬁﬁ’c%ﬂf@en 1

descripbed In Table

ine& e M S8E £

GCTEhBEeICATCTTTCGGTCTGCCGTGTGC

GG SEQ ID NO: 6

NS3-AE5keHR CCC

CGGEIGLACA

_GGCAGACCGAAAGATGCCC

\T56T-R d5ed 5 | GGGCATCTITCGGA

TGCCGTGTGCACCC

GAGGG $SEUTDNU 68 NS3:

ALODT-Ryjpr LTUGH

Gl bb/—\kﬁ&/-\bbbb

AGTCCGAAAGATGCCC 1

HCV A1568

(1-36)

HCV DIi68BA

HCV RI155K

Replicon

Replicon

WT

HCV A156S

(1-37)

HCV DI168A

HCV R155K

Replicon

Replicon

WT

(1-39)

HCV A1368

HCV D168A

HCV R155K

WT

(1-40)

HCV A1565

HCV DI68A

HCV R155K

WT

HCV A1568

(1-42)

HCV DI168A

HCV R155K

WT

(1-44)

HCV Al13568

HCV D168A

HCV R155K

WT

HCV A1568

HCV D168A

(1-45)

HCV R155K

gt b bl vl [ved lo=8) Tuadoah b oy Bo=nt vl Be -l oo Rv ol Rl oag oS

Replicon

E s

Replicon

[@ e

WT

HCV A1568

HCV D168A

(1-46)

HCV RISSK

P |

Replicon

ial LS

Replicon

wl )
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1 SEQ ID NO: 69 ACAGCi NS3-D168A-F GGGGTTGCGAAGGCGGTGGCCTTTGTACCCGTCG
AGTCT SEQ ID NO: 70 N53-D168A-R AGACTCGACGGGTACAAAGGCCACCGCCTICGCA ACCCC
SEQ ID NO: A NBE/B1B38V-F GOOOTTGCGAAGGCGGTGGTCTTIGTACCCETCE AsTCT SEQ ID
NO: 72 NS3-D168V-R AGACTCGACGGGTACAAAGACCACCGCCTTCGCA ACCCC SEQ ID NO: 73

NS3-C15§

NS3-c159s-ReepaEeenucc

S ATCT T TGS TGS G T AGC A CCAGG GG TS
cclerd

PEETCA

cGAEHEER CcGA

(1-47)

WT

HCV A1568

HCV DI68A

HCV R155K

Replicon

|||

Replicon

(@3 lvs)

(1-48)

WT

HCV A1568

HCV D168A

HCV RIS5K

(1-49)

WT

HCV A1568

HCV DI6BA

HCV RIS3K

Replicon

[N BV

Replicon

(1-50)

WT

HCV A1568

HCV DI68A

HCV R155K

Replicon

=l U

Replicon

Ol glg|as= VP lolglnalololo|w

(1-51)

WT

HCV A1568

HCV D168A

HCV R155K

Replicon

oA I

Replicon

(1-52)

WT

HCV D168A

Replicon

N VY

Replicon

(1-33)

WT

HCV A13565

HCV DI6BA

HCV R155K

5| | [ 1P D i |9 O
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Replicon

@Yivs
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> |

HCV DI168A
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Replicon

Olw|w
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SEQ ID NO: 75 NS3-RI55K-F CACGCTGTGGGCATCTTTAAGGCTGCCGTGTGCA CCCGA SEQ ID
NO: 76 NS3-R155K-R TCGGGTGCACACGGCAGCCTTAAAGATGCCCACA GCGTG SEQ ID NO: 77
WO 2009/08278 7P 1152008/087736 EXAMPLE 23 In vitro transcription {003 73 LI vitro transcripts
of TICV positive strands were generated by using the protocol described by Lohmann V et al., J. Virol.,
77:3007-3019, 2003. For transcription of positive-strand HCV. RNAs, plasmid DNA (pFK 1341
PI-LuciNg3-SIEPOUL A5 from REBIHOAERbh (Heid®BBI*%ermany)), was digested with Asel

followed b

y Scat. After restricti

DN digestpibyA was

extracteq with phe

nol and chloroform, precipitated

with ethar
HEPES (f

ol, and dissolved in
H 7.5), 12 inM MgC1

Nase-fregywater. In

vitro transcription

reactions contained 80 mM

2, 2 mM/spermidine

. 40 mM gdithiothre

itol, a 3.125 rnM concentration of
each nucleoside ttﬁbmsphate, 1 U ofj&Nas#aAb ug pf restricted plasmid DNA and 80 U of T7 RNA
polymcrase (Promega) was used. Afier,Rhsak37 C| an addityponal 40 U of T7 polymerase was added,
and the reaction was incubated for another 2 h. Transcription was terminated by the addition of 1 U of
RNase-freg DNase (Promega) per ug of plasmid DNA, followed by incubation for 30 mm at 37 C. After
extraction WP HERE et ey ehloroform, RNA was precipitated with isopropanol and dissolved in
RNase-freé msiesithel cancentiadigninasdeteryined by measurement of the optical density at 260
nm (0D260),.and RNA integrit s,checked by denaturing agarasc.gel electrophoresis. EXAMPLE 24
Transfectioan?lﬁW F%J(;IS é’r%é’t#é@ié%% %Oi%usegllgg loh ré?a%%r%e éﬂcﬁ%aenépf) 7417x104 Huh7-Lunet
cells were $BedguteyBE nightdrindl Deetobiate; thennesy daycribudioERMAINE was transfected using
Minis Tx (Madison, WI) kit. Transfection was performed according to manufacturer's instructions, and
24 hours after transfection cells were either subjected to Luciferase assay or subjected to G418
(400ug/m1) selection in order to establish stakievt@libihés. EXAMPLE 25

[60358]
of test compound is performed. 100 pmols of HCV wild type (Bioenza CA) is incubated with

Mass spectrometric analysis of HCV wild type or HCV variant C1598 in the presence

test compound for | hr and 3 hrs at 10-fold access of test compound to protein. 1ul aliquots of
the samples (total volume of 4.24ul} are diluted with 10ul of 0.1% TFA prior to micro C4
ZipTipping directly onto the MALDI target using Sinapinic acid as the desorption matrix (10
mg/mL in 0.1%TFA: Acetonitrile 50:50). Analyses are performed on a Shimadzu Biotech Axima
TOF® (Shimadzu Instruments) matrix-assistcd-laser desorption/ionization Time-of-Flight
(MALDI-TOF) mass spectrometer. The same procedure is carried out on 100 pmols of HCV

C159S mutant of HCV protease for 3 hrs at 10-fold excess of test compound to protein.

EXAMPLE 18
Modification of Cys159 of wild-type HCV protease using a tryptic digest strategy
(04359}

lodoacetanude 18 used as the alkylating agent after compound incubation. For fryptic digests a 2

HCV is incubated with test compound for 3 hrs prior fo tryptic digestion.

ul atiquot {0.06ug/ul) is diluted with 10 ul of 0.1% TFA prior to micro C18 Zip Tipping directly
onto the MALDY target using alpha cyano-4-hydroxy cinnamic acid as the matrix (5 mg/ml in
0.1%TEFA: Acctonitrile 50:50).

[00360]
setting of 1800. Caiibration is dene using the Laser Biolabs Pep Mix standard (1046.54, 1296.69,

For tryptic digests the ingtrument is set in Reflectron mode with a pulsed extraction
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Inhibition of Protease Self cleavage [003751 Huh-7-Luc-Neo-ET cells were plated in Replicon Assay
Medium (RPMI sup lemented with 5% FBS, 1X non-essential amino acids and pen/strep) at a density
of 1 x 105 cell"gf\)/vzeﬁgilﬁsi'ﬁuvvell plates. Eight hours later the media was ré)r%%%zégasf? 7?%%Iaced with 1 ml
WO 2009/082701PCT/US2008/087736 media containing test compound (5 wells per compound) and
0,02% DM $622amd 3003 oels46516)relor a0 IS theniaibatoppuasightetixtean Rouosslateed well from
each compound and. 1 untreated well were washed with PB% then | eﬁ and.scra ed({'nto 30 ul of Cell
Extraction KUAGF (S CIMNL CRY DRI CeIees BRACLL TRATBAS (RocKES Mdianapolis
IN). The retinatnifigionetls \Wer€lins€didatiwitfoP B then iedwithfRepliconiMediazandagiurned to the
incubator. (Cla ]g%%%r]% %a%?grg Qnee. ever thour by removing the old media and replacing it with fresh
media and were iyse& and cofiected at , ﬁ]{ 24, and 48 hours following the first collection. [00376]Cell
tysates were separated by SOS-Page (4-20%) and transferred to Irnmobilon-P PVDF membrane
(Millipore Corporation, MA) and blotted withygolyglanal gnti NS3 antibody (Bioenza,CA). Blots were
scanned on an Odyssey infrared scanner from Licor and the FL band and cleavage products were

quantified $&j3athterudipigien dlfiguresokandrd proydeewneiipensbairme T naviapageivroduct was

calculated gsa-perreniags.AhiasairLNSRH SAch-SBmRle RNd fﬂH@"fqﬁl@ﬁF{}g'%%%EQk“}?cQMSO control
so that the DMSO control retlects 100% achtg.hResults and Discussion 1003771When protease

activity is inTbted &L hRIdaDaY i8abErid and thi 8k bretesnod et rog aatediaBretidihe

holoenzymem| Aftglbk&h ks ahcontinueusaxpasusel of hevemriconsalsie:N 83 npikitarcompound,

the self-cli%\[/a e products were undetectable in the treated samples, but readilyrgstectgble in the not
%ﬁ‘ﬁﬁ Bdsiry the replicon

treated corttfaf rBTICOR Y PrBTSHJE e EREH: 6F SAIOH WS B SHS I hY
cells to a pigteasetdnhibiso .16 hous; powhichdimedhe:compauncdwasremosed, andrthe replicon
cells were re(gj%atedly w shﬂed for seve@é %rré) e Q?{%s Covalenlt 'rrevetﬁlsib][e N53 inhipjtors

oLz

demonstraté sﬁsél%r%éjéﬁ i i%ﬁﬁ%cnn%l% N errial sét -(?%)énv%)&eoa%tﬁ?i yef(%ra Iﬁ%’r otﬂg 10{51%, whereas the

protease sélé-clganage activity rapidly returned when using reversible compounds (Figure 8).

replicon ool i Camaad o0t Fr B e S, T Lo event
inhibitor (corppeigddvith t9rafauskldrbte sseicbiorsrtle wrolohged ishibitowsof NSB Hrétéase activity in

the wild-tyne, replican sslis:AsmeRsed Ay selirieavags aller e COTRaURds Al fempved. The

compound was incubated with réplicon cells for 16 hours and then removed (time 0). Even up to 48
hours afterfémoval of a covalent irreversible N53 inhibitor, NS3 self-cleaving activity is inhibited by at

least 50%, (4403 PO0RKQR LR RCTidkR2 DOBQBI KSR Wheransmi raver sihlesiiesivd»feghows virtually

complete return of activity in as little as 4 hours after drug removal,
peak at MH+ of 25,24G Da which 1s 773 Da heavier and Consistent with the mass of compound 1-

25,
[00364] Compounds -2, I-5, I-6, -8 19, 1-10, }-13, §-19, 1-20, 1-22, 1-23, 1-24 1-26, and |-
27 were tested 1 a similar fashion, using the methods described in Example 17, and measurable

covalent modification of HCV NS3/4A wild type was observed.

EXAMPLE 20
[00365]  As depicted in Figures 4, 5, 6, and 7, mass spectrometric analysis of HCV mutants in
the presence of compound I-11 was performed. HCV Mutants (A1568), (R155K), (D168A),
(A156T), and (D168V) were incubated for 3 hrs at a 10X fold access of test compound to
protein. 2 ul aliquots of the samples were diluted with 10ul of 0.1% TFA prior to micro C4
ZipTipping directly onto the MALDI target using Sinapinic acid as the desorption matrix (10
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[00380] Figure 10 depicts an irreversible covalent inhibitor (compound 1-25) of NS3 protease

demonstrate Q{]olon?ed inhibition of NS3 protease activity in the wild-type eéalicon cells, as measured

r
by self-cleavagg,zg? ARSI compounds are removed. The compound wasiHEGPATAE With replicon cells

for 16 hours and then removed (time 0). Even up to 48 hours after removal of a covalent irreversible
NS3 inhibitgg/MNS3 self-deaviogaetivitgisinhibiediay pllersh4Qomcwberras adeversilie drug,
VX-950, shows virtuglly complete return, of activity in as little.as 8 hours after drug.removal. EXAMPLE
6 LuetiordC8 KSs TOROBINT I b B SR SEAg e by s FRTARONE Sy anc

cytotoxicitysahdoipoulitdscibingsteplienn-derived luciferase activity. This assay used the cell line ET

(luc-ubine which js a human Huh7 hcpat Llino that cantains an HCV RNA. replicon with a
Stable IS8 i8] SRBHLT AR Eul ol e T A B A A grown i a
5% CO2 indtsdhatdras 3@ dn Dutbetivomanatiifrechesbantial the dicy(ERtEM)siuibplemertad with 2 mM

L'glUtam_inﬁruﬁ%@%ﬁﬁﬁ&%lt%ﬂm¢%Q?o§f&%d%)n. Jepicillin/ml, 100 jig of streptomycin/mL, and 10%

fetal bovine serum. G418 (Geneticin; Invitro was added at a final concentration of 400ugEmL.

[00382]All E¥FElItudes dsaisedtinFigero Brandas 6 AVitogemioatisbat)cowigacenstigisinized (1%
trypsin:EDIA) andplatedout @ho xqh03cellsined i white-R6nwalhassay.plaieamiConian:gedicated to

cell number (cytotoxicity) or antiviral activity assessments. Test compounds were added at six 3-fold
concentratiBHae At the Bdba osasi e difeht, 5% FBS, 1% pen-strep, 1% glutamine, 1% non

essential amiBespCidskuAA INteIderes, apha-Bo(RBLs BlolabenNaw: B dosigk Nib:was included in

each run ag a positive control compound. Cells were processed 72 hr. post test compound addition
when the cellSWaraSHN SiEcdfdért RHEAFS I PSCHRAR A hIBEE & BYF ARSRTAR G PESficon-derived
luciferase activiynusiigtibenStagdyrblaticierase Assay System (Promega, Madison, WI) according

to manufacturers instryction. The, numper of cells.i well was determined by Celt.Titer Blue
2009/0827 82 86 oeRdt 1 iregnvinu iceplicationrlyt sde€DO0 (effective
concentratinolrltehrlltr}isb&t)i{lb ) t\é}{,[us.&reglflicatiorclJ fb 130;% Ol%o (concentration decreasing cell viability by 50%)
and SI50 (seulective index. E( % %1%& values. [003 3]‘While' we have described a number of
embodimeHt&3d8ithi<imemion Tid & appiidnrthatioirdoasic exalmpleshivaypdesatteragtodsrovide other
embodimegts that wilize he sampewds.ARf Meiedselthisinventier: Togrelasesiviibe

appreciated that the scope of this invention is to be defined by the appended claims rather than by the
specific enfbedtiffents that have been represented by way of example. CLAIMS 1.A compound of
foimula I:

EXAMPLE 21
Cell culture
[00371] Huh-luc/neo-ET, Huh7-Lunet were obtamned from ReBLikon Gmbh (Heidelberg,
Germany). Cells were grown in Dulbecco modified Eagle medium (DMEM, Invitrogen)
supplemented with 2 mM L-glutamine, nonessential amino acids, 100 U of penicillin/ml, 100 ug
of streptomycin/mL, and 10% fetal bovine serum. G418 (Geneticin; Invitrogen) was added at a

final concentration of 400ug/mL. Huh7-Lunet were grown in the absence of G418,

EXAMPLE 22
Mutant consiracts
[66372] Constructs containing clinically relevant mutations were generated by performing

site-directed mutagenesis on the pFK-1389-luc-ubi-neo-NS3-3"ET plasmid (ReBLikon Gmbh
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or a pharmaceutically acceptable salt thereof, wherein: Rl and R1' are independently hydrogen or

optionally substituted C1.6 aliphatic, or Rl and R1 are taken together to form an o
3-7 membered CABIRAAL ring; R2a is -OH or -NHSO2R2: R2 is -N(R)Z bV H 85

tionally substituted

f?gﬁéﬂy substituted

group selected from C3.2 cycloalkyl, a bridged bicyclic, 6-10 membered aryl, 5-10 membered
heteroaryl (idd bGelemaiomninde pandenthysalastedifeomi NfregemsRNBesu@kguliur, or 4-7

Sulur, sach R

lyl havin

1-2 heteroatoms independently selected from, nitfrogen, axygen, or
b%%aalﬁ%fﬂwmﬁﬂéﬂff%fp%ﬁeam&ﬂﬂw&%m@aﬁiéwaﬁh?dow Fton the same

nitrogen atbsivare taken together with the nitrogen to form a 4-7 membered heterocyclic ring having
1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur; R3 is a warhead group -L-Y,
wherein -L-Y is selected from the following: (a) L is a bivalent C2_8 straight or branched, hydrocarbon
chain wheréable hdyiatdessticmne okedbteetiabliskivihtine Keplivonadtiitivesal methylene units of L are

independe
-SO2N(R)-
alpha-beta

ity reptacecH

position relati

NSE01568502

0) rei east one
ide, or sulfonyl functiona
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erein a
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| group; and Y

5 located in an
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methylene
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CACGCTGTGGGCATCTTTAAGGCTGCCGTGTGCA
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NS3-R155K-R

TCGGGTGCACACGGCAGCCTTAAAGATGCCCACA
GCOTG

SEQ ID NO: 77

Page 150 of 185



(g) L is a covalent bond and Y is selected from: (i) -CH2F, -CH2C1, -CH2CN, or -CH2NOZ2; or (ii) C2-6
alkenyl substituted with oxo, NO2, or CN; or (iii) C2_6 alkynyl optionally substituted with oxo, halogen,
NO2, or CN; o‘?]((}% % é&fuf'ated 3-4 membered heterocyclic ring having f(f]%{@%‘gl@%@elected from
oxygen or nitrogen wherein said ring is substituted with 1-2 Re groups; or (v) a saturated 5-6
membered heterocyclic ring having 1-2 heteggatiemisebgcted from oxygen or nitrogen wherein said ring
is substituted with 1-4 Re groups; or (vi) a saturated 3-6 membered carbocyclic ring, wherein said ring
is substitut ik iaﬁsﬂ'ﬂ)g?ﬁups; or (vii) a partially unsaturated 3-6 membered monocyclic ring h

aving 0-3 h[@tsmtommmmmdgntty mycgﬁéiﬁmmuﬂﬁﬂ@m gm@gﬁm o suthyr isulstitded with 1-4
Re groups; or (vii a.partially unsatur gr suhbstituted with 1-4 Re
groups; or ?f) ;1) p(grt? aﬁy%l?r}gisatl??afeg ﬂpﬁ%rg g?grogg ic” i epéma’eﬂ?lfég?éhived from
nitrogen, oxfyg@HéWsﬁﬂf{ms Whereith Baid 1 r(pi@ﬁsl%lbﬂrﬂulefdlmm i o] E&aagrﬁuiﬁsﬁoﬂ(ama(&amembered
aromatic r| |tr herei ing.is ted |th r or (xi) a
i—rl‘gdgl'%x% %avm %\I s%%%&geé vg?:h c?sfto y ISl f'?&tg Qes dtlo

5- membere roary etetoatoms indepen ent cted from hitrogen, oxygen, or
sulfur, Whedwﬁﬁts@iﬂﬁilrﬂ@&sxﬁabigﬁt‘ﬁﬂ@d?bmh g fhbvglompreniiirdariB-giembmidaliswividyclic,

saturated, pagially HasaAlEdy 08 %Mfago@%@%gs%da%&%@% ngppendently selggied from
nitrogen, oQ/gen or sulfur, wherein said ring is substituted with 1-4 Re groups
Ch, 2 mM spermldme 40 mM dithiothreitol, a 3.125 mM concentration of each nucleoside

triphosphate, 1 U of RNasin. 5 ug of restricted plasmid DNA and 80 U of T7 RNA polymerase
(Promega) was used. After 2 h at 37 °C, an additional 40 U of T7 polymerase was added, and
the reaction was incubated for another 2 h. Transcription was terminated by the addition of 1 U
of RNase-free DNase (Promega) per ug of plasmid DNA, followed by incubation for 30 min at
37 °C. After extraction with acidic phenol and chloroform, RNA was precipitated with |
isopropanol and dissolved in RNase-free water. The concentration was determined by
measurement of the optical density at 260 nm (OD260), and RNA integrity was checked by

denaturing agarose gel electrophoresis.

