VIRAL POLYMERASE INHIBITORS RELATED APPLICATIONS This application claims benefit of
U.S. Serial No. USSN 61/015123, filed December 519, 2007, which is herein incorporated by
reference. FIELD OF THE INVENTION The present invention relates to compounds, compositions and
methods for & FEAAENAT of hepatitis C virus (HCV) infection. In particulaP SHEHFEEREIRVention 10
provides novel inhibitors of the hepatitis C virus NS5B polymerase, pharmaceutical compositions
containing such compounds and methods for using these compounds in the treatment of HCV
infection. BACKGROUND OF THE INVENTION 15It is estimated that at least 170 million persons
worldwide are infected with the hepatitgea Vipes (HEERASE wgsisf didection progresses to chronic
infection in a high number of cases, and, in some infected individuals, chronic infection leads to
serious liver diseases such as cirrhosis and hepatocellular carcinoma. 20Currently, standard treatment
of chronic hepatitBECATESGARIMHIBAVEPNSS administration of pegylated interferon-alpha in combination
with ribavirin. Howgyepoiiis:theranis atafisate seraousinsBICy RN 16 undetreiahiadevels in
many infected pat'%n%?qggud ﬁ‘ %ss%ciatedn\évci)th Oorg 2N Lnt%%%bleeside effects such as fever and other
influenza—likessym oms, dvevp’rcestgio%r,et'ﬂrlomlgoocy opeyﬂa anc?%e'molytic anemia. 25Furthermore, some
HCV-infected patients have co-existing conditions which contraindicate this treatment. Therefore, a
need exists for altpgniveieainaatsdor hepatitis C viral infection. One possible strategy to address
this need is the deyelopment.of effective antiviral 30agents which.inactiv Ir t cell factors
which are essentieaﬁf" 0 Wgﬁienffﬁ@gﬂgrﬂ?%fa}?scgﬁ%oﬁ’\gegﬁj58@%%%’533 é@ﬁ%\'&%ﬁ%&f}ﬁg in the genus
Hepacivirus in the'Fr{vioht@abekatiiy CTrisIHGX)Jtiapir M tnPRIKA e HsHRESRERIPYBRIAtely 9500
35nucleotidesin lgpgihsaniblhamaisiogietpenspadiag ramelgoR pylyiaarkes bybiraneutiial |
non-translated regiong, The HEY.S nerctiansialed iedlands- 4L AEeoids st leagih andunctions as

an internal ribosome éﬁ?ry sSite for cap-independent translation initiation. The open reading frame
encodes a single I8/§8 BeRPRNIHFABEERSO00 amino acids which is cleaved at multiple sites by
cellular and viral 5proteases to produce the mature structural and non-structural (NS2, NS3, NS4A,
NS4B, NS5A, an 'p gmgmhlszls protease cleaves at the N32- NS3 junction; while
the viral NS3 pro;jg%l?é?%e fg%i tT1He cleavages downstream of NS3, at the N63-NS4A, NS4A-NS4B,
NS4B-NS5AEnd Kissatinatsd bl derstids Ml RESPHIArIESs BsibRSRIWELLRe
triphosphatase angeRatifselivas ¢4 chvitte i TWanNGHA protessexts dyaicoféetierfon the NS3
protease and may,alsq assist ipdhe membrans-lecalization AhiblEa andoatbersdralreatisase
components. Although NS4B and the NS5A phoii%%cg)ﬁhem are ﬁl 0 Ilkely components of the

replicase, their spSETRUSHEE AREFRARRIRM 25 HE" B PS AL (GHERRBR subunit of the HCV
replicase possessing RNA-dependent RNA polymerase (RdRp) 15activity. The development of new

and specific gti-HEVdraRtEIsHs SR MabrRdoEYeE ey speciiadHnelions aasemtiskfon replication
are the most attractive ta}é eés for drl:?? g%veloggm nt. The a&se{pce.of RNA deQ%n(%ient R ] éA
, e

polymerases in no P58h ’r’f'tr%rg%o and 38%'?96\&“ i 3}’1'?3?mHe°\g|eo\[59erarssfohgéa_é\éential to viral
replication, would seigftestiviedr teauiss B P IFe tasessiaptsliedpyais &t RAHIRHSY RAPESeutics. It
has been recently famonsisaiaddhah briaticnreesiayngn@dRiactyityebatighingectivity of RNA in a
chimp model (Kolykhaloy, A.A.; Mihalik, K.: Eeinsto - RI ; Vil 74: 2046-2051).
25 WO 2007/0873&@8?5&&83%% t%%%’n%§ %’% Ha %ﬁﬁé%%}%@m(%% 8%)9’%%""1‘ a\ém‘g D6 0n (A)
wherein R2 i3%n SGRENguBRTIR It VARPEIRE F?ég’%téﬁ%Yﬁtﬁ?ﬁ%’fffrt@ﬁb?ﬁﬁﬂﬁﬂs(@@.d?)cycloalkyI or aryl
which are useful febtiaitidiesnaeiit akktepatitis C virus infections. SUMMARY The present disclosure
provides a novel series of compounds having inhibitory activity against HCV polymerase. In particular
compounds according to this disclosure inhibit RNA synthesis %/é{]?e RN de{) ggem RIE)A
polymerase of HCV ' €E[ERi ARSI BB G L3R NS PR th A U RHIRY S OF
compounds providesdiyietsatégel tseddrsssitbis lnedds veeydkyalamesrd viriiestiymdidiitalctivity against
other polymejgses;JaHithtibigsiaalermbadimante pisslosashiarsia asdsatarsneiane skilled in the art
from the following description and the examples. The disclosure provides compounds of formula (1):
wherein: X is seleé?é’gcﬁg)?ﬂ'o and S; R2 is Het or aryl, optionally substituted with 1 to 5 R2
substituents, wherein R2 in each case is independently selected from: a) halo, cyano or nitro; b) R7,

-C(=0)-R7, -C(=0)19cfs Pr BetSp&ipcSivReratdRIRANir(CidaletenasRieodOlin alkytene-C(=0)-127,
Fiaviviridae family. The single strand HCV RNA genome is approximately 8500
35 nucleotides in length and has a single open reading frame {ORF), flanked by 5" and
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-(O1..6)alkylene-C(=0)-0-R7, -(C14alkylene-0-R7, -(01:6)alkylene-S-R7, (0l4alkylene-SO-R7 or
-(C1:6)alkylene-S02-R7; wherein R7 is in each instance independently selected from H, (C2_6)alkenyl,
(C2.6)alkyny V&C3 YQ loalkyl, (C3.7)cycloalkyl4C1_6)alkyl, aryl and Het; wherein the (C1 6)alkyl,
(C2.6)alkeny™ (&% é%?ﬁif'{ (Ci_e)haloalkyl, (034cycloalkyl, (C3_7)cycloalBiXEABI&H8And
(C1..6)alkylene are optionally substituted with 1 or 2 substituents each independently selected from
-OH, -(C14alkyl (optionally substituted with 0-(01.4alkyl), halo, -(C1..6)haloalkyl, (C37)cycloalkyl ,
cyano, COOH, -NH2, -NH(C1..4)alkyl, -NH(C34cycloalkyl, -N((014)alkyl)(Cs.7)cycloalkyl,
-N((C1l4alky1)2, aryl, -(Cl)alkyl-aryl, Het, -(C)alkyl-Het; and wherein each of the aryl and Het is
optionally substitutedonitizis kitel] sefhstisuEndsHEACH inclepensletetlyraptecte8ifronnidfidedd; cyano, oxo,

thioxo, mine, -OH . :{P14)aliMicRs (s1aR) h@ml'%oé%géﬁ '%%@L fabaladyl, -C(=0)-(Cidalkyl,
-S02(C1l4alkyl, -C( -NH2, - é@)ﬂlNH Cl (=0)-N((014alk)(1)2, - Pfgliﬂ" ;%gcylclﬂi”(lyl
coa y

10-0(=0)-NaC1l4a Wﬁ?&%’?‘% A °Rﬁ4’ ﬂ%cfffﬂb%ﬁ’&ff dﬁi(ﬁf
-N((014a|kYD(c5¢wgma9|ammmammx)g@mwkyed.gt(@@w sﬂsacmanwab@mw with -OH,
-0-(C1.6)haloglkyl, :%lieé)sé% & athiziiis Al Qb enavsrein erch aidhenasyl RRAATet is

optionally substitut alkyl: an N(R8)RY, -0- )-N(R8)R9,
S02-N(RE)R9. ?‘tﬁ%’s‘év A e P ¢ kyrsféﬁ%e%m%g%%& MR 62

-(C1.5)alkylene- O@@@)Mﬂ"&)ﬂg?(ﬂ?ewii Bahieirass 0eAiRRe RO cizeviHIerciawnelt@maikylene is
optionally substitmvxéitlfhé RE2-NehativemsNengh M@@Nmmm&rae&bbe@t%alkyh halo,
(03.7)cycloalkyl , Cﬁe (}\1 %%I (C143;3§3 hgcrésnaacgclo I&K} b he éca o

-N((C14alkYI)(C3- cyc &S h Gach instance In ependently selected

from H, (C1)&ky| aFévi{Es. ﬁ‘)*ae/e@éﬂ(yrpmw RSIA @é@ﬁ%i@éﬁ@é\iﬁa@ﬁéﬁ@@mﬂﬁw&w from R7, -0-
(C1_6)alkyl, -(C1.83aiksyleme- RémtpildRiak{ien)ol Ri63-a1{a 0)Rd AT anebic{zO YukR8 B tiswherein RT

and R8 are as def ached, are
linked to form a 4%%%%%5@%&%@%@0@?’ {}2‘1 %g,%%} %%%&%éyoﬁ%%?r# gt1r2)619é>’$1é’\{eﬁ%atoms each
independently selEREPHoRN B @‘%t?é?éiﬁké‘am 'F%[‘é?é%@r?f‘?ﬁ‘d? WRipaRIeRtly and where
possible, exist in anmxitlizeHsHIY stdhatap issfsitgat Nhandedrit=80RNA psifweraxygRaRaioms to form
the groups S3 or 3Q ? wherein the heterocycle is optionally substituted with 1 to 3 substituents
each independently selected from (C)alkyl, (C1_6)haloalkyl, halo, oxo, -OH, SH, -0(01.6)alkyl,
(034cycloalkyl , -NH2, -NH(C15)alkyl, -N((014alky02, -NH(C3_7)cycloalkyl,
-NUC1- 4)a|kyO(CiT A yelsddkyterCeE03(0anG Fpksifia Roti-NEIC{redir(enisiaikyigh reeriteaand R3b are
Sﬁ'(?étff flLorlr)w( o r}m | g@%n&l&ﬁéjﬁ&ﬁaﬂf}ﬁr'%scﬁﬂdﬁeﬂ m@aasalgwa?m)é(%ﬁgtgﬁ;%loaltﬁyg “62
- alky oa m or tri-substituted wi
wherein R51 is (Cq}\é ﬁ(ﬁi (ngly.'(f\l'g F(tgl aﬁ&%fﬁ ]9:?/3 Poeyrnﬁer&fefafkyparyl Het or
(01..6)alkyl-H#t, e@@nmmanﬁw@mﬁamlfy%@wﬂm@wm@ppfeyame(@ssmgbﬂ@aw or
(01.8)alkyl-(C3dcyelomaisa AReLiRSA s Ind.NESa Bineinabiol 6 ialkukdisdcupiaatiyl, ary
(01..6)alkylaryl, Het 055%54 6)% k¥ﬁ< et S |d S‘ W) %a eattg w‘%(o to allfy (1% gstllutt?\%\ggh (01.6)alkyl
cyclo y e)a

or 0-(01.6)alkyl; R cyc oa aryﬁm aryl Het or
(01.6)alkylHet; beﬁ?ﬂ“@bﬁ@ﬁﬁﬁf}/‘§f?6§ﬁiwf§3:{%ﬂhnlat6hm%ﬁjé}ﬁ‘?§"§éﬁiwlrﬁépéﬁﬁ@l‘&lfﬂselected from
halo, (C1.6)alkyl, (Girsibadoaliyt, K3, 2)oycleaikyly, -Did, 73H04mtbod 13S-(014alkyl and -N(R8)R9;
wherein 128.and R9 are as defined above; and Het is a 4- to 7-membered saturated, unsaturated or
aromatic heterocycle havmg 1 to 4 heteroatoms each independently selected from O, Nand S, or a 7-
to 14-membered S¥fRHeH: ﬁﬁ%ﬁlﬂ%@éﬁ%%ﬂé%t@%ﬁ%ﬁ%?@@%%ﬁI‘@Wherever possible 1 to 5
heteroatoms, each independently selected from 0, N-g >Odierein each N heteroatom may,
independently and where possible, exist fh an oxid tate such that it is further bonded to an
oxygen atom to form an N-oxide group and wherein eaeR S hateroatom may, independently and where
possible, exist in an oxidized state such that iftis furtiier bofided to one or two oxygen atoms to form
the groups SO or SOZ2; or a salt or ester thereof. In a firs ect, there is provided a compound of
formula (I) and an isomer, racemate, enantiomer or diag¥éreorRer theyeof. lea wherein:

wherein R? is an optionally substituted aryl and R® is an optionally substituied (Cs.
7)cycloalkyl or aryl which are useful for the treatment of Hepatitis C virus infections.
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X is selected from 0 and S; R2 is of the formula: (I) a21R21 wherein R21 is H or CF3, and R2 is
selected from; (b)-(C1_3)alkylene-R7; wherein R7 is Hetl; wherein the Hetl is a 5- or 6-membered
heterocycle containing 1 to 4 heteroatoms, each independently selected from N, 0 and S, or Heti is a
9- or 10-membered heteropolycycle containing 1 to 4 heteroatoms, each independently selected from
N, 0 and S; wherein each N heteroatom may, independently and where possible, exist in an oxidized
state such that it is further bonded to an oxygen atom to form an N-oxide group and wherein each S
heteroatom mayg iW&deently and where possible, exist in an oxidized state such that is further
bonded to one orlt'wo oxygen atoms to form the groups SO or 302; wherein the Heti is optionally
substituted with TheorBesapsHifFEsE CBICN 88 GENEEFRNP S SfRBGTHOAT harLyaigomastiitno, -OH,
0-(01.6)alkyl,(C3gesioatkylpoinzasy HiGadalky oMbt Gdtoxsioaling o MECist)adkiyd) (b iT ) cycloalkyl,
-N((C1.4alkyl2, -C(= 4alk 1 I H wherei IS a9 mbered
heterocycle con@&%r%ﬂ fgt%s% ﬁh%&%rﬁg, j’agc%ﬁﬂdqe%g%rﬁfgﬁ%% géfe’é?ﬁé?%% %ﬁy(?%eg%’%y%%s R3b
and R3b are selbSeR IS, WA \ER fthia) afantageiot eopepeuasisivipvispd By ik AisclortizceL 4)alkyl,
-NH(C3Mcycloathkyls IM((€lkalisyh§C38) cyotosiiafi-anicheBlaE 2daitler @dR palgrRBasaro Aarthe-, or
tri-substituted wigh 0:R52. Whereln RAAIS IS IR (G R RaLMLGHANIIAG Beycloalkyl,

aryl, (Cidalkyl-aryl, Het or (C1_6)alkyl-Het, each R51 being optionally substituted with (C16)alkyl,
(C34cycloalkyl JPHRHNSERSITER A B ANGTIPIFR R52 is (Ci_6)alkyl, (C37)cycloalkyl,
(C1.6)alkyl-(C3Mcycloalkyl, aryl, (C1_6)alkyl-aryl, Het or (C16)alkyl-Het, said aryl and Het being
optionally substifyfedwiit(fe nRIANEE 05, 56G1alkyioRR.is §§34cycloalkyl,
(Ci_6)alkyl-(C3.7)cycloalkyl, aryl, (C16)alkyl-aryl, Het or (C1)alkylHet; being optionally substituted with
1 to 5 substituents each independently selected from halo, (C1_6)alkyl, (C1_6)haloalkyl,
(C37)cycloalkyl, -OH, -SH, 4)alkyl, -S-(014alkyl and -Nt118)R3; wherein R8 is independently selected
from H, (Ci_6)alkyl and (03 _7) cycloalkyl; and is indepegpgsntly selected from R7, -0-(C1_6)alkyl,
-(Ci_6)alkylene-R7, -S02-R7, -C(=0)-1R7, -€(=0)0fR7&rid -C(=0)N(R8)1R7; wherein R7 and R8 are
as defined above; or R8 and R9, together with ttle Ahichghey are attached, are linked to form a 4-
to 7-membered heterocycle optionally further cdntainipg 'l & 3 heteroatoms each independently
selected from N, 0 and S, wherein each S heteroatomkthayi-independently and where possible, exist in
an oxidized state such that it is further bonded to one or%wo o&y@@n atoms to form the groups SO or
S02; wherein thgihgterocycle is optionally substituted with 1 to 3 substituents each independently
selected from (C1_6)alkyl, (Ci_6)haloalkyl, halo, oxo, -OH, SH, - O(C16)alkyl, (03_7)cycloalkyl, -NH2,
-NH(C1_6)alkyl, *f{EEEAAMIBLO-AEE3.7)cycloalkyl, -N((Ci_4)alkyl)(C3-7)cycloalkyl,
-0(=0)(C14alkyl RAt: -HIHE @9)-Plidalkgiusstitkdetistia #idd Riharbbiredisatinateit, Riisaturated or
aromatic heterocycle h%_\éig_lgc%stg 4 I}%%,%erg@égmgs, g&%higwudﬁg%ndently selected from 0, Nand S, or a 7-
to 14-membered saturated, unsaturated or aromatic T1eteropo'lycycle having wherever possible 1 to 5
heteroatoms, each indéperfififtKy3BRet&HRom 0, N and S; wherein each N heteroatom may,

independently and whege prSsitlecexst io@opd¥zedskite sueh thatit’is ottt bonded to an

\
oxygen atom to form an N-oxid{ groyp and ﬁl,her in.e CE S heteroatpm may, independently and where
possible, exist in an oxidized s fé)ﬁﬂgﬁefheé it ié%‘??ﬁgy ORde _i5§ ?n’e or two oxygen atoms to form

the groups SO or 502; or a sait GrstottheReiO aReelhd adiytrte theRd, is(Braladettacc8Rpound
having the structure N or thQﬁ@?ﬁwmﬂgéllhagp_q@gaﬁlgé@‘i@%_tgggqgf; In a third aspect, there is
struc e

provided a compound having the ture CF3 oMe or the pharmaceutically acceptable salts thereof.

In a fourth aspect, there is proVltRsain Rolhpotfd iRty tradapgeifeiveelereddrame bharmaceutically

acceptable salts thereof. In a(ifih)axpect theneisprovidekamgoaponad sryingihrgiwiyie CF,
CO3H N Nrk...-OMe

(Cay)cycioalkyt-{Cq5)alkyl, aryl and Het;

wherein the (Cyg)alkyl, (Co)alkenyl, (Cog)atkynyl, (Cyg)haloalkyl,
{Car)cycloalkyl, (Caz)eycloalkyl-(Cyg)alkyl, and (Cqg)alkylene are
optionally substituted with 1 or 2 substituents each independently
selected from —OH, -(C1.¢)atkyl (optionally substituted with
-O-{C,5)alkyl), halo, -(Cys)haloalkyl, (Cs7)cycloalkyl , -O-(C45)alkyl,
cyano, COOH, -NH,, -NH(Cy.4)alkyl, -NH(C;7)cycloalkyl,



or the pharmaceutically acceptable salts thereof. In a sixth aspect, there is provided a compound
having the structure CF3 or the pharmaceutically acceptable salts thereof. In a seventh aspect, there
is provided a compound having the structure CF3 or the pharmaceutically acceptable salts thereof. In
an eighth aspeotzdtmereigprovided a compound having the structure CF3PCT/CA2608/002167 oe rIS m N
1113 or the pharmaceutically acceptable salts thereof. In a ninth aspect, there is provided a compound
having the structure -N CF3 0 COOH .333,--¢3,33NOMe In a tenth aspect, there is provided a
compound having the structure or the pharmaceutically acceptable salts thereof. In an eleventh

aspect, there is provided a co nd havi e structure F3.:)CcCO,H.N | 11 r the
pharmaceutically acceptable ﬁ@@@ﬁégﬁ%ﬁjﬁxg‘iﬂg@ej{@m a’g@aggﬁr? 6?%/%@3 l?;(1Ec%'iﬁfgf(ipound of
formula (1), or a pharmaceutica-apptbbteasdlt or ester thereof, as a medicament. Still another

aspect of his disclosure providgs ghasRaeeuical comprtiioeamplsingadaarapeuscally effective
amount of a compound of formula .Ié{as defir}eb%‘ gbove ora gt?armglgeutically acceptable salt or ester

thereof; and one or more phart’?}LéFé5 ‘F(Eﬁfl)?%c F&&’édﬁaﬁj}’i Fe

?%&%cé?mhg to an embodiment of this
aspect, the plarmaceutical corpbaiticranscordintyiexahisidesclddure-Hadigbuhlly comprises at least

one other antiviral agent. The disclosLge @lshakamigesdhscvaspla pharmassutical composition as

described hereinabove for the treatme, —-8{ epatitjs Cviral 'nT‘E tign in.a mammal having or at risk of
having the infection. A further embodi“r@é“n )%viﬁ%}sy !’;1 rgﬁ%f C%C?l)ta) {ﬁé%g )a épatitis C viral infection in

a mammal having or at risk of having-fH&@felEtions e/ retFst-tdfkprifgadministering to the
mammal a therapeutically effective anmtot-afi-acompasur,pf formula (1), a pharmaceutically

acceptable s&!t or ester thereof, or a Q%EB%mL%J é?%%r)@?é@ﬁ?ﬁggmigd ,ngr’qifgﬁ?%\gﬂ@ﬁother

embodiment involves a method of trea ectioh in a’'ma aving or at risk of
having the infection, the method compliineg atiitinidiEliRerierfifelithmmal a therapeutically effective
amount of a combination of a compouRg©{ famua; (et caplpsmper0tisd)(z agakpatable salt or ester

thereof, and at least one other n%@‘%ﬂ?ﬁ%ﬁ% @%%m%gmimgwt dit%ﬁ)e -%g§m€ §cope of this

disclosure is the use of a compound 0 )"as described herein, or'a pharmaceutically
acceptable salt or ester thereof, for ti@teanfb¥k 8f% hepatitis C viral infection in a mammal having or
at risk of havigg the infection. Aifcifyesradeeethefdineaisdbtiarerdravddest theptiseadfya compound of

formula (l) as described herein, or a @@%@@W@M@%‘?%@@ @yﬁa%gr ester thereof, for the

manufacture of a medicament foy the treatment of a hepatitis C viral infection in amammal having or at

risk of having the infectich. ANBatiorFNERIRemMBPHRRNRI RSN article of |
manufacture comprising a compositiskyrifedtig R r¢al Jdigpatits (YRR Ction; and packaging
material comprising a label whigh ingdi ¢t the « Wi jon.can ho used 4o {reatdafection by the
hepatitis C virus; wherein the co@ﬁ@%ﬁ%ﬁ%p&@s@ combgugﬁ‘é%fo?%ﬁa I)zac;%?)}rlgﬂihg to this

disclosure o8 pharmaceuticallyged8 gfe siakyres is prienaly. sshftifisthsehBddiment of this
disclosure relates to a method sitisttilxtngstiu: beplicattmmibf dudmadidi § EnvHDIS, c(npekyighaiposing the

virus to an effective amount of ;t@‘ gﬂg@@gkmok@f fﬁgg%&[),_@ﬁ d@;s %g %%“ﬁ%@ﬁi’ ypder conditions
' included in thé : ’

where replication of hepatitis C virus Is inhibited, Further inclu e scope of the disclosure is the

use of a compound of formula (Y H6F el oridiErarurioaib Wi ekl Pbrosvardnhashtits C virus.
DETAILED DESCRIPTION OF-WHE&. PWEANTION Definitions

25 R® is in each instance independently selected from H, (C..e)alkyi and
(Csrlcycioalkyl, and

R® is in each instance independently selected from R’, -O- (Cy)alkyl,
«Cqe)alkylene-R’, -S0,-R’, -C(=0)-R’, -C(=0)OR” and ‘
-C(=0)NRYR"; wherein R” and R® are as defined above;

30 -or R® and R®, together with the N to which they are attached,
are linked tb form a 4- to 7-membered heterocycie optionally further
containing 1 to 3 heteroatoms each independently selected from N, O
and S, wherein each $ heteroatom may, independently and where
possible, exist in an oxidized state such that it is further bonded to

35 one or twe oxygen atoms to form the groups SQor SOy;
4



As used herein, the following definitions apply unless otherwise noted: The term "substituent”, as used
herein and unless specified otherwise, is intended to mean an atom, radical or group which may be
bonded to a carbon atom, a heteroatom or any other atom which may form part of a molecule or
fragment thereof, which would otherwise be bonded to at least one hydrogen atom. Substituents
contemplated in the context of a specific molecule or fragment thereof are those which give rise to
chemically stable compounds, such as are recognized by those skilled in the art. The term
"(Ci_n)alkyl" as used herein, wherein n is an integer, either alone or in combination with another
radical, is intended to mean acyclic, shaigit e hetatiryde raaptidkplyaibaldutemathingdf®dm 1 to n

carbon atoms, and includes, RuisiRRHENIIRS Rs SRR BINM IRISRYIIR-REORMIkyPUtyl (n-butyl),
1-methylethyl (iso-propyl), 1-methylpro gl (secé\a%)tyl), -m%thylp{[)(})(l ( o-b%ﬂé, ?J; -dimethylethyl
(tert-butyl), pentyl and hexyl. e MeisA M endids ™t me %?'/ » B deHds an ethyl group,
Pr denotes a propyl group, iP(@eiotesaikitmétiHyl g raisy BiNdéheresd)butyl group and tBu
denotes a 1,1-dimethylethyl grqupc JTUE{E%E&“QWM%‘H@)Pég_l%ﬁ,%lgﬁl@lf‘*dk@@'ﬁﬁﬂ AN integer,
either alone or in combination with another radical, is intended to mean acyclic, straight or branched
chain divalent alkyl radicals cBHPaTh’iH&&“‘r‘%‘(F(\O-ﬂagﬁ’rlbon atoms and includes, but is CHCIH3 | 3CH-C-
13 -C-- not limite*R* G2 RICHR Edtibidt GiirGH Daia dOH 3T heateym- O 2 4@ nytikels 3sgtl herein,

wherein n is an integer,,either alone or | binati ith,anetherradical,isirended g mean an
unsaturated, acyclic stl%% tEor faﬁ'ﬁé@%ﬂ'mﬁ@é@%ﬁ%n two@gﬁ?éai)fggaﬂofnso, atyIZast two
of which are bonded to?88chiéthes@yhzidlouble bond. Examples of such radicals include, but are not
limited to, ethengh (irymdriropenyt B-Qiepeidd anth birfenyl. Unless specified otherwise, the term

"(C2_"Malkenyl" is understood tg.gncompass 10indjvidual sterepisomers.wher ssible, including but
not limited to (E) and (% ‘E?#Hé%s, ‘ér@ﬂﬁﬁ‘d’ﬁ&%@?&%’.%ﬁ%@@ﬁ?&@&@@ﬁﬁ%@ lbstituted, it is
- understood to be ggbsﬁmtgdlmalryy W%Mkﬁdﬂehf%hkﬁ%bqimqh@vm%e fbéat.i&lﬂayidrogen
atom, unless specified \QHH?@{B%#@‘QEt?ﬁ@%%b&'{@“ﬁ |W-lf'@ﬁ “%,gg%;g gahemically stable

compound, such as are fecognize by fhose skilldd in 15the art, The term CZ.)aIIE?/n I", as used
herein, wherein n is anRntéyr;-oRfef Aforecsriarisibinaabvlwitn iRl aarhl 'éﬁii/ﬂkgﬁfded to mean
an unsaturated, acycligsfraightodr branpenesieh) anidamcahaméaiveng bynidadncaibeitatamahat least
two of 20which are borkged&éﬂ( ac%%&er gma}.triple bond. Examples of such radicals include, but are
not limited to, ethynyl, i 1 2PreBYnyY and 1-butynyl. When a (C24alkynyl group is substituted,

it is understood B ks Subseinetdn Gnyakybirs-arisianisyb smviiBhaivicthEetist(Feaplydrogen
atom, unless specified QiRepuisg cpteRANALIRR HURIIMEON Wotil siv.EaR Gt hrrieatiksigble

25compound, such as are recognized by those skilled in the art. The term "(C3)cycloalkyl' as used
herein, wherein m is ar‘f’ﬁ%?@[féjrggﬁhré?i81&(ﬁéﬁzﬁ“fﬁl’ H?iﬁfﬁ%y\i/vf é}‘fgﬁ{%’l%ﬂd’l §|: %’iiht"éﬁ@%d to
mean a cycloalkyl subsfitlieht-8ddtaipaiy froh-8(R' R carzoaaRiasdRtbiecis deSndditivvoeliited to,
cyclopropyl, 300%%&%"%%'-’_% il%%e Ire@@é?un%@’&%%%qg@ gpy%“grngﬂt@ﬁ@emcycle having 1

"(C3Acycloalkyl-( erein, wherein n and m are both integers, either alone or in

combination with anotHerkfgieseatemicirsadneerfsiely sioriedifcamaving e R @rbdA atoms as

defined above which is1itsglEsitestitéad mitthiacircloadivd edieaheab taningp ipoydetavigarbon atoms
as defined above, and includes, but is,nqt limited to, lopr tg

cyclopentylmethyl, 5cy?:hfrhﬁ‘ée>\<'ﬁ];ﬁgﬁ15§% (-chﬁ)c o%?%epr)cl’l%?t%@ﬁ’f%@% ggéra g#@ﬁwgﬁ%ggﬁé{y é%hyl, 2-
cyclobutylethyl, 1-cyclobangetiicretyershtiyiseraiancspHassrangeahtapd Whsshexylethyl. When
a (C34cycloalkyl-(Cidalkyds gieusxistsHiasitiigded it serrtond thatsuRstiuegia may baygdached to
either the cycloalkyl or the a{kyg Portion 'Ehegaof or bothd ualess Sé)aeﬂf?ﬂe?gr‘e%%iseméo The term "aryl"
as used herein, either A5 B S B RITHARHP £06t Cr radiEal I intended o medn a carbocyclic
aromatic monocyclic grodprendentiing e vdadiemessipis ekishmanycisikadripiseehéatdeéond 5- or
6-membered carbocyclig graupndiehanme be Ao Bigtiensatmatediaimeaiwatrb Abd dtsjudes, but is
not limited to, 15phenyl, indanyl, indenyl, 1-naphthyl, 2-naphthyl, tetrahydronaphthyl and
dihydronaphthyl.Oﬁ'ﬁézigﬁﬁegmjf@f?;kylz as used herein, wherein n is an integer, either alone or in
combination with another radical, is intended to mean an alkyl radical having 1 to n 20carbon atoms as
defined above which is itself substituted with an aryl radical as defined above. Examples of
aryl-(C14alkyl- include, but are not limited to, phenylmethyl (benzyl), 1-phenylethyl, 2-phenylethyl and
phenylpropyl. When an aryl-(Ci.n)alkyl- group is substituted, it is understood that substituents may be
attached to either the aryl or the alkyl portion thereof or both, unless specified 25otherwise. The term
"Het" as used herein, either alone or in combination with another radical, is intended to mean a 4- to
7-membered saturated, unsaturated or aromatic heterocycle having 1 to 4 heteroatoms each
independently selected from 0, N and 30S, oral-to 14-rembered saturated, unsaturated or aromatic
heteropolycycle having wherever possible 1 to 5 heteroatoms, each independently selected from O, N
and S; wherein each N heteroatom may, independently and where possible, exist in an oxidized state

such that it is further bonded to an oxygen atom to form an N-oxide group and wherein each S
hatarnatom mav indeneandentivy and where RQEnnccihle aviet in an onvidi7zed otate ci1ich that it ie fiirther



10include, but are not limited to, thienylmethyl, furylmethyl, piperidinylethyl, 2- pyridinylmethyl,
3-pyridinylmethyl, 4-pyridinylmethyl, quinolinylpropyl, and the like. When a Het-(Ci.n)alkyl- group is
substituted, it is understood that substituents may be attached to either the Het or the alkyl portion
thereof or both, unless specified otherwise. 15 The term "heteroatom” as used herein is intended to
mean O, S or N. The term "heterocycle" as used herein and unless specified otherwise, either alone or
in combination with another radical, is intended to mean a 4- to 7-membered 90saturated, unsaturated
or aromatic heterocycle containing from 1 to 4 heteroatoms each independently selected from 0, N and
S; or a monovafissit aapkchl thervisd sy idan et oPaURjdbigen deoit aneraf spmEXEAsEeaef such
heterocyclesinsliddarRiiiaadiab maited tagazetidine, pyrrolidine, tetrahydrofuran,
tetrahydrothiophene, thiazolidine, oxazolidine, pyrrqle, thiophene, furan, pyrazole, imidazole,
isoxazole, 250xazole, isothiazole, thiazole, triazole, tetrazole, piperidine, piperazine, azepine,
diazepine, pyran, 1,4-dioxane, 4-morpholinex4-thiemorpRdlihe, pyridine, pyridine-N-oxide, pyridazine,

pyrazine, pyrimidine, and the following heteroc ---N fi-N N $ /N s /NNN and and saturated,
unsaturated and aromatic derivatives there@f.-30~IH€ te m™heteropolycycle” as used herein and
unless specified otherwise, either alone or in combBigatign with another radical, is intended to mean a
heterocycle as 10 WO 2009/076747PCT/CA20080 e iped above fused to one or more other
cycle, including a carbocycle, a heterocycle or any other cycle; or a monovalent radical derived by
removal of #P§igBgen atom therefrom. Examples of such heteropolycycles include, but are not limited
to, indole, ispindelecRenzmidazles benzothiophene, benzofuran, 5benzodioxole, benzothiazole,
quinoline, isgguinpfine, na lht_hyridine, and the following heteropolycycles: and saturated,
unsaturate ﬁ%ofrtgﬁ{éﬁrig'ggrivatives thereof. 10The term "halo" as used herein is intended to mean a
halogen substituent selected from fluoro, RHloro, bromo or iodo. Th&term "(CiAhaloalkyl" as used
herein, wherein n is an integer, either alorje or in combination with anothey radical, is intended to mean
an alkyl radical having 1 to n 15 carboryat as defined above y el ohe or more hydrogen atoms
are each replaced by a halo substituenf. Examples of (014haloal ude but are not limited to
chloromethyl, chloroethyl, dichloreéthyl, bromomethyl, bromgdthyi;~ditromoethyl, fluoromethyl,
difluoromethyl, tri_fluorp_methyl, fluoroeth%l and difluoroethyl. 20The terms "-0-(C14alkyl" or
"(ClaalkoxyVesaiR & Herdier inforaishgedbRE!aefdiAT is an integer, either alone or in combination
with another radicab)is intepdggitgignear’ an oxygen atom further bonded to an alkyl radical having 1 to
n carbon atoms as defined abave. £x les,of -O-(C1L)alky! include but are not,limi methoxy
(G130, ethory (CHICHITT Bicpaks TS RB B0 L 1 marryibiss T e gl
25(CH3)2CH-0-) and 1,1 &fiffeipiethiexd teserasiens:; e dnderendantheseiastest{om Malyl radical is
substituted, it is understogdd ber uhstiduied omthenémblicy eastio fgtrobohhsniagmso 4
"-S-(Ci..n)alkyl" or "(O[4alkylthio" as used herein interchangeably, whereinq 30n integer, either
alone or in combination wﬁéeéﬁ%&%@?’rga?@dﬂ% ?ﬁpeaﬁe@é& ‘cfg scled e 3

S a
mean an sulfur a pm’fﬁﬁ[%rg%onded to an
alkyl radical having 1 to negatbrheteivaien delinedeisndsniixanthtdwest Pesenruigyinrlude but are

propyIio (CHICHZCH2S. LTl NSUMIN (SOOI, (CHSI BT AL L ety

propylthio ), 1-m ethylthio (isopro , -S-) and 1,1-dimethylethylthio

(tert-butylthio; (CH3)3C-S€35?.W&e-é[?&?gﬁ!(wﬁ?ﬁ@aﬁ%&§1h(%>t<?8? Ay a{i%e%gpe%wysuch as an

-S0-(C1.n)alkyl radical orzmi-802€Gdsalzitkydriathcaln ialibstisicde sealthat Buldbestood to be

substituted on the (C34alky|,ReriRnHese Rl e JeRBiomOiAs S B I%;\gg'tggig@ggrg@zq to mean an
ond

oxygen atom attached to a carbon atom as a substituent b%/ a double =0). 10The term "thioxo"
as used herein is intendetY6 AR APF A €015 nrtionalsuratitied Wb P aisHPaLPe%Rtlent by a
double bond (S). The terrmdepiraleatuseeddret dionshalte ngeddoonme amindNigroup attached to a
carbon atom as a substitugpt oy 1Q§;u_ e Bond (NFD. 15-The tarm, ayang. ofiN" sed herein is
intended to mean a nitrogeneatBerE a téchéd&'?r}a carb%hggfb;?ngtt?y a tﬁble bond @N@y’
' -NH(Cs.7)cycloalkyl, -N({C1..)alkyl}(Cs.7)cycloalkyl, -N{(Ci-s)alkyls,
-NH-C(=0)(C,.4)alkyl, (Cyg)alkyl and Het2, wherein the Het2 is a 5- or
6 membered heterocycle containing 1 to 4 heteroatoms, each

independently selected from N, O and S;
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The term "COON" as used herein is intended to mean a carboxyl group (C(0)-0H). 20It is well known
to one skilled in the art that carboxyl groups may be substituted by functional group equivalents.
Examples of such functional group equivalents contemplated in this invention include, but are not
limited to, esters, amides, imides, boronic acids, phosphonic acids, phosphoric acids, tetrazoles,

triazoles, NRicRS afagrRieerere BripdSOPNR alang™ Eoylsliibn&hideS(RcENMSO2R). 25 The term
functional group equivaleRiHASSRS, PRIRIN iINEeNded i Mpanan RNy GIoMPdbakpnay replace
another atom or ggj[gda which has Ti_milar electronic, hybridization or bonding properties. 30The term
"protecting group” (B¢ haREM i intended to mean protecting groups that can be used during
synthetic trakfssoRT atiom-irdiuding-sukstioitichitét @-B%amples which are listed in Greene, "Protective

Groups in Organicm%gpém:ﬁsy';s t]@hga\{w[?)(cﬁ i@#ﬁlMW(E%%W*%%&%QIS@W)&%Fnt editions

thereof, herein incorporated by teférence. 35 The following designationis used in Sub-formulas to

indicate the bond Whiel?li/carhdietarieatbycttRamidrechringsRdnRRYY Shsikigr ¢k thereof as
used herein is inteqreleshiRyMERD)apcAMG anHNL Rage Gadiisaaalt aha compound according to the

invention, including But not limited harmaceuticall eptable salt thereof. The term
"pharmaceutically%cc'éé%ﬁé&gnﬂ%iﬁgg%&fé%&@ an’%r@ﬁéﬁﬁc SR aé%ﬁo&" %(?)kr#bao%lhd according
to the invention whiet és (Githatkithdlet sédefrgamtHedbeid zabjistgiyestb siifistdslevithr (Gse in contact
with the tissues of Rumaps&Rg, IowgRyanimals without undue toxicity, irritation, allergic response, and
the like, commensurate with a reasonable benefit/risk ratio, generally water or oil-soluble or
dispersible,Rant§ éﬁéd%‘?aP‘Meiﬁfﬁ@‘l%&%g&y?'ﬁé“fé%n?fiﬂcm@éﬁﬁ)(éﬁﬁ’éc@ﬁﬁéﬁl@a@é&{ab|e acid
addition salts and plegreiag usisidhahecceptallecbaseradditioh salistitdohistsahsitzblengattyare found
in, for example, S.M. Ber .. Pharm,. Sci, 197 PR 1+ ini rRerated reference.
The term "pharmacszgﬁﬁg% I?/{ga;g?]é%gélﬁéﬁli:g:?g)i’ddcﬁﬁgﬁ?%g?ﬁ%fé %@&éigpé%!r@é i?t%en ed tc?)d ee}e{m those
salts which retain telibotSgiCak sltetarentéBARY phsseiies of the 20free bases and which are not
Eiocllogi(r:]zillly QE gtcjhﬁrf;é/){jé%d @Hglgggge{gdf@#mqq mytg)gualygamq@%gi@}_}a_@m@n@h@t not Iimited_ éo .

ydrochloric_acid, robromic aci urig-acid, sulfamic acid, njtric acid;phaspheric acid and the
like, and or&ﬁ?c@%%&fri‘ﬁgﬂfgiﬁaﬁ%ﬁ?? ffg'iol%i ed 6@&'@%’? gﬁ:i%gfﬁ? uIL gggé%c g%:?%"gdipic acid, ascorbic
acid, aspartic acid;Be2eRas@HeMOR idfenSGOMR’ Ritywbeiein, RamphBliceries gined
camphorsulfonic agjgginnamic acid, citric acid, digluconic acid, ethanesulfonic acid, glutamic acid,
glycolic acid, q%xceropgosghoric acid, hemisulfic acid, hexanoic acid, forrpi(‘éﬁaﬁid,e{umari acid,
2-hydroxyeftaie80fonic BeNGETbHIE Noidy Vet d s 8 hylRsGTaRorc RERE IRARESEiE; Malonic
acid, mandelic acid;mesityted dmiforigcicohtmethahetufordotacithon phtb dieteesaléorceacid, nicotinic
acid, 302-naphthalgpesullagie,Acileoialifaieich pamale as/dwhsinie asids Phapuagsiic

3-phenylpropionic acid, pivalic acid, propionic acid, pyruvic acid, salicylic acid, stearic acid, succinic
acid, sulfanilic acid"tSREREEAMH 2BoN s e SeRRHea Gt e idest iRl ket
2009_/0_76_747PCT/@Aﬂé}Oﬁjﬁaédﬁ)?oﬁheate_vm 5p@m®eﬁiﬁﬂ¢m&eg@bt&l&ﬁ$@m@ﬂion sz_allt" as used
herein is intgpdegk{oeaR diasecRalis viRshinlpBIbe RIRROlgR) eifevaness.aRiacRaies of the
free acids and which are not biologically or otherwise undesirable, formed with mo(rﬁ%nlc bases

including but not lifABEERFERTM SRISEFIHERY dfoxildvbathonR ok Bbitalh didte HantHonium or a
metal cation such agGogili, pBtassjamy ittty colaiyn -Niag PRSI JakY], ZIREGQRte)nanganese,

magnesiom salt. SIS A AL BLCBRe o dmcit et HACks inciade but

are not limited to sHt&-6FPrithrary@!s¥edRdary, and tertiary amines, 10quaternary amine compounds,
substituted g@ines inchuring natialysasewanaghsahptitedast arinas: BXeio Ak as \agl basic
ion-exchange resins, such as methylamine, dimethylamipg, trimethylamine, ethylamine, diethylamine,
ethylamine. iopTEASTAATIE SO TR B A e et olamine.
2-dimethylaminoethémotnibelietrsaturatast gl dieg cloamaiim e BIgkRYs clngiinge, histidine,
caffeine, hydrabamyng /e !§ogsBRIAIRE sHBURIAIRNNRNGHIEORAIERRY SaidalHeANTNR,
theobromine, purines gli;ﬁerazine, iperidine, Nethyl %&)eri%ine,t trr%[?et | mmoniurr%icompounds,
tetraethylammoniuﬂ’?% ‘%%ﬂﬁ&?gigiamgf%?ﬁ%l#ﬂg yIARRRTECRT ?Hﬁ%ﬁ?ﬁ%"ﬁoﬁ’ﬁa?i S,
N-methyl_morpholir@giﬁiiry_amh?édgdmm_dMnWﬁMWWWNNMW@WMWﬁEEOl-ephenamin(_e,
20N,N"-dibenzylethylenedinming. BRIVABIREIESIER 2aeasikeoBrRRiGH REsiERA W gARIC nontoxic

bases are isopropylamine, diethylamine, ethanolamine, trimethylamine, dicyclohexylamine, choline,
and caffeine. The EAFCRIRTRIRC RGP L ALY Fierdiialeishandoatih meheRPELEE 1B PE%8 ompound
according to the invention in which any of the -COOH substituents of the molecule is replaced by a
-COOR substituent, in which the R moiety of the edr is any carbon-containing group which forms a
stable ester moiety, including but not limited to alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl,
arylalkyl, heterocyclyl, heterocyclylalkyl, each of which being optionally further substituted. The term
"ester 30thereof' includes but is not limited to pharmaceutically acceptable esters thereof. The term

"pharmaceutically acceptable ester" as used herein is intended to mean esters of the compound
acrcordinn to the invvention in which anvy of the COON! crithetitiiente of the maoleciile are renlared hy a



of Prodrugs, Bundgaard, H. Ed. Elsevier (1985), herein incorporated by reference. Such
pharmaceutically acceptable esters are usually hydrolyzed in vivo when injected into a mammal and
transformed into the acid form of the compound according to the invention. With regard to the esters
described above, unless 10otherwise specified, any alkyl moiety present preferably contains 1 to 16
carbon atorivé? MBS P AIeENaLN Mo Becarpért &t6hes S&hy aryl moiety present in such esters preferably
comprises apheRyby e tHrpanticular the esters may be a (C116)alkyl ester, an unsubstituted benzyl
ester or a benzyl ester substituted with at least one halogen, (C1.6)alkyl, (C14alkoxy, nitro or
trifluoromethyl. 15 The term mammal” as used herein is intended to encompass humans, as well as
non-humanimrragaenatseorsichtzate suseddabropfetdbavivy REFENERE virus. Nonhuman mammals
include but are not limited to domestic animals, such as cows, pigs, horses, dogs, cats, rabbits, rats
and mice, and non-domestic animals. 20 The é:i"ng)"treatrg@m" as used herein is intended to mean the
administration of a compound or com@’t‘@itio according to the present invention to alleviate or
eliminate symptoms of the hepatitis C diSeas 0 meducs

"treatment” also encompasses the administfgtion of amepmpound or 25composition according to the

of the diseagey,apcianiorndg ihedetagtienefibrafirus in the blood, to prevent the appearance of
symptoms of the disease and/or to prevent the virus from reaching detectible levels in the blood.

30The termitiarthivir abpeperite@suseddedrerpispmtenbiadedhmetivciireagent that is effective to inhibit the
formation and/or replication of a virus in a mal, including but not limited to agents that interfere
with either host or viral mechanisms nece : riaition and/or replication of a virus in a
mammal, 35 The term "therapeutically effectiy, ) £
to the invention, which when administeréd to a patient injnederthereof, is sufficient to effect treatment
for disease-states, conditions, or disofdé&rg for which U;@ Apounds have utility. Such an amount
would be sufficient to elicit the biologic‘él—éﬂr medical respgrse of & tissue system, or patient that is
sought by a researcher or 5clinician. The amount of a cggpound according to the invention which
constitutes a therapeutically effective amount will vary depending on such factors as the compound
and its biolagitel petividye thesbomeepsaesaisetidmohdministration, the time of administration, the route
of administration, the rate of excretion of the compound, the duration of the treatment, the type of
disease-stal® DU ARG ForrRAied Zres LeVage &%&téuﬁ%'é‘:ﬂ in combination with or
coincidentally with the compounds of the inventign, and the age, body weight, general health, sex and
diet of the patient. Such a therapeutically effectiug amount-ean be determined routinely by one of
ordinary skill in the art having regard tq their own _kno @ ge, fhe state of the art, and this disclosure.
15 Preferred embodiments In the foll&@gﬁg preferre(ﬁ: embogimet , groups and substituents of the
compounds of formula (Q. ,COOH R3Nr.R5 R3b ORs0 2( é‘esé[ibed in detail. X: X-A: In one
embodiment, X is 0. X-B: In another embodiment, Xis S. 25X-C: In another embodiment, Xis 0 or S.
Any and each individual definition of X as set out herein m&yi®e combined with any and each
individual de]fjgitiog gf Rc%uﬁm%?y BZILCZ% t]a'\ e53”a S%R RS and R6 as set out herein. R2: R2-A: In one
embodimen?, 5 IS et or aryl; optionally sutbstl%u?ed with 1 to 5 R2 substituents, wherein R2 is as
defined herein. R2-B: In another embodiment, R2 is Het wherein Het is a 5- or 6-membered 5
heterocycle containing Ito 3 heteroatoms each independently selected from 0, N and S, or a 9- or
10-membered bicyclic heteropolycycle containing 1 to 3 heteroatoms each independently selected
from O, N and S; wherein Net is optionally substituted with 1 to 5 R2 substituents, wherein R2 is as
defined herein. 10R2-C: In another embodiment, R2 is Het wherein Het is a 5- or 6-membered
aromatic heterocycle containing 1 or 2 N heteroatoms, or a 9- or 10-membered bicyclic
heteropolycycle containing 1 or 2 N heteroatoms; wherein Het is optionally substituted with 1 to 3 R2
substituents, wherein R2 is as defined herein. R2-D: In another embodiment, R2 is Het selected from
the following formulas: wherein Het is optionally substituted with 1 to 3 R2 substituents, wherein R2
is as defined herein. 20R2-E: In another embodiment, R2 is Het selected from the following formulas:

gans an amount of a compound according
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wherein Het is optionally substituted with 1 to 3 R2 substituents, wherein R2 is as defined herein.
25R2-F: In another embodiment, R2 is Het of the formula: wherein Het is optionally substituted with 1
to 3 R26 substituents, wherein R2 is as defined herein. R2-G: In another embodiment, R2 is of the
formula: R21 5wherein R21 is as defined: R21-A:In this embodiment, R21 is selected from H, halo,
(C16)alkyl, (CAT6) Rars e EredIeYERENSAERRY 10 TeYISHBFCHIKGI'R 21-B: In this embodiment, R21 is
selected from H, ClI, Br, CH3, CHF2, CF3, cycjepropyl, cyclobutyl and -OCF3. 10R21-C:In this
embodiment, R21 is H, CHF2, CF3 clo SR24-D:Ai?4his embodiment, R21 is H or CF3.
R21-E:In this embodiment, R21 is %% or CF3y Rthi embodiment, R21 is CF3; and R2 is as
defined herein. 15 Any and each individual definition of R21 as-sétout herein may be combined with

any and each individual definition of X, R20, R3xde, @gand R6 as set out herein. R2-H: In another
embodiment, R2 is a group of the formula: CP, 20 w n R2 is as defined herein. R2-1: In another
embodiment, R2 is naphthyl or phenyl, the phenyl being optionally substituted with 1 to 3 R2
whereinR2@ishadcefiredihengincceptRie dalts retanfiother embodiment, R2 is phenyl optionally
substituted with 1 to 3 R2 25wherein R21) is as defined herein. R2-K: In an alternative embodiment,
R2 is a grolpot tHATRRE: R PR WHEISFRPPUNIRI QI S WeiRed herein, R2-L: In another
embodiment, R2 is a group of the formula: R2 SCFheJein RZJ&@s defined herein. R2-M: In another
embodiment, R2 is phenyl or Het, all being optionally Subgtituted/with 1 to 3 R2 substituents, wherein
R2 is as defined herein; and Het is Beretiar icoheterocycle containing 1 or 2 N
heteroatoms, or a 9- or 10-membered.pieyclic heteropolygv&@‘ﬁtaining 1 or 2 N heteroatoms.
10R2-N: In another embodiment, R2 is phenyl or Het wherei is selected from the following
formulas: N; wherein R2 is optionally substittted with 0'3.R2 substituents, wherein Rai 15is
as defined herein. R2-0: In another embodiment, R2 is phenyl or Het wherein Het is selected from the
following foanulasnaimasedefinedcbereine R<Rnhdreyet another alternative embodiment, R2 is selected

from the group: R21R" R20 and R20---;-'N wherein R21 and R26 are as defined herein.
in a seventh aspect, there is provided a compound having the structure

CF,

CO,H
=N © ? —~OMe
N =N

F N
o}

OMe

1110 A\O\

or the pharmaceutically acceptable salts thereot.

Br

tn an eighth aspect, there is provided a compound having the structure

or the pharmaceutically acceptable salts thereof.

in a ninth aspect, there is provided a compound having the structure

/
—N
s CF,
i N>

S

| Obie
ot
Ohlte
1147 &

or the pharmaceutically acceptable salis thereof.

o} COOH
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5R2-Q: In yet another alternative embodiment, R2 is selected from the group: ?F, and R2N wherein
R26 is as defined herein. Any and each individual definition of R2 as set out herein may be
combined with any 10and each individual definition of X, R20, R3, le, le, R6 and R6 as set out herein.
R20-A: R20-A:In one embodiment, R2 is selected from: a)halu, Leycitiu or nitro, 15b) R7,
-C(=0)-R7,-S-W,-S02-127, -(C1.6)alkylene-127, -(C1.6)alkylene-C(=0)-1e, -(C1.6)alkylene-C(=0)-0-le,
-(Cl4alkylene-0-127, -(C1,6)alkylene-S-W, -(Ci_6)alkylene-SO-R7 or -(C1.6)alkylene-S02-R7; wherein
le is in each instance independently selected from H, 20(01.6)alkyl, (C2.6)alkenyl, (C2.6)alkynyl,
(C14haloalkyl, (03 Belictepgky/theasisnympidea kgR{DLBYANRYINGE sifitt¥et; wherein the (C1.6)alkyl,
(C2.6)alkenyl, (C2.6)alkynyl, (C1.6)haloalkyl, (C3&)cycloalkyl (C3.7)cycloalkyl-(C1_6)alkyl, and
(C1.6)alkylene are optionally substituted with 1 o peach independently 25selected from
-OH, -(C1.6)alkyl optionally substituted with -0- )a&zﬁ 6)haloalkyl, (C3.7)cycloalkyl ,

-0-(C1.6)alkyl, cyano, COOH, -NH2, -NH(C1_@)a yI ENH(C2 cloalkyl,
-14((01.4)alkyl)(C3.7)cycloalkyl, -N((C14) yI aryI Het, -(C16)alkyl-Het; and
wherein each of the aryl and Het is optional bstltute h Ito 3 substituents each independently

selected from: i) halo, cyano, oxo, thioxo, imino, -OH, -0-(C1.6)alkyl, 5-0-(C1.6)haloalkyl,
(C3.2)cycloalkylo(theanararsiticelp-reetable raly/inemoR (aL6)alkyl, -C(=0)-NH2, -C(=0)-NH(014alkyl,
-C(=0)-N((CidalkY1)2, -C(=0)-NH(C3.2)cycloalkyl, -C(=0)-N((01,0alkyl)(C34cycloalkyl,
-NH2, -NH(C14atigyt, elatit@rkel RO R is Nid(@ed 2 royabosiid/havitg te-ayedkor® (C34cycloalkyl or
-NH-C(=0)(C14alkyl; ii) (C15)alkyl optlgnglly sugﬁtltuted with -OH, -0-(C1.6)haloalkyl, or -O-(C16)alkyl;
and iii) aryl or Het, wherei ach r dd—let is optionally 15substituted with halo or
(Cl)alkyl; and c) -N(R8)R9, -C(=0)-N(R8 O 8 -S02-N(R8)R9,
-(Ci_s)alkylene-N(R8)R9, -(C1_ 6)alkylene-\Cf—\05 (RSR )&lkylene-O-C(=0)-N(R8)R9, or
-(01.6)alkylene-S02-N(R8)R9; wherein the(& 6)alkm§@ptlonally substituted with 1 or 2
20substituents each independently selected from -Q 1)alkyl, halo, -(Ci_a)haloalkyl,
(C34cycloalkyl , -O-(Cl)alkyl, cyano, COOK, -NH2, -NH(C14)alkyl, -NH(C3_2)cycloalkyl,
-N((C14alkyl)(CB‘FZS‘@%W&IWP%*ENQ@E@B‘&IR?‘is)ﬁ‘,eref’f- R8 is in each instance independently
selected from H, (Cim)alkyl and 25(C3_2)cycloalkyl; and R9 is in each instance independently
selected from RAndih¢Caspatiyl H{i€ Hit)jatkyteperR¥ss 8 @2:RGUE(eDikRWIECG(FO)GR7 and
CCONRERT, waeteln i AfLRA A s de iped abauscor BEARdRSagether with the N to which
they are attached 30are linked to form a 4- to 7-membered heterocycle optionally further containing 1
to 3 heteroatoms each independently selected from N, 0 and S, wherein each S heteroatom may,
independently asdivinetegpaspiate peiist disensuxidireddtate shmimtat ifds! feothesdiitorded to one or
two oxygen atoms to form the groups SO or SO2; 35wherein the heterocycle is optionally substituted.
with 1 to 3 21 substituents each independently selected from (C1_6)alkyl, (C1.6)haloalkyl, halo, oxo,
-OH, SH, (C34)cycloalkyl , -NH2, -NH(01.4alkyl, -N((C1.6)alkyl)2, -NH(C3_7)cycloalkyl,
-N((C14)alkyl)(C34cycloalkyl, -C(=0)(C16)alkyl 5and -NHC(=0)-(C14alkyl. In another embodiment, R2
is selected from: b) R7, -C(=0)-R7, -C(=0)-0-R7, -(C1.6)alkylene-R7, -(C1.6)alkylene-C(=0)-R7,
-(C1_6)alkylene-C(=0)-0-R7, -(C1.6)alkylene-O-R7, -(C1_Oalkylene-S-R7; wherein R7 is in each
instance independently selected from H, 10(C16)alkyl, (C2.6)alkenyl, (C2)alkynyl, (C1.6)haloalkyl,
(C327)cycloalkyl, (C3.7)cycloalkyl-(C1.5)alkyl, aryl and Het; wherein the (C14alkyl, (02.6)alkenyl,
(C2_6)alkynyl, (Ci_e)haloalkyl, (C34cycloalkyl, (C3_4cycloalkyl-(Cl.e)allwl, and (Ctz)alkylene are
optionally substituted with 1 or 2 substituents each independently 15selected from -OH, -(C18)alkyl
optionally substituted with -O-(C16)alkyl, halo, -(C1_6)haloalkyl, (C37)cycloalkyl , -O-(C1)alkyl, cyano,
COON, -NH2, -NH(C14alkyl, -NH(C34)cycloalkyl, -NUCl4alkyD(C3-7)cycloalkyl, -N((C14)alky1)2, aryl,
-(Cl4alkyl-aryl, Het, -(C1_6)alkyl-Het; and
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20wherein each of the aryl and Het is optionally substituted with 1 to 3 substituents each
independently selected from: i) halo, cyano, oxo, thioxo, imino, -OH, -0-(C1.6)alkyl, -0-(C14haloalkyl,
(C34)cycloalkyl, (C1.6)haloalkyl, -C(=0)-(C14alkyl, -S02(C15)alkyl, -C(=0)-NH2,
25-C(=0)-NH(O14alkyl, -C(=0)-WC14alk1/1)2, -C(=0)-NH(C34)cycloalkyl,
-C(=0)-N((C14alkyl)(C34cycloalkyl, -NH2, -NH(C1_4)alkyl, -N((C14alky1)2, -NH(C34cycloalkyl,
-N((C14alkyl)(C34cycloalkyl or -NH-C(=0)(C14alkyl; 30ii) (C16)alkyl optionally substituted with -OH,
-0-(C1.6)haloalkyl, or -O-(C16)alkyl; and iii) aryl or Het, wherein each of the aryl and Het is optionally
substituted with ¢uatpsiiG 2efaiaieatichty sRERBIRANACT B)alkyrepeuN{REfaPg s (1) as
-(CL.6)alkylene-GUrQ)NRRRS 35 G4 RIy lene RGN D RBRA WS e (1 _S)alkylene

is 22 optionally substituted with 1 or 2 substituents each independently selected from -OH,

-(C16)alkyl, hald"o(e PhFRRsaH ety 3oFfRRRIARBIINe!®-(C 16)alkyl, cyano, COON, -NH2,
-NH(Cl4aIkyI -NH(C3.7)cycloalkyl, -N((014alkyl)(C34cycloalkyl and -NaCl4alkyl)2; R8 is in each

nstance indepepdenilyceiecie iamiudCIOIL A (G wloslidapuspadsdiTined as 7

wherein R7 is as defined above; d R9, together Wlth the N to which they are attached, are
linked to form a @Pcﬂf@”ﬁ@h%%P&T'H@f&%é%@"ﬁ%ﬁﬁﬂﬂ}sﬁﬁﬁ{é‘?aﬁEﬁﬁfﬁnﬁh@”&"f@?H%‘E&roatoms each

independently selected from N, 0 and S, wherein each S heteroatom may, independently and where

possible, exist inyan pxiized 3@%&%&% I1ds 41 BRL RANAEELLD QRGOLHNP LVELARIPMS to form

the groups SO or SO2; wherein the heterocycle is optionally substituted with 1 to 3 15substituents

each mdepende*l‘ﬁlﬂ?@é‘l%%‘f@é%g?ﬁ [GEAEGS Eéf%?ﬁmﬁa(ﬁ(y’lr 315598 "SI ABRVIE Blky !,
-S(C16)alkyl, (C3t rigcytloaliyd thélidzciiNi (C1.6)alkyl, -N((C14alkyl)2, -NH(O3.7)cycloalkyl,
-N((014alkyl)(C3-7)cycloalkyl, -C(=0)(C1.6)alkyl and -NHC(=0)-(C1.6)alkyl. 90R20-C:In another
embodiment R29 is selected from; b) R7, -(C1.6)alkylene-R8, -(C1. ésekylene -O-R7,
-(C1.6)alkylene- AT pakadimenidnypluaeA mebartel #ﬁ?éﬁ@ﬁéé?w fedral from H, (C1.6)alkyl,
(C1.6)haloalkyl, ifEaticycioalkydn{faadieydlaptkdi(Gk. 6) alkyih atlyt anfddtet, 2@vhetfeid the (C1_6)alkyl,

(CLOnaloalkyl, {eRoNG aalilstCCcinaiintah Bipkdoant ofy-Ariiensis opsionally

substituted with 1 stltuents each independently selected from -OH, -(C1.6)al fyl optionally
substituted with CGUOQ@LUG%%fPrHé{@ é&pﬁﬁaﬂfﬁmaﬂﬁﬁcﬁewgaﬂ%ﬂ oL @R‘fé’jﬁfﬁﬁl » &&no, COON,
-NH2, -NH(C1.4patkpo sifloN HhgESe7 iryctratkyd d-h@haddatk Y D(O34cycloalkyl, -NUCl4alky1)2, Het,
-(C16)alkyl-Het; and wherein each of the aryl and Het is optionally substituted with 1 to 3 substituents
each independently selected from: i) halo, (C34cycloalkyl, (C14haloalkyl, -C(=0)-NH2,
35-C(=0)-NH(C LARaIiaar sopasimeicwhiRyh meshod ptireding 6 TepatipE Yiela2008/002107

-C(=0)-NH(C3.. hyeycioalleyh rﬁé(ﬁﬂ)aNﬁé@i:gfI()aHﬂ)(Eh)(@Shﬁ)mygltmlIﬂWeeﬁHﬂZthé\kHé@wM)alkyl
-N((01.4)alky1)2, -NH(C3T)cycloalkyl, N(g(tcgtg%,lﬁg?g .%Y&,%%%'!f’*yéﬁn#ﬂ?,tcé Qﬁgg;l,ﬁ@llgyl 5 i)
y

(Cl)alkyl optlonaﬁ’y UBStHTe d'Wﬁh kyl, or c C16 alkyl: and i) aryl or Het,
wherein each of tABRIRAtRRPHRERGRIHAABIBLELISE Wﬁﬁﬁ?ﬁ?‘(@i‘&éﬁ@ﬁw% RR#)RI or

-(C1.6)alkylene-bRBiRI:¥eharaiattkadchd ateylantvifal agent; or a composition thereof.

Also within the scope of this disclosure is the use of a compound of formula (1) as
described herein, or a pharmaceutically acceptable salt or ester thereof, for the
treatment of a hepatitis C viral infection in a mammal having or at risk of having the

infection,

Another aspect of this disclosure provides the use of a compound of formula (1) as
described herein, or a pharmaceutically acceptable salt or ester thereof, for the
manufacture of a medicament for the treatment of a hepatitis C viral infection in a

mammal having or at risk of having the infection.

An additional embodiment of this disclosure refers to an article of manufacture comprising a

composition effective to treat a hepatitis C viral infection; and packaging material
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10 optionally substituted with 1 or 2 substituents each independently selected from -OH, -(01.6)alkyl,
halo, -(C14)haloalkyl, (C3.7)cycloalkyl , -0-(C19alkyl, -NH2, -NH(C1_4)alkyl, -NH(Ca4cycloalkyl,

- -N((01.4)alkyl)(C3,7)cycloalkyl and -N((C14alkY02; R8is in each instance independently selected
from H, (C1_6)alkyl and 15 (C3.7)cycloalkyl; and R9 is defined as R7, wherein R7 is as defined
above. Rw-D: In another embodiment, R2 is selected from: 20 b) R7 or -(C1_e)alkylene-R7 wherein
R7 is in each instance independently selected from H, (C6)alkyl, (C3.7)cycloalkyl,
(C3.7)cycloalkyl-(0,..6)alkyl, phenyl and Het; wherein each of the phenyl and Het are optionally
substituted with empeSnsubkthtlenbict deticaigsjeaidbatipawlesiin farbe8ssy MaleaoRksfemalkyl,

(C1.6)haloalkyl, nirONdWERis € (FRISNIEHS A Bl oSl oN Uerdatk¥ Q% oo O\ (erdad)g y cloalityl,
-C(:O)-N((Cl4all Q%CS'YFPC}/&Q&\I l, -NH2, -NH§014 alkyl -A\I)i(égm?ll@(l 2“-NH§3 7 cggloalkyl,
N((014alkyl) (AR BTERARG R R 1 AT 2 DL AR ot S B SIRRSE with -,
-0-(C14haloalkyl, or 30 ¢) - -0-(C 1.6) alkyl; and -N(R8)R9 or -(C1.6)alkylene-N(R8)R9; R8isin
each instance ingignandestyrasiarirthficrmisl d€clkrlakybansk W(@3nblayelenlktibang the |
replication of hepatitis C virus comprising exposing the virus to an effective amount
of the compound of formula (1}, or a salt or ester thereof, under conditions where

replication of hepatitis C virus is inhibited.

