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INHIBITORS OF FLAVIVIRIDAE VIRUSES

This application is filed under 35 U.5.C. 111(a) claiming the benefit under 35
U.5.C. 118{e) of US provisional application 61/295,578 filed January 15, 2010 which
is herein incorporated by reference in ifs entirety for all purposes,

FIELD OF THE INVENTION
The present application includes nove! inhibiters of Flaviviridas viruses,
compositions containing such sompounds, therapeutic methods that inctuds the
administration of such compounds.

BACKGROUND OF THE INVENTION

Viruses comprising the Flaviviridaa family include at least three
distinguishable gensera including pestiviruses, flaviviruses, and hepaciviruses
{Calisher, of al, J. Gen. Virel,, 1903, 70, 37-43). While pesfiviruses cause many
economically important animal disesses such as bovine viral diarrhez virus (BVDV),
classical swine fever virus (C8FV, hog cholera) and border disease of sheep (BRV),
their importance in human disease is less wall characterized (Moennig, V., ef &/, Adv.
Vir. Res. 1992, 48, 53-98). Maviviruses are responsible for important human
diseases such as dengue fever and yellow fever while hepaciviruses cause hepatitis
C virus infections in humans. Other important viral infections caused by the
Flaviviridae family include West Nile virus (WNV) Japanese encephalitis virus (JEV},
tick-borme encephalitis virus, Junjin vinus, Murray Valley encephaiifis, 5t Louis
enchaplitis, Omsk hemorrhagic fever virus and Zika virus.

The hepatitis C virus (HCV) is the leading cause of chronic liver disease
worldwide (Boyer, N. at al. J Hepaiol. 32:98-112, 2000} so a significant focus of
current antiviral research is directed toward the development of improved methods of
treatment of chronic HCV infections in humans (Di Besceglie, AM. and Bacon, B, R,
Saieniific American, Oct.: 80-85, (1999} Gordon, C. P, etal,, J Med. Chem. 2005,
48, 1-20; Maradpour, D; etal,, Nat. Rev. Micro. 2007, 5(8), 453-463). A number of
HCV freatments are reviewed by Bymock et al. In Anthviral Chemistry &
Chemotherapy, 11:2; 78-95 {2000). Virclogis cures of patients with chronic HCV
infection are difficult to achieve becayse of the prodigicus amount of dally virus
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produstion in chronically infected patients and the high sponfaneous mutabifity of
HCV virus {Neumann, =t al, Science 1998, 2862, 103-7; Fukimoto, et al., Hepatalogy,
1996, 24, 1351-4; Domingo, et al., Gane, 1885, 40, 1-8; Martell, et al., J. Virol 1892,
66, 3225-3,

Currently, there are primatily two antivirat compounds, rbavirin, a nucleosids
anhaleg, and interferon-alpha (e} (IFN), that are used for the treatment of chronic HCV
infections in humans. Ribavirin alone s not effeciive in reducing viral RNA levels,
fias significant toxisity, and is known to induce anemiz. The combination of IFN ang
ribavirin has been reporied 1o be effeciive in the management of chronic hepatitis C
{Scott, L. J,, et al. Drugs 2002, 62, 507-556) but tess than half the patients given this
treatment show a persistent benefit,

Caombinad, infections from the Flaviviridae virus family cause significant
mortality, morbidity and sconomic losses throughout the world, Alkyny! substituted
thiophenes with anti-Flaviviridae virus activity have been disciosed by Chan, et al,,
WG 2008058383; Wunherg, et al., WO 2008072347; and Chan, et al, WO
2002100851; but none of these are currently clinically approved antiviral therapeutics.
Therefore, there remains a need to develop effective freatments for Flaviviridae virus
infections.

SUMMARY

in one aspect, there is provided a compound of Formuia :

RZ

Formua {13,
or a pharmaceutically acceptable salt or ester theredf, wherein,
R’ is selscted from the group consisting of opfionally substituted Gy alkyl,
optionally substituied C,.q; alkenyl, optionally substituied Cy., atkynyl, optionally
substituted Cq.4e cycioatkyl, opfionally substituted Coiq aryl, optionally substituted 3 -
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14 membered helsroaryl, optionally substituted 3 -12 membered heterocyciv,
optionally substituled 3-18 membered heteroanvlalkyl, optionally substituted 3-18
membered heterocyclylalikyl and oplionally substifuted Caqs arylalkyl,
wherein, each substituted R' is substituted with one or more Q;

each Q' is independently selected from the group consisting of
halogen, oxo, oxide, -NC;, -N(=0}, -8R, -S(OIR', -8(0}LR", -S(0), NRRY,
NRECIORY, -NRECIOINR'RY, -NRS(OIR, -NRS{OLR", -OBOIRYRY,
-PIORYR™, -P(OJORVR™, -P{CYOR™MOR™, -CLOINRTR™, aptionally substituted
Gy atkyl, optionally substituted C, alkenyl, optionally substituted Cp.s alkynyl,
optionally substituted Cs, cycloalkyl, optionally substituted Ce.y: arviaikyl, optionally
substituted Cs.ay anvl, oplionally substituted 3 - 14 membered hateroaryl, optionally
substituted Cy4alkyloxy, optionally substituted Co. atkenyloxy, oplionally substituted
Cas alieynyloxy, optionally substituted Cyq cysloalkyloxy, optionally substituted Ca 1z
aryloxy, optionally substituted 3 - 14 mambered hetercaryloxy, aptionally substiiuted
4-12 membered heterocyclyloxy, aptionaily substituted -C{O)C,.; alkyl, opticnally
substituted -C{0)Cos alkenyl, optionaily substituted -C(O)Cx.e alkynyl, optionalty
substituted -C(U)Cy cycloalkyl, optionally substituted -C{C)Cq.i2 aryl, optionalty
substituted -C{0}-3 - 14 membered heteroary, optionally substituted -C(C)Cq.n
arylaikyl, opticnally substituted -3-10 memberesd
heterocyciyl, -OH, -NRYR'™, -C(OYOR™, -CN, Na, -C{=NR™NRR™,
-C(=NR™POR™, -NRPC(=NRPINRTR™, -NRTCIOYOR™, and -OCIOINRTR™:

sach R™, RY, and R™, independently, is selected from the group consisting of
H. optionally substituted Cs.., alkyl, optionally substituted C,.q, alkany, optionally
subsiituted Cp.., alkyny!, optionally substituted C, .1, cycloalkyl, optionally substituied
Ca-i4 aryl, optionally substituted 3 - 14 memberad heteroaryl, optionaily substituted 3-
12 membered heterocyclyl, optionally substifuted 3-18 memberad hetercandatkyl,
and optionally substituted Cg.qq arylalkyl;

“or R" and R" taken together with the atoms fo which they are attached form

a 3 to 10 membered heterocyclyl;

each R", independently, is selected from the group conslisting of H, opticnaliy
substituted Cy.; alkyl, optionally substituied Ca.; alkenyt, optionally substituted Coyp
alkyryl, optionally substituted Ca.az cyeloalkyl, oplionally substituted Ca. aryl,
optionally substituted 3 - 14 membered hetercaryl, oplionally substituted 3-12
membered heferocyelyl, optionaily substitled 3-18 memberad hetercarylatkyl,
optionally substtuted Ceas arvialkyl, -CN, -C{O)RY, -CHC and -S(Q)QR”‘;
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each R, independently, is optionally substituted C..ix alkyl:

wherain, each substituted Q7, substituted B', substituted R, substituted R,
substituted R®, or substituted R is independently substituted with ons or more QF;

R is selected from the group consisting of optionally substituted Ci.pp alkyl,
opticnally substituted Cyp.qp alkenyl, optionally substituied Ca.p alkynyl, optionally
substifuted Gy, cycloalkyl, optionally substituted Ce.. aryl, optionally substituted 3 -
14 membered hetercaryl, optionally substituled 3 -12 membered heterocyclyl, .
opticnally substiiuted 3-18 membered hetercarylalkyl, and optionally substituted Cgag
arylatkyl;

wherein, each substituted R? is substifuted with ane or more G

each (%, independently, is selected from the group consisting of
halogen, oxo, oxide, ~NOy, -N{=0}, -SR¥, -.S{O)R¥, -5(0),R™, -S(0), NR*R*,
NRPCIOWRY, NRPCIOINRTRE, -NRPS(IOIRT, -NRFSLO),RY, -OP{OIRY'R®,
-PORYRE, -P(QIORYRE, -P{OYORYORE, -C{ONRP'R, optionally substituted
C1.g alkyl, optionally substituted C,s alkenyl, optionally substituted C,.s atkyryi,
opticnally substifuted Css cycloalkyl, optionaily substituted Cg.pp arylalkyl, oplionally
substituted Cqap anyd, optionally substituted 3 - 14 membered hetercaryt, opfionally
subsiiiuted Cy.5 alkyloxy, opticnally substituted G, alkenyloxy, cptionally substituted
Cos alkynyloxy, optienally substituted Cs cycloalkyloxy, optionally subsfituted Ce.a;
aryloxy, optionally substituted 3 - 14 membered heteroaryloxy, optionally substituted
4-12 membered heterocycivloxy, opticnally substituted ~C(O)C. alkyl, opiionaily
substituted -C{O)C,.5 alkenyl, eptionally substituted -C{O)C.s alkynyl, optionally
substituted -C{O}Css cycicalky!, opticnaily substifuled -C{0Q)Cq.iz aryl, optionally
substituted -C(0O)-3 -14 membered hetercaryl, optionally substituted -C(0)Ce2
arylatkyl, optionally substituted 3-10 mambered
heterooyalyl, -OH, -NR¥R¥, -C{OJOR™, -CN, -N;, -C{=NR™INR¥'RZ,
-CE=NRPIORY, -NRUC(=NRPIN RFTR*, NRE'C(OI0R™, and -OC{OINRYR™

each R™, R¥, and R¥, independently, is selected from the group consisting of
H, optionally substituted Ci.,; alkyl, optienally substituted C..q, alkenyl, optionally
substifuted C..z alkynyl, optionaily subsiituted C.4; cycloatky, optionally substituted
Ce.14 aryl, oplionally substitited 3 - 14 membered heteroaryd, optionally substituted 3~
12 membered heterocyclyl, optionally substituted 3-18 membered hetercarylalkyl,
and optlonally substituted Cg.qg arylalky!

or R* and R™ taken fogether with the atoms to which they are atiached form

a 3 o 10 membered heterocyclyl; :
4
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each R™, independently, is selected from the group consisting of H, optionaily
substituted Cy.qp alkyl, opticnally substituted Co.q, alkenyl, opticnally substituted Ca.qe
alkynyl, cptionally substituted Ca.; cycloalkyl, oplionaily substituted Cg.q, aryl,
onfionally substituted 3 - 14 membered hetercaryi; optionally substituted 3-12
membered heterocyclyl, optionally substituled 3-18 membered hetercarylalkyl,
opfionally substituled Caqg arylalkyl, -CN, -C{OYR*, -CHO and -S(CLR>,

sach R™ individually is optionally substituted Cy.ip alkyl;

wherein, each substituted O, substituted R¥, substituted RY, substituted RZ,
substituted R™, or substituted R* is independently substituted with one or more QF;

Y iz ~R%L-Het, -N{R*R®) or -R%=NORT;

R is selected from the group consisting of optionally substituted C1z
alkyiene, Cyyp alkenylene, substituied Cp.qp alkenylens, Cu.q; alkynylene, substituled
Ca.z alkynvlene, Cs.qy cycloaikylene, substituted Cy.qp ovcloalkylene, Caa
cycloalicyialkylene, substituted Ca: cycloatkylalkylene, optionally substitited Coaa
arylene, opticnally substituted 3 - 14 membered heteroarylene, optionally substituted
3 -12 membered helerocyclyiene, opiionally subsfituted 3-18 membered
heteroarylalkylene, and optionally substituted Cyqq arvialkylens;

wharein sach substituted R® is substituied with one or more Q%

each QP independently, is selected from the group cansisting of
halogen, oxo, oxide, -NO;, -N(=0), -SR¥, -8{0)R™, -8{0O),R*, -8(0}), NR™RY,
SNRPCIOIR™, -NRPGIOINRYTR®, -NRPS(OIRY, -NR¥S(0},RY, OP{ORYTR®,
-POIRYR¥, -R(OIORYR™, -P(OYOR™IOR®, -CIOINRY'R®, optionally substiuted
C1¢ alkyl, optionally substituted C, ¢ alkenyl, aptionally substituted Cag alkynyl,
optionally substituted Cy; cycloalkyl, optionally substituted C,.., arylalkyl, optionally
substituted Cq.iz aryl, optionally substitued 3 - 14 membered heteroaryl, optionally
substituted C;alkyloxy, optionally substituted C,s alkenyloxy, optionally substituted
Cag alkynyloxy, optionally substituted Ca.s cycloaltkyioxy, optionally substiiuted Cais
aryloxy, optionally substituted 3 - 14 membered heteroaryloxy, opticnally substituted
4-12 membered hetsrocyclviony, optionally substituted -C(O)C..q alkyi, optionally
substituted -C{O)Cy 5 atkenyl, optiorally substiuted -C(O)C..s altyny, optionally
substituted -C(0)Cas cycloalkyl, opticnally substituted -C{O}Cs..; aryl, optionally
substituted -C{O}- 3 -14 membered hetercaryl, optionally substiiuted -C{01Ca12
arylatkyl, optionally substituted 3-10 membered
heterocyclyl, -OH, -NR¥R%, .C(OJORY, -CN, -Nj, -Ci=NR¥INR¥R™,

-C{=NR¥™ORY, -NR¥C(=NR¥IN R¥R¥, -NRYC(O)OR™, and -OC{ONRYR™,
J .
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each R, R¥, and R¥, independently is selected from the group consisting of
H, optionally substitited C..; alkyl, optionally subsiituted C,.; alkenyl, optionally
substituted Cs.p alkynyl, optionally substituted Cyqp cycloalkyl, optionally substituted
Cgqq aryi, optionaily substituted 3 - 14 membered heleroaryl, optionally substituted 3-
12 membered heterocyclyl, optionally substituted 3-18 membered heleroarylatkyl,
and opticnaily substituted Cpyy arylatkyl;

or R* and R¥ taken together with the atoms to which they are attached form
a 3 to 10 membered heterccyclyl;

each R™ independently is selected from the group consisting of H, oplticnaily
substituted Cy.4p alkyl, optionally substituted C,.i; alkenyt, optionally subsfituted Coyg
alkynyt, opticnally subsiituted Cs.yz cycioalkyl, opficnally substituted Cg.ay aryl,
opticnally substituted 3 - 14 membered hetercaryl, optionally substituted 3-12
membered heterccyclyl, cptionally substituted 3-18 membered heteroarylalkyl,
optionally substituted Ce.. aryialkyl, -CN, -C(C)R*, -CHO and -§{0RR*,

each R¥ individually is optionally substituied Cy.z alky;

wherein, each substituted Q°, substituted R™, substiiuted R, substituted R%,
substituied R™, or substituted R™ is independantly substituted with one or more Q%

L is selected from the group consisting of -OC{OWN(RY-, -N(RHCIOIO-, -
NIRIS(O}z-, -N(R")C(O}-, -C(O)-, -C{O)O-, -OC{O)-, -N(RNIRC(DIO-,
and -N{RYN(R -

Het is an oplionally substituted 3-12 membered heterocyclyl or optionally
substituted 3-14 membered heteroaryl;

wherein, each subsfituted Het Is substituted with one or mare Q%

each @, independently, is selected from the group congisting of
halogen, oxo, oxide, -NC,, N(=0), -8R*, -B(O)R™, -S(0)R¥, -S(ORNRRY,
-NRUC{OR", -NR*CIOINRY'R*, -NR¥S(0)RY, -NRES(0LRY, -OPIORYRY,
-PIORYR™, PIOIORYRY, -PO)ORMORY, -C(OMR*'RY, oplionally substiiuted
Cy. alkyl, optionaily substifuted C,; alkeny!, optionally subsiituted Ca aliynyl,
optionally substituted C;; aycloalkyl, opfionally substituted Cq., arylalkyl, optionaily
substituted Cg.,; aryl, optionally substituted 3 - 14 membered hetaroaryl, optionally
substituted Co.q alkyloxy, oplionally substituted Cp. alkenyloxy, optionally substituted
Ca.g alkynyloxy, optionally substituied Gy cycloalkyioxy, optionally substituted Cgqp
aryloxy, optionally substiuted 3 - 14 membered heteroaryloxy, optionally subsiiiuted
4-12 membered helercoyclyioxy, optionally substituted -C{OYC 15 alkyl, optionally

substituted -C(0)Cy.q alkenyl, oplionally subsiituted -C{Q)C,.q alkynyl, optionally
&
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substituted -C{0O)Caq cycioalkyl, opticnally substituted -C{O)Ce.q» aryl, optionaily
substituted -C(0)- 3 -14 memberad heteroaryl, optionally subsfituted -C(0)Ce
aryialkyl, optionally substituted 3-10 membered
hetercoyclyl, -OH, -NRYR%, -C{OIOR™Y, -CN, -Na, -C(=NRINRTR?,
-Cl=NRIPORY, -NRPCENRPIN RFRY, -NRYCIOIORY, and -OC(OINRYR;

each R¥, RY, and R*, independently is selected fram the group consisting of
H, optionally substituted Cy. alkyl, optionally substituted Co., alkeny!, optionally
substituted Ca.ip alkynyl, optionally substituted Cs.z cycloalkyl, optionally substituted
Cs.14 aryl, optionally substituted 3 ~ 14 membered heleroary!, optionally substituied 3-
12 memberad heterocycivi, optionally substituted 3-18 membered hetercarvlalkyt,
and optionally substituted Cg.p arylalkyl;

or B and R taken together with the atoms to which they are attached form
a 3 fo 10 membered heterocyciyl; '

each R*, independently, is selected from the group consisting of H, optionally
substituted Cqy; alkyl, optionaily substituted Cp.p alkenyl, opticnaily substituted Cuay
alkynyl, optionally substituted Ca., cycloalkyt, optionally substituted Ce., aryl,
optionally substitufed 3 - 14 membered heteroaryl, optionaily substituted 3-12
membered heterocyciyl, opticnally subsiituted 3-18 membered heteroarylalicyl,
optionally substituted Ce.s arylatkyl, -CN, -CIOIRY, -CHO and -S(0O)R™;

each R* individually Is optionally substituted C..» atky};

wherein, each substitufed G, substituted R¥, substituted R*, substituted R,
substituted R*, or substituied R* is independently substituted with one or more (%

each QF, individually, is selected from the group consisting of
halogen, oxo, oxide, -NO,, -N{=0), -SR™ -S{0)R* -S(ORR®, -S{0); NRPR™,
NRYCIOIRY, -NRUECIOINRYR, -NR¥SIOIRY, -NR¥S{OLRY, -OP(OIRTRY,
-PIORPTR®, -POIORIRY, -PIOYORTOR™, -C(ONRP'R™, optionally substituted
Cy.5 alkyl, optionaily substituted C,¢ alkenyl, optionatly substituted Cy.e atkynyi,
optionally substifuted Cae cycioalkyl, optionally substituted Ca.q; arvialkyl, optionally
substituted Cy 1z aryl, opfionally substituted 3 - 14 membered heteroaryl, optionally
substituted C,. alicyloxy, optionally substituted C.y alkenyloxy, optionally substituted
Ca. atkynyloxy, optionally substituted Ca.s cycloalkyloxy, optionally substituted Cg 4z
aryioxy, optionally substituted 3 - 14 membered hsteroaryloxy, optionally substituted
4-12 membered heterocyclyloxy, optionally substituted -C(0OYC.e alkyl, optionally
substituted -C(0)1G..; alkenyl, optionally substituted -C{0)C.q alkynyl, optionally
substituled -C{Q)Cy.s cycloalkyl, optionally substituted -C{O)Cs.z aryl, optionally
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subsiituted -C{O} 3 -14 mambered heteroaryl, optionally substituted -C(0Cs.12
arylaliyl, optionally substituted 3-10 membered
hetercoyslyl, -OH, -NRR™, _C{OJOR®, -CN, -N;, -C(=NR*INR*'R™,
-CENRPIOR™, -NRPCENRIN RETRT, -NRYCIOIOR™, and -QC(OINRY'RS,

each R%, 1%, and R®, independently is selected from the group consisting of
H, optionally substituted Cy.12 alkyl, optionally substituted Cy., atkenyt, optionally
substitided C,.., alkynyl, optionally substiluted Cs.; cvcloalkyl, optionally substituted
Ce14 aryl, optionally substituted 3 - 14 membered heteroaryl, aptionally substituted 3-
12 membered heterocyclyl, optionally substituted 3-18 membered heteroarylatkyl,
and optionally substituted Cg.ag arylalkyl;

or R¥ and R* taken together with the atoms to which they are attached form
a 3 fo 10 memberad heterocyciyl;

each R™, independentiy, is selected from the group consisiing of H, optionally
substituted Cq.p alkyl, optionally substituted C,..; alkenyl, optionaily substituted Cyaz
afkynyl, optionafly substifuted Cs.z cycloalieyt, optionally substituied Ge.s aryi,
optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-12
membered heterocyclyl, opticnally substituted 3-18 membered heteroarylalkyi,
cptionally substituted Ce.s arvialkyl, -CN, -CIOYRY, -CHO and -8{0),R*;

each R®, independenily, is oplionally substituted C..,, alkyl

wherein, each substituted Q°, substitited R™, substituted R, substituted R™,
substituted B, or substituted R* Is independently substituted with one or more &%

each Q° independently, is selected from the group consisting of halogen, oxo,
oxida, -NO,, -N(=0, -8R%, .S(ORE, -5(0),R%, -5(0}); NR® RY™, -NR¥C(O)R™,
-NRECIOINRRE? -NRFES(OIRE -NR™S(0),RE, -OP(OR¥RE,
-PIORER™, -P(OYORP'RY P(OYORMOR®, -CIOINRYR™, C., alkyl, Cos alkanyl,
Cog alkynyl, Cas oycloalkyl, Ceag arylaikyl, Cgazary, 3 - 14 membered heteroaryl,
Cigalkyioxy, C,;alkenyioxy, C.g alkynyloxy, Csscycloalkyloxy, Cg..r arvioxy, 3-
14 membered heteroaryloxy, 4-12 membered heterocyclyloxy, -C(O)Cs alkyl, -
C{O)Cyg alkenyl, -C(O)Cye alkynyl, -C{0)C5 cycloalkyl, -C(O¥C14
hatoalkyl, -C{OYCe. aryl, -C{O)}- 3-14 memberad hetsroaryl, -C{O)Cem arvialky!,
3-10 membered heterocyclyl, -OH, -NRYR® -C(OJORY, -CN, -Nj, ~C{=NREINRIR®,
-C(=NRPHOR®, NR®C(=NR™IN RE'RE, -NRYC{0IORY, and ~OC(OINRIRE:

each R®, R, and R®, independently, is selected from the group consisting of
H, Cose alkyl, Coqpalkenyl, Cosalkvnyl, Caap cycioaltkyl, Coras haloatkyt, Cyq arvl,



3. 14 membered heteroaryl, 3-12 mambered heterocyclyl, 3-18 memberad
hetercaryialiyi, and Cea arvialkyl;

or R% and R™ taken together with the atoms {o which they are attached form
a 3 10 10 membered heterocyclyi;

each R® independantly is selected from the group consisting of H, Cq.«p alkyl,
Carz alkenyl, Gz alkynyi, Cp.qp cycloahyl, Ceaq aryl, 3 - 14 membered heteroaryl, 3-
12 membered heteracyzlyl, 3-186 memberad heteroaryialkyl, Ceqe arvialky], -CN, -
CIDIR®, -CHO and -S10)R%:

each R® individually is C.. alkyt;

each R’ is independently M, CwCy alkyl, Ci-Cqp oyaioalkyl, 3 - 14 membered
hetercaryl or 3-12 membsred haterocycly! wherein aach Cr-Cy; alkyl, G-Cop
cycloalkyl, 3 - 14 membered heteroaryt or 3-12 membered hetarocyciyl is optionally
substituted with one or more Q°F;

sach RY is independanty C-Ciy alky!, Cs-Cyp cycioalkyl, 3 - 14 membered
hetercaryl or 3-12 membered heterocyclyl wherein sach Cs-Cqa alkyl, Ca-Coe
cyoloalkyl, 3 - 14 membered hetercaryl or 3-12 membered heterocycld is oplionally
substituted with one or more &

RPis 0-Cop aliylynie, Ca-Crp cycicalkylyne, or 312 membered
haterosycivlyne wherein each C-Cy; aliylyne, C3-Cqp cycloalkylyne, or 3-12
membsred heterosyolylyne is opfionally subsiitutad with cne or mors % and

R is selectad from the group consisting of optionally substituted Ci.1p alkyl,
opfionally substituied G4, alkenyl, aplionally substituted G, aliynyd, aptionaliy
substiuted Ca.1p cycloalky!, optionally substituted Cp., arvl, optionally substitted 2 -
14 membered heteroaryl, aptionally subsfituled 3 -12 membered heterocyolyi,
optionally substituted 3-18 membered hetercaryialkyl, optionally substituted 3-18
memberad haterocyclyialkyl and aptionally substituted Cs.e arviakyl;

whergin, 2ach substituted R’ is substifuted with one or more &2

in one aspect, there is provided the compound as defined above for use in treating a
viral infection caused by a virus selected from the group consisting of dengue virus, vellow
faver virus, West Nile virus, Japanese encephalitis virus, tick-borne encephalitis virus, Kunjin
virus, Murray Valley encephalitis virus, St. Louis encephalitis virus, Omsk hemorrhagic fever
virus, bovine viral diarrhez virus, Zika virus and Hepatitis C virus.

In one aspect, there is provided the compound as defined above for use in treating

a viral infection caused by Hepatifis C virus or Flaviviridae viral.

in another embodiment, a methed for treating Ffaviviridae viral infections s
provided comprising administering an effective amount of & compound of Formuia |
to @ patient in need thereof, The compound of Formuia s administered 1o a2 human
subjest in need therect, such as a human being who is infected with viruses of the
Flaviviidae family. in another embodiment, the compound of Formata | is
administered 1o & human subject in need thereof, such as a human being who is
infected with & MCV wvirus. In one embodiment, the treatment rasuits in the reduction
of ene or more of the in viral loads or clearance of RNA in the palient.



In another embodimert, provided is & method of freating and/or preventing a
disease caused by 2 viral infection wharein the viral infection is caused by 2 virus
selected from the group consisting of dengue virus, yeliow fever virus, West Nile
virug, Japanese encephalifis virug, fick-borme encephalitis virus, Junjin virus, Murray
Valiey encaphailis virus, St Louls sncephalitis virug, Omsk hemorrhagic fever virus,
bovine viral disarrhea virug, Zika virus and Hepafiis C virus; by administering (o a
subject in need thereof 5 therapeutically effective amount of a compound of Formulz
|, or & pharmaceutically acceptable sait thereol.

in another embodimant, provided is the use of & compound of Formuta | for
the manufaciure of a medicament for the freaiment of Flaviviridae viral infections, In
another embediment, the Flaviviridae viral infection is an HCV infection.

In another embodiment, provided is a compound of Formula [ for use in
freating & Maviviridae viral infection. in ancther embodiment, the
Flaviviridae viral infeclen s an acuis or chronic HCV infestion. in ansther
embodiment, the treatiment resulls in the reduction of one or more of the viral
loads or clearance of RNA In the palient. In ancther embodiment, the
treatment results in the reduction of the MOV viral load or clearance of HCV viral
RN in the patient.

In another embodiment, provided is a method for treating or preveniing HCV
comprising administering an effective amount of 8 compound of Formuia (o s
patisnt in nead thersol. In annther embodiment, provided is the use of @ compound

of the present disciosure for the manufacture of a medicament for the treatment or
prevention of HOV.

in one aspect, there is provided a pharmaceutical compesition comprising a
therapeutically effective amount of @ compound as defined above and & pharmaceutically

acceptabie carrier or excipient, and

optionally further comprising at ieast ons additional therapeutic agent salecied from the group
conststing of interferons, ribavirin or its analogs, MCV NS3 protease inhibitors, NS5z inhibitors,
alpha-giucesidase 1 inhibitors, hepatoprotectants, mevalonate decarboxyiase antagonists,
antagonists of {he renin-angiotensin system, other anti-fibrotic agents, nucieoside or nucleotide
inhibifors of HCV NS5B polymerase, non-nucieoside inhibitors of HCV NS5B polymerase, HCV
NS5A inhibitors, TLR-7 agonists, cyclophiliin inhibitors, HCV IRES inhibitors, pharmacokinetic

enhancers and other drugs for freating HCV; and mixtures thareof,

in ancther embodimsnt, provided is & pharmaceutical composition comprising
& compound of Formula | and one or more prarmaceutically accepiabie sarriers or
axcipienis. The pharmaceutical composition of Formuia { may further comprise one
or mare additional {herapeutic agente. The one or more additional therapeutic agent
may be, without limitation, selecied from: inferfarans, ribavirin or its analogs, MOV
NS3 protwase inhibitors, aipha-glucosidsse 1 mhibitors, hepatoprotectants,
nucleoside or nueleatide inhibitors of HOV NSEB polymerase, nor-nuciecside
inhibitars of MOV NS5B polymerase, HOV NESA nhibitors, TL.R-7 sgonists,
cyciophifin inhibitors, HOV IRES inhibitore, pharmacokinetic enhancers, and other
drugs for treating HOV, or mixtures thereof,

In another embodiment, provided is a method for the treatment or prevention
of the symptoms ot effects of an HCV infestion in an infected érzimaE which comprises
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administering to, i.e. treating, said animal with a pharmaceutical combination
composition or formulation comprising an effective amount of a Fermula | compound,
and a secend compound having anti-HCV properties.

In another embodiment, provided are compounds of Formuta | and
pharmaceutically acceptable salts thereof and all racemates, enantiomers,
diasiersomars, iattomers, polymorphs, pseudopolymorphs and amorphous forms
thareaf.

in another embodiment, provided are processes and novel miermeadiates
diaclosed herein which are ussful for preparing Formula | compounds.

in other embodimants, hovel methods for synthesis, analysis, separation,
igolation, purification, characterization, and testing of the compounds of Formula | are
provided.

The present disciosure includes combinations of aspects and embodiments, as
weil as preferences, as herein describad throughout the present specification,

DETAILED DESCRIPTION

Reference will now be made in detail to certain embodiments of the invendion,
exampies of which are ilusirated in the accompanying strustures and formulas.
While the invention will be described in conjunction with the enumerated
embodiments, it will be understood that they are not intended to limi the invention to

-those embodiments. On the contrary, the invention is intended to cover all

alternatives, modiflcations, and equivaiants, which may be included within the scope
of the present invention as defined by the claims.

Al documents referenced herein are sach incorporated by reference in their
entirety for ali purposes.

in one embodimant of Formula §, R is optionally substituted Cy.qg alicy],
optionaily substituted Cs.; alkenyl, epfionally substituied Ca.qs alkynyl, or optionally
substituted Cy.- cycloaikyl, In another aspact of this embodiment, R' is optionally
substitted C-Cap alkyl. I ancther aspect of this embodiment, R' is optionally
substituted Cx-C- secondaty or tertiary alkyl. In ansther aspact of this embodiment,
R® is prop-2-y {isopropyl) or 2-methylprop-2-yi (~butyl).

in ancther embodiment of Formuia |, R? is aptionatly substituted C., alkyl,
ontionaily subsfifuted Cu.qp alkenyl, opticnally substituted Cp., alkynyl, optionally

substittted Cs., cycloatiyl, or optionaily subsiituted Cy.qe arylalkyl. in another aspect
11
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of this embodiment, R? is optionally substifuted Ca.p cycloalkyl. In another aspect of
this embodiment, R® is optionally substituted methyloyciohexyl or optionally
substifuted methyleyclohexenyl: In another aspect of this embodiment, R* is
optionally substituted 4-methyicyciohaxyl. In another aspect of this embodiment, w7
is optionally substituted 4-methyleyclohexenyl. In a preferred aspect of this

/Q 8

In ancther prefarred aspect of this embodiment, & Is

CH

embodiment, R? is

In another praferred aspact of this embodiment, R% is

/@i |
: ’ 3
in another preferred aspect of this embodiment, R is

‘v? z

In another embodiment of Formulz |, ¥ is -R*-L-Hat. in ancther embodiment
of Formuiz 1, Y is <N(RTYR®Y. In ancther embodiment of Formula |, Y is —RP=NOR’,
In another embodiment of Fermula |, Y is -R*-L-Het, R' is optionally

& >\35

9,
or /@:

sﬁbstituted C+Cip alkyl, and R? is optionally substituted Cs.q2 cycioalkyl, in anather
aspact of this embodiment, R? is optionally substituted Cy.q; alkylene, C,..; alkenylene,
substitited Ca.,; alkenyiens, Co.i; alkynyiens, substituted Cy.qp alkynylene, Cai
cycloalkylene, substituted Csq, cycloalkylene, Ty« cycloalkylalkyiene, substituted C,.
12 oycloalkylalkylene, optionally substiluted Cg.q. arvlene, optionally substituted 3 - 14
membered heteroarviene, optionally substituted 3 -12 membered heterocyclyiene,
opticnally subsiituted 3-18 membered hetercarylafkylene, or oplionally substiiuted Cq.
1s arylatkylene. In another aspect of this embodiment, R? is optionally substitited C4.
12 alkyiena, Cuup cycloalkylens, substituted Csao cycloalkylene, Cap

12



WO 2011/088303 PCT/US2011/021279

cycioalkylatkyiene, substituted Cy.p cycloalkvialkylene, optionally substituted Ceqa
arylensg, or opfionaily subsfituted 3 -12 membered heterocyclyiene, in another aspect
of this embodiment, L is -OC(OIN{RY-, -N(RHC(OI0-, -N{RYS{0)-, -N(RNIC{O)-, -
C(O)-, -C{OY0-, -OC[O), -NIRYN(RHCIOI0-, or -NR*NIRY-. In another aspect of

5 this embodiment, L is -OG{ON(R*-. In another aspect of this embodiment, L is -
N(R‘*)C(O}O-. in another aspect of this embodimant, L is -N{RYS{OL-. In another
aspect of this embodimant, L is -NRYC(O). In anather aspect of this embodiment, L
is -C{C}-. in another aspect of this embadiment, Lis -C{0)O-. In another aspect of
this embodiment, L is -OC(0)-. in another aspsct of this emboediment, L is -

10 NRUNRYCIOIO-. In another aspect of this embodiment, L is -N(RYN(R"-.

In ancther embodiment of Formula |, Y is R%-L-Het, R' is cptionally
substituted C-Cro ailkyl, R? is opfionally substituted Cs.qz oyeloalkyl and R is
optionally substituted Cy.4 alkylene, Ca.q; cycloalkyiene, substituted Cya
cycloalkylene, Caq; cyeloalkylalkyiene, substituted Cy.z cycloalkylatkylene, optionally

15 substituted C;.4 arylene, or optionally substituted 3 -12 membered hetarocyclyiene.
In another aspect of this embodiment, R® is optionally substituted Cy4 alkylene. in
another aspect of this embodiment, R is Cus cycioalkylens or substiuted S,
cycloatkylene, In another aspect of this embodiment, R® is an optionally substiiuted
5-6 membered heteracyclylene. In another aspedt of this embodiment, L is -

20 OC(OMN(RY-, -N(RHCOIC-, -NRNS(O)-, -NIRNCIO)-, -C{O)-, -C{OY0-, -OCIO)-, -
N(RYINIRNCIOIO-, or -NIRINIRY)-. In another aspect of this embodiment, L is -
OCON(RY-. In another aspect of this ambodiment, L is -N{RMC{O)O-. In another
aspect of this embodiment, -N{R*)3(0);-. In ancther aspect of this embodiment, L is
-N{RYC{O)- In ancther aspect of this embodiment, L is -C(O}-. In another aspect of

25  this embodiment, L is -C{OYD-. In another aspect of this embadiment, L is -OG{O)-.
Ir: another aspect of this embodimant, L is -N{RUIN(R*IC(O)0-. In another aspect of
this embodiment, L is -N{RIN(R%)-. In another aspect of this embodiment, Hetis an
optionally substituted 3-12 membered heterceoyclyl or optionally substituted 3-14
membered heteroaryl wherein said optionally substituted 3-12 membered

30 heterocyclyl or optionally substituted 3-14 membered hetercaryl comprises one o
four hetercatoms selected from O, S, or N. Inanother aspect of this embodiment,
Het iz an oplicnally substituted 3-12 membered heterocyclyt comprising one o two
heteroatoms selacted from O, S, or N. In ancther aspect of this embodiment, Het is
an oplionally substituled 510 membered helercaryl comprising one 1o four

35  heiroatorns selecled from O, S, or N,
13
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In another embodiment of Formuta 1, Y is -N(R*)R®), R' is optionally
substituted C-Cy; alkyl, and R is optionally substituted Ca.4; cycloatkyt. In anather
aspect of this smbodiment, R’ is independently H or Ci-C, alkyl wherein C-Ciz alkyl
is optionally substituted with one or more Q. In ancther aspact of this embodiment,
R*is Har optionally substituted C,-C; alkyl. In another aspect of this embodiment,
R® is Cy-Cyz alkyl, C3-Crz cycloafkyl, 3 - 14 membered hetercaryl or 3-12 membered
heterocyctyt wherein each Ci-Cy; alkyl, C3-Cy, cycloalkyl, 3 - 14 membered heteroaryl
or 3-12 membered heterocyelyl is optionally substifuted with one or more QL In
another aspect of this embodiment, R is C,-C; alkyl, Cs-Cy cycioalkyl, 5-10
membered heteroary! or 4-10 membered heterocyciyl wherein each C,-Cy atkyl, Cs-
Cs cycioalkyl, 5 - 10 membered heteroary! or 4-10 membered heterocyclyl is
optionally substituted with one or more Q'

In another embaodiment of Formuia [, Y is -RP=NOR’, R' is uptionatly
substituted C-Cyp alkyl, and R is optionally substituted Ca.qz cycloalkyl, Inancther
aspect of this embodiment, R® is ©-Cx. alkylyne, Cy-Cp cycloalkylyne, or 3-12
membered heterocyclylyne wherein each CCyp atkylyne, Cy-Cyp cyoloaikyiyne, oF 3+
12 membered heterocyclylyne is optionally substituted with one or more G, In
another aspect of this embodiment, R® is Cs-Cy oyoloatkylyne or 4-8 membered
heterooyclylyne wherein each Cs-Cp cycloatkylyne or 4-6 membered heterocyciylyne
is optionally substituted with one or more Q°. In another aspect of this embodiment,
R®is cyclohexylyne. |n another aspect of this embadiment, R is optionally
substittted Cy.4; alkyl, optionally substittied C..; alkenyl, optionally substituted C,..
atkynyl, optionally substituted C;.4p cycloalkyl, optionaily substituted Cg.q4 aryl,
optionally substituted 3 - 14 membered heteroaryl, opiionally subsiituted 3 -12
mambered heterocyclyl. optionally substitufed 3-18 membered heteroaryialkyl,
optionally substituted 3-18 membered heterocyclylalkyt or optionally substituted Cs.e
arylalkyl; wherein, when R is substituted, R7 is substituted with one or more Q2. In
another aspect of this embadiment, R is optionally substituted C-Cq aikyl. In
another aspect of this embodiment, R7 Is optionally substituted C,-Cy arvialicyl. in
anather aspect of this smbodiment, R is optionally substituted 6-11 membered
heteroarylaikyl, in another aspect of this embodiment, R7 is optionally substituted 6-
11 membered heterocyclytalkyi,

In another embodiment of Formula §, R is optionaily substituted Cs-C;
secondary or tertiary alkyl and R? is optionally substituted methyvicyslohexyl or

optionally substituted methyleyclohexany!. In another aspest of this embodiment, R
14
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is prop-2-vl (isopropyl) or 2-methylprop-2-yl {Fbutyl). In another aspect of this
embodiment, R? is opfionally substituted 4-mathylcyciohexyl. In a preferred aspect of

i another preferred aspect of this embodiment, R? is

OH

this embodiment, R Is

In another preferred aspect of this embodiment, R is

o ot ot of

7.