EXAMPLE 24
Transfection of HCV full length genome and selection of stable cell lines
[00374]  7x10* Huh7-Lunet cells were seeded over night in a 12 well plate, the next day 1 ug
of RNA/well was transfected using Mirus Tx (Madison, WI} kit. Transfection was performed
according to manufacturer’s instructions, and 24 hours after transfection cells were either
subjected to Luciferase assay or subjected to G418 (400ug/ml) selection in order to establish

stable cell lines.

EXAMPLE 25
Inhibitien of Protease Self cleavage
[06375] Huh-7-Luc-Neo-ET cells were plated in Replicon Assay Medium (RPMI
supplemented with 5% FBS, X non-essential amino acids and pen/strep) at a density of 1 x 10°

cells/well in 12 well plates. Eight hours later the media was removed and replaced with 1 ml
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(h) Lis -C(0)- and Y is selected from: (i) C1,6 alkyl substituted with oxo, halogen, NO2, or CN; or (ii)

C2_6 alkenyl %igoggllg2§ﬂqbstituted with oxo, halogen, NO2, or CN; or (ig %:2 % %I(l%{]qg/ﬁl optionally
substituted with 0Xo, Ralogen, NO2, or CN; or (iv) a saturated 3-4 memb rég%e&térocyclic ring having 1

heteroatom selected from oxygen or nitrogen wherein said ring is substituted with 1-2 Re groups; or (v)
a saturatechzd memabere ddetereapeic Nrthayisgnbodiigteanm selsceddiamcexygen or nitrogen
wherein said ring,is s bstituﬁed with l—gil Re.grou E; or yi%ralsatfmr ted 3-%membe’;r§d l_%flrbocyclic ring,
wherein salt G oI SHARERTAA LA RGHGUBLYBE 91 4 PihaiRPLFSA PR 46 Hembered
monocycliamingithdwinly @& hetdrabtathPBRjapenteatlyrselected frowdditdogeazibEganior sulfur,
wherein sajd ring.is substituted with 1-4 Re groups; or (Vviii) riially, unsaturated 3-6 membered
Carhocycl g AR e o6 SA R e s Lo e YA W Wl N rated -6
membered%mytjmﬂgmmeﬁ-zhe@d’é&&ms}i&d@ﬁéﬁﬁaﬁumlﬁiﬁeﬂﬁrdmmﬁmg@m oxygen, or
sulfur, whergilselc 104 i BAR AR, SURUHIRHY Whdh RA QARSI ELUNA Rmemprted aromatc

ring having 0-2 nitrogens wherein said ring is substituted with 1-4 Re groups; or (xi} a 5>-membered

heteroary! fifth Hedingnd-Berdised atsrpdlitidpé ndendld: sededtbertidptiavirsgeniiokeatiar sulfur,
wherein saihsg s euRsie wichARe B uRSY O e O mRRSTed PR ATt

partially unsaturated, or arélgnng having 0-3 heteroatoms independently selected from nitrogen,

oxygen, or SHErmaREran SElEaRGeRIB&@Rrutd O verA RoststevgroRnieional et NER)ERMNd v is

selected fropiodikda P Ried sukslituied with 00:;RalagenRd NARPRENLRE(ICR: Bialkemy! optionally

substituted with oxo, halogen, NO2, or CN; or , .. _ .
anc[ cleavage proc?ucts were quant?fgd separately using the Licor software provided with the

scanner. The cleavage product was calculated as a percentage of the total NS3 in each sample
and then normalized 1o the DMSO control so that the DMSO control reflects 100% activity.
Results and Discassion

[06377] When protease activity is inhibited, sclf-cleavage is abolished and the only protein
species detectable s the holoenzyme. After 16 hours of continuous exposure of the replicon
cells to NS3 inhibitor compound, the self-cleavage products were undetectable in the treated
samples, but readily detectable in the not treated control replicon cells. Prolonged duration of
action was demonstrated by exposing the replicon cells to a protease inhibitor for 16 hours, at
which time the compound was removed, and the replicon cells were repeatedly washed for
several more hours. Covalent irreversible NS3 inhibitors demonstrated sustained inhibition of
NS3 internal self-cleavage activity for up to 48 hours, whereas the protease self-cleavage activity
rapidly returned when using reversible compounds (Figure 8).

[60378] Figure 8 depicts that the NS3 internal self-cleavage products are inhibited by
treatement of replicon cells with Compound I-47 for 16 hours.

[806379] Figure 9 depicts an irreversible covalent inhibitor (compound I-11) of NS3 protease
demonstrate prolonged inhibition of NS3 protease activity in the wild-type replicon cells, as
measured by self-cleavage, after the compounds are removed. The compound was incubated
with replicon cells for 16 hours and then removed (time (). Even up to 48 hours after removal of

a covalent irreversible NS3 inhibitor, NS3 self-cleaving activity is inhibited by at least 50%,
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(i) C2_6 alkynyl optionally substituted with oxo, halogen, NO2, or CN; or (iv) a saturated 3-4
membered heterocyclic ring having 1 heteroatom selected from oxygen or nitrogen wherein said ring is
substituted Wifﬁ(i%@{%’ézé%ups; or (v) a saturated 5-6 membered hetero}c]%ffésﬁ'ﬁa(ﬁAVﬁ}g 1-2
heteroatom selected from oxygen or nitrogen wherein said ring is substituted with 1-4 Re groups; or

(vi) a saturaligdeds& membaresuearbosyglihsingywheretaspids ngrns subshituted withid-4 Re groups; or
(vii) a partighli{ g%lllgatgﬁ?ted 3-6 membered monocyclic ring having 0-3 heteroatoms independently
selected fr itf5GEMEIEIGER; or sulfur, wherein said ring is substituted with 1-4 Re groups; or (vii)) a

partially unfEtagjtedid-arm@rnibersdcarhesysicdingnwhieteisn saitpioglis Bbstitetadandilt 1-4 Re
groups; or (ix) a partially, unsaturated 4- bered heterocyclic rin flﬁ\éin -2 heteroatoms
loponden by CET R SURR oy o ot e i A e B g it 1-4 Re
groups; or asut:driensbiértchamemiditc fingdapangiO 2 ninoyens Wersipsaid vingiisigulegtituted with
1-4 Re groyps; o (X)) a.p-mempered | ring having 4.-x r m ,iiggqerg ql?n]tly selected
from nitrogen, 8 ygg_n?%rbg% fté%vﬁﬂ%?gﬁ%g%%%%g%%ﬁﬁgni% %\%iﬁ %8Ré§ ‘ér%urgs;ggr &ii) an 8-10
memberedédieyelit! satuesied, Wai tialipitmsdif i arbcc o e lkeingthatyinkf 0l heterdaad i@ independently

selected Tr%eFE&EQQr%Qe@?&Y@%gPV§Ld%E15Wr9fﬂléﬁ§do€xﬂ?€¢él%rﬂ?%ﬁvﬁ’;}%t@ﬁ?@e%t@ 1-4Re
groups; (i) L is a bivalent Ci_s saturated or unsaturated, straight or branched, hydrocarbon chain; and
Y is selectd@oM(frie PRYAlcH2C 1, -CH2CN, or -CH2NO2; or (i) C2_6 alkenyl optionally
substituted with oxo, NO2, or CN, and optionally substituted with halogen; or (iii) C2_6 alkynyl
optionally substituted with oxo, halogen, NO2, or CN; or (iv) a saturated 3-4 membered heterocyclic
ring having 1 heteroatom selected from oxy&é"nkmlﬂi‘tt‘;‘c}&en wherein said ring is substituted with 1-2 Re
groups; or {WciF@ateraied 5-6 membered heterocyclic ring having 1-2 heteroatom selected from
OXygen or IogEN YhETEIN a1 MNES SUDSIteT I et SR BPURSS and cytotoxicity of

compounds using replicon-derived luciferase activity. This assay used the cell line ET (luc-ubi-

neo/ET), which is & human Huh7 hepatoma cell iine that contains an HCV RNA replicon with a

stable luciferase (Luc) reporter and cell culture-adaptive mutations. The ET cell line was grown

in a 5% CO, incubator at 37 °C in Dulbecco’s modified essential media (DMEM) supplemented

with 2 mM L-glutamine, nonessential amino acids, 100 U of penicillin/ml, 100 pg of

streptomycin/mlL, and 10% fetal bovine serum. G418 (Geneticin; Invitrogen) was added at &

final concentration of 400ug/mL.

[00382] All cell culture reagents were obtained from Invitrogen (Carlsbad). Cells were

trypsinized (1% trypsin:EDTA) and plated out at 5 x 10° cellg/well in white 96-weli assay plates

(Costar) dedicated to cell number (cytotoxicity) or antiviral acfivity assessments. Test

corpounds were added at six 3-fold concentrations each and the assay was run in DMEM, 5%

FBS, 1% pen-strep, 1% glutamine, 1% non essential amino acid. Human interferon alpha-2b

(PBL Biolabs, New Brunswick, NJ) was included in cach run as a positive control compound.

Cells were processed 72 hr post test compound addition when the cclls were still subconfluent.

Antiviral activity was measured by analyzing replicon-derived luciferase activity using the

Steady-Glo Luciferase Assay System (Promega, Madison, WI) according to manufacturer’s

instruction. The number of cells in each well was determined by Cell Titer Blue Assay

(Promega). Compound profile was derived by calculating applicable ECsy (effective
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(vi) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4 Re groups; or
(vii) a partially unsaturated 3-6 membered monocyclic ring having 0-3 heteroatoms independently
selected from‘ﬁi?r%)ﬂé)g?ﬁzg)%ygen, or sulfur, wherein said ring is substitutemzfgﬁ“ﬁgséroups; or (viii,) a
partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4 Re
grgups; gr Gaﬁ)calﬁfaﬁﬁﬁgb?megur@@eéﬁzﬁtmeﬁp@@wp&i@ﬁ«f&mﬂ@ &Bﬁgeiwmg iﬂh%ihﬁgwg@sto?s
independently,selecte itrogen, oxygen, or sulfur, wherejn said ring is substituted with 1-4 Re
groups; or {958 %%@%&@%@%f&%@@ﬂﬁﬂ@%@ ﬁ‘?@,}vo‘@ é%?é%?s@i‘éi g#@e?g%ﬁﬁgtituted with
1-4 Re groiasy F(x0&Hwaiembered heteroaryl ring having 1-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 Re groups; or (xii) an 8-10
membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected frd#A38it}og@filoxygbeveatesulbad, avtverein dadedgnissulfstitutedmith, 1-4 Reageoups; (K) L is a
covalent bopnd . Ch1ge é%ml\fl)’iésqlgg%'bégltall%?lgj'prbuiﬁlecdﬁ%f’e%@%@)ﬁs 't%ﬁ'%%%‘é%%é%&' CH2NHC(0)-,
-NHS02-, -NHSO2CH2-, -NHC(0)CH20C(0)-, or -SO2NH-; and Y Is selected from: % 2F, -CH2C1,
-CH2CN, otdZreshady 21 8vig(i)verios. alkemiro ptia b asptsstitatabetiithsoxs, M OB iwe@iNy &nd optionally
substitutedywith haleges; ek (i Gas6 alnylprtianaly sositked withinxas APgRR NQ2. or CN; or
(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from Page 155d
oxygen or FESHBHWHEIaHPESERMG is substituted with 1-2 Re groups; or (v) a saturated 5-6
membered heterocyclic ring having 1-2 heteroatom selected from oxygen or nitrogen wherein said ring
is substituted with 1-4 Re groups; or (vi) a saturated 3-6 membered carbocyclic ring, wherein said ring
is substituted with 1-4 Re groups; or (vii) a partially unsaturated 3-6 membered monocyclic ring having
0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 Re groups; or
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(viii) a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4
Re groups; or (ix) a partially unsaturated 4-6 membered heterocyclic ring having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-4 Re
groups; or (X) a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted with
1-4 Re groups; or (n) a 5-membered heteroaryl ring having 1-3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, wherein said grgaigaggbstituted with 1-3 Re groups; or (xii) an 8-10
membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-4 Re groups; each Re
is independently seledteerrswndZosrslaNO2, halogen, CN, a suitable leaving group selected from
alkoxy, sulphonyloxy, optionally substituted alkylsulp@oﬁyloxy, optionally substituted
alkenylsulfonyloxy, optionally substituted arylsulfonyloxy, acyl, diazonium, or C16 optionally substituted
with oxo, halogen, NO2, or CN, wherein: Q i ivalent C16 unsaturated, straight or branched,
hydrocarbon chain, wherein one or twg« ni'gs of Q are independently replaced by -N(R)-,
-S-, - 0-, -C(0)-, -0C(0)-, -C(0)0-, -SO-, or -SO2-, - -, =C(O)N(R)-, - N(R)502-, or -SO2N(R)-;
and Z is hydrogen or C16 aliphatic substitut&d w , n, NO2, or CN; or R3 and RI are taken
together with their intervening atoms to form an optidhally Bubstituted saturated or unsaturated 12-18
membered ring having 2-6 heteroatoms independently selécted from nitrogen oxygen, or sulfur,
wherein the ring formed thereby comprises -L-Y; of R3 and a ring formed by R1 and Rh are taken

togetheroyvgtghtggigggﬁ%ré\@ iQQc@ﬁ?e{E'l% gglt%géegg %QQ?QW substituted saturated or unsaturated 12-18

membered ring. having 2- <i5‘[Eteroatoms in ndently selected from nitrogen oxygen, 0£§ulfur,

g (
whereinth&¥ing B¢ PERBYESHBASES A RRIRREY GHBSRIURE rARRRINPICORE R are
-NHC(0)0RBIGR Tywsitteniatlrah on umtiatatht subitioresdid-Sidembaindgrobps gacriRE is independently
-N(R)2 g¢*ap aptiopaliyrsidpgiituted group selected from C1.6 aliphatic, a bridged bicyclic, 6-10
membered. ar -10 me ed het ryl,having. 1-4 heteroatoms independently, selected from
Tirogen o s R heh ity
selected fréht Ritisgehsresogeh, o Qumsmbeses Qﬁt%’ﬁﬁﬁ’%’a%"%s&iﬁjtbﬁ‘ﬁ?éﬁﬂ%e}éé?éﬁlﬁ?}mk1.6
aliphatic, a stiettreld Hioyclicir62t0, noanyserect awlﬁﬁ,—1®rmieffnbﬁ@eﬂbéreﬁemmyttmwmglivﬂnge_teﬂoatoms
independenily.aglerteG-erButiRGaR QNOSOnat s, Skvidn Megred heterocyclyl having 1-2
heterqat%gksdqgletpd%ngne et(rljlyqs%le ted I{r%n)[igl_tgﬁgegb %@% f_)-raﬂf) ur; ?{r)]lg R7 is an optionally
substituté group sefected trom I6 dliphatic, rlage icyélic, _?fﬁ membered aryl, 5-10 membered
heteroaryl havifiy R4oHefs saBmalirespereBntly serepteerabrs Mittbdbn noxgeRh iolemifar of 4-7
membered heterocyelpchalingte2 shéte ihatomnsiind épe hdentiy aate chddrkadantiir agRotedxygean, or

sulfur; and nitrogen, oxygen, or sulfur;

R’ is a warhead group ~L-Y, wherein ~L-Y is selected from the following;

{a) L is a bivalent Cy.g straight or branched, hydrocarbon chain wherein L has at least one
double bond and one or two additional methylene units of L are independently replaced
by a functional group selected from -NRC(O)-, -C(O)NR-, -N(R)SO;-, -SO;N(R)-, -S(0)-
, =53032-, -OC(O)-, -C({O)O-, or -C(O)-, wherein at least one double bond is located in an
alpha-beta position relative to the carbonyl, sulfoxide, or sulfonyl functional group; and
Y 1s hydrogen or Cy aliphatic optionally substituted with oxo, halogen, NO,, or CN; or

(b) L is a bivalent Cy.5 straight or branched, hydrocarbon chain wherein L has at least one
double bond and at least one methylene unit of L is replaced by a functional group
selected from -C(O)-, -NRC(O)-, -C(O)NR-, -N(R)SO;-, -SO;N(R)}-, -$(0)-, -SO»-, -
OC(0O)-, or -C(O)O-, wherein at least one double bond is located in an alpha-beta
position relative to the carbonyl, sulfoxide, or sulfonyl functional group, and one or
two additional methylene units of L. are optionally and independently replaced by
cyclopropylene, —O-, ~-N(R)-, or -C(O}-; and Y is hydrogen or C1 aliphatic optionally
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0 Rz is; or R4 and W are taken together with their intervening atoms to form a saturated or
unsaturated 16-22 membered ring having 2-6 heteroatoms independently selected from nitrogen,
oxygen, or sulfur; wherein the 16-22 membered ring is optionally substituted with (127))1" wherein: p is
an integer from 1 to 6, inclusive; each occurrence of Rm is independently halogen, -OR: -CN; -N(R)2;
or an optionally substituted group selected from Ci_e, aliphatic or C3.7 cycloalkyl; and each R is

independently Q}g@gﬁ@é@@gﬁ%tgg HGI@@h@it@Ne%gh occurrence of Ri is independently selected
from halogi% -OW, -CN W)2, or, o gllgﬁé;bstl uted CIA aliphatic; m is an integer from 0

to 4, inclusiva: s %aat]?“ﬁtrg ﬁ»ﬁ;ﬁ{ tzf)rn}i’g 8" Rqrﬁ%@BrWhﬁWﬁFol?slﬁéllﬁﬁ}é)%herem
the sum of s addubls r’m@ndzend Piget1GR zlfﬁdncbmpoumtdczﬁ Foimudaliced by a functional group

selected from -C(O)-, wherein at least one double bond is located in an alpha-beta-
posttion relative to the functional group, and one or two additional methylene units of L
are optionally and independently replaced by cyclopropylene, ~O-, -N(R}-, or -C(O)-; and
Y is hydrogen or Cys aliphatic optionally substituted with oxo, halogen, NO,, or CN; or

{(d) L is a bivalent Cy¢ straight or branched, hydrocarbon chain wherein L has at least one
alkylidenyl double bond and at least one methyiene umt of L is replaced by a functional
group selected from -C(O)-, -NRC(O)-, -C(OINR-, -N(R)SO;-, -SOZN(R);, -S(0)-, -80;-, |
-0OC(0)-, or —C(O)O-, wherein at least one double bond is located in an alpha-beta
position relative to the carbonyl, sulfoxide, or sulfonyl functional group, and one or two
additional methylene units of L are optionally and independently replaced by
cyclopropylene, ~O-, -N(R)-, or -C(O)-; and Y is hydrogen or C;, aliphatic optionally
substituted with oxo, halogen, NO,, or CN: or