Further included in the scope of the disclosure is the use of a compound of formula

(), or a salt or ester thereof, to inhibit the replication of hepatitis C virus.

DETAILED DESCRIPTION OF THE INVENTION
Definitions

As used herein, the following definitions apply uniess otherwise noted:

The term “substituent”, as used herein and unless specified otherwise, is intended fo
mean an atom, radical or group which may be bonded to a carbon atom, a
heteroatom or any other atom which may form part of a molecule or fragment
thereof, which would otherwise be bonded to at ieast one hydrogen aiom.
Substituents contemplated in the context of a specific molecule or fragment thereof
are those which give rise fo chemically stable compounds, such as are recognized
by those skilled in the art.

The term “(Cq.,)alkyl” as used herein, wherein it is an integer, either alone or in
combination with another radical, is intended to mean acyclic, straight or branched
chain alkyl radicals containing from 1 to n carbon atoms, and includes, but is not
limited to, methyl, ethyl, propyt (n-propyl), butyl (n-buty!), 1-methylethyl (iso-propyl),
1-methylpropyl (sec-butyl), 2-methylpropyl (iso-butyl), 1,1-dimethylethyl! (fert-butyl),
pentyl and hexyl. The abbreviation Me denotes a methyl group; Et denotes an ethyl
group, Pr denotes a propyl group, iPr denotes a 1-methylethyl group, Bu denotes a
butyt group and tBu denotes a 1, 1-dimethylethyl group.

The term “(C,.,)alkylene” as used herein,'wherein nis an integer, either alone or in

combination with another radical, is intended to mean acyclic, straight or branched

7



R9 is defined as R7, wherein 127 is as defined above. 35 R20-E: In another embodiment, R2 is
selected from: b) R7 or -(C1,6)alkylene-R7 wherein R7 is in each instance independently selected
from H, (Cl)alk I,éCB 7)cycloalkyl, (C3-7)cycloalkyl-(C14alkyl, phenyl and Het; wherein each of the
phenyl and I—E‘f}lgtp 96’5% ally substituted with 1 5to 3 substituents each ir?)o%Bgﬁaﬂé’ﬁWzégTected from: O
halo, (C3.2)cycloalkyl, (Cl.)haloalkyl, -C(=0)-NH2, -C(=0)-NH(Ci4alkyl, -C(=0)-N((C14)alky1)2,
-C(=0)-NH(C34)cycloalkyl, -C(=0)-NaC14)alkyl)(C34cycloalkyl, -NH2, -NH(C )alkyl, 10-N((014)alky1)2,
-NH(C3_2)cycloalkyl, -N((C14)alkyl)(C34cycloalkyl or -NH-C(=0)(C14alkyl; and ii) (C1-6)alkyl
optionally substituiesdndithatdathik-(slsahedariiig oo -{GLe alkdh whersimtheddatis Isalacted from:
andN ; and c) -N(R8)R9 or -(C1.6)alkylene-N(R8)R9; R8 is in each instance ipgependently selected
from H, (C16)alkyl and (C3.2)cycloalkyl; and 5R9 s, defined as R7, wherein Rl fs as defined above.
R20-F:In another embodiment, R7 is selected from: b) -(Ol.ﬁj&kylene-R?;er‘r‘e‘m R7 is Het; wherein
the Het is a 5- or 6-membered heterocycle coth'aﬁﬁl'h@ 1 te-4chetergatoms, eagmjndependently selected
from N, 100 and 8°bFpEdie 9 e 'fa%(ilﬁé‘}%'ibered heteropolycycle cofftdining 1 to # heteroatoms,
each independently selected from N, 0 and S; wherein each N heteroatom may, independently and

wher_e possible, exjg M@ﬁ(@ék‘)’%ﬁt?&% g bl %&i@hﬂi@%ﬂ%@d@r,@@ﬂ&%%ﬁqm to fo_rm_ an
N-oxide group and wherejn each S hetero torén.m ,%'SdedﬁPendentl a]a&nd where possible, exist in an
oxidized state sucR Thatat fs turthar B%"d'g %8 ond o o 8xy§%‘ﬁaa'}({)"mss %F?E?r?ha[ﬂ’ groups SO or 502;
wherein the Het istopitidmillyansbediotein vatdical eoaianbstiweins cadwirriepsnddenn vaaited from
halo, cyano, oxo, iiigParlidn@8h Qo(Eabib ey CRaRmueioaHaY E xiibles DA dalledis

ALl U gy e

-NH(C34cycloalkyl, -N((014alky)(G34cye|oalkyl, -N
Het, wherein the ﬁ&ufjsgaqﬁ S?Jd‘?ér%g"rﬁ%ﬁgue eet"?'-)yrtoé:;I N t teroatoms, gach
independently seldetes$ feraifedPlgoMSe2 R XI1G (Realfther ambsifiisient IRPIRRABTted from: b)

-CH2-127, -GH2Ghid-R/ai wleeseisoRérisvnete wheasipis, theddeiisgeleateddsanygand NN HN7N) N 26
WO 2009/07674 78 T ArIRA0RL WD RALALE N Mhenyl group is substituted, it is
understood to be substituted on any carbon atom thereof which would otherwise
hear a hydrogen atom, unless specified otherwise, such that the subsiitution would
give rise fo a chemically stable compound, such as are recognized by those skilled in
16  the art.

The term “(Ca)alkynyl”, as used herein, wherein n is an integer, either alone or in
combination with another radical, is intended io mean an unsaiurated, acyclic
straight or brancﬁled chain radical coniaining iwo to n carbon atoms, at least two of

20 which are bonded to each other by a triple bond. Examples of such radicals include,
but are not limited to, ethynyl, 1-propynyl. 2-propynyl, and 1-butynyl. When a
(Czn)alkynyl group is substituted, it is understood to be substituted on any carbon
atom thereof which would otherwise bear a hydrogen atom, uniess specified
otherwise, such that the substitution would give rise to a chemically stable

25 compound, such as are recognized by those skilied in the art.

The term “(Ca.m)cycloalkyl” as used herein, wherein m is an integer, either alone or in

combination with another radical, is infended to mean a cycloalkyl substituent

containing from 3 to m carbon atoms and includes, but is not limited to, cyclopropyl,
30  cyclobutyl, cyclopentyl, cycichexyl and cycloheptyl.

The term “(Ca.mcycloalkyi-(Cq.p)alkyl-" as used herein, wherein n and m are both



; and wherein the Net is optionally substituted with 1 to 3 substituents each independently selected
from halo, cyano, oxo, imino, -OH, -0-(C1m)alkyl, -NH2, -NH(C14alkyl, -N((C14alkYI)2,
-NH-C(=0)(C1-4)alkyl and (C1_6)alkyl. In another embodiment, R2 is selected from: b)-CH2CH2-R7,
wherein R7 @’ﬁé?;“%ﬁé?é?n the Het is selected from: wherein the Het is 0598%@% &fithted with 'l to
3 substituents each independently selected from halo, -(C16)alkyl, -O-(C16)alkyl, -NH2,
-NH(C14)alkyl, -N((C1.4)alkyl)2 and (C1.6)alkyl, R20-1: In another embodiment, R2 is selected from: \
-N2 R"-J:In another embodiment, R2 is selected from: WO 2009/076747PCT/CA2008/002107 5and

ot e e, B gn ssaten M e s e
individual definition of X, , : an set qut herein. : R3-A: In pne
embodiment, R3 SETEUR R RIS LR (T ART O A ) S S Tkl -NH2,
-NH(C14)alkyl, -N#HGBcy2)esisit sakital RfoEinrgkvan G o TicsalernigiPaRsNgTed akgiiz and R3-B: In
a&\?(tgﬂ )erlrrbogglﬁRabdéﬁ ﬁrsglasimmb d!‘byﬂ@ﬂo@ﬂmé@ﬁlﬁl%ﬁbu@jlﬁ%lhhy%waﬂﬁﬂtﬁmé;hw,d o

- allcy1)2. R3-C: In anpther embodiment, is selected. fr A)alkyl an :
R3-D: In another c&ﬁﬁ%ﬁfﬂw@%ﬁ@k&? rJ:]SG reoﬁé%[]?ycl)?ﬁsﬁc pr(?Fy% hgﬁa%a@g@%—%%l?another
embodiment, R3 pydehsttsi oircyrianentyiefty'Cia creertyiptanotrrehsrgiieatdRs is selected from
H, F and CH3. 20f3ddhetpaanatheremadimsaiodidicch,. pidy- B insansthessembodiment, R3 is H.
Any and each individual definition.of. t herei ' i d each
individual definition % r?if’??z&g,a sﬁbét%%?ﬁ?l%%gk%‘%_ %ﬁﬁ%@%@%ﬂ%ﬁ%wé%%%%ﬁ none
embodiment, lea RSSREREHF GPPthENES RPqE B aiAISH -S-(C1.4)alkyl, -NH2,
-NH(C1.4)alkyl, -NH(C3.7)cycloalkyl, -N((C14alkyl)(C3.7)cycloalkyl and -NUC1-4)allryl)2 R3a-B:In

another embodmegl, 535 pelecled Homefilps BN A0 C4ridalod ap lict4alky . Fea-Cin

another embodiment, Fee Is'selected from H, halo, (C14alkyl an . R3a-D:In another embodiment,

R3a is selected frigfAetor e RPeYRICREIE MRNaRE S ARG AAEAINEEE 288k cted from H, F,
Cl and CH3. lea-stbrandticemesn bedimiesntfusedi® setected from GHnEnsredG 8 bt Bleli-@dnpanother

embodiment, R33,5dH Al bE SRt 20AtReE eOMRLmpRbJea-joikbifaY Badicashiingiuigyal definition
of R3a as set out herein may be combined with any and@e@ch individual def nltlgn of X, R20, Rz, R3,

Feb, le and X6 aPREPOUPFRIMIAN SR LPOSER: A GREBBSHRERN #8 Y @8cted from H, halo,
ON,-OH, -S-(C14dikydrenddBthviNH(C14alkyl, -NH(C3_2)cycloalkyl, N(fO14alkyl)(C3.7)cycloalkyl and
-N((C1.4alkY02. 25leb-B:In another embodiment, R36 is selected from H, halo, ON, (C14)alkyl,

0-(al.)alkyl and -NC( 1.4@IkT%¢2MI§§"-(;:In angtper emhbodiment, Feb is sele(% eg%gom H, halo,
andther :

(C14)alkyl and CN"REETDH S U BoHR RNt Fal el SR RS £ 13 8hd ON.

leb-E:In another eembidaiemvik3nehesredied. fiomiended mamn eHgkgorshariathbiter
embodimentyR31edmsnlgeiad fomairefs aelihd:h is itself substituted with an aryl radical as

defined above. Examples of aryl-(C,.)alkyi- include, but are not limited to,
phenyimethyl (benzyl), 1-phenylethyl, 2-phenylethyl and phenylpropyl. When an
aryl-(C.)alkyl- group is substituted, it is understood that substituents may be
attached to either the aryl or the alkyl portion thereof or both, unless specified

25  otherwise.

The term "Het" as used herein, either alone or in combination with ancther radical, is
intended to mean a 4- to 7-membered saiurated, unsaturated or aromatic
heterocycle having 1 {o 4 heteroatoms each independently selected from O, N and

30 S, ora7-io 14-membered saturated, unsaturated or aromatic heteropolycycle
having wherever possible 1 to 5 heteroatoms, each independently gseiected from O,
N and S; wherein each N hetercatom may, independently and where possible, exist
in an oxidized state such that it is further bonded to an oxygen atom to form an N-
exide group and wherein each S heteroatom may, independently and where

35 possible, exist in an oxidized state such that it is further bonded to one or two oxygen

8



leb-G:In another embodiment, Feb is H or F. Feb-H:In another embodiment, R3b is H. Any and each
individual definition of R3b as set out herein may be combined with any and each individual definition
of X, R", R2, R3, R3a, R5 and R6 as set out herein. R5: R5-A: In one emk}) Ti{EE”(}g %ﬁziﬁﬁm being
mono-, di-, th?l-Zé}B?)/gm@t”ed with 0-R52, 5wherein R51 is (Ci.4alkyl, (C37)cyc ATk F
(C1.6)alkyl-(C3..7)cycloalkyl, aryl, (C1.6)alkyl-aryl, Het or (C1.6)alkyl-Het, each R51 being optionally
substituted with (C1_6)alkyl, (03.7)cycloalkyl or (C1..6)alkyl-(C3_7)cycloalkyl; and R52 is (C1)alkyl,
(C34)cycloalkyl, (C1.6)alkyl-(C3.7)cycloalkyl, aryl, (Cl4alkylaryl, Het or (C16)alkyl-Het, said aryl and
Het being optionadly s lpstitiedovitbube(00Raly) ankdCdpd)hidbiRomBEelVdre erbogiment, R5 is
R51 being mono-, di-, oF.tri-Substi ith Q- : i ' ' loalkyl,
(Cl.6)a|kyl-(o34)é@%%’a%%?%ra?%g’%ﬁ%é%%?ﬁ%’%{g%%ﬁ%géﬁ%%ﬁ%)ﬁ%é&%ﬁﬁgd&@mh
(C18)alkyl, (cs4c9&mé&mfeﬁ‘(tbfr8%m§}!@w&‘§/emam§ﬁ?éﬁa%wg?gs‘i'@éi%aﬂkiﬁ?iCS.7)cyc|oa|ky|,
(C1.6)alkyl-(C34cysiombcybtaeylvise (Cl4alkyl- aryl, said aryl being optionally substituted with (C1.6)alkyl
or O-(C16)allgyl, R5-C: In one embodiment, R5 is R51 being mono- or di-substituted with 0-R52,
wherein R51 Is (C16)alkyl, (CsMcycloalkyl, (C1_6)alkyl-(03.7)cycloalkyl, aryl or (O1.4alkyl-aryl, each
R51 being optiondf\§ &ibst Gfé§w]ﬁ#‘(t1?8)‘&??975‘?@(@@"_"7%8éﬁ@ﬁ‘é%@%ﬁ%&(@?ﬂ%‘{)&omkyI; and
R52 is (C1.6)alkyls EB3nBgyclaitikybi(td &)alkyhiiZigo wotb alkylhard dics|Of idsaligddaoyinsaid aryl

being optionally sphsityted Wil dfPalkul QrishGlaaky a&ifidd: P985 AEMedUBpNt. R5 is R51 being
mono- or di-substituted with 0-R52, Wherein R51 is (C14alkyl, (C37)cycloall%l or

(C1.6)alkyl-(C3_75EbiBARe viba Hetsstityentas atned 5oy Bs REABAISHH [EhaamAivEs. 7)cycloalkyl
or (C14alkyl4¢C3 Rptyisomlkpheand IRGRds(CGlibalkngtn(C Bdyetbglkyihef@in@iti/12(03.4cycloalkyl, aryl
or (Clﬁ)alkylaryl,ggﬂ% ,i@%%lﬁg\ﬁ#&&@ﬂQ%@ngmgtw,p%@gg%%&a(% $ialiyl. 125-E: In

IS -

one embodiment, eing mono- or di-substituted with Owherein R51 is (014)alkyl,
being optionally sYHEREEE B faRpUR ERes g a A ‘BP(@T%%QWT@'%%@B%WR’ and R52 is
(C1.6)alkyl, aryl obéGhdaby tanjtheatice dfyt beimg adiptionadiby shdrstifutabiithn{@bigkkgified O-(C16)alkyl.
R5-F: In one embgglitpant, RS is R51 being mono- or di-substituted with 0-R52, wherein R51 is
(C1_6)alkyl, being optionally substituted with (C16)alkyl, and R52 is (014alkyl, aryl or (C1)alkyl-aryl,
said awl beiﬁa optionally substituted with (C15)alkyl or 0-(C1_6)alkyl. R5-G: In one embodiment, R5 is
R51 being mono- Brediesu istirtedowiter OuRESPhSeihds diteRBL o (GE6)QIk§ob¥ing optionally substituted
with (01_6)alkyl, and Rs2 is (C16)alkyl. R5-H: In another embodiment, R5 is selected from: and 33
115-1: In one em dignen R6 is Ri6“1 beiné rgono- or di- ubstitu(t:! d {l)t,[r% Or{’vl?s%z,eit réc;g {i:rrlgeR51 IS
(C1.6)alkyl, being t|8ﬁ3lﬁpe§%r8§ﬁ?uﬁeasﬁﬁ d( Ef%}%ﬁ(%,‘fg?_sﬂ%?/c oa kyl%r '
(C1.6)alkyl-(C3.7)oyisloaiidyihatind vah rnietierre¥iaryis (0B Hed doaran & 1isyamgmeesd)cycloalkyl, aryl
ord(OldG)?lgy%@ryl, s?ai.i?a@éb!,' Q@E@@@?@a&bﬁé%&@tﬁ&yﬂ@cﬁﬁ@%@iw}@ﬁ gﬁmﬁ@aélsﬂoﬂ% a]pd eachf
individual definition of Rg as set gut herein. may he,comhbined with any a ach individuyal definition o
X R20. R, Fo. ROAHOl Bo TR Lo Sl R o SORE: M T g R BT
(C3_7)cycloalkyl, ®ev8)afiq hydregse pissalRgretip, framiakpl-arh prRieor e amyis Sttbeing
optionally substitusegnaiitinkde t, sizbstine pgeadhdndepentientinselestsd:bwmphale, (C1.6)alkyl,

(C1.6)haloalkyl, (%%*’éz%kﬂé' %Xbigﬁgfné,sﬂnb(?é,(%%}a%ﬁ)@, ?ﬁ'e(tgpﬁg%%l mgazole, isoxazole,

25  oxazole, isothiazole, thiazole, triazole, ietrazole, piperidine, piperazine, azepine,
diazepine, pyran, 1,4-dioxane, 4~morpholiné, 4-thiomorphoiine, pyridine,

pyridine-N-oxide, pyridazine, pyrazine, pyrimidine, and the following heterocycles:

H
ENJ
S
22N
o .

and 0 :

and saturated, unsaturated and aromatic derivatives thereof.

H N N
N —N =
AN ) T
S\.’/// S\"/ \N N\’;N
30

The term “heteropolycycle” as used herein and unless specified otherwise, either

aione or in combination with another radical, is intended {o mean a heterocycle as
10



15-N(R8)R9; wherein R8 is in each instance independently selected from H, (C1, 6)alkyl and
(C37)cycloalkyl; and R9 is in each instance independently selected from R7, -O-(C1)alkyl,
-(C1..6)alkylene-R7, -S02-127, -C(=0)-R7, -C(=0)0R7 and -C(=0)N(R8)117; wherein R7 and R8 are as
defined abovg;%gﬁl R8"4hd R9, together with the N to which they are atta%tr;] /gf‘é?gsff’rqﬁ%@(] to form a 4-
to 7-membered heterocycle optionally further containing 1 to 3 heteroatoms each independently
selected from N, 0 and S, wherein each S heteroatom may, independently and where possible, exist in
an oxidized state such that it is further bonded to one or two oxygen atoms to form the 25groups SO or

50|2; wr:je][ein t?e B%W@%%fg%ﬁ% sﬁﬁ%&@wmé ﬁ%@@ﬁ@%tﬁﬁw%@,@ap@ ;ndker:;endently
selected from (C1.6)a Cl.6)halpa alo, oxo, -O H,.-0(Cl4alkyl, -S(C1 yl,
Caacycioniyl - RHToK R e RE e BT R R Sy Snoval o &
-14((C14)alkyl)(CByryegebaixyl thereioyrchxasorirs o) sHpd RReIoReiDyyYes. Brauds. T6as Netyet another
alternative embodimyest &M dsIECR4ppeliealenziant=06H elehoihe pinsian aliysbstiiuted with 1 to 3
substituents each. independentl ted frarp , 130 26-C: In still
another emb%gim%%%@gorg %C%%%@%gﬂ% ggfbgr%%o(rs é@%%t%h%ﬁ&p’gg 'stlfugttﬂécilyf!\?v%h 1to3
substituents eachPHEWHENERTAPLEREERSI from halo, (C16)alkyl and (C1,6)haloalkyl; wherein the Het is

selected from: Th\r\lltﬁ'o 5 N" and R6-D: In &nother altgrnative embgdiment, R6 is (,6\\5N6)cycloalkyl,
phenyl or Het optignal
'

y substittlted with fto 3 substi{g@ ts each i endently sefectgd from halo,
(Cl.4)alkyl and (CT4loglkyl; whErely 10Mefis & 4- Yo 7/nebergd saturated, ungaturated or
aromatic heterocyclehaving 1Nto'8 nitvogen atdhs \R6-%: In"StilNanother embodi ent, R6 is

phenyl, cyclohexyl or pyridine optionally’ substituted with 1 to 3 substituents e&04 independently
selected from halenfGbi)aller, ansk{@Gihod kndmbiRasfvativstitrenather embodiment, R6 is phenyl,
optionally substituted with 1 to 3 substituents each independently selected from halo and (C14alkyl.

R6-G: In still another embodiment, R6 is , 0 tio_naél{ Séerstituted ith 1to 3 subsfituents cejach
FRSTRS

independentl seldBREFonPRaRs PEH ST 8HR & B i558ifm Egﬁ%%%'ﬁ%ﬁﬁﬂe&“ﬁ another
embodiment, R6 ik®e@etad dhtore, MeB@000MB¥6747PCT/CA2008/002107  Any and each individual
definition of R6 as set out herein may be combined with any 5and each individual definition of X, R2,

R20, R3, RS, 8 R and 89,25 sefouft ferein. Sxamples,of prefered sybgensic embogiments of the
present invention aré set fo(r ﬁ“"?n'i{ e glowing ab?e, wherein each substituent group of each

embodiment is defprabingicordifiperetrrs thfieationinsadasiin mpsvenBYE mssa@heirx'HeR2 R341

R3b 15 carbon atoms as defined above wherein one or more hydrogen atoms are each
replaced by a hajo substituent. Examples of (Cyqthaloalkyl include but are not limited
to chloromethyl, chloroethyl, dichloroethyl, bromomethyl, bromoethyi, dibromoethyl,
fluoromethyi, difiuoromethyl, trifiuoromethyl, fluoroethyl and difluoroethyl.

20 The terms “-O-~(Cy,)alkyl” or "(C,.Jalkoxy” as used herein interchangeably, wherein n
is an integer, either alone or in combination with another radical, is intended to mean
an oxygen atom further bonded to an alkyl radical having 1 to n carbon atoms as
deﬁned above. Examples of -O-(C.)alkyl include but are not limited to methaoxy
(CH30-}, ethoxy {CH:CH,0-), propoxy (CH;CH,CH;0-), 1-methylethoxy (iso-propoxy:;

25  (CHj).CH-O-) and 1,1-dimethylethoxy. (terf-butoxy; (CH;}:C-0O-). When an
-0-(Cynalkyl radical is substituted, it is understood o be substifuied on the
(Cynalkyl portion thereof.

The terms “-8-{C...)alkyl” or "(C,_alkylthio” as used herein interchangeably, wherein
30 nis an integer, either alone or in combination with ancther radical, is intended to

mean an sulfur atom further bonded té an alkyl radical having 1 to n carbon atoms

as defined above. Examples of -S-(C n)alkyl include but are not limited to methylthio

11



R6 E-1 X-A R2-A R20-D R3-F R3a-D R3'-H R5-A R6-I E-2 X-A R2-A R20-D R3-F R3a-D R3"-bl Rs-A
R6-A E-3 X-A R2-A R20-1 R3-A R3aF R3"-A R5-A R6-F E-4 X-A R2-A R20-B R3-E R3a-H R3b-C Rs-B

R6-G E-5 X'@ﬁ%&@,ﬁ%&-’,’" R3-H R3a-H R3b-H R5-C R6-I E-6 X-A R2-A Rp%%cAAmQSI(}{IZIO’?

(CH;S-), ethylthio (CHaCH,S-), propylthio (CH;CH,CH,S-), 1-methylethylthio
(isopropylthio; (CHa),CH-8-) and 1, 1-dimethylethyithio {tert-butylihio; (CH;),C-S-).
When -S-(C,)alkyl radical, or an oxidized derivative thereof, such as an
-S0-(C1.n)alkyl radical or an -S0,~(Cy..)alkyt radical, is substituted, each is

§  understood to be substituted on the (C,.,)alkyl portion thereof.

The term “oxo” as used herein is intended fo mean an oxygen atom attached to a
carbon atom as a substituent by a double bond (=0).

10 The term “thioxo" as used herein is intended to mean a sulfur atom attached to a
carbon atom as a substituent by a double bond (=S).

The term “imino” as used herein is intended fo mean a NH group attached to a
carbon atom as a substituent by a double bond (=NH),

15
The term “cyano” or “CN” as used herein is intended to mean a nitrogen atom

attached 1o a carbon atom by a triple bond (CEN).

The term "COOH" as used herein is intended to mean a carboxy! group (-C(=0)-0H).
20 ltis well known to one skilled in the art that carboxyl groups may be substituted by
functional group equivalents. Examples of such functional group equivalents
contemplated in this invention include, but are not limited to, esters, amides, imides,
boronic acids, phosphonic acids, phosphoric acids, tetrazoles, triazoles,
N-acylsulfamides (RCONHSO,NR;), and N-acylsulfonamides {(RCONHSO.R).
25
The term “functional group equivalent’ as used herein is intended to mean an atom
or group that may replace another atom or group which has similar electronic,
hybridization or bonding properties.

30  The term "protecting group” as used herein is intended to mean protecting groups .
that can be used during synthetic fransformation, inc!uding but not limited fo
examples which are listed in Greene, “Protective Groups in Organic Chemistry”,
John Wiley & Sons, New York (1981), and more recent editions thereof, herein
incorporated by reference.

35

12



R3-G R3a-H R31'-H R5-D R6-H E-7 X-A R2-A R20-J R3-B R3'-B R3b-6 R5-H R6-E E-8 X-A R2-B
R20-H R3-G R3a-H Rab-H R5-H R6-F E-9 X-A R2-B R20-H R3-G R3a-11 R3b-H Rs-H R6-G E-10

-AR2- -H R3- - -H 1:26-H R6-1 E-11 X-B R2-B R20-H R3-G R3a-H R3b-H Fe-A
>F§ 6Ale B R20-H R3-G R38-H R3b-H 1:26-H R6-| E-11 X-B R2-B R20-H R3:G R3a-H R3b

The following designation is used in sub-formulas to indicate the bond which
is connected to the rest of the molecule as defined.

The term “salt thereof” as used herein is intended to mean any acid and/or base
5  addition salt of a compound according to the invention, including but not limited to a

pharmaceutically acceptable salt thereof.

The term “pharmaceutically acceptable salt” as used herein is intended to mean a
salt of a compound according to the invention which is, within the scope of sound

10 medical judgment, suitable for use in contact with the tissues of humans and lower
animails without undue foxicity, irritation, aliergic response, and the like,
commensurate with a reasonable benefit/risk ratio, generally water or oil-soluble or
dispersible, and effective for their intended use. The term includes pharmaceutically-

‘ acceptable acid addition salts and pharmaceutically-acceptable base addition salts.

15 Lists of suitable salts are found in, for example, S.M. Berge et al., J. Pharm. Sci.,
1977, 66, pp. 1-19, herein incorporated by reference.

The term “pharmaceutically-acceptable acid addition salt” as used herein is intended
to mean those salts which retain the biological effectiveness and properties of the

20  free bases and which are not biologically or otherwise undesirable, formed with
inorganic acids including but not limited to hydrochioric acid, hydrobromic acid,
sulfuric acid, sulfamic acid, nitric acid, phosphoric acid and the like, and organic
acids including but not limited to acetic acid, trifluoroacetic acid, adipic acid, ascorbic
acid, aspartic acid, benzenesulfonic acid, benzoic acid, butyric acid, camphoric acid,

25  camphorsulfonic acid, cinhamic acid, citric acid, digluconic acid, ethanesulfonic acid,
glutamic acid, glycolic acid, glycerophosphoric acid, hemisulfic acid, hexanoic acid,
formic acid, fumaric acid, 2-hydroxyethanesulfonic acid {isethionic acid), lactic acid,
“hydroxymaleic acid, malic acid, malonic acid, mandelic acid, mesityienesulfonic acid,
methanesulfonic acid, naphthalenesulfonic acid, nicotinic acid,

30 Z-naphthalenesulfonic acid, oxalic acid, pamoic acid, pectinic acid, phenylacetic
acid, 3-phenylpropionic acid, pivalic acid, propionic acid, pyruvic acid, salicylic acid,
stearic acid, succinic acid, sulfanilic acid, tartaric acid, p-toiuenesulfonic acid,
undecanoic acid and the like.

13



E-12 X-A R2-C R20-F R3-A R3a-D R3b-D R6-A R6-A E-13 X-A R2-C R20-A R3-A R3 -G R31'-A R6-C
R6-F E-14 X-A R2-C R20-B R3-B R38-A R31'-B 126-D R6-G E-15 X-A R2-C R20-G R3-F R3a -F

R3b-E R5-H ‘I%g-é-(lmlgiﬁ}]ig?é-A R2-C R20-E R3-D R3a -E R31'-F R6-H R6_GPE’E‘%(?A§6§M%ZZE{% R20-.B

R3-B

10

15

20

25

30

35

The term “pharmacsutically-acceptable base addition salt” as used herein is
intended to mean those salts which retain the biological effectiveness and properties
of the free acids and which are not biclogically or otherwise undesirable, formed with
inorganic bases including but not limited to ammonia or the hydroxide, carbonate, or
bicarbonate of ammonium or a metal cation such as sedium, potassium, lithium,
calcium, magnesium, iron, zinc, copper, manganese, aluminum and the like.
Particularly preferred are the ammonium, potassium, sodium, calcium, and
magnesium salts. Salts derived from pharmaceutically-accepiable organic nontoxic
bases include but are not limited to salts of primary, secondary, and tertiary amines,
guaternary amine compounds, substituted amines including naturally occurring
substituted amines, cyclic amines and basic ion-exchange resins, such as
methylamine, dimethylamine, trimethylamine, ethylamine, diethylamine,
triethylamine, isopropylamine, tripropylamine, tributylamine, ethanolamine,
diethanolamine, 2-dimethylaminoethanol, 2-diethylaminoethanol, dicyclohexylamine,
lysine, arginine, histidine, caffeine, hydrabamine, choline, betaine, sthylenediamine,
glucesamine, methyiglucamine, theobromine, purines, piperazine, piperidine, N-
ethylpiperidine, tetramethylammonium compounds, tetrasthylammonium
compounds, pyridine, N,N-dimethylanifine, N-methylpiperidine, N-methylmorpholine,
dicyclohexylamine, dibenzylamine, N,N-dibenzyiphenethylamine, 1-ephenamine,

N, N'-dibenzylethylenediamine, polyamine resins and the like. Particularly preferred
organic nontoxic bases are isopropylamine, diethylamine, ethanolamine,
trimethylamine, dicyclohexylamine, choline, and caffeine. |

The term “ester thereof” as used herein is intended to mean any ester of a
compound according to the invention in which any of the -COOH substituents of the
molecule is replaced by a -COOR substituent, in which the R moiety of the ester is
any carbon-containing group which forms a stable ester moiety, including but not
limited to alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryi, arylalkyl, heterocyclyl,
heterocyclylalkyl, each of which being optionally further substituted. The term “ester
thereof” includes but is not limited to pharmaceutically acceptable esters thereof.

The term “pharmaceutically acceptable ester” as used herein is intended to mean
esters of the compound according to the invention in which any of the COOH
substituents of the molecule are replaced by a -COOR substituent, in which the R
moiety of the ester is selected from atkyl (including, but not limited to, methyl, ethyl,

14



R3a-H R3b-B R6-H R6-E E-18 X-A R2-D R20-D R3-C RF R31'-G R5-E R6-C E-19 X-A R2-D R20-E
R3-G R3a-E R3b-A R5-G R6-C WO 2009/076747PCT/CA2008/002107 E-20 X-B R2-D R20-E R3-G
Té%zaéEDng—-l(:B RS-%&%&Z?HE%%_)A(\-A R2-D R20-J R3-H R3a-E R3b-H RS_H?@%E%E)&%%O&(% 122-E

propyl, 1-methylethyl, 1,1-dimethylethyl, butyl); alkoxyalky! (including, but not limited
1o methoxymethyl); acyloxyalkyl (including, but not limited to acetoxymethyl); arylalkyl
(including, but not limited to, benzyl); aryloxyalky! (inciuding, but not limited to,
phenoxymethyl); and aryl (including, but not limited to phenyl) optionally substituted

5  with halogen, (Ci4)alkyt or (C..4)alkoxy. Other suitable esters can be found in Design
of Prodrugs, Bundgaard, H. Ed. Elsevier (1985), herein incorporated by reference.
Such pharmaceutically acceptable esters are usually hydrolyzed in vivo when
injected into a mammal and transformed into the acid form of the compound
according to the invention. With regard to the esters described above, unless

10 otherwise specified, any alkyl moiety present preferably contains 1 to 16 carbon

atoms, more preferably 1 to 6 carbon atoms. Any aryl moiety present in such esters
preferably comprises a phenyl group. In particular the esters may be a (C..;5)alkyl
ester, an unsubstituted benzyl ester or a benzyl ester substituted with at least one
halogen, (Ci.g)alkyl, (Cis)alkoxy, nitro or trifluoromethyl.

15
The term "mammal” as used herein is intended to encompass humans, as well as
non-human mammals which are susceptible to infection by hepatitis C virus. Non-
human mammals include but are not imited to domestic animaié, such as cows,
pigs, horses, dogs, cats, rabbits, rats and mice, and non-domestic animals.

20

The term “treatment” as used herein is intended to mean the administration of a
compound or composition accerding to the present invention to alleviate or eliminate
symptoms of the hepatitis C disease and/or to reduce viral load in a patient. The
term “treatment” also encompasses the administration of a compound or

25  composition according to the present invention post-exposure of the individual to the
virus but before the appeérance of symptoms of the disease, and/or prior to the
detection of the virus in the blood, to prevent the appearance of symptoms of the

disease and/or to prevent the virus from reaching detectible levels in the blood.

30 The term “antiviral agent” as used herein is intended to mean an agent that is
effective to inhibit the formation and/or replication of a virus in a mammali, including
but not limited to agents that interfere with either host or viral mechanisms necessary -

for the formation and/or replication of a virus in a mammal.

35  The term “therapeutically effective amount” means an amount of a compound

15



R6-1 E-23 X-A R2-E R20-D R3-F R -D R3"-H R5-A R6-A E-24 X-A I:22-E R20-I-1 R3-G R3a-H R3b-H
R5-D R6-F E-25 X-A R E R20-H R3-G R3a-H R31'-H F26-E R6-G E-26 X-B R2-E R20-H R3-G R3a-H

R3b-H RS-C\RBSEEGE'E}%(Z%%-C R2-E R20-H R3-A R3a-H R3b-H R5-D R6-F %gﬁ:%ﬁ&is%giﬁ)ﬁzo'A

according to the invention, which when administered to a patient in need thereof, is
sufficient to effect freatment for disease-states, conditions, or disorders for which the
compounds have utility. Such an amount would be sufficient to elicit the biological or
medical response of a tissue system, or patient that is sought by a researcher or
5 clinician, The amount of a compound according to the invention which constitutes a

therapeutically effective amount will vary depending on such factors as the
compound and its biological activity, the composition used for administration, the
time of administration, the route of administration, the rate of excretion of the
compound, the duration of the treatment, the type of disease-state or disorder being

10 treated and its severity, drugs used in combination with or coincidentally with the
compounds of the invention, and the age, body weight, general health, sex and diet
of the patient. Such a therapeutically effective amount can be determined routinely
by one of ordinary skill in the art having regard to their own knowledge, the state of
the art, and this disclosure.

15
Preferred embodiments
in the following preferred embodiments, groups and substituents of the compounds

of formula (I):

20 are described in detail.

X:
X-A: In one embodiment, X is O,
X-B: In another embodiment, X is S,

25  X-C: Inanother embodiment, Xis QO or S.

Any and each individual definition of X as set out herein may be combined with any

and each individual definition of R?, R®, R®, R®, R®™ R® and R® as set out herein.

16



R3-G R3a-H R3b-H R5-E R6-F E-29 X-A Fe-F 1225-C R"-I R3-H R3a-H R3b-H R6-G E-30 X-A R2-F
R20-D R3-F R3a-D R31'-H R5-A R6-1 E-31 X-A R2-F R20-J R3-B R3a-B e-G R5a R6-E E-32 X-A

- I R3- - -H R5-A R6-| E-33 X-A Fe- -B R3-E R3a-H R31'-C R5-B R6-G
R2-F R20-I R3-G R3a-H R3b-H R5-A R6-| E-33 X-A Fe-F R20-B R3-E R3a-H R31"-C RE-|

R%:

R2-A: In one erﬁbodiment, R? is Het or aryl, optionally substituted with 1 to 5 R®
substituents, wherein R® is as defined herein.

R2-B: In another embodiment, R? is Het wherein Het is a 5- or 6-membered

5 heterocycle containing 1 to 3 heteroatoms each independently selected from

O, Nand S, or a 9- or 10-membered bicyclic heteropolycycle containing 1 to
3 heteroatoms each independently selected from O, N and §; wharein Het is
‘optionally substituted with 1 to 5 R® substituents, wherein R? is as defined
herein.

10 R2-C:lIn another embodiment, R? is Het wherein Het is a 5- or 5-membered aromatic
heterocycle containing 1 or 2 N heteroatoms, or a 9- or 10-membered bicyclic
heteropolycycle containing 1 or 2 N heteroatoms; wherein Het is optionally
substituted with 1 to 3 R® substituents, wherein R? is as defined herein.

R®.D: In another embodiment, R? is Het selected from the following formulas:

SIGEeLeloRe R I®

wherein Het is optionally subsfituted with 1 to 3 R? substituents, wherein R®

15

is as defined hersin.

20 R%E:In another embodiment, R? is Het selected from the following formulas:

gogoudy,

Z
N
= N

H

wherein Het is optionally substituted with 1 to 3 R* substituents, wherein R?
is as defined herein.

25 RF: In another embodiment, R? is Het of the formula:

=

N

17



E-34 X-A R2-F R20-H R3-G R3-H R31'-H 125-E R6-C E-35 X-A R2-F R20-H R3-H R3a-H R3b-H R6-F
R6-D E-36 X-A 122-G R20-A R3-G R3a-H R31-H R5-A R6-H E-37 X-A R2-G R20-H R3-G R3a-H

R31'-H Rs-C R6-H E-38 X-A R2-G R23-H R3-H R3a-H R3b-H R5-H R6-H E-39 X-A R2-G R20-| R3-G
WO 2009/076747 PCT/CAZ008/002107

wherein Het is optionally substituted with 1 to 3 R* substituents, wherein R*
is as defined herein.
R2.G:in another embodiment, R? is of the formula:
R21
RN

N
R

5 wherein R*' is as defined:
R¥™.A:  Inthis embodiment, R¥ is selected from H, halo, (C.g)alkyl,
(Cre)haloalkyl, (Cs.7)cycloalkyl and ~O-(Cy.g)haloaikyl.
R¥.B:  In this embodiment, R*' is selected from H, Cl, Br, CHs, CHF,, CFs,
cyclopropyl, cyclobutyl and ~-OCF,.
10 R¥.C:  Inthis embodiment, R*' is H, CHF, CF; or cyclopropyl.
R™.D:  Inthis embodiment, R* is H or CF.
R¥-E:  In this embodiment, R*' is CHF, or CF,.
RY.F;  In this embodiment, R*' is CF;;
and R¥*is as defined herein.
18
Any and each individual definition of R*' as set out herein may be combined
with any and each individual definition of X, R®, R®, R*® R*, R® and R® as set
out herein.

RZ.H: in another embodiment, R? is a group of the formula:
CF

& s
l/g/‘\
Rzu/k%

N
20

wherein R?is as defined herein,
R%L: In another embodiment, R? is naphthy! or phenyl, the pheny being optionally
substituted with 1 to 3 R* wherein R” is as defined herein.
R2-J: In yet another embodiment, R? is phenyl optionally substituted with 1 to 3 R®
25 wherein R? is as defined herein.

R*-K: In an alternative embodiment, R%is a group of formula;

18



R3a-H R3b-H R5-H R6-I E-40 X-A R2-G 1220-H R3-G R3-H R3b-H Fe-H R6-H E-41 X-A R2-G R20-H
R3-H R3a-H R3b-H Rs-F R6-1 E-42 X-A R2-1-1 R213-A R3-E R38-A R31'-D R5-A R6-E E-43 X-A R2-H

R20-F R3-A R -E R31-B Rs-B R6-F E-44 X-A R2-H R20-B R3-F R3-C R3b-H R5-C R6-G E-45
WO 2009/076747 PCT/CA2008/002107

RZO
wherein R*! and R® are as defined herein.

R*-L: In another embodiment, R* is a group of the formula:

5 wherein R® is as defined herein.
R2.M:In another embodiment, R? is phenyl or Het, all being optionally substituted
with 1 to 3 R® substituents, wherein R? is as defined herein: and Hetis a 5-
or 8-membered aromatic heterocycle containing 1 or 2 N heteroatoms, ora 8-
or 10-membered bicyclic heteropolycycle containing 1 or 2 N hetercatoms.
10 RZN:In another embodiment, R? is phenyl or Het wherein Het is selected from the

following farmulas:

=

N
N

and

wherein R? is optionally substituted with 1 to 3 R% substituents, wherein R
15 is as defined herein.
R?-0: In another embodiment, R? is phenyl or Het wherein Het is selected from the

following formulas:

S 8 N A
Cf @/ \\( A m/

~z
3
=N
20 wherein R? is opttonaily substituted with 1 to 3 R* substituents, wherein R®

19



X-A R2-H R20-F R3-B R3a-G R3b-F R5-D R6-A E-46 X-A R2-H R2043 R3-F R3a-I-1 R3b-H R5-H
R6-G E-47 X-A R2-H R20-H R3-G R-H R3b-H Fe-H R6-E E-48 X-A R2-H R20-H R3-G R3a-H R3b-H

R6-H R6-F 5\3432?669,05627;'7'?20" R3-H R3a-H R3b-H R6-A R6-G E-50 X-APIS%;?&;@%%EOE%%’?E R38-1-1

is as defined herein.
R2.P: In yet another alternative embodiment, R’ is selected from the group:

RY!
‘\ \\ \\
N
Rzo/©/ g R

an
wherein R¥ and R® are as defined herein.

5  R%-Q:In yet another alternative embodiment, R? is selected from the group:

- GF, CF,
“ ﬁ( |
I ] N
RZU RZD
and

wherein R? is as defined herein.

Any and each individual definition of R? as set out herein may be combined with any
10 and each individua! definition of X, R®, R®, R*™ R*™, R® and R® as set out herein.

RZ-A: |
R%.A: In one embodiment, R? is selected from:
a) halo, cyano or nitio;
15 b) R, -C(=0)-R’, -C(=0)-O-R’, -O-R’, -8-R", -SO-R’, -S0,-R’,
-(Cy5)alkylene-R’, -(Cy.s)alkylene-C(=0)-R’,
-(Cy.e)alkylene-C(=0)-O-R’, -(Cyg)alkylene-O-R”, —(C,.p)alkylene-S-R7,
-(C+.5)alkylene-SO-R’ or «(Cyg)alkylene-SO,-R":
wherein R” is in each instance independently selected from H,
20 (Cre)alkyl, (Cog)alkenyl, (Cosalkynyl, (Ci.5)haloalkyl, (Cy.r)cycioalkyl,
(Csz)cycloalkyl-(C.g)alkyl, aryl and Het;
wherein the (Cyg)alkyl, (Cse)alkenyl, (Cag)atkynyl, (Cyg)haloalkyl,
{Caz)eycioalkyl, (Cs.r)cycloalkyl-(Cis)alkyl, and (Cy.g)alkylene are
optionally substituted with 1 or 2 substituents each independently
25 selected from ~OH, -(C,.g)alkyl optionally substituted with
-0-(C4.g)alkyl, halo, «(Cq.g)haloalkyl, (Car)cycloalkyl , -O-(C.)alkyl,
cyano, COOH, -NH;, -NH(C_»alkyl, -NH(Ca.7)cycloalkyl,
—N((01.4)aEkyl)(Cs_?)cyc[oalkyl, -N((C,_)alkyl)z, aryl, -(Cq g)alkyl-aryl, Het,

20



R31'-C R5-B R6-G E-51 X-A R2-1 R20-J R3-B R3a-B R3b-G R5-H R6-E E-52 X-A R2-J R20-D R3-F
R3a-D R3b-H R5-A R6-1 E-53 X-A R2-J R20-H R3-H R3a-H R31'-H Fe-A R6-H WO

2000/076747PCT/CA2008/002107 E-54 X-A R2-J R20-H R3-G R33-H R3p-H R5-B R6-H E-55 X-A
R2-.J R20-F B X478 H3p-B R5-B R6-F PCTICA2008/002167

-(C.5)alkyl-Het; and
wherein each of the aryl and Het is optionally substituted with 1o 3
substituents each independently seiected from:
i) halo, cyano, oxo, thioxo, imino, -OH, -O-(Cs)alkyl,
5 -0-(Cy.g)haloalkyl, (Cs.7)cycloalkyl, (Cq.g)haloalkyl,
-C(=0)-(C1.5)alkyl, -SO2{(C1p)alkyt, -C(=Q)-NH,,
-C(=0)-NH(C14)alkyl, -C(=0)-N((C1.4)alkyl),
-C(=0)-NH(Cs.7)cycloalkyl,
-C(=0)-N((C1.2)alky)(Cs s)cycloalkyl, -NHj,, -NH(C4.4)alkyl,
10 N((Ca)atkyl)z, -NH(Csy)cycloalkyl,
-N{(C+.)alkyD(Cs7)cycioalky! or -NH-C(=0)(C+)alkyl;
i} {Cyg)aikyl optionally substituted with ~CH, -O-(C,.s}haloaikyl, or
-0-{C1.5)alkyl; and '
iiiy aryl or Het, wherein each of the aryl and Het is optionally
15 | substituted with halo or (C.s)alkyl; and
g) -NRYR?, —C(=0)-N(R¥R®, ~O-C(=0)-N(R*R®, ~SO,-N(R*R?,
-(Cr.o)alkylene-N(R*R?®, -(Cys)alkylene-C(=0)-N(RY)R®,
-(C1.5)alkylene—0-C(=0)-N{R®R®, or -(C..¢)alkylene-SO,-N(RY)R®,
wherein the (Cy.5)alikylene is optionally substituted with 1 or 2
20 substituents each independently selected from —~OH, -(C..s)alkyl, halo,
-(Cigyhaloalkyl, (Cs7)cycloalkyl , -O-(C)alkyl, cyano, COOH, -NH,,
-NH(Cs)atkyl, -NH(Ca7)cycloalkyl, -N{{Ci4)alkyl}{Csr)eycloalkyl and
-N{(C1.4)alkyl)s;
R® is in each instance independently selected from H, (Cy.g)alkyl and
25 | {Cscycloalkyl; and _
R’ is in each instance independently selected from R’, -O- {Cy.s)atkyl,
-(Cre)alkylene-R’, -SO,-R", -C(=0)-R’, -C{(=0)OR’ and
-C(EONRYRT; wherein R’ and R® are as defined above;
orR®and R®, together with the N to which they are attached,
30 : are linked to form a 4- to 7-membered heterocycle optionally further
containing 1 to 3 heteroatoms each independently selected from N, O
and S, wherein each S hetercatom may, independently and where
possible, exist in an oxidized state such that it is further bonded fo
one or two oxygen atoms to form the groups SO or SO;;

35 wherein the heterocycle is optionally substituted with 1f0 3
21



E-56 X-C R2-J R20-H R3-11 R3a-H R3b-H R5-C R6-H E-57 X-A R2-J R20-H R3-G Ru-D R31'-H R5-H
R6-A E-58 X-A R2-J R20-l1 R3-G R3a-H R3b-H Rs-H R6-I E-59 X-B R2-J R20-H R3-G R3a-D R31'-H
125-H R6-A E-60 X-A R2-K R20-A R3-E Ru-A R3b-D R5-A R6-G E-61 X-B R2-K R20-A R3-E
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R*.B:

PCT/CAZG08/002107

substituents each independently selected from (Cs)alkyl,
(Cys)haloalkyl, halo, oxo, —~OH, SH, -O(C..s)alkyl, -S(Cqg)alkyl,
{Ca7)cycloalkyl , -NH,, -NH{Cys)alkyl, -N((C1s)alkyl)z,
-NH(C;)cycloalkyl, -N{(C4.)alkyl)(Cs.7)cycloalkyl, -C(=0)(C, s)alky]
and -NHC(=0)-(C:.e)alky.

In another embodiment, R* is selected from:
b) R, -C(zO)»R’, -C(=0)-O-R’, -(Cy.¢)alkylene-R’, (C..s)alkylene-C(=0)-R’,

-(Cyo)alkylene-C(=0)-O-R7, -(C1.s)alkylene-O-R’, ~(Cq.c)alkylene-S-R;
wherein R’ is in each instance independently selected from H,
(Cr.s)alkyl, (Cae)alkenyl, (C,.s)atkynyl, (Ceihaloalkyl, (Csr)cycloalkyl,
(Carieycloalkyl-(Cq.g)alkyl, aryl and Het;

wherein the (Cyg)alkyl, (Cz.e)alkenyt, (Cogyalkynyl, (Ci.)haloalkyl,

(Car)cycloalkyl, (Cs7)cycloalkyl-(Ci.s)alkyl, and (C1g)alkylene are

optionally substituted with 1 or 2 substituents each independently

selected from ~OH, -(C1.s)alkyl optionally substituted with

-0-(C15)alkyl, halo, (C,.g)haloalkyl, (Csr)cycloalkyl , -O-(C.g)alkyl,

cyano, COOH, -NH,, -NH(C4.galkyl, -NH(Cs.7)cycloalkyl,

-N((C1.0)alkyD)(Caricycloatkyl, -N((C.q)alkyl), ary!, (Cys)alkyl-aryl, Het,

-{Cq5)atkyl-Het;, and

wherein each of the aryl and Het is optionally substituted with 110 3

substituents each independently selected from:

i) halo, cyano, oxo, thioxe, imino, -OH, -O-(C4.g)alkyl,
-0-{C1.sthaloalkyl, {Cs.7)cycloalkyl, (Cis)haloalkyl,
~C(=0)-(C1p)alkyl, -SO(C15)alkyl, -C{(=0)-NH,,
-C(=0)-NH(C15)alkyl, -C(=0)-N((C:.s)alkyl),
-C(=0)-NH(Caz)cycloalkyl,
-C(=O)-N((C+4)alkyl)(Csr)cycloalkyl, -NH;, -NH(Cy.4)alkyl,
-N((C1.g)alkyl)z, -NH{C;7)cycloalkyl, '
-N((C+.q)alky}(Cs7)cycloatkyl or -NH-C(=0)(C1.4)alkyl;

if) (Ciealkyl optionally substituted with —OH, -0-(C4.g)haloalkyl, or
-O-(C1.¢ralkyl; and

iii) aryl or Het, wherein each of the aryl and Het is optionally
substituted with halo or (C..s)alkyl; and

¢) -NRHR®, -(Cy.)alkylene-N(R*R?, -(Cq)alkylene-C(=0)-N(R*R, or

-(C-,_s)atkyiene—-(}C(=O)-N(R8)R9; wherein the {(C g)atkylene is
22



R3-A R3"-D R5-A R6-E E-62 X-A R2-K R213-F R3-A R3-C R3b-B R5-B R6-F E-63 X-A R2-K R20-B
R3-D R30-c R'-H R5-c R6-G E-64 X-C R2-K R20-F R3-C R3a-G R3"-F R5-D R6-A E-65 X-A R2-K

R20-F R3-B R3a-G R31'-F Rs-F R6-A E-66 X-A R2-K RN-A R3-G R3a-H R31'-H 1254-1 R6-D E-67
WO 2009/076747 PCT/CAZO08/002107

optionally substituted with 1 or 2 substituents each independently.
selected from —OH, ~(C4.¢)alkyl, halo, -(Ci.g)haloalkyl, (Cs.r)eycloalkyl,
-O-(C.g)alkyl, cyano, COOH, -NH,, -NH(C..4)alkyl, -NH(Cs.7)eycloaikyl,
-N{{C14)alkyl)(Cs7)cycloalkyl and -N({Ci.s)alkyt);
5 R®is in each instance independently selected from H, (Cs.5)alkyl and
(Ca7)cycloalkyl; and
R? is defined as R, wherein R” is as defined above;
or R® and R®, together with the N to which they are attached,
are linked to form a 4- to 7-membered heterocycle optionally further
10 containing 1 to 3 heteroatoms each independently selected from N, O
and S, wherein each S heteroatom may, independently and where
possible, exist in an oxidized state such that it is further bonded to
one or two oxygen atoms fo form the groups SO or SO,;
wherein the heterocycle is optionally substituted with 1 to 3
15 substituents each independently selected from (C.¢jalkyl,
(Cqs)haloalkyl, halo, oxo, ~OM, SH, -O(C,.s)alkyl, -S(C4s)alkyl,
(Car)cycloalkyl , -NH,, -NH(Cqg)alkyl, -N{{C1.)alkyl},,
-NH(Cs.7)cycloalkyl, -N{{(Cy4)yalkyi{Csr)cycloalkyl, -C(=0){C+.5)alkyl
and -NHC(=0)-(C.gyalkyl.
R¥*.c: In another embodiment, RZ is selected from:
b) R, -(Ciealkylene-R’, ~(Cy.e)alkylene-O-R’, ~(C,.e)alkylene-S-R’;
wherein R’ is in each instance independently selected from H,
{Cie)alkyl, (Cyethaloalkyl, (Csr)cycloalkyl, (Csr)cycloalkyl-(Cqgalkyl,
aryl and Het;

[
[l

25 wherein the {C,gatkyl, (C..sphaloalkyl, (Csy)cycloalkyl, (Car)cycloalkyl-
' (Cig)alkyl, and (Cis)alkylene are optionally substituted with 1 or 2

substituents each independently selected from —OH, -(Cyg)alkyl
optionally substituted with -O-(C.g)alkyl, halo, -(C1)haloalkyl,
(Ca7)cycloalkyl | -O-(Cy.5)alkyl, cyano, COOH, -NH,, -NH(C4.5)alkyl,

30 -NH(Cs7)cycloalkyl, -N{(C..q)atkyl)(Carjeycioalkyl, -N{(C:.p)alkyl), Het,
-(C1g)alkyl-Het, and
wherein each of the aryl and Het is optionally substituted with 110 3
substifuents each independently selected from:
i) halo, {Csr)cycloalkyl, (Cigihaloalkyl, -C{=0)-NHM,,

35 ~C(=0)-NH(Cy)alkyl, -C(=0)-N({{C14)alkyl)s,

23 '



X-A R2-K R20-1-I R3-H R3aH R31'-H Rs-A R6-I E-68 X-A R2-K R26-B R3-E R3a-H R31'-D R5-C
R6-A E-69 X-A R2-L R20-A R3-C R3-H R31'-F R5-C R6-G E-70 X-A R2-L R20-ID R3-D R3-D R3b-H

R5-C R6-A E-71 X-C R2-L R20-A R3-C R3aH R31'-F R5-C R6-G E-72 X-A R2-L. R20-G R3-G R3a-A
WO 2009/076747 PCT/CAZO08/002107

-C(=0)-NH(Cs.7)cycloalkyl,
-C(=0)-N((C1.s)alkyD{Ca7)cycloalkyl, -NH,, -NH(C4.s}alkyl,
-N((C+.s)alkyl)z, -NH(Cs.7)cycloalkyi,
-N{{C.s)alkyl}{(Cs.7)cycloalkyl or -NH-C(=0){(C.s)alkyt;
5 iy (Cyg)alkyl optionally substituted with —OH, -O-(C.g)haloalkyl, or
-O-(Cyp)alkyl; and
iii} aryl or Het, wherein each of the aryl and Het is optionally
substituted with halo or (C.s)alkyl; and
¢} -N(RHR? or -(Cs.5)alkylene-N(R®)R®; wherein the (Cy.¢)alkylene is
10 ' optionally substituted with 1 or 2 substituents each independently
selected from —OH, ~(C.sjalkyl, halo, -(Cg)haloalkyl, (Cs.r)cycloatkyt,
-0-(C..g)alkyl, -NH,, -NH(C..s)alkyl, -NH(Cs7)eycloalkyl,
-N((C1.c)alkyl}(Car)cycloalkyl and -N((C1.4)alkyl)s;
R® is in each instance independently selected from H, (Cy¢)alkyl and
15 {Cs.7)cycloalkyl, and
R’ is defined as R”, wherein R’ is as defined above.
R?.D: in another embodiment, R is selected from:
b) R’ or -(Ci.)alkylene-R’
wherein R’ is in each instance independently selected from H,

PO |

(Cgyalkyl, (Carjcycioaikyl, (Carjcycioalkyl-(Cqrgjaikyl, phenyl and Het

8
L]

wherain each of the phenyl and Het are optionally substituted with 1
to 3 substituents each independently selected from:
iy halo, (Csr)eycioalkyl, {Cis)haloalkyl, -C(=0)-NH,,
-C(=O)-NH(C1)alkyl, -C(=0)-N({(C14)alkyl)z,
25 ~C(=QO)-NH{(Cs.ricycloalkyl,
-C(=0)-N((C;.0)alky)(Csr)cycloalkyl, -NM,, -NH(C.s)alkyl,
-N((C1.4)alkyl)z, -NH(Cs 7)cycloalkyl,
~N((C1.q)alkyl){Csa)eycloalkyl or -NH-C(=0)(Ci4)alkyl; and
ii) (Cis)alkyl optionally substituted with ~OH, -O-(C,.s)haloalkyl, or
30 -C-(C4.6)alkyl; and
¢) -NRYHR® or -(Cye)alkylene-NRYR?,
R®is in each instance independently selected from H, (C+g)alkyl and
(Car)cycloalky!, and
R®is defined as R, wherein R is as defined above.

35  R™E: in another embodiment, R* is selected from:
24



R3b-E R5-H R6-E E-73 X-A R2-L R20-H R3-G R3a-H R3b-H R5-H R6-H E-74 X-A R2-L R20-G R3-G
R38-E R3'-H R5-H R6-I E-75 X-A R2-M R20-D R3-F R3a-D R3'-H R5-A R6-1 E-76 X-A R2-M R20-B

R3-E R3a-H\I§8'ig%)9I$GS7%§4$6-G E-77 X-A R2-M R26-J R3-D R3a-B R3b-G]j%%EIA§’%é%al§l-g,ﬁ X-A

b} R or ~(Cr.e)alkylene-R’
wherein R’ is in each instance independently selected from M,
(Cq.5)alkyl, (Csz)cycloalkyl, (Car)eycloalkyl-(Che)alkyl, phenyl and Het;
wherein each of the phenyl and Het are optionally substituted with 1
5 to 3 substituents each independently selected from:
i) halo, (Car)cycloalkyl, {Cs)haloalkyl, -C(=0)-NH,,
-C{=Q)-NH(C,_)atkyl, -C(=0)-N((C1.s)alkyl)z,
-C{=0)-NH(Ca)cycloalkyl,
-C(=0)-N((C14)alky)(Car)cycloalkyl, -NH,, -NH(C1.)alkyl,
10 -N((Cy.4)alkyl)s, -NH(C37)cycloalkyl,
-N(({C14)alkyl}(Car)cycloalkyl or -NH-C(=0)(C,.4)alkyl; and
ii) (Cig)alkyl optionally substituted with —OH, -O~(C1.¢)haloalkyl, or

—O-(C1_6)alkyl;
wherein the Het is selected from:
iy ﬁ S N ﬁ N m
N— . —
Y NH \
Q) Oy 1) I 50
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R2-M R20-A R3-G R38-H R3b-H R5-D R6-H E-79 X-A R2-M R20-1-1 R3-H R3a-H R3b-H R5-E R6-I
E-80 X-A R2-M R20-J R3-A R32-F R3b-A R5-F R6-F E-81 X-B R2-M R20-I R3-A R3-F R3b-A Rs-F
R6-F E-82 X-C R2-M R20-I R3-A R3a-F R3b-A R5-F R6-F E-83 X-A RZ-%E{@gAQG%%@@;a-D R3"-H
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R®.F:

R¥.G:

H o X

SeReies

) and rand

NRYR® or «(Cy.0)alkylene-N(R*)R?;

R® is in each instance independently selected from H, (Cigjalkyl and
(Cay)eycloalkyt; and

RY is defined as R’, wherein R’ is as defined above.

In another embodiment, R* is selected from:
—(C1.0)alkylene-R;

wherein R’ is Het; wherein the Het is a 5- or 6-membered heterocycle
containing 1 to 4 heteroatoms, each independently selected from N,
O and S, or Het is a 9- or 10-membered heteropolycycle containing 1
to 4 heteroatoms, each independently selected from N, O and §;
wherein each N heteroatom may, independently and where possible,
exist in an oxidized state such that it is further bonded to an oxygen
atom to form an N-oxide group and wherein each S heteroatom may,
independently and where possible, exist in an oxidized state such that
it is further bonded to one or two oxygen atoms to form the groups SO
or SOy;

wherein the Het is optionally substituted with 1 to 3 substituents each
independently selected from halo, cyano, oxo, imine, -OH,
-0-{Cs)alkyl, -O~(Cyg)haloalkyl, (Csr)cycloalkyl, -NH,, -NH(C1.4)alkyl,
-NH(Cs.s)cycloalkyl, -N{(C,.a)alkyl)(Csr)cycloalkyl, -N((Cra)alkyl),
-NH-C(=0)}C,.o)alkyl, (Cigjalkyl and Het, wherein the Hetis a 5- or 6-
membered heterocycle containing 1 to 4 hetercatoms, each
independently selected from N, O and S.

In another embodiment, R* is selected from:
b) —~CHxR’, -CH,CH,-R’,

wherein R is Het; wherein the Het is selected from:

H ‘_‘_H H H

b

26



Rs-A R6-A E-84 X-A R2-N R20-A R3-E R3a-A R3b-D R5-A R6-E E-85 X-A R2-N R20-C R3-C R3a-H
R3b-F R5-C R6-F E-86 X-A R2-N R20-F R3-B R3a-G R3b-F 125-D R6-A E-87 X-A R2-N R213-G
R3-G R3a-A R31-C R5-H R6-A WO 2009/076747PCT/CA20081002107 E88 X-A R2-N R20-11R3-G
R3a -HR31-A PR *R3b-DRs-A In R6-E E-89

;and
wherein the Het is optionaily substituted with 1 to 3 substituents each
independently selected from halo, cyano, oxo, imino, -OH,
-0-{Cyg)alkyl, ~NHo, -NH(C1.qjalkyl, -N({Cq4)alkyl)s,

10 -NH-C{=0)(C4_4)alkyl and (C4.g)alkyl.

R¥®.H: In another embodiment, R¥ is selected from:
b) —CHp-R’ -CH,CHR,

wherein R’ is Het; wherein the Het is selected from:

o B0 Q@u@

15 and
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X-A R24 R3-G Mal E-90 X-A R2-0 R20-A E-91 X-A R2-0 R20-F En R3a-E R6-B R6-F E-92 X-A
R2-0 R20-B In R3a-C R3b-H Rs-C E-93 R2-0 R20-CR3-C R3a-H R3b-F Rs-C R F X-A R2-0

R20-DR3-D R3aD R -H Rs-C R6-A E-95 X-A R2-0
WO 2009/076747 PCT/CAZO08/0621607

wherein the Het is optionally substituted with 1 to 3 substituents each
independently selected from halo, -(Ci.e)alkyl, -O-(Ciz)alkyl, -NH;,
~NH(C1_sJalkyl, -N((C+..)yalkyl), and (Cis)alkyl.

R2§: In another embodiment, R* is selected from:

10 ; , H , ,
! a :
N | 1\/Iw—N“ N | \N
- N T /N .
r{if\/) / /N NW
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R20-F INCIMEZI R6-D R6-A E-96 X-A R2-0 R20-GR3-G R3a -A R3b-C 125-H R6-E E-97 X-A R2-0
R20-HR3-G R38 -H le-H 13111321131flrell .n. R3"-H R31-H granizini R6-1- R5-H Rs-C En R6-E1 In

R6-H X-A R%;g 2'?}(%86%7'373“ E-99 X-A R2-0 R20-1  E.100 X-A PCTICA2008/002107
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R2-0 R25-1 R25-J  E-101 X-A R2-G R2-0 El 02 X-A E-103 X-A R2-0 R20-H lal R20-H

INEinin R3-H Eno Rs-D Rs-F In R6-1 E-104 AR2-0  E-105 X-A R2-0

WO 2609/876747 PCT/CA2008/002107
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5 and

Any and each individual definiiion of R? as set out herein may be combined with any

and each individual definition of X, R?, R®, R® R R’ and R® as set out herein.

