| NHI Bl TORS OF FLAVI VI RI DAE VI RUSES FI ELD OF THE | NVENTI ON 5The present
application includes novel inhibitors of Flaviviridae viruses, conpositions
cont ai ni lyooiwssaspounds, therapeuti c net hods that i nclradarstéie/02133s
adm ni stration of such conpounds. BACKGROUND OF THE | NVENTI ON 10Vi r uses
conprising the Flaviviridae famly include at |east three distinguishable
genera including pestiviruses, flavi viruses, and hepaciviruses (Calisher,
etal., J. Gen. Virol., 1993, 70, 37-43). Wile pest/viruses cause many
economi cal ly inportant @anj i Lae viral diarrhea virus
(BVDV), classical sw ne'ﬁHélgngR\c/gl @E?@W@%E"@%F ra) and border disease
of sheep (BDV), 15their inportance in human disease is |ess well
characterized (Mennig, V., I i ¥ es. 1992, 48, 53-98).
Fl avi viruses are responsi bl eEItF_(%? ?Fr:rf)-é t"élx Nmﬂgn di seases such as dengue
fever 5and yel | Tiw greseet applicagorhiepladésvmnavesiasibitas oé Feepéadoiae vsudBsyi r us
infections in hiumanos.,[ iq hercri] n@ﬁrt% t tvirr aluhi nf e giso S ica]uge% by the
Fl avi vi 11 GIPPRRTT PTIAENaEev et e PR teURR OS2 DAHEEE Meepha i ¢ s
vi rus (JBEgmini2bationlof bocmeorepaepbal itis virus, Junjin virus, Miurray Valley
encephalitis, St Louis enchaplitis, Orsk henorrhagic fever virus and Zika
Vi rus. The hepatitis Cvirus (HCV) is the | eading cause of chronic
i ver di sease worl dwi de (BBRYKKGRONNDEOFAIHE INVEENHON . 32: 98- 112, 2000) so a
significant focus of current antiviral research is directed toward the
devel.gpnment of, . nproved. e f. . 25t : ronic HCV infections in
humar@ (D Bes\(/:'reugggf ?%r,%g%\s.lﬁ {ﬁgﬁav ér(/:agan,férﬁfjf‘} ,g‘&[]&%%{ Ig%%}itﬁrie% Anmerican, Cct.:
80- 85, (19898pyiskatiel ganer€indRidingeteséliruses,.flaieiduseGhami h@0h jruds, 1- 20;
Mar adpour .~ D... et al, ,~ Nat, R CLO. 453-463) . A nunber of
MOVt F eat (R er o e L el Mot e e R P s B el sy e
Chenot heregoyomitath2impogta®ianir@fiiiheasss swhaegibovioavirs! dérripst vient(8VIAVY,h chroni ¢
HCV 30infection are . diffic E achi eve hecause of the. prodigious anmount
of datly GreS BB U ICSENY ol S TRAELRE M on P B Be hioh
sponti&neabsir mpcadantd ihyhunfanH@éask ivissy WelucremagteritedgMogniBg) éneeal/1998, 282,
103-7, Fu\g.i 10,0t j@lnn tol.o 1996 24, 1351-4: Dom ngo, et al.,
Gene. " 1088 Pt 14 Zas By ol PRy O are JERpo B o R0y
Cur r ent | ydisddses sudras ganigoaifévey ahdwellantfevdr mdlile boppoundss caudeanepaiitis, a
nucl eosi anal , anﬁ< interf onfné h é] ] F.Ni)gi hat, .are used for the
treat rren'(tjé (\)”rrusc'ﬁfegtr'ﬁné ' W@ﬁ%\f @l{:qelr(l) sol%tlaﬁt '%}n@ﬁ%@o éauvslelaibﬁ t?ﬁ one i s not
ef f ect i veFlavviridgabufaimityg includalW EtINilE @red @YNV) Japanese encephalitis virus (JEV),
20  tick-borne encephalitis virus, Junjin virus, Murray Valley encephalitis, St Louis
enchaplitis, Omsk hemorrhagic fever virus and Zika virus.
The hepatitis C virus (HCV) is the leading cause of chronic liver disease
worldwide (Boyer, N. et al. J Hepatol. 32:98-112, 2000) so a significant focus of
current antiviral research is directed toward the development of improved methods of
25  treatment of chronic HCV infections in humans (Di Besceglie, A.M. and Bacon, B. R,
Scientific American, Oct.: 80-85, (1999); Gordon, C. P, et al., J. Med. Chem. 2005,
48, 1-20; Maradpour, D.; et al., Nat. Rev. Micro. 2007, 5(6), 453-463). A number of
HCV treatments are reviewed by Bymock et al. in Antiviral Chemistry &
Chemotherapy, 11:2; 79-95 (2000). Virologic cures of patients with chronic HCV
30 infection are difficult to achieve because of the prodigious amount of daily virus
production in chronically infected patients and the high spontaneous mutability of

HCV virus (Neumann, et al., Science 1998, 282, 103-7; Fukimoto, et al., Hepatology,



has significant toxicity, and is known to induce anem a. The conbi nation of
| FN and ribavirin has been reported to be effective in the nanagenent of
chroni c hEpaviiss34«€ (Scott, L. J., et al. Drugs 2002, 6PCTABZ015AB8)33bHut | ess
than half the patients given this treatnment show a persistent benefit.
10Conbi ned, infections fromthe Flaviviridae virus famly cause significant
nortality, norbidity and econom c | osses throughout the world. Al kynyl

subst i t ut H96t BY,dFhéreDominde, aimli, Gehavi 85ndael-§i Marsellaetalvi/t Virdia\d®2been

di scl osedf)\é))é2 1gn, et al., WO 2008058393; Winberg, et al., WO 2006072347,
and Chan, al ., WD 2002100851; but none of these are currently clinically
approved antl v(ilmraﬁlmﬂvI‘téer@mapﬁmsrilylﬁﬁheﬁ\éﬁbmmpqméseihaeiliajmsutaecm'!;@d to

developef cti r ren f VVII’Id r infections. MVARY OF
THE. | NENTIFER: BB RR '8&%(%)3{': asafoUSEﬁf%’*e trgath ?%Ch t OR2
For mulsa (ihfecticors i hpﬂnanmReamhn‘,alohy tsam:t@}ﬁ‘baib/leen saiubmgrvnremm letvbler eof :
wherei n: 25R1 S ed fr consi stin f ti |
subst i t ut'@¥ S&"@f”@f’ﬁ'ﬂy’ 38?){3%%?&%”%9g@ﬁﬁ%ﬁf‘?ﬂ?e?%f%ﬁ'%ﬁﬁ%ﬂ@'% tionally
subst i t utrichviG2 hb2 baérkwpphed tpbe eﬂfﬁidtll/@'lrstuba’ﬁdﬁagémdnt@c&rbn&ymlpéwsk@I
optionall B‘ftl t é C6-, ionally sub tuted, 3 14 rrenber ed
het er oar )/%CO% rofal rusgﬁlgilﬁ?még—/ggé)ll%q%fﬁty%?rbr&aﬁﬁh? 8?%%9"’?” Misopt i onal |y
subst i tuttmiatrﬁedi&hmrmmrsidteh'eb@fe@aryl al kyI optionally substl tuted 3-18
menb red heter cyclylalkyl a nal subs ryl al kyl,
whergl n, each %’P%l({’lﬁfgé’ mg‘ tgﬁ r(f%égd”r\‘z{f %ﬁ’in@r?gu% S’WB %an@ each QL is
i ndependernbritam)smcequdarfd@:rnnbim: lgﬁmphmogmmthmgorw /Sk')&iy()gﬁﬁtltu@ﬁo oxi de,
-NQ2, - - N(tﬁi(c))%)he (sov“q h-anti- Fla /w/ I:eza:l'\s?r’us_a§ \9 ab‘eR Oen g!lsclosed by Chan, et al.,

WO 2008058393; Wunberg, et al., WO 20068072347; and Chan, et al., WO

2002100851; but none of these are currently clinically approved antiviral therapeutics.

15 Therefore, there remains a need to develop effective treatments for Flaviviridae virus

infections.
SUMMARY OF THE INVENTION

20 Provided are compounds of Formula I:

N—R3-L-Het

o~

RZ
Formula (1),
or a pharmaceutically acceptable salt or ester thereof, wherein:
25 R’ is selected from the group consisting of optionally substituted C1.15 alkyl,
optionally substituted C,.1, alkenyl, optionally substituted C,.;, alkynyl, optionally
substituted C;.4, cycloalkyl, optionally substituted Cs.14 aryl, optionally substituted 3 -

14 membered heteroaryl, optionally substituted 3 -12 membered heterocyclyl,



-NR10C(0) R11, -NR10C(0)NR11R12, -NR10S(0)R11, -NR10S(0)2R11, -0P(0)R11R12,
-P(0)R11 R12, -P(0)OR11 R12, -P(0)(OR11)0R12, -C(0)NR11R12, optionally
substit utwo 2Ci/Bsabkyl , optionally substituted C2_6 al keayluS2apoesaal |y
substituted C2.6 al kynyl, optionally substituted C3.6 cycl oal kyl,
optionally substituted C6_12 aryl aI kyI optionally 10 substituted C6. 12
aryl, optionally substituted 3 - rrenbered het eroar)é optionally

subst i t utaptoTAlly sHPRutes y; 18@%6@{3? Ih9te§%lé'?'?<i"u@@t§’”®2/ gibg ﬁk@ﬁ'ﬁ By,
opt i onal Inyerfbdied Ihuétr&%g%rk@ aaldksﬁﬁwhawubgnmb@@@k d yiampstituted C3-6

cycl oal kyl oxy, optional bstituted C6-1 ryl ox he opt| onal Iy substituted

3. 14 néﬁ‘P@é?‘@oeaf‘f@tSéP%iﬁ‘ﬁW 8ij s@sﬁm@ﬁwwr@mﬁﬂqr@ _12 nenber ed

het er ocycl yl oXg4ch @ptid maééérmeﬁﬂmé&éa@&nﬂg&r);s?&c&xs@dnwlof optionally 15
substituted -C(0)C2_6 al ken§< optiQ naII ?ubstltgt ed - 6 al kynyl,

opt i oRal INFlogaRsP: Axide) -NEp Ok %@ SEPeRR onab(Q- NBL& it ut ed
-C(0) Cs 1@R@rd(b2R1OQNWb NRBNbSINFt o @ﬂR“C(r\ﬁéwﬁo R4 _pppdeyed? het eroaryl ,

optional | onaII substi'tuted -3-10

S 1 14Kyl opt.
rerber cd B Ry CPOR Pf@i@'& R P DR - axton s LbstiLie:
NR13)d\|§1:'aWﬂ-%ph@%ﬂ§:€UMcp Oai e AR ENRADARAGRE?, o1 pL10(0) ORLO, and

0) NRL1 i ndependently, is selected
from t he ogtienaYy sobsfitded fgs @rclqa'kybp@n‘ﬂ@ﬂally|%wbgfﬂbf@ﬂ@cem latky!, QQt'%‘IaRX/I

opti gpal lsybsirst 'dGH‘zté?rSil Q@tjo%gnﬁédb%ﬁm ed @P’M r@n@%‘b%béd%é?ér&é&%? 12 al kynyl ,
optionally substituted opt i onal substi ute C6- 14 aryl,

opt i onal Isybﬁlﬁlk‘)@? iGre @‘éﬂog’ Dpflwaﬁgﬁ%bﬁ'%e%& elRiaxy. %@P@W&ﬁui@?{“@fﬁﬁstl t ut ed
3- 2512 myﬁyloﬂ%sﬁ&ramwsm&éa EOallosisRs tdf%ﬁaw Aol Epaper ed

het er oaryl al kyl, and opti onal R11

and R12 t2akefy. Patyvélaﬂﬁeﬁu%’ﬂturﬁdt%e%mﬁ@ef@ Wreﬁryt%wpap@a*aﬁuh%tﬁ@adfor(r)nra 3
to 10 ”Embﬁmgnm%k%n%@éfre&wwox@a&&.oﬁé@ subgﬂ%ané(ft@tﬂ {a!kylsop?@n@@} ed fromthe

group consistin t1"onal substituted al k optional ly

subst Pt utSéEISt@?GQQC@ Qem?'?e”%)mpi'@‘?%‘b’ isybgfied r¢ (e adynyh OQYCIW#H optionally
substi t Uts@Qst@tﬁeéZC@y}@ngéSch@éhkryl %Bﬁér%ﬂ@gdﬂstlﬁk@ﬁld b?@e ar@@o{aﬁo@é’liyl optionally

substi t ut ed - eteroar , optional substi t ut ed 3 12

menber ed SHe$tdytge ye(Q)t3 - Hbmrs@ﬁaneweé%%wi paﬁ@éﬂxes%ﬁw&%&(@ﬁ?e 2

het er oar lélrﬁéll&gf'@ tBH&llyoé‘u%EtlntMteaU@ﬁb'nﬁé&ﬁtﬁ‘éﬁe@ 18 arylal kyl, -CN, -C(0)R14,
-CHO and - R14 i ndependent LQY@&JF%])N gl qpal |y substitut ed

Cl-12 al K‘?FerOCYCM bH v\)h% FrC(@XR s*t%ét‘Ni siostituted RLO,
subsppt utedNRHo Fsubghwcghqdwﬁjp&pgsumﬁlé @t)@ﬂng,:fd -SE(PNRSRtuted Rl4 is
0

i ndependent |y subsgd tute ne or nore (6; is sel ected fromthe
group consi st iéagh & Hpt ﬁaﬁﬁﬁ yld§amqe|ﬂt'mf%ael®16%0ra|twgroue@ewﬁmqf

substi t utedpcghal sé&éfﬁﬂéﬂ C, ﬁ%‘ildyp%ﬁbédél?g@&tﬂt&éﬁ @912%0%‘ gpteyan) . optionally
substi t ut ed 03 12 cycl oal t1onal substituted 14 aryl, optionally
subst i t utestituted Ca.q2 alkynyl, optlonally substltute Cs.12 cycloalkyl, optionally substituted

Ce.14 aryl, optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-
25 12 membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyl,
and optionally substituted Cq.15 arylalkyl;
or R and R™ taken together with the atoms to which they are attached form
a 3 to 10 membered heterocyclyl;
each R, independently, is selected from the group consisting of H, optionally
30 substituted Ci.4, alkyl, optionally substituted C,.1» alkenyl, optionally substituted C,.1»
alkynyl, optionally substituted Cs.1, cycloalkyl, optionally substituted Cg 4 aryl,
optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-12
membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyl,
optionally substituted Cg.1s arylalkyl, -CN, -C(O)R", -CHO and -S(O),R™;

3



14 nmenbered heteroaryl, optionally substituted 3 -12 nenbered heterocyclyl,
optionally substituted 3-18 nenbered heteroaryl al kyl, and optionally

substi t utwo 20a/0834ar yl al kyl ; 10wherein, each substit ut edCRAUS2GI1H2133% i t ut ed
with one or nore @@; each @, independently, is selected fromthe group
consi sting of hal ogen, oxo, oxide, -NO2, -N(=0), -SR26, - S(0)R20,

-S(0) 2R20, -S(0 -NR26C(0) R?1, -NR26C(0) NR21R22, NR20s(0) R21,
_NR20s( 0) 2R21,8 cﬁ&oj@%eww 'P(% Traubstiuacyoratyio2, - P(0) (0R21) OR22,
- C(0) NR21R22, \ardréi n@éch)éuﬁstb@tbd it ﬁst)sﬁtufe@kye s@bgmbted ot isopaliigg Kubsti t ut ed

C2_6 al ken opt| na sub tuted akn t|onaIIysbst|tuted
03 6 cycl%é[swyie %gtoiréﬁﬁ%?“ %Lé? I”@E?%dj_e@@’ S“_'Lbft' %ﬂ"’é‘? §e OrdB?rie&%tEal |y

substituted C&R22sakpbd fr@ntthe@aiulpwowbﬁtg SfhoBshally Suﬂ-s‘ttttffﬁcﬂ@ﬂg%ﬂ(yhet eroaryl,
optio aI ><(’){}/),ﬂsubstl tut ed opt| onal Iy substituted

al ken oplyisyRstitytgd g@t?sat”fet”lh't P/ g sufpsi Gy alkypyli ?H'QP?'V substl t ut ed

C3-6 CW'@;@btﬁMﬂe@)Oénz @@b'aFRWabh n%tﬂﬁ%ds‘htmétﬂcgg@aﬂﬁ o%@@rﬁéﬂb%&b!strt&t@@ ganal |y
substituted 3

eteroar%( &@y optlona \b{ Substituted 4-12
menber ed %P@WB%&?SW 5987y epitonala3ubylieingst 11emperabereq DF E€0BCH) ky | |

opt i onal lgptishAgtsubstii@dd 3GEMhERbrea hsRAYArylaRt am@;ttloyaawﬁ)tsmwd@a 5 C(0)C2_6
al kynyl , opt| onally substituted -C(0)C3_6 cycl oal kyl, optionally

subst i t utaya Ikti‘f(O) C6_12 aryl, optionally substituted -C(0)-3 -14 nenbered

het ergaryl, ORtHepaIAT daeh substitba Reeh s@e@me@nn oheadryhatk iyl , optionally
substituted 3-10 mgnbered het er oc -OH, -NR21R22, -C(O)OR26 -ON, -N3,

-C(= NR23) NR2HRSD O, ingenqrd sy yrese Yecmzfm IrreyMeEEsHiDg of - NR210( 0) OR26, and
-0C( 0) Nmn oxo, oxide, ERCH, WQCD A, -@(‘QEFRQZS Cb)gd"ép NNRYR?1 s sel ected

f h | kyl
Lo onat 1R R N ) Kl SRSt s Qet@t%f%% &' 1

al kynyl , -opb)RENREF |- 91@>®98tn2? upgﬁb @ﬁztm@y@ eétttlwflzzz @pﬂfoh@l'ﬂﬁédb)étttﬁtelas'f ituted
aryI optl ona |y substituted 3 eteroaryl, optionally

SUBs B it 0. DRSPS CIeA br oI IR T SRS Gosevied 5. 16
merber ed dpabedIQ@LYSRIKY C, , BYHb081,1 @idhh Subslick t@aqpa@@tkw opfioHa8Y Kyl ;

or R21 and R22 taken toget her vmth he atons to are attached

forma 3 %8s ﬂ@teﬁ&?’b?e?ré'doﬂ’t@t‘évyo%% ed 3218 me”‘é’é@ﬁi W@goaryhdé?ﬁﬁﬂ)ént ly, is
sel ect ed dupsiutehe géwaxweaﬁérfatw Qd;s@tuté:a COPAIkEMRIXY YorstisRailyl dust@Rded1_12

al kyl, opt [ %rltkal I‘y subtst [ t”ut eézl 02 12 al k en?/ optionally substituted C2_12
C.. alkynyloxy, optionally substituted C, cycioalkyloxy, optlonally substituted Cqg.1»

20  aryloxy, optionally substituted 3 - 14 membered heteroaryloxy, optionally substituted
4-12 membered heterocyclyloxy, optionally substituted -C(O)C, ¢ alkyl, optionally
substituted -C(O)C,.¢ alkenyl, optionally substituted -C(O)C,.¢ alkynyl, optionally
substituted -C(O)C; cycloalkyl, optionally substituted -C(O)Cg.1, aryl, optionally
substituted -C(O)-3 -14 membered heteroaryl, optionally substituted -C(0)Cq.1,

25  arylalkyl, optionally substituted 3-10 membered
heterocyclyl, -OH, -NR*'R?, -C(O)OR?, -CN, -N3, -C(=NR*)NR*'R*,
-C(=NR*)OR?, -NR¥*C(=NR*)N R*'R*, -NR?'C(0)OR?, and -OC(O)NR*'R?;

each R?, R?', and R*, independently, is selected from the group consisting of

H, optionally substituted Cy.4, alkyl, optionally substituted C,., alkenyl, optionally

30  substituted C,.4, alkynyl, optionally substituted Cs.4, cycloalkyl, optionally substituted
Ce.14 aryl, optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-
12 membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyl,

and optionally substituted Cq.15 arylalkyt;