(e) L is a bivalent Cy¢ straight or branched, hydrocarbon chain wherein L has at least one
triple bond and one or two additional methylene units of L are optionally and
independently replaced by -NRC(0O)-, -C(O)NR-, -N(R)SO,-, -SO,N(R}-, -S-, -S(O)-,
-80;-, ~-OC(0)-, or —-C(O)YO-, and Y is hydrogen or C; aliphatic optionally substituted
with oxo, halogen, NO,, or CN; or ‘

(£) L 1s a bivalent Cy g straight or branched, hydrocarbon chain wherein one methylene unit of
L is replaced by cyclopropylene and one or two additional methylene units of L are
independently replaced by -NRC(O)-, -C(O)NR-, -N(R)SO,-, -SO,N(R}-, -S-, -S(0O}-,
-802-, -0C(0)-, or -C(O)O-; and Y is hydrogen or C, aliphatic substituted with oxo,
halogen, NO,, or CN;-or

(2) L is a covalent bond and Y is selected from:

(i} -CHzF, -CHoCL, -CHCN, or ~CHoNO;; or

(ii) Cyg alkenyl substituted with oxo, NO,, or CN; or

(i) Ca. alkynyl optionally substituted with oxo, halogen, NO-, or CN; or

(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from
oxXygen or nitrogen wherein said ring is substituted with 1-2 R® groups; or

(v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups; or

(vi) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4
R® groups; or
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or a pharmaceutically acceptable salt thereof, wherein: R1 and R1- are independently hydrogen or
optionally substituted Ci_6 aliphatic, or R' and le are taken together to form an optionally substituted
3-7 membered carbocyclic ring; R2a is -OH or -NHSO2R2; R2 is -N(R)2 or an optionally substituted
group selected from C3_7 cycloalkyl, a bridged bicyclic, 6-10 membered aryl, 5-10 membered
heteroaryl having 1-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 4-7
membered heterocyclyl having 1-2 heteroatoms independently selected from nitrogen, oxygen, or
sulfur; each R is independently hydrogen, optionally substituted C16 al(iiha_tic, or: two R on the same

nitrogen atom &fé takeRtdGe et ahe itrgsBR i fo oAy lin diiB ehed Hetrdb dEiOFAE haying

1-2 heteroatoms indepaiadenily selestedisammitiRean caxyeen oor sutful; RBdsia Waiheag:group -L-Y,
h#or branched, hydrocarbon chain wherein L has at least one

wherein: Lis a biv%ent C24 sg;i% (

double bond and 8H8 8P W0 AdditionaBMeliyEne units of L are independently replaced by a functional
group selectediipma-NRGDY-, HSOINRE -NR)SOTe+SO2MR)ycHE (B)rg - SO2re0GE0)- ru@(030-, or
-C(0)-, wherein atslﬁ%ﬁhﬁ@c?\gﬁlﬂfi’lﬁ ﬁ@@\(%{ﬁ)ggggted in an alpha-beta position relative to the carbonyl,
sulfoxide, or sulfonyl functional group; Y is hydrogen, C16 aliphatic optionally substituted with oxo,

halogen, NO2 /& @GNaghial g-as saiebréd eflchstBRoyEHE, SagIkrsapartidifitiRgatisated, or

aryl ring having O+i3fagtematomsciadenendanthisaiesteskiram, ndrogan:oxygeniOrsulfui,and wherein
said ring is substituted with 1-4 Re groups; and each Re is independently selected from -Q-Z, oxo,
NO2, halogen, Cﬁ‘,liésgﬁ]ift% Yélﬁlééﬁﬁ SH%SSQTected from alkoxy, sulphonyloxy, optionally substituted
alkylsulphonyléxys 6ptienbthyedahstittited:akenidg o nyloxyne plienalys sdbstiutedtantisafeniioxy, acyl,
diazonium, or Cl_@ﬁQp%%ﬁsstépstituted with oxo, halogen, NO2, or CN, wherein: Q is a bivalent C1.6
unsaturated, straight or Branched, hydrocarbon chain, wherein one or two methylene units of Q are
independently fépReeaiperpRistesiand-ting (egvine ¢ ()betere)ons SUeperdiR) e{oy GO (R)-,
-N(R)502-, or -SOZN¢R; aichéniohydingamerinlaf aliphaticisisdstitutedwithxaohalogen, NO2, or
CNL1:,. or R3 and R' are taken together wjth their intervenjng atoms to form an optionally substituted
saturated or ufS4dratet BRP FREh ey &riﬁ’d‘ﬁ%f@%é’@@ﬁ‘éf@%%ﬁ?gir?& ndentl $&fected from
nitrogen oxygen, aesuttuspwhedepeidentingsébimeat fherebyeompuises:a, warhéfd, groeieid s¥idor R3
and a ring formed by RL régtagda&etgﬁg%%(?ggth%r with their intervening atoms to form an optionally

substituted saturated or Unsaturate embéred ring having 2-6 heteroatoms independently

selected fréh hitfoddR bxagen Losdetted, Nggrein the ring formed thereby comprises a warhead group
-L-Y; 0 (i) Cy alkyl substituted with oxo, halogen, NO,, or CN; or
(i1} Cy.6 alkenyl optionally substituted with oxo, halogen, NO-, or CN; or
(iii) Co alkynyl optionally substituted with oxo, halogen, NOs, or CN; or
(iv} a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups; or
(v} a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups; or
{(vi} a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4
R® groups; or
(vii) a partially unsaturated 3-6 membered monocyclic ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups; or
(viii) a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is
substituted with 1-4 R® groups; or
(ix) a partially unsaturated 4-6 membered heterocyclic ring having 1-2 heteroatoms
mdependently selected from nitrogen, oxygen, or sulfur, wherein said ring 1s
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R4 is H, -NHC(0)R5, -NHC(0)OR6,, or a natural or unnatural amino acid side-chain group; each R5 is
independently -N(R)2 or an optionally substituted group selected from C1.6 aliphatic, a bridged
bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl Page 158 having 1-2
heteroatoms independently selected from nitrogen, oxygen, or sulfur; R6 is an optionally substituted
group selected frosub@jtubedliphiatie & gidged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl
having 1-4 heteroatoms independently selected fram nitrogen, oxygen, or sulfur, or 4-7 membered
heterocyclyl he%ﬁ?g 10 g’%?%g{gnm%{% e eélﬁgglﬁt@rggfterg d %Pg)c?rlngf% rghé%ﬁ,m i/sgséln,s%t}l %glrﬂ]l%q%gand R7
is an optionally subgtititedegreup selected from C16 aliphatic, a bridged bicyclic, 6_—10 membered aryl,
>10 membereg hetaraanbhrvngd:&hgtapaima ndenradenbr.sqiried dam Nitiogen eyoen or
sulfur, or 4-7 membered heterocyclyl having °1-2.he eroatoms independently se ccted from nitrogen,
oxygen, or sulfur; Bf@ TIRKERNIGUELR & TeioeRA s A ds RebarietakevitholiétRe ewithstheir intervening
atoms to foma@;Sathratas AL HRSRIMAAEdi Lo 20 mampaiediiing Havingi2 0 heferataMse 0-3

independently selected from nitrogen, oxygen, or sulfur; wherein the 16-22 membered ring is optionally
substituted with (Z¥EEroRRIRSIAR RS HIs R GEICHEM O BitiRaRisiVsYBdePb sl e ntBesTin;srid

independently halggens s@@m@d};;wma)z;mrg%hggtionally substituted group selected from C1_6
aliphatic or C3 7 ci(jcloalk l; and each R is independently optionally substituted C1_6 aliphatic; each

occurrence'BrBY ﬁdgf)éﬁoaéﬁt@ SIER I halogen, -OR, -CN, -NO2, -N(R()2, or optionally
substituted C1(i4@]iphiatiCsuibsisrand ey ek ol Ooto A MCISIE; or

(i) Cys alkenyl optionally substituted with oxo, halogen, NO,, or CN; or

(iii) Ca.¢ alkynyl optionally substituted with oxo, halogen, NO», or CN; or

(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from
oxygen or nifrogen wherein said ring is substituted with 1-2 R® groups; or

(v) a saturated 5-6 membered heterocyelic ring having 1-2 heteroatom selected from
oxygen Or nitrogen wherein said ring is substituted with 1-4 R® groups; or

{vi) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4
R® groups; or

(vii) a partially unsaturated 3-6 membered monocyclic ring having 0-3 heteroatoms
mndependently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups; or

(viii) a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is
substituted with 1-4 R® groups; or

(ix) a partally unsaturated 4-6 membered heterocyclic ring having 1-2 heteroatoms
independently selected from mnitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups; or

(x} a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted with
1-4 R® groups; or

(xi} a 5-membered heteroaryl ring having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R groups; or

(xif) an 8-10 membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said
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s is an integer from O to 4, inclusive; and t is an integer from O to 4, inclusive; wherein the sum of s and
t is non-zero. 3.The compound according to claim 2, wherein: L is a bivalent C7.5 straight or branched,
hydrocarbon chain wherein L has at least one double bond and at least one methylene unit of L is
replaced by a functional group selected from - C(0)-, -NRC(0)-, -C(0)NR-, -N(R)S02-, -SO2N(R)-,
-S(0)-, -S0O2-, -0C(0)-, or wherein at least one double bond is located in an alpha-beta position relative
to the carbonyl, Sql@iﬁ%&ﬁ;ﬁug@w{}fqtmm% gup, and one or two additional methylene units of L

are optiona@&nd n@)de@elp[ r{nt'&%;jrga §ﬁ|‘?‘}§%%¢i ! %thl N dro(gﬁed Cc:l Ocar (g)hahlc optlgnally

substituted %0, h € compo Gnd accor claim , wherein L'is a
bivalent C2_8 é‘[ﬁélﬁﬁ?cé?ddﬁé’%hed hydrocarbon chain Whereln L has at least one double bond and at
least one methyler&iyRit-6H.($, replachd dvy-afahctioral group selected from -C(0)-, wherein at least

one double bopg) igJocatesyin.anARNAEtARRIIIARglativedD H}ecfmnsﬁ@%mmg ABdianeor two
additional methylen nlfs of L are optionally and mdependentfy replaced by -C(0)-. 5. The

compound accordlng t6"CTAims 3, wherein L is a bivalent C2_8 straight or branched, hydrocarbon chain

wherein L has @tiiéast %h%b%!@%@ﬁd@ﬁﬂ%ﬁé%ﬁ@?@ﬂh@%én@%|?T0¢Nn|§rreplaced by -0C(0)-.
6. The compourid) accardingdRcaim@bwbereitetois MR G CGEGH, INRLEYGHRGHEHRMECH3)-,

"NRC(0)CH=CHCH{20 NRRQ 'dm@ﬂa'm SNRRQ2C HEGHeb a2 aNRERO 5 9'3?)0'*2 or
-CH2NRC(0)CH=C Where | ptlonall ubstituted C1 6a| hatic; and Fjgwcgjrogen or
BUhGR G A n, e

C1,6 aliphatic éﬁtl%rfﬁﬂgastﬁ% RREARENL 2 deterepiiam S¢cording
to claim 6, Wherem}qyggnm-@(ommppn said ring is substituted with 1-4 R® groups; or

-NHC(0) CH=CHIG bl 2 &akdd) 3Nk Dt e rbtert2Q- riltH SRR e shdrindNEH SOAGHSCH GH24,
-NHC(0)C(= CH2)§H % II—|2NHC(0)CH =CH-. 8. The compound according to claim 2, wherein

L is a bivalent C2 8 straight or
vii) a parfially unsaturated 3-6 membered monocyclic ring having -3 heteroatoms

independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups; or

(viii) a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is
substituted with 1-4 R® groups; or

(ix) a partially unsaturated 4-6 membered heterocyclic ring having [-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups; or

{x) a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted with
1-4 R® groups; or

{xi) a S-membered heteroaryl ring having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R® groups; or

(xii} an 8-10 membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxvgen, or sulfur, wherein said
ring is substituted with 1-4 R® groups;

(k) L is a covalent bond, —CH,-, -NH-, -C(O)-, -CHyNH-, -NHCH;-, ~-NHC(O)-,
-NHC(O)CH,OC(0)-, -CH,NHC(O)-, -NHSG,-, -NHSO,CH»-, -NHC(O)CH,OC(O)-, or
-SO;NH-; and Y is selected from:

(i) ~-CH,F, -CHyCl, -CHCN, or —CH2NO>; or
(ii} Cys alkenyl optionally substituted with oxo, NO,, or CN, and optionally substituted
with halogen; or
- {iii) Cy.6 alkynyl optionally substituted with oxo, halogen, NO,, or CN; or
(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from
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branched, hydrocarbon chain wherein L has at least one alkylidenyl double bond and at least one
methylene unit of L is replaced by a functional group selected from -C(0)-, -NRC(0)-, -C(O)NR-,

. -N(R)S02-, -SO2N(R)-, -S(0)-, -SO2-, -0C(0)-, or -C(0)0-, wherein at least one double bond is located
in an alpha-beta position relative to the carbonyl, sulfoxide, or sulfonyl functional group, and one or two
additional methylene units of L are optionally and independently replaced by -C(0)-. 9.A compound of

formula I: or a pharmagenticallyacsapiahlesaliibereeisubeteiruRi ang é%%@r@rindependently

hydrogen or optionally substituted C16 aliphatic, or Rl and R1' are taken together to form an optionally

substituted 3-7'théniprelE arfoBirenesiply DROP IS THBE- RIYEE 2R2; RS TRANPRIZ 6 4 (B3fionally
substituted group@@g&m framutBuhsyeloalivn g iRrdaed hiaveie, f4lR membhersd aryl, 5-10

membered heteroaryl having 1-4 heteroatoms independently selected from nitrogen, oxygen; or sulfur,
or 4-7 membef&d ﬁé?@f@é%%r%a&ﬁﬁ*&ef@é FRRIDEISTTE B AT %@%&éﬂbﬁaﬁﬁﬁ‘i%g’ehﬁoxygen,
or sulfur; each R igiigdapangently hydrogen, optionally substituted C16 aliphatic, or: two R on the
same nitrogen atom are taken together with the nitrogen to form a 4-7 membered heterocyclic ring
having 1-2 het&/8afoRETAHE PERARKEY S et BaRRrhitRsgeny oIS gBIE Brengul-RasEw ead
group -L-Y, wherqiiehdfideiblyalenicfed_&stialghbaedranches, bydsomarbamenain whergiyLibas at

. least one.triple bond and one or two additional methylene units of L are optionally and independently
replaced by -NRCIESUEEIRE | -RiRBHLS EO2N(R)-, -S-, -S(0)-, -SO2-, -0C(0)-, or Y is hydrogen,
C1,6 aliphatic gpfipralpasidistitiedurdtbdos’cs halegareNOZboceht g, 3vlkkregmiaategnporocyclic
or bicyclic, saturated, partially. unsatygated, or aryl ring having 0-3 heteroatoms independently selected
from nitrogen, oxyd ﬁ‘%&?‘eﬁj‘ﬁ/ﬂﬁr‘aﬁm¢$¥é’ﬁ1 aid ring is substituted with 1-4 Re groups; and each Re

is independentlit saleetetiiro nns@ufatex of-bl Qi:riisdage he N ¢ g Buitidnde Heavind grchipesedacird from

alkoxy, sulphonylcl)r>1<c\(é oe%gont Ily SPbSt%feufd alk Isulghon)ylox%; oI tionﬁll}/ sugstituted.

alkenylsulfonyloxy, oﬁlongﬂyysusﬁs‘il (G 8F§/Islhﬁ8ﬁy?0x§)/, %%%/ azonium, of C1.6 %ﬁu‘%héit‘?é siﬁbstituted

with oxo, halogensit@2yied @Mh WieReigro@pis @ bivalent Ci_o unsaturated, straight or branched,

hydrocarbon chain, wherein ane or two methylen its of O are independently replaced.by.-N(R)-,
R SIRNGI N S R TR SR TV
and Z is hydrogenl et K'lgt6uplipbiatic substituted with oxo, halogen, NO2, or CN; or R3 and R1 are
K ogether ') NSl ANg AIAT S0 A o1 SPHonall SHPSIMIed pal el pragurated

12-18 memberéd fing having etercatonts independently selected from nitrogen oxygen, or sulfur,
wherein the ring formegithergsnconiplisesiervingraiR3ingdsawint tivedeitby-RR rduRs are taken

fogether with gls INaENG RIaESe AT anARLenal AUPSHIGSSWAIRS AbyAaaied 12:10

membered ring having 2-6 heteroatoms independently selected from nitrogen oxygden, or sulfur,

wherein the ring fbaiseehthiapelndawiisndesseleotat daanghoupeen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R® groups; _
each R is independently selected from —Q-Z, oxo, NO», halogen, CN, a suitable leaving
group selected from alkoxy, sulphonyloxy, optionally substituted alkylsulphonyloxy,
optionally substituted alkenylsulfonyloxy, optionally substituted arylsuifonyloxy,-
acyl, diazonium, or C;¢ optionally substituted with oxo, halogen, NO,, or CN,
wherein:
Q is a bivalent C;.¢ unsaturated, straight or branched, hydrocarbon chain, wherein
one or two methylene units of Q are independently replaced by ~N(R)-, ~S-, -
0O-, -C(0)-, -OC(0O)-, -C(O)O-, -8O-, or -8S02-, -NR)YC(0)-, -C{OIN(R)-, -
N(R)SOy-, or -SO:N(R)-; and Z is hydrogen or C,4 aliphatic substituted with
oxo, halogen, NO,, or CN; |
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0 R4 is H, -NHC(0)R5, -NHC(0)OR6,0R7, or a natural or unnatural amino acid side-chain group; each
R5 is independently -N(R)2 or an optionally substituted group selected from Ch6 aliphatic, a bridged
bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; R6 is an optionally substituted group selected
from C1,6 alighiatic} B bric¢eibioyetier 6+iD tnembereeharylabOinfmbenagphietelvanh hiaviat 1-4
heteroatoms i entl itrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl
having 1-2 he&%%%%é@r?}sd%nﬁreﬁgg%%gtI;%ge%%g%g?%%?rﬁ%gﬂeaﬁ}n&%é%rﬁll ,e%irr Oseht ﬁnrsf and }ﬁ?dlesngﬁ
optionally substlattsd groumsmeeteekirom c1sBiatiptbtisiatheidgedbivydlibeti0ameprsesed-aryl, 5-10
membered hetgroaryl having 1-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur,

or 4-7 membered heterocyclyl having 1-2 heteroatoms independently selected from nitrogen, oxygen,
or sulfur; afd ORI faRekb RR AR e2ts doleeeingeigethsitwitisitHaterreaive singatorfyto form a

saturated or ungatigiaiesil 6s28smembeared /ity bavipg@:ahetesopioms,indencndently sglesigd from

nitrogen, oxygen, or sulfur; wherein the 16-22 membered ring is optionally substituted with (Rm)p,
wherein: p is afFRESYeRH AP Ea I e IBRIRRE: b HORoREnEEn B BRIl SRR et thel66&n, -OR;
-CN; -N(R)2; ofoai @ptiertalycsubstisied-anessa splagted from C1.6 aliphatic or C3_7 cycloalkyl; and
each R is independently optionally substituted C1.6 aliphatic; each occurrence of Rl is independently
selected from halogen, -OR, -CN, -NO2, él;I(R)g,\o?Eionally substituted C14 aliphatic;

T N

H
R*is H, -NHC(O)R®, -NHC(O)OR®, © R’ , or a natural or unnatural amino acid

-~

side-chain group;

each R’ is independently -N(R), or an optionally substituted group selected from C aliphatic, a
bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl
having 1.2 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

R® is an optionally substituted group selected from C,s aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independentily selected from nitrogen, oxygen, or sulfur; and

