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present invention provides non-nucl eosi de conpounds of fornula I, and
certain OEOI2VHNI42ES t hereof, which are inhibitors of RNRCHEHPRNAOHTISRNA
viral polynerase. These conpounds are useful for the treatnent of

RNA- dependent RNA viral infection. Theyl-are particularly useful as

i nhibitors of hepatitis C virus (HCV) NS5B pol ynerase, as inhibitors of HCV
replication, and 5 for the treatnment of hepatitis Cinfection. Hepatitis C
virus is the | eading cause of chronic |iver disease throughout the world.
(Boyer, N. et al., J. Hepatol. 2000 32:98-112). Patients infected with HCV
are at risk of developing cirrhosis of the |iver and subsequent
hepat ocel | ul ar carcin HCV | h j indiecation for liver
transplantation. 10 Héﬁﬁiﬁ%b@ﬁiﬁpﬁﬁﬁ%@s%m%f the virus famly
Fl aviviridae that includes the genera flaviviruses, pestiviruses, and

hapacei viruses which includes hepatitis Cviruses (Rice, C M,
Fl avi viFliequesenTingentiongpsesidesnt hisiqoside ghinpawnds of farmule], and seriain deoepyives
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precur f- ! . -am no acids, and a short 3 UTR Genetic
anal gsisgg tﬁ%@pﬁgéfﬁ%rgﬁ#%lgﬁg%asl@ mai N genot ypes whi ch diverge by over 30%
of the DNA sequence. Mre than 30 subtypes have been distinguished. In the
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Rev., 200Qatlokh B28vad3Imhsplantatidfi.r al structural proteins include a

nucl eocapsid core protein (C) and two envel ope gl ycoproteins, 25 El and E2.
HCV al so encodes two proteases, a zinc-dependent netall oproteinase encoded
by 10e HSY-HSBesregawsificdrd aangeldr of theratus dsmeile AdodeddiathahiocINgS the gémena
These proteases are. WO 2010/ 142656PCT/ E 20%0&0 795%.1§-.rqu%req?ﬁﬁr
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have begn i : ksh, Sem Liver. Dis., 1999 19:5; D Besceglie,
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Lake- Bakaar, 10 Current and Future Therapy for Chronic Hepatitis C Virus
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Viral structural proteins include a nucleocapsid core protein (C) and two envelope glycoproteins,

25 El and E2. HCV also encodes two proteases, a zinc-dependent metalloproteinase encoded by

the NS2-NS3 region and a serine protease encoded in the NS3 region. These proteases are



[1,2,4]triazol e-3-carboxylic acid am de; Virazole(r)) is a synthetic,
non-interferon-induci ng, 20 broad-spectrum antiviral nucl eosi de anal og.

Ri bavi ri iWRa810/142656t r o acti vity agai nst several DNA andPRUAPIV(GEHES
including Flaviviridae (Gary L. Davis. Gastroenterol ogy 2000 118: S104-
S114). Al though, in nonotherapy ribavifd-n reduces serum am no transferase
|l evels to normal in 40% of patients, it does not |ower serum /|l evels of

HCV- RNAequtca vt ¢ledvagd Sﬂsp%&fﬂicbbg@nﬁbfgm piceabr fodyirciciryinnshaiuse pepoides. t Dhe
i nduce anemia. Viramdine is a.ribavirin prodru g converted ri bavi rin by 25
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Pierra et al. Chem 2006 49(22): 6614 6620; WO

2010/ 1425@@;5@/3@@2@@@' EsTossd: Type 1 includes several interferon alphas and one interferon

beta, type 2 includes interferon gamma. Type 1 interferons are produced mainly by infected
30 cells and protect neighboring cells from de novo infection. IFNs inhibit viral replication of many

viruses, including HCV, and when used as the sole treatment for hepatitis C infection, IFN



J. W Tomassini et al., Antimcrob. Agents and Chenot her. 2005 49(5): 2050;
J. L. dark et al., J. Med. Chem 2005 48(17):2005). Conmpounds of the
present iwoentoaeesand their isoneric forns and phar nace®CiraEeog/0am6ept abl e
salts thereof are also useful in treating and preventing viral infections,
in particular, hepatitis C5 infection;3-and di seases in |living hosts when
used in conbination with each other and with other biologically active
agent s ,su%ﬂ{éés@sisémmtmwmw tb Wi QektiKle IRBISIABLIHOEARS IIRY hoEnized frehfaafifn, a
pegyl ated interferon, ribavirin, pr ot ease inhibitors, polymnerase
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provi ding a conpound of the invention either concurrently or sequentially
wi th other nedicinal agents or potentiators, such as ribavirin and rel ated
conpdurds, limitatnadicady &M thasipat web repidpdeanaise of theipsetsin frara theblopd Shrrhicals,
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be adm nistered as an additional conbination therapy with at |east one of
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invention is 20 anticipated. HCV polynmerase inhibitors are another target

for drug discovery and conmpounds in devel opnent include R 1626, R-7128,
| DX184/Cdmiio2jonRkedpB86 U CVPHVith eibyyiriv@hH HBOf{rvioodimenjly isGBe 0 p@al t@elapndr,
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(Vertex), PHX1766 Phenom x).” WO 2010/ 142656PCT/ EP2010/ 057958 -5- O her

targets for anti-HCV therapy under investigation include cyclophilin
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(M genix), an inhibitor of a-glucosidasel, caspase inhibitors, Toll-like
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Nucleoside inhibitors can act either as a chain terminator or as a competitive inhibitor that
interferes with nucleotide binding to the polymerase. To function as a chain terminator the
nucleoside analog must be taken up by the cell in vivo and be converted in vivo to its

25  triphosphate form to compete as a substrate at the polymerase nucleotide binding site. This
conversion to the triphosphate is commonly mediated by cellular kinases which impart additional
structural limitations on any nucleoside. In addition this requirement for phosphorylation limits
the direct evaluation of nucleosides as inhibitors of HCV replication to cell-based assays (J. A.

Martin et al., U.S. Patent No. 6,846,810; C. Picrra et al., J. Med. Chem. 2006 49(22):6614-6620;



wherein Xlis N and X2, X3 and X4 are CR5; or 15 X1 and X2are N, and X3 and
X4 are CR5; or X1, X2 and X4 are CR5and X3 is N, or X1 and X4are N and X2
and X3 arwOoCREy142656 X1, X2, X3 and X4 are CR5; R is (a) RChawerioasiohs r adi cal
selected fromthe group consisting of pyridinyl, 2-oxo-1,2- 20

di hydro-pyridin-3-yl, 3 -0 xo -3 ,4-difdydro -pyrazin-2 -yl, 3 -0 xo -2,3
-di hydro -pyridazin-4-yl, 2-o0 xol,2-dihydro -pyrimdin-4-one-5 -yl, 6-0

x0- 1, 65diwhydrfssihiler &1 A AdhR2ZdMNABenty ind Chemother. 2005 49(5):2050; J. L. Clark ez al., J.

2, 4-di oxo0- 3, 4-di hydro2H-pyrimdin-1-yl, 2-0 xo0-2(H)-pyridin-l-yl, 6-0 xo

- 6H py et £iam| 2805 4861D:2085)2 6H- pyri m di n-1-y1 and 2- oxo- 2H pyrazin-1-y1l
ﬁa:d PetFroaryI bei ng optionally substituted by hal ogen, Cl1_6 alkyl, C1_3
al oa , ClL 6 dr oxyal kyl ,. C1 al koxy-C1. 3 al kyl., C 6 .al kox

o Cro) Prinaepit ot oods i enbiy bArRAgRARsIoc (P BBy B S ke

sel ect egf thefdb f 118 186U FANSdasihs BR Hlevan MY Yitainfaties, Gn Pyrticilasl ihe?almlc 2-0

xo-imdazo lidin-I-yl, 2-0 xo-pip eridin-I-yl, 2-oxo-pyrrolidin-Il-yl,

2, 6-di docticet, pachgideases inlNPIROIGsIMbEBERET EPRENgicnsTseich@thasapd miltdiather y| |

2,4-di 0xq-1, 2. 3, 4-t et rahydr, o i.m di.n-57y1 - i -4-m
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al koxy g)e%%lal@d ghtkiféron Qibaeiriapesbdck linhibitars, podireahicdxlyibasrshahapererfeRd RNAR)
aryl, ) heteroaryl, wherein said aryl or said, heteroaryl ar oPtionaI |y
i ndeperaampidssutisensesoBonRdshnyieotids apipse ngelpRYde W&gﬁslﬂg@!%f@& % om t he

group consi st i f 6 Py Kyl
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such as ribavirin and related compounds, amantadine and related compounds, various interferons
such as, for example, interferon-alpha, interferon-beta, interferon gamma and the like, as well as
alternate forms of interferons such as pegylated interferons. Additionally combinations of

15 ribavirin and interferon, may be administered as an additional combination therapy with at least

one of the compounds of the present invention.

Other interferons currently in development include albinterferon-a-2b (Albuferon), IFN-omega
with DUROS, LOCTERON™ and interferon-a-2b XL. As these and other interferons reach the
marketplace their use in combination therapy with compounds of the present invention is

20 anticipated.

HCV polymerase inhibitors are another target for drug discovery and compounds in development
include R-1626, R-7128, IDX184/IDX102, PF-868554 (Pfizer), VCH-759 (ViroChem), GS-9190
(Gilead), A-837093 and A-848837 (Abbot), MK-3281 (Merck), GSK949614 and GSK625433
(Glaxo), ANA598 (Anadys), VBY 708 (ViroBay).

25 Inhibitors of the HCV NS3 protease also have been identified as potentially useful for treatment
of HCV. Protease inhibitors in clinical trials include VX-950 (Telaprevir, Vertex), SCH503034
(Broceprevir, Schering), TMC435350 (Tibotec/Medivir) and ITMN-191 (Intermune). Other
protease inhibitors in earlier stages of development include MK7009 (Merck), BMS-790052
(Bristol Myers Squibb), VBY-376 (Virobay), IDXSCA/IDXSCB (1denix), BI12202

30 (Boehringer), VX-500 (Vertex), PHX1766 Phenomix).



R7 is hydrogen or C2_4 alkyl, 15 R6 is independently in each occurrence
hydr ogen, Cl1_3 alkyl or two R6 residues on the sanme carbon are C2_5

al kyl ene W0 201014RG6r esi dues on di fferent carbons are C PCTAIPROAFESS Ra and
Rbal ong with the nitrogen to which they are attached are a cyclic am ne

i ndependently substituted by one to thdee groups independently sel ected
fromCl_6 al kyl, halogen 20 or (CH2)"NReRf; R and Rdare independently

hydr Og‘ﬂﬁher%r fed AL HCE théhp Qﬁdléﬁ)iﬂmes@atmﬁ iRdyde, cySQ;%RBmWthEbﬂS w8ch s (a)
Cl_6 al kyl, Cl_6 hal oal ky %&30327 cycl oal ky C3 7
CyCI oam@bu b]@m@gno N%p gy_a.zgxaml @l@ﬁwg (Mlgg,rpx)@ An (qh)tbltor of o-glucosidase-

S02[ ( L kx| Re and
R R T N e S ey S

SO2R8 \WeCwing). 25 R8 is (a) Cl_6 al kyl , (b) Cl1_6 hal oal kyI (c) C3_7

cycloal kyl, (d) C3_7 cycloal kyl-C1_3 aI kyl, (e) Cl-6 al koxy- Cl1_6 al kyl or
(f) 302[C(R9)2]0 6NRKRi ; R and Riare (i) independently hydr ogen, Cl1_3

al kyl or (CH2)2 6NRgRh or (ii) together with the nitrogen to which they are

attached are (CH2)2X5(CH2) W i d Rk is hydrogen, C1_3
al kyl, G _3 acyl or C1 _3§ éﬁ@\;ﬁ{;ﬁé@{ﬁ%@drogen, CF3, CH2CF3,
C3_5 cymleaak kitrenthadcogenentiGh sreatnteaxyf HEphtiBis Badinal (KO VY¥nd ldRdert ybaprawed

CR' R4bR4c WO 2010/ 142656PCT/ EP2010/ 057958 7- wh n Rf,a R4b and R4°
are i ndeeniere mthigh seit ealveasoH{ M are Ignigs. Degigg an %Veéqp&%%&t/

fl uor o?h%e&}eagc(gqu&&@sl&ygnmpyano or hydr oxy; or, (1) V\,hen t aken

t oget her a and together are C2_4 al kylene and R4" is hydrogen, Cl_3
al kyl , Cl1_2 al koxy, hal ogen, Cl1_3 hydroxyal kyl, cyano or Cl_2 fluoroal kyl

or Rﬂa 1306e Bt FIRE pREcrtidvnort thereGig phamddda dMﬁipbhnd beyrdngtafoimchdd are
3-oxetanyl, or tetrahydrofuran-2-yl; R5is independently in each occurrence
hydr ogen, hal ogen, G _6 al koxy, or G _6 alkyl; R8, Rg and Rh are

i ndependently in each occurrence hydrogen or Cl_3 al kyl;

wherein
x! is N and X2, X® and X* are CR®; or

15 X'and X* are N, and X® and X* are CR®; or
X!, X? and X* are CR’and X* is N; or
X! and X* are N and X? and X are CR®; or
X!, X2, X and X* are CRS;

R' is (a) a heteroaryl radical selected from the group consisting of pyridinyl, 2-oxo-1,2-

20 dihydro-pyridin-3-yl, 3-0x0-3,4-dihydro-pyrazin-2-yl, 3-oxo0-2,3-dihydro-pyridazin-4-yl, 2-oxo-
1,2-dihydro-pyrimidin-4-one-5-yl, 6-oxo-1,6-dihydro-[1,2,4]triazin-5-yl, 2,4-dioxo-3,4-dihydro-
2H-pyrimidin-1-yl, 2-oxo0-2(H)-pyridin-1-yl, 6-0x0-6H-pyridazin-1-yl, 6-oxo-6H-pyrimidin-1-yl
and 2-oxo0-2H-pyrazin-1-yl said heteroaryl being optionally substituted by halogen, C. alkyl,
Ci.; haloalkyl, Cy hydroxyalkyl, C;.5 alkoxy-Ci s alkyl, Ci alkoxy, X'(CH,),16CO,H or X'-

25 (CH,)..eNRER" or;

(b) a heterocyclic radical selected from the group consisting of 2-oxo-tetrahydro-pyrimidin-1-yl,
2-oxo-imidazolidin-1-yl, 2-oxo-piperidin-1-yl, 2-oxo-pyrrolidin-1-yl, 2,6-dioxo-tetrahydro-



Rk and Riare (i) independently in each occurrence hydrogen or G _6 al kyl or
(i) together with the nitrogen to which they are attached Rk and RI form a
cyclic anwveedlold266s i ndependently in each occurrence z@CH/FPROWKNSHES or, a
pharmaceutically acceptable salt thereof Conpounds of general formula | can
be either neutral conpounds or a pharm#eeutically acceptable salt thereof.
The present invention also provides a nethod for treating a Hepatitis C
Virus b@ﬁdiﬁjlﬂyl,sz,hftfi@fd—i,Q[B,éhyetrbﬁyc&d;ﬁyﬂhﬁaiﬁrfj-mgarﬁ 2, hdtoapatridazalidiy- leflfadt i ve
quantity of a conmpound according to fornula | to a patient in need thereof.
The coRpbdngoderrhyéoamimmidsrkwbd al one or co-adninistered with other
antiviral conpounds or immunonodul ators. The present invention al so

provi di’ a nebywogdnof i alkbiy, Ginglyblisdaidatiyl.dfiHelpallpxy of bplogeyy

adm ni stering a conmpound according to fornula I in an anount effective to

i nhi bi R*HCV.is @Daifiie present invention also provides the use of a conpound

di to f la.l f t.1 titi Vi H i )
e RERTIRTE SR AR R (T AR TS R
Hepat i {8 1 &hid éﬁ%st(tﬁ@(‘?sdsye&t'éﬁ floff @€ kAU cohbistifOsmBMRskycan, MiroRdd, Riasdyer ed

al one or co-admnistered with ot Qeg antiviral conpounds or
i nmunordulyatooyslkyl, hdlhgerp (€HeRNR Ruention 1 akkoxpraskingbsatiaeoys N-of a

compoun f forml for inhibiti eph i 25, of  HCV 4 |1 or for
he matipger s Al safare b oF P he B 6 o B el Aedfi, o

cel | . WOIR0bA)1142656PCT/ EP2010/ 057958 -8- DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Theb phrase "a" or "an" entity as used herein refers to one or
nor B0 of(cxNRfR&ntity; for exanple, a conpound refers to one or nore
corrpouzg)shodr aat][l | east one conpound. As such, the ternms "a" (or "an"), "one
or more®) "% at | east one" can be used int erchangeably herein. 5 The
phrase (¢psisiehi ned herein above" refers to the broadest definition for each
group as provided in th unmary of the lpvention or the broadest claim In

ee

all ot %ng?ﬁ{&}[%ét;y%‘?\éﬁiﬁbﬁeﬁéf&/@°§h%ti“’tduents whi ch can be present in

each e@qghgﬁgge@&dcm h are not explicitly defined retain the broadest
ro

definition rded 1h the Summary of the Invention. As used in this

spets f iR%ik iimiepenwheati ar cach oacitrreans hydrogal, Cphalkgleoror in the body of the
claim the J10 ternms "conprise(s)" and "conprising” are to be interpreted as
havi ng t&’ﬁ%ﬁéﬂ?%d’é‘dhﬁgg% ‘Ffﬁt.’o‘*r%{ﬁ _21'5§%kyfq’i‘8 “ferns are to be interpreted

Sy NoNy TRYS S Wiidd NEFTAAAS RSO AAVE NalRicheast " or "incl uding at | east”
When used in the context of a process, the term"conprising" neans that the

processpd pglgedes a%né[\gﬁlﬁ {hettﬂt??ge?lgt%) LR ESthEP S aRYEnTBYe 4 BRI diAddi tional

st eps. en used 1n-the conte a conpound or conposition, the term

" conpr iisdépghddenelangbdtinatd bhenc anthomerglows iddependupdy istleand finol Gdedkdt hdlegest

the recited featufes or conponents, but may al so include additi onal
fea%QJrég(gHZEBWpBrients. The term "i ndependently” is used herein to indicate

that a variable is applied in any one instance w thout regar @ the .
presend® agd Pluglbs erfée ngependontly hwireediaGi-nglkyh & Balpplkyl Cas el ’fg?é%t“’herem
defi ni thon Wt hi a : [ cQ ndi-en, ywRich)RY
appear sktf\gvi(%feé13r?g(y?’gg)dglfﬁr%éogﬁgs?’q%égﬂiC&E@%gghg%ﬁgf ?grggog 0P3 ni %’r’(k)%eﬁ'ﬁ, bot h
R's canlkeyc@rdatil obt) BOREREah BR R, 1 o gliyicatamon o, chslkplearbambplh and
the other nitrogen. Wien any variable (e.g., Rl, Rd4a, Ar, X1 or Het) occurs

more t hRar@N, t i Mie iiilcpEndchily Ridtogdn, 10K alklyh (g pibtikyy GandcdeSOsRbivhgein
conpounds enpl oyed or clainmed in the present invention, jts d ;f gelc)tl on on

eachs odRUsierce alkyLi(hteperdrafeyldr) Cr<cyaloplkyl (fbycleatkylCot durrence.
A'SO,  4ikoxy-Cys alkyl or () SOL[C(R?);Jo.sNR*R’;
R'and R are (i) independently hydrogen, C;.; alkyl or (CH:),sNRE®R" or (ii) together with
the nitrogen to which they are attached are (CH,),X*(CH,):wherein X% is O or NR* and R is
hydrogen, Cy alkyl, C;3 acyl or C;3 alkylsulfonyl;

30 R* is hydrogen, CFs, CH,CF3, Css cycloalkyl, halogen, Ci alkoxy, Ci3 haloalkoxy,



25 conbi nations of substituents and/or variables are perm ssible only if
such conpounds result in stable conpounds. The synmbols "*" at the end of a
bond or " "u02000/14RGS6ugh a bond each refer to the point ofPCREPACMETIS of a
functional group or other chemical noiety to the rest of the nolecul e of
which it is a part. Thus, for exanple:-7-WD 2010/ 142656PCT/ EP2010/ 057958 - 9-
MeC(=0) OR4 wherein R4 =or 2:-< > Me(C(=0)0-< A bond drawn into ring

Syst emyiRgi® APRITR* Snd RIMEE IRdp@identPidddtdiCtomer eyl (I, Cab atkokhal, ot he
bond may be attached to anr of the suitable ring atons. The term "optional "
€

or "optuoﬁém%&“la§wﬁ§§daﬁ§ y#norRs dydraxaer: a subsequently descri bed event or
5 circ ance £ It} an udes
. 1n W il tak%ge evérll{’ grgi lQ ttO e%&'ﬁe C2 4 1r 2 an?%: q@ﬁﬁﬁ'b @[ﬂg hl@ i A

i nst an wher'e Ci r CUNBt ance’ bce nstanc in whicéh it
does nat,, al}’@&y,eh@adgmhgcl h)pirb;()ﬂlﬁ&yﬂ,)byﬁmbslt ¢ tufhedalkplanR f had thrtegciben witlal |y
substituted noie may i ncor porate hydro en or st ent. The term
"about 't q@HU§QH‘H@@%ﬂﬁyﬁﬁ”ﬁﬁﬁﬁxﬁﬁﬁﬁé&?ﬁﬁY P?“m?ﬁwﬁﬂg*¥%%ﬁ’n of, roughly, or
around. 10 Wen the term "about” is used in conjunction with a nunerical
range, Rt modindprandentht incaglyecayyicrse loidangsg. haleePotinddkees ohbove¥hd bel ow
the nunerical values set forth. In general, the term"about" is used herein
to nodiR’ RE andiRE eicialicpeatienelydbh oveh cosdrrbrsicdwdragen ot G1-etlkvlal ue by a vari ance

of 20% As used herein, the recitation of a numerical range for a variable
i s int&lded R'o comezyiﬁdhpéndbh@y ihSeachventricoce lmi,togml @rGaetikyédr wi th t he

vari able equal to of the alu S “‘th'ﬁlégﬁt qg . Thu for a variable
whi ch K@ymﬁﬁéﬁéﬁﬂ$§de§¥F@ﬁ%“’ Vﬁ??&ﬂ? 49 %ﬂ??afgsﬁﬁVlP%teger

val ue of the nunerical range, including the end-points of the range.
SinQamy, fipindapapdenthnineagihpedicscs R etHfaeyOont i nuous, the variabl e can
be equal to any real value of the numerical range, including the end-points
of t he arphageacepscadly asseptadllesaliahegef abl e whi ch is described as having 20

val ues between 0 and 2, can be 0, 1 or 2 for variables which are inherently
di screte, and can be 0.0, 0.1, 0.01, 0.001, or any other real v lue for

var i abl(GmmHmeno beacrh el | Sandisrithasssdral compounds of a pharmaceutically

acceptable salt thereof.

The present invention also provides a method for treating a Hepatitis C Virus (HCV) virus infection by
15 administering a therapeutically effective quantity of a compound according to formula I to a patient in
need thereof. The compound can be administered alone or co-administered with other antiviral

compounds or immunomodulators.

The present invention also provides a method for inhibiting replication of HCV in a cell by

administering a compound according to formula I in an amount effective to inhibit HCV.

20 The present invention also provides the use of a compound according to formula I for treating a Hepatitis
C Virus (HCV) virus infection or for the manufacture of a medicament for the treatment of a Hepatitis C
Virus (HCV) virus infection. The compound can be administered alone or co-administered with

other antiviral compounds or immunomodulators.

The present invention also provides the use of a compound of formula I for inhibiting replication
25 of HCV in a cell or for the manufacture of a medicament for inhibiting replication of HCV in a

cell.

The present invention also provides a pharmaceutical composition comprising a compound according to

formula I and at least one pharmaceutically acceptable carrier, diluent or excipient.



Compounds of fornula | exhibit tautonerism Tautoneric conmpounds can exi st
as two or nore interconvertable species. Prototropic tautoners result from
t he m gr avoenlopf42@6coval ently bonded hydrogen at om bet weEH/FPAD0ASTING .

Taut omers generally exist in equilibriumand attenpts to isolate an 25

i ndi vi dual tautoners usually produce a8ni xture whose chenical and physi cal
properties are consistent with a m xture of conpounds. The position of the
equilibriumis depenggiA QED DEECRIPTIIN OERTHE INVENITHION! ecul e.  For
exanple, in many aliphatic al dehydes and ketones, such as acetal dehyde, the
keto form predom nates while; in phenols, the enol form predom nates.
Conmon Thie phoise 061 @ ‘talitwite ps useddicuderdiat ¢¢ emodr HorCofdhat Optityt fop cxample, a

-C(-0H)=CH), amide/imdic acid (-G =0)-NH -C(-0H) =N-), an 1 di ne.,WO
2010/ 1&9@88%%%@&%0%%@ kL aiegst W%Q@%@Rﬁéﬁ“?hﬁg%%gﬁ%y% The
latter vwanay eoRadthEk amhl Y Clemrene dinRtesPREdthaapshtiehatacyclic rings and
the present T nvention enconpasses all tautoneric forns of the conpounds. It
will be appreciated by the skilled artisan that sonme of the conpounds of

for mul ahk phiBe Caxietingd heroieabore Tifees oithe Atoadex tefiistiom tbrichelr ghoap @s proivatedi n
two or nore stereoisoneric, forns. Th@ﬁrac,ermm oh thq% .1 soners he

i ndi vi duthe Susepay o L ahnreation s shebrppeaskeaih | Shddiret entyproyide a5

di ast erbg%%}?rsﬁbsm%ﬂtst\pEEﬁcﬁ{ e ér@&n@ﬁi arh ABOUBISt a’NWhith XEdHoRexp@idy al | y
enriched wth specific diastereoners are wthin the scope of the present

i nvent idefined tetain tHe theadestrdelieitioappoedédainglie Bymmary gfikhe Invgniaen.i san t hat

substitution of the tropane ring can be in either endo- or 10
exo-configuration, and the present invention covers both cqonfigurations.

The pr serred imthénteeificating, nhedicnin a wHsitiondl R r sthebegy ebhscipethg.

enant i [ Sl I G or, pant.i: %%Jg ' r FnehhiBo.
corrg(%u%gr:ﬁwofc O?Bfﬁrgﬁﬁpaen{n %M&rg\fﬁer&é@o‘gg&l@%ﬁ%@ g,%ﬂtl e %%:h éiﬂdézlgle&)t §ut o%reri C
forms tihar Bothe tdhs at@nermhespre@d sheonysedslgsviguibh pbrasesdthahieg rekadtVed i nt o
their individual isomers. The 15 resol Lflti on cagl%??fford st ereqchem &aa!th%/)

pure comsoisrmsatdeash Yhenasediythe ARUHCTLPT S HECEHS: s 18T ST S INEVERFEY

separ at -r? %s %{nci SIRNS, B R r&ﬁ!e@ Osf%'ﬂ@,‘é%t Vﬁ\%P indhdd QRTonbd stbps. WNnkkéPthe L. 1N

"Topi c t ereochem stty ey Interscience, 1971) and incl ude

physi cabonteet ditxdsorspenind as cahpasititip theapiny "esiprging ' chdanathabths gegaund or

I ndi vi dual isoner an be prepared.in chiral for romchiral precur.sors.

ALt b3 o Pr ion ARsTasen et Qi oS ob Baporiial: RHAMsCaln] Peps 3ighog

M Xt ur ecfyrc OF BdrAgohast ereoneric salts with a chiral acid, such as the

i ndi vi dual enantioners of 10-canphorsul fonic acid, canphoric acid,

. al pha. - bronocanphoric acid, tartaric acid, diacetyltartaric acid, malic

aci d, pyticrteinh tigdependealyd dxiydet he@di @, indingte tie alviakighle isgpptiedmadnlyyone instance

crystalljizing the salts, and then freeing one or both of t resal ve

os  WHILb HERI o ByBaRinG OF HCHOY donib My RssRE mEPE haITEsHT G ion

subst anf &ha co d 1 @hit R RMaPAM G 8NPl dERhedZR

purityq%@ﬁégﬁﬁ%hﬁﬁ?epﬁggﬁeg%§ tﬁe r 8g%ates]Can gg&%bvafen%[y Iiné%d to a

chi 2@l "Galrpentdedtly aarkoh baniyrpged, potbRi's candbasirbore bty R"swian bh ngeageheoroap & 'at ed

by chromat ography or, by fractional crystallization after which tinme the
GOLERrapy and el

chiral C4f 8" enpved to afford the pure enantioners. The
conpounds of formula | may contain a basic center and suitable acid

addi ti S f qrinpa ' ' - | SRS,

Searpl aengf Sy fleBistl ATR, AFT el bR R b L S-or

hydr obrforfdle depigtii@hmabddesibiag bempeierds bmpiuyde or tlathaein tbapriesing invionsar, fitat e,
nitrate, WO 2010/ 142656PCT/ EP2010/ 057958 osphat e, hydrogen phosphate.
Exanpl edefigftionan cachpcairgass & Heffqpagfqnheﬁs %@%@W&t gvery 8?,%‘ gf%ﬂ,np e&aﬁofé@&
aSprt Al SbiRERYL BF SibsGREROIAY/Er vAR SRS BRNAL Giiss HAEMY ¥ Rich By@pslrkds kaatase, D
and L-tartrate, esylate, nesylate, nalonate, orotate, gluceptate,

met hyl sstdflat@npatdar at e, gl ucuronate, 2- napsylate, tosylate, hibenzate,
nicotinate, isethionate, malate, naleate, citrate, gluconate, 5 succinate,

saccharate, benzoate, esylate, and panpate salts. For a reyi ew on sui t abl e
sal ts sBee Borhgss '8t ahthe end opmherdhor 'S¢ 19¢rangghrough abpad eachgetepi fhepghl et
al . J. 7.:50; ' - SCH b in
nave 1 He iaglog & A3 A or WA eRIcaPRGIERCIOR ol 6 e R MRRAALE

t he pr eg&nd pdrnTdog,ifoncxpeplai ns, unl ess ot herw se defined. Reference is 10
made herein to various nethodol ogi es and materials known to those of skill
inthe art. Standard reference works setting forth the general principles
of pharmacol ogy include Goodman and G | man's The Pharmacol ogi cal Basis of
Therapeutics, 10th Ed., McGaw H ||l Conpanies Inc., New York (2001). The
starting materials and reagents used in preparing these conpounds generally



description and exanpl es are obtai nable from comerci al sources, unless

ot herwi se noted. General synthetic procedures have been described in
treati se Woehiag2636eser and Fi eser's Reagents for O ganPCTHPRe10os19s§ W I ey
& Sons: New York, Volunmes 1-21; R C. LaRock, 20 Conprehensive O ganic
Transformations, 2nd editi on WI ey-VCH9-New York 1999; Conprehensive
Organic Synthesis, B. Trost and I. Flemng (Eds.) vol. 1-9 Pergam)n

Oxford, 1991; Co rehe4n3| ve Heteroc lic. m str . Kat tzky and C
W Rees (Eds) PerGoR WeEHRd™ 19 bl T ﬁr'\é‘l’%ﬁ@?% terocyclic
Chemstry 11, A R Katrltzky and C W Rees (Eds) Perganon, Oxford 1996,

vol . 1-11; and Organi c Reactions, Wley & Sons: New 25 York, 1991, Vol unes
1 40 and [

7 sot opor il sV @Rk Prehad %?%f‘%%éghﬁ%téd?g‘é@ﬁ%@@%iaaf%@’é}““*’%i& SRV n the
i sot opibond enp bsiatthdrd tdenyeof th¢ bWRAR Sopgemdi um of Chem cal Ter mi nol ogy 2nd
Edition 1997). Isotopologues can differ in the level of isotopic enrichment
at one or nore positions and/or in the positions(s) of isotopi¢ enrichnment.
WO 20107he40858ROTIEPL0 Tt st gs-used herpia ragams Hiss b sUbSTRRNtY depcsihee cvent or

enr| hnent factor o o t asite

Curarupr A e R ARG I REARE L cRbuch Fih e RN AR i

var i at icoention cirﬂﬁnﬁ@rweei’ci:mﬁ@ ifsentesah watidiei dbdfsermtt Rer dasiptndo@ansily es may
occur and these variations can result in the forpation o{\ 450t0 ol ogues are
wi t hi n sehditeedpacyp thedhcortonaty s helia a0 Belt e FCOMCR . AV RN fact or at
sites noffesignated as deuteriumor "D will be Iess than 49.5% and
typically significantly less than 49.5% and nore commonly | ess than 20%
Since the natural abundance of deuteriumis 0.015% these variations from
t he natpfecabdny"Hogeryeediexet o ﬁéax%?t@ﬁmumwwﬂ {henetiohak eowghia e ioahd. ef f ect
on observed bi ol ogl cal properties t he conpounds. 10 Unl ess ot her

st atd, Wiktethe serposbeiiors wssd axptigictipy wath 4 %nqr&ak 1apgeidsmgdidesthaheang Yo or
"hydr oge rat g ur al
abundané%ndglggg%%)%u%g glﬁrpoasblg ?’é Bnd éelﬁﬁlﬁﬁlmr %C\%l ls;elfjh\c{)eﬁlé S? ?q%% %&Er il/tet%et 1}%?1?1 ous
vari at i"ghsutt Qmsé@ﬁéibin th mwainﬁyhmﬁmtcbleiahm ghooc esd bsow Thestated vallk Sgtopi ¢
enrichment factor" as used herein neans the ratio between the isotopic 15
abundan@gaRc B 28¢>-a specified position in a compound of this invention and
the naturally occurring abundance of that isotope. In one enbodinent of the

pr esent |nv tion there is ovi ded .a_compound i t

wher ei f*Y ?‘%’Pbﬂﬁe re&ﬁarqo&?ﬁgﬁ]fm}e%?l S 1&8{ ﬁgartlaer?]bu{ljt ﬁ&d i3 {)8\%%11& tﬂlﬁf east
33005 (48vétbn mk9 RVRhHicadwitarid etable, eqhblletolaﬁsbbﬁﬂieWaﬁféﬁ MﬁﬂhﬂEﬁhﬁt rfaagé dtu$,or
the tert-butyl refers to the aggregate of the three rrethyl grou nd the

met hyl fgr evpeabie whishtis Phcrssdedbaigts Huaarbesen Yo cqus! tr HeTNEREO tett ae
tegflr ghlr@ﬁfeqrfﬁéll r?ugge iR a%:ﬁn %e ?38 LA e R gg ik, o Rf%lﬁe ARk @' c

or e errum present at a 'si'te desi nate as a

pot ent iiahershttyecontingiauisf '@IE attigle o bémmbmmmehlcvﬁluatofﬂeamtme@ﬁ@l}a(l@@%
deuteriumincorporation), at |east 4500 (67. SOB’ngterE n% orhatl on), at
| east 5ooBdinzshs Adgreints Qhjhe range Agap eg@g@le(@ar ek S aﬁ%‘f d'as having

| nCog pox;(agge'é ccf0. 4n§3S EarBRAP 1(FP%g @Mﬁﬂés%lblﬂ%ﬁﬂ%éﬁt gqmoret@t and@as be

633 uteriumincorpdration), at least 6466. 7 o deut eri um

i ncor par.ata. hr())Ol 8100l parsitny B0 rééﬁgafhldémmarlaulm thd)rapﬁamtmeoﬂy comnugps.| east
6633. 3 (99. 5% deuteriumincorporation). W 2010/ 142656PCT/ EP2010/ 057958
-13- X, X4 R3

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
hydrogen atom between two atoms. Tautomers generally exist in equilibrium and attempts to isolate an
25  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- 5 -C(-OH)=CH-), amide/imidic acid (-C(=0)-NH- 5 -C(-OH)=N-) and amidine



wherei nR2, R3, R45 , (15 X25 X3 and X4 are as defined herein above. In an
enbodi nent of the present invention there is provided a conpound accordi ng
to fornmul&OROWMEEEEN X4 is N and X2, X3 and X4 are CR5; POH/ERZ01Q0F79%® are N,
and X3 and X4 are CR5; or X4, 5 X2 and X4 are CR5and X3 is N, or X4 and X4
are N and X2 and X3 are CR5; or X4, X2]0-X3 and X4 are CR5; in particular X
is Nand X2, X3, X4 are CR5 or X4 and X2 are N, and X3 and X4 are CR5; R
i's (a) @&dekernpasylcERERGAN-)salteated The GMet Koo @@apictRRlyidiintg iafheteroaryl
pyridinyl, 2-oxo-1,2-dihydro- pyridin-3-yl, 3-oxo-3,4-dihydro-qy£azin-2-y|,
3- oxo0- 2n@hetetpgsielis pRasiagd 2haprgsopf InvontipNENLOMpaspes all tautomeric forms of'the
dihydr%bg¥§&g%din-4-one-5-y|, 6- oxo-1, 6-di hydro-[1, 2,4]triazin-5-yl,
2,4-dioxo*1,2,3,4- tetrahydro-pyrimdin-5-yl, 2,4-dio xo -3 54-di hydro
-2H-pyrimdin- 1 -yl, 2-0 xo0-2(H)-pyridin- 1 -yl, 6-0 xo0-6H pyridazin- 1
-y, 610w PLe Bl RYdtEdhFHHR sk iled ¥Hisark 1t X6ne SHHhB ¥bpbirds b fotmulPBinki Gormtain
pyridinyl, 2-oxo-1,2-di hydro-pyridin-3-yl, ) )

2, 4-di onool@rSshiral etnterhyod thepafericrexist i tSoyor ragrg serepisgimsxig-forms. The

di hydr o- 2H-pyrim din-1-y1 sai @& heteroaryl [ L l. i by
hal ogeR2CERs qgﬁ%??PngxtﬂfﬁnﬁgFﬁﬁfﬁ% ?¥€ﬁ?§ngﬂﬁggébg%g€%éﬁ§%%%%%Eﬁﬁgg

X- ( CH2 )1 BNRaReere i@t inthic & thodé aldalvo@RIal Chrefs, ahdkixtuk p&itiaBy ahkauey vtk (b) a
het erocyclic radical selected fromthe group consistin

.,.0f
2- oxot épfpcéfﬁsyd[i!asje@ymefﬁ adp mathinythe S@pg)@élherﬁrgsggb}qvgm&nl_Iy}gv}ll be further
2- 0X0- %I)?gt %%Ee:d;h}/;tgy Lkinds %0 ! tﬁ?ﬂ@b%‘cﬂgﬁojgﬁ'@? giogane ring can be in either endo- or

2,6-dio Fo-pyrim XO0- 1 azolidin-1-y1; R2 is
hy dt®geRre-cGhfiguradidn0xyd thehréeat ikydntio€toerk bbihaokfigyra@ins6 Thapesdric axynigen
hal ogen; is. (a

20 R3 a). aryl, (b) heteroaryl, ) NRaRb,. (d) hydrogen, (e)
hal ogennclpdesgdithe drvagual ét)ereﬁf*s?mers(é)g- @eésg’)ramf; 6‘@1@51‘? S(Oé)paﬁﬁlﬂ?Sgen
wher ei ' ' tweRahhproh e RRO GARLHAL
substi?ﬁ?@éqﬁﬁ%'r%ﬁg%?gbtigggﬁéggg¥#?§%gﬁ?§‘ggﬁgcﬁ%ﬁbfrdn1the group
consi sttauigmofic ForosdbergofC1l_6 al koxy, Cl_6 al kyl, Cl_6 hydroxyal kyl, hal ogen,
(CH2)"NR Rd, cyano, Cl-6 al koxycarbonyl, carbanoyl, N-alkyl carbanoyl,
N, N- di al kyl carbanmoyl , (CH2), CO2H, SO2NH2, 25 Cl1 6. al kyl sulfinyl_and ClL 6
al kyl sUlticaagamatesrcap de used asauchar e, regadyss) imiqrehEg indjrdvadise et sThhe, or (0

- X g) R i . i i i - >

o SRR AR o EOBREIFERE b, SHERESENR e

al kyl ergordrs.t Methls feSicparesoroef ishrhés aentelthmdyong:/ akléingir M. lalakg [EénkeE. IRan and
Rb along with the nitrogen to which they. are ached are a .

2010/ 14%88’@P@T$@F329]1@71®’53’7 95(9?-612{‘-’1&63}81#%91%’@%% BHH%PWIC\?{\E%‘%@P% ed

by, G _Sgcﬁ5§(é1ﬁonlpt§%ga%§9 %gﬁ%ﬁ%mrh%&&m. iIﬁHipi%ﬁﬁli i63th@s c&ﬁ%ﬂfg Rin Mh@rein n

is zero to two, re 1 ndependently hydrogen, G kyl, Cl-6 halo

al kyl , foitB fiBythiraChroduisatsf arligmatigelyendiaiduabibmers ghn beyskpargsd ghémically from

cycl oal kyl sul fonyl ,. . 7. cycl oal kyl - 3. al kyl-sulfonyl, Cl:6,alk -Cl-6
) kaP e i b Rashingghimbieroge 8 s WG meh it S R g A PRt
i n par tdrqul @hphSrshFomy dEidI&MRe: Beidl 31fEa -Brodidlch@pdric f3ad, dnthridachll e

i ndependent |y hydrogen, Cl_6 aIkYI, Cl_6 halo alkyl, C1_6 acyl, Cl1_6
sul f onydigceqitagatiahdad ylicsadid, puyplidar-SFearherdis deyd. aud therlife, frasionally

| oal kyl -C1 3 al kyl-sylfonyl. C 6 al Cl: ‘
R “ana yalireE S R e g p RSP e O B ren BB AT
(ii) t Qg(@&géa;g,rso% bbtatrh@thei b QAR Buliseinvihil g Breé bEMe atter;dtet, de hdetn@h®ving an optical

(CH2%2 ( 22mherein 10 X5 is 0 or NRk and Rk is hydrogen, Cl1 3 al kyl,
C1_25 aayritnef ©15%. Alltrynasiusly shstacemgensia brrFoxplgntiniRisdiaashiry corpeye

occurrence,. 0 ry: 1 td 1 [1S
R 4 T o e IR e S R I i A S
hal ogencry$tdlliatdinkedicy which tBndithk chirkioxyiliary SRhEAlTRAY radwercditm aff¢id)thpuie4h and

R4® are i1 ndependently selected fromCl_3 al kyl, Cl-2
enantiometrs.

The compounds of formula I may contain a basic center and suitable acid addition salts are
30 formed from acids which form non-toxic salts. Examples of salts of inorganic acids include the

hydrochloride, hydrobromide, hydroiodide, chloride, bromide, iodide, sulfate, bisulfate, nitrate,



15 al koxy, Cl1_2 fluoroal kyl, C1_3 hydroxyal kyl, cyano or hydroxy; or (ii)

when taken together, kla and R41 together are C24 al kylene and R4" is

hydr ogen,WGR20B/¢d¢l , Cl1_2 al koxy, hal ogen, Cl1_3 hydr oxPETHEPRO10OFEAD oOr

Cl 2 fluoroal kyl or Rda and R41 together with the carbon to which they are

attached are 3-oxetanyl, or tetrahydretlwran-2-yl, in particular R4 is

CR'R4bR4c wherein R', R41 and R4 are nethyl or R4 is trffluoronethyl,

3, 3, 3- hhbPhHRr BRIrbYdn 1hosHRa RELRdlcWTe i IR 6F dRgani@Bcifdihc mde afMate aumafdtl or

CDs3; R? ighi ndg%iern%en%hl y&?n eacﬁﬂgeccurrence ydr ogen, hal O?%[%Sj aﬁ%[FG al koxy,
S

or Cl_®ampkigl aspxtite hepratseprdanatsy bicarbogats, cemylaie iandldict

i ndependent !y in C r enc y C ny .
nccopt 3B s lie AEFURS YRR GoffE bt B P REMTRO MR R ¢ 1
provi dedps/ a6 mpoluned hiswaid) migotinatd dethibmtd, malee, enaledRy ditsaté,@lucangte, or (b)

het eroaryl, wherein said aryl or said heteroar are optional
i ndepefHEHA sagaharafe, hewga '?Wlaé?xé‘ngﬁamﬂ?tééglé%hgﬁ‘?’EetYfe P1LS @Lé@?gﬁseﬁrom t he

group ‘ié%?%é' éttdz,rbgg%@b!yﬁ%&ﬁ%ﬂ 61189 ahdexy, pdalcl@nalky! 7. e Claydoeuyal kyl
hal ogen, tyano, Cl_6 al koxycarbonyl, carbanoyl, N-alkyl carbanoyl,

N, N- di alkopbear bamoyl , car boxyl, SO2NH2, C1-6 al kyl sulfinyl and 30 Cl1_6

al kyl sul fonyl wherein n is zero to three. WD 2010/ 142656PCT/ EP2010/ 057958

-15- In another enbodi nent of the present invention there is provided a
conpoungckmed ngil agjertic termapsgd hawiehayexhe %aW%WQPIYX@dﬁﬁEPW@Y% OER50r
X and Sgl%]f e %toaxggicﬁ(ﬁleygseéﬁ inQEtio rtalng,l‘uﬂlés RN RE A8fivdd. RAREGRL is

sel ecte rom the group consisting of pyridi nyls,

2- OKP- Inatedichnl toopytious netliddylogic? add diaost@islkidwd, td-thest oé biyit o thpyari. Siedidards- y 1
and 2, 4-di oxo- 3, 4-di hydro-2H 5 pyri, m'_Igi n-| -yl said heter ogr é bei rgg

opt i ondPiciensepetiststted iyh Higi esgea! PEriBeselaermagolagy igelugie Qé.m%&al}

hydr og , | Blsid & BiePRubi&L | G VB FawHEI QorhpMlies IR3., 1 S
aryl, ﬁgla]%n %@ﬁdligdégl%%lrogﬁg}l B(;%Ségngmﬁgrdg%ﬁﬁ%éi% ar yl i S aopti ongl Fy e

i ndependsnivoyk @O0} i Thetsewting triatevials and redgents usetbisthrenarioptiese edmpewdsf r om t he
group consi sting.of hal oge (CH2) Nl el t d, ,wher ein IS .one. | nd al ong
wi th t HENFRLY 8 tﬁ%%ﬂ?@ﬁ ?“Pﬁb‘f/or%%‘ﬁr%ﬁ‘ f%?é’tl.lg‘éf’ N aﬁr‘l\é%‘f}\ Qﬁ%%gﬁeéoop?ﬁ%g%m ly
10 saibstitatesl B¥neakidv 0 t88scOkAKASH tHRASPBNER I prosurs sedofth am
(CH2)"NleRf wherein n is zero to two, ClL 6 alkyl or halogen. Re is hydrogen
and Rf refsra@ie Matcfinknytagenry andgha il wgehiclareferracd aye arde istheflolgingRa" i s

trifluoyonethyl, .3, 3 3-trifluoroet Qr ' r el ] - or CD3.
RS is i H%B)ilﬁ\éélﬁg F§aqlfﬁese%{8 ﬁlbt)éé%acé%r%%%emﬁv%%@% gﬁlugl%eg%ah&r@ égg(ﬁg@'xy, or
C1-6 aldatleral TRithet@ fRoeidiRRthal O6écudRScribep hiatrome vidlcal Aiyseaand piabt’e sal t of
a conpound included 15 herein In an enbodi nent of the invention there is

pr ovi defkageniofiddiganisctbigiingViley Rovansl ey Xk ¥olmes 11d: Raf- kpReckor (b)

het gf 0 | erej j saj i )
aShendihe PhTREE RS Ay flagdR BndELERRTIC,. BURL BB OB 4 ¢ 1 om the
group cCnsprehémye@rghyidSonesi CB. Aradt ok ¥, Fl€hing (BHkyVol. GO Ferpymimo Oyéirity | |

hal , , Cs alk bony!l ,. carbamoyl . N- 20 | |
NN G 920 Camihepe R BN Clseniin & RaTAPRYMELE T SRS imon.

al kyl SUbLNY ot 1: ol aRh0yE AR Blic ERASPE N, RIRGIHABNINGTS. Whe

present 1 nvention there provi a conpound dccording to rmul a |
wher ei Rt (Eds) ReagachoX20xK3d 4996, X4 dr E ; @R OrR@i¢ Seqaaipnpidigy &simstNewt ed at

| ea Sﬂ Rd at ,t he, 4-positi.on erein.n.is,.zero or (b) NRaRb. The

phr zé eb%{%r%ml, Sggieqs?laﬁll(iﬁfld wﬂf)be farnifal tgwtlxose skilled inth& art.
The term "isotopologue” has been used to distinguish species that differ only in the isotopic
composition thereof (IUPAC Compendium of Chemical Terminology 2™ Edition 1997).

Isotopologues can differ in the level of isotopic enrichment at one or more positions and/or in the

positions(s) of isotopic enrichment.

30 Variations from the natural isotopic abundance can occur in a synthesized compound depending

upon the source of chemical precursors used in the synthesis and form isotope exchange during



25 at least by (CH2)NR' Rd at the 4-position refers to (i) wherein
unsubstituted positions can be further optionally substituted. The phrase
"phenyl SWb20iw4ee@d at | east by (CH2)"Nl eRd at the 4- p®€ir{EPee10/08T988 s to
(1) wherein unsubstituted positions can be further optionally substituted.

