WD 2011/ 036128PCT/ EP2010/ 063832 HETEROCYCLI C ANTI VI RAL COMPOUNDS The
present invention provides non-nucl eosi de conpounds of fornula I, and
certai n deoivatidvrs t hereof, which are inhibitors of RNAcumpendenissRNA
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 developlng cirrhosis of the liver and subsequent

hepat ocel | ul ar carC|n2SEggggg2gQiiggggiﬂig%ggéﬂg&ﬁg%g§ikgat|on for liver
transplantation. 10 H f the virus famly
Fl aviviridae that includes the genera flaviviruses, pestiviruses, and
hapacei vi ruses whi ch includes hepatitis Cviruses (Rice, C M,

Fl aviviridae: The viruses and their replication. In: Fields V'rology,

Edi t or sthepresnnt ipyaitigs prayidaginokriugksoside cempoundpioffoainula b, prd eestsin deRavpeimes
PUb|ISh Phi | adel phi.a. P r 199 HCV is

envel opgredh P2 PRiBR TRy pRIER RN et 8RRt ¥a i o efione. o

15 apprexfumir eﬁeytr&uﬂerhb)f Mdvpdnabntgamrmracmﬁ@dtﬁhsnﬁy adc partibhiyrlg osegeiraged 5’
untranslated re en readi ng frame encodi ng_ a pol yprotein

pr ecur d@fHbiggrs aﬁgs? i@tlﬁﬁ?tw @Wfﬁiﬁlﬂw lyardse, a hikitoshet HCY rephrqtioneaigt i ¢
analis'f%@@tﬂ%eﬂﬁéfﬁ%g {: Ct?éz( mai N genot ypes whi ch diverge by over 30%
han S

sequence. ubt ypes have been distinguished. In the
US approxi mately 70% 20 of i nfected individuals have Type la and | b
i nf ect ifRPatitlyO&irtuBid the 1ABINER &L scRIFRHAINR v S 'dmaé’sié@hﬂoﬂgﬁiit he Wetld. F®oYer, @md J
Bukh, dinics in Liver Disease 1999 3:693-716; J. et al. enln
Dis. 1908, %f&mateé)lﬂﬂwﬁwﬁtldaht Ratigntpypigcted Mﬁﬂlé&@‘p’@m@ at: rsskmf develemingt ant t o

R 2P HBRR s b Sl SRR e ool afEudtos ¢ B ffh Fa O\

regionn&ﬁdﬂﬁn&éﬁhﬁ&t@m@ﬂﬁﬁaﬁnencoded in the NS3 region. These proteases are
required for cleavage of specific regions of the precursor polyprotein into
mat ure peptides. The carboxyl half of nonstructural protein 5, NS5B,

conti MCY thes RiA-atespiéindent rrRMbepof thaerras &mifhElabiviriddechatoficlodes thegaicri ng

t t | N .NS4B, d that . of NS (th
o i o R RS P SR IRar Wb B0 oS hPea X VRS iee- G- M
bel i eved,sifyati,soie \Q[fuséskh@idﬁﬂé]r fefphé’éﬁfo‘tirﬁﬂ FRIG @i bIS ? TRded BOW. lFtb‘Fdngvl\/R'\lA

genone are involved in RNA replication Currently a |imted nunber of

appr ovdehiphandahiMsHaweyalimpingbitRaver PublesherseBhilndalphisf PHCUhaM¢ret: 9E)h95%ew
and exi era roaches. f or treatln c

i b R8T G PR ARG s s B A peb [ R Bt ELREIKE B¥ome o6 o,
Sem5 Liappfoxirbitsly,9.4RQITHOV ] g&orﬁ@ccﬁ@&%d Iﬁghlﬁ coﬁﬂer@ddj Bﬁt@@i@lateﬂ refRon
Scientific American, Cctober: 1999 80-85; G . Lake-Bakaar, Current and

Fut ur e (P8 aplpng QPGIU’?F‘@HB cﬁam@ﬁa@?d% a polyprafein precaFsopp Sappseximataly 305y ug
Targ R247-253; P. Hoffmann et al., Recent patent on
experiﬁgﬁﬁg%m%%é?%%gﬁﬁt epatitis C virus infection (1999-2002), Exp.
Opin. Ther. Patents 2003 13(11):1707-1723; M P. \Wal ker et al., Prom sing
Candi dag@stié SalysikeoftMERLHIE MenBficd fik ARUiE é&%ﬂkk htchCdivERs® by OPérB0%4-8f the

| nvesting. Drugs 2003 12(8& 1269-1280; L. Tan et al. ib atitis C

Ther ap WA ssquenes- rMme Bamd sulambsw mermgh@tmgmbgi elsl th%HSmmerqxévatelW@&

e oioy TP asd inRAaR Bty (i ey R clhopd P H LR P RS BE R S
2003 3(A?s)1a 204 F34B. anBRJ B, i0inics in Liver Disease 1999 3:693- 716 J Bukh et al., Semin. Liv.
(1-( (2R, 3R 45, 56% 3, 4-Di hydr oxy 5-h droxynethyl-tetrahydro furan-2- yl)-1H
20 [ 1, Disi99pd2dileaR). Laf febe Tyrg indeatigus isvngrg Feisont to thegrpyyhanathie |
non-in b apLd A I i de anal og.

Ri bavi &ﬁgﬁglgﬁgén&% IrS @g 'algt ?@?’%ﬁggg#%@lsgéderzaloﬁu%%ﬁ %@ NA vi ruses
including Flaviviridae (Gary L. Davis. Gastroenterol ogy 2000 118: S104-

S114) . \Aldl ReyEbsal protdiRiatnes @ Riclbdda Mukbﬂslﬁﬁﬁﬂ$§aﬁﬁmwﬂbﬁﬂﬂ | &ﬁ&h@se
| evel s to nor nal ?n 40% of patlents9 it dgis not | ower serd%?g%%ﬁ?

HOZRNAL iddad/ i HEW addosmceddsityp tsotedsghiarzincadrpendent m@itaéliopgpt@meuegcqéﬁ@m to

i nduce anemia. Viramdine is a ribavirin prodrug converted ribavirin by
adenosi ne deam nase to in hepatocytes. (J. Z. Wi, Antivir. Chem Chenother.
2006 17(1):33-9) Interferons (IFNs) have been avail able for the treatnent
of chronic hepatitis for nearly a decade. |FNs are glycoproteins produced
by |nnune ceIIs |n ‘response to V|ral |nfection. Two distinct types of

Y




15 (Wl ker, supra) Unfortunately, conbination therapy al so produces side

ef fects which pose clinical challenges. Depression, flu-like synptons and
ski n reacwpDans/@sR8associ ated wi th subcut aneous | FN-a amdThPowloys3ss2 anem a
is associated with sustained treatnent with ribavirin. A nunber of

potential nolecular targets for drug deével opnent as anti-HCV therapeutics
have now been identified including, but not limted to, the NS2-NS3

aut opr aheRS2-NINeghbAnp batE@sSEotedlt drtedNS3 theNS8 aggod NTthdsb @rdi&iBs are

pol ymer ase. The RNA-dependent RNA pol ynerase is absolutely essential for
repl i cagqudisdder ¢lervags piginscidic regienesdf thoBicewrier RodriyeteinRRg® atyeeertides. sThenzyme
has el i.c] i £ . h . . .

i bi oo R e o SR b BLER, AR SoaRk ARNACABThLE RN FoSEAe

i nhi bi tThe fotdboniofitleremamsngmdnstroctataé poiteles, NSAA angl N4 B, head plodt pidNSadgtheTo
function.as a chajn.term nator the .25 nucl eosi de anal .nust  be tak up by
t ho eSSV B0 BRORSBAVER BEpsin U 1SR E Bafoe T i a%gﬁw&teatf%qwf the
conpet §oaStriactt pidi@hEebdt 1By BRINCRRASE JBMGhE k! il IRHIRNA $é1Ratidihi S
conversion to the triphosphate is commonly nedi ated by cel lul ar ki nases

whi ch inpart additional structural limtations on any nucl eoside. In

addi t i @rkchtls anedtdd et of apr@plrdsphrapiyd @tiaodildbldot shetthatmént @€ HEWal uat i on
of nucl eosides as inhibitors of HCV replication to cell-based assays (J. A
30 Mar tiffgetign. gNew angl existpigtherrpausic appashes fer: treatingifir¥ infeqtiogiand inhbiljpg of

Chem %Q@@Pﬁgﬁf&)' : 5620 : Q;Eé 0 < W
Tomassi ni et al-. ,ly %ﬂa?em&(@:%%g .ha%%%@neg ;r éé%g@%h%g nmot 15? %Q%O%%gﬁg%gj 162%)5}(])953%1 L.
Cl ark desadglie, A. MMaa B&oanB. RQObieAB(AAye2005 DctdBend®8n 88-86f Gt hekpBasant

i nventi on and eir jsonmerjc for and . rmaceutically acceptable salts

t her epfc_oué?egt f‘al}dts%“‘tﬁlfﬁélﬁfapp’ Ot rEat eR?flngEaYlﬁ'fseIclf’ ?rolﬁ’§?aSFn87ﬁf£r5T |4,

hepat i t,8. pisMRBLI(PP4725%5. P AbHRAAESt 417 RebMit 'iblgtelﬁf)(% SxpBRnt4S BlrdpY for

conmbi nat'ion with each other and with other biologically active agéents,
i ncl udihapetbistC nots infastior 1 98-2008), gxpu@pivofedrsPatarys 3003 h3@1 F:EFWR] 723; M. P.

pegyl at interfegron,. ribayirin rotease inhjibitars, .polynerase

Pon b oGt il ProRfiint F ARt Rios R BT it ihand VR R

nuci 2ot 682N Bags2003UCl(EPBIAYE 2R02$ OO SFani dFWH NAEH BN 0 TisorapgTEyI CBdi at or s,
hepat oprotectants, anti-inflammatory agents, antibiotics, antivirals and 10
ant i i nfSéatts gl Rosseentisateestre VaaoaBiendeivgdivdver 2002 hdg/-88kd. SoWprand &

provi di a [N ' ' CALK ially
W eh othge FEAPRRAPSE R PGPSR KR B EhCRATMLRT Er e REAE T
conpoumdsg Tanant/a@cnPiand03 g3gred-2¢onpounds, various interferons such as,
for exanple, interferon-al pha, interferon-beta, interferon gamm and the

like, as well as alternate forms of interferons such as pegyl at ed
i nt er f dribsdrin AdARRi 3d4S.6R)-8 drBihydtoxgtishyfroddnethyeteiraliydrafidan-adtydr-1dr on, may

be m ni,stered as _an addit.ional conbipati.on therapy with.at |east one of
the b ombochaerdle FrER RS att Wil AR S R B Yol e bR T
devel oprgiit speb@hi detivdtDin0é 186 i@ Qatcd: FabAVNIRUALIOke adtRityQERES soh bl IDNRCS,
LOCTERONTm and i nterferon-a-2b XL. As these and other interferons reach the
mar ket phé &NA Kepyes ircduding Elgibyitidaci(Oaryt hdpapy Gdstherdoinpur’d80 d18:She4pr esent

inventiQn s ticl 4 L.nhi bi I kget
For drig 4l <SR bR R SISl R AP RER S BB

| DX184/402X302tic ik iB 683t (W dr 2@tujn 1e Wl THO VIERNA QRidaY irin GBoSk8bité Gghidrdht,

A- 837093 and A-848837 (Abbot), MK-3281 (Merck), GbK949614 and Gb5K625433

( G Zxo)oxigignpsiois knowa &3, dluca Ay gV regmidiesaiy 2. 1basiringip dug spavested ribavitmpyns 3
pr ot ea i Ifle S t i rneatymang, of
. P e P P i G e TR BV
Vertex), 5CHSO3034 (Broceprevir, Schering), TMc435350 (Ti botec/Medivir) and
| TMN- 194¢eftbidhe (TFXREhaveBebe hvalableefas Bic itiRBinkint Of Shrbiic Bapdtite forsicages defade.
devel opnent include MK7009 (Merck), BMS-790052 (Bristol Mers Squibb),

VBY- 37 8FNvpicatgspproteipksodu s OXSOB mugessily Jn remponso tpvigg igfpg ey i Tygediptinoyx- 500
(Verte [ ] . 20: 6 3 - 5- r
{ar get oy ot AR tp R RRdeblroa: VR RIS R e AphR e gt g0

i N3 thatas typh 2ahiclinddsi ibict fefdNArabinmd | TygpetlointBRons aird prodxedintanlyGsligfesicdi r

(M genix), an inhibitor of a-glucosidasel, caspase.inhibitors, Toll-Iike

r ecept &P?lws*mrg&egt W%Oﬁlﬁ&ﬁ%é@mﬂamo g\]i%qiiloas PRt tﬂ(@érfﬁl@ﬁt&n ofgnapyer e
is currently no preventive treatnent of Hepatitis C virus (HCV) and
currently approved therapies, which exist only against HCV, are |imted.
Desi gn and devel opnent of new pharmaceuti cal conpounds is essential. The
present invention provides a conpound according to formula I, or a
pharmaceutically acceptable salt thereof, wherein: i(l) "R2 RAL RB 10 R is

LT T o Y



(d) phenyl-Cl1_6 al koxy said phenyl optionally independently substituted by
one to three groups selected fromCl_3 al koxy, halogen or Cl1 3 al kyl or
Cl_3- hal osibkyies¢es phenyl, (0 heteroaryl-Cl_3 al koxy wRrETHPR010I063832

het eroaryl group is pyridinyl, pyrimdinyl or 20pyrazinyl said heteroaryl
optionally independently substituted by-one or two groups selected from
am no, C 6 alkyl, halogen or Cl1_6 al koxY; (g) phenoxynethyl optionally

i ndepenRgi@pds| ihcRdbStHCV el ‘bheromd@s tﬁevmlegf@uﬁaﬁ@d ephetks € iobetan, iy G _6
al kyl, hal ogen or Cl-6 al koxY; ridin neth | sul fanyl , 25(|)
het er oéﬁmre%ﬁ%ﬁéﬂfﬁ HEX-BPiAde gad %?Ct@]ﬁ%{%e]ﬁsf* itpesilhyy [EN normalizes serur amino

[1,3, 4]t%%ﬂ§fg£a§@ félvelg. vh rtfuﬁeatglgl?’th% d@ RV B tgm?%ﬁary Cessation of tlrerapy results

pyrazol -a pyrlnl ai d heteroa I's option
i ndependennVyretphstard mde:dlhbyo-d»ﬁ% dxtittitrer mtagtedupml@daén&tsp@% rvatiﬁio_rﬁlahl kyl ,

Cl-6_al k hal |.ky. 3 di al kyl ami no, i
anlﬁ%a @é¥§6@§?8g@¥§§ %Fi O@é@@%ﬁmﬁpgﬂﬂy phen;?-cg_gngrﬁyl2uf¥;n;f,
(k) hydroxy, (1) hal ogen, (m carboxyl, 5(n) cyano, (p) G _6 hydroxyal kyl,
(o) OOk LAt NPV P e od Sllgger
are i ndegestendd yf IFQ\H\)VltEigo@reﬁllyl@th'lﬁjaﬂt(BEﬁb hay fe}ulledn plotcihSwith stitytiroxyy C1_6

al kanoyl, (d) G _6 acyl, heﬁégcarbogéé sai d phenyl_ optignally
.ndepeﬁ@@fﬂvaa%rﬁsawlfla%twrﬁp% condEGoSYRREE agraupc durderag £ 8w €10 §D

al koxy,breﬂﬂln?c%/ mﬁ}{grn%ﬁ’o %@Qﬁ@ﬁﬂ rINW%tZIQ@’]Xh %ﬁ%r g gf@@éf?e(g%r?%ony?r{dyi 1group

is optiona stitut pyrazo
pyriim &DnypdneneardxgHG. CB(&’ZdJuXBHyﬁ al., c(ﬁmb@ih@mppmoazM(Q)Zl%B}}Sé&l;}AoKy)Iz],owskl

i di nyl - I [ t |1 bstituted b
P ar s ThiaRbmddn i ckiabr BM0F 7omy CE4 Al kyl - C1_6 i koxy, - hal sgen.
am no, Cl_ 3 alkylanino Cl 3 dialkylamno, a cyclic amne or Cl-6
o oo St R 208 i apt e oL SRR B Bab O
i ndepemniEnt Cyntyith@88Mirian® PRGKIAN @hfrDReaNts in RudtSn@hEm kespBhdeqRERY Yn

substituted with one to three<§roups sel ected fromthe group consisting of

(a) C156- %ﬁ%xyf patiephs vath gpall fHx T@@ﬁV%ﬂlm)@j@%heF( %i)% KRS 2 e 3H@h0, (0 C1_3

hal pal y c h.one to
t hrf;ag gr S L sé?% @9%%%’19&% o ?t(kg%l—tﬁer% al%1 0¥1uc 1(% q%% SX)vhlcﬁ %
2011/ O%ﬁﬁﬁ&mﬂ&%&@ 1DcPBISER fruZlike symptoms and skln reactlons are a55001ated w1th

subcutaneous IFN-o, and hemolytic anemia is associated with sustained treatment with ribavirin.

A number of potential molecular targets for drug development as anti-HCV therapeutics have

now been identified including, but not limited to, the NS2-NS3 autoprotease, the NS3 protease,
20  the NS3 helicase and the NS5B polymerase. The RNA-dependent RNA polymerase is

absolutely essential for replication of the single-stranded, positive sense, RNA genome. This

enzyme has elicited significant interest among medicinal chemists.

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

25 nucleoside analog must be taken up by the cell in vivo and be converted in vivo to its
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.

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



Re and Ri ndependently hydrogen, G _6 alkyl, Cl1_6 sulfonyl. Rg and Rh are

i ndependently hydrogen or Cl_3 al kyl or together with the nitrogen to which
t hey are wotathsadizBorm a pyrrolidine or a piperidi ne. ReCrgrhydioozsen or

C _6 alkyl. 5 Conpounds of general fornula | can be either neutral
conpounds or a pharnmaceutically acceptdble salt thereof. The present

i nvention also provides a nethod for treating a disease a Hepatitis C Virus
(HCV) Vi wWuSohiakgsitdran, Birim@romidgtrrs uhg Chehb@baRo0s 1a@h.LysEhf ecthtkeerguant i ty
of a caonpound according to formula | to a patient in need thereof. The
conmpourtded &ere? Ul Bi908Y al one or co- 10 adninistered with ot her
antiviral conpounds or i munonodul ators. The present invention also

provid for inhibi li.cation. of H inac b

Do nt SRSttt Tacetbbiad TR iy 411 nihafsifi i emistle «o

i nhi bi tsalﬁ%ere@h@reﬁ[s@ﬁﬁ@ﬁil inny&fihg QRaldh fetiPRsO M ﬁh‘?ﬁc@r?ﬁ@'aﬂ'ﬁ@ €Uhfee@bn, and
conposi tion conprising a conpound according to fornula | and at | east one

pharirackgescs at [iyingbegpvdish gsasan cpabinatiph pathtcaoh 0@%41@ with othesbirlegioHy as e
f tity;
ea arrglr élcf% 2&%9%5 ﬁ%%ﬁﬁl&bﬁﬁ? got?l?r{lﬁ"édﬂ' to tﬁé %[?%B c8ns(m1?1§ g{{%{f&gﬁ g ]%e%giatedn ity, for

COWDOUﬁﬁerfA‘@)n§ﬂib‘dilar1ﬂ peott e iBhibieors, (pbﬂym@ﬂse)mhfbﬁﬁh% afalMteteringMNAat | east
one" can be used interchangeably herein. The phrase "as defined herein
above" cpEpayrdsy gntisprscispaRaBads, peglsatide .aafhlog%mu@aweg%%lp@d@%wi%ans,n t he
br oade I 0 {s which
can besi Sﬁb?ggg%%&?%hggﬂﬁ&8&05 hgggﬁg%gmgﬂﬁgaggngﬁggwg%%uﬁgﬁ%ﬁy efi ned

r et Hl n ahhmfdetivadespowdesi Suth mnhnnalwndhdapﬁmaga abd comptikd grosplég 4 cappaund,

whether in atransi |onal hrase or in e. body of the claim the terns
" compr % &isveraig eﬂE%WﬁP? SR eenenyly ik e&ﬁ Bedigmakagat Oﬁ@%tlators

open- eRgdad, FEBaRIHand HeRted c%mpbtlﬁdst Gdktadin€ aﬁd)ré?aﬁed E‘Gﬁécﬂfnﬁﬁ %ﬂéﬁ(ﬂ"ﬁ’l@f@%’lﬁ' y

with the phrases "having at least” or 25 "including at |east". Wen used in

t he contexas, &fr eaalppbcmfermhelph@nmeffwmqt@ iimef ferme gamntarvatl tlumlekq@ras)welé 8s

| d t t t dit \Wh
Loeq e R BRtL o MG SR e gk s Tetnt oA R AR SR s bEP 5 "
mears trivatirihhed GRaereendmey be Wh#@tdbtd 3@&2%&&?8&&%&%&3&@53 withQARQ§ t 1 on

i ncl udes at | east the recited features or corrponents but may al so incl ude

addi t i onapf fregompesndsrofeempssrshinyentitie term "i ndependent|y" is used herein

to indicate that a variable is applled in any one instance wthout regard

to the esen or abse ce of vari.abl ving that s or a fferent

def i ni (BFT 15 HFTRS GUPRE SR fv BRI U uil IntarRrop-E g SRHETPR-

appear SyitMh R 4. OCTEIRONTE dn @ fhtcrfRGRBEMIRNT IAY (RRE laﬁ?d[‘ ofder Hl'térfe?&%r}eachtiﬁé h

R's can be carbon, both R's can be nitrogen, or one can be carbon and

t he ot hmrkfrtplaﬁ@‘g@m usiNnesoraingatipartherbpew(th cgmpoRids OIME prégent MyemfonHet ) occurs

tha time in any noiety or formula depicting and descri bi ng

n@ouﬁaé 18%’8?10yed or claimed in the present invention, its 10 definition

on each occurrence is independent of its definition at every other

occurr i
e L S15f pofiRmeFRIRKRRRBRL AR R, SPPURL i AR By
"xtoat imdhedecrd 626, Ry 728 dDAIT84ADAMA2 t FIF-86R} 44 PHhoamy \&&d 4750 €VeoChamy, IG65- ﬁtﬂ()nt

Che’ monGagrD: an Ay e LAl Rk SRR EveaR o PRl ik Sipeft"
wher ei EG@J{O p@qAﬁg(&{adyﬁl\@@(yt@()ﬁg\ﬁgoBa v\ bond drawn into ring system (as

opposed to connected at a distinct vertex) indicates that the bond may be
attached to any of the suitable ring atons. The term "optional" or

" op23 onahibiyors @$ thesedVheseprotdaradiso hdvatbean sidshstelianiotontdls asdfbledr avanicnor 20
ci rcunst ance %/eﬁ but._ need not, occur, and that the description_includes

i nst an@é&IGhdre Wén]ékl?éﬁfts i £ linipaldtips inehds Vs PS TalRprey s Y s sS CHSWIBAN i t
does nqrgmcggfevﬁxmh  TRR4:393b [VingiPatddith et 1TRANSof (Rferhlif) ORSthgnal | y

subst| tuted noiety rra i ncorporate a hyd rog n or a su tuen term
" about "protsasasedbines @i earhiar shapas ohgprebpinmrat eelpde MKT009 (MxgclonBdfS-79@sghl y, or

ango. (BREURRTCE T PYa0 Dbty bR AL KR arm e 48ee "ana. bel ow

t hesunBbéiGa ?)avpteﬁ) gj?ﬁxﬂﬁ%%@ﬁdﬁ& the term WO
2011/ 036128PCT/ EP2010/ 063832 - 9- "about" i § used herein to nmodi fy a

nunerical val ue above and bel ow the stated value by a variance of 20% As
used herein, the recitation of a nunerical range for a variable is intended
to convey that the invention rmay be practiced with the variable equal to
any of the values within that range. Thus,



5 for a variable which is inherently discrete, the variable can be equal to
any integer value of the nunerical range, including the end-points of the
range. SiwoDl2arloge12Bor a variabl e which is inherently comRrCirmrous/063sBe

vari abl e can be equal to any real value of the nunerical range, including
the end-points of the range. As an exaffpl e, a variable which is described
as having val ues between 0 and 2, can be 0, 1 or 2 for variables which are
i nher erdthyr taigsrfet anti-AOWV thanphandd ilvdtigdlioh,indudleyc®pBlibh, inbibitanywidtier real
val ue for_variables which are inherently continuous. Conpounds of formula I
exhi bi Rk ROHEPINd to NN BnBitaze bR SEHPs VA igish, an snhibitor of arglpcosidase-

| nt er cqnyanh aBhEpABECTAR K PRREAE ARd AULARID FRMG SLEPE Ziefi orat i on
of a covalently bonded hydrog atom bet ween two atons. Tautoners generally
exi st i(Rci€tprie).i bri um and attenpts to isolate an individual tautoners

usual |y produce a m xture whose chem cal and physical 15 properties are

consistent with a m xture of conpounds. The position of the equilibriumis
dependdiereoin cetienlycm preetive satimenhe it ensditing] wagl(HCVp@nd ewaemslyeappravedany

al i phati es . Kk -t t form
predonﬁ%%]%§9&ﬁ¥ﬁg%“?ﬁggﬁgﬁgﬁgﬁc?ﬁg&gﬁgﬁxﬁggégggg%%%&%ﬁ%%%ﬁ%g%%%nn

pr ot ot mphpintack@idade@hsounds isudeenkiel o/ enol (- C(=0)-CH ' =? -C(-0H) =CH),
amde/imdic acid (-C(=0)-NH'"=? -C(-0H)=N-) and am dine (-C(=NR)-NH '=?
-C(- 20 NHR)=N-) tautoners. The latter two are particularly common in

het er odhgIpresant ihedngioo pyetides arjonpouach dedohding teeemtlai lnvenphamaenutionthasses al
tautoneric Egrnﬁégf the.compounds. It will be appreciated by the skilled
arti sakR fRE S IFO H@ﬁ gﬁpounds of formula | may contain one or nore
chiral centers and therefore exist in tw or nore stereoisoneric fornms. The
racemates of these isonmers, the indivigual isomers and m xtures enriched in
one enantioner, as 25 well as diastere@mers when there are two chiral
centers, and mixtures partially,enSgtfedzwit h ecific diastereoners are
within the scope of the presenttiIn o Jt |1 be further appreciated
by the skilled artisan that substituti@n oR the tropane ring can be in

ei ther endo- or exo-configuration, amn he present invention covers both
confl gur,ati ons. The present inventi&% inBIudes all the individual

st er eoifs dfrghenyf ar @yrlﬁmel@pn@%hyﬂbstw@é Wi avcye trexsgiepppeslactad frym 8 gresp| ved
nixturggnﬁ&ﬁ§ngconpounds of forrmulae |I and, where appropriate, the

i ndi vidual tautoneric forns thereof. WD 2011/036128PCT/ EP2010/ 063832 - 10-
The racenat es n Psed as such or can be resolved into their individual

i soners. The(ﬁggb?ﬁ {on can afford stereochem cal |l y pure conmpounds or

m xtures enri@heds kogyle or nore isomers. Methods for separation of isoners
are well known (cf. Allinger N. L. and Eliel E. L. in "Topics in

St eleocheni st(eyhaloggs, . 6, W ley Interscience, 1971) and include physica

et hods S _such) A SREQTRKARY ARBYN UL OBhaB0f AboRAAL BNlin I8 M ahree

isomers can b In ecursors.