In another prefarred aspect of this embodiment, R? is

In another embodiment of Formula |, Y is ~R™-L-Het, R is optionally
substituted C5-C; secondary or terfiary alky! and R? is optionally substituted
methyloyciohexyl or optionally substituted methyicyclohexenyl. In another aspect of
this embadiment, R® ks optionally substituled G5 alkylene. In ancther aspect of this
ambodiment, R is Cus cycloalkylens or substituted Cus cycloalkylene. [n another
aspect of this embodiment, R® is an optionally substituted 5-8 membered
heterocyciviene. In another aspect of this embodiment, L is -OC(OIN(R'}-, -
N(RHCIOI0-, -NIRDS(O)-, -NRHC(O)-, -C(O}-, -C(D)0-, -OC(O)-, -
NIRINIRICIONO-, or -NRYN{R")-. In another aspect of this embodiment, L is -
OCLONR*-. In another aspect of this embodiment, L Is -N(RHC(0)0-. In another
aspect of this embodiment, L is -N{RYS{TY)-. In another aspect of this erbodiment,
L is N{RMC{O)-. In ancther aspsst of this embodiment, L is -C{O)- In ancther
aspeot of this embodiment, -C{O)C-. In another aspect of this embodiment, L is -
OC(O}. In another aspect of this embodiment, L is -N{ROIN(RHIC(OI0-. In ancther
aspect of this embodiment, L is NRYNIR™- In another aspect of this embaodiment,

15
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Het is an optionally substituted 3-12 membered heterocyclyl or optionally substituted
3-14 membered hetercaryl wherein said optionally substituted 3-12 membered
heterocyclyl or optionally substituted 3-14 membered hetercary! comprises one 1o
four hetercatoms selected from O, §, or N. in another aspect of this embodiment,

5 Hetlis an optionally substituted 3-12 membered heterocyclyl comprising one or two
hetercatoms selected from O, 8, or N, In aspect of this embodiment, Het is an
opfionaily substituted 5-10 membered heteroaryl comprising one io four hefroatoms
selecled from ©, §, or N

In another embediment of Formula 1, Y is ~R*-N(RHC(O)O-Het, R' is

10 optionally substituted Cs-C; secondary or fertiary alkyl and R? Is optionally substituted
methyleyclohexy! or opticnally substituied methyleyclohexenyl. in another aspect of
this embodiment, )R is aptionally subsfituted Cq; alkylene, In another aspest of this
embodiment, R® is Cup cycloalkylene or substituted Ca oycloalkylens. In another
aspect of this embodiment, Het is an opfionally substituied 3-12 membered

156 heferocyctyl or optionally substifuted 3-14 membered hateroaryl wherein said
optionally substituted 3-12 membered heterccycly! or optionally substituted 3-14
membered heteroaryl comprises one fo four heferoatoms selecied from O, 8, or N.
In another aspect of this embodiment, Het is an oplionally substiiuted 3-12
memberad helerceyclyl comprising one or two heferoatoms selectad from O, S, or N.

20 Inaspect of this embodiment, Het is an optionally substituted 5-10 memberad
heteroaryt comprising one o four hefroatoms selecied from O, S, ar N.

In another embodiment of Formula 1, Y is ~R%C{O)0-Het, R' is optionatly
substituted C5-C; secondary or tertiary atkyt, R is optignaliy substifuted
methylcyclohexyl or optionally substituted methyleycichexeny! and R® is an optionally

25  substituted 5-8 membered heterocyciylene. In another aspact of this embodiment,
Het is an optionally substituied 3-12 membered helerocyelyl or optionally substituted
3-14 membered heteroary! wherein sald optionally substituted 3-12 membered
hetsrccyclyl or optionally substituied 3-14 membered hetercaryl comprises one to
four heteroatoms seiected from O, S, or N, In ancther aspect of this embodiment,

30 Hetis an optionally substifuted 3-12 membersd heterocyclyl comprising one or two
heteroatoms selscted from O, S, or N. Inn aspect of this embodiment, Hat is an
optionally substituted 5-10 membered heteroaryl comprising one fo four hefroatoms
selected from O, 8, or N. In another aspect of this embodiment ~R3C(0)Y0-Het is:
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wherain the pyrroliding or piperidinyl ting is optionally substifuted,

In another embodiment of Formula 1, Y is -N(R*YR, R" is optionally
substituted Cs-Cy secondary or tertiary alkyl and R? is optionally substituted
methyloycichexyl or optionally substitufed methyleyclohexenyl. in another aspect of
this embodiment, R is H or optionally substituted C,-Cq atkyl. In ancther aspect of
this embodiment, R® is C4-Cyg alkyl, C3-C1a cycloalkyl, 3 - 14 membered heteroaryt or
3-12 membered heterocyclyl wherein each C,-Cyy alkyl, C3-Cyy cycloalkyl, 3 - 14
membered heteroaryl or 3-12 mermbered heterocyclyl is optionally substituted with
one or more QY. In another aspect of this embodiment, R® is C;-Ce alkyl, Ce-Ce
cycloalkyl, 5-10 membered heteroaryt ar 4-10 membered heterocyciyl wherein each
C4-Ce atkyl, Cs-Cs cycloalkyl, 5 - 10 membered hetercaryl or 4-10 memberad
heterocyclyl is optionally substituted with one or more Q'

In another embodiment of Formula |, Y is -RP=NOR’, R' is optionally
substituted Cs-C; secondary or tertflary alkyi and R% is optionally subsiituied
methyloyclohexy! or oplionally substitited methyicysichexeny!. In another aspect of
this embodiment, R® is Cs-Cs cycloakylyne, or 46 membered heterocyclylyne
wherein sach Cs-Cg cycloalkylyne or 4-8 membered heterocyclylyne is optionally
substituted with one or more Q. In ancther aspect of this embodiment, R® is
cyclchexylyne. In another aspect of this embodiment, R is optionally substifuted G-
Ce alkyl, In another aspect of this embodiment, R is optionaily substituted Cr-Cy,
arylalkyl. In another aspeot of this embodiment, R7 is optionally substituted 6-11
mambarad hetercarylalkyl, In ancther aspect of this embodiment, R” is optionaliy
substituted 8-11 membaered heterocyciylalkyl.

in another embodiment, compounds of Farmula | comprise compotunds of
Formuia H:

%" g OH
l
o]
N—Y
O
=;<R2
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Formula i

or pharmaceutically acceptabie salls and esters thereof, whersin:
R® is optionally substituted 4-methylcyclohaxyl or optionally substituted
5  methyloyclohexenyl and the remaining variables are defined as for Formula |,

Inn one embodiment of Formulz 1, R is:

in one embodiment of Formuia Ik, R? is:

CH

10 in ancther embodiment, RY is

:z :: :;a :;a

(4 7

In anafhér embodiment, R is
% 3
/U or /U )

15 In one emboediment of Formula |, Y is -R-L-Mat. In another aspact of this
embodiment, R? is optionally substifuted Cy.; alkylene. In another aspect of this
embaodiment, R® is Cu cycloalkylene or substituted Cag cycloalkylena, In another
aspect of this embodiment, R® is an opticnally substijuted 5-6 membered
heterocyclylens. In ancther aspect of this embodiment, L Is -OC{OWN(R)-, -

20 N{RYT(O)C-, -N(RYS(O)-, NRHC(O)-, -C{O)-, -C{O)0-, -0C(0)-, -
N(RMIN(ROICIOIO-, or NIRYN(RY-. in ancther aspect of this embodiment, L is -
OC{CNRY-. In another aspect of this embodiment, L is -N{RNC(C)0-. In another
aspect of this ambodiment, L is -N(RMS(D)-. In another aspect of this embodiment,
L is -N(R*)C{O}-. In anothar aspect of this embodiment, -C(O)-. In another aspect of

25  this embodiment, -C{OY0-. (n another aspect of this embodiment, L iz -0C(QY. In

18
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another aspect of this embodiment, L is -N{RIN(RYC(O0-, In ancther aspect of
this embodiment, L is -N(RNNIR*-. I another aspect of this embodiment, Het is an
optionally substituted 3-12 membered heterocyclyl or opfionally subsiiiuied 3-14
membered heteroaryl wherein said optionaily substituited 3+12 membered
heterocyclyl or optionally substituted 3-14 membered heteroanyl comprises one to
four heteroatoms selected from O, 8, or N. In another aspect of this embodiment,
Het is an oplionally substifuted 3-12 membered heterocyclyl comprising one or twa
hstersatoms selected from O, S, or N, In another aspeact of this embodiment, Het is
an aptionaliy substituted 5-10 membered heteroaryl comprising one fo four

hetroatoms salected from Q, S, or N. In ancther aspect of this embodiment, R? is:

L

In another aspect of this embodiment, R? is:

OH

in anather preferred aspect of this embodiment, R? is

& 3 > 2

in another praferrad aspect of this smbodiment, 7% is

tn another embodiment of Formula 1, Y is —R%L-Het wherein Het is an
optionally substituted 3-12 membered heterocyciyl or optionally substituled 3-14
membered heteroary! wherein said oplionally substituted 3-12 membered
heterocyclyl or optionally substituted 3-14 membered heteroaryl comprises one to
four hetercatoms selecied from O, 8, or N In another aspect of this embodiment,
Het is opticnally substituted pyridinyl. In another aspect of this embodiment, Het is
optionally substituted pyridazinyl. in ancther aspect of this embodiment, Het is

19
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optionally substituted tatrahydro-2H-pyranyl. In another aspect of this embodiment,
Het is opficnally substituted piperidinyl. In another aspect of this embodiment, Het is
oplionally substituted pyrrolidinyl. in another aspect of this embodiment, Hat is
optionally suhstituted {efrahydrothiophenyl. In anather aspect of this embodiment,

5 Hetis opticnally subsiituted pyrazinyl. in another aspect of this emboedimant, Het is
optionally substituted 1H-tsirazolyl. In another aspect of this embodiment, Het is
optionally substituted azetidinyl. In another aspect of this embodiment, Het is
optionally substituted tefrahydrofurany!. In another aspect of this embodiment, Hetis
aptionaily substituted tetrahydro-2iH-furo[2,3-biiuramd. in another aspect of this

10 embodiment, Het is optionally substituled thiazoyl. In ancther aspect of this
embodiment, Het is oplionally substitided 1H-imidazoiyl. In ancther aspect of this
embodiment, Het is optionaily substituted 4H-1,2,4-trazoivl. |n another aspect of this
smbodiment, Het is optionally substituted 1H-pyrazoiyl. in ancther aspect of this
embodiment, Het is optionally substituted 1,3 ,4-thiadiazolyl. In another aspect of this

15 ambodimeni, Het is optionally substituted quinglinyl, in ancther aspect of this
embodiment, Het is optionally substituted [1,2, 4ltriazolo[4, 3-alpyridinyl. in ancther
aspect of this embodiment, Het is optionally substituted thiophenyl. In another
aspect of this embodiment, Het is optionally substituted 1,2 d-thiadiazolyl. In another
aspect of this embodiment, Hel is optionally substituled pyrimidinyt. In ancthar

20 aspect of this embodiment, Het is optionally substituted 1H-1,2,3-triazolyl. in another
aspect of this embodiment, Het is opfionally substituted 1,3 4-oxadiazolyl. In another
aspect of this embodiment, Het is oplionally substituted imidazof1,2-blpyridazinyl. In

another aspect of this embodiment, R is:

S

25 in another aspect of this embodiment, R? is:

OH

In ancther preferred aspect of this embodiment, R? is

Jodbsds g o ¢
s s iy, of ",
20
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I another preferrsd aspect of this smbodiment, RY is

K 5

o

In ancther embodimant of Formula I, Y is -R-N{RYCIC)C-Het. In another
aspact of this embodimeant, R is optionalty substituled C..q alkylene. In another

aspect of this embodiment, R? is C,4cycloalkylene or substituted C.q cycloalikylene.
in another aspect of this embodiment, Het is an optionally substituted 3-12
membered heterocyclyl or oplionally substituted 3-14 membered heteroaryl wherein
said optionally substituted 3-12 membered heterocyelyl or opfionally substituted 3-14
membered hetercaryl comprises one to four heleroatoms selected from O, 8, or N.

In another aspect of this embodiment, Het is an optionally substituied 3-12
memberad heterocyclyl comprising one or two heteroatoms selected rom O, 8, or N
In aspect of this embodiment, Het is an optionally substituted 5-10 memberad
hateroaryl comprising one to four hetroatoms selected from O, 8, or N. In ancther
aspect of this embodiment, Het is optionally substituted pyridinyl. In another aspect
of this embodiment, Het is opticnally substituted pyridazinyl. In another aspect of this
embodiment, Het is optionally substituted letrahydre-2H-pyranyl. In anather aspect
of this embodiment, Met is optionally substifuted piperidinyl. In another aspect of this
embodiment, Het is optionally substituted pymolidinyl. In another aspect of this
embodiment, Het is optionally substituted tetrahydrothiophenyt. In another aspact of
this embodiment, Het is opfionally substituted pyrazinyl. In ancther aspect of this
embodiment, Het is optionally substituted 1H-tetrazolyl. In another aspect of this
ambodiment, Het is optionally substituted azetidinyl, In ancther aspect of this
embodiment, Het is aptionally substituted tetrahydrofuranyl. In ancther aspect of this
empodiment, Met is aptionally substituted ietrahydro-2H-furo[2, 3-bluranyl. In
another aspect of this embodiment, Het s optionally substituted thiazovt. In another
aspect of this ambodiment, Het is optionally subsiituted 1H-imidazoivl, In another
aspeot of this embodiment, Het is optionally substifuted 4H-1,2 d-triazolyl. In another
aspect of this embodiment, Het is oplichally substituted 1H-pyrazolyt, In another
aspect of this embadiment, Het is opfionally subsfituled 1,3 4-thiadiazolyl. in ancther
aspect of this embodiment, Het is opticnally substiuted quinolingi. In enother aspect
of this embodiment, Het is optionally substituled [1,2,4]triazolol4, 3-alpyridinyl. In
another aspect of this embodiment, Het is optionally substituled thiophenyl. in
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another aspect of this embodiment, Het is optionally subslituted 1,2 4-thiadiazoiyl. In
another aspect of this embodiment, Het is oplionally substituted pyrimidinyl. In
another aspect of this embodiment, Het is optionally substifuied 14-1,2,3-razolyl. In
another aspect of this embodiment, Het is optionaily substituted 1,3, 4-oxadiazolyl. In

&  another aspscl of this embodimerit, Het is optionally substittied imidazo[1,2-
bipyridazinyl. In another aspect of this embodiment, R is:

FON

In another aspect of this ambodiment, R® is:

OH

10 In enother preferred aspect of this embodiment, R is

o0 ot o o

in ancther praferred aspect of this embodiment, R is
% z
/U or /g )

15 in another embodiment of Formula U, Y fs ~R>-G(OY0-Het and K7 is an
optionally substituted 5-6 membered heterocyclyiene. In another aspect of this
embodiment, Het is an optionally substituted 3-12 membsred heterocyciy! or
optionally substituted 3-14 membered heteroaryl wherein said optionally substituted
3-12 membered heterocyclyl or oplionally substituted 3-14 membered heteraaryl

20 comprises one to four heteroatoms selected from O, S, or N In another aspect of
this embodiment, Het is an optionally subshituted 3-12 memberad heterocyciyl
comprising one or iwo heteroatoms selected from O, S, or N, In aspect of this
embediment, Het is an optionally substituted 5-10 membered heferoary! compriging

one fo four hetroatoms sefected from O, 8, or N, In another aspect of this
25 embodiment, Het is optionally substituted pyridinyl. In another aspect of this
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embodiment, Het is optionally substituled pyridazingl. In another aspeot of this
gmbodiment, Het is optionally subsiituted tetrahydro-2H-pyranyl. In another aspect
of this embedimant, Het is optionally substituted piperidinyl. In another aspect of this
ambodiment, Het is optionally substituted pyrrolidinyl, In another aspect of this
embodiment, Heat is optionallty substituted tefrabydrothiophenyl, In another aspect of
this embadiment, Het is optionally substituted pyrazinyl. In another aspect of this
embadiment, Hel is optionally substituted 1H-tefrézoiy{, In another aspect of this

- embodiment, Het is optionally substituted azetidinyl, iIn another aspeact of this

embodimant, Het is opticnally substituted tetrahydrofuranyl. In another aspect of this
embodiment, Het is optionally substitisted tetrahydro-2f+-furof2,3-blfurany!. In
another aspect of this embodiment, Het is optionally substituted thiazoyl. In another
aspect of this embodiment, Het is optionally substituted 1H-imidazolyl. In ancther
aspect of this embodimant, Het is optionally substituted 44-1,2 4-triazelyl. In another
aspect of this embodiment, Het is optionally substituted 1H-pyrazolyl. In another '
aspect of this emboditnent, Het is opticnally substituted 1,3, 4-thiadiazolyl, in another
aspect of this embodiment, Het is optionally substifuted quinolinyl. n ancther aspect
of this embodiment, Het is optiohally substituied [1,2 4ifriazolo[4,3-alpyridinyl. In
another aspect of this embodiment, Het is optienally substituted thiophenyl. In
another aspect of this embodiment, Het is optionally substituted 1,2,4-thiadiazoiyl. In
anather aspect of this embodiment, Het is optionally substituted pyrimidinyl. In
another aspect of this embodiment, Het is oplionally substituted 1H-1,2,3-triazolyl. In
another aspect of this embodiment, Het is oplionally substiiuted 1,3,4-oxadizzolyl. in
another aspect of this embodiment, Het is oplionally substituted imidazo[1,.2-
blpyridazinyl. In another aspect of this embodiment -R*-C(0)0-Het is:

8]

§
\CN—‘{O—Het cr. E_'<—jN_‘<O—Het

wherein the pyrrofidiny or piperiding ring is optionally substituted. In another aspect
of this embodiment, R is:

In another aspect of this embodiment, R? is:
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In arother preferred aspect of this embodiment, R2 s

:z :: :;,, :m,

4

In another preferrad aspect of this embodiment, R? is

% 2
/©/ or /Q/ .

in angther embodimeant of Formula i, Y is —N(RO(R®). In another aspaat of
this embodiment, R is H or optionally substituled C,-Cg alkyl. In another aspect of
this embodiment, R® is C4-Cs alkyl, Cs-Ce cycioalkyl, 5-10 membered hetaroary! or 4-
10 membered heterocycly! wherein sach C4-Cy alkyl, Cs-Cq aycioaikyl, 5 - 10
membered heteroaryl or 4-10 membered haterccyclyl is optionally substituted with
one or more Q'. In ancther aspect of this embadiment, R* is optionally substituted
C-Cs alky! and R® is C;-Cg alkyl, C5-C; cycloalkyl, 5-10 membered hetercaryl or 4-10
memberad heterocyclyl wherein each C-C; alkyl, C5-Cq oycloalkyd, 5 - 10 membered

heteroaryl or 4-10 membered heterocyclyl is optionaily substituted with one or more
Q. 1n another aspedt of this embodiment, R? is;

In another aspect of this embodiment, B? is:

OH

in anather preferred aspect of this embodiment, R? is

ﬁ\ ; . ", or /©2/

In another preferred aspact of this embodimant, R is
24
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in another embodiment of Formula i, Y is -R*=NOR?, In another aspect of
this embodiment, R% is C5-Cs cycloalkylyne, or 4-6 membered heterocyclylyne
wherein each Cs-Cg cycloalkylyne or 4-8 membered heterocyclylyne is optionally
substituted with ane or more @', In another aspect of this embodimenit, R is
cyclohexylyne. In another aspect of this embodimant, R Is optionally substituted Cy-
C; alkyl, In another aspect of this embodiment, R is optionally substituted C;-Cyy
arylalkyl. In another aspect of this embodiment, R is optionally substituted 8-11
memberad hetaroaryialkyl. in another aspect of this embadiment, R is optionally
substitited 6-11 membered heterocyclylatkyl. In another aspect of this embodiment,
R® is oyclohexylyne and R’ Is aptionally substiiuted C-Cy alkyl, In another aspect of
this embadiment, R is cyclohexylyne and R’ is optionaily substituted C-Cy, aryialkyl,
In another aspect of this embedimert, RY is cyclohexylyne and R is optionally
substituted 6-11 memberead heteroarylalkyl. In another aspect of this embodiment,
R%is cyclohexylyne and R’ s optionally substituted 6-11 membered haterocyclylakyl.

In another aspect of this embodimeant, R? is:

SN

in another aspect of this embodiment, R? is:

(O

OH

In another preferred aspect of this embodiment, R* is

ol ot of of

In another preferred aspect of this embodiment, R is

5 5
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In another embodiment, the compound of Formula | or Formuda il is
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pharmaceutically acceptable salf or ester thereof.

\ora

Definitions

Unless stated otherwise, the following ferms and phrases as used herein are
intended to have the following meanings. The fact that a particular term or phrase Is
neot specifically defined should not be correlated to indefiniteness or lacking clarity,
but rather terms herain are used within their ordinary meaning. When frade names
are used herein, apphicants intend fo independently include the tradename product
and the active pharmaceutical ingredient(s) of the tradename product.

The term "treating”, and grammatical equivaienis thereof, when used in the
context of realing a disease, means slowing or stopping the progression of a disease,
or amelioraling at least one symptom of a disease, more preferably ameliorating
more than one sympltom of a disease. For example, treatment of a hepaiitis C virus
infaction can include reducing the HCV viral load in an HCV infscted human being,
and/or reducing the severity of jaundice present in an HCV infected human being.

“Alky!” is hydrocarbon containing normal, secondary, tertiary or cyclic carbon
atoms. For example, an alkyl group can have 1 to 20 carbon atoms {i.e, Ci-Cyp alkyl),
1 {e 10 carbon aloms {Le., C~Cqo alkyl), or 1 to 6 carbon atoms (.., C+~Cq altkyl).
Examples of suitable alkyl groups include, but are not imited to, methyl (Ms, ~CHa),
ethyl (Et, «CH.CHa), 1-propyl (n-Pr, n-propyi, -CHRCH,CH,), 2-propyt {-Pr,

i-propyl, -CH(CHz)a), 1-bulyl (n-Bu, n-butyl, -CH,CHCH,CH;), 2-methyl-1-prapyl (-Bu,
irbutyl, -CH,CH{CH3)e), 2-butyl (3-Bu, s-butyl, -CH{CR,)CH:CHa,), Z-methyl-2-propyl

(+-Bu, 1-butyl, -C(CHa)s). 1-pentyl (n-peniyl, -CH,CH,CH,CH,CH,), 2-pentyt

{-CH{CH,)CHCH.CH,), 3-pentyl {-CH(CH;CH,)), 2-methyl-2-hutyl

{-C(CH3):CH,CHy), 3-methyt2-butyl ((CH{CH4ICH(CH,),), 3-methyl-1-buty!

(-CHCHoCH(CH3 ), 2-methyi-1-butyl (-CHCH(CH:)CHCHs), -hexyl

{-CHCH,CH:CH2CHACHg), 2-hexyl (-CHICH;)CHCH,CHLCHG), 3-hexy! (-

CHICHCH M CHCHCHa)), 2-methyl-2-pentyt (-C{CH; )oCH0H,CHs), 3-mathyi-2-
36
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pentyl (~CH{CH:)CH{CH3)CH,CHs), 4-methyl-2-pentyl (-CH(CHZ)CH,CH(CHL):), 3-
methyl-3-pantyl (-C(CHa {CHCH,)2), 2-methyl-3-pantyl (~CH{CH;CH:)CH(CHa)), 2,3~
dimethyi-2-butyt (-C(CH5).CH{CH;),), 3,3-dimethyl-2-butyl {-CH{CH;)C{CH,);, and
otyl (-{CHaCHa),

3 “Alkoxy” means a group having the formuia ~O-alkyl, in which an alky! group,
as defined above, is attached to the pareni molecuie via an oxygen aiom. The alkyl
portion of an alkoxy group can have 1 io 20 carbon atoms {i.e., CCap alkoxy), 110
12 carbon atoms (i.e., C;-Cz alkoxy), or 1 to & carbon atoms{ie., C)-C; alkoxy).
Examples of suitable alkoxy groups include, but are not limited to, methoxy {-Q-CH;

10 or -OMe), ethoxy (~OCH,CH; or -OE), thutoxy (-0-C{CHy) or ~0iBu), and the Iike.

"Haloaiky!” is an alkyl group, as defined above, in which one or more
hydrogen atoms of the alkyl group is replaced with & halogen atom. The aiky portion
of a haloalkyl group can have 1 to 20 carbon atoms (i.e., C-Cy haloalkyl), 10 12
carbon atoms{i.e., C:-Cyz haloalkyl), or 1 to & carbon atoms {i.e., C-Cg atkyh).

15 Exampies of suitable halcalkyl groups include, but are not limited
to, -CF;, -CHF,, -CFH,, -CH.CF,, and the like.

“Alkenyl" is a hydrocarbon contalning normal, secondary, tertiary, or cyclic
carbon atorns with at least one site of unsaturation, L.e. a carbon-carbon, sp2 double
hond. For example, an alkeny! group can have 2 to 20 carbon atoms (Le., Co-Cap

26 alkenyl), 2 to 12 carbon afoms {Le., C;-Cy, alkenyl), or 2 to § carbon atoms (Le., Gy
Ce altkenyl}. Examples of suitable alkenyl groups include, but are not limited to, vinyt
(~CH=CHj}, allyl {-CH.CH=CH,}, cydopentenyl (~C:H;), and 5-hexenyl
{-CH.CHCH,CHCH=CH,).

“Alkynyl” is a hydrocarbon containing normal, secondary, tertiary ar cyclic

28  carbon atoms with at least one site of unsaturation, L.e. a carbon-carbon, sp triple
bond. For example, an alkyny? group can have 2 fo 20 carbon atoms {i.e., C-Cy
alkynyl}, 2 to 12 carbon atoms (i.e., C»C; altkyne,}, or 2 to 6 carbon atoms (e, Cor
Cq alkynyl). Examples of suitable alkynyl groups include, but are not limited to,
agcetylanic (-C=CH), propargyt (-CHC=CH}, and the like,

30 “Alkyleng” refers to a saturated, branched or straight chain radical or or oyclic
hydrocarbon radical having two monovalent radical centers derived by the removal of
two hydrogan atoms from the same or two different carbon atoms of a parent alkane,
For example, an akyleng group can have 1 1o 20 carbon atoms, 1o 10 carbon atoms,
or % {o & carbon atems. Typical alkylene radicals include, but ars not limited to,
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methylene (-CH,-), 1,1-ethylene («CH{CH,)-), 1,2-ethylene (-CH.CH,-), 1,1-propylene
(-CH{CHCH:)), 1,2-propylens (-CHCH{CH,)), 1,3-propylena ((CHCHCH), 1.4~
butylene («CH,CH.CH,CHy-), and the lke.

“Alkenylens” refers to an unsaturated, branched or straight chain or eyclic
hydrocarbon radical having two monovalent radical centers derived by the removal of
two hydrogen atoms from the same or twa different carbon atoms of a parent alkene,
For example, and alkenylene group can have 1 1o 20 carhon atoms, 1 1o 10 carbon
atems, or 1 to 6 carbon afoms. Typical alkenvlene radicals include, but are not limited
to, 1,2-ethylens (-CH=CH-).

“Alkyniylena” refers o an unsaturaled, branched or straight chain or cychic
hydrocarbon radical having two menovalent radicat cenfers derived by the removal of
two hydrogen atoms from the same or twoe different carbon atoms of a parent alkyne.
For example, an alkynylene group can hava 1 to 20 carbon atoms, 1 to 10 carbon
atoms, or 110 6 carbon atoms, Typical alkynylene radicals include, but are not limited
to, acetylene (-C=C-), propargwyl (-CH,C=C-), and 4-pentyny! (-CHCHCHRC=C-}

“Alkylyna” refers fo a saturated, branched or straight chain radical having two
radical centers derived by the rermoval of three hydrogen atoms from two carbon atoms
of a parent alkane. For example, an alkylyne group can have 2 to 20 carbon atoms, 2
o 10 carbon atoms, or 2 to 6 carbon atoms. Typical alkylyne radicals include, but are
not fimited 1o, 1.2-ethylyne (-CH,CH=), 1,2-propyiyne (-CHC{CH, =), 1,3-propylyne
{(-CHCHLCH=Y, 1,4-butylyne (-CHaCHCH,CH=), and the iike.

“Aryl” means a manovatent aromatic hydrocarbon radical derived by the
removat of one hydrogen atom from a single carbon atom of a parent aromatic ring
system. For example, an aryl group can have 6 to 20 carbon atoms, 6 to 14 carbon
atoms, or 6 {o 12 carbon atoms. Typical aryl groups include, but are not limited to,
radicals derived from benzene {e.g., phenyl), subsiituted benzene, naphthaiene,
anthracene, biphenyl, and the like. '

“Aryleng” refers 1o an aryl as defined above having two monovalent radical
centers dertved by the removal of two hydrogen atoms from the same or two different
carbon atomns of a parent aryl, Typical anylene radicals include, buf are not limited {o,
phenyiene,

“Arylaiky!” refers 1o an acyclic alkyl radical in which ene of the hydrogen
atoms bonded to a carbon atom, typically a terminal or sp3 carbon atom, is replaced

with an aryl radical. Typical arylatkyl groups include, but are not limited fo, benzyl, 2-
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phenylethan-1-vi, naphthylmethyl, 2-naphthylathan-1-yi, naphthobenzyl,
Z-naphthophenylethan-1-yl and the like. The andalkyl group can comprise 8 to 20
carbon atoms, e.g., the atkyl moiety is 1 to 8 carbon atoms and the aryl moiety is 6 to
14 carbon atoms.

5 “Cycloakyi” refers to a saturated or partially unsaturated ring having 3to 7
carbon atoms as a monocycle, 7 to 12 carbon aioms as a bicycle, and up fo about 20
carbon atoms as a polycycle. Monocyclic cycleatkyl groups have 3 to 8 ring atoms,
siill more typically 5 or 6 ring atoms. Bicyclic cycloalkyi groups have 7 fo 12 ring
atems, e.q., aranged as a bicyclo (4,5), (5,5}, (5,6} or {6.8) system, or 9 or 10 ring

10 atoms amranged as a bicycio {5.8) or {8,6) system. Cycloatkyt groups include
hydrocarbon maono-, bk, and poly-cydlic rings, whether fused, bridged, or spiro. Non-
limiting examples of monocydlic carbocycles include cyclopropyl, cyclobutyl,
cyciopentyl, 1-cyciopent-1-enyl, 1-cyclopent-2-enyl, 1-cyciopant-3-enyl, cyclchexyl, 1~
cyclohex-1-enyl, 1-cyclohex-2-enyl, 1-cyclohex-3-enyl, bicyclo3 . 1.0]hex-6-yl and the

15 like.

“Cycloatkylene” rafars to a cycloalky! as defined above having two monovalent
radical centers derived by the removal of two hydrogen atoms from the same or two
different carbon atoms of a parant cycloalkyl. Typleal eycloalkylene radicals include, but
are not limited to, cyclopropyiene, oyclobulylene, cyclopentylene and cyclohexylene.

20 “Cycioalkylyne” refers to a cycloalkyl as defined above having two radical
centers derived by {he removai of three hydrogen atoms from two carbon atoms of a
parent cycloatkyl. Two of the hydrogen atoms are removed from the same carbon atom
and cne hydrogen atom is removed from an alternative carbon atom of the ring. Non-
limiting examples of cycloalkylyne radicals include:

= IO= (=

25 cyctobutylyne cyclopentylyne cyclohexylyna )

“Halogen” refars to F, Cl, Br, or i
As used herein the term "haloalkyl” refers fo an alkyl group, as defined herein,
that is substituted with at least one halogen. Examples of branched or straight chained
*halcatkyl” groups as used hersin inciude; but are not limited o, mathyl, sthyl, propyt,
3¢ isopropyl, n-butvl, and t-butyl substituted independently with one or more halogens, for
exampls, flucre, chioro, bromo, and icdo. The term “haloalkyl” should be interprefed to

include such substituents as perfiuoroatkyl groups such as —CF;.
: 39
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As used herein, the term "haloalkoxy” refers to a group ~OR?, where R* s a
halozlkyl group as herein defined. As non-limiting examples, haloalkoxy groups
inciude -Q(CH,)F, -O(CH)F,, and ~QCF;,

“Heterocycle” or "heterccyclyl” refers {o a salurated or partially saluraied
cyclic group having from 1 to 14 carbon atoms and from 1 to 6§ heteroatoms selected
from N, 8, P, or O, and Includes single ring and multiple ring systems including, fused,
bridged, and spiro ring systems. "Heterocycle” or “heterocyclyl” as used herein
includas by way of axample and not limitation those heterocycles described in
Paguette, Leo A.; Principles of Modem Heterocyclic Chemisiry (W.A. Benjamin, New
York, 1868), particularly Chapters 1, 3, 4, 6, 7, and 9; The Chemistry of Heterocyelic
Compounds, A Series of Monographs® (John Wiley & Sons, New York, 1850 fo
present), in particular Volumes 13, 14, 16, 18, and 28; and J. Am. Chem. Soc. (1960}
82:5568. In one embodiment, the carbon, nitrogen, phosphorous, or sulfur atom{s) of

the heterocyclic group may be oxidized to provide for C(=0), N-~oxide, phosphinane
oxide, suffinyt, or sulfonyl moieties.

As one example, substituted heterocyclyls include, for example, heterocyclic
rings substituted with any of the substituents disclosed herein including oxo groups.
A non-limiting example of a carbonyl substituted heterocyclyl is:

g
Y

s

Examples of heterocycles include by way of example and not limitation
dihydroypyridyl, tetrahydropyridyl (piperidyt), tetrahydrothiophenyl, sulfur oxidized
tetrahydrothiophenyl, piperidinyl, 4-piperidonyl, pyrrolidinyd, azetidiny!, 2-oyrrelidonyt,
tefrahydrofuranyl, decahydroguinoiinyl, octahydroisoquinolinyl, pyranyl, morpholinyd,
and bis-tetrahydrofuranyt:
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“Heterocyclene” or “heterocyclyiensg” refers to a “heterocycle” or "heterocycly!”
as defined above having two monovalent radical centers derived by the removal of two
hydrogen atoms from the same or two different carbon atoms of a parent heterocycle,

&  the removal of two hydrogen atoms from two nitrogen atoms of & parent helerooycle, or
the rernovat of a hydrogen atom from a nitrogen and the remaoval of 2 hydrogen atom
from a carbon atome of a parent heterocycte, Nordlimiting examples of heterocyclens or

heterocyclylenes are:

o O =
g{? Ab\w; D

16 “Hedarocycielyne” or *helerocyclylyne” refers to a *heterocycle” or
“hetarocyclyl” as defined above having two radical centers derved by the removal of
three hydrogen atoms from two carbon atoms of a parent heterocyele or the removal of
a hydrogen atom from a nitrogen atom and the removal of two hydrogen atoms from the
same carbon atom of a parent helerocycle. Non-limiting examples of heterocydlelyne

15 or “heterocyciytyne radicals inciude:

?@"? =CN—-§ ’é\]\SN_;
S
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“Hetercaryl” refers {o a monovalent aromatic heterocydlyl having at least one

heteroatom in the ring. Thus, “heteroaryl” refers to an aromatic group of from 1 1o 14
carbon atoms and 1 to 6 heteroatomns selectsd from oxygen, nitrogen, suliur, or

5 phosphorous. For multiple ring systems, by way of example, the term “hetercanyl”
includes fused, bridged, and spiro ring systems having aromatic and non-aromatic
rings. . In one embodiment, the carbon, nitrogen, or sulfur ring atorn(s) of the
heteroary! group may be oxidized o provide for C(=0), N-oxide, sulfinyl, or sulfony!
moigties.

10 Examples of hetercaryls include by way of exampie and not limitation pyridyl,
thiazolyl, pyrimidiny!, furanyl, thienyl, pyrrolyl, pyrazoiyl, imidazolyl, tetrazolyl,
benzofuranyl, thianaphinalenyl, indolyl, quinofinyl, isoguinolinyl, benzimidazoiv,
tetrahydroquinelinyl, tetrahydroisoquinaliny!, 8H-1,2 8-thiadiazinyl, 2H,6H-1,5,2-
dithiazinyl, thlenyl, thianthrenyl, iscbenzofuranyl, chromenyl, xanthenyl,

15 phenoxathinyl, 2H-pyrrolyl, isothiazolyl, isoxazolyl, pyrazinyl, pyridazinyi, indcliziny,
iscindolyl, 3H-indolyl, 1H-indazoly, puringl, 4H-quinolizinyl, naphthyriding,
quinoxalinyl, quinazeolingl, cinnalinyl, pleridinyl, 4at-carbazolyi, carbazolvi, -
carbolinyl, phenanthriding, acridinyl, pyrimidinyl, phenanthrolinyl, phenazinyl,
phenothiaiinyE, furazanyl, phenoxazinyl, isochromanyl, chromanyl, imidazolidiny!,

20 midazolinyl, pyrazoliding, pyrazolinyl, piperazinyt, indolinyl, iscindoling, quinuciidiny!,
morphsting, oxazalidiny, benzofriazolyl, benzisoxazolyl, oxindolyl, benzoxazolinyl,
and isatinoyl. “Heterocyclylene” refers to a heterocyciyl, as defined herein, derived by
replacing a hydrogen atom from a carbon atem or hetercatom of a heterocyciyl, with
an open valence. Similarly, “heteroarylene” refers to an aromatic heterocyclylene.

25 “Heterocyelyialkyl” refers to an acyclic alkyl radical in which one of the
hydrogen atoms bonded to a carbon atom, typically a terminal or sp3 carbon atom, is
replaced with a heterocycly! radical (i.e., a heterocyciyl-atikylens- molety). Typical
heterocyclyl alkyl groups include, but are not limited io heterocyciy-CHy-, 2-
(heterooyclyhethan-1-yl, and the like, wharein the "heterocyclyl” portion includes any

30 of the heterocyclyl groups described above, including thase described in Principles of
Modern Heterocyclic Chemistry. One skilled in the art will also understand that the

heterocytlyl group can be aftached (o the alkyl portion of the heterocyciyl alkyl by
means of a carbon-carbon bond or a carbon-heteroatom bond, with the proviso that
the resuiting group is chemically stable. The heterocyclyialkyl group comprises 2 to

35 20 carbon atoms and 1-6 hetercatoms, e.g., the alky! portion of the hetsrcoyclylalkyl
42
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group comprizges 1 to 8 carbon atoms and the helerooyclyl moiety comprises 1 io 14
carbon stoms. Examples of heterocyclylalkyls include by way of example and not
limitation 5-membered suifur, oxygen, phosphorus, and/or nitrogen containing
heterocycles such as pyrrolidiyimethyl, 2-tetrshydrofuranviyiethan-1-yi, and the like,
g-membeared sulfur, oxygen, and/or nitrogen containing heterocycles such as
piperidinylmathyl, morpholinylmethyl, piperidinylathy!, teterahydropyranvlethyl, and
the like.

‘Heteroarylaikyl” refers to an alkyl group, as defined herein, in which a
hydrogen atom has been replacad with a heteroany! group as defined herein. Non-
iimiting examples of heteroaryl atkyl include -CHz-pyridinyl, -CHo-pyrrolyl, -CH,-
oxazolyl, -CHg-indolyl, -CHp-iscindolyl, -CHg-purinyl, ~-CHe-furany!, -CHy-thienyl, -CHg-
benzofuranyl, -CHy-benzothiophenyl, -CHycarbazolyl, -CHz-imidazolyt, -CH.-thiazolyl,
-CHa-isoxazolyl, -CHy-pyrazolyl, -CHg-isothiazolyl, -CHz-quinoiyl, ~-CH-isoquinolyl, -
CHo-pyricazyl, -CHy-pyrimidyl, -CHg-pyrazyl, -CH{CH;-pyriding, -CH{CH;-pyrroi, -
CH{CHg)}-oxazoly!,
~CH(CHs-indolyl, -CH(CH. Hsoindolyd, -CH{CH;)-puriny!, -CH{CH;)-furanyl, -
CH{CH,)-thienyl, ~CH{CHy-benzofuranyl, -CH{CHz)-banzothiophenyl, -CH{CH,)-
carbazotyl,

-CH(CHg)-imidazolyl, -CH{CH;}thiazolyl, ~-CH(CHa)-isoxazoiyl, -CH(CH)-pyrazoiyl,
-CH{CHa)-isothiazolyl, -CH{CH;-quinoiyl, -CH{CH;}-isoquinaivi, ~CH(CHs)-pyridazyl,
~CH{CH)-pyrimidyl, -CH(CH,}-pyrazyl, and the like.

The term “heterocyclyloxy” represents a heterocyclyl group attached to the
adjacent atom by an oxygen.

When there is a sulfur atom present, the sulfur atom can be at different
oxidation ievels, namely, S, SO, 50,, or 8G;. All such oxidation ievels are within the
scope of the present invention. _

VWhen there is a phosphorous atom present, the phosphorous atom can be at
diffarent oxidation levels, namely, PORTRPR®, PORRP, or BORPRY, where R®, R,
and R° sach independently is chosen from H, iz alkyl, Coup alkenyl, Co alicynvd,
Caaa aryl, 3-12 membered heterocycie, 3-18 membered hetercarylalkyl, Coag
arytalkyt: or two teken fogether (with or without oxygens) form a 5 to 10 membered
heterocycle. Alf such oxidation levels are within the scope of the present invention

The term “optionally substiluted” in reference to a particular moiety of the
compound of the Formulae of the invention, for example an “optionaily substituted

aryl group”, refers to & molety having none, one, or more substituents.
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The term "substituted” in reference to alkyi, alkylens, aryl, arylalkyl, atkoxy,
heterocycivl, heteroaryl, carbocyclyl, ete. | for example, *substifuted atkl”,
“substituted atkylene”, “substituted anyl”, “substituted arylalkyl", “substituted
heterocyclyl”, and “substituted carbocyclyl” means alkyl, alkylene, aryl, arylalkyl,
neterocyclyl, carbocycelyl respectively, in which ong or more hydrogen atoms are
each independently replaced with a non-hydrogen substifuent. Divalent groups may
also be simifarly substituted,  Uniess otherwise indicated, typical substituents include,
but are not limited 1o, -X, -R®, -0, =0, -OR®, -8R", -8, -NR", -N"R%,
=NRE, -0, -CN, -OCN, -8CN, -N=C=0, -NCS, NG, -NO.,
=Ny, <N3, -NHGEOIR, ~OC{=0)RP, NHC(=COINR",, -S(=0);-, -5(=0),0H, -S{=0LR", -
OS(=0),0R", -S{=0)NR%, -S(=0)R®, -OPE0YOR®), -P=OYOR),, -P=OX0),, -P(=
O} OH., -PIONORY O, -C{=OIR®, -C{=03X, C(S)R", -C{OI0R®, -C(OY0", -C(S)OR?
, CIOSRY, -CISISRE, -CIOINR®,, —C{S)NR"Z‘ -C{=NR*INR",, where each X is
independently a halogen: F, G, Br, or ; and sach R® is indepandentiy H, alkyl, ary!,
arylalkyl, a heterccycle, or a protecting group or prodrug moiety. Alkylene, akanyiene,
and alkynylene groups may also be similarly substituted.  Uniess otherwise indicated,
when the ferm "substituted” is usad in corjunclion with groups such as aryialiyl, which
have two or more moieties capable of substitution, the substituents can be attached to
the aryl moiety, the alkyt moiety, or both.

