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WO 2009/ 101022PCT/ EP2009/ 051306 HETEROCYCLI C ANTI VI RAL
COVPOUNDS The present invention provides

wamonuwkeosi de conpounds and certai n deri vat i REFEP2009/051306
t hereof which are inhibitors of RNA-dependent RNA
viral polynerase. These conpdunds are useful for the
treatment of RNA-dependent RNA viral infection. They
are particularly useful as inhibitors of hepatitis C
virus (HCV) NS5B pol ynerase, as inhibitors of HCV
replication, and for the 5 treatnent of hepatitis C
infection. Hepatitis Cvirus is the | eadi ng cause of

ot ol o EEHROBTHY SRR e ARSI S

with HCV are at risk of developing cirrhosis of the
liver and subsequent hepatocel | ul ar carci noma and ]
The pigsre dnviaayjon Broykies Ref-grclrdd cemnoyndpgnd Gegtain derivatives thereof which

e o O B P P TR PECT PRSE Y RER TR Bl for e

treatmichieo f{gNArdepéhdrvt RINAUSied infpasin. Viliey aeesparanidarly useful as inhibitors of

hapacei vjr i ch includes.hepatjtis C viruses
hepatifiRe parosEHORD Rt ds B pLEEY ShlicaE: fnd for th
treatndeRIPY A HBALIRNC idfBetiohi el ds Virol ogy, Editors: B. N
Fields, DD M Knipe and P. M How ey, Lippincott-Raven
Publ i shers, Phil adel phia, Pa., Chapter 30, 931-959,
Hepat 896y irudHE¥hd Bading enmebopigdni¢ilivusdis@nt dirougt@ubthe world. (Boyer, N.
positive-sense single-stranded RNA genone of. 15 )
et al., dniderssto Q) 32:98-419p Patrerts \nfecied weh blfeY atsdivisk ef dvelpping
cirrhobis GP1Rg l&gf‘éﬁ s}ﬁ%ger%@ent% hes @éliu%%chﬁtfogﬁaoihd(M@ HC® s hBmajor
open readi ng frane encodi ng a pol yproteln precursor
indicatbn &ppivexiramespeintati®dl1ll am no acids, and a short 3' UTR
Cenetic analysis of HCV has identified six nmain

enot ypes whi ch diverge by over 30% of the DNA
HCV Bascheeh elassifigst & & mambauoid v iyjpeldmily/dayeisidae that includes the genera

. di [ Ui - ) . .QX] o/ . of .
faviv s REPRET ot R kT ARG R HenhH € i (Rice, €. M.,
Flaviviy@ee: | ThelEruséseandaiéir poptivatioanin: FidddsyYolopy Asdirs: BXN. Ficlds, D. M.
Forns and J. inics in Liver D sease 1999

Bukh

Knipegingd's Mz fépwligy, I%alkihcgt-Rave.n, Publighqss, Hhilgdelpiia, Pay.dgmpter 30, 931-959,
15:,41- ; . i i d r

1990 S0y BHOL Ik oty Ty Ry LG LAUS AR s gnome o

approXihhatdlly 9 Adibn, THElviimal gdvotreadoineibts oRehighl Of}Bervdd 328w 288 pted region

Viral structura roteins include.a nucl eocapsid.cor
(UTRpadorg wwaﬁ%heﬂ%e BTSRRIt P Wi ieOt-pBraimaialy 3011
aminofRidsHIM Adioet Biggdes two prot eases, a zi nc-dependent

met al | opr ot ei nase encoded by the NS2-NS3 region and a

serine protease encoded in the NS3 region. These
Genet R adb B3B8 &% HATe had/ Qe 200/ s1:0 40’ Rad{yip B2 00 ADE3E0by @ver 30% of the

required for cleavage of specific regions of the

DNA sgageR6es dYlosdhamtbiudimes Rtts besh dieingaphedqds thefd approximately 70%
. ) I f | . Dr ' ’ ’ .

of AP IR L AR HERoB PUBLI, Bund a8 et b i

Asia. (¥nEbineandi. Bukd, C&mas i higemDivedse 9B 93 pi161 EiBukh eNSA Semin. Liv.

d.that of NS the am no-termpal hal f of .
Dis. lﬁgg %%\If%ﬁ'g?b ?gpfoﬁluazlitg]iyr;l" BF ﬁg ‘gtl)lusf'm mxpams{s‘[apt fogherapy than either
type 2R#!3 &Y@@BEJ‘&N NO&&n, @it WEc2hRARSE 2906 UE-ab3 PR YOS ei ns
encoded "by the HCV RNA genone are involved in RNA
replication Currently a limted nunber of approved
Viral §theaapl pesteaiséndvdd 4 alllechpsid tdre piateiat( Qe atd 8o ddSWlope glycoproteins,
i nfection, New and existing therapeutic approaches for

El and Fda HGY) alspyncadea b Biotesses: # AHCHicPsHignomeiatepiRisyase encoded by
r: ;
the NEENSTFE B3 RE WK G SRR iR e Qb oeln. ey Piigoes e
Bacon, B. R, Scientific Anerican, Cctober: 1999
80-85; G Lake-Bakaar, 10 Current and Future Therapy
for Chronic Hepatitis C Virus Liver D sease, Curr.
Drug Targ. Infect Ds. 2003 3(3):247-253; P. Hoffmann
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20 O her interferons currently in devel opnent i nclude
al binterferon-a-2b (Al buferon), |FN onega wth DURCS,
wo owvaewe2 and i nterferon-a-2b XL. As these andPOI/ER2009/051306

interferons reach the marketplace their use in

conbi nation therapy with comdounds of the present

invention is anticipated. HCV polynerase inhibitors
requlred foratathroflspgfit rdgins df UG ptecer §blypaneindaopendpepiides. The

devel opment 25 include R 1626, R-7128, |DX184/1DX102,
carbow halégéeanscmﬁﬁuﬁaé PYoteGHNPS, eaptsineihe BN AdEsPoisnt RNA polymerase.
ﬂ%.%!r)@g@e éné ﬁ&g%ﬁnﬁﬂgtlﬁalﬁﬁggﬁléﬁé\@dﬁg% )NSMﬁ’ §?«g&1at of NS5A (the

aminoftArmaidylshalf dMntOR t{rel proBay) ). remalnninkibotvor $t iobelidved HEBYmost of the

NS ot ease al denti fi ed. as tentially .
non-StELR| PP e e PO PN A oEeEe iR i R A Feptication

clinical trlals i nclude VX-950 (Telaprevir, Vertex),

Cumrety RRES R R rar RS T, HIAY R IR R otle

infectid@0 NehOdd22ARGh S BR24129110 5}3{36&h€5 for preatigaHE Vi 1Iﬁfdchbﬁ alidinhibiting of
in earlier stages of devel opnent i ncl ude MK700

HCV NREP dejymesnis e SpisbaveBicr s tanevigse Rs Oskihp By 5<}’B8f’ Bp6 1999 19:5; Di

Y.
Besce%l\ifé m??n%ngr a@&\?&?’f\g 1%833,?%5 I[fc Adrg?é}lzcé 9%%&22&90%) )% G. Lake-Bakaar,
Curreitand Futwae getrapy tor Gmonie Heyatithse€ dpyus e Disqave ﬁwrg ddriugiarg.

N R NPT CR T
hepauayclmﬂ %f%&'ioanw% AbemOEL SRR THERAIRASRs 2003 1@(19&%7 1723; M. P.

i ke receptor agoni sts and i mmunosti nul ants such
Walkeagt zlad?aamrsn(ggémdlldﬂm)for thadrcetniant ofiehremic hgpatisis C, Exp. Opin.

tmvestigy PR 33 R RBY BB AR it bd o T C TR Gprron

StatusHa¥ Enddr€ink IStiate@ths, MergidRera Wi &l EVb R RUeDt :887-9%aw). 10 Wu and Z.
phar maceuti cal conpounds is essential. The Eresent

Hong,| Tﬁvg@ﬁmgé\TSS& BYiAIPspendenin il weerasaiion g rficHE ¥ Ghametherapy, Curr.
e ptabl e salt thereof, and the
Drug %r r?ﬁc%ﬂrgg?xwd%()??%gget he treatment of a host
|nfected wi th HCV. Conpounds of the present invention
Rlbavﬁ'fne(l QRSSO 3, ﬁqjlﬂ}fﬁr@X}l’ Séréroxy%ﬁfy@t&raﬁ dﬂosﬁ,lran- P,l) 1H-

henyl'ene or pyri di nyl ene; henyl or ~pyridiny
[1,2 4hr1@2h>éfr 3-gptbowylad 4oyd @mtd@t Nmz@ﬂwswsymth@bc Blogfl@t@rfsron-mducmg,
|l ected fro

bro ad-ﬁg? glgle I d ]Ig:lrlily%u eiolé )Sile anég g R}H ta{&%gﬁl& § AR Ig%]tg% ggamst several DNA

and Rﬁk@ais@mmda{%ﬁﬂlawsmu@l (G, lﬁlqslaagweyzkam 7000 118:S104-
cycl oal kyl 10 al koxy or halogen; Y is NRZR3, Cl 6

S1 14)h¢dﬂl@ugrla|nk glonotberagy a@wﬂ@ﬁe@@ﬁwe@@mwm@%tr@@tf@aseflﬁvﬁﬂs to normal in
0 r
40% Otfggt)%%lg% y o%g glgf dltci%]vl f%{%%rl%ﬁsoogil%’%‘ﬁ 48%3 A I]‘tP % 0 8lelblts significant
toxicitgraad @¢ kiiomm @rlﬁcﬂmﬁ asehc t\aehrhid o i<l rlBa\ahk yka dr(fg. cdhverted ribavirin by
hal qal kyl al koxy, hal ogen or. pyrroljdin
adenogife a%qrwnwéo AT b?pagweét@nz |‘§’ud§>‘?tf"éfngly hexp- §leues %12%6 bi(1):33-9)
ClL 6 acyl or C1 6 aIkyIsquonyI 25either (i) R2 is(a)

Interfez%%%@%lﬁ%dﬁl&ﬁ%ﬁ%l 108%&? gqsrltg%‘geat%len ( C)ch@flicl]bepg i‘i&for nearly a decade.

IFNs z&b' g%fcbf)ﬂ@&tdiﬁ’s ¥ d@iRe by GmhRe callPMRSspdascdtv@dl infection. Two distinct
ependently in each occurrence from hydroxy,
types N[:@@p@fpn g rgognigesi L ypR é|1@(§@¢p5@pv%9laﬁ@r 1(0(111)a1phas and one interferon

beta, t%@&g@(ﬁg&)&%&& ggmﬂﬁe FI%Q 11 F%terfér%n&m%r@&%% !Pl% by infected

cells aat lpydte&(ngighﬁdﬂrhﬂ &(IRDjo] de ﬁovoﬁ(lfebtlon IFNs inhibit viral replication of many

Vlrusegé{]i(ﬁgilgw& tV}Bltse)E}ﬁl]ééd gsythg g%_ie t@n@ gfqgggg,ei(tgl‘s C infection, IFN
-NR7bR8b; (h) heterocyclyl; (i)
het erocycl yl - G _6al kyl ; (j) heteroaryl -G _6 al kyl;
10(k) C1_6 acyl optionally substituted with C _6
al kyl'sul fonyl; (1) (CH2)pCOX3 wherein p is one to six
and X3 |s hydroxy, Cl_6 alkoxy or NR7cRge wher ei n

o, o o e s o o,
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i nvention optionally including at |east one
phar maceutically acceptable carrier, excipient or 5
walrdogaono2f or the treatment of HCV infection i nPEHEP2009/051306

manuf acture of a medi canent for the treatnent or

prophyl axis HCV in a host. Gdnbination therapy has

proven useful for the treatnent of viral disease and
supprd%@ély SeaItp H(I]’ldRNS%{ fiﬁtlirgieﬁefctable%trd]s QtddétionapprieNethrantzes serum amino

nvestlgatlona HCV t herapeutics and the present

transferasedpyslo V I}fe%waéeég, the, efiecteaf IFdNre mnqesrywiGepsation of therapy results
in a 7(5")" %1 48 3§n f jopedn B &l fain@l vﬁ‘oBQ&Bﬁ%&fo‘ﬁké Gahln¥rmal
ptab |t ereof, one or nore er
serumelﬂéfnamft tirans feaase |lcwetsa (Dage htuksBabaari smpumonodul at or s,
optional Iy including at |east one pharnaceutically
acceptable carrier, excipient or diluent in
One lignietpmaf sasky T therepyrpes rapsd aleerenedi aighe profin frgmethe blood. Chemical
t f
derlvaEE%loglPJf?m?lS ew%} p%q&%ﬂt etﬁe%%?%ol’l o(?)sléa)%zﬁsglltgc? bl algtjaten?s WD s&bgtantlally

1rnprof7ﬁf BaSmh@ kdieic PFopratics. @@mm@ 104 c@tjugmmterm -2a and a 40 kD
npound. As such, the terns "

brancltﬁslrre@no AR doR Y PGP RGN TRON B s %%@ugatﬁ %ﬁl&%&fﬁ@eam%b and a 12
age fri
KD DO AT R 1, AL CER [IREEL BuBE MO  LALRRS, f Kortovwski
and J. tMheHGunmb 1ICpnob!. Reteaban2¥t 12021 76224) he br oadest cl aim I n
all other enbodi nents provi ded bel ow, substituents
whi ch can be present in each enbodi nent and which are
Combmtloeﬁwrapcyi af [ HC Y efifhreepvirat ettdnnteh%rqmr@ sueeitlyde therinting therapy for

HOV. PERHb B ity gt MR i tlad Fen Y R i A LR pp e s VR in

54-56 aeeBhlith tARSTHIChEATRYSVIR a@proathicd 8084 fi €heMBdhd MTV.
need not, occur, and that the description includes

(Walkph supiat dinfoueracly. ke mbinagion @herfmywémpéwe side effees ahérh pose
chnlce{,l %ﬁ%lﬁlﬁ%gﬁs | Ib&)rx\% %f {lt& :hé(g t&%és %m‘%xa%”’%%e are as§0|01ated with
subcuﬁtbl&ﬁISlIFNt(ﬁ dndTHérﬁG lytléTEtYGnhlE] @@Js@&ﬁéib@w&h@ﬁﬁﬁl@g@ﬂe&ﬁteﬁt Witk ribavirin.
stituent. 25 The phrase "optional bond" means that the
bond may or may not be present, and that the
A nundes of pqtntaih l’IiOﬂKEdulﬁd eaga figldug dowhipeenoss dnti- LY thomgsutics have

| f stltu i s de t bond" or
now b@%@sﬁtﬂ ied ipgly ’3801?1% npf ﬁtege? ﬂteﬁ\gsg'g@gtaﬁ%é‘ﬁ%%aﬁh% NS3 protease,
the NSNS icHder a%ﬁtthé’ NS@BEJ% ase. e RN RNA-dependent RNA polyrnerase is

2009/ 101022PCT/ EP; B0oT 08 Tagae VA APsnden RNA R '
absolugglg chsenda tfoorepligation lo€ thei singe-strandsdl.t iostiak smpa&NAcgenome. This

t body of t | ai t he t d
enzyme Gt Rt R PRy ier e SRRy ng an”
open-ended neaning. That is, the terns are to be
Nucle{)ﬁ&eefqm ?ﬁdcaﬁ)él@f)gﬁfgp yssé Y a\é‘%tse?mt&w%? 5%2 g%nPaﬂWe rtt%lglttor that
interfarenw gl hucdéotaieﬂmﬂh@ts) tht pelytrerase” Tofudti®h Rgi cheams niideadr the

roces i ncludes at |east the recited ste but
nucle%&ft %nﬁ@ BrybRken BRIV 18 cspan VORI BeSaNTRIcd AR V@@ﬁ?
tripho§fhaft HAHRG UAHPQE S 2 SRRELIaPihe ﬂo'[ﬁnér@é’erﬁucfégﬂ@é' bbRg site. This

means t hat the conmpound or conposition includes a
convetsgasto thhwiphesrihateds ﬁ@amunefgncﬁlatcéwmemrskmmt wiph ualt)glm additional

addi ti onal res,.or conponents hnlc
struceygAEHHRRRS O fan EceRE BERG TSR S b e RacMation limics
the dile@eVRMabon BERICHRRIs BYinaibeof o fHIC B lebplcatioh tohRlIafaked Bsays (J. A.
whi ch the present invention pertains, unless otherw se

Martinjeffaln 85S. Raéne Nen6.846.8 1 Qifd Pidrer &fiah ¢.0Ved st 2006 49(22):6614-6620;
nmet hodol ogi es and materials known to those of skill in
the art. Standard reference works setting forth the
general principles of pharmacol ogy include Goodman and
G Il man's The Pharmacol ogi cal Basis of Therapeutics,
10th Ed., McGaw Hi Il Conpanies Inc., New York (2001).
Any suitable materials and/or nethods known to those
of skill _can be ut|I|zed 15 |n carrylng out the

oy - o . o
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wherein R is Cl1_10 alkyl, C3_7 cycloal kyl, C1_10
al koxy, Cl1_6 hal oal kyl or hal ogen; either (a) R2 is
waogapoewez Cl 10 al kyl, Cl1_6 hal oal kyl, Cl1_10 PCT/EP2009/051306

hydr oxyal kyl or Cl1_6 aIkoxy-Ci_Io 5al kyl; and, R3 is
hydrogen, Cl1_10 al kyl, S02R64- SO2NR7R8, Ci _6 acyl or
CONR7R8; or, (b) R2 and R3 together are

J.W. T@hﬁél sﬂfﬁﬁ(@'@l 1n2imiBdébi Agéizymmﬂéhh BmloﬁHeI.GZ(lﬂSk?Hl(SpIOSGSLI. Clark et al., J.
cycl oal kyl : R5 is phenyl optionally

Med. gé%t%“@ﬁl“é@mzpw)l to 3 groups independently sel ected

fromthe group 10consisting of halogen, G _6 al kyl,

Combipepp I nokgesogioato B ibior S ¥EH3 Enatppr gpo eipige pracices

should6d Balckiyihl foRTroabnFEF BCE dsnorpandently dyioas® ure Qenfificd.
al kyl, Cl1_6 heteroal kyl or]&CHQ)2X1(CHQ 2; ROis

Curreiypprsryes tf@ﬁ@%af@yHCVombdalr gYigin) paspipte rlte(ffrosl- a-3a/(PEGASYS),

pegyl%f%:d ﬁltyﬁgcgt{e no2b ﬁ?&lNﬁ{OIQ and 1“%9 nya%ﬁagg)ml gcof%rlsmg a

n i ndepende are an
combiht@un &F & @nzhoudd frophihe memﬂmmlnby aAd oepdahbe cffakisﬁng therapeutics
t her eo I n anot her enbodi nent of the present

wouldibehepefici#l. t here i s provi ded a conpound according to
formula | wherein Y is NR2R3 and R3 isS(=0)2R6and R6

s . C. | kyl. 2 t h f th t
Other lb??\}%gﬁaﬁlé/ra]acr ﬁ%?%e 0%1% ng? @;glﬁ%%{{)e tgae ggoc%)rcafelﬁ 11{eg20%qnterferon a
pegyldt&d fidrerdn, %@fllﬁhnﬂ)r\étda& INRDR3rs2 PellyR3rdss Bliboreaad iferfering RNA

is C3_7 cycloalk I n anot her enbodi nent of the
comp@gs,etisqngg é@mp@ﬁldﬁ,ﬁwﬁ@otlée pradeasdeusieeside ppalaay immunoglobulins,

SRR, ALl Lol R Tl S

antiin@bive condpbulfdd. SSuch_conmblidayibn eticrdfyARBalso cdMprise providing a compound
2009/101022PCT/EP2009/051306 I n .anot her enbodi nent of

of the gnyeniiprneibher conpyaisilvar sorBerial Y wWithpiherapedicipypgeitngr potentiators,

such a@‘ffbg{}ﬂh%g[i tré:iatfe? 5?“{3@1411@ V‘ﬁﬁa&ﬁ% 311%%%1?8%&183 Varlq(us interferons

such aanfor %a:tnpls, ihR7dMoRSIphal, mtaﬁhwblh}éetaemﬂmﬁblrmmﬁ atdhthe hke as well as

sent d.nvention ere i s provi.ded a
atternfle B FRaL BT St o SR Ty A GRIRRIY Rgmbinations of
rlbavu% 51% o fdr&4, ela.d@nma%rédsas%()n@)h?aﬁgn tlﬁ@aﬁyswﬁl afleast one of the
R11 i’s al kyl or NRTN R i s "‘phenyl ene
conmqnmdsAﬂﬂmswgm@ngn@nnpn anot her enbodlnent of the present
|nvent|on there is prOVIded a conpound according to
la | wherein Y i
Other mtpr&rggs 01{1“@@&5 }Igjiqveé)pnp@@t }n§lu§(3 ag)uztp@cerow 2k (@bu@r%)kWN-omega
with mpﬁos HbetérdrPord infrBloid-on 30,1 85 Q! o/ RIBALHERAL rlh the
resent invention there’'i's provi a conpound
markeqﬂwrthemgset io cbmbmatian thewdpgrveitincompainiiRaRBe pRBcntIn @htid is
al k substituted by one to four groups sel ected
anticipyg pendently in each occurrence from hydroxy,
NR7bR8b, Cl1_3 al koxy, hal ogen or cyano, R3 is S(=0)2R6
: i '
Hev ARl Fuflich; S5 RURE 16 BTBOU RN oRobAR in development
includa®c 0626, Rg7 123, IBX1©/THK 802, PERRHSSH N (Pfizes), NR2R359 Rzlrd(ﬂlern) GS-9190
Kyl subst | tut% e to four oups sel
ni

. Cl 1 n ed
(Gﬂeaffha’eéém?émnﬁ;ﬁ PSR gefeuw%%%% MBRnGara%yo14 and GSK625433
<ONRARFSR I or cyano, R3 is
(Gla (lg( =0) 2R®, (S%a&;ysz \éﬁ%’gogr(@l%%%% is )p/)henyl ene and A2 is
phenyl . I n another enbodi nent of the present invention

Inhlbliohﬁéﬁhb 30 NSB%&G@SGQ%Q@U@ deéﬂlcl@@ﬂtfﬂeﬁgls l'p@tehﬁmrswls@ﬁjl for treatment
erein Y is is ClL 10 alk substitute

a
of HCNy Hrasgape grhibitauRimrBicahiiady iclugg V>%9Q@¥1§G&EE§QR67 %I@a) REH503034
I WTprerelel
(Brocép%\e/xgeﬂr‘ﬁsgh% e"l;l\é[@3§%@% Med gﬁgg{lﬁ] glfl\éfggg)rl one). Other
formula | MmmanlstR%-Z
Kis CL_10 al kyl substituted by a NR7bR8b noiety, R3
is S(=0)2R6, R6 is C _6 alkyl and leb is C _6
alkylsulfonyl or G _6 acyl. In another enbodlnent of

oy e T o o
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R8C5 R95 R105 R115 V, x25 x35 -w5 r, Ym n and p are
as defined herei nabove or conpounds of formula la as
waledoone2znbove in conbination with at | east oneCT/EP29NE051306
system nodul ator selected fromthe 5 group consisting
of an interferon, interleuki-h; tunor necrosis factor
or colony stinulating factor as antiviral agent ifor
proteakd dhiviead ineailicd ﬁtagescﬁfiﬁﬂélﬁpm&uSﬁﬂu%WMI@@O%mtde JBMS-790052
nbodi nent of

(Brist gl A oD ROV T KUTBb: [H6RH MR ey 412202
(Boehﬁﬁ%@?gﬂﬁ 500 oEgl 9P1t1§hf76’6 Pildnixwnerein A, A25 R,
5 R45 "R55 R75 Rra, Rrb5 R7c5 R85 R8a5 R8bS
R8C5 R95 R105 R115 V, x25 x35 -wbr Ym n and p are
Other &&géte fdrnad-Hev ehdapovticp nveanpasn dr ik cholbprilia idfibiteks which

as defined above in conbination with at | east one
inhibij Rivérleindiys teNSFbdilarsnidsel depwir (MigantHeargibihor of a-glucosidase-
f :
1, cas g? ?Ii/ ﬁljltoggél%lllh@%rﬂ]p e&;%r ggﬁjgtﬁ tal(ﬁ{i/ |H?H]I%Ha§gﬂéﬁﬁllﬁt¥ such a8 eZadaxm
(SciClbnejat ment of a di sease caused by the Fbpat|t|s C Virus
(HCV) virus. In another enbodi nent of the present
i nvention there is provided the use of a conpound
There acawregtly gOtpaﬁeroﬁivmﬂr@tmenﬁoé teipatitl C vaRS(HCY) RrbeurBBtiR4Bproved
R55 R7 7a, . 7¢5,.R85 ab R8
eran o 1 T i TR U6 1R RSt Bl e
pmnmﬁ&ﬁﬁkﬂabﬂﬁﬁuﬁﬁg@@ﬁﬁﬁuﬂds of formula la as defi ned
above in conbination with at |east one antiviral agent
sel ected fromthe group consisting of a HCV protease
The piendit mvteation prostdesk coipoal acrerdasetoi fomda 1,00r,a ;ﬁlahlﬁhteutically
hel i case inhihitor, rimase.inhibitor a .
acceniflisgh RGNS s Gtk rro Bge i oot R @ dinpiiected with
gcv.of a disease caused by the Hepatitis C Virus (HCV)
virus. 20 In another enbodi nent of the present
invention there is provided the use of a conpound
Compaaeroditiegpre@ent orveitliom dre whrap@inds AF forARl IR , R25 R35 R45
R55 R6, R75 R7a, R7b5 R7c5 R85 R8a5 R8b5 R8C5 RO5 R105
R115 V, x25 x35 -w6r Ym n and p are as defined or
conmpounds of fornula |a asYefi{ned above for
i nhi biting replicatkpn of virus in a cel
conprising treating I n anot er enbodi nent of
the present invention e Aproylcfed a method for
treating a disease c¥usef beFHe Hepatitis C Virus
(HCV) virus conprising admnistering to a patient in
whieged thereof, a therapeutically effective quantity of
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As used in this specification, whether in a transitional phrase or in the body of the claim, the
terms "comprise(s)" and "comprising” are to be interpreted as having an open-ended meaning.
That is, the terms are to be interpreted synonymously with the phrases "having at least" or
"including at least". When used in the context of a process, the term "comprising" means that the
process includes at least the recited steps, but may include additional steps. When used in the
context of a compound or composition, the term "comprising" means that the compound or
composition includes at least the recited features or components, but may also include additional

features or components.

Technical and scientific terms used herein have the meaning commonly understood by one of
skill in the art to which the present invention pertains, unless otherwise defined. Reference is
made herein to various methodologies and materials known to those of skill in the art. Standard
reference works setting forth the general principles of pharmacology include Goodman and
Gilman's The Pharmacological Basis of Therapeutics, 10th Ed., McGraw Hill Companies Inc.,
New York (2001). Any suitable materials and/or methods known to those of skill can be utilized
in carrying out the present invention. However, preferred materials and methods are described.
Materials, reagents and the like to which reference are made in the following description and

examples are obtainable from commercial sources, unless otherwise noted.

As used herein, unless specifically indicated otherwise, the word "or" is used in the "inclusive"

sense of "and/or" and not the "exclusive"” sense of "either/or".

As used herein, the recitation of a numerical range for a variable is intended to convey that the
invention may be practiced with the variable equal to any of the values within that range. Thus,
for a variable which is inherently discrete, the variable can be equal to any integer value of the
numerical range, including the end-points of the range. Similarly, for a variable which is
inherently continuous, the variable can be equal to any real value of the numerical range,
including the end-points of the range. As an example, a variable which is described as having
values between 0 and 2, can be 0, 1 or 2 for variables which are inherently discrete, and can be

0.0, 0.1, 0.01, 0.001, or any other real value for variables which are inherently continuous.

It will be understood that the subject to which a compound of the invention is administered need
not suffer from a specific traumatic state. Indeed, the compounds of the invention may be

administered prophylactically, prior to any development of symptoms. The term "therapeutic",
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"therapeutically", and permutations of these terms are used to encompass therapeutic, palliative
as well as prophylactic uses. Hence, as used herein, by "treating or alleviating the symptoms" is
meant reducing, preventing, and/or reversing the symptoms of the individual to which a
compound of the invention has been administered, as compared to the symptoms of an individual

receiving no such administration.

When any variable (e.g., Rl, R4a, Ar, X! or Het) occurs more than one time in an constituent or in
any formula depicting and describing compounds employed or claimed in the present invention,
its definition on each occurrence is independent of its definition at every other occurrence. Also,
combinations of substituents and/or variables are permissible only if such compounds result in
stable compounds. A "stable" compound is a compound which can be prepared and isolated and
whose structure and properties remain or can be made to remain essentially unchanged for a
period of time sufficient to allow the use of the compound for the purposes described herein

(e.g., therapeutic or prophylactic administration to a subject).

Unless expressly stated to the contrary, all ranges cited herein are inclusive. For example, a
heterocyclic ring described as containing "1 to 4 heteroatoms" means the ring can contain 1, 2, 3
or 4 heteroatoms. It is also to be understood that any range cited herein includes within its scope
all of the subranges within that range. Thus, for example, an aryl or a heteroaryl described as
optionally substituted with "from 1 to 5 substituents" is intended to include as aspects thereof,
any aryl optionally substituted with 1 to 4 substituents, 1 to 3 substituents, 1 to 2 substituents, 2
to 5 substituents, 2 to 4 substituents, 2 to 3 substituents, 3 to 5 substituents, 3 to 4 substituents, 4

to 5 substituents, 1 substituent, 2 substituents, 3 substituents, 4 substituents, and 5 substituents.

In one embodiment of the present invention there is provided a compound according to formula I
. Al A2 pl D2 D3 Rt RS R R R72 RTP R RS RS PSP P RY PRIV Rl vl 2
wherein A°, A*, R, R, R", R", R>, R”" R, R, R, R, R*, R®*, R®”, R, R", R", R, X', X",

Y, m and n ar¢ as defined hereinabove.

In another embodiment of the present invention there is provided a compound according to
formula T wherein A is para-phenylene or para-pyridinylene, AL RLRL R, RY RS, RO R,
R, R R, R®, R* R®, R¥* R’, R" R", X', X* X*, Y, m, n and p are as defined

hereinabove.

In another embodiment of the present invention there is provided a compound according to formula Ia
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O&-NHR?
R'I
CO-
R°R°N 0 (1a)
wherein

R'is C1i0 alkyl, Cs_7 cycloalkyl, C;_; alkoxy, C; haloalkyl or halogen;

cither (a) R?is hydrogen, Cy.io alkyl, C,_s haloalkyl, Ci_o hydroxyalkyl or Cy.s alkoxy-Ci_1¢
alkyl; and, R? is hydrogen, C;_jo alkyl, SO,R®, SO,NR'R?, C\ acyl or
CONR7R8; or,

(b) R* and R? together are (CH,),X"(CH,)y;
R* is hydrogen, Cy alkyl or Cs; cycloalkyl;

R’ is phenyl optionally substituted with 1 to 3 groups independently selected from the group
consisting of halogen, C; alkyl, C;s haloalkyl, C, alkoxy, cyano and Cs.; cycloalkyl;

R®is Cy alkyl, Cs7 cycloalkyl or C haloalkyl;

R’ and R® are independently hydrogen, C; alkyl, Cy heteroalkyl or (CH,),X'(CH,)y;
R’ is hydrogen C, 3 acyl, C;3 alkylsulfonyl or C;_; alkyl;

X is NH or O;

X! is -O-. -NR’-, -S(O)u-, (CHy), or X' is absent;

m and n independently are an integer from 0 to 2; or,

pharmaceutically acceptable salts thereof.

In another embodiment of the present invention there is provided a compound according to

formula T wherein Y is NR’R* and R*is S(=0),R® and R® is C, alkyl.

In another embodiment of the present invention there is provided a compound according to

formula T wherein Y is NR’R* and R*is S(=0),R® and R® is Cs.; cycloalkyl.

In another embodiment of the present invention there is provided a compound according to
formula T wherein Y is NR’R?, R? is R"'S(=0)u[C(R®)2] 16, R is S(=0),R®, R® is C ¢ alkyl and
R" is C14 alkyl or NR'NR®.
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In another embodiment of the present invention there is provided a compound according to
formula I wherein Y is NR’R?, R? is R"'S(=0)u[C(R®)]15, R is S(=0),R®, R® is C, s alkyl and
R' is NR'NR*.

In another embodiment of the present invention there is provided a compound according to
formula I wherein Y is NR’R?, R? is R"'S(=0)u[C(R®),]16, R is S(=0),R®, R® is Cy ¢ alkyl, R"
is C1 alkyl or NR'NR, A' is phenylene and A? is phenyl.

In another embodiment of the present invention there is provided a compound according to
formula I wherein Y is NR’R?, R? is R"'S(=0)u[C(R®)]15, R is S(=0),R®, R® is C, s alkyl and
R'" is Cy¢ alkyl.

In another embodiment of the present invention there is provided a compound according to

formula T wherein Y is NR’R?, R? is C}.1¢ alkyl substituted by one to four groups selected

independently in each occurrence from hydroxy, NR"R*”

S(=0),R® and R® is C, ¢ alkyl.