R’ is an optionally substituted group selected from Cjg aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms’ independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms

independently selected from nitrogen, oxygen, or sulfur; and
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m is an integer from 0 to 4, inclusive; s is an integer from O to 4, inclusive; and t is an integer from 0O to
4, inclusive; wherein the sum of s and t is non-zero. 10. The compound according to claim 9,
wherein Y is hydrogen or C16 aliphatic optionally substituted with oxo, halogen, NO2, or CN. 11.
The compound according to claim 10, wherein L is -C=CCH2N(isopropyl)-, -NHC(0)0aCCH2CH2-,
-CH2-CC-CH,-, -CCCH20-, -CH2C(0)05-C, -C(0)C=TC-, or -CH20C(=0)CEEC-. 12.A compound of
formulal: ora p%ic acceptable salt thereof, wherein: R1 and R1' are independently

all [

hydrogen?o_r é%’ﬁ»@" ted C16 aliph?atic, or Rl and Ru are taken together to form an optionally
substituf®di8-7 membered ‘carbociclic #igR Roa rkeD st MSD RE IRerSnERYBY Briwptionally
substituted grouprseleatsrfiommifadn @%Qﬁé%e?c@ﬂgg%g\;?f@@i@h@fé-gamﬁ@ﬁﬂ%qﬂéﬂﬂ?'lo

membered heteroaryl having 1-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, |
or 4-7 membered heterocyclyl havif§eies figte rouseRis ddaperdstfyselected from nitrogen, oxygen,

or sulfur; eachvdseindrpendentyhysteanan RRBalNsybstikied CinGratiphaticyQr: two R on the

same nitrogen atom are taken together with the nitrogen to form a 4-7 membered heterocyclic ring
having 1-2 heteroBtSHfs HERP IR ALY SelB&tH Fom nitrogen, oxygen, or sulfur; R3 R is a warhead
group -L-Y, whereaigsholscarival TtRC3 S slepigiab e pranghad. diyeracarbsprehain wherein one
methylene unit of L is replaced by ng%oropylene and one or two additional methylene units of L are
independently replac@@flﬂﬁ}ainﬁét(ﬁ)-, 1R BNR scLhgs GBBL CasguRiEie ks y6iealsb 5240 (0)-, or Y
is hydrogen, C1.6caliphatic opspnallysubstiviat wityoxedalqgenndQ2, or CN, or a 3-10 membered

indepor oIy SSHe i S Sy o 6 G T En G e A R SeECScWith 1-4
Re groups;ophierelly: substituted C.4 aliphatic;

m is an integer from 0 to 4, inclusive;

s is an integer from O to 4, inchusive; and

t is an integer from O to 4, inclusive;

wherein the sum of s and t is non-zero.
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each Re is independently selected from -Q-Z, oxo, NO2, halogen, CN, a suitable leaving group
selected from alkoxy, sulphonyloxy, optionally substituted alkylsulphonyloxy, optionally substituted
alkenylsulfonyloxy, optionally substituted arylsulfonyloxy, acyl, diazonium, or C1.6 aliphatic substituted
with oxo, halogen, NO2, or CN, wherein: Q is a bivalent C1,6 unsaturated, straight or branched,
hydrocarbon chain, wherein one or two methylene units of Q are independently replaced by -N(R)-,
-S-, -0-, -C(0)-, - OC(0)-, -C(0)0-, -SO-, or -502-, -N(R)C(0)-, -C(0)N(R)-, -N(R)S02-, or - SO2N(R)-;
and Z is hydrogen or CI-6 aliphatic optionally substituted with oxo, halogen, NO2, or CN; or R3 and Rt
are taken together with their intervening atoms to form an optionally substituted saturated or
unsaturated 12-18 mémbaretrhef havindged:6 heteroatoms independently selected from nitrogen
oxygen, or sulfur, wherein the ring formed thereby comprises -L-Y; or R3 and a ring formed by RI and
Rh are taken together with their intervening atoms tg“form an optionally substituted saturated or
unsaturated 12-18 membered ring having2-6 h atoms independently selected from nitrogen
oxygen, or sulfur, wherein the ring formed thergby comprises a warhead group; 0 R4 is H, -NHC(0)R5,
-NHC(0)OR6,0R7, or a natural or unnatural dmino acid sigg=chain group; each R5 is independently
-N(R)2 or an optionally substituted group segctegifro Gratiphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl hafing 1}1{4 het@roatoms independently selected from
nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl baving 1-2 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; R6 is anoptionally substituted group selected from C1
aliphatic, a bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms
independenplyasapsctst froracafptiensakgerniowBettin; or 4-7 membered heterocyclyl having 1-2

heteroajoms ingeprndapiy,seia! ‘%é%?éf@é@n”&f%gﬁﬂmmSVQ%tﬂﬁéa@fi AR IS Ap:aptiopally.
substituted group selected from C1,6 aliphatic, a brldghed bicyclic, 6-10 membered aryl, 5-10

membered BEtErOERIGA0iFRyL a0 IoetisrRly SO s ﬂéﬁﬂ?@@l@%ﬁé&’ﬁ@‘ﬁiﬁlfﬁégen oxygen, or sulfur,
or 4-7 membergd (ﬁ}et}emghyl having 1-2 heteroatoms independently selected from nitrogen, oxygen,
or sulfur; and 0 (R)m-N4 Rz is; or R4 and le are taken together with their intervening atoms to form a

saturateld df thl ?afguoz?éozlélhﬁéﬂ%e%ta%%@%m#& ddRatdroatoineitiabrepddert, Maglc el

6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently

selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
each R is independently hydrogen, optionally substituted C;_ aliphatic, or:
two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7
membered heterocyclic ring having 1-2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

R’ is a warhead group ~L-Y, wherein:
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selected from nitrogen, oxygen, or sulfur; wherein the 16-22 membered ring is optionally substituted
with (Rm)i" wherein: p is an integer from 1 to 6, inclusive; each occurrence of Rill is independently
halogen, -OR; -CN; -N(R)2; or an optionally substituted group selected from C1,6 aliphatic or C3_7
cycloalkyl; and each R is independently optionally substituted C16 aliphatic; each occurrence of RY is
independently selected from halogen, -OR, -CN, -NO2, -N(R)2, or optionally substituted C14 aliphatic;

Piis anfinfeged; {aen:Qip, 4uMelsly &rsnishan NagRifem dhiAvirebusivaiand ldsasdniagetdrom 0 to

4, inclgsivg; wherein the sum of s Eltg 55 noet-z J&, o _13.fT e Cé”ﬂﬁ%”gd g%rfordi cté)d Iairg 12,
wherein Y |]%0 dfo e?{l%roéf%oaﬁ%%aﬁc op |onz¥ﬁy sukl)slt1'|§u?ed}j Wit 0XO0, ha ogeﬁ/, ﬁé}% or CN. 14. A
compound Bifsienal gioup selagstth i NREAN) -accEpitifle sHIRIEIeof, SWR8ih; FI(Ghd Rlare
dependentcuoneo: oo ubsic st ot Rro ahonogsi o
o?r;nnal)np?i g égﬁl@g% B‘Eéiﬁliﬂ"t%%) Sﬁﬁr&?gltél}?%%d%%%%r?g&% ,1031 I?r%‘alé%pgicyclic, 6-10’ men;Sberéd)
aryl, 5-10 ménregen. atedaiyitvavityalyhaterdatothyifidepanteeinseibbted fom dittohh,
oxygen, or sidlfineen nédnemieredhstarocyshhhavipadadheiesaatems dndependentyisglected from
nitrogen, O)%geer(r)]étgrrngqg éx;)gﬁggﬂ%/%%ﬁ:cted from nitrogen, oxygen, or sulfur, and whefein said ring is
substituted with 1-4 R® groups; and B
each R® is independently selected from —Q-Z, oxo, NO,, halogen, CN, a suitable leaving group
selected from alkoxy, sulphonyloxy, optionally substituted alkylsulphonyloxy, optionally
substituted alkenylsulfonyloxy, optionally substituted arylsulfonyloxy, acyl, diazonium, or
C.¢ aliphatic substituted with oxo, halogen, NO,, or CN, wherein:
Q is a bivalent Cy.¢ unsaturated, straight or branched, hydrocarbon chain, wherein one or
two methylene units of Q are
independently replaced by -N(R)-, -S-, MO—, -C(0)-, -OC(0)-, -C(0)O-, -80-, or
-80s-, -N(R)YC(O)-, -C(O)N(R)-, -N(R)SO:-, or ~SO;N(R)-; and
Z is hydrogen or C,.¢ aliphatic substituted with oxo, halogen, NO,, or CN;
or R® and R! are taken together with their intervening atoms to form an optionally substituted
saturated or unsaturated 12-18 membered ring having 2-6 heteroatoms independently
selected from nitrogen oxygen, or sulfur, wherein the ring formed thereby comprises a
warhead group -L-Y; or ‘
R® and a ring formed by R' and R" are taken together with their intervening atoms to form
an optionally substituted saturated or unsaturated 12-18 membered ring having 2-6
heteroatoms independently selected from nitrogen oxygen, or sulfur, wherein the ring

formed thereby comprises a warhead group ~L-Y;
0
H :
RS _N ;
H
0 R’

each R’ is independently -N(R), or an optionally substituted group selected from C). aliphatic, a

R*is H, -NHC(O)R®, -NHC(O)OR?, , or a natural or unnatura! amino acid

side-chain group;

bridged bicyclic, 6-10 membered 'ar-)'fl, 5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl
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each R is independently hydrogen, optionally substituted C1.6 aliphatic, or: two R on the same
nitrogen atom are taken together with the nitrogen to form a 4-7 membered heterocyclic ring having
1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur; R3 is a warhead group -L-Y,
wherein: L is a covalent bond, -C(0)-, -N(R)C(0)-, -NH-, -CH2NH-, -NHCH2-NHC(0)CH20C(0)-,
-CH2NHC(0)-, -NHS02-, -NHSO2CH2-, -NHC(0)CH20C(0)-, or -SO2NH-, or a bivalent Ci_ g saturated
or unsaturateingtiaightenc bieme heldpbrydinotasbleateh dimmnantogds, setested fresittie following : (z)

-CHEFQQ%E&%);E%S@ sQhutaid 0%%‘ ik &2 alkeny! antiomally, sybsiited Wit oxq NO2, or

CN, and optionall tituted with n; or (iif) C2.6 alkynyl optionally substituted with oxo,
halogen, N@©gmbeeh aoi, () 8 smitisd Beternaberethdidrbeireiiatpinyg Hulapendendresolattiil selected

from oxygep of NifeAeR RsEel SRICLNG iSSHbSURIGEEWINLL& RS GPURSIHY (V) S.salLalRd 5-6

membered heterocyclic ring having 1-2 heteroatom selected from oxygen or nitrogen wherein said ring
is substitutdigngndentiReckideh EoBy nitfORy R SaHHE M Hiébered carbocyclic ring, wherein said

ring is sEbstitutedwithaird ReGrattes oRnvilidadpartiain uosaturied 3-6 memberseyppnosyeic ring
having 0-3 heteroatoms independently selected from nitro oxygen, or sulfur, wherein said ring is

substitutedlﬁﬁfﬂbfradwéy&réa&%%Bef%ﬂaﬁiﬁaﬂwwm%i%néﬁéemamr@&@%’&%i&e}ﬁ%&%herein

said ring is guRsSHitiee Wit JodnRErofaERS; & 4-7 membered heterocyclyl having 1-2 heteroatoms

independently selected from nitrogen, oxygen, or sulfur; and

= s O
R —Q\/IESN—F{N
R” is ' o ; or R® and R” are taken together with their intervening atoms to form

a saturated or unsaturated 16-22 membered ring having 2-6 heteroatoms independently
selected from nitrogen, oxygen, or sulfur;
wherein the 16-22 membered ring is optionally substituted with (R™),, wherein:
p is an integer from 1 to 6, inclusive;
each occurrence of R™ is independently halogen, -OR°®; -CN; -N(R®),; or an
~ optionally substituted group selected from C,4 aliphatic or Cs.; cycloalkyl; and
each R is independently optionally substituted Cy¢ aliphatic;

each occurrence of R” is independently selected from halogen, -OR®, -CN, -NO,, -N(R"),, or
optionally substituted C;_4 aliphatic;

m is an integer from 0 to 4, inclusive;

s is an integer from 0 to 4, inclusive; and

tis an integer from 0 to 4, inclusive;

wherein the sum of s and t is non-zero.

3. The compound according to claim 2, wherein:

L is a bivalent C,.g straight or branched, hydrocarbon chain wherein L. has at least one double
bond and at least one methylene unit of L is replaced by a functional group selected from -
C(0)-, -NRC(O}-, -C{O)NR-, -N{R)SO3~, -SO;N(R)-, -S(0)~, -80,-, -OC(0O)-, or —C(O}0-,
wherein at least one double bond is located in an alpha-beta position relative to the carbonyl,
sulfoxide, or sulfonyl functional group, and one or two additional
methylene units of L are optionally and independently replaced by -C{O)-; and

Y is hydrogen or.Cm aliphatic optionally substituted with oxo, halogen, NO,, or CN.
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0-3 (x) , Or (xi) a partially unsaturated 4-6 membered heterocyclic ring having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is YNNNR (Re)1-2 'riff])
1-2/1-2 (Xii)(Re)1-2(Re)1-2 ; or (xiii) a 6-membered aromatic ring having 0-2 nitrogens wherein said
ring is substituted with 1-4 le groups; or N* N (N 1N ckir Nsr. ?(Re)1-4 7 -(Re),-.4 7 -(Fni-3 - -(Re)1-3
-i(R)13

4, The compound according to claim 3, wherein L is a bivalent Cyg straight or
branched, hydrocarbon chain wherein L. has at least one double bond and at least one methylene
unit of L is replaced by a functional group selected from -C(O)-, wherein at least one double
bond is located in an alpha-beta position relative to the functional group, and one or two

additional methylene units of L are optionally and independently replaced by -C(O)-.
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(XIV)..7".N N --.,.. ....<- wherein each Re is as defined above and described herein; or (xv) a
5-membered heteroaryl ring having 1-3 heteroatoms independently selected from nitrogen, oxygen, or
sulfur, wherein said ring is substituted with 1-3 Re groups; or j.:n., Jut din' N, R-1-(Re )1-2N, c
7r(Re)i -3 00,0,,0, s(s (C Nc C N ---C\(Re)1_3 ;---(Re)1_2V 71-(Re)1,2

. 5, The compound according to claims 3, wherein L is a bivalent Ca4 straight or

branched, hydrocarbon chain wherein L has at least one double bond and at least one methylene

unit of L is replaced by -OC(O)-.

6. The compound according to claim 2, wherein L  is° -NRC(O)CH=CH-,

NRC{O)CH=CHCH,N(CH3)-, ~NRC(O)CH¥CHCH20—, -NRSO,CH=CH-,

-NRSO,CH=CHCH,-, -NRC(O)C(=CH1)CH;-, or -CHNRC(O)CH=CH-; wherein R .is H or

. optionally substituted Cy4 aliphatic; and Y is hydrogen or C; aliphatic optionally substituted
with oxo0, halogen, NO,, or CN.

7. The compound according to claim 6, wherein L is -NHC(O)CH=CH-,
-NHC(O)YCH=CHCH,N(CHj)-, ~-NHC(O)YCH=CHCH,0-, -NHSO,CH=CH-,
-NHSO,CH=CHCH;-, -NHC(O)C(=CHz)CH,-, or -CH,NHC(O)CH=CH-.

. The compound according to claim 2, wherein L is a bivalent Cyg straight or
branched, hydrocarbon chain wherein L has at least one alkylidenyl double bond and at least one
methylene unit of L is replaced by a functional group selected from -C(O)-, -NRC(O)-,
C(OINR-, -N(R)SO,-, -SON(R)-, -S(O)-, -8O»-, -OC(O)-, or ~C(0)O-, wherein at least one
double bond is located in an alpha-beta position relative to the carbonyl, sulfoxide, or sulfonyl
functional group, and one or two additional methylene units of L are optionally and

independently replaced by ~C(O)-.

9. A compound of formula 1:
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S", S,N..",S,".. 5s ( Nc C N 51 (xvii) an 8-10 membered bicyclic, saturated, partially unsaturated, or aryl
ring having 0-3 heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said ring
is substituted with 1-4 Re groups; Page 162 or R3 and R1 are taken together with their intervening
atoms to form an optionally substituted saturated or unsaturated 12-18 membered ring having 2-6
heteroatoms independently selected from nitrogen oxygen, or sulfur, wherein the ring formed thereby
comprises -L-Y; or R3 and a ring formed by R1 and 8bFére taken together with their intervening atoms
to form an optionally substituted saturatedaor unsatyrated 12-18 membered ring having 2-6
heteroatoms independently selected fronfy nitrogen §xygen, or sulfur, wherein the ring formed thereby
comprises a warhead group; R4 is H, -l R HC(0)OR6,0R7, or a natural or unnatural amino

acid side-chain group; each R5 is ind&aend ntly -N(RJ2 oR'&an optionally substituted group selected
gcParyl &0 membered heteroaryl having 1-4

from C1,6 aliphatic, a bridged bicyclic, 6-10%n
heteroatoms independently selected from nitrogen, okygen, or sulfur, or 4-7 membered heterocyclyl
having 1-2 heteroatoms independently selected from nitro§len, oxygen, or sulfur; R6 is an optionally
substituted group selected from C1..6 aliphatic, a lridged bicyclic, 6-10 membered aryl, 5-10

membered hgteroar I,hagin 1-4h ter?a oms #nd&gendently selected from nitrogen, oxygen, or sulfur,
or 4-7 mgfhBeteHgtdracy TG It o ¥ RS e independently selected from nitrogen, oxygen,
or sulfulR ki R iszan ioftiomaly by bgtituged groppseléctetidfian CO6allghatic, aridgedricyelic, 6-10
membered aryl, 5-10. membered heteroaryl having 1- _l?eter toms independently selected from
nitrogen, o%%éin?)%?%slﬁl Sr{%oanﬁ? ?’Rtean ae%eS %Se]tte%g%éc y eﬁﬁ‘é“’ﬁ’ﬁ%‘éﬁ‘?‘&%{é‘?ﬁs independently
selectedfiom @lrogeRHEREEN, or sulfur; and 0 (RO,-,,N Rz is; or R4 and R7 are taken together with

M L e e LT
ring is optidnaflyseisseteded ity (Hinenbredihetgripa inster frdmhetesestomelusilaendently
selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
each R is independently hydrogen, optionally substituted C, ¢ aliphatic, or:
two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7
membered heterocyclic ring having 1-2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;
R’ is a warhead group —L-Y, wherein:
L is a bivalent C, ¢ straight or branched, hydrocarbon chain wherein L has at least one triple bond

and one or two additional methylene units of L are optionally and independently repiaced by