10 RY:

R3-A: In one embodiment, R® is selected from H, halo, CN, (Ciu)alkyl, -OH, -O-(C..
salkyl, -S-(Cy galkyl, -NH,, -NH(C,.j)alkyl, -NH(Cs.7)cycloalkyl,
-N{{C1a)alky){Cs.7)cycloalkyl and -N({C+.4)alkyl).

R®-8: In another embodiment, R® is selected from H, halo, CN, (C..g)alkyl, -O-(C4.

15 s)atkyl and -N({(C_o)alkyl)..

R*-C: In another embodiment, R® is selected from M, halo, (C.4)alkyl and CN.

R*-D: In ancther embodiment, R® is selected from M, F, CI, CH; and CN.

R3-E: In another embodiment, R® is selected from H, F, Cl and CH,.

R3.F: In another embodiment, R® is selected from H, F and CH,.

20 R®G:In another embodiment, R®is H or F.

R.M: In another embodiment, R® is H.
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Any and each individual definition of R® as set out herein may be combined with any

and each individual definition of X, R®, R?, R® R*®, R® and R® as set out herein.

5 R™:

R%.A: in one embodiment, R* is selected from H, halo, CN, (Cs4)alkyl, -OH,
-0-(Cq)alkyl, -85-(Cya)alkyl, -NH;, -NH(C_4)alkyl, -NH{Cs.7)cycloalkyl,
-N{(C+.4)alkyD)(Cs7)cycloalkyl and -N{{C4.z)alkyl)s.

R*.B: In another embodiment, R* is selected from H, halo, CN, (Cy.4)alkyl,

10 -O-(Cy.p)alkyl and -N{{C14)alkyl}..

R¥.C: in another embodiment, R* is selected from H, halo, {Cy..)alkyl and CN.

R*.D: . in another embodiment, R® is selected from H, F, Cl, CH; and CN.

R*®.E: in another embodiment, R* is selected from H, F, Cl and CHs.

RYF; In another embodiment, R* is selected from H, F and CHa.

15 R™-G: In another embodiment, R* is H or F.

RY.H: In another embodiment, R* is H.

Any and each individual definition of R* as set out herein may be combined with any
and each individual definition of X, R®, R? R®, R*®, R® and R® as set out herein.

20
R
R*-A: In one embodiment, R* is selected from H, halo, CN, (C4.)alkyl, -OH,
-O~(Cy.0)alkyl, -S-(Ce)alkyl, -NHs, -NH(C1)alkyl, -NH(C.)cycloalky,
. -N({Cr.)alkyl){Car)cycloalky! and -N((C1.q)alkyl)..
25 R*.B: In ancther embodiment, R* is selected from H, halo, CN, (Cy.)alkyl,
-0-{Cy4)alkyl and -N{(C1_a)alkyl)..
R.C: In another embodiment, R* is selected from H, halo, (Cy..)alkyl and CN.
R%.D: in another embodiment, R is selected from H, F, Cl, CH; and CN.
R*®.E: In another embodiment, R® is selected from H, F, Cl and CH;.
30 R¥™F in another embodiment, R™ is selected from H, F and CH,.
R*.G: In another embodiment, R® is H or F.
R*.H: In another embodiment, R® is H.

Any and each individual definition of R*® as set out herein may be combined with any
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and each individual definition of X, R®, R* R®, R*®, R® and R® as set out herein.

R®:

RE-A: In one embodiment, R® is R®! being mono-, di-, or tri-substituted with 0-R%,

5 wherein R®' is (C..g)alkyl, (Car)cycioalkyl, (Cre)alkyl-(Cs.r)cycloalkyl, aryl,
(Cro)alkyl-aryl, Het or (Cys)alkyl-Het, each R®' being optionally substituted
with (Cye)alkyl, (Cs7)cycloalkyl or (Cqe)alkyl-(Car)cycloalkyl; and
R is (C+.5)alkyl, (Csrjoycloalkyl, (Ci.e)alkyl-(Car)cycloalkyl, aryl, (C.g)alkyl-
aryl, Het or (C)alkyl-Het, said aryl and Het being optionally substituted with

10 (C..5)alkyl or O-(Cyg)alkyl.

R°.B: In one embodiment, RS is R*' being mono-, di-, or tri-substituted with O-R,
wherein R¥ is (Cq)alkyl, (Caroycloalkyl, (Cq.eyalkyi-(Car)cycioalkyl, aryl or
{Cre)alkyl-aryl, each R* being optionally substituted with (C1.e)atkyl,
(Cs7)eycloalkyl or (Crg)alkyl-(Car)cycloalkyl; and

15 R* is (Cqs)alkyl, (Car)ecycloalky, {Ci.e)alkyl-(Car)cycloalkyl, aryl or (Cig)alkyl-
aryl, said aryl being optionally substituted with (C1.g)alkyl or O-(C4.g)alkyl.

R5.C: In one embodiment, R® is R™ being mono- or di-substituted with O-R™,
wherein R® is (Cys)alkyl, (Ca.r)cycloalkyl, (Cy.s)alky-(Csr)cycloalkyi, aryf or
(Cre)alkyl-aryl, sach R®" being optionally substituted with (Cy.e)alkyl,

20 (Car)eycloalkyl or (Cq.)alkyl-(Car)cycloalkyl; and
R is (Cy.e)alkyl, (Car)cycloalkyl, (Cr.e)alkyl-(Car)cycloalkyl, aryl or (Cqg)alkyl-
aryl, said aryl being optionally substituted with (Cy.sJalkyl or O-(C4.s)alkyt.

R5-D: In one embodiment, R® is R™ being mono- or di-substituted with O-R®,
wherein R™ is (C,.¢)alkyl, (Cs7)cycloalkyl or (Cr.a)alkyl-(C 7)oycloatkyl, each

25 R%! being optionally substituted with {C1.5)alkyl, (Cas)cycloalkyl or (Cyg)alkyl-
{Cs.ricycloalkyl; and
R* is (C..)alkyl, (Csr)oycloalkyl, (C.e)alkyl-(Car)cycloalkyl, aryl or (Cqg)alkyl-
aryl, said ary! being optionally substituted with {Cg)alkyl or O-(C,.g)alkyl.

RS-E: In one embodiment, R® is R*' being mono- or di-substituted with O-R%,

30 wherein R%" is (C,.¢)alkyl, being optionally substituted with (C..s)alkyl,
{Csr)cycloalkyl of (Cre)alkyl-(Caz)eycloalkyl; and
R®2 is (C.s)alkyl, aryl or (Cys)alkyl-aryl, said aryl being optionally substituted
with (Cre)alkyl or O-(C.g)atkyl.

RS-F: In one embodiment, R® is R* being mono- or di-substituted with O-R*,
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wherein R is (Cy¢)alkyl, being optionally substituted with (C4.¢)atkyl, and
%2 is (Cre)alkyl, aryl or (Cq)alkyl-aryl, said aryl being optionally substituted
with (Cs)altkyl or O-(Cqg)alkyl.
R5-G: In one embodiment, R® is R® being mono- or di-substituted with O-R*,
5 wherein R¥ is {Cy.q)alkyl, being optionally substituted with (C+.s)alky!, and
2 is (Cr.e)alkyl.
R®-H: In another embodiment, R® is selected from:
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R2-P R20-F In R3a-G lal Rs-D R6-A R20-G R3-G R3a -A EN R6-1-1 R6-E WO
2009/076747PCT/CA2008/002107 EA 22 X-A R2-P R20-H R3-G R3a-H R3b-H 126-C R6-1-1 EA 23

X-A R2-P R20-H R3-H R3-H R3"-H 126-D R6-H E-124 X-A R2-P R20-1 R3: : “H Rs-
R6-H E-125 X NRIBRI0-1 R3-G R R R

RS- In one embodiment, R® is R* being mono- or di-substituted with O-R%,
wherein R is (C.s)alkyl, being optionally substituted with (C1.s)alkyl,
(Cs7)cycloalkyl or (Cy.g)alkyl-{Cazjcycloalkyl; and
R™ is (Cq5)alkyl, (Car)cycloalkyl, (Cyg)alkyl-(Car)cycloalkyl, aryt or (Ce)alkyl-

5 aryl, said aryl being optionally substituted with (C1.s)alkyl or O-(C+.g)alkyl.

Any and each individual definition of RS as set out herein may be combined with any

and each individua! definition of X, R®, R?, R®, R®™ R and R® as set out herein.

10 R%:

RE.A: In one embodiment, R® is (Csr)cycloalkyl, (Ci.e)alkyl-(Caz)cycloalkyl, aryl,
(Cy.q)alkyl-aryl, Het or (C..5)alkyl-Het; being optionaily substituted with1to 5
substituents each independently selected from halo, (Cqg)alkyl,
(C1e)haloalkyl, (Cs7)cycloalkyl, -OH, -SH, -O-(Cy4)alkyl, -5~(C44)alkyt and

15 -N(R®R®; wherein R® is in each instance independently selected from H, (C..
s)alkyl and (Cs7)cycloalkyl, and
R® is in each instance independently selected from R, -O~(Cy g)alkyl,
-(C1o)alkylene-R’, -80,-R’, -C(=0)-R", -C(=0)OR’ and -C(=0)N(R)R’;
wherein R’ and R® are as defined above;

20 or R® and R®, together with the N to which they are attached, are linked to
form a 4- to 7-membered heterocycle optionally further containing 1 to 3
heteroatoms each independently selected from N, O and 8, wherein each S
heteroatom may, independently and where possibie, exist in an oxidized
state such that it is further bonded to one or two oxygen atoms to form the

25 groups SO or SO,
wherein the heterocycle is optionally substituted with 1 to 3 substituents each
independently selected from (C..s)alkyl, (Cie)haloalkyl, halo, oxo, ~OH, SH,
-0(C1g)alkyl, -S{C,.g)alkyl, (Car)cycloalkyl , -NH;, -NH(Cy.g)alkyl,
-N({Cg)alkyl)s, “NH(C4 7)cycloalkyl, -N((C14jalky}(Car)cycloalkyl, -C(=0)Cs.

30 syalkyl and -NHC(=0)-(C.g)alkyl.

RS.B: In yet another altemative embodiment, R® is (Cs)cycloalkyl, aryl or Het, being
optionally substituted with 1 to 3 substituents each independently selected
from halo, (Cig)alkyl and (Cq.g)haloalkyl.

RE-C: In still another embodiment, R® is (C;7)cycloalkyl, pheny! or Het, optionally
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substituted with 1 to 3 substituents each independently selected from halo,
(C+g)alkyl and {Cqsthaloalkyl;

wherein the Het is selected from:

, and
RE-D: In another alternative embodiment, R® is (Cs.g)cycloalkyl, phenyl or Het
optionally substituted with 1 to 3 substituents each independently selected
from halo, (Ct.4)alky! and (C,.g)haloalkyl; wherein
10 Het is a 4- to 7-membered saturated, unsaturated or aromatic heterocycie
having 1 to 3 nitrogen heteroatoms.
RE-E: In still another embodiment, R" is phenyl, cyclohexyl or pyridine optionally
substituted with 1 to 3 substituents each independently selected from halo,
(C1a)alkyl and (Cq4)haloalkyl.
45  RS-F: In still another embodiment, R® is phenyl, optionally substituted with 1 to 3

substituents each independently selected from halo and (Cy.4)alkyl.

w

substituents each independently selected from halo.

R®.G: In still ancther embodiment, R%is , optionally substituted with 1 to 3

RE.H: In stili another embodiment, R® is o,

20 RE1 In still another embodiment, R® is selected from:
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Any and each individual definition of R® as set out herein may be combined with any
5  and each individual definition of X, R?, R, R®, R®, R® and R® as set out herein,

Examples of preferred subgeneric embodiments of the present invention are set
forth in the following table, wherein each substituent group of each embodiment is
defined according to the definitions set forth above:

10
Embodiment | X R? R* R® | R®™ R* R® R®
E-1 XA | RRA R®D | R-F | R®D | R®™H | R-A | R%
E-2 X-A | RA | R®D | R°F | R®D | R®H | R-A | R%A
E-3 X-A | RLA | R® | A | R2F | R®™A | R%A | ROF
E-4 X-A | RA | R®B | R“E A R™“H | R*C | R-B | R*G
E-5 XA | R%A | R®H | R®H | R®H R¥H | R®C | R%
E-6 XA | RRA { R®A | RRG | R®™H | R®H | R®D | R%H
E-7 X-A | RA | R®J | R*B | R%B | R®G | R®H | R%E
E-8 XA | RRB | R®H | RAG | R®™H | R®H | R-H | R.&F
E-9 XA | R=B R®H | R*G | R®*H | R*H | R®H | R*G
E-10 XA | RZRB | R®H | R®®G | R®™H | R®*H | R%H R®-1
E-11 XB | RAB | R®H | R®G | R®H | R*"H | R®A | R
E12 X-A | RRC | R®F | R®-A | R®™D | R*™D | R®.A | R%A
E-13 X-A | RRC | R®A | RRA | R®G | R®A | RAMC | REF
E-14 X-A | R%C | R®B | R®®B  R™A | R®™B | R°®.D R'G
E-15 XA | R*¢ | R®G | R-F | R®F | R®E | R°.H | R%H
E-16 XA | RRC R®E | R°D | R®E | R®™F | R*H | R°G
E-17 XA  R~C [ R®B | R™B | R®H | R®B  RH | R%E
E-18 XA | RBD | R®D | RRC | R®*F | R®G | R*E | RC
E-19 X-A | RAD | R®E | R°%G | R®E | R™A | R®.G | R’C
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R3b-B Rs-E R6-1 EA 37 X-A R2-Q R20-G R3-G R3a-A R'-C Rs-H R6-E E-138 X-A R2-Q R20-H R3-A
R3a-A R31'-C Rs-H R6-G EA 39 X-A R2-Q R20-I R3-D R3a-D R3b-H Rs-H R6-H EA 40 X-A R2-Q
R23-I R3-E IR3a-E R31'-F R5-F1 R6-K E-141 X-A R2-Q R20-H R3-G R3a-1-1 R3b-H Rs-F R6-H

E-142 X-A WO 2009/076747 PCT/CAZ088/002107
E-20 X-B | RRD | R®E | R%.G | R®E | R®G | R%“G | R-C
E-21 X-A | RZD | R®J  RH | R®E | R®™H | R*H | R*D
E-22 X-A | R-E |R®D  R-F R™D | R®H | R.A | RYM
E-23 X-A | RRE |R®D | R®.F | R®D | RH | R%A | R-A
E.-24 X-A | RRE | R®H | R®"G | R®H | R®H | R%D | R%F
E-25 XA | RRE | R®H | R®G | R®H R™H | R%“E | R'G
E-26 XB | RRE  R®H  R-G | R®™H  R®H | R.C | R-F
E-27 X¢ | RRE | R®H  R-A | R®™H  R™H A R%D | R%F
E-28 X | RRE | R®A | R°BG | R®%H | R®H | R-E | R’F
E-29 X-A | RLF | R%C | R® | R®H | R®%H | R®H | R°G
E.30 X-A  RAF | R®D | RE | R2D  R¥H | R-A | RM
E-31 XA | RRF | R®%J | R%B | R®B | R*G | R-A | R“E
E-32 XA | RAF | R | R®G | R®H | R®H | R-A | R%™
E-33 XA | R2%.F | R®B | R%E | R®H | R®"C | R%B | R*G
E-34 XA | RRF | R®H  R%G | R®H | R®H | R%E | R%C
E-35 X-A | RRF | R®H | R™H | R®H | R®H | R®%.F | R%D
E-36 XA  RG R®A ! RG R%H  R"™H | R-A | ROH
E-37 XA | RAG | R®%H | R%G | R®H | R®H | R®C | RH
E-38 XA | R%G | R®H R*H | R%H | R®H | R%H | RH
E-39 XA | RRG | R®1 | R®%G | R®H | R®H | R°H | R4
E-40 XA | RAG | R®H | RG | R”H  R®H  RH | R*H
E-41 X-A | RBG | R®H | R*H | R®H  R™H | R®F | RM
E-42 XA | RAH | R®A | R%E | R%A | R™D | R%A | R%E
E-43 XA | R®H | R®F | R%A | R®E R¥B | R°B | RF
E-44 XA | RRH | R®B | R®F | R®™C | R®™H | R®C  R%G
E-45 X-A | R=H | R®F | R®B | R®G | R®F | R%D | R%A
E-46 X-A | RRH | R®D | RF | R™H | R®H | R°®°H | R*G
E-47 XA | RRH |R®H | G | R®H | R®H  R.H | R%E
E-48 XA | RRH | RH | R®*G | R®H | R®"H  R*H | RF
E-49 X-A | RY | R® | R°H | R®H  R™H  R%A | RG
E-50 XA | R4 [ R®B | RE | R®H | R®*C | R®B | R'G
E-51 X-A | Rl | R®J | R-B | R®B | R*-G | R™-H | R%E
E-52 X-A | R™J |R®D | RP°F  R™D | R®H | R®A R%
E-53 XA | RAJ | R®H | R"H | R™H | R®H | R%A | R°H
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R2-Q R26-H R3-H R3a-H R3b-H R5-F R6-H E-143 LA R2-Q R20-1 F(3-G R3a-H R3b-H Rs-F R6-H
E-144 X-A R2-Q R20-I R3-H R3a-H R31'-H R6-F R6-H E-145 X-A R2-Q R20-J R3-G R3a-H R31'-H
126-E R6-H EA 46 X-A R2-Q R20-J R3-H R -H R3'-H R6-E R6-H E-147 X-A R2-

R31'-H

R20-H R3-G R3a-H

WO 2009/676747 PCT/CAZ008/0621487
E-54 XA ! R-J | R®H  R-G | R%*H | R®H | R®B | R°H
E-55 XA | R-J | R%F | R%A | R®E | R®B | R®™B | R“F
E-56 XC | RZJ | R®H  R>H | R™H | R®H | R%C | R%H
E-57 X-A | R | ROH | R®-G | R®D | R®™H | R®%H | R%A
E-58 XA | RS | R® | RG | R®H | R™H | R®H | RY
E-59 XB | RW  R®H | RG | R®D | R®H | R®H | R-A
E-60 XA | RRK | R®A  R-E | R®A | R®D | R%A  RG
E-61 XB | R”%K | R%A | R®E | R®A | R®D  R>A | R%E
E-62 XA | RK | RF | R®-A | R®.C R™B | R®B | RF
E-83 X-A | RRK | R®B | R®D | R%C  R®¥H | RC | R™G
E-64 XC | RRK | R®%F | R%C  R™G | R®"F | R®%D | R™A
E-65 XA | RRK | R%F | R*B | R"G | R®F | R%F | R%A
E-66 XA | RRK | R®A | R®-G | R®H | R®H | R>H | R%D
E-67 XA | RZK | R®™H | R®™H | R®"H | R®™H | R%A | RM
E-68 X-A | RRK | R®B8 | R“E  R*“H | R®D | RC | R.A
E-69 X-A | RRL | R®A | R®-C | R®H | R®F | R®C R-G
E-70 - XA | RAL | R®p | R*D | R®D R™H | R-C | R%A
E-71 X-¢ | RAL | R%A | R®C | R*H | R®F | R%"C | R'G
E-72 X-A | RAL | R®G | R®G | R®A | R®E | R®-H @ R%.E
E-73 XA | RAL R®H | R-G | R®H | R™H R4 | RH
E-74 XA | RRL R®G | RPG | R®E | R®H | R%-H | R
E-75 X-A  R-M | R®D | R-F | R™D | R®H | R®A | RM
E-76 XA | RAM |R®B  RAE | R®H | R®C | R°B | R*.G
E-77 XA | R2M | R®J | RAD | R®B | R®".G | R®H | R.E
E-78 XA | RRM | R®A | R%G | R®™H  R*H | R®.D | R%H
E-79 X-A | RRM | R®H | R®*H | R®™®H | R™H | R%-E | R%
E-80 X-A | RRM | R®J  R%A | R®F | R®A | R%F | ROF
E-81 XB | RRM | R®] | R®-A | R®%F | R®A | R*F | RYF
E-82 X-C | R*M | R®l | R%-A | R®F | R®™A | R°F | R'F
E-83 X-A | RAN | R¥D | R*-F | R®™D | R*™H | R®A | R%“A
E.84 XA | RN | R®A | RAE | R®A | R®D | R*A | R%E
E-85 X-A | RAN | R®¢C | R®C | R®H | R®F | R%-C | R%F
E-86 XA | RN  R®F  R-B | R®G | R®F  R“-D  R%A
E-87 X-A | R*N | R®G | R®*G | R*™A | R®"C | R®H | R%A
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Rs-E R6-F E-148 LA R2-Q R20-H R3-G R3a-H R3b-H Rs-E R6-G E-149 LA R2-Q R20-H R3-G R3a-H
R3b-H Rs-E R6-I E-150 X-A R2-Q R20-1 R3-G R3a-H R3b-H Rs-D R6-F E-151 X-A R2-Q R20-I R3-G

R3a-H R3b-k\£}{1522§69[?0%§;76 E-152 X-A R2-Q R20-I R3-G 1238-H R3"-H R%@f}éﬁihﬂ%&g%ﬁ(% R2-Q

E-88 X-A | RN | R®H | R®G | R®H R¥™H | R%F | R%B
E-89 XA | R%N | RPJ | R®G | R%H | R®H | RF R4
E-90 X-A | R20 | R%A | R%E | R®A | R®D | R%-A | RE
E-81 X-A | R0 | R%F  R-A | R®E | R®B | R®B | R’F
E-92 XA | R0 | R®%B | R%F | R®C | R®H | R%.C | R%G
E-93 X-A | R?0 | R%Cc | R®®C | R®H | R™F | R-C | R%F
E-94 X-A | R0 | R®D | R®*D | R%D | R®H A R%C | R%A
E-95 X-A | R0 | R%F  RB | R®G  R™F | R®D | R%A
E-96 X-A | RZ0 | R®G | RAG | R®A | R*C  R'H | R%E
E-97 X-A  R-0 | R®H | R%G | R®H | R®H | R®H | R*H
E-98 X-A | R20 | R®M | R®H | R®H | R®H | R®H | R*H
E-99 XA | RO | R® | R%G | R®H | R®H | R®H | R%H
E-100 X-A | R%0 | R | R®H | R®™H R®H | R%H | R%H
E-101 XA | RO | Ry | R®®%G | R®™H , R*™H | R%A | R*H
E-102 X-A | R2O | R®J | R®H | R®™H | R®™H  R-C | R%H
E-103 XA | RO |R®H | R-G  R°H | R®™H  RD | R%F
E-104 XA | RO | R®*H | R°"G | R®™H | R™H  R%“E | R°G
E-105 X-A | R0 | R®H | RG | R®H | R®H | RF RE4
E-106 XA | RO | R | R®%G | R®H | R®H | R*F | R-F
E-107 X-A | R0 | R® | R%G | R®H R¥™H | RMF | R%G
E-108 XA | RO | R®  R-G | R™H | R®H | RF R%
E-109 XA | RO | R | RAG | R®H | R"H | R®™H | RF
E-110 XA R0 | R®J | R%G  R®H | R®H | R%H | R"G
E-111 XA | RRO | R®J | R%G | R®™H | R®H | R%H | R%
E-112 X-A | R0 | R®H | R%G | R®H ' R¥H | R%A | R%H
E-113 XA | RRP  R®A | RRE  R™A | R®D  R-A | R%E
E-114 X-A | RAP | R®F | R2A | R®™E | R®B | R®B | RF
E-115 XA  R-P  R¥®B | RYF | R®C | R®H | R.C | RG
E-116 XA | R%P | R%Cc | R°PC | R®H | R®F  RC | RY:F
E-117 X-A | RRP | R®D | R%D | R®D | R®"H  R'C | R%A
E-118 X-B | R”%P | R®C  R'C | R®H | R®™F | R®C | R%F
E-119 XB | RZ?P | R®C | R®C | R®™H | R®F | R%-C | R%-E
E-120 XA | R%P | RPF  R-B | R®G | R®F | R®"D | R%A
E-121 X-A | RAP | R®G | RAG | R®™A | R¥C | R®H | R%:E
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R20-J R3-G R3a-H R31'-H Rs-H R6-F E-154 X-A R2-Q R23-J R3-G R3a-H R3b-H Rs-H R6-G E-155
1X-A R2-Q R26-J R3-G R3a-I-1 R3b-H Rs-H R6-I WO 2009/076747PCT/CA2008/002107 E-156 X-B
R2-Q R"-H R3-H Ru-H R3b-H R5-14 R6-H E-157 X-B R2-Q R20-I le-G R36-H 123b-H R6-H R6-H

E-158 X-B R4 H R33-H PCT/CA2008/002167
E-122 XA | R®P | R®H | R®G | R®H | R®H | R.C | R%H
E-123 XA | RRP | R®H | R®*H | R®H | R®H | R*D | R%H
E-124 XA | R%P | R | R%G | R®*H  R®™H | R%E | R%H
E-125 XA | RRP | R4 | R™G | R®™H | R®H | RWF | R%
E-126 XA | R%P | R®J | R-G | R®H R™H | R.F | R%F
E-127 X-A | R2P | R®J  RG | R®H  R®H | R®-.F | R.G
E-128 X-A | R-P | R®J | R-G | R®™H | R®™H R.F | R%
E-129 XA  R.P | RH | RAG | R®H | R®™H  R.F | ROH
E-130 XA | R%Q | R%A | R-E | R®A | R®D | R%A | RME
E-131 X-A | RQ | R®F RA | R®E R®™B | R>-B | R’F
E-132 XA | R2Q | R®B| R-F | R®C | R®H | R.C | R"G
E-133 X-A | RZQ | R®C | R°C | R®H | R"F | R°C | R%F
E-134 X-A | RQ | R®D | R-D | R®D | R®H | R°".C | R*-A
E-135 X-A | R2Q | R®%F | R%B | R®%G | R®-F | R®D | R%A
E-136 X-A | RRQ | R®H | R°B | R*B R™B | RAE R
E-137 X-A | RQ | R®G  RG | R®A R¥C  RH | R%E
E-138 XA | R2Q | R®H  RA | R®A  R®C | R*H | R*G
E-139 XA | R2Q | R®™ R*D | R®D R®H R%H | R%H
E-140 X-A | RRBQ | R®| | R%E | R%E | R®F | R®WH | R°K
E-141 XA | RQ |RPH | R.G  R®™H | R™H | R®.F  R'H
E-142 X-A | R2Q | R®H | RH | R®™H | R®H | R-F | R°H
E-143 XA | RAQ | R®1 | R%G | R®H  R®™H | R-F | R°H
E-144 XA | RRq | R | R®*H | R®H | R*™H | R®F | R°H
E-145 XA | RRQ  R®J | R°BG | R®H | R®™H | R%E | R°H
E-146 X-A | R2Q | R®J | R*H | R®H | R®H | R%E | RUH
E-147 %A | RRQ R®H  R-G | R%H | R®™H | R%“E | R%F
E-148 X-A | RAQ | R®%H | R?G | R®™H | R®H | RE | R%G
E-149 X-A | R=Q | R®H R-G | R®H | R®H | R.E | R
E-150 X-A | R2%Q | R® | R?G | R®H | R®™H | R'D | R'F
E-151 X-A | RG | R®1 | RG | R®™H | R®H | R-D | R.G
E-152 XA | R | R | R®®%6G | R®™H | R®H | R°.D | RM
E-153 X-A | RRQ | R®%J | R%G | R®™H | R¥™H | R®H | R%F
E-154 X-A | R*Q | R®J | RRG | R™H | R®H | R*H | R%G
E-155 X-A | RQ | R®J | R%G | R®™H | R®™H | R%H | RY%
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R31'-H 126-H R6-H E-159 X-B R2-Q R"-J R3-G 1233-H R3b-H le-H R6-H E-160 X-C R2-Q R"-H R3-H
R36-H R31'-H R5-G R6-H E-161 X-C R2-0 R20-I R3-G 1236-H R3b-H 125-G Fe-H E-162 X-C R2-Q
R20-I R3-H R3a-H feb-H R6-G R6-H E-163 X-C R2-Q R20-J R3-G R"-H R31'-H R6-G 126-H E-164

X-B WO 2009076747 PCT/CAZ008/002107
E-156 X-B | RRQ | R%H | RH | R®H | R®H | R®H | R*H
E-157 XB | RRQ | R | R%-G | R®H | R®H | R®%H | R*H
E-158 XB  R-Q | R®1 | R®®H | R®H | R®H | R®%H | R*H
E-159 XB  R-Q | R®J RG | R®H | R®™H | R°%H | R%H
E-160 X | RRQ | R®H RH  R¥H | R¥"H  R“G | R%H
E-161 X-C | R%Q | R®f | R%G | R®H | R"™H | R°G R%H
E-162 X | R2Q | R® | R®™H | R®™H | R*H | R°G R%H
E-163 XC | RQ R®*J | RAG | R®H R¥H | RG | R°H
E-164 X8 | R | R®A | RG | R®"H R™H | R°G | RH
E-165 XB | RRQ | RPH R-G | R®H  R™H  RG | RH

Examples of most preferred compounds according to this invention are each single
compound listed in the following Tables 1 and 4.

5  In general, all fautomeric and isomeric forms and mixtures thereof, for example,
individual geometric isomers, stereo’i'sém'ér_s", atropésome_rs, enantiomers,
diasterecmers, racemates, racemic or non-racemic mixtures of sterecisomers,
mixtures of diastereocmers, or mixtures of any of the foregoing forms of a chemical
structure or compound is intended, uniess the specific sterecchemistry or isomeric

10 formis specifically indicated in the compound name or struciure. Compounds of the
invention that contain asymmetrically substituted carbon atoms can be isolated in
optically active or racemic forms.

lt is well-known in the art that the biological and pharmacological activity of a

15  compound is sensitive o the stereochemistry of the compound. Thus, for example,
enantiomers cften exhibit strikingly different biological activity including differences in
pharmacokinetic properties, including metabolism, protein binding, and the like, and
pharmacological properties, including the type of activity displayed, the degree of
activity, foxicity, and the like. Thus, one skilled in the art will appreciate that one

20  enantiomer may be more active or may exhibit beneficial effects when enriched
relative to the other enantiomer or when separated from the other enantiomer.
Additionally, one skilied in the art would know how to separate, enrich, or selectively
prepare the enantiomers of the compounds of the present invention from this
disclosure and the knowledge in the art.
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R2-Q R20-A R3-G R36-H R3b-H 125-G R6-H E-165 X-B R2-Q R20-H R3-G R38-H 123b-H 12.6-G
R6-H Examples of most preferred compounds according to this invention are each single compound
listed in the following Tables 1 and 4. 5In general, all tautomeric and isomeric forms and mixtures
thereof, for eWéHB‘f@%?ﬁ@wdual geometric isomers, stereoisomers, atropisomer&Z&Ranttihers,
diastereomers, racemates, racemic or non-racemic mixtures of stereoisomers, mixtures of
diastereomers, or mixtures of any of the foregoing forms of a chemical structure or compound is
intended, unless the specific stereochemistry or isomeric 10form is specifically indicated in the
compound name or structure. Compounds of the invention that contain asymmetrically substituted
carbon atoms can_be isolated in active or raceml forms, I that the
biological and phdr Fﬁ%&ibé‘\cozglpgc% gfsngcr:%r% bunt |s? Tensit |ve§t§gtiee§?§g%§ﬁﬂn%§t‘r% of the
compound. Thus, %d@zmp@r@wamlem@@@ﬂ%ﬁi exeIENtSMRIONEfeFa RCERITBYRRECINRA® including

differences in phagmasrkinelicrRsapeidesdineiugirgraetaldolismsqunseiofinghtignand shp)ike, and
pharmacologigal probeties, induding e ixas OLAEIY Alsplaved e Aediesplufch il dcity, and
S

the like. Thus; oné appreC|a that one Oenantlomer may be more active or may
exhibit beneficial éﬁ@é@@ﬁ@%@ﬁﬁ@ﬁ&ﬁ@%ﬁf@%rﬁ%ﬁﬁ@%mﬁ@? BhdifeHEeRirated from the

other enantiomer. Agglisienehsnanegriiitodismthenast weidddy phebesvatastipssiateivehtieh, or selectively
prepare the enantiomers, of | h?aﬁQH‘fé’s‘éﬂH%:%F AMESEVsIRY SARANL QR LS Hishlrsdrs.ard the

=23
knowledge in the art rep Bration o pure stereoisomers, e.g. enantiomers and diastereomers, or

mixtures of deS|reﬁyéﬁ@ﬁﬁoﬁﬁ@%%m%’m’@ﬁ%ﬁ‘ﬁﬁ%ﬁ BSOIHRN: S BRUBRTNEhed by one or more
of the many methedarakée)stpaaiitaliaatesobuthmetenartioniiscksed (HrSexiyrini€batctive synthesis
known to those of §éﬁy£é&.ﬂ}m@h%@egomgata%nﬂabsr&% Iﬂ@ﬁ@afﬁf@lmmsﬁm%aﬁneraﬂy rely on

chiral recognition and include, for example, ch romato raphy usin

%_ iral statlon%rﬁ/ p}[uzges
enantioselective hH&yYE: &%%Igﬁt S s§ﬁﬂ1\te9§ G Y RFREL R R
enantioselective syméwmspes;zwaatmr&ammna@@mhéapmesgmmwpmmljs 10

enantioselective Cﬁ%ﬁt@%ﬁ{'%@sE@hdﬂ%@?ﬁm@éﬁp@&@@%@%@&@ﬁé@'|¥dﬁr@hﬂé¥’§ﬁ@?§%¥@n
Techniques: A PractlcaIA roach %‘F:{%ﬂ?ﬁ fgﬁ"ﬁ ubr3r% nlan ed. Wlleg -VCH, 2000;.T.E. Beesley

and R.P W, SRott HRHARSIRAR SE L SIS SRR RHA Eiral
Separations by Chexamateg@hiPlACEmeMBoendestyneseiefabsphiestecfipy abicarante.
Furthermore, therg Ry ArgigHaly walhkrown, eibodsHpeiRenprapkzlionairnantiomeric excess or
purity, for example, GC, HPLC, CE, or NMR, and assignment of absolute configuration and
conformation, for example, CD, ORD, X-ray crystallography, or NMR.  The compounds according to
the present |nvent'ﬁlﬁ&ﬁénmﬂbﬁ%ﬁfrwmH@ﬁﬁlﬂ?ﬁ?"ﬁ@%ﬂ%@ﬂ RIS Rikiiace epbdeRei’R X polymerase
and thus magde uged ksiiibilAeRicationt GiNe paltisfasdratRA. Megm postnt acesitding to the
present invention map(cal %% Q use %q“ Qftory reagent or a research reagent. For example, a
compound of the pr@sen mven may e used as positive control to validate assays, including but
not limited to surrogate cell- based assays and in vitro or'in vivo viral replication assays. Compounds
according to the presenbiwveriteortiay ialse becusedrasrmitobesytalstuhy kel epattisr@arirus NS5B
polymerase, '”C'Ugg%&i%?%#@%ﬁ%E%éBSn@“?BP@&‘éﬁ%BlQ@@oﬁ%%cP&ﬁﬁ%F&Pé&@?ﬁfﬁ@&tﬁﬂ”format'onw

changes undergo merase under various conditions and interactions with entities which

bind to or oth@rw@@%f@r&éﬂvﬁﬁHﬁ%t‘p‘ﬁl??ﬁ‘érf‘égéVa[‘“’@%ﬁ?ﬁSﬁd‘%"Wﬂ% BHYBRHEAELLY as probes may
be labelled with a kleigatkichil3zaldwassasogrttiomigthe indineciyeorepigizbetipefatre compound such
that it can be detected, measured and quantified. Labels contemplated for use with the compounds of
the invention inclu% but are not li |te9 l;t Eequore ent I?bels ch lbtumlnescent abels%é:olorlmetrlc
labels, enzymatic %{HPé’}g‘dr%ﬁ?(?g R RoBpES A |H}’t?/ zatglfswfei"’l r?ﬁo Bresctver groups LE? mpounds
of the invention ustsé h@pgttbbé‘swahbﬁéﬁ belyassHesl WAHding MRS abtedHedbeshoeitpRifmied for a

receptor can fie UsREdP SHapbRRRTASuHAHRsRAlEdadedigiighgotaarydrs paipphedeAffinity tags
Include but are ”Otu"p""%%&&Q'Sé'nd%%sda?nrévl%ﬂevf%c NS ANIRA R B DRERIIG, RdARlvErginine, an
amylose sugar moiety

interact with the polymerase.

Compounds of the invention used as probes may be labelled with a label which

35 allows recognifion either directly or indirectly of the compound such that it can be
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10or a defined epitope recognizable by a specific antibody. Furthermore, compounds of the invention
used as probes may be labelled with a photoreactive group which is transformed, upon activation by
fight, from an inert rouP to a reactive species, such as a free radical. Phqtoreactive groups include
but 15are nowlﬁrﬁ‘f@%utﬁ 6ﬁotoaﬁinity labels such as benzophenone and a2i6& ﬁégg%sé‘%ﬁﬁﬁr?hermore, a
compound according to the present invention may be used to treat or prevent viral contamination of
materials and therefore reduce the risk of viral infection of laboratory or medical personnel or patients
who come in contact with 20such materials (e.g. blood, tissue, surgical instruments and garments,
laboratory instrumgstts-adrgarsaant ananddnone codest eorappatabdses wedvitiatesials).
Pharmaceutical C%%]Rg%%@ 8%9%9%%@%8{ AL RUEHHRG Y Re-2HmINgEed to a mammal

in need of 25treatment for hepatitis C viral infection as a pharmaceutical composition comprising a
therapeutically effERBTEBRNSSRET e IARIPPLICBRTR A mEtinveatis P P MifMPaceutically
acceptable salt oriesigrdd) eréioity 2au$ aneé shiatocsecteagentienal non-toxic pharmaceutically-acceptable
carriers, adjuvants or vehicles. The specific formulation of the composition is determined by the
solubility and chemical nature of 30the compound, the chosen route of agministration and standard
pharmaceutical pra@RREUPHR PHERRYERIRTEHP RO ATRISRIHRCRRAIAG BRI LIEE AN VUMK may be
administered orallyiorssystteny ety fororceptaidministratomm extrand frpoarsdiusion thRamtiticeutically

acceptable salt or gsfel-33tRGERN FARRe R AL s ARy arceBiaRie-des Qi including
but not limited to aguequs suspensions and srlutions, cag‘)?iyules,ﬁﬁpwders E%éru%)s elixirs .or tablets.
iAot ube

For systemic adm TN HeR AR R SPHRREE T % Oﬁnb"ilmsy 8 RaAEngeY
intracutaneods, intraecriusy BritapsuscatzabieabyAispesiidrantiegeiovial, intrasternal, intrathecal, and
intralesional injection or infusion 5techniques, it is preferred to use a solution of the compound, or a
pharmaceutically acceptable salt or ester thereof, in.a pharmaceutically acceptable sterile aqueous
vehicle. Pharmacgﬁﬁgg‘:ﬁ 3%6@8%%?8”0%’#@53? gg?unv'gﬂtg?%%%?c%%?eesx@%ﬁfe%ﬁﬁsggﬁ%%g‘ itives 10as well
as methods of forrpiutiaragobvaaivaeerhieaicbansEsmehsraNAgiveionIig bfraahdmisadtion are
well-known to thogpsbskil lRdbeaEpepdamicessiras ingbarPesetdicaléoisupy ahcagdamington:
The Science gnd Practice of Pharmac st Edition. Lippincott Willi iki 5;and L.V.
Allen, N.G. P%powasr g?l(ﬁ 'N'.[E:‘f%ﬁ?ﬁ%ﬁﬁ%ﬁ?&%%%tﬁ:”ﬁ@%f@% %&%E%%%é%@tﬁ@g% Systems, 8th
ed., 15Lippincott Williams & Wilkins, 2004, herein incorporated by reference. The dosage administered
will vary dependinguiperiorevaciagholmdackuding hotheopriisute chierntienanty ity asetphassiaeodynamic
characteristics of Ifig gﬁmm N6, e Ty, ngl s 1A, tme.andpuieRfiadministration; the
t%%a%/% 38 i ral healt % o teid '

age, diet, gender, | 90weight and generz status of the recipient; the nature and extent of
the symptoms; thé@@%@ﬂ?fdﬁ%oﬁﬁa%ér@?ﬁﬁ%%WQ% RAYENG? WORGAIEHD FRABREHENthe frequency
of treatment; dhe effett desired; @nd thedutspuedunditabitsatinmgistarsigaméntgdaleraticiye compound
is most desirably aapipistated ata Aesroeipmabirinil apnesali atiord anhdralygfective results
without causing any harmful 250r deleterious side effects. A daily dosage of active ingredient can be
expected to be about 0.01 to about 200 milligrams per kilogram of body weight, with the preferred
dose being about @Hatmabeuticz engikgsTpically, the pharmaceutical composition of this invention
will be 30administered ranu@BOME bABRAH M iSRG ettt AURINRIY SnRsRis ABERYeUS infusion.

Such administration can be used as. a chropjcfor acute thz]ra . The aImount o{, active ingredient that
may be comBihed TFRAE B PEAATESHAR {BTRTERR BRIRETE LS ST AN S IS 8hding upon
the host treated aridhieapeuticailaeffnoiie eMmadintinfstcaiopeundasiceiding isaiheaivramipeongain from about
5% to 35about 95Unastixe=CaramPARA LAY sBfeiesbnekah BrRRAAHP R ORI gREAbout 20% to

about 80% active compoun . Combinati?n therqgg Com,binatign thegra iﬁ.c nte[mé)latedf.wherein a
non-toxic é) armmaceutically-acc le carr%ers,ﬁ uvants BBf/e JC%S. h S??ﬁl iC .
compound according to’fh Invention, dr a pharmaceutically"acceptable salt or ester thereof, is

co-administered witatiasasob e saeeoriienisstamaigenbyrhe siehiibnandgesrical agte @mbined
with compoungls ofrifissivemin o tmrica.tdgladtispgatioimnddtendaty phathaseuadditional agents

may be separately ?‘adc'{’i‘c!e"?‘iSi‘ﬁ%‘?va?r%%Sé‘&@%ﬁf%ﬂ{\P%%fﬁHﬁ aly te%ﬁ%ﬁaﬂﬂ%ﬁt}%ﬁ% gg&rr:‘ . 10

When the pharmageut_lc_al composition of this invention comprises a ¢
according to the irRERIGHEEH 2 BHAPHYEERMERNY: acceptable salt or ester thereof, and one or more
additional antiviral agent, both the compound and the additional agent should be present at dosage

jevels of between ggout 0 hd0dho1 WAL dINBER RCIPIABIRERLERA. APOULE L. AALAPd Qi dhe dosage
g h f rgisti

normally administered in a monotherapy regimen. In the case of a syn tiC Interaction between the
compound offfhe iffRSRHbA3ERE dERIRIRBRAW RIGRAPSERAERIE 468708 e BELEEY BEERF or all of the
active agents in the combination may be reduced compared to the dosage normally administered in a
monotherapy regimen. 20 Antiviral agents contemplated for use in such combination therapy include
agents (compounds or biologicals) that are effective to inhibit the formation and/or replication of a virus
in a mammal, including but not limited to agents that interfere with either host or viral mechanisms
necessary for the formation and/or replication of 25 a virus in a mammal. Such agents can be selected
from another anti-HCV agent; an HIV inhibitor; an HAV inhibitor; and an HBV inhibitor.



Other anti-HCV agents include those agents that are effective for diminishing or preventing the
progression of hepatitis C related symptoms or disease. Such agents 30include but are not limited to
immunomodulatory agents, inhibitors of HCV NS3 protease, other inhibitors of HCV polymerase,
inhibitors of %%ﬁ?g?/?gﬁé‘gt in the HCV life cycle and other anti-HCV agentg?msﬁfgﬂ§§ {hot limited to
ribavirin, amantadine, levovirin and viramidine. 35Immunomodulatory agents include those agents
(compounds or biologicals) that are effective to enhance or potentiate the immune system response in
a mammal. Immunomodulatory agents include, but are not limited to, inosine monophosphate
dehydrogenase ingibilars B AR Vs didmesinenrelihsV aitex B pawasrutigaiss, sixss dinterferons,
class Il interferons, consensus interferons, asialo-interferons 5 lated interfer conjugated
interferons, includfﬁ%@ﬁt?%ﬁ‘(ﬁ%ﬁ%c t%cﬁﬂ ’?a‘??éar%%“s @g?ﬁujﬁ?agt%ﬁ i ﬁ%?ﬁgg%?gpéﬁgq%%ﬁpd%g but not
limited to human aieguianels ntirrelgneniss BireveEMre ERMUSHERSHSRRIEVBInd to receptor type |,
including both natyiplyAd-sYRtRCtGAY iRtethed shasattdriadenanzcidler alassoh interferons all bind
to receptor type II, Examples,of clags Linterte Oanéolﬂ%ﬁdo‘?’tﬁ’%&%‘%&&%%l'@Eﬁgrﬁ?ac%htfgﬁiy(s" w-, and
T-interferons, While"éxa pfés of'c asselfllnter erons Include, but are not limited to, y-interférons. In one
preferred aspect, BrRseRipbleamitpCesias it eoTall mRIRERATe R el A6RPPREIG RIS SRYS%Slected from
the group consistiggnafiénterferon alpha 2B, pegylated interferon alpha, consensus interferon,
interferon alpha 2A and lymphoblastoid interferon. In one preferred aspect, the 15composition
comprises a compound of the invention, an interferon and ribavirin. Inhibitors of HCV NS3 protease
include agents (cdRABBURRRFBIRSERIAGIRRATIERE BfMADE (ahRlBh PERFEERANB PSS
protease in aimanz®ak! Ribiewisoaf 4 GVrNS3p ieasetdicad eofopeitampter thosescompeohds

described in WO SR RaR MOWARHLRo Wodd toUERAHULATLIRGR, LadHAY)0 wr)
MillAddIA Min 03/63 4455, WO 03/064456, WO 2004/030670, WO 2004/037855, WO 2004/039833,

WO 2004/101602 PIACMSOBMIGR 1865 YRS RsANSisd KB5S Bem A IEaTISR /B BviE)a9ho55, WO
2006/000085, WO2280B406+ 7 0DpMGHATNBIA8 708K 208 60022 Alat, by @ setmirigbraiitgelheim),

WO 021060926, W25 (IO, RLAARIET SO S ISBENUOSHOHO3BR2E WO
2004/043339, WO 2004/094452, WO 2005/046712, WO, 2005/051410, WO 2005/054430 (all by BMS),

WO 2004/073243 HRRY St WiEe7ol WOt RA NSRE MR ITRIY 08555 by Enanta), WO
2005/037214 (Intermune), WO 01/77113, WO 01/81325, WO 02/08187, WO 02/08198, VVO
20051030796, WO S R B e D e s A0
20051085775, WO SBE8 B9 NI STRF 754G S00BTT 250 WE TTEIORTI I G
2005/107745 and $w®'@Ga5nd 85810¢allteSeddnws) oladoinstaiendbe aogvdiepareereery, WO
2007/015855dVOuZiH/HPdEetalhby BRI K) N R 2BRAI0H3 Hab (P Hirexahtafimaich are herein
incorporated by reference; and the candidates VX:-950. H-503034, | - I 350, and
MK7009. Inhibitors %”P?r—k‘&f\'fggﬁﬁﬁ?é’%‘ e%%ﬁ’#ésgé’éﬁ}%_?c%%%%&%_g gdrj %‘é\'{ﬁjﬁ%’i‘ %%ﬁ?%ééffective to
inhibit the functionto® &aaHEngyIasness tarefariBriod ifvdliae Wi hbeirRREeto,
non-nucleoside anghisielensiigeinhi teescafiNSbd, B ddiaBipadywintsesel Eadeptes of inhibitors of
HCV polymerase inclyde not.limi i N 5, WO
031007945, WO 0381 ?ﬂ%&%”ﬁ%‘&u{%% ,g%&%@&o%%%&%%%%@%ﬁ%%%ﬁ%? Q%o 2%@5/080388,
WO 2006/002893 oneigetwe satsfledi®> 2007/087717(all by Boehringer Ingelheim), 10 WO
01/47883 (Japan Tobacco), WO 03/000254 (Japan Tobacco), WO 2007/033032, WO 2007/033175,

WO 20061020032 5, 00SI0LIO U IV 290N 0EABEL MO DDROS8L. W 2071292600, WO
20071143521, WO 2007/136982, WO 2007/140254, WO O%‘%OO, WO 2007/09&;388 (all by

BMS), WO 2007/0885E8MARS D69 /BE L7 RLINNE' S %1365 21% /BRI EPPE ol dB529, woO
2004/110442, WO=200650349k4q, Era008/4 paTSIoatcalaspastien st reesionsdBoe WO

2005/023819; )V O QidHE24134 WA 23 168 @BRutY G0 a1 d CaeRARRR A2 92916
2006/029912, Wo,zoo_s/oggﬁs, WO %/%07/028 89, WO 2006/008556, WQ 2004/087714 (all by

IRBM), WO 2005/015988 Q&R SHBLYSTRES Hoa5 145453 APAR R aEess M550 os/049622
(Japan Tobacco), angWWo2zete¢ingredieriShid mayi RewanRpes/a80 Ssocaibganaristto), WO
20061052013 (JapaBdlebacyicWs2 2060046 \dEpeheny RPah) nW¥Gr240d AR0kd6 (SmithKline

Beecham), WO 2005/021568 %Bio aé WO 2006/ 94347}Biota \WO0.2006/093801, W 5/019191,
WO 20041041818 R E A AT A08 it 5E Ly AR LA LR e ©
2007/034127385 (Akrent S3te efieetes pawite ty tdl FoeiRrably. scherensisicoperatein bymeferehce) and
the candidates HCV 796 (ViroPharma/VVyeth), R-162%, -1656 and R-7128 (Roche), NM 283
(Idenix/Novartis), VCH-759 (Virochem), GS9190 (Gilead), MK-608 (Merck) and PF868554 (Pfizer).
30The term "inhibitor of another target in the HCV life cycle" as used herein means an agent
(compound or biological) that is effective to inhibit the formation and/or replication of HCV in a
mammal other than by inhibiting the function HCV polymerase. This includes agents that interfere with

either host or HCV viral targets necessary for the HCV life cycle or agents which specifically inhibit in
HC\/ rall RBer11lt1ira acceave throitinh an 1indefined or incombpletelvy defined mechaniem Inhihitnre nf



entry inhibitors including but not limited to CCR5 antagonists (including but not limited to maraviroc,
vicriviroc, INCB9471 and TAK-652), 35 CXCR4 antagonists (including but not limited to AMD-11070),
48 fusion inhibitors(% cluding but not limited to enfuvirtide (T-20), TR1-1144 and TR1-999) and
others (incluam)gz?)q?f 8t41mited to BMS- -488043); integrase inhibitors (chSJr’ﬁ@H'ﬂ?/ﬂ%?tlﬂ?mted to
raltegravir (MK-0518), BMS5707035 and elvitegravir (GS 9137)); TAT inhibitors; maturation inhibitors
(including but not limited to berivimat (PA-457)); immunomodulating agents (including but not limited
to levamisole); and other antiviral agents including hydroxyurea, ribavirin, IL-2, IL-12 and
10pensafuside. HAYinbibBens sowudevagerisa@ampounds or biologicals) that are effective to inhibit
the formation and/or replication of HAV. This includes but is not limited to agents that interfere with
either host or viral mechanisms necessary for the formation and/or 15replication of HAV in a mammal.
HAV inhibitors inclig&bifeéirn f8eTaRted to Hepatitis A vaccines. HBV inhibitors include agents
(compounds or bialegieris)dh e cfestiverisdthibihtherferomatiuandiooigpicatien of HBV in a
mammal. ThisInCliGeRiaH & & g}ﬁw&gg&%ﬂy&&% é%amégm{%rfsg?ewn&sw%@aogarﬂzfn}e@emechamsms

necessary for the ormatlon and/or replication of HBV in a mammal. HBV inhibitors include, but are not

limited to, agents tHif ﬂﬁﬂ?ﬁtm’éeﬁéﬂﬁ'ﬁ?ﬁ%h RV BRANE SR RTB\PYERIEIMEY. PeraraBnge, according
to one embodimentjttheopipaumacei tisaheeontipo Sitionadé theing & riveagie foaulditerallyapinpsises a
therapeutically effegtiye AmouOLOLANS OLLOFaANLYIRHSRRIS SN SUHBRN Anbodisealpravides the
pharmaceutical composition of this invention wherein the one or more antiviral agent comprises at
least one other anfa3E{AHEHR%BEPADIMg to a more specific embodiment of the pharmaceutical
composition dbthis invention, the at least one other anti-HCV agent comprises at least one

immunomodulatoryage ke BM%M%&QP&MB@S%W@%%@Q%%HQ&%@%&%ﬂeﬁlaes at least

one other inhibitor of HCV polymerase. Accordlﬁﬁ%to yet another mare specmc e iment of the

pharmaceutical 5cBAPYMGA ?)‘fct?f@"?ﬁ\fgmﬁ)ﬁ“’ Ay AP BHE BEREP Y 356378 Sr’?ta%(ﬁ%prlses at
least one inhibitor e$ter@\eMNS 3gprbtease mokeedrfingaiastifirahaghet hethdhspeaifiewm iBodithent of the

pharmaceutical COQ&@@@&@%&&PM@M%&M atds@@aee@gmba%éﬂ%o@gem&@m%ses at

10least one inhibitor é)f anothe et| the ?Abcv I § rf/dcg? M%LES eO!_gher fﬁatures of the present
invention will Beco 5}9{5%%% %Wo %%f ﬁ ing exaemBeEl Picha Yjstrate by way of
example, the princisieiistares in\?efﬁﬁoﬁthf@ﬂi isgivesnk Holhe ¢8s8 Béﬁs%’ﬁ%’mﬁ%'ﬂtﬁfﬁét'aﬁt reactions are
performed in an ins&wﬁémwﬂp(&uﬁwdi%mbﬁr@ﬂi@dnéoaaamawtiaroqyemmr@gemessary to

protect reaction compgnents f;orrp alracﬁr0 glst e Pr eo%ratl%n % rcn%mﬁ o%nr% f mvoptlon can
involve the protectlon an&%ee rOtection of various chemica groups e need for protectlon and
deprotection, and m@r@éﬂ@%ﬂ&ﬁﬁ@@ﬂ?ﬁf@%@%ﬂf?@em%ﬁWESW%@%&%W%termmed by one
skilled in the agt. The chemistry of protecting groups can be found, for example, in Greene, "Protective

Groups in Organic ASRptmd SAAMIGNS 5PS, NeUX Bk 43%ibh SRATFE IBESREons

thereof, herein incorporate Temperatures are %lven in degreés Celsius (C). Solution

percentages and réﬁ%@’@%ﬁ?@g BiJsarae) t@%ﬁ@%’?’@lé‘ﬂ 5“%95%%"%?@8 Btherwise. Flash
chromatography isregiitigidroot Dnirsiicazgeb ) iadodiding todhienitsacedgenaithidt Gt fdtetal., J. Org.

Chem., (1976), 43,48 2n M A58 WS rAchaNRMER S AL secaIer isna slBGH OB Y BRSRGPBCITOmel.

Purlflcatlon on a compiflash is performed using an Isco Combiflash (column cartrid 2 e Si02).

Preparative HBLCIE4F 8 @ﬁFU”Pﬂe?%‘fﬁﬁﬂﬁ?&sé’&ﬁdﬁﬁéﬁ?ﬁgﬁawgnﬁ'ﬁ@ ‘?PE:T% OBD 5pM
reverse phase coluihhinb®ikosGminA'dirhiitiveandpadié@v i(@ote98%) employing 0.1%TFA/acetonitrile
and 0.1%TFNwater as solvents. Compounds are isolated as TFA salts when applicable. Analytical

HPLC is carried o nderts}@g\gard ctondl sm £ [Hgtlsa(r:ée%% Q/I C?c?r%rr’ﬁﬁ X i18 reverse phase
column, YMC, 50x rrr'1"lrr}1i| R}i‘ﬁ% nﬁ It Wi \?ﬁlneargré icAt s described in

the following table r{@oﬁmﬁgﬁmmmﬁwmmﬂms %%WWFQWMWABWM&M)EQQM% (min)
Flow (mUrningo  include but are not limited to immunomeoduiatory agents, inhibitors of HCV NS3

protease, other inhibitors of HCV polymerase, inhibitors of another target in the HCV
iifa cycle and other anti-HCV agents, including but not limited to ribavirin,
amantadine, levovirin and viramidine.

35  Immunomodulatory agents include those agents (compounds or biclogicals) that are
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Solvent A (%) Solvent B (%) 03.09550.53.09556.03.050 50 10.5 3.50 100 Abbreviations or
symbols used herein include: 5Ac: acetyl; AcCOH: acetic acid; BINAP:
(212'-Bis(diphepr[1)¥’!ﬁhos hinO)-1,1'-binaphthalene; Bn: benzyl (phenylmeth Ié; BOC or Bac:
tett-butyloxyc‘i’g %” u: butyl; n-BuLi: n-butyllithium; n-BuOAc: n-but S é‘fﬁ‘?g?m?ﬂg&'ﬂ’BA:
meta-chloroperbenzoic acid; DBU: 1,8-diazabicyclo[5.4.0Jundec-7-ene; 15DCE: dichloroethane; DCM:
dichloromethane; DEAD:diethyl azodicarboxylate; D1AD: diisopropyl azodicarboxylate; DIPEA:
dilsopropylethylamine; 20DMAP: 4-dimethylaminopyridine; DMF: N, N-dimethylformamide; DMSO:
dimethylsulfoxide; d#edQ=30 ¥nrifetivepetntani tatannatiethyleAbEdBMstiatbyfarming; Et20: diethyl
ether; EtOAc: ethyl acetate; EtOH: et e Egb%ﬁo ﬁ E‘ﬁ’i? OW 4 é#g&g%z Aupstetramethyl
) !

uronium 30hexaflj81rr85 %”53‘8 Léiaé' g%%;ﬁéﬁﬂ:ﬁfurﬁ; 3)% %Qanf%u?ﬁﬁgﬁ per orr%panc% liquid
chromatography; [¢gbdsgenasRibtdicEs Beehimt S OP fapimsPadineRiRIMAIESSHIRSIS sLC-MS:
liquid chromatogragys massiepestosseiynteBdotithiomsdisophaptiaide; ddelorrtsifproMe CN:
acetonitrie; Mgl \amaliApe A MeRH!: Serangl MR BaSh aBBrt ey haipctrospray);

Hegy! oHsang ¢ nterfarOng: LY 1dmia® ,
NaHB(0AC)3: sod%rﬁ%cetoxy_boro C}/ ride;’ NaHMDS: sodium hexa%ethtyldlsnazane; NIS:
N-iodosuccinamidé}terfem“s conjugated with other proteins including but not limifed to human

albumin. Class | interferons are a group of interferons that all bind to receptor type |,

including both naturally and synthetically produced class | interferons, while class !}

interferons all bind to receptor type Il. Examples of class | interferons include, but are

10 not limited to, o-, B-, &, w-, and r-interferons, while examples of ciass il interferons

include, but are not limited to, y-interferons. In one preferred aspect, the other anti-

HCV agent is an interferon. Preferably, the interferon is selected from the group

consisting of interferon alpha 2B, pegylated interferon alpha, consensus interferon,

interferon alpha 2A and lymphoblastoid interferon. In one preferred aspect, the

15  composition comprises a compound of the invention, an interferon and ribavirin.

Inhibitors of HCV NS3 protease include agents (compounds or biclogicals) that are

effective o inhibit the function of HCV NS3 protease in a mammal. Inhibitors of HCV

NS3 protease include, for example, those compounds described in WO 89/07733,

20 WO 99/07734, WO 00/08558, WO 00/09543, WO 00/58829, WO 03/064416, WO
03/064455, WO 03/064456, WO 2004/030870, WO 2004/037855, WO
2004/039833, WO 2004/101602, WO 2004/101605, WO 2004/103996, WO
2005/028501, WO 2005/070855, WO 2006/000085, WO 20086/007700, WO
2006/007708, WO 2007/009227 (all by Boehringer Ingelheim), WO 02/080926, WO

25  03/05334%, WO 03/089274, WO 03/0898316, WO 2004/032827, WO 2004/043339,
WO 2004/094452, WO 2005/046712, WO 2005/051410, WO 2005/054430 (all by
BMS), WO 2004/072243, WO 2004/093798, WO 2004/113365, WO 2005/010029
(all by Enanta), WO 2005/037214 (intermune), WO 01/771 13, WO 01/81325, WO
02/08187, WO 02/08198, WO 02/08244, WO 02/08256, WO 02/48172, WO

30 03/062228, WO 03/062265, WO 2005/021584, WO 2005/030786, WO
2005/058821, WO 2005/051980, WO 2005/085187, WO 2005/085242, WO
2005/085275, WO 2005/087721, WO 2005/087725, WO 2005/087730, WO
2005/087731, WO 2005/107745 and WO 2005/113581 (all by Schering), WO
2006/118061, WO 2007/016441, WO 2007/015855, WO 2007/015787 (all by

35  Merck), WO 2006/043145 (Pfizer), alt of which are herein incorporated by reference;
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15NMO: N-methylmorpholine-N-oxide; NMP: N-methylpyrrolidone; NMR: nuclear magnetic resonance
spectroscopy; Ph: phenyl; Pr: n-propyl; 20Psi: pounds per square inch; Rpm: rotations per minute; RT:
room temperature éa roximately 18C to 25C); tert-butyl or t-butyl: 1,1-dimethylethyl: tert-BuOH or
t-BuOH: tert-BGtaMH: f@p”IJBABr: tetrabutylammonium bromide; TBAF: tetrggg{%‘zrw}n/g%b% fluoride;
TBDPS: tert-butyldiphenylsilyloxy; TFA: trifluoroacetic acid; THF: tetrahydrofuran; 30TLC: thin layer
chromatography. EXAMPLE IA Preparation of intermediate 1al0 Step 1: 1al (73g, 35 mmol) is diluted
in anhydrous THF (2 L) under Ar. Benzyl alcohol (80.8 mL, 800 mmol) is added and the mixture is
chilled to OC. Sodus thistahtiathytsiydbes0)GeE-3080 3, THIRN-800, MUCSHE $htheh)dEda@e8. dropwise.
After 5stirring for about 1 h, the mixture is partitioned between saturated aqueous NH4CI and EtOAc.
The organic phase is collected and dried over Na2SO4. The mixture is filtered and concentrated under
reduced pressure MBI/ SAIMEIDSR IRAGRAERMA EOIRAENE SRy IR ITEIERS: Ccarboxylic
acid 1a2 (112.8 g eB8dinarttob it tuseahictiombi/airdiGVpii{@rase Fatds sibintosr vohels 0LD8.1 g, 775

mmo) is added ang e LIES ShiGEANLG JRsiAneERe KhAS < damImONEAdsgropwise
and after about 2 h, the reaction is quenched by the addition of saturated >%[gueous I\nggC?{g;l'he
d with

aqueous solution ROVEBKESSEXAIMRIPER RETRARTS PHACORMNMEBSFYRANCEYAELE ArL'R
water and brine beffiose beinmahtiscdastinibéd BOWRERIIG¢ABOVED HYRDTELEI1EIR PRIETNYT 4t a3.

Ol (L M, 500 L ) B . The mixire s arred

: m mmol) is added followe in : mol). mixture is stirre
for about 2 h at R?p?‘?@‘%@? iR @%ﬁjt‘é@ \/%Rﬂeé\%%é%@ %ﬁg %?—g}(') elnr%??&ﬁ‘rne" is adjusted to
approximatelit7 byMbd HAaRsG e hkeDse) SVR3 A7 Haren d eearsritddPwashed with water
and brinei)dried 0\%%’?3@@3%?& @\W% SQivRNiIsTEMRY ecomcitors andingosite pd3hs, wﬁwgdanilinef(w-l %,
377 mmol) is combined wij i r w addition of HOT (2
M in ether, 2 L). Tﬁ%‘}ﬁégﬁ?#ﬁgﬁ%é%ﬁ%%gfsﬁﬁ %ﬁiﬂ@ﬁ@%g@ﬁ?&%ﬁ%@@mmed with excess
ether. Step 4: Th@GHTIMASIRA KN RIS AR VA BWH140380MBI R BRHCEZE Rl RyGMSBtone
15(1.84 g, 20.4 mipel)aisy ©o8Ny0 of th o7 MsPH (AR ob3/0blier stivdgd@salbpuvdd min, whereupon

the homogeneous%%gé%%gngSig&% j/’gégégﬂe M%@éégg%uwﬁﬁj&%mwws (2.05 g, 16.7 mmol)

pre-dissolvecﬁn IS"SIo min. The reaction is neutralized by slowly

adding a saturate eRRIMANS OB BEREATCD Y/ B 3R OREH th¥VRIRKIPEZ4E Yeentrated to dryness.
The 20remaining soirt/isspssiiet defiewhsrrenato geury262ze ey e dde@dagraiwia in DCM) to afford

diol Ia5. Step 5: Té}%%}%;r%,%ﬁgﬁé%g%@q»@%@%%s@% ﬁ&%ﬂ‘ﬁ'émy%ﬁﬁe 25

dissolved in dry D edto 0C. A susgensmn of sodium hydride (60% w/w, 453 mg,
11.3 mmol) in DMIVS 2RDF/RI 3RSHI{Cenakeh Dy EYQBRR A 5HRAR CRRAME T2V Ostirred at RT. The

reaction is newtralizeshakoe> by jadsimpobaat)ratelvaqUuEess SolBEqSobNdER OV CLROGE/)STIES mixture is

diluted with EtOAc @anﬁh?o@é/&r% m@%w‘g%gw@%rﬁwm%wmm@gw and brine

(1x). 30The combined organic p over MgSOL, filtered and concentrated under reduced

pressure. FollowingBUTRLANG2R) HARR AR SmAbY retRPERa V5548 B(BAL B 4RI ik xane),
dimethoxy 1a6 is igodaed4 Bte(Bet=35\0 2008083800 THInpaliie! $491(A8A 2BAE MBRtLIYth anhydrous

DCM (400 mL) 54,4y @ 24 @}@9@@%}8{@%§@%@gwmmmgm@o@%?me@éﬂd@mgﬁ in DCM (305

mL) over about 1 h. The mixture is stirred for about at RT and anhydrous DMF (1
) 25  (Arrow Therapeutics Limited) (all of wh]fcp are hergindmcor;}rlnra?ed by reEersence) and

the candidates HCV 796 (ViroPharma/Wyeth), R-1626, R-1656 and R-7128 (Roche),
NM 283 (ldenix/Novartis), VCH-759 (Virochem), GS9190 (Gilead), MK-608 (Merck)
and PF868554 (Pfizer).