, C1.3 alkoxy, halogen or cyano, R*is

In another embodiment of the present invention there is provided a compound according to
formula T wherein Y is NR’R?, R? is C}.1¢ alkyl substituted by one to four groups selected
independently in each occurrence from hydroxy, NR™’R*®, C,_; alkoxy, halogen or cyano, R*is

S(=0),R®, R®is C, alkyl, A" is phenylene and A* is phenyl.

In another embodiment of the present invention there is provided a compound according to
formula T wherein Y is NR’R®, R? is C}.1¢ alkyl substituted a hydroxy or a NR”’R*” moiety, R* is
S(=0),R® and R® is C, alkyl.

In another embodiment of the present invention there is provided a compound according to
formula T wherein Y is NR*R®, R? is C}.1¢ alkyl substituted by a NR™R* moiety, R? is
S(=0),R®, R®is C; alkyl and R™ is C, alkylsulfonyl or C; acyl.

In another embodiment of the present invention there is provided a compound according to
formula T wherein Y is NR*R?, R? is heterocyclyl or heterocyclyl-Ci alkyl, R is S(=0),R®, R®
is C1 alkyl and R is C, alkylsulfonyl or Cy_s acyl.

In another embodiment of the present invention there is provided a compound according to

formula T wherein Y is NR*R?, R? is heterocyclyl or heterocyclyl-Ci alkyl wherein the
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heterocycle is an optionally substituted oxetanyl, tetrahydrofuranyl or tetrahydropyranyl, R? is
S(=0),R®, R®is C; alkyl and R™ is C, alkylsulfonyl or C; acyl.

In another embodiment of the present invention there is provided a compound according to
formula T wherein Y is NR*R?, R? is heterocyclyl or heterocyclyl-Ci alkyl wherein the
heterocycle is an optionally substituted azetidinyl, pyrrolidinyl or piperidinyl and the
heterocyclic nitrogen is optionally substituted by Ci acyl or Cys alkylsulfonyl, R*is S(=0),R®,
R®is Ci alkyl and R is C, alkylsulfonyl or C acyl.

In another embodiment of the present invention there is provided a compound according to

formula T wherein Y is NR*R* and A" is meta-phenylene.

In another embodiment of the present invention there is provided a compound according to

formula T wherein Y is NR*R* and A” is optionally substituted 2-pyridinyl or 3-pyridinyl.

In another embodiment of the present invention there is provided a compound according to

formula T wherein Y is NR*R® and A’ is pyridinylene.

In another embodiment of the present invention there is provided a compound according to
formula I select from the group consisting of I-1 to I-127 and 1-128 in TABLE 1 of the

specification.

In another embodiment of the present invention there is provided the use of a compound
according to formula I wherein A', A%, R', R%, R®, R*, R°, R* R’, R”%, R™, R”", R®, R** R®",
R* R’ R"™ R", X', X2, X*, Y, m, n and p are as defined hereinabove or compounds of formula
Ia as defined above as antiviral agent for the treatment of a disease caused by the Hepatitis C

Virus (HCV) virus.

In another embodiment of the present invention there is provided the use of a compound
according to formula I wherein A', A%, R', R%, R®, R*, R°, R* R’, R”%, R™, R”", R®, R** R®",
R* R’ R"™ R", X', X2, X*, Y, m, n and p are as defined hereinabove or compounds of formula
Ia as defined above in combination with at least one immune system modulator and/or at least
one antiviral agent that inhibits replication of HCV as antiviral agent for the treatment of a

disease caused by the Hepatitis C Virus (HCV) virus.
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In another embodiment of the present invention there is provided the use of a compound
according to formula I wherein A', A%, R', R%, R®, R*, R°, R* R’, R”%, R™, R”", R®, R** R®",
R* R’ R"™ R", X', X2, X*, Y, m, n and p are as defined hereinabove or compounds of formula
Ia as defined above in combination with at least one immune system modulator selected from the
group consisting of an interferon, interleukin, tumor necrosis factor or colony stimulating factor

as antiviral agent ifor the treatment of a disease caused by the Hepatitis C Virus (HCV) virus.

In another embodiment of the present invention there is provided the use of a compound
according to formula I wherein A', A%, R', R%, R®, R*, R°, R* R’, R”%, R™, R”", R®, R** R®",
R* R’ R"™ R", X', X2, X*, Y, m, n and p are as defined hereinabove or compounds of formula
Ia as defined above in combination with at least one immune system modulator selected from the
group consisting of an interferon, or a chemically derivatized interferon as antiviral agents for

the treatment of a disease caused by the Hepatitis C Virus (HCV) virus.

In another embodiment of the present invention there is provided the use of a compound
according to formula I wherein A', A%, R', R%, R®, R*, R°, R* R’, R”%, R™, R”", R®, R** R®",
R* R’ R"™ R", X', X2, X*, Y, m, n and p are as defined hereinabove or compounds of formula
Ia as defined above in combination with at least one antiviral agent selected from the group
consisting of a HCV protease inhibitor, another HCV polymerase inhibitor, a HCV helicase
inhibitor, a HCV primase inhibitor and a HCV fusion inhibitor as antiviral agent for the

treatment of a disease caused by the Hepatitis C Virus (HCV) virus.

In another embodiment of the present invention there is provided the use of a compound
according to formula I wherein A', A%, R', R%, R®, R*, R°, R* R’, R”%, R™, R”", R®, R** R®",
R* R’ R"™ R", X', X2, X*, Y, m, n and p are as defined or compounds of formula Ia as

defined above for inhibiting replication of HCV virus in a cell comprising treating the cell.

In another embodiment of the present invention there is provided a method for treating a disease
caused by the Hepatitis C Virus (HCV) virus comprising administering to a patient in need
thereof, a therapeutically effective quantity of a compound according to formula T wherein A’
AL RL R R®, RY, RS, R® R, R™, R, R™, R®, R, R®*, R®, R’, R™, R', X!, X, X*, Y, m, n

and p are as defined hereinabove.

In another embodiment of the present invention there is provided a method for treating a disease

caused by the Hepatitis C Virus (HCV) virus comprising co-administering to a patient in need
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thereof, a therapeutically effective quantity of a compound according to formula T wherein A’
2 2 2 2 2 2 2 b 2 2 2 2 2 2 2 2 2 b 2 2 2 2
and p are as defined hereinabove along with at least one immune system modulator and/or at

least one antiviral agent that inhibits replication of HCV.

In another embodiment of the present invention there is provided a method for treating a disease
caused by the Hepatitis C Virus (HCV) virus comprising co-administering to a patient in need
thereof, a therapeutically effective quantity of a compound according to formula T wherein A’
AL RL R R®, RY, RS, R® R, R™, R, R™, R®, R, R®*, R®, R’, R™, R', X!, X, X*, Y, m, n
and p are as defined hereinabove along with at least one immune system modulator selected
from the group consisting of an interferon, interleukin, tumor necrosis factor or colony

stimulating factor.

In another embodiment of the present invention there is provided a method for treating a disease
caused by the Hepatitis C Virus (HCV) virus comprising co-administering to a patient in need
thereof, a therapeutically effective quantity of a compound according to formula T wherein A’
AL RL R R®, RY, RS, R® R, R™, R, R™, R®, R, R®*, R®, R’, R™, R', X!, X, X*, Y, m, n
and p are as defined hereinabove along with at least one immune system modulator selected

from the group consisting of an interferon, or a chemically derivatized interferon.

In another embodiment of the present invention there is provided a method for treating a disease
caused by the Hepatitis C Virus (HCV) virus comprising co-administering to a patient in need
thereof, a therapeutically effective quantity of a compound according to formula T wherein A’
AL RL R R®, RY, RS, R® R, R™, R, R™, R®, R, R®*, R®, R’, R™, R', X!, X, X*, Y, m, n
and p are as defined hereinabove along with at least one antiviral agent selected from the group
consisting of a HCV protease inhibitor, another HCV polymerase inhibitor, a HCV helicase
inhibitor, a HCV primase inhibitor and a HCV fusion inhibitor.

In another embodiment of the present invention there is provided a method for inhibiting
replication of HCV virus in a cell comprising treating the cell comprising administering a
therapeutically effective quantity of a compound according to formula I wherein Al AL R R,
R’ R, R°, R* R’ R™ R R, R®, R* R® R* R’,R" R" X', X% X*, Y, m, nand p arc as
defined.
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In another embodiment of the present invention there is provided a pharmaceutical composition
according to formula I wherein A', A%, R', R%, R®, R*, R°, R* R’, R”%, R™, R”", R®, R** R®",
R* R’ R"™ R", X', X2, X*, Y, m, n and p are as defined hereinabove or compounds of formula
Ia as defined above admixed with at least one pharmaceutically acceptable carrier, diluent or

excipient.

The term “alkyl” as used herein denotes an unbranched or branched chain, saturated, monovalent
hydrocarbon residue containing 1 to 10 carbon atoms. The term “lower alkyl” denotes a straight
or branched chain hydrocarbon residue containing 1 to 6 carbon atoms. "Cjo alkyl" as used
herein refers to an alkyl composed of 1 to 10 carbons. Examples of alkyl groups include, but are
not limited to; lower alkyl groups include methyl, ethyl, propyl, i-propyl, #-butyl, i-butyl, -butyl
or pentyl, isopentyl, neopentyl, hexyl, heptyl, and octyl.

When the term “alkyl” is used as a suffix following another term, as in “phenylalkyl,” or
“hydroxyalkyl,” this is intended to refer to an alkyl group, as defined above, being substituted
with one to two substituents selected from the other specifically named group. Thus, for
example, “phenylalkyl” denotes the radical R'R"-, wherein R’ is a phenyl radical, and R" is an
alkylene radical as defined herein with the understanding that the attachment point of the
phenylalkyl moiety will be on the alkylene radical. Examples of arylalkyl radicals include, but
are not limited to, benzyl, phenylethyl, and 3-phenylpropyl. The terms “arylalkyl” or "aralkyl"
are interpreted similarly except R' is an aryl radical. The terms "(het)arylalkyl" or "(het)aralkyl"

are interpreted similarly except R' is optionally an aryl or a heteroaryl radical.

The term "alkylene" as used herein denotes a divalent saturated linear hydrocarbon radical of 1
to 10 carbon atoms (e.g., (CHy)n)or a branched saturated divalent hydrocarbon radical of 2 to 10
carbon atoms (¢.g., -CHMe- or -CH,CH(i-Pr)CH,-), unless otherwise indicated. Except in the
case of methylene, the open valences of an alkylene group are not attached to the same atom.
Examples of alkylene radicals include, but are not limited to, methylene, ethylene, propylene, 2-

methyl-propylene, 1,1-dimethyl-ethylene, butylene, 2-cthylbutylene.

The term “haloalkyl” as used herein denotes an unbranched or branched chain alkyl group as
defined above wherein 1, 2, 3 or more hydrogen atoms are substituted by a halogen. Examples
are 1-fluoromethyl, 1-chloromethyl, 1-bromomethyl, 1-iodomethyl, difluoromethyl,
trifluoromethyl, trichloromethyl, tribromomethyl, triiodomethyl, 1-fluoroethyl, 1-chloroethyl, 1-
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bromoethyl, 1-iodoethyl, 2-fluoroethyl, 2-chloroethyl, 2-bromoethyl, 2-iodoethyl, 2,2-
dichloroethyl, 3-bromopropyl or 2,2,2-trifluoroethyl.

The term "alkoxy" as used herein means an -O-alkyl group, wherein alkyl is as defined above
such as methoxy, ethoxy, n-propyloxy, i-propyloxy, n-butyloxy, i-butyloxy, #-butyloxy,
pentyloxy, hexyloxy, including their isomers. "Lower alkoxy" as used herein denotes an alkoxy
group with a "lower alkyl" group as previously defined. "C;.19 alkoxy" as used herein refers to

an-O-alkyl wherein alkyl is Cy.j¢.

The term “cycloalkyl” as used herein denotes a saturated carbocyclic ring containing 3 to 8
carbon atoms, i.e. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl.
"Cs cycloalkyl" as used herein refers to a cycloalkyl composed of 3 to 7 carbons in the

carbocyclic ring.

The terms "amino", "alkylamino" and "dialkylamino" as used herein refer to -NH;, -NHR and -
NR; respectively and R is alkyl as defined above. The two alkyl groups attached to a nitrogen in
a dialkyl moiety can be the same or different. The terms "aminoalkyl", "alkylaminoalkyl" and
"dialkylaminoalkyl" as used herein refer to NHy(alkylene)-, RHN(alkylene)-, and R,N(alkylene)-
respectively wherein R is alkyl, and both alkylene and alkyl are as defined herein. "C,.j0
alkylamino" as used herein refers to an aminoalkyl wherein alkyl is Cy.19. Cj.10 alkyl-amino-C,
alkyl" as used herein refers to a Cy_j¢ alkylamino(alkylene),.s wherein alkyl is Cy.1¢ and the
alkylene is (CH;),.6. When the alkylene group contains three or more carbon atoms, the alkylene
can be linear, e.g. -(CH,)s- or branched, e.g., -(CMe,CH;)-. The term "phenylamino” as used

herein refers to -NHPh wherein Ph represents an optionally substituted phenyl group.

The terms "hydroxyalkyl" and "alkoxyalkyl" as used herein denotes alkyl radical as herein
defined wherein one to three hydrogen atoms on different carbon atoms is/are replaced by
hydroxyl or alkoxy groups respectively. A C;.; alkoxy-C; alkyl moiety refers to a C, alkyl
substituent in which 1 to 3 hydrogen atoms are replaced by a C,;; alkoxy and the point of

attachment of the alkoxy is the oxygen atom.

The term “acyl” as used herein denotes a group of formula -C(=0)R wherein R is hydrogen or
lower alkyl as defined herein. The term or "alkylcarbonyl" as used herein denotes a group of
formula C(=O)R wherein R is alkyl as defined herein. The term C, acyl refers to a group -
C(=O)R contain 1 to 6 carbon atoms. The C; acyl group is the formyl group wherein R = H and
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a Cg acyl group refers to hexanoyl when the alkyl chain is unbranched. The term "arylcarbonyl”
as used herein means a group of formula C(=O)R wherein R is an aryl group; the term "benzoyl"

as used herein an "arylcarbonyl" group wherein R is phenyl.

The terms "alkylsulfonyl” and "arylsulfonyl" as used herein denotes a group of formula

-S(=0),R wherein R is alkyl or aryl respectively and alkyl and aryl are as defined herein.
The term "halogen" or "halo" as used herein means fluorine, chlorine, bromine, or iodine.

The term "phenylene" as used herein refers to a benzene ring with two open valences. A

phenylene moiety has three possible regioisomers, ortho-, -meta- or para-phenylene. The term
"pyridinylene" as used herein refers to a pyridine ring with two open valences. A pyridinylene
moiety has six regioisomers. Para-pyridinylene refers to a 2,5-disubstituted pyridine and meta-

phenylene refers to a 2,4-, 2,6- or 3,5-disubstituted pyridine.

The term "heteroaryl” or "heteroaromatic" as used herein means a monocyclic aromatic ring of 4
to 6 atoms incorporating one or more N, O, or S heteroatoms, the remaining ring atoms being
carbon, with the understanding that the attachment point of the heteroaryl radical will be on a
carbon atom. As well known to those skilled in the art, heteroaryl rings have less aromatic
character than their all-carbon counter parts. Thus, for the purposes of the invention, a heteroaryl
group need only have some degree of aromatic character. Examples of heteroaryl moieties
include, but are not limited to, pyridinyl, pyrimidinyl, pyrazinyl, pyrrolyl, pyrazolyl, imidazolyl,
oxazol, isoxazole, thiazole, isothiazole, triazoline, thiadiazole and oxadiaxoline which can
optionally be substituted with one or more, preferably one or two substituents selected from
hydroxy, cyano, alkyl, alkoxy, thio, lower haloalkoxy, alkylthio, halo, haloalkyl, alkylsulfinyl,
alkylsulfonyl, halogen, amino, alkylamino, dialkylamino, aminoalkyl, alkylaminoalkyl, and
dialkylaminoalkyl, nitro, alkoxycarbonyl and carbamoyl, alkylcarbamoyl, dialkylcarbamoyl,
arylcarbamoyl, alkylcarbonylamino and arylcarbonylamino. The term (hetero)aryl as used

herein refers to an aromatic ring which is either an aryl or a heteroaryl ring as defined herein.

The term "heteroarylalkyl" (or "heteroaralkyl") means the radical of the formula R'R", wherein
R' s an optionally substituted heteroaryl radical as defined herein, and R" is an alkylene radical
as defined herein with the understanding that the attachment point of the heteroaryl radical will
be on the alkylene radical. Examples of heteroarylalkyl radicals include, but are not limited to,

2-imidazolylmethyl, 3-pyrrolylethyl.
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The term "heterocyclyl" or "heterocycle” as used herein denotes a monovalent saturated cyclic
radical, consisting of one or more rings, preferably one to two rings, of three to eight atoms per
ring, incorporating one or more ring heteroatoms (chosen from N,O or S(=0),.2) with the
remaining ring atoms being carbon, with the understanding that the attachment point of the
heteroaryl radical will be on a carbon atom. The heterocyclyl moiety can optionally be
independently substituted with one or more, preferably one or two substituents selected from
hydroxy, oxo, cyano, lower alkyl, lower alkoxy, lower haloalkoxy, alkylthio, halo, haloalkyl,
hydroxyalkyl, nitro, alkoxycarbonyl, amino, alkylamino, alkylsulfonyl, arylsulfonyl,
alkylaminosulfonyl, arylaminosulfonyl, alkylsulfonylamino, arylsulfonylamino,
alkylaminocarbonyl, arylaminocarbonyl, alkylcarbonylamino, arylcarbonylamino, unless
otherwise indicated. Examples of heterocyclic radicals include, but are not limited to, azetidinyl,
pyrrolidinyl, hexahydroazepinyl, oxetanyl, tetrahydrofuranyl, tetrahydrothiophenyl, oxazolidinyl,
thiazolidinyl, isoxazolidinyl, morpholinyl, piperazinyl, piperidinyl, tetrahydropyranyl,

thiomorpholinyl, quinuclidinyl and imidazolinyl.

The terms "oxetane" (oxetanyl), "tetrahydrofuran” (tetrahydrofuranyl) and "tetrahydropyran”
(tetrahydropyranyl") refer to a four, five and six-membered non-fused heterocyclic ring
respectively, each containing one oxygen atom. "azetidine" ("azetidinyl") "pyrrole”
("pyrrolidinyl™), "piperidine" ("piperidinyl"), "azepine" ("azepinyl") The terms "furan" ("furyl"),
"pyrrole” ("pyrrolyl") and "thiophene" ("thienyl) refer to five membered heteroaryl rings with
one oxygen, nitrogen and sulfur respectively. The term "pyridine” ("pyridinyl) refers to a six-
membered heteroaromatic ring with one nitrogen atom. The terms "pyrimidine” (pyrimidinyl),
"pyrazine" ("pyrazinyl") and "pyridazine" ("pyridazinyl") refer to a six-membered nonfused
heteroaromatic ring with two nitrogen atoms disposed in a 1,3, a 1,4 and a 1,2 relationship

respectively. The respective radical names are in parentheses.

The term "heterocycloalkyl" ( or "heterocyclylalkyl") denotes the radical of the formula R'R”,

wherein R' is a heterocyclic radical as defined herein, and R" is an alkylene radical as defined

herein and the attachment point of the heterocycloalkyl radical will be on the alkylene radical..
Examples of heterocycloalkyl radicals include, but are not limited to, 1-oxetanylmethyl, 2-

piperidinylmethyl, and the like.

Compounds of formula I exhibit tautomerism. Tautomeric compounds can exist as two or more

interconvertable species. Prototropic tautomers result from the migration of a covalently bonded
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hydrogen atom between two atoms. Tautomers generally exist in equilibrium and attempts to
isolate an individual tautomers usually produce a mixture whose chemical and physical
properties are consistent with a mixture of compounds. The position of the equilibrium is
dependent on chemical features within the molecule. For example, in many aliphatic aldehydes
and ketones, such as acetaldehyde, the keto form predominates while; in phenols, the enol form
predominates. Common prototropic tautomers include keto/enol (-C(=0)-CH- S -C(-OH)=CH),
amide/imidic acid (-C(=0)-NH- 5 -C(-OH)=N-) and amidine (-C(=NR)-NH- & -C(-NHR)=N-)
tautomers. The latter two are particularly common in heteroaryl and heterocyclic rings and the

present invention encompasses all tautomeric forms of the compounds.

The term "combination" as used herein in reference in administering a plurality of drugs in a
therapeutic regimen by concurrent or sequential administration of the drugs at the same time or

at different times.

The term "chemically-derivatized interferon” as used herein refers to an interferon molecule
covalently linked to a polymer which alters the physical and/or pharmacokinetic properties of the
interferon. A non-limiting list of such polymers include polyalkylene oxide homopolymers such
as polyethylene glycol (PEG) or polypropylene glycol (PPG), polyoxyethylenated polyols,
copolymers thereof and block copolymers thereof, provided that the water solubility of the block
copolymers is maintained. One skilled in the art will be aware of numerous approaches to
linking the polymer and interferon (for example, see A. Kozlowski and J. M. Harris J. Control.
Release 2001 72(1-3):217-24). A non-limiting list of chemically derivatized IFNa contemplated
in the present patent includes PEG interferon-o-2a (PEGASYS®) and PEG interferon-a-2b
(PEGINTRON®).

Commonly used abbreviations include: acetyl (Ac), aqueous (aq.), atmospheres (Atm), tert-
butoxycarbonyl (Boc), di-fert-butyl pyrocarbonate or boc anhydride (BOC,0), benzyl (Bn),
butyl (Bu), Chemical Abstracts Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z),
1,5-diazabicyclo[4.3.0]non-5-ene (DBN), 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU), N,N'-
dicyclohexylcarbodiimide (DCC), 1,2-dichloroethane (DCE), dichloromethane (DCM), diethyl
azodicarboxylate (DEAD), di-iso-propylazodicarboxylate (DIAD), di-iso-butylaluminumhydride
(DIBAL or DIBAL-H), di-iso-propylethylamine (DIPEA), N,N-dimethyl acetamide (DMA), 4-
N,N-dimethylaminopyridine (DMAP), N,N-dimethylformamide (DMF), dimethyl sulfoxide
(DMSO0), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI), ethyl (Et),
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ethyl acetate (EtOAc), ethanol (EtOH), 2-cthoxy-2H-quinoline-1-carboxylic acid ethyl ester
(EEDQ), diethyl ether (Et,0), O-(7-azabenzotriazole-1-yl)-N, N,N’N’-tetramethyluronium
hexafluorophosphate acetic acid (HATU), acetic acid (HOAc), 1-N-hydroxybenzotriazole
(HOBY), high pressure liquid chromatography (HPLC), iso-propanol (IPA), methanol (MeOH),
melting point (mp), MeSO;- (mesyl or Ms), methyl (Me), acetonitrile (MeCN), m-
chloroperbenzoic acid (MCPBA), mass spectrum (ms), methyl zerz-butyl ether (MTBE), N-
methylmorpholine (NMM), N-methylpyrrolidone (NMP), phenyl (Ph), propyl (Pr), iso-propyl (i-
Pr), pounds per square inch (psi), pyridine (pyr), room temperature (rt or RT), satd. (saturated),
tert-butyldimethylsilyl or t-BuMe2Si (TBDMS), triethylamine (TEA or Et3N), triflate or
CF3S0;- (Tf), trifluoroacetic acid (TFA), O-benzotriazol-1-yl-N,N,N',N'-tetramethyluronium
tetrafluoroborate (TBTU), thin layer chromatography (TLC), tetrahydrofuran (THF),
trimethylsilyl or MesSi (TMS), p-toluenesulfonic acid monohydrate (TsOH or pTsOH), 4-Me-
CsH4SO,- or tosyl (Ts), N-urethane-N-carboxyanhydride (UNCA),. Conventional nomenclature
including the prefixes normal (n), iso (i-), secondary (sec-), tertiary (tert-) and neo- have their
customary meaning when used with an alkyl moiety. (J. Rigaudy and D. P. Klesney,

Nomenclature in Organic Chemistry, [IUPAC 1979 Pergamon Press, Oxford.).

Compounds of the present invention can be made by a variety of methods depicted in the
illustrative synthetic reaction schemes shown and described below. The starting materials and
reagents used in preparing these compounds generally are either available from commercial
suppliers, such as Aldrich Chemical Co., or are prepared by methods known to those skilled in
the art following procedures set forth in references such as Fieser and Fieser’s Reagents for
Organic Synthesis; Wiley & Sons: New York, Volumes 1-21; R. C. LaRock, Comprehensive
Organic Transformations, 2nd edition Wiley-VCH, New York 1999; Comprehensive Organic
Synthesis, B. Trost and I. Fleming (Eds.) vol. 1-9 Pergamon, Oxford, 1991; Comprehensive
Heterocyclic Chemistry, A. R. Katritzky and C. W. Rees (Eds) Pergamon, Oxford 1984, vol. 1-9;
Comprehensive Heterocyclic Chemistry 11, A. R. Katritzky and C. W. Rees (Eds) Pergamon,
Oxford 1996, vol. 1-11; and Organic Reactions, Wiley & Sons: New York, 1991, Volumes 1-40.
The following synthetic reaction schemes are merely illustrative of some methods by which the
compounds of the present invention can be synthesized, and various modifications to these
synthetic reaction schemes can be made and will be suggested to one skilled in the art having

referred to the disclosure contained in this Application.



10

15

20

25

\ : @ 1-20 MeO 110N * kI 2Me
CONHME H 524 0.092 \
WO 2009/101022 PCT/EP2009/051306

21-

The starting materials and the intermediates of the synthetic reaction schemes can be isolated and
purified if desired using conventional techniques, including but not limited to, filtration,
distillation, crystallization, chromatography, and the like. Such materials can be characterized

using conventional means, including physical constants and spectral data.

Unless specified to the contrary, the reactions described herein preferably are conducted under
an inert atmosphere at atmospheric pressure at a reaction temperature range of from about -78 °C
to about 150 °C, more preferably from about 0° C to about 125° C, and most preferably and

conveniently at about room (or ambient) temperature, ¢.g., about 20° C.

Some compounds in following schemes are depicted as a Markush structure with generalized
substituents; however, one skilled in the art will immediately appreciate that the nature of the R
groups as defined in the claims can varied as defined in the appended claims to afford the various
compounds contemplated in this invention. Moreover, the reaction conditions are exemplary and
alternative conditions can be identified without undue experimentation. The reaction sequences
in the following examples are not meant to limit the scope of the invention as set forth in the

claims.

In general, the nomenclature used in this Application is based on AUTONOM™ v.4.0, a
Beilstein Institute computerized system for the generation of [IUPAC systematic nomenclature.
If there is a discrepancy between a depicted structure and a name given that structure, the
depicted structure is to be accorded more weight. In addition, if the stereochemistry of a
structure or a portion of a structure is not indicated with, for example, bold or dashed lines, the

structure or portion of the structure is to be interpreted as encompassing all stereoisomers of it

Examples of representative compounds encompassed by the present invention and within the
scope of the invention are provided in the following Table. These examples and preparations
which follow are provided to enable those skilled in the art to more clearly understand and to
practice the present invention. They should not be considered as limiting the scope of the

invention, but merely as being illustrative and representative thereof.
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2. ICso (uM) data for NS5B polymerase assay as described in Example 25.

Compounds of the present invention with a 5-alkoxy substituent are prepared by condensation of
a 5-alkoxy-salicylaldehyde and ethyl diazoacetate to afford an ethyl 5-alkoxybenzofuran-3-
carboxylate A-2a. (M. E. Dudley et al., Synthesis 2006 1711-14) The sequence depicted in
SCHEME A exemplifies a compound wherein the 5-alkoxy moiety is a methoxy substituent;
however, one skilled in the art will appreciate that other alkoxy ethers can be prepared from 5-
hydroxy-salicylaldehyde. Introduction of a 4-bromo-phenyl substituent at C-2 is accomplished
by a palladium-catalyzed Suzuki coupling. Deprotonation of C-2 with lithium diisopropylamide
and quenching the resulting anion with trimethyl borate which is hydrolyzed to the requisite
boronic acid during the aqueous workup. The 4-bromo-phenyl substituent is then conveniently

introduced via a palladium-catalyzed coupling of A-2b and 4-iodo-bromobenzene.
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The Suzuki reaction is a palladium-catalyzed coupling of a boronic acid ( R-B(OH), wherein R
is aryl or vinyl) with an aryl or vinyl halide or triflate (RY wherein R' = aryl or vinyl; Y = halide
5 or -OSO,CF») to afford a compound R-R'. Typical catalysts include Pd(PPhs)s;, Pd(OAc); and

PdCI2(dppf). With PACl,(dppf), primary alkyl boronic acid compounds can be coupled to aryl
or vinyl halide or triflate without B-elimination. Highly active catalysts have been identified
(see, e.g. J. P. Wolfe et al., J. Am. Chem. Soc. 1999 121(41):9550-9561 and A. F. Littke et al., J.
Am. Chem. Soc. 2000 122(17):4020-4028). The reaction can be carried out in a variety of

10  organic solvents including toluene, THF, dioxane, DCE, DMF, DMSO and acetonitrile, aqueous
solvents and under biphasic conditions. Reactions are typically run from about room
temperature to about 150° C. Additives (¢.g. CsF, KF, TIOH, NaOEt and KOH) frequently
accelerate the coupling. There are a large number of parameters in the Suzuki reaction including
the palladium source, ligand, additives and temperature and optimum conditions sometimes

15 require optimization of the parameters for a given pair of reactants. A. F. Littke et al., supra,

disclose conditions for Suzuki cross-coupling with arylboronic acids in high yield at RT utilizing
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Pd,(dba):/P(tert-Bu); and conditions for cross coupling of aryl- and vinyl triflates utilizing
Pd(OAc),/P(CsHi1)s at RT. J. P. Wolf et al., supra, disclose efficient condition for Suzuki cross-
coupling utilizing Pd(OAc),/0-(di-tert-butylphosphino)biphenyl or o-
(dicyclohexylyphosphino)biphenyl. One skilled in the art can determine optimal conditions

without undue experimentation.

Nitration of the benzofuran afforded a mixture of isomers from which A-3a could be isolated.
Aromatic nitration is well known and can be conducted under a variety of conditions known in
the art. Nitration can be carried out by exposing an aromatic compound to a mixture of
concentrated nitric acid and sulfuric acid. Active substrates can be nitrated with HNO; alone or
in H,O, HOACc and acetic anhydride and active compounds may be oxidized by mixtures of
HNO; and H,SO4. Other nitrating reagents include NaNOs/TFA, N,Oy, NO, BF,, NO, PFg and
NO, CF;S0y4. (J. March, Advanced Organic Chemistry, John Wiley & Sons: New York, NY,
1992, pp. 522-23)

Reduction of the nitro group and sulfonation of A-3a was carried out under standard conditions.
Reduction of a nitro compound is achieved with a reducing agent in an inert solvent, ¢.g. MeOH,
EtOH, EtOAc, THF or mixtures thercof. The reduction may be carried out under known
hydrogenation conditions in the presence of a metal catalyst, e.g. nickel catalysts such as Raney
nickel, palladium catalysts such as Pd/C, platinum catalysts such as PtO,, or ruthenium catalysts
such as RuCl,(Phs;P); under H, atmosphere or in the presence of hydrogen sources such as
hydrazine or formic acid. If desired, the reaction is carried out under acidic conditions, e.g. in the
presence of HCI or HOAc. The reduction may also be carried out in the presence of a suitable
reducing agent, ¢.g. LiAlH4, LiBH4, Fe, Sn or Zn, in a reaction inert solvent, ¢.g. MeOH, EtOH,
diglyme, benzene, toluene, xylene, o-dichlorobenzene, DCM, DCE, THF, dioxane, or mixtures
thereof; or without solvent. If desired, when the reducing reagent is Fe, Sn or Zn, the reaction is
carried out under acidic conditions in the presence of water. Sulfonylation of the A-3b with

mesyl chloride in the presence of base under standard conditions afforded A-3ec.

The N-arylsulfonamide A-3¢ was sufficiently acidic to undergo deprotonation and alkylation in
the presence of K,COs and MeCN. The sulfonamide salt is treated with an alkylating agent,
RZ', wherein Z' is a leaving group such as a halide, C )4 alkanesulphonyloxy,
benzenesulphonyloxy or p-toluenesulphonyloxy. Varying the alkylating agent allows the

introduction of a variety of substituents on the nitrogen atom and examples of other nitrogen
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substituents can be found in the examples which follow. One skilled in the art would appreciate
the sequence of these reactions can be altered to afford additional flexibility. For example the
aromatic amine can first be alkylated and the resulting secondary amine sulfonylated. The initial
alkylation can be carried out by direct alkylation of the amine with an alkylating agent or the
amine can be subjected to reductive amination. Alkylation of amines is typically carried out in
aprotic solvents such as THF, DMF, DMSO, NMP and mixtures thereof at temperatures between
-78°C and 100°C. Typically used bases are potassium carbonate, sodium hydride, potassium
hydride, lithium hexamethyldisilazide, sodium hexamethyldisilazide, potassium hexamethyl-
disilazide. Reductive amination is typically carried out by combining an amine and carbonyl
compound in the presence of a complex metal hydride such as NaBH,4, LiBH4, NaBH;CN,
Zn(BH,4),, sodium triacetoxyborohydride or borane/pyridine conveniently at a pH of 1-7
optionally in the presence of a dehydrating agent such as molecular sieve or Ti(IV)(O-i-Pr)” to
facilitate formation of the intermediate imine at ambient temperature. Reductive amination
procedures have been reviewed: R. M. Hutchings and M. K. Hutchings, Reduction of C=N to
CHNH by Metal Hydrides in Comprehensive Organic Synthesis col. 8, 1. Fleming (Ed)
Pergamon, Oxford 1991 pp. 47-54. Acylation or sulfonylation is readily accomplished by

treating the N-alkylamine with an acylating agent of sulfonylating agent.