These skilled in the art wil recognize that when moleties such as “alkyl”, “aryl”,
“heterocychyl”, etc. are substituted with one or more substituents, they could altematively

"o

be referred to as “alkviene”, “arylene”, “heterocyclylens”, etc. moieties (i.e., indicating
that at least one of the hydrogen atoms of the parent “alky!”, “aryl”, “heferocyclyl”
moisties has bsen replaced with the indicated substituent(s)). When moisties such as
“alkyt”, “aryl”, "heterocyciyl”, elc, are referred to herein as “subsiifuted” or are shown
diagrammatically to be subslituied (or optionally substiuted, e.g., when the number of
substituents ranges from zero 1o a posiive intager), then the terms “alkyt”, “aryt”,
“heterocyciyl”, ete. are understood to be interchangeable with “alkylene”, “arvlene”,
“heterocyclylene”, etc. '

As will be appreciated by those skifled in the ar, the compounds of the
present invention may exist in solvated or hydrated form. The scope of the present
invenfion includes such forms. Again, as wilt be appreciated by those skilled in the
art, the compounds may be capabie of esterification. The scope of the present
invention includes esters and ofher physiologically functional derivatives. The scope

of the present invention includes prodrug forms of the compound herein described.
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“Ester” means any ester of a compound in which any of the --COOH functions
of the molscule is replaced by a —C{O)OR funchon, or in which any of the —OH
functions of the molecule are replaced with a “OC{OIR function, in which the R
moiely of the ester is any carbon-containing group which forms a stable ester molety,

5 including but not imited to atkyl, alkenyl, atkynyl, cycloalkyl, cycloalkylalkyl, anyt,

arylalkyl, haterocychl, heterocyohylalkyl and substitutad derivatives thereof.

The term "prodrug” as used herein refers to any compound that when
administered to 8 biological system generates the drug substance, i.e., active ingredient,
as & result of spontanecus chemical reaction(s), enzyme catalyzed chemical reaction(s},

10 photolysis, and/or metabolic chemical reaction{s). A prodrug is thus a covalently
modified analog or latent form of a therapeutically active compound. Example of
prodrugs include ester moieties, quaternary ammonium moeisties, glycol moisties, and
tha like.

One skifled in the art will recognize that substituents and other moieties of the

15 compounds of Formla | should be salected in order to provide a compound which Is
sufficiently stable to provide a pharmaceutically useful compound which can be
formutated into an acceptably stable pharmaceutical composition. Cormpounds of
Formmula | which have such stability are contemplated as falling within the scope of the
prasent mnvention.

20 As will be appreciated by those skilled in the art, the compounds of the
present invention may contain one or more chiral centers. The scope of the present
invention includes such forms. Again, as will be appreciated by those skilled in the
art, the compound is capabie of esterification. The scope of the present invention
includes esters and other physiolegically functional derivatives. n addition, the

25  scope of the present invention includes predrug forms of the compound herein
described.

A cempound of Formula |-l and ifs pharmaceutically acceptable salis may
exist as different polymerphs or pseudopolymorphs. As used herein, crystalline
polymorphism means the ability of a crystaliine compound o exist in different crystal

30 structures. Polymorphism generally can occur as a response to changes in
{emperaiure, pressure, or both. Polymorphism can also result from variations in the
crystallization process. Polymorphs can be distinguished by various physisal
characteristics known in the art such as x-ray diffraction patterns, solubility, and
meidting peint, The crystalline polymorphism may result from differences in crystal

356 packing {packing polymorphism) or differences in packing between different
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conformers of the same molecule (conformational polymorphism). As used hereln,
crystalline pseudopolymorphism means the ability ofa hydrate or solvate of a
compound to exist in different crys’_(ai_strucfures, The pseudopolymorphs of the
instant invention may exist due {o differences in crystal packing {packing
pseudopolymorphism} or due to differences in packing between different conformers
of the same molecule (conformational pseudopaolymorphism}. Tha instant invertion
comprises all polymorphs and pseudopolymarphs of the compounds of Formula -l
and their pharmaceutically acceptable salts.

A compound of Formuia |-l and its pharmaceutically acceptable salts may
also sxist as an amorphous sofid. As used herein, an amorphous solid is a'so!id in
which there is no long-range order of the positions of the aloms in the solid. This
definition applies as well when the crystal size is two nanometers or less. Additives,
including sclvents, may bs used to create the amorphous forms of the instant
invention. The instant invention comprises all amorphous forms of the compounds of
Formula -l and their pharmaceutically acceptable salts.

Certain of the compounds described herein contain ohe or more chiral
centers, or may otherwise be capable of existing as multiple sterecisomers. The scope
of the present invantion includes mixtures of sterecisomers as well as purified
enantiomers or enantomerically/diastereomerically enriched mixtures. Also included
within the scope of the invention are the Individual isomers of the compounds
represented by the formulae of the present invention, as well as any wholly or partiaily
eguilibrated mixtures thereof. The present invention also iﬁcludas the individuat
isomers of the compounds represented by the formulas above as mixiures with
isomers thereof in which one or more chiral centers are inverted.

The term “chiral” refers o molecuies which have the property of non-
supearimposability of the mirror image pariner, while the term “achiral” refars o
molecules which are superimposabile on their mirror image partner.

The term “sterscisomers” refers to compounds which have identical chemical
constitution, but differ with regard 1o the arrangement of the atoms or groups in space.

“Diastersomer” refers {o a stereoisomer with twe or more centers of chirality
and whose molecules are not mirror images of one another. Diastersomers hava
differeni physical properties, e.g., melting points, beiling points, spectral properties,
and reactivities. Mixtures of diastersomers may separate under high resolution
analytical procedures such as slecirophoresis and chromatography.

6
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“Enantiomers” refer 1o sterecisomaers of 2 compound which are non-
superimposalie mirror images of one ancther.

“Atropisomers” refer (o sterecisomers of a compound resulting from hindered
rotation about single bonds where the steric strain barrier to rotation is high encugh

5  to allow for the isclation of the individual conformer. Afropisomers display axiat

chirality. Afropisomers may be equilibrated thermally and the interconvarsion barrier
may be measured kinetically. Atropiscmerism may occur apart from the presence of
other forms of chiral isomerism. Thus, as illustrated, the deplcted nitrogen atom is

planar and compounds of Formula | are capable of existing as atropisomers:

RL OH
S}
A
N-R¥-L-Het
o= 2
10 R .

In one embodiment of the present invention, the compounds axistin a

conformeric form of Formida la:

Rt OH
T U8

Y
N——R¥-L-Het
oA,
R? (la).
Stereochemical definitions and conventions usad herein generally follow S, P,
15  Parker, Ed., McGraw-Hil Dictionary of Chemical Tarms (1984) McGraw-Hil Book
Company, New York; and Eliel, E. and Wilen, S, Stereschemistry of Organig

Compounds {1994) John Witey & Sons, Inc,, New York.
Many organic compounds exist in optically active farms, L.e., they have the

abdlity to rofate the plane of plane-polarized light. In describing an optically aclive

20 compound, the prafixes D and L or R and S are used o denote the absolute
configuration of the maolecule about its chiral center{s). The prefixes d and | or (+) and
{-} are employed to designate the sign of rotation of plane-pelarized light by the
compound, with (-} or 1 meaning that the compound is levorotatory. A compound
orefixed with {+) or d is dextrorctatory.

25 A specific sterecisomer may aiso be referred to as an enanfiomer, and a
mixture of such isomaers is often called an enanfiomeric mixture. A 56:50 mixture of
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enantiomers' is referred (o as & racemic mixture or a racemate, which may ocour
where thare has been no siereoselection or stereospecificity in 2 chemical reaction or
process. The terms “racemic mixturg” and "racemate” refer to an eguimoiar mixture
of two enantiomeric species, devoid of optical éctivity.

The present invention includes a salt or solvate of the compounds herein
described, including combinations thereof such as a solvate of a salt, The
compounds of the present invention may exist in solvated, for example hydrated, as
well as unsolvaied forms, and the present invention encompasses alf such forms.

Typically, but not absolutely, the salts of the present invention are
pharmaceutically acceptable salts. Salts encompassed within the term
"sharmaceutically accepiable salts” refer to nondoxic salis of the compounds of this
invention,

Examples of sultable pharmaceutically acceptable salts include inorganic acid
addition salts such as chioride, bromide, sulfate, phosphate, and nitrate; arganie acid
addition salts such as acetals, galaclarate, propicnate, succinate, laciale, glyoolate,
malale, tartrate, citrate, malsats, fumarate, methanesulfonate, ptoluenesulfonate,
and ascorbate; salts with acidic amino acid such as aspartate and glutamate; alkali
metal salts such as sodium salt and potassium sait; aikafine esarth metal saits such as
magnesium salt and calcium salt; ammonium salt; organic basic salts such as
trimethylamine salt, triethylamine salt, pyridine salt, plcoiine salt, dicysiohexylamine
salt, and N N'-dibenzvlethylenadiamine saif; and salts with basic amino acid such as
fysine salt and arginine salt. The salts may be in some cases hydrates or ethanol
scivates,

The modifier "abowt” used in connaction with a quantity is inclusive of the
stated value and has the meaning dictated by the confext (e.g., includes the degree
of arror associated with measurement of the particular quantity).

Whenever a compound described herein is substituted with more than one of
the same designated group, e.g., "R" or "R™, then it will be understood that the
groups may be the same or different, i.e., gach group is independently selected.
Wavy lines,

£
g

indicate the site of covalent bond attachments to the adjoining subsiructures, groups,
moieties, or atoms,
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The compounds of the invention can also exist as tautomeric isomers in
certain cases. Although only one delocatized resonance structure may be depicted,
afl such forms are contemplated within the scope of the Invention. For example, ena-
amine tautomers can exist for purine, pyrimidine, imidazole, guanidine, amidine, and

5 tefrazole systems and all their possible tautomeric forms are within the scape of the
inventicn.

Selecied subsiituents comprising the compounds of Formula il may be
present to a recursive degree. in this context, “recursive substituent” means that
substituent may recite another instance of itself. The multiple recitations may be

10 direct or indirect through a sequence of other substituents. Because of the recursive
nature of such substituents, theoretically, a large number of compounds may be
present in any given embodiment. One of ordinary skill in the art of medicinal
chemistry understands that the total number of such substituents is reasonably
limited by the desired properties of the compound intended. Such properties include,

15 by way of example and not imitation, physical proparties such as molecular weight,
solubility or log P, application properties such as activity against the intended target,
and practical properties such as ease of synthesis. Recursive substituents may be
an intended aspect of the invention. One of ordinary skill in the art of medicinal
chemistry understands the versatility of such substituents. To the degree that

20 recursive substituents are present in an embodiment of the invention, they may recile
another instance of themselves, 0, 1, 2, 3, or 4 fimes.

The compounds of Formula |- also include molecules that incorporate
isotopes of the atoms specified in the paricuiar molecules. Non-limiting examples of
these isctopes include D, T, *C, ¢, 0 and PN,

25  Protecting Groups
In the contaxt of the present invention, protecting groups include prodrug
mcleties and chemical protecting groups.
Protecting groups are available, commanly known and used, and ars
optionaily used to prevent side reactions with the protected group during synthetic
30  procedures, i.e. routes or methods to prepare the compaounds of the invention. For
the most part the decision as {o which groups fo protect, when to do so, and the
nature of the chemical protecting group "PG” will be dependent upon the chemistry of
the reaction io be protected against (e.g., acidic, basic, oxidative, reductive or other
conditions) and the intended direction of the synthesls. The PG groups do not need
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to be, and generally are not, the same if the compound is substituted with multiple
PG, In genaral, PG will be used to protect functional groups such as carboxyl,
-hydroxyl, thio, or amino grodps and to thus prevent side reactions of (0 otharwise
facilifate the synthetis efficiency. The order of deprotection 1o yield free, deprotected
5  groups is dependent upon the intended direction of the synthesis and the reaction
sonditions to be encountered, and may occur in any order as defermined by the
artisan.
Various funciional groups of the compounds of the invention may be
protected. For example, protecting groups for -OH groups {(whether hydroxyl,

10 carboxylic acid, phosphonic acid, or other functions) include “ether- or ester-forming
groups”. Ether- or ester-forming groups are capabie of functioning as chemical
protecting groups in the synihetic sehemes set forth herein. However, some hydroxyl
and thio protecting groups are neither ether- nor ester-forming groups, as wiil be
understood by these skilled in the art, and are included with amides, discussed below,

18 A very large number of hydroxy! protecting groups and amide-forming groups
and corresponding chemical cleavage reactions are described in Protective Groups
in Organic Synthesis, Theodora W. Greane and Peter G, M. Wuis {John Wiley &
Sons, Inc., New York, 1099, ISBN 0-471-16018-9) ("Greene"). See also Kocienski,
Philip J.; Protecting Groups (Georg Thieme Verlag Stutigart, New York, 1994), which

20 is incorporated by reference in its entirety herein. In particular Chapter 1, Proteciing
Groups: An Quenrview, pages 1-20, Chapter 2, Hydraxyl Protecting Groups, pages
21-94, Chapier 3, Diol Protecting Groups, pages 85-117, Chapter 4, Carboxyl
Protecting Groups, pages 118-154, Chapter 5, Carbonyl Protecting Groups, pages
155-184. For proteciing groups for carboxylic acid, phosphonic acid, phosphonate,

25  sulfonic acid and other proteciing groups for acids see Greene as sel forth below.
Such groups include by way of example and not limitation, esters, amides,
hydrazides, and the like.

Ethar- and Ester-forming protecting groups

30 Ester-forming groups include: (1) phosphonate ester-forming groups, such as
phosphonamidate esters, phospherothioate esters, phosphonate esters, and
phosphon-bis-amidates; {2) carboxyl ester-forming groups, and (3) sulphur ester-
forming groups, such as suiphonate, sulfate, and sulfinats,

35  Metabolites of the Compounds of the Invention
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Also falling within the scope of this invention are the in vivo metabolic
products of the compounds described herein. Such products may result for example
from the oxidation, reduction, hydrolysis, amidation, esterification and the like of the
adminisierad compound, primarnily due to enzymatic processes. Accordingly, the
invention includes compounds produced by a process comprising contacting a
compound of this invention with a mammal for a period of time sufficient to vield a
metabolic product thereof. Such products typically are identified by preparing a
radiplabelied (s.g., C"or 3H) compound of the invention, administering i parenterally
in a detectable dose {e.g., greater than about 0.5 mg/kg) fo an animal such as rat,
mouse, quinea pig, monkey, or o man, allowing sufficient fime for metabolism to
occur (typically about 38 seconds to 30 hours) and isolating its conversion products
from the urine, blood or other biclogical samples. These products are easily isolated
since they are [abaled {others are isclated by the use of antibodies capable of
binding epitopes surviving in the metabolite). The metabolite structures are
determined in conventional fashion, e.g., by MS or NMR analysis. In general,
analysis of metabolites is done in the same way as conventional drug metabalism
studies well-known o thosé skilied in the arl. The conversion preducts, so jong as
they are not otherwise found in vive, are useful in diagnostic assays for therapeutic
dosing of the compounds of the invention even if they possass no anti-infective
activity of their own.

Tha definiions and subsfituenis for various genus and subgenus of the
present compounds are described and #lustrated herein. ¥ should be understood by
one skilled in the art that any combinalion of the definitions and substituents
described above should not result in an inoperable species or compound.
“Inoperable species or compounds” means compound structures that violates
relevant scientific principles (such as, for example, a carbon atom connecting to more
than four covalent bonds) or compounds too unstable to permit isolation and
formulation into pharmaceutically accaptable dosage forms,

Pharmaceutical Formulations

The compounds of this invention are formulated with conventional carriers
and excipients, which will be selected in accord with ordinary practice. Tablets will
contain excipiants, glidants, fillers, binders and the fke, Agqueous formulations are
prepared in sterile form, and when intended for delivery by other than oral

administration generally will be isotonic.  Ali formulafions will optionally contain
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excipients such as those set forth in the Handbocok of Pharmaceutical Excipients
{1988}, herein incorporated by reference in its enfirety. Excipients include ascorbic
acid and other antioxidants, chelating agenis such as EDTA, carbohydrates such as
dexirin, hydroxyaikylceliulose, hydroxyalkyimathylceilulose, stearic acid and the like.
The pH of the formulations ranges from about 3 to about 114, but is ordinarily about 7
to 10. '

While it s possible for the active ingredients to be administered alone it may
be preferable fo present them as pharmaceutical formulations. The formulations of
the invention, both for veterinary and for human use, comprise at least one active
ingredient, together with one or more acceptable carriers and optionally other
therapeutic ingredients. The carrier(s) must be "acceptable" in the sense of baing
compatible with the other ingredients of the formulation and physiclogically
innocuous to the resipient thereof,

The formulations includs those suitable for the foregoing administration routes.
The formulations may conveniently be prasented in unit dosage form and may be
prepared by any of the mathods well known in the art of pharmacy. Technigues and
formutations generally are found in Remington's Pharmaceutical Sciences {Mack
Publishing Co., Eastan, Pa.), herein incorporated by reference in its entirety. Such
methads include the step of bringing info association the active ingredient with the
carrier which conetitutes one or more accessory ingredients. In general the
formulations are prepared by uniformily and intimately bringing into asscciation the
active ingredient with liquid carriers or finely divided solid carriers or both, and then, if
necessaty, shaping the product.

Formutations of the present invention suitable for oral administraticn may be
prasented as discrete units such as capsules, cachets or tablets each containing a
predetermined amount of the active ingredient; as a powder or granules; as a
solution or a suspension in an aguecus or non-aquecus liquid; or as an oil-in-water
liquid emulision or a2 water-in-oil liguid emulsion. The active ingredient may also be
administered as a bolus, electuary or paste.

A fabiet s made by compression or molding, optionally with one or more
accessory ingredients, Compressed tablets may be prepared by compressing in a
suftable machine the active ingredient in a free-flowing form such as a powder or
granies, optionaily mixed with a binder, ubricant, inert diluent, preservative, surface
active or dispersing agent. Molded tablets may be made by molding in a suilable

machine a mixiure of the powdered active ingradient moistenad with an inert liquid
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diluent. The fablets may optionally be coated or scored and optionally are formulated
50 as to provide sfow or conirolled release of the active ingredient.

For administration to the eye or other extemnal tissues e.g., mouth and skin,
the formulations are preferably applied as a topical eintment or cream containing the
active ingredienf{s} in an amount of, for example, 0.075 o 20% whw (including active
ingredient(s) in a range between 0.1% and 20% in increments of 0.1% w/w such as
0.6% whv, 0.7% wiw, eic.), preferably 0.2 1o 15% wiw and most preferably 0.5 to
10% wiw. Whan formulated in an ointment, the active ingradients may be employed
with either a parafiinic or a water-miscible cintment base. Alternatively, the active
ingredients may be formulated in a cream with an ofi-in-water cream base.

If desired, the agueous phase of the cream base may inglude, for example, af
least 30% wiw of a polyhydric alcohol, 1.2, an aicohol having two or more hydroxyl
groups such as propylene glycol, butane 1,3-diod, mannitol, sorbitel, glycerol and
polyethylene glycol {including PEG 400) and mixtures thereof. The topical
formulations may desirably include a compound which enhances abscrplion or
penetration of the active ingredient through the skin or other affectad areas.
Examples of such dermal penetration enhancers include dimsthyl sulphoxide and
related analogs.

The oily phase of the emuisions of this invention may be consiituted from
known ingredients in a known manner. While the phase may comprise merely an
emulsifier {otherwise known as an emulgent), if desirably comprises a mixiure of at
least one emulsifier with a fat or an oil or with both a fat and an cil. Preferably, a
hydrophilic emuisifisr is included togsther with a lipophilic emuisifier which acts as a
stabilizer, It is also preferred to include both an oif and a fat. Together, the
emulsifier(s) with or without stabilizer(s} make up the so-cailed emuisifying wax, and
the wax together with the oll and fat make up the so-cailed amulsifying ointment base
which forms the oily dispersed phase of the cream formuiations.,

Emulgents and emulsion stabilizers suitabie for use in the formulation of the
invention include Tween® 60, Span® 80, cetostearyl alcohol, benzyt alcohol, myristyvi
alcohol, glyceryl mone-stearate and sodium [auryl sulfate.

The choice of suitable oils or fats for the formulation is based on achieving the
desired cosmelic praperlies. The cream should preferably be a non-greasy, non-
staining and washable product with suilable consistency to aveid leakage from tubes
or other containers. Straight or branched chain, mono- or dibasic alkyl esters such as

di-isoadipate, isocetyl stearate, propyiene giyco! diester of coconut Tatly acids,
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isopropyl myristate, decyl oleate, isopropyl palmitate, butyt stearate, 2-ethythexyl
palmitate or a blend of branched chain eslers known as Crodamol CAP may be used,
the last three being preferred esters. These may be used alone orin cormnbination
depending on the properties reguired. Alternatively, high melting point lipids such as
white soft paraffin and/or liguid paraffin or other mineral oiis are used.

Pharmaceutical formulations according to the present invention comprise one
or more compounds of the invention together with one or more pharmaceuticalty
acceptable carriers or excipiants and optionally other tharapeutic agents,
Pharmaceutical formulations containing the active ingredient may be in any form
suitable for the intended methed of administration. When used for orai use for
example, tablets, froches, lozenges. agueous or ol suspensions, dispersible powders
or granules, emulsions, hard or soft capsmés. syrups or elixirs may be prepared.
Compositions intended for oral use may be prepared according to any method known
to the art for the manufacture of pharmaceutical compositions and such compositions
may contain one or more agents including sweetening agents, flavosing agents,
coloring agents and preserving agents, in order lo provide a palatable preparation.
Tablets containing the active ingredient in admixture with non-toxic pharmaceuticaliy
acceptable excipient which are suitable for manufacturs of tablets are acceptabie.
These excipients may be, for example, inert diluents, such as calgium or sodium
carbonate, iaclose, lactose monohydrate, croscammelicse sodium, povidone, calcium
or sedium phosphate, granulating and disintegrating agents, such as maize starch, or
alginic acid; binding agenis, such as ceilulose, microcrysialiine cellulose, starch,
gelalin or acacia; and lubricating agents, such as magnesium stearafe, stearic acid or
tale. Tablets may be uncoated or may be coated by known techniques including
ricroencapsulation io delay disintegration and adsorption in the gastrointestinal tract
and thereby provide a sustained action over a longer period. For example, a time
delay material such as glycery! monostearate or glycery! distearate alone or with a
way may be emploved.

Formutations for oral use may be also presented as hard gelatin capsules
where the active ingredient Is mixed with an inert solid diluent, for example calcium
phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is
mixed with water or an oif medium, such as peanut oll, liguid paraffin or alive oil.

Aqueous suspensions of the invention contain the active meterials in
admixture with excipients suitable for the manufacture of agueous suspensions.

Such excipients include a suspending agent, such as sodium carboxymethyiceliulose,
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methyicelluloss, hydroxypropyl methyiceliuose, sodium alginate, polyvinyipyrrolidone,
gum tragacanth and gum acacia, and dispersing or welling agents such as a
naturally oscurring phosphatide (e.g., lecithin), a condensation product of an alkylene
oxide with a fatty acid (e.g., polvoxyethylene stearate), a condensation product of

5 ethylene oxide with a long chain alipbatic alcchol {e.g.,
heptadecaethyleneoxycetanol}, a coﬂdensatioﬁ product of ethylene oxide with a
partial ester derived from a fally acid and a hexitol anhydride (e.g., polyoxysthylene
sorbitan monooleate). The agueous suspension may also confain cne or more
preservatives such as ethyl or n-propyl p-hydroxy-benzoate, one or more coloring

10 agents, one or more flavoring agents and one or more sweefening agents, such as
sucrose or saccharin.

Oil suspensions may be formulated by suspending the active ingredient in a
vegetable oil, such as arachis oil, clive oil, sesame oil or coconut ol or in a mineral
oif such as liquid paraffin. The oral suspensions may contain a thickening agent,

15 such as beeswax, hard parafiin or cetyl alcohol. Sweetening agents, such as those
set forth herein, and flavoring agents may be added to provide a palatable aral
preparation. These composiiions may be preserved by the addifion of an antioxidant
such as ascorbic acid.

Dispersible powders and granules of the Invenilon suitable for preparation of

20 an agueous suspension by the addition of water provide the active ingredient in
admixture with a dispersing or wetling agent, a suspending agent, and one or more
preservatives. Suitable dispersing or wetling agents and suspending agents are
exemplified by those disclosed above, Additional excipients, for example sweetening,
flavoring and coloring agents, may also be present.

25 The pharmaceutical compositions of the invention may alsc be in the form of
oifin-waier emulsions. The oily phase may be a vegetable of, such as olive oit or
arachis oll, 2 mineral oll, such as liguid paraffin, or a mbdure of these, Sullable
emuisifying agenis include naturally-occurring gums, such as gum acacia and gum
tragacanth, naturally occurring phosphatides, such as soybean lecithin, esters or

30  pariial esters derived from fatty acids and hexitol anhydrides, such as sorbitan
monooleate, and condensation products of these partial esters with sthylene oxide,
such as polyoxyethyiene sorbitan monooleate. The emuision may alsc contain
sweetening and flavoring agents. Syrups and elixirs may be formulated with
sweetening agents, such as glyserc!, sorbifol or susrese. Such formulations may

35 also contain & demuicent, a preservative, a flavoring or 2 coloring agent.
55 '



WO 2011/088303 PCT/US2011/021279

The pharmacsutical compositions of the invention may be in the form of a
sterie injectable preparation, such as a sterile injeciable agueous or cleaginous
suspension, This suspension may be formulated according to the known art using
those suitable dispersing or wetting agents and suspending agents which have been

5  mentioned herein. The sterile infeciable preparation may also be a sterile Injectable
sofution or suspension in a non-toxic parenterally acceptable diluent or solvent, such
as a solution in 1,3-butane-diol or prepared as a lyophilized powder. Among the
acceplable vehicles and solvents that may be employed are water, Ringer's solution
and isotonic sodium chloride solution. In addition, sterfle fixed oils may

10 conventionally be employed as a solvent or suspending medium, For this purpose
any bland fixed oil may be employed including synthefic mono- or diglycerides. In
addltion, fatty acids such as oleic acid may likewise be used in the preparation of
injeciables.

The amount of astive ingredient that may be combined with the carrier

15 malerial to produce a single dosage form will vary depending upon the host treated
and the particular mode of administration. For example, a tme-release formulation
intended for oral administration {o humans may contain approximately 1 to 1000 mg
of active material compounded with an appropriate and convenient amount of cartier
material which may vary from about & to about 85% of the total composifions

20 {weightweight). The pharmaceutical composition can be prepared to provide easily
measurablie amounits for administration. For example, an agueous solution intended
for intravenous infusion may contain from about 3 to 500 pg of the active ingredient
per milliiter of solution in order that infusion of a suitable volume at a rate of about 30
ml/hr can oceur.

25 Formulations suitable for administration to the eye include eye drops whersin
the active ingredient is dissolved or suspended in a suitable carrier, espedially an
agueous solvent for the active ingredient. The active ingredient is preferably present
in such formulations in & concentration of 0.5 to 20%, advantageously 0.5 fo 10%
particularly about 1.5% wiw,

30 Formulations sulfable for topical administration in the mouth include lozenges
comprising the active ingredient in a flavored basis, usually sucrose and acacia or
tragacanth; pastilles comprising the active ingredient in an inert basis such as gelatin
and glyserin, or sucrose and acacia; and mouthwasghes comprising the active
ingredient in a suitable liquid carrier.
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Formutations for rectal adminisiration may be presented as a supposifory with
a suitable base comprising for example cocoa butter or a salivylate.

Formuidations suitabie for intrapulmonary or nasat administration have a
particie size for example in the range of 0.1 fo 500 um (including particle sizes in a
range between 6.1 and 500 pm in increments such as 0.5 pmy, 1 um, 30 pm, 35 um,
efc.), which is administered by rapid inhalation through the nasal passage or by
inhalation through the mouth so as to reach the alveolar sacs. Suitable formulations
include aquecus or oily solutions of the aclive ingredient. Formulations suitabie for
aegrosol or dry powder administration may be prepared according to conventional
maethods and may be delivered with other therapeutic agents such as compounds
heretofore used in the treatment or prophylaxis of infections as described herein,

Formulations suitable for vaginal administration may be presenied as
pessaties, tampons, creams, gels, pastes, foams or spray formulations containing in
addition to the active ingredient such camriers as are known in the art to be
appropriate.

Formulations suitable for parenteral administration include aquecus and non-
aqueous steriie injection selutions which may contain anti-oxidants, buffers,
hactericstats and solutes which render the formulation isctonic with the blood of the
intended reciplent; and agueous and non-aqueacus sterile suspensions which may
include suspending agents and thickening agents.

The formulations are presented in unit-dose or multi-dose containers, for
example sealed ampoules and vials, and may be sfored in a fresze-dried
{lyophilized) condition requiring only the addition of the sterile liquid carrier, for
example waler for injection, immediately prior fo use. Extemporaneous injection
solutions and suspensions are prepared from sterile powders, granules and fablets of
the kind previously described. Preferred unit dosage formulations are those
containing a daily dose or unit daily sub-dose, as herein above recited, or an
appropriaie fraction thereof, of the active ingredient.

it should be undersiood that in addition o the ingredients particularly
mentioned above the formuiations of this kwvention may inchide other agents
conventional i the art having regard to the type of formuiation In question, for
example those suitable for aral adminisiration may include flavoring agents,

Compounds of the invention can also be formulated to provide condrolled
release of the active ingrediant fo allow {ess frequent dosing or fo improve the

pharmacokinetic or toxicity profile of the aclive ingredient. Accordingly, the invention
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also provided compasitions comprising one or more compounds of the invention
formuiated for sustained or controlled release.

The effective dose of an aclive ingredient depends at least on the nature of
the condition being treated, foxicity, whether the compound is being used
prophylactically {lower doses) or against an active viral infection, the method of
delivery, and the pharmaceutical formuldation, and will be determined by the dlinician
using conventional dose escalation sludies. The effective dose can be expected to
bs from about 0.0001 o about 100 mglkg body weight per day; typically, from about
0.01 to about 10 mg/kg body weight per day; more typlcally, from about .01 to sbout
5 mglkg body weight per day; most typically, from about .05 to about 0.5 mglkg body
weight per day. For example, the daily candidate dose Tor an adult human of
approximately 70 kg body weight will range from 1 mg to 1000 mg, preferably
betwaen 5 mg and 500 mg, and may take the form of single or multiple doses.

{n yet another embodiment, the present application discloses pharmaceutical
compositions comprising & compound of Formula | or a pharmaceutically acceptable
salt thereof, and a pharmaceutically acceptabie carrer or exipient.

Routes of Adrinistration

QOne or more compounds of the invention (herein referred to as the active
ingredients) are administered by any rouie appropriate o the condition to be treated.
Suitable routss Include oral, rectal, nasal, topicat (including buccal and sublingual),
vaginal and parenteral (inciuding subcutaneous, inframuscular, intravenous,
infradermat, infrathecal and epidural), and the tike. It will be appreciated that the
preferred route may vary with for example the condition of the recipiant. An
advantage of the compounds of this invention is that they are orally bicavailable and

can be dosed orally.

Combination Therapy, including HCV Combination Therapy

In another embodiment, the compounds of the present invention may be
combined with one or more active agent. Non-limiting examples of suitable
combinations include combinations of one or more compounds of the present
invention with one or more interfercns, ribavirin or its analogs, HCV NS3 protease
inhibitors, alpha-glucosidase 1 inhibifors, hepatoprotectants, nucieoside or nucleotide
inhibitors of HOV NS58 polymerase, non-nucleoside inhitbitors of HCV NS5B
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polymerase, HCV NS5A inhibitors, TLR-7 agonists, cyclophillin inhibitors, HCV {RES
inhibitors, pharmacokinetic enhancers, and other drugs for treating HCW.
More specificalty, one or more compounds of the present invention may be

combined with one or mere compounds selected from the group consisting of

5 1} interferons, e.g.. pegylated riFN-alpha 2b (PEG-Intron), pegylated riFN-
alpha 2a (Pegasys), riFN-alpha 2b {Infron A), HFN-alpha 2a (Roferon-A}, interferon
alpha (MOR-22, OPC-18, Alfaferone, Alfanative, Multifercn, subaiin), interferon
alfacon-1 {Infergen), interfaron alpha-nt (Weliferon), interferon alpha-n3 (Alferon},
interferon-beta {Avonex, DL-8234), interferon-omega (omega DUROS, Biomed 510},

10 albinterferon alpha-2b {Albuferon), IFN alpha XL, BLX-883 {Locierori}, DA-3021,
giycosylated interferon aipha-2b (AVI-008), PEG-Infergen, PEGyiated interferon
lambda (PEGvated IL-28), and belerofon,

2) ribavirin and its analogs, e.g., ribavirin (Rebetol, Copegus), and taribavirin
{Viramidine},

15 3} HCOV N83 protease inhibitors, e.g., boceprevir (SCH-503034 , SCH-T),
telaprevir (VX-850}, VX-813, TMC-435 (TMC435350), ABT-450, BI-201338, Bi-1230,
MK-7009, SCH-g00518, VBY-376, VX-500, 535-0256, 3S-0451, BMS-720052, BMS-
805339, PHX-17686, AS-101, YH-5258, YHBE30, YHBEB31, and ITMN-191 (R-7227),

4) alpha-glucosidase 1 inhibitors, e.g., celgosivir (MX-3253), Miglitol, and UT-

20 2318,

5) hepatoprotectants, e.g., emericasan (IDN-6556), ME-3738, GS-9450 (LB-
84451}, silibilin, and MitoQ,

) nucleoside or nucleatide inhibltars of HCV NSSE polymaerase, e.g., R1626,
R7128 {R4048), IDX184, IDX-102, PSI-7851, BCX-4878, valopicabine (NM-283},

25  and MK-06083,

7} non-nuclesside inhibitors of HOV NS5B polymerase, e.g., fillbuvir (PF-
868554}, ABT-333, ABT-072, BI-207127, VCH-789, VCH-816, JTK-652, MK-3281,
VBY-708, VCH-222, AB4B837, ANA-588, GLEOBE7, GL59728, A-B3890, A-48773, A-
48547, BC-2328, VOH-786 {nesbuvir}, GSKE25433, BILN-1841, XTL-2125, and GS-

30 8180,

8) HOV NSBA inhibitors, e.g., AZD-2836 (A-831), AZD-7285 (A-689), and
BMS-780052,

9 TLR-7 agonists, e.g., imiguimed, 852A, G5-8524, ANA-773, ANA-G75,
AZ[-8848 {DSI-3025), PF-04878681, and SM-360320,

35 10) eyclophillin inhibitors, e.g., DEBIO-025, SCY-635, and NIMB11,
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11} HCV IRES inhibitors, e.g., MCI-087,

12} pharmacokinetic enhancers, e.g., BAS-100, SPI452, PF-4194477, TMG-
41629, G5-8350, 65-9585, and roxythromycin,

13} other drugs for treating HCV, &.g., thymosin alpha 1 (Zadaxin),

5  nitezoxanide (Alinea, NTZ), BIVN-401 (virostat), PYN-17 {aitirex), KPEQ2003002,
actilon {CPG-10101), GS-8525, KRN-7000, civacir, GI-5005, XT1.-63585, BIT225,
PTX-111, ITX2865, TT-0331, ANA 871, NOV-205, tarvacin, EHC-18, VGX-410C,
EMZ-702, AVI 4085, BMS-650032, BMS-781325, Bavituximab, MDX-1106 (OND-
4538), Oglufanide, FK-788, and VX-487 (merimepodib);

16 14) mevaionate decarboxylase antagonists, a.g., stating, HMGCoA synthase
inhibitors (e.qg., hymeglusin), sgualens synthesis inhibitors (e.g., zaragozic acid);

18) angiotensin il receplor antagonists, e.g., osarian, irbesartan, olmesartan,
candesartan, valsartan, telmisarian, sprosartan;

16} angiotensin-converting enzyme inhibitors, e.g., captopril, zofenocpri,

15 enaleprl, ramipril, quinapril, perindopril, lisinopril, benazepril, fosinopril;

17) cther anti-fibrofic agents, &.g., amiloride and

18} endothelin antagonists, e.g. bosentan and ambrisenian.

In yet another embodiment, the present appfication discloses pharmaceutical
compositions comprising a compound of the present invention, or a pharmaceutically

20 acceptable salt thereof, in combination with at least cne additicnal active agent, and
a pharmaceutically acceplable carrer or excipient. In yet ancther embodiment, the
present application provides a combination phammaceutical agent with two or more
therapeutic agents in a unitary dosage form. Thus, it is also possible o combine any
compound of the invention with one or more ofher active agenis in & unitary dosage

25  form.

The combination therapy may be administered as a simultansous or
sequential regimen. When administered sequentially, the combination may be
administered in twoe or more administrations.

Co-administration of a compound of the inveniion with one or more other

30 aclive agents generally refers to simultaneous or seguential administration of a
compound of the invention and ane or more other aclive agents, such that
therapeuticaily effective amounts of the compound of the invenlion and one or more
cther active agents are both present in the body of the patient.

Co-administration includes administration of unit dosages of the compounds

35 of the invention before or after administration of unit dosagess of one or moere other
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active agents, for exampie, administration of the compounds of the invention within
seconds, minutes, or hours of the administration of one or more other aclive agenis.
For example, a unif dose of & compound of the invention can be administered first,
followed within seconds 6r minutes by administration of a unit dose of one or mare
other active agents. Alternatively, a unit dose of one or more other active agents can
be administered first, followed by administration of a unit dose of a compound of the
invention within seconds or minutes. In some cases, it may be desirable o
administer a unit dose of a compound of the invention first, followed, afier a period of
hours {e.g., 1-12 hours), by administration of a unit dose of cne or more cther active
agents. In other cases, it may be desirable to administer a unit dose of one or mere
other active agents fivst, followed, afier a period of hours {e.q., 1-12 hours), by
administration of a unit dese of a compound of the invention,

The combination therapy may provide "synergy” and "synergistic effect”, i.e.
the sffect achieved when the active ingredients used fogether is greater than the sum
of the effects that resulis from using the compounds separately. A synergistic effect
may be atlained when the active Ingredients are: (1) co-formulated and administered
or delivered simuliansously in 2 combined formulation; (2) delivered by alternation or
in paraliel as separate formulations; or {3} by some other regimen. When deliverad
in alternation therapy, a synergisiic effect may be altained when the compounds are
administered or delivered sequentially, e.g., in separate tablets, pills or capsules, or
by different injections in.separate syringes. In general, during alternation therapy, an
effective dosage of each active ingredient is administered sequentially, i.e. seriaily,
whereas in combination therapy, effective dosages of iwo or more active ingradients
are administered together.

As will be appreciated by those skilied in the art, when freating a viral
infection such as HCV, such treatment may be characterized in a variety of ways and
measured by a variety of endpoinis. The scope of the present invention is intended

to encompass all such characierizations.

Synthetic Examples

Certain abbreviations and acronyms are used in describing the experimental
details. Although most of these would be understood by one skilied in the art, Table
1 contains = list of many of these abbreviations and acronyms.
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Table 1. List of abbreviations and acronyms.