5 al kynyl, optionally substituted 03_12 cycl oal kyl, optionally substituted
C6_14 aryl, optionally substituted 3 - 14 nmenbered heteroaryl, optionally
substi t utwo 28111@s3wnber ed heterocyclyl, optionally substPcratsed182185
menber ed heteroaryl al kyl, optionally substituted C6_18 aryl al kyl, -CN,
-C(0)R24, -CHO and -S(0)2R24; each R24 individually is opti onal |y
substituted Cl- aI k%@z 10wher ei n, each substituted , substituted R20,

t

substituted RZ‘?Lr sabd tﬁ%%ogﬁﬁer‘%'ﬁb@?@%%@ woigh they a%%tﬁcﬁ?‘éufoé@ R24 is

|ndepende@tgltw@m@ﬁtﬂetwmemyd@,!one or nore Q6; R3 is C4 12
cycl oal kyl al kyl ene_or substituted CA-12 cycl oal kyl al kyl ene; wherein each

substituted R¥4E Psz BRASPERHESYY iF £RIcElRE fr@F“ tﬁﬁrgém@co”é‘é Qﬁﬁ qpﬂﬁ?ﬂéndent ly,

i s sel ect&msfitu@rn d nealgy! 6aNSustitD@daf,  1ERka NonZMyQ béffumté"@cm
“N(=0), - SRA0 (gﬁ%%%m'g r9'2530 o NG KRaee i

- NR36&( O)Wh@@'ona fioja%s12 ¢ ‘sédapzm'y Subﬁ(fvi?ﬁz@m@zv' P( 0) R31 R32,
- P(0) 0R3hdﬁ%ﬂallydﬁﬁ@ht&t@@%hh@ﬁ@ﬂberecﬂ %{é}é\é éptB%EHy apkiitaRald-y substi t ut ed

Cl 6 al kyl, ot ionally substitut opt i onaIIy substituted
2.6 al ky'ﬁ?m er@ﬁtﬁ%ﬁ%‘tvﬂy’ sblirgefly %Ht@»at@ %@m%w@hete@am Al |y
substi t Utcﬁﬁ;o@lﬂs&bﬁﬁb(ﬂe@'d&%'arlelIR?l' anal-byo #04 sghet arduised), /8, 12 aryl,

optional ly substitufed 3 nbered heteroaryl, optionally substltuted
Cl_6 al kyl oxy,eaGBﬁ o'ﬁﬁﬂv’ldya@’u%§PT‘QW§‘!'>éHU@?tUéerPkerﬂ}iybxy, optionally

substiot ut ed C&dfér@:hké/d'&|sQ2§é¢ttut@@U20é1ﬁ>lshMte%W3tsldb!s’ﬁt@@d@‘ QueMehieaRRy ! Oxy,
optional ly substituted C6-12 aryl oxy, ti onal Iﬁusubstl tuted 3 -
menber ed TEBEHEART &k?UbS(S'B{“‘i’%‘ﬁal'? V%%L‘%Wj?‘&f“ ewiepRse?ratere Q7
het erocycl yl o’ | 9BBhkyakiiBsd bt sURetdd(0) Cydoataikyierpt i onal Iy 25
substituted - C(o')sgz%es@al ke%%é;; opti onal | y O b e%%{-yf( 5y 2 6 al kynyl |

optional ly sub¥sreingae SRS 'é?é‘l’%&‘l‘tﬂlb’v'th@ﬁh@éﬁ’é’m ¢ substit ut ed

-C(0)06_12 ar Yéach@tlhgé}ﬁélnﬁﬁnt stte!éckéoe@omg(é)@rou@coﬂs‘?stl gbered heteroaryl,

optl ally substituted - C( yl a , 0 naI su5|tuted310
odBat R Pt Pyie, NNl 15k TR b} 6 RO, RETRY

=NR33 NR:BQU{@ 313 RR3HR* O( ,AR3 1 10(0) OR36,
aﬁf:l 00(2) AR @WQ ﬁMR R W%wﬁd?e@]diﬁlg |(s)sel ected

fromthe - %lﬁ) % nBIQORE f‘P@ ((BB Q)fﬁal 1%40%’%5? tﬁ@t@ﬂa@lsuj?émaéﬁ

opt i onal |, ;s toptisaAd sGBatikdeACKEANSNyI ftbr@HT! lsUystRubS bl | Bk, C2- 12 al kynyl,
optional | 16substlptlut egs C3-12 g(ﬁe ny QJ?H ?Snas %Estlwt ed C6_14 aryl,

opt i onal ICSP tislysHpsitigad §ss C@P hb%?t@aa'h’étuéﬁﬁaﬁ?lcﬁ10WiaBWhPPEPr@U¥)st i tuted
3- 12 rreamem@gd et £4rocystonbily Qpkiinral 4 ¥1Z$h‘1|@ﬁ1t5e¥éd>t }%i'ergarjys opﬁmﬁy ed

heteroarylg PJ/ and optionally substituted or R31
and R32 ¥ ?ege@ﬁ'évow PRtiq ya‘t't&ﬁ’{éﬁ?%%m'E?M%yOFé'Péa'b’tstuhé‘H\é@df orma 3

to 10 TTEf@%raﬁ@niﬂ@kﬁro@ﬁdﬁélllyhubs@ﬁﬁé‘dﬂcﬁf”c@cldéﬂ@léﬁﬁQ?ﬂbrhéﬂy'sﬁbs%&t@@t?@ fromthe

group consistin i onal substituted , _optionally

subst i t utiyor Og@r@f'kéﬁ‘ﬁfﬁu St i éet?d%@(t‘?rpafyéﬁy(%“ﬂa’b(lSI@?WW“@dopt i onal |y
substi t uteg Q@m%%r%t&a&%g\oxy%tbﬁé@l Jupsmubgt-claferd aldr, 6t ;O%E?J ;. opt ionally

subs&gtuted 3 nber ed het eroar opt |onaIIy substitute
substituted -C(O)C. alkenyl, optionally substltuted -C(O)C, alkynyl, optionally

substituted -C(O)Cs;. cycloalkyl, optionally substituted -C(O)Cs.1, aryl, optionally
substituted -C(O)- 3 -14 membered heteroaryl, optionally substituted -C(QO)Cs.1»
arylalkyl, optionally substituted 3-10 membered
heterocyclyl, -OH, -NR*'R*, -C(O)OR¥, -CN, -N;, -C(=NR*)NR*'R*,

30 -C(=NR®)OR™, -NR*C(=NR*)N R¥*R*, -NR*'C(0)OR®, and -OC(O)NR*'R*?,

each R*, R¥ and R*, independently is selected from the group consisting of

H, optionally substituted C;.1, alkyl, optionally substituted C,.4, alkenyl, optionally
substituted C,.1, alkynyl, optionally substituted Cj.1, cycloalkyl, optionally substituted
Ce.14 aryl, optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-

5



menbered heterocyclyl, optionally substituted 3-18 nenbered
het eroaryl al kyl , 10optionally substituted 06_18 aryl al kyl, -QN, -C(0)R34,
- CHO and wB(20)12R8345 each R34 individually is optionallyPsuhstétioresds 01- 12

al kyl ; wherein, each substituted B, substituted R30, substituted
R31, substituted R32, substitut ed R33 or substituted R34 is independently
substituted with one or nor ; is selected fromthe group consisting of

-0-, -S ,12mepperedigiprosyclyl, thlorﬁﬂévbﬁt@t%3 -Optisnkarey helesnialgted 3- 12

menber ed AR RORNG sMbstRite @R | Oblky; substituted 3-14 mermbered heteroaryl ;
wherein, each subStituted Het is substituted with one or nmore 4; each Q4

i ndependent |y,oriRs ansl BEtakentipemthemutiythe afpnesolasviyeh gy afe afiachediormoxo,

oxi de, - NRio 10¥SRbercu SRR ocycR(:0) RA0, - S(0) 2R40, - S(0) 2NRAORAL,
20- NR460(0) R41 RRO(O NRI 42, - NR4OS(0) RA1, - NR4OS(0)2R41,
_Op(O0PR41RA42, aapb@) nderendenty(ig oRratet froapthe prol ORESITRIZ, aptpmiN R41 R42,
optional |y psitbelid Y4 l%ﬂ@nﬁ'y@abstﬂ@t@ﬁ'(ﬂ %lk%ﬁ%ﬁéd&i?%@&t%@cﬁcgl kenyl ,

optlonally substitute ynyl , optlona substituted
cycl oal kydkynglpeptisnaly sHbstitytad ¢ éwlwyiz@pa@rga“wsmtltut@?)@a orfdY!l y substituted

C6- 12 ar Wntio R4l is0pa uhlgt | I optionally
SeeUbsit T uttlgd 83 B Huté!d subathdHb&dy %et‘erciaj}gs' '@dt Iitgﬁ% %u@@ﬁt@t@@% Zﬂnyl oxy.

1 6al opti ona
opti onal |rpe@%@ﬁ?i?f%dmw%ﬁl&wgnsé@ed op® Mmentersd keipvertaldd C3_6
cycl agl kydp%yany%gsétmﬂ@é 18%‘9§W utiedc@)RE2 BRI MHYg(@pRi“onal Iy substitut ed
3- 14 nenbered teroary gl onal 'y substl t ut ed 4-12 menbered
het er ocycl yl oWCh &t'ﬂ@ﬁ'ﬁl@‘ﬂ)’ is 9B ﬂadmﬁ‘é%ﬂma@m akykl kyl , optionally

substituted - Q&r@&@,e@cals&smuted @@tw@ﬁth{eﬂ F@‘W%Béﬁt%ecﬂ?“ S0dRASRa kyny! |
optionally 30 substitute cycl oal Kyl, optionally subst i t ut ed

- C(0) 06_ F2baftyled Roper é@lt%&%ﬁ%ﬁ me@%}ﬂiem( mbstlt@tadwtm@wﬁo@rr@@rer%t eroaryl ,
optional l'y suh_slglsuéa%e fro@(@k@s%l:ﬁ%bé @gjésfyio R@t Jsfe%l érYd %{é?t' tuted 3-10

nenbered het er ocycl yl ,

={R43) NR4 1 IS s arCpRiiqraty) omstiuiedNRAS qemﬁzp@) hetempereis or optmamq 0) OR40, and
- 0C( 0) NRALB4#uted 3-14 membered heteroaryl;

wherein, each substituted Het is substituted with one or more Q*;

each Q*, independently, is selected from the group consisting of

halogen, oxo, oxide, -NO,, -N(=0), -SR*, -S(0)R™, -S(0),R*, -S(0),NR*R*,

20 -NR™C(0)R*", -NR*C(O)NR*'R*, -NR*S(0)R*", -NR*S(0),R*', -OP(0)R*'R*,
-P(O)R*'R*, -P(O)OR*'R*, -P(O)(OR*OR™, -C(O)NR*'R*?, optionally substituted
C1.s alkyl, optionally substituted C,.¢ alkenyl, optionally substituted C,¢ alkynyl,
optionally substituted Cs.5 cycloalkyl, optionally substituted Cq.1» arylalkyl, optionally
substituted Cg.1; aryl, optionally substituted 3 - 14 membered heteroaryl, optionally

25  substituted C;galkyloxy, optionally substituted C,.4 alkenyloxy, optionally substituted
C..s alkynyloxy, optionally substituted Cs 4 cycloalkyloxy, optionally substituted Cg.1»
aryloxy, optionally substituted 3 - 14 membered heteroaryloxy, optionally substituted
4-12 membered heterocyclyloxy, optionally substituted -C(O)C,.4 alkyl, optionally
substituted -C(O)C. alkenyl, optionally substituted -C(O)C,.¢ alkynyl, optionally

30  substituted -C(O)Cs.¢ cycloalkyl, optionally substituted -C(O)Cq.4, aryl, optionally
substituted -C(O)- 3 -14 membered heteroaryl, optionally substituted -C(O)Cq.1,
arylalkyl, optionally substituted 3-10 membered
heterocyclyl, -OH, -NR*'R*?, -C(O)OR™, -CN, -N3, -C(=NR**)NR*'R*,
-C(=NR®)OR™, -NR™C(=NR**)N R*'R*?, -NR*'C(0)OR*, and -OC(O)NR*'R**;
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each R40, R41, and R42, independently is selected fromthe group consisting
of H, optionally substituted C1_12 alkyl, optionally substituted 02_12

al kenyl , wpthomsBi4§y substituted C2_12 al kynyl, optional IpgTaIsh@itioc1ssed 03_12
cycloal kyl, optionally substituted C6_14 aryl, optionally substituted 3 -
14 nmenbered heteroaryl, optionally substituted 3- 512 nenbered

het erocycl yl, optlonally substituted 3-18 nenbered heteroaryl al kyl, and
optional ly subsaahtRi‘f i, %\dﬂ?z ,anddpahdatly is selected fommR4d gand cEHsZsttr@lcﬁn

t oget her wh t he d f 10 nenbered
het er ocyc%iylytlgpql hﬁ te dé%%ﬁg IR al@/ S§b§ %@t e Efl?%m ng %9}5
consi st ngib(sf:tuted ©m alamw loptidnz0ig shisdtitdted €d O/ cibalkal kmlonamjpstub@ﬁatddy
substituted C2,12 al o] sub ut e optional ly
subst it ut §%f4é@’* 1%“8”8' éﬁgvﬁgé gpﬁ%&ﬁ%ﬁ ihﬁ%ﬁ%ﬂﬂ %Dsm@%”ylslt‘l%t%ﬁed optional |y
subst i% ut €2mémbeist hmwrbwcw opadreripaulystituted Bi1@nadrhyersd beterdanyigdyl 3- 12
menber ed het er.ocycl ti naII substituted 3-18 nenbered
het er oar y?%cfwﬁong@p%ﬁ%tﬁ%t%j&oé%% Yt ed 06. 18 arylal kyl, -ON, -C(0)R44,

- OHO and - S( 0) @4 and R5eakdn tBgdthemndlithving wadrhy td \sh;dptheplaaé hiyaceeb &drint ut ed
Cl-12 al k each Zubstitut ed 4, substituted R40, substituted

l3;t 1 Whi)r??ei etero
R41, subs |t%t%@eﬂ] S §? ?XH 'd R43, or substituted R44 is independently
substi t ut ed vviédmhcﬁ‘ié lrweplmdemﬂ@is selactad @om ﬂhB(derUpChd)ablhyng ofH, ptieedied from

t he up..ca st (= S(0) R50,
_( 0?’ Drs 0513 @(t?)dzé 'OQ%@I@%@%EW%P ka%(;@ 6@%&%%%@.%9" FERSOS( 0) R51,
_NR50s( 0) @Rb/|, ogﬁm’(aﬂy Rﬂilsﬂﬁﬁed cPb @WREa’MREquhoR&IQ)sQR&&&RE& Ce: 149.(@) (OR51) OR52,
-C(0) NR51R | | bst i % 0 ubstituted
02_6 al ke 'IOha@pﬁu grﬁgt‘epé i 13’63?7‘%?[? yla? H?V g"%’ﬁﬁf‘%ﬁﬁy %j substituted
03_6 cyclmammkyled hefroayaisl, bytumaalb_\fstmﬁsﬂm@:b 848 h=raserbdhdigtoanogikylonal | y
subst i tute pt| At pbered heteroaryl,
opti onal I?P 'E%Ubséjf)%f%t?gép %lgﬁélyf% %%%55{ ﬁg’lq ?ﬁdséggpﬁt uted 02_6
al keriydl oxy, opsdchrrit inwvsiubﬂyt:stoptnmélly)autfstxahw:)ylz@myl opt| onal ly substituted
03_6 cycl oal kyI I bstl XY, tionally
substituted 3 %hn%%% t'ﬁ%yz#jo%ﬂbﬁ E&?q?opsfti BWH L)Q‘HE?tF tﬁggﬁ 14-12
menber ed mgmumwc“lf yor eptystitugd Rfngindgpendestly suseitlitedGlil) 6headkybre @pti onal |y
substituted 6 al ke substituted -C(0)02_6 al kynyl,
optional ly 30%5%5%3(&% W@Halp%{sﬁe%tw@o@%f‘%ﬁ@w CO'&?&“{‘%H& |y substituted
- C(0) C6. Iiaiayeyl qxcopknde)nalldzy NEeO5 SRt aaoamﬁ() OB{OBR¥L4smphef ey’ het er oaryl ,
optl aII o 0651 E% ga | ] htuted 3-10
0 R SRS e D CER R B T by BBl e R @R
C( NR53) NRS R -P O)OR“R52 -P(O)( R“)ORS2 - )NR“R52 optionally substituted
Cy alkyl, optionally substituted C,4 alkenyl, optlonally substituted C,¢ alkynyl,
optionally substituted Cs¢ cycloalkyl, optionally substituted Ce.1, arylalkyl, optionally
substituted Cs.1; aryl, optionally substituted 3 - 14 membered heteroaryl, optionally
25  substituted C,.4alkyloxy, optionally substituted C,.¢ alkenyloxy, optionally substituted
C.. alkynyloxy, optionally substituted Cs¢ cycloalkyloxy, optionally substituted Cq.q»
aryloxy, optionally substituted 3 - 14 membered heteroaryloxy, optionally substituted
4-12 membered heterocyclyloxy, optionally substituted -C(O)C, 4 alkyl, optionally
substituted -C(O)C,.s alkenyl, optionally substituted -C(O)C,.¢ alkynyl, optionally
30  substituted -C(O)Cs cycloalkyl, optionally substituted -C(O)Cs.4; aryl, optionally
substituted -C(O)- 3 -14 membered heteroaryl, optionally substituted -C(O)Cq.+
arylalkyl, optionally substituted 3-10 membered
heterocyclyl, -OH, -NR*'R%, -C(O)OR®, -CN, -Nj, -C(=NR®*)NR*'R%,
-C(=NR*)OR®, -NR*’C(=NR*)N R*'R%, -NR®'C(0)OR®’, and -OC(O)NR®'R®?;
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- C(=NR53) OR50, -NR500(=NR53 )1\1 R51 R52, -NR510(0)0R50, and -0C(0)NR51R52;
each R50, R51, and R52, independently is selected fromthe group consisting
of H, optwornallogszabstituted C1 12 al kyl, optionally sulpsTiusedied2335 12

al kenyl, optionally substituted 02-12 al kynyl, optionally substituted 03-12
cycloal kyl, optionally substituted C6_14 aryl, optionally substituted 3 -
14 nenbered heteroaryl, optionally substltuted 3- 512 nmenbered

het erocycl yl , eﬁqn:mR??]aRs ;ansitﬂfétlmdapbm:brﬁly]ﬁsm@ﬂéxefrad theyeupadydistingydf, and

ti II | al.k 52 .t ak
? ggle? Egr V\ﬁ %BS %1” %’%ﬂug? ooy 5}[&% Ot%liu%’)(a”grsé'b%ltft‘t’tggﬁféé{z %?Wﬁgpg rfagyioeprenber ed
het er ocy c$upistituedddy.«RBIBynyil, m;b@qnmﬂglenﬂzdtxwted €. selyelotied, éwt(mlmanJbgt‘toua}d
t t tituted, 01 12 |
cons! St1 18 Shob BBl gAB Loty YRt o8 BBkl SPLARIELIY
subst i& ut%méﬁrbér%ddp@éro@lcwlophmmly eutadtitutes BaStréribedd B6telshraaiyl, opt| onal l'y

substituted, 3- etero optionally substituted 3-12 nenbered
heterocyc'?c!jl()pt'c"l"?“y Sng%fltegéj‘lgéat?rYa?gd 3-18 nenbered heteroaryl al kyl

optional ly subrzrtRsi ane R U6kerBogetiieralikythe atdiN to-va(ie) Reg are ﬁl—d@hadildarmS( 0) 2R54;