The term "acylating agent" as used herein refers to either an anhydride, acid halide or an
activated derivative of a carboxylic acid. The term "anhydride" as used herein refers to
compounds of the general structure RC(O)-O-C(O)R. The term "acid halide" as used herein
refers to compounds of the general structure RC(0)X wherein X is a halogen. The term
"activated derivative" of a compound as used herein refers to a transient reactive form of the
original compound which renders the compound active in a desired chemical reaction, in which
the original compound is only moderately reactive or non-reactive. Activation is achieved by
formation of a derivative or a chemical grouping within the molecule with a higher free energy
content than that of the original compound, which renders the activated form more susceptible to
react with another reagent. In the context of the present invention activation of the carboxy
group is of particular importance and corresponding activating agents or groupings which
activate the carboxy group are described in more detail below. A variety of activating agents are
well known, e.g., diimides (e.g., EDCI, DCC, EEDQ, BOP, DEAD-PPh;,
diethylcyanophosphate, diethylphosphorylazide, 2-chloro-1-methylpyridinium iodide, or ethyl
chloroformate. The acylation are carried out in an inert solvent, e.g. acetone, DMF, MeCN;

halogenated hydrocarbons, such as DCM, DCE, chloroform; and ethers, such as THF and
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dioxane. If desired, this reaction may be carried out in the presence of an additive such as HOBt

or 1-hydroxyazabenzotriazole or in the presence of a base such as NMM.

Conversion of the ester A-4 to the corresponding amide A-5b is carried out under conventional
conditions. Esters can be further converted to carboxylic acids under basic reaction conditions
(for further reaction conditions see R. C. Larock, Comprehensive Organic Transformations — A
Guide to Functional Group Preparations, 1989, VCH Publishers Inc., New York; pp. 981-985),
preferentially using potassium or sodium hydroxide at RT or elevated temperatures in a solvent
such as MeOH, dioxane, THF, DMF or DMA or mixtures thercof. In order to enhance the rate
of conversion heating might be applied, whereby conventional heating or microwave assisted
heating might be employed using a suitable microwave irradiation apparatus. The acid is then
converted to an acid halide with a halogenating agent such as oxalyl chloride or thionyl chloride
to afford an acyl chloride or another activated carboxylic acid derivative supra, and condensed

with an amine to form the corresponding amide.

Formation of the diaryl amine linkage in step 9 was carried out utilizing a palladium catalyzed
coupling of A-5b and an optionally substituted aniline. Displacement of a suitable leaving group
such as chlorine, bromine, iodine, mesylate (methanesulfonate) or triflate (trifluoro-
methanesulfonate) substituent on aryl or heteroaryl ring by amines has become a well established
procedure (e.g., Buchwald-Hartwig coupling. (see, ¢.g., (a) J. P. Wolfe, S. Wagaw and S. L.
Buchwald J. Am. Chem. Soc. 1996 118:7215-7216; (b) J. P. Wolfe and S. L. Buchwald
Tetrahedron Lett. 1997 38:6359-6362; (¢) J. P. Wolfe, S. Wagaw, J.-F. Marcoux and S. L.
Buchwald, Acc. Chem. Res. 1998 31:805-818; (d) B. H. Yang and S. L. Buchwald J. Organomet.
Chem. 1999 576:125-146; (¢) J. F. Hartwig, Angew. Chem. Int. Ed. 1998 37:2046-2067). The
amination of an aryl halide or sulfonate is catalyzed by palladium catalyst such as #ris-
(dibenzylideneacetone) dipalladium(0) (Pd,(dba)s) or PA(OAc),, a phosphine ligand like
triphenylphosphine, rac-2,2’-bis(diphenylphosphino)-1,1’-binaphthalene (rac-BINAP),
dicyclohexyl-(2',4',6'-tri-iso-propyl-biphenyl-2-yl)-phosphane (X-Phos), (R)-(-)-1-[(S)-2-
(dicyclohexylphosphino)ferrocenyl]ethyldi-zert-butylphosphine (Josiphos; see Q. Shen, S.
Shekhar, J. P. Stambuli and J. F. Hartwig, Angew. Chem. Int. Ed. 2005 44:1371-1375),
P(CeHi11)3, P(ortho-Tol)s or P(tert-Bu);. Basic additives such as Cs,CO3, KsPOsor KO-tert-Bu in
a solvent like toluene, EtOH, DME, dioxane or water or mixtures thereof, are commonly
employed. C-N formation may be conducted at RT or at elevated temperatures which may be

achieved conventionally or by microwave irradiation (see also Palladium(0) Complexes in
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Organic Chemistry, in Organometallics in Synthesis (Ed. M. Schlosser), Chapter 4, 2nd Edition,

2002, JohnWiley & Sons, Ltd, Chichester, UK and D. Prim et al., Tetrahedron 2002 58:2041.

One skilled in the art will appreciate that the sequence could be altered to couple a 4-halo-aniline

to he benzofuran and subsequently utilize an optionally substituted aryl bromide, iodide, triflate
5 ormesylate in step 9. These alternatives afford great flexibility constructing substituted diaryl

amines.

Compounds of the present invention which contain a diaryl ether in place of the diaryl amine can
be prepared by a similar sequence. Methodology to introduce a biaryl ether by palladium-
catalyzed coupling of an aryl bromide and a phenol has been optimized. (C.H. Burgos et al.,

10 Angew. Chem. Int. Ed. Eng. 2006 45:4321-4326). Coupling A-5b and phenol thus affords I-4.

SCHEME B
O,Et O,Et
R'O i-Pr-O
(LA, LA
step 2 step 4
B-1a:R=H B-2a:R'= B-3
Lo 5inr-com 3 Lo pan: R'—CHMe2
step 1
/\ O,Et
step 5 step 9 step 12
O OAY —— O \ O OAr  —
R"R"'N O
step 6 B-4a: R' =i-Pr-O- step 10 B-3a;: R"=R"'=H
P : B-4b: R' =HO- P E B-5b: R" =MeSO,, R"'=H
step 7 E B-4¢c: R' = CF SO O- step 11 E B-5¢c: R" = SO Me, R'"' = (CH2)20H

step8[ g 4g: o= <

B-6a: X = OH

/\
N\ O OAr step 13 Lo 5 6b: X = NHMe (1-32)
HO(CH,) p
N

) Ar = 4-fluorophenyl
S0,Me

Alkyl benzofurans can be prepared analogously from the corresponding 5-alkyl salicylaldehydes
in similar fashion. 2-Alkyl-benzofurans can be prepared by H,O, oxidation of flavylium salts
which, in turn, are prepared by condensation of a 5-alkyl-salicyladehyde and a 2-

15 methoxyacetophenone substituted on the aryl ring with a halo or a suitably protected amine in

the 4-position of the phenyl ring. (E. Ritchie and W. C. Turner, 4ust. J. Chem. 1969 22 1329-30
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and R. S. McCredie et al. Aust. J. Chem. 1969, 22, 1011). Alternatively 5-alkyl- and 5-
cyclopropyl-benzylfuran were prepared as depicted in SCHEME B based on the procedure
described by C. Burns, ef al. in W02004/041201 published May 21, 2004. Lewis-acid catalyzed
condensation of para-quinone and ethyl 3-(4-bromo-phenyl)-3-oxo-propionate affords the
benzofuran B-2a in which the C-2 aryl substituent has been introduced. In the example which
follows the 5-hydroxy group is protected as an alkyl ether and a 6-amino group is introducedby
nitration (step 4). After palladium-catalyzed coupling of a phenol or aniline to the diaryl ether or
amine the alkyl-aryl ether are cleaved to afford the phenol (step 6) which can be converted to the
triflate ester and subjected to Suzuki- coupling to introduce an alkyl or cycloalkyl substituent at
C-5 (step 8). After introduction of the C-5 alkyl or cycloalkyl moiety the remaining steps follow
the sequence depicted in SCHEME A.

These general schemes suffice to prepare the compounds of the present invention Variations
used to introduce C-6 functionality encompassed by the claimed compounds and used for
specific species can be found in the examples which follow. Other approaches to introduce C-6

substituents can be found in the examples which follow.

ANTI-VIRAL ACTIVITY

The activity of the inventive compounds as inhibitors of HCV activity may be measured by any
of the suitable methods known to those skilled in the art, including in vivo and in vitro assays.
For example, the HCV NS5B inhibitory activity of the compounds of formula I can determined
using standard assay procedures described in Behrens ef al., EMBO J. 1996 15:12-22, Lohmann
et al., Virology 1998 249:108-118 and Ranjith-Kumar ez al., J. Virology 2001 75:8615-8623.
Unless otherwise noted, the compounds of this invention have demonstrated in vitro HCV NS5B
inhibitory activity in such standard assays. The HCV polymerase assay conditions used for
compounds of the present invention are described in Example 3. Cell-based replicon systems for
HCYV have been developed, in which the nonstructural proteins stably replicate subgenomic viral
RNA in Huh7 cells (V. Lohmann ef al., Science 1999 285:110 and K. J. Blight et al., Science
2000 290:1972 . The cell-based replicon assay conditions used for compounds of the present
invention are described in Example 4. In the absence of a purified, functional HCV replicase
consisting of viral non-structural and host proteins, our understanding of Flaviviridaec RNA
synthesis comes from studies using active recombinant RNA-dependent RNA-polymerases and

validation of these studies in the HCV replicon system. Inhibition of recombinant purified HCV
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polymerase with compounds in vitro biochemical assays may be validated using the replicon
system whereby the polymerase exists within a replicase complex, associated with other viral

and cellular polypeptides in appropriate stoichiometry. Demonstration of cell-based inhibition of
HCYV replication may be more predictive of in vivo function than demonstration of HCV NS5B

inhibitory activity in vitro biochemical assays

DOSAGE AND ADMINISTRATION

The compounds of the present invention may be formulated in a wide variety of oral
administration dosage forms and carriers. Oral administration can be in the form of tablets,
coated tablets, dragées, hard and soft gelatin capsules, solutions, emulsions, syrups, or
suspensions. Compounds of the present invention are efficacious when administered by other
routes of administration including continuous (intravenous drip) topical parenteral,
intramuscular, intravenous, subcutaneous, transdermal (which may include a penetration
enhancement agent), buccal, nasal, inhalation and suppository administration, among other
routes of administration. The preferred manner of administration is generally oral using a
convenient daily dosing regimen which can be adjusted according to the degree of affliction and

the patient's response to the active ingredient.

A compound or compounds of the present invention, as well as their pharmaceutically useable
salts, together with one or more conventional excipients, carriers, or diluents, may be placed into
the form of pharmaceutical compositions and unit dosages. The pharmaceutical compositions
and unit dosage forms may be comprised of conventional ingredients in conventional
proportions, with or without additional active compounds or principles, and the unit dosage
forms may contain any suitable effective amount of the active ingredient commensurate with the
intended daily dosage range to be employed. The pharmaceutical compositions may be
employed as solids, such as tablets or filled capsules, semisolids, powders, sustained release
formulations, or liquids such as solutions, suspensions, emulsions, elixirs, or filled capsules for
oral use; or in the form of suppositories for rectal or vaginal administration; or in the form of
sterile injectable solutions for parenteral use. A typical preparation will contain from about 5%
to about 95% active compound or compounds (w/w). The term "preparation” or "dosage form"is
intended to include both solid and liquid formulations of the active compound and one skilled in
the art will appreciate that an active ingredient can exist in different preparations depending on

the target organ or tissue and on the desired dose and pharmacokinetic parameters.



10

15

20

25

30

1-65 CONHWVe n-Pr 563 M+23 553 0.021 \ HO?N 401.
1 SC2Me. 1-66 CONHMVe CI 503 0.029 \
WO/RWINDT022 oCo2Me PCT/EP2009/051306

-51-

The term “excipient” as used herein refers to a compound that is useful in preparing a
pharmaceutical composition, generally safe, non-toxic and neither biologically nor otherwise
undesirable, and includes excipients that are acceptable for veterinary use as well as human
pharmaceutical use. The compounds of this invention can be administered alone but will
generally be administered in admixture with one or more suitable pharmaceutical excipients,
diluents or carriers selected with regard to the intended route of administration and standard

pharmaceutical practice.

“Pharmaceutically acceptable” means that which is useful in preparing a pharmaceutical
composition that is generally safe, non-toxic, and neither biologically nor otherwise undesirable

and includes that which is acceptable for human pharmaceutical use.

A "pharmaceutically acceptable salt" form of an active ingredient may also initially confer a
desirable pharmacokinetic property on the active ingredient which were absent in the non-salt
form, and may even positively affect the pharmacodynamics of the active ingredient with respect
to its therapeutic activity in the body. The phrase “pharmaceutically acceptable salt” of a
compound means a salt that is pharmaceutically acceptable and that possesses the desired
pharmacological activity of the parent compound. Such salts include: (1) acid addition salts,
formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric
acid, phosphoric acid, and the like; or formed with organic acids such as acetic acid, propionic
acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic acid, lactic acid, malonic
acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic acid,
3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,
ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic acid, benzenesulfonic
acid, 4-chlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid,
camphorsulfonic acid, 4-methylbicyclo[2.2.2]-oct-2-ene-1-carboxylic acid, glucoheptonic acid,
3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid,
gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid,
and the like; or (2) salts formed when an acidic proton present in the parent compound either is
replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or
coordinates with an organic base such as ethanolamine, diethanolamine, tricthanolamine,

tromethamine, N-methylglucamine, and the like.
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Solid form preparations include powders, tablets, pills, capsules, cachets, suppositories, and
dispersible granules. A solid carrier may be one or more substances which may also act as
diluents, flavoring agents, solubilizers, lubricants, suspending agents, binders, preservatives,
tablet disintegrating agents, or an encapsulating material. In powders, the carrier generally is a
finely divided solid which is a mixture with the finely divided active component. In tablets, the
active component generally is mixed with the carrier having the necessary binding capacity in
suitable proportions and compacted in the shape and size desired. Suitable carriers include but
are not limited to magnesium carbonate, magnesium stearate, talc, sugar, lactose, pectin, dextrin,
starch, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose, a low melting wax,
cocoa butter, and the like. Solid form preparations may contain, in addition to the active
component, colorants, flavors, stabilizers, buffers, artificial and natural sweeteners, dispersants,

thickeners, solubilizing agents, and the like.

Liquid formulations also are suitable for oral administration include liquid formulation including
emulsions, syrups, elixirs, aqueous solutions, aqueous suspensions. These include solid form
preparations which are intended to be converted to liquid form preparations shortly before use.
Emulsions may be prepared in solutions, for example, in aqueous propylene glycol solutions or
may contain emulsifying agents such as lecithin, sorbitan monooleate, or acacia. Aqueous
solutions can be prepared by dissolving the active component in water and adding suitable
colorants, flavors, stabilizing, and thickening agents. Aqueous suspensions can be prepared by
dispersing the finely divided active component in water with viscous material, such as natural or
synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose, and other well known

suspending agents.

The compounds of the present invention may be formulated for parenteral administration (e.g.,
by injection, for example bolus injection or continuous infusion) and may be presented in unit
dose form in ampoules, pre-filled syringes, small volume infusion or in multi-dose containers
with an added preservative. The compositions may take such forms as suspensions, solutions, or
emulsions in oily or aqueous vehicles, for example solutions in aqueous polyethylene glycol.
Examples of oily or nonaqueous carriers, diluents, solvents or vehicles include propylene glycol,
polyethylene glycol, vegetable oils (e.g., olive oil), and injectable organic esters (e.g., ethyl
oleate), and may contain formulatory agents such as preserving, wetting, emulsifying or

suspending, stabilizing and/or dispersing agents. Alternatively, the active ingredient may be in
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powder form, obtained by aseptic isolation of sterile solid or by lyophilisation from solution for

constitution before use with a suitable vehicle, e.g., sterile, pyrogen-free water.

The compounds of the present invention may be formulated for topical administration to the
epidermis as ointments, creams or lotions, or as a transdermal patch. Ointments and creams
may, for example, be formulated with an aqueous or oily base with the addition of suitable
thickening and/or gelling agents. Lotions may be formulated with an aqueous or oily base and
will in general also containing one or more emulsifying agents, stabilizing agents, dispersing
agents, suspending agents, thickening agents, or coloring agents. Formulations suitable for
topical administration in the mouth include lozenges comprising active agents in a flavored base,
usually sucrose and acacia or tragacanth; pastilles comprising the active ingredient in an inert
base such as gelatin and glycerin or sucrose and acacia; and mouthwashes comprising the active

ingredient in a suitable liquid carrier.

The compounds of the present invention may be formulated for administration as suppositories.
A low melting wax, such as a mixture of fatty acid glycerides or cocoa butter is first melted and
the active component is dispersed homogencously, for example, by stirring. The molten
homogeneous mixture is then poured into convenient sized molds, allowed to cool, and to

solidify.

The compounds of the present invention may be formulated for vaginal administration.
Pessaries, tampons, creams, gels, pastes, foams or sprays containing in addition to the active
ingredient such carriers as are known in the art to be appropriate. The compounds of the present
invention may be formulated for nasal administration. The solutions or suspensions are applied
directly to the nasal cavity by conventional means, for example, with a dropper, pipette or spray.
The formulations may be provided in a single or multidose form. In the latter case of a dropper
or pipette, this may be achieved by the patient administering an appropriate, predetermined
volume of the solution or suspension. In the case of a spray, this may be achieved for example

by means of a metering atomizing spray pump.

The compounds of the present invention may be formulated for acrosol administration,
particularly to the respiratory tract and including intranasal administration. The compound will
generally have a small particle size for example of the order of five (5) microns or less. Such a

particle size may be obtained by means known in the art, for example by micronization. The
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active ingredient is provided in a pressurized pack with a suitable propellant such as a
chlorofluorocarbon (CFC), for example, dichlorodifluoromethane, trichlorofluoromethane, or
dichlorotetrafluoroethane, or carbon dioxide or other suitable gas. The aerosol may conveniently
also contain a surfactant such as lecithin. The dose of drug may be controlled by a metered
valve. Alternatively the active ingredients may be provided in a form of a dry powder, for
example a powder mix of the compound in a suitable powder base such as lactose, starch, starch
derivatives such as hydroxypropylmethyl cellulose and polyvinylpyrrolidine (PVP). The powder
carrier will form a gel in the nasal cavity. The powder composition may be presented in unit
dose form for example in capsules or cartridges of e.g., gelatin or blister packs from which the

powder may be administered by means of an inhaler.

When desired, formulations can be prepared with enteric coatings adapted for sustained or
controlled release administration of the active ingredient. For example, the compounds of the
present invention can be formulated in transdermal or subcutancous drug delivery devices.
These delivery systems are advantageous when sustained release of the compound is necessary
and when patient compliance with a treatment regimen is crucial. Compounds in transdermal
delivery systems are frequently attached to an skin-adhesive solid support. The compound of
interest can also be combined with a penetration enhancer, e.g., Azone (1-dodecylaza-
cycloheptan-2-one). Sustained release delivery systems are inserted subcutancously into to the
subdermal layer by surgery or injection. The subdermal implants encapsulate the compound in a

lipid soluble membrane, e.g., silicone rubber, or a biodegradable polymer, e.g., polylactic acid.

Suitable formulations along with pharmaceutical carriers, diluents and excipients are described
in Remington: The Science and Practice of Pharmacy 1995, edited by E. W. Martin, Mack
Publishing Company, 19th edition, Easton, Pennsylvania. A skilled formulation scientist may
modify the formulations within the teachings of the specification to provide numerous
formulations for a particular route of administration without rendering the compositions of the

present invention unstable or compromising their therapeutic activity.

The modification of the present compounds to render them more soluble in water or other
vehicle, for example, may be easily accomplished by minor modifications (salt formulation,
esterification, etc.), which are well within the ordinary skill in the art. It is also well within the

ordinary skill of the art to modify the route of administration and dosage regimen of a particular
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compound in order to manage the pharmacokinetics of the present compounds for maximum

beneficial effect in patients.

The term "therapeutically effective amount” as used herein means an amount required to reduce
symptoms of the disease in an individual. The dose will be adjusted to the individual
requirements in each particular case. That dosage can vary within wide limits depending upon
numerous factors such as the severity of the disease to be treated, the age and general health
condition of the patient, other medicaments with which the patient is being treated, the route and
form of administration and the preferences and experience of the medical practitioner involved.
For oral administration, a daily dosage of between about 0.01 and about 1000 mg/kg body
weight per day should be appropriate in monotherapy and/or in combination therapy. A preferred
daily dosage is between about 0.1 and about 500 mg/kg body weight, more preferred 0.1 and
about 100 mg/kg body weight and most preferred 1.0 and about 10 mg/kg body weight per day.
Thus, for administration to a 70 kg person, the dosage range would be about 7 mg to 0.7 g per
day. The daily dosage can be administered as a single dosage or in divided dosages, typically
between 1 and 5 dosages per day. Generally, treatment is initiated with smaller dosages which
are less than the optimum dose of the compound. Thereafter, the dosage is increased by small
increments until the optimum effect for the individual patient is reached. One of ordinary skill in
treating diseases described herein will be able, without undue experimentation and in reliance on
personal knowledge, experience and the disclosures of this application, to ascertain a
therapeutically effective amount of the compounds of the present invention for a given disease

and patient.

In embodiments of the invention, the active compound or a salt can be administered in
combination with another antiviral agent such as ribavirin, a nucleoside HCV polymerase
inhibitor, another HCV non-nucleoside polymerase inhibitor or HCV protease inhibitor. When
the active compound or its derivative or salt are administered in combination with another
antiviral agent the activity may be increased over the parent compound. When the treatment is
combination therapy, such administration may be concurrent or sequential with respect to that of
the nucleoside derivatives. "Concurrent administration” as used herein thus includes
administration of the agents at the same time or at different times. Administration of two or
more agents at the same time can be achieved by a single formulation containing two or more
active ingredients or by substantially simultancous administration of two or more dosage forms

with a single active agent.
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It will be understood that references herein to treatment extend to prophylaxis as well as to the
treatment of existing conditions. Furthermore, the term "treatment" of a HCV infection, as used
herein, also includes treatment or prophylaxis of a disease or a condition associated with or

mediated by HCV infection, or the clinical symptoms thereof.

In general a therapeutically effective amount of a compound of the present invention, and
optionally one or more additional antiviral agents, is an amount effective to reduce the viral load
or achieve a sustained viral response to therapy. Useful indicators for a sustained response, in
addition to the viral load include, but are not limited to liver fibrosis, elevation in serum
transaminase levels and necroinflammatory activity in the liver. One common example, which is
intended to be exemplary and not limiting, of a marker is serum alanine transminase (ALT)
which is measured by standard clinical assays. In some embodiments of the invention an

effective treatment regimen is one which reduces ALT levels to less than about 45 IU/mL serum.
Example 1

6-[(2-hydroxy-ethyl)-methanesulfonyl-amino]-5-methoxy-2-(4-phenylamino-phenyl)-
benzofuran-3-carboxylic acid methylamide (I-1; SCHEME A)

step 1 — To a solution of 5-methoxy-salicylaldehyde (6.0 g, 0.04 mol) and DCM (50 mL) was
added HBF,4.Et,O (600 microliters). To the resulting solution was added dropwise over a 2 h
period a solution of ethyl diazoacetate (6.84 g, 0.06 mol) and DCM (100 mL). The orange
reaction mixture was concentrated and H,SO4 (1 mL) was added and the resulting mixture
stirred for 30 min, then diluted with EtOAc, washed sequentially with water and brine, dried
(Na;SQ,), filtered and concentrated in vacuo. The crude product was purified by SiO;
chromatography eluting with 5% EtOAc/hexane to afford 3.0 g of A-2a.

step 2 - To a mixture of A-2a (2.5 g, 0.011 mol), trimethylborate (3.4 g, 0.024 mol) and
anhydrous THF (100 mL) was cooled to -78° C and maintained under a N, atmosphere and a
solution of lithium diisopropylamide (12 mL, 1.8 M THF solution) was added and the yellow
solution was stirred at -78° C for 15 min. While at -78° C, the solution was quenched with 4N
HCI, allowed to warm to RT and diluted with EtOAc. The solution was washed sequentially
with H,O and brine, dried (Na,SOy), filtered and concentrated in vacuo. The residual boronic
acid A-2b was used in the next step without further purification. The residue was dissolved in

DME (50 mL) and Na,COs (4.6 g), Pd(PPhs)4 (0.6 g), 4-bromo-iodobenzene (7.8 g, 0.027 mol)
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and H,O (50 mL) were added and the resulting reaction mixture heated to 50° C for 2 h. The
reaction mixture was cooled to RT, diluted with EtOAc, washed sequentially with water and
brine, dried (Na,SO,), filtered and in vacuo. The crude product was purified by SiO,
chromatography eluting with an EtOAc/hexane gradient (0 to 10% EtOAc) to afford 1.1 g of A-
2c¢.

step 3 - To a solution of A-2¢ (1g) and CHCI; (100 mL) cooled in an ice-bath was added 70%
HNO; (5 mL). The resulting solution was stirred for 3 h. The reaction mixture was diluted with
DCM, washed sequentially with water and brine, dried (Na,;SOy), filtered and concentrated in
vacuo. The residue was triturated with EtOAc/hexane and filtered to afford 0.9 g of A-3a. The

filtrate contained additionally material along with some isomeric nitration product.

step 4 - To a solution of A-3a from step 4 dissolved in DCM (50mL)/HOAc¢ (3mL) was added
Zn dust (5 g) and the resulting slurry stirred for 1 h. The solids were removed by filtration
through CELITE® and the pad was further washed with DCM. The filtrate was evaporated and
the solid trituated with EtOAc/hexane to afford 0.8 g of A-3b.

steps 5 & 6 - To a ice-cold solution of A-3b (0.5 g) in pyridine (1 mL) and DCM (10 mL) was
added mesyl chloride (0.3 mL) and the reaction was stirred for 20 min at RT. An additional
aliquot of MsCI (0.2 mL) was added and stirring continued for 30 min. The reaction mixture
was diluted with EtOAc, washed sequentially with dilute HCI, water and brine, dried (Na,SO,),
filtered and evaporated to afford 0.3 g of A-3¢. The resulting solid was suspended in MeCN (20
mL) and K,CO; (0.5 g) and bromoethanol (0.5 g) were added. The reaction mixture was heated
overnight at 80° C. The reaction mixture was cooled, diluted with EtOAc and washed
sequentially with H,O and brine, dried (Na;SOy), filtered and evaporated. The crude product
was purified by Si0, chromatography eluting with an EtOAc/DCM gradient (0 to 10% EtOAc)
to afford 0.20 g of A-4.

steps 7 & 8 - A mixture of A-4 (0.200 g) and NaOH (0.200 g) in MeOH (3 mL), THF (3 mL) and
H,O (5 mL) was heated at 70° C for 1 h. The reaction mixture was cooled to RT and acidified
with dilute HCI and the resulting solid containing A-5a was filtered and dried in a vacuum oven
at 50° C. The resulting solid was dissolved in DMF (3 mL) and HBTU (0.300 g) DIPEA (1 mL)
and MeNH;" CI (0.200 g) was added. The reaction mixture was heated at 70° C for 1 h. The
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reaction mixture was cooled to RT, diluted with H,O and stirred with 50% EtOAc/hexane. he

remaining solid was collected by filtration and dried in vacuo at 50° C to afford 0.15 g of A-5b.

step 9 - A sealed tube was charged with crude A-Sb (50 mg from the previous step), aniline
(0.050 g), Pd[Pd(zert-Bu)s] (0.010 g), NaOH (50 mg), toluene (2.5 mL) and DME (0.5 mL) and
the resulting mixture was heated to 150° C in a microwave reactor for 10 min. The reaction
mixture was cooled to RT and the solvents evaporated in vacuo. The residue was purified by
Si0, chromatography eluting with an acetone/DCM gradient (0 to 20% acetone). The recovered
solid was triturated with EtOAc/hexane to afford 0.018 g of I-1: mp187.1-191° C.

The following were prepared analogously except in step 9 aniline was replaced with I-2 (p-
fluoro-aniline), I-3 (p-chloro-aniline), I-5 (o-fluoro-aniline), I-6 (4-iso-propyl-aniline), I-7 (m-
methoxy-aniline), I-10 (3,4-difluoro-aniline), I-11 (p-trifluoromethyl-aniline), I-12 (m-amino-
benzonitrile), I-13 (p-amino-benzonitrile), I-14 (2,4-difluoro-aniline), I-15 (3-chloro-4-fluoro-
aniline), I-16 (3,5-difluoro-aniline), I-19 (4-chloro-aniline), I-20 (4-methyl-aniline), I-21 2,3-
difluoro-aniline) I-122 (3-amino-pyridine), I-123 (2-aminopyridine) and I-124 (2-amino-5-
fluoro-pyridine).

I-17 and I-18 are prepared from A-3¢ except the alkylating agent in step 6, is iodoethane rather
than bromoethanol and the Suzuki in step 9 is carried out with p-fluoro-aniline and o-fluoro-

aniline respectively rather than aniline.

The following biphenyl ethers are prepared analogously except in step 9, aniline is replaced by
the phenol in parentheses: 1-44 (o-chloro-phenol); 1-45 (3,4-difluoro-phenol), 1-47 (m-hydroxy-
benzonitrile), 1-48 (p-hydroxy-benzonitrile).

The following biphenyl ethers are prepared analogously except in step 9, aniline is replaced by
the phenol in parentheses and in the N-alkylation in step 6 bromoethanol is replaced with the
designated alkylating agent: I-35 (p-fluorophenol, methyl iodide), I-36 (o-fluorophenol, methyl
iodide), I-47 (3,5-difluorophenol, methyl iodide), I-37 (3,5-difluorophenol, methyl iodide).

I-43 is prepared analogously except step 6 is omitted.



10

15

20

25

HNN 10/ I SC2Me* 1-81 CONHMVe 4 569 0.016
\' MeSN?N 01. | SC2Me* 1-82 A, CONHVe 503
wW(Q76090010276. 0 0. 066 PCT/EP2009/051306

-59-
Example 2

6-[(2-Hydroxy-ethyl)-methanesulfonyl-amino]-5-methoxy-2-(4-phenoxy-phenyl)-benzofuran-3-
carboxylic acid methylamide (I-4)

'ONHMe
MeO
SO
|
SO,Me

To a solution of A-4 (0.020 g), phenol (0.050 g), di-tert-butyl(2', 4', 6'-triisopropyl-biphenyl-2-
yl)-phosphane (0.006 g), Pd(OAc), (0.003 g), KsPO4 (0.020 g) and toluene (2 mL) were heated
at 100° C for 4 h. The solution was cooled , diluted with DCM washed with brine, dried
(Na;SQ,), filtered and evaporated. The crude product was purified by SiO;, chromatography
cluting with an acetone/DCM gradient (0 to 20% acetone) to afford 0.013 g (52%) of 19.
Conversion of 19 to I-4 was carried out by the procedures described in steps 7 and 8 of example

1.

I-8, 1-9, 1-22, I-25 and I-38 were prepared analogously except phenol was replaced with 4-
fluoro-phenol and 2-fluoro-phenol, 2,3-difluoro-phenol, 2,6-difluoro-phenol and m-chloro-

phenol respectively

I-23 and 1-24 are prepared by analogous procedures except in step 6 of example 1, bromoethanol
was replaced with ethyl iodide and phenol in example 2 is replaced with o-fluoro-phenol and p-

fluoro-phenol respectively.