Abbreviation Meaning

Ac acetyl

ACN acatonitrile

AlBN 2,2'-azobis(2-methylpropionitriie}
BINAP 2,2'-bis{diphenylphosphinc}-1,1'-binaphthyl
Bn benzyl

BnBr benzylbromide

BSA bis{trimethylslivllacetamide

B8zt banzovi chioride

CD carbonyl diimidazole

DABCO 1,4-diazabicyclo[2.2.2Joctane

dba dibenzylideneacetone

DOBN 1,5-diazabicyclo{4.3.0lnon-5-ene
opQ 2,3-dichloro-5 B-dicyano-1,4-benzoquinone
DU 1, 5-diazabicyclof5.4.0undec-5-ene
DCA dichloroacetamide

pcc dicyciohexylcarbodiimide

DCE 1,2-dichloroethane

DCM dichloromethane

deyg degrees

DIAD di-lsopropylazodicarboxylate

DIEA N, N-di-isopropylethylamine

DMAP 4-dimethylaminopyridine

DME 1,2-dimethoxyethane

BMTC! dimethoxytrity! chioride

DMBO dimethylsulfoxide

DMTE 4, 4-dimethoxytrityi

DMF dimethylformamide

E10AC ethyl scetate

ES, ES electrospray ionization

HMDS hexarmethyldisilazane

HRLC high pressure hquid chromatography
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LC liquid chromatography
LA lithiurn diiscpropylamide
LRMS low resolution mass spectrum
MCPBA meta-chloroperbenzoic acid
MeCN acetonitrile
MeOH methanol
MMTC monc methoxytrityl chioride
m/z or mie mass to charge ratic
MH" mass plus 1
MiH mass minus 1
MsOH mathanesulfonic acid
MS or ms mass spactrum
NBS N-Bromosuceinimide
NMP N-methyipyrrolidine
Ph phenyl
rtorrt room temperature
| TBAF tetrabutylammonium fiueride
TES triethyisityl
THF tetrahydrofuran
THP fetrahydropyran
TMSCI chiorotrimethylstiane
ThMSBr bromotrimethylsilane
TMSE iodotrimethylsilane
TMSOTE (rimeihyisityitrifiuoromathyisuifonate
TEA tristhylamine
TBA tributylamine
TBAP tributylammonium pyrophosphate
TBSCI t-butyidimethyisilyl chloride
TEAB triethylammonium bicarbonate
TFA rifluoroacefic acid
TLC or fic thin layer chromatography
Tr friphenyimathyl
Tol 4-methylbenzoyl
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Turbo Grignard | 1:1 mixture of isopropylmagnesium chlotide and lithium chioride

xantphos 4,5-bis(diphenyiphosphine)-9,9-dimethylxanthene

5 parts per million down field from tetramethyisitans

General Schemes
The compounds of this invention may be synthesized by several roules with
kay bond-forming steps as indicated in Schemes A-C, in which the carboxylate
5  substituent R indicales aither & protecting group such as an alkyl ester (where
nacessary), or the free acid itself. Ayl ester prolecting groups are conveniently
removed by saponification with an alkali metal hydroxide in a profic solvent such as
water or an aleohol, and may be facilitated by use of etherea! solvent mixiures andfor
heating. Alternatively they may be removed by dealkylation through heating with an
10 zlkali matal halide in an aprotic solvent. As will be appreciated, substituenis on Hat
may be maodified subsequent'%o other bond-forming steps by, for axample, N-
oxidation with a typical oxidant such as metachloroperbenzoic acid in a salvent such
as dichioromethane, O-dealkylation through treatment with a reagent such as boron
tribromide in a solvent such as dichloromethane, or hydrolyais.

15
Scheme A
R oRr R aRrR
TS s HetX =S
A ] T e
“N-R3-1-H N-R*-E~-Haet
0 8]
R? R?
20 The bond between L and Het may be formad by displacemsnt of X on Het,

where X I & leaving group such as 2 halide, sulfinate, sulfonate or phosphate molety.
The reaction is conveniently performed by deprotonation of L-H with a base such as
sodium hydride or potassium hexamethyldisilazide, or is facilitated by the presence of
& teriiary amine; it can be carded out in a variety of solvents such as THF, dioxane,

25  dichioromathana, NMP, DMF or DMSO and may be scoslerated by haating.
Scheme B
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R‘x/s OR R S s OR
Vo H-L~Het A
N~R3-X N-R3-L-Het
o=(R2 o=,

The bond between R and L may be formed by nucleophilic displacement of a leaving
5 group X on R® The leaving group may vary widsly and inciudss, but is not limited 1o,
halide, cerboxylate, sulfinate, sulfonate or phosphate moieties, and it may be
generated from the corresponding alcohol in situ through treatment with reagents
such as dialkyl azodicarboxylates, The reaction may alse be facilitated by
deprofonation of Het-l-H with & base such as sodium hydride or polassium
10 hexamethyldisiazde, or is facililated by the presence of a terliary amine; it can be
camiad out in a variefy of solvents such as THF, dioxane, dichloromethane, NMP,

DMF or DMSC and may be accelerated by heafing.

Scheme ©
15
R OR R? oR
w5 Y—Ri~1-RA R S
WA A
t PR ¥ JO .
NHs g HANRS-LER
HyN—R3~1—R3
RZCOX
R’ OR
R OR = s
= LS RZCO-NH-R*-L-R? AR
\‘ Y/ [e]
N-RE-L-RE
v ! T
RZ

The siarting material in Scheme A may be synthesized as depicted in
20 Scheme C. Substituted 3-aminothiophenes || may be generated by reductive

amination of Y-R3-L-R (whare Y indicales an aldehyde or ketone and R and R® depict
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optional protecting groups), or by direct alkylation (where Y indicates a lsaving group
such as a halide, sulfinate, suffonate or phosphate moiety)} of the 3-amincthiophene |
(see patent application W(O2008/58393). In the latter case the aikviation may be
facilitated by deprotonation of the amine with a base such as sodium hydride or
5 potassium hexameathyldisilazide, and can be carred out in a variely of solvents such
as THF, dioxane, diéhloromethane‘ NMP, DMF or DMSO and may be accelerated by
hesting. In cases where R® is aromatic, the reaction may be catalyzed by Pd (J. Org.
Chem., 2000, 65, 1158-1174). Altematively [l may be generated by coupling of an
amine with a 3-iodothiophens 1V catalyzed by Pd {J, Crg. Chem., 20008, 65, 1158-

10 1174). The amine Il is converted to the amide Hi by acylation with a carboxylic acid
derivative such as an acy! chioride or anhydride In the presence of a base such as
pyridine or a tetiary amine in an inert solvent such as dichloromethane. Alfernatively
VY may ba converted to 11l directly by amidation catalyzed by Cu (/. Am. Chem. Soc.,
2002, 124, 7421-7428).

15 The starting material for Scheme B may be gensrated in an analogous
fashion, with the isaving group X being generated in a final step by standard rethods
from the precursor alcohol.

The synthesis of iodothiophene iV is ilustrated below for the case where R =
iBu, and other varianis may be synthesizad in analogous fashion:

20
Scheme D
nBuli (2.2 equiv)
g\ THF,-78°C,1h ;
- . O then lg, THF ~
\\{9‘}4 ::-T S 7
7 oH 65% WOH
|

25 To a solution of 5-(3,3-Cimethyl-but-1-ynyl-thiophene-2-carboxylic acid (8.2 g,

30 mmol; see patent application US5861421) in THF {100 mL} was added a solution
of nBuli {2.0 M in pentane, 33 mL, 66 mmcol} via an addition funnel at -78 °C. Afier
addition, the reaction was stirred at -78 °C for 1 h, A solution of | (7.7 g, 30 ramoi} in
THE (100 mL) was added slowly {ca. 15 min) o the flask. After 5 further 10 mins, the
3G reaction was guenched with 1 N HCI (50 mb.) and warmed to room temperaturs. The

volatiles were removed in vacuo and the residue was dissolvad In ether (500 ml).
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The organic soiution was washed with 1 M Na;S,C; (100 mL x 2}, brine {100 mi) and
dried over Na;30,. After concentrated in vacuo, the residue was purified by silica gel
chromatography (EtOAc/hexanes) to  give  5-(3,3-Dimethyi-but-1-yny!)»-2-iodo-
thiophene-2-carboxylic acid (5.9 g, 65%) as a white solid.

5
Scheme E
) ~
S (COYSi, DMF,CH,Cls s s O
\_4 O then MeOH, pyridine \‘/Z/‘(< m
l 1
10

To a solution of 5-(33-Dimethyl-but-1-ynyl)-3-iodo-thiophene-2-carboxylic
acid (1.0 g, 3.0 mmol} and DMF {20 L.} in dry dichloromethane (10 mL) was added
oxaly! chloride (508 pl, 6.0 mmol} at rocom temperature.  After stirring at room
temperature for 9C¢ min, the reaction was concentraied in vacuc fo remove volatiles.

16 The residue was dissolved in pyridine (5 mL} and methanol (5 mi) and siirred for 2 h.
The volatiles were removed in vacuo and the residue was participated between ether
{150 mL} and saturated NH,Ci soiution (50 mL). The organic layer was washed with
saturated NH,CE sofution (50 ml) and dried over Na,50.. After concentration in
vacuo, the rasidue was purified by silica gel chromatography (EtOAc/hexanes) to
20 give the desired product (835 mg, 80%).

Experimentals

Example 31; Compound 31 - Synthesis of 4-I2-carboxy-5-(3 3-dimsthyi-but-1-ynyi-
25  thiophen-3-yii-(4-trans-methyl-cyvelohexanecarbonyi-aminol-piperidine-1-carboxylic

acid piperidin-4-yl esfer

S 5 OH
w{)
N N—{D
O I

31
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Scheme 6

Boc
OH
= U8
HGY, 1h, 82% A
_ . 0O
O
O O
0
5 4553, 3-dimethyl-but-1-ynyi)-2-methoxycarbonyl-thiophen-3-yl)-(4-trans-

methyl-cyclohexanecarbonylFamino]-piperidine-1-carboxylic  acid  fert-butyl ester

(1.8g, 2.73mmoly was dissclved in ACN {10mL). To the solution was sdded a

solution of lithium hydroxide {253mg, 11.01mmol) in water (10mL). The reaction was

stirred at room temperature for 6 hours, The reaction was complete as determined
10 by LGS, The pH was adjusted 1o 5 with 1N HCI in water, The product was

extractad with ethyl acetate {3x10mL). The combined organics were dried with

sodium sulfate, fillered and were concentrated under reduced pressure and 4-[2-

carboxy-5-(3, 3-dimethyl-but-1-yryl)-thiophen-3-yl-{4-trans-methyl-

cyclohexanecarbonyl-aminol-piperidine~-1-carboxylic  acld terf-butyl ester (1.35g,
15 83%) was recovered as a white solid.

4-{[2-carboxy-5-(3, 3-dimethyl-but-1-ynyi}-thiophen-3-yi}-{4-trans-meathyl-
cyciohexanecarbonyl}-amino}-pipsridine-1-carboxylic acid fert-butyl ester (1,38g,
68
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2.53mmot) was dissolved in 4N HCl In dioxane (6mL, 24mmoi). The reaction was
stirred at room temperature for 8.5 hours and found to be complete as determinad by
LGS, The reaction was concentrated under reduced pressure,

The HC salt of 5-(3,3-dimethyl-but-1-ynvl)-3-[{4-trans-methyl-

5  cycichexanecarbonyl)-piperidin-4-yl-amino}-thiophene-2-carboxylic acid {(100mg,
0.2mmol) was suspended in ACN {1ml.) and a saturated aguecus solution of
NaHCG; (1mL). After 15 minutes, 4-hydroxy-piperidine-t-carboxylic acid ferl-butyl
ester chiorcformate {1.0mmol} was added as a solution In THF (1mL). The reaction
was stirred at room temperature for 1 hour. The reaction was found to be compiete

10 by LCMS, Boc protected 4-[[2-carbony-5-(3, 3-dimethyl-bui-1-ynyl)-thiophen-3-yil-{4-
trans-methyl-cyclohexanecarbonyl }-amino}-piperidine-1-carboxylic acid piperidin-4-y!
ester was purified by HPLC to afford a white sofid (78mg, 53%).
LCIMS (m/z): 858 [M+1], 5568 [M-091
Retention time: 2.64min

15 LC: Tharmo Finnigan PDA Defector
MS: Thermo Scientific LCQ Fleat
Column: Phenomenex Gemini-nx 3u €18 110A 30 x 3 mm
Soivents: Acefoniirile with 0.1% trifluoroacetic acld, Water with 0.1% trifluoroacetic
acid

20 Gradisnt: 0 min-3.1 min 2%-100% ACN, 3.1 min-3.75 min 100% ACN

Boc  protected  4-{{2-carboxy-5-{3,3-dimethyl-but-1-ynyl}-ihiophen-3-yi-{4-

trans-methyl-cyclohexanscarbonyl}-aminoj-piperidine-1-carboxylic acid piperidin-4-yi
ester {36mg, 0.08mmol) was dissolved in 4N HC! in dioxana (2mL, 8.0mmoal). The
reaction was stirred at room temperature for 1 hour. The reaction was complete as

25 determined by LC/MS, The reaction was concenfraled under reduced pressure. The
HCI salt of 4-[[2-carboxy-5-(3,3-dimethyl-but-1-ynyli-thiophen-3-yil-H{4-trans~-methyl-
cyclohexanecarbenyt}-amino}kpiperidine-1-carboxylic acid piperidin-d-yl ester (31mg,
94%) was found as a white solid.
LC/MS {m/z): 558 {M+1]

30  Retention time: 2.14min
Gradient: 0 min-0.1 min 3% ACN, 0.1 mirn—1.95 min 5%-100% ACN, 1.95 min-3.58
i 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN.

Svnthesis of 4-Hydroxy-piperidine-1-carboxylic said teri-butvi ester chioroformate

35
€9
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To & solution of 4-hydroxy-piperidine-1-carboxylic acld tert-butyl ester (201myg,
1.0mmol} in THE (2ml) was added a 20% sclution of phosgens In toluene (358l
5  1.7mmol}. The reaction was stirrad at room temperature for 1 hour. The reaction

was concentrated under reduced pressure.
Method B

10 Example 32; Compound 32 - Synthesis of 543 3-dimethyl-but-1-yrd-3-4{d-trans-
methyl-cyelohexanecarbonylH4-{tefrahvdro-pyran-d-vioxvearbonvlaming -

cyclohexyll-eminel-thiophene-2-carboxylic acid

OH

15
Scheme 7
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5-(3,3-dimethyl-but-1-yrmy}-3-[{d-trans-methyl-cyclohexanesarbonyl}-(4-oxo-
cyclohexyil-aminej-thiophene-2-carboxylic acid methyt ester (5.00g, 10.93mmol) and
ammonium acelate (8,42g, 109.30mmol) were dissoived in MeOH (100mL} under an
atmosphere of nitrogen. To the reaction was added 4A molecular sieves, powdered
(500my). After 30 min, sodium {rincetoxyborohydride (3.46g, 16.40mmol) was added
in 4 portions. The reaction was stirred for 18h until found complete by LC/MS. The
reaction was filtered through a pad of celile followed by a MeOH wash and was
concentrated. 3-{{4-amino-cyclohexyl-{4-irans-methyl-cyclchexanecarbonyl}-amino}-
5-(3,3-dimethyl-but-1-ynyl-thiophene-2-carboxylic acid methyl ester (3.38g, 67%)
was purified by HPLC to afford a white solid.

3-[{4-amino-cyclohexyl)-(4-trans-methyl-cyclohexanecarbonyl)-aminoy-5-(3,3-
dimethyl-but-1-ynyl)-thiophens-Z-carboxylic acid methy! ester {100mg, 0.22mmol}
was suspended in ACN {1mL} and a saturated agqueous solution of NaHCO; {(1mL).
Adter 15 minutes, tetrahydro-pyran-4-ol chioreformate {0.85mmo!) as prepared in a
similar fashion ic 4-hydroxy-piperidine-1-carboxyiic acid teri-bubyl ester chioroformate
excent thal tefrahydro-pyran-4-ol was used inslead of hydroxy-piperidine-1-carbaxylic
atid fert-buty! ester was added as a soluticn in THF (1mL), The reaction was stirred
at room temperature for 1.5 hours. The reaction was complete by LC/MS. 5-(3,3-
dimethyl-but-1-yayl»3-{{4-rans-mathyi-cyclohexanecarbonyl - 4-(tetrahydro-pyran-4-
yloxycarbonylamino)-cyciohexyil-amino}-thiophens-Z-carboxylic acid methyl ester
was exiracted with EtOAC (3x5mL). The combined organics were dried with sedium
sulfate, filtered and were concentrated under reduced pressure.

5-(3, 3-dimethyl-but-1-ynyl}-3-{(4-trans-methyl-cyclohexanecarbonyt}-[4-
(tetrahydro-pyran-4-yloxycarbonylamino -cycichexyll-amincl-thiophene-2-carboxylic
acid methy! ester was dissoived in ACN {1mL}. To the reaction was added a solution
of lithium hydroxide (25mg, 1. 1mmaol) in waier (1mbL). The reaction was stirred at
room temperature for 2.5 hours. The reaction was complete by LC/MS. 5-(3,3-
dimethyi-but-1-ynyl)-3-{(4-trans-methyl-cyclohexanecarbony!}-{4-{tetrahydro-pyran-4-
yloxycarborylamine -cyclohexylbamino}-thiophene-2-carboxylic acid (50mg, 40%
over 2 sfeps} was purifisd by HPLC to afford a white solid.

LO/MS (miz): 448 [M-124]

Retention ime: 2.486min

Gradient: ¢ min-0.1 min 8% AGN, 6.1 min—1,93 min $%-100% ACN, 1.95 min-3.5
min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN.

7t
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Exampie 33: Compound 32 - Synthesis of 3-(S)-{{2-carboxy-5-(3 3-dimethylbuf-1-

yiyl-thiophen-3-vil-(4-frans-methvi-cyclchexanecarbonyl)-aminc]-pyrrolidine-1-

carbexylic acid S-oxo-pyrrolidin-3-( S)-vt ester

33

3-{ S)y[2-carboxy-5-(3,3-dimethyl-but-1-ynyl)-thiophen-3-yl]-(4-trans-methyl-
cyciehexanecarbonyl)-aminol-pyrrolidine-1-carboxviic acid 5-oxo-pyrrofidin-3-{ Sy
esler was prepared in a similar fashion to 4-J[2-carboxy-5-(3,3-dimethyl-but-1-ynyl}-
thicphen-3-yi-{(4-trans-methyl-cyclohexanecarbonyl}aminel-piperidine- 1-carbaxylic
acid piperidin-4-yl ester using method A except that the HCI salt of 5-(3,3-dimathyl-
but-1-ynyl}-3-{{4-trans-methvi-cyclohexanecarbonyl)-pyrrolidin-3-( S}-yl-amine]-
thiophene-2-carboxylic acid was used instead of the HCI salt of 5+43,3-dimethyl-bui-
1-ynyl)-3-{{4-rans-msthyl-cyclohexanecarbonyl-piperidin-4-yl-amino}-thicphene-2-
varboxylic acid and 4-{S}-hydroxy-pyrrolidin-Z-one was used instead of 4-hydraxy-
piperidine-1-carboxylic acid tert-butyl ester.
LC/MS (miz): 544 [M+1]
Retention time: 1.88min
LC: Thermo Finnigan PDA Detector
MS: Thermo Scientific LCQ Fleet
Column: Phenomenex Gemini-nx 3u C18 110A 30 x 3 mm
Solvents: Acstonifrile with 0.1% trifluoroacetic acld, Water with 0.1% tifluorcacetic
acid
Gradient: 0 min-3.1 min 2%-100% ACHN, 3.7 min-3.75 min 100% ACN

5-43.3-Dimethyi-hut- 1-yavil-3-I{d-trans-methyvi-cyclohexanecarbonyt-pyrrolidin-3-( S)-

vi-aminokihiophene-2-carboxylic acid was synthesized as follows:

a) Svnthesis of 5-{3.3-dimethvl-but-1-vnvii-3-lodo-thiophene-2-carboxyiic acid methyi

ester
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A mixture of 5-Bromo-thiophene-2-carboxylic acid ethyl ester (7g, 30 mmol),

5  copper iodide {1.2g, § mmol), iriethylamine (20 mL) in DMF (180 mL) was degassed
in & 350mil. pressure boitle. Then tris{dibenzylidenesacetone)ipaliadium(0) (2,19, 3
mmal} and 3,3-dimethyl-but-1-yne (18.3 mi., 150 mmol} were added and heated at
85 degree for 3 hours. The reaction mixture was filtered on celite and washed with
athyl acetata. The solution was diluted with water and extracted twice with ethyl

10 acetaie. The organic phases were sombined and washed with water. After drying and
cancentration, the crude residue was purified by flash chromatography to yield 8.9g
{95%) of 5-(3,3-Dimethyl-but-T-ynylHhiophene-2-carboxylic acid ethyl ester as a
yellow oil.

A solution of 5-(3,3-dimethy!-but-1-ynyl}-thicphene-2-carboxylic acid ethyi

15 ester (6.9g) in THF (100 mL) was added LiOH (1.5N, 100 mL). The mixiure was
stirred at room temperature for 4 hours, Acidified reaction with HClio pH =2, then
remaove volatiles under vacuo. The rasulfing beige color solid was coliected by
fiitration, washed with water then dried ovemight to give 6.2 g of product which was
used without further purification,

20 To a solution of 5-{3,3-Dimethyl-but-T-ynyl}-thiophene-2-carboxylic acid (8.2 g,
30 mmol; see patent application US5E861421) in THF (100 ml.} was added a solution
of nBuki (2.0 M in pentane, 33 mi, 68 mmol} via an addition funne! at -78 °C. After
addition, the reaction was stirred at -78 °C for 1 h. A solution of 1; (7.7 g, 30 mmol) in
THF (100 mL) was added slowly {ca. 15 min} fo the flask. Afier a furiber 10 mins, the

25 reaction was quenched with 1 N HC!H{B0 ml) and warmed to room tempsrature. The
volatiles were removed in vacuo and the residue was dissclved in ether {500 mL).
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The organic solution was washed with T M Na»5,0; (100 mb x 2}, brine (100 mi.) and
dried over Nap50,. After concentrated in vacuo, the residue was purified by silica gel
chromatography (EiGAc/haxanes) to give 5-(3,3Dimethyl-but-1-ynyl-3-iodo-
thiophene-2-carboxylic acid (5.9 g, 65%) as a white solid.

5 To a solution of 5-(3,3-dimethyl-but-1-ynyl}-3-iodo-thiophene-2-carboxylic acid
{1.0 g, 3.0 mmol) and DMF {20 pl.) in dry dichioromethane {10 mL) was added oxaly!
chloride (508 pi, 6.0 mmot) ai room temperature. After stirring at room temperaturs
for 0 min, the reaction was concentrated in vacuo 1o remove volatiles. The residue
was dissolved in pyridine {5 ml.) and methanol (5 mbL} and stirred for 2 h. The

10 volatiles were removed in vacuo and the residue was participated between ather
(150 mb) and saturated NH,CI solution {50 mL). The organic layer was washed with
saturated NH,Cl solution (50 mL} and dried over Na,S0,. After concentration in
vacuo, the residue was purified by silica gel chromaiography (EHOAchexanes) to
give the desired product (835 myg, B0%).

15
b} Synthesis of 5-(3, 3-dimethyl-but-1-vivli-3-[{4-methvl-cyclohexanecarbonyl)-
pyrrolidin-3S-yvlaminol-thiophens-2-carboxylic acid methyl ester
Scheme 8
20

\ ' 1 .
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A mixiure of 5-(3, 3-dimsthyl-but- T-ynyi}-3-ode-thiophene-2-carboxylic acid
methyl ester (0.6 g, 1.5 mmol), palladium acetate (0.015 g, 0.32 mmol), BINAP

25 (0.008 g, 0.15 mmol), cesium carbonate (1.2 g, 4.5 mmol) and (38)-Amino-
74
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pyrrolidine-1-carboxylic acid teri-butyl ester (0.252 g, 1.01 mmaol) in toluene (& ml}
was heated to 110 °C for 8 h. The reaction was dituted with ethyl acetate fitered
through a Celita pad and purified by silica gel chromatography {o give 3-{5-(3,3-
dimethyl-but-1.ynyi}-2-methaxycarbonyl-thiophen-35-ylamino}pyrrolidine-1~
carboxylic acid tert-butyl ester in 70% vieid.

To acooled (0 °C) THF (3 ml) solution of 3-15-(3,3-dimethyl-but-1-ynyl)-2-
methoxycarbonyl-thiophen-3Swlaminol-pyrrolidine- 1-carboxylic acid tert-butyl ester
(1.0 mmot) was first added KHMDS (1.0 mmal, 0.5 M in foluene), foliowed by neat
trans-4-methyl-cyclohexanecarbonyl chloride (0.2 mi, 1.24 mmaol). The reaction was
warmed slowly 1o room temperaiure and quenched with saturated ammonium
chioride solution. The reaction mixture was diluted with Et0Ac, washed with water,
brine, dried over sodium suifate, filtrated and concenirated, The crude was then
difuted with EtOAc (10 mL}, treated with 4M HCI in dioxane (0.5 mL) and heated o
50 °C for 30 min. The reaction mixture was cooled to room femperature
concentrated and purified by silica gel column chromatography to give the fitle
compound in 70% vield.

5-(3,3-Dimethyi-but-1-ynyt-3-[{4-methyl-cyciohexanecarbonyl-pyrrodidin-35-
ykaminol-thiophene-2-carboxylic acid methyl ester {0.3 g, 0.7 mmol) in a 3:2:1
mixture of THF :MeOH:water {5 mL} was treated with lithium hydroxide monchydrate
{089 g, 1.85 mmol) and heated to 80 °C for 1 hour. The organic volatiles were
avaporated under reduced pressure and the crude material was purified by reverse-
phase HPLC to afford 5-(3,3-dimethy-but-1-ynyl)-3-[{4-trans-methyl-
cyclohexanecarbony!-pyrrolidin3-{ Sk-yhaminol-thiophene-2-carboxylic acid in 60%
yield.

Example 34: Compound 34 - Synthesis of 3-(S)}-[[2-carboxy-5-(3,3-dimethyl-bui-1-
ynyl-thiophen-3-yii-{4-frans-methvi-cvelohexanecarbonvi}-amincl-pyrrolidine-1-

carboxvlic acid 5-oxo-pyrrolidin-3-(R}-v] ester

o O
&QAOH s
ra N O‘\‘
—(O &

34
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3 S)[[2-Carboxy-5-(3, 3-dimethyl-but-1-ynyl)-thiophen-3-ylj-{4-trans-methyl-
cyclohexanecarbonyt amitol-pyrrolidine-1-carboxylic acid 5-oxe-pyrrolidin-3-{R)-yi
ester was prepared in a similar {ashion o 4-f{2-carboxy-5-{3,3-dimethyl-but-1-ynyl)-
thiophen-3-vi]-{4-trans-methyl-cyclohexanecarbonyl}-aminc]-piperidine-1-carboxylic
acid piperidin-4-yl ester using method A except that the HCI saft of 5-(3,3-dimethyl-
but-1-ynyl)-3-f{4-trans-methyl-cyclohexanecarbonyl)-pyrrolidin-3-{ 8)-yi-aminc}-
thiophene-2-carboxylic acid was used instead of the HCI sal of 5+(3,3-dimethyi-but-
1ynyl)-3-[(4-trans-mathyl-cyclohexanecarbonyl-piperidin-4-yi-amino]-thicphene-2-
carboxylic acid and 4-(R)-hydroxy-pyrrolidin-2-one was used instead of 4-hydroxy-
piperidine-{-carboxylic acid tert-butyl ester.

LE/MS (miz): 544 [M+1]

Retention time: 2.18min

Gradient: ¢ min-0.1 min 5% ACN, 0.1 min-1.95 min 5%-100% ACN, 1.95 min-3.5
min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN.

Example 35. Compound 35 - Synthesis of 2-{ S)2-Carboxy-5-(3,3-dimethyl-but-1-
ynyli-thiophen-3-vil-(4-methvl-cyclohexanecarbonyl}-aminol-oyrrolidine-1-carboxyiic

acid hexahydro-furo{2 3-blifuran-3-{ K-yl ester

/‘0
Hes \/JLOH);\ l:/‘
"O<

35
3-(S}[2-Carboxy-5-(3,3-dimethyl-but-T-ynyl)-thiophen-3-yil-{4-methyi-
cyclohexanecarbonyt Faminel-pyrrolidine-t-carboxylic acid hexahydro-furo[2,3-

bjfuran-3-(R)-y! ester was prepared in a similar fashion to 4-[[2-carboxy-5-(3,3-
dimethyl-but-1-ynyi-thiophen-3-yi-{4-trans-methyl-cyclohexanecarbony!-aminel-
piparidine-1-carboxylic acid piperidin-4-y! esier using method A except that the HCI
salt of 5-(3,3-dimethyl-but-1.ynyi3-f{4-trans-methyl-cycichexanecarbony!-pyrrolidin-
3+(S)-yl-aminol-thicpheng-2-carboxylic ackd was used instead of the HC) salt of &-
{3, 3-dimethyl-but-1-ynyl}-3-{{d-trans-methyl-cyclohexanecarbenyl)-piperidin-4-yl-
aminol-thisphene-2-carboxylic acid and 4-nHfro-benzoic acld hexahydro-furo]2,3-
blfuran-3-(R)-vl ester was used in place of the chloroformate of 4-hydroxy-piperidine-
1-carboxylic acid fert-butyl ester.
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LC/MS (m/z): 572,82 [M+1], 585.15 [M+Na']

Retention time: 2.48min

Gradient 0 min-0.1 min 5% ACN, 0.1 min—1.95 min 5%-100% ACN, 1.85 min-3.5
min 180% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN.

Example 36 Compound 36 - Synthasis of 4-f2-carboxy-5-3,3-dimethyi-bui-1-vayl)-

thiophen-3-vil-{4-methyl-cyciohexanecarbonyi-aminol-piperdine- 1-carboxviic acig

hexahydro-furol2.3-bifuran-3-{R)-vl ester

p N

10 38
4-[[2-carboxy-5-(3,3-dimethyl-but-1-ynyl-thiophen-3-yii-{4-methyl-
cyclohexanecarbonyl)-amino]-piperidine-1-carboxylic acid hexahydro-furof2,3-
bifuran-3-{R)-y! ester was prepared it a similar fashion to 8-(3,3-dimethyl-but-1-ynyi)-
3-{{4-trans-methyl-cyclchaxanacarbonyl)-[4-{fatrahydro-pyran-4-

15 yloxyearbonylaminoj-cyclohexyll-amino}-thiophene-2-carboxylic acid using mathod B,
except the HCI salt of 5-(3,3-dimethyl-but-1-ynyl}-3-[{4-methyl-cyclohexanecarbanyl)-
piperidin-d-yi-amincl-ihiophene-2-carboxylic acid methyl ester was used instead of 3-
I{4-amino-cyciohexyl)-{4-trans-methyl-cyclohexanecarbonyl-aminal-5-{3,3-dimethyl-
but-1-ynyl)-thiophene-2-carboxylic acid meathyl ester, and 4-nitre-benzoic asid

20 hexahydro-furc]2,3-bjfuran-3-(R)-yi ester was used in place of the chlaroformate of
tetrahydro-pyran-4-cl.

LCMVS (miz): 587.01 [M+1], 608.20 [M+Na"]

Retention #mae: 2.40min

Gradient: 0 min-0.1 min 5% ACN, 0.1 min-1.95 min 5%-100% ACN, 1.95 min-3.5
25 min 100% ACN, 3.8 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN.

Exampie 37: Compound 37 - Synthesis of 3-{R}-{3-{8)-{{2-carboxy-5-(3 3-dimethvi-

but-1-yny]}-thiophen-3-yil-{ 4-irans-methyl-cvolohexanecarbonvl-aminol-oyrrolidine-1-

carbonvioxyl-piperidine-1-carboxylic acid tert-butvi ester
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3-{R}-{3-{S){[2-carboxy-5-~3, 3-dimethyi-but-1-ynyi-thiophen-3-yi-{4-trans-
methyl-cyclohexanecarbonyl}-aminolpyrrolidine-1-carbonyloxy}-piperidine- -

& carboxylic acid tert-bulyl ester was prepared in a similar fashion fo 4-{[2-carboxy-5-
(3.3-dimethyl-but-1-ynyl-thicphen-3-yil-{4-trans-mathvi-cyclohexanecarbonyl)-
aminol-piperidine-1-carboxylic acid piperidin-4-yi ester using metho& A except that
the HCI salt of 5-(3, 3-dimethyl-but-1-ynyi)-3-[{4-frans-methyl-cyclohexanecarbonyi)-
pyrrolidin-3-(S)y-yvi-aminol-thiophene-2-carboxylic acid was used instead of the HCI

10 salt of 53, 3-dimethyl-but-1-ynyi}-3-[{4-trans-mathyl-cyclohexanecarbonyl}-piperidin-
4-yl-aminc}-thiophene-2-carboxyiic acid and 3-{R}-hydroxy-piperidine-1-carboxylic
acid tert-butyl ester was used instead of 4-hydroxy-piperidine-1-carboxylic acid tert-
butyl ester.

LC/MS (miz): 845 [M-98]

15 Retention fime: 2.28min
LC: Thermo Finnigan PDA Detector
MS: Thermo Scientific LCQ Fleet
Column: Phenomenex Gemini-nx 3u C18 110A 30 x 3 mm
Solvents: Acetonitrile with 0.1% trifluorcacetic acld, Water with (.1% trifluoroacetic

20 acid
Gradient: 0 min-3.1 min 2%-100% ACN, 3.1 min-3.75 min 100% ACN

Example 38: Compound 38 - Synthesis of 3-{S¥{{2-carboxy-5-(3, 3-dimathyl-but-1-
vyl )-thiophen-3-vli-{4-traps-methvi-cyclohexanecarbony-amincl-pymolidine-1-

25 carboxyiic acid piperidin-3-(R)»vi ester

&ww i Q H
”\<

38
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3-{3}-[[2-carboxy-5-(3, 3-dimethyl-but-1-ynyl-ihiophen-3-yi-{4-irang-methyl-
cyciohexanecarbonyl}-amino}-pyrrofidine-1-carboxylic acid piperidin-3-(R)-yi ester
was prepared in a similar fashion to 4-{[2-carboxy-5-(3,3-dimethyl-but-1-ynyl)-
thiophen-3-yij{4-trans-methyl-cyclohaxanecarbonyl}-aminol-piperidine- 1-carboxylic
5  acld piperidin-4-yl ester using method A except that the HC! sait of 5{3,3-dimethyl-
but-1-ynyh)-3-[{4-frans-methyi-cyclohexanecarbonyl}-pyrrolidin-3-{8)-yl-amino}-
thiophene-2-carboxylic acld was used instead of the HC! salt of 5-{3.3-dimethyl-but-
1-ynylF3-{{4-trans-methyl-cyciohexanecarbonylipiperidin-4-yl-aminol-thiophene-2-
carboxylic acid and 3-(R}-hydroxy-piperidine-1-carboxylic acid tert-butyl ester was
10 used instead of 4-hydroxy-piperidine-{-carboxylic acid tert-buly! eslter.
LCMS (miz): 544 [M+1]
Retention time: 2.18min
Gradient: 0 min-0.1 min 5% ACN, 0.1 min—1.95 min 5%-100% ACHN, 1.85 min-3.5
min 100% ACN, 3.5 min-3.88 min 100%-5% ACN, 3.85 min-4 min 5% ACN.
15
Example 38 Compound 39 - Synthesis of 4.{3{S[[2-carboxy-5-{3 3-dimethyl-but-1-
yivii-thiophen-3-vii-{4-trans-methyl-cyclohexanecarbonyi -amine-pyrrliding-1-

carbonvioxyl-pineridine-1-carboxylic acid tert-buty! ester

o]

Voo s 8 i
e 3 %
O

20 39
4-{3-{ SH[2~carboxy-5-(3, 3-dimethyi-but-1-ynyl)-thiophen-3-vi] -(4-trans-
methyl-cyciohexanacarbonyl}-amino]-pyrrolidine-1-carbonyloxyl-piperidine-1-
carboxytic acid terf-bulyl ester was prepared in a similar fashion to 4-{{2~carboxy-5-
(3,3-cimethyl-but-1-ynyl)-thiophen-3-y[-{4-trans-methyl-cyclohexanecarbanyl)-

25  aminol-piperidine-1-carboxylic acid piperidin-4-y! ester using method A except that
the HCi salt of 5-(3,3-dimethyl-but-1-ynyl}-3-[{4-trans-methyl-cyclohaxanecarbonyl}-
pyrrolidin-3-(§)-yl-aminol-ihiophene-2-carboxylic acid was used instead of the HCI
salt of 5-(3, 3-dimethyt-but-T-ynyl)-3-[(4-frans-methyl-cyclohexanecarbonyl-piperidin-
4-ylamino}-thiophene-2-carboxylic acid.

30 LCAS (miz) 644 [M+1], 544 [M-99]

Retention time: 2.56min
79



WO 2011/088303 PCT/US2011/021279

1G

16

26

25

LC: Thermo Finnigan PDA Detector

MS: Thermo Scientific L.CQ Fleet

Column: Phenomenex Gemini-nx 3u C18 110A 30 X 3 mm

Solvents: Acetonitrile with 0.1% triflucroacetic acid, Water with 0.1% tifluorcacetic
acid

Gradient 0 min-3.1 min 2%-100% ACN, 3.1 min-3.75 min 100% ACN

Examgie 40: Compound 40 - Synthesis of 3-(S){[2-carboxy-5-{3 3-dimethyl-but-1-
vayii-thiophen-3-yil-(4-frans-methvi-cycichexanecarbony!l-aminal-pyrrolidine-1-

carboxyiic acid piperidin-4-yl ester

)[:: 3 7 o Om
oH
w/\ N}J\O‘\.
N
—(O
o
40

3-{SH[2-carboxy-5-{3, 3-dimethyi-but-1-ymyl)-thiophen-3-yi]-{4-trans-methyl-
cyclohexanacarbonyl}-aming]-pyrrofidine-1-carboxyiic acid piperidin-4-yl ester was

preparad in a similar fashion fo 4-[[2-carboxy-5-{3,3-dimethyl-but-1-ynyi}-thiophen-3-

yil-{4-trans-methyl-cyclohexanecarbonyl-amingl-piperidine-1-carboxylic acid

piparidin-4-yi ester using method A except that the HCI salt of 5-(3,3-dimethyil-but-1-

ynyi}-3-[{4-irans-methyl-cyciohexanecarbonyl)-pyrrolidin-3-(S)-yi-aminc]-thiophene-2+

carboxylic acid was used instead of the HCI salt of 5-{3,3-dimethyl-but-1-ynyl}-3-(4-

trans-methyl-cyclohexanecarbonyl}-piperidin-4-yi-aminol-thiophene-Z-carboxylic acid.
CIMS (miz): 544 [Me1]

Retention time: 2.089min

Gradient: 0 min-0.1 min 5% ACN, 0.1 min-1.85 min 5%-100% ACN, 1.95 min-3.5

min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN.

Example 41: Compound 41 - Synthesis of 34 S\ [Z-carboxy-5-(3,3-dimethyl-but-1-
vyl -thiophen-3-yl-{4-trans-methyk-cyclohe xanecarbonyl-aminol-pvrrolidine-1-

carbowylic acid tetrahydro-pyran-4-vi esler
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41
3+ S}-{[2-carboxy-5-(3,3-dimethyl-but-T-ynyl»-thiophen-3-yl]-(4-trans-methyl-
cyclohexanecarbonyl}-aminck-pyrrolidine-1-carboxvlic acid tetrahydro-pyran-4-y
5  esterwas prepared in a similar fashion to 4-[I2-carboxy-5-(3, 3-dimethytbut-1-yny!}-
thiophen-3-yl]-{4-trans-methyl-cyclohexanecarbonyl-aminoj-piperidine-1-carboxylic
acid piperidin-4-yl ester using method A except that the HCI salt of 5-(3,3-dimethyl-
but-1-ynyl}-3-[{d-frans-methyl-cyclshexanecarbonyl-pyrrolidin-3-( §)-yl-amino}-
thiophene-2-carboxylic acid was used instead of the HCI salt of 5-(3,3-dimethyl-but-
10 Tynyly3-{(4-rans-methyl-cyciohexanecarbonyl-piperidin-4-yi-amino}-thiophene-2-
carboxylic acid and tetrahydro-pyran-4-ol was used instead of 4-hydroxy-pipetidine-
T-carboxylic acid tert-butyl ester.
LC/MS {mifz): 544 [ii]
Retenfion time: 2.57min
15 LG Thermo Finnigan PDA Detecior
MS: Thermo Scientific LCO Flest
Column: Phenomenex Gemininx 3u C18 110A 30 x 3 mm
Solvents: Acetonitrile with 0.1% triflucroacetic acid, Water with 0.1% tiflucroacetic
acid
- 20 Gradient: 0 min-3.1 min 2%-100% ACN, 3.1 min-3.75 min 100% CAN

Example 42: Compound 42 - Synthesis of 3-{S)-[[2-carboxy-5-(3,3-dimethyl-but-1~
yiyli-thiophen-3-vll-{4-trans-methyi-cyciohexanecarbonyi}-aminol-pyrrolidine-1-

carboxylic acid tetrahvdro-furan-3-{R)yyl ester
4 o
/Q\Z‘\{IJ\ o Q
L e XL
o
N
-0
25 o]

42
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3-(S)-{2~-carboxy-5-(3, 3-dimethyl-but-1-yryi)-thiophen-3-yi}-(4-frans-mathyl-
cycichexanecarbonyll-amincl-pyrrolidine- 1-carboxylic acid tetrahydro-furan-3-{R}-yi
ester was prepared in a similar fashion to 4-[[2-carboxy-5-(3, 3-dimethyi-but-1-ynyl})-
thiophen-3-yl}-{4-trans-methyl-cyclchexanecarbonyl)-amincl-piperidine- t-carboxylic
5  acid piperidin-4-yl ester using method A except that the HCI salt of 543,3-dimethyl-
but-1-ynyl-3-[{4-trans-methyl-cyclohexanecarbonyl-pyrrofidin-2-( S)-vl-amino}-
thiophene-2-carboxylic acid was used instead of the HCI salt of 5-(3,3-dimethyl-but-
1-ynyh-3-{4-trans-methyl-cyclohexanecarbonyl}-piperidin-4-yl-aminol-thiophene-2-
carboxylic acid and tetrahydro-furan-3-(R)-ol was used instead of 4-hydroxy-
10 piperidine-1-carboxylic acid ter-butyl ester.
LCAAS (miz): 531 [M+1]
Retention time: 2.21min
LC: Thermo Finnigan PDA Detectar
MS: Thermo Scientific LOG Fleet
18 Column: Phenomenex Gemini-nx 3u 818 110A 30 x 3 mm
Scivents: Acetonitrile with 0.1% trifluoroacetic acid, Water with 0.1% &ifluoroacstic
acid
Gradient: 0 min-3.1 min 2%-100% ACN, 3.1 min-3.75 min 100% ACN

20 Example 43; Compound 43 - Synthesis of 34 3)-{2-carboxy-5-(3, 3-dimethyl-but-1-
ynvirthiophen-3-vii-{4-trans-methvi-cyclohexanecarbonvl-aminol-pyrrelidine- 1-

carboxylic acid Z2-oxo-pyrrolidin-3-(R)-vi ester

o]
S s. [
A«rc’” j\OQNH

i

O

43
25 3+ SH[2-Carboxy-5-{3,3-dimethyl-but-T-ynyl Hhiophen-3-yil-{ 4-trang-methyi-
syclohexanecarbonyl}-aminol-pyrrofidine-1-carboxyiic acid 2-oxc-pyrrolidin-3-{R)-yl
ester was prepared in a similar fashion fo 4-[[2-carboxy-5-(3, 3-dimethyl-bul-1-ynyi)-
thiophen-3-yi}-{4-trans-methyl-cyclohexanecarbonyl}-aminol-piperidine-1-carboxylic
acid piperidin-4-y! ester using method A except that the HC salt of 5-(3,3-dimethyl-
30 bub-1ynyl:-3-[{4-frans-methyl-cyclohexanscarbony!-pyrrolidin-3-( Sk yi-amino}-
thiophene-2-carboxylic acid was used instead of the HCI sah of 5-4{3,3-dimethyl-but-
82
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1-ynyl)-3-[(4-trans-methyl-cyclohexanecarbonyi}-piperidin-4-yl-amino}-thiophene-2-
carboxylic acid and 3-{R}-hydroxy-pyrrolidin-2-one was used instead of 4-hydroxy-
piperiding-1-carboxylic acid teri-butyl ester.

LC/MS (miz): 562 [M+18]

Retention time: 2.18min

Gradient: 0 min-0.1 min 5% ACN, 0.1 min—-1.95 min 5%-100% ACN, 1.85 min-3.5
min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN.

Example 44: Compound 44 - Synthesis of 4-{4-[[2-carboxy-5-(3, 3-dimethyl-but-1-
vyl -hiophen-3-yil-(4-trans-methyl-cyelohexanecarbonyl)-aminol-

cyclohexvicarbamovloxyl-pigeridine-1-carboxviic acid terf-butyi ester

Yo o f
SO A ARe
02—0

44
4-{4-[2-Carboxy-5-(3,3-dimethyl-but- t-ynyl-thiophen-3-vi}-(4-trans-methyl-
cyclohexanecarbonyil-aminol-cyclohexylcarbamoyloxy}-piperidine-1-carboxylic acid

tart-buty! ester was prepared in a similar fashion o 4-{{2-carboxy-5-(3,3-dimethyl-but-
1ymyl-thicphen-3-vil-{4-trans-methyl-cycliohaxanecarbonyl}-amino}-piperidine-1-
carboxylic acid piperidin-4-yl ester using method A except that the HCI salt of 3-[(4-
amino-cyciochexyl}-{(4-trans-methyl-cyclohexanecarbenyl}-aminol-5-(3, 3-dimethyl-but-
1-ynyir-thiophene-2-carboxrylic acid was used instead of the HCI salt of 5{2,2-
dimethyl-but-1-ynyi}-3-{(4-trans-methyl-cyclohexanecarbonyl-piperidin-4-yl-aminoi-
thiophens-Z-carboxylic acid.

LOAMS (miz): 670 IM-1}

Retention time: 2.54min

Gradient: 0 min-0.1 min 5% ACN, 0.1 min-1.98 min 5%-100% ACN, 1.85 min-3.5
min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3,56 min-4 min 5% ACN.

methyl-cyclohexanecarbonvi4-{plperidin-d-vioxyearbonviamins bovolohexyll-

amingl-thicehene-2-carhoxviic acid
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45
5-(2,3-Dimethyl-but-1-ynyl}-3-{{ 4-trans-meathyl-cyciohexanecarbonyi)-[4-
{piperidin-4-yloxycarbonylaming }-cyclohexyll-amino}-thiophene-2-carboxylic acid was
5 prapared in a similar fashion to 4-[[2-carboxy-5-(3, 3-dimethyl-but- {-ynyi-thiophen-3-

yiiH{4-trans-methyi-cyclohexanecarbonyi}-aminol-piperidine-1-carboxylic acid

piperidin-4-yl ester using method A except that the HCI sailt of 3-{(4-amino-

cyGlohexylH4-trans-ethyl-cyclohexanecarbonyl}-amine}-5-(3.3-dimsthyl-but-1-ynyl)-

thiophens-2-carboxylic acid was used instead of the HCI sait of 5-(3, 3-dimethyl-but-
10 1ynyl-3-{{4-trans-methyl-cyciohexanacarbonyl)-piperidin-4-yl-amino}-thisphene-2-

carboxylic acid.

LCMS (m/z): 572 IM+1]

Retention time: 2.07min

Gradient: 0 min-0.1 min 5% ACN, 0.1 min—1.95 min 5%-100% ACN, 1.95 min-3.5
15 min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN,

Example 46: Compound 46 - Synihesis of 3-(F-{4-[2-carboxy-5-{3 3-dimethyl-but-1-
ynyl-thicphen-3-vil-4-lrans-mathvi-cyeiohexanecarbonyl»-aminol-

cyclohexyicarbamovioxyvi-niperidine- 1-carboxvlic acid tert-butyl ester

0
M s
\?/{(OH Q
LA B0
N NH Ol<
-O""ﬁO W
@] o}
45
3-{R)-{4-]| 2-carboxy-5-(3,3-dimethyi-but-1-ynyi)-thiophen-3-yi]{4-trane-
methyl-cyclohexanecarbonyl}-aminoj-cyclohexylcarbamoyloxy-piperidine-1-

20

carboxylic acid tert-butyl ester was prepared in a similar fashion to 4-[[Z-carboxy-5-
25 (3 .8-dimethyl-but-1-ynyh)-thiophen-3-yl}-(4-frans-methyl-cyclohexanecarbonyt)-

aminol-piperidine-1-carboxylic acid piperidin-4-yl ester using method A except that

the HC! salt of 3-[(4-amino-cycichexyl}-{4-irans-methyi-oyclohexanecarbonyi}-amino]-

53, 3-dimethyl-but-Tynyli-thiophene-2-carboxytic acid was used instead of the HCI
84
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salt of 53, 3-dimethyl-but-1-ynyl)-3-[{4-frans-methyb-cyclohexanecarbonyl-piperidin-
4-yl-amino]-thiophene-2-carboxylic acid and 3-(R)-hydroxy-piperidine-1-carboxylic
acid tert-butyl ester was used instead of 4-hydroxy-piperidine-1-carboxylic acld ter-
butyl ester.

LCIMS (m/z): 670 [M-1]

Retention time: 2.88min

Gradlent: 0 min-0.1 min 5% ACN, 0.1 min—1.25 min 5%-100% ACN, 1.85 min-3.5
min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.58 min-4 min 5% ACN.

Example 47; Compeund 47 - Synthesis of 53, 3-dimethyl-but-1-yayl)-3-f{4-trans-

methyl-cyvelobexanecarbonyl)-[4-(niperidin-3-( Ri\-vioxvearbonviaming-cyclohexyll-

aminel-thiophene-2-carboxvlic acid

y“iir\isl, on O .
Jooatade?
a7

5-(3,3-dimethyl-bui-1-ynyl}-3-{4-trans-methyl-cyclohexanacarbonyl {4~
{piperidin-3-{R}-yioxycarbonylamino }-cyclohexyll-amino}-thiophene-2-carboxylic acid
was prepared in a similar fashion fo 4-{[2-carboxy-5-(3,3-dimethyi-but-T-ynyl)-
thiophen-3-yll-{4-trans-methyl-cyclohexanecarbony! -amino}-piperidine- 1-carboxylic
acid piperidin-4-yi ester using method A except that the HCI salt of 3-{{4-amino-
cyciohexyl)-{4-irans-mathyl-cyclohexanecarbonyi}-amino}-5-(3, 3-dimathyi-but-1-ynyi)-
thiophene-2-carboxylic asid was used instead of the HCJ salt of 54(3,3-dimethyi-but-
1-yryl}-3-[{4-trans-meathyl-cyclohexanecarbony!}-piperidin-4-yl-aminc}-thiophena-2-
carboxylic acid and 3<{R}-hydroxy-piperidine-1-carboxvlic acid fert-butyl ester was
used instead of &-hydroxy-piperidine- 1-carboxyiic acld tert-butyi ester.
LC/MS (miz). 572 [M+1]
Retention time: 2.1 Tmin
Gradient: 0 min-C.1 min 5% ACN, 0.1 min—1.95 min 5%-100% ACN, 1.85 min-3.5
min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.65 min-4 min 5% ACN.
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Example 48; Compound 48 - Synthesis of 5-(3 3-dimethyl-but-1-ynyh-3-{{4-frans-

methyl-cyciohexanecarbonyi)-[4-{tetrahydro-furan-3-{ R}-vioxyearbonviamine)-

cycichexyll-aming}-thiophene-2-carboxvlic acid

o
T %
N*O*NH
{ g
O
48
5-(3,3-Dimethyl-but-1-ynyl}-3-{4-lrans-mathyl-cyclohexanecarbonyl}-{4-
{tetrahydro-furan-3-(R)-yloxycarbonytamine)-cyciohexyll-amine}-thiophene-2-
carboxylic acid was prepared in a similar fashion fo 4-{{2-carboxy-5-{3, 3-dimethyl-but-
1-ynyl}-thiophen-3-yil-(4~trans-methyl-cyclohexanecarbonyl-amino}-piperidine-1-
carboxylic acid pipsridin-4-yi ester using method A except that the HCI salt of 3-[{4-
amino-cyclohexyl)-{4-trans-methyl-cyclohexanecarbonyl}-aminc}-5-{3, 3-dimethyl-but-
1-ynyl}-thiophene-2-carboxylic acid was used instead of the HCl sall of 5-(3,3-
dimethyl-but-1-ynyl}-3-i(4-trans-methyi-cyclohaxanscarbonyl}-piperidin-4-yl-aminol-
thiophene-2-carboxylic acid and tefrahydro-furan-3-{R)}-ol was used instead of 4-
hydroxy-piperiding- 1-carboxylic acid terl-buty! ester.
LOCMS {miz): 434 t-124]
Retention fimae: 2.42min
Gradient: 0 min-0.1 min 5% ACN, G.1 min—1.85 min 5%-100% ACN, 1.85 min-3.5
min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN.

Example 42: Compound 42 - Synthesis of 5+(3.3-dimathvl-but-1-vavl-3-[{41rans-
mathvl-cyvelohexanecarbonvl -4 5-oxo-pyrrolidin-3-{ Sh-vioxycarbonviamino )-

cyeiohexyll-aminc}-thiophene-2-carboxyviic acid

49
5-(3,3-Dimathyl-but-1-ynyl}-3-{(4-trans-methyl-cyclohexanecarbonyl )45
gxo-pyrrofidin-3-(S)-yloxycarbonylamino-cyciohexyil-aminol-ihiophane-2-carboxyiic
86
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acid was prapared in a similar fashion to 4-[[2-carboxy-5-(3, 3-dimethyl-but-1-ynyl)-
thiophen-3-yli-(4-trans-methyl-cycichexanecarbonyl)-amino}-piperidine-1 -carboxylic
acid piperidin-4-yl ester using method A excapt that the HCI salt of 3-[(4-amino-
cyclohexyiy{4drans-methyl-cyclohexanecarbonyl}-amine}-5-(3, 3-dimethyk-but-1-ynyi}-
5  thiophene-2-carboxylic acid was used instead of the HC! sait of 5-(3,3-dimethyi-but-
1-ynyl)-3-{{ 4-trans-methyl-cyciohexanecarbonyl}-piperidin-4-yi-amino]-thiophene-2-
carboxylic acid and 4-(8)-hydroxy-pyrrodidin-2-one was used instead of 4-hydroxy-
piperidine-t-carboxylic acid tert-butyl ester.
LCMMS (miz): 572 [M+1]
10 Retention ime: 2.08min
LC: Thermo Finnigan PDA Detector
MS: Thermwo Scientific LCQ Flest
Column: Phenomenex Gemini-nx 3u C18 110A 30 x 3 mm
Solvents: Acetonitrile with 0.1% trifluoreaceiic acid, Water with 0.1% trifluorcacstic
15 acid
Gradient: 0 min-3.1 min 2%-100% ACN, 3.1 min-3.75 min 100% ACN

Example 50: Compound 50 - Synthesis of 5-{3 3-dimathyi-but-1-ynvl)-3-{{4-trans-

methyl-cvalohexanecarbony! -4+ 2-oxa-pyrrolidin-3-{ R}-vioxvearbonylaming J-

20 gyclohexvB-amingl-thiophane-2-carboxlic acid

8]
= oy
oH G R
\ s %
*Q “O“‘”
surd,

6

50
5-(3, 3-Dimethyi-but-1-ynyl)-2-{4-trans-methyi-cyclohexanecarbonyl)-{4-(2-

axe-pyrrelidin-3-{R)-yloxycarbonylaminoe J-cyclohexyl-amina}-thiophene-2-carboxylic
25 acid was prepared in a similar fashion {o 4-{[2-carboxy-5-(3, 3-dimethyl-but-1-yryl)-
thiophen-3-yii-(4-trans-methyl-cyclohexanecarbonyl-aminol-piperidine-1-carboxylic
acid piperidin-4-yi ester using method A except that the HCI salt of 3-[(4-amino-
cyciohexyl}-(4-tfrans-mathyl-cyclohexanecarbonyl}-amine-8-(3, 3-dimethyl-but-1-ynyl)-
thiophene-2-carboxylic acid was used instead of the HOI salt of 5-(3,3-dimethyl-but-
30 1-ynyh)-3-[[4-trans-methyi-cyclohexanecarbonyl}-piperidin-4-yl-amino]-thiophene-2-
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carboxylic acid and 3-(RF-hydroxy-pyrrolidin-2-ona was used instead of 4-hydroxy-
piperidine-1-carboxylic acid tert-bulyi esier.
LCMS (mfz), 447 [MM-124]
Retention time: 2.52min

5 Gradient: 0 min-0.1 min 5% ACN, 0.1 min—1.95 min 5%-100% ACN, 1.95 min-3.5
min 100% ACN, 3.5 min-3,55 min 100%-5% ACN, 3.55 min-4 min 5% ACN.

Example 51: Compound 51 - Synthesis of Boc profected 4-{[2-carboxy-5+3 3-

dimethyl-but-1-ynyli-thionhen-3-vil-(4-trans-methyl-cyclohexanecarbonyl)-aminel-

10 piperidine-1-carboxylic acid pinerdin-3-(K)-vl ester

e Q
N—<jN N SL
O T
&) (8]
51
Boc protected 4-{[2-carboxy-5-(3, 3-dimethylk-but-{-ynyl}-thiophen-3-yl}-{4-
frans-methyl-cyciohexanecarbonyl}-amino}-piperidine-1-carboxylic acid piperidin-3-
15 (F)-yl ester was prepared in a similar fashion to 4-l{2-carboxy-5-{3,3-dimethyl-but-1-
yryi-thiophen-3-yil-(4-frans-methyl-cycichexanecarbonyi-aminol-piperidine-1-
carboxytic acid piperidin-4-yi ester using method A except that 3-{R}:-hydroxy-
piperidine-{-carboxylic acid tert-butyl ester was used instead of 4-hydroxy-piperidine-
1-carboxylic acid tert-butyl ester.
20 LCMS {m/z): 558 [M-99]
Retention time: Z.64min
Gradient: 0 min-0.1 min 5% ACN, .1 min-1.85 min 5%-100% ACN, 1.9% min-3.5
min 100% ACN, 3.5 min-3.88 min 100%-5% ACN, 3.55 min-4 min 5% ACN.

25  Examgle 52: Compound 52 - Synthesis of 4-[i2.carboxy-5-(3,3-dimethvi-but-1-ynvi}-
thiophen-3-vll-{4-trans-methvl-cvclohexanacarbonyvl-amingl-piperidine-1-carboxylic
acid piperidin-3-{R-vi ester

88



WO 2011/688303 PCT/US2011/021279

——O N {Q‘CN—{() - MH

[¢]

4-[[2-Carboxy-5-(3,3-dimethyl-but- T-ynyl)-thiophen-2-yl}-{4-trans-methyl-
cyciohexanécarbonyl}amino]-piperidineJ-carhoxylic acid piperidin-3-{ R}yl ester was
5 prepared in a similar fashion to 4-{[2-carboxy-5-(3, 3-dimathyl-buit-1-ynyl}-thicphern-3-

yilH{4-trans-methylcyclohexanecarhonyl}-emincl-piparidine-1-carboxylic acid
piperidin-4-yt ester using method A except that 3-{R)-hydroxy-pineridine-1-carboxyiic
acid {ert-butyl ester was used insfead of 4-hydroxy-piperidine-1-carbaxylic acid fert-
bulyl ester.

10 LC/MS (m/z); 558 [M+1]
Retention time: 2.15min
Gradient; 0 min-0.1 min 5% ACN, 0.1 min-1.95 min 5%-100% ACN, 1.95 min-3.5
min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55% min-4 min 5% ACN.

15  Example 53: Compound 53 - Synthesis of 4-li2-carboxy-5-(3, 3-dimethvi-but-1-ynyi)-

thiephen-3-vil{ 4drans-methvl-cyclohexanecarhonyl-amingl-pineridina-1-carboxvlic

acid tetrahydro-uran-3-{R}-vi ester

O
)/ S \SﬂOH o-@

e Patat
&

53
20 4-[[2-Carboxy-5-(3,3-dimethyl-but-1-ynyli-thiophen-3-yl}-(4-trans-methyk-
cyclohexanecarbonyt-amingl-piperdine- {-carboxylic acid tetrahydro-furan-3-( Ry

ester was preparad in a similar fashion {o 4-[[2-carboxy-5-(3, 3-dimethyl-but-1-ynyf)-
thiophen-3-vil-{4-trans-methyl-cyclohexanecarbonyl}-amino)-piperidine- 1 -.carboxylic.
acid piperidin-4-yl except that tetrahydro-furan-3-(R)-of was used instead of 4-

25 hydroxy-piperidine-1-carboxylic acid tert-buty! ester.
LC/MS (m/z): 545 [M+1]
Retention fime: 2.28min
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LC: Thermo Finnigan PDA Detector

MS; Thermo Scientific LCQ Fieet

Column: Phenomenex Gemini-nx 3u C18 110A 30 x 3 mm

Solvents: Acetonitrile with 0.1% trifluorcacetic acid, Water with 0.1% triflucroacetic
5 acd

Gradient: §min-3.1 min 2%-100% ACN, 3.1 min-3.75 min 100% ACN

Example 54: Compound 54 - Synthesis of 4-[[2-carboxy-5-(3.3-dimethyl-but-1-ynyh-

thiophen-3-vi-(4-trans-methvi-cvclohexanecarbonyll-amincl-piperidine-1-carboxyiic

10 acid tetrahvdro-pyran-4-yl ester

4-l[2-Carboxy-5-(3,3-dimethyl-but-1-ynyl)-thiophen-3-yll-(4-rans-methyi-
cyciohexanecarbonyl}-amino]-piperidine-1-carboxylic acid isfrahydro-pyran-4-vi ester
15 was prepared in a similer fashion to 4-{{2-carboxy-5-(3, 3-dimethyl-but-1-ynyl}
thiophen-3-yil-{d-trans-methyi-cvslohexanecarbonyl}-amino-piperidine-1-carboxylic
acid piperidin-4-yl except that tetrahydro-pyran-4-ol was used instead of 4-hydroxy-
niperidine-1-carboxylic acid tert-buty! ester.
LOAMS (mifz) B59 IM+1]
20  Refention time: 2.35min
Gradient: 0 min-3.1 min 2%-100% ACN, 3.1 min-3.75 min 100% ACN

Example 55: Compound 55 - Synthesis of 4-][2-carboxy-5-{3 3-dimethyl-but-1-vny-
thiophan-3-vil-{(4-trans-meathyi-cyclohexanecarbonvi-amincl-piperidine- 1 -carboxylic
25 acid B-oxo-pyrrolidin-3-(Ryvi ester

PCT/US2011/021279
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44[2-Carboxy-5-(3,3-dimethyl-but-1-ynyii-thiophen-3-yi}{ 4-trans-methyl-

cyclohexanscarbonyl)-aminal-piperidine-1-carboxylic acid S-oxo-pyrrolidin-3-{(Ry-yl
ester was prepared in a similar fashion to 4-{[2-carboxy-5-(3,3-dimathyl-but-1-ynyi)-
thiophen-3-yl}-{4-trans-methyl-cyclohexanecarbonyl}-amino]-piperidine-1-carboxylic

5 acid piperidin-4-yl except that 4-{R}-hydroxy-pyrrolidin-2-one was used instead of 4-
hydroxy-piperidine-1-carboxylic acld tert-butyl ester.
LC/MS (miz}) 433 [M-124]
Retention time: 2.54min
Gradient: 0 min-0.1 min 5% ACN, 0.1 min—1.98 min 5%-100% ACN, 1.85 min-3.5

10 min 100% ACN, 3.5 min-3.55 min 100%-5% ACHN, 3.55 min-4 min 5% ACN.

Example 56: Compound 56 - Synthesis of 4-[[2-carboxy-5-(3,3-dimethyl-but-1-vnyl)-
{hiophen-3-il-{4-trans-methvl-cyclohexanecarbonyl-aminol-piperidine-1-carboxviic

acid 5-oxc-pyrrofidin-3-{ S)-vi ester

T s

» <‘/1
. “*K_/H
. —~

56
4-[[2-Carboxy-5-(3,3-dimethyl-but-1-ynyi)-thiophen-3-yi}-{4-trans-methyl-
cyclohexanecarbonyi}aminol-piperidine-1-carboxylic acid S-oxo-pyrrolidin-3-{R)-v
ester was grepared in a similar fashion to 4-[[2-carboxy-5-(3,3-dimeathyl-but-1-ynyl)-
20 thiophen-3-yii-{4-trans-methyl-cyciohexanecarbonyl}-aminol-piperidine-1-carboxylic
aeid piperidin-4-vi except that 4-(S)k-hydroxy-pyrrolidin-2-one was used instesd of 4 .
hydroxy-piperidine-1-carboxylic acid tert-buty! ester,
LCMS (m/z): 433 [M-124]
Retention fime: 2.54min
25  Gradient: 0 min-0.% min 5% ACN, 0.1 min-1.88 min 5%-100% ACN, 1.25 min-3.5
min 100% ACHKN, 3.5 min-3.55 min 1080%-5% ACN, 3.55 min-4 min 5% ACN

Example 57: Compound 57 - Synthesis of 4-[[2-carboxy-5-(3, 3-dimethyl-but- -y
thiophen-3-yll-{4-methyl-cyciohexanecarbonyli-aminol-piperidine-1-carboxviic acid 2-

30 oxo-pyrrolidin-3-{S)-vl ester

o1
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57
4-[[2-Carboxy-5-{3 3-dimethyl-but-1-ynyh-thiophen-3-yil-(4-methyl-
cyclohexanecarbonyl}-aminc]-piperidine-1-carboxylic acid Z-oxo-pyrrofidin-3-{5)-yl
5  ester was prepared in a similar faghion to 4-{[2-carboxy-5-{3,3-dimethyi-but-1-ynyl)-
thiophen-3-yi]-{4-trans-methyl-cyclahexanecarbonylj-aminol-piperiding-t-carboxylic
acid piperidin-4-yl except that 3-(5}-Hydroxy-pyrrolidin-2-one was used instead of 4~
hydroxy-piperidine-1-carboxylic acid tert-butyl ester. .
LCMS {miz): 578 [M+19]
10 Retention time: 2.18min
LC: Thermo Electron Surveyer HPLC
MS: Finnigan LCQ Advantage MAX Mass Spectromester
Column: Phenomenex Polar RP 30 mm X 4.8 mm
Sotvants: Acetonitrile with §.1% formic acid, Water with 0.1% formic acid
15  Gradient: 0 min-0.1 min 5% ACN, 0.1 min—1.95 min 5%-100% ACN, 1,25 min-3.5
min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN

Method D

20 Example 64: Compound 64 - Svnthesis of 5-(3,3-Dimethyl-but-1-ynyiy-3-i[3-
{hexahydro-furci2 3-blfuran-3-vioxycarbonylamino - 1-{ S-mathvi-propyii-{irans-4-

methvil-cyclohexanecarbonyll-aminol-thiophene-2-carboxyiic acid

=5 7
\ / ou
N 0 Q
e e e
64

25
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A mixture of 5-3,3-dimethyl-but- f-ynyl)}-3-{{ 3-hydroxy- 1 -{ 8)}-methyl-propyi)-
{trans-4-methyl-cyclohexanecarbonyl}-aminol-thicphene-2-carbaxylic acid TFA salt
{1.40g, 3.23mmel) in THF {30ml.) was ceoled to 0 °C and iriphenylphosphine (2.53g,

5  9.68mmmol} was added followad by phihalimide (0.713g, 4.84mmol). The reaction
was stirred until homogenious then DIAD (1.08mL, 5.49mmol) was added. After
warming fo rt., the reaction was determined o be complete by LC/MS in 1h, The
reaction was genched with CH;OH (1.0mL}) and the solvent removed under reduced
pressure.  5-(3,3-Dimethyl-but-1-ynyi}-3-{{3-(1,3-dioxo-1,3-dihydro-iscindoie-2-yl}-1-

10 {Srmethyl propylHirans-4-methyl-cyclohaxylcarhonyl-amino-thicphene-2-carbaxylic
acid methyl ester (1.67g, 92%) was isolated by silica gel chromatography as an off-
white solid.

A mbdure of 5-3,3-dimethyl-but-1-ynyl)-3-[13-(1,3-dioxo-1, 3-dihydro-isaindole-
2-y1)-1-{ Symethyl propyll-(frans-4-methyl-cyclohexylcarbonyi-aminoHhiophene-2-

15 carboxylic acid methyl ester (168mg, 0.30mmal) in CH,OH (2mi) and hydrazine

83
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{15ul., G.45mmal) was placed in a preheated 86 °C oil bath and stirred for 2h. The
reaction was deiermined {0 be complete by LC/MS. Solvent was removed under
reduced pressure and the crude material was coevaporated with folusne. 3-{3-
Amino-1-{ S}-methyl-oropyi Hirans-4-methyl-cyclohexanecarbonyl}-aminol-5-{3,3-

5  dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester was used as Is for the
next step without purification.

A mixture of crude 3-[[3-Amino-1-{S}methyl-propyi-(trans-4-mathyi-
cyclohexanecarbonyil-amine}-5-(3,3-dimethyl-but-1-ynyl -thiophene-2-carboxylic acid
mathyl ester in ACN (3.0ml.} was treated with carbonic acid hexahydro-furo[2,3-

10 bluran-3-yl ester 4-nitro-phenyl ester (0.11g, 0.375mmot) followad by
diisopropylethy! amine (0.1mL, 0.625mmol} and DMAP {cat). The reaction was stirred
for 1h and quenched with CH,OH (1mL). Solvent was removed under reduced
pressure and the crude material was partitioned between EtOAg, and % sat
NatiCOyu,q. The organics wers driad over Nap;B0,, solids fillered and solvent

18 removed under reduced pressure.  5-(3,3-Dimethyl-but-1-ynyl}-3-[[3-{hexahydro-
furol2,3-bifuran-3-yloxycarbonylamino -1~ S}-methyl-propyl]-(trans-4-mathyl-
cyclohexanecarbony!-amino]-hidphene-2-carboxylic acid msthyl ester was isolated
by reverse phase HPLC and carried forward wet to the next reaction.

A mixture of 5-{3,3-Dimethyi-but-T-ynyl)-3-13-(hexahydro-furel2,3-blfuran-3-

20 viexycarbonylamino)-1-(Symethyl-propyii-(trans-4-methyi-cyclohexanecarbonyl)-
amino}-thiophene-2-carboxylic acid methyi ester in THF (2mL) and CH,CH (1mL)
was treated with dissolve LIOHH,0 (0.1g, 2.38mmol) in H20 (2ml). The reaction
was determined to be complete affer 5h. The pH was adjusted to 2 with 2N HClgg. -
After diluting with CH,OH {3mL.), 5+3,3-Dimathyl-but-1-ynyl)-3-{[3-(hexahydro-

25  furo[2,3-b¥uran-3-yioxycarbonylamino}-1-{S}methyl-propyl}-{trans-4-mathyi-
cyclohexanecarbonyl-aminolthiophene-2-carboxylic acid TFA salt {0.41g, 24% 3-
steps) was isolated by reverse phase HPLC as a white sclid.

LC/MS = 597.20 (M" +Na)
Retention 8me: 3.76 min

A0 Gradient: 0 min-0.2min 5% ACN, 0.2 min—3.85 min 5%-100% ACN, 3.85 min-5.20

min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-8 min 5% ACN.
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Example 65: Compound 65 - Synthesis of 5-(3,3-dimethyl-but-1-ynyi)-3-[lirans-4-

methvi-cyclohexanecarbonvi b i-{Shmethyl-3-{telrahydrofuran-3-

vioxyearbonviamino-propyll-aminol-thiophene-2-carboxyvtic acid

sos
N/ Ton
O
SO N WY
H
85

A solution of 3-[[3-Aminc-1-(8)-methyl-propyl}-{frans-4-methyl-
cyclohexanecarbonyl-amino]-5-(3, 3-dimethyl-but-1-ynyl }-thiophena-2-carboxylic acid
methyt ester (.08g, 0.146mmof) in CH;CN {1.5mL) was prepared. 3-(RyHydroxy-
tetrahydrofuranyi-chioroformate {0.132g, 8.88mmol), which was prepared in a
manner similar to methed G, was added followed by diisopropylethyl amine (0.28md,
4.50mmol) and DMAP (caf), After stirring at 1t for 30min., the reaction was
determined o be complete by LC/AMS. The reaction was guenched with HO [1mL)
and the organics removad under reduced pressure and 5-(3,3-dimethyl-but—1-ynyl)-
3-{[trans-4-methyi-cyclohexanecarbonyl-1-(S)-melbyl-3-{tetrahydrofuran.3-
vioxycarbonylaminolpropyll-amino}thicphene-2-carboxylic acid methyl ester was
carried forward without purification.

A mixture of 5-(3,3-dimethyl-but-1ynyi}-3{[trans-4d-methyl-
cyclohexanecarbonyl)-[ 1-(8)-methyl-3-{tetrahydrofuran-3-yloxycarbonylamino -
propyi}-aminol-thiophene-2-carboxylic acid methyl ester in THF {(2ml) and CH,OH
(tmb}) was freated with disscive LICHH:0 (0.1g, Z.38mmol} in H;0 (ZmL). The
reaction was determined to be complete after 1h, The pH was adjusted to 2 with
2NHClpgy, the reaction difuted with CHOH (3mb) and 53, 3-dimethyl-but-1-ynyl}-3-
[ffrans-4-methyl-cyclohexanecarbonyt}-[1-( S)-methyl-3-{tetrahydrofuran-3-
vioxycarbonylamino)-propyilaminol-thiophene-2-carboxylic acid TFA salt (0.048g,
47%) was isolated by reverse phase HPLC as a white solid.

LCAMS = 555,24 {M+ Na’)

Retantion fima: 3.65 min

Gradient: § min-0.2min 5% ACN, 0.2 min—3,95 min 5%-100% ACN, 3.95 min-5.20
min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-8 min 5% ACN.
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Method E

Example 68: Compound 66 - 5-(3 3-Dimethyl-but-yny!)-3-[4-{hexahvdro-furof2,3-
blfuran-3-vioxycarbenylamino-cyclohexyil-{trans-4-methyl-cyclohexanecarbonyi)-

5 aminol-thiophene-2-carboxylic acid

0
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- N, e
34%, 14% .._O..u( ) NJ\O o)
o} H
o
10 A solution of 3-{(4-aminc-cyclohexy!)-{irans-d-methyleyclohexanecarbonyt)-

aminc}-5-{3, 3-dimethyl-but-1ynylithiophene-2-carboxylic acid methyl ester {0.40g,
0.873mmol) in ACN (8.0mL) was cooled to 0 °C and carboric acid hexahydro-
furof2,3-bifuran-3-yl ester 4-nitro-phenyl ester (0.288g, 1.0mmol} was added,
followed by DIEA {391pl, 2.18mmol} and DMAP {cat). The reaction mixture was
15 warmed fo rt, and stirred for 1h. The solvent was removed under reduced pressure

and the crude reaction mixture was partitioned between EtOAc and 2N KelOyqq
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The layers were separated and the organics washed repeatedly with 2N Ko2COguq,

Both apimars of 5-{3,3-Dimethyl-but-ynyi)-3-[[4-(hexahydro-furo[2, 3-blfuran-3-

yloxycarbonylamino }oyclohexyll-{frans-4-methyl-cyclohexanecarbonyl}-amino}-

thiophene-2-carboxylic acid methy! ester were isolated by reverse phase HPLC and
5  carried forward wet into the next reaction.

To each of the wet fractions of 5-{3,3-Dimethyi-but-ynyl)-3-{{4-{hexahydro-
furof2, 3-bHuran-3-yloxycarbonylamino j-oyclchexyll-(frans-4-methyl-
cycichexanecarbonyll-amincl-thiophene-2-carboxylic acid methyl ester were added
THE (0.8mL), CH;OH (0.2mL), and LIOH (0.021g, 0.5mmol}. The reactions were

10 allowed to siir ai ol for 2h. The reactions were delerminad to be complete by LC/MS,
The reactions were quenched with 2N HCl, to pH = ca. 2. Both epimers of 543,3-
Dimethyt-but-yvnyt)-3-{f4-{hexahydro-furolZ, 3-blfuran-3-yvioxycarbonylaming)-
cyslohexyll-{trans-4-methyl-cyclohexanecarbonyl}-amino]-thiophene-2-carboxylic
acid TFA salt (fast eluting: 88mg, 34%, slow eluting 34myg, 14%) were isolated by

15 - reverse phase HPLC as an off-white solid.

LC/MS = 623.20 (M* +Na)

Retention ime: 3.76 min

Gradient: 0 min-0.2min 5% ACHN, 0.2 min-3.85 min 8%-100% ACN, 3.95 min-5.20
min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN.

20

Method

Example 67: Compound 87 - 3+ S)-{3-{[2-Carboxy-5-(3. 3-dimethyl-but-1-ynyi)-
thiophene-3-villirans-4-methyl-cvclohexanecarbonvi}-aminotpyrrofidine-1-

25 - carbonvioxyi-3-methyl-pyrroiidine-1~-carboxylic acid terf-buty] ester

o)
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Examnle 68; Compound 68 - 3-{S¥-[2-Carboxy-5-{3, 3-dimethyi-bui-1-ynyl-thiophen-
3-yli-(trans-4-methvicvclohexanecarbonyt -aminci-pyrrolidine- 1-carboeylic-acig-3-

methvipyrrolidin-3-yl-ester
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3-{SH[53,3-Dimathyi-but-1-ynyh)-2-methoxycarbonyl-thicphene-3-{Sy-yil-
{trans-4-methyl-cyclohexanecarbonyl}-aminc}-pyrrolidine- 1-carboxylic acid fert-butyt
ester (3.10g, 5.85mmol) was taken up in CH,Cly (50mL) and 4N HCI in dicxane
{25mL, 100mmol} was added in one portion. The reaction was stirred for 2h and was
determined to be complete by LC/MS. Solvents were removed under reduced
pressure and the crude reaction mixture was so-evaporated with 3 X 258ml toluene.
§-(3, 3-dimethyl-but-1ynvi-3-{[trans-4-methyl-cyclohexanecarbonyl}-pyrrolidin-3-(8)-
yl-amino}thiophene-carboxylic acid methyl ester was carried forward crude into the
naxt stan.

A mixiure of 53, 3-dimethyl-but-1-ynyl)-3-ftrans-4-methyl-
eyclohexanecarbonyl-pyrrofidin-3-(Syvl-amino)-thiophene-carboxylic acid methyl
ester in THF (26mlL} and CHOH (10mb) was freated with LIOHHO (1.43g,
34.2mmol} in B0 (10mL). The reaction was defermined to be somplete by LO/MS
after 2h. The pH was adjusied to 2 with 2N HClg,,; and the solvents were removed
under reduced pressure. Go-evaporation with CHyOH, then E1OAc, and finally
toluene removed all H:0. 543,3-Dimethyl-but-1-ynyl)-3-[[trans-4-methyl-
cyclohexanecarbonyl)-pyrrolidin-3-( §)-yl-aminol-thiophene-carboxylic acld was
carried forward crude with LiC! salt into the next step.

53, 3-Dimethyl-but-1-yny)-3-{[trans-4-methyl-cyclohexanecarbony! -
pyrrolidin-3-(Sivi-aminci-thiophene-carboxyiic acid (150mg) was {aken up in ACN
{2.0mL). The heterogensous solution was afiowed io stir for Smin, then DIEA (250pL,
2.3rmmel) and DMAP (cat) was added seguentially {o the solution. The reaction was
allowed to stir for 5 min then 3-chlorocarbonyloxy-3-methyl-pyrrolidine-1-carboxylic
acid tert-butyt ester {(~200mg) prepared in a manner simifar to method G was added
in-ane portion. The reaction was stirred at rt for 15 min and determined to be
complete by LG/MS. Scivent was removed under reduced pressure. The rsaction
mixture was pattitionad between EtOAc and 2N HCl,.;. The organics were dried
over Na,S0,, solids filtered and solvent removed under reducad pressure. 3-{3-{{2-
Carboxy-5-(3,3-dimethyl-but-1-ynyl)-thiophene-3-yvil-{(trans-4-mathyl-
cyclohexanecarbonyl}-3-( S}-amino]-pyrrolidine-1-carbonyloxy}-3-methyl-pyrroliding- 1+
carboxylic acid fert-butyl ester TFA salt (35mg, 20%) and 3-{3-[2-Carboxy-5-(3,3-
dimethyl-but-1-ynyD-thicphene-3-ylH{trans-4-methyl-cyclohexanecarbony! }-3-{S)
aminol-pyrrolidine-1-carbonyioxy)-3-methyl-pyrrotidine-1-carboxylic acid TFA salt
{11mg, 7%) were isclated by reverse phase HPLC as white solids,

o8
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3-{3{}2-Carboxy-5-{3,3-dimathyl-but-1-ynyi)-thiophene-3-yil-{trans-4-methyl-
syclohexanecarbonyl)-3-{ S}-aminol-pyrrofidine-1-carbonyloxy}-3-methyl-pyrroliding-1-
carboxylic acid fert-butyl ester TFA salt
LC/MS = 544,14 (M™ - Bog)

5  Retention time: 4.02 min
Gradiant: 0 min-0.2min 5% ACN, 0.2 min-3.95 min 5%-100% ACN, 3.95 min-5.20
min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN.

3-{3-i2-Carboxy-5-(3,3-dimethyi-but-t-yny)-thiophene-3-vil-(trans-4-methyi-
10 cyclohexanecarbonyl}-3-{S)raminol-pyrolidine-{-carbonyloxy}-3-methyl-pyrrolidine-1-
carboxylic acid TFA salt
LC/MS = 544,10 (M" +1)
Retention time: 3.36 min
Gradient: 0 min-0.2min 5% ACN, 0.2 min-3.95 min 5%-100% ACN, 3.95 min-5.20
15 min 100% ACN, 5.20 min-5.8 min 100%-5% ACN, 5.5 min-8 min 5% ACN.

Method G

3-Chlerocarbonvioxy-3-methyl-pyrrofidine-1-carboxvlic agid tert-butyl ester

20

o THF 5
HO —_— NBoc
NBoe CI)LC! c;f—&o

A saclution of 3-hydroxy-3-methylpyrrofidine-carboxyiic acid fer-buiyl ester
{200mg, 1.00mmel) in THF (4mL) was slowly treated with phosgene 20% in tchsens
25 {0.054ml), Aftering slirring atf it for 160, solvents were removed under reduced
pressure and co-evaporate with CH.Cl.. The crude 3-chiorocarbonyloxy-3-
methylpyrrofidine-carboxylic acid ferf-butyl ester was used dirsctly in the next step.

Example 89; Compound 88 - Synihesis of 3-{{2-carboxy-5-(3 3-dimethyFbut-1-vavih-

30 thigphen-3-vil-(trang-4-methvi-cyciohexanecarbonyl-3-(S)aminol-pyrrolidine- 1-

carboxylic acid 1-tert-butoxycarbonyi-3-mettvl-azetidin-3-vl ester

100
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5-(3.3-Dimethyl-but-1-ynyl)-3-[ftrans-4-methyl-cyciohexanecarbonyl)-
pyrrolidin-3-{Skyl-aminol-thicphene-carboxylic acld (15Cmg) was taken up in ACN
5 (2.0ml). The hetercgeneous solution was allowed fo stir for Smin, and then DIEA

(250pk., 2.3mmol) and DMAP (cat) were added sequérztia!ly. The reaction was
aliowed to stir for 5 min then 3-chiorocarbonyloxy-3-methykazetidine-1-carboxylic
acid fert-butyl ester (=200mg) which was prepared in a similar manner to Method G
was added in one portion. The reaction was stirred at it for 18 min and determined to

10 be complete by LC/MS. Solvent was removed under reduced prassure. The
reaction mixture was partitioned between EtOAc and 2N HCl.y. The organics wers
dried over Na;SC,, solids fillered and sclvent removed under reduced pressure. 3-
[{2-Carboxy-5-{3,3-dimethyl-but-1-ynyi -thicphene-3-yil-{ frans-4-methyi-
cyclohexanecarbonyl)-3-( S)-aminol-pyrrolidine-1-carboxylic acid 1- tert-

15 buioxycarbonyl-3-methyi-azetidin-3-y! ester TFA salt {48mg, 26%)
LC/MS = 630 (M* +1)
Retention tme: 3.88 min
Gradiert: 0 min-0.2min 5% ACN, 0.2 min-3.95 min 5%-100% ACN, 3.95 min-5.20
min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-8 min 5% ACN.

20
Example 70: Compeound 70 - Synthesis of 3-l{2-carboxy-5-{3,3-dimethyl-but-1-ynyl}-

thiophene-3-vil-{rans-4-methvicyclohexanecarbonyl-2-{ Si-aminel-pyrretidine-1-

carboxyviic acid 1.1-dioxo-tetrahvdro-123-thiophene-3-vi ester

101
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5-(3,3-Dimethyi-but-1-ynyl)-3-{[trans-4-methyl-cyclohexanecarbonyi)-
pyrrolidin-3-{ S}-aminckthiophene-carboxylic acid {(200mg) was taken up in ACN
5 {4.0mL). Ths heterogeneous solution was allowed to stir for 5min, and then DIEA

(500uL, 4.6mmol) and DMAP (cat) were added sequentially. The reaction was
aliowed to stir for 5 min then 3-chlorocarbonyloxy-1, T-dioxo-tetrahydro-11%-thiophane
{(=200mg), which was prepared in a similar manner to method G, was added in one
portion. The reaction was stimed at rt for 15 min and determined to be complete by

10 LOMAMS. Solvent was removed under reduced pressure, The reaction mixture was
partitioned between EtOAC and 2N HCl.,. The organics were dried over Na,SC,,
sofids filtered and solvent removed under reduced pressure. 34{[2-Carboxy-5-(3,3-
dimethyl-but-1~ynyl}-thiophene-3-y}-(trans-4-methyleyclohexanecarbonyl)-3-(8)-
amincl-pyrrolidine-t-carboxylic acid 1, 1-dioxo-tetrahydro-142-thiophene-3-y! ester

15 TFA salt (37mg, 19%)
LC/MS = 454.97 (M” ~ methylcyciohexyicarbonyl)
Retention fime: 3.56 min
Gradient: 0 min-0.2min 5% ACN, 0.2 min-3.85 min 5%-100% ACN, 3.85 min-5.20
min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN.

20
Exampie 71: Compound 71 - 4-2-Carboxy-5-(8, 3-dimethyl-but-1-ynvl)-thiophen-3-

vik{trans-4-methyi-cyclohexanecarbonyl-aminol-piperidine-1-carboxyiic acid 1-feri-

butoxycarbonyl-3-methvi-pyrrolidin-3-y] ester

T S
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5  Example 72: Compound 72 - 4-[[2-Carboxy-5-(3,3-dimethyvl-but-1-yovil-thicphen-3-
vik{irans-4-methyi-cyclohexanecarbonyi)-aminol-pipendine-1-carboxylic acid 3-

methyi-pyrrolidin-2-vi ester

8]

S S

V. / oH

OO
o 0
72

10 5-(3,3-Dimethyl-but-1-ynyl}-3-{(trans-4-methyi-cyclohexanecarbonyl)-
piperidin-4-yl-amino}-thiophene-2-carboxylic acid {150mg) was taken up in ACN
(2.0mbL). The heterogensous solution was allowed to stir for min, and then DIEA
(250ul., 2.3mmol) end DMAR (cat) were added sequentially. The reaction was
aliowed to stir for 5 min then 3-chicrocarbonyloxy-3-methylpyrrolidine-carboxylic asid

15 fert-butyl ester (=200mg), which was prepared in a similar ranner to methed G, was
added in one portion. The reaction was sfirred at i for 15 min ang determined to be
complete by LO/MMS. Solvent was removed under reduced pressure. The reaction
mixture was partitioned between EtOAc and 2N HCl.g. The organics were drisd
over NapS0,, solids filtered and solvent removed under reduced pressure. 4-[[2-

20 Carboxy-5-3,3-dimethyl-but-1-ynyl-thiophern-3-yi-(rans-4-methyl-
cyciohaxanecarhonyl-aminoj-piperidine-1-carboxylic acid 1-tert-buloxycarbonyl-3-
methyl-pyrrolidin-3-yl ester TFA salt (26mg, 18%) and 4-[[2-Carboxy-5-(3,3-dimethyl-
but-1-ynyt-thiophen-3-yij-(irans-4-methyl-cyclchexanecarbonyl}-aminol-piperiding-1-
carboxylic acid 3-methyl-pyrrolidin-3-vl ester TRA salt (8mg, 6% were isolated by

25  reverse phase HPLC as white solids.
4£.5[2-Carboxy-5-(3,3-dimathyl-but-1-ynylthiophen-3-yl}-{frans-4-methyl-
cyslohaxanacarbonyl-aminol-piperidine-1-carboxylic acld -tert-butoxysarbonyl-3-
methyl-pyrrolidin-3-y! ester
LC/MS = B58.19 (M -Boc)

30 Ratention fime: 4.03 min
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Gradient: 0 min-0.2min 5% ACN, 0.2 min--3.95 min 5%-100% ACN, 3.85 min-5.20
min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-8 min 5% AGN,

4-[[2-Carboxy-5-(3,3-dimathyl-but- 1 -yryl-thiophen-3-yil-{ trans-4-methyi-
cyclohexanecarbonyl}-aminol-piperidine-t-carboxyile acid 3-methyl-pyrrolidin-3-vi
ester

LC/MS = 558.08 (M +1)

Retention ime: 3.40 min

Gradient: @ min-0.2min 5% ACN, 0.2 min—3.95 min 5%-100% ACN, 3.95 min-5.20
min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN

Example 73: Compound 73 - Synthesis of 4-[2-carboxy-5-(3, 3-dimethyi-but-1-ynyvi-
ihiophen-3-yil-{trans-4-methyl-cycichexanecarbonyl-aminol-piperidine-1-carboxylic

acid_1-tert-butoxycarbonyi-3-methyi-azetidin-3-vl ester

N \S/ OoH
OOt

Q
73
5-(3,3-Dimethyi-but-1-ynyl)-3-[{4-methyl-cyclohexanacarbonyl)-piperidin-4-yi-
amino}-thiophene-2-carhboxylic acid {150mg) was {aken up in ACN (2.0mL). The
heterogenaous solution was allowed to stir for Smin, and then DIEA (2500l
2.3mmol) and DMAP (cat) were added sequentially. The reaction was allowed to stir
for 5 min then 3-chiorocarbonyloxy-3-methylpyrrolidine-carboxylic acid ferf-buty! ester
(=200mg), which was prepared in a similar manner to method G, was added in one
portion. The reaction was stirred at ¢t for 15 min and determined {o be compleie by
LC/AMS. Solvent was removed under reduced pressure. The reaction mixture was
partittonad between EtOAc and 2N HCly,,. The organics were dried over NapS0,,
solids filtered and solvent removed under reduced pressure. 4-{[2-Carboxy-5-{3,3-
dimethyl-but-1-ynyl)}-thinphen-3-yl]-{frans-4-methyl-cyclohexanecarbonyi}-aminol-
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piperidine-1-carboxylic acid {-tert-butoxycarbonyl-3-methyl-azetidin-3-yi ester TFA
salt (38mg, Z2%) was isclated by reverse phase HPLC as a white solid.
LC/MS = 544,20 (M* -Boc)
Retention time: 4.01 min

5  Gradient 0 min-0.2min 5% ACN, 0.2 min-3.85 min 5%-100% ACN, 3.85 min-5.20
min 100% ACN, £.20 min-£.8 min 100%-5% ACN, 5.5 min-§ min 8% ACN.

Example 74: Compound 74 - Synthesis of 4-12-carboxy-5-{3 3-dimethyi-but-1-ynyl-
thiophen-3-yil-firans-4-methyl-cyclohexanecarbonvl}-aminol-piperidine- 1~carboxylic

10  acid 1.1-diexc-tetrahvdro-128-thiophen-3-yl ester

=S 7
\ J ToH
,O
OO
74

5-(3,23-Dimathyl-but-1-ynyl}-3-{trans-4-methyl-cyclohexanasarbonyl}-

15  pipendin-4-yl-aminol-thiophene-2-carboxylic acid (200mg) was taken up in ACN
{4.0mL). The heterogeneous solution was allowed to stir for Smin, then DIEA {350uL,
2.3mmol) and OMAP (cat) were added. The reaction was allowed {o stir for & min
then 3-chiorocarbonyloxy-1,1-dioxo-tetrahydro- 1a5-thiophene (=200mg), which was
prepared in a similar fashion as methed G, was added in one portion. The reaction

20 wasg stirred at rt for 18 min and determined {o be complete by LC/MS. Solvent was
removed under reduced pressure. The reacion mixture was partifioned between
EtOAG and ZN HCl,,. The organics were dried over NapSQ,, solids filtered and
solvent removed under reduced pressure. 4-[f2-Carboxy-5-(3,3-dimethyl-but-t-ynyh-
thiophen-3-yi-{trans-4-methyl-cyclohexanecarbonyl -aminol-piperidine- 1-carbaxylic

25 acid 1,1-dioxo-tetrabydro-1 2 -thiophen-3-vi ester TFA salt (2.0mg, 1%} was isolaied
by reverse phase MPLC as a white soiid.

LCIMS = 460,10 (M -methyleyclchexycarbonyl)
Retention time: 3.70 min
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Gradient: 0 min-0.2min 5% ACN, 0.2 min-3.85 min 5%-100% ACN, 3.85 min-5.20
min 130% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN.

Example 75; Compound 75 - Synthesis of 3-{4-[[2-carboxy-5-(3 3-dimethyl-bui-1-
5 ynyl-thiophen-3-yi-(rans-4-methyl-cvcichexanecarbonvi-cyclohexyicarbamoyioxy}-

J-mathyl-pyrrofidine-1-carboxylic acid feri-bubd ester

SN
\ 4/ ToH
OO

75
3-{4-Amino-cyclohexyl)-(irans-4-methyl-cyclchexanecarbonyl}-amino)-5-(3,3-
10 dimethyl-but-Tynyi-thiophene-2-carboxylic acid {150mg) was taken up in ACN
{2.5mL). The heterogensous solution was allowed to stir for Smin, then DIEA (250ul.,
2.3mmol) and DMAP (cat) were added sequentially. The reaction was allowed to stir
far 5 min then 3-chlorocarbonyloxy-3-methylpyrrolidine~carboxylic acid ferf-butyl ester
(=200mg), which was prepared in a manner similar to method G, was added in one
15 portion. Tha reaction was stirred at rt for 15 min and determined to be complete by
LCIMS. Solvent was removed under reduced pressure. The reaction mixture was
partitioned between EtOAc and 2N HCl,,. The organics were dried over Na;S0,,
solids fillered and solvent removed under reduced pressure. 3-{4-{[2-Carboxy-5-(3,3-
dimethyl-but-1-ynyl}-thiophen-3-yi]-{trans-4-methyl-cyclohexanecarbonyl)-
20 cycichexylcarbamoyloxy}-3-methyl-pyrrolidine-1-carboxylic acid fert-buivl ester TFA
sall (84mg, 47%) was isolated by reverse phase HPLC as a white solid.
LCIMS = 572,21 (M -Bac)
Retention time: 4.63 min
Gradient: 0 min-0.2min 5% ACN, 0.2 min—3,85 min 5%-100% ACN, 3.5 min-5.20
25  min 100% ACHN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-B min 5% ACN.

Example 768: Compound 76 - 5-£3 3-Dimelhyvkbut-1-ynyi)»-3- {{trans-4-
cvelohexanecarbonvi-[4-{3-methyl-ovrralidin-3-vioxycarbonyiamino -cvelohexyik

amino}-thiophene-2-carboxviic acid
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A mixture of 3-{4-[[2-Carboxy-5-(3,3-dimethyl-but-1-ynyl}{hiophen-3-yl]-
(frans-4-methyl-cyclohexanecarbonyl)-cyslohexylcarbamoyioxy}-3-methyl-pyrrolidine-
1-carboxylic acid terf-butyl ester TFA salt {50mg) in CH.CL {2.0mb) and 4N HCl in
dioxane (0.5mL) was stired at it for 2h. The reaction was determined to be complete

S

by LC/MS. Solvents were removed under reduced pressure. 5-(3,3-Dimethyl-but-1-
yyi}-3- {trans-4-cyciohexanscarbonyi-{4-(3-methyl-pyrrolidin-3-
yloxycarbonylamino)-cyclohexytl-amino}-thicphene-2-carboxylic acid TFA salt {32mg,
73%) was isolated by reverse phase HPLC as a white solid.

LCMS = 572.18 (M™ +1)

Retention time: 3.17/3.24 min

Gradient: 0 min-0.2min 5% ACN, 0.2 min—3.95 min 5%-100% ACN, 3.95 min-5.20
min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN.

Exampie 77: Compeound 77 - Synthesis of 543, 3-dimethyl-but-1-ynyl)-3-[[4-{1,1-

diexa-tetrahydra-135thlophen-3vloxyearbonviamine boyelohexyll-firans-4-

methylevclohexanecarbenyi}-amingl-thiophene-2-carboxylic acid

o
T S
)
ey 3,08
___O..HQONLU o
b i
77

3-[4-Aminc-cyclohexyl}-(tfrans~4-methyl-cyclohexanecarbonyi)-amine]-5-3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid (200mg) was taken up in ACN
{4.0mL). The heterogensous solution was allowed to stir for Smin, then DIEA (600pt.,
4.6mmol} and DMAP {caf} were added seguentially. The reaction was aliowed to siir
for 5 min then 3-chiorocarbonylaxy-1, 1-dioxo-tetrahydra-1 a2-thiophens (=200mg).
which was prepared in a siodlar manner to method G, was added in one portiori. The
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reaction was siirred at rt for 15 min and determined to be complate by LOMS.
Solvent was removed under reduced pressure. The reaction mixture was pariificned
hetween EtOAC and 2N HCl.q. The organics wers dried over Na,S0,, solids filtered
and sclvent removed under reduced pressure, 5-(3,3-Dimethyl-but-1-ynyl}-3-f14-{1,1-

5  dioxo-tetrahydro-12-thiophen-3-yloxycarbonylamine}-oyclohexyfi-{trans-4-
methyloyciehexanecarboryl-aminol-thiophene-2-carboxylic acikd TFA salt (36mg,
19%)
LCIMS = 608.86 {M" +1}
Retention iime: 3.61 min

10 Gradient: 0 min-0.2min 5% ACN, 0.2 min—3.95 min 5%-100% ACN, 3.95 min-5.20

min 100% ACN, 5.20 min-5.5 min 100%-5% ACN, 5.5 min-6 min 5% ACN.

Example 79 Compound 79 - Synthesis of 5-{3,3-Dimethyl-but-1-ynyi}-3-{{4-methyl-
cyclohexanecarbonyiH4-(N'-methvi-N'-pyridin-2-yl-hvdrazine )-evelohexyi-amingh-

15 thiophene-2-carboxylic acid

/
HoN~N A
Jﬂ\ i . N— N
F - M N
— z
neat, ot, 16 h

\N_”O 0
==

1 NaBH(OAc}E

OH

2-Bromopyridine (5 mL, 52.4 mmol} and methylhydrazine {20 mL, 360 mmoi)
wera mixed together in a flask fitted with a water-condensar. After & faw minutes a
25 vigerous exothermic reaction occurred with refluxing of the methylhydrazine. When
the reaction had subsided, the mixture was ieft for 18 hours, and the excess
methythydrazine was removed under reduced pressure. The cooled residue wasg
stirred with agueous sodium hydroxide soludion (30 mi of 20%), and the resulting
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solution was exfracted with ether (3 % 100 mi). The combined extracts were dried
{K2CO;) and purified by silica gel chromatography 0-3% EICH/CH,CH, to give 4.8 g of
N-Methyl-MN-pyridin-2-yi-hydrazine.
A mixture of 5-(3,3-Dimethyl-but-1-yoyl}-3-[{4-methyl-cyclohexanecarbony!}-
5  (4-oxo-cyclohexylamino]-thiophene-2-carboxylic acid methyl ester (412 mg, 0.90
mmol) and N-Methyl-N-pyridin-2-yl-hydrazine (222 mg, 1.8 mmol} in DCE (6 mi) was
treated with AcOH (200 ul., 3.0 mmol} followed by NaBH(OAc),; (300 mg, 4.08 mmol)
in two or three portions. After 30 min, NaHCO, (saturated agueous solution, 4-8 mL)
was added to the mixiure, followed by brine (20 mL}, and the crude product was
10 extracted with ethyl acetate (2x20 mi.). The combinged organic layers were
conceniraied and the crude material was dissolved in & 3:2:1 mixture of
THE:MeOHwater (20 mi), treated with lithium hydroxide (4.5 mmol, 188 mg) and
heated to 80 deg C for 2 hours. The residue was purified by HPLC (Gemini column,
35% acetonitrite:water, 2 min, 35-50% acetonitrilewater, 2 min, 50-100% acetonitrile:
15 water 13 min, both solvents containing €.1% frifiuoroacetic acid). This resulted in
188 mg {37% vyield) of the title compound as its trans isomar (TFA salt): MS (m/z):
BE1.3 [M-HI" MPLC refention time: 3,38 min (2-98% acetonitrile:water with 0.05%
trifluoroacetic acid) and 71 mg (14% yisid) of the fitle compound as its ¢fs isomer
{TFA salt): MS {miz): 551.3 [M-HT";, HPLC retention fime: 3.52 min {(2-88%

20 azcetonitrile:waier with 0.05% trifluoroacetic acid).

Exampie 80: Compound 80 - Synthesis of 5-{3 3-Dimethyi-but- T-ynvi}-3-{{4-methyi-
cyclohexanacarbonviH4-{N'-methvi-N'-pyrazin-2-vl-hvdrazino-cyclohexyll-aminol-
{hiophane-2-carhoxviic acid

25

o}
= S

L
O
0
B0

30
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2-Chloropyrazine {1g, 8.3 mmof} and methylhydrazine (1.31 mi, 25 mmol)
were mixed together in a flask fitted with a water condenser. After a few minutes an
exotherm was observed. After 18 h the excess methyihydrazine was removed under
reduced pressure. The cooled residue was stirred with aqueous sodium hydroxide
soiution {20 mi of 20%), and the resulting solution was extrasted with ether (6 x 100
mi}. The combined extracts were dried (K,CO;) and concentrated o give & light
orange solid 370 mg of N-Methyl-N-pyrazin-2-y-hydrazine.

A mixiure of 5-(3,3-Dimethyl-but-1-ynyl}-3-{4-methyl-cyciohexanecarbenyl)-
{(4oxa-cycichexyi}amino]-thiophene-2-carboxylic acid methyl ester {100 my, 0.22
mmol) and N-Methyl-N-pyrazin-2-yl-hydrazine (41 mg, 0.33 mmot} in DCE (2 mi)
was treated with AcCH (100 pL, 1.5 mmol} followed by NaBH(OAc); {120 mg, 0.5
mmol} in two portions. After 5 h, NaHCO; (saturated aqueous solution, 2 mb) was
adided to the mixiure, fellowed by brine {20 mi), and the crude product was exiracted
with ethyl acetate (2x20 mL). The combined crganic layers were econcentrated and
the crude material was dissolved in a 3:2:1 mixture of THF:MeOH:water (20 ml),
treated with lithium hydroxide (1.1 mmol, 46 mg) and heated to 60 deg C for 1 hours.
The residus was purified by HPLLC {Gemini column, 35% acetonitrite:water, 2 min,
35-50% acetonifrile:water, 2 min, 50-100% acetonitrile; water 13 min, both solvents
containing 0.1% trifluoroacetic acid). This resulted in 11 mg of the title compound as
its frans isomer (TFA salt) MS {m/z): 552.2 [M-H]"; HPLC retention fime: 28.05 min
{Phenomenex Luna C18, 2-98% acaionilrile:water with £.1% trifiucroacetic acid, 30
min gradient) and 7 mg of the title compound as its ¢is isomer {TFA salt): MS imiz)
552.2 [M-HI"; HPLC retention tima: 24.38 min (Phenomenex Luna 18, 2-88%
acetonitrile:water with 0.1% triflucroacetic acid, 30 min gradient).

Exampie 81; Compound 81 - Synihesis of 5-(3,3-Dimathyl-but-1-viyl}-3-{{4-methyi-
cyclohexanecarbony!-I4-(N'-methy-N'-thiazol-2-vi-hvdrazino -oveiohexvil-aminol-

thipphene~-2-carboxvlic acid

0]
S

W2
e sk
Q
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81

2-Chiorathiazote (0.9 g, 7.52 mmol} was placed in a flask fitted with 3 water
condenser and methylhydrazine (1.31 mb, 25 mmol) was added dropwise. An
5  immedisie exotherm was obsarved and methylthydrazine began to reflux. When the
reaction had subsided, the mixture was left for 16 hours, and the excess
methylhydrazine was removed under reduced pressure, The cooled residue was
stirred with agusous sodium hydroxide solution (20 mi of 20%), and the resulting
solution was extracted with ether (8 x 100 ml). The combined exiracts were dried
10 (K.C0:) and concentrated fo give 485 my of N-Methyl-N-thiazol-2-yl-hydrazine.

A mixture of 543,3-Dimethyl-but-1-ynyi}-3-{(4-methyi-cyclohexanacarbonyl}-
(4-oxo-cyclohexyilaminol-thiophene-2-carboxylic acid methyl ester (200 mg, £.44
mmmolj and N-Methyl-N-thiazol-2-yl-hydrazine (112 mg, 0.87 mmel) in DCE (4 mL)
was freated with AcO (200 pL, 3.0 mmol) followed by NaBH{OAS); {120 mg, 0.57

15 mmol) in two portions. After 5 h, NaMCO; (saturated aqueous solution. 3 mL} was
added to the mixture, foliowed by brine (20 ml), and the crude product was exiracted
with ety acetate (2x20 mb). The combined organic lavers were concentrated and
the crude material was dissclved in a 3:2:1 mixture of THF:MeOH:water (20 mL),
treated with lithium hydroxide (2.2 mmoi, 92 mg) and heated tc 60 deg C for 1 hours.

20  The residue was purified by HPLC {Gemini column, 35% acetonitrile:water, 2 min,
35-50% acetonitrile:water, 2 min, 50-100% acetonitrile: water 13 min, both solvents
containing 0.1% trifluoroacstic acid). This resulted in 36 mg of the title compound as
its frans isomer {TFA salt): MS (m/z): 557.2 [M-H]"; HPLC retention time: 3.43 min (2-
98% acetoniiriierwater with 0.05% triflucroasetic acid) and & mg of the fitle compound

25 asits ofs isormer (TFA salt) MS {miz): 557.2 [M-H]", HPLC retention time: 3.41 min
(2-98% acetoniirile:water with 0.05% tiflucrcacelic acid).

Example 82; Compound 82 - Synthesis of 53, 3-Bimethvi-but-1-ynyh-3-[{4-[N'~(&-
hvdroxy-pyticazin-3-yh-N'-methvl-hvdrazino]-cyciohexvl}-{ 4-methyl-

30  gycichexanecarbonyh-aminol-thiophene-2-carboxylic agid

Example 83; Compound 83 - [4-IN-{6-Chioro-pyridazin-3-yi)-N-methyl-hydrazino}-

gyclohexyl-{4-methvi-cyciochexanasarbonyll-amingl-5-{ 3 3-dimethyl-but-1-ynyl}-

thiophene-2-carhoxylic acid
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5 3.6-Dichloro-pyridazine (1g, 6.75 mmol) was placed in a flask fitted with a

watar condenser and methylhydrazine (1.31 mL, 25 mmol) was added dropwise. An
immediate exotherm was observed and methyihydrazine begins to reflux. When the
regction had subsided, the mixture was left for 18 hours, and the excess
methyihydrazine was removed under reduced pressure. The cooled residue was
10 stired with aqueous sodium hydroxide solution (20 mi of 20%), and the resuiting
sofution was exiractad with ether (6 x 100 mi). The combined extracts were dried
{K,COs) and concentrated io give 427 mg of N-(6-Chioro-pyridazin-3-yl)-N-methyt-
hydrazine.
A mixture of 5-{3,3-Dimethyl-but- 1-ynyi}-3-[{(4-methyl-cyclohexanecarbonyl -
15 {(4-oxo-cyclohexyl}-aminol-thiophene-Z-carboxylic acid methvi ester (580 mg, 1.08
mmel) and N-{8-Chloro-pyridazin-3-yl)}-N-methyl-hydrazine {260 mg, 1.64 mmol} in
DCE {6 mL} was treated with AcOH {0.5 mL, 8.4 mmo!) followed by NaBH(OAc):
(347 mg, 1.64 mmeoil} in two poriens, After 5 h, NaHCO; {saturaled agusous solution,
10 miL) was added to the mixiure, followed by brine (20 mL), and the crude product
20 was extracted with sthyl acetate (2x50 mL). The combined organic layers were
concenirated and the crude material was dissolved in 4 mb of acetic acid.-treated
with NaOAc (883 mg, 10.8 mmol} and heated in a sealed tube at 100 deg C for 16 h.
Upon cocling the mixiure was diluted with ethyl acetate and neutralized with NaHCO;
(saturated aqueous soiution). The combinad organic layers were concentrated and
25 the crude material was dissolved in a 3:2:1 mixture of THF:MaOH:water {20 mL),
reated with lithium hydroxide (5.45 mmol, 228 myg) and heated to 80 deg G for 1 hour.
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The crude material was purified by HPLC (Gemini column, 35%
acetonitrite:water, 2 min, 35-50% acetonifrile:water, 2 min, 50-100% acetonitrile:
water 13 min, beth solvents containing 0.1% tiflucroacetic acid). This resuited in 168
mg of 3-[{4-[N-(B-Chlora-pyridazin-3-y[}-N'-methyl-hydrazinol-cyclohexyl-(4-methyl-
cyclohexanecarbonyl}-amino]-5-(3,3-dimethyl-but- t-ynyl -thiophene-2-carboxytic acid
as the frans isomer (TFA salty MS (m/z): 587.2 [M-H]"; HPLC retention time: 26.38
min (Phencmenex Luna C18, 2-98% acstonitrile:water with 0.1% trifluoroacstic acid,
30 min gradient); 4 mg of 3-[{{4-[N'-(8-Chiore-pyridazin-3-yl)-N-methyl-hydrazino}-
cyciohexyl}-{(4-methyl-cyclohexanecarbonvir-amine]-5-( 3, 3-dimethyl-but-1-ynyl)-
thinphene-2-carboxylic acid as the cis isomer (TFA salt). MS vz} 587.2 IM-HT",
HPLC refention tims: 24.83 min (Phenomenax Luna C18, 2-88% acstonitrie:water
with 0.1% trifluorcacetic acid, 30 min gradient); 44 mg of 5-{3,3-Dimethyl-but-1-yriy!)-
3-{{4-IN'+{6-hydroxy-pyridazin-3-y -N-methyl-hydrazino}-cyclohexyl}-(4-methyl-
cyclohexanecarbonyl}-amino]-thiophene-2-tarboxylic acid as ifs trans isomer (TFA
salt): MS (mfz): 568.4 [M-HT" HPLC retention time: 26.15 min (Phenomenex Luna
C18, 2-98% acetonitrile:water with 0.1% frifluoroacetic acid, 30 min gradient), and 71
myg of 5-(3,3-Dimethyl-but-1-yiyl}-3-[{4-[N'-{6-hydroxy-pyridazin-3-yl)}-N'-methyl-
hydrazinol-cyclohexyl}-(4-methyl-cyclohexanscarbonyl}-amingl-thiophene-2-
carboxylic acld as its ¢fs isomer (TFA salt): MS (myz): 569.4 {M-H]" HPLC retertion -
time: 24.67 min {Phenomenex Luna C18, 2-88% acetonitrile:water with 0.1%

triflucroacetic acid, 30 min gradient).

Hydroxylamine Synthesis

Hydroxylamine 1: Synthesis of O-pyridin-2-vimethvihvdroxylamine dihvdrochloride

i
P 2. NH,NH, H,0, EiOH | P NH, HCI
3. HCI, E,0
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2-Chicromethylpyridine hydrochioride (514 mg, 3.13 mmol}, N-
hydroxyphihalimide {515 mg, 3.18 mmol), and friethylamine (1.3 mL, 9.3 mmol} were
mixed in acetonitrile (5 mbL) and stirred at 80 *C for 2.5 hours. The reaction mixiure
was dituted with ethyl acetate and washed segquentially with 1N NaOHk,,,, water, and

5  brine. The organic phase was dried over MgSQ,, filtered, and concentrated. The
residue was rearystallized from ethyl acetate and hexanes to provide N-(pyridine-2-
vimethoxy)phthalimide (364 mg, 1.44 mmal).

Hydrazine monchydrate (53 ui, 1.5 mmol) was added to a solution of N-
{pyridine-2-yimethoxy)phthalimide {356 mg, 1.41 mmol) in ethancl (2 ml} and stirred

10 at 80 °Cfor one hour in a sealed tube. The reaction mixture was diluted with ethyl
acetate, adsorbed onto silica gel, and purified by SGC {0-20% [8:1
EtOH: MH OH Lo /DCM). After concentration of fractions the residue was taken up in
diethyl ather and treated with 4N HClizog, to provide O-pyridin-2-
vimethyihydroxylamine dihydrochioride {152 mg, 0.77 mmol} as a white solid.

15

Using the same procedure as described for O-pyridin-2-
yimethythydroxylamine dihydrochloride, the hydroylamines shown below were

syntheisized.

Elq”:\N ﬂ \/@
O N 0 = . -
HN e H,h HoN Q =N HoN OVCN

Hydroxylamine 2 Hydroxylamine 3 Hydroxylamine 4 Hydroxylamine &

pa O

20 Hydroxylamine 6

Example 112; Compound 112 - Svnthesis of 5-{3.3-Dimethyl-but-1-ynyl}-3-4{4-trans-
methvl-cyclohexanecarbonvli-[4-(pyridin-2-yimethoxyimino -eyclohexyli-aming}-

thiophene-2-carboxylic acid
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COoMe 2 Hel CO.H 7 \
. NaDAc

O 0O

\o then LiOH, H,0
112

5-{3,3-dimethyl-but-1-ynyi}-3-[{ frans-4-methyl-cyclohexanecarbony! -{4-oxo-
cyclohexyl)-aminol-thiophens-2-carboxyiic acid methyt ester {264 mg, 0.58 mmal), O-
pyridin-2-yimsthylhydroxylamine dihydrochioride (142 mg, 0.72 mmeol}, and sodium
acetate (177 mg, 2.2 mmol} were mixed in 2:1 MeOH:DCM (3 mbL) and stirred at
50 °C for 1 hour. Lithium hydroxide monohydrate (240 mg, £.7 mmol} and water {1
mil) were then added and the reaction mixture coniinued fo stir at 50 °C for 2 hours.
The reaction mixture was then partitioned betwaen athyl acetate and 5% citric Clell T
The aqueous phase was neutralized with 4N NaOMHuq and thrice extracted with ethyl
acetate. The combined organic phases were washed with bring, dried over MgS0y,
filtered, and concentrated. The residue was purified by HPLC (Gemini column: 25%
acefonitriie:water, 2 min; 25-100% acetoniiriie:water, 16 min; 100% aceloniirile, 3
min; both soivenis containing 0.1% triflucroacetic acid}). This resulied in 234 mg
(15% vield over 2 steps) of the title compound as a white powder (TFA saity M8
{miz): 850.2 IM+H]"; HPLC retention time: 3.55 min (2-98% acstoniirile:water with

0.05% trifiuoroacetic acid).

Example 113: Compound 113 - 3-[N-{4-Benzyloxviminoovclohexyl)-4.

methyvicyslohexanecarboxamido}-5-{3, 3-dimethylbut-1-ynviithigohene-2-carboxylic

acid

Q
T S

\ OH \Q
O e
113

115
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Prapared in the samea manner as Example 112 using O-benzylhydroxylamine.
MS {myz): 549.1 [M+HT; HPLC retention time: 5.23 min,

5  Example 114 Compourd 114 » 3-(NL{4-{{1H-1,2 4-Triazol-1-
yiimethoxyiminooyclohexyD-4-methyicyciohexanecarboxamido}-5-{3 3-dimethyibut-

1-ynylithiophene-2-carboxvlic acid

O
T S
OH
\ N
Oyl
il e}
o
10 114

Prapared in the same manner as Example 112 using hydroxylamine 2. MS
(mfz): 5401 [M+HT": HPLC retertion time: 4.29 min.

15 Exampie 115: Compound 115 - 3-{(N-(4-{Carboxymethoxyiminoicyclohexy!-4-

methvicvciohexanecarboxamideo)-5-{3 3-dimethyibul-1-ynylthiophene-2-carboxylic

acid

20

Prepared in the same manner as Exampie 112 using hydroxylamine 5. MS
{miz); 517.8 [M+HI"; HPLC retention time: 4,28 min.
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Example 118; Compound 118 - 3-{N-{4-(Cyanomethoxviminolcyciohexyl)-4-

methyleyclohexanecarboxamide)-5-(3, 3-dimethvlbut-1-ynv(iihiophene-2-carboxyiic

acid
6]
= S aM
A N
O,
i [e}
8]
118
M 5 . [
=% o CGhMe 1. LIOH, H,0 =T ¥ CO,H
...—.————-.—.—.bp_
» N"'{ >”“-0 a NCA(I) “<N—< }—me_JCN
% Mt HCI %
, NaDAc

5-(3,3-Dimethyi-but-1-ynyl}-3-{{trans-4-methyl-cyciohexanecarbonyl)«{4-oxo~
sycichexyl}-amino}-thiophene-2-carboxylic acid methyt ester (519 mg, 1.13 mmat)
was dissolved in a mixiure of 3:2:1 THF MeOH:H,0 (25 mL). Lithium hydroxide (5 mi.,
1.0N agusous solution) was added and the reaction mixture was stirred at 80 °C for 1
hour. The reaction mixture was then partitioned betwaen athyl acetale and water.
The agueous phase was neufralized with 5% citric acidpe. and thrice ex tracted with
sthyl acetate, The combined organic phases were washed with brine, dried over
MgSQ,, fiterad, and concentrated fo afford 506 mg of 5-(3, 3-dimethyl-but-1-ynylk-3-
[{frans-d4-methybcydiohexanecarbonyl}-{4-oxo-cyclohexyl}-amino}-thiophene-2-
carboxylic acid which was camied on without further purification,

5-{3,3-Dimethyl-but-1-ynyl}-3-{{trans-4-methyi-cycichexanecarbonyl){4-oxo-
cyclohexyl)-aminol-thiophene-2-carboxylic acid {505 mg, 1.02 mmal), -
cyanomethylhydroxylamine hydrochioride (174 mg, 1.32 mmol), and sodium acetate
(212 myg, 2.8 mmol) were mixed in 2:1 MeGH:DCM (7.8 mL) and stirmed at 50 °C for 1
hour. The reaction mixture was then partitioned between ethyt acetate and water.
The aguecus phase was thrice extracted with sthy! aceiate and the combinad

organic layers were washed with brine, dried over MgSQ,, fillered, and concenirated.

M7
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The residue was purified by HPLC {Gemini column; 25% acetonitrile:water, 2 min;
25-100% aceionitrile:water, 16 min; 100% acatonitrile, 3 min; both solvents

containing 0.1% trifluorocacetic acid). This resulted in 189 mg {(28% yield over 2
steps) of the litla compound as a white powder: M8 {m/fz): 485.7 [M-HJ: HPLC
retention time: 4,68 min (2-98% acetonitrile:water with 0.05% triflucroacetic acid).

O
S 5 N
) OH R
gl O
—~ O,
117

Prepared in the same manner as Example 112 using hydroxylamine 3. MS
{m/z). 550.1 [M+H]" HPLC refentian time: 3.48 min.

Example 118: Compound 118 - 53 3-Dimathylbut-1-ynyD-3-{4-methy-N-{ 4-{ pyridin-
3-yimethoxyimino oyelchexyviiovelohexanecarboxamido Ythiophene-2-carboxylic acid

O
S N
% OH 72BN
Nl J==n —
»—Qa:li\< O
8]
118

Prepared in the same manner as Example 112 using hydroxylamine 4. MS
{miz) 550.1 IM+HI" HPLC refention #ime: 3.47 min.

Exampie 119: Compound 119 - 5-3 3-Dimethylbut-1-ynyl)-3-{d-methyl-N-{4~
{phenoxviming evelchexylevclohexanecarboxamidothiophene-2-carboxvlic acid
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O
T 5
\ OH
OO
Q
118

Prepared in the same manner as Example 112 using O-phenylhydroxylamine.
5 MS{m/z) 5_35.0 [M+H]™ HPLC retention ime: 5,38 min.

Example 120; Compound 120 - 5-(3,3-Dimathvibut-1-ynyD-3-(N-(4-
(methoxvimineoycichaxyl-4-methvicyclohexanecarbexamidothicphene-2-carboxyiic

acid
G
== LS
\ OH
O
O
10 0
120
Prapared in the same manner as Example 112 using O-methythydroexylamine.

MS {miz): 473.0 [M+H]"; HPLC retention fime: 4.7 min.
15

Example 121 Compound 121 ~ 3-{(N-{4-{4~

{Methvlsutforwhibenzvioxyiminoeveiohexyll-4-methvicyclehexanecarboxamido - 5-

(3, 3~dimethyibut-1-ynyhthiophene-2-carboxylic acid

e \S,,o
= ® oH o
\
~Oly
O

20 421

110
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Prepared in the same manner as Example 112 using hydroxylamine 6. MS
(mfz): 627.0 [M+H]"; HPLC retention time: 4.75 min.

Example 122: Compound 122 - Synthesis of 5-(3, 3-dimethyl-but-1-ynvi}-3-IN'4(1,4~
5  dipxa-spirol4.5ldec-8-yvi)-N-methyl-N-{4-methvl-cyclohexanecarbonyt-hydrazingl:

thiophene-2-carboxylic acid

o Ao

K-Quf«Bu in NMP ZAMHCL Hel
NH N,

2

Q — 0
= S s = S o” 1. K-O-+-Bu, Met
v 2. 2M NaOH!
H o
RN N—|
EF, Gl)]\O\ Fa

o]
w o S \S/ -
$ :/\—__>/\ j N

l

NaBH{OAC);, AcOH, DCE
o}

oA
122
10 To a sclution of 3-ert-butoxyearbonylaming-5-(3,3-dimeathyl-but-1-ymyl)-
thiophene-2-carboxylic acid methyl ester (4.3 g, 12.8 mmol} in NMP {64 mL) was
added K-OtBu {1.6 g, 14.1 mmol). After 10 min a solution of C-4-
nitrabenzoylhydroxylamine {3.0 g, 16.8 mmol) in NMP (16 mlL) was added dropwise
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and the reaction was allowed to stir for 18 h.  The reaction was quenched with LiCl
solution {8% in water, 50 mi} and diluted with EIQAs (50 ml.). The crude product
was washed 3 X 50 mL with 5% LICI solution, dried over Na,50,, and purified by
silica gel chromatography 0-30% EtOAc/hexanss to give 3-(N-teri-butoxycarbonyl-
hydrazing}-5-(3,3-dimethyl-but-1-ynyi-thiophene-2-carboxylic acid methyl ester (2.6
g, 7.4 mmot), ’

' 3-(N-fert-Butoxycarbonyl-hydrazino}-5-(3,3-dimethyl-but-1-ynyi)-thiophene-2-
carboxylic acid methyl ester {2.8 g, 7.4 mmol) in ELO (37 mb) was cooled 10 0 °C
and freated with tnfiuoroacetic anhydride (1.9 g, 8.8 mmol) for 1 h. The reaction was
concentrated, digsolved with neat TFA (4.3 ¢, 37 mmol) and heated to 60 °C. Afer
15 min, the reaction was cooled fo i, diluted with toluene (30 mL) and concenirated,
this step was repeated three times, {o give crystalline 5-(3,3-Dimethyl-but-1-ynyi}-3-
IN'-(2,2 2-frifluoro-acetyl-hydrazinol-thiophene-2-carboxylic acid methyl ester {2.1 g,
6.0 mmol).

A mixture of 5-{3,3-dimethyl-but-1-ynyl)-3-[N'{ 2,2, 2-triflucro-acatyl)-
hydrazino}]-thiophene-2-carboxylic acid methyl ester (2.1 g, 6.0 mmol), 4-methyi-
cyclohexanecarbonyl chioride {1.45 g, 9 mmal), DMAP (1.1 ¢, 9 mmol) and DCE (20
mi.) was heated to 40 °C for 16 h. After cooling, the mixiure was concenfrated and
the product was purified by silica gel chromatograghy 0-30% EtOAchexanes io give

’ 5—(3.3—dimeth5d-but—?~ynyl)—3-[N-(4—methyi-cyciohexane_ca rbonyl-N'-(2,2, 2-trifluoro-

acetyiy-hydrazing]-thiophene-2-carboxyiic acid methyl ester (2.74 g, 5.8 mmol).

To a solution of 5-{3,3-dimethyl-bul-1-ynvi)-3-[N-{4-methyl-
cyclohexanecarbonyl}-N'-{2.2,2-trifluoro-acetyl-hydrazino}-thiophene-2-carboxylic
acid methyl ester (1.6 g, 3.4 mmol) in THF (17 ml.) was added K-OtBu (4.1 mmol, 1.0
M in THF), followed by Mel (1.0 g, 6.8 mmol). After stirring at ri for 16 h the reaction
was diluted with EtOAc washed once with 20 mL of brine and purified by silica gai
chromatography 0-20% EtOAc/hexanis to give 5-(3,3-dimethyl-bui~1-ynyl-3-IN'
methyl-N-{4-methyl-cyciohexanecarbonyl)-N'-{2,2, 2-rifiuoro-acetyl J-hydrazino]-
thiophene-2-carboxylic acki methyl ester. This was then diluted with EtOAc (20 mL)
and treated with NaQH (8.8 mL of 2M ag sclution) fo give 5-{3,3-Dimethyl-bui-1-
ynyl}-3-[N-methyt-N-(4-methyl-cyclchexanecarbonyl)-hydrazinc}-thiophens-2-
carboxylic acid.

A mixture of 53, 3-Dimethyl-but-T-ynyl}-3-[N-methyl-N-{4-methyh-
cyciohexanecarbonyl)-hydrazinc}-thicphene-2-carboxytic acid {300 mg, 0.8 mmol),
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1,4-cyclohexadione-mono-ethylene ketal (1489 mg, 1 mmot}, AcOH {300 myg, 5 mmoi)
in DCE (2 mL) was treated with NaBH{CAC) (430 mg, 2 mmot) for 16 h. The
reaclion was quenched with water (10 mL) and exiracted with EiOAc. A portion of
this material was then purified by HPLC (Gemini column, 35% acelonitrite:water, 2

5 min, 35-50% acetonitrile:water, 2 min, 50-100% acetonitrile: water 13 min, both
solvents containing 0.1% tifluorcacetic acid) giving 5-(3,3-dimethyi-but-1-ynyl}-3-[N'-
(1,4-dioxa-spirof4.5]dec-8-yi}-N'-methyl-N-(4-methyl-cyclohexanecarbonyl }-
hydrazino}-thiophene-2-carboxylic acid as its TFA salt. MS (mfz): 517.1 [M-H]";
HPLC retention time: 4.73 min (2-98% acetonitrile:water with 0.05% trifiuoroacetic

10 acidh

Example 123 (Compound 123) and 124 (Compound 124} - Symihesis of 3-{2-(4-
hydroxveyciohexvil-2-methyl-1-{4-methyicvclohexanecarbonvl hydrazinyl-5-{3,3-

dimethyvibut-1-vnyhithiophens-2-garboxylic acid {123) and 3-(2-(4-hvdroxyoydiohexyl)-

15 2-methyl-1{4-methvicvclohexanecarbonybhydrazing-5-(3,3-dimethylbut-1-

yovhithiophene-2-carboxylic acid (124}

o = g
= N/ 8]
O NN
0 ‘o
OH
= \S/ on 1. IMHC E
—_—
N 123
i 2. NaBH, P o
S
——
QO /\QJLOH

G N—N’/
é i’OH
124
A mixture of 543, 3-dimethyl-but-1-ynyl)-3-[N-(1, 4-dioxa-spiro[4.Bldec-8-y)-N'-
20 methyl-N-{4-methyl-cyslohexanscarbonyl)-hydrazino]-thiophene-2-carboxylic {500
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mg, 1 mmot) ina 1:1 mixture of THF and MeQH (2.5 mL.) was treated with 1 M HCI
(2.5 mL) and heated for 3 h at 80 °C. The reaction mixiure was cooled to room
temperaiure, diluted with EtQAc (10 mi), neufralized with sat. NaHCOQ,, washed
once with brine (10 mL), dried over Na,S0., and concentrated. The crude material
5  was dissolved in wet THF (5 mL) and treated with NaBH, {38 mg, 1.1 mmol} at 0 °C
for 30 min. A poriion of 5+4(3,3-dimethy-but-1-ynyl - 3-{N'-{d-hydroxy-cycichaxyl-N'-
methyi-N-(4-methyl-gyclohexanecarbonylHhydrazinol-thiophene-2-carboxylic acid
was purified by HPLC (Gemini column, 35% acetonitrile:water, 2 min, 35-50%
acstonitrile:water, 2 min, 50-100% acatonifrile: water 13 min, both solvents
10 containing 0.1% triflucroacetic acid) to give 20 mg as its TFA salt: MS (m/z): 475.7
[M-HT": MPLC retention time: 4.33 rmin {2-98% acatonitrite:water with 0.05%
frifluoroacetic acid).
Additional HPLC purificafion separated Example 123 {refention time: 27.89
min} from Example 124 (retention time 27.88}
15
Example 125 and 126 - Svnthesis of 5-(3,3-dimethylbut-1-ynyi}-3-{2-methvl-1-{4-
methyicvelohexanecarbonvl}-2-(4-{pytidin-3-vioxyieyclohexylhydrazinyl}thiophene-2-
carboxvlic acid {Compound 125) and 5-(3 3-dimethvibut-1-yvoyl-3-(2-methyi-1-(4-
meihvicyclohaxanacarbonyl)-2-{4-{ pyridin-3-vioxy evelohexyDhvydrazinyl thiophene-2~

20 carboxviic acid {Compound 126)

o) =~ s o
o s —=
e
w O W OH
O NN o N
$ “o $ o)
7 #
\ \_
125 126

A mixture of &-(3,3-dimethyl-but-1-ynyl)-3-[N'-{4-hydroxy-cyclohexyl - N
25 mathyl-N-{4-methyl-cyclohexanecarbonyl}-hydrazinci-thiophene-2-carboxylic acid
{100 mg, 0.2 mmol} and 3-fluoro-pyriding (87 pl., 1 mmaol) in DMF (0.6 mL) was

treated with sodium hydride (40 mg, 1 mmoi, 80% of dispersion} in two or three
123



WO 2011/088303 PCTUS2011/023279

10

15

20

25

porficns. The mixture was stirred untif the bubbling siowed, and was sealed and
heated at 100 deg C for 8 h. After cooling, ethyl acetate {2-3 mL) was added and the
mixture was carefully quenched with cifric acid (10% aqueous solutien, 2-3 mL),
Water was added and the mixture was extracted with ethyl acetate (2x30 mil). The
combined organic layers were dried over scdium suifate, fiftered and concentrated.
The residue was purified by HPLC (Gemini celumn, 35% acelonitrile:waler, 2 min,
35-50% acetonitrile:water, 2 min, 50-95% acetonitrile: water 13 min, both solvents
containing 0.1% frifluoroacetic acid}. This resulied in 37 mg of the title compound as
a white powder (bis-TFA sait): MS (m/z): 5521 [M-H]"; HPLC retention time: 3.50 min
(2-98% acetonitriie:water with 0.05% trifluoroacetic acid).

Additional HPLC purification separated Example 125 (retention time: 22.46
min) from Example 126 (retention fime 22,62},

Example 127; Compound 127 - Synthesis of 4-IN-12-carboxy-5-(3.3-dimethvi-bui-1-

yiyikthiophen-3-yil-N-methyvl-N'-(4-methvi-cyclohexanecarbony-hydrazinol-

piperidine- 1-carboxylic acid tert-butyl ester

N
=0
12
127
The title compound was synthesized in a manner analogous to Example 122,
using 1-N-Boc-4-piperidone in place of 1,4-cyciohexadione-mono-ethylens ketal: MS

{miz). 860.1 [M-HI"; HPLC retention thme: 5.10 min (2-88% acetonitrilewater with
0.05% tiffucroacetic acid).

Example 128: Compound 128 - Synthesis of 5-(3,3-dimethyi-but-1-ynyl)-3-[N-meihvl-
N-{4-methvi-cvclohexangcarbonyl -N'-piperidin-4-vi-hydrazino]-thiopheng-2-
carboxvlic acid
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128
Crude 4-{N'-[2~carboxy-5-(3,3-dimethyb-but-1-ynyl)-thiophen-3-yi}-N-methyl-N'~
{4-mathyl-cyclohexanecarbonyl)}-hydrazino]-piperidine-1-carboxylic acid tert-buiyl
5 ester (220 mg, 500 mmol} {Example 127) was freated with TFA (3 mi, 4.6 mmol} at

80 °C for 10 min. After cooling, toluene (2-3 mL) was added and the midure was
concentrated, this was repeated several times, and a portion of this crude material
was purified by HPLC {(Gemini colurmn, 35% acetoniriie:water, 2 min, 35-80%
acetonitriterwaler, 2 min, 50-05% acefonitrile: water 13 min, both solvents coniaining

10 0.1% tifluoroacetic acid). This resulted in 20 mg of the title cormpound as a white
powder (bis-TFA salty MS {miz): 460.2 [M-HI"; HPLC ratention time: 3.15 min (2-

88% aceloniirie:water with 0.05% tifiuoroacetic acid).

Exampie 129: Compound 129 - Synthasis of 5-{3,3-dimethvi-but-1-ynyi}-3-[N'-meathyi-
15 N-{4-methvl-cyclohexanecarbonyl)-N'-(1-methyl-piperdin-4-vl}-hvdrazinol-thiobhens-
2-carboxvlic acid

/
N—N
%0
8]
N\
129

A miixtuse of 5-(3,3-dimethyk-but-1-ynyl3-3-IN-methyi-N-(4-methyl-oyclo-

20 hexanscarbonyl}N'-piperidin-4-yl-hydrazinel-thicphane-2-carboxylic acid (100 mg,
225 mmol) (Example 128}, formaldehyde {1.12 mmao!), acetic acid (0.5 mL, & mmoh
in DCE (3 mb) was treated with NaBH(OAc) (36 mg, 188 mmoljfor 16 h. The
reaction was guenched with water {10 mb) and extracted with EtQAc. The cruds
material was then purified by HPLC {Gemini column, 35% acetonitrilerwater, 2 min,

25 38-50% acetoniiriie:water, 2 min, 50-100% aceionitrile: water 13 min, both solvents
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containing 0.1% trifluorsacetic acid} giving 5-(3,3-dimethyl-but-4-yny!}-3-IN-methyl-N-
{4-methyl-cycohexanecarbonyl}-N-( 1-methyl-piperidin-4-yl -hydrazino}-thiophene-2-
carboxylic acid as its bis-TFA salt; MS {m/z): 474.2 [M-H]"; HPLC retention time:
3.17 min {2-98% acetonitrile:water with 0.05% frifiucreacetic acid).

Example 130 Compound 138 - Synthesis of 53, 3-dimethyi-but- T-vayib-3-{N“methvi-
N-{4-methyl-cyciohexanscarbonyil-N'-2-{pyridin-3-vioxy-sthvi-hvdrazing}-

thiephene-2-carboxylic acid

O ey

10 130
The tifle compound was synthesized in a2 manner analogous to Example 122,

using {pyridin-3-yloxy}-acetaldehyde in place of 1.4-cyclohaxadione-mono-ethylena
ketal MS (miz): 488.1 [M-HI"; HPLC retention fime: 3.31 min (2-08%
acetonifrile:water with 0.05% tifiuoroacetic acid),

15
Example 131; Compound 131 - Svnihesis of 5-{3.3-dimethvi-but-1-yav}-3-[N'-methyl-

N-{4-methvi-cyclohexanecarbonv}-N'-{tetrahydro-pyran-4-yvimethyl W-hvdrazinal-

{hiephene-2-carboxviic acid

o 2 NH2
; 1NaBH OAC}3 {

2. borohydride
CHRO

20 131
To a sclution of 5-(3,3-dimethyl-but-1-yayl 3 N-(4-methyl-
cycichexanacarbonyl)-N'-{2, 2, 2-irfluorc-aceiyt)-hydrazino)-thiophens-2-carboxylic
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ackd methy! ester (1.6 g, 3.4 mmai) in EtOAC (20 mL) was added NaOH (6.8 mL of

2M agq solution). After 2 h strirring at rt, the reaction was neutralized with 1M HC! ag,

extracted with EtOAc, dried over Na,SQ,4, and concentrated to give 543, 3-dimethyl-

buﬁ-‘i-yny!)-3-[N-(4—methyl—cy§lohexénecarbonyi)-hydrazino}—thiophene-2~carboxylic
5 acid (1.1g, 3 mmoi} as an off white solid.

A mixture of 5-{3,3-dimethyl-bui-1-ynyi}-3-[N-{4-methyl-cycichexanecarbonyl }-
hydrazinol-thiophene-2-carboxylic acid {50 mg, 9.132 mmol), tetrahydro-pyran-4-
carbaldehyde {19 mg, 0,172 mmal), AcOH (24 mg, 0.4 mmol) in DCE (2 mi.) was
treated with NaBH(OAC), (42 mg, 0.2 mmol) for 16 h. The reaction was guenched

10 with water (10 mL), extracted with EtOAc and concentrated. A mixiure of the crude
material, AcOH (47 mg, 2.37 mmol), dissolved in iPrOH (3 mb) was freated with
NaCNBHM; (13 mg, 0.198 mmol) then heated o 50 °C for 18 h. The product was
then purified by HPLC (Gemini column, 35% acetenitrilecwater, 2 min, 35-50%
acetonifrile:water, 2 min, 50-100% acetonifrile: water 13 min, both solvents

15 contzining 0.1% triflucroacetic acid) giving 5-(3,3-dimethyi-but-1-ynyi}-3-IN'-mathyl-N-
{4-mathyl-cycichexanecarbonyl)-N'-(tstrahydro-pyran-4-yimethyl j-hydrazino -
thiophena-2-carboxylic acid as its TFA sail: MS {m/z): 475.1 [M-H]"; HPLC retention
time: 4.62 min {2-95% acetonitrile:water with 0.05% trifluorcacetic acid).

20 Example 132: Compound 132 - Synihesis of 5-(3,3-dimethyi-but-1-ynyl)-2-{N-methyl-
N-{ 4-methvi-cyclehexanecarbonyl-N-I2. pyridin-2-yloxy eihvil-hydrazinol-
thiophene-2-carboxylic acid

[o]

=3 \S C:,H
N-—N
132

25
The title compound was synthesized in a manner analogous to Example 131,
using {pyridin-2-yloxy)-acetaldehyde in place of tetrahydro-pyran-4-carbaldehyde:
MS (miz): 498.1 [M-H]"; HPLC retention time: 20.8 min {2-08% scetonitriie:water with
0.05% tifluoroacetic acid) 30 min run,
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Exampie 133; Compound 133 - Svnthesis of 5-{3.3-dimethyl-but-1-ynyl}-3-{N-{4-
methyl-cycichexanecarbonyl-N-[2-{ovridin-3-vioxy)-etbyll-hvdrazino}-thicphene-2-
carboxylic acid

T g 2
= \ Ok
NeNH
0 8]
N
"
5 —_
133

The title compound was synthesized from 54{3,3-dimethyi-but-1-ynyf}-3-{N-(4-
methyl-cyclohexanecarbonyl-hydrazinol-thiophene-2-carboxylic acikd and (pyridin-3-
yioxyyacetaldehyde in a manner similar 1o that of Example 131, MS (m/z} 484.0 M-

10 HYY; HPLC retention fime: 3.44 min (2-88% acetonlirite:water with 0.05% tiflucroacetic

acid).

Example 134; Compound 134 - Synthesis of 5-(3.3-dimethyi-but1-yriviie3-[N'{2-
hvdroxy-gihvi-N-{4-methyi-cyclohexanscarbonyi-N'-oxstan-3-vi-hydrazing)-
15 thiophene-2-carboxylic acid

0
ey
=S OH

\
i
s OaSsy
134
The fitle compound was synthesized in a manner analegous o Example 131,
using 3-(tert-butyl-dimethyl-silanyioxy)-acetaldehyde in place of tefrahydro-pyran-4-
20  sarbaidehyde, treating the crude with TBAF (1 mmel, 0.1 M in THF) prior {o the
second reductive amination in which formaldehyde is replaced with oxetan-3-one;
MS (miz} 461.2 {M-HT; HPLC retention time: 4.38 min (2-88% acetonifrile:water with
0.05% tifluoroacetic acid).
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Example 135: Compound 135 - Syrthesis of 53, 3-dimethyi-but-1-ynyl}-3-[N'4{2-
hydroxy-ethyl-N'-methvi-N-(4-methyl-cyglohexane carbonyl)-hydrazinol-thiophene-2-

carboxviic acid
O
== \S O
NMN/
[} L\OH
5 135

The title compound was synthesized in a manner analogous fo Example 131,
using 3-{tert-butyl-cimethyl-silanyloxy)-acetaldehyde in place of tetrahydro-pyran-4-
carbaidehyde and freating the crude with TBAF (1 mmol, 0.1 M in THF) prior fo the
second reductive amination with formaldehyds: MS (myz): 422.1 [M-HT"; HPLC

10 retention fime: 4.06 min (2-88% acetonitrile:water with 0.05% tifluoroacetic acid).

Example 138; Compound 138 — Synthesis of 5-{3 3-dimeathy-bui-1-ynyl)-3-IN'-
dimethyl-N-{4-methyl-cyclohexanecarbony!-hydrazingl-thiophene-2-carboxviic acid

O
/ == S
O Hahi=N O OH
e A e S w/
\_4 Ve o M
i Pd;(dba)s, PN
xantphos N
LiCl, NaCtBu 1.
2. LiOH, THF
15 . i
: 136

A mixture of 5-{3,3-dimethyl-but-1-ynvl)-3-iodo-thiophene-2-carboxylic acid
methyl ester (0.200 g, 0.574 mmol), LiCl (0.048, 1.14 mmol), N,N-dimethylhydrazine
- (0.043 mi, 0.57 mmol), Pda(dba)s {€.003 g. 0.005 mmol}, xantphos {0.008 g, 0.005
20 mmol), and NaOtBu (0.037 g, 0.384 mmaol) in toluene {3 mL) was heated fo 80 °C for
16h, The reaction was diliied with ethy! acetate filtered through a Celite pad and
concentrated the crude material was purified by silica gel chromatography {0-15%
Et0Achexans) to give 543,3-dimethyl-but-1-yny}-3-(N'-dimethyi-hydrazine)-
thiophene-2-carboxylic acid methyl ester in 83% vield. This was then dissolved in
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pyriding (5 mb) and freated with neat frans-4-methyl-cyclohexanecarbony! chioride
{0.132 g, 0.825 mmol}. The reaction was heated for 16 h at 85 °C and quenched with
saturated ammonium chloride solution. The reaction mixture was diluted with EtOAc,
washed with water, brine, dried over sedium suffate, filtered and concentrated. The
§  crude materfal was then dissolved in a 3:2;1 mixture of THF MeOHwater (& mL),

treated with iithium hydroxide monohydrate {0.62 g, 1.85 mmo!) and heated to 60 °C
for 1 hour, The organic volatlies were evaporated under reduced pressure and the
erude material was purified by HPLC to afford the fitle compound. MS (m/z): 456.0
IM+H]"; HPLC retention time: 3.9 min {2-98% acetonitrile:water with §.05%

10 tifluoroacetic acidl.

Example 137: Comaouind 137 - Synthesis of 5-(3, 3-dimethyi-bui-1-ynyly-3-[N'-

methyl-N-{4-methyl-cyclohexanecarbonyl )N -pyridin-2-vi-hydrazino]-thiophene-2~
carboxyviic acid

15
137

A mixiure of 5-(3,3-dimethyi-bist-1-ynyl}-3-iodo-thicphene-2-carboxylic acid

methyl ester {0.100 g, 0.28 mmaol}, N, N-digthylenediamine (& pL, 0.086 mmol}, N-
methyl-N-pyridin-2-yl-hydrazine (0.105 g, 0.86 mmo}), Cul (C.01 g, 0.057 mmol}, 4 A

20 ms{0.114 mg) and K,C0, {0.118 g, 0.8681 mmol} in DMF (3 mL) was heated to 80 °C
for 16h. The reaction was diluted with ethyl acetate, washed twice with 5% LiCI,
concentrated and the crude material was purified by silica gel chromatography {0-
20% EtOH in DCM) to give 5-(3, 3-dimethyl-but-1-ynyi)-3~{ N-methyl-N'-pyridin-2-yi-
hydrazino }-thicphene-2-carboxylic acid methy! ester in 50% yiald. This was then

25 dissolved in pyridine (5 mL) and treated with neat frans-4-methyl-
cyclohexanecarbanyl chioride (0.132 g, ¢.825 mmol). The reaction was heated for
18 h at 85 °C and quenched with saturated ammonium chiloride solution. The reaction
mixture was diluied with £tOAc, washed with water, brine, dried over scdium sulfate,
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filtered and concentrated. The crude material was then dissolved in & 3:2:1 mixturs of
THF:MaOH:water (5 mi), treated with lithium hydroxide monohydrate (0.69 g, 1.65
mmol) and heated to 60 °C for 1 hour. The organic volatiles were evaporated under

reduced presswe and the crude material was purified by HPLC to afford the fitle

compound. MS {m/z): 454.1 [M+HT, HPLC ratention time: 3.95 min (2-98%
acetonitrile:water with 0.05% triflucroacstic acid).

Example 140: Comipound 140 - Synthesis of 5-{3.3-dimethyi-but-1-yriyl}»-3-{{4-methyi-
cyciohexanecarbony!)-{1-{pyridina-3-carbonyl)-piperidin-4-yl-aminc}-thiophene-2-
carboxylic acid

o

o] . G
= S O/ Ct l =N = OH
N 1 P W/ o
Ot O
0 O 2N

140

A mixture of 5-{3,3-Dimethyl-but-1-yny)-3-I(4-methyl-cyciohexanscarbonyl)-
piperidin-4-yl-amino}-thiophane-2-carboxyiic acid methyl ester {63 mg, 8.141 mmol}
and pyridine-2-carbonyl chioride HC! salt (33 myg, 0.184 mmel) in DCM (2 mL) was
treated with DIEA {124 ul, 0.7 mmaol). After 30 min, NaHCO; (saturated agueocus
solution, 4-8 mL) was added to the mixture, fellowed by brine {20 mL}, and the crude
product was extracted with ethyl acetate (2x20 mL). The combined organic layers
weare concentrated and the crude material was dissolved in a 3:2:1 mixture of
THF :MeOH:water {5 mL), treated with lithium hydroxide (42 mg, 1 mmol,) and heated
to 60 deg C for 2 hours. The residue was purifled by HPLC (Gemini column, 35%
acetonifrile;:water, 2 min, 35-50% acetonitrile:water, 2 min, 50-100% acetonitrile;
water 13 min, both solvents containing 0.1% tifltoroacetic acid). This resulted in 40
mg of the title compound as ils TFA salt: MS (m/z): 536.9 [M-HI"; HPLC retention
time: 4.17 min (2-98% acetonitrite:water with 0.05% trifluoroacetic acid).
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Exampie 141; Compound 141 - Synthesis of 5-{3.3-dimethyl-bul-1-ynyil-3-{{4-methyl-
cyciohexanecarbonyl-f1-{pyrazine-2-carbonvi}-piperidin-4-vil-amine-thiophens-2-
carboxylic acid

5 141
The tifle compound was synthesized in a manner anaiogous fo Exampie 140,
using pyrazine-2~carbonyl chloride in place of pyridine-2-carbonyt chioride HC salt:
MS {(m/z): 538.0 [M-HT", HPLC retention time: 3.52 min {2-88% acetonifrile;water with

0.05% trifluorcacetic acid) 30 min run.

10
Example 142; Compound 142 - Synthesis of 5-(3.3-Dimethyk-but-1-ynyl)-3-{{4-
methyi-cyclohexanecarbonyl-[1-{pyridine-3-carbonyl-pyrrofidin-3-vil-aming!-
thiophene-2-carboxvlic agid
W(y’ J@
1 P
el NH 2 LiOH " O\[)K‘:/)

15

' A mixture of 5-{3,3—Dimethy!—but—1~ynyE}-3-[(4—meihyi-cyciohexanecarbony!}-
pyrrolidin-3-yi-aminoj-thiophene-2-carboxyiic acid methyl ester (74 mg, 0.158 mmal)
and pyridine-2-carbony! chloride HCI salt (88 mg, 0.37 mmol) in DCM {2 mL)was
treated with DIEA (124 b, 0.8 mmod). After 30 min, NaHCQ, (saturated agueous

20 s‘ol'ution, 4-8 mL) was added ta the mixture, followed by brine {20 mL), and the ¢crude
product was extracted with elhyl acetate (2x20 ml.). The combined crganic layers
were concentrated and the crude material was dissolved in a 3:2:1 mixiure of

THF:MeOH:water (5 ml.), treated with fithium hydroxide (42 mg, 1 mmol,) and heated
132
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to 60 deg C for 2 hours. The residue was purified by HPLC (Gemini column, 35%
acefonitrilewater, 2 min, 35-50% acetonilrile:water, 2 min, 53-100% acetonitrile:
water 13 min, both solvents containing 0.1% trifluoroacedic acid}. This resulted in 37
mg of the titte compound as its TFA salt MS {m/z): 522.0 [M-H]"; HPLC retention

5  dme: 3.58 min (2-88% acetonitrile:water with 0.05% trifiuoroacetic acid).

Example 164: Campound 184 - Svnihesis of 5-(3. 3-dimethyi-but-T-ynyl}-3-({4-frans-
methyi-cyclohexanecarbonyl-{4-trans-{methyl-{ovridine-3-sulfony] -aminol-
cvelohexvli-aminoi-thiophene-2-carboxviic acid

JNH »HCI R
W BOLNIINON o
HN o — Boc. Q ! -
C:l N =

18h, 90% N DWF, 2.5k

o |

o}
LN HCI, Dioxane L N
d§ i VS — d,s Y%N
Elocuﬁ i /l 30min HoN 1\)

6 - ts UD
BINAP, PA{0AC), HN._O..,N \_/ Pyr. 20h, 50%
5,00, tol, 17h, 42% \
o

e 5 -

=5 \f [o] 0\\8’8@ \_Z)\ \\f,a _>
N N

O e D

164
{(4-trans-Amino-cyclonexyl)-carbamic acid tert-butyl ester (705mg, 2.8mmoi)

and triethyamine were disselved in DCM (30ml.) under an atmospheare of nitragen
15 and cooled to 0°C. After 10 minutes, pyridine-3-sulfory! chloride (1.00g, 5.6mmol)

was added. The reaction was aliowed fo warm o room temperature and was stirred
133
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for 18h. The reaction was found complete by LC/MS. The reaction was washed with
water (Zx 10mL). The organic fayer was dried with sodium suifaia and filtered, {4~
rans-{pyridine-3-sulfonylamino}-cyclohexylj-carbamic acid tert-butyl ester (927mg,
0% ) was purified by precipitation into a white solid. LC/MS = 300 (M*-55)

[4-trans-{Pyridine-3-sulfonylaminoj-cyclohexyll-carbamic acid teri-butyl ester
(1.08g, 3.04mmol) was dissolved in DMF (30mL) under an atmosphere of nitrogen.
The solution was cooled to 0° C and Cs,CO, {2.87g, 2.12mmol) was added, Afier 10
minutes, iodomethane (847ul., 15.19mmol) was added. Afler 10 minutes, the
regction was aflowed {0 warm to room temperature. The reaction was sfirred for 2.5h
untit found complete by LC/MS. The reaction was guenched with water and
exiracted with ethyl acetate (2x30mL). The combined organics wers washed with a
5% LICI sofution in water, dried with sodium sulfate, filtered and concentrated. {4-
trans-[methyl-(pyridine-3-sulfonyl}-amincl-cyclohexyl}-carbamic acid tert-butyl ester
{741mg, 66%) was purified by silica gel chromatography to afford a white solid.
LCAS = 314 {M"-55)

{4-trans-[Methyl-{pyridine-3-sulfonyl)-aminoj-cyclohexyll-carbamic acid tert-
butyl ester {741mg, 2.01mmuol) was dissolved in a 4N solution of HC in dioxane
(2.0mlL, 8.00mmel}). The reaction was allowed to stir for 30min until complete by
LCMMS. The reaction was concentraied and used without purification.LC/MS = 269
(M)

543, 3-Dimeihyl-bui-{-ynyl)-3-iodo-thiophene-2-carboxylic acid methyl ester
{468mg, 1.35mmol}, BINAP (126mg, 0.2mmol), Pd{CAc); (§5mg. 0.2mmel} and
Cs:C04 (2.20g, 8.76mmol) were cambined in degassed toluene {(15mL) under an
atmosphere of argon. To the reaction was added the HCI salt of pyridine-3-sulfonic
acid {4-trans-amino-cyclohexyl)-methyl-amide {ctuds, 2.07mmol max}. After 18
minutes, the reaction was heated to 100°C. After 17h, the reaction was complete by
LC/IMS. The reaction was cooled 1o room temperature and was fillered. The reaction
was concentrated. 5-(3,3-dmethyi-bub-1-ynyl}-3-{4-trans-{methyl-( pyridine-3-sulfony!)-
amino]-cyciohexylamino}-thiophene-2-carboxylic acid methyl ester (281mg, 42%)
was purified by sflica get chromatography fo afford a yellow solid. LC/MS = 480
(M +1)

5-(3,3-Dimethyl-but-1-ynyl}-3-{4-trans-[methyl-{pyridine-3-sulfony!)-amino]-
cyclohexyiaming}-thiophene-2-carboxylic acid methyt ester (281mg, 0.57mmol was
dissolved in pyridine {5mL) under an atmosphere of nitrogen, To the reaction was
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added 4-frans-methyl-cyciohexanecarbony! chioride (138mg, 6.868mmof). The

raaction was heated to 90°C for 20h. The reaction was cooled to room temperature

and was diluied with EtOAc. The reaction was washed with water (2x6ml.}). The

organic layer was dried with sodium sulfate, filtered and was concentrated. 5-(3,3-

dimethyl-but-1-ynyi}-3-{(4-trans-mathyl-cyclohexanecarbonyl-{4-frans{mathyl-

{pyridine-3-sulfonyl}-aminol-cyclohexyl}-amino}-thiophene-2-carboxylic acid methy!

ester {105mg, 30%) was purified by sifica gel chromatography fo afford a yailow sofid.

LC/MS = 613 (M")
£-(3,3-Dimethyl-but-1-yryl)-3-((4-trans-methyl-cyciohexanecarbonyl }-{4-trans-

[methyi-{pyridine-3-sulfonyl}-aminol-cyclohexyll-amine }-thiophene-2-carboxylic acid

methyl ester {105mg, 0.18mmol) was dissolved in THF {1mL}and MeOH {0.5mL)}.

To the reaction was added 2 sclufion of LIOH (20mg, 0.88mmal) in water (1mb). The

reaction was stirred for 1h. The reaction was neufralized with 0.88ml, of 1N HClin

water. The solution was concentrated. 5-{3,3-dimethyl-but-1-ynyl)-3-((4-trans-

methyl-cycichexanecarbonyl-{4-trans-fmethyl{ pyridine-3-sulfonyl}-aminc}-

oyclahexyll-amino-thiophene-2-carboxylic acid (62mg, 57) was purified by HPLC to

afford & white powder.

LC/MS = 597 (M™-2) Neg ionization

Retention time: 2.62 min

LC: Thermo Electron Surveyor HPLG

WIS Finnigan LCQ Advaniage MAX Mass Spectrometer

Column: Phenomenex Polar RP 30 mm X 4.6 mm

Solvents: Acetonitrite with 0.1% formic acid, Water with 0.1% formic acid

Gradient 0 min-0.1 min 5% ACN, £.1 min—~1.85 min 5%-100% ACN, 1.85 min-3.5

min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN.

Example 185: Compound 165 - Synthesis of 5-(3,3-dimethvi-but-1-ynyl}-3-{(4-trans-

methyi-cvclohexanecarbonylHA-(pyridine-3-sulfonviamino }-cvclohexvil-amingl-

thiophene-2-carboxylic acid
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LIOH, THF W N

3-[{4-Aminc-cyclohexyl-{4-trans-rethyt-cyclohexanecarbonyi)-amine]-5-(3,3-
5 dimethyl-but-t-ynyl}-thiophene-2-carbaxylic acid methyl ester {200mg, 0.44mmol)
and TEA (245pL., 1.76mmol) were dissolved in DCM {(3mL) under an aimosphare of
nitrogen and cooled to 0°C. To the reaction was added pridine-3-suffony! chioride
(155mg, 0.88mmeai). The reaction was allowed to warm to room temperature and
was stired for 30 minutes. The reaction was concentrated. 5-(3,3-dimethyl-but-1-
1¢ ynyly-3-{(4-trans-methyi-cyclohexanecarbonyl - 4-(pyridine-3-sulfonylamine)-
cyclehexyl-amino}-thiophene-2-carboxylic acid methyl ester (50myg, 22%) was
purified hy sifica gel chromatography to afford a yeliow sofid. LC/MS = 600 (M™+1)
5+{3,3-Dimethyl-but-1-ymyi}-3-{{4-trans-methyl-cyciohexanesarbonyl)-{4-
{pyridine-3-suffonylamino}-cyclohexyll-aminok-thiophene-2-carboxylic acid methyt
16 ester (50mg, 0.1mmol) was dissolved in a THF {1mL)and MeOH {1mL). To the
reaction was added a solution of LiOH (12mg, O.EﬁmoL) in water (1mi.}. The
reaction was stirred for 1 hour. The reaction was quenched with 1N HCl in water
(0.5mLY. 5-43,3-Dimethyl-but-1-ynyl}-3-4{(4-frans-methyl-cyclohexanecarbonyl J«{4-
{pyridine-3-sulfonylamina}-cyciohexyll-aminc}-thiophene-2-carboxylic acid (23mg,
20 40%) was purified by HPLL to afford a white powder,
LC/MS = 584 (M"-1) Neg ionization
Retention time: 2.52 min
I.C: Thermo Electron Surveyor HPLC
ME: Finnigan LCQ Advantage MAX Mass Spectromster
25 Column: Phenomenex Polar RP 30 mm X 4.6 mm
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Solvents: Acetonitrile with 0.1% formic acid, Water with 0.1% formic acid
Gradignt: 0 min-0.1 min 5% ACN, 0.1 min—1.95 min 5%-100% ACN, 1.85 min-3.5
min 100% ACN, 3.5 min-3.55 min 100%-5% ACN, 3.55 min-4 min 5% ACN.

5  Example 188; Compound 188 - Synthesis of 3-{4-[[2-carboxy-5-(3.3-dimethyl-but-1-
yiyl i-thiophen-3-vii-(4d-methyl-cyclohexanecarbonyl -amingi-

cyclohexylecarbamovioxyl-azetidine-1-carboxylic acid tert-butyl ester

\ 0

= S

~Q=\<O N

10 186
3-{4-{[2-Carboxy-5-(3, 3-dimethyl-but- t-ynyl}-thiophen-3-yl}-(4-methyl-
cyclohexanecarbonyh)-aminal-cyclahexylcarbamoyloxy}-azetidine-1-carboxylic acid
tert-butyl ester was prepared in a similar fashion to 4-[[2-carboxy-5-(3,3-dimethyl-but-
1-ynyl-thiophen-3-yii-(4-frans-methyi-cyclohexanecarbenyl}-amino]-piperiding-1-

15 carboxylic acid piperidin-4-i ester using method A axcapt that the HCl salt of 53-{{4-
amino-cyclohexyll-(4-trans-methyl-cyciohexanacarbonyt}-aminc]-5-( 3, 3-dimethyl-but-
1-ynylr-thiophene-2-carboxylic acid was used instead of the HCl salt of 5-{3,3-
dimethyl-bui-1-ynyl)-3-[(4-trans-methyl-cyclohexanecarbony -piperidin-4-yl-aminol-
thiophene-2-carboxylic acid and 3-hydroxy-azetidine-1-carboxylic acid tert-butyl ester

20 was used instead of 4-hydroxy-piperidine-1-carboxylic acid ferf-butyl sster.

LC/MS (my/z): 544 M-09]

Retention time: 2,52min

L.C: Thermo Electron Surveyor HPLC

MS: Finnigan LCQ Advaniage MAX Mass Spectrometer

25  Column: Phenomenex Polar RP 30 mm X 4.6 mm
Solvents: Acetoniirile with 0.1% formic acid, Water with 0.1% formic acid
Gradient: 0 min-0.1 min 5% ACN, 0.1 min—1.25 min 5%-100% ACN, 1.85 min-3.5
rrin 100% ACN, 3.5 min-3.85 min 100%-5% ACN, 3.55 min-4 min 5% ACN,
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Example 217: Compound 217 - Synthesis of 5-(3, 3-dimethvl-but-1-ynyi)-3-({4-methyi-

cyclohexanacarbonv-{4-IN -methvi-N'-{tetrahvdro-pyran-4-yloxycarbonyly-

hivdrazinol-cyclohexvi-amino-thiophena-2-carboxvlic acid

1. N,N-Disuccinimidyt carbonate

0 AGN, EtzN 116 h CO\ ji
2. methwihydrazine, MeOH, 3hrt o N
- J
OH NHa

To a sotution of tetrahydro-pyran-d-ol (0.215 ml., 2.27 mmot} and NN'-
disuccimidy! casbonate (0.87 g, 3.4 mmol} in ACN (7 mL} was added triethylamine (1
mb , 6.81 mmol). After 16 h stirring at r, the reaction was quenched with LiCl.

10 solution {5% in water, 10 mL) and diluted with EtOAc (20 mL). The crude product
was washed 2 X 10 mL with 5% LiCl solution, dried over Na,S0, and concentrated.
The crude material was used as s for the next step.

A mixture of 53, 3-dimethyl-but-1-yryl}-3-[{(4-methyi-cyclohexanecarbonyl}-
{4-oxo-cyclohexyl-amino]-hiophene-2-carboxylic acid {100 mg, 0.23 mmolj, N-

18  methyl-hydrazinecarboxylic acid tetrahydro-pyran-4-yl ester (70 mg, ~0.4 mmoi},
acetic acid (3 drops) in DCE (3 mL} was treated with NaBH{QAc); (12 mg, 56 mmol}
for 16 h. The reaction was quenched with water (10 mbL) and extracted with EtOAc,
The crude material was then purified by HPLC {Gemini column, 35% '
acetonitrile;water, 2 min, 35-50% acetonifriteiwatsr, 2 min, 50-100% acetonitrile:

20  water 13 min, both solvenis containing 0.1% trifluaroacetic acid) giving the fitie
compound as a TFA salt: MS (m/z): 803.1 {M-H]", HPLC retention tima: 27.4 min (2-
98% acetonitrile:water with 0.05% trifluorocacetic acid) 30 min run.
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Exarmple 218: Compound 218 - Svnthasis of 5-(3,3-dimethyl-but-1-yrvi)-3-{(4-rmethyl-
ovelohexanecarbonvi-{4-IN'-methyi-N'-{pyridin-2-vioxycarbonvl)-hydrazino}-

cvclohexvi}~amiﬁo)—thiopheﬂe—z—carboxyiib acid

= O 7 methylhydrazine, MeOH, 16 h  [F G
QIR L] AT
07 N
Y/

N O

S [ q o 2
oS OH e aH
\ ) N
N.O:O NaBH(OAG) NO,NH 0_@
. .
= I G © /N-ﬁo
S, O/U\f}‘/
NH,
218

To a solution of carbanic ackd di-2-pyridyl ester {300 mg, 1.38 mmol) in MeOH
(10 L) was added methyihydrazine (94 ul, 1.8 mmol). After 16 h stitring at rt, the
reaction was concentrated and the crude materiai was used as is for the next step.

A mixture of 543 3-dimethyl-but-1-ynyl}-3-{{4-methyl-cyclohexanacarbonyl)-
{4-oxo-cyciohexyl Famino]-thiophene-2-carboxylic scid (1060 mg, 0.23 mmol), N-
methyl-hydrazinecarboxylic acid pyridin-2-yi ester {67 mg, ~0.4 mmol}, acetic acid (3
drops) in DCE (3 mL} was freated with NaBH{OAc) (12 mg, 56 mmoi) for 16 h. The
reaction was quenched with water (10 mlL) and extracted with £tOAc. The crude
material was then purified by HPLC (Gemini column, 38% acetonitrilezwsater, 2 min,
35-50% acetonitrile'water, 2 min, 50-100% acetenitrile: water 13 min, both solvents
containing 0.1% trifiuoroasetic acid) giving the titte compound as a TFA salt: MS
(mfz): 5851 [M-HI HPLC retention time: 28.9 min (2-98% acstonitrilemwater with
0.05% trifluoroacstic acid) 30 min run.

Biciogical Examples
Antiviral Activity

Another aspsct of the invention relates to methods of inhibiting viral infections,
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comprising the step of treating a sample or subject suspected of needing such
inhibition with a compesition of the invention.

Within the context of the invention samples suspected of containing a virus
include naturat or man-made materials such as living organisms; tissue or cell
culturas; biological samples such as biological material samples (blood, serum, urine,
cerebrospinal fluid, tears, sputum, saliva, fissue samples, and the lke); laboratory
samples; food, water, or air samples; bioproduct samples such as extracts of cells,
particularly recombinant cells synthesizing & desired glycoprotein; and the like.
Typically the sample wilt be suspected of containing an organism which induces a
viral infection, frequently a pathogenic organism such as a tumor virus, Samples can
be contained in any medium inciuding water and organic solventiwater mixtures.
Samples include living organisms such as humans, and an made materials such as
cail cultures. )

if desired, the anti-virus activity of a2 compound of the inveniion after
application of the composition can be observed by any method including direct and
indirect methods of dstecting such activity. Quantitative, qualitative, and
semiguantitative methods of determining such activity a%e all contemplated, Typically
one of the screening methods described above are applied, however, any other
method such as observation of the physiological properties of a living organism are
also applicable.

The antiviral activity of & compound of the invention can be measured using
standard screening protocols that are known. For example, the antiviral activity of a
compound can be measured using the following general protocols.

Ceill-based Flavivirus Immunodetection assay

BHK21 or AB49 cells are trypsinized, counted and diluted to 2x10° cells/mb in
Hams F-12 media (AS49 calls) or RPMI-1640 media (BHK21 celis) supplemented
with 2% fetal bovine serum (FBS) and 1% penicilfinisireptomycin. 2x10% cells are
dispensed in a clear 98-well tissue culture plates per welt and palced 8t 37° C, 5%
CO, overnight. On the next day, the cells are infecled with viruses at multiplicity of
infection (MOT1) of 0.3 in the presence of varied concentrations of test compounds for
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1 hour at 37° C and 5% GO, for another 48 hours. The calls are washed once with
PBS and fixed with cold methanol for 10 min. After washing twice with PBS, the fixed
cells are blocked with PBS containing 1% FBS and 0.05% Tween-20 for 1 hour at
room temperature. The primary anfihody solution (4G2} is then added at a
concentration of 1:20 to 1:100 in PBS containing 1% FBS and 0.05% Tween-20 for 3
hours. The cells are then washed three times with PBS followed by one hour
incubation with horseradish peroxidase{HRP-conjugated anfi-mouse IgG (Sigma,
1:2000 dilution). After washing three times with PBS, 50 microliters of 3,2°.5,5"-
tetrarnethylbenzidine (TMB) subsirate solution (Sigma) is added o each well for twe
minuies. The reaction is stopped by addition of 0.5 M sulfuric acid. The plates are
read at 450 nm abosorbance for viral load quaniification.  After measurement, the
cells are washed three times with PBS followed by incubation with propidium iodide
for 5 min. The plate is read in & Tecan Safire™ reader (excitation 537 nm, emission
817 nm} for cell number quantification. Dose response curves are plotied from the
mean absorbance versus the log of the concentration of test compounds. The ECsy
is calculated by non-linear regression analysis. A positive control such as N-nonyl-

deoxynofirimycin may be used.
Celi-based Flavivirus cytopathic effect assay

For testing against West Nile virus or Japanese encephalitis virus, BHK21
cells are trypsinized and diluted io a concentration of 4 x 10° celis/mi. in RPMI-1640
media supplemented with 2% FBS and 1% penicillin/streptomycin. For testing
against dengue virus, Buh7 cells are frypsinized and diluted to a concentration of 4 x
10° celis/mL in DMEM media supplemented with 5% FBS and 1%
peniciliinlsifeptomycin. A B0 mifcroliter of cell suspensfon (2 x 10° celis) is dispensed ‘
per well in a 96-well aptical botiom PIT polymer-based plates (Nune), Cells are
grown overnight in culture medium at 37° G, 5% CO,, and then infected with West
Nile virus {.g. BB58 strain) or Japanese encephalitis virus (e'.g. Nakayama strain) at
MOI1 = 0.3, or with dengue virus {e.g. DEN-2 NGC strain) at MCI = 1, in the presence
of different concentrations of test compounds. The plates containing the virus and
the compounds are further incubated at 37°C, 5% CO; for 72 hours. At the end of
incubation, 100 microliters of CellTiter-Glo™ reagent is added into sach well.
Contents are mixed for 2 minutes on an orbital shaker fo induce cell lysis. The plaiss

are incubated at rocom temperature for 10 minutes fo stabilize luminescent signal,
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Lumnescencs reading is recorded using a piate reader. A positive control such as N-
nonyi-decxynojirimycin may be used.

Antiviral Activity in a Mouse Model of Dengue Infection.

Compounds are tested in vivo in a mouse model of dengue vitus infection
(Schul ef &l J. Infectious Dis. 2007, 195:665-74}. Six to ten week cld AG128 mice
(B&K Universal Ltd, Hil, UK} are housed in individually ventilated cages. Mice are
injected infraperitoneatly with 0.4 mL TSVO1 dengue virus 2 suspension. Blood
sampies are faken by refro orbital puncture under isoflurane anaesthesia, Blood
samples are coliected in tubes containing sodium cifrate fo a final concentration of
0.4%, and immediately centrifuged for 3 minutes at 60060g 1o oblain plasma. Plasma
{20 microliters) is diluted in 780 microliters RPRI-1640 medium and snap frozen in
liquid nitrogen for plagus assay analysis. The remaining plasma is reserved for
cytokine and NS1 protein level determination. Mice develop dengue viremia rising

over several days, peaking on day 3 post-infection.

For testing of antiviral activity, a compound of the invention is dissolved in
vehicle fluid, e.g. 10% ethanal, 30% PEG 300 and 80% D5W (5% dextrose in water;
or 6N HCI (1.5 eg): 1N NaOH {pH adiusted o 3.5} 100 mM citrate buffer pH 3.5
(0.9% viv:2.B% viv: 98 8% viv). Thirty six 6-10 week old A(G128 mice are divided info
six groups of six mice each. All mice are infected with dengue virus as described
above (day 0). Group 1 is dosed by oral gavage of 200 mi/mouse with 0.2 mg/kg of
a compound of the inveniion twice a day (once early in the moming and once lale in
the afternoon) for three consecutive days starting on day 0 (first dose just before
dengue infection}. Groups 2, 3 and 4 are dosed he same way with 1 mgikg, 5 mgfkg
and 25 mg/kg of the compound, respectively. A posifive control may be used, such
as (2R, 3R, 4R, 5R}-2-{2-amino-6-hydroxy-purin-8-yD-5-hydroxymethyl-3-methyl-
tetrahydro-furan-3,4-diol, dosed by ora! gavage of 200 microliters/imouse the same
way as the previous groups. A further group is treated with anly vehicle fluid.

On day 3 post-infection approximately 100 micreliter blood sampies (anii-
coagulated with sodium citrate) are taken from the mice by retro-arbital punciure
under isoflurane anaesthesia. Plasma is obfained from each blood samiple by
centrifugation and snap frozen in fiquid nitrogen for plague assay analysis. The
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collected plasma samples are analyzed by plague assay as described in Schul ef al.
Cytokines are also analysed as as described by Schul. NS1 protein levels are
analysed using a Platelia™ it (BioRad Laboratories). An anti-viral effect is indicated
by & reduction in cytckine levels and/or NS1 protein levels.

Typicatlly, reductions in viremia of about 5-100 fold, more typically 10-80 fold,
most typically 20-30 fold, are obtained with -850 mg/kg bid dosages of the
compounds of the invention.

HECV Assay Profocol

The anti-HCV activity of the compounds of this invention was fested in a
human hepatoma Huh-7 cell line harboring a HCV replicon. The assay comprised the
following steps:
Step 1; compound preparation and serjal dilution.

Serlal dilution was perfermed In 100% DMSC in g 384-well plate. A solution

containing a compound at 225-fold concentration of the starting final serial dilution
concentration was prepared in 100% DMSO and 15 ul added to the pre-specified
wells in column 3 or 13 of a polypropylens 384-well plate. The rest of the 384-well
plate was filled with 10 oL 100% DMSO except for columns 23 and 24, where 10 ul.
of 800 uM a HCV protease inhibitor (ITMN-181) in 100% DMSC was added, The
HCV protease inhibitor was used a control of 100% inhibition of HCV replication. The
plate was then placed on a Biomek FX Workstalion to start the serial dgiiution. The
serial dilution was performed for ten cycles of 3-fold dilution from column 3to 12 or
from celutmn: 13 to 22.

Step 2; cell cullure plate preparation and comopound addition

To each well of a black polypropylene 384-well plate, 90 ul of cell media
containing 1600 suspended Huh-7 HCV replicon cells was added with a Biotek uFlow
Workstation. A volume of 0.4 pl. of the compound solution was transferred from the
seriat dijution plate to the cell culture plate on a Biomek FX Waorkstation. The DMSQO
concerdration in the final assay condition was 0.44%. The plates were incubated for 3
days at 37 °C with 5% CO2 and 85% humidity.

Step 3: detaction of cvioioxicity and inhibitlon of viral replication

a) Assessment of cytotoxicity: The media in the 384-well cell culture plate was
aspirated with a Biotek EL405 plate-washer. A volume of 50 uL of a solution
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containing 400 nM Calcein AM in 100% PBS was added to each well of the plate with
a Biotek uFiow Workstation, The plate was incubated for 3¢ minutes at room
ternperature before the flucrescence signal (emission 490 nm, exitation 520 nm) was
measurad with a Perkin Elmer Envision Plate Reader.

b} Assessment of inhibition of viral replication: The calcein-PBS solution in the
384-well cell culture plate was aspirated with a Biotek EL4QS5 plate-washer. A volume
of 20 L of Dual-Glo luciferase buffer (Promega, Dual-Glo Lusiferase Assay Reagent,'
cat. #2988} was added to each well of the plate with a Biolek uFlow Workstation.
The plate was incubated for 10 minutes af room temperature. A volume of 20 gk of a
solution containing 1:100 mixture of Dual-Glo Stop & Glo substrate(Promega, Dual-
Glo Luciferase Assay Reageni, cat. #£313B} and Dual-Glo Step & Glo buffer
(Promega, Dual-Glo Luciferase Assay Reagent, cat. #E314B) was then added o
each wall of the plate with a Biotek uFlow Workstation. The plate was incubated at
room temperature for 10 minutes before the luminescence signal was measured with
a Perkin Elmer Envision Plate Reader.

Step 4: calgulation

The pearcent cytotoxicity was determined by calcein AN conversion to
fluorescent product, The average flucrescent signal from the DMSO conirol wells
were defined as 100% nontoxic. The individual flucrescent signal from testing
compound treated well was divided by the average signal from BMSQ control wells
and then multiplied by 100% fo get the percent viability. The percent ant-HCV
replication activity was determined by the luminescence signat from the testing welt
compared o DMSO coﬂtrbls weils. The background signal was determined by the
average luminescence signal from the HCV proiease inhibitor freated wells and was
subtracted from the signal from the testing wells as well as the DMSO control wells.
Following 3-fold serial ditutions, the ECs, and CCs values were calculated by
fitting % inhibition at each concentration fo the following equation: .

% inhibition = 100%/[(EC/® + 1]

Where b is Hill's coefficient. See, for reference, Hill, A. V., The Possible
Effects of the Aggregation of the Molecules of Hemoglohbin an its Dissocialion
Curves, J. Physict, 40: iv-vii. (1910).

% inhibition values at a specific concentration, for example 2uM, can also be
derived from the formula above.
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When {esiad, certain compounds of this invention were found to inhibit virai

Table 1
Carnpound % inhibition at 2uM
- 31 93,1
32 100
33 96.2
34 87.8
35 0%.8
38 100
37 59.6
38 956
39 888
40 986
41 98,9
42 Teg.
43 98,2
44 160
45 100
48 97.0
47 99.9
48 10
49 96.2
50 95.9
&1 85,5
52 935
53 899
54 99.5
55 §7.9
56 92.8
57 782
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64 100
65 999
68 990
&7 39.0
68 985
9 39.5
70 981
n 954
72 99,7
73 93.1
74 987
75 97.5
76 99.4
77 39.9
78 160
80 99.8
81 100
82 160
83 59.8
112 99.9
113 559
Ty it S
115 oY
116 aga
117 a6 g
118 100
119 57.1
120 96 G
121 99.9
122 057
123 950
124 99.9
125 99.7
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126 98.9
127 983
128 89.8
129 108
130 987
131 99.9
132 774
133 96,7
134 95.0
135 905
138 CTYe)
137 100
140 99.9
141 99,4
142 996
164 989
165 5.7
186 58,9
337 100
218 I 100

Preferred compounds according to Tahie 1 include Examples 32, 356, 38, 41,

48, 50, 64, 65, 66, 77,78, 80, &1, 82, 83,112, 114, 118, 128, 217, and 218,

The specific pharmacological responses observed may vary according to and

depending on the particuiar active compound selected or whether there are present

pharmaceutical carriers, as well as the lype of formulation and mode of administration

employed, and such expected variations or differences in the results are contemplated In

accordance with practice of the present invention.

Although specific embodiments of the present invention are herein ilustrated and

described in detall, the Invention is not fimiled thereto. The above delailed descriptions

are provided as exemplary of the present invention and shouid not be consirued as

constituting any limitation of the invention. Medifications will be obvious ko thuse skilied

in the art, znd all modifications that do not depart from the spirit of the invention are
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WHAT 1S CLAIMED 1&:
1. A compound of Formula I:

R1
% g OH
i
C
=<N--Y
O
R2
Formula (1),

or a pharmaceutically accapiable salt thereof, wherein:

R’ is selected from the group corsisting of optionally substituted C..1» alkyl, opfionally
substituied C.q, alkenyl, optionally subsiituted C,.q, alkynyl, oplionally substituiad Ca.p
cycloalkyl, optionally substituted Cs.4 aryl, oplionally substituted 3 - 14 membered heteroaryl,
oplionally substituted 3 -12 membered heterocyciyl, oplionally substituted 3-18 membersd
hetercarylatkyl, optionally substifuted 3-18 membered heterocycivialky! and optionally
substituted Caqe aryialkyl,
wherein, each substituted R’ is subsfituted with one or more Q"

each Q' is independently selected from the group consisting of
halogen, oxo, oxide, -NC,, -N(=0), SR, -S(O)R™, -S(0O)LR"", -S(ORLNRRY, -NRCIOR",
NRCOINRR™, -NRCSIOIR", -NRS(O}RR™, -

OP(OIRT'R™, -P{OR"R™, ?(O)OR”R”. -P(CHOR™MOR™, -C(O)NRMR™, optionally
substituted C4 alkyl, optionally substituted C..s alkenyl, optionalty substituted C..s alicyny,
opiionally substituted Cys cycloalkyl, optionally substituted Ceq, arviatkyl, optionally
substituted Cs..> aryl, optionally substituted 3 - 14 membered heteroary!, optionally substituted
C.galkyloxy, optionally substituted C,.5 alkenyloxy, optionally substituted C,. alkynyioxy,
optionally substituted Ca.e cycloaliyloxy, optionally substituted Ceq. arvioxy, optionally
substituted 3 - 14 membered heteroaryioxy, optionally substifuted 4-12 membersd

‘heterocyeiyloxy, opionally substituted -C{OYCy.s alky!, optionally substituted -C(0)C. alkany,

pptonally substituted -C{O)Ca. alkynyl, opfionally substituted -C{O)Cas cycloalkyl, optionally
subsiituted -C(0)Ce.1z aryl, optionally subsiituted -C(O}3 - 14 membered heateroaryl, oplionally
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subsituted -C(0)Cs.1; arvialkyl, oplionally substituied -3-10 membered
haterocyalyl, -OH, -NR''R™, -C{OIOR™, -CN, N3, -C=NR™PNR"'R™,
CENRPORY, NRPCENR™INRTRY, NR'C(O)OR™®, and -OCIOINR'R;

each R™ R and R™, independentiy, is selected from the group consisting of H,
opfionally substituted C..q; alkyl, oplionally substituied C,.; atkenyl, optionally substituted Ca.«p
alkynyi, optionally substituted Cs.., cycloalkyl, optionally substituted
Ceus aryl, optionally substituted 3 - 14 membered hetercaryl, opfionally substituted 3-12
membered heterocyclyl, optionally substituted 3-18 membered heteraaryialkyl, and optionally
substituted Cese aryialkyl;

or R and R™ taken together with the atoms to which they are attached form a 3 to 10
rembered heterocyciyi;

sach R"™, independently, is seiected from the group consisting of H, optionally
substituted T4z alkvt, optionally subsiituted Ca» alkenyl, optionally substituted Cosy alkyny!,
optionally subsiifuted Cs.o cycloatkyl, optionally substituted Cey4 aryl, optionally substituted 3 -
14 membered hetergaryl, oplionally substituted 3-12 membered heterocyclyl, optionally
substituted 3-18 membered heteroanalkyl, optionally substituted Ces arylalkyl, -CN, -CIOR™,
-CHO and -S(0)R™;

sach R™, independently, is opfionally substituted C,4, alkyt:

wherein, each substituted Q', substituted R, substituted RY, substituteg R,
substituted R', or substituted R™ is independently substituted with one or more QF;

R? is seiected from the group consisting of optionally substituted C..,, alkyl, optionally
substituted Ca.r, alkenyl, optionally substituted C,.4, alkyny!, optionally substituted Css
cycloalkyl, optionally substituted Cea. aryl, optionally substituted 3 - 14 membered hesteroaryl,
optionally substituted 3 -12 membeared heterocvciyl, optionally substifuted 3-18 mambered
hetercarytaiky!, and optionally substituted Ce.s arvialkyt;

wherein, sach substituted R? is substituted with one or mors 02,

sach Q% independently, is selected from the group consisting of
halogen, oxo, oxide, -NC,, -N(=0), -SR¥, -S{O)R¥ -S(O}L,R*, -S(ORNRP R -NR®C(O)R?,
NRECIOINRT'RZ, -NRS(OIR?!, -NRFS(0),RY -

OR(OIRYRZ, -P{OIRY'RZ, -P(OIORY'RY -P(OHORMOR®E, LOINRP'R?, optionally
substituted Cis alkyl, optionally substituted Cy.s alkenyi, oplionally substituied Cae alikynyl,
opiionaly subsfituted Cye cycloalkyl, optionally substitited Ceqe aryvialkyl, optionally
substituted Ceqp aryl, optionaliy substituted 3 - 14 membered heteroaryl, optionally substituted
C.s altkyloxy, optionally substituied C,.; alkenyloxy, oplionally substituted Ca.s alkynyioxy,
optionally substituied C.s cvcloalkyloxy, optionally substituted Ce.qz arvioxy, opfionally
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substituied 3 - 14 membered hetercaryioxy, optionally substituied 4-12 maembered
haterocyctyioxy, optionally substituted -CIOYC..s alkyl, optionaliy substituted ~C{O)C .5 alkenyl,
optionally substituted -C{O)C,, atkyny!, optionally substituted -C(O)Cy cvcloalkyl, optionally
substituted -C(O)Cs» aryl, optionally substifuted -C(O}F3 -14 memberad heteroaryi, optionally
substituted ~-C{0O)Ce.1p arylaliyl, optionally subsfituied 3-10 memberad

heterocyaiyl, -OH, -NR¥'RZ, -C(OYOR®, -CN, N3, -C{=NRPINRY'R%,

-CENRPIOR™, -NRPCENRPINRMRE, -NR'C(O)OR, and -OCIOINR R,

gach R™ RY, and R®, independently, is selectad from the group consisting of H,
opiionally substituted G4, aliyl, optionally substiiiuted C..4; atkenyl, opfionally substituted C, 10
alkynyl, optionally substituted Ca.4, cycloalkyl, optionally substituted Cea. aryl, oplionally
substituted 3 - 14 memberad heteroaryl, optionally subsfituied 3-12 membered heterocycivl,
optionally substiituted 3-18 membersd heteroanialkyl, and oplionally substituted Csae arylaliyl;

or R* and R* taken together with the atoms 1o which they are attached form a 3 t0 10
membered heterocyclyl: | '

sach R®, independently, is selected from the group consisting of M, optionally
substituted C..1p atkyl, optionally substituted C, ., alkenyi, optionally substituted Co.42 alkynyi,
optionally subsiituted Cs.; cycloalky!, optionally substituted Ce... aryl, optionally substituted 3 -
14 membered hetarcary!, oplionally subsiiiuted 3-12 membered heterocyclyl, optionally |
substituted 3-18 membered hetercarylalkyl, optionally substituted Cgs arvialkyl, -CN, -C({O)R™,
-CHO and -3(0),R™;

sach R* individually is optionally substituted C._, alkyl:

wherein, each substituted Q°, substituted R™, substituted R”', substituted R%,
substituted R¥, or substituted R* is independently substituted with one or more Q%;

Y is —R3-L-Het, -N{R*)(R® or -R®=NOR";

R® is selecied from the group consisting of optionally substituted Cy., alkyiene, Coqp
alkenylene, substituted C...; alkenylene, C,..» alkynylene, substituted C,.1p alkynviene, Caa;p
cycicalkyiene, substituted Cs.. cycloalkylene, Cy.p cycloalkylalkylens, substituted Caap
cycicalkylalkylene, oplicnally substituted Cq.. arviene, optionally substituted 3 - 14 membered
hateroarylene, oplionally substituted 3 -12 membered heterocyciviene, optionally substituted
3-18 membered heteroarylalkylens, and optionally substituted Ces arylalkyiene;

wherein each substituted R® is substituted with one or more Q%

each Q°, independeantly, is selected from the group consisting of
halogen, oxo, oxide, -NGy, -N(=0), -SR¥, -S(OIR® -S{0)RY, -S(O)LNRYRY, -NR®CIOIRY,
NRICOINRYR®E -NR¥S(OIRY, NRIS(OLRY, -

OP(O)RY'R¥ -PORYRE P(OYORYRE, P(OHORMOR®, -C(CINRY'R®, optionally
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substituted Ci5 alky!, opionally substituted Co 5 alkenyl, optionally substifuted Cs.s alkynyl,
optionatly substituted Csg cycloalkyl, optionally substituied Ce.p arvialkyl, optionally
subsfituied i aryl, optionally substituted 3 - 14 membered heteroaryl, optionally substituted
Cs alkyloxy, optionally subsiiiuted C..s alkenyloxy, optionalty substituted Cs.s altkynyioxy,
optionally substituted Cys oycloalkyioxy, optionally substituted Cg. aryloxy, opticnally
subsfituted 3 - 14 membered heteroaryloxy, optionally substituted 4-12 mamberad
heterocyciytdxy, optionally substituted -C(O)C..s alkyl, optionally substituted -C{O)C.. alkenyt,
aptionally substituted -C{0)C..5 alkynyl, optionally substituted -C({O)Cq s cycioalkyl, optionally
substituied -C{O)Ce.10 aryl, opfionally subsfituted -C{O} 3 -14 membered heteroaryl, optionally
substituted -C(O)Cexz arvialkyl, oplionally substituied 3-10 membered
haterocvelyl, -OH, -NR¥R% -CIOIORY, -CN, Ns, -C(ENRPINRYR™,
CENRPIORY, -NRYC(ENRPHIINRYRY?, -NR¥C(O)ORY, and -OC(OINRY'R¥;

each R, R*, and R¥, independently is selected from the group consisting of H,
bpﬁonaléy substituted C. ., alkyl, optionally substituted C,.» alkenyl, optionally subsfituted Cs.1»
alkyny!, optionally subsiifuted Ca4, cycloalkyl, optionally substituted Ce.. aryl, optionally
substituted 3 - 14 memberad hetercaryl, oplionally substifuied 3-12 membered heterocyciyl,
opfionally substituied 3-18 rﬁembered heteroarylaliovt, and opfionaily substituted Ce 1 anviatiyl;

or R* and R™ taken together with the atoms to which they are. attached form 2 3 to 10
mermbered heterosyclyt;

each R¥ independently is selecied from the group consisting of H, optionally
subsiituted C,, alkyl, optionaily subsiituted C.., alkenyl, oplicnally substituted C,.q; alkynvl,
opfionally substituisd Caap cycloatkyl, oplionally substituted Cea, aryt, optionally substituted 3 -
14 membered hefercaryl, optionally subsfituted 3-12 membered heterocyeiyl, optionally
substituted 3-18 memberad hetercarylalkyl, optionally substituted Ceug arylalkyl, -CN, -CIO)R™,
-CHO and -S{O)L,R*:

sach R* individually is optionally substituted C...» alkyl;

wherein, each substituted Q°, substituted R, substituted R*', substituted R™,
substituted R*, or substituied R* is independently substituted with one or more Q%

L is selected from the group consisting of -OCON(R*-, -N(RHC(OI0-, -NR*IS(O)-, -
N{R*IC(O}, -C(O})-, ~C(OID-, -OC(O), -NIRIN(RNC{OIO-,
and -NRON(R*)-;

Het is an optionally substifuted 3-12 membered hetsrocyclyl or optionally substitutad 3-
14 membered hatercaryl;

wherein, each substituted Het is subsiituted with one or more Q°;

sach Q*, independently, is selected from the group consisting of
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halogen, oxo, oxide, -NO,, -N(=O), -8R, -5(O)RY -S(OLR™, -S(O}LNRORY,
NRPCIOR -NRUCIONR'RY, -NRUS(OIRY, NR“S(0),RY, -OPOIR'R®,
PORYRY, -P(OICRYR™, -P(O)OROR™, -CIOINRY' R, optionally substituied C, alkyl,
optionally substituted C.. alkenyl, oplionally substituted C,¢ altkyny!, optionally substituted Ca,
cycloalkyl, optionally subsiituted Cs.p arylalkyl, optionally substituted Ce.1p aryl, optionally
substituted 3 - 14 membered heteroaryl, opttonally substituied C. alkyloxy, optionally
substituted C.. alkenyloxy, oplionally substituted C.5 alkynyloxy, optionally substiiuted Cas
cycloalkyioxny, optionally substituiad Ce..p aryioxy, optionally substituted 3 - 14 memberad
heteroaryioxy, optionaily substituted 4-12 memberad haterocyclvioxy, optionally substituted -
C{O)Cy 4 alkyt, oplionally substituted -C(O)C.s alkenyl, optionally substituted -C{OYC,.¢ alkynyl,
optionally substituted -C(O)Cae cycloalicyl, oplionally substituted -C{O)Ce1» arvi, optionatly
substituted -C{O}- 3 -14 memberad hetercaryi, optionally subsiituied -C{O)Cs.1» arvialkyl,
optionatly substituted 3-10 memberad heterocyclyl, -OH, -NRYR* -C{OYOR™ -CN, -N;, -
CENRPINRYRY
»C(_:NR"*E‘)OF%“O’ NROS(ENRANRYRY -NRY CIO)OR™, and -OCIOINRY' R,

each R R* and R*, independently is selected from the group consisting of H,
optionally substitited T2 alkyi, optionally substituted C., alkenyl, optionally subsiituted Cq.n
alikynyl, oplionally substituted Cs . cycloaikyl, optionatly substituted
Ceqq aryl, optionally substituted 3 - 14 mambered helercaryl, optionaliy substituted 3-12
membered heterocyciyi, optionally subsiituied 3-18 membered hetercarvialkvl, and opfionally
subsiituted Ce4e aryialkyl

~ or R* and R¥ taken together with the atoms to which they are attached form a 3 t© 10

membered heierocyciyl; '

each R*, independently, is seiected from the group consisting of H, optionally
'substituted-cﬂ.m alkvi, oplionally substituted C..q» alkenyl, optionally substituted o, alkyny!,
optionally substituted Cs., cycloalky!, optionally substituted Ce1. aryl, optionally substituied 3 -
14 membered hetercary!, optionally substituied 3-12 membered heterocycly!, optionally
substitutad 3-18 membered heteroarytalkyl, optionally substituted Ceis arvialkyt, -CN, -C{OR*,
-CHO and -5({0),R™;

gach R* individually is opfionally subsfituied C..1, alky!;

wherein, each substituted Q°, substituted R*, substituted R*', substituted R*,
substituted R*, or substituted R*™ is independently substituted with one or more Q°;

each Q°, individually, is selected from the group consisting of
halogen, oxo, oxide, -NO,, -N{=0), -8R -S(O)R®, -SI0}R®, -S(ORLNRPRY, -NR¥CORY,
-NRPPC{OINRY'R¥ NRPS(O)R™, -NR¥S(0O)L,RY, -
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OP(ORI'RY, -P(Q)RYR™, -P{O)ORYR™, -P(CHORMORY, -CIOINRYR™, optionally
substituted C.4 alkyl, optionally substituted C,5 alkeny!, optionally substituted C.s alkynyi,
optionally substituted Cq Cycloalky!, optionally substéthted Ce.rz arvialkyl, optionally
substituted Ceqp aryi, optionally substituted 3 - 14 membared heteroaryl, optionally substifuted
C.s alkyloxy, optionally substifuted C,s alkenyioxy, optionally substituted G, alkynyloxy,
optionally substituted Css cycloalkyloxy, optionally substituted Ce., aryloxy, optionally
substiiuted 3 - 14 membered hetsroaryloxy, optionally subsiituted 4-12 membered
heterocyetyloxy, optionally substituted -G(O)C. alkyl, optionally substituted -C(O)Ca.s alkenyl,
optionally substituted -C(O)C,.s alikynyl, optionally substituted -C(O)Cs+ cycloalkyl, opticnally
substituted ~C{O)Care aryl, optionally substituted -C{O) 3 -14 membered heteroaryi, optionatly
substituted ~C{O)Ce.1z aryialkyl, optionally substituted 3-10 membered
heterocyalyl, -OH, NR¥'R¥, -CIO)YOR™, -CN, -N3, -C=NRPINRY R,
SENRPIOR®, -NRPCENRPINRYR™, -NRVC(OJOR™, and -OC(OINRYR®;

each R®, R™, and R*, independently is seiected from the group consisting of H,
oplicnally substituted C..4; alkyl, oplionally subsfituted C,.,; alkenyl, optionally substituted C;.»
alkynyl, optionally substituted Cs., cycioalkyl, optionally substituted Ce.s aryl, optionally
substituted 2 - 14 membered heteroaryl, optionally substituted 3-12 membersd heferocyeivi,
optionally substituted 2-18 membered heieroaryialky!, and optionally substituted Ce e anvialkyt;

of R* and R™ taken together with the atoms to which they are attached form a 3 10 10
membered heterocycivt;

sach R%, independently, is selected from the group consisting of H, optionaliy
substitined C.1» altkyl, optionally substituted C..1; alkeny!, optionally substiiuied Co.ap alkynyl,
optionally subsfituted Cs.12 cycloaikyl, optionally substiuted Cey. aryl, optionally substituted 3 -
14 memberad hetercaryl, optionally substituted 3-12 membered heterocyctyl, optionally
subsiituted 3-18 membered hetercarylalkyl, optionally substituted Ce.e anvialkyl, -ON, -CIORY,
-CHQ and -S(0O)R™;

each R¥, independently, is optionally substituted Cy.; alkyi;

wherein, sach substituted Q°, subsiituted R™, substituted R, substituted R,
substituted R®, or substituted R™ is independently substituted with one or more Q%

each Q° indepéndanﬂy, is selected from the group consisting of halogen, oxo,
oxide, -NO,, -N(=0), -SR%, -S{O)RT, -5(O)RR%, -S(0LNRFRY NRFCORY -
NREPC(OINRT' R NRUSOIR® -NRTS(OLRY, -OP(ORYRE
-POIRIRE P(OIORYRY -PIOYORPORY, -CIOINRYR® C.5 alky!, Cyq alkenyl, Cos
alkynyl, Csg cycioalkyl, Caus éry%a!kyl, Ceqz aryl, 3 - 14 membered hateroaryl, G, alkyloxy,
Cag alkenvioxy, Cag alkynvioxy, Css 'oycloaikyioxy, Caap aryioxy, 3 - 14 mambered
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hetercaryioxy, 4-12 membered heterocyclyioxy, -C(O)C.¢ alkyl, -C(O)Cys alkenyl, -C(O)Czs
alkynyl, -C(O)C;s.6 cvcloalkyl, -C{O)C.5 haloatkyl, -C{O)Ce.1: aryl, -C{O}- 3-14 membered
heteroaryl, ~C(O)Ce.ap arvialky!, 3-10 membered

heterocycivl, -OH, NRT'RT -C(OIOR, -CN, -Nj, ~C(ENR™INRTRT,

CENRPIOR®, -NRPC(ENREINRY'RE, -NR¥C(O)OR™, and -OC(O)NRY'RY;

each R®, R%, and R®, independently, is selected from the group consisting of H, Gy
alkyl, Co.p atkenyi, Coap alkynyl, Caop oycicalkyl, Caap haloalkyl, Ceas aryl, 3- 14
memberad hateroaryl, 3-12 membered heterocyclyl, 3-18 membered hetercaryialkyl, and Cs.
+g arylalkyl;

or R® and R™ taken iogether with the atoms to which they are attached form 2 3 10 10
memberad heterocycliyl;

each R® independently is selected from the group consisting of H, Cj_{g alkyl, Con
alkeny!, Coaz alkynyl, Cass cycioalkyl, Ce.e aryl, 3 - 14 membered heteroaryl, 3-12 membered
heterocyciyl, 3-18 membered heteroarylalkyl, Cee arytakyl, -CN, -CORY -CHO and -
S{O)BR%,

each R individually is Cr_12 alkyl;

each R is independently H, C-Cy alkyl, Cz-Caz cycloalkyl, 3 - 14 membered heteroaryl
or 3-12 membered heterocyclyl wherein each Gi-Cyy alkyl, Ca-Csp cycioalkyl, 3 - 14 membearad
hetercaryl or 3-12 memberad heterocycly! is optionally substifuted with one or more Qb '

_each Ris indepehdentiy Cq-Caz alkyt, Cs-Cyp cycloalky!, 3 - 14 membered hetercaryi or
3-12 mefnbered heterocycly! wherein each C.-Cay alkyl, C:-C4p cycicalkyl, 3 - 14 memberad
heteroaryt or 3-12 memberad heterocyclyl is optionally substituted with one or more Q'

R® is C-Cyy alkylyne, Ca-Cio cycicalkylyne, or 2-12 membered heterocyclylyne wherein
sach Ci-Cys alkyiyne, Ca-Cyo cycioalkylyne, or 3-12 membered heterocyslyiyne is oplionally
substituted with one or more Q'; and

R’ is selected from the group consisting of optionally substituied Ci.1, alkyl, opfionally
subsiituted C..1» alkenyl, optionally substituted Co.1o alkynyl, opiionally substituted Cy 1,
cycioalkyl, optionally substituted Cs.. aryt, optionally subsiituted 3 - 14 membered heteroaryl,
aptionally substituted 3 -12 membered heterocyciyl, optionally substituted 3-18 membered
hetercarvialkyl, optionally substituted 3-18 membered heterocyclytalky! and optionally
substituted Ceqs aryialkyl;

wherein, sach substituted R’ is substituted with one or more Q7.

A
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2. The compound of claim 1, wherein R is optionally substituted C..,» alkyl, optionally
substiuted C,.1» atkenyl, optionaily substituted C...» alkynyl, or oplionally substituted Cs.1z
cycloatkyl,

or wherein R is optionally substituted Cs-C; secondary or terfiary alkyl.

2. The compound of claim 1 or 2, wharein R* is optionally substituted Cz.12 cycioalkyl,

or wherein R? is optionally substituted methylcyciohexyl or opfionally substituted
methylcyclohexenyl.

4. The compound of any one of claims 1 - 3 represeniad by Formula I

Q\\ g OH
.
N—Y
O
—_=\/Rrg
Formula Il

ar a pharmaceutically acceptable salt thereof, wherein

R? is optionally substituted 4-methyicyclohexy! or optionally substituted 4-methyicyciohexenyl.

5. The compound of any one of claims 1 — 4 wherein R? is:

6. The compound of any ong of claims 1 - 5, wherein v is ~R*L-Het,

7. The compound of any cne of claims 1-6, wherein R® is optionally substituted Cs.1; alkylens,

Ca: cycioalkyiene, substituted Cs.p cvcloalkylane, Gy, ovcloalkyialiylene, substituted Caip
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oycicalkytalkvlene, optionally substituted Ceas arylene, or optionally substituted 3 -12
membered heterocyclyiene,

or wherein R’ is optionally substituted C..s alkylene, C.scycloalkyiens, substituted Cus
cycloalkylene or optionally substituted 5-6 membered heterocyalviens,

8. The compound of any one of clgims 1 -7 wherein Het is an optionally subsiituted 3-12
mambered haterocyely! or optionally substifuted 3-14 meambered heteroary! wherein said
opfionally substituted 3-12 membered heterocycly! or oplionally substitted 3-14 membersd

hetercary! comprises one to four heferoatoms selected from C, 8, or N,

orwherein Het is optionally substituted pyridini, optionally substituted pyridazinyl, optionally
substituted tetrahydro-2H-pyrany!, optionally substituted piperidinyi, optionally substituted
pyrrolidiny!, optionally substituted tefrahydrothiopheny!, optionally substituted pyrazinyl,
oplionally subsiituted 1H-tetrazoly!, optionally substituted azefidinyl, oplionally 'subsﬁtuted
tetrahvdrofuranyl, optionally substituted tetrahydro-2H-furol2, 3-bifuramyt, optionally substiuted
thiazoyi, optionally substituted 1H-imidazoly!, optionally substituted 4H-1,2 4-triazohyt,
optionally substituied 1 H-pyrazoivi, optionally substituted 1,3 4-thiadiazoly!, optionally
substituted guinalinyl, optionally substituted [1,2 4]triazolof4, 3-alpyridinyl, optionally subsiituted
thiophenyl, optionally substituted 1,2 4-thiadizzolyl, optionally substifuted pyrimidinw,
optionally substifuted 1H-1,2.3-triazolyl, oplionally substituted 1,3, 4-oxadiazoly!, or opfionally
substituied imidazo{1,2-blpyridazinyt.

8. The cdmpound of any one of claims 1-5 wherein Y is —N(R4)(R5).

10. The compound of any one of claims 1-5 and & wherein R is H or optionally
substituted C-Ce alkyl.

1. The compound of any ane ¢f claims 1-5, 8 and 10 wharein R is C-Cq alicyl, CeCe
cycloatkyl, 3-10 memberad heteroaryl or 4-10 membered heterocyclyl wherein each C4-Ce
atkyt, Cs-Cs cycloalioyl, 5 - 10 membered heteroary! or 4-10 membered heterocyciyl is
optionally substituted with ong or more Q"

12, The compound of any one of claims 1-5 wherein Y is -R*=NOR’,
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13. The compound of any one of claims 1-5 and 12 wherein R° is CsCs cycloalkylyne or
4-6 membered haterocyclylyne wherein each Cs-Cg cycloatkylyne or 4-6 membered
heterocyclviyns is optionally substituted with ong or more Q'

or wherein R® is cyclohexylyne.
14. The compound of any one of claims 1-5, 12 and 13 wherein R’ is optionally

subsiituted C4-Cp alkyl, optionally substituted Cy-C., arviatkyi, oplionally substituied 6-11
meambeared hetercarylalky!, or aptionally substiiuted 6-11 membered haterocyclylalkyl.

15. The compound of claim 1 which is
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or a pharmaceutically acceptabis salt thereof,

16. The compound of clatm 1 which is
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or a pharmaceutically acceptable salt thereof.

18. The compound of claim 1 which is
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or & pharmaceutically acceptabie sail thareof.
19. A pharmacsuiical composifion comprising a therapeutically effective amount of a

compound of any one of claims 1-18 and a pharmaceuticaily acceptable carrier or excipient,

“and

opticnally further comprising at least one additional therapeutic agent seiected from the group
consisting of interferons, ribavirin or its analogs, HMCV NE3 protease inhibitors, N353 inhibitors,

alpha-giucesidase 1 inhibifors, hepatoprotectants, mevalonate decarboxylase antagonists,
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antagonists of the renin-angiotensin system, other anti-fibrotic agents, nucleoside or nucieoctide
inhibitors of HCV NS5B polymerase, non-nuciecside inhibitors of HCV NS5B polymerase, HCV
NS54 inhibitors, TLR-7 agonisis, cyclophillin inhibitors, HCV IRES inhibliors, phérmacokmeﬁc
enhancers and other drugs for freating HCV; and mpdures thereof.

20. The compound of any one of claims 1-18 for use in treating a viral infection causad
by a virus selected from the_group consisting of dengue virus, yeliow fever virus, West Nile
virus, Japanese ancephalitis virus, ick-bomne encephaiitis virus, Kunjin virus, Murray Valley
encephaiitis virus, St Louis encephalilis virus, Omsk hemorrhagic fever virus, boving viral
diarrhea virus, Zika virus and Hepatitis C virus. '

21. The compound of any one of claims 1-18 for use in ireating 2 viral infection caused
by Hepatitis C virus or Fiaviviridae viral.

22, The compound for use of claim 20 or 21 wherein the compound is for use with at
izast one additiona! therapeuiic agent selected from the group consisting of interferons,
ribavirin or its analogs, HCV NS3 protease inhibitors, NS5a inhibitors, alpha-giucesidase 1
inhibitors, hepatoprotectants, mevalonate decarboxylase antagonists, antagonists of the renin-
angiotensin system, other anti-fibrofic agents, nucieoside or nucieofide inhibitors of HCV NSEB
polymerase, non-nucieoside inhibitors of HCV NS5B polymerase, HCV NS5A inhibitors, TLR-7
agonists, cyctophillin inhibitars, HCV IREES inhibitors, pharmacokinetic enhancers and other
drugs for treating HCV; and mixtures thersof.
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