30  The term “inhibitor of another target in the HCV life cycle” as used herein means an
agent (compound or biological) that is effective to inhibit the formation and/for
replication of HCV in a mammal other than by inhibiting the function HCV
polymerase. This includes agents that interfere with either host or HCV viral targets
necessary for the HCV life cycle or agents which specifically inhibit in HCV cell

35 culture assays through an undefined or incompletely defined mechanism. inhibitors
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mL) is added dropwise. The mixture is stirred overnight at RT and concentrated under reduced
pressure. The residue is diluted with pentane and filtered. The filtrate 5is concentrated under reduced
pressure, diluted with pentane and filtered, then concentrated under reduced pressure toProvide acid
chloride Ia8.‘§féa}%mﬁé7aniline The (1.25 g, 3.31 mmol) is combined Witﬁ%ﬁ%%‘}tt})sﬁggzplgridine (3 mL)
and 10 a catalytic amount of DMAP (121 mg, 0.99 mmol). A pre-mixed solution of acid chloride 1a8
(2.359, 8.40 mmol) in DOE (4.2 mL) is then added. The mixture is heated to 115C overnight, and then
allowed to cool before being neutralized with a saturated aqueous solution of NaHCO3. The mixture is
extracted with EtOésat3wertbaeamibie ed diganiciphasessafer washgd, \wghnirite; dhtbd vier MgSO4

and 15concentrat r T i ' e | gradient in
) 1 yield amide 1o el SR € P IR é’;’%i}%ﬁ%ﬂ%?*?&%ﬁ%%ﬁ%%@“%H (10 ml)

te
and EtOAc (20 20®fityaH8 fﬁgﬁﬁ’ﬁ%ﬂ@é RPRGE i PRES T 01 B98I tﬁz%’?ﬂgﬁsigyﬁ[éﬁ d"and the
vessel is kept undpr givesntaphetsifdiindaalloan) birabBuB 2 Blalive miktaress\tABrEfiltered through a

B o e el LY, R SARRAMEGr A Tie Ilrale neonesriiiebumistgetied prossure

and the residue is purifie chromatography (2% to 5% MeOH in DCM) to afford lab. 25
EXAMPLE 1B Prebﬁ%iﬁﬁ'%ﬁh@?ﬁﬁé@fﬁfé'%@%ﬂ) (B8t B2 B 3lRAT 6% transformed to
compound 1b8 usipagithe-peear dvesdegsidbedsn doadAPIO-DAS Bdepi6 FEXABPLE 1C Preparation of
intermediate 1¢8 5 "G NIStep 1 CICI 1071c8 Step 1. Compound 1 c7 is transformed to compound 1c8
using the procedure described in Example 1A, Step 6. 10 EXAMPLE 1D Preparation of intermediate

1d8  BrBr 1d71d% SBgecudstpBaiRN B S e SALIEHRIY dsrla o SR8 REPRE W cedure
described in ExampledhiySiedreiu@XAIPAdE IRMid eparatiorinvhimedefediate @as (HBfkep 3 1a8 HO s

COOMeBnOCOOM?patiﬁs A virus (HAV) and hepatitis B virus (HBV). Thus also contemplated is
combination therapy to treat such co-infections by co-administering a compound
according to the present invention with at least one of an HIV inhibitor, an HAV
inhibitor and an HBV inhibitor.

15
HIV inhibitors include agents (compounds or biologicals) that are effective to inhibit
the formation and/or replication of HIV. This includes but is hot limited to agents that
interfere with either host or viral mechanisms necessary for the formation and/for

replication of HIV in a mammal. HIV inhibitors include, but are not limited fo:

[
(e

e NRTIs (nucleoside or nucleotide reverse transcriptase inhibitors) including but
not limited to zidovudine (AZT), didanosine (ddi), zalcitabine (ddC), stavudine
(d4T), lamivudine (3TC), emtricitabine, abacavir succinate, elvucitabine, adefovir
dipivoxil, lobucavir (BMS-180194) lodenosine (FddA) and tenofovir including |
tenofovir disoproxil and tenofovir disoproxit fumarate sailt, COMBIVIR™ (contains

25 3TC and AZT), TRIZIVIR™ (contains abacavir, 3TC and AZT), TRUVADA™

(contains tenofovir and emtricitabine), EPZICOM™ (contains abacavir and 3TC);
¢ NNRTIs (non-nucleoside reverse transcriptase inhibitors) including but not
timited to nevirapine, delaviradine, efavirenz, etravirine and rilpivirine;
o protease inhibifors including but not limited to ritonavir, tipranavir, saguinavir,
30 nelfinavir, indinavir, amprenavir, fosamprenavir, atazanavir, lopinavir, daruné\)ir,
lasinavir, brecanavir, VX-385 and TMC-114;
¢ entry inhibitors including but not limited to
« CCRS antagonists {(including but not limited to maraviroc, vicriviroc,
INCBS471 and TAK-852),
35 e CXCR4 antagonists (inciuding but not limited to AMD-11070},
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OMe Step 4 OMe Stepl: 5The aniline hydrochloride salt 2al (preparation described in
W02007/087717) is coupled with 1,3-dihydroxyacetone according to the conditions described in Step
4, Example 1A to provide diol 2a2. Step 2: 10 Compound 2a2 is transformed to dimetho>§y 2a3 using
the procedur‘@’%ﬁ%ﬁ%{“ﬁxample 1A. Step 3: Compound 2a3 is trans?&%%ﬁz%gé}gﬁ%ound 2a4
using the procedure of Step 7, 15 Example 1k Step 4: Benzyl ether 224 is transformed to compound
2a5 using the procedure of Step 8, Example 1A. 20 EXAMPLE 3A Preparation of intermediate 3a6
BnO FN O Step 5F OMB Step 1: The hydrochloride aniline salt 1a4 (25.0 g, 90.7 mmol) is dissolved
in anhydrous THF (60, mk)WRdafififord frelEPRBRRSHIRNE Mo BREIME erkeainl(R4- 8143k mmol) is
added at RT followed by dibutyltin dichloride (1.38 g, 4.54 mmol). The mixture is 5stirred for about 15
min and then phenylsilan@pﬂzgg@rﬁﬁ? 99.8 mmol) is slowly added. The mixture is stirred at RT for about
2 days. Solvent is parialhtires tveddaybtiiestbidise v B¥ScA#8848)EtOAC and washed with saturated
aqueous solution of NGO (Rl thcaley @RF RiARed b akaaaic RiRsas afeaped over Na2604

filtered and the solvents are removed under reduced pressure to give an oily solid. 10 This crude
material is redfssolved §A R0 ghdesut (GRBldMe of hexanes is added followed by cooling at OC.
As a result, a biphasioamisnisitagh a solid is obtained. The liquid is decanted and the resulting solid is

washed with heéxanes, After.dryi alis i , : - SOlLtien, of; ketal 3al (15.0 g,
36.1 mmol) in toluénenZ%gar%?;) 'Lr?r? ([??r rdiéﬁagggdg mﬁ%ﬁ%ﬂéd%%%@f&%@%ﬁs%gl mmol) followed
by pyridine (10 mLe 1ZBvunespdpiatingiRagrsSndedbg Méﬂw&‘t‘%@rﬁw@@ﬁ?ﬁ‘%i i8dded and the
organic layer is washeghstsesaivalymathaalng Ao gilrssastdaahiiion, satgratgd solution of
NaHCO3 and brine. The deure is dried over Na2S04 and the solvent is removed under reduced
pressure. Fol?8wing pﬁﬁ?%% |%’Heby flash chromatography (10% EtOAc in hex), product 3a2 is isolated.
5Step 3: To a solution of the ketal 3a2 (13.8 g, 25.5 mmol) in toluene (50 rnL) is added TFA (50 mL).

After about 1 h, walas/ (BHibibis ingldes ahihesripturelisostiorbiexrinightre ekt

evaporated and thg crude residue is dissolved i : CF, ' : i ed with a
5% aqueous soluti%r{wa ﬁéf%‘&‘,’éﬁf‘%é%"téerpéﬁﬁ“i gﬁh%t{?tﬁg‘ﬁg r%gégggﬁjﬁfg@&%%ﬁj\ﬁég% gg%?emoved
under reduced preéerfereomiiGihIPRIcH R MesaNRRS ReRtRaY SerhedRBRatRE4/o a cold
solution (0 Chef thekeismn 3aBAY I GnahrbamIFON) imidetHn@0Mk mit)ds Hoatidietportionwise NaBH4
(0.40 g, 12.7 mmoméTg%ge;\a\? g?:rél,gsstirred at OC until complete conversion, then a 1 M HCI solution is
slowly added. Solvent'is removed under reduced pressure and the residue is dissolved in EtOAc. The
organics are successively washed with a saturated aqueous solution of NaHCO3, water and brine,
then dried over Na@28Qihhibidve nishake sgsntvedmpoledscoiudeidgirass vt arceffectB@dnideiriésidue is

purified by flash ¢ 10, | : Icohol 3a4
(5.09,10.1 mmol;.ﬂl:g3 rg@:ﬁo v%%glkr{]c{,[%@((ﬁggtﬁﬁ_)?fﬂ? gfoﬁgﬁam' ?ggﬁg?%g%dﬁ%ﬁg ﬁoéﬂﬁgegl g,

29.1mmol) folBwetP BN [ Bregfpr T 58t SP HAh Y aliRE AP S ORSEE R M, Ufe reaction is
guenched by the afieitiativobadloMeddicbsotutidtBMA ifeageavohsain EBY Ei0Ribis Bidtidd, datisteenorganics

are successively washed with A,SaiEaabFHHA9EY SRIBRA SbYRHER3alsyapddiae, then dried

over Na2S04. Removal of the solvent under reduced pressure gives 3a5 which is 30used without

further purification. _
Therefore, according to one embodiment, the pharmaceutical composition of this

25  invention additionally comprises a therapeutically effective amount of one or more

antiviral agents.

A further embodiment provides the pharmaceutical composition of this invention

wherain the one or more antiviral agent comprises at least one other anti-HCV agent.
30

According fo a more specific embodiment of the pharmaceutical composition of this

invention, the at least one other anti-HCV agent comprises at least one

immunomodulatory agent.

35  According to another more specific embodiment of the pharmaceutical composition
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Step 6: In a Parr HydrogenatorTM, the ether 3a5 (5.0 g, 9.77mmol) is dissolved in MeOH (120mL) and
10% Pd/C (0.75 g) is added. The vessel is pressurized to 30 psi of H2 35and agitated overnight The
mixture is filtered through a pad of Celite(r), then 59 concentrated in vacua to afford phenol 3a6.
EXAMPLE 38 Br¥f&fafitt of intermediate 3b6 oMe Step 1:  The aniline HylifotiiStttéi8ar 2a1
(preparation described in W02007/067717) is coupled with 1,4-cyclohexanedione monoethylene ketal
according to the conditions 10described in Step 1, Example 3A to produce ketal 3b1. Step 2:
Compound 3b1 is transformed to amide 3b2 using the procedure of Step 2, Example 3A. 15 Step 3:
Ketal 3b2 is transf I Ketone
3b3 is transforme {(E)n Eﬁ:@%o B%rkﬁt?i%%ge%%é%r%ﬁ%rﬁg# ggfte%‘g%ﬁ%(ﬁ?nﬁéeeg? %%ﬁ)og% le,&éicrohol3b4 is
transformed to cofpbiAtCSHS VS IRERSfocedure of Step 5, Example 3k ates_6j, Ether 31,5 is
transformed to phenol 3b6 using the procedure of Step 6, Example 3A. 10 EXAMPLE 4A Preparation

of intermediate dadcc g,k LoaROAHBACLBNY & AT ARRULIMACN (500 mL) and
DMF (50 mL) chllle Is added DBU (15.4 mL, 103 mmol) fo"ﬁ}ﬁé@d Ene slow addition of Mel
er

(8.8 mL, 141 rﬁmoﬂorﬁ?fég'ﬁﬂ&ﬂfr@‘%’%‘fﬁf’\}i}%@ ths Al iRRIboRs e Akt GRE"PRE Thixture is
poured into water (dak ptheinhibitoaofdtOWiiSE OAE€560 mL x 3). The combined organic extracts are
washed with brine, dried over Na2S04, 20filtered and concentrated under reduced pressure. Crude
ester 4a2 is utilized without further purification. Stef 2. Toa mlg e < of],llodoaaégr%e 4]a2 (22.39, 79
mmol) in dioxane (FEILY 18 %Joaé’t?tﬁgfrﬁﬂ)?fﬁlﬁﬁﬁﬁ %Q@Borg{[ne@ oty arHe fixtare is degassed with
Ar before (Ph3P)4Bunditpn2fithisinygritoadthedat Rastimhawibas ariittikedaerriisomplisesi#én stirred at
RT overnight, Jhe|mixturg isreonsenryateduadas ieducad preseyer and the resulting residue is
subjected to flash chromatography to isolate alkene 4a3. 30Step 3: To a mixture of alkene 4a3 (9.6 g,
89 mmol) in THF (360 mL) and water (270 mL) is added 0s04 (2.5% solution in t-Bu01-1, 5.4 mL)
followed by the portionwise addition WO 2009/07 &EXRIEE A2008/002107 of Na104 (34 g, 160

mmol). The mixturgyis.sHEgederpPRresBrRiRE-ReiaNe betampagialiskonpereatadvang wihited in
EtOAc. The organic phase is washed wi E brine, dried over Na2S 4 filter E‘ﬁ%\?\/ﬁgf oncen rated The

residue is subjectd B RFBRIBHIRSH! Eﬂ% RO A GFTRE AX G PR EXG Igreparatlon of
intermediatest5a6 Anc B&¥ Septo @mmxw@qmmmmmytwmmo@mvm@mwy is placed in a

22 L round 10bottoyp-fagkdidrsifeing BOYROkSHRMG R:bddn arsledipheetbrepaiassium

protect reaction components from air or moisture. Preparation of compounds of the
invention can involve the protection and deprotection of various chemical groups.
The need for protection and deprotection, and the selection of appropriate protecting

P Y A f

groups can be readily determined by one sKilled in the art. The chemistiy ©

)
[

protecting groups can be found, for example, in Greene, “Protective Groups in
Organic Chemistry”, John Wiley & Sons, New York (1981}, and more recent editions
thereof, herein incorporated by reference. Temperatures are given in degrees
Celsius (°C). Solution percentages and ratios express a volume to volume

25 relationship, unless stated otherwise. Flash chromatography is carried out on silica
gel (Si0,) according to the procedure of W.C. Stilt ef al., J. Org. Chem., (1978), 43,
2923. Mass spectral analyses are recorded using electrospray mass spectrometry.
Purification on a combiflash is performed using an Isco Combiflash (column
cartridge Si0.,). Preparative HPLC is carried out under standard conditions using a

30  SunFire™ Prep C18 OBD 5uM reverse phase column, 18 x 50 mm and & linear
gradient (20 to 98%) employing 0.1%TFA/acetonitrile and 0.1%TFA/water as
solvents. Compounds are isolated as TFA salts when applicable. Analytical HPL.C
is carried out under standard conditions using a Combiscreen™ ODS-AQ C18
reverse phase column, YMC, 50 x 4.6 mm i.d., 5 uM, 120 A at 220 nM, elution with a

35 linear gradient as described in the following table (Solvent A is 0.06% TFA in HO;
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carbonate (4309, 1 eq) and N-iodosuccinimide (700 g, 1 eq). The mixture is stirred under Ar and
heated to an internal temperature of 55C for about 2 h. The heating is removed and the suspension
stirred overnight. The mixture is filtered and the solvent removed. The residue is dissolved in DCM (8

L) and water .Y E?(fgl‘gﬂa’@d. The 15mixture is stirred and acidified to apprgfi%%‘?&

BpH

B9% with HCI.

The organic phases are separated and the aqueous phase extracted with additional DCM. The
organics are combined, washed with brine and dried over MgSO4. Cooling of the DCM and

concentration affords t
placed in a 3-neRET

RO

B

C dichlo

@“?_cipitate. 20Step 2: The phenol 5a2 (125 g, 424 mmol) is
sphonic ide (500 mL) is added and the

ixture heated to

136C under Ar with st

rringmAfi@inton

sufiptidnlamdtart

nRieratAIabo

utSelEen’ Bhdle

action is cooled

to RT and carefully g
very exothermic!). A w
aqueous NaOH is add
The EtOAc layer is sej

enchetyby the

SIOW adgigion of t

e reactien mixtu
Tho.calid g

re to creished Id

E+0A

e 25(caution:

thite solid-forms
ed WitR‘gtirrinq

which ic filtor
AV A ANLAYIN] L TTTOC T

A NaOH solutio

od
cu

1Qudic
LILLAR™] o Ulo

arated, Qvashe

1 with weller and

brine arddl dried a

ahad-in
uivtcyu N TUMAU

n is ad gd until the agugous lay

ver anfi§drous

(2L)and
er is neutral.
Na2S04.

Removal of solvent gi ride5a3 5 Step
3: lodide 5a3 (10 g, 3 Ay anhydrous
toluene (100 mL) under an Ar atmosphere. The mixture is cooled to -78C then n-BuLi (1.6 M in
hexanes, 24 mL,SSheviatmoly & agdedsstsatyhBesyitagdasver 10about 40 min. Stirring is continued for
about 1 h before ethylformate (3.2 mL, 39.7 mmol) in THE (10 mL) is added over a period of about 40
min. The mixture js stirred for about 1 h before being quenched by the addition of 2 M HCI. The _
mixture is partition&fBFe¥keen Et0AC and saturated aqueous NaHCO3. The organic phase is collected,
washed with brinée®rd: énelit @visk Na2SO4. The mixture is filtered and 15concentrated under reduced
pressure. Purificaiiqia s @gﬁfxy@@g@ﬁglgﬁggghrﬁpmomaammm the silica gel is pre-treated with 3%
Et3N in hexanesgéhe% elute Witl‘\ 1:]@5}QAC/Hex to isolate aldehyde 5a4. Step 4: 20A mixture of
aldehyde 5a4 (1g: 8 RMBIEINRIEEE (225 mL) is chilled to 0C. Sodium borohydride (4.1 g, 109

VeS a YEe Solid whichsig washe

2.5 mmolis combined-with-a-1-
HS-compirea- Witn :

d with cgld hexat

R miviiura of-anh
T tuar< Urai

ne 1o affprd chig

drorice Th—.a.
dToduo 111 all

|
mmol) is added pBRfoanBse derd kb pisgenoryistirred at OC for about 1.5 h. Another portion of NaBH4
(1 g) is added angdhgyppixture is stirred for about another 30 min. The reaction is quenched by the
addition of NaHSQé L‘?% %ﬁﬂij%then diluted in EtOAc (500 mL). The organic phase is 25separated
then washed with'wa e"r'( m l5"ar‘1d brine. The organic phase is dried over Na2504, filtered then
concentrated undeBHE¥E etbgPE3SRIAse The residue is subjected to flash chromatography (1:1
EtOAc/Hex) to isolpierapohribahiosiapdenai Beidhe crude aldehyde 5a4 (2 g, 9.5 mmol) in 45 mL of
DCE is added dif RiRetidine- _40.5 mmol) and triacetoxy sodium borohydride (2.8 g,
13.4 mmol). This?egzgggd%-ﬁ%%%%gﬁ é@grtﬁ%%lt%é% F%%#'?he mixture is diluted with EtOAc (300 mL) and
washed with fvat&? FE0BI RIS BRne (100mML). The organic phase is then dried over MgSO4, filtered
and concentratedDThe diesiduenistiamegfied by 35flash chromatography (Combiflash, 15-40%
EtOAc/Hex.) to affﬂ’ég\é%?e@@@'%o%@él%@%té?”- Step 6: Alcohol 5a5 (10.5 g, 48 mmol) is combined with
triazole (3.42 g, 48 mmal) and 5triphenylphosphine (14.3 g, 54 mmol) in anhydrous THF (500 mL). The
mixture is chilled W%{ﬁaﬁfﬂ%%? E’f’é%%mol) is added dropwise. Stirring continues at OC for
about 1 h before DieBAxtiisepspifethgdrtinaiarm to RT and is then stirred overnight. The mixture is
diluted in Et9Ac Wﬂﬁ%ﬂﬁ%&mﬂ%%m@@m and brine (500 mL) before being dried over Na2S04.
The solvents are removed under reduced 10pressure and the residue is subjected to flash
chromatography Q¥4 EYXXAREENEER8M%enzylic triazole 5a7. EXAMPLE 5B Preparation of
intermediates ShAM#P5HE¢tyisgfepdestep 5 CF3CF3 1CI 1 N, FiiN -SC

ECq 50% effective concentration;

Et: ethyl;

EisN: triethylamine;

ELO: diethyl ether;

EtOAc: ethyl acetate;

EtOH: ethanol;

HATU: 2-(1H-7-Azabenzotriazol-1-yl}-1,1,3,3-tetramethyl uronium

25

30  hexafluorophosphate Methanaminium;
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C N 1-115b45b5 Step 1: To a solution of iodide 5a3 (300 mg, 0.98 mmol) in THF (3 mL) is added
i-PrMgCl 20 (0.54 mL 2.0 M soln in THF) at -40 C. The reaction mixture is stirred for about 30 min and
ally' bromide‘é’O.l3 mL, 1.5 mmol) is then added. This mixture is stirred at - 40 C for about 15 min and
then stirring i LIMUEH At RT for about 30 min. The mixture is quencheoP WAL SR extracted
with EtOAc (3x). The organic layers are combined, washed with brine, dried over anhydrous Na2S0O4,
filtered under 25vacuum and concentrated. A light brown oil 5b1 is obtained which is employed without
further purification in the subsequent step. Step 2: Alkene 5b1 is transformed to aldehyde 5b2 using
the procedure de28XidEX3RStep 3, Example 4A. 5Step 2: Aldehyde 5b2 is transformed to alcohol 5b3
using the procedtft.GebigtibeaitnStege Aot shipfeadurdiap 4: 10 Aldehyde 5b2 is transformed to
compound 5b4 uging 4h&, KREREYSRESHRRION;EXxample 5A. Step 5: Alcohol 5b3 is transformed to
triazole 5b5 usin(,;btheJ)ro_cedurﬁzxgc Sﬁﬁﬁ 6, Example 155A. EXAMPLE 6A Preparation of compounds
1001 and 1002 20% 3:3114‘1% t§y sql-%rpgy 'successively added K2CO3 (46 mg, 0.33 mmol),
aldehyde 4a8 (50-GliS0 |RES! wirashateorBRME-NTHVISEAvdn2titiethoxyethylamine (103.9 mg, 1.4 mmol).
The mixture is agitgheQind dlcBrogpRRILAl shaker (270 rpm) at 70C overnight. Water (1 mL) and
concentrated HC@&Q.? rm ) are added to the mixture. 25The mixture is heated at 70C for about 3 h,
extracted with Et Cnf'f nw_’) and washed with H20 (3x). After concentration, the crude aniline 6al is
obtained and usddesdNsaeeimitiie; following step. Step 2: To the crude aldehyde 6al dissolved in
MeOH (1.5 mL inpaa-Soadmeémbrad: 2C are successively added hydrogen peroxide (43 pL of a 30%
agueous so% tio aazg&ch{F]c%gpated H2S04 (20 pL). The mixture is agitated on a J-KemO orbital
shaker (290 rpm) at2C for about 15 min and then a saturated aqueous solution of NaCl is added (2
mL). The mixtureMSexgae g e &S 2ikaPapdthe combined organic extracts are successively
washed with waterad=aAanddying tkostoybbeoyganric phase is dried with MgSO4, filtered and
concentrated to affqr, , ! ich is used as such in the following step. Step 3: To
the crude pheno%%ﬂno%%%gg%b%egﬁe E)SSI\?/I%OW%DS mL) are successively added K2CO3 (133 mg,
0.96 mmol) and NiRidYdedasHreESIIRIERAyIpyridine (40 pL, 150.33 mmol). The suspension is agitated
overnight ornma J-Kmoerorhiialshakac(@O6-kmpddeat 85C. Aqueous NaOH solution (5 N, 250 pl..) is
added at RT and {hg-react ' IS agitated at 50C for about 3 h. After acidification usinga 1 N
agueous KHSO4@%$§§%W§8%’extraated with EtOAc (3x). The combined organic extracts are
successively wasN¥R VYR GREEPEMRI B IFSENanRSBEEY MEH 4 and 20filtered. After concentration, the
residue is dissolvert ghangiixture of DM50 and AcOH (1.5 mL) and purified by reverse phase
preparative LC-Ms. ,gg(b%gipns; column: Agilent SB-C18, 5 uM, 21.2 mm X 50 mm; gradient: 5%
t0100% H20 0.06% TFA/MeCN 0.06% TFA; flow: 30 mUmin for 13.5 min; makeup: 25% H20 0.05%
Ammonium 28rm&l P IREEREHATBIINT: After lyophilization the desired ether 6a3 25is isolated. Step
4: To a mixture dipmilmeBad (e Binutg; 0.028 mmol) in DCE (0.3 mL) is added acid chloride 1b8 (6.31

mg, 0.039 mmol)@Ad Rieing iRl aBrtednmaenh s eméxiye 30is heated at 150C for 15 min in a
microwave. After conce tragl_ [}{y‘h$ {-edsx:@é{ﬁyigthy%‘

tert-butyl or
tert-BuOH or ~BuCH: tert-butanol

25  TBABr: tetrabutylarmmonium bromide;
TBAF: tetrabutyiammonium fEuorfde;
TBDPS: ferf-butyidiphenyisilyloxy,
TFA. trifluoroacetic acid;
THF: tetrahydrofurarn;

30  TLC: thin layer chromatography.

ExaMpLE 1A
Preparation of intermediate 1a10
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dissolved in DMSO and AcOH, and purified by reverse phase preparative LC-MS. Conditions; column:
Agilent SB-C18, 5 uM, 21.2 mm X 50 mm; gradiant: 5% t0100% H20 0.06% TFA/MeCN 0.06% TEA,;
flow: 30 mt./min for 13.5 min; makeup: 25% H20 0.05% Ammonium formate/75% MeCN; 1 mUmin.
After Iyophrh%ﬂ&ﬁ“&@ﬁﬁgund 1001 is isolated. Step 5: Amine 6a3 is t?ﬂé?&zmeéﬂ?%igempound
1002 using the procedure in Step 2, 5Example 3a. EXAMPLE 7A Preparation of compound 1007
10Stepl 2-Bromoethyl methyl ether (2.22 g, 15.9 mmol) is added to aniline 2al (712.0 mg, 2.42
mmol) dissolved |n dry DtvlF (8.0 mla) ina proesﬁure tube K1(2.0.9,,12 ulJg%ol) is added, followed by
DIPEA (212 mL o a nd the. eated At or aba N-¥heimixture is cooled to
RI, diluted with ag gtu%ved 15 <] (1@@PﬁhL) ractedPWith Et0Ae (w50 mL). The
combined organic phases are washed with aqueous saturateebsodium bicarbonate (2 x 100 mL), brine
(100 mL), dried over Na2S0O4, filtered and concentrated under reduced pressure, The residue is
purified by column chromatography (20% EtOAc in hexanes) to afford 7al. 20 S eppé Benzyl ether 7al
is transformed to plaen@ 7a2 using_the procedure descrrbe%ﬂég Step 8, Example 1A. Step 3
25Potassium carbondte (19 mg, 1.4fmmol) is addl m 5 Iutlon ( ?5) phengl 7a2 (100
mg, 0.44 mmol) an rogyrighin 7 (6.6 mg, O he m?@m_ glis 0C for about
20 h. The solution is-gooled to RT,-dilated\with aqueoys, sdtur sodium bicarhgnate mL) and
extracted with EtOAc {2 x 50 mL). The combigéd organic phases are washed with aqueous saturated
sodium bicarbonate (2 x 50 mL), brirge (50 mi) dried over Na2S0O4, filtered and concentrated Sunder
reduced pressure. T e crude residue is purified by column chromatography (40% EtOAc in hexanes) to
afford triazole 7a3 (158,0 mg, 79% yield). Step 4_Pyridine (27 pL, 0.33 mmol) is added to a DCE

solution (0,.5 mL) of aniline 7a3 (50 107110, mmol)a nd acid chieri 80(32“2 4 mg, 0.113 mmol).
The mixture is heated at 150C in a micro g min, T tron ¢®T and
concentrated under reduced pressure. The r | @solve& iIn DMSO (1 L ahe then 2.5 N NaOH
(0.4 mL) is added. The solution is stirred a] 50 forabout 1 h; then acr ih AcOH and purified by
preparative HPLC to afford 1007. 15 Stepl” 20Anilite 1a4 is transform S coqggound Sal using the

procedure described in Step 1, Example 7A. Step 2 Benzyl ether 8al is transformed to compound
8a2 using the pr@_‘e described in 25Step 8, Example 1A. Step 3 Phenol 8a2 is transformed to
triazole 8a3 usin Qc C [ JRIRAE A AR §ﬁe%!1%rrré%r§§ i dransformed
to compound 10% qiﬁggtr?eg lf)'jro %‘ﬂ% e&s@r%ﬁ(fd?o Ste R xgamnpee 7A. EXAMPLE 9?5\8 10
Preparation of cofflp dMRd8MeDY afrIEId @?e@"ﬂ“@?ﬁ@@ fafoh G9HERol 3b6 (1A 5 g, 2.85 mmol)

and K2003(0.59 gishdwetmadynanbydras BMBE 20 mil,)8stadded s\aidied dagnSQ0 i, 2.92
mmol). The fgsu't'P%JJ"?%?]Ps%dﬁﬁ“ﬁ“%ﬁe%%&Q&J%ﬂmHéégéav@e#@ru%kuaegh%ﬁhgm&eend

successively Washt water, brine an ncentrated under reduced 2é)ressure Following

purification by silieBdfeliRAtuE Bfﬁ%rﬁfa%@?ﬁﬂi’rﬁ%%%@:%‘rﬂtﬂflﬁgﬁ‘@dy/ﬁ GO AR HIHER)S9al is
isolated. Step 2: ﬁﬂa&ﬁbﬁd@dnb@qt%ﬁdmmﬂ) iscadde grpsstionWiseresutioglsoio & is (@Shaf aldehyde
9al (1.10¢9, 1.91 nwoo}dr t R0, cberng stirred for about 1 h, the reaction 25mixture is

evaporated to dryness an sso ve In EtOAc. This mixture is successively washed with 10%
agueous solution of NaHSO4, saturated aqueous
10 Step 2

Carboxytic acid 1a2 (112.8 g, 384 mmol) is diluted in anhydrous DMF (2 L).
Potassium carbonate (108.1 g, 775 mmol) is added and the mixture is chilled to 0°C.
lodomethane (110 g, 775 mmol) is added dropwise and after about 2 h, the reaction
is quenched by the addition of saturated agueous NH.CI. The aqueous solution is
15 extracted with EtOAc (2x). The combined organic extracts are washed with water
and brine before being dried with MgSO,. Removal of solvent results in methyl ester

1a3.

Step3:
20 Step 3a;
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CO2H 0 69 solution of NaHCO3 and brine. The organics are dried over Na2S04, filtered and
concentrated under reduced pressure. The crude compound is purified by silica gel column
chromatography on a Combifiash (50% EtOAc in Hex) to afford alcohol 9a2. 5Step 3: To a solution of
alcohol 9a2 @GO 7imol) in anhydrous DCM (25 mL) is added thionyFEREHIEEYBY L, 3.4
mmol) followed by a catalytic amount of DMF (2 drops). The resulting solution is stirred for about 30
min at RT, diluted with DCM and washed with a saturated solution of NaHCO3 and brine. The organics

are dried over 10Na2S04, filtered and concentrated to give chlorjde which is directly,used in the
next step. Step 4hTAFRNSTReTHS (#305H5 022 mm‘??h’%ﬁiw&dllmﬁ?gg pliapz‘glllee ?ﬁ%r#'gi 0.25 mmol),

15 Cs2CO3 (124 g, S msad)nandhks ftiGet(niowegbomtnatparentiiket 46 DME)(ZPEL). The mixture

is warmed to 70 bout 2 h, | 08 Al NAOH(E 50840 B, 2 mmol)
and DMSO (0.5 %g[}‘s%{ggﬁ%g heBAAYRLORW TR REcSaliaE RfdY A

Ilded. The mixture is warmed tq %O%forfé%out ]Eh‘iﬁ%{ lized at RT with
AcOH and injecté® ohtTtHe prisjsp it paivrRcagRREXRARING Bhig 870190 EK 104
Preparation gf comgeryishi 1048 k0dkbamtbd OtabheS teith Wateo ersshue caiisd nues e®lng, 9.89 mrnnl)

s added to a nMsp. (4,03 9hiiocyat Grigfrs iad (438 Mg, 2.4 mmol) and
(S)-(+)-1-methoxy-3-propy amine (858 mg, 9.63 5mmol). The mixture is heated at 70C for about 20 h,
cooled to RT and diluted with water. Concentrated HCI is then added. The solution is stirred at RT for

about 1 h, basifiegtagiBbaqueous 2.5 N NaOH and extracted with EtOAc. The organic phase is washed
with brine, dried qyer Na2S@4 fiterpr-andicensemiraiednslarinsusedoress il Bmearude product
10al is used directly in the next Step. 10 Stelip ﬁ dro%]en %eiéo}%éﬂe %37&% L 3dr?<’nc W?A%is added to a
0C MeOH (3% mirpesRisaRiRY afglipt 1o € 28 SHiRie e & p'_,gﬂf) MmOl The solution is
stirred at OC for afadiutta2 is, dodistfietibyiflraipreanbv ShRb NGO pregns elaehcted with EtOAc. The
150rganic phase is washed with brine, dried over Na2S04, filtered and concentrated under reduced
pressure. The crude residue is purified by column chromatography to afford phenol 10a2 as a yellow
solid. Step 3: PoBigR&m carbonate (829 mg, 6.0 mmol) is added to a DMSO (8.0 mL) solution of the
phenol 10a2 (337 negarilidd hyanmihlands24itbed-3-(idudAShene)) pididiteitzdexrEetossmmol). The
mixture is stjgred (@F@ﬁ% SRR SR LALERAIRI RIoHELS AlMRANSR IR B o5ganic phase

is washed with aqueous saturated sodium bicarbonate, brine,_dﬁed over Nﬁ\ZSQ%éQE%red and

concentrated und@iraGERPHRdEE YNSRI CRHE Y HLRI TS Ui Ay

|‘E§éj ’bailscoo umn cﬁromatography to
afford ether 10a3cgsrahuhitedalil( 11056 Pyridines(digscpieritn Atrfad B albeBlqwinadrissIution of
the aniline 10a3 (30, mgl, G 53 AMel) AR i@ riLehlRsse a8l QRdng, DB mEpBgdEbrdMixture is

stirred at 150C for 15 min in a microwave, cooled to RT and concentrated under reduced pressure.
The residue is diSS6#ien ShN¥siASE @.6‘1&1ES‘%{H&E‘%@rﬁész?gﬁﬁeﬂ%%‘?ﬂ%?ﬁ’éﬁsﬁﬁ? added. The
reaction mixtare isstiiréty apRilifpualmlibibsachiiffostegierMc (i ndfpliefid BodiRedBrative HPLC to
afford 1040. Step&ﬁw&dﬁ&éf@& pLg is added to a DCE (1 mL) solution of the aniline 10a3 (490 mg,
901.27 mmol) and the acid chloride 1a8 (422 mg, 2.62 mmol). The mixture is stirred at 150C for about
15 min in a microwave, cooled to RT and concentrated under reduced pressure. The residue is
dissolved in DMS&¢e2% mL) and aqueous 2.5 N NaOH (200 pL) is added. The reaction mixture is

stirred at RT for apauil2;NaaGidiied with ARRiABGretlindiby areparaliye Rkiiiagive 1014. 25 Step
6: Pyridine (40 pL) is added to a DCE (1 Lés lution ?f Hgg niline 10a3 g}l rgu.gmoﬁl(}ri emol) and the
acid chlorid@ﬁb8%'&8‘?§’ﬁqdrf g% M%é% iSRTreCstirred AP TE0C 40r 15 min in‘a microwave,

cooled to RT and(60vceraitingmddrFaened i JOHTdE0ke isTHave sidrns iRVaIvePiMDMSO (2.0 mL)
and aqueous 2.5 MN&Q 4200 p-dtinadsat Tine reasiipnnidiesdecstrued by Ritifar about 2 h,

acidified with AcOR, and purified by preRaratiyg, Bk GHie e hiddre is diluted with EtOAC and
the layers are separated. The organic layer is washed with water (2x) and brine (1x).
30 The combined organic phases are dried over MgSQ,, filtered and concentrated
under reduced pressure. Following purification by flash chromatography (10% to
25% EtOAc gradient in hexane), dimethoxy 1a6 is isolated.

Step 6:
35 To a mixture of compound 1a7 (43.4 g, 305 mmol) in anhydrous DCM (400 mi)

54



EXAMPLE 11A Preparation of compound 1042 Step A: 5Compound 2al is transformed to compound
11a3, using the procedure in Steps 2 and 3, Example 8A. Step 1: 1,3-dihydroxyacetone 11al (964
mg, 10.7 mmol) is dissolved in DCM (25 mL) and 10imidazole (2.199, 32.1 mmfollowed by
ted-butyldiphBiY A8 S ane (5.8 mL, 22.5 mmol) are added. The mixture fs"&t 840 BY until the
reaction is complete, then water is added. The layers are separated; the organics are dried over
MgSO4, filtered and concentrated under reduced pressure to afford 11a2 which is used without further
purification. 15 Step,2: The hydrochloride aniljne salt 11a3 (2Q0.mg, Q.57 mmo)) is dissolved in DCM
(10 mb) along it Bt 6 U2 RS Rt 4988 RN IRAEE Lt S FPAS L OE e
NaBH(OAC)3 (248Wmgver. abonirh &) Tsandddraisctvedixmirelis rbfaitdamhanmikouscldRéutralized by
adding a saturateg|3aiaaus Spbsting of NahiG@8idRendRFAMRIMEIR PEM (3xdedibaprganics are

washed with brine, dried pver, MgSO4, filtered .gnd .concentrated under reduced pressuyre. The crude
mixture is purified‘x %@eﬁé% ”%%dr&ﬁa?&é?aﬁ?/ 2”&1‘6&@%&?%%’@ f%ea’i%ea?ﬂﬁ#geﬁ(&.hfg{%%%: To a
solution of cdmpdtiaentaXzBy U drR] redreath TessineT HlDtErowi pentadd eddli¥etatidhast TBAF (1.0 M in

THF, 1.6 mL, 1.6 sonoehrtaesrlbtiendscstisressatdid piblibthgceasipndsiggmplete, diluted with a
saturated aqueous solution of NH4CI and 10 extracted with DCM (3x). The combined organics are

washed with brine, dried over MgSO4, filtered and concentrated under reduced pressure. Following
purification by flagteetomatography (2% to 8% MeOH in DCM), diol 11a5 is isolated. Step 4: 15Diol

11a5is trantSfongﬁbtéhﬂiHEQ%?W%@@.QSiﬂGﬁﬂ?iQE‘éﬁﬂﬂ?&@ Mr%ﬁﬁyaa@é@;gfg%%léi-lﬁ%aﬁ Ina ) and
microwave e, daim X a . m alo It pyriaine ., U, mmaol) an
OMAP -1 1 AR Ha e 8 G e B Al A e e Sl B3 e 1 mciaaa
and the tube is sehleddari@adp(dSddird 4nurelaveCE B Edisitbanieddrde Thixmwird:is @iluted in EtOAC
and washed with g sRigtateteneRlisigal Ui NAKD % (01 J&&@%@%@%@ﬁ%@%m@r MgSO4
ot and an aSTREENS B AR 6 R o MR D SRR TR R anirod
overnight before bbfrepeabiaftbervatic Rbaxds e rashae mithbotsd died everblematisndHPLC to isolate

compound }842. cokeelpbledMaiebiefuded iR ST assRIN SyhaRAte/(dSAuMsHEaumol) is
added to a DMSQ (6.0 mL}-Fé‘,)( Lttionepfé)#ﬁnqll 0a2 (136.6 mg, 0.571 mmol) and chloropyridine 5a7
irred

(150 mg, 0.571 i giﬁnﬁ'ﬁe MiktD e |§ £d' 8¢ 80C for about 12 h, cooled to RT and agueous 2.5 N
NaOH (0.90 mg, 2.25 mmol)is added. The solution is stirred at RT for about 1 h, diluted with water and
acidified with AcQp e solid is filtered and dried to afford the acid 12al 10as a beige solid. Step 2:

Pyridine (49 pL) ig added. to olution of. aniline 12a1 (60 mg, 0.133 mmol) and the acid
chloride 1c8 (47.5%1‘6‘,' 5. %?ﬁ?rﬁgﬁglﬁ%%iﬂm% i ﬁ?gll(‘,fee%'éqgé%%qgf%?ﬁﬁﬁ AR wave,
cooled to R¥9 acidlificend/itre Abdredndyaediadioh pep deihveddPRe twhfeadied46d tEXAMPLE 13A
~dded 1o 2 DMSQ {150 L) Son o e Lo A e e 57
added to a (15, olutio a .0mg, 1. angd chloropyridine 5a
(500 mg. 1,004 R TRURLAEAS 1 Ve 8P aQCors bl e LMEOH 4 AR Mted with
EtOAc. The orgarfie"peRiseiad wsisheerwaas areoipsasditharesidudivnviiedoffeste, brine, dried over
Nm2(-14, filtered awsheangepialed Wsw vRaWCRIOURS S Effold a0,

25

EXAMPLE 1B

Preparation of intermediate 1b8
HO.__.0 Gl 20
é Step 1 é
N N
Br Br
167 108
Step 1:

Compound 1b7 is transformed to compound 1b8 using the procedure described in
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10 crude residue is purified by column chromatography (30% EtOAc in hexanes) to afford triazole
13al. Step 2: Pyridine (404 PL, 5.0 mmol) is added to a DCE (1 mL) solution of aniline 13al (433
15mg, 0.930 mmol) and acid chloride 1a8 (450 mg, 2.801 mmol). The mixture is stirred at 140C for 60
min in a micr&{FAf88EBIEd to RT and concentrated under reduced pressdte™$#é*P&&Hi¥ is dissolved
in MeOH/THF (1:2) and aqueous 1 N NaOH (660 pL) is added. The mixture is stirred at RT for about 2
days, acidified with aqueous HCI and purified by preparative HPLC to afford 1044. 20 EXAMPLE 14A
Preparation of compound 1046 Step 2 Step 1: 5 Compound 14al is generated via a reaction between
compounds 10afé?f8%%%%§?@ fhe procedure of Step 1, Example 13k Step 2:  Compound 14al is
transformed to compound 14a2 using the procedure of Step 5, 10Example 11A. Step 3: To a solution
of 14a2 (190 mgQ.3g,mmal) in MeCN/deionized water is added aqueous NaOH (0.32 mL, 1 M). This
is stirred at RT for about 96 h. An additional 15amount of aqueous NaOH (0.64 mL, 1 M) is added and
the resulting solURepasatirsufdnisenrii?tadsst 18 h. A 1 M HCI solution in water is added at OC until
acidic pH. The solution is extracted with EtOAc (4x). The organic layers are combined, washed with
brine, dried over anhydrous Na2S04, filtered under vacuum and concentrated. A light yellow oil (194
mg) is obtained which is dissolved in 20Me onized water¢100 mL, 1:1) and 1 equivalence of 1 M
aqueous NaOH is added. The solvent is then regmoved by lyophilization (-2 days) to yield 1046.
EXAMPLE 15A Preparation of compound 10 d 48" ‘§t€ﬁ) 6 NNN FN 15a70Me Step 7
OMe Step8 5Step 1. Sulfuric acid (1 mL) dded to a tion of acid 15a1 (5.00 g, 17.6 mmol) in
MeOH (100 mL). The solution is stirred overnight at 80C. Thegnixture is cooled to RT, concentrated
under reduced pressure, diluted with EtOAc (3Q9 mL), washegswith

Step 1;
Compound 1¢7 is transformed to compound 1¢8 using the procedure described in

Example 1A, Step 6.

10 EXAMPLE 1D
Preparation of intermediate 1d8

HO O ol o
F = i F
! Siep 1 |
.
Br Br
1d? 1d8

Step 1:
Compound 1d7 is transformed to compound 1d8 using the procedure described in

Exarmple 1A, Step 6.
15
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saturated aqueous NaHCO3 (3 x 100 mL), brine (100 mL), dried over Na2S0O4, 10 filtered and
concentrated under reduced pressure. The crude mixture is purified by flash chromatography (100%
hexanes then 5% to 10% EtOAc in hexanes) to afford methyl ester 15a2 as an oil that solidifies upon
standing und‘éztﬂrﬁ&‘}?/%}?ﬁﬁm. Step 2 15(S)-(+)-l-methoxy-2-propylamineYfﬂ?ﬁ“%‘.’%m%ol) is added
to a DMF (30 mL) solution of fluoride 15a2 (3.309, 11.1 mmol) and potassium carbonate (2.28 g, 16.7
mmol). The mixture is stirred at 90C overnight, cooled to RT, diluted with saturated aqueous NaHCO3
(200 mL) and extracted with EtOAc (2 x 200 mL). The combined organic phases are washed with
saturated aqueom% (2 x 100 mL), brine (100 mL) dried over Na2S04, filtered and
concentrated undespachikatqiiassuedibibe Zdrude mixture is purified by flash chromatography (100%
hexanes then 5% t0,20% EtOAgdR hexanes),to affordcasmine 15a3 as gp oil, Stepcki. Pd(PPh3)4 (774
mg, 0.67 mmol) is added to|p mixture-of-iodide +0.670,10mnfol) ncé%:mlvinyltin (2.2

mL, 0.73 mmol) in DMF ( ). cThe’fikture is d by siifftfitaneou ling Ar and
sonicating the solution forabout 15 min. The mixture is stiffét at 110C for alout 2.51"¢ooled to RT,
diluted with saturated aqueous NaHCO3 (200 mL) and extracted with EtOAc (2.x 2Q0 mL). The
combined organic phases are washed with saturated aqueous NaHCQZ3 {2 x"100—45 mL), brine (100
mL), dried over Na2S0O4, filtered and concentrated under reduced pressurg. Thg crude residue is
purified by flash chromatography (100% hexghes then&%k.to 10% EtQAg in hexasnes) to afford vinyl
compound 15a4 as an oil. Step 4: 20Vinyl com 1594 £}.00 g, 3.75 ) is ved in a
8l

mixture of acetone/tert- butanol/water (20 mL : QL). Thegealution 1I5-€0 to 0C, NMO (572
oY he solution is

mg, 5.62 mmol) is added, followed by 0s04 (2.5%- jex:b [, 1.96 mL,0-13-

stirred at OC for about 2 h, diluted with aqueoug‘_ sodium thiosulphat\g‘ mL) and extracted with

EtOAC (2 x 100 mL). The combined 25 organi¢ phases &% washed with'agueous?*t0% thiosulphate

(100 mL), brine (200 mL), dried over Na2SO4, filtered and concentrated under reduced pressure to

afford the crg}de ipl which s dissglved i @ AL NAIRLELR TobbobRigsaliHigD is cooled to
47s LR (2 g SR Sl oy Gl Bl A

0C and Nal a l( ution is stirred at OC for about 4 h. ‘The reaction
mixture is dilutedaRitrisshriiaieiditssenareine epsqing ioLne sudiong drseipad Bieme (2 x 100
mL). The combingg-@igienia Rhaseriataehed with aqueous saturated sodium bicarbonate (100 mL),
brine (100 mL), dried over Na2S04, filtered, and concentrated under reduced pressure. The crude
material is purified by flash chromatography (100% hexanes then 5% to 20% EtOAc in hexanes) to
afford aldehyde 1388 &s an oil. 35 Step 5: Sulfuric acid (0.162 mL, 2.6 mmol) is added to a 0C MeOH
(10 mL) solytion glhaigeysleabisi4aorme b 8fnatheal) 28l osieglthy mqoehus G08tehpdrogen peroxide
(0.295 mL, 2.6 m@x%lgipTgwr?Agolution Is stirred at OC for about 1 h then diluted with 5 aqueous 10%
KH2PO4 (50 mL) and extracted with ether (2 x 100 mL). The combined organic phases are washed
with aqueous 10% KH2PO4 (2 x 100 mL), brine (2 x 100 mL), dried over Na2S0O4, filtered and
concentrated undggepesiuced pressure. The crude phenol 15a6 is used directly in the next step without
further purificatio el ig.t r ' delng ocedure
described in Step%f?\%égﬁr@p?g 1| E«Q@%@g@é df% %ﬁ\%@%?ﬁiﬁ@%ﬁg to comgg\g%pr{’d 1047 using
the procedufé de&ﬁﬁ@@i?ﬁstep 2, Example 13A. Step 8: Amine 15a7 is transformed to compound
1048 using the procedure described in 20 Step 4, Example 10A EXAMPLE 16A Preparation of
compounds 1051 4052 Step 1: To a solution of phenol 3a6 (701 mg, 1.66 mmol) and
Cs2C0O3(737 mg, Z. mmog in anhydrous DMSOSY%&%E) Is added chloropyridine 5a7 5397 mg, 1.51
mmol). The resufFFHBHGFEE QilRFRIBHE P ﬁ?ﬁﬁ’@ﬁ%f‘fﬂﬁé’ﬂ%%ﬁw”@t@k%%% 'successively
washed with watdExdripie &hd concentrated under reduced pressure. Following purification by
combiflash (J5% EtOAc in hex), the intermediate methyl ester is isolated. This ester is redissolved in a
THF (20 mL)/MeQH (10 mL) mixture 5and an aqueous NaOH solution (10 N, 0.8 mL, 8.0 mmol) is
added. The mixturd4¥&ir overnight before being acidified with AcOH, filtered, and injected onto a
preparative HPLPréparationinf gddremctibate &a8 lyophilized and the solid is dissolved in EtOAc. This
organic solution is washed with 1 M NaOH (3x). The combined aqueous fractions are acidified with 1
M HCI until -pH 6 and extracted with EtOAc 10(3x). The organics are dried over MgS0O4 and
concentrated. The product is re- dissolved in MeCN and water and lyophilized to afford 1051. Step 2:
The coupling of phenol 3a6 with pyridine 5b5 is performed as described previously in 15Step 1,
Example 16A. The saponification of the crude methyl ester (0.18 mmol) is performed in MeOH (1 mL)
with NaOH (1 M, 0.9 mL, 0.9 mmol). Following complete conversion, the mixture is acidified with
AcOH, filtered, then injected onto a preparative HPLCS® afford 1052. 20 EXAMPLE 17A Preparation
of compound 1054



555law Step 1: To a solution of phenol 1a10 (1.96 g, 4.77 mmol) and Cs2C0O3(1.83 g, 5.64 mmol) in
25anhydrous DMSO (30 mL) is added pyridine 5b5 (1.20 g, 4.34 mmol). The resulting mixture is
stirred at 95C overnight, then poured in water and extracted with Et20 (3 }2 The comblned organic
fractions are*¥8reHI4748 under reduced pressure. Following purification'5y €oHBfIEEH 1109% to 50%
EtOAc in hex), the intermediate methyl ester is isolated. This ester is redissolved in MeOH (2 mL) and
an aqueous 30NaOH solution (1 N, 2.34 mL, 2.34 mmol) is added. The mixture is stirred overnight
before being washed Wlth Et20, then acidified at 0C Wlth 1 M HC] apd extracted Wlth EtOAc (4x), The
combined fractions aré BOE%ﬁcentraT SFodtict Is@tﬁ@téﬁo th any apentane / Et20
(3:1) mixture, dissolved i NN aad vg@;er an uzed to aﬁg)rd 10 S dlum salt. 5
EXAMPLE 18A Preparation of coﬁnpound 1059 StiéE pound 18

according to the same proctflure described in $ep xample £5A) IS trépfsf ¢
using the procedure in Step 4, Example 15k Step 2 To a solution faldeh 18a2 (60 mg, 0,11
mmol) in DCM (1 mL) is sequentially added morphoﬁg (34 1.1, 0.56 m#rof), a$glpt|on of HCI (4 M in
dioxane, 28 4, 0.11 mmol) and NaBH(OAc)3 (47 mg, 0.22 mmol). The'reaction is stirred at RT, then
concentrated to drypess. Thesouxture is re-glissolveddooMeOH (1 mL) ans (J@@eN 0,1mL, 1

mmol) is added. Wheple the_reaction i utralfzed with. AcOH 20andinjeg ted onto the
preparative HPLC to-1Sotate 089 XAAVIPLE: IX'Prepacation sfecompaiind Step 1:
Compound 19al is genera gd.v -

@ eaction begtween's
of Step 1, Example 16X S 2: M a microwave tuhe, the'intermediate 19a1l (
dissolved in pyridine (1 mL) &nd a solution of acid chloride 1 a8 (2 M in DCP, 0.5 3 L, 0. 90 mm0|) 10is
then added followedPRf ca?g'ﬁ/tlc amount of DMAP ﬁmg, 56 pmol). The tube |s sealed and putin
microwave at 150C for m|n The mixture is diluted in EtOAc and washed with water (2x) and brine
(1x). The combined? %r@ dried over MgSO4, filtered and concentrated. The crude residue is
purified by flash chro (5% to 70% EtOAc in hex) to afford 19a2. 15 Step 3: Methyl ester
19a2 (16 mg, 24 4mo|) is disko a 2:1 THF/MeOH mixture (0.5 mL) and an aqueous NaOH
solution (1,0 M, 25 4, 28 pmol)isithen added. The reaction is stirred at RT, diluted in water and the
aqueous layer is washed wi t20 20(2x) to remove organic impurities. The aqueous fraction is
lyophilized and the compoumﬂnéLOGO is isolated as its sodium salt. EXAMPLE 204 Preparation of
compound 1061 SistetiMe Step 2 5Step 1: In a microwave tube, the chloride 9a3 (60 mg, 0.10 mmol)

is dissolved in degassggRMEIR mtmm@wm@mumwowm@mmwrmammwm min). 2-
(tnbutylstannyl)pyn%l 92 m O 2 B%grng d%g\ PnEl>h %ﬁ&/ﬁ%&}% ng 1931%7}94%%%'[“” added.

The mixture is fu/‘ﬁn ng and%do é IS seale an t in 10microwave at 120C for 20 min.

The mixture is diletdedrERGAcianad b shiaavtingigriesdes 38/ HRACTIRY: The EBMEHRd organics are

dried over MgSOdy fillerec-apa: agnsaniratedn Pherssidasesioens pudfiecdyifasivyraddedtography
(25% to 75% Eto‘%ﬁem A L)J( et% sfif'?e a%%llfor about 2 days. Solvent is partially removed and the

residue is dissolved in EtOAc and washed with saturated aqueous solution of

NaHCO; followed by water and brine. The organic phases are dried over Na,S0O,,

filtered and the solvents are removed under reduced pressure to give an oily solid.

10 This crude material is redissolved in EtOAc and an equal volume of hexanes is
added followed by cooling at 0°C. As a result, a biphasic mixture with a solid is
obtained. The liquid is decanted and the resulting solid is washed with hexanes.

After drying, 3a1 is isolated.

16 Step 2z
To a solution of the ketal 3a1 (15.0 g, 36.1 mmol) in toluene (100mL) under Ar is
added the acid chioride 1a8 (9.73 g, 52.1 mmol) followed by pyridine (10 mL, 123
mmol). The mixture is heated to reflux overnight. EtOAc is added and the organic
layer is washed successively with water, 10% citric acid solution, saturated solution

58



15Step 2: The intermediate 20al (35 mg, 0.055 mmol) is dissolved in a THF (3 mL)/MeOH (0.5
mL)/H20 (0.5 mL) mixture and an aqueous NaOH solution (10 N, 274, 0.27 mmol) is added. When
complete, the reaction is neutralized with AcOH and injected onto the preparative HPLC to isolate
1061. 20 EXRABYPSH Preparation of compound 1072 Step 1:  Compbliid 2141 Yenerated via
a reaction between compounds 5b5 and 15a6 5using the procedure of Step 1, Example 13A. Step 2:
Compound 21al is transformed to compound 21a2 using the procedure of Step 5, Example 11A. 10
Step 3: Compound 21a2 is transformed to compound 1072 using the rocedu of Step 3, Example
14A. WO 2ooglm?mm%?m&g%@b@ﬂﬁ?fﬁ%&wL%%é‘i&éége Q?oﬁ%%’ﬁﬁ{% rﬁﬁ“gf generated
via the reaction Qfmﬁm Jaa&and Zﬁ!mngaamﬁﬁhabmmwgﬂpyhmmtgsmgi’m@@)%)E&Qi%ﬁes of Steps
2 and 3, Example 8k é (g)g& Jlask is added 22al (60 mg, 0.14 mmol), pyridine (0.25 mL,
3.1 mmol), acylcf‘ﬂoné ‘18 Lé mol) and DMAP (5.1 mg, 0.04 mmol). This mixture is
heated to 150C for about 4 h and then cooled and stirred at RT for about 65 h. This is quenched with
NaHCO3 (sajuratggy, £xtracted with DCM (3x), passed through a phase separator and concentrated

under reduced pressure | %%Pe in %léq% o) gg%té%@%ﬁq@ {GR S &mp stlggoggaﬁpguent step

without further purﬂ‘lca omp o Is dissolved in T F/Me H/H20 2:1:1 mL), NaOH
(10 M, 0.07 mL) @@dﬁéd%ﬁﬂ&b@%ééhwﬁﬁ%@ﬁﬂlédsfaﬂ%%ﬁ%@%"ﬁ‘f‘ﬁﬁe ASHRAAYREARbUnt of
20aqueous AcOHris agidestd areeaitiplzadhearsotuiiondntb shuzis il vissdises)iagofatedT Rurification by

preparative HPLC affards compound 10 op eparation of
compounds 109554 1085 = e&%‘{é'd E%(si‘?‘(%rﬁ \Mgtﬂr%iylc a%%gli%“g%%ﬁﬁ?e%&iﬁgﬁg procedure in

Step 2, ExaMiple o, thee @W%MW%@U@HW@W%%VM&@%%&W% same
procedure as thahjfStemviminpie SHtoumrasiee moifptiond 23al. 10Steps 2 and 3: To a solution
of phenol (50 mg, 0.12 mmol) in DMSO (1 mL) is added CsCO3 (57 mg, 0A8 mmol) followed by
chloropyridine 5b5 (90 mg, 0.33 mmol). This is stirred at 105C for about 18 h, then cooled to RT.
MeOH (1 mL), Na&®® L eq, 1 M in water) and LiON (1 eq) are added and this is stirred for about 4 h at

RT. The mixture iﬁota%ia%&gﬁmemw tdamadd@m Hgred. Bnanpliifib Oy (@eparative HPLC.

The fractions are ined and sof t ts, 1093 and
1092. EXANﬁDLEaé)i‘%? Ogrwd on o 6 1%95}4}{74 %@%Q%%%Fggﬁ?%%ﬁl g?rqa{ﬂiformed to

compound 24al @gmgiwecpfweméhﬁr@édﬁ h'%‘rﬁ!"ﬁt'@kﬁrﬁ*ﬁ}@ﬂ%dg?eE%"ﬁ'ﬁ@dﬁﬁ%‘{?ﬁd 2421 is
transformed to coipgeuBdud4ardsingetbedarecedidieiis GtaphixErditiie. ThStegeBics are

successively washed with a saturated aqueous solution of NaHCOa, water and brine,
then dried over Na,SO,. Solvents are removed under reduced pressure and the

50 crude residue is purified by flash chromatography (EtOAc in hex) to give the trans

alcohol 3a4.

Step 5:

The alcohol 3a4 (5.0 g, 10.1 mmol) is dissolved in DMF (50 mL) and cooled to 0°Cc
25  prior to adding NaH (0.81 g, 29.1mmol) followed by Mel (42 g, 301 mmol). After

being stirred at 0°C for about 2 h, the reaction is quenched by the addition ofaiM

HCI solution. A large volume of EtOAc is added and the organics are successively

washed with a saturated agueous solution of NaHCO;, water and bring, then dried

over Na,SO.. Removal of the solvent under reduced pressure gives 3a8 which is

30 used without further purification.

Step 6:
in a Parr Hydrogenator™, the ether 3a5 (5.0 g, 8.77mmol) is dissolved in MeOH

(120mL) and 10% Pd/C (0.75 g) is added. The vessel is pressurized to 30 psi of Ha
35  and agitated overnight. The mixture is filtered through a pad of Celite®, then
5%



Compounds 24a2 and 5a6 are combined to form compound 24a3 using the 15procedure in Step 3,
Example 8A. Steps 4 and 5: Compound 24a3 is transformed to 24a4 and thereafter to compound 1094
using the procedure in Steps 2 and 3, Example 22A, respectively. EXAMPLE 25A Preparation of
compound 1393 %t&{37¢74To a solution of phenol lab 0 (400 mg, 0.97 mmcﬁfﬂ%’@%’?%%u is added
CsCO03 10(474 mg, 1.4 mmol) and chloropyridine 5a3 (430 mg, 1.40 mmol). The solution is stirred at
75C for about 4 h and then washed with water and brine. The solution is then dried over anhydrous
Na2S04, filtered under vacuum and concentrated under reduced pressure. Purification by flash
chromatography e@isgitedaityayaty)aih ehgeR ydlfds 25a1. 15 Step 2: To a solution of iodide
25al (370 mg, 0.54 mmol) in dioxane (4 mL) is added tributyl(vinyhtin (0.2 mL, 0.69 mmol) at RT.
Argon is bubbled Q}g& E:I’%e solution followed by the addition of
dichloro-bis(triphenylphosphine)palladium (42 mg, 0.06 20mmol). The reaction mixture is heated at
reflux for about 1Rtetirsaticsnetinieraadisig pofified by flash chromatography using (10:90 to 70:30)
EtOAc/Hex tgsobtain 25a2. Step 3: To a solution of olefin 25a2 (40 mg, 0.07 mmol) in DMF (1 mL) is
added 25bromopyridine (18 mg, 0.10 mmol), TBABr (35.mg, 0.21 mmol), Et3N ( 4 mL, 0.10 89
mmol) and palladium &&8 /G, 0.007°1 %I%Mgrhls 5 &reagéem‘?%ﬁﬁe microwave for
10 min followed by heatin QE (il daqth) for 116h. Theweaction iIskguenched with
water and extracted with EtOAc (3x). The organic Iare compined, washed with prine, dried over

anhydrous Na2S04, filtered?nder 5 vacuum arico trated. THF (2 mE t-mil) and NaOH
(1 M in water, 5 eq) are added and then this is stirre dr about 14 h at|RT. TheO pEaction mixture is
diluted with AcOH (1 mL) and purified by preparative\I:I,E?LC. The fractic}ﬁ&*pére combined and solvent is

removed by lyophilization to yield 1099. 10 EXAmpLE 26A Preparation'of compound 1102 26a0

CH, 15Step 0: In asmicrowavectisbe containag DME (2emt) is added 2slr. -64aethylpyridine (300
mg, 1.74 mmol), trilatylen.e(257rry ol), Cul(33 mgﬁ@i}m pl), Pd(PPh3)4
(201 mg, 0.17 mmol) and Et3N -2 mE¥? The tub€ is sea ndSjstetced in microyvave
120C. The mixture is thgn ﬁ&h EtOAcC, 2g4waéfﬁ ) water and bgipe, dr Na2S04,
filtered and concentrated. rude residue is purifiedby lash chromatograp ex / EtOAc, 20% to
60%) to afford pyridine 2 além§tep 1: To a solution of, alkyne 26al (33 mg, 0.1§mmol) in DMF (1 mL)
is added TBAF (0.18“??& 1 M solution in THF) at RT. This is stirred for about 10 min, then iodide
526al (40 mg, O.OGHgmol), GHLd.1 mg, 0.006 mmol), Et3N (0.04 mL, 0.3 mmol) and Pd(PPh3)4 (6.8
mg, 0.006 mmol) are agdey at RT. This mixture is stirred at 120C in the microwave for 12 min. The
reaction mixture is quershedywith water and extracted with EtOAc (3x). The organic layers are
combined, washed witp bring, dried pver anhydrous Na2S04, filtered under vacuum and concentrated.
Purification 10by flash chrgmatography using (40:60 to 90:10) EtOAc/Hex affords 26a2. Step 2:
Compound 26a2 is dissolved’in MeOH, Pd/C (10% w/w, 33 mg) is added and the mixture is purged
with H2 (3x). The mixture is $fiffred under a H2 atmosphere 15(balloon) for about 1 h, filtered and
concentrated undgietettuced pressure. The residue is dissolved in MeOH and NaOH (1 M in water, 1
i) 1s added followed, k! G3iistlad Lk AU tiEe A2 SHEreOLRLIRES S A/boBBRRBAIPHPR, Cissolved in

AcOH (2 mL) and purified by preparative HPLC. The fractions are combined and solvent is removed
by lyophilization tEPWRIRE M8 SRiF'eABIENSEioRX RRMSEIEYSNR ketal according to the conditions
10  described in Step 1, Example 3A to produce ketal 3b1.