Example 3
5-Cyclopropyl-2-[4-(4-fluoro-phenoxy)-phenyl]-6-[(2-hydroxy-ethyl)-methanesulfonyl-amino|-

benzofuran-3-carboxylic acid methylamide (I-32)

step 1 —To a suspension of NaH (16 g, 0.4 mol, 60% mineral oil dispersion) and toluene (300
mL) at RT was added dropwise diethyl carbonate (61 mL, 0.5 mol) over a 1 h period a solution
of B-1a (20 g, 0.1 mol). The solution was heated at reflux overnight then cooled to RT and
quenched with glacial HOAc followed by a solution of con HCI (40 mL) and ice water (300
mL). The layers were separated and the aqueous layer was twice extracted with EtOAc. The

cobined organic extracts were washed sequentially with sat'd. NaHCOs; and brine, dried



10

15

20

25

30

\ 1.1 CS1T-0. n 0 1-83 CONHWVe 4 601 158. 0-
160.0 0.029 0 O__ me...S...... [ ?N I SO2Me*
waz2@4100HVe 4 565 0. 155 PCT/EP2009/051306

-60-

(NaS0,), filtered and evaporated. The crude product was distilled (135 °C/ 0.8 Torr) to afford
17.6 g of B-1b.

step 2 — A three-neck flask was charged with ZnCl, (3.0 g, 22.13 mmol) and heated at 100 °C in
a vacuum oven for 1 h. To the resulting solid was added anhydrous EtOH (105 mL) and B-1b
(6.0 g, 22.13 mmol) and the mixture heated to 110 °C. The flask was fitted with a dropping
funnel charged with quinone (2.39 g, 22.13 mmol) and EtOH was introduced by evaporating the
EtOH in the flask through the side arm and condensing the vapor in the dropping funnel (ca. 12
mL)which slowly dissolved the solid quinone overnight and added the quinone to the mixture of
ZnCl, and B-1b (ca. 18 h). The solution was cooled and partitioned between EtOAc and brine
and the organic phase dried (Na;SOy,), filtered and evaporated. The crude product was purified
by SiO; chromatography eluting with 15% EtOAc/hexane to afford 2.83 g of B-2a as a cream
colored solid. The solid contained a small amount of an impurity that could be removed by

washing with a small amount of EtOAc.

step 3 — To a solution of B-2a (2.85 g, 7.87 mmol) in anhydrous NMP (10 mL) was added
Cs,COs (5.12 g, 15.347 mmol) and the resulting solution stirred at RT for 10 min. 2-
Bromopropane (2.2 mL, 23.61 mmol) was added and the resulting solution heated at 50 °C for 6
h. The reaction mixture was diluted with EtOAc and thrice washed with HO. The EtOAc
solution was dried (Na,SO,), filtered and evaporated to afford 3.55 g (100%) of B-2b which was

used without further purification.

step 4 — To a solution of B-2b (3.5 g, 8.66 mmol) in CHCl; (12 mL) at ca. 20 °C was added
dropwise 70% HNOs (8.8 g) and the resulting solution stirred for 1 h.. The reaction mixture was
diluted with H,O and the CHCl; layer separated and thrice washed with H,O. The organic
solution was dried (Na,SO,), filtered and evaporated to afford 2.47 g of pure B-3.

step 5 — To a mixture of B-3 (1.0 g, 2.46 mmol), p-fluorophenol, K3;PO4 (1.0 g, 4.92 mmol),di-
tert-butyl-(2',4',6'-tri-iso-propy l-biphenyl-2-yl)-phosphane (20, 0.73 g, 0.172 mmol, CASRN
564483-19-8) in toluene (2 mL, degassed with N,) was added Pd(OAc), and the solution was
heated to 100 °C overnight. The solution was diluted with water and the aqueous phase extracted
with EtOAc. The combined extracts were dried (Na,SO,), filtered and evaporated. The crude
product was purified by SiO, chromatography eluting with a EtOAc/hexane gradient (0 to 20%
EtOAc) to afford 0.957 g (76%) of B-4a (Ar = p-fluorophenyl).
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step 6 — To a solution of B-4a (0.45 g, 0.94 mmol) and DCM (20 mL) at RT was added dropwise
BCl; (4.5 mL, 4.50 mmol, 1 M solution in hexane). The solution was stirred for 6 h then poured
into ice-water and the resulting mixture extracted with DCM. The organic extract was washed
twice with H,O, dried (Na,S0Oy,), filtered and evaporated. The resulting solid was triturated with
hexane and filtered to afford 2.09 g of B-4b. The hexane wash was evaporated and the resulting
solid purified by SiO, chromatography cluting with a EtOAc/hexane gradient (0 to 20% EtOAc)
to afford an addition 1.0 g of B-4b.

step 7 —To a solution of B-4b (1.0 g, 0.91 mmol) in DCM was added DIPEA (0.17 mL 1.0
mmol) and DMAP (0.011 g, 0.09 mmol) and the solution was cooled to 0 °C and triflic
anhydride (0.28 g, 1.0 mmol) was added and the resulting solution stirred overnight. The
resulting solution was twice washed with H,O then brine, dried (Na,SOy), filtered and

concentrated. The crude product was purified by Si0, chromatography eluting with a

EtOAc/hexane gradient (0 to 20% EtOAc) to afford 0.465 g of B-4c.

step 8 — A mixture of B-4¢ (0.46 g, 0.81 mmol), cyclopropaneboronic acid (0.076 g, 0.89 mmol),

KF-2H,0 (0.25 g, 2.67 mmol), NaBr (0.083 g, 0.81 mmol), Pd(PPhs)4 (0.028 g, 0.024 mmol) and
anhydrous toluene (3 mL) was degassed by bubbling N, then heated at reflux overnight. The
solution was cooled to RT, water added and the resulting mixture extracted with EtOAc. The
extract was dried (Na,SOy), filtered and concentrated. The crude product was purified by Si0O,
chromatography eluting with a EtOAc/hexane gradient to afford 0.372 g of B-4d.

step 9— A suspension of B-4d (0.37 g, 0.803 mmol), 10% Pd/C (0.050 g) and EtOAc (10 mL)
was stirred overnight under 1 atmosphere of H,. The catalyst was removed by filtration through

filtering agent and the resulting solution concentrated to afford 0.292 g of B-5a.

step 10 — To a solution of B-5a (0.29 g, 0.67 mmol) in DCM (5 mL) cooled to 0 °C was added
sequentially pyridine (0.74 mg, 1.01 mmol) and mesyl chloride (0.065 g, 0.74 mmol). The
resulting solution was stirred at RT overnight then concentrated. The crude product was purified
by SiO; chromatography eluting with a EtOAc/hexane gradient (0 to 30% EtOAc) to afford
0.344 g of B-5b.

step 11 — To a solution of B-5b (0.1 g, 0.197 mmol), K,COs (0.081 g, 0.590 mmol, 2-
bromoethanol (0.050 g, 0.394 mmol) in anhydrous MeCN (5 mL) was heated at reflux overnight.
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The resulting solution was concentrated and purified by Si0, chromatography eluting with a

EtOAc/hexane gradient (0 to 40% EtOAc) to afford 0.102 g of B-Sc.

step 12 — A solution of B-5¢ (0.1 g, 0.181 mmol), KOH (0.1 g, 1.81 mmol) in EtOH (3 mL) and
water (1.5 mL) was heated at reflux for 2 h, cooled and concentrated in vacuo. The pH was

adjusted to ca. 1 with 1 N HCI and the resulting precipitate was filtered and washed with H,O
and dried to afford 0.096 g of B-6a.

step 13 — A mixture of B-6a (0.095 g, 0.181 mmol), HBTU (0.075 g, 0.200 mmol), MeNH; CI
(0.12 g, 1.81 mmol), DIPEA (0.30 mL, 1.81 mmol) and anhydrous DMF was heated at 80 °C for
3 h. The solution was cooled and partitioned between EtOAc/hexane and the organic phase
thrice washed with H,0, dried (Na,SQO,), filted and concentrated. The crude product was
purified by SiO; chromatography eluting with 70% EtOAc/hexane to afford 0.061 g of I-32 as a

white solid.

The following compounds are prepared analogously except in step 5, p-fluorophenol is replaced

with the phenol in parentheses: I-33 (phenol), I-58 (2,4-difluoro-phenol), I-61 (o-fluorophenol).
I-40 is prepared analogously except the N-alkylation in step 11 was omitted.

The biphenyl amine 1-62 is prepared analogously except in step 5, p-fluoro-phenol is replaced
with p-fluoro-aniline. Representative procedures which are adaptable to coupling aniline and
phenol derivatives to haloalkanes such as B-3 are described in step 5 of the current example and

step 3 of example 1.

I-53 is prepared analogously except in step 6, bromoethanol is replaced with tert-butyl N-(2-
iodoethyl)-carbamic acid (CASRN 122234-46-2). The Boc protecting groups were removed
with 1M HCl in Et,0 in anhydrous DCM/MeOH.

I-77 is prepared by alkylation of B-5a with bis-(2-chloroethyl) ether (CASRN 111-44-4).
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Example 4
5-Ethyl-2-[4-(4-fluoro-phenoxy)-phenyl]|-6-[(2-hydroxy-ethyl)-methanesulfonyl-amino]-

benzofuran-3-carboxylic acid methylamide (I-51)

CONHMe
OO
e

1
SO,Me Q

F

step 1 — A solution of B-4¢ (0.20 g, 0.352 mmol), cesium trifluoro(vinyl)borate (0.052 g, 0.387
mmol), Cs,COs (0.034 g, 1.06 mmol), dicyclopentyl-(2',6'-dimethoxy-biphenyl-2-yl)-phosphane
(22, 0.009 g, 0.02 mmol), PdA(OAc), (0.002 g, 0.007 mmol) and THF/H,O (9:1, 5 mL) was
degassed with a N, purge and heated at 80 °C overnight. The solution was cooled to RT and
filtered through CELITE® and concentrated. The crude product was purified by SiO,
chromatography eluting with a EtOAc/hexane gradient (0 to 2.5% EtOAc) to afford 0.052 g of
ethyl 2-[4-(4-fluoro-phenoxy)-phenyl]-6-nitro-5-vinyl-benzo furan-3-carboxylate 24,

step 2 — A suspension of 24 (0.052 g), Pd/C (0.010 g) and EtOAc (5 mL) was stirred overnight at
RT under 1 atmosphere of H,. The solution was filtered through CELITE and concentrated to
afford 0.045 g of ethyl 6-amino-5-cthyl-2-[4-(4-fluoro-phenoxy)-phenyl]-benzofuran-3-
carboxylate (26).

The amine 26 is converted to I-51 by the procedures described in steps 10 to 13 of example 3.

I-52 is prepared analogously from 26 by the procedures in steps 10 - 13 of example 3 except in

step 1, bromoethanol is replaced with iodomethane.
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Example §

5-Cyclopropyl-2-[4-(4-fluoro-phenoxy)-phenyl]-6-(methanesulfonyl-oxetan-3-ylmethyl-

amino)-benzofuran-3-carboxylic acid methylamide (I-70)

A CONHMe
O
OID/\EIOZMe ° Q

F

B-5b is converted to 5-cyclopropyl-2-[4-(4-fluoro-phenoxy)-phenyl]-6-methanesulfonylamino-

benzofuran-3-carboxylic acid (28) as described in step 12 of example 3.

step 1 —To a solution of 28 (0.51 g, 1.07 mmol) in dry DMF (5 mL) was added CDI (0.19 g,
1.17 mmol) and the solution stirred at RT for 2 h. Methyl amine hydrochloride ( 0.72 g, 10.7
mmol) and DIPEA (1.4 g, 10.7 mmol) were added and the resulting solution heated at 85 °C for
3 h. The solution was cooled and partitioned between EtOAc and H,O. The organic phase was
dried (Na,;S0O,), filtered and concentrated. The crude product was purified by SiO,
chromatography eluting with a EtOAc/hexane gradient (0 to 40% EtOAc) to afford 0.426 g of 5-
cyclopropyl-2-[4-(4-fluoro-phenoxy)-phenyl]-6-methanesulfonylamino-benzo furan-3-carboxylic
acid methylamide (30).

step 2 — To a solution of 30 (0.050 g, 0.10 mmol), 3-iodomethyl-oxetane (0.030 g, 0.15 mmol,
CASRN 1003013-77-1) and K,COs (0.041 g, 0.30 mmol) in dry DMF (0.5 mL) was heated at 85
°C for 3 h.. The reaction mixture was cooled and partitioned between EtOAc and H,O. The
organic phase was dried (Na;SOy), filtered and evaporated. The crude product was purified by
Si0, chromatography eluting with a EtOAc/hexane gradient (0 to 70% EtOAc) to afford 0.054 g
of I-70.

The following compounds were prepared analogously except in step 2, 3-iodomethyl-oxetane
was replaced with the alkylating agent in parentheses: I-41 (methyl iodide), I-42 (ethyl iodide),
I-56 (tetrahydro-4-(iodomethyl)-2H-pyran, CASRN 101691-94-5), I-57 (1-bromo-2-methoxy-
cthane, CASN 6482-24-2), I-60 (3-iodomethyltetrahydrofuran, CASRN 475090-43-6), 1-68 (1-
brom-propan-2-ol), I-71 4-bromethyl-pyridinium hydrobromide., CASRN 73870-24-3), I-72
(tetrahydro-4-iodo-2H-pyran, CASRN 25637-18-7), 1-73 (iodoacetamide, CASRN 144-48-9), 1-
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84 (3-bromo-tetrahydrofuran, CASRN 19311-37-6), 1-87 (3-bromomethyl-3-methyl-oxetane,
CASRN 78385-26-9), I-88 (5-bromomethyl-pyrimidine, CASRN 25198-96-3 ) 1-96 (3-
bromobutyronitrile, CASRN 5332-06-9), and I-106 (3-bromo-propanol).

1-69, 1-74, 1-92 and I-95 are prepared analogously except in step 2, 3-iodomethyl-oxetane is
replaced with tert-butyl N-(3-iodopropyl)-carbamic acid (CASRN 167479-01-8) and tert-butyl
N-(2-iodoethyl)-carbamic acid (CASRN 122234-46-2) and fert-butyl N-(4-bromobutyl)-
carbamic acid (CASRN 164365-88-2) and (2-bromopropyl)-carbamic acid, 1,1-dimethylethyl
ester (CASRN 121102-88-3) respectively. The Boc protecting groups were removed with TFA
in DCM in CHCls. 1-79 is prepared by acetylation of I-74 (supra) with acetic anhydride and
pyridine in DCM. The final product was purified on a preparative SiO; plate developed with
90% EtOAc/hexane. 1-80 and I-116 were prepared by sulfonylation of I-74 and 1-69,
respectively, with mesyl chloride and TEA.

I-116 was prepared by treating a DCM solution of I-68 with mesyl chloride (1.5 equivalents) and
dry pyridine (3.5 equivalents). I-116 was purified by SiO, chromatography eluting with 5%
MeOH/DCM followed by preparative SiO, TLC developed with 5% MeOH/DCM. 1-117 can be
prepared by N-alkylation of I-116 with with iodomethane in the presence of an alkali or alkaline

metal carbonate and MeCN.

I-75 -was prepared analogously except in step 2, 3-iodomethyl-oxetane was replaced with zerz-
butyl 3-iodo-1-azetidinecarboxylate (CASRN 254454-54-1) and the Boc protecting group was
subsequently removed by contacting a solution of the product from the alkylation step in

DCM/MeOH with 1N HCI in Et,O at RT overnight to afford I-75.

I-76 is analogously except in step 2, 3-iodomethyl-oxetane was replaced with 1-(fert-
butoxycarbonyl)-4-iodopiperidine, CASRN 301673-14-3)

1-99 and I-100 were prepare analogously except in step 2, 3-iodomethyl-oxetane was replaced
with 4-iodo-cyclohexanol. The reaction was sluggish and the reaction mixture was heated for
several days with periodic addition of 4-iodo-cyclohexanol. Eventually two new products were
detected along with starting material. The reaction was worked up in the normal manner and
purified by SiO; chromatography eluting with 30, 40 and 80% EtOAc/hexane. Fractions

contained the new products were further purified on a preparative SiO, chromatography plate
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developed with 10% acetone/DCM. followed by 80% EtOAc/hexane to afford 14 mg (15%) ofl-
99 and 7.5 mg (7.5%) of I-100

Example 6
6-[(4-Amino-cyclohexyl)-methanesulfonyl-amino|-5-cyclopropyl-2-[4-(4-fluoro-phenoxy)-
phenyl]-benzofuran-3-carboxylic acid methylamide (I-98)

/\ CONHMe
2 \ O
O\N O O O
éOzMe

F

(4-lodo-cyclohexyl)-carbamic acid, tert-butyl ester- To a mixture of PhsP (0.79 g, 3.02 mmol)
and imidazole (0.41 g, 3.03 mmol) in DCM cooled to 0 °C was added iodine (0.77 g, 3.02 mmol)
and the mixture stirred at 0 °C until the iodine dissolved. A solution of (4-hydroxy-cyclohexyl)-
carbamic acid tert-butyl ester (0.5 g, 2.32 mmol, CASRN 224309-64-2) and DCM was then
added dropwise and stirring continued for 30 min at 0 °C, then at RT for 1 h. The reaction
mixture was poured into ice-H,O and twice extracted with DCM. The combined extracts were
dried (Na,SOy), filtered and evaporated. The crude product was purified by Si0O,
chromatography eluting with a EtOAc/hexane gradient (0 to 20% EtOAc) to afford 0.338 g of 32

as a white solid.

step 1 - [4-({5-Cyclopropyl-2-[4-(4-fluoro-phenoxy)-phenyl]-3-methylcarbamoyl-benzo furan-6-
yl}-methanesulfonyl-amino)-cyclohexyl]-carbamic acid fert-butyl ester (34) was prepared by
alkylation of 30 (0.05 g, 0.104 mmol) with 32 (0.051 g, 0.156 mmol) in accord with the
procedure in step 2 of example 5 to afford 8 mg of 34 which was purified on a preparative SiO;

TLC plate developed with 1:1 EtOAc/hexane.

step 2 — A solution of 34 (8 mg), 1M HCI/Et,0 (3 mL) and DCM (3 mL) was stirred at RT
overnight. The solvent was evaporated and the solid triturated three times with ether to afford 2

mg of (I-98)

I-108 was prepared analogously except in step 1, 32 was replaced with 4-iodomethyl-2-oxo-

oxazolidine-3-carboxylic acid tert-butyl ester CASRN 197389-07-4) and step 2 was omitted.
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Example 7
6-[(3-Amino-2,2-difluoro-propyl)-methanesulfonyl-amino]-5-cyclopropyl-2-[4-(4-fluoro-
phenoxy)-phenyl]-benzofuran-3-carboxylic acid methylamide; hydrochloride salt (I-115)

step 1 - [4-({5-Cyclopropyl-2-[4-(4-fluoro-phenoxy)-phenyl]-3-methylcarbamoyl-benzo furan-6-
yl}-methanesulfonyl-amino)-2-hydroxy-propyl]-carbamic acid fert-butyl ester was prepared by
alkylation of 30 (0.3 g, 0.6 mmol) with 40b (0.3 g, 1.2 mmol, see example 10) in accord with the
procedure in step 2 of example 5 to afford 248 mg of [3-({5-cCyclopropyl-2-[4-(4-fluoro-
phenoxy)-phenyl]-3-methylcarbamoyl-benzo furan-6-yl} -methanesulfonyl-amino)-2-hydroxy-
propyl]-carbamic acid (36) which was purified by SiO, chromatography eluting with a
EtOAc/hexane gradient (0 to 50% EtOAc).

step 2 — A solution 036 (0.178 g, 0.267 mmol), PCC (0.114 g, 0.680 mmol), NaOAc (214 mg)
and DCM (8 mL) equivalent of PCC and NaOAc was added and the reaction stirred overnight.
The solvent was evaporated and the crude product purified on a SiO; column eluting with a
EtOAc/hexane gradient (0 to 50% EtOAc) to afford 0.081 g of [3-({5-cyclopropyl-2-[4-(4-
fluoro-phenoxy)-phenyl]-3-methylcarbamoyl-benzofuran-6-yl} -methanesulfonyl-amino)-2-oxo-

propyl]-carbamic acid terz-butyl ester (38).

step 3 —To a solution of 38 (0.060 g, 0.090 mmol) in DCM (3 mL) was added a solution of
morpholino sulfur trifluoride and the resulting solution stirred for 2 d. The reaction was
quenched by adding sat'd. NaHCOs and the resulting solution extracted with DCM. The
combined DCM extracts were dried (Na,SQOy), filtered and evaporated. The crude product was

purified on a preparative SiO, TLC plate to afford 12 mg of 40.

step 4 — A solution of 40 (0.024 g), 1 M HCV/ether (5 mL) in MeOH (2 mL) and DCM (2 mL)
were stirred for 6 h at RT then evaporated. The resulting solid was washed sequentially with

hexane, ether and EtOAc and filtered to afford 0.018 g of (I-115).
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Example 8

5-Cyclopropyl-2-[4-(4-fluoro-phenoxy)-phenyl]-6-[ methanesulfonyl-(2-sulfamoyl-ethyl)-

amino|-benzofuran-3-carboxylic acid methylamide (I-119)

T =

sone
S0, Me

20 sten 2 32a: X=Br
P2 o 3o X = SO, Na*
Ar = p-fluorophenyl step 3 : 32¢: X =S0,C1

step 4 I:1-119 X =SO,NH,

step 1 — A mixture of 30 (0.20 g, 0.405 mmol), dibromoethane (1.1 g, 6.0 mmol), K,COs (0.83 g,
6.0 mmol) and dry DMF (10 mL) was heated at 50 °C for 3 h. The solvent was removed in
vacuo and the residue partitioned between EtOAc and H,O. The EtOAc extracts were combined,
dried (Na,SOy), filtered and evaporated. The crude product was purified by Si0O,
chromatography eluting with a EtOAc/hexane gradient (0 to 60% EtOAc) to afford 0.242 g of
32a.

step 2 — To a solution of 32a (0.240 g, 0.40 mmol) and EtOH (2 mL) was added to a solution of
NaS0s; (0.060 g, 0.48 mmol) and H,O (3 mL) and the resulting solution heated at reflux
overnight. Addition of more Na,SO; did not result in additional conversion to the product. The

solvents were evaporated and the residual solid washed with water and DCM which afforded

0.035 g of 32b as a white solid.

step 3 — To a suspension of 32b (0.030 g, 0.05 mmol) in dry benzene was added SOCl, (0.012 g)
and one drop of DMF and the resulting solution was heated at reflux overnight. The solvents
were evaporated and the resulting crude sulfonyl chloride 32¢ was used in the next step without

further purification.

step 4 — To a solution of 32¢ (0.035 g) in DCM (2 mL) was added a 0.5 M solution of NH3 in
dioxane (2 mL) and the resulting solution stirred at RT for 3 h then concentrated in vacuo. The
crude product was purified on a preparative SiO, TLC plate developed with 5% MeOH/DCM to
afford 6 mg of I-119. The major byproduct was 30 which was formed by elimination of

ethenesulfonic acid amide.
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I-118 was prepared analogously except in step 1, 1,3-dibromopropane was used in place of 1,2-

dibromoethane.

Example 9
6-[(2-Hydroxy-ethyl)-methanesulfonyl-amino]-5-isopropoxy-2-(4-phenylamino-phenyl)-

benzofuran-3-carboxylic acid methylamide (I-28)

0,kt 0,Et
i-Pr-0 step 1 i-Pr-O step 4
OO e oI 22
02N O R"R"'N

B_3 34a R"_R"' —
step2 Do 307 —MeSOZ, R" =H

step3 [ 34c: R" =S0,Me, R"' = (CH,),OH

ONHMe
i-Pr-O step 6 i-Pr-O \
HO(CHZ)Z\ O O Br ———— HO(CHz)z\N o O NHPh

)
o Me SO,Me

36a: X = OH 1-28
step S g 36h: X = NHMe

step 1 — To a suspension of B-3 (4.99 g, 11.1 mmol) in EtOH (240 mL) and H,O (40 mL) was
added iron powder (4.35 g, 77.9 mmol) and NH4Cl1 (4.06 g, 77.9 mmol) and the resulting mixture
heated at 80 °C for 4 h. The reaction was cooled and filtered through CELITE and the pad was
washed with DCM and MeOH. The filtrate was concentrated and the residue dissolved in DCM
and filtered. The DCM was evapotaed and the crude product purified by SiO, chromatography
eluting with 15% EtOAc/hexane to afford 4.15 g of 34a as a yellow solid.

34a is converted into 2-(4-bromo-phenyl)-6-[(2-hydroxy-ethyl)-methanesulfonyl-amino]-5-
isopropoxy-benzo furan-3-carboxylic acid methylamide (34b) as depicted in steps 2 to 5 of the

present example using procedures described in steps 10 to 13 of example 3

step 6 — A vial was charged with 36b (0.075 g, 0.14 mmol), KsPO4 (0.091 g, 0.43 mmol),
Pd(OAc); (0.016 g, 0.07 mmol), 20 (0.030 g, 0.07 mmol), aniline (0.04 mL, 0.43 mmol) and
toluene (7.5 mL), sealed and heated at 100 °C overnight. The vial was cooled and concentrated.
The residue was taken up in acetone/DCM and applied to a SiO, chromatography column and

with a DCM/acetone gradient (10 to 15% acetone. The recovered solid was run through a plug
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of Si0; and eluted with 5% MeOH/DCM followed by a column eluting with EtOAc to afford
0.024 g of 1-28.

The following compounds were prepared analogously except in step 6, aniline was replaced with
the substituted aniline in parentheses: 1-29 (m-fluoro-aniline), 1-30 (p-chloro-aniline), I-31 (p-

fluoro-aniline) and 1-34 (o-fluoro-aniline).

The following compounds were prepared analogously except in step 6, aniline was replaced with
the substituted phenol in parentheses: 1-26 (m-fluoro-phenol), 1-27 (p-chloro-phenol), 1-39, (2,4-
difluoro-phenol), I-46 (m-chloro-phenol), I-49 (chlorophenol) and I-50 (3,4-difluoro-phenol)

respectively.

Example 10
6-[(3-Amino-2-hydroxy-propyl)-methanesulfonyl-amino]-5-cyclopropyl-2-[4-(4-fluoro-
phenoxy)-phenyl]-benzofuran-3-carboxylic acid methylamide; hydrochloride salt (I-97)

30 CONHMe
H
step 1 X Br step 3
™ MeO,S<_ o
40a: X =NH;" Cl N

step 2 [ g 40b: X - NHBoc H/\X Q

OH F

42: X =NHBoc
step 4 o197 x =NH,* C1

step 1 — A solution of 38 (5 g, 24.6 mmol, CASRN 5455-98-1) and 48% aq HBr (26 mL) was
heated at reflux overnight. The solution was cooled and concentrated. The residue was twice
azeotped with toluene and the residue triturated three times with Et,O then three times with
CHCl; to afford 12.1 g of sticky crystals. The crystals were twice washed with IPA then dried to
afford 6.74 g a ca.1:1 mixture of 40a and phthalic acid which was used directly in the next step.

step 2 — To a suspension of 40a from step 1 (2.36 g calculated based on purity, 10.0 mmol) in a
mixture of DCM (40 mL) and MeOH (10 mL) cooled to -13 °C was added a solution of (Boc),0
(3.29 g, 15.1 mmol) and DCM (3 mL) followed by TEA (2.1 mL, 15.1 mmol). The reaction was
stirred overnight at RT then concentrated. The residue was purified by SiO, chromatography
eluting with 10% MeOH/DCM to afford 451 mg or pure 40b in one fraction and another 8§24 mg

of impure product in two following fractions.
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step 3 — A solution of 30 (0.300 g, 0.61 mmol), 40b (0.185 g, 0.73 mmol), K,CO; (0.252 g, 1.82
mmol) and dry DMF (4 mL) was heat at 85 °C for 6 h. Analysis of the product mixture indicated
unreacted 30 remained and additional 40b (0.100 g) in DMF (3 mL) and K,COs (0.100 g) were
added and heating continued overnight. The reaction mixture was cooled and partitioned
between EtOAc (200 mL) and H,O (90 mL). The EtOAc phase was washed with HO (50 mL),
dried (Na,SOy), filtered and evaporated. The crude product was purified by Si0O,
chromatography eluting with 60% EtOAc/hexane to afford 203 mg of 42.

step 4- To a solution of 42 (20 mg), dry MeOH (0.5 mL), dry DCM (5 mL) was added 1M HCI
in Et,O (1 mL) and the reaction mixture aged overnight. The reaction mixture was concentrated
and the resulting solid washed with Et,O and dried. The resulting solid was triturated with DCM

in a vial and the solvent evaporated to afford a quantitative yield of I-97.

Example 11
5-Cyclopropyl-2-[4-(4-fluoro-phenoxy)-phenyl]-6-[ methanesulfonyl-(2-methylsulfanyl-
ethyl)-amino]-benzofuran-3-carboxylic acid methylamide (I-81) and S-cyclopropyl-2-[4-(4-
fluoro-phenoxy)-phenyl]-6-[methanesulfonyl-(2-methanesulfonyl-ethyl)-amino|-

benzofuran-3-carboxylic acid methylamide (I-83)

4 CONHMe
A\
OO

1
SO,Me Q

30:R=H F

I-81: R = (CH,),SMe
step 1 Do 1 g3 r - (CH,),SO,Me

I-81 was prepared from 30 in accord with the procedure in step 2 of example 5 except 3-

iodomethyl-oxetane was replaced with 1-iodo-2-(methylthio)ethane (CASRN 108122-14-1).

step 1 - To a solution of I-81 (0.045 g, 0.08 mmol) in MeOH (2.7 mL) was added sequentially
H,0 (0.9 mL) and OXONE®(0.049 g, 0.08 mmol, potassium peroxomonosulfate) and the
resulting reaction mixture stirred at RT for 2 h. LCMS indicated significant amounts of
sulfoxide were still present and additional OXONE (0.048 g) was added and the reaction kept
overnight in a refrigerator. The reaction mixture was concentrated and partitioned between

DCM (20 mL) and 1 M NaOH (1 mL). The organic phase was dried (Na,S0O,), filtered and
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evaporated. The crude product was purified by SiO, chromatography eluting with 5%
acetone/DCM to afford 0.023 g of 1-83.

I-113 and I-114 are prepared analogously but 1-iodo-2-(methylthio)ethane was replaced with 1-
bromo-3-(methylthio)propane (CASRN 68734-27-1).

Example 12
2-[4-(2-Fluoro-phenoxy)-phenyl]-6-[(2-hydroxy-ethyl)-methanesulfonyl-amino]-5-propyl-

benzofuran-3-carboxylic acid methylamide (I-65)

O,Et O,Et
R'O MeO
CO-O o OO o
step 2 step 3

B-2a: R'= 46

step 1 E -
44: R Me Ar = 2-fluoro-phenyl

' O,Et O.Et
R step6 | py 2
(Ao —= (I )-ox
ON o
2 H,N O

48a: R' = HO-
tep 4
stepd [ e R = CF,S0,0-

step 5
PS5 [ o sgerree —<

The preparation of 48¢ from B-2a is carried out as described in steps 3-8 of example 3 except in
step 1 of the current example iso-propyl bromide is replace with methyl iodide to afford the

methyl ether.

step 6 — A suspension of 48¢ (0.26 g, 0.563 mmol) 10% Pd/C (0.030 g) and EtOAc (10 mL) was
stirred was stirred at RT overnight under a H, atmosphere from a H,-filled balloon. The catalyst
was removed by filtration through filtering aid, washed with DCM and the combined filtrates
were evaporated. The crude product was purified by SiO, chromatography eluting with 20 and
30% EtOAc/hexane to afford 34 mg of 50 and 0.19 g of the corresponding compound wherein

the cyclopropyl remained intact.

Further conversion of 50 to 1-65 by hydrolysis of the ethyl ester and formation of the meth amide

is carried out in accord with the procedures in steps 12 and 13 of example 3.
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Example 13

5-Cyclopropyl-2-[4-(4-fluoro-phenoxy)-phenyl]-6-(methanesulfonyl-pyrrolidin-3-yl-amino)-
benzofuran-3-carboxylic acid methylamide; hydrochloride salt (I-91) and 5-cyclopropyl-2-
[4-(4-fluoro-phenoxy)-phenyl]-6-[methanesulfonyl-(1-methanesulfonyl-pyrrolidin-3-yl)-

5 amino]-benzofuran-3-carboxylic acid methylamide (I-94)

ONHMe

RHNO\
N O

1
SO,Me

I-91: R = H (hydrochloride salt)
I-94: R = SO,Me
OAr

Ar = p-fluorophenyl

3-lodo-pyrrolidine-1-carboxylic acid tert-butyl ester (§2)—To a solution pyrrolidine-1,3-
dicarboxylic acid 1-fert-butyl ester (0.2 g, 0.929 mmol, CASRN 59378-75-5), (diacetoxyiodo)-
benzene (0.87 g, 2.70 mmol, CASRN 3240-34-4) in CCl4 (30 mL) was added iodine (0.55 g,

10 2.17 mmol) and the mixture was stirred and irradiated wit a 100 W tungsten bulb overnight. The
product was partition between DCM and 5% NaHCO; The aqueous solution was twice extracted
with DCM and the combined organic extracts washed with brine, dried (Na,SO,), filtered and
evaporated. The crude product was purified on a SiO; column eluting with 10 and 20%

EtOAc/hexane to afford 0.16 g of 52.

15 1I-91 were prepared in accord with the procedure described for I-70 in example 5 except in step
2, 3-iodomethyl-oxetane was replaced with 52. The Boc group was removed with 1 M HCl in
ether in a DCM/MeOH solution (RT overnight). The product was purified by precipitating the
product from a MeOH solution with Et,O. 1-94 was prepared by contacting I-91 with mesyl
chloride and TEA in DCM under standard conditions and was purified on a preparative Si0,

20 TLC plate developed with 5% acetone/DCM.
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Example 14

2-[4-(2-Fluoro-phenoxy)-phenyl]-6-(methanesulfonyl-methyl-amino)-5-methyl-benzofuran-
3-carboxylic acid methylamide (I-59)

CONHMe
CO,Et
OAf ~N é
SO Me
54a: R =TfO 1-59

54b: R = CH, Ar = o-fluorophenyl
step 1

5 B-3 was converted to ethyl 2-[4-(2-fluoro-phenoxy)-phenyl]-5-isopropoxy-6-nitro-benzo furan-3-
carboxylate (56) utilizing the procedure in step 5 of example 2 except p-fluorophenol was
replaced with o-fluorophenol. Cleavage of the isopropyl ether and introduction of the triflate
ester to afford ethyl 2-[4-(2-fluoro-phenoxy)-phenyl]-6-nitro-5-trifluoromethanesulfonyloxy-

benzofuran-3-carboxylate (58) was carried out as described in steps 6 and 7 of example 3.

10 step 1 — A tube was charged with 58 (0.060 g, 0.11 mmol), Pd(Phs)4 (0.025 g, 0.02 mmol),
K3POy4 (0.034 g, 0.11 mmol), trimethylboroxine (0.02 mL, 0.13 mmol) and dioxane (2 mL),
sealed and heated at100 °C for 2 h with stirring. The reaction mixture was cooled, diluted with
DCM and filtered through a glass filter. The filtrated was dried and applied to an SiO; column
and eluted with 15%EtOAc/hexane to afford 0.020 g of 54b.

15 Reduction of the nitro group, sulfonylation and alkylation of the resulting sulfonamide were
carried out as described in steps 9 to 11 of example 3. Hydrolysis of the ethyl ester and
introduction of the N-methyl amide were carried out as described in steps 12 and 13 to afford I-
59.

I-55 was prepared analogously except in step 1 of the current example o-fluorophenol was
20 replaced with p-fluorophenol. 1-63 was prepared as described for I-55 except in step 11, the

alkylating agent was methyl iodide instead of 2-bromo-ethanol and acetone was the solvent.
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Example 15

5-Cyclopr0pyl—6-(1,l-dioxo-1)f—isothiazolidin-2-yl)-2-(4-phen0xy-phenyl)-benzofuran-3-
carboxylic acid methylamide (I-82)

CONHMe
WOPh 1-82
CLr

0

A solution of B-5a (0.085 g, 0.21 mmol, Ar = phenyl), 3-chloro-propane-1-sulfonyl chloride
(0.02 mL, 0.21 mmol, CASRN 1633-82-5), TEA (0.06 mL, 0.42 mmol) and THF (15 mL) was
stirred for 5 d, filtered and concentrated in vacuo. The residue was dissolve in EtOH containing
NaOEt (0.236 g 3.47 mmol) and the resulting solution heated at reflux for 1 h. The reaction
mixture was cooled and evaporated. The crude product was purified by SiO, chromatography
cluting with a EtOAc/hexane gradient (35 to 50% EtOAc) to afford 72 mg of ethyl 5-
cyclopropyl-6-(1,1-dioxo-1 A’-isothiazolidin-2-yl)-2-(4-phenoxy-phenyl)-benzo furan-3-
carboxylate (59). Hydrolysis of the ethyl ester and conversion to the amide was carried out as

previously described in steps 12 and 13 of example 3 to afford 1-82.

1-93 was made analogously except 3-chloro-propane-1-sulfonyl chloride was replaced with 4-

chloro-butyl-sulfonyl chloride (CASRN 1633-84-7).
Example 16

5-Cyclopropyl-6-(1,1-dioxo-146-[1,2,5]thiadiazolidin-2-yl)-2-(4-phenoxy-phenyl)-

benzofuran-3-carboxylic acid methylamide (I-102)

I-102

A solution 2-chloroethyl amine hydrochloride (0.348 g, 3.0 mmol) and sulfuryl chloride (18 mL,
18 mmol) in MeCN (25 mL) was heated overnight at 80 °C then cooled and evaporated to afford
N-(2-chloroethyl)-sulfamoyl chloride (60). (P. D. Johnson ef al. Tetrahedron Lett. 2003 44:5483)
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An ether solution of 60 was added dropwise to a solution of B-5a (0.500 g, 1.2 mmol, Ar =
phenyl), TEA (0.33 mL, 2.4 mmol) and ether (100 mL) cooled to -78 °C. After the addition was
complete the cooling bath was removed and the reaction was allowed to stir at RT for 4 h, then
washed with water, dried (MgSOQy) filtered and evaporated. The residue was dissolved in DMSO
and K,COs (0.166 g, 1.2 mmol) was added and the reaction mixture was stirred for 72 h. The
reaction was quenched with H,O and extracted with EtOAc/Et,O (1:1). The organic phase was
washed sequentially with H,O and brine, dried (MgSO,), filtered and evaporated. The residue
was purified on a Si0; column eluting with 30% EtOAc/hexane to afford 0.158 g of ethyl 5-
cyclopropyl-6-(1,1-dioxo-11°-[1,2,5]thiadiazolidin-2-yl)-2-(4-phenoxy-phenyl)-benzofuran-3-
carboxylate (62). Hydrolysis of the ethyl ester and conversion to the amide was carried out as

previously described in steps 12 and 13 of example 3 to afford 1-102.

Example 17
5-Cyclopropyl—6-(5-methyl—1,1-di0x0-1k6-[1,2,5]thiadiazolidin-Z-yl)-Z-(4-phenoxy-phenyl)-

benzofuran-3-carboxylic acid methylamide (I-105)

CONHMe
moPh (I-105)
AS

Me O

To a solution of 62 (0.058 g, 0.11 mmol) and dry DMF (5 mL) was added sequentially NaH (5
mg, 0.12 mmol, 50% mineral oil dispersion) and Mel (0.08 mL, 0.14 mmol). The reaction
mixture was stirred for 15 min then quenched with H,O and extracted with EtOAc/Et,O. The
organic phase was washed sequentially with H,O and brine, dried (MgSO,), filtered and
evaporated to afford 30 mg of ethyl 5-cyclopropyl-6-(5-methyl-1,1-dioxo-1A°-
[1,2,5]thiadiazolidin-2-yl)-2-(4-phenoxy-phenyl)-benzo furan-3-carboxylate (64). Hydrolysis of
the ethyl ester and conversion to the amide was carried out as previously described in steps 12

and 13 of example 3 to afford I-105.
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Example 18

2-[4-(4-Fluoro-phenoxy)-phenyl]-6-[(2-hydroxy-ethyl)-methanesulfonyl-amino]-

benzofuran-3-carboxylic acid methylamide (I-64)
CONHMe

1
SO,Me

A tube was charged with B-4¢ (0.600 g, 1.05 mmol), pinacolborane (0.46, 3.16 mmol),
PdCly(dppf) (0.171 g, 0.21 mmol), TEA (0.44 mL, 3.16 mmol) and dioxane (10 mL), sealed and
heated overnight at 110 °C. The tube was cooled and the reaction mixture diluted with Et,O and
DCM and filtered through a glass fritted funnel. The filtrate was washed sequentially with H,O
and brine, dried (MgSQO,), filtered and evaporated. The crude product was purified by Si0O,
chromatography eluting with a EtOAc/hexane gradient (20 to 30% EtOAc) to afford ethyl 6-
amino-2-[4-(4-fluoro-phenoxy)-phenyl]-5-(4,4,5,5-tetramethyl-[ 1,3,2] dioxaborolan-2-yl)-
benzofuran-3-carboxylate (66)

Conversion of 66 to I-64 is carried out in accord with the procedure described in steps 11 to 13

of example 3.

Example 19
5-Cyclopropyl-6-(3,5-dimethyl-isoxazol-4-yl)-2-(4-phenoxy-phenyl)-benzofuran-3-
carboxylic acid methylamide (I-85)

step 2 ONHMe

0,Et
/\ step 3 step 4
O \ O OPh pp— O O OPh —» 185
R O
step 1 70
B-5a:R =NH
68: R=1

step 1 —To a suspension of B-5a in 6 N HCI (10 mL) cooled in an ice bath was added a solution
of sodium nitrite (0.100 g) and H,O (2 mL) and the reaction was stirred at 0 °C for 30 min. The
reaction mixture was poured into a mixture of KI (1 g) and EtOAc/H,O and stirred for 30 min.

The organic layer was separated, washed sequentially with aq Na,S,0s and brine, dried
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(Na;S0y), filtered and evaporated. The crude product was purified by SiO, chromatography
cluting with a EtOAc/hexane gradient (0 to 10% EtOAc) to afford 0.090 g of 68.

steps 2 & 3 — Conversion of 68 to the corresponding N-methyl amide 70 was carried out as
described in steps 12 and 13 of example 3.

step 4 - A mixture of 70 (0.040 g), 3,5-dimethyl-isoxazol-4-yl boronic acid (0.050g, CASRN
16114-47-9), Pd(PPhs)4 (0.010 g), Na,CO3 (40 mg), DCM and McOH was heated at 120 °C for
30 min. The reaction mixture was cooled and concentrated in vacuo. The residue was dissolved
in EtOAc and washed sequentially with H,O and brine, dried (Na,SO,), filtered and evaporated.
The crude product was purified by SiO, chromatography eluting with a EtOAc/hexane gradient
(10 to 30% EtOACc) to afford 30 mg of I-85.

I-101 is prepared analogously except 68 was coupled with 3,5-dimethyl-pyrazol-4-yl boronic
acid (CASRN 851524-99-7) prior to hydrolysis of the ester and conversion of the corresponding
acid to the N-methyl amide I-101. The product was purified by first treating the crude product
with (Boc),0, DMAP and THF, purifying the crude product by SiO, chromatography eluting
with a EtOAc/hexane gradient (0 to 40% EtOAc) and treating the product with TFA and DCM

overnight to remove the Boc protecting group.

Example 20
5-Cyclopropyl-2-(4-phenoxy-phenyl)-6-(1H-pyrrol-2-yl)-benzofuran-3-carboxylic acid methylamide
(I-89) and 5- 5-Cyclopropyl-2-(4-phenoxy-phenyl)-6-pyrrolidin-2-yl-benzofuran-3-carboxylic acid
methylamideyclopropyl-2-(4-phenoxy-phenyl)-6-pyrrolidin-2-yl-benzofuran-3-carboxylic acid
methylamide (I-90)

1-89 was prepared analogously to the procedure in example 19 except in step 4, 70 was coupled

with N-Boc-pyrrol-2-y boronic acid (CASRN 135884-31-0). Purification of the product by SiO;
chromatography with a EtOAc/hexane gradient (0 to 30% EtOAc) afforded 1-89 and the product
which retained the Boc group (72).

step 1 - A suspension of 72 (0.080 g), PdC (15 mg) and EtOAc was agitated under a hydrogen
atmosphere (50 psi) overnight at RT. The suspension was filtered through CELITE, the pad
washed with EtOAc and the filtrate concentrated in vacuo. The crude product was purified by

Si0, chromatography eluting with a EtOAc/hexane gradient (0 to 30% EtOAc).
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The fractions containing 2-[5-cyclopropyl-3-methylcarbamoyl-2-(4-phenoxy-phenyl)-

benzo furan-6-yl]-pyrrolidine-1-carboxylic acid terz-butyl ester were dissolved in TFA/DCM (2
mL) and stirred overnight at RT. The solvents were removed in vacuo, diluted with EtOAc and
washed sequentially H,O, sat'd. NaHCO; and brine, dried (Na,SO,), filtered and evaporated.
The crude product was purified by SiO, chromatography eluting a MeOH/DCM gradient (0 to

5% MeOH containing a small amount of ammonia to afford 25 mg of 1-90.

Example 21
2-[4-(4-Fluoro-phenoxy)-phenyl]-5-methoxy-6-pyrrolidin-2-yl-benzofuran-3-carboxylic
acid methylamide (I-111), 6-(1-acetyl-pyrrolidin-2-yl)-2-[4-(4-fluoro-phenoxy)-phenyl]-5-
methoxy-benzofuran-3-carboxylic acid methylamide (I-109) and 2-[4-(4-Fluoro-phenoxy)-
phenyl]-6-(1-methanesulfonyl-pyrrolidin-2-yl)-5-methoxy-benzofuran-3-carboxylic acid
methylamide (I-112)

742:R = H

tep 1 -
Sep E 74b:R = CO(CH),Cl
74¢: R = CO(CH),N,

step 2

step 6

I-111:R =
: t
| I-109:R'=Ac:| step 3
OAr

I-112:R"= SQMe
Ar =p-fluoro-phenyl

B-2a is converted to 74a by alkylation of the phenol (Mel,K,CO3), Suzuki coupling with p-
fluoro-phenol (as described in example 3, step 5), hydrolysis of the ethyl ester and coupling with
methylamine (as described in example 3, steps 12 & 13)

step 1 — To a mixture of 74a (0.5 g) and 3-chloro-butyryl chloride (0.30 mL) in DCM (10 mL)
cooled in an ice-bath was added AICl; and the resulting mixture stirred at 0 °C for 30 min. The
reaction was quenched with ice-water, stirred for 10 min then extracted with DCM. The organic

phase was washed sequentially with H,O and brine, dried (Na,SOy), filtered and evaporated to
afford 0.4 g of 74b.
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step 2 - The crude product from step 1 was suspended in DMSO (5 mL) and Nal (0.8 g) and
NaN; (0.8 g) were added and heated overnight at 50 °C. The reaction was cooled, diluted with
EtOAc and washed sequentially with H,O and brine, dried (Na;SQOs), filtered and evaporated to

afford 0.4 g of 74c.

step 3 — A solution of 74¢ (0.4 g) was dissolved in EtOAc and PPh; (0.5 g) was added and the
reaction stirred overnight. The resulting solid was collected by filtration to afford 0.15 g of 76.

step 4 — To a solution of 76 (0.050 g) in MeOH/HOACc (2:1, 3mL) was added NaBH, (0.020 g)
and the resulting solution was stirred for 30 min. The reaction was quenched with H,O and
extracted with EtOAc, washed sequentially with NaHCOs, H,O and brine, dried (Na,;SO4),
filtered and evaporated which afford I-111.

step 5 — The amine I-111 was stirred with Ac,O, TEA and DCM to afford 1-109.
step 6 - The amine I-111 was stirred with mesyl chloride, TEA and DCM to afford I-112.

Example 22
5-Cyclopropyl-2-[4-(4-fluoro-phenoxy)-phenyl]-6-(1-hydroxy-1-methyl-ethyl)-benzofuran-
3-carboxylic acid methylamide (I-110)

CO,Et

CO,Et
MeO step2 po steps 5 & 6
v == YA o
MeCO
T4a: R=H .
tep 1 80a: R'=OH
Step 78: R = COMe SteD 3 E 80b: R' = OTf
step 4 [y 80c: R = c-C,H;
CONHMe
w 0 O
OAr —P
82 I-110

step 1 — To a solution of 74a (0.5 g, 0.013 mmol), acetyl chloride (0.35 g, 0.026mmol) and DCM
cooled to 0 °C was added AICI; (0.35 g). The reaction mixture was stirred for 15 min and an
additional aliquot of AICl; (50 mg) was added and stirring continued for another 15 min. The

reaction was quenched with ice water and the organic phase separated , washed with brine, dried
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(Na;S0y), filtered and evaporated. The crude product was purified by SiO, chromatography
eluting with an EtOAc/hexane gradient (0 to 25% EtOAc) to afford 0.35 g of 78.

step 2 — To a solution of 78 from step 1 dissolved to DCM (2 mL) was added a solution of BCl;
and DCM (2 mL, 1M solution). The reaction was stirred for 2 h then quenched with ice and
diluted with DCM. The organic phase was washed with brine, dried (Na,;SO,), filtered and

evaporated to afford 80a which was used directly in step 3.

Steps 3-6 were carried out by the procedures described in steps 7, 8, 12 and 13 of example 3 to
afford 82.

step 7 — To a solution of 82 (50 mg) and dry THF cooled to -78 °C was added a solution of
MeMgBr and THF (0.20 mL, 3M solution in THF). The solution was stirred for 20 min then
quenched with sat'd. NH4Cl and diluted with EtOAc. The organic phase was washed with brine,
dried (Na,SOy), filtered and evaporated. The crude product was purified by Si0O,
chromatography eluting with a EtOAc/hexane gradient (0 to 40% EtOAc) to afford 7 mg of I-
110.

I-86 is prepared analogously except the starting material was 6-acetyl-5-cyclopropyl-2-(4-
phenoxy-phenyl)-benzofuran-3-carboxylic acid methylamide. I-103 and I-104 can be prepared
from A-2c¢ by introduction of the p-fluorophenyl by Suzuki coupling with p-fluoro-phenol (see
step 5 of example 3), Freidel-Crafts acylation, hydrolysis of the ethyl ester and coupling with
methylamine and addition of methyl magnesium bromide as carried described in the current

example.

Example 23
5-Cyclopropyl-2-[4-(4-fluoro-phenoxy)-phenyl]-6-[(2-methanesulfinyl-ethyl)-

methanesulfonyl-amino]-benzofuran-3-carboxylic acid methylamide (I-120)

To a solution of I-81 (0.086 g, 0.15 mmol) in MeOH (5 mL) and H,O (1.7 mL) was added
OXONE (0.065 g, 0.11 mmol). The reaction was stirred at RT for 30 min then concentrated in
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vacuo. The residue was partitioned between DCM (40 mL) and 1 M NaOH (1 mL). The organic
extract was dried (Na,SOy), filtered and evaporated. The crude product was purified on a

preparative SiO, TLC plate developed with 3% MeOH/DCM to afford 30 mg if I-120 as a
yellow solid. I-121 was prepared analogously by oxidation of 1-113

Example 24
6-[(2-Hydroxy-ethyl)-methanesulfonyl-amino]-5-methoxy-2-[4-(pyridin-2-yloxy)-phenyl]-

benzofuran-3-carboxylic acid methylamide (I-127)

1 F N step 1 N=
\O ‘ U — 1—< >—0—Q
OH 4
84

0,Et R’
step2 MeO step 6 MeO N\
A2D  — Ar — 0 Ar
SOzMe
86a: R =H 88a: R' = CO.Et
tep 3 2
stop 3 g g R = NO, step 7 Lo g i CO.H
step 4 Lo ge: v = NH, step 8 [ 1127: R = CONHMe

step 5 [ g6d: R = NHSO,Me  Ar = 4-(pyridin-2-yloxy)-phenyl

step 1 - A solution of 4-iodo-phenol (1.0 g), 2-fluoro-pyridine (1.0 g), K,COs (1 g) in DMSO
was heated overnight at 90 °C. The reaction was cooled, partitioned between EtOAc and H,O.
The organic phase was washed sequentially with H,O and brine, dried (Na;SOy), filtered and
concentrated in vacuo. The crude product was purified by SiO, chromatography eluting with

hexane to afford 0.49 g of 84.

step 2 — A mixture of A-2b (1.2 g), 84 (0.4 g), Pd(PPhs)4 (0.100 g)Na,COs (1.5 g), MeOH (40
mL) and DCM (10 mL) was heated at reflux overnight. The reaction mixture was cooled and
filtered through CELITE. The CELITE was washed with EtOAc and the filtrated sequentially
washed with H,O and brine, dried (Na,SO,) filtered and evaporated. The crude product was
purified by SiO, chromatography eluting with a EtOAc/hexane gradient (0 to 20% EtOAc) to
afford 0.3 g of 86b.

Steps 3 — 8 can be carried out utilizing the procedures described in the corresponding steps 3 to 8
in example 1 to afford I-127.



110" NN N ko2Me* WO
2009/ 101022PCT/ EP2009/ 051306 -43- TABLE I Cpd. No.
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0.611 HON 101 1/ SO2me
-83-
Example 25
2-[6-(4-Fluoro-phenoxy)-pyridin-3-yl]-6-[(2-hydroxy-ethyl)-methanesulfonyl-amino]-5-

methoxy-benzofuran-3-carboxylic acid methylamide (I-125)

OH F stepl A-2b
/0/ * Ny ,0/ O\ step 2
F

O,Et

MeO 2 N steps 3-8
-  p—
— I-125
o Q
92
F

5 step 1 — A mixture of 4-fluoro-phenol (1.0 g), 5-bromo-2-fluoro-pyridine (1.5 g), K,COs (1.0 g)

in DMSO (20 mL) was heated at 100 °C overnight. The reaction mixture was cooled and diluted

with EtOAc. The resulting solution was washed sequentially with H,O and brine, dried
(Na;S0y), filtered and evaporated. The product was purified by SiO, chromatography eluting
with a EtOAc/hexane gradient (0 to 5% EtOAc) to afford 1.2 g of 90.

10 step 2 — A mixture of 90 (1.2 g), A-2b (2 g), Pd(0)(PPhs)s (200 mg), K»CO; (2.0 g) in MeOH (50

mL) and DCM (10 mL) was heated at reflux overnight. The reaction mixture was cooled and

filtered through CELITE and the pad was washed well with 1:1 EtOAc/hexane and EtOAc. The

filtrates were combined, washed sequentially with H,O and brine, dried (Na,SO,), filtered and
evaporated to afford 0.3 g of 92.

15 The conversion of 92 to I-125 (steps 3-8) was carried out by the corresponding procedures

described in example 1.
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N 1 SQ2ne. 1. Mass spectra data are (Mtl)+
wW@emwkaowel ess desi gnated ot herwi se. 2. |1 C50 ([R§T/BR2089/051306

for NS5B pol ynerase assay as described in Exanpl e 25.

Conpounds of the present invhation with a 5-al koxy

substituent are prepared by condensation of a

5- al koxy-sal i cyI al dehyde Ea;adqﬂé h(yl di azoacetate to

ford 5- al kox nzofuran- 3- carboxyl ate
2-6- (%Fi'aom(r%enz anfiper s -gyridin- B Korhensethbamedhenespifonyl-aminol-5-
methokyShehZOHERE-3- éﬁﬁb?}lﬁ%cﬁd‘nﬁtlﬁ%ﬁiﬂ% ({1\.1%)9@' ifies a
compound wherein the 5-al koXy nmoiety is a nethoxy
substituent; however, one skilled in the art wll
appreci ate that ot her al koxy ethers can be pr glaNtede
from 5 hydr oxgeosad i cyl al dehyde | nt Med ,

A-2a ped-eei urfj > P24 Ny Dep on@tlo f
Cs®2pWi t h “sopr opyl am e and é@@@phl@g t he

resulting anson with trinethyl borate whi ch i
hydrol yzed to the requisite 10 boronic acid during the
jﬁ’ue‘o‘@é wor kup. The 4-brono-phenyl substituent is then
S®Pnveni ent |y introduced via a pall adi um cat al yzed
coupl ing of A-2b and 4- |odo br onobenzene. A-2a: R =H

step 13 Bipi sqhutiart @@t@ﬁzg o} triTng ! BoTalt (1o ) pobrin dry THE (5

mL) cdbied RUZIBKC W AEON 2 eauazaea{sl oFdi Wns6iatiah Y2 Bdie® HddpRepylamide
of a boronic acid ( RRB(OH) 2 wherein Ris aryl or

and THF nyfier WP mhn an aliguat ves qvmvﬁpd hd sheavedstarting mateaial(Rmyined.
) i 0
Addlt]}é%glglfe[?zg rVV?S gn(ci: %ﬁ&l an éid\éz %f IQI_mln tcl:lg l%acﬂ? ? Fred c%%gege;) The

reactlcﬁd\éz%cﬂp&hahed%ﬁmaﬁa? agdithe Bdﬁﬂ;a(l dppdcted With RtGAE1 Zheppicpus layer
primary al kyl boronjc acid conpounds can be coupled to
was acdih}ﬂed SAthGN ¥I‘C1 /B tise sxtractgdr wish EtQp¢.nbhg combined cxtracts were

WaSheglgeﬁlte?lﬁlwztg gveatéf]' a_QH Ib}’lgé‘ “tfrgfeﬁ 3@ ?g@ %ﬁ{efedhﬁlﬁecoﬁgﬁ%ﬂ&]ed The

residuSoas diksS@9cd RANIEDH: (95 Q- )HmE 1D @M 18.mIB. andi 2t ¢Ht@roed-ioab-pyridine (2.0

. Pa Qi 10 800 e DR R0 42 Bt eH hadRE it apithipn VG g reflux

overn%vsﬂ'l E%lb&%d"ﬁlﬂt&gd HROHANCE LI anddh O3 @ asHoS5it MM, The filtrate
d acetonitrile, aqueous sol vents and under

was cchmphta@ﬁct apd et reswineg soRddoturgnd Wanhélekaytm andlcblfeatehbyf filyration. The

produ%g omw@%@@%& L r t 8 ab w&éaﬁ:ﬁ(@gg@%@ng Igga{(deeng (0 to 20%

EtOA&)h@aﬁBup(bQ f92[here are a Iarge nunber of paraneters
in the Suzuk| reaction including the palladi um source,
ligand, additives and tenperature and optinum

Steps 2enabintpirsmg soanktn afebe 4 posivouof ¥, ogluctivizaf thonitaf grohpe, rnesylation

and a].E?lElg(?I‘F gfe tilg B{sﬁftm& g ol % I@ﬁ&fh?{{%ﬁ) 4 aCt’??otr%ﬂr% hydrlo_lysm o?the ester

and ccﬁﬁI@I%ﬁ)nCtHé‘@sﬁlﬁﬁ%ﬁ%ﬁxﬁf&AcWOQHé &-A61hYParh e Qb céﬂrl@él Buds described
utilizing 9/ 101022PCT/ EP2009/ 051306 -
in steyRdiAp db)e8Ampieel to-aBiey@9@nd conditions for cross
coupling of aryl- and vinyl triflates uti I I zi ng
OACéZ/géCGHll) 3.at RT. . J. P. WIf et g
ﬁp_cnéome o1 ef the arvd Ryridignating wvap sarrisd oukby e%;l}gga apd prifjoro

amhnéo'I %§ %é_sgﬂ(l% Cly Cfeg%g ! )??/f(y é%'s pﬁfladr']e o%rgélljl%c}(h gv%'é] ?ﬁl@p& g Idlélt@ﬁ]éﬁ&lato graphy

eluting hvetharMeQHD AM grathene(0ap 3P/aleOdbra afﬁ)lmlmsmg of B-126).
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5 wi t hout undue experinentation. Nitration of the

benzofuran afforded a m xture of isoners from which
wo@wiewet d be i solated. Aromatic nitration i SPEEEP2009/051306

known and can be conducted under a variety of

conditions known in the art-8Nitration can be carried

out by exposing an aronmatic conpound to a m xture of

concentrated nitric aci d RachpelRfuric acid. Active

substrates can be nitrated with HNO3 al one or 10 in

H20, HOAc and aHéW NSIBBYA RYymeERss AGYEY conpounds
The e@ﬁaﬁ? 'hg g)e age nt nﬁr&% N%Wgﬁﬂﬁg%%&%@a@ %fe-

incorpNi@Rion Bﬁﬁadldmbblémldleﬁﬁﬁsmoplﬁobphw min achdl mnkubli RNA products
. Organi ' John Wle New Yor
Unmcg@%gatetﬁ@?og% SS b%gfﬂ @ﬁno\épg p}ﬁ g'lrftfﬁt{opéma ISEBBH% avas added to the
washeatalna QR HRBr @Ete/éoéﬁlnw«?graaﬁna{wer& TOVA SRS, Ti’nte aRdRRGLf RNA product
conditions. 15 Reduction of a nitro conpound is
generagehbeMEABHYA-koal peitiachhgl thgaerctipm wan direatlytprepiriientl fo the amount
0 Et.0 t OAc, THF or m xtures thereof. The
thgh%gg“tt '\(/Pb dhﬁ&‘i}n@éa E_ar ried out under known hydr ogenat i on
conditions in the presence of a netal catalyst, e. g
The N B B S PR R o BT train, genotype
1b (NME)@OnEEOIﬂlehIﬁHImSI n2¢ atahy adid dslatdn atsth&@@&ﬁ(nﬁhst%)a?owe to the full-

ength ol 480 Vo PSP P G BLL P P, The consruc,

contalﬁ%g'tﬁ@godlﬁg‘&qﬁ@&%tdf PITV NSBB' €AY RHBaHREssRH Igdn‘i’oer AJ242654)
conditions, e.g. in the presence of HCL or HOAc. The

was insextiecinioothe nhiymai gmstyectpdiTil i7e.dlomstream phe T rpe@emeewesalon
bI e.r ed CI n

casset%nand rﬁm%f FIB% ﬁ ?oﬁ A Slgg 3’8}&113’ Vigs &*0\}\7}% E:\merhﬁlﬁgﬁ a Q[alger culture

and lagbr @badBeo B2 8N f IR hidgRSupyl¥mened withdi oaahlg@mkaeﬁpa@nﬁb at 37° C.
DCE, THF, di oxane, or m xtures thereof;

DCM
Proteipcxpressonswasaguced by theaddiden ohfheh mM @opmbﬁ%thlea@@rﬁ@pwan051de
(IPTda)l%vhgﬁ ’op§&1l g&tl‘gtg at B&? nJ?Jﬁdng[flé &ﬂtdrg W%? P&We%ﬂ 6% a?lHtO.Suﬂ%eJells were
I'c con resence wat er .
harvested émyhads 1®h a0B0t @eN&SBW Ont-Cdm Inesyypuritield ao ihdmo'gft’nett? @sing a three-
pres of base under standard conditions afford
step piQtago] mF g OYFREGNT GHER Bomameraphy o8y it Eﬁeﬁhsyphamse HP and
Supm@@éﬂi&m&Q undergo deprotonation and al kylation in the
presence of K2CO3 and MeCN. The sul fonami de salt is
treated with an al kyl ati ng agent, RZ1, wherein Z1 is a

Each $(e@VdnBgm@ti OteRctidHCddnaSncd 202N RN A @é‘mﬁlate derived from the complementary
al kanesul phonyl oxy, 30 benzenesul pho

sequepser et s Ve S 3D A AR5 Hlg- Ggidngnzyme, 0.5 Ci
of trltﬁ{edfq:ﬁP ﬁ%?l?lg gté%l&g ??hb%ﬁodolf‘e%(lg rf%?r %3%51%10%%%\21& f}slb tté g& gﬁ}/ﬁlmol stock
solutldMO&G&Qfallﬁﬂ%MkHPBM% 0G63MWB6 MY61 Ml bsdhi ATRNECEP,cad GTP, 40

e found in the exanples which foll ow One skil] ed in

mM Tflﬁ‘é{CéIrHH fiu i pras di bl D @ithiogeito bt miMpiMgCLZ, and S plof
comp&Fﬁ%EtlbﬁrlﬁluFe"arln BASO! ﬁéfc %1%?&%9&9%&'6&1%%% 96-well ﬁlter plates

exi bility. For exanple the aromatic am ne can first
(cat # MeAENMBaﬂ\élﬂlm)md Cbhend HEubattech ﬁ)rs'?elcatlﬁﬂ)é@ Ravcniens were stopped by

additi%b? @P//l at g Iefgr{v) gqhﬁﬁrgfu%eéﬁl ag Célll]?.?tﬁg (ﬂr?' a4 Ce dReactlons were

filtered! W¥dhad Wit 82@8RtonQb k& oF 187 (%)Qﬁéhl&%aéétm R6iestid, A reaction
reductive am nation. Alkylation of amines is typical |y

volumgaipf T&¥d (o) cthancdprindiies], sud Y& nt of ssinciblarts MipscimVEY), Perkin-Elmer)
and m ftures thereof at tenperatures betvveen
was a(@f/gg eacﬁpﬁfél&n“ﬁelpl cally used bases are potassium
carbonat e, sodi um hydri de, potassium hydride, lithium
hexanet hyl di si | azi de, sodi um hexanet hyl di si | azi de,
pot assi um hexanet hyl di si | azi de. Reductive am nation is
typically carried out by combining an anm ne and

carbonyl 10 conpound in the presence of a conpl ex
netal hydrlde such as NaBH4 L|BH4 NaBHBCN Zn(BFM)Z

e o o o
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step 6B-4a: R =i-Pr-O B-4b: R = HO
B-4c: R = CF3S020- step 8 ED. B-4d: R
waombsernzR'=R'' = H B-5b: R' = Me502, R’ H sPEPERDOE051306
B-5c: R' = SO2Me, R' = (CH2)20H B-6a: X = OH step 13
1. B-6b: X = NHwWe (1-32) Ar-&-4-f| uorophenyl Al kyl
benzof urans can be prepared anal ogously fromthe
The a@@ﬁﬂt&ﬁﬂl@h@&m@eé fiahkthk ssiatiilay wak defyees td cblﬁitmdr amnute (CPM) on a

ion. 2-Alkyl-benzof urans_can be pre ared 02
TOPCOMC% Rlefegisadsr (P%wlﬁlfﬂmm kngressRapace how hfficigngy héqdé Normal Count

Time: g;ﬁﬁgﬁgg{g?yuﬁ%ﬁ) §tahbﬁ)é1 RssRalRt Md)n cyl adehyde

oxyacet ophenone su stltuted on the
aryl ring with a halo or a suitably protected amne in
Data WAndhyR&S int E201@ {Midiesot il AdtiRgyBidse® (EﬂHS@)' FhaRecM¥n in the
C. Turner, Aust. J. Chem 1969 22 1329-30
absen@oﬁ@ﬁlmc)mpeﬁ@d@ﬂ@@gms tisogckggund pigng, WSlchW@sebﬁr@ted from the
S e
enzyn%ttlc ?%(ac IS i’gsléVe Qe oﬁe:agtgcg S ‘%%ngyl @eg r%@ltv\ll{eerag)g%{rce é’rgpound
from \aﬁlckﬂ&w hablegiouﬂid &fehichdd aBtlblﬁ}S'QdS b at MGOR POB@tHIEsR activity. All data was
descri bed C.. Burns, al . in W2004/041201
expressemhis %h@ae%%ﬁ of the pasgiiye Oeétxpls The pempeing| cppegytration at which the
(0) lo
enzynfe &?ﬁg&ﬁ%@%ﬁ e@n! ,\9@y §ﬁ1§9é§)ﬁ(s§9%?r8%ga§r% 7 IC5 Was calculated by fitting
benzofuran B-2a in which the G2 aryl substltuent has
been introduced. In the @exmaplendkjch follows the
5- hydroxy group-tsMproteetet—as—an—atkyl etjper and a
6-am no group is |ntrodq§edbeh|tr ion (step 4).

tep 7 E
- step

I i wn

After palladiumcatalyz coupl of a phenol or
aniline to the diaryl er @ wbn1 e the al kyl -aryl
ether are cleaved to afford the phenol (step 6) which
can be converted to the triflate ester and subjected
equatib® (ux thk idatacohupd 1Y codespohdsad wlmereimva bkz}&lmdﬁctlwty (in %), < %Min” is
| oal Kyl substituent at 10 C.5 (step. 8),
the ret‘rl‘:{}taﬂ FAUELi a6HVIbY Aty HEIrEng compprnd, Pow%tirwnk y%M?él éit the ggfative
kbl [
i e O A A AP BRGNS is the
Hill cadfipentr(dsslope)t he present invention Variations used to
introduce G-6 functionality enconpassed by the cl ai med
conmpounds and used for speC|f|c speci es can be found
in the exanpl es which f ol PBMPIE her approaches to
introduce G- 6 15 substHEVGMpScEPLSs found in the
exanpl es which follow ANTI-VIRAL ACTIVITY The
This a@&ﬁ'rﬂéaﬁﬂreghe BRIty BYﬁl%tcbﬂﬁoﬁm lf&‘iixﬁllz??td ARiRIEV WA replication,
activity nmay be neasured by any of the suitab
and thmefdro dsikprdentiat atilithidereths kichtinedt ¢ HENantctionsi ﬁﬁiewdsarygltlhzes a

reportpsapR] ot Pirig PR A R Sovsl et Cierase

gene WhligfreaRed o tﬂé%@@op%haéua@{gdﬁaﬁ@ 8Va PERE ;gfétﬂrbef%phcon construct NK5.1
described in Behrens et al., EMBO J. 6 15: 22,

(N. Kuiegeraiv.. t Vil 2004 Y1030 1fr9981112~‘4ﬂ91tqm8ﬂ111t86 #ternal ribosome entry site
(IRESE?? uert‘l&o gﬁer \/Svledse \é/ltﬁlol’tle Iaaon%y\é éc:”o% ool‘ﬁngg)f%ragé I@l?llﬁ) ge%% Via a self-

cleavagbyeptide@n Rawefodeamnastatdedadervins (MoD H@én%ﬁ BDrew EMBO 1994
i nhi bltor activity in such standard assays. The

13(4): 8%%9%» T ¥HKP tEerintion ke REgwhnsl e@mm&ﬁ%@t%hum%hepawma
Huh7 gelﬁf ngag ?ere%s a:ﬁg 8@521&%?2%5 1%@%% Q“Ed % %(5 eé%tg‘télg r§elected cell line
2209-2evaitapectplicativeli €Y stbgenomicsRNAC tud eile aptiatyeo idergliabicyferase

exprespGhips i e R TETGSE N AT 1o 5. ehb. LhroRey WS artigheut in
duplicBle htes, onE E@%ﬁu@%ﬁe g@@oﬁeglﬁ%ranlﬁh‘?etﬁ eﬁllor@é?st@ theh&R¢ HRQMRti-viral

assay conditions used for conpounds of the present

i nvention are described in Exanple 4. In the absence
of a purified, functional HCV replicase consisting of
viral non-structural and host proteins, our
understandlng of FIaV|V|r|dae RNA 30 syntheS|s cones

. Y L T
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-51- The term "excipient" as used herein refers to a
conpound that is useful in preparing a pharnaceutica
w@opasioe: on, generally safe, non-toxic and nePCTEP2009/051306

bi ol ogi cally nor otherw se undesirable, and includes

exci pients that are acceptabi’e for veterinary use as

wel | as human pharnmaceuti cal use. The conpounds of
activitlyhaing citoveidiiyT achemixal estipaingtie ped!lal eseridputhe Wbidrvda activity is not

general |y be dntnlst red |n adm xture with one or

due“ﬂ%?@“%@ﬁ?ﬁ@ﬁé HP%ﬁEg I dg3ti pi ent's, diluents or

carrlers selected W th regard to the intended route of

Hev Rl S T G A uEhERe R A AL RESH L PP Rl ured n

Dulbeb'&ﬁﬁ MEM MRt eR2h icAthed 15 0BX) exitH 5%|fet§pm% deti (Fﬂ?@tlnwtro gen
enerally safe, non-toxic, and neither biologically

cat. ng dpg%?t h‘é?)vané@lamﬁd@@@ pdbHeclipatrid SO salliesr whlhtangrnqhated
r
ovem ey, SEESRLAR o LT DGR Gyt orfbugty o sove
medlunn@éledadeétt toneay céllss @hichividratiey foohdrénicudatdeat 32l fer three days. At
phar macoki neti.c property on the active ingredie

the en@\ﬁt g petbatioh iwst the seliia widis-nlaips WFli?rhﬁVeéfﬁé aﬁﬁylcg@eﬁe activity

\'
oSSR IE 18, PR SRH O Goy W R R
reagertt$) éesbnblgd inThe folomaigepdrpdraphmaerunéloddd in thememifadtbeer's kit, and the

of a 15 co

ns a salt t
manu%ﬁtamea%mcegt% R S PR Pecher i o1 A whBents, Thggells were
Washegg)?rt%% gzﬁtggbé @Jtc% géit@h%iﬁ%gg gél{(tﬁf)(ﬁfélcf @G(ad iatov;flellsagnd lgsed with 20
ul of TxoR. ﬂedfadziemgsﬁlp tygBrbucfeaptickSto Suumibataen hyddsmahhpﬁrhmrabr d0) min. The
hydrobrom c acid, sulfuric acid, nitric acid,

plate %Wéﬁh@ﬂ%@d&mo@rh@ Qﬁatr@ k8 JG0uicraplate Brpiaemeicr {Bethglthl echnologies),
and 16° ulg)sfks li'z?c{?e%%e ‘t?uffae? IV\gS 1IH 50%’(1 91@3 ?acﬁ%?e(ﬂl anlaqﬁéaﬁgﬁaq measured

propi oni c

using @yrswdnzi c&@iydfz sb@ﬁtﬁhﬁea@@ﬂeﬁwn@b@ﬂhﬁ @o,al@d (d)ncétﬂfa@lbﬂ b€the drug

acid, malic acid, maleic acid, fumaric acid, tartaric
requirgg foy rectgcmg, r@plgs@pdeve&, bR §g‘f/ocmé@1|a@0n to the untreated cell control value, can be
e YA UPREOAENIRL RN L ORI, B0}y concenon
as desedbad, abby@- et hane- di sul foni ¢ aci d,

2- hydr oxyet hanesul foni ¢ aci d, benzenesul f oni ¢ aci d,

4- chl or obenzenesul fonic acid, 2-nap ht hal enesul f oni ¢

WST- éé@%,enMﬁQfélRt%h@BEﬁgﬂQﬁicdcﬁdlod 164:@%]1Wﬂ%@ﬂeﬂ(f®f the gyfiotpxicity assay.
Ten mﬁl(frgﬁteﬂepﬁ)gﬁ?/g a%@rg wa% dg&{ ﬁ'?eny \E;Jre% 8? %%b[ggﬁglgcar%lt%(fatgs including wells

that cnthifRiddyd £6ed dsthl@tkis d Cetl@iveioathyn dtiydt@t B 2th AGTUC, and the OD value
lauryl sulfuric acid, gluconic acid, glutantc aci

was Mg ke AGR & %t‘éfﬁ&tloe anereiiter glaggoiead eréwa$ys(€era)c4td150 nm

(referd i€ itk Cat®30 qlm)ar)ﬁ%ghhécso ke coﬁ enﬁ%)mr?@i} the dﬁ%r r'gﬁlgremﬂreducmg cell
an aci di c proton present e parent conpound either

prolifdrstigrelpt 20%edn tyjatnrre tla untl@ated ee]gt] conta valuk adain h&&hhhlate@lrfrom the

n al kaline earth i n al ym num i on;

plot o gestent s eGPt AT 15 S Galnredioy s drig roRccabratio agisciiadetbove.
di et hanol am ne, triethanol am ne, 30 tronetham ne,
N- et hyl gl ucam ne, and the like. WO
2009/ 101022PCT/ EP2009/ 051306 -52- Solid form
preparations include powders, tablets, pills,
capsul es, cachets, suppositories, and dispersible
granules. A solid carrier may be one or nore
subst ances which nmay al so act as diluents, flavoring
agents, solubilizers, lubricants, suspending agents,
bi nders, preservatives, tablet disintegrating agents,
or an encapsul ating material. In powders, the carrier
generally is a 5 finely divided solid which is a
m xture with the finely divided active conponent. In
tablets, the active conponent generally is mxed with
the carrler haV|ng the ‘necessary blndlng capaC|ty |n

. T o o -
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in Rem ngton: The Science and Practice of Pharnmacy

1995, edited by EE W Martin, Mack Publishing Conpany,
wagiok/1eet i on, Easton, Pennsylvania. A skill edPCT/EP2009/051306

formul ation scientist may nodify the fornul ati ons

within the teachings of the-8pecification to provide

numerous 25 fornulations for a particular route of

adm ni stration w thout rendering the conpositions of

t he present invention unstraBi€ or conpronmising their

t her apeotTTcactTVvrty—Tihe modr frcatTom of —tihepresent
conpounds to render Pt e'[i npre HoMuhEcdnn wad &hto

ot her VeEI cle for ex may heiegsily aCCOF(PFI shed
by m nor &Smllgl cati ons aI t formul ation,
esterific etc h are Mywi t h
ordinary skill in thgsgmmc | S ﬁgo)w I b@f‘mﬁw the
30 ordinary-kkill of OWeSart to nbe3fy the raode of
adm ni strat#6®dn and do9ddg® regi nen06l a particubar WO
2009/ 10102RPH6T/ EP2009/ 051306 - 55 0.0®lonpound i n_or der
to manage the pharnmacoki netics of the present
conpounds for maxi num benghinfji@b7effect in patients.
The term "therapeutically effective anount" as used
Pharmequsical epsenesitigns afibasubied duimpagndvior eduessteyinpvensveorl routes
ual. The dose will be
Wereﬁrg‘ﬁ?arg(% gsd&%gn%g lgﬁhl%jﬁg%"ﬁhlg 5 requirenents in each
particul ar case. That dosage can vary within w de
limts depend'@mpegﬁoﬂwopﬂsA&amlatalmeA) as the
severity of the disease to be treated, the age and
gener al Ingediénh condi tion of tHhewpatient, other
medi capeAts—with which the patient 1s bei Rg—treated,
the roudeivgrigeReich of adni ni seP&% on and t he
pref er and experience of 8, nmedi cal practitioner
i nvol vgﬂd&?(%or oral adm ni stratlblén a daily dosage of
bet weenMapmstunfstédrand about 0FE ngy/ kg body 10 wei ght
per day—shouwld be appropriate inonotherapy-and/or in

conbi nation therapy. A pr eferred daily dosage is

The 1n%3éd\{\§1%na Erggéed erEi (E d&ia]g %a%%gﬁi'&{ %%mggg%py 'ngtlt{tﬁeach ne

capsu]ﬁ@@dulcpamfrexmeb eitto@alalnfﬂy dbagé. 10 ng/ kg body wei ght per
day. Thus, for admnistration to a 70 kg person, the
dosage range would be about 7 ng to 0.7 g per day. The
dai |y dosage c@omipesitidnifex OrarAdmudstzatiom@le dosage or

in di vrded—d-es—ag-es—(—yp»—eal—t—y?s—zaweeﬂ—l—aﬁd—s—
dosageslnﬁgrdleﬂ‘éy General ly, t et is initiated

dose of € c-npound Thereaf 89 t he dosage IS
increaswwgm¥usmabMawncrenentsOUﬁtlI the opti mum eff ect
for the |nd|V| al patient is _reached. One of ordinary
skill 9“?%@5??&@669 ¥ises desdI’Pbed herein will be
able, wthaut undue experinmentgisbon and in reliance on
personal know edge, experience and the discl osures of
t hi s apVP ¢ailianylpywolabu®r t ai A.08020 t herapeutically

ef fect+

invention for a given disease and patient. In

The i 1n eq{tg.@r@tﬁmgf eEi rAﬁ\d &Ylﬁ éd%l ni;ﬁ)lsaecfﬁ ek o5 %F}QH%BF Phe Brmulation

can beamnls ere In c I nation W th anot her
is themahtmdvandstbrm@emto tsblefs (esntaining\aiboitrf0 mg oliedtessodpotil) with an
nh| bitor, another HCV non-nucl eosi de
appmlg‘bt%ﬁg g lﬂﬁl bi tor or HCV protease inhibitor. Wen
25 the active conpound or its derivative or salt are
adm ni stered in conbination with another antiviral
agent the activity may be increased over the parent
conpound. When the treatnent is conbination therapy,
such adm ni stration may be concurrent or sequenti al
with respect to that of the nucl eoside derivatives.
"Concurrent adm nistration” as used herein thus
|ncI udes adm ni stratl on of the agents at the sane tinme

. 11" crrc ___a N 1. - R - o N ~ N
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The foll ow ng bi phenyl ethers are prepared anal ogously
except in step 9, aniline is replaced by 20 the pheno

WO poopadwer heses: 1-44 (o-chl oro-phenol); 1-45 PCT/EP2009/051306
(3,4-difluoro-phenol), 1-47 (m hydroxybenzonitrile),
1- 48 (p- hydroxy-benzonitril é89- The fol | owi ng bi phenyl
et hers are prepared anal ogously except in step 9,
ani line i s repCampdsitiyn fhreOpeNdministrppdie(@)heses and

in theDkal k¥| ation in st ep 6 brompethanol s rplnl aced

wi th t hegediingnat ed al kyl ati n§e agémt : 1- 35

(p-fl Qgﬁ?hﬁﬁﬁ+——ﬂgfhy+—rﬁﬂTﬂﬁ%——i—eﬁ—fﬁ?++ﬂﬁfﬁﬁhﬁﬁO|,
met hyl 25NEEPERY 1.47 (3,5 -4P 81 uor ophenol , et hyl

i odi de)pyrdar®/aci®, 5 - di fl uorophgsel, methyl iodide).
1-43 is prepared anal ogously except step 6 is omtted.

WO 2009%adro2hloagitt EP2009/ 0513050 £59- Exanpl e 2

6-[(2 t hyl ) - net hanes nyl - am no] - 5- net hoxy-
2- (4- pE%pﬁ§€¥%ﬁeﬁ¥1) benzofurg$§§ carboxylic acid

met hyl apioggl fakatdgn 5 To a sdjdjgon of A-4 (0.020 g),
phenol (0.050 g), di-tert- butil( 4",
6' -trii 6@#@5@ﬁmgmphenyl 2- y3 dhosphane (0.006 ),

Pd( CAc) O4 (0.9 and toluene (2 nlL)
wer e hé%?é%ﬂq?é%%%me' or 4 h. % sol ution was cool ed,
dHLﬂHNW@hKEMMMMMﬂMthbM@e dried (Na2SOM4),

filtergg and evaporated. The ﬁr%de product was

puri fi d2WIg 02 chr omat ogr apfy’ P%hlng with an

acet onetOENLar adient (0 to 20%ppgsetone) to afford

0.013 ¢ (52%%!of 19. 10 Conversion of 19 to 1-4 was

carri edDotitledoyatehe procedur es qeetckd0ed in steps 7 and

8 of

prepar ed analogously except phenol was, replaced with

The mgredﬂqngpozpr@ _‘[I?jﬁ@h@| OHRA @ SusPEnsjoR gzrmg@lr@ggpmlstratlon

2, 3-di fl uoro-phenol, 2,6-difluoro- phenol and

m chl or ophenol res t|ve d 1-24 are
prepared by anal og @éHUPE§ in step 6 of
exaﬁE%gaEjE5F6ﬁﬁeTﬁaﬁ6T_WE§%F‘7§§E§d‘ﬁffﬁ_eTﬁVT‘Todide
and noF in exanple 2 is replaced with

o- f | uetive phestintand pfl uor og.phgnol respectively.

Exampl e. 3 i . .
5- qépémﬁblfrlée 14- (4- 1 uor B 1pREKEIPIOBReny 1] - 6- [ ( 2- hy
drox esul f ony| At noF 20
benz uran §1§§§E2§y|.c aC|d)nethyIan1de (1-32) step 1
- To a suspension of NaH (16 g, 0.4 nol, 60% m nera
The a&ide iflirs MRS @Yo 18EHinta) o#8AE  BO Qzamf)foﬁhj ctlonas saddeGt quantity of
w se diethyl carbonate (61 ni, 5 nmol) over a 1 h
sodiurp @hf) vide 28 thon addedrwitf stgmngto( mekgythe @olmtlmls))ton‘lm eThe solution is made

up to ?ﬁlgHt \g&ﬂ]a Ie r{gﬁlglaﬁer (?f tﬁegrvg%r g l“{rqu]%éter l Iﬁ?LFr %B%%E%ﬁg 2 rmcroon
membs@lcUllice ancoﬁadk@gbdl-d(ﬁhel( #6rilglcpndifidnd. ce water (300 25 nl).
The | ayers were separated and the aqueous | ayer was
twice extracted wth Et0OAc. The cobi ned organic
The feasutresadiscdo sed rileth%fstegding elgsoemptipn) drythanfollhwseg ¢laimsNest@Bed in their

. 009/ 0102 200 51306 -6
specifN TR N T B T SRBPREAEE I E HoGr SpEmod o
proceéé@& Sialing J[h%qm(cjo"s@d fdsuld: &8 a Qfon}laﬂeomﬁfr fs@gﬁa‘éﬁﬁ Br aﬁlfy combination

. step 2 - A three-nec was chargéd with
of suCer@iuzre% Dewtifjzedpr 1@linmg|the mnentipadn diveste qums theicaf a
vacuum oven for 1 h. To the resulting solid was added
anhydr ous FEt OH 105 m.). and B-1b 5
The fospeping@viRtian flag ﬁ%@eé b 1 f@medefﬁﬂimwaasqf Ehé%rafl?% 3 dxample.
for puﬁﬂofs& & c‘?d'rf?%’ Qh&‘%deﬁ*ﬂﬁﬁfmg: h@ kg8 8c WhtiBudtdi 3RS skifl i thelart that
2.13 mmol Et OH was i ntroduced by evaporating the
EtOH in the flask t hrough the side arm and condensi ng
the vapor in the dropping funnel (ca. 12 nli)which
slowy di ssolved the solid qui none overni ght and added
the quinone to the m xture of ZnCl2 and B-1b (ca. 18
h) . The solutlon was cooled and partltloned betmeen

s o~ AN o A~ o o
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step 12 - A solution of B-5¢ (0.1 g, 0.181 mmol), KOH
(0.1 g, 1.81 mmol) in EtOH (3 nL) and water (1.5 nl)
wor@hemeed at reflux for 2 h, cooled and concRCI/ER108%1051306
in vacuo . The pHwas 5 adjusted to ca. 1 with 1 N HCl
and the resulting precipitat®-was filtered and washed
with H0 and dried to afford 0.096 g of B-6a. step 13
changes a‘hdrﬂlddlﬂéz&lo(hﬁ nﬁy(i)a p(r&btﬁ%w@hm&h& 8copabthe, apblaiﬂdd (ch.uﬁH STherefore,

0.12 g, 1.81 mopol), DIP
it is togt@ al

%@emoodih% 1hq1aﬂaelvy dasesiPHPH vdm@%edmﬂ?ew&&st%&% @ui it restrictive.
I
e
descripiamh édt skiot1hl 1ki26ad bﬁd@d‘nﬁlﬂ@iﬁ@ﬂﬂ)@ferknctdtedh@fmdﬂowing appended claims,

along tﬁaﬁgﬁg&cgbm it Wi e b 2t 1 or d

0.061 g of 1-32 as a mhlte SO|Id. The fol | ow ng
The p%&ﬁ?ﬁ%@ ?rh {a§18§§é %ﬁ% g@glllt\iﬁm%ﬂ#&{aﬁugg )gﬁi’gtﬁ%d[ foirhr?%ir? Bstablish the
knowll@%e&iﬂth@%ﬁﬂled -118316(alﬁtfteﬂ01|ré her&b}Bﬁcorporated by reference i 1n their entirety to

(2, 4-difl yoro- phenolé fl uorophenal). 15 1-40
the sag exieabayif aacgﬁéw@% wlymé@éw&dﬁ@ﬂwnéw&gﬁﬁé? b ﬁwpﬁ)orated by
refereﬁée‘?ﬁngr LoM@Es % refMPerRE @R@J‘H&rmﬁ%ﬁ %he]s Qéifil %eachm s of this
prepared ana ogous g>except In step 5 ¥ Uor o- phe fof
speciﬁcatiqsmspslhakb bdrasb tviagh irf favor ef thaldtien iﬂ(d?epsr, tasg noEtictietween an art-

res i ch are adaptable.to coupling,aniline and
underfipf SiHah e v e o NERRET O SBo SR nEReSGphre es Spbeiticatly
taughtdf $6i5 hﬁ&ﬁidaﬂoﬁ&lﬁiﬂ’lb’%@ﬁol&éaeinqw&%mhe%t%fm e and step 3
of exanple 1. 20 1-53 is prepared anal ogously except
in step 6, bronoethanol is replaced with tert-butyl
N-(2- iodoethyp-carbamc acid (CASRN 122234-46-2). The
Boc protecting groups were renoved with 1M HC1 in Et20
i n anhydrous DCM MeOH. 1-77 is prepared by al kyl ati on
of B-5a with bis-(2-chloroethyl) ether (CASRN
111-44-4). W) 2009/ 101022PCT/ EP2009/ 051306 - 63-
Exanpl e 4
5- Et hyl - 244- (4-f | uor o- phenoxy) - phenyl ] - 6-[ ( 2- hydr oxy- e
t hyl ) - met hanesul f onyl - am nt] benzof ur an- 3- car boxyl i c
acid nethylamde (1-51) CONHVMe 5 step 1 - A solution
of B-4c (0.20 g, 0.352 mmol), cesium
trifluoro(vinyl)borate (0.052 g, 0.387 nmol), Cs2C33
(0.034 g, 1.06 mmol),
di cycl opentyl -(2', 6" -di net hoxy- bi phenyl - 2-y1) - phosphan
e (22, 0.009 g, 0.02 mml), Pd(QAc)2 (0.002 g, 0.007
nmol ) and THF/ H20 (9:1, 5 nL) was degassed with a N2
purge and heated at 80 C overnight. The sol ution was
cooled to RT and filtered through CELI TEO and
concentrated. The crude product was purified by Si02
10 chromat ography eluting with a Et0Ac/ hexane gradi ent
(0O to 2.5% EtOAc) to afford 0.052 g of ethyl
2-[4-(4-fl uoro-phenoxy) - phenyl] - 6- ni tro-5-vi nyl - benzof
uran- 3-carboxyl ate 24, step 2 - A suspension of 24
(0.052 g), Pd/C (0.010 g) and EtOAc (5 nmL) was stirred
overni ght at RT under 1 atnosphere of H2. The sol ution
was filtered through CELITE and concentrated to afford
0. 045 g of ethyl
6- am no- 5-et hyl-2-[4- (4-fl uoro- phenoxy) - phenyl] - benzof
uran-3- 15 carboxylate (26). The ami ne 26 is converted
to 1-51 by the procedures described in steps 10 to 13
of exanple 3. 1-52 is prepared anal ogously from 26 by
the procedures in steps 10 - 13 of exanple 3 except in
step 1, bronoethanol is replaced with iodonethane. WO
2009/ 101022PCT/ EP2009/ 051306 -64- Exanple 5
5- Cycl opropyl-244- (4-fl uoro- phenoxy) - phenyl] - 6- ( met han
esul fonyl - oxet an- 3- yl net hyl am no) - benzof ur an- 3- car boxy
lic acid nethylamde (1-70) 5 B-5b is converted to
5 cyclopropyl 244 (4 quoro phenoxy) phenyl] 6 nethane
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WO 2009/ 101022PCT/ EP2009/ 051306 - 66- devel oped with

10% acet one/ DCM fol | owed by 80% Et OAc/ hexane to
w@edooneho2r ng (15% of199 and 7.5 ng (7.5% of PCFVERD09/051306

Exanpl e 6

6- [ (4- Ami no- cycl ohexyl) - net HResul f onyl - ami no] - 5-cycl o

propyl-2-[4-(4-fluoro-phenoxy)- 5

phenyl ] - benzof ur an- 3-carboxylic acid net hyl am de

(1-98) (4-1o0do-cycl ohexyl)-carbam c acid, tert-butyl

ester- To a m xture of Ph3Pldiths79 g, 3.02 mmol) and

i mdazole (0.41 g, 3.03 mmol) in DCM cooled to 0O C was

1. A coagechd Ldbiithy(19.-fdrimPa I J1@Zidmol ) and the mixture

stirred at O Cuntil the iodine dissolved. A solution
of (4-hydroxy-cycl ohexyl) - Gag'bam ¢ acid tert-butyl
ester (0.5 g, 2.32 |, CAJRN 224309- 64-2) and DCM

was then added dropw \§tiiring @ontinued for 30
mn at 0 C, then at l f\zag reaction mxture
was poured into ice-H20 and twi &&extracted with DCM

AAgﬁﬁh&ﬁmng§$gﬁéﬁ%%ﬁgs were dried (Na2sO™4), filtered

evapor a e crude product was purified by Si02

chr omat ogr a el.uting. with t 0Ac/ hexan radient (.0
ATiS PBE B oty G il ) S g BaEher ey
SQdlédled $6@Rhd group consisting of halogen, Cy alkyl, C\_¢ haloalkyl, cyano and Cy.
[4- ({5-Cycl opropyl-2-[4-(4-fluoro-phenoxy)-phenyl]-3-m
etlfgxxar banoyl - benzof ur an- 6-
1} - net hanesul f onyl - am no) - cycl ohexyl ] - carbam ¢ aci d
R'tiehydiogtry ICiestleyl, C34yyohsakyr €pardaxppr aklkgtmt i on of 30
(0.05 g, 0.104 mmol) with 32 (0.051 g, 0.156 mMml) in
Y ﬁaﬂcfnhg{ Wi s hycﬁt}b&yalk%edﬁﬁ@l bﬂhaélefaryz ée:léctakﬁaml tle protu consisting of
afford 8 ng of 34 ich v purified on a preparative
sPyolsl Pyfaeolyl o isoxeolt %mggetwolawl fp&m@ﬂl@/&eﬁqﬁwﬁ% y one or two
S i : E *h
B Sy B e R Gy ey g g Totrolidiny
soheent theagrozen ponatsegtiandlyt substgoled dytCh istaaylatr €l stabirydsm1fonyl;
times with ether to afford 2 ng of (I-98) 1-108
cithers(; pREPar eth) apddoggaus! y except in step 1, 32 was
repl aced with 4-iodonet hyl-2-0x025
oxazol i di ne¢decarduenylic acid tert-butyl ester CASRN
197389-07-4) and step 2 was omtted. WO
g() g%ﬂ-glgzzﬁﬁlﬁf ARAUORAREE by Bhe to four groups selected independently in
6- [ ( 3- Ani no- 2,c2¢lipédunenae fooro pydioxmeNRAREE U if sovigdxyahdlogen or
]-5-cycl opropyl - 244- (4-f | uor ophenoxy) - phenyl Pobenzof ur a
n- 3- car boxyl i ¢Y&°d net hyl ami de; hydrochl ori de salt
(1-115) 5 erlgl 1l - 5 . pll Tepy8c.
[ 4- ({5- Cycl YT AR L 57 Bretidxy pliyheh YR B-m
ethylcarbangﬁl-benzofuran-6- s
y1} - met hane&UIG o Al - NN Ha R by - pr opy 1] - car bami ¢
acid tert-butyl ester was prepared by alkylation of 30
(0.3 g, 0. 6(HMOIBMCEHORIHRR]3: g, 1.2 mml, see
exanple 10) in accord with the procedure in step 2 of
exanpl e 5 t @)d:faydo2ll spgiondlly substituted by -OH, C;_; alkoxy or -
[3-({5-ccyclo§ﬁ§g 35 244- (4-fl uoropheno xy)-phenyl] -3
-methylc arb ?Idbenzo furan-6-yl}
- met hanesul f onyl - am no) - 2- hydro xy- 10
propy1] - car dakeereyrlyl( 36) whi ch was purified by Si02
chronatographx eluting with a Et OAc/ hexane gradient (O
to 50% Et 0AG) hetetogpelpl-Craalkgdl uti on of 36 (0.178 g,
0.267 mml), PCC (0.114 g, 0.680 mmol), NaOAc (214 ny)
and DCM (8 (L hetempaiy-dligntkylif PCC and NaOAc was added
and the reaction stirred overnight. The sol vent was
evaporated and the crude product purified on a Si02
colum eluting with a 15 Et 0Ac/ hexane gradient (0 to
50% Et OAc) to afford 0.081 g of
[ 3-({5-cycl opropyl-244-(4- fluoro-pheno xy)-phenyl] -3
-nmet hyl ¢ arbano yl -benzo furan-6-yl}
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3. A compgendpfdarme

B-334a: R'=R'" = Hstep 2 34b: R" = MeS02, R' = H step

3 E 34c: R' = S&2Me, R' = (CH2)20H 36a:
WOK2000Hb®e2p 5 136b: X = NHWe 1-28 step 1 - ToOPGEI/EP2009/051306

suspension of B-3 (4.99 g, 11.1 nmmol) in EtOH (240 n)

and H20 (40 nmL) was added i F¥a powder (4.35 g, 77.9

mol ) and NHACL (4.06 g, 77.9 mmol) and the resulting

m xt ur e heatloa@,gatac@dphiohdlty shbktituttdavitte@cs dlkyiswiasyl;

cooled and filtered through CELITE and the pad was 10

washed wi t h(P NEQiercihg i ddetth 3Ix@andE’ is hydroxy, Ci alkoxy or

concentrateg andépgg residuepdissolved in DCI\/?,andy e Y

filtered. The XRMRwas evapotaed and the crude product

purified by Si02 chromatography eluting with 15%

Et 0Ac/ hexane twheadif oaid hétetdryglybmoBn isascetanyk kdtaydrofuranyl,

solid. 34a i,s_converted, into,. o D o

- (4- br omo- phdRYARPSETYTRY h e Ky SRk phiRgdiny o rypzolidin-

| -am no] - 5- i S0pK-ARM%NG DA ESLHaAN nRri&RIPRYIdihE 02 PHAmidinyl and

met hyl am de (34b) gg depi ct ed iﬁﬂstepg gﬁ%b sﬂof%yﬁe- Y ,

15 present exand hetaiaeystyl or beteparye states erd dpsignally spbatgigted with

L0 0132 B BRSO 3 AR A g e
PAC08) 2 (OB T 520 Q0 R e vt

), seal edcgno)NRaREdoat 100 C overnight. The via
was cool ed and concentrated. The residue was taken up

col T A P AR PR %ﬂ%%f’%’%‘é/‘?(:o)%
RUETIE08 BB ABE ERath PkatEiuien ' B0 & G- eloaty

el uted W th 5% MeO ?CM'foIIomed by a colum el uting
RO e elkaher €5 S50, 024 g of 1-28. The fol | owi ng

REGHT RUCi 48 TPl RrnieneTsated i utelroaiyHER Htoatkyl or
p@bﬁ@hQ&?R@Hp%@ﬁ&w&@?@H?QKQCPPLIine), 1-30
(p-chloroLanl |ne),_ -31 (p- 5 Tlupro-anlllne) and
- 3%h 1 - co S

R2-R aﬁﬁai Hr%ﬁﬁd%@g#é;ﬂgz(hgg%geﬁ,%1_6%‘111 1%?1_65{”5??%‘%‘1_6 m&/;h‘gﬁﬁnfonyl,

pr epar ed anal ogou i'n ste
%€ eed with the substit ut phenol in parentheses:
R, SBY RECHte M PerSRup BRSSO Y or o phenol) 3 36,

d.2,4- difluoro-phenol), 1-46 (i chl gro-phenol), 1-49
RS SP8PHERoTSY arid Sbi By Fort i oo, phonod)
hespectively, 10Exanple 10
R6.19 yslroganos G s gkt oxy - pr opy1) - met hanesul f onyl - ami no] - 5
;cyclo rgpyl-244-%géfluorophenoxy)-phenylPbenzofuran-3
X8 aPholR 1. cSEDind (kEhiy| ani de; hydrochl ori de sal t
(1-97) 42: X = NHBoc step 4,1-97: X =
XN Rl or @t ep 1 - A solution of 38 (5 g, 24.6 mol,
CASRN 5455-98-1) and 48% aq HBr (26 nL) was 15 heated

m andat art éfdepandevity il glth ocdilreensehmitnteyer Wam Crol;ed, and

concentrated. The residue was tw ce azeotped wth

pharmhedugienley adedpthbie silestheidef.triturated three tines with

Et 20 then three tinmes with CHCL3 to afford 12.1 g of
sticky crystals. The crystals were twi ce washed with

2. A chpottestcardirestototnimf f whetei. V4s RZR Cand A" it paaxgthenyplen.

40a and phthalic acid which was used directly in the

next step. steitz - To a suspension of 40a fromstep 1
h &2 eggorhRet® deimphrity, 10.0 nmmml) in a 20

m xture of DCM (40 nL) and MeOH (10 nlL) cooled to -13

C was added a solution of (Boc)20 (3.29 g, 15.1 mol)

and DCM (3 nL) followed by TEA (2.1 nL, 15.1 nmol).

The reaction was stirred overnight at RT then

concentrated. The residue was purified by Si02

chromat ography eluting with 10% MeOH/ DCM to afford 451

ng or pure 40b in one fraction and anot her 824 ngy of

i mpure product in tw follow ng fractions. WO

2009/ 101022PCT/ EP2009/ 051306 -71- step 3 - A solution

o NN L N NSNS o ~ o~ A o ~ A S o ~ e~
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1- 113 and 1-114 are prepared anal ogously but

1-i odo-2-(nethylthio)ethane was replaced with 1-
wWhe@ane®21 et hyl t hi o) propane ( CASRN 68734- 27- 1BCT/EP2009/051306

5Exanpl e 12

244- ( 2- Fl uor o- phenoxy) - phenyd3- 6- [ ( 2- hydr oxy- et hyl ) - ne

t hanesul f onyl - am no] - 5- pr opyl benzof ur an- 3- car boxyl i c

aci d nethyl am de (1-65) O Thggpreparation of 48c from

B-2a is carried o#t as degcribed in steps 3-8 of

N™Y S,

exanpl e 3 except ol t he; current exanpl e
i so-propyl broni de ik -@ XRet hyl iodide to
p 6 - A suspgsi on of 48c

afford the net hgIR'¥t her.
(0.26 g, 0.563 mmol) 10% Pd/ C (0.030 g) and EtOAc (10
Wt{%ginwas stirred was stirred at RT overnight under a H2
at hosphere froma H2-filled ball oon. The catal yst was

R R e DR reaRp Ry i bBbg? Ehilogdt? S
cifhir G SURSETE et b b o R S0ba e U O by kg xy-Cra
ggﬁ(% an'gr‘kmig h9dropth, @4, AkH9s6,RE, s@}ﬁ@ﬁﬁ,r@l§6pa%9a%rr@o%7w;

npound whereain"the cyclopropyl remained intact.

or 2031449 AR ETHERRORA ROR, >
5-Cycl 1:244- (4-f | - ph -phenyl | - 6- h

RS sRPL Gy opaf b g ngy o Pt -efrerhan

Rﬁg gﬁ%}g’m rPg{llérg‘gg’ gﬁlgs?ft(%t%é g(itgclgg &%&%L’iﬁ%ggﬁpﬂyéglected from the group
[ éo'rfsfstiB% BPh Ao BHETOX lx_ﬁcyg @.g}h%t/]%a@'y% @;_ﬁ] !&g{%@?%%ﬁ@ ¥hd €15 BRloalkyl;

t hanesul f onyl - pyrrol i din-

REREEELIST TSRO dpidugy Yl ami e (190 1-91
S e G S e R P SRR

Li carboxylic acid 1-tert-butyl ester (0.2 g, 0.929
Rrﬁsrgqyéreg 1'Sw%égl?§-u§§?§u5@87;%e(;@>€{;|fydﬂo)- benzene (0. 87
g,. 2.70 nmol, CASRN 3240-34-4) in CCl4 (30 nlL) was
X Bfie®ri®di ne (0.55 g, 10 2.17 mmol) and the m xture

Wwas stirred and irradiated wit a 100 Wtungsten bul b

X0y ePni-Yik = -ShDmp ol Or Wads 49aenti t i on bet ween DCM and
5% NaHCO3 The aqueous sol ution was tw ce extracted
mwid h iDEpeeduitly hee gombigaetiomrtari; or,ext ract s washed with
brine, dried (Na2SO4), filtered and evaporated. The
pharmacauthealby adopthbleasltyheicbt.ed on a Si 02 col unm el uting
with 10 and 20% Et OAc/ hexane to afford 0.16 g of 52.
15 1-91 were prepared in accord wth the procedure
4. A epaapoung aerording fo qlaim b xahphercs Rxis 86tO):R" gaéR’ & Cig alkyl.
3-i odonet hyl - oxet ane was replaced with 52. The Boc

5. RS TR A Mt B A5 RLCh, CUREE, st

NRTheR#pitating the product froma MOH solution with
Et 20. 1-94 was prepared by contacting 1-91 with nesyl
' hit, POYoHRd R stan condi ti ons and
6. A%ﬁ%ﬁ?%@@@%@"‘%} epare{éétrl]l?ge %itcgﬁq%'gﬂc pl at e
devel oped with 5% acetone/ DCM WO

7. A YA 2Rk tFEZRP 0P 2 13 kein R31s C1.1p alkyl substituted by one to four
Exanpl e 14

groufjsacletegtiindspendshey sxsach phenyante Gofmisdhanye R TRy nalkoxy,
haE%;F-%mnggl-5-nethy|-benzofurans-carboxylic acid
Ayl &ide (1-59) 1- 54a; R = Tf0 "ND 54b: R =

CH3 step 1 Ar = o-fluorophenyl "-59 5 B-3 was

converted to ethyl

2-[4-(2-fluoro-phenoxy) - phenyl] - 5-i sopropoxy-6-nitro-b

enzof uran-3- carboxylate (56) utilizing the procedure

in step 5 of exanple 2 except p-fluorophenol was

repl aced with o-fluorophenol. C eavage of the

I sopropyl ether and introduction of the triflate ester

a Y Y
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20 A solution 2-chloroethyl am ne hydrochl oride (0.348
g, 3.0 mmol) and sul furyl chloride (18 nL, 18 mmol) in
wOoRMON1¢®22 m.) was heated overnight at 80 C t herCTYBPR1082051306
and evaporated to afford N (2-chloroethyl)-sulfanoyl
chloride (60). (P. D. JohnseH-et al. Tetrahedron Lett.
2003 44:5483) WD 2009/ 101022PCT/ EP2009/ 051306 -76- An
8. A @nfppuns atdsidiog toélad7 wasrcadtfed Cdy, olRY saBstitudedaby Sy tiok P6r a NR'R*®
of B-5a (0.500 g, 1.2 mmol, Ar = phenyl), TEA (0.33
MY§Y- 2.4 mmol ) and ether (100 nL) cooled to -78 C.
After the addition was conmplete the cool i,n% bath was,, .
9. A GOmROVEE 2eteading &0 Flainet MORCER T Cowalyksybstitylyd byra N Rormoiety
A, ] i t dried (MgSO4) filtered
Wh;é%elcfih lé{/klgggsrg{%ég{% g%tl’i?égypg\g?légéyl\/\as di ssol ved in DVBO 5
. . 1) . S . . :
10. AMBBRE R QPR Qaint s br VAR BB A et fereroeyelytor
hetascyqlidiGhatkyhi t h H20 and extracted with EtOAc/ Et 20
(1:1). The organic phase was washed sequentially wth
11. A tB8pand decoramg teiciaad 1(WRSER)Y ishiR treraad AngdnRuapenglcad.
The residue was purified on a Si02 colum eluting with
30% Et OAc/ hexane to afford 0.158 g of ethyl 5-
12. A g@ypboptapydiagto(claih-1diterin ¥ EGNR'R’ 2pS At hioaginathotubstitme®-yyridinyl or
3_1%.- 2n-1(4-phenoxy-phenyl)-benzofur an-3- 10 carboxyl ate
I( 121}.y'l—lydrol ysis of the ethyl ester and conversion to
t he am de s. carri.ed outyas, Reevioysly described in
13. A oo B B ordiie i bl Shert YINR T RSt ol
17 5-Cycl opropyl-6-(5-nethyl-1, 1-di oxo-
14. A $8pdundZaced iaftigadicazlii diof 3 2smdn cmfdtmBRERQEYdRRERYAS group
benzof ur an- 3- Car boxyl i c acid met hyl am de (1-105) %’o
coasistolgnfi on of 62 (0.058 g, 0.11 mmol) and dry DWMF (5
nm.) was added sequentially NaH (5 ng, 0.12 mmol, 50%
MR -dilydoixl-cthiydpre thanss) | feund- aldiho |¢ H-nd8hoxiy;2-Gt-glengimadipo-phenyl)-
The reaction m xture was stirre or 15 mn then
qB?—:IW Rieh-drce orpls %ﬁ%n@%ﬁ%@@ﬁdﬁth Et OAc/ Et 20. The

organi c_phase was washed sequentially with H20 an

brZ-He(4-%ﬁqr@@h@n@mw-ph@rlyﬂ]e@-é@-laﬁao@eetbﬁd&m@ﬂléwlﬁ%@yl-amino]-5-
B M2 Bl BRERRII 215
| B ey RS LR o BRE B dgp gy -ominol 5

cmm&gib@mdf@ramecam;@ﬁc\a@ia rﬁ@hilhﬁhﬁiecﬁm);as previously
described in steps 12 and 13 of exanple 3 to afford

|1?R@hyd%é@y%%»‘?/-ﬁa%@ﬁ’@sﬁ@ﬁﬁpa%ﬁ%ﬁﬂ%ile%%yzzz(h-pl@ﬁa@bﬁenyl)-

2henzp A @l-trordophlenany ncghydangidy {64); ( 2- hydr oxy- et hyl ) - me
t hanesul f onyl - am no] - benzof uran- 3-carboxylic acid

et Hy(2afiicde-phdryBanino )-pBenil J GHE - walsoxghath g thotianbsulodgl-amino]-5-

0.600 g, 1.05 ), pinacol borane .46, 3.16 mmol ),
%a@%w%ﬁ%of%@%r@n@? 341 mﬁsjlﬁmﬂé& ©. 44 L, 3. 16)
mmo| ) and di oxane (10 mEf) seal ed_and heat ed over ni ght
ato-l{ @y@.oxwéwmét%u oo leaniapla2 et -serepy bphewylenipg-phenyl]-

di| ' 0 ' , h |

£ P iefhopSchiotk . SRBo Y RRF LI LERRALSE 0 a0, P01 5°°

it h, ER d_.br dri S filt d

B e R e L i S B A e CR e R TR
CPhcyRinti s Ryitttyiy B behidTgramt 3-EarBo i Acidhastayiemided 7 g nt

(20 to 30% Et0Ac) to afford ethyl 6-

an. %ﬁ?ﬁ&%fpgl?ﬁdxyﬂbRerﬁz'ﬂ]e@‘{’mifdpﬁb?ﬂé{ﬁ}l)éﬁeﬂ{]a;nés@f’o%yﬁﬁhfné]-5-

met di oxaborol an- Z- -
bewthokprbanecdurearbaxdalie aeie@)letémmfedes(ﬂ@m of 66 to 1-64
is carried out in accord with the procedure descri bed
in steps 11 to 13 of exanple 3. 15Exanple 19

5- Cycl opropyl-6- (3, 5-di net hyl -i soxazol -4-y1)-2-(4-phen
oxy- phenyl) - benzof uran- 3- carboxylic acid nethylam de
(1-85) step 1 .... B-5a: R=N-168 R=I 70 step
1 -To a suspension of B-5a in 6 NHC1L (10 nlL) cool ed

o o ~ N o



25 which retained the Boc group (72). step 1 - A

suspension of 72 (0.080 g), PdC (15 ng) and Et 0OAc was
waiwaewe2 under a hydrogen atnosphere (50 psi)PCT/EP2009/051306

overni ght at RT. The suspension was filtered through

CELI TE, the pad washed with-B0Ac and the filtrate

concentrated in vacuo. The crude product was purified

by -B-Q2Mwhe Phedadg - ndstwl]eds-l[l@mgirdnytéthyﬂ)iﬁte&lﬁ@éhﬂf@ameamino]-5-

gradient (0 to 30% Et OAc)

209 910X g PODZBT N BRZORDYHS feléencthﬂamﬂ&élﬁkaact i ons

cont ai ni

2425L4c(;3@4 gi%mgmhegymwmﬁmya hgdrpaystteRoRsthprrsafanyl-aminol-
1 ( i d
t er &%%PM? @ea}r{1 %Ng?rer ! scs,a%l({1 tky&%%gﬁ C( gc Im_) and

st over ni ght _at The solv vvere
© Sl TR el e e ps M e Bt e ek A (vt
Sphe larﬁiﬁég% Nohehrd iRn-3EdrBsk 1%8§%th hilideanad);pd
evaggrate ?he crude productyqvvas pur|¥| edeg(g/ SI) 02
pharmERLRRREPACEROYI:SLIK hEiGop MEOH DOV gradi ent (0 to 5%
H containing a small anount of ammonia to afford 25
ng of I -90. Exanple 21
15. AZ Félﬁrdl-‘dcu&ﬁﬁrgnhemﬂ)mm@n&hbo&p@iﬁtdh@we&e@ﬁbmhé gdioup
benzof uran- 3-carboxylic acid nethylamde (I1-111),
00851§t311 etyl -pyrrolidin-2-yl)-244-(4-fl uoro-phenoxy)-ph
enyhgy@S 10 met hoxy- benzof uran- 3-carboxylic acid

a@ﬂad@pmnyi@lgl)lomhb@lﬂ:ﬂﬁ @-tridupryesthylemesyanesulfonyl-amino]-5-

- Bty AT %%ifflc%%%r*%*‘wi%{(}? 'gf&}éey” gy
St e 43%14}04—% enyl&g{ngg th%(px]céilﬁé%lydr yp qt XD W@ha@esulfonyl -amino]-5-
Ar rﬁ&hoxyABéﬂzaﬁgatf@ 'cal%gwfllﬂcﬁﬁfefﬂy‘}@ﬁl@e phenyl  step 4

step 5 2a is converted to 74a by alkylation of the

O .
v 2:%&’% off{AR) tgmpiffon FTURIC AR SuB1) shggesulfony -amino]
hy&dmethpgi-endoftdas-etanydxytis teid ranblylemidel (I+id);wi t h
nmet hyl am ne (as described in exanple 3, steps 12 & 13)

s t2eal-(B-chlohe- éﬁﬂmr&tph%ﬁylﬁ)ﬁunw@hé@lﬁ6gb2 Hﬁﬁ‘oxy-ethyl) rnethanesulfonyl-
3-chl oro-butyryl chloride RLE%!T )

C GEMBRYl- DA Xy RN FRngRigar %Pébé’& 3 gthahan@éh@ 15)
resul ti ng m xture stirred at 0 C for 30 mn. The

r aldt(3en kﬂagqupﬂ@ml@@dn@&rnhfmyl&é [\ﬁ%‘ﬁlﬁdlﬁoxg'teﬂb’ﬁ)emetﬂl@mesgkfonyl-arnino]-
ed SR R R L U

) S SO0 LB 0 L8 S0, 9,5 5

Theethé &&Bﬁﬁ‘é&% cﬁfb@ﬂ}rl%&&ﬁdﬁmﬂ@?an%@l@ ngled in DVBO (5
rrL) an (0.8 g) and NaN3 (0.8 g) vvere added and

a
T
arh‘ebnmmma-S -carbexdylicNaRIS@dthylafidd @200 and evaporated to

afford 0.4 g of 74c. 5 step 3 - A solution of 74c (0.4
gR-Me, 31dﬁﬁofdlﬁlﬁ:nyﬁnﬁﬁd)%eﬁﬂ@-6%ydr@x{b—e@1)yl)%6th&ﬁb§&ﬂonyl—armno]-
and the reaction stirred ove The resulting

soi nﬁth%g-bemf@eﬂédcaﬁvwﬂm ﬁwétm%hylﬁlaldéf(i St 0.15 g of
@Cﬁ - To a solution of 76 (0.050 g) in
diflugrotphepaxky)- mb&gylé@d[é&hmm—e(lwl)@zgthgyesaﬁqnstlw@nno] -5-
Th
f2@%M>gnﬂen%8w%ﬂe%2ﬁ%§mﬁcﬁ d gk, e

o s PR B Db ﬁﬁ@%@%&fﬁ%&ﬁ?@ﬁmwﬁoﬁﬂ-ammO]'

af§ ﬁfeﬂlok%—'béﬁzof&taﬁ-g -&rboxVe agi@i@hylarhide (n&5);stirred
with Ac2 TEA and DCM to afford 1-109. step 6 - The

amne 1-111 was stirred wth nesyl chloride, TEA and
DCMto afford 1-112.

Exanpl e 22

5 QICI opropyl 2 [4 (4 fI uor o- phenoxy) phenyl] 6 (1 hyd
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821-110 step 1 - To a solution of 74a (0.5 g, 0.013
mmol ), acetyl chloride (0.35 g, 0.026mmol ) and DCM

w@owbaeioex 0 C was added ALC13 (0.35 g). The rREDEPINI/051306

m xture was stirred for 15 mn and an addi ti onal
al i quot of A1C13 (50 ny) wasdtadded and stirring
conti nued for another 15 mn. The 20 reacti on was

qtze[mcd?oeﬂhdmiphemcﬁ@) “phadsi]- @4[1((1 K}}deo@tgﬁﬁb-@neﬂmsgiﬂfonyl amino]-5-
separated , washed with brine, drie

20BN QRPEY 2EPEeiN P 20 0 P B G6 1 mthw@m@déx%) filtered
and evaporat ed. The crude EerdUCt was purified by Si02
et ddarapigneyiribery o4 - Bdreeopdy hene hencg odiyEamino]-5-

AR SR ) .

| f BCl
Tf?dﬁ? SRR S S e Ao R oA A Eher A A Rino-phenyD)-

| ORnAS¥rad-Abdrbd8dicWeldméMamldteaosgani ¢ phase was
washed wi th brlﬁg dried (I\IaZ%?)(él) filtered and

o .
ot g e g R B o SR oy aminol-9
desapro rey-henzsfisps3- @rb@xylmacaindethglauﬁdee(iewpx,l e 3to
afford 82. step 7 - To a solution of 82 (50 ng) and
de[4TdﬂFclﬂ@0lImdn§t1®mm?)8@hmﬂ] é—(ﬂ@lehiy(ﬁog@btlhﬂ)@ﬁb)tkﬁne%ﬂfonyl-amino]-5-
MeMgBr and THF. (0.20 3M so ion.in THF). The
s PP %ftlr%nr%aa%wlwcm fﬁeti‘ﬁ]éﬁn%grﬁ@g?ed Wit h
sat'd. NH4Cl1l and diluted with Et0OAc. The organi c phase
mds[%\fésmomh@whmnﬁbphwﬂe@[((thlsvmethylb-m aagsudiedyl-amino]-5-

nal?"txé/- ot B eRLaiel AR BIIA G2Y 5 ene (o
p%e SR 4f3fliog® %E%oa??pﬁeybtéf@. B Bmeghagesutfonyl-

6-226i8b YBen2o fayl- RAGBYHicZacid methylamide (1-32);
phenoxy pheny1) - benzof ur an- 3- car boxyl i ¢ "aci d

0151@ 6-[f2- 119&%0%% @thlyi)lﬁéthsﬁéguﬁ@nﬂ faﬁﬁﬁkg&zd (4- f)QéHoéy $henyl)-

by |ntro ction of -f1 uor ophenyl uzuk

c dwprafngnvi-tarpexyigeco- rptthmbhll((@s(éé&t ep 5 of exarrpl e

3), Freidel-Crafts acylation, hydrolysis of the ethyl

etk (2afhebro-phpihyilargingd phen’ylb]L@[/@dmdF@(yamﬁylﬁmwthamemlbhyl amino]-5-

gﬁét{%ﬁ&g nesi ﬁm ?r_c%de %gc%gtlhggmd(es& 45)ed in the
clopropyl 244- (4- quoro ﬁhenoxy Fhenz (2-met
(Brehilerpinhengyp)phenyl]-6-[(2-hydroxy-ethyl)-met anesulfonyl amino]-5-

%ﬁmﬂ%&8?¥é%g%%wwnégg@;?@xyl ic acid
M%Q%éo%gff SRR R sy R e REH g Faminol.-

Mijo raﬁtﬁcymegmmnescwre@ fylioasidntad laﬁﬁ@@@g@?;’ filtered
and evaporated. The crude product was purified on a

pr -5-
e e S b L S
prreghwedbmaﬁmge&@m;bdayhcoadudatethy&armﬂe {l-443 S5Exanpl e 24

6- [ (2- Hydr oxy- et hyl ) - net hanesul f onyl - anmi no] - 5- met hoxy-

2 PAR Byt dxﬂliunrozlahdnoxy)}plnhewl- [;QzJ&heahz&j:mt@)—ﬁemandsobfgmylammo]-5-

acid nethyl a 127 te ep 386a: R =

H met e B, Cgltb@psw}f @ld Ehy?%i%l e&f—ég)st ep 5 E..

86d: R = NHSOZI\/E MeO
Rv2-El-(é@ﬂ_qrojphgnmgg-@hemyl]:@([@zh.ydg@)@betgyl) methanesul%pybammo] 5-

M step 1 -
ISO i ngg%rﬁng%éﬁgﬁ% niglrhcgl-l%ﬁ%tﬂg%é?mgéﬁl ug’r o- pyri di ne
(1 0 g), K2C®B (1 g) in DVMSO 10 was heated overni ght
at 90 C. The reaction was cool ed, partitioned between
Et 0OAc and H20. The organi ¢ phase was washed
sequentially with H20 and brine, dried (Na2SOQ4),
filtered and concentrated in vacuo. The crude product
was purified by Si02 chromat ography eluting with
hexane to afford O 49 9 of 84 step 2 - A mxture of

~rsl o~ N\ ~NOOA NN o 1 PN PN~



WD 2009/ 101022PCT/ EP2009/ 051306 -83- Exanple 25 2-
[ 6- (4- Fl uor o- phenoxy) - pyridin-3-yl] -6-
W ¢@ohgedxy- et hyl ) - met hanesul f onyl - am no] - 5-PCT/EP2009/051306
nmet hoxy- benzof ur an- 3- carboxylic acid net hyl am de
(1-125) 5 step 1 - A mixturé7f 4-fluoro-phenol (1.0
g), S-bromp-2-fluoro-pyridine (1.5 g), K2CB (1.0 g)
i re- M@Qy@ﬁ@-pﬁiﬁox\y@ph@@ﬂt@ﬂ2ﬁydﬂ&@ dthyy-afettiagbdulfomleamino]-53-
reaction m xture_was cooled and diluted with EtOAc.
THSthesiPenzaGrabpweibeny MascidrsHutridg (ehti al 1y with
H20 and brine, dried (Na2SO™4), filtered and
eValfoltatyedo- phﬁwxm}pmﬂ e lw@rq#yr@hlylbweslamsulfonyl -amino]-5-

A
ETERIE A RN TR

hagde gpcﬁity -Beibd AXanOM 84rBb Gc-acitiBethORGTid 4%Xt ure was
cooled and filtered through CELITE and the pad was

] Ichy

A e e A R A S R S R

ansbpvopaxy; bedrd fechin N2 BOg)lic acid methgdmada(Ieddapor at ed to

afford 0.3 g of 92. 15 The conversion of 92 to 1-125

( St-epgl-B{Bj4-Nasrogeichded- p(hlﬂﬁyl]}ﬁ [(%Bycﬁ‘@ﬁy‘-e&pbnﬂéth@lesulfonyl-arnino]-
procedur es described. in Exanp

2d@9¥qf9159@232 Bisges) v giemided- 51) o

zﬁset XIJ—ZF[%&“BU@HWDW)TP@‘;HBﬂ}5T(§leﬂ13863}difjmﬁ:ll?l?t2§’h%m)cy
Hﬁ/éﬁlr = -Qﬁ {ayﬂletgglxﬂﬁ e (Ef 52

oxy nzo car I c ac ’d met hyl am de

s Pl A0 B il

(ﬂnéfh%l m@bﬁehntpcar%sxﬁcmm Rg9tmlid2(1exwi val ents of 1
2M sol ution of lithiumdiisopropylamde and THF. After

16_gcihpRéhyRbL @uUat RS- pﬁ&%&%‘?ﬁﬁer%ﬂ Bhane s Ahethoxy-ethyl)-

mat €ri al remai ned. Additioha was and aftér an

acdaining pbraizo fligam3wartbheylicemd methybppdafled)conpl et e. The

reacti on was quenched with water and the sol ution
ext-eyatdpeshy2t [ - (Et@@xﬁuofﬁhlﬁleaqxgeqﬂﬁnylavﬁe[(z-h@dmayrethyl)
acidfledvvl h 6N_HC1 tw ce extracted

Tﬁgeth%n%wﬁ% -anpoddenz -%@h@&yl@éa@ém %@15

wat er and brine, dried (Na2SO4), filtered and

COneEIDrAEE: [4=r@eﬂu0é@1pa@1@%§h@yﬂs%[(@éwdr%%m -psthancsulfonyl-

o B bR Srbo 308 S5 @“'Y%a“ﬁ%%@d@%;'mg'rgeaéﬁeﬁ
T?’ Rt M b R e (A R

Wi théth&XeMi 1 foldy@ afnind] 'R £ filanViagarbOngie Rk idah &ty laftdd (12);

resulting solid triturated with hexane and coIIected

by, _faL 2tﬂtﬁ)trb%en T(?/?—PH&B@]U@[ﬁ étfl%l? :hdansi@R nyl- armno] 5-
chr omat ogr aphy e a Et Ac/ hexane gradi ent (0

t propbensiaiant ocabdofid agidangthplamdde, (1$68ps 2- 5

conprising nitration of the 6 position of 94,

r edeiddrioely[4{4-flineronihicnaxyypheipy!]- ﬁmtlﬁh@sntfomyidnethyl-ammo)-

aIkyI of th resul t m de and steps 6
@ﬁ%‘fp%rl? w&dom éf/@maf {ﬁg?ester 20 and
converS|on the resulting carboxylic acid to the
WWOI@% dé-(effuore-Rbenosy)-BhnyHso- Hésltyfircs@oprpnylg—ﬂ@ﬁsanesulfonyl-

H Qdnz fﬁ?ﬂp{'& ar%o{tﬁlcaefc]icpﬁlgt g/ﬁrrmﬁé ﬁpldd%gut [Formation

of ary pyr i |ny amne was carrre by

upl aniline as described in step

pharmége ICM] acc?%tgqlg %ﬁsfetlhgr%oguct was purified by 5i02

chromatography eluting with a MeOH/' DCM gradient (0O to
3% MeOH to afford 4 ng of B-126). WO
2009/ 101022PCT/ EP2009/ 051306 -85- Exanple 25 HCV NS5B
RNA Pol ynerase Activity The enzymatic activity of HCV
poI yner ase (NSSBS?On Conl) was rreasured ‘as t he

. o o o o g,



equation (i) to the data.where "Y" corresponds to the
relative enzyne activity (in %, " %Mn" is the

WO e®odomk2 rel ative activity at saturating conpRCrEP2009/051306
concentration, "%bax" is the relative maxi mum
enzymatic activity, "X' corr¥sponds to the conpound
concentration, and "S" is the H Il coefficient (or

16. A 86ap&nd abbdrdagnb ela2@ 1HE\2 Weiph cedponsisiayclddied framsty group

neasures the ability of the conpounds of fornmula Ito

copHipfing @f HCV RNA replication, and therefore their
potential utility for the treatnent of HCV infections.

Trée(eﬁyi-a}etlmnpwl@@gl-ﬁnrlebér[ﬂéﬁ fhl@napéfrmiﬂ;@n@)ealﬁlefxﬂ -F-@ethoxy-
| e gt Bl i SRR U i o ﬁeRfG.”'r st open
il v?ﬁieﬁ%ﬁsﬁ%%%% AR5 B PhSR By s Hefrmpthoy-

| rpERed fadl Y cabdaictadR mothehidde (1iggsone entry site
(IRES) sequence, and fused with the neomycin

AANBESIBAELAMREL DY 4qenfiok PréhoRo] {;h&llygﬁﬂsf.%gﬁmy-

pep e 2A fromfoot and ase
%m@@n—ﬂmxﬁm@dlrﬁ@hylmﬁdb) (19228 933). After in
vitro transcription the RNA was el ectroporated into
hﬁ%ﬂhﬂmﬂﬁmﬁmﬁﬂﬂﬁfPthw¢9gmg4fﬁﬂg)g&*&XYEﬁkﬁyﬁﬁLHWngy
caol onies were isglated and e ed. Stably selecte

c dienzfurg-Hobovaic asid methyl awgq 41 @49 ve HCV subgenoni ¢
RNA, and the activity of Renilla |uciferase expressed

by2- 14 ﬂl@éo1%@@9%?11%@]56{mgthwulf@wmqthyltaﬁ@n@)eﬁ1nsethoxy-
ThRnASE A% b&%ﬂfo e rﬂ@thzlaﬂn(geq@ ?at e plates, one in

opaque ite one 1 n anspa in order to

oo oS eia %ﬁé@y&ﬁ?@%tha@fulf%% {thy-agpigo)--methoxy-

C YR Shitahl 3-YarBhxy3ic GORIMh&BY la6IQLBEY, | N paral | el
ensuring the observed activity is not due to decreased

colfs @Ezphﬂﬂﬁlefoagsﬁe%xﬂrpﬁéﬁe] 16018 Bhdrodeiiy) HEHaA QR HARmino)-s-

cel whi'ch express Reni ["'uci ferase

r epahoerbengefugare gdctubbosylid acidaleBetaoids (IMEM (1 nvi t r ogen

cat no. 10569-010) with 5% fetal bovine serum (FBS,

| rivéiciapgeny] 2 -[dal-flueoo-phORSR)-phch)y | [atrehcaat @idfo oyl mim-benzo furan-3-

pl a 5000 cells per well, and incubated
oV@ﬁ%V@H?a“#ﬂ%ﬂﬁﬁ“?@ﬁKLE@hrs | ater, different
di lutions of chenical conpounds in the growth nmedi um

@cm@tylﬂd%(ﬁeﬂl@éwben%) ehpmoﬂr@(mﬁéﬁneﬁwlquéqmethyl -amino)-
| n Cb{%ﬂi’&q ?%argg}grhtc dtrﬂ%ﬁg]ag@{es . the end of the

I on he ce pl ates were

ted d ase.activit sured b
LR R el IBE '2%21(%&@‘%0'8&&18%(Y)ﬁ%heny”'
E&%ﬁ@dmraﬁtj cdrbexyl acRiageRyRmi@sgrped in the fol | ow ng
par agr aph were included in the manufacturer's kit, and
t hepmogiRedy Hél’fcfxtyﬁ-ph&ﬁ]%*—%e‘t&‘%s%h?laﬁﬁﬁd QWﬁéih&Qf[benzoﬁJran-S-
preparatlons of e reagents. The cells were washed
omm&wwﬁhaQGGHmybmmhﬁhé&phate buf fered saline (pH
7.0) (PBS) per well and lysed with 20 ul of Ix R
| Reji4t@rfasro-Ahsmky)-pBérsy | peH methamssi o nstl-andtindtdnaind pHir-nadthyl-

r npe at re for. 20 n. .Th ate was then
ﬁ?@?% dorh ?ﬁ@wéﬁﬁkpggignggﬁﬁﬁ@%ropIate | umi nonet er
(Berthold Technologlesa and 100 ul R.
| Kelidr @riuaso-rbenaxybihensil- @vé@eﬁhﬁljleééltf‘e@’lﬂmﬂéylé‘é’élﬁolné‘lnllethyl-
a ] 2-second del ay,
ﬁ%&%ﬁﬁﬁ&ﬁ%§§E?§ﬁ§§¥k§?%g§%ﬁg&f95%? t he concentration
of the drug required for reducing replicon |evel by
50%in relation to the untreated cell control val ue,
can be calculated fromthe plot of percentage
reduction of the luciferase activity vs. drug
concentration as descri bed above. 20 WST-1 reagent
from Roche Di agnostic (cat no. 1644807) was used for
t he cytotOX|C|ty assay. Ten n1croI|ter of VBT 1

T a o o M e
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Lact ose 79.5% Magnesi um stearate 0.5% The ingredients
are m xed and di spensed i nto capsul es contai ni ng about
wao®otrgroench; one capsul e woul d approxi mat e a BOI/EP2009/051306
dai | y dosage. Conposition for Oral Adm nistration (B)
Ingredient %wt./wt. Active-9gredi ent 20. 0% Magnesi um
stearate 0.5% Crosscarnel | ose sodi um 2. 0% Lact ose

755fW@%}ﬂﬂ%@(‘mm;dr@lbhéﬁxwpmﬁyﬂlé R%hyﬂfbxmmethyl-pmpyl)

i ngredi ents are_ caqnbi ned and granul ated usin

o TG BRI A T (SRR Tan P P 5 TR Ty et 78):

dried and forned into tablets (containing about 20 ng

ofo- B cyane-pronpourrdhangsulfonshampmel-dpryclepeonyhBt[41(4-fluoro-phenoxy)-

CobaF e RS S o P‘éﬁ?@ﬁ%ﬁng?gai ent %
NERRETIR 2ﬁn@fﬁ&% i Rohers Tt -Brdbyie R tsulfany -

g hARILLS HARIrdR-35ca8boxliPhtial e(tﬂ gRl(utiipp) 12. 85
glggggﬁn1K Vande#bllt Cg§?f Olgnélgeorlnéo O%p

oy S e O SR PR AR R LRt ryT?,? ppethancsulfony!
adwopysematol] banzoPar et @rladxyHo amdlrmthy:lmrn(de)(l 1y edi ent %
wt./wt. Active ingredient0.25 g Sodi um Chl oridegs to
m@cﬂmmzem\f@ttmmé@hendxyppher@h] a- Qﬁ&ﬁaﬁﬁsul?ﬁoﬁm-@-

active |n redient is dissoly [ portion_of the
welghatesplignylanping HropyA-gpie| g?lgﬁ ralarérﬂarwya$ a%aiemﬁlamlde (I-
th%?lde is then added with stirring to neke the

sol ution isotonic. The solution is nmade up to wei ght

F i Bl AR B shn B hel- A AR B3
pé(ﬁie&glﬁésuﬂlfbdﬁlﬁmsﬂh@Y oG prepyl]iamiso } -bonzbiigrah-Sadaicds lic acid
di scl osed in the foregoing description, or the
fdP@B%Pﬁ@kﬂﬁélﬁ%, expressed in their specific fornms or
in terms of a neans for performng the disclosed

f inetclaniopyd-[4-(Heflusse pbenogy by ot methergswifeny - hsulfamoyl-
d'fﬁg};@fg% r%jf%%! ofurdn ac%% ‘38;1& %@8 mJ{R;Yl% a%FZi"ﬁ?é g'dy : ofr

I on 0 SUC ures

Sxlraguimg s R Bhredy G a%@fe?tgsﬁ%eaﬂ?wi egulfamoyl-cthy)-

deatnah&] -Bhz¥RYar0S-chibbkplid /id ARtHREhigxATPlog;, 15 for

purposes of clarity and understandlng It will be
ERHré ARKd IpherdoRyl-PReri L 6-f BahethRsulfinyl-cthyl
S eADIGL 0% ALK pheldi BRI L(gngees Ay nyl-cthyl)-

noué¢tharcauliforys amw]ﬂenmfamm% extbaviytinianiditheghgleopde @f120he
appended cl aims. Therefore, it is to be understood
t atycldpeomidavid-@efioiophéraiy)-phényljemfi@dmétbartesulfinyl-propyl)-

illustrative and n restrictive. The scope of t
i ﬁwﬁ%r}eéw fogyyd; amalo]%%%oeffl@ﬁé -ca5ROXydC @Fid rﬁ%t Ylﬁ’é‘tldevd?‘tlﬁl) or

reference to t he above description, but should instead

pharmgecudiselby scpridblgistles theeef ence to the fol | owi ng appended
claims, 5 along with the full scope of eqU|vaIents to

whi ch such l ai s ar J The patents |shed

I T e R SR T

coigitglgorest abl i sh the knomﬂedge of those skilled in the
art and are hereby incorporated by reference in their

ent E(ﬁ-%hﬂn&-chyl)-rnethanesulfonyl-arnino]-2- [4-(4-fluoro-phenoxy)-phenyl]-5-
methoxy-benzofuran-3-carboxylic acid methylamide; TFA salt (I-53)

6-[acetyl-(2-amino-ethyl)-amino]-2-[4-(4-fluoro-phenoxy)-phenyl]-5-methoxy-
benzofuran-3-carboxylic acid methylamide; TFA salt (I-54)
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the same extent as if each was specifically and
individually indicated to be incorporated by

WO edoenerocz. Any conflict between any referencePCi/ER09/051306

herein and the specific teachings of this 10
specifications shall be resdPded in favor of the
|atter. Likew se, any conflict between an
arst-cyctltqﬁdsls;ﬂaqd (deﬂuommq)hem)xgj pﬁemyqlﬁ@r[méthMHsﬁK@lyaQKétrahydro-pwan-
definition o rd ar ase as spec cal |
t gyireth))- @II‘III’@]?E%@I@IPB”&tQaél?PXé’H&PIldE@tlﬂﬁé%ﬂ?é&ﬂg}a
favor of the latter. WO 2009/101022PCT/ EP2009/ 051306
- Freyctipaems-24[4-(A- fbmwhﬁwxabpmrwﬂr(g[m@ihalmsnhﬁpryl{tetrahydro-furan-3-
wher is
Iﬁ #hygran%ﬁé) %Zgﬁl?ﬂy % EDHoL l%cD 01d eﬁ% 31'88% ItAg(pza d with

her O I ONna

1&3@% <iigPEP %E%%gﬁ%f% tcey%ﬁpéé’é?g%ﬁgr@ﬁuo‘r’o phenoxy)-

Cép% ﬁylwénz%nﬁn@tda PookyliEhéid In&etﬁm%%eﬂm Qa:lm(ofb99| kyl,

7 cycl oal kyl 8 al koxy or halogen Yis

N C CYy. - -
SRl ?Ihe (AL i piy B SaEs RSt 3 yimethy
pyanaro)-ydnzofurars dxabokylic aal tethgtammdaflyT0)ppt i onal |y
substituted by one or two groups selected fromCl_3
aISI(WCllopSHij-2|'{\;ﬂ\Ilf-](@18ﬂlLbyd) pﬁ@ﬂ)xg) -phdagXly6- (Ih&lhﬁ)tgaemlf@fyl-pyllrlldm -4-ylmethyl-
pyrr.olidiny erein the n en at iis optionally
suﬂﬁ%l{l‘?)r‘i’ﬁné@l -gcarb exxalecyé}m%me 1/ agnide ElyI Byl fonyl

either (i) R2 is(a) hydrogen, q;c1 10 al ky C)

cﬁ mlomrm 2sﬁ4tf§tﬁllt%@-@hﬂwy}m]@em’ -4- ethgmeéwlé@%@e@@hwo pyran-
NI eg@g Hﬁﬁdg tleézd %a%%@arﬁ&fﬁ{c a%{h%%etfh\(jﬁ%ﬁ‘é/ qrexy.

en or ¢

(N%?:@I tbI | S&]él)?gt@gl%gﬁ t}g%ﬁ]ﬂ'@tnger 9 é%%?%%%f@-(al(%}/olro-%ﬁenoxy)-
R@B&III Db soTh B EaRxelid aéid n(e@ﬁyléﬁld@ (£yg);0al kyl
optionally substituted by -OH, Cl1_3 alkoxy or -

Nigefpb Ghind- Qﬁlyg%&ﬁﬁfé)ﬁgk&ﬁer} ~adifo])s- cyclopropa(l 26[4 (14 f%/uo_ro-p\l}%loxy)-

het er ocycl het er oaryl
2qoenyl(-boRRRCTH-BROBSY DS aca@ énetlgdamide) HC1 s@t A
optionally substituted with G _6 al kylsul fonyl; (1)
(@-@kam&@ yMamtbamSMfdrﬁl emmot)d -Sjiclo paoyey- X;{4+(9 fhmlas@hmoxy)

koxy or NR7eR8" rein said h ro yc yl
rrdThé’Pla .gn@ﬁgﬁ%ﬁﬁarbw i a‘H Sy H%i SIEY)

tetrahydropyr azetldlny Yrrolldlnyl or
pi pOIciaproRpil-2 -Mxéﬂb}%@h@oef -phenyl]orémethnesuidenst-pioyidin-4-yl-
"Q.Itn%hé/ BéHZQ?GHn% %Xﬂbo%hdoé’cﬁd Rt g @ngc @It‘h -7
heter heteroaryl groups are op |ona
aI %}1)? tplfl(t@el}r :?Wrg{)%)l}i) t | LWl %ﬁgf‘ﬁ@%g’%i’ ?)dben¥oﬁ1ran-3 carbg’xyllc acid
R3nétaylapadcqgen); Cl 10 al kyl, S(=0)2R6, S(=0)2NR7aR8a,
G _6 acyl or 1OC( =0) NR7aR8a; or, (ii) R2 and R3
t £32) 203-54 -
ggg%gag RE%?{%%%bgéﬁﬁandlgg’gre Iggégg% éﬁ%ﬂ%lﬁAAIh%ﬁO
oq@@n(vw)@@emlhb@geﬁlra@ -cgrbmixihi¢ acd n@ﬁly‘karmyzle (baPkyl ; R6
is G _6 alkyl or C3_7 cycloal kyl; Tea and
RSacyaioprdpy)- 2p[ﬁe(épthmd@4phémxbyﬁhmﬂr:6 [IﬁéthﬁleahlIfqﬂyl-(:Gl 6
h I al oal I
UL et SR o B ST s 20,
|ndependently dr ogen 6 al k Cl 6 ac c
al Rpfclpre st é?ﬂuoa%@hmxyhp%eq ﬁo@ Fasffansy W&%@g&f/lsulfanyl-

alekﬁk %ID?J &Ji% &}lﬁﬁgggmﬁ%ﬂ% ﬁ&%LdeéF%-én or G _6

al kyl ; 20X1 |s -0-. -S(0).-, (CH2)n; X2 is NHR5
or 0; mand n are lndependently i n each occurrence an
integer fromO to 2; or, pharmaceutically acceptable
salts thereof. 2. A conpound according to claim1l
wherein Y is NRZR3 and Al is para-phenylene. 25 3. A
conpound of forrmula la according to claim2 WO
2009/101022PCT/EP2009/051306 93 XR5 (Ia) mhereln

- ~A A~ o ~A A~ s ~A ~
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Xis NHor 0; Xl is -0-. -NR9-, -S(O)m, (CH2)" or X
is absent; 15m and n independently are an integer from

wW@2400/1@502Dr , phar maceutical |y accept abl e sal t SPETTEP®0$/051306

4. A compound according to claim1, 2 or 3 wherein R3

is S(=0)2R6 and R6 is G _6 dPkyl. 5. A conpound

according to claim2 wherein R2 is

Ri 5| @(c@}oﬂ}ﬂ;(@(ﬁ) 12§iibx6- 1ahdoRlakoliginC-yB-2ai4kptlenoty-piHNB8senzo furan-
A conpound accordln to claim5 whereinis Cl1_6

aI%{%rbo’WhCAC]@dﬁif '&g(}fl ng to claim1 or 2 wherein

R2 is C1 10 algﬁ substltuted by one to four groups
sél astoapsonirdddeddduere-phenexgaphenytlchr metheresy lfemil-(2-methanesulfonyl-

T e P R TR G RS (G A

C‘g{ ?Ocpﬁ‘?@’i’%b@ @ fﬂ%}’a? Wﬁfe,t{ogl pgﬁcrzqgg fﬁ&,ngt@lesgl@/wl-(tetrahydro furan-3-

g)-%@&zb’ﬁ%ﬂg -daPodXlyat BRi8 ey IehcRR s a G _io
aIkyI stituted by a R8b noi ety wherein is R7b is

IHf I

2ok roﬁﬁ*%@”& O o SheB R e RImALERTRRINE G- methyt-oxetan-3
s yhstihyDtaeginbebavzotyoi- &-Icatdvpxyim amiboyptiyldmid (I-%/)al kyI
11. A conmpound according to claim1 wherein Y is NR2R3
a:’ﬁdcyglloplr%y‘llfm-[a-(léﬂithm)yd)-@hﬁloxgz)zphﬁyﬂ%@&hﬁn@ﬁﬁl@fy@p@gnﬁd}né-
claim1 erein Y is NR2 IS optio
suB@EThy ipaye)hepodinagd- G 03<y&19 @iﬁﬁ.m@hﬂa@tﬁe@%@
compound according to claim1 wherein Y is NR2R3 and

A'5-¢yslapyenydiZri (@rifuora-phengxy ko -aeetbariswdonyd-pyrraligin-3-yl-
’aﬂ?m@tr be?hzx\ﬁ#eﬁp3 SATBRUR P il B8 ¢ P8 pr oup

COﬂSI

2 Ll Hﬁdr G e R e O S

'Tgfh@tﬂ'l ﬁjz%ﬁlrﬁlll 310arboxylic acid methylamide; HCI salt (1-92)
[ 4 (4-f1 uor o- phenyl am no) - pheny1j - 6- [ ( 2- hydr oxy- et

hy_dvcpt-hianesyl f-aiyd 180} ln@]lhlg’zmanQ J -2- (4 henoxy phenyl)-benzofuran-

nethoxy benzof ur an- 3- carBboxyl i ¢ aci y ani de

( 13-@rboxylic acid methylamide (I-93);

2-[4- (4-chl or o- phenyl am no) - pheny1] - 6-[ ( 2- hydr oxy- et hy

| )5~eyetdpane sl Hea@yilvoasriphalox$)- phenyl]-6-[rnethanesulfonyl—(1 -methanesulfonyl-

et hoxlymb3e d oafnlfilrlo benzoglgrabn%( )élall‘ng ?cl a%i met \arnldgI 1-94);
( |P.Y§1)0 -y y

6- &2 hydr oxy- et hyl ) - met hanesul f ony| - am no] - 5- net hoxy-
23HBRokygs ke i) n@ﬁ@ewéfpayla%mlao1:3105@199110@&1-%&4 -fluoro-

Ee%hgﬂé@mfp Co s beafurpn carboxylic acid meghylanmidgy HCLsalt (153
Ry B gat Ovker SRR 1o md gk gy e 2-[4--uoro-

(Iphenéxy) é)henyl] -benzofuran-3-carboxylic acid methylamide; HCI salt (1-97)
6- [ (2- hydr oxy- et hyl ) - net hanesul fonyl -am no] -2-[4-(4-is
ORSr R@ﬁbl@@ﬂé&%ﬁ%et%{%ﬁﬂmn l-armno] 5-cyclopropyl-2-[4-(4-fluoro-
5- nmet hoxy- benzof ur an- 3- car boxylic c?’
methiaydxanapliely}-Bynzofuran-3-carboxylic acid rnethylarmde (1-98);

256- [ ( 2- hydr oxy- et hyl ) - net hanesul f onyl - am no] - 5- met hox
y -S2e3fctbpi&pyirat [Hepdyfuoro- phenoxy) phenyl]-6-[(4-hydroxy-cyclohexyl)-
phenyl am o Bbenyl e enzofirap 3ieatboxyl g o6 oo

4-( 4- quoro henox henyl] - 6-[ (2- hydr oxy-eth
et5£1 (g q&p@(y}{) enpoxy) phe]nyl]-(g-f(4 hy)c/iroxy-c%rclohezylg

( -%F%%S@%”%%WB%%%%E%??éé%@%%@%&@%%@m%100>;

2-[4-(2-fluoro-phenoxy) - phenyl] - 6-[ (2- hydroxy-et hyl)-m
et hanesul f onyl - am no] - 5- net hoxy- benzo
furan-3-carboxylic acid nethylamde (I1-9);

2-[4-(3,4-di fl uoro-phenyl am no) - phenyl] - 6-[ ( 2- hydr oxy-
et hyl ) - met hanesul f onyl - am no] -

5- met hoxy- benzof ur an- 3- carboxyl i c aci d net hyl am de
(1-10);

T I T Y T Y Y Y 1 e - T



10

15

20

25

2- [4-(3 -fluoro -phenyl am no) - phenyl] -6-
[ (2-hydroxy- ethyl)-nmethane sulfo nyl-amno ] -5

W0 s@pnayexy- benzo furan-3-carboxylic acid net hWHEPn)e9/051306
(1-29);
2-[4-(4-ch|oro-pheny|anino)JQhenyl]-6-[(2-hydroxy-ethy
[ ) - met hanesul f onyl - am no]j - 5-
1(B ﬁwﬁ@mﬁxyrybﬁﬁgzqfrwﬁpnﬁt}ﬁﬁééﬁﬁ&ﬂixha@mﬁ@] skcpEb e gl e (4-fluoro-

2 qh&nw)mha@flbbﬁﬁeﬁwra%qa&oxm%wci}neéw[lwmﬁylé%w &Ry
| ) - met hanesul f onyl

| sﬁo@fcmmgy J@e[ﬁz(é}fﬂ}wmrpser%%wbn&myﬂcé -bopthanps g ya? -@&o-oxazolidin-
g]ﬁe’th)g) a1%¥1%] Ibglf?z %)rX& 3= arlgoxyilc a&d%?etl?ylarﬁﬂi%?ﬂléé’)) P

[ gf%g)ég{ui?o)é ¥’§C(¥ EX%fmgp\gﬂflﬁ %%%s%g{é?}%rgnql% - -cyc 8{)#0&)% 2 ?Zl (4-fluoro-
1%eﬁa>§l)%mé@ﬁ}t@e&o Filren- Bs&m&zh@am h)erwrﬂi@eeﬂgl §0NY./118) or
m no 4- phenoxy- pheny1) enzof ur an- carboxyllc

pharnﬁgéL@lcﬂ? 566%&%1@ Qallslth33df.
2-14-(2-fluoro-phenyl am no) - phenyl] - 6-[ (2- hydr oxy- et hy
| ) - met hanesul f onyl - am no]j - 5-
ISJA%?ﬁg??ﬂQ&Mnﬁﬁ@&@kmmaﬂ1ﬁiparboxy|iC aci d net hyl am de
2 - (43A6db %@n&@ﬁ@ﬁe&wy e ko:8~ dth ) 2% Bh PMAhmB -

et hanesul f onyl
2 Cenrdfosep- bearboflicanidInethylbondd ([$4xei:d met hyl am de
(1-38);

pharnﬁee{micélizy docapthblacales- therenbxy) - phenyl] - 6- [ (2- hydr oxy- et hy
| ) - met hanesul f onyl - ani no] - 5-

I sopr opoxy-benzof ur an- 3-car boxyl i c acid methyl am de
19. A campeynd according to claim 1 or 2 which compound is selected from the group

coffiliiol@ chl or o- phenoxy) - pheny1] - 6-[ (2- hydr oxy- et hyl ) -m
et esul f onyl - am no] - 5-

n!{:t 2%%101%8{]0%?’ M [ﬁl Q4 %uglgor - oe)r(lxgyll)cphae%lﬂ 3-m tli% caH}arnoyl benzofuran-6-
2Qﬂg-ﬁlfeﬂ{ﬁqaﬁnﬁh)fﬁdﬂﬁﬁ@aq@@ﬁféﬂ%&%s‘c&*{%&?i] 6-[ (2- hydroxy- et

hyl ) - met hanesul f onyl - am no
(1. %;@f)rw 29U M 036-SRERRY by RCh-H 2Ry AFL H)-methanesulfony -

2-4nding 3baniad ran- plearhoxyl)c- geikemythiyladaifi¢ A-68)dr oxy- et hyl ) - m
et hanesul f onyl - am no]j - 5-

I Seprctupoxyy 613 20 dintetind-3soxazdiaxyl)-2e(4gthctdoxyep ianly rdedso furan-3-
(1-é}6?) ;. WD 2009/ 10ﬁg§@PCT/ EP2009/ 051306 -97- 2- [4-(3
SpEhrE Lo pd greiiyl ); 6 [(2 hydr oxy-
et hyl ) - net hanesul fo nyl - - met hoxy-benzo
f &r%ﬁtﬁﬁc@wm&m -@-(édqhsnwwwnaﬁmézqf&mﬁrearboxyhc acid
lLéhéﬁF§ %%ghenoxy) phenyl] - 6-[ (2- hydr oxy-et hyl)-ne
t hane n1no] 5-

gTo\{Jropyl éo(f4l'I rhaerl’{oxy Igl?ern?le(é{tll—? pacI ld2 nBt %oq{{}ane} carboxylic acid

Sanétﬁyléﬁn@e’(llgw phenoxy) - pheny1] - 6- [ (2- hydr oxy- et hyl ) -
met hanesul f onyl - ami no] - 5-

'( 50.5? g@?&%ibe(ﬂzﬁfeﬁéﬁnpl%n9ﬁf@%$li&n-@@l%eﬁf&ﬂ?ﬁéh@%a@@oxylic acid

ZdehY@nﬂ¢ﬁ@%WMoro-phenoxy)-phenyl]-6-[(2-hydroxy-ethy
| ) - met hanesul f onyl - am no]j - 5-

i Seprctypoxpyydloe3 2608 inrcand-d & pybzodyd-1g-2a@ghenet yayheagl ) ebenzo furan-3-
1-50); .. . .
gf@ﬁﬁ%ih%gquFﬂB@WH@F6Lb%@hoxy)-phenyl]-6-[(2-hydroxy-

et hyl ) - net hanesul f onyl - am no] - 10benzo
furan-3-carboxylic acid nethylam de (I-51);
5-ethyl-2-[4-(4-fluoro-phenoxy)-phenyl]-6-(nmethanesul f
onyl - net hyl - am no) - benzof uran- 3-carboxylic acid

nmet hyl am de (1-52);

2-[4-(4-fluoro-phenoxy) - phenyl] - 6-[ (2- hydroxy-et hyl)-m
ethanesulfonyl am no]j - 5-

L, I ~ T T L L T T L e



o

-99- 5 -cyc |lopropyl-2- [4-(4-fluoro -pheno xy)-p
henyl] -6- [(2-hydroxy-2-nethyl-propyl)-

woreaobaewsl f onyl - am noj - benzof ur an- 3- car boxyl i BCHEP2009/051306
met hyl am de (1-78);
6- [ (3- cyano- propyl) - net haned03f onyl - ami no] - 5- cycl opr op
y1-2-[4-(4-fl uoro-phenoxy) -
pl:se@y:ndprmxmm Jir-diox3-128[ D8 Jthiadiaaslidin-aet 9 (&pheiexy-phenyl)-

doee%ﬁl@ﬂr%ﬁ%r@@l{c&s{dmﬂ?thﬁla%depﬂéﬁaky) pheny1] - 6- [ net h
anesulfonylﬁé; neth | sul fan
przo ey Senupanbpacsah 2ol i Bl iy beshe)-S-methory-benzofuran-

g*hggwg%c@lﬁéﬁi&?ﬁ¢%IJQ?% phenoxy) - phenyl] - 6- [netha

?? [Iérélgﬂlg%g% nesuipﬁ#@é-(t{&%& enzoofllran- o oxy ¢ acid

57ﬁaﬁ¥@ﬂﬁ&ﬂyﬁ02)[4 (4-f1 uoro-phenoxy) - phenyl] - 6-[ et ha
nesul T onyl

) fA0 B0 3 _
b?"@k%@ﬁ@@# 3 @e%ﬁﬁ?am >£2>01/7? [1 )f@]ﬂl@ald’l%ggaﬁ 21 pﬁ{ gh:?yhoxy
[ @h@ﬂylﬁ-lbamo@rap-lﬂmdooxy)le pcﬂi enrﬁ]lh}]lamﬁie (I-48%hane sulfo
nyl- [3 - (nethanesul fo nyl-nethyl-am no)-propyl]

- i Irktyl-pena idifi- pin-23 4= (@ aftdooxphéro xas-phkenylt S1yHceivixgebenzo furan-3-

17
gSBT %h%ﬁ?@ﬁ%@mde@€6h1@ﬂuoro phenoxy) - pheny1] - 6- [ met
hanesulfon¥ (3-sulfa

prioPiEiopreil-3df- (E}eﬂ@é‘?‘@hWS) phgybxS( §-Bydiexyt 1 -methyl-cthyl)-
5- cyé}opr6ﬁc%%%%?ikfflpﬁh%?gnd%%A&Qb)-phenyl]-6-[netha
a?nsl.‘%‘o%“’@%w ey aﬂ%‘ﬁﬂbﬁ'ﬂ%&é‘yaéP}S“‘?-}E’ti%'ﬁryé'rhe%oﬁﬂan‘3'carb°xy“°

(lacil@dthylamide g ll
5-cycl opropyl- 4 (4 fl uor o- phenoxy) - pheny1] - 6-[ ( 2- e

t haje Uﬂhfdr@-)f)lhe xllﬂl)’ Mlenyl -6- (l -methanesulfonyl-pyrrolidin-2-yl)-5-methoxy-
20net anesulfony an1no benzof uran- 3= car boxyli ¢ ‘aci d

metehyd faranefe cqrboxy20)acid rnethylarmde (1-112),
5-cycl opropyl- 2-[4-(4-fluoro-phenoxy)-phenyl]-6-[(3-ne

t hé(l{lﬁ@yblfopruply}-m[@-my Tuero-phenoxy)- phenyl] 3-methylcarbamoyl-benzofuran-6-
nethanesulf anlngg benzof ur a carboxylic acid
H

met! §W%m¥@ py&%@yo 'Wﬁﬁépéé&é2%V¥ally accept abl e

salts thereof. 17. A compound according to claim1
pharmggeupically eqscriabs sultithesoEel ect ed from the group

25consi sting of

t hyl ) - f ni (4-flu
20. A PR B T O et o S OBERZB b rrcral Byl
coéiltthonat hyl ami de; TFA salt (1-53)
6-[ acetyl - (2-am no-ethyl)-am no]-2-[4-(4-fl uoro-phenox

¥)e- [ﬁ@ %géfﬂogg%ﬂ%)g Qﬁﬁxg&?ﬁ&g}”rﬁﬁl\}% 5:@{6%3!1'2 f4- @9%1@1&3 ylamino)-

ZQQQmebﬂﬁﬁﬁﬁﬂﬁERﬁﬂ@Bﬁﬁﬁaﬂﬂﬁmﬁmﬂﬂnwﬁ(I122

5-cycl opropyl-2-[4-(4-fluoro-phenoxy)-phenyl]-6-[ net ha

nesR-heodohy{ctst - ﬂlhmdﬁ@uﬁ&ﬁyﬁlmﬂmﬂd) ]nf—hfeyﬂo)xyaaﬁm(ﬂyrlbﬁlﬁl-@lammo)-

furan 3-carhoxylic acid nethyl am de (1-
&rbﬁla?ﬁwalzrﬁrwt(%yh@ At én%%éﬁa;éy)(l é%@ﬂy 1] - 6- [ et ha

nesulfonyl (tetrahydro-furan- 3-

ylﬁﬂ?ﬁydl)oxmﬁhvé)]-mb’éﬂﬁlzqwlfmﬁ amipe)r benefhoxy-2akd-pyridin-2-yloxy)-
hF%{%l?g]?n&%g{ r%n.‘% ‘“)ailsoxﬁgf ﬁcalﬁ glseﬁ amldle th 12@0]){’5- cycl opro

uor hen Xy) -
pmﬂn%%%ﬁﬁ?iy%% # elE’gfboxylic aci d met hyl ani de; HC1

salt (1-69)
5-cycl opropyl-2-[4-(4-fl uoro-phenoxy) - phenyl] - 6- (net ha
nesul f onyl - oxet an- 3- yl net hyl am no) - benzof ur an- 3- car box
ylic acid nethylanm de (1-70);
5-cycl opropyl-2-[4-(4-fl uoro-phenoxy) - phenyl] - 6- (net ha
nesulfonyl pyrldln 4 yInethyIlOan1no) benzof ur an- 3- car

A -— B
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21.

22.

23.

25.

26.

27.

255-cycl opropyl- 2-[ 4- (4-fl uoro- phenoxy) - pheny1] - 6-[ ( 4-
hydr oxy- cycl ohexyl ) -

woreaobaewsl f onyl - am noj - benzof ur an- 3- car boxyl i BCHEP2009/051306

met hyl am de (1-99);
5-cycl opropyl- 2-[ 4- (4-f1 uord9$henoxy) - pheny1] - 6-[ (4- hy
dr oxy-cycl ohexyl) -
TherisH aﬂesmhf)@nml acadid @] to AEN 3 O luinant B 2edsmaytiviealagest for the
met hy I?nlde |-1oo% VO 2009/101022PCTSEP2009/051306
treatmpesit of a disease caused by the Hepatitis C Virus (HCV) virus

6- [(2 am no- 3- hydroxy propyl) nmet hanesul f onyl - am no] -5

At od B eB i i Sty ROtk RSO Flhpypopmrising

adBrigiytetifg fd)@gailtreﬁt [Arctd tHicka6aT Dthehu ?Bﬁi@mlfz )eﬁsawk]cﬁu@mhwfb@ompound

nesul f onyl - ( 2- oxo- oxazol i di n4- yl nmet hy am no] - benzofu
aceqiding-te glabwxy| i ¢ acid met hyl anmide (1-108);
56-[ (3-am no- 2, 2-di fl uoro- propyl) - net hanesul f onyl -am n

C 4 fluoro:
Thﬁﬁ%ﬁ%@é t  hEnad %ﬂ%@%&% QPRI HUPIBELTINEEt lgp!pne immune system
mdBRINY A stan 1&5:}1011% ahtivitdl aé@tﬁ)the@ ey RpG&kbh 6aHOV.
accept abl e salts thereof . A conpound according to
claim1 or 2
The-rhéthddlof dlaiat D+ wh&ﬁﬁp«y& 1Iﬁﬁlﬁﬁ@/ dystém piodu ytioxy medrieydn), idterleukin,
et hanesul f onyl - no - ofuran 3-carboxylic acid
tumgE PAFes @D(Qr 9nXﬁ“ 1é @@Htlcally accept abl e
salts thereof. 19. A conmpound according to cIa|n11 or

TiE MOhSTo FRROI Inb i RE BRMERe 152 hoGu Rl ot RRSHSS 89

chémidafly @6V aREQRYfdol.4- (4- f 1 uor o- phenoxy) - phenyl] - 3- e
t hyl car banoyl - benzof ur an- 6-

15y1}-net hyl -am no) -butyric acid nethyl ester (1-67)
A phayebapicepyoiapidsitba (cdmblisiog ta-th)d‘repﬁmxiya)llypdffﬁmyii@ qﬁa:nﬁi(ﬂeifwcompound

ac%;ﬁﬁlé_tg ﬁX%ﬁﬁgQa U| L o%%\)vlt I%lls_t I%Ielg Iz)ﬁ)f lr'lnraéa:lenutlcal(l:y acceptable

carrice Y& @R % &ip&mt.3, 5- dlnethyl-lsoxazol 4-y1)-2-(4-phen
oxy- phenyl) - benzo furan-3- carboxylic acid methyl am de

(1-85);

206- acet yl - 5-cycl opr opyl- 2- (4- phenoxy- phenyl) - benzof ur
an- 3-car boxylic acid nethylam de (1-86);

5-cycl opropyl- 2- (4- phenoxy- phenyl) - 6- (1H pyrrol - 2-y1) -
benzof ur an- 3- car boxylic acid nethylam de (I-)89;

5-cycl opropyl- 2- (4- phenoxy- phenyl)-6-pyrrolidin-2-yl-b
enzof uran- 3-carboxylic acid 25net hyl am de (I1-90);
5-cycl opropyl- 6- (3, 5-di net hyl- 1H pyrazol -4-y1) - 2- (4-ph
enoxy- phenyl) - benzo furan-3- carboxylic acid

met hyl ami de (1-101); WO 2009/101022PCT/ EP2009/ 051306
-103-

5-cycl opropyl-6-(1, 1-di oxo-| k6-[1, 2, 5]t hi adi azol i di n-2
-y1)-2-(4-phenoxy- phenyl)- benzo furan-3-carboxylic
acid nmethylam de (1-102);
2-[4-(4-fluoro-phenoxy) - phenyl] - 6-(1- hydr oxy- 1- net hyl -
et hyl ) - 5- met hoxy- benzo furan3-carboxylic acid

nmet hyl am de (1-103);

56-acetyl -2-[4-(4-fluoro-phenoxy) - phenyl] - 5- net hoxy- be
nzof uran- 3-carboxylic acid nethylamde (I-104);

5-cycl opropyl-6-(5-nmethyl-1, 1-di oxo-1k6-[ 1, 2, 5] thi adi a
zol i di n-2-y1) - 2- (4- phenoxyphenyl) - benzof ur an- 3- car boxy
lic acid nethylamde (I-105);

6-(1l-acetyl -pyrrolidin-2-yl)-2-[4-(4-fluoro-phenoxy)-p
heny1] - 5- net hoxy- benzo furan-3- 10carboxylic acid

nmet hyl am de (1-109);

5-cycl opropyl-2-[4-(4-fl uoro-phenoxy)-phenyl]-6-(1-hyd
roxy-1-net hyl -et hyl)- benzof uran-3-carboxylic acid

nmet hyl am de (1-110);
2-[4-(4-fluoro-phenoxy) - phenyl] - 5- net hoxy- 6-pyrrolidin
-2 yl - benzof uran- 3-carboxylic acid nethyl am de

44444