NRC(O)-, -C(OINR-, -N(R)SO;-, -SO;N(R)-, =S-, -S(0)-, -8O-, -OC(O)-, or -C{O)O-,
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each occurrence of 1r is independently halogen, -OR; -CN; -N(R)2; or an optionally substituted group
selected from C1_6 aliphatic or C3_7 cycloalkyl; and each R is independently optionally substituted
C1_6 aliphatic; each occurrence of RY is independently selected from halogen, -OR’, -CN, -NO2,
-N(W)2, or optionally substituted C1.4 aliphatic; m is an integer from 0 to 4, inclusive; s is an integer
from O to 4, inclusive; t is an integer from O to 4, inclusive; wherein the sum of s and t is non-zero; each
Re is indepehdéntyrsélectalibhram o@lignadko sibSuted|ogen N halsgita B e avitgNgoup Sdlécted

from alkoxy. syiphoni ationalsuheUiuted ebolsHiationron-Rional pubsest. o.3

alkenylsulfonyloxy, optionally substituted arylsulfonyloxy, acyl, diazonium aliphatic substituted
with oxo, harsgreato® dspoNenillicrdinted o Bitratem @%eun@mukﬁve@néwﬁ}@ﬁﬂbwﬁaﬁméd

hydrocarbog,gh&aiReyhRHeI Qe AR %y)g Jmethylene units of Q are independently replaced by -N(R)-,
-S-, -0-, -C(0)-, - OC(0)-, -C(0)0-, -SO-, or -SO2-, -N(R (0)- _C(O)Nél\g_ -N(R 802 or - SO2N(R)-;
and Z isth g’éﬁr&e@fﬁﬁlﬁ%ﬁ%@%‘%@m@b%% RGN él%r%ﬁ?é’}ﬂnd

according te-glaitn Hhnvheareiy, leﬁ;ﬁn@@;‘yl@i@ﬁ&&ﬁﬂaﬁ?'@ﬁbsdﬂh&d Q@)suh%@ _
-NHC(0)CH20C 0) -CH2NHC(0)-, -NHS02-, -NHSO2CH?2:, -NHG(0)CH20C(0)-, or SOZNH 16. The

compound T Bkenist Bﬂﬂﬁf@%ﬁﬂ%ﬂ&%é&%ﬁ@ﬂ?ﬁ%ﬁ@f i‘*} WA MY ST P

C | aliphatic substituted with oxo, halogen, NO,, or CN, wherein:

Q is a bivalent C;_4 unsaturated, straight or branched, hydrocarbon chain, wherein one or
two methylene units of Q are independently replaced by -N(R)-, -S-, -O-, -C(O)-, -
OC{O)-, -C{O)YO-, -SO-, or -SO,-, -N(R)YC(O)-, -C(ON{R)-, -N(R)SO;-, or —
SO;N(R})-; and

Z is hydrogen or C) aliphatic substituted with oxo, halogen, NO,, or CN;

or_R3 and R’ are taken together with their intervening atoms to form an optionally substituted
saturated or unsaturated 12-18 membered ring having 2-6 heteroatoms independently

selected from nitrogen oxygen, or sulfur, wherein the ring formed thereby comprises -L-

Y; or

R? and a ring formed by R' and R" are taken together with their intervening atoms to form

an optionally substituted saturated or ﬁnsaturated 12-18 membered ring having 2-6

heteroatoms independently selected from nitrogen oxygen, or sulfur, wherein the ring

formed thereby comprises a warhead group;

VL g
R* is H, -NHC(O)R®, -NHC(O)OR®, O , or a natural or unnatural amino acid
side-chain group; ‘
each R®is independently -N(R), or an optionally substituted group selected from C, aliphatic, a
bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having _
-4 heteroatoms independently selected from nitrogen, oxygen, or sulfor, or 4-7 merﬁblered
heterocyclyl having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur;
RS is an optionally substituted group selected from Cyg aliphatic, a bridged bicyclic, 6-10

membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
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or a pharmaceutically acceptable salt thereof, wherein: Rl and RI. are independently hydrogen or
optionally substituted C1.6 aliphatic, or Rl and Rr are taken together to form an optionally substituted
3-7 membered carbocyclic ring; R2a is -OH or -NHSO2R2; R2 is -N(R)2 or an optionally substituted
group selected from C3_7 cycloalkyl, a bridged bicyclic, 6-10 membered aryl, 5-10 membered
heteroaryl having 1-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 4-7
membered freterocygyh.haxing:l -8 heténoatords7indepbadénibtsetgcted irvmnitragencmaygen, or
sulfur; eacqn%ése@%e end e&tl E%dr%g%%gée%?t‘_j&ngél gusbxﬁ%tﬂ-ted C1.6 aliphatic, or: two R on the same
nitrogen atom are akeh toget er with the i rogyéh b form a 4-7 membered heterocyclic ring having
1-2 heteRdatonts imtiepaiidentiytisskettadirons miteslgényoXygenlipnasidivr; B gsh Waybeadgroup -L-Y,
wherein: L | g - e\ (¢ - ~:CH 2 - 1} -
e R A A BB T O] or SOOI, % BAICH € B Shiurated
or unsaturafedn stfagknopiyasiched siaroearbonetahsrethderisasiet tbeivirant tAdifbtionings Page

163b o e%ﬁ@éﬂ@ﬁ@&ﬂfﬂmmed from nitrogen, oxygen, or sulfur; and

oz .2 O
R 1| N
2. T j T
R%1s L

a saturated or unsaturated 16-22 membered ring having 2-6 heteroatoms independently

; or RY and R” are taken together with their intervening atoms to form

selected from nitrogen, oxygen, or sulfur;
wherein the 16-22 membered ring is optionally substituted with (R™),, wherein:
p is an integer from 1 to 6, inclusive;
each occurrence of R™ is independently halogen, -OR®; -CN; -N(R®),; or an
optionally substituted group selected from C;¢ aliphatic or Cs.7 cvcloalkyl; and
each R® is independently optionally substituted C; ¢ aliphatic;
each occurrence of R” is independently selected from halogen, -OR®, -CN, -NO;, -N(R®),, or
optionally substituted C;4 aliphatic;
m is an integer from 0 to 4, inclusive;
s is an integer from 0 to 4, inclusive; and
t is an integer from 0 to 4, inclusive;

wherem the sum of s and ¢ is non-zero.

10.  The compound according to claim 9, wherein Y is hydrogen or C;4 aliphatic

optionally substituted with oxo, halogen, NO,, or CN.

11. The compound according to claim 10, wherein L is -C=C.,
-C=CCH,N(isopropyl)-, -NHC(O)YC=CCH,CH;-, -CH,-C=C-CH;-, -C=CCH,0-, -CHC(O)C=C-
, ~C(O)C=C-, or -CH,OC(=0)C=C-.

12, A compound of formula I:
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tttt 0OOOMe LRe YYYYzzzzaaaaabbbbbcccec or ddddd wherein each Re is independently selected
from halogen, or R3 and RI are taken together with their intervening atoms to form an optionally
substituted saturated or unsaturated 12-18 membered ring having 2-6 heteroatoms independently
selected from nitrogen oxygen, or sulfur, wherein the ring formed thereby comprises -L.- Y; or R3 and
a ring formed by RI and Rh are taken together with their intervening atoms to form an optionally
substituted saturated or unsaturated 12-18 membergg'ﬁ‘ﬁg having 2-6 heteroatoms independently
selected from nitrogen oxygen, or sulfur, e@gherein thé ring formed thereby comprises a warhead group;

R4 is H, -NHC(0)R5, -NHC(0)0R®6, side-chain gfoups , or a natural or unnatural amino acid each R5 is
independently -N(R)2 or an optionally it®

oup selected from C1.6 aliphatic, a bridged
bicyclic, 6-10 membered aryl, 5-10 memberdd heter : ﬁéviqg 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, orQL-Z) %terocyclyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; R8 is an optionally substituted group selected
from C16 aliphatic, a bridged bicyclic, 6-10 membered aryf,) 5-10 membered heteroaryl having 1-4
heteroatoms independently selected from nitrogenf oxygen, or sulfur, or 4-7 membered heterocyclyl

having 1-2 heteroat 'I‘éﬂﬁ‘ epen fl lected fram nitrogen, oxygen, or sulfur; and R7 is an
optional?§ ggﬁgﬂﬁj%e%léroﬁgs%%%%e% %%ﬁr?ﬁﬁ %C186 hﬁphﬁ%’, a bridged bicyclic, 6-10 membered aryl, 5-10

membe dahdtBloary iitrevengianthyHetdrozonrsopidapdi dehaasibEredaiphatiinonRnaeskyfgerrcor sulfur,
o ijﬂﬁé%ﬁéﬁ%Qaﬁ?éwﬁxh%%ga&ﬁlp%ﬁ%@%@é@%mf‘@%wé‘@é'yrﬁ%?sﬁ%qiﬁgm nitrogen, oxygen,

R* is -OH or -NHSO:R%

R? is -N(R); or an optionally substituted group selected from Ci.7 cycloalkyl, a bridged bicyclic,
6-10 membered aryl, 5-10 membered heteroarj;fl having [-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each R is independently hydrogen, optionally substituted C; .4 aliphatic, or:

two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7
membered heterocyclic ring having 1-2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

R’ is a warhead group —L-Y, wherein:

L is a bivalent Cy.g straight or branched, hydrocarbon chain wherein one methylene unit of L 1s
feplaced by cyciopropylene and one or two additional methylene units of L are independently
replaced by -NRC(O)-, ~-C(O)NR-, -N{R)SO;-, -SON(R)-, ~S-, -8(0)-, -SO;-, -OC(O)-, or
-C{O)O-; ' N

Y is hydrogen, Cy aliphatic optionally substituted with oxo, halogen, NO,, or CN, or a 3-10
membered monocyclic or bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, and wherein said ring is
substituted with 1-4 R® groups; wherein: '

each R is independently selected from —Q-Z, oxo, NO,, halogen, CN, a suitable leaving group
selected from alkoxy, sulphonyloxy, optionally substituted alkylsulphonyloxy, optionally
substituted alkenylsulfonyloxy, optionally substituted arylsulfonyloxy, acyl, diazonium, or

C\.¢ aliphatic substituted with oxo, halogen, NO», or CN, wherem:
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(R),=N4 12, is; or R4 and re are taken together with their intervening atoms to form a saturated or
unsaturated 16-22 membered ring having 2-6 heteroatoms independently selected from nitrogen,
oxygen, or sulfur; wherein the 16-22 membered ring is optionally substituted with (R )p, wherein: p is
an integer from 1 to 6, inclusive; each occurrence of RH is independently halogen, -OR; -CN; -N(R)2;
or an optionally substituted group selected from Ci.6 aliphatic or C3:7 cycloalkyl; and each R is
independently Qpticnziitylsubsiitesh @B dliphight; @dohrobedirodos abRY dsaindeperde ntly selected

from halogen, -OR,,:C thwl@x?e u@}i@@g o lelclife] gﬁjﬁﬁ&ﬂ%ﬁm fg&%@ aﬁ‘eﬁ _th m is, é _&g&ger from O

to 4, inclusive; s is an integer from 0 to , Inclusive; tis a eger from 0'to 4, |ncIu5|ve nd wherein
the sum of s and t¥-ah- ze%@%ge*&@aa 01 8- ALompYE 6 ¥ontGI&IN(Bi-a phaRtdeeutivally
acceptable salt theggafwesgin: R1 and Rr are independently hydrogen or optionally substituted C15

aliphatic, or R1 and Rr are taken together to form an optionally substituted 3-7 membered carbocyclic
ring; R2a is -OH4 fﬁlh_\/[q;qg@mg 1.6 aliphatic optionally substituted with oxo, halogen; NO,, or CN;

or R? and R' are taken together with their intervening atoms to form an optionally substituted
saturated or uﬁsaturated 12-18 menibered ring having 2-6 heteroatoms independently
selected from nitrogen oxygen, or sulfur, wherein the ring formed thereby comprises -1.-
Y; or

R’ and a ring formed by R' and R" are taken together with their intervening atoms to form
an optionally substituted saturated or unsaturated 12-18 membered ring having 2-6
hetercatoms independently selected from nitrogen oxygen, or sulfur, wherein the ring

formed thereby comprises a warhead group;

H
R5TN%ﬁ:€7-

R*is H, -NHC(O)R®, -NHC(O)OR®, O R’ ,or a natural or unnatural amino acid
side-chain group;

each R’ is independently -N(R), or an optionally substituted group selected from C,, aliphatic, a
bridged bicyclie, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl
having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

R® is an optionally substituted group selected from C; aliphatic, a bridged bicyclic, 6~1()
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently seiected from nitrogen, oxygen, or sulfur; and

R’ is an optionally éubstituted group selected from C, aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms

independently selected from nitrogen, oxygen, or sulfur; and

Z
(RN, @;N—(
R* is ol ; or R* and R” are taken together with their intervening atoms to form

a saturated or unsaturated 16-22 membered ring having 2-6 heteroatoms independently
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R2 is -N(R), or an optionally substituted group selected from C37 cycloalkyl, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; each R is independently hydrogen, optionally substituted
C1_6 aliphatic, or: two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7
membered dubtexaciolic tingdeavingder?, beterdaioms independently selected from nitrogen, oxygen, or

sulfur; 0 ;ZaZiW 1'61%11?‘ Cdl%)\??r%%qreib&gcp 1¥nléul_snz)lp 1 hzgﬂy\égb%t(i) O?/Q Wlizlo(’hm)p, wherein:
p is an integer from 1 to 6, inclusive;
each occurrence of R™ is independently halogen, -OR®; -CN; -N(R®);; or an
optionally substituted group selected from C;_; aliphatic or C;7 cycloalkyl; and

each R° is independently optionally substituted C;_¢ aliphatic;

each occurrence of R” is independently selected from halogen, -OR®, -CN, -NO,, -N(R%,, or

optionally substituted C;.4 aliphatic;

m is an mteger from 0 to 4, inclusive;

s is an integer from 0 to 4, inclusive; and

tis an integer from 0 to 4, inclusive;

wherein the sum of s and t is non-zero.

13. The compound according to claim 12, wherein Y is hydrogen or C,¢ aliphatic

optionally substituted with oxo, halogen, NO,, or CN.

14, A compound of formula I:
~R?

R3

N
R4/Hr R1 R1'
0 XY]/RZa
C N
H

O
I

or a pharmaceutically acceptable salt thereof, wherein:

R’ and R' are independently hydrogen or optionally substituted C; aliphatic, or R! and R" are
taken together to form an optionally substituted 3-7 membered carbocyclic ring;

R* is -OH or -NHSO,R%;

R is -N(R), or an optionally substituted group seclected from Cs7 cycloalkyl, a bridged bicyclic,
6-10 membered arvl, 5-10 membered heteroaryl having 1-4 heteroatoms mdependently
selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxvgen, or sulfur;
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each R 1s independently hydrogen, optionally substituted C,¢ aliphatic, or:
two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7
membered heterocyclic ring having 1-2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;
R’ is a warhead group —L-Y, wherein:
1. is a covalent bond, -C(O)-, -NR)C(O)-, -NH-, -CH,NH-, -NHCH,-NHC(O)YCH,OC(O)-,
~-CH;NHC(O)-, -NHSO;-, -NHSO,CH,-, -NHC{O)CH,0C(O)-, or -SO;NH-, or a bivalent C;.
g saturated or unsaturated, straight or branched, hydrocarbon chain; and
Y is selected from the following :
(i) <CHoF, -CHCl, -CH>CN, or — CHaNO»; or
(ify Cy4 alkenyl optionally substituted with oxo, NO,, or CN, and optionally substituted
with halogen; or
(iify Ca¢ alkynyl optionally substituted with oxo, halogen, NO,, or CN; or
(iv) a saturated 3-4 membered heterocychic ring having 1 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups; or
(v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from

oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups; or

(R® )1 2 (R%)12
/\N"Q -Z K\/\N"%
(VI) 2 L+/31-2 (% \_{41 -2 , or 1-2

(vif) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4
R® groups; or

(viii} a partially unsaturated 3-6 membered monocyclic ring having 0-3 heteroatoms
mdependently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups; or

(ix) a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is

substituted with 1-4 R® groups; or
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MeN,N ':t? nnnOOOPPPqqq rrrSSSV1T OCH30CH30CH, -13z(N)L-f"--11'01-1N 33
6H36H2CH36H2CH=0H2 infnmminnnnnnO00000PPPPPflggqq

G-3
TR
(x} ,or

(xi) a partially unsaturated 4-6 membered heterocyclic ring having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is

substituted with 1-4 R® groups; or
O

0
S )K A NR (L 2
)/__z\(Re gt 1. B e/
(xiiy O (R“"‘)m (Rem or (R% 12

;or
{xiii) a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted

with 1-4 R groups; or

R N\
(xiv) é@“(ﬁe)1.4 g_llf / s ; \/ s § K/ e 3 k

wherein each R® is as defined above and described herein; or

_(R&h 3

(xv) a 5-membered heteroaryl ring having 1-3 heteroatoms independently selected from

nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R® groups; or

: ; § :
3 ¢ 2 < N € N
(xvz)g TR —\\-Mﬁi;l\ M2 g#\‘—-’j\(Re)m ;“&_:y R
( , ) ( N N
\ TR &}T(Re)a«z \ T~r®) \N__’f R®
@ 0 O O,
( » \ > ¢ N \
T @ SLNRh: ST Ru2  SRTR
s S S

(1 ¢ N

TR SR,

{xvii) an 8-10 membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R® groups;

Page 162



rimssssslttut1411UUII 00 ;LL -NO CH30 ? tutuMillkkkkkk111111mmmmmm nnnnnn
OOHOOOH,,,N,,,r,F \,0-1:2()-LOEt'CN 40---"-AOEt t, twitttuultuuVVVVWVWWWWWWXXXXXX Of YYYYYyy
wherein each Re is independently halogen, NO2, CN, oxo, or a suitable leaving group selected from
alkoxy, sulphonyloxy, optionally substituted alkylsulphonyloxy, optionally substituted
alkenylsulfonyloxy, optionally substituted arylsulfonyloxy, acyl, or diazonium. O

or R? and R' are taken together with their intervening atoms to form an optionally substituted

saturated or unsaturated 12-18 membered ring having 2-6 heteroatoms independently
selected from nitrogen oxygen, or sulfur, wherein the ring formed thereby comprises -L-
Y; or

R® and a ring formed by R' and R" are taken together with their intervening atoms to form
an optionally substituted saturated or unsaturated 12-18 membered ring having 2-6
heteroatoms independently selected from nitrogen oxygen, or sulfur, wherein the ring

formed thereby comprises a warhead group;

’ 0

RSTNW)LH:ZP.

R*is H, NHC(O)R®, NHC(O)OR’, O R’ , or a natural or unnatural amino acid
side-chain group;

each R is mdependently -N{R); or an optionally substituted group selected from Ci aliphatic, a
bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl
having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

R’ is an optionaily substituted group selected from Cpg aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; and

R’ is an optionally substituted group selected from C, aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently seiected

from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms

independently selected from nitrogen, oxygen, or sulfur; and

= s 0O
(Ry)m{/\!/@i\l—fp\ﬂ _
R is J s or R* and R” are taken together with their intervening atoms to form

a saturated or unsaturated 16-22 membered ring having 2-6 heteroatoms independently
selected from nitrogen, oxygen, or sulfur;
wherein the 16-22 membered ring is optionally substituted with (R™),, wherein:

p is an integer from 1 to 6, inclusive;
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R4 is H, -NHC(0)R5, -NHC(0)OR6, side-chain group; , or a natural or unnatural amino acid each R5 is
independently -N(R)2 or an optionally substituted group selected from C1.6 aliphatic, a bridged
bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; R is an optionally substituted-group selected
from C1,6 aliphatieach beidgedcbic/RIds Gadépeneenbie tath gay) -ORID -AEMBEREY ; hetaropripghhifving 1-4
heteroatoms independently selected from nitrogen, n, or-sulfur, or.4-7 membered heterocyclyl
Raving 1-2 heteroatodto Ta S S eiag 1o A s T R s an
optionally substituta¢h groispreehsadsatiyomptionad nigatiied Gridgebabisyclic, 6-10 membered aryl, 5-10

membergdiheterpridhaving %‘%ﬁ@ﬁ@ﬁ@éﬁﬁ?‘%&f&%@%ﬁ%‘%&ﬁ?ﬁ@@! OEINYIIREEN ~ QYL O sulfur,
or 4-7 membered heterocycl avm%fl}l-Z heteroatoms independently selected from nitrogen, oxygen,

| h -
or sulfur; ar’i’@tﬁ"(ﬁl?’)?’ibl’\tlmﬁ‘?gﬁf‘ﬁé? R4 and le are taken together with their intervening atoms to
form a satisratestetifisatOratédat:a?emembered ring having 2-6 heteroatoms independently selected

from n_itgolgglq,iné &%‘a:&b%&ﬁ“{l&c‘f’gﬁr@‘“ the 16-22 membered ring is optionally substituted with (12")p,

wherein: p Is an integer from 1. to 6, inClusive; each occurrence of R' is independently halogen, -OR;
-CN; -N{R 2 gregsrdptipAaihy sibltitvted group selected from C1-6 aliphatic or C3..7 cycloalkyl; and
each R igiadepapdantly ontionalv.sybstituted C16 aliphatic; each occurrence of RY is independently
selected from halogen, -OR, -CN, -NO2, -N(R)2, or optionally substituted C14 aliphatic;
each R" is independently selected from —(3-Z, oxo, NO», halogen, CN, a suitable leaving group
selected from alkoxy, sulphonyloxy, optionally substituted alkylsulphonyloxy, optionally
substituted alkenylsulfonyloxy, optionéﬁy substituted arylsulfonyloxy, acyl, diazonium, or
C 1 aliphatic substifcujced with oxo, halogen, NO,, or CN, wherein:
Q is a bivalent C .4 unsaturated, straight or branched, hydrocarbon chain, wherein one or
twWo methylene units of Q are independently replaced by —N(R)-, -S-, -O-, -C(O)-, -
OC(0)-, -C(0)O-, -SO-, or -80;-, -NR)C(O)-, -C{ON{R)-, -N(R)SOz-, or —
SO,N(R)-; and
Z is hydrogen or C aliphatic substituted with oxo, halogen, NO,, or CN.