Slep 2:
Compound 3b1 is transformed fo amide 3b2 using the procedure of Step 2, Example

3A.
15

Step 3:
Ketal 3b2 is transformed to ketone 3b3 using the procedure of Step 3, Example 3A.

Step 4.
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Preparation of compound 1104 aMe Step 1: Compound 3a6 is transformed to compound 27al
using the procedure in Step 1, SExample 13A. Step 2: A mixture of iodide 27al (90 mg, 0.13 mmol),
ethylnylpyridine (27 mg, 0.26 mmol), Cul (2.5 mg, 0.013 mmol), Pd(PPh3)4 (15 mg, 0.013 mmol) and
Et3N (0.09 YOG MMAHYT in degassed DMF is heated in a microwave at T @%ﬁ?@%}ﬁ? This mixture
10is dissolved in EtOAc (50 mL), washed with water and brine, dried (MgSO4) and concentrated.
Purification by flash chromatography (1/2 then 1/1 EtOAc/Hex) yields 27a2 as pale yellow foam. Step
3: To the alkyne 27a2 (70 mg, 0.10 mmol) in MeQOH (2 mL) js added, Pd/ tal 10% wiw, 70 mg)
which is then hydﬁ%‘@@ﬁ&f&j' wnstepet & ﬁIEOH{"F?‘P‘%&S oth? HERd eecgég% yﬁﬁgs)%mgr[%d and the
residue is concenrated to dryness. The crude 5product 27a3 is isolated and employed in the
subsequent reaction without further purification. Step 4: To the solution of the ester 27a3 (68 mg, 0.10
mmol) dissolved in DMSO0 (2 mL), 10MeOH (1 mL) and water (0.3 mL) is added at RT an aqueous
solution of NaOHS-@@i}I, 0.06 mL). This is stirred at RT for about 5 h and then maintained at 0C
overnight. The resictibol3s4jisdracisfomathtagompas T BhSwringuns eaobgdpre PARIERE PLC. The fractions
are combined ang)Jé/’%B@iggq to yield 1104. 15 EXAMPLE 28A Preparation of compound 1105 CL
Stepl zealMe Step2 CF,CF, Step 1: Compound 28al is generated through the reaction of
compound 10a2 with compound 5a3 using the procedure of Step 1, Example 13A. 5Step 2:
Compound 28al $sesdnsformed to compound 28a2 using the procedure of Step 5, Example 11A. Step
3: 10A mixture ofj0didg 2832 (9RMNEE 1O pRABIBBR JIRgArkasiaiertlBeler € ExamleRA(OAC)2 (50
mg, 023 mmol), Et3N (5.0 mL) and MeCN (20 mL) is stirred at 60C in a sealed tube for about 4 h. The
reaction mixtire is cooled to RT, filtered and concentrated. Purification by flash chromatography (7:3
to 1:1 Hex:EtOAcCEa#ards 4% oil which is taken up in EtOH (20 mL). Pd/C (10%, 50 mg) is added and
then stirred 15“”9?«%&%{9{&3@9&%&9@3&@ lgyreaction mixture is filtered on Celite(r) and concentrated
to give 28a3 as a white oam. Steps I4 and %: J0 the acid 28a3 (3Q,mg, 0.09 mmal) inRMF (2.0 mL) is
added Et3N (0.06 rhﬁmmgl; afdHATU (40.mg, . mol). Thereattion is[stirred for about

10 min; then amidoo 8 iy, 0.0 1) is 8dded and sfirring is continued Tof about 2 h. The
reaction mixture is poered into Et20, washed with H20 (3x), €aturated NH4CI (1xf*dried over MgSO4,
filtered and concentrated in vacuo. The residue is redissolved THF (3 mL); TBAF (0.1 mL, 1.0 M
solution in THF) istdieft added and 25this is stirred for about 1 h at 45C. The mixture is concentrated in

vacuo and the 1. siiring mixture of 421 (25 g, 24 mmol) in MeCN (500 mL) and DMF (50 mL)
chilled to -5 °C is added DBU (15.4 mL, 103 mmol) followed by the slow addition of
Mel (8.8 mL, 141 mmol). The mixture is aliowed to warm to RT and is stirred
overnight. The mixture is poured into water (1 L); then extracted with EtOAc (500 mL
x 3). The combined organic extracts are washed with brine, dried over Na,S0.,
20  filtered and concentra{ed under reduced pressure. Crude ester 4a2 is utilized without

further purification.

Step 2:
To a mixture of iodoarene 4a2 (22.3 g, 79 mmol) in dioxane (200 mL) is added

25  ftributylvinyitin (20 mL, 88 mmol). The mixture is degassed with Ar before (PhsP):Pd
(2.4 g, 2.1 mmol} is added. The mixture is refluxed for about 1 h then stirred at RT
overnight. The mixture is concentrated under reduced pressure and the resulting

residue is subjected to flash chromatography to isolate alkene 4a3.

ap Step 3:
To a mixture of alkene 4a3 (9.6 g, 89 mmol) in THF (360 mL) and water (270 mL) is

added 0s0, (2.5% solution in &BuOH, 5.4 mL) followed by the portionwise addition
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residue is then taken up in DMSO (2 mL). Aqueous NaOH (1 M, 1 mL) is added and the solution is
stirred at RT for about 1 h. AcOH is added and purification by preparative HPLC, followed by
lyophilization affords compound 1105. WO 2009/76747PCT/CA2008/002107 EXAMPLE 29A
Preparation S¥€3MP8UHA 1109 Step 1: 5Compound 29al is generated th¥&agH A&t on of
compounds 5a7 and 24a2 using the procedure of Step 3, Example 8A. Step 2: Compound 29al is
transformed to compound 29a2 using the procedure of Step 2, 10Example 22A. Step 3: Compound
29a? is transformed to com ound 1109 using the procedure of Step 3, Example 22A. 15 WO
2000/076747PCTIC EP0EYH 2167 ERAMBIE oSS SHIRM IR M MPEHRD PEPEP PR, 2 5Steps 1
and 2: Compoundfially andckabated srahdifoted ddRtDéaniewnd=Biadhssgdneated uiingrime procedure
of Steps 2 and 3, 3 %\PAPMdﬁt&@%@%ﬁf&&&%%ﬂﬂ«ﬁ@%&a@ng éDﬁlJb‘ie&%’HégrPf Step 2,

Example 22A... 10Step 3 Compoun 30a2 is transformed to compound 1110 using the procedure of
Step 3, Example ﬁﬂmﬁtﬂﬁﬁﬁﬂlﬁﬂ@é@?ﬁﬁﬂﬁ%ﬁ%ﬁ% compound 1113 step 2 step4 CF3 5Step
1: Using the procedure of Step 2, Example 22k compound 31al (generated according to the

condensation of %ﬁaZ using the procedure described in Step 3, Example 24) is acylated with

31a2 (synthesized according to the procedure described in Step 6, Example 1A) to afford compound
31a3. 10 Step 2: Bspisating of intermedirtas #a8ARH &rhpound 31a4 using the procedure of Step 2,

CF, CF,
o OH . OM
i e I
N Step 1 X N Step 2 Step 3 Step 4 S N
5a1 5a2

OH 5as
’Atep 5 Step [
F F CF, CF,
= Cl =N - Cl
o¥e: X
5a6 . ba7

Step 1:
2-Hydroxy-3-trifluoromethylpyridine (500 g, 3.06 mol) is placed ina 22 L round

10  bottom flask under Ar. Anhydrous DMF (8 L) is added followed by potassium
carbonate (430 g, 1 eq) and N-iodosuccinimide (700 g, 1 8g). The mixiure is stirred
under Ar and heated to an internal temperature of 55°C for about 2 h. The heating is
removed and the suspension stirred overnight. The mixture is filtered and the solvent
removed. The residue is dissolved in DCM {8 L) and water (4 L) is added. The

15 mixture is stirred and acidified to approximately pH 3-4 with HCI. The organic phases
are separated and the aqueous phase extracted with additional DCM. The organics
are combined, washed with brine and dried over MgSQ,. Cooling of the DCM and
concentration affords the product 8a2 as & precipitate.

20 Step 2
The phenol 5a2 (125 g, 424 mmol) is placed in a 3-neck 2 L flask. Phenyiphosphonic
dichloride (500 mL.) is added and the mixture heated to 136°C under Ar with stirring.
After consumption of starting material (about 4-5 h), the reaction is cooled o RT and
carefully qguenched by the siow addition of the reaction mixture to crushed ice

25  (caution: very excthermicl). A white solid forms which is filtered. The solid is
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Example 25A. Steps 3and 4:  Compounds 31a4 is transformed to 31a5 and thereafter to compound
31a6 using 5the procedure of Steps 2 and 3, Example 56, respectively. Step 5: Compound 31a6 is
transformed to compound 31a7 using the procedure of Step 3 Example 9A respectively. 10 Steps 6
and 7: To a ¥SW8HU8¢ tHe chloride 31a7 (56 mg, 0.09 mmol) in DMF (1 rh %8 %(&?Pphsm (9.9
mg, 0.009 mmol) and 5-(tri-butylstannyl)thiazole (64 mg, 0.17 mmol) at RT. Th|s solution is stirred at
120C for about 12 min. MeOH (1 mL) and aqueous 15NaOH (1 M, 1 mL) are added and stirring
continues for about 3 h at RT. The reaction mixture is concentrated, diluted in A QE(S

purified by prepa‘?‘&ﬁ?@qﬂiM@Ofﬁézfﬂécﬁﬂ?ngqﬁfé’%ﬁ?&ﬁ@a agRed bR st qu%r‘hé\l\%%a SAVED ?1I|I2atlon to
yield compound & kLBed QriEXAMRLECDR Aefrdpatatioh TheStifouany Elsepaated MESTBStep 1: The

e oA W) %ané%m&awmmmﬁb?rm% sielpgdhe Reacgdure
described in Steps 1 to xample 9A, is dissolved in DMSO il %H?ef’ﬁ aCN (63 mg, 1.28 mmol) is

added. The reacWBﬁei§‘§ﬁ5rP\§UCBt'Waﬁ5}eﬁ%mcfﬁ R ECHEIRE mixture is extracted with

DCM (3x), the organics are dried and concentrated. Purification by flash chromatography (1% to 5%
MeOH in DCM) affords nitrile 32a2. 5 Step 2: The nitrile 32a2 (42 mg, 0.08 mmol) is dissolved in a
THF (1 mL)/Me 5 mL)/H20 (0.5 mL) mixture and an agueous NaOH sol tlon]%‘%| N, 77pt, 0.77
mmol) is added. WHRES#E(18t3rid esh R pnsdedti qﬂ R st REABNAR R ASE A 10injected

onto the IOreparaﬁﬁmwwdméaalmemmmmadahm&tﬁwpr&remmme@2&20(11@1@«7@"09 mmol)

diod th f NaH
(o5 wiw, 45 my 0 TR e ) OB G T e TS %Hg’e?\??ﬁﬁ’;b%% afwg‘”f'eﬂl{.’on s

neutralized With \ﬂ@é’f"f@)&'ﬂ‘ﬁ&é‘{f RS ﬁl’?ﬁﬁ"{ﬁ)f%frﬁ?ﬂq@d?d’ﬁ%% Py osmES, & crude residue
is re-dissolved |nnarn'5Irjh?1(m-ml(:)ﬂvhthb @1 Beh by 204008 nilzpmikfraiantharmiduedeastiingOH solution

(10 N. 904, 0-90 puyagll s apilad JUBER B erefiops caulele: 1 reactiansaguigalized with AcOH
and injected onto the preparative 20HPLC to isolate compou M}é@ AMPLE 3 A Preparatlon of

compound 1115 p&titers ksiueen Ef@%“%ﬁﬁﬁ‘ﬁ%?@ﬁﬁ@‘@ JCEERNGR "f)sln DMF (1.5 mL)
is added 2-amina@igcradl westd with 546 andhdiedmoiea Nai&@chamumr@ﬁﬂl‘(emdﬁgdo 07 mmol). The

30mixture is warmed at 30G bt ey JhRFereRR 18seteRitElerkinaYk) and an aqueous
solution of NaOH (2.5 N, 240 uL, 0.6 mmoal) are added th%eglxt \?e/ﬁéﬁ-?ﬁ?%w rmed %SOC for about 2 h,
(0]

then neutralized 8‘?YR’T’W%EREUW%’\‘?gr’ot"?ﬁjé%@opﬁlrifoofﬁér%? sorfa?e mpound 1115.
EXAMPLE 34A S:Rtepaitiion BfanthoutndsbElS LBIQNEE84ep 1: To a solution of the ketal 3al (1.5,
3.6 mmol) in toluene (7 mL) is added TFA (7 10 mL). This mixture is stirred for about 1 h, then water
(0.4 mL) is added. The stirring is continued overnight and the mixture is concentrated. The resulting
residue is dilutedSMEHAELOAC, washed with Na2CO3 (1 M), water and brine, dried with Na2S04,
filtered, evappratedmacrconseatiaieddd (istaird B4aro!) StdbeXH T2RS lketdisecBilled 10107y, 4.6 mmol) is

suspended in MeQuk (40 ggloh ARENE £0ETHIR6YNSAIOC DAL AT ainguchanunol)is added and

the mixture is stirr or 5about 1 h. The reaction is uenched with 1 M HCI MeOH is
evaporated stirred at 0°C for about 1.5 h. Another po ion of Nabt, (119 is add H}ﬁ

mixture is stirred for about another 30 min. The reaction is quenched by the addition
of NaHSO, (5% agueous) then diluted in EtOAc (500 mL). The organic phase is

25  separated then washed with water (500 mL) and brine. The organic phase is dried
over Na,S0,, filtered then concentrated under reduced pressure. The residue is
subjected to flash chromatography (1:1 EtOAc/Hex) to isolate alcoho! 5a5.

Step 5.
30  To the crude aldehyde 5a4 (2 g, 9.5 mmol) in 45 mL of DCE is added

difiluoropiperidine-HC| salt (1.6 g, 10.5 mmol) and triacetoxy sodium borohydride (2.8
g, 13.4 mmol). This reaction is stirred overnight at RT. The mixture is diluted with
EtOAc (300 mL) and washed with water (100 mL) and brine (100mL). The organic
phase is then dried over MgSOQ,, filtered and concentrated. The residue is purified by
35 flash chromatography (Combiflash, 15-40% EtOAc/Hex.) to afford 5a6 as an orange
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under reduced pressure. The residue is diluted with EtOAc, and washed with aqueous, saturated
NaHCO3, water and brine. Then the residue is dried with Na2S04, filtered, evaporated and employed
in the subsequent reaction without further purification. 10 Step 3: The benzyl ether 34a2 ;410 mg, 1.1
mmol) is disSBREYTTEGH (3 mL) and EtOAC (6 mL). 10% Pd/C (4 mg) i¥ adided B8 48 fask is
placed under an atmosphere of hydrogen. After about 2 h, the mixture is filtered on Celite(r), and
DMSO (9 mL) is 15added to the organic phase. The MeOH is removed under reduced pressure.
Chloropyridine 5a7 (258 mg, 0.98 mmol) and cesium carbonate (448 mg, 1.4 mmol) are added, and
the mixture is stifd at 70C for about 4 Ft The reaction mixture is then diluted with EtOAc, washed with
agueous, saturated NaHCOS3 and brine, dried with Mg504, filtered and evaporated. Purification by
flash chromatographys(10:90 to 2050:50 EtOAc:Hex) yields 34a3. Step 4: The alcohol 34a3 (400 mg,
1.1 mmol) is dissolveéd in DMFrglo mL) and iodomethane (1.7 mL, 27 mm é} IS added. This solution is
cooled to 0C, theNSHWAREHArde 48158 Hs cy P headteia5ale Qrﬁsgag é‘a'gﬂoafﬁ’e mixture is
stirred for abbut 4iphSeipnasedindH4L3 (1, Gorhinis)dol deblydfaileidts HFOEGAL Theoniriuyeaisd water (40

mL) are added angibeMix¥RILe SSRRKED A SeRAMAIANLANG dISMaYesRArg seRRalsdiand the
organic layer is washed with brine, dried with MgSO4, g\{red, evaég%?ted copcentrated and purified

by flash chromat&grdBhgoattads e e SEToh RIS FEMRL 1RGN aﬂ'f'%&%@@? Ofibound 34a4 is
transformed to cawvgoight! BiaSissirgtidéutzd e BtPéobSt e with weteXA0BBLSang Bri®ompound
34%5(58 trﬁ;SforS}jgédotﬂqE%@?ﬁgBQa é?ek{%@%r?%@%?ﬂé‘%tﬁéﬁ%ﬂ%&eﬁ?&?@@dﬂd’%ﬁo@@ I1: Sulfuric
aci mL) is added to a solution of 35a : mmol) in Me ) : solution is
stirred overifyht BieS8E PAE R AHER ‘8&@@8‘%‘1&?F"S%%B‘ﬁ%?ﬁ‘@a"aﬁ%%rg(é}%gaﬁa%gi"ure, diluted
with EtOAc (300 rafrdimshgd tidhogdabus saturated sodium bicarbonate (3 x 100 mL), brine (100
mL), dried over Na2S0O4, filtered and concentrated under reduced pressure. The crude mixture is
purified by flash chromatography (10% EtOAc in Hex) to afford methyl ester 35a2 as 15an oil which
solidifies upon st&¥aMEABer high vacuum. Step 2 (S)-(+)-1-methoxy-2-propylamine (1.90 g, 21.3
mmol) is added @ hakéfidB@hhipsokdieteobB8Band4ab3 g, 15.2 mmol) and potassium carbonate (3.15

g, 22.8 mmql. 20The mixture is stirred at 75C overnight, cooled to RT, diluted with saturated aqueous

sodium bicarbonate (CZFOO mL) and extracted with EtOAc (2 x 200 mL). The combined organic phases

are washed with saturdted aqueous sodiunthicarbonate (2 x 100 nfEj), brine (100 mL) dried over
Na2S04, filtered a[gd' concentrated méd pressure. The “mixture is purifie/ ay flash
chromatography (i 7% Hex 492 th 9 0% E4QAC in ord 353 as an oil, Step 3:
Pd(PPh3)4 (297 mg,{.26 mmol) is added to a mixture of iodide 3323 (2.36 g, 6.4% 5mmMmot) and
tributylvinyl tin (2.06 mL, 7.07 mmol) in DRAF (25 mL). The mixture is degassed by simuj)taneously

bubbling Ar and sonicating the solution for about 15 min. The mixthré_gel,_js stirred at 90C forsakout 30
min, cooled to RT, diluted with saturated aqueous sodium bicarbonate (200 mL) and extracted with

EtOAc (2 x 200 mL). The combined organic phases are washed witffsaturated aqueous sgdi%lm

10bicarbonate (2 x 100 mL), brine (100 mL), dried over Na2S04, &t and concentraté inder
reduced pressure. The crude residue is purified by fl phy (100% % to 10%
EtOAc in Hex) to afford 35a4 as an oil. Step 4. 15Vinyl ! ound35a4 (1.45 g, 42 mmagl) is
dissolved in a mixture of acetonertert- butanollwater (40 mL:10 mL:9.6 mL). The solution is cooled to
0C, NMO (956 mg, 8.14 mmol) is added, followed by 0s04 (2.5% in tert-butanol, 276 pL, 0.027 mmol).
The solution is st t OC overnight, diluted with aqueous 10% sodium thiosulphate (100 mL) and
extracted with Et0A@ @kttdhitdideSed 360imgd0.20 vrgaihio pHad8srhiasmdshedRiflaGiqgueous 10%

thgs.ulréhatezéloo(qwf«}mm (260 TRIE) ari@@lf@é%@lae?a%@aﬂl e ,rﬁiiﬁr@déﬁafﬁrs@mmd ta%%@gndf)r "
reduced pressure to afford the crude, diol which_is dissolved in mlL) and water mL). This
solution is cooled%‘@&‘,? @g%ﬁﬁ%o‘éje% (Tl‘tle}dh amimfg }%Fﬁ%ﬁ aa&ln-%gh&fssfﬂ)r b viokior %b’out 4 h. The
reaction mixture i40difufetehout Saminand fpnedinsds entbustBbRAt® 2bouR8RNINafbeextracted with
EtOAE (2 x 1?0 mrkq)xtw#fsc@remnea @i@M%ﬂbﬁ@@%ﬁ%@ﬁﬁ@@ﬂ&%ﬁ%&ﬂg@ﬁiﬁ%ﬁodiUn; |
icarbonate (100 mL), brine (100 mL ied over Na2S04, filtere oncentrated under reduce
pressure. The crfde %%a%?i%%’igv%su%ﬁ%%%y% ﬁg%hd% ?%o%%tgré%%rﬁys&%éggf f—’lgige{ﬁgﬁ 5 to 20% EtOAC in
Hex ) to aff®¥l 35¢@esraanaditosoestistes: ASidht Hrowsidi(Bb8 ipebRisgdimhion) ikseaeilexeto a 0C MeOH (20

mL) solution of 39ae 4640 Me. Ridan0rah thelleshbyraargous 30% hydrogen peroxide (404 pL, 3.57
mmol). The solution is stirred at OC for about 1 h then diluted with aqueous 10%
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35KH2P0O4 (50 mL) and extracted with ether (2 x 100 mL). The combined organic 103 phases are
washed with aqueous 10% KH2PO4 (2 x 100 mL), brine (2 x 100 mL), dried over Na2S0O4, filtered and
concentrated under reduced pressure. The crude phenol 35a7 is used directly in the next step without
further purifickbHf"88®%6: Compound 35a7 is transformed to compoun&d 8548 MY AHE procedure
of Step 1, Example 13A. Step 7: 10 Compound 35a8 is transformed to compound 2001 using the
procedure of Step 2, Example 13A. EXAMPLE 36A Preparation of compound 2002
36al36a236a336a4 Step 3 C 'w-N 36al0 0CO2Me OMe Step 7 15 Step 1: Sulfuric acid (3 mL) is
added to a solutic¥&¥26a1 (15.0 g, 36.9 mmol) in MeOH (200 mL) and the resulting solution is stirred
overnight at 80C. AlkengBtiuetiarnsoiedd toRkebo8e Ehll atathund proeduce d4xened s, Siddted with
EtOAc (300 mL), (\)%Qgﬁ % )_,;[h aqueous saturated sodium bicarbonate (3 x 100 mL), brine (100 mL),
dried over Na2S ered and concentrated under reduced pressure to afford methyl ester 536a2.
Step 2 (S)-(+)-1-methoxy-2-propylamine (1.49 g, 16.8 mmol) is added to a DMF (30 mL) solution of
36a2 (3.84 g512.3wywl) and potassium carbonate (2.67 g, 19.3 mmol) 10The mixture is stirred at
75C overnight, ¢ O%Gecb}ge d|| ted g}tgea turi%:t0 OP&L&B&&J{S stgdlur0 bie uai,ereb en%Fl g?r?épg? and
extracted with Et e combined organic phiases are was with agueous saturated
sodium blcarbonaf’teE(@Ff‘&i@@M ), brlne (100 mL) dried over Na2S04, flltered and concentrated under
reduced pressure. The crude mixture is purified by flash chromatography (100% Hex 15 then 5% to
20% EtOAC in He>é)t fford a mixture of isomers 36a3 and 36a4. Step 3: Pd(PPh3)4 (315 mg, 0.272
mmol) is added t ture of iodide 36a3 and 36a4 (2.00 g, 5.45 mmol) and tributylvinyltin (1.91 mL,
6.54 mmol) itf DMEAEIY IR Bp2rad aBiviaritcaepayse §d winatherreceisuniisitag Ar and by
sonicating the solgfigwgdiersaout 15 min. The mixture is stirred at 100C for about 2.5 h, cooled to RT,
diluted with aqueous saturated sodium bicarbonate (200 mL) and extracted with EtOAc (2 x 200 mL).
The combined organic phases are washed with aqueous saturated sodium bicarbonate (2 x 100 mL),
brine (100 mL), d ver Na2S04, filtered and 25concentrated under reduced pressure. The crude
residue is purifiedapoigisnehy eaaiegraahy (#20% jtexainenditied@¥dEfidcdnEtianpe afford a
mixture of cq pongs 36a5 and 36a6. Step 4: 30Vinyl compounds 36a5 and 36a6 (1.199, 4.45 mmol)
are dissolved'in a mixture of acetonertert-butanol/water (40 mL:10 mL:9.6 mL). The solution is cooled
to 0C, NMO (732 mg, 6.23 mmol) is added, followed by 0s04 (2.5% in tert-butanol, 226 pL, 0.022
mmol). The solutigrdgsstiregd at 0C overnight, diluted with aqueous 10% sodium thiosulphate (100 mL)
and extracted W|tlg EtOActI‘_Z x 100 le‘ﬂﬁ’g gg;inblge%gzﬁorgamc phases are washed with aqueous

10% thiosulphate (fLe(%l Trite
PN COOME ‘ i HOjii:[COOMe
P Fhg Sl WK Siepa =
4a4 821 \\ 8a2
) OMe Ohe

CF,
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20 Step 1.
To an 8-mL vial are successively added K,CO, (46 mg, 0.33 mmol), aldehyde 4a4d
(50 mg, 0.275 mmol in 0.5 mL DMSO) and 2-methoxyethylamine (103.9 mg, 1.4
mmol). The mixture is agitated on a J-Kem® orbital shaker (270 rpm) at 70°C
overnight. Water (1 mL) and concentrated HCI (0.7 mL.) are added to the mixture.
25  The mixture is heated at 70°C for about 3 h, extracted with EtOA¢ (2 mL) and
washed with H,O (3x). After concentration, the crude anifine 6a1 is obtained and

used as such in the foliowing step.
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mL), dried over Na2S04, filtered and concentrated under reduced pressure to afford the crude diols
which are dissolved in THF (10 mL) and water (10 mL). This solution is cooled to OC and sodium
metaperiodate is added (1.38 g, 6.45 mmol). The solution is stirred at OC for about 2 h. The reaction
mixture is dilStEPWH 4 Teous 5saturated sodium bicarbonate (100 mL) dfd EXAEEEWIth EtoAc (2 x
100 mL). The combined organic phases are washed with aqueous saturated sodium bicarbonate (100
mL), brine (100 mL), dried over Na2S0O4, filtered, and concentrated under reduced pressure. The
crude material is purified by flash chromatography (100% Hex then 5% to 10% EtOAc in HeA) to afford
compounds 36a7 (elutes first) and 1036a8 as an oil. Step 5: Sulfuric acid (147 pL, 2.35 mmol) is
added to a 0C Mé&B#t €10 mL) solution of 36a8 (400 mg, 1.49 mmol), followed by aqueous 30%
hydrogen peroxide, (32 e 218320 uae isLbe P NRIDIS SliETRal 7t QCsinn ahgybdohcthrn diluted with

aqueous 10% KH2PO4 (50 mL) and extracted with ether (2 x 1000 mL). The combined organic phases
are washed with &¢RrsSeRel0ggder bistnged Reletdmi4° Blirda 3 8eHANLS SidPBRINa2S04, filtered

an?] Confenﬁrﬁte%am%%@wp@gmrg@wﬁﬂ%bwgud&abgmb&?a%is-g@e@dimmame next step )
without further pugjfication. 20, : ound,36a9 is transfarmed to compoun 10 using the
SRl e A R L < St e el o

procedure descri xamp ep ompoun S transforme

compound 2002 agirg tiRenpoodbd imxtdeseripéadiebrely BiEh@ M mb ) 1n imsormbined 37gano

Preparation of cogiass @Rt csavel wBsierphiadilbd g nd-pénbnbral (5 eoMbireskyui K2CO3 (878
mg, 6.35 mmol) and 37al (586 | 5 ol) in DMSO ._Lhe mixture is heat nder Ar at
60C until compIefaeh%%{?e?é%\fmgﬁgnrp%(%dleiz%yé[]{ie%ﬁq%ogg?ﬁp(a%taéégalféua-e%ﬁdsr%%Iﬁrt‘iloﬁ E%Ng%gOB is then
added. The Hixtusbiih éxusasted svth Bihado®intheielbmbined organics are dried over MgSO4, filtered
and concentrated under reduced pressure to afford crude 37a2 which is used without further
purification. Step 2: 19T0 a solution of 37a2 (100 mg, 0.18 mmol) and 3,3-difluoropiperidine
hydrochloride (3Lg;0.20 mmol) in DCE (1.5 mL) is added NaBH(OAc)3 (52 mg, 0.25 mmol). The
mixture is stirred & RE oudmighnolfa? akieirad abkiedn ThelMK(6. SreltrieteurogshiBEM (3x), the
organics are dried i RQ%@??@%%G@H&QH%@ @rﬁmr&tme%ﬁ&m@g@m@mpﬂaﬁaﬁ (15% EtOAc in
: p

hex) gives 37a3. 15 Step ompound 37a3 is transformed to compound 3001 using the procedure
of Step 2, EXAmple’3 XY gﬁ%ﬁﬁﬁ@@%ﬁ%’ﬁ?&t%’ﬁr&%ﬁfb%df%@@b@bﬁbﬁ?iifeﬂ%ldehyde
37a2 (1.30 g, 2.3fpmnabfsiCdisanved iaMMeSbluin (BLY, #50GlanelaN i RI0hdige 2e86t1IMol) is
dded. After being.sti - ion i . i luti f
adde er beingspijred : :tggﬁl%ﬁ %%Pc“?b? 5%@81'9%.!i@&%géﬁ%ﬂ%‘h&#gég%ﬁg%g@ous solution ©

citric acid and extracted with SEtOAc (3x). The organics are over M 4, | and _
concentrated. PuliiiGtiot? bYb thBiMR8H g iSRS bV B ROt pxp: Thh ECFIEEIREI B8HT(700 mg, 1.23
mmol) is dissolveektraB e (dictakgiaghvibitiay dificMasdendbtBendricd D9%emmy8Daadda catalytic
amount of DMF ($0.pty is added. Ihe feadian ds sHredaL R Men suecessixghewashed with a

VRT LT ki 1%, 1 hridivdid o

saturated aqueous solution of citric acid, NaHCO3 and brine. The organics are dried over Na2S04,
filtered and concél‘?@é'{éa%ﬁﬂiéF@M@S%éé%ﬁ@ﬁ%ﬁ@&%’ﬁﬁ%ﬁo&%@&%'EF&E‘EF%ES such without
further purificatiogoilinGtapiidnt BEQHCDHWAVEIIRbentiEC horidesdRa? §75ta1gpe HBOMIBHIs put in

degassed DMF (Yl desassse, B RUPRnG aValms, o while Senicasing fopabess,10 min) along
with 5-(tributylstannyl)thiazole (96 mg, 0.26 mmol). Pd(PPh3)4 catalyst (15 mg, 13 20'Imo’) is added

and the tube is séXBeeaMI ferRRA WAt TR rRRh iRl onie s se e ater frEtoAC and
washed witlz§vatds igteasd brine (2x). The combined organics are dried over Mg504, filtered and
concentrated. The crude residue is passed on a short silica gel column (20% to 70% EtOAc in hex) to
remove most impurities and the combined fractions are concentrated. The resulting yellow oil is
redissolved in THESB-4nL)/MeOH (0.5 mL)/H20 (0.5 mL) and NaOH (10 N, 0.13 mL, 1.3 mmol) is
added. When completejthes efactite BafdifalrediizhE mooHiaRg ihieded bistecaissiepiirative HPLC to

isolate 3002.  ghioride 1b8 (6.31 mg, 0.039 mmol) and pyridine (9.8 pL, 0.121 mmol). The mixture
30  is heated at 150°C for 15 min in a microwave. After concentration, the residue is
dissolved in DMSO and AcOH, and purified by reverse phase preparative LC-MS.
Conditions; column: Agilent SB-C18, 5 uM, 21.2 mm X 50 mm; gradiant. 5% t0100%
H-0 0.06% TFA/MeCN 0.068% TFA,; flow: 30 mL/min for 13.5 min; makeup: 25% H,0
0.05% Ammonium formate/75% MeCN; 1 mL/min. After iyophilization cormpound
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5 EXAMPLE 39A Preparation of compound 3005 and 3006 Step 1: 1,2,3-Triazole (15 ut, 0.13 mmol)
is added to a suspension of NaH (60% w/w, 10 10mg, 0.26 mmoi) in THF (0.5 mi.) and stirred for
about 15 min at RT. This mixture is transferred to a solution of chloride 38a2 (75 mqg, 0.13 mmol) in dry
DMF (1 mL) St0%#H overnight. The mixture is partially concentratedtin g?&?gg@@%b%ressure and
pre-adsorbed on silica gel for purification by combiflash (50% to 100% EtOAc in hex). Two products
are recovered corresponding to each isomeric triazole 15intermediate. After being combined and
concentrated, each intermediate is separately re-dissolved in TEE (2 mL)/MeOH (1 mi.) and NaOH (10
N, 0.13 mL, 1.3 ni@fh)isdsariedt. When complete, each reaction is neutralized with AcOH and injected
onto the preparative HPLC to isolate 3005 and 3006. 20 EXAMPLE 40A Preparation of compounds

1121 CF ome S .. Compound 9a3 is transformed to compound 40al using the procedure of Step
1, Example 20A. 5°Step 2: To the me%?l ester 40al (27 mg, 41 umol) in MeOH and THF (1:1 mixture,
1 mL) is added artEHisRASINERDEISBIRRIEhceme M 1082 uetng g IPraase wiiLPieR Stirred for about 2

days at RT, and thearwaiaeis added. The aqueous layer is washed with 10Et20 (2x) and lyophilized.
The compound 1121 is quantatively obtained in its sodium salt form. EXAMPLE 41A Preparation of
compounds 1133 15 Step 1: The iodide 27al (72 mg, 0.104 mmol) is dissolved in MeOH (5 mL)
and 10% Pd/C 20¢50MeH &added. The mixture is stirred for about 1 h under a balloon atmosphere of
hydrogen. The mixtupasistidicsedshipb@indGelte(r) and concentrated under reduced pressure. The
crude residue is re-dissolved in DMSO (3 and r (0.5 mL), then aqu NaOH (10 N, 50 4,
0.50 mmol) is addeg?mf%lete, ther%]neg@;\%gf%utraﬁzeg Wi'Fh8 .@ %gﬁlf’g injected onto the
preparative HPLC to iso 193. #£XAMPLE NRreparatigrzof compéurngs 1139 Step 1.
Compound 42al is genesgted via the reaction e;ﬂa&(/n& mg, 2.33 mml) and-PYfidine 5a3 (879 mg,
2.23 mmol) using the procedure of Step 1, Example 16A. 15 Step 2: A mixture of iodidg€*42al (56.7
mg, 85 ;mop, morpholine (42.5 mg, 0.49 mmol) and ¢gsium carbonate 684 mg, 057 fﬂol) is
prepared in anhydrous toluéhe (3 mL)?This mixture.ig-sonicated ape| purged for a'iibogf, 10 min with a

il

efeq

balloon atmospherg=of 204rSFS xtHre is a palladiym 9 pimol) and BINAP
(8.0 mg, 13 limo") ai terog us-wideure id¥urth  Senicated/p for about 10 min upon
which time it solubilizes. The reactiqn. cplaced atsggflux for about 16 h, coole o T, then EtOAC is
added and the mixture istwashe a saturated aqueous solutiongf NaHCO (2x3. The organics are

dried over Mg304 and 25 concentrated. The crude residue is re-dissolved in THF (2 mL)/MeOH (0.5
mL)/water (0.5 mL) and NaOH (10 N, 854, 0.85 mmol) is added. When complete, the reaction is
neutralized With A& and injected onto the preparative HPLC to isolate 1139. EXAMPLE 43A
Preparation of comprinsignl/LeRtan@thdbl 22 g, 15.9 mmol) is added to aniline 2a1 (712.0 mg,

2.42 mmol) dissolved in dry DMF (8.0 mL) in a pressure tube. Ki (2.0 g, 12.0 mmol)

is added, foliowed by DIPEA (2.72 mL, 16.0 mmol) and the mixture is heated at

120°C for about 16 h. The mixture is cooled to RT, diluted with agueous saturated

15 NaHCO; (100 ml) and extracted with EtOAc (2 x 50 mL). The combined organic
phases are washed with agueous saturated sodium bicarbonate (2 x 100 mL), brine
(100 mL}, dried over Na,SQC,, filtered and concentfrated under reduced pressure. The

residue is purified by column chromatography (20% EtOAc in hexanes) to afford 7at.

20 Step2
Benzy! ether 7a1 is transformed to phenol 7a2 using the procedure described in
Step 8, Example 1A.

Step 3
25  Potassium carbonate (19 mg, 1.4 mmol) is added to a DMSO solution (3.0 mL) of

phenol 7a2 (100 mg, 0.44 mmol) and chioropyridine a7 (6.6 mg, 0.44 mmol). The
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5Step 1: The diol 11a5 (221 mg, 0.57 mmoi) is dissolved in DMF (3 mL) and cooled to OC. Allyl iodide
(0.11 mL, 1.20 mmol) and sodium hydride (95%, 30.3 mg, 1.20 mmol) are successively added and the
mixture is stirred at RT for about 1 h. Water is added and the mixture is extracted with DCM (3x). The
organic phas&@ 3%t and 10concentrated. The crude residue is purifiéd By ¢EHHIES (hex /
EtOAc, 15% to 25%) to afford aniline 43al. Step 2: Compound 43al is transformed to compound
43a2 using the procedure of Step 4, 15Example 7A. Step 3: Compound 43a2 is transformed to

compound 1160 using the procedure of Step 2 le 32A. 20 Step 4. und 1160 (18 mg,
31 umol) is dissofl iR 'ﬁ/l%?ﬂife%ﬁflg %F% 3%% taggg Eﬁﬁes;? 1eReT 8§§5%ds u%rﬁ%%‘g?e‘ﬁ&élo mgq) is
added. The reactignstasicayatescepaiien fieathanata (hGe robbandtriapiedratinREMseig Wrred for
about 1 h, the mixuyerisefiltpres &l biguehhalie deanskrasatihoinsablyawittddeotiumhhe filtrate is

concentrated; the resjdue,is re-dissglved.in water/MeCN, filtered thro ierodi lyophilized
to afford 1161. E‘}ﬁiﬂ!ﬁfﬁti Ax%lgﬁnﬂé egrré?o{éﬁo fF}\tﬂegrﬁg i\é?gfﬁaéfg & '*i’:ee Sa?ﬂgeg%gr%rﬁ% (E&Cj:y P
Krasinski, A.5 Fokifdey redusempsrssyred Trespiiatiesios ia susipbysiglgnn chsargaiegi@ii¥nsion of
chloromethyl pivalaie, #4aAd#0nexXandSadamel tnavadera@f saly isgaddadyragium azide (18.1 g, 279
mmol) and the mixture is warmed at 90C for about 12 h. Additional water is then added and the
phases are separated. The organic layer is passed through a filter funnel containing Mg304 to afford
the azide 44a2. 22l&tép 2: The azide 44a2 (100 mg, 0.64 mmol) and cyclopropylacetylene (54.7 mg,
0.83 mmol) are disgRivedan teroasanabitsaoak) and DotesdQtmb) s poledis Jalkitiin of copper
sulfate (0.3 M, 0.43 mL,.0.13 mmal) is added fqll a luti f. jc acid
Sochim salt 1.0 (HE0ISH T BURRL RS S o e aRor e Tl o e eaR O
EtOAc and water 2iridfe ipiraséasairevsdpataten. The wighends speledderitbiantisersenitaéfeous
NH4OH/brine solytigs} {(x)ctandeed ey MRk dssbihal soDMITemapahintvasas The oil
corresponding to 44a3 is used as.sych far the next.st : [ 4 02 mg, 0.46
P Meon (e a4 25 23428 Y SENE bt s3'ER fRHIB I el 02 O

mmol) in MeOH ( S'ad agueous , L. mmol). The reaction Is stirred for about
30 min at RT, the#ith\a@ilizad Buiiiasd 2y menesatie TG, t afierd 1¥8iol) and diluted in water. The
mixture is exyacted with EtOAc (3x), washed with brine, dried and the solvent is removed under
reduced pressureﬁxmﬂ%l_ e oil corresponding to 44a4 is used as such. EXAMPLE 44B 10
Preparation of compoun 67 Step 1: Compound 4461 is generated via the reaction of lab 0 and
chloropyridine 5aBraavatine pfcesmaendi i8S 1, Example 9A. 15Step 2: To the aldehyde 44b1 (1.25
g, 2.14 mmol) in M%QH (20 rgcl}_%ghilled at Ofzais added,NaBH4 (98 mgp. 26 mnnk. When the reaction is
complete, a saturate oué solutien-ef citri¢ adid is added—Fhe mixturg.is extracted with EtOAc
(3x), dried over Mg304, afithegrcenti®tbd. Phrificatith b ccﬁ*PﬂﬁfIashF(Qg | E{0AG,15% to 50%)
5affords 44b2. Step.1 hexa chilled (0C) THE scﬂfe}tion\(z m‘T_) containing the alcohol 44k2 (100 mg, 0.17
mmol), PPlis (54 mg, 0.21 mmol) and triazole 44a4 (28 mg, 0.21 mmol) Ltses:; ly; mEDEAD (38
pt., 0.21 mmol). The reactiog is allowed to slowly warmed to RT over abOut 16 My the reaction is

complete, the solvent is re QV%di vatua and th@dﬁ@ residue i 'Birgctly p%gfiim%dday combiflash (hex
/ Et0Ac, 15% to 50%) o affor 415%1 . N ]@ 2
N7 ZNF N N N NH
8

/\?BM%I & S
L.

008 o siep 4

at

Stepl -
20  Aniline 1a4 is transformed to compound 8a1 using the procedure described in Step

1, Example 7A.

Step 2
Benzyl ether 8a1 is transformed to compound 8a2 using the procedure described in

25  Step 8, Example 1A
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The saponification using 1 eq of NaOH is performed using the procedure described in Step 2, Example
32A to give 1167 as the sodium salt. EXAMPLE 44C 20Preparation of intermediate 44c2 Step 1: In
a sealed tube, azide 44a2 (1.50 g, 9.54 mmol) is mixed with 1-(trimethylsil 1T)-1- ne (1

14.32 mmol)PBEEIEAL). The mixture is warmed at 80C for 25about 15}?{, fﬂ’é# ﬁP %qvent |s
concentrated in vacua to afford triazole 44c1 which is directly used in the next step. Triazole 44c1 (1.9
g, 7.05 mmol) is dissolved in MeOH (14 mL) and NaOH solution (10N, 1.55 mL, 15.5 mmol) is added.
The reaction is stirred at RT for about 16 h. The solvent is concentrated under reduced pressure to
afford the crude #i828le 44c2 as the sodium salt. 5 EXAMPLE 45A Preparation of compound 1170 CF
Step 1: To the aRtainol 34bB (LOSomye0 .bSramis Bad DN (Rmidcisiudoiaseihedyh Sewridle 10(28 pL,
0.38 mmol). To tgﬁawlgtlﬁp is slowly added DMF (50 pL) and the reaction proceeds at RT for about 1
h. A saturated aqueous solution of citric acid is then added and the layers are separated. The organics
are successively washed with a saturated solution of NaHCO3 and brine, dried over MgSO4, filtered
and concentBate@tgpdfford chloride 45al which is used as such for the next step. 15 Step 2. The
chloride 45a1 (150:Rg g5 PAMADAEY 4o (23109 00s3%:MEA bR dpixe ddedFbdl if2omb) and stirred
at RT overnight. The mixture is diluted in EtOAc and washed with water (2x) and brine (1x), dried over
MgSO4, filtered AnBEBIRR A ated. Following purification by flash chromatography (hex / EtOAc, 15%
to 40%), all 5isomeric triazole intermediates are isolated in the same fraction. These isomers are
further separatedzQp i eparative HPLC. The less polar fraction corresponds to 45a2. Step 3: 10To
the compound 45a2 (17 mg, 23 ur ps%'m THé:réel rgtt added TBAF (1.0 M in THF, 70 pt, 70 iimol).
When the réActidFRPREHAR0E CABRAMOER " L0%AR d(? fr vacua and the crude residue containing 45a3
is used directly in the following step. Step 4: 15Compound 45a3 is transformed to compound 1170
using the procedq,{c;e of Stepwe, Example 32A. MPLE 46A Preparation gf compound 4001 20Step
1: To compound 1a 01 0.20 6I) in O(mﬁﬁgﬁm (1 mL)/ fSadded
aqueous NaOH (10 N %ﬁ oI) a stirred af R% e feqction is
complete, AcOH is ad q trahzeib.e reaction and Iv d¥e removed und %d '
pressure to afford crude48al which ¥ Used direct} in th tep. Step 2: “BThe icrydé46al (98 mg,
0.2 mmol) is dissolved in #eOH (3 mL)/EtOAc (5 mL) and a&tivated Pd/C (10%gy/wv, £Q.mg) is then
added. The mixture is gurged and filled with an almosphere of hydrogen. When the reaction is
complete, the mixture i ﬁugh a pad mrSed thorou i Glevand the filtrate

is concentrated. Aceton r|Ie er aré adde igturésia Iyophilized afford 46a2. Step
3: Formamidine acetate (15. 3 ol)@nd 1 3 3,3t ﬁwo 1-methoxy-2-
(trifluoromethyl)p p’“l en’e"’(ZO mt&l_}ire nfiRed i 100 mL) an?ﬁPwat@ )0 mL) at

0C. To this V|gorously stirred m|x Ire is sIowa added aquebus NaOH (6 N, 71 mL, 424 mmol) over
about a 30 min period. Stirring is ¥en continued for about ¥ min. The layers are seﬁﬁrated and the
organic layer is concentrated. The crude residue is purified by bulb-to-bulb distillation (80C, 3 mmHg)
and purified furth@ieimiVigreux distillation under reduced pressure to afford 46a3. 20 ctcn4:

15  To a solution of phenol 3b6 (1.15 g, 2.85 mmol} and K,C0;(0.59 g, 4.2 mmol) in
anhydrous DMSO (20 mL) is added pyridine 5a4 (500 mg, 2.92 mmol}. The resulting
mixture is stirred at 100°C for about 30 min, then diluted with EtOAc and

successively washed with water, brine and concentrated under reduced pressure.

Following purification by silica gel column chromaiography on a Combiflash (5C%
20 EtOAc in hex), 8a1 is isolated.

Step 2:
NaBH. (0.11 g. 2.8 mmol) is added portionwise to a cold solution (0°C) of aldehyde

%a1 {1.10 g, 1.91 mmol) in MeOH. After being sfirred for about 1 h, the reaction
25  mixture is evaporated to dryness and redissolved in EtOAc. This mixture is
successively washed with 10% agueous solution of NaHSQ,, saturated agueous

69



Pyrimidine 46a3 (55 mg, 0.28 mmol) and phenol 46a2 (112 mg, 0.28 mmol) are mixed in DMSO (2
mL) along with K2CO3 (132 mg, 0.96 mmol). The mixture is stirred at RT for about 15 h, and then
stirring is continued for about 1 h at 60C. The mixture 25is filtered to remaove the solid residue. The
filtrate is acidfRAUMITEEOH and injected onto the preparative HPLC to idotats FOB BXAMPLE 47A
Preparation of compound 4008 Step 1: A mixture of phenol 2a5 (100 mg, 0.25 mmol),
3-hydroxytetrahydrofuran (31 mg, 0.36 mmol) and PPh3 (100 mg, 0.38 mmol) are mixed in THF (2 mL)
and cooled at 0C. DIAD 38 ol) is;slowly added qver about 1Q mi reaction is
Sstirred at RT. MS?@@%éé&%scaddagg] %’%o‘nis?e?égggﬁ\c”?g%oﬁel ﬁé’%&ﬁé&%ﬁsﬁﬁ?& %egléIk ?é then directly
added and solverpiseatistaeundpiedHsat serprEs e CrPHE eptthe wid i RYTEsSUIaYSRRed on a
silica gel column @lkRocHIgma:eaRsE Of ekl 20M% TR tacse R inasbablbe.
triphenylphosphine oxide. The combined fractions are combined and concentrated under reduced
pressure. The residue is re- 10dissolved in THF (2 mL)/MeOH (1 mL) and NaOH (1N, 1 mL, 1 mmol) is
then added. ¥hediemaiplete, the reaction is neutralized with AcOH and injected onto the preparative

HPLC to isolate 4008soka\PAIEASALD(Pepar atiomef Rosnppitcs4830 Q6 MO GRONINNCI Ot

Step 1: A suspe sionn%L 4-di ro-5-2,$trifluor th EI)£ rimidin % mg,.0. N, N-(2-
methoxyethypme ng m%if'fifo@rrf?g, 6'.'2 '#1%@6%%‘30% %Sa(gﬂaﬁt {? %@ﬁrﬁémgéﬁﬁsd in DMSO
(2 mL) and stirred & RYU{nepluhenristined faradwisidtenine il 2Buted » B PRI 2091 mmol) is added
and the mixture igxpEMaatas 6Gratet! dBatirastingHs Ol et Vheroegunioteies thiedeastion is cooled
and filtered through icrodisc to, remove unsoluble j the. ho! lution is
neutralized \%\gth ,Bcaég—fn%ir%g%rnej%g eddcgpl 5 %%%8%5 }lﬁ%hjéﬁg%%é?ﬁv E’o a{é]%r%é%gf ggsee%qﬁAﬁxl\%PLE 48B
Preparation of comotierl 4021 Step 1: A suspension of 2,6-dichloro-3-(trifluoromethyl)pyridine (75
mg, 0.35 mmol), morpholine (33 mg, 0.38 mmol) and K2CO3 (144 mg, 1.04 mmol) is prepared in
DMSO (2 mL) an%stir ed at 60C for about 6 h. When the reaction is complete, 5phenol lab 0 (30 mg,
0.073 mmol) is a and the mixture is warmed at 100C for about 20 h. When complete, the reaction
is diluted in waterTBp&hieEde Sadrd 38 &3arQctd rirh BRO9WER) TeherHaRclefame. Srir P8Glue is then
dissolved in{§l-1IFd2,00,) (1 Mehy] (Bathinbuaied € mdjnand. d68Ghsy lHiteomnik&0 i, IGH.tR,FLYS mmol) is
added. When comple mi IS fi 0 LQEHS, ized with
ACOH and mecto o e B Rt B e o
compound 1124 B2 EBpB& - id Al AIGME D 45 Finbo i i eiaddeth HaiBREHE (2 mL) solution
of iodide 42al (19&mgq & Z860nfun abjowudil éin mglirsikedateR 207t p A 018 28chinjeotidpsetiitie acid (35 mg,
0._286 mmol) andp‘?@ﬁﬁﬂéﬂv‘éﬁfmﬁa@%g@%%&am%6‘?5,‘00' 20Argon is bubbled into the reaction
mixture for about'2 min and the reaction vessel is sealed and heated at 70C for about 20 h. The
reaction mixdBre is cooled to RT to receive more copper (I) iodide (28 mg, 0.147 mmol) and then
resubmitted to 70C for about 20 h. The mixture is cooled to RT, diluted with aqueous saturated
ammonium chloride (50 mL) and extracted with EtOAc (2 x 50 mL). The combined organic 5 phases
are washed successively with aqueous saturated sodium bicarbonate (2 x 50 mL), brine (2 x 50 mL),
dried over Na2504, filtered and concentrated under reduced pressure. The crude residue is dissolved
in Et01-1 (10 mL) to receive Pd/C (10% w/w, 80 mg). The reaction flask is evacuated and filled back
with hydrogen at atmospheric pressure. The mixture is stirred at RT for about 4 h, filtered through
Celite(r), washed 10with EtOH and heated to 80C for about 1 h. The reaction mixture is concentrated
under reduced pressure to afford crude 49al which is used directly in the next step. Step 2: 49al (214
mg, 0.35 mmol) is dissolved in DCM (8 mL), followed by the addition of 150xalyl chloride (0.3 mL, 0.2
M in DCM, 0.60 mmol) and DMF (0.01 mL). This mixture is stirred for about 1 h at 40C, then
concentrated in vacuo. The residue is redissolved in DCM (10 mL) and then CH2N2(6.0 mL, 0.12 M in
Et20, 0.72 mmol) is added dropwise. The solution is stirred for about 30 min and then concentrated in
vacuo. The yellow oil is redissoved in THF (20 mL), cooled to OC and HBr (0.1 mL,
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2048%, 0.93 mmol) is added slowly. This is stirred for about 20 min. Saturated NaHCO3 is slowly
added and then the reaction is diluted with EtOAc, washed with 1-120 (1x), NaFICO3 (1x), brine (1x),
dried over MgSO4, filtered, concentrated in vacuo to yield yellow oil 49a2. 25 Step 3: The bromide
49a2 (80 mg 1P HHEH s dissolved in iPrOH (3 mL) and the thiourea 4943 (@82 A28 mmol) is
added. The mixture heated at 70C for about 4 h. The mixture is cooled to RT, then NaOH (0.2 mL,
0.25 M) is added and stirred for about 2 h. The mixture is diluted with AcOH and purified by
preparative HPLC to yield the 30desired compound 1124. EXAMPLE 50A Preparation of compound
1127 Step 1: CoRdtirE U1 is transformed to compound 50al using the procedure of Step 3,

Example 28A. 5 SipgpdraticiiUunthatadds §ansiesnachieeaampound 50a2 using the procedure of
Step 2, Example 49k Step 3: Compound 5032 is transformed to compound 1127 using the

procedure of 10 S NESHple 49K E. LE 51A Prepd Bfhtermediates 51a3 and 51a4
CF3 COOMe Homz Cte=Step 1:" TO &) |utidm 2f iodi (191 mg, 0.62 mmol) in DMSO (3
mL) is added CsCO34216 mg, 0.66 mmpd) anek@3al (189 mg O. %O mol). This is stirred at 75C for
about 54 h and then cooled to RT. The mixture is washed ®ith water and brine, dried over anhydrous
Na2S04, filtered under vacuum and concentrated. Purifidﬁ%nL@@Lash chromatography using (20:80
to 60:40) EtOAc/Hex affords an off-white solid 51a}. Step 2: 1DTo a solution of 51al (256 mg, 0.37

mmol) in dioxane (3 mL) issadded tributyl(vinyl)# 14 mL 0.48 mmol) at RT. The solution is

degassed by bubbling a PHto it. Di Tloro- -bis |“p51e lphgsphine)palladium (26 mg, 0.04
mmol) is added and the reastio le@dﬁ heateéd at re ux Jfor %.5 h. The mixture is

concentrated and purified py fl Bomatogra??hi/ using (10 90 to¥0;30) 15Et0Ac/Hex to obtain
51a2. Step 3: To a solution of.5142 (181 mg, 0.30 mmol) in' Water (65 mL), acetone (2 mL) and 123
MeOH (0.4 mL) is added 0504 (0.04 mL, 2.5% s I |o in t- BuOH) and NMO (40 mg, 0.34 mmol) at
RT. This is stirred at RI for about 1.5 h. Sodllg e (71 sranol) is then added and
reaction mixture is stirred at RT for about 16 h. ?‘th reactlon m e is poured into a saturated solution
of aqueous Na2S20a and 5then extracted with EtOAc (4x). The organl layers are combined, washed
with brine, dried over anhydrous Na2Sgp4, filtered under vacuum and concentrated. The residue is
dissolved in MeOH (2 mL) and NaBH : mcgofﬂmol) is slowly a?dgled angd gtirred for about 1 h at
RT. The reaction mixture is poured in S solution of a ue u 4Gl and then extracted with
EtOAc (3x). The organic layers are 10combi ashed with brlne dried oVeramsiydrous Na2504,
filtered under vacuum and concentrated. (I? jgation by flash chroﬁ‘ihto @- hy using (30:70 to 80:20)
EtOAc/Hex yields a mixture of aldehyde 51a3 and alcohol 51a4. EXAMPEE 51B 15 Preparation of
compound 1132 oLl ,Step 1: 20 Compound 51a3 is transformed to compound 1132 using the

procedure of Step: B BIETRAE LAY RLEBGRIGPRIAHAN o gq,m@.'ﬁ”{‘ﬁﬁ !H:?gotution of

fluoride 4a4 (438 mg, 2.4 mmol} and (S)-(+)-1-methoxy-2-propylamine (858 mg, 9.63
5 mmol}. The mixture is heated at 70°C for about 20 h, cooled to RT and diluted with

water. Concentrated HCl is then added. The solution is stirred at RT for about 1 h,
basified with aqueous 2.5 N NaOH and extracted with EtOAc. The organic phase is
washed with brine, dried over Na,SQ,, filtered and concentrated under reduced
pressure. The crude product 10a1 is used directly in the next step.

10
Step 2:
Hydrogen peroxide (374 ul., 3.3 mmol) is added tc a 0°C MeOH (3.0 mL) solution of
the aldehyde 10a1 and sulfuric acid (180 ulL, 2.9 mmoi). The solution is stirred at 0°C
for about 2 h, basified with aqueous 2.5 N NaOH and extracted with EtOAc. The

16 organic phase is washed with brine, dried over Na,SQy, filtered and concentrated
under reduced pressure. The crude residue is purified by column chromatography to
afford phenol 10a2 as a yellow solid.
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25 CI Step 2 Step 1: Compound 51a4 is transformed to compound 51c1 using the procedure of
Step 2, Example 38A. 5 Step 2: Compound 51c1 is transformed to compound 1135 using the
procedure of Step 3, Example 38A. 10 EXAMPLE 52A Preparation of compounds 1147 Step 1:
Compound MO brmed to compound 52a1 using the procedure of Stép Y& hple 28A.
Step 2: Compound 52al is transformed to compound 52a2 using the procedure of Step 2, Example
49A. 10Step 3: Compound 52a2 is transformed to compound 1147 using the procedure of Step 3,
Example 49k EXAMPLE 53A Preparation of compound 1152 Step 1:  Compound 25al is
transformed to c@¥&Balind 53al using the procedure of Step 1, 5 Example 49A. Step 2: Compound
53al is transfornfetktsioantacitndts 3320 usin §. thempode dddedioStEMS CHR:Ople spiion®fStep 3:

Compound 53a2 s.tran r e gmple 49A. 15
EXATOPLE 51 IS T mph e Lo o B2 ?hm‘*’*ﬁﬁsg‘“ﬁfifﬁgd e (15 mg,

0.13 mmol) dissdRéd ‘Hﬁﬁydmﬁmlﬁ@ HISIALRY GsatRRAYR it g, O 17 mmol)
followed by the agtdﬂemmfﬂlmdmuyimw@niﬂ@%@%d«ssbb@dzt&n aniepdsoupsubtaE o8ivnL) is added,

followed by KI (3 0 d to RT. 25THF
(L. Moo (1 B B K B e 24 h ot 7. The

mixture is then c@ﬁ%%"“r%%t@'@? 85 ?WA%@W@HC%E?‘HE@ B BRAITERRAY 98T 4SVIRId the desired
product 1165. EXéddRkE Ghifke Bsigparation of compound 1166 5 Step 1: Compound 45al is
transformed to compound 1166 using the procedure described in Step 1, Example 54A. 10 EXAMPLE

56A Preparation of compounds 1168 Step 1.:
10 Step 4:

Pyridine (100 pL) is added to a DCE (1 mL) solution of the aniline 10a3 (50 mg, 0.13
mmol) and the acid chioride 1¢8 (105 mg, 0.60 mmol). The mixiure is stirred at
150°C for 15 min in a microwave, cooled to RT and concentrated under reduced
pressure. The residue is dissolved in DMSO (2.0 mL.) and aqueous 2.5 N NaOH

15 (200 plL) is added. The reaction mixture is stirred at RT for about 2 h, acidified with
AcOH and purified by preparative HPLC to afford 1040.

Step 5.
Pyridine (500 L) is added to a DCE (1 ml.) solution of the aniline 10a3 {490 mg,

20  1.27 mmol) and the acid chioride 1a8 (422 mg, 2.62 mmol). The mixture is stirred at
156°C for about 15 min in a microwave, cooled to RT and concentrated under
reduced pressure. The residue is dissolved in DMSO (2.0 mL) and aquecus 2.5 N
NaOH (200 ul) is added. The reaction mixture is stirred at RT for about 2 h, acidified
with AcOH and purified by preparative HPLC to give 1014.

25

Step 8:
Pyridine (40 uL) is added to a DCE (1 mL) solution of the aniline 10a3 (41 mg, 0.11

mmol) and the acid chloride 1b8 (48.8 mg, 0.22 mmol). The mixture is stirred at
150°C for 15 min in a microwave, cooled to RT and concentrated under reduced

30 pressure. The residue is dissolved in DMSO (2.0 mL) and aqueous 2.5 N NaOH
(200 uL) is added. The reaction mixture is stirred at RT for about 2 h, acidified with
AcOH and purified by preparative HPLC to give 1041,
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15Compound 56al is transformed to compound 1168 using the procedure of Step 1, Example 55k
ExampLE 57A WO 2009/076747PCT/CA2008/002107 Step 1: Compound 57al is generated via the
reaction of compounds 37al and 46a2 using the procedure of Step 1, Example 37A. EXAMPLE 57B 5
Preparation $f¢aMiHBiNt 3008 Step 1: Compound 57al is transformed%ﬁgﬁ%ﬁgﬁf%e&]@b% using the
procedure of Step 5, 10 Example 5A. EXAMPLE 57C Preparation of intermediate 57¢c2 Step 1:
Compound 57al is transformed to compound 57c1 using the procedure of Step 2, Example 9A. 5Step
2: Compound 57¢1 is transformed to compound 57c¢2 using the procedure of Step 3, Example 9A.
EXAMPLE 57D 15P¥EBAMATION OF COMPOUNDS 3009 AND 3010 Step 1: To a solution of 57c1
(49 mg, 0.08 mmBrepafibn dinbiniscacidetd®#2113 (24 mg, 0.09 15 mmol) and triazole (0.005 mL,
0.08 mmol). The solution is cooled to OC and DEAD (0.017 mL, 0.09 mmol) is added. This is stirred at
OC for about 45 min, warmed to RT and stirring is continued-foMabout another 72 h. MeOH (1 mL) and
NaOH (1mL, 1 M solution in water) are added and this nﬁx‘eﬁm;@stirred for about 24 h at RT. The
reaction mixture is then concentrated, dissolved in AcOH/AeOH (4 mL, 1:1) and 20purified by
preparative HPLC. The fractions are combined and solvent ré€moved by lyophilization to yield 3010 and
3009. EXAMPLE 58A Preparation of compound 30113tep5% 1. Compound 57c2 is transformed to
compound 3011 using the procedure of Step 3, Example 38k EXAMPLE 59A 10 Preparation of
compound 3015 Step 1: Compound 57c2 is trangformed to compound 3015 using
2-mercaptopyrimidine in 15the procedure of Step " WO,

2009/076747PC1'/CA200ﬁ@)2107 EXAMIPLE 60A pa ,SefCIGO I DC@EQOOME
=N
oH

oH QTBDPS
11a3 NH
Step 1 OTBDPS
P Step 2 11ad OTROPS
11at 11a2
OTBOPS
Step 3
CF, CF,

COOMe -
NH
OMe OWe on
112 11as

Ohie CH

CF,
O Co,H 0 COOMe 0
F OMe e } i [ — } |
N N{ Step & #N nNH  Step4 2N
@O

1042

Step A:
5 Compound 2at is transiormed to compound 11a3, using the procedure in Steps 2

and 3, Example BA.

Step 1.
1,3-dihydroxyacetone 11a1 (964 mg, 10.7 mmol) is dissoived in DCM (25 mL) and

10 imidazole (2.18 g, 32.1 mmol} followed by terf-butyldiphenylchlorosilane (5.8 mL,
22.5 mmol) are added. The mixture is stirred at RT until the reaction is complete,
then water is added. The layers are separated; the organics are dried over MgSQ,,
fillered and concentrated under reduced pressure to afford 11a2 which is used
without further purification.

15
Step 2:

The hydrochloride aniline salt 11a3 (200 mg, 0.57 mmol) is dissoived in DCM (10
ml.} along with ketone 11a2 (651 mg, 1.15 mmol). After being stirred for about 10
min, NaBH(OAc); {243 mg, 1.15 mmol} is added and the mixture is refluxed. The
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5 Step 1: Alcohol 2a5 is transformed to compound 4004 using the thiophene 60al in the procedure of
Step 1, Example 25A. 10 EXAMPLE 61A Preparation of intermediate 61a5 HO N HOOH N 61a2
Step1 Step2 6lal 61a3 Step 3i FFIOCI...R- 1F -.."Step 4-.,.."..."..->IN 61a4 61a5 Step 1: 15A
mixture of difYRPIYBIFIdTne 61a1 (24 g, 216 mmol), K2CO3 (29.9 g, 216 HAHEN2QAYRE, (240 mL) is
heated to 100C until it becomes homogeneous. Solid 12(548 g, 216 mmol) is added portionwise
(caution: evolution of gas!). When the iodine is consumed, the reaction is quenched with potassium
hydrogen sulfate (216 mL, 216 mmol) which generates a precipitate. The precipitate is collected by
filtration and 20dMeguIAdeperEaEethyfadding gisitcted agagysotionel A Re tere1a2 (49.3 g,

208 mmol), DMF&r&@E&MtMﬂTW&@M@B@%&WHMH@ (aﬁé?dm\hemwonmol) is heated
to 90C overnight..The reaction mixture is concentrat: enc d m% ed aa Nal-1003,
5extracted with Dfég (Erle%i N cgrr?léeedn racfﬁr?ouce?epééigagres egm oM é]e#gfe?j (49 g, 179
mmol) and NaOM@@&EWI@I%SM%% ﬁi@ﬁ’@om*’(%@qﬁw@@m@eﬂeé RI overnlght. The reaction
mixture is exgacted with EtOAc and 10water and concentrated. Upon standing, crystals are formed.
The crystals are ¢gllected and washed with a small amount of iso-propyl ether. The crystals are

transferred with © onto a glass filter and dried under a stream of air to yield 61a4. 15Step 4: A
solution/suspensibn astbdior & tampougd3 Tadifimba e 18.218 iRTHE Mol dpadai®.707 g, 3.71

mmol) in NMP (1Qd?ﬂk‘r9:r'hrb\ﬂ'r@9fq\fv§‘ﬂ¢Eﬂfh@lﬂ'51(1?%SS@M)A%M%TMER-@@m’&@anZF{#ﬂuﬁfoaCetate
(3.64 mL, 34.5m oll) dded and. the gﬁ% clos er Ar and {atedft]gﬁjr%gc fgr 30 min. in a

microwave (cauti gﬂﬂé 5?55517 serveda tsa ura ro STate cau 8?1)0 ixture is cooled to
RT and the 10 extracted with DCM (3x). The combined orgamcs are washed with brine, dried over

MgSQ,, filtered and concentrated under reduced pressure. Following purification by
flash chromatography (2% to 8% MeOH in DCM}), diol 11a5 is isolated.