Al ternatively i gthups dtladted Somel,S; atlasxybkralsgparrdd gdilighenCeahblgatkylom a m xture
by form ng diastereoneric salts with a chiral acid, such as the individual
enant i omers df) RE¢hnphor sul foni ¢ acid, canphoric acid,

.al pha.-bro oy i i i 2 ] Gt ACA lic
p ”Rg%&r?gé}% fcae 'aﬂilom‘% bR the %ﬂet ﬁ?q| g?tﬁlgjt ¥ :p?ﬂg{i:l:n?{) hg\illﬁlgdl% Jra

acid, pyrroli -5-carboxylitc acid, and
cry3tal lizing thgragalyt siid beteronhé nptioredy meepamlcotly bdishtudéd bhener @swb\geaups

bases, optionally repeating t pr.oces SO ohtain either or both
substantial |y fﬁégc%‘fg?ﬂ]@”g{"ﬁg&f qﬂ?yi.el,la?‘?g?na?r?%ﬁ &¥ing an optical purity
of >95% Al te(fg?‘ﬁﬁén\é%lﬁeﬁlgl?oﬂtfé%lm@hﬁé GRBntREs BNy e lor BKE GrduBs Sel&died al
conmpound (auxiliary) to produce dlasgereoners whi ch“can be separated by
chr omat ogr aphy &enpyminpactd dkpll halegental Ciscadicoxoh after which tine the chira
auxiliary is @%enylgHjeﬂ{?nﬂ%gqrto afford the pure 15 enantioners. The
conpounds of PriTsY navaoh¥ain a basic center and suitable acid
addigion sal t) I&Eeﬁ‘oi@rﬁﬁ&eﬁlﬁﬁﬁh@céﬂod@l‘gfm%hs pafidh o Nk, 3, aYixadiaad112syl, Exayspl-es
of salts of inorganic acids include the hydrochloride, hydrobrom de,

hydr oi odi de, chbﬁmléél,e-%ybmé?b[le&ahw,rmg flayleandppigh hetaparyl wioptonadly

phosphat e, hydr -C i i ncl ude
acet at e, funaraﬁggﬂggggiagg%g?nasgarkgég?%%g§%¢§f%§xﬁgggggé?g%&gﬁéﬁrbonate,
cansyl at e, D andlkbxy,datogee, anbnend slalk@daminat €, ; éaidydne@no,mesyliatmineal onat e,
orotate, gluceptate, nethylsulfate, stearate, glucuronate, 2- napsylate,
tosyl ate, hibenzate, nicotinate, isethionate, nalate, nmaleate, citrate,

gl uconat e, succinate, saccharate, benzoate, esylate, and panoate salts. For
a review on suitable salts see Berge et al, J. Pharm Sci., 1977 66:1-19
and G S. Paul ekuhn et al. J. Med. Chem 2007 25 50:6665. Technical and

o o o, Y




In a third enbodi nent of the present invention there is provided a conpound
according to 20 formula la wherein R' is p-phenylene optionally further
substi t utwo 2by/d3el28gen, Ri b is NRaRb, R2 and R4 are hydrogaEr268/06383phenyl
optionally substituted by halogen or G _6 alkyl, Ra is hydrogen and Rb is
hydroxy-Cl_6 al kanoyl, G 6 acyl, optidnally substituted phenyl carbonyl or
optionally substituted heteroarylcarbonyl. In a fourth enbodi nent of the
present i nveny)ghenylher calkgsyifadyl, ded a conpound according to 25 fornula la
wherein R' is p-phenylene optionally further substituted by halogen, Ribis
NRaRb, R2 andk%EWHPé%hydrogen, R3 is phenyl optionally substituted by

hal ogen or O_g%ﬁq ¥/, Rais WO 2011/036128PCT/ EP2010/ 063832 -12- hydrogen
and Rb is opﬁiona y’ substituted phenyl carbonyl or optionally substituted
het er oar yl car(broptboxyl,In a fifth enbodi ment of the present invention there
is provided a conpound according, to fornula la wherein Rla is optionally
substituted gMpR%NYI ene, Rib is optionally substituted 5 heteroaryl and R2
and R4 are hydjegehydrbRyAkyll Xt h embodi ment of the present invention there
is provided a conpound according to fornmula la wherein R" is optionally
substituted pppRONR®Ie, Rib is optionally substituted
pyrazolo[1,51§%géﬁ'nidin-2-y|, R3 is phenyl optionally substituted by

hal ogen or G.ﬂ 1 and R2 and R4 are hydrogen. 10 In a seventh

enbodi ment  of (riNTeC@ BFER", ddavention there is provided a conpound according
to fornmula fornula la wherein R' is optionally substituted p-phenylene, R b
i s ¥ am no- 5-(yekyyegr azol o[ 1, 5-a] pyrim din-2-yl, R3 is phenyl optionally
substituted by halogen or G _6 alkyl and R2 and R4 are hydrogen. In another
enbodi in j i s provided a conpound according
to 15 K?%?ég%lg%\}\g%?%?ﬁ}%3¥§ pa?]iiao&ngﬁ)lrts 2Substi tuted p-phenylene, Rib is
optionally substituted pyrimdinyl, R3 is phenyl optionally substituted by
hal ogemR®aind R (§) takdayihdiRhaR2 aNAddpénddnelyhy dr ogen. . I'n an eighth _
enbodi nent of the present invention there is provided a conmpound accordi ng
to fornmula la wherein R'" is optionally substituted p-phenylene and Rib is
optional |y sulpCit aikedycatbophlenyl - CL_3 al koxy or optionally substituted

het er oar yl - 6‘!ﬁjggxy. In a ninth enbodi nent of the present invention there
is provided Wﬁﬁhnd according to fornula la wherein R" is optionally
subgg i tuted P PRaRYLRES aMdndL0 1s optionally substituted benzyl oxy and R2
and R4 are hydrogen.” I n a andther enbodi nent of the present invention there
is provided ad¢bmpewdd according to 25 fornmula Ila wherein R' is optionally

substituted p-pyridjnyl ene a Rip is optiagnall ubst .t ut.ed benzyl oxy and
%o and. R ar dehuiSlatbory el Rhshy borudly indhec b e S HEaeb B ound
sel ected from | ploupQ sdie@& irBmABLdkdxy, hM) BREM036128PCT/ EP2010/ 063832 - 13-
In a el eventh enmbodi ment of the presént invention there is provided the use
of a conpoundieligtopaiylrgriooyf wheraingaid hgtespayhetop lise opmallRsubshihteipgreolas
defiped herei nabove, for treati a HCV infectiopn or for the preparation of
2 rtl canent. 1of Trev ekt Rt P e i ot R enbodt men
of the present cnbemlipgraziheryechibodylOpyrithalyaafmpbianthaceafytiafigpnld 5
formula | wherein le, R2, R3 and R4 are as defined herein above and at

| east one i mmunePEgredlEmIbERIPADY PRaPTter SrarDy ladependarily splertod fiam Ggeakyh hat
inhibits replicati 0 reati i nf LHon: ar : a
conpound accord?%ﬁQ@%g$€§%¥F%’%n&ﬁégé%%gygﬁmggfhﬁgﬁgﬁgagwgé?Eggg §§?€%%d
herei n above and,athydeastlkoxe i mmune system nodul at or and/or at | east one
angiviral agggt %Sat inhibits replication of HCV for the preparation of a
medrtanment fde PHECES At nent of a 10 HCV infection. In a thirteenth

enbodi ment Of(fz'zt) bkep 'Ed?%%ﬁi%{« witR{EOhitBBer RELGch thepaRVitBRAed £1€ a58idmie cOMPOUNd
accordi ng to . ormula wherein le, "R2, R3 and"R4 are as defined herein
above dhdindRaeasdepmdentiymuytizogys Cennlirplder rdicoyl. sel ect ed frominterferon

i nterl eukin, tunmor necrosis factor or colony stimulating factor for
treating a disease caused by HCV or for the manufacture of a nedi canent 15

for trdhtip Abeny! aptiengly sebptibEer with pes/to thieegrowns selsetst Aroahths @romrongisting el
present N AVeEnRt.do e L i ded C 0 khg to

For ml 31 CRRTRTD (T ' ) RO R KR g B o B PA AEADRA LR 20

i nt¥r f dwydroxgrorg Bentwdddllyy] detionadlyi widdonantbehdfee panuph e¢ledtedfd Mgy salityCihalogen
infection, or the use of a a conpound according to fornula | wherein le, R2,
R3 and %R%14FEO%% defined herein above and an interferon 20 or chemically
derivatized interferon for the preparation of a nedicanent for treating a
HCV infection. In a fifteenth enbodi mrent of the present invention there is
provi ded the use of a conmpound according to formula | wherein le, R2, R3
and R4 are as defined herein above and another antiviral conpound sel ected

N 4 o . - o o N ~r




In a sixteenth enbodi nrent of the present invention there is provided the
use of a conpound of the fornula I wherein le, R2, R3 and R4 are as defined
herei n abwoeondsseed with at | east one 30 pharnaceuti calPCy/ERe@optisht e
carrier, diluent or excipient for inhibiting viral replication in a cell.
WO 2011/ 036128PCT/ EP2010/ 063832 -14- |f/-a el eventh enbodi nent of the
present invention there is provide a nethod of treating a HCV infection in
a pati &itant R’ neeiddéfradeanfy ldmehs noelednTni siifmniyng a therapeutical ly

ef fective anount of a conpound according to fornula | whereinle le, R, R3
and R4 are as defined hereinabove. In a twelfth enbodi rent of the present

i nvent iRfrengd lRrae inslependentdiehydrogmodCiofalityl eatdgaficawitthdnifragectoivdrich thep

pati ent iQﬁ%ﬁ%ﬂﬁthereOf .onprising.co-adninistering a therapeutically

ef f ect Ve PR YOS Ohd PRES S ng to formula | wherein le, R, R3
and R4 are as defined herein above and at | east one imune system nodul at or

and/ or at: anfiiMi ral agent that inhibits replication of HCV. In a
thirteéﬁ?ﬁhgﬁgggﬁﬁga?ﬂ%$wihe present invention there is provide a method of
treating a 10 di sease caused by HCV in a patient in need thereof conprising
Cco- MYnoRhiNEr @ntREFARAI T Galvekittéd Ratr V& nHRHMN o0f plaregdmaLNs, accor di ng
to formula | wherein le, R2, R3 and R4 are as defined %erein above and at

| east @AecPiabiIH tBgrselem nodul ator sel ected frominterferon, interleukin,
tumor necrosis factor or colony stimulating factor. In a fourteenth

enbodi nent _of the present inyention ere i.s proovide met.hod  of ting a
HCV 15 HHRAESEMGRVTNOR 28 IrAEes DR fengeioe b dBRBYFi _WgtIE%e%ﬁmi ng a
t her apgiiii ﬁﬁ%étbbn%fagﬁgh%%riﬁg‘é Yo Rt | SR BRERS SH DR uh @ LBk dind to

wherein le, R2, ( are as definéd herein abqye and an interferon or
cheni cddimulaéta ¥ paticobth nead ercrentodhe bampotridf das datadmanmsodid mmie oofcot he pr esent

i nventign.t.here i. ovide. a nethod,of .treatin HCV infection in a

ot [toncamiigag wRubET LS CEE e ReEPERRIita t her apeuti cal Ly
effective 20 anount of a conpound according to formula | wherein le, R2, R3
and R4 -@ar i rel 0 I, M : el ected
from t naegrasaiBbufied 8 R RIa GER RraRRbi L ARl BLHERTRAILS

pol yneradsenistahinda teampowndrCrbridelg to dsmenula hinbdirt anquna cHEivorto mstet HAM. bi t or and
a HCV fusion inhibitor. In a sixteenth enbodi nent of the present invention
there is provided a nmethod for inhibiting viral 25 replication in a cell by
del i verlibggrescnthayensientaiseaire yidest# phermgesutip gamposition eempidimgla edmpeiadf or nmul a

| wherei i rej i i t t

L enst as@rifdalih OR £l Sl i E e Ao A Mooy,
2011/ 036128PCT/ EP2010/ 063832 -15- In a seventeenth enbodi nent of the

Pr epENtTHMRERL FONOA RGP Entit$ aPLVIHAGN R rERTPORL &1 BB CATRI RIiYIfA AAPRUNd
according to formula | wherein le, R2, R3 and R4 are as defined herein
above admpreat xeifdrh toaonel cradre compplrals vaeeletdst oat bympardptistrueh,dbe tarms ;a”

di l uent ox cipient. 5 The term "al kyl." as,used herein wthout further

i ¢ at et o Grivers”BfE SR 8RS e sR R PG atbibe an unbr anched
or branched chain, saturated, nonoval ent hydrocarbon residue containing 1
to 10 r b r Bovi Qe & . - r.aj r ed
chain ﬁgﬁ?@%ﬁ?ﬂ%ﬁﬁﬁgg?5%%5%%%¥%in|n%éfhggﬂgggggﬁﬁﬁug%g%égagg%ygazpégP&Has
used hen gierbrogfestr daitro lanllalthey lembodipesiecprotiddd bdo 6, abstimasts wWhidnqheés of
R L T
neopen&g$ﬁd@§xyl, and octyl. Any carbon hydrogen bond can be replaced by a
carbon deuteriumbond with departing fromthe scope of the invention. The
definitions described herein may be appended to form chem cally-rel evant
conbi nats 1388 in ScdpeéiSicatival ahethbkivilaakatsitiondllr-aalok yd thetbedpaf ghk claim, the

"aryl al kyl heteraocyclyl,” "al kyl carbonyl," 15 "al koxyal kyl ," and the I|ike.

When t fmise pompsaky)| and Scopuigings ate tobeARRIIERY anndvgeHoinserended meanisg i n
"phenyl@l. kyl o.n y X . Sl Sl i ef #_al kyl
R e e e
sel 2ct éhcfudinp dtheastt Merensipatinfthe edityst o apeb agsw te. terhin UsompfrBingd xamaps$ that the
"phenyl al kyl " fers to an al kyl group having one.to two gﬁgn | .

subst i thlf ginclyes ﬁttﬁ%?ét i 6?%&%3%&@ i QAR ﬁﬁm in the,

" al kyl aBhiQ@d fYdompotndBr 8dydsit@nOHR t&fh NBPRGin@N Gachls thdPthd kb e ds
substituents. "Hydroxyal kyl™ inciudes 2-hydroxyethyl, 2- hydroxypropyl,
1- (hydr oxynet hyl ) - 2- met hyl propyl, 2-hydroxybutyl, 2,3-di hydroxybutyl, 2-
(hydroxynet hyl ), 3-hydroxypropyl, and so forth. Accordingly, as used
herein, the term "hydroxyal kyl" is used to define a subset of heteroalkyl
groups defined below. The term- (ar)alkyl refers to either an

o, o ] - a . o ~ -




5 defined above wherein 1, 2, 3 or nore hydrogen atons are substituted by a
hal ogen. Exanpl es are 1-fluoronethyl, 1-chloronethyl, 1-brononethyl,

1-i odonetwol2o11dizbi28or omet hyl , trifluoronmethyl, trichl or @CEtEPRI10/063832
1-fluoroethyl, 1-chloroethyl, 1 2-fluoroethyl, 2-chloroethyl, 2-

bronmoet hyl, 2, 2-di chl oroethyl, 3-bronoopyl or 2,2,2-trifluoroethyl. The
term"fluoroal kyl" as used herein refers to a hal oal kyl noiety wherein

f1 uori rRempssitibe indaldeg eleast the rbéitddet dtured by bompsnetiSebuthedyedlsy mefude addidoieny|
ring which can optionally be substituted with one to three substituents

i ndepederaWich T CUPRVIERE: fr om hydr oxy, cyano, G _6 alkyl, G _6 al koxy,

hal ogen, hal oal kyl, nitro, al koxycarbonyl, am no, al kyl am no, di al kyl am no,
unl ess .ot herwi.se indi caled. . The t.er.m "henzyl" .as. use erein refers to a
CoHB o At AR Priscbrih o g BRLA Yerias S isiipfied Wpth ok fisBt ut eq
Wi t h oRg@tHoRt fl3hREo $ {dnbebt ShsafcedFaGhtiMed hatify ehat m@by4 diféine8sfinition

ot herw se indicated. The term "phenoxynethyl" as used herein refers to a
PhOGH2 witharl theshmgisemppwnd: fup e appmpoynyl ingvidelhRo peicerrdice 4id is d¢fstediagt ed
with on th L. S @esclibe oye,. for . unl es "

ot herw gléi%]ig)enngf {éﬁ Ce%blgg%g ﬁfﬁgg%ne‘r %Sth %a? g%le]%'&é&%’ ﬁ(g ofg Sggﬁ ﬁés télg%%g? &l ? o n?rgans

f1 uori ren bebirdon Bed theothesr ARrogen. | odi ne. The terms "hydroxyal kyl " and

"al koxyal kyl " as used herein denotes al kyl radical as herein defined
wherein one to three hydrogen atons on different carbon atons is/are

r epl ac aihdnyaryydrioklyl(c.gr, Rl Réx4r. g ou bkt rass s andre dhap. ona tiBk i8 aay kayisty Gt 6

al kyl iety refers to a C. 6 alkyl .substituent, in which 1 to. 3 dr ggen
AR S R R A U TRt P o Ceh e o ol

al kpxy definitiB® oReNELEccaiemde iJ lch@ideht SHBRIRTinDn Wb 8ebri81Rl BcduftbfécS Alfo,a
carbon linked to a nitrogen by a triple bond, i.e., - CGN The term"nitro"
as usedordmafiany ef by ituentgangygurialeparc premisgib g ondai sestycomppugdetsskieei n
refersSF$kgw9$QMBd§CI2H. WD 2011/ 036128PCT/ EP2010/ 063832 -17- The term
"acyl " “(or alkanoyl") as used herein denotes a group of forrmula -C(=0)R
wherein R is hydrogen or |ower alkyl as defined herein. The term or

"al kyl eapRoRgbis "as ;Uuaeen IS £hdhddpmot-es- a GLeHBhel 2bHM &ckhl) 3 thbpsigi N R
is alkyl a5 defined herein. The term ClL 6 acyl or "al kanoyl"” refers to a
group -ofgttahmeobef afunctiortadg®upar bther atcwmsal rMdiety@ theagbt of tloupoiesult loé wharhmy |
gro 5cherﬁiﬂ R = Hand a C6 acyl group refers to hexanoyl when the al kyl
chalh i"s*&dBta @Heg?e¥ﬁ8 ?ernl"arylcarbonyl" or "aroyl" as used herein
means a group of fornmula C(=0)R wherein Ris an aryl group. The term

"het eroaryl carbonyl” or "heteroaroyl"” as used herein nmeans a group of

f or mul au&(=0)dRWheF&i Rt R ,j—s@norhe-l-c(})agj:}}r Wg(=dl5t)e-<]ar m "benzoyl " or
"phenyl carbonyl " as used heréin i§ an "arylcarbonyl" or “aroyl" group
wherein R is phenyl. 10 The terns "am no", "al kylam no" and "di al kyl am no"
as used herein refer to -NH2, -NHR and - NR2 respectively and Ris al kyl as
def i nech BORV@awh oM sbtkvl (206 HeREd Rtdoasdtesd 4tQ dstict {’ré?&QFiﬂd[bafbs @haRktiey |

noi ety can be the sane or different. The terns "am noal kyl ",

"al kyl dendouyibglattaghed to anaeikipe awiablraling/4tomss used herein refer to
NH2(CH2) "-, RHN(CH2)"-, and R2ZN(CH2)"- respectively wherein nis 1 to 6 and

Ris alkyl as, defined above. "Cl-10 al kyl am ng" as used 15 herein refers to
an al kyI&ETAY FRIPRELY O ienAl] Ryiscd Bor f_r&%ﬁnsmaﬁgbwu?ﬁm% AGYIRET ysed
hergj n hefiBlandctnaNiithnd e ioRclZhad Rk & RE BERripfoP Rt luaBainkdn&URectd wbed
phenyl group. The term"cyclic am ne" as used herein refers to a saturated
car bon evém@r cgoumnsiangicrngeds end Sistapcd i avhivdnit doemot.aEomkehinnéed “esowelly and
wherein at. |l east on f, the. car bo t s, replaced by a,heteroatom

sel ect SO IURT  ResE It s miorely b Brted mernrERe oGl AFOERTR T gi ne,
20 pi peuesgitngt. nor phol i ne, thionorpholine, di-oxo-thionorpholine,
pyrrolidine, pyrazoline, imdazolidine, azetidine wherein the cyclic carbon
atons are optionally substituted by one or nore substituents, selected from
t he gr dinp tean%sibsti"ngusetl hhalingensanmpgracmatephanthk rediowef, ralghiyl, or howsd. al koxy
or 2-h ogen atgps op.a carbon.are both replace by oxo (=Q). Wen the
oyt CARE s oa S ST Tior MoterarS i ke b B bh R e bY

subst i tWtBdin@¥hdbod@idydbovCladb AW hhe fekneral Sal@dsk Prhf Bieherall ik fefth ™

"al kyl sul fonyl"™ and "aryl sul fonyl" as used herein denotes a group of
formula - S(0)2R wherein Ris alkyl or aryl respectively and al kyl and aryl
are as defined herein. The term Cl1_3 al kyl sul fonyl am do as used herein
refers to a group RSO2NH wherein Ris a Cl-3 al kyl group as defined
herein. The terns G _6 hal oal kyl sul fonyl, C3_7 cycl oal kyl sul fonyl, C3_7 30
cycloal kyl -C1_3 al kyl -sul fonyl or C _6 al koxy-Cl 6 al kyl sul fonyl refer to a
conpound, S(0)2R WD 2011/ 036128PCT/ EP2010/ 063832 -18- wherein Ris G _6

L~



"pyridinylene" as used herein refers to a pyridine ring with two open

val ences. The ternpl5 pyridinylene noiety has two regio isoners (i) and
(1) wherwoOnotv/easB are different. (1) Conpounds of thecCprEPs@nteisayenti on
and their isoneric fornms and pharmaceutically acceptable salts thereof are
also useful in treating viral infectioffs, in particular, hepatitis C

i nfection, and di seases in living hosts when used in conbination with each
ot her 2mEbbuth ishiset heeinkéd eloddfly @atulmeridfl attd abevagahbdow iticdtatdd Rglub by anot
limted to the group consisting of interferon, a pegylated interferon,
rlbaV|ﬁPHm“§ﬂ6@aéSe i nhibitors, polynerase inhibitors, small interfering
RNA conpounds anti sense conpounds nucl eot i de anal ogs, nucl eosi de anal ogs,
i mmunog| obul i,munonodul.at or s rotec nts t.i-inflammtory
Lgent s AIRFt bitgin. LE TR of Andiie SRt JPh T watr b Sunabipsomad i
conbi n%ﬁx’e‘ﬂﬂoﬁ RRK DR Yratei¥cBivER tIEOMRIabREqRAIAY laf BHthe vﬁ@t@p%tﬁﬂl t@ht rdRed MAus,
invention either concurrently or sequentially with other nedicinal agents

or pot deitd wrbl whigh ks inygnenidy disgee1 the PariltPogy by gBBBRANY Igcgayahiclwdia i n
d rel |
o £ o BRI RO ACAS AN Bhal SRR OBLR M RN

i nt er f eflncrgBrovatidudist the vhmd{ﬂae casben®jubl tdsin@kdat Kalat ef fremumcoitalirbtigy f er ons
such as Wiqylated interferons. Additionally conbinations of ribavirin and
i nt er f d¢d Be-PRdHS Af e 63188 As ety wHablecdHph haerGibed RehaYE wi t h
at | eashnrs 9&@169;1 Otaﬁg2c% %l{)n(li%r Offod 9&&1&8[@@% th erYtﬁfé}énﬂP 31§cfbt9 %ﬁ? can b

enbodi nent, the conpounds he present invention according to formula
areuhs@d)mm.@dﬁbﬂﬁﬁlunmmypﬂhrnthMuaﬁﬂnundﬂhewhmha&nnhmagmﬁdnmmnsmnr agents
to treat patients with an HCV viral infection. According to the present
invention, the active therapeutic ingredient used in conbination with the
conpour@neroupteoifoegead exhiberieytomedsm. Eéutaﬁlyrlag@rnpom@\? cagcdstasdvapemore 10
effect ofm, r |on
For - oxdpean e e eE o b el B A i OHEo R G R BERY, 1
pr esenthydfogen hﬂoﬂﬂbeﬁ@@etbt@vd abdek.f Tnaosersrdchadily existinabogisriuii@vd M&Bmpfsab eas e
i nhi bitors, nucleoside inhibitors of HCV pol ynerase, non-nuc| eogside
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The compounds of formula I may contain a basic center and suitable acid addition salts are
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,
phosphate, hydrogen phosphate. Examples of salts of organic acids include acetate, fumarate,

20 pamoate, aspartate, besylate, carbonate, bicarbonate, camsylate, D and L-lactate, D and L-
tartrate, esylate, mesylate, malonate, orotate, gluceptate, methylsulfate, stearate, glucuronate, 2-
napsylate, tosylate, hibenzate, nicotinate, isethionate, malate, maleate, citrate, gluconate,
succinate, saccharate, benzoate, esylate, and pamoate salts. For a review on suitable salts see
Berge et al, J. Pharm. Sci., 1977 66:1-19 and G. S. Paulekuhn et al. J. Med. Chem. 2007

25  50:6665.

Technical and scientific terms used herein have the meaning commonly understood by one of
skill in the art to which the present invention pertains, unless otherwise defined. Reference is
made herein to various methodologies and materials known to those of skill in the art. Standard
reference works setting forth the general principles of pharmacology include Goodman and

30 Gilman's The Pharmacological Basis of Therapeutics, 10th Ed., McGraw Hill Companies Inc.,
New York (2001). The starting materials and reagents used in preparing these compounds

generally are either available from commercial suppliers, such as Aldrich Chemical Co., or are
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prepared by methods known to those skilled in the art following procedures set forth in
references. Materials, reagents and the like to which reference are made in the following
description and examples are obtainable from commercial sources, unless otherwise noted.
General synthetic procedures have been described in treatise such as Fieser and Fieser’s
Reagents for Organic Synthesis; Wiley & Sons: New York, Volumes 1-21; R. C. LaRock,
Comprehensive Organic Transformations, 2nd edition Wiley-VCH, New York 1999;
Comprehensive Organic Synthesis, B. Trost and 1. Fleming (Eds.) vol. 1-9 Pergamon, Oxford,
1991; Comprehensive Heterocyclic Chemistry, A. R. Katritzky and C. W. Rees (Eds) Pergamon,
Oxford 1984, vol. 1-9; Comprehensive Heterocyclic Chemistry 11, A. R. Katritzky and C. W.
Rees (Eds) Pergamon, Oxford 1996, vol. 1-11; and Organic Reactions, Wiley & Sons: New
York, 1991, Volumes 1-40 and will be familiar to those skilled in the art.

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

. 1 2 3 4 . .
wherein R, R”, R” and R" are as described herein above.

In a second embodiment of the present invention there is provided a compound according to
formula Ia wherein R'* is optionally substituted p-phenylene, R'® is NR*R®, R* is hydrogen and
R is hydroxy-C_s alkanoyl, C,.s acyl, optionally substituted phenylcarbonyl or optionally

N” R’
A

R R’

substituted heteroarylcarbonyl

In a third embodiment of the present invention there is provided a compound according to
formula Ia wherein R'* is p-phenylene optionally further substituted by halogen, R'” is NR*R”,
R’ and R* are hydrogen R? is phenyl optionally substituted by halogen or C, alkyl, R* is
hydrogen and R is hydroxy-C_s alkanoyl, Cy.s acyl, optionally substituted phenylcarbonyl or
optionally substituted heteroarylcarbonyl.

In a fourth embodiment of the present invention there is provided a compound according to
formula Ia wherein R is p-phenylene optionally further substituted by halogen, R' is NR*R”,
R’ and R* are hydrogen, R* is phenyl optionally substituted by halogen or Cy alkyl, R* is
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hydrogen and R" is optionally substituted phenylcarbonyl or optionally substituted
heteroarylcarbonyl.

In a fifth embodiment of the present invention there is provided a compound according, to
formula Ia wherein R'® is optionally substituted p-phenylene, R is optionally substituted

5 heteroaryl and R* and R* are hydrogen.

In a sixth embodiment of the present invention there is provided a compound according to
formula Ia wherein R'® is optionally substituted p-phenylene, R is optionally substituted
pyrazolo[1,5-a]pyrimidin-2-yl, R* is phenyl optionally substituted by halogen or C; alkyl and
R? and R* are hydrogen.

10 In a seventh embodiment of the present invention there is provided a compound according to
formula formula Ia wherein R™ is optionally substituted p-phenylene, R' is 7-amino-5-methyl-
pyrazolo[1,5-a]pyrimidin-2-yl, R* is phenyl optionally substituted by halogen or C; alkyl and
R? and R* are hydrogen.

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

15 formula Ia wherein R" is optionally substituted p-phenylene, R is optionally substituted
pyrimidinyl, R? is phenyl optionally substituted by halogen or C, alkyl and R? and R* are
hydrogen..

In an eighth embodiment of the present invention there is provided a compound according to
formula Ia wherein R'® is optionally substituted p-phenylene and R is optionally substituted

20 phenyl-C;; alkoxy or optionally substituted heteroaryl-methoxy..

In a ninth embodiment of the present invention there is provided a compound according to
formula Ia wherein R'® is optionally substituted p-phenylene and R is optionally substituted

benzyloxy and R* and R? are hydrogen.

In a another embodiment of the present invention there is provided a compound according to
25  formula Ia wherein R™ is optionally substituted p-pyridinylene and R is optionally substituted
benzyloxy and R* and R? are hydrogen.

In a tenth embodiment there is provided a compound selected from I-1 to I-59 in TABLE 1.
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In a eleventh embodiment of the present invention there is provided the use of a compound
according to formula I wherein R' R', R%, R® and R* are as defined hereinabove for treating a

HCYV infection or for the preparation of a medicament for the treatment of a HCV infection.

In a twelfth embodiment of the present invention there is provided a compound according to
formula T wherein RY, R?, R? and R? are as defined herein above and at least one immune system
modulator and/or at least one antiviral agent that inhibits replication of HCV for treating a HCV
infection or the use of a compound according to formula I wherein R', R?, R* and R* are as
defined herein above and at least one immune system modulator and/or at least one antiviral
agent that inhibits replication of HCV for the preparation of a medicament for the treatment of a

HCYV infection.

In a thirteenth embodiment of the present invention there is provided the use of a compound
according to formula I wherein R!, R%, R® and R* are as defined herein above and at least one
immune system modulator selected from interferon, interleukin, tumor necrosis factor or colony
stimulating factor for treating a disease caused by HCV or for the manufacture of a medicament

for treating a disease caused by HCV.

In a fourteenth embodiment of the present invention there is provided the use of a compound
according to formula I wherein Rl, Rz, R? and R* are as defined herein above and an interferon
or chemically derivatized interferon for treating a HCV infection or the use of a a compound
according to formula I wherein Rl, Rz, R? and R* are as defined herein above and an interferon
or chemically derivatized interferon for the preparation of a medicament for treating a HCV

infection.

In a fifteenth embodiment of the present invention there is provided the use of a compound
according to formula I wherein R', R%, R* and R* are as defined herein above and another
antiviral compound selected from the group consisting of a HCV protease inhibitor, another
HCYV polymerase inhibitor, a HCV helicase inhibitor, a HCV primase inhibitor and a HCV
fusion inhibitor for treating a HCV infection or for the manufacture of a medicament for treating

a HCV infection.

In a sixteenth embodiment of the present invention there is provided the use of a compound of
the formula I wherein RY, R%, R* and R* are as defined herein above admixed with at least one

pharmaceutically acceptable carrier, diluent or excipient for inhibiting viral replication in a cell.



0.010 Cd M 1-5 477/479 0.013 41 NI N 41 \ 0 101

10

15

20

25

WO 2011/036128 PCT/EP2010/063832

-14-

In a eleventh embodiment of the present invention there is provide a method of treating a HCV
infection in a patient in need thereof comprising administering a therapeutically effective amount

of a compound according to formula I wherein R' R', R%, R* and R* are as defined hereinabove.

In a twelfth embodiment of the present invention there is provide a method of treating a HCV
infection in a patient in need thereof comprising co-administering a therapeutically effective
amount of a compound according to formula T wherein R', R%, R* and R* are as defined herein
above and at least one immune system modulator and/or at least one antiviral agent that inhibits

replication of HCV.

In a thirteenth embodiment of the present invention there is provide a method of treating a
disease caused by HCV in a patient in need thereof comprising co-administering a
therapeutically effective amount of a compound according to formula I wherein R', R*, R* and
R* are as defined herein above and at least one immune system modulator selected from

interferon, interleukin, tumor necrosis factor or colony stimulating factor.

In a fourteenth embodiment of the present invention there is provide a method of treating a HCV
infection in a patient in need thereof comprising co-administering a therapeutically effective
amount of a compound according to formula T wherein R', R%, R* and R* are as defined herein

above and an interferon or chemically derivatized interferon.

In a fifteenth embodiment of the present invention there is provide a method of treating a HCV
infection in a patient in need thereof comprising co-administering a therapeutically effective
amount of a compound according to formula T wherein R', R%, R* and R* are as defined herein
above and another antiviral compound selected from the group consisting of a HCV protease
inhibitor, another HCV polymerase inhibitor, a HCV helicase inhibitor, a HCV primase inhibitor
and a HCV fusion inhibitor.