15. The compound according to clabm 14,.Wherein L is a covalent bond, ~CHjz-, -NH-,
-C(O)-, -CH2NH-~, -NHCH;-, -NHC(O)-, -NHC(O)}CHOC(O)-, -CH,;NHC(O)-, -NHSO;-,
-NHSO,CH,-, -NHC(O)CH,OC(O)-, or -SO,NH-.

16. The compound according to claim 15, wherein L is a covalent bond.

17. A compound of formula k:

R?:

N
R4/‘\"r R‘l R‘i’
0 XH/R%‘
0 N
H .
I
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m is an integer from O to 4, inclusive; s is an integer from O to 4, inclusive; and t is an integer from O to
4, inclusive; wherein the sum of s and t is non-zero. 19.The compound according to claim 1, wherein
said compound is of foiniula Il-a or Il-b: WO 2009/082701PC1 /US 2008/087736

or a pharmaceutically acceptable salt thereof, wherein:

R' and R' are independently hydrogen or optionally substituted C,¢ aliphatic, or R' and R" are
taken together to form an optionally substituted 3-7 membered carbocyclic ring;

R* is -OH or -NHSO:R?;

R? is -N(R), or an optionally substitated group selected from C;_ cycloalkyl, a bridged bicyclic,
6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxygen, or sulfur;.

each R is independently hydrogen; optionally substituted Cy.¢ aliphatic, or:

two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7
membered heterocyclic ring having 1-2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;

Rlisa warhead‘ group —L-Y, wherein:

L is a covalent bond, -C(O}-, -N(R)C(O)-, -NH-, -CH,NH-, -NHCH,-NHC(O)CH>OC(O)-,
-CHoNHC(O)-, -NHSOs-, -NHSO,CH,-, -NHC(O)CH,OC(O)-, or -SO,;NH-, or a bivalent C;.

g saturated or unsaturated, straight or branched, hydrocarbon chain; and

Y is selected from the following:

o) 0 o Q o _
g*@ <] 3"‘}5 E-N;j E_N;jfcn z~~;j(c“3
0 Oj// 0 CHs o Ci o G O  CHs

a b ¢ d e f

o | o) s s cl s
A A TN e w10y O
3 CHg K N N el
g i i _] k {
N CHs CN Nee -CN o
3 \Njg -‘%@:\N(CN -‘%’é:\l N 3.0 E—Q\CN m\)\@
m n 0 4 4q r
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1-54 1-551-56 1-571-58 1-591-60 1-611-62 21. A composition comprising a compound

according to claim 1, and a pharmaceutically acceptable adjuvant, carrier, or vehicle. 22. The
composmowg&ggwﬁ?é% claim 21, in combination with an additional theraﬁgaﬁlcsgt&(égﬁ‘fgﬂ’?’ﬁ 23. The

composition according to claim 22, wherein the additional therapeutic agent is an antiviral agent.
24. A conjugate of the formula Cys159-linker-inhibitor moiety, wherein the Cys159 is Cys159 of HCV

protease. E EN NG,
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F FL% %:Q\NOZL??D\CNE YN K
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25. A conjugate of the formula Cys16-li e -inhibitor moiety, wherein the Cys16 is Cys16 of HCV
protease. 26. The conjugate of claim 24, wherein the inhibitor moiety is of formula A: 0-Rz A or a
pharmace&?gaqﬂ?gé B{gable salt thereof, wherein: R." and RP are indeperfﬁ%wwwgaa’? or
optionally substituted CL6 aliphatic, or Rl and R are taken together to form an optionally substituted
3-7 membered carbocyclic ring; R2a is -OH or -NHSO2R2; R2 igsN(R)2 or an optionally substituted
group selected fronﬁCS_? cycloaﬁkyl, a bridggﬂhicyclic, 6-10 M@bered W, 5-10ymembered
heteroaryl havindj1-4heteroapmsyindependently ted frgm nmogen,tox 7 or sulfur, or 4-7
membered heter, yl hav‘Lﬂl ;\?ﬁg’k{oat depeydes Iecte;j,) nitrogen, oxygen, or
sulfur; each R 1s?ind&pendently hydrogen, of)t onally substituted €1_6 aliphdti, or: two R on the same
nitrogen atom are ta together with the nitrogen to form a 4-7/ embered heterocyclic ring having
1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur; R4 is H, -NHC(0)R5,
-NHC(0)OR6,0R7, orggthatural or dtkatural amifio acid side-cifiain group; é&éh R5 is independently
-N(R)2 or an optiongjly substituted group selected from C1,6 aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-28,membered heteroapyl having 1-4 heteroatoms indepemdently selected from
nitrogen, oxygen,]or M OMWM eteypcyclyl avi)g—lﬁ hetgroa independently
selected from rj#fogrRn, oxyge [fur; Ré f optiorafly-gubstitiite p selected from C1,6
aliphatic, a bridged bicyclic, 610 membered aryl\5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or suffur, or 4-7 membered heterocyclyl having 1-2
heteroatoms indepengently selectaghf§pm nitrogess oxygen, asggulfur; and /34 is an optionally
substituted grou%:elected from C1,6 aliphatic, a bridged bicyclic, 6-10 membered aryl, 5-10

membered hetéroaryl havin heteroatome-tfiidependently selected from nittagen, oxygen, or sulfur,
or 4-7 men:% edy terocZLc’ | hwitry, 1-2 heEo inde@mw\select%d\?miwogen, oxygen,
or sulfur; anth0 AN S 2= 2= \

e

-

rrr §58 ot W

4499
E Ny ,[N\>— N
SN S
24~ et el 2
\

N

HN™ \: -
e

~

2% qq9q WHIW xxx Iy

\

s aaada bbbb eeee dddd

W:/ = }O\>_: ) ) '&::\\ = v?’;[:\; =

4

eeee ¥iiid peog hihith fii

Page 165 of 185



(RY)m-N Rz is; or R4 and Rz are taken together with their intervening atoms to form a saturated or
unsaturated 16-22 membered ring having 2-6 heteroatoms independently selected from nitrogen,
oxygen, or sulfur; wherein the 16-22 membered ring is optionally substituted with (Rm)1" wherein: p is
an integer from 1 to 6, inclusive; each occurrence of le is independently halogen, -OR; -CN; -N(R)2; or
an optionally substituted group selected from C1,6 aliphatic or C3_7 cycloalkyl; and each R is
independently optiofally substituted C1.5 aliphatic; each occurrence of RY is independently selected
from halogen, -QRNCN, -NQ - : ionally subs, %“_Tpha f Is an integer from O
to 4, inclusive; gli int 10 to 4] inghusive=and tlis af'imteger fromllo to™, inclusive; wherein
the sum of sand ti eg? 7.The conJUjgate of claitn 26, wherBin the‘hibjtor moiety is of formula

A: O-RzR1R1I100 {\I>C,R2a 0 \\
i) kkkk i FLFHIHIN nnnn
L= ") eV SaN
A O s L/ oM
1 s$
0000 pppp 4494949 e SS85%
nuny . WHHWW XXXX
O 0 O E\E’le : @]
?gJK/Re il,’lk/\ ‘:b,J\/\/N\Me '7’?/\ = :alb
yyyy ZZT% aaaad bbbbb cecee or ddddd

wherein each R° is independently selected from halogen,

or R? and R' are taken together with their intervening atoms to form an optionally substituted
saturated or unsaturated 12-18 membered ring having 2-6 heteroatoms independently
selected from nitrogen oxygen, or sulfur, wherein the ring formed thereby comprises -L-
Y; or |

R’ and a ring formed by R' and R" are taken together with their intervening atoms to form
an optionally substituted saturated or unsaturated 12-18 membered ring having 2-6
heteroatoms independently selected from nitrogen oxygen, or sulfur, wherein the ring

formed thereby comprises a warhead group;

H
RS N ;
b
R*is H, -NHC(O)R®, -NHC(O)OR®, © R , or a natural or unnatural amino acid

side-chain group;
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A or a pharmaceutically acceptable salt thereof, wherein: Rl and RI' are independently hydrogen or
-optionally substituted C1.6 aliphatic, or Rl and RI are taken together to form an optionally substituted
3-7 membered carbocyclic ring; R2a is -OH or -NHSO2R2; R2 is -N(R)2 or an optionally substituted
group selected from C3_7 cycloalkyl, a bridged bicyclic, 6-10 membered aryl, 5-10 membered
heteroaryl having 1-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 4-7

memberadhhtés degerphiieningNRheteroansivraihdupehitéetigroaiostsdtebronittogehipbijgen, or
sulfur; each,fyis.indepandently Rydreera. Hoy.quylﬁé{%%ﬁ%%% RbRtG; QrytwdR.9R.ihe same

nitrogen atom are taken together with the nitrogen to form a 4-7 m ered heterocyclic ring having
'1-2 heterodtsipsideibe seleatey sEraetaH R e nWFEERh, GxyBERT P isdiflmenped, hmﬁef(m%zb,
-NHC(0)ORg,0RS 1 9 R-RatHAhetiRpatdralizrineasisitehiain 9194t .aGRIRS; is independently

-N(R)2 or.an optionally substituted group selected from C1_6 aliphatic, a bridged hicyclic, 6-10

membefedarjl SPHOHARMBEH HEte B 1RARAIRY 1A eteroatBR nd fekigen By S&ldetddiflom
nitrogen, oxygebered SWius-00 4némmerbaiachetarasyelyl havieg:baidnelerdatenizingepandantly

selected from nitrogen, oxygen, or sulfur; R6 is an optjonally substituted grou lected from Ci_6
aliphatic, a BHBGRA HHEC R BENo SheM BTl Ay, BoTe P BRFEeP Nt AR b BeLe HeMBRoatoms
independeniiycpetdeield Fdentadtfogemi pxyge bx oSy buksudfug-ancthembered heterocyclyl having 1-2
heteroatpms independently selected from nitr , OX , or sulfur: and R7 is.an optionall
Substtlea B RO S P P G At e iy R o S S a Y
memberedhetéraadyhhdyvmngOl dehdtersaberasangepende ity selectedniromisntrayety oelgesy or

! Tom nitro L0t sulfur, 4- eiero mg 1= croatom ’
sulfur, or 4-f7 mem{peégq t@erﬁcyclyl Piﬁlvmgrl-%hl%g%ggt&{nﬁ {nld%%f}ﬁj%%}’ geiegt%gtfr [0 pitrogen
oxygen, or suﬁlur; and 0 ( )g -

independently selected from nitrogen, oxygen, or sulfur; and

2 s O
R*1s t

a saturated or unsaturated 16-22 membered ring having 2-6 heteroatoms independently

; or R* and R” are taken together with their intervening atoms to form

selected from nitrogen, oxygen, or sulfur;
wherein the 16~227 membered ring is optionally substituted with (R™),, wherein:
p is an integer from 1 to 6, inclusive;
each occutrence of Rm is independently halogen, ~-OR°; -CN; -N(R®),; or an
optionally substituted group selected from C,.¢ aliphatic or Cs.7 cycloalkyl; and
each R® is independently optionally substituted C,¢ aliphatic;
each occurrence of R is independently selected from halogen, -OR®, -CN, -NO,, -N(R®),, or
optionally substituted C;_4 aliphatic; '
m 18 an integer from 0 fo 4, inclusive;
S 18 .an integer from 0 to 4, inclusive;
t is an integer from O to 4, inclusive; and

wherein the sum of s and t 1s non-zero.
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Rz is; or R4 and le are taken together with their intervening atoms to form a saturated or unsaturated
16-22 membered ring having 2-6 heteroatoms independently selected from nitrogen, oxygen, or sulfur;
wherein the 16-22 membered ring is optionally substituted with (Rm)p, wherein: p is an integer from 1
to 6, inclusive; each occurrence of RI' is independently halogen, -OR; -CN; -N(R)2; or an optionally
substituted group selected from C1,6 aliphatic or C3.7 cycloalkyl; and each R is independently
optionally substituted C1.6 aliphatic; each occurrence of AY is independently selected from halogen,
-OR, -CN, -NO2, -N(W)2, or optionally substituted CIA aliphatic; m is an integer from O to 4, inclusive;
s is an integer Hom otramprindiobfamy il an integer from 0 to 4, inclusive; wherein the sum of s and
t is non-zero. 28.The compound according to claim b'\ﬁﬁerein [12.1is 29.The compound according to
claim 1, wherein R4 and R." are taken together with/heir intervening atoms to form a saturated or
unsaturated 16-22 membered ring having|2-6 héteroatoms independently selected from nitrogen,
oxygen, or sulfur; wherein the 16-22 mg g is, optignally substituted with (1e)p, wherein: p is
an integer from 1 to 6, inclusive; each occurgence f R ing{gpendently halogen, -OR; -CN; -N(R)2;
or an optionally substituted group selected frompy€1 Gyeliphgtic or C3.7 cycloalkyl; and each R is
independently optionally substituted C [.6 aliphatic. H o

I
ora phé,rmaceuticaﬂy acceptable salt thereof, wherein:
R! and R" are independently hydrogen or optionally substituted C.¢ aliphatic, or R! and R are
taken together to form an optionally substituted 3-7 membered carbocyclic ring;
R*is -OH or -NHSO,R?;
R? is -N(R), or an optionally substituted group selected from C;.; cycloalkyl, a bridged bicyclic,
6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently
selected from mnitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; |
each R is independently hydrogen, optionally substituted Ci. aliphatic, or:
two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7
membered heterocyclic ring having 1-2 heteroatoms independently selected from

pitrogen, oxygen, or sulfur;

R? is selected from:

G Me
Y e e e
0 o

_ O
a b c d
' 0 0 o) Me
/I?l,_ O 2 !
: H H H
e I ' g h i
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or a pharmaceutically acceptable salt thereof; wherein: R is an optionally substituted group selected
from C1.5 aliphatic. 31. The compound according to claim 1, wherein R' and RI' are taken together
form an optdhaiRP8Eb¥tuted 3-7 membered carbocyclic ring.  32. The RoMPRRIAH%cEBrding to
claim 31, wherein R1 and R1 are taken together to form: where R is an optionally substituted group
selected from C1.6 aliphatic. 33. The i? pound accogilng to claim 32, wherein R i vinyl. 34.
The compoun& according to@lalm 32, whérgin R is ethyl. 35 Use o;iis:mpound acgcording to
claims Lto-3; Gompasition theraBhier ufwg medice fr inkibigng eV
protease, or-a mutant ther of ARtivity in a biglogical safipledor in a patient:  36. Thie ude according
to claim 35, wherein the otease, or a mutant thereof, activity is inhibited irreversibly by
covalently modifying a cygteine t‘ESIdU? conserved af an equivalent pos;gon to Cys159 of HCV

protease subtype Ib. 7. The use according to claim 35, wherein the HCV protease, or a mutant
thereof, activity is inhibjted irreversigly by covaleftly modn‘ylng Cys159. 38. The use according to

claim 35, Wherelr%m :Ene CV roteasﬁ\%aj:@tuﬂ eof,
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activity is inhibited irreversibly by covalently modifying Cys16. 39. Use of a compound according
to claims 1 to 34 or a composition thereof in the manufacture of a medicament for treating an HCV
protease-%%iﬂl@@%l’r%‘rder in a patient. 40. The use of claim 39, Whe?gﬂ:/rﬂ%ﬂgww 6
administering occurs once daily. 41. The use according to claim 39, wherein the disorder is
hepatitis C. 42. The use of clajm 35, wherein the HCV protease has a genotype or subtype
selected from thé& group consistin 5 la, Ib, Ic, 2a, 2D, 2 N2i, 2k, 3a, 3b, 3|§,ef{]aMd, 4f, 5a, 6a, 6b, 6¢,
6d, 6e, 6f, 69, Bh, i, 6], 6k, 61, m,,)@nRﬁo, 6p, 6q, 6t, nd\>7-a!?<e 43. The uge Im 42, wherein
the HCV pro%eas genotype or; ype is la, Ib, 2a, o?LB_’\a"N 44. The use’ace rding to claim 39,
comprising the stBp of irreversibly inhibiting HCV proteasyf)y covalently modifying Cys159 of HCV
protease. . The use accordé'?Lg to claim 39, conyar‘}sing the step of igégé/ersibly inhibiting HCV
protease by covalently modifying Cysl 6 of HCV protease. SEQLIST.txt SEQUENCE LISTING <110>
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<160> 77 <170> PatentIn version 3.5 <210> 1 <211> 20 <212> PRT <213> Hepatitis C virus <400> 1
Gly His Ala Val G y Leu Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015 Ala Lys Ala Val 20 <210> 2
<211> 20 G 3UBRTLH 13> Hepatitis C virus <400> 2 Gly His Ala val GI)P ﬁg/gﬁéﬂﬁﬁlﬂgﬂéﬁAla Val Cys
Thr Arg Gly Val 151015 V
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Ala Lys Ala Val 20 <210> 3 <211> 20 <212> PRT <213> Hepatitis C virus <400> 3 Gly His Ala val Gly
lle Phe Arg Ala Ala Val Cys Thr Arg Gly val 151015 Ala Lys Ala val 20 <210> 4 <211> 20 <212> PRT
<213> Hepatitis C virus <400> 4 SEQLIST.txt
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wherein each R” is independently halogen, NO,, CN, oxo, or a suitable leaving group selected
from alkoxy, sulphonyloxy, optionally substituted alkylsulphonyloxy, optionally substituted

alkenylsulfonyloxy, optionally substituted arylsulfonyloxy, acyl, or diazonium.

H 0
RS N ;
R*is H, -NHC(O)R’, -NHC(O)OR®,  © R’ , or a natural or unnatural amino acid

side-chain group;
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Gly His Ala Val Gly Leu Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015 Ala Lys Ala val 20 <210> 5
<211> 20 <212> PRT <213> Hepatitis C virus <400> 5 Gly His Ala Val Gly lle Phe Arg Ala Ala val Cys
Thr Arg Gly val 151015 Ala Lys Ala Val 20 <210> 6 <211> 20 <212> PRT <213> Hepatitis C virus
<400> 6 '
each R is independently -N(R); or an optionally substituted group selected from C.¢ aliphatic, a
bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl
having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur;
R® is an optionally substituted group selected from C,¢ aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl haﬁng 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; and
R’ is an optionally substituted group selected from C,.¢ aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently seiected frbm nitrogen, oxygen, or sulfur; and
(Ry)m——@:)&—{ﬁ |
R”is o ™ ; or R* and R” are taken together with their intervening atoms to form
a saturated or unsaturated 16-22 membered ring having 2-6 heteroatoms independently
selected from nitrogen, oxygen, or sulfur;
wherein the 16-22 membered ring is optionally substituted with (R™),, wherein:
p is an integer from | to 6, inclusive;
each occurrence of R™ is independently halogen, -OR®; -CN; -N(R®)2; or an
optionally substituted group selected from C;4 aliphatic or Cs5; cycloalkyl; and
each R° is independently optionally substituted C, .5 aliphatic;
each occurrence of R” is independently selected from halogen, -OR°, -CN, -NO,, -N(R®),, or
optionally substituted C;.4 aliphatic;
m is an integer from 0 to 4, inclusive;
s is an integer from 0 to 4, inclusive; and
tis an integer from 0 to 4, inclusive;

wherein the sum of s and { is non-zero.
19.  The compound according to claim 1, wherein said compound is of formula I¥-a or Ti-b:
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Gly His Val Val Gly lle Phe Arg Ala Ala val Cys Thr Arg Gly Val 151015 Ala Lys Ala Val 20 <210> 7
<211> 20 <212> PRT <213> Hepatitis C virus <400> 7 Gly His Ala Val Gly lle Phe Arg Ala Ala val Cys
Thr Arg Gly Val 151015 Ala Lys Ala Val 20 <210> 8 <211> 20 <212> PRT <213> Hepatitis C virus
<400> 8

O—FR? O-R?

R3/\”/N Rl RT R3/\H/N RT R'y
O
8]

II-a 1-b

or a pharmaceutically acceptable salt thereof.

20. A compound selected from the group consisting of:
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Gly His Ala val Gly lle Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015 Ala Lys Ala val 20
SEQLIST.txt <210> 9 <211> 20 <212> PRT <213> Hepatitis C virus <400> 9 Gly His Val Ala Gly lle
Phe Arg A QARRIEBEYL Thr Arg Gly Val 151015 Ala Lys Ala Val 20 <2109 EH48085 %0125 PRT
<213> Hepatitis C virus <400> 10 Gly His Ala val Gly Ile Phe Arg Ala Ala Val Cys Ser Arg Gly Val
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151015 Ala Lys Ser Tie 20 <210> 11 <211> 20 <212> PRT <213> Hepatitis C virus <400> 11 Gly His
Ala val Gly lle Phe Arg Ala Ala val Cys Ser Arg Gly val 151015 Ala Lys Ser lle 20 <210> 12 <211> 20
<212> PRV I8EAtitis C virus <400> 12 Gly His Ala Val Gly lle Phe B¢d/BRRBIVAPFCys Ser Arg
Gly val 151015 Ala Lys Ser lle 20 <210> 13 <211> 20 <212> PRT <213> Hepatitis C virus <400> 13
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SEQLIST.txt Gly His Ala val Gly Leu Phe Arg Ala Ala val Cys Ala Arg Gly Val 151015 Ala Lys Ser lle
20 <210> %@é é%gg 81<212> PRT <213> Hepatitis C virus <400> 14 Gl?ﬁﬁﬁ%}yﬁg%mu Phe Arg
Ala Ala val Cys Ala Arg Gly Val 151015 Ala Lys Ser lle 20 <210> 15 <211> 20 <212> PRT <213>
Hepatitis C virus <400> 15 Gly His Ala val Gly lle Phe Arg Ala Ala val Cys Ser Arg Gly Val 151015 Ala
Lys Ser lle 20 <210> 16 <211> 20 <2§]f%|\3RT <213> Hepatitis C virus

N

F

<8

1-37 £-38 1-39
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<400> 16 Ala His Ala val Gly lle Phe Arg Ala Ala val Cys Ser Arg Gly Val 151015 Ala Lys Ser lle 20
<210> 17 <211> 20 <212> PRT <213> Hepatitis C virus <400> 17 Gly Hi%Aﬁg\%CgIXglé%Phe Arg Ala
Ala lle CySFht R B1Y ala 151015 Ala Lys Ser lle 20 SEQLIST.txt <2105 18 2211¥%3'2512> PRT
<213> Hepaititis C virus <400> 18 Gly His Val Ala Gly lle Phe Arg Ala Ala Val Cys Thr Arg Gly Val
151015 Ala Lys Ala Leu |

1-40 I-41 1-42

1-43 I-44 1-45
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20 <210> 19 <211> 20 <212> PRT <213> Hepatitis C virus <400> 19 Gly His Val Ala Gly lle Phe Arg
Ala Ala Val Cys Thr Arg Gly Val 151015 Ala Lys Ala Leu 20 <210> 20 <211> 20 <212> PRT <213>
Hepatitis C virus <400> 20 Gly His Val Ala Gly lle Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015 Ala
Lys Ala Leu 20 <210> 21 <211> 20 <212> PRT <213> Hepatitis C virus <400> 21 Gly His Val met Gly
lle Phe lle Ala Val Val Cys Thr Arg Gly Val 151015 Ala Lys Ala Leu

1-54
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20 <210> 22 <211> 20 <212> PRT <213> Hepatitis C virus <400> 22 Gly His Val Val Gly Ile Phe Arg
Ala Ala val CQ/S Thr Arg Gly Val Page 5 SEQLIST.txt 151015 Ala Lys Ala Leu 20 <210> 23 <211> 20
<212> PRYVO21%4498:dbhtitis C virus <400> 23 Gly His Val Ala Gly lle Phe %‘6/ 5&?&0}&%'&%75?5@3 Thr Arg
Gly val 151015 Ala Lys Ala Leu 20 <210> 24 <211> 20 <212> PRT <213> Hepatitis C virus <400> 24

%

\’/

P
0,

I-62
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Gly HiS Ala Ala Gly lle Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015 Ala Lys Ala Val 20 <210> 25
<211> 20 <212> PRT <213> Hepatitis C virus <400> 25 Gly His Ala Ala Gly Leu Phe Arg Ala Ala Val
Cys Thr Arg Gly Val 151015 Ala Lys Ala val 20 <210> 26 <211> 20 <212> PRT <213> Hepatitis C
virus <400> 26 Gly His Ala Ala Gly Leu Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015 Ala Lys Ala
Val 20 <210> 27

I-65 and I-66

or a pharmaceutically acceptable salt thereof.

21. A composition comprising a compound according to claim 1, and a

pharmaceutically acceptable adjuvant, carrier, or vehicle.

22.  The composition according to claim 21, in combination with an additional

therapeutic agent.

23, The composition according to claim 22, wherein the additional therapeutic agent

is an antiviral agent.
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SEQLIST.txt <211> 20 <212> PRT <213> Hepatitis C virus <400> 27 Gly His Ala Ala Gly lle Phe Arg
Ala Ala Val Cys Thr Arg Gly val 151015 Ala Lys Ala Val 20 <210> 28 <211> 20 <212> PRT <213>
Hepatitis C virus <400> 28 Gly His Ala Ala Gly lle Phe Arg Ala Ala Val Cys Thr Arg Gly val 151015 Ala
Lys Thr val 20 <210> 29 <211> 20 <212> PRT <213> Hepatitis C virus <400> 29 Gly His Ala val Gly
lle Phe Arg Ala Ala val Cys Thr Arg Gly val

24. A conjugate of the formula Cysl59-linker-inhibitor moiety, wherein the Cys159
is Cys159 of HCV protease.

25, A conjugate of the formula Cysl6-linker—inhibitor moiety, wherein the Cysi6 is
Cysl6 of HCV protease.

26.  The conjugate of claim 24, wherein the inhibitor moiety is of formula A:
O-R?

or a pharmaceutically acceptable salt thereof, wherein:

R' and R" are independently hydrogen or optionally substituted C, aliphatic, or R' and R are
taken fogether to form an optionally substituted 3-7 membered carbocyclic ring;

R* is -OH or -NHSOR;

R? is -N(R); or an optionally substituted group selected from Cs.; cycloalkyl, a bridged bicyclic,
6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each R is independently hydrogen, optionally substituted C,.¢ aliphatic, or:
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151015 Ala Lys Ala val 20 <210> 30 <211> 20 <212> PRT <213> Hepatitis C virus <400> 30 Gly His
Ala Val Gly lle Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015 Ala Lys Ala Val 20 <210> 31 <211>
20 <212> PRT <213> Hepatitis C virus <400> 31 Gly His Val Val Gly Val Phe Arg Ala Ala Val Cys Thr
Arg Gly Val 151015 Page 7 SHILIST.txt Ala Lys Ala Leu 20
two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7
membered heterocyclic ring having 1-2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur;
g0
RSTN\HLH:Q
R*is H, -NHC(O)R’, -NHC(O)OR?, © R’ , or a natural or unnatural amino acid
stde-chain group;
each R® is independently -N(R), or an optionally substituted group selected from C ¢ aliphatic, a
bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl
having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur;
R® is an optionally substituted group selected from Ci aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; and
R’ is an optionally substituted group selected from Cjg aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 hetercatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms

independently selected from nitrogen, oxygen, or sulfur; and

~ )s O
R"is t

a saturated or unsaturated 16-22 membered ring having 2-6 heteroatoms independently

4 . .. .
; or R" and R” are taken together with their intervening atoms to form

selected from nitrogen, oxvgen, or sulfur;
wherein the 16-22 membered ring is optionally substituted with (R™),, wherein:
p is an integer from 1 to 6, inclusive;
each occurrence of R™ is independently halogen, -OR®; -CN; -N(R%),; or an
optionally substituted group selected from C; aliphatic or C3.7 cycloalkyl; and
each R° is independently optionally substituted C,¢ aliphatic;
each occurrence of R” is independently selected from halogen, -OR°, -CN, -NO,, -N(R®),, or
optionally substituted C, 4 aliphatic;
m is an integer from 0 to 4, inclusive;

Page 180



<210> 32 <211> 20 <212> PRT <213> Hepatitis C virus <400> 32 Gly His val Val Gly Val Phe Arg Ala
Ala Val Cys Thr Arg Gly Val 151015 Ala Lys Ala Leu 20 <210> 33 <211> 20 <212> PRT <213>
Hepatitis C virus <400> 33 Gly His val val Gly Leu Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015
Ala Lys Ser Leu 20 <210> 34 <211> 20 <212> PRT <213> Hepatitis C virus <400> 34 Gly His Val Val
Gly Leu Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015 Ala Lys Ser Leu 20

s is an integer from 0 to 4, inclusive; and

tis an integer from 0 to 4, inclusive,;

wherein the sum of s and t is non-zero.

27, The conjugate of claim 26, wherein the inhibitor moiety is of formula A
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<210> 35 <211> 20 <212> PRT <213> Hepatitis C virus <400> 35 Gly His Val Val Gly Leu Phe Arg
Ala Ala val Cys Thr Arg Gly Val 151015 Ala Lys Ser Leu 20 <210> 36 <211> 20 SEQLIST.txt <212>
PRT <213> Hepatitis C virus <400> 36 Gly His Val Val Gly Leu Phe Arg Ala Ala val Cys Thr Arg Gly
Val 151015 Ala Lys Ala Leu 20 <210> 37 <211> 20 <212> PRT <213> Hepatitis C virus

O-R*

t
Catatats

R“)\H/N rRT RY N
O 4 E><”/R
O
A

or a pharmaceutically acceptable salt thereof, wherein:

R' and R' are independently hydrogen or optionally substituted C,.4 aliphatic, or R! and R are
taken together to form an optionally substituted 3-7 membered carbocyclic ring;

R™ is -OH or -NHSO,R*;

R” is -N(R) or an optionally-substituted group selected from Cs.7 cycloalkyl, a bridged bicyclic,
6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each R is independently hydrogen, optionally substituted C.¢ aliphatic, or:

two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7

membered heterocyclic ring having 1-2 heteroatoms independently selected from

nifrogen, oxygen, or sulfur;

H
RETNW)\E:%

R*is H, -NHC(O)R®, -NHC(O)OR®, © R’ , or a natural or unnatural amino acid
side-chain group;

each R® is independently -N(R), or an optionally substituted group selected from C ¢ aliphatic, a
bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl
having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

R® is an optionally substituted group selected from Cj4 aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 hetercatoms independently selected
from nitrogen, oxvgen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; and

R’ is an optionally substituted group selected from Ci aliphatic, a bridged bicyclic, 6-10

membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
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<400> 37 Gly His Val Val Gly Leu Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015 Ala Lys Ala Leu 20
<210> 38 <211> 20 <212> PRT <213> Hepatitis C virus <400> 38 Asp His val val Gly Leu Phe Arg
Ala Ala Val Cys Thr Arg Gly val 151015 Ala Lys Ala Leu 20 <210> 39 <211> 20 <212> PRT <213>
Hepatitis C virus <400> 39 Gly His Val val Gly Leu Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015
Ala Lys Ala lle 20 <210> 40 <211> 20 <212> PRT <213> Hepatitis C virus

from nitrogen, oxygen, or sulfur, or 4.7 membered heterocyclyl having 1-2 heteroatoms

independently selected from nitrogen, oxygen, or sulfur; and

o )s o
(Rv)m—(\l:)r\l—{f
R*is t ; or R* and R* are taken together with their intervening atoms to form

a saturated or unsaturated 16-22 membered ring having 2-6 heteroatoms independently
selected from nitrogen, oxygen, or sulfur;
wherein the 16-22 membered ring is optionally substituted with (R™),, wherein:
p is an integer from 1 to 6, inclusive;
‘each occurrence of R™ is independently halogen, -OR?; -CN; -N(R®),; or an
optionally substituted group selected from C aliphatic or Cs7 cycloatkyl; and
each R° 1s independently optionally substituted C, 4 aliphatic;
each occurrence of R’ is independently selected from halogen, -OR®, -CN, -NO,, -N{R%),, or
optionally substituted C;4 aliphatic;
m is an integer from 0 to 4, inclusive;
s is an integer from 0 to 4, inclusive; and
tis an integer from 0 to 4, mclusive;

wherein the sum of s and t 18 non-zero.

F
0
g0y
28.  The compound according to claim 1, wherein R is R

29.  The compound according to claim 1, wherein R* and R* are taken together with

their intervening atoms to form a saturated or unsaturated 16-22 membered ring having 2-6
heteroatoms independently selected from nitrogen, oxygen, or sulfur; wherein the 16-22
membered ring is optionally substituted with (R™),, wherein:

p is an integer from 1 to 6, inciusive;

each occurrence of R™ is independently halogen, -OR®; -CN; -N(R®);; or an

optionally substituted group selected from C|_s aliphatic or Cs.; cycloalkyl; and
each R° is independently optionally substituted C, 4 aliphatic.
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<400> 40 Gly His Ala Val Gly lle Phe Arg Ala Ala val Cys Thr Arg Gly val 151015 Page 9 SEQLIST.txt
Ala Lys Ala lle 20 <210> 41 <211> 20 <212> PRT <213> Hepatitis C virus <400> 41 Gly His Ala Val
Gly lle Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015 Ala Lys Ala lle 20 <210> 42 <211> 20 <212>
PRT <213> Hepatitis C virus <400> 42 Gly His Val val Gly Leu 'he Arg Ala Ala Val Cys Thr Arg Gly Val

151015

-1

The compound according to clairn 29, wherein the compound is of formula I-e or

i( tN\go 4 NfO

(R™), 1~ y O (R™),—— 3\ y O
\\)0»4 N NK “R2a '7\)04 NJ\’(NX ~R2e

H M
O__N 0 0 N\(é e}
\[f \XAO Re 7«}/ O Rr°
O R® 0O R?
I-e I-f
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Ala Lys Ala Leu 20 <210> 43 <211> 20 <212> PRT <213> Hepatitis C virus <400> 43 Gly His val Val
Gly Leu Phe Arg Ala Ala Val Cys Thr Arg Gly val 151015 Ala Lys Ala Leu 20 <210> 44 <211> 20
<212> PRT <213> Hepatitis C virus <400> 44 Gly His Val Ala Gly lle Phe Arg Ala Ala Val Cys Thr Arg

Gly val 151015 Ala Lys Ser Leu 20 <210> 45 <211> 20 <212> PRT SEQLIST.txt <213> Hepatitis C
virus

or a pharmaceutically acceptable salt thereof;

wherein;

R® is an optionally substituted group selected from Cy4 aliphatic.

31.  The compound according to claim 1, wherein R' and R' are taken together to

form an optionally substituted 3-7 membered carbocyclic ring.

32, The compound according to claim 31, wherein R' and R are taken together to

form:

R®

'f‘NEZW“{
H

0

wherein R° is an optionally substituted group selected from C, aliphatic,
33.  The compound according to claim 32, wherein R° is vinyl.

34, The compound according to claim 32, wherein R® is ethyl.

35. Use of a compound according to claims 1 to 34 or a composition thereof in the
manufacture of a medicament for inhibiting HCV protease, or a mutant thereof, activity in a

biological sampie or in a patient.
36.  The use according to claim 35, wherein the HCV protease, or a mutant thereof,

activity is inhibited irreversibly by covalently modifying a cysteine residue conserved at an

equivalent position to Cysi59 of HCV protease subtype 1b.

37.  The use according to claim 35, wherein the HCV protease, or a mutant thereof,

activity is inhibited nrreversibly by covalently modifying Cys159.

38.  The use according to claim 35, wherein the HCV protease, or a mutant thercof,

activity is inhibited irreversibly by covalently modifying Cys16.
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<400> 45 Gly His Val Ala Gly lle Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015 Ala Lys Ser Leu 20
<210> 46 <211> 20 <212> PRT <213> Hepatitis C virus <400> 46 Gly His Val Ala Gly lle Phe Arg Ala
Ala Val Cys Thr Arg Gly Val 151015 Ala Lys Ser Leu 20 <210> 47 <211> 20 <212> PRT <213>
Hepatitis C virus <400> 47 Gly His Val Ala Gly lle Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015 Ala
Lys Ser Leu 20 <210> 48 <211> 20 <212> PRT <213> Hepaititis C virus

39, Use of a compound according to claims 1 to 34 or a composition thereof in the

manufacture of a medicament for treating an HCV protease-mediated disorder in a patient.

40.  The use of claim 39, wherein the step of administering occurs once daily.

41, The use according to claim 39, wherein the disorder is hepatitis C.

42.  The use of claim 35, wherein the HCV protease has a genotype or subtype
selected from the group consisting of 1a, 1b, lc, 2a, 2b, 2c¢, 21, 2k, 3a, 3b, 3k, 4a, 44, 41, 5a, 6a,

6b, 6¢, 6d, 6e, 61, 6g, 6h, 61, 6j, 6k, 61, 6m, 6n, 60, 6p, 64, 6t, and 7a.

43, The use of claim 42, wherein the HCV protease genotype or subtype is 1a, 1b, 2a,

or 3a,

44, The use according to claim 39, comprising the step of irreversibly inhibiting HCV
protease by covalently modifying Cys159 of HCV protease.

45.  The use according to claim 39, comprising the step of irreversibly inhibiting HCV
protease by covalently modifying Cys16 of HCV protease.
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<400> 48 Gly HiS Val Ala Gly lle Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015 Ala Lys Ser Leu 20
<210> 49 <211> 20 <212> PRT <213> Hepatitis C virus <400> 49 Gly His Val Ala Gly lle Phe Arg Ala
Ala Val Cys Thr Arg Gly Val 151015 SEQLIST.txt Ala Lys Ser Leu 20 <210> 50 <211> 20 <212> PRT
<213> Hepatitis C virus <400> 50 Gly HiS Val Ala Gly lle Phe Arg Ala Ala Val Cys Thr Arg Gly Val
151015 Ala Lys Ser Leu SEQLIST.txt

SEQUENCE LISTING

<110> Avila Therapeutics, Inc.
Niu, Degiang
petter, Russell C.
Singh, Juswinder
Kluge, Arthur F.
Qiao, Lixin

<120> HCV Protease Inhibitors and Uses Thereof
<130> 2007878-0056

<160> 77

<170> PatentIn version 3.5

<210> 1

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 1

Gly His Ala val Gly Leu Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala val

20
<210> 2
<211> 20
<Z212> PRT
<213> Hepatitis C virus
<400> 2

Gly His ala val Gly Ile Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala val
20

<210> 3

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 3

Gly His Ala val Gly 1le phe Arg Ala Ala val Cys Thr aArg Gly val
1 35 10 15

Ala Lys ala val
20

<210> 4

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 4
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20 <210> 51 <211> 20 <212> PRT <213> Hepatitis C virus <400> 51 Gly His Val Ala Gly lle Phe Arg
Ala Ala Val Cys Thr Arg Gly val 151015 Ala Lys Ser Leu 20 <210> 52 <211> 20 <212> PRT <213>
Hepatitis C virus <400> 52 Gly His Ala Val Gly Val Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015
Ala Lys Ser Leu 20 <210> 53 <211> 20 <212> PRT <213> Hepatitis C virus <400> 53 Gly His Ala Val
Gly Val Phe Arg Ala Ala Val Cys Thr Arg GIys%&351.0%5 Ala Lys Ser Leu

Gly His Ala val Gly Leu Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15
Ala Lys Ala val

<210> 5

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 5

Gly His Ala val Gly Ile pPhe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala val
20

<210> 6

<21i> 20

<212> PRT

<213> Hepatitis C virus

<400> 6

Gly His val val Gly Ile Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala val
20

<210> 7

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 7
Gly His Ala val Gly Ile phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala val
20

<Z210> 8

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 8
Gly His Ala val Gly Ile pPhe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15
Ala Lys Ala val
20
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20 <210> 54 <211> 20 <212> PRT <213> Hepa is C virus SEQLIST.txt <400> 54 Gly His Val Val Gly
lle Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015 Ala Lys Ser Leu 20 <210> 55 <211> 20 <212>
PRT <213> Hepatitis C virus <400> 55 Gly HiS Val Val Gly lle Phe Arg Ala Ala Val Cys Thr Arg Gly
Val 151015 Ala Lys Ser Leu 20 <210> 56 <211> 20 <212> PRT <213> Hepatitis C virus <400> 56 Gly
His Ala Val Gly Leu Phe Arg Ala Ala Val Cy$a#IAfg &Iy Val

<210> 9

<211> 20

<212> PRT )
<213> Hepatitis C virus

<400> 9

Gly His val Ala Gly I7e phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys aAla val
20

<210> 10

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 10

Gly His Ala val Gly 1le phe Arg Ala Ala val Cys Ser Arg Gly val
1 5 10 15

Ata Lys Ser Ile
20

<210> 11

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 11

Gly His Ata val Gly Ile Phe Arg Ala Ala val Cys Ser Arg Gly val
1 5 10 15

Ala Lys Ser Ile
20

<210> 12

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 12

Gly His Ala val Gly Ite Phe Arg Ala Ala val Cys Ser Arg Gly val
1 5 10 15

Ala Lys Ser Ile
20

<210> 13

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 13
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151015 Ala Lys Ala lle 20 <210> 57 <211> 20 <212> PRT <213> Hepatitis C virus <400> 57 Gly His
Val Val Gly Leu Phe Arg Ala Ala Val Cys Thr Arg Gly Val 151015 Ala Lys Ala lle 20 <210> 58 <211>
20 <212> PRT <213> Hepatitis C virus <400> 58 Gly His Ala Val Gly Leu Phe Arg Ala Ala Val Cys Thr

Arg Gly Val 151015 Ala Lys Ala lle SEQLIST.txt 20 <210> 59 <211> 20 <212> PRT <213> Hepatitis
C vir SEQLIST.txt
%%; His Ala val §1y Leu Phe Arg Ala ?83 val Cys Ala Arg %gy val

Ala Lys Ser Ile
20

~ 2210> 14
<211> 20
<212> PRT
<213> Hepatitis C virus

<400> 14

Gly His Ala val Gly Leu Phe Arg Ala Ala val Cys Ala Arg Gly val
1 5 10 15

Ala Lys Ser Ile
20

<210> 15

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 15

Gly His Ala val Gly 1le Phe Arg Ala Ala val Cys Ser Arg Gly val
1 5 10 15
Ala Lys Ser TIle

<210> 16

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 16
Ala His Ata val Gly Ile Phe Arg Ala Ala val Cys Ser Arg Gly val
1 5 10 i5

Ala Lys Ser Ile
' 20

<210> 17

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 17

Gly His Ala val Gly Ile Phe Arg Ala Ala Ile Cys Thr Arg Gly Ala
1 5 10 15

Ala Lys ser Ile
20

Page 4



<400> 59°Gly His Val Val Gly Leu Phe Arg Ala Ala val Cys Thr Arg Gly val 151015 Ala Lys Ala lle 20 .
<210> 60 <211> 20 <212> PRT <213> Hepatitis C virus <400> 60 Gly His val Val Gly Leu Phe Arg Ala
Ala val Cys Thr Arg Gly val 151015 Ala Lys Ala lle 20 <210> 61 <211> 20 <212> PRT <213> Hepatitis
C virus <400> 61 Gly His Val Val Gly Leu Phe Arg Ala Ala Val Cys Thr Arg Gly val 151015 Ala Lys Ala
lle 29ﬁ%}0>192 <211> 20 <212> PRT <2135EQep#titi& € virus

<211> 20

<212> PRT
<213> Hepatitis C virus

<400> 18

Gly His val Ala Gly Ile Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala Leu
20

<210> 18

<21il> 20

<212> PRT

<213> Hepatitis C virus

<400> 19

Gly His val Ala Gly Ile Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 190 15
Ala Lys Ala Leu

20

<210> 20

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 20

Gly His val Ala Gly Ile Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala Leu
20

<210> 21

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 21

Gly His val met Gly Ile Phe Ile Ala val val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala Leu
20

<210> 22

<211> 20

<212> PRT

<213> Hepatitis € virus

<400> 22

Gly His val val Gly Ile Phe Arg Ala Ala val Cys Thr arg Gly val
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<400> 62 Ser His Cys Val Gly lle Phe Arg Ala Ala val Cys Thr Arg Gly val 151015 Ala Lys Ala Val 20
<210> 63 <211> 21 <212> DNA <213> Artificial sequence SEQLIST.txt <220> <223> Synthetic;
designed from HCV protease NS3 <400> 63 acgcagaaag cgtctagcca t21 <210> 64 <211> 19 <212>

DNA <213> Atrtificial sequence <220> <223> Synthetic; designed from HCV protease NS3
SESLIST.tXt is
1 5 1

Ala Lys Ala Leu
20

<210> 23

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 23

Gly His val Ala Gly Ile Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala tLys Ala Leu
20

<210> 24

<211> 20

<212> PRT

<213> Hepatitis € virus

<400> 24

Gly His Ala Ala Gly Ile Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15
Ala Lys Ala val

20

<210> 25

<211> 20

<Z212> PRT

<213> Hepatitis C virus

<400> 25
Gly His Ala Ala Gly Leu Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala val
20

<210> 26

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 26

Gly His Ala Ala Gy Leu Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15
Ala Lys Ala val

<210> 27
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<400> 64 tactcaccgg ttccgcagal9 <210> 65 <211> 23 <212> DNA <213> Artificial sequence <220>
<223> Synthetic; designed from HCV protease NS3 <220> <221> misc_feature <222> (1)..(1) <223>
6-carboxyfluorescein <220> <221> misc_feature <222> (23)..(23) <223>
Carboxytetramethylrhodamine <400> 65 cctggaggct gcacgacact cat23 <210> 66 <211> 39 <212>
DNA<§%%§> %tificial sequence <220> <223>Eithetieitdesigned from HCV protease NS3

<212> PRT
<213> Hepatitis C virus
<4Q0> 27

Gly His Ala Ala Gly 1le pPhe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala val

20
<210> 28
<211> 20
<212> PRT
<213> Hepatitis C virus
<400> 28

§1y His Ala Ala Gly Ile Phe Arg Ala an val Cys Thr Arg %1y val
5 5

Ala Lys Thr val
20

<210> 29

<211> 20

<212> PRT

<213> Hepatitis C virus
<400> 29

Gly His Ala val Gly 1le phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala val
20

<210> 30

<211> 20

<212> PRT

<213> Hepatitis C virus
<400> 30

Gly His Ala val Gly Ile Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala val
20

<210> 31

<211> 20

<212> PRT

<213> Hepatritis C virus
<400> 31

Gly His val val Gly val pPhe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15
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<400> 66 gctgtgggca tctttcggtc tgcecgtgtge acccgaggg39 <210> 67 <211> 39 <212> DNA <213>
Artificial sequence <220> <223> Synthetic; designed from HCV protease N53 <400> 67 ccctcgggtg
cacacggcag accgaaagat gcccacage39 <210> 68 <211> 39 SEQLIST.txt <212> DNA <213> Artificial
sequence <220> <223> Synthetic; designed from HCV protease NS3 <400> 68 gctgtgggca tctttcggac
tgccgtgtge acccgaggg39 <210> 69 <211> 3FRRESI BKIA <213> Artificial sequence

ATa Lys Ala Leu
20

<210> 32

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 32

Gly His val val Gly val phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala Leu
20

<210> 33

<211> 20

<212> PRT

<213> Hepatitis C wvirus

<400> 33

Gly His val val Gly Leu phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 190 15
Ala Lys Ser Leu

20

<210> 34

«<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 34

Gly His val val Gly Leu Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ser Leu
20

<210> 35

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 35

Gly His val val Gly Leu Phe Arg Ala Ala val Cys Thr aArg Gly val
1 5 10 15
Ala Lys Ser Leu

<210> 36
<211> 20
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<220> <223> Synthetic; designed from HCV protease NS3 <400> 69 ccctcgggtg cacacggcag
tccgaaagat gcccacage39 <210> 70 <211> 39 <212> DNA <213> Atrtificial sequence <220> <223>
Synthetic; designed from HCV protease NS3 <400> 70 ggggttgcga aggcggtggc ctttgtaccc gtcgagtct39
<210> 71 <211> 39 <212> DNA <213> Artificial sequence <220> <223> Synthetic; designed from
HCV B tease NSB <400> 71 agactcgacg g§teigadgddecaccgcectt cgcaacccc39 <210> 72 <211> 39
<21 g ﬁglf@@hggguence <220> <223> Synthetic; designed from HCV protease NS3

<400> 72
<400>

Gly His val val Gly Leu Phe Arg Ala Aga val Cys Thr Arg Gly val
1 5 1 15

Ala Lys Ala Leu
20

<210> 37

<211> 20

<212> PRT

<213> Hepatitis C virus

<4Q0> 37

Gly His val val Gly Leu Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15
Ala Lys Ala teu

<210> 38

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 38

Asp His val val Gly Leu Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 i0 15

Ala Lys Ala Leu
20

<210> 39

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 39
Gly His val val Gly Leu Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Ltys Ala Ile
20

<210> 40

<211> 20

<212> PRT

<213> Hepatitis ¢ virus

<400> 40

Gly His Ala val Gly Ile Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15
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ggggttgcga aggeggtggt ctttgtacce gtcgagtct39 <210> 73 <211> 39 <212> DNA <213> Artificial
sequence <220> <223> Synthetic; designed from HCV protease NS3 <400> 73 agactcgacg
ggtacaaaga ccaccgcctt cgcaacccc39 Page 16 SEQLIST.txt <210> 74 <211> 39 <212> DNA <213>
Artificial sequence <220> <223> Synthetic; designed from HCV protease NS3 <400> 74 atctttcggg
ctgcecgtgag cacccgaggg gttgcgaag39 <210>SERKEIEIEEX39 <212> DNA <213> Artificial sequence <220>
<2233 aSWg@\tj%; designed from HCV protease N53 <400> 75

20

<210> 41

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 41

Gly His Ala val Gly Ile Phe Arg Atla Ala val Cys thr Arg Gly val
1 5 10 15

Ala Lys Ala Ile
20

<210> 42

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 42

Gly His val val Gly Leu Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lvs Ala Leu
20

<210> 43

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 43

Gly nis val val Gly Leuy Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala Leu
20

<210> 44

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 44

Gly His val Ala Gly Iie pPhe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ser Leu
20

<210> 45
<21il> 20
<212> PRT
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cttcgcaacc cctcgggtgce tcacggcagce ccgaaagat39 <210> 76 <211> 39 <212> DNA <213> Artificial
sequence <220> <223> Synthetic; designed from HCV protease NS3 <400> 76 cacgctgtgg gcatctttaa
ggctgecegtg tgcacccga39 <210> 77 <211> 39 <212> DNA <213> Atrtificial sequence <220> <223>
Synthetic; designed from HCV protease N53 <400> 77 tcgggtgcac acggcagcct taaagatgcc

caca tg39 L. . SEQLIST. Xt
ég%%g Hepatitis C virus

<400> 45

Gly His val Ala Gly I'le Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ser lLeu
20

<210> 46

<211l> 20

<212> PRT

<213> Hepatitis € virus

<400> 46

Gly His val Ala Gly ITe Phe Arg Ala Ala val Cys Thr Arg Gly val
i 5 10 15

Ala Lys Ser Leu
20

<210> 47

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 47

Gly His val Ala Gly Ile phe Arg Ala Ala val Cys Thr arg Gly val
1 5 10 15

Ala Lys Ser Leu
20

<210> 48

<Z211> 20

<212> PRT

<213> Hepatitis C virus

<400> 48
Gly His val Ala Gly ITe Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ser Leu
20

<210> 49

<211> 20

<212> PRT

<213> Hepatitis C virus

<400> 49
Gly His val Ala Gly Ile Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15
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SEQLIST.tXt
Ala Lys Ser Leu
20

<210> 50
<211> 20
<212> PRT

<213> Hepatitis C virus
<400> 50

Gly His val Ala Gly Ile Phe arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ser Leu

20
<210> 51
<211> 20
<212> PRT
<213> Hepatitis ¢ virus
<400> 51

Gly His val Ala Gly ITe Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ser Leu

<210> 52

<211s> 20

<212> PRT

<213> Hepatitis C virus
<400> 52

Gly His Ala val Gly val phe arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ser Leu

20
<210> 353
<211> 20
<212> PRT
<213> Hepatitis C virus
<400> 53

Gly His Ala val Gly val Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ser Leu

<210> 54
<211> 20
<212> PRT

<213> Hepatitis C virus
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SEQLIST.txt
<400> 54
Gly His val val Gly Ile Phe Arg Ala Ala val Cys Thr Arg Gly val
L 5 10 15

Ala Lys Ser Leu
20

<210> 55
<211> 20
<212> PRT

<213> Hepatitis C virus

<400> 55

Gly His val val Gly Ite phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ser Leu

20
<210> 56
<211> 20
<Z212> PRT
<213> Hepatitis C virus
<400> 56

Gly His Ala val Gly Leu Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ata Lys Ala Ile
20

«<210> 57
<211> 20
<212> PRT

<213> Hepatitis C virus

<4(0> 57

Gly His val val Gly Leu Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala Ile
20

<210> 58

<211> 20

<212> PRT

<213> Hepatitis C virus
<400> 58

Gly His Ata val Gly Leu Phe Arg Ala Aga val Cys Thr Arg Gly val
1 5 1 15

Ala Lys Ala Ile
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SEQLIST.txt

20
<210> 59
<211> 20
<212> PRT

<213> Hepatitis C virus

<400> 59

Gly His val val Giy Leu Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 i5

Ala Lys Ala Ile
20

<210> 60

<211> 20

<212> PRT

<213> Hepatitis C virus
<400> 60

Gly His val val Gly Leu rPhe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala ITe

20
<210> 61
<211> 20
<212> PRT

<213> Hepatitis C virus

<400> 61

Gly His val val Gly Leu Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala Ile
20

<210> 62

<211> 20

<212> PRT

<213> Hepatitis C virus
<400> 62

Ser His Cys val Gly 1le Phe Arg Ala Ala val Cys Thr Arg Gly val
1 5 10 15

Ala Lys Ala val

20
<210> 63
<211l> 21
<212> DNA

<213> Artificial sequence
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<220>
<223>

<400>

SEQLIST. txt

synthetic; designed from HCV protease NS3
63

acgcagaaag cgtctageca t

<210>
<21l
<212>
<213>

<220>
<223>

<400

64

19

DNA

Artificial seguence

Synthetic; designed from HCV protease NS3
64

tactcaccgg ttccgcaga

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

65

23

DNA

Artificial sequence

Synthetic; designed from HCV protease NS3

misc_feature
(.. (L)

6-carboxyfluorescein

misc_feature

23)..023
Carboxytetramethylrhodamine
65

cctggagget geacgacact cat

<210>
<21i>
<212>
<213>

<220>
<223>

<400=>

66
39
BNA
Artificial sequence

Synthetic; designed from HCV protease NS$3
66

gctgtgggca tctttcggtc tgccgtgtgce acccgaggy

<210>
<211>
<212>
<213>

<220>
<223>

<400>

67

39

DNA

Artificial sequence

Synthetic; designed from HCV protease NS3
67

ccctcgggtg cacacggcag accgaaagat gcccacagce

<210>
<211>

68 .
39
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SEQLIST.tXt

<212> DNA

«213> Artificial seguence

<220>

<223> Synthetic; designed from HCV protease NS$3
<400> 68

gctgtgggca tettteggac tgccgtgtge acccgaggg

<210> 69

<211> 39

<212> DNA

<213> Artificial sequence

<220>

<223> synthetic; designed from HCV protease NS3
<400> 69

ccetcgggtyg cacacggceag tccgaaagat gceccacagce

<210> 70

<211> 39

<212> DNA

<213> Artificial seguence

<220>

<223> Synthetic; designed from HCV protease NS3
<400> 70

ggggttgcga aggoggtggoe ctttgtaccc gtcgagtct

<210> 71

<211> 39

<212> DNA

<213> Artificial sequence

<220>

<223> Synthetic; designed from HCV protease NS3
<400> 71

agactcgacg ggtacaaagg ccaccgcctt cgcaaccce

<210> 72

<211> 39

<212> DNA

<213> Artificial sequence

<220>

<223> synthetic; designed from HCV protease NS3
<400> 72

ggggttgcga aggcggtggt ctttgtaccc gtcgagtct

<210> 73

<211> 39

<212> DNA

<213> artificial sequence

<220>

<223> Synthetic; designed from HCV protease NS3
<400> 73

agactcgacy ggtacaaaga ccaccgectt cgeaaccecec
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SEQLIST.tXt

<210> 74

<211> 39

<212> DNA

<213> Artificial sequence

«220>

<223> Synthetic; designed from HCV protease NS3

<4Q0> 74

atctttcgog ctgecgtgag cacccgaggg gttgcgaag 39
<210> 75

<211> 39

<212> DNA

<213> Artificial sequence

<220>

<223> Synthetic; designed from HCV protease NS3

<400> 75

cttcgcaacc cctogggtge tcacggeage ccgaaagat 39
<210> 76

<211> 39

<212> DNA

<213> Artificial sequence

<220> )

<223> sSynthetic; designed from HCV protease NS3

<400> 76 .

cacgetgtgg geatctttaa ggetrgecgtg tgcacccga 39
<210> 77

<211> 39

<212> DNA

<213> Artificial seqguence

<220>.

<223> Synthetic; designed from HCV protease NS3

<400> 77

tegggtgeac acggcagcecet taaagatgec cacagegtg 39
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