Step 4
15  Diol 11a8 is transformed to dimethoxy 11a8 using the procedure of Step 5, Example
1A

Step 5:
in a microwave tube, dimethoxy 11a6 (37 mg, 0.089 mmol} along with pyridine (36

2
Lo

ub. 0.45 mmob and DMAP (11 mg, o] ;_:‘mg ara miyad in DCE {1 rl 3 Tha aeid

ub, 0.45 mmob) DCE
chloride 1a8 (21 my, 0.57 mmol) is added and the tube is sealed and placed in a
microwave at 175°C for 15 min. The mixture is diluted in EtOAc and washed with a
saturated ageous solution of NaHCO; (3x). The organics are dried over MgSQ, and
concentrated. The crude residue is re-dissolved in a THF (1 mLYMeOH (0.5

25  mL)H.0 (0.5 mL) mixture and an aquecus NaOH solution (10 N, 45 ul., 0.45 mmol)
is added. The mixture is stirred overnight before being acidified with AcOH, filtered
then injected onto a preparative HPLC to isolate compound 1042.
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AxCeRS pressure is slowly released. A brine solution is added; then the reaction mixture is extracted
with Et20. The combined organic layers are washed with brine, dried and concentrated followed by
multiple purifications by flash column chromatography to yield 61a5. 25 ExXAmMPLE 61B Preparation of
compound 4¥WB208E0Step 1: WO 2009/076747PCT/CA2008/002107EEpUiie2AY13 is
generated via the reaction of compounds 61a5 and 3a6 using the procedure of Step 1, Example 16A.
EXAMPLE 62A 5 Preparation of compound 1122 Step 1: Pd/C (10%, 50 mg) is added to an
EtOAc/MeOH (2:1, 9 mL) solution of compound 1a6 (640 mg, 1.69 mmol), The flask is closed with a
septum, placed uR§&¥Rig I, 10filled with hydrogen at atmospheric pressure and stirred at RT for
about 2 h. The repgisiress off iSophperchaindes vacuum, filled with Ar and the solution is filtered over
Celite& DM50 (6 mL) is added to the solution, which is then concenfjated ungdgg.reduced pressure to a
minimal volume. Cesium carbonate (661 mg, 2.03 mmole) is added, f(?*ied y chloropyridine 5b5
(422 mg, 1.53 mmol). The resulting mixture is 15 heated at 75C for about 181, cooled to RT, diluted
with agueous saturated sodium bicarbonate (100 mL) and extracted Wi EtQAC (2 x 100 mL). The
combined organic phases are washed with aqueous saturated sodi Vit bicarbonate (2 x 50 mL), brine
(2 x 50 mL), dried over Na2S04, filtered and concentrated ufider rgduiced Rlgssure. The residue is
purified by column chromatography (10% to 40% EtOAc/hexdhes) to"20afford compound 62al. Step 2:
DMAP (7.7 mg, 0.063 mmol) angkpyridine (0152 mL, 1.88 mmol)*4re added to a DCE (4 mL) solution
of aniline 62al (166 mg, H@lS}%o caoid chloridS%szdS (299 mg, 1259 mmolgb'IH'he reaction
mixture is heated at 150¢; ind&r sicrowave Eonditions;¥or 1 h, gotledifie’R Tydityited with EtOAC (100
mL) and washed successively with aqueoys satiffate feH¥ big? (2 L) and brine (2 x
5 50 mL). The organic phase ¥4ried ovar l\?a2804c, Htered and concentgafed underfeduced pressure.
The crude residue is purified by cofiimif chromatograph{¥¥80% Et0OAc/hex) to afford compound 62a2,
Step 3: 10 Aqueous 5 M NaOH (0.115 mL, 0.577 mmol) is added dropwise to a 0C MeOH/THF
solution (1:1,2 migief ¢ster 62a2 (63 mg, 0.086 mmol). The solution is stirred for about 2 h at RT,
acidified with,Ac . Ifi reparative HP. f EXAmMPLE
63A Preparat%n%gé%rﬁ%@u%gﬁé% (31%2:%% eg%a %Hé@s%laldrr? %Bgﬁéglﬁa%eg ?m%‘%q %%%%mnlr?%ol) is added
to a RT DMSO (18'#°) $2at(3RGHR the EribtspyiidiAaistY- (3eaisitg §a3 11nthied) &id iiemsenol 24a2
(412 mg, 1.53 mrmhd mMiaredactivadabaore isrheated 2k 3053 oy s MMind Beusolisp isggoled to RT,

e e biec Al 25 AR HIRAIER 1AL A0 @URCIPR M o6 €/ Eartad i The

combined organic p S are washed a_cllueous saturated sodium bicarbonate ( l..), brine
(2 x 50 ml..), drieW@I9BPNeARstigd ik AG@Rd 66 Rodnisfleremars fogd ceafforddsarcidhtatrude
residue is pudfiecidy beigerydichromatography (30% to 75% EtOAc/hexanes) to afford 63al. 5Step 2:
DMAP (1.2 mg, 0.010 mmol) and pyridine (0.024 mL, 0.31 mmol) are added to a DCE (2 mL) solution
of aniline 63al (52.1 mg, 0.102 mmol) and acid chloride 1d8 (60.6 mg, 0.255 mmol). The reaction
mixture is heated28880C in a microwave for 1 h, cooled to RT, diluted with EtOAc (100 mL) and
washed successiPgtidnitiiagiieausidibs asuraed spelityednisianasimim1eP0solhgrbane (2 x 50
mL). The organic is, dried over, Na2$SQ4, filtered onc ted.under reduced pressure. The
crude residue is [ﬁﬂ@%@y%%l%ﬁn% or@r%i%g@;}lpt?e]? 88?0%%;%'8@/1 %R‘c%%%st?? O 8% compound
63a2. 15Stely 3;: Bfliedos’s MNEGHM @Y mEeded o RimidiSesiorbr sfopwistrgiied bMeOH/ THF
solution (1:1, 2 mispphasier 8322 thbarnrg, 1043/0 mmol). The solution is stirred for about 2 h at RT,
acidified with AcOH (1 mL) and purified by preparative HPLC to afford compound 1136. 20
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EXAMPLE 64A Preparation of compound 1143 Step 1. Pd/C (10%, 24 mg) is added to an
EtOAc/MeOH (2:1,9 mL) solution of compound 51a6 (715 mg, 1.89 mmol). The flask is closed with a
septum, placed under vacuum, filled with hydrogen at atmospheric pressure and stirred at RT for
about 2 h. THEGZ4¥HBI§¥éssel is placed under vacuum, filled with Ar and ffe4atdtitif 9 fitered over
Celite(r). DMSO (6 mL) is added to the solution, which is then concentrated under reduced pressure to
a minimal volume. Cesium carbonate (739 mg, 2.27 mmole) is 10 added, followed by chloropyridine
5a6 (357 mg, 1.14 mmol). The resulting mixture is heated at 75C for about 12 h, cooled to RT, diluted
with aqueous satf¥¥FEttm bicarbonate (100 mL) and extracted with EtOAc (2 x 100 mL). The
combined organicPpiaasesTarr grasieebwith Bgyeous saturated sodium bicarbonate (2 x 50 mL), brine
(2 x50 mL), dried over Na2504, filtered and concentrated under regduced pressure 15 The residue is
purified by column chrom W(QO% to &0%0 EtOAc/hexahnes ford cesmpound 64al. Step 2:
DMAP (7.7 mg, 0.063 mm |d|ne 0.078&mL. 07&#L, 0.97 rnm |) are ddded tg a 20DCE (4 mL)
solution of aniline 64al (100 mg!-l 77 mo I) id chloride 158 (116 mg, 8.530 mmol). The
reaction mixture is heated at E'fSG’t’:’f’unde ne conditions, f8#*1 h, cooledi to RT, diluted with
EtOAc (100 mL) and washed successrvely wrth ueous saturated sodim bicarbonate (2 x 50 mL) and
brine (2 x 50 mL). The organic phase is dried over Na2S04, fi anatgoncentrated under reduced
pressure. The crude 64a2 is used directly in the next step. St : 5 Agueous 5 M NaOH (0.695 mL,
3.475 mmol) is added dropwise to a 0C THF/DMSO solution (2.,:_L13 3 mLY) of the crude ester 64a2. The
solution is stirred for about 2 h at RT, acidified with AcOH (1 mL) and purified by preparative HPLC to
afford compound 1143. 10 EXAMPLE 65A Preparation of compourﬂﬂ31162 15Step 1: Potassium
carbonate (103 mg, 0.744 mmol) is added to a DMSO (4 mls-sol B opyridine 5a6 (175
mg, 0.558 mmol) and phenol 3b6 (150 mg, 0.372 mmol). T @»‘F Ws irred at 80C
overnight, cooled to RT, diluted with aqueous saturated sodium brgﬁarbor@&go m ﬁ’) and extracted
with EtOAc (2 x 50 mL). The 20 combined organic phases are washed s ssively with aqueous
saturated sodium bicarbonate (2 x 50 mL), brine (2 x 50 mL), dried over Na2S04, filtered and
concentrated undgr reduced pressure. The crude residue is purified by column chromatography (30%
EtOAc / hexanes & Y% EtOAC) to afford 65al. 25Step 2: Aqueous 5 M NaOH (0.486 m1_, 2.43
mmol) is addéd ditspesiienticar0@aE S etl 438 WP 8091076 W PUSCAZ008[0831L8Fnsolution

(2.1, 3 L) of the eiesropada6loBeng 24508 1RL) IREARBIARIMEBIPABLRT, IpcaRout S davs
acidified with AcOH %L mL) and purified by preBaratrve HPLC to afford compound 1162. 5 EXAMPLE

66A Preparation G1E8MmpRAIIYE S Rmeda) 4 %QT&?@%’&C@&?@E?MW nesyRhBitts added to a
solution of 1,10- pﬁ@mtﬁhefmga@c@mge@s@rmmmtb|acm&qursaylrratbeséﬁsmthncﬁh&)nweture is stirred

at Rl for about 15,ig, t@isRcsiyersotitional.aleahal 304 (00, Mgk 104 mmobdn iyl vinyl ether (5

TRl TERNr ) et il et Soet ol M At Al

mL). The reactron mixture is heated at 60C for about 46 h and cooled to 15RT. Silica gel is added and
the mixture i& corf ?@%ﬂé%ﬁﬁ@%@ﬁ&é&%‘ﬂ%ﬂ?@*ﬁ%@gwm (SABOHEY 6 indexenrs Bel column and
eluted with 20% Emmemmé%@ afford vinyl ether 66al. Step 2: 20Pd/C (10%, 14 mg) is added to a
MeOH solution (10 mL) of the benzyl ether 66al (135 mg, 0.267 mmol). The reaction vessel is closed
with a septum, pl %ed under vacuum and filled back with hydrogen at atmospheric pressure. The
reaction mixture i d overnight under hydrogen. The reaction vessel is placed under vacuum and
filled back with APyTksedaefiomn. hiktowad filesided ove DCE (e (Landwiasioédnitith 134D (433

2009/0767418 CTHgARORBIAR3A RAFILACKLAMLY 356 ALas PRARSH), '%ﬁé’ﬂﬁﬁmé%e&#&?er reduced
pressure and the r{ef)htaug é%ggag |s utilized crude in th?ﬁfollol\%%né;qste Step 3: 5Potassium carbonate
IS

(71 mg, 0.512 mfo {5'8 BRIBEYRE) CSIEASRA %FSB(}?MfﬁE%HB"@g%‘&@@ 282 mmol)
and phenol 66a2 RSBy TO2%6idmis| Hissebred it ik ¢ 1i2)stindeahae 88C dVNadghBaDoled to RT,
diluted with aqueﬂuﬁasaw@redhsqqmméx@arbe@atezrlﬂeéﬂb&r@@a%tg@&mmkﬁ BHRAGUL X 50 mL).
The combined or lh%sesqabe V\r/gshe |ve1£é \%ﬁ gueous saturated sodium
10bicarbonate (2 x IE)) brrnelff o m\f_e) drre 4, filtered and concentrated under
reduced predsure. The crude residue is purified by column chromatography (30% to 80%
EtOAc/hexanes) to afford 66a3. Step 4:
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15 Aqueous 5 M NaOH (0.122 mL, 0.610 mmol) is added dropwise to a 0C THF/MeOH solution (2:1, 3
mL) of the ester 66a3 (85 mg, 0.122 mmol). The solution is stirred at RT for about 5 days, acidified
with AcOH (1 mL) and purified by preparative HPLC to afford compound 1163. 20 EXAMPLE 67A
Preparation oY 238U 1164 - Step 1: Diazomethane (5 mL, 0.6 M infF&tHEATLEERIE to an ice
cold ether solution (10 mL) of vinyl ether 66al (170 mg, 0.336 mmol) and palladium acetate (10 mg,
0.045 5mmol). The reaction mixture is stirred overnight at R, filtered over Celite(r), washed with EtOAc
(50 mL) and concentrated under reduced pressure. The residue is purified by column chromatography
(10% to 40% EtOBREAMPRER4Aes) to afford compound 67al. 10Step 2: Pd/C (10%, 10 mg) is added to a
MeOH solution (18-ayarsédRebenasihen 64l (132 mg, 0.254 mmol). The reaction vessel is closed
with a septum, placed under vacuum and filled back with hydrogen at@&mospheric pressure. The
reaction mixture is stirred overnight under hydrifgen. The reaction vessel is ptacecbunder vacuum and
15 filled back with A'?‘?mgic’“f}fon mixture isdterédsever Celitee a QW{@ShJ}t EtOAc (100 mL).
The organic phase is ¢ J.Litedﬂ’lg{:;a pressure‘tolafford crude 67a24v%;|ich is utilized
crude in the following $t&p. Step 3: otassi®n carbonate {212 mg, %3 mmolj*fs added to a DMSO
(10 mL) solution of chioropyfidine 5a6 (241 mg, 0.768 mmol) and crude phenol 67a2. The reaction
mixture is stirred at 80C overnight, cooled to RT, diluted with saturatL,ch%‘.’ﬁueous sodium bicarbonate

(100 mL) and extracted with EtOAc (2 x 50 mL). The combined %ses are washed

successively with aqueous sé&turated sodium 25bicarbonate (2 x 0 mL)b tagnd2 X 50 mL), dried over
Na2504, fittered and conc e
chromatography (303 YNEOAE

&Pfeducedspressure. The crlidelresidue is purified by column
vex] to afford 6 /53!/81196%./ 30 Aqu TJQM NaOH (0.354 mL,

1.77 mmol) is addeddropwise to a 06" *HE/fMe0H solufith (2:1,3 mL) of the r67a3 (125 mg, 0.177
mmol). The solution is stirred at RT for db It 5 days, acidified witff?’AcOH (1 mt) and purified by
preparative HPLC to afford compound 11647 EXAMPLE 68A Preparation of intermediate 68al v(
68al 5 Step 1: n-Bugiytlithium (2.1 M in hexanes, 8.82 mL, 18.5 mmol) is added dropwise to an ice cold

hexanes (10 p1L) gliign,of AL EDRIRMEIANE 82N (LAREFVor 065 eBal aFhggeaction miture
r about

is stirred at 0C fo min at which time a 10 hexanes solution (10 mL) of 2-cyclopropylpyridine
(360 mg, 3.02 mrHBR fRediaerfurd el iseibFARRIPE ¥ stirred for about 45 min at 0"C and then
cooled to -78C to receive a hexanes solution (10 mL) of tributylstannyl chloride (3.44 g, 10.5 mmol).
The mixture is stiggd at -78C for about 30 min, warmed to RT over about a 30 min period, diluted with
water (100 mL) and extracted with ether (2 x 50 mL). The 15combined organic phases are washed
with brine (2 x SOQHE)F,"E}FF\QOF6%N@Qéf@meﬁ#t@réma%ﬁ%ﬁ%nﬁﬂ%??gwgc FPFREsure to obtain
crude 68al. EXAMBRHRI&SOB.Preparation of compound 1169 20 WO
2009/076747PCT/CA2008/002107 Step 2 CF,

Step 3:
To a solution of 14a2 (190 mg, 0.32 mmol) in MeCN/deionized water is added

aqueous NaOH (0.32 mL, 1 M). This is stirred at RT for about 96 h. An additional

15  amount of agueous NaOH (0.64 mL, 1 M) is added and the resulting solution is
allowed to stir for about 18 h. A 1 M HCl solution in water is added at 0°C until acidic
pH. The solution is extracted with EtOAc (4x). The organic layers are combined,
washed with brine, dried over anhydrous Na,S0,, filtered under vacuum and
concentrated. A light yeliow oil (194 mg) is obtained which is dissolved in

20  MeCN/deionized water (100 mL, 1:1) and 1 equivalence of 1 M aqueous NaOH is
added. The solvent is then removed by lyophilization (~2 days) to yield 1046.
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Step 1: 5In a microwave tube, chloride 57¢2 (102 mg, 0.169 mmol) is put in degassed DMF (2 mL,
degassed by bubbling a volume of Ar while sonicating for about 10 min) along with stannyl 68al (241
mg, 0.177 mmol). Pd(PPh3)4 (49 mg, 0.017 mmol) is added, the tube is sealed and put in the
microwave aMEEHBI min. The mixture is diluted in Et0Ac and washeBWHif a4 5“@% and brine
(2x). The combined organics 10are dried over Mg604, filtered and concentrated. The crude residue is
passed on a short silica gel column (20% to 70% EtOAc in hex) to afford compound 68b1. Step 2:
Agueous 5 M NaOH (0.301 mL, 1.505 mmol) is added dropwise to a 0C THF/DMSO 15solution (2:1, 3
mL) of ester 68bf’(8§% @“‘124 mmol). The solution is stirred at RT for about 5 days, acidified with
AcOH (1 mL) angegugiligtiohyop expapativel HitA7Gibel atféd compound 1169. EXAMPLE 69A 20
Preparation of compounds 1172, 1173,and 1174 WO QM6 747TPCTICAR00 &59@2107 Step 1:
Bis(tri-tert- butylphosphine)pall(3§ 75 rﬁf{?@s addedo a DMF 5 solytion (4 mL) of -
compound 25al (510 mg, 0.7&7 mimal) an §tannar*fe 85Fmg, Grg22 mnﬁol) THE ‘fygag;‘pon mixture is
degassed by bubbling Ar in the g&dution for about 15 nffa2 stirred at 100C for about 2 h, cooled to RT,
diluted with aqueous saturated sodium bicarbonate and extracted with EtOch&émSO mL). The
combined organic phases are washed successively with aqueous saturated sodium 10bicarbonate (2 x
50 mL), brine (2 x 50 mL), dried over Na2S0O4, filtered and concentrated ynder reduced pressure. The
crude residue is purified by ?Eh%matograp 0@8960% EtOAC | ¢4 to afford
compound 69al. WO 2009/ NP T/ICARCOS/ ep ZerDiazo mL, 0.6 M) is
added to an ice cold ether solutigg (10 of compound*B 1o&00 mg, 0.163,Mmotpsnd palladium
acetate (10 mg, 0.045 mmol). The reaction mixture is Sifred overnight at RT, filtered over Celitee ,
washed with 5 EtOAc (50 mL) andsseacentrated under reduced pressure. The residue is purified by
column chromatography (50% te® 90% EtOAc in hexanes) to afford methyl ether 69a3 and alcohol
69a2. Step 3: 10 Aqueous 5 M NaOH (0.112 mL, 0.560 mmol) is add@Fd dropW|§p to a 0C THF/MeOH

solution (2:1, 3 mL) of ester 6 3 £36.09c056 mmol). The solutlon I for about 24 h,
0 nd

acidified with AcOH (1@%) afid purifiediby p eparatlvr;TFTPLC 0 ff 72. 15Step 4:
Thionyl chloride (12 uLND.163 ¥ mrog iS aﬁ d 19 aO% BmF sdTutlon( o alto oBQQaZ (40 mg,
0.065 mmol), followed by one drop FOMF. The Teaction mixture is sﬂlﬁ‘féd T for about 3 h, diluted
with saturated aqueous sodium bigrbonate (50 mL) and extracted with E (2 x50 mL). The
combined organic 20 phases are washed successively with saturated aqueous sodium bicarbonate (2
x 50 mL), brine (50 mL), driedqver Na2804, filtered and concentrated under reduced pressure. The
crude compound 69a4-ig us i w-the following step. Step 5: 25Sodium hydride (60% in
mineral oil, 5.2 mg, O\;g ’ ); an ice cold solution of 1,2,3-triazole (8.9 mg, 0.130
mmol). The solution is transferred over dn geld DMF solution of chloride 69a4 (41.8 mg, 0.065
mmol) and stirred at RT oveWtht \%:regctlon mixture is diluted with saturated aqueous sodium
bicarbonate (50 mL) and extracted with Et0AC (2 x 50 mL). The combined organic 30phases are
washed successively with aqueous saturated sodium bicarbonate (2 x 50 mL), brine (50 mL), dried
over Na2SO flltg{ed@nd concentrated under reduced pressure. The crude residue is dissolved in
THF/MeOH (Z:1 ?m%)‘and cooled to 0C. Aqueous 5 N sodium h drOX|de 64 4, 0.320 mmol) is added.
The solution is stipriria 3o fdrmabdtegdedys, aa?ﬁwﬁ%%ﬂﬁ%% @0he) Bl 'Bm‘?f et s Yeparative
WO 2009/07674 750 MAZDRS KMNRLA TsHRt4d tvetigid dtISMeGTthd bduESsemdied ealRIE monochloride
(5.00 g, 30.8 mmg #ﬂorl J%M& &%@é&@eﬁﬁg@% Gﬁiﬂﬁﬁ i EReMEP AN WaShed with

2-hydroxybenzotri e 70al (5, mmol). The reaction mixture is stirred overnight at RT

then poured overiﬁ’%&i’é‘ﬁé@@”ﬁﬂ_‘ﬁs ‘tl‘!ﬁE?%kt@fré Q%%ﬁt@ﬂ"ﬁ/ﬂp%fﬁw«:c{ﬁ ¥ W22 the combined
-organic phases afitenashetionittedbaieatend@O®untyd ipriersyieOJ meloyude etbdverdNariigidyfiltered and

concentrated undgig 5?8!%%@5@ %1 dd¥e @%é@ﬁw/ﬁ@%%@@m@Has&ar@agqa@f&araphy (100%
hexanes then 2% to 20% EtOAc xanes) to aff%%giiE mpound 70a2. St%p @r% 15Sodium hydride (60%

in mineral oil, 31mt§yl7e§t§rrﬁﬁ?3l)a%a§0% \ %ﬁfﬁ%ﬁgo“frlgﬁé 75524150 g, 5.21 mmol).
he solution is stirred at OC for about 5 min and chloromethylmethylether (514 IL, 6.77 mmole) is
added. The reactig mixture is stirred at RT overnight, diluted with saturated aqueous sodium
bicarbonate (100 mL) and extracted with EtOAc 2 X 10% W@The combined § rl@ac%ﬁ hases are
washed with' WatdP{Z S ST BRI RO ¢ d’illega e RIS FHARL RS Qritrated under
reduced pressuresdlitiecnideminkdibaiypatified by mmol) and potassium carbonate (2.28 g, 16.7
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column chromatography (100% hexanes then 2% to 20% EtOAc / hexanes) to afford compound 70a3.
Step 3: 5n-Butyllithium (2.5 M in hexanes, 1.66 mL, 4.14 mmol) is slowly added to a -78 C ether
solution (35 mL) of iodophenol 70a3 (1.18 g, 3.54 mmol), The reaction mixture is stirred for about 15
min at -78 C WP 44Added (418 pL, 5.40 mmol), The reaction mixturd ' SitPEFAYRY for about 1
h, diluted with saturated aqueous sodium bicarbonate (100 mL) and extracted with EtOAc (2 x 100
mL). The combined organic 10phases are washed with water (2 x 50 mL), brine (100 mL), dried over
Na2504, filtered and concentrated under reduced pressure. The crude residue is purified by column

chromatography (206% Hekarddreeatosstat 6% piompmcesrssioB bitbrtegonthsatuiarsha. Step 4:

15Sodium borohystridedd K3HoDm,3209 mpehdsaeseshiaim BOMeOH (30 ML) salbiienwaldehyde
70a4 (740 mg, 3.16 mmal), Ther 1Qn iS, Shir. for aboyt djluted with saturated aqueous
sodium bicarbonat% 5“08%1655; cgngg%%%%gﬁﬁégﬂ%%%%e%%?ggﬁféé;?ﬁs %%t%é\tlgclf )\N%ftrﬁnEtOAc (3x50
mL). The combin&tPBrgalfitssheissdiaee YrabiRiad At BrireTraBH NIl Hadtsse PreaSS® I Pfiitered and
20concentrated wrdes reidiucen pregsdnsy fidse erusiestegidpieyis povifiesdnesahemposhsammatography
(100% hexanes t@?@ﬁ%%% % e fford compound 70a5. Step 5: 25Thionyl
chloride (377 pL, 5.17 n'm%) |se0§g§%%ﬁ)££§€\%éﬁg(§%aﬁ1I(_);Esolution of alcohol 70a5 (610 mg, 2.58
mmol). The reaction mixture is stirred at RT for about 1 h, diluted with saturated aqueous sodium
bicarbonate (50 rngtgpatid extracted with EtOAc (3 x 50 mL). The combined organic phases are washed

with brine (100 m ' iltered and. concentrated under reduced pressure. The crude
30residue (70a6 isEg égﬁﬁgfr%%? the nz}g])ﬁl] %ﬁe’%? é(%%?g:a ci)ﬁ'illﬂ?noii?gglg e1%g‘£in r%iné%ﬁoil, 196 mg,
4.90 mmol) ¥ addEaAd ARDERYMEBGIN M8 (Binfl-T oMM B RAdbI8¢38e e mBiuraifol). The reaction
rr;:i(tu_(rje i§ (;sti(rsrt(ag @g@ﬁé&mb@nm%&@wamdﬁm@wm %ﬁﬁi@&;ﬂé"d&&@{#?ﬁ@?@f %L?gdbsv?tﬁyl
chloride 70a ; : ixtur irred for ut. :

saturated aqueoﬁg‘g':)gcjl?l%rﬁ %@%o%ﬁtgegé%ﬁﬁlﬂg e§ fajg’(j(‘j \cf\ﬂ&egt%aﬁc? (3 'f?‘iESa ‘ﬁvﬁ_‘) The combined
organic phases at8aSHRIHEIVDNAES o d20M 1o diid ¥lasted s GO AREPeH2AAAEdNT N trated under
reduced pressurecchibnensteaesiohusis prsifieshsy sahisatuehsampiogiaaHEONhem@nes then
200440 0% BIOAG AABCRSEITOHLA Br e S CRBANILS R R OB SleR Ty 10 Adueous 1

N HCI (2.0 mL) is added tg a 0C THF solution (iO mL) of compoun a 9mg, 2.44
mmol). The reacttSFRHRUIESSHAR RS YR it Rifisd PYHieah hurserincearby 1908%dIREENSPhe reaction
mixture is cooledtteiRa% diutsd HithsatiratacaoadiseisaciLaorhioaraorsise 458mdi) and extracted -
with EtOAc (3 x 50 mL). The combined organic phases are washed with brine (100 mL), dried over
15Na2S04, filtered and concentrated under reduced pressure. The crude residue is purified by column
chromatography %@@EtOAC / hexanes to 100% EtOAc) to afford a mixture of compounds 70a9 (elutes
first) and 702010. W@ QBQETE TEAPC TIRA 20GHOCAILE HiESCAMPL B FHORIRY eparatias/eicompound
2003 5Step 1: 3gm%gn%fé{é¢@5|p§_n;§%@p%é)%%e?é%ﬂﬁ io&gggggﬁh@%mggﬁlc acid (35 mL)

and the resulting mixture is cooled to OC. Nitric_acli %4.0 mL) is a opwise ovef about a 10 min
period. The reactiorf BRI iRIIGT B IaMEE RyiCsuUL S B RitoutB0Rl fc8odnk Sxtftaalwith EtOAC (2
x 50 mL). The contfigiseldtoryEniimtd phafidosbatied alikiddalB@d,didieredearsddaancentrated under

reduced pressureqig ApRILCHHiETIOLh S8R e wnﬁ%tmtgxfg&%(ﬁ%@r@-gér%e‘éﬁ mmol) is added

toa RT DMF5(60 mLi_l,soI tion of 15acid 70b1 (1.48 g, 7.32 mm owe ;_/rbenzyl bromide (1.06
mL, 6.91 mévol). “THFY SRR ARNARY RS WilPPur 36 VodHngHENaR A RTE R Fed HRRr water and
extracted with EtOs Pisd reermie)SPhdilterambinddorceniistph asdsr aeduves bedsuihtbrifferd2 x 100 mL),

dried over MgSOfefdigiedianiianisenisaioshmaeireRuaer-Riesside 5ha crede Lesiditads purified by
column chromatq rqgﬂ/ ?%%n%t ﬁ?in 5&1&{%{?% to g"tgord 8 tg?ﬁ?ObZ._Steé) 3. Cesium carbonate
(1.41 g, 4.36 mmol) is added 10 a , éB Sotition dP el 7 (15080 0% B 51 Xt PBhenol 70a9
(883 mg, 3.63 mARSY THhe TeR R PhiRtbiHeres Sbtinewifo pabmied a9 R IBNNES d00mf-lo RT, the
solution is ditutechmdtixascteowsisEtwatad sadumLbiTasnmnEdQRgaH pnskextacirdauith EtOAC (2 x
50 mL). The compbj i . it e saturated sodjum bicarbonate (2 x
50 mL), brine (;&!)Rrﬁ_ , g%%?é%@%&%?}%ﬁﬁé%%%%%@m%%r n&n{fgrsrné ‘6’38 T&¥sure. The
crude residue is Parfired b5 edIaRTCERFERTERSE iRy EhTRiP1ESB0%: The Autirr@irsig io afford 70b3.
Step 4. Saturateslefipbuf=amnshaniatogebiondeo20 nekiriesededipa % 2ryapanol (20 mL) solution
of nitro 70b3 (85%%915)@3 ggg; I%idé%g;dgol\g er 63%205?19, 11.5 mmol) is 20added and the resulting

t . )

reaction mixture Is stirred at or abou e mixture
35
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is cooled to RT, filtered through Cents(r) and washed with EtOAc. The organic phase is collected,
washed with brine (2 x 50 mL), dried over Na2S04, 'filtered and concentrated under reduced pressure.
As approximately half of the material is saponified to the acid, the crude reside is redissolved in DMF
(50 mL) and P& 3¥EHIA74% carbonate (461 mg, 3.37 mmol) and benzy! brdthide B S48HHY, 2.02 mmol)
are added.The reaction mixture is stirred at 80C overnight, cooled to RT, poured over water and
extracted with EtOAc (2 x 100 mL). The combined organic phases are washed with brine (2 x 100 mL),
dried over MgS0O4, filtered and concentrated under reduced pressure. The crude aniline 70b4 is used
directly in the ne@%@e‘%. 30 Step 5: The crude aniline 70b4 (550 mg, 1.14 mmol) is dissolved in MeOH
(1 ml..) and 2 M EGtincettie(q1 88 1)is 28 dudo T Iseddedireai§ GiMe@A« TT6 stddioneh and

concentrated UndgiJieACRAPISEE WE; 156 rpsullinadRsitbeds dissobes dvirRH shékQenL) and a
MeOH (3 mL) solution of dihydroxyacetone (649 mg, 7.%1 I#ﬁis aLﬁdi d, The e (étio. mixture is
stirred at RT for 4B6de Ik &rﬁ:l”?’féiéo e BRIeD (3 %‘ﬁf? ?&ﬁﬁ B ofn%%%@gir}ﬁ% (466 mg, 4.24
mmol) is addizd. Fpecceadish Khi@Me50 stienderBded aibuatieh (AHdblith Tagueoibinsdturated

sodium bicafbon%@‘aﬁg PAkdeSARCRALIME MtndaLdecuIced RISHRLY E2tR FODVRIMBHNE 2R 5
extracted with EtO

¢ (2.x 50 mL). The combined organic phases are washed with agueous saturated
sodium bicarbon i) (SIS GVRILY2er e %gﬁ%qﬂ?%ﬁ%%c%r\‘fé%ﬁa Brzf?ﬁvg?gé’ l:";?ﬁau(r:'“?)'r?{:lgleentrated under
reduced pressureridtepbriceiEasde Usqoudifietiydy thelnexh sierpomibeyfafy pS0%ale@AC/hex to 100%
EtOAC) to afford 70b5. 10Step 6: A DMF suspension (2 ml.) of sodium hydride (95%, 44 mg, 1.74
mmol) is added to a 0C DMF solution of compound 70b5 (440 mg, 0.791 mmol) and iodomethane (247
I, 3.95 mrﬁBI). BieRBaction mixture is stirred at 0C for about 1 h and more sodium hydride is then
added (95%, 44 Pigsrin7¥Batrisdranstonrieo tDNEZpla hearessite the Brabaduesidasrieetiar §&Tor about 1 h,
diluted with aque@mH@q%glammonium chloride (50 mL) and extracted with EtOAc (2 x 50 mL). The
combined organic phases are washed with aqueous saturated sodium bicarbonate (2 x 50 mL), brine
(50 mL), dried over Na2S0O4, filtered and concentrated under reduced pressure. The crude 70b6 is
used directly in tH#tagekt step without further purification. 20 Step 7: DMAP (1.6 mg, 0.014 mmol) is
added to a DEE (-l et iomAlRANRE:S 96§40 ea S QB8R girodoasisieliaddméati(44 mg, 0.27
mmol) and pyridine §32 IL, 0.41 mmol). The reaction mixture is heated at 150C for about 45 min in a
microwave. 25ThB TRactiGATRLPE s cooled to RT and then pyridine (32 p.L, 0.41 mmol) and acid
chloride la8 (44 mg, 0,27 mmol) are added. The reaction mixture is resubmitted to microwave
conditions (45 mig;at, §50C), cooled to RT, diluted with aqueous 1 N HCI (10 ml.) and extracted with
EtOAc (2 x 50 mLE. E_iﬁe combined organic phases ar hed with aqueous 1 N HCI (50 ml.),
saturated aqueod¥"eBRIRADREPHS ﬁ&a?éfgﬁﬁ“ga%‘fﬁygﬁﬁé‘%gdhﬁﬂ%%%ae over %5‘3 4, filtered and
concentrateglundefepetiicedpiee$B8are. The crude reside is purified by column chromatography (20%
EtOAc/hex to 100% EtOAc) to afford 70b7. Step 8: 35Palladium 10% on charcoal (15 mg) is added to
an EtOAc/MeOH (2:1,6 mL? 151 solution of the benzyl ester 70b7 (12 mg, 0.017 mmol). The reaction
mixture is evacudtSAMiTE #8d back with hydrogen at atmospheric pressure. The reaction mixture is
stirred at RT for dheptifionnfititenpdiowds Céitead f&hed with EtOAc and concentrated under
reduced pressure. The crude residue is purified by 5preparative HPLC to afford 2003. EXAMPLE 71A
Preparation of compound 4002 Pgtassium carbonate (277 mg, 0.854 mmol) is added to a DMSO

solution (5 mL) of phenol 2%(1@(§(mg, 04 maJ) and chloroisogipoline (73 mg, 0.477 mmol). The
reaction mixture is stirred atd'S0€ for abo mcaoled to/Re “filtered. To 15the resulting
/Ng/a _mngtgp ~Lh&feaction mixture is stirred at RT for

solution is added aqueous 2.5 RY OH (0.3.ml
about 3 h, acidified witff:glacial’/AcOH (2 mL) and urified by preparative HPLC to afford compound
4002. EXAMPLE 72 paration of compoufid 4003 Cesi fte (208 mg, 0.640 mmol) is
added to a DMSO on N S phenol 2a5 (1RQmg; and chloroquinoline (50 mg,
0.305 mmol). Theqf’éactio;asmixg'g tirred at 150C ferabout 10,min, cealed tb RT and filtered. To the
resulting solution iS-hdded aqueeus 2.5'N NaOH (0.3 ml., 0.750 mmol).Jhe Feaction mixture is stirred
at RT for abgyt 3 h, acidified with¥glacial AcOH (2 mL) and WO 2009/07&Z47PCTICA2008/002107
purified by prepargttéve1HPLC to afford compound 4003. EXAMPLE 73A Preparation of compound

40065 Step 2
To a solution of phenol 3a8 (701 mg, 1.66 mmol) and Cs,CO: (737 mg, 2.27 mmol)

in anhydrous DMSO (8 mL) is added chioropyridine a7 (387 mg, 1.51 mmol}. The
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Step 1: Copper (I) chloride (13 mg, 0.13 mmol) is added to a NMP solution (3 mL) of phenol 102a5
(100 mg, 0.254 mmaoi), iodide (77 mg, 0.35 mmol), cesium carbonate (166 mg, 0.508 mmol) and
2,2,6,6-tetrameth e-3,5-dione (5 p.L., 0.025 mmol). The reaction m (SN Yaquated and
filled with nltro(ée Xég‘ﬁre é;’/cle is repeated 5 times then the reaction mlxtureefg}gnrref at 120C for about
2 h, cooled to RT, diluted with saturated aqueous sodium bicarbonate and extracted with Et0Ac (50
mL). The 15 organic phase is washed with aqueous saturated sodium bicarbonate (2 x 50 mL), brine
(50 mL), dried oyer M 'R faa%t%‘eerarar%th%ﬁma RIBISIIRe Fhe crude reside is
purified by column ¢ ﬁﬁrﬁg?%up%aﬁégr 20% EtOAc/hex to 60% affo d fl tZOSt(?g 2. Agueous 5
M NaOH (0.265 weceﬁa@mwy Wb ertsropine &8 8"569’1"@1‘—% Hﬁ% RESYFaL) of ester
73al (46 mg, 0.¢3mimpphuriizetsalbticonbitste 5%@0/%0nrabwut'®mmmmmb%i&rmthOH (1 mL) and

purified by prepargtive P 0 Y. Ryeparatiensf compound
1175 Step 2 Step % r1%_5;' gtégiwggo%%ﬁ%g%%%%ggzﬁﬁ (gé 6ME)hﬁeZ)4~1°( 7

5g | dl%gg&gl dn(%mL are added 5
trlmethylsﬂyl%rce@ﬁl‘l@'r%‘@l%??ﬁﬁ Ne@H aaHby! 68”6038% %m?ﬂ%ﬁ OB TL, 1.65 mmol)
and Pd(PPh3)4 @&redgveragstmetmd méiRiTacdiiesmidtufe @ stitterddharnd 0GHethentiérowave for 10

min. TBAF (1.65 c?a?aNé%L'@”ﬂ%E’dﬁM%@%%ﬁoﬁgBﬂ@ﬁﬁﬁé&%@ﬂﬁm@d&ﬁrm for about
30 min. A saturaPe eous solution of NH4CI is adde IS extracted with Et20 (3x).

The organic layefsEAS0EBmBipRIC ﬁ%%HWB?H‘rQ‘ rous 5084, filtered and
concentrated. Theyceade fresidue asstheidifrd i bMﬁﬁWnﬁmﬂrﬁ@cﬁjﬁpﬁ;ﬂQ@ﬁg’@@Wﬁ) 60:40)

cl0Ac ex Ig Ao ?%%QMCZ%&%\%T ﬂqgé,t@qaaﬁelemwa&emgmdaz@@g 0.21 mmol) in
water (1 mL) is adde idé 44a2 (97 m%ﬁo 62 mmol t RT, Thi xture is stirred at 120C for about 3

h, then at 85C fofig$RIRAB Me%afﬁja‘ffﬁ EiBA: Yﬁ@hfg tf%@fgo t20 (3x). The organic layers are
combined, washed with brine, dried over anhydrous Na2S04, flltered under vacuum and concentrated.
The crude reS|du§té Eurlfled by flash chromatography 20u5|ng (20:80 to 70:30) EtOAc/Hex to afford

compound 74a2. P 3: To a solution of ester 74a2 eOHél ml) i 8a el?1 g\ equs NaOH
solution (5 N, 0. Oﬁﬁﬂ”%@?mﬁﬁwtﬁ“ﬁ’ "% RIQERY 2B ST E e oar’eOBSYng acidified

with 1 M HGBancS@ﬁracEedwpt&ﬁBmKoémpo‘ﬁﬁeatmmbimie@dmaiﬂrm&@airestﬂréﬂ Hhooehdentrated. The
residue s re-dissglyegiaMeida 1 QL?%#QQWEM&'M@%Z%%WF(Qﬂé%@‘daw%)MeSOMIOn in

Et20) is added a e reaction mixture |s stirred for. #;r 0C, then cqncentrated. The
residue is redissGRAETH O TRATRUHEYS ﬁ@ﬁﬁd(iv’mlﬁcr%%tgi &Y cﬁ’fn et ueous a%H solution (5 N,
0.024 mL, 0.12 nprepbrigiesHetGitdRaffoich®0&#xture is stirred for about 3 h, then concentrated. The
residue is re-dissolved in a MeOH (1 mL) / AcOH (1 mL) mixture 10and purified by preparative HPLC.
The fractions are combined and solvent removed by lyophilization to afford pure compound 1175.
EXAMPLE 78A FrspMPLEAADT compound 4016 15 2a575al Step 2 401575a375a2 Step 1: Cesium
carbonate (2.480prb - a0 bfs@tgedrsd t08MS solution (10 mL) of the 20phenol 2a5 (1.78 g, 6.61
mnnol) and 4,5-dibromo- throphene -2- carl%gggehyde (35 mL, 5.08 mmok), The reaction mixture is stirred
at 80C for about 16 h, cool&e to RY redoover water and extracte Bix 50 mL). The
combined organic phases?a conn er reguced pp idue is purified by
column chromato Y0 1@ 70% E ‘exanesi to rd compound ?éa} Step 2:

e OMe OMe OMe

1054
5b6 1atd

Step 1
To a solution of phenol 1a10 (1.96 g, 4.77 mmol) and Cs,C0, (1.83 g, 5.64 mmol) in

25  anhydrous DMSO (30 mL) is added pyridine 5b5 (1.20 g, 4.34 mmol}. The resulting
mixture is stirred at 95°C overnight, then poured in water and extracted with Et,O
(3x). The combined organic fractions are concentrated under reduced pressure.
Following purification by combiftash (10% to 50% EtOAc in hex), the intermediate
methyl ester is isolated. This ester is redissolved in MeOH (2 mL) and an aqueous

30  NaOH solution (1 N, 2.34 mL, 2.34 mmol) is added. The mixture is stirred overnight
before being washed with Et,O, then acidified at 0°C with 1 M HCI and extracted with

81



Sodium trifiuoroacetate (383 mg, 2.82 mmol) is added to a NMP solution (2 mL) of the bromide 75al
(410 mg, 0.704 mmol) and copper iodide (268 mg, 1.41 mmol). The reaction mixture is stirred at 160C
in the microwaye for 10 min, then at 180C 5 for another 10 mm and coole T ction mixture
was poured &’,%é% %%’Pg?gﬁd extracted with EtOAc (3 x 50 mL). The combin% Bgrgg%)r%}%h %%lzzes are
washed with brine (2 x 50 mL), dried over Na2304, filtered and concentrated under reduced pressure.

The crude residue is purified by column chromatography (40% to 70% EtOAc in hexanes) to afford

compound 75a2 C nd 75a3. 2P 3. 0 j r compound 4016
using the procedgﬁgﬁﬁ%géé)% gnd né&é% ‘Fg%ﬁrgg E%Ka &%ﬁ@l@%%ggﬁ%a@eﬁ%?ﬁ compound
4017 75a34017 Yoo i?’xb@Fﬁﬁd?ﬁWVSéitP@tfﬁﬁéfﬁPﬁﬁ’éﬁ fisesirisonitesohard diRFtiRebrocedure
described in Stepy3phixampleR&a 1656 Blelsoiidn2&iPreparation of compound 4018 Step 1:
Compound 75a2 is transformed to compound 4018 using the procedure described in Step 3, Example
75k 5 EXAMPLE 78A Preparation of compounds 4019 and 4020 75a278al iStep IbStep 22 4019
10Step 1a: Fol(PEXSYFYE ¥Rmg, 0.005 mmol) and sodium carbonate (2 M solution in water, 0.375 mL,
0.750 mmol) are prgReitoa DNbmpbilirniEseL) of the bromide 75a2 (150 mg, 0.258 mmol) and
trimethylboroxine (97 mg, 0.773 mmol). The reaction mixture is stirred at 120C in the microwave for 20
min, cooled to RI, poured over 15 water and extracted with Et20 (3 x 50 mL). The combined organic
phases are washed vith brine (2 x 50 mL), dried over Na2SO fﬁfilgered an&g&encentrated under

reduced pressure. idue s purified by column y (#0% to 80% EtOAc in
81 is eg to compound 4019
P

Q

hexanes) to affor pou ' tegMZa: ;“‘Fompou
using the procedure described in % Steps% andeﬁ, Example 37A. Ste (PPehS)4 (135 mg, 0.005
mmol) and sodium caqrggpnagolution in water, 0.386 Mig.:0.77: oI)Oare added to a DMF
solution (1 mL) of the bromide-75a2 10(150 mg, 0.258 mmol) and ¢yctépropylboronic acid (66 mg,
0.773 mmol). The reaction mixture is stirred at 120C in the micnrowave for 20 min, cooled to RI, poured
over water and extracted with Et20 (3 x 50 mL). The combined ofgahic phases are washed with brine

(2 x50 mL), dried over Na2S04, filtered and concentrated undér reduced pressure. The crude residue
is purified by column 15 chromatography (40% to 80% EtOAc in lkexanes) to afford compound 78a2.

Step 2b: Compound 78a2 is transformed to compound, 0 usi eflife described in Steps 2
and 3, Example 37A. 20 EXAMPLE 79A Preparation o@ ound. ¢0o1 hA;O 5 Br CO2Me
{ile
1058 o
Step 1.

10 Vinyl compound 18a1 (prepared according to the same procedure described in Step
2, Example 25A) is transformed to aldehyde 18aZ2 using the procedure in Step 4,
Example 15A.

Step 2:

15  To a soilution of aldehyde 18a2 (80 mg, 0.11 mmeol) in DCM (1 mL) is sequentially
added morpholine (34 pl, 0.58 mmol), a solution of HCI (4 M in dioxane, 28 ul, 0.11
mmol) and NaBH(OAc); (47 mg, 0.22 mmol). The reaction is stirred at RT, then
concentrated to dryness. The mixture is re-dissolved in MeOH (1 mbL) and NaOH (10
N, 0.1 mL, 1 mmol) is added. When complete, the reaction is neutralized with AcOH

20  and injected onto the preparative HPLC to isclate 1059. '

ExampLE 19A
Preparation of compound 1060
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OMe OMeStep 1 0 75a2 4015 Step 1: Compound 75a2 is transformed to compound 79al using
the procedure described in Step 1, Example 57C. 5Step 2: Compound 79al is transformed to
compounds 40142'035)97?7%5 using the procedure described in Step 1, Exagtgg QZ(BS/ 2i%l}/IPLE 80A 10
Preparation cw%ompound 1053 CF,CF, Step 1. Phenol lab 0 (16.8 mg, mmo&ﬁs combined
with K2CO3 (16.9 mg, 0.122 mmol) and 2-fluoro-3-trifluoromethylpyridine (39.0 mg, 0.24 mmol) in
DIV150 (1 mL). The 15mixture is heated under Ar at 75C until complete conversion, then cooled to RT.

Water and DOM are gdded, &}(se mixture is extracted with DCK/1(3x) and the combined organic
fractions are conce’{]jg%ted u \erdseduced pressure. The crude residue is dissolved in a THF (1
mL)/MeOH (0.5 mL)/H (\)v(géif) mixture and an agueous NgOH solution (10 N, 41 pt, 0.41 mmol) is
added. The mixtureig Ltirré ovemight before béi g acidified with AcOkbdiltered, and injected onto
a preparative HPLC to igglate compouind 1053. E@E@ﬁretion pf compound 1171 25
Step 1: Potassium carbona(g%é&e? mg, X488 mmol) aDMESoluttion g2 L) of the Sacid
53al (150 mg) andb romide pL, 0.293 mmol). The jgaction mixture is stirred at 80C

overnight, cooled to_ over water and extracted with EtOAc (13 x 5Q A ). The combined

organic phases are washed“succe%%?vely with saturated aqueoussméiun].. rbonate (2 x50 mL),
brine (2 x 50 mL), dried B¥%r Na2s04, filtered and concentrated undef redueed pressure. The crude
residue is purified py:10 colgmn chromatography (20 % EtOAgin hex&hes) to afford compound Slat

Step 2: Sodium hydtide (13\ngoQ 541 pmel) is added to DM L yBelatidh®f ester 81al
(2120 mg, 0.170 mmol) foll wed by jodametiane (4%;[5.5’0.6 1 mmal), 1 Thtio mixture is stirred
at RT for about 2 Ryl fith s&tu te’athuemus sodium bicarbonate (50 mL) afid extF4Eted with

EtOAc (2 x 50 mL). The coml%;ned orgaptt:ghases are washed succesgiygely @gfﬁurated agueous
sodium bicarbonate (2 x 50 mE‘S p, 2 x 50 mL), dried over Na2S0O4, filte nd concentrated
under reduced pressure. The crude residue is dissolved in 80% EtOAc 20in hexanes and passed
through a silica plug. The resulting organic phase is concentrated under reduced pressure to obtain a
residue which is gqgg solved in EtOH (25 mL). The reaction flask is evacuated and filled back with
hydrogen at atmaSphéric pressure. The mixture is sti,rregD at RT for about 4 gééilter%%rough Celite(r) ,
washed with Et0URRPEBAISA S OGRRHAEF MR ACERFEPRISIVE T8 SHBPS WITHRE h is used
directly in the&s nexisste fhspBica) Be téStepyi, thiargiertfate (30 4, 0.23 mmol) is added to a 0C THF (2
mL) solution of acid 81a2 (100 mg, 0.156 mmol) and triethylamine (39 uL, 0.28 mmol). The reaction
mixture is stirred atteO%_for about 30 min and filtered directly over a water (0.2 mL)

in a microwave tube, the intermediate 19a1 (75 mg, 0.14 mmol) is dissoived in
pyridine (1 mL) and a solution of acid chloride 1a8 (2 M in DCE, 0.5 mL, 0.90 mmo)
10 s then added followed by a catalytic amount of DMAP (7 mg, 56 pmol). The tube is
sealed and put in microwave at 150°C for 20 min. The mixture is diluted in EtOAc
and washed with water (2x) and brine (1x). The combined organics are dried over
MgSQ,, filtered and concentrated. The crude residue is purified by flash
chromatography (5% to 70% EtOAc in hex) to afford 18a2.
15
Step 3
Methyl ester 19a2 (16 mg, 24 umol) is dissolved in a 2:1 THF/MeOH mixture (0.5
mL.) and an aqueous NaOH solution (1.0 M, 25 uL, 25 umol) is then added. The
reaction is stirred at RT, diluted in water and the aqueous layer is washed with Et,O
20 (2x) to remove organic impurities. The aqueocus fraction is lyophilized and the

compound 1060 is isclated as its sodium salt.
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10suspension of sodium borohydride (18 mg, 0.467 mmol). The reaction mixture is stirred at OC for
about 20 min, diluted with saturated aqueous sodium bicarbonate (50 mL) and extracted with EtOAc (2
x 50 mL). The cambijned organic phases are washed successively with s sodium
bicarbonate &@ 694{%178%rine (2 x 50 mL), dried over Na2S04, filtered a?%g! ?ﬁ%ﬁ%@%&?under
reduced pressure to 15afford crude 81a3. Step 4: Aqueous 5 M NaOH (1.0 mL, 5.0 mmol) is added
dropwise to a 0C DMSO solution (2 mL) of ester 81a3 (20 mg, 0.032 mmol). The solution is stirred at
RT for about 2 h, 20 acidified with AcOH (1 mL) and purified by preparative HPLC to afford compound
1171. EXAMPLEEE;&IJIQMHQP of NS5B RNA dependent RNA polymerase activity 25Representative
compounds of the Invention are tested for inhibitory activity against the hepatitis C virus RNA
dependent polynfeppasaiest copesifJ %8the assay described in WO 2007/087717, herein
incorporated by reference. EXAMPLE 83 30 SPECIFICITY OF NS5B RNA DEPENDENT RNA
POLYmMERASE INHIBITION Reprgsentative compounds of tizgg invention are tested for inhibitory
activity against polio virus RN RIA polymeraspllﬁ}@ s DNA dependent RNA
polymerase Il as described in erc )t ., (2004) NugleisvAci es{ 32: 422- 431, herein
incorporated by reference. 35 EXAMPLE bsﬁ%’ed/ ciferase rep f‘é‘@v RNA Replication
Assay Representative compounds 8t the ntioh, are tested foPHActi shirthibitors of hepatitis C
virus RNA replication in cells expressing aésh}gble subgenomic HCV 5replicon, using the assay
described in WO 2005/028501, herein incorporated by referen0}. TABLES OF COMPOUNDS The

following tables list compounds representative of the invention. R&fresentative 10compounds listed in
Tables 1 and 4 below are tested in the assay of Example 82 and are found to have IC50 value below
30 pM. Representative compounds listed in Tables 1 and 4 below are tested in the assay of Example
84 and are found to have a EC50values below 30 pM. 15 irES(tR) for each compound are
measured using the standard analytical HPLC conditions 8 Examples. As is well known
to one skilled in the art, retention time values are sensitiy Nto the specif gsurement conditions.
Therefore, even if identical conditions of solvent, flow rate jlinear gra, and.the like are used, the
retention time values may vary when measured, for example, e 90diffgrent HP1 /- instruments. Even
when measured on the same instrument, the values may vary when measured, for example, using
different indiidua##LiC columns, or, when measured on the same instrument and the same
individual columnipthenuatvesdayey sy closrekadapl@Etoegved maivida disseesliredegassedken on
difierent occasions, The syl A iRA o ARRELAIR. SRR EPIMRALTSIRESTables L 0 41is
able. skilledi

identified in the tabl person skilled in the art will recognize that obvious modifications to the
synthetic method§auly'sanaiaring G2 Ml e HRBrane RYEE e cttbet AisMedd i Pibles 1 to 4.
WO 2009/076747REhEaAZ088/9R2 idufa b euttHeFidd20sWiNan3 toR siBpd RBIRBRSG RE6iR (Min) MS

(WH) - Methad 1001 H - a6 120°C for 20 min. The mixture is diluted in EtOAc and washed with

water (2x) and brine (2x). The combined organics are dried over MgSQ,, filtered and

concentrated. The crude residue is purified by flash chromatography (25% to 75%
EtOAc in hex) to afford 20at. -

15 Step 2:
' The intermediate 20a1 (35 mg, 0.055 mmol} is dissolved in a THF (3 mL)/MeOH (0.5

mL)/H.0 (0.5 mL) mixture and an aqueous NaOH solution {10 N, 27ul, 0.27 mmol)
is added. When complete, the reaction is neutralized with AcOH and injected onto
the preparative HPLC to isolate 1081.

20
ExampLE 21A
Preparation of compound 1072
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0.1 I---.."i-..-. ,'?N,K, ,Br 5.8 540 6A 1002 HH 6.7 481.2 6A 1003 HH 110 7.8 597.2 6A 1004 H H
C> 738 597.2 6A 1005 H H Br 7.5 656 6A WO 2009/076747PCT/CA2008/002107 C pd R20 126 R6

R(Min) MS 0 2000076747 PCT/CA2008/062107

Cl HO Qo Me
o cose
@ — ﬁ
OMe  step 1 _<.
Ole

526 ,

2-—2

21al

1 Step 2

o N Fﬁ
R F Step 3 / OMe
OMQ N 2122
1072

N
7

th

Step 1
Compound 21a1 is generated via a reaction between compounds 5b5 and 15a6
5  using the procedure of Step 1, Example 13A.

Step 2:
Compound 21a1 is transformed o compound 21a2 using the procedure of Step 5,
Example 11A.

10
Step 3
Compound 21a2 is transformed to compound 1072 using the procedure of Step 3,
Example 14A.
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(WH). Method 1006 AN.,...,,, Br 7.5 656.1 6A 1007 ..0 6.3562.4 7A \ 1008 \----\ A0 6.5
580.4 8A N -N\//N 1009 H 6.3

WO 2009/076747 PCT/CAZG08/602107

EXAMPLE 22A
Preparation of compound 1082

COOMe
C/ II ole COOMe
E —C OMe
Step 1
OMe

2244

Cl O
Step 2 l F
1d8
Br
CF, e
o Co,H O COOMe
o | OMe
| Ohe Step 3 _N
oM F N
F N_-<: OMe
o CMe o)
1082 E 22a2 F
Br gr
5 Step 1

Compound 22a1 is generated via the reaction of compound 1aé and 2-fluoro-3-
trifluoromethylpyridine using the procedures of Steps 2 and 3, Example 8A.

Step 2:
10 ina 25 ml flask is added 22a1 (60 mg, 0.14 mmol), pyridine (0.25 mL, 3.1 mmol),

acylchloride 1d8 (98 mg, 0.42 mmol} and DMAP (5.1 mg, 0.04 mmol). This mixture is

heated to 150°C for about 4 h and then cooled and stirred at RT for about 65 h. This

is quenched with NaHCO; (saturated), extracted with DCM (3x), passed through a

phase separator and concentrated under reduced pressure to obtain crude product
15 22a2 which is employed in the subsequent step without further purification.

Step 3.
Compound 22a2 is dissolved in THF/MeOH/MH,0 (2:1:1 mL), NaOH (10 M, 0.07 mL)
is added and the reaction is stirred for about 36 h at RT. A minimum amount of

20 agueous ACOH is added to neutralize the solution and the solvent is evaporated.
Purification by preparative HPLC affords compound 1082 as a white lyophilized
solid.
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616.3 9A N-N11.)) 1010 H 6.8616.39A /cm N --N 2N 1011 HH" 7.8571.2 6A 1012 H
Hai, 7.8571.2 6A WO 2009/076747PCT/CA2008/002107 CPd 1013 H 1.31.111an

WO 2009/676747 PCT/CAZ008/002107

EXAMPLE 23A
Preparaﬁon of compounds 1092 and 1093

COOMe COONMe
O
-<: Step‘l %

OMe
N
23a1
—_—
Cl
CF,
Ci
Step 2 2 E
N
CO.H
& ? 2 “,
OMe
N\ 2 N-<:
OMe CF,
1003 / N ~ o COOMe
. Step 3 ] ﬂ OMe
+ o T S SN E N{

COoH 2182 4
g :
OhMe
S N{ i
CMe
1082 / b
el

Compounds 1¢8 and 1aé are reacted using the procedure in Step 2, Example 19A.
The deprotection of the benzyl ether is performed employing the same procedure as
that in Step 2, Example 8A to produce compound 23a1.

10 Steps 2 and 3:
To a solution of pheno! (50 mg, 0.12 mmol) in DMSO {1 mL) is added CsCOQO; (57

mg, 0.18 mmol) followed by chicropyridine 8b5 (90 mg, 0.33 mmol). This is stirred at
105°C for about 18 h, then cooled to RT. MeOH (1 mL), NaOH {1 eq, 1 M in water)
and LiOH (1 eq) are added and this is stirred for about 4 h at RT. The mixture is then

15  concentrated, diluted in AcOH (4 mL) and purified by preparative HPLC. The
fractions are combined and solvent is removed by !yo;ﬁhilizaﬁon to yield two
preducts, 1093 and 1092.
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le . C Ccl (11 otrEir Method
1016 H Il 7.5557.2 6A 1017 HH,

WO 2009/676747

EXAMPLE 24A
Preparation of compound 1094

80 CO0Me COOMe
" BrG Ohe
+ -
NH,CI N oMe

2al 24a1

——

Step 1

Step 4
Oljg =

@f&

Br F

Step 5 j
FORF CF,
COH
| é OO
N N R
. # N(/OMe
1094 = a

48]
=1
n

5§ Step 1

PCT/CAZ008/002107

: :CC)OMe
’Cci\de

Step 2
24a2
F F CF,
N Ci
Step 3 P o
Ga
F F CF;

SUs RS Nes

2433

Compound 2a1 is transformed to compound 24a1 using the procedure in Steps 4

and o, Example 1A,

Step 2:

10 Compound 24a1 is transformed to compound 24a2 using the procedure in Step 8,

Example 1A.

Step 3.

Compounds 24a2 and 5aé are combined fo form compound 24a3 using the

15 procedure in Step 3, Example 8A.

Steps 4 and 5:

Compound 24a3 is transformed to 24a4 and thereafter io compound 1094 using the
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7.4523.26A 1019 HHI1 7.5573.26A 1020HH i 7.6 543.2 6A 1021 HH ,.."-----.0,-----..,z-N 7.4
509.2 6A1022HH"'-... 01 7.2509.2 6A WO 2009/076747PCT/CA2008/002107 Cpd Rzo R3 R6 R6

(R (min) MS {H)Mehes PCT/CA2008/002107

procedure in Steps 2 and 3, Example 22A, respectively.

EXampLE 26A
Preparation of compound 10989

£, .
e 3
o
HO o ~COMe | L C CODMe

! g S M ba3 ‘ C{

e I N
F N’C,Q . TF g N’CO
h Step 1 ~

a] 0
1atl

25u1

25aZ

Step 1.
To a solution of phenol 1a10 (400 mg, 0.87 mmol) in DMSO (5 ml.) is added CsCO;

10 (474 mg, 1.4 mmol) and chloropyridine §a3 (430 mg, 1.40 mmol). The solution is
stirred at 75°C for about 4 h and then washed with water and brine. The solution is
then dried over anhydrous Na,S0,, filtered under vacuum and concentrated under
reduced pressure. Purification by flash chromatography using (20:80 to 60:40)
EtOAc/Hex yields 25a1.

15
Step 2:

To a solution of iodide 28a1 {370 mg, 0.84 mmeol} in dioxane (4 mL) is added
tributyl(vinyljtin (0.2 mL, 0.68 mmol) at RT. Argon is bubbled through the soiution
followed by the addition of dichioro-bis(triphenylphosphine)palladium (42 mg, 0.06

20  mmol). The reaction mixture is heated at reflux for about 1 h; then concentrated and

purified by flash chromatography using (10:80 to 70:30) EtOAc/Hex to obtain 25a2.

Step 3:
To a solution of olefin 25a2 (40 mg, 0.07 mmol) in DMF (1 mL} is added
25  bromopyridine (18 mg, 0.10 mmol), TBABr (35 mg, 0.21 mmol}, EtaN (0.014 mL, 0.10

8%



1023 HH "---..-=-V-....----- 2% 7.7537.36A 1024 HH "-----...0,----,..%, 7.0495.2 6A 1025 HH

--"0---.. -\, 6.8 495.2 6A 1026 H LT -A, 7.1509.2 6A 1027 HH "---,zW 7.3
523.2 6A 10%?&-&&39%9%743.5 557.2 6A 1029 H POT/CAZ008/002107

mmol} and palladium acetate (1.5 mg, 0.007 mmol) at RT. This is stirred at 120°C in
the microwave for 10 min followed by heating at 140°C (oil bath) for about 16 h. The
reaction mixture is quenched with water and extracted with EtOAc (3x}. The organic
Jayers are combined, washed with brine, dried over anhydrous Na,S0y, filtered under

5  vacuum and concentrated. THF (2 mL}), MeOHM (1 mL) and NaOH (1 M in water, &
eq) are added and then this is stirred for about 14 h at RT. The reaction mixture is
diluted with AcOH (1 mL) and purified by preparative HPLLC. The fractions are
combined and solvent is removed by lyophilization to yield 1098.