I n anot her enbodi nent of the present i-Bention there is provided a conpound
according to formula | wherein le is 2-oxo-1, 2-di hydro-pyridin-3-yl or

2, 4-di @P@sy%tlﬂesﬁi s Rotdbicvkic et fdfodoftaclPdeuterium present at a site designated as a

2, 4-di oxo-1, 2, 3, 4-tetrahydro-pyrimdin-5-y1 optionally substituted by

hal ogelﬁlte @ﬁdﬁﬁltqﬁﬂkfm is indpprixizRop fidepEBE PORt Eﬁ‘?l)&@s@&fﬁ §9GC vargatiogyin ghen 5| oa| kyl

or I 4
L L S e L L ST
anot herhefsbagiicrest issxbpdlboguap Leseithin |t1ﬁwmope ofitht hempoumismﬂanmedidblemwmmnrpou nd
according to formula | wherein RL is 2-o0xo-1,2- 1“ dro- pyri 'ﬂ%%ﬁéfl’

2, 4-Xi GRGcIgnent RRId stPHopgesighagRdas eutsrigmpr %betess lan

24d| f A 11, QAR Aogubst i t ut ed by
hal ogenm%)&bégj}é ﬁtn%cl:%gg 398%6{ Ii‘gw@?e &M&Ogﬁl&ﬁy, IJX2I()/|§s N and X2, X3 and

X4 are CR5; R3 is phenyl substituted at |least by (CH2)"N eRd at the

4- posi tgige MORAtBIaD abundenceIT@caReluids 09164 aRd VarrathﬂSZfrWneh@hnu(aﬂ)r oB4ayedR4b
and R4" are CH3, CD3 or fluorine or Rda and R4b toglet her are q(fa kyl ene
and ( b)ewRis ofideutctiug willaat haia matgrinbsdect ampbigeyed tralogicahrappseliey ®e ~ cyano
or Cl1_2 fluorpalkyl. 10 I'n another enbodiment of the present i nventi on
there i's I’OVI ded a conpound according to fornula I wherein RL is

2- 0x0-1, 2-di hydro-pyridin-3-yl, 2,4-dioxo-3, 4-di hydro-2H pyri m din-1y or
2, 4r6li Qxfegk o%éwfsets@&erdamgﬁ QPBMﬁbI'iﬂsCyXthEiﬂy@)r Qﬁ%ﬁc@t%aﬁésYgrﬁtbﬁikl"HUbed by

hal ogen, Ci_6 alkyl, Cl 3 haloal kyl or is N and X2, X3 and
X4 are "GREpgRY, ﬂs iSRRIt i@ DRIy te RawcRasiragen at it natural abyd@pesr i9tADICa) Rd4a,

b and |
§|4ky?2 ﬁgﬁ%ﬂﬁa?%yv%he P@Vﬁfné{%trs(éhien Wt Bgl \kf%f(h%oﬁﬁaa[n 1%9&1{ E%T t@é ?yr&l?etfcjz

hydr oxybde¥des. cyano or Cl-2 quoroaIkyI In another enbodlnent of the
present invention there is provided a conpound according to formula |
wherein le is 2-oxo0-1, 2-di hydro-pyridin-3-yl,

2, 4- di OMw- t&xxﬂ"l@btbyld remu?ltfh@y factort iapuded horein means the ratio between the isotopic

24d|oxo 4-tetrahydro ri.m di n-5- tlona

al bertovedtings 8T Ry & spiet noshibnda g gt B APRakyY o3 TReIRG 33, s
and X4 &Eﬁrﬁ'?%bmﬁﬁnb§oﬂﬁ§t%toﬁ@ en&nl cistiinknt 69@E PedschtSnedneibh eheddrisne
substi t ut ed Nl eRf wherein nis zero to two; and le and R

i ndepe rmtemiwa h@'rdpwg@racccﬁ,‘ﬂlnﬁ tefaeptula Evherciathe dokapic crEpPRBNRIEEPARIRETS ( a)

Cl_6 al oy (

cycl oaltﬁ%}(l n&?lle I%PtlJy?St %(Z(f 4%14 Ca jlcioxyd_a?’ %‘% g‘%y‘r ¥lléenlé&aﬁ”|%§“§ R
K and () thi4av-bR4D rdnd t6¢he bR oSS t1ERRRE ridihidrigkdigsand Réamethdl gaeéaﬁs)are not
together are C2 25 al kyl ene an§ (b) R4 is Cl1L_3 alkyl, Cl_2 alkoxy,

hal 8¢erpssasted3ndgngndsaylal kyl , cyano or C1_2 fluor alkyl. In another
enbodi mrent of the present i nvention there is provi ded a conpound accordi ng

to formula | wherein le is. 6-0x di h 2.4 triazin-5-y1: X. is N
and X2, ghes ORI ERE. e s REOVERS SRR P e BT VEREY Ryl
(CH2), , MR Rt fadtbefod e@&%ehte@ﬁn%l@§&ﬂt Bt NsiteSdeé@hfed adpotential site of deuteration
2010/ 142656PCT/ EP2010/ 057958 -1 I n anot her enbodi nent of the present

i nvent i @nthe hempoulsi qfrablﬁlaste"(ﬂ)oﬁ (eWmsleutstuadeenrperadon) oatflensh ) (07 wherein le is

2- 0xo-t r| m N and R3
i's phen (%I {e?ﬂ IPF? )[ Plg Stg)%o H%ﬁ%‘“ﬁ%‘%ﬂ ]teabttétsaég%p%%f’tﬁl on%er einn
is zer andrﬁo@ﬂ@ﬁ)h@trlemom oBng déifterid’llﬂlﬂébmﬂionb niy &kt 6363.’(3?'(95% destepinovi ded a
conpound according t formula | wherein Xl and X3 and X4

are CR5NCEBOjaO)ay! IBWé ﬁfrq% S0P ﬂ?‘ﬂ?@‘&”é@cmé“t‘mﬁyﬁ(I@SFZ@QONP%/% dputgriuhe
4-posi ty hg&pmﬁ&%', Br & 15t 6633 @95‘)&1@1@% ‘incorporation).

In one embodiment of the present invention there is provided a compound according to formula I



I n anot her enbodi nent of the present invention there is provided a conpound
according to formula | wherein le is 2-oxo-1, 2-di hydro-pyridin-3-yl or

2, 4- di oxdWe,2410¢i4kepdr o- 2H pyri m di n1-y1 or PCT/EP2010/057958
2,4-dioxo-1, 2, 3,4-tetrahydro-pyrimdin-5-yl optionally substituted by

hal ogen, Cl_6 al kyl, 10 C1_3 hal oal kyl-I® Cl1_6 al koxy; Xl and X2 are N, and
X3 and X4 are CR5 and R3 is phenyl substituted at |east by (CH2)"NR Rd at
the 4-position wherein n is zero or ong. KA another enbodi ment of the
present invention there is provided & cdfjpound according to formula |
wherein le is 2-oxo0-1, 2-di hydro- B» X3-y1 or

2, 4- di oxo- 3, 4-di hydr o- ZFprrlnldln‘ or U

2, 4-di oxo-1, 2, 3, 4-tetrahydro-pyrim Ryl optionally substituted by
halogen Cl_6 al kyl, 15 Cl1_3 hal oal kgt or’ Cl_6 al koxy; XI and X2 are N, and
X3 and X4 are CR5 and R3 is phenyl substituted at |east by (CH2)"N eRd at
the 4-position wherein nis zero or one. In another enbodi nent of the

pr esentyH.nye RN IPNRF &1 K2 PROMIddetr8 a6 Q8RR MErae swdi ng to formul a |
wherein RL I's 2-06x0-1,2-di hydro-pyridin-3-yl,

2, 4- di oxo- 3, 4-di hydr o- 2H pyri m di n-1y or

2, 4- di g an tmBodintent &mlaﬁ)ydiémqﬁwnhml cliche B-pydvidgt d mmpdlmdaudmdmgmm ﬁﬂniujal

hal | kyl al kyl C | k d
and %o TR a1 S GHECRY FET Bha RS G PRGN, #ORR X (RSP -ai

Lhe & BSOS Ay B@'a%lg@d%ﬁ%@%gcw%&) XRARE o R and

Rde "ar é uori n€ or ether are C2 al ky1ene and (b)
R4 i s a€dCRS ahlpytticulat X3 iaNkoa X2, K%,Dﬁg@aCRébrX laydl X6 aycelN karld, X caradr®’ oe C1_2

fluoroal kyl. In another enbodi ment of the present invention there is
prOV|déHRa conpound accordlng to 25 formula | mhereln RIL is

2- 0xo0- 1, 2-di hydro- pyri di n- 4- di oxo- 3, 4:-di hy r|m

2, 4-di d¥os (@2, @temrékr@éwylcﬁe&?ﬁerrt}ﬁl H}ergreumm@ﬁf%ﬁ IP yﬂz @dbgp?‘?d éllhks@f

hal | . d X3
AL s i A O e S
Subsg i tdﬂmﬁtﬂo-lpyn(n(d-ﬁﬂ dMeeRfl, \Mtechel ,6-dihyidso-Fle? é]ttmmm-\ﬁml 2ddlide-hagd.4-

d dently hyd al k hal o
R I

cycl oal Ahkidl-vi( &b 96I:ﬁ ik 1 - RMLpy2iGn articular pyridinyl,
2010/ 14(}; SRRty EbxoleLEp e is(%—RzéﬁlgMbR ¢ and (apR4a5 RIb and K

are CH2- om,ardﬂﬁydmrplynéme} yRAa- élndo-FRA?Iﬁ #-ogethiydro-pyrenidin- é—l}’kgﬂde?}é denm -8 R4

(T usr oty 2m- Syt f R Vaig Bl R ne Mo b Ty b oy U BRER et
pr OYS dg g%&%lm@mqs M ﬂ'—(‘@-lzl)l%C@ZHHrrKU(@HE)Z MRFE]P ﬁ‘l I?éili;lcul@f hal@@eﬁﬁfClc%l’ e

CR5and is N'I'n anot her enbodi nent of the present invention wherein X1,
X2 and a¥dylaoreC (@GR ox:a(bb 8 hferqryclicsradigyl qﬁllﬁéwll frogp Hhergrown exnsisting @h410xpy

CH at the. |on NRaRb. ph e
(phe%ywag§§QF1PﬂPgéﬁ% Ieag Hﬁﬁg%iﬁ@*ﬂﬁpzég‘{BPgﬁd@bp%%|t.o&”;%?ersf?ﬁ
WherelHZG@ﬁﬁh&%ﬁﬂqﬂﬁﬂpﬁﬂﬁkﬁmﬂqﬁaﬁ@nSbﬁoﬂunhMEﬂﬂﬂﬁtﬂqmalIy substi t ut ed. The
phrase "phenyl substituted at 10 least by (CH2)Nl eRd at the 4-position
refers ®OishiyiropbRrEl; MIRTUDSE dikyt ed; RASiIKYIOTS ; Balbalkexy oif fadi@ienopt i onal Iy
substituted. I'n another éenbodi nent of the present invention there is

pr Oyggqgsr (@@0@%@9&9\5@@2% R Q) WY@ gbn, \OHa8 gan Xh pantbuld (AreyiNgnd X2

and anot her odi rent “of the present invention there is
provi ddﬂR%R‘l; Qah)ig&dmﬂgeap(cea)hdoggl tvbierein $amd anml ar Jaidvhaseroadyl acgraptivalr e N and X2

d X3 CR5: | subs 2 h
o poor thspeiai b DA Tao 1B Nt Bl dRhn BT eorbb B ot ea
at | easfydby{ ERANbERT, %taué;mecl‘% M@dﬁylanugn mafoRts (oL LNRRASSRIG) C) 4

unsubstltuted posi ti'ons can further ogﬁlonally substi t ut ed. Theéﬁhrase
1a

“phenyl albmmanbowle@hrmmcrséaﬁtaﬂﬁg}ca(rbmgylm Yeylgaparapyld 6 4:Coh Hy 8DeNEl24 o

50 P son HeraHBE e B R USRS RENIERE! sl SRR ! e
corrpou nét (BCXOMRE) [TQQRf)? NRRMwWardin R ey iatéperdent¥dn eé@l @d@drré(ﬁbedrydrm a¢n

anot her enbodi ne t he present |nvent|on there | govided a ound
accor di #igyltos tfe MP%dl}eS Whdhesaxe, caston axg Capglk X]@n%%t"@g rqggiupg,on g&%ﬁ%é nyl
substi t&ﬁﬂ?oqls Ate 61_4 ﬁf(yl@fe,(lgé@i Rn"“afo%g with the nitrogen to which they are attached are a



at the 4-position wherein n is zero or (b) NRaRb. The phrase "phenyl
substituted at least by 25 (CH2)"NleRd at the 4-position refers to (i)
wher ei n WOubBYi4easbed positions can be further optional PETERREWIS19®A. The
phrase " phenyl substituted at l|east by (CH2)"NR Rd at the 4-position
refers to (i) wherein unsubstituted pe$#tions can be further optionally
substituted. WD 2010/ 142656PCT/ EP2010/ 057958 -19- I n anot her enbodi nent of
the pres@ntarhi¥ @chORichiieEdsiititd@ By (dedikgl, tamponot(GiegNRIRIgintpartah 4 or mul a
I wherein Xl is N and X2, X3 and X4 ar

2, 6- di 6KBXNRIRHYRAeD Y Zerode fva;-Rijand B?@rqgi%’és‘dl&?lﬁ%ikydwéWWnCm ylofis

Ceast B9 0HThICRANOC R st E mbaneRAC L € UM SHELY | L e Rtk
5 I n argtlbskerbpdilkeinulfohyl Oes pikesgal s kikyBnifomy, S0erNRIRS, @r ciikydedbaemoyl
B O LA 2,6 I T el S S 11"
-1 to.i&degén&kggﬁg&% %“h’o d%gﬁ&@t@%rhaf‘dmﬁﬁi‘} @d%%ypb.% b@rdyesgnt invention

there is provi reating HCV ihfection i'n a patient in need

t her eofhalalkytsutfomy, Gdniyriestiedsulyngl, Che cagealkyleGild atkydisiferylyve asfsemt-CL of a

conpound accor dj to tornul i Wherei.n | R35 R45- X3 X4 are as
def i ne&ﬂWi?’i@H%a%ZéﬁRllﬁﬂ gﬁmjﬁr?&ﬁﬂgﬂ@?@ﬁ?m_@%ytdﬁoeg%ﬁ?e%‘?yliOﬁ}@n on there

IS proviiera Bl RAtRE WitheRl L@ gen [dGvhich tiRGtakOattdcAeBarB RCHENK (OM, Re@rein

t her eof conpri si ng col-(adm nistering a therapeuticall effectgl ve amount of a
conpbu¥l is€carNRhgnd B deWMQH,IC\Ahfgkiéi 614 ecyl poCr-ralsyRalfr kR ag Bzargnd x4

anr or ErrEentS n e h AR Bl P e PP THOR, RABERAP T

anot herc grgghyent of the present invention there is provide a nethod of
treating a disease caused by HCV in a patient in need thereof conprising
co- admigh i§,e4,0eh, T, L AKVRRE U HaGRIKYY, ©&f fS6lohNe1, AIRLEH, (Qf; atkokONDRURMbARSST di ng
to formula f X\Eer’eiltﬁ I 3?%;3, alﬁ)35 ny?445c S\ﬁgngﬁm a%d 20 X4 ar9e as defined

her ei n alGRBRERS wherkimab) ROWR"| andue asyiodenenderly salested Swne Er-ealkyk §ne

interferon, jpnterleukin .t r _necrosis factor or i LNgpda

f aclor ARRYehot Ay SEhsb G riR ot EHe sresER PRt an TLAM SR LA ER Y
met hod @fi R* ealcitega HHOMIyMRGIH ®T* isthydrda@hj €nialkyl, Geeslkohehelobec@pri si ng
co-adm ni steri ng a therapeutically effectiye anount of a conFou d according
to for rydepxyalkibepine aCi2mBiorqukyl Rp R\ yandRd togethar avithstho sargen fonwhich &) n
above and_an. i rf r ' i i3 At 4c keer
enbodi ent TPt HE S o M b e L A WL ECRIRIR SRR g
HCV i nfRE k@R fre andpiatlioe RE id thiflnerdndiingy 335-teifinproctiyhgr CBIRIMR Hivéteemin RY', a

t herapeufical ly effective anmount of a conpound according to fornula I

whed@i R 'eénd B apd Hyor C X2, X3 and X4 are as defined herein above and
anot her antiviral conmpound sel ected fromthe group consisting of a WO
2010/ 14265 GREPEER0Y 0 051 95girrenge hyroee: belegete GrniKorydr Cranbther HoV

pol ynerase inhibitor, a HCV helicase inhibitor, a HCV primase inhibitor and
a HCV fXiss indepentérslytiorcach occarramst®er N®tbodi ment of the present invention
there is provided a nethod for inhibiting viral replication in a cell by
del i vern isgndepehdonalp éntichalckyrrafct ectoi tu ehracrau ntphefmacetiriy anetpodle e 5

formul a | ereinR2, R3, R4, V, x2, X3 and X4 are as defined herein above
adni xedh§ieeh at

25 In another embodiment of the invention there is provided a compound according to formula I
wherein R? is (a) aryl or (b) heteroaryl wherein said aryl or said heteroaryl are optionally
independently substituted with one to three substitutents selected from the group consisting of
hydroxy, C.s alkoxy, Ci alkyl, Ci hydroxyalkyl, halogen, cyano, C;. alkoxycarbonyl,
carbamoyl, N-alkylcarbamoyl, N,N-dialkylcarbamoyl, carboxyl, SO,NH>, Ci alkylsulfinyl and

30 Cis alkylsulfonyl wherein n is zero to three.



| east one pharmaceutically acceptable carrier, diluent or excipient. In
anot her enbodi nent of the present invention there is provided the use of a
conpound WO 2pyiHResa |, wherei nR2, R3, R4, V, x2, X3 andPXA/ER2&0487988f i ned
herein above for treating a HCV infection. 10 In anot her enbodi nent of the
present invention there is provided thé-use of a conpound of formula I,
whereinR2, R3, R4, V, x2, X3 and X4 are as defined herein above for the

manuf agh HiRh&fentoodBilit dfeRtpréRht thv@aionABera idfe¥vided € cbmpound drcardatgher
enbodi nent of thsmﬁf esent invention therg is, provided the use qf, a oRgpound

accor difergnulowheieiuXaisIN wrdXei ki X Ryre GREgr RasndX™ areg agd K and gy é‘r%é

defi ned,iherein . i : pdul_abor: |/ or at
| east g{nle1S éﬁ?ﬁe{/o?a?)gff&gga[e}%%légﬁg%xol ﬁt%?%lrt ecr0 gp i Cat ii%ﬂhg&l,g@%&ﬂf g’réq{ﬂ}@ggi ng a
HCV i nfpgeitlinodryl, Rni-dives- e, 3, entradiydmapyrohidirhe-ypaeb2AtdidxovAtdilprire BEke | s

provi ded the use of a conmpound accordjng to f la | ereinR2, R3, R4, V,
X2, X3 Parinidia-laylesad heferoand demeoatian %&gEStgﬁtﬁgéﬁﬁggﬁ’@ﬁé‘ Pl r%ﬁsy.st em
modul at, 0x9.n#2(?§ hﬁfr?%&a&tclgrﬁ 0?9k é{l ri@i-o@&-@&?ahglmtpﬁﬂﬁgﬁgf—zl.rR‘Pls'a?yﬂ:[! on 20

of HCV tor”the nmanufacture of a nedicanment for treatin CV infection. In
a anot INR*Rérhwttp gendr hafogehevhpreas end atyhisemptiooal Lyt inderenident hyrsobtétuigd avith one

conposition ¢ ri si ng, a oynd accordi tp formu I in R15 R25
b’ Pakd 136 Spgtushy SkateAIray B S GER i & P SRt R S R iy R
phar macgut Reahd K° %ﬁgaﬁ@%@n@@gl@ & whidh kit ffacBeCiRia@Rtlic e bpfighaligl kyl

as used herein without further limtation alone or in conbination wth
ot hEt 2Bbgitgapby odeteohres caounsrtdeanedsatly seletied frond§TEhdi R sAeipiyh dyzero

nonoval ent drocarb r esi gl tal ni ngr at:
TP over SRyt ciIREPEENabEE RS FOREL MR, B ¢ GudforbRy ROR RHRIRn ddRIGET ™
cont ai i NGulkoh@. R*GafrIRBrab@nH, 3.3 GlrBlualdetlyl oaS REREIR ievieidin RET, &*SandoREn

al kyl conposed of 1.to 6 carbons. Exanples of alkyl groups include, but are
not | i e € oo CD: W 20indereades bRarrEreGro s Ay genialogaiet 1-a pROKY. g &Lips

i ncl ude jret hyl , et i S0- - [ = ; butyl,
A S e S s SR
car bon tdeyih eri um bond with departing fromthe scope of the invention. The
definitions described herein may be appended to form chem cally-rel evant
conbi nations, 5 such as "heteroal kylaryl," "hal oal kyl heteroaryl " )

" ar yl allkyhkebediowyt bihe inveativy ther B orided @ egrigepd pRsprding shiprigl § yheseinphen

the t Malkyl" i d ffix follow . . i
* pheny 151 k9 S5y OnEFo TR Ryl or R P GG S op L Aty
group, «@sstekd Regh @Ray ehredQibBGutnbSkicttet debnnvttelyrewecdnsistingo Shyhisd iy, Geat s

selected fromthe other specifically-nanmed group. Thus, for exar['pl e,
" phenyldkasyl Crs alkik €15 Bydaxglkyll hadpsmpcyiagi ‘gg6 Yegroowg: prikayeyl N-

bstit ' I | [ . A
Far i I AN oS so T SR e

alkylsulfonyl wherein n is zero to three.

In another embodiment of the present invention there is provided a compound according to
formula T wherein X' is N and X2, X® and X* are CR®; R” is (a) phenyl substituted at least by
(CH,).NR°R at the 4-position wherein n is zero or (b) NR*R". The phrase " phenyl substituted
25  at least by (CH,)sNRR" at the 4-position refers to (i) wherein unsubstituted positions can be
further optionally substituted. The phrase " phenyl substituted at least by (CH,)oNRR" at the 4-

position refers to (i) wherein unsubstituted positions can be further optionally substituted.

In another embodiment of the present invention there is provided a compound according to
formula I wherein R is 2-0x0-1,2-dihydro-pyridin-3-yl or 2,4-dioxo-3,4-dihydro-2H-pyrimidin-
30 1-ylor 2,4-dioxo-1,2,3,4-tetrahydro-pyrimidin-5-yl optionally substituted by halogen, C;s alkyl,



having one to two al kyl ami no substituents. "Hydroxyal kyl" includes

2- hydroxyet hyl, 2- hydroxypropyl, 1-(hydroxynethyl)-2-mnethyl propyl,

2- hydr oxyWwo0t2910/142658- di hydr oxybut yl , 2- (‘hydroxynet hyl ), P8THPAIIONFIFDpYI ,
and so forth. Accordingly, as used herein, the term "hydroxyal kyl" is used
to define a subset of heteroal kyl groups defined below The term- 15
(ar)al kyl refers to either an unsubstituted al kyl or an aral kyl group. The
term ( kr%ﬁﬁlemw& Of ; dibste ko)A hd Xef BP Gnd X* @ictdeTandIR’ak phergil sebstintar aar yl
group. e term"al lkyil ené’ as used herein denotes a dival ent saturated

|'i near ldaydbyodEEHoR Radi tel4-pdsition whereindais Bei9- at ons (e.g., (CH2)11l)or a
branched saturated dival ent hydrocarbon radical of 2 to 10 carbon atons
(e.g., -CHVe- or -CH2CH(i-Pr)CH2-), unlﬁss.ot herw, se i ndi %ated. .Co 4
al kyl efeangherepghodinent 9T thepugsenipin Vit 9Rdhag 135@9&‘?\% B OPYHIAAEO AR B ar bon
radi caly, GOPY Lkt & LHLPD-GHATE-Afidinl 31,1 ha-gse 30k difparot e palikidiene
radical is omtted. Except in the case of nethyl ene, the open val ences of
an a kyleenet-giosot , 23 d-tetathydto- profreidint-5-yi hpticrats selstifitedERahgpgen. 6ic alkry| ene

radi cal s include, hut are pgt |im.ted.to t hylgne,s . I - :
2 et i By B oS S MR L BGRane Mgy Rl Rl paX o
25The f?gr(ﬁﬁ'zﬁt@m at 18 AURERioNIR I HBaRGo and ROIACRYR TR Oumeraden &' RiPky!
is as fined above such as met hoxy, ef hoxy, n-propyloxy, i-prapyloxy,

n- but ylaostR* are§iiy COx pr flnomng g BXyand Rentogridgi/are fesakyisog and (1 Rid it hei r

i soners. “Lower, al k ".as. u nenn S Xy group with a
"I owner a(l}hy&!}?luz adjl?oéié’pﬁ%égeﬁlr e%\l/‘f’ gﬁgf’g}%@li Cr?}eagg(8£ gi'% %]Olgkll%gky" as used herein
refers to an-O al kyl wherein alkyl is 30 The term "hal oal kyl" as used

her g n 1ff %ﬂ&%&eﬁo‘dﬂﬁ&ﬁ %?%r@srenpfn@@ﬁtﬂﬁQh&@@ﬂ Progldkd b cggﬁﬁﬁl@&céﬁiﬁﬂg’l@d above

wherein or nore ogen atons are substituted by a hal ogen.

Exanpl dsrmiNOI 2016yl R2 G555 PRE0IDH QBTidE83-yR 2,4-diogo-B,4-Hilkgdiondd iy imidin-1-

1-chl thyl, 1- thyl, 1-iod t hyl . dif

1 11 oSt T T 2o PGSRt RyT A1 spBeGis b URTES Blbpon. €14 sty
2-f1 UOr@l‘?gtﬂﬁldaﬂ(y?'o{;bg%lﬁ@iﬁ»il,is Rranandme ahy K a2 CRYUIRHE DI htld, R is
3-brom)prop¥bl el 2,2,2-triflyoroefhyl. The term"fl uorqglmxﬁ, as used

her ei n CRTBI'Rf whercia(ad Rk R aisl R yerah B Bs o1 fusringeriRs” ¢ 4PERIBST &S The

term "hal gal koxy" wsed herejn. r 0 - r i al oal kyl
as g%ef ir@eagkﬂ%‘}ee%(‘ﬂ.(gfrﬁe b gr‘ ‘hgﬁ(ﬁgiaéé?@ F‘?’hﬁagq’g%g’g&ugs r(%;? g&ﬁ C??e e‘?icl?l 0 a
group -fﬁBr@dn?ne R i s hal oal kyl as defined herein. The term "cycl oal kyl" as
used herein denotes a saturated carbocyclic ring containing 3 to 8 carbon
atoms, i.e. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl
or cycllnaobdthbr erifbdiGant df¢lycprosdnk yiventin thewds hvided arcgﬂ@pgmi/ @:caﬁﬁ%g/tq oal kyl

conposed of to 7 carbons i e carbocygl i i,ng. ,Thg. 0", or
S TN P e R L b R e e e
terms "y @4¥Rbkyb 3 ARdah b ydimhdivsy aptivsl sugsteited dgmabgsn,d kylkyladi cal
as herein defined wherein one to three ;hydrqgen atonps on different ﬁgrpon
at 0 i@matra@arﬂemoaé?edalhyxmgwyaw)dyx .oF 2af Roxye GRouRsis N Ree hgisMNRARC1 3
al koxy- G al kyl,. moi.ety .ref eyt QU b e of i chfl.to 3
hydr oéetﬂggg%rrf’% Cicrh@a D %ugéﬁtug{/dsba?; @F}%‘ i ?o@&ggelﬁ%ﬁ?ﬁ%&bgl nt o @le;??%(gﬁrr%rrelt of
the al k@#dpeh8erjehydrxa@anC af akyl, Thehdledkp, S@bRbxpaantRhy(a)ahd alkyl, (b) Cus

"aryl oxycar bonyras used herein denotes a gr UP f formul a, - =0 wher ei n
R is allejoaligd, @ ¢ evelogbotli(GbCy rlpalykl-s aﬁa ’&i%ﬁma X&'&ﬂ%‘%’haéﬁcﬁelﬁei n.
20 The &gliguinel/ ano(a) e li?'@gnqj ne&rﬁid}ﬁf €DSorl fyoRiné BF RONadd RREGLdiRr@arddS r ogen
by a triple bong, re., - G ?1. he term"nitro" as used hefein refers to
a gpeupalkNER: anbh@®@) RETISC ¢ alkybXCi: allexysiedodeer €i nhydeberty.ccyangpolip: - CO2H.

The term oxo refers to a doubly bonded oxygen ( --=0)" i.e. a carbonyl
gr oup. fluoroalkyl.

In another embodiment of the present invention there is provided a compound according to
formula T wherein R! is 6-0x0-1,6-dihydro-[1,2,4]triazin-5-yl; X! is N and X2, X* and X* are
CR® and R? is phenyl substituted at least by (CH)aNRR" at the 4-position wherein n is zero.



The term"acyl" (or "al kanoyl"”) as used herein denotes a group of formula
-C(=0)R wherein Ris 25 hydrogen or |lower alkyl as defined herein. The term
or "al kyl\warhumieesas used herein denotes a group of for ROTEPGHLOFRSHher ei n
R is alkyl as defined herein. The term Cl-6 acyl or "al kanoyl" refers to a
group -C(=0)R contain 1 to 6 carbon atbirs. The C acyl group is the fornyl
group wherein R = H and a C6 acyl group refers to hexanoyl when the al kyl

Cha' n g aﬁmmr%ﬁ%@gnen-{t!Fthe%s%@t]iﬁ{féltﬁgﬁﬂ@?w Peb2ddD4 05mMP&d-aR Bordingrton
"aryl carbonyl " or ar oyl" as used herein neans, asslgr ou% of , formul a Cﬂ =0) R

wher ei lfDI’Rlul?él whelanyR gr%@?p)-tetmlevdr@mmlﬂwbﬁzloyll X @8é e n¥r #idXapre CRand
arylc 300 WA g I cyclic
am ne" ﬁc\é eéléfl Wé’tstétiu%e% &G sbyu@ﬁ\@'@althaﬁhgac‘gdl gg’ﬁ‘ vﬁe}%ﬁ nC%%%%I ning froms3

to 6 5 carbon atons as defined above, and wherein at | east one of the

car bO” 6‘%'%3% Stk doRRhaf 8¢ tﬁ%r@seﬁﬁh%&ﬁmﬂer@ &l petRdd E%@ﬂipélhﬁi QEGdfheaONsi sti ng

or exanpl e, piperi |ne pi per azi ne, r phol i ne,
t h| @nmfcpﬁrmﬂa heherdin ¥ xand X owo¥,phd XN regd bearer ORI :dR nie (a)mhreazl@pbﬁéuted at least

|mdaz [ Qt i erein the .c atons are optionally
subst i t(ghﬁgyl%ﬁe B&e#nl?oe“ éoﬁlb‘gl?eir?lﬂ&ﬁ?éemsoél(@ct eggbf‘r om the group consisting
of hal ogen, hydroxy, phenyl, lower alkyl, 10 Iower alkoxy or 2-hydrogen
atoms qn . a,£ar Haq ?’ﬁ&lt ReH ﬂr@s%h@ﬁ@gﬁ%n(%ﬁé}e (s I?r vid¥h g Rol §ur§jy§ckb1‘611 ne I's a

pi perazi ne, one ni en at'om can be optiona substituted by G _6 al kyl,
G _6 aqyinulél wheredd R§/ iss2+bk@2Hdihidre-pyeid ims3- 'yhd)@nsimmeh§/4dihydrm2H -pyrimidin-

| sul f | d h d t f f R
Ra.r 2 S kyllorgie- a@% AES pcravaiyParBar gy osiimady gy ShFEeCe b esaG herel n.
The (iIS ¢,€Mo Iﬁ(;ﬁ aeky élﬁb‘iff 941%1'11@'312"&96 RSaSRYNEXELR T £IIR Y9 pAergil OUP

Wwhere Is a group as defined herein. The terns Cl-6
haI oal kyibsinhtbd atyleast ﬁg(CZH@),(NRd&T wh@ﬁﬂpﬂ@mn whein dyzerear &6 - C1_3
al kyl -sul fonyl or C _6 al koxy-G _6 al kyI sul fonyl refer to a compound,
S(0) 2R wherein Ris Cl_6 hal oal kyl 7 cycloalkyl, C3 7 cIoIkI-ClB
al kyl dnanahereeraladingntef e RiFsep! mVPl@éO@Eé@Fe\}%PWVIdQ% S PREPPRIHACCRTARE as

used hefr gl a1 h%fe?n Pf id fgfié é}% &1ﬁgdr8%ﬁ£1)d%%d or'’ @@ dHi&lTF 4- dﬂ%‘d@hﬂ%ﬁﬁ%ﬂ

and "N, Ial anoy as u rein‘refers to the radical
- S( 0) 2NRyIRr,2 4Nd©ls<64 2 R‘4-taimhyﬂ’ﬂo pymnidy&dﬁq@eptlmﬂylsuwéntutadl ky halagen, Ris akkgl R'

d dently | | K | kyl syl f |
LR ot EVE AR it A G SR bk A g e A
I so-pr %ﬁ%ﬁﬂ?e@%ﬂéhit%wtmﬁqmﬂ BSthOh-sitNof wlekeih f 4 i@ﬂ@ybnéSUbStl tuents 25

i nclud ut are not'l'rmted to dinmethyl am nosul fonyl
i so- propyl - net hyl am nosul fonyl . The term "car banoyl" as used herein nmeans

t he radiGabthelEMbEdimdite fRREhickent MvahtioH t(halka:aﬂplsdwdedraitohfpphhcﬂa@bk@mgzm’ banoyl "
means a radical CONHR or CONR R' respecti \/Ye{:h% erejn th';:'1 R% and. glroups
are i ndepewadrtioyeinReys 2-g50detfihgtronyridin -yreH 1P 3y ita- Ié[rpé’é%w

10 2010) HaoblRe e oR G g iyl SRR bRy el e

refeos ¢o I&l(%HBGHEug aftbeg X WX areﬁ\hen@l?{élaycﬂxr |arf9CRf1Rclts Id@ny@pbi’»ttm@ﬂlay be
substituted with one por

f bl 4a
i ndepen@ashPy {CHeNBt %datfth%f‘npﬂ?gir’lg%’ 21%% bsozneg?/glgfb &ﬂhi% %@55&5 W& hal o
al koxy, , 'IK"YBFJEH;, d(]?;lof’ﬁﬁ ind G 1R LKY R Q%Qﬂh@%é&@ldﬂélk ldhbfah@(b)%%@@ﬁ%mﬂﬂw

am no, ky am no, am no, am noal , 5 al kill am noal kyl, and
di al kyl @ alkoxal, kylbgetal(ky[hsdlbﬁimﬂy}'l cyanglog G5 iflgtoalkal. kyl ami nosul fonyl

In another embodiment of the present invention there is provided a compound according to
25  formula T wherein R! is 2-0x0-1,2-dihydro-pyridin-3-yl, 2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-
y or 2,4-dioxo-1,2,3,4-tetrahydro-pyrimidin-5-yl optionally substituted by halogen, Ci.s alkyl,
C12 haloalkyl or C; alkoxy; X! and X? are N, and X? and X* are CR%; R? is NR*R"; wherein
NR*R” together is cyclic amine substituted by (CH,),NR°R" wherein n is zero to two; and R®
and R are independently hydrogen, Cy alkyl, C1s haloalkyl, SO,R® wherein R? is (a) C alkyl,
30 (b) Cre haloalkyl, (c) Cs; cycloalkyl, (d) Css cycloalkyl-Ci . alkyl, (¢) Cis alkoxy-C ¢ alkyl and



aryl am nosul fonyl, al kyl sul fonyl am no, aryl sul fonyl am no, carbanoyl,

al kyl car banoyl and di al kyl car banoyl, aryl carbanoyl, al kyl carbonyl am no,

aryl car bowgl2amiiH2656unl ess ot herw se i ndi cated. The ter mPCHaPRIIOASTISS as
used herein without additional definition or limtation refers to 10
"pyridinyl", "pyrazinyl" and "pyridazii®l " rings. The term "pyridi ne"
("pyridinyl) refers to a six-nmenbered heteroaromatic ring with one nitrogen

atom Rig, ERAME RPN @a)ct{“ﬁ eR*"(aRY 'R*Mh @I, Do P #iene R amyR&zbgothér)arand
“pyridazine” ("pyridazinyl™) refer to a six-nenmbered nonfused

het er o&hatkyldne anil ) R’ twdeh Croglpxatalesenliopdydipxyalkyl, ¢yano of Gi24 and a
1,2 relﬁ.@tl OH(STl p respectlvely The respective radl cal nanes are in

par ent 5 The terns "oxetane" (oxetanyl), "tetrahydrofuran”
(tetrahydrofuranyl) and "tetrahydropyran” (tetrahydropyranyl”) refer to a

four, T Xﬁotﬁ‘&%n’f‘doﬁnﬂ&%? ﬁ{%q)r&%ﬂf ﬁlgéﬁgnhﬁ‘&@ OB GHLE a CoMPoliiSResdingaby, each

cont ai ni ng one oxygen atom  The term"aryl" ‘as used herein refers to
phery| forfiga 1 ehomin( X, )Qzamdd(ard(?dﬁ myddXoisgyrazin-2-yl, (ii)
3- oxo- 2, 3-di hydro-pyridazin-4-yl, (iii) 2-oxo- 20

12d|hydropyr|md|n4one5y (1v) 20xo]12d| gdro y (v)
6- oxo- 10 gnathenammbediment of tlw]nrﬁseatzmﬁe%loyw%ﬁﬁn(?‘}n B X RSN TR i

2, 4-di i9zer

NN OOCERE sTritiet Gl BRI B bR Pan aip?gﬁg&gf“t%ﬁ%?ﬁ et es:
2- e pafh)sdl" h ustituted atyléast H2.NRRY atit bsidomeefery to (7Y wherginox o-
250)p§|0per| IZII n- y @)5‘(1)’8“) tsz) o b}rlgqo ?l chg %p s%m S §’1 g ; %
-t et r alpoNRSt 1t IPOrﬁtH’in?’lgflm fug%ar ‘E)&}Oinﬁl)ly tltu{’ﬁ%)%l |prl?f &z BPFH rsiul?s i o &t e

t 7958i0n2% Th
R e o Rt )

6 0X0- Ghiplyerioptionailyl supstitutedvi i ) 2- o0 xo0-2H-pyrazin-1-y1 and (xviii) 2,4-dio

xo-tetrahydro-pyrimdin-1-yl refer to the follow ng noieties:

(XiV)(IXV)(XVI)(XVII)(XVIII) Conpounds of the present invenption.and their
[

i soner @ ah@therscrabagl Hpﬁlﬁrorfﬁ@etﬂﬁe@h}nl"?mé’@d@ﬁteéwr@@é fLopRapEbicegiding os o
usef ul %ﬁf%ﬂepeqnﬁm%c?ke‘é 1,0Q x¥h@k i @RI Ons, in particular,

hepatltls i nfection, and diseases In |iving hosts when used in
conbi nation with each other and with other biologically active agents,

i ncl udignbiutr ARboditBittdTehd el indeRith oSS plovited @fcohmpbeid sscordingto
15 formula I where X" and X* are N and X? and X are CR’; R is (a) phenyl substituted at least by
(CH,)-NR‘R"at the 4-position wherein n is zero or (b) NR®R". The phrase " phenyl substituted
at least by (CHZ),,NRcRd at the 4-position refers to (i) wherein unsubstituted positions can be
further optionally substituted. The phrase " phenyl substituted at least by (CH,).NR‘R"at the 4-

position refers to (i) wherein unsubstituted positions can be further optionally substituted.

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

formula T wherein X!, X2, X* and X* are CR’

In another embodiment of the present invention there is provided a compound according to
formula T where X*, X2, X* and X* are CR®; R is (2) phenyl substituted at least by (CHz),.NRcRd
at the 4-position wherein n is zero or (b) NR®R". The phrase " phenyl substituted at least by

25 (CH.).NR‘R"at the 4-position refers to (i) wherein unsubstituted positions can be further
optionally substituted. The phrase " phenyl substituted at least by (CH,)oNR°R" at the 4-position

refers to (i) wherein unsubstituted positions can be further optionally substituted.



10 pegyl ated interferon, ribavirin, protease inhibitors, polynerase
inhibitors, small interfering RNA conpounds, antisense conpounds,

nucl eot i wWO2nHV'BYES nucl eosi de anal ogs, i mMmunogl obul i ns PCIAPANOMTHSS at or s,
hepat oprot ectants, anti-inflammatory agents, antibiotics, antivirals and
anti-infective conpounds. Such conbi nat9-on therapy may al so conpri se

provi ding a conpound of the invention either concurrently or sequentially
wi th otifiefotARdngodaheR O€ fHeSré¥entdial @ftionahet s providbd 4 Do@pouiidovording tard

rel ated conpounds, apantadine apd re] ated .,coppounds, various interferons

such adornfuds I erharept X, isiNeed Ker¥nans Yhare GRag Br tseh ondlopertatrahydfspyrapishn-datina
and th ke, . L] asal.ber > af. i rf_ef. 1C gyl at ed
Mt ert arong oAy R ST MR A R Sl L B AR PRrBEOY 2L e
adni ni stiestededst laayt gl (0H; )pNRFR Larthé Aabbicion tivbwhpyginm isheeat of @adR'BRe of t he
conpounds of the present invention. 20 In one enbodi nent, the conpounds of

the present invention according to formula | are used in conbination with
ot her dowiotherembodipwat 0<the prpsediievension thesgys mravides & easapoupd seleded figinthl an

HCV viral  inf j rgisn resent, | i tyi ve

t her apé?llt’"pb Oifﬁ-éﬁéﬁ Ie?ﬂﬁclﬁj é]g'zl%jtclglan]%ﬁﬁla?ﬂl ﬁaﬁﬁ %l%ﬂh%{oc%%p%%?@agﬁ % he present
I nvent ifaficafilyRenpondgerttcdarnn g 1ao IBendpaBlEl. ef f ect when used in
conbination with the conpound of the present invention. For exanple, the
active agent used in 25 conbination with the conpound of the present

i nvent iloanather dnebddirhenrt foé thensesent inavitronrthemad pgside HanethsBof tygting a HCV

2010/ 142656PCT/ EP2010/ 057958 -26- protease. i nhi bitors, nucleosi de

i nhi bi tRFSIYY IBPRFISY YRE? @%{mﬁ&?@ﬁa%fﬂ%’e%@m@tﬁir}?ﬁi ab@?&?%“%?“%&ﬁ%&? g ¥se,
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TABLE 1, GAB@eNInbo BhEM U hEpreddad ention there is provided the use of a compound
according to formula I wherein R, R’ R} RY X!, X2, X? and X* are as defined herein above and
at least one immune system modulator and/or at least one antiviral agent that inhibits replication

20 of HCV for the manufacture of a medicament for treating a HCV infection.

In a another embodiment of the present invention there is provided a composition comprising a
compound according to formula I wherein R, R:L R, RY X, X2, X3 and X* are as defined

herein above with at least one pharmaceutically acceptable carrier, diluent or excipient.

The term “alkyl” as used herein without further limitation alone or in combination with other
25  groups, 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. "Ci-¢ alkyl" as used herein refers to an

alkyl composed of 1 to 6 carbons. Examples of alkyl groups include, but are not limited to,
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lower alkyl groups include methyl, ethyl, propyl, iso-propyl, n-butyl, ierz-butyl, tert-butyl,
neopentyl, hexyl, and octyl. Any carbon hydrogen bond can be replaced by a carbon deuterium

bond with departing from the scope of the invention.

The definitions described herein may be appended to form chemically-relevant combinations,
such as “heteroalkylaryl,” “haloalkylheteroaryl,” “arylalkylheterocyclyl,” “alkylcarbonyl,”
“alkoxyalkyl,” and the like. 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” refers to an alkyl group having one to two phenyl substituents,
and thus includes benzyl, phenylethyl, and biphenyl. An “alkylaminoalkyl” is an alkyl group
having one to two alkylamino substituents. “Hydroxyalkyl" includes 2-hydroxyethyl, 2-
hydroxypropyl, 1-(hydroxymethyl)-2-methylpropyl, 2-hydroxybutyl, 2,3-dihydroxybutyl, 2-
(hydroxymethyl), 3-hydroxypropyl, and so forth. Accordingly, as used herein, the term
“hydroxyalkyl” is used to define a subset of heteroalkyl groups defined below. The term -
(ar)alkyl refers to cither an unsubstituted alkyl or an aralkyl group. The term (hetero)aryl or

(hetero)aryl refers to either an aryl or a heteroaryl group.

The term "alkylene" as used herein denotes a divalent saturated linear hydrocarbon radical of 1
to 10 carbon atoms (e.g., (CHy),)or a branched saturated divalent hydrocarbon radical of 2 to 10
carbon atoms (e.g., -CHMe- or -CH,CH(i-Pr)CH>-), unless otherwise indicated. Co4 alkylene
refers to a linear or branched saturated divalent hydrocarbon radical comprising 1-4 carbon
atoms or, in the case of Cq, the alkylene radical is omitted. 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 "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, z-butyloxy,
pentyloxy, hexyloxy, including their isomers. "Lower alkoxy"” as used herein denotes an alkoxy
group with a "lower alkyl" group as previously defined. "C;-1o alkoxy" as used herein refers to

an-O-alkyl wherein alkyl is Cy-jo.

The term “haloalkyl” as used herein denotes a unbranched or branched chain alkyl group as

defined above wherein 1, 2, 3 or more hydrogen atoms are substituted by a halogen. Examples
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are 1-fluoromethyl, 1-chloromethyl, 1-bromomethyl, 1-iodomethyl, difluoromethyl,
trifluoromethyl, trichloromethyl, 1-fluoroethyl, 1-chloroethyl, 1 2-fluoroethyl, 2-chloroethyl, 2-
bromoethyl, 2,2-dichloroethyl, 3-bromopropyl or 2,2,2-trifluorocthyl. The term “fluoroalkyl” as

used herein refers to a haloalkyl moiety wherein fluorine is the halogen.

The term "haloalkoxy" as used herein refers to a group -OR where R is haloalkyl as defined
herein. The term "haloalkylthio" as used herein refers to a group -SR where R is haloalkyl as

defined herein.

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.
"Cs7 cycloalkyl" as used herein refers to an cycloalkyl composed of 3 to 7 carbons in the

carbocyclic ring.

The term "halogen" or "halo" as used herein means fluorine, chlorine, bromine, or iodine.

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 Ci.s alkoxy-Cis alkyl moiety refers to a Ci alkyl
substituent in which 1 to 3 hydrogen atoms are replaced by a Cy.3 alkoxy and the point of

attachment of the alkoxy is the oxygen atom.

The terms "alkoxycarbonyl” and "aryloxycarbonyl"as used herein denotes a group of formula -

C(=0)OR wherein R is alkyl or aryl respectively and alkyl and aryl are as defined herein.

The term "cyano™ as used herein refers to a carbon linked to a nitrogen by a triple bond, i.e., -
C=N. The term "nitro" as used herein refers to a group -NO,. The term “carboxy” as used

herein refers to a group —CO,H.

The term oxo refers to a doubly bonded oxygen ( =0),, i.e. a carbonyl group.

The term “acyl” (or "alkanoyl") as used herein denotes a group of formula -C(=O)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 or "alkanoyl"

refers to a group -C(=0)R contain 1 to 6 carbon atoms. The C; acyl group is the formyl group

wherein R = H and a C6 acyl group refers to hexanoyl when the alkyl chain is unbranched. The
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term "arylcarbonyl" or "aroyl" 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" or "aroyl" group wherein R is

phenyl.

The term "cyclic amine” as used herein refers to a saturated carbon ring, containing from 3 to 6
5 carbon atoms as defined above, and wherein at least one of the carbon atoms is replaced by a

heteroatom selected from the group consisting of N, O and S, for example, piperidine,
piperazine, morpholine, thiomorpholine, di-oxo-thiomorpholine, pyrrolidine, pyrazoline,
imidazolidine, azetidine wherein the cyclic carbon atoms are optionally substituted by one or
more substituents, selected from the group consisting of halogen, hydroxy, phenyl, lower alkyl,

10 lower alkoxy or 2-hydrogen atoms on a carbon are both replace by oxo (=0). When the cyclic
amine is a piperazine, one nitrogen atom can be optionally substituted by Ci alkyl, Ci acyl, Ci-

¢ alkylsulfonyl.

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

15 term C;3 alkylsulfonylamino as used herein refers to a group RSO,NH- wherein R 1s a Cy.3
alkyl group as defined herein. The terms C.s haloalkylsulfonyl, Cs; cycloalkylsulfonyl, Cs
cycloalkyl-C).; alkyl-sulfonyl or Cy alkoxy-Ci alkylsulfonyl refer to a compound, S(=0).R
wherein R is Cy haloalkyl, C37 cycloalkyl, Cs 7 cycloalkyl-C, 3 alkyl and C; alkoxy-C, alkyl,

respectively.

20 The term "sulfamoyl" as used herein refers to the radical -S(O),NH,. The terms "N-
alkylsulfamoyl" and "N, N-dialkylsulfamoyl" as used herein refers to the radical -S(0),NR'R",
wherein R' and R" are hydrogen and lower alkyl and R' and R" are independently lower alkyl
respectively. Examples of N-alkylsulfamoyl substituents include, but are not limited to
methylaminosulfonyl, iso-propylaminosulfonyl. Examples of N,N-dialkylsulfamoyl substituents

25 include, but are not limited to dimethylaminosulfonyl, iso-propyl-methylaminosulfonyl.

The term "carbamoyl" as used herein means the radical -CONHz, The prefix "N-alkylcabamoyl"
and "N,N-dialkylcarbamoyl" means a radical CONHR' or CONR'R" respectively wherein the R’
and R" groups are independently alkyl as defined herein. The prefix N-arylcarbamoyl" denotes
the radical CONHR' wherein R' is an aryl radical as defined herein.
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The term "benzyl" as used herein refers to a CsHsCH, radical wherein the phenyl ring which can
optionally be substituted with one or more, preferably one or three substituents independently
selected from hydroxy, thio, cyano, alkyl, alkoxy, lower haloalkoxy, alkylthio, halogen ,
haloalkyl, hydroxyalkyl, nitro, alkoxycarbonyl, amino, alkylamino, dialkylamino, aminoalkyl,

5 alkylaminoalkyl, and dialkylaminoalkyl, alkylsulfonyl, arylsulfinyl, alkylaminosulfonyl,
arylaminosulfonyl, alkylsulfonylamino, arylsulfonylamino, carbamoyl, alkylcarbamoyl and
dialkylcarbamoyl, arylcarbamoyl, alkylcarbonylamino, arylcarbonylamino, unless otherwise

indicated.

The term "heteroaryl” as used herein without additional definition or limitation refers to

10 "pyridinyl", "pyrazinyl" and "pyridazinyl" rings. 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.

15 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.
The term "aryl" as used herein refers to phenyl.

The terms (i) 3-0x0-3,4-dihydro-pyrazin-2-yl, (if) 3-0x0-2,3-dihydro-pyridazin-4-yl, (iii) 2-oxo-
20 1,2-dihydro-pyrimidin-4-one-5-yl, (iv) 2-oxo0-1,2-dihydro-pyridin-3-yl, (v) 6-0x0-1,6-dihydro-
[1,2,4]triazin-5-yl and (vi) 2,4-dioxo-1,2,3,4-tetrahydro-pyrimidin-5-yl refer to the following

moieties:

drdodod P oy

(i) (ii) (iii) (iv) (v) (vi)

*

The terms (viii) 2-oxo-tetrahydro-pyrimidin-1-yl, (ix) 2-oxo-imidazolidin-1-yl, (x) 2-oxo-
25 piperidin-1-yl, (xi) 2-oxo0-pyrrolidin-1-yl (xii) 2,6-dioxo-tetrahydro-pyrimidin-1-yl and (xii) 2,5-

dioxo-imidazolidin-1-yl refer to the following moieties:
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(vii) (vii) (%) ) (i) (i) (xii)

The terms (xiv) 2-ox0-2(H)-pyridin-1-yl, (xv) 6-0x0-6H-pyridazin-1-yl, (xvi) 6-0x0-6H-
pyrimidin-1-yl, (xvii) 2-oxo0-2H-pyrazin-1-yl and (xviii) 2,4-dioxo-tetrahydro-pyrimidin-1-yl

refer to the following moieties:

H
AP A0 A0 AN O N O

(xiv) (xv) (xvi) (xvii) (xviii)

Compounds of the present invention and their isomeric forms and pharmaceutically acceptable
salts thereof are also useful in treating and preventing viral infections, in particular, hepatitis C
infection, and diseases in living hosts when used in combination with each other and with other
biologically active agents, including but not limited to the group consisting of interferon, a
pegylated interferon, ribavirin, protease inhibitors, polymerase inhibitors, small interfering RNA
compounds, antisense compounds, nucleotide analogs, nucleoside analogs, immunoglobulins,
immunomodulators, hepatoprotectants, anti-inflammatory agents, antibiotics, antivirals and anti-
infective compounds. Such combination therapy may also comprise providing a compound of
the invention either concurrently or sequentially with other medicinal agents or potentiators, such
as ribavirin and related compounds, amantadine and related compounds, various interferons such
as, for example, interferon-alpha, interferon-beta, interferon gamma and the like, as well as
alternate forms of interferons such as pegylated interferons. Additionally combinations of
ribavirin and interferon, may be administered as an additional combination therapy with at least

one of the compounds of the present invention.

In one embodiment, the compounds of the present invention according to formula I are used in
combination with other active therapeutic ingredients or agents to treat patients with an HCV viral
infection. According to the present invention, the active therapeutic ingredient used in combination with
the compound of the present invention can be any agent having a therapeutic effect when used in
combination with the compound of the present invention. For example, the active agent used in

combination with the compound of the present invention can be interferons, ribavirin analogs, HCV NS3
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protease inhibitors, nucleoside inhibitors of HCV polymerase, non-nucleoside inhibitors of HCV

polymerase, and other drugs for treating HCV, or mixtures thereof.

Examples of the nucleoside NS5b polymerase inhibitors include, but are not limited to NM-283,
valopicitabine, R1626, PS1-6130 (R1656), IDX184 and IDX102 (Idenix) BILB 1941.

Examples of the non-nucleoside NS5b polymerase inhibitors include, but are not limited to HCV-796
(ViroPharma and Wyeth) ,MK-0608, MK-3281 (Merck), NM-107, R7128 (R4048), VCH-759,
GSK625433 and GSK625433 (Glaxo), PF-868554 (Pfizer), GS-9190 (Gilead), A-837093 and A848837
(Abbot Laboratories), ANAS98 (Anadys Pharmaceuticals); GL100597 (GNLB/NVS), VBY 708
(ViroBay), benzimidazole derivatives (H. Hashimoto et al. WO 01/47833, H. Hashimoto et al. WO
03/000254, P. L. Beaulieu et al. WO 03/020240 A2; P. L. Beaulieu et al. US 6,448,281 B1; P. L.
Beaulicu et al. WO 03/007945 A1), benzo-1,2,4-thiadiazine derivatives (D. Dhanak et al. WO
01/85172 Al, filed 5/10/2001; D. Chai et al., WO2002098424, filed 6/7/2002, D. Dhanak et al.
WO 03/037262 A2, filed 10/28/2002; K. J. Duffy et al. W003/099801 A1, filed 5/23/2003, M.
G. Darcy et al. W02003059356, filed 10/28/2002; D.Chai et al. WO 2004052312, filed
6/24/2004, D.Chai et al. WO2004052313, filed 12/13/2003; D. M. Fitch et al., W02004058150,
filed 12/11/2003; D. K. Hutchinson et al. W02005019191, filed 8/19/2004; J. K. Pratt et al. WO
2004/041818 Al, filed 10/31/2003), 1,1-dioxo-4H-benzo[1,4]thiazin-3-yl derivatives (J. F. Blake
et al. in U. S. Patent Publication US20060252785 and 1,1-dioxo-benzo[d]isothazol-3-yl
compounds (J. F. Blake et al. in U. S. Patent Publication 2006040927).

Examples of the HCV NS3 protease inhibitors include, but are not limited to SCH-503034
(Schering, SCH-7), VX-950 (telaprevir, Vertex), BILN-2065 (Bochringer-Ingelheim, BMS-
605339 (Bristol Myers Squibb), and ITMN-191 (Intermune).

Examples of the interferons include, but are not limited to pegylated rIFN-alpha 2b, pegylated
rIFN-alpha 2a, rIFN-alpha 2b, rIFN-alpha 2a, consensus IFN alpha (infergen), feron, reaferon,
intermax alpha, r-IFN-beta, infergen and actimmune, IFN-omega with DUROS, albuferon,
locteron, Albuferon, Rebif, oral interferon alpha, IFNalpha-2b XL, AVI-005, PEG-Infergen, and
pegylated IFN-beta.

Ribavirin analogs and the ribavirin prodrug viramidine (taribavirin) have been administered with

interferons to control HCV.
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Commonly used abbreviations include: acetyl (Ac), aqueous (aq.), atmospheres (Atm), 2,2'-
bis(diphenylphosphino)-1,1'-binaphthyl (BINAP), tert-butoxycarbonyl (Boc), di-tert-butyl pyrocarbonate
or boc anhydride (BOC20), benzyl (Bn), butyl (Bu), Chemical Abstracts Registration Number (CASRN),
benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole (CDI), 1,5-diazabicyclo[4.3.0]non-5-ene (DBN),

5 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 (DMSO), ethyl (Et), ethanol (EtOH), 1,1'-bis-(diphenylphosphino)ethane (dppe),

10  1,1'-bis-(diphenylphosphino)ferrocene (dppf), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDCT), ethyl acetate (EtOAc), 2-ethoxy-2H-quinoline- 1-carboxylic acid ethyl ester
(EEDQ), dicthyl 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),

15 MeSO;,- (mesyl or Ms), methyl (Me), acetonitrile (MeCN), m-chloroperbenzoic acid (MCPBA), mass
spectrum (ms), methyl tert-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 (1t or RT), satd. (saturated), tert-butyldimethylsilyl or t-BuMe,Si (TBDMS), tricthylamine
(TEA or Et;N), triflate or CF3S0,- (T¥), trifluoroacetic acid (TFA), O-benzotriazol-1-yI-N,N,N',N'-

20 tetramethyluronium tetrafluoroborate (TBTU), thin layer chromatography (TLC), tetrahydrofuran (THF),
tetramethylethylenediamine (TMEDA), trimethylsilyl or MesSi (TMS), p-toluenesulfonic acid
monohydrate (TsOH or pTsOH), 4-Me-CsH4SO,- or tosyl (Ts), N-urcthane-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

25  D. P. Klesney, Nomenclature in Organic Chemistry, [UPAC 1979 Pergamon Press, Oxford.).

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

30 invention, but merely as being illustrative and representative thereof.

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
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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 stercoisomers of it.

The following numbering system is used herein.

2 3
1 X/\/R
R l X
]
5 R’
A
5 R
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Cmpd Struct ICs' MP MS
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1. HCV Polymerase Activity (umol) See Example 37
2. 'HNMR: §(CDCl3) 1.486 (tert-Bu), 2.97 (SO;Me), 3.438 (NMe), 3.932
OMe)
The compounds in TABLE II exemplify further compounds within the scope of the present
invention.
TABLE II
II-1
II-2
5 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
10  Organic Synthesis; Wiley & Sons: New York, Volumes 1-21; R. C. LaRock, Comprehensive

Organic Transformations, 2™ edition Wiley-VCH, New York 1999; Comprehensive Organic
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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 II, 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.
5 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.

The starting materials and the intermediates of the synthetic reaction schemes can be isolated and
10 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
15 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 with generalized substituents; however, one
skilled in the art will immediately appreciate that the nature of the R groups can varied to afford
the various compounds contemplated in this invention. Morcover, the reaction conditions are

20 exemplary and alternative conditions are well known. The reaction sequences in the following

examples are not meant to limit the scope of the invention as set forth in the claims.

SCHEME A

Quinoline derivatives encompassed by the present invention are prepared by a modification of

the Skraup quinoline synthesis wherein the acid catalyzed condensation of an aniline A-2 and
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1,2,2-tribromo-acrolein (A-3) affords the bromoquinoline A-4. The condensation is typically
carried out on an aniline wherein R' is a heteroaryl moiety as provided in the Summary of the
Invention or a protected form thereof which is ultimately converted to said heteroaryl moiety.
Introduction of the heteroaryl moiety to afford A-2 wherein R? is heteroaryl is readily

5 accomplished by palladium-catalyzed coupling of an ortho bromoaniline A-1 and a heteroaryl

boronic acid.

Boronic acids which are useful in the preparation of the compounds of the present invention
include, but are not limited to, 2-methoxy-pyridin-3-yl boronic acid (CASRN 163105-90-6), 2-
benzyloxy-3-pyridine boronic acid, 2-oxo-1,2-dihydropyridine-3-boronic acid (CASRN 951655-
10  49-5), 5-fluoro-2-methoxy-3-pyridine boronic acid (CASRN 957120-32-0), 2-methoxy-6-
methyl-pyridin-3-yl boronic acid (CASRN 1000802-75-4), 5-chloro-2-methoxy-pyridin-3-yl
boronic acid (CASRN 943153-22-8), 2,6-dimethoxy-pyridin-3-yl boronic acid (115, CASRN
221006-70-8, B-(2,3-dihydro-3-oxo-4-pyridazinyl)-boronic acid (Example 16) or 2,4-dioxo-
1,2,3,4-tetrahydropyrimidin-5-yl boronic acid (CASRN 70523-22-7). One skilled in the art will
15 recognize that boronic acids and boronic esters such as the 4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl radical can be used interchangeably in the Suzuki coupling. The oxo
group can be masked as an alkyl ether requiring a subsequent dealkylation step to afford the oxo

group which is readily carried out by heating in HBr/HOAc.

After elaboration of the quinoline, a second Suzuki coupling with an aryl boronic acid such as 4-
20 (methanesulfonamido)-phenyl boronic acid or 4-nitrophenyl boronic acid allows direct
introduction of the 3-aryl substituent as R® and affords A-5. One of skill in the art will
appreciate the availability of a wide range of aryl boronic acids which affords enormous
flexibility with regard to the sequence of the requisite functional group transformations and the

nature of the R® substituent.

SCHEME B

R! = heteroaryl
X = halogen

25
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The Skraup condensation also can be carried out on the bromoaniline to afford A-4 wherein R'is
a bromine and the Suzuki-coupling to introduce the heteroaryl R' substituent is subsequently
carried out on the quinoline. As demonstrated in example 13, preferential coupling takes place at
the 3-position. The availability of the 8-bromo derivative (B-1) affords additional synthetic
flexibility. Metallation of the 8-bromoquinoline wherein Ar is unreactive under the reaction
conditions allows the introduction of a boronic acid onto the quinoline ring (B-2) which allows
the Suzuki coupling to be carried out with heteroaryl compounds substituted by halogen or
trifluoromethylsulfonyloxy substituents such as 2-chloro-3-methoxy-pyrazine (CASRN 40155-
28-0) which can be demethylated to afford the 3-oxo-3,4-dihydro-pyrazin-2-yl moiety.

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 (R'Y wherein R' = aryl or vinyl; Y = halide
or -OSO,CF3) o afford a compound R-R'. Typical catalysts include Pd(PPhs)s, Pd(OAc), and
PdCly(dppf). With PdCL(dppf), primary alkyl borane compounds can be coupled to aryl or vinyl
halide or triflate without B-climination. Highly active catalysts have been identified (see, €.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 organic solvents
including toluene, THF, dioxane, DCE, DMF, DMSO and MeCN, aqueous solvents and under
biphasic conditions. Reactions are typically run from about room temperature to about 150° C.
Additives (e.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 require optimization of the
parameters for a given pair of reactants. A. F. Littke e al., supra, disclose conditions for Suzuki
cross-coupling with arylboronic acids in high yield at RT utilizing Pd,(dba)s/P(zert-bu)s 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.
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SCHEME C

Compounds of general formula I wherein R' is a heterocycle linked by a carbon-nitrogen bond
can be prepared by a copper- or palladium-catalyzed aryl amination reaction. Aryl amination
procedures have been described. Introduction of 2-oxo-tetrahydro-pyrimidin-1-yl or 2-0xo-

5 imidazolidin-1-yl substituents can be accomplished by Cul catalyzed aryl amination of a
bromoquinoline with 1,3-diamino-propane (step 1) or 1,2-diamino-ethane (D. Ma et al., Org.
Lett. 2003 5(14):2453) followed by intramolecular cyclization with carbonyl diimidazole (step
2). Alternatively, a heterocyclic ring can be claborated from the primary amine C-4. Numerous
procedures have been described which introduce a primary amine onto an aryl ring by

10 displacement of a halogen (step 3). (J.P. Wolfe et al. Tetrahedron Lett. 1997 38(36):6367; C.-Z.
Tao et al., Tetrahedron Lett. 2008 49:70; Q. Shen and J.F. Hartwig, J. Am. Chem. Soc. 2006
128:10028; S. S. Surry and S. L. Buchwald, J. 4m. Chem. Soc. 2007 129:10354) Acylation of
C-4 with 5-bromo-pentanoic acid (step 5) or 4-bromo-butyric acid followed by intramolecular
cyclization (step 6) affords the piperidone (C-8, n = 1) and pyrrolidone (C-8, n = 0) substituents

15 respectively. Condensation of C-4 and ethyl 3-isocyanatopropanoate (CASRN 5100-34-5) or
ethyl 4 isocyanatoacetate (CASRN 2949-22-6) (step 4) and subsequent intramolecular acylation
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(step 7) affords 2,5-dioxo-imidazolidin-1-yl (C-6, n = 0) or 2,6- dioxo-tetrahydro-pyrimidin-1-yl
moieties (C-6, n = 1) moieties respectively. The 2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-yl (C-9)
moiety could be introduced by Cul catalyzed displacement of the bromine with uracil. (step 8)

(R. Wagner et al. W02009/039127)

Compounds of general formula A-5 wherein aryl-R’ bond is a carbon nitrogen bond can be
prepared by the palladium-catalyzed displacement of the bromo substitutent in A-3 with an
optionally substituted cyclic amine as illustrated in Examples 11 and 12. (J.F. Hartwig et al., J.
Org. Chem. 1999 64:5575).

Substitution at the two position was introduced via the quinolone (Example 1) which was
prepared by palladium catalyzed cross-coupling of methyl acrylate and 20a utilizing the Heck
protocol and acid-catalyzed cyclization of the lactam, O-alkylation of the lactam affords the 2-
methoxy substituent. The reaction of the quinolone and phosphorous oxyhalides will afford the

2-halo-quinoline which can be displaced to introduce other functionality.

Introduction of acyclic substituents at R* was accomplished utilizing a Heck coupling to couple
the heteroaryl halide and a suitable substituted alkene or alkyne (see, e.g. example 29) The Heck
reaction (or Mizoroki-Heck reaction) is the palladium catalyzed coupling of an aryl, alkenyl,
alkynyl or benzyl halide or triflate with an alkene styrene, acrylate ester, acrylonitrile enol ether
or enol thiocther. (A. se Meijere and F. E. Meyer, Angew Chem. Int. Ed. English 1994 33:2379-
2411; W. Cabri and 1. Candiani, Acc. Chem. Res. 1995 28(1):2-7) containing at least one proton
and is often electron-deficient such as acrylate ester or an MeCN. Commonly used palladium
catalysts include Pd(PPhs),, Pd(OAc),, PACL, Pdx(dba)s. Phosphine ligands such as PPhs , P(o-
Tol)sand BINAP are commonly incorporated into the reaction mixture either as preformed
phosphine complexes or as free phosphines which can form complexes in situ. Bases such as
TEA, 1,2,2,6,6-pentamethyl-piperidine, DBU, K,CO3, KOAc, Ag,CO; and KO-fert-Bu are
typically required. The reaction is commonly run in aprotic solvents, frequently DMF, DMSO,
NMP or MeCN; however less polar solvents and aqueous cosolvents can also be utilized. While
there are several reaction variables, protocols have been identified and one skilled in the art can

identify useful conditions without undue experimentation.

Analogous transformations afford compounds of general formula I wherein R* is other than

tertiary-butyl. Dibromination of 4-(1-methylcyclopropyl)benzencamide (CASRN 114833-72-6)
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or 1-(4-aminophenyl)cyclopropane carbonitrile (CASRN108858-86-2) affords intermediates
which can be subjected to a completely analogous reaction sequence. Alternatively methyl 4-
amino-5-bromo-2-methoxybenzoate YCASRN 111049-68-4) can be subjected to the Skraup
synthesis which affords methyl 3,8-dibromo-5-methoxy-quinoline-6-carboxylate (122a) which is
5 converted to the corresponding cyclopropanecarbonitrile (124a) by conventional methodology
(see, e.g., example 25). nitrile group can be readily converted to the corresponding aldehyde (
and therefore also the corresponding acid and ester) and thence to the difluoromethyl (DAST
fluorination) or the hydroxymethyl (BHs reduction) substituents. Analogous transformations
can be utilized to afford the corresponding des-methoxy analogues. 4-Trifluoromethyl-aniline
10 (CASRN 455-14-1) and 3-methoxy-4-trifluoromethyl-aniline can be converted to quinolines and

quinazolines analogously.

SCHEME D

O
NH, Né\r Hij
Br NH NH N
—
R’ ?
\ R

l
Né\erl , N¢\IrR

g

Quinazolines encompassed by the present invention were prepare by condensation of an suitable
substituted ortho-diaminobenzene with a 1,2-dicarbonyl compound. For example, ethyl

15 glyoxylate and 32 were condensed to afford a mixture of 5-bromo-7-tert-butyl-1H-quinoxalin-2-
one and 8-bromo-6-tert-butyl-1H-quinoxalin-2-one. Introduction of the C-3 and C-8 substituents

can be carried out by successive displacements as described previously (see, e.g., example 2).
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SCHEME E
Br Br Br
— ey Cl
HO,C step 1 go ,C step 2 step 3 1

1 =—CMe, I I O A NA#

CMe, CMe,
CMe
E-1 152a 152b E-3

Compounds of general formula I wherein X* is N and X', X* and X* are CR® are prepared from
E-3 by sequential palladium catalyzed couplings to introduce the R' and R? substituents using
conditions analogous to those previously described. The conversion of E-1 to E-2 was carried

5 out utilizing Heck palladium coupling protocols. Palladium-catalyzed intramolecular
lactonization of the acetylenic acid produced a mixture of 6-endo-dig and 5-exo-dig products
152a and 152b, respectively. (H. Sashida and A. Kawamuki, Synthesis 1999 1145) Exposure of
152a to ammonia afford the corresponding isoquinolone which was converted to E-3 with

POC]l;. The preparation of E-1 has been described by G.C. Colossi et al. in WO2008/087057.

SCHEME F
F-1 -2 F- 3a R= NH

F-3b: R = NHNH,

CMe, CMe,
F-5 F-6a: R =Me
10 F-6b: R =CH,NH,

Compounds of general formula I wherein X3 and X? are CR® and X* and X* are N (cinnoline
derivatives) will be similarly prepared from F-1 by sequential palladium catalyzed couplings to
introduce the R! and R? substituents using conditions analogous to those previously described.
The conversion of F-2 to F-1 will be carried out with phosphorus oxybromide. F-2 will be

15 prepared by treating F-3b with diethoxyacetyl chloride to acylate the hydrazine and undergo
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intra-molecular Friedel-Crafts acylation. Compounds of general formula I wherein X', X* and
X* are CR® will be prepared analogously from F-4 which will be prepared from F-5. F-5is
prepared by an analogous intramolecular Friedel-Crafts acylation of F-6a. To avoid ambiguity it
should be understood the arrows in SCHEME E ("=") represent retrosynthetic disconnections.
(E.J. Corey Angew. Chem. Intl. Ed. Engl. 1991 30:455)

SCHEME G

Br
Br O stepl Br O
—_—

OMe

CMe, CMe,
G-1 G-2 G-3

Compounds of general formula I wherein X!, X2, X* and X* are CR® were prepared from the
dibromonaphthalene G-1 by sequential palladium catalyzed couplings to introduce the R' and R?
substituents using conditions analogous to those previously described. The preparation of G-1 is
described in Example 22 along with the sequential Suzuki couplings to introduce the R' and R?

moieties.

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 et 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 8. Cell-based replicon systems for
HCV have been developed, in which the nonstructural proteins stably replicate subgenomic viral
RNA in Huh7 cells (V. Lohmann et 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 Flaviviridae RNA

synthesis comes from studies using active recombinant RNA-dependent RNA-polymerases and
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validation of these studies in the HCV replicon system. Inhibition of recombinant purified HCV

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
5 HCV replication may be more predictive of in vivo function than demonstration of HCV NS5B

inhibitory activity in vitro biochemical assays.

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

10  suspensions. Compounds of the present invention are efficacious when administered by other
routes of administration including continuous (intravenous drip) topical parenteral,
intramuscular, intravenous, subcutancous, 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

15 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

20 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

25 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

30 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.
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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-cthane-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, €.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or
coordinates with an organic base such as ethanolamine, diethanolamine, triethanolamine,

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
5 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,
10  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

15 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

20 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

25  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 (¢.g., cthyl

30 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, ¢.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 homogeneously, 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

HBr O



534 1-55 MO HNI1 O NHVs N Or0. 0086 Owvw Cwme3 515 1-56 HO N ?. HBr 00
NHVE N | ior

10

15

20

25

30

WO 2010/142656 PCT/EP2010/057958

-51-

active ingredient is provided in a pressurized pack with a suitable propellant such as a
chlorofluorocarbon (CFC), for example, dichlorodifluoromethane, trichlorofluoromethane, or
dichlorotetrafluorocthane, or carbon dioxide or other suitable gas. The acrosol 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 ¢.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 subcutaneous 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 subcutaneously 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.

5  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

10 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.

15 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

20 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 discase

and patient.

A therapeutically effective amount of a compound of the present invention, and optionally one or
25 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
30 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.
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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
compound in order to manage the pharmacokinetics of the present compounds for maximum

beneficial effect in patients.

The following examples illustrate the preparation and biological evaluation of compounds within
the scope of the invention. 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.

Example 1
N- {4-[6-tert-Butyl-2-methoxy-8-(2-0x0-1,2-dihydro-pyridin-3-yl)-quinolin-3-yl]-phenyl} -

methanesulfonamide (I-1)

RH
R' B
NH, HN | NZ | r
Br R Br Br N
— — —
step 2 step 4 step 6
CMe, CMe, CMe,
20a: R =Br 22a:R'=H 24a: R" =Cl
20b: R = CH=CHCO,Me 22b: R'=Br 24b: R"=OMe
step 1 step 3 step 5§
NHMs

step 1 — To a solution of 20a (10.0 g) and MeCN (200 mL) was added tri-(o-tolyl)phosphine
(1.33 g), PA(ID)(OAC), (0.730 g), TEA (6.8 mL) and methyl acrylate (2.35 mL). The reaction
was stirred overnight at 100 °C. The reaction was cooled and concentrated in vacuo. The crude

product was purified by SiO, chromatography eluting with an EtOAc/hexane gradient (0%
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EtOAc from 0-5 min, 20% FEtOAc from 5.5-15 min and 40% EtOAc from 15.5-30 min) to afford
3.02 g of 20b.

step 2 — To a solution of 20b (6.73 g) and THF (150 mL) was added 6N HCI (150 mL) and the
resulting solution was heated at 100 °C overnight. The solution was cooled and concentrated in
vacuo. The reaction mixture was made basic with solid NaHCO3 and thrice extracted with
EtOAc (3 x 150 mL). The combined extracts were washed with brine, dried (Na,SO4), filtered
and concentrated in vacuo. The crude product was purified by SiO, chromatography with the
gradient described in step 1. The combined fractions were evaporated and triturated with Et;O to

afford 22a as an off white solid.

step 3 - To a solution of 22a (0.500 g, 1.78 mmol) in DCM (10 mL) cooled to 0 °C (ice bath)
was added Br; (90 uL, 1.78 mmol) slowly via syringe. The reaction was stirred for 3 h while
warming to RT and then concentrated. The crude mixture was purified by SiO, chromatography
eluting with an EtOAc/hexane gradient (stepwise 0, 20 and 40% EtOAc) to afford 0.273 g (42%)
of 22b.

step 4 - To a solution of 22b (0.273g, 0.76 mmol) in MeCN (10 mL) was added POCl; (0.14 mL,
1.52 mmol). The reaction was heated at 100 °C for 8 h then concentrated and partitioned
between EtOAc and water (25 mL/25 mL). The aqueous layer was separated and washed twice
with EtOAc (2 x 25 mL). The combined extracts were washed with brine (25 mL), dried
(Na;S0y), filtered, and concentrated to afford 0.287g (100%) of 24a.

step 5 - To a solution of 24a (0.242g, 0.64 mmol) and DMF (2 mL) was added sodium
methoxide (1.54 mL, 0.5M in MeOH, 0.769 mmol). The reaction was heated at 90 °C for 30
min, then concentrated and partitioned between EtOAc and H,O (25 mL/25 mL). The aqueous
layer was separated and extracted with EtOAc (2 x 25 mL). The combined organic layers were
washed with brine (25 mL), dried (Na,SOy), filtered, and concentrated to afford 0.239 g (100%)
of 24b.

step 6 - To a vial containing 24b (0.100g, 0.26 mmol) and MeOH/DCM (3 mL/1mL) was added
Na,CO; (0.082 g, 0.78 mmol), 4-methylsulfonylamino-phenyl boronic acid (25, 0.056 g, 0.26
mmol) and Pd(PPhs)4 (0.030 g, 0.26 mmol). The reaction was irradiated in a microwave
synthesizer at 115 °C for 30 min. The reaction was cooled, concentrated and partitioned between

EtOAc/H,0 (25 mL/ 25 mL). The aqueous layer was separated and washed with EtOAc (2 x 25



1-60 40 485 CMe, 1. HCV Pol ynerase Activity (nop See Exanple 37 2.
111 NVR: 6(CDC13) 1.486 (tert-Bu), 2.97 (S02Me), 3.438 (NMe), 3.932 QW)
The conpowOd810/id2686BLE 11 exenplify further conpounds WPCHIER201080586Dpe of
the present invention. TABLE Il I1-1 N NHVs
-56-

mL). The combined organic extracts were washed with brine (25 mL), dried (Na,SO4), filtered

and concentrated. The crude product was purified by SiO; flash eluting with an EtOAc/hexane

gradient (stepwise 0% EtOAc from 0-5 min, 20% EtOAc from 5.5-15 min and 40% EtOAc from

15.5-30 min) to afford 0.068 g (57%) of 26.

5 step 7- To a solution 0f 26 (0.061 g, 0.13 mmol) dissolved in MeOH/DCM (3 mL/ImL), was
added Na,CO; (0.041 g, 0.40 mmol), 30 (0.017 g, 0.16 mmol) and Pd(PPhs)4 (0.015 g, 0.013
mmol). The reaction was irradiated in a microwave synthesizer at 115 °C for 30 min. The
reaction was cooled, concentrated and partitioned between EtOAc and H,O (25 mL/ 25 mL).
The aqueous layer was separated and washed EtOAc (2 x 25 mL). The combined extracts were

10  washed with brine (25 mL), dried (Na,SOy), filtered and concentrated. The crude product was
purified on a preparatory SiO, TLC plate developed sequentially with 40% EtOAc/hexane then
dried and re-eluted with 100% EtOAc to afford 0.013 g (21%) of I-1.

Example 2
N- {4-[7-tert-Butyl-5-(5-fluoro-2-0x0-1,2-dihydro-pyridin-3-yl)-quinoxalin-2-yl]-phenyl} -

15 methanesulfonamide (I-2)

NéYO

NH
—_—
step 2 step 3 step 4

Me; €, CMe,

31a:R=H 34
31b: R=Br
step 1

N OMe
-

F
1-2
step 6 step 7

Me, CMe3

36a: R'=Cl
36b: R' = Ar Ar=4-methanesulfonylammo-phenyl

step 5
step 1 - To 4-tert-butyl-2-nitroaniline (31a, 5.0g, 25.74 mmol) was added HOAc (40 mL). The
reaction was heated to 50 °C until a clear orange-brown solution formed. The heating mantel
was removed and bromine (1.46 mL, 28.32 mmol) was added carefully via syringe. The reaction

20 was stirred 45 min more while cooling to RT then poured over ice (100 mL). The slurry was
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Or gani heRediet icBns fori h then iltstadghromghvelvss &ber 1091 pangs oo dknchoerdunt®l fhe
foll owi ng synthetic.reaction.sche r Il t me

met hods e'ﬁ?/v dR1t ﬁrge 8‘?)1 W%ﬁ%segfwwgﬁe%ne N ﬁ ¢ ﬁ%%/aéér\%?lgo%&g glﬁ?aég(f as@fr)\t hesi zed,

and varapitRnbPekthice@ELOAS abPHL O €SEmSYTU ME).i The facbivBySOhaFepara@d ahe made
and wiI'l be sug%'ested to one skilled in the art having referred to the

di scl ostshectwith H1@Aa (3 v SPrmls). AdsicoBwicdiprSafec ¥ raststYHE Vs it Bragd0t he
| et TR RSy @i%arzggg, FHRAGhY Col GAELERR gﬁﬁgm ggarop%g of§pl ated and 10

purifie . using conventl ona ni que | udi ng but not
limted to, filtration, distillation, crystallization, chronmatography, and

theyg i ks?%; Buph 2 BBLASH 8F 32 @300RE1 8HAhal LIS tval SHAG ERF1\LBJ¥xk REAISOMERNS
i ncluding physiacal consta(rz\?s d§nd spectral dat :j Unl eslgﬂspeé(i fiszdd to@?he
cont r amygiglithe taleact §.6Asnld@stmintodd Herreaatiop e dieatbd gt rgflex ewsidight eMormeiBy! an

i nert atnosphere a er,i ressuyr r til t f
from antre e il iR BIE 2rEpRED i B Rhfbal SARARRYFIREE R T0C 0
125 C, BRb MWt preipaarilys @necte®sy eplantritto afforbDR0g G0%%) 0684 a(icarnidr

tenperature, e.g., about 20 C . .
isomer also was present in the crude mixture, but not isolated).

15 step 4 - To 34 (0.269 g, 0.96 mmol) suspended in MeCN (10 mL) was added POCL; (0.52 mL,
5.74 mmol). The reaction was heated at 100 °C for 3 h then concentrated and partitioned
between EtOAc and H,0 (25 mL/25 mL). The aqueous layer was separated and washed with
EtOAc (2 x 25 mL). The combined extracts were washed with brine (25 mL), dried (Na,SO4),
filtered and concentrated to afford 0.286 g (quantitative) of 36a.

20 step 5 - To a solution of 36a (0.050 g, 0.17 mmol in MeOH and DCM (3 mL/1mL), was added
Na,COs (0.053 g, 0.50 mmol), 4-methylsulfonylamino-phenyl boronic acid (0.028 g, 0.13 mmol)
and Pd(PPhs)4 (0.019 g, 0.017 mmol). The reaction was irradiated in a microwave at 115 °C for
30 min. The reaction was cooled, concentrated and partitioned between EtOAc and H,O (25
mL/25 mL). The aqueous layer was separated and washed with EtOAc (2 x 25 mL). The

25 combined organic extracts were washed with brine (25 mL), dried (Na;SOy), filtered and
concentrated. The crude product was purified by SiO, chromatography eluting with an
EtOAc/hexane gradient (stepwise 0% EtOAc from 0-5 min, 20% EtOAc from 5.5-15 min and
40% EtOAc from 15.5-30 min) to afford 0.042 g (58%) of 36b.

step 6 - To 36b (0.056 g, 0.13 mmol) dissolved in MeOH and DCM (3 mL/1 mL), was added
30 NayCO; (0.041 g, 0.39 mmol), 5-fluoro-2-methoxy-3-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-



Some conpounds in follow ng schenes are depicted with generalized
substituents; however, one skilled in the art will inmmediately appreciate

t hat t he Wet20roe142d56t he R groups can varied to afford t h@CTaPROVSHSSHpounds
contenplated in this invention. Mreover, the reaction conditions are 20
exenpl ary and alternative conditions af® well known. The reaction sequences
in the follow ng exanples are not neant to limt the scope of the invention
as set 2f2y€15—ggidiﬁe 412 00281 718 1 SGHENE ASRN 18814682954 arfl PAEPh;), (0.015 g, 0.013
2010/ 142656PCT/ EP2010/ 057958 -40- 1,2, 2-tribrono-acrolein g -3) affords the
br omoquimel).i hbc magtionyyas isgdtadsiari Rt vepRtbesFey 2k kY ie@r dAmBn 1A% ani | i ne
wherein Rl. Iis r [ S ' ' OB YmPh5RE). Th
| nvent ilr%ar%%rr1 W& B&%%cgccg g%%%{g%aﬁ {%é?@?ﬁ) RW&&%@&SEQ%?%% el y conver trgg) to es aid
het er oagydoudhiyet was $aphrasetiaidivashed withEtQAL €2 e @5yhl ol let opnitancaif drgamde A- 2
wherein R2 is heteroaryl is readily, b .acca i shed by pall adi um catal yzed
Coup | RSTENS ARG BHB BRI 1) KRGS e B LTt CBET I, ddrdrude

Bor oni ' IS i natdhrh tRRAL AL P Bt@Ac/hb8InG GRIIRMD isd he
pr esen&rw&gﬁ?%ﬁggyﬁdg?%%t aa(?‘%er n t&i(i mted to, : nee @S?epw

2- met hdRy EpgyAE Gom B-5yhibp2(3hiEtOAcifidnf SASFNNERUGHIOBtBA¢ fram 15.5-30 min) to
benzyl oxy- 3- i di ne borgni c acid, 2-oxo-1,2-di hydropyridine-3-boronic acid
( CASRN a%‘é‘i(ggﬁg{ ﬁgi(ﬂlﬂ’)ﬁ{?’%&fl uor o- 2- et hoxy- 3- pyri di ne boronic acid (CASRN
957120- 32-0), 2-nethoxy-6- nethyl-pyridin-3-ylboronic acid (CASRN

1000802: 755 - RN i di 0= %EN', 8 HEFASRNLL
943153-%@?378?%0 5?%15%%?%%&;7- p%;@dﬁ“n%@ %%)%Agcc@am d %ﬁ@,@ CAE%SN ’
221006-5005 B, wder() 2 TBe diabyichi aaShaxat ib-apyaledaticny 4 yatabpanin btc7 €] avef Bxgotrplee 16)
or 2,4-dioxol, 2,3, 4-tetrahydropyrimdin-5-ylb i ¢.acid (CASR

70523- Z9acHpn WanEoQlReINOBERd; ayet 5 (2} f“l&ﬂ“i‘ aw%&\%ﬁ%@ 3l wrayﬂ?%slawsas
and borgi;c. 24 SlloduAG %e?éaﬁlhhﬁe fostitiRe BrdcHitaaBisolibdeBorh $lR¥ ARQH alfeRt 2-y1
radi cal can be used interc angea[s)llly I'n the Suzuki coupling. The oxo group
can be nkiked1&s di-2al kyl et her requiring a subsequent deal kyl ation step to
afford the oxo group which is readily carried out by heating in HBr/HOAC.

After el aboration of the quinoline, a second Suzuki, coupling wth an aryl
bor oni d-@ekeprspeied aBalagowsly QueentinsER G FHanTabred a0 HdrsRide niedust yis

4-nitraoph grg?@i i I i i Q o Ao, iR

subis%i ta@(‘qéon X%gzl& a%%ldgﬂrgire SPIY?I\@Z %gﬁgoﬁlre{sb{l(l?l F{HI&% tﬂle art wll appreciate
the availability of a wde range of aryl boronic acids which affords
enornous flexibility with regard togsampieguence of the requisite

functi | group, tr or i pps, and .the, nature of the R3 stituent.
SCI—lEI\/E(ﬁali1 t%‘%d’fﬂzaéé%’@@?é@ﬂ@?@gqg%yﬁﬁﬂmﬁlén_ W§%5186§%§H4é%1§ ation al so
can be gahiigdfsHami@n(td)e bromaniline to afford A-4 wherein le is a

brom ne and the Suzuki-coupling to introduce the heteroaryl substituent is
subsequently carried out on the quinoline. As denonstrated in exanple 13,

pr ef er esadp Bl Te auplitiog of dkeed. Hl0ag €.38tmol) and N-piperidin-4-yl methane sulfonamide HCI
20 salt (37, 0.143 g. 0.66 mmol, CASRN 70724-72-0) in DMF (2 mL) was added DIPEA (0.2 mL,
1.00 mmol). The reaction was irradiated in the microwave synthesizer at 140 °C for 30 min.
The reaction mixture was cooled, concentrated and adsorbed onto SiO; and purified by SiO;
chromatography eluting with 5% MeOH/DCM to afford 0.102 g (69%) of N-[1-(5-bromo-7-tert-
butyl-quinoxalin-2-yl)-piperidin-4-yl]-methanesulfonamide (42).

25  step 2 - To a solution of 42 (0.040 g, 0.10 mmol) in MeOH and DCM (3 mL/1mL), was added
Na,COs (0.029 g, 0.27 mmol), 30 (0.012 g, 0.11 mmol) and Pd(PPhs)4 (0.010 g, 0.010 mmol).
The reaction was irradiated in a microwave synthesizer at 115 °C for 30 min. The reaction was
cooled, concentrated and partitioned between EtOAc/H,O (25 mL/25 mL). The aqueous layer
was separated and washed EtOAc (2 x 25 mL). The combined organic extracts were washed

30  with brine (25 mL), dried (Na;SO,), filtered and concentrated. The crude product was adsorbed



the 3-position. The availability of the 8-brono derivative (B-1) affords
additional synthetic 5 flexibility. Metallation of the 8-bronoquinoline
wher ei n AVOiI2810He@act i ve under the reaction conditions RCTHERWIGETISS

i ntroduction of a boronic acid onto the quino line ring (B-2) which allows
t he Suzuki coupling to be carried out -§#th heteroaryl conpounds substituted
by hal ogen or trifluoromethylsul fonyl oxy substituents such as

2- chl 0lyRteRiMB LA FNriR RZSITB chioARRbLr4fHbdutingSw A 10¢ii MBOEADChEtodeford by3ated
to afford the 3-oxo-3,4-dihydro-pyrazin-2-yl noiety. 10 The Suzuki reaction
is a pal¥ateikdcatal yzed coupling of a boronic acid (R B(OH)2) wherein Ris
aryl or vinyl) with an aryl or vinyl halide or triflate (RYwhereln R =

cat al ydr SV Pl "Esv%&caﬁ?%% 3 3 risesy iR B e e e
cat al yst

pri mar Y QlckyeqRar %&SB%HEIQH@ @@yptﬁ‘@cﬁi@e ﬁlro)dhctG;l}as\ﬁuﬂYlled B?Bh(dﬁ Or
triflate without 13-elimnati on Ig EI acti ve cat al ysts have been

i derft i fchesdnategrephyeclgtingIwith 0%, My@HflaC Am Chem Soc. 1999

121(41):9550-9561 and A. F. Littke et al., 3 Am Chem Soc. 2000
122(17):4020-4028). The reaction can be (farrl ed out in a variety of organic
sol vents including toluene, THF, di 83%%‘@ , DVMF, DMSO and MeCN, aqueous
sol venths {@d - mﬁmBmypﬁasiﬂuokammﬁhdmyﬂi@mlduné -yd)r-guitgrpiliogd-¥N-pyumlifinom
about roomte uy&%&t@o aboz{ 150 C. Additives (e.g. CsF, KF, T1CH, NaOEt
and KOy aly‘ papdedl-fhe coupling. There are 20 a | ar ge nunber of
par anet ers | n the Suzuki reaction including the palladiumsource, |igand,

addi tives rat L [ [ re

opti i 20 bnr o TREopa) EPRRO Y BT MF AR MRS PRI RN S e
et . ,m@cm}feﬁulfdiiaﬁﬁdmheﬁﬁ@dlﬁﬁmae Han s8uedk0.068 @s6.26 anrpd | 64 SRIN h064048-
aryl boroni ¢c acids in_high at RT utilizin q}e(dba) 3/ P(ter and
condi t i®dr® m@rME(%g&)m@rﬁ%DH% Aa((yimLa‘PréOWﬁ@} TPACHPR VAR {19 1¥F‘¥{j'the
Pd( GAc )&{CFMH&M Mer R 1407 1%§|35) mif2'rh ?éa_cﬁcl)n mixtHRNeas BbRA! BteefdtdLidant
condi tion tor ZUK) cross-coupling utit I ZI ng

Pd( OAc)adbs@bed oﬁte istlich uhy bpdifaiothy $i6), whpheatygraphy eluting with 5% McOH/DCM to

o- (dlcyclohex iphenyl. One skilled i he. art can .det er.mne
A D I e S L AN R

201 514g§ggpgjﬁgpgg%g?g§7958 -42- SCHEME C Conpounds of general fornula
I erein I's a heterocycle linked by a carbon-nitrogen bond can be

prepared by a copper- or palladiumcatal yzed aryl am nation reaction. Aryl
am nat is@dp Pr Sueddicasshay nigaﬁ“msdmaanw@darrieﬂtauoam@asm@umdaﬁ step 6 of Example 2.

2- oxo-tetrahydro- pyrlmdln yl or 2-oxo- 5 imdazoljdin-]- tuents
can be Bw%lﬂmgﬁwwpmﬁe%x Q1 Qe bErrastgeraphy Gyt tiﬂfs A WPEQ{PWZ@Q ne
with 1, ] ., O g.
Lett. 2005 EBL R o8 B ORHPRER SRl o SR 2 O o R R T 12t bonyi
diim daﬁmyles (Ssﬂwo@-meﬂubk%yadm\ﬁeyly quinoeliel gdlpyrididin-dgylmathyde el abor at ed
fromthe ma]If dea& - 4. Nunerous procedures have been descri bed which

i nt ?Q)dJE onto an aryl ring by 10 displacenent of a hal ogen
(step 3). (J P. W)Ife et aI Tetrahedron Lett. 1997 38(36):6367; C.-Z Tao

t al. hedron.let 7

Chem 500 oEeaShng s 5 Bt Rubl o U ER R TRl Ocen T
Soc. 2Q0@4duR Kial Ba6Ad d&ﬁ&’?@}ph@ﬁv@&d} K@mh&&hqamﬂﬁgldb@en@pmg adthd 00%t ep 5)
or 4-brono- butyrl C aC| d | owed by i ntranol ecul ar cyclizati on (step 6)

af f or dsEtOf¥. icpers NBT/DEN to gfferdifyd.ang pyrroli done (CG-8, n = 0)
substituents 15 respectl veI y Condensation of C4 and et hyI

3-i socyanat opropanoat e (CASRN 5100- 34-5 IOE et hyl 4 isocyanat oacet ate
(CASRN 2949-22-6) (step 4) and subse(Us ntranol ecul ar acyl ation W)
20105 14&6{9@[9@%58%29@(2}5?@5Q-dihﬂiro(m@pl-?-)yl)afmmx@hn-%yl]-pheny $-
2,5-dioxo-imd ZO|I€ {;[Ié yl (G6, n =0) or 2, 6-

di oxo- trg?trh?ﬂf% THidin-1-yl noieties (G6, n = 1) noieties
respectively. The 2 ,4-dio xo0 -3,4-dihydro -2H-pyrimdin-1-yl (C9) noiety
coul d be introduced by Cul catalyzed displacenent of the bromne with
uracil. (step 8) (R Wagner et al. W2009/039127) 5 Conpounds of general
formula A-5 wherein aryl-R3 bond is a carbon nitrogen bond can be prepared
by the palladiumcatal yzed di spl acenent of the bronmo substitutent in A-3
with an optionally substituted cyclic amne as illustrated in Exanples 11
and 12. (J.F. Hartwg et al., J. Og. Chem 1999 64:5575). Substitution at
the two position was introduced via the quino |one (Exanple 1) which was



10 prepared by pall adium catal yzed cross-coupling of nethyl acrylate and
20a utilizing the Heck protocol and acid-catal yzed cyclization of the

| actam Owel2RiEe¢son of the | actam affords the 2- net hoRgTARREWIET9ENt . The
reacti on of the quinolone and phosphorous oxyhalides will afford the

2- hal o- qui nol i ne whi ch can be di splace@-to introduce other functionality.

I ntroduction of acyclic substituents at R3 was acconplished utilizing a
Heck coupling to couple 15 the heteroaryl halj NHRI a suitable substituted
al kene or alkyne (see, e.g. exanple 29) The reaction (or M zoroki-Heck
reaction) is the palladiumcatal yzed c an aryl, al kenyl, alkynyl
or benzyl halide or trifl atsép\i\ﬁ th ag.al Sityrensgp3acryl ate ester,

acrylonitrile enol egfje_or_enal Lhio r. (A se—ePeke and F. E. Myer,
Angew Chem Int. Ed. Engl i sh 1994 ﬁ - 2411; W Cabri and |I. Candi ani,
ain

Acc. Chem Res. 1995 28(1): Zh@tﬁ MQ at | east one proton 20 and is
often el ectron-defi ci emk, So acryl ate’ester or an MeCN. Commonly used
pal | adi um cat al ysts i nad d( Ph3)}4— #dRGAC) 2, PdCl2, Pd2(dba) 3.
Phosphi ne |igands such T@&)RB%MSOI Bl NAP are comonl y

incorporated into the r t| on mxt tff%zelther as preformed phosphine
conpl exes or as free phosphlﬁ“fes whi ch can form conpl exes in S|tu Bases

Ko tor b He35s{t e B Py mmahut i Aot dapf o S aE R e 7

aproti aySebyenbss ofr @ﬁﬂﬁ‘d]} s (BYE6 m@@mn%w%@smmmbw%d |PG§P5PhQ)2| ar

sol vent s and aqueous cosol vents can also be utilized. Wile there
sever aI(OJOéégt 0.672 wandla b eesteagsiontversoradintgd én parerovgensythescnMd 1én€ f@k%@ | ed

f f ul
W0 20167 IER R EROTRIIGS s SRR whd DO LS SERRTILTF Dol 25
car bonigry, | Enc(GASRNIARBSS:s 86N el mnarﬂf(e)@ma(ne;szmgz hThacohigined

subjected to a conpletely anal ogous reacti.on seguen% AIt rnatively methyl
4- am ro@gesnmmmtszzz%w%wlb@ﬁtbra@ee( ?@@Rﬂrlqdl@ﬁ% 114)%&‘&1% peAcshBHEtt ed to

t he Skr lytjng with ap EtOAc/h dient

3, 8-di bfh %%Dré%rgrgﬁ& %ag\lg{ﬁthﬁ% dg% car %r %l%yee](l 1%\&11 \%}rln (R |C se}éangégrr]a\l/éerqt ed
to the (stepwesppm@am(!%dﬁlt@mpmaafﬁmdiﬂﬂéag (frl|%)eof(51)24a) by conventi onal

nmet hodol ogy (see, e.g., exanple 25). nitrile group can be readily converted

to the correspondl ng aI dehyde ( and therefore also the corresgfndl ng?]am d

andl@stsép)2 ahel atsplotioreof Ma (Pel 49ef 0.30 monad) tryd DCMARTS Ffidfémétnieé uhr 0

hydr oxynet reductl t f t s can be
DT D Phg OO RS hoMLeRh BTk BRRE e QOB AAARRTAE L 039
4-Trif |rﬁ@62%%hecﬁa’ﬁd| 4R 13 hifh GASENbAtD 5va$4criu)vealnﬁhd the reactlon Warrned to RT and

3-met hoxy-4-trifluoromethyl-aniline can be converted to ? (fl
qui nazotificAdar hhallbytnastian wacqupgntrsted and partgioned between Et e (25 mL) andSatd.

aq. NaHCOs (25 mL). The aqueous layer was separated and washed with EtOAc (2 x 25 mL).

15 The combined organic extracts were washed with brine (25 mL), dried (Na;SOs), filtered and
concentrated. The crude product was purified by SiO, chromatography eluting with an

EtOAc/hexane gradient (stepwise 0, 20 and 40% EtOAc) to afford 0.110 g (66%) of 50b.

step 3 - A vial was charged with 50b (0.110 g, 0.24 mmol), MeOH and DCM (3 mL/ImL) then
Na,COs (0.075 g, 0.71 mmol), 30 (0.030 g, 0.28 mmol), and Pd(PPh;)4 (0.027 g, 0.024 mmol)

20 were added. The reaction was irradiated in a microwave synthesizer at 115 °C for 30 min. The
reaction was cooled, concentrated and partitioned between EtOAc and H,O (25 mL/ 25 mL).
The aqueous layer was separated and washed EtOAc (2 x 25 mL). The combined organic
extracts were washed with brine (25 mL), dried (Na,SOy), filtered and concentrated. The crude
product was adsorbed onto SiO; and purified by SiO, chromatography eluting with 5%

25 MecOH/DCM to afford 0.043 g (38%) of 1-6.



D-4D-5 Qui nazolines enconpassed by the present invention were prepare by
condensati on of an suitable substituted ortho-di am nobenzene with a

1, 2- di carwornylo/easspound. For exanple, ethyl 15 gl yoxyl aPETARAIBRSTNES e
condensed to afford a m xture of 5-brono-7-tert-butyl-1H qui noxalin-2- one
and 8-brono-6-tert-butyl-1H qui noxal i R62-one. Introduction of the C 3 and
C-8 substituents can be carried out by successive displacenents as

descri hegyiy F}?é%j)eﬁb'@ hhld SoREly cRedpt in SXRNMPEEwWY repla¥¥d with 4-amino-2-fluorophenyl

2010/ 142656PCT/ EP2010/ 057958 -45- SCHEME E Conmpounds of general formula |
wher ei oxaniq acidy parrgxbesti CRERAY &1 WBRE-4arY- prepared from E-3 by sequenti al

pal | adi um cat al yzed couplings to introduce the Rl and R3 substituents using

condi tions anal ogous .to those previ oys descri bed. . The conyersion.of,E-1
Lo B o Thses e pad e s e TR e necd B TCRUPTED £ dop ATOL BTGt HERE

Pal | adiyyperziad Yehe il 3 P8 Gk 8lcald¥Gh QBEAB WO hrocbeurd Gty BOF Exafpld
produced a m xture of 6-‘endo-dig and 5-exo-dig products 152a and 152b,
respectlively. (H Sashida and A Kawanuki, Synthesis 1999 1145) Exposure of
152a to anmonia afford the correspondi ng i soqui nol one which was converted

to E-3 wth POC13. The preparation of E-1 has peen descri.be G.C
Col ossil-tWa prepaiedpiesug's zoeert 1%@@@)‘]‘?8@&??&%““& -%@H@%&%@Wﬂtf‘a I

pher &1 ofhieRdd. (R0 FostiROindNe 3B0INM rffla@liyith 4.0 ARRUIORG piAfEA bR W | |
be simlarly prepared fromF-1 by sequential palladiumcatal yzed couplings
t o i nt raodumd thdmethe! ether R8s derysd it apentdswitk thegpreenddia inotey 7&3@?@%2{ o those
previ ously descri bed. The conversion of F-2 to F-1 will be carried out with
phosphorus oxybromide. F-2 will be 15 prepared by treating F-3b with
di et hoxyacetyl chloride to acyl ate ®¥8mp&i®azi ne and undergo WO
20107 142656 PG ER2AB0MOB) 2582 046-1,1-aihydronprelinB ayl)-Fuinededin- Ly Biphsnydgy | at i on.
Conmpounds_ of gleneral formula | whereinX2 and X3 are CR6 will be prepared
anal ogduhanesy fapude JHi0%%h wi Il be prepared fromF-5. F-5 is prepared by an
anal ogous intranol ecul ar Friedel-Crafts acylation of F-6a. To avoid
anbiguity it should be understo%;he arrows,in SCHEME E ("") represent
(
7

retrosynthetic di sconnections. EOJ. Cor ey Anﬁgw. Chem Intl. Ed. Engl.

1991 30: 455) SCHEME G N HNT 3
32— P NH = Br N —=_ 0
step 1
steps 2 - 4
CMe, CMe,
54 56

step 1 - To a solution of 32 (2.5 g, 10.28 mmol) and EtOH (40 mL) was added pyruvic acid (0.86
mL, 12.34 mmol). The reaction was heated at 100 °C (reflux) and stirred for 2 h. The solution

15 was cooled slowly to RT over night whereupon a precipitate formed. The crystals were collected
on a glass frit but contained both isomers, and were therefore combined with the mother liquor
and concentrated. The crude product was purified by SiO, chromatography eluting with 20%
EtOAc/hexane to afford 0.694 g of 54 (23%) and 0.931 g of 56 (31%).

54 was converted I-10 in accord with steps 4-6 of example 2, except in step 6, 40 was replaced
20 with 30 and step 7 was omitted. The crude product was adsorbed onto SiO, and purified by SiO»
chromatography cluting with 5% MeOH/DCM to afford I-10.

Example 7

N-{4-[7-tert-Butyl-5-(6-methoxy-2-0x0-1,2-dihydro-pyridin-3-yl)-quinoxalin-2-yl]-3-chloro-
phenyl}-methanesulfonamide (I-12)



step 1 Br OveOVEOW CMe3CMe3CMe3 G 1G 2G 3 Conpounds of general formula |
wherei nX2, X3 and X4 are CR5 were prepared fromthe di brononapht hal ene G 1
by sequerWpabioarésadi um cat al yzed coupl i ngs to i ntroduc®CTHP2010/081968 R3
substituents using conditions anal ogous to those previously described. The
preparation of G1 is 10 described in-&anple 22 along with the sequenti al
Suzuki couplings to introduce the le and R3 noieties. The activity of the
i nventive conpounds as iRhioMeors of HCV ggtioit N
t he suit abNg et hods k p\/\h toN't‘hose skillfpd Tn §he art, including in vivo
and i n Bri assays. X e, the HRMN M85 bitory activity of the
conpounds form#a | can det gr ntme® 15 usind andard—&ssaly!?pr ocedur es
descri bed Bekteehs et al ., BOt® 2 1996 15: 1222, B$héann et al .

Virol ogy 199&, 249: 108- 118 andCRanj it h-Kumar et €Me, J. Virol ogy 2001

75: 8615-8623. Unl ess otherw sgynoted, the corrpomz]ds of this invention have
denonstrated in vitro HCV NS5B inhibitory activity in such standard assays.

The H L

nvent PS8 THOSS IR SR pEO RRLLLP R SR ERT @%m Z’d'm‘“gﬂ% ‘f?gfjéigé h%?ﬁgffgr

HCV h breh ytiearehio peid, (59 68 13 & duantody) £t (ARhE 3

repli 2\5'?2 ?ﬁbyenoﬁ‘l 1§rae (al v %’5'1\455,)% { )4';%0 iy b S%l ence
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replicon system Inhibition of reconbinant purified HCV polymerase with
conpounds in vitro biochem cal assays may be validated using the replicon
syst emswped eAyolubien p6Byn@p ase, €Ximmsvin HAc & mephvisadiedsorpblexon atsoci at ed
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reddish color of excess bromine. After stirring at RT for 15 min, a solution of 60 (437 mg, 1.59

mmol) in HOAc (5 mL) was added. The reaction mixture was heated for 2 h at 100 °C. The

reaction mixture was carefully poured into a cold sat'd. aq. NaHCOs, and then extracted with
EtOAc. The organic layer was washed with brine, dried (MgSO,), filtered and concentrated.

15 The crude residue was purified by SiO, chromatography eluting with 1:1 hexanes/ethyl acetate to
afford 260 mg (43%) of 62 as a brown oil

step 3 - A microwave vial was charged with 62 (60 mg, 0.16 mmol), 25 (52 mg, 0.241 mmol),
Pd(PPhs), (10 mg, 0.008 mmol), and Na,COs (51 mg, 0.48 mmol) in a mixture of MeOH (0.1
mL) and DCM (0.5 mL), sealed and irradiated in a microwave synthesizer at 115 °C for 2 h. The

20 reaction mixture was cooled to RT and diluted with EtOAc. The organic layer was washed with
water, dried (MgSOy), filtered and concentrated. The crude residue was purified by SiO,
chromatography eluting with EtOAc to afford 32 mg (42%) of I-12 as a white off solid: MS (ES)
(M+H)" = 466.

Example 8
25  N-{1-[6-tert-Butyl-8-(5-fluoro-2-oxo-1,2-dihydro-pyridin-3-yl)-quinolin-3-yl]-piperidin-4-yl} -

methanesulfonamide (I-13)



5 HCV replication may be nore predictive of in vivo function than
denonstration of HCV NS5B inhibitory activity in vitro biochem cal assays.
The conponOd810f426she present i nvention may be fornul at e@CIIEP2MIOFSY ar i et y
of oral adm nistration dosage forns and carriers. Oral adm nistration can
be in the formof tablets, coated tabl-é3s, dragees, hard and soft gelatin
capsul es, solutions, enulsions, syrups, or 10 suspensions. Conpounds of the
pr esenta {AVERS éHaRscAneiteb] [ Taak, U s MWhEd a8M(4d $ike0.205 Hiynod), RE(O AW (emeof

adm ni stration including continuous (intravenous drip) toglcal parenteral,
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presenty. | BYQRAIGRIH (PSRl ﬁ%(atz%! Jf IPRRRGE WhioRaMy(Hey ¢RI sal78s,
together with one or nore conhventional excipients, carriers, or diluents,
may be placed into the form of pharnmaceutical conpositions and unit
dosages. The pharmaceutical conposi Eixample?® and unit dosage forms nmay be
conpri sed of conventional ingredients._in cony ntiqyal.g{ogortions with or
Wi t hOURN-AHrERRa PP K-St Gy Bra-REI -8y anad id kPR bs age
forms ' Wﬂﬁy Suihtable effective anbunt of the active ingredient
connengﬁ%g%%g&ﬁig t é]?ﬁ?ended dai |y dosage range to be enpl oyed. The
pharmaceutical conpositions may be enpl oyed as solids, such as tablets or
filled capsul es, sem solids, powders, sustainedn;ebdrse 25 fornul ati ons, or

| i qui ds such as sol i ons, suspensi gms, enulsipn%, Mitxirs, or filled
capsul es for oral . Or in thdripryg of SEPPoSAOU f ostepéct al or
vagi nal admi ni str af or T The { of STé&rile i tabr e sol utions for

parenteral use. At
95% acti ve conpound @vie,conpounds (WaMe, The term "prepgration” or "dosage
fornt is intended to inglude both solid and liquid fefnulations of the
active conpound a@ogﬁ: gg' fed 30 iM the art will appreci ate that an
active ingredient gan exist ’in different preparations depending on the
target organ or tisSye and on the desired dose and pharmacoki netic
paranmeters. WO 2010X14365aPCBrEP2010/ 057958 -48- The term "excipient" as
used herein refers bund tRapsis useful in preparing a

phar maceuti cal conpes Zjener aHy®saf B4 non-t oxi ¢ and neit her

bi ol ogi cal |y nor otherw undesi rabl e, and includes excipients that are
acceptabl e for veterinaryfuseéMas wel| as hunman pharmaceutical use. The
conmpounds of this inventi©wm,can be adm nistered alone but will 5 generally
be m nistered in adm xtjgre with one or nore suitable pharnmaceuti cal
excipients, diluents or carriers selected wwth regard to the intended route
of admgppst I AtrhiRfurdBelesd @@8@49&@6 IMEREIRN 7ag2p4@ ey, idighenylphosphoryl azide (8
"Pharnmaceutically acceptable" neans that which is useful I n preparing a
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phar macol ogi.cal actiyity of the parent conpound. Such salts include: (1)
acid adﬁ“ﬁgbﬁgéésﬁé?¥WB¥%% with inorganic acids such as hydrochloric acid,
hydrobrom c acid, sulfuric acid, nitric acid, phosphoric acid, and the
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fumaric acid, tartaric acid, citric acid, benzoic acid,

3- (4- hydr oxybenzoyl ) benzoi ¢ acid, cinnam c acid, mandelic acid,

met hanesul foni ¢ acid, ethanesulfonic acid, 1,2-ethane-disulfonic acid,

2- hydr oxyet hanesul foni ¢ aci d, benzenesul fonic acid, 4-chlorobenzenesul fonic
aci d, 2-naphthal enesul fonic acid, 4-toluenesul fonic acid, canphorsulfonic
acid, 4-nethylbicyclo[2.2.21-oct-2-ene-1-carboxylic acid, glucoheptonic
acid, 25 3-phenylpropionic acid, trinethylacetic acid, tertiary butylacetic
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30 tronet ham ne, N-nethyl glucam ne, and the like. WO

2010/ 142656PCT/ EP2010/ 057958 -49- Solid form preparations include powders,
tabl ets, WOI2b®/142&@psul es, cachets, suppositories, and diPSpaP2e0/0879§% anul es.
A solid carrier may be one or nore substances which nay al so act as

di luents, flavoring agents, solubilizeé4, |ubricants, suspending agents,

bi nders, preservatives, tablet disintegrating agents, or an encapsul ati ng
mat eri glith B0 AROWMAETShed WohAA Na®H, GEAEMAESY,)] Blt@cdatd cudleyntehited dexdfosd? 00
which is a mxture with the finely divided active conponent. In tablets,

t he actael Gosgvaenrilgeneral ly is nmixed with the carrier having the
necessary binding capacity in suitable proportions and conpacted in the
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l'iquid formul ation including emul sions, syrups, elixirs, aqueous solutions,
aqueoussngpetsinROATasac Erdicnte abrd 426 mer4B) pr e$har abiosHLwni ch are

intended to be converted to liquid form preparations shortly before use.
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for parkwtsgaiic kuei Wrswasked opth(bsing, drigdy(Mg§Quetiilisred andrcopgantigfed. poegude
injection,or conti NG ' . i ' form
i Gipotel waa| R R Op LR AL o Rl FRERLRETIOALR, bichs, 13038 |
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as suspensions, solutions, or emulsions in oily or aqueous vehicles, for

exanpl e sol utions in aqueous polyethylene glycol. Exanples_ of oilg or
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stabi |l izing and/or disgersin% agents. Alternativel%,éj t he a&%j%e,éngredient
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formul ated for topical admnistration to the epiderms as ointnents, creans
or 1otiHe, or as a transder nal patch. G ntnents and creans 5 may, for
exanple, be fornmulated with an aqueous or oily base with the addition of
sui tabl e thi ckening and/or gelling Egg&tﬁf(+otions may be formulated with
an aqueous or oily base and will in gengra al so containing one or nore
emubsi fiyi ageagarBisyl-S{Rbhlbiozl-bgo-dgedihgdrodhsiar-3iyhgs-aptnixy;quinedipehgilng
agents, thickening ent s r. coloring agents. Fornul ations suitable for
topicaHﬂ§8ﬁ@ﬁP§?W5¥$®HmPHaqaéL/ uth include | ozenges conprising active
agents in a flavored base, 10 usually sucrose and acacia or tragacanth;
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15 the active conponent is dispersed honogeneously, for exanple, by
stirring. The nolten honbgeneous m xture is then poured into convenient

si zed nol\We20ul142686d to cool, and to solidify. The conp®GmdgP2e/051988 pr esent
invention may be fornul ated for vagi nal adm nistration. Pessaries, tanpons,
creans, gels, pastes, foans or sprays-@bntaining in addition to the active
20 ingredient such carriers as are known in the art to be appropriate. The

conpoungsrddfant REnd¥haeRAL The VAL i udBYashrrified Y ISed £chrd@atogapay cluting with
adm ni stration. The solutions or sus enS|ons are plled directly to the

nasal eBFMchyxansraredientsnaiiondeinag (15 )%ﬁkﬂﬁﬁ%ﬁ“’t?ﬁ)g'dropper pi pette or
spray. The fornul ati ons may be prOV|ded in asingle or multidose form In
the latter case of a dropper or p| EIS may be achi eved by the
patient adm nistering an approprlat %d’ternined 25 vol une of the

sol ut i an {6 34EBARGI0MethbRy-Ble- &aaemﬁlyamspyrwmst}h) qulﬁaun Be/lpedeiidinedt f or
exanpl e by means of a netering atom zin e conpounds of the
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for exanple of the order of five (5) mcrons or less. Such a 30 particle
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m croni z gtlon The WO 2010/ 142656PCT/ EP2010/ 057958 -5 active ingredient
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powder, for. e owder base
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cel | ul QB@M&M@OBngmIeﬂmbmﬁbfd)% dig(26%PyP)-19 The whitad€isobidrrier will form a
gel in the nasal cavity. The powder conposition may be presented in unit

dose form for exanple in capsules or cartridges of e. g aelatin or blister
packs fstapd WNICSH 14 v, 90 0p owdeld vwaayddy@ltadrwwhgnefba916§/ meah89ommad) innhal er .
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formul ated in transdermal or subcutaneous drug deljvery devices._ Thes
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to an skin- adheS|ve solid support. The conpound of interest can al so be
conbined with a penetration enhanceExa,ﬁ @12 Azone
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i njectipn i gy encapsul ate the conpound in a 20 lipid
solublé30 h%%hﬁ%%%%g%’gﬁbna gggeg ubber, or a bi odegradabl e pol yner, e.g.,
polylactic acid. Suitable fornulatlons along with pharmaceutical carriers,
di | uent\g_ 3R EXCI-PinfMl - At RarflER fdraRfdt (72) ReFANGI8NHL, TS mPhd 1P RaSadiRd to a
Practlgg o%gﬁﬁgrnacy £§95 %dltedab g v W? Mack Pubrlshlag Conpany,
19th ediotition of BAB3-GaminPawtny) I-2hBac- pmglkdln¢ @dgfmml)aaniéﬁ anviasP “a
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conpounidécredandegeaesntratesinl he eaids Slatasiab wap traried withrl MyH(din MeOH (25 mL) at R

and stirred at RT for 20 h. The volatiles were removed under reduced pressure to afford 0.95 g of

72 as a white solid.



vehicle, for exanple, may be easily acconplished by m nor nodifications
(salt formulation, esterification, etc.), which are well within the

or di nary WRI2p10/i4p656he art. It is also well within the 3®CoERRGH&NF7ISKi || of
the art to nodify the route of adm nistration and dosage regi nen of a
particular WO 2010/ 142656PCT/ EP2010/ 0662958 - 52- conpound in order to
manage the pharnacoki netics of the present conpounds for naxi mum benefi ci al
ef fect sich 1IR3k VM as cildiged @[tl‘m'()gmflr APV T amhdly, 72f(Rew tigy e 7asrammily, PAcOAsed
herei n neans an anmount required to reduce synptons 0 [

f the disease in an
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t he agelilard vgenetCadc. HBad drhardo gt wanwashet méthpat'd. et NaBCOey drimdd Mgt s wi t h
which the patient is being treated, the route and. faormof adm njstrat.jon
and X hdltsresrand sppesatrgied- a%ﬁémdé ﬁ%%dtﬁfwefsl%m:ﬁﬁg #&gﬂoﬂp‘aﬁelﬂlﬁﬁoﬁﬁﬁ’ elﬂﬁ%m .
For oral, aey ) 498 § /y%aﬁearﬁf@bﬁ AR 1P kRN eheaRRY!L
1000 n%/kg%%%ﬁ%%mgght@ggtg §hou| d be_a%g?%g)ri at{eghien rerIlot her apg

and/ or gumotiosfeyid H-pyridimeraey (MAHp eI nedhdasdlidsdosage i s bet ween about
0.1 and about 500 ng/ kg body weight, nore preferred 0.1 and about 100 ng/ kg
body wei ght and nost preferred 1.0 and about 10 ng/ kg body wei ght per day.
Thus, for adninistration to a 70 kgE¥dpBA3 t he dosage range woul d be about
7 My tqgQy. AR AR x93 4 Hind @288 pSAMiMS- 12AsIhsthetRHuiasli@3Sjpgl e
dosageq\(I)(rzltﬁ?\gecf?gugggygésglgég?’t%}p' cal | yp%g tl)et vvegnm 1 and }gq%llosage? Eer day.
Geng) alphynyl} meahanestlfongmidei (142d) ed wi th smal | er dosages which are |ess than
t he opti num dose of the conpound. Thereafter, the dosage is increased by
smal | increments until the optimmeffect fog the individual patient is

reached. One of ordinary ski treating g?ise ypscribed herein wll
nphtation and | n Fel Nane on personal

be abl e, w thout undue exper

know edge, experiggnce—god 1 di scl osuLgs o £ >fpl i cation, to ascertain
a 20 therapeutical Isyepaf f ec ENgRRusite Df the conophds of the present
invention for a given diseaskg an patient. In enbddi ¥t s of the invention,
the active conpound or a salt can be adm ni stered®™ms conbi nation with

anot her antiviral agent suchasgeigbavirin, a nuclebsi de HCV pol yner ase

i nhi bitor, another HOWPolenuelkeosi de pak y imreteesulferinylbmingiphayl HCV pr ot ease
i nhi bitor. When 25 the active conpound or its derivative or salt are

adm ni st&y edal BreBARI B (100 nW, i sanabhek K (5i kBl wagadted td1e salatiovofy- may
be increased over the parent conpound. When the treatnent is conbinatjon

t her apybromoadioleinlil AB 512 Atli romohdy ¢conaly pieRT vkl i serdigy cojgriod bramgipect

to that_ of the.nucl eosi erivatives,. ." r 1 DL SHERAH®R: (fsLysed
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di f {er ands ddds@®SThARatInShix@irt Qs Gtattdvdrarh &0 000Ce Tagesictommitthe wasme tine
can be achi eved {9)3/ a single fornmul ati on containi ng re active

two or no
i ngr ediarfallppousgd ot a caldisatd pg- NalgPe.and dign eé&?ﬁ?tﬁiié‘tvlﬁ)"aﬁtp&?- JCONRNYT or e
dosage i i i 5 958
a3 s B B R (R e e et ot S Lo
pr ophyl mitified &y Si@©) thramatogriphe ctutingtwithnd hofnekiGA¢ prrdeanth ¢ffaadd 70 mg (45%)
Furthernpre, the term"treatnment” of a HCV infection, as used herein, also
i ncl ude¥d TApaaceRERYn 8l prophyl axis of a disease or a condition associated
with or nmediated by HCV infection, or the clinical synptons thereof 5 The

term "therapeut.ically effecti t A I n t
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dosage can vary within wide limts dependi ng upon nunerous factors SqﬂCh as
the sevadiirgdigfedima micrevaresymshesier pid20elf of hb. LhrreacingBRbrs van £89I6¢, 1o
condi ti e, a}rlq?cd]i t ERARATY ol : T ei ng
t r eat ed, taﬁ(féd}rh%g(ti 2& glnfgaﬁg ' 1(‘3%1 Ira(r%r{r% agﬁéyﬁtf%%%ﬁltgﬁtﬁ%}hgﬁ%ir(2?%%(242’0%sé%(ﬁd
exper i endeoatentiaednitic caldepeddid wisoneificd vy Ji@ e dhrofetogoaphly chdimigvwitt EfiAon, a

dai |y dosage of bet n ut 0.01 and ap 0 kg, body wei ght per day
shoag d @é?fg&bé%mgé\é\ﬁﬁ? ﬂﬁﬂﬁ’n%“t%%fﬁ%%?ﬁé‘?ﬂb&g\% #%g)cmzﬁ?(%‘n t herapy. A
preferred daily dosage is between about 0.1 and about 500 ng/ kg body

wei ght, nore preferred 0.1 and about 100 ng/ kg body wei ght and nobst

preferred 1.0 and about 10 ny/ kg body wei ght per day.




15 Thus, for admnistration to a 70 kg person, the dosage range woul d be
about 7 ng to 0.7 g per day. The daily dosage can be adm nistered as a

si ngl e dos@agelniH24sa di vi ded dosages, typically between PCAAR2H0805¥a]es per
day. Generally, treatnent is initiated with smaller dosages which are |ess
than the opti num dose of the conpound-6Fhereafter, the dosage is increased

by small increments until the optimumeffect for the individual patient is
r eachediep@nen Qfal adcRapyd with T (20020g 16 831 @ | uaRHSES mde6 642 hambIheN-€2-n
will be able, w thout undue experinentation and in reliance on perso

n
know edgenopbspiinicotisamigded 19 Mg, 8i08¢ myaeh.<uld Mg 0043 smne batibsy, (1 %m&s@gﬁt ain
a therapeuti { | fEﬁ@?O @Eﬂ¥ h :
inventP@Hg$€$égi%F@g%égqﬁégg%ﬂg%%&%gt|en .%K t pg%ﬁ%%f%af?iwg?ﬁg%F?$g
anount a8d ireadiep BUNGhi@dwhhesypthesieatat il 60 80 foranh. Ahdreagtidnomatiry waneooled 85

nore additional antjviral agents,. is an anmount, eff i o, re e e
viral IRdagnhdofiluechivil EtQAsy Eg%lplfgéawdwa Vap aeplidenty e : atigg @ﬁ%fﬁ(_t)ﬁ
i ndi catel.54f O cgnéegxﬁiat%ﬂn §4c LIRS G Wb REFY bYRidActbRatblFphy kR WGl ude,
but are not ﬁ|n1te to liver fibrosis, elevation in serumtransam nase
| evel s BaGdcneaffoidnf1 mpidlopofyI-2t us ¥ b¢ngi sohidt he |iver. One common exanpl e,

which is intended to be exenplary and not limting, of a marker is serum
al ani ne transm nase (ALT) which is neasured 30 by standard clinic assays.

j |
I'n somN-éddiomisrtButgk S-mshaxyvef-msthoxi 2910 bEidiky dro-xtidignt Y w4inedA-3-¥llone

which re LT | I I : :
2010/ 11965 5pRrT e R AR B R AR e e S AR B S ounds
t 0 r@endeuplidpewitindl R asbdanbdtieylationmtaecord widi the procethire firestesc? arekanpéempiay be
easily acconplished by m nor nodifications (salt fornulation,
esterification, etc.), which are well within the ordinary skill in the art.
It is also well within the ordinary skill of the art to nodify the route of
adm ni strati on and dosage regi nen QEH%n@%HhiCUlar 5 conpound in order to
manage the pharnmacoki netics of the present conpounds for nmaxi mum benefi ci al
ef f ect NIj4{j8lréremBusyl-STiped-Hhkbavd, hd-texaydte pyrithldiss 5 ydt & nidtiexyr@pariat 3-9H- and
bi ol ogi cal eval uatigon of .conpounds within the scope of the invention. These
exanpld&mﬁﬂﬁqﬁﬁ@ﬁﬁW&ﬁﬁ%ﬁ%ﬁ%&ﬂi?h follow are provided to enable those skilled
inthe art to nore clearly understand and to practice the present
invention. 10 They should not be considgred as limting the scope of the
i nvention, but nmerely as being ill usogaNiyu® angd L&presentative thereof.
Exanple 1 N- [6-tert-Butyl-2-netho xy- ﬂxo-l,z-dihydro-pyridin-3
-yl)-quino Iin-3 -yl] -phenﬁa%b- net Ha fong ide (1-1) step 1 - To a
solution of 20a (10.0 g) an CN'ZZOO ) Qagladded tri-(o-tolyl)phosphine
(1.33 g), Pd(11)(0Ac)2 (0.730 g), TEA (6.8 mf) &M nethyl acrylate (2.35
m.). The reaction was stirred overnight at 16¥eC. The reacti on was cool ed
and concentrated in vacuo. The crude productl¥#as purified by Si02
chrgyatography el uti ng w th aar sEh@betsEaanaigmphciyent (0% WO
20107 142656PCT/ EP2010/ 057958 - 55-

A 5 mL microwave vial was charged with 74b (98.7 mg, 0.213 mmol), 2,4-dioxo-1,2,3,4-

tetrahydro-pyrimidin-5-yl boronic acid (67.9 mg, 0.436 mmol, CASRN 70523-22-7), Na,COs
(119.8 mg, 1.13 mmol), and Pd(PPhs), (27.8 mg, 0.024 mmol), MeOH (1.6 mL) and DCM (0.4

mL), sealed and irradiated in a microwave synthesizer at 115 °C for 60 min. After cooling to RT

20 the reaction mixture was poured into sat'd. aq. NaHCO; (30 mL) and extracted with EtOAc (3 x
20 mL). The combined extracts were washed with sat'd. aq. NaHCO3 (2x40 mL), brine (40 mL),
dried (Na,SO,), filtered and concentrated. The crude product was purified by SiO»
chromatography cluting with a MeOH/DCM gradient (2 to 10% MeOH) to afford 15 mg (14%)
of I-25 as a light yellow solid.

25 1-23 was prepared analogously except 2,4-dioxo-1,2,3,4-tetrahydro-pyrimidin-5-yl boronic acid

was replaced with 59 and the methyl ether was cleaved in accord with the procedure in step 7 of



Et0Ac from0-5 mn, 20% EtOAc from5.5-15 m n and 40% Et OAc from 15. 5-30
mn) to afford 3.02 g of 20b. step 2 - To a solution of 20b (6.73 g) and
THF (150 wWD2omwag2@dded 6N HCL (150 nmli) and the resulti n@CTFHPAOHTIFAS
heated at 100 C overnight. The solution was cooled and concentrated in 5
vacuo. The reaction nmixture was nmade bé%ic with solid NaHCO3 and thrice
extracted with Et0Ac (3 x 150 nL). The conbi ned extracts were washed with

brine, cdihgd 2( NaRSRMe, prbiilck G Puifie HOSICERhF@RckhphVEGtIY wihe NMeQEOCM
product was purified (gﬁ Si 02 chromat ography with the gradi ent described in

e
step 1gradignt €2ieb? % dePH o aftond 13dras ap HpwhiEt Widand triturated with Et20 to
afford 22a as an off white solid. 10 step 3 - To a solution of 22a (0.500
g, 1.78 nmol) in 10 ) cooled,to i ce,bat h) was. add Br 2 01AL,
T 25 i Ry T Gac Pt e ek Poh G Ee hal RS o R b
var m NG,k Qe ftlccanei NeRuCRY Rk l-g%diﬁryeyl%w&ﬁc Bdid (CASRWESO(PE0f7bed ahy Si 02
chromat ography eluting wi fh an Et 0Ac/ hexane gradient (stepw se 0, 20 and
40% %t Olcinethyl ethérovas deardd inpocanbyitibtheapecedus igsisp Taofexqwplg s olhigtqreds of 22b
(0.273 .76 mml ) (in CN (10, m) was added PCC13 (0.14 m, 1.52 nmol).
The reg’é?‘gl%p%m@?\t)ggf‘%?ﬂewgpvi%éa]é for 8 h then concentrated and partitioned
bet ween Et 0Ac and water (25 nlL/25 nlL). The aqueous | ayer was separated and

washed %%g&%g&%%g&%@@ ?}Aldio;fm,z?gmieét&%gidr%xgﬁ%aﬁl-w Bordashemd with

brine tered, and concentrated to afford 0.287¢g
(1009 vads r@glaced20itts3-Enofm-pyridin-d-yd douinioaridf TRAerudop4ing, precigithterdas yellawd DIVF
(2 nL) was added sodi um nmet hoxide (1 54 0.5M | n OH, .0. 769 The
react i GWNHY hasgd 5@8‘% Nenitsid g@@)ﬁ?‘rish(,)z ‘frnﬁ% at(?g]f‘i‘@h%fﬂtll\{ﬁ{]%gl ltgr?ﬁﬁgmb%ned
bet ypen £didf¢> ansh,HAC0LZR 4¥kdrd3-28las .an DiewABIGNids | ayer was separated and
extracted wth EtOAc (2 x 25 nL). The conbi ned organic | ayers were washed
with brine (25 n.), dried (Na2SO4), filtered, and concentrated to afford
0. 239 g-341RPrephredhnalddvuslysikegpt 8;4-dioxex 1\A, BH-tetoahtydionpyrgnid#bS /0 bdro0w,acll. 26
mol ) and MeOH/ DCM (3 m || L) s .added Na2 0.082. g, 0.78 mol
4- met hyYasurplasag vaih iﬂeﬁ YRy FioHBH SHHE V518 gn aéﬁ%gﬁvﬁaghf‘ol?%emm)s)‘éé’nﬁ"f
Pd(PPh?&ngQ.éBO g, 0.26 mol ). The reaction was irradiated in a m crowave
synt hesi zet at 115 C for 30 nmin. The reaction was cool ed, concentrated and
partitioned between 30 Et 0OAc/H20 (25 nmL/ 25 nlL). The aqueous | ayer was
separated and washed with EtOAc (2 ExahpleW® 2010/ 142656PCT/ EP2010/ 057958
-56- nl). The conbi ned organi¢c extracts were shed with bri 25 .m),
dri &8 (Wed2904y71-Butyliemetho 3nd - (oo AR PYHHR 1%-E@abqwa%étyqﬁﬁéen5l}ri fied
by Si0O I w~h an Et 0Ac/ hexane gradient (stepw se 0% Et0Ac from
0-5 m ﬁnéth%%gﬂ?ddﬁ%ﬂnﬁggvrgﬁ 5-15 mn and 40% Et OAc from 15.5-30 mn) to
afford 0.068 g (57% of 26. 5 step 7- To a solution of 26 (0.061 g, 0.13
mol ) di ssolved in MeOH DCM (3 m|lInlL), was added Na2CO3 (0.041 g, 0.40
mol ), 30 (0.017 g, 0.16 mmlNHand Pa&B3) 4 (0928 g U13 mmol ). The
reaction was irradiated in atr;’r ropvel synt he izﬁ 315 Cfor 30 min. The
reacti on was cool ed, concentr ¥ partitioned en Et0Ac and H20 (25
m./ 25 nL). The aquedbs—tafer waslsegpar aied and wasyge Ac (2 x 25 nl).
The conbined extracts were 10 washed wWMA brine (25 hi), "dried (Na2SO4),
filtered and concentrated. The crud@qroduct was puriM§:ed on a preparatory
Si 02 TLC pl ate devel oped sequentialdy w th 40% Et OAdfdTiexane then dried and
re-eluted with 100% Et OAc to afford_q. 0%}3 5)2].0 .m(_)f !ﬁ!l' Exampl e 2 N-
{4-[7-tert-Butyl-5-(5-fluoro-2- ox&F I, "% ”ﬁ%‘&f BIAIRTRIER 3- v 1) - qui noxal i n- 2-y
%{] - pge Ny hlal wad ShdrBéaRBTYb {(0aRi 0878 dmdl), IOVBRdpMRdGEMEde B100: nIR, B,IH3R3Me 31b:

= Br

B (8 mg, 0.069 mmol), Cul (8 mg, 0.036 mmol), K,COs (96 mg, 0.695 mmol) and degassed
20 DMSO (0.5 mL) was added. The reaction mixture was heated for 48 h at 150° C. The reaction

mixture was cooled to RT and diluted with EtOAc. The organic layer was washed with water,
dried (MgS0,), filtered and concentrated. The crude residue dissolved in THF (5 mL) and
treated with carbonyl diimidazole (350 mg). After stirring at RT for 4 h, the reaction was diluted
with EtOAc. The organic layer was washed with water, dried (MgSO,), filtered and

25 concentrated. The amine was not completely cyclized. Thus, the material was dissolved in



step 1 Cve, CMe, 36a: R = C 38 36b: R = ArAr =

4- met hanesul f onyl am no- phenyl step 5 step 1 - To

4-tert - buwol20R/1dRGS60ani | i ne (31la, 5.0g, 25.74 mmol) wasPauGPAIOESE 40 nl) .
The reaction was heated to 50 C until a clear orange-brown sol ution formned.
The heating mantel was renoved and bre6®ne (1.46 nL, 28.32 mmvl) was added
carefully via syri nge. The reaction 20 was stirred 45 mn nore while

cool i ngidxan atﬂpiWaéﬁte‘d\'iﬁ & rhie®wal® Bcattor at THEE CSfou B0 Yni@The Whktion

2010/ 142656P 010/ 057958 -57- stirred with a glass . rod and nore solid

pr eci plmlatuefdwemooé@ toHel ia@ecqmﬁtté?ded THee @udq ¥sidae Wab puliadern ArCRREINSs fit

and dr| af, 0 1b (2.5
oo 15Tl s HeiC R gN iy, ATy HRed o e (REAP PR Pl 1763
g, 27 461lemreblid. and NHACL (1.47 g, 27.46 mmol). The reaction was 5 heated
at reflux for 4 h then filtered through glass fiber filter paper on a
Buchner funnel to renove the iron. The solid was rinsed wwth MeOH and the
filtyate was concentrated and partiExanpld 1I6et wveen Et 0Ac and H20 (50 ni/50
m.). The aqueous | ayer was separated and washed with Et0OAc (2 x 50 nL). The
conbi ned (& Gani-Bueptisrmethox ywdr(8-ovashddihwid tdippidanm-4-5D-quino lineff-yddheNd SO4) |
filtered and c?ncen r ted to afford 2.23 g (100% of 32. 10 step 3 - To a
sol ut | GPeths 1.8 mmol) in EtOH was added et hyl gl yoxal ate (50%
bywelghtlntoluene 054rrL 2.7 mol ). The g i
overnight. Mre ethyl glyoxal ate wag added (O.
reaction again heated at reflux oweMNsis ¥ FT-white precipitate was
collected on a glass frit to afforjd Q 28} 199 of 34. (The other isomer
al so was present in the crude m xt €, Y ot isolated). 15 step 4 - To 34
(0.269 g, 0.96 mmol) sudfferded™ n MeCN 1%/Iwas added POC13 (0.52 mi,
5.74 mmol ). The reaction was heated at 100 ®¥®r 3 h then concentrated and
partitioned between Et0Ac and H20 (25 nlL/B;nl). The aqueous | ayer was
separated and washed with EtOAc (2 X 25 n6). The conbi ned extracts wer e

o

washed with brine (25 ni), fllter c tra edto
af f or d Br(28alihydrerd-oxer4-g %Tt)i 'éltﬂoﬂ‘t R

0 ; 3 g,
A et oy i S
and Pd ((RFYB) A,00(2612 g3,106.10rhd1) rnd HO (fm(émléaotl thermiraige wap atmrec? al hented at
t 115 C | ed tr.at d
par 1 t O BETREe ANEFARORRGS R0 0 1) SO oS sl
separ atigd H%Swshf%qlq%élﬂ I@e@%s (Hics e%ﬁac%d with 2022 é SE0RILaech)org@ni ¢

extracts were washed with rlneagﬁzi , dried (Na2 filtered and
concentqoatbad:d c¢Khracts mietkednirdoNacs O ﬁltﬁtmfi pifd @@P@lgﬂt@r (Tileéﬁﬁ@)lﬁﬁltg@@td%’mphé?reutl ng

T ot 5 eI AR oigni B G 15 bRLS S F e R B B19AG 1B o

36b. extracts were combined, dried (Na,SOs), filtered and evaporated to afford 4.75 g of 4-chloro-2H-

aciNHMs Was heated at refl ux
, 2.7 mmol) and the

pyridazin-3-one (75)

step b - A microwave vial was charged with 75 (0.400 g, 3 mmol), bis-(pinacolato)diboron
(0.934 g, 4 mmol), dicyclohexyl[2',4',6'-#ris(1-methylethyl)[1,1'-biphenyl]-2-yl]-phosphine (X-

20 Phos, 0.058 g, 0.12 mmol), Pd,(dba); (0.056 g, 0.061 mmol) and KOAc (0.902 g, 9 mmol) and
the flask was evacuated and back-filled with Ar and sealed. Dioxane (6 mL) was added and the
reaction heated at 110 °C overnight. The reaction mixture was cooled to RT and extracted with
EtOAc (120 mL). The organic extract was washed sequentially with H,O (10 mL) and brine (10
mL), dried (Na,SO,), filtered and evaporated. The crude product was triturated with Et,0 to

25 afford 0.217 gof 78.



WD 2010/ 142656PCT/ EP2010/ 057958 -58- 2-yl1)-pyridine (40, 0.026 g, O0.16
nmol , CASRN 1083168-95-9) and Pd(PPh3)4 (0.015 g, 0.013 mmol ). The reaction
was i rraadwvetet/i4pesa m crowave synt hesi zer at 115 C for BOTAHPA10DKESE eact i on
was cool ed, concentrated and partitioned between Et 0OAc and H20 (25 nL/25
m.). The aqueous | ayer was separated an¥ washed with EtOAc (2 x 25 nL). The
conbi ned organic 5 extracts were washed with brine (25 nL), dried (Na2SO4),
filter ednaNgmGaneeel tallie oFT8b ahd U8 isfaadiiciut Wadedotibéd intftkalplSl OB afford
chromat ography el'uting with an Et OAc/ hexane gradi ent (stepw se 0% Et OAc
fromO078. min, 20% Et0Ac from5.5-15 nmin and 40% Et OAc from 15.5-30 nin) to
afford 0.061 g (100% of 38. step 7 - To a solution of 38 (0.058 g, 0.148
mol) in HOAc (2 nL) was added HBréégil nh7 10 50%in water). The reaction
was heated in a sealed tube in a s meled7at 70 C over ni ght. The reaction
was C0W—$ﬂ—{6-@é)ﬂBﬁ@l-@V(lQr4-di6§o%&ﬁh?&r)o-Iﬁyﬂﬁlniaﬂl—l-%IS-&ethNﬁtﬁﬁ&o_(iﬁ-_B-mbhm} -added
slowy. The ice was allowed to nelt and the resulting precipitate was

col 1%ectesthangsdioghmide @i28)t o afford 0.034 g (61% of I-2. 1-6 was
prepared anal ogously except in step 6, 40 was replaced with 30. The crude
product was 15 adsorbed onto Si02 and purified by Si02 chromatography
eluting with 10% MeOH DCM Exanple 3 N - [7-tert-Butyl-5 -(2-0 xo0
-1,2-di hydro -pyridin-3 -yl)-qui rangaAX -yl] -pip eridin-4-yl} -

met hanesul f onami de (1-3),gtep 1,- To 4ol uti er—ef 388 (0.100 g, 0.33 nol)
and N-pi peridin-4-yl nethaneggul f onamyd 1 Mpdalt (37, 0.143 g. 0.66
mmol , CASRN 70724-72-0) in DM (2 nL) mgs added DI PEA (0.2 ni, 1.00 nmmol).
The reaction was irradiated in the m crowave synthesizer at 140 C for 30
mn. The reaction mxture was gpphed- EWricedifrated and adsorbed onto Si02
and purified by Si 02 chromat ography el Ping with 5% MeOH DCMto afford
0.102 g (69% of )

NA1- (5- br omo- 7- t er t but yI - QuT Aepedppsylfenylaminorphemyt i di n- 4- y1] - met hanesul f onani d
e (42). 25 step 2 - To a solution of 42 (0.040 g, 0.10 nmml) in MeOH and
DCM (3 m 1] m),. was added Na2CO3 (0..02 0. 27 .mol), .3 : 411
nmol ) ém%lgﬁqgﬂﬂcr(oﬁfaﬁiﬁlba V4 .p@gg’fdr%% (’%.gonfﬁ%d P T g%?g(ﬂfa 3rlélflI?(l;?t(gc}]Il n a
mcro 1 | Z81- reAt bubph&sphlo- B, #ith-iso aachiphenylas. 1660 6e3h1
conceﬁ§¥gt§gqg%§§bartitipngg bgtmeen EtOAc/E%%»ﬂ2g>nE?ESMﬁi). ghe aqueous

| ayer wagmbeﬁdﬁanéﬁﬁﬁﬁdxﬁaé%é@gEbgﬁbﬂwzﬂ%729(%ﬁ§g,wﬁézﬁﬁﬁﬁlﬁﬁﬁ“ﬁ?ganic

ext ﬁ{bﬁlgfvtg%galﬁw%g?&% goo.g;% ). "ot (%)%%Péﬁﬁe& Na2EOHsultlde h&E & wahd

Crude uct’'was adsorb

2010/ 142658800y BiIihg/28h%Bbugh the WNitnIbOL halile pubeiwdsedpind «8id0Re reaction
chromat ogr aphy eluting with 10% MeOH DCM to affaord 0. 030

; : 73%_ of _1-3.
1- 5 wasnptup aesatisehatdybips12d bee dpwted iy ki As andgv %d?fébg%% aq%l%&?uo and
t he de i i : C i i : le 2.
The o uitl Boh kA er s YA, SRELL Sn@iiR BHORECTHDEEmbACS bARNEC IerENBP)
MeOH DQMed EXasRi).g, ftcked, fiGpvapdiidderTheBusigde Gay Buriffadihy $i0 fagh

KO 12 g o L S U JNGR B Ll 0.4 L 3, BRY

step 2 - HCI (6 mL, 4M solution in dioxane) was added at RT to a solution of 80a (0.315 g,
0.631 mmol) in DCM (5 mL). The resulting mixture was stirred at RT for 4 h then evaporated.
The residue was partitioned between sat'd. aq. NaHCO3 and EtOAc. The aqueous layer was
back extracted twice with EtOAc. The combined organic layers were dried (Na,SO,), filtered,

20 and evaporated to afford 80b which was used in the next step without purification.

step 3 - Acrylic acid (0.09 mL, 1.304 mmo!) was added at RT in 3 portions (0.02, 0.02, 0.05 mL)
to a solution of 80b (theoretically 0.631 mmol) in toluene (2.5 mL). After the first addition, the
reaction mixture was stirred at 120 °C for 2 h. After the second addition, the reaction mixture

was stirred at 120 °C for 1 h and after the third addition, the reaction mixture was stirred at 120



step 1 - To a solution of 36a (0.050 g, 0.13 nmol) and
N-(S)-1-pyrrolidin-3-ylnethyl- 10 net hanesul f onam denet hane sul f onam de HCl
salt (44,W0.20881426560. 25 Mol , CASRN 1064048- 61-8) in DRET(EP20M0)51WEE added
DI PEA (0.1m, 0.50mmol). The reaction was irradiated in the m crowave

synt hesi zer at 140 C for 30 nmin. The réhkction m xture was cool ed,
concentrated and adsorbed onto silica and purified by Si 02 chromat ography

el uti ngCWVEﬁlél% RO HBGM fextak s doblc@2OB T(8 Wamirated. The residue was taken in
N-RS) - 1- (5-bronmo-7-tert-butyl -qui noxal i n-2-yl)-pyrrolidin-3-y]methyl] 15

met hanadagial bl%@ @em@t@}d utge €09 g, ISyt mmodrwssdded, pT]ilen@a@fonzFBD‘&H 8 W&é was

carried,.ou t was
purifi eHrrB £élr?tl§ﬁod ér.ba&eﬁie[8 @‘ ﬁdn@é%%ﬁe%ihwggﬁ%q?%%%&% fol | oned
by 10%pb’i&@idh5£h&t(xfé@tﬂﬁ0)ﬁ&ctdndaﬁtfcb agladalICO4 7Tie 4(319%5 lojerNvasdayk ¢dvacted twice
-tert but 5 - fluoro-2-netho ri.dj 1 no xal i n- 2-

e O R i s et sl s gsghaa i

Deret h% Ul Qafdséli%ed\@ﬁto dﬁﬁed Si@§ Shiobfth 5gr%bh% _F@P gél@i) eﬁﬁﬁt@mﬁl 2
The crude product was on a parative 2 | at'e by
sequentD(éMI/E/tOdm@hmpntr(gO\m S(B%JH)O%HOOgCXEQ OtOEigerEI%&\ﬂé@PEGID@MI gray pawaardlhe 4,
Exanple 5 25 N- 7 tert 2- di. hydr o- i di 1)-qui no
xal i n- ?OWdFr w%@fge}}}n o) aﬁlél%lﬁglﬁ ttl}t@ﬁbﬁ}l@ %%‘\661}1501 Al Wk rf“ﬂtelred)étngi

2010/ 14%@&?&@%%%%%%17&@8@4 @Fn%velO 047398 £:Q. 1%%2 gﬁg pOwdar. mml )

di ssolved in MeOH and DCM (9ni/3nl) was added Na2 229 ¢ .2 mol ),
52 (0.146 g, 0.58 mml, CASRN 877160-63-9) and Pd(PPh3)4 (0. 083 g, 0.072
mmol() . The reaction was irradiated Emmpm'l& owave synt hesi zer at 115 C for

30 5 min. The reaction cool e cent ate d i one et

roac anitine ¢ ason sty Tt CaBem i i lo B b sl i eq
wth Et A%y 1 %ﬂexg Arsiltohamic _Q@ fbi ned or gani c extracts were washed with
brine (25 dried (Na2S filtered and concentrated. The crude product

was purifi ed by Si 02 chronmat ogr aphy eluting with an Et OAc/ hexane gradi ent
(stepw se O, 20 and 40% Et OAc) to affor Brg (51% ar 10 step 2 -

\ \
Toasolut| . of 50a(01 , 0.36 IB:H DCM was a@ded pyridine (21
[tL, 0.39 pry|) ata2sdi'wirvg wasteRbol2g” N0 Ct . Met hage sul f onyl
chl ori de ( t L5039 was atded lapd _af ter 15 he ice Bath was

renoved andYt h®Meeacti on rneMet o RT anfl s?Mfred for hOMte reaction was
concentrated and partition& between Et 0% (25 nL) andC€at'd. agq. NaHCO3
(25 nl) (—Fhea:agueous | rsawas-tsepar at eds@and washed wit88 Et 0OAc (2 x 25 nl).
15 The me&d @y gani x¢p:EEt® were washed with brine (25 ni), dried
(Na2SO4)stepfli | t er ed andt®dncentrated. The crude product was purified by Si02
chromat ography el uti ng Wi thnRhy Eﬁl é,m Raygradi ent (stepwi se 0, 20 and

40% Et QAG) ; t 2 ‘ged Wi th
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20 (500 mL) and stirred in some CELITE 512. The reaction mixture was filtered though a pad of
CELITE. The filtrate was diluted to 1 L with EtOAc and washed with 1 L of 10% aqueous
NH,OH, 1 L of 1.0 M HCl and 500 mL of brine. The organic phase was dried (MgSQ,), filtered
and concentrated in vacuo. The amber residue was diluted with DCM and purified by flash
chromatography (770 g Supelco VersaPak™ SiO, column) and eluted with a DCM/hexane

25  gradient (0 to 40% DCM) in 10 column volumes to afford 8.61 g of 82b as a yellow crystalline
solid.



-61- 1-8 was prepared anal ogously except in step 1, 52 was replaced with
4- am no- 2-fl uor ophenyl boronic acid, pinacol ester (CASRN 819057-45-9).
1-9 was pweparcd2@@nal ogously except in step 3, 30 was r @pr&PUORFTNS 2, 6
di met hoxy pyridine-3- boronic acid and the nethyl ether was cleaved in
accord with the procedure in step 7 of7Exanple 51. 1-11 was prepared
anal ogously except in step 1, 52 was replaced w th 4-am no-2-fl uorophenyl

bor oni g%l .dA FWONAL Parr@SHRIgendtdnSBR wds cBgvbwith 8pb #8.60 gyvaﬁdn(% P@/@ (183 hoxy
pyri di ne-3-boronic acid and the rrethé et her was cl eaved in accord with the

pr occra]d:gb eTh@ﬂ@&kepaSm%gedexﬁlwpn@gzn i BT 615) meb) was gdgled carefitllyy ¢ Lhg pixfurg
- et
Yl p%l ed Wi gt_ol_%ef)gsopgﬁlg '1[% Eéldgt ﬁo@weé’ %&Tlgdjbl?l%gg@ld I‘hrgsb)él]{ér hdhesy 1} -

met hanesul a so Ion o g, 10.28 mol)
and Et @k df4@zdfdg)3npﬁ$sx&ddﬁ@l5°[f¢f M&hc The rehcfiéh Bektude wa]s&o@l@dmnd:ltl)e caTdhest r eact i on

heated at 100 C (refl d f I
ﬁﬁilseﬁ%gq%m%mpghag S bem ARG M BIPUEh BYCP R (BRONSH I TSFRECL Py st al s
| ™
were coll 'ﬁ%l o ﬂ”ﬁ (ﬁ\ﬁfé?g kh @@M%ﬁﬂﬁ@dt B?@aﬁp&ﬁoﬂn%gﬁg ﬁm%]mmsgm

t herefore co e not her "I'1 quor” and concen e crude
pr oductSFAésSl(pmomma)jaﬂniyelﬁled) yithrandit edreapioygrediant (@do %D%rﬁt@@’%) BYOASY hexane

110 1 foeRbyelinl  uRind i 4o G e IR N ctep 6. 40 v

replaced 20 with 30 and step 7 was omtted. The crude product was adsorbed
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of 60 aembiisetach horsyathed sequAntsajlywmtlmﬂ delgr@z@oe L550 ) o @inerd 69 Min. HOA

(5 n) tQ a qutlono a- mml
' honcRa Rl b PeitopRodisod dotes TSGR, (AR g pody o)
excess (li@ificdand fhdkeicdsb iafford $HIRHA. RTg)fbletcchﬁymlhne sol®lol uti on of 60 (437 ng,
1.59 mol) in HOAc (5 nL) was added. The reaction m xture was heated for 2
h at 100 C. The

step 4 - A 100 mL round bottom flask fitted with a stir bar and septum was charged with HOAc

20 (50 mL) then 2-bromoacrolein (1.91 g) was added. To the stirred mixture was added dropwise
Br;, dropwise until the red color persisted (ca. 720 uL). To this solution was added a solution of
84b (3.48 g) HOAc (15 mL). A thick precipitate formed and stirring was continued at 100° C
for 1 h. The precipitate dissolved to give a clear dark amber solution after 10 min. A second
precipitate formed after 30 min. The reaction was cooled to RT and poured into a stirred ice cold

25 solution of 2.0 M aq. NaOH (550 mL). To the mixture was slowly added 2.0 M aq. Na,COs
[vigorous foaming] until the solution was pH ca. 8 and the resulting solution extracted with
DCM (3 x 250 mL). The combined extracts were washed brine (500 mL), dried (Na,SO4),
filtered and concentrated in vacuo to afford a dark resin that was purified by flash
chromatography (385 g Supelco VersaPak™ SiO, column) and eluted with a DCM/hexane

30 gradient (0 to 100% DCM) over 10 column volumes. LC-MS and TLC analysis indicated the
compound was not pure. The product was re-chromatographed (100 g Supelco VersaPak® SiO,



reaction mxture was carefully poured into a cold sat'd. aq. NaHCO3, and
then extracted with Et0OAc. The organic |ayer was washed with brine, dried
(MgS™M) , Wolpwygdesand concentrated. 15 The crude resi du@CREP2p0O5T958d by

Si 02 chromat ography eluting with 1:1 hexanes/ethyl acetate to afford 260 ng
(43% of 62 as a brown oil step 3 - A-M-crowave vial was charged with 62
(60 ng, 0.16 mml), 25 (52 ng, 0.241 nmol), Pd(PPh3)4 (10 ng, 0.008 mmmol),

and Na2eaéhn( 2dd BBitedOy fiBaiTBE Ac/hékade Fradicnt €0 ©f 10WROE(A) bvei 30 esldmBDEMufpiesS
m.), sealed and irradiated in a mcrowave synthesizer at 115 C for 2 h. The

20 r ead? Miordi3gmg ef $hes wodf-shite Ol and diluted with EtOAc. The organic
| ayer was washed with water, dried (I\/gSO4) flltered and concentrated. The

crude residu pur i 2 h el uti i th. Et DAc, to
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the volatiles were evaporated. The crude material was treated with a 1:1

m xturepaf. TEARR e BEM f-? &J%)éa%%(&ggﬁg B8 i ts‘téﬂs'lntg |\3/Ia&af ggn&é%ﬁ@;hg h, the

reacti on m xture was €00 treated with
reaction m xture was diluted with hexanes, separated, dried (MSH),

filterad @9 qanseNE(8Inedny1 P! QQﬁh}l‘c@@ng@mVBiﬂ)Mriffubﬁﬁné@&ylﬁllﬂﬂahn 3-
chr omat ography elting with 1:4 Et OAc/ hexane to afford 3.4 ? (6699 of 64b
yc¢

as 85 brydlaphaniyl}-methanoforanddeseireTe mrrq1-3PD57oBgPatsd analogous Xcept in step
5, N-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2 -yl)phenylmethanesulfonamide was replaced

with 2-methoxy-6-methyl-pyridin-3yl boronic acid. Demethylation of the pyridinyl O-methyl

cther can be carried out in accord with the procedure in step 7 of example 2.

N- {4-[5-Methoxy-8-(6-methoxy-2-0x0-1,2-dihydro-pyridin-3-yl)-6-trifluoromethyl-quinolin-3-
20  yl]-phenyl}-methanesulfonamide was prepared analogously except in step 5, N-4-(4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)phenylmethanesulfonamide was replaced with 115.

Demethylation of the pyridinyl O-methyl ether can be carried out in accord with the procedure in

step 7 of example 2.

N- {4-[8-(2,4-Diox0-3,4-dihydro-2H-pyrimidin- 1-yl)-5-methoxy-6-trifluoromethyl-quinolin-3-
25 yl]-phenyl}-methanesulfonamide (I-51) was prepared from 88 utilizing the procedure in step 3 of

example 13.



wi th Et 0OAc and washed with 1IN NaOH, dried (MgSO), filtered and
concentrated to afford 700 ng of 66 as brown oil. step 3 - A m crowave vi al
was char g&6 200¢H266 ( 700 ng, 2.71 mmol ), 30 (612 ng, 4 REDIEP0IPHEPPH3I) 4
(231 ng, 0.2 mmol ), and Na2CO3 (636 ng, 6 nmol), MeOH (1 nL) and DCM (9 5
m.), sealed and irradiated in a m crowdde synthesizer at 115 C for 1 h. The
reaction mxture was cooled to RT and diluted with Et0OAc. The organic |ayer
was washed with water, dried (Ngscnﬁxalﬁplbugred and concentrated. The crude
resi due was purified g{ Si 02 chr uting wth, aﬂﬁl%" ﬁc/ hexane

omat ogr a
gr adi emt-{69-3akr isroBUYbgjorstepah éi‘ilroﬁg’“é%lg’él bb’bvéﬁmﬁ XyﬁPE]B sol ution
of Br2 aauts! (5 m.) was added to a solution of a- 10
brom)ac& ?éel é%%ﬁe}rg, :kLO)n%}lnnd ))I n HOAc (5 nmL) at RT until the faint
reddi sh col or of brom ne persisted After stirring at RT for 15 mn, a
solution of 68 (420 ng, 1.47 mmol) in HOAc (SNHR) was added. The reaction
m xture was heated for 2 h at 100 C. The rehction m xture was carefully
poured into a cold sat'd. ag. NaHCG3, and[tRen extracted with EtOAc. The
organi c | ayer was washed with brine, MpSH), filtered and
concentrated. The crude 15 residy urified by Si02 chromatography
eluting with 1: 1 hexanes/ Et OAc toO d 150 _m]_LZG/()Cl f 70 as a brown oil:
M5 (ES) (M+H)' = 388. s¥epg5—™A ni ﬁarged with 70 (150
my, 0.387 mml), 25 (125 mjterd. 581 d(PPh3)4 (45 ng, 0.038 mmol),
Na2003 (123 my, 1.16 mol), MeOH (0.%Fnl) and DOM (1.5 mL), seal ed and
irradiated in a mcrowave synth?Eﬁa@LB&:LS Cfor 1 h. The reaction 20
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m xture was cooled to RT and omirt-tt Et OAc. The organi c | ayer was
washed with water, dried (I\/g§ I¢:8r-@d and concentrated. The crude

resi due was purified by 5i02 chromatography el uti ng with a 95:5 DCMIVEOH to
afford 40 nmg (21% of [-14 as a white off solid. nple 10 25 é -
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exane gra |ent t
sol i@. aE)da]m)ﬂeEulmﬂg Mixture was stirred at 100 °C overnight, cooled to RT and partitioned between
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-y1)-qui no -azetid - met hanesul f onam de (1-22)
step 1 purificd balslﬂﬁduomaﬁogwhw(‘i(}g S’@zx @@tlngrqlth on ErOfheyane gradient (10 to 30%

N azeti n Ifonam de hydrochl oride (200 ng, 0.934
nol ), I%@%ﬁict;éfﬁbé (géf% ’Zg%%g NaO-tert-Bu (298 ng, 3.1 mol), and
P(tert-Bu)3 (16 ng, 0.079 mmol) |ntoluene(3 m.),

15 step 2 - To a solution of 90a (0.32 g, 0.65 mmol) in DCM (2 mL) at RT was added HCI (2 mL,

4M solution in dioxane). The resulting orange mixture was stirred at RT overnight then
evaporated. The bright orange solid was partitioned between EtOAc and sat'd. aq. NaHCOs.

The aqueous layer was back extracted twice with EtOAc. The combined organic extracts were
dried (Na,SOy), filtered, and evaporated to afford 0.25 g of crude 90b which was used in the next

20 reaction with further purification.

step 3 — To a mixture of crude 90b (0.25 g, 0.637 mmol) and pyridine (0.062 g, 0.765 mmol) in 3
mL of DCM cooled to 0 °C was added methanesulfonyl chloride (0.055 mL, 0.716 mmol). The
resulting mixture was stirred at RT for 2 h then partitioned between EtOAc and 1M aq. NaOH.

The aqueous layer was back extracted twice with EtOAc. The combined organic extracts were



10 seal ed and heated for 20 h at 100 C. The reaction m xture was cooled to
RT and diluted with EtOAc. The organic | ayer was washed with sat'd. aq.
NaHCCO3, awpDedlowgBde4), filtered and concentrated. The cPGHEPRESIOFTES was
purified by Si02 chromatography eluting with an DCM MeOH gradient to afford
95 ng (26% of 1-19 as a white off sol-V@. step 2 - NCS (14 ng, 0.105 nmol)
was added to a solution of 1-19 (45 ng, 0.095 mmol) in 15 MeCN (5 nL) at 70

C. The grigdeNa, 80, ,fﬁt%tbﬁeaﬂ@@aﬁéﬂafeﬁed“ h@fres?dilecivefsq{urlzlelil by Bi@, ¢leamhiogruphi X2Ur e
was cooled to and di |l uted wi Et OAc. The or gani c I%er was washed with

1N NaOd,Sighp) fé@rll(g\)g@@)ﬁ}OAﬁ/ﬁlP’Eaélﬁé@ léwfgﬁﬁQéﬂt%@pe/ﬁyle}ﬂh@ ¥ude residue was
purified on a preparatlve Si 02 TLC pl ate devel oped with 9 1 DCMIVEOH to
afford 13 7% of 22 a asemslld Exanpl e, 12
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N- pyrrolidin-3-yl net hyl - rrethanesulfonamde (721 - TEA (1.05 m., 7.5 nmol)
was added to a solution of (R)-3-(am nonethyl)-1-N-Boc-pyrrolidine (1 g, 5
mol3y N {POM-[Rer M)ty B8-(D 4 Qioxde3, hahmlm Qamwnmimmny@es -t} ynjujnobins-pijol )
was then added. After stirrin at \fé f‘é?é %reatlo m xture was
di | ut ed@ywPtingky Erethytrancthapss @n &’&(1 Lisgy o OQF MBRZIPRGERUY cedures
filter ; # h |§M%1t Wid GedM-KIGE i n
MeOH ( ﬁ‘ﬂgd‘g@@?gﬁg‘i@?‘? r3 ;ﬁe g({rH%SFI rﬁ{ZdCl)@% Theé \%?égact%?)ees weése renmoved
under reeglupled®3pressure to afford 0.95 g of 72 as a white solid. WO

2010/ 142656PCT/ EP2010/ 057958 -66- step 1 - Avial was charged with 70 (301
ng, 0.77 mml), 72 (200 , 0.778 mmol ), Pd(0AQ2 (18 ng, 0.08 pmpl ),
NaO- t elN-{&- ¢ 8rtr@utYB5*InﬁﬁhﬁﬂY)8 (@rﬁwﬂwéﬁe%o B%)dﬁlycii%pwggné n‘?@u}?ﬂﬁw-ﬁrlk
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sat d. mdhylNabkEB,2-dihydrd-plyMJBCBhy| mbicky bvhermddaml lml()rth@&-tpbaltlelﬂ of 90reascr ude
resi due was purlfled by Si 02 chromatography eluting with 9:1 DCM MeOH to
af f or d ds6°THhgd (L 8o 7&ﬂ°e¥af&1§eénd 60 mg (25% ~ of
3-(6-tert-butyl-5-nmethoxyquinolin-8-yl)-1H pyridin-2-one [(MH)'= 309] as
white solids. Exanple 13 I
{4-[6-tert-Butyl-8- (2, 4-di oxo- 3, 4- dFWBPS 2 pyri ni di n- 1- y1) - 5- et hoxy- qui n
ol i n- 3-N.Xh= [Slglcpclaeteuhﬁydfdrppﬂ’mnﬂ@uL}fl);ﬁanéthte(yed{Z2,)2-triﬂ(il§®3et]1y12-ﬂ;uiﬁolin-3-yl]-
4- rret hansul f onnyl am no- phen step 1 - Asolution of Br2 (126 ng, 1.05
nmold i eP-Kl)}\t!nf(tganﬁﬂ) %@“&‘dﬁé& Jto a solution of ctbronoacrol ein (148 ny,
1.1 mml) in HOAc (5 nlL) at RT until a faint reddish color of brom ne
persists. After stirring at RT for 15 mn, a solution ofg 66 (260 ny, 1.01
mmol ) in HOAc (5 nl) No, ~

2
R' step 5 Br P
step 3 P 130
—
OMe OMe

CH,CF, CH,CF,
tep 1 92a: R = CHO 94a: R' =H 96
step : 92b: R = CH(OH)CF, 94b: R' = Br

step2 [0 g5: R ~cHOTS)CF,  step 4

step 1 - A 250 mL round bottom flask fitted with a stir bar and cap was charged with 92a (9.93
g) and anhydrous DME (100 mL) and stirred to obtain a clear yellow solution. To this solution
was added sequentially CF3SiMes (9.0 mL) and CsF (792 mg). The reaction mixture was

20 sonicated for 20 min, and then stirred at RT for an additional 40 min. A 2.0 M HCl solution (100
mL) was added and the resulting mixture stirred at RT for 1 h. EtOAc (200 mL) was added and
the phases were separated. The organic phase was washed with sat'd. aq. NaHCOs (150 mL) and
brine (150 mL), dried (MgSOy), filtered and concentrated in vacuo. The crude product was
purified by flash chromatography (385 g Supelco VersaPak™ SiO, column) eluting with a



15 was added. The reaction m xture was heated for 4 h at 100 C. The
reaction mxture was carefully poured into a cold sat'd. ag. NaHCCO3, and

t hen ext raotet)/mMeesh Et OAc. The organi c | ayer was washedPRIrtER200/062958 dr i ed
(MgS™), filtered and concentrated. The crude residue was purified by Si02
chromat ography eluting with a hexane/ Ef®Ac gradient to afford 170 ng (45%
of 74a as a brown oil. 20 step 2 - Avial was charged with 74a (850 ny,

2.27 mmwhe%éle(é&&eﬁ%g t& 1809t M) OP@I(PM Véﬁﬁa?es NThe Qcdotedrprduct a2 COB
(725 ng, 6.83 mD seal ed and |rraﬁ|ated in a

micr O\A/ailﬁéols’%tmlég\%@rooaﬂ)l@@ l@X%I@r(zQO HlL)'IVI‘?é aﬁ@%tl‘i‘ﬂﬁ%@@ﬁﬂ?é didheydrad to

RT and d| I ried
(MS™), VAP Wq% \%&g&dgﬁ géﬁ%é’r&?& %ﬂg{ﬂgekcr ud \éﬁ!\{?gg}l)égaﬁt%f/\%a‘)so‘&spuré‘%¥ S%ffa Si 02
chr omatwag legxbiye, @hdidrieundet higﬂitx@émﬁﬂio affordf 1800z G60Rbnay a(\8lvi®d) sobfl. 74b as a
white off solid: M5 (ES) (M+H) 464. WO 2010/ 142656PCT/ EP2010/ 057958 -67-
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ng, 0.024 MeO and DCM .), sealed and irradiated in

a mcrowatﬁewhsint he5|zer at 115 C for 60 nin. After cooling to RT 20 the
reaction mxture was poured into sat'd. ag. NaHCO3 (30 nl) and extracted
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wth a gralent 2 to 10 OH) to afford 15 ng (149 25 as a
| i ght yeith oitvoged fod.5 mG/IBRIGEAH2 Gﬁsﬁmmmamalmmseluue@waea@tqﬂ 0% Pd/the
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shaker under 55 psi of hydrogen at 50° C for 1.5 h. The catalyst was removed by filteration
through a glass-fiber filter and washed with hot EtOH (100 mL). The filtrate was concentrated
in a rotary evaporator. The tosylate salt precipitated as a white solid. The residue was
partitioned between 1.0 M aq. NaOH (500 mL) and Et,0 (300 mL). The phases were separated

25 and the aqueous phase was extracted with Et;0 (3 x 300 mL). The combined organic extracts
were washed with brine (450 mL), dried (MgSOy), filtered and concentrated in vacuo. The
residue was purified by flash chromatography (385 g Supelco VersaPak™ SiO, column) eluting
with DCM to obtain 9.04 g of 94a as an off-white solid.

step 4 - A 250 mL round bottom flask fitted with a stir bar and septum was charged with 94a
30 (8.16 g) and maintained nitrogen atmosphere. To the flask was added dry dioxane (100 mL) and
HOACc (23 mL) and the solution cooled to between 5 — 10 °C with an ice bath. A solution of Br;



1-24 was prepared anal ogously except

2,4-dioxo-1, 2, 3,4-tetrahydro-pyrimdin-5-ylboronic acid was replaced with
2- met hoxywe-26 149456 pyr i di n- 3-yl boroni ¢ acid (CASRN 100080Z/EPZ014NSEA’ 5 t he
met hyl ether was cleaved in accord with the procedure in step 7 of exanple
2. The crude product precipitated as yé&ld ow crystals. 1-26 was prepared
anal ogousl y except 2, 4-dioxo-1, 2,3, 4-tetrahydro-pyrimdin-5-yl boronic acid

was repy. aggylmvulbkan%m Hﬂ!)@va@)éﬂdiéii drofwisk BOsBU ma;smg Fhege pudlp prl@fdgmt
precipitated as yellow crystals. The crude product pu
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1- 26 a

2, 4 S0 1S et Qb SR RbEp M O MG RO CRA EEEREL SaPKS %z%‘%%%%%%%% i th
115 an(ﬂ)rihb 645081&113)/ |dried (elizS Ok fittbedwead conn;eatmted dr wictb td bifordrld c@duefd4brasst ep 7
of exanple 2. Exanple 15 15 N {4- [6-tert-Butyl-5 -netho xy-8-(2-0

X0- ﬁbt@aﬁyﬂﬁﬁso%yrlnidin I-yl) quino lin-3 -yl] -phenyl} -

nethanesulfonanlde (1 27) =- - 4-met hansul f onyl am no- phenyt A vi al was

char ged, wi 17 0 e

D, L- pr 18“%6 ﬁ?ﬁ%\a‘fw“ |Br{’§1°agi“ope @%ﬁoﬁﬂ%m&é%@@d . 0.6095
nmol ) @Bﬂuﬂﬁﬂﬁ%ﬁc 205 IVBQak Qddedmhewakitiaf ded codlbe i @aict/mwarer bhohtand Bryvas
heated for 48 h at 150C. The reaction m xture was cooled to and dlluted

wi th EvvAeddahéoprisannt! thayet caleisporaybtrad P miarisr erabifiopyof fgsmgacrolein
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treated W car ony dil stirring at 4 h,
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m crowave reactor he reaction m xture was cool ed to RT
and cor(ls@ﬂ()@tfﬂtéred‘l’dmd ooncmhﬂaratedsn daxetoméiélepmdefpr@(ﬁlct)waapmféqﬁdfr}at ive Si02 TLC

plate d veI ® grg@;gz (f}gﬁ é{% ewersa?’im&?)z cofurnn% u%g%ﬁl/ﬁCR/f to ob%alnas@ sl

yel | ow

N-{fs[ %ta%,ratllg%%bﬁ% Ssd1rt hoxy- 8- ( 3- oxo- 2, 3-di hydr o- pyri dazi n-4-y1)-quinolin-
3-yl] - phenyl}- %anesulfonanide (76) 74b

Introduction of the 4-methanesulfonylaminophenyl substituent at the 3 position was carried out
in accord with the procedure described in step 5 of example 19 to afford N-{4-[8-Bromo-5-
methoxy-6-(2,2,2-trifluoro-cthyl)-quinolin-3-yl]-phenyl} -methanesulfonamide (97). Introduction
of the dioxo-tetrahydro-pyrimidin-1-yl at the 8 position of 97 was carried out in accord with the

20 procedures described in steps 1 to 3 of example 18 to afford I-30.

N- {4-[5-Methoxy-8-(6-methyl-2-ox0-1,2-dihydro-pyridin-3-yl)-6-(2,2,2-trifluoro-ethyl)-
quinolin-3-yl}-phenyl}-methanesulfonamide hydrobomide salt (1-53) is prepared from 96
utilizing the procedure described in step 5 of example 19 to introduce the
methanesulfonylamino-phenyl moiety and subsequently using the Suzuki

25  coupling/demethylation sequence described in steps 3 and 4 of example 9 except in step 3, 2-
methoxy-pyridin-3-yl boronic acid was replaced by 2-methoxy-6-methyl-pyridin-3-yl boronic

acid.

N- {4-[5-Methoxy-8-(6-methoxy-2-o0xo-1,2-dihydro-pyridin-3-yl)-6-(2,2,2-trifluoro-cthyl)-

quinolin-3-yl]-phenyl}-methanesulfonamide (I-54) is prepared analogously except except in step



NHVs  B- (2, 3-di hydr o- 3- oxo-4-pyri dazinyl)-boronic acid (78): step a- A1L
round-bottom fl ask was 10 charged with

4- chl or o-wORYYid26say 1- 3( 2H) - pyri dazi none (8.0 g, 50 nNMDOIPCTERIRM6D5D- 56- 4) ,
CuSH4. 5H20 (26.12 g, 10.5 mmol) and H20 (300 nmlL) and the m xture was
stirred and heated at reflux overni ght78-The reacti on was cooled to 0 C and
an ag. solution of NaCOH was added until the pH was 4. The aqueous | ayer was
t hri ce 3exinmdard:8thyiditi3 5l Béron(ERX whs ptkd b MithaasbiDeadtigidtioactraurtae dr i ed
(Na2SH4), filtered and evaporated. The remal ni ng aqueous phase 15 was

adj ust &tBrseltpi beth pas@gh.t h 37% HC1 and the solution extracted six tines wth
Et OAc. The extracts were conbined, dried (Na2SO4), filtered and evaporat ed

to affqQr 7 of 4-chl oro- r.i dazin-3-o0n 75 h - A m.crowave
PR R E R e e A AN e FE M b T e
, 4 - ide (I- d anal i he 2,4-

gi cyc r’(r)a‘%gl)%l/lfl [32yl,] Eh?nby'l}- 'fnreithsagl _:eLS-urlr%%l %ri/l}deet(%gﬂ‘\fvis, I?Lﬁel?%riepﬁ%angﬁo]u-s é/-e;/( ﬁp-ttheosphi ne

( X- R0 ditixos3,4-@lilys80-gH-0rhRdinbly) at thel pasitiyBo{ ¥ wascagricdowean aghopd yithibe Koac

(0.902 I%C.n.theflak vaguat ed and back-filled with Ar and
seal ed.pg‘fjfﬁea&%gge gg?ffﬁn S latag{eodyég%ageﬁzé’reacti on heated at 110 C
overnight. The reaction m xture was cooled to RT and extracted with EtOAc
(120 nL). The organic extract was vmﬁlgl,eqqquenti ally with H20 (10 nL) and
brine (10 nmL), dried (Na2SO4), filtered and evaporated. The crude product
was triN-§4-a6-6tl | wiitnetlstl20) cthyl- 28, 2§ ler-thethox 18- (- thpgy-2-0p0r 1,2-dihydro-pyridin-
2010/ 142656PCT/.ER2Q10/ 057958 .- 70- . Pal | adi um,cat al yzed coupling of 74b and
78 is é}%?'ﬂglﬂmﬁ'ﬁ'rq"ﬁﬁ'p@%@'I}r'%g]&n?sﬁfﬁg%%rﬂlgleéfl%) to afford 76. Exanple 17

N-

{446-tert-Butyl-8-(2, 4-di oxo-tetrahydi®-pyrim di n- 1xyl) - 5- met hoxy- qui nol i n-

3-y1] -phenyl} - 5 net hanessgelpfzonarﬂrde T- 28s2ep 574@r RU 2step 10V CWe3 step
280a: R = Boc 80b: H - —_— — 132
OR OR OMe
C(CD,), C(CDy), C(CD,),
10 step 1 step 4 100¢: R = Me

step 1 - A solution of CD;OD (25 mL) and 4-bromophenol (8.5 g, 49.2 mmol) was stirred at RT
for 30 min to exchange the phenolic proton and then the CD3OD was removed in vacuo. The
resulting solid was dissolved in CDClz (10 mL) and (CD3);COD (4 mL) and warmed to 60 °C.
Concentrated D,SO;4 (10 mL) was added in five 2 mL portions over 50 min. The reaction

15 mixture was maintained at 60 °C overnight and then poured over ice (50 mL) and extracted with
EtOAc (2 x 75 mL). The combined organics were extracted with 2N aqueous KOH (3 x 300
mL), washed with 1N aqueous HCI (75 mL) and brine (25 mL), dried (MgSOs,), filtered and
concentrated in vacuo. The residue was purified by SiO, chromatography eluting with an
EtOAc/hexane gradient (0 to 10% EtOAc over 40 min) to afford 5.83 g of 98a as a brown oil: ES

20  MS (M-H) 236.1.

step 2 - To a solution of 2-(Do-tert-butyl)-4-bromophenol (98a, 35.1 g, 147 mmol) and TEA
(17.9 g, 177 mmol) in Et,O (285 mL) maintained at 0 °C in an ice bath was added dropwise over
10 min ethyl chloroformate (18.4 g, 16.3 ml, 169 mmol). A white precipitate was observed after
about 5 min. The reaction was maintained at 0 °C with vigorous stirring for 3 h. The mixture

25  was diluted with sat'd. aq. NH4CI (100 mL), and the layers were separated. The aqueous layer is



Ar = 4-nmet hansul f onyl am no- phenyl step 1 - A dried mcrowave tube was
purged with argon and charged with Pd2(dba) 3. CHC13 (0.11 g, 0.106 mol),
2-di -t ertwbedwgk@sphi no-2' ,4' , 6" -tri-isopropyl-1,1'-bi pPAEMPROIVOSTEIHQ,
0.321 nmol ), sodiumtert-butoxide (0.10 g, 1.041 mmol ), 74b (0.33 g, 0.712
mml ), and tert- 10 butyl carbamate (0-1® g, 0.855 mmol). Toluene (3.5 nl)
as added and the resulting m xture was degassed by bubbling argon through

the Ska&h%h&mft@Etzb (hooliﬂg ik MESO.0 aflpeed afwbdnb@tfaeaicmivawdﬂ Ntemeﬁdu\ﬁs
stirred at d then dlluted vvlth Et OAc and washed with sat
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or gani gl I ¢@nd evaporated. The residue
was pu%isf@ég{obgél\gé(éggﬂ) %E%%\St%ﬂ?%%é% eI uting with hexanes/ Et 0Ac
(7.5/2.5) to afford 0.315 g (89% yi el d) of 80a step 2 - HC1 (6 nL, 4M
SO' Ut' %p ﬁd%@lﬂﬁana\mtﬂ(@@ 1 86 M1} 18 An&PhiddanIfefic &9@(1(49. 386 ng., 105 631

. The resulting mXxture was stirred at RT for 4 h then
ev ar.for aimCEl)jcooTﬁhfetor(b%Q vaeadded dpemise oerdd rmgﬂﬁ%veHNQat(S d7 2a6:22 RlHdE8 mnel

Et OAc. . The ueous Ia er x [ i ned
or gani J-[‘Ie gn\)’\‘@? &% f‘%M%@J)ﬂ qat?' %Iur 8965\2&06 Qvg%)(gf@t g}ge‘%&ébﬂ?or d
80b \Ahlsgmumsvay%@@adtéu Whe 1 neBtmsd/mamSt(BmuoonuL) tih& dici ombirktdepgdic cxdeicyl i ¢
acid (0.09 nm_, 1.304 mmol) was added at portions (a 02, 0 .02, 0.05
nL) t o veersphshcdoritiobrigopried Hdgp@y; Bl awd melﬁﬁ%?é ontg SiQq JOA®)-(2he ni) .
After the I t
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1 hl(ﬁn@t@fAtcefvet#&nﬁﬂ)ltbdffaﬂrﬁﬁt.ﬁ% gof 100eay epatlomosolidi KE MS (Makl) $6ddred at 120
WO 2010/ 142656PCT/ EP2010/ 057958 -71- C overnight. The reaction m xture was
cooled to RT and evaporated. The residue was taken in glacial HOAc (2 ni)

and ur etep(d- 998! ppllets. Qﬂ@)ﬁh@Q? gvvli‘l;‘3 agwddvertaddedeaiet therropsgOfid énifd@ ast i r r ed

at 120 f.or c due
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(Na2S), filtered, and evaporated. The residue was adsorbed onto Si02 and
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gr agi ent t | S r er.
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(27.8 g, 98.2 mmol) and K,CO3 (2().4 g, 147 rnmol) in acetone (1 10 mL) at RT. The red

20 suspension was stirred vigorously at RT for 16 h. Ice water (500 mL) was added which
produced a fine yellow precipitates. The mixture is stirred for 30 min, filtered and the solid
washed with H,O (150 mL). The solid was dried under vacuum at 40 °C overnight to afford 24.8
g of 100¢ which was used without further purification: ES MS (M+H) 297.1.

step 6 - A 1 L three-necked flask was charged with 100c (24 g, 80.8 mmol), iron powder (22.5 g,
25 404 mmol) and NH4CI (21.6 g, 404 mmol), EtOH (200 mL) and H,O (200 mL). The flask is

fitted with a condenser, and the yellow suspension was heated to 70 °C and stirred vigorously for

15 h with a mechanical stirrer. The reaction was cooled to RT and filtered through CELITE.

The CELITE pad was washed with MeOH (ca. 100 mL). Most of the MeOH and EtOH were

removed in vacuo. The aqueous mixture was extracted with EtOAc (3 x 100 mL). The

30 combined extracts were dried (MgSO,), filtered and concentrated in vacuo which afforded 21.1 g



15 gl ove bag under nitrogen atnosphere to afford a free-fl ow ng powder and
transferred to an oven dried 250 nL round bottom flask fitted wth a stir
bar and swpt0mvi4lise fl ask was then charged with 2-i odo- BCHIEPROAMFIEE e
(15.17 g) and sulfolane (30 n.) and stirred rapidly at 45C. To the m xture
was added dropwi se over 4 h using a sy80-nge punp

trimethyl (trifluoromethypsilane (20 nmL.) and the resulting m xture stirred
at RT Qyeonhgflight Uaewh 6aehdt e8lidMASd Ghdnkadling dnd VEiiOAG a8 Osdd50ithomt inyafudther
stirred in sonme CELITE(r) 512. The reaction m xture was filtered though a
pad of pesfiraren: FRMS (MiHH267\das diluted to 1 L with Et 0OAc and washed with 1
L of 10% aqueous NH4COH, 1 L of 1.0 M HCL and 500 nlL of brine. The organic

h dri ed - filtered . trated i Th
Peat dud TRsarisryiog BH YA H- Byl i Sorony v acret ey ARt ar el 270 g
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diA-
col um vol unes to affor dpgﬂ.lél of 82b as a yell ow
cryst aloff 5 FsBMR (3OWIZO@MSI}QQ§6¢@TQEFI2©1@D8185$ L=723 Bz d gz 8544dsbD ni

Parr h e i fl ask r Wt 8; 6 & .75
0. Thet PISkilad Bk gea it 20t PEEAH N PeRal’y 186 ey YUREY 3 1)
car ef uld oo (sTHhenms. g1 w; @ yas.opw,gadh). wi th nitrogen for 5 mn. The reduction
was carried out using a Parr shaker under 57 psi of hydrogen pressure at
550 for 18 h. The reaction m xture was cool ed and the catalyst 5 filtered
through a glass-fiber filter and waE¥mupkR2ough with | PA. The sol vent was
renmoved in vacuo. The crude was diluted with DCM purified by flash

chr omat)ags aphy+ BLRN- (s T RFR652-9k82 , L 8ih i) pyidch-8! noVird-B-ydn

Et OAc/ t{gggﬁgbﬁggggﬁgrﬁgﬂl{@ﬂg@%%gd%% Et 0Ac) over 159col%}?fn vol}ﬁy—rrgg to a fﬂord
7. 18 g pbeny8 fancikangswlpagmadefdv) t e solid. step 3 - A 100 nL round bottom
flask fitted with a stir bar and septumwas charged with 84a 10 (3.01) ¢
and mai ntai ned nitrogen atnosphere. To the flask was added anhydrous

di oxane (25 mL) apd HOAc (7.5 nl). The sol gion was stirred ragfdNy7 T n an
ice bath and a so|juBron of brom ne and di oqane (20 ni, 0.135 B m.) was
added drBpwietnorBN3aMin usi ng BT "e” Rt MEs bei ge -» e formed
and the m x ¢kened —Fhe—pee ba enoved—a-n-sl»he r

m xture stif &l RT for 1 h. The res 5

1 . i xtur %téfﬁﬁ pour e De
mxture of 1.0 M 15 NaoH (188'nt) and 2.0 M,Na2cc8 (150 nt) and extracted
with DCM (3 x %99 mL). The combi ned extract® were washed seddesétially with
0.5 M Na2CO3 (150 nlL) and brine O1mh) R dRPedy (Na2SO4), filtgfqed and
concentrated in vacuo. The® Bgu %! El ¥‘R)[e| w_ljquid slowmy solidified
and darkened to afford 84bsfef3l R , Cr é?gl | I ne solid. step 4 - A 100
mL round bottomflask fitted wt K¢y RaMegRd=8Ept um was charged with
HOAc 20 (50 nL) then 2-bropoacrolein (1.91 g) was added. To the stirred

Nt 'éa“ ad0pwi se until the red col or persisted (ca.
720 ut). To this splutl qdded @ gol ution of 84b (3.48 g) HOAc (15
m). Athi%f?(l’%reci » el and stirrin 3yas continued at 100 C for 1
h. The preet+p+Pete di ssol to give a *ea' dark anber solution after 10
mn. A second precipitateNgefhegafter 30 min. The reaction was cooled to
RT and poured into a stirrdgd ice cold 25 dbrdtmghanssulfonglamingphenyloq (550
m.). To the m xture was Md;6wW y added 2.0 M aq. Na2COB [vi gorous foam ng]
until the solution was pH ¢ga. 8 and the resulting solution extracted with
DCM (3 x 250 nL). The conbined extracts were washed brine (500 nL), dried
(Na2504), filtered and concentrated in vacuo to afford a dark resin that
was  puri firssoo-bh@abughs andihaio 2piadhd®herg] -SHP €l 109 sugy saRaklibbod27-col um)
and eluted with a DCM hexane 30 %radi ent (0O over 10 col unn

N

100%
vol umesbromg-Msdgrydronephthalanyt sylexy)Hanethyleidpne N%-%é &pba wQ\lagA@&N PR989-0Phe
2628?%2@‘8@@ lg@yrg%g %[})g\gar?sg%g?e%_}é 1998 SRl SO Yers gkt 3h Q21 3¥0 L, 12.1

15 mmol) was added and the solution stirred under nitrogen. A solution of TiCly (2.19 g, 1.27 mL,

(4 A\

11.5 mmol) in DCM (6 mL) was added dropwise while maintaining the solution at -40°C. Soon
after addition was complete TLC indicated ca. 50% conversion. The reaction was stirred at RT

over the weekend then poured onto ice. The mixture was partitioned between EtOAc and H,O



colum) and eluted with an Et 0Ac/ hexane gradient (0 to 100% Et 0Ac) over 30
colum volunes to afford 938 ng of 86 as an off-white solid. step 5 - A 20
m. vial fwoew/medsh a stir bar and septum cap was char g@dT8®2¢185087988)) and
N-4- (4,4,5,5-tetramet hyl-1, 3, 2-di oxabor ol an- 2- yOphenyl net hanesul f onam de
(661 ng, CASRN 5 616880-14-9), dioxane8(-10 nL) and an aqueous sol ution of
Cs2CB (2.3 nmL, of Cs2CO3 0.956 g /). The reaction m xture was sparged

Wi th nighd gRBu$ RyerlPadiduttahe WidPpsltd. ROUZBCH; ( The mijturesasfiidecd thitweh a
reaction was sparged with nitrogen for 5 mn, sealed and Stlrrigﬁ? e65 for
S
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vacuo. cIhiéibpitadSion comsnnpndi dhitedwiity ahFAOA chiex areadradjesByo 60RO cStpefiad
VersaPak(r) Si02 columm) eluting with an. Et O0A r adi ent to 0%
0 Jotful (chsntdan aHR romb-a- Bk rioh i g o b age e 15ota Gte) Sxdler
solid. [Jhe conversion of 88 to 1-29 was carried out in accord with steps 1
to 3 of exanple 17. N

{4{5- Met hoxy- 8- (6- et hyl- 2- oxo- 1, 2-di hydro-pyridin-3-yl)-6-trifluoronethyl -
qui no Is't]e_@-tﬁ: Td 8 soiioPBETNOLB-dTed hahes ) lahe FOw deloydr phiraudi 0 & T(undéON, was

prepared anal ogously except 1n step 5,. i

N- 4- (4,244l Gopwise affeeanyula @,sgluzloai%gla)@@m@(]a% 2-6045)h iyl mEeRHREQM 610N de
was replaced W 2 - 6- I I, 0bR- i [ Peqghhyl ation
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pr opedutigred N hs haplifuafofesarmpbmin2. (100 uL) was added and heating continued. The total
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t et ramet orol an-2-yl) phenyl met hanesul f onam de was repl aced
Wi t h 1XBparDedevisptdivitbroriat, drivd (MgSQi),filler@l andtdoptengatedr Thamrasucwny i ed out

|3 °a° QAN by sa b acatety Qe SvhetinsSIG TR 7 elybfienSl o 1 n

- 25 yl]-phenyl }-nmet hanesul f onam de (1-51) was prepared from 88 utilizing
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cooled to RT, diluted with EtOAc, thrice washed with water then with brine, dried (MgSOys),

filtered and concentrated to afford 112a as light brown viscous oil which was used without

20 additional purification.

step 2 — To a solution of 112a (2.9 g, 10.4 mmol) and K,COs (3.59 g, 26.0 mmol) in DMF (29.7
mL) was added Mel (1.77 g, 779 uL, 12.5 mmol) and the mixture was capped and stirred at 25
°C overnight. The mixture was diluted with EtOAc and water and the aqueous phase was
neutralized with IN HCL. The organic layer was separated, washed with brine, dried (MgSO,),

25 filtered and concentrated to afford 112b which was used without additional purification.

step 3 — To a solution of 112b (1.6 g, 5.46 mmol) and HOAc (30 mL) maintained under nitrogen
was added dropwise via addition funnel a solution of bromine (872 mg, 281 uL, 5.46 mmol) in
HOACc (20 mL). The mixture stirred at RT overnight. The mixture was diluted with EtOAc and

water and aqueous phase was neutralized with sat’d. aq. NaHCOs. The organic layer was



step 390b: R=H90c: R= M 5 step 1 - Adried mcrowave tube was purged
with argon and charged with 86 (0.47 g, 1.26 nmol),

(S)-1-pyrwol2ov2&é6yl met hyl -carbam ¢ acid tert-butyl esPEA/EPROIBASTYSS 1. 897
mrol , CASRN 173340-26-6), sodiumtert-butoxide (0.18 g, 1.873 mmol),

xant phos (0.146 g, 0.252 mml), and Pd&-dba)3(0) (0.115 g, 0.126 nmol). The
tube was purged wth argon, and 1 nL of toluene was added. The reaction

M Xt ur gepidsicd QeRRSPRith Ofind, 2iridt TMaB O itk tcdginad cgRdentrhited tg hffdrdd 10¢ xhivhewdsO
and the resul'ting mxture was stirred at 100 C overni ght, cooled to RT and
part|tluéﬁ’de‘dltb@tt\ﬂg@ﬁoﬁlw’}&@ﬁéﬁwnsat d. ag. NH4Cl. The aqueous |ayer was back
extracted twice with Et OAc. The conbi ned organic extracts were dr| ed

(Na2Ss filte and evaporated. The resjd puri

chr omé@ﬁap’#ﬁ {ng"“@?‘b’f)"eé&ﬂﬁ‘fv?tsggW%H it ﬁ’éﬁ,fém@% %‘1332?1(&2%/ g%t9 o 30%
Et OAc) 7. 15n8h aBiune (3797 ALY @hdiH,0N1 gd n80a
(0.32 Tr}ﬁl&)q{]&w (@Sﬁﬁg%CMéMonz IQQT vvast)a ded ( HC1 (2§rrL HIélemsoI lrjltglgon in
di o>6anél)he rikeire wsmdeegamydmmegeoqurtlarr@nm@ RA(PPhad(136 nrer 184 emeilgwias addesh
evapor ed. .The br| i d ar.tii

Sai o, g penor e ATk MR ORI L PAL REGER B T b
The combitnegd or a8 hﬁxt@i@wmwaepmdbm@ldge(tmmm dridlverethd tﬁmaimewqoor at ed

to afford 0.25 g of crude 90b which was used in the next (g g Ct'}}{]@é”h
f ur t hemhpserwasi neatraliged veithe N 31CL Fhe greania layes vop sepaigfed.onshegwat byine 7

okl RRACLTND o0 BRFafosd SR Dy O PR Lo, © oo

m xI(ur G:hwaﬁatsgmphﬁﬂdadlut%wﬁmranzataﬂchanarmagmdmntc(ﬁemb M\Eﬂencﬁm&réﬁcﬁﬂg\ﬂ aq.
The aqueous w%s back extracted twice with Et0Ac. The conbi ned

or gam &%@P%‘e&“sas\ﬁew e 892010/ 142656PCT/ EP2010/ 057958 - 75- dried (Na2SO4),

filtered, and evaporated. The residue was purified by Si02 chromatography

(22 g Si 0O u wi t h Et 0Ac/ he ane. 4 4/ I (40% vyi el d) of
90c. | u‘gtzl %Hﬂb IRt Qewf‘ N e IHIJ déons “Q?Ojtg\égs car I‘(I) ed out in
aﬁzorg Mn&ﬂok%ﬁwﬁ[@@%ﬂr&ﬁc deiggrided. 8Irﬁg,SIt9©Qﬁno'll) taad Na@@oe(@rmhg iB fuool),

af f or -

N-{(S) Me@H (d SrmLBtelyaneg 760 uh) dind k508 145 @Lhyﬂﬁdmmfﬁwﬁ Apestrd wigh yreen Qi hox
y- q% n é) rﬂmaché%%%@ﬁ{i)f flld (%@ %63 btr Oy‘%&s} ad'a@ or | Egng%@tfﬂtﬁﬁec{ fhir 38 thbiSs

prepared from ures ction of
2, 4- di axf@- Ehévwlh%d@&I&-hWMamawdnnﬁ{m&rmetqacdnemzmm atl1§t€pdhd- 3 of
exanple 23.

{(S)- 1-TBitre was perlod dilufed B GLQAQ gnd i gnd Bie squeops Phefiepyasnsusacaivths. y 1) -
qui nol i i Ay e é%a W4 >e@r (Mol Q' réf&dn%&aﬁbfe"d} wiRbhAO&sidl g%§m4ﬁ%lteﬂé§ran§ alt was

prepare anal ogo e 6- nethyl-2-oxo-1, 2- ydro- pyridin-3-yl
noi et y omasentﬂatadodma@@ |Tﬂe®mdeq3r8dtw©was ponifiat orp@preperates§iQ: phtstep 7 of

exa?@ (‘ﬁV%]QBe‘f‘nggﬂégﬁtgﬁﬁ%ﬁxﬁPﬁo af@@ﬁ%%{ﬂgﬂl as(%}i%l}tzb_r? P9 o- et hyl )

-qui nolin-3-yl]- 15 phenyl} -nethanesul fonam de (1-30)
step 6 — A vial was charged with 116 (0.082 g), HBr (53.1 mg, 35.6 uL, 315 umol) and HOAc

(0.75 mL), flushed with argon and sealed. The scaled mixture was heated at 55 °C for 6 h. The

reaction was cooled, diluted with EtOAc and poured onto ice. The resulting solution was

neutralized with satd. aq. NaHCOs. The organic phase was washed with brine, dried (MgSO4),
25 filtered and concentrated in vacuo. The crude product was purified on a SiO; plate developed

with 50% EtOAc/hexane to afford 44 mg of 1-34



1- 92a: R= CHO step 1 1- 92b: R = CH(OH)CF, step 2 E 92c: R
=CH(Ors) CF/ OwveOwe CH2CF3CH2CF3 94a: R =H96 94b: R = Br step 4 step 1 -
A 250 nlL wounth/Boissom flask fitted with a stir bar and ®ap/ERa&I0OFESYed Wit h
92a (9.93 g) and anhydrous DVE (100 nL) and stirred to obtain a clear
yell ow solution. To this solution was-8&ided sequentially CF3Si Me3 (9.0 niL)
and CsF (792 ng). The reaction m xture was 20 sonicated for 20 mn, and
then stirred at RT for an additionatxsAfplei28. A 2.0 M HCL solution (100 ni)
was added and the resulting m xture stirred at for %lﬁh. Et Oib.\c ()ﬁgo m.)
was addiuiddfdertutyiates digses’ dpiwr-ed-ryinudigr lyxhis LRS! isAEd wi t h
sat'd. \ \Rg\ brine (150 nmL), dried (MgSO4), filtered and
concentp?lgll%ye1 |%§§:‘%§Q3ﬂ%(z?g%ﬂe product was purified by flash
chr omat ogr aphy (385 g Supel co VersaPakTM Si 02 colum) eluting with a WO
2010/ 142656PCT/ EP2010/ 057958 - 76- DCM hexapargradi ent (0 to 100% DCM over
5 colum vol unes. The recover e prgducs dissol ved in DCM (100 ) and
hexane (200 nL) was added. AfproxiRmte /3_of" sol vent was slowy
renoved in a the rotary & aporaror. @ esulting precipitate was filtered,
gh Yomaeum to afford 13.10 g of 92b as
bottom flask fitted with a stir bar,

washed wi th hexane, and dried under

a white solid. 5 step 2 - A1L rou

refl ux condenser, and nitrogenstpd et éng charged with 92b (13.01 g) and

mai nt ai ned under a nitrogen at E:;ﬁh‘é?”é? ANAYTPOUFTHF (300 nlL) was added
and the mixture stirred to obta®aehedsrNgel | ow sol ution. To the solution
was added NaH (2.25 g, 60 wt% di spersion in mneral oil) at RT. The m xture
was &onjcat e c . . . R buf
R L S P i R e Sl i (R
was adaerbaaiatdRT24nd:, $ tliormedl) and Setumaerdotaxide. (1Thegs bl1dmiroal) wad tadewced and

d i .5 . . (1 L)..Th ti i ) di d.with
DD Oc (5608 bt pridu bl i Sysrbisire dpa A wr  pntsnedt SidRTet KL TR 1)
dried (YRSQALmely VilBLEMIANE CANGRMI Wi lhdhe (A9, thihedgabide(puatat 4was
di ssolved in and chromat ographed (385 g Supel co VersaPakTM Si 02 col um)

el ut i ngumelh inda2-OEM-hbwaipbosphai-2rt, o Griseproopdirbeny! (145 Bzed4 11ome b i

\9/(2)1: i](g‘ss Sagd%:?qdleaitrg(gt% Yvése Jblllb%\féc{ t Soiu%h%llleon\/\ﬁ ur% rfgrsé %lliIL.i "fﬁedreta&io%f\I/é)srs(Hir%Q 'o%gr He of

weekend at RT in a sealed vial. The mixture was partitioned between EtOAc and H>O and the

aqueous solution was neutralized with IN HCL. The organic layer was separated, washed with

brine, dried (MgS0,), filtered and concentrated in vacuo. The crude product was purified by

SiO, chromatography eluting with an EtOAc/hexane gradient (20-60% EtOAc) to afford196 mg
15  (52%)of116a.

step 2 - A 25 mL pear-shaped flask was charged with 116a (0.196 g, 197 umol), DCM (1.5 mL)
and 4 M HCl in dioxane (491 uL, 1.97 mmol) then stirred at RT for 3 h. Once all starting
material disappeared, the solution was diluted, poured over ice and neutralized with satd. aq.
NaHCO;. The mixture was concentrated and purified by SiO; chromatography eluting with an
20 EtOAc/hexane gradient (20-50% EtOAc) to afford 116b which used without further purification.

step 3 - A small flask was covered with foil charged with cyanatosilver (135 mg, 903 umol) and
heated overnight at 50 °C under high vacuum. To the resulting solid was added sequentially dry
toluene (1.29 mL), (E)-3-methoxyacryloyl chloride (65.3 mg, 542 pmol). The resulting slurry
was heated under nitrogen to 120 °C for 30 min. The mixture was cooled to RT then immersed
25 in an ice-bath and the solid was allowed to settle. In a separate dry flask, 116b (0.072 g, 181
umol) was dissolved in DMF (1.03 mL) and cooled to 0 °C. To the DMF solution was added



step 3 - A Parr hydrogenation flask was charged with 92c (20.35 g) and

di ssolved in hot EtOH (200 nL) and the solid washed into the flask with 50
mL of Et OMO 20hél4e@but i on was purged with nitrogen for 5PRITEPMINIEEepi ng
the solution warm To the solution was added 10% Pd/ C 20 (4.02 g) and the
flask was flushed with nitrogen. The s®-ution was hydrogenated on a Parr
shaker under 55 psi of hydrogen at 50 C for 1.5 h. The catal yst was renoved

by aer atdRfsd svepu0mia 1 @psmbiaiefromithé eyanatosiv@asiasid Milight trotvnictirb ¢chB@usL) .
The filtrate was concentrated in a rotary evaporator. The tosyl ate salt

preci piniatueefoamed afipr addition) which Wagstireasi Ylminjadcqbathi Thomedulseyavetiytet o M
. NaQk m. . ph - th
ggueoug’_llt %%gje)m:\i\é’)sas}geggs r 5%‘%@8‘(‘%9“9# ’ﬂ&%)zﬁxﬁ?%m% 3‘3‘5%@% Ee conbi g%%éol?gzgni ce

ext r actwas\WonBrmRSIEMA dda bibitive of 45Gints)ays doneds. (MpSO4) was takeene th BiGrH
concentrated in vacuo. The resjduye S rified b | ash chr.omat.ogr aph
(385 o (S0 oMo yandAPaHI SOBBBAN EHED! GPGEY e DM Ko BB 31 FIUE: B g of
94a as aneoff s Wil 4 RAlelid 1%(561%3&4 15 &g@tt{@%ﬁ&%ﬁ%&g%h&@gﬁd@s Khé !rﬂihg?e Wi th

a stir bar and septumwas charged wth 94a ( 6 g) and maintai ne
ni t r ogevasabaiedpiarel oveo icchad dilask widsEt@dde d The grediiopdass Wasoblumdd wiind  HOAC

(23 m) dth ol ution, co t o ,bet ween - w th an ice, bath. A
sol uti (ﬁ’ngF B ea\?\?ﬂufﬁti%}yl‘ﬂg%gggﬁfi ﬁﬁ@lcg}eégl)’%@%,%tﬁmﬁﬁ“g;f OIjSGIlltrral%gi e
(45 mM)e RS EEAed a8 h@RNESE, I8 ch@ndibgrapts i iR bl G0 RUMBxand cbeiige (50
precipitate formed. The solution was warned to RT and stirred 1 h the
pouled to ho&HsFtOAW) Medferd 50000y oahdSeservalewdokd-t h DOM (3 x 300 ). The
conbi ned extracts were washed with brine (450 nL), dried (MgSO4), filtered
and concentrated in vacuo to afford 11.42 of 94b as a 5 pale olive solid.
step 5 - A 40 nL vial was charged V\F’fiﬁnﬂl-tﬁormacrol ein (2.71 g), fitted
wth a ﬁ-t{tsg- 1b?9f-te¢zﬂﬁut§ﬁ9lrﬁm&@ds-t@ﬁi‘eﬂ{o&?-zn&)o-mscli@ﬂﬂ@@yriaﬁmeg-?plnuphtﬁmlems
cooled in an 1ce/watér bath and Br2 waS added dropwi se until the red col or
per si stydpyrodidint3 ¢ylmethyl} Seetbregsudprnpeidefl-36)br ompacrol ein were until the
solution was again colorless. This solution was poured into a stirred
solution of 10 94b (5.67 g) and HOAc (25 nl) anlq M’use resulting mxture
stirred at 100 C for 2 h. The solution was ¢ Ie(}ll, diluted with H20 (250
m.) and extracted with EtOAc (3 %4100 m.) e conbi ned extracts were
washed sequentially with 2. {edlLanN 2800 .) and brine (150 nm.), dried
(MSM), filtered and concentrafge uo. The crude product was purified
by chromat ography (385 g Su aPakTM Si 02 columm) eluting with
DCMto obtain 2.69 g of 15 96 as a | orange solid. Introduction of the
4- met hanesul f onyl am nophenyl substitugnt @QMethe 3 position was carried out
in accord with the procedure descriMed in step 5 of exanple 19 to afford N
{448- Bronp- 5- net hoxy-6-(2,2,2-trifluoro-ethyl)-quino |Iin-3-yl-phenyl}

- mejhanesy f i (9 i td fwi - and toluen
Aol @@%h%@?@% Ao R R il Vﬁm 72 mg L0 e A e i n
accor d (W9l he Fdrpa bosduschsionedo thibeds addedtldpe (Kot og,P36furexdhand ©lucge t o
afford 1-30. . .

N {4 | S BUHoky o sivbbbied Srasel the solutiag, fr JOSY B B30 938 11 11 o
or o- et hyh, %aﬂwxmq*mésxgdm erslimepthanesd fmpamitewhyednohes Be ssht

(1-53) s prepared from96 utilizing the procedure described in step 5 of
exanpl ehd®sadiurn nt-betosiet K met hAhesudlf way hdded oidshe el sofsioatipshetwith

b t| i ki 25 i ng/ denethyl ati ri bed
28 crigeen kiR TS s e ERr SR R SR AL T A SO RS i 183, O
bor oni chastghrdesvchaghtat A . o DRISWYs &idee tdiissdlye ihdisohds-ankdhis oial lscatuli d.

thermally for 3 h. The mixture was cooled, diluted with EtOAc and water and aqueous layer was

neutralized with IN HCL. The organic layer was separated, washed with brine, dried (MgSOs),
filtered and concentrated in vacuo. The crude product was purified on a preparative SiO; TLC
25  plate developed twice with 50%EtOAc/hexane to afford 92 mg of 118. The product was used

without additional purification.



WO 2010/ 142656PCT/ EP2010/ 057958 -78- 3, 2-nmet hoxy-pyridin-3-ylboronic acid
was replaced by with 115. Denethyl ation afforded the HBr salts in both
cases. WO 2010/142656 PCT/EP2010/057958
N-{4-[8-(2, 4- D oxo- 3, 4-di hydro-2H pyrim di n-1-y1)-5-methoxy-6-(2,2,2-triflu
oro-ethyl)- quinolin-3-A-phenyl}-net ha®®&sul f onani de (1-56) was prepared
anal ogously except the 2,4- 5 dioxo-3,4-di hydro-2H pyrimdin-1-yl at the 8

posi ti Qrpof_ A%-9ad. mak6we @yt wia@clﬁﬁg‘ddrxdlth\/il131(85hﬁg,p1r80q3ﬁku§,€1&5(ﬂ@$8Ihilg)edﬂi n
steps 1 to 3 of exanple 23. Exanﬁée 21

di (maéI mnymal)jg;ae@ﬂyﬁi ) mepS4ipmgl) 9%(%111349&@%@2{%%&@5@32%0 2419 Ehdydr o
- riding
R & oy refwzﬁg&;u% Lt ol e BB paPRRIBIRRUILOGAT1 01 dadtlgad St &P 2

C( CD3) 3(rghByas biltacd Rrough(trOIdtichGdogtee p ndin Rl iial was sealed and madlated ina
5 microwave reactor at 115 °C for 20 min. The mixture was cooled, diluted with EtOAc and water
and aqueous layer was neutralized with IN HCL. The organic layer was separated, washed with
brine, dried (MgS0,), filtered and concentrated in vacuo . The crude product was purified by
SiO, chromatography eluting with an EtOAc/hexane gradient (25-50% EtOAc) to afford 56.6 mg
of 120.

10  step 3 — Demethylation of the cther to afford the pyridone was carried out as described in step 6
of example 22. The crude product was purified by SiO, chromatography eluting with an
EtOAc/hexane gradient (50 to 75% EtOAc) to afford I-36 as an off white solid.

Example 25

N- {4-[6-(1-Difluoromethyl-cyclopropyl)-5-methoxy-8-(6-methyl-2-oxo0-1,2-dihydro-pyridin-3-
15  yl)-quinolin-3-yl]-phenyl}-methanesulfonamide (1-37)

Br Br
NH, NS NS
Br step1 B Z step5 B Z
OMe OMe OMe
MeO,C R R!
ten 2 1222:R=COMe 124a: R' = CN
p3 122b: R=CH,0H p ., E 124b: R' = CHO
step 122¢:R=CH,Br P 124¢c: R' = CHF,
step 4 122d: R = CH,CN
1-37
steps 8-10

step 1 — Bromine (4.48 mL, 86.9 mmol) in HOAc (50mL) was added to a solution of 2-
bromoacrylaldehyde (11.7 g, 86.9 mmol, CASRN 111049-68-4) in HOAc (100 mL) at RT until
the solution showed faint Br; color. To this solution was added methyl 4-amino-5-bromo-2-

20 methoxybenzoate (22.6 g, 86.9 mmol) and the resulting solution was gradually heated to 100 °C.
After the temperature reached 100 °C, stirring was continued for 15 min then the solution was

cooled and concentrated in vacuo. The reaction mixture was neutralized with satd. aq. NaHCO;



step 4 1- 100c: R = Me step 1 - A solution of CD3CD (25 nL) and

4- bronophenol (8.5 g, 49.2 mmol) was stirred at RT for 30 mn to exchange
t he phendvDeowvide@n and t hen the CD30OD was renoved i n vRCUEP20MASTISS Ul ti ng
solid was dissolved in CDC13 (10 nmL) and (CD3)3CCOD (4 nlL) and warnmed to 60
C. Concentrated D2SO4 (10 nmL) was adde®-in five 2 nL portions over 50 mn.
The reaction 15 m xture was nai ntai ned at 60 C overni ght and then poured

over i gfd {{RGeflitindddidexds At chnd WwihEd QAB v&(ai’erx T715 smhd wad vashed Mdthnebler
organics were extracted with 2N agueous KOH ( m.), washed wlth IN

aqueoudoliaeed(tps] G MetHd/ D Vrie aff%i .94 g af 1%?& (%é@i?te qulab%}’f@?ﬁ e S102
concentr ted i

el ut 1 g ERrer R B sl SREh SRS B G aties R o 00 P Rl
affordaﬁaa&tlgnam.%a)fama brown oil: ES 20 MS (MH 236.1. step 2 - To a
sol ution of 2-(D9-tert-butyl)-4-bronmophenol (98a, 35.1 g, 147 nmol) and TEA
(17.9 g, 177 mmol ) in Et20 (285 nL) maintained at 0 Cin an ice bath was
added dfopni Bea beterogt@eons aoleumylzmléﬂéfgoaﬁétr@nqligl BCY! (3. Lt 0 K69asmpl ) .

A white ita S af t I

mai nt ai ﬂgﬁﬁ%pg 18 ﬁp?ﬁ“ (/90%5 4?%51{11.11? [ ng or gd(ﬂl Shr gprﬁﬁng %{rcttclalE g%cvmg@was

di | ut ecomdpldic. Sthc @act@ wiNHHCACHA ). Rodidlctshle ah@y&isiomnel &t\se@ﬂﬂm eci The
aqueous I%er is WD 2010/ 142656PCT/ EP2010/ 057958 -79- washed with Et20

(100 mDGMdrThsereavyslangr, wis washe @ Ake Cconcdsivd (NetP4) filieaedand cpReeisddte |

oo 1 Oe by Hle Gl @y QUG B g B0 b R TV R BRI PG,

st ep) 3 withf@DEN/O¢OH @radidnt 9Bto (86 MOH6 affond P.5igofdd@Abent rat ed sul furic
acid (147 g, 80 nL, 1.5 5 nol) cooled to 0 C was added dropw se over 10 rrin
70% HNO3 (8.77 g, 6.22 nlL, 139 mmol ). The reaction was naintai ned at

for 2 mteprit thremtpowfda2ib(BE2 bcX .- owolbEdBrgl8.97hé 2eqLesudR 61 Q?&dnze\ﬂés

extracte t 0AC he

ext r act® gg\}éghé[%\é%ﬂ% {]i“%(f rlggg?@bg@&wﬂ%qﬁ%%@ gtfelggg%n@entrat ed
onto Sijgd P@%QQ/G&)ade@QAﬁHrQQUQEe Maalomwdsfdoa@ldw SicQ2udzheanidhegkaphyael ut i ng
wi th an Et OAc/ hexane gradient (0 to 10% 10 Et OAc_over 45 m rtB) fgg afford

35 8 g concenoetedds vacupeThogrude progluctpzasdsenbrgpntgsiOs andspugicd by f§shi d pel | et s

of hoos"fosBp S BTk SO ERBRL ANER, B RO, FEm0 R o Ko

i n a Rh whiteolidat h overni ght. The MeOH was renoved in vacuo and the residue
di ssolved in DCM (150 nL). The organic solution was washed with 2 N HCl
(200 nL) and the aqueous | ayer was back- 15 extracted with DCM (50 rrL) The
conbi neammwa@ﬂlsmmfdmﬁé& gvﬁ%hmmlhéicwl%g(msmpl) PCM erd8dnbhand

f d
Chat wddthCog T EReRelde R B o (.80 Ty Hnde B PRI PURR9EQ 4l
(MH Z28kadied SHBMDEME Thodaimichanes @%r% dticd (N4, RY)),dnd cdbr@&ntrawet )in wasoadted

dropwi se to a suspension of 100b (27.8 g, 98.2 mvol) and %B gzo 4 g, 147
mmok9 |rnSIé@€eW@h@rY(lq%t9d 91150 6a§1Q§‘Iﬂa51Tﬁ]é‘f0FI@ gpaphy Geparsinsrpuiifisd byitlaph
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fine yelTow pre he mxture i s stirred for 30 mn, filtered and
t he solgotldwashed with H20 (150 nli). The solid was dried under vacuum at 40
C overnight to afford 24.8 g of 100c which vvas used without further
purification: ES M5 (MtH) 297.1. step 6 - A 1 L three-necked flask was
char gedteni § h Alodduie2d 132d §00Bgmfb] mmaly, d-pibiareccthape (318 g, 1.46 mL, 16.9

mmol) and DMF (60 mL) was cooled to 0 °C and NaH (1.69 g, 42.3 mmol, 60% mineral oil

25  dispersion) was added. The mixture was warmed to RT and stirred for 1h. The reaction mixture
was diluted with H,0O and extracted with DCM. The organic layer was washed twice with H,O,
dried (Na,SOy), filtered and concentrated in vacuo. The crude product was dried loaded onto a
SiO; and purified by flash chromatography eluting with a DCM/hexane gradient (0 to 100%
DCM) to afford 1.91 g of 124a.



25 404 mmol) and NH4Cl1 (21.6 g, 404 mmol), EtOH (200 nL) and H20 (200 niL).
The flask is fitted with a condenser, and the yell ow suspensi on was heat ed
to 70 C awo 28t0vieedd vi gorously for 15 h with a nechani ®Qll/EPRI10/0ETIS8 The
reaction was cooled to RT and filtered through CELI TE. The CELI TE pad was
washed with MeOH (ca. 100 nli). Most of8T-he MeOH and Et OH were renpved in
vacuo. The aqueous m xture was extracted with Et0OAc (3 x 100 nL). The 30
conmbi ngey &I TAE ESuMG 6f BYagd. 28%@50@3 mridl) eDeM @adnpraenidedDEBALN87ACUO
which afforded 21.1 WD 2010 142656PCT/ EP2010/ 057958 -80- of 102 g

i ght BLo@m 8irmme i AV s PG Krarmiviptin /8 landnnEsasiins IRER WASITEhH Wht hout
anyfurth r pur f 1-32
was carf? i gld T{(glutr éeﬁc{ﬁg‘g{évlé‘%&“aﬁ nlé%fdn@ﬁﬁwﬁ%cﬁgge %éts%P% &3&%5@? ?EMZTgﬁ&%%CS in
Exanpl €ay@r @x¢ epthddrvist HpO 3dricd, (Nambo‘i(lyermancthamea}tgalténbmmwm dbe drudas used

hn_pgzagqtgrla?;vagjg)urléy@gng@p 3(2?1901’11“/%%81‘& tqaﬂ”%rd 8%%38)9(1246 3s wﬁ%e %olﬁ)zwa 512 (d,
760(%’ota%nem 7.36 (d, J = 8.6 Hz, 1H) 6.31 (br s, 1 H, 4.00 (s, 3H),
3.87 (s 3.04 (s, 3 H. Exarrple 22 N-

{4-[6-tert- Buiyl 5- met hoxy- 8- ( 6- met hoxy- 2- oxo- 1, 2-di hydr o- pyri di n-3-y1) - qui

nol i n- 3tapl TéLQs&hﬁ@ybﬁ124rme(t)hsar$w4fmamudacn\zt(&43 mL) was added DAST 1.05 g,
2, 7-Di bronp-2-tert-butyl-3, 4-di hydro- 2H napht hal en- 1- one (110)

soI ut i &ﬁﬁom(oﬁ anﬂﬁm@s@tmg o 1RGN Wﬁ%ﬁﬁ‘fqﬁiaat&f 128y Bb@ylﬁ@?tl()ﬁé@ﬁwr% Waéﬁgut(ﬁg 85
g, 11.5 i 40 C.
2- Chl or oggﬁ?reta ﬁ??ﬂ Sgegﬁ’zla??.%ﬁ g?le q{éggl@%& @ % %jpéahmm glg@v\glslggd%(gd and t he

sol wy i qm;stmo rmfbrecmﬁelrcomémmgﬁnn v&cis0| THei comdeqfrodidCivs parifigl gy SI0-27 ni, 11 5

mmol ) in was added dropw se Whl| [ in tio

- 40C. SBWaé‘f’gféPhYa“dEﬁ“%g BHh a2 ey et %aﬁhﬁé &:@‘59 &D@Q?t%%g%@@ e%% on
The re sty red at RT over the vveekend then poured onto ice. The
mxturgga/ggp%g@?ﬁ(?o({led bet ween Et OAc and H20 WO

2010/ 142656PCT/ EP2010/ 057958 -81- and aqueous | ayer was neutralized with

satd. afep M EORereldasridd otk W &cvabwith biRed@ded fr ugiv-a off bxegnelt 22 edxict iho a
renove chunky white precipitate. The organic | ayer was separated, washed

wi th brstaped, 145 ived rplaesdMith 151 t er ed and concentrated. The crude product was
appl ied to a hexane equilibrated Si02 colum and eluted with an

7 b A e IR ugromstty arrgppaY e B R gg SRS § O
St ep by a'\-llﬂn@mﬁgl)}g]t 1Ry B md@8nds3ifehandife A-38YBYas REFArddAGIAMs I copt Inrsigd at

RT under ed dropvvl se via cannula a solution of bromne (1.88 g,
605 i ald, 113 was mpbdcpd i7h. HOAc (20.0 ni) over 20 min. The solution was stirred
for 1 h at RT then warnmed reaction to 50 C and 10 stirred 1 h. An al i quot

f t b i 1001AL) dd t t | heati
1 o ne 1916 Dif o sl BomoRY e b oo g ger eg e gned
bet wee nm% ﬁﬂ&'hﬂ*%%@@% ggunemﬁnégﬂﬁé&rm@ (P Al gr&fgedVirdh 128¢ th acRéied

NaHCO3 ganl C s separated, washed with brine, dried (MSH),
fil 2er editlasdpcbtockof exatgpdk 23 tvantye diba ¢he wrasil.

Example 26
N-{(S)-1-[6-tert-Butyl-5-methoxy-8-(1-methyl-2,4-dioxo-1,2,3,4-tetrahydro-pyrimidin-5-yl)-
quinolin-3-yl]-pyrrolidin-3-ylmethyl} -methanesulfonamide (I1-40)

NHMs
d




purified by Si02 chromatography eluting with hexanes to afford 3.8 g
(quantitative) of 110. 15 step 1 - A round-bottom flask was charged with
110 (3.8 Wo200/82¢w0l ), LiBr (275 ng, 3.17 mol), Li 2COBCIEBR010)57939. 6
mmol ) and DVF (44.0 nlL) and Ar was bubbl ed through the white suspension for
10 min. The suspension was heated at 18 oC for 1 h under N2. The reaction
was cooled to RT, diluted with EtOAc, thrice washed with water then with
brine, 2dr-badethdBSA) 4,5 5-tduanrehyand, TaRaebdro Rhedylymyrafitmed] 17)2a\ 250 milght
brown viscous oil which was used w thout 20 additional purification. E ep 2

- To ar@mduwwmedfﬂaglmas (:lze?rgecbwithérmom@,ﬁ-dmhq@emw@?ﬂs@-%36&256% ) in
DVF (29, Mel (1.77. Q. 779 | 125 i
ans ¢apobu e e e LR AE A it i e b i T A b ek IAG, " ©

Et 0Ac_angswai&k naish) LEDAMY EPRES]i B 388 WRSuISH vk sth éat&koWiOD R ClNd IGired Tore
organi c layer was separated, washed with brine, dried (Q%SOZL), 25 filtered
and Torbefltheatastion mixthifeowes porpgst ke Thmbeod HoOeandigxtraesad WalditOAs aluene (1:1,

i ficati 3 - |ution qf 5
(30 Ly el A ABR e Gmisnoniy Foyanm et R b Qe SodPugarud BRaEEer &
sol ut i 80 afL)bTagbARN(ATRr Was d2i8d (N&SO,R d4i6d,Mitekdd i ddBdmtaRA imyicucThe

mxture stirred at RT overnight. ‘The m xture was. di|uted w{h EtOAc and
wat er afierdeddonitysnas &1 Walso he 8P a) and deroxpred begrpidg. The dark as 84 1r gani ¢

| ayer ! {fPRAL0/ 057958 -82- separated, washed with
bri ne,%?%zgfﬁg%ﬁ%???f@ﬁ and concentrated to afford 112c which was

used without additional purification step 4 - A 2-5 nL m crowave tube was

Chaf(ge(igélﬁi)j halbagL @ére'@+ca§p&9tuﬁma§ chazBed Wit NIHS)-2-(§Drahd@ 7 )tert BaBEO8 (855 ny,
8.06 nmo MeOH (7.14 nlL), toluene (3.57 nL) and H20 (1.79 rr]iE_&)§ 5 The
i xt ur encthexydesphtubn-nybipyaiogion-3-smetay lirimsthanesy oapmpplg 31 18, 01558 8400 134

was s A ARSaE R ot P P00 A e O1 68T e 2 i ARENEL 2 oo e

partiti bxEhOAC? AY MATEO (29911 MR ARHEQWSIPRBA sWRSioNEThE al | zed
W th 1|{|9 %‘%Oth%dg?glr gani Qpl aygra w?g s(epa#a?ed, washe%l with brine, dried

( MySO4)readtivh neixtece wadhetwice 10P §Cadd istirredifud0 mMine The uehstipn adtete WibPoiad i ed

Stod e one) L Tepang ey g b GRe I OGNS0 afd Bhuheh )L g
ML m crenavEewitHPE 039 neilaing adinti($ml14T6OofBni. laykrSwomlrked (Raf0,), filtered
di met hoxypyri di n-3-yl boronic acid (115, 34.8 190 i unol )0, and Na2CO3

(55. 0 rgd cBi@nirated )iy vaaveoMhe srusle material maﬁ@wéﬁ%géﬁosi%tqm% gooly algBng) . The
m xture ) e b ' oF ng, 8.65
ol ) wlPENRAREREA il R08190 5 PRI ool & 08T, BRbERAIIRg oL A0oBUT0.
sealed and irradiated in a mcrowave reactor for 20 min at 115 C. The

m xtur g:uas_ GoQ) Gl el éé&)?_gd Wbt Qza@c%ﬁecﬁ%h 20 (@0sk g,hﬂ)4gﬂh@9 MclnRag tgnas

neutraltzed with 1IN HCL he organi c 'ayer was separated, washed with
bri 2@, Wil ed, (Vg3oMd]) ahd DICA €01 1 &md-)c dihe dight yetllew sofntipacies. stimaeé fesrullandyr oduct

was purified on eparative.Si 02 TL a 20 d I d . %

£ onc/ Heskhereg S FURETHS hSidas rir el bSO AP HISBRE SIS op 6 - A
vi al  wasCrhR:agd omiicht dl6 600 MIBEH b afttlBr 0.028 ¢ 14070) of38)-BI-{(A(6345-buyivs} )  and
HOAc (0.75 nl), ?I ushed wth argon and seal ed.. The seal ed m xture was

heat ed methegy-&(foncteory-1-Teghyl-daior bA-diasirenysimsdin- 24y Dy el g tyWPEHo A¢ingh d

pour ed i T i N was neutralized with satd. aq.
Nchoe.yq%%@?‘g%ﬁ@%ﬁ%ﬁ“@%@ﬁ%h%%id1%‘th brine, dried (MySO4), 25 filtered
and concentrated in vacuo. The crude product was purified on a Si02 plate

devek opgd, i W (ARPosELQAGHREXAME weQ cBfrbed ditfi42290 051 & B¥6 umol), HBr (16.0 mg,
10.8 uL, 198 umol) and HOAc. After 4 h the reaction mixture was poured into satd. aq.
NaHCO; (50 mL) and extracted with EtOAc (3 x 20 mL). The organic extract was dried
(NayS0y,), filtered and evaporated to 0.020 g (98%) of 1-40 as a yellow solid.



WD 2010/ 142656PCT/ EP2010/ 057958 -83- Exanple 23 N {4-
[6-tert-Butyl-8-(2,4-dio xo -3 ,4-dihydro -2H-pyrimdin-1-yl)-5 -netho

XY- qui no-WDJ2010/18kesnyl } - met hanesul f onam de (1-35) MeBCTdPRp0R5PI%a: R3 =
NHC(=0) 04-Bu 116b: R3 = NH2 5 step 1 - A 10-20 nL m crowave tube was
charged with 114 (0.35 g, 0.757 nmol) -8%ert-butyl carbamate (124 ng, 1.06
nmol ) and sodiumtert-butoxide (107 ng, 1.11 nmol) and tol uene (6.00 nl)
whi ch IN$ G—@éit-BuWStﬁetﬁaﬁﬁslﬁJr@d’thylﬁ”l«ﬁd[ﬁx&tllJI 8, M@ alfyldus-pedmit15- 33) _gon for
10 min he extremely viscous mxture was diluted with toluene (4 niL), then
Pd2( d b31)1310@14@@131-9hetgyi}gtmem@gequ)lfoamlde was prepared from 114 using the procedures 1 Step

2-di-ter ino-2',4",6"-triisopropyl bi phenyl (145 ng, 341iunol)
wer e 13 tggfﬁgyanga%a@gon was bubbl ed through the m xture for 5 min. The
reaction was stirred over the weekend at RT in a sealed vial. The m xture
was partitioned between EtOAc and Hzghmpid 2he aqueous sol ution was
neutralized with 1IN HC1. The organic | ayer was separated, washed wth

bri rfe, Iﬁr{ﬂé@tw@s&iﬁ -(St¢hlarertepe 62@éﬁcle%rsirhézf1@npyrﬁhvéc)db5-merh%yCﬂluﬁ%‘m-

pr oduc t ography eluting with an Et 0Ac/ hexane

gr adi e?t V‘T@B F‘% %ﬁlﬁhgrﬁﬁ‘dfggf %6 ng 15 (52% of 116a. step 2 - A 25 nL
pear - shaped flask was charged with 116a (0.196 g, 197 !not), DCM (1.5 nm)
and 4 Méd%hia@loﬁ'o@mﬂ%gﬁ%ohﬁle (B4 9z, M3 mbBB Wit datd. @f. MEHED; 4f@rdad the Once

all starting material disappeared, the solution was diluted, poured over
i ce androedasa whichedswitrictehwih E4QAc NABCBEOAT hetrast s dicd\@des@ne Blieredeed and

purified 2.chro ogr aph elut t b nt
(20 SOWE?%K(‘}%GQ ﬁ%ﬁsgﬁ‘ V%fé‘bsséi}ﬁ(e s?gym(m ﬁul%dZISUH J;url Elﬁg%t ?gqus step
- 10’\ seaiNCS (@sk, M@@nﬁﬁwmﬁtmtabdédqblth@mtgﬁnnmarb A&mhﬁng ANGOrC(fd85 Ny,
|urmlz1 and héated overni ght at 50 C under h. vacuum To the resulting

soI id ek ahqwcg@qm@ﬁuﬁeavqsfoq}ey tg &Tlﬁéﬁéiﬂ(@dzgt §OAQ Hhe SrgAtN8YSF 84Sy | oyl

hi d
it rogensber b o iR do-fed SRLohk iR Y R SRRty s
in an iSie; blﬂbhmﬁj@@a;ﬂ@%hﬁ@@lvdt%$ [B@Md\dedHtto asfetd § eng (4B%a of st evidicy

flask, 116b é0.0?Zg 181 | m)l) was dissolved in DMF (1.03 nlL) and cool ed
to 0 C.solrd YRapES é%(M& fDwas added WO 2010/ 142656PCT/ EP2010/ 057958

15 Example 28
3-[3-(6-Amino-pyridin-3-yl)-6-tert-butyl-5-methoxy-quinolin-8-yl]- 1H-pyridin-2-one (I-43)

CMC3

step 2
70 : 1-43: R=NH,
124; R = NHMs
step 1 - A tube was charged with 70 (208 mg, 0.582 mmol), 2-amino-pyridin-5-yl boronic acid
(227 mg, 0.84 mmol), Pd(PPhs)4 (61 mg, 0.052 mmol), Na,COs (286 mg, 2.69 mmol), MeOH
20 (1.6 mL) and DCM (0.5 mL), sealed and irradiated in a microwave reactor at 115°C for 1 h. The
reaction mixture was cooled to RT and diluted with EtOAc. The organic layer was washed with

satd. aq. NaHCOs (30 mL), The organic phase was separated and the aqueous phase re-extracted
with EtOAc (3 x 30 mL). The combined organic extracts were dried (MgSOs), filtered and



-84- dropwi se over 10 mn the supernatant fromthe cyanatosilver flask. A

| i ght brown het erogeneous m xture fornmed after addition which was stirred
30 mi n i wWpeeliaedss The m xture was diluted with Et0Ac, PadgRedlossgaenti al |y
with H20 and brine. The presence of the internediate urea was confirned by
NVR as a mixture of cis and trans isor®0s. The urea was taken up in EtOH 5
(1.03 nL) and an 11% H2SO4 solution in H20 (1.03 nL) was added. The

resul t ichfcclirkicd! Fh¥amds eadid@ vl p%rlﬁb@-bygf(dz heahedgtaphil 20tiG hath al. 5 hr unti |
t he sol uti on was honogenous. The m xture was cool ed, poured over ice and

di | ut e@QMfMe@HCBR@dlthH@ aff@@’a}ﬁ%m%ﬁ%\lge) ofdsddias avBie lidh Et 0Ac, washed
sequentially with H20 and bri ne dried (I\/gSO4) filtered and concentrat ed.

Ei 0Ac) hesaalte egr i eneqiony FoCreorban ey - ar poriroda kb as as

a yel | qyugekhfbnamide (124) can be prepared be sulfonzlatlon of 1-43 Wlt@@ﬁéfﬁiuﬁuﬁényl choride
N-{(S)-1-[ 7-tert-Butyl-3-nmethoxy-5-(6-nmethoxy-2-oxo-1, 2-di hydro-pyridin-3-y

1) - rﬁaphtmdmg@thewlqwedymrmIsimlﬂﬂf%?mhbtﬂﬁyI} - met hane suI f onami de (1-36) MO
O csNHVs Me3C 15 step 1 - A 10-20 nL m crowave tube was charged with (S)-72
(184 ng, 1.03 nmol) and toluene (4.69 nL to afford a brown solution. To
this was added 112c (349 ng, 938 un%¥5)mﬁ 3% ol uene (4.69 ). Argon was
bubbl e(Nt H&S‘z'glf' Btubﬁ 531%%5;9@ (ts%etw Zrbﬁb mealh?dia (Fbidin33 482 9ndTH 3- 95 8 1=01)
and 1 unol ) was ded. Degassing was continued for 5
mn thémtﬁbmetthmntﬂﬂﬁonbmtd@ﬂ-dé)(135 ng, 1 41 nmmol ) was added quickly, the
solution flushed with 20 argon and seal ed. The sol uti on was irradi ated in a
m crowave synt hesizer at 100 C for 10 mn then stirred over‘Jf:kgézgz

Some DMSO was added to dissolve the solids and the via Z er mally
for 3 h. The m xture was cool Brt ed with Et QaNga@” wat er and agueous
| ayer was neutrali zedM\ath 1N The organic | was separated, washed

with brine, ?C](I%S »ef”in vacuo . The crude
product was puri an a pr | at e devel oped tw ce
wi t h 50%t 0Ac/ hexane t¥caffo o ddineet was used wit hout
addi tional purifigation. WO 2010/ 142656PCT/ EPZOJC(M057958 -85- step 2 - A
2-5 nmL m crowav ube was charge® with 118 (85 nm, “481i unol), 115 (39.8 nyg,
217 Na2CO3 (57P , 543 ianol ), MeOH (0.4 0), tojswene (0.2 iuL) and H20
(0.2 jut). The m Xture was bubbl ed with argon for] 10 min then Pd(PPh3)4
(10.5 ng, 9. C=+wm,ye8 added. Argon was bubbkg | hrough the sol ution
another 5 mn. The vial was sealed and irradiatedfin a 5 m crowave reactor
at 115 C for 20 m nr=Fhewrroctignigdnagdcool ed, di IH d wi th Et OAc and wat er
and aqueous | ayer was neutralized with 1IN HC1. T dfor gani c | ayer was
separated, washed with brine, dried (MgSO), filtered and co ntrated in
vacl® .3- %Br@n%ééefﬁﬁ@%étmmgxﬁb%mf’l“é‘@ By oy It B%@lﬁé’r%‘&h@ g g with

?anﬁrgfﬁ%éfq N&n éaoqg %t&@?w%@%r% I g)n% %1‘[ O {2 & A8 1d Bt rie%agg 70 %ch§¥ ep 3

1 6nof to a pyridone was car out
descri hedteprs, 30 @preplacdd eikaipl e 22. The crude product was purified by Si02
chromat ography eluting with an Et 0Ac/ hexane gradi ent (50 to 75% Et0Ac) to
afford 1-36 as an off white solid. Exanple 25
{4-] 6- (steDl wummn@tqmbwmldpﬁ @pzz 1§n5n¢&étM@NIplBec (%09@{ GHPRIL WG4 - 10=4i hydr

0-pyri %lﬂl %2 8 g? HY"HIF?% m(i) was cool\éd ]ln arplce %Xth}andrﬂaém?? 88 "éb Qs BafBqderye1- 37)
15 mixture was stirred overnight then concentrated in vacuo. The residue was triturated with Et,O
and the solid was filtered. The filtrate was concentrated and the process repeated. The crude
product was purified by SiO, chromatography eluting with an EtOAc/hexane gradient (0 to 10%
EtOAc) to afford 1.0 g of 126.

step 2 — A tube was charged with 128 (0.25 g, 0.62 mmol), 126 (0.3 g, 1.25 mmol), Cul (12 mg),
20 Pd(PPhs), (0.072 mg), TEA (0.5 mL) and DMF, sealed and heated to 90 °C overnight. The tube
was cooled and the reaction mixture diluted with EtOAc, washed sequentially with HO and

brine, dried (Na;SO,), filtered and concentrated in vacuo. The crude product was purified by



step 1Br Oove Me02C 122a: R = CO2Me 122b: R= CH2CH 122c: R = CH2Br
122d: R = CH2CN 122e: 124a: R = CN 124b: R = CHO 124c: = CHF2

10

15

20

WO 2010/142656 PCT/EP2010/057958
91-

SiO, chromatography eluting with an EtOAc/hexane gradient (50 to 100% EtOAc). The residue
was dissolved in DCM and TFA (1 mL) was added and the resulting solution was stirred at RT
overnight. The solvents were evaporated and the residue purified by Si0, chromatography
cluting with an EtOAc/hexane gradient (50 to 100% EtOAc), then rechromatographed cluting
with a MeOH/EtOAc gradient (0 to 8% MeOH) to afford 80 mg of 130.

step 3 — A Parr flask was charged with 130 (60 mg, 128 umol), Pd/C (13.7 mg) and a mixture of
EtOAc and MeOH and hydrogenated under 50 psi of hydrogen for 20 h. An additional aliquot of
Pd/C (13 mg) was added and hydrogenation continued for 72 h. The reaction mixture was
filtered through CELITE, washed with DCM and the filtrate was concentrated in vacuo. The
crude product was purified by SiO, chromatography eluting with MeOH/EtOAc gradient (0 to
10% MeOH) to afford 30 mg of I-44.

N-{3-[6-tert-Butyl-5-methoxy-8-(6-methyl-2-0x0-1,2-dihydro-pyridin-3-yl)-quinolin-3-yl]-
propyl}-methanesulfonamide was prepared analogously except in step 2 the palladium catalyzed

amination was carried out 3-propynyl methansulfonamide in place of 126.

N-{(E)-4-[6-tert-Butyl-5-methoxy-8-(6-methyl-2-ox0-1,2-dihydro-pyridin-3-yl)-quinolin-3-yl]-
but-3-enyl} -methanesulfonamide was prepared analogously except in step 1 butynol was

replaced with but-3-en-1-ol and hydrogenation (step 3) was omitted.

Example 30
N-{3-[6-tert-Butyl-5-methoxy-8-(6-methyl-2-0x0-1,2-dihydro-pyridin-3-yl)-quinolin-3-yloxy]-
propyl}-methanesulfonamide (1-45)

CMe; CMe;
step 2 step 4
132a: R=Br = 134a: R' = (CH,),0H
132b: R =OH 134b: R' = (CH,),N(Ms)Boc

3-(6-Bromo-3-tert-butyl-4-methoxy-naphthalen-1-yl)-6-ethyl-1H-pyridin-2-one (131) was

prepared in accord with steps 1 to 4 of example 8 except in step 3, 75 was used in place of 80.



step 2 step 3 step 4 step 6 step 7 1-37 steps 8-10 step 1 - Brom ne
(4.48 nmL, 86.9 mmol) in HOAc (50nL) was added to a solution of 2-

br omoacr yWel2dehgeeo (11. 7 g, 86.9 mmol, CASRN 111049- 68- 2CTIER2HOAE7969.00 nl)
at RT until the solution showed faint Br2 color. To this solution was added
met hyl 4-am no-5- brono-2- 20 net hoxybe$Zzoate (22.6 g, 86.9 mmol) and the
resulting solution was gradually heated to 100 C. After the tenperature

reachedicpQ0- &, sofitioh bif MG wAB FissaIEd MUBNIF 21 tdiethyfoxohiim tcheafls@bbéraenvasas
cool ed and concentrated in vacuo. The reaction m xture was neutrali qﬂ with
Ty

sat d. aqrreckmmr A Poriesuling 5@ mroyrgid sepsstialbewith fiOrand brigs

T e R I S A Sy .

absor beﬁro@ﬂiﬁt SoropB2 e with bf EeOAoheaant Igaeshemaj([) tondPoddtORichy afforth 132:DCM hexane
gradient (50 to 100% DCMto afford an additional 3.46g of 122a. 5 step 2 -

To a heterogeneous solution 122a (11.05 29.5 mol) in DCM 3550 at 0

C wes ampédﬂrrmmlamomeaﬁmsl( syasgheggectswmgnmm } g, 3ermeheKQHJI1 3 B1E Qvéé

finished t i t The..r eact,

Rochel Iném%‘g’le%' %@?@Fﬂﬁpg ?%’gt%terﬁmﬁ?ﬁgn%l%%ﬁ%? Slg‘ﬁ?h W:YI 8 was

washed nig 4. zﬂaﬁogrtdoﬂbrnleaﬁd 2 84 e afcbldrﬁﬁsﬁﬂlspé’iﬂloﬁmmmﬁlkaﬂr@d'% spav@eduo. The

crude product was adsorbed onto Si02 and purified by flash c mat ogra%hy
s Getianed 9

eI2 g; i ngvithonitapgen far @;@:mwew@a(%mew@s qdgled anw%r%smll r gneyngy;
1 vk 2
é‘é}%? ;‘%8 é%a',b‘t@g g&ts ICWas E@%&g&%aﬁé a810P% Ror %‘?1 Xhe @Rfi_ Aol Rixfd wajs TEQ)

and Ph was stirred overni g
f ol 1 ®Wipdgrodtntol HiQAR. (50 emL)aad RvaslicdGBrderaiatly RRinIT (28 mﬂ)jmii brAfet(é@mL) hThet he
reaction was conpl ete. The crude reacti on m xtur ncentrated ir

vacuo. OTERICPHIHESIr S8 d@?d (W SQuls Gttpisd 28 P%ncgp@ﬁte‘in ?)Eﬁuﬁ? BBy WA B‘érﬂf%

h t 0 9 fford
7620 o Aonc aBul iy e JPEEnS A B e O BIOAR h o0 g 10,1

mol ), (KC{)d2132ly, 191 nmol ), DCM (156 nml) and H20 (140 nlL) was heated at
reflux for 15 mn. The reaction mxture was diluted with H20 and extracted
with DCM The organl c layers were dried and concentrated in

2SM4)
vacuo. swEped 20 Haskivasehoigsd it 1138Béb%p%t3§10 am@il)@)é -romeethangd G B8 biphy

ar ali oA B Qoo (3 My RATTiSEA B LIS kAR AR,

TGXEB u:n&ne)zlo;ftlog ﬁxgdtgﬁw?sglé@iedhévg) m"amld)stirrﬂ:(ii ZordiObir. ﬁihme@dcaomnﬁﬁgm&f@hpollgetﬁnm_,
50% i IEPAC 3D g AsBrlY BT -0480 Flded e FHRARRET P’ HathesHHER 0 OR and
B B T v S T L A L R M

filter etremstogmpineclutisg edhian Bi@duhexaveradiendo pffould0 ma 67441 % el 13aded onto
a

20 step 4 - A flask was charged with 134a (100mg, 252 umol), tert-butyl methylsulfonylcarbamate
(73.9 mg, 378 umol), PPh; (99.2 mg, 378 umol) and THF (5ml) and the solution was cooled in
ice-bath. To the solution was added DEAD and reaction mixture was stirred RT for 20 h. The
crude reaction mixture was concentrated in vacuo. The crude material was purified by SiO;
chromatography eluting with an EtOAc/hexane gradient (20 to 60% EtOAc). The upper spot

25  was (120mg) was a 1:1 mixture of the product 134b and starting material BocNHMs (non UV,

hard to separate from each other) and 40 mg of 134a was recovered.

step 5 - A round-bottom flask was charged with 134b (60mg, 105 umol) from the previous step,

HBr (74.5 mg, 921 umol) and HOAc (0.5 mL). The mixture was heated at 60 °C for 3 h. The

solution was cooled, diluted with H,O (5mL) and 4N NaOH (1mL). The resulting solution was
30 extracted with EtOAc (50mL). The organic layer was washed sequentially with H,O and brine,



Si02 and purified by flash chromat ography eluting with a DCM hexane
gradient (0 to 100% DCM to afford 1.91 g of 124a. WD

2010/ 142680RCI/HEHRBH10/ 057958 -87- step 6 - To a sol uti oRCHEP2PHASTISS 28 (g,
0.733 nmmol) in DCM (14 m.) was added DI BAL (870 iaL, 0.879 muvol, 1Min DCV
dropwi se at -78 C. The reaction m xturg3-was stirred at -78 C for I h. The
reacti on was quenched with aq. Rochelle salt and extracted wwth DCM The

or gani @rib@yRi,S0RS fierddasd sbhdentrdd udvao@d (miazﬁfaé)matéﬂall ms pdnﬁmlby Si0,
concentrated 1 n vacuo. The crude 5 mate was puri

chr orratcb@mmgfaplw cdptingr witipan Eg()éf/hqm gﬁaéh% (3o éfbﬂ‘i)Q% E&@A%EO&P%@I by&tep 7
- To a el Mo 14 (@ A%k oRgs added DAST
1.05 S§§ éﬁb%’&to@%apﬁﬁéﬁtx&g resu t?v%egﬁ{@i@g%%(t)én was sti ged a%ofor 72 h. The
reactlon m xture was diluted with H20 and extracted with DCM The organic

| ayer was washed with H20 and dri edgddinpd2SO4), filtered and concentrated

in vacuo. The crude product was purified by Si02 chromatogra | uting

wi t 1 a NoOM) Hebbatiae - Birtald?-arthoyes- f%@ﬁ@%’@éﬁwl -2oxafh ﬁ%Fi’élYérOG@’rtjP%‘% 3%240 as a
white soli d with procedures in

st eps A1E° fl &12%’518‘&1 5'139 1)?%:6(% f?f%emsﬁgsu?%ha%%%%gjrepl aced wth 75. 15
N-{4-[6-(1-Difluoromethyl-cyclopropyl)-5-nethoxy-8-(6-nmethyl-2-oxo-1,2-dihy
dro-pyridin-3- yl)-quinolin-3-yl]-phenyl}-
prepar ed anal ogously except ?g, s replaced 75.
N-{4-[6-(1-D fluoromnet hyl -cyglo

n-1-yl1l)-5- methoxy-qui nolin-3N1Ms thanesul fonam de (1 39) was
prepared from 124c in accord 2Q
i ntroduce the uracil. Exanple 26
Xy-8-(1l-nethyl-2,4-dio xo -1,2,3 ,4
lin-3 -yl] -pyrro lidin-3 ylmethwle}
WO 2010/ 142656PCT/ EP2010/ 057958 - 88-
2, 4-Di et hoxy-5-(4,4,5,5-tetranet hyl-1, 3, 2-di oxabor ol an-2-yl ) pyri m di ne
( 1 17) -stoh P50 WiH rdmpmdrolnc(ﬁﬂ@ngds ol asrko lwé(%%crmam@édﬂ dispérsion) was trlturated with

5-b 2, 4- dj met ho di 1.23 g, 5 62 £, CH2C12
(220 maie~dst (f AOIL) B g AT St rtB?‘P by in §172° REM) o
(1. 6% Gooikht ow@'ﬁs&ﬂ%% brbfd- iJrﬁJﬁﬁo o%@hl&ﬂ Wi hgas edayo 100 C

and stirre or 5 1h. The reaction mxture was poure |nto EO nm. of H20 and
ext r actremoliin WHE(OQM)OWWQG(( drop; wige andsthe mm){turq'wes girersinoe 30 mjer 8o W e

com ned SR O00: 50T T ) i R 0l o B e ©

af f or d 1aehé cRidIrddckibe niktudclwad &onéantguedﬁa%acwﬁldrtﬁ@ avanRow Y miirettintoTHeO dar k
solid was used in the next step without further purification. 0 step 1 - A

10 nL déPewloappertraciasewilb EQAafHrd0wmih Theraybined sxppginpere. vashed hut y1- 8-

15 sequentially with HO, brine, dried, filtered and concentrated to afford 3-bromo-2-methoxy-6-

(S)-1-[6- tert-Butyl-5 -netho

pdydro -pyrimdin-5 -yl)- quino
c- et hane sul fonam de (1-40) N O NHVs

methoxymethyl-pyridine (136) as a light yellow oil.

step 2 - A round-bottomed flask was charged with 136 (0.88 g, 3.79 mmol), PdCL(dppf)-CH,Cl,
(155 mg, 190 umol), bis-(pinacolato)diboron (1.16 g, 4.55 mmol), KOAc (1.12 g, 11.4 mmol)
and DMF. The light yellow solution was heated to 100 °C and stirred for 1h. The reaction

20 mixture was cooled, poured onto 50 mL H,O and extracted with EtOAc/toluene (1:1, 3 x 50
mL). The organic combined extracts were combined, washed sequentially with HO (50 mL) and
brine (50 mL). The extracts were dried (Na;SOy), filtered and concentrated in vacuo afford and
2-methoxy-6-(methoxymethyl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (138)

which was used without further purification.



met hoxy- napht hal en- 2-y1) - pyrrolidin-3-yl net hyl ] - et hanesul f onam de (118,
0.188 g, 400 ianmol), PdCl2(dppf).CH2C12 (16.3 ng, 20.0 umol), Cs2CO3 (391
ng, 1.2 rwol2p10adeesel7 (182 ng, 480 ianol), di oxane (3. 2PRILEPANAE/OFRE8
(799iaL) to afford a dark brown solution. The reaction m xture was heated
to 100 C and stirred for 30 nmin. The rg&&ction m xture was poured 15 into 50
m. of H20 and extracted with EtOAc (3 x 50 nmL). The organic |ayers were

b : . ey
rere B Ry R B . R o
was pur®pi e, b9.95i08), ks COmt Dgragts 7 enutl), 1§ 8 Wi §3hma MBqHnaMigreadi bt ml0% t o

5% MeO f 0.Q7 369 . i d. 2, - A 10
screw E‘D%bg@a(fl %@ LEM@%‘%%?%%&W@P ﬁbg % (%?%ﬁs%%gls Si:ﬂefaﬁcﬁf&ﬁ%nﬁurmas %%g%d nmg, 20
0. 11 mygyrkd (8o M0 J503Md) AEMxtrBetdd with)EtORRE3 ki LY eTheodnaithed dxdracty@eere

stirred for 5 h and then evaporated. The crude material was purified by
Si 02 chwashat sgnenhily elilthlzay (30 mh) anddmie{8Q arle- Jrha@reanic lepers &eppdnasoH) to

afford Q. 4009 .0of (S)-N-41-(6-tent- - 5- . .

Lt P N it ontsRinfadh b 8i) PR Sat was purifigd by sioy o o
) PYT 1 Olch&nfatSerapiy) dretidpyvitieh meDastibtmp addiant (122) 1083, BtGad)itd affalsl GOED 3 - A
10 nL screw-ca gﬁd tube was charged with 122 (0.02 HBr

, 39.6 ianol),
(16.0 rl%10f ((146gerir-dubily-mag 09@&&2-mqth@?y-ér(weéﬁgym%tgwmwr@#§<t ure was
ouredj t : t j 3 x 20 nm).
'Fl)'he or d}gﬂl{lgwg@??}g@%\ﬁggﬁ dr_'ﬁ 5ﬁ?@%@?%%&%ﬁ%ﬁg@é&sg&g&?g}?%rc(jl' to 0. 020) g
(989% of 1-40 as a yellow solid. WD 2010/ 142656PCT/ EP2010/ 057958 -89- N-

{4-1d 6_‘s¥|e_?gr4 - Bethyhy fatioBE (38 dYaf@rd 130kl ¥ drr2d buthinQac¥drd-witl2thd plodeiitcaiyidp o
-pyrimdin-5 -?/1 = quinolin-3-A-phenyl}-net hanesul f onam de was prepared
<

f r om 1T4ofieshmy e procedures in step 1 to 3 of this exanple. Exanple 27 5
N {4- [6-tert-Butyl-8-(5 -chloro -6-nethyl-2-o0 xo -1, 2-di hydro -pyridin-3
-y1l)-5 -nmetho xy-quino |in3 -yl] -phen II} - met hanesul f onam de (1-42)
Neutralization of 1-24 hydro brom d%x"t‘éﬂerﬁ, 0.059 nmol) with satd. ag.
NaHCC3 T@-f{ﬁg[ﬁg%%ﬂ?%geofzu&@fm@ﬁhbﬁﬁzv@@-E%Idﬁlﬁ}"éﬁr&gyﬂi‘ﬂihh _}ﬁ§-@Aﬁeth&58q1Eih@bﬁﬁ

extract was drie , filtered and concentrat ed. e residue was
di ssol \Gel]iphetyd CRiethianpgu) foamatidoNEF47L nl) and warned to 60 10 C. NCS (8 ny,
0.06 Mol ) was then added to the reaction mxture. After stirring at 60 C

The! br gie' 159 AP SebuR Bl TIPS PERRa. B R, § T ARG e
concentfpadwel byl hrethaholteN 1@ icd 8mINASY Vi éd Ve IS 0% clutiomatogactpny el uti ng

ith 9:1 DCM H ff 499 f 1-4 whi i
\(MEtS) : gmyul(rmkq,l\%%pso_n}e%gﬁgt ﬁ%}%@? ﬂ“gg réactgio/?l wgs st%rred2 fo??o ?nin arllcs Silgt(e) Iw(iith I—MB rq"I%e

343- (6~ N9 RtikdediaRa SyaX A Pith BLOT Btk ¥ PR R VediH EIOWNwBshtd Seqkiendyry di n
-2-o0ne %@%@thfseﬂgpa?%@ﬁ%: ' R 2 NH2 ! ’ Y
with water and brine, dried (Na;SOy), filtered and concentrated in vacuo to afford 1.5 g (69%) of
20 3,6-difluoro-2-methoxy-pyridine (140). The recovered material was used without further

purification.

step 2 - To a solution of benzyl alcohol (1.12 g, 10.3 mmol) in THF was added NaH (0.413 g,
10.3 mmol, 60% mineral oil dispersion) and stirred for 30 min. To this solution was added 140
(1.5 g, 10.3 mmol) and the resulting solution was irradiated in the microwave synthesizer at 100

25 °C for 1h. The reaction was cooled, diluted with H,O, extracted with EtOAc (2 x 50mL). The
combined extracts were washed with brine, dried (Na,SO,), filtered and concentrated. The crude
product was purified by SiO, chromatography to afford 1g (41%) of 6-benzyloxy-3-fluoro-2-
methoxy-pyridine (142).

step 3 - A solution 142 (1 g, 4.29 mmol) in DMF (10 mL) was cooled in ice-bath and NBS
30 (0.763 g, 4.29 mmol) was added. The colorless mixture was stirred for 2 h and then quenched



"0"- 124: R= NHMs step 1 - A tube was charged with 70 (208 ng, 0.582

nmmol ), 2-am no-pyridi n-5-ylboronic acid (227 ng, 0.84 nmmol), Pd(PPh3)4 (61
ng, 0. 052vOen010)142¢862CC3 (286 ngy, 2.69 mmol ), MeOH 20 ( 1PETMHPRO1&MAETIBCM (0. 5
m.), sealed and irradiated in a mcrowave reactor at 115C for 1 h. The
reaction mxture was cooled to RT and-#4 uted with EtOAc. The organic |ayer
was washed with satd. ag. NaHCO3 (30 nmlL). The organi c phase was separ at ed

and t heyi@OURP UShPORBErevers@Xirh@ed e&h\@'tmcl@ @mnﬂs 5Th8@oﬂib)ned1§h@acnsmb1iened
organic extracts were dried (My504), filtered a

2010/ maasma@wmbxw@éi&@d gme, éﬁ%%ﬁ@n)eéltewﬁén% PW@H‘F@%(# HUE s
purifi %?ﬁ%dsd)?gciuc %gggﬁr%\xﬂg}y@el }ﬁ[ 3{1{@0%’1&1&}@, @ BEM @@%fg;[@&lzﬁggy_tsg afford

173 ny i"te

{ 5- [ 6- besrhe Bufludre-B-mEthbropcyyBdif@¢ladpn- 1, 2- di hydr o- pyri di n- 3-y1) - qui nol i n-3-y1
]-pyridin2-yl} methansul fonam de (124) can be prepared be sul fonylation of
1-43 with nmet hansul fonyl choride 5 according to the procedure in step 2 of
exarpl e@;_ a&dﬁﬂbefe@@uwl- -hethogy18e(d4, Battytramethelt[A e %ﬁwaawol{%t%yi 2-0 xo

-1, 2-di h in:3 i nQ. u

(1- 44) qu ﬁmﬁzgl)f PE@ Ebﬂﬁ}/aﬁ%su narn{ajﬁ }?4% caX %e jx?re%l%{%e\é Cﬁ%ﬁ&%@?ﬁ |$nff @Iﬁy

3-(3- Brb@ﬂ@n&cbﬁfd)dllbuioyﬁnacdma M@hythapﬂola@durad&cymadﬁ st hyflexhhtpiy 16.di n- 2- one
(128) can be prepared as in accord with the procedures used in steps 1 to 4

of exanple 9 to prepare 70 except in step 3, 30 is replaced with 75. step 1
- A msteprde- !Afmlbf(bmvymﬂﬂl Wl charged Wlth34ﬁ1@b91ulv%l\443d®q(llz' )OBd@PhOASRN

é‘éZ\E“%f%SaAS st Hadh & T BT B ReR 0B pnE, ™

conge ntrﬁlefo%ﬂavb 1@%‘%355&% atl NB ek d9eniNaThé féabmraﬁl@duw\m dHuRQ valﬂdEt(mc solid
was filtered. ltrate was concentrated and th Er ocess repeat ed. The

crude prastiettsequersiafpmvifh D byd Biio2 Beraxtraets gicapiije $@g. Giterpd and
Et OAc/ hexa r.adi ent to 0% A f R A
Fube. naShaRERA k. s Rt deo gD R, phidudl %%h%&%@%?&%f%@@'&t ai )
(12 mg)EtOAc/hexane gradient (0 to 20% EtOAc) to afford 0.100 g of N-(4-(8-(2-(benzyloxy)-5-fluoro-
6-methoxypyridin-3-yl)-6-tert-butyl-5-methoxyquinolin-3-yl)phenyl) methanesulfonamide
15 (148).

step 5 - A mixture of 148 (0.100 g, 0.162 mmol), Pd/C (30 mg) and EtOAc was stirred under
one atmosphere hydrogen for 20 h. The catalyst was filtered and washed with EtOAc. The
filtrate was concentrated and the crude product purified by SiO; chromatography eluting with an

EtOAc/hexane gradient (30 to 80% EtOAc) to afford 25 mg (29.3%) of 1-47.



20 Pd(PPh3)4 (0.072 ng), TEA (0.5 nlL) and DWF, sealed and heated to 90 C
overni ght. The tube was cooled and the reaction m xture diluted with EtOAc,
washed segj0entidkdsy with H20 and brine, dried (Na2SO4), PCITIRPRO10HS AR
concentrated in vacuo. The crude product was purified by WO

2010/ 142656PCT/ EP2010/ 057958 -91- Si 029@hr omat ography el uting with an

Et OAc/ hexane gradient (50 to 100% Et OAC) The residue was dissolved in DCM
and TFA (1 nL) was added and the rgstmhpleg4sol uti on was sti rred at RT
overni 305+ £2-8XGR Y dih dihe- e@dxgﬁ@um- njay- Si 02
chr orratg\gtg{;? a?o%t ggty}llqg(g%{}mwtﬁ 1 aﬁ %FOAC/ ex?r}gl gr adi )ent (50 to 1 O%QOAC)

t hen r ecthaocatibgrapedd-48) ut | ng 5 with a MeOH Et 0Ac gradient (0 to 8% MeOH)
to afford 80 ng of 130. step 3 - A Parr flask was charged with 130 (60 ng,
128i anol ), Pd/C (13.7 ng) and a m xturespf EtOAc and MeOH and hydrogenat ed

under 50 psi of hydrggﬁ@ for 20 h. An agidi tional aliquotpf Pd/C (13 np)
was added and I OftepcONt | oro/2 h. The 2T\ ON m% ure was
filtered throu LI TE, Wasi®d wi nd t+he_fi it e,0vas—C centrated

in vacuo. Ths roge product A
wi th MeOH Et OAc gradi ent (0 to 10% MeOH) to afford 30 ng CMe44. N {3 -
[6- tert-Butystesl- rretho Xy~ 8- ( 6- rrethy}220xo-12d|h}/ 0 -pyridin-3
-y1)-quino |i 1 E - or ‘}: met handaul f onani de was 5gF’epar ed anal ogously
except in ste a 'E Mt al yzed am nation was carried out

3- propynyl rretsa@@sulcfonam 2 1In place of 126. 15
N-{(E)-4-[6-tert-Butyl-5-nethoxy-8-(6-nethyl-2-oxo-1, 2-di hydro-pyridin-3-yl
) -qui nolin-3-yl1l]- but® 3-enyl}-net haneQul f onam de was prepgared anal ogously
except in step 1 was replaceddw t h butpg en- d hytql;@genatl on

(step 3) was o ' rrp|+e 3 NNH
{3-[6-tert-But X Z0x0-1, 2-dj n-3-yl)-quin
}L{#@t]’r'ianesul rEnant ¥ (1- E'S) oved sté%" r- 132a: R

N
ol i n-3-yl oxy$c 20" propy1l
= Br 132b: R = OHiGYe3 step 4 134asgR = (CH2)20H 'R 3s{ CH2) 2N( Ms) Boc

Ar Me
Cl
step 7
| — B
N 7>

CMe; CMe;

158 160
5 step 1 — To a solution 150a (5.93 g, 17.4 mmol), Pd(PPh;),Cl, (610 mg, 870 umol), Cul (0.331

g, 1.74 mmol) and THF (178 mL) was added TEA (14.1 g, 19.4 mL, 139 mmol). The reaction

mixture was degassed with Ar and then 3,3-dimethylbut-1-yne was added to the mixture. The
mixture was stirred at RT overnight then diluted with ether and washed with H,O. The organic
extract was washed with 2N HCl and sat. AQ. NaHCQ3, dried (Na,SQ,), filtered and

10 concentrated. The crude material was purified by SiO, chromatography eluting with an
EtOAc/hexane (0 to 10% EtOAc) to afford 150b. NMR indicated the product contained 10% of

starting material.
step 2 — Hydrolysis of 150b with methanolic NaOH under standard conditions afforded 150c.

step 3 — A solution of 150¢ (4.58 g, 16.3 mmol), PdCl,(MeCN); (1.63 mmol), TEA (5.88 g, 8.1
15 mL, 58.1 mmol) and THF (320 mL) was stirred at RT overnight. The reaction mixture was
diluted with Et,O and washed sequentially with 10% HCI, H,O and sat. NaHCOs. The organic

extract was dried (Na,SO,), filtered and concentrated in vacuo. The crude product was purified



WO 2010/ 142656PCT/ EP2010/ 057958 -92- step 1 - A solution of 70 was

di ssolved in DVF and trinet hyl oxoniumtetrafl uoroborate was stirred at RT
for 3 d. wWbheoroesedssi ng sol uti on was washed sequenti al | y PRITER2HROSHAR bri ne,
dried (Na2SO4), filtered and evaporated in vacuo. The crude product was
purified by Si02 chromatography eluting7wth an Et 0Ac/ hexane gradient (0 to
5% Et0Ac) to afford 132a. 5 step 2 - A round-bottonmed flask was charged

Wi th 132&i0Detkofatogfabhy@Rithe Wi DERYhethne grailent®difford 2.47 g (53.9%) of 152a

2-di -tert-butyl phosphi no- 3, 4 5, 6- tetranethyl 2',4" 6

tri-isepdepyond ﬁﬁcb@IpWéWIW?’(SZlemzt%th@azq #$2P. di oxane and water to gi ve

a colorl ess suspenS|on The m xture was sparged with nitrogen for 30 mn

The r ealsbnAvbetan daeeebpbg AR HeRtEedE 6 a0ty ro BBt s An

m Xt ur §59ae 19, poyd ﬁﬁindl%‘zhﬂ tht ONGtiéPPradlaledBin G MREVRN c S§RUESHHr at m ‘V@ fdh 5H20

(20 m) and brlne he organic extracts were dried_(Na2S
filterdd Tdnde@@nnm catled to Rhiand pordutersatié pregipitaked vuel vredltepd aubs_brled to

chr omat an Et OAc/ hex {

Tomy (49054 47 EphiPe othe Mt ORI TR B G YR Tt g Bl 1
340i unphi 154p br onoet hanol (213 ng, 1.7 15 mol ), K2CO3 (94.1 ngy, 681 unvol)
and MeCN (5 nL) to afford a colorless solution. The reaction m xture was
heated to 70 C and stirred for 20 h. The reaction m xture was poured into

Et OAc (ED T mixture@$ hith (.1  FXOmMARD) and)POTh €S EL0Ams hagted atwed) haondl wi t h

bri ne, I i.ltered and

naterléPmmégkﬁﬁ? r@éﬂFg&hépﬁ§w%%W@%ﬂ?@@ﬁgﬁtvﬁ%P%91%bxﬁf#ghaﬁ%ﬁgﬁfd?%exane
gr agy enhixhPe a/fag Sk teh A0 E(TAe 454 theohBARd cRPadtl GBredvashd Hitaskidvap char ged
with 134a (100ng, 252iunol), tert-butyl nethylsulfonylcarbanate (73.9 ng,

378i und¥VHCORNIBed QNazf_SQﬁ; filtarz@i amdr@pyceatratecmpwwm)"f he giende meateéil wap §F-was
| ed
(s:'? |Or ? e dl %fldi%gratgé ﬁoluo £ f}lg%d'] %A@fﬂgxaqleggﬁzi)etﬁgg td ?@‘Cét %Q&{H ﬁ(f?c}fae Was

caétironm xtur oncentra I n vacuo.
The cr udegieg &%) af 156@s purlfled by Si 02 chromatography eluting with an
EtOAc/hexane gradient (20 to 60% Et 0Ac). The upper spot 25 was (120ng) was

a 1:1 mxture of the product 134b and starting nmaterial BocNHVE (non WV,
har d t ctepeparatiel Wasorhamad hwitt Heér(D. Segd.62nmyy)) afd 23483%ee r¥comebeifa:EPep 5 -

A d tt I 34b ( 08 .1=

or el od3 Sireps OpemRRA G iy @3 SobyleLaimanse . & MO T uEe s
heat ed Iééctﬁﬁ n@xtfu% w§s Reatct® %@bﬁﬂd@&%@%@@hﬂ@t dihk Héa@ﬂoﬂmﬁhuﬂd%as(fﬁf&éd and
AN NaCOH (1nL). The resulting solution was 30 extracted with Et0Ac (50mnL).

The or ghriugh ga efibwgepovest b §lgtepariitigned beivrasn B0 adEtoricndhe opganic layer

" vacuG TR PR FBY i (2 E) el MRS gthyrend bRl PR, AP T 15

Wit h anE8QAGah gwanel 8y Sfd)z%niorﬁeﬁ@gﬁap@ 0% 'Ettﬂésﬁ Et®akihoxed goadient B 6250%
chr omat ogr (ghy eluting with OH EtOAC to afford 30 ng (62.49% of 1-45.

Exafl et t¢@ﬁqﬂwxﬁ&gﬁ5q%%}%&¥$36Fy14ﬂmﬁm¥@ﬂ%&%¥aQHW6PH%W'o xymet hy1- 2- o
X0 -1, 2-di hydro -pyrldln 3 -yl)- quino Iin-3 -yl] -pyrro lidin-3 -yl nethyl}
et hans?e s,}ll on\r]llg was ch(argea \zlth'\W(Ol\é%B > 977 umol), 75 (326 mg, 1.95 mmol), Na,COs (311
mg, 2.93 mmol), Pd(PPhs)4 (0.113 g, 97.7 umol) and DME. The reaction mixture was heated to
80 °C and stirred overnight. After 18 h, some 158 was still present. The reaction mixture was
filtered through glass fiber paper and the filtrate was concentrated in vacuo. The crude material
25 was purified by SiO, chromatography eluting with an EtOAc/hexane gradient (0 to 50% EtOAc)

to afford 0.120 g (25.8%) of 160.

step 8 — Demethylation of 160 (0.12 g) was carried out in accord with the procedure described in
step 7 of example 2 to afford 0.10 g (85.9%) of I-48. The product precipitated and was purified
by washing with H,O and Et,0.



step 1 - A NaH dispersion (226 ng, 5.64 mmol, 60% m neral oil dispersion)
was triturated with hexanes (3 x 10 nL) and dried under a streamof N2 then
suspendedWPrROHA2¢83. 5 nl) and 10 cooled to 0 C. A sol uPCoEP2§10/057958

3- br ono- 2- net hoxy- 6- (hydr oxynet hyl ) pyridine (0.88 g, 3.79 nmmol) in THF (10
m.) was added drop-wi se and the m xturg8was stirred for 30 min. To the

sol ution was added Mel (1.00 g, 441 IA 7.05 mmol) and the m xture was
warned to RT. After 1 h the crude rEamplensm xture was concentrated in
vacuo and the m xture was poured intq. H20 (100 and ex cted th Et OAc
(3 x 50-i-Jo-terrBudnipneiber e i 2 sl rdihydipaRAKp- %e)l)sélaﬁ%‘m' ? rRPW‘\t'}“h H20,

bri ne, nd concentrated to afford 3-brono- 2 nmet hoxy- 6-

met hoxngé’t%aﬁlgfuﬁo gil{ne 136) as a light yellowoil. step 2 - A

round- bottorred flask was charged with 136 (0.88 g, 3.79 nmol ),

PdC12( dppf). CH2C12 (155 ng, 190i Li nol )H - (pi nacol at o&dl bl?rr on (1.16 g,
4.55 mmol ), KOAc (g.12 g, 11.4 mmol )N:ﬁlu The |i gkt et T ow sol uti on was
heated to 100 C and stirred for BI h. Jlhe eactl on %0 e was cool ed,
poured onto 5B"™W”RRO and SEREr act d¢ 1, 3 x 50 nL).

The organic conb extracts were ine , shed eglientially wth H20
(50 nm.) and brine /l The extraygts omee dried (N AaVe filtered and
concentrated in vagyo afford and
2- met hoxy- 6- st hoxyret hyl ) - 3- (4,4, 5 5 3tetrarrethyl 1, 3 2 di oxabor ol an- 2-yl)
pyridine (13 i16n: wagi,used w t hout164 urther purifi CHi6| on. WO

2010/ 142656P A0 LO0BRG58 -94- step 3 - A 10 nL screw capped tube was
charged 118 (0.103 g, 219 iamol), PdC12(dppf).CH2C12 (8.94 ngy, 10.9 iunol),

Cs2CO3 (214 , 657 | 138 (183 , 26 1), di 75, d
20 1 43tzoal Db dhedieranic hioseae £ oot haso A 0 Sh & Paget ThAit b ur o

| { to
The conpmingBRfiFRaOh 6 Hey (e Hedin L O o e et o lﬁlﬁg‘“g’ “’““?ﬁ%“ﬁ?. e
(50 nl)and Ftiecdfogdrti. cTheﬂyewtmn\Aereeooiled 6d0 (Ma2EAS], (5 eduier edd H@ﬁ@@ﬁl@ﬂat ed

Th 1 f b h t
Wit b el EROAR RO LRI DR e o AR e et b 2A K T, "ot
(S)-N %méée ﬁ@ﬁélﬁsbq[h)é%rémmﬁ &ydﬁec{ &rd%hb&%ﬂat&rz@rmwboxmmtem&e) 19 i g - 3-

yl)quinolin-3-yl)pyrrolid é ) met hanesul f onam de (138) as a

yel l(bwﬁu@éindbymmaeq)thﬂough@eﬂhettmgﬂﬁsd > of aff@d 168bafford 1-32 was carried
out in accord with the procedure in step 7 of exanple 2. Exanple 33 N {4-
[6-tert-Butyl-8 or o- 6- et di hydro -pyridin-3 -yl)-5
- met ho i@l-%]uﬁrf’@luﬁlpﬂﬁflﬂl] (]-‘iﬂﬁ‘e‘ﬁth}:thoﬁi?tcﬁ’é’hé@ﬁﬂé%&a?ﬁ“&ye p(ei’ai?% éof% step 1 -
To a fl uor 'ﬁb@;@\/lﬁsz GintahRdRT o WAsgRdded
MEOH (s‘ﬁlr%S FEPIR Ry %‘ydz%‘ﬁ?ﬁ%ﬁ%?m Gk df DO fomiintemd W MBOH) . —An

exot hermagionéaehshed vathcsard. @q. WHCls el sl Qoaicemblratmidn VEh®. rH@amubtrmg/msldue

stlrredfor 10, min a 0. The s ere shed
i th ropdRiEet Booac s Uit e ot en B isadion 3 SeeL Bk Lined S5 7 2R ac or
and| Orifg. re iR % ﬁéﬂ%%% with k4t eefqeﬂlaﬂ@‘d)gchﬁﬂ ceiidtad ®dh DTMaque ot @nafthgdrds 1. 5
g (69% of 20 3,6-difluoro-2-nethoxy-pyridine (140 The recovered materi al

was us ettiodiant sancehurntot ér vapupiahdl dhetriegiduc sepfigd by Fi zchsengpEwRhpio HERdy |
al cohol, (1.12 g, 10.3 mml) in THF was added NaH (0.413 g, 10.3 mmol, 60%
m neral ofl dispersion) and stirred for 30 mn. To this solution was added
140 (1.5 g, 10.3 mmol) and the resulting solution was irradiated in the

m cr O\ABSY& §yfﬁtsﬂﬁ§§flezﬁroc@cfuré-9&cribed in step 3 of example 36, a solution 164 (1 equiv) and
POBr; (3 equiv) in DMF affords dibromocinnoline 166.

20 The conversion of 166 to 161 is accomplished by sequential palladium-catalyzed coupling with
25 and 30.



25 Cfor Ih. The reaction was cooled, diluted with H20, extracted with

Et OAc (2 x 50mL). The conbi ned extracts were washed with brine, dried
(Na2sSO4) ,woibtoaiHee6and concentrated. The crude product WREI/EPAII0O5EES by Si 02
chromat ography to afford | g (419% of 6-benzyl oxy-3-fl uoro-2-

met hoxy- pyri di ne (142). step 3 - A9%olution 142 (1 g, 4.29 mol) in DW
(10 nm.) was cooled in ice-bath and NBS 30 (0.763 g, 4.29 mmol) was added.
The colorless m xture was stirred f]_Q{a 16 3gnd t hen quenched WO

2010/ 142656PCT/ EP2010/ 057958 -95- wit 20. The_mxture tracted with
Et 0Ac (2 k|G- ButyrRemetbomy- %é%ro&nlp%réthgdvaew%éwéhlsg%ﬂa eral AR H20
and bri filtered and concentrated in vacuo. The crude
productnpe\;\?/%aglg%dl}% |[é\%2(by Si 02 chr omat ography to afford 0.5 g of

6- benzyl oxy-5- brono-3-fluoro-2-nmethoxy-pyridine (144). 5 step 3 -
N-{4-[6-tert-Butyl-5-nethoxy-8-(4,4,5, 5-§€tr amet hyl -[ 1, 3, A di_ @abor ol an-2-y
1)- quinolin-3-yl]-phgnyl}-nethanesul fq Were (146) can

condensati on of 74b ahd bis-(pi naclgl at d) dijoron in

procedure descri ._s.t_e.M
. PdepPh3) 4

charged with 146 (1 A g\ng ), Na2CO3
3 n) .sea]md and irradf atéd§n a 10

(3 equiv.), MeOH (9 oD e
m crowave synthegizercmt, 115 C for 15 The reaction @lwture was diluted

wi th Et0Ac, was selggentlally W th H%g and bri ne. Thelgtracts were dried

repared by
Jth t he
crowave vial was

0

(Na2S™4) , f||te ondeéntrated i nacuo. The crude oduct was
purified by Si02 chr offgl: ogq}%llﬁﬁy eluting with an Et 0Ac/ hexane gradient (0 to
20% Et 0Ac) to afford 0.100 g of N-(4-(8-(2-(benzyl oxy)-5-fluoro-

6- h r 1
et Fancy WojﬁanﬂhgnmiG@ §1.e6’qhwb%” Scx, DR 2%V 18696 %141237?38%)586 Q) dnd

mol ), ABNIQED amy)v) andi bEtBnc istmstedtat raflod fanbieh. Bhereaetiassip ﬁ@‘i’léd tyRE68én for

20 h. ta i hed with EtOAc.. The filit

concentt F%fog@ ﬁ%pliaﬁ%lsc@%%e gﬁr@ 10%\,\???]? gy SF gve (P gt Oodnrd atﬂ%%e@u‘ﬂﬁgl ng
wi th anc&5RAS IRexREEinNBIMITH (8 ta‘ﬁd @ﬁ%ﬁt@@tbvé@gm fmdjso%nfsgaré 2691103%1 of
1-47. WD 2010/ 142656PCT/ EP2010/ 7958 -96- Exanpl e 34 N-

443
-t ert - Batvgduoland(the mﬁnyu&m&eﬂ@y&ozcl@pw@fg@p W‘P pdond- 11!»58]f’y1) i SO qui no
lin-6-yl] -phenyl} - nethanesul fonam de (1-48)

10 step 2 - A solution of 168b (1 equiv), diethoxyacetyl chloride (1 equiv, prepared from
diethoxyacetic acid and SOCl,), and EtsN (2 equiv) in DCM is stirred at RT for 3 h. The
reaction is washed with satd. aq. NH4Cl, dried and concentrated in vacuo. The resulting residue
is dissolved in conc. H,SOy at 0 °C and then the reaction is allowed to warm to RT and is
maintained for 28 h. The reaction is neutralized with satd. aq. NaHCOs and extracted with

15 DCM. The organic layer is dried and concentrated in vacuo and the residue is purified by SiO,

chromatography to afford 170.

step 3 - Using the literature procedure (Chem. Lett. 2007 36(8):1036) a solution of 170 (1 equiv)
and POBr; (3 equiv) in DMF is maintained at 90 °C for 2 h. The solution is cooled to RT, made
basic with 1 N KOH solution, extracted with DCM. The combined extracts are washed with

20 H,0, dried, filtered and concentrated in vacuo. The residue is purified with Si0,

chromatography to afford 172.

The conversion of 172 to 174 is accomplished by sequential palladium-catalyzed coupling with

25 and 30.



step 1 150a: R = Me, R = [152a152b 150b: R = Me, |CE CCME3

150c: WRG := CCMWe3 step 2 Cve3CMWe3 158160 5 step 1 - To a solution 150a
(5.93 g, wo.2a1mgdsy, Pd( PPh3)2Cl12 (610 ng, 870 iunol), @CI/EPR1BAITISE 1. 74
mmol) and THF (178 nL) was added TEA (14.1 g, 19.4 ni, 139 mmol). The
reaction m xture was degassed with Ar-l&d t hen 3, 3-di net hyl but - 1-yne was
added to the m xture. The m xture was stirred at RT overnight then diluted
with ether and washed with H20. TheEwmgsei3g extract was washed with 2N HCl
and sat. AQ NaHCO3, dried (Na2S®4), filtered and, 10 concentrated. Th

Cr Lo et 40 LSy OB B Gl GG AP U oo o -

Et OAc/ hex (. C 0 tayafford 150b. NWR i ndi cated the product
cont ai ?gg&%g%}g?&g%%%@%gﬁg%gréml step 2 - Hydrolysis of 150b with

met hanol i ¢ NaCH under standard conditions afforded 150c. step 3 - A
solution of 150c (4.58 g, 16.3 mol ), PdC1l®&HeCN)2 (1.63 mmol), TEA (5.88
g, 8.1 15 nm, 58.1 mmol) and THF (320 m.) vas §tircostk gt R overni ght. The

reacti on giixture was di |l uP&d with Et 20 aasl Wyph=y seNuerYially with 10%
HC1, H20 Rnd psat oiieHGES, Jhengr gemiec extract 3 ANa2SQl), filtered
and concen in_va pe™frude pr I-41
2010/ 14265 P2010/ 05795 by Si 02 chromat okaphy eluting with a

DCM hexane gradi &t to afford 2. 4% g Me 9% of 152a and®¥esecond fraction
which was a m xture of 152a and 18 Bkeep 4 - A fl a6Meyas charged with
Et OH and sat #égt ed with ammonja. To/tMe sol ution was pgded 152a (2.47 g,
8.79 mmol) a the solution itradiat€d in a nicrowave synt hesi zer at 130 C

for 55 h. The reaction was cooled to nd a white solid precipitated
which was filtered and dried to af Fﬁr‘ﬂegﬁ‘@esé‘lf8?ylilg‘ﬁ'8fphWé filtrate was

concentstept edo-Hbyderyacthyd-25Bethexyop- (4,42 T teiantctind 1 o6 2854 horatt- rsByriditep 5 -
A m xt Lﬁ%ﬁgﬁi@g ﬁzé@oﬁr%lf@%ﬂﬁ%é fi dlﬁ%%g‘co(révmh)th%"?%c&ﬁﬁé ehnillc 260 C

for 10'm he m xture was neutralized wth satd. ag.
NaHCOB.exddpe 174 &k uenl ih@lave i 0fiedinmethoey{5raotmedpynirnidingt 0Ac and t he conbi ned
extracts were washed with satd. ag. NaHCO3, dried (Na2SO™4), filtered and
concentrated in vacuo . The crude nmaterial was dry-loaded on a Si 02 colum
and el wtepd wiAt Yialamasteharee vasted @ 12die A7 (momeb 1864 B mact-27 emedl.ord 0.5 g

LTI IR e e T
?61%' %@?ﬂ@.g@?,?({e%a%éd,%ale@% hi20:d(akTod °C Thel hedé pRaudl wdsioglcwas heat ed

or overnight. The reaction mxture was filtered
t hr ougtpagiitamsd betvern EePAr anchl.©hd he ok ganit extrpetrwist wahed dvidebrinse ArigpMaras).

and cortardatcanisr G in S S ana ! 1 Bhich oSS PR Gy P 1t er e

chromat ogr aphy eluting with an EtOAc/hexane gradient (0 to 50% 20 EtOAc) to
afford 596193?— %eﬁ%&yﬁ)@oncgf IJ/’?%vag hrricd SurBtRasasuid ﬂ’i@ﬂ@c@hﬁ}@hp&%ﬂyl&f example

2. The crude product was purified on a preparative TLC plate developed with 10%MeOH/DCM
15 to afford 3 mg of I-41.



step 7 - Avial was charged with 158 (0.38 g, 977ianmol), 75 (326 ng, 1.95
nmmol ), Na2CO3 (311 ng, 2.93 mmol), Pd(PPh3)4 (0.113 g, 97.7 iunol) and DME.
The reactwonommeasse was heated to 80 C and stirred ovePQIrgRe0104A51988 18 h,
sonme 158 was still present. The reaction mxture was filtered through gl ass
fi ber paper and the filtrate was concefflrated in vacuo. The crude materi al
25 was purified by Si02 chronmatography eluting with an Et 0Ac/ hexane
gradient (0 to 50% EtOAc) to affordefthndpl@39 (25.8% of 160. step 8 -

Denet hyl at i f 160 (0.12 ied out in d.with t d
doscr | BlaDrl-Eriep st mgioad ot ACr ORutD YDl (0-bopotbr -1 aoRig
duct i pi pfied b hi ith H20 and Et20. WO
2ot0/ 142855068 ERYBHEROSHHER LR £oo 55 N (4 -

57958 -98-" Exanple 35 N {4- [6-tert-Butyl-5 -netho
Xy-8-(2-0 xo0 -1, 2-di hydro -pyridin-3 -yl)-cinno Iin-3 -yl] -p henyl} -

met hane sul f onam de (161) 5 step 1 - Using phSHMst erat ure procedure (J.
Organonet. Chem 2009 694: 2493) 162a (1 equi is conbined with NaNOQ2 (3
equiv) and HC1 in H20 at 0 C. THe reaction i|s |l owed to warmto RT and
stirred for 1 h. The reactMaD s Q| . O~/ C and SnCl2 (5 equiv) is

added. The reaction is warnmed : rnijght. Ttb?ﬂ{eacti onis diluted with
DCM and washed with 2 N KOH t oN\grDerNg sal ts. éorganiclayer is dried
and concentrated in vacuo . The resi is further 10 purified by passage
through a short plug of Si02 to affoMEF162b. step 2 - A solution of 162b (1
equi v), diethoxyacetyl chloride (1 equiv, prepared from di et hoxyacetic acid
and SOCl12), and TEA (2 equiv) in DCM i‘Mf@i nt ai ned at RT overni ght. The
reacd i Qn .S shedh: i : i =1 0136, 13faBBthhRpyacuo .
I e B R R eh A i L

react i asingsicwaeimadd bwniiic anatcstd witlethefpppcedaretn stes 2RHexamplet’. datrpduction of

neutralized w.t atd. a Na nd extracted w th or.gani | ayer
S b Sty o bRe Tt B AR R e A7 bE Pttt PulSith (T Ea DR S,
chr omat,QQE@PhYarbfmfab Ar A IRyl c8lePR RcordWeitthe ipheocRiRE @R 0@ dr@thpicn
step 3 of exanple 36, a solution 164 él equiv) and POBr3 (3 equiv) in DV

af f or dsl9dilbtradrstomabdihi peridide ringds qEeE owbarastusmkigondessation athe s

l.i shed .by. tj.al I ' t [ | WO
2010) 14 sasamen B3R ER oS8 LR ERMIIAE ot PRt 1 enlh bt AR
XY- 8- ( ZuSbs¥uent d@néthiidéOof Y hicthiyt pSrid i) eth&dn gegond withnhSprogédure i hgng bf -
nmet hane sul fonam de (174)

example 22 to afford 1-60.

Example 40
N- {4-[6-tert-Butyl-8-(dioxo-tetrahydro-pyrimidin-1-yl)-quinolin-3-yl]-phenyl } -
15 methanesulfonamide (I-61)

O

0N
104
N
CMe;

The title compound is prepared from 180 by introduction of the methansulfonylaminophenyl
moiety utilizing a Suzuki coupling I accord with the procedure in step 2 of example 13.
Elaboration of the dioxo-tetrahydro-pyrimidin-1-yl substituent is carried out in accord with the

20 procedures steps 1 to 3 of example 17 to afford 1-61.



5 step 1 - Asolution of 168a (1 equiv, Bull. Soc. Chim Fr. 1969 6:2129),
NBS (1 equiv) and AIBN (0.005 equiv) and benzene is heated at reflux for 14
h. The r&sioiwi4ee6cool ed to RT and the solid precipit aPETIEP2010/0579881 by
filtration. The benzene is renoved in vacuo and the resulting residue is

di ssolved in NH3/MeOH (4 M and stirred2at RT overnight. The solvents are
renmoved in vacuo and the residue is purified by Si 02 chronmatography to
afford 168b. 10 step 2 - A sol uti omEeimpiedh (1 equiv), diethoxyacetyl
chloride (1 equiv, prepared fromdi ethoxyacetic acid and SOCC12), and Et3N
(2 eqw v) | n DCM is sti rreHCé&N&ﬁBmAﬁoﬁ’meﬁﬁé ASH®Yion i s washed with

sat d. z ki a%{llb_@ggﬁﬁé\ﬁg&%ﬁan d@t{l\%ﬂsﬁok{%‘ﬂ?) Wil &R ef'tﬂ@ residue is

di ssol ve conc hen the reaction is allowed to warmto
RT and 1ﬁc®r1561htﬁﬁrﬁdﬂ’t€diofa®éle&8udﬂeot]aaﬁnd51&@hbsphates sntoecit] iadobdclRNIAL produxttsl.  ag.

NaHCO3 and extracted wth 15 DCM The or | ayer |sd|ed
concentyreaperated sedivlabiler étr‘f‘téé"iaél gEme %31! fgl?r Pyl sepisla th‘?’?)grf’gifii’)%];oatﬁﬁy to

afford
36(8): i%%g ¢ §H3Bied fiteHplafdifiyibl gﬁe{;@%&mgdngmé%@auf;gﬁ%nﬁmAz duct

mai nt algmcdatad bYINSEH5G0-Corh . at Theeend wif the roaction wasalirgctly proRattionalde tlﬁa@n@nm th 1
NKO—|s i on tractngvmth DCM The conbi ned extracts are washed with
20 H20,° &g tefi']nﬁtf’&ﬁi’g}eesﬁl Hd™concentrated in vacuo. The residue is purified
with Si02 chromatography to afford 172. WD 2010/ 142656PCT/ EP2010/ 057958

- 100- | 6

12 i arit Pitline Gl RLAC s SR RV B PR RO e
sul f® ﬂ@M@BSlGIﬂ-@))nP)rcoﬁtaélnsm han@s mlcfdafeydt@manme[ihmmhmﬁ rsla‘e‘fﬁ to the full-

6- Hyd t hyl- 2- met hoxy-3-(4,4,5,5-tet | 2-yl

i e (s HEASRAYTRUGT 71 B3 MR o pstrotir it B A 558 dhR Y e
pr Ocedléroﬁ%gf)[(‘@@le%o&lﬁ &@J%H&e %ﬁlﬁic‘ov@@s% @gnl (GRIFRGR a8éession number AJ242657 2

2, 4-di met bro step 2 A vial was charged with
(0. 125 vns ifiscPtéd miokhe [ladnid ¢onsmypct @EDanﬁmwmstre@dl@fz(Hb]pm)nowzm@SS(l@ 011 g,

0. 05mol 2 0 di oxane

) Qe AR CaTHCE KO 42 b o % B o o ElgRaN P GRS e e,
par {4t 'aﬂa%ierb@s%&@rﬁ%uﬁ&eoﬁm 3pdBHR Q2 T IGRGRN WitRXD0 gg/cnﬂy\@@pmhﬁdt st
brine, dried (MgSOX), filtered and concentrated in vacuo to afford 178

whi ch’ \Rasteisegrassiohoas ifducedby ﬂ}s‘mddﬁioaa?tf 0. mik ispprapyl-fEPribiogp lagiopyigneside 78

was Car org Srplogadure d The
cr ude ﬁﬁ(g)c‘f’ﬂ%%pq’ﬁﬁﬁ%flis glAfio()tndaa{ﬂ\?) v g%aercél Pve" H%t‘%%eglﬁ) eg%tgv e'?opggél\f/\svivta 7
10‘(’)/6\/90 HaBeMed 2 ftto1 ol ¥ 1atB07e. oS 5IB540n-CoDW20 igﬁhﬂiécﬂﬁﬂﬁjﬂﬁb'@’eﬁﬁﬁﬁiﬁig)éﬂﬁ%
-101-

step protocol including subsequent column chromatography on Ni-NTA, SP-Sepharose HP and

20  Superdex 75 resins.

Each 50 pL enzymatic reaction contained 20 nM RNA template derived from the complementary
sequence of the Internal Ribosome Entry Site (cIRES), 20 nM NS5B570n-Conl enzyme, 0.5 uCi
of tritiated UTP (Perkin Elmer catalog no. TRK-412; specific activity: 30 to 60 Ci/mmol; stock

solution concentration from 7.5x10-3 M to 20.6x10-6 M), 1 uM each ATP, CTP, and GTP, 40
25 mM Tris-HCI pH 8.0, 40 mM NaCl, 4 mM DTT (dithiothreitol), 4 mM MgCl, and 5 pl of
compound serial diluted in DMSO. Reaction mixtures were assembled in 96-well filter plates
(cat # MADVNOB, Millipore Co.) and incubated for 2 h at 30° C. Reactions were stopped by
addition of 10% final (v/v) trichloroacetic acid and incubated for 40 min at 4° C. Reactions were
filtered, washed with 8 reaction volumes of 10% (v/v) trichloroacetic acetic acid, 4 reaction
30  volumes of 70% (v/v) ethanol, air dried, and 25 pl of scintillant (Microscint 20, Perkin-Elmer)

was added to cach reaction well.



Exanmpl e 39
N-{(S)-1-[6-tert-Butyl-8-(6-nmethoxy-2-oxo0-1, 2-di hydro-pyridi n-3-yl)-quino
lin-3 -ylWOo2p4vid265bi di n3-yl met hyl } -nmet hane sul f o nam d@CTEPBON/05TIFIE
(1-60) CWMe3 5 6-tert-butyl-3,8-di bromoqui noline (180) is prepared from
2-brono-4-tert-butyl naphthal ene usingOderol ein and bromne in accord with
the procedure in step 2 of exanple 7. Introduction of
1- pyrr qlpk Qhﬁpﬁwﬂ@m bvitttcaetdnanrwe binam wig csaveted t6 asuhepaaninued CPM) osi 4 h
(S)-1-pyrrolidin-3- ylnethyl-carbamc acid tert-butyl ester in accord with
the prdopdume® nlaic swedprPerkiy Efness Eastgimiagect .0, R gyt YI8ee: dYortRe GopPt di ne
ring is..car i i £ .1 10 bronoqui nol i ne
internéﬁ@%i%hﬁggﬁﬁg%gxwﬁsgééggém§§gﬁg$ﬂ%&3?@gg%akgﬂ?n st ep 2qof exanpl e 24
and susbsequent denethylation of the methyl pyridinyl ether in accord wth
the pregeduseadal 3 SPERCQb (FHABR B P dt RctdfityBhsbel (i8O®)EXaRIEKBA in the N
{4[6-tert-Butyl-"8-(di oxo-t etrahydro-pyrimdin-l-yl)-quino |lin-3 -yl] -p
Penyﬂ } 861856113_156 obtizamesasfuserdtel dhterpinegthy a@m@mwﬁm@%ww@ﬁaot% frgrethar ed
rom1l i ntroductj on. of the net.hansul fo i i
i1 2o SR RE Qe R oA M o TE ARLR s AL BOAE Eléhee oftRihtng.
exanpl grokdwhidhahobalkbRiunakotrb@edlh@ay Wk e wsdinoyppotymtdbdadiivity. Alildstaiviasent
is carried out in accord with the 20 procedures steps 1 to 3 of  exanple 17
to af f grpressed Bs a ppeREgopithe psgPeTeaired idrgsmpgrnd qqueentgationsf évhkf%t NS5B
RNA Pol [ Vi I Y f ;
(Nsses TR Eaar Toek e TRV ST RHIR L rBted oy 40 B0 CHY WG UTEE &y iting
nuci @oteqdeionynap hies@hatvasreiit o aci d i nsol ubl e RNA products. 5
Uni ncor porated radi o | abel ed substrate was renoved by filtration and
scintillant was added to the washed and dried filter plate containing radio
| abel ed RNA product. The anount of (RWexpr'edint generated by NS5B570- Conl at
the end of the reaction Was°*Mirécty proportional to®he anpunt of |ight
Enmﬂ&_ﬁ-

emtted by the scintillant. The N i stidine tagged HCV
pol ynmer ase, derived from HCV Conl trakﬁ%@gen type

corresponds to the relative enzyme activity (in %), “ %Min” is the residual relative activity at
saturating compound concentration, “%Max” is the relative maximum enzymatic activity, “X”

corresponds to the compound concentration, and “S” is the Hill coefficient (or slope).

15 Example 42
HCV Replicon assay

This assay measures the ability of the compounds of formula I to inhibit HCV RNA replication,
and therefore their potential utility for the treatment of HCV infections. The assay utilizes a
reporter as a simple readout for intracellular HCV replicon RNA level. The Renilla luciferase
20 gene was introduced into the first open reading frame of a genotype 1b replicon construct NKS.1
(N. Krieger et al., J. Virol. 2001 75(10):4614), immediately after the internal ribosome entry site
(IRES) sequence, and fused with the neomycin phosphotransferase (NPTII) gene via a self-
cleavage peptide 2A from foot and mouth disease virus (M.D. Ryan & J. Drew, EMBO 1994
13(4):928-933). After in vitro transcription the RNA was electroporated into human hepatoma
25 Huh7 cells, and G418-resistant colonies were isolated and expanded. Stably selected cell line
2209-23 contains replicative HCV subgenomic RNA, and the activity of Renilla luciferase
expressed by the replicon reflects its RNA level in the cells. The assay was carried out in

duplicate plates, one in opaque white and one in transparent, in order to measure the anti-viral



10 I'b (NS5B570n-Conl) contains a 21 amno acid deletion at the Cterm nus
relative to the full-length HCV pol ynerase and was purified fromE. coli
strai n BMVOQ2DH)14piS¢§sS. The construct, containi ng the co@#ChFEPIE)O8196®e of HCV
NS5B Conl (GenBank accession nunber AJ242654) was inserted into the plasmd
construct pET17b, downstream of a T7 plddaot er expression cassette and
transforned into E. coli. A single colony was grown overnight as a starter

cul t ur gedvityad dyBiticithseth éaaed] abmpdéndinglardliBl emdiifg sisppbanehieiityid ibt100
iag/nmL anpicillin at 37 Protein expression was induced by the addition

C |
of 0. 28upda dessgssesheallorgliforation o drata ¢hhydeathosi de (1 PTG when optical density
at 600 nM of the culture was between 0.6 and 0.8 and cells were harvested

fter 16.to 18 h C....NS5B570n- Conl ified to h it i
Chr ce- S0 THBPBETI Pt adh R U BOEaUAHE e UHE FRDREL ST SRR ™ - NTAS
SP- Sephsi8ggo ﬁ@%ﬂa?@@%ﬁ‘&a@% 10569830/ With et Bovial s@ i@y PRSI MvitRaehi on

contained 20 n nplate derived fromthe conpl enentary sequence of the

| nt € nakt. Rb bid¥8AE 4Enandyplsied entocl FESE! pRoe #NMORSSEDH welntndeingyhsted 0.5 | aCi

f tritiat P (Perkin El | 0g. . JTRK- 412" tivity: 30
Co 60 P Teenbrotb s B SCRREHulia OFsG SRE0LIp BLGEHIT 2
M., 1 theaskvord Ride@ & theaals, Wiifich #OredberMrthet mclaledutt 38°O for4breathyNaCGlt, 4 nM

DIT (dithiothreitol), 4 mM MyC12, and 5 ul of conpound seri&ltr diluted in
DVBO.  Meaend afrtheringuation tigs: Ehcasle oW B plates suchihdrvestad e Ipgikarass acdyty # mAD

VNOB, s hBRE8q 69 bin Bk }E.C/?%é}%&dA%sﬁ%sgstéh@roﬁgga@cat%%aﬁﬁéﬂﬁs AIERE Stopped

by addi'tion % ric roacetic acid and I ncubated for 40
m ni@t réagentskeasibico istheds kowink peragrhphwash edludied n e memofacomersdivredthof 10%

(v/v) trichloroacetic acetic id, reaction 30 volunes aof 70% (v/v)
et hanolMAmchPT s strag @i Bere plloped SeriReTr e Of 1 CH4BSE hf‘z%?,?ls ere

Per ki n- - r ' : i

2010/ 14750k BESE L Dl QLB 1R el 70V RS per el g ped with 20
sci nti ||[[agt | WRSLEFMNE ASdy 1yRisaaiffdt Bripreto indubutien {tCBd tenpaatiopodbidnpl at e
reader (Perkin-Elnmer, Energy Range: Low, Efficiency Mode: Normal, Count

Ti me:  1Theipdate Bas Kigndusseesitio thectentinddd 90Cmigraplpte) Ikmineareteri (BRith@dlf ) . Dat a

was, an ed i.n Exc r crosoft ( n BYY ' e
ookt T orr P SHEELLT L SOk BRI e Ak Bl Pl oA SRRk 000

si gnal ,sioMal RS G 4 26ERMd ldeRy) 2-b&ofl ARt BefitgReiMNICsPaski tive control
reactions were perforned in the absence of conpound, from whic

! v h t he
backgr cenentistieref the dawg tegiirsf faascdseing seplirondevebby) s 43 &2lafian to ithguntigated g at o
was expressed as,a rcent a L E .
oncent IR B AR EH R AL ERe a1 BRFLEM AR il DU ERIRRIAC
r educedhchyitp k. Yr(d onOInteisn aalesatibddeaboly. fitting 10 equation (i) to the
data where"Y" (% Max - 9Mn) Y = %Mn + (i)

20 WST-1 reagent from Roche Diagnostic (cat no. 1644807) was used for the cytotoxicity assay.
Ten microliter of WST-1 reagent was added to each well of the transparent plates including wells
that contain media alone as blanks. Cells were then incubated for 2 h at 37° C, and the OD value
was measured using the MRX Revelation microtiter plate reader (Lab System) at 450 nm
(reference filter at 650 nm). Again CCs, the concentration of the drug required for reducing cell

25  proliferation by 50% in relation to the untreated cell control value, can be calculated from the

plot of percentage reduction of the WST-1 value vs. drug concentration as described above.



1- 1x ocos corresponds to the relative enzyne activity (in %, " %Mn" is
the residual relative activity at saturating conpound concentration, "%hax"
is the ravaRowa4peki num enzymati c activity, "X' corresp@Ad&EPROOFSEonpound
concentration, and "S" is the H |l coefficient (or slope). 15Exanple 42 HCV
Replicon assay This assay neasures thel0ability of the conpounds of fornula
Ito inhibit HCV RNA replication, and therefore their potential utility for
the treat ment™0T FCV TNTEClTONs. TNEA@ e ULl 112€es a reporter as a sinple
readout for intracellular HCV replicon RNA level. The Renilla luciferase 20
gene was introduced into the fH@YtRap[hemnAeadt}nngommc Aftiatygenot ype | b rep

|'i con const r udtonpi®nd Numnbegr j 1 75(10):4614),

i mredi ately after the mternaﬁ%sg)b@é‘@)ne entry s{:ﬁéo((ﬁﬁq%S) sequence, and
fused with tt ONMyTI T PHoSPHPEERANST erase (NP1} gene via a self-cl eavage
peptide 2A fromfoot and nouth diSease virus (MD. Ryan & J. Drew, EMBO
1994 13(4):928-033). After in 02030 transcrl ptlon the RNA was
el ectroporated-intc nan—hepa s S i-stant

col oni es wer e 1140l at ed and exp(b d. st ably sel &ct ed ceII I|ne 2209- 23
contains replicgfive HCV subgenggigc RNA, and the activity of Renilla

| uci ferase expressed by the replicon reflects its RNA level in the cells.
The assay was carried out 1 n duplicate plates, one in opaque white and one
in transparent, in order to neasure_the anti-viral WO

2010/ 142656PCT/ EP2010/ 057958 - 104- E¥ammteryd and cytotoxicity of a cheni cal
conpou SIASHs! 1 MindiXisir8tidhodia SR rdl @oslerr eased
cel | prlﬂffrgaotggttl%(ll)k o dueﬁ%&é&g{ﬁ?ﬁ%ﬂi?&ﬁ@%&@/ﬁf&ﬂ} con cells (2209-23),

whi ch exge pepaRéns dewribed inftbisds@mpéporter, were cultured in Dul becco's MEM
(I'nvitrogen cat no. 10569-010) with 5% fetal bovine serum (FBS, |nvitrogen
5 cat. no. 10082-147) and plated onto_a 96-wel | te at 5000 cells per

wel I3 and incubated over nﬁgﬁtposmiﬁlémfﬁﬂabﬁfimﬁﬁﬁffaémp fer, different dilutions

of chem cal COWWWWWHWM | s, which
were then further ?%E%Bat ed at 37C for threé days. At the end of the

incubation time, TRevEalg&idd White platgposuere harvested and | uciferase
activity was measured by using the R luciferase Assay system (Pronega cat
no. E2820). Al t hectose reagents descri be®-$% the foll ow ng paragraph were
included in the uf acturse Se kit, and 69(9 manuf acturer's instructions
were followed for ar%séplgt BHEC of the redagents. The cells were washed once
with 100 ill of phosphate buffered saline (pH 7.0) (PBS) per well and |ysed
with 20 pL of Ix R luciferase Assay lysis buffer prior to incubation at
roomtenperature for 20 min. The plate was then inserted into the Centro LB
960 ni criephateichyriramirdand (Bpeisedlito tapsits bonkmiigesiout H0HmE@acpbnof R

| uci ferase Assay buffer was inje d into each well and the signal neasured
usi ng £2PSULEEH a@@’foé‘ynatgaé‘étégﬁli?d r@é@ﬁﬁerrent program 1C50, the
concentration of the drug required for reducing replicon level by 50%in

relation to the untreated C(:el | { ont0 43 Y% ue,. can | )cal cul ated fromthe
pl ot of percentage reducti RIGE ?Hérl 15 gr ae8 acty Fty vs. drug
concentrati on as qeg%&lbﬁed above. %% wt./wt.

Active ingredient 20.0%

Magnesium stearate 0.5%

Crosscarmellose sodium 2.0%

Lactose 76.5%

PVP (polyvinylpyrrolidine) 1.0%

10

The ingredients arc combined and granulated using a solvent such as methanol. The formulation
is then dried and formed into tablets (containing about 20 mg of active compound) with an

appropriate tablet machine.



20 WET-1 reagent from Roche Di agnostic (cat no. 1644807) was used for the
cytotoxicity assay. Ten mcroliter of WST-1 reagent was added to each well
of the trEALPEYBERES6pl ates including wells that contain REFER2HEHOOHFESES

bl anks. Cells were then incubated for 2 h at 37 C, and the OD val ue was
measured using the MRX Revel ation micrl®tter plate reader (Lab Systen) at
450 nm (reference filter at 650 nm. Again CC50, the concentration of the
drug required for reduci ngospbsitia fd@r®ki AématisteamionyCH0% in rel ation to the
untreated cell control value, can be calculated fromthe plot of percentage
reduction of the WST-1 value vs. drug concentration as descriped above. WO
2010/ 142656PCT/ EPER{}1&i@h 7958 - 105- TABLEstl/w€onpound Nunber HCV Replicon
ActivityCytotoxicActivity 1C50 (1aMCC50 (iaM—1-18 0 005230.3 1-21 0.0003
1-48 0.0274 1-60 @ctmq@)mmdpl e 43 Phar kcut i cal conpositions of the

subj ect Corrpoundst or .a rp nistration via %ever al routes were prepared as
described in this %?an% . 5Conposi tion P Oral Administration (A

| ngr edi ent Sodium chloride 20¢g
Methyl paraben 0.15¢g
Propyl paraben 0.05¢g
Granulated sugar 255¢g
Sorbitol (70% solution) 12.85¢
Veegum K (Vanderbilt Co.) 1.0¢g
Flavoring 0.035 ml
Colorings 0.5 mg
Distilled water q.s. to 100 ml

The ingredients are mixed to form a suspension for oral administration.

Parenteral Formulation (D)

Ingredient % wt./wt.

Active ingredient 025¢g

Sodium Chloride gs to make isotonic
Water for injection to 100 ml

The active ingredient is dissolved in a portion of the water for injection. A sufficient quantity of
sodium chloride is then added with stirring to make the solution isotonic. The solution is made
up to weight with the remainder of the water for injection, filtered through a 0.2 micron

membrane filter and packaged under sterile conditions.

10 The features disclosed in the foregoing description, or the following claims, expressed in their
specific forms or in terms of a means for performing the disclosed function, or a method or
process for attaining the disclosed result, as appropriate, may, separately, or in any combination

of such features, be utilized for realizing the invention in diverse forms thereof.



%w./w. Active ingredient 20.0% Lactose 79.5% Magnesi um stearate 0. 5%
The ingredients are m xed and di spensed i nto capsul es contai ni ng about 100
ng each; wWoelwapaabe woul d approxi mate a total daily doPeHEP2QOMPISEti on
for Oral Admnistration (B) Ingredient %w./w. Active ingredient 20.0%
Magnesi um st earate 0.5% Crosscar el | osl®7sodi um 2. 0% Lact ose 76. 5% PVP
(pol yvinyl pyrrolidine) 1.0%

The foregoing invention has been described in some detail by way of illustration and example,

for purposes of clarity and understanding. It will be obvious to one of skill in the art that
changes and modifications may be practiced within the scope of the appended claims. Therefore,
it is to be understood that the above description is intended to be illustrative and not restrictive.

5 The scope of the invention should, therefore, be determined not with reference to the above
description, but should instead be determined with reference to the following appended claims,

along with the full scope of equivalents to which such claims are entitled.

The patents, published applications, and scientific literature referred to herein establish the
knowledge of those skilled in the art and are hereby incorporated by reference in their entirety to
10  the same extent as if each was specifically and individually indicated to be incorporated by
reference. Any conflict between any reference cited herein and the specific teachings of this
specifications shall be resolved in favor of the latter. Likewise, any conflict between an art-
understood definition of a word or phrase and a definition of the word or phrase as specifically

taught in this specification shall be resolved in favor of the latter.



10 The ingredients are conbined and granul ated using a solvent such as

nmet hanol . The fornmulation is then dried and fornmed into tablets (containing
about 20 W@ 20fo/1a2¢S56ve conpound) wi th an appropri at e tabPET/EPRERIAESS WO
2010/ 142656PCT/ EP2010/ 057958 -106- Conposition for Oral Adm nistration (C)
Ingredient% wt./wt. Active conpoundl. 80§- Fumari c aci d0.5 g Sodi um
chloride2.0 g Methyl paraben0.15 g Propyl paraben0.05 g G anul ated
sugar25.5 g Sorbitol (70% solution)12.85 g Veegum K (Vanderbilt Co.)1.0 g

Fl avoring0.035 m Colorings0.5 ng Distilled waterq.s. to 100 ml The
ingredients are mxed to forma suspgnging? for oral adm nistration.
Parenteral Formulation (D) Ingredient% wt./wt. Active ingredient0.25 g

1. A compound according to formula I wherein:

M

X' is N and X2, X* and X* are CR®; or

X! and X2 are N, and X® and X* are CR®; or

X!, X? and X* are CR®and X*is N; or

X! and X* are N and X? and X* are CR’; or
10 x!, X2 X* and X* are CR?;

R' is (a) a heteroaryl radical selected from the group consisting of pyridinyl, 2-oxo-1,2-
dihydro-pyridin-3-yl, 3-0x0-3,4-dihydro-pyrazin-2-yl, 3-oxo0-2,3-dihydro-pyridazin-4-yl,
2-0x0-1,2-dihydro-pyrimidin-4-one-5-yl, 6-0x0-1,6-dihydro-[1,2,4]triazin-5-yl, 2,4-
dioxo-3,4-dihydro-2H-pyrimidin-1-yl, 2-ox0-2(H)-pyridin-1-yl, 6-oxo-6H-pyridazin-1-yl,
15 6-0x0-6H-pyrimidin-1-yl and 2-oxo-2H-pyrazin-1-yl said heteroaryl being optionally
substituted by halogen, Cy alkyl, C13 haloalkyl, C¢ hydroxyalkyl, Ci.3 alkoxy-C; s alkyl,
C1 alkoxy, X'(CH,),.¢CO,H or X'-(CH,),{NRR" or;
(b) a heterocyclic radical selected from the group consisting of 2-oxo-tetrahydro-
pyrimidin-1-yl, 2-oxo0-imidazolidin-1-yl, 2-oxo-piperidin-1-yl, 2-oxo-pyrrolidin-1-yl, 2,6-
20 dioxo-tetrahydro-pyrimidin-1-yl, 2,4-dioxo-1,2,3,4-tetrahydro-pyrimidin-5-yl and 2,5-

dioxo-imidazolidin-1-yl and 2,4-dioxo-tetrahydro-pyrimidin-1-yl;
R? is hydrogen, C,¢ alkoxy, Ci alkyl, C; haloalkyl, C haloalkoxy or halogen;

R? is (a) aryl, (b) heteroaryl, wherein said aryl or said heteroaryl are optionally
independently substituted with one to three substitutents selected from the group

25 consisting of hydroxy, Cy alkoxy, Ci.s alkyl, Ci.s hydroxyalkyl, halogen, (CH,).NR‘R,
cyano, C; alkoxycarbonyl, carbamoyl, N-alkylcarbamoyl, N,N-dialkylcarbamoyl,
(CHy)0.3CO,H, SO,NH,, C; 6 alkylsulfinyl and C; alkylsulfonyl, or (¢) NR'R”, (d)
hydrogen, (e) halogen (f) -X (R")[C(R®),sNR*R" wherein X is O or NR’, R’ is hydrogen

or Co4 alkyl, R® is independently in each occurrence hydrogen, Cy; alkyl or two R®



Sodi um Chl oridegs to nmake isotonic Water for injection tol00 mM 5 The
active ingredient is dissolved in a portion of the water for injection. A
suf fi ci erlWOqoEM4R¢5¢ of sodi um chloride is then added w PRTAPRI0IFTYSE 0 make
the solution isotonic. The solution is nade up to weight with the remai nder
of the water for injection, filtered tl®eough a 0.2 mcron nenbrane filter
and packaged under sterile conditions. 10 The features disclosed in the

f or egoi Nng desGduchbh @b saffc dattonfagd CovhiRglcad 8t W RExpidess@ddiffardnbeirbospeei fi ¢
forms or in terns of a nmeans for perform ng the disclosed function, or a
met hod or ploeeddlangr attaining the disclosed result, as appropriate, nay,
separately, or in any conbi nati on of such features, be utilized for
realizing the inyegntion .n diverse fo her eof . . .

2010/ 142656 BEANE 2@@&%&9@3 nIt§QEen tGrWéﬁ&ﬁ%‘/g% F ﬁéa‘ihﬁ&\g‘iﬁ% SR AR Seen

descri bed i p,RpBRIcHRY hbstiAdedBY o toithied %Fcﬁ%& iR pSIdn Gy 3 r6:10IC RUIBOS eS
of clarity and understanding. 1t wll be obvious to one of skill in the art
t hat5 changedamgdn podiHi)SHMRBonhs may be practiced within the scope of the
appended cl ains. Therefore, it is to be understood that the above

description is intended to be illustrativ n ot restrictive, The scope
of the inveﬂ%ﬁBﬁRgHHUW@?“?H@FBﬂB@E%ﬁﬁe a@ﬁ%ﬁngngHﬁ%%kﬁmﬁvﬁwwhS£P nce to the

b d ipti 8 h ' - it o th
above descr L AkkaRR"Iby BOMLAL LT chflobRy HRYRLILOSE kYL P ce! efatiagy it he

ul 1" scope of equival ent’s to

whi ch such alligilite) arellentyi@ lsatkyl The) PR, 1opNBI Rs KedaliplshibeaoybersCiand
scientific kh%gratgre Hgferred to herein establish the know edge of those
skilled in tHekEFO4RAYar e hereby incorporated by reference in their
entirety to 10 the same extent as if each was specifically and individually

orlgared LR AGIERLRRLALRIDY LS RGE A SHlNGH, OStTERORRY

ref erence ci hetrein a I'c tea |n§s of this specifications
shal | be res@eved R®s 200k alefl, {hec ks attoeliyl, Ké)k@wicgeoalkyly (D dhf bydealkgtGeen an

art-understood definitjon of wor r. phras g a definition of the word
or phrase aémﬁﬁéé??rw%#@?“@ad@ﬁ@ofaogﬁ¥gxggﬁgﬁgﬁbgvion shal | be resolved in
favor of the latter. WO 2010/142656PCT/ EP2010/ 057958 -108- Cains 1. A
conmpound accgr di t 9. fornul rein:. 14, X | a , are
CR5; or X1 gﬁ&n‘j&g 4F 21) N}({egﬁtﬁﬁeﬁéyﬁ %A 51 a&%?} @rﬁ&ﬁ@ﬂ&gﬁaoﬁ El%ﬁgglrl%%and
X3 is N or tfdniddenith whieh Meghet APachRHark3CHL BXTREL, ,OheifXX; i@ or XR and X4
are CR5;
15 R¥ is hydrogen, Ci.; alkyl, Cy3 acyl or Cy3 alkylsulfonyl;
R* is hydrogen, CFs, CH,CF3, Css cycloalkyl, halogen, Ci alkoxy, C; . haloalkoxy,
CHR*R* or CR*R*"R* wherein

(i) R*, R*® and R* are independently selected from Ci. alkyl, CD3, Cy2 alkoxy, Ci
fluoroalkyl, C;; hydroxyalkyl, cyano or hydroxy; or,

20 (i) when taken together, R* and R*" together are Co4 alkylene and R* is hydrogen,
Ci alkyl, C1 alkoxy, halogen, C;.; hydroxyalkyl, cyano or C; fluoroalkyl or R*
and R*" together with the carbon to which they are attached are 3-oxetanyl, or

tetrahydrofuran-2-yl;
R’ is independently in each occurrence hydrogen, halogen, Cs alkoxy, or C. alkyl;

25 R®, R® and R" are independently in each occurrence hydrogen or Ci alkyl;



R is (a) a heteroaryl radical selected fromthe group consisting of
pyridinyl, 2-oxo-1,2- dihydro-pyridin-3-yl, 3-o0xo-3,4-di hydro-pyrazin-2-yl,
3- 0x0- 2, WONI2diHReSpyr i dazi n-4-yl, 2-oxo-1, 2-di hydr o- pyr PRIT&iIPR014/081988 5- y| |
6- oxo- 1, 6-di hydro-{1, 2,4]triazin-5-yl, 2,4- dio xo -3 ,4-di hydro
-2Hpyrimdin-1-yl, 2-0 xo -2(H)-pyridil@g-|-yl, 6-0 xo-6H pyridazin-I-yl,
156- ox0- 6H pyri m di n-1-yl and 2-oxo-2H pyrazin-1-yl said heteroaryl being
optional Iy s¥astig'ut 1ﬁ(‘i’eﬂéﬁdl&ﬁ19ﬁm e@ll_&caﬂr&)bb hyﬂib_g@n bﬁtgailkyll or (Dltofether
hydroxyal kyl , Cl_3 al koxy-Cl_3 al kyl, Cl1_6,al kox (CH2) 1-6CO2H or

X1- ( CH2) 2- 6NIBIRT gitFogeR YO ‘é(hl‘ib_tﬂé‘r}’c?é%‘lt?icéle¢ RireaR 3&%%@:%@&0 PPt he group
consi sting of 2-oxo- tetrahydropyrlnldln 1-yl, 2-oxo-imdazo lidin-I-yl,

2- oxo-piperidin 0XO0- yrro i din-1- 6-

20di oxo- t et r“a!ﬁ;‘z‘%i;PBgWPﬁ W]d“faﬁ [PEGHrTence zero “YJ‘hIee or,

2, 4-di oxo-1, 2, 3, 4-tetrahydro-pyrimdin-5-yl and 2,5- dio xo -imdazo
I|d|n | -y yrimdin- I-yl R2 is hydrogen, Cl1_6
al koxy, Cép@ﬂgﬁélﬁwg%fé% @%%b§ ﬂ%ﬁ: 1 6 hal oal koxy or hal ogen; R3 is (a)
aryl, (b) heteroaryl wher ei n sald aryl or said heteroaryl are optionally

i ndependent )y &H{asafcb&'di@% Waih 1008réia X5 feand s N taid Kritage SRF gt RYisf(apm t he
group 25conS|gt|n hydroxy, Cl 6 al koxy, Cl 6 al kyl , C s hydroxyal kyl ,

hal ogen, pl@HZ) S‘llhlstethbd at {eanidy (CH5NR RS ey tharbpasjtion asdrdneiy i, is zero or (b)
N—aIkyIc H@ﬁp N, N-di al kyl carbanoyl, (CH2)0 3CO2H, SO2NH2, Ci _6

al kyl sul f and Cl 6 al kylsulfonyl, or (c) NRaRb, (d) hydrogen (e)

hal ogen (0 - X (R7)[ C(R6) 2_6NReRf wherein Xis 0 or NR7, R7 is hydrogen or

C2_4 al 3k%c(%§§%l}@ Adfgggﬂ%ﬂ%ﬁ%& Rer€RGE 199G ENGM gm’diﬁﬁ‘ikﬁﬂa 713 284 Kko-Or

two R6 P2010 057958 -109- resi dues on the sane carbon
are C2_5 alkiihgie-261-pyrivoidR6 1 1yesi XHrd®xol, 2B Hftetrdrydre pytioiten-4ryé opiionglly

al ky| ene: ) nd le alo th th itr to mh agh they, are a ached
areﬁa cchﬂ%“%ﬁﬁﬁEﬂFﬂH@Béﬁ ﬂ?ﬂ;tgﬁ%é?ﬁkﬁt 69 ﬂ%ﬁgaP% H%%%ié¥“@8¥“

i ndependepytibyst §fk@H£)eldeR®J{ltﬁé14 odiky wheRlioh @0RF 6f ofcCH2) , , Nl eRf; R and Rd
are |ndependent y hydrogen C1 al kyl, C1_6 hanaIkyI C _6acyl, SO2R8

wherein R8 is (a) Cl 6 alkyl, (b) Cl 6 hal oalk (c) C3 7 cycloa}kyl (d)
C3-7 cyt! Aabkypdbur@lacomlingytb, cla(11ﬁ)3 \Gﬂsr&nd{"kl@)@R" B4°adnld)(h) B, Rf)and R* are

802 RO 0 _B6NRKI 1 3 kyl b d | gar b 0| d
o] llegenaenh R Moy REAOB Bt C: B BURaRb 1 (o kG ©
SOZRS mefllﬁb?}a Iﬁ%lﬁém (@), ngal al%krkﬂlano(d%)clgjﬂu@r ﬁal kyl, ( C) C3_7

cycl oal ky al kyl', (e) 6 aIkoxy Cl 6 al kyl or
(f) SO02[C(R9)2]0_ 6NRkH H and Itj are (i) |ndependentlé hydr ogen,

Cl_3Bs al XYA cofp 6%&@%&1@1&1 A whireinageis INR*Riainty R4 He CRI“R‘BREnntl Qa)vlkﬁac h
they are attached are (CH2)2X5(CH2) 2wherein, X5 is or. NRk and

hydr ogen, RE1am! ?I@W CH@1C133 ercyorpe ocR 3an ]Rylt%ﬂﬂi‘%ﬁ{ﬁ C: ghyleae ﬁlﬁé(?bg{k&e S CF3,
CHRCF3, 3. 5, fYekQal by, MARALE: , (5hedh Al 0 00and D@ MISRSRY,  cHRAa- 4b

6. A compound according to claim 5 wherein NRR” together is cyclic amine substituted by
(CH,).NR°R' wherein n is zero to two; and R® and R’ are independently hydrogen, Ci alkyl,
20 Ci. haloalkyl, SO,R® wherein R® is (a) Cy alkyl, (b) Cys haloalkyl, (c) Cs. cycloalkyl, (d)
C3 cycloalkyl-C 5 alkyl, (¢) Ci alkoxy-C alkyl.

7. A compound according to claim 2 wherein R? is phenyl substituted at least by (CH,).NR‘R*
at the 4-position and wherein n is zero and R! is 6-0x0-1,6-dihydro-[1,2, 4]triazin-5-yl.

8. A compound according to claim 2 wherein R? is phenyl substituted at least by (CH,),.NR‘R*

25 at the 4-position and wherein n is zero and R! is 2-oxo-tetrahydro-pyrimidin-1-yl.



K or CR4aR4bR4c wherein (i) Rda, -4b and | ee are independently
selected fromCl_3 alkyl, CD3, Cl1_2 al koxy, Cl1-2 fluoroal kyl, C13

hydr oxyal WQl2010¢p26%6 or hydroxy; or, 20(ii) when taken t®G&EP2I10/0R¥88 and R46
together are C2-4 al kylene and R4 is hydrogen, Cl_3 al kyl, Cl1_2 al koxy,

hal ogen, Cl_3 hydroxyal kyl, cyano or €112 fluoroal kyl or Rd4a and R 46
together with the carbon to which they are attached are 3-oxetanyl, or

t et r ahydrOfthERAma-a¥dordiRR th Slaimdepapeent'lydiXt fashaarcXtaiEXt ercfOR agary is

hal ogen, Cl1_6 al koxy, or Cl_6 alkyl; 25R8, Rg and Rh are in-dep,endentlg)ai n
each occu ehowl ﬁ%?lﬁwt&as@_@%om R” apthezhpoytiomaxiepsrfIms 761005 1058
-110- Rk be are (i) independently in each occurrence hydrogen or C _6
al kyl or ](QII ‘together with the nitrogen to which they are attached Rk and
|l e forma cyclic am ne; n is independently in each occurrence zero to
three; 19ra c%n@ﬁﬁﬁd‘?&@f&iﬁgc%! J¥nPs AR APREisSabo-1 ,aaﬁ%mro-p%ariai.n-ﬁ cempeund
according to claim1 wherein Xl is N and X2, X3 and X4 are CR5 and R3 is
(a) phenydioseBgt-iihydree Frpytimidin-1hyor LHahoxrt, Rd. datetrealra-pyosidinenyland
wherein n i.s zero.or. (b i ne. 3~ A ou kn S0P ein
RLis 2- 09(15[1011? y Eﬁtﬁbgé%iz I;BI %l%ﬁeﬁz glglilﬁgll%lg 991021%§10c§rd¢1_69a1ﬁ09<y%'na ﬂ“@pl’{@&[

2, 4- di oxo@idtiitdaya sty (OH,) NRFR-at the 40position wherein n is zero or one.

2, 4-di oxo-1, 2, 3, 4-tetrahydro-pyrimdin-5-yl optionally 10substituted by

hal ogen, C _6 alkyl, Cl1_3 haloalkyl or G 6 a4| kg)xx and R34ai s ,pheny|
subst i tlut Adoatpolsdistcohiing GHDitN eRHerain Rhis CRPBSR'| o (whBr'eRY #nd R 269 0 or

one. 4. A co und, according tq.slaim3 rein R4 | aR4b- (a)
Ria, R41 She 30&#‘@“@%&0%@‘13? f‘%%ﬁ@ﬁ ﬁg@r;ﬂﬁa “d SS(P?%A tl%Réé‘f %ﬁé?fgﬁé 2
al kyd ene a8k MhloRdn, d,S Hdrokyakkl byarfel ard alfkdalkyal ogen, C1_3

hydr oxyal kyl ,” cyano or G'_2 fluoroal kyl. 15 5. A conpound according to
claim2 wherein R3is NitaRb and R4 is CR4AaR4bR4c and (a) Rd4a, R4b and R4°
are CH32. BBnpoufid kabtdiey ar cliRAe9 andreRANRIRY atgether arogci@amaink shiesiguteditly (b)
R4" is CL_3 al kﬁ%f Cl_2 al koxy, hal ogen

f I uor oal kFH)NRAR cohesin mdis Z80dP (fl'fvﬂganfi&iecar%i_l% %X%ﬁgﬁ%ﬁ%ﬁ%} ]i.l}éfﬁggeqf 88%9%? 2i s

cyclic anjpne | bt ed i | Re
Sh6 R ndebenPRYL BOLR bR (A R SRR e

is (a) CLC& aicloplkyl{h) albyl,Geh@lsaddorytC s @kyl.C3 7 cycl oal kyl, (d) C3_7
cycloal kyl -C1_3 alkyl, (e) C1_6 alkoxy-Cl_6 alkyl. 7. A conpound according
to claim2 wherein R3 is phenyl substituted at ] east by &q_s'ZTQI Nl eRd at the

4- pb%i thlon eomponnd aesording fosclaigr b WARKPIIRY X and X' arc CR’and
6- oxo- 1, 6-di hydro-[1, 2,4]triazin-5-yl. 8. A conmpound according to
claim?2 erein i s phenyl

substit ut ed | east b "N eRd 25at the
4- posi ti%n GRPORAS AEORTIRS fECligy gf?iv geteah 321-8ga@ﬁieg%ﬁrséﬁ%?‘%&lﬁgé?%%a in-1-yl.
(CH2).NR°R" at the 4-position and wherein n is zero or (b) NR'R".

15. A compound according to claim 1 wherein X" and X* are N and X* and X® are CR®.

16. A compound according to claim 15 wherein and R? is (a) phenyl substituted at least by

20 (CH).NR°R at the 4-position and wherein n is zero or (b) NR*R".
17. A compound according to claim 1 wherein X!, X2, X* and X* are CR®.

18. A compound according to claim 17 wherein and R? is (a) phenyl substituted at least by

(CH).NR°R" at the 4-position and wherein n is zero or (b) NR*R".

19. A compound according to claim 1 wherein X' is N and X2, X* and X* are CR?, R" is 2,6-
25 dioxo-tetrahydro-pyrimidin-1-yl, 2,5-dioxo-imidazolidin-1-yl or 2,4-dioxo-tetrahydro-



WO 2010/ 142656PCT/ EP2010/ 057958 9. A conmpound according to claim 1l wherein
XI and X2 are N, and X3 and X4 are CR5 and R3 is (a) phenyl substituted at
| east by WCHB)/MBSRI at t he 4-position and wherein n i sPEEER200/061958 NRaRb.
10. A compound according to claim9 wherein Rl is

2- 0x0- 1, 2-di hydro- pyridi n-3-y1l or 2, 4-113di oxo- 3, 4- di hydr o- 2Hpyri m di n-1-y
or 2,4-dioxo-1,2,3,4-tetrahydro-pyrimdin-5-y1 optionally substituted by
hal ogen, (rirfidai- lqyl an€R3s tbglpﬁé{ﬁﬂubsﬂfut@-ataea%{ kpUYHAMNRARY' dtshpheoyition
substituted at |east by (CH Rd at the 4-position wherein nis zero or
one. 11. ?decm@nﬂdlsééf@cﬂfdb RtB .claim 10 wherein R4 is cR4aR4b-4c K and
(a) R4da, R4b and R4 are CH3, CD3or fluorine or Rda and R4b toget her
are C2 al kylene a i.s Cl.3 a 2 10 Iko Y, hal ogen, Cl1_3
hydr oxy4l é;ﬂompey ?fch‘?l@Ltofl?%]o?eg%ﬂt%{/%gmf]?&l% according to claim
9 wherein N Ihagn-2L Sl-RQ2aXoNE2-FuRAFI-pHidEA3 &g )in- wher ei n
nis zero t?ﬁao[%ggﬁémé{a 25?% %dgpendentlgglhydfr)jggen b%)1(16 al kglIRQBfQ_G

hal dal kylpheﬁg)l}RaeMmselﬁmaﬁad%s (a) CI _6 alkyl, (b) C1_6 haloalkyl, (c) C3_7

R e A U N

14. A conﬂ@ﬁgq_@@@l@ﬁ@hﬂgngngdgl aim 13 wherein and R3 is (a) phenyl

substituted at |east by (CH2). NRItd at the 4-position and wherei zero
or (b) Nitaldpl- Waertﬂu@drép@m@ chibgirerg yEéing -3 ol &ivhl- BéPeré‘ﬂH 7@1 are N
and X2 and gg% &h 16. A compound according to claim15 wherein
and R3 is (3 su’bstltut ed at least by 20(CH2)"NRItd at the

4- pogi tion aNd{(%Br[mmt-buﬂyssz(é¥fblom-2(dx)) 1Z-dikkdooppalimd- @i quindiaig-1-gpllel ai m 1
wher ei nX2, X3 and X4 arﬁ ?]6 [ A cqgnpound according to claim 17 wherein
and R3 |sP§(1’&) ldﬁhé mymediybsoptanesylfagemidest by (CH2)"NRItd at the 4- posi tion

d wh | 1
hor o f(: N R >?( %1(’1;3@3 0x0-1,2:4 dé@ydr&pwaiﬂoypﬁ L RARRBG-NGILo claim

25di oxo- tpipmadimd@pl—}pyethmeduhﬁaﬂanydiq, 2, 5-di oxo-im dazolidin-1-y1l or

N RS BRSO D ety s

the 4- pOSh{G{Ifaﬁes%ﬁgnMﬁEel nnis zero or (b) NRaRb. 20. A conpound according
to claim1 selected fromthe |ist consisting of:
N-{4-[7-tert-butyl-5-(2-0x0-1,2-dihydro-pyridin-3 ~yi)-quinoxalin-2-yl}-3-chioro-

phenyl}-methanesulfonamide;
N-{4-[7-tert-butyl-5-(2-0x0-1,2-dihydro-pyridin-3-yl)-quinoxalin-2-yl]-3-fluoro-
phenyl}-methanesulfonamide;
20 N-{4-[7-tert-butyl-5-(6-methoxy-2-0xo0-1,2-dihydro-pyridin-3-yl)-quinoxalin-2-yl]-3-
chloro-phenyl}-methanesulfonamide;
N-{4-[7-tert-butyl-3-methyl-5-(2-0x0-1,2-dihydro-pyridin-3-yl)-quinoxalin-2-yl}-
phenyl}-methanesulfonamide;
N-{4-[7-tert-butyl-5-(6-methoxy-2-0x0-1,2-dihydro-pyridin-3-yl)-quinoxalin-2-yl]-3-
25 fluoro-phenyl}-methanesulfonamide;
N-{4-[6-tert-butyl-8-(5-fluoro-2-ox0-1,2-dihydro-pyridin-3-yl)-quinolin-3-yl]-phenyl} -
methanesulfonamide;
N-{1-[6-tert-butyl-8-(5-fluoro-2-ox0-1,2-dihydro-pyridin-3-yl)-quinolin-3-yl}-piperidin-
4-yl}-methanesulfonamide;
30 N-{4-[6-tert-butyl-5-methoxy-8-(2-0x0-1,2-dihydro-pyridin-3-yl)-quinolin-3-yl]-
phenyl}-methanesulfonamide;
N-{4-[6-tert-butyl-8-(5-chloro-2-0x0-1,2-dihydro-pyridin-3-yl)-5-methoxy-quinolin-3-
yl]-phenyl}-methanesulfonamide;



N-
{4{6-tert-butyl-2-nmethoxy-8-(2-o0xo0-1, 2-di hydro-pyridin-3-yl)-quinolin-3-yl]

- 5SphenylWo-2nWH2656¢sul f onam de; N- PCT/EP2010/057958
{4-[7-tert-butyl-5-(5-fluoro-2-oxo-1, 2-di hydro-pyridin-3-y1)-qui noxalin-2-y
1] - phenyl} -nethanesul f onam de; N-13-

{1-[7-tert-butyl-5-(2-0x0-1, 2-di hydro-pyridin-3-y1l)-quinoxalin-2-yl]-piperi
di n-4-yl}- @KﬁﬁmbftMH!yﬂgvmétﬁb\ky-qulno11n- -yl)-1H-pyridin-2-one;
{(S)-117-tert-buty %ﬂlfluoro 2- 0X0- 1, 2-di h%]inro pyri di n-3-y1) - qui noxal i n-
2-y1] - pyrro?ri(@i‘@ffif- Butyl aihaxy-quinal e ol H-ppadindeons: N {17

e S A it DB a2 11

{4-[ 7-t erpyrkolidyd- 3~'§dmé’th9b§eméih2neziulfwhmd@yrl di n- 3-y1) - qui noxal i n- 2-y1] - phenyl
} - 15nmet hanesul f onam

{44 tert - bubyid:(8=1¢15- b@% 51m9thﬂi‘ﬁ§d|26)xﬁy]r4 ditydeo-pyrydigdr A guinpin-5-XMr - 3- chi or
ophenyl} 4 &ﬁ@?@ﬂg lqug"i‘fi@tﬂﬁesu&fonaﬁhde

{4-[7- terf- utyl xo-1 hydro- pyri di n-3-y1) - qui noxal i n-2-y1] - 3-fl uo
rophenyl } - nit hd&é)smhd)-@ﬂam‘mhﬂzl-52ﬁlht-hoxy-qumohn -3-yl)-phenyl]-methanesulfonamide;

1] 3. chl or 8- Herigt PR kS oA 4 7 P %EEQ%@%&Y‘*H{II%I“@H "

ert- butyl 1C]3 H@ﬁﬂy%‘e@m@gﬂ@ﬁm{d& 2-di hydro pyri d| n- 3-y1l)-qui noxal i n-2-y11-
phenyl } tphanesu | f onam de;

{40t ert budvy{l- [5-t(er3 hmlwoWo@- mﬂmxzﬁdﬁthmb2®hyd@¢1ﬁy@dbpi3;ya1ﬂ|um13ﬁ n-2-y
1] -3- 25flyorg nesu fon N-

{4-16-ter!! ﬁa?tifﬁn %@%W[}E %ﬂneos%ofoﬂa@g] i hydr o- pyri di n-3-y1) - qui nol i n- 3-y1]
- pheny1} - ”ENh{alD[%SM}rth%ﬂﬁfE @efluoro-2-&ko-{,2-dihydro-pyridin-3- yl) -5-methoxy-quinolin-3-
146-tert-butyl-8-(5-fluoro-2-o0xo0-1, 2-di hydro-pyridi n-3-yl)-quinolin-3-yll-p
i peri di n4yN-p en}f‘rbﬂ?éh?é@wlfoﬁﬁ@mede 30N

{4-15-tert-byt i, Xl BB checfy 2 BYEN - BRGASLSr i Py Aok 8- 3- 1

]- phenyl} nesh oriam

{4-1%- teryl-]lpuéwjl}&ae(t&nemmmmmeoxo 1, 2-di hydro- pyri di n-3-y1) - 5- met hoxy- qui n
olin-3- yl] henyl } -meth sul fon VWO 2010/ C1/ EP2010/ 57958
-113- 3-(3- o¥o ‘Womﬁe’fté?“ttyltﬁléy d!s)XPre]vﬁglé‘)}eﬁ%hY%‘? “PHBL % %—5 ‘i“H‘n A1 iTe;

3( (Sgs tlzgt t g}ﬂty% ?l}%&éﬂ %a%ghé( 2 gxgl)l %l-t:l%)r/:j(rjijnpyz/r ?S?n 3- yl) qui nolin-3
-y11- pyrrol Nd{4n[63tembmyllr&(}ﬂuwmtﬂyaﬁeeﬁyi)eﬁwmﬁldﬁy-qumo lin-3-yl]-phenyl}-
methanesulfonamide;
20 N-{4-[6-tert-butyl-5-methoxy-8-(2-oxo-tetrahydro-pyrimidin-1-yl)-quinolin-3-yl]-
phenyl}-methanesulfonamide;
N-{4-[6-tert-butyl-8-(dioxo-tetrahydro-pyrimidin- 1-yl)-5-methoxy-quinolin-3-yl]-
phenyl}-methanesulfonamide;
N-{4-[8-(2,4-doxo-tetrahydro-pyrimidin-1-yl)-5-methoxy-6-trifluoromethyl-quinolin-3-
25 yl]-phenyl}-methanesulfonamide;
N-{(S)-1-[6-tert-butyl-8-(2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-yl)-5-methoxy-
quinolin-3-yl]-pyrrolidin-3-ylmethyl} -methanesulfonamide;
N-{4-[6-[1,1-di(methyl-ds)ethyl-2,2,2-d3]-5-methoxy-8-(2-ox0-1,2-dihydro-pyridin-3-yl)-
quinolin-3-yl]-phenyl}-methanesulfonamide; and,
30 N-{4-[8-(dioxo-tetrahydro-pyrimidin-1-yl)-5-methoxy-6-(2,2,2-trifluoro-cthyl)-quinolin-
3-yl]-phenyl}-methanesulfonamide; or,

a pharmaceutically acceptable salt thereof.

21. A compound according to claim 1 selected from the list consisting of:



5N-

{1-[6-tert-butyl-5-nmethoxy-8-(2-o0xo-1, 2-di hydro-pyridin-3-yl)-quinolin-3-yl
]- azeti awe-281yl4pebhy 1} - met hanesul f onami de; PCT/EP2010/057958
N-[4-(8-brono-6-tert-butyl-5-nethoxy-qui no

l'i n-3-yl)-phenyl] - et hanesul f onam de; -114- N-

{446-tert-butyl-8-(2,4-di oxo- 3, 4-di hydro-2H pyri m di n-1-y1) - 5- net hoxy- qui no
lin-3- yl] - phepybiemduRanesthb D @&o- 11DNkhydro-pyridin-3-yl)-quinolin-8-yl]-
{1-[6-tert- bute{géll[- 4- chl {03?.3_ 5- rre{[ayt:gi((iz/- 8- (2- oxg- 1, 1%}irdi hydyr)oflpyr i di ny 3-yl)-quin
ol i n-3- ymllenzliemnptpnresslignamideiy| } - met hane sul f o nani de; N-

4-[6-tert-butyl -8-(5-fl uoro-2-oxo-1, 2-di hydro-pyri di n-3-y1).-5-nmet hoxy-qui n
f)l i L 3- yI] N e[ﬂgﬁrsl}(l-buﬁééh(é}rf@et@am%lfwﬁira@g:phenﬁ -qumoxah‘kg-y?]-&enylt}- Y

{4-[6-ter ﬁt“f' - oxy- 8- (6-met hyl - 2- oxo- 1, 2-di hydro-pyridin-3-yl)-quin
olin-3- 1 ;e/ ﬁ%kreﬁz%ﬁhgnet hane sul fo nam de ; N-

{4-[H-tert- IMﬁ%‘gﬁ%ﬁﬂ%ﬁ%ﬁdi&&ﬁﬂ-&ihgﬁ[]bézg?%%i&iﬁ_ﬁﬁfﬂm-@1rﬁetﬁo;¥31é1ui§olliﬁﬁBh0XY‘

qui nol in3 -yl] anesuf f on

{ 4-[ 6- t er yljphenyl}-refiBntdulfonampler i di n- 4- y1) - 5- net hoxy- qui nol i n- 3-y1] - pheny1}
- net hanesul f onam de; 20N ' o o

{ 4-[ 6- t er t - DNt {f1[6SeTriubdoymethp 2y-8x(6-meshexhy-oro-=1p dihmilorpr iy 3y e ipeit-n- 3- y
1] - phenyé%} - th@nesFl forl?m' de; . N-

{4-[6-tert: Hiﬁr%ﬂy TP PRESUEPUAS dr 0- pyr i ni di n- 1- y1) - 5- et hoxy- qui nol i n- 3- A
phenyl } -net esul f onam de; oA oD anina o2 vl )
{4-18-(2, 4- d@i"g‘ lt%étﬁt%ﬁl)%' ?Ségﬁ?ﬁhﬁ%'%ﬁoﬁg'll-’zy%hy gton@fr dé&;-yé)- 91%1|Il?lllnu%1y (ln]n%l%ellul?/lp qui n
ol iy 3- 2hAtah&NYbhamidet hane sul fo nam de ; N {
(S)-1-[6-tert-butyl-8-(2, 4-di oxo- 3, 4-di hydro-2H pyrimdin-|-yl)-5-methoxyqu

ino lin-3 -yd}«pietea-dundisnce3methly iRy 1} 2-d it tiivapyeridsntB £ ydaquiinolién-3-y1]-pidnyl } -
{44641, 1-di (nmet hyl -d3) et hyl-2, 2, 2-d3] - 5- met hoxy- 8- ( 2- oxo- 1, 2- di hydr o- pyri di
n-3-y1)- wgthapesulomnyids: phenyl } - net hanesul fonani de; and, 30N

4-[8-(di -t et rahydr o- imdin-1- -5-met hoxy-6-(2,2, 2-trifl - et hyl
Qi nol i G R o el o BHARBA M-y G T ry

acceptabl g;salt thereof. 21. A conpound according to claim1l selected from
the Iist consisting of: WD 2010/ 142656PCT/ EP2010/ 057958 - 114-

15 N- {4-[7-tert-butyl-5-(2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-yl)-3-methyl-quinoxalin-2-
yl]-3-chloro-phenyl}-methanesulfonamide;
N-{4-[6-tert-butyl-8-(2,4-diox0-3,4-dihydro-2H-pyrimidin-1-yl)-quinolin-3-yl]-phenyl} -
methanesulfonamide;
N- {4-[7-tert-butyl-3-methyl-5-(6-methyl-2-0x0-1,2-dihydro-pyridin-3-yl)-quinoxalin-2-
20 yl]-3-chloro-phenyl}-methanesulfonamide;
N-{4-[7-tert-butyl-5-(2-0x0-1,2-dihydro-pyridin-3-yl)-quinoxalin-2-yl]-3-cyano-
phenyl}-methanesulfonamide;
N-{4-[7-tert-butyl-5-(2,4-diox0-3,4-dihydro-2H-pyrimidin-1-yl)-quinoxalin-2-yI]-3-
cyano-phenyl}-methanesulfonamide;
25 N-{4-[6-tert-butyl-5-methoxy-8-(3-methyl-5-ox0-1,5-dihydro-[ 1,2,4]triazol-4-yl)-
quinolin-3-yl]-phenyl}-methanesulfonamide;
N- {4-[6-tert-butyl-5-methoxy-8-(2-0x0-1,2-dihydro-pyridin-3-yl)-quinolin-3-yl]-2-
fluoro-phenyl}-methanesulfonamide;
N-{(S)-1-[6-tert-butyl-8-(6-methyl-2-0x0-1,2-dihydro-pyridin-3-yl)-quinolin-3-yl]-
30 pyrrolidin-3-ylmethyl}-methanesulfonamide;



N {4- [6-tert-butyl-2-nmetho xy-3 -(2-0 x0-1, 2-di hydro-pyridin-3 -y1)-quino
lin-8-yl] - phenyl} -nethanesul fonam de; N {4{7-tert-butyl-5

- (4- met hawexa10Bassb am no- phenyl ) - qui no xal i n-2-yl] - pheREIIIEP2010/057958

met hanesul f onam de; 5N {4- [6-tert-butyl-8-(2,4-dio xo0-3

, 4-di hydro-2H pyrim di n-1-y1)-5 -netheldy-quino 1in-3 - yl] -phenyl}

- met hanesul f onam de; N {4[6-tert-butyl-5

- met hoxy- 8- (1§- {mrqtﬁh@@sxbu%dgmetho;zy-el(bmbq—pym?ﬁtdﬂpﬁwbhi)% yipqmaokin-a3/1ky! |
phenyl } -nethanesul f onam d

[6 tert- bmogpboBnﬁwlﬁ@tlwy}xn@ﬂ@n%@lf@azméphydro pyr| din-3 -yl)-quino lin-3

-yl] -p henyl} - 10nmet hanesul f onam

[ 6-t ert - but yN¥={-[0scrduhy-B-®- @et%ESL?LOZQﬂr%QﬁV@FOWF}d&P AYD)- qwamhwﬂo lin-3
-y1] - p he ﬁyé}dmsyh%ﬁﬁ#}sme l%]@sjﬁlﬁggamlde 2- [6-tert-butyl-5 -netho xy-8-(2-0

X0-1, ro- quino lihn- 3 yI] -benzo ic acid; 15N

{4-] 7 t ert bi’i(y | r@buthZS—g?-ﬁ'leﬂlny (ﬁc ot Ql %[l'hlﬁw 'jﬂqq{ﬂa'hh 33611] =53

- met’hyl - qui no xal | 'or'o- p e anesul f onam de; N-
{4- [ 6-t emtthbutsylfoByl{iRiné-lghingoix @cid mefthzdlehgmro 2H pyrim din-1-y1l)-quino lin-3
-yl] -p henyl} met hane sul f onam de; N {4- [7-tert-butyl-3

- et hy1- 5- (6Nn@veufsy(ﬂ-Memamuﬁmzyd@mmydmnpwrmﬁthoay-évmﬁuqmmﬁlykapmﬂh123 oyl |

-3 -chlor hane quonamde N {4- [7-tert-butyl-5 -(2-0
xo- 1, 2-d|ﬁ§f’§?’@ %ﬁ‘ﬁ“f‘ ~quino xalin-2-yl] -3 -cyanophenyl }

- met hanesul f t

4~ di hydr o- 2&@%‘? %ugl%-(%tryéﬁalggliﬂrfloonyﬁa 198' pé% y‘ﬁ ’5£r§etﬁo;§} (gul%(ﬂl r¥y]l }
- metdanesidctonas de;, 25N {4[6-tert - but y1 5 -netho xy- 8 (3 -nmethyl -
x0-1,5 -di hydro-[l, 2,4]triazol-4-yl1)- quino lin-3 -yl] -phenyl}

- met hanesul f pn@eareButyl-8-(Nmekidhl-2f-Gxd- eQtd-1]ii)5uir<y-byﬁdmmeyh@1ui¢yﬁi8—3(-ﬁi<5-
xo0-1,2-di hydro-pyridin:3 -yl)-quino lin-3 -yl] -2- fluoro-phenyl}
_ et hanesiiFthg ﬁ%sﬁilﬂ’éy lamino-behzoic ads

o i SR SR g
2010/ 1426 5%%4 V. N {4- [6-tert-butyl-5 -neth
Xy- 8- ( 2- oﬁlg IEBZQ%%% %%?I}aél%%?fon?r;lf)e qui E]O Il[n 3eryl]u-ym)rp Eg °

(14671 or - byl et o byt Fai h 3y ot o
| in-3-y1] me‘phyil-pyleo h(ﬂnﬂ- }ﬂmeﬁlyﬂw}etlﬁwa}lesulhfétlﬁaﬁé sul f onani de ;
N-{3-[6-tert-butyl-5-methoxy-8-(6-methyl-2-0x0-1,2-dihydro-pyridin-3-yl)-quinolin-3-
yl]-prop-2-ynyl}-methanesulfonamide;
N- {3-[6-tert-butyl-5-methoxy-8-(6-methyl-2-0x0-1,2-dihydro-pyridin-3-yl)-quinolin-3-
20 yl]-propyl}-methanesulfonamide;
N- {4-[6-tert-butyl-5-methoxy-8-(6-methyl-2-0x0-1,2-dihydro-pyridin-3-yl)-quinolin-3-
yl]-but-3-ynyl}-methanesulfonamide;
N-(3-{[6-tert-butyl-5-methoxy-8-(6-methyl-2-ox0-1,2-dihydro-pyridin-3-yl)-quinolin-3-
yl]-methanesulfonyl-amino } -propyl)-methanesulfonamide;
25 prop-2-ene-1-sulfonic acid {4-[6-tert-butyl-5-methoxy-8-(6-methoxy-2-ox0-1,2-dihydro-
pyridin-3-yl)-quinolin-3-yl]-phenyl}-amide;
2,3-dihydroxy-propane-1-sulfonic acid {4-[6-tert-butyl-5-methoxy-8-(6-methoxy-2-oxo-
1,2-dihydro-pyridin-3-yl)-quinolin-3-yl]-phenyl}-amide;
N-{5-[6-tert-butyl-8-(6-methyl-2-0x0-1,2-dihydro-pyridin-3-yl)-quinolin-3-yl]-furan-2-
30 ylmethyl}-methanesulfonamide;



52- [6-tert-butyl-8-(6-nmethyl-2-0 xo0-1, 2-di hydro-pyridin-3 -yl)-quino lin-3
-yl] -5 - nmethanesul fonyl am no-benzo ic acid nethyl ester; N-
{418- (4- \EORANEI43656f onyl am no- phenyl) -5 - net hoxy- 6-tri f PCOEPREVHFIISUI No

l'in-3-y11- phenyl} -nethanesul f onam de; N [6-tert-butyl-3
- (4- met hane sul fonyl am no-p henyl)-5 -ltétho xy-quino lin-8-yl] -
10acet am de; 2- [6-tert-butyl-8-(6-nethyl-2-0 xo-1,2-di hydro-pyridin-3

-y1) - qui no |Nf{43[6-t¥11-]bu§116 ethbRne- (suhétWaakm-z@elhgaxoprrﬁm 8hyl)-quifdlinf 4-
[6-tert-butyl-8-(6-nethyl-2-o0 xo-1, 2-di hydro-pyridin-3 -yl)-quino lin-3
-yl] - nodpHdia: }ZLYMIW@ WS}ﬂfomlﬁane sul fonanm de ; 15N-

146-tert-butyl -8-(6- di hyd -3 -y1) - qui lin-3
L3 e e e e Sl b
[64 ert - by h%aR§§ E@@:%y HE% %ém@%ﬁmﬁﬁ&l 2-di hydro-pyridin-3

-y1l)-quino anesul f onam de; N {3 -

[6-tert-buty &n{% 3[%8[%1%11}3% 5%@1@10??%% Jm&h&qx@.o;@a ﬂhﬂﬁyﬁiﬂoﬁgﬁ%d%-gu}@:@mohn-

-y1) qui no i propy met haneésul f onam deé;

[ 6-t ert - bBry}B3-Bcthybphioo bdin 8-Ylercthat hyktt@nesukonamledi hydr o- pyri di n- 3
-yl)-quino lin-3 - -ynyl} -nethane sul fonam de ; { [6-tert-butyl-5
-met ho xy- 8- NBHH[@HWIMZ%R% -(ehyLir@eyictlyd o0y t 2eihydgo- pymémqwhé mefhory~ vl ]

- h I f h | f de ;
25pr op- 2. GHES ﬁé—aﬁ%ﬁﬁxﬂQ%%ﬁx%%?%ﬁiagﬁ@e%ﬂt V15 - met ho

8- (6- et di 1 - ph I
i(é/tm'dt(a " (E§4ﬂé3?%b%995 qh”ﬁégxél ! é%%%%héggﬂkﬂg f%ﬂﬁéf% %utyr g

- netho Xquﬁn&I@a H@ﬂ]h&tWeI%d}lniéﬂihné’mﬁfothfd@ pyridin-3 -yl)-quino |in- yI ]
- phenyl } -am de;

{5[6-tert-buNy- @-t(eﬁ Uﬂiﬁ;tl@@@&co@%ﬁaﬁyd?o-@yhmwm—lpw quhmnh%wﬁl}-phnnyt}e

lin-3-y11- furan-2- 30yl nethyl} -nethanesul fonam de;
2010/14265@ﬂ@ﬂ¢€ﬁ9@4@#957958 116- N {4- [6-tert- butyl 5- met ho
Xy- 8- (6-netho x -0 X0-1 i hydro-pyri di n- 3- U|no but - 3
ynyl} -net h%ln%'}sliér%mlc?e@ HHOTRF -mgHgXY- 'qxobhgiﬁ)ihy Iq- BYT 311)%"]96%“'
-1,2-d|hy§ﬁﬁoﬁy rm%th&kggb&ﬁﬁdg -yl] -4, 4- dlnethyl pyrro lidin-3
-yl met hyl yfo nam de ; {1- [6-tert-butyl-5 -netho

i%-]( 6- met hﬂ ?[@ té‘r@-butjylg Iﬂétﬁaé@f 9 (6mel’thcgdlyﬂrea1yi P xoqHD RihyldkdLpyddinia-J1)- 3
-net pyrro |n- - -met hanesul f onam de;

qu1nohn—3 -yl]- pyrrohdm 3- ylrnethyl} -methanesulfonamide; and,

N-{(S)-1-[6-tert-butyl-8-(6-hydroxymethyl-2-oxo-1,2-dihydro-pyridin-3-yl)-5-methoxy-
quinolin-3-yl]-pyrrolidin-3-ylmethyl} -methanesulfonamide; or,

a pharmaceutically acceptable salt thereof.

20 22. A method for treating a Hepatitis C Virus (HCV) infection comprising administering to a
patient in need thereof, a therapeutically effective quantity of a compound according to claim

1.

23. The method of claim 22 further co-comprising administering at least one immune system

modulator and/or at least one antiviral agent that inhibits replication of HCV.

25 24. A method for inhibiting replication of HCV in a cell be delivering a compound according to

claim 1.

25. The use of a compound of formula I as defined in claim 1 for treating a HCV infection.



N-
{4-[6-tert-butyl-8-(6-hydroxynethyl-2-oxo-1, 2-di hydro-pyridin-3-yl)-5-netho
Xyqui no |w-2810/pk456- phenyl } - met hane sul fo nam de ; PCT/EP20N0/057958
{(E)-4-[6-tert-butyl -5-net hoxy- 8- (6-net hyl - 2- oxo- 1, 2-di hydr o- pyri di n-3-y1) -
10quino Iin-3 -yl] -but-3 -enyl} -nethdfle sul fo nam de
N-{446-tert-butyl-8-(di oxo-tetrahydro-pyrimdin-I|-yl)-quinolin-3-yl]-phenyl
% - [TE'[ ha! |ﬂﬁeublsE Qerdide t(} (lzlainNZS of a con?]pound according to fo&mﬁﬂea I in combination with ;t
4-[6-tert-butyl-8-(5-fluoro-2-nmethgxy-6-0x0-1, 6-di ro-pyridin-3-yl)-5-ne
t hoxyqui N33t PRE gnmygif stlaﬂ%mﬂd}ﬂar%épﬁgﬁét LAY CoR AR R X&f@ﬁﬁ&% b
(S) - 1{ 6- t eplicdpeh Yt HICV MRtthatiXya BK(B6mif@tibe. xymet hyl-2-0 xo -1, 2-di hydro
-pyridin-3 -yl)- quino Iin-3 -yl] -pyrro lidin-3 -yl nethyl} -nethane
sul fonam de ; and, N { (S)-146-tert-butyl-8-(6-hydro xynmethyl-2-0
x0- 1, 227 dTteyese of a pympeliel of foymylad foryghe anylagtrraet ¢ msdigament foppdtmng y Y- 3
-qupthyl%ﬁ;ggﬁhane sul fonam de; or, a pharmaceutically acceptable salt
thereof 20 22. A method for treating a Hepatitis C Virus (HCV) infection
conprising admnistering to a patient in need thereof, a therapeutically
ef f ect i28e Aqieaitiositipn @dbmaricingpeompoacd accdidigg tooclahal adibixe@ githBheast@mkhod of
claim22 further coﬂcongﬁﬁgiqg.adghqgﬁt§£££ at | east one i mune system
modul at or PEHERGTIOSEY s HalIR &Sk CUPPROT SEERE ™ hat i nhibits replication of
HCV. 25 24. A nethod for inhibiting replication of HCV in a cell be
delivering a conpound according to claim11. 25. The use of a conpound of
formula | as defined in claiml1 for treating a HCV infection. WO
2010/ 142656PCT/ EP2010/ 057958 -117- 26. The use according to claim?25 of a

conmpound according to fornula | in conbination with at | east one i mune
system nodul ator and/or at |east one antiviral agent that inhibits
replication of HCV for treating a HCV infection. 27. The use of a

conmpound of forrmula I for the manufacture of a nedicanment for treating a
HCV 5infection. 28. A conposition conprising a conpound according to claim
1 adm xed with at | east one pharmaceutically acceptable carrier, diluent or
exci pi ent.