1 5each %5§,t 8\85}%??9&%&&&3’ uoptl onal 'y substituted 01-12 al kyl;

wher ei n, eacch ubstituted R50, substituted R51, substitut ed
R52 substit Ut echcRES, l%psudmﬁlytrmsédct%#ohﬂhé@d&memdet@ﬁrtg/of&ubﬁ)tibrﬁaﬂped Wit h

one. i, "R gt e S o MRS Saph PR A g SO
_S(0) 2-_ dkyk$( 69)?2)ﬂh|ﬂ§6ﬁ1u§ﬁﬂ1ted- %6%@)@611;)’02&”&4866&&@%&"@@ 1LRoy,
eSOl PG b oA S ORI o,
cycl oal kythembé&red 2etrodyalyk phbtior@y dibsttuydd 3-38 mekdbenedrheteednhaker oar yl ,
ool 06y, o AL ORI ERL PR Bur O LI SIOR 0y, 0% 12
-0(0)161. 6 al kydach RS"ZEQi(e@)aﬁlﬂarﬂy as kptionblly sty 6, akkynyl , -0(0)03.6
cyelosl ot - UAOF oo sainl o SNDIE Sl L0 ld Tepper o
- NR61R62 subéi(t@t)ea RW& or s@d;tltmédBRS"-zﬂnéW)shﬂﬁ%ﬂtuteﬂlﬂi\ﬁ&?&@%@ Q%
and R62, | nabpERIch e TEoa0 BTk R B RO Ero R CORG SrPRgeRO0.
oxide, -NO,, -N(= o -SR%, -S(0O)R¥, -S(0),R®, -5(0), NR® R®' -NR®C(O)R¥,
20 -NR¥C(O)NR*'R®?, -NR¥S(0O)R" -NR®S(0),R®", -OP(0)R*'R®?,
-P(O)RY'R%, -P(O)OR®'R®, -P(O)(OR")ORY, -C(O)NR®'R%, C,4 alkyl, Cog alkenyl,
Caos alkynyl, Csg cycloalkyl, Ce.y; arylalkyl, Ce.1z aryl, 3 - 14 membered heteroaryl,
Cisalkyloxy, C.¢ alkenyloxy, Cosalkynyloxy, Cse cycloalkyloxy, Ce.z aryloxy, 3 -
14 membered heteroaryloxy, 4-12 membered heterocyclyloxy, -C(O)Cy alkyl, -
25  C(0)Cqyg alkenyl, -C(O)C,. alkynyl, -C(O)Cs. cycloalkyl, -C(O)C.g
haloalkyl, -C(O)Ce.12 aryl, -C(O)- 3-14 membered heteroaryl, -C(O)Cs.+, arylalkyl,
3-10 membered heterocyclyl, -OH, -NR*'R%, -C(O)OR®, -CN, -Nj, -C(=NR*NR®'R%?,
-C(=NR*)OR®, -NR*C(=NR®*)N R*R%, -NR®'C(0)OR®, and -OC(O)NR®'R®?:
each R®, R*, and R%, independently, is selected from the group consisting of
30 H, Cipalkyl, Coqzalkenyl, Coipalkynyl, Csa, cycloalkyl, Cq.4, haloalkyl, Cg.s aryl,
3 - 14 membered heteroaryl, 3-12 membered heterocyclyl, 3-18 membered
heteroarylalkyl, and Cg.1g arylalkyl;
or R%" and R taken together with the atoms to which they are attached form

a 3 to 10 membered heterocyclyl;



30H, 01_12 alkyl, 02_12 al kenyl, 02_12 al kynyl, 03.12 cycl oal kyl, 01_12

hal oal kyl, 06 14 aryl, 3 - 14 nenbered heteroaryl 3-12 nenber ed
heterocydehpnﬁB&ﬁsnenbered het er oaryl al kyl , and 06- 18 aCYIskeaylo21335 or
R61 and R62 taken together with the atons to which they are attached forma
3 to 10 nenbered heterocyclyl; each R63 independently is selected
fromthe group conS|st|ng of H Cl-12 al kyl, C2-12 al kenyl, 02-12 al kynyl,
03- 12 cycl oal lepeh Rieindepeagdgntly igseleqtad ﬁ@ﬁb@ﬁ@mu@@éﬁléfamf H, $.raakybenber ed

het er oc nme I ,

C(0) R64 ye )C/fr%ké’r?’]r C %?gr%%““tﬁﬁro%gﬁ i ké/zfl/lu ﬁgﬁﬂ'ﬂ’%ﬂ%@%m@?mg\l | kyl .

I'n anot hei2 remb@ned@nterocaciweﬁﬁ@dnmberprﬂévatarcpﬁgvfaikﬂvﬁwrand@teylw%r i nf ectl ons
IS provi @@Qﬁ@n}aﬂ@b&g ﬁgw %B@rl ng an effective amount of a conpound of

Formul a | a patient in need t hereof. The conpound of Forrmula | is
adm nPst er ed K@ChRﬁUmeﬂs@bp%@ﬁmﬁﬁQheed t hereof, such as a human bei ng who

I's infected wif Qn&hé%’e&ﬁ%mﬂ% rﬁhgn%%d%l‘ ¥4 ﬁl a\flv‘"i}rgae lralllﬂfe@ﬁ%tsh Er

enbodi ment, the co or mul a | SCAdM niStere man subject in
need therpe@zﬁdedsmhprwg@dhmmﬁmmeamgﬁw@e agounfa eteadpabnhobFM®Miali rus. I n

one embog), %@flentérgﬁeécf tﬁ%‘e@?”fher @Béﬁﬁ&'o@ FB:*P\’?ukS ?Q%Hrﬁé}e% tQB% anrmr e of

the in viral or clearance patient. I'n anot
enbodi mesubjeprioviede therepf.ssuse eheduofant raieg wh@lsamfdﬁ@d mhwwslﬁ@ea 15di sease

causeq DBl rahl o HBRILREE ekt b Alo BLPRLIAN 8 caused by a

virus sel ecte omthe group consisti'n engue virus, yellow fever
vi rus, Wesminteeedip pusimadaphiecise n@ﬁ@é‘gﬁﬁmﬁ $uch amarmsnart e wm fse

encephal 'qufbﬁa?f Wit HAW DIk Miobé'%mb%fnﬁé%{ tN@#r&&%eﬁP&%&@h the SBAULAdAS:

Loui s encep Itrs VIFUS,_ henorrhagi c fever virus bovi ne viral
di sar r he&f ohe asmo Kdhs/inrvire! loads crﬂeqmamqesof@NA indke pafienddni ni stering to a

20subject in I LAl \, conpound
of Fopmi a 1, orrghitdrferyFEARENTs & Belib Bf bEo {PaRr BtVenfio £
anot RBr slissest pawsed byreowrietieteclien whereirsibe ofraldanfedippos pelisefl bFerviusa | for t he

manuf act ueg, %fﬁ onTRd! eq? ébtstfsﬁ’rﬁ Mlﬁe gh@%ﬂ?%noneﬁéﬂXﬂuI{_l Vedage ral

i nfecti ons. anot h pect O di’ rent avl Vi r| dae viral
i nf ecti oniris Japamsy annésa“tadIi!amruszmkrbcanenen@apheiﬁbo'duﬁehmm prL@vI\/@e’dyl s a

Conpoundé%i%)ggﬁ@[}%% tz's Lr9§ é’fﬁg %nE rfﬁ%%%gngl Bl'rfgwhglnr I'rQQ@CYéV% Vir nfecti on.

I n anoth avi viri fral” inféection is
an acut e bgying Nrrairﬂraﬁmhe;vvwﬁ @mawams ane Hepetittse? viassp by edofnisténing te@bodi nent ,

the bpeaiyyp @Etéméléé Hx%ﬁéd? aﬁﬁ@aﬁ&ﬂnﬂgl é?fécﬂ e SHGulof gBBr?pQ%not&q—'n%%B@l | oads or

cl earance ati ent anot er aspect Is e I ment, the
30t r eat rrénitr armwa@eunnaityra@cm@m@ﬁabtheo@oft he HCV viral |oad or clearance of

HCV vi ral I|'1 Qnétngr Mdo‘ﬁ?ﬂént prowd is tﬂe@@gﬁ@f‘,mﬁ%@cﬁ%mmulgr%Y' ded is a

met hod for treating or preventing rising admnistering an effective
amount oftheameowgoturedofef mediearngrd for thwraaﬁ@mnt ehtlaviviridesedral mégadions. Inn anot her

enbodi menf, .pf Qélde%?gf ths etn#b%dh’r?‘é?’\t,otﬁe ISRl infection is an HCV infection.
25 In another embodiment, provided is a compound of Formula | for use in
treating a Flaviviridae viral infection. In another aspect of this embodiment, the
Flaviviridae viral infection is an acute or chronic HCV infection. In another aspect of
this embodiment, the treatment results in the reduction of one or more of the viral
loads or clearance of RNA in the patient. In another aspect of this embodiment, the
30  treatment results in the reduction of the HCV viral load or clearance of HCV viral
RNA in the patient.
In another embodiment, provided is a method for treating or preventing HCV
comprising administering an effective amount of a compound of Formula | to a

patient in need thereof. In another embodiment, provided is the use of a compound

9



of the present invention for the manufacture of a nedi canent for the
treatnent or prevention of HCV. I n anot her enbodi nent, provided is a
phar macewpcal1/o883¥posi ti on conpri sing a conpound of For muiraiSkoiaoeii3ohe or
nore pharnmaceutically acceptable carriers or 5excipients. The

phar maceuti cal conposition of Formula | may further conprise one or nore
addi tional therapeutic agents. The one or nore additional therapeutic agent
may be, wifttoopreséitimveatdron; theehaetfadurerod mmedditaerdng fooitiss, tredtibamiari n or its
anal ogs, L NS3 P8t ease i nhi bitors, al pha-glucosidase 1 inhibitors,

hepat opr { &ct ants nucl eosi de or nucl eotide inhibitors of HCV NS5B

pol yner ase, ndn-anabbreesbetimai nrtmwldedmapbdrmawjtmsmrmmsylnsercamensm@v NS5A

e oo eoridSing ASGMRA Pand ] SONLE! Al ADLLR Sroddabid Bimelsll 011 O,

phar macoKi netl [ en ancers, r ugs m Xt ur es
t her ebf . excipients. ITheaTthmeuecdj@dmnemtlmn ofp’ramvnuuddnéysfuahasraioh@dsé onet he

treat mantor%org 88?&5’%%5 pgg} R i@gﬁneogr. r%{);eea%td%o al tﬁera%%claggr?tm lon in

an infected a m ni's ating, said
ani mal winbdy bte ph%.\omdmmatwmablectmﬁtqnatnmterrﬂerom'rmmvntm onxt@ana‘imgsnﬂba/t i on

conpri si r%(gpro?gasg%hlq_‘&;ag@"{gt r%os@agml’ mﬁ*bﬂors ﬁe no?@‘irge:btaﬁgd a second

conpound ant'i 1R Odlnent provi ded
are corrpcmun@ssndé oFoudiedtide Immin‘rdrqabfaﬂWGéﬁBiptoa/lnieyam@emmblbesldml ts thereof

and 31 ASEITRL PCORANE SRS -2 O ARISAGATRIT:, 1LY QUBLS, POl yror phs,

pseudopol and anory or ms ereo not her enbodi nent,
provi ded caciepfplhrmmla@ﬁ@s iaﬁd IRBEehhibittre mmechatokiseil stlensed, fref @her whi ch are

usef ul %rrué)srf%pﬁ%tmg I—Fé)\/ rgph%ggjrgg%g)rgwds I n ot _her enbodi nments, nov_el

met hods for°syn separation, 25isolation, purification,
characteri zat |loanofaarcbmwmﬂgt ofovideel !sempmtmd@r tfe tFeatmertar breseetiqor ovi ded.

oot PSP AR B LA SR ST OBRASCY, SRR TR P SRRt
specilbi cadimimsteBOPDET A LHEBRESERI 4ATh@Nvith a pharmaoeutlcal combination
composition or formulation comprising an effective amount of a Formula | compound,
and a second compound having anti-HCV properties.
In another embodiment, provided are compounds of Formula | and
pharmaceutically acceptable salts thereof and all racemates, enantiomers,
20  diastereomers, tautomers, polymorphs, pseudopolymorphs and amorphous forms
thereof.
In another embodiment, provided are processes and novel intermediates
disclosed herein which are useful for preparing Formula | compounds.
in other embodiments, novel methods for synthesis, analysis, separation,
25  isolation, purification, characterization, and testing of the compounds of Formula | are
provided.
The present invention includes combinations of aspects and embodiments, as

well as preferences, as herein described throughout the present specification.
30 DETAILED DESCRIPTION

Reference will now be made in detail to certain embodiments of the invention,
examples of which are illustrated in the accompanying structures and formulas.

While the invention will be described in conjunction with the enumerated

10



Reference will now be made in detail to certain enbodi nents of the

i nvention, exanples of which are illustrated in the acconpanying structures
and formwa011Ws8346 t he invention will be described in eomjuseetioors3sv t h t he
enunerated enbodinments, it will be understood that they are not intended
tolimt the invention to those enbodi nents. On the contrary, the invention
is intended to cover all alternatives, nodifications, and equival ents,

whi ch mayerbeodimentadew hetunidarstdee thaidhey @k nbhietqnded émtimit theemtantion &5 def i ned
herei n. Sfble dacuIRBNE. RNGE SRR, AL FBnihT: fRGlknearporgt ed by ref erence
in their entirety for all purposes. TN one enbodi fent of  For mul a I,
Rl i s optalenegtivgs, snagddicatianse dnCequizaledtwhichropay badaldiydes whitbin theseahe02 12

al kenyl , i i GRrch? al kynyl, or optionally substituted

C3 12 cyccﬁgg E&?L&?(nﬁégﬁ%{ %géﬁggec of this enmbodinent, Rl is optionally
10subst i t ut ed BldcCi@entskglererioad dectihare espacormiatetbg refateods meheir RL i s
optional | y..: i -07 secondary or tertiary alkyl. In another aspect
of this e%@%?%ﬁilwﬁgs% prop-2-y! (isopropyl) or

2- et hyl pr op- 2nyh¢ embadigint of Formula I| R wrmptibeally substdited @t oflkyFormul a |, R2

i s optional ' I I S titut .12

al kenyl | r@ﬁ'?%%ﬁ’ﬁ%“s%%??f%%%ﬁ’%ﬁﬁ%"%?%ﬁ%ﬁ %Fi"@?@ﬁ {’f SeBATE: ot e
C3_12 cyciubalituigld C:arcyojpalkghahlapothebaspecudfells @61bb8inamy,| Rl ik ybtionkty anot her
aspegh of j odi t, ' Lonal. ti d 12 cycl oal kyl .
In aﬁgt heSerggtgtggaggz gﬁ?s i%%%th;érrr%ﬁe,kt @'% é@%&’ﬁ“@ﬂgﬁﬁs %Fgu}%??llgyt ut ed

met hyl cyciubhiixied @rCroptonsieay bytegisnslkylutirezhatetriagbestel thesebydimehtn anot her

aspect ofgpt i s, ety %b ET% i i onal,l ubstituted 4-methyl cycl ohexyl .
I n anot her lagpoepc%@g ?ﬁpi"g (r)ﬁcﬁ%r]?&%%b %@b%{@ optionally substituted
4- et hyl cycl oHexeeiper. emipodimpnieff éorreda dses bptixnatihsebséietiCrentky, R2 is  In
anot her ebeLik of &%{' {59\ ﬂé'é . is_,OH.251.n ot her
preferred as p%c\,/t‘?S Gggﬁﬁﬁfigz.&%o |y§é)§ ° % g?gs&me%zcm alkyhyl“optiondy
15 substituted Ca.1, cycloalkyl, or optionally substituted Cg_4s arylalkyl. In another aspect

of this embodiment, R? is optionally substituted Cs.1» cycloalkyl. In another aspect of

this embodiment, R? is optionally substituted methylcyclohexyl or optionally

substituted methylcyclohexenyl. In another aspect of this embodiment, R? is

optionally substituted 4-methylcyclohexyl. In another aspect of this embodiment, R

20  is optionally substituted 4-methylicyclohexenyl. in a preferred aspect of this

J
: &

In another preferred aspect of this embodiment, R? is

OH |

embodiment, R? is

25 In another preferred aspect of this embodiment, R? is

Ll X,
/CL , , "f/,/ or /QZ

In another preferred aspect of this embodiment, R? is

11



In another preferred aspect of this enbodinent, R2 is I n anot her
enbodi nent of Fornula I, RL is optionally substituted Cl-Cl2 al kyl, and R2
is optiomablzgigskasi t ut ed C3-12 cycl oal kyl . I n anot her &€paisko10f/2t385 s
enbodinment, L is -0-, -S-, -S(0)-, or -S(0)2-. In another aspect of this
enbodinment, L is -0-. In 5another aspect of this enbodinment, Lis -S-. In
anot her aspect of this embodinent, L is -S(0)-. In another aspect of this
enbodinment, L is -S(0)2-. In an her aspect of t s enbodinment, R3 is

optionally substituted cycl nethylene oFr ey onaIIy subsyltuteq
cycl oal kyl et hyl ene. In ano aspect of th pbodi nent, R3 is optionally
substituted cycl opropyl e. | npranot -ect of thls enbodi nrent, R3

is 1 Ooptionally substitut ed cycl obut yl et hyI ene. In another aspect of this

enbodi nent, Ramasmaat@raua@iwntsmbstmmmw i€ yplicpentysmeidyt £08 aldy anot her
aspect of t S _enbod bstitute

cycl ohexyi H?/P%tf?é‘aw o éﬂ%‘feﬁje 31&5&&??“& Jr‘tefﬂo B RBeRAt Hgtﬁts emepdiraeynt i onal | y
substi t utled —OjGBQhemylde(%’)L—gﬂ@andtﬁermbgﬁtﬁ tmgembbdment lnhé:legbmfll m%‘nltI Het
is anotlo Jtute menpeyr e et eroc (0] I onhal ly
subst i tgtaé‘é? %ﬁ#ﬁ@é?@&%@f"é‘?’%i&r@m&}%}% %fa?isae% %%%W*P%ﬂ'@ﬁ skituted
3-12 menber-e(ab helhefnﬁm)eﬁbybeo@?f tﬁi@telhnmalnhahts_Ui@ﬁS(io%t emuda'irfoﬂk{ér ae;;ﬂao ebed -
het \ to u eteroato sel e e rom , Or . n
oot her - Jhia GERE e e DS EmE ST 5 6 8 Bt i PG +ut ad 5 12
rrenber ed émeétenteaxcydigdtkmn%aégél IRGNOhEr @srapetcmef tAR R A OETE, F$3ﬂ% @gtﬁ&ﬁui romo, S,
N. Ina r ct o i ment n optionally

subst it utséjgs%tul-J gp e @%&8‘%’36%&8?ogﬁﬂ%ﬁﬁf’?gloﬁﬁ”%ﬂ@b?ﬁ T""E)"uir2£ Ket r oat ons
sel edDeldlcfplt:Ormtl)IQ,sut&tltLﬁgd bycldﬂmtﬁrlﬂéﬁw?leﬁe asm@tl Ihe?fasbdté'tlr‘;%f ﬁrﬁw&c{mﬂ%ntt FE@'[ i's

t na S S ted tetr ro . n not ner ec 0 IS
gﬁblogl meﬁ%/ tllicfé’? 8?)“(’ e(Sjrﬁ%(F‘?’? ‘gﬂﬁ‘? yféi.l”%eéf‘ ?%‘Etgﬁrh"‘)‘ﬂfi’?%tfcl%lﬂg $e8bodimeNyy anot her

enbodi merr® IQBptl-_dhém&Lﬁ)shtutdalcybﬁhQQﬂmélﬁﬂErhé’ ﬁwbli}ﬁhérléﬁﬁébt@ﬁh@7 25secondary or
tertiary al and R3 is

|s 0 naII uted 06 cycl oal k
opti onal |93?"t§)é[5‘§<ﬂ’ﬁt ut‘%&p 15§‘I‘ ?F‘éf ‘ Eﬁ%‘fymef%%ryeoda|an9%§nwm%ft ed
cycl oal kwhuetehwbe;nem Imterrmmrona@msgtxtgﬁedtsmZSmembeEBdrr@%rooJeM §r - 0- - S,
-S(0 at her sggct of this enbaodi 0-. In

anot ﬁgr &?B%’Ps'y BT‘bStt’th%d gﬁﬁdﬂ?’ﬂ%ﬂ? gte[qaryl ghergip, S%!H@Pﬂ@@”é%‘ﬁe%“t%}r this
enbodi mertt12 meimdered(HR}erocylcly! aﬂ@ﬁt:bﬁaﬂly@baﬁbteaﬁi 14indmbered heteroaryl

comprises one to four heteroatoms selected from O, S, or N. In another aspect of
this embodiment, Het is an optionally substituted 3-12 membered heterocyclyl
comprising one or two heteroatoms selected from O, S, or N. In another aspect of

20  this embodiment, Het is an optionally substituted 5-10 membered heteroaryl
comprising one to four hetroatoms selected from O, S, or N. In another aspect of this
embodiment, Het is optionally substituted tetrahydrofuranyl. In another aspect of this
embodiment, Het is optionally substituted tetrahydrofuran-3-yl.