10 EXAMPLE 26A
Preparation of compound 1102

‘ s
=N
26ad
CF, l Step 0
® Oﬂcm/ ‘ :Oimm
0 Si
N S
I 7" F N'Co + 74
~ | = Slep‘i
o] N
26a2
28a1
e, Z6at Step 2 cn—ea
s : ::: :

A

1102

Hy

15 Step0:
in a microwave fube containing DMF (2 mL) is added 2-bromo-6-methylpyridine (300
mg, 1.74 mmol), trimethylsilylacetylene (257 mg, 2.62 mmol}, Cul (33 mg, 0.17
mmol}, Pd(PPha}s (201 mg, 0.17 mmol) and Et;N (1.2 mL). The tube is sealed and
placed in microwave for 10 min at 120°C. The mixture is then diluted with EtOAc,

20  washed with water and brine, dried over Na,S0,, filtered and concentrated. The
crude residue is purified by flash chromatography (Hex / EtOAc, 20% to 80%) to
afford pyridine 26a1.
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HI----7.7557.26A 1030 H H 1100 7.4 543.2 6A 1031 HH5 7A 543.2 6A 1032 HH 1110 7.5543.2
6A 1033 H --...ot 6.9495.2 6A WO 2009/076747PCT/CA2008/002107 Cpd R20 R5 R6 tR (mm) n

MS WO 2009/076747 PCT/CAZOOE/002107

Step 1:
To a solution of alkyne 26at (33 mg, 0.18 mmol) in DMF (1 mL} is added TBAF

{0.18 mi., 1 M solution in THF) at RT. This is stirred for about 10 min, then iodide
5  25a1 (40 mg, 0.06 mmol), Cul (1.1 mg, 0.006 mmoi), EizN (0.04 mL., 0.3 mmol) and
Pd{PPhs)4 (6.8 mg, 0.006 mmol) are added at RT. This mixture is stirred at 120°C in
the microwave for 12 min. The reaction mixture is quenched with water and
exiracted with EtOAC (3x). The organic layers are combined, washed with brine,
dried over anhydrous Na,SO,, filtered under vacuum and concentrated. Purification
10 by flash chromatography using (40:60 to 90:10) EtOAc/Hex affords 26a2.

Step 2
Compound 26a2 is dissolved in MeOH, Pd/C (10% wiw, 33 mg) is added and the

mixture is purged with H; (3x). The mixiure is stirred under a M atmosphere

15 (balloon) for about 1 h, filtered and concentrated under reduced pressure. The
residue is dissolved in MeOH and NaOH (1 M in water, 1 mL) is added followed by
LiOH (3 eq). This mixture is stitred at RT for 2 h, concentrated, dissolved in AcOH (2
mL} and purified by preparative HPLC. The fractions are combined and solvent is
removed by lyophilization to yieid compound 1102.

20
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+Fir Method 1034 HH all 7.9 611.3 6A 1035H 1101 7.9611.36A 1036 HH 7.1573.2 6A 1037 HH
sy | "CH, 7.7 571.2 6A 10388 HH N L--,0,, 7.3557.26A 1039 HH 7.3

WO 2069076747 PCT/CA2088/002107

10

EXAmMPLE 27A
Preparation of compound 1104

l Step 4

COM

. &ﬂ,&,\
|/,§! Ny @D

dme

Step 1:

Compound 3a6 is transformed to compound 27a1 using the procedure in Step 1,
Example 13A.

Step 2:

A mixture of iodide 27a1 (80 mg, 0.13 mmol), ethylnylpyridine (27 mg, 0.26 mmol),
Cul (2.5 mg, 0.013 mmol}, Pd(PPha}s (156 mg, 0.013 mmol) and EtzN {0.09 mL, 0.7
mmol) in degassed DMF is heated in a microwave at 120°C for 20 min. This mixture
is dissolved in EtOAc (50 mL), washed with water and brine, dried (MgSO.) and
concentrated. Purification by flash chromatography (1/2 then 1/1 EtOAc/Hex) yields
27a2 as pale yellow foam.

92
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2009/076747PCT/CA2008/002107 1042 104 lll H H CMICIHIIIMMMICHIIINNUI -,..0 1 tik (min MS
WH).  7.3525211 3591
( ) WO 20409 (}7@\747 ov 5.3 591.1 124 PCT/CA2008/602107

Step 3:

10

15

To the alkyne 27a2 (70 mg, 0.10 mmol) in MeOH (2 ml.) is added Pd/C catalyst
(10% wiw, 70 mg) which is then hydrogenated with ~15 psi of H; at RT for about 2.5
h. The catalyst is filtered and the residue is concentrated to dryness. The crude
product 27a3 is isolated and employed in the subsequent reaction without further

purification.

Step 4:

To the solution of the ester 27a3 (68 mg, 0.10 mmol} dissolved in DMSO (2 mL),
MeOH (1 mL) and water (0.3 mL) is added at RT an aqueous solution of NaOH (10
N, 0.08 mL). This is stirred at RT for about 5 h and then maintained at 0°C
overnight. The reaction is quenched with aqueous TFA and purified by preparative
HPLC. The fractions are combined and lyophiized to yield 1104.

EXAMPLE 28A

Preparation of compound 1105

F:!
HO GOOMe Fy o COOMe
al =
= Step 1 !
N + ! ., o N
H l/R/N ! . ﬁ
28a1 MeO

40a2
MeC 5a3

: ul
4 : OMe NN o OMea
284 ", 1106 -,
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N-N\ 1044 H5.9576.313A \ 1045 HtiCH,5.9628.219A  y)F--\ 1046 "--N ---- \
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WO Z00%/676747 PCT/CAZ068/602107

Step 1;
Compound 28a1 is generated through the reaction of compound 10a2 with

compound 8a3 using the procedure of Step 1, Example 13A.

5 Slep2:
Compound 28a1 is transformed to compound 28a2 using the procedure of Step 5,

Example T1A,

Step 3:
10 - A mixture of iodide 28a2 (500 mg, 0.79 mmol), benzyl acrylate (1.3 g, 7.9 mmol),

Pd(OAc); (50 mg, 0.23 mmol), Et;N (5.0 mL) and MeCN (20 mL) is stirred at 60°C in

a sealed tube for about 4 h. The reaction mixture is cooled to RT, filtered and

concentrated. Purification by flash chromatography (7:3 to 1:1 Hex:EtOAc) affords an

oil which is taken up in EtOH (20 mL). Pd/C (10%, 50 mg) is added and then stirred
15 under H, for about 30 min. The reaction mixture is filtered on Celite® and

concentrated to give 2Ba3 as a white foam.

Steps 4 and 5:
To the acid 2823 (50 mg, 0.08 mmol) in DMF (2.0 mL) is added Et;N (0.06 mk, 0.4

20 mmol), and HATU (40 mg, 0.11 mmol). The reaction is stirred for about 10 min; then
amidooxime (8.8 mg, 0.09 mmol} is added and stirring is continued for about 2 h.
The reaction mixture is poured into Et,0, washed with H,0 (3x), saturated NH,C!
(1x), dried over MgSO,, filtered and concentrated in vacuo. The residue is
redissolved THF (3 mL); TBAF (0.1 mL, 1.0 M solution in THF) is then added and

25  this is stirred for about 1 h at 45°C. The mixture is concentrated in vacuo and the
residue is then taken up in DMSQ (2 mL). Aqueous NaOH (1 M, 1 mL) is added and
the solution is stirred at RT for about 1 h. AcOH is added and purification by
preparative HPLC, followed by lyophilization affords compound 1105,
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EXAMPLE 28A
Preparation of compound 1109
CF
CF, Ho COOMe ‘o COOMe
ci OMe =N = Oie
- e O o G
1 " = '
\N,N =N m ONie step 1 N Q/‘(’QMe
5a7 2422 29
step 2 1
CF,

Br
Step 1.
5 Compound 28a1 is generated through the reaction of compounds a7 and 24a2

using the procedure of Step 3, Example 8A.

Step 2:
Compound 28at is transformed to compound 29a2 using the procedure of Step 2,

10  Example 22A.

Step 3
Compound 29a2 is transformed to compound 1108 using the procedure of Step 3,
Example 22A.

15
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EXAMPLE 30A

Preparation of compound 1110

CF,

Fy BnO COOMe COOMe

| (\N O ji:[ oMe_____» \;\‘,\/@/ OMe
N

step1 N’N /C

Ohfie
126 30a1
step 2 1
CF.

: co CF

o M 3
\l\ll i = z OMe (o] CQOMe
™ N =N =N | ~ One
N F N step 3 N =M

N
o
o}

OlMe
N F

OMe
1110
30a2
Br

Br

5 Steps 1and 2
Compounds 5a7 and 1a6 are transformed to compound 3021 is generated using the

procedure of Steps 2 and 3, Example BA and thereafter fo compound 30a2 using the
procedure of Step 2, Example 22A. ..

10 Step 3:
Compound 30a2 is transformed to compound 1110 using the procedure of Step 3,
Example 22A.
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EXAMPLE 31A
Preparation of compound 1113

CF, coom /@, coowe
{3
1 S Ohde ‘E N/(,
AN /C step OMe
N OMe a3 OJD\
3at
a2 F e

4\/\ step 3
21ab 0 i = 2128 o
9/\% -

o

5 Step 1
Using the procedure of Step 2, Example 22A, compound 31a1 (generated according

to the condensation of 5a3 and 24a2 using the procedure described in Step 3,
Example 24) is acylated with 31a2 (synthesized according to the procedure
described in Step 8, Example 1A) to afford compound 31a3.

10

Sten 2:
Compound 31a3 is fransformed to compound 31a4 using the procedure of Step 2,
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Example 25A.

Steps 3 and 4
Compounds 31a4 is transformed to 31a5 and thereafter to compound 31a6é using

5 the procedure of Steps 2 and 3, Example 5B, respectively.

Step 5!
Compound 31a6 is transformed to compound 31a7 using the procedure of Step 3

Example A, respectively.
10
Steps 6 and 7:
To a solution of the chloride 31a7 (56 mg, 0.09 mmol) in DMF (1 mL) is added
Pd(PPhs). (9.9 mg, 0.009 mmol) and 5-(iri-butylstannyljthiazole (64 mg, 0.17 mmol)
at RT. This solution is stirred at 120°C for about 12 min. MeOH (1 mL) and aqueous
15 NaOH (1 M, 1 mL) are added and stirring continues for about 3 h at RT. The reaction
mixture is concentrated, diluted in AcOH (4 mL) and purified by preparative HPLC.
The fractions are combined and solvent is removed by lyophilization to yield
compound 1113.

20 EXAMPLE 32A
Preparation of compounds 1114 and 1118

GF,

¢r,
CCOMe CO0Me o COH
e
,L/ Step 1 ,&/ S’(en 2
OMe N Olte
¢ 37a1 O/g ON agap OA CN - qpag I: ]/ =0
""" Step 3 w o

ﬁ \@im

1118

25 Step 1
The chloride 32at (356 mg, 0.639 mmol), which is prepared from phenol 10a2 using
the procedure described in Steps 1 to 3, Example 8A, is dissolved in DMSO (1 mL)
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and NaCN (63 mg, 1.28 mmol) is added. The reaction is stirred at RT for about 1 h,
then water is added. The mixture is extracted with DCM (3x), the organics are dried
and concentrated. Purification by flash chromatography (1% to 5% MeGH in DCM)
affords nitrile 32a2.

Step 2:

The nitrile 32a2 (42 mg, 0.08 mmol) is dissolved in a THF (1 mL)/MeOH (0.5
mL)/H.0 (0.5 mL) mixture and an aqueous NaOH solution (10 N, 77uL., 0.77 mmol)
is added. When the reaction is complete, the reaction is neutralized with AcOH and
injected onto the preparative HPLC to isolate compound 1114.

Step 3:
The nitrile 32a2 (49 mg, 0.09 mmel) and iodomethane (22 mL, 0.36 mmol) are

dissolved in DMF (1 mL) at 0°C and a suspension of NaH (85% wiw, 4.5 mg, 0.18
mmol) in DMF (0.5 mL) is slowly added. After about 2 h, the reaction is neutraiized
with water, extracted with DCM (3x) and the organics are concentrated. The crude
residue is re-dissolved in a THF (1 mL)/MeOH (0.5 mL)/H,0 (0.5 mL) mixture and an
agueous NaOH solution (10 N, 90uL, 0.90 mmol) is added. When the reaction is
complete, the reaction is neutralized with AcOH and injected onto the preparative
HPLC to isolate compound 1118.

EXaMPLE 33A
Preparation of compound 1115

Step 1.

To a solution of chioride 32a1 (75 mg, 0.14 mmol} in DMF (1.5 ml) is added 2-amino
pyrimidine (43 mg, 0.48 mmol) and a catalytic amount of Kl (11 mg, 0.07 mmol}. The
mixture is warmed at 80°C for about 2 h, then cooled to RT. Acetonitrile (1 mL) and

an aqueous solution of NaOH (2.5 N, 240 L, 0.6 mmol) are added, the mixture is
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warmed at 50°C for about 2 h, then neutralized at RT with AcOH and injected onto

the preparative HPLC to isclate compound 1115.

EXAMPILE 34A
5 Preparation of compound 1116
COOMe
H
N BnO CQ,Me
B“OQ O/o step ﬁ ,O’ °
! 1 Y

3a1

CFS C

. £,
- A I} CO,Me fa 0 7 CO,Me
! Cbe =N I Ohie
N =N —n YN N
E N V] SN
' St
4
Br
OMe
Br

step 8
¥

|
!
G,
_N\/C(O:Qic H
1118 DAD\
F
Step 1:

To a solution of the ketal 3at (1.5g, 3.6 mmol) in toluene (7 mL) is added TFA (7
10 mi). This mixture is stirred for about 1 h, then water (0.4 mL) is added. The stirring is

step & o X
2

[}
34a5 © X
E -

)

continued overnight and the mixture is concentrated. The resulting residue is diluted
with EtOAc, washed with Na,CO; (1 M), water and brine, dried with Na,S0,, filtered,
evaporated and concentrated to obtain 34a1.
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Step 2:

The ketone 34a1 (1.7 g, 4.6 mmol) is suspended in MeOH (40 mL), and the solution
is cooled to 0°C. NaBH, (87 mg, 2.3 mmol) is added and the mixture is stirred for
about 1 h. The reaction is quenched with 1 M HCI, and the MeOH is evaporated
under reduced pressure. The residue is diluted with EtOAc, and washed with
aqueous, saturated NaHCQ,, water and brine. Then the residue is dried with
Nz,S0,, filtered, evaporated and employed in the subsequent reaction without
further purification.

Step 3.

The benzyl ether 34a2 (410 mg, 1.1 mmoi) is dissolved in MeOH (3 mL) and EtOAc
(6 mL). 10% Pd/C (4 mg) is added and the flask is placed under an atmosphere of
hydrogen. After about 2 h, the mixture is filtered on Celite®, and DMSO (S mL) is
added 1o the organic phase. The MeOH is removed under reduced pressure.
Chloropyridine 5a7 (258 mg, 0.98 mmol} and cesium carbonate (448 mg, 1.4 mmol)
are added, and the mixture is stirred at 70°C for about 4 h. The reaction mixture is
then diluted with EtOAc, washed with agueous, saturated NaHCO; and brine, dried
with MgSQ,, filtered and evaporated. Purification by flash chromatography (10:90 to
50:50 EtOAc:Hex) yields 34a3.

Step 4:

The alcohol 34a3 (400 mg, 1.1 mmol} is dissolved in DMF (10 mL) and iodomethane
(1.7 mL, 27 mmol) is added. This solution is cooled to 0°C, then sodium hydride
(133 mg, 3.3 mmol, 60 % in oil) is added and the mixture is stirred for about 4 h.
Saturated NH.CI (10 mL) is added, followed by EtOAc (100 mL) and water {40 mL)
are added and the mixture is shaken in a separatory funnel. The layers are
separated and the organic layer is washed with brine, dried with MgSO,, filtered,
evaporated, concentrated and purified by flash chromatography (100% Hex to 80%
Hex/EtOAC) to vield 34a4.

Step 5.
Compound 34a4 is transformed to compound 34a$ using the procedure of Step 2,
Example 22A.

101



H 4.9586.3 20A 1063 H 4.9 600.3 20A <

WO 2009/076747 PCTICAZB08/002107

10

15

20

Slep 6.
Compound 34a5 is transformed to compound 1116 using the procedure of Step 3,

Example 22A.

ExampLE 35A
Preparation of compound 2001

1 ' % COH ! l o CC,Me | CO,Me
R 35al
- i Step 1 = = Step 2 r}“{_
Fo £ F H

Ohte

3521
35a2 ismpa
t l
HO CO,Me £O,Me ~ CO,Me
—— —
N—<' Step 5 N-<_ Step 4 o N-<-
337 £ —OMe E OB “-OMe F H —OMe
k Step 6 3586 3534
CF, BF,
a0 COMe =N (]\(O. S O0RH
oL OTCr s QO
NAN =N Y\N{ Step 7 N ;FE OMe
P Olde 2001 F oo™~
' ' .
35a8 ey

Step 1.

Sulfuric acid (3 mL) is added to a solution of 36at (16.3 g, 57.4 mmol} in MeCH (200
mL). The solution is stirred overnight at 80°C. The mixture is cooled to RT,
concentrated under reduced pressure, diluted with EtOAc (300 mL), washed with
aqueous saturated sodium bicarbonate (3 x 100 mL), brine (100 mL), dried over
Na,S0,, filtered and concentrated under reduced pressure. The crude mixture is
purified by fiash chromatography (10% EtOAc in Hex) to afford methyl ester 36a2 as
an oil which solidifies upon standing under high vacuum.

Step 2
(S)-(+)-1-methoxy-2-propyiamine (1.90 g, 21.3 mmol) is added to a DMF (30 mL))

solution of 35a2 (4.53 g, 15.2 mmol) and potassium carbonate (3.15 g, 22.8 mmol).
The mixture is stirred at 75°C overnight, cooled to RT, diluted with saturated
aqueous sodium bicarbonate (200 ml) and extracted with EtOAc (2 x 200 mL). The
combined organic phases are washed with saturated agueous sodium bicarbonate
(2 x 100 mL), brine (100 mL) dried over Na,S0,, filtered and concentrated under

reduced pressure. The crude mixture is purified by flash chromatography {100% Hex
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then 5% to 20% E{OCAc in Hex) to afford 35a3 as an oil.

Step 3.
Pd(PPh;), (297 mg, 0.26 mmol) is added toc a mixture of iodide 35a3 (2.36 g, 6.43

mmol) and fributyivinyl tin (2.06 mi., 7.07 mmol) in DMF (25 mL). The mixture is
degassed by simuftaneously bubbling Ar and sonicating the solution for about 15
min. The mixiure is stirred at 90°C for about 30 min, cooled to RT, diluted with
saturated agueous sodium bicarbonate (200 mL) and exiracted with EtOAc (2 x 200
mL.). The combined crganic phases are washed with saturated agueous sodium
bicarbonate {2 x 100 mL), brine (100 ml.), dried over Na,S0,, filtered and
concentrated under reduced pressure. The crude residue is purified by flash
chromatography (100% Hex then 5% to 10% EtQAc in Hex) to afford 35a4 as an oil.

Siep 4:
Vinyl compound 38a4 (1.45 g, 5.42 mmol) is dissolved in a mixture of acetone/tert-

butanol/water (40 mL:10 mL:9.6 mL}. The solution is cooled to 0°C, NMO (9856 mg,
8.14 mmol} is added, followed by Os0O, (2.5% in terf-butanol, 276 k., 0.027 mmol).
The solution is stirred at 0°C overnight, diluted with agueous 10% sodium
thiosulphate (100 mL} and extracted with EtOAc (2 x 100 mL). The combined
organic phases are washed with aqueous 10% thiosulphate (100 mL), brine (2 x 100
mL), dried over Na,SQ,, filtered and concentrated under reduced pressure to afford
the crude diol which is dissolved in THF (10 mL) and water (10 mL). This solution is
cooled to 0°C, NalQ, is added (1.80 g, 7.47 mmol) and then stirred at 0°C for about 4
h. The reaction mixture is diluted with saturated agueous sodium bicarbonate (100
mL) and extracted with EtOAc (2 x 100 mL). The combined organic phases are
washed with saturated agueous sodium bicarbonate (100 mL), brine (100 mL), dried
over Na,S0,, filtered, and concentrated under reduced pressure. The crude material
is purified by flash chromatography (100% Hex then 5% to 20% EtOAc in Hex ) to
afford 35a6 as an oil.

Step 5:

Sulfuric acid (223 pL, 3.56 mmol) is added to a 0°C MeOH (20 mL.) solution of 35a6
(640 mg, 2.38 mmol), followed by agueous 30% hydrogen peroxide (404 ul., 3.57
mmol). The solution is stirred at 0°C for about 1 h then diluted with aqueous 10%
KHPO, (50 mL) and extracted with ether (2 x 100 mL). The combined organic
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phases are washed with agueous 10% KH.PO, (2 x 100 mL), brine (2 x 100 mL),
dried over Na,50,, filiered and concenirated under reduced pressure. The crude
phenol 35a7 is used directly in the next step without further purification.

5 Slepé:
Compound 35a7 is {ransformed to compound 35a8 using the procedure of Step 1,
Example 13A.

Step 7:
10 Compound 35a8 is fransformed to compound 2001 using the procedure of Step 2,
Example 13A.

EXAMPLE 3GA

Preparation of compound 2002

£ F

o H
AL COH ; ooMe cope o0~y
e [ cO,Me
F Step 1 F Step 2 {
OMe F
36a1 38a2 36a3 3824
ISisp 3
MeQ._~ F
= [ CO,Me ~" coMe Meo\__/\wh
Oi\@ v o7 COMew—  Z s co,ue
N { Step 4 N{ #
1
H OMe F H ONe F
3628
E Step 5 s6at 36a6 3625
F CF, F
HO. Ay, -COMe Step & _— O CO,Me
I - Cfl\l i 2N
\/\N{ N r'q—(
H OMe H OMe
36a9 3Gatl

N
2002 OAO
15 y

Step 1.
Sulfuric acid (3 mL) is added to a solution of 36a1 (15.0 g, 36.9 mmol) in MeOH (200
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mL) and the resulting solution is stirred overnight at 80°C. The mixture Is cooled to
RT, concentrated under reduced pressure, diluted with E{OAc (300 k), washed
with agueous saturated sodium bicarbonate (3 x 100 mL), brine (100 mL), dried over
Na,S0,, filtered and concentrated under reduced pressure to afford methyl ester

5 36a2.

Step2
(S)-(+)-1-methoxy-2-propylamine (1.49 g, 16.8 mmol) is added to a DMF (30 mL)

~ solution of 36a2 (3.84 g, 12.9 mmol) and potassium carbonate (2.67 g, 19.3 mmol).
10 The mixiure is sfirred at 75°C overnight, cooled to RT, diluted with saturated
aqueous sodium bicarbonate (200 mL) and extracted with EtOAc (2 x 200 mL). The
combined organic phases are washed with aqueous saturated sodium bicarbonate
(2 x 100 mL), brine (100 mL.) dried over Na,30,, filtered and concentrated under
reduced pressure. The crude mixture is purified by flash chromatography (100% Hex
15 then 5% to 20% EtOAc in Hex) to afford a mixture of isomers 36a3 and 36a4.

Step 3. ‘
Pd(PPh.), {315 mg, 0.272 mmol) is added to a mixiure of iodide 36a3 and 36a4

{2.00 g, 5.45 mmol) and tributyivinyttin (1.91 mL, 8.54 mmol) in DMF (40 mL). The

20 mixture is degassed by simultaneously bubbling Ar and by sonicating the solution for
about 15 min. The mixture is stired at 100°C for about 2.5 h, cooled to RT, diluted
with agueous saturated sodium bicarbonate (200 mL) and extracted with EtOAc (2 x
200 mL). The combined organic phases are washed with aqueous saturated sodium
bicarbonate (2 x 100 mL), brine (100 mL), dried over Na,S0,, fitered and

25 concentrated under reduced pressure. The crude residue is purified by flash
chromatography (100% Hexa then 5% to 10% EtOAc in Hex) to afford a mixture of
compounds 36ab and 36a6.

Step 4:
30  Vinyl compounds 36a5 and 36a6 (1.19 g, 4.45 mmol) are dissolved in a mixture of

acetone/ferf-butanolfwater (40 mL;10 mL:9.6 mL). The solution is cooled to 0°C,
NMO (732 mg, 6.23 mmol) is added, followed by 0s0, (2.5% in ferf-butanol, 226 L.,
0.022 mmol}. The solution is stirred at 0°C overnight, diluted with aqueous 10%
sodium thiosulphate (100 mL) and extracted with EtOAc {2 x 100 mL). The combined
35  organic phases are washed with aqueous 10% thiosulphate (100 mL), briﬁa (2x 100
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“mL), dried over Na,SQ,, filtered and concentrated under reduced pressure to afford

the crude diols which are dissolved in THF (10 mL) and water (10 mL). This solution
is cooled to 0°C and sodium metaperiodate is added (1.38 g, £.45 mmol). The
solution is stirred at 0°C for about 2 h. The reaction mixture is diluted with agueous
saturated sodium bicarbonate (100 mL) and extracted with EtOAc (2 x 100 mL). The
combined organic phases are washed with aqueous saturated sodium bicarbonate
(100 mL), brine (100 mL), dried over Na,S0, filtered, and concentrated under
reduced pressure. The crude material is purified by flash chromatography (100%
Hex then 5% to 10% EtOAc in Hex\) to afford compounds 36a7 {(elutes first) and
36a8 as an oil.

Step 5:

Sulfuric acid (147 pl., 2.35 mmol} is added to a 0°C MeOH (10 mL) solution of 36a8
(400 mg, 1.49 mmol), followed by aqueous 30% hydrogen peroxide (252 pL, 2.23
mmol). The solution is stirred at 0°C for about 1 h then diluted with agqueous 10%
KH.PO, {50 mL) and extracted with ether (2 x 100 mL). The combined organic
phases are washed with agueous 10% KH,PO, (2 x 100 mL), brine (2 x 100 mL),
dried over Na,SO,, filtered and concentrated under reduced pressure. The crude
phenol 36a9 is used directly in the next step without further purification.

Step 6:
Compound 36a8 is transformed to compound 38a10 using the procedure described
in Step 1, Example 13A.

Step 7.
Compound 36a10 is transformed tc compound 2002 using the procedure described
in Step 2, Example 13A.

ExampLE 374

Preparation of compound 3001
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Step 1;

Phenol 2a5 (1.0 g, 2.54 mmol) is combined with K,CO; (878 mg, 6.35 mmol) and
37a1 (586 mg, 3.05 mmol) in DMSO (15 mL}. The mixture is heated under Ar at
80°C until complete conversion, then cooled to RT. A saturated agueous solution of
NaHCO; is then added. The mixture is extracted with EtOAc (3x), the combined '
organics are dried over MgSQ,, filtered and concentrated under reduced pressure to
afford crude 37a2 which is used without further purification.

Step 2

To a solution of 37a2 (100 mg, 0.18 mmol} and 3, 3-difluoropiperidine hydrochloride
(31 mg, 0.20 mmol) in DCE (1.5 mL) is added NaBH(OACc); (52 mg, 0.25 mmol). The
mixture is stirred at RT overnight, then water is added. The mixture is extracted with
DCM (3x), the organics are dried and concenirated under reduced pressure.
Purification by combiflash (15% EtOAc in hex) gives 37a3.

Sten 3
Compound 37a3 is transformed to compound 3081 using the procedure of Step 2,
Example 32A.

EXAMPLE 38A
Preparation of compound 3002
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Step 1:

The aldehyde 37a2 (1.30 g, 2.30 mmol) is dissolved in MeCH (25 mL) at 0°C and
NaBH, (104 mg, 2.76 mmol) is added. After being stirred for about 1 h, the reaction
is quenched with a saturated aqueous solution of citric acid and extracted with

CF,

EtOAc (3x). The organics are dried over MgSQ,, filtered and concentrated.
Purification by combiflash gives alcohol 38a1.

Step 2:

The alcohol 38at (700 mg, 1.23 mmol) is dissolved in DCM {15 mL}and thionyl
chioride (0.19 mL, 2.59 mmol) and a catalytic amount of DMF (10 pl) is added. The
reaction is stirred at RT; then successively washed with a saturated aqueous
solution of citric acid, NaHCO, and brine. The organics are dried over Na,S0,,
filtered and concentrated under reduced pressure. The crude chioride 38a2 is used

as such without further purification.

Step 3:
in a microwave tube, the chloride 38aZ2 (75 mg, 0.13 mmol) is put in degassed DMF

(1 mL, degassed by bubbling a volume of Ar while sonicating for about 10 min) along
with 5-(tributyistannylthiazole (86 mg, 0.26 mmol). Pd(PPhs), catalyst (15 mg, 13
pmol) is added and the tube is sealed and put in microwave at 125°C for 20 min. The
mixture is diluted in EtOAc and washed with water (2x) and brine (2x). The combined
organics are dried over MgSQ,, filtered and concenirated. The crude residue is
passed on a short silica gel column (20% to 70% EtOAc in hex) to remove most
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impurities and the combined fractions are concentrated. The resulting yellow oil is re-
dissolved in THF (1 mL)/MeOH (0.5 mL)/H,0 (0.5 mL) and NaOH (10 N, 0.13 mL,
1.3 mmol) is added. When complete, the reaction is neutralized with AcOH and
injected onto a preparative HPLC to isolate 3002,

EXAMPLE 38A
Preparation of compound 3005 and 3006

COGMe COH
\@ OMle  —— \Qi Olfis
Step 1
o OMe

OMe

38a2 N\J 3005

Step 1

1,2,3-Triazole (15 ul, 0.13 mmol) is added to a suspension of NaH (60% w/w, 10
mg, 0.26 mmoi} in THF (0.5 mi) and stirred for about 15 min at RT. This mixture is
transferred to a solution of chioride 38a2 (75 mg, 0.13 mmol) in dry DMF (1 mL} and
is stirred overnight. The mixture is partially concentrated under reduced pressure
and pre-adsorbed on silica gel for purification by combiflash (50% to 100% EtOAc in
hex). Two products are recovered corresponding to each isomeric triazole
intermediate. After being combined and concentrated, each intermediate is
separately re-dissoived in THF (2 mL)/MeOH (1 mL) and NaOH (10 N, 0.13 mL, 1.3
mmol) is added. When complete, each réaction is neutralized with AcOH and
injected onto the preparative HPLC to isolate 3006 and 3006.

EXAMPLE 40A

Preparation of compounds 1121
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Step 1:
Compound 8a3 is transformed to compound 40a1 using the procedure of Step 1,
Example 20A.
5

Step 2:
To the methyl ester 4021 (27 mg, 41 umal) in MeOH and THF (1:1 mixture, 1 mL) is
added an agqueous NaOH solution {1.0 M, 41 pL, 41 pmel). The mixture is stirred for
about 2 days at RT, a'nd then water is added. The agueous layer is washed with

10 ELO (2x) and lyophilized. The compound 1121 is quantatively obtained in its sodium
salt form.
EXAMPLE 41A
Preparation of compounds 1133

15

GOOMe i\/\.\r m
II B o
Step 1
1433
27at @ /

éMe 6Me

Step 1:
The iodide 27a1 (72 mg, 0.104 mmol) is dissolved in MeOH (5 mL) and 10% Pd/C
20 (50 mg) is added. The mixture is stirred for about 1 h under a balloon atmosphere of
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hydrogen. The mixture is filtered through Celite® and concentrated under reduced
pressure. The crude residue is re-dissolved in DMSO (3 mL) and water (0.5 mL}),
then agqueous NaOH (10 N, 50 ul, 0.50 mmol) is added. When complete, the
reaction is neutralized with AcOH and injected onto the preparative HPLC to isolate
1133.

EXAMPLE 42A

Preparation of compounds 1139

CF,

~
HO._ 2 ‘ COOMe l /\/N Sy O CO0Ms S O | COOH
OMe | [ OMe | OMe
Sy ga3 SN N{ - N SN g N_C
OMe  Step1 oMe  Step2 OMe
s SoNR G o
\\\\\ 205 20 1138 o

Step 1.
Compound 42a1 is generated via the reaction of 2a8 (715 mg, 2.33 mmol) and

pyridine 5a3 (879 mg, 2.23 mmol) using the procedure of Step 1, Example 16A.

Step 2

A mixture of iodide 42a1 (56.7 mg, 85 umol), morphoiine (42.5 mg, 0.48 mmol) and
cesium carbonate (184 mg, 0.57 mmol) is prepared in anhydrous toluene (3 mL).
This mixture is sonicated and purged for about 10 min with a balloon atmosphere of
Ar. To this mixture is added palladium acetate (1.9 mg, 9 umol) and BINAP (8.0 mg,
13 umol) and the heterogeneous mixture is further sonicated/purged for about 10
min upon which time it solubilizes. The reaction is placed at reflux for about 16 h,
cooled to RT, then EtOAc is added and the mixture is washed with a saturated
aqueous solution of NaHCO; (2x). The organi‘cs are dried over MgSO, and
concentrated. The crude residue is re-dissolved in THF (1 mL)YMeOH (0.5 ml)/water
(0.5 mL) and NaOH (10 N, 85 pL, 0.85 mmol) is added. When complete, the reaction
is neutralized with AcOH and injected onto the preparative HPLC to isolate 1138,
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EXAMPLE 43A
Preparation of compounds 1160 and 1161

CF,
COOMe COOMe
OOl L O
. —

N _NH Step1 N NH [/\

0

t1a5 4321 (k/
QH O\/\

l Step 2
CF,
o) COOMe
-~
©\1/ UN_CO\W/
“ O/Ko R/

'
W

Sacuevl
1160 O/§ \-w/ Siep

l Step 4

cF, |
0
L C
9
1161 O”&o ./
Step 1:
The diol 11a5 (221 mg, 0.57 mmol) is dissolved in DMF (3 mL) and cooled to 0°C.

Aliyl iodide (0.11 mL, 1.20 mmol} and sodium hydride (85%, 30.3 mg, 1.20 mmol) are
successively added and the mixture is stirred at RT for about 1 h. Water is added
and the mixture is extracted with DCM (3x}. The organic phases are dried and
concentrated. The crude residue is puriﬁed by combifiash (hex / EtOAc, 15% to
25%) to afford aniline 43a1.

Step 2:
Compolind 43a1 is transformed to compound 43a2 using the procedure of Step 4,
Example 7A.

Step 3:
Compound 43a2 is fransformed to compound 1160 using the procedure of Step 2,
Example 32A.
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Step 4:
Compound 4160 (18 mg, 31 umol) is dissolved in MeOH (3 mL} and activated Raney

Nickel (50% slurry in water, 20 mg) is added. The reaction flask is purged and filled
with a hydrogen atmosphere. After being stirred for about 1 h, the mixture is filtered

5  through Celite® and rinsed tharoughly with MeOH. The filtrate is concentrated; the
residue is re-dissolved in water/MeCN, filtered through a microdisc, then lyophilized
to afford 1161.

EXAMPLE 44A
10 Preparation of intermediate 44a4

Step 1 Step 2 4 '  Step3 / it
A4a1 44a2 #/Z( /f H
O
4424

44a3

Reference: Loren, J.C.; Krasifiski, A.; Fokin, V.V.; Sharpless, K.B. Synleft 2005, 18,
2847,

Step 1:
15 To a suspension of chloromethyl pivalate 44a1 (20 mL., 186 mmol) in water (37 mL})

is added sodium azide (18.1 g, 279 mmol} and the mixture is warmed at 80°C for
about 12 h. Additional water is then added and the phases are separated. The
organic layer is passed through a filter funnel containing MgSO0, fo afford the azide
44a2.

20
Step 2:
The azide 44a2 (100 mg, 0.64 mmol) and cyclopropylacetylene (54.7 mg, 0.83
mmol) are dissolved in terf-butano! (3.5 mL) and water (0.5 mlL). An agueous
solution of copper sulfate (0.3 M, 0.43 mL, 0.13 mmol) is added followed by an

25 aqueous solution of ascorbic acid sodium salt (1.0 M, 0.51 mL, 0.51 mmol). After
stirring for about 16 h at RT, the mixture is diluted in EtOAc and water and the
phases are separated. The organics are washed with a 5% agueous NH,OHM/brine
solution (2), then dried over MgSQy, and the scivent removed in vacuo. The oil

carresponding to 44a3 is used as such for the next step.
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Step 3:
To the ester 44a3 (102 mg, 0.46 mmol) in MeOH (1 mL) is added agueous NaOH (1
N, 1 mL, 1 mmol). The reaction is stirred for about 30 min at RT, then neutralized

with aqueous HCI (1 M, 1 mL, 1 mmoi) and diluted in water. The mixture is extracted
with EtOAc (3x), washed with brine, dried and the solvent is removed under reduced
pressure. The crude oil corresponding to 44a4 is used as such.
EXAMPLE 44B
Preparation of compound 1167
CF,
¢ GF,
HO._ COOMe i EN PN COOMe
E N{ 0 5ad =N o N—C
OMe J OMe
"o —
_ Step 1 44p1 °
o 1210
sepz2| [ N
“ HN-
ddad
F3 CFE
\b{ 1 S O:@:(:Ozme : SN QHCOOMe
OMe  =——— ; OlMe
NN N N_( Step 3 N N{
E —Cilvie OH | Chie
4403 o a4n2 OA o
l Step 4
GFy
= 1 w0 COH
S OMe
N"‘N =N . N
OMe
1167 0
Step 1.

Compound 44b1 is generated via the reaction of 1a10 and chioropyridine 5a4 using
the procedure of Step 1, Exampile 8A.

Step 2.
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To the aldehyde 44b1 (1.25 g, 2.14 mmol) in MeOH (20 mlL) chilied at 0°C is added
NaBH, (98 mg, 2.6 mmol). When the reaction is complete, a saturated aqueous
solution of citric acid is added. The mixture is extracted with EtOAc (3x), dried over
MgSO., and concentrated. Purification by combiflash (hex / EtOAc, 15% to 50%)
affords 44b2.

Step 3.

To a chilled (0°C) THF solution (2 mL) containing the alcohol 44b2 (100 mg, 0.17
mmol), PPh, (54 mg, 0.21 mmol) and triazole 44a4 (28 mg, 0.27 mmol) is slowly
added DEAD (38 pL, 0.21 mmol). The reaction is allowed to siowly warmed to RT
over about 168 h. When the reaction is complete, the solvent is removed in vacuo and
the crude residue is directlly purified by combiflash (hex / EtOAc, 15% to 50%) to
afford 44b3.

Step 4:
The saponification using 1 eq of NaOH is performed using the procedure described
in Step 2, Example 32A to give 1167 as the sodium salt.

EXAMPLE 44C
Preparation of intermediate 44c2

/ /
NE i —~si— —gf—
— N — —
Okﬁ Step 1 4 I siep2 < N "
- M a
44a2 //N N
O 44c2

Step 1:

In a sealed tube, azide 44a2 (1.50 g, 8.54 mmol) is mixed with 1-(trimethylsilyl)-1-
propyne {(1.61 g, 14.32 mmol) in DCE (6 mL). The mixture is warmed at 80°C for
about 16h, then the solvent is concentrated in vacuo to afford triazole 44¢1 which is
directly used in the next step.

Step 2:
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Triazole 44c1 ('1.9 g, 7.05 mmol) is dissolved in MeOH (14 mL) and NaOH solution
(10N, 1.55 mL, 15.5 mmol) is added. The reaction is stirred at RT for about 16 h.
The solvent is concentrated under reduced pressure to afford the crude triazole
44¢2 as the sodium salt.

EXAMPLE 45A

Preparation of compound 1170

cooMe cooMe
Q: {OM& Sept (O/ m {OMB
OMe Cﬁ

Oie
45a1
““ ‘”—Sl"’

N
™ ,N Na'

To the alcohol 44b2 (105 mg, 0.18 mmol) in DCM (2 mlL.) is added thionyl chioride
10 {28 pl, 0.38 mmol). To this solution is slowly added DMF (50 ul) and the reaction
proceeds at RT for about 1 h. A saturated aqueous solution of citric acid is then
added and the layers are separated. The organics are successively washed with a
saturated solution of NaHCQO; and brine, dried over MgSQ,, filtered and
concentrated to afford chloride 45a1 which is used as such for the next step.
15

Step 2:
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The chioride 45a1 (150 mg, 0.25 mmol) and 44c2 (53 mg, 0.30 mmol) are mixed in
DMF (2 mL) and stired at RT overnight. The mixture is diluted in EtOAc and washed
with water (2x) and brine (1x), dried over MgSQ,, filtered and concentrated.
Following purification by flash chromatography (hex / EtOAc, 15% to 40%), all

5 isomeric triazole intermediates are isolated in the same fraction. These isomers are
further separated on a preparative HPLC. The less polar fraction corresponds to
45a2.

Step 3
10 To the compound 45a2 (17 mg, 23 pmol) in THF (1 mL) is added TBAF (1.0 M in
THF, 70 uL, 70 umol). When the reaction is complete, the solvent is removed in

vacuo and the crude residue containing 45a3 is used directly in the following step.

Siep 4.
15  Compound 45a3 is transformed to compound 1170 using the procedure of Step 2,
Exampie 32A.

EXAMPLE 46A
Preparation of compound 4001

Bno: : :CGOMe ﬁnﬂwcozﬂ HQWCO:ZH
F

OMe M CMe /k/;L OMe
= P = G

OMe Step 1

Olie Step 2
3] o o] ~o N CF,
‘‘‘‘‘‘ 128 46at 48a2 ;

MeQ E
Nz =
CF: 45a3

20 Stept:
To compound 1a8 (101 mg, 0.20 mmol) in THF (2 mL)/MeOH (1 mi)/water (1 mL) is
added agueous NaOH (10 N, 0.2 mL, 2.0 mmol) and the mixture is stirred at RT.
When the reaction is complete, AcOH is added to neutralize the reaction and
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solvents are removed under reduced pressure to afford crude 46a1 which is used

directly in the next step.

Step 2:
5  The crude 46a1 {98 mg, 0.2 mmol) is dissolved in MeOM (3 mL)/EtOAC (5 mL) and

activated Pd/C (10% wiw, 10 ing) is then added. The mixture is purged and filled

with an atmosphere of hydrogen. When the reaction is complete, the mixture is

filtered through a pad of Celite®, rinsed thoroughly with MeOM and the filtrate is

concentrated. Acetonitrile and water are added and the mixture is lyophilized to
10  afford 46a2.

Step 3:
Formamidine acetate (15.3 g, 147 n‘imol) and 1,3,3,3-tetrafluoro-1-methoxy-2-

(trifiuoromethyl)prop-1-ene (20.8 g, 98 mmol) are mixed in DCM (100 mL) and water
15 (100 mL) at 0°C. To this vigorously stirred mixture is sfowly added agueous NaOH (6
N, 71 mL, 424 mmol) over about a 30 min period. Stirring is then continued for about
35 min. The layers are separated and the organic layer is concentrated. The crude
residue is purified by bulb-to-buib distillation (80°C, 3 mmHg) and purified further by
Vigreux distillation under reduced pressure fo afford 48a3.
20

Pyrimidine 46a3 (55 mg, 0.28 mmol} and phenol 46a2 (112 mg, 0.28 mmol) are

mixed in DMSO (2 mL) along with K,CO; (132 mg, 0.86 mmol). The mixture is stirred

at RT for about 15 h, and then stirring is continued for about 1 h at 60°C. The mixture
25 s filtered to remove the solid residue. The filtrate is acidified with AcOH and injected

onto the preparative HPLC to isolate 4001.

ExXamMPLE 47A

Preparation of compound 4008

HO COOMe a COOH
T o
QT i~

Step 1

:/go OMe i ) OMe
(o]
Zab 4008
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Step 1:
A mixture of phenol 2a5 (100 mg, 0.25 mmol), 3-hydroxytetrahydrofuran (31 mg,

0.36 mmol) and PPh; (100 mg, 0.38 mmol) are mixed in THF (2 mL) and cooled at
0°C. DIAD (70 uL, 0.38 mmol) is slowly added over about 10 min, and the reaction is
5 stirred at RT. More reagent is added to complete conversion if necessary. Silica gel

is then directly added and solvent is removed under reduced pressure. The crude
product is quickly passed on a silica gel column eluting with a mixture of hex/EtOAc
(20% to 70%) to remove most of the triphenylphosphine oxide. The combined
fractions are combined and concentrated under reduced pressure. The residue is re-

10  dissolved in THF (2 mL)Y/MeOH (1 mL) and NaOH (1N, 1 mL, 1 mmol} is then added.
When complete, the reaction is neutralized with AcOH and injected onto the
preparative HPLC to isolate 4008.

EXAMPLE 48A

15  Preparation of compound 4010

3
CF, HO COOH H\( o cOoH
o =
A N O j@(
N Step 1 F N
\l/ Me N\ OMe
Ci /(
462 veo § 4010

L e

4

Step 1

A suspension of 2 4-dichloro-5-(trifluoromethyi)pyrimidine (50 mg, 0.22 mmol), N-(2-

methoxyethyl)methylamine (20 mg, 0.22 mmol) and K,CO; (90 mg, 0.65 mmol) is

prepared in DMSO (2 mL) and stirred at RT. When the reaction is complete, phenol
20  46a2 (81 mg, 0.21 mmol) is added and the mixture is warmed at 65°C until the

reaction is complete. When complete, the reaction is cooled and filiered through a

microdisc to remove unsoluble material, then the homogeneous solution is

neutralized with AcOH and injected onto the preparative HPLC 1o isolate 4010,

25 EXAMPLE 48B
Preparation of compound 4021
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Step 1:

A suspension of 2,8-dichloro-3-(triffuoromethylpyridine (75 mg, 0.35 mmol),
morpholine (33 mg, 0.38 mmol) and K,COs (144 mg, 1.04 mmol) is prepared in
DMSO (2 mL) and stirred at 60°C for about 6 h. When the reaction is complete,

5 phenol 1a10 (30 mg, 0.073 mmol) is added and the mixture is warmed at 100°C for
about 20 h. When complete, the reaction is diluted in water and the mixture is
extracted with DCM (3x) and concentrated. The residue is then dissolved in THF (2
mL) / MeOH (1 mL) / water (1 mL) and NaOH solution (10N, 75 pL, 0.75 mmol} is
added. When complete, the mixture is filtered and the homogeneous solution is

10  neutralized with AcOH and injected onto the preparative HPLC to isolate 4021.

EXAMPLE 49A
Preparation of compound 1124

COOMe COOMe
\g OhMe @i OMe
o C
GM
o]

] Step 1 OMe
42a1 ] 43a1

l Step 2

COOH 4%3 COOMe
Nr{\ OME _‘___m__ Br —<:OME

OMe Olvte

4822

15
Step 1.
Copper {I) iodide (28 mg, 0.147 mmol) is added to a dioxane (2 mlL) solution of
iodide 42a1 (195 mg, 0.286 mmol), dibenzyl malonate (207 pl, 0.828 mmol),
picolinic acid (35 mg, 0.286 mmol) and cesium carbonate (382 mg, 1.172 mmol).

20  Argon is bubbied into the reaction mixture for about 2 min and the reaction vessel is
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sealed and heated at 70°C for about 20 h. The reaction mixture is cooled to RT to
receive more copper (1) iodide (28 mg, 0.147 mmol) and then resubmitted to 70°C for
about 20 h. The mixture Eé cooled fo RT, diluted with aqueous saturated ammonium
chloride (50 mL) and extracted with EtOAG (2 x 50 mL). The combined organic
phases are washed successively with aqueous saturated sodium bicarbonate (2 x 50
mL.), brine (2 x 50 mL), dried over Na,S0,, filtered and concentrated under reduced
pressure. The crude residue is dissolved in EtOH (10 mL) to receive Pd/C (10% wiw,
80 mg). The reaction flask is evacuated and filled back with hydrogen at atmospheric
pressure. The mixiure is stirred at RT for about 4 h, filtered through Celite®, washed
with EtOH and heated to 80°C for about 1 h. The reaction mixture is concentrated
under reduced pressure to afford crude 49a1 which is used directly in the next step.

Step 2

49a1 (214 mg, 0.35 mmol} is dissolved in DCM (8 mL}, followed by the addition of
oxalyl chloride (0.3 mL, 0.2 M in DCM, 0.60 mmol) and DMF (0.01 mL). This mixture
is stirred for about 1 h at 40°C, then concentrated in vacuo. The residue is
redissolved in DCM (10 mL) and then CH,N, (6.0 mL, 0.12 M in Et;0, 0.72 mmol) is
added dropwise. The solution is stirred for about 30 min and then concentrated in
vacuo. The yellow oil is redissoved in THF (20 mL), cooled to 0°C and HBr (0.1 mL,
48%, 0.93 mmol) is added slowly. This is stirred for about 20 min, Saturated
NaHCOC, is slowly added and then the reaction is diluted with EtCAc, washed with

HoQ (1x), NaHCQ, (1x), brine (1x}, dried over MgSQ,, filtered, concentrated in vacuo
to yield yellow oil 48a2.

Step 3t

The bromide 48a2 (80 mg, 0.12 mmol) is dissolved in PrOH (3 mL) and the thiourea
49a3 (19 mg, 0.18 mmol) is added. The mixture heated at 70°C for about 4 h. The
mixture is cooled to RT, then NaOH (0.2 ml, 0.25 M) is added and stirred for about 2
h. The mixture is diluted with AcOH and purified by preparative HPLC te yield the
desired compound 1124.

EXAMPLE 50A

Preparation of compound 1127
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Step 1. Compound 42a1 is transformed to compound 50a1 using the procedure of

Step 3, Example 28A.

Step 2: Compound 50a1 is transformed to compound §0a2 using the procedure of

Step 2, Example 49A.

Step 3: Compound 50a2 is transformed fo compound 1127 using the procedure of

10  Step 3, Example 49A.

EXamMpPLE 51A

Preparation of intermediates §1a3 and §1a4
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—
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Step 1.
To a solution of iodide 5a3 (191 mg, 0.62 mmol) in DMSO (3 ml) is added CsCQ;
{216 mg, 0.6 2

4 h and then cooled to RT. The mixture is washed with water and brine, dried over

(%3]
3
3

tirred at 75°C for about
anhydrous Na,SO,, filtered under vacuum and concentrated. Purification by flash
chromatography using (20:80 to 60:40) EtQOAc/Hex affords an off-white sofid §1a1.

Step 2.

To a solution of 51a1 (256 mg, 0.37 mmol} in dioxane (3 mL) is added
tributyl(vinyhtin (0.14 mL, 0.48 mmol) at RT. The solution is degassed by bubbling a
balloon of Ar into it. Dichlero-bis(triphenylphosphine)paliadium (26 mg, .04 mmol) is
added and the reaction mixture is heated at reflux for about 1.5 h. The mixiure is
concenirated and purified by flash chromatography using (10:90 to 70:30)
EtOAc/Hex to obtain §1a2.

Step 3:
To a solution of 51a2 (181 mg, 0.30 mmol) in water (0.5 mL), acetone (2 mL) and
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MeOH (0.4 mL) is added OsQ, (0.04 mL, 2.5% solution in {-BuOH) and NMO (40
mg, 0.34 mmol) at RT. This is sfirred at RT for about 1.5 h. Sodium periodate (71
mg, 0.33 mmol) is then added and reaction mixture is stirred at RT for about 16 h.
The reaction mixture is poured into a saturated solution of aqueous Na,5,0; and
then exiracted with EtOAc (4x). The organic layers are combined, washed with brine,
dried over anhydrous Na,S0O,, filtered under vacuum and concentrated. The residue
is dissolved in MeOM (2 mL) and NaBH, (58 mg, 1.5 mmol} is slowly added and
stirred for about 1 h at RT. The reaction mixture is poured into a saturated solution of
aqueous NH.Cl and then extracted with EtOAc (3x). The organic layers are
combined, washed with brine, dried over anhydrous Na,SOq, filtered under vacuum
and concentrated. Purification by flash chromatography using (30:70 to 80:20)
EtOAc/Hex vields a mixture of aldehyde §1a3 and alcohol 51a4.

ExamMPLE §1B

Preparation of compound 1132

Step 1;
Compound §1a3 is transformed to compound 1132 using the procedure of Step 3,
Example 5A.

EXAMPLE 51C

Preparation of compounds 1135
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Compound 51a4 is transformed to compound 51e1 using the procedure of Step 2,

Example 38A.

Step 2:

Compound 5%¢1 is transformed to compound 1135 using the procedure of Step 3,

Exampie 38A.

10  EXAMPLE 52A

Preparation of compounds 1147
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Step 1:
Compound 28a1 is transformed to compound 52at using the procedure of Step 3,
Example 28A.

Step 2; Compound 52a1 is transformed to compound 52a2 using the procedure of
Step 2, Example 49A.

10 Step 3; Compound 52a2 is transformed to compound 1147 using the procedure of

Step 3, Example 48A.

EXAMPLE 53A
Preparation of compound 1152

ﬁrﬁ
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15
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~ Step ¥ o
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J\/Cr HCOGMe N
o

l Step 2

COOH coome
g <
O* 0 O/K

QMe

Me Ohlie

53a2
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Step 1:
Compound 28af1 is transformed to compound §3a1 using the procedure of Step 1,

5 BExample 40A.

Siep 2:
Compound 53a1 is transformed to compound §3a2 using the procedure of Step 2,

Example 49A.

10
Compound 53a2 is transformed to compound 1152 using the procedure of Step 3,
Example 40A,

15 EXAMPLE 54A _
Preparation of compounds 1165

CF, CF,
G CO0H
t Xy o] é/ I COOCR;Ie E o \@ !
SN N,b AN Sy
Slep 1 N Hﬁ
Cl
- O e OY
., — \/ i

OMe 1165 OMe

20 Stept:
To the solution of 7-azaindole (15 mg, 0.13 mmol) dissolved in anhydrous DMF (1
mL), at RT is added cesium carbonate (55 mg, 0.17 mmol) foliowed by the additon of
the benzylic chloride 8a3 (dissolved in anhydrous DMF 0.5 ml) is added, followed by
KI (3.5 mg, 0.02 mmol}. This is heated at 110°C for about 14 h, then cooled fo RT.

25  THF (1 mL), MeOH (1 mL) and NaOH (1 M, 1 mL)} is added and then this is stirred
for about 24 h at RT. The mixture is then concentrated, diluted with AcOH and
purified by preparative HPLC fo yield the desired product 1165.
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EXAMPLE 55A
Preparation of compound 1166

CO0OMe COOH
OME OMe
OMe Slep 1

GMe
A5a1 14886

0"

Step 1.
Compound 45a1 is transformed to compound 1166 using the procedure described in
Step 1, Example 54A.

10 EXAMPLE 56A

Preparation of compounds 1168

GOOM@ | R DKICO%H
KI N g N
S‘sep'l
M (‘j ,
86a1 ", L}/_? 11ee

éMe

Step 1:
15  Compound 56a1 is transformed to compound 1168 using the procedure of Step 1,
Example 55A.

EXAMPLE 57A

Preparation of intermediate 57a1

§Fs HO coon o COOMe
F M
+ :@iN oMe o y :@ Ohde
H F Step 1 F N
Ole
5 o) 0 o Oie
374 4682 57at
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Step 1.
Compound §7a1 is generated via the reaction of compounds 37a1 and 46a2 using .

the procedure of Step 1, Example 37A.

ExampeLE 578
5 Preparation of compound 3008

COOMe COGH
ﬁ OMe OMe
H OA

Step 1

Step 1.
Compound 57a1 is fransformed to compound 3808 using the procedure of Step 5,
10  Example BA.

EXAMPLE 57C

Preparation of intermediate 57¢2

COCMe 0 CO0Me
ﬁ II o Se e
F N{
OMe Step 1 OH OMe
57a% ©
o §7¢1 =
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Step 1.
Compound 57a1 is transformed to compound 57¢1 using the procedure of Step 2,

Example SA.

5 Step2:
Compound 57¢1 is transformed to compound §7¢2 using the procedure of Step 3,

Example 9A.

EXAMPLE 57D
10 PREPARATION OF COMPOUNDS 3008 AND 3010

COOMe "{l\ J 2010 OAO
OMe N :
— +
OME Step 1 CF;
| o COOoH
57¢1 j@[
N

Step 1:
To a solution of 57¢1 (49 mg, 0.08 mmol} in THF (1 mL) is added PPh; (24 mg, 0.09
15 mmol) and triazole (0.005 mL, 0.08 mmol}. The solution is cooled to 0 °C and DEAD
(0.017 mL, 0.09 mmol) is added. This is stirred at 0°C for about 45 min, warmed to
RT and stirring is continued for about ancther 72 h. MeOH (1 mL) and NaOH (1ml.,
1 M solution in water) are added and this mixture is stirred for about 24 h at RT. The
reaction mixture is then concentrated, dissolved in AcOH/MeOH (4 mL, 1:1) and
20 purified by preparative HPLC. The fractions are combined and solvent removed by
tyophilization to yield 3010 and 3009,
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EXAMPLE 58A
Preparation of compound 3011

COOH
COOMe i@: OMe

OM@ OM
Step 1 8 N °
OMe ‘.
5702 ‘. )
3011
5 Step 1.

Compound 57¢2 is transformed to compound 3011 using the procedure of Step 3,

Example 38A. '

EXAMPLE 59A

10  Preparation of compound 3015

OJ@COOME COOH
- I
N"‘(_ Step 1 N

1

¢ \“‘“OMe Ny_S , oM
§7c2 ! U
- =N

30156

CF,

Step 1:
Compound 57¢2 is transformed to compound 3015 using 2-mercaptopyrimidine in
15  the procedure of Step 1, Example 33A.

131



1122 -...0 ,,,0 | 1 Frmem oo "o -C"B 72 714.2 62A 1N ---—-N \

WO 2009/076747 PCTICAZ088/602107

EXAMPLE 60A

Preparation of compound 4004
0 SO
HO COOMe >\_@/ o6 s .0 COOH
N{ 60al N{
o}

OMe Ohie
Step 1 4004 0
2as o

Step 1:
Alcoho! 2a8 is transformed to compound 4004 using the thiophene 60a1 in the

procedure of Step 1, Example 25A.

10  EXAMPLE 61A

Preparation of intermediate 61a5

|
: |
HO OH H cl ol
N HO NP SN
| Step 1 : I
=N P N Step 2 N

a1 61a2 §1ad

Fo _F ;
| F 0 c
0 O — 7 Y
i A Step 4 _N
61ad

61a%

Step 1:
15 A mixture of dihydroxypyridine 61a1 (24 g, 216 mmol), K:COs (29.8 g, 216 mmol)

and water (240 mL) is heated to 100°C until it becomes homogeneous. Solid 1, (54.8
g, 216 mmol) is added portionwise (caution: evolution of gas!). When the iodine is
consumaed, the reaction is quenched with potassium hydrogen sulfate (216 mL, 216
mmol) which generates a precipitate. The precipitate is coliected by filtration and

20  dried under a stream of N to vield 61a2.

132



1123 _.--N-_--/N\ \o --.. 7.2 670.2 62A 1124 NN) | H ---.0 35.2 665.4 49A \

WO 2809/076747 PCT/CAZOG8/602107

10

15

20

25

30

Step 2:
A mixture of the diol 61a2 (49.3 g, 208 mmol), DMF (0.161 mL, 2.08 mmol} and

phosphorous oxychloride (252 mL, 2704 mmol) is heated to 90°C overnight. The
reaction mixture is concentrated, quenched with saturated aqueous NaHCOs3,
extracted with DCM, dried and concentrated to yield 61a3.

Step 3:

The di-chioride 61a3 (49 g, 179 mmol) and NaOMe (43.2 mL, 233 mmol) in MeOH
(550 mL) is stirred at RT overnight. The reaction mixture is extracted with EtOAc and
water and concentrated. Upon standing, crystais are formed. The crystals are
collected and washed with a small amount of iso-propyl ether. The crystais are
transferred with heptane onto a glass filter and dried under a stream of air to yield
61a4.

Step 4.

A solution/suspension of iodide 61a4 (1 g, 3.71 mmol), KF (0.216 g, 3.71 mmol) and
Cul {0.707 g, 3.71 mmol) in NMP (10 mL) in a microwave tube is degassed with Ar.
Methyl 2-chlore-2,2-difluoroacetate (3.64 mL, 34.5 mmol) is added and the. vessel is
closed under Ar and heated to 120°C for 30 min. in a microwave {caution: pressure
buildup observed, take appropriate caution). The mixture is cooled to RT and the
excess pressure is slowly released. A brine solution is added; then the reaction
mixture is extracted with Et,0. The combined organic layers are washed with brine,
dried and concenirated followed by multiple purifications by flash column
chromatography to yield 61a8.

EXAMPLE 61B
Preparation of compcund 4013

COOMe

\gir O j/v\'LCOOH
Siep 1 =N - OMe
" 4013
61a5 \(j/‘l§

OMe

Step 1.
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Compound 4013 is generated via the reaction of compounds §1a6 and 3aé using

the procedure of Step 1, Example 16A.

EXAMPLE 62A
5 Preparation of compound 1122

126 ) ! 62a1 1.0
_ F
Step 2 @

Step 1.
Pd/C (10%, 50 mg) is added to an EtOAc/MeOH (2:1, 9 mL)} solution of compound

1a6 (840 mg, 1.69 mmol). The flask is closed with a septum, placed under vacuum,
10 filled with hydrogen at atmospheric pressure and sfirred at RT for about 2 h. The
reaction vessel is placed under vacuum, filled with Ar and the solution is filtered over
Celite®. DMSO (6 mlL) is added to the solution, which is then concentrated under
reduced pressure to a minimal volume. Cesium carbonate (661 mg, 2.03 mmole} is
added, followed by chioropyridine 5b5 (422 mg, 1.53 mmol). The resulting mixture is
15  heated at 75°C for about 12 h, coolad to RT, diiuted with agueous saturated sodium
bicarbonate (100 mL) and extracted with EtOAc (2 x 100 mL). The combined organic
phases are washed with aqueous saturated sodium bicarbonate (2 x 50 ml.), brine
(2 x 50 mL), dried over NapS0,, filtered and concentrated under reduced pressure.
The residue is purified by column chromatography (10% to 40% EtOAc/hexanes) to
20 afford compound 62a1.

Step 2:
DMAP (7.7 mg, 0.063 mmol) and pyridine (0.152 mL., 1.88 mmol) are added to a
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DCE (4 mL) solution of aniline 82at (166 mg, 0.315 mmol) and acid chloride 1d8
(299 mg, 1.259 mmol). The reaction mixture is heated at 150°C under microwave
conditions, for 1 h, cooled to RT, diluted with EtOAc (100 mL) and washed
successively with agueous saturated sodium bicarbonate (2 x 50 mL) and brine (2 X
50 mL). The organic phase is dried over Na,SO,, filtered and concentrated under
reduced pressure. The crude residue is purified by column chromatography (80%
EtQAc/hex) to afford compound 62a2.

Step 3
Agqueous 5 M NaOH (0.115 mL, 0.577 mmol) is added dropwise to a 0°C MeOH/THF

solution (1:1, 2 mL) of ester 62a2 (63 mg, 0.086 mmol). The solution is stirred for
about 2 h at RT, acidified with AcOH (1 mL) and purified by preparative HPLC to
afford compound 1122

EXAMPLE 63A
Preparation of compound 1136

£
o
H © N gaat

3
HO COO""Q Step 1 = o DMe
N /
= N OMe
Zaai

Bb5 l
Step 2

Wb/ d{OMe Step 3 l\/(J/\( @L{)Me
/ /gg OMe
Br F
Step 1:

Potassium carbonate (414 mg, 3.00 mmol) is added to a RT DMSO (10 mL) solution
of the chioropyridine 565 (380 mg, 1.37 mmol) and the phenol 24a2 (412 mg, 1.53

Z-—Z

mmol). The reaction mixture is heated at 80°C overnight. The solution is cooled to
RT, diluted with agueous saturated sodium bicarbonate and extracted with EtOAc {2
x 50 mL). The combined organic phases are washed with agueous saturated sodium
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bicarbonate (2 x 50 mL), brine (2 x 50 mL), dried over Na.SO,, filtered and
concentrated under reduced pressure. The crude residue is purified by column
chromatography (30% to 75% EtOAc/hexanes) to afford 63a1,

5 Step2:

DMAP (1.2 mg, 0.010 mmol) and pyridine (0.024 ml, 0.31 mmol) are added to a
DCE (2 mL) solution of aniline 63a1 (52.1 mg, 0.102 mmol} and acid chloride 1d8
(60..6 mg, 0.255 mmol). The reaction mixture is heated at 150°C in a microwave for 1
h, cooled to RT, diluted with EtOAc (100 mL) and washed successively with aqueous

10 saturated sodium bicarbonate (2 x 50 mL) and brine (2 x 50 mL). The organic phase
is dried over Na,SQ,, filtered and concenifrated under reduced pressure. The crude
residue is purified by column chromatography (80% to 100% EtOAc/hex) to afford

compound §3aZ2.

15  Step 3:
Agueous 5 M NaOH (0.140 mL, 0.700 mmol) is added dropwise to a 0°C MeOH/THF

solution {1:1, 2 mL) of ester 63a2 (50 mg, 0.070 mmol). The solution is stirred for
about 2 h at RT, acidified with AcOH (1 mL) and purified by preparative HPLC to
afford compound 1136.

20
ExXAMPLE 64A

Preparation of compeound 1143
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NN ¢l
Br é

1b8

EF CF 8]
FF CF, O RK' \3 ° _

e oH Step 3 . | © OMe
o OMe = SUNASN o N{

s

i = Q 64a2
1543 P Br
Br

Step 1:
Pd/C {(10%, 24 mg) is added o an EtOAc/MeOH (2:1, © mL) solution of compound

&  1a6 (Y15 mg, 1.89 mmol). The flask is closed with a sepfum, placed under vacuum,

filled with hydrogen at atmospheric pressure and stirred at RT for about 2 h. The
reaction vessel is placed under vacuum, filled with Ar and the solution is filtered over
Celite®. DMSO (6 mL) is added 1o the solution, which is then concentrated under
reduced pressure to a minimal voiume. Cesium carbonate (739 mg, 2.27 mmole) is
10  added, foliowed by chloropyridine 5a6 (357 mg, 1.14 mmol). The resulting mixture is
heated at 75°C for about 12 h, cooled to RT, diluted with agueous saturated sodium
bicarbonate (100 mL) and extracted with EtOAc (2 x 100 mL). The combined organic
phases are washed with agueous saturated sodium bicarbonate (2 x 50 mL), brine
(2 x 50 mL), dried over Na,S0Q,, filtered and concentrated under reduced pressure.
16 The residue is purified by column chromatography (20% to 80% EtOAc/hexanes) {o

afford compound 64a1.

Step 2:
DMAP (7.7 mg, 0.063 mmol) and pyridine (0.078 mL, 0.973 mmol) are added to a

20 DCE (4 mL) solution of aniline 64at (100 mg, 0.177 mmol) and acid chloride 1b8
(116 mg, 0.530 mmol). The reaction mixture is heated at 150°C under microwave
conditions, for 1 h, cooled to RT, diluted with EtOAc (100 mL) and washed
successively with aqueous saturated sodium bicarbonate (2 x 50 mL) and brine (2 x
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50 mL). The organic phase is dried over Na,SO,, filtered and concentrated under
reduced pressure. The crude 64a2 is used directly in the next step.

Step 3:

5 Aqueous 5 M NaOM (0.695 mL, 3.475 mmol) is added dropwise o a 0°C THF/DMSO
solution (2:1, 3 mL) of the crude ester 64a2. The solution is stirred for about 2 h at
RT, acidified with AcOH (1 mL) and purified by preparative HPLC to afford
compotund 1143.

10 EXAMPLE 65A

Preparation of compound 1162

F E CF, COOMB £ e (;{:3
= Cl Step 1 O CO Me
i * N
N S v Olle
5a6

OMe

15 Step1:
Potassium carbonate (103 mg, 0.744 mmol) is added to a DMSO (4 mL) solution of
the chioropyridine 5a6 (175 mg, 0.558 mmeol) and phenol 3b6 (150 mg, 0.372 mmol).
The reaction mixtura is stifred at 80°C overnight, cooled fo RT, diluted with agueous
saturated sodium bicarbonate (100 mL) and extracted with EtOAc (2 x 50 mL). The

20  combined organic phases are washed successively with aqueous saturated sodium
bicarbonate (2 x 50 mL), brine (2 x 50 mL), dried over Na,S0y, filtered and
concentrated under reduced pressure. The crude residue is purified by column
chromatography (30% EtOAc / hexanes to 100% EtOAc) to afford 65a1t.

25  Step 2
Aqueous 5 M NaOH (0.486 mL, 2.43 mmol) is added dropwise to a 0°C THF/MeOH
138
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salution (2:1, 3 ml) of the ester 65a1 (166 mg, 0.243 mmol). The solution is stirred
at RT for about 5 days, acidified with AcOH (1 mL) and purified by preparative HPLC

" to afford compound 1162.

EXAMPLE 66A

Preparation of compound 1163

5a6

F F CF;
O Co
X S e 8 S
: : B N
V. p—
1163 ° °
-~ &8a3

Palladium acetats (14 mg, 0.021 mmol) is added to a solution of 1,10-phenantnroline
(3.6 mg, 0.020 mmol} in ethyl vinyl ether (5 mL). The mixture is stirred at RT for
about 15 min to receive a solution of alcohol 3b4 (500 mg, 1.04 mmal) in ethyl vinyl
ether (5 mL). The reaction mixture is heated at 80°C for about 48 h and cocled to
RT. Silica gel is added and the mixture is concentrated under reduced pressure. The
solid is applied onto a silica gel column and eluted with 20% EtOAc/hexanes to
afford vinyl ether 66a1.

Step 2.

Pd/C (10%, 14 mg) is added to a MeOH solution (10 mL) of the benzyl ether 66a1
(135 mg, 0.267 mmol). The reaction vessel is closed with a septum, placed under
vacuum and filled back with hydrogen at atmospheric pressure. The reaction mixiure
is stirred overnight under hydrogen. The reaction vessel is placed under vacuum and

filied back with Ar. The reaction mixture is filtered over Celite® and washed with
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EtOAc (100 mL). The organic phase is concentrated under reduced pressure and
the residue 66a2 is utilized crude in the following step.

Step 3

Potassium carbonate (71 mg, 0.512 mmol) is added to a DMSO (2 mL) solution of
chioropyridine 5a6 (89 mg, 0.282 mmol) and phenol 66a2 (107 mg, 0.256 mmol).
The reaction mixture is stirréd at 80°C overnight, cooled to RT, diluted with aqueous
saturated sodium bicarbonate (100 mL) and extracted with EtOAc (2 x 50 mL). The
combined organic phases are washed successively with aqueous saturated sodium
bicarbonate (2 x 50 mL), brine (2 x 50 mL), dried over Na,SO,, fillered and
concentrated under reduced pressure. The crude residue is purified by column
chromatography (30% to 80% EtOAc/hexanes) to afford §6a3.

Step 4:
Aqueous 5 M NaOH (0.122 mL, 0.610 mmol) is added dropwise to a 0°C THF/MeOH

solution {2:1, 3 mL) of the ester 66a3 (85 mg, 0.122 mmol). The solution is stirred at
RT for about 5 days, acidified with AcOH (1 mL) and purified by preparative HPLC to
afford compound 1163.

EXAMPLE 67A

Preparation of compound 1164

BnOO:COZMe BnO._ =y COMe HO‘C[COEW
Step 1 U
0 ' OAO © g2
g6a1
X v 67at

F F CF,

')% G l
! Step 3
K/N N

5ab
FF GF,
s} COH
é | = @ ‘ Step 4 | cNe) CoMe
N AN N—O""O ’ Ne_ AN

1164 OAO = O/ko >

67a3
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Step 1:
Diazomethane (5 mL, 0.6 M in ether) is added to an ice coid ether solution (10 ml)

of vinyl ether 66a1 (170 mg, 0.336 mmol) and palladium acetate (10 mg, 0.045
mmol). The reaction mixture is stirred overnight at RT, filtered over Celite®, washed
with EtOAc (50 mL) and concentrated under reduced pressure. The residue is
purified by column chromatography (10% to 40% EtOAc in hexanes) to afford
compound 87a1.

Step 2.
Pd/C (10%, 10 mg) is added to a MeOH solution (10 mL) of the benzy! ether 67a1

{132 mg, 0.254 mmol). The reaction vesse! is closed with a septum, placed under
vacuum and filled back with hydrogen at atmospheric pressure. The reaction midure
is stirred overnight under hydrogen. The reaction vessel is placed under vacuum and
filled back with Ar. The reaction mixture is filtered over Celite® and washed with
EtOAc (100 mL). The organic phase is concentrated under reduced pressure to
afford crude 67a2 which is utilized crude in the following step.

Step 3

Potassium carbonate (212 mg, 1.53 mmol) is added to a DMSO (10 mL) solution of
chioropyridine 5a6 (241 mg, 0.768 mmol) and crude phenoi 67a2. The reaction
mixture is stirred at 80°C overnight, cooled 1o RT, diluted with saturated aqueous
sodium bicarbonate (100 mL) and extracted with EtOAc (2 x 50 mL). The combined
crganic phases are washed successively with agueous saturated sodium
bicarbonate (2 x 50 mL), brine (2 x 50 mbL)}, dried over Na,SQ,, filtered and
concentrated under reduced pressure. The crude residue is purified by column
chromatography (30% to 80% EtOAc/hex) to afford 67a3.

Step 4: _
Aqueous 5 M NaOH {0.354 mL, 1.77 mmol) is added dropwise to a 0°C THF/MeOH

solution {2:1, 3 mL) of the ester 67a3 (125 mg, 0.177 mmol). The solution is stirred
at RT for about 5 days, acidified with AcOH (1 mL) and purified by preparative HPLC
to afford compound 1164.

141



\I

'CH35.5677.3 42A N-/ 142 5.9 690.1 64A

WO 2009/076747 PCT/CA20068/002167

10

18

20

EXAMPLE 68A
Preparation of intermediate 68a1

™= Step 1 Xy
— |
-~ o
N N° "SnBu,
&8at

Step 1:
n-Butyllithium (2.1 M in hexanes, 8.82 ml, 18.5 mmol) is added dropwise to an ice

cold hexanes (10 ml) solution of N, N-dimethylethano!aminé (0.900 mL, 9.063
mmol) The reaction mixture is stirred at D°C for about 30 min at which time a
hexanes solution (10 mL) of 2—cyciopropylpyradsne {380 mg, 3.02 mmole) is added.
The reaction mixture is sfirred for about 45 min at 0°C and then cooled to -78°C to
receive a hexanes solution (10 mL) of fributylstannyi chloride (3.44 g, 10.5 mmoi).
The mixture is stirred at -78°C for about 30 min, warmed to RT over about a 30 min
period, diluted with water (100 mL) and extracted with ether (2 x 50 mL). The
combined organic phases are washed with brine (2 x 50 mL), dried over Na,SO,,
filtered and concentrated under reduced pressure to obtain crude 68at.

KAWNPLE 68B

Preparation of compound 1169
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Step 1: 4
in a microwave tube, chloride 57¢2 (102 mg, 0.169 mmol) is put in degassed DMF (2

mL, degassed by bubbling a volume of Ar while sonicating for about 10 min) along
with stannyl 68a1 (241 mg, 0.177 mmol). Pd(PPhs)s (49 mg, 0.017 mmol) is added,
the tube is sealed and put in the microwave at 125°C for 20 min. The mixture is
diluted in EtOAc and washed with water (2x) and brine (2x). The combined organics
are dried over MgSQ,, filtered and concentrated. The crude residue is passed on a
short silica gel column (20% to 70% EtOAc in hex) to afford compound 68b1.

Step 2:
Aqueous 5 M NaOH (0.301 mL, 1.505 mmol) is added dropwise to a 0°C THF/DMSO

solution (2:1, 3 mL) of ester 88b1 (85 mg, 0.124 mmol). The solution is stirred at RT
for about 5 days, acidified with AcOH (1 mL) and purified by preparative HPLC fo
afford compound 1169,

EXAMPLE 69A
Preparation of compounds 1172, 1173 and 1174

143



R6 tR (min) MS (W HY method 1144 F v/ F---\ F en*Li- 6.0 752.1 64A /N)

1145 F,,,

7.7 628.3 42A 0/\\

WO 2009/676747

(8]

10

PCTICA2608/002107

CF,
T O]@:COOME coMe
P o Step 1 :@:
N OMe
{M £ i\;l + HO/WSnBug ——
OMe

69at

Step 2
¢ CO,M
ﬁ/o CO,Me e
LN Ij: Ola OMe
o™y
OlMe
0
69a3 o 89a2
isceps lStep:t
CF,
N o CO,H CO,Me
[ _n ﬁ OMe OMe
MeO 2N F N‘{
OMe OMe
0
P 5924
lsuep 5
CF
¢Fs ')\3/0 COH
l\\ro coH SOYSTE
i OMe 4 =N )\/}\ e
"N\N =N . N / N
N N OMe
N OMe

o

1174

O"k °
173
Step 1:

Bis(tri-ter-butylphosphine)paliadium (38 mg, 0.075 mmol) is added to a DMF
solution {4 mL) of compound 25a1 (510 mg, 0.747 mmol) and stannane (285 mg,
0.822 mmol). The reaction mixture is degassed by bubbling Ar in the solution for
about 15 min, stirred at 100°C for about 2 h, cooled fo RT, diluted with aqueous
saturated sodium bicarbonate and exiracted with EtOAc (2 x 50 mL.). The combined
organic phases are washed successively with agueous saturated sodium
bicarbonate (2 x 50 mL), brine (2 x 50 mL), dried over Na,S0,, filtered and
concentrated under reduced pressure. The crude residue is purified by column
chromatography (40% to 60% EtOAc in hexanes} to afford compound 69a1.
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Siep Z:
Diazomethane (5 mL, 0.6 M) is added to an ice cold ether solution (10 mL) of

compound 69a1t (100 mg, 0.163 mmol) and palladium acetate (10 mg, 0.045 mmol).
The reaction mixture is stirred overnight at RT, filtered over Celite® , washed with
EtQAc (50 mL) and concentrated under reduced pressure. The residue is purified by
column chromatography (50% te 90% EtOAc in hexanes) to afford methy! ether 69a3
and alcohol 63a2.

Step 3:
Agueous 5 M NaOH (0.112 mL, 0.560 mmol) is added dropwise to a 0°C THF/MeOH

sciution (2:1, 3 mL) of ester §89a3 (36 mg, 0.056 mmol). The solution is stirred at RT
for about 24 h, acidified with AcOH (1 mL) and purified by preparative HPLC to afford
compound 1172.

Thionyi chioride (12 pl, 0.163 mmol) is added to a 0°C DMF solution (2 mL) of
alcohol 69a2 (40 mg, 0.065 mmol), followed by one drop of DMF. The reaction
mixture is stirred at RT for about 3 h, diluted with saturated aqueous sodium
bicarbonate (50 mL) and extracted with EtOAc (2 x 50 mL). The combined organic
phases are washed successively with saturated aqueous sodium bicarbonate (2 x 50
mL}, brine (50 mL}, dried over Na,SQ,, filtered and concentrated under reduced
pressure, The crude compound 69a4 is used directly in the following step.

Step 5.
Sodium hydride (60% in mineral oil, 5.2 mg, 0.130 mmol) is added to an ice cold

solution of 1,2,3-triazole (8.9 mg, 0.130 mmol). The solution is transferred over an
ice cold DMF solution of chloride 69a4 (41.8 mg, 0.085 mmol) and stirred at RT
overnight. The reaction mixture is diluted with saturated aguecus sodium
bicarbonate (50 mL) and extracted with EtOAc (2 x 50 mL). The combined organic
phases are washed successively with aqueous saturated sodium bicarbonate (2 x 50
mL}, brine (50 mL), dried over Na,SQ,, filtered and concentrated under reduced
pressure. The crude residue is dissolved in THF/MeOH (2:1, 3 mL) and cooled to
0°C. Aqueous 5 N sodium hydroxide (64 ul, 0.320 mmol) is added. The solution is
stirred at RT for about 5 days, acidified with AcOH (1 mL) and purified by preparative
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HPLC to afford 1174 and 1173.

EXAMPLE 70A

Preparation of intermediate
CF, CF,

cF,
OH  siep 1 Sy O Step 2 O._.0. Siep3 NN
] Z | H e
7083

70a1 70a2 0 70a4

’ Step 4

¥
3 CF:!
OO, OO~
e .
Step5 HO
70a7

} Step 7 70a6 70as

CF, CF, GF

=N 0.0« /=

> I;! N. N
N™ + N

T0a8

O\/O\
e

Steps  C
CF, CFs

OH e OH
\/@ * Nﬁ
N’N

7029 70a10

7
z\/\”
s

Step 1: _
lodine monochioride (5.00 g, 30.8 mmol) is slowly added to a RT glacial acetic acid

solution (40 mL) of 2-hydroxybenzotrifluoride 70a1 (5.00 g, 30.8 mmol). The reaction
mixture is stirred overnight at RT then poured over water (200 mL). The mixture is
extrated with EtOAc (3 x 100 mL} and the combined organic phases are washed with
water (100 mL), brine (100 mL), dried over Na,S0,, filtered and concentrated under
reduced pressure. The crude residue is purified by column chromatography (100%
hexanes then 2% to 20% EtOAc /hexanes) to afford compound 70a2.

Step 2:

Sodium hydride (60% in mineral cil, 312 mg, 7.82 mmol) is added to a 0°C DMF
solution of phenol 70a2 (1.50 g, 5.21 mmol). he solution is stirred at 0'C for about 5
min and chloromethyimethylether (514 uL, 6.77 mmole) is added. The reaction
mixture is stirred at RT overnight, diluted with saturated agueous sodium
bicarbonate {100 mL) and extracted with EtOAc (2 x 100 mL). The combined organic
phases are washed with water (2 x 50 mL), brine (100 mL), dried over Na,SQ,,
filtered and concentrated under reduced pressure. The crude residue is purified by
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column chromatography (100% hexanes then 2% to 20% EtOAc / hexanes) to afford
compound 70a3.

Step 3.
n-Butyllithium (2.5 M in hexanes, 1.68 mL, 4.14 mmol) is slowly added to a -78 °C

ether solution (35 mL) of iodophenol 70a3 (1.18 g, 3.54 mmol), The reaction mixture
is stirred for about 15 min at -78 "C and DMF is added (418 L, 5.40 mmol), The
reaction mixture is stirred at RT for about 1 h, diluted with saturated aqueous sodium
bicarbonate (100 mL) and exiracted with EtOAc (2 x 100 mL). The combined crganic
phases are washed with water (2 x 50 mL)}, brine (100 mL.), dried over Na,8Q,,
filtered and concentrated under reduced pressure. The crude residue is purified by
column chromatography (100% hexanes then 2% to 20% EtOAc /hexanes) to afford

compound 70a4.

Step 4.
Sodium borohydride (143 mg, 3.79 mmal) is added to a 0°C MeOH (30 mL) solution

of aldehyde 70a4 (740 mg, 3.16 mmol}. The reaction is stirred at 0°C for about 2 h,
diluted with saturated aqueous sodium bicarbonate (5C mL), concentrated under '
reduced pressure and extracted with EtOAc (3 x 50 mL). The combined organic
phases are washed with brine (100 mL), dried over Na,SQ,, filtered and
concentrated under reduced pressure. The crude residue is purified by column
chromatography (100% hexanes then 2% to 20% EtOAc / hexanes) to afford
compound T0ab.

Step 5.
Thionyl chioride (377 pk., 5.17 mmol) is added to a 0°C DCM (20 mL) solution of

alcohol 74a6 (610 mg, 2.58 mmol). The reaction mixture is stirred at RT for about 1
h, diluted with saturated agueous sodium bicarbonate (50 mbL) and extracted with
EtOAc (3 x 50 ml). The combined organic phases are washed with brine (100 mL),
dried over Na,S0Q,, filtered and concentrated under reduced pressure. The crude
residue 7046 is used directly in the next step.

Step 6:
Sodium hydride (60% in mineral oil, 196 mg, 4.0 mmol} is added to a2 0°C DMF

solution (3 mL) of 1,2, 3-friazole (336 mg, 4.87 mmol). The reaction mixture is stirred
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at 0°C for about 30 min and transferred over a 0°C DMF solution (20 mL) of benzyl
chloride 70a6 (620 mg, 2.44 mmol). The reaction mixture is stirred for about 2 h at
RT, diluted with saturated agqueocus sodium bicarbonate (50 mL) and extractad with
EtOAc (3 x 50 mL). The combined organic phases are washed with brine (100 mL),
dried over Na,S0,, filttered and concentrated under reduced pressure. The crude
residue is purified by column chromatography {100% hexanes then 20%to 80%
EtOAc / hexanes) to afford a mixture of compounds 70a7 and 70a8.

Step 7:
Aqueous 1 N HCI (2.0 mL) is added to a 0°C THF solution (10 mL) of compounds

706a7 and 70a8 (699 mg, 2.44 mmol). The reaction mixture is warmed up to RT and
then heated at 65 °C for about3 h. The reaction mixture is cooled {o RT, diluted with
saturated aqueous sodium bicarbonate (50 mL) and extracted with EtOAc (3 x 50
mL). The combined organic phases are washed with brine {100 mL), dried over
Na,SO,, filtered and concentrated under reduced pressure. The crude residue is
purified by column chromatography (30% EtOAc / hexanes to 100% EtOAc) to afford
a mixture of compounds 70a9 (elutes first) and 70a10.
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EXAMPLE 70B
Preparation of compound 2003
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N
N
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Step4 N"N NO
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C L
\Y -]
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> - H OMe
70b6
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_ Uko Step 7
’ 1a8
CF, 0
O
Sten 8 \HI\" 1 1 OBn Oie
_ Step NP P N{
Oie

3-fluoro-2-methylbenzoic acid (5.0 g, 32.4 mmol) is dissclved in sulfuric acid (35 mL}

and the resulting mixture is cooled to 0°C. Nitric acid (4.0 mL) is added dropwise

over about a 10 min period. The reaction mixture is stirred at 0°C for about 2 h,

poured over ice and extracted with EtOAc (2 x 50 mL). The combined organic

10 phases are dried over Na,SQ,, filtered and concentrated under reduced pressure to

afford crude 70b1.

Step 2:

Potassium carbonate (2.05 g, 14.8 mmol) is added to a RT DMF (60 mL) solution of
15 acid 70b1 (1.48 g, 7.32 mmol), followed by benzyl bromide (1.06 mL, 8.91 mmol).
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The reaction mixture is stirred at 80°C overnight, cooled to RT, poured over water
and extracted with E10Ac (2 x 106 mL.). The combined organic phases are washed
with brine (2 x 100 mL), dried over MgSQ,, fittered and concentrated under reduced
pressure. The crude residue is purified by column chromatography (20% EtOAc in
hexanes) to afford ester 70h2. |

Step 3:

Cesium carbonate (1.41 g, 4.36 mmol) is added to a DMSO soiution of ester 70b2
(1.050 g, 3.63 mmol) and phenol 7028 (883 mg, 3.63 mmol). The reaction mixiure is
stirred for about 2 h at 75°C. After cooling fo RT, the solution is diluted with agueous
saturated sodium bicarbonate (100 mL) and extracted with EtOAc (2 x 50 mL}. The
combined organic phases are washed with aqueous saturated sodium bicarbonate
(2 x 50 mL), brine {50 mL), dried over MgSQ,, filtered and concentrated under
reduced pressure. The crude residue is purifired by column chromatography (20% to
50% EtOAc/hexanes) to afford 70b3.

Step 4:

Saturated aqueous ammonium chioride (20 mi) is added to a RT 2-propanol (20
mi) solution of nitro 70b3 (855 mg, 1.67 mmol). Iron powder (652 mg, 11.5 mmol) is
added and the resulting reaction mixture is stirred at 60°C for about 3 h. The mixture
is cooled to RT, filtered through Celite® anc washed with EtOAc. The organic phase
is collected, washed with brine (2 x 50 mL), dried over Na,S0,, fillered and
concentirated under reduced pressure. As approximately half of the material is
saponified to the acid, the crude reside is redissolved in DMF (50 ml) and potassium
carbonate (461 mg, 3.37 mmol) and benzyi bromide (0.245 mL, 2.02 mmol) are
added.The reaction mixture is stirred at 80°C overnight, cooled to RT, poured over
water and extracted with £EtOAc (2 x 100 ml). The combined organic phases are
washed with brine {2 x 100 mL), dried over MgSQ,, filtered and concentrated under

reduced pressure. The crude aniline 70b4 is used directly in the next step.

Step 5:
The crude aniline 70b4 (550 mg, 1.14 mmol) is dissolved in MeOH (1 mL) and 2 M

HC! in ether (1 mL) is added. The mixture is stirred at RT for about 1 h and

concentrated under reduced pressure. The resulting residue is dissolved in MeOH

(10 mL) and a MeQH (3 mL) solution of dihydroxyacetone (649 mg, 7.21 mmol) is
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added. The reaction mixture is stirred at RT for about 1 h and a MeOH solution (3
mL)} of sodium cyanoborohydride (266 mg, 4.24 mmol) is added. The reaction
mixture is stirred at RT for about 1 h, diluted with aqueous saturated sodium
bicarbonate (50 mi.}, concentrated under reduced pressure to a minimal veolume and
extracted with EtOAc (2 x 50 mL). The combined organic phases are washed with
aqueous saturated sodium bicarbonate (2 x 50 mL)}, brine (50 mL.), dried over
Na,SO., fitered and concentrated under reduced pressure. The crude reside is
purified by column chromatography (50% EtOQAcfhex fo 100% EtOAc) to afford 70bS5.

Step 6:
A DMF suspension (2 mL) of sodium hydride (95%, 44 mg, 1.74 mmol) is added to a

0°C DMF solution of compound 70b5 (440 mg, 0.791 mmol) and iodomethane (247
ul., 3.95 mmol). The reactioh mixture is stirred st 0°C for about 1 h and more sodium
hydride is then added (95%, 44 mg, 1.74 mmol in 2 mL of DMF). The reaction
mixture is stirred at 0°C for about 1 h, diluted with agueous saturated ammonium
chloride (50 mL.) and extracted with EtOAc (2 x 50 mL). The combined organic
phases are washed with agueous saturated sodium bicarbonate (2 x 50 mL), brine
(50 mL), dried over Na,SQy, filtered and concentrated under reduced pressure. The
crude 70b6 is used directly in the next step without further purification.

Step 7

DMAP (1.8 mg, 0.014 mmol) is added to a DCE (1 mL) solution of aniline 70b6 (40
mg, 0.068 mmol), acid chioride 1a8 (44 mg, 0.27 mmol) and pyridine (32 ul, 0.41
mmol}. The reaction mixture is heated at 150°C for about 45 min in a microwave.
The reaction mixture is cooled fo RT and then pyridine (32 uL, 0.41 mmol) and acid
chioride 1a8 (44 mg, 0.27 mmol) are added. The reaction mixture is resubmitted to
microwave conditions {45 min at 150°C), cooled to RT, diluted with agqueous 1 N HCl
(10 mL) and extracted with EtOAc (2 x 50 mL). The combined organic phases are
washed with aqueous 1 N HC! (50 mlL), saturated aqueous sodium bicarbonate {2 x
50 mL), brine (50 mL), dried over Na,S0,, filtered and concentrated under reduced
pressure. The crude reside is purified by column chromatography (20% EtOAc/hex
to 100% EtOAc) to afford 70bT7.

Step 8:
Palladium 10% on charcoal (15 mg) is added to an EtOAc/MeOH (2:1, 6 mL)
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solution of the benzyl ester 70b7 (12 mg, 0.017 mmol). The reaction mixture is
evacuated and filled back with hydrogen at atmospheric pressure. The reaction
mixture .is stirred at RT for about 15 min, filtered over Celite® , washed with FtOAc
and concentrated under reduced pressure. The crude residue is purified by

5 preparative HPLC to afford 2003.

EXAMPLE 7T1A

Preparation of compound 4002

° =N o OMe
a5 P 4002
10 iy

Potassium carbonate (277 mg, 0.854 mmol) is added to a DMSO solution (5 mL) of
phenol 2a5 (160 mg, 0.407 mmol) and chloroisoquinoline (73 mg, 0.477 mmol). The
reaction mixiure is stirred at 150°C for about 10 min, cooled to RT and fillered. To

15  the resulting solution is added aqueous 2.5 N NaOH (0.3 mi, 0.750 mmol}. The
reaction mixture is stirred at RT for about 3 h, acidified with glacial AcOH (2 mL} and
purified by preparative HPLC to afford compound 4002.

EXAMPLE 7T2A
20  Preparation of compound 4003

=HO CC,Me COH
O SO
o
Olle N :
0 OMe
- 2a8 / 4003

Cesium carbonate (208 mg, 0.640 mmol) is added to a DMSO solution (5 mL) of

25  phenol 2a5 (120 mg, 0.305 mmol} and chlorogquinoline (50 mg, 0.305 mmeo!). The
reaction mixture is stirred at 180°C for about 10 min, cooled to RT and filtered. To
the resulting solution is added agueous 2.5 N NaOH (0.3 mL, 0.750 mmol}. The
reaction mixture is stirred at RT for about 3 h, acidified with glacial AcOH {2 mL) and
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purified by preparative HPLC to afford compound 4003.

EXAMPLE 73A

Preparation of compound 4006

HO ., COMe CO,Me
U C one | Steet \Oi OMe
N
Cile OMe
0 73a1
=
w 23§

Step 1:

Copper (1) chioride (13 mg, 0.13 mmol) is added to a NMP solution (3 mL} of phenol
2a5 (100 mg, 0.254 mmol), iodide (77 mg, 0.35 mmol), cesium carbonate (166 mg,
0.508 mmol) and 2,2,6 6-tetramethylheptane-3,5-dione (5 uL, 0.025 mmol). The
reaction mixture is evacuated and filled with nitrogen. The cycle is repeated 5 times
then the reaction mixfure is stirred at 120°C for about 2 h, cooled to RT, diluted with
saturated aqueous sodium bicarbonate and extracted with EtOAc (50 mL.). The
organic phase is washed with agueous saturated sodium bicarbenate (2 x 50 ml),
brine (50 ml), dried over Na,SQ,, filtered and concentrated under reduced pressure.
The crude reside is purified by column chromatography (20% EtOActhex to 60%

EtOAC) to afford 73a1.

Step 2:
Agueous 5 M NaOH (0.265 mL, 1.32 mmol} is added dropwise to a 0°C THF/DMSO

solution (1:1, 2 mL) of ester 73a1 (46 mg, 0.088 mmol}. The solution is stirred at
40°C for about 2 h, acidified with AcOH (1 mL) and purified by preparative HPLC fo
afford compound 4006,
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Preparation of compound 1175
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1175 7422 .
Step 1.

To a solution of chioride §7¢2 (200 mg, 0.33 mmol) in DMF (2 mL) are added
5 trimethylsitylacetyiene (162 mg, 1.65 mmol), Cul (6.3 mg, 0.033 mmol}, Et;N (0.230

mk., 1.65 mmol) and Pd{PPhs), (38 mg, 0.033 mmol) at RT. This mixiure is stirred at
120°C in the microwave for 10 min. TBAF (1.65 mL, 1 M solution in THF) is added at
RT and the reaction mixture is stirred for about 30 min. A saturated aqueous solution
of NH,Cl is added and the mixture is extracted with Et,O (3x). The organic layers are

10  combined, washed with brine, dried over anhydrous Na,SQ,, filtered and
concentrated. The crude residue is then purified by flash chromatography using
(20:80 to 80:40) EtOAc/Hex to afford compound 74a1,

Step 2:
15  To a solution of alkyne 7dat (123 mg, 0.21 mmol} in water (1 mL) is added azide

44a2 (97 mg, 0.62 mmol) at RT. This mixture is stirred at 120°C for about 3 h, then
at 85°C for about 16 h. The reaction mixture is extracted with Et,O (3x). The organic
layers are combined, washed with brine, dried over anhydrous Na,SQ,, filtered under
vacuum and concentrated. The crude residue is purified by flash chromatography

20 using (20:80 to 70:30) EtOAc/Hex to afford compound 74a2.

Step 3:
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To a solution of ester 74a2 in MeOH (1 mL} is added an agueous NaOH solution (5
N, 0.024 ml., 0.12 mmol) at RT. The mixture is stirred for about 5 h before being
acidified with 1 M HCI and extracted with EtOAc {4x). The combined fractions are
dried and concentrated. The residue is re-dissolved in MeOH (2 mL) and
5  (trimethytsilyl)diazomethane (0.120 mi, 2 M solution in £t,0) is added at 0°C. The

reaction mixture is stirred for about 1 h at 0°C, then concentrated. The residue is re-
dissolved in a THF (1 mL}/MeQCH (1 mL) mixture and an agqueous NaOH solution (5
N, 0.024 mL, 0.12 mmol} is added at RT. The mixture is stirred for about 3 h, then
concentrated. The residue is re-dissolved in a MeOH (1 mL) / AcOH (1 mL) mixture

10 and purified by preparative HPLC. The fractions are combined and solvent removed
by Iyophitization to afford pure compound 1175,

EXAamMPLE 75A
Preparation of compound 4016
18

Br
ar HO CO0Me O COMe
OMe Step 1 N d \@ OMe
oL o Ao o= O
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l Step 2
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o 2 R 2 l
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. 4 ﬁ/ \C[ {OM& Stap 3 N 8 @ {OM& Ny 5 VN{ £}
N e . N +
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o I o

4618 7583 7502

Step 1:
Cesium carbonate (2.48 g, 7.62 mmol) is added to a DMSO solution (10 mL) of the

20 phenol 2a5 (1.78 g, 6.61 mmol) and 4,5-dibromo-thiophene-2-carbaldehyde (35 mi,
5.08 mmol). The reaction mixture is stirred at 80°C for about 16 h, cooled to RT,
poured over water and extracted with Et,O (3 x 50 mL). The combined organic
phases are concenirated under reduced pressure. The crude residue is purified by
column chromatography (30% to 70% EtOAc in hexanes) to afford compound 75a1.

25
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Sodium trifluoroacetate (383 mg, 2.82 mmol) is added 10 a NMP solution (2 mL) of
the bromide 78a1 (410 mg, 0.704 mmol) and copper iodide (268 mg, 1.41 mmol).

The reaction mixture is stirred at 160°C in the microwave for 10 min, then at 180°C

for another 10 min and cocled to RT. The reaction mixture was poured over water

and extracted with EtOAc (3 x 50 mL). The combined organic phases are washed

with brine (2 x 50 mL), dried over Na,SQ,, filtered and concentrated under reduced

pressure. The crude residue is purified by column chromatography (40% to 70%

EtOAc in hexanes) to afford compound 75a2 and compound 75a3.

Step 3:

Compound 75a3 is transformed to compound 4016 using the procedure in Steps 2

and 3, Example 37A.

EXAMPLE 76A
Preparation of compound 4017

Step 1.

Step 1

m‘j;ij7,,i)\v,/\\w,,ctb H
N8 K/\ {OM&

Ohfe

4017

Compound 75a3 is transformed to compound 4017 using the procedure described in

Step 3, Example 75A.

EXAMPLE 77TA
Preparation of compound 4018

Br
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Step 1:
Compound 78a2 is transformed to compound 4018 using the procedure described in
Step 3, Example 75A.

5 EXAMPLE T8A
Preparation of compounds 4019 and 4020

Br
e Oy GO Me \\ Oy LTMe
ey oMe Ve OMe
- N{ Siep 1a o= hf
o OMe L L. —OMe
° e

T6a2 Taat

10 Step 1a;
Pd(PPhs}, (1.35 mg, 0.005 mmol) and sodium carbonate (2 M solution in water,

0.375 mL, 0.750 mmol) are added to a DMF solution (1 mL) of the bromide 75a2
{150 mg, 0.258 mmol) and trimethylboroxine (97 mg, 0.773 mmol). The reaction
mixture is stirred at 120°C in the microwave for 20 min, cooled to RT, poured over
15 water and extracted with Et,O (3 x 50 mL). The combined organic phases are
washed with brine (2 x 50 mL), dried over Na,SQ,, filtered and concenirated under
reduced pressure. The crude residue is purified by column chromatography (40% to
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Compound 78a1 is transformed {o compound €018 using the procedure described in

5 Steps 2 and 3, Example 37A.

Step 1b:

Pd(PPha)s (1.35 mg, 0.005 mmol) and sodium carbonate (2 M sclution in water,

0.386 mL, 0.773 mmol} are added to a DMF solution

{1 mL) of the bromide 75a2

16 {150 mg, 0.258 mmol) and cyclopropytboronic acid (668 mg, 0.773 mmol). The

reaction mixture is stirred at 120°C in the microwave
poured over water and extracted with Et,O (3 x50 m
phases are washed with brine (2 x 50 mL), dried ove

for 20 min, cooled to RT,
L). The combined organic
r Na,S0,, filtered and

concentrated under reduced pressure. The crude residue is purified by column

15 chromatography (40% to 80% EtOAc in hexanes) to

Step 2b:

afford compound 78a2.

Compound 78a2 is transformed to compound 4020 using the procedure described in

Steps 2 and 3, Example 37A.

20
EXAMPLE 79A
Preparation of compound 4014 and 4015
Br
ﬁOUCOZMe Br o
A g OMe b o] e .Me
S0 HO OMie
e o
75a2 " 7o
!
Step 2 ‘[
CF, ; cF,
ﬁo N €0, O coH
OMe
S 7 N \Q Ohle
=M, 8§
E N r]\ivCOMe * NzN‘N N{
N Of’“c e/ MO OMe
4015 4014
25
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Fco* Col 7.2 664.2 69A 1175/-Fco 1 6.8 638.2 74A WO |
2009/076747PCT/CA2008/002107 Cpd R2 R5 R6 tR (min) MS (M4+1)' Method 1176 .-Cril F 8.1

674.344B 1177 -CIl F
WO 2009/076747 PCT/CA2008/602107

Step 1:
Compound 75a2 is transformed to compound 78a1 using the procedure described in
Step 1, Example 57C.

5 Step 2.
Compound 79a1 is fransformed to compounds 4014 and 4015 using the procedure
described in Step 1, Example 57D.

EXampPLE 80A
10  Preparation of compound 1053

% E HO COOMe N ] COH
| + ]@: oMe  ——m ] OMe
N N—<: Step 1 =N F Nw<
QOvle
0 o]
\\\\ ’ 1a10 1053
Step 1.

Phenol 1a10 (16.8 mg, 0.041 mmol) is combined with K;CO; (16.9 mg, 0.122 mmol)
and 2-fluoro-3-trifluoromethylpyridine (39.0 mg, 0.24 mmol} in DMSQO (1 mL). The
15 mixture is heated under Ar at 75°C until complete conversion, then cooled to RT.
Water and DCM are added, the mixiure is exiracted with DCM (3x) and the
combined crganic fractions are concentrated under reduced pressure. The crude
residue is dissolved in a THF (1 mL)/MeOH (0.5 mL)/H:O (0.5 mL) mixture and an
agueous NaOH solution (10 N, 41 uL, 0.41 mmol) is added. The mixture is stirred
20 overnight before being acidified with AcOH, filtered, and injected onto a preparative

HPLC to isolate compound 1053,
EXAMPLE 81A

Preparation of compound 1171
25
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CH 7.7 648.2 45A 1178 N-_--N -le"-I'--)"F 7.9 662.2 45A 1179 HH IP 7.3529.2 6A Cpd R2 R3 R3
X tft (min) MS (+Fir Method 2001 rn /LN 0) i 7.6 594.3 35A 2002 Vs,

WO 20609/076747 PCT/CAZ008/0621067

i Step 2

e 0 COZMe e COMe
Oie Step 3 N D: ChMe
N P /N l\;l“<:
OMe @0 OMe
8ia3 81aZ

lStep 4

COoH
D: OMe
OMe

1171

Step 1: _
Potassium carbonate (87 mg, 0.488 mmol) is added to a DMF solution (2 mL) of the

5  acid 83a1 (150 mg) and benzyl bromide (35 pL., 0.283 mmol). The reaction mixture is
stirred at 80°C overnight, cooled tc RT, poured over water and extracted with EtOAc
(3 x 50 mL). The combined organic phases are washed successively with saturated
aqueous sodium bicarbonate (2 x 50 mL), brine (2 x 50 mL), dried over Na;SO,,
filtered and concentrated under reduced pressure. The crude residue is purified by
10 column chromatography (20 % EtOAc in hexanes) to afford compound 81a1.

Step 2.
Sodium hydride (13 mg, 0.511 mmol) is added to a 0°C DMF (12 mL) solution of

ester 81a1 (120 mg, 0.170 mmol) followed by iodomethane (42 uL, 0.681 mmol).

15  The reaction mixture is stirred at RT for about 2 h, diluted with saturated aqueous
sodium bicarbonate (50 mL} and extracted with EtQAc¢ (2 x 50 mL). The combined
organic phases are washed successively with saturated agueous sodium
bicarbonate (2 x 50 mL), brine (2 x 50 mL), dried over Na;SQ,, filtered and
concentrated under reduced pressure. The crude residue is dissolved in 80% EtOAc

20  in hexanes and passed through a silica plug. The resuiting organic phase is
concentrated under reduced pressure to obtain a residue which is redissolved in
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FHN pl7.3594.336A200/cmMe CH 7.8619.2 70B TABLE 3 Cpd R20 R3 R5 tR (min) MS
(M+H) Synthet iC Method 3001 H 5i- f5.2 657.4 37A /-N)

WO 2009/076747 PCTICA2008/062107

10

15

20

25

30

35

EtOH (25 mL). The reaction flask is evacuated and filled back with hydrogen at
atmospheric pressure. The mixture is stirred at RT for about 4 h, filtered through
Celite® , washed with E{OH and concentrated under reduced pressure to afford
crude 81a2 which is used directly in the next step.

Step 3

Isobutyl chioroformate (30 pl, 0.23 mmol) is added to a 0°C THF (2 mL) solution of
acid 81a2 (100 mg, 0.156 mmol} and triethylamine (39 ul., 0.28 mmol). The reaction
mixture is stirred at 0°C for about 30 min and filtered directly over a water (0.2 mL)
suspension of sodium borohydride (18 mg, 0.467 mmol). The reaction mix{ure is
stirred at 0°C for about 20 min, diluted with saturated aqueous sodium bicarbonate
(50 mbL) and extracted with EtOAc (2 x 50 mL). The combined organic phases are
washed successively with saturated aqueous sodium bicarbonaie (2 x 50 mL), brine
(2 x 50 mL), dried over Na,S0Q,, filtered and concentrated under reduced pressure to
afford crude 81a3.

Step 4:
Agueous 5 M NaOH (1.0 mL, 5.0 mmol} is added dropwise to a 0°C DMSQ solution

(2 mL) of ester 81a3 (20 mg, 0.032 mmel). The solution is stirred at RT for about 2 h,
acidified with AcOH (1 mL) and purified by preparative HPLC to afford compound
1M171.

ExampLE 82

Inhibition of NS5B RNA dependent RNA polymerase activity

Representative compounds of the invention are tested for inhibitory activity against
the hepatitis C virus RNA dependent polymerase (NS5B), according to the assay
described in WO 2007/087717, herein incorporated by reference.

EXAMPLE 83

SPECIFICITY OF NS5B RNA DEPENDENT RNA POLYMERASE INHIBITION
Representative compounds of the invention are tested for inhibitory activity against
polio virus RNA dependent RNA polymerase and calf thymus DNA dependent RNA
polymerase Il as described in McKercher et al., (2004) Nucleic Acids Res. 32: 422-

431, herein incorporated by reference.
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3002 H--0-V--/6.4621.3 38A N....... y.."S 3003 /0-/5.0629.3 38A

WO 2000/076747 PCT/CA2608/602107

10

15

B
L)

25

EXAMPLE 84

Cell-based luciferase reporter HCV RNA Replication Assay

Representative compounds of the invention are tested for activity as inhibitors of
hepatitis C virus RNA replication in cells expressing a stable subgenomic HCV
replicon, using the assay described in WO 2005/028501, herein incorporated by

reference,

TABLES OF COMPOUNDS

The following tables list compounds represehtative of the invention. Representative
compounds fisted in Tables 1 and 4 below are tested in the assay of Example 82
and are found to have ICs, value below 30 uM. Representative compounds listed in
Tables 1 and 4 below are tesied in the assay of Exampie'&!& and are found fo have a
ECse values below 30 uM.

Retention times (tz) for each compound are measured using the standard analytical
HPLC conditions described in the Examples. As is well known to one skilled in the
art, retention time values are sensitive to the specific measurement conditions.
Therefore, even if identical conditions of solvent, flow rate, linear gradient, and the
like are used, the retention time values may vary when measured, for example, on
different HPLC instruments. Even when measured on the same instru
values may vary when measured, for example, using different individual HPLC
columns, or, when measured on the same instrument and the same individual
column, the values may vary, for exampie, between individual measurements taken
on diﬁefent occasions. The synthetic method used to generate each compound in
Tables 1 to 4 is identified in the table. A person skilled in the art will recognize that
obvious modifications to the synthetic methods may be required to generate each of
the specific compounds listed in Tables 1 o0 4.
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3004 )6.3616.338A 3005 /--: NN i\ 6.4 605.3 39A 3006 / il-N H '-...0 ----.0 | 6.1 605.3
39A Cpd

WO 2009/076747 PCT/CA2008/002107
Table 1
CF,
H
’ S j N CoO
R® =N R = N/Rs
O)\Re
20 3 3 3 tx Ms
Cpd R R R R (miny | (MHH)" Method
/ N .
N~
1001 H H J | 58 | 540 | 6A
Q e

1002 H H f \O 67 | 4812 | 6A
(l) . “en

1003 H M EO \O 78 | 5972 | 6A
¥ CH

1004 H H \O 78 | 5072 | B8A
CH,
AN
1005 H H . | 75 | 856 | 6A
% v
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R20 R5 tR (min) MS (M+H) Synthet ic Method 3007 Br -0- 1 6.9 740.2 59A /

3008 F\0_ /

5.5 675.4 5M
WO 2009/076747 PCTICA2008/002107
20 3 & 6 tr MS
Cpd R R R R (min) | (M+H)" WMethod
N\.
1006 H H o } 75 | 656.1 | 6A
. o
% “_‘,:\ Br
/T . |
1007 !\/l""N\ H RN \Q 6.3 | 562.4 | 7A
K’;N "‘OCHs
Ve .
1008 17"'\’\ F A NPS \O 6.5 | 580.4 | B8A
[\’7N ”",CHa
1609 !?I""'N H U \O 63 | 6163 | A
N\/) o o,
/ : \"\ r."'
1010 r\/:——N\ H Q/ \O 68 | 6163 | 9A
L \,}di S igH,
=
1011 H H 9 \O 78 | 5712 | eA
\'/o “on,
1012 H H o\'/ \O 78 5712 | sA
ieh,
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F

3009 N-N AN F 6.6 623.3 57D 3010 ft- scfr- 6.3623.3570 3011 F o-/ 6.5 639.3 58A S
WO 2009/076747 PCT/CAZ008/002107
c 20 3 5 6 = Ms
pd R R R R (min) | (MeH)' Method
1013 H H \O 80 | 6052 | 6A
i ."”CHs
1014 H H j \O 69 | 4952 | 10A
T “CH,
1015 H H \O 75 | 5572 | BA
rom,
1016 H H \O 75 | 5572 | 6A
“1eH,
1017 H H m 73 | 5092 | 6A
\\/"’f;cﬁs
1018 H H \O 74 | 5232 | BA
e,
]
1019 H H | \ \O 75 | 5732 | oA
T O/\/‘\ "I"CHa
1020 H Hl \O
. 76 | 5432 | 6A
N Y L,
o on,
1021 H N ENGENENG \O 74 | 5002 | 6A
“eh,
1022 H H \O 72 | 5082 | A
' ? g,
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3014 ,x-016.5634258A N,

0)-16.1 667.358A NTS 3013 Ff-55647.258A < (-
/1
WG 2009/076747 PCT/CAZO08/002107
20 3 5 8 fn MS |
Cpd R R 34 R (min) | (EHY Method
1023 H H R N N Ny \O 7.7 | 5373 BA
"oH,
1024 H H g \O 7.0 | 4952 | 6A
' e,
1025 H | H PRGN \O 6.8 | 4952 | 6A
“1CH,
1026 H H |~ O~ \O 74 | 5092 | 6A
“ch,
)
1027 H H \r S~ \O 73 | 5232 | 6A
oM,
1028 H H ‘ \O 75 | 5572 | BA
“ieH,
- P
1029 H H ‘/Lﬁ/ m 77 | 5572 | 6A
L ~ ey
1030 H H \O 74 | 5432 | 6A
"ieh,
o
1031 H H U 7.4 | 5432 | BA
g,
o
1032 H H @/ \Q 75 | 5432 | BA
‘ g,
1033 H H T U 69 | 4952 | BA
cf; “ieh,




Cpd R2 R 5tR (min) MS (rin+Fir Synthet ic Method 3015 N F 6 8 666.2 59A </-N

R2 R3 tR (min) MS (M+H)+ Synthetic Method 4001 a.,, ,',z

TABLE 4 Cpd

WO 2009076747 BOTICA2008/0021067
20 3 5 6 t= M3
Cpd [ R R R (min) | (M)’ Method
1034 H H o \O 79 | 8113 | BA
1035 H H g \O 79 | 6113 | 6A
e,
1036 H H \O 71 | 5732 | 8A
o, |
1037 H H \O 77 | 5712 | 6A
eh,
1038 H H Y\ 73 | 5572 | 6A
L\O \/L'QICHQ
;
1038 H H \O 73 | 5572 | BA
rem,
J,’/ N\
1040 H H ; 53 | 5084 | 10A
o
Ci
N\ .
1041 H H | 53 | 5541 | 10A
i = Br
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--eiy= I %-.....0r 7.9574.3 46A 4002 01 .,..,N --.07.7 507.3 71A 4003 ..... -NH'-...07.5507.3 72A
4004 SI\ -...016.1504,3 60A WO 2009/076747PCT/CA2008/002 07 Cpd R2 R3 tR (min) MS (M+Hr
Synthetic Method 4005 H -.0 cc

WO 2008/076747 PCT/CAZ008/002107
| ] tR MS
Cpd R* R® RS R i) | (MR Method
\O
1042 H H \\f \O 73 | 5252 | 11A
0 “CH,
|
am N
1043 N—N M J/ | 53 | 5911 ¢ 12A
/ O =
QN | c
2N B ¢
1044 N~—N\ H ‘ 59 | 5B76.3 | 13A
LN i oy
1045 | © N H \O 59 | 6282 | 19A
F {‘}) CH,
R ; .
ps \ . ,,1
N
1046 [ LM f 64 | 5903 | 14A
\N/ _\_: o \O,,W .
; ! CH,
Yo A~
1047 N—"N\ F U 75 | 6962 | 15A
bN ] oty
Y e NN :
1048 NN F | 66 | 6091 | 15A
/ /N C%) - .
1049 H F /’/ \O 76 | 5132 | 15A
ci> G,
" \ :'l N\
1050 H F | 66 | 5132 | 15A
9 A
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5.8 463.3 60A 4006 II. .-, 1,, --,08.5506.3 73A 4007 1 CF, H--,0\o16.4555.36184008 H

'-.0\015.9 450.3 47A 4009 CF, | --.......—-N Z\F 8.1 587.3 48A 4010 |
WO 2009/076747 PCT/CAZOO8/0G2107
C R R? & & tr MS
pd R R min) | (R Method
N/— ?
1051 | NN F O/ \O 65 | 6343 | 16A
N o cH,
E,N\
N s S .
052 | S NN\ L | F U \O 65 | 6483 | 16A
~ K e,
& ‘CH,
o
1053 H F K{ \70 76 | 5433 | 17A
(l) “ren,

/

1054 | I NN\ | F

8.6 | 660.3 | 1BA

o
X

686.3 | 16A

1055 | F N F
F

1056 N“—N\ F

o

]
|8

59 | 8701 | 15A

.
M/

'*)
X
&

o |
py, N i F & Br
: o
___,__N/ % ’:'
1057 f}l { F H\/ \O 75 | 6243 | 16A
&//N
T CcH,
: o
F o
1058 F \O 61 | 676.3 | 16A
F c|) “en,
e )/
1059 \/ H ] \O 47 | 5943 | 18A
—JI l
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NCF..-NNz\ F) 8.2631.348A 4011 O0.,,z- ,2-,,CF,--...".2.,- ,N 6.5583.2 618 WO
2009/076747PCT/CA2008/0021 07 Cpd R2 R3 R5 tR (min) MS (M+Hr Synthetic Method 4012 C F3,
0,0, 7.-", 6.6 573.2 618 4013 0",,,,v*. CF, N

WO 2089/076747 PCT/CA2008/002107
20 3 5 6 tr Ms
Cpd R R R R min) | (M) Method
1080 | N F \O 5443 | 10A
O ""1
F l CHa
1061 = H O \O 57 | 6263 | 20A
N\ / N o “ren,
1062 = H f \O 49 | 5863 | 20A
Q iy
N A | CH,
L H J/ U 49 | 6003 | 20A
/ ?
1064 S{ H f \O 62 | 5922 | 20A
S 9
’ |
1065 = H /O \O 68 | 6253 | 20A
N T,
\ Va o CH,
1066 S{ H O/ \Q 74 | 6323 | 20A
Q\ \O\\“ "f:CHs
N
: e
ST
1067 &;“N\ H \O 7.3 | 606.3 | 19A
VN T "”fCHa
, ™~
N/—:
1068 :f F \O 54 | 8423 | 18A
> “GH
o Cf ’

17¢




6.4 565.2 618 4014 CF,\N-N /I --NH5 6.5 611.2 79A 4015 CF3\/ NN H o-/ 6.1 511.2 79A 4016
CF--."FFH) 5.6663.2 75A 4017 FEH 4.9 595.2 76A WO 2009/076747PCT/CA2008/002107
Cpd R2 tR (mm)

WO 2009/076747

PCT/CAZO08/002107

20 3 5 6 ix MS
Cpd R 4 R R (i) | (MY Method
1069 N F \O 53 | 8123 | 19A
< > cf “ieH,
O ] 1
1070 — H f \Q 49 | 5863 | 20A
s} .'"1
\_ | oA,
| e A A
1071 N—N F | 55 | 653.1 | 15A
&/N o] o
P l Br
E’N\ ':,“'./}/"\‘ /:'
y ,
1072 | Ly —\__ F ) U 65 | 6083 | 21A
. l ‘CH,
1073 = F /O \O 61 | 6443 | 20A
\ /N o “'CH,
ot ' P AN
1074 $ B F /u [\) 75 | B50.3 | 20A
. e ~~ ey
O CH:}
N
1075 S,\(' F ,O \O 7.8 | 6503 | 20A
k/N h | K
N 0 CH,
’ ~.
o]
N \ ,
1078 | ‘\__ H \O 64 | 6203 | 18A
I {l) '(.‘.H:1
1977 N"“N\ H 56 | 6521 | 14A
&/N i
e, [ F Br
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MS (M+H)t Synthetic Method 4018 BFFH 5.6 673.1 77A 4019 H C\ FF H oo_ 5.0 609.2 78A 4020 lif
)FFHr0/53635.2 78A 4021 OF, ...."(pPN N .--0/ Lo 8.3 628.3 48B Each of the references,
including all @ﬁatents, atent applications and publications, listed in the present a%)lication is

incorporated BRI Fetercence in its entirety, as if each of them is indi\}/ji(&?f% |Htg8%]§r7ated. Further,

it would be appreciated that, in 5 the above teaching of invention, the skilled in the art could make

certain changes or modifications to the invention, and these equivalents would still be within the scope
of the invention defined by the appended claims of the application. CLAIMS 1.A compound of formula
() and anisomer, .racemate enantiomer or

de RZU R3

R5
o]
1078 | F© N H kf
F o
|
: 9 ,
N/ :
1079 H \O 51 | 6243 | 16A
< > N cH
i
O
k(o
i

tr MS
{min) | (M+H)"

RS
’ \m 58 | 6583 | 16A

Method

1080 O\_./N—\“; =

\O 49 | 6564 | 16A
"o
0 "
1084 _\_5 F K{\/ \O 52 | 6904 | 16A
F 0 “oH
|
Q
'\E‘-
Q
3

1082 H F

D\ 75 | 6182 | 22A
F B
1083 T\ H ) ’ 54 | 6304
L % . 200
Cl) GH

1 ~
1084 Z{ H \ij 7.1 | 8223 | 20A
\N \Q "J’CHa
|
N—N | 4 NS
1085 — F :
\ o , | 6.9 | 6232 | 15A
bN TN ' 2
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diastereomer thereof: R3a wherein: X is selected from 0 and S; R2 is of the formula: R21R21
wherein R21 is H or CF3, and R2 is selected from; (b)-(C1_3)alkylene-R7; wherein R7 is Heti; wherein

the Heti is a 5- or 6-membered heterocycle containing Ito 4 heteroatoms, each in

from N, 0 an¥8 2P{4%™ s a 9- or 10-membered heteropolycycle containiffg
independently selected from N, 0 and S; wherein each N heteroatom may, independently and where
possible, exist in an oxidized state such that it is further bonded to an oxygen atom to form an N-oxide
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Each of the references, including all patents, patent applications and publications,

listed in the present application is incorporated herein by refercence in its entirety, as

if each of them is individually incorporated. Further, it would be appreciated that, in

5 the above teaching of invention, the skilled in the art could make certain changes or

modifications to the invention, and these equivalents would still be within the scope

of the invention defined by the appended claims of the application.
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B "ci N --- N\ ----N Cpd
CLAIMS
1. A compound of formuta {l) and an isomer, racemate, enantiomer or
diastereomer thereof;
Rla
< _X COOH
R® N R
o L
@] R6 ([)
wherein:

X is selected from O and S;

R? is of the formula:

21 1

R

~

20 = N 20
or :

R
wherein R*' is H or CF3, and R* is selected from;
(b)  ~(Cizakylene-R’;

wherein R is Het1; wherein the Het1 is a 5- or 6-membered heterocycie
containing 1 to 4 heteroatoms, each independently selected from N, O
and S, or Het1 is a 9- or 10-membered heteropolycycle containing 1 to 4
heteroatoms, each independently selected from N, O and S; wherein
each N hetercatom may, independently and where possible, exist in an
oxidized state such that it is further bonded to an oxygen atom to form
an N-oxide group and wherein each S heteroatom may, independently
and where possibig, exist in an oxidized state such that is further
bonded to one or two oxygen atoms 1o form the groups SO or S0;;
wheregin the Het1 is optionally substituted with 1 to 3 substituents each
independently selected from halo, cyano, oxo, imino, -OH,
-O-{Cyg)alkyl, -O-(Cq.e)haloalkyl, (Carloycioaliyl, -NH,, -NH(C,_4)aikyi,
-NH(C3.7)oycloalkyl, -N((C1.4)atkyt}Cs.r)eycloalkyl, -N{{Cq4)alkyls,
-NH-C(=0){Cg)alkyl, {Cs)alky! and Het2, wherein the Het2 is a 5- or
6 membered heterocycle containing 1 to 4 heteroatoms, each
independently selected from N, O and §;
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R®, R* and R*® are selected from H, halo, CN, (C._s)alkyl, -OH, -O~(C,.)alkyl, -S-(Cx.
Jalkyl, -NHz, -NH{C..4)alkyl, -NH(Cs.7)cycloatkyl, -N((C14)alkylY Cs.r)eycloalkyl)
and -N{(Css)alkyl);

R® is R¥ mono-, di-, or tri-substituted with O-R%,
wherein R* is (C1.¢)alkyl, (Car)cycloalkyl, (Cyg)alkyl-(Csr)cycloalkyl, aryi,
(Cys)alkyl-aryl, Het or (Cys)alkyl-Het, each R* being optionally substituted with
(Cis)alkyl, (Csy)cycloalkyl or (Cqg)alkyl-{Cs.7)cycloalkyt; and
R* is (Cys)alkyl, (Csr)cycloalkyl, (Cg)alkyl-(Caz)eycloalkyl, aryl, (Cre)alkyl-aryt, -
Het or {C+)alkyl-Het, said aryl and Het being optionally substituted with (C4.
s)atkyl or O-(Cq5)alkyl;

R® is (Cs.7)eycloalkyl, {Cig)alkyl-(Csz)cycloalkyl, aryl, (Cyg)alkyl-aryl, Het or (Cigjalkyl-
Het: being optionally substituted with 1 to 5 substituents each independently
selected from halo, (Cqg)alkyl, (Ci.s)haloalkyl, (Cs.7)cycloalkyl, -OH, -SH, -O-(C..
Qalkyl, -S-(Cy4)alkyl and -N(R*R®; wherein

R® is independently selected from H, (C+)alkyl and (Cs.7) cycloalkyl; and

R? is independently selected from R7, -O-(Cy.g)alkyl, ~(C1.¢)alkyiene-R’, -SO-R’,
-C(=0)-R’, -C{=0)OR and ~C(=O)N(R®)R’; wherein R’ and R® are as defined
above;

or R® and R®, together with the N to which they are attached, are linked to form a 4- 1o
7-membered heterocycle optionally further containing 1 to 3 heteroatoms each
independently selected from N, O and S, wherein each S heteroatom may,
independently and where possible, exist in an oxidized state such that it is
further bonded to one or two oxygen atoms to form the groups SO or SO,;

wherein the heterocycle is optionally substituted with 1 to 3 substituents each
independently selected from (Cis)alkyl, (Cig)haloalkyl, halo, oxo, -OH, SH, -
O(Cqs)alkyl, ~S(Cas)alkyl, (Caricycloalkyl, -NH,, -NH(Cys)alkyl, -N{(Cqg)alkyl),, -
NH(Ca7)cycloalkyl, -N({Csz)alkyl)(Csr)oycloalkyl, -C(=O)Ciglatkkyl and -
NHC(=Q)-(C,5)alkyl; and

Het is a 4- o 7-membered saturated, unsaturated or aromatic heterocycle having 1 {0 4
heteroatoms each independently selected from O, Nand S, ora 7- to
14-membered saturated, unsaturated or aromatic heteropolycycle having
wherever possible 1 to 5 hetercatoms, each independently selected from O, N
and S: wherein each N heteroatom may, independently and where possible,
exist in an oxidized state such that it is further bonded to an oxygen atom to
form an N-oxide group and wherein each S heteroatom may, independently and

where possible, exist in an oxidized state such that if is further bonded to one or
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two oxygen atoms to form the groups SO or SOy;

or a salt or ester thereof.

2. The compound according io claim 1, or a pharmaceutically acceptable salt
thereof, wherein X is O, and R? R®, R®, R*®, R®, and R® are as defined in claim 1.
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3. The compound according to claims 1 or 2, or a pharmaceutically acceptable sait
thereof, wherein R® is selected from H, F, Cl and CHa.

4, The compound according fo any one of claims 1 o 3, or a pharmaceutically

acceptable salt thereof, wherein R is selected from H, F and CHa.

5. The compound according to any one of claims 1 fo 4, or a pharmaceutically

acceptable salt thereof, wherein R is selected from H, F, Ci, CH; and CN.
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8. The compound according to any one of claims 1 to 5, or a pharmaceutically
acceptable salt thereof, wherein R® is R* being mono- or di-substituted with O-R%,
wherein R™ is (C1.s)alkyl, (Ca.r)cycloalkyl or (C+.e)alkyl-(Caz)cycloalkyl, each R™ being
optionally substituted with (C.6)alkyl, (Cs7)cycloalkyt or (Cqg)alkyl-(Csr)oycloalkyl; and
R% is (Cys)alkyl, (Cas)oycloalkyl, (Cyg)alkyl-(Cs)cycioalkyl, aryl or (Cyg)alkyl-aryl, said
aryl being optionally substituted with (Ci.g)alkyl or O-(Cq.g)alkyl.
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7. The compound according fo any one of claims 1 o 6, or a pharmaceutically
acceptable salt thereof, wherein R® is phenyl, cyclohexyl or pyridine optionally
substituted with 1 to 3 substituents each independently selected from halo, (Cy4)alkyl
and (Cy.4)haloalkyl. -

8. The compound according to claim 1 having the following formula:

CF,

X 0 COOH
26 l =N 3:::::::/R5
R R N

wherein R®, R®, R® and R® are defined as:
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pharmaceutically acceptable salts or esters thereof.

9. A compound having the structure
CF,
(t N \ﬁro E 2~ COCH
> N =N L ,&/
N N OMe
1043 E = o
=N

cl
or the pharmaceutically acceptable salts thereof.

10. A compound having the structure
CF

or the pharmaceutically acceptable salts thereof.

1. A compound having the structure

=N W
/N\l!\l F N
=N
1052 :

or the pharmaceutically acceptable salts thereof.
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N \N,,N F 21177 t WN'N™--- —----- "F "CH, 1178 N-\I <?:-:\N. F pharmaceutically acceptable
salts or esters thereof. 9.A compound haying the structure CF, /il NNNNOMe 10. A compound
having the structure CF, Hu N\\1051 6Me or the pharmaceutically acceptable salts thereof. 11. A
compound having the structure oMe or the pharmaceutically acceptable salts thereof. 12.A compound
having the stpuctureGhpousd HieiR@EeacawEcally acceptable salts thereof. 13.A compound having the
structure or the pharmaceutically acceptable §Qlts thereof. 14. A compound having the structure CF,

oUenew Il

W

or the pharmaceutically acceptable salts thereof.

13. A compound having the structure

CH,
or the pharmaceutically acceptable salts thereof.
14, A compound having the structure
CF,
CoMH
=N ° ? _~OMe
\N,N 2N ,(/
F N OMe
o
1110
Br
or the pharmaceutically acceptable salts thereof.
15. A compound having the structure
CF,
7S Sy 0 co.H Otle
AL
N OMe ~
1113 Oh
F oi

or the pharmaceutically acceptable salts thereof.

16. A compound having the siructure

>—sa

COOH
JiI
C}Me
1147

or the pharmaceutically acceptable salts thereof,
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(IN'I'N 1110 or the pharmaceutically acceptable salts thereof. 15. A compound having the structure
CF, or the pharmaceutically acceptable salts thereof. 16.A compound having the structure -N 17. A
compound having the structure or the pharmaceutically acceptable salts thereof. 18. A compound
having the structure F F 0CO,H 1163 or the pharmaceutically acceptable salts thereof. 19. The
compound of formula (I) according to any one of claims 1 to 18, or a pharmaceutically acceptable salt
or ester thergpf, assaconediganening 2. shyshimemaceutical composition comprising a compound
according to any one of claims 1 to 18, or a pharmaceutlcally acceptable salt or ester thereof, and one
or more pharmaceutically acceptable carriers. al A pharmgggutical composition according to claim
20 additionally comprising at least one other @aniiyira nt ﬁ(;:ﬁe of a compound according to any
Fpa

one of claims 1 to 18, or a pharmaceuticallya ester thereof, for the manufacture of a
medicament for the treatment of an quion in g 4¥ing or at risk of having the

infection. 1166

or the pharmaceutically accepiable salts thereof.

18. A compound having the structure

OB R S
—Q N

or the pharmaceutically acceptable salis thereof.
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18. The compound of formula (I) according to any one of claims 1 to 18, or a
pharmaceutically acceptable salt or ester thereof, as a medicament,

20. A pharmaceutical composition comprising a compound according to any one of claims 1
to 18, or a pharmaceutically acceptable salt or ester thereof, and one or more pharmaceutically

acceptable carriers.

21, A pharmaceutical composition according to claim 20 additionally comprising at

least one other antiviral agent.
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22. Use of a compound according to any one of claims 1 to 18, or a
pharmaceutically acceptable salt or ester thereof, for the manufacture of a medicament

for the treatment of an HCV infection in @ mammal having or at risk of having the
infection.
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