In a sixteenth embodiment of the present invention there is provided a method for inhibiting viral
replication in a cell by delivering a therapeutically effective amount of a compound of the
formula I wherein Rl, Rz, R? and R* are as defined herein above admixed with at least one

pharmaceutically acceptable carrier, diluent or excipient.
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In a seventeenth embodiment of the present invention there is provided a composition
comprising a compound according to formula T wherein R, R%, R* and R* are as defined herein

above admixed 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
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. "C,;-¢ alkyl" as used herein refers to an
alkyl composed of 1 to 6 carbons. Examples of alkyl groups include, but are not limited to,
lower alkyl groups include methyl, ethyl, propyl, iso-propyl, n-butyl, iso-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 either an unsubstituted alkyl or an aralkyl group. The term (hetero)aryl or

(het)aryl refers to a substituent that can be either an aryl or a heteroaryl group.

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

carbocyclic ring.

The term "alkoxy" as used herein means an -O-alkyl group, wherein alkyl is as defined above

such as methoxy, ethoxy, n-propyloxy, i-propyloxy, n-butyloxy, i-butyloxy, #-butyloxy,
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pentyloxy, hexyloxy, including their isomers. "Lower alkoxy" as used herein denotes an alkoxy
group with a "lower alkyl" group as previously defined. "C;-1¢ alkoxy" as used herein refers to

an-O-alkyl wherein alkyl is Cy.j¢.

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
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-trifluoroethyl. The term “fluoroalkyl” as

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

The term "aryl" as used herein refers to phenyl ring which can optionally be substituted with one
to three substituents independently selected from hydroxy, cyano, C;¢ alkyl, C; alkoxy,
halogen , haloalkyl, nitro, alkoxycarbonyl, amino, alkylamino, dialkylamino, unless otherwise

indicated..

The term "benzyl" as used herein refers to a CsHsCH; radical wherein the phenyl ring is can
optionally be substituted with one to three substituents as described above for aryl, unless

otherwise indicated.

The term "phenoxymethyl" as used herein refers to a PhOCH,- radical wherein the phenyl ring is
can optionally be substituted with one to three substituents as described above for aryl, unless

otherwise indicated.

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 C; alkoxy-C; alkyl moiety refers to a Cysalkyl
substituent in which 1 to 3 hydrogen atoms are replaced by a C;; alkoxy and the point of

attachment of the alkoxy is the oxygen atom.

The term "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.
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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(=O)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
term "arylcarbonyl" or "aroyl" as used herein means a group of formula C(=O)R wherein R is an
aryl group. The term "heteroarylcarbonyl" or "heteroaroyl" as used herein means a group of
formula C(=O)R wherein R is an heteroaryl group. The term "benzoyl" or "phenylcarbonyl" as

used herein is an "arylcarbonyl" or "aroyl" group wherein R is phenyl.

The terms "amino", "alkylamino" and "dialkylamino" as used herein refer to -NH;, -NHR and -
NR; respectively and R is alkyl as defined above. The two alkyl groups attached to a nitrogen in
a dialkyl moiety can be the same or different. The terms "aminoalkyl", "alkylaminoalkyl" and
"dialkylaminoalkyl" as used herein refer to NH,(CH;),-, RHN(CH3),-, and R;N(CH,),-
respectively wherein n is 1 to 6 and R is alkyl as defined above. "C;-1 alkylamino" as used
herein refers to an alkylamino moiety wherein alkyl is Cy_19. The term "phenylamino” as used

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

The term "cyclic amine" as used herein refers to a saturated carbon ring, containing from 3 to 6
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,
lower alkoxy or 2-hydrogen atoms on a carbon are both replace by oxo (=0). When the cyclic
aminge is a piperazine, one nitrogen atom can be optionally substituted by C; 6 alkyl, Ci acyl, C;.

¢ 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
term C;.3 alkylsulfonylamido as used herein refers to a group RSO,NH- wherein R is a C; 3
alkyl group as defined herein. The terms C;.¢ haloalkylsulfonyl, Cs cycloalkylsulfonyl, Cs_;
cycloalkyl-C, 3 alkyl-sulfonyl or C;. alkoxy-C, alkylsulfonyl refer to a compound, S(=0),R
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wherein R is C; haloalkyl, Cs5 cycloalkyl, Cs; cycloalkyl-C; 3 alkyl and C, alkoxy-C, alkyl,

respectively.

The term "pyridinylmethylsulfanyl" as used herein refers to a moiety (pyrindinyl)CH,S-. The
term "phenyl-C, 3 alkylsulfanyl" refers to a moiety PhCH,S-.

The term "heteroaryl C; 3 alkoxy" as used herein alkoxy radicel as defined herein wherein a
hydrogen on the alkoxy group is replaced by a heteroaryl group with the understanding that the
attachment point of the "heteroaryl C;_; alkoxy" moiety will at the oxygen atom of the alkoxy

group.

The term "4-(pyrazolo[1,5-a]pyrimidin-2-yl)-" refers to the following moiety.

The term "phenylene" as used herein refers to a benzene ring with two open valences. A
phenylene moiety has three possible regioisomers, ortho-, -meta- or para-phenylene. The phase
"optionally substituted p-phenylene" as used herein refers to a p-phenylene moiety wherein one
of the remain hydrogens attached to carbon can optionally be replace by a substituent. The term
"pyridinylene" as used herein refers to a pyridine ring with two open valences. The term p-

pyridinylene moiety has two regioisomers (i) and (if) wherein A and B are different.

/N 7\
A = B A—Q—B

@ (i)

Compounds of the present invention and their isomeric forms and pharmaceutically acceptable
salts thereof are also useful in treating 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
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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 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, PSI-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), ANAS598 (Anadys Pharmaceuticals); GL.100597
(GNLB/NVS), VBY 708 (ViroBay), benzimidazole derivatives (H. Hashimoto et al. WO
01/47833, H. Hashimoto et al. WO 03/000254, P. L. Beaulicu ef al. WO 03/020240 A2; P. L.
Beaulicu et al. US 6,448,281 B1; P. L. Beaulieu et al. WO 03/007945 A1), benzo-1,2,4-
thiadiazine derivatives (D. Dhanak ef al. WO 01/85172 Al, filed 5/10/2001; D. Chai et al.,
W02002098424, filed 6/7/2002, D. Dhanak et al. WO 03/037262 A2, filed 10/28/2002; K. J.
Duffy et al. WO03/099801 Al, 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. W02004052313, filed
12/13/2003; D. M. Fitch et al., W0O2004058150, filed 12/11/2003; D. K. Hutchinson ef al.
WO02005019191, filed 8/19/2004; J. K. Pratt et al. WO 2004/041818 A1, filed 10/31/2003), 1,1-
dioxo-4H-benzo|1,4]thiazin-3-yl derivatives (J. F. Blake ef al. in U. S. Patent Publication
US20060252785 and 1,1-dioxo-benzo[d]isothazol-3-yl compounds (J. F. Blake ez al. in U. S.
Patent Publication 2006040927).
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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.

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 (BOC,0), 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), 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), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI), ethyl (Et),
ethyl acetate (EtOAc), ethanol (EtOH), 2-cthoxy-2H-quinoline-1-carboxylic acid ethyl ester
(EEDQ), diethyl ether (Et,0), O-(7-azabenzotriazole-1-yl)-N, N,N’N’-tetramethyluronium
hexafluorophosphate acetic acid (HATU), acetic acid (HOAc), 1-N-hydroxybenzotriazole
(HOBY), high pressure liquid chromatography (HPLC), iso-propanol (IPA), methanol (MeOH),
melting point (mp), MeSO,- (mesyl or Ms), methyl (Me), acetonitrile (MeCN), m-
chloroperbenzoic acid (MCPBA), mass spectrum (ms), methyl zerz-butyl ether (MTBE), N-
methylmorpholine (NMM), N-methylpyrrolidone (NMP), phenyl (Ph), propyl (Pr), iso-propyl (i-
Pr), pounds per square inch (psi), pyridine (pyr), room temperature (rt or RT), satd. (saturated),
tert-butyldimethylsilyl or t-BuMe,Si (TBDMS), triethylamine (TEA or Et;N), triflate or
CF3S0;- (Tf), trifluoroacetic acid (TFA), O-benzotriazol-1-yl-N,N,N',N'-tetramethyluronium
tetrafluoroborate (TBTU), thin layer chromatography (TLC), tetrahydrofuran (THF),
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tetramethylethylenediamine (TMEDA), trimethylsilyl or MesSi (TMS), p-toluenesulfonic acid
monohydrate (TsOH or pTsOH), 4-Me-C¢H4SO;- or tosyl (Ts), N-urethane-N-carboxyanhydride
(UNCA). Conventional nomenclature including the prefixes normal (n-), iso (i-), secondary
(sec-), tertiary (tert-) and neo- have their customary meaning when used with an alkyl moiety. (J.

5 Rigaudy and 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
10 practice the present invention. They should not be considered as limiting the scope of the

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

15 depicted structure is to be accorded more weight. In addition, if the stereochemistry of a
structure or a portion of a structure is not indicated with, for example, bold or dashed lines, the

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

The following number scheme is employed to describe compounds of the present invention.
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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

5 suppliers, such as Aldrich Chemical Co., or are prepared by methods known to those skilled in

the art following procedures set forth in references such as Fieser and Fieser’s Reagents for

Organic Synthesis; Wiley & Sons: New York, Volumes 1-21; R. C. LaRock, Comprehensive

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

Synthesis, B. Trost and 1. Fleming (Eds.) vol. 1-9 Pergamon, Oxford, 1991; Comprehensive
10  Heterocyclic Chemistry, A. R. Katritzky and C. W. Rees (Eds) Pergamon, Oxford 1984, vol. 1-9;
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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.
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
purified if desired using conventional techniques, including but not limited to, filtration,
distillation, crystallization, chromatography, and the like. Such materials can be characterized
using conventional means, including physical constants and spectral data.

Unless specified to the contrary, the reactions described herein preferably are conducted under
an inert atmosphere at atmospheric pressure at a reaction temperature range of from about -78 °C
to about 150 °C, more preferably from about 0°C to about 125 °C, and most preferably and
conveniently at about room (or ambient) temperature, ¢.g., about 20 °C.

Some compounds in following schemes are depicted 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. Moreover, the reaction conditions are
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.

The 1-N-substituted-6-(hetero)aryl-1H-thieno[3,2-d]pyrimidin-4-one scaffold common to
compounds of the present invention is prepared from methyl 3-amino-5-bromothiophene-I-
carboxylate by alkylation of the amine by reductive amination to afford A-1b which is cyclized
with formamidine to afford A-2. Introduction of the C-7 moiety is carried out using palladium-

catalyzed coupling chemistry to afford A-3.

SCHEME A
A / \ R”-B(OH)Z
CO,Me step 2 Br step 3
A-la: R=H A-3
step 1 [ g A 1b: R = CHRORY
R3RYCHO
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When R? is optionally substituted phenyl and R* is hydrogen, step 1 is carried out with an
optionally substituted benzaldehyde. The corresponding compound wherein R? is alkyl can be
prepared from the corresponding alkyl phenyl ketone. When R? is optionally substituted

cycloalkyl the reductive amination is carried out with a cycloalkylcarboxaldehyde.

Reductive amination is typically carried out by combining an amine and carbonyl compound in
the presence of a complex metal hydride such as NaBH4, LiBH4, NaBH3CN, Zn(BHs),, sodium
triacetoxyborohydride or borane/pyridine conveniently at a pH of 1-7 optionally in the presence
of a dehydrating agent such as molecular sieve or Ti(IV)(O-i-Pr)4 to facilitate formation of the
intermediate imine at ambient temperature. Alternatively the imine can be formed under a
hydrogen atmosphere in the presence of a hydrogenation catalyst, e.g. in the presence of Pd/C, at
a hydrogen pressure of 1 to 5 bar, preferably at temperatures between 20° C. and the boiling
temperature of the solvent used. It may also be advantageous during the reaction if reactive
groups are protected during the reaction by conventional protecting groups which are cleaved
again by conventional methods after the reaction. Reductive amination procedures have been
reviewed: R. M. Hutchings and M. K. Hutchings Reduction of C=N to CHNH by Metal Hydrides
in Comprehensive Organic Synthesis col. 8, 1. Fleming (Ed) Pergamon, Oxford 1991 pp. 47-54.

The 7-(hetero)aryl substituent is introduced utilizing a palladium-catalyzed Suzuki coupling of
A-2 and an optionally substituted (hetero)arylboronic acid. One skilled in the art will appreciate
that substituted (hetero)aryl boronic acids are readily available and the Suzuki coupling of A-3 in
step 3 may directly result in the desired product or the initially introduced (hetero)aryl moiety
may be further modified. Thus, as described in example 1, if the boronic acid is [4-(tert-
butoxycarbonylamino)-phenyl]boronic acid, removal of the Boc group affords an amine that can
be further functionalized by e.g, acylation or alkylation of the unmasked amine. Representative
examples of subsequent transformation the Suzuki coupling product are disclosed in the

examples that follow.

The Suzuki reaction is a palladium-catalyzed coupling of a boronic acid (R-B(OH),) wherein R
is aryl or vinyl) with an aryl or vinyl halide or triflate (RY wherein R' = aryl or vinyl; Y = halide
or OSO,CF3) to afford a compound R-R'. Typical catalysts include Pd(PPhs)s, Pd(OAc), and
PdCL(dppf). With PdCL(dppf), primary alkyl borane compounds can be coupled to aryl or vinyl
halide or triflate without B-elimination. Highly active catalysts have been identified (see, e.g. J.

P. Wolfe et al., J. Am. Chem. Soc. 1999 121(41):9550-9561 and A. F. Littke et al., J. Am. Chem.
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Soc. 2000 122(17):4020-4028). The reaction can be carried out in a variety of organic solvents
including toluene, THF, dioxane, 1,2-dichloroethane, DMF, DMSO and acetonitrile, 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 et al., supra,
disclose conditions for Suzuki cross-coupling with arylboronic acids in high yield at RT utilizing
Pd,(dba):/P(tert-Bu); and conditions for cross-coupling of aryl- and vinyl triflates utilizing
Pd(OAc),/P(CsHi1)s at RT. J. P. Wolf et al., supra, disclose efficient condition for Suzuki cross-
coupling utilizing Pd(OAc),/0-(di-tert-butylphosphino)biphenyl or o-
(dicyclohexylyphosphino)biphenyl. One skilled in the art can determine optimal conditions

without undue experimentation.

Acylation of the amine is conveniently carried out with an acyl halide or acid anhydride in a
solvent such as DCM, CHCl;, carbon tetrachloride, ether, THF, dioxane, benzene, toluene,
MeCN, DMF, aqueous NaOH solution or sulfolane optionally in the presence of an inorganic or
organic base at temperatures between -20 and 200° C, but preferably at temperatures between -10
and 160° C. Typical organic bases include tertiary amines include but are not limited to TEA,

pyridine. Typical inorganic bases include but are not limited to K,CO3; and NaHCOs.

The acylation may however also be carried out with the free acid optionally in the presence of an
acid-activating agent or a dehydrating agent, e.g. in the presence of isobutyl chloroformate,
thionyl chloride, trimethylchlorosilane, hydrogen chloride, sulphuric acid, methanesulphonic
acid, p-TsOH, PCls, P,Os, DCC, DCC/N-hydroxysuccinimide or HOBt, CDI, O-(benzotriazol-1-
y)-N,N,N',N'-tetramethyl-uronium tetrafluoroborate/NMM, O-(benzotriazol-1-yl)-N,N,N',N'-tet-
ramethyl-uronium tetrafluoroborate/DIPEA, N,N'-thionyldiimidazole or PPh3/CCly, at
temperatures between -20 and 200° C., but preferably at temperatures between -10 and 160° C.

Substituted amines and sulfanes can be prepared analogously by alkylation of an amine or a

thiophenol.

Compounds encompassed by the present invention wherein R" is phenyl ether can be prepared

by coupling of the appropriately substituted boronic acid (e.g., example 8). Alkylation of a
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phenolic boronic acid such as 4-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-phenol affords a
variety of structurally diverse boronic acids that can be employed to produce the compounds

described herein (e.g., example 10).

Alkylation of phenols is typically carried out in solvents like DMF, THF, NMP, MeCN, acetone,
DCM and DCE, at temperatures between 0°C and 100°C. Typically used bases are potassium
carbonate, sodium hydride, lithium hexamethyldisilazide, sodium hexamethyldisilazide and
potassium hexamethyldisilazide in conjunction with alkylating agents such as alkyl halides, alkyl
mesylates and alkyl triflates. Alternate procedures such as the Mitsunobu coupling are well
know in the art and can be used where advantageous. Analogous alkylation of thiol or amine can

be carried out under similar conditions.

Compounds encompassed by the present invention wherein R" is a phenyl ring substituted with
a heteroaryl moiety are prepared by palladium-catalyzed coupling of A-2 and a boronic acid such
as 2-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl]-pyrazolo[ 1,5-a]pyrimidine or

derivatives thereof which are known in the art.

The activity of the inventive compounds as inhibitors of HCV activity may be measured by any
of the suitable methods known to those skilled in the art, including in vivo and in vitro assays.
For example, the HCV NS5B inhibitory activity of the compounds of formula I can determined
using standard assay procedures described in Behrens ef al., EMBO J. 1996 15:12-22, Lohmann
et al., Virology 1998 249:108-118 and Ranjith-Kumar ez al., J. Virology 2001 75:8615-8623.
Unless otherwise noted, the compounds of this invention have demonstrated in vitro HCV NS5B
inhibitory activity in such standard assays. The HCV polymerase assay conditions used for
compounds of the present invention are described in Example 20. 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 21. 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 validation of these studies in the HCV replicon system. Inhibition of recombinant purified
HCV polymerase with compounds ix vitro biochemical assays may be validated using the

replicon system whereby the polymerase exists within a replicase complex, associated with other
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viral and cellular polypeptides in appropriate stoichiometry. Demonstration of cell-based
inhibition of HCV replication may be more predictive of in vivo function than demonstration of

HCV NSS5B inhibitory activity in vitro biochemical assays.

The compounds of the present invention may be formulated in a wide variety of oral
5 administration dosage forms and carriers. Oral administration can be in the form of tablets,

coated tablets, dragées, hard and soft gelatin capsules, solutions, emulsions, syrups, or
suspensions. Compounds of the present invention are efficacious when administered by other
routes of administration including continuous (intravenous drip) topical parenteral,
intramuscular, intravenous, subcutaneous, transdermal (which may include a penetration

10 enhancement agent), buccal, nasal, inhalation and suppository administration, among other
routes of administration. The preferred manner of administration is generally oral using a
convenient daily dosing regimen which can be adjusted according to the degree of affliction and

the patient's response to the active ingredient.

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

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

The term “excipient” as used herein refers to a compound that is useful in preparing a
30 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
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pharmaceutical use. The compounds of this invention can be administered alone but will
generally be administered in admixture with one or more suitable pharmaceutical excipients,
diluents or carriers selected with regard to the intended route of administration and standard

pharmaceutical practice.

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

and includes that which is acceptable for human pharmaceutical use.

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

tromethamine, N-methylglucamine, and the like.

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
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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,
5 starch, gelatin, tragacanth, methylcellulose, sodium carboxymethylcellulose, a low melting wax,
cocoa butter, and the like. Solid form preparations may contain, in addition to the active
component, colorants, flavors, stabilizers, buffers, artificial and natural sweeteners, dispersants,

thickeners, solubilizing agents, and the like.

Liquid formulations also are suitable for oral administration include liquid formulation including

10  emulsions, syrups, elixirs, aqueous solutions, aqueous suspensions. These include solid form
preparations which are intended to be converted to liquid form preparations shortly before use.
Emulsions may be prepared in solutions, for example, in aqueous propylene glycol solutions or
may contain emulsifying agents such as lecithin, sorbitan monooleate, or acacia. Aqueous
solutions can be prepared by dissolving the active component in water and adding suitable

15 colorants, flavors, stabilizing, and thickening agents. Aqueous suspensions can be prepared by
dispersing the finely divided active component in water with viscous material, such as natural or
synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose, and other well known

suspending agents.

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

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

30 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
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may, for example, be formulated with an aqueous or oily base with the addition of suitable
thickening and/or gelling agents. Lotions may be formulated with an aqueous or oily base and
will in general also containing one or more emulsifying agents, stabilizing agents, dispersing
agents, suspending agents, thickening agents, or coloring agents. Formulations suitable for
topical administration in the mouth include lozenges comprising active agents in a flavored base,
usually sucrose and acacia or tragacanth; pastilles comprising the active ingredient in an inert
base such as gelatin and glycerin or sucrose and acacia; and mouthwashes comprising the active

ingredient in a suitable liquid carrier.

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

solidify.

The compounds of the present invention may be formulated for 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
active ingredient is provided in a pressurized pack with a suitable propellant such as a
chlorofluorocarbon (CFC), for example, dichlorodifluoromethane, trichlorofluoromethane, or
dichlorotetrafluoroethane, or carbon dioxide or other suitable gas. The aerosol may conveniently
also contain a surfactant such as lecithin. The dose of drug may be controlled by a metered
valve. Alternatively the active ingredients may be provided in a form of a dry powder, for
example a powder mix of the compound in a suitable powder base such as lactose, starch, starch
derivatives such as hydroxypropylmethyl cellulose and polyvinylpyrrolidine (PVP). The powder

carrier will form a gel in the nasal cavity. The powder composition may be presented in unit
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dose form for example in capsules or cartridges of e.g., gelatin or blister packs from which the

powder may be administered by means of an inhaler.

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

5 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

10 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.

15 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

20 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.

25 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

30 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
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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.

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.



1-43 NH2 486/488 0.428 "....N-"N1 | 2. NN- MO\ WO
2011/ 036128PCT/ EP2010/ 063832 -29- Cpd. No. Structure nms np |ICso HCV poll

1-44

10

15

20

WO 2011/036128 PCT/EP2010/063832

42-

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

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

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.

In the experimental procedures which follow, the term "magic" as used herein relating to Si0;

chromatography eluents refers to a 60/10/1 solution of DCM/MeOH/NH4OH.

Referential Example 1
6-Bromo-1-(4-methyl-benzyl)-1H-thieno[3,2-d]pyrimidin-4-one (30)

Br\\sqcone_. Br { /J/N "

NH, N

E 32a:R=H
32b: R = CH,(4-Me-Ph)
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step 1 — To a solution of 32a (1.58 g, 6.75 mmol, CASRN 07818-55-3) and 4-methyl-
benzaldehyde (1 mL, 8.5 mmol) in CH,Cl; (20 mL) and HOAc (4 mL) in DCM (20 mL) and
HOACc (4 mL) cooled to 0°C was added NaBH(OAc); (1.6 g, 7.5 mmol). The reaction mixture
was stirred and allowed to warm to RT. (In some cases additional aldehyde and NaBH(OAc);
were added to push the reaction to completion.) The reaction was cooled to 0°C, quenched with
2N NaOH, extracted with DCM, dried (Na,SO,), filtered and concentrated. The crude product
was purified by Si0, chromatography eluting with an EtOAc/hexane gradient (2% to 5% EtOAc)
to afford 1.65 g of 32b.

step 2 — To a slurry of 32b (700 mg, 2.06 mmol) in formamide (12 mL).was added dropwise
KOtBu (12 mL, 12 mmol, 1.0 M in THF). The reaction mixture was heated to reflux overnight,
allowed to cool to RT, quenched by the addition of H,O, extracted with DCM. The combined
extracts were dried (Na,SQO,), filtered and concentrated. The crude product was purified by SiO,
chromatography eluting with a gradient consisting of a solution of 60/10/DCM/MeOH/NH4OH
and DCM (98% to 85% DCM) to afford 0.5 g of 30.

In some cases, the cyclization did not go to completion. In these cases, mixtures of starting
material and product were isolated, and subjected again to the cyclization conditions, to yield the

desired product.

Referential Example 2

6-Bromo-1-(4-chloro-benzyl)-1H-thieno[3,2-d]pyrimidin-4-one

6-Bromo-1-(4-chloro-benzyl)-1H-thieno[3,2-d]pyrimidin-4-one (34) was synthesized in accord
with the procedure described in Example 1, except 4-chloro-benzaldehyde was employed in the

reductive amination step.
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Referential Example 3

6-Bromo-1-(trans-4-methyl-cyclohexylmethyl)-1H-thieno[ 3,2-d]pyrimidin-4-one (36)

N
— mMe
Br

6-Bromo-1-(trans-4-methyl-cyclohexylmethyl)-1H-thieno[3,2-d]pyrimidin-4-one (36) was
5 synthesized according to the procedure described in Example 1, except trans-4-methyl-

cyclohexanecarbaldehyde was employed in the reductive amination step.

Trans-4-methyl-cyclohexanecarbaldehyde was synthesized starting from trans-4-methyl-
cyclohexanecarboxylic acid. Methyl ester formation with TMSCHN,, followed by Dibal

reduction at -78°C, yielded trans-4-methyl-cyclohexanecarbaldehyde.

10 Referential Example 4
6-Bromo-1-(2-fluoro-4-methyl-benzyl)-1H-thieno[3,2-d]pyrimidin-4-one (35)

6-Bromo-1-(2-fluoro-4-methyl-benzyl)-1H-thieno[3,2-d]pyrimidin-4-one (35) was synthesized
according to the procedure described in Example 1, except2-fluoro-4-methyl-benzaldehyde was

employed in the reductive amination step.

15 Example 1
Pyridine-2-carboxylic acid {4-[1-(4-chloro-benzyl)-4-oxo-1,4-dihydro-thieno [3,2-d]pyrimidin-
6-yl]-phenyl}-amide (I-39)

Q 0]
step 1 N step3 H S N
e O 2 (O
\—Ar N 9 \—Ar

ep2 L R 1-39
Ar = 4-chlorophenyl

step 1 - To a slurry of 34 (300 mg, 0.85 mmol), [4-(fert-butoxycarbonylamino)-phenyl]boronic
20 acid (260 mg, 1.1 mmol) and Pd(PPhs),4 (125 mg) in DMF (5 mL) was added aq. sat'd. Na,COs
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(3 mL). The reaction mixture was stirred at 100°C until all starting material was consumed (ca.
30 min). The reaction mixture was cooled to RT, quenched with H,O, extracted with EtOAc,
dried (Na;SO4) and concentrated. The crude product was purified by SiO, chromatography
eluting with a Magic/CH,Cl, gradient (2% to 30% Magic) to afford 250 mg of 38a.

In some cases, after quenching the reaction mixture, the product precipitated after the reaction
was quenched with H,O.. In these cases, the precipitate was collected, and the supernatant was

extracted with EtOAc, dried (Na;SO4) and subjected to SiO, chromatography

step 2 - A solution of 38a (50 mg) and HCI-dioxane (1 mL, 4.0 M solution dioxane) was stirred
at RT until all starting material was consumed. The solvent was evaporated to afford the

hydrochloride salt of 38b which was used without further purification.

step 3 — To a solution of 38b from step 2, pyridine-2-carboxylic acid (20 mg, 0.16 mmol) in
DMF (1 mL) and TEA (0.05 mL) was added EEDQ (40 mg, 0.16 mmol). The reaction mixture
was heated to 60 °C the reaction was complete, cooled to RT, and then quenched with H,O. The
resulting solid was collected to afford 10 mg of I-39: MS calcd for C,sH;7CIN,O,S [M+H]' 473.
Found, 473; "H NMR (DMSO-ds, 300 MHz): & 10.87 (broad s, 1H), 8.78-8.73 (m, 1H), 8.67 (s,
1H), 8.21-8.15 (m, 1H), 8.13-8.03 (m, 3H), 7.86-7.79 (m, 3H), 7.74-7.68 (m, 1H), 7.46 (s, 4H),
5.49 (s, 2H)

5-Hydroxy-pyridine-2-carboxylic acid, {4-[1-(4-chloro-benzyl)-4-oxo0-1,4-dihydro-thieno[3,2-
d]pyrimidin-6-yl]-phenyl }-amide (I-46) was prepared analogously except in step 3 pyridine-2-
carboxyl acid was replaced with 5-hydroxy-pyridine-2-carboxylic acid (CASRN 15069-92-8)
and EEDQ was replaced with HATU.

4-[1-(4-Chloro-benzyl)-4-0x0-1,4-dihydro-thieno[3,2-d]pyrimidin-6-yl]-N-phenyl-benzamide (I-
47) was prepared analogously except in step 1, [4-(tert-butoxycarbonylamino)-phenyl]boronic
acid was replaced with B-[4-[(phenylamino)carbonyl]phenyl]-boronic acid (CASRN 330793-45-

8) and steps 2 and 3 were omitted.

6-Biphenyl-4-yl-1-(4-chloro-benzyl)-1H-thieno[3,2-d]pyrimidin-4-one (I-13) was prepared
analogously except in step 1, [4-(tert-butoxycarbonylamino)-phenyl]boronic acid was replaced

with B-(4-phenyl-phenyl) boronic acid (CASRN 5122-94-1) and steps 2 and 3 were omitted.
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1-(4-Chloro-2-fluoro-benzyl)-6-phenyl-1H-thieno[3,2-d]pyrimidin-4-one (I-21) was prepared
analogously except in step 1, [4-(tert-butoxycarbonylamino)-phenyl]boronic acid was replaced
with phenylboronic acid (CASRN 98-80-6), 34 was replaced with 35 and steps 2 and 3 were

omitted.

1-(4-Chloro-benzyl)-6-(4-chloro-phenyl)-1H-thieno[3,2-d]pyrimidin-4-one (I-22) was prepared
analogously except in step 1, [4-(tert-butoxycarbonylamino)-phenyl]boronic acid was replaced
with 4-chloro-phenylboronic acid (CASRN 1679-18-1), 34 was replaced with 30 and steps 2 and

3 were omitted.

1-(4-Chloro-benzyl)-6-(4-phenoxy-phenyl)-1H-thieno[ 3,2-d ]pyrimidin-4-one (I-24) was
prepared analogously except in step 1, [4-(fert-butoxycarbonylamino)-phenyl]boronic acid was
replaced with 4-phenoxy-phenylboronic acid (CASRN 51067-38-0) and steps 2 and 3 were

omitted.

6-(4-Butoxy-3-chloro-phenyl)-1-(4-chloro-benzyl)-1H-thieno[3,2-d]pyrimidin-4-one (I-25) was
prepared analogously except in step 1, [4-(fert-butoxycarbonylamino)-phenyl]boronic acid was
replaced with 4-butoxy-3-chloro-phenylboronic acid (CASRN 480438-55-9) and steps 2 and 3

were omitted.

1-(4-Chloro-benzyl)-6-p-tolyl-1H-thieno[3,2-d]pyrimidin-4-one (I-29) was prepared analogously
except in step 1, [4-(tert-butoxycarbonylamino)-phenyl]boronic acid was replaced with 4-zert-
butyl-phenylboronic acid (CASRN 123324-71-0), 34 was replaced with 30 and steps 2 and 3

were omitted.

N-{4-[1-(4-Chloro-benzyl)-4-oxo0-1,4-dihydro-thieno[ 3,2-d]pyrimidin-6-yl]-phenyl} -acetamide
(I-37) was prepared by acetylation of 38b with acetic anhydride in the presence of pyridine and
DMAP.

4-[1-(4-Chloro-benzyl)-4-oxo0-1,4-dihydro-thieno[3,2-d|pyrimidin-6-yl]- benzonitrile (I-52) was
prepared analogously except in step 1, [4-(fert-butoxycarbonylamino)-phenyl]boronic acid was
replaced with 4-cyano-phenylboronic acid (CASRN 126747-14-6) and steps 2 and 3 were

omitted.
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4-[1-(4-Chloro-benzyl)-4-0x0-1,4-dihydro-thieno[3,2-d]pyrimidin-6-yl]- benzoic acid (I-56) was
isolated from the Suzuki coupling with 4-cyano-phenylboronic acid (CASRN 126747-14-6) used
to prepare 1-52..

1-(4-Chloro-benzyl)-6-(4-pyrrolidin-1-yl-phenyl)-1H-thieno[3,2-d]pyrimidin-4-one (I-56) was
prepared analogously except in step 1, [4-(fert-butoxycarbonylamino)-phenyl]boronic acid was
replaced 4-(pyrrolidin-1-yl)-benzene boronic acid (CASRN 229009-41-0) and steps 2 and 3 were

omitted.

Pyrrolidine-1-carboxylic acid {4-[1-(4-chloro-benzyl)-4-o0xo-1,4-dihydro-thieno[3,2-
d]pyrimidin-6-yl]-phenyl}-amide (I-54) can be prepared analogously except in step 3 the urea
can be prepared by treating 38b sequentially with DCI and pyrrolidine.

Example 2
N-{2-Chloro-4-[1-(4-chloro-benzyl)-4-0x0-1,4-dihydro-thieno[3,2-d]pyrimidin-6-yl]-phenyl } -4-
hydroxy-butyramide (I-30)

0]

N
HO(CH,),C(0)HN \ \ » 1-30
N

\—Ar

Cl
Ar = 4-chloro-phenyl

step 1 - To a slurry of 34 (500 mg, 0.85 mmol), 4-amino-3-chlorophenylboronic acid pinacol
ester (465 mg, 1.84 mmol) and Pd(PPhs)4 (250 mg) in DMF (5 mL) was added aq. sat'd. Na,COs
(3.5 mL). The reaction mixture was stirred at 100 °C until the starting material was consumed.
The reaction mixture was cooled to RT then quenched H,O. The resulting precipitate was
filtered then sequentially washed with hexanes/EtOAc and hexanes/DCM to yield 417 mg of 6-
(4-amino-3-chloro-phenyl)-1-(4-chloro-benzyl)-1H-thieno[3,2-d]pyrimidin-4-one(40): MS calcd
for C1oH;3CLN:OS [M+H] 402. Found, 402.

step 2 - AlMe; (0.25 mL, 2.0 M, 0.5 mmol) was added to a slurry of 40 (50 mg, 0.12 mmol) in
DCM (0.5 mL). The mixture was stirred for 15 min then y-butyrolactone (0.02 mL) was added
and the mixture was stirred at 30 °C for 48 h. The mixture was cooled to RT, 1IN HCL was

added and the solid was collected. This solid was purified on a preparative SiO, TLC developed
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with 30% hexanes/70% Magic to afford 10 mg of N-{2-chloro-4-[ 1-(4-chloro-benzyl)-4-oxo-1,4-
dihydro-thieno[3,2-d]pyrimidin-6-yl]-phenyl}-4-hydroxy-butyramide (I-30): MS calcd for
C:HoCLN:O5S [M+H] 488. Found, 488.

"H NMR (DMSO-ds, 300 MHz): § 9.57 (broad s, 1H), 8.67 (s, 1H), 7.99-7.87 (m, 3H), 7.75-7.69
(m, 1H) 7.45 (s, 4H), 5.49 (s, 2H), 4.51 (t, 1H), 3.46 (q, 2H), 2.49 (t, 2H), 1.81-1.68 (m, 2H).

I-35 was prepared analogously except in step 2, y-butyrolactone was replaced with a-methyl-

butyrolactone.

Example 3
Pyridine-2-carboxylic acid {2-chloro-4-[1-(4-chloro-benzyl)-4-oxo-1,4-dihydro-thieno[3,2-
d]pyrimidin-6-yl]-phenyl}-amide (I-1)

0]
S N
7\ X \\N»

—

N ') \—Ar

Cl

I1 Ar = 4-chlorophenyl

Pyridine-2-carbonyl chloride hydrochloride (40 mg, 0.23 mmol) was added to a slurry of 40 (50
mg, 0.12 mmol) and TEA (0.05 mL, 0.37 mmol) in DCM; maintained at 0 °C. The reaction
mixture was stirred overnight and allowed to warm to RT. The reaction mixture was stirred at
35 °C for 3 d. The solid was collected, washed sequentially with DCM, MeOH, and H,O to
afford 30 mg of I-1: MS calcd for C2sH;sCLN40,S [M+H]"507. Found, 507: '"H NMR (DMSO-
ds, 300 MHz): 6 10.78 (broad s, 1H), 8.81-8.76 (m, 1H), 8.69 (s, 1H), 8.55 (d, 1H), 8.28-8.06 (m,
3H), 7.99 (s, 1H), 7.90-7.82 (m, 1H), 7.80-7.72 (m, 1H), 7.48 (m, 4H), 5.49 (s, 2H).
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Example 4

N-{4-[1-(4-Chloro-benzyl)-4-oxo0-1,4-dihydro-thieno[ 3,2-d]pyrimidin-6-yl]-2-fluoro-phenyl} -
benzamide (I-14)

0]

H S N
g S %
O F \—Ar

1-14  Ar =4-chlorophenyl

step 1 - To a slurry of 34 (200 mg, 0.56 mmol), 4-Boc-amino-3-fluorophenylboronic acid (200
mg, 0.78 mmol) and Pd(PPhs)4 (90 mg) in DMF (3 mL) was added sat'd. aq. NaHCOs (1.2 mL).
The reaction mixture was stirred at 70 °C until all starting material was consumed, cooled to RT
and quenched with H,O. The solution was extracted with EtOAc, dried (Na;SOy,), filtered and
concentrated. The crude product was purified by Si0, chromatography eluting with a
Magic/DCM gradient (2% to 30% Magic) to afford 200 mg of tert-butyl {4-[1-(4-chloro-
benzyl)-4-oxo0-1,4-dihydro-thieno[3,2-d]pyrimidin-6-yl]-2-fluoro-phenyl} -carbamate (42): MS
caled for Cy4H, CIFN;05S [M+H]' 486. Found, 486.

step 2 - HCl-dioxane (1 mL, 4.0 M solution) was added to 42 (70 mg). The reaction mixture was
stirred at RT until all starting material was consumed. The reaction was concentrated to afford
6-(4-amino-3-fluoro-phenyl)-1-(4-chloro-benzyl)-1H-thieno[3,2-d]pyrimidin-4-one (44) as the

HCl salt, which was used without further purification in the next step.

step 3 — To a slurry of the HCl salt 44 from step 2 and TEA (33 pL, 0.24 mmol) in DCM
maintained at 0°C was added benzoyl chloride (17 pL, 0.14 mmol). The reaction mixture was
stirred overnight and at RT. The mixture was purified on a preparative SiO, TLC plate
developed with 40% Magic/60% DCM, followed by a SiO, column chromatography eluting with
a Magic/DCM gradient (0% to 20% Magic) to afford 1.8 mg of I-14: MS calcd for
Ca6H17CIFN;0,S [M+H] 490. Found, 490: 'H NMR (DMSO-ds, 300 MHz): & 10.28 (broad s,
1H), 8.69 (s, 1H), 8.03-7.97 (m, 2H), 7.97 (s, 1H), 7.88-7.78 (m, 2H), 7.69-7.49 (m, 4H), 7.48
(m, 4H), 5.49 (s, 2H).
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2-Amino-pyrimidine-4-carboxylic acid {4-[1-(4-chloro-benzyl)-4-0x0-1,4-dihydro-thieno[3,2-
d]pyrimidin-6-yl]-phenyl}-amide (I-8)

N
P

HN (9] \—Ar

Z
\N
—
pq=-]

I-8 Ar = 4-chlorophenyl

step 1 - HCl-dioxane (1 mL, 4.0 M) was added to 38a (70 mg) and the reaction mixture stirred at
RT until all starting material was consumed. The solvent was removed in vacuo to afford 38b as

an HCl salt which was used in the next step without further purification.

step 2 - To a solution of the HCI salt of 38b, 2-amino-pyrimidine-4-carboxylic acid (30 mg, 0.22
mmol) and EEDQ (54 mg, 0.22 mmol) in DMF was added TEA (56 pL, 0.41 mmol). The
reaction mixture was heated to 60 °C. More reagent was added and the reaction was stirred at
65°C until all 38b was consumed. The reaction was concentrated in vacuo. The crude product
was purified by Si0, chromatography eluting with a Magic/DCM gradient (0% to 20% Magic)
gave slightly impure I-8, which was sequentially washed with DCM and MeOH to give 6.3 mg
of the desired product: MS calcd for Co4H,7CINGO,S [M+H]" 489. Found, 489: '"H NMR
(DMSO-ds, 300 MHz): 6 10.49 (broad s, 1H), 8.66 (s, 1H), 8.53 (d, 1H), 7.99-7.79 (m, 5H), 7.48
(m, 4H), 7.16 (d, 1H), 6.95 (bs, 2H), 5.49 (s, 2H).

5-Methyl-furan-2-carboxylic acid {4-[1-(4-chloro-benzyl)-4-oxo-1,4-dihydro-thieno[3,2-
d]pyrimidin-6-yl]-phenyl}-amide (I-3) was made analogously except 2-amino-pyrimidine-4-
carboxylic acid was replaced with 5-methyl-furan-2-carboxylic acid (CASRN 1917-15-3).

2-Amino-N- {4-[ 1-(4-chloro-benzyl)-4-ox0-1,4-dihydro-thieno[3,2-d]pyrimidin-6-yl]-phenyl } -
isonicotinamide (I-9) was made analogously except 2-amino-pyrimidine-4-carboxylic acid was

replaced with 2-amino-isonicotinic acid (CASRN 13362-28-2).

Pyrazine-2-carboxylic acid {4-[1-(4-chloro-benzyl)-4-0xo0-1,4-dihydro-thieno[3,2-d]pyrimidin-6-
yl]-phenyl}-amide (I-12) was made analogously except 2-amino-pyrimidine-4-carboxylic acid

was replaced with pyrazine-2-carboxylic acid (CASRN 98-97-5).
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5-Methyl-1H-pyrazole-3-carboxylic acid {4-[1-(4-chloro-benzyl)-4-0x0-1,4-dihydro-thieno[3,2-

d]pyrimidin-6-yl]-phenyl}-amide (I-15) was made analogously except 2-amino-pyrimidine-4-
carboxylic acid was replaced with 5-methyl-1H-pyrazole-3-carboxylic acid (CASRN 402-61-9).

4-Methyl-oxazole-5-carboxylic acid {4-[1-(4-chloro-benzyl)-4-oxo0-1,4-dihydro-thieno[3,2-
d]pyrimidin-6-yl]-phenyl}-amide (I-18) was made analogously except 2-amino-pyrimidine-4-
carboxylic acid was replaced with 4-methyl- 5-oxazolecarboxylic acid (CASRN 2510-32-9).

Isoxazole-5-carboxylic acid {4-[1-(4-chloro-benzyl)-4-oxo0-1,4-dihydro-thieno[3,2-d]pyrimidin-
6-yl]-phenyl}-amide (I-32) was made analogously except 2-amino-pyrimidine-4-carboxylic acid
was replaced with 5-isoxazolecarboxylic acid (CASRN 21169-71-1).

Example 6
N-{4-[1-(4-Chloro-benzyl)-4-ox0-1,4-dihydro-thieno[3,2-d]pyrimidin-6-yl]-phenyl}-2,5-

difluoro-benzamide (I-7)
0]
N
H
N A\ \ N»
9) \—Ar

I-7 Ar =4-chlorophenyl

F

step 1 - To a solution of the HCI salt of 38b (50 mg) and TEA (35 pL, 0.25 mmol) in DCM
maintained at 0°C was added 2,5-difluoro-benzoyl chloride (26 mg, 0.15 mmol). The reaction
mixture was stirred for 2 h and warmed to RT. The solid was collected and washed with DCM
to yield 16 mg of I-7: MS calcd for C,6Hi6CIF,N:0,S [M+H] 508. Found, 508."H NMR
(DMSO-ds, 300 MHz): 6 10.70 (broad s, 1H), 8.72 (s, 1H), 8.00-7.40 (m, 12H), 5.49 (s, 2H).
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Example 7
Pyridine-2-carboxylic acid {6-[1-(4-chloro-benzyl)-4-0x0-1,4-dihydro-thieno[3,2-d]pyrimidin-6-

yl]-pyridin-3-yl}-amide (I-40)
0]
= L\

step 1 - To a slurry of 34 (150 mg, 0.42 mmol), 5-aminopyridine-2-boronic acid pinacol ester
(150 mg, 0.68 mmol; CASRN 1176723-60-6) and Pd(PPhs)4 (150 mg) in DMF (5 mL) was
added sat'd. aq. Na,COs (3 mL). The reaction mixture was stirred at 95 °C until all starting
material was consumed, cooled to RT, and quenched with H,O. The solid was filtered,
sequentially washed with hexanes/EtOAc and hexanes/DCM to afford 25 mg of 6-(5-amino-
pyridin-2-yl)-1-(4-chloro-benzyl)-1H-thieno[3,2-d]pyrimidin-4-one (46): MS calcd for
C1sH;3CIN,OS [M+H]' 469. Found, 469.

step 2 - Pyridine-2-carbonyl chloride hydrochloride (17 mg, 0.10 mmol) was added to a solution
of 46 (20 mg, 0.05 mmol) and TEA (17 pL, 0.12 mmol) in DCM maintained at 0 °C. The
reaction mixture was stirred at 35 °C for 3 h after which additional reagent was added, and the
mixture was stirred for an additional 2 h at 35 °C. The reaction was concentrated in vacuo. The
crude product was purified by SiO, chromatography eluting with a Magic/CH,Cl, gradient (0%
to 20% Magic) gave slightly impure 1-40, which was washed with H,O and DCM to give 1 mg
of the desired product:. MS caled for C24H16CINsO,S [M+H] 474. Found, 474; '"H NMR
(DMSO-ds, 300 MHz): 6 10.99 (broad s, 1H), 9.11 (s, 1H), 8.80-8.73 (m, 1H), 8.61 (s, 1H), 8.53-
8.45 (m, 1H), 8.22-8.02 (m, 3H), 7.98 (s, 1H), 7.75-7.66 (m, 1H), 7.48 (s, 4H), 5.49 (s, 2H).
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Example 8
Pyridine-2-carboxylic acid {5-[1-(4-chloro-benzyl)-4-0x0-1,4-dihydro-thieno[3,2-d]pyrimidin-6-

yl]-pyridin-2-yl}-amide (I-41)
=

5 step 1-To aslurry of 34 (100 mg, 0.45 mmol), 2-amino-pyridine-5- boronic acid, pinacol ester
(0.100 g, 0.45 mmol, CASRN 827614-64-2) and Pd(PPhs)4 (70 mg) in DMF (1.2 mL) was added
sat'd. aq. Na,COs (0.7 mL). The reaction mixture was stirred at 70 °C until all starting material
was consumed, allowed to cool to RT, and quenched with H,O. The solid was collected, washed
sequentially with hexanes/EtOAc¢ and hexanes/DCM to afford 70 mg of 6-(6-amino-pyridin-3-

10 yl)-1-(4-chloro-benzyl)-1H-thieno[3,2-d]pyrimidin-4-one (48): MS calcd for C;sH;3CIN4OS
[M+H]" 369. Found, 369.

step 2 - Pyridine-2-carbonyl chloride hydrochloride (52 mg, 0.29 mmol) was added to a solution
0f 48 (60 mg, 0.16 mmol) and Et;N (50 uL, 0.36 mmol) in DCM maintained at 0 °C. The
reaction mixture was stirred and allowed to warm to room temperature overnight. Additionally
15 reagent was added, and the mixture was stirred for an additional 10 days. The solid was
collected, sequentially washed with DCM, MeOH and H,O to afford 10 mg of pyridine-2-
carboxylic acid {5-[1-(4-chloro-benzyl)-4-oxo-1,4-dihydro-thieno[3,2-d]pyrimidin-6-yl]-pyridin-
2-yl}-amide (I-41). MS caled for Co4HisCINsO,S [M+H]" 474. Found, 474: "H NMR (DMSO-
ds, 300 MHz): 6 10.62 (broad s, 1H), 8.89 (d, 1H), 8.80-8.76 (m, 1H), 8.69 (s, 1H), 8.43-8.08 (m,
20 4H), 7.99 (s, 1H), 7.79-7.71 (m, 1H), 7.52-7.43 (m, 4H), 5.49 (s, 2H).
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Example 9
6-(4-Benzyloxy-3-chloro-phenyl)-1-(4-chloro-benzyl)-1H-thieno[3,2-d]pyrimidin-4-one (I-44)

A microwave vial containing a small stir bar was charged with 34 (142.5 mg) and 4-benzyloxy-
5 3-chloro-boronic acid (266 mg, ASRN 845551-44-2), K,CO3 (372 mg) and Pd(dppf)Cl, (30 mg).

Dioxane (4 mL) and H,O (1 mL) were added, and argon was briefly bubbled through the
solution. The vial was capped and irradiated in a microwave synthesizer at125 °C for 45 min.
After cooling the vial was opened and the contents poured into brine and the solution was twice
extracted with DCM. The combined extracts were dried (MgSQ,), filtered and concentrated.

10 The crude product was purified by SiO, chromatography eluting with stepwise gradient (5%
MeOH in 1/1 hexanes/EtOAc, then 5% MeOH in EtOAc) to afford 29 mg of 1-44 as a tan solid.

Example 10
1-(4-Chloro-benzyl)-6-[4-(pyridin-2-ylmethoxy)-phenyl]-1H-thieno[3,2-d]pyrimidin-4-one (I-28)

7 N\ S
=N O \IJ

15 step 1 - A flask was charged with 4-(4,4,5,5-tetramethyl-[ 1,3,2]dioxaborolan-2-yl)-phenol (510
mg, CASRN 269409-70-3, 50) and pyridin-2-yl methanol (280 mg), PPh; (690 mg) then
dissolved in DCM (20 mL). The solution was cooled to 0 °C and diisopropyl azodicarboxylate
(0.57 mL) was added and the cooling bath was removed. After 30 min., the reaction was passed
through a SiO, pad and solvent was removed. The crude product was purified by SiO;

20 chromatography eluting with 20% EtOAc/hexane to afford 610 mg of 2-[4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenoxymethyl]-pyridine (52) as a white solid.
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step 2 - A microwave vial containing a small stir bar was charged with 34 (108 mg) and 52 (135
mg), followed by Na,CO; (255 mg) and Pd(PPhs)4 (15 mg). Toluene (2.5 mL), EtOH (1 mL)
and H,O (0.5 mL), then argon was briefly bubbled through the solution. The vial was sealed and
irradiated in a microwave synthesizer to 110 °C for 45 min. the reaction mixture was cooled and
diluted with DCM organic extracts were washed sequentially with H,O and brine. The extract
was dried (MgSQOy), filtered and concentrated. The resulting solid was triturated with EtOAc,
MeOH and hexane to afford 91 mg of I-28 as a solid.

1-(4-Chloro-benzyl)-6-[4-(pyridin-3-ylmethoxy)-phenyl]-1H-thieno[3,2-d]pyrimidin-4-one (I-
50) was prepared analogously except in step 1, pyridin-2-yl methanol was replaced with pyridin-
3-yl methanol. The product obtained by triturating with DCM and hexane exhibited a melting
point of 255-257 °C.

1-(4-Chloro-benzyl)-6-[4-(pyridin-4-ylmethoxy)-phenyl]-1H-thieno[3,2-d]pyrimidin-4-one (I-
58)was prepared analogously except in step 1, pyridin-2-yl methanol was replaced with pyridin-

4-yl methanol. The product obtained by triturating with DCM and hexane exhibited a melting
point of 257-259 °C.

Example 11
6-[4-(4-Amino-6-methyl-pyrimidin-2-ylmethoxy)-phenyl]-1-(4-chloro-benzyl)-1H-thieno|[3,2-
d]pyrimidin-4-one (I-45)

step 1 - A solution of the 2-iodomethyl-6-methyl-pyrimidin-4-ylamine (580 mg, CASRN
108260-15-7) and 50 (500 mg) in acetone (40 mL) was treated with K,COs (1 g) and heated
overnight at 50 °C under argon. The reaction was cooled and poured into 1:1 EtOAc/hexane
(200 mL). The solution was washed sequentially with H,O and brine, dried (MgSQO.,), filtered

and concentrated. The crude product was purified by SiO, chromatography eluting with an



1-58 460/ 462 257-259 0.049 | P\ C 101 1-59 476/ 478
0.167 NI
WO 2011/036128 PCT/EP2010/063832

-56-

EtOAc/hexane gradient (50 to 100% EtOAc) to afford 6-methyl-2-[4-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yl)-phenoxymethyl]-pyrimidin-4-ylamine (54).

step 2 - A microwave vial containing a small stir bar was charged with 34 (103 mg) and 54 (123
mg), Na,CO;3 (122 mg) and Pd(PPhs),4 (10 mg) then DCM (2.5 mL), MeOH (2.5 mL) and H,O

5 (0.1 mL) were added. Argon was briefly bubbled through the solution, the vial was sealed and
irradiated in a microwave synthesizer at 105 °C for 35 min. After the reaction was cooled the
mixture was diluted with DCM and washed sequentially with H,O and brine. The extract was
dried (MgSO0,), filtered and evaporated. Triturating of the resulting solid with hot DCM, MeOH
and hexanes afforded 74 mg of I-45 as a yellow solid: mp 272-274 C.

10 The following were prepared analogously by cross-coupling the appropriate boronic acid
prepared by alkylation of 50 with the indicated benzyl bromide: 1-(4-chloro-benzyl)-6-[4-(3-
trifluoromethyl-phenoxymethyl)-phenyl]-1H-thieno[3,2-d]pyrimidin-4-one (3-trifluoromethyl-
benzylbromide, CASRN402-23-2), 1-(4-chloro-benzyl)-6-[4-(4-chloro-benzyloxy)-phenyl]-1H-
thieno[3,2-d]pyrimidin-4-one (4-chloro-benzyl bromide, CASRN 622-95-7), 1-(4-chloro-

15  benzyl)-6-(4-phenoxymethyl-phenyl)-1H-thieno[3,2-d]pyrimidin-4-one (benzyl bromide), 1-(4-
chloro-benzyl)-6-[4-(4-chloro-3-methyl-phenoxymethyl)-phenyl]-1H-thieno[3,2-d]pyrimidin-4-
one (CASRN 117890-58-1), 1-(4-chloro-benzyl)-6-[4-(4-methoxy-benzyloxy)-phenyl]-1H-
thieno[3,2-d]pyrimidin-4-one (I-11, CASRN 2746-25-0), 1-(4-chloro-benzyl)-6-[4-(4-fluoro-
benzyloxy)-phenyl]-1H-thieno[3,2-d]pyrimidin-4-one (I-5, CASRN 459-46-1), 1-(4-chloro-

20 benzyl)-6-[4-(2-methoxy-benzyloxy)-phenyl]-1H-thieno[3,2-d]pyrimidin-4-one (1-
(bromomethyl)-2-methoxy-benzene, CASRN 52289-93-7), 1-(4-chloro-benzyl)-6-[4-(2-chloro-
5-trifluoromethyl-phenoxymethyl)-phenyl]-1H-thieno[3,2-d]pyrimidin-4-one (I-31, 2-chloro-5-
(trifluoromethyl)benzyl bromide, CASRN 237761-77-20), 1-(4-chloro-benzyl)-6-[3-chloro-4-
(pyridin-2-ylmethoxy)-phenyl]-1H-thieno[3,2-d|pyrimidin-4-one (I-6, 2-iodomethylpyridine,

25 CASRN 929876-97-1), 1-(4-chloro-benzyl)-6-[4-(pyrazin-2-ylmethoxy)-phenyl]-1H-thieno[ 3,2-
d]pyrimidin-4-one (I-16, 2-iodomethyl-pyrazine, CASRN 120276-51-9), 1-(4-chloro-benzyl)-6-
[3-(4-fluoro-benzyloxymethyl)-phenyl]-1H-thieno[3,2-d|pyrimidin-4-one (1-34, 1-
(bromomethyl)-4-fluoro-benzene, CASRN 459-46-1).
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afford A-2. Introduction of the C7 noiety is carried out using
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and R4 qins (Y y @&keﬂ}epa%@ﬂlaiogoﬁsl‘}%&éép?ﬁl Q%ﬁ 1.V B%nﬁﬁ‘né?l%ﬁlbﬁ'ﬁﬁﬁé Hycﬁb'lﬁ%hh&é“ ed
benzal dehyde The correspondi ng mpound wherein R4 s al kyl” can

pr epar ef@hsfrmimetirveﬂcbbmsmﬁhylpgn@hkWdrphmmylﬂe KehABRN. 4AMEN-B3 i s opt ionally
substituted cycl oal kyl the reductive amnation is carried out wwth a

cycloalk | car boxal dehyde
eél Chloro-benzyl)-6-[4-(pyridin-4-ylmethylsulfanyl)-phenyl]-1H-thieno[3,2-d]pyrimidin-4-

one (I-60) was prepared analogously except in step 1, 2-bromomethylpyridine hydrobromide
was replaced with 4-bromomethylpyridine hydrobromide (CASRN 73870-24-3).

6-(4-Benzylsulfanyl-phenyl)-1-(4-chloro-benzyl)-1H-thieno[ 3,2-d]pyrimidin-4-one (I-20) was
prepared analogously except in step 1, 2-bromomethylpyridine hydrobromide was replaced with

25 benzyl bromide.



5 Reductive amnation is typically carried out by conbining an am ne and
carbonyl conpound in the presence of a conplex netal hydride such as NaBH4,
Li BH4, NaBb2@N/03grngBH4) 2, sodi um tri acet oxyborohydri de ecThre@o®63sy2i di ne
conveniently at a pH of 1-7 optionally in the presence of a dehydrating
agent such as nol ecul ar sieve or Ti (IVpg0-i-Pr)4 to facilitate formation of
the internediate imne at anbient tenperature. Alternatively the imne can
be fornmed under a 10 hydrogen atnosphangleild the presence of a hydrogenation

cat al yst .g..in th re ce of Pd/C, _at .a rogen pressur l1to5
bar, pﬁé@éﬁa%r/mfw?@ﬁ@&r b e sherdy @611@0%261?1?%11@8}-?10&5 Uer at ur e
of the solvent used. It may al so be advantageous during the reaction if
reactive groups are protected during the reactfon by conventi onal
protecting groups which are cjeayved again R gqventional nethods after the
reaction. Reductive am nation progeg 3 H begn 15 reviewed: R M

CHNH by Metal Hydrides in
ing (Ed) Perganon, Oxford

is introduced utilizing a

Conpr ehensi ve Organic Synthesis col. 8,
1991 pp. 47-54. The 7-(hetero)aryl substi
pal | adi um cat al yzed Suzuki coupling of A-}f d an optionally substituted
(hetero)aryl boronic acid. One skilled ic g art wll appreciate that
substituted (hetero)aryl boronic acids are readily available and the Suzuk
coupl i Ngs@hedlich dB8ADEHEROInIMEd i le§Gd 16 eSSt AMIHT IR QiFkand. el sRFedlast) or
the initially introduced (hetero)aryl noiety nmay be further nodified. Thus,
as desdrthireevaparatsdailplaessolution tonthmingornsriatf cd¢hairepglting product in DMF (1 mL) was

a1 or aciy GRAERERR RTVEDL R DIPRARR WA FoutfT o N ar GG 7

al kyl atnhiRfur®val patitionRISIcellcAMEOAC dRaRTe&eTh@piodactexarfukigied oh apumedient
transfornmati on the Suzuki coupllqggproduct are disclosed in the 25 exanpl es

that fiPohCrie depalanedaiel odMecPE/RCHA e aderdid & fi6fzed coupling of a
boronic acid (R B(OH)2) wherein Ris aryl or vinyl) with an aryl or vinyl

hal i de .0 riflate er.ei = aryl.o inyl; Y. = halji or .0502CF3)
o at f drd-Ghbis ot SR P o am et e DT e BBy By PERE)
and; (PdGhe (WpnirkparW Adal dept In 2-8Fd hfLpldi adGlshepan be
coupdlaeg%tgo\?%%%p o%/g Vi nd;%@g\g?}g%hﬁ%i de -grdﬂt@iﬁ?tl gltl?fv(\i/i %ﬁﬁig?{yi m nat i on.

Hi ghl y bsemidge cat al ysts have been identified (see, e.g. J. P. Wilfe et al.,
J. Am Chem Soc. 1999 121(41):9550-9561 and A. F. Littke et al., J. Am
Chem WD 2011/ 036128PCT/ EP2010/ 063832 -34- Soc. 2000 122(17):4020-4028).
The reaction can be carried out in %FW%Pkéﬂy of organi c sol vents including
tol Uen%»[4T(}7FAmﬂioo§-%{b%ylény?a?zg10?HBQl!]Wﬁn@i@ﬁ@}y%en%ﬁ%@tﬁ&hﬁp&tn@?bII!H-| e,
aqueous sol vents and undér bi phasic conditions. Reactions are typically run
f r om alibiano[B Gotlpyempbn-dtancdl-88) about 150 C. Additives (e.g. CsF, KF, T1OH,
NaOEt and KOH) frequently 5 accelerate the coupling. There are a |arge
nunber of paranmeters in the Suzuki reaction including the palladi um source,

| i gand, addi t}es and t enper gt ure q&%loptinunlcondN@ions sonetines require
optim zatio -Npe anﬂgﬁ?é for a givengpair MG S8 oo i ttke
et al., 88 iM4 ons for Suzuki crggss p @ ?

su s

aryl borofM% atids in high yi&ld at a0, vei M Pd2( dba) 3/ P(t ert\By 3 and

conditions for cross-coupling of ar 4 and vinyl triflates utilizing 10

Pd( OAc) 2/ P(C6H11)8 at RT. J. P. WIf e I-]il:lOCFSSUprseepzd':s“_CP%’é =&14G¥ei ent

condition for Suzuki cross-coupling uilizing 66b: R=H

Pd( QAc) 2/ o- (di -t ert-butyl phosphi no) bi phenyl or o-

(di cycl ohexyl yphospRino) bi phenyl . One skilled in the art can determ ne

opti mal conditions thout undue experinmentation. Acylation of the amne is

convenient?ﬂf%arri S ¢b}halﬁﬁé4or ﬁgéd anhydride in a 15
tetrachl ori de, “et her, THF, di oxane,

sol vent such as,[
benzene, toluene, NaOMS Ot i on or sul fol ane optionally

in the presence of an inorgani g0rJorgani c base at tenperatures between -20
and 200 C, but pref@rably at tlengeratures between -10 and 160 C. Typi cal
orgﬂpic bases include tertingydm nes include but are not limted to TEA
pyridine. Typical inorganic bases include but are not limted to K2CO3 and
NaHCO3. 20 The acyl ati on may however also be carried out with the free acid
optionally in the presence of an acid-activating agent or a dehydrating
agent, e.g. in the presence of isobutyl chloroformate, thionyl chloride,
trinmethyl chl orosil ane, hydrogen chloride, sul phuric acid, nethanesul phonic
acid, p-TsOH, PC13, P205, DCC, DCC/ N-hydroxysuccinimde or HOBt, CDI,

O0- (benzotriazol-1- y1)-N,N,N ,N -tetranmet hyl -uronium tetrafl uoroborat e/ NV\M
O- (benzotriazol -1-y1)-N, NN , N -tet- 25 ranet hyl - uroni um
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Compounds enconpassed by the present invention wherein R' is a phenyl ring
substituted with a heteroaryl noiety are prepared by pall adi um catal yzed
coupl i ng wb 28t1236r2d a boronic acid such as PCT/EP2010/063832
2-[4-(4,4,5,5-tetranethyl -[ 1, 3, 2] di oxaborol an- 2-y1) - phenyl] - pyrazol o[ 1, 5- a]
pyrim di ne or derivatives thereof which%are known in the art. 15 The
activity of the inventive conpounds as inhibitors of HCV activity may be
nmeasur gebpy- By slafry o encsiiyil §avd o B sriftirvact9labtieahbiphédeeichiboklgtear t
including in vivo and in vitro assays. For exanple, the HCV NS5B_ inhibitory
4044 Semtctiameny- He

act i vi 192300t OOpEahd@d grmethy el S2llHprgodangabd assay

proced 1 i N k- ns - : <& QGBI et
B R E R T EUa Py Gy R o, B PR PASRSr CEs b ATH 01
75: 861PMEZ6 mI)Gntnh emsd ANHE0M(3 enln otasdddedhBd(@Bhpo(R¥dsg o f THehtaction maRrtur®©n
have denonstrated in vitro H B inhibitory activity in such standard

assays.Vaphigatedtp b%ﬁréoﬁésléa@st%@ycs@%ﬁ%%n?hm%ﬁm 9 ESPDGEE RaS thererigre

present_ i i ' ' - b/ i t ens
Por  poyHANEPLAR B SR ERSh R, (REB TR iy PO MAHASC LRB BRI 2HE,
repl i catffé6s:ugentifer @i, HajF - RIAS [M-HIh 476 afduad,(476. l(bhyoaiecasds, ele. , Sci ence
1999 285:110 and K. J. Blight et al., 25 Science 2000 290:1972. The
ceII-bé@ﬂﬁnpéﬁﬁﬁ%@%gﬁ%@d?“%ﬁﬁﬂ?@@dﬁ@“ﬂﬁ@é)for conpounds of the present
invention are described in Exanple 21. In the absence of a purified,

functiopal, H ' i,sting of viral. nogn-structural and host
br ot e REP ZousatandeRe Bnang st er agedrn pEEE mUeafneiEe i eafie Fhom
st upl) eSoHPledd tRCIIINRL Has RHvRAndRIVAA8 P BRIAIGBE 6 BNCasnRLY a8 stdpdvithout
validation of these studies in the HCV replicon system Inhibition of

r econbifwalrar pprificdtiond 30 HCV pol ynerase with conpounds in vitro bi ocheni cal
assays nmay be validated using the replicon system whereby the pol ynerase

exists wwthin a replicase caonplex, associated wjth ofher, WO

2011/ 03ERIBRLA SHBOAD DR .2 o anéﬁ‘dme@m-iwg@fdﬁmwaﬁ%% Q-3

20Dr OPLi ' o ot . ) T4 ieggs ¢
r28|i25??% Hﬁgy Eginnﬁgﬁ%?%§§geﬁjg”§ b?ﬁt@?éga?ﬁﬁ%ﬁ?§§ﬁ¥ﬂ§kgﬂg§§ﬁg’#gt,on
of HCVniNBSB Thbidacti@r pi:acteiwsdstsyirred avd tvaondal todtiRnAddikionsd sidedydeldrel conpounds

of the present invention nmay be forpulated jn a wde variety of oral 5
adrﬂtsni BHO vysisgddebionrish e reagtionde gom HPn-aWLﬁ Wi HeaYaSINESAhOBE in t he

form of, L aRlRE %q‘ofﬂétte%véla A5 7n 10920868 DOM £ ATd 360 helfe8! MS GARSHL €S,
solutléh , emul'sions, syrups, or suspensions. Conpounds of the present

i nvent iHaNeO NI€HE148dsFaindn4 & ni st ered by ot her routes of

adm ni stration including continuous (intravenous drip) topical parenteral,
i ntramuscul ar, intravenous, subcutaneous, transdermal (which may include a

penet r atepah- T0 asphitins et 108gentd 21 mowdain, fomasaide (0.0hallatndPMRE! mL) was
supposi t.or j ni.st.rati . other routes of adminjstration., The

ot of er P RITE BB A0s i SEDER” TEE geasapary s S Tatengd 200 Shushi nt

dai 3y Qﬁ§kaﬁ)R@Qhﬁ%ﬂﬁﬂ@d8@a%ﬁ%aﬁ%v@@kﬂﬁf@@Rﬁﬁ?&ﬁ@b@&jk&h@b?&ﬂ%@ﬂﬁ@(ﬁﬁu)
affliction and the patient's response to the active ingredient. A conpound
or conpfiontis myfoftl8: Mesdad foriGeehnNeDS [MsHled19. Heundaéi9. pHaNMRc@dt@dalsl v

useabl e 15 salts, together Snth one_or nore égnv ntional excipients

carri er8) MHz 4 Hyapibscrivgd): Bé-45) @cld): fdtd- Ohentdbm/ §p- ik uf ¢4 1H),

conposit4{< d it S ) har i {140 and unit
dosage o et e R o TSy TaL e 7™y mvent T ona
proportions, with or wi thout additional active conpounds or principles, and
the unit dosage forns may contain any suitable effective anount of the
active ingredient coomensurate with the 20 i ntended daily dosage range to
be enpl oyed. The pharmaceuti cal conpositions may be enpl oyed as solids,
such as tablets or filled capsules, sem solids, powders, sustained rel ease
formul ations, or |iquids such as sol utions, suspensions, emnulsions,

elixirs, or filled capsules for oral use; or in the formof suppositories
for rectal or vaginal admnistration; or in the formof sterile injectable
solutions for parenteral use. A typical preparation will contain from about
5% 25 to about 95% active conpound or conpounds (W w). The term
"preparation” or "dosage form' is intended to include both solid and |iquid
formul ati ons of the active conpound and one skilled in the art wll
appreciate that an active ingredient can exist in different preparations
dependi ng on the target organ or tissue and on the desired dose and

phar macoki neti ¢ paraneters. The term "excipient” as used herein refers to a
conpound that is useful in preparing a 30 pharnmaceutical conposition,
general ly safe, non-toxic and neither biologically nor otherw se
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30 diluents, flavoring agents, solubilizers, |ubricants, suspending agents,
bi nders, preservatives, tablet disintegrating agents, or an encapsul ati ng
mat eri al .wOnopoasess, the carrier generally is a WO  PCT/EP2010/063832

2011/ 036128PCT/ EP2010/ 063832 -38- finely divided solid which is a m xture
with the finely divided active conponefif- In tablets, the active conponent
generally is mxed with the carrier having the necessary binding capacity
in suitable proportions and conpacteﬂnhpmube shape and si ze desired.
Suitable c de but mted to Siu bonat e,
rragnes.lu% eeyﬂfé ‘tpyrgzrb}% 5 P&&tl@é n—%ﬁatheﬂylﬁg&ﬁ [3 S lpuampginia-
gelati%netfggpcanth nethylcellulose sodiuntcarboxynethylcelIquse a | ow
mel ti ng wax, ‘cocoa butter, and the like. Solid form preparati ons may
contain, in addition to the active conmponent, colorants, flavors,
stabilizers, buffers, artificial and natural gsweeteners, dispersants,

t hi ckeners, sol ubilizing Liquid fornulations al so are
suitable for oral adm ni statlQy formul ation including 10
enmul si ons, syrups, elixirs,Naqueous aqueous suspensions. These
include solid form preparations which are i nflended to be converted to
liquid form preparations shortly before use. ions may be prepared in
solutions, for exanple, in aqueous propylene g sol utions or may
contain enmul si fying agents such as |ecithin, sorbit™h nonool eate, or
acadia_;@gueBMSSEQWMﬁhémHXhm@,mé9pmﬁﬂhm3ﬂQb@(@nsse%ummghyhe active

conpon er. and addi ng suitabhl 5 col or vors i zi ng,
and t hiﬂée?rlilﬂgﬁ&g%ht- -ylkgtﬁeerﬁ%%@@ﬁﬁg IReTRsd ﬁr%%pgr ddmpgh ms. ng
the f'QﬂQY&ﬂSN%ﬂﬁﬂDﬁﬁi2%6LFQEMQH§QhfNQCW%R@%1%L§QaykﬁEﬁ@%ﬂﬁﬂEﬁQh@hg)SUCh as
natural or synthetic guns,” resins hy | 'cel | ul ose

car boxylietreackioe nlixtuoseas lanatbdab 160 GébﬂzkaoMﬂmsueobdd)R@ dle nolyentThes
conpounds of t resent i.pventj be for for parente

adm ni Separsdgind ch gsiduopurifed by S Wm%t%rae&ygﬁiﬂ s Ehngni e iRy,

confg NuekBert ROUSH 20% Magicrﬁ afﬁ’)?d @0@%@@@mbﬂlyilﬂéﬂzyﬁ%ﬁo)f-Qt%yﬂazélﬁ‘ﬂoﬁﬂ es,
pre-filled syringes, vol unme i nfusion of in frulti-dose ctontalners mnth

an add@ﬂnpmeser&atpmebﬁhwphoﬁabsmeaﬁsewuymtﬁkbmsmdﬁﬂfbﬂh&ﬂasﬁsuspen3|ons,
sol uti r | sjions_in oil r aqueous vehicles, for exanple solutions
in aquggaéwﬁh@ggﬁﬂih@ﬁ'5g€ Xﬁ%xanples of oily or nonaqueous carriers,
diluents, solvents or vehicles include propyl ene glycol, 25 polyethylene

gl ycol , e I , ter

g1 veol yoneiahl.e, BLhShe Mo mold ¥ flch)n A AAL EHARS 81 IR 1 G5 91

preser \adat Nu@Mel (094 I 534 fyMROHD! ThY sRRN6k Afixtutvadd Hebiztd G 12070¢ tien
d|Sﬁ§rS|ng agents. Alternatively the active ingredient &Ybe i n powder

fork obeli ﬁeBTbgfnda@eéied@m asyrparptor 902 JLérnlpte dsmlmusdorltlw ch/ﬂ@ﬂtw on

ster 1 ero P Be IR o b oG BN OBk Serr it At SR IDSI Ay
be for rghaias): 60115 QPIARIs AT NSKIBILONTE § 15hg, A IR S11AS7 b AU S,

creans or |lotions, or as a transdernal patch. G ntnents and creamns

2011/ 036X2@8PLT), EBZ(IdDZI@ISSQQZs -39, 7 0aym, tH) Sedelisplia), 20 (h.o¥bhul at ed wi t h an

aqueous or oily base with the addition of suitable thickening and/or
Lotions may be fornulated with an aqueous or oily base and

|1 nt
ML T -Geip - BIrsoaBomy kb img- bHemshsibr &seniShiy ag- Gguimslin JeamsiH o1 ng
Jotpl f}ia?%saﬁﬁiaiw EhafSINID o SIPRERG] [0 OGN 35 bOLESANUTR ARSI Bh 2y |

mout h iphehylfipyaadefiges|pyamidins 1sngp1acetd| wih 2444t 4,5, rtetrafdedydr ed base, usually

sucr os acacia or. traga J% til]es conprising the active
|ngred?eﬁqﬂ¢ﬁmgwnﬁﬁePﬂdbégeyg ﬁﬂé§%§EW'1P% and gl ycerin or sucrose and
acaci a; and nout hwashes conprising the active ingredient in a suitable
liquid carrier. The conpounds of the present invention may be formul ated
for adm nistration as suppositories. 10 A low nelting wax, such as a

m xture of fatty acid glycerides or cocoa butter is first nelted and the
active conmponent is di spersed honbgeneously, for exanple, by stirring. The
nol t en honbgeneous m xture is then poured into convenient sized nolds,
allowed to cool, and to solidify. The conpounds of the present invention
may be formul ated for nasal adm nistration. The 15 sol utions or suspensions
are applied directly to the nasal cavity by conventional neans, for
exanple, with a dropper, pipette or spray. The fornul ati ons may be provi ded
in asingle or multidose form In the latter case of a dropper or pipette,
this may be achieved by the patient admnistering an appropriate,
predeternined volune of the solution or suspensron In the case of a spray,

N Y o o e T




in Rem ngton: The Science and Practice of Pharmacy 1995, edited by EE W
Martin, Mack 5 Publishing Conpany, 19th edition, Easton, Pennsylvania. A
skill ed fwormnlia3sa scientist may nodi fy the fornmul ati oRETEPRI0/063SBE
teachi ngs of the specification to provide nunerous fornulations for a
particul ar route of adm nistration w t-hbut rendering the conpositions of
the present invention unstable or conprom sing their therapeutic activity.
The nodification of the present ConﬂﬂuﬂﬂQ]KO render them nore soluble in

ol 11 Qe oere G Dot shl - GAeR R bRt - R E A

vmthlnotngelgg)dlnary skill in the art. It is also well within the ordinary
skill of the art to nmodify the route of administration and dosage reginen
of a particular conpound in order to nmanage the pharmacoki netics of the
present conpounds for maxi mum bemrgficial effect in patients. 15 The term
"therapeutically effective i n means an anount required
to reduce synptons of the di seas® in ual. The dose will be
adjusted to the individual requirenents i agﬁqparticular case. That
dosage can vary within wide limts dependi ngpupon nunerous factors such as
the severity of the disease to be treated, t ge and general health
condition of the patient, other nedicanents whi ch the patient is being
treated, the route and 20 form of adm nistrat nd the preferences and
experience of the nedical practitioner involved. *For oral adm nistration, a
dai | dosa e of between about Q.01 and about 1000 / kg body wei ght per day

shoul d 19 Sy B34 G0ameaD. %ﬂ’&tqlu)e%naip?ymaﬁﬁ(}ér[“r(ﬁ dooiR A 1 her apy. A

refern
e gnt L o) e P S 8 G B Sy P Rt e oG 1)
prefermeﬂhﬂ?olandaabmmﬁ &pPhg@@g(b@dﬂ)mﬂﬂgﬂdab%ﬂPth4G%Bm@hdﬁmrfnmmn

adninistration a 70 per n t he dosage range woul d be about 7 ng. to
0.7 g pextigayas e 110\5%0@5 theiregeddar ni Sieed ‘@nagva%lreéwsﬂ? %B@é&éieor
in divi J ,
T eat MO e TR, Bt Ga o Rl S HoLagate R aneang oAl en PRSI
dosH) ofMigdie) tO(aﬁfpﬁle:lmg'BlfmanSrcalcdlﬁ& O agENiG:Si[MertEad8sl Hoyindmsisl 'H
increnents until the optinmumeffect for the individual patient is reached.
One of NM& (PMSOgiei 300 MﬁIngoS §.7@6&% il Hy Tl 5848941, dEycr0bied! b et syt S15é

abl e, ug y@ggﬁiexperlnentatlon and in reliance on personal know edge,
experi nce ang alsclosures of this application, to ascertain a WO
2011/ 036128PCT/ EP2010/ 063832 -41- therapeutically effective anmount of the
conpounds of the present invention ﬁ§g\}?equen di sease and patient. In
enbodi nents of the invention, the acti ound or a salt can be

adni ni {pr[élr(édAmmOCirnmtmémytmom[l h-adippatobid m- %nyt)r&rplnlato -pliganit]- Is(deehlere-benpey r i n,
a nucl hi bi tor, anot her HCV non-nucl eosi de
po|§ﬁeﬁ§§%mFH#dem§F ormﬁ%§ng o ease |nh|b|tor When the active conpound or
its derivative or salt are adnlnlstered i n conbination with anot her
antiviral agent the activity ey, be |ncreased.over t he parent conpound.
When the treatnment is conbina t Fiar 2 ddh adm ni stration nay be
concurrent or sequential wt e cd t he nucl eosi de
derivatives. "Concurrent p S herein thus includes 10
adm nistration of the agents at the sane tlne or at different tines.

Adm ni stration of two or nore agents at the sa me can be achieved by a
single fornulation containing two or nore acti g{ edi ents or by
substantially sinmultaneous adm nistration of two or nore dosage fornms with
a single active agent. The term "therapeutically effective anmount” as used

herein @ﬁ§““5 n an
indiV|&uai iy e dose {ﬁﬁ% %g%% _%%ﬁ?%%n%ﬁgpgggﬁa@[¥ggﬁpggﬁgﬁigypn
each parthleot@engdoeonid hrad (ﬁbmgg@ 12 ammodpmyDMR (Hi mL)/wmﬂesat d.raqt Magapeidi ng
upon nu ous fa e severity of th Lo.be treated,
the ag ‘Masgaéiﬁeﬁ? 23{"%@% 2# %hdﬂﬂq TSACtN TR RS E?ﬁte CColoal it s wi t h
whi t t t f i

anldﬁj[q htcggleﬂ) ?%an Th %of?z@htr\gas r%ﬁ‘l@(f&fjand e cfuﬂﬁéﬁzd?glldplfrﬁfemb‘gf 8169 %Bhﬁw &?ﬁ\}ﬂél n 20

e preferences and experience of practrtioner Inv
For or dlscaxdklutmgstitiat il\dﬂglc/EGMgtaﬁlaﬂmé(R{geo 26%bDdegieen adfoolit 6 thg@Y IehdMakalet

1000 kg bod i ght per da oul d,he _appropriate in nonoth py..and/ or
- contimat ot ety AR5 atunosh s MRS BRSO b o WBeh Sbeuts 8H8 " ang
about 500 ng/ kg body weight, nore preferred 0.1 and about 100 ny/ kg body
wei ght and nost preferred 1.0 and about 10 ng/ kg body wei ght per day. Thus,

for adm nistration to a 70 kg person, the dosage range woul d be about 7 ng
to 0 7 g per 25 day The dally dosage can be adnlnlstered as a S|ngle




Referential Exanmple 1

6- Brono- 1- (4- net hyl - benzyl) - 1H-t hi eno[ 3, 2-d] pyri m di n-4-one (30) WD

2011/ 0361m6RaT/BFP2810/ 063832 -43- step 1 - To a sol uti orCOEP3R@/0638358 g,

6. 75 mmol, CASRN 07818-55-3) and 4-net hyl benzal dehyde (1 nL, 8.5 nmol) in
CH2C12 (20 mL) and HOAc (4 nmL) in DCM-620 nlL) and HOAc (4 nlL) cooled to OC
was added NaBH(OAc)3 (1.6 g, 7.5 nmmmol). The reaction m xture was stirred
and al 130Megl 09 omyB N7t 8y (B, 1H), 1.63qb®ad 35HS), addi(b,i40Dab. 72k g alby e 04a s 1H),

NaBH( OAc%zg( 5 were added to push the reaction to conpletion.) The reaction
was cool¥dst e 38dseltbhed with 2N NaOH, extracted with DCM dried
(Na2SO™4), filtered and concentrated. The crude product was purified by Si02

h t hy. el.uti i th t OAc/ h i % to 5% Et OA t
R et R g R s A SR e
for mamic @oﬁé&lrﬁ;@ﬂw%ﬁ-ﬁﬂ&@@,gfd}%ﬂrﬁi@iﬁl@-omg pfe%@reﬁhnaléé?méxceﬁt-ﬂ Wak N

e

THF). The reaction m xture was ated to reflux overnig all owed to cool

to R, replesedhveth mtdOt Hfordfang oOhd:0¥ISKaBd fes r Hot@HOS {H+BEM 19T Feursh rﬁb?;ngd
\ son) . fi
3,a|ts Sﬁ?ﬁfme@%ﬁo@f S wp pks 10820 BRER A0 gt B B BRE(E PG or
i 1 P@W 0 I(H)G_N %I_ngb 0.5
319 l:;'([)I G/f165 n goshgﬁc’aéegs\@’ F?lj: 'cycf’?lz f?ggﬂ(éclf%%h%?93§ t ’do(r)r%)%eof(};%gpﬁP’n thgse
cases, OxGusds of starting material and product were isolated, and

subj ected again to the cyclization conditions, to yield the desired

product. Referential Exanple 2 o o
6- Br on®=[0-(72A @00} -srcisipytazo pHL . tilsmenid i g o idin-&ivhl- i(hivstled- Br € 34

6- i L ano i Al <
B I, e ot e e T
421622} 8rrg??&%ﬁ}l%%%ﬁ-%@gm&mi%ﬁ@ﬂpm&hb[I,édﬂminviéimlrbrbai-bldarosp?pyl :/\D |
Exanpl ogon?c aglrd was replace w?t%ZZ-b-ar;ﬁno-S-rnethyl-pyrazolo[1,5-a]pyrirnidin-2-yl %y?igii%r-%-l a

0 Br 091 B chI AR - AERYS OIS BRLAHC MEARS P20 RYAgh g one

6- Br o MINMIR((DNASO-=4- 308X My z) -y 1 @ (e X W reed g 14D (bR Hyi seop(d3 1 8, K. 18y(si DTy i7654- one
(36) was 5 synthesized according to the procedure described in Exanple 1,
exckpt (bioaths-ZrbSays.dybl @ﬂék&adg@a‘kbﬁh{cﬁé 3 Ness 3B YyA0 (. 1D, PSduée i ve
am nat i3?ﬁ step. Trans-4-nethyl -cycl ohexanecar bal dehyde was synt hesi zed
starting 'fromtrans-4-methyl cycl ohexanecarboxylic acid. Methyl ester
formation with TMSCHN2, foll owed by Dibal reduction at -78C, yielded

t rans- 4 et7o) i TRk S Aeidinl 50 S RI-B 8- Benzyl)-1H-

6- Br omlgs- @724 I%ﬁ?ﬁ%ﬁ@?ﬁ%ﬁ%égz%&- 1I(—1|-t h?gn@}[ig, Zgﬁj]]p%?%plgfbnﬂz (})]r%e (35)

6- Br omghi¢ng[3,2td Joprimidin-rrerieyd astpaenayek) anblagohile axcopB4-(2-adiipypimithiyln- 4- one ( 35)

hesj di d i bed in Example 1.
g RN R S T
am 7@t irh@tSeazoldd EX iRy syildp etz caboenyd dctd RCiftbrd to afford 2 mg of 1-42:

{4-[1-(4-chloro-benzyl)-4-oxo-1, 4-di hydro-thi eno
[ 3, 2- d]cpled ifer QisHEGNFOP Bl } 500a Fipend, 660.35) NMR SDMEG e 08 MURKR N0 65, Ar

38a: RygH0G1 3L 6B %.37-8.25 (m, 2H), 8.06 (s, 1H), 7.65 (broad s, 2H), 7.54-7.45 (m, 4H), 6.84 (s,
1H), 6.05 (s, 1H), 5.52 (s, 2H), 2.39 (s, 3H).



38b: R =H Ar = 4-chl orophenyl WD 2011/036128PCT/ EP2010/ 063832 -45- (3
m.). The reaction mxture was stirred at 100C until all starting materi al
was consuwoeao(1s61280 nin). The reaction m xture was coolP€l/HPRO1IRDs3832enched
with H20, extracted with Et0Ac, dried (Na2SO4) and concentrated. The crude
product was purified by Si02 chronmat ogbaphy eluting with a Magi c/ CH2C12
gradient (2% to 30% Magic) to afford 250 ng of 38a. 5 In sone cases, after
quenching the reaction m xture, theEyimpka8 precipitated after the reaction
was quen wi.t h H20. t hese_case t he pre | pitat col |l ected, and
t he su&eff“ éf%mn%@gﬂ%s@m éé’tl)elgl‘e%?’lt]ﬂ e q&m@h tfeeféﬁ ligpeeend to
S|02 cgjqﬁptography step 2 - A solution of 38a (50 nmg) and HCl-di oxane (1
M sol uti on di oxane) was stirred at RT until all starting materi al
mes consunmed. The sol vent was evaporated to afford the 10 hydrochl ori de
salt of 38b which was used withgsy further purification. step 3 - To a
solution of 38b fromstep 2, pyri dpne=]-carboxylic acid (20 ng, 0.16 nmol)
in DM (1 nm) and TEA (0. 05 S @EE! =,I0 (40 nmg, 0.16 mmol ). The
reaction mixture was heated to 60 C the reag n was conplete, cooled to
RT, and then quenched with H20. The resultin olid was collected to afford

10 mg of 1-39: MS calcd for C25K7CLIN4025 [ ' 473. 15 Found, 473; 1H NMR
(DMSO-d6, 300 MHz): 6 10.87 (broad s, 1H), 8. .73 (m 1H), 8.67 (s, 1H)),
8.21-8.15 (m 1H), 8.13-8.03 (m 3H), 7.86-7. m 3H), 7.74-7.68 (m 1H),

7.46 (s, 4H), 5.49 (s, 2H) 5-Hydroxy-pyridi ne-2-ddrboxylic acid,

{4-[1-(4-chl oro-benzyl)-4-oxo-1, 4-di hydro-t hi eno[ 3, 2-

d]pyil@EgLnJﬁyyﬂpﬂpbénxhﬁx@mbqmewﬂ}ﬁﬁmnmmszgﬂapmeeﬂXHm@Jbgmmﬂ)y except in

step 3 r|d|ne 20 c oxyl acid re ced

5- hsdr &%ﬁplaw lgfp fsbogane é@mg?f 1 %@pg‘“ﬁ%@@ é%‘m9 A9 i) ek Was

repl ac eno [3
3l py o ERAPRICH (60 ek T e B PR S oot & o S oty

except RTh ”Eheeqml\aem fvas (etrmvtedb[rhexqsuhleMrsyihsaMVad))nlpﬁehWa]s_hmiwnh tl,aca dviegl

Shrasiheicd Brbanb Re s e R RSl g i i S TR
henyd - 4o\l & 4 f}nﬁmeqm r4b@ngy, %)tet%étmlqm@ 11diox 2R BY2LYD-Ph&iyf- 3R il 13)

was prepared anal ogously except 1 n st
[ 4- (tendmmmﬁ6%9@adﬁanwm@mmndy@ﬁhemytP@dron|c acid was replaced with
B- (4- phenyl - phenyl ) boronic acid (CASRN 5122-94-1) and steps 2 and 3 were
omtted. WD 2011/036128PCT/ EP2010/ 063832 - 46-
1- ( 4- CBtepro= Eomsm;%l b*é 0 me. éipmeﬁplanmmlﬁr%ﬁa’? 3ndthgceyiesnending-berasvie

1-21
E4 (terpﬂbutgﬁgcar ony ﬂ%§h¥ﬁeny ?%%Fgﬁiégggﬁdwﬁﬁgm?dd?q%%h(sonﬁ? The
phenyl beacaon mlﬁoredwém% t0 80 &0fo6)1,5 1Bthewasoled pd RTed, @i dand F36 Aanekbrs hdgesl 2 and
3 were onmitted.
1- (& cnd ity rﬁ%ﬂ%&lyreep(tatee’fﬂscspBe%%fﬁfﬂorq|L2 % Lot MS gled for fe i N-GlRe
(1-22) rvasgoPe | Y, 9! ]
[4-(t etI Jt gﬁ@?&?ﬂ%%&?aﬁlﬂ%@k ny?]C{)ogrdg)nl?%ﬁgcﬁlg % S - % ﬁ ged(’j 15?1%'124
4- chl orgokpine ryH )b D09 ing 1 1Y, i7cD 7 THGRN 26) 9-488s,9H), 349\m,slH)e6r7Mlada&vis t2H)30 and

st eps n were omtted.
1-(4- Cél@rg :g[e)nzyl) 6- (4- phenoxy- phenyl) - 1H-t hi eno[ 3, 2-d] pyri m di n-4- one
(1-24) was 10 prepared anal ogously except in step 1,
[4-(tert-butoxycarbonyl am no) - pheny, !borgq%c acid was replaced with
4- phenoxy- phenyl boroni c acid (CAS 8-0) and steps 2 and 3 were
om 2@ ed-(4-Hydroxymethyl-phenyl)-1-(4-methyl-benzyl)-1H-thieno[3,2-d |pyrimidin-4-one (I-53)
6- (4- But oxy- 3-chl or o- pheny1l) - 1- (4-chl oro- benzyl) - 1H-t hi eno[ 3, 2-d] pyri m di n-
4-one (1-25) was prepared anal ogously except in step 1,
[4- (tert-butoxycarbonyl an no) - phenyl ] boroni§ acid was 15 replaced with
4- but oxy- 3- chl or o- phenylbor (&i 80438-55-9) and steps 2 and 3
were omtted. 1-(4-Chloro-benzyl) - H-t hi eno[ 3, 2-d] pyri m di n-4- one
(1-29) was prepared analogously except in Step 1,
[4-(tert-butoxycarbonyl am no) - phenyl ] bor oni id was replaced with 4-tert-
but yl - phenyl boronic acid (CASRN 123324-71-0) was replaced with 30 and
steps 2 and 3 20 were omtted. N {4- [1-(4- oMy- benzyl)-4-0 xo

4-di hydro -thieno [3 ,2-d]pyrimdin-6-yl] -p henyl} -acetam de (1-37)
was prepared by acetylation of 38b with acetic anhydride in the presence of
pyridi ne and DVAP.
4-[ 1- (4- Chl or o- benzyl) - 4- oxo- 1, 4- di hydr o-t hi eno[ 3, 2-d] pyri m di n-6-y1] -
benzonitrile (1-52) was 25 prepared anal ogously except in step 1,
[4 (tert butoxycarbonylanlno) phenyl]boronlc aC|d was replaced mnth

PANAOCNI R | A NN A=~ A . ~ o o



4- [1-(4-Chloro -benzyl)-4-0 xo0 -1,4-di hydro -thieno [3

,2-d] pyrimdin-6-yl] - benzoic acid (1-56) was isolated fromthe Suzuki
coupl i ng wDt2h1b362ano- phenyl boroni ¢ aci d (CASRN 126747- PCTEP2LSABSED
prepare 1-52..

1- (4- Chl or o- benzy1l) - 6- (4- pyrrolidi n- 1-94~ pheny1) - 1H-t hi eno[ 3, 2-d] pyri m di n-
4-one (1-56) was 5 prepared anal ogously except in step 1,

[4- (ters mmmyglafrp@mwe&ml sairomban(wl mbmypmxﬁyamlﬁb)vmso h@mLaeﬁ@oxylate (154

4- (pyrrolldln 1) - benzene_boroni c_ aci dbﬁ N 229009- 41-0) and gs 2
and 3 W& ﬁdmd (4469, Oe1-fetiamsthyl-Ehs B Wber%x & yD-phenyl]- nihno? (15

{4-11-
dl pyrim (m |n 6- yf?qﬂw ﬁls da%d%%tﬁgs%f can e(?g?{éﬁ%%%%adéiﬁgll)g PoP&lé 7 ept
in ste@hd réda:eommauﬂeowwhir:atm tprlép‘aCEfdr b theheabledgo BRb Begubehi whd mmowtch DCl

and yrrolidine.
D Gl B therTUqae A i BhbY SIQueheatezmpl iy SLEERYH PaEtOAChexane

2 d
4ol el O S0 BEIENN dots o spAL Pl BB HE b pheny -G
4- am n@n@hﬂkﬂe@zﬂmﬁmym@pmw agbokypita€x20] MEsdhakd f§UO5HINO-B. [B4+H06Y,. and
Pd( PPh 250 ng) in DM (5 nL) was added ag. sat'd. Na2CO3 (3.5 nlL). The

4
reactlé:)ﬁu »08re was stirred at 100 C until the starting material was
consunmed. The reaction m xture was cooled to RT then quenched H20. The

noxanesFBCOALS ARa AT AR EL (5N Y 5 Mgk T2 ol St DMF 1 L) was
(4- ayM nRddr RhORIqORRERY, 12)5*’/31&16&9@1&”1% P@a@ﬁb{éhﬁﬂ’ Ms%@ie@ & 100Pyr | 'TH& di n-4-0
ne(40): Ms calcd for CI9HI3C12N30 Found, 402. step 2 - Al Me3

(0. 25 meactin aMcodledtaRBlapd pmsﬁaﬂdedptepala;lsé ﬂldzyTI_c(f phild(dsOeinged ®ith 20% )
(0. 02 %01?{@@%8@5? il R DRt st s: s Wb ot Kt Sednad

m Xt ur | hgeted.
Thi s 521“%3 S puﬁlfl e onllgdggggar ed% g?gg 1?@? 23(36?3%2%&& 5
2011/ 0FA2BRCTMERA]) TB0OB.38 83, 448 5. 5@1(3?12%)0%656{&@11&352 30%, Malgl c to afford 10
ng of N- {2-chl oro-441-(4-chl oro-benzyl)-4-oxo-1, 4-

di hydro-thi eno[ 3, 2-d] pyri m di n-6-y1] - phenyl}-4- hydr oxy- butyram de (I-30):
MS tal cd for C23H 9C12N3035 [MH—l] 'ExtgapleRQund, 488. 1H NVR

(DVSO- d6, 300 Mz): 69.57 8. 67 7.99-7.87 (m 3H),
7.75-7.69 5 (m 1H 7.45 (¥ ﬁ«?gBM%Lymé%eA%Vﬂ (t, 1H), 3.46 (g, 2H),
2.49 (trhe%h&ymalm&ﬂeuﬂqtﬁsmmv Pty merbs SN YEBS 70h &N B ohadnahR@aQls the except in

step 2, y-butyrol actone was replaced wi th a-methyl butyrol act one. Exanple 3
Pyri di n@ozqugtpmfypqhglaéglp@ nucleotide monophosphates into acid insoluble RNA products.

{2-chl Vi ne ?}éo_r ﬁ%ji %Hl 5]961?(‘}3 ﬁ&)ét}f%ta %va?if&&élveﬂl bq} fﬂ%@t&&h&rnihﬁ%ﬂlq{llgﬁtzwaﬁla%ded to the

d] pyrim oro

Pyr2ai w&sﬁed:ardtrhreyllﬁmhbme dﬁtdimdg @&dﬂl@bdl&éRN@meguctOTE’eSammit ))f Rm px@ded to
a slurry of 40(N§§ nﬁ mmol ) and TEA (0.05 miL, O.

mai nt aigkBI2tse by NSSBp Qnﬁ@é@é @f 81 <Al of theacagsion ayas ﬁrréﬁlwepwf@ml t‘aﬂ%f %nlqwd

t o war PetinRhittdP 6y fIRAC ! PAntM Xt ure was stirred at 15 35 C for 3 d. The
solid waslgcﬁpmect e}él washlednsequentl ally wwth DCM MeOH, and H20 to afford

30 ng of!-!: MS cal Cd for C25H 6C12N4025 [M+H] ' 507. Found, 507: 1H NMR
(DM ﬁ"heiﬁ@v MolB hier&se A@ed f th® él@@ﬂla&c a&ﬂr{)lty ﬁsz%zllsa 21Ginkifid aé]ih‘lb tcBmf91 f&etickH) ,

?m551|(4)%f ﬁﬁ%g%rﬁ%gk'%ﬁ%?%e(f?@ cte?l)ve@ fpm H&E Q@Iﬂls}t@;ﬁ %glgpmq EF(%PP@M%SESEZSO 319-7 ?
2P geilgh uiabel A1A0601 PRSI b chd ornds ST bl Wb efbpeq ,

4- chl ordopetngdm to the & ptomotEoofths plasmyd @ifprékélo(lkﬁﬁstf’@t pBT B andatansformed
4- Boc- am no- fI uor ophaaél bar oni c acid (200 , 0.78 mpl ) and Pd(PPh3) 4
(90 mg)ntp - eRAtsiran B2 HHRES )] ded faprotgn %f@resmmcéesmale zolﬁey WafrH%Pdrt@étf"ﬁ &

m Xt ur ¢, MRS 1,3 i k89 12 tiddi h rﬁﬂé‘u‘@ﬁ i§l

cool ed tﬁgﬁ%‘}l ar?ﬁ q‘éenglhﬁ% {ﬁ]&? ég u#ﬂ%h%ofegpﬁgﬂr:%gsé/ext £ WI t h Et OAc,
dried (Hﬂazﬁ@dcpres&oh weas auﬂuaﬂblbﬁﬁncaddmtmabéd 25T isopurdiey - Bethm)tgabaasp]zmmﬁdeed
by ﬁ O%prlré) W tﬂé ‘38 %1 Sénus%tly% the cup[ure at 600 nM was 0.8. Induction of protein

expression was carried out at 30° C for 16 h after which the cells were harvested by



10 Magi c/ DCM gradient (2%to 30% Magic) to afford 200 ng of tert-butyl
{441- (4-chl orobenzyl) - 4- oxo-1, 4-di hydro-thieno [3 , 2-d] pyri m di n-6-yl ]

- 2-f 1 uor owphenydspi28car bamate (42): M cal cd for C24H21CPER3®38o[obsssi ' 486.
Found, 486. step 2 - HCl-dioxane (1 m, 4.0 Msolution) was added to 42 (70
mg). The reaction mxture was stirred-a8- RT until all starting material was
consuned. The reaction was concentrated to afford 15

6- (4- aremeifidratibal NOSEITORYA] Iv{srueific@k@hbrasgsndty déing bitleoebSuAmdupyichtidrdi n- 4
-one (44) as the HCl1 salt, which was used w thout further purlflcatlon in

t he neProteeqdpnc %l@%S@chuFat ol chipngatograhyqmNE NiTA., S8-Japbasoss BB apdand TEA
(33 uL, Be@%x #% s n DCM nai ntai ned at 0C was added benzoyl chloride (17
uL, O. e reaction nmixture was stirred overnight and at RT. The
mxture was purlfl ed on a preparative 5102 TLC plate 20 devel oped with 40%
Magi c/ 6 rhetidRWe theliteRn&l HIZIREE RNA edhSIpRLQ@r arfl [002 1'g) ¥t dIndd

Mag IC/%’ radi ent O%t?fZO%I\/agl c) to affolfgd (. Iﬁp{@lﬁl[ﬂ r!H)I\/IS cal cd for
czalﬁ 7GO3 OIRES RNA} 20096 NSEBGARN-Cagd enzyneNiR l(@l\ﬂé@l%ed BT(T@’ (deqn Ebnero. 28

( b road 31310%_%)9 T?l@g %D%pe%%ct?rgg (16 96705&%«@-% lzhz_ﬁ/lge?ac%’TPl H)FP Zm? éT% Z(? (m

2011/ O&MZBBCHC m/@ﬁﬁﬁ&zaCE@nﬂ‘&mtcﬁthﬁth)mnMMg@m fgtdE car boxylic
acid {4-[1-(4- chloro benI%Mg 4- 0xo- 1, 4-di hydro-thi eno[ 3

d] pyri fPBPAUBL Se1pl ¢k . ¢ad puclense-fgeavaterge a/imahtesmonwt&urew%?%heny|

5 ste

react P%%m';“%ﬁ%&iﬁﬁ??& rieps el AATA PP o iRutr/th B LA Eoled,
ThelGol20eM PobysA odgolrEill G premacddsdeaeaidnodd4 380 i NadBiSIn-Saht cudyinah) 1w

used in _the n t hout urth purification. sol ution
of -t he OfeEALGH ‘ijlfBKf’@%Bl%lﬁwaﬁ%tﬁ gﬁ;‘?r %SDFC? a&&m.ﬁp taéooc‘z Hg‘?d 0. 22
mol ) apd ERDQC( pd 9@ 4OQTMZN£@ﬁDh)r1ﬂMﬁ)ﬂ/gd1M@§thﬁﬁgﬁd4 HEAMEE2[ § |1} of0- 41 Mol ) .
The 10 reaction mxture was heated to More 'reagent- was added and the
react i enmpagndseripl éithted ind3SGhtand nadltasgdizcweaterdon Supkbigactimevolwae of Thilas

concentyated in vacuo. The ur i fi

chr omat S AR Y s arrnad oy PR PP B uSB NS legre fogaand

sl i gt liycuibaed rf@f 2Lh 8 300 CReMﬁn§@@ﬂé@$€p@ﬁ by a¥@&6£6f YL, fﬁnﬁxw NElciYBRkdt R

give 6.3 ng of the desired product calcd for C24H 7C11 25 [ MEH] ' 4809.

Found agggnd 1peuiivRd for 1DNBatd6 C. Iarchipps)werg filtgredowasicd axthst repsfjon wlgpey s,
8. ( (bs

Zgo&d(’v/\é ::%:chl og%bltz az‘?tlc %@idr, 2:?2: %ggfg%ﬂr){(gs lolf'%ﬁ (IZI d;)?, il(agol gf]'fbdrle(? a%gf

[ 1 (4 QBIMbﬁscbﬁﬂtaﬁilebr@ch 20 1Ptk iyt owast ahidediltb ¢agh 2eaction well.

d] pyri m di n-6-y1] - phenyl}-am de (1-3) was made anal ogously except

2-am no- pyrim di ne-4- carboxylic acid was replaced with

5 met hyIlwd RNantemplraesbosty ubes tacisshy (COMPRMNdsatETerited Bipreirg Ohe cIRES RNA template

dr o- t hi 2; dl.pyri pi din-
o va) " Sibry et st R A EYE 4T € Lo D Sy s duBsptey of &1 1
2- am thepUdrb ?}dﬂélﬁefoﬂo@éd be3¥1 hécl@gidd oras do@qjl@fﬁ@dafwsbd[ue%c@mm@mt&@m cotinic
acid (CASRN 13362- 28 Pyr azi ne- 2- car boxyl i c acid
{4-]1- @Mm@emrsbmzﬁilﬁ mlm&MAAeraplhwG@Mp@h@p@a@m]rpymherrﬂaﬁdl%)was a

L1 PRI A DRSO R S Bl o 1 e

pyr azi nemglaear boxyl i ¢ aci d (CASRN 98-97-5). V\D

2011/ 036128PCT/ EP2010/ 063832 -51- 5- Met hyl-1H pyrazol e-3-carboxylic acid
{4-[1-(4-chl oro-benzyl) - 4-oxo-1, 4-di hydro-thi eno[ 3, 2-

d] p3ai rﬁhdiamo@nyqf] lighih eyt ticd- fmmd@ S@'mtillsl)t wigssconraetecddn abwife pel pingseo €M) on a

2-am nos -

5. ot hyhopipuib a8 e @RaE b Pty M Ra AR S a5t Mode: gyl Sovat o

| e-5 - camboxyin, BazkiduhdSubtiact:40a8] @66 talkeiddyctibn40€) xo- 1, 4-di hydro -thieno
[3,2- 5 d]pyri mi di n- 6-y1l] - phenyl}-am de (1-18) was nade anal ogously except
2-am no-pyri m di ne-4- carboxylic acid was replaced with 4-nethyl -

5 oxaz Dacavnbanayyzed 1mExcbl®@B&NsﬁB@Darﬂi2A@)v1tyBam® Kdsw)l. eFls recquobaxthiei ¢ aci d

4-chl pro -benzyl 0-1, 4- dro-th|
15" o pybrcirapReye oy it e Saskiabd igel AhiftoneLbyeesd g the
2- at) NRnPYhitid ([ HhARné TRRARO¥Yhtkd rdkkind\Rere fﬁ%%&gm%é E'bsence of cornj;)ound
5-i soxazol ecarboxylic acid (CASRN 21169-7 10Exanpl e
[ 1- (4-Chl oro-benzyl)-4-0 xo-1, 4-di hydro-thieno [3 , 2- d]pyrlmdln 6-yl] -p
henyl} -2,5 - difluoro- benzam de (1-7)



1-7 Ar = 4-chl orophenyl step 1 - To a solution of the HClL salt of 38b (50
nmg) and TEA (35 [iL, 0.25 mmol) in DCM 15 nai ntai ned at 0C was added

5-di f | wwoaetiensgzgl chloride (26 ng, 0.15 mml ). The r @aTIEPRMONHISBUr € WaS
stirred for 2 h and warnmed to RT. The solid was coll ected and washed with
DCMto yield 16 ng of 1-7: M cal cd fep6-C26HL6CLF2N3025 [ M+H] 1508. Found,
508. 1H NV\R (DVMSO-d6, 300 MHz): 6 10.70 (broad s, 1H), 8.72 (s, 1H),
8. 00- 7.fifon (viichkBéAbackBrobAd Crrecttd activitdpw@ 5dy d@&@ﬂ)%&ﬁ@%&ﬁ?&ﬂ&h@@ 388 data s
Exanpl e 7 Pyridine-2-carboxylic acid { 6- [1-(4-chloro -benz¥ -4-0 X0

W,

- 1, 4- dicKppSd-ap BiPersenREe Oéﬂlapgwwwaﬁwl élihefp}npobgﬁ% FQficRutatiop ¢ isfhithe (1- 40)
5
ac?éeB.e%ayc%% ol Rod b Yo SN At ghehth U GRS 10657 O T BE mlle) 7 ©

(150 ng) in DVF (5 nb) was added sat'd. agq. Na2C3B (3 ni). The reaction

m xture was stirred at 95 C until aklvst-aktioyg material was consuned,

cooled to RT, and quenchee %Mih+H26—Fhe—sete—was figtered, sequentially
washed with hexanes/ Et 0Ac and hexa s/DQMto fford 2% ny of 6- (5-am no- 10
pyridi n-2-y1)-1-(4-chl oro-benzyl) - t"me—r@[g’;rZ d] pyri m din-4-one (46): M
calcd for Ci 8H 3CLMAOS [ MrH] ' 469. LFoufl§s0469] step 2 - Pyri di ne- 2- car bonyl
chl oride hydrochloride (17 ng, 0.10 mmpl) was added to a solution of 46 (20
ng, 0.05 nmol) and TEA (17 [iL, 0.12 mmol) in DCM nmai ntained at 0 C. The
reacs i QRuatioX titfo@hdMas Witetd 1yeoddespdadtd tAE raativedint fhe WhtinGty @dg) !+ anaih seagent
was added, and the 15 m xture was stirred for an additional h at 35 C
The redlks ie@ndu@lagla@mm@cémtmt gafuiafing eiuprunitiseneantraotpr taddet” it elative i ed by

5102 ¢ 1 DG i % t.Q.c2 gi c)
oave SITARHY TRaruatino S pon B Sl C S S

of thEPQHSbéiﬁdlelﬁf@ﬂlsE)tpe). MS cal cd for C24H 6CIN5025 [ M+H] ' 474. Found 474
1H NMR (DVBO-d6, 300 MHz): 6 10.99 (broad s, 1H), 9.11 (s, 1H), 8.80-8.73
(m 1H), 8.61 (s, 1H), 8.53- 20 8.45 (m 1H), 8.22-8.02 (m 3H), 7.98 (s,
1H), 7.75-7.66 (m 1H), 7.48 (s, H4MjRe@icéBafsmy 2H). WO

2011/ 036128PCT/ EP2010/ 063832 - 53- Exanple 8 Pyridine-2-carboxylic acid {5 -
[1- f()4 elrhllsoa[sg IQQMY%Xhélaﬂ?hté/%ﬁﬂe é’o%{io’f'ﬁﬂ% &t fohﬁhlﬁ'}% [Iff’nbl‘ZH@ﬂVpBi ,r\]Ar@e h@d‘tlgn yl]
-pyridin- -y -am - To a slurry of

mol ), afd drereforetheir gomemﬂutlbtyﬁmﬂtc ta?@tIUQIltplf H&dbInfagibes. Thb mﬁ)y lg;lhz(és 45 mml

e NaJORE] & 4y T b MR eerflaeh BN Bl The B eSS |

start i RgndRhEMtdHuMRASNOARS HFR Ipcrlch MWL tabe oFAendtopRTh re%nso@é&ﬂﬁh&dqm th
H20. The solid was collected, washed Sequentially w th hexanes/Et 0Ac and

hexane$NDENcgw capk.or §irpd 201 35(16): ¢elanmnmoeditelydifier the intgrnal ribosome entry site
1 | oro-henz 0 |md 48 | cd for
G )H 3%@?\%5%%9&&’ a‘“éé%se& lm %‘%‘5?“11 Pi“%ﬁom erasﬁl(ﬁg%éé éa%%“%%se?m ori de

hydr oc mnsawgiq)ebaae Py, frdda ?CQ)t m@h]but/lﬂﬁse'ﬁﬁweldlst(@/l . Rght&i PDrow, BBIBG 99y, 0. 16

mmol ) and Et 3N L 0. 36 mmléoin DCM mai ntai ned at 0 C. The reaction
mi xt ur é3was92§t913 &) vaTe BaRseriponuEie YA Was slertrappiated inip dumpe heiaierma

e T ” 52085 QIS A0LAG MUt Bctos &1 LI
MeOH ar2d09420 cbn)taﬂ]f%frqﬂﬂtaﬁ& H@Vcﬁubggtrolndc R4 -and alidoactiy ity of Remdia luciferase
5 4- hI 4- 1, 4-dji hydro-th 3, 2-d] 6-y1

ygfyp%ﬁ%e &ycﬁe%zf ic mﬂgéft?éa% 16@%’&%1?’6%&%’2@%%8 afswrjas 5%%9 'ngblanﬁ ] 4% !

(12 N?_/ﬁ) ﬁag@%ﬂateg%e%ga%@ leﬁteGd%d Qﬂé %ﬁiar%)a&ﬁ‘t) in &dgtgto(rﬂeas&tlé)t}%eg i.B,ntﬁQmﬁ 76

1H), 7.a6@vip, at@l c(ytqtoXJlH}y ofa dlg:rmsql campounm el a&ang ﬂemﬁmedmtoﬁssmot. 54-

Exanpl

6- ?Zp B@Hﬁy‘? dsgrease L A rBLISHEIR LY d1e (sl - benzy1) - 1+ t hi enol 3, 2- ¢] pyri mi d

in-4-one (1-44) A mcrowave vial containing a small stir bar was charged

with 3 ASRN
845551444&%%1%@%8@9&2%) Jhﬁ%fégﬁg?‘?l%i@&?ﬁéégn%&%b oxgﬁelal?%d i and
H2025 1 DulheceeseV BNO@ayitrageh ar gonl 0va3-0b0) eith §%biatd bednt Is&mmg(ﬁBShhwﬂodgahl on.
The vi al was ped and irradi a m C ynt er at 125 C for
45 min Cawlt)eer%gg&ﬁgh@ldt%e@Paﬁo %i@wsﬁg%ataﬁrﬁ?ﬁ&aﬂ@ R,eame@nmdz Bethasd i nt o

bri ne %Q@rnﬁ%l@ T%Htty' i%ﬂr N&Rs fafdrCEi ekt &%t%s%&&n@@ﬂco@%@u&%@'t o} racts
were dried {MSH | tered and concentrated. 10 The crude product was
purified by Si02 chr omat ography eluting with stepw se gradient (5% MeOH in

1/ 1 hexanes/ Et 0Ac, then 5% MeOH in EtOAc) to afford 29 ng of 1-44 as a tan
sol i d.



Exanpl e 10

1- (4-Chl oro-benzyl)-6-[4-(pyridin-2-yl methoxy)-phenyl]-1Hthi eno[ 3, 2-d] pyri
m di n- 4- oNe 20/@8)28 15 step 1 - A flask was charged w t IRCT/EP2010/063832
4-(4,4,5,5-tetramet hyl -[ 1, 3, 2] di oxabor ol an-2-y1) - phenol (510 ng, CASRN
269409- 70-3, 50) and pyridin-2-yl nethé&hol (280 ng), PPh3 (690 ny) then
dissolved in DCM (20 nL). The solution was cooled to O C and dii sopropyl
azodi cafddna hakeadddd 3 thizlekllsyashigitaed tasdfukiher poatdigat Batd foralsres eapy ed.

Af ter 30 mn the reactjon was passed through a Si 02 pad and sol vent was

r emov edhe aieof¢he eution biste. %&sceﬂmq Vhisirgies sieopharpestatr DL S HrasRytehut i ng
th 2 1
\évl- [ 4- (%/ EE%&A(&{[GQ'? i %'Flﬁlg&%jl%l%;a (S)}%f(t) mﬁPrSme% Catﬁleong%/znet éﬂ tT pyri di ne

(52) asvmenhidbarbol ntdthe RID 500 pAAB6PRSRETIERZ0A 0f 06 38R cOBer ssktﬂepncﬂthe A
52° (R saangictirer s Ggiog NazsCRosE Braus At Pl PRGN L s VEEH uene
(2.5 mv)azsﬂ@ Qe GlieMoo @A phl hQ‘Q b%ffg}eh’sa%ﬁ@@gﬁl ¢ rg’ﬁﬁaeg%ﬁgh@i’ r#%éﬁ)l%ﬁ%

t hrough the solution. The vi was seal e in a mcrowave

synt hegil2€1x Rolutifrate A@gayélﬁmmuffertphﬁr teidClibation a1 Mot R mpasituee Gredd mind The
diluted with DCM organic extracts were washed sequentially with H20 and

bri ne. Pliewax ih@aemsemﬁ@ indp theCquiyg 3% 900 miqreRiptedumngmetni ¢ Baithald dgchnpipgics),

r fes l]J-I tzlgﬂg 166) ﬁ 8'{ ﬂﬁlﬁcffgrhgeuzgs%gﬁ Huths vt}as%lj(%pi%d Y5 QL ADE Dexae %1g&191 ALdQrd 91 g

1- (o Cimhmgca Dedesid diclBy, 4scednd mdhdireindtt PRIghGN Y 1€ 10 eitycbincdittatibh 6 nee Arde d] pyr i
m di n-4-one (150) was prepared analogously except in ste yridin-2-yl
net handPawikgd foraisucegirapfiean lsyelityi W0 morebuipn t%’élehlélﬁéﬁlted MEC%WEM@H@ s8R &P ned

by tr|t 7

O SRR U BN Rt L e TR A8 T B
m di n- 4s daeriptbB)ovas prepared anal ogously except in step 1, pyridin-2-yl
met hanol was replaced with pyridind4-yl nmethanol. The product obtai ned by

triturating with DCM and hexane exhibited a nelting 15 point of 257-259 C
Exarrpl eV3T- lefsagezmt frampRe ahe Dl@gnmtlmwat PYrlioAHE1 70 w2s pbedeioh thexoyfoteieltyyageay .

-1- | ] 20 st 1 -

A b uRBn g Tt T gralh st P R NG A Sal Pt sy s
108260111@'031)1‘[&1&1&%(59 albhO8s BEhkd NC AR e{c@f theh 4k ubbied VW&S2 b bEF €Y aVMi tHe ¢BGRRe( 1
g) and heated overnlgyt at 50 C under argon. The reaction was cool ed and

pour ed Waitieragured pripg, dRANR Y@ IRIFTOtTH e lafe resdrio- asystams Retd seBuent i al | y
th H de

o onue ARSI ALY, SUHTERs0, BERAL AN GACCERLARR e

2011/ oeenaﬁﬂmﬁmmsmaaaamﬁﬁ theEnﬁmatdd@eﬂmentgmladh&ntan(t&&alanlalﬁ{)ﬁmﬁt 0AC)

fford 1-244-(4,4,5,5- [1,3,2] dio.xaboro l.an-2-yl1)-p
gﬁalflﬁﬁ/ﬂg? Pergspraghieugtion 9f'ianRﬁ%f%5@§ue Bt ‘i‘b‘gQOJ‘CG}&“PﬁI% gIRAdgove.

contalnlng a small stir bar was charged with 34 (103 ng) and 54 (123 ny),
Na2CO3 (122 ng) and Pde=rRRrS4—{+o—fg—tfrer—bei—t2—o—ft=>— M:OH (2.5 nL) and
H20 5 (0.1 nmL) were added. Argon was, ﬁggtﬁﬁty bubbl ed t hrough the sol ution,
the vial was sealed and_irradiated i rowave synthesizer at 105 C f or
35 min. After the reactjon was cool ed tHEVRaflidoeAWAStydi | uted with DCM and
washed sequential |y witROPPRMIIUBPEhe. The extract was dried (MySO4),
filtered and evaporated. Triturating of thelGseduM)ing solid with hot DCM
MeOH and hexanes afforded 74 ng of 1-45 as a yellow solid: np 272-274 C. 10
The followi ng were prepared &38| ogously by cP®4g2coupling the appropriate
boronic acid prepared Dy alKyration ol 50 with the indicated benzyl
brom de: 1-(4-chloro-benzyl)-644- (3- 0.0041
trifluoromethyl - phenoxyseibylephenydl ol thionol 3. 2.dloyri m di n-4-one
(3-trifluoronethyl benzyl brom de, CASRN402-23-2),
1- (4-chl oro-benzyl)-6-[4-(4-chl oro-benzyl oxy) - phenyl] - 1Ht hi eno[ 3, 2-d] pyri m
di n-4-one (4-chl oro-benzyl brom de, CASRN 622-95-7), 1-(4-chloro- 15
benzyl) - 6- (4- phenoxynet hyl - phenyl ) - 1H-t hi eno[ 3, 2-d] pyri m di n- 4-one (benzyl
brom de), 1-(4-
chl or o- benzyl) - 6-[ 4- (4- chl or o- 3- net hyl - phenoxynet hyl ) - phenyl ] - 1H-t hi eno[ 3, 2
-d] pyrim din-4- one (CASRN 117890-58-1),
1- (4-chl oro- benzyl) - 6-[ 4- (4- net hoxy- benzyl oxy) - pheny1] - 1Ht hi eno[ 3, 2-d] pyri m
idin-4-one (l1-11, CASRN 2746-25-0), 1-(4-chloro-benzyl)-644-(4-fluoro-
benzyl oxy) - phenyl] - 1H-t hi eno[ 3, 2-d] pyri m di n-4-one (1-5, CASRN 459-46-1),
1-(4-chloro- 20
benzyl) - 6-[ 4- (2- net hoxy- benzyl oxy) - phenyl ] - 1H-t hi eno[ 3, 2-d] pyri m di n- 4- one
(1 (bronDnethyI) 2 nethoxy benzene CASRN 52289 93 7)

. o =, o . T T R Y I T 1




- 1-48 0 5 step 1 - p-Bronothi ophenol (380 ng, 2 mmol) and

2- br ononet hyl pyri di ne hydrobrom de (500 ng, 2 nmol, CASRN 31106-82-8)) were
stirred overnilgisti2zai th Na2CO3 (1 g) in DMF (10 nl). The PRITAPR016/06E832
partitioned between Et20 and water and the product purified by Si02

chromat ography eluting with an Et 0Ac/ hé%ane gradient (0 to 20% Et0Ac) to

af ford 2-(4-bronophenyl sul fanyl net hyl)-pyridine (56). 10 step 2 - A
solution of 56, KOAc (800 ng), bis-KpimpleeRato)di boron (1 g), and

PdC12( 150 ny) in.di oxane eated at. 100 .C overn he m xture
was pardP?’P %3&%%0%@? st 2 ey Rg bgoma%un&é foTfdimanisptign wggeVﬁtfl feyted by

Si 02 cm;&grglt %ara@mes%h%d RO ERRRR. Et 0Ac/ hexane gradient (0 to 25% Et OAc)
to afford (? 4,4,5 5-tetranethyl -[1, 3, 2] di oxaborol an-2-y1) -
phenylsulfanylnethyl] pyridine (58) 15 step 3 - Pall adium catal yzed
cross-coupling of 58 and 8émpasiticafdri®El AdmidifraLEGAY W th the procedure
descri bed i n st ep2 of Fyam'\l e 11 1 -(A Chl oro- hpn7\/1\-ﬁ-

[ 4- (pyridin- 3- ylnﬁnhyh@ulfanyl) phenyl] éhﬁﬂhﬁeno [3 2 d] pyri m di n-4- one
(1-51) was preparge—t ; ; brorerrethyl pyri di ne
hydr obr om de was (pyrldlne hydrobronlde (CASRN
4916-55-6). 20 Lactose 79

1- (4- Chl oro-benzyl)-6-[ 4-(pyridin-4- ylnethylsulfanyl) phenyl ] -1Hthi eno[ 3, 2
-d] pyri mi di n- 4- oh@g@mmaﬁﬁﬁmaeeprepared(hﬁélogously except in step 1,

2- br omonet hyl pyri o o ----thylpyrldlne
hy dropbriwgiiggcdiGASRN rﬁ&%& @nc?érsﬁénsed into capsules contalnlng about 100 mg cach; one

6- (4- Benzylsulfanyl phenyl ) - 4-chl oro- benzyl) - 1Ht hi eno[ 3, 2- d]pyrlnidin-4
-one ( rapyje wawld gprioxiadc aﬁ%trl Hyglojagsxcept in step 1,

2- br omonet hyl pyri di ne hydrobrom de was replaced with 25 benzyl brom de. WO
gi%?gG}_:ﬁSPCﬂ EP2010/ 063%%%1p0551§10n for Oral Administration (B)

6- (4- Benzyl am no- RREAL A 1- (Z- CNTOT 0- DENZyl) 5 H-Threno[ 3, Z-a] pyri m di n-4-on
e (1-49) A suspension of 38a DCM (10 nl) and an equal volune of 4MHC1 in
di oxane. was stirpedvé tigrédidnth t hen evamir@bed. To a sol ution containing
one half of the resulting product in DVF %1 m.) was added benzyl brom de
(60 [iL, 1 eq.) ah® Emﬁﬁﬁﬁﬁg oatite [iL). Aft®d”t he reaction was conplete the

m xture was parti OAc a ter. The product was purified
on a preparative E?%gﬁgfgﬁ galueveloptra!% %fth 5% MeOH DCM to affordlO0 ng
of 60. 1-(4-Ch|baaeh£nzy1) 6- {4- [(pyra.®ion-2-yl methyl)-am no ] -phenyl}
-1H-thieno [3 , 2- 0 one prepared anal ogously except in
2- br onomret hyl - pyr%&&%@ &% B§?@hawﬁblacgﬁ@% benzyl broni de. Exanple 14 6-
[4-(7-Amino-5 -neETNyt-pyrazo 10 [ L, 5 -a] pyrimatn-2-yI)-pnenyt ]

- 1- ( 4- ridehydredients yic) conpitiddeand graultedippyg i ﬁ¢1@|¢msuclo¢ﬁem@ma138) Thgpfprmulation
2011/036 28PCT EP 10/ 6 T

5 br o 4ot 3754 B RO TE Pl onfinR) <o S e Sl Rl vikas, 200

g, 10. ﬁﬁpﬂ@fmht): taiet machine,

5-methyl -2-[4-(4,4,5,5-tetranmet hyl -[ 1, 3, 2] di oxabor ol an-2-y1) -

phenyl] - pyrazol o[ 1, 5-a] pyri m di n-7-yl am ne (64, 316 ng, 0.9 nmmol, CASRN
642589-62-0) in DV (6 nL) and agq. sat'd. Na2CO3 (3 nL) was added Pd(PPh3)4
(98 ng). The reaction mxture 5 was heated to 100 C for 3 h and then cool ed
to RT. The solvent was renoved and the crude product purified by Si02
chromat ography (1sco) eluting with 10%eO0H DCMto afford 75 ng of 66a: M
cal cd for C2i H 6F3N503S [M+H] ' 476. Found, 476. (In sone cases, the
trifluoroacetam de group was (partially) hydrolyzed). step 2 - Agueous
K2CBwas added to a solution of 66a in MeOH After the reaction was 10
conpl ete, the solvent was renoved, and the crude product 66b was used in
the next step without further purification. step 3 - To a solution of 66b
(75 ng, 0.2 mmol ) and 4-net hyl - benzal dehyde (67, 25 uL, 0.36 nmol) in DCM
(1 nmL) and HOAc (21 nL) cooled to OC was added NaBH( QAc)3 (53 ng, 0.25
mol ). The reaction m xture was stirred and warned to RT. Additional

al dehyde and 15 NaBH(OAc)3 were added to push the reaction to conpletion.
The m xture was purified on a preparative 5i 02 plate devel oped with 10%
MeOH DCM to afford 100 ng of 68: MS calcd for C27H25N5025 [ M+H] ' 484.

Found, 484. step 4 - To a solution of 68 (100 ny, 0.21 nmmol) in formam de
(0.06 nL) and DMF (1 nlL) was added NaOMe (0.15 nlL, 25%in MeOH). The
reaction mxture was heated to 100 C then 20 cooled to RT and purified on a
preparative 5i 02 TLS plate devel oped with 30% MeOH DCMto afford 5 ng of
1-38: Ms calcd for C27H22N605 [ MtH] ' 479. Found, 479. 1H NVR (MeOH d4, 300
MHz, 2 Hs not observed) 6 8. 49 (s lkb 8 18 8 09 (m ZFD 7 85 7.79 (n]

~1 N — ey — — g = ey e~ ~ o~ — -




1- (4- Met hyl - benzyl)-6-(4-pyrazo lo [1,5 -a]pyrimdin-2-yl-p
henyl)-1Hthieno [3 ,2-d]pyrimdin-4- one (1-57) Me 5 step 1 - To a slurry
of 62 (1080mg11/Be28 nmol ) and 2-[4-(4, 4,5, 5-tetramet hyl PCT/EP2010/063832

[ 1, 3, 2] di oxaborol an- 2-y1) - phenyl] - pyrazol o[ 1, 5-a] pyri m di ne (141 ng, O.44
mmol , CASRN 642589-50-6) in DVF (2 nmL)6%nd sat'd. aq. Na2C@B (1.3 nlL) was
added Pd(PPh3)4 (47 ng). The reaction m xture was heated to 100 C for 2 h
and then cooled to RT. Th€oapbvieoh fovaSral adnvtstraid (Che resi due purified by
Si 02 chronmat ography (lIsco) eluting with a Magic/ DCM 10 gradient (0% to 20%
Magic) to afford_100 mg 3-(4-nethyl - benzyl am no)-5- (4-pyrazol o[ 1, 5-

a] pyri mdi n-2-yl - pipeedidnt- t hi ophene- 2- carfsoxtyt.c acid nethyl ester (70): M
cal cd for C26H22N4AQ2S fl\/l-l-l—l'l ' 4505 Eaound 455 st ep 2 - Tg a solution of 70
(100 g, 0.22 nmoActivecdepradi de (0.06 mil @nd DVF (1 ) was added NaOMe
(0.14 nL, 25%in NMeQHD. ge reaction mxpure was heated to 120 C then 15
cool ed to RT, and purl(fl on a prepar atl v 5102 TLC pl ate devel oped with
30% Magi ¢/ DCM t 0o 8b#liarcchdoridgg of 1-57: MS2@gd cd for C26H 9N505 [ MHH] ' 450.
Found, 450; 1H NWR DI\/SOaSG 300 MHz): 6 9 15 (d, 1H), 8.69 (s, 1H), 8.55
(d, 1H), 8.18 (d, Néﬁﬁjy I'pgr 9n(s 1H), 7.9916& 2H), 7.26 (s, 1H), 7.35 (d,

2H), 7.19 (s, 2Hp 5.46 (sg2 224 (s, 3H).
6- (4- Furo[ 3, 2- b] pylrdqpﬁ 2- ;]I phenyl) 1- (4 nghy -benzyl) - 1H-t hi eno[ 3, 2-d] py
rimdin-4-one (I- Cﬁ’ﬁhuiaaadmgapr epar ed andlggusly except in step 1,
2-[4-(4,4,5,5-tetranet -11, 3, 2] di oxaborol an-2-y1) -
pheny1] - pyr azol o[ %,0%58}1{#)90/[ SAEHR i s repllzag%l with
2-[4-(4,4,5, 5-tet RapgRiAX (a nael%]lgcggaborpbgr: 2-yl) - phenyl] -furo[ 3, 2-b] pyrid
ine WD 2011/ 036128PCT/ EP2010/ 06383 61- anple 16 1-(4-Chloro-benzyl)-6-
[ 445 - met hyl - [1 Blavatiog xadi azol - 2-y1) - P-6&wpl] -1H-thieno [3 ,2
d] pyri m di n- 4- 133) Cl 5 To a sl of 34 (50 ng, 0.14 mmol) and

4 50 At

|

2-met hyl-5-[4-(4, ??etranethyl[l 3, $xabor ol an- 2- y1l) - phenyl]-[1, 3, 4]

oxadi azol e (43 rrngngukévmml CASRN 913835td9e@mlin DMVF (1 nL) and sat'd.
aq. Na2C33 (1 4 n1\ WAS addpd Pd( PPh’%\A 46 rm\ The reaction m xXture was

heat ed tg % (ofo) Q eﬂﬁ-?ﬁ kv was renoved and the
crude prgéﬂ%tgdlgﬁél glg% 6‘% 02 %ﬁ?%lrsr%t ofggrr%r;%h ) %cro (mel uting with a

Magi ¢/ DCM gr adi ent (O%to 30% 10 Magic) to afford 12 ng of 1-33: MS calcd
for C22H 5CL1NA025 [ MtH 435. PFgbiehal Fe@aulditdnN (DIVBOdG, 300 MHz): 6 8.70

(s, 1H), 8.12-8.00 (m 4H) 8 03 (s 1H) 7 47 A4H), 5 52 (s, 2H), 2.61
(s 3H). Ingredient %Wt/wt Exarrpl e 17
6- [ 4- (7- Am no- or o- phenyl]-1-(4

- chl or o- benzy1)Actys 1 uigli-e 1ﬁP“eno[B 2-d] pYr?°f di n- 4- one (1-2)
of 34 (50 ng k "

4- (7-am no- %ﬁf pyrazol 0[1 5-a] pyrl mrglane-lsgyns- 3-chl oro- phenyl boronic
acid (51 rrg, 0. WatemﬁcrrllmjectnmﬂNF (1 nl) lahchlsat' d. ag. Na2COB (0.7 nlL) was
added Pd( PPh3)4—(23—+g—Fre—+Feactior—rdure—was—heated—to 100 C for 1 h

then 20heaefi@dinbRdRht is tiosed Y@é\%or\ﬁ{@ﬁ off ET¥BVAEL B ¢hj édﬂ@ncrAUéill@ﬁcﬁérﬁdjﬁﬁﬁtlty of
purified by 5i 02 chr omat ography (Isco) el uti nglé h a Magi ¢/ DCM gr adi ent
oad

(0%% o sedupnahdpride is theaftldediwitl stigingfio mage thgso soft@ric. CRBHHBC NS 0Bdp MrH]

2(5)??/ og‘gllégg”ﬁ@%? %ﬁﬂé%ﬁwgﬁ% aéég%g %@0?’%‘1”8%?%9?4@%% (dH{lC\{“\%—D, 7.62

Ebr OaEDrﬁemtﬂrbhe fiffer48d packagbl under étéri(escondions.6. 04 (s, 1H), 5.52 (s, 2H), 2.38
s, 3H).

6-[4- (7-am no-5-net hyl - pyrazol o[ 1, 5-a] pyri m di n-2-y1) - 3-chl oro- phenyl] -1-(4
- met hylThgdtasimex ﬁisqlesddyih)thelfdmg@ii@‘df[scafimioah} py/thi o liiwing clamas, waprepsed pathed

anal ogousl. xcept .34 was.5 re ced.with 36 to a rd.e of I-4: M5

oo o pBeo B B et Rh e iR RS0t B dRicRied fiokiGomeettiodiso ) -

6 8112 phSoessd) attBni@-tFe diSclod8d r@slfﬂt; asgazﬂpzo thie, hidy. se?aaﬂfﬂel{r Qﬁi,m 5{% GOl’lelﬁ&ld‘[lbr Oad

2H), 6.78 (s, 1H), 6.05 (s,
( m 10|q)f suqh, fggfuray, beawylized for reahzmg the 1nvent10n n dlverse forrns thereof

6-[ 6- (7- Am no- 5- net hyl - pyrazol o[ 1, 5-a] pyri m di n- 2-y1) - pyr|d|n 3-y1]-1-(4-ne

ol SR e A (O R R e S T
4- (7- a%muéomahmhn@yarn%%a&&n&ng] Rl hiods Yo dacds Gt Phane eyt boroni ¢
acid was replaced wt

2- (7-am no- 5- et hyl - pyrazolo[1,5 a] pyrimdin-2-yl)-pyridin-5- yl boronic
acid to afford 13 ng of 1-43: M calcd for C26H27N705 [M+H] ' 486. Found,
486. 1H NVR (DWVMSO-d6, 300 MHz): 6 9.19 (s, 1H), 8.48-8.40 (m 2H), 8.29 (d,
1H), 8.18 (s, 1H), 7.65

Cl To a slurry



15 (broad s, 2H), 6.85 (s, 1H), 6.04 (s, 1H), 4.10 (d, 2H), 2.39 (s, 3H),
1.90-0.90 (m 10H), 0.85 (d, 3H). 6- [6-(7-Am no -5 -nmethyl-pyrazo lo [1,5
-a] pyri mworeep/oaaspyridin-3 -yl] -1-(4-chloro PCT/EP2010/063832
-benzyl) - 1Ht hi eno[ 3, 2-d] pyri m di n- 4- one was prepared anal ogously except

4- (7-am no- 5- et hyl pyrazol o[ 1, 5- a] pyri-#-di n- 2-y1) - 3- chl or o- phenyl boronic
acid was replaced with 2-(7-am no-5- 20

met hyl chyigRz @h@hlbdﬁ”maﬂlmrﬂl@i b Pradtioed withy thdi seol&oﬂtb@a@&h@ecmhldlst Thatfoes,d to
afford 2 ng cal cd for C25H 8C1N705 N%kg 500. Found, 500. 1H NMWR
( DVBO- dtﬁls tcgb@um.qﬂtood(;thgt the abgve dfﬁﬁrlpt@n';q_ln(%lde(i]xb @ugl;atlgre and (1% regﬂytlveg, 06

§°55 (e Spgie RBORBeRiopibald frehe e ddbmiidnaR i chBrentilo by o 1D

18 6-  [désctiptiom o shquyd insiedil be detydninpd B/mj?llr]:fefeheé - thh faliovinp eprypddd dlbnshi eno

one (1-10 C 5 s To a slurr y of

43 oriG Vbﬂﬁ% fyl Wﬁﬁff aﬂlﬁygé@lg}f ihE @@bcl?fgls ae Falcs
bls(plnacolato)dlborane (400 ngy, 1.6 mmol), KOAc (330 ng, 3.3 mol) in
di oxan P p Th C re was
heat e deTth% %25 1sﬁ%]d eﬁ)%l &ei[noqlgo Cﬁ)d%é%{l&ﬁ%]f{@#ﬁre re%rl{? ?q Eé\}(,g g e:g?a%fl.&let The
resi dugnemfedde 85hoveskiilql DA arvashed haicbh itddehorand belidfednéNaZEEM ¢ntirkigas
concentration, sonme of the product precipitated out and was collected to
af f or d thosaos eﬁ;@en(g]as H cashvas weeifically and individually indicated to be incorporated by
4-[4-( n-2-
yl am ngef%seg) ' {Oﬁgﬁt‘% g%{érwee[se%gﬁ%ll?e]rﬁgje o?%%?g&%g} %dytil% e[gée gﬂyt%llﬂﬁ%g so %@% y of 34
( 601(]1g spémﬁcamm $hadlrvd resolvedtinfevor 0f tiredattdneleiewrse,sqmyrwnﬂgt bawem en aci d (50

D) . THEUTTSRBU RGP R DL BOHSST BB A FAI RO En PEMIELYS S PRGNS ELOFEACHY kT &

H20 anQallé:g‘hQﬁCthi@%F@cﬁgﬁ%q shal] BOELSENE] eRYbidMBe REBEI pi tate was col | ect ed to
afford 1 10: Ms calcd for C23H 6CL1IN505 [ M41] 446. Found, 446. 1H

NVR (DNBC)dG 300 MHz): 6 8.69 (s, 1H), 8.36 (d, 1H), 8.24- 8.16 (m 2H)
7.99 (m 1H), 7.97-7.90 (m 2H), # 48 sy ¥H, 7.19 (d, 1H), 6.71 (broad s,
2H), 5.52 (s, 2H). Exanple 19 20

6- (4- Hydr oxynet hyl - phenyl ) - 1- (4- et hyl - benzyl) - 1Ht hi eno[ 3, 2-d] pyri m di n- 4-
one (1-53) WO 2011/ 036128PCT/ EP2010/ 063832 -64- stepl - To a slurry of
met hyl 5-brono- 3- (4- net hyl - benzyl am no) -t hi ophene- 2- car boxyl ate (154 ng,
0.45 mmol ) and

[4-(4,4,5, 5-tetranmet hyl -[ 1, 3, 2] di oxabor ol an- 2-y1) - phenyl] - nret hanol (158 nyg,
0.68 mol) in DMF (4.5 nL) and sat'd. ag. Na2CO33 (1.9 nL) was added
Pd(PPh3)4 (73 ng). The reaction m xture was heated to 100 C for 3 h then
cooled to RT. The solvent was renoved 5 and the crude product purified by
Si 02 chronmat ography (lIsco) eluting with an Et OAc/ hexane gradient (0%to 30%
Et 0Ac) to afford 255 ng of nethyl 5-(4-hydroxynethyl-phenyl)-3-(4-

met hyl - benzyl am no) -t hi ophene- 2-carboxylate (72): M calcd for C21H2i NO35

[ MFH] 1368, . Found, 368. step 2 - To a solution of 72 (255 ng, 0.7 mmol) in
formam de (0.2 nL) and DVF (4 nL) was 10 added NaOMe (0.38 nmL, 25%in
MeOH). The reaction m xture was heated to 100 C. The reaction was cooled to
RT and purified on a preparative 5102 TLC pl ated devel oped with 30%

MeOH/ DCM to afford 26 ng of 1-53: MS calcd for C2i H 8N2025 [ M+H] 1363,
Found, 363; 1H NVR (MeOH-d4, 300 MHz, 1 H not observed): 6 8.58 (s, 1H)
7.74-7.69 (m 2H), 7.60 (s, 1H), 7.48-7.41 (m 2H), 7.30-7.19 (m 4H), 5.50
(s, 2H), 4.65 (s, 2H), 2.31 (s, 3H). 15Exanple 20 HCV NS5B RNA Pol yner ase
Activity The enzymatic activity of HCV pol ynerase (NS5B570n-Conl) was
measured as the incorporation of radi ol abel ed nucl eoti de nonophosphat es
into acid insoluble RNA products. Unincorporated radi o | abel ed substrate
was renoved by filtration and scintillant was added to the 20 washed and
dried filter plate containing radio | abel ed RNA product. The anpbunt of RNA
product generated by NS5B570n-Conl at the end of the reaction was directly
proportional to the amount of light emtted by the scintillant. The HCV

pol ymerase used in the enzymatic activity assay is a 21 amno acid
C-termnal deletion of full-length HCV pol ynerase derived from HCV Con
strain, genotype |b (GenBank 25 accessi on nunber AJ242654) (NS5B570n-Conl).
The NS5B570n- Conl was sub-cl oned downstreamto the T7 pronoter of the

pl asm d expression construct pET17b and transformed into E. coli strain
BL21(DE3) pLysS for protein expression. A single colony was used to start
an innoculumfor a 10 L culture in LB nedia supplenmented with 100 ug/ nL
anpicillin at 37 C. Protein expression was induced by the addition of 0.25
mM |sopropyl 13 D-thlogalactopyran05|de 30 (IPTG§ mhen the optlcal density

~ N~ o, . o



centrifugation. NS5B570n-Conl was purified to honbgeneity using a

t hree-col um purification protocol including subsequent colum

chr omat ogwaphy/n2Bi - NTA, SP- Sepharose HP and Superdex PETEPII0H638ENZYMat i C
reactions in the presence of clRES RNA tenpl ate (see paragraph [00213])
contained 5 20 nM cl RES RNA, 20 nM NS5Bb570n- Conl enzyne, 0.5 ILIG of
tritiated UTP (Perkin El mer catal og no. TRK-412; specific activity: 30 to
60 G /mol;), liuMeach ATP, CTP, and GIP, 40 mM Tris-HC1L pH 8.0, 40 nM
NaCl, 4 mM DIT (dithiothreitol), 4 nmM MC12, 5 pl of conpound seri al
diluted in DVMSO, and nucl ease-free watleimg © a final reaction volune of 50
pl. Enzymatic reactions in the presence of poly A RNA tenplate (see

par agr aphs E&agddld)acesraing 1o Esknkida RAhaMdP0l y A: ol i go(rU) 16 prem xed (see
section 0004), 20 nM NS5B570n-Conl enzyme, liafi of tritiated UTP (Perkin
El mer catal og no. TRK-412; specific acigvity: 30 to 60 G /muol), 40 nM
Tris-HC1 pH 8.0, 40 nM NaCl, 4 nM DTT (idithiothreitol), 4 mv MgCl2, 5 pl of
conpound serial diluted i n DVMBQ, uchease- free water to a final
reaction volunme of 50 pl. React on t ylles, wer'e assenbled in 96-wel |
filter plates (cat # MAD VNOB, MIIlipoRe 3.) and 15 incubated for 2 h at
30 C. Reactions were stopped by addi of 10%final (v/v) trichloroacetic
acid and inpcubated for 40 min at 4 Redctions were filtered, washed with

8 reacti oR vothgrELrgpridinys eriropplly pybstiugrdonitle pnetodheceigoupsiselectad fregrthe on

vol unmes o 0 t hanol, air dried, and 25 pl of scintillant

(Mcr osci%ﬁoagge,)ﬂ%%l}ﬁ io(rf;'- El mer) was added to each reaction well. Two RNA

t enpl at es weaeCusaklylt o assay conpounds descri bed herein. The cl RES RNA
tenpl ate 20 V\ﬁé 377nucl eotide | ong and consisted of a partial conplenentary
sequence (Séb bqaé]é‘?’iydes) of the core protein, followed by 341 nucl eoti de
of ige corrpl(g)rwdrlg Ly sequence of the internal ribosone entry site. The poly
A RNA tenpl ate ( Anmer sham cat al og nunber 27-4110) was a honopol yneri c RNA
pr e- anneal edd} pheaybCi gdkoxy) &l pranykoptamnaly mokpendestly subsfitugsdty-dne to three

(priner-tenplate). 25 The. ampunt of light emitte romth intillant was
Converted to cBaHPsSTsaLa - cbdy: taibiin PESeodbo T B bt o

(Perki n- El ngg) pieglr gy Range: Low, Efficiency Mde: Normal, Count Time: 1
m n, Background Subtract: none, Cross talk reduction: Of). Dat a was

anal yzed i n (Bhetargaryl-C M dkogovhqrein)thahetemenil graupBagendipyldpgonidimher r eact i on

in e absence_of _.enz u . det 1.ne .t a ro i | . which
vvasHQUbt ract edpgé%ln?l t%{eﬁ%@é%q@%gfoﬁlgﬂ glggé%mg re}@t_l Y %%Etlt%ttu?e\@goycogl I’%’% r %‘f]g %&'}@P i ons
wer e per f or medsdldttddnfeoraasems € Qfalks O mamgsal or CYWalR0:y/ 036128PCT/ EP2010/ 063832

-66- from which the background corrected activity was set as 100%

pol yner ase 48 pRenexymathyl opsippaliypisdenepdeslysybyiutgd bx ope Af ByRSiORPt eéechdsi ti ve
control. The c n rag i the enzyme-catal yzed rate of
RNA synt hesi s fv?vag@%rlﬁgg?fﬁléf%bﬁylﬂs%%%%?Ioggd%ﬁav\h%gy’éaI culated by fitting (% Max -
%M n) Y = %(M pyridinylinpthyksulfanyfl, + (1 c50) s j 5 equation (i) to the data

where "Y" corresponds to the relatiyve enzyne activity (ip ¢ "Mt is
t he{ esi duallDhEiesan e o @et%rpa@iésmae?/ ng! ot 4%4{,3,2" 9%0/ax"
is the relati V@]p?ﬁ&ﬂngl%r-@zl,eﬂyzr){iﬂiﬂ1|,05-§]%zfiﬂﬁdiﬂa_2-§l>$hd%5’18%%%&91@991?_' t&@i&n!ag?,corrpound

concentration, ‘and "S" 1s the | ‘coefficient (or slope)- Repli con
assay 10 Thi s adspopdemshsumbstetuted dyaimielt thyreogrouhe sadempbliond € o fallfydrGm alkoxyo

inhibit HCV RNA.replicatipn, and therefaore their potential utility for the
reatment of HAPER: EReLhs: «AREmIE Gl R 9B, PR bBbe as o' o rpl e
readout for (jphedgat|;uignsd replicon RNA level. The Renilla luciferase
gene was introduced into the ¥i rst open reading frame of a genotype |b
rep?d con corkigdeexyNks. 1 (N Krieger et al., J. Viol. 2001 75(10):4614),

i mredi at el y(ﬂfhta%r oh he internal ribosone entry site 15 (I RES) sequence, and
fused with the n§orfyci n phosphotransferase (NPTIIl) gene via a self-

cl eavage pepin)darbdAylf rom f oot and nouth disease virus (MD. Ryan & J. Drew,
EMBO 1994 13(4):928-933). After in vitro transcription the RNA was

el ect r opor atBLCY2A®:0 hunan hepat oma Huh7 cell's, and G418-resistant col onies
were isol at n . Stably selected cell line 2209-23 contains
replicati ve?ﬂ?c‘%éghﬁ%%ﬁgg‘l&g RNA, and the activity of Renilla |uciferase 20
expdessed byprGONRSRj con reflects its RNA level in the cells. The assay
was carried O)ultHRgﬁb duplicate plates, one in opaque white and one in

t ransparent ,(q der to nmeasure the anti-viral activity and cytotoxicity
of a chem cal conpound in parallel ensuring the observed activity is not
due to decreased cell proliferation or due to cell death. HCV replicon
cells (2209-23), which express Renilla luciferase reporter, were cul tured
in 25 Dul becco's MEM (I nvitrogen cat no. 10569-010) with 5% fetal bovine

L™~ ~ o A PN N NLSN A A . . o ~ o~ o,




the end of the incubation tine, the cells in white plates were harvested
and luciferase activity was neasured by using the R luciferase Assay

syst em ( Avormegan3ece8 no. E2820). Al the reagents descri lpet/EPromle3stnl | ow ng
par agraph were included in the manufacturer's kit, and the 5 manufacturer's
instructions were followed for preparaf2ons of the reagents. The cells were
washed once with 100 ill of phosphate buffered saline (pH 7.0) (PBS) per
wel | and | ygeiHEIO)NROR! landof | x R luciferase Assay |ysis buffer prior to
i ncubation at roomtenperature for 20 mn. The plate was then inserted into
the Centro L8 hydwgsncropl ate | uminoneter (Berthold Technol ogi es), and 100
ill of R luciferase Assay buffer was injected into each well and the

si gnal sHr S| second neasurenent program

| C50, tHgﬁcgn@g)r#?’aﬁsoﬂg}g?rﬁ%%g(?ggagdeaggsly(? teczdz’f or reducing replicon |evel by
50%in relation to the untreated cell control value, can be calculated from
the pl ot Bf apbREENtakge indiddetliyome oidepéndentlci f er ase activity vs. drug
concentrati ?ms %lgscri Bed 1above. WST-1 reagent from Roche Di agnostic (cat
no. “1644807)*wals’ USEFT“HSP"¥'he cytotoxicity assay. 15 Ten microliter of
WET- 1 reagenb) magyladded to each well of the transparent plates including
wel l's that contain nedia alone as blanks. Cells were then incubated for 2 h
at 37 C andoxdrey-Ged alkangys neasured using the MRX Revel ation nicrotiter
pl ate reader(rig(éabaczlsten) at 450 nm (reference filter at 650 nn). Again
CC50, the cOAEeRt 3R on of the dr ug required for reducing cell
proliferation by 50%in relation to the untreated cell control value, can
be cal cul at €éd) pheayic2Bohyisaidl phtnyfoppendBbnhagendediysuboituted withendEd thkteoval ue
vs. drug concentration as.descriped above. TABLE Il Conpound Number HCV
Repld conAct i vi 8§Up C(qafli fmmij_lggggom,%?olgrzl@{ 1 WO

2011/ 036128PCT/ EP2010/ 063832 -68- Exanple 22 Pharnaceutical conpositions of

the subj ect (§oRRESIIBalbORyIAANE-Eh S4it RbicfEhrl NeslonkOHE RN S RIBRAr €d
as describedin this ?Exarr}rl)l e. Corrplosi tei oﬁmf%‘?lﬁ% allﬁgéllm%i strlat idgpr?p(A)

| ngr edi ent % w-mialyl-fiskani Syé-canbgnyd dip wimid oy l-goear gty b 9aazod- S5l duhpne i yrazin-
stearate 0.5% .5, The | redi.ents  are m xed and, di,spensed into.c |.es
conaiming. opotid Sl R B RBT IS 1Y RFBRRH & 1
dosage. Conposiid @wbQProPsahdePeidcntls bElaéte® fofmR), d Qlﬁ?rl?djl_g«'mﬂko%y}/\ﬁaldg@h; Active

i ngredi ent 20. 0% Magnesi um stearate 0.5% Crosscarnel |l ose sodi um 2. 0%
15 amino, C;3 alkylamino, C; 3 dialkylamino, a cyclic amine or C, hydroxyalkoxy,

(g) hydrogen,
or, (i7) taken together with the nitrogen to which they are attached are a cyclic amine;
R® and R are independently hydrogen, C; alkyl, phenyl;

R? is phenyl optionally substituted with one to three groups selected from the group

20 consisting of (a) C1 alkyl, (b) C1 alkoxy, (c) halogen, (d) NR°R, (¢) cyano, (f) C3
haloalkyl and (g) hydroxy, or, Cs7 cycloalkyl optionally with one to three groups selected
from C, 4 alkyl, halogen or C;4alkoxy;

R® and R are independently hydrogen, Cy alkyl, C 4 sulfonyl;

R and R" are independently hydrogen or C; alkyl or togethergether with the nitrogen to
25 which they are attached form a pyrrolidine or a piperidine;

R* is hydrogen or Cy alkyl; or,



Lact ose 76.5% PVP (pol yvinyl pyrrolidine) 1.0% The ingredients are conbi ned
and granul ated using a solvent such as nethanol. The fornul ation IS

t hen dri esloand/fer2eed into tabl ets (containing about 20POH/EPR01806383E
conpound) with an 10 appropriate tablet machine. WO

2011/ 036128PCT/ EP2010/ 063832 -69- Conp@%ition for Oral Adm nistration (C
Ingredient% wt./w. Active conpoundl.0 g Fumaric acid0.5 g Sodi um

chl or i de2a Phagmivedudichllpadscapablo sdibtigrddfopyl par aben0. 05 g G anul at ed
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

i ngr edi2ent sompeundiaceatding t6 clanmd @uypemgiaorwnippund pbfored i Iaivsliaraini on.
Parenteral Forrmulation (D) Ingredient% w./w. Active ingredient0.25 g

Sodi um Chl oridegs to make isotonic Watey, for injection tol00 m The active
ingredient is dissolved in a portion of|the water for injection. A
sufficient quantity of 5 sodiym chl s then added with stirring to
make the solution isotonic. ThE B3 s madddup to weight with the
remai nder of the water for injection, teed through a 0.2 nmicron
menbrane filter and packaged under sterk] e conditions. The features

di sclosed in the foregoing descripti &), d¥ the followi ng clains, expressed
in their speC|f|c forms or in terns of a rreans for perform' ng the di sclosed
function, f giib

appr opr i a?e is ﬁgtn@naﬂgqm?srtlttujt?d B p%&%ﬁénea% gtl\} R a On y? od%eﬁ%h&) eatli}’r ?cyxyt
utilg zed €p¢ alkaaiyll Ilrgglcylhepmdimﬁytsthutéti plheﬂgrcsﬁ)ohgalrdmmhﬁl@@fubst’Eh&d
foregoing invention has been described in some detail by way of

i || ust r at PSFoaRE2EBM¥bl e, for purposes of clarity and understanding. It

wi Il be obvious to one of skill in the art that W)

2011/ 0%6]2@§EH$LE‘B%QWd91%‘?t§ Shim AQvherein R? is phenyl optionally substituted by halogen or

C1 alkyl, R™ is p-phenylene optionally further substituted by halogen and R* and R* are

tOI’]

hydrogen.

10 4. A compound according to claim 3 wherein R is optionally substituted phenylcarbonyl or

optionally substituted heteroarylcarbonyl.

5. A compound according to claim 1 comprising a compound of formula Ia wherein R is
optionally substituted p-phenylene, R' is optionally substituted heteroaryl and R? and R* are
hydrogen.

15 6. A compound according to claim 5 where R'" is optionally substituted pyrazolo

[1,5-a]pyrimidin-2-yl and R? is phenyl optionally substituted by halogen or Cy. alkyl.

7. A compound according to claim 6 wherein R' is 7-amino-5-methyl-pyrazolo

[1,5-a]pyrimidin-2-yl.

8. A compound according to claim 1 comprising a compound of formula Ia wherein R'* is
20 optionally substituted p-phenylene and R'” is optionally substituted phenyl-C,_; alkoxy or
optionally substituted heteroaryl-methoxy.

9. A compound according to claim 8 wherein R' is optionally substituted benzyloxy and R?

and R* are hydrogen gen.



changes and nodifications may be practiced within the scope of the appended
clains. Therefore, it is to be understood that the above description is

i nt ended WO 2ba/a3b128strati ve and not restrictive. The scop@/EpRowiesssnventi on
shoul d, therefore, be determined not with reference to the above
description, but should instead be det-84+mined with reference to the
foll ow ng appended clains, 5 along with the full scope of equivalents to
whi ch S0ch ohbousd adcerdii io digieh 1 Je cpapandseleptedffoshed s ¢omsisiignst: and
scientific literature referred to herein establish the know edge of those
skilled in theidid23ndoryIR Red ERYLIORL PP4-3EBEL-BYnABIRE£NEA-diRydrbel I
entirety to the sane extent as if each was specifically and individually

i ndi cat ed t ¢hibeo[BRedppomatied-Biphatybr-anisle: Any conflict between any
reference cited herein and the specific teachings of this 10 specifications
shal | be reso4€tammof awethydipytdaelol B tadpyrinuidkediydel-cldnyo-plomiy]i lc(4-ddoreeen an
art-understood defjnjti of a .word or phrase and a definition of the word
or ﬁﬁrase a e@ﬁ&kl@ﬂhﬁ?ﬁ@;%gﬁﬁﬂl+ﬂ4%?W% specification shall be resolved in
favor of the latter. WO 2011/036128PCT/ EP2010/063832 -71- Clains 1. A
conpound ac c%ﬁntﬁﬂﬁ’;f?fénfzo?%ﬂxé’hP awﬁe{f‘e[ilr@-crhﬂqm) Ry RAORE 154-1#%11@%?@1%&%2-or

pyridinyl opghenadineSybsihiutedq th one to three groups selected fromthe
group consigﬂ¢ﬁg o#‘ ?ﬂ?ﬁ%P§§6 aﬁﬁal, (b) G _6 al koxy, 10(c) hal ogen, (d)

phenyl -C1_6 al kox id I pRAE -1 ndepende ) ityt / one
Fo Uhres grolbs araR Eatrohl S5 ZhK b RHEESREERML- RS 1 FRupk
Cl1_3- hal oal kytlohdg)mghehyIH-tHi¢hol® R efpainyidinl-ode;al koxy wherein the

het eroaryl group is pyridinyl, pyrimdinyl or 15pyrazinyl said heteroaryl
optipnal I'y i ndepeBaepid, 1)561p:sm-ﬂw@%eml&qg-p%mglmmmu@@,@g]@ﬁhﬁaimfzr.om
amno, C1 6 alkyl, halogen or C1_6 al koxY; (g) phenoxynethyl optionally
i ndependent Iof¢substi tuted by one or two groups selected fromamno, G _6
al kyl, hal ogen or C -6 al koxY;; (h) pyridinylmethylsul fanyl, 20(i)

het er oaryl whé4-ehlnra-benziibtteilecgto-4 udin-3-ybyethokyyihenyl]-1H-thieno[3,2-

[ 1, 3, 4] oxadi ZO%§$H¥%, furo[ 3,2- b]pyridine-2-yl,
pyrazol o[ 1, SR BV 8- 2- y1 and said heteroaryl is optionally

i ndependent | stituted by one to three groups selected fronCl 6 alkyl, C
1 -6 al koxY, %@Fﬁdérpﬁf% %Z,ﬂ)d-géo-a%b‘fa&h&ﬁwﬁe}end%i%d&yrla@méwﬂ%e%yl}g%cﬁ-i c
am e, () Rbh&hbEzaigd-kyl sul fanyl, 25(k) hydroxy, (1) hal ogen, (m
carboxyl, (n) cyano, (p) C _6 hydroxyal kyl, 30(p) CONleltd, (q) NRaRb, WD

2011/036128 Pﬁﬁﬁ?&gﬁ%ﬁﬁgﬁgaﬁoxyhc acid {4-[1-(4-chloro-benzyl)-4-ox0-1,4-dihydro-

thieno[3,2-d|pyrimidin-6-yl]-phenyl}-amide;

2-amino-N-{4-[ 1-(4-chloro-benzyl)-4-ox0-1,4-dihydro-thieno[3,2-d]pyrimidin-6-yl]-

phenyl}-isonicotinamide;

20 6-[4-(2-amino-pyrimidin-4-yl)-phenyl]-1-(4-chloro-benzyl)-1 H-thieno[3,2-d]pyrimidin-

4-one;

1-(4-chloro-benzyl)-6-[4-(4-methoxy-benzyloxy)-phenyl]-1H-thieno[3,2-d]pyrimidin-4-

one;

Pyrazine-2-carboxylic acid {4-[1-(4-chloro-benzyl)-4-oxo-1,4-dihydro-thieno[3,2-
25 d]pyrimidin-6-yl]-phenyl}-amide;

6-Biphenyl-4-yl-1-(4-methyl-benzyl)-1H-thieno[3,2-d|pyrimidin-4-one;

N-{4-[1-(4-chloro-benzyl)-4-ox0-1,4-dihydro-thieno[ 3,2-d]pyrimidin-6-yl]-2-fluoro-
phenyl}-benzamide;



-72- (r)NHC(0) NRgRh, and (s) hydrogen; R2 is halogen, Cl1_3 alkyl or Cl_3

al koxy and nis 0 to 2; Ra and Rh: (i) taken individually are
i ndependewol2911/B¢e3 Cl_6 al koxycar bonyl , ( b) Poemryé10/0638p2
hydr oxy-Cl_6 al kanoyl, (d) G _6 acyl, (e) phenyl carbonyl said

phenyl optionally independently substi-f&#ted with one to three 10groups
selected from G _3 al koxy, halo or hydroxy, (f) heteroaryl carbonyl wherein
sai d het er oas-yletlgl-Q@PpyrazclpBi@xlylic seid Uity etlopy-baEsl)et-oxo-1,4-dihydro-

2-met hyl - f ur an- 5y1-carbonyl, pyrimdinyl-4-carbonyl,

oxazol - 5-y| teigpa Mpmmégﬂﬁﬂliph%}}bﬁﬁﬂeé pyri di nyl - carbonyl said
het er oaryl carbonyl optionally substituted by one or two groups =

{ ndependent | |- (Sehletbenzy beni4emyeiat kylmetonb-rRoky H-thamobeird msanitinct- C1_3
al kyl am no, 0%%,_3 di al kyl am no, a cyclic amne or G _6 hydroxyal koxy,

(g9) hydrogen, “or, (ii) taken together wth the nitrogen to which they are

attached are ycl.i i ne; Re and ar.e i endent | ydr o , G _6

al kyl , pheny]r’?'%ef@’?’d%gwﬁzodﬁ |'C8ﬂ3<ﬂx§ﬂc %‘UE#TT?E?’égg\y\?'%’ﬁyzé’ﬁéﬁ?%&?%r ee groups
sel ected fr QRydRSIEERYD2 Neidst-bRY-sHeniBlansde6 al kyl, (b) Cl1_6 al koxy,

(c) hal ogen, (}Iéli) NRe]ng, %ggﬁcyano,@?f CSl,F-}S hgle’oal kyl and (g) hydroxy, or,
C3_7 cycl oal ] ey . @t g i select ady: 1G4

al kyl , hal ogjg%{e(t)@mcollﬁi}ﬁéaFIggiy\?%pll%zée)&g%é@g %gglg%{jgnt ysféﬁfggg(ﬁwdégn_G al kyl ,
Cl_6 sul f onyhigno[3,2-d]pyrilRglia6ely ] Rbhanyd -amdiependent | y hydrogen or Cl1_3 al kyl
or togethergether with the nitrogen to 25which they are attached forma
pyrrolidi ne e(4-Bufperi]pyrivn-2RA-phsnyl)y-dr(@genh@rbebkyl§ 1 8k-thyenp [ 392-d)pyViBhidin-4-
2011/ 036128PCT/ EP2010/ 063832 -73- a pharnaceutically acceptable salt

t het®of . 2. %Aconpound according to claim1 conprising a conpound of
formula I a wherein: Rla is optionally substituted p-phenylene, Ribis
NRaRb, Ra i sOt{-&eagdwmlanl-risny- htdidocpdenze)-dfkthiwagl3,2-dipysnagint4-one;
optionally substituted phenyl carbonyl or optionally substituted

het er oar yl cat-H&hloro-3-mghyldrepoying-rdeopl dil-tigena 3 SFApmiRidandraicn R3 i s phenyl
optionally substituted by halogen or G _6 alkyl, R' is p-phenylene

optional | y feéx4-bklbresplinsiyl)t u{4ethethyl-balzgderr-aiendRd,2afigyritdidan-¢-dmgdr ogen. 10 4.
A conpound according to claim3 wherein Rb is optionally substituted

phenyl car bonyJ(4-@nloﬁpbé1@9916-y4-§@g>ﬁaihmymtt§e;@fhﬁ@q-;bh@ﬁ:}npcmythien&s,2& compound
according to claim21 conprising a conpound of fornula la wherein R" is
optional Iy sUmgtmidincd@ne- phenyl ene, Rib is optional |y substituted

het eroaryl and R2 and R4 are hydrogen. 15 6. A conpound according to claim
5 where Ri b 1-$4-obloiwbenzy-tsifbshenoxy-ebeny)r HZ-¢hiond[3,25/]ajprdindtelings 2-y1 and R3
i s phenyl optionally substituted by hal ogen or G _6 alkyl. 7. A conpound
accor di ng t ol-¢4-ahlordGbarzgl) -3 -&ildror&prdbpary-pherhd et hlyikngd ¥ 12aZ]pldmidin-4-one;
[1,5-a]pyrimdin-2-yl. 8. A conpound according to claim1l conprising a
conmpound of foRrahldol4a] MAestéo-Udnzy -4 230 Pl 4-ditghito thidhd 3, 2 A ye inidmphietly | ene
and Ribis %Eti onal Iy substituted phenyl-Cl_3 al koxy or optionally

subst i t ut ed Phetdrdar§thorebeigayidey ~ A conpound according to claim8 wherein

Rib is optionally substituted benzyl oxy and R2 and R4 are hydrogen gen. WO
20120 036128PCt?-ErroipAoeghgibbenzyl)-6-phenyl-1H-thieno[3,2-d]pyrimidin-4-one;

1-(4-chloro-benzyl)-6-[4-(pyridin-2-ylmethoxy)-phenyl]-1H-thieno[3,2-d]pyrimidin-4-

one
6-(4-tert-butyl-phenyl)-1-(4-methyl-benzyl)- 1 H-thieno[ 3,2-d]|pyrimidin-4-one;

N-{2-chloro-4-[1-(4-chloro-benzyl)-4-oxo0-1,4-dihydro-thieno[3,2-d]pyrimidin-6-yl]-
25 phenyl}-4-hydroxy-butyramide;

1-(4-chloro-benzyl)-6-[4-(2-chloro-5-trifluoromethyl-phenoxymethyl)-phenyl]-1H-
thieno[3,2-d]pyrimidin-4-one;



-74- 10. A conpound according to claim1 said conpound selected fromthe
group consisting of: pyridine-2-carboxylic acid
{2- chl or owo2at1(0d62B| or 0- benzyl) - 4- oxo- 1, 4- di hydr ot hi eno PLC3/EP2010/063832

,2-d] pyrimdin-6-yl] -phenyl} -am de;

6- [ 4- (7- am no- 5- net hyl - pyrazol o[ 1, 5- c]-pé+ i m di n-2-y1) - 3- chl or o- phenyl1] - 1- (4
-chl oro5benzyl) - 1H-t hi eno[ 3, 2-c¢/] pyri m di n- 4- one;
5- met hyl - f ur @fixa2oRa- bzﬁwiylfc aafd {zh [1-(4-chloro-benzyl)-4-oxo0-1,4-dihydro-thieno[3,2-
{4-[1-(4-chl oro-benz } 4- 0x0- 1, 4-di hydro-thieno[3,2- ci]pyrimdin-6-yl]

- phenyl } - ailppgimidin-6-yl]-phenyl}- amide;

6-[4-(7- anlno 5- neth Brazolo[l 5-c¢c fyrlnldl % L 3-chl oro- phenyl] -1-(4
Pt hyl cycl oléhyhis hgrey DALkt Ry B A Toppgiesat s el - thiond .0
ﬁ?é{ﬁ4AChLﬁ%%%9Hn%M9A096[4 (4-fluoro-benzyl oxy) - phenyl] - 1H-t hi eno[ 3, 2- 4pyrii

1- (4-chl oro- 1 chl. oro-4- e 1H-t hi eno[ 3
o T pyr i it At sty o1 2a%dord syt ﬁyiﬁ% SR AR
x0-1, 4- di hydneyrididgneohd, 2- d] pyri m di n-6-y1]-phenyl} - -

15d|fluoro bénzam de;  2- ani no- pyri m di ne- 4- car boxylic aC|d

{ghgﬁyf? chl Nr cth?d}%lﬂ n?l @ - RSro etz - DL OL g Ard- thierd [ H2 RS i ind6- Sy ! ]
{4-[1-(4- chlpbewlbédzwiic)xy@-med}ylbaqdmhyidro t hieno[ 3, 2-c/] pyrimdin-6-yl]-
phenyl } -isonicotinam de;

206- [ 4;1( 2- azi-l[lb{épyﬁe'tlfﬁl-@bﬂﬂzy%#b)(o-ph@dih‘hﬂzdrolth(eﬁoBtﬂ-ﬂp@ribﬁdim&}lﬂ-bbhidid i@ 3, 2-4
pyrlnl in- one;

1- (¥ chl or o- ez I4-Bidrd-beAzymrl-BRIV; éb@ihgr&ﬂootlﬁiého%Wlnﬁ&ht@ymél%d?— 4pyrim

i di n-4- one; Pyrazi ne- 2- carboxylic ac

{4-]1-(4- chW@ﬂ@mb@nzyl) - 0X0- 1, 4- di hydr o- thleno[3 2- 25ci ] pyrimdin-6-yl]
- phenyl } -am de;

6- Bi pheny| - 4644-{Tafihon®nieyhyd perazg o) 1 14l myrineidof-3-yD- whechphjli (4 wethy Ubomgh)-  N-

{4-[1-(4-chl be 4- di hydr o-t hi eno[ 3, 2- 4pyr|n1d|n 6-yl]-2-flu
or ophenyl } lg‘éﬁ%’ﬁ%é aﬁp gﬁ’I%PB%MZSPCT/ EP2010/ 063832 - 75 -

-nmet hyl- 1H pyra car box cid { (4-chl or o- be y1) (o]

x0- 1, 4- di hydP%t‘ﬁ‘ileé#Ga‘%SXﬂ? %ﬂ%ﬂ bdiehows: E’FIH]ZYﬁ ey |- dibyedr iz @Henoﬁé

1- (ﬂSChlOrocﬁﬁﬁﬁﬂﬁhl@yhéﬂ&ﬁyﬂ@%mﬂez yl met hoxy) - phenyl] - 1H-thieno [3
, 2-d] pyrimdi one; D nmet’hyl- 1H pyrazo | e-3 -carboxylic acid {4-

4Gty . LSRR LD L A v -0

[ 1- (4- chIorQﬁ@ﬁnﬂMﬁﬂ64ﬂqnxmﬂi34ﬂpamymcoth|eno [3 ,2-d]pyrimdin-6-yl]
- phenyl } -am de; 6- (4- Furo

[ g 3] b] pyri gpﬁrd%ndlﬁl C@ﬂ%@ﬂyﬁc‘) acld {3 ed-bybrodednzyd M=-did- t, hidmRirg-ehieno[3,2-
pyri m din- Oon
6- (4- Benzy| siipyrapigin- @ﬁ&r@mdmﬂ(ydt} &midsi o- benzy1) - 1H-thieno [3
,2-c/]pyrimdin-4-one ; 1-(2-Fluoro-4-methyl-benzyl)-6-phenyl-1Hthieno [3
Y] pyri mi do-h6-47-emeno-5-eactid-ohitage ol hhedyirimidin- Z——yﬁ’ell}mdlm Bf;‘xlh]Z {+-(4-chleira-hi eno [ 3

, 2-
[?pSlPérhnEq;ﬂﬁélﬂgﬁngw;ﬁ%fmyﬁwgﬁ9%§b§QLEEﬁl2ﬁgz%%)2 1%3ipyrinidip-4-one;
SCH it S e Wi e EE

, 2-d] pyri m diBpfeQMBethyl)NVH-thieno[3,2- din-4-
{2-ch|oro-4 ?10 % cheorg bené?%§ 46%%%H%lnldpﬁydro thieno [3

231"2]2“%%?“0%"‘"2%*4%‘% @“ﬁ% gy ﬁéﬂ&f IR ﬂ}’%lfnrhdl. one
2.3 pyr i m PR R RS y'%yl '”Et?pﬁ*%yéﬂpﬂ@?ﬁ%r%ﬁ‘ P Ui eno

[3 2- d] pyr ithiead[B;244] fﬁﬁm1d1n4one
{2- chl or 0- 4- [1-(4- ch?oro benzyl) - 4- oxo- 1 4-di hydro-thieno [3

, 2- ¢/ ] pyri m &linddBx Jpgrldmg@péWyhc ’aélldk{qurl Q4XHREIEAN-8S x6-1,4-dihydro-
1 (4-chl or o- benzy 'oro-5 -trifluoronethyl-p heno xynethyl)-p

henyl ] -1Ht hhlemi3{23d]p2r4m}qmgﬁ6ryﬂ ghem.yh} onale;



WO 2011/ 036128PCT/ EP2010/ 063832 -76- i soxazol e-5-carboxylic acid
{4-[1-(4-chl oro-benzyl)-4-oxo-1, 4-di hydro-t hi eno[ 3, 2-

c/] pyri mwonreg/sii2z8pheny1} - am de; PCT/EP2010/063832

1- (4-chl oro-benzyl)-6-[4-(5-methyl -[1, 3, 4] oxadi azol - 2-y1) - pheny1] - 1H-t hi eno
[3,2- c/]pyrimdin-4-one; -77-

51- (4-chl oro- benzyl)-6-[ 3-(4-fl uoro-benzyl oxynet hyl ) - phenyl ] - 1Ht hi eno[ 3, 2-
c/ ] pyrim di n44t-enehloro-benzyl)-4-oxo-1,4-dihydro-thieno[3,2-d]pyrimidin-6-yl]-N-phenyl-

N-{2-chl oro-4-[ 1-(4-chl oro- benzyl) - 4- oxo- 1, 4-di hydro-t hi eno[ 3, 2-c/ ] pyri m di
n-6-y1] - ph@RYZNIdehydr oxy- 2- net hyl - but yr ani de;

4-[1-(4-nethyl -benzyl) - 4- oxo-1, 4- di hydro-t hi eno[ 3, 2-c/] rlnldln 6-y1l] - benz
oi ¢ acid; 10N(4-chloro-benzyl)-6-[4- (pyrldln 2- ylrnethylsulfany phenyl] 1 -thieno[3,2-
{4-[1-(4-ch| HQ%ﬂFX Le4 0x0- 1, 4-di hydro-t hi eno[ 3, 2-d] pyri m di n-6-yl ] - phen
yl }- acetam

6-[4-(7-amn -.2- hen -1-(4-neth
engjag- 1F+t§{£h E%mﬁgﬁb ?hg%%ﬁﬁﬁn%ﬁéu Blﬂ%qnmuxééﬁﬂ %%1% oxyllz
acid {4-[1-(4-ch]oro-benzyl)-4-0x0-1, 4-dj hydro-t hi eno

151:. ] éyr .[ i fjhﬁ“ -6blgmo- b%@ﬁ{ﬁ ﬂ4 %Pﬁﬁlé’é" W@tﬁq yé@%@@é'}% 1efle[3a?cffh>yrlmldm-4-
{6-]1-(4- chlgéo benzyl) - 4- oxo- 1, 4- di hydro-thi eno[ 3, 2-

c/]pyrlnldln -y1l] -pyridin-3-yl}-am de; pyridine-2-carboxylic acid

’({:/5] E)g/‘r I(fn EPLP é&) %ﬁ?%@zgﬁ' gf_)gphlémdi gﬁggtﬂylglnfa%gﬁ[p%egyl] 1 H-thieno[3,2-

206- [ 6- ( 7- anipyeimbidiredloyt;- pyrazol o[ 1, 5-c] pyri m di n-2-y1) - pyridi n-3-y1] - 1- ( 4-
chl oro- benzyl)-1Hthieno[ 3, 2-c/] pyri m di n-4-one;

6- [ fy ( 7- ami npq hyarehiByd-bdy R LA SRy hiBASEB 2=ApYrinhiddy-6Lydj-PendoNildile;l - (4- me
thylcyclohexyﬁnéthyl) 1FL?%?2%0[3 2- %g]pysléﬂdlﬁﬂgyb é A S

6- (4- benzy! oxys ﬁy&%&ﬁhahphﬁswb Led Aedhl-B80y Benzwidnol st b fRalidh-2-0hb] pyri mi

di n- 4- one;

256-[ 4- (4- a I C benzyl
-lH-[thfeno[ gf%i%?%# g?C@%XyﬂﬁfEx§H%§$P%E¥QLE&g%fééﬁ%ﬁﬁg aC|dy )
{4-]1-(4- chhbmmﬂbéhiMimm&hm&Qﬂ}p&m@ﬂhmdkmth|eno[3 2-d] pyri m di n-6-yl]-pheny
| }-am de; WD 2011/ 036128PCT/ EP2010/ 063832 -77-

4- [ 1- (4- chl oyoryan@ychlord-bexad)14-bxei 1 dihgdiohih@ne (332 -2t hidini 6vygi2nfry1] - N- ph
eny| benzam de;

1- (W chl or oPhemd}-isobstyramidpyri di n- 2-yI met hyl sul f any1) - phenyl | - 1H- t hi eno[ 3, 2
- c¢/]pyrimdin-4-one;
56-(4-benzy|hﬁ%n@ophbﬂva4&@%mﬂtﬂﬁdré%@@h®yd)lH%hEh@@ﬁb@@y@ntd@1ﬁomm1din-4-
one;

1- ( 4- chl or o- béhmeihH-BehZA - Py4-psiiane 1BF 5 adpiynoxigin-Dlaephchlyh 1 thicenid P23, 2- 4pyri m
i di n-4- one;

1- (4-chl orodﬂ)@ﬁwﬂ)n'%opﬁ (pyri di n-3-yl net hyl sul f any1) - phenyl ] - 1H t hi eno[ 3, 2
- ¢/ rimdin-

104- ][Ey('4 chi &4 6h19t=91bwyl)zﬁ-B*x@ymdw:ﬁwmhwﬂwﬂl@%d}wzh@p?[éy?rﬂlwamadle-"y 1] - be
nz trile;

6- ?%jhydroxynet%yf-phenyl) 1-(4- nethyl benzyl)-1Hthieno[ 3, 2-c/]pyrimdin-4

-one; pyrro e-|:car

(3" ohl or o aar T BERL IR B atmet st P P sl

pyri m di n- 6-gprimiahemphd, orarphdenaceutically acceptab% salt thereof.

{4-[1-(4-chl oro-benzyl)-4-oxo-1, 4-di hydro-thieno[ 3, 2-4pyrim din-6-yl]-2-flu
or015phen | } -isobutyran de;

1- ( 4- cHilof be wsrpt poprpopnd pieprding i dlaim | for sreatingy Hepatitisi @NEps BC¥) | pyri ni di n
- 4-one,

1- (4- met byt obR 5y 1) - 6- (4- pyr azol o[ 1, 5-c] pyri mi di n- 2-yl - pheny1) - LH t hi enof 3,
2- c/]pyrimdin-4-one;

1d(zls Z hb(z?ng@e b@wlebn@ohﬁd ddeprdif o daivtl TBE So@xBinatRRSMYLLt-1ddst b @Rl sIstdpyri m
i di n- one;

1- (4-chl omedlyém 9114/016&[1@95‘( P andivialiaggntibatiphibiss rephigationgHdHyY jforitreating énof 3, 2
- c/]pyri ceutically acceptable salt thereof. 11.

The use o t@%ﬁ%ggﬁ%lggggnglngﬁ?o claim1 for treating a Hepatitis C Virus
(HCV) infection.



25 12. The use of a conpound according to claiml in conbination with at

| east one i mune system nodul ator and/or at | east one antiviral agent that
i nhi bits wepbilestizen of HCV for treating a Hepatitis C YCTEP2¢1bi083832
infection. WD 2011/036128PCT/ EP2010/ 063832 -78- 13. The use of a conpound
according to claim1 for the manufactuf® of a nedicanent for treating a
Hepatitis C Virus (HCV) infection. 14. The use of a conpound according to
cl ai m 113i TheyfMmabhPouid dddoatind RAGAinON Srithatac fBytaicINaTBelit it f@nd/ or  at
| east one antiviral agent that 1nhibits replication of HCV for the

smanuf act Bidingf Benstibt €anim (HGY) infketen ng a Hepatitis C Virus (HCQV)

infection. 15. A kit conprising a conpound according to claim1 and at

| east e..J mune. system podul at o nd/ or at l.east one antiviral agent that
| nhi bi 19 T BpITeTemEind GRS to i Ry Do eni e TGt e eyt Ssem

i nf ectl _Onmod&-l@t_-or AndTBE z_ﬂ%hsf Ohe ddt b1 H@nechiSRRbI te%li@at}énrdﬂié‘{?"@é@thb nf ection

conprising admnistering to a 10patient in need thereof, a therapeutically

ef f ect i vemgupetiroofgrmedieasmaio frrdreatiess depgfitisdC Miais (HEV) ifectiie net hod of
claim16 further co-conprising adm nistering at |east one imune system
nmodul at or and/ or at |east one antiviral agent that inhibits replication of
Hov, 15 AT copui g RSN RSFORIRY HIRT And Al RTINENBYRE BiRtRbdul at or i s

an i nterfgp@ator Bh@bt aqusponela'éw%mraﬁgﬁpﬂhgﬁhﬁibi@%aﬁn cqqll@mfoﬁ&éa@m% gting

factor. 19. The nmethod of claim 17 erein the ne system nodul ator is
an i nt er f BeptitiolC ¥hes{ld@V) yfetgionvat i zed i nterferon. 20. The net hod of
claim17 wherein the antiviral conpound is selected fromthe group

consi sting of a HCV protease inhibitor, another HCV polynerase inhibitor, a
HCV hellioe s Bretimdrar eatne 2 Benaiss GrY s EG hinfsction comprisins-eminipsireyg to a

i nhjbitor .21, . f i.nhi.bi 1 | i ' i -

del %d\ieri n%atéﬁtc%lﬁrlgg%E\%P%g’cag{hgflaﬁgﬁt?gmé Pglegr% .qhgrg[?tsl%@%g{)r%l Sl tdi %ﬁ@rg 0 trbicg1 Frg]lg a
conpound &according to claim1 adm xed with at | east one pharnaceutically
acceptabl e carrier, diluent or excipient.

17. The method of claim 16 further co-comprising administering at least one immune system

modulator and/or at least one antiviral agent that inhibits replication of HCV.

18. The method of claim 17 wherein the immune system modulator is an interferon, interleukin,

15 tumor necrosis factor or colony stimulating factor.

19. The method of claim 17 wherein the immune system modulator is an interferon or

chemically derivatized interferon.

20. The method of claim 17 wherein the antiviral compound is selected from the group
consisting of a HCV protease inhibitor, another HCV polymerase inhibitor, a HCV helicase
20 inhibitor, a HCV primase inhibitor and a HCV fusion inhibitor.

21. A method for inhibiting replication of HCV in a cell be delivering a compound according to

claim 1.

22. A composition comprising a compound according to claim 1 admixed with at least one

pharmaceutically acceptable carrier, diluent or excipient.

25 * ok ok ok k0 3k