In another embodiment of Formula I, R' is optionally substituted C;-C,

25  secondary or tertiary alkyl, R? is optionally substituted C cycloalkyl and R? is
optionally substituted cycloalkyimethylene or optionally substituted cycloalkylethylene.
In another aspect of this embodiment, L is —O-, -S-, -S(O)-, or -5(0O),-. In another
aspect of this embodiment, L is —=O-. In another aspect of this embodiment, L is —S-.
In another aspect of this embodiment, L is —S(O)-. In another aspect of this

30  embodiment, L is —=S(O).-. In another aspect of this embodiment, R® is optionally
substituted cyclopropylmethylene. In another aspect of this embodiment, R® is

optionally substituted cyclobutylmethylene. In another aspect of this embodiment, R®
12



30enbodinent, L is -S(0)2-. In another aspect of this enbodinment, R3 is
optionally substituted cycl opropyl net hyl ene. I n another aspect of this
enbodi merwQ 2R3/188346pt i onal | y substituted cycl obutyl met hpCens201n288dt her
aspect of this enbodinent, R3 is optionally substituted

cycl opentyl met hyl ene. 1 n another aspect of this enbodinent, R3 is
optionally substituted cycl ohexyl nethyl ene. In another aspect of this
enbodi nenis opR3dllg sopttiidadkbyoorsutybbethyicesl imyerbtiee ptpdctreft thigleemadinhentanot her

aspect of ihi iQ tionally substituted 3-12 nenbered
heltoerocyc}i_{yjg %P&%HQEP%%QthEQ&gm{W%U é%a ?ﬁa e eRaCR b@?oaryl wher ei n
sai d opt i enbddipestiBS s mmm)eaily&uﬂzﬁltmtedrbmlembplmerheirh@leyeI w?mh@pts?maf ![ y
substi t ut [ our er oat ons
sel ect ed goe:rﬁnm%)oéh ,ggrqbﬁ ﬁlg F%Eg f‘%%‘#bigg@é‘&%g@% e§e WS'&%CP?& is an
opt i orfal Iqpt@ubls/ta%abtetéd&-l@m&m@bmde@tdfrea@rwl@eyeslmeladcwtrpnals':csm%mﬂedor t wo
het er oat o. e rom spect , o this
enbodi nen 2I%I?e i sr&g}ﬁ&op SHar PE}"'Oé‘uE!é?WSS?é%"[g?i %‘Fﬁ?ﬁ%%dr Reet08Pr oar v
conpri si ng)numses oné mJﬁOuhMter@atomSBsemlteﬂ:bﬂr@d d, rSombN lrSancnﬂ&erMspédstr?agot Per -
ect of na substi t t et r ahydr of ur any
asp th s%n?bo%rme glé‘g%o&aﬁ%ﬁ Stlﬁ@?é#§2 cr § é’ﬁ}ﬁ@ﬁfl

I n anot her aspect ituted .
t et rahydr@m‘rmmamg?.}nplqr two heteroatoms sdlectachbbined, Sarasb(&ldlme%therf adpetiafla |, RL is

opti |1 st g7ter é{ddﬁé optional Iy substituted
et h?llrbgyc 5 e(l]a!'f()%ﬂd' or" bp |on PPt'O”SﬁPb%%%é el t"fﬁ??bcey '5%35?@ ? and R3 is
opt i onal Igommlsfmlanattedawy\etr@dtmylsaiettbylﬁe’neo $mran0mmbth@-1aspeceﬁﬂlﬁdl ment, R3
is . In an a i ﬂpoinet#léli 2- t hyl 2-yl
(¢ - but y skt RBrE pefuy siboFre e Bt el ot stbol HE, )
embodiment, Het is optlonally substituted tetrahydrofuran-3-yl.
In another embodiment of Formula |, R" is optionally substituted Cs-C; tertiary
15 alkyl, R? is optionally substituted methylcyclohexyl or optionally substituted
methylcyclohexenyl and R is optionally substituted cyclohexylmethylene. In another
% OH
aspect of this embodiment, R? is é . In another aspect of this

%“__ .\\OH

embodiment, R® is % In another aspect of this embodiment, R' is 2-
methylprop-2-yl (&-butyl). In another aspect of this embodiment, L is —~O-, -S-, -S(0)-,

20 or-S(0O).-. In another aspect of this embodiment, L is —O-. In another aspect of this
embodiment, L is —S-. In another aspect of this embodiment, L is —~S(O)-. In another
aspect of this embodiment, Het is an optionally substituted 3-12 membered
heterocyclyl or optionally substituted 3-14 membered heteroary! wherein said
optionally substituted 3-12 membered heterocycly! or optionally substituted 3-14

25  membered heteroaryl comprises one to four heteroatoms selected from O, S, or N.
In another aspect of this embodiment, Het is optionally substituted pyridinyl. In
another aspect of this embodiment, Het is optionally substituted pyridazinyl. In
another aspect of this embodiment, Het is optionally substituted tetrahydro-2H-
pyranyl. In another aspect of this embodiment, Het is optionally substituted

30  piperidinyl. In another aspect of this embodiment, Het is optionally substituted

pyrrolidinyl. In another aspect of this embodiment, Het is optionally substituted

13



200r -S(0)2-. In another aspect of this enbodinent, L is -0-. In another
aspect of this enbodinent, L is -S-. In another aspect of this enbodi nent,
L is -S(0oyve.201mss36t her aspect of this enbodi ment, Het PsTAS2@pR2BRAI Y
substituted 3-12 nenbered heterocyclyl or optionally substituted 3-14
menbered heteroaryl wherein said optionally substituted 3-12 nenbered

het erocyclyl or optionally substituted 3-14 25nmenbered heteroaryl conprises
one to foalahwirethivabens lsehetheedsdacbeh tOis eB)bogimant, Hei imprsichelly aspect of this
enbodi ne | %ﬁ | r er aspect of
this enbrgdjbsmléed@l/e qq%n%%ﬁi?%%séﬁégﬁnﬁ%gwn@m a't4 ?%t%ﬁg' I n anot her
aspect ofsthtlts:teeinﬁ-a&tﬁtrnecml eremotln@ aspesto &g wb@nbment tietid Optlona”y

t et rahydrgp, 4 is

opt i onal I% %E%ge[dlaét}ét%n 3 30pI ptg%?gl (ﬁ%ﬁhn %nﬂ%ﬂ'ﬁe&gggg%:t {(ﬁﬂa ¥1| s enbodi nent,
Het i $ opﬁubehtatddye’emetquramﬁdlrpqnq’cmrlaﬁpmtbf thl:sneramctlmemt Hepeobptiafally hi s
enbodi ne It bst Y, heny: I n anot her
aspect opé uibﬁm edn%tr%%b?@%b @%s%ér{ :ﬁ](i)eﬁ% %/C?tgfj E &H@%ﬁh&& Irq‘gtz%’ nyl. In

anot her apbieosllycfubsiitiuted dgttedsdnyinan- 3d%iety1| Y amtheoaa;béoyo{stbbﬁnnttqmtre@t

1Htet |1
subst 1 ¢ uteet aopidPat SioRRcRBE -2l 2 DGRl arifiher sSp L PR Y
opt i onal |tyisSentssiimenit et is emtroaam@smwmyhlazcm brevtolfer aapguéotthsf t hi s

enbodiyme S l. In
anot ﬂer ;gsna%(!—(?%e'?t %ﬂg g@o Sédr%? ﬁﬁwa'dg% ona%uocﬁ];éll gg?l tugmsy
t et r ahy drevhladimest( Ryt!ybpttdnraﬂxaﬂmsneneca%éca 4{rfazo!lsal| gn embibdn aepatt of et i s

opti onal '%%é Lid Hgﬁeob%nr &Hsﬂt%}?j“ {Hrgl[agolglut e%H%tﬂerés e#t%f%ﬂ?t her aspect

of this e nment |ona y it I'n" anot her
aspect ofemkmCBm@ﬁebedprmmB“y ﬂ‘rﬂd:tstlil@ecbbﬁlébthamayclslubeBn@them‘p‘piﬂm‘rthrsiazoI yl .

| n anoth i%ﬁt HE i5 Bgﬁon%[&égﬁs%%qqdf&mkl WB%R@% ngéé?t o‘f‘?rﬁ:%' tuted

a4H 1, 2, 4- T az0 not Irer aspec is optionally
substlbt ute&fnbmprytr szwbnonlaﬁv amstnhmd [dAshiitiezgb[4thalsyrdimbdimeatherHet i s

optional | t of this
enbodi nmen %pégﬁ(ﬁwég@g?iﬂé‘ﬁg f4r suq%q{)ﬁ%@ o Stmﬁtg%grr h@ﬁyl ﬁgﬁﬁ% her aspect of
t hi s 15erdspdttimd s emepdmgnbpi[et @mlhb:yallgu;bsﬁnmtad e 4- thladxazolyl In another

[1,2, 4]trig %&'oq[trﬂs §m§$@¥u§h€h@¥?so QnﬁQ%LBs‘%Hut?ﬁgg%nd%gx tlﬂ' otﬁgp(’d' ment ,

i's optlona subst 1oph I'n"ano s enbodlnent
Het is omSpentadflﬂys smbsdiment Elgt @ Oztmna“msauastatztedi yH-1,2, a -tagrotyheln soppect of this
enbogp i I 0] " aspect of
hi 5 9mbagpeee HFeABLU AR HEt EIPROAIK S B RIEL T Pegiag A0 2aer

anot her mpastpéctmis erfnb@clﬁmenehbbtslqmmmaliylagbstlttﬁe@imniii@zw Pyplmyuiazinytl utred

gugsﬁ ?ﬁ?acei%{@ %& ngﬁgﬁé? Bﬁ*tchz f this enbodinment, Het is optionally

azihyl. In a preferred aspect of this
enbodi nent, R2 |s I n anot her preferred asgect of this enbodinent, R2 is

In another preferred aspect of this embodiment, R? is

25 OH

In another preferred aspect of this embodiment, R? is

g )C( ﬁ ’
/©\ , , "f/,/ or /@
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250H . In another preferred aspect of this enbodinent, R2 is I n anot her

preferred aspect of this enbodinent, R2 is I n anot her
enbodi mrerwo 20omssi4nds of Formula | conprise conpounds ofPCHRS2emio21385 :
Forrmula 11 or pharmaceutically acceptable salts and esters thereof,

wherein: 10R2 is optionally substituted 4-nethylcycl ohexyl or optionally
substituted 4- nethyl cycl ohexenyl and the remaining variables are defined
as for Folnranother prefarregraspestisd thisrembodimeRoRAid a 11, R2 is |In another

enbodi nrent of Fornula I, R2is(,% (??
/U or /Q

In another embodiment, compounds of Formula | comprise compounds of

5 Formula Il:

S OH
@]
N—R3-0-Het
0—4\
R2
Formula ll

or pharmaceutically acceptable salts and esters thereof, wherein:
10  R?is optionally substituted 4-methylicyclohexy! or optionally substituted 4-
methylcyclohexenyl and the remaining variables are defined as for Formula 1.

In one embodiment of Formula I, R? is

S

In another embodiment of Formula Il, R?is

15 OH

In another embodiment of Formula Il, R? is

» ) "’/// or /CC///

In another embodiment of Formula Il, R? is

15



150H I n anot her enbodi ment of Fornmula Il, R2 is In another enbodi nent of
Formula Il, R2 is or In another enbodiment of Formula Il, R3is In

anot her ewbadivmsi4sof Fornula 11, Fe is In another enboaCrarsko1of2B65 mul a
1, Het is an optionally substituted 3-12 5nenbered heterocyclyl or
optionally substituted 3-14 nenbered heteroaryl wherein said optionally
substituted 3-12 nenbered heterocyclyl or optionally substituted 3-14
menbered heteroaryl conprises orig to four heteroatons selected fromO, S

or N. In another aspect of Enbodi nent, Het _#s an optionally
substituted 3-12 nenbered ocyclyl conp g one or two heteroatons
selected fromO, S, or N_AC anot hgr aspes{_ of this enbodinent, Het is an
optionally substituted 5-10 nmenbered heteroaryl conprising one to four
hetroatons selected fromO, S, or N. In anotfhe .z;,r t of this enbodi nent,
Het is optionally substituted pyridinyl. | ni-a i
enbodi nent , HQEah§th8xpérh9&§tlnlab€to?%%ulélﬂlt RElispyri te . in another aspect of
this enbodlnent Het is optionally substltuted t et rahydro-2H 15pyranyl. In
anot her aspect of this enbodi nent, Het is t al oy substituted

pi peridinyl. In another aspect of this epbodi he et is optionally
substituted pyPReBPHeE;¢ipPodimania forayia ds Beist of this émbodi nent, Het is
optionally su I h to0f this
enbodi nment , Fgﬁ%PQH%SQP%%Q%é@MgS%E?wgﬂfggmgfpa |%§ﬁ9ggﬁﬂ§%§$ er aspect of
this émbonpmeered heierodyslylspstarseaally pubmisupd B tunembared hetereardiwfiereinn anot her

aspect of o dbsioREMAILIRMed 378F membOR! HAAbEMIV or optionally substituted 3-14

membered heteroaryl comprises one to four heteroatoms selected from O, S, or N.

In another aspect of this embodiment, Het is an optionally substituted 3-12
membered heterocyclyl comprising one or two heteroatoms selected from O, S, or N.

10 In another aspect of this embodiment, Het is an optionally substituted 5-10
membered heteroaryl comprising one to four hetroatoms selected from O, S, or N.

In another aspect of this embodiment, Het is optionally substituted pyridinyl. in
another aspect of this embodiment, Het is optionally substituted pyridazinyl. in
another aspect of this embodiment, Het is optionally substituted tetrahydro-2H-

15 pyranyl. In another aspect of this embodiment, Het is optionally substituted
piperidinyl. In another aspect of this embodiment, Het is optionally substituted
pyrrolidinyl. In another aspect of this embodiment, Het is optionally substituted
tetrahydrothiophenyl. In another aspect of this embodiment, Het is optionally
substituted pyrazinyl. In another aspect of this embodiment, Het is optionally

20  substituted 1H-tetrazolyl. In another aspect of this embodiment, Het is optionally
substituted azetidinyl. In another aspect of this embodiment, Het is optionally
substituted tetrahydrofuranyl. In another aspect of this embodiment, Het is optionally
substituted tetrahydrofuran-3-yl. In another aspect of this embodiment, Het is
optionally substituted tetrahydrofuran-3(S)-yl. In another aspect of this embodiment,

25  Hetis optionally substituted tetrahydrofuran-3(R)-yl. In another aspect of this
embodiment, Het is optionally substituted tetrahydro-2H-furo[2,3-b]furanyl. In
another aspect of this embodiment, Het is optionally substituted thiazoyl. In another
aspect of this embodiment, Het is optionally substituted 1H-imidazolyl. In another
aspect of this embodiment, Het is optionally substituted 4H-1,2,4-triazolyl. In another

16



substituted azetidinyl. In another aspect of this enbodinent, Het is
optionally substituted tetrahydrofuranyl. In another aspect of this

enbodi merwQ 2biatos8xBsopt i onal |y substituted tetrahydrof ur 2aT855gé11/021338n0t her
aspect of this enbodinent, Het is optionally substituted
tetrahydrofuran-3(S)-yl. In another aspect of this enbodinent, 25Het is
optionally substituted tetrahydrofuran-3(R)-yl. In another aspect of this
enbodi menmdspebistf this empbdiorat, [Het sulpsidndliytsetstiteted dhymrazoBiH- fiuanofHzr 3- b] furanyl .
I n anot he n t a btlt te

thi azoyl - PReRndin dmohdiBof TR RS sBh 3R 4 bl Biapity

substi t ut aghedtt-bfithns dmbodsWent [Het ampmbmllyaspﬁctmtedfqumbhrwl emmmhaseai;pecHet IS

optional | i tut ano 6 asp ct of this
enbodi %ﬁﬁgigﬁ tbPé'H"(?%? i oertlI p&/'bg?} stl %8“1#’-&3 31? Tajfpyr'ﬁmg of her aspect
of t h|55 earfodickr aspdct oHebis ersbcmmherﬁn}adetl :yosﬂm\atly Bwsemtéd t&;o@herhw ath azolyl. In
anot her aspect of th od t |s ptionall tituted

qui nol i ny?r% T 33%%tt %etr%'saesngbecolt'm%'ﬂ H%t €5 8@51 ?r‘éthst“%t‘?%l Elﬁbtﬁ‘(?ﬂ'talz%‘?‘llal I

substi t utaafubtl{el,azpdblbfihazembr[ddm&taﬂi@tys; decnrmlly smbstlﬁmmwnmdlaﬁpect of t hi s

enbodi nent LS nal I t| t ut ed er aspect of

Ehi s embaiofineob P Bl et Bl e R, e B AP AP

anot her aeamémlr aerbedt bf thisearitodimerit Hethiebpﬁcsxad)ptmmmtéw1 Smb;sdadilaudalgld In
tionally

di
Clbs it urerstRt 5l Fls SRR o SRR e TRl o2 Foodi ment, e
i s optiondpyrigagiopsti tuted 1, 3 4-oxadi azolyl. In 10another aspect of thi S
nbodi t, { tit g i 1,2- b i dazi nyl .
- anot her enbOdr AL “BPoRBr LTSI e s BUPRAR P BbeY ¢ uted
cyclt gal kydynba![hylhemwlme cmmtph@my bybssitubsd cydnaéd/t ;&%ﬁémgﬁﬁgﬁ?w{fgetoﬂ n
anot her ec i Ss
cycl oprogﬁlg §|meﬁ1é Ry lﬁo ﬁo aﬂe?wfgggepd %’CPOPQFOW tL dPr?gﬁ "R3is
opt i dhal Ia;spsctto:élthx$ amneddiogat, Gﬁuﬂgdtlnfedallyysiueatﬁutebmydnmhttnlefetrammectln of this
oo e S Lt KLY SLOBETY B ensi b anotner
cycl ohexyh mabﬂhyt mpect d)fnhrareotbbenmmsmécst opﬂonbhy subestitucedi rrent_, RSrribsdppti onal |y
.SUbSt It ugﬁglo Qtﬁ Xe n‘F #h%?%specg%{gtgof dar%%iclﬁs IS op Q%ﬁ)ée odi ment, (B

is OH 2 not her aspect
of substltuted Cycloheptylmethylene In another aspect of this embodiment, Q* is OH.
% OH
20 In another aspect of this embodiment, R? is § . In another aspect of

In another embodiment of Formula Il, Het is optionally substituted

this embodiment, R® is

tetrahydrofuranyl and R? is optionally substituted cyclohexylmethylene. In another

aspect of this embodiment, Q*is OH. In another aspect of this embodiment, R® is

E‘Ogg %Oﬁg .

25 . In another aspect of this embodiment, R* is
another aspect of this embodiment, Het is optionally substituted tetrahydrofuran-3-yl.
In another aspect of this embodiment, Het is tetrahydrofuran-3-yl. In another aspect

of this embodiment, R? is

17



this enbodiment, R3 is I n anot her enbodi nent of Fornula I, Het is
optionally substituted tetrahydrofuranyl and R3 is optionally substituted
cycl ohexywoebtwdseize. | n anot her aspect of this enbodi nerCI/UBIAH23BE | n

anot her aspect of this enbodinent, R3 is anot her aspect of this

enbodi ment, Het is optionally substituted tetrahydrofuran-3-yl. In another
aspect of this enbodinent, Het is tetrahydrofuran-3-yl. In another aspect
of this enbodinment, R2 is WO 2011/088345 R&T/US2011/021335 I n anot her
aspect of this enbodinent, R is OH Ot her aspect of this enbodi nent,
R2 is

in another aspect of this embodiment, R? is

OH

In another aspect of this embodiment, R? is

:% 2 : 5 : e

5 ’ ” ”

in another aspect of this embodiment, R?is

% z

In another embodiment, compounds of Formula | are represented by Formula
H:

0
S S
\ OH
\\OH
Nl o
R2—§ O—Het
10 O
Formula

wherein R? is selected from the group consisting of

S
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I n anot her aspect of this enbodinent, R2 is I n anot her enbodi nent, _
conpounds of Fornmula | are represented by Formula 10 Formula Il wherein
R2 is selwoted/fssam t he group consisting of WO PCT/US2011/021335

2011/ 088345PCT/ US2011/ 021335 ; or a pharmaceutically acceptable salt or
ester thereof, wherein the remaining variables are defined as for Fornul a
. I'n another enbodinment of Fornmula Il1l, Het is an optionally substituted
3-12 5nenbered he@grocyclyl orpoptionally Substituted 314 nenbered
het er oaryl gi n° sai d pohal |y substiilted 3-12-negber ed heterocyclyl
or optionall bstitute 4 nenber¢d het er oar yl rises one to four
het er oat oms™ s wed f or N ) ' . of this enbodi nent,
Het is an optlonally substituted 3-12 menbéred heterocyciyl or optionally
substituted 3-14 nenbered heteroaryl wherein 1 Osaid optionally substituted
rocyclyl or optgonally substituted 3-14 nenbered

het er oaryl ses one to eteroatons selected fromO or N. In
anot her asp f this enbog t, Het is an optionally substituted 3-12
menber ed cycl ybn€o one or two heteroatons sel %ed fromO, S

or N. In another aspect of this enbodinent, Het is an optionally
subst i t ut gerdadutinglylzscemiable salt or ester thereof, wherein the remaining variables

are defined as for Formula .
in another embodiment of Formula 1Il, Het is an optionally substituted 3-12
5  membered heterocyclyl or optionally substituted 3-14 membered heteroaryl wherein
said optionally substituted 3-12 membered heterocyclyl or optionally substituted 3-14
membered heteroaryl comprises one to four heteroatoms selected from O, S, or N.
In another aspect of this embodiment, Het is an optionally substituted 3-12
membered heterocyclyl or optionally substituted 3-14 membered heteroaryl wherein
10  said optionally substituted 3-12 membered heterocyclyl or optionally substituted 3-14
membered heteroaryl comprises one to four heteroatoms selected from O or N. In
another aspect of this embodiment, Het is an optionally substituted 3-12 membered
heterocyclyl comprising one or two heteroatoms selected from O, S, or N. In another
aspect of this embodiment, Het is an optionally substituted 3-12 membered
15 heterocyclyl comprising one or two heteroatoms selected from O or N. In another
aspect of this embodiment, Het is an optionally substituted 5-10 membered
heteroaryl comprising one to four hetroatoms selected from O, S, or N.
In another aspect of this embodiment, Het is optionally substituted pyridinyl. In
another aspect of this embodiment, Het is optionally substituted pyridazinyl. In
20 another aspect of this embodiment, Het is optionally substituted tetrahydro-2H-
pyranyl. In another aspect of this embodiment, Het is optionally substituted
piperidinyl. In another aspect of this embodiment, Het is optionally substituted
pyrrolidinyl. In another aspect of this embodiment, Het is optionally substituted
tetrahydrothiophenyl. In another aspect of this embodiment, Het is optionally
25  substituted pyrazinyl. In another aspect of this embodiment, Het is optionally
substituted 1H-tetrazolyl. In another aspect of this embodiment, Het is optionally
substituted azetidinyl. In another aspect of this embodiment, Het is optionally

substituted tetrahydrofuranyl. In another aspect of this embodiment, Het is optionally
19



1 5heterocyclyl conprising one or two heteroatons selected fromO or N. In
anot her aspect of this enbodinent, Het is an optionally substituted 5-10
menber ed Woet2eriams3ss conpri sing one to four hetroatons seCeasSedifesas 0, S,
or N. In another aspect of this enbodinent, Het is optionally substituted
pyridinyl. In another aspect of this enbodinent, Het is optionally
substituted pyridazinyl. In 20another aspect of this enbodi nent, Het is
opt i onal Isgubstlbteﬁitemf@drqﬁﬁam-éwdhbar@ﬂherraylpemyf thislemzodonérér Hetgpect of this
enbodi nmen e el aspect of
this enbo('t’ t'r?eh%p éuﬁ@?&%g?% %rr?a %éggédﬁétﬁté&toegw rroi)ftaésn%nl?%%fnn%{énot her
aspect ofHeth$ spte:mbmmhm;edfﬂetrahygraﬁmanfﬁﬁ/a] yly Irsamslnertaspe@ of this

t et rahydr n i , t is

opti onal I%Q@g %@t ?4%“ EQ*“’S‘%&%Q%@ é?ft%&a 2%3@%9%@%‘4 ’hll']seenbodl ment ,
Het i © opariotealabyedt abtbisi drotasiimdri: tettis aztiﬂnyally substibutest thiezods peatotiodr t hi s
enbodi ne aspect of
thi's empoiPseny (EPBbARER, Mo SRTbARSR el Puearol SFARARET T

anot her mecttofdﬁs eﬂnbed:mebbdietremptromdélw substiyged éval, 2 9 tri&olyshulmsatnothﬂ ed
tetrahydr . r t tﬁi&‘p t IS

opt i onal Ia% gétgjg tl%% é;%qté%é@g,ﬁp tﬁpg og?\ﬁrﬁ’aqﬁ Sg%%t&t%% @rangsm%éct of this
enbodi neraspetietf this empodiowat, Hy:t sulpsondliytselsttwed arﬁy@mamm 3ibRnotner I n

anot her . LS,

ot r anyaraban i pao S ERG MR B Eotp Bk e R SR SHEPREM a5t et
Het is opttﬂﬂmﬂahwlbydiwbsti-iett ustcm(dottxehiy&szytituteﬁ |h1 aﬁbmmro @ép@mdmyl thhn S

of thi o osUiY pebdet bl Yedhn e o Soee S RERER e, BT o) 2P n

anot her ampder asped hi fgrse’mhiwlm@mHetl-rlebpii@ad))pwh&ﬁattddﬁ gdhbbiadisacigd In

1H pyrazo optionally
subst i tutée Ffr@g%&?ﬁllttggl azoq%ﬁféntmete{%é %ﬂggﬁ@ﬁﬁd %?H#ﬁ% @nbodl ment, Het
[ s ofti orelother sepest thﬂmtsaxlntﬁpmmmu iMgtlis opmnnarhmdtehtum‘e‘n&ﬂ ,203-triakolgl. émbodi ment :

is op it | n, anot her
nepect ol PR eeest s et Rt bEURR Aldid T PR ey
anot her aspPder asped hi thisearimdimenit Hethbbpﬁ:cswad))pwmhatddwmmqm Et—ut ed
1, 2, 4'thibg%r%‘é9|k% I n anot her aspect of this enbodinment, Het is optionally
substi t ut pyrimdinyl. In 15anot her aspect of this enbodl ment, Het is
optional | y subsenttheeembédiment @-Formaladll\R%.is | n anot her aspect of this
enbodi ment, Het is optignally substituted 1,3, 4-oxadi azolyl. In another
aspect of thi s enbodi nmegt, Het is opthﬁ?nal |y substituted imdazo[1, 2-

I er enmbogdiment/ of Formula 111, R2 is

b] pyri dazi nyl .

20 or . In another aspect of this embodiment,
Het is an optionally substituted 3-12 membered heterocyclyl or optionally substituted
3-14 membered heteroaryl wherein said optionally substituted 3-12 membered
heterocyclyl or optionally substituted 3-14 membered heteroaryl comprises one to
four heteroatoms selected from O, S, or N. In another aspect of this embodiment,

25 Hetis an optionally substituted 3-12 membered heterocyclyl or optionally substituted
3-14 membered heteroaryl wherein said optionally substituted 3-12 membered
heterocyclyl or optionally substituted 3-14 membered heteroaryl comprises one to
four heteroatoms selected from O or N. In another aspect of this embodiment, Het is
an optionally substituted 3-12 membered heterocyclyl comprising one or two

30  heteroatoms selected from O, S, or N. In another aspect of this embodiment, Het is

an optionally substituted 3-12 membered heterocyclyl comprising one or two

20



Het is an optionally substituted 3-12 nenbered heterocyclyl or optionally
substituted 3-14 nenbered heteroaryl wherein said optionally substituted
3-12 nmenbeoedissasocycl yl or optionally substituted 3-PeTrsSntagners3s

het eroaryl conprises one to four heteroatons selected fromO, S, or N In
anot her aspect of this enbodi ment, 25Het is an optionally substituted 3-12
nmenber ed het erocycl él or optionally substituted 3-14 nenbered heteroaryl
wher ei n s¥iteroapmscrEcief abStdriNit le@ngthepashsebefribig edtodinery.distlis @

opti onal | y,sHRR b4k GEd 3-1b4nERBDeH %@téﬂ@aﬁr?rc%ﬁwgmg%% REPHARRIGDs four

het eroat oms selected fromO or N. I'n another a%? ct of this enbodinent, Het
i s an optsetaiad s GhSt PNt boarthier appedi of Bis erabediveyic Hel is eotignallsi ng one or
two 30hetef,oalRA%yRGhAC EshdifdMsBect Bf tH eMbodifeANALNET AIRALt of this
enbodi ment, Het HF)%/ .anﬁo t%onal I yBeéCubstk?S{%t e%dlg?m ne'ntg)gr e %et erocyclyl
conpr Psi rgibafiteted pytidazinyh el @notieoaspeskpidbis ethtiodionerd, ket inbptionalsnot her  aspect
of this egm@mh@e!@éuahg@sghze@?ga?ﬂp% ARAheYsBEASY UL Adodimtf, ST ed

heteroaryl conprisin e to four hetroatons selected fromO, S, or N In
anot her aefecallystibstitited eivpudinyre it anategr dsgedpf fimambydimanistietiat ed pyri di nyl .

I n anot hef,y I { i I i tituted
pyri dazi ﬁfﬂﬁ?ﬁ’ﬁ%ﬂ%ﬁ‘ﬁ%@biﬁ'ﬁ? QQIH% '? ht;hg kgérgggg?%l%te%{nyﬁng Fgépﬂ)?‘f onal |y

subst i t utapdonally sabstitited m&agydraﬂmqp.hemﬁ- dnandiesr agepdef thif embgedmentbodi nent
Het g opfd @Lglg,% iREridi : dhis

enbo ?rreﬁ{k%f%Hgétlol}ﬁg opt %%%%Pﬁ’gragmgt%%&% r%ﬁfc@h‘?%mﬁapﬁé@nﬁtﬁir aspect
of this erotrirsnbstitiied 1Hdeimuolybnlal anpthsnbspdct at i areadithgmdr ideths ophenyl . In

anot her %@?ﬁélg%&bﬁmtéd gohR I f Ht nothdbe elgﬁofqn%ieﬁ)r@![dln?/en?ﬂfpeﬁg tuted

pyrazinyl. ther aspect "o I's enbodi nent, t is optionally
subst i t utasgonay sebstitied {atrahydioliraivheln anophet aspsict etthis esrisduandritet iHet i s

opt i onal '&ﬁtaaw?}syggﬁﬁ% a4ah Bf‘u—‘r’én-?a—kg Jﬁraggms,r aﬁ%gf&tthigfenﬁlaﬁiﬁwe%ﬂn%qi ment,

Het is optiona )stituted tetra ofuranyl’. "I n another aspect of this
embodPrreris optiqeelly subspiutesralraiydenireniX Sired I anatiegryegpestef s 3-yl . I n anot her

aspect Ofeg?g]jdﬁnéﬂﬂggi_iégﬁﬂbpaw&b% -u%dqgﬁé@??déq;%n%’ﬂk%li YL S her aspgel, .

tetrahydr u.ran-3c’§. I'n"anot her aspe thi's” enbodi nent, .
opt i onal |9 t¥apEbPeimead Hebis aligraliybubditted Rirapydroiai-trei? Rdifuaspedn of this
A e L L
t hi azoyl .aspactahihenbegipert Het is oRtienadwisuentitied | Himidazgylop parthgn y
SapeonL U aadir dnachily s Rk, A0SSREE) o kgsRtotlpi et 1
enmbodi merfispedier tisespedimaat Het is eptenalyiseptilutegriaymzolyl. Inenaihet her aspect
1L SERECLA B, O LRt SUOSL S buptind gl 1
qui nol i nyaspedtpf Hiroemerdimspetiet isPoriieniady erprdbiterbainoliigt Ingnefper asmarl y
cbodi e T e T 2 e OB RIPRE . Gspect of
t hi s2enbddicthenespadqeel this egppodivret et dueritonaiin sepstitud4bipphiend! dol yl . 1 n

another aspect of this embodiment, Het is optionally substituted 1,2,4-thiadiazolyl. in

another aspect of this embodiment, Het is optionally substituted pyrimidinyl. In

another aspect of this embodiment, Het is optionally substituted 1H-1,2,3-triazolyl. In

another aspect of this embodiment, Het is optionally substituted 1,3,4-oxadiazolyl. In

30  another aspect of this embodiment, Het is optionally substituted imidazo[1,2-
blpyridaziny!.

in another embodiment, the compound of Formula I-lll is
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anot her aspect of this enbodinment, Het is optionally substituted

pyrimdinyl. In another aspect of this enbodinent, Het is optionally

substi t utwo 20H/B8R53-tri azol yl . I n another aspect of thipsTarsbadiorsas, Het
is optionally substituted 1, 3, 4-oxadi azolyl. In 30anot her aspect of this
enbodi nent, Het is optionally substituted imdazo[1,2- b]pyridazinyl. In
anot her enbodi nent, the conpound of Formula I-I1l is WO

2011/ 08834 PCT/U82011/021335 HO t her 5 Deflnk;lons Unl ess
stated ot theDfol | owi ng terns hrasesjas used herein are

i nt ended F|ow|ng meani ngs. The q t a particular termor

i ndefini teness or

i y gﬁflned shoul d not corre d to
Ki arity, 10 but frathernt. ‘%3@% n_are used
ed

within their Ord N na 'O yirade s,\Qar e heffei applicants
intend to idependent Iy include the tradenan® product and the-—active
phar maceuti cal 1 ngredient(s) of t radenane® pr oduct . The term

t hereof, when used in the context
st oppi ng ghe progression of a

te a di sease, nore
preferably aneli aQQisease For exanpl e,
treatment of a hep ncHd eogedu0|ng t he HCV

itis—C wrus infection ca
viral load in HC\NI ‘Oh‘u n bei ng, d/ an severl ty of
j aundi ce pres@ n\an eV i nfecteld hung\

O K O

and grammti cal equivalent
a di seasep neans sl ow ng
melsiorati ng at | east

i Nng~Tore than one synpto

"treating"
of treati
di sease,

=S OH p S OH
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NI 9 N[ /
_._< P OH —_-< e OH 5
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"Alkyl" is hydrocarbon containing normal, secondary, tertiary or cyclic
carbon atons. For exanple, an al kyl group can have 1 to 20 carbon atons
(Le, 01-0R02ai1gB345 51 to 10 carbon atons (i.e., C -C oparkygsk)Li/oer3i to 6
carbon atons (i.e., 01-C6 al kyl). Exanples of suitable al kyl groups
include, but are not limted to, methyl (Me, -CH3), ethyl (Et, -CH2CH3),
1-propyl (n-Pr, n-propyl, -CH2CH2CH3), 2-ProPYl (1-Pr, i-propyl,
-CH(CH3) 2), 1-butyl (n-Bu, n-butyl, -CHR2GREH2CH3), 2-nethyl-1-propyl
(i-Bu, 1-butyl, -CH2CH(CH3)2), 2-butyl é}B U’ s-butyd, - CH(OH3) CH2CHB),
2-met hyl - 2-proPYl 10(1-Bu, |-butyl, -&g S tyl (n-pentyl,

CHRCF

- CH2CH2 DCH3), 2-pentyl (- CHOH3) CH2CH2CH3)\ /3- pentyl (- CH( OH20H3) 2),
2- met hyl - 2%% ) 20H20H3) , 3- net hyl - ( OH3) CH( CH3) 2),
3-met hyl - 1- buty s ‘ CH(O—B)Z) 2- et b 120H( OH3) CH2CHB)
1- hexyl [ exyl (- CHO\QOH3) ), 3-hexyl (-
1SCH(O—|20H3)(CHZCI—|2 yI-C2 pentyl (- C( OF3) 20H2QH20H3) |
3-nethy|-2- CH2CH3), 4-net hyl - 2- pent

B, 3- nethyl 3-pentyl (-C(CH3)(OH20H3)R),0

2-nethy|-3-penty| (- © ( OH20H3) CH( OH3) 2), 2, 3- di net hyl- 2- but'yl
(-C(OH3) 2@bl(CH3) 2), 3, 3-di nethyl-2-butyl (-CH(CH3)C(OH3)3, and octyl
20" Al koxy" means a group having the forrmula -0-alkyl, in
| group, as defined abov is attached to the parent nol ecul e
omg Thg¢’ al kyl porti t\an al koxy group can have 1 to 20
carbon atons (i. ey C20 al koxy), 1 tb\ 2 garbgn atonms (i. '

Cl- Cl2al koxy), or Hear bon atons(i . - al koxy) . Exanples of
sui t abl e al kox rou,p,smié but are no m'tDBd to, nethoxy (-0-CH3
250r -0Me), -0 ZH3 or - OEt ut CQQ 3 or -0tBu), and
the |ike. FBJ@aIkyI" Ds. oal k Oﬁg efl O’above, in which
one or nore hydrogen atonms of t\he/al kyl gro S @ced W%th a hal ogen
atom The al kyl portion of a hal oal’kyl group can have 1 to 20 carbon atons
i hanaIkyI) 1 to 12 carbon atons(i.e., Cl-Cl12 hal oal kyl), or
atons (i.e., G -C6 alkyl). 30Exanples of suitable hal oal kyl
groups inclu byt ape not limted to, -CF3, -CHF2, -CFH2, -OH20F3, and
the |ike. " yl" is a hydrocarbon cont ai ni ng nornal secondary,
ertlary, or cy 'c carbon atons with at | east one site of unsaturation,

. e. 023 e bond. For exanple, an al kenyl group can
have2t02 % "r C2-C20 alkenyl), 2 to 12 carbon atons
(i.e., 02-012 al kgnyl to 6, enyl ).
Exanples of suitable al kenyl grouﬁggﬁﬁgﬁhggﬁﬂgd%5xg8mnotaﬁ%pegég to, vinyl
(- CH=0H2)therabl. y! (- CH2CH=0H2), cycl opentenyl (-051-17), and 5-hexenyl
(- CH2CH2CH2CH2CH=0H2) . 5" Al kynyl " is a hydrocarbon contai ni ng normal ,
secondary, tertiary or cyclic
Definitions

via an oxygen

Unless stated otherwise, the following terms and phrases as used herein are
intended to have the following meanings. The fact that a particular term or phrase is
not specifically defined should not be correlated to indefiniteness or lacking clarity,

10 but rather terms herein are used within their ordinary meaning. When trade names
are used herein, applicants intend to independently include the tradename product
and the active pharmaceutical ingredient(s) of the tradename product.

The term “treating”, and grammatical equivalents thereof, when used in the
context of treating a disease, means slowing or stopping the progression of a disease,

15 or ameliorating at least one symptom of a disease, more preferably ameliorating

more than one symptom of a disease. For example, treatment of a hepatitis C virus
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carbon atonms with at | east one site of unsaturation, i.e. a carbon-carbon,
sp triple bond. For exanple, an al kynyl group can have 2 to 20 carbon atons
(i.e., 02wO02011aI8R3a8yl ), 2 to 12 carbon atons (i.e., 02-@CZ/uskkyoel3ps or 2
to 6 carbon atons (i.e., C2- 06 al kynyl). Exanples of suitable al kynyl
groups include, but are not limted to, 1lOacetylenic (-C7-CH), propargyl
(-CH2C=CH), and the like. "Al kyl ene" refers to a saturated, branched
or str ai ghtectidragan ingldéie elduoing dhe ¥ vire! lbgdiincrdr Gdinfecteld bahamagingg t wo

nonoval e ;)H%ﬂ : rogen atons
fromt he%ng@qggﬂ'%ﬁgits%{%}tgn écar g}rﬁ %%E@ng@%ﬁ?@g{%gg@ For
exanpl e, an al kAlkghis hgdr@a@rbo!amrhalve\gI\Otrmalzeemdbwmeattmr cytli¢ cart@n car bon

oo Rl L FoPefuriAL ANRH Ot JHRL6EH BRI YLRAR AL 63 B Lol DU

are not |limted yl'ene
1, 2- ethhy| tivel Q caCbXChRMs, ( 16.; @+-Proapyl)evrel (OW@QGHB)&(W C;Zsplkalipyl ene

(- crocrocrodes o B PRI R R Bl ey YRR Gte Gt ot e,

br anched &hyl$Et, a@UmHadkﬂammp!il(n By iDropQIO{‘@*dhC(bb@Hb)oﬁ premi G&r, havi ng t wo

| t t t
From the SR EHGAS FRaNERIBL S, (i CEEERYG 2-aloli . TYGAPER! o
exanpl e, idndyl.alOkeaiil @re.) gi-butp (s-d, B@ulell ICHGCPZQCHa@benZ-atWZ pltlmyg 10bc?r bon
t My c i nclude, but are
ot 110 1y Sy SEERRF A MR IR - CHLERSIS AL B, 0o e
unsat ur at(e@kti( cmaawdmcmh §tn€atygh€H(:<hféJGHaC)zr 2yethiye 24yt ocar bon r adi cal
naving ! yGoanoyal.ent) sadlarb aNtei oo/ Hed by sthgnammygl of tvo

hydr ogen ‘a he sa FBon 4t ons’ of a par ent
al kyne. R@@HM €Hs)an 2aadipyhyt Hoeie (-GitEHI(CHEChia®l:)114hex20 car bon atons, 1

to 10 car 0 I | ene radlcals
i ncl ude, but are ﬁ (IEHJC}{ 25%8(?10 a t@ eh %%)’ gphir%q rgyl (-CH2C=-C),
and 45per@ly(rﬁﬂz%mﬁl@ﬂm¢a2ﬂ@byl -2- Deﬂtyl( C(@H'l&ﬂ"ﬁ’zl@é‘bCHe)f amsetby-2a sat ur at ed,

e e L e s e S e

al kane. eth@xfanm’iﬁ“ (-&eHa) (@w%em%wmyeamehawecmmm C(abbh). &Bms, 2 to

10 carbo Is i ncl ude,

out *ar o SuAETR2 Bl EclhibcRiERd, Sormen RG] (CHIGMIERASIREE

(- CH2C( CHB)}w+Y~(CHi)3=pnopyl yne (- CH2CH2CH=), 1, 4 butyl yne (- CHZCHZCHZCI—|:)

and the |ike. . . "Aryl" ans noval rocar bon

P B wers veisy meshiharaP Tarhe e R B ek B e Y 2R o bon

at om of aasp:wﬂeeﬁ aaasmtstéttacmémtg tisey sarem mEt@bulex/w’qm @;ygaﬁl athy | Tigg &ikyg can have

6 to 20 ca 0 6t carbon.ato r bon

Typi cal <3Froyr¢j nparsﬁ?qxﬁ(glrWecan@aYe Zg%zﬁ(?ta'%%f‘ r?l?qné% (i€ Cl?%ﬁl?‘%%’fyg ﬁérl ved from

benzene (& cgarborpiiteﬁw(be., Gubstalkomy e dr beng eaon raamhﬁ(hal cene@ aljotyhr acene, _

?:Aghﬁg%l)\%ag?w tsP d,uk%kﬁﬁé alkoA{ygl;roups mcr:lgc];eerbsutgpe r?rt] fim tgd {o, me egxg/?ﬂC%gove havi ng
25 or —OMe), ethoxy (-OCH,CHs or -OEt), t-butoxy (-O-C(CHj3)s or —OtBu), and the like.

“Haloalkyl” is an alkyl group, as defined above, in which one or more

hydrogen atoms of the alkyl group is replaced with a halogen atom. The alkyl portion
of a haloalky! group can have 1 to 20 carbon atoms (i.e., C{-Cy haloalkyl), 1 to 12
carbon atoms(i.e., C+-Cy; haloalkyl), or 1 to 6 carbon atoms (i.e., C4-C¢ alkyl).
30 Examples of suitable haloalkyl groups include, but are not limited
to, -CF3, -CHF3, -CFH,, -CH,CF3, and the like.
“Alkenyl” is a hydrocarbon containing normal, secondary, tertiary, or cyclic
carbon atoms with at least one site of unsaturation, i.e. a carbon-carbon, sp2 double

bond. For example, an alkenyl group can have 2 to 20 carbon atoms (i.e., C,-Cyg
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10 centers derived by the renoval of two hydrogen atons fromthe sanme or
two different carbon atons of a parent aryl. Typical arylene radicals

i ncl ude, Wotoawmssyst |imted to, phenyl ene. " Ar ylpalrygké11/0ef3as s to an
acyclic alkyl radical in which one of the hydrogen atons bonded to a carbon
atom typically a termnal or sp3 carbon atom is replaced 15with an aryl
radi cal . Typical arylal kyl groups include, but are not limted to, benzyl,
2- phenylakdnah- 4 to/12 canaginathy e hgi-Cq2alkeaphit dnyA te tBrranban-gtpms figpHEhobenzyl

2- napht h hﬁ@r‘;@t @Qmaﬂ'eg%f é\ﬁﬂbkk%k%dyk rou%@ﬁcl@ﬁé(ltﬁ‘}t K n AR ﬁ@Olnglorrpri se 6

to 20 carbon at 1 to 6 carbon ato and the
aryl noi et@HCHSH, altyl (1@H¢Hﬁfdﬂt)aty0iwen®0yl({3gﬁéHdaerkq/5 ‘hexagfybrs to a saturated

or parti ?(b‘tL)ﬁ (g?%%ggaég ring having 3 to 7 carbon atons as a nonocycle, 7

to 12 ca ycl e, and up to about 20 carbon atons as a

pol ycycl e. I\/bn‘(AWﬁMI i€ amyado@adbbylcogfrawr@ndmwe s&:dndaﬁy tariiegy at Qmﬁc still nore
typically cy c .C oal k rou have to 12 ring
at ons, C@rboré?tPg‘ﬁd”gtg gieaat %iec%}tc?log “f’ﬁ?tggégorﬁée%m 86 '%8P ?th”%’f system or
9 or 10 rbcmg Foatrdrepl@ rananged @m@cm ay\@ Z)to(?ﬁl &rb@r atbbisGe. s§sC/M

Cycl oal ky u ncl ude hydroca i-,. and | y-cyclic rings,
whet her feﬂ@g‘éﬂ ‘?qu t?g%aﬂbonoa}t 'éf)l(‘reo é?\éﬁzq yr’ﬁet |Cﬁ% tBQaW?E&POé‘EgB%S@Den’O%CI ic

car bolcycleasalkml)uiiaamm@b opsunale, alloyel @bu;ﬁsyhc!u@ey(blu()@r%n{oylimited to,  ohexul
1-cycl opent-1-enyl, cl opent - 2-en opent - 3-enyl, cycl ohexyl, 1-
oyol Shex LB - YL PRERDoL R P -CHL RIS 5. eny!

bicycl o[ 3. 1. OTM&?«reﬁe%fe@rts atsﬂﬁjré’t%lﬁfﬁnched orstratgh@ﬂﬁ‘dn@iﬁdiﬁél &necydiefers to a
cycl oal kyl as defined above hayi ng two nonoval ent radical centers derived

by the rdneiRgeLEN redis! Wﬂm&@ﬁ“%@éﬁ‘ﬁ”?r?%‘ﬁ?'tcﬁ'éters?éj\‘?ﬂv%jrb& rgneveE’ent car bon

atons of @oPgaREEn ik Gamkiié sarh¥ BF @) difdreht@atbol e df@q:la‘;?@r{t%lkbrﬁ\&' ude, but
are not limted to, cyclopropyl ene, cyclobutylene, K’a gentyl ene and

cycl ohexyT&gample, an alkyleng eyl g WRQI"@ 20 éffrE?%atf’B‘sah g aéq”Rill radi cal

in whisch @neoefcati a'fbﬁ‘ijsf qf&ﬁi&al?él@l@web@ﬂn@@é’mbl@d@ beisReRt Rhigitot ypi cal Iy a
termnal or sp3 car wth a CF’C| oal kyl radical as

et hoq AoBEBRery fHes ety RO M o -Bmens ner L. Bt aeta 1o t ed
to, cycl qpm(@ﬂztrerg By zpeawleabwzae«dw %1:3/9.409 end ?ttn@ctmzsde ), 1,4~

cycl ohexyl net h ﬁ%c hexenyl | met h cycl ohexyl et han
2-cycl ohe@%@ﬁ‘?ﬂee(fq:ﬁé i(}i“ZC*’il)c%q’H\S%ﬁyl et han- 1-yI ,

2-cycl opent yl eth@Ryidney ketdrd td é}eu;hédf@ate?ah@amh@aét@mbka«h oBEyRIP can conprise
4 to_26 carbon atons kyl ety is 1to Gtgarbon tons and the

cycl 681 kyIYIFRSRED r@@caégavgrgtwﬁégprg%l@@t radieg) CPYRISIAFTIKFARM BREMPE drs to a

cycl oal kyihaliilogas a@ekifbednabane ohas @@er&%aﬂa@ﬁ@mf%rﬁarérﬂdlk@&’é centers
derived by the rem)val of one hgdrodgen atomfromthe al k ortion of the

cycl oal kyTHERFPPIERNIANGIHERS PP 682 ATE bId PRRPEF I PO P ﬂécﬁ €M oal kyl

portion aftohferays bealblsy bahiey ITypRaritdnyiehé Raicaramloesbafarabislioabky! al kyl ene
radi cals are: 15"Hal oge refers to F, d, Br, or I. As used herein
the ter monhPshniepet Cl*gf:@r)s to an al kyl group, as defined herein, that is

subspist uted wi m ﬁ@edee@e?érs%ﬁw DdR988d, br¥RmRY @sst%gr@&@mbfe@o&r strai ght
chai ned "hal oal groups as used herein include, but are not linited to,

net hyl , étYHSﬂcarb@ﬁéian' hawingve pyanovalepiiegical camtarsidervady Berspevelefed

l ndependecﬂx%'hiﬁdr‘ﬂgérhat@ﬁ%@ B tH@E&nQ%F&Mﬁererﬁt%rb@Q%Wf% afrérﬁlgk%e chloro,
brono, and i odo. term " hal oal " shoul elnterprete
For example an alkynyiene group can ave 11020 Carbon atoms, 110 10 Carbon

atoms, or 1 to 6 carbon atoms. Typical alkynylene radicals include, but are not limited
30 to, acetylene (-C=C-), propargyl (-CH,C=C-), and 4-pentyny! (-CH,CH,CH,C=C-).
“Alkylyne” refers to a saturated, branched or straight chain radical having two
radical centers derived by the removal of three hydrogen atoms from two carbon atoms
of a parent alkane. For example, an alkylyne group can have 2 to 20 carbon atoms, 2

to 10 carbon atoms, or 2 {o 6 carbon atoms. Typical alkylyne radicals include, but are
25



i ncl ude such substituents as perfluoroal kyl groups such as -CF3. As used
herein, the term "hal oal koxy" refers to a group -ORa, where R2 is a

hal oal kylworoumssstsher ei n defined. As non-linting exampCgaS2taloosBkoxy
groups include -0(CH2)F, -0(CH F2, and -0CF3. "Heterocycle" or
"heterocyclyl" refers to a saturated or partially saturated 5cyclic group
having from1l to 14 carbon atons and from1l to 6 heteroatons selected from

N, S, P, rtlinitesiad! 2-atyivoesCElbGgre 1rmgpéne (retG(@He=) it Apresyérens
i ncl udi ng (I: ‘@@@H Pﬁ d nea(r@HiﬂJisziz(ﬁi'-l“paﬁH%% "Het erocycl e" or
c

"het erocy as Used herein includés gf exarrpl e and not limtation
t hose heterocycﬁ@smmm%@}'a@mfﬁ@m@é@b Foq_aéf@pnﬁ(adicﬂrﬁeﬁvﬁ%%be of Modern

Het er Ocyqjeh%v%?&esﬁyﬁyog(ax\é?m Fﬁ&ﬂlaasfﬂé:b NG HOY Egaﬂe%ﬁ% aB@F.rﬁdcgul arly

Chapters 1 emstry of ter ocy npounds, A
Seri e§ ofsyMisiodioapXasTiE, Bokay! Braupycar heens to Aevarye #oms 50 Weagoasent ), in

particul %o&(?'dﬂ@‘?éw%rb&n toﬂn@ T}&eal%@ﬁ’gr%ﬁps ABLqd - bu{’\ﬁr‘esgﬂﬁmed%c (1960)

82: 5566. I n one enbo carb nitrogen, or ous sul fur
at om( s) o’ﬁdlt:ai@derefteéfr@w@nx@eg(emwhﬁw Biebstiikadi beadeneo npprdNdiens, f or C(r--0),

N- oxi de, a‘?"ﬂﬁé ! Soxd e iksul finyl, or sulfonyl noieties. As one
exanpl e, su s(%lmt ute %‘eteroc I % l's | ncI ude, for exanple, heterocyclic rings

substituted w t\hleaayretsrs oran wwtdefifmﬁbgvﬁh%\dm@@@dﬂ@mvéiem redicdludi ng oxo
gr ouRg. %e'ﬂ@?i Sdrvd ble SXAGRY B dr%@%rb&g%ls P SLME%P'PA% difragyelyl 1s:
e and not

NH O es of ‘heterocy C ES I exa

limtati mrmr\w?o«)f@ynar@maryl t'émczﬁhw\eopyad@jﬂmlm!qaém aﬂghyt limited to,

t et rahyd%p*,g@enyl sul fur oxidi zed tetrahydrothi ophenyl, piperidinyl,

4- pi peri pyrrolidinyl, azetidinyl, 2-pyrrolidonyl, tetrahydrofur anyl
decahydr oqui noﬁM@Myl" rd@ﬁaﬂ@;ﬂﬂ*r%ﬁY@'@cﬁJWﬁtﬁd'ﬂ@&iﬂ wingr amgy of, thﬁhmfh@ﬁn nyl, 25and

bi's-tetr aeﬁé!ﬁ!é thﬁe@qgla ‘carbon atom, typically a terminal or sp3 carbon atom, is replaced

15 with an aryl radical. Typical arylalky! groups include, but are not limited to, benzyl, 2-
phenylethan-1-yl, naphthylmethyl, 2-naphthylethan-1-yl, naphthobenzyl,
2-naphthophenylethan-1-yl and the like. The arylalkyl group can comprise 6 to 20
carbon atoms, e.g., the alkyl moiety is 1 to 6 carbon atoms and the aryl moiety is 6 to
14 carbon atoms.

20 “Cycloalkyl” refers to a saturated or partially unsaturated ring having 3to 7
carbon atoms as a monocycle, 7 to 12 carbon atoms as a bicycle, and up to about 20
carbon atoms as a polycycle. Monocyclic cycloalkyl groups have 3 to 6 ring atoms,
still more typically 5 or 6 ring atoms. Bicyclic cycloalkyl groups have 7 to 12 ring
atoms, e.g., arranged as a bicyclo (4,5), (5,5), (5,6) or (6,6) system, or 9 or 10 ring

25  atoms arranged as a bicyclo (5,6) or (6,6) system. Cycloalkyl groups include
hydrocarbon mono-, bi-, and poly-cyclic rings, whether fused, bridged, or spiro. Non-
limiting examples of monocyclic carbocycles include cyclopropyl, cyclobutyl,
cyclopentyl, 1-cyclopent-1-enyl, 1-cyclopent-2-enyl, 1-cyclopent-3-enyl, cyclohexyl, 1-
cyclohex-1-enyl, 1-cyclohex-2-enyl, 1-cyclohex-3-enyl, bicyclo[3.1.0]hex-6-yl and the

30  like.

“Cycloalkylene” refers to a cycloalkyl as defined above having two monovalent
radical centers derived by the removal of two hydrogen atoms from the same or two
different carbon atoms of a parent cycloalkyl. Typical cycloalkylene radicals include, but

are not limited to, cyclopropylene, cyclobutylene, cyclopentylene and cyclohexylene.
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"Het erocycl ene" or "heterocyclylene" refers to a "heterocycle" or
"heterocycl yl" as defined above having two nonoval ent radical centers
derived byotha/asgswwval of two hydrogen atons fromthe sae@/useonnelds f f er ent
carbon atons of a parent heterocycle, 5the renoval of two hydrogen atons
fromtwo nitrogen atons of a parent heterocycle, or the renoval of a
hydrogen atom from a nitrogen and the renoval of a hydrogen atomfrom a

carbon at one ofydogiutadm referselpgoyasydic alyhradical iniwhichestgmiltiesshysfrogen
het er OCy%t&ﬂ?b%deQ?& c@%ﬁl a\f&fnt?&céryea teljncﬁnal or 53 oa#é%k%‘&%ﬁé’ Lepraecfeﬁr S t O a

nonoval ent aronmati c heteroc havi ng one heteroaton1|n
ri ng. Thugth 2 ¢ustoatkglaegical erSec#eélnsd elovan Tazp@ﬁmyick@a@wi@lm @ypuy ioehide, togt 14 car bon

Shomnar oS el £ aRkegpaRL £E) e M pLASERoo AR, 21, LU,
"het eanrcypiohqwlnmimd@@lmamﬂmbﬂwwé@dciomleﬂmbyfr Proyclehexeaptsthhayi ng

t t b t
o sul fur T A B e e 8o 3l 2ed to provi

roary group may be oxidi zed to provide
f or C(=0)cycinalowalihg grasim cfanrgplmpnée 44uP$ oarpbn atsines, ieess.. the alkyl moiety is 1 to Exanpl es

of et et QLA A0k uile oo, MRyl mKATRLE BB LT m tati on pyri dy

20t hi azol py rlnl rro , pyrazolyl,
i m dazol yI te@ycéczaﬂiy%!kylmmzeffal[srtaawcioalhyl%ihxdﬁlstd@ah@dwwovemwgy‘M/o

01 190 cnchSOAILBED B ers BERRUT 2t o PO
t hi enyl , aly perttion efripe cydledheaing o amather hyHragre jdm recagmedérop the
phenoxat ik BHBNLS ok rickROLR ARk Yk SALRLY cRMiGENhe |

4H qui nolraditgiy Bre: napht hyri di nyl , 5qui noxal i nyl, qui nazolinyl, C|nnoI|nyI,
pteridinyl, 4aH carbazolyl, CQrbazonI, car bol i nyl, phenanthridinyl,

acridinyl, pyrimdinyl, napt hrol i nyl, phenazinyl, ot hi azi nyl ,
furazanyl, phenoxazi ny I sochr omanyl hromanyl, imdazolidinyl,

i mdazolinyl, pyraeo |, pyraec pl per azi , indolinyl,
isoindolinyl, qui nbicl | |, norphol oxXazol { di nyl , benzotrlazolyl,

benzi soxazol yl, oxindolyl, benzoxazolinyl, and isatinoyl.
"Fbterocyclylene" refers to a heterocyclyl as defined herein, derived by
repl aci ng a hydrogen atom from a carbon ato or heteroaton1of a

het erocyclyl, wth an open val ence. s5i m |8 terparyl ene" refers to an
aromatic heterocycgyl . "Heterocyclilag ky refgqgi;p_ag acyclic al kyl
radi cal in which ope €\ hydr ogen ms bonded t ca n atom

typically a term nal or sp3scarbon ateyn” is 15repl aced wt a het er ocycl yl
radical (i.e., a heterocyclyl-alkylene- noiety). Typical

Oy O H O,

15 “Halogen” refers to F, Cl, Br, or L.

As used herein the term "haloalkyl" refers to an alkyl group, as defined herein,
that is substituted with at least one halogen. Examples of branched or straight chained
"haloalkyl" groups as used herein include, but are not limited o, methyl, ethyl, propyl,
isopropyl, n-butyl, and t-butyl substituted independently with one or more halogens, for

20  example, fluoro, chioro, bromo, and iodo. The term "haloalky!" should be interpreted to

include such substituents as perfluoroalkyl groups such as —~CFs.

27



het erocycl yl al kyl groups include, but are not limted to
het erocycl yl -CH2-, 2- (heterocyclyl)ethan-1-yl, and the |like, wherein the
"het er ocywbDydi1/g88345i on i ncl udes any of the heterocyclyl pgraispsi14es6s i bed
above, including those described in Principles of Modern Heterocyclic.
Chem stry. One skilled in the art will also understand that the
20het erocyclyl group can be attached to the al kyl portion of the
het erocycl yl ahkydediereimdnsteoh “alcakdohrades hoa ghopd-Oit?, wharar3dna het er oat om
bond, wt N ' I stabl e. The
het er ocyc’fk"%ﬁﬁkg’r‘% a§‘P\eFeh?‘c§ef$1Qé? A§§ t'@)rln%g%%?@glﬁg’g}ag)r{?@n}éﬁgmﬁ% het er oat ons,
e.g., thendlda0( ﬁfblrz)ﬁ dB(Cd)f)Fj; Ialazd He€es.ocycl yl al kyl group conprises 1 to 6
carbon atoms an t i .0, 14, 25carbon at ons.
Exanpl es of het g?%elgcgc PI% &I ﬁg?é%c?&%lnpéfgrts){o %%ggfr%tggg)&éanr%% sgturatﬁ limtation
5- menider egyciugrbup hawxg/gem 1 tp Hés:pﬂmnuﬂomaadd &omnd Mreo‘me‘roammsaaemct@
het er ocy C [OIVAR§ t ah dr furan -1-yl,
and the ﬁ!’cﬁﬁ NSE p grSO %&i lr%ll]:c%s%kng?e mg&eanczmb iSY% 8m8r1|n%%dx eag
het er ocydireisemam msfo pn@eystdnmyleerthle rmr‘rpmmocy«wl I’BStLh?ﬁH herein
p| peri di \/ I ronpy. Vi t

"Het er oa%(}‘&f% 4”%@%?‘ gﬂ %%ﬁ nzg?{}xlltﬁ oB&hOseah rgg\fcpeﬁe& *He eéil"ﬁ in which a
hydr ogen %ﬁwmt@dso%eﬁﬁrlﬂmmmdmn He@rdftefbler@a&nmlstr\q(rvmmpfsamadm iNe&d her ei n.

"o 18 G P BBl CRENERERh, & roKn SR BRIy oy

- CH2- f ur a@gm;)oun@HZA Bhn@n&flMODO@F@ﬂ_ shidnzoiepdydons: kR - Y@dnze*é@lia)phenyl

- CHz- YA t Lyl ,

G- pyr arar0: m R RS 14 BB RS Ry v A B Roedr 9?%9

CH2- pyri ﬁz@ﬂ% {1Chize pybodiment, the-cﬁrﬂzmpy:m@@ym ,Pho€bi{cBhiB) opsuiiudatoy(s)

- CH( CH3 d I .

LGS el G Al el RS e e eyt

- CH( ¢Bi3) dmiezaﬁlﬂmﬁrwlswfe@l—l(n(ﬂelﬁes benzot hi ophenyl, - CH( CHB) car bazol yl ,

D 9o o oA AL o DR ol BRIREE Mty
- CH( CH3) -ringequbsii(bjt:ydi with @h{ GHBS s@;atlh@atsydi@cld@d(ﬂdtﬂﬁ&):mpywcma@ydups
- CH(CH3) Apxagr?ﬁéiltmg @Qfﬂnélg%\‘g clér%bnyl s bsthutggﬁette gclghet er ocyclyl oxy”

represents a roup dj acent atom by an oxygen.
When there is a sulfur atom present the sul fur atomcan be at different

oxidation levels, nanmely, S, SO S, ar S03. Al such oxidation |evels are
wi thin the 15scope of the present m. When there is a

phosphorous atom present, the phosphorous atom can be at different

oxi dation |l evels, nanely, PORaRbRb,i PO2R2Rb, or PO3RaRb, where Ra, Rb, and
Rb each independently is chose NH2 al kyl, C2-12 al kenyl, C2-12
al kynyl, 06_14 aryl, 3-12 nenbe rocycle, 3-18 nenbered

het eroaryl al kyl, 06_18 20aryl al kyl ; or{{two taken together (with or w thout
oxygens) forma 5 to 10 nenbered hetergcycle. Al such oxidation |evels are
wi thin the scope of the present invention

20

Examples of heterocycles include by way of example and not limitation
dihydroypyridyl, tetrahydropyridyl (piperidyl), tetrahydrothiophenyl, sulfur oxidized
tetrahydrothiophenyl, piperidinyl, 4-piperidonyl, pyrrolidinyl, azetidinyl, 2-pyrrolidonyl,
tetrahydrofuranyl, decahydroquinolinyl, octahydroisoquinolinyl, pyranyl, morpholinyl,

25  and bis-tetrahydrofuranyl:
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The term"optionally substituted" in reference to a particular noiety of
t he conmpound of the Fornulae of the invention, for exanple an "optionally
substi t utwo 2arydssysoup”, refers to a noi ety havi ng nonePCOAS2010/021305 €
substituents. 25The term "substituted" in reference to al kyl, alkyl ene,

aryl, aryl al kyl, al koxy, heterocyclyl, heteroaryl, carbocyclyl, etc. , for
exanpl e, "substituted al kyl", "substituted al kyl ene", "substituted aryl"”
"substituted arylal kyl", "substituted heterocyclyl”, and "substituted

car bocycl y1" neans al kyl, al kyl ene, aryl, arylal kyl, heterocyclyl,
carbocyclyl respectively, in whichone™gr nore hydrogen atons are 30 each

i ndependently replaced with a nonshydrogen substituent. Divalent groups may
al so be simlarly substituted. Unl¥ss otftherw se indicated, typical
substituents include, but are not |IMrited to, -X -Rb, -0", =0, -ORb, -SRb,
-NRb2, -N+Rb3, =NRb, -CX3, -ON, -0 - SGN -N=C=0, -NCS, -NO -N&®2, =Nz,
-N3, -NHC(=0)Rb, -0C(=0)Rb, -NHC(= Og -S(=0)2-, -S(=0)20H, -S(=0)2Rb, -
OS(=0) 20Rb, -S(=0)2NRb2, -S(=0)Rb, 0) (OR) 2, -P(:O)(ORb)Z, -P(=0)(0-) 2,
-P(=0)(OH) 2, -P(0)(0R0) (0"), -C(=0)Rb, -(=0)X, -C(S)Rb, -C(0)O0ORb,

-C(0)0", -(S)ORb , -C(0)SRb, -C(S)SRb, -C(0)NRb2, -C(S)NRb2, -C(=NRb)NRb2,
where each X is independently a hal ogen: F, O, Br, or |I; and each Rb is

i ndependent | y “Hetespaglene”ar {isteracyshianal ksfers iaa fretespeysied pe hetsroaxclgf ot ect i ng
group or &r&qﬁé@am%mn &&M&r%ﬂvepen@#aﬁealyéeﬁeﬁs déIgy Qy{ﬁ)é'?%ﬂngv\,’af gups may
also be simlarly SUbStI%Uted Unl ess otherw se indicate en the term
"subst i t UteEpgen glamsdep Hecamiewhina dfierant derpncignss eflaparert hefoyocablky |, whi ch
have BWO {QE (dFRS\R @f%@hycﬁé &8&&% ﬁomW Hiﬂ%béﬁ ér'tBth'Bf E;Qen{wé{)wée&t s can be
attached to the ar noi e the al kyl noiety, % 10Those skilled in
the art vihe remevgb m*wérqgﬁeﬁtomwféqm ﬁmlt@eﬁegn%m@heragvai af «wdrogenaafccgm "

"het eroc t t hey
coul d i 1 oprtBh on@/ & SpdH KB, A oXaPRIEE oFHOS LR 5
" het er ocyelgjp@fetencese; nnlet|es (i.e., |nd|cat|ng that at |east one of the

hydrogen atons of the p "al kyl ; " "heter IyI noi eti es has
been replaced W th t |nd| ed ) bsﬁii?%pL s)). _géles such as
15"al kyl ", "aryl", "het QY C yI et efer ed to erein as

"substituted" or are shomn dlagrannatlcally to be substituted (or
optionally substituted, e.g., when the nunber of substituents ranges from
zero to a positive integery% then thesSterns "al kyl", "aryl"

"het erocyclyl", etc. are er st ood be interché le with "al kyl ene",
", etc. 20 M | < be appreC|ﬁL_ by those

"aryl ene”, "heterocygcl

skilled in the art,%& ounds of the pregent in 1o may exist in

sol vated or hydrated fo HThe scope o he present invention includes such
forng Again, as will be appreciated by those skilled in the art, the

conp Bnds may be capable of esterification. The scope of the present

i nvention i ncl*Hdeso#sit Rfss and nhbedlehshatcaiteabydy haned bovadt ofer i vati ves.

The sco
p%eteroatom in the ring. Thus, “heteroaryl” refers to an aromatic group of from 1 to 14

carbon atoms and 1 to 6 heteroatoms selected from oxygen, nitrogen, sulfur, or

phosphorous. For multiple ring systems, by way of example, the term “heteroary!”
15 includes fused, bridged, and spiro ring systems having aromatic and non-aromatic

rings. . In one embodiment, the carbon, nitrogen, or sulfur ring atom(s) of the

heteroaryl group may be oxidized to provide for C(=0), N-oxide, sulfinyl, or sulfonyl

moieties.

Examples of heteroaryls include by way of example and not limitation pyridyl,

20  thiazolyl, pyrimidinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl,

benzofuranyl, thianaphthalenyl, indolyl, quinolinyl, isoquinolinyl, benzimidazolyl,
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250f the present invention includes prodrug forns of the conmpound herein
descri bed. "Ester" neans any ester of a conpound in which any of the --COON
functi onswoab11rises4sol ecul e is replaced by a -C(0) OR f un®Cirars201e/02i3385 whi ch
any of the -OH functions of the nolecule are replaced with a -0C(0)R
function, in which the R noiety of the ester is any carbon-containing group
which forns a stable ester noiety, 30including but not limted to al kyl,

al kenyl , falrRiydydquinpjioy! dalryidroisgastingdnlybtall 1/5-thiadiadiny!, -6 d116/2-,

het er ocyc ves thereof.

The ter)r/na'w'azdhﬁ Rﬁé@ixﬁg%h%@gogg%e L&e!Jrgé}l éh%ﬁgnﬂ%m%% "t hat when

admi ni st emfmwomihaylbﬂwagolmlsogmoéfdnt@maecpldt @sazmﬁ murrdgzrsyibsd@lnml, i.e.,

t f ti

2ot 1o | TABRURLL A8 B PRI BB GRSl g gRct L on(s)  enzye
r eact idon(gYinoxalipyl,crinagoling!, thosliry!, etariirehtdaif- cmr_iahzbiyé@amaadﬂmﬁolr Llat ent form

f th - I ude ester
i ot s, oS ok LN < SRR DG e e A R RS L") 1E®) PRer sone
skill ed |mhetnhéumrwl,WrazanwbobgtmmemylhapcfyumgnyltWQmsmandnctathnWrm eties of
e CoMpolAzl Rl b e Ao B e LA e RoRIRY 0o 2,
conpound whirbhlinyarexéelifioyinbreotthzpiit beeaisaxer@pt @bhdoldt Ebkzexazhtnviaceut i cal
COPaY 18- SRS SRl YR o WA RNE e St AlL B,
As will b@pappg@o‘lydtoedn bion fiomen ekbdn e’@m gt hebmroaipin, of EHeteooyehlivds of t he
b csent |yt BlrBY SEABHG. ReRR P d R e o N M roa e o e by
t hose skill ed ‘iHetarbeyclyiatky!” U(tfersctorﬁncasmdlq%kytmmal ie vdfichesrteeafitlié¢ cati on. The
scope, of RBGRS plKRT 80 n ] iea B3R RaRRSSLLG S g1 oaical 1Y
i ncl dfﬂies nepladediyith emmrmclvhedceir(p@ufndhet@ewcvplml aledend- lmea:dety)A Topigebund of
F I r may_exi st as
d?]tpgrgnthééél yw k@sgrms'eu }JPQJG ol ﬁ\%‘&%‘;&% 3 ﬁ?}%ryeEH %ryst alline
e e e

: t oc fyl scr|b { i CH in |

response ange ure, pressur
al so redeDdefrn dri«atarwyp_m @mmrstm e s&uﬂey@mathde bz aill @po pndrrsissd tHébtWBrmr phs can

be diyg r [ he art such
2s x22ay PORR) Dok o BRI (e SR BRSBTS b e
crystalli meaqzﬁocpf;am@rtmﬁw@nbcrrdgmdemﬂ Ctartﬁqrelmtdloafom eorcke with thecprpgisalthat

the resulting group is chemically stable. The heterocyclylalkyl group comprises 2 to

20 carbon atoms and 1-6 heteroatoms, e.g., the alkyl portion of the heterocyclylalkyl

group comprises 1 to 6 carbon atoms and the heterocyclyl moiety comprises 1 to 14
25 carbon atoms. Examples of heterocyclylalkyls include by way of example and not

limitation 5-membered sulfur, oxygen, phosphorus, and/or nitrogen containing

heterocycles such as pyrrolidiylmethyl, 2-tetrahydrofuranylylsthan-1-yl, and the like,

6-membered sulfur, oxygen, and/or nitrogen containing heterocycles such as

piperidinylmethyl, morpholinylmethyl, piperidinylethyl, teterahydropyranylethyl, and
30  thelike.

“Heteroarylalkyl” refers to an alkyl group, as defined herein, in which a
hydrogen atom has been replaced with a heteroaryl group as defined herein. Non-
limiting examples of heteroaryl alkyl include -CHy-pyridinyl, -CHo-pyrrolyl, -CH,-
oxazolyl, -CHa-indolyl, -CHg-isoindolyl, -CHz-purinyl, -CH,-furanyl, -CHy-thienyl, -CH,-
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packi ng (packi ng pol ynorphism or differences in packing between different
conforners of the sane nol ecul e (conformational pol ynorphisn). As used
herei n, cwo=0alds83e pseudopol ynor phi sm nmeans t he abil it yCofusaoihyper3as e or
solvate of a conmpound to exist in different crystal structures. The
pseudopol ynor phs of the 30instant invention may exi st due to differences in
crystal packing (packing pseudopol ynorphism or due to differences in

packi ng H@ernz,efetrﬁrdl F(ﬂéf-mnzotfmmr@nwer@‘iz&arba‘r@lygaﬁ?eizrmideml}'le—%dhrhwh?fati onal

pscudonol bl ) oINS A1 BXARLLOR eomEysge sl polgpr s and
phar naceL@HanrIdﬁzxdr:@ébﬁ?abrm@yta@fﬂspyrazyl CH(Cﬂa rmrp‘rwhaCfdQ‘Cf'Et)Jpwmixd 1-11l and

its phar n@lqgﬂg 89420 acceptabl e salts may al so exi st as an anorphous solid.
As used hérein: rh)rphous solid is a solid in which there is no
| ong- ﬁang@rﬁﬁﬂermdﬁlyll-ﬁé{(@tﬂsstlm*réyhoﬂrt B )arwms!, FOHEGe)-Bodivd.- Thi s

definiti as I ters or |ess.
Addi ti veg@ @%ﬁé hﬁ;e}y ng r&%‘é’?%fﬁrgfyt dﬁggﬁ) t?érégtrh'eo hgx\?he@—g Pphous forns
of the inmstlarolyinvention. The instant invention conprises all armr phous
forms of | I

accept abl ?Fgcﬁ%m%%eg?a (odf;)"{M'B%M‘rp%ﬂ@%)ﬁggé?lﬂe?rﬂa%@%ﬁkgfo t’ai n one or
nmor e chi r-&H(CEptisatiazayl, MCbiﬁmml)é,eCtbéCda)paMLenahﬂ ©k(SHi)rgyridszyirul ti pl e

ot or a8 sorEkeH P ALRFR et PGy R AR RRT 0, | O 1 et udes mtures o
enant i omer i calTwe/tdmaétem‘rewqxa’arlemesen%ledhmgfom'/otyl grep.atidkiset foriicd uded wi t hin
t he SCOpeaoggcbeW%tﬁ egpltdﬁgg o@r € the individual isomers of the conpounds

represente orrru e of the present invention, as well as any wholly
or partially e\ﬁfherh ihbr%usecBUﬂfub(atame:seaermeﬂb@fsulfuThe)npp@sleaat diffierentt i on al so

i ncl udes i qqﬁl t he
f ormul as c%{;bea\t/rbﬂ%v&'s %gg W ? 'h ?sgﬁ%ér’ er €0 wﬁowéﬁ%g%@ﬁ@r]wn%r e chiral
cent dbs acept niibe tegeniTheertienm "chiral " ref ers to nol ecul es whi ch have the

f 1 le th
prOPeL Ly, Of Ml PSR RARRBLY 1)l U Bl mNc, BB DBTg i | (12
i mage pardifferent @iEhen keeelm tasmaly, RORRTBY, §02R§‘Rte|os PDeRWrrwbedes‘”’ Rhi ch have
'O?etrr;]'ecgltangﬁggr@ra%ﬁlmd%ggﬁate'n&lz 'c(?w'aserp%m% fd arwffrt&?@a%ﬁ@ﬁﬂr e%rétah}?nﬁr rangenent
st er eoi sdPerk af, t3h12tmember°#me@r@<e4¢tee8§ SGﬁembﬂrBalheteyoawdlkvMﬁﬁse nol ecul es are

not @brroarryrgmgsmft %&Qﬂwﬁrmo @ﬁ&ﬁroﬁ @fon%\ées i 4 GLABL-RNYSI cal
? (0] ol n

propeéerties, ornts, 1 ctr propertles
heterocycle All such oxrdatlon levels are Wrthrn the scope of the present invention

The term “optionally substituted” in reference to a particular moiety of the
compound of the Formulae of the invention, for example an “optionally substituted
aryl group”, refers to a moiety having none, one, or more substituents.

25 The term “substituted” in reference to alkyl, alkylene, aryl, arylalkyl, alkoxy,
heterocyclyl, heteroaryl, carbocyclyl, etc. , for example, “substituted alky!”,
“substituted alkylene”, “substituted aryl”, “substituted arylalky!”, “substituted
heterocyclyl”, and “substituted carbocyclyl” means alkyl, alkylene, aryl, arylalkyl,
heterocyclyl, carbocyclyl respectively, in which one or more hydrogen atoms are

30  each independently replaced with a non-hydrogen substituent. Divalent groups may
also be similarly substituted. Unless otherwise indicated, typical substituents include,
but are not limited to, -X, -R°, -O", =0, -OR?®, -SR®, -87, -NR®, -N‘R";,
=NR®, -CXs, -CN, -OCN, -SCN, -N=C=0, -NCS, -NO, -NO,,
=Ny, -N3, -NHC(=0)R®, -OC(=0)R®, -NHC(=O)NR®,, -S(=0),-, -S(=0),0H, -S(=0),R>, -
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25and reactivities. Mxtures of diastereoners may separate under high

resol ution anal ytical procedures such as el ectrophoresis and

chr ormat ogweaphi/088345 "Enantioners” refer to stereoi someCs/uskoia/oesapound
whi ch are non-superinposable mrror inages of one another. "Atropi soners”
refer to stereoisoners of a conmpound resulting from hindered 30rotation
about single bonds where the steric strain barrier to rotation is high
enough t dO&(= D()z@RbmS +ORpNREOIHEOIRT, P F@Q{OR”IHI—P(?@)@DR%@FH ef)r)(ﬂ o, -Bt=¥ Opi somer s

b L dth
e or eona @l ORI Ko Bl R LS R e IO R Blg! s IRe oy
occur apar€( @ﬁ@%iﬂﬁ%&ﬁbeﬁ@w%f -C SINfé’ﬁ -E()quﬂ%b Nszcwhesraleaclse(nerl sm Thus, as
i1 ust ratlﬁ peEQ%nt %maifé eq F—” (tJ rJ %t pdljaigg(f@eﬂg ntﬁfﬁ@n{)a(ﬂan%;% of For mJI a

| are capa g as [agr opi’'so _ 1).
I n on® endvgdkpeaheiefocyble, qzrrae;setﬁchmgngrenp |ooprodtdgen@etm)mmld5e eddesylend) a
eochem ¢

gg? |m;1|0'[ [ oé;?g aégﬁgyi&e@oﬁsr%%gaggﬁs' llaey %)bétgﬁtg?alleg}esrsoq%eéws%mdﬁa%lgar ker, Ed.,
M G aw HiwhenEhe terro fisubstitoted Ch emed il comj@ncetion (18 8 upits Geraae a*niyiblkyIB@b._kh Conpany,
?Svcvolggﬁn ésg g’ﬁ%@' A{ﬁcj)rﬁ nﬁ)let%??: ;\Jlgb[fe ngst?thttﬁ)E etkeoc%?g}gpﬁrc%ng agac%%g Itcg:

the aryl moiety, the alkyl moiety, or both.

10 Those skilled in the art will recognize that when moieties such as “alkyl”, “aryl”,
“heterocyclyl”, etc. are substituted with one or more substituents, they could alternatively
be referred to as “alkylene”, “arylene”, “heterocyclylene”, etc. moieties (i.e., indicating
that at least one of the hydrogen atoms of the parent “alkyl”, “aryl”, “heterocyclyl”
moieties has been replaced with the indicated substituent(s)). When moieties such as

15 *“alkyl”, “aryl”, “heterocyclyl”, etc. are referred to herein as “substituted” or are shown
diagrammatically to be substituted (or optionally substituted, e.g., when the number of
substituents ranges from zero to a positive integer), then the terms “alkyl”, “ary!”,
“heterocyciyl”, etc. are understood to be interchangeable with “alkylene”, “arylene”,
“heterocyclylene”, etc.

20 As will be appreciated by those skilled in the art, the compounds of the
present invention may exist in solvated or hydrated form. The scope of the present
invention includes such forms. Again, as will be appreciated by those skilled in the
art, the compounds may be capable of esterification. The scope of the present
invention includes esters and other physiologically functional derivatives. The scope

25  of the present invention includes prodrug forms of the compound herein described.

“Ester” means any ester of a compound in which any of the --COOH functions
of the molecule is replaced by a —C(O)OR function, or in which any of the —OH
functions of the molecule are replaced with a ~OC(O)R function, in which the R
moiety of the ester is any carbon-containing group which forms a stable ester moiety,

30 including but not limited to alkyl, alkenyl, alkyny!, cycloalkyl, cycioalkylalkyl, aryl,
arylalkyl, heterocyclyl, heterocyclylalkyl and substituted derivatives thereof.

The term “prodrug” as used herein refers to any compound that when
administered to a biological system generates the drug substance, i.e., active ingredient,

as a result of spontaneous chemical reaction(s), enzyme catalyzed chemical reaction(s),
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Many organi c conmpounds exist in optically active forns, i.e., they have the
ability to rotate the plane of plane-polarized |light. In describing an

opti cal | ywacvinvsszsnpound, the prefixes D and L or R an#CHise@10sBdsto
denote the absolute configuration of the nol ecule about its chiral
center(s). The prefixes d and | or (+) and 15(-) are enployed to designate
the sign of rotation of plane-polarized |ight by the compound, with (-) or

1 neani ngpheielsist w@/@m@@mgch@mp@\vm@rdﬁbr@prmt@m@aﬁ@owwb/xed with (+)
or dis dexifRrHhR %;Q)Hétentform ofaﬁ‘le?a&fe hédll? 5&{5‘3@%@3&50 be referred

to as an enanti one and a mxture o suc |sorre:Ps I'S n called an
enant i onErPdUSH iReludecestor EBetsS, aHalarATE aBMPBEhEMIetiselysolinistieseanded to as a
racem ¢ nXjyre or a racemate, which may occur where there has been no
stereosel ection or stereospecificity in a chem cal reaction or process. The
t er ns9" r aceni Ond skilad &rthaad wilkraeeamizedhat sepsituents and adepnimeigtias ohthkt ure of two

enant | ongy,| C? G ESrmleLRIsHoQl bQBélle&@ Bér‘&b Vovnde  compound w :gdléhe pr esent

i nvention | es a salt or solvate O e (o10) oun rein escri bed
i ncl udi ngtﬁ@ﬁbﬁ%ﬁ@b%t@s@@\h@ﬁr@Qharm@wh&g“yalsgw eyl ) Vﬁ“@?@ﬁﬂ beThe corrpounds

of the pr&%ﬁ{b&e& ?ﬂgﬁ% éo%ébtgﬁ% ﬁ?iﬁz%a}n%oﬁeﬂlc\é%&%osngﬁ ééﬁg&n%s%ydrat ed, as

wel | as unsol vate orns resent 1 nvention enc asses all such

f or ns. Tﬁﬁrmdall yvh'Cblbavmmchéz@wtytﬁre pgntemh!@tesfeﬂStf@lhrmWItfhfethp rse@@rﬂf thenvent i on
are Qbar?@&% r{f‘@ iby acceptable salts. Salts enconpassed within the term
"phar maceut | acceptable salts" refer to non-toxic salts of the
conpounds of tﬁlrﬂ \S!HQE ﬁverﬁmatmi by those skilleghira sl ast thsf cosuaquaBs ef thar maceuti cal |y

accept abl ol ekt GRS mal dhiafdlidronTRakidoush @s.ahl orf de

brom de, su ate and nitrate; organic aci dition salts such
as acet atl@/eng@n @@béﬁe%ﬁ@h fprrn@ﬂm/mm @s vlllee BpRIEeiated Ayttanse, skijeg sothat e, mal at e,

artr at o Chll @l o TBIeAb S ic HIBE A S ioPTAANSSUI] BRAY EserPrt,Olugnesul fonate,
at e; ?I

10and ascor |c am no ac suc aspartate and
gl ut ahat encikadelsaasiermmcabthgamwomwlha@ngwauc&@rsfatwesarid apdjt'@rséhmm sal t;

al kal i ne % é@ftﬂ? F’éseﬁﬂ &t:é#%@és HAR SAhL cBRPoGH irim sal t;
uch -as m ne salt,

anmoni um s ani c aS| C sa trimet hyl
triethyl @@E@r@egal t, pyridine sal t p| col i ne sal t, dicycl ohexyl am ne salt,

and N, N -di ber)g%/ %B%’F‘?Qz‘nﬁﬁé N nts1phh%ﬂﬁa E%‘Q‘cﬁ tQ&é‘s&tts%”o aci d such

as 1 5lysine sa i nine sa N Some cases
hydr at es e¥ist as ﬁ@‘ﬁtﬁnt g@ymgr[pég or pseudopolymorphs As used herein, crystalline

20  polymorphism means the ability of a crystalline compound to exist in different crystal
structures. Polymorphism generally can occur as a response to changes in
temperature, pressure, or both. Polymorphism can also result from variations in the
crystallization process. Polymorphs can be distinguished by various physical
characteristics known in the art such as x-ray diffraction patterns, solubility, and

25  melting point. The crystalline polymorphism may result from differences in crystal
packing (packing polymorphism) or differences in packing between different
conformers of the same molecule (conformational polymorphism). As used herein,
crystalline pseudopolymorphism means the ability of a hydrate or solvate of a
compound to exist in different crystal structures. The pseudopolymorphs of the

30 instant invention may exist due to differences in crystal packing (packing
pseudopolymorphism) or due to differences in packing between different conformers
of the same molecule (conformational pseudopolymorphism). The instant invention
comprises all polymorphs and pseudopolymorphs of the compounds of Formuia I-11

and their pharmaceutically acceptable salts.
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The nodifier "about" used in connection with a quantity is inclusive of the
stated val ue and has the neaning dictated by the context (e.g., includes

t he degr ewoah11418835 associ ated with nmeasurenent of the partiscullaz133s
guantity). 20Whenever a conpound descri bed her ein is substituted with nore
t han one of the same designated group, e.g., "R' or "R1", then it wll be
understood that the groups may be the sane or different, i.e., each group

i s i ndependentA §orsrRauBgabHorwAg {71l anddis, Phasnacsiutisally achertable salsfmevval ent bond
at t achmenjs, 4, k8% atiPprHuE Fofd! DAY Lt AU, argérgHmougerl@tlé £30lidh_atons.

The conpounds of the invention can al'so exist as tautomeric [soners in
certai n c¢éd@sthers is Re IRjI9-'BRYS OWaROdRS Beslieonsed theaomarit esofidicTife may be
depi ct ed,gefhitios HSdlek A W1 A G MLd b hBhdndiBe 5 6oRe ﬁ%m%@
i nvention. For exanple, ene- 30 am ne tautomers can exi st purine,

pyri nbdi resluding spivestise May heriiser e creais the meorrinys fesmsaf Hleaingigst ens and al |

t hei r posgjchlien. t-Avd REBA ,ﬁvér%%oa@ﬁse\éﬂatu*ynﬁbrbmsﬁgm&eof% wﬁpéw% I on.

Sel ected substituents conprisin he conmpounds of Formul a I may be
present tferaulpddiangitheir g@m@eutml!ytqchpt@ tse}s., "recursive substituent”
means that a %éb@tﬂéfwﬁél&orﬂyaone@%é&.bé@% odrf@aaeﬂgsr%ré el T The

mul tiple recitations may direct or irect through a sequence of other
subst i t ugapErs, Béﬁ‘@M@@eM'SQ *Pfécarpé@l@toé?wml@ﬁmléﬂpiﬁ steygeirorserbs T he seomes,

t heont i Glkkresnt iAdAToM MRS il KR QAR O ASuRE in any given
enbodi nent . e n or dcl)nary sskll T t%e art of %I (:Sﬁ%@fgdchem stry

under st a@ﬂéﬂfpms @W@é‘aﬂ@ﬂ%@mﬁW@ﬁtarﬁpm@U@WY@b@ﬁdtmféW{%‘ iAdsq igglgertabl y
limted wthtnhﬁegé‘oﬁaercﬁ%o.ﬁmaﬁ 5%%9%&%%@%@%@me%?r[beeﬁds Such properties
i nclude, by way o exarrp e and not limtation, physical properties such as
mol ecul ar’fe%‘@ﬁjﬁﬂd b)stbﬁ fsmulagy! e Aresgninverpioni asavelors anopelly cesasalbh as

activi tyeagm %M&@@ﬁ@%@%@%&%ﬁ inyOad aﬁgroasﬁ&m&&'mgrda%&b« es such as
ease of synthesis. Recursive substituents ma an 1 ntended aspect of the
i nvemPi orson@ie obihe gparadp reRicEENtEHDY Hie fafnﬁlﬂ@ﬁ abpayvéiasi mizluresheiti st ry

under st andznd-D e ¥& §Alvhich bie 6f mw&@w&érgwmeneﬁo the degree that
recursive substituents are present 1 n an enbodi nent of the invention, they
may recite andbRéem whraneiersto mpleades WéS?h have the @opsty gmos- ti mes. 15The
Corrpound%uBérm%Hs@HiIh@ Jf’tﬂé rhﬁlrr%lrﬁﬁaderﬂ%'rﬂ'\gfe \Am%ﬂ%-‘tleﬁﬁ écﬁ'\ﬁgl 'r{f&%%’or ate isotopes
of the atons specif particul ar nol ecul es. Imting exanpl es
of these m%?ﬁ“@éféh'ﬁ?m%ﬂeﬁ’ée@ﬂpqsab@m th%m!rrqrsmaaﬁaariw Protecting G oups

In the contextrigfiehQiPEESGHrs! REEDI Qmpddhal %kh%v&fd%ﬂ,sal tRgGhiigde prodrug
20noi eti es and chem cal protecti ng groups. Protecting groups are

avai | abl €ongiieBNPY diRoWHh dpaRrd e ea&ﬁd@%ﬁ@wt@émwwwr BIETER tndsp@p@vent si de
reactions w t hpgbrdhret&d 15 AR Yith YRE BEHoFe @ér@é‘r%%?'%ﬁ% m%/' . routes
or nethods to prepare the conpounds of the invention. For t st part the
deci si on 288 WheseRIoEsUlgE G BOLBITPT Ftages of afednatiterd &iastereamerstiawe

different physical properties, e.g., melting points, boiling points, spectral properties,
25  and reactivities. Mixtures of diastereomers may separate under high resolution
analytical procedures such as electrophoresis and chromatography.
“Enantiomers” refer to stereoisomers of a compound which are non-
superimposable mirror images of one another,
“Atropisomers” refer to stereoisomers of a compound resulting from hindered
30  rotation about single bonds where the steric strain barrier to rotation is high enough
to allow for the isolation of the individual conformer. Atropisomers display axial
chirality. Atropisomers may be equilibrated thermally and the interconversion barrier

may be measured kinetically. Atropisomerism may occur apart from the presence of
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25nature of the chem cal protecting group "PG' will be dependent upon the
chem stry of the reaction to be protected against (e.g., acidic, basic,

oxi dat i vewonedunssi4sse or ot her conditions) and the intenaet/useoieorizoh of the
synt hesis. The PG groups do not need to be, and generally are not, the sane
if the conpound is substituted with nultiple PG In general, PGwll be
used to protect functional groups such as carboxyl, 30hydroxyl, thio, or

am no gr oeipsr s pbehiralisomperarenthis de illuetaated dhs depicted ndtogen eloseisf aci | i tat e
t he synt hg f ield free,

depr ot ectggh%rag{? do%p%ﬂrﬁ%s E& S%(F)en&{a?g%%% %%g&e%gga#o &ctIon>of the ,
synthesis and the reaction & |t| ons ©b be encountered, and may occur in
any order as determ ned by the™ Various functional groups
of the conmpounds of the invention b& protected. For exanple, protecting
groups for -OH groups (whet her hydr oxylgs_gaihoxylic acid, phosphonic acid,
or other functions) include "et her r ester-form ng 5groups”. Ether- or
ester-form ng groups are capabl e penct i oni ngz as chem cal protecting
groups in the synthetic schenes set forth hereith. However, sone hydr oxyl
and thio pr ot erhtdneen%@wmwtarteer;beéstehe;rw@hhﬂrmeréeﬁqpsﬁﬁc%reﬁs@rrm ng gr OUDS as
wi || %e rstoog %hose skilled in the art, and are included with

am de®, dr¥LUEEEH %@ICB oMU &y | arge number of hydroxyl protecting groups
and am de-form ng groups 10and corres qjgir ng chem cal cl eavage reactions
are described in Protective& UpSe | gani ¢ Synthesis, Theodora W

G eene and Peter G M Wits (Jo J & Sons, Inc., New York, 1999, |SBN
0-471-16019-9) ("G eene"). See al Koci enski, Philip J.; Protecting G oups
(Georg Thieme Verlag Stuttgart, New Ne#R3I-119%4), which is incorporated by
reference in its entirety herein. In particular Chapter 1, Protecting

15G oups: An Overview, pages 1- ZGJ/Ghapter 2, Hydroxyl Protecting G oups,
pages 21-94, Chapter 3, Diol ProtectiRig Groups, ‘agages 95-117, Chapter 4,

Car boxyl Protecting G ou ages 118-154, Chapter 5 Carbonyl Protecting
Groups, pages %%@—OEBQI“‘W&@“'@'E@%W mvgmMst%her@@rmwiv tollgwid P.

Phosphoni garker d, MResARANAbES0r3 S SBaErast AUNBRCRLALAGSIRO or oups for
aci ds see (reene as set forth below. Z0Such groups | nc by way of

exanpl e MRty New Yoult iapd Eligls Eeprd Wilan de sStersaghamisis of Ommrcr he 1ike.

Et herg andoksd Bis f( P5oa) Deh PV L& ISoRE, 185 ONBS York.

Many organic compounds exist in optically active forms, i.e., they have the

ability to rotate the plane of plane-polarized light. In describing an optically active
compound, the prefixes D and L or R and S are used to denote the absolute
configuration of the molecule about its chiral center(s). The prefixes d and | or (+) and
15 (-) are employed to designate the sign of rotation of plane-polarized light by the
compound, with (-) or 1 meaning that the compound is levorotatory. A compound
prefixed with (+) or d is dextrorotatory.
A specific stereoisomer may also be referred to as an enantiomer, and a
mixture of such isomers is often called an enantiomeric mixture. A 50:50 mixture of
20 enantiomers is referred to as a racemic mixture or a racemate, which may occur
where there has been no stereoselection or stereospecificity in a chemical reaction or
process. The terms “racemic mixture” and “racemate” refer to an equimolar mixture
of two enantiomeric species, devoid of optical activity.
The present invention includes a salt or solvate of the compounds herein
25  described, including combinations thereof such as a solvate of a salt. The

compounds of the present invention may exist in solvated, for example hydrated, as
35



Ester-form ng groups include: (1) phosphonate ester-form ng groups, such as
25phosphonam dat e esters, phosphorothi oate esters,, phosphonate esters, and
phosphon-woeamsstases; (2) carboxyl ester-form ng group®CTASA118213311 phur
ester- form ng groups, such as sul phonate, sulfate, and sulfinate.

Met abolites of the Conpounds of the Invention 30Also falling within the
scope of this invention are the in vivo netabolic products of the
conpoundsW@lé%ScWS@é/@teldé@@WSrl angifehprpsa investiaresncoepatsesfarsuel iampbe from t he
Ot dat ! 0N o1 CORGALAN UMY RIhy (LRI AL pRELATENGA] hah and the | ike of
t he adnlnlster ound, primaril to enzymati c processes.

Accor di ngmem”taf@quémac@ﬁpimmﬁ@ét§ (ﬁﬁ‘rﬁo@mnpﬁgmwﬂmyt@e [b$@¢ess
conpri si ngpcont act i ng. a t t for a
period of %tlgrre sgé faﬂg? eﬁ ?lgggkge)qeggtoﬁg)ﬁ%%??%@grfo uétgglltﬁpla her eof Such
produét s inygsitieal |y are identified by preparing a radiol abelled (e.g., 014
or H3) Conpour@(a%épléshﬁshﬁé(tﬁé' héfhacBt W§50§E)La'3% ﬁs%mt.%r LhiYall 2

det ect abl e dose , great out to an nlna such as
rat, Snouasglitiogwwatieaudbiag, chimldlae!yorrme tswfaﬁmphowha@wamg ngefte;iccgasint adid me f or

et abol | séHd‘it%n%%ﬁé'Eucﬁwta\ép%c%ﬁalté %h?’al%%lr'éte?’;g’ro &c%ﬁ’ma%é galﬂ%isg)c}/gl Jsolating

its conversion pr oduct s romthe urine or ot sarrpl es.
These prdﬁ@l@test%ﬁrr@teecatgateyﬂws@ﬂeaﬁwr@tem@ethtah@quIfan@tel ;atm@@s@fmmh@rs are

| 01 400 Iy 4d36ridne < s A ARALLAS CARADIS Alacli AL B SPIARRES YT Vi Vi ng [

te structures ar nlne in conventional
f ashi on, réetgl salfwuw&amodwmsahhamq/s@tgss'mm sgisredtagine eaniamgddl saltsf susbteabol i t es

|5 done el RS JRYCaRR QBRI ONGh LKA IRL B0 LA Sbpdies wel | - knovn

to those s e art hRe conversion products, ong as they are
not ot hertiingthyiestingisalin trigthyiamiag ealtipefidine sait, gicatimosali, dicadsaxyiafrire

therapeutd.g asyng fen£ )?Qﬁ%?émﬂésgﬁ a%Q%aftQ%ﬁﬁ‘Eé%lﬁa%\é%"&ad; JAgy possess

no anti-in ect|ve act|V| eir 3 100 and
substlpt udriine sajrandarpioins sgénﬁbe aalts mabpeