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HCV is a nenber of the Flaviviridae famly of RNA viruses that affect

ani mal s andc'ﬂwmﬁfectﬂhe\m%%é%aj%rﬁéélﬂ'p%bl&n@sé‘dc‘ia@%ﬂm RlcF &RAof, RNA, and
consi sts of one open reading frame that encodes for a polyprotein of -3000
am no Qépﬁi@cq"}“ahk%@”waLﬁﬂdr“éﬁrsfﬁ'&tr%a‘\”r%%m@ o0 rpilipm cliyonig gaTigrs wefgyviqes' - and
3' - UTRyre dthtRk BPJjé&@fo@In@lhverSﬁge\é@é (S2abb e e%ﬁ%tﬁd?bnt:@/ F&ts besh2}8.28¢parate

vi ral protelns critical e;))Ilcat on and asse viral

ar 11 cPESegRe oy Hepriaagy TH970f8 405 20 hrlaheciale SRS ARge 7AMIBR 8%l ns i n

}3 he Hwhmﬁicywumlfeeuea with HSY, falﬁd hwmf leIG;TEﬁHEQTaZteN@%aﬂNE%mavmdﬂA&%bmma- 31_55b.
ecaus i cativ cle es not involve_an i nt ermedi ate

ona 1 neebrern 880 B0t A Fuutet o PR B BB RTToREY P 4t 15 can

t heor etyearal Infectien U@ is insidious ita mgresnepbrtuom bfacrsdsraasmlwrdedteGE(ahdmﬂéctubmer)

chronic_H | .at interfe h EN- al ph nblnatlon wth

ri bavi rc?rﬁ'%énwot hi gx?t(aed(ﬁlghegscg §Itm' p%'% ?o(r%ﬂan%dn?'%smé r IIrFhea PIent . | FN- al pha

bel ongsiltinately leadid Kveofailurat lealfalyjre)asultmg figmsheinic HE\bingdtisn isi rtolw

char aCtr@Jogﬁ&é& !afé'aﬁ%%@hseeéfh%‘rﬁ%n%ﬂgma antiviral, inmmunoregul atory, and

anti t unor BIViItre are uced and secret ed by nost ani nal

nucl eat ed Cﬁ'd\ﬁsb'?m{]rﬁ’&e%f‘ﬁu% Ftlé?//v?r%xégrfé’rhlyddf?ﬁ?@@\ﬁﬁjseé mapﬁffetcL s afb" 2l
infections. IFN-alpha is an inportant regul ator of

di f f er 8HRAL.| DIF %‘Wé@t'? Aginglel 19f- b'lObéW[ﬁﬂid@éRNdna%@Pﬁsﬁfﬁﬂf@%QP%l control .
Tr eat Mpsdqif fradmlein¥d dritobdY BF & §6Ig|5'roféﬂ=§off~r3@l@'§mn|o}’a0|d\é\@anked by untranslated

2012/ 010663PCT/ EP2011/ 062545 -2 been associ ated with adverse side effects
such aéegr'%ﬁsiaéﬁeth ¥ a0@r’ endnfd1 and HddFacHe PopaRtgn £8Tves At Hiergfuasor it d

al opecilghst PEyEparas Uik pﬂftélﬁé?&rﬁlcalrfdr raﬁlﬁgﬁd)ra&@dagébmeryd;%ﬁ;geﬁ\,uwyl pamaes

pheno a and assom rders an I oj t| on. Rl irin,

P bi tBF CRRNZAGR 1 KU bR SRS HREEH BT Bl Sy TEDRETR i< SAlEES t he
ef fi ca@/EoEzwmw NBa-NS#at N4 b K 854- NBBIb Befcatiévthe Ezqﬁ.aattve cydsleof H‘ICY/QIdbls:hcbton of
ribavirin i mnate the rus wlth
e curBive By DNRIArTRHS S aph B Vb L PesePaiPDins® e By eame BT 1

now, strdexdian dan thepegtyallgfoechredni ¢ hepatitis C has been changed to the

conbi nati on of pegylated | FN-al pha plus ribavirin. However, a numnber of
patients st prehen/tetheistynﬁarﬁdraatmesitd:ecerfoﬁecHGs\( ispregyfated lintenfesbmalebla t o

ribavi rj V, t ents

[ reat el N Pl AR B S e R o g e R et o
and en’ﬂJ'?NréhObﬁbélonE/@rﬁ familhof regurally qqq*qarrﬂagéméhp@teles witfbehaganterigtic bielgeicRlon of
pati entied9sitha sreﬁr%ﬁpd"qmmuhbre@u@{é?} ahH8RLthREBEARMReS haY hleProdRBdafdnd there
is a clear need for nore effective antiviral therapy of HCV I nfection

(Fri ed SeWRipd by anost aninal muyeipatedcellith roprppse tuspverabdiggases, in particulanyiigimber  of

appr oacﬁh&ﬁ.oag eIFRed stk |9Hh aﬂ&sﬁahpre@datbabf érb@thvérfdltﬁffererﬁi@ﬁ& éf&féhh@j@ellufaiar
exarrpl teCPWBP ication of antisense ol |gonuc eotides or ri OZ nes for

i nhi bi Ignegnd; ipatngiRgical FepiRdy FrsrtEent BW%WQEmt%{Fer%hﬁjﬁfe%Sﬁ%unds
that directly inhibit HCV proteins and interfere wwth viral replication are
considered as attractive strategies to control HCV infection. Anmong the
viral targets, the NS3/4a protease and the NS5b RNA-dependent RNA

pol ymerase are considered the nost promising viral targets for new drugs
(see Ni, Z. J. and Wagnman, A. S. Curr. Opin. Drug Di scov. Devel. 2004, 7,
446-459; Beaulieu, P. L. and Tsantrizos, Y. S. Curr. Opin. Investig. Drugs
2004, 5, 838-850; and Giffith, R C etal., Ann. Rep. Med. Chem 39,

223- 237, 2004). However, ~none of these conpounds have progressed beyond

Y b1



-6 al koxy; (9)cycloal kyl; (h) carboxyl; het er ocycl ooxy,
wher ei n heterocycl ooxy denotes a heterocyclic group bonded through an
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(10)al kyl -C(0)-O; (c)aryl-C(0)-O; -2- (r) aryl-S-; (s) aryloxy; (t)
al kyl -S-; (u) fornyl, i.e., HC(0)-; (v) carbanmoyl; (w) aryl-alkyl-; and
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(u) fornyl, i.e., HC(O)-; (v) carbamoyl; (w) aryl-alkyl-; and -9

(x) aryl substituted with al kyl, cycl oal kyl, al koxy, hydroxy, am no,

al kyl - C( Ovolgbi2/016d68y| am no, di al kyl ami no or hal ogen. PCT/EPQoA)/0645KY |
substituted with cycl oal kyl, al koxy, hydroxy, am no, alkyl-C(0)-NH,

al kyl ami no, dial kyl ami no or hal ogen. -& used herein, the term "hal ogen" or
"hal 0" refers to fluoro, chloro, brono, and i odo. As used herein, the
term"optionally substituted"” unless otherw se specified refers to a group
that is unsuQ§t|tuted or is substituted by one or nore, typically 1, 2, 3
or 4, 2hydr ogen substituents, each of which is |ndependently
selected fr n1ﬂhe group consi sting of: (a) alkyl; (b) hydroxy (or
protected h y); /{c) halo; (d) oxo, i.e., =0; (e) anino, al kyl am no or
di al kyl am no; (TN koxy; (g) cycloal kyl; (h) carboxyl; (1)

het er ocycl ooxy, mher gn het er ocycl ooxy denotes a heterocycllc group bonded
t hrough an (j) alkyl-0-C(0)- (k) mercapto;
(I)am do or ¢ Kldo (n) cyano; (n) sulfanoyl, sul fam do or sul f onam do;
(o) aryl; (pfaal kyP-C(0)-0d)y; (q) aryl-C(0)-0-; (r) aryl-S-; (s) aryloxy;
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substi thydiradsyy th 1 or 2 |ndependently sel ected C1- 04a|ky| groups; R2 IS
CO2H, tetrazole, C(0)N(H) S(0)2CH3 or a carboxylic acid isostere; R3 is

C3- C?cycloa it h 0, en at ons;
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Cl- Coalkyl yia fL- Coal koxy, wherein each al kyl or al koxy substituent is
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SN L- R4 or CR5R6; L is a bond, S(0)2 0(0) or 0(0)O0; R4
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from cydies. S(0) 2-01- 04a|ky| 002H NR4 R4b phenyl or pyridyl, wherein the
phenyl or pyridyl substituent is substituted with 0, 1, or 2 substituents
sel ected from 01- 04al kyl ,DétailleshieescrigtionRfr heringendions nenber het er oar yl
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conbine to forma fused heterocycllc or heteroary ring, which fused
heterocycle has 5, 6 or 7 ring atons, has 1 or 2 ring heteroatons sel ected
fromN, O or S, and which fused heterocycle is substituted with 0, 1 or 2
substituents independently selected from 01l-Col kyl or oxo and which fused
heteroaryl has 5 or 6 ring atons, has 1 or 2 ring heteroatons selected from
N, O or S and which fused heteroaryl is substituted with 0, 1, or 2

i ndependently sel ected 01-C4al kyl substituents; or




R4 is a5 or 6 nenber heteroaryl having 1 to 3 heteroatons selected fromN,
0 or S, which heteroaryl is substituted with O, 1, 2 or 3 substituents

i ndependewOl2g129ab@at ed from the group consisting of hal ®GEEP2CYARISAS

01- Col kyl , 01- Col koxy, hal oG - Col koxy, hydroxy, NR4, R4b, hydroxyCl- C4al kyl,
am noCl- C4al kyl, 01- Col kyl - 0C(0) NH-, -@02H 03- Cr7cycl oal kyl ,

05- C7cycl oal kenyl, phenyl, 5 or 6 nenbered heteroaryl having 1 or 2 ring
het ercoat ons selected fromN, 0 or S, saturated or partially unsaturated

nonocy ghdvideaheRiitial bs oN&IcRBASNG s@®pe! Th¥emdbBfehisWiRtiSsedtkgMaleMmerely
conbi antion forma saturated heterocyclic ring having 5 or 6 ring atons, 1
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& ol koxyo( &) N??ﬂ s L R s s
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Wmchqls a saturated terocycle 1 ring
nitr ogé'rheéwd3@68}y'th>dd%t?t diBRHYIPENY G 2 Hedi@PHAPERY s BiNERY R4 OICFVbr'f*rfNPnybnor S,
whi ch Retgepgielike. ring is substituted with 0, 1, or 2 substituents

i ndependently selected fromthe group consisting of Cl-C6alkyl,

CO2C1- Coal kyl or, CO2b | , Rda jis,.ind dent | Ieteda each

coeurr ence B RF RS, BAeio ALY Ene aToR L EOLaR Sroteas BRarfisen dhafr n

t he al Ihyhng;mhrsﬂﬁ) tarbor atomsu mscobgtisdsut d0orarsmbesd s, Uirdab swithenwily grovidgd, C1-
C4al ko 0 1- I

i ndepe)r%g ﬁ g]yeq%gﬁ((gac{g‘é% 8%?3%@;!; ﬂ{°o1c%ccl?r%°3n%%'ln$r omqtD hcgrbop g&om%ﬁﬁg?scg fbr?a of

hydr ogetomsCor C8ed karbon @B8MS7 Replesantriple, ex@inpi4 aif hhviem l,nclade:l buearerot ljroites!

havi ng 4 i t Qg LdRe sglect ed

at eacrtl occﬂ?@nggylgbgﬁ?\lraag %el’ %rg p?v\%largl ﬂ%@ﬁ@gl%@ﬁmyﬁ tE?‘EQMe\G &h

unsubstbvb/l?@édn mntﬁamﬁsﬂsouoawlénwrtehpmm@(yr he@fﬂer@érm@hyﬂhemﬁnﬁ& ér nono- and
- CL- (Qah{iyd o2, 3q{|methylpentylwaﬁ4ébtylér%kﬁ%cfyfén@oﬁTJHJ)rﬂ@én'eoﬁ'dect,)fpern@a%d

het erocyclic ring having one ring nitrogen atomand O or 1 additional ring

het er o#t®iffsel ected from N, 0 and S, which heterocyclic ring is substituted

with 0, 1, 2 or 3 substituents independently selected fromthe group

consi sting @k ubed BEein, theYsHhOKKloaRNOreferitddh alld aSdafinedherdialtigftls C4al kyl ,

hyd - kyl i 1- C4al k 1- 04al k 1- | k I

O o B o i o s 2 aaTn Ehegait o RTPaIf P DREoPEhaltRlohe o
is sel elmramdlkf,flrcmpbtyhaogkyjumlummgquesrtaldsg(yofA mpel o loegeatkyd ogh I&]ve@ﬁiahddpl, broR®, i S
R s R gl e ARSI MR oo B B M hups PRhalE R 81 e wit
C1- Coalntoy¢ pf tﬁ‘ﬂsar@sahllo@tgms ored cxgﬂmnatph@hghffer@nt P|[E|1mgr(omys w@am thei atkytonpounds of

sal ts o HebA R RN (e 2R B PLASE s2 8PP B3 6 a0 GBI NS, o
RL i s O®itasskaypys obhalqstiohiptludaiiasomethingifludremetls triflueromethul, chio@methyl,2,  or

3 subs 0 on5|st|n
31 “har SEnRFa 0B SERSRISIUL Y, SRR It oL Do

is opt |d@h@rqfw0@méhyl wiffueepeiiivt Rifljoregropyic gishleretoy| ansidigvererrenyl, Awhi ch

cycl Oa|pl§bh|alo'aﬁ<qugfe'rsot'8|alnYaI@Pﬁ)&Mgté!lttﬁf@rdﬁbﬁ Bto%%plgcéd\ﬁi@pw&%msy sel ect ed
Cl- C4al kyl groups; R3a represents 0, 2, or 4 residues |ndependently

sel ected at each Qccyrrence fromth conS| tin roxy, am no,

C1- Coal kyl, 04 (Remanw i@fer%mépemwaéﬁ?pfg@ﬁ PR GPURRYRG 6 SAStieD Gt fe

subst i Iiruirﬂfd; puirtidn. Crypically, 2rybis sdniotyoiial eyt idepesydisdryhasia 8cioathrifoncatoiy.dr oxy,
Cl- C4al koxy, Cl1-C4al kyl sul foxide and N(R3b); or two gem nal R3a
substituents, taken in conbination forma spirocyclic 3 to 6 nenber

cycl oal kyl or heterocycle; R3b is independently selected at each occurrence
from hydrogen, Cl-C4al kyl, Cl-C4al koxyClC4al kyl, or N(R3b)2, taken in

conmbi nation, forma 4 to 6 nenber heterocycle having O or 1 additional ring
het eroatons selected fromN, 0 or S; Xis 0, NL-R4 or CR5R6; L is a bond,
S(0)2 or C(0); R4 is Cl-Col kyl or C3-Crcycl oal kyl each of which
is substituted with O or 1 substituents selected from CO2H or NR4, R4b or
Cl-C4 al kyl phenyl , or R4 |s naphthyl or phenyl mhlch phenyl |s

a ~ o ~ o o v Y T o v T



Rga is selected fromthe group consisting of hydrogen and Cl-C6al kyl,
wherein the al kyl substituent is unsubstituted or substituted w th hydroxy,
Cl- C4al kowg20mmin@3or nono- and di - Cl- 04al kyl ami no; an®CT/EP2011/0625Bgb i s
selected fromthe group consisting of hydrogen, Cl-C6al kyl and

Cl- C4al kanoyl, wherein the al kyl substituent is unsubstituted or
substituted with hydroxy, Cl-04al koxy, am no or nono- and

di - C1- C4al kyl ami no. In certain aspects, conmpounds of fornula (11) include

t hose conpounds in which R8 is selected from hydrogen, CO2H, nethyl,

nmet hoxy or hydroxymethyl. Certain other conpounds of formula (I1) include

t hose conpo S in i tedfromthe r

o1 phot - no. P BRSFE fp oy asur A F955 e ah o B G T UGBTI BA £ 1 s
unsubstktaudirege aromatbdsitd, toutrﬂﬂlpw::trdima)ti‘tﬁ'rlr'@s thamaresfubsd opeteet s sel ected fromthe
group consi sting of Cl-04al kyl, hydr oxyCl C4al kyl , am noCl- C4al kyl ,

Cl- C4al koxy 5 - 16 -
Still other N@@n@ﬁw ngﬁle? (%%Wugégh%'?/ uoggquaﬁ%%rgﬁl hﬁ%@ué g@QﬁW\%\%l ch Zis
N. In yrayQ@tlmlyaspebﬁt@ted:wm&unusltmnta‘ @mcmﬁlsaall(w Ithifluorapheiiohd, aybloglsylconmpounds
i n whi i {10 (e |, y }

hy drox@%lé) h§dr%§y %%Q{r’ Hla;h & @wl%ﬁéte@x?ﬁsta}rﬂﬁé *ﬂrﬁél alféyls ST

pi peri &rriytro, CmfIPeP%{?PMIalkylaf?r@(ggw%ﬂ’ﬁfﬂﬁy%ﬁlky edoh Séi‘fo%lsélfpnla@'%ﬁhﬁfyh t ut ed
or subghihukryWit h one or two substituents selected fromthe group

consi sting of %1 C4al kyl , hydr oxyCl C4al kyl , am noCl- C4al kyl , Cl C4a| koxy,
nono- and di C1- C4al kyl am no, - C4al koxycar bonry and i

certain aspf&uged E?fﬁ%omﬁ&"smbﬁlkf’é\f RRIF% 1p pYYI-Qr1 Wheis ?”M' qeﬂE?%EFﬁe'@onpounds
of for pubw. (Rebfgseatitlve akdnspléeiradky incluld t{ul d@)nov\arei 1, Melh&xﬁeb@ﬂﬁéoz 0,

NR1 or H or

7 8 Rais H F O or CH3 R3 is hydro n,rreth
ot hox FroRR PR Ut Fatio, R TP P HRP B P G RORPYSET or
Cl1- Chalaky the liké\OT 2f)d=2Y Ol K YRAPS BE2OAHUD 625 dore praferabhyRitouand daitonsar e each
i ndependently sel ected from hydrogen, Cl-C4al kyl, hydroxyCl-C4al kyl, am no,
or nono- an C1- C4a| kyl ,
or DN, 2 ke oA Biccf: hnBlRGLEd oM SRy Cl
C1- C4alureatyrategmiondirorsaticifgres riad sysiemkey., whigh esrﬁ)ffﬁér 6a§pé¢memt@<§¢ﬂ)ounds of
formul %o(nblydh@(é' U7d98 COTROURSS 5,0{2_f @ Bbed b(cg/l‘,ﬂc)orqed 1§2hbs 15hepeqiis. wherein
R6 i s hydrogen, hydroxy, amno or N(H)-J C(0) dr $(0)2; R7 is (a)
Cl- Malﬁmb%ﬁﬁﬁ” i rigg §>\(§E%Tﬂ?'ﬁ%?‘é‘da'w%tﬂeiﬂﬁéﬁﬁ/hetéﬁoa@ﬁé?ﬁﬂwdw Po)S ey |
opt i onahkie HENSAAdtSIESHa¥d bhtiokd Xfdided tb@ér@ﬁ@%x%u%é}égl ke NsteBd{tiit S

sel ected from hydrogen and Cl-C6al kyl which al k i S unsubstituted or

subst i BRUBFARPE FUBHEIR athRIsTAHBOr # ﬁ%ﬁ'?P% atoay- eFTee*E:Ft?rP@fHVG?” ipgludrofusegpics,
et hoXridgddringy as NelRia® 8pirocéId riags) ERIhAES & heldrodcles irerlde Cdtrthydbfeath

occure r e 97 9up consi st en and C1-C4 which is
Subst | ¢RI Gror dfeimoaniife L arianas Hhedtne GPeIne et hoxy or
et hoxy diokdlané, Smmekcﬂmmedmfudazmntehﬁyrgmma Poyerolidine ﬂetmymbpmmlromgempyfdnuor o0,

hyd d | K I
e oo Ehser SR Lodb AR oGS hmRRORR BPRenaf k1 stibst ] tut ea

with one or two hydr oxy substituents or one substi tutent i ndependent |y

sel ect ed fr dhe tene “peteppyddnfoitkarirefgrsdb hetesanyclicYMACERSs dedindtohxgreinet hoxy,

am no, l; ) 2. In
cert ai ﬁ%l%g?@@ﬁnggou%;%&g@eﬁ%ﬂﬁbg en% Qél%fr%%c%@ dmp&lhr%b(grttwt ed
wi t h of@dlowindt wo hydr oxy substituents or one substitutent |ndependently
selected fromthe gr oup consi sting of cyano, SO2CH3, net hoxy, ethoxy,

am no, or npg)o- argl di - C1- C2al kyl ami no. WO 2012/ 010663PCT/ EP2011/ 062545 -
18 - In yet not ect unds of formula (1) include conpounds of
formula (1Vf° andp\é‘{ﬁ‘l”fys( EW@?@WW&OX 12(1V) wherein R10, R11 is

i ndependent kgy sehgiet ed from hydrogen and Cl- C6al kyl which al kyl is
unsubsti t ut ﬁ‘ﬁ or substlbut ed with one or two substituents selected from CH,
SCRCH3, cya nBthé&ky T et hoxy, N(Rioa)2 and C(0)N(Rioa)2; Rioa is selected
at each occ@)encembpalkyléreingoodiplkglemiiost i ng of hydrogen and Cl- C4al kyl
which is substituted with O or 1 substituents sel ected from hydroxy,

nmet hoxy or ethoxy; O N(Rioa)2 could forma 3-6 nenber cycl oakyl or

het erocycle R12 is selected fromthe group consisting of hydrogen and

Cl- C4al kyl . I n anot her aspect, conpounds of formula (1V) include those
conpounds in which RL0 is hydrogen or Cl-C6al kyl substituted with one or
two hydroxy substituents or one substitutent independently selected from
t he group consisting of cyano, SQ2CH3, nethoxy, ethoxy, am no, nono- and
di - C1- Cal kyl am no, C(0)NH2, C(O0)N(H) Me and C(O0)NMe2. In certain other
corrpounds of forrrula (IV) RlO |s Cl Coal kyI substltuted W|th one or two

oy . T 1



I n one aspect, conpounds of formula (1), (la), (Il), (1l1a), (111) or (IV)

i ncl ude those conpounds in which R3 is cyclohexyl. In yet another aspect,
conmpoundswof20(210dg63i ncl ude t hose compounds in which R6 PSTHpdrogesss R10 i s
hydrogen or hydoxyCl- C6al kyl ; and R11 is hydrogen, nethyl, hydroxy or
fluoro. In yet another aspect, conpoufds of (111) include those conpounds
in which R6 is hydrogen; R10 is hydoxyCl-C6al kyl; and R11 is hydrogen,

met hyl , hydroxy or fluoro. In yet another aspect, compounds of (IV) include
t hose conpoqyds hRoMhi ch R10 is hydoxyClC6al kyl; R11 is hydrogen or nethyl;
and R12 is hydrogen or nethyl. In certain aspects, conpounds of
formul a (111 ar ﬁmﬁﬁylded in which RL is tettbutylethynyl, phenyl, or
phenyl paraﬁsubsbémuﬁmd with F, C, or nethyl;, RRis CO2H, R3 is

| oh | ; h R10 d C R11 | d :
Cyel Onexy | [ e SOS0 WS Bntt  B1 G CRal e B B iy 00
(111) atreug)fam/m)dgeh bridgshi ch R1 is tettbutylethynyl; R2 is CO2H R3 is

cycl ohexyl ; Q¥€ﬁ%gg R10 is hydroxyCl- C6a|ky| and WO

2012/ 0106638CT/ EF% 545 - 20 - R11 is hydrogen, hydroxy, nethyl or
fl uoro. (m Inmomptarn aspects, conpounds of formula (1V) are provided
in which d%%ﬁxé%& R2 is CO2H, R3 is cyclohexyl; R10 is
hydr oxyCl- Cgalk R12 are independently selected fromthe
group consrﬁv]ngCﬁmOIS hydrogen and nmethyl. In certain other aspects, the

i nvention pgQvid (\0 (V) or a salt thereof,
wher ei n Fﬁliﬁs hggagggﬁgggmﬁmpﬁ ﬁﬁ%ﬂﬁ%ﬁb i s C2-Cohydroxyal kyl wherein

t he hydroxyKogran is a primry, secondary or tertiary al cohol. For exanple
R10 is sel egled g|r(9_r@(o§ G12), O+, - (CH2) bCH(CH3) OH or - (CH2) bC(CH3) 20H,
wherein a is 2, 3, 4 and b is 1, 2, or 3. In certain conpounds of
For mul a (V)“a |saQ'8g”§3and bis 1 or 2. As used herein, the term"isoners"
refers to differggtsgconpounds that have the sane nolecular formul a but
differ in arrangengnt and confrguratron of the atons. Al so as used herein,
the term™ aﬁ;opt?&EV Yisomer" or "a stereoisonmer" refers to any of the
vari ous steueo | alkyres-j ¢ configurations which may exist for a given conmpound
of the pres ve i ncl udes geonetric isonmers. It is understood
that a subsﬁB ueﬁt ﬂa nI'e'égﬁtached at a chiral center of a carbon atom
Therefore, nhe |umemhopn |ncludes enantioners, diastereoners or racemates
of the conp E %ﬂtbﬂ are a pair of stereoisoners that are
non- super i sang ror |na es of each other. A 1:1 mxture of a pair of
enant i oner s (¥)s aawmbsmm@ﬂmm%@%wlmBlWO@ﬁZWdr@XV 2mino,"atkye@)eNH-m xt ure.
The termghﬁmﬂsggm&@nﬂeshgg% gnad racemc mxture where appropriate.

r

Di ast ereol soners” are steréoi somers that have at |east two asynmetric
atoms, but @hi chalfylsubgituted witlhevalapdtiyb glkexy, &%dmxo ERAW0, alkWeC -ut e

Stereo%mﬁﬁhﬁkfﬁmm§mﬁﬂﬁﬁhﬂbﬁ% gccording to the Cahn- Ingold- Prelog RS
system Wen a coffpound is a pure enantioner the stereochem stry at each
chiral carbon may be specified by either R or S. Resol ved conpounds whose

absol ute copfiuged ﬁérbmnthbsernﬂt@raawkw&efetsetodaﬁrlreﬁeab.etdnsém}at@d mondcydfiendi ng on
the directjon (dextro- or Ievorotatory%ﬁpnrc t he rotate Ianeﬁgolarrzed

light &Y ﬁerrr&rercéwatoaararn BRUPS Bt -t Ao Mscdiiass RErwish B fBounds
dﬁscr | el pifdrs EoEMchd hyomterwndgmrpe rRSyGIRtWdeh 3<‘aerdt9atrfg @Fboaweasmand nmay

us give ri enanti o I as stereoi songeric

for s PROehayd TSrPied SR BP R Gt g BrUBeiaRe BE SO SAEY -
(S)-. 'marepf esgnte subuﬂnentomdesenueamu sellextadfednuithe grdup mmsistntgm‘sailldyl dalosoner s,
i ncl udi_p i X nt I n r i m Xt ures.
ot ca|°f‘9 HyBoSy %?Oﬁy atlkall fo)s ybﬁﬂto XarBé‘rlhgyl étfiymﬁr-fa (slkﬁl ‘Ne tﬁ"SP' fsa'

synt homsroocyaohr ¢agiboxy eal Q- Q(O)orsurfcerwbIsulemarmdmgultarrmytarsulfatmmm atnechnr ques. |If
the co 0 r Z
COﬂfIgﬁ?%tlgd% @%@hﬁ%néggﬂ%%ﬁgr@gﬁggphgﬁgﬁ ?E&ngﬁghte ‘%hﬁﬁga kyl, the
cycl oalcksioprepmb sy el bietvit Cmehtak/eycéppeh@nylowctorham ao@mqlcttrexertyi an thjlike.

t aut OmEsL oy SR Ry HPod i GRASHLIR Bfn I HAedan Aiped herein, the
ternms "saIF or "salts" refers to an aci tion or base addrtron salt of
a conpound of the invention. "Salts" include in particular "pharnaceuti cal
acceptabl e salts". The term "pharmaceutically acceptable salts"” refers to
salts that retain the biological effectiveness and properties of the
conpounds of this invention and, which typically are not biologically or
ot herwi se undesirable. In many cases, the conpounds of the present

i nvention are capable of form ng acid and/ or base salts by virtue of the
presence of am no and/or carboxyl groups or groups simlar thereto.
Pharmaceutically acceptable acid addition salts can be fornmed with



Organi c bases from which salts can be derived include, for exanple,
primary, secondary, and tertiary am nes, substituted am nes i ncl uding

nat ur al | ywocowwaidesg substituted am nes, cyclic ani nes, paSiEP2010/064Ehange
resins, and the |ike. Certain organic am nes include isopropylam ne,
benzat hi ne, cholinate, diethanol ani ne,” di et hyl ami ne, |ysine, negluni ne,

pi perazi ne and tronet ham ne. The pharnaceutically acceptable salts of the
present invention can be synthesized froma parent conpound, a basic or

aci di ¢ tdRihGdrdnadhthyt QRYSHYAIMEBhth RS cfold 1 WF%Qﬁ%cyc@??@ﬁﬁﬂebwl such salts can

be prepared b reactln free acid for ounds with a
st oi chiPHEPlRiz1BsRIEM: Ot dimethyiinyFiglr 1- Hheptb'a%é%t&wewn@&yﬂaﬁ ‘cHhenty,

hydr 0led:9clo[Q@ri]@¢1ﬁta@d th kel [ERa@panyatficyichenydré@rbonagrolys mmadagmahfyeend)ase
forns %IF' t hese conpounds with a stoichionetric anount of the appropriate
aci d. ci®r eactions are typically carried out in water or in an organic
solvent, or in a mxture of the two. Generally, use of non-aqueous nedi a
i ke et her Aetubgd hexeiat the éermeahydoxgl refdrs topvadip ameO;argrand aet-éhrheterdaeyl gsoup,
desira [ f additional sur table salts can be

f ound, Wh%relmrﬁ]d%%& ﬁﬁégeﬁﬁé’?ﬁ%’guu cal Sci ences 20th ed., Mack

Publ i shi ng Corrpan%/ _Easton Pa. (1985) and in "Handbook of _ Phar_maceuti cal
Salts: Propdstisediersis) Betsohhezrmaniisieferslp b4 mesmkeratsmanaaiclionps bigyaieH,

Vi nheioricli Eﬁ?{ﬂﬁatrcgﬂg %}stemm%l?(o@%@%ggrg{sge%gﬂey fr%ﬁ?ﬁ"'é o'r 823' ypicANyY

fornmula given herein is also intended to represent unlabeled fofns as well

as i sothsieteeay! is el Laemgeied e syHeME®apSunasmberegdimasrexds ¢ andha ed
Conpourmndama bRy EIRCEr W B8 niteietd Bth oy stehe ﬁ@rcaMea&ogryr/@au;rsaheudb 2xkept that

one or ato rer pI aced by an _at om havjn el ected atom c mass or
mass nHH‘HB’ gﬁwﬁ Hy§r8ybﬁes toﬁé_lt'm@éﬁo@ %cBF%o‘ryé‘izQ 8 %t ¥pounds
of thetmmzo@mta-on cbrrB;uhudiezolfﬁlpwrmeSr Sloxdmotin agen, ortzar&di)molylnsimgem oxygen,

Tar 51w ot b0y Rert o7 UEF oI o BRG] RekuBet vari ous

i sot opipgakinyl, P-phekied, sohpodndsS-pgrirdidingined herein, for exanple those into
whi ch radi oactive isotopes, such as 3H, 13C, and 14C , are present. Such

I sot opi cal | y,| ahgl. h@tgro%%?%qﬁfer% fr‘S leﬂlm%t@%%oi’n%éigtrigg'is%ﬁse(qw'ot h 140Q),

reaction klnetlc stu anple _ teCtion or imaging
t echni goesy mgcecawlae/cty@hmarlarprémem@w ringprEfteap e redeanor peinksifagaehmindison
em ssi QR yEOMRMLED A8 REG. 2RbW n(nﬁ'PF&anb@%dI{QJenlg Ar 4195 08_ 3“@)?%“%5&2“}/55“9

di stribution assays, or in rad IO&CtIVG treat nent’ of pa I ents.

parti cuPar; Sar- 1‘8!3 isRIndiBed-e3t fohpSurdd 7riRgPMbe- phr 4 %Uﬁaﬁr%"lf@é?'wa%l é.for

PET or 5SREGI steu@lLi@sn, 1L820t31 4-CQ-| |7¥ sl, apelpmofanpauntss 06. shirs dr8uRHoli@n and
prodrugs thereof can nera epared by carrying out the procedures
di scl osed 4y Th& {ecRER %'PO'IVK 1t H"e Eexgrrf)'l gis8- Bﬁtaa'ﬁ?'eﬂagaﬁ #ns-@E8cri bed

bel ow lnupmuhﬁjrnyt Qt lsng5a6r gadir BYquiaaslingib B 41, $0160 pi-CéH 8- Mmhoalaﬁl 2d4r gagent for

a non-i so; al d_re n Furt he sbtlt t h_heayi er

i sot op@Ze,' gll ? 8u| ar4l yf?céuz eP'ia%%?'('lca@aZOIQH{ “of™ %)i ey a’f i O‘P\cllg %aé%aﬁﬂ 1-,

t her anequ-cs ﬁﬂiVchBagE@vcaleswyl |1ngz ]1:3 om 6 EgBergdrmm abhbmemtmda{yl it 3, 3§ ar
exanpl e Cr e n._Vi vo re ce osage,requir nts _or an
Cror vel e TR L B 61 & BB ETAN Eh at Taoh B Fu Ph ¢ b s
cont extlOiphenayatimdd - ﬁ& ahGutﬁstﬁ t&remg pmerazmwln‘polandl f# e he, 8-09muf 8-( 1) . A The
concen a awvi sQt o teri ym Y= be
Gor T o iR B ETs 2alBEE . 300 BenSRBRN] pE3 &Y LM B S Yoo

f act or '7-,&s, Wswd Ohbereiseaimelinys 2t.1de, 4- aquthielhrdﬁﬁrdéfnranhe21 Sotdeprc/-abuddibhee and
the nato\’”ifi?HapR/rH}%ff?c }Srb%zcﬁﬂ%c'af | £dg 1 éPi QIRefurd[i 25)- Eﬁ%ﬁ;ﬂ'é U@”R '5n 72 or

COﬁpOUﬂd (0] his 1 nvention is denoted deut errum suc COﬁpOUﬂ has 'an

i sot opBSHERYTideRmeRko-peazINk 1f.Gr. s act-Bruariel4let-oueiphd - ufin @itdit of at | east
3500 (ﬁﬁ.déz@iﬂcwtj idZd, Isncoro@@r@rrdz% 24- d@@ﬁ&hzﬂ@wgcataedor@euﬁ.eézorm om, at

| east 4000 (60% deuteriumincar ora i on I'east 4500 (67.5% deu{ erium

i ncor pdtiaadry:, 3-ef- Teﬁs?r%ﬁﬁeﬁ’("’?@%'&‘e'ﬂt"eh et foor foréit Pon§, ordd-4Heast 5500
(182. 5%pgiedb| £ siclatdan6In ROGABL @AY imRfazd[¢ 2100 PiatiRN YT -Bertopslihleny, 2-, 4-, 5-

i ncorporation), at | east 6333. 3 (95% deut eri um i ncor poration), at | east
6466. 7 (97% deuteriumincorporation), at |east 6600 (99% deuterium

i ncorporation), or at |east 6633.3 (99.5% deuteriumincorporation). WO
2012/ 010663PCT/ EP2011/ 062545 - 24 - Isotopically-I|abel ed conpounds of
formula (1) can generally be prepared by conventional techniques known to
those skilled in the art or by processes anal ogous to those described in
t he acconpanyi ng Exanpl es and Preparati ons using an appropriate

i sotopically-labeled reagent& in place of the non-|abel ed reagent
prevrously enployed Pharnaceutlcally acceptable solvates in accordance

o o o oy -, = S



c) binders, e.g., magnesium alum numsilicate, starch paste, gelatin,
tragacant h, nethyl cel | ul ose, sodi um car boxynethyl cellu | ose and/ or

pol yvi nylyworoeoliioeae; if desired d) disintegrants, e.gPCTHParIdexs4s agar,
alginic acid or its sodiumsalt, or effervescent m xtures; and/or

e) absorbents, colorants, flavors and8weeteners. Tablets nay be either
filmcoated or enteric coated according to nethods known in the art.

Sui t abl e conpositions for oral adm nistration include an effective anount
of a cemRewMnedxakbl@, 2NYEBL is0nri7ihehAmida26M, 0f 4t ablt&, od VBARERTzoRMAYEOUS OF
oi |y suspensi ons, dispersible powlers or granules, enulsiaon, hard or soft
capsul €340t Syfups ooy~ RENFXAPEY, Eoftn si i One 3-PeERREM dr 2ordal S-uear e
prepar ed gacioordditng H-gyreiy1, pei[Ppeniazapnyl Typidacfuséd hdteroatynoumnadiart biite of

phar maceut i cal osition d such conposjtiops_.can cqgntain one or_ nore
D gent o e ifued Bt fie SoPoulh AU ot SndePort G CHERHNS ™ 1Zvbr i ng
agent s 4- ol &y orvgind@@n2-s 3-and 5p16e e 7vhengo[Bfeetys 2- - 05-d 6k, o 3-benoaxadélyl, 2-,

phar mageuytical Iy, el egant and pal at e eparations. Tablets may contain

t he act%f’\%é’ 6|(l:hogrr7é%e|né'rqﬁg"’llzﬁ Iygﬁpnd %’G‘r”ef’q\?é't %rp#l%n'}ZS{%faéolﬁfﬁar maceutically

accept abl e excipients which are suitable for the manufacture of tablets.
These exci pAdiestesoaylegrodromae ke ayiistitutadneitht 1 thi § sibstitoents inslapersieoty sdlented

car bon%mthggpyug &?sﬁstﬁﬂggf‘tﬁe diggl@se, cal ci um phosphate or sodium
phosphat e; granul ating and disintegrating agents, for exanple, corn starch,
or alginic acid; binding agents, for exanple, starch, gelatin or acacia;
and | ubricat®ng @84¥nts, for exanpl e magnesi um stearate, stearic acid or
talc. The tadl et pyd6e UNsBRELRM Qbrox@at ed by known techni ques to del ay

di sintegrati on apnd absorption in the gastrointestinal tract and thereby
provi de a sustai @9 action over a | onger period. For exanple, a tine delay
materi al suqd) asogd,yeee®l nonostearate or glyceryl distearate can be

enpl oyed. Fgrrml at i ons flor. oral,. E(Sle can be presented as hard gelatin
capsul es wh&ei n@ TR ARHFYLOCHGRENPENC i s mixed with an inert solid

di l uent, fo«f)exaalpbe,; cal ci um carbonate, cal ci um phosphate or kaolin, or as
soft gel atir(1 capg llo%ﬁ< }Nnerei n the active ingredient is mxed with water or
an oi l madiu% f exanpl e, peanut oil, liquid paraffin or olive oil.
Certai n injéot abbtarbowyhpositi ons are aqueous isotonic sol utions or

suspensi ons., and 1 tori an ty

enul si ons OFI) susgéﬁ@? %Ss&.xg)’s\g}fege'ﬁ\}/%eg%ygﬁ %%%@g%%:% /}%Ii’egg%;f? %%r%gggb I{O% 0 -
conposithrpeaisamexygeebrdagi i | i zed and/ or contain adjuvants, such as
preserving,G§tab5k%gj@Q@}Metting or emul sifying agents, solution pronoters,
salts for regulating the osnotic pressure and/or buffers. In addition, they
may al so cofffai nM6f9ReI% t her apeutical |y val uabl e substances. Said

conposi ti ong) ar eaRlLRAEEBoRFRAs di Ng to conventional m xing, granulating or
coating nethods, respectively, and contain about 0.1-75% or contain about
1-50% of tHB act¥dP& ingredient. Suitable conpositions for transdernal

appl i cati on(i)ncl sglgnpl, efifaedds vesudomamitio.of a conpound of the invention with
a suitable rrier, Carriers suitable for transdernal delivery include
absor babl e %ﬁarn@yblogically accept abl e solvents to assist passage through
t he skin of ())he he@iC(OR®-; exanpl e, transdernmal devices are in the formof a
bandage con@#isiggkecgﬂgking menber, a reservoir containing the conpound
optionally th ¢ rrf rs, optionally a rate controlling barrier to deliver
t he conpound) of atyeSskin of the host at a controlled and predeterm ned rate
over a prol ﬁr)geda pLi.od of time, and means to secure the device to the
skin. Suitabl'e co&po’itions for topical application, e.g., to the skin and
eyes, include agélyds; sol utions, suspensions, ointnents, creans, gels or
sprayabl e fonmul aidQnse Bc@)., for delivery by aerosol or the Iike. Such
topi cal delivery sgstent w I'l' in particular be appropriate for dernal

appl i cati on(Me. gcarbameyli he treat ment of skin cancer, e.g., for prophylactic
use in sun egeangwyl-hRj; @R§. sprays and the like. They are thus particularly
suited for use in'topical, including cosnetic, formulations well-known in
the art. Such may contain solubilizers, stabilizers, tonicity enhancing
agents, buffers and preservatives. As used herein a topical application my
al so pertain to an inhalation or to an intranasal application. They may be
conveniently delivered in the formof a dry powder (either alone, as a

m xture, for exanple a dry blend with | actose, or a m xed conponent
particle, for exanple with phospholipids) froma dry powder inhaler or an
aerosol spray presentation froma pressurised contai ner, punp, spray,

atom zer or nebuliser, with or without the use of a suitable propellant.
The present invention further provides anhydrous pharnmaceuti cal

o " o N 1 I r o b1 o N 1 M T



WD 2012/ 010663PCT/ EP2011/ 062545 - 35 - The invention also provides a
conpound of fornula (1) for use in a nmethod of treating a di sease or

condi ti orwoauradodsy or associated with HCV i nfection, wereraprrotiiesednmpound
of fornmula (1) is prepared for adm nistration with another therapeutic
agent. The invention also provides andther therapeutic agent for use in a
nmet hod of treating a disease or condition caused by or associated with HCV
i nfection, wherein the other therapeutic agent is prepared for

adm ni strat '(>?n V\fartyhs@)s@tgféﬁqmﬂféwf ch s, %Ik&nk} hydRRy,| IMVE Ll PC D) H-Pr ovi des
a conpound formula (1) for use in a method of treatlngadlsease or

condi tlal‘fﬁ'aﬁ‘é{lj’s@ﬁ'k%vmﬂﬂo HAdalgPat ed with HCOV i nf ection, wherein the conpound
of fornmula I st W t her therapeuti n The
i nvention a?y%o p?'@a Hb Ul %Y"ﬁ chﬂ%ﬂi'ygﬁgﬂﬂ @yé@é\htﬂ ’boraﬁ%'g&i%ﬁ' “met hod of

t r eat i agkyamitios dakglaninccarmdiogeon caused by or associated with HCV infection,
wherein the other therapeutic agent is adm nistered with a conpound of
formula (1). The invention also provides the use of a conmpound of formula
(1) for tre S itian. o) Wid h HCV

i nfection, \%%e?%? ﬁertghéﬁgg I en?lgﬁéa}g otﬁrhceé\% g%g\ssqg IQé(ro éhlﬁgs&ghgﬁﬁour s) been
treated with another therapeutic agent. The |nvent| on al so provides the use

of anot her f\Bapepeereincthgderit optignatly @é&stltngedau@e%%%té@ww sPeeited fetars aused by

or assQfd Rt iiddinsiaMed Bf |§%hbﬁuﬁhted\9ﬁ6r?é6’rrﬁ$]€ tpat;w@ntzh:agrprsavauw%m (e.g.
Wi thin 24 hours) been treated wt onpound fornmula (I). In one

enbodi HEFPIER SHOSHILARIF, Q%?BP&WB'G'E isd”‘éeg’éﬁ?'eﬂt'g S§'§F‘é€tfréﬂ‘ the S%“Qé@'@ﬁﬁi'”ﬂﬁér apeutic
agents which are active against viruses and, in particular, against HCV.
The conpounga)andaiggent may be adm ni stered ina si ngl e or separate

for mul ationgo. Agent s Z(gtivF Eggl:ygst HCV include, but are not limted to,

i nterferon- ,) pe&ffr%)fy FRTREE X% (peginterferon-a), albinterferon-a2b
(al bl FN, Novarti balbjunan Genome Sci ence), PEG Interferon | anbda

( BMS/ ZynoGe (Stl cg)} ‘EI baw rin, levovirin, viram dine, a conbination of

i nterferon- é and" 17 BAVI Fi n, a conbination of peginterferon-a and ribavirin,
a conbi nati ¢ of aalnpl ﬂNllanmororblalkvlammo a conbination of interferon-a and

| evovirin, & conPl'H;%;i on of peginterferon-a and levovirin, and a

conbi nati on of a N and levovirin. Interferon-a includes, but is not
limted to, @Wecontslagtyt i nterferon-a2a (such as ROFERON i nterferon

avai |l abl e fgyam Hof fgmp-LaRoche, Nutley, NJ), interferon-a2b (such as
Intron-A interferon available from Schering Corp., Kenilworth, New Jersey,
USA), a con$§knsuBeterReediaay oMherain @GEFWP'P’PW&?”P%@HTG&EF@WC&C Qf%léig%’ided

Pegy| at@eudndresd ygé,oan@el ncl udes, but is not limted to, PEG I|FN a2a (such
as Pegsys avail able from Hoffman LaRoche, Nutley, NJ), PEG IFN a2b (such as
Pegl ntron ablhi | aBRE-G-F6Mscher | ng Corp., Kenilworth, New Jersey, USA), For
a di scussi ogk)of melAapgiorin and its activity against HCV, see J. 0. Saunders
and S. A Ra&uck WD 2012/ 010663PCT/ EP2011/ 062545 - 36 - "I nosine
Mbnophosphat'e DeRPEPOGEARSEMERnsi deration of Structure, Kinetics and

Ther apeut i c (Rpt ea;tanai " Ann Rep Med. Chem, 35:201-210 (2000). The
agents actiKr@ agal st hepa %IS (\)/r%arulg al so include agents that inhibit
HCV N52 or 3 p% 5’a¥e§ ?\@3’5 (5nymer ase, HCV NS5A protein, HCV N53
hel i case, HQEY NS4Bl, protein, HCV p7 protein, HCV NS4A protein, HCV | RES and
protein trapslatp 8 ?5}5 entry, HCV assenbl y, HCV egress, and i nosi ne

5'- m)nophosgﬁat e \éhy( ogenase, cyclophilins or other host factors that are
requi red fofa)HCvaweg(@)e@tion. Still other conpounds include those disclosed
in WD 2004/ @44313,a8d WD 2004/014852 and in the references cited therein.
Speci fic antivi raI agents include BI-201335 (Boehringer Ingel heim,

tel aprevir (Vert@¥Pxy:vx-813 (Vertex), VX-500 (Vertex), boceprevir
(Schering- Plg)ughgk @;h 900518 (Schering-Pl ough), |TM\-191/ R7227

(I nt ermune/ Roche M\-5489 (I ntermune), MK-7009 (Merck), TMC435

(Ti botec), BNB-6 Y#z'e( Bi¢&ol - Myer s- Squi bb), PHX1766 (Phenoni x), GS-9256
(G lead), V@ht 9learbMasyiex), VCH 759 (Vertex), VCH 222/VX-222 (Vertex),

ABT- 333 (Abbott), ANA-598 (Anadys), PF-868,554 (Pfizer), MK-3281 (Merck),
PSI - 7851 (Pharmasset), R7128 (Pharmasset/Roche), R1626 (Roche), 59190

(G lead), BI-207127 (Boehringer Ingel hein, JTK-652 (Japan Tobacco Inc.),

| DX375 (1denix), Val opicitabine/ NMR83 (1denix), 1DX-184 (Idenix),

AZD2836/ A- 831 (Arrow AstraZeneca), AZD7295/ A-689 (Arrow AstraZeneca),

BMS- 790052 (Bri stol - Myers- Squi bb), PPI-461 (Presidio), EDP-239 (Enanta),
Cepl ene (Maxi m Pharmaceuticals), Ci vacir (Nabi Bi opharmaceuticals Inc,

VX- 497 (Vertex Pharmaceuticals Inc.), XTL-002 (XTL Bi opharmaceutical s),
|sat or| b| ne and its pr odr ugs ANA971 ANA975 and ANA773 (Anadys) NI MB11
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Compounds according to general structure CG3 and C-5 could be synthesized
by followed nmethod. Amne C1 could be converted to pyridyl sulfonamde C 2
by reactiwgQ2eizoggri di ne sul fonyl chloride. D spl acenerCTaP2@hlocasittie wit h
am ne would provide C-3. C1 could react with 4-fluro phenyl sul f onyl
chloride to give G4. Displacenent of 1®tuoride with am ne woul d give C 5.
WO 2012/ 010663PCT/ EP2011/ 062545 - 40 - The i nvention further
includes any variant of the present processes, in which an internediate
product obt ainabhgl-akyl28Md stage thereof is used as starting naterial and
the remaining steps are carried out, or in which the startlng materials are

formed in sPPu uRdbTubseted sithialkyh cydortiy. 12419y yAroxy, ampine RIYhe( @4t i on

conponamkyRmace didke@mird drihaidges.m of their salts or optl cally pure anti podes.

Compounds of the_inventiqn and in i at s can n ted into
each ot her cor al}(ﬂju %mﬂ'@q Wgﬁgycéo@ﬁ%{p%& M‘Ef\%y £g" ’t%@@?é"é(%)tf\ﬁ%d in the
art.  alkylamind tiaikglatrire atapgeef this text, only a readily renovabl e group
that is not a constituent of the particular desired end product of the
conpounds of the present invention is designated a "protecting group”,

unl ess In bree aspetierempadids af egmotan@rané pevidéthe prot ecti on of functional groups
by such prote téoﬂ%o%@b’ﬁﬁrmt}lgﬁ protecting groups thensel ves, and their

cl eavage reactions are descri ed for exanple in standard ref erence wor ks,
such as J. F. W MOmre, "Protective Goups in Oganic Chem stry", Plenum
Press London andSNew York 1973, in T. W Geene and P. G M Wits,

"Protecti ve pbgani ¢ Synthesis”, Third edition, WIley, New York
1999, in "The P\p i les"; Vol une 3 (edltors: E. Goss and J. Meienhofer),
Academ c Press, on apd New York 1981, in "Methoden der organi schen

Chem e" (Met hods of ic Chem stry), Houben Weyl, 4th edition, Volune
15/1, Georg Thiene Verla Stuttgart 1974, in H -D. Jakubke and H.

Jeschkeit, "Am en, ptide, Proteine" (Am no acids, Peptides,
Proteins), Verl ag X Weinheim Deerfield Beach, and Basel 1982, and in
Jochen Lehmann, Rsbe ender Kohl enhydrate: Mnosaccharide und Derivate"

(Chem stry of [ %fi %t es: Monosacchari des and Derivatives), Georg Thiene

Verl ag, St upfaﬁ? WhR e har acteri stic of protecting groups is that they

can be renowedOr ¢ad?ly (i.e. without the occurrence of undesired secondary

reactions) Fqgogggmeeelp% plyplysi,s, reduction, photolysis or

al ternatively under physio ogl cal conditions (e.g. by enzymatic cl eavage).

Salts of coRpsuads@kynyher pheagewhich Hmmtlsenbswamm\gltta@ 1, a3 subetituents

salt-f idled in
WhiEh e %8 d@ﬁ% sfé‘f‘ecPefo% ﬁm@ dréhrfcsorﬁg.?nﬁ{] flft'af?aggen?/d%oggscﬁaﬁé(d

the art. For ﬁ: salts o tion having
aci d giCetisd. W afkghrang - Qekoman%we'chwyw @aﬂﬁt'ﬁ@a”b’ﬁébii@ﬁ%wﬁ@é% th

et al @W&%&gﬁsub%{%}ttaﬁh@ J;‘;%|o'a|k§7ﬁ§ ébtuo%ﬁ;t §L§‘bsﬂtfute°d%¥hap$rez iﬁ&%ﬂb&ntﬁfar boxylic
acids, e. e sodium salt ‘of 2-ethyl hexanoic acid, with organic al kali
net al 6P'eatﬁﬂéﬁ1tqa%|k3éﬁf‘tqﬁsrret al conpounds, such as the corresponding

Eygf oxi geS RQ%[)(b@{Ilthcﬁfazale b@N%@@ﬁ%H?W@&&ﬁoxyﬁ@&&id %Sst&édldum or }OOt assi um
ydr oxi de, carhbonate or rogen car bon correspondi ng cal ci um
conpounds o% (19 7%%%1%%@% Ftélﬁlde"'%rogém gr Sigipeen &egichi onet ri ¢
ahrmuntls o][ Rmeaﬁé&é?dtempﬁ%?’@ﬂﬁ%&’&ﬁ&/r&féawnﬂﬂéelgctémétyeaahsaatrdelnee(mfas of

t he sa or m ng. agen referably being use c ition salts o
conpoutliTBrP PE HHE SRR ATIR S ASBE B e EGCeiy T IRTRERS e, g
by tr eatkyihy alkogy stmsptuamlds substituteahwithcd, dl 002 sabsdituehisbhdepandently szlettad fem

reagen nt er nal of ~c n 0 t, 1Ny ' | bi ng
or d BRI, op CelRoll g GBI bt o I NERL SR R RaREe B 7,
ani no gngafpmsney 1b@r2frmgrt'e¢laroaogls sblycttedéometlu@ at $ sad bonb ofengzr hsteramdh as
acid a #ﬁh g s i ses, or by
treat rrgﬂlt\'& 'ﬁﬁoﬁa sé%(btgﬁtugmg t%&%%%gfn%ﬂcﬁ%% B'Be (C:I}oMnsf/l}ngt,@%Jﬁl %?o the free
conpousgdodlkyl achateraeysies wnth met hods known to those skilled in the art.

Met al and anmonium salts can be converted, for exanple, by treatnent with
suitable acids, and acid addition salts, for exanple, by treatnent with a
sui tabl e basic agent. M xtures of isomers obtainable according to
the invention can be separated in a manner known to those skilled in the
art into the individual isoners; diastereoisoners can be separated, for
exanpl e, by partitioning between pol yphasic solvent m xtures,
recrystallisation and/ or chromatographic separation, for exanple over
silica gel or by e.g. nmedium pressure |iquid chromatography over a reversed
phase colum, and racenates can be separated, for exanple, by the fornmation
of salts with optically pure salt-formng reagents and separation of the
mxture of d| aster e0| soners so obt a| nabl e, for exanple by neans of
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3.
-{(R) - 2-Cycl ohexyl-4-[64(2S, 5R) -2, 5-di net hyl -pyrrolidin-1-yl)-pyridine-3-s
| f ony1] -woargilp@Bazi n- 1-y1}-5- phenyl - t hi ophene- 2- car bexyI¥Pe01a0O615434.

2- Q/cl ohexyl- 6- 0x0-4-(t ol uene-4-sul fonyl) - pi perazi n-1-y1] -5-(3, 3-di net hy

1-ynyl)- thiophene-2-carboxylielbeid 15.

(R) - 2- Cycl ohexy1l-4-[64( 2R, 6S) - 2, 6- di met hyl - nor phol i n-4-y1) - pyri di ne- 3-su
nyl] - 6- oxo- pi perazi n-1-y1}-5-phenyl -t hi ophene- 2- carboxylic acid 16.
2- Q/cl Ohﬁ?éwﬂjeb&déﬁfﬁ&&%dté&é‘t e¥kh BUcrulrr‘éihéb‘v‘fr@mﬁ rfa@ewt) rﬁaWOc:pl per azin-1-

met hyl - t hi ophene- 2- car lic acid - - 17.
(R) a'@%’Poﬁe%Maﬁd Fs%'%qrw DTN sy A KE) 'HéO@‘b@a o) ‘Bt°o§<6‘eb"ib5%ra2| n-

1] - 5etef1h>96l¥ lhatihg ophmed.aommbg)mbno@tm délebfed from N, O or S;

(R -2- Cy eﬁ%} -4-(3,4,5, 6-tetrahydro- 2H—[1 2]b|pyr|d|nyl 5' -sul f
nyl) - plpe ﬁ%enyl-thlophene 2-carboxylic acid 19.

4(R) - 4- Q/chJehaebyrid E((D)gpcma:zal(a))m n-3-y1)-5-(3, 3-di net hyI but - 1-ynyl)-thiop
ene- 2- car oxy

“[(R)-2-cyE y;_aﬁcl g%g?ﬁxglo%l Yllor C21 cIoaIrk}llgI IQéalléyl ofw Sh I%-s%bs(t)'tuf)eldper azi
y 1wit6 0, prrarrzwydtdxyapdnérmm zulwmm«s;denacmb‘rodn &yano, S(O)2 c:1 C4alkyl CO,H,

R | f 1] - 5-
211\%‘? 4V|pﬂgﬁf%ﬂpéldgﬂyﬂgh!ﬁgﬁ% ghé @8{]@?% sﬂp%{%degglﬁﬁgsztﬁut@ﬂvﬂﬁbnf Lryll-5-(
R) sgbsnumntsm@wnemfmmcﬁ@uamymmen NReR S ok Blof BMEmbes heirtsapil pavieg i ar 1- y1]

3, %rmquﬁ§gﬂhmmﬁt -yny1l) -t hi ophene- 2- carboxylic acid 23.
R) h 1-4-(1-met hyl- 1H pyrazol e- 3-sul f ony1) - 6- oxo- pi perazin-1-y

(
- [ (
5-(
-[(
]-5-(3, 3- &uiet 1h¥bﬁtph§0>9w1_l9hI@hﬁnb&'pﬁélﬁ@iﬂzﬂwlﬂb@ew Or gegulpsttuents
s
2-

1
3
u
3-

3

f
1

3
y
3-
1-
3-
(0]
3
h
3
n-
3-
3,
3
3
1
3

)1r%e@!r¢deﬂh>e§éféaéd{oﬁn(t& &¥ép éor@?san@bméwg%%y%na]@ e’afkyb’ﬂélo@)ltgéﬂ{ﬁ/ﬂe 3-su
y1] - 6- oxopi ﬁeram n- ‘}1 5-p -tovyg-thlo hene- 2-carb %/ ic acid

q?m%ﬁ'é?@% ?io%x{%eﬁéiwvo XLl A tryFaalik SOy - t hi ophen

3-

e- fdm&)'ﬂlﬂ-lﬁo’q\-mdkﬁ—@(O)NH NR4aR4. CO2H, C(O)NR4aR4b phenyl phenoxy, heteroaryl

ﬁel(’le 2 haw%Ble)g?grety\% rlaglnggéggrqgtro hsalnld h_af/lmg%h org3 1- C4a|kyl suggtltuenlilst o%tv?/nyl) thiop

3- (E) 4S,sBl5§tﬁ@n(sdehﬁh&>ﬁ%Icr3}aﬂfudedl’rgétbmﬂ:yﬁcﬁxﬁetemdaml which fukey htebocf/de 3- di net h
ut-1 t hi.o ne-2- car I C _aci

L 4 Ghrs e bl S8R T o et P e RSP @ AT S- 3P Bfthne- 2- o

ar boxyheeragcld i29ibstituted with 0, 1 or 2 substltuents independently selected from C4-Cgalkyl or

3-[ (R I r in-4-yl] -

5- (3, 305':30 %}{& ﬁgﬁﬁﬁégﬁi{e?oaﬁyggﬁ 0*8H§ ét:lo -Ca%( 10)8(3:#]%& hgie%)éga sePeQPed

3-[ (R frﬁnﬂyc@ ghéﬂquztco@M@e@zwﬁn%myw@dcmth Qaﬂrqy‘rﬁ)lhdepemdyrlty sgleC®d3- di net

hyl - bu ne- 2- carboxylic acid 31.

3y [(R) kf%: M?*ﬁ%ﬁ@n% -?g nethanesul?on | - propyl) - 3- oxo- nor phol i n-4-y1]-5-(3

, 3-di mat hy| Rats-al5 9hg MenbRr bgpeary! baving bigxd/heterogems sgected from N, O or S,

. (R v@c%fﬁlté?@é??lysls%s[@?edrmfhm)ﬁ}’z F H¥ EtuRA M’eTpBB{édml@saé&e&r%mm' n-4-yl}

{
-(3,3- dinmethyl-but-1-yn -t hi ophene-2-carboxylic acid
(4- o,gequerfew&ﬂnz 06%'99%” CYﬁ'tS’x&an%lﬁd apOi-Gralkd, CaCefilkpxy. H}Fl'ocbrﬁea't%’nyl) th
OFhena é’roxﬁ\ni;%ylnyaro&m dc4a1ky|46nnno&4-c4a|ky| c:1 -Coalkyl-OC(O)NH-, COzH, Cs-
th
[

{
f
[
but
{
(6]
[
]-
[
y
[
y
(
n
[
1-
[
3-
[
[
{
(0}
( YHPR- 10
2-

3-

3-

[

(R)-5-Cycl oh ex¥ o i n-4- %Inet 0x0- nor phol i n-4-y1)-5-(3,3-di m
7

yl - Gugycealiqph g %PB\SH PN a? Bk e e@éu*ﬁteﬁ%afy' having 1 or 2 ring
( 2Rh58}oa5mﬁy§é|@d1@d<1ydmar O%rfwdém)@{ecpﬁrfmiyﬁa)ly Ans@traeld-ndorexesiioer pb@lit n- 4- y1]

5- (3, th -1- th boxyl id 36, .
7 o, Brereses B bircrti s JRiHn SOPERTREL oA 2 S URairinertihng bAanss. (3, 3.
i met hﬁldﬂﬂtrm@-aynwslﬂ-otrhlrmglfnemeeaZGmaséle)otgdl frem & iGdor3¥ and wher_ein the fused
(6- !e?&?/ ¥dsibs %%rd%% (? & r gernldghtﬂl shieblel CE’ é%lkyl s%'bgﬁﬁé‘n\{é;'a%t -1-ynyl)
thio ene- -~ car
((R we@cihehmnpiycm EF luipytm hthFOEyQie(bampp&crlngm O gr1g atems: $ @l Y ting hi ophene-
c
(

(

arb

6- %?H‘iexy@ @”-%fg”d’ YA B Ber i T YAt BRSO 3 G hener 5- car bo

yl i c @edug cgosisting of halogen C-Cealkyl, C1 -Cgalkanoyl, C;- Cealkoxycarbonyl Ci-

[(23055)< clINRReXE ArécINA IRAHLe Bk &)-c 2B

i n-4- y m@ gﬁﬁk P %¥h I-Bﬁth%ﬁknﬁ%% fhlo hene- carBoxy

3-[ (2R 5R) 5 Cyclohexyl 2- (3- hydr oxy- 3- nethyl butyl) - 2- nmet hyl - 3- oxo- nor phol

in-4-y1]-5- (3,3-dinmethyl-but-1-ynyl)-thiophene-2-carboxylic acid 42.
(2S, 5R) - 5- Cycl ohexy1-2- ((R) - 3- hydr oxy- but yl) - 2- net hyl - 3- oxo- nor phol i n- 4-
-5-(3,3- dinethyl-but-1-ynyl)-thiophene-2-carboxylic acid 43.
(2
(

e
3-
3
di
3-
3-
2-
3-
X
3-

ke

3-[
y1] _
3-[ (2R, 5R) - 5- Cycl ohexyl- 24(R) - 3- hydr oxy- but yl) - 2- met hyl - 3- oxo- nor phol i n-4-y
1]1-5-(3,3- dinethyl-but-1-ynyl)-thi ophene-2-carboxylic acid 44.
3-((S)-6-Cycl ohexyl- 3- hydr oxy- 2- oxo-pi peridin-1-y1)-5-(3,3-dinethyl-but-1-y
nyl)- thlophene 2 carboxyllc aC|d 45

P — 2 1. 1N ~ 2 1. ~ o I T



60.
3-[ (2R, 5R) - 5- Cycl ohexyl- 2- ( 3- hydr oxy- propyl) - 3- oxo- nor phol i n-4-y1]-5-(3, 3-d
i met hyl - bwO2o012M10963t hi ophene- 2- car boxylic acid 61. PCT/EP2011/062545
3-[(2S, 5R) - 5- Cycl ohexy1- 2- ( 3- hydr oxy- propyl ) - 3- oxo- nor phol i n-4-y1]-5-(3, 3-d
i met hyl - but 1-yny1) -t hi ophene- 2-carboxy?2tc acid 62.
3-[ (2R, 5R) - 5- Cycl ohexyl- 24(R) - 2- hydr oxy- propy1) - 3- oxo- nor phol i n-4-y1]-5- (3,
3-di et hyl but - 1-yny1) -t hi ophene- 2- car boxylic acid 63.
3- [(2Rl\ﬁ'R?R4§ a@d%@mxmépaéﬁﬁbr Retbwdmmwu@méku&t.@mmmhQJrlzn 4-y1]-5-(3,
3-di but -t hi ophene- 2- car boxyl i c aci
3109 besieaReRgacdd b anoRs oo i9 T THSdER S BirbNins: BB (3, 3- di et
gyl( ( bUTC4éJko>§ynM R).RLN CGIQNRQRTZGQNIRQMJ o€ twaCpH@n§PiSubstituents combine to form a

- n y yl-2-0x0-pi. _
peri di rq"’f‘b\n]ﬁcs)ég"'é é ﬁé%{qﬁ’/‘?'”ﬂﬁ}'dﬁq Friy$)2t%h Yophene2- carboxylic acid 66.
3-1(S)-6-Cye, B@s@dra&d(t@*d‘ng’@cb)dyﬁr@tdmydg)eﬂ%nOX)Q)fplanlelitlbﬁhlmﬂghyﬂa}o—aﬁ}nﬁ 3, 3-dineth
y

| - but - 1- b I Th
't endBPBYTPTULG BES e DRt i e ATy B. B 2HE TR 2 "bei ng
| i m t atndepsndehty e&ientedl'iwpeﬁreagrum;esorarsen@of\,@mdarkyué@rz@e%ame/hbrr@@roadwl' I f not

WO 2012/ 010% %EWeEgrfu%ﬂl%%qgc egnsat eaéﬁoccu Hct,é f%]‘ﬁ%eo r{?@ﬂ%@[’sfn}gﬁ%e droge

evapor ati1ons ar ep under reduce pressure, V\Bgn about
15 mm iBgd ek, wiareiy tr(eﬂlm-sqmtumusynsumetuwmu@uwwteﬁwmh meroxyr 8duct s,

inter n@dé@ Saind o?%%'é’lﬁldﬁ‘;t ‘?fbl liSmind: confirmed by standard anal yti cal

met hods, e.d., mcroanalysis an ectroscopic characteristics, e.g., M5,
| R, NMR Ab te'@i”tﬂﬁp‘%i‘r?@nbs%eﬁle%cbatteﬁé%EC%*HﬁO%enflrQer grpYp gansisting of hydrogen, | |

startirg. dmkﬁrd:@d:%yclbélk;lldbﬂmélk% Isand ﬁag@ewe haidBio fo%eaiomgl@harqiroatl ng

agents, solvents, and catalysts utilized to synthesis the conpounds of the
pr esentng Aglermatams 'Qﬁ%e"é??We?e"%?Eﬁﬁ’r?éreé?*h?qcy”a%ﬁ froamNeOgy Sc‘é’He’Bé‘ 8¢ 8lttlced by

or gani %ulﬁéﬁﬂlelﬁelsluﬁsmtlhmriﬁ[]@é&ﬂutéd)wmmﬁyd?éxyOCﬁin‘@rlEdk?]/Séﬁhlhb of Moh&eandrdi-C;-
(Hoube %/‘ﬁ)ﬁ?th Ed. 1952, Methods of Organic Synthesis, Thiene, Vol une

21) . NPHY compounds of the present invention can be produced by

or gam c syanReg,a4§, takeh roctanikinaiion, foom ameteddcyoiicdingaayinglohé king RitrbGen @bin as
shown in he f

Shoun LB biae 1T ghots Al FABIRLER okl ] O ORI ARCNG ASRRELHloie < wary

Bnbenzyshbﬂubem yith QB or 3rsubstitydnis m&penderalytseleutver))rrODh Ganupaoysistingrof dazol e

pCEt, 2 BPBR VRERL RS 5aRE Gy Al nr Rans LIRS AP amnagy attone

DVAPDI iFetthglkexyi ﬁcr@yalkailomleCDWRideCDCméltyh)ahﬂ mmﬂaﬁardbdlmlkymm sul f oxi de
El El ectrosp d%ﬁ@ N '

Et her Di et hy e%/shdé)(rgghtsoﬂ%%c? ano+ F%E%gﬁgg%&gﬁg?%éﬁ% eahlﬁ,our(s)
HATUO- ( 7- Az Bb &6t ydagasnebydrgxy) aminiy, INHtJ-R2t r amet hyl ur oni um

hexaf | uor opb(pssm@pﬂeck@u& oBeggptriazol -1-y1)-N, N N, N -tetranet hyl uroni um
hexaf | uor ophosphat e HCl ér ochloric acid HOBt 1- Hydr oxybenzot riazol e

HPLCH gh PeFR¥ &rmalpedéivi. Pa%nyhordﬂnéﬂa?% Péﬁrﬁpt'%vxﬁtﬂéﬂtqﬁq Vit EsEealigl Bt qui d
Chr omatak@ghialdsS pRIG L MEBEyY Memet hyl  Mel | odomet hane MeOHMet hanol

Certain compounds of formula (I) provided by the invention include compounds of formula (la)

and salts thereof:



mgm lligram m nm nute(s) mtmlliliter MSMass Spectronetry Pd/ Cpal | adi um on
charcoal PGoprotecting group Phphenyl PrepPreparative Rfratio of fronts

RPr ever sewphap#1picRet enti on tinme rt Room t enper at ure 5i OPEITIEPCE 1061545
TBAFTet r abut yl anmoni um f | uori de TEATri et hyl am ne TFATri fl uoroacetic acid
THFTet r ahydr of urane TLCThi n Layer Chr&%mat ography WO

2012/ 010663PCT/ EP2011/ 062545 - 50 - HPLC nethods: A 4.6 mm x 150 mm C18
reverse phase colum, 5.0 umparticle size running a gradient of 5-95%
MeCN wat er (0 1%formc acid) over a period of 20 mn at a flowrate of 1.5
./ min Bt DO@b‘l detection, 220-600 nmB. 3 nmx 100 nm C18 reverse
phase colu u particle size running a gradient of 5- 95% MeCN wat er
(0. 1%formc er a period of 7.45 min at a flowrate of 1 nmi/mn at
40 C. DAD W detﬂ 220-600 nm C. 4.6 mmx 50 mm C18 reverse phase
col um, 0 um art| e size running a gradi ent of 5-95% MeCN water (0.1%
formc aC|d oV e eriod of 3.4 mn at a flowrate of 2 nL/mn at 40 C
DAD- WV etetlon 2‘20 600 nm D. 4.6 mm x 50 nm C18 reverse phase col um,
5.0 umparticle silze running a gradient of 5-95% MeCN water (0.1% anmoni um
formate) over a pé_ﬁ’ﬁiaod of 3.4 iy at a flowrate of 2 nL/mn at 40 C

DAD- WV getgrtion, 220-600 nm E 3.0 nmx 33 nm C8 reverse phase col um,
3.0 umparticle size running a gradient of 5- 95% MeCN water (0.1% ammoni um
f or mat &) igvefsakyperor gbleryt, whiah phienyl ag subsfitiied withtle 102, 0p 3rsubstituenia wigch are

DAD- WV r%%b@r%te'nﬁﬁselgcg&i £44 tt{m&rozrg Q5 RAYR S HRXGYER! R dfoxy, ¢ ano C,-Csalkyl and

SyntheS|sof34 2- Cycl ohexy | uor o- benzenesul f ony1) - 6- oxo- plpera2|n 1l-y
1] -5- Fhéngkopna W@ﬁ'éa*zywérsw%wq"&f Sa*aﬁt'tjﬂ%@tw'm)wpr@?%]oa'kﬁ YOSt Iyhigh | |

Synt he%yéoemtyl [s(o'B}.orW%hsmny& withe b9 xte Bt dantly %@myélmméﬁaﬁbé car bam c
acid enzy ester WD 2012/ 010663PCT/ E 011/062545 -

sol ut i & 'GPTEERYS BehZy POk I CaH ety REMENEY E¢lBHEX H1 eaéﬁ@??%re&{é‘r‘ HO’(“é'Be g 88

ol ) lngulaMSnéléiG@ dhydraky, aﬁrmwoCC\{V@’éaI@ﬂldﬂCbMEkif @éh@reTn gach%ﬂikynmdlkoxgc equi v)

foll HCI |t
cqui v) Sutieht 8 subtdieohn Y S RSB S e Baenb et Twat BREPRE{ 26. o
., 26%.akmly, C3CLhllgtpuiforide ariteN (Raf)esriab ge@impeRatsubstituveass, exkee fruddmpbimasion t or ed.

Duri ng thea acllrdlctcl oy, oEhee i ntercnc%ll% jerature rose to 0 C. The solution was
stirreddt? o’ 6¥(I)rc’ 2 RO 5F¥é ‘?Heysolutlon was diluted with EtOAc

(500 mRyy iamileparsdeatly m’ledtec$atteacaqccuﬂahﬂ(ﬁorsdnwm;;em Cilatigyl, CLCLaIdxpC- HCl

sol uti @al%m’(hgﬁ talg'r?m ounﬁ{aﬁoA R a X@usl_%q{ein?b%r &8F°°W§%lﬂa§§ {he sol vent

i ncl udi vacuum e reS| with EtOAc
and th@délmrwtl rlwh%ﬁ@amm&mdtfwnv\bit@rorsbrl ne, dried (MySX) and

concentxr,?beﬁ LIQ gl ¥R.Ar oduct

[ (R) - Cycl ohex %oxy nmet hyl - car banoyl) - net hyl ] - carbam ¢ aci d benzyl
ester 26sabpyd.8(@):90CP); Step 2. Synthesis of
((R-1-Cycl Rh%xdﬁcé'rk?i’(&’(%t@,ﬂ/ddéﬂ@ﬁ bahr GhR s bR vamtesr 1 Qbdituéhts

To a sol ution
[ (R - OfE'PBtﬁéirQTn G Hatt P¥XFeaRe ORI -3 H4RRSPIN et hyl | - car bani ¢ aci d benzyl

ester (27 9R4&2narp5t’fmk/borlplneﬁ>}ﬁlﬁvr(|dﬂ&ew)us 8libstiRdvined 15 b Maysudeieshtd i Al HA
(4.06 Li Al H4 freshl d fr

,. 106 rr rou 0 el l
b cha P TIRP T ion Tl 913 BT o IARoeT ER it - el PP B e
car ef uld,xc ametyt baled,- amkoely chnflod, hiyti®ey, dhanoe afd 6-C ALdatkiylaatid, hydroxyidie m xture

0.C Af 1
o+ cHaRe thipg e B S BAO OSSR PE RN Bty ety <
addi t i cphemixystaatteroarqlhd%ﬁ@@esmhm:t firgnitiodeinl atqrhl=5nd Advingnd, Xt ar 2Cyasallgar t itioned
bet ween,, g%r ag%ts%&nuem e@ ¥l fu%g%ét%ﬁ%gﬂ%@.ﬂ LG cOhaaMLGd ayer
was concen he T esi due was dissof ved in ¢ AT Re"S01°H DN was
washed hag 616 orat erg atbms neor Zjnmgelmbtwetowmmddmm N 0D oeftand wdiththeterygycle
2012/ 0@&%@Pﬁ£ﬁ§?@%4/op§%§ﬁ§|t ené%n%e h¥c§1tl E@H froi'n Cq- Cealky Sr g

((R) -1-Cycl ohe 2- 0x0- et -cr mcald enz (99 %9 . The
mat er i al vva&@cﬁ"l@ Phe g nbgr h@grtoag/ﬂ b"p/'%H‘P%hﬁtﬂﬂﬁloﬁﬁrsetmﬁdffio@a%‘i@rﬁ?rSSt ep 3.

Synt he%}h%h%te(réé%}l i sBRBEYEMICR N DO § R Ot Il pLRAARYY SeiElidly frGHHRO) - aceti C
acid nmethyl ester




A solution of aldehyde (25 g, 912 mmol) in CH2A 2 (350 nL) at 0 C was added
nmet hyl gl yci ne hydrochloride salt (22.8 g, 182 mmol, 2.0 equiv) followed by
DI PEA (23w6 2m2/010638 nmol , 1.5 equiv). To the sol uti on waETiErem1Aadzsesl sodi um
triacet oxyborohydride (28.9 g, 136 mmol, 1.5 equiv). The m xture was
stirred at roomtenperature for 3 houi4: The reacti on was quenched by
addition of sat. ag. NaHCO3 solution until pH=8. The phases were separated
and the aqueous | ayer was extracted with CH2C 2. The conbi ned organi c | ayer
was wag d&h&u&m‘@ﬁifﬁélogé]{ 'c?é‘:ho d-cesl, Nﬁ%@"f)cealiﬂﬂ GPOgéﬁ(btx{/@{a%t IQalbMe
product ér - Benzyl oxycar onﬁl am no- 2- %I - et r\%_ham no) acet| c acid
met hy| Pé&PXY, N(Raa% hyi@?y%%a&ty PMinpfrer Cct"l&ﬂe%‘?@&ix PPN Conicysiord

i mpu ][ i oy cae;tloameuﬁnphewalstmmcbpt.dﬁﬂlyk%ﬂhtﬂedt@}fﬁ CL e Porwatufate® of wrttén@r

purifi catl on

of ohexyl ra -ope O HrO
DY \H traisd mScicics! Bepig hieRisyta i R s pe e air e o Go88: uti on of
((R) - ZaEermszxalt@quogath ammmyanmysmmw wigt Oyl axrd smmtﬂm indemiddntlyet hyl

est er t s added Pd
(10% o%elggtgggﬁm tﬁméml‘p Mé"gg °§ arTL‘JI'hdéJ rk? 3 \&\Q_@E‘g@ rréalwad’der 1.0 atm
of H2 chbtzN(ltBCl(@)lfDﬁé:eaﬂKbva ann)(to@ﬁ@wua;d Cdl-CDAatkexywmlalkgI(ﬁhdrNR@hb@ﬂm2 and

filt :
pr oduc e eBHEEh 18 hbefand g bibh 2L fichRs (BRRRERRAL RGP W LN Befotde, .
cont ai hesl5i rpLF ling/atame, 5ol /et heterastomsreleateddronoNt Bier axt whichhelsiredycleo
furthers Q{B@thtﬁteﬁ%ﬂt%n‘t orb §9b§|tue§)§qﬂde%%h§ebrﬁl§é selected from C1 all% whereln the

ter uty WO

exyl- 5- oxo- pi perazi ne-1-car y ic acid ester

(R)-3-
2012/ O%WF‘@FFEPQUQWW t5d or syhgtitated wih frplogqg, C1-Caalkyl, or C(O)NfgaRuwis®il ut i on

of (R)-6-Cyql efbegaturatydnet@&yenea %%.&Jgeﬁ afd 14091raaeh.)>né|rrtn§3h@t@ro%t&#00 n) was
added (Boc)26 (10.5 .2 equiv). The solution was stirred at

room t ERBERAAMEN FQPT § VHB‘?JThet%{PPB(é%“CWﬁ @ﬁ“Pﬁé“tg%WU'eHﬂ \RES SHRSHHASE under

vacuumdeEenoreaﬁy shisct¥@BorR e dro@slcdnsisthgd b -QRlkyE CloyoNCeMyP st OPeaBity
(acet one/ | ected fraction s concentrat ntil -100

ept ane, 409 0 e

m. sol vent 'B '”d"?‘ﬂ%f‘@?Bt'X %??%i"s‘J 3teAER PEYTERTE T qrsurg?%'sw%%fﬂv rogen
(R) 3 Gy lcologaip - \ﬁhemmtrm Fiey azbstirredt i€ anfumsituied orsuisktituesd withutiydrogsCer 6.7 g

Ipe ee of dﬁ | rmned to be >98% by chiral SFC. Step 6.
Synt heg“g B ITHP S °§°pﬂ‘é’\'%1 TTHRGPRBIE: 2- car boxyl i ¢ acid methyl ester
NH2Br 0. Me Ry, is independenfiyosedec@dxDatreauin dednokeh@nfrdrh #rskgrequieqmsstingwftiydrogeh,uxi ng
condensere MR Rt IR (e Bp o %o Auibitlon SRR, and
65 C arhddrpny tOmC‘aalk@tyutammn qn/apnaddwddlé;1s§bathvlammoo®r

3- am no- 5- ; 2.0
0 S DA TR O TR 3 g7
hour. PR 0ed@diigonaiing heterogtesn seletiec e & Cand ovhichdiptrrpemclie eéngind added to

1.0 N EHGbstitfled wH G'H Oy 3'§hgﬁﬁué9@§|né%‘ﬁ9erﬁf9@ete%d%ﬁfﬁtﬁé g%b%oﬁﬁﬁ%%tfed The
aqueous | ayer was extracted wth he organic | ayer was washed with

wat er, hB'PBﬁ'e nygiore @it Es&a7 kil orfedtiyl Bydery t?ea'klé's?fﬂ'ﬂecmﬁsa”ﬁhﬁmed by

sili cacgakotyocgcye@«d&;éeﬂggatkysahaerraaoSarmﬁrm -cldMypphgsne- 2- carboxylic acid
met hyl ester nt hesi s

(R -3-&& %ﬂ?@&%'%sed%t"rfgff%m? CHPHOERPEISEN GO0 M ABH Refrodkyh) - 5-
2012/ 01060300 0L pagsan - B ki LYy obe was char ged with
- - tube was charged wit

trans- ﬁ?%@&gﬁgﬁ?rﬁoﬁea'ﬂ& ng, 1.42 mml, 0.5 equiv), K2CB (783 ny,
5. 67 mmplis C2Calkgtpheny) oBbdmlzgalnmadﬁ b iseupfibrdligisopstituied Ritie ar-Bealiylli & -Galkdxyret hyl
ester @Iog %herilép 1.2 equiv), Cul (270 ng, 1.42 mmol, 0.5 equiv),
(R) 3- Y IOoxo perazi ne-1-carboxylic acid tert-butyl ester (800

ng, 2.83 mmol, 1.0 equiv) and 1,4- dioxane (3.0 nL). The tube was then

flushe I ] r 0 Cfor
Lol W b, Bipak Sl REGL ASK 6ER AR R DFRGER Bhrebt, C 10
was washed with 1.0 N HCl aqg. solution, brine, dried (Na2SO») and
concentrated. The residue was purified by silica gel colum chromatography
(Et OAc/ heptane, 50 %9 to give product (R)-3-

Cycl ohexyl- 4-( 2- met hoxycar bonyl- 5- phenyl -t hi ophen- 3-y1) - 5- oxo- pi per azi ne- 1-
carboxylic acid tert-butyl ester 415 ng. Step 8. Synthesis of

3-((R)-2-Cycl ohexyl- 6- oxo- pi perazi n-1-yl)-5-phenyl -t hi ophene-2- carboxylic
acid To a sol ution of

(R) - 3- Cycl ohexyl-4-(2- net hoxycar bonyl- 5- phenyl -t hi ophen- 3-y1) - 5- oxopi per azi
ne-1-carboxylic acid tert-butyl ester (1.8 g, 3.6 nmmol) in THF/ wat er/ MeOH
(1/1/1, 30 m) was added |ithium hydroxi de nonohydrate (0.45 g, 10.8 mol,
3.0 eqU|v) and the resultlng solutlon was heated at 55 C for 1 hour. The

. Y a ~ N1 T | g1 - ——



Step 10. Synthesis of

34- 2- Cycl ohexyl-4-(2-fl uoro-benzenesul fonyl) - 6- oxo- pi perazi n-1-yl1] -

5- phenyl -wbi2opam@3 2- car boxyl i ¢ aci d To a sol uti @aTaP2011/062545

3- (2-cycl ohexyl- 6- oxo- pi perazi n- 1-y1) - 5- phenyl -t hi ophene- 2- car boxylic acid
(15.0 ngy, 0.036 nmml, 1.0 equiv) in MMEN (0.2 nL) at roomtenperature, was
added NaOH (0.40 nm., 1.5 N solution, 0.60 mml, 16.7 equiv) and
2-fluoro-benzenesul fonyl chloride (11.4 ng, 0.059 mmol, 1.64 equiv). The
m xture was stirged at roomtenperature for 30 mnutes. The m xture was
acidified w K (0.3 m), and then diluted with EtOAc (10 nmL). The
m xture was/waghed th water (5 nm.), brine (5 nL), then dried (over
Na2SO4)R; he fi |trate was concentrated under reduced pressure.
The resi due W&s pltifie HPLC (0 1% NHAOH) to give product (5.0 ng, 24

9% as white solidpzj\‘l\g/ 43//? 1H NVR (400 Mz, WD
2012] 010663PCT/ £PZ0T3 062 S cDCi3): 6 1.12 (m 3H), 1.34 (m 1H),

1.45-1.90 (m 7H), 2.70-& 87 (m H, 3.34 (d, 1H), 3.60- 3.70 (m 2H),

3.95 (d, 1H), 4.18 (d, 1H), 1.13 4s, 1H) 7.21 (t, 1H, 7.27 (t, 1H,

7.30-7.40 (m 3H), 7.51-7.61 3Ry 7.83 (t, 1H). Exanple 2. Synthesis of

3-[(R) - 2- Cycl ohexy1l- 6- oxo- 4- F6- pyrroI|d|R 1-yl - pyridine- 3-

sul fonyl) - pi perazi n-1-y1] - 5- phenyl -t hi op e)ne- 2-carboxylic acid [ Conmpound

135] Swéprein Synt hesi s of

3-[(R) As cfrddn.or o- pyri di ne- 3-sul fonyl) - 2- cycl ohexy1- 6- oxo- pi perazi nl-y1] -5

- phenyl -t hi ophéne- 2- car boxylic acid To a sol ution of

3-(2- C%I'Wf@%klﬁrﬁg%‘eﬁﬁﬂncﬁcﬂw9%*?@??9‘1’ SymoPHERgen- car boxyl i ¢ aci d

(0.80 G islsc®itddRIm CJr-CQaI!%‘;ﬂILb V(%alk@x%@h)ﬁ AR, r@(‘H)Id?@ifbt@ﬁ@ﬁT@F 4hg, Was

added 6 chl oropyri di ne-3-sul fonyl chlori'de fl 10 ¢ 2.7 equiv)

and fol PWC'BWWWWE@‘%@O%'G haszpng og(twqﬁm@neacfgmg 'WH’BB 5, @ 037ét!|119| V)

dr opwi s@mslBRe ﬂhg(ﬁltHS@nVﬁ&m%Tnd Dred Ritib O Mhg ﬂeﬂ@afaadrwweét@d frd@ NTiowtes. The
acidified with 3 en_dilu ed wi th Et OAc

m xture wa
(50 mLpnd ’f'ﬁ@rem £ OPETRYEE Ra13H St&a?‘é?r%@g}‘%? ‘gru 8" g 58P5HYUeNtSyr i ed (over
Na2 S04 independeatieskiediel tam trangroad adwstsﬂn@bmldgeudq/dmx@dmﬁmo(@ O,atkyl, 94 % as

521 (R IRETR AR ot mitec St e rCMoRY R S syt li 1y

pi per amanedlandldi- 6-lehyldmibdioophene- 2- car boxyl ic acid To a sol ution of

5 bRy e daRina B b bR i 4 RN i Y AEF M I PRI AR - B
(0. 8 rrL))rél(CH@)dMQi-é)Tperature was added pyrrol i d| ne (127 ngy, 1. 79 mml 10.0
equi v) and E sélgctggﬁ[%’t%g%?ﬁ?mwtmé COO| e C\}\%al%lx\;vhgrgm\@@éal%l' rred

at 70 C for 2 hours. ure was

2012/ 0 30B0i8RCTs BPPBIUGEXE 48bstitgeqd with bydr oomtt-Eagledit anigo anenone- andrdei- The
fil trat(ﬁan@&niggn&ﬁntrat ed and purified by HPLC (0. 1% NHAOH) to give product
(35 ny as white solid. Ms: 595 I\/L)(I;il]’!1 1H NWVR (400 MHz, MeQD): 6
1.10- 1 23 ( b i§ pflected fromAhggroppronsifting obhysieggny 9+- @ﬁﬁ'kytﬁl)d CBC@@(“PV'

3.42 (Q;he?é‘ﬁthe%ﬂ@ﬁsu(b@htué’l‘ﬂ)s un?&{.lggtltlﬁtgd or Qdﬁ)stltut%thh(erro J/")Ch @aﬁ@x %mlnje"@r, 7.19
(s, 1H, d3(g H&f (t, 2H, 7.63 (d, 2H), 7.83 (m .44 (d,
1H) . emmﬁr%n Haifref Yarigo

34(R) - & @lﬁhrﬂé‘@éy& &nmoond@dsmmidma 3 inglluple fhols8 comPbumris yivhibhi Ry &-selected

Sht holb ey SO Ao B ST R Bl To a Sol uti on

containing 3.8 g (26.5 nml, 1.0 equi v) of (R)-2-am no-2- cycl ohexyl et hanol
Ioinl ,10(2) aln otr;le)lﬁlc::or:\ﬁlﬁgun%csj O?Eormular(ﬂhl)rp?gé(dje t'hgsee éotnpprorugdjs |ntwhécé1r%n§ sele gsgl mant ggr al
at whi die gmmcmmw@eﬁnwmlml wperftinyl, @msazdwl The pwro&rdlmvleeaﬁeofddmﬁhed at 0 C
and m%nﬁﬁ)@ﬁtﬂte@#)ﬁhbﬁMtgd\ﬁﬂpgdeadrqwg%ut?‘sh%en?s‘sse?ecfr fom% %(ﬁ&) O\Qiii'g%zfqu Se,

over 5 eaction m xt irred and
t hen 2 Chéualsylahydrexd/Cui.alkihaniedCnebvalkwa s -Ceatione dmomd @nd Wac utmaligtainiod t he
resi dug yes Bad8dcdmnyN HOl ag. solution until pH=6. The mixture was
extract ed With et hyl acetate. The resulting organic extracts were washed
with brine, dried over sodiumsulfate and concentrated in vacuo. The

resi due was recrystallized from Et OAc/ heptane to give product 2.8 g. The
nmot her |iquid was concentrated and the residue was purified by silica gel
col um chr omat ogr aphy (acetone/ heptane 50% to give product 1.3 g. Conbined
yield 4.1 g (84% Step 2. Synthesis of

5- (3, 3-di met hyl - but - 1-ynyl ) -t hi ophene- 2-carboxylic acid WO

2012/ 010663PCT/ EP2011/ 062545 - 58 - A 350 nL heavy wall round bottom
flask was charged W|th TEA (33. 7 m_ 24 rrrml 5.0 equiv), BINAP (3.0 g,

T

a ~



Step 6. Synthesis of

34(R) - 3- Cycl ohexyl- 5- oxo- nor phol i n-4-y1)-5-(3, 3-di net hyl - but - 1-

yny1l) - t hiwpherei@s68ar boxylic acid 0....¢c O To a eormpr2an/oefs4ret hyl
ester (35 ng, 0.087 mmol, 1.0 equiv) in THF (0.5 nm.), MeOH (0.5 L), water
(0.5 nL) was added lithium hydroxi de-it®nohydrate (10.9 ng, 0.26 mmol, 3.0
equiv). The resulting mxture was stirred at 50 C for 1 hour, after which
the reaction was neutralized by addition of 1.0 N HCI aqg. solution to pH=6.
The m xture was extracted with Et OAc. The organic | ayers were conbi ned,
washed with brine, dried over Na2SO4 and concentrat ed. The resi due was
purifi é&l'BS/heF%Q%?Oé‘@d%)ﬂfde@%(_'@"‘t%'dﬁ|”\‘Pe°'e|§P6’B&‘&d51’8Wdeh(Zy§ td 53% . MS: 390.1
[ M-H . 1H NWR (400MHz, CD30D): 6.87(s, 1H), 4.19(s, 2H), 4.05(m 2H),
3.82(s,

5 ek itttz St edbuehodf by ia edd hepsna R "o ®

5- (3, 3RJiigxtidryd o foarh hyldrygan] COLH| mpﬂhelnmeﬂromoﬂdmdyd)dymeagi d [ Conpound 299] WO

(Z:Sglzi)g )ggsgsieclﬁ%érg ]elx%%g%ogc%)%SHS mq,r%‘r Cr]_ho(hng)?)mpeﬁ%myr pusogrr}ﬁtmn? Isr?%girrqlldlp}/l()n of
5- Cycl @hdxgﬂwhmlpluoi;ubrsmfateomes(lustlmtgalwnm Snenoriive sdbdlitueqtsi se)ecten folFthe15. 0 nl)
at 0C % Y The
m xt ur %@ﬂgg.nwcg% %gye%yfjg& el af fn@m% mik Iu%es r)mfo' \%ﬁéxgdded
PMVBCI  @3-QalkygamioOant ot C4alk01y6@mnnvb andﬁZUSeN sti rred at roomterrper ature for
2 hours, the reaction m xture was quenched by added to sat. ag. NH4C
solution. The m xtures were extracted with Et0OAc. The organic | a ers wer e
conbi nEHCHIRD IHRSAIEACAMRONNGT ofrfrmuls (e talovrdH) 'N@WC%WRPUB%%@%W%R €@) arhe

resi dugsyepefmayfi fied by silica gel, acetone/ heptane 30%to give 1.5 g (91%
of 5-Cycl ohexyl-4-(4-net hoxybenzyl )-rmr phol i n-3-one. Step 2. Synthesis of
2[3-(tert-Butyl-dinethyl-silanyl oxy)-propyl]-5-cycl ohexyl -4-(4-

nmet hoxy- benzyl| = ne , To a sol ution of

5- cycl dhéxy - met hoxy be yl)-norpholin-3-one (700 ng, 2.3 mmol, 1.0
equiv) in TH 0 )Sat 7% C was added n-BuLi (1.58 nlL, 1.6 Min

hept ane, 2. 5% * qui v The resulting solution was stirred at -78 C
for 30 m nutes, after ch |t8\|/_\’as added a sol ution of
tert-Butyl-(3-iodo-propoxy)-dynethyl-silane (693 ng, 2.3 mol, 1.0 equivV)
in THF (1.0 niL). The sol utN was stirred at -78 C for 30 mnutes and 2
hours at roomtengpera{ure/aftery which it was quenched by addition of sat.
aq. NH4ACI sol utiQ was extracted with EtO0Ac. The organic |ayer
was conbi ned, drie SO ar)dD concentrated. The WO

2012/010663PCT/ EP2011/ 062545 - 6@, residue was purified by silica gel

col um chronat ogr aphy, Et 0Ac/ héptan 0% to give product 480 ng (yield 44%
Step 3. Synthesis of 5-Cycloh xy1/2 (é»hydroxy-propyl)-norphol i n-3-one

To a sol ution of R13

2-[3-(tert-Butyl-dinmethyl-silanylo ropyl)-5-cycl ohexyl-4-(4- met hoxy-ben
zyl)- norpholin-3-one (400 ng, 0.84/mol\,,.1-Q equi vé in CH3CN (0.3 L) and
water (0.3 nlL) was added CAN (922 10 equiv). The mixture

’second portion of CAN (900
wre for 1 hour, the reaction

was stirred at roomtenperature for_1 haur
ng) was added. After stirred at rodm4 enper
m xture was diluted wwth Et0Ac and the phases were separated. The organic

| ayer was washed with brine, dried overghg2SO4 and concentrated. The
residue was purified by silica gel colunn chromatogrdp@y, EtO0Ac/heptane 50%
to 100%/@9,9\0 to give 5-cycl ohexyl-2- (3-hydroxy-propyl)-norpholin-3-one
134 ny. Step 4. Synthesis of

3-[(R Ygs e;benelyﬁ% 12,2 CRifseir oxy- pr opy1) - 3- oxo- nor phol i n- 4-y1] - 5-

(3, 3- dimyek Iy IF- budr-dHynyl) - t hi ophene- 2-car boxylic acid met hyl ester

A 10 mﬁgheav g\/ggl rlgeié' Ile%vY,_aLsorcnpe r(g(e/;d W th trans-cycl ohexane diam ne (11.8
3 bromﬁh r(oBR13 - ale mathiy e gentlerdtlyyseiekcledtffonoipfuesgen2r Cahalkyl] | ¢ aci d net hyl
ester (125 ng, 0.41 mmol, 2.0 equiv), K2CO33 (57 ng, 0.41 mmol, 2.0 equiv),
Cul (19.7 ng, 0.10 mmol, 0.5 equiv),

5-cycl ohexyl- 2- ( 3- hydr oxy- propyl) - nor phol i n-3-one (50 ng, 0.21 mol, 1.0
equiv) and 1, 4-dioxane (0.5 m.). The m xture was flushed with N2 and
stirred at 110 C for 24 hours. The m xture was filterd through celite and
the filtrate was concentrated under vacuum The residue was purified by
silica gel, EtOAc/heptane 30%to give product 10 ng (yield 10%. Step 5
Synt hesi s of

3-[(R) - 5- Cycl ohexy1l-2- (3- hydr oxy- propy1l) - 3- oxo- nor phol i n- 4-y1] - 5-

(3, 3-di net hyl - but - 1- ynyl) t hi ophene 2 car boxylic acid V\D

NN A PN PN A NS ANIETNVT | v/ A A NN T™ A — o o B - 4 T T 1



To a solution of diisopropyl amne (138 ng, 1.36 mmol, 1.3 equiv) in THF
(6.0 nm.) at-78 C was added n-BuLi (0.79 nL, 1.6 nL in heptane, 1.26 mol,
1.2 equi woan/tib@3resul ting solution was stirred at -78CTHPoO11D6258% nut es.
To the solution was added a sol ution of

2-[3-(tertButyl -di met hyl -sil anyl oxy) = pf opy1] - 5- cycl ohexy1- 4- (4- net hoxy- benz
yl ) -norpholin-3-one (500 ng, 1.05 mmol, 1.0 equiv) in THF (2 nL) and the
solution was stirred at -78 C for 30 mns. Mel was added and the sol ution
was st iR ! s ard 8abh h@EpchdbR rsele*&t%@fr%'nrp dYogem! Ord, diIg1, MOeRk S rDalNGt ure WO
2012/010663P%%’/ EP2011/0 2545 H/ - overwz hdgﬁr?a Thlg rgact%c;n 4V\Iak2 gquenched
by addidfMingm opMoaeyandgyCi- F&F@i@ia’@B‘P ution. The mixture was extracted with

Et OAc. RThesglegtamfrenﬂwgfgem1 aklyredrw t:rantus(ycfwborglr lardl o?/er Naﬁso4 and )
E?gg\g/n ?3 ﬁlgctgg%op}%am%gnv\gzca%&y, C %aIP(ny amllngaor m|n08 Em?k? romat ography,
(S)-2-[3-(tert- Butyl di nmet hyI si | anyl oxy) - propyl] - 5- cycl ohexyl- 4- ( 4- net hoxy
E)eR;lzgl %%3?0[% rz]a)él ec[t ﬁo h0| I fornm% al(b(?ncg&he)ac%gnp%lrjr%jsugftformuIa (1) and salts

pr opyl]theEsleycI ohexyl 4 (4 rret hoxy benzyl) - 2- met hyl - nor phol i n- 3- one 205 ny.
Step 2. Synthesis of
(R) - 5-cycl ohexy1- 2, F%? hydr oxy- propyl) - 2- net hyl - nor phol i n- 3- one To
a solution of$s et her 00 ng, 0.41 mol, 1.0 equiv) in CH3CN (1.0 ni)
and water (1/0 mL)\ was adfed CAN (461 ng, 0.82 mmol, 2.0 equiv). The
mxturgzd tgnperature for 1 hour then second portion of
CAN (4 ny) stiMred at roomtenperature for 1 hour, the
reacti on m xture was ith Et OAc and the phases were separated. The
organi c layer was washed wit rine and dried over Na2SO4 and concentr at ed.
i gel colum chromat ography, EtOAc/ heptane
50% to 100% Et OAc RO give product 4Fpg (43%yield). Step 3. Synthesis of
3- [(ZRM%REF&S Cycl ohexyl- 2- ( 3- hydr oxy- propy1l) - 2- et hyl - 3- oxonor phol i n-4-y1] -
5-(3,3 hyl - but - 1-yny1) -t hi ophene- 2-carboxylic acid nethyl ester To a
10 nmL \Read hywesgeadaeicoxyr anise oy N{heRane diamne (13.4 ng, 0.12 mmol, 1.0
equi v) i (Br %Og (3, 3-di net hyl -but - 1-ynyl) -t hi ophene- 2- car boxyl i ¢ acid
met hyl Vé% 20 . 0.24 nmol, 2.0 equiv), K20OB (32.5 my, 0.24 mol,
2.0 eqirvg , (e(Mh -Q42RyIroptiorally Bulretitbited WittOpreguli or ohenoxy, or

(R)- 5-cvel olgyarntokirNALRNG REORI - Callt RibodPLRIOL LR one (30 . 0,12

1.0 e xane tUré®Was fl ushed with N2
and st iRnriedelacted 00 tydrogeB ahd Gn-Esalfiavhiehalkyt ie umaSDSfltutetde?réulvﬂiltttwgwiﬂt@ﬂei te
and th%rRAYO' dBifEeiE3cI6Q0¢ Rt/ %gaW@@Z?ﬁaWﬁ‘axyT@tﬁo{)ﬁﬁlg .5 purified by
silica colum c romat ogr aphy, Et0AC/ hépt ane 80% product 15 ny
(yieldC @%\lRwaMo 2012/ 010663PCT/ EP2011/ 062545 - 64 - Step 4. Synthesis of
3- ( ZRREB)ig sdersd ahaxy aco%n(r{ée %ﬂﬂﬁé}érdagqea{sutma oﬁﬁ&&?&ée‘n%r@@@{a%ﬂbmaf 4-y1] -

5-(3, 3- i et hyl - but - 1- i ophene- 2-carboxylic acid To a sol ution of
met hy| iS¥Pslituiedavith) ord %’é?"th‘?ﬁﬁ selqeter EQuivgron Metkoxy @r thAs, MeOH (0.5 nl),
water &, .5saﬂebtemmdglg@ublcbﬁuumgfwﬁlycwgetiheﬂl(o?vo&ya@xyana,@1 op@kyl. 5.0 equiv).
The resulting m xture was stirred at 50 C for 30 mnutes, after which the
reaction was neutralized by addition of 1.0 N HCl aq. solution to pH=6. The
mi xt ur én mhamtspaﬁtcedmpohmdk ditférAwla (Mhénchidgatdse doayensdsuemdica®ipisned, washed

h bri d. d fied b
N e e e
1H NVRir{dépendently SO frém theddrosp cdis)sfinglofan, SOHACH: 3n&Héxy, ethbiy, aBurﬁ)Z( m

3 33 Al a8 2 Gy oo thmd: FRb8naifbher L 2L (

3-] ( 25 cbRpo B\t foomelryilh), R1¢ B-Chykatixlysupstiyigd Wit one b hiplo-rgdexy sersthehisrer4- y 1] -

(58§ 323[0& ?E%S?%Ut Wlea%fydé}{ﬂ%-ﬁq & anyl o%?%ﬁ%%ﬁ&%ﬂgb% [osh%;%e Lﬁg Afbmet hoxy

- benzylejhozy, %mwrm@npmmlﬁ&@hﬁammem Exanple 5 step 1 was carried on
according to procedure in Exanple 5 step 2-step 4 to provide

3-[(2S, 5R) - 5- Cycl ohexy1- 2-( 3- hydr oxy- pr opyl ) - 2- net hyl - 3-

oxo- nor phol i n-4-y1]-5-(3, 3-di net hyl -but-1-yny1l)-thi ophene- 2-carboxylic
acid. Ms: 462.2[ MtH . 1H NVMR (400MHz, CD30D): 6 6.93(s, 1H), 4.12(d, 1H),
3.91(d, 1H), 3.66(s, 1H), 3.54(t, 2H), 2.14(m 1H), 1.91(m 1H),
1.44-1.85(m 8H), 1.41(s, 3H), 1.06-1.37(m 14H). WO

2012/ 010663PCT/ EP2011/ 062545 - 65 - Exanple 7. Synthesis of

3-[ (2R, 5R) - 5- Cycl ohexy1- 2- (2, 3-di hydr oxy- propy1l) - 2- met hyl - 3- oxonor phol i n- 4-
y1]-5-(3, 3-di net hyl - but-1-yny1l) -t hi ophene- 2-carboxylic acid [ Conpound 330]
Step 1. Synthesis of
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3-[ (2R, 5R) - 5- Cycl ohexy1- 2- (2, 3-di hydr oxy- propyl) - 2- net hyl - 3- oxo- nor phol i n- 4
-y1]-5-(3, 3- dinethyl-but-1-ynyl)-thi ophene-2-carboxylic acid nethyl ester
from Exampbeoi2/@v@p 3 was dissolved in 4 nl THF, and 3. PCEWEP@iO6iseh was
taken out for the reaction. To the stirred solution was added THF (2.3 nL),
water (2.0 nmL), and then sodium period&te (0.28 g, 1.31 mml, 1.6 equiv) at
0O C The resulting solution was stirred at roomtenperature for 30 m nutes.
And then at 0 C another portion of sodium periodate (0.09 g, 0.44 mol, 0.5
equi V) |Vps afsfetadplct Bempaukbis bEfofRda 8 inElL88l cdRpomBObIBIMAL (10} vt &dtisat room
tenperature. The reaction was quenched by adding brine solution (0.5 nL)
and Et %%€9f10 nL). The organic |ayer was separated, dried (over Na2504) and
concentr at ed. Th@ resi due was dissolved in ethanol (6.0 nmL.) and to the
resulting sq of 0 C was added sodi um borohydride (0.27 g, 7.0 mol,
8.8 equiV)./ Th& ni xtlurke \/\gs stirred at OC for 15 mnutes after which the
reacti am, C Hdi ng water (2.0 nL) and EtOAc (10 nL). The
organi c | ayer” was "Separfted, dried (over Na2504) and concentrated to give
product 128 ng (yi % . The crude product was continued to the next
step with no fug¥her~purification. Ms: 462 [MH . Step 2. Synthesis of
3-[ (2R, 5R) - 5- cycﬁ ohexy1-2- (2- hydroxy-ethyl)-2-net hyl - 3- oxonor phol i n-4-y1]-5
- (3, 3-di net hyl - but - 1-fmy1) - t hi ene- 2- carboxylic acid To a sol ution
of methyl ester (128 ng, 0.28 |, 1.0 equiv) in THF (2.0 nL), MOH (1.0
m.) anevheegirer (1.0 nl) was added Li OHH20 (93 ngy, 2.22 mmol, 8 0 equiv) and
the resul tpn . The
R RS %.ﬁ&’éﬁléh %‘é’é Btr%h%dfobgﬁgﬂﬁng@ﬁﬁ%%%r@ﬂ Qi bl

reacti on’ was rtion-o aqueous utron until pH=5.
To the se@ﬂtltrttercbwﬂh/\e@ anwn sa@ﬂlwnEtwmt%trf@rm Qe §ﬁa<§lés cy@noemethexy. £y, The
aqueougy( h%xggnd/\@? m@m%ct ed by EtOAc. The organic |ayers were conbi ned and
dried (over Af then concentrated. The residue was

2012/ 0 @%WWGEEV pepsse frogghe gppypicPPEting ! Pirslregqnoangio: W@‘I WINBTCN H20,
10% 90% sdb@trtG!e\ervrtﬁVO%}HCsIubétﬁJenTQsele?cﬁed?%M erd)(y asethdxylopethoky;d. MS: 448. 3

[ MtH] 1H—NNR‘(43%) 51-?? ‘( 24(tert 1H), 3.93(d, 1H),

3. 62- 3. BN(Rie)zkguld ITHg. 326§‘f e gygfoakyl’ %éeﬁr‘mt‘(?n 2H), 1.56-1.87(m 4H),

1. 43- 1 R35i6 Beledtel frofh tA8 groud ZoMistihg Idf hyxkegepl hd L ,-Sumyihesi s of

3-[ (2R, 5R) - 5- Cycl ohexy1- 2- ( 2- hydr oxy- et hyl ) - 3- oxo- nor phol i n- 4-

y1] -5- (3, 3-di net hyl - but-1-yny1) -t hi ophene-2-carboxylic acid [ Conpound 8]

St ep | In Sytiidres pect,afompounds of formula (V) include those compounds in which Ryg is

3-[( 2R, h X | 0 p

(3, 3- d| g%ﬂ?ﬂ bute%ﬁ(yys]uf%trtgi]%d V\Xtﬁeﬁe% Cog%rgld}oxsy”slu%és%éucr&{ g}onﬁ@rréstry%:lfint

To a saoldepementf selected from the group consisting of cyano, SO,CHj;, methoxy, ethoxy amino,

34( 2R, e t hyl but 1l-y
nyl) - tﬁ@(?ﬁh"’leﬁr?é'eéI BZblcéafr ﬁlﬁhﬁﬁéég@ @RNW)QIE?J QP%@)%%% ki 83’%% g{th
equi v) Cpmpawﬁ@n@rmgla(wnﬂ% VGefs:- @@ﬂwb&ttbﬁtﬁuﬂey \Aatd@ea Ol\lt\'\rﬁehwwxmkllpﬂ@erntﬁeoroxr de
( 0. 160 oge s&bs%ﬁrtéﬂtﬂtdegéwo@nﬁ’ﬁé’élé’c)ted #GHh ﬁ{e dr&u&cdﬁﬁis)strﬁdq& Hast SAehi2 Bethdy023

, 05 equi v but ano C. The mixture was sti rred at
room t@?ﬁ?éymm% Ome”B(FWICFr@U'ééa'kHW‘@P vvhr ch the reaction was quenched by
addi ng brine solution and Et 0Ac. The or ganr c Iayer was separated, dried
(over Na2SO4) and concentrated. The jal was continued to the
next stepsd PﬁchBO’T‘FERLt”HeP”BUPLi”‘F K'bé‘@? dW (”a) (”') Orfl‘r‘r)é”?!%?dtéo%t%‘i’ﬁ%f‘d? Flom

previ owhichtre s wasoudi &gty @denyn o3 pReryll pdrisuBstiuta@ivar F( &1, Or mbhylans céraird he

| ut dded s .92 |, . 2.0 i t 0C
The T eSBARY ORI HBLCETTS BiueS PEBAF et epubarss binis ARy aft er
whi ch lor rewaots;oétutnyonln&edarlito%ccumeotmddeﬂforrfrdne(Imr(lganil)c(llaa,xer) ammwwpamat ed,

dried over 2 and cong ' wa AN et hano
(5 0 i PR PP RbeP BnRRS CLEMET 1 1AF BRI PdRe BRI Bet onyar e
(0. 136 bgtylethyBylnmol , 8.0 equrv). The m xture was stirred at OC for 15

m nutes after which the reaction was quenched by adding water (2.0 niL) and
Et 0Ac (10 nL). The organic |ayer was separated, dried (over Na2SO) and
concentrated to give product 45 ng (yield 229 . The crude product was
continued to the next step with no further purification. WO

2012/ 010663PCT/ EP2011/ 062545 - 70 - To a solution of nethyl ester (45
ng, 0.10 nmmol, 1.0 equiv) in THF (2.0 m.), MeOH (1.0 nlL) and water (1.0 nlL)
was added Li OHH20 (33 ng, 0.8 nmml, 8.0 equiv) and the resulting solution
was stirred at roomtenperature for 30 mnutes. The reacti on was quenched
by addition of 3.0 N HCl aqueous solution until pH=5. To the solution was
t hen added Et OAc and t he phases were separated. The aqueous | ayer was
extracted by Et0Ac. The organic | ayers were conbined and dried (over
Na2SO4) and then concentrated The resrdue was purrfred by reverse phase
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To a solution of nethyl ester (10 ng, 0.025 mml, 1.0 equiv) in THF (0.3
m.), MeOH (0.3 nL), water (0.3 nlL) was added |ithium hydroxi de nonohydrate
(5.2 ny, wolBiamrade3 5.0 equiv). The resulting m xture weeTHPRomMA5at 50 C
for 1 hour, after which the reaction was neutralized by addition of 1.0 N
HCl ag. solution to pH=6. The mixturel%as extracted with EtO0Ac. The organic
| ayers were conbi ned, washed with brine, dried over Na2SO4 and
concentrated. The residue WD 2012/010663PCT/ EP2011/ 062545 - 73 - was
purifi ‘Prdalmfherr% &Qoﬁﬁ)@ﬁ@ds“@?k&nﬁ% (9' g@ (FP@OQH')C& (I@/)Qlcmae(ﬂyds@cgmﬁg%ds iV
388.4 [ MtH| 00MHz, MeOD): : 81(m 1H), 2.25(m 1H),
1.88-1.‘“@8?{1@2'% BiP2H1 . 29(s 9H), 1.18(m 4H) 1. 06 (m 4H). Exanple 12.

Synt hesi s of

hi ophhBIEPRF SRR BN 8] Gy el Biuil. uab TSP helk fasF tomothes V™)

3- (( 35 whch-Ra-iOpyelablereyy 1- 3- hydr oxy- 2- oxo- pi peri di n-1-y1)-5-(3, 3-

di met hyl - but - 1-ynyl ) - t hi ophene- 2- carboxylic acid nmethyl ester To
a solution of

34( S) - 2 yst@hothexasbedt: cxopquinge of @) rclitde those-dqoBp8untisie thich-Raus hydrggen]) -

t hi ophegne-2- vl i t ester (3.2 g, 7.97 mol, 1,0 equiv) in
THF (1$b'sn¥§%é§§&aﬂdlgg’8%ac%ﬁ)g@%wl.o Min THF) at -78C and the resulting
sol ut i ¢h wdgdrogén, meedhyhthydm8Cof rord.. 5 hours. To this solution was then added
a solution of (S)-(+)-(canphorsul fonyl)oxaziridine (3.65 g, 15.94 mmol, 2.0
equiv) in THF (10 m) and the reaction m xture was stirred at -78C for 3
hours. '”ﬂﬂ%!aﬁ@tﬁeft@S(PRCWQM@PI&H%(HDW'L&deﬁecﬁ@”@f)u%c&tmV\quh@eaﬁ]hydé‘éﬂe@t|on The
m xt ur @ Wahy&sdtact e winkh Et OAc and the conbined organic |ayer was dried
over éSO4 and concentrate. The residue was purified by silica gel colum
chr onmRog'FéizSW)?ge"( e ofiosyRut Ot 0o give 1.5 g of the desired product
(yield 45% . Ms: 418 [M+tH Step 2. Synthesis of

oo o g et SuRsE: Gakacs b as BoseromrY bR e R s s FYgoR s ut i o

of Cealkyl
34(3S, cl ohexyl- 3- hydr oxy- 2- oxo- pi peridin-1-y1)-5-(3, 3-di nmet hyl but-1
-ynyl) - h'sg'ﬁﬁﬂ%'l%'@éﬁgoﬂﬂyi c acid nethyl ester (1.5 g, 3.59 mml, 1
equi v. Rqi in hytiBgeR2er mvyd. (5.0 nl/5.0 /1.0 nL) was added LiOH H20 (0.79 g,
17.56 mol, 5.0 equiv.) WD 2012/010663PCT/ EP2011/ 062545 - 74 - at room
tenperature. The reaction m xture was stirred at 50 C for 20 m nutes. The
reaction wa# tengin apeds fdogwpotndspiH@ntne HOdire prowided in3vioic\RHEIterkq. sol uti on
and th \ e e ic layer was dried over
Nazsmf%”g]r?ﬁ{ )Mgln%i‘é% Irgi(%@%[ﬁaga \ré\lztjat;ss:ﬂt %&@g;ﬁr?rﬁf é(3@”’by prep- HPLC( XBri dge
Prep C 185 &S Q@450 nm) in basic condition (0.1% NHAOH, 10% 45% CH3CN/ H20,
10 min run, 46 % ) to give 850 ng of product (yield 57%. Ms: 404
[MeH . 1H NVR (400MHZ, MeOD): 6 6.95(s, 1H), 4.09(m 1H), 3.74(m 1H),
2.09(m 1H) Re@fy@rogfnts?(m 8H), 1.38(m 1H), 1.33(s, 9H), 1.17(m 5H).
Exanpl e 13. Rﬁyah{kﬁsxﬂ: Walkyl; and

3-(2- Cycl ohexyl- 6- oxo- pi erid P/% 5-(4-fluoro-phenyl) -
t hi ophene- 2%&?5@(99?% Py F@HH‘}BBJ 70] Step |I. Synthesis of 341

- Cycl ohexyl- 4- et hoxycar bonyl - but yl am no) -t hi ophene-2- carboxylic acid

nmet hyl est er A fI ask was charged wi t h 3-am no-t hi ophene- 2-carboxylic
aci d net hyI g
5-cycl ohexy oxo g }%Bﬁp% gdgslo rﬂ%"ﬁ (”g f é’ro&%ﬁm Wi RB'it 1.0

equi v) butyha(ﬂrmyl sil ane (496 ng, 4.58 mml 1.2 equiv), dibutylti n di chl ori de
(116 ng, 0.3 .1 equiv) and dioxane (3.0 nL). The resulting solution
was heat ed af E;r%@%lfor 18 hours. The solution was then concentrated and the
resi due was Rp!ﬁrqyfslpb@(yby silica gel colum chromat ography, CH2d 2/ hept ane
30%to 100%g, t

3-(1-Cycl ohexyl 4 et PIOX car bonyl but yl am no) -t hi ophene- 2- car boxyl i ¢ aci d

met hyl est eRi@30YHPVNGiCePHYIET™®) . Step 2. Synthesis of
3- (4- Car boxy- 1- cycl ohexyl - but yl am no) - t hi ophene- 2-car boxylic acid net hyl
ester WD 2012/ 010663PCT/ EP2011/ 062545 - 75 - 0O-Et NH co To a

solution of nethyl ester (300 ng, 0.82 mml, 1.0 equiv) in THF (1.0 ),
MeOH (1.0 nmL), water (1.0 nL) was added |ithium hydroxide (58.6 ny, 2.45
mmol, 3.0 equiv). The resulting mxture was stirred at roomtenperature for
4 hours, after which the organic sol vent was renpbved under vacuum The
resulted solution was neutralized by addition of 1.0 N HCl aq. solution
until pH=6. The m xture was extracted with Et OAc. The organic |ayers were
conblned drled over Na2804 and concentrated to give desired carboxylic

~



To a solution of (R)-2-Am no-2-cycl ohexyl-ethanol.HC salt (1.0 g, 5.57
nmmol, 1.0 equiv) in CH2A 2 (30.0 nL) at 0 C was added DI PEA (1.94 nm_, 11.1
nmol , 2. oWequix00g6d] | owed by tri phosgene (4.95 g, 16.7 REBHIEP2B106234ui v) and
the resulting solution was stirred at roomtenperature for 12 hours. The
sol ution was then concentrated and the0residue was diluted with Et 0Ac. The
solution was washed with water, brine, dried over Na2SO4 and concentr at ed.
The residue was purified by silica gel columm chromatography, (EtOAc 100%
to give pr oﬂ%qg hyd e hydr¥, #R1%4 SANER3PCT/ EP2011/ 062545 - 77 - Step 2.
Synt hesi s of
34(R) - 4- Cycl ohexyl- 2- oxo- oxazol i di n-3-y1)-5-(3, 3-di net hyl - but - 1-
ynyl ) -t hi ophene- 2-carboxylic acid nmethyl ester A heavy wall flask
was char gedlm\éetrtblntafs@é&s(bpﬁipﬁhmdmeordiumrﬂ\!)@re( pdv@edin wilchlR, istet-, 0.5 equi V),
3-bro 3‘ di met hyl - but - 1-ynyl ) - t hi ophene-2- car boxyli ¢ acid net hyl
estern% M? *0.332 mol, 1.0 equiv), K2C33 (92m g, 0.664 mmol, 2.0
equiv), Cul Ré?.le(BzHIg 0. 166 mol , 0.5 equivVv),
(R)-4-cyc|oﬂegyl 'ﬁﬁ P|Idi n-2-one (56.2 ng, 0.332 nmmol, 1.0 equiv) and
1, 4- di oxane %@ ‘The mi xture was flushed with N2 and stirred at 110 C
for 18 hour §1olaﬁvd¥pxyﬂ11%hlkylh€mdn xture was filtered through celite and the
filtrate wag C " [ silica
gel . £ one) Rt e alh Fh eI SHag P e gfop D O B PS8, it et <
of 34(Retyl.Cycl ohexyl- 2- oxo- oxazol i di n-3-y1)-5-(3, 3-di met hyl - but - 1-
ynyl ) -t hi ophene- 2- car boxyli c aci d To a solution of nethyl ester (50 ng,
0.128 mml, 1.0 equiv) in THF (0.5 ), I\/EOH(OSnL water (0.5 nlL) was
added 1it hi U‘rﬁ%&?d‘r%&?r&ép?ﬁiﬁdmﬁ/ﬂi’%ﬁ“@” piayides cgmpeunsl offImuiaVy equi v). The
resulting mxture was—stirred at 50 C for 1 hour, after which the reaction
was neutralized by HpMN HCI ag. sol ut| on to pH=6. The m xture
purified directly e pha emFtIPLC to give product 28 ng (yield 58%.

; thesi’s of
1-y1)-5-phenyl -t hi ophene-2- carboxylic acid
[ Conpound 4] WD 2012/ 063PCT/EP2011/ 062545 - 78 - Step 1. Synthesis of
3-(1- Cycl ohexyl-4-eth réyl - but yl am no) - 5- phenyl -t hi ophene2- car boxylic
aci d net hyl S A flask was charged with
3-am no- 5- ph | -t hi ophene-2-carboxylic acid nethyl ester (515 ng, 2.2
mml, 1.0 equi/v), 5-cycl ohexyl- 5- oxo- pent anoi ¢vacid ethyl ester (500 nyg,
2.2 mol, 1.0 eqlg{h %f phen silane (240 ny, 2.2 mmol, 1.0 equiv),
dibutyltin 4l 2RFBIFPEEN ¥Ry, 0.22 mol, 0.1 equiv) and dioxane (2.0 ni).
The resul ti g, |sowrbge:1ﬂor\masthheat ed at 120 C with microwave for 2 hours. The

sol ution wasg then ¢ ent resi due , a gel
colum chro %'83?&6%0)%? «5%? g}? el Ltfb)swapz' gg%o%ﬁa&hor?érlc% t ai ned
start i rafpohmit €or aXampTéﬁmrms@ecptadl frwas—(@ldgr)atOJrGr—(@Idf)mGH(@ﬂis)\ﬂH¢1r-S| lica gel colum
chr onot 0 o} % rqd O Step
2. Synt(ﬁﬂé) 16)2§H %@b%)s?z ]Ogéc gﬁ)gi\f{ez_ E’utg :Ijrg(t'n%nr]?o %%O%%ﬁfch ﬁg%hene 2-
car boxW)@lSa”c@rdB €m§1th1'§i|1 %Qter O-EtOH NH To a soI ution of

3-(1- Cycl ohexy1l-4-et hoxycarbonyl - but yl am no) - 5- phenyl - t hi ophene- 2- car boxyl i
c acid nmethyl ester (40 ng, 0.09 mml, 1.0 equiv) in THF (0.4 nlL), EtOH
(0.2 nl), wdeewsed berginpihe tops isomess] releesHp GifierRPdFRRPRHRds Yt Davathe 0. 45 ol |
5.0 equbyk-moldt&dr fstHiuld B8 diffeXih Wr@nYértert ahé E:@r%g@?at@@oﬁhé@fon?s sl $s usdlit er
whi ch the organic solvent was renoved under vacuum The resulted solution

was nelere ithestgmyarseRiceliispingst o a gterpqiRamergretass o any oh thentaiPuH$e6° The
M Xt Ur gsopmsic % hfigafdtiefs Which n‘@y%ﬁst fof Bgiveh @ampsurdayf eeSprasyneinvemianrzed, dri ed

O e PSP B Eh 5 0o T o e o o

3-(2- Qb@h@h&b@darﬁomaﬁﬁmplmefelfde nhéfnyé:)tfoﬁ-urndnﬁi‘eyIeﬂadmonmlneme\siéremrboxyl ic acid
nmet hyl ester o cTO NH, To a.vial,containin f

3- (4- Ca{?%e@ﬁes%}lé%?%%wpl PIARFRoT 5 sy r%%siotr)np e{rﬁlgp%rg €8t boxylic acid
met hyl sapérenpdsdble mujrroldm@@és ofreakch othe® A dquinikturenofly Raithferam®niets B8 arl) was
added pyridine (3.8 ng, 0.048 mmol, 0.5 equiv) and Boc20 (25 ng, 0.166
nmmol, 1.2 equiv). The vial was then sealed and heated at 65 C for 18 hours.
The sol ution was concentrated and the residue was purified by silica gel

col um chr omat ogr aphy, Et OAc/ Heptane 5% to 100% to give product 15 ny
(yield 39%. Step 4. Synthesis of

3-(2- Cycl ohexyl- 6- oxo- pi peridi n-1-yl)-5-phenyl -t hi ophene-2- carboxylic acid
To a solution of nethyl ester (15 ng, 0.038 mml, 1.0 equiv) in THF (0.2
m.), EtOH (0.2 nmL), water (0.1 nlL) was added |ithium hydroxi de nonohydrate
(7.9 ng, 0 19 mmol , 5.0 equi v) The resultlng mxture was stlrred at 50 C

Y T
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O 04-40H NH To a solution of

3-(1-cycl ohexyl- 2- et hoxycar bonyl - et hyl am no) - 5- phenyl -t hi ophene- 2- car boxyl i
c acid nmewbybizesb@s (300 ng, 0.72 nmol, 1.0 equiv) in THET(EP2@ 1062545 Et OH
(1.0 nL) and water (2.0 nmL) was added Li OHH20 (152 ng, 3.6 mmol, 5.0
equiv). The mixture was stirred at 552C-for 20 minutes. The organic sol vent
was then evaporated. To the resulting solution was added 3.0 N HCl aq.
solution until pH=5-6. The solid was then collected by filtration and

washed "péhichib@ire. Thetehhlid 8o WaSignd b ddeffc Mixilte FhBRCpRRSpribfae Or gani ¢
| ayer was washed with sat. NaHCO3 3@ solution, brine, dried over Na2SO4,

and cond@siereRisemers alsiagoisemarsdhatdaveat lsast dvo anemegifs ARty dheardext
step Wnbimit@r-fnbkidels &F emrdtrﬁerc erhe @bsolfi emr&chﬁmtrtnesspecméd accordlng to the

e R Sl S kad b ok B b e T

sol ut i aneaxdh chiral carbon may be specrﬂed by either R or S. Resolved compounds whose absolute

3-(2-car x cl ohex et hyl a n t hi ophene- 2- lic acid
et ot SRR RS XS RSG5 PSRRI SR GBS 2nc
(148 n@evo@ata?tary)rwbrbh they SotetgLalane, polRiviagd (i@ ahthe wav@@ngthof the Bo8iueiiing., and
Maldru@eﬁaf?l(\b'ffhe c%?n de%grrﬂ%mererﬂ'cgnégr h%,(%%rme{eoa etf‘r?cégnpetry{)rea s then
warned to roomte era ure and stirre IS tenperature ours. To
t he reaodimay thdsxaiver re;sevtagn@rhemesajd@dteseqmerwalﬂsmeaqter@aﬂomerle ferm¥ kat mayt ur e
was extpaeked Wtfer‘?ns[@‘é'b%l&'tets'fé?e&rhgﬁm& mﬁéeor"e@f ‘#ﬁéiar%@er\ﬁ'uﬁ\}én{?&d B¢neatlf | €d
over Na2SO4 and concentrated i n vacuo: he crude nmaterial was continued to
t he nef@ mg@@@awm Ressiblangomers, ;qumgcratsereﬁ mixtures, optig|ly Rélf%@ém?)?@ﬁjuct from
previ owﬁerﬁreerate(.%ﬂzﬂrré@ @ptﬂ':gllmll\/e (R- Qn@gw %m&\@snév &sghgﬁed uSin t:r%¢ (5.0 nm)

and the resulting solution was heated to refl ux ours. he mixture
was t héWtaense Cgﬁl reagents\aH&eYvaSing QS’HV%{’[tIOPfEJ(S?ﬁhP@Hﬁér IéfhfrC@mWH'éd m xture

was extbaeined dUUbIB bBRM tRNSL st e MITBANDLE Bhaeenﬂgesatws etk sunidould taRainslr i ed
i he resi due was ur| i ed. by i

over Na2sO4 rated in v ilica

col | cordiRTbs G SeTabIGE Dk RERieE MeyURD e B B BIUR” (60 1)

VS: 412aL[tMé1hb]foﬁ5rﬁ£¢Ielélso$MéﬁdebSem‘cluded

3- (2- Cycl ohexyl- 4- hydr oxy- 6- oxo- piperidin-1-y1)-5-pheny|-thiophene2-carboxy

lic ac l..e et tir L, s@l ut i

o o "orh BN A O AU SO, A 8 Bl mon o mrmtten ot

acid rmoﬁmpbumcnfehe (ngentiny, $}alt§5mmnﬂ¢ in aarmwdblvarmapwtlaﬂqumwa@elsem (Thed ni)
dde . [ » offl, I,

v 20deth DB chltkalllac Bl T roor€ 98 ks ARCIAIHN BoBgeh oRcflerdll

0.1 equi R&tion m xture was then stirre room

t enper @pq.rpéoﬁemesmfﬁbejpgmmqr@lﬁ afiihig inventiory args twhigh tiaisaltyuzra died diopgicalyiet i on
of wat @thenite uRdesirHbIE. W@r%aﬁ%&é&%t &d c‘éHpBur%Mf tﬂ_é‘sregér%ﬁveﬁtrérﬁé{r%rca\ﬁ@ﬁe washed
with WO 2012/ 010663PCT/ EP2011/ 06254 - sat sol ution,

dried &rm*ngmead/ahaa%rﬁi@rhyr%woi Wev%(@i?é‘ce 'Pﬁ@”}"e’s?'&ﬂﬁ‘er %@’%hgroﬂp%ﬁr by

si |'i ca ggRips ePhildFThefdis. omat ogr aphy ( Et OAc/ hept ane, 10% 60% to give product
15 ng. The product was dissolved in THF (0.2 nlL), EtOH (0.1 nlL) and water
(0.2 nL). To the solution was added Li OHH20 (7.6 ng, 0.18 nmol, 5 equivV)
anfl t h@haeﬁadeﬁimgy BtoehtabR aéWCSadiiitiornrs%ds 8din Eé{o@pé@wnﬂl.dwgarmc A a)fdgﬁgﬂrrﬁc

sol vent s then evaporated and to the resulting sol ution

70 2208 ut Pin B e PRS0l BET A as EBRF ot ol IR MPOAETBNd e
or gani bicaepeatewatbonatehed mmfbtemnfateNaH@a&rpaqtsemmmatspl utdhmrlde/bydlrumlordiel ed
g:l\e/; glr%ﬁlg eopﬁylgng%n ﬁ)réﬁe %Igad lnl_ﬁn%cf r%t c%b at%@uc%%gﬁef 'gﬁrcur%XaHPLC to
3-(4- Béarppogplteamhmro@drdymctmlaewﬂuﬁa@(mcrtntgdacztdbmnale yadyrylsulfsitee mydlath) mpleatee- 2- ca
rboxyll nd, 0 e -

2 WA baRaE ety Mbalt, (o SRte, inapPAET oty e, prate

car boxpriadecanpateneledigl oxatates padmiiEte, pamoate, n’fwsah%te’hmrpgﬁﬂ pifosphate/dihydrogen
3-(2-c ) ny. lic
R Ebﬁ{;]%‘ér@/}oﬁ}gaﬁac%reﬁ&eI%ngthﬂénﬁtéaréﬁ%os%a@?% éurflaéyn%ﬁ'él%nt‘ért% n{?&%&g&’a Hded
NH40AC aOQVE‘“ﬁF@aC%atSGaH%mI 5 equiv) and the resulting solution was stirred
at roomtenperature for 18 hours. The reaction m xture was concentrated in
vacuo and the residue was di ssolved MeOH To the solution was added NaCNBH3
(247 ng, 1.16 mmol, 1.2 equiv) and HOAc (56 ng, 0.97 nmol, 1 equiv). The
resulting mxture was stirred at roomtenperature for 18 hours. The sol vent
was then renoved in vacuo. To the residue was added sat. ag. NaHCO3
solution until pH>8. The WD 2012/010663PCT/ EP2011/ 062545 - 83 - m xture
was extracted with DCM The organic |ayer was dried over Na2SO4 and
concentrated in vacuo. The crude material was continued to the next step

w th no further purlflcatlon Step 2. Synthesrs of

~ F N o~ I L L - AT -



Exanpl e 19: Synthesis of

3-[ (R) - 2- Cycl ohexyl- 6- 0x0-4-(6-pyrimdin-5-yl-pyridine-3-

sul f onyl)wpiz2permEadéon- 1- y1] - 5- phenyl -t hi ophene- 2- car boxy!l iPcTaPR@ 1jo&3pound
206] WD 2012/ 010663PCT/ EP2011/ 062545 - 85 - To a sol ution of
3-[(R) -4-(6-chl oro-pyri di ne- 3- sul fony23 - 2- cycl ohexyl - 6- oxopi perazi n-1-y1]-5
- phenyl -t hi ophene- 2-carboxylic acid (1.20 g, 2.14 mmol, 1.0 equiv) in
acetonitrile (15.0 nm.) was added potassi um phosphate (8.58 m, 1.0 M
aqueous solution, 4.0 equiv) and chl oro( 2-di cycl ohexyl

phosphino-2',4" 6" -tri-i- @il 1, 1' - bi pheny 1ﬂ%€- 2 am no et hyl) $heny|]
Pd(11) "h?égat”'cbﬁf';?? f&’c“hé’}‘h'%mda' 0. b§2d©f'veé nudsoior egampieqlygPellpric 6ih

t enper atdroBromld&cidliskfutceacw itrit ddid, @Hophofi©SdH, taagWes eur e for 10 ninutes to
forma stock solution. To 0.8 nL of above solution was added 5-pyri m di nyl
boronic acid (17.7 ng, 0.143 mmol, 2.0 equiv) and acetonitrile (0.5 nL) at
room t @rpati@bcideironh hiah saltsicen basestedrinaubeator@RarGplk pacedic Iaadr paropTEhue an‘idxt ure
vl\gs ggrgyf 6|[%ﬁﬁﬁ%]o'>ﬂ§l§(c% lr%g/loellc\:"g% aoonlcafacle %uéch]rﬁc BE:ladHJmarl aC|d tanghc aC|d

20: 3- [ CRjc 2acty c bertmeicy Tacith; ( SMdndelroo-azmﬁDmpth\ahestdnlyl atien zffiadnedulionio- prider azi n
-S(])-| yl]toléer@@ﬁﬂ%‘c Jcm QEIHD%QI?WEC gc% %%B{Aé I&eaghgrn[la%%m?é?awgcc%@@alole(ga)se addition A
34(R) - zawndiee‘szmeobmtmoorpamjeaa@prmamcmye% phenyl -t hi ophene- 2- car boxylic
acid (50.0 ng, 0.13 mol, 1 0 equiv) and 3-fluoro-2-norpholinobenzal dehyde
(108.8 ng, 0.52 nmmol, 4.0 equiv) in acetic acid (0.2 nmL) and nethanol (0.5
) wadneEganiq Besest rarp v reaf eedgriyed drlyden far examplee @meentiummsalts and

tri acemmp%mmbmmrgq td Qs thePariofle BdIdTMRIcertdin @nf%@éﬁh%éhts\’\@]% s%ﬁ@'gfé depvéde

m xture and the resulting mxture was stirred at 75 C for 3 hours. The

soI ventfr°Wa§°(F'%fﬁn\P8E?SB9mGé‘ﬁe0‘H‘t’:“’ﬁn&a'P'H'é‘ r”@:@”&&'é”‘vvé@”d@%‘é%l v86 PRd EOBRR” (6
Thhertietigans iaPBR&Rs WalEde ¥MRIM3AILAT B3QEHFRELRNT Qakiuabahrhagne8finT savashed

by br| ne (3 nm.), dried over Na2SO4 and concentrated. The reS| due was

purified by HPLC (0.1% NH4OH) to afford the product (9 ng, 12% . Ms: 577.2

[ M H] dfgaﬂ@b&ezlfronsmtch&%i@ caf be derived mcIude, for example, primary, secondary, and

Am no- 6- cycl ohexyl-2- oxo e in-1-y1)-5- - . .

o ot by Fngs, SpE RS draad SRBIRE pofrly ook B atBstlige armnes s 1
Synt hesinesf basic ion exchange resins, and the like. Certaln organic amines include isopropylamine,
34(9S) he pi t ynyl)
thi Op%grﬁ%?@{? ar@glﬁgfgi’ &ﬁgt%arﬁalgrﬁﬂﬁ qﬁ)eqﬁ¥lz£jrlr1lne I)yszl‘r)e I:F(egl’u?hlncl1 Uﬁbg%kpg ar}d
34( 3S, #8nethaoynd. ohexyl 3- hydr oxy- 2 oxo0- pi peridin-1-y1)-5-(3, 3-di met hyl but-1
-ynyl)-thi ophene-2-carboxylic acid nethyl ester (200 ng, 0.75 mmol, 1
equi v) in CH2A 2 (1.0 n.) was added PBr3 (1.0 Min CHC 2, 0.09 nl, O0.38

dhe rbgumaceptically raseprtekiensaitaoithe aragerthiavention] aannke syrthesized ffem a
Sti r r eaRht EHAPBLHBIPBER S RidiOMoibl, BPHSFreni@ &%'f\%dl %trﬁ;‘alsub'eﬁé‘raw@§u&ﬁ19”
concentrated under vacuum and the residue was purif by l'i ca gel colum

chr omasad ghge p(maeﬁsécw&ﬁcmﬂefreq@weeq@s Pbthgﬁe/éorepmtw%e stpichigpetricy

769 . Mﬁrouﬁl&ktlﬁ%ﬂﬂroprﬁi@&s@ (s@iﬁrﬁish@é;'(% Qf orKhydrOX|de carbonate, bicarbonate or

3-((S)-3-Azj do- ¢l ohex 0x0- pi peri di 2 5-(3, 3-di met hyl - but 1- yny1

) -t hi OH}‘?EIW@) ?rE\éFq%mg free %&aedor%tq{WesgézP@pounwl h a stoichiometric amount of the

32%2/ Ogﬁﬁrﬁﬁm/aEB.Z@lll&H %2?&23 are §pically carried odtan Wagr Sﬂiglﬂgl dd?Qachf ?]olvent orin 1
- 3- - cycl ohex 0XO0-_pi peri nmet yny

e bp TSI pRPEGN | SonE e HyIon A ER PR stiEh SRR e gt

DIVF (1|sibprdp)anwa6r aod thailril Blad\Se sfraPle ngher6 pitticatid. , Lidts Df eddiiianal suidblkelsalts esul t| ng

\Taébﬂrm%elﬁund regﬂze\%ﬁég&g& f:ﬁé nﬁa%g&%%f §c.enc'%§’e§8t'h"%BMM%U‘SE%@ @&R%ed under

( Et OAc Edeton alfee, (126% 80d/4n “Hendhioek omei'matcelA@alrﬁgalt(syE’reloeHl%%ejem a442Js[e1\/H—I]

Step 3,

3-((9) bﬁiﬁ' H@"S E@‘étf‘éYm\’"eWCE Dhelm, Sammany: £299) - 5- (3, 3- di met hyl but - 1- ynyl

) -t hi ophene- 2-carboxylic acid To the solution of

34(S) - 3- azi do- 6- cycl ohexyl- 2- oxo- pi peri di n-1-y1)-5-(3, 3-di net hyl - but - 1-

ynyl ) -t hi ophene-2-carboxylic acid nethyl ester (40 ng, 0.09 mmol, 1 equiv)

in MeOH (0.5 nL) was added SnCz (17 ng, 0.09 nmmol, 1 equiv) and the

resulting solution was stirred at roomtenperature for 18 hours. The

solvent was then renoved under vacuum The residue was dissolved in

THF/ H20/ MeOH (0.5 nL/0.5 nm./1.0 nm.) and to the solution was added Li OH H20

(21 ng, 0.48 mmol, 5 equiv). The reaction m xture was stirred at 50 C for

20 m nutes. The organic solvents were renoved under vacuum and the residue

was acidified to pH=5 by addition of 3.0 N HCl aq. solution. The m xture

was extract ed W|th Et OAc The organi c |l ayer was dried over Na2SO»4, and
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Structure 1 3-(2-Cycl ohexyl - 5-o0xo0-pyrrolidin-1- yl)-5-phenylthiophene-2-
carboxylic acid 401 OHS 2 3-[(25,5R) -5- Cycl ohexyl-2-(3-
hydr oxy- pwopy12y018630x0- nor phol i n- 4- di et hyl - but - 1- ynyPCTiEPR@pI0e2ses 2-

car boxylic acid 01"- N OH \BH 3 3-[(2R 5R)-5- hydroxy-propyl)-3-
oxo- nor phol i n-4- y1]-5-(3, 3- di net hyt2but - 1- ynyl)-t hi ophene-2- carboxylic
aci d Cycl ohexyl-2-(3- CH /\ WO 2012/ 010663PCT/ EP2011/ 062545 - 96

- 4 3-(2-Cycl ohexyl 6- oxo- pi peridin-1- y1)-5-phenylthi ophene-2- carboxylic

acid Igotopically-labeled compounds of formula () can generally be prepared by conventional
techniques known to those skilled in the art or by processes analogous to those described in the
accompanying Examples and Preparations using an appropriate isotopically-labeled reagents in

place of the non-labeled reagent previously employed.

Pharmaceutically acceptable solvates in accordance with the invention include those wherein

the solvent of crystallization may be isotopically substituted, e.g. DO, ds-acetone, ds-DMSO.

Compounds of the invention, i.e. compounds of formula (l) that contain groups capable of acting
as donors and/or acceptors for hydrogen bonds may be capable of forming co-crystals with
suitable co-crystal formers. These co-crystals may be prepared from compounds of formula (1)
by known co-crystal forming procedures. Such procedures include grinding, heating, co-
subliming, co-melting, or contacting in solution compounds of formula (I) with the co-crystal
former under crystallization conditions and isolating co-crystals thereby formed. Suitable co-
crystal formers include those described in WO 2004/078163. Hence the invention further

provides co-crystals comprising a compound of formula (1).

As used herein, the term "pharmaceutically acceptable carrier” includes any and all solvents,
dispersion media, coatings, surfactants, antioxidants, preservatives (e.g., antibacterial agents,
antifungal agents), isotonic agents, absorption delaying agents, salts, preservatives, drugs, drug
stabilizers, binders, excipients, disintegration agents, lubricants, sweetening agents, flavoring
agents, dyes, and the like and combinations thereof, as would be known to those skilled in the
art (see, for example, Remington's Pharmaceutical Sciences, 18th Ed. Mack Printing Company,
1990, pp. 1289- 1329). Exceptinsofar as any conventional carrier is incompatible with the

active ingredient, its use in the therapeutic or pharmaceutical compositions is contemplated.

The term "a therapeutically effective amount” of a compound of the present invention refers to
an amount of the compound of the present invention that will elicit the biological or medical
response of a subject, for example, reduction or inhibition of an enzyme or a protein activity, or
ameliorate symptoms, alleviate conditions, slow or delay disease progression, or prevent a
disease, etc. In one non-limiting embodiment, the term “a therapeutically effective amount”
refers to the amount of the compound of the present invention that, when administered to a
subject, is effective to (1) at least partially alleviating, inhibiting, preventing and/or ameliorating a

condition, or a disorder or a disease (i) mediated by HCV infection, or (ii) associated with HCV
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infection; or (2) reducing or inhibiting the viral replication or viral load of HCV. In another non-
limiting embodiment, the term “a therapeutically effective amount’” refers to the amount of the
compound of the present invention that, when administered to a cell, or a tissue, or a non-
cellular biological material, or a medium, is effective to at least partially reducing or inhibiting the

activity of NS5b; or at least partially reducing or inhibiting the replication of HCV.

As used herein, the term “subject’ refers to an animal. Typically the animal is a mammal. A
subject also refers to for example, primates (e.g., humans, male or female), cows, sheep, goats,
horses, dogs, cats, rabbits, rats, mice, fish, birds and the like. In certain embodiments, the

subject is a primate. In yet other embodiments, the subjectis a human.

As used herein, the term “inhibit”, "inhibition" or “inhibiting” refers to the reduction or
suppression of a given condition, symptom, or disorder, or disease, or a significant decrease in

the baseline activity of a biological activity or process.

As used herein, the term “treat”, “treating” or "treatment" of any disease or disorder refers in one
embodiment, to ameliorating the disease or disorder (i.e., slowing or arresting or reducing the
development of the disease or at least one of the clinical symptoms thereof). In another
embodiment “treat’, "treating” or "treatment” refers to alleviating or ameliorating at least one
physical parameter including those which may not be discernible by the patient. In yet another
embodiment, “treat”, "treating” or "treatment” refers to modulating the disease or disorder, either
physically, (e.g., stabilization of a discernible symptom), physiologically, (e.g., stabilization of a
physical parameter), or both. In yet another embodiment, “treat’, "treating” or "treatment” refers

to preventing or delaying the onset or development or progression of the disease or disorder.

As used herein, a subject is “in need of’ a treatment if such subject would benefit biologically,

medically or in quality of life from such treatment.

nw

As used herein, the term "a,” "an,” "the” and similar terms used in the context of the present
invention (especially in the context of the claims) are to be construed to cover both the singular

and plural unless otherwise indicated herein or clearly contradicted by the context.

All methods described herein can be performed in any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use of any and all examples, or
exemplary language (e.g. "such as”) provided herein is intended merely to better illuminate the

invention and does not pose a limitation on the scope of the invention otherwise claimed.
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Any asymmetric atom (e.g., carbon or the like) of the compound(s) of the present invention can
be present in racemic or enantiomerically enriched, for example the (R)-, (S)- or (R,S)-
configuration. In certain embodiments, each asymmetric atom has at least 50 % enantiomeric
excess, at least 60 % enantiomeric excess, at least 70 % enantiomeric excess, at least 80 %
enantiomeric excess, at least 90 % enantiomeric excess, at least 95 % enantiomeric excess, or
at least 99 % enantiomeric excess in the (R)- or (S)- configuration. Substituents at atoms with

unsaturated bonds may, if possible, be present in cis- (2)- or trans- (E)- form.

Accordingly, as used herein a compound of the present invention can be in the form of one of
the possible isomers, rotamers, atropisomers, tautomers or mixtures thereof, for example, as
substantially pure geometric (cis or trans) isomers, diastereomers, optical isomers (antipodes),

racemates or mixtures thereof.

Any resulting mixtures of isomers can be separated on the basis of the physicochemical
differences of the constituents, into the pure or substantially pure geometric or optical isomers,

diastereomers, racemates, for example, by chromatography and/or fractional crystallization.

Any resulting racemates of final products or intermediates can be resolved into the optical
antipodes by known methods, e.g., by separation of the diastereomeric salts thereof, obtained
with an optically active acid or base, and liberating the optically active acidic or basic compound.
In particular, a basic moiety may thus be employed to resolve the compounds of the present
invention into their optical antipodes, e.g., by fractional crystallization of a salt formed with an
optically active acid, e.g., tartaric acid, dibenzoyl tartaric acid, diacetyl tartaric acid, di-O, O"-p-
toluoyl tartaric acid, mandelic acid, malic acid or camphor-10-sulfonic acid. Racemic products
can also be resolved by chiral chromatography, e.g., high pressure liquid chromatography

(HPLC) using a chiral adsorbent.

Compounds of the present invention are either obtained in the free form, as a salt thereof, or as

prodrug derivatives thereof.

When both a basic group and an acid group are present in the same molecule, the compounds

of the present invention may also form internal salts, e.g., zwitterionic molecules.

The present invention also provides pro-drugs of the compounds of the present invention that
converts in vivo to the compounds of the present invention. A pro-drug is an active or inactive

compound that is modified chemically through in vivo physiological action, such as hydrolysis,
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ester prodrug to a subject. The suitability and techniques involved in making and using pro-drugs are

well known by those skilled in the art. Prodrugs can be conceptually divided into two non-

exclusive categories, bioprecursor prodrugs and carrier prodrugs. See The Practice of

Medicinal Chemistry, Ch. 31-32 (Ed. Wermuth, Academic Press, San Diego, Calif., 2001).

Generally, bioprecursor prodrugs are compounds, which are inactive or have low activity

compared to the corresponding active drug compound, that contain one or more protective

groups and are converted to an active form by metabolism or solvolysis. Both the active drug

form and any released metabolic products should have acceptably low toxicity.

Carrier prodrugs are drug compounds that contain a transport moiety, e.g., that improve uptake
and/or localized delivery to a site(s) of action. Desirably for such a carrier prodrug, the linkage
between the drug moiety and the transport moiety is a covalent bond, the prodrug is inactive or
less active than the drug compound, and any released transport moiety is acceptably non-toxic.
For prodrugs where the transport moiety is intended to enhance uptake, typically the release of
the transport moiety should be rapid. In other cases, it is desirable to utilize a moiety that
provides slow release, e.g., certain polymers or other moieties, such as cyclodextrins. Carrier
prodrugs can, for example, be used to improve one or more of the following properties:
increased lipophilicity, increased duration of pharmacological effects, increased site-specificity,
decreased toxicity and adverse reactions, and/or improvement in drug formulation (e.g.,
stability, water solubility, suppression of an undesirable organoleptic or physiochemical
property). For example, lipophilicity can be increased by esterification of (a) hydroxyl groups
with lipophilic carboxylic acids (e.g., a carboxylic acid having at least one lipophilic moiety), or
(b) carboxylic acid groups with lipophilic alcohols (e.g., an alcohol having at least one lipophilic

moiety, for example aliphatic alcohols).

Exemplary prodrugs are, e.g., esters of free carboxylic acids and S-acyl derivatives of thiols and
O-acyl derivatives of alcohols or phenols, wherein acyl has a meaning as defined herein.
Suitable prodrugs are often pharmaceutically acceptable ester derivatives convertible by
solvolysis under physiological conditions to the parent carboxylic acid, e.g., lower alkyl esters,
cycloalkyl esters, lower alkenyl esters, benzyl esters, mono- or di-substituted lower alkyl esters,
such as the -(amino, mono- or di-lower alkylamino, carboxy, lower alkoxycarbonyl)-lower alkyl
esters, the -(lower alkanoyloxy, lower alkoxycarbonyl or di-lower alkylaminocarbonyl)-lower
alkyl esters, such as the pivaloyloxymethyl ester and the like conventionally used in the art. In

addition, amines have been masked as arylcarbonyloxymethyl substituted derivatives which are
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cleaved by esterases in vivo releasing the free drug and formaldehyde (Bundgaard, J. Med.
Chem. 2503 (1989)). Moreover, drugs containing an acidic NH group, such as imidazole, imide,
indole and the like, have been masked with N-acyloxymethyl groups (Bundgaard, Design of
Prodrugs, Elsevier (1985)). Hydroxy groups have been masked as esters and ethers. EP
039,051 (Sloan and Little) discloses Mannich-base hydroxamic acid prodrugs, their preparation

and use.

Furthermore, the compounds of the present invention, including their salts, can also be obtained
in the form of their hydrates, or include other solvents used for their crystallization. The
compounds of the present invention may inherently or by design form solvates with
pharmaceutically acceptable solvents (including water); therefore, it is intended that the
invention embrace both solvated and unsolvated forms. The term "solvate" refers to a molecular
complex of a compound of the present invention (including pharmaceutically acceptable salts
thereof) with one or more solvent molecules. Such solvent molecules are those commonly used
in the pharmaceutical art, which are known to be innocuous to the recipient, e.g., water, ethanol,

and the like. The term "hydrate" refers to the complex where the solvent molecule is water.

The compounds of the present invention, including salts, hydrates and solvates thereof, may

inherently or by design form polymorphs.

In another aspect, the present invention provides a pharmaceutical composition comprising a
compound of the present invention and a pharmaceutically acceptable carrier. The
pharmaceutical composition can be formulated for particular routes of administration such as
oral administration, parenteral administration, and rectal administration, etc. In addition, the
pharmaceutical compositions of the present invention can be made up in a solid form (including
without limitation capsules, tablets, pills, granules, powders or suppositories), or in a liquid form
(including without limitation solutions, suspensions or emulsions). The pharmaceutical
compositions can be subjected to conventional pharmaceutical operations such as sterilization
and/or can contain conventional inert diluents, lubricating agents, or buffering agents, as well as

adjuvants, such as preservatives, stabilizers, wetting agents, emulsifers and buffers, etc.

Typically, the pharmaceutical compositions are tablets or gelatin capsules comprising the active

ingredient together with

a) diluents, e.g., lactose, dextrose, sucrose, mannitol, sorbitol, cellulose and/or glycine;
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b) lubricants, e.g., silica, talcum, stearic acid, its magnesium or calcium salt and/or

polyethyleneglycol; for tablets also

¢) binders, e.g., magnesium aluminum silicate, starch paste, gelatin, tragacanth,

methylcellulose, sodium carboxymethylcellulose and/or polyvinylpyrrolidone; if desired

d) disintegrants, e.g., starches, agar, alginic acid or its sodium salt, or effervescent

mixtures; and/or

e) absorbents, colorants, flavors and sweeteners.

Tablets may be either film coated or enteric coated according to methods known in the art.

Suitable compositions for oral administration include an effective amount of a compound of the
invention in the form of tablets, lozenges, aqueous or oily suspensions, dispersible powders or
granules, emulsion, hard or soft capsules, or syrups or elixirs. Compositions intended for oral
use are prepared according to any method known in the art for the manufacture of
pharmaceutical compositions and such compositions can contain one or more agents selected
from the group consisting of sweetening agents, flavoring agents, coloring agents and
preserving agents in order to provide pharmaceutically elegant and palatable preparations.
Tablets may contain the active ingredient in admixture with nontoxic pharmaceutically
acceptable excipients which are suitable for the manufacture of tablets. These excipients are,
for example, inert diluents, such as calcium carbonate, sodium carbonate, lactose, calcium
phosphate or sodium phosphate; granulating and disintegrating agents, for example, corn
starch, or alginic acid; binding agents, for example, starch, gelatin or acacia; and lubricating
agents, for example magnesium stearate, stearic acid or talc. The tablets are uncoated or
coated by known techniques to delay disintegration and absorption in the gastrointestinal tract
and thereby provide a sustained action over a longer period. For example, a time delay material
such as glyceryl monostearate or glyceryl distearate can be employed. Formulations for oral
use can be presented as hard gelatin capsules wherein the active ingredient is mixed with an
inert solid diluent, for example, calcium carbonate, calcium phosphate or kaolin, or as soft
gelatin capsules wherein the active ingredient is mixed with water or an oil medium, for

example, peanut oil, liquid paraffin or olive oil.

Certain injectable compositions are aqueous isotonic solutions or suspensions, and

suppositories are advantageously prepared from fatty emulsions or suspensions. Said
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compositions may be sterilized and/or contain adjuvants, such as preserving, stabilizing, wetting
or emulsifying agents, solution promoters, salts for regulating the osmotic pressure and/or
buffers. In addition, they may also contain other therapeutically valuable substances. Said
compositions are prepared according to conventional mixing, granulating or coating methods,

respectively, and contain about 0.1-75%, or contain about 1-50%, of the active ingredient.

Suitable compositions for transdermal application include an effective amount of a compound of
the invention with a suitable carrier. Carriers suitable for transdermal delivery include
absorbable pharmacologically acceptable solvents to assist passage through the skin of the
host. For example, transdermal devices are in the form of a bandage comprising a backing
member, a reservoir containing the compound optionally with carriers, optionally a rate
controlling barrier to deliver the compound of the skin of the host at a controlled and

predetermined rate over a prolonged period of time, and means to secure the device to the skin.

Suitable compositions for topical application, e.g., to the skin and eyes, include aqueous
solutions, suspensions, ointments, creams, gels or sprayable formulations, e.g., for delivery by
aerosol or the like. Such topical delivery systems will in particular be appropriate for dermal
application, e.g., for the treatment of skin cancer, e.g., for prophylactic use in sun creams,
lotions, sprays and the like. They are thus particularly suited for use in topical, including
cosmetic, formulations well-known in the art. Such may contain solubilizers, stabilizers, tonicity

enhancing agents, buffers and preservatives.

As used herein a topical application may also pertain to an inhalation or to an intranasal
application. They may be conveniently delivered in the form of a dry powder (either alone, as a
mixture, for example a dry blend with lactose, or a mixed component particle, for example with
phospholipids) from a dry powder inhaler or an aerosol spray presentation from a pressurised

container, pump, spray, atomizer or nebuliser, with or without the use of a suitable propellant.

The present invention further provides anhydrous pharmaceutical compositions and dosage
forms comprising the compounds of the present invention as active ingredients, since water

may facilitate the degradation of certain compounds.

Anhydrous pharmaceutical compositions and dosage forms of the invention can be prepared
using anhydrous or low moisture containing ingredients and low moisture or low humidity
conditions. An anhydrous pharmaceutical composition may be prepared and stored such that

its anhydrous nature is maintained. Accordingly, anhydrous compositions are packaged using
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materials known to prevent exposure to water such that they can be included in suitable

formulary kits. Examples of suitable packaging include, but are not limited to, hermetically

sealed foils, plastics, unit dose containers (e. g., vials), blister packs, and strip packs.

The invention further provides pharmaceutical compositions and dosage forms that comprise
one or more agents that reduce the rate by which the compound of the present invention as an
active ingredient will decompose. Such agents, which are referred to herein as "stabilizers,”

include, but are not limited to, antioxidants such as ascorbic acid, pH buffers, or salt buffers, etc.

The compounds of formula | in free form or in salt form, exhibit valuable pharmacological
properties, e.g NS5b inhibitory properties, e.g. as indicated in in vitro and in vivo tests as
provided in the next sections and are therefore indicated for therapy.

In one embodiment, the invention provides a method of treating an HCV-associated disorder
comprising administering to a subject in need thereof a pharmaceutically acceptable amount of

a compound of the invention, such that the HCV-associated disorder is treated.

In another embodiment, the invention provides a method of treating an HIV infection comprising
administering to a subject in need thereof a pharmaceutically acceptable amount of a compound

of the invention.

In still another embodiment, the invention provides a method of treating, inhibiting or preventing
the activity of HCV in a subject in need thereof, comprising administering to the subject a
pharmaceutically acceptable amount of a compound of the invention. In one embodiment, the
compounds of the invention inhibit the activity of the NS2 protease, the NS3 protease, the NS3
helicase, the NS5a protein, and/or the NS5b polymerase. In another embodiment, the
interaction between the NS3 protease and NS4A cofactor is disrupted. In yet another
embodiment, the compounds of the invention prevent or alter the severing of one or more of the
NS4A-NS4B, NS4B-NS5A and NS5A-NS5B junctions of the HCV. In another embodiment, the
invention provides a method of inhibiting the activity of a serine protease, comprising the step of
contacting said serine protease with a compound of the invention. In another embodiment, the
invention provides a method of treating, inhibiting or preventing the activity of HCV in a subject
in need thereof, comprising administering to the subject a pharmaceutically acceptable amount
of a compound of the invention, wherein the compound interacts with any target in the HCV life
cycle. In one embodiment, the target of the HCV life cycle is selected from the group consisting

of NS2 protease, NS3 protease, NS3 helicase, NS5a protein and NS5b polymerase.

In another embodiment, the invention provides a method of decreasing the HCV RNA load in a
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In another embodiment, the compounds of the invention exhibit HCV protease activity. In one

embodiment, the compounds are an HCV NS3-4A protease inhibitor.

In another embodiment, the invention provides a method of treating an HCV-associated disorder
in a subject, comprising administering to a subject in need thereof a pharmaceutically
acceptable amount of a compound of the invention, and a pharmaceutically acceptable carrier,

such that the HCV-associated disorder is treated.

In still another embodiment, the invention provides a method of treating an HCV-associated
disorder comprising administering to a subject in need thereof a pharmaceutically effective
amount of a compound of the invention, in combination with a pharmaceutically effective
amount of an additional HCV-modulating compound, such as interferon or derivatized interferon,
or a cytochrome P450 monooxygenase inhibitor, such that the HCV-associated disorder is
treated. In one embodiment, the additional HCV-modulating compound is selected from the
group consisting of NIM811, ITMN191, MK-7009, TMC 435350, Sch 503034 and VX-950.

In another embodiment, the invention provides a method of inhibiting hepatitis C virus

replication in a cell, comprising contacting said cell with a compound of the invention.

In yet another embodiment, the invention provides a packaged HCV-associated disorder
treatment, comprising an HCV-modulating compound of the invention, packaged with
instructions for using an effective amount of the HCV-modulating compound to treat an HCV-

associated disorder.

In certain embodiments, the HCV-associated disorder is selected from the group consisting of
HCYV infection, liver cirrhosis, chronic liver disease, hepatocellular carcinoma,
cryoglobulinaemia, non-Hodgkin’s lymphoma, liver fibrosis and a suppressed innate intracellular

immune response.

In another embodiment, the invention provides a method of treating HCV infection, liver
cirrhosis, chronic liver disease, hepatocellular carcinoma, cryoglobulinaemia, non-Hodgkin’s
lymphoma, liver fibrosis and/or a suppressed innate intracellular immune response in subject in
need thereof comprising administering to the subject a pharmaceutically acceptable amount of a

compound of the invention.
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embodiment, the HCV is selected from HCV genotype 1, 2 and/or 3.

The pharmaceutical composition or combination of the present invention can be in unit dosage
of about 1-1000 mg of active ingredient(s) for a subject of about 50-70 kg, or about 1-500 mg or
about 1-250 mg or about 1-150 mg or about 0.5-100 mg, or about 1-50 mg of active ingredients.
The therapeutically effective dosage of a compound, the pharmaceutical composition, or the
combinations thereof, is dependent on the species of the subject, the body weight, age and
individual condition, the disorder or disease or the severity thereof being treated. A physician,
clinician or veterinarian of ordinary skill can readily determine the effective amount of each of
the active ingredients necessary to prevent, treat or inhibit the progress of the disorder or

disease.

The above-cited dosage properties are demonstrable in vitro and in vivo tests using
advantageously mammals, e.g., mice, rats, dogs, monkeys or isolated organs, tissues and
preparations thereof. The compounds of the present invention can be applied in vitro in the
form of solutions, e.g., aqueous solutions, and in vivo either enterally, parenterally,
advantageously intravenously, e.g., as a suspension or in aqueous solution. The dosage in
vitro may range between about 10 molar and 10°° molar concentrations. A therapeutically
effective amount in vivo may range depending on the route of administration, between about
0.1-500 mg/kg, or between about 1-100 mg/kg.

The activity of a compound according to the present invention can be assessed by the in vitro &

in vivo methods provided infra.

The compound of the present invention may be administered either simultaneously with, or
before or after, one or more other therapeutic agent. The compound of the present invention
may be administered separately, by the same or different route of administration, or together in

the same pharmaceutical composition as the other agents.

In one embodiment, the invention provides a product comprising a compound of formula (I) and
at least one other therapeutic agent as a combined preparation for simultaneous, separate or
sequential use in therapy. In one embodiment, the therapy is the treatment of a viral infection or

disease associated with viral infection or condition mediated by hepatitis C virus. Products
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provided as a combined preparation include a composition comprising the compound of formula
() and the other therapeutic agent(s) together in the same pharmaceutical composition, or the
compound of formula (I) and the other therapeutic agent(s) in separate form, e.g. in the form of
a kit.

In one embodiment, the invention provides a pharmaceutical composition comprising a
compound of formula (l) and another therapeutic agent(s). Optionally, the pharmaceutical

composition may comprise a pharmaceutically acceptable excipient, as described above.

In one embodiment, the invention provides a kit comprising two or more separate
pharmaceutical compositions, at least one of which contains a compound of formula (I). In one
embodiment, the kit comprises means for separately retaining said compositions, such as a
container, divided bottle, or divided foil packet. An example of such a kit is a blister pack, as

typically used for the packaging of tablets, capsules and the like.

The kit of the invention may be used for administering different dosage forms, for example, oral
and parenteral, for administering the separate compositions at different dosage intervals, or for
titrating the separate compositions against one another. To assist compliance, the kit of the

invention typically comprises directions for administration.

In the combination therapies of the invention, the compound of the invention and the other
therapeutic agent may be manufactured and/or formulated by the same or different
manufacturers. Moreover, the compound of the invention and the other therapeutic may be
brought together into a combination therapy: (i) prior to release of the combination product to
physicians (e.g. in the case of a kit comprising the compound of the invention and the other
therapeutic agent); (ii) by the physician themselves (or under the guidance of the physician)
shortly before administration; (iii) in the patient themselves, e.g. during sequential administration
of the compound of the invention and the other therapeutic agent.

Accordingly, the invention provides the use of a compound of formula () for treating a disease
or condition caused by or associated with HCV infection, wherein the medicament is prepared
for administration with another therapeutic agent. The invention also provides the use of another
therapeutic agent for treating a disease or condition caused by or associated with HCV

infection, wherein the medicament is administered with a compound of formula (1).
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prepared for administration with another therapeutic agent. The invention also provides another
therapeutic agent for use in a method of treating a disease or condition caused by or associated
with HCV infection, wherein the other therapeutic agent is prepared for administration with a
compound of formula (l). The invention also provides a compound of formula () for use in a
method of treating a disease or condition caused by or associated with HCV infection, wherein
the compound of formula (1) is administered with another therapeutic agent. The invention also
provides another therapeutic agent for use in a method of treating a disease or condition caused
by or associated with HCV infection, wherein the other therapeutic agent is administered with a

compound of formula (1).

The invention also provides the use of a compound of formula (I) for treating a disease or
condition caused by or associated with HCV infection, wherein the patient has previously (e.g.
within 24 hours) been treated with another therapeutic agent. The invention also provides the
use of another therapeutic agent for treating a disease or condition caused by or associated
with HCV infection, wherein the patient has previously (e.g. within 24 hours) been treated with a

compound of formula (1).

In one embodiment, the other therapeutic agent is selected from second therapeutic agents
which are active against viruses and, in particular, against HCV. The compound and agent may
be administered in a single or separate formulations. Agents active against HCV include, but
are not limited to, interferon-q, pegylated interferon-a (peginterferon-a), albinterferon-a2b
(alblFN, Novartis/Human Genome Science), PEG-Interferon lambda (BMS/ZymoGenetics),
ribavirin, levovirin, viramidine, a combination of interferon-a and ribavirin, a combination of
peginterferon-a and ribavirin, a combination of albIFN and ribavirin, a combination of
interferon-a and levovirin, a combination of peginterferon-a and levovirin, and a combination of
alblFN and levovirin. Interferon-a includes, but is not limited to, recombinant interferon-a2a
(such as ROFERON interferon available from Hoffman-LaRoche, Nutley, NJ), interferon-a2b
(such as Intron-A interferon available from Schering Corp., Kenilworth, New Jersey, USA), a
consensus interferon, and a purified interferon-a product. Pegylated interferon-a includes, but is
not limited to, PEG IFN-a2a (such as Pegsys available from Hoffman-LaRoche, Nutley, NJ),
PEG IFN-a2b (such as Peglintron available from Schering Corp., Kenilworth, New Jersey, USA),

For a discussion of ribavirin and its activity against HCV, see J.O. Saunders and S.A. Raybuck,
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The agents active against hepatitis C virus also include agents that inhibit HCV NS2 or

NS3 proteases, HCV NS5B polymerase, HCV NS5A protein, HCV NS3 helicase, HCV NS4B

protein, HCV p7 protein, HCV NS4A protein, HCV IRES and protein translation, HCV entry,

HCV assembly, HCV egress, and inosine 5'-monophosphate dehydrogenase, cyclophilins or

other host factors that are required for HCV replication. Still other compounds include those

disclosed in WO 2004/014313 and WO 2004/014852 and in the references cited therein.

Specific antiviral agents include BI-201335 (Boehringer Ingelheim), telaprevir (Vertex),
VX-813 (Vertex), VX-500 (Vertex), boceprevir (Schering-Plough), Sch 900518
(Schering-Plough), ITMN-191/R7227 (Intermune/Roche), ITMN-5489 (Intermune), MK-7009
(Merck), TMC435 (Tibotec), BMS-650032 (Bristol-Myers-Squibb), PHX1766 (Phenomix), GS-
9256 (Gilead), VCH-916 (Vertex), VCH-759 (Vertex), VCH-222/VX-222 (Vertex), ABT-333
(Abbott), ANA-598 (Anadys), PF-868,554 (Pfizer), MK-3281 (Merck), PSI-7851 (Pharmasset),
R7128 (Pharmasset/Roche), R1626 (Roche), GS9190 (Gilead), BI-207127 (Boehringer
Ingelheim), JTK-652 (Japan Tobacco Inc.), IDX375 (Idenix), Valopicitabine/NM283 (Idenix),
IDX-184 (Idenix), AZD2836/A-831 (Arrow/AstraZeneca), AZD7295/A-689 (Arrow/AstraZeneca),
BMS-790052 (Bristol-Myers-Squibb), PPI-461 (Presidio), EDP-239 (Enanta), Ceplene (Maxim
Pharmaceuticals), Civacir (Nabi Biopharmaceuticals Inc, VX-497 (Vertex Pharmaceuticals Inc.),
XTL-002 (XTL Biopharmaceuticals), isatoribine and its prodrugs ANA971,ANA975 and ANA773
(Anadys), NIM811 (Novartis), DEBIO-025 (DebioPharm/Novartis), SCY-635 (Scynexis), and
nitazoxanide (Romark), IDN-6556 (Idun Pharmaceuticals), IP-501 (Indevus Pharmaceuticals),
ISIS 14803 (ISIS Pharmaceuticals Inc.),

In some embodiments, the compositions and methods of the present invention contain a
compound of the invention and interferon. In some aspects, the interferon is selected from the
group consisting of interferon alpha 2B, pegylated interferon alpha, consensus interferon,

interferon alpha 2A, and lymphoblastoid interferon tau.

In other embodiments the compositions and methods of the present invention contain a
compound of the invention and a compound having anti-HCV activity is selected from the group
consisting of interleukin 2, interleukin 6, interleukin 12, a compound that enhances the
development of a type 1 helper T cell response, interfering RNA, anti-sense RNA, Imiquimod,

ribavirin, an inosine 5'-monophospate dehydrogenase inhibitor, amantadine, and rimantadine.
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In still other embodiments, the compound having anti-HCV activity is Ribavirin, levovirin,
viramidine, thymosin alpha-1, an inhibitor of NS3 serine protease, and inhibitor of inosine
monophosphate dehydrogenase, interferon-alpha, or pegylated interferon-alpha alone orin

combination with Ribavirin or viramidine.

In another embodiments, the compound having anti-HCV activity is said agent active
against HCV is interferon-alpha or pegylated interferon-alpha alone or in combination with

Ribavirin or viramidine.
General Synthetic Methods

The compounds disclosed herein can be prepared by following the general procedures
and examples set forth below. It will be appreciated that where typical or preferred process
conditions (i.e., reaction temperatures, times, mole ratios of reactants, solvents, pressures, etc.)
are given, other process conditions can also be used unless otherwise stated. Optimum
reaction conditions may vary with the particular reactants or solvent used, but such conditions

can be determined by one skilled in the art by routine optimization procedures.

Additionally, as will be apparent to those skilled in the art, conventional protecting groups
may be necessary to prevent certain functional groups from undergoing undesired reactions.
Suitable protecting groups for various functional groups as well as suitable conditions for
protecting and deprotecting particular functional groups are well known in the art. For example,
numerous protecting groups are described in T. W. Greene and P. G. M. Wuts, Protecting
Groups in Organic Synthesis, Third Edition, Wiley, New York, 1999, and references cited
therein.

If the compounds of this invention contain one or more chiral centers, such compounds
can be prepared or isolated as pure sterecisomers, i.e., as individual enantiomers or
diastereomers, or as stereocisomer-enriched mixtures. All such stereoisomers (and enriched
mixtures) are included within the scope of this invention, unless otherwise indicated. Pure
stereoisomers (or enriched mixtures) may be prepared using, for example, optically active
starting materials or stereoselective reagents well-known in the art. Alternatively, racemic
mixtures of such compounds can be separated using, for example, chiral column

chromatography, chiral resolving agents and the like.

Typically, the compounds of formula (I) can be prepared according to the Schemes

provided infra
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General Procedures
Example A
Compound according to general structure A-3 could be synthesized by coupling reaction
between fragment A-1 and fragment A-2 with Cul and frans-cyclohexane diamine as promoters

followed by hydrolysis of the methyl ester under basic condition.
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Example B

Compound according to general structure B-3 could be synthesized by following method
(Scheme Il). B-1 could be converted to B-2 by hydrolyzing the methyl ester under basic
condition followed by cleaving Boc with HCI. B-2 could react with sulfonyl chloride to give

sulfonamide B-3. Or B-2 could undergo reductive amination with aldehyde to give amine B4.

Scheme i
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Example C
Compounds according to general structure C-3 and C-5 could be synthesized by

followed method. Amine C-1 could be converted to pyridyl sulfonamide C-2 by reacting with
pyridine sulfonyl chloride. Displacement of chloride with amine would provide C-3. C-1 could
react with 4-fluro phenylsulfonyl chloride to give C-4. Displacement of fluoride with amine would
give C-5.
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The invention further includes any variant of the present processes, in which an
intermediate product obtainable at any stage thereof is used as starting material and the
remaining steps are carried out, or in which the starting materials are formed in situ under the
reaction conditions, or in which the reaction components are used in the form of their salts or

optically pure antipodes.

Compounds of the invention and intermediates can also be converted into each other

according to methods generally known to those skilled in the art.

Within the scope of this text, only a readily removable group that is not a constituent of
the particular desired end product of the compounds of the present invention is designated a
"protecting group”, unless the context indicates otherwise. The protection of functional groups
by such protecting groups, the protecting groups themselves, and their cleavage reactions are
described for example in standard reference works, such as J. F. W. McOmie, "Protective
Groups in Organic Chemistry”, Plenum Press, London and New York 1973, in T. W. Greene and
P. G. M. Wuts, "Protective Groups in Organic Synthesis", Third edition, Wiley, New York 1999,
in "The Peptides"; Volume 3 (editors: E. Gross and J. Meienhofer), Academic Press, London
and New York 1981, in "Methoden der organischen Chemie" (Methods of Organic Chemistry),
Houben Weyl, 4th edition, Volume 15/1, Georg Thieme Verlag, Stuttgart 1974, in H.-D. Jakubke
and H. Jeschkeit, "Aminosauren, Peptide, Proteine” (Amino acids, Peptides, Proteins), Verlag
Chemie, Weinheim, Deerfield Beach, and Basel 1982, and in Jochen Lehmann, "Chemie der
Kohlenhydrate: Monosaccharide und Derivate” (Chemistry of Carbohydrates: Monosaccharides
and Derivatives), Georg Thieme Verlag, Stuttgart 1974. A characteristic of protecting groups is
that they can be removed readily (i.e. without the occurrence of undesired secondary reactions)
for example by solvolysis, reduction, photolysis or alternatively under physiological conditions

(e.g. by enzymatic cleavage).

Salts of compounds of the present invention having at least one salt-forming group may
be prepared in a manner known to those skilled in the art. For example, salts of compounds of
the present invention having acid groups may be formed, for example, by treating the
compounds with metal compounds, such as alkali metal salts of suitable organic carboxylic
acids, e.g. the sodium salt of 2-ethylhexanoic acid, with organic alkali metal or alkaline earth
metal compounds, such as the corresponding hydroxides, carbonates or hydrogen carbonates,
such as sodium or potassium hydroxide, carbonate or hydrogen carbonate, with corresponding

calcium compounds or with ammonia or a suitable organic amine, stoichiometric amounts or
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only a small excess of the salt-forming agent preferably being used. Acid addition salts of
compounds of the present invention are obtained in customary manner, e.g. by treating the
compounds with an acid or a suitable anion exchange reagent. Internal salts of compounds of
the present invention containing acid and basic salt-forming groups, e.g. a free carboxy group
and a free amino group, may be formed, e.g. by the neutralisation of salts, such as acid addition

salts, to the isoelectric point, e.g. with weak bases, or by treatment with ion exchangers.

Salts can be converted into the free compounds in accordance with methods known to
those skilled in the art. Metal and ammonium salts can be converted, for example, by treatment
with suitable acids, and acid addition salts, for example, by treatment with a suitable basic

agent.

Mixtures of isomers obtainable according to the invention can be separated in a manner
known to those skilled in the art into the individual isomers; diasterecisomers can be separated,
for example, by partitioning between polyphasic solvent mixtures, recrystallisation and/or
chromatographic separation, for example over silica gel or by e.g. medium pressure liquid
chromatography over a reversed phase column, and racemates can be separated, for example,
by the formation of salts with optically pure salt-forming reagents and separation of the mixture
of diastereoisomers so obtainable, for example by means of fractional crystallisation, or by

chromatography over optically active column materials.

Intermediates and final products can be worked up and/or purified according to standard
methods, e.g. using chromatographic methods, distribution methods, (re-) crystallization, and
the like.

The following applies in general to all processes mentioned herein before and

hereinafter.

All the above-mentioned process steps can be carried out under reaction conditions that
are known to those skilled in the art, including those mentioned specifically, in the absence or,
customarily, in the presence of solvents or diluents, including, for example, solvents or diluents
that are inert towards the reagents used and dissolve them, in the absence or presence of
catalysts, condensation or neutralizing agents, for example ion exchangers, such as cation
exchangers, e.g. in the H+ form, depending on the nature of the reaction and/or of the reactants
at reduced, normal or elevated temperature, for example in a temperature range of from about -

100 °C to about 190 °C, including, for example, from approximately -80 °C to approximately 150
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temperature, under atmospheric pressure or in a closed vessel, where appropriate under

pressure, and/or in an inert atmosphere, for example under an argon or nitrogen atmosphere.

At all stages of the reactions, mixtures of isomers that are formed can be separated into
the individual isomers, for example diastereoisomers or enantiomers, or into any desired
mixtures of isomers, for example racemates or mixtures of diasterecisomers, for example

analogously to the methods described under "Additional process steps”.

The solvents from which those solvents that are suitable for any particular reaction may
be selected include those mentioned specifically or, for example, water, esters, such as lower
alkyl-lower alkanoates, for example ethyl acetate, ethers, such as aliphatic ethers, for example
diethyl ether, or cyclic ethers, for example tetrahydrofuran or dioxane, liquid aromatic
hydrocarbons, such as benzene or toluene, alcohols, such as methanol, ethanol or 1- or 2-
propanol, nitriles, such as acetonitrile, halogenated hydrocarbons, such as methylene chloride
or chloroform, acid amides, such as dimethylformamide or dimethyl acetamide, bases, such as
heterocyclic nitrogen bases, for example pyridine or N-methylpyrrolidin-2-one, carboxylic acid
anhydrides, such as lower alkanoic acid anhydrides, for example acetic anhydride, cyclic, linear
or branched hydrocarbons, such as cyclohexane, hexane or isopentane, methycyclohexane, or
mixtures of those solvents, for example aqueous solutions, unless otherwise indicated in the
description of the processes. Such solvent mixtures may also be used in working up, for

example by chromatography or partitioning.

The compounds, including their salts, may also be obtained in the form of hydrates, or
their crystals may, for example, include the solvent used for crystallization. Different crystalline

forms may be present.

The invention relates also to those forms of the process in which a compound obtainable
as an intermediate at any stage of the process is used as starting material and the remaining
process steps are carried out, or in which a starting material is formed under the reaction
conditions or is used in the form of a derivative, for example in a protected form or in the form of
a salt, or a compound obtainable by the process according to the invention is produced under

the process conditions and processed further in situ.

All starting materials, building blocks, reagents, acids, bases, dehydrating agents,

solvents and catalysts utilized to synthesize the compounds of the present invention are either
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commercially available or can be produced by organic synthesis methods known to one of

ordinary skill in the art (Houben-Weyl 4™ Ed. 1952, Methods of Organic Synthesis, Thieme,
Volume 21).

In one embodiment, the invention provides a method of modulating viral activity in a
subject, wherein the method comprises administering to the subject a therapeutically effective
amount of the compound according to the definition of formula (I). Methods of inhibiting viral
replication or inhibiting viral load in a subject are provided, wherein the virus is a member of the

Flaviviridae family of viruses such as hepatitis C virus.

In one embodiment, the invention provides a method of treating a disorder or a disease
in a subject caused by or associated with HCV infection, wherein the method comprises
administering to the subject a therapeutically effective amount of the compound according to the

definition of formula (1).

In one embodiment, the invention provides a method of treating a disorder or a disease
in a subject caused by or associated with HCV infection, wherein the disorder or the disease is
selected from of HCV infection, liver cirrhosis, chronic liver disease, hepatocellular carcinoma,
cryoglobulinaemia, non-Hodgkin’s lymphoma, liver fibrosis and a suppressed innate intracellular

immune response.

In one embodiment, the invention provides a compound according to the definition of

formula (1), for use as a medicament.

In one embodiment, the invention provides the use of a compound according to the
definition of formula (1), for the treatment of a disorder or disease in a subject caused by or

associated with HCV infection.

In one embodiment, the invention provides the use of a compound according to the
definition of formula (1), in the manufacture of a medicament for the treatment of a disorder or
disease in a subject caused by or associated with HCV infection, wherein said disorder or
disease is in particular selected from HCV infection, liver cirrhosis, chronic liver disease,
hepatocellular carcinoma, cryoglobulinaemia, non-Hodgkin’s lymphoma, liver fibrosis and a

suppressed innate intracellular immune response.

In one embodiment, the invention provides the use of a compound according to the

definition of formula (1), for the treatment of a disorder or disease in a subject caused by or
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liver cirrhosis, chronic liver disease, hepatocellular carcinoma, cryoglobulinaemia, non-

Hodgkin’s lymphoma, liver fibrosis and a suppressed innate intracellular immune response.

In another embodiment, the invention provides compounds according to the definition of
formula (1), which compounds include the exemplified compounds provided infra. Certain
compounds of Formula (l) provided by the invention include compounds selected from the group

consisting of:

3-((S)-2-Cyclohexyl-5-oxo-pyrrolidin-1-yl)-5-phenyl-thiophene-2-carboxylic acid
3-(2-Cyclohexyl-6-oxo-piperidin-1-yl)-5-phenyl-thiophene-2-carboxylic acid
3-(3-Cyclohexyl-5-oxo-morpholin-4-yl)-5-phenyl-thiophene-2-carboxylic acid

el

3-[(R)-2-Cyclohexyl-6-ox0-4-(toluene-4-sulfonyl)-piperazin-1-yl]-5-phenyl-thiophene-2-

carboxylic acid

5. 3-(2-Cyclohexyl-6-oxo-piperidin-1-yl)-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic
acid

6. 3-((S)-2-Cyclohexyl-6-oxo-piperidin-1-yl)-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-
carboxylic acid

7. 3-(2-Cyclohexyl-6-oxo-piperidin-1-yl)-5-(4-fluoro-phenyl)-thiophene-2-carboxylic acid
3-(2-Cyclohexyl-6-oxo-piperidin-1-yl)-5-p-tolyl-thiophene-2-carboxylic acid

9. 5-(4-Chloro-phenyl)-3-(2-cyclohexyl-6-oxo-piperidin-1-yl)-thiophene-2-carboxylic acid

10. 3-[2-Cyclohexyl-4-(6-dipropylamino-pyridine-3-sulfonyl)-6-oxo-piperazin-1-yl]-5-phenyl-
thiophene-2-carboxylic acid

11. 3-{(R)-2-Cyclohexyl-4-[6-((R)-2-methyl-pyrrolidin-1-yl)-pyridine-3-sulfonyl]-6-oxo-
piperazin-1-yl}-5-phenyl-thiophene-2-carboxylic acid

12. 3-[(R)-2-Cyclohexyl-6-ox0-4-(6-pyrrolidin-1-yl-pyridine-3-sulfonyl)-piperazin-1-yl]-5-
phenyl-thiophene-2-carboxylic acid

13. 3-{(R)-2-Cyclohexyl-4-[6-((2S,5R)-2,5-dimethyl-pyrrolidin-1-yl)-pyridine-3-sulfonyl]-6-oxo-
piperazin-1-yl}-5-phenyl-thiophene-2-carboxylic acid

14. 3-[2-Cyclohexyl-6-o0x0-4-(toluene-4-sulfonyl)-piperazin-1-yl]-5-(3,3-dimethyl-but-1-ynyl)-
thiophene-2-carboxylic acid

15. 3-{(R)-2-Cyclohexyl-4-[6-((2R,6S)-2,6-dimethyl-morpholin-4-yl)-pyridine-3-sulfonyl]-6-
oxo-piperazin-1-yl}-5-phenyl-thiophene-2-carboxylic acid

16. 3-[2-Cyclohexyl-4-(6-morpholin-4-yl-pyridine-3-sulfonyl)-6-oxo-piperazin-1-yl]-5-(3,3-

dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid
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acid 0 {4 A R)2-Ycidhtk{d-406-diethylarfiio Nyridine-3-sulfonyl)-6-oxo-piperazin-1-yl]-5-
phenyl-thiophene-2-carboxylic acid

18. 3-[(R)-2-Cyclohexyl-6-ox0-4-(3,4,5,6-tetrahydro-2H-[1,2'|bipyridinyl-5'-sulfonyl)-
piperazin-1-yl]-5-phenyl-thiophene-2-carboxylic acid

19. 3-((R)-4-Cyclohexyl-2-oxo0-oxazolidin-3-yl)-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-
carboxylic acid

20. 3-[(R)-2-Cyclohexyl-4-(6-morpholin-4-yl-pyridine-3-sulfonyl)-6-oxo-piperazin-1-yl]-5-
phenyl-thiophene-2-carboxylic acid

21. 3-[(R)-2-Cyclohexyl-4-(4-methoxy-benzenesulfonyl)-6-oxo-piperazin-1-yl]-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

22. 3-[(R)-2-Cyclohexyl-4-(6-methoxy-pyridine-3-sulfonyl)-6-oxo-piperazin-1-yl]-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

23. 3-[(R)-2-Cyclohexyl-4-(1-methyl-1H-pyrazole-3-sulfonyl)-6-oxo-piperazin-1-yl]-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

24. 3-{(R)-2-Cyclohexyl-4-[6-(8-0xa-3-aza-bicyclo[3.2.1]oct-3-yl)-pyridine-3-sulfonyl]-6-0xo-
piperazin-1-yl}-5-p-tolyl-thiophene-2-carboxylic acid

25. 3-(2-Cyclohexyl-5-oxo-pyrrolidin-1-yl)-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic
acid

26. 3-((R)-3-Cyclohexyl-5-oxo-morpholin-4-yl)-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-
carboxylic acid

27. 3-((4S,5R)-5-Cyclohexyl-3,4-dimethyl-2-oxo-imidazolidin-1-yl)-5-(3,3-dimethyl-but-1-
ynyl)-thiophene-2-carboxylic acid

28. 5-(4-Chloro-phenyl)-3-((R)-3-cyclohexyl-5-0xo-morpholin-4-yl)-thiophene-2-carboxylic
acid

29. 3-[(R)-5-Cyclohexyl-2-(2-morpholin-4-yl-2-oxo-ethyl)-3-oxo-morpholin-4-yl]-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

30. 3-[(R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-but-1-
ynyl)-thiophene-2-carboxylic acid

31. 3-[(R)-5-Cyclohexyl-2-(3-methanesulfonyl-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-
but-1-ynyl)-thiophene-2-carboxylic acid

32. 3-{(R)-5-Cyclohexyl-2-[(2-methoxy-ethylamino)-methyl]-3-oxo-morpholin-4-yl}-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

33. 3-(4-Cyclohexyl-2-oxo-[1,3]oxazinan-3-yl)-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-

carboxylic acid
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34. 3-((R)-5-Cyclohexyl-2-morpholin-4-ylmethyl-3-oxo-morpholin-4-yl)-5-(3,3-dimethyl-but-1-

ynyl)-thiophene-2-carboxylic acid

/

35. 3-[(2R,5R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-2-methyl-3-oxo-morpholin-4-yl]-5-(3,3-

dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

36. 3-((2S,5R)-2-Cyanomethyl-5-cyclohexyl-2-methyl-3-oxo-morpholin-4-yl)-5-(3,3-dimethyl-

but-1-ynyl)-thiophene-2-carboxylic acid

37. 3-(6-Cyclohexyl-3-hydroxy-2-oxo-piperidin-1-yl)-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-

carboxylic acid

A

WO 2012/ 010663PCT/ EP2011/ 062 B¢5/EP21116625465

\

38. 3-((R)-5-Cyclohexyl-2,2-dimethyl-3-oxo-morpholin-4-yl)-5-p-tolyl-thiophene-2-carboxylic

acid

39. 3-(6-Cyclohexyl-3-hydroxy-2-oxo-piperidin-1-yl)-5-p-tolyl-thiophene-2-carboxylic acid

40. 3-[(2S,5R)-5-Cyclohexyl-2-(3-hydroxy-3-methyl-butyl)-2-methyl-3-0xo-morpholin-4-yl]-5-

(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

41. 3-[(2R,5R)-5-Cyclohexyl-2-(3-hydroxy-3-methyl-butyl)-2-methyl-3-oxo-morpholin-4-yl]-5-

(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

42. 3-[(2S,5R)-5-Cyclohexyl-2-((R)-3-hydroxy-butyl)-2-methyl-3-oxo-morpholin-4-yl]-5-(3,3-

dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

43. 3-[(2R 5R)-5-Cyclohexyl-2-((R)-3-hydroxy-butyl)-2-methyl-3-oxo-morpholin-4-yl]-5-(3,3-

dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

44, 3-((S)-6-Cyclohexyl-3-hydroxy-2-oxo-piperidin-1-yl)-5-(3,3-dimethyl-but-1-ynyl)-

thiophene-2-carboxylic acid

45. 3-[(2R,5R)-5-Cyclohexyl-2-(2-hydroxy-ethyl)-2-methyl-3-oxo-morpholin-4-yl]-5-(3,3-

dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

46. 3-(6-Cyclohexyl-3-hydroxy-3-methyl-2-oxo-piperidin-1-yl)-5-p-tolyl-thiophene-2-

carboxylic acid

47. 3-((R)-3-Cyclohexyl-5-0x0-1,9-dioxa-4-aza-spiro[5.5]undec-4-yl)-5-(3,3-dimethyl-but-1-

ynyl)-thiophene-2-carboxylic acid

48. 3-[6-Cyclohexyl-3-(3-hydroxy-propyl)-2-oxo-piperidin-1-yl]-5-(3,3-dimethyl-but-1-ynyl)-

thiophene-2-carboxylic acid

49. 3-[(2S,5R)-5-Cyclohexyl-2-(2,3-dihydroxy-propyl)-2-methyl-3-0xo-morpholin-4-yl]-5-(3,3-

dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

50. 3-[(2S,5R)-5-Cyclohexyl-2-(2-hydroxy-ethyl)-2-methyl-3-oxo-morpholin-4-yl]-5-(3,3-

dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

? S

66
0 o//
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51. 3-((R)-5-Cyclohexyl-2-hydroxymethyl-3-oxo-morpholin-4-yl)-5-(3,3-dimethyl-but-1-ynyl)-
thiophene-2-carboxylic acid

52. 3-[(2R,5R)-5-Cyclohexyl-2-(2,3-dihydroxy-propyl)-2-methyl-3-oxo-morpholin-4-yl]-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

53. 3-[(2S,5R)-5-Cyclohexyl-2-(2,3-dihydroxy-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-
but-1-ynyl)-thiophene-2-carboxylic acid

54. 3-[(2S,5R)-5-Cyclohexyl-2-(2-hydroxy-ethyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-but-1-
ynyl)-thiophene-2-carboxylic acid

55. 3-[6-Cyclohexyl-3-hydroxy-3-(3-hydroxy-propyl)-2-oxo-piperidin-1-yl]-5-(3,3-dimethyl-but-
1-ynyl)-thiophene-2-carboxylic acid

56. 3-[(2R,5R)-5-Cyclohexyl-2-(2,3-dihydroxy-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-
but-1-ynyl)-thiophene-2-carboxylic acid

57. 3-[(2R,5R)-5-Cyclohexyl-2-(2-hydroxy-ethyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-but-1-
ynyl)-thiophene-2-carboxylic acid

58. 3-[(2S,5R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-2-methyl-3-oxo-morpholin-4-yl]-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

59. 3-((S)-6-Cyclohexyl-3-hydroxy-2-oxo-piperidin-1-yl)-5-(3,3-dimethyl-but-1-ynyl)-
thiophene-2-carboxylic acid

60. 3-[(2R,5R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-but-
1-ynyl)-thiophene-2-carboxylic acid

61. 3-[(2S,5R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-but-
1-ynyl)-thiophene-2-carboxylic acid

62. 3-[(2R,5R)-5-Cyclohexyl-2-((R)-2-hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-
but-1-ynyl)-thiophene-2-carboxylic acid

63. 3-[(2R,5R)-5-Cyclohexyl-2-((S)-2-hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-
but-1-ynyl)-thiophene-2-carboxylic acid

64. 3-[(S)-6-Cyclohexyl-3-(3-hydroxy-propyl)-2-oxo-piperidin-1-yl]-5-(3,3-dimethyl-but-1-
ynyl)-thiophene-2-carboxylic acid

65. 3-((S)-3-Amino-6-cyclohexyl-2-oxo-piperidin-1-yl)-5-(3,3-dimethyl-but-1-ynyl)-thiophene-
2-carboxylic acid

66. 3-[(S)-6-Cyclohexyl-3-(2-hydroxy-ethyl)-2-oxo-piperidin-1-yl]-5-(3,3-dimethyl-but-1-ynyl)-
thiophene-2-carboxylic acid
The following examples are intended to illustrate the invention and are not to be

construed as being limitations thereon. Temperatures are given in degrees centrigrade. If not

110
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mentioned otherwise, all evaporations are performed under reduced pressure, typically between
about 15 mm Hg and 100 mm Hg (= 20-133 mbar). The structure of final products,
intermediates and starting materials is confirmed by standard analytical methods, e.g.,
microanalysis and spectroscopic characteristics, e.g., MS, IR, NMR. Abbreviations used are

those conventional in the art.

All starting materials, building blocks, reagents, acids, bases, dehydrating agents,
solvents, and catalysts utilized to synthesis the compounds of the present invention are either
commercially available or can be produced by organic synthesis methods known to one of
ordinary skill in the art (Houben-Weyl 4th Ed. 1952, Methods of Organic Synthesis, Thieme,
Volume 21). Further, the compounds of the present invention can be produced by organic

synthesis methods known to one of ordinary skill in the art as shown in the following examples.

LIST OF ABBREVIATIONS
Ac acetyl
ACN Acetonitrile
AcOEt/ EtOAc Ethyl acetate
AcOH acetic acid
aq aqueous
Ar aryl
Bn benzyl
Bu butyl (nBu = n-butyl, tBu = tert-butyl)
CDI Carbonyldiimidazole
CH1sCN Acetonitrile
DBU 1,8-Diazabicyclo[5.4.0]-undec-7-ene
DCE 1,2-Dichloroethane
DCM Dichloromethane
DIPEA N-Ethyldiisopropylamine
DMAP Dimethylaminopyridine
DMF N,N’-Dimethylformamide
DMSO Dimethylsulfoxide
El Electrospray ionisation
Et,O Diethylether
EtsN Triethylamine

Ether Diethylether



3- (2-Cycl ohexyl - 6- oxo- pi peri di n- 1-

y1l) -5-(4-fl uorophenyl)- thiophene-2- carboxylic acid 1101 /\ OH
WO 2012/ O(WO@a6BRAT¢EP2011/ 062545 - 118 - 71 PCT/EP2011/062545

3- (2- Cycl ohexyl 6- oxo- pi peridi n-1- vyl );95- p-tol ylthi ophene-2- carboxylic acid

EtOH Ethanol

FC Flash Chromatography

h hour(s)

HATU O-(7-Azabenzotriazole-1-yl)-N,N,N’N’-tetramethyluronium
hexafluorophosphate

HBTU O-(Benzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium
hexafluorophosphate

HCI Hydrochloric acid

HOBt 1-Hydroxybenzotriazole

HPLC High Performance Liquid Chromatography

H,O Water

L liter(s)

LC-MS Liquid Chromatography Mass Spectrometry

Me methyl

Mel lodomethane

MeOH Methanol

mg milligram

min minute(s)

mL milliliter

MS Mass Spectrometry

Pd/C palladium on charcoal

PG protecting group

Ph phenyl

Prep Preparative

Rf ratio of fronts

RP reverse phase

Rt Retention time

rt Room temperature

SiO, Silica gel

TBAF Tetrabutylammonium fluoride

TEA Triethylamine

TFA Trifluoroacetic acid

THF Tetrahydrofurane

TLC Thin Layer Chromatography



*  OH 72 3-(2-Cycl ohexyl 6- oxo-pi peridin-1- yl1)-5-(4-ethyl phenyl)-
t hi ophene-2- carboxylic acid * [\ OH 73
5- (4- Chl owopherydge3 3- (2- cycl ohexyl- 6- oxopi peri di n- 1- y1pCTiERR@plo62TeS 2-
carboxylic acid A */ OH74 3-[4-(6-Azetidin-1- yl-pyridine-3-
sul fonyl)-2- cycl ohexyl- 6-oxopi perazib01-y1]-5- phenyl -thi ophen
e-2-carboxylic acid 00O0.1 S |/ N
HPLC methods:
A. 4.6 mm x 150 mm C18 reverse phase column, 5.0 um particle size running a gradient of
5-95% MeCN/water (0.1% formic acid) over a period of 20 min at a flow rate of 1.5

mL/min at 30 °C. DAD-UV detection, 220-600 nm

B. 3 mm x 100 mm C18 reverse phase column, 3.0 um particle size running a gradient of 5-
95% MeCN/water (0.1% formic acid) over a period of 7.45 min at a flow rate of 1 mL/min
at 40 °C. DAD-UV detection, 220-600 nm.

C. 4.6 mm x 50 mm C18 reverse phase column, 5.0 um particle size running a gradient of
5-95% MeCN/water (0.1% formic acid) over a period of 3.4 min at a flow rate of 2
mL/min at 40 °C. DAD-UV detection, 220-600 nm.

D. 4.6 mm x 50 mm C18 reverse phase column, 5.0 um particle size running a gradient of
5-95% MeCN/water (0.1% ammonium formate) over a period of 3.4 min at a flow rate of
2 mL/min at 40 °C. DAD-UV detection, 220-600 nm.

E. 3.0 mm x 33 mm C8 reverse phase column, 3.0 um particle size running a gradient of 5-
95% MeCN/water (0.1% ammonium formate) over a period of 2.0 min at a flow rate of 2
mL/min at 50 °C. DAD-UV detection, 220-600 nm.

Procedures

Example 1

Synthesis of 3-[-2-Cyclohexyl-4-(2-fluoro-benzenesulfonyl)-6-oxo-piperazin-1-yl]-5-
phenyl-thiophene-2-carboxylic acid [Compound 40]

Step 1. Synthesis of [(R)-Cyclohexyl-(methoxy-methyl-carbamoyl)-methyl]-carbamic acid

benzyl ester



I\0 *OH WD 2012/ 010663PCT/ EP2011/ 062545 - 119 - 75 3-[2-Cycl ohexyl-4-
cycl ohexyl am nopyri di ne- 3- sul fonyl) - 6-oxopi perazin-1-yl]-5-

phenyl -t Wophemies3car boxylic acid fik

3-[2-Cycl ohexyl-6- oxo0-4-(6- pyrrolidin-1-ylpyridine-3- sulfonyl)-
pi perazi n-1-yl]-5- phenyl -thi ophen e23tarboxylic acid O 00 S0

0 OH

sul fonyl) - 6- oxopi perazi n-1-yl]-5- phenyl -t hi ophene-

00

\ 77 3-[2-Cycl ohexyl-4- (6-dipropylam no- pyridine- 3-
OSSN 0™ \ WO 2012/ 010663PCT/ EP2011/ 062545 - 120 - 78

3-{2-Cycl8hQ§yI-4-[6-(2-nethoxy1)eﬁhylanino)- pyri di ne- 3-
squonyl]-ﬁioxopiperazin-l-yl)-55rphenyl-thiophene2-carboxy|ic acid
" NH *" “NH

o
>

To a solution of (R)-benzyloxycarbonylamino-cyclohexyl-acetic acid (25 g, 88 mmol) in
DMF (100 mL) at -10 °C was added HATU (36.7 g, 96 mmol, 1.0 equiv) followed by N,O-
dimethyl hydroxyamine HCI salt (10.3 g, 105 mmol, 1.2 equiv). To this solution was then slowly

o’go

added N-methyl morpholine (28.9 mL, 263 mmol, 3.0 equiv). The internal temperature was
carefully monitored. During the addition, the internal temperature rose to 0 °C. The solution
was stirred at 0 °C for 2 hours after which the solution was diluted with EtOAc (500 mL) and
washed with sat. ag. NaHCO; solution, water, 1.0 N aq. HCI solution and brine. The organic
layer was dried over Na,SO, and the solvent including DMF was removed under vacuum. The
residue was diluted with EtOAc and the solution was washed with water, brine, dried (MgSO,)
and concentrated to give product [(R)-Cyclohexyl-(methoxy-methyl-carbamoyl)-methyl]-

carbamic acid benzyl ester 26 g (yield 90 %).

Step 2. Synthesis of ((R)-1-Cyclohexyl-2-oxo-ethyl)-carbamic acid benzyl ester

To a solution of [(R)-Cyclohexyl-(methoxy-methyl-carbamoyl)-methyl]-carbamic acid
benzyl ester (27 g, 82 mmol) in THF (400 mL) at -20 °C was slowly added LiAlH, (4.06 g, 106
mmol, 1.3 equiv). LiAIH; was freshly ground from pellet purchased from Aldrich. During
addition, the internal temperature was carefully monitored and did not rise above 0 °C. After
addition the mixture was stirred at 0 °C and the reaction was monitored by TLC and LCMS.
After 1 hour, the reaction solution was cooled at -10 °C and quenched by slow addition of sat.
aq. KHSO, solution until pH=5. The mixture was partitioned between water and EtOAc. The
phases were separated and the organic layer was concentrated. The residue was dissolved in

EtOAc and the solution was washed with water, brine, dried over Na,SO,4 and concentrated to

0 0, SO PCHNEP20H062545 76

(6-

/

2-carboxylic acid 41k

N



O 00, 0" S/ NO O 79 3-[2-Cycl ohexyl-6- oxo-4-(6-
t hi onor phol i n-4- yl-pyridine-3- sulfonyl)- piperazin-1-yl]-5-

phenyl - t Wopheyafessar boxyl i ¢ aci d N 0 0, O S /PrOoT@H201NObI5US
......... y S [/ O\ 80 3-(4-{6-[Bis-(2- nethoxy-ethyl)-

am no] - pyri di ne-3- sul fonyl)-2- cycl eb2xyl-6-oxopi perazin-1-y1l)-5-
phenyl -t hi ophene2- carboxylic acid 0O, 00" SNOM™O

—

give product ((R)-1-Cyclohexyl-2-oxo-ethyl)-carbamic acid benzyl ester 22 g (99 %). The
material was continued to next step with no further purification.
Step 3. Synthesis of ((R)-2-Benzyloxycarbonylamino-2-cyclohexyl-ethylamino)-acetic acid

methyl ester
e
OTH l:N\)L o
X X
o’go o’go

A solution of aldehyde (25 g, 91 mmol) in CH,Cl, (350 mL) at 0 °C was added methyl
glycine hydrochloride salt (22.8 g, 182 mmol, 2.0 equiv) followed by DIPEA (23.8 mL, 136 mmol,

1.5 equiv). To the solution was then added sodium triacetoxyborohydride (28.9 g, 136 mmol,

1.5 equiv). The mixture was stirred at room temperature for 3 hours. The reaction was
quenched by addition of sat. aq. NaHCOj; solution until pH=8. The phases were separated and
the aqueous layer was extracted with CH,Cl,. The combined organic layer was washed with
water, brine, dried (MgSQO,) and concentrated to give product ((R)-2-Benzyloxycarbonylamino-2-
cyclohexyl-ethylamino)-acetic acid methyl ester (34 g, 107 % vyield). The crude product which
contained impurity and solvent was continued to the next step with no further purification.

Step 4. Synthesis of (R)-6-Cyclohexyl-piperazin-2-one

[njio/
N
O‘ o’ﬂ-'o — O[ﬂlo

H

To a 2.0 L round bottom flask containing a solution of ((R)-2-Benzyloxycarbonylamino-2-
cyclohexyl-ethylamino)-acetic acid methyl ester (27 g, 77 mmol) in MeOH (300 mL) under a
stream of N, was added Pd (10% on carbon, 4.1 g, 0.05 equiv). The mixture was stirred under
1.0 atm of H, for 18 hours. The mixture was diluted with 100 mL of CH,Cl, and filtered through
Celite. The filtrate was concentrated to give crude product (R)-6-Cyclohexyl-piperazin-2-one 18
g (127 %). The product, which contained impurity and solvent, was continued to the next step
with no further purification.

Step 5. Synthesis of (R)-3-Cyclohexyl-5-oxo-piperazine-1-carboxylic acid tert-butyl ester



ik \ 81 3-{2-Cycl ohexyl- 4-[6-(2- dinethylam no- ethylam no)-
pyri di ne-3- sul fonyl]-6-o0xo- piperazin-1-yl)-5-

phenyl -t Wopheymafsssar boxylic acid O 000, S/ N O OHPHT/EPDDH/062545 ... /
WD 2012/ 010663PCT/ EP2011/ 062545 - 121 - 82 3-[2-Cycl ohexyl-4- (6-

cycl opent yl am nopyri di ne-3- sul fonyl)5%-oxopi per azi n- 1-y1] - 5-

phenyl -t hi ophen e2-carboxylic acid 00, 0S / N fik O OH
H OYO
(L o
O O

To a solution of (R)-6-Cyclohexyl-piperazin-2-one (7.3 g, 40 mmol) in CH,CI, (200 mL)
was added (Boc),O (10.5 g, 11.1 mmol, 1.2 equiv). The solution was stirred at room
temperature for 1 hour, after which the solvent was removed under vacuum. The residue was
purified by silica gel column chromatography (acetone/heptane, 40%). The collected fraction
was concentrated until ~100 mL solvent left. The solid was filtered and dried to give product
(R)-3-Cyclohexyl-5-oxo-piperazine-1-carboxylic acid tert-butyl ester 6.7 g (59 %). The ee of
product was determined to be >98% by chiral SFC.

Step 6. Synthesis of 3-bromo-5-phenyl-thiophene-2-carboxylic acid methyl ester

NH, Br
/S\ Ope ———= /S\ 0o
o} o}
To a 250 round bottom flask equipped with refluxing condenser was added CuBr, (11.5
g, 51 mmol, 1.2 equiv), CH3CN (250 mL) and t-butyl nitrite (6.63 g, 64.3 mmol, 1.5 equiv). The
solution was heated at 65 °C and to this solution was added a solution of 3-amino-5-phenyl-
thiophene-2-carboxylic acid methyl ester (10.0 g, 42.0 mmol) in CH3CN (50 mL). The resulting
mixture was heated at 65 °C for 1 hour. The reaction mixture was then cooled at room
temperature and added to 1.0 N HCI aq. solution. EtOAc was added and the phases were
separated. The aqueous layer was extracted with EtOAc. The organic layer was washed with
water, brine, dried (Na,SO,) and concentrated. The residue was purified by silica gel to give
product 3-bromo-5-phenyl-thiophene-2-carboxylic acid methyl ester 7.5 g.
Step 7. Synthesis of (R)-3-Cyclohexyl-4-(2-methoxycarbonyl-5-phenyl-thiophen-3-yl)-5-

oxo-piperazine-1-carboxylic acid tert-butyl ester
ot ¥
N
N
Br O[Nl\o <:> """ (N_‘(
H




83 3-(4-{6-[Bis-(2- hydroxy-ethyl)- am no]-pyridine-3- sulfonyl}-2-
cycl ohexyl- 6- oxopi perazi n-1-yl)-5- phenyl -thi ophen e2-carboxylic acid

00

0 SVORON/ADIG®H OO0 OH 84 3-[2-Cycl ohexyl-6- ORCTAPLBIAGTISH-

tetrahydro-2H 1, 21bi pyri di ny1-5'- sulfonyl)- piperazin-1-y1l]-5-

phenyl -t hi ophene2-carboxylic acid 0-64S0 , / N OO0 CH VO
2012/ 010663PCT/ EP2011/ 062545 - 122 - 85 3-[2-Cycl ohexyl-4- (6-

i sopropyl am nopyri di ne-3- sul fonyl)-6-oxopi perazin-1-yl]-5-

phenyl -t hi ophgBe 2vazadHResedl With #8hslcyclohexanedianthdd (169 tg, 4.4N Bmbt0.5 equiv),

K.CO; (783 mg, 5.67 mmol, 2.0 equiv), 3-bromo-5-phenyl-thiophene-2-carboxylic acid methyl
ester (1.01 g, 3.40 mmol, 1.2 equiv), Cul (270 mg, 1.42 mmol, 0.5 equiv), (R)-3-Cyclohexyl-5-
oxo-piperazine-1-carboxylic acid tert-butyl ester (800 mg, 2.83 mmol, 1.0 equiv) and 1,4-
dioxane (3.0 mL). The tube was then flushed with N, and sealed. The reaction mixtures were
heated at 110 °C for 72 hours after which it was diluted with EtOAc and filtered. The filtrate
was washed with 1.0 N HCI aq. solution, brine, dried (Na,SO,) and concentrated. The residue
was purified by silica gel column chromatography (EtOAc/heptane, 50 %) to give product (R)-3-
Cyclohexyl-4-(2-methoxycarbonyl-5-phenyl-thiophen-3-yl)-5-oxo-piperazine-1-carboxylic acid
tert-butyl ester 415 mg.

Step 8. Synthesis of 3-((R)-2-Cyclohexyl-6-oxo-piperazin-1-yl)-56-phenyl-thiophene-2-

carboxylic acid

Q
=0 O>=o H

..... (_N e e
O3 . O
B 0 B
s I N o RO

s
SN OH OH

To a solution of (R)-3-Cyclohexyl-4-(2-methoxycarbonyl-5-phenyl-thiophen-3-yl)-5-oxo-
piperazine-1-carboxylic acid tert-butyl ester (1.8 g, 3.6 mmol) in THF/water/MeOH (1/1/1, 30
mL) was added lithium hydroxide monohydrate (0.45 g, 10.8 mmol, 3.0 equiv) and the resulting
solution was heated at 55 °C for 1 hour. The reaction was quenched by addition of 1.0 N HCI
aq. solution until pH=5. The solution was then extracted with EtOAc. The organic layer was
washed with brine, dried (Na,SO,) and concentrated to give (R)-4-(2-Carboxy-5-phenyl-
thiophen-3-yl)-3-cyclohexyl-5-oxo-piperazine-1-carboxylic  acid tert-butyl ester 3-((R)-2-
Cyclohexyl-6-oxo-piperazin-1-yl)-5-phenyl-thiophene-2-carboxylic acid (1.7 g, 97 %). The
material was continued to the next step with no further purification.

To a solution of (R)-4-(2-Carboxy-5-phenyl-thiophen-3-yl)-3-cyclohexyl-5-oxo-piperazine-
1-carboxylic acid tert-butyl ester (1.7 g) in 1,4-dioxane (5.0 mL) was added a solution of 4.0 N
HCI in dioxane (20 mL) and the resulting mixture was stirred at room temperature of 2 hours.
The solvent was then removed under vacuum to give product as HCl salt (1.4 g, 95 %).

Step 9. Synthesis of racemic 3-(2-cyclohexyl-6-oxo-piperazin-1-yl)-5-phenyl-thiophene-2-

carboxylic acid



86 3-{2-Cycl ohexyl - 4-[6-(2-hydroxy- ethylam no)- pyridine-3-
sul fonyl ] - 6- oxopi perazi n-1-yl }-5- phenyl -t hi ophene2-carboxylic acid O

0 0//S , wONo2/DbboBl . OH 87 3-{2-Cycl ohexyl - 4- P6T(EP2@41/0615nt hyl -
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phenyl -t hi ophene2-carboxylic acid -955- 00, ii S/ NO OH \

WD 2012/ 010663PCT/ EP2011/ 062545 - 123 - 88 3-[2-Cycl ohexyl-6- oxo-4-(6-
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To a solution of (R)-benzyloxycarbonylamino-cyclohexyl-acetic acid (15 g, 51.5 mmol) in
CH,CI; (60 mL) at 0 °C was added N-methylmorpholine (12.5 mL, 113 mmol, 2.2 equiv) and at -
25 °C isobutyl chloroformate (6.76 mL, 51.5 mmol, 1.0 equiv) was added. The resulting solution
was stirred at =10 °C for 1 hour, after which to this solution was added a suspension N,O-
dimethyl hydroxyamine HCI salt (5.52 g, 56.5 mmol, 1.1 equiv) in CH;Cl, (60 mL). The mixture
was then stirred at room temperature for 3 hours, after which the solution was diluted with
EtOAc (500 mL) and washed with 1.0 N aqg. HCI solution and brine. The organic layer was dried
over Na,SO, and concentrated. Racemic 3-(2-cyclohexyl-6-oxo-piperazin-1-yl)-5-phenyl-
thiophene-2-carboxylic acid was synthesized from this material following step 2-8 described

above.

Step 10. Synthesis of 3-[-2-Cyclohexyl-4-(2-fluoro-benzenesulfonyl)-6-oxo-piperazin-1-yl]-
5-phenyl-thiophene-2-carboxylic acid
00

W
N
N‘\e P Q\(\ F
+ — N
0]
/ \ OH

0] S
0]

To a solution of 3-(2-cyclohexyl-6-oxo-piperazin-1-yl)-5-phenyl-thiophene-2-carboxylic
acid (15.0 mg, 0.036 mmol, 1.0 equiv) in MeCN (0.2 mL) at room temperature, was added
NaOH (0.40 mL, 1.5 N solution, 0.60 mmol, 16.7 equiv) and 2-fluoro-benzenesulfonyl chloride
(11.4 mg, 0.059 mmol, 1.64 equiv). The mixture was stirred at room temperature for 30 minutes.
The mixture was acidified with 3 N HCI (0.3 mL), and then diluted with EtOAc (10 mL). The
mixture was washed with water (5 mL), brine (5 mL), then dried (over Na,SO,), filtered and the
filtrate was concentrated under reduced pressure. The residue was purified by HPLC (0.1%
NH,OH) to give product (5.0 mg, 24 %) as white solid. MS: 543 [M-H*]. "H-NMR (400 MH,



N 0O 0" S/ OOH/ Nl NH\......... y \ 89
3-{4-[6-(4-Acetyl - piperazin-1-yl)- pyridine-3- sulfonyl]-2-
cycl ohexywo@omme6spi per azi n- 1-yl }-5- phenyl -t hi ophene2- earhrzyihios2sazi d
o, 0" S/ NoOH N.."---A\........ y N-...... (0 \ 90
3-{2-Cycl ohexyl - 6-o0x0-4-[6- (tetrahy8fo-pyran- 4-ylanino)- pyridine-3-
sul fonyl]- piperazin-1-yl}-5- phenyl-thi ophene2-carboxylic acid
O--",/, " b/ NO O
CDClg): 8 1.12 (m, 3H), 1.34 (m, 1H), 1.45-1.90 (m, 7H), 2.70-2.87 (m, 2H), 3.34 (d, 1H), 3.60-
3.70 (m, 2H), 3.95 (d, 1H), 4.18 (d, 1H), 7.13 (s, 1H), 7.21 (t, 1H), 7.27 (t, 1H), 7.30-7.40 (m,

3H), 7.51-7.61 (m, 3H), 7.83 (¢, 1H).

Example 2. Synthesis of 3-[(R)-2-Cyclohexyl-6-oxo0-4-(6-pyrrolidin-1-yl-pyridine-3-
sulfonyl)-piperazin-1-yl]-5-phenyl-thiophene-2-carboxylic acid [Compound 135]

Step 1. Synthesis of 3-[(R)-4-(6-Chloro-pyridine-3-sulfonyl)-2-cyclohexyl-6-oxo-piperazin-
1-yl]-5-phenyl-thiophene-2-carboxylic acid

Q """ (‘N Q (\N’ N
o2 /~N /" «
; \N SR S —— N $
s OH I\ 2,
o) S %

To a solution of 3-(2-cyclohexyl-6-oxo-piperazin-1-yl)-5-phenyl-thiophene-2-carboxylic
acid (0.80 g, 1.90 mmol, 1.0 equiv) in MeCN (20 mL) at room temperature, was added 6-chloro-
pyridine-3-sulfonyl chloride (1.10 g, 5.20 mmol, 2.7 equiv) and followed by NaOH (6.94 mL, 1.5
N solution, 10.4 mmol, 5.5 equiv) dropwise. The mixture was stirred at room temperature for 10
minutes. The mixture was acidified with 3 N HCI (2.5 mL), and then diluted with EtOAc (50 mL).
The mixture was washed water (25 mL), brine (25 mL), dried (over Na,SO,), filtered and

concentrated to give crude product (1.0 g, 94 %) as yellow-green solid. MS: 560 [M-H].

Step 2. Synthesis of 3-[(R)-2-Cyclohexyl-6-o0x0-4-(6-pyrrolidin-1-yl-pyridine-3-sulfonyl)-
piperazin-1-yl]-5-phenyl-thiophene-2-carboxylic acid

2N OO
<i:>“m<r—N \K{:f>_ <i:>“m<;;g

H

N

N + —

$ [ I o

I\ OH

OH S

S 0

0

To a solution of 3-[(R)-4-(6-chloro-pyridine-3-sulfonyl)-2-cyclohexyl-6-oxo-piperazin-1-yl]-5-
phenyl-thiophene-2-carboxylic acid (100 mg, 0.18 mmol, 1.0 equiv) in DMF (0.8 mL) at room
temperature was added pyrrolidine (127 mg, 1.79 mmol, 10.0 equiv) and Et;N (0.37 mL, 2.68

mmol, 15.0 equiv). The mixture was stirred at 70 °C for 2 hours. The mixture was then cooled

0



/ O 91 3-{2-Cycl ohexyl - 4-[6-(cycl ohexyl- nethyl-am no)- pyridine-3-
sul fonyl ] - 6- oxopi perazi n-1-yl }-5- phenyl -t hi ophen e-2-carboxylic acid
0 0, O 'wWB2012/a630CH (O WO 2012/ 010663PCT/ EPPOTFPO@G2H4545 124 -
92 3-{2-Cycl ohexyl - 4-[6-(2,5- dimethyl- pyrrolidin-1-yl)- pyridine-3-
sul fonyl ] - 6- oxopi perazi n- 1-yl }-5- phehyt-t hi ophene2-carboxylic acid O 0 S
/ NO OH 93 3-[2-Cycl ohexyl-4- (4-hydroxy-
to room temperature and filtered. The filtrate was concentrated and purified by HPLC (0.1%
NH,OH) to give product (35 mg, 33 %) as white solid. MS: 595 [M-H*]. "H-NMR (400 MH,
MeOD): 5 1.10-1.23 (m, 5H), 1.40-2.00 (m, 10H), 3.04-3.12 (m, 2H), 3.20 (t, 2H), 3.42 (d, 2H),
3.88 (d, 1H), 3.97 (br, 1H), 4.07 (d, 1H), 6.62 (s, 1H), 7.19 (s, 1H), 7.32 (, 1H), 7.40 (t, 2H), 7.63
(d, 2H), 7.83 (m, 1H), 8.44 (d, 1H).

Example 3. Synthesis of 3-((R)-3-Cyclohexyl-5-oxo-morpholin-4-yl)-5-(3,3-dimethyl-but-1-
ynyl)-thiophene-2-carboxylic acid [Compound 236]

O
T\ o

Z
OH

Step 1. Synthesis of (R)-5-Cyclohexyl-morpholin-3-one

C1
SN0
H

OH
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To a solution containing 3.8 g (26.5 mmol, 1.0 equiv) of (R)-2-amino-2-cyclohexyl-
ethanol in 100 mL of THF was added sodium hydride (1.4 g, 58.4 mmol, 60% in mineral oil, 2.2

equiv). The reaction mixture was stirred at 25 °C for 30 minutes, at which time hydrogen

evolution had ceased. The mixture was cooled at 0 °C and was added ethyl chloroacetate (3.3
g, 26.5 mmol, 1.0 equiv), dropwise, over 5 minutes. The reaction mixture was stirred for 1 hour
at 25 °C and then 2 hours at reflux. The solvent was removed under vacuum and to the residue
was added 1.0 N HCI aq. solution until pH=6. The mixture was extracted with ethyl acetate.
The resulting organic extracts were washed with brine, dried over sodium sulfate and
concentrated in vacuo. The residue was recrystallized from EtOAc/heptane to give product 2.8
g. The mother liquid was concentrated and the residue was purified by silica gel column
chromatography (acetone/heptane 50%) to give product 1.3 g. Combined yield 4.1 g (84%)
Step 2. Synthesis of 5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

Z
/\OH% (A on

Br s _— 4 S T
(e]



3,4,5,6- tetrahydro-2H [1, 2] bipyridinyl-5"-

sul fonyl) - 6- oxopi perazi n-1-yl]-5- phenyl -thi ophene2-carboxylic acid ilk
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3-[2-Cycl ohexyl-4- (4,4-difluoro- 3,4,5,6-

tetrahydro-2H 1, 2] bi pyridi nyl-5'- sul fonyl)-6-oxopi perazin-1-yl]-5-

phenyl -t hi ophsynadr s8Rl roGn RSt hé%k Jas chaQ]eQ w.thSrE’A 301 & 24 mmol, W@
2012/ 010663PCT/ EP2011/062545 - 125 - (4- net
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phenyl “tchequw)ecal craabgxy b7 enmidl] 003 -elgdivred, @ X .2-¢t-2.4 mmol, 0.05 equiv) and

DMF (40.0 mL). The flask was flushed with N, and to the mixture was added t-butyl acetylene
(15.8 g, 193 mmol, 4.0 equiv). The mixture was sealed and stirred at 70 °C for 48 hours. After
cooled at room temperature, the reaction mixture was filtered and the filtrate was concentrated
under vacuum. The residue was acidified with 3.0 N HCI until pH=4. The aqueous layer was
extracted with EtOAc. The organic layer was washed with brine, dried over Na,SO, and
concentrated. The residue was purified by silical gel, EtOAc/heptane 5% to EtOAc/heptane
30% with 2% of AcOH to give product 6.5 g (yield 65%).

Step 3. Synthesis of 3-Bromo-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid
Br
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To a of solution of 5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid (6.5 g, 31.3
mmol, 1.0 equiv) in THF (150 mL) at -78 °C was added n-BulLi (44.9 mL, 1.6 M in heptane, 71.9
mmol, 2.3 equiv) and the resulting solution was stirred at -78 °C for 1 hour. To the solution was
then added 1,2-dibromo-1,1,2,2-tetrafluoro-ethane (16.2 g, 62.5 mmol, 2.0 equiv) and the
solution was allowed to warm to room temperature over 2 hours. The reaction was quenched
by addition of sat. agq. NH,4CI solution and the mixture was extracted with EtOAc. The organic
layers were combined, washed with brine, dried over Na,SO, and concentrated. The crude

material was continued to the next step with no further purification.

Step 4. Synthesis of 3-Bromo-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid
methyl ester

Br Br
P /s\ oH SN
Z X —_— = s )
The product from previous step was dissolved in DMF (15.0 mL) and to the solution was
added K,CO; (8.6 g, 62.6 mmol, 2.0 equiv) and Mel (8.9 g, 62.6 mmol, 2.0 equiv). The resulting

mixture was stirred at room temperature for 18 hours. The mixture was filtered and the filtrate
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chromatography, heptane/EtOAc 15% to give product 7.0 g (74% vyield for 2 steps).
Step 5. Synthesis of 3-((R)-3-Cyclohexyl-5-oxo-morpholin-4-yl)-5-(3,3-dimethyl-but-1-

ynyl)-thiophene-2-carboxylic acid methyl ester
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A heavy wall flask was charged with frans-cyclohexane diamine (623 mg, 5.5 mmol, 0.5
equiv), 3-bromo-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester (4.27 g,
14.2 mmol, 1.3 equiv), K;CO3 (3.02 g, 21.8 mmol, 2.0 equiv), Cul (1.04 g, 5.5 mmol, 0.5 equiv),
5-cyclohexyl-morpholin-3-one (2.0 g, 10.9 mmol, 1.0 equiv) and 1,4-dioxane (10.0 mL). The
mixture was flushed with N, and stirred at 110 °C for 48 hours. The mixture was filtered through
celite and the filtrate was concentrated under vacuum. The residue was purified by silica gel,
EtOAc/heptane 50% to give product 2.8 g (yield 50%).

Step 6. Synthesis of 3-((R)-3-Cyclohexyl-5-oxo-morpholin-4-yl)-5-(3,3-dimethyl-but-1-
ynyl)-thiophene-2-carboxylic acid
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To a solution of methyl ester (35 mg, 0.087 mmol, 1.0 equiv) in THF (0.5 mL), MeOH
(0.5 mL), water (0.5 mL) was added lithium hydroxide monohydrate (10.9 mg, 0.26 mmol, 3.0
equiv). The resulting mixture was stirred at 50 °C for 1 hour, after which the reaction was
neutralized by addition of 1.0 N HCI aq. solution to pH=6. The mixture was extracted with
EtOAc. The organic layers were combined, washed with brine, dried over Na,SO, and
concentrated. The residue was purified by reverse phase HPLC to give product 18 mg (yield
53%). MS: 390.1 [M+H*]. "H-NMR (400MHz, CDs;OD): 6.87(s, 1H), 4.19(s, 2H), 4.05(m, 2H),
3.82(s, 1H), 1.43-1.90(m, 6H), 1.06-1.39(m, 14H)

Example 4. Synthesis of 3-[(R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-3-oxo-morpholin-4-yl]-
5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid [Compound 299]
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Step 1. Synthesis of cyclohexyl-4-(4-methoxy-benzyl)-morpholin-3-one
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To a solution of 5-Cyclohexyl-morpholin-3-one (1.0 g, 5.5 mmol, 1.0 equiv) in DMF (15.0
mL) at 0°C was added NaH (0.26 g, 60% in oil, 6.5 mmol, 1.2 equiv) slowly. The mixture was
stirred at room temperature for 30 minutes, then it was added PMBCI (0.94 g, 6.0 mmol, 1.1
equiv). After stirred at room temperature for 2 hours, the reaction mixture was quenched by
added to sat. agq. NH,Cl solution. The mixtures were extracted with EtOAc. The organic layers
were combined and washed with brine, dried over MgSO, and concentrated. The residue was
purified by silica gel, acetone/heptane 30% to give 1.5 g (91%) of 5-Cyclohexyl-4-(4-methoxy-
benzyl)-morpholin-3-one.
Step 2. Synthesis of 2-[3-(tert-Butyl-dimethyl-silanyloxy)-propyl]-5-cyclohexyl-4-(4-

methoxy-benzyl)-morpholin-3-one

OLZLO [ T =
Q. Q.

To a solution of 5-cyclohexyl-4-(4-methoxy-benzyl)-morpholin-3-one (700 mg, 2.3 mmol,
1.0 equiv) in THF (10.0 mL) at-78 °C was added n-BuLi (1.58 mL, 1.6 M in heptane, 2.54 mmol,

1.1 equiv). The resulting solution was stirred at -78 °C for 30 minutes, after which it was added

a solution of tert-Butyl-(3-iodo-propoxy)-dimethyl-silane (693 mg, 2.3 mmol, 1.0 equiv) in THF
(1.0 mL). The solution was stirred at -78 °C for 30 minutes and 2 hours at room temperature
after which it was quenched by addition of sat. aq. NH,ClI solution. The mixture was extracted

with EtOAc. The organic layer was combined, dried over MgSO, and concentrated. The



O WO 2012/ 010663PCT/ EP2011/ 062545 - 127 - 102 3-[2-Cycl ohexyl- 4-
(3, 4-di net hoxybenzenesul fonyl) - 6- oxo- pi perazi n-1- yl]-5-phenylthi ophene- 2-

car boxyl iwoaeixh1bde3 00, ., SN 01 /[ 103 3PCTAERYChobzy1- 4-
(4- met hoxybenzenesul fonyl) - 6-oxo-pi perazi n-1- yl1]-5-phenylthi ophene- 2-
carboxylic acid Ik 00, /, S-flo 104 3-[2-Cycl ohexyl- 4-
(3-fluoro- benzenesul fonyl)- 6-o0xo-piperazin-1- yl]-5-phenylthiophene-2-
carboxylic acid 00, /, SNel I\ WO

2012/ 016Q3RkY SR04 b Qe ddt colubiBehrorh@@gRdpht-EtOALBEStaRIBYY to give product
benzenesul fonyl) - 2-cycl ohexyl-6- oxo-piperazin-1- yl]-5-phenylthiophene-2-
car box PP O9¥E 44%- T 0

Step 3. Synthesis of 5-Cyclohexyl-2-(3-hydroxy-propyl)-morpholin-3-one

K
“\EOI\/\O.Si\ o y
“" N0 [ I\/\
O K@\o/ O H (o]

To a solution of 2-[3-(tert-Butyl-dimethyl-silanyloxy)-propyl]-5-cyclohexyl-4-(4-methoxy-benzyl)-
morpholin-3-one (400 mg, 0.84 mmol, 1.0 equiv) in CH;CN (0.3 mL) and water (0.3 mL) was
added CAN (922 mg, 1.68 mmol, 2.0 equiv). The mixture was stirred at room temperature for 1
hour then second portion of CAN (900 mg) was added. After stirred at room temperature for 1
hour, the reaction mixture was diluted with EtOAc and the phases were separated. The organic
layer was washed with brine, dried over Na,SO, and concentrated. The residue was purified by
silica gel column chromatography, EtOAc/heptane 50% to 100% EtOAc to give 5-cyclohexyl-2-
(3-hydroxy-propyl)-morpholin-3-one 134 mg.

Step 4. Synthesis of 3-[(R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-
(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester
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A 10 mL heavy wall vial was charged with frans-cyclohexane diamine (11.8 mg, 0.10
mmol, 0.5 equiv), 3-bromo-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester
(125 mg, 0.41 mmol, 2.0 equiv), K,CO3z (57 mg, 0.41 mmol, 2.0 equiv), Cul (19.7 mg, 0.10
mmol, 0.5 equiv), 5-cyclohexyl-2-(3-hydroxy-propyl)-morpholin-3-one (50 mg, 0.21 mmol, 1.0
equiv) and 1,4-dioxane (0.5 mL). The mixture was flushed with N, and stirred at 110 °C for 24
hours. The mixture was filterd through celite and the filtrate was concentrated under vacuum.
The residue was purified by silica gel, EtOAc/heptane 30% to give product 10 mg (yield 10%).
Step 5. Synthesis of 3-[(R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-
(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid
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To a solution of methyl ester (10 mg, 0.022 mmol, 1.0 equiv) in THF (0.2 mL), MeOH
(0.2 mL), water (0.2 mL) was added lithium hydroxide hydrate (4.5 mg, 0.11 mmol, 5.0 equiv).
The resulting mixture was stirred at 50 °C for 30 minutes, after which the reaction was
neutralized by addition of 1.0 N HCI aq. solution to pH=6. The mixture was extracted with
EtOAc. The organic layers were combined, washed with brine, dried over Na,SO, and
concentrated. The residue was purified by reverse phase HPLC to give product 2.6 mg. MS:
448.5 [M+H"]

Example 5. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-2-methyl-3-oxo-
morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid [Compound 311]
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Step 1. (R)-2-[3-(tert-Butyl-dimethyl-silanyloxy)-propyl]-5-cyclohexyl-4-(4-methoxy-

benzyl)-2-methyl-morpholin-3-one
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To a solution of diisopropyl amine (138 mg, 1.36 mmol, 1.3 equiv) in THF (6.0 mL) at-78
°C was added n-BuLi (0.79 mL, 1.6 mL in heptane, 1.26 mmol, 1.2 equiv) and the resulting
solution was stirred at -78 °C for 10 minutes. To the solution was added a solution of 2-[3-(tert-
Butyl-dimethyl-silanyloxy)-propyl]-5-cyclohexyl-4-(4-methoxy-benzyl)-morpholin-3-one (500 mg,

1.05 mmol, 1.0 equiv) in THF (2 mL) and the solution was stirred at -78 °C for 30 mins. Mel was

added and the solution was stirred at -78 °C for 1 hour then slowly warmed to room temperature
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over 2 hours. The reaction was quenched by addition of sat. aq. NH,Cl solution. The mixture
was extracted with EtOAc. The organic layer was washed with brine, dried over Na,SO, and
concentrated. The residue was purified by silica gel column chromatography, EtOAc/heptane
20% to give product (S)-2-[3-(tert-Butyl-dimethyl-silanyloxy)-propyl]-5-cyclohexyl-4-(4-methoxy-
benzyl)-2-methyl-morpholin-3-one 110 mg and product (R)-2-[3-(tert-butyl-dimethyl-silanyloxy)-
propyl]-5-cyclohexyl-4-(4-methoxy-benzyl)-2-methyl-morpholin-3-one 205 mg.

Step 2. Synthesis of (R)-5-cyclohexyl-2-(3-hydroxy-propyl)-2-methyl-morpholin-3-one
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To a solution of TBS ether (200 mg, 0.41 mmol, 1.0 equiv) in CH3CN (1.0 mL) and water
(1.0 mL) was added CAN (461 mg, 0.82 mmol, 2.0 equiv). The mixture was stirred at room
temperature for 1 hour then second portion of CAN (400 mg) was added. After stirred at room
temperature for 1 hour, the reaction mixture was diluted with EtOAc and the phases were
separated. The organic layer was washed with brine and dried over Na,SO, and concentrated.
The residue was purified by silica gel column chromatography, EtOAc/heptane 50% to 100%
EtOAc to give product 45 mg (43% yield).
Step 3. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-2-methyl-3-oxo-
morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester
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To a 10 mL vial was added frans-cyclohexane diamine (13.4 mg, 0.12 mmol, 1.0 equiv), 3-
bromo-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester (70.8 mg, 0.24
mmol, 2.0 equiv), KoCO; (32.5 mg, 0.24 mmol, 2.0 equiv), Cul (22 mg, 0.12 mmol, 1.0 equiv),
(R)-5-cyclohexyl-2-(3-hydroxy-propyl)-2-methyl-morpholin-3-one (30 mg, 0.12 mmol, 1.0 equiv)
and 1,4-dioxane (0.4 mL). The mixture was flushed with N, and stirred at 120 °C for 18 hours.
The mixture was filterd through celite and the filtrate was concentrated under vacuum. The
residue was purified by silica gel column chromatography, EtOAc/heptane 80% to give product
15 mg (yield 26%).
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Step 4. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-2-methyl-3-oxo-

morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid
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To a solution of methyl ester (15 mg, 0.032 mmol, 1.0 equiv) in THF (0.5 mL), MeOH (0.5 mL),
water (0.5 mL) was added lithium hydroxide (3.8 mg, 0.16 mmol, 5.0 equiv). The resulting
mixture was stirred at 50 °C for 30 minutes, after which the reaction was neutralized by addition
of 1.0 N HCI aq. solution to pH=6. The mixture was extracted with EtOAc. The organic layers
were combined, washed with brine, dried over Na,SO, and concentrated. The residue was
purified by reverse phase HPLC to give product 4.3 mg (yield 29%). MW: 462.2 [M+H] '"H-NMR
(400MHz, MeOD): 6 6.91(s, 1H), 4.23(d, 1H), 3.94(d, 1H), 3.62(m, 1H), 3.55(m, 2H), 1.96-
1.52(m, 10H), 1.45(s, 3H), 1.32(s, 9H), 1.21 (m, 4H), 1.05 (m, 1H).

Example 6. Synthesis of 3-[(2S,5R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-2-methyl-3-oxo-
morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid [Compound 7]
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(S)-2-[3-(tert-Butyl-dimethyl-silanyloxy)-propyl]-5-cyclohexyl-4-(4-methoxy-benzyl)-2-
methyl-morpholin-3-one from Example 5 step 1 was carried on according to procedure in
Example 5 step 2-step 4 to provide 3-[(2S,5R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-2-methyl-3-
oxo-morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid. MS: 462.2[M+H"].
"H-NMR (400MHz, CDs0D): & 6.93(s, 1H), 4.12(d, 1H), 3.91(d, 1H), 3.66(s, 1H), 3.54(t, 2H),
2.14(m, 1H), 1.91(m, 1H), 1.44-1.85(m, 8H), 1.41(s, 3H), 1.06-1.37(m, 14H).
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Example 7. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-2-(2,3-dihydroxy-propyl)-2-methyl-3-oxo-
morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid [Compound 330]

Q(t\(}/ OH
/ \N 0 H’(}_/
s OH

O

—
=

Step 1. Synthesis of 3-((R)-2-Allyl-5-cyclohexyl-3-oxo-morpholin-4-yl)-5-(3,3-dimethyl-but-
1-ynyl)-thiophene-2-carboxylic acid methyl ester
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To a solution of 3-((R)-3-Cyclohexyl-5-oxo-morpholin-4-yl)-5-(3,3-dimethyl-but-1-ynyl)-
thiophene-2-carboxylic acid methyl ester (600 mg, 1.49 mmol, 1.0 equiv) in THF (5.0 mL) at -78
°C was added LDA (0.82 mL, 2.0 M in THF, 1.64 mmol, 1.1 equiv) and the resulting solution
was stirred at -78 °C for 20 minutes. To the solution was then added allyliodide (300 mg, 1.78
mmol, 1.2 equiv). The solution was warmed to room temperature and stirred at this temperature
for 30 minutes. The reaction was quenched by addition of sat. aq. NH,CI solution. The mixture
was extracted with EtOAc. The organic layer was washed with brine, dried over Na,SO, and
concentrated. The residue was purified by silica gel column chromatography, EtOAc/heptane
25% to give 3-((2S,5R)-2-Allyl-5-cyclohexyl-3-oxo-morpholin-4-yl)-5-(3,3-dimethyl-but-1-ynyl)-
thiophene-2-carboxylic acid methyl 140 mg, 3-((2R,5R)-2-Allyl-5-cyclohexyl-3-oxo-morpholin-4-
yD)-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester 60 mg and mixed
fraction 200 mg.

Step 2. Synthesis of 3-((2S,5R)-2-Allyl-5-cyclohexyl-2-methyl-3-oxo-morpholin-4-yl)-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester and product 3-((2R,5R)-2-
Allyl-5-cyclohexyl-2-methyl-3-oxo-morpholin-4-yl)-5-(3,3-dimethyl-but-1-ynyl)-thiophene-

2-carboxylic acid methyl ester
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To a solution of 3-((R)-2-Allyl-5-cyclohexyl-3-oxo-morpholin-4-yl)-5-(3,3-dimethyl-but-1-
ynyl)-thiophene-2-carboxylic acid methyl ester (120 mg, 0.27 mmol, 1.0 equiv) in THF (1.0 mL)
at -78 °C was added LDA (0.16 mL, 2.0 M in THF, 0.32 mmol, 1.2 equiv) and the resulting
solution was stirred at -78 °C for 20 minutes. To the solution was then added methyliodide (192
mg, 1.35 mmol, 5.0 equiv). The solution was warmed to room temperature and the stirred at
this temperature for 30 minutes. The reaction was quenched by addition of sat. ag. NH,CI
solution. The mixture was extracted with EtOAc. The organic layer was washed with brine,
dried over Na,SO, and concentrated. The residue was purified by silica gel column
chromatography, EtOAc/heptane 25% to give product 3-((2S,5R)-2-Allyl-5-cyclohexyl-2-methyl-
3-oxo-morpholin-4-yl)-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester 18
mg and product 3-((2R,5R)-2-Allyl-5-cyclohexyl-2-methyl-3-0xo-morpholin-4-yl)-5-(3,3-dimethyl-
but-1-ynyl)-thiophene-2-carboxylic acid methyl ester 50 mg.

Step 3. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-2-(2,3-dihydroxy-propyl)-2-methyl-3-oxo-
morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester
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To a solution of 3-((2R,5R)-2-Allyl-5-cyclohexyl-2-methyl-3-oxo-morpholin-4-yl)-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester (0.40 g, 0.87 mmol, 1.0 equiv) in
acetone (6.0 mL) was sequentially added N-methylmorpholine oxide (0.31 g, 2.63 mmol, 3.0
equiv), water (2.0 mL) and OsO, (0.44 g, 0.044 mmol, 0.05 equiv, 2.5wt% in t-butanol) at 0 °C.
The mixture was stirred at room temperature for 60 minutes, after which the reaction was
quenched by adding brine solution (0.5 mL) and EtOAc (10 mL). The organic layer was
separated, dried (over Na,SO,) and concentrated. The crude material was continued to the

next step with no further purification.

Step 4. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-2-(2,3-dihydroxy-propyl)-2-methyl-3-oxo-
morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid
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3-[(2R,5R)-5-Cyclohexyl-2-(2,3-dihydroxy-propyl)-2-methyl-3-oxo-morpholin-4-yl]-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester from the previous step was
dissolved in 4.0 ml of THF and 0.3 mL of solution was taken out for the reaction. To the stirred
solution was added THF (0.3 mL), MeOH (0.3 mL), water (0.3 mL), and LiOHeH,O (25.6 mg,
0.61 mmol, 10.0 equiv) and the resulting solution was stirred at room temperature for 30
minutes. The reaction was quenched by addition of 3.0 N HCI aqueous solution until pH=5. To
the solution was then added EtOAc and the phases were separated. The aqueous layer was
extracted by EtOAc. The organic layers were combined, dried (over Na,SO,) and concentrated.
The residue was purified by HPLC (0.1% NH4,OH, MeCN/H,0, 10%-90%) to give product (11
mg, 37.7% yield) as white solid. MS: 478 [M-H"].
Example 8. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-2-(2-hydroxy-ethyl)-2-methyl-3-oxo-
morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid [Compound 323]
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Step 1. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-2-(2-hydroxy-ethyl)-2-methyl-3-oxo-
morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester
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3-[(2R,5R)-5-Cyclohexyl-2-(2,3-dihydroxy-propyl)-2-methyl-3-oxo-morpholin-4-yl]-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester from Example 7 Step 3 was
dissolved in 4 ml THF, and 3.7 mL solution was taken out for the reaction. To the stirred
solution was added THF (2.3 mL), water (2.0 mL), and then sodium periodate (0.28 g, 1.31
mmol, 1.6 equiv) at 0 °C. The resulting solution was stirred at room temperature for 30 minutes.
And then at 0 °C another portion of sodium periodate (0.09 g, 0.44 mmol, 0.5 equiv) was added
to the mixture and stirred for another 30 minutes at room temperature. The reaction was
quenched by adding brine solution (0.5 mL) and EtOAc (10 mL). The organic layer was
separated, dried (over Na,SO,4) and concentrated. The residue was dissolved in ethanol (6.0
mL) and to the resulting solution at 0 °C was added sodium borohydride (0.27 g, 7.0 mmol, 8.8
equiv). The mixture was stirred at 0 °C for 15 minutes after which the reaction was quenched by
adding water (2.0 mL) and EtOAc (10 mL). The organic layer was separated, dried (over
Na,SO,) and concentrated to give product 128 mg (yield 35%). The crude product was
continued to the next step with no further purification. MS: 462 [M-H™].

Step 2. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-2-(2-hydroxy-ethyl)-2-methyl-3-oxo-
morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

To a solution of methyl ester (128 mg, 0.28 mmol, 1.0 equiv) in THF (2.0 mL), MeOH
(1.0 mL) and water (1.0 mL) was added LiOHeH,O (93 mg, 2.22 mmol, 8.0 equiv) and the
resulting solution was stirred at room temperature for 30 minutes. The reaction was quenched
by addition of 3.0 N HCI aqueous solution until pH=5. To the solution was then added EtOAc
and the phases were separated. The aqueous layer was extracted by EtOAc. The organic

layers were combined and dried (over Na,SO,) and then concentrated. The residue was
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purified by HPLC (0.1% NH4OH, MeCN/H,0, 10%-90%) to give product (87 mg, 78.2% yield) as
white solid. MS: 448.3 [M+H"]. "H-NMR (400MHz, CD5OD): 6.87(s, 1H), 4.24(tert, 1H), 3.93(d,
1H), 3.62-3.82(m, 3H), 2.08-2.21(m, 1H), 1.88-2.04(m, 2H), 1.56-1.87(m, 4H), 1.43-1.56(m, 4H),
0.98-1.35(m, 14H)

Example 9. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-2-(2-hydroxy-ethyl)-3-oxo-morpholin-4-
yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid [Compound 8]

Step 1. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-2-(2-hydroxy-ethyl)-3-oxo-morpholin-4-yl]-5-
(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester
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To a solution of 3-((2R,5R)-2-Allyl-5-cyclohexyl-3-0xo-morpholin-4-yl)-5-(3,3-dimethyl-
but-1-ynyl)-thiophene-2-carboxylic acid methyl ester (0.20 g, 0.45 mmol, 1.0 equiv) in acetone
(3.0 mL) was sequentially added N-methylmorpholine oxide (0.160 g, 1.35 mmol, 3.0 equiv),
water (1.0 mL) and OsO, (0.22 g, 0.023 mmol, 0.05 equiv, 2.5wt% in t-butanol) at 0 °C. The
mixture was stirred at room temperature for 60 minutes, after which the reaction was quenched
by adding brine solution and EtOAc. The organic layer was separated, dried (over Na,SO,) and

concentrated. The crude material was continued to the next step with no further purification.

The crude material from previous step was dissolved in 3.0 ml THF and water (1.0 mL)
and to the solution was added sodium periodate (0.19 g, 0.92 mmol, 2.0 equiv) at 0°C. The
resulting solution was stirred at room temperature for 30 minutes after which brine solution and
EtOAc was added. The organic layer was separated, dried (over Na,SO,) and concentrated.
The residue was dissolved in ethanol (3.0 mL) and to the resulting solution at 0 °C was added
sodium borohydride (0.136 g, 3.6 mmol, 8.0 equiv). The mixture was stirred at 0 °C for 15
minutes after which the reaction was quenched by adding water (2.0 mL) and EtOAc (10 mL).
The organic layer was separated, dried (over Na,SO,) and concentrated to give product 45 mg

(vield 22%). The crude product was continued to the next step with no further purification.

Step 2. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-2-(2-hydroxy-ethyl)-3-oxo-morpholin-4-yl]-5-
(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid
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To a solution of methyl ester (45 mg, 0.10 mmol, 1.0 equiv) in THF (2.0 mL), MeOH (1.0 mL)
and water (1.0 mL) was added LiOHeH,O (33 mg, 0.8 mmol, 8.0 equiv) and the resulting
solution was stirred at room temperature for 30 minutes. The reaction was quenched by
addition of 3.0 N HCI aqueous solution until pH=5. To the solution was then added EtOAc and
the phases were separated. The aqueous layer was extracted by EtOAc. The organic layers
were combined and dried (over Na,SO,) and then concentrated. The residue was purified by

reverse phase HPLC to give product (25 mg, 57% yield) as white solid.

MS: 434.2 [M+H"]. '"H-NMR (400MHz, CD;0OD): & 6.90(s, 1H), 4.24(tert, 1H), 4.13(d, 1H),
4.01(tert, 1H), 3.73(d, 1H), 3.71(d, 1H), 3.66(t, 1H), 2.21(m,1H), 1.41-1.98(m, 8H), 1.05-1.37(m,
15H).

Example 10. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-2-methyl-3-oxo-
morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid [Compound 311]
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To a solution of 3-((2R,5R)-2-allyl-5-cyclohexyl-2-methyl-3-oxo-morpholin-4-yl)-5-(3,3-dimethyl-
but-1-ynyl)-thiophene-2-carboxylic acid methyl ester (50 mg, 0.11 mmol, 1.0 equiv) in THF (1.0
mL) was added 9-BBN (0.5 M solution in THF, 0.55 ml, 0.27 mmol, 2.5 equiv) at 0 °C. The
reaction mixture was then stirred at room temperature for 2 hours. To the solution was then
cooled in an ice water bath and was added EtOH, followed by ag. NaOH solution and H,0, aq.
solution. During addition the reaction internal temperature was kept between 5 °C and 10 °C.
The reaction mixture was then heated to reflux for 90 minutes. After cooled at room

temperature, the reaction mixture was extracted with EtOAc. The organic layer was dried over
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26 mg. MW: 462.2 [M+H]". "H-NMR (400MHz, MeOD): 5 6.91(s, 1H), 4.23(d, 1H), 3.94(d, 1H),
3.62(m, 1H), 3.55(m, 2H), 1.96- 1.52(m, 10H), 1.45(s, 3H), 1.32(s, 9H), 1.21 (m, 4H), 1.05(m,
1H).

Example 11. Synthesis of 3-((S)-2-Cyclohexyl-6-oxo-piperidin-1-yl)-5-(3,3-dimethyl-but-1-
ynyl)-thiophene-2-carboxylic acid [Compound 35]
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Step 1. Synthesis of (S)-56-Cyclohexyl-5-((S)-1-phenyl-ethylamino)-pentanoic acid ethyl

ester
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A solution of TiCl, in DCM (8.8 mL, 1.0 M solution in DCM, 8.8 mmol, 0.5 equiv) was
added dropwisely to a vigorously stirred ice cooled solution of s-methyl benzyl amine (2.78 g,
23.0 mmol, 1.3 equiv) and TEA (10.7 g, 106 mmol, 6.0 equiv) in DCM (50 mL). The solution

was heated to reflux and 5-Cyclohexyl-5-oxo-pentanoic acid ethyl ester (4.0 g, 17.6 mmol, 1.0

equiv) was added over 1 minute. The solution was then heated at reflux for 2 hours, after
which, it was cooled to room temperature and diluted with ether, filtered through Celite. The
cloudy solution was washed with sat. ag. NaHCO,, brine, dried over MgSO, and concentrated.
The residue was dissolved in EtOH (40.0 mL) and at -78 °C was added NaBH,. After stirred at
30 minutes, the reaction mixture was warmed to 0 °C and stirred at 0 °C for 30 minutes. To the
solution was then added 6.0 N aq. HCI solution until pH=3. The organic solvent was removed
under vacuum and the residue was basified with sat. ag. NaHCO; until pH=9. The mixture was
extracted with EtOAc and the organic layer was washed with brine, dried over Na,SO, and
concentrated. The residue was purified by silica gel, EtOAc/heptane 0-15% to give product 2.3
g (yield 39%) as the major product which eluted from the column first.

Step 2. Synthesis of (S)-6-Cyclohexyl-piperidin-2-one
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To a solution of (S)-5-Cyclohexyl-5-((S)-1-phenyl-ethylamino)-pentanoic acid ethyl ester
(2.0 g, 6.0 mmol, 1.0 equiv) in MeOH (60 mL) was added Pd (1.6 g, 10% on carbon, 1.51 mmol,

0.25 equiv) and ammonium formate (3.8 g, 60.3 mmol, 10.0 equiv). The mixture was heated to

reflux for 2 hours. The solution was then cooled at room temperature and filtered through
Celite. The filtrate was concentrated and the residue was purified by silica gel column
chromatography, acetone/heptane 50% to give product 1.05 g (96% vyield).

Step 3. Synthesis of 3-((S)-2-Cyclohexyl-6-oxo-piperidin-1-yl)-5-(3,3-dimethyl-but-1-ynyl)-

thiophene-2-carboxylic acid methyl ester
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To a 10 mL vial was added trans-cyclohexane diamine (283 mg, 2.5 mmol, 0.5 equiv), 3-
Bromo-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester (2.24 g, 7.4 mmol,
1.5 equiv), K;CO; (1.37 g, 9.9 mmol, 2.0 equiv), Cul (473 mg, 2.5 mmol, 0.5 equiv), (S)-6-
Cyclohexyl-piperidin-2-one (900 mg, 5.0 mmol, 1.0 equiv) and 1,4-dioxane (5.0 mL). The
mixture was flushed with N, and stirred at 110 °C for 48 hours. The mixture was filtered through
Celite and the filtrate was concentrated under vacuum. The residue was purified by silica gel
column chromatography, EtOAc/heptane 30% to give product 800 mg (yield 40%).

Step 4. Synthesis of 3-((S)-2-Cyclohexyl-6-oxo-piperidin-1-yl)-5-(3,3-dimethyl-but-1-ynyl)-

thiophene-2-carboxylic acid

To a solution of methyl ester (10 mg, 0.025 mmol, 1.0 equiv) in THF (0.3 mL), MeOH (0.3 mL),
water (0.3 mL) was added lithium hydroxide monohydrate (5.2 mg, 0.12 mmol, 5.0 equiv). The
resulting mixture was stirred at 50 °C for 1 hour, after which the reaction was neutralized by
addition of 1.0 N HCI aq. solution to pH=6. The mixture was extracted with EtOAc. The organic

layers were combined, washed with brine, dried over Na,SO, and concentrated. The residue
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was purified by reverse phase HPLC to give product 6.0 mg (yield 62%). MW: 388.4 [M+H]".
"H-NMR (400MHz, MeOD): & 7.03(s, 1H), 3.81(m, 1H), 2.25(m, 1H), 1.88-1.38(m, 6H), 1.29¢(s,
9H), 1.18(m, 4H), 1.06 (m, 4H).

Example 12. Synthesis of 3-((S)-Amino-6-cyclohexyl-2-oxo-piperidin-1-yl)-5-(3,3-dimethyl-
but-1-ynyl)-thiophene-2-carboxylic acid: [Compound 322]

Step1. Synthesis of 3-((3S5,68)-6-Cyclohexyl-3-hydroxy-2-oxo-piperidin-1-yl)-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester
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To a solution of 3-((S)-2-cyclohexyl-6-oxo-piperidin-1-yl)-5-(3,3-dimethyl-but-1-ynyl)-
thiophene-2-carboxylic acid methyl ester (3.2 g, 7.97 mmol, 1,0 equiv) in THF (15.0 ml) was
added NaHMDS (1.0 M in THF) at -78°C and the resulting solution was stirred at -78°C for 1.5
hours. To this solution was then added a solution of (S)-(+)-(camphorsulfonyl)oxaziridine (3.65
g, 15.94 mmol, 2.0 equiv) in THF (10 ml) and the reaction mixture was stirred at -78°C for 3
hours. The reaction was quenched by addition of sat. NH,Cl aq. solution. The mixture was
extracted with EtOAc and the combined organic layer was dried over Na,SO,, and concentrate.
The residue was purified by silica gel column chromatography, (Et,O/DCM 5%~40%) to give 1.5
g of the desired product (yield 45%). MS: 418 [M+H"]

Step 2. Synthesis of 5-(3,3-Dimethyl-but-1-ynyl)-3-[(3S,6S)-6-(1-ethyl-pentyl)-3-hydroxy-2-

oxo-piperidin-1-yl]-thiophene-2-carboxylic acid
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To a solution of 3-((3S,6S)-6-Cyclohexyl-3-hydroxy-2-oxo-piperidin-1-yl)-5-(3,3-dimethyl-
but-1-ynyl)-thiophene-2-carboxylic acid methyl ester (1.5 g, 3.59 mmol, 1 equiv.) in
THF/H,O/MeOH (5.0 mL/5.0 mL/1.0 mL) was added LIOH-H,O (0.79 g, 17.56 mmol, 5.0 equiv.)
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then acidified to pH=5 by addltlo% of 3.0 N HCI aq. solution and the mixture was extracted with
EtOAc. The organic layer was dried over Na,SO,, and concentrated. The residue was purified
by prep-HPLC( XBridge Prep C 18 5 um, 30x50 mm) in basic condition (0.1% NH,OH,
10%~45% CH3CN/H,0, 10 min run, 40 ml/min) to give 850 mg of product (yield 57%). MS: 404
[M+H"]. "H-NMR (400MHz, MeOD): & 6.95(s, 1H), 4.09(m, 1H), 3.74(m, 1H), 2.09(m, 1H), 1.94-
1.67(m, 8H), 1.38(m, 1H), 1.33(s, 9H), 1.17(m, 5H).

Example 13. Synthesis of 3-(2-Cyclohexyl-6-oxo-piperidin-1-yl)-5-(4-fluoro-phenyl)-
thiophene-2-carboxylic acid [Compound 70]
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Step 1. Synthesis of 3-(1-Cyclohexyl-4-ethoxycarbonyl-butylamino)-thiophene-2-

carboxylic acid methyl ester
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A flask was charged with 3-amino-thiophene-2-carboxylic acid methyl ester (600 mg, 3.82
mmol, 1.0 equiv), 5-cyclohexyl-5-oxo-pentanoic acid ethyl ester (864 mg, 3.82 mmol, 1.0 equiv),
phenyl silane (496 mg, 4.58 mmol, 1.2 equiv), dibutyltin dichloride (116 mg, 0.38 mmol, 0.1
equiv) and dioxane (3.0 mL). The resulting solution was heated at 60 °C for 18 hours. The
solution was then concentrated and the residue was purified by silica gel column
chromatography, CH,Cl,/heptane 30% to 100%, to give 3-(1-Cyclohexyl-4-ethoxycarbonyl-
butylamino)-thiophene-2-carboxylic acid methyl ester 810 mg (vyield 57%).

Step 2. Synthesis of 3-(4-Carboxy-1-cyclohexyl-butylamino)-thiophene-2-carboxylic acid

methyl ester

0..
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To a solution of methyl ester (300 mg, 0.82 mmol, 1.0 equiv) in THF (1.0 mL), MeOH
(1.0 mL), water (1.0 mL) was added lithium hydroxide (58.6 mg, 2.45 mmol, 3.0 equiv). The
resulting mixture was stirred at room temperature for 4 hours, after which the organic solvent
was removed under vacuum. The resulted solution was neutralized by addition of 1.0 N HCI aq.
solution until pH=6. The mixture was extracted with EtOAc. The organic layers were combined,
dried over Na,SO, and concentrated to give desired carboxylic acid.
Step 3. Synthesis of 3-(2-Cyclohexyl-6-oxo-piperidin-1-yl)-thiophene-2-carboxylic acid

methyl ester

OH
Oﬂ"
3 o 3.3
S ~
(@]

s ~
o}

To a solution of carboxylic acid (700 mg, 2.06 mmol, 1.0 equiv) in toluene (30 .0 mL) was added
pyridine (816 mg, 10.3 mmol, 5.0 equiv) at 0 °C followed by thionyl chloride (245 mg, 2.06
mmol, 1.0 equiv). The solution was stirred at 0 °C for 1 hour. The reaction was quenched by
addition of sat. ag. NH4CI solution. The mixture was extracted with EtOAc. The organic layers
were combined, washed with brine, dried over Na,SO, and concentrated. The residue was
purified by silica gel, heptane/EtOAc 1/1 to give product 350 mg (yield 53%).

Step 4. Synthesis of 3-(2-Cyclohexyl-6-oxo-piperidin-1-yl)-5-(4-fluoro-phenyl)-thiophene-

2-carboxylic acid methyl ester

A 5 mL vial was charged with 3-(2-cyclohexyl-6-oxo-piperidin-1-yl)-thiophene-2-carboxylic acid
methyl ester (32 mg, 0.10 mmol, 1.0 equiv), 1-bromo-4-fluoro benzene (17 mg, 0.10 mmol, 1.0
equiv), potassium carbonate (20.6 mg, 0.15 mmol, 1.5 equiv), tricyclophenylphosphine
tetrafluroborate (8.7 mg, 0.024 mmol, 0.24 equiv), Pd(OAc), (2.7 mg, 0.012 mmol, 0.12 equiv),
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pivalic acid (6.1 mg, 0.060 mmol, 0.6 equiv) and DMA (0.3 mL). The resulted mixture was
flushed with nitrogen and stirred at 100 °C for 18 hours. The mixture was loaded to silica gel
column and flushed with EtOAc/heptane 67% to give product 27 mg (yield 65%).

Step 5. Synthesis of 3-(2-Cyclohexyl-6-oxo-piperidin-1-yl)-5-(4-fluoro-phenyl)-thiophene-

2-carboxylic acid

To a solution of methyl ester (20 mg, 0.048 mmol, 1.0 equiv) in THF (0.5 mL), EtOH (0.2
mL), water (0.5 mL) was added lithium hydroxide monohydrate (19 mg, 0.48 mmol, 10.0 equiv).
The resulting mixture was stirred at 55 °C for 3 hours, after which the mixture was concentrated
under vacuum. The residue was purified by reverse phase HPLC to give product 15.0 mg (yield
78%).

Example 14: Synthesis of 3-((R)-4-Cyclohexyl-2-oxo0-oxazolidin-3-yl)-5-(3,3-dimethyl-but-
1-ynyl)-thiophene-2-carboxylic acid [Compound 181]

. —— O3

To a solution of (R)-2-Amino-2-cyclohexyl-ethanol-HClI salt (1.0 g, 5.57 mmol, 1.0 equiv)
in CH,Cl, (30.0 mL) at 0 °C was added DIPEA (1.94 mL, 11.1 mmol, 2.0 equiv) followed by
triphosgene (4.95 g, 16.7 mmol, 3.0 equiv) and the resulting solution was stirred at room
temperature for 12 hours. The solution was then concentrated and the residue was diluted with
EtOAc. The solution was washed with water, brine, dried over Na,SO, and concentrated. The
residue was purified by silica gel column chromatography, (EtOAc 100%) to give product 520

mg.
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Step 2. Synthesis of 3-((R)-4-Cyclohexyl-2-oxo0-oxazolidin-3-yl)-5-(3,3-dimethyl-but-1-

ynyl)-thiophene-2-carboxylic acid methyl ester
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A heavy wall flask was charged with frans-cyclohexane diamine (18.9 mg, 0.17 mmol,

0.5 equiv), 3-bromo-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester (100
mg, 0.332 mmol, 1.0 equiv), K;CO; (92m g, 0.664 mmol, 2.0 equiv), Cul (31.6 mg, 0.166 mmol,
0.5 equiv), (R)-4-cyclohexyl-oxazolidin-2-one (56.2 mg, 0.332 mmol, 1.0 equiv) and 1,4-dioxane
(0.5 mL). The mixture was flushed with N, and stirred at 110 °C for 18 hours, after which the
mixture was filtered through celite and the filtrate was concentrated under vacuum. The residue
was purified by silica gel, EtOAc/heptane 30% to give product 54 mg (yield 42%).

Step 3. Synthesis of 3-((R)-4-Cyclohexyl-2-oxo0-oxazolidin-3-yl)-5-(3,3-dimethyl-but-1-
ynyl)-thiophene-2-carboxylic acid

O3 O3
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To a solution of methyl ester (50 mg, 0.128 mmol, 1.0 equiv) in THF (0.5 mL), MeOH (0.5 mL),
water (0.5 mL) was added lithium hydroxide monohydrate (16.2 mg, 0.38 mmol, 3.0 equiv). The

resulting mixture was stirred at 50 °C for 1 hour, after which the reaction was neutralized by
addition of 1.0 N HCI aq. solution to pH=6. The mixture purified directly by reverse phase HPLC
to give product 28 mg (yield 58%). MS: 376.4 [M+H"].

Example 15. Synthesis of 3-(2-Cyclohexyl-6-oxo-piperidin-1-yl)-5-phenyl-thiophene-2-

carboxylic acid [Compound 4]
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Step 1. Synthesis of 3-(1-Cyclohexyl-4-ethoxycarbonyl-butylamino)-5-phenyl-thiophene-
2-carboxylic acid methyl ester
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A flask was charged with 3-amino-5-phenyl-thiophene-2-carboxylic acid methyl ester
(515 mg, 2.2 mmol, 1.0 equiv), 5-cyclohexyl-5-oxo-pentanoic acid ethyl ester (500 mg, 2.2
mmol, 1.0 equiv), phenyl silane (240 mg, 2.2 mmol, 1.0 equiv), dibutyltin dichloride (67 mg, 0.22
mmol, 0.1 equiv) and dioxane (2.0 mL). The resulting solution was heated at 120 °C with
microwave for 2 hours. The solution was then concentrated and the residue was purified by
silica gel column chromatography, EtOAc/heptane 5% to 40%, to give oil that contained starting
material. The material was further purified with silica gel column chromotography, EtOH/DCM
2%to 10% to give product 150 mg (yield 15%).
Step 2. Synthesis of 3-(4-Carboxy-1-cyclohexyl-butylamino)-5-phenyl-thiophene-2-

carboxylic acid methyl ester

To a solution of 3-(1-Cyclohexyl-4-ethoxycarbonyl-butylamino)-5-phenyl-thiophene-2-carboxylic
acid methyl ester (40 mg, 0.09 mmol, 1.0 equiv) in THF (0.4 mL), EtOH (0.2 mL), water (0.4 mL)
was added lithium hydroxide (18.9 mg, 0.45 mmol, 5.0 equiv). The resulting mixture was stirred
at 50 °C for 2 hours, after which the organic solvent was removed under vacuum. The resulted
solution was neutralized by addition of 1.0 N HCI aq. solution until pH=6. The mixture was
extracted with EtOAc. The organic layers were combined, dried over Na,SO, and concentrated
to product 30 mg (yield 83%).
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Step 3. Synthesis of 3-(2-Cyclohexyl-6-oxo-piperidin-1-yl)-5-phenyl-thiophene-2-

carboxylic acid methyl ester
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To a vial containing a solution of 3-(4-Carboxy-1-cyclohexyl-butylamino)-5-phenyl-thiophene-2-
carboxylic acid methyl ester (40 mg, 0.096 mmol, 1.0 equiv) in 1,2-dioxane (1.0 mL) was added
pyridine (3.8 mg, 0.048 mmol, 0.5 equiv) and Boc,O (25 mg, 0.166 mmol, 1.2 equiv). The vial
was then sealed and heated at 65 °C for 18 hours. The solution was concentrated and the
residue was purified by silica gel column chromatography, EtOAc/Heptane 5% to 100% to give
product 15 mg (yield 39%).
Step 4. Synthesis of 3-(2-Cyclohexyl-6-oxo-piperidin-1-yl)-56-phenyl-thiophene-2-

carboxylic acid
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To a solution of methyl ester (15 mg, 0.038 mmol, 1.0 equiv) in THF (0.2 mL), EtOH (0.2
mL), water (0.1 mL) was added lithium hydroxide monohydrate (7.9 mg, 0.19 mmol, 5.0 equiv).
The resulting mixture was stirred at 50 °C for 2 hours, after which the mixture was concentrated
under vacuum. The residue was purified by reverse phase HPLC to give product 5.0 mg (yield
35%). MW: 384.1 [M+H]". "H-NMR (400MHz, CDCls): 8 7.43(m, 2H), 7.21(m, 3H), 6.94(m, 1H),
3.68(m, 1H), 2.45(m, 2H), 2.21(m, 1H), 1.83-1.51 (m, 12H), 1.32(m, 2H).

Example 16. Synthesis of 3-(2-Cyclohexyl-4-hydroxy-6-oxo-piperidin-1-yl)-56-phenyl-
thiophene-2-carboxylic acid methyl ester [Compound 12]
Step 1. 3-(1-Cyclohexyl-2-ethoxycarbonyl-ethylamino)-5-phenyl-thiophene-2-carboxylic

acid methyl ester
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To a solution of 3-Cyclohexyl-3-oxo-propionic acid ethyl ester (1.0 g, 5.0 mmol, 1.0
equiv) in THF (5.0 mL) was added 3-Amino-5-phenyl-thiophene-2-carboxylic acid methyl ester
(1.17 g, 5.0 mmol, 1.0 equiv) and SnBu,Cl, (0.15 g, 0.50 mmol, 0.1 equiv) at room temperature.
After stirred at room temperature for 5 minutes, the solution was added PhSiH;. The resulting
reaction mixture was stirred at 65 °C under N, for 18 hours, after which the solution was
concentrated under vacuum and the residue was purified by silica gel column chromatography
EtOAc/heptane, 10-60% to give product (0.7 g). MS: 416 [M+H"].

Step 2. 3-(2-Carboxy-1-cyclohexyl-ethylamino)-5-phenyl-thiophene-2-carboxylic acid

methyl ester
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To a solution of 3-(1-cyclohexyl-2-ethoxycarbonyl-ethylamino)-5-phenyl-thiophene-2-carboxylic
acid methyl ester (300 mg, 0.72 mmol, 1.0 equiv) in THF (2.0 mL), EtOH (1.0 mL) and water
(2.0 mL) was added LiOHeH,O (152 mg, 3.6 mmol, 5.0 equiv). The mixture was stirred at 55 °C

for 20 minutes. The organic solvent was then evaporated. To the resulting solution was added

3.0 N HCI aq. solution until pH=5~6. The solid was then collected by filtration and washed with
water. The filtrate was extracted with EtOAc and the organic layer was washed with sat.
NaHCO; aq. solution, brine, dried over Na,SO,, and concentrated in vacuo. The crude material
was continued to the next step with no further purification.

Step 3. Synthesis of 3-(2-Cyclohexyl-4,6-dioxo-piperidin-1-yl)-5-phenyl-thiophene-2-

carboxylic acid methyl ester
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To a solution of 3-(2-carboxy-1-cyclohexyl-ethylamino)-5-phenyl-thiophene-2-carboxylic
acid methyl ester (200 mg, 0.52 mmol, 1.0 equiv) in DCM (1.0 mL) was added EDC (148 mg,
0.77 mmol, 1.5 equiv), DMAP (95 mg, 0.77 mmol, 1.5 equiv), and Meldrum’s acid (75 mg, 0.52
mmol, 1.0 equiv) at 0 °C. The mixture was then warmed to room temperature and stirred at this
temperature for 3 hours. To the reaction mixture was then added sat. NaHSO, aq. solution.
The mixture was extracted with DCM and the organic phase was washed with brine, dried over
Na,SO, and concentrated in vacuo. The crude material was continued to the next step with no
further purification.

The crude product from previous step (240 mg 0.47 mmol, 1.0 equiv) was dissolved in
EtOAc (5.0 mL) and the resulting solution was heated to reflux for 2 hours. To the mixture was
then added sat. aq. NaHSO, solution at room temperature. The mixture was extracted with
DCM and the organic phase was washed with brine, dried over Na,SO,4 and concentrated in
vacuo. The residue was purified by silica gel column chromatography (EtOAc/Heptane
10%~60%) to give product (160 mg). MS: 412 [M+H"]

Step 4. Synthesis of 3-(2-Cyclohexyl-4-hydroxy-6-oxo-piperidin-1-yl)-5-phenyl-thiophene-

2-carboxylic acid methyl ester
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To a stirred solution of 3-(2-Cyclohexyl-4,6-dioxo-piperidin-1-yl)-5-phenyl-thiophene-2-carboxylic
acid methyl ester (60 mg, 0.15 mmol, 1.0 equiv.) in anhydrous DCM (1.0 mL) was added NaBH,
(11 mg, 0.29 mmol, 2 equiv) and AcOH (0.8 mg, 0.01 mmol, 0.1 equiv) at 0 °C. The reaction

mixture was then stirred at room temperature for 4 hours after which the reaction was quenched

by addition of water. The mixture was extracted with DCM. The organic layer was washed with
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sat. aq. NaHCO; solution, dried over Na,SO, and concentrated in vacuo. The residue was
purified by silica gel column chromatography (EtOAc/heptane, 10%~60%) to give product 15
mg. The product was dissolved in THF (0.2 mL), EtOH (0.1 mL) and water (0.2 mL). To the
solution was added LiOHeH,O (7.6 mg, 0.18 mmol, 5 equiv) and the resulting mixture was
stirred at 55 °C for 1 hour. The organic solvent was then evaporated and to the resulting
solution was added 1.0 N HCI aq. solution until pH=4. The solution was extracted with EtOAc,
and the organic layer was washed with sat. NaHCO; aqueous solution, brine, dried over
Na,SOy,, and concentrated in vacuo. The residue was purified by HPLC to give product 4 8 mg.
MS: 400 [M+H"].

Example 17. Synthesis of 3-(4-Benzoylamino-2-cyclohexyl-6-oxo-piperidin-1-yl)-5-phenyl-
thiophene-2-carboxylic acid [Compound 21]
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Step 1. Synthesis of 3-(4-Amino-2-cyclohexyl-6-oxo-piperidin-1-yl)-5-phenyl-thiophene-2-

carboxylic acid methyl ester

0
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To a solution of 3-(2-cyclohexyl-4,6-dioxo-piperidin-1-yl)-5-phenyl-thiophene-2-carboxylic
acid methyl ester (400 mg, 0.98 mmol, 1.0 equiv) in MeOH (2.0 mL) was added NH,OAc (375

mg, 4.86 mmol, 5 equiv) and the resulting solution was stirred at room temperature for 18 hours.

The reaction mixture was concentrated /n vacuo and the residue was dissolved MeOH. To the
solution was added NaCNBH; (247 mg, 1.16 mmol, 1.2 equiv) and HOAc (56 mg, 0.97 mmol, 1
equiv). The resulting mixture was stirred at room temperature for 18 hours. The solvent was

then removed in vacuo. To the residue was added sat. ag. NaHCOj; solution until pH>8. The
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mixture was extracted with DCM. The organic layer was dried over Na,SO, and concentrated in
vacuo. The crude material was continued to the next step with no further purification.
Step 2. Synthesis of 3-[2-Cyclohexyl-6-0x0-4-(2-phenoxy-acetylamino)-piperidin-1-yl]-5-

phenyl-thiophene-2-carboxylic acid methyl ester
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To a solution of 3-(4-amino-2-cyclohexyl-6-oxo-piperidin-1-yl)-5-phenyl-thiophene-2-
carboxylic acid methyl ester (30 mg, 0.073 mmol, 1.0 equiv) in DCM (1.0 mL) at 0 °C was added
phenoxyacetyl chloride (0.02 ml, 0.145 mmol, 2.0 equiv) and TEA (0.02 mL). The resulting
mixture was then stirred at 0 °C for 20 minutes after which the solvent was removed under
vacuum. The residue was purified by silica gel column chromatography (EtOAc/hepatane 10%
~ 80%) to give product (20 mg). MS: 547 [M+H™].)

Step 3. Synthesis of 3-[2-Cyclohexyl-6-0x0-4-(2-phenoxy-acetylamino)-piperidin-1-yl]-5-
phenyl-thiophene-2-carboxylic acid
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To a solution of methyl ester (10 mg, 0.018 mmol, 1.0 equiv) in THF (0.2 mL), EtOH (0.1
mL) and water (0.2 mL) was added LiOHeH,O (8 mg, 0.18 mmol, 10 equiv). The mixture was
stirred at 55 °C for 30 minutes, after which, the organic solvent was evaporated. To the
resulting solution was added 3.0 N HCI aq. solution until pH=5. The solution was extracted with
EtOAc, and the organic layer was washed with sat. NaHCO; aqueous solution, brine, dried over
Na,SO,, and concentrated in vacuo. The residue was purified by prep-HPLC to give the
product 6 mg. MS: 533[M+H"]. "H-NMR (400MHz, DMSO): 8 10.31(d, 1H), 7.63(d, 2H), 7.42(t,
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2H), 7.31(t, 2H), 7.23(m, 2H), 7.14(s, 1H), 6.98(m, 3H), 4.61(m, 2H), 4.45(m, 1H), 4.10(m, 1H),
3.32(s, 2H), 2.20(m, 1H), 1.88-1.76(m, 4H), 1.65-1.58(m, 2H), 1.41-1.05(m, 6H).

Example 18. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-3-oxo-morpholin-
4-yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid and 3-[(2S,5R)-5-Cyclohexyl-
2-(3-hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-
carboxylic acid [Compound 2] [Compound 3]
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To a solution of 3-((R)-2-Allyl-5-cyclohexyl-3-oxo-morpholin-4-yl)-5-(3,3-dimethyl-but-1-
ynyl)-thiophene-2-carboxylic acid methyl ester (200 mg, 0.45 mmol, 1.0 equiv) in THF (4.0 mL)
at 0 °C was added 9-BBN (2.2 mL, 0.5 M in THF, 1.1 mmol, 2.5 equiv) over 10 minutes and the
resulting solution was stirred at room temperature for 18 hours. The solution was then cooled to
0 °C and to the solution was added EtOH, aq. NaOH. solution, ag. H,O, solution. The reaction
mixture was heated to reflux for 90 minutes. After cooled to room temperature, the reaction
mixture was extracted with EtOAc. The organic layer was dried over Na,SO, and the residue
was was purified by prep-HPLC to give product 3-[(2R,5R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-3-
oxo-morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid (20 mg) and 3-
[(2S,5R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-
thiophene-2-carboxylic acid (20 mg). The stereochemistry at 2 position of morpholinone has not
been established. Product 1: MW: 448.3 [M+H]". "H-NMR (400MHz, CDsOD): & 6.93(s, 1H),
4.14(m, 1H), 4.0(m, 1H), 3.62(m, 1H), 3.58(m, 2H), 2.02- 1.48(m, 10H), 1.32(s, 9H), 1.25-
1.17(m, 6H). Product 2: MW: 448.3 [M+H]". "H-NMR (400MHz, CD30OD): 5 6.97(s, 1H), 4.13(m,
1H), 3.90(m, 1H), 3,82(m, 1H), 3.57(m, 2H), 1.97- 1.48(m, 10H), 1.32(s, 9H), 1.26-1.09(m, 6H).

Example 19: Synthesis of 3-[(R)-2-Cyclohexyl-6-0x0-4-(6-pyrimidin-5-yl-pyridine-3-
sulfonyl)-piperazin-1-yl]-5-phenyl-thiophene-2-carboxylic acid [Compound 206]
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To a solution of 3-[(R)-4-(6-chloro-pyridine-3-sulfonyl)-2-cyclohexyl-6-oxo-
piperazin-1-yl]-5-phenyl-thiophene-2-carboxylic acid (1.20 g, 2.14 mmol, 1.0 equiv) in
acetonitrile (15.0 mL) was added potassium phosphate (8.58 ml, 1.0 M aqueous solution, 4.0
equiv) and chloro(2-dicyclohexyl phosphino-2',4' 6'-tri-i-propyl-1,1'-biphenyl)[2-(2-amino ethyl)
phenyl] Pd(Il) Me-t-butyl ether adduct (0.32 g, 0.43 mmol, 0.2 equiv) at room temperature. The
mixture was stirred at room temperature for 10 minutes to form a stock solution. To 0.8 mL of
above solution was added 5-pyrimidinyl boronic acid (17.7 mg, 0.143 mmol, 2.0 equiv) and
acetonitrile (0.5 mL) at room temperature. The mixture was stirred at 80 °C for 4 hours. The
mixture was purified by HPLC (0.1% NH,OH) to afford the product (15.9 mg, 36.9%). MS: 603.2
[M-H*].

Example 20:3-[(R)-2-Cyclohexyl-4-(3-fluoro-2-morpholin-4-yl-benzyl)-6-oxo-piperazin-1-
yl]-5-phenyl-thiophene-2-carboxylic acid [Compound 266]
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A solution of 3-((R)-2-cyclohexyl-6-oxo-piperazin-1-yl)-5-phenyl-thiophene-2-carboxylic
acid (50.0 mg, 0.13 mmol, 1.0 equiv) and 3-fluoro-2-morpholinobenzaldehyde (108.8 mg, 0.52
mmol, 4.0 equiv) in acetic acid (0.2 mL) and methanol (0.5 mL) was stirred at room temperature
for 60 minutes. Then sodium triacetoxyborohydride (110.2 mg, 0.52 mmol, 4.0 equiv) was
added to the mixture and the resulting mixture was stirred at 75 °C for 3 hours. The solvent was

removed by Genevac and the residue was dissolved in EtOAc (6 mL). The organic phase was

M
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' HPLE (0._1% NH,OH) to afford the product (9 mg, 12%). MS: 577.2 [M-H].

Example 21. Synthesis of 3-((S)-3-Amino-6-cyclohexyl-2-oxo-piperidin-1-yl)-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid [Compound 340]
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Step 1. Synthesis of 3-((S)-3-Bromo-6-cyclohexyl-2-oxo-piperidin-1-yl)-5-(3,3-dimethyl-
but-1-ynyl)-thiophene-2-carboxylic acid methyl ester

O(N:}O OH O-----QBr

N B
O O

=z s

To a solution of 3-((3S,6S)-6-cyclohexyl-3-hydroxy-2-oxo-piperidin-1-yl)-5-(3,3-dimethyl-
but-1-ynyl)-thiophene-2-carboxylic acid methyl ester (200 mg, 0.75 mmol, 1 equiv) in CH,ClI,
(1.0 mL) was added PBr; (1.0 M in CH,Cl,, 0.09 ml, 0.38 mmol, 0.8 equiv.) at room temperature
and the resulting solution was stirred at room temperature for 18 hours. The reaction solution
was then concentrated under vacuum and the residue was purified by silica gel column
chromatography, (EtOAc/Heptane, 10%~60%) to give product 166 mg (yield 76%). MS: 481
[M+H"].

Step 2. Synthesis of 3-((S)-3-Azido-6-cyclohexyl-2-oxo-piperidin-1-yl)-5-(3,3-dimethyl-but-
1-ynyl)-thiophene-2-carboxylic acid methyl ester

O3 O

B
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To the solution of 3-((S)-3-bromo-6-cyclohexyl-2-oxo-piperidin-1-yl)-5-(3,3-dimethyl-but-

1-ynyl)-thiophene-2-carboxylic acid methyl ester (78 mg, 0.16 mmol, 1 equiv.) in DMF (1.0 mL)

was added NaNs (12 mg, 0.19 mmol, 1.2 equiv) and the resulting mixture was stirred at 65°C for

18 hours. The solvent was then removed under vacuum. The residue was purified by silica gel

column chromatography (EtOAc/Heptane, 10%~60%) to give product 42 mg (yield 56%). MS:

442 [M+H".

Step 3. Synthesis of 3-((S)-3-Amino-6-cyclohexyl-2-oxo-piperidin-1-yl)-5-(3,3-dimethyl-
but-1-ynyl)-thiophene-2-carboxylic acid

To the solution of 3-((S)-3-azido-6-cyclohexyl-2-oxo-piperidin-1-yl)-5-(3,3-dimethyl-but-1-
ynyl)-thiophene-2-carboxylic acid methyl ester (40 mg, 0.09 mmol, 1 equiv) in MeOH (0.5 mL)
was added SnCl, (17 mg, 0.09 mmol, 1 equiv) and the resulting solution was stirred at room
temperature for 18 hours. The solvent was then removed under vacuum. The residue was
dissolved in THF/H,O/MeOH (0.5 mL/0.5 mL/1.0 mL) and to the solution was added LiOH-H,O
(21 mg, 0.48 mmol, 5 equiv). The reaction mixture was stirred at 50 °C for 20 minutes. The
organic solvents were removed under vacuum and the residue was acidified to pH=5 by
addition of 3.0 N HCI aq. solution. The mixture was extracted with EtOAc. The organic layer was
dried over Na,SO,, and concentrated under vacuum. The residue was purified by prep-HPLC (
XBridge Prep C 18 5 um, 30x50 mm) in basic condition (0.1% NH,OH, 10%~45% CH,;CN/H,0,
10 min run, 40 ml/min) to give product 12 mg. MS: 403 [M+H"]. "H-NMR (400 MH_, CD;0D): §
6.81 (s, 1H), 3.96 (br, 1H), 3.48 (m, 1H), 2.06(m, 3H), 1.84(m, 3H), 1.70(br, 2H), 1.46 (m, 1H),
1.37(m, 1H), 1.31(s, 9H), 1.16(m, 5H).

Example 22. Synthesis of 3-((S)-6-cyclohexyl-3-(3-hydroxy-propyl)-2-oxo-piperidin-1-yl)-5-
(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid [Compound 341]
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Step 1. Synthesis of 3-((S)-3-Allyl-6-cyclohexyl-2-oxo-piperidin-1-yl)-5-(3,3-dimethyl-but-1-

ynyl)-thiophene-2-carboxylic acid methyl ester

To a solution of 3-((S)-2-cyclohexyl-6-oxo-piperidin-1-yl)-5-(3,3-dimethyl-but-1-ynyl)-
thiophene-2-carboxylic acid methyl ester (200 mg, 0.5 mmol, 1,0 equiv) in THF (2.0 mL) was
added LDA (2.0 M in THF, 0.3 mL, 0.6 mmol, 1.2 equiv) at -78°C and the resulting solution was
stirred at -78°C for 10 minutes. To the solution was then added 3-iodo-propene (250 mg, 1.5
mmol, 3.0 equiv) and the reaction mixture was stirred at room temperature for 15 minutes. The
reaction was quenched by addition of water. The mixture was extracted with EtOAc. The
organic layer was washed with sat. NaHCO; aq. solution and brine, dried over Na,SO,, and
concentrated under vacuum. The residue was purified by silica gel column chromatography,
Heptane/DCM (contained 3% EtOAC) to give 60 mg of less polar diastereomer and 100 mg of

more polar diastereomer. MS: 442 [M+H"].

Step 2. Synthesis of 3-((S)-6-cyclohexyl-3-(3-hydroxy-propyl)-2-oxo-piperidin-1-yl)-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid
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but-1-ynyl)-thiophéne-2-carboxylic acid methyl ester (Iess polar diastereomer from prewous

step) (60 mg, 0.14 mmol, 1.0 equiv) in anhydrous THF (2.0 ml) was added 9-BBN (0.5 M in
THF, 0.68 ml, 0.34 mmol, 2.5 equiv) at 0 °C and the resulting solution was stirred at room
temperature for 2 hours. The solution was then cooled at 0 °C and to the solution was added
EtOH, 1.0 M ag. NaOH solution and aqueous H,O, solution. The reaction mixture was heated to
reflux for 90 minutes and then cooled at room temperature. The mixture was extracted with
EtOAc. The organic layer was dried over Na,SO, and concentrated under vacuum. The residue
was purified by prep-HPLC (0.1% NH,OH) to give 20 mg of the desired product (yield 33%).
MS: 446 [M+H"]. "H-NMR (400 MH_, CD;0D): 6.81 (s, 1H), 4.00 (br, 1H), 3.53 (t, 2H), 2.27(br,
1H), 1.97(m, 3H), 1.82~1.64(m, 7H), 1.58 (m, 2H), 1.37(m, 2H), 1.31(s, 9H), 1.14(m, 5H).

Example 23. Synthesis of 3-((S)-6-cyclohexyl-3-(2-hydroxy-ethyl)-2-oxo-piperidin-1-yl)-5-
(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid [Compound 343]
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Step 1. Synthesis of 3-[(S)-6-Cyclohexyl-3-(2-hydroxy-ethyl)-2-oxo-piperidin-1-yl]-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester

To a solution of 3-((S)-3-allyl-6-cyclohexyl-2-oxo-piperidin-1-yI)-5-(3,3-dimethyl-but-1-
ynyl)-thiophene-2-carboxylic acid methyl ester (less polar diastereomer from previous step) (200
mg, 0.45 mmol, 1.0 equiv) in acetone (3.0 mL) at 0 °C was added N-methylmorpholine oxide
(160 mg, 1.36 mmol, 3 equiv), water (1.0 mL) and OsO, (230 mg, 0.02 mmol, 0.05 equiv). The
reaction mixture was stirred at room temperature for 1 hour. The solution was partitioned
between brine and EtOAc. The phases were separated and the organic layer was dried over

Na,SOy,, and concentrated under vacuum. The residue was dissolved in THF/water(3.0 mL/1.0

/
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mL). To the solution was added NalO, (194 mg, 0.9 mmol, 2 equiv), and the resulting mixture
was stirred at room temperature for 30 minutes, after which another portion of NalO, (0.5 equiv)
was added. After stirred at room temperature for 30 minutes, the mixture was partitioned
between brine and EtOAc. The organic layer was separated, dried over Na,SO,, and
concentrated. The residue was dissolved in EtOH (3.0 ml) and the solution was cooled at 0 °C.
To the solution was added NaBH, and the mixture was stirred at 0 °C for 15 minutes. The
reaction was quenched by addition of water (2.0 mL) and EtOAc (10.0 mL). The organic layer
was separated, dried over Na,SO,, and concentrated. The residue was purified by silica gel
column chromatography, Heptane/EtOAc 1/1 to give 123 mg of the product (yield 60%). MS:

446 [M+H"]

Step 2. Synthesis of 3-((S)-6-cyclohexyl-3-(2-hydroxy-ethyl)-2-oxo-piperidin-1-yl)-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid

To a solution of 3-[(S)-6-cyclohexyl-3-(2-hydroxy-ethyl)-2-oxo-piperidin-1-yl]-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester (123 mg, 0.28 mmol, 1 equiv.) in
THF/H,O/MeOH (1.0 mL/1.0 mL/0.5 mL) was added LiOH-H,0O (60 mg, 1.38 mmol, 5 equiv)
and the resulting solution was stirred at 50 °C for 20 minutes. The solution was then acidified to
pH=5 by addition of 3.0 N HCI aq. solution. The solution was extracted with EtOAc. The organic
layer was dried over Na,SO,, and concentrated. The residue was purified by prep-HPLC(
XBridge Prep C 18 5 um, 30x50 mm) in basic condition (0.1% NH4OH, 10%~45% CH;CN/H0,
10 min run, 40 ml/min) to give product 28 mg (yield 23%). MS: 432 [M+H*]. "H-NMR (400 MH_,
CD;0D): 6.85(s, 1H), 3.92 (br, 1H), 3.67 (m, 2H), 2.41(br, 1H), 2.15(m, 1H), 1.97(m, 2H), 1.78
(m, 7H), 1.37(m, 2H), 1.31(s, 9H), 1.14(m, 5H).

Example 24. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-2-((R)-2-hydroxy-propyl)-3-oxo-
morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid [Compound 336]
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and 3-[(2R,5R)-5-Cyclohexyl-2-((S)-2-hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid [Compound 337]
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Step 1. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-3-0x0-2-(2-oxo0-ethyl)-morpholin-4-yl]-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester

To a solution of 3-((2R, 5R)-2-allyl-5-cyclohexyl-3-oxo-morpholin-4-yl)-5-(3,3-dimethyl-
but-1-ynyl)-thiophene-2-carboxylic acid methyl ester (3.15 g, 7.10 mmol, 1.0 equiv) in acetone
(40 mL) at 0 °C was added N-methylmorpholine oxide (2.51 g, 21.30 mmol, 3.0 equiv), water
(14 mL) and osmium tetroxide (3.60 g, 2.5%wt in THF, 0.36 mmol, 0.05 equiv). The mixture was
stirred at room temperature for 60 minutes. Acetone was removed under vacuum and the
residue was partitioned between EtOAc (80 mL) and brine (15 mL). The phases were separated
and the organic layer was dried (over Na,SO,) and concentrated. To the residue was added
THF (40 mL) and water (14 mL). At 0 °C, sodium periodate (2.28 g, 10.65 mmol, 1.5 equiv) was
added to the mixture and the mixture was stirred at room temperature for 30 minutes. After
cooled at 0 °C, another portion of sodium periodate (0.76 g, 3.55 mmol, 0.5 equiv) was added.
The mixture was stirred at room temperature for another 30 minutes. Volatile solvent was

removed under vacuum and the residue was partitioned between EtOAc (100 mL) and brine (10

/
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N mL). The organic layer was separated, dried (over Na,SO,4) and concentrated. The residue was

purified by silica gel column chromatography (EtOAc/Heptane, 25% to 50%) to give product (2.1
g, 66%). MS: 446.3 [M-H"].

Step 2. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-2-((R)-2-hydroxy-propyl)-3-oxo-morpholin-4-
yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester and 3-[(2R,5R)-5-
Cyclohexyl-2-((S)-2-hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-

thiophene-2-carboxylic acid methyl ester
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To a solution of 3-[(2R,5R)-5-cyclohexyl-3-0x0-2-(2-oxo0-ethyl)-morpholin-4-yl]-5-(3,3-
dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester (1.9 g, 4.26 mmol, 1.0 equiv) in
THF (200 mL) at -10 °C, was added MeMgBr (1.85 mL, 3.0 M solution in THF, 5.54 mmol, 1.3
equiv). The resulting solution was stirred at -10 °C for 20 minutes. The reaction was quenched
by addition of 3.0 N HCI aqueous solution until pH=1. The volatile solvent was removed under
vacuum and the residue was partitioned between EtOAc (100 mL) and brine (5 mL). The
separated organic layer was dried over Na,SO, and concentrated. The residue was purified by
silica gel column chromatography [Et,O(2% EtOAc)/Heptane, 25% to 50%] to give 3-[(2R,5R)-5-
Cyclohexyl-2-((R)-2-hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-
thiophene-2-carboxylic acid methyl ester (0.57 g, 29.0%) and 3-[(2R,5R)-5-Cyclohexyl-2-((S)-2-
hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic  acid
methyl ester (0.80 g,.40.7%). MS: 462.4 [M-H"].

Step 3. Synthesis of 3-[(2R,5R)-5-cyclohexyl-2-((R)-2-hydroxy-propyl)-3-oxo-morpholin-4-
yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid
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To a solution of 3-[(2R,5R)-5-cyclohexyl-2-((R)-2-hydroxy-propyl)-3-0xo-morpholin-4-yl]-
5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester (650 mg, 1.41 mmol, 1.0
equiv) in THF (10 mL), MeOH (5 mL) and water (56 mL) was added LiOHeH,O (177 mg, 4.22
mmol, 3.0 equiv). The resulting solution was stirred at room temperature for 2 hours. The
volatile solvent was removed under vacuum and to the residue was added water (15 mL). The
mixture was cooled to 0 °C and acidified by addition of 3.0 N HCI aqueous solution until pH=1.
The precipitate was isolated by filtration to give product (586 mg, 93%) as white solid. MS:
448.3 [M-H*']. "H NMR (400 MHz, CD;0D): 1.09 - 1.31 (m, 8 H) 1.32 (s, 9 H) 1.45- 1.85 (m, 5 H)
1.89-210(m, 3H)3.56-3.61 (m, 1H)3.93-4.00(m,1H)4.00-4.10(m, 1H)4.12-4.22 (m,
2 H)6.99 (s, 1 H).

Step 4. Synthesis of 3-[(2R,5R)-5-Cyclohexyl-2-((S)-2-hydroxy-propyl)-3-oxo-morpholin-4-
yl]-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid
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To a solution of 3-[(2R,5R)-5-cyclohexyl-2-(2-hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-
(3,3-dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid methyl ester (420 mg, 0.91 mmol, 1.0
equiv) in THF (8 mL), MeOH (4 mL) and water (4 mL) was added LiOHeH,O (115 mg, 2.73
mmol, 3.0 equiv). The resulting solution was stirred at room temperature for one hour. The
volatile solvent was removed under vacuum and the residue was acidified by addition of 3.0 N
HCl aqueous solution until pH=1. The mixture was extracted with EtOAc (50 mL). The
separated organic layer was washed with brine (10 mL), dried (over Na,SO,) and concentrated.
The residue was purified by HPLC(0.1% NH,OH) to give product (68 mg, 16.7%). MS: 448.2 [M-
H*]. '"H NMR (400 MHz, CD;0D) & 1.07 - 1.31 (m, 8 H) 1.32 (s, 9 H) 1.45- 1.60 (m, 2 H) 1.63 -
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1.85 (M, 4 H) 1.87 - 1.98 (m, 1 H) 2.02 - 2.11 (m, 1 H) 3.60 - 3.66 (M, 1 H) 3.93 - 4.03 (m, 2 H)
415 (d, 1 H) 4.26 - 4.35 (m, 1 H) 6.94 (s, 1 H).

Additional non-limiting exemplary compounds of the invention are provided in Table 1. The
compounds of Table 1 may be prepared by analogy to the synthetic procedures provided in the
general synthetic description, the procedures of Examples 1-20 and/or by synthetic

methodology known to the skilled medicinal chemist.
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(4-methyl-
piperazin-1-yl)-
pyridine-3- N
sulfonyl]-6-oxo-
piperazin-1-yl}-5-
phenyl-thiophene- S
2-carboxylic acid O

138

3-[(R)-4-(4-
Amino-4-methyl- AES

3,4,5.6- N/ N
tetrahydro-2H- - (\ / /
[1,2']bipyridinyl-5'-

sulfonyl)-2-
cyclohexyl-6-0xo-
piperazin-1-yl]-5-
phenyl-thiophene-

2-carboxylic acid

_ZT




5- (3, 3-di net hyl -
2-cycl ohexyl- 6-
ynyl) -t hiwpheri@s63car boxylic acid /

OH

[ 238 3-[(R)-4-(4- Cyanobenzenesul fonyl) -
0XO0- pi perazin-1- y1]-5-(3, 3-

di net hyl - but - 1-
0 , "OPBTNP2@1/062548- -/ \

WO 2012/ 010663PCT/ EP2011/ 062545 -
0 S fluorobenzenesulfonyl)- NV O
di nmet hyl - but-1- ynyl)-thi ophene- 2-

175 - 239 3-[ (R -2- Cycl ohexyl-4-(3- 0,
6~-3R0- pi perazin-1- yl1]-5-(3, 3-
carboxylic acid /

139

3-{(R)-2-
Cyclohexyl-4-[6-
((S)-3-
hydroxymethyl-
piperazin-1-yl)-
pyridine-3-
sulfonyl]-6-oxo-
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phenyl)-3-{(R)-2-
cyclohexyl-4-[6-
(2-oxa-5-aza-
bicyclo[2.2.1]hept-
5-yl)-pyridine-3-
sulfonyl]-6-oxo-
piperazin-1-yl}-
thiophene-2-

carboxylic acid

Cl @)




Cycl ohexyl-4-(6- ethyl-pyridine-3- 0i
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230 | 3-[(R)-2-
(R 0.0 —n _

Cyclohexyl-6-oxo- ~s

4-(6- N/ \ Y/, F

trifluoromethyl- — <{~‘ F

pyridine-3- N
sulfonyl)-
piperazin-1-yl]-5- / \ 8|_|
(3,3-dimethyl-but-
1-ynyl)-thiophene- 0O
2-carboxylic acid
231 O

5-(4-Chloro- oLl
phenyl)-3-[(R)-2- /S N
N

cyclohexyl-6-0xo-

4-(4-pyrrolidin-1-

yl-
benzenesulfonyl)- \ O
piperazin-1-yl]- / OH
thiophene-2- S
carboxylic acid Cl o)

232 O

3-[(R)-2- oLl =N
Cyclohexyl-6-oxo- ,S \ / N
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yl-pyridine-3-
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N
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5-(4-Chloro-
phenyl)-3-[(R)-2-
cyclohexyl-6-0xo-
4-(4-piperidin-1-
yl-
benzenesulfonyl)-
piperazin-1-yl]-
thiophene-2-

carboxylic acid

Cl

234

5-(4-Chloro-
phenyl)-3-{(R)-2-
cyclohexyl-4-[4-
((R)-2-methyl-
pyrrolidin-1-yl)-
benzenesulfonyl]-
6-0xo-piperazin-1-
yl}-thiophene-2-

carboxylic acid

Cl

235

3-[(R)-2-
Cyclohexyl-6-oxo-
4-(3,4,5,6-
tetrahydro-2H-
[1,2']bipyridinyl-5'-
sulfonyl)-
piperazin-1-yl]-5-
(4-fluoro-phenyl)-
thiophene-2-

carboxylic acid
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236

3-((R)-3-

Cyclohexyl-5-oxo-
morpholin-4-yl)-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid

OH

237
3-((48,5R)-5-
Cyclohexyl-3,4-
dimethyl-2-oxo-
imidazolidin-1-yl)-
5-(3,3-dimethyl-
but-1-ynyl)-
thiophene-2-

carboxylic acid

2% | 3 (Ry4-a-

Cyano-
benzenesulfonyl)-
2-cyclohexyl-6-
oxo-piperazin-1-
yl}-5-(3,3-
dimethyl-but-1-
ynyl)-thiophene-2-

carboxylic acid

=
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309 M43-((R-3- norpholin-4-yl)-5-
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y
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[
:
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1-ynyl) -t hi ophene-

2-carboxylic acid

239 S [(R)2-

Cyclohexyl-4-(3-
fluoro-
benzenesulfonyl)-
6-0xo-piperazin-1-
yl}-5-(3,3-
dimethyl-but-1-
ynyl)-thiophene-2-

carboxylic acid
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3-[(R)-2-
Cyclohexyl-4-(5-
methyl-isoxazole-
4-sulfonyl)-6-oxo-
piperazin-1-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid

241
3-[(R)-2-
Cyclohexyl-6-oxo-
4-(1H-pyrazole-4-
sulfonyl)-
piperazin-1-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid
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Chloro- /S o
benzenesulfonyl)- ' (\N \©/
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oxo-piperazin-1- N

yl]-5-(3,3- / \ 8H

dimethyl-but-1-

—
ynyl)-thiophene-2- - S
carboxylic acid O
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Cyclohexyl-4-(4-

fluoro- (\ N \©\
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6-0xo-piperazin-1- N
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dimethyl-but-1- — /
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carboxylic acid O
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Cyclohexyl-4-(2,4- Q N/ — N
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piperazin-1-yl]-5-

(3,3-dimethyl-but-
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3-((R)-2-
Cyclohexyl-4-
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nyl-6-oxo-
piperazin-1-yl)-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid

246 S [(R)2-

Cyclohexyl-4-(3-
fluoro-4-methoxy-
benzenesulfonyl)-
6-0xo-piperazin-1-
yl}-5-(3,3-
dimethyl-but-1-
ynyl)-thiophene-2-

carboxylic acid
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3-[(R)-2-
Cyclohexyl-4-(1H-
imidazole-4-
sulfonyl)-6-oxo-
piperazin-1-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid
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PCT/EP2011/062545 OH
peridin-1-yl)-5-

248 3-[(R)-2-

Cyclohexyl-4-(1,2-
dimethyl-1H-
imidazole-4-
sulfonyl)-6-oxo-
piperazin-1-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-
2-carboxylic acid

O
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3-[(R)-2-
Cyclohexyl-6-oxo-
4-(2-
trifluoromethoxy-
benzenesulfonyl)-
piperazin-1-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid

250 S [(R)2-

Cyclohexyl-6-oxo-
4-(4-
trifluoromethyl-
benzenesulfonyl)-
piperazin-1-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid
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difluoro- S

/ :O F
benzenesulfonyl)- N
6-0xo-piperazin-1- -
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dimethyl-but-1-
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A
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2- met hyl - 3- oxo-
3PRTAPL(I3BBH - 6-
OH

254 S [(R)2-

Cyclohexyl-4-(2-
methyl-2H-
pyrazole-3-
sulfonyl)-6-oxo-
piperazin-1-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid

255 S [(R)2-

Cyclohexyl-4-(2,3-
dimethyl-3H-
imidazole-4-
sulfonyl)-6-oxo-
piperazin-1-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid

256 3-[(R)-2-

Cyclohexyl-4-(4-
ethyl-
benzenesulfonyl)-
6-0xo-piperazin-1-
yl}-5-(3,3-
dimethyl-but-1-
ynyl)-thiophene-2-

carboxylic acid
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Cyclohexyl-4-(3- S
methoxy- (\ N
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yl]-5-(3,3- 8 O ~
dimethyl-but-1- / \ H

—

ynyl)-thiophene-2- = S
carboxylic acid O
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Cyclohexyl-4-(2- , S
methoxy- N
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6-0xo-piperazin-1- N
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dimethyl-but-1- / \ 8H
ynyl)-thiophene-2- — S
carboxylic acid @)
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260 (R 0O

Cyclohexyl-4-(1,3-
dimethyl-1H-
pyrazole-4-
sulfonyl)-6-oxo-
piperazin-1-yl]-5-

(3,3-dimethyl-but- / \
1-ynyl)-thiophene-
2-carboxylic acid O

261
3-[(R)-2-
Cyclohexyl-6-oxo-
4-(3-pyrrol-1-yl-
benzyl)-piperazin-
1-yl]-5-phenyl- / \ 8H
thiophene-2-

carboxylic acid S

262 @)
3-{(R)-2-
Cyclohexyl-6-oxo-
4-[4-(2-0x0-
pyrrolidin-1-yl)-
benzyl]-piperazin-
1-yl}-5-phenyl-
thiophene-2-

carboxylic acid S
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0 CH OH
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3-[(R)-2-
Cyclohexyl-4-(3- N
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oxo-piperazin-1- N
yl]-5-phenyl-
thiophene-2- / \ 8H
carboxylic acid S
O
264

3-[(R)-2-
Cyclohexyl-4-(2,6-
dimethyl-benzyl)-
6-0xo-piperazin-1-
yl]-5-phenyl-
thiophene-2-

carboxylic acid

cyclohexylmethyl-
6-0xo-piperazin-1-
yl)-5-phenyl-
thiophene-2-

carboxylic acid
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H / WO 20B28083( (R) -5- Cycl ohexyl-2- hydroxymet hyl- BCT@EPROIDGIFADI | N- 4-
yl)-5-(3,3- dinmethyl-but-1- ynyl)-thi ophene-2- carboxylic acid 0 OHi". //
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3-[(R)-2- <\ N .
Cyclohexyl-4-(3-

fluoro-2-
morpholin-4-yl- N
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piperazin-1-yl]-5- N

phenyl-thiophene-
2-carboxylic acid / \ 8H
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Chloro-pyridin-3- N N
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piperazin-1-yl]-5-
phenyl-thiophene- / \ 8H

2-carboxylic acid S
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piperazin-1-yl)-5- 8
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di met hyl -but-1- ynyl)-thi ophene- 2-

carboxylic acid
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3-[(R)-2-
Cyclohexyl-4-(2-
methyl-benzyl)-6-
oxo-piperazin-1-
yl]-5-phenyl-
thiophene-2-

carboxylic acid

270

3-[(R)-2-
Cyclohexyl-4-(4-
dimethylamino-
benzyl)-6-0xo-
piperazin-1-yl]-5-
phenyl-thiophene-

2-carboxylic acid
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3-[(R)-2-
Cyclohexyl-4-(1-
methyl-piperidin-
4-yl)-6-0x0-
piperazin-1-yl]-5-
phenyl-thiophene-

2-carboxylic acid
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- 186 -
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3-[(R)-2-
Cyclohexyl-6-oxo-
4-(6-pyrrolidin-1-
yl-pyridine-3-
sulfonyl)-
piperazin-1-yl]-5-
p-tolyl-thiophene-

2-carboxylic acid
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3-{(R)-2-
Cyclohexyl-4-
[(1R,4R)-6-(2-
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piperazin-1-yl}-5-
(4-fluoro-phenyl)-
thiophene-2-

carboxylic acid
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phenyl)-3-{(R)-2-
cyclohexyl-4-
[(1R,4R)-6-(2-
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5-yl)-pyridine-3-
sulfonyl]-6-oxo-
piperazin-1-yl}-
thiophene-2-

carboxylic acid

Cl @)
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3-[(R)-2-

Cyclohexyl-4-(1
ethyl-1H-

pyrazole-4-

sulfonyl)-6-oxo-
piperazin-1-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid
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dimethyl-
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thiophene-2-
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NMR data for certain conpounds of the invention are provided in Table 2.

Tabl e 2 Conpo

und nunber

NM R data 1H NVR (400MHz, CD30D):7.80(d, 2H),

7.40(t, 2Wp20v@8gs, 1H), 7.18(s, 1 1H), 4.62(m 1H), PRTIBMEe1/02i9S5
2.03(m 1H), 1.80-1.10 (m 12H) 2 1H NVR (400MHz, CD30D): 36.97(s, 1H),
4.13(m 1H), 3.90(m 1H), 3,82(m 1H91-3.57(m 2H), 1.97- 1.48(m 10H),
1.32(s, 9H), 1.26-1.09(m 6H). 1H NVR (400MHz, CD30D): 36.93(s, 1H),
4.14(m 1H), 4.0(m 1H), 3.62(m 3 1H), 3.58(m 2H), 2.02- 1.48(m 10H),
1.32(s, [y, L. 25- 1. I7(m [6H). IH NVR (400MFz, CDCI3)p 6 7.43(m 2ZH),
7.21(m | 3H), |&BR&@n 1H), [3.68(m 4 1H), 2.45(mO2H 2
1.83-1. 51 (M| dRkhexyls-@2(M 2H). 1H N MR (400 Mz, £ .12(m
5H), 1.P9(m zru%)l, 1.?;(7(%5, 3H), 5 1.48- m 2bh—N. 71( f. 84( M
2H), 1.06(m MMM |1H), 2. 29(& wd/72(m
7.11(d, | 2H), [7oeBexndsulfo)- | 1H NVR ( 400MHz, MVBO\D6) : . 75(d,
2H), 7.58(s, lddxo-plpedtm-16|7.52(m 3H), 4.21(m W m
1H), 1.P1(m 1#), é.36- 1.79(m b5H), 0.91-1.
2012/ 01p663PAPEF3011/ 062545 - 212 - |81HNM R data 1H NMVR
(400MHz| CD30DjimetdgbgIts, [1H), H, 3.66(s, 7 1H|,
3.54(t, | 2H), yndsippnebil. | 1. 91( —1. 444" 8H, 1.41(s, 3H),
iggié' 31(H)m L4H) ik b5 NVR| (400 CD30D): 6 6.90(§, 1H), 4.24(tert, 1H),
284
J N
5-(4-Chloro- — ,\1
phenyl)-3-[(R)-2- Os
S~

cyclohexyl-4-(1- N0

methyl-1H- N

pyrazole-3- N

sulfonyl)-6-oxo- N

piperazin-1-yl]- O

thiophene-2- / \ OH

carboxylic acid S

Cl O




8 4.01(tert, 1H), 3.73(d, 1H), 3.71(d, 1H), 3.66(t, 1H, 2.21(m 1H),
1.41-1.98(m 8H), 1.05-1.37(m 15H). 10 1H NWR (400MHz, DVBO-d6): 6
7.57(s, WP,20i2/88663. 45(m 6H), 7.28(t, 3H), 7.20(t, 1HPCTHEPI®(MH251+),
2.52-2.63(m 3H), 1.89(m 1H). 1H NMR (400MHz, CD30D): 36.89(s, 1H),
3.94(m 1H), 3.58(m 2H), 2.05(m 11-192tH), 1.92-1.39(m 13H), 1.32(s, 9H),
1.25-1.13 (m 5H) 13 1H NWR (400MHz, CDCI3): 6 7.56(d, 2H), 7.35(m 3H),
7.12(s, 1H), 4.26(tert, 2H), 3.98(m 2H), 3.60(s, 1H), 0.94-1.93(m 11H)
1H NVR (480VHz, CD30D) T 6] 7. 74(d, 2H)y, 7.65(d, 2H), 7.49(d, 7 41(t, 18
2H), 7.B3(t, 1H), 7.21(s, |1H), 4.12(d, 1H), 3.95(d, 1H), . 1H),
3.37(d, 1H),| 3. 02(tert, 1H), 2.47(s, 3H), 1.41-1.99(m 7H), 1.05-1.32(m
4H)  1H NMR (400MHz, DMsO): 6 10.31(d, 1H), 7.63(d, 2H), 2H) ,
7.31(t,[22 2H), 7.23(m 2H), 7.14(s, 1H), 6.98(m 3H), 2H), 4/45(m
1H), 4} 10(m | &idR)-4-@- 32(5 2H), 2.20(m 1H), 1.88-1.7 1.65-1/58(m
2H) , 1{41-1. 3&52% fi 1H NVR (400MHz, DMSO): 6 8.55(m H, 7.63(d, [2H),
7.48(t, | 2H), g% 23 2iH), 7.15(s, 1H), 5.76(s, 1 (m 1H), 3/82(m
1H), 2. B3(m [PMidined07(m | 1H), 1.80(m 2H), 1. 61(m 1.38(m 2H),
1.03(m | 5H) l<Jt|+f(NVR2(4OOM-|Z, CD30D): 6 7.03(s, 1HQ . 3/81(m lH), 2.25(m
1H), 1.88- 35 g 6H), 1.29(s, 9H) 1.18(m 4Hp~1.06 (m 4H) NO
2012/ 01p663PQT/ yﬂé&%ﬁ 062545 - 213 - ound nunb Tr_)ﬁNl\@R data 1H NMR
(400VHz CDson)'F?ef%mﬂélzfrd, 1H), 7. 68(d , m 3H), 7.36(s, 62 1H),
6. 78(d, | 1H), WA4d6droiphebil)-, | 4. 02( s, "d """ .81(s, 1H), 3.65(d,
thiophene-2-
carboxylic acid
OH
S
F O
286 F
o
N
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(3,3-difluoro-
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1H), 3.18(tert, 1H), 2.00(d, 1H), 1.36-1.87(m 6H), 1.05-1.29(m 4H)

1H NVR (400MHz, CD30D): 6 8.47(d, 1H), 7.85(tert, 1H), 7.64(d, 2H), 7.43(t,
135 2H), WO30(m10@B), 6.61(d, 1H), 3.94(s, 1H), 3.88(d, PCHEP2BIME(AS 1H),
2.81- 3.24(m 6H), 1.49-2.06(m 8H), 0.98-1.35(m 7H) 1H NVR (400MHz,
CD30D): 6 8.51(d, 1H), 7.86(tert, 1H)1937. 64(d, 2H), 7.41(t, 184 2H),
7.32(t, 1H), 7.19(s, 1H), 7.91(d, 1H), 4.10(d, 1H), 3.96(s, 1H), 3.89(d,
1H), 3.65-3.81(m 8H), 3.41(d, 1H), 3.06(d, 1H), 1.37-1.98(m 8H), 1.03-

1.26(m [BH  [TH NVR (400 WHz, CDCI3)T 6 1.03(m 3FA), 1. 15(d, 3/, 1.30(m
|_|) \\
@

1H), 1.43(m | 2H), 1.58(m 2H), 1.63(m 1H), 1.7-1.8(m 1. 9(d, 1),

1.95-2.10(m [3H), 185 2.96(d, 1H), 3.33(d, 2H), 3.60(s, 3.75(s, 1H),
3.81(d, | 1H), [4.05(s, 1H),| 4.20(d, 1H), 6.37(d, 1H), 7.08-7-05(m 3H),
7.50-7.54(m 2% 7.66(m |1H), 8.38(s, 1H) 1H NVR (40¢MHz, CD30D): 6
7.80(d, | 1H), |68, 1H), |6.75(d, 1H), 4.14(d, 193 ZH),\3.93(d, 1H),
3.64(d, | 1H), [Bcytbheryl-4i), |2.30(m 2H), 1.90(m 1H) {1.830Nm 3H), 1.69 (m
2H), 1.58(t, [3dshod? (M 2H), 1.31(s, 9H), 1.18 (Ny—4 1H N MR (400
MHz, CDCI3): 6 8._95-1.15(m 4H), 1.20(m 1H), 18Q-Z.40(m 1H), 1.47(m
1H), 1.57(m PMroidredrs, |1H), 1.70-1.85(m 3H), 1S8541.95(m 196 2H),
3.03(m | 1H), [3ii@fe3- 2H), |3.43(d, 1H), 3.69(s, / 3775-3.90(m 3H),
4.10(d, | 1H), 4su§%_6_0%:|), 6.51(d, 1H) 3H), 7.49(m 2H),
7.70(m| 1H),| 8.46(s, 1H | 1H N MR ( 6 0.90-1.15(m 5H),
1.40-1. 60(m [3perazP-BE:>-200 1. 85(m , 3.20(d, 1H), 3.55(d,
2H), 3.68(m [2Mpor@pFdyE. 85(m  6H), S.85.3. , 6.48(d, 1H), 7/02(s,
1H), 7.27(d, Rkbpnefed2(d, [2H), 7.67(d, 1H), 8/43(d, OlH) 236 1H NMR (400Mz,
CD30D): |6 6.87(s, 1H), 4.19(s, 2H), 3.82f_|s, 1H), 1.43-1/90(m
6H), 1. 36-1.39‘%FH°X31'&F5“’ O
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WD 2012/ 010663PCT/ EP2011/ 062545 - 214 - Conpound nunber NM R data 1H NMR
(400 MHz, CDCI3): 6 0.93-1.15(m 4H), 1.29-1.39(m 1H), 1.45(m 1H),

1.50-1. 60§Wo20210663. 65(m 1H), 1.70-1.80(d, 1H), 1.80-1Pre0(rk2011i662541. 90-
279 2.10(m 4H), 3.05(d, 1H, 3.20(m 1H), 3.27(s, 3H), 3.30(m 1H),
3.36-3.53(m 3H), 3.61-3.74(m 2H),- ®466(d, 1H), 6.42(s, 1H), 6.99-7.07(m
3H), 7.48(m 2H), 7.64(d, 1H), 8.42(s, 1H) 1H N MR (400 MHz, CDCI3): 6
0.96-1.14(m 4H), 1.32-1.44(m 1H), 1.48(m 295 1H), 1.57(m 2H), 1.67(m
1H), 1.[7&ded, [IH), 1.83(d, [IH), 2Z.30(s, 3H), Z2.98(d, 1IHg 3.40(d, 1IH),
3.67(m | 1H), [3.79(d, 1H), |3.91(s, 3H), 4.10(d, 1H), 7.064s, lH) 7.15%(d,
2H), 7.42(d, RH), 7.71(s, |1H), 7.75(s, 1H 1H N MR (400 O cbai3): |6
0.97-1.15(m 4H) 1.27(m |1H), 1.47-1.64(m 302 3H), 1. H, 1.76(d,
1H), 1.84(d, 2. 28(s 3H), 2.73(s, 3H), 3.31(d, 1H ) 3.92(d, 1H),
3.71(m | 1H), 31@% 4.14(d, 1H), 7.06(s, 1H), 7.12(M—\H), 7.40(d,
2H), 7. 45(d, 13(d 1H), 8.98(s, 1H) 1H NWR ( 0D) :
36.91(s| 1H),| @ceBeat4-1H) | 3.94(d, 1H), 3.62(m 311 /H), \3. 55(m 2H), [1.96-

1.52(m | 10H), | RMES.23H) | 1.32(s, 9H), 1.21 (m 4 1.¥5(m 1H 1H N MR
(400 MHz, CDAI3): 6.0.94-1.13(m 4H), 1.26(m 1H), 1H), 314 1/43(s,
3H), 1.45(s, B %47-1.59(m 2H), 1.62(m 1H) \7 (d, 1H), 1.87(d, | 1H),

2.29(s, | 3H), [PageR ept [3.84(d, 1H), 4.09(d, 1H) tgz(s 1H), 7.12(d,
2H), 7.42(d, [24))-Bii6inds- NVR (400MHz, CD30D): 36, 93(s, 4.23(m 1H),

9

3.80(m | 1H), | 2.06-1.42 32 , 1.22(d, 3H),
1. 12(?1m gbm.zsf*?‘%é’ﬁkiﬂ"“}%ow, CD30D§' 4 11(d 1H§ 3. 5?2(d,
1H), 3.62(m FBEEYT-YRe-17(m 1H), 1.9 H) , c 1. 85(m 4H)
1.45-1.62(m |[4olyl-thiofiene- 1. 44(m 3H), X . , 1.11-1.27(m | 10H)

2-carboxylic acid

290 o)
3_((R)_5_ <:>m ||||||| -<
Cyclohexyl-2,2- N

dimethyl-3-oxo-

@)
morpholin-4-yl)-5- / \
. @)
(3,3-dimethyl-but-
S
1-ynyl)-thiophene- 4
OH

2-carboxylic acid

291
3-((2R,3R)-3- @)
CyCIOhexyl-Z- I ‘>
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morpholin-4-yl)-5-
(3,3-dimethyl-but- / \

1-ynyl)-thiophene- & S

2-carboxylic acid OH




1H NMR (400MHz, CD30D): 36.97(s, 1H), 4.18(d, 1H), 3.94(d, 1H), 3.53(m 319
1H), 2.17(t, 1H), 1.95(m2H), 1.70-1.86(m 4H), 1.58-1.69(m 2H), 1.46-
1.58(m 2Wp200/@0663. 46(m 3H), 1.29-1.39(m 10H), 1.10- PC2ZOPa11064H5 VO
2012/ 010663PCT/ EP2011/ 062545 - 215 - Conpound nunber NM R data 322 1H NWVR
(400MHz, CD30D): 36.95(s, 1H), 4.09(m9tH), 3.74(m 1H), 2.09(m 1H),
1.94-1.67(m 8H), 1.38(m 1H), 1.33(s, 9H), 1.17(m 5H 1H NVR (400Mz,
CD30D): 36.87(s, 1H), 4.24(tert, 1H), 3.93(d, 1H), 3.62- 323 3.82(m 3H),
2.08-2. padom [IH), 1.88-2.04(m 2H), L1.56-1.87(m 4H), 1.43- 56(m 4H),
0.98-1.85(m [14H) 1H N MR (400 Mz, CDCI3): 6 0.88-1.13( 1.32(m

2H), 1.#3(s, BH), 324 1.48-1.67(m 3H), 1.69-1.87(m 4Hy 1H) |
2.06(m |1H), [2.31(s, 3H),| 3.67(m 1H), 7.08(s, 1H), . 7.44(d,
2H) 1H N MR (400 MHz, CDCI3): 6 0.96-1.19(m 5H), 1. 37(
1H), 325 1.45(sa-Ghidre- 1. 61(m 2H), 1.64-1.81(m 4H), , 2.2%(m
6. 79(s, |1H)

1H), 3 37(mclfg%)ﬁ@33' -3.78(m 4H), 3.89(d, 1H), 3.
326 1H NVR (4 D|: 36.78(s, 1H), 4
1H), 1.06-1. 3gpAphexddys- 1]30(s, 9H), 1.14 (m
6 6.87(5, 1H)|e4-diMdiyert, |1H), 3.92(tert, 1H), & 1H), 3.70(1,
2H), 2.B2(m é&%mnd%@@-_l. 99(m 2H), 1.71-1.82(m 2850 1.66(m 1H),
1.41-1.59(m L1, 03-1. 84(m 14H) 1H NMR (40 owkﬁ, CD30D) 36.95(s, [1H),

4.08(m | 1H), [37(e$- 1H), |2.18(m 334 A 1 94-1,.67(m 8H), 1.42(m| 1H),
1.33(s, | 9H), |[lsulidhyre-okdd) 336 1H N NR CD30D): 6 1.09-1.31 (m| 8
H, 1.32 (s, 9p'ﬂébraz'fﬁ;x;‘]}5'l'85 (m 5 3 H, 3.56-3.61|(m 1

2
, 3.98-4.00 , 4/00-
H) tgim}hene-Z- @)

carboxylic acid \

.07
(400MHz, CD30D):

m/\
4T3

77(d,

293

O
5-(4-Chloro- Bttt
phenyl)-3-((R)-3-
cyclohexyl-5-0xo-
morpholin-4-yl)- /
thiophene-2- S

carboxylic acid

294 O
3-[(R)-5- < >

Cyclohexyl-2-(2-

morpholin-4-yl-2- O O
oxo-ethyl)-3-0xo- " (\
morpholin-4-yl]-5-
(3,3-dimethyl-but- /

=

1-ynyl)-thiophene-

2-carboxylic acid




4.10 (m 1 H),
6 1.07-1.31 (m 8 H),
(m 4 H),Wo.8R/088 (m 1 H),
3.93-4.03 (m 2 H

CD30D) :

4.15

4.12-4.22 (m 2 H),

(d,

6.99 (s, 1 H
1.32 (s, 9 H), 1.45-1.60
2.02-2.11 (m 1 H),

1 H), 4.26-4.35 (m 1 H),

337 1H N MR (400 Mz,
(m 2 H,

6.94 (s, 1

1.63-1.85
3. 60- PC3/EPBO1(1 %2515 H) ,

WO

2012/ 010663PCT/ EP2011/ 062545 - 216 -- @ npound nunmber NVR data 340 1H NMR

(400 MHz, CD30D): 36.81 (s, 1H), 3.96 (br, 1H), 3.48 (m 1H), 2.06(m 3H),
1.84(m 3H), 1.70(br, 2H), 1.46 (m 1H), 1.37(m 1H), 1.31(s, 9H), 1.16(m
5H) 341[3dF NVR (400 VHz, ©TD30D): © 6.81 (S, 1H), 4.00 (br, IH, 3.53 t,
2H), 2| 27(br|, 1H, 1.97(m 3H), 1.82-1.64(m 7H), 1.58 anl 2H), 1.37

2H), 1| 31(s,| 9H), 1.14(m 5H) 343 1H NWR (400 MHz, CD30I3)\~ 36. 85( s, 1H)
3.92 (bf, 1H)|, 3.67 (n1 ZFD, 2.41(br, 1H), 2. 15(n1 1 N7(m 2H), |1.78
(m 7H L3jé%$§? 31(s, 9H), 1.14(m 5H). w0 \ g

2012/ 01p663Pd 11/062545 - 217 - Biological Exagpl eé Biol ogical Exanple
1. Anti{ Hepat| @icloh&yldetli vity Conpounds can exMgit anti-hepatifis C
activity by inhékj-tiing HCY pol ynerase, by |nh|b|t|ng oth€& enzynes neg¢ded
in the replicjatio gycle or by ot her pathwa er of assays haye
been publ i shed{%6”assess {hese activitiey. geg" thod that assesses

t he gross i ncredye)-6x¢4CV|virus in cultue wag" di din US. Patent No.
5,738,985 to Mipepsinetyipd-. [In vitro assays\ have beeN r orted in Ferrafi
etal. Jpl. of y%54mon%:é649-1654, 1999; Ishii Hepat ol ogy,

20: 1227} 1235, | 186 PSh%ann etal., Jnl of Bio. 274:10807- 10815,

1999; anhd Yanesefeoxylewad. | Jnl. of Bio. Chem, 5486, 1998.

WO 97/ 1p033, filed on Sepfenber 27, 19967 |verS|ty, listing C.
Hagedorp and |A. Reinol dus|as inventors ' ariority to United
States Provisjional Patent |Application @ No. 60/004, 383, filed on

Sept enber 1995, described|an HCV polynerase assay that can be used to

eval uat e &ﬁb actviy—efthe—eftheconpeunds—deseribedheretn—Anrether HCV
polynera%e asisay has been|reported by Barthol onmeusz, et TP(, Hepatitis C
Virus (HCV) RNA pol ynerasé¢ assay using cloned HCV non-st tural proteins;
Antiviral Therapy 1996: 1( Supp 4) 18-24. Screens thNat neasure

reducti pns in kinase activyity from HCV drugs were discl sedNin U S. Patent
No. 6,030,785,&Mg;Katze ef al., US Patent No. 6,228, 586, /[Del vecchio| and
U S. Patent N 759, 795|to Jubin et al. Screens tAhat asure the protease
i nhi bit|ng act?WPP?WB%“proposed HCV drugs were disclos€d in U S. Patent No.
5,861,267 to (Suhyetfd ., U. . Patent No. 5,739,002 to De Fpancesco etal |, and
U. S. Patent hqwﬁ§m537 691|to Houghton etal. Biol ogied Exanple 2. Replicon
Assay Ac Li ne, ET (Huh-1ucubi ng usey for screening|of
conmpoungs for $ﬁﬂVB %¥hg HOV RNA dependeht R A”E%%ZZér se. The ET celll line
was staalytramrs%frw‘emﬁmth RNA transcrip ar borN

13891uct ubi -n qpﬁmﬁﬁmaﬁﬁgT replicon with firefly 0

Iuciferase-ubvg |t|g nyci n phosphot r ansf er age" \usi on protein and
EMCV- | RES dri Vel i $ mgg )Iyproteln cont ai ni ng||t hehcel | @ul ture adaptive
mut ati ons (E1202G T12801 K1846T) (Kri and unpubl i shed) .
The ET cells were grown inm DVEM (Dul beg bdi fied Edgl e's Mediun),

suppl enented with 10% fetal calf serum G utanin€, Penicillin (100

U )/ Btreptionycin (100 pg/ L), |x ential amno acids, and 250|pg/ni
18 (" Cenetilci n"\ Reagents were all avai I able thr mmh Life Technol m1| es
(Bet hesda, MD). The cell's were plated at 0.5-1.0 x104 “cells/well in the 96

wel |

and a final

pl ates and incubated for 24 hrs before
2012/ 010663PCT/ EP2011/ 062545 -
were added to the cells to achieve a final
DVSO (di met hyl sul f oxi de) concentration of 0.5%

WO
218 -
concentration of 0.1 nMto

activity was neasured 48 hours later by adding a lysis buffer and the
substrate (Catal og nunber

system E2620 Pronega, Madi son,

during the assay. Percent

relative to no conpound control
concentration at which 50% of the maxi mum i nhibition was observed),
dilution for each conmpound was used, which spans a

poi nt,

3-fold serial

A o-lysis buffer
W). Cells should not be too confl uent
inhibition of replication data was plotted

To determ ne the ECK (effective

a

addi ng test conpound. The conpounds

50 pM

Luci f erase

E2661 and Bright-d o |uciferase

10

concentration range of 1000 fold. EC50 values were calculated by fitting

% nhi bition at each concentration to the foll ow ng equati on:
100% REC501[ 1] ) 13+ 1] where b was Hi ||’
certain conpounds of Forrmula (I),
| ess than 50 pM when tested according to the assay of Exanple 2.

aspects,

aspects the EC50 was equal

M

[P ———

s coefficient. I n sone

exhi bited EC50 of equal to

to or Iess than 10 pM In stlH

% i nhi bition

or

I n ot her
ot her aspects



The reconbi nant enzynme was expressed in XL-1 cells and after induction of
expression, the protein was purified using affinity chromatography on a
ni ckel - NTWO(ni2a10d6dt ri aceti ¢ aci d) colum. Storage condPCraP0me@ss430 nivi
Tris-HCl pH 7.5, 50 mM NaCl, 0.1 mM EDTA (et hyl enedi am netetraacetic acid),
1 MM DTT (dithiothreotol), and 20% gliderol at -20 C. Biol ogi cal Exanple 4.
HCV- NS5b Enzyne Assay usi ng heteropol yner substrate The pol yner ase
activity was assayed by neasuring incorporation of radiolabeled UTP into a
RNA profipgt Using a bi oti nylated, heteropol ynmeric tenpl ate, wihich included
a portipn of the HCV genome. Typically, the assay m xtureé (50 pL) confai ned
10 MM Tris-HAQ (pH 7.5), % mM MgC1l2, 0.2 nmM EDTA, 10 mM K, 1 unit/plL
RNAsin, |1 mM |DTT, 10 pM each of NTP (nucl eoside tripho hat/ ), including
[ 3M UTP| (uri di_#@%tz%i phosphate), and 10 ng/pL WO
2012/ 01p663Pd 11/062%45 - 219 - heteropolynerig te Ig{e. Test
conpounds wer gCyclhedkd-(ly di ssol ved in 100% DVBO and gt her diluted in
aqueous| buf f erm@gyrt@i ni ng| 5% DVSO. Typi cal |y, conpounds™@ere tested at
concentrations between 1 nMand 100 pM Reacti on§<\m§ started with

n

. bet

addi tiop of en'?ﬂgfarrzao and al owed to continyde at\37C for hours. Reacti ¢ns
wer e quenched| wiferhD-8-o05¢- of 100 M EDTA &nd redCt | mitures (30 pL) were
transferred tlopighd-mpt-avi-diin-coated scintiNlat/i on pNoxXNgity mcrotiter

pl ates (Fl ashPA_ Fy?‘ﬁ%i’ and iincubated at room tenperdture ©Qvernight.

hene-

| ncorporation o roactivity was determ ned intillation counting.
Bi ol ogi cal Exph¢Ateoxgic apbV/i NS5b Enzynme Ass ppdDmer substrate
The pol ynerasje activity was assayed by nea g ncoffpor ati on of

radi ol apel ed UTP into a RNA product us A
tenpl ate. The tenplate was forned by ng adenostFne honopol ynmer to
uridi nel 20-nmer capped with a 5 -biotfn gredup (biotin-U20) in the rati¢ of
1: 4. Tysigsally, t+he—assay-rx eontatnred—25—+mMFs—He—{(p}

7.5), 40°mM KCI, 0.3 mM MyCl2, 0.05 nM EDTA, 0.2 unit/p‘_ Super ase RNAse
| nhibitpr, 5 M DIT, 30 pM UTP (Uridine triphosphate), pncluding [3N UTP

(uridine triphosphate) at |0.4 pC/pL with final conceptrapron of 1 pM| and
50 nM of honopol yneric tenplate. Test conpounds were |\Qit ally dissolyed in
100% DVBO and Fifdtder dil ited in aqueous buffer cogtaipn 5% DVSO,
Typi cal [y, conprishélg-aare | tested at concentration ween 2 nM and 50 pM
Reactiohs werie.started with addition of enzyne and aj1dwed to continue at

! E pIL o?ye

30C for| 90 ni|mLeY "React {ons were guenched vvitzf;& 100 nmM EDTA and

reactioh mi xtUm&gzqla® pL) (were transfery o stf eptavidin-coated
scintil|ation uréwiBloky M crotiter pla “ashPl at ¢s) and incubat ed|at
room t eprper at ud'iéaeraoz\l/nt_a{_rh:_gh . I'ncorporatiy radijpaeN vity was det er m ned
by scintillatfion counting I nhi bi Tor 1C50/val wer e determ ned by
addi ng fest clohigbthigrieset en point, two-fold serit®l dilutions in 100% DVBO
with a final [reestdx@racien¢centration of 5% Al uesoppre cal cul ated by
plotting the % inhibition|agai nst conpg on and fitting fhe
data to|a constrained foul parameter equi val ent to the
"four paraneter |ogistic equation”, Bott om waDt he mi ni mum Y val ue,
Top was|the nmaxi mumY val e, and H
portionlof the sem -log curve. Top and Bottom were constrained to val lles of
0% and 100% respectively. These anal yses were perfornmed using G aphpad
Prismv.4.0 (G aphpad Software, Inc.) in conjunction with DS Accord for
EXCEL 6.0 (Accelrys, Mcrosoft Corp.). Biological Exanple 6. The

pol ynerase activity was al so assayed by neasuring incorporation of

radi ol abel ed GIP into an RNA product using a biotinylated oligoGl3 priner
with a polycytidylic acid RNA WD 2012/ 010663PCT/ EP2011/ 062545 - 220 -

tenpl ate. Typically, the assay m xture (40 pL) contains 50 nM HEPES (pH
7.3), 2.5 nmM magnesi um acetate, 2 nM sodi um chloride, 37.5 nmM potassi um
acetate, 5 MM DIT, 0.4 UnlL RNasin, 2.5%glycerol, 3 nM NS5B, 20 nM pol yC
RNA tenpl ate, 20 nM biotin-oligoGl3 primer, and 0.2 pMtritiated guanosine
tri phosphate. Test conpounds were initially dissolved and diluted in 100%
DVBO and further diluted into aqueous buffer, producing a final
concentration of 5% DVMSO. Typically, conpounds were tested at
concentrations between 0.2 nMand 10 pM Reactions were started with
addition of tritiated guanosine triphosphate and allowed to continue at 30C
for 2 hours. Reactions were quenched with 100 pL stop buffer containing 10
mv EDTA and 1 pg/ nL streptavidin-coated scintillation proximty beads.
Reaction plates were incubated at 4C for 10 hours and then incorporation of
radi oactivity was determ ned by scintillation counting. Conpounds in

-— 1 s . I T Y 1 T I 1 o Y e T N 1




173,
192,
216,
235,

176, 177, 179, 180, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191,
193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203, 208, 212, 213,
217, W0D812/@083 222, 224, 225, 226, 227, 228, 229, P8I/EP2B2/06233, 234,
236, 238, 239, 240, 241, 243, 2_414‘58_246,
299 3{(R)-5- (— @)
Cyclohexyl-2-(3- <:> """
hydroxy-propyl)-3- N
oxo-morpholin-4- O OH
yl}-5-(3,3- / \ 0
dimethyl-but-1- 4 S
ynyl)-thiophene-2- OH
carboxylic acid
300
F
N
3-[(R)-2- 7
Cyclohexyl-6-oxo- —
4-(6- O\\S\\
trifluoromethyl- /"0
pyridine-3- N
sulfonyl)- QH" """
piperazin-1-ylJ-5- N
p-tolyl-thiophene- O
2-carboxylic acid I \ OH
S




247,
279,
297,
315,

248, 250, 251, 253,
280, 281, 283, 284,
298, Ww02912/@06b3 302,
316, 318, 319, 320,

256,
285,
303,
321,

257,
286,
304,
322,

258,
287,
305,

323,
-199 -

272,
288,
307,
325,

273,
289,
308,

274,
290,
310,

275, 276, 277, 278,
291, 292, 295, 296,
BCT/EP3W2/065313, 314,

methyl-pyridine-3-
sulfonyl)-6-oxo-
piperazin-1-yl]-5-
p-tolyl-thiophene-

2-carboxylic acid

301
N
3-[(R)-2- \ /N
Cyclohexyl-4-(1-
isobutyl-1H- O\\S
AN
pyrazole-4- N/ 0O
sulfonyl)-6-oxo-
piperazin-1-ylJ-5- O.... ......
p-tolyl-thiophene- N
2-carboxylic acid O
[ M oH
S
)
302
N
7 N\
3-[(R)-2- O\\
Cyclohexyl-4-(6- S\\O




327, 328, 329, 330, 332, 334, 336, 337, 339, 340, 341, 342, 343 exhi bit
an 1 C50 of 100 nMor less in the replicon assay of Biological Exanple 2.
The compowodsizfiodesanpl e nunbers 1, 4, 6, 12, 13, 17, 18CTAR201206252Y, 29,
31, 36, 37, 38, 39, 40, 42, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56,
58, 59, 60, 61, 62, 63, 64, 65, 66, ©00-70, 71, 72, 73, 83, 97, 98, 100,
101, 102, 103, 104, 105, 106, 107, 108, 109, 113, 114, 115, 116, 124, 128,
129, 131, 136, 139, 142, 144, 153, 159, 178, 181, 204, 205, 206, 207, 209,

211, 218303215, 220, 221, 223, 230, 237, 242, 245, 249,
N
7 N\
3-[(R)-4-(6-tert- —
Butyl-pyridine-3- O\\ S
sulfonyl)-2- /=0
cyclohexyl-6-0xo- N
piperazin-1-yl]-5- Qu" """ (
p-tolyl-thiophene- N
2-carboxylic acid O
N o
S
)
304
N
7 N\
3-[(R)-2- —
Cyclohexyl-4-(6- O\\ S .
ethyl-pyridine-3- /' ~0
sulfonyl)-6-oxo- N
piperazin-1-yl]-5- O""' """ </
p-tolyl-thiophene- N
2-carboxylic acid O
TN o
S
)




252, 254, 255, 259, 260, 262, 267, 282, 293, 294, 300, 206, 309, 317, 324,
326, 331, 333, 335, 338 exhibit an I C50 between 100 nMand 5.0 uMin the

repl i con we=a12/010d63Bi ol ogi cal

112, 117, 132,

Exanple 2. WO

Exanpl e 2. The conpounds eCTEPamnploe2sasinber s
9, 15, 16, 20, 21, 22, 23, 25, 28, 30, 32, 33, 34, 41, 47, 57, 110, 111,
166, 174, 175, 210 , 2P0 -exhibit an 1C50 of 5.0 pMor nore

in the replicon assay of Biol ogical

2012/ 010663PCT/ EP2011/ 062545 -221 - Table 3 NS5B- enzyme3 (uM M5 [ M+H|

Ret ent i
A3 0.0

DEosL 1 Me (M n) HPLC
D4 448.3 13.03 A 4

3-[(R)-2-
Cyclohexyl-4-(5,6-
dimethyl-pyridine-
3-sulfonyl)-6-0xo-
piperazin-1-yl]-5-
p-tolyl-thiophene-

2-carboxylic acid

nethod 1 U. Il /0.4 1Z2. 306 A Z
0.073 384.4 12.76 A 5
N
728\

.Uso 446. 3

306
3-[(R)-5-

Cyclohexyl-2-(3-
methanesulfonyl-
propyl)-3-oxo-
morpholin-4-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene

2-carboxylic acid

307 3{(R)-5-

Cyclohexyl-2-[(2-
methoxy-
ethylamino)-
methyl]-3-0xo-
morpholin-4-yl}-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene

2-carboxylic acid

13. 02



0.052 427.5 13.06 A6 - 370.1 12.4 A 7 0.006 462.2 13.72 A 8 0.001 434.3
8.45 A9 0.08 398.2 11.64 A 10 0.003 464.3 7.96 A 11 0.008 461.9 12.25 A 12
0. 045 400w6 2002/0484631. 76 A 13 0.079 386.1 12.14 A 14 3. 6BCTAP2016/04265431 A 15

0.0735 385.3 6.12 A
-202 -

308
3-(4-Cyclohexyl- <:>—(_\O
2-0X0- N S

[1,3]oxazinan-3-

yD)-5-(3,3- / \
dimethyl-but-1- O

ynyl)-thiophene-2-

carboxylic acid

Z
309 | N3-((R)-3- 0
Cyclohexyl-5-oxo- Q,,,,, ,,,,, (\
holin-4-yl)-5-
morpholin-4-yl) N
/
/

(3,3-dimethyl-but-
1-ynyl)-thiophene-
2-carbonyl]-
methanesulfonam
ide

310 5
3-((R)-5- (\
Cyclohexyl-2- Q 0 q \)
morpholin-4- T (\

— /

ylmethyl-3-oxo-

morpholin-4-yl)-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-
2-carboxylic acid 9]

31 3-[(2R,5R)-5- O
Cyclohexyl-2-(3- .
N

hydroxy-propyl)-2-

methyl-3-oxo- @) OH
morpholin-4-yl]-5- / \ @)

(3,3-dimethyl-but- é S

1-ynyl)-thiophene- OH

2-carboxylic acid




16 0.4205 489.3 12.73 A 17 0.024 475.2 12.48 A 18 0.002 539.6 14.19 A 19
0.015 388.6 14.3 A 20 0.128 517.6 12.55/13.80 A 21 0.97 533.6 13.11 A 22
0. 02 533.8w0D281248068323 0. 245 399.5 5.89 A 24 0. 0445 503. @CIEPAE1M62585 0. 173

503.4 12.66 A 26 0.067 463.3 12.13
-203 -

312 3-((2S,5R)-2-
Cyanomethyl-5-
cyclohexyl-2-
—
e

methyl-3-oxo-

morpholin-4-yl)-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid

313

3-(6-Cyclohexyl-
3-hydroxy-2-oxo-
piperidin-1-yl}-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene- 4

2-carboxylic acid

314

3-((R)-5-
Cyclohexyl-2,2-
dimethyl-3-oxo-
morpholin-4-yl)-5-
p-tolyl-thiophene-

2-carboxylic acid

315

5-(4-Chloro-
phenyl)-3-((R)-5-
cyclohexyl-2,2-
dimethyl-3-oxo-
morpholin-4-yl)-
thiophene-2-

carboxylic acid

Cl




A 27 0.022 539.3 13.7 A 28 0.226 399.5 7.01 A 29 0.001 599.3 12.76 A 30
0.003 569.3 13.09 A 31 0.047 519.6 14.34 A 32 0.241 544.6 13.79 A 33 0.038
587. 3 12. 802024106605 388.6 14.34 A 35 0.0095 388.4 14. 3PCAEPE010/062385 546. 6
14.69 A 37 0.072 492.6

- 204 -
316 OH
3-[6-Cyclohexyl-3-
(1-hydroxy-ethyl)- N
2-0xo-piperidin-1- 0
yl]-5-(3,3- / \ o
dimethyl-but-1-
S
ynyl-thiophene-2- é
OH

carboxylic acid

317
OH
3-(6-Cyclohexyl-
3-hydroxy-2-oxo- N

)
piperidin-1-yl}-5- \
p-tolyl-thiophene- I OH
2-carboxylic acid S

318 3-[(28,5R)-5-
Cyclohexyl-2-(3-
hydroxy-3-methyl-
butyl)-2-methyl-3-
oxo-morpholin-4-
yl}-5-(3,3-
dimethyl-but-1-

ynyl)-thiophene-2-
carboxylic acid
319 3-[(2R,5R)-5-

/

/

/
Cyclohexyl-2-(3- Q
/

/

/

hydroxy-3-methyl-
butyl)-2-methyl-3-

oxo-morpholin-4-

yl-5-(3,3-
dimethyl-but-1-
ynyl)-thiophene-2- O

carboxylic acid




12.8 A 38 0.065 505.6 13.75 A 39 0.051 553.4 14.19 A WO

2012/ 010663PCT/ EP2011/ 062545 -

222 -

40 0.013 543.3 13.87 A 41 0.218 521.3

11. 71 A AMOoQrAB0Gs37. 6 13. 73 A 43 553.6 15.49 A 44 55BCEH/FEP2019D625485 4.9
505.6 13.55 A 46 0.063 531.6 14.33 A 47 0.088 492.3 6.52

- 205 -

320 3-[(2S,5R)-5-

Cyclohexyl-2-((R)-
3-hydroxy-butyl)-
2-methyl-3-0xo-
morpholin-4-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid

321 3-[(2R,5R)-5-

Cyclohexyl-2-((R)-
3-hydroxy-butyl)-
2-methyl-3-0xo-
morpholin-4-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid

322
3-((38,6S)-6-
Cyclohexyl-3-
hydroxy-2-0xo-
piperidin-1-yl}-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid

323 3-[(2R,5R)-5-
Cyclohexyl-2-(2-
hydroxy-ethyl)-2-
methyl-3-oxo-
morpholin-4-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-
2-carboxylic acid




A 48 0.187 402.3 13.73 A 49 0.015 539.17 4.16 C 50 0.007 582.17 3.69 C 51
0.011 617.18 4.57 C 52 0.015 525.15 4.1 C 53 0.024 609.13 7.56 B 54 0.018
593. 14 6.0 21258063071 609. 14 4.22 C 56 0.0071 553. 18 4PETEP2NN1062565 578. 18
8.23 B 58 0.088 539. 17

- 206 -
324 OH
3-(6-Cyclohexyl-
3-hydroxy-3- N
methyl-2-oxo- O
piperidin-1-yl)-5- ] \ OH
p-tolyl-thiophene- S
2-carboxylic acid O
325
O
)
3-((R)-3- [
Cyclohexyl-5-oxo-
. N O
1,9-dioxa-4-aza-
_ OH
spiro[5.5]undec-4- AN
yN)-5-(3,3- \
dimethyl-but-1- S O

ynyl)-thiophene-2- //

carboxylic acid

326 3-[(2S,5R)-5-
Cyclohexyl-2-(2,3-
dihydroxy-propyl)-
2-methyl-3-0xo-
morpholin-4-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid




6 B 59 0.039 609.13 6.75 B 60 0.009 601.18 4.73 C 61 0.003 578.18 8.98 B 62
0.011 529.16 7.84 B 63 0.042 617.19 9.78 B 64 0.031 578.17 9.18 B 65 0. 045
601. 18 7.0 2B12880463049 611.13 4.39 C 67 0.1835 402. 3 13 P¢E/ER2E8/062593. 14

6.77 B 69 0.002
- 207 -

327 3-[(2S,5R)-5-
Cyclohexyl-2-(2,3-
dihydroxy-propyl)-
2-methyl-3-0xo-
morpholin-4-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid

328 3-[(2S,5R)-5-

Cyclohexyl-2-(2-
hydroxy-ethyl)-2-
methyl-3-oxo-

morpholin-4-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene

2-carboxylic acid

329

3-((R)-5-
Cyclohexyl-2-
hydroxymethyl-3-
oxo-morpholin-4-
yl)-5-(3,3-
dimethyl-but-1-
ynyl)-thiophene-2-

carboxylic acid

330 3-[(2R,5R)-5-
Cyclohexyl-2-(2,3-
dihydroxy-propyl)-
2-methyl-3-0xo-
morpholin-4-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid




597.4 16.51 A 70 0.067 402.5 15.7 A 71 0.052 398.5 16.1 A 72 0.064 412.6
16. 77 A 73 0.021 418.5 16.91 A 74 0.012 581.19 8.44 B 75 0.008 623.24 2. 28
D 76 0. OOWo029B/@oak3. 16 A 77 0.003 625.6 17.66 A 78 0. 00PCIFP2@11/06315 B 79

0.004 627.18 17.35 A 80
- 208 -

331 3-[(2S,5R)-5-
Cyclohexyl-2-(2,3-
dihydroxy-propyl)-
3-oxo-morpholin-
4-yl}-5-(3,3-
dimethyl-but-1-
ynyl)-thiophene-2-

carboxylic acid

332 3-[(2S,5R)-5-
Cyclohexyl-2-(2-
hydroxy-ethyl)-3-
oxo-morpholin-4-
yl}-5-(3,3-
dimethyl-but-1-
ynyl)-thiophene-2-

carboxylic acid

333 3-[(R)-5-
Cyclohexyl-2,2-
bis-(2-hydroxy-
ethyl)-3-oxo-
morpholin-4-yl]-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid

334

3-((3R,6S)-6-
Cyclohexyl-3-
hydroxy-2-0xo-
piperidin-1-yl}-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid




0.006 657.24 9.57 B 81 0.009 612.23 4.74 B 82 0.006 609.22 7.11 B 83 0.003
629.21 7.16 B WO 2012/ 010663PCT/ EP2011/ 062545 -
A 85 0. 00&028R/@0k6. 78 A 86 0.006 585.18 7.1 B 87 0. 005P63%EP2B11152543 A 88
0. 002133 610.3 7.08 A 89 0.003 652.23 7.62 B 90 0.004 625. 22

- 209 -

223 - 84 0.004 609.22 16.76

335

3-((8)-2-
Cyclohexyl-7-oxo-
azepan-1-yl)-5-
(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid

336

3-[(2R,5R)-5-
Cyclohexyl-2-((R)-
2-hydroxy-propyl)-
3-oxo-morpholin-
4-yl}-5-(3,3-
dimethyl-but-1-
ynyl)-thiophene-2-

carboxylic acid

W\

337

3-[(2R,5R)-5-
Cyclohexyl-2-((S)-
2-hydroxy-propyl)-
3-oxo-morpholin-
4-yl}-5-(3,3-
dimethyl-but-1-
ynyl)-thiophene-2-

carboxylic acid

338

3-[(2S,5R)-5-
Cyclohexyl-2-(4-
hydroxy-butyl)-3-
oxo-morpholin-4-
yll-5-(3,3-
dimethyl-but-1-
ynyl)-thiophene-2-

carboxylic acid

W\




7.95 B 91 0.012 637.25 17.92 A 92 0.004 623.5 8.17 B 93 0.004 625.22 7.65 B
94 0.002 639.5 17.13 A 95 0.005 645.4 17.27 A 96 623.4 17.53 A 97 0.027
550. 3 11.w02M2980463003 582.3 9.34 A 99 0.002 597.3 10. 7BCAEPOQ1061503!
13.4 A 101 0.011

-210 -

567. 3

339

3-[(S)-6-
Cyclohexyl-3-(3-
hydroxy-propyl)-2-
oxo-piperidin-1-
yl}-5-(3,3-
dimethyl-but-1-
ynyl)-thiophene-2-

carboxylic acid

340

3-((8)-3-Amino-6-
cyclohexyl-2-o0xo-
piperidin-1-yl}-5-

(3,3-dimethyl-but-
1-ynyl)-thiophene-

2-carboxylic acid

341

3-[(S)-6-
Cyclohexyl-3-(3-
hydroxy-propyl)-2-
oxo-piperidin-1-
yl}-5-(3,3-
dimethyl-but-1-
ynyl)-thiophene-2-

carboxylic acid

342

3-[(S)-6-
Cyclohexyl-3-(2-
hydroxy-ethyl)-2-
oxo-piperidin-1-
yl}-5-(3,3-
dimethyl-but-1-
ynyl)-thiophene-2-

carboxylic acid




591.3 11.52 A 102 0.0045 585.3 10.83 A 103 0.002 555.3 11.42 A 104 0.021
543.3 11.85 A 105 0.002 581.3 14.04 A 106 0.014 591.3 11.98 A 107 <0.001
555. 3 11.6 2A12108668. 037 526.3 9. 94 A 109 0. 03 543. 3 11. BCTAP20/0625383

573.2] 12.89 A 111 0.243 593.2 13.18 A 112
-211 -

343 3-[(S)-6-
Cyclohexyl-3-(2- Q- .........
hydroxy-ethyl)-2-
oxo-piperidin-1- OH
yl]-5-(3,3- / \ 8H

dimethyl-but-1-
ynyl)-thiophene-2- O

carboxylic acid

NMR data for certain compounds of the invention are provided in Table 2.
Table 2

Compound
NMR data
number

'"H-NMR (400MHz, CD5OD):  7.80(d, 2H), 7.40(t, 2H), 7.29(t, 1H), 7.18(s,
1H), 4.62(m, 1H), 2.30(m, 2H), 2.03(m, 1H), 1.80-1.10 (M, 12H)

'"H-NMR (400MHz, CDsOD): & 6.97(s, 1H), 4.13(m, 1H), 3.90(m, 1H), 3,82(m,

2
1H), 3.57(m, 2H), 1.97- 1.48(m, 10H), 1.32(s, 9H), 1.26-1.09(m, 6H).

X 'H-NMR (400MHz, CD;0D): & 6.93(s, 1H), 4.14(m, 1H), 4.0(m, 1H), 3.62(m,
1H), 3.58(m, 2H), 2.02- 1.48(m, 10H), 1.32(s, 9H), 1.25-1.17(m, 6H).

) '"H-NMR (400MHz, CDCl3): & 7.43(m, 2H), 7.21(m, 3H), 6.94(m, 1H), 3.68(m,

1H), 2.45(m, 2H), 2.21(m, 1H), 1.83-1.51 (m, 12H), 1.32(m, 2H).

1H NMR (400 MHz, CDCl3): & 0.88-1.12(m, 5H), 1.29(m, 2H), 1.37(s, 3H),
5  |1.48-1.60(m, 2H), 1.71(m, 2H), 1.84(m, 2H), 1.96(m, 1H), 2.12(m, 1H),
2.29(s, 3H), 3.72(m, 1H), 6.93(s, 1H), 7.11(d, 2H), 7.39(d, 2H)

"H-NMR (400MHz, DMSO-de): & 13.1(s, 1H), 7.75(d, 2H), 7.58(s, 1H), 7.37-
6  [7.52(m, 3H), 4.21(m, 1H), 2.34(m, 2H), 2.09(m, 1H), 1.91(m, 1H), 1.36-
1.79(m, 5H), 0.91-1.31(m, 6H).




0.173 666.4 12.61 A 113 0.044 440.6 16.03 A 114 0.09 414.5 12.96 A 115
0.004 506.3 11.8 A 116 0.064 428.6 13.88 A 117 0.739 452.5 13.93 A 118
0. 002 609w 202/08668 119 0. 009 609.4 12.12 A 120 0. 006 6PBTEPLO1IBFAS 121

0.007 613.3 10.87 A 122 0.002 625.4 9.33 A
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number

"H-NMR (400MHz, CDOD): & 6.93(s, 1H), 4.12(d, 1H), 3.91(d, 1H), 3.66(s,
7 |1H), 3.54(t, 2H), 2.14(m, 1H), 1.91(m, 1H), 1.44-1.85(m, 8H), 1.41(s, 3H),
1.06-1.37(m, 14H)

"H-NMR (400MHz, CD;OD): & 6.90(s, 1H), 4.24(tert, 1H), 4.13(d, 1H),

8  |4.01(tert, 1H), 3.73(d, 1H), 3.71(d, 1H), 3.66(t, 1H), 2.21(m,1H), 1.41-1.98(m,
8H), 1.05-1.37(m, 15H).

'H-NMR (400MHz, DMSO-de): & 7.57(s, 1H), 7.32-7.45(m, 6H), 7.28(t, 3H),

10
7.20(t, 1H), 5.45(m, 1H), 2.52-2.63(m, 3H), 1.89(m, 1H).

y 'H-NMR (400MHz, CD0D): & 6.89(s, 1H), 3.94(m, 1H), 3.58(m, 2H), 2.05(m,
1H), 1.92-1.39(m, 13H), 1.32(s, 9H), 1.25-1.13 (m, 5H)

3 '"H-NMR (400MHz, CDCl3): & 7.56(d, 2H), 7.35(m, 3H), 7.12(s, 1H), 4.26(tert,

2H), 3.98(m, 2H), 3.60(s, 1H), 0.94-1.93(m, 11H)

"H-NMR (400MHz, CDOD): & 7.74(d, 2H), 7.65(d, 2H), 7.49(d, 2H), 7.41(t,
18 [2H), 7.33(t, 1H), 7.21(s, 1H), 4.12(d, 1H), 3.95(d, 1H), 3.93(s, 1H), 3.37(d,
1H), 3.02(tert, 1H), 2.47(s, 3H), 1.41-1.99(m, 7H), 1.05-1.32(m, 4H)

"H-NMR (400MHz, DMSO): & 10.31(d, 1H), 7.63(d, 2H), 7.42(t, 2H), 7.31(t,
2H), 7.23(m, 2H), 7.14(s, 1H), 6.98(m, 3H), 4.61(m, 2H), 4.45(m, 1H),
4.10(m, 1H), 3.32(s, 2H), 2.20(m, 1H), 1.88-1.76(m, 4H), 1.65-1.58(m, 2H),
1.41-1.05(m, 6H)

"H-NMR (400MHz, DMSO): & 8.55(m, 2H), 7.63(d, 2H), 7.48(t, 2H), 7.32(t,
23 [2H), 7.15(s, 1H), 5.76(s, 1H), 3.98(m, 1H), 3.82(m, 1H), 2.33(m, 2H), 2.07(m,
1H), 1.80(m, 2H), 1.61(m, 3H), 1.38(m, 2H), 1.03(m, 5H)

22

'"H-NMR (400MHz, CD0D): & 7.03(s, 1H), 3.81(m, 1H), 2.25(m, 1H), 1.88-
1.38(m, 6H), 1.29(s, 9H), 1.18(m, 4H), 1.06 (m, 4H)

35




123 0.002 611.3 8.46 A 124 0.004 611.3 8.46 A 125 0.018 621.4 12.74 A 126
0.011 637.3 13.87 A 127 0.003 608.3 12.96 A WO 2012/ 010663PCT/ EP2011/ 062545
- 224 - 1262012000866625. 3 9. 86, 10.06 A 129 0.096 409. 2 1PCIER2M3061349D01

609.3 14.24 A 131 0.261 609.3 14.27 A 132 0.108 610.3 7.09 A 133
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Compound
NMR data
number

"H-NMR (400MHz, CD;0D): & 7.82(d, 1H), 7.68(d, 2H), 7.44(m, 3H), 7.36(s,
62 [1H), 6.78(d, 1H), 4.16(d, 1H), 4.02(s, 3H), 3.94(d, 1H), 3.81(s, 1H), 3.65(d,
1H), 3.18(tert, 1H), 2.00(d, 1H), 1.36-1.87(m, 6H), 1.05-1.29(m, 4H)

"H-NMR (400MHz, CDOD): & 8.47(d, 1H), 7.85(tert, 1H), 7.64(d, 2H), 7.43(t,
135  [2H), 7.30(m, 2H), 6.61(d, 1H), 3.94(s, 1H), 3.88(d, 1H), 3.74(d, 1H), 2.81-
3.24(m, 6H), 1.49-2.06(m, 8H), 0.98-1.35(m, 7H)

"H-NMR (400MHz, CDOD): & 8.51(d, 1H), 7.86(tert, 1H), 7.64(d, 2H), 7.41(t,
2H), 7.32(t, 1H), 7.19(s, 1H), 7.91(d, 1H), 4.10(d, 1H), 3.96(s, 1H), 3.89(d,
1H), 3.65-3.81(m, 8H), 3.41(d, 1H), 3.06(d, 1H), 1.37-1.98(m, 8H), 1.03-
1.26(m, 3H)

1H NMR (400 MHz, CDCl3): & 1.03(m, 3H), 1.15(d, 3H), 1.30(m, 1H), 1.43(m,
2H), 1.58(m, 2H), 1.63(m, 1H), 1.7-1.8(m, 2H), 1.9(d, 1H), 1.95-2.10(m, 3H),
185  [2.96(d, 1H), 3.33(d, 2H), 3.60(s, 1H), 3.75(s, 1H), 3.81(d, 1H), 4.05(s, 1H),
4.20(d, 1H), 6.37(d, 1H), 7.02-7.05(m, 3H), 7.50-7.54(m, 2H), 7.66(m, 1H),
8.38(s, 1H)

"H-NMR (400MHz, CD;0D): & 7.80(d, 1H), 6.95(s, 1H), 6.75(d, 1H), 4.14(d,
193 |1H), 3.93(d, 1H), 3.64(d, 1H), 3.16(m, 1H), 2.30(m, 2H), 1.90(m, 1H), 1.83(m,
3H), 1.69 (m, 2H), 1.58(t, 3H), 1.47 (m, 2H), 1.31(s, 9H), 1.18 (m, 4H)

1H NMR (400 MHz, CDCl3): & 0.95-1.15(m, 4H), 1.20(m, 1H), 1.30-1.40(m,
1H), 1.47(m, 1H), 1.57(m, 2H), 1.66(s, 1H), 1.70-1.85(m, 3H), 1.85-1.95(m,
196 [2H), 3.03(m, 1H), 3.18(d, 2H), 3.43(d, 1H), 3.69(s, 1H), 3.75-3.90(m, 3H),
4.10(d, 1H), 4.45(s, 2H), 6.51(d, 1H), 7.00-7.10(m, 3H), 7.49(m, 2H), 7.70(m,
1H), 8.46(s, 1H)

1H NMR (400 MHz, CDCls): & 0.90-1.15(m, 5H), 1.40-1.60(m, 3H), 1.60-
1.85(m, 3H), 1.95(m, 2H), 3.20(d, 1H), 3.55(d, 2H), 3.68(m, 2H), 3.70-3.85(m,

184

200
BH), 3.85-3.95(m, 2H), 6.48(d, 1H), 7.02(s, 1H), 7.27(d, 2H), 7.42(d, 2H),
7.67(d,1H), 8.43(d, 1H)

- "H-NMR (400MHz, CD5OD): & 6.87(s, 1H), 4.19(s, 2H), 4.05(m, 2H), 3.82(s,

1H), 1.43-1.90(m, 6H), 1.06-1.39(m, 14H)




418.2 14.01 A 134 398.5 13.56 A 135 0.002333 595.3 13.58 A 136 0.26 595.3
13.61 A 137 0.0015 624.3 7.15 A 138 0.001 638.3 7.21 A 139 0.001 640.3 7.05
A 140 0. OW0 2624018663. 2 A 141 0. 002 610.3 7.02 A 142 0. 00PCoa£2@1/062535 A 143

0.0019 638.3 7.14 A 144
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number

1H NMR (400 MHz, CDCl3): & 0.93-1.15(m, 4H), 1.29-1.39(m, 1H), 1.45(m,
1H), 1.50-1.60(m, 2H), 1.65(m, 1H), 1.70-1.80(d, 1H), 1.80-1.90(d, 1H), 1.90-
279 [2.10(m, 4H), 3.05(d, 1H), 3.20(m, 1H), 3.27(s, 3H), 3.30(m, 1H), 3.36-3.53(m,
3H), 3.61-3.74(m, 2H), 4.06(d, 1H), 6.42(s, 1H), 6.99-7.07(m, 3H), 7.48(m,
2H), 7.64(d, 1H), 8.42(s, 1H)

1H NMR (400 MHz, CDCl3): & 0.96-1.14(m, 4H), 1.32-1.44(m, 1H), 1.48(m,
1H), 1.57(m, 2H), 1.67(m, 1H), 1.76(d, 1H), 1.83(d, 1H), 2.30(s, 3H), 2.98(d,

29 1H), 3.40(d, 1H), 3.67(m, 1H), 3.79(d, 1H), 3.91(s, 3H), 4.10(d, 1H), 7.06(s,
1H), 7.15(d, 2H), 7.42(d, 2H), 7.71(s, 1H), 7.75(s, 1H)
1H NMR (400 MHz, CDCl3): & 0.97-1.15(m, 4H), 1.27(m, 1H), 1.47-1.64(m,
aop  [PH) 1-68(m. TH), 1.76(d, 1H), 1.84(d, 1H), 2.28(s, 3H), 2.73(s, 3H), 3.31(d,

1H), 3.52(d, 1H), 3.71(m, 1H), 3.85(d, 1H), 4.14(d, 1H), 7.06(s, 1H), 7.12(d,
1H), 7.40(d, 2H), 7.45(d, 1H), 8.13(d, 1H), 8.98(s, 1H)

"H-NMR (400MHz, CD0D): & 6.91(s, 1H), 4.23(d, 1H), 3.94(d, 1H), 3.62(m,
311 |1H), 3.55(m, 2H), 1.96- 1.52(m, 10H), 1.45(s, 3H), 1.32(s, 9H), 1.21 (m, 4H),
1.05(m, 1H)

1H NMR (400 MHz, CDCl3): & 0.94-1.13(m, 4H), 1.26(m, 1H), 1.38(m, 1H),
1.43(s, 3H), 1.45(s, 3H), 1.47-1.59(m, 2H), 1.62(m, 1H), 1.74(d, 1H), 1.87(d,

314
1H), 2.29(s, 3H), 3.45(m, 1H), 3.84(d, 1H), 4.09(d, 1H), 7.02(s, 1H), 7.12(d,
2H), 7.42(d, 2H)

” '"H-NMR (400MHz, CD5OD): & 6.93(s, 1H), 4.23(m, 1H), 3.80(m, 1H), 2.49(m,

1H), 2.06-1.42(m, 10H), 1.32(s, 9H), 1.22(d, 3H), 1.12 (m, 5H).

"H-NMR (400MHz, CD0D): & 6.97(s, 1H), 4.11(d, 1H), 3.92(d, 1H), 3.62(m,
318 [1H), 2.17(m, 1H), 1.93(m,1H), 1.62-1.85(m, 4H), 1.45-1.62(m, 4H), 1.37-
1.44(m, 3H), 1.27-1.37(m, 10H), 1.11-1.27(m, 10H)

"H-NMR (400MHz, CDOD): & 6.97(s, 1H), 4.18(d, 1H), 3.94(d, 1H), 3.53(m,
319 |1H), 2.17(, 1H), 1.95(m,2H), 1.70-1.86(m, 4H), 1.58-1.69(m, 2H), 1.46-
1.58(m, 2H), 1.39-1.46(m, 3H), 1.29-1.39(m, 10H), 1.10-1.29(m, 10H)




0.002 610.3 6.98 A 145 0.001 624.3 7.19 A 146 0.002 710.4 2.23 D 147 0.001
652.4 2.34 D 148 0.002 638.3 2.17/ D 149 0.003 738.4 2.40/ D 150 0.004
638. 3 2. 240 221B0666. 003 724.4 2.40/ D 152 0.003 666.4 2PBI/EPRNI1SR5@5 004

738.4 2.43/ D 154 0.003 623.3 2.28/ D
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'"H-NMR (400MHz, CDsOD): & 6.95(s, 1H), 4.09(m, 1H), 3.74(m, 1H), 2.09(m,
1H), 1.94-1.67(m, 8H), 1.38(m, 1H), 1.33(s, 9H), 1.17(m, 5H)

322

"H-NMR (400MHz, CD,0D): & 6.87(s, 1H), 4.24(tert, 1H), 3.93(d, 1H), 3.62-
323 [3.82(m, 3H), 2.08-2.21(m, 1H), 1.88-2.04(m, 2H), 1.56-1.87(m, 4H), 1.43-
1.56(m, 4H), 0.98-1.35(m, 14H)

1H NMR (400 MHz, CDCl3): & 0.88-1.13(m, 4H), 1.32(m, 2H), 1.43(s, 3H),
324 [1.48-1.67(m, 3H), 1.69-1.87(m, 4H), 1.96(m, 1H), 2.06(m, 1H), 2.31(s, 3H),
3.67(m, 1H), 7.08(s, 1H), 7.15(d, 2H), 7.44(d, 2H)

1H NMR (400 MHz, CDCl3): & 0.96-1.19(m, 5H), 1.23(s, 9H), 1.37(m, 1H),
325 [1.45(m, 1H), 1.61(m, 2H), 1.64-1.81(m, 4H), 1.83(m, 1H), 2.22(m, 1H),
3.37(m,1H), 3.57-3.78(m, 4H), 3.89(d, 1H), 3.98(d, 1H), 6.79(s, 1H)

'H-NMR (400MHz, CD5OD): & 6.78(s, 1H), 4.07(m, 1H), 3.53(m, 2H), 2.26(m,
1H), 1.96-1.38(m, 14H), 1.30(s, 9H), 1.14 (m, 5H).

326

"H-NMR (400MHz, CD;OD): & 6.87(s, 1H), 4.14(tert, 1H), 3.92(tert, 1H),
328 [3.77(d, 1H), 3.70(t, 2H), 2.32(m, 1H), 1.82-1.99(m, 2H), 1.71-1.82(m, 2H),
1.66(m, 1H), 1.41-1.59(m, 5H), 1.03-1.34(m, 14H)

'"H-NMR (400MHz, CDsOD): & 6.95(s, 1H), 4.08(m, 1H), 3.74(m, 1H), 2.18(m,
1H), 1.94-1.67(m, 8H), 1.42(m, 1H), 1.33(s, 9H), 1.17(m, 5H)

334

336 ['H NMR (400 MHz, CD;OD): & 1.09-1.31 (m, 8 H), 1.32 (s, 9 H), 1.45-1.85
(m, 5 H), 1.89-2.10 (m, 3 H), 3.56-3.61 (m, 1 H), 3.93-4.00 (m, 1 H), 4.00-
4.10 (m, 1 H), 4.12-4.22 (m, 2 H), 6.99 (s, 1 H)

337 |['H NMR (400 MHz, CD;0OD): & 1.07-1.31 (m, 8 H), 1.32 (s, 9 H), 1.45-1.60
(m, 2 H), 1.63-1.85 (m, 4 H), 1.87-1.98 (m, 1 H), 2.02-2.11 (m, 1 H), 3.60-
3.66 (M, 1 H), 3.93-4.03 (m, 2 H), 4.15 (d, 1 H), 4.26-4.35 (m, 1 H), 6.94 (s, 1
H)




155 0.003 652.4 2.15 D 156 0.001 638.3 2.15 D 157 0.001 650.4 2.13 D 158
0.002 623.3 2.35 D 159 0.003 724.4 2.22 D 160 0.001 652.4 2.16 D 161 0.001
740. 4 2. NoRoBA0G3002 724.4 2.38 D 163 0. 001 638. 3 2. 1PCYEPGeH1061501 623. 3

2.27 D 165 0.002 710.4 2.2
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340  [H-NMR (400 MH, CD,OD): & 6.81 (s, 1H), 3.96 (br, 1H), 3.48 (m, 1H),
2.06(m, 3H), 1.84(m, 3H), 1.70(br, 2H), 1.46 (m, 1H), 1.37(m, 1H), 1.31(s,
9H), 1.16(m, 5H)

341 ['H-NMR (400 MH, CD,OD): & 6.81 (s, 1H), 4.00 (br, 1H), 3.53 (t, 2H),
2.27(br, 1H), 1.97(m, 3H), 1.82-1.64(m, 7H), 1.58 (m, 2H), 1.37(m, 2H),
1.31(s, 9H), 1.14(m, 5H)

343 ['H-NMR (400 MH, CD,OD): & 6.85(s, 1H), 3.92 (br, 1H), 3.67 (m, 2H),
2.41(br, 1H), 2.15(m, 1H), 1.97(m, 2H), 1.78 (m, 7H), 1.37(m, 2H), 1.31(s,
9H), 1.14(m, 5H).




D 166 0.982 543.5 15.74 A 167 0.0035 639.3 14.32 A 168 3.8165 615.5 14.95 A
169 0.003 629.2 15.57 A 170 0.004 643.2 16.03 A 171 0.002 639.3 14.02 A WO
2012/ 010686RUI/EHRBB11/ 062545 - 225 - 172 0.0012 609.6 1BCEFER2MTB6154901

623.6 15 A 174 5.113 493.2 15.41 A 175 >10 389.2 6.89 A 176
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Biological Examples

Biological Example 1. Anti-Hepatitis C Activity

Compounds can exhibit anti-hepatitis C activity by inhibiting HCV polymerase, by
inhibiting other enzymes needed in the replication cycle, or by other pathways. A number of
assays have been published to assess these activities. A general method that assesses the
gross increase of HCV virus in culture was disclosed in U.S. Patent No. 5,738,985 to Miles ef al.
In vitro assays have been reported in Ferrari ef al. Jnl. of Vir., 73:1649-1654, 1999; Ishii et al.,
Hepatology, 29:1227-1235, 1999; Lohmann et al., Jnl/ of Bio. Chem., 274:10807-10815, 1999;
and Yamashita et al., Jnl. of Bio. Chem., 273:15479-15486, 1998.

WO 97/12033, filed on September 27, 1996, by Emory University, listing C. Hagedorn
and A. Reinoldus as inventors, which claims priority to United States Provisional Patent
Application Serial No. 60/004,383, filed on September 1995, described an HCV polymerase
assay that can be used to evaluate the activity of the of the compounds described herein.
Another HCV polymerase assay has been reported by Bartholomeusz, et al., Hepatitis C Virus
(HCV) RNA polymerase assay using cloned HCV non-structural proteins; Antiviral Therapy
1996:1(Supp 4) 18-24.

Screens that measure reductions in kinase activity from HCV drugs were disclosed in
U.S. Patent No. 6,030,785, to Katze ef al., U.S. Patent No. 6,228,576, Delvecchio, and U.S.
Patent No. 5,759,795 to Jubin ef al. Screens that measure the protease inhibiting activity of
proposed HCV drugs were disclosed in U.S. Patent No. 5,861,267 to Su ef al.,, U.S. Patent No.
5,739,002 to De Francesco et al., and U.S. Patent No. 5,597,691 to Houghton et al.

Biological Example 2. Replicon Assay

A cell line, ET (Huh-lucubineo-ET) was used for screening of compounds for inhibiting
HCV RNA dependent RNA polymerase. The ET cell line was stably transfected with RNA
transcripts harboring a lssgluc-ubi-neo/NS3-3’/ET; replicon with firefly
luciferase-ubiquitin-neomycin phosphotransferase fusion protein and EMCV-IRES driven
NS3-5B polyprotein containing the cell culture adaptive mutations (E1202G; T1280I; K1846T)
(Krieger at al, 2001 and unpublished). The ET cells were grown in DMEM (Dulbeco’s Modified
Eagle’s Medium), supplemented with 10% fetal calf serum, 2 mM Glutamine, Penicillin (100
IU/mL)/Streptomycin (100 ug/mL), 1x nonessential amino acids, and 250 pg/mL G418
("Geneticin"). Reagents were all available through Life Technologies (Bethesda, MD). The cells

were plated at 0.5-1.0 x10* cells/well in the 96 well plates and incubated for 24 hrs before



1.41285 571.5 16.35 A 177 0.002 597.2 14.33 A 178 0.001 602.2 14.89 A 179
0.001 609.2 14.81 A 180 <0.0002 623.2 14.74 A 181 0.003 376.4 14.22 182
0. 002 545v¥0 2612780683183 0. 0018 623.5 15.31 A 184 0. 0017 GCT/EP2Mm3/0ZE4A 185

0.001 627.2 14.41 A 186 0.001 643.2 13.57 A
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adding test compound. The compounds were added to the cells to achieve a final concentration
of 0.1 nM to 50 uM and a final DMSO (dimethylsulfoxide) concentration of 0.5%. Luciferase
activity was measured 48 hours later by adding a lysis buffer and the substrate (Catalog number
Glo-lysis buffer E2661 and Bright-Glo luciferase system E2620 Promega, Madison, WI). Cells
should not be too confluent during the assay. Percent inhibition of replication data was plotted
relative to no compound control. To determine the ECx, (effective concentration at which 50% of
the maximum inhibition was observed), a 10 point, 3-fold serial dilution for each compound was
used, which spans a concentration range of 1000 fold. ECs, values were calculated by fitting

%inhibition at each concentration to the following equation:

% inhibition = 100%/[(ECso/[I]) + 1]

where b was Hill’s coefficient.

In some aspects, certain compounds of Formula (1), exhibited ECs, of equal to or less
than 50 uM when tested according to the assay of Example 2. In other aspects the ECs, was

equal to or less than 10 uM. In still other aspects the EC5, was equal to or less than 1uM.

Biological Example 3. Cloning and expression of recombinant HCV-NS5b

The coding sequence of NS5b protein was cloned by PCR from pFKlssluc/NS3-3/ET as
described by Lohmann, V., ef al. (1999) Science 285, 110-113 using the primers shown on page
266 of WO 2005/012288.

The cloned fragment was missing the C terminus 21 amino acid substituents. The
cloned fragment was inserted into an IPTG-inducible (isopropyl-p-D-thiogalactopyranoside)

expression plasmid that provides an epitope tag (His)6 at the carboxy terminus of the protein.

The recombinant enzyme was expressed in XL-1 cells and after induction of expression,
the protein was purified using affinity chromatography on a nickel-NTA (nitrilotriacetic acid)
column. Storage conditions were 10 mM Tris-HCI pH 7.5, 50 mM NaCl, 0.1 mM EDTA
(ethylenediaminetetraacetic acid), 1 mM DTT (dithiothreotol), and 20% glycerol at -20 °C.

Biological Example 4. HCV-NS5b Enzyme Assay using heteropolymer substrate

The polymerase activity was assayed by measuring incorporation of radiolabeled UTP
into a RNA product using a biotinylated, heteropolymeric template, which included a portion of
the HCV genome. Typically, the assay mixture (50 yL) contained 10 mM Tris-HCI (pH 7.5), 5
mM MgCl,, 0.2 mM EDTA, 10 mM KCI, 1 unit/uL RNAsin, 1 mM DTT, 10 yM each of NTP
(nucleoside triphosphate), including [*H]-UTP (uridine triphosphate), and 10 ng/pL



187 0.
0. 001
0. 001
0. 001

001 625.2 13.96 A 188 0.001 638.8 14.04 A 189 0.001 628.8 13.5 A 190
559.4 15.28 A 191 0.001 560.4 15.33 A 192 0.003 530.1 14.74 A 193
533W0 2012/@066A 194 0. 002 625.2 13.26 A 195 0. 003 62#8TXPLeL1D5AS 196

655.3 13.87 A 197 0.0046 639.2 14.58
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heteropolymeric template. Test compounds were initially dissolved in 100% DMSO and further
diluted in aqueous buffer containing 5% DMSO. Typically, compounds were tested at
concentrations between 1 nM and 100 yM. Reactions were started with addition of enzyme and
allowed to continue at 37°C for 2 hours. Reactions were quenched with 8 uL of 100 mM EDTA
and reaction mixtures (30 yL) were transferred to streptavidin-coated scintillation proximity
microtiter plates (FlashPlates) and incubated at room temperature overnight. Incorporation of

radioactivity was determined by scintillation counting.
Biological Example 5. HCV-NS5b Enzyme Assay using homopolymer substrate

The polymerase activity was assayed by measuring incorporation of radiolabeled UTP
into a RNA product using a biotinylated, homopolymeric template. The template was formed by
annealing adenosine homopolymer to uridine 20-mer capped with a 5™-biotin group (biotin-U%°)
in the ratio of 1:4. Typically, the assay mixture (50 pL) contained 25 mM Tris-HCI (pH 7.5), 40
mM KCI, 0.3 mM MgCl,, 0.05 mM EDTA, 0.2 unit/uL Superase RNAse Inhibitor, 5 mM DTT, 30
MM UTP (Uridine triphosphate), including [*H]-UTP (uridine triphosphate) at 0.4 uCi/uL with final
concentration of 1 uM, and 50 nM of homopolymeric template. Test compounds were initially
dissolved in 100% DMSO and further diluted in aqueous buffer containing 5% DMSO. Typically,
compounds were tested at concentrations between 2 nM and 50 yM. Reactions were started
with addition of enzyme and allowed to continue at 30°C for 90 minutes. Reactions were
quenched with 8 uL of 100 mM EDTA and reaction mixtures (30 pL) were transferred to
streptavidin-coated scintillation proximity microtiter plates (FlashPlates) and incubated at room

temperature overnight. Incorporation of radioactivity was determined by scintillation counting.

Inhibitor ICsq values were determined by adding test compound as ten point, two-fold
serial dilutions in 100% DMSO with a final reaction concentration of 5%. IC5y values were
calculated by plotting the % inhibition against compound concentration and fitting the data to a
constrained four parameter sigmoidal curve, equivalent to the “four parameter logistic equation”,
where Bottom was the minimum Y value, Top was the maximum Y value, and Hillslope was the
slope of the linear portion of the semi-log curve. Top and Bottom were constrained to values of
0% and 100%, respectively. These analyses were performed using Graphpad Prism v.4.0
(Graphpad Software, Inc.) in conjunction with DS Accord for EXCEL 6.0 (Accelrys, Microsoft
Corp.).

Biological Example 6.

The polymerase activity was also assayed by measuring incorporation of radiolabeled

GTP into an RNA product using a biotinylated oligoG13 primer with a polycytidylic acid RNA
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template. Typically, the assay mixture (40 uL) contains 50 mM HEPES (pH 7.3), 2.5 mM
magnesium acetate, 2 mM sodium chloride, 37.5 mM potassium acetate, 5 mM DTT, 0.4 U/mL
RNasin, 2.5% glycerol, 3 nM NS5B, 20 nM polyC RNA template, 20 nM biotin-oligoG13 primer,
and 0.2 uM tritiated guanosine triphosphate. Test compounds were initially dissolved and diluted
in 100% DMSO and further diluted into aqueous buffer, producing a final concentration of 5%
DMSO. Typically, compounds were tested at concentrations between 0.2 nM and 10 yM.
Reactions were started with addition of tritiated guanosine triphosphate and allowed to continue
at 30°C for 2 hours. Reactions were quenched with 100 pL stop buffer containing 10 mM EDTA
and 1 yg/mL streptavidin-coated scintillation proximity beads. Reaction plates were incubated at

4°C for 10 hours and then incorporation of radioactivity was determined by scintillation counting.

Compounds in Table 1 supra have been tested in the polymerase assay of Biological
Example 1 and the ICs, values for each compound were provided in Table 3 infra. Most of the
compounds of Table 1 exhibit an IC5, of 1 uM or less or an ICs, of 500 nM or less in the replicon
assay of Biological Example 2 provided herein. For example, the compounds of Example
numbers 2, 3, 5,7, 8, 10, 11, 19, 35,69, 74, 75,76, 77, 78, 79, 80, 81, 82, 84, 85, 86, 87, 88,
89, 90, 91, 91, 92, 93, 94, 95, 96, 99, 118, 119, 120, 121, 122, 123, 125, 126, 127, 130, 135,
137, 138, 140, 141, 143, 145, 146, 147, 148, 149, 150, 151, 152, 154, 155, 156, 157, 158, 160,
161, 162, 163, 164, 165, 167, 168, 169, 170, 171, 172, 173, 176, 177, 179, 180, 182, 183, 184,
185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202, 203,
208, 212, 213, 216, 217, 218, 219, 222, 224, 225, 226, 227, 228, 229, 231, 232, 233, 234, 235,
236, 238, 239, 240, 241, 243, 244, 246, 247, 248, 250, 251, 253, 256, 257, 258, 272, 273, 274,
275, 276, 277, 278, 279, 280, 281, 283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 295, 296,
297, 298, 299, 301, 302, 303, 304, 305, 307, 308, 310, 311, 312, 313, 314, 315, 316, 318, 319,
320, 321, 322, 323, 325, 327, 328, 329, 330, 332, 334, 336, 337, 339, 340, 341, 342, 343
exhibit an I1C5, of 100 nM or less in the replicon assay of Biological Example 2. The compounds
of Example numbers 1, 4, 6, 12, 13, 17, 18, 24, 26, 27, 29, 31, 36, 37, 38, 39, 40, 42, 45, 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,70, 71, 72, 73, 83, 97,
98, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 113, 114, 115, 116, 124, 128, 129, 131,
136, 139, 142, 144, 153, 159, 178, 181, 204, 205, 206, 207, 209, 211, 214, 215, 220, 221, 223,
230, 237, 242, 245, 249, 252, 254, 255, 259, 260, 262, 267, 282, 293, 294, 300, 206, 309, 317,
324, 326, 331, 333, 335, 338 exhibit an ICsy between 100 nM and 5.0 uM in the replicon assay
of Biological Example 2. The compounds of Example numbers 9, 15, 16, 20, 21, 22, 23, 25, 28,
30, 32, 33, 34, 41, 47, 57,110, 111, 112, 117, 132, 166, 174, 175, 210 , 271 exhibit an IC5, of

5.0 uM or more in the replicon assay of Biological Example 2.



2.29 D 209 0.001 592.1 2.14 D 210 0.003 652.1 1.79 D 211 0.002 606.1 2.36 D
212 0.002 674.2 2.38 D 213 0.001 627.1 2.25 D 214 0.001 603.1 2.16 D 215

0. 002 592w0 2812310630 2012/ 010663PCT/ EP2011/ 062545 - 22@CI/FP2@1061381 637. 3
13.63 A 217 0.001 623.2 12.73 A 218 0.001 667.3 15.39 A

-221 -
Table 3
NSSB- . Retention
enzyme3 MS [M+H'] time (min) HPLC method
(uv)
1 0.1815 3704 12.36 A
2 0.035 448.3 13.02 A
3 0.004 448.3 13.03 A
4 0.073 384.4 12.76 A
5 0.052 427.5 13.06 A
6 - 370.1 12.4 A
7 0.006 462.2 13.72 A
8 0.001 434.3 8.45 A
9 0.08 398.2 11.64 A
10 0.003 464.3 7.96 A
11 0.008 461.9 12.25 A
12 0.045 400.5 10.48/11.76 A
13 0.079 386.1 12.14 A
14 3.651 485.6 14.11 A
15 0.0735 385.3 6.12 A
16 0.4205 489.3 12.73 A
17 0.024 475.2 12.48 A
18 0.002 539.6 14.19 A
19 0.015 388.6 14.3 A
20 0.128 517.6 12.55/13.80 A
21 0.97 533.6 13.11 A
22 0.02 533.6 13.45 A
23 0.245 399.5 5.89 A
24 0.0445 503.6 13.46 A
25 0.173 503.4 12.66 A
26 0.067 463.3 12.13 A
27 0.022 539.3 13.7 A
28 0.226 399.5 7.01 A
29 0.001 599.3 12.76 A
30 0.003 569.3 13.09 A
3 0.047 519.6 14.34 A
32 0.241 544.6 13.79 A
33 0.038 587.3 12.8 A
34 1.05 388.6 14.34 A
35 0.0095 388.4 14.35 A
36 0.058 546.6 14.69 A
37 0.072 492.6 12.8 A
38 0.065 505.6 13.75 A
39 0.051 553.4 14.19 A
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40 0.013 543.3 13.87 A
41 0.218 521.3 11.71 A
42 0.148 517.6 13.73 A
43 553.6 15.49 A
44 553.6 12.91 A
45 4.9 505.6 13.55 A
46 0.063 531.6 14.33 A
47 0.088 492.3 6.52 A
48 0.187 402.3 13.73 A
49 0.015 539.17 4.16 C
50 0.007 582.17 3.69 C
51 0.011 617.18 4.57 C
52 0.015 525.15 41 C
53 0.024 609.13 7.56 B
54 0.018 593.14 6.97 B
55 0.071 609.14 422 C
56 0.0071 553.18 44 C
57 0.26 578.18 8.23 B
58 0.088 539.17 6 B
59 0.039 609.13 6.75 B
60 0.009 601.18 473 C
61 0.003 578.18 8.98 B
62 0.011 529.16 7.84 B
63 0.042 617.19 9.78 B
64 0.031 578.17 9.18 B
65 0.045 601.18 7.23 B
66 0.049 611.13 4.39 C
67 0.1835 402.3 13.48 A
68 593.14 6.77 B
69 0.002 597.4 16.51 A
70 0.067 402.5 15.7 A
71 0.052 398.5 16.1 A
72 0.064 412.6 16.77 A
73 0.021 418.5 16.91 A
74 0.012 581.19 8.44 B
75 0.008 623.24 2.28 D
76 0.004 595.6 17.16 A
77 0.003 625.6 17.66 A
78 0.005 599.2 7.91 B
79 0.004 627.18 17.35 A
80 0.006 657.24 9.57 B
81 0.009 612.23 474 B
82 0.006 609.22 7.11 B
83 0.003 629.21 7.16 B
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84 0.004 609.22 16.76 A
85 0.002 583.5 16.78 A
86 0.006 585.18 7.1 B
87 0.005 639.23 17.73 A
88 0.002133 610.3 7.08 A
89 0.003 652.23 7.62 B
90 0.004 625.22 7.95 B
91 0.012 637.25 17.92 A
92 0.004 623.5 8.17 B
93 0.004 625.22 7.65 B
94 0.002 639.5 1713 A
95 0.005 645.4 17.27 A
96 623.4 17.53 A
97 0.027 550.3 11.24 A
98 0.003 582.3 9.34 A
99 0.002 597.3 10.73 A
100 0.004 567.3 134 A
101 0.011 591.3 11.52 A
102 0.0045 585.3 10.83 A
103 0.002 555.3 11.42 A
104 0.021 543.3 11.85 A
105 0.002 581.3 14.04 A
106 0.014 591.3 11.98 A
107 < 0.001 555.3 11.66 A
108 0.037 526.3 9.94 A
109 0.03 543.3 11.57 A
110 0.183 573.2] 12.89 A
111 0.243 593.2 13.18 A
112 0.173 666.4 12.61 A
113 0.044 440.6 16.03 A
114 0.09 414.5 12.96 A
115 0.004 506.3 11.8 A
116 0.064 428.6 13.88 A
117 0.739 452.5 13.93 A
118 0.002 609.4 12.09 A
119 0.009 609.4 1212 A
120 0.006 613.3 10.87 A
121 0.007 613.3 10.87 A
122 0.002 625.4 9.33 A
123 0.002 611.3 8.46 A
124 0.004 611.3 8.46 A
125 0.018 621.4 12.74 A
126 0.011 637.3 13.87 A
127 0.003 608.3 12.96 A




7.62 B 241 0.001 519.2 6.88 B 242 0.005 563.1 8.07 B 243 0.002 547.2 7.75 B
244 0.002 564.2 7.75 B 245 0.005 493.2 7.3 B 246 0.004 577.2 7.75 B 247
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128 0.009 625.3 9.86, 10.06 A
129 0.096 409.2 12.3 A
130 0.001 609.3 14.24 A
131 0.261 609.3 14.27 A
132 0.108 610.3 7.09 A
133 418.2 14.01 A
134 398.5 13.56 A
135 0.002333 595.3 13.58 A
136 0.26 595.3 13.61 A
137 0.0015 624.3 7.15 A
138 0.001 638.3 7.21 A
139 0.001 640.3 7.05 A
140 0.001 624.3 7.2 A
141 0.002 610.3 7.02 A
142 0.002 624.3 7.21 A
143 0.0019 638.3 7.14 A
144 0.002 610.3 6.98 A
145 0.001 624.3 7.19 A
146 0.002 710.4 2.23 D
147 0.001 652.4 2.34 D
148 0.002 638.3 217/ D
149 0.003 738.4 2.40/ D
150 0.004 638.3 2.21/ D
151 0.003 724 .4 2.40/ D
152 0.003 666.4 2.31 D
153 0.004 738.4 2.43/ D
154 0.003 623.3 2.28/ D
155 0.003 652.4 215 D
156 0.001 638.3 215 D
157 0.001 650.4 213 D
158 0.002 623.3 2.35 D
159 0.003 724.4 2.22 D
160 0.001 652.4 2.16 D
161 0.001 740.4 218 D
162 0.002 724.4 2.38 D
163 0.001 638.3 212 D
164 0.001 623.3 2.27 D
165 0.002 710.4 2.2 D
166 0.982 543.5 15.74 A
167 0.0035 639.3 14.32 A
168 3.8165 615.5 14.95 A
169 0.003 629.2 15.57 A
170 0.004 643.2 16.03 A
171 0.002 639.3 14.02 A




565.2 7.73 B 252 0.002 586.2 7.22 B 253 0.002 586.2 7.13 B 254 0.015 533.2
7.49 B 255 0.005 547.2 6.57 B 256 0.001 557.2 8.07 B 257 0.002 559.2 7.74 B

258 0. 00WB39122176654 B 259 0. 007 554.2 15.23 A WD PCT/EP2011/062545

2012/ 010663PCT/ EP2011/ 062545 - 227 - 260 0.008 547.1 14.54 A 261 0.199
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172 0.0012 609.6 13.8 A
173 0.001 623.6 15 A
174 5113 493.2 15.41 A
175 >10 389.2 6.89 A
176 1.41285 571.5 16.35 A
177 0.002 597.2 14.33 A
178 0.001 602.2 14.89 A
179 0.001 609.2 14.81 A
180 < 0.0002 623.2 14.74 A
181 0.003 376.4 14.22
182 0.002 5453 6.78 A
183 0.0018 623.5 15.31 A
184 0.0017 611.2 13.24 A
185 0.001 627.2 14.41 A
186 0.001 643.2 13.57 A
187 0.001 625.2 13.96 A
188 0.001 638.8 14.04 A
189 0.001 628.8 13.5 A
190 0.001 559.4 15.28 A
191 0.001 560.4 15.33 A
192 0.003 530.1 14.74 A
193 0.001 533.4 14.21 A
194 0.002 625.2 13.26 A
195 0.003 643.2 14.24 A
196 0.001 655.3 13.87 A
197 0.0046 639.2 14.58 A
198 0.001 651.3 14.21 A
199 0.002 645.2 14.63 A
200 0.001 659.3 14.75 A
201 643.3 15.55 A
202 0.001 728.3 2.21 D
203 0.001 645.2 2.43 D
204 0.002 633.2 2.32 D
205 0.004 638.1 2.38 D
206 0.001 604.1 213 D
207 603.1 2.21 D
208 0.0014 701.2 2.29 D
209 0.001 592.1 2.14 D
210 0.003 652.1 1.79 D
211 0.002 606.1 2.36 D
212 0.002 674.2 2.38 D
213 0.001 627.1 2.25 D
214 0.001 603.1 2.16 D
215 0.002 592.2 2.34 D
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216 0.001 637.3 13.63 A
217 0.001 623.2 12.73 A
218 0.001 667.3 15.39 A
219 623.2 14.75 A
220 0.015 374.2 14.17

221 0.019 4951 14.79 A
222 0.002 606.2 214 D
223 0.009 613.2 16.14 A
224 701.3 7.4 A
225 0.001 625.2 13.72 A
226 0.009 659.1 15.15 A
227 0.001 671.2 14.94 A
228 641.3 12.97 A
229 0.001 657.2 14.1 A
230 0.006 598.1 15.77 A
231 0.001 628.2 15.91 A
232 0.001 613.2 13.77 A
233 0.002 642.2 16.26 A
234 0.001 642.1 16.2 A
235 627.2 14.99 A
236 0.003 390.1 13.86 A
237 0.042 403.2 1.16 E
238 0.002 554.2 7.65 B
239 0.002 547.2 7.8 B
240 534.2 7.62 B
241 0.001 519.2 6.88 B
242 0.005 563.1 8.07 B
243 0.002 547.2 7.75 B
244 0.002 564.2 7.75 B
245 0.005 493.2 7.3 B
246 0.004 577.2 7.75 B
247 0.002 519.2 6.57 B
248 0.002 547.2 6.82 B
249 0.019 613.2 8.03 B
250 0.0055 597.2 8.06 B
251 0.004 565.2 7.73 B
252 0.002 586.2 7.22 B
253 0.002 586.2 713 B
254 0.015 533.2 7.49 B
255 0.005 547.2 6.57 B
256 0.001 557.2 8.07 B
257 0.002 559.2 7.74 B
258 0.007 559.2 7.54 B
259 0.007 554.2 15.23 A
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260 0.008 5471 14.54 A
261 0.199 540.1 244 D
262 0.025 558.1 214 D
263 0.108 489.2 2.39 D
264 0.538 503.2 243 D
265 0.601 481.2 2.49 D
266 0.142 578.2 2.39 D
267 0.064 510.1 2.2 D
268 0.62 489.2 2.36 D
269 0.33 489.2 2.37 D
270 0.019 518.2 2.34 D
271 247 482.2 212 D
272 0.001 609.2 14.15 A
273 0.001 641.4 12.87 A
274 0.001 657.2 14 A
275 0.002 547 .4 14.31 A
276 0.002 607.5 15.04 A
277 0.002 589.2 14.81 A
278 0.001 657.3 14.46 A
279 0.0011 657.2 13.52 A
280 0.001 631.2 13.51 A
281 0.003 565.1 15.58 A
282 0.031 5971 16.45 A
283 0.004 577.2 15.44 A
284 0.003 563.4 13.81 A
285 0.002 641.3 15.2 A
286 0.001 649.2 14.09 A
287 0.001 631.2 13.53 A
288 0.002 643.3 12.21 A
289 0.001 637.5 13.42 A
290 0.002 418.2 14.92 A
291 0.008 404.5 14.02

292 0.0023 656.8 15.79 A
293 0.005 420.1 13.56 A
294 0.007 517.3 13.08 A
295 0.004 543.2 13.03 A
296 0.005 557.3 13.45 A
297 0.001 543.2 12.33 A
298 0.001 557.2 12.33 A
299 0.005 448.5 13.07

300 0.031 564.1 14.79 A
301 0.004 585.2 14.32 A
302 0.003 554.2 13.74 A
303 0.004 596.2 15.55 A
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304 0.005 568.2 143 A
305 0.004 568.2 14.05 A
306 0.0053 5101 13.32

307 0.006 477.2 7.32,7.64 A
308 0.014 390.5 13.82

309 0.054 4671 17.57 A
310 0.004 489.2 7.35,7.85 A
311 0.002 461.8 12.88 A
312 0.002 443.2 14.94 A
313 0.0315 404.2 13.55 A
314 0.006 427.8 13.88 A
315 0.006 4481 14.44 A
316 0.003 4323 14.19 A
317 0.0241 414.2 12.27 A
318 0.014 490.3 14.7 A
319 0.004 490.2 14.04 A
320 0.006 476.2 14.29 A
321 0.002 476.2 13.52 A
322 0.006 404.2 13.07 A
323 0.003 448.3 12.86 A
324 0.085 427.9 12.45 A
325 0.006 459.8 14.87 A
326 0.8815 446.3 13.68 A
327 0.004 478.6 12.57,12.72 A
328 0.006 448.3 13.51 A
329 0.005 420.5 12.66 A
330 0.003 478.3 11.66, 11.93 A
331 0.008 464.3 7.92 A
332 0.012 434.2 8.32 A
333 0.01 478.3 11.7 A
334 0.003 403.8 13.5 A
335 0.024 4021 A
336 0.003 448.3 10.28 A
337 0.002 448.2 10.89 A
338 0.031 462.3 [M-H'] 9.95 A
339 0.008 446 13.67 A
340 0.008 403.0 7.21 A
341 0.005 446 13.17 A
342 0.018 432 13.51 A
343 0.001 432 13.29 A




0.007 517.3 13.08 A 295 0.004 543.2 13.03 A 296 0.005 557.3 13.45 A 297
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0. 031 564v0 2012/048668 301 0. 004 585.2 14.32 A 302 0. 003 5P¢TEPRBI/DE25A5 303

0.004 596.2 15.55 A WD 2012/ 010663PCT/ EP2011/ 062545 - 228 - 304 0.005
- 229 -

CLAIMS

What is claimed is:

1. A compound of formula (I):
\Q/
Rs //§
(1

or a salt thereof, wherein

mis 0, 1or2;

nisQor1, whereinm+nis1,2or3;

R is C3-Coalkynyl or phenyl, which phenyl is substituted with 0, 1, 2, or 3 substituents
which are independently selected from the group consisting of halogen, hydroxy, cyano, C;-
Cialkyl, haloC,-C,alkyl and C4-C,alkoxy, and which alkynyl is optionally substituted with a Cs-
C.cycloalkyl substituent, which cycloalkyl is optionlly substituted with 1 or 2 independently
selected C;-C,alkyl groups;

R, is COyH, tetrazole or a carboxylic acid isostere;

Rs is C3-Cscycloalkyl which is substituted with 0, 1, 2 or 3 halogen atoms;

R, represents 0, 1, 2, 3 or 4 residues independently selected at each occurrence from
the group consisting of hydroxy, amino, cyano, halogen, C,-Csalkyl, C;-Cgalkoxy, wherein each
alkyl or alkoxy substituent is substituted with 0,1 or 2 substituents independently selected from
hydroxy, cyano, C,-Csalkoxy, C4-C,alkylsulfone, N(Rap)2, C(O) N(R3p), heterocycle having 4 to 7
ring atoms and 1 or 2 ring heteroatoms selected from N, O or S and 5 or 6 member heteroaryl;
or two geminal Rs, substituents, taken in combination form a spirocyclic 3 to 6 member
cycloalkyl or heterocycle;

Rap is independently selected at each occurrence from hydrogen, C,-C,alkyl, C;-
CialkoxyC¢-Cjalkyl and C4-Cjalkanoyl ; or N(Rap),, taken in combination, form a 4 to 6 member

heterocycle having 0 or 1 additional ring heteroatoms selected from N, O or S;
Xis O, N-L-R, or CR;sRg;
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L is a bond, S(O), or C(O);

R4 is C4-Cgalkyl or C;-Cscycloalkyl each of which is substituted with 0, 1, or 2 hydroxy and
0 or 1 substituents selected from cyano, S(0),-C;-C,alkyl, CO;H or NR4zR4p or phenyl;

R4 is naphthyl or phenyl, which phenyl is substituted with 0, 1, 2, or 3 substituents
independently selected form the group consisting of halogen, cyano, C-Csalkyl, haloC;-Cgalkyl,
C1-Csalkoxy, haloC4-Cealkoxy, amino, hydroxy, mono- and di-C-Cgalkylamino, hydroxyC;-
Cqalkyl, aminoC;-Cjalkyl, C;-Cealkyl-OC(O)NH-, C4-C,alkyl-C(O)NH-, -C(O)NR 4R 4, phenyl,
phenoxy, heteroaryl having one or two ring nitrogen atoms and having 0, 1, or 2 C-C,alkyl
substituents, or two substituents combine to form a fused heterocyclic ring, which heterocycle
has 5, 6 or 7 ring atoms, 1 or 2 ring heteroatoms selected from N, O or S and which heterocycle
is substituted with 0, 1 or 2 substituents independently selected from C;-Cgalkyl; or

R4 is a 5 or 6 member heteroaryl having 1 to 3 heteroatoms selected from N, O or S,
which heteroaryl is substituted with 0, 1, or 2 substituents independently selected from the
group consisting of halogen, cyano, C-Cgalkyl, haloC¢-Cgalkyl, C;-Csalkoxy, haloC-Csalkoxy,
hydroxy, NR4,R4p, hydroxyC,-C,alkyl, aminoC;-C,alkyl, C4-Cgalkyl-OC(O)NH-, C5-C;cycloalkyl,
Cs-Ccycloalkenyl, phenyl, 55 or 6 membered heteroaryl having 1 or 2 ring heteroatoms
selected from N, O or S, or saturated or partially unsaturated monocyclic or bicyclic heterocycle
which heterocycle has 1 or2 ring N, O or S atoms, 5 to 7 ring atoms in each ring and is
substituted with 0, 1 or 2 substituents independently selected from the group consisting of
halogen, C;-Cgalkyl, C4-Csalkanoyl, C4-CsalkoxyC(O)N(H)-, - C4-CsalkoxyC(O)N(H)CH-,,
aminoC4-Cjalkyl, C1-CsalkoxyC4-Cjalkyl and NR4,R4p, , and wherein the phenyl or heteroaryl
substituent is unsubstituted or substituted with 1 or 2 independently selected substituents
selected from halogen, CO,H, cyano, C-Cjalkyl, C1-Csalkoxy, CHoNR4aR4p or C(O)NR44R4p; oOF

R, is a saturated heterocycle 1 ring nitrogen and 0 or 1 additional ring heteroatom
selected from N, O or S, which heterocyclic ring is substituted with 0, 1, or 2 substituents
independently selected from the group consisting of C4-Csalkyl, CO,C-Csalkyl or CO,benzyl,

R4a is independently selected at each occurrence from the group consisting of hydrogen
and C,-Cgalkyl, wherein the alkyl substituent is unsubstituted or substituted with hydroxy, C-
Cjalkoxy, amino or mono- and di-C4-C,alkylamino;

R4p is independently selected at each occurrence from the group consisting of hydrogen,
Ci-Csalkyl and C,-C,alkanoyl, wherein the alkyl substituent is unsubstituted or substituted with
hydroxy, C;-C,alkoxy, amino or mono- and di-C;-C,alkylamino; or

NR4aR4p, taken in combination, form a heterocyclic ring having one ring nitrogen atom

and 0 or 1 additional ring heteroatom selected from N, O and S, which heterocyclic ring is



0. 006
0.014
0. 002
0. 085

448.1 14.44 A 316 0.003 432.3 14.19 A 317 0.0241 414.2 12.27 A 318
490.3 14.7 A 319 0.004 490.2 14.04 A 320 0.006 476.2 14.29 A 321
476W0 208/@B8668 322 0.006 404.2 13.07 A 323 0. 003 428TXEP2P1BG25A5 324
427.9 12.45 A 325 0.006 459.8 1245187 A

substituted with 0, 1, 2 or 3 substituents independently selected from the group consisting of
halogen, hydroxy, amino, C-Cjalkyl, haloC+-C,alkyl, hydroxyC:-C,alkyl, aminoC,-C,alkyl, C4-
Cialkoxy, C1-CalkoxyCq-Cyalkyl, and mono- and di- C4-C,alkylamino;

Rs is absent or is selected from the group consisting of hydrogen and C;-Cgalkyl;

Rs is oxo, hydrogen, hydroxy, amino, N(H)-J-R;

J is absent, C(O) or S(O),; and

Rz is C4-Csalkyl, phenyl or benzyl, each of is optionally substituted with C,-Cgalkyl, C;-
Csalkoxy, halogen, phenyl or phenoxy.

2. The compound of claim 1, wherein the compound is a compound of formula Il, or
a salt thereof:

R2
@

RN\ N

)\/N\ //O

R3 O//S\(\Z
\)\
Rg/ Ro
(1

wherein
ZisCHorN;

Rs is selected from hydrogen, CO,H, C,-C,alkyl, C-C,alkoxy, cyano or halogen;

Ry is selected from C4-Cgalkyl, C1-Csalkoxy, phenyl, NRg,Rg,, N(H)-C(O)-O-C,-C,alkyl,
and heterocycle, wherein the heterocycle has one or two rings, each ring having 5, 6, or 7 ring
atoms, one ring nitrogen atom and 0 or 1 additional ring heteroatom selected from N, O or S,
and wherein the heterocycle is unsubstituted or substituted with 1, 2 or 3 substituents
independently selected from the group consisting of halogen, hydroxy, amino, C,-C,alkyl,
haloC-C,alkyl, hydroxyCs-C,alkyl, aminoC,-C,alkyl, C4-C,alkoxy, C4-CalkoxyC+-C,alkyl, and
mono- and di- C4-C,alkylamino; or

Rs and Rg, taken in combination form a divalent residue selected from -O(CH),O-, -
O(CH3)2NH-, or -O(CH,),N(CH3,3)-

Rqa is selected from the group consisting of hydrogen and C,-Cgalkyl, wherein the alkyl
substituent is unsubstituted or substituted with hydroxy, C,-C,alkoxy, amino or mono- and di-C;-
Cialkylamino; and



326 0.8815 446.3 13.68 A 327 0.004 478.6 12.57, 12.72 A 328 0.006 448.3
13.51 A 329 0.005 420.5 12.66 A 330 0.003 478.3 11.66, 11.93 A 331 0.008
464.3 7. NMOAIBRAA0B3012 434.2 8.32 A 333 0.01 478.3 11. 7PATEP4010/061335 403. 8
13.5 A 335 0.024 402.1 A 336 0.003 424’:},82. 3 10. 28

Rgp is selected from the group consisting of hydrogen, C-Csalkyl and C,-C,alkanoyl,
wherein the alkyl substituent is unsubstituted or substituted with hydroxy, C,-C,alkoxy, amino or
mono- and di-C4-C,alkylamino.

3. The compound of claim 1, wherein the compound is a compound of formula Ill, or
a salt thereof:

Re
RJ ()

wherein

Rs is hydrogen, hydroxy, amino or N(H)-J-R;

Jis C(O) or S(0);;

R;is (a) C-C,alkyl optionally substituted with phenyl or phenoxy, or

(b) phenyl optionally substituted with C4-C,alkyl, halogen or C,-C,alkoxy;

R0 is selected from hydrogen and C,-Csalkyl which alkyl is substituted with 0, 1, or 2
hydroxy and 0 or 1 substituents selected from cyano, SO,CHs;, methoxy, ethoxy, N(R4s,). and
C(O)(NR10a)2;

R10a is selected at each occurence from the group consisting of hydrogen and C-C,alkyl
which is substituted with 0 or 1 substituents selected from hydroxy, methoxy or ethoxy;

R is selected from the group consisting of hydrogen, fluoro, cyano, hydroxy and C;-
C,alkyl.

4, The compound of claim 1, wherein the compound is a compound of formula IV,
or a salt thereof:



A 337 0.002 448.2 10.89 A 338 0.031 462.3 [MH 9.95 A 339 0.008 446 13.67
A 340 0.008 403.0 7.21 A 341 0.005 446 13.17 A 342 0.018 432 13.51 A 343

0. 001 432W0202M18663- 229 - CLAIMS What is clainmed is: 1PCAVEPeopoOGIdS Of
formula (1): )n R3a(l) or a salt thereof, wherein mis O, 1 or 2; nis O or
1, wherein mt nis 1,2 or 3; RB3i-s C3- Cl0al kynyl or phenyl, which
phenyl is substituted with O, 1, 2, or 3 substituents which are

i ndependently selected fromthe group consisting of hal ogen, hydroxy,
cyano, Cl- C4al kyl, hgl2 0oCl- C4al kyl and Ci1-C4al koxy, and which al kynyl is
optional Iy substig wig h a C3- Crcycl oal kyl substituent, which

cycl oal kyl is opti &bi&ut ed with 1 or 2 independently sel ected

Cl- O4al kyl g, : r“tletrazole or a carboxylic acid isostere; R3
i s C3-Crcycl oal ky™ whi i s \substituted with 0, 1, 2 or 3 hal ogen atons;

occurrence fromthe Reigell onsi sting of hydroxy, am no, cyano, hal ogen,

Cl- Coal kyl , C1- Csal koxy, erein each al kyl or al koxy substituent is
substituted with 0,1 or 2 Rabsti tuegm i ndependently sel ected from hydroxy,
cyano, Cl-C4al koxy, Cl-04al kyl sul fone, N(R3b)2, C(0) N(R3b), heterocycle
havi ng 4 towhereimg atons and 1 or 2 ring heteroatons selected fromN, 0 or
S and 5 or r _he L ar 1.nal S [ t taken in
conbi nat i on§f°g%mwé1 gpl'b%{p%ﬁﬁ%ﬁlyigltegteéﬂﬁe gfb%g?/g @%ﬂ%??ﬁk%w&@tae l)'%ycl e:

R3b i s subsliggechdign®.| iy os2 hgdrpedarst 0 et substivents seleeted from $YDtbgevano,Cl- C4al kyl ,
Cl- CAal oy QindAalky! yand ,\(R!,]Qal anoyl ; or N(R302, taken in conbination,
forma 4 to¥’6 m%e@?f 2teroc“((:(‘il?gl e"ﬁg’vi ng O or 1 additional ring heteroatons
sel ected fr &ma N, sefectrd &eash pecuEneaifrpmpae giouCReRBsting pydrogen and Cq-Caalkyl

20127 033 s HeddiinP&ortsubstituents selected from hydroxy, methoxy or ethoxy, or

N(R10a)2, taken in combination forms a 4 to 6 member heterocyclic ring;

Rz is selected from the group consisting of hydrogen and C,-C,alkyl.

5. The compound of any one of claims 1 to 4, wherein Ry is terf-butylethynyl,

phenyl, or phenyl para-substituted with F, CI, Me.

6. The compound of any one of claims 1 to 5, wherein Ry is terf-butylethynyl.
7. The compound of any one of claims 1 to 6, wherein R, is CO;H.

8. The compound of any one of claims 1 to 7, wherein R; is cyclohexyl.

9. The compound of claim 3, wherein Rg is hydrogen;

R0 is hydrogen or hydroxyC-Cgalkyl; and
R4 is hydrogen, methyl, hydroxy or fluoro.

10. The compound of claim 4, wherein Ry is hydoxyC,-Csalkyl;
R4 is hydrogen or methyl; and
R4z is hydrogen or methyl.



- 230 - Lis a bond, S(0)2 or C(0); R4 is Cl-C6al kyl or

C3-Cr7cycl oal kyl each of which is substituted with 0, 1, or 2 hydroxy and O
or 1 subswptoertgessel ect ed from cyano, S(0)2-Cl- C4al kyl pCCEPRD10M06ISREIaRAb or
phenyl ; R4 is naphthyl or phenyl, which phenyl is substituted with
0, 1, 2, or 3 substituents independerd34y sel ected formthe group consisting
of hal ogen, cyano, Cl-C6al kyl, hal oCl-C6al kyl, C1-C6al koxy,

hal oCl1- C6al koxy, am no, hydroxy, nono- and di-Cl-C6al kyl am no,

hydr oxyC1CAah kyl A c8mpb@elofeftith iy br a SHarB8d Utihily@etEbtdbit salGhafedplskite( 0) NH-,
- C(0) NR4, 1R4Db, phensyl, phenoxy, heteroaryl having one or two ring nitrogen
at ons dRMN Ragowg consisting@f: 2 Cl1- caal kyl substituents, or two substituents
conbine to forma fused heterocyclic ring, which heterocycle has 5, 6 or 7
ri ng at onk((St2-@ycBhéiyhf-oRepegrrdiainotg)-5ehecy-tdogheas2Martibxglic d8icand whi ch

het er ocyc LS. Substi tuted w t ; or, .2 substjtuents independently
sel ect ed #'&6{"1}'@-6@5'%%?”0%% n- 'y|9'5'pjhen¥@h'?% A '%qrb%(yﬁce?%éejr het er oar yl
havi ng 1 3-(8-Gydiateaylcad armporpbbleet-gij5fphenylthiogheoe-2S;arlwixylghaditbt er oaryl is

substi t ut ! it I romthe
group co nfﬂwtrﬁj&@? e)ﬁg?%é%%:(ﬁ%% 3%1'51,' &@fﬁ@s‘%{ﬁ%ﬁﬁq ﬂ@{’%@eng@hﬁébﬁﬁf

Cl- CoalckipryyliclgidoC1- C6al koxy, hydroxy, NR4, 1R4b, hydroxyCl- C4al kyl ,

am noCl- G4gl_ 2 OSEAN YIRS & G0N Ny S oc PR oy el Vol OH: = 67 | kenyl ,
phenyl , _%@odrsyééc’hr?e er ecfgﬂ %éentdgrcgg%?kbﬁao\%%tgy I%)Ggp q,gblfﬁlo h%@? grcggot%%ﬂ% sel ected
from N_,aCGJ or S, or saturated or partially unsaturated nonocyclic or

bi cyclic hgERse¥eheyNBIoEppeHEGRAGHCE-B NafnelnyRbutd -?rNDghinh&eOZ-ca$b&$yﬁ§rB1 5
to 7 rlng atons 'in each ring and i's substituted with 0, 1 or 2 substituents
i ndepedf€nt |y selected fromthe group consisting of hal ogen, Cl-C6alkyl,

Cl'- %gakg%lty?%é mﬂbﬁyﬁ%i\l&mr(ﬁ-ﬂuo d ngilﬁgfﬁg@igémgﬂza'éldf h h |
am no - , - a OoXy(Cl- n n wner el n e p eny
o Do e s SR e PPN Sr 2 GIReI el wi th 1 oF b

i ndependestd-ghiseh shzh @3 §2HgdloHen@re- sxosgip@iiire thyftnepHeak-2garox@@did: cyano,

Cl- C4al k 1- I . CH?NR4, 1R4 0 4. 1R4b; R4 i
Sat ur ot o e e R PR R o PR e OV D o Rt e A RSB het er oatom
sel ect d¢dogheoe2Mariibxglic &8jd; whi ch heterocyclic ring is substituted with 0, 1,

G1- coal Ky REEBoR o BYFRTF B g R B SR AD O F RGP

sel ect gli-Sahepgdhioplaner2-eateexyfi¢ agid;t he group consi sting of hydrogen and

Cl- Coal kyd ; pber. el 8 a3k vk _tuted
wth hydr S5 2 & Eo R o e ey B Yo SRR S o R R

R4b i s thierhepeddemaylicsadidect ed at each occurrence fromthe group consisting
of hydrQ%ﬂR)-Q%y%ﬁb@fh-[@-(@S,@h)-@%a&iJﬁ@ﬂ‘\?%yrro‘ﬂ@ﬁ-ﬁ- WoyvriBRe AL ¥bnyidstd-t uent s
unsubstituted or substituted wi th hydroxy, Cl-C4alkoxy, am no or nono- and
di - C1- ©P&razi kiaPhepyl-thiophene-2ngarbopdigaciq;aken i n conbi nation, forma

het er OCyCé-i2003fd|Mx%@%%@-ﬁ;ﬁl@eﬁé-ﬂguIFbinS/IIS- @@thﬁhtQm-gmﬂsib_irﬁéthﬂi-b@d@iyh%nm ring
het eroatom sel ected fromN, 0 and S, ich heterocyclic ring is

2012/ 0 IBEUSPEF BP0 a56H545 - 231 - substituted with 0, 1, 2 or 3

Py dr Xyt e A vl ol oL ALl P oy sl ey T re! egen
ydr ox amn 1- 0Cl- C4al kyl , hydr oxyCl- C4al kyl ,

am noCPIPEAs & Vl}g@fen@ﬁg¥m§%@%o(ﬁéq ¥&&kyc1- c4al kyl, and nono- and di -
Cl- C4al ky3-patyuighebdd-4-@-ratrpkaiin-Hyl-pysdis el eutfed/fa-ono-iperagin-dul-c @i st i ng of
hydr ogen : Col kyl :  R6 i x0,. hydrogen, hydroxy, am no, N(H-J-R7; J
is abs?'r?t]e,am%P&H'gﬁyl)é%wa?neé%gar%oxyhc ang? is Cl-Col kyl, phenyl or benzyl,
each of i3[(Bp2iGynahéxyl-s4®giethtylanaab-pyridimects @ohiy-b-oxEpipe@ainkbxi-5-phahydgen,
phenyl 30, The.conmpound of claim1, wherein the conpound is a
corrpourtltﬁg%}%pggrar%?oégllcl%E%Or a salt thereof: 0 R8 wherein Zis CHor N, RS
i s sel ect&URi-2-Giyclaehybgeno-4a82 3, 6-ElratypRH ! 20PinvrigingbX ysulfeywrmiresazihdd ogen;
Rg is sglse e o i~ 2~ Col koxy, phenyl, NRgaRgb,
N(H)-0?3)5?@%@}%@%%%%%Ag&hce?ceg}l’ocycl e, wherein the heterocycle has one or
two rings, each ring having 5, 6, or 7 ring atons, one ring nitrogen atom
and 0 or 1 additional ring heteroatomselected fromN, 0 or S, and wherein
the heterocycle is unsubstituted or substituted with 1, 2 or 3 substituents
i ndependently selected fromthe group consisting of hal ogen, hydroxy,

am no, Cl-C4al kyl, hal oCl-C4al kyl, hydroxyCl- C4al kyl, am noCl- C4al kyl ,

Cl- C4al koxy, Cl1-C4al koxyCl-C4al kyl, and nono- and di- Cl-C4al kyl am no; or
R8 and Rg, taken in conbination forma divalent residue selected from
-0(CH2) pO-, - O(CH2)2NH, or -0(CH2)2N(CH3) - Rga is selected from
the group consisting of hydrogen and Cl1-Col kyl, wherein the al kyl
substituent is unsubstituted or substituted wth hydroxy, Cl-C4al koxy,

~A ~A



Rioa is selected at each occurence fromthe group consisting of hydrogen
and Cl-C4al kyl which is substituted with O or 1 substituents selected from
hydr oxy, wetzhopoes et hoxy, or N(Rioa)2, taken in conbi maTiEpaoifioszs8sa 4 to
6 nmenber heterocyclic ring; R12 is selected fromthe group consisting of

hydr ogen and C1- C4al kyl . 5. “14%& -conpound of any one of clains 1 to
4, wherein R1L is tert-butylethynyl, phenyl, or phenyl para-substituted with
F, d, M. 6. The conpound of any one of clains 1 to 5 wherein Rl

is tert- bait(r)-8I0YERWE xyI-Z DRE- 0k LFBRGH IR, :ﬁﬂﬂnﬁéﬂ@lﬁﬁt-@ fRiophdre-B, Wherein R2
is CO2H. E(TLeIdci,orrpo):Jynd of any oneq,o):‘)éc(:l ai Ims Ito 7y®v\)helrél n R3is

cycl ohéiSPPXy"Qa?‘He conpound of claim3, wherein R6 is hydrogen; R10 is

hydr ogen DRpryDyersy&iyt- E:Q@ehibyﬁholnaﬂ@'l Rirkiries3-byibh a6 oxo-FRieFasin- 1-piy-grpmxsiylor
fluoro, Fg}ETﬁé wolund claim4, wherein R1O is hydoxyG -Coal kyl; R11 is
hydr ogdH° f%&? yé?rﬁf 2 is hydrogen or methyl. WD

2012/ OloaﬁﬁREIJdi%BéM 6L 0vEhoxy-BadzenedilfoAy I 6ioRopipdrazin- GLIRb(3, 3 dirvethy-

phar ma%em ebl tlh%pﬁgnceeftcgr%ggy“gglmta t hereof, selected fromthe group
conS|st|n

34(9) - 2- C?yt(Rbh@wlﬂ:héeybxwé-memoawwmdinel&,%&Uoﬂb-}ﬁkmmmiparaﬁimm&ﬁe(sz-dineﬂmlxyI iC
acid; 3-(2:-0¥C 15 6 ridin-1-yl)-5-phenyl -t hi ophene- 2-car boxylic
aci d; §9§§y&1}c[{hgﬁg%%g g?rg§)§'1'?r%?§hol i n-4-y1)-5-phenyl -t hi ophene- 2- car boxyl i c
aci d; 3-[(R)-2-Cyclohexyl-4-(1-methyl-1H-pyrazole-3-sulfonyl)-6-oxo-piperazin-1-yl]-5-(3,3-

3- [(R) dgne@(ﬁlbghg-gb(ﬁ tﬁuo%@ne“z £L8bxmRg:4:- sul fonyl) - pi perazin-1-yl]-5-phenyl -t

hi ophene- 2-" car
3-(2-Cycl %ﬂBk?@yebﬁwl 61[%@—1”& $raza-Hicycdgds 23 lat-divheryAgineSepulfanWifyaxe- t hi ophene
- 2-car an?é)"ézirm 21(}7-'55!340 thlophene -2-carboxylic acid;
3-((S) exyl-6-oxo-piperidin-1-y1)-5-(3, 3 di met hyl - but - 1-yny1) -t hi op
hene- 2- cad 9 lohexyed- Qpo- pyrroI|d|n 1-y1)-5-(3,3-dimethyl-but:1-ynyl)-thiophene-2-carboxylic
3-(2- %@.uohexyl 6- 0x0- pi peridi n-1-y1)-5-(4-fluoro-phenyl)-thi ophene-2-carbo
xyI ic acid . . :

3-(2- Oycl %HB%%V@'OBW OB ARhIR- Ay 6. 3 IMGIRA-PY iU RdRigeRR e boxy | i ¢
aci d; carboxylic acid; ) .
iyff‘cd‘aLl%&Q%ﬁ?% CyeBhb AT U ADRIY o %o R G Rl i aiaks Hitetry b QPG G- 2- car bo
3-[2- Oﬁubpﬂeex—;?;lc—aﬂb@@lmdaqﬂ opyl am no- pyri di ne- 3-sul fony1l) - 6- oxo- pi perazin-1-y

1] -5-ph hi
3! {( R)p- g_ ﬁl ! x‘ﬂ{%ﬁ%? 3@?%—&%@%@?5%&5 (Elnor%tfolla 4r_P/I) hlogl}ene -2- cac[bO)glh%a%lal fonyl |
- 6- 0XO0- pi wRh@@cmhew;wnpnmwmmyhmmemn 2-warheorholing- ﬂbﬁ@ 3-dimethyl-

3-[(R I’]af?fﬁ‘h)g‘ﬂﬁ%“teﬁ? g OX 1I§gmgyr rolidin-1-yl-pyridine-3-sul fonyl)-pi peraz

in-1-y -carboxylic acid; _
3- {(R) - 2-ERB)-btiergiphey!- {263 wd_@%mppﬂ) Sow-metriplio- pytodBisdimetylyaut-1ngyDdi ne- 3-

sul fonyﬁrg,ph@ng))ggbarﬁyxpfcr% n- 1-y1}-5-phenyl - t hi ophene- 2- car boxyl i ¢ aci d,
3-[2-Cycl oh exg - 6- 0X0- 4- (t ol uene-4-sul fonyl) - pi perazin-1-y1]-5-(3, 3- di met hy

| - but - 1- y?hw_;l: - Qyﬁlioawéa-é gleg’aapgg;{fypylrpr%j)&-oxo morpholin-4-yl]-5- (3 dlme(thyl but-

{ (R 12mGly-elisphexy-d- c@ﬂ{ogiw(c(a%l?& 6S) - 2, 6-di et hyl - nor phol i n-4-y1)-pyridi ne-3-s
fonyl] }-5- pheny I-th|o hene- 2- car boxyl i c_aci d;

BN SN 18 o w LNt L P R -SRI B B per azi n- 1-
1][ 5- @inainylButrelhy)-thpherk-3-03bdxyiibasiphene- 2- car boxyl i ¢ aci d;
y

(7 2 UL RIS ST Do B 051 S5 AN i B g i

-[ (R) a2idCycl ohexyl- 6- oxo-4-(3, 4,5, 6-tet rahydr 0-2H-[1, 2] bi pyridinyl -5 -sul f

83{2 b%g%ggé#@é%{%%%@cgﬁ@orﬁﬁﬁ@gkﬁﬁ9@8}?6-%6Fp%l‘?n%‘-w)-%‘-:(s aCkifethyMBt-1-

4(R) - 4nﬂ)f’thiqphenw2-camoxxbi€@xidzol idin-3-y1)-5-(3,3-dinethyl-but-1 -ynyl)-th

i 0o phene ) )
[(R) - 2_3'2 ZIQ%EZ cz?ﬁ g}?b% thrloxy prz?pk}l? -2- methydl nOé(OénorBh lin- 4 ])5 ?(,)xo pi per azi

1- y1]dmﬁtb>r¥@nyl-whulbtb}\v@h%rlez%éefbmwyam aci d;

[ (R) - 2- Cycl ohexy1l- 4- (4- met hoxy- benzenesul f ony1l) - 6- oxo- pi perazi n-1-y1] -5-(
, 3-di et hyl but - 1- yny1) -t hi ophene- 2- carboxylic acid;
-[(R) - 2-Cycl ohexyl- 4- (6-nmet hoxy-pyri di ne-3-sul fonyl) - 6- oxo- pi perazi n-1-y1]
5- (3, 3-di met hyl but - 1-yny1) -t hi ophene- 2- car boxyl i c aci d;
-[ (R) -2-Cycl ohexyl-4-(1-nethyl- 1H pyrazol e- 3- sul fonyl) - 6- oxo- pi perazin-1-y
]-
-{
fo

(

2

3-
u
3-
y
1-
2
n-
1

5-(3, 3- dinethyl-but-1-ynyl)-thi ophene-2-carboxylic acid;

(R)-2-Cycl ohexyl-4-[ 6-(8-o0xa-3-aza-bicyclo[3.2.1]oct-3-y1)-pyridine-3-su
nyl] - 6- oxopi perazi n-1-y1}-5-p-tol yl -t hi ophene- 2-car boxylic acid;

2- Cycl ohexy1-5-oxo-pyrrolidin-1-yl)-5-(3, 3-di methyl -but-1-ynyl)-thi ophen
car boxylic acid; 34(R)-3-Cycl ohexyl-5-o0xo-norpholin-4-y1)-5-(3
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3
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3
3-
3
3
3
3
3
3-
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yny1l) -t hi ophene- 2-car boxylic acid;

3-[ (2R, 5R) - 5- Cycl ohexyl- 2- ( 3- hydr oxy- propyl) - 2- net hyl - 3- oxo- nor phol i n- 4-y1]
-5- (3, 3- woreetdngbesbut - 1- yny1) - t hi ophene- 2- car boxyl i ¢ aciPGT/EPY1/062545

2012/ 010663PCT/ EP2011/ 062545 - 236 -

34(2S, 5R) - 2- Cyanonet hy1- 5- cycl ohexyl~286met hyl - 3- oxo- nor phol i n-4-y1)-5- (3, 3-
di net hyl -but- 1-ynyl)-thi ophene-2-carboxylic acid,

3- (6- Cycl ohexyl- 3- hydr oxy- 2- oxo- pi peridin-1-yl)-5-(3, 3-di met hyl -but - 1-yny1)
- t hi ophengys, 59@9@%%&@% @I:clohexyl 2-methyl-3-oxo- morpholln -4-yl)-5-(3,3-dimethyl-but-

34(R) - 5- Q/cl ohexyl-2, 2-di et qy - 3-'0xo- nor phol i n-4-y1) - % p-tol yl -thi ophene-2
-car b0>3yy|niy|é Iﬁq)qhgne -2-carboxylic aci

3-(6-Cycl s)teeowdor%xhwimmcy& OROOpifpe raT-1-91) 13- (3 3ydihe By Fout-a ki h-td ghehene- 2- car bo
xylic acid i

3-[ (2SBRPXYCEGE ohexy1- 2- (3- hydr oxy- 3- net hyl - but y1) - 2- net hyl - 3- oxo- nor phol
i N-4-y1] -B¢RB5Tychasi-D 2l dilethyl13-gxomhd rahbiiropy s ep- iyt thidpde yé -2 ¢aokglic

3-[ (2R 5@) 5- Cycl ohexy1l- 2- ( 3- hydr oxy- 3- et hyl - but y1) - 2- met hyl - 3- oxo- nor phol
i n-4-y#f'95- (3,3 di met hyl - but - 1- yny1) - t hi ophene- 2- car boxyl i ¢ aci d:

3- [ (2S, 5R-(Bewyatieayl Byt ey {2- ®O-I3|9éTyMT bx)-Sktolyhiddhemee- Iabeb@x;dnc@cmDr phol in-4-

511 (oR, o @S D R ERBb L e R R SRRSO dBh Sl W 1071 - -y
1] - 5- ( lingethytbatet Mwl)ﬂb@phqnwhyar})oxwpepﬁene 2- car boxyl i c aci d;
3-((S)-6- %Egﬂz%ﬂ‘?é ]yc%hg%ﬁjﬁ%%ygrogxg TRRAHLEHD: n]IetII;JI)s&oﬁﬁor%h&“n”@&li‘x'(s But-1-y

yl)-th i ene-2- ‘car
( 2RIBB Bb@&lrb/@ﬁ)eﬂaywhgle(%CWPGI‘)@R?C@I hyl ) - 2- met hyl - 3- oxo- nor phol i n- 4-y1] -

3, 3-disppHYR 51@1«I/t:roﬁ ¥Ry 13h HRtyR-CREM Pis'bk&m% I@lin-4-yl]-5-(3,3-
5. Oycl oheron) r%ﬁyﬂéﬁ)ret R N okl S ¢ hi ophen
adbest ¥|-|th &é{p thlophene -2- carboxyllc acid;

C
RL 3- thtphaa%bﬁroaé@l b, (@%)da VER0x§ -bAlR- B Rty [ S.oRd-HoeR G it Yl 5-3:3( 3, 3- di met

y ut ene- 2- rb xylic acid;
6- Cﬁ%n%ﬁ£¥yé1éngéﬁﬁvﬁ?%& 4 8ﬁ93¥”§hoxo pi peri di n-1-y1] - 5- (3, 3- di met hyl -
ut - 1- ynyd)(s)-6ltyephewyes-Aydaxpaxybd-pipeadihd:yl)-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-
(2 ohexyl- 2- (2, 3-di hydr oxy- propyl ) - 2- net hyl - 3- oxo- nor phol i n-4
]- 5°?§%§ﬁmg¥ﬁethyl but - 1- yny1) - t hi ophene- 2- carboxyl i ¢ aci d;
( 2S, 5R)-KZR GRIbatyelondxyR-2{(2-hhgrdkyoatiylp R imydthyd-3-axetriyrbh Ginabeg- 5rod, pldiohetmy-4- y 1] -
3, 3 ophene- 2- car boxyl i c acid;
4(R) - gg%£§ﬁﬁ%hmpﬁa%5%C%%Xémcgph - 3- oxo- nor phol i n-4-y1)-5-(3, 3-di net hyl - bu
yny1)3-& ﬁymwérwmy@omyihy& axd-piperidin-1-yl)-5-p-tolyl-thiophene-2-carboxylic
-[ (2Rga®) - 5- Cycl ohexyl-2- (2, 3- di hydr oxy- propyl) - 2- net hyl - 3- oxo- nor phol i n- 4
-5-(3,3- dinmethyl-but-1-ynyl)-thi ophene-2-carboxylic acid; WO
| 010658 REYYyPRHeY-O®X64 9-dioxaR4-aza-spiro[5.5]undec-4-yl)-5-(3,3-dimethyl-but-1-ynyl)-

2

(2S’trﬁgf)heﬁe@1c%lrt58}§ﬂ@ya1cd2 (2, 3-di hydr oxy- propyl ) - 3- oxo nmor phol i n-4-y1]-5-(3
, 3-di net hyl - but - ) -t hi ophene- 2- car boxyl i ¢_aci d
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2S, 5 I%CmﬁheéﬂéxéihyzE%?PHWI)@@@&WPW BYIbxé3 %ﬁI'WIIB\IHth kygyl - 5- (3, 3- di
met hyl thebimehe- zydgyg&(yncm@phene 2- carboxylic acid;
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((jZRdﬁEéth;ﬁbG}»lckr@)h)%mwthne(Zc&ﬁdwwdéuﬂxy propyl) 3- oxo nmor phol i n-4-y1]-5-(3

i met ene xyl.i c aci .
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met hyl bbtit-ydy)- tynmpﬂenei heapbetieadidcar boxyl i ¢ aci d;
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3- (( S) {6edeok-GmaxiyokyIB-dwidir oxy 2- 0X0- pi peridi n-1- yl) 5-(3,3-dinmethyl -but-1-y
yl)-th

D 1L 2R 5 VR ERED SRl (G hilroxy: prosyl methyi S oxoomompolin 4530 o (5 5 g

i me yldmtﬁjh)tl Dbut- memtolﬁhm%rn@rngwaﬁ@dxw ic acid;

2R

th

3-[(2S, 5R) - 5- Cycl ohexy1- 2- (3- hydr oxy- propyl ) - 3- oxo- nor phol i n-4-y1] - 5- (3, 3-d

met hyl - but-1- ynyl)-thi ophene-2-carboxylic acid;

[ (2R, 5R) - 5- Cycl ohexyl- 24(R) - 2- hydr oxy- propy1l) - 3- oxo- nor phol i n-4-y1]-5-(3,
di met hyl -but- 1-ynyl)-thi ophene-2-carboxylic acid,;

[ (2R, 5R) - 5- Cycl ohexyl- 24(S) - 2- hydr oxy- propy1) - 3- oxo- nor phol i n-4-y1]-5-(3,

di met hyl -but- 1-ynyl)-thi ophene-2-carboxylic acid,;

[ (S)-6-Cycl ohexyl- 3-(3-hydroxy-propyl)-2-oxo-piperidin-1-y1]-5-(3, 3-di net

| -but-1-ynyl)- thiophene-2-carboxylic acid;

S) - 3- Ami no- 6- cycl ohexyl- 2- oxo- pi peridi n-1-y1)-5-(3, 3-di net hyl - but-1-ynyl

h i ophene-2- carboxylic acid; and
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13. A conmbination, in particular a pharmaceutical conbination, conprising a
therapeutically effective amunt of the conpound according to any one of
clainms 1 wo:2ak/amb3one or nore therapeutically active agemEP2011/062545 14. A
met hod of reducing viral load in a subject, wherein the nethod conprises
adnministering to the subject a therap®tically effective anount of the
conpound according to any one of clainms 1 to 11. 15. A nethod of
treating a disorder or a disease in a subject caused by or associated with

HCV i nf eci (98 sRYBLIRIoRekye-(IBIdHYEr PRIy 5-8S0:@HdPh S8 (3 L dinhdnyisbi-ect a
t her apeut i caI_Ipy effective anount of the conpound according to any one of
cl ai ms 1ynylythjgphene-2-carboxylis acidi ypt hod according to clai m 15, wherein the

di sorder ®[2$BR)-8iGLRAEEXY-3-(SaY @k Leh -8B A rpHviieatyl]®(3, 3-dikrthyEbutrhosi s,
chronic |jiyer disegease, t?.epat ocel l'ul ar carci noma, cryoglobulinaem a,

non- HoéfﬁYJi'%‘O@F’iﬁ?gﬁB%ﬁ’,‘y'Fia\‘?'gr fibrosis and a suppressed innate

i ntracel | 3j6aCydlahemyles- iyelsg@+8s@-hydroxy-propyl-2-oxA-pigerdound]-5¢E, Brdthhetgyltbat-&ny one
of claims 1.to 11, for use as a nedicament. 18Use of a conpound according
to anyyo¥1)e SPET A BPH'G %, in the manufacture of a nedicanent for the

t r eat ment 3-[2R ARHSychbexyb2-(2 BsiEysexymrepyhiBope@eatorpbelmedyb§-(38-dagstimdibat- e d

w th HGV Lptection., .0, Use of a conpound according to any one of
cl ai s 1%’@“@%“?%? Ct"’]iclbeoxf(l'rceaaC ment of a disorder or disease in a subject
caused by3-liZR aRy6cIyatobex 2 t(A-hiHiloxy-ethgly-Biosprmorpholin-4-yl]29(3, SFtimethykbef 1-c| ai m

19, wheraifidonendbsohdslicQkigdi sease i s sel ected from HCV infection, liver
Ci rrhogﬁ)gU (I:Ohr o?ﬁjc Fi vglcgi Is’ease, hepat ocel | ul ar carci noma,

cryogl obud-I(@aEM-5-Cyalehenbagkhrerexy-giepHbimethi-dexomasphadind-Wrii(33-s uppr essed
i nnat e gifdthABet-1-Yhy)-thioBREHEE2 ELBBRYNE Beid;
3-((S)-6-Cyclohexyl-3-hydroxy-2-oxo-piperidin-1-yl)-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-
carboxylic acid;
3-[(2R,5R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-but-1-
ynyl)-thiophene-2-carboxylic acid;
3-[(2S,5R)-5-Cyclohexyl-2-(3-hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-but-1-
ynyl)-thiophene-2-carboxylic acid;
3-[(2R,5R)-5-Cyclohexyl-2-((R)-2-hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-but-
1-ynyl)-thiophene-2-carboxylic acid;
3-[(2R,5R)-5-Cyclohexyl-2-((S)-2-hydroxy-propyl)-3-oxo-morpholin-4-yl]-5-(3,3-dimethyl-but-
1-ynyl)-thiophene-2-carboxylic acid;
3-[(S)-6-Cyclohexyl-3-(3-hydroxy-propyl)-2-oxo-piperidin-1-yl]-5-(3,3-dimethyl-but-1-ynyl)-
thiophene-2-carboxylic acid;
3-((S)-3-Amino-6-cyclohexyl-2-oxo-piperidin-1-yl)-5-(3,3-dimethyl-but-1-ynyl)-thiophene-2-
carboxylic acid; and
3-[(S)-6-Cyclohexyl-3-(2-hydroxy-ethyl)-2-oxo-piperidin-1-yl]-5-(3,3-dimethyl-but-1-ynyl)-

thiophene-2-carboxylic acid.

12. A pharmaceutical composition comprising a therapeutically effective amount of a
compound according to any one of claims 1 to 11 and one or more pharmaceutically acceptable

carriers.
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13. A combination, in particular a pharmaceutical combination, comprising a
therapeutically effective amount of the compound according to any one of claims 1 to 11 and

one or more therapeutically active agents.

14. A method of reducing viral load in a subject, wherein the method comprises
administering to the subject a therapeutically effective amount of the compound according to

any one of claims 1 to 11.

15. A method of treating a disorder or a disease in a subject caused by or associated
with HCV infection, wherein the method comprises administering to the subject a therapeutically

effective amount of the compound according to any one of claims 1 to 11.

16. A method according to claim 15, wherein the disorder or the disease is selected
from HCV infection, liver cirrhosis, chronic liver disease, hepatocellular carcinoma,
cryoglobulinaemia, non-Hodgkin’s lymphoma, liver fibrosis and a suppressed innate intracellular

immune response.
17. A compound according to any one of claims 1 to 11, for use as a medicament.

18 Use of a compound according to any one of claims 1 to 11 in the manufacture of
a medicament for the treatment of a disorder or disease in a subject caused by or associated
with HCV infection.

19. Use of a compound according to any one of claims 1 to 11, for the treatment of a

disorder or disease in a subject caused by or associated with HCV infection.

20. The use of claim 19, wherein the disorder or disease is selected from HCV
infection, liver cirrhosis, chronic liver disease, hepatocellular carcinoma, cryoglobulinaemia,

non-Hodgkin’s lymphoma, liver fibrosis and a suppressed innate intracellular immune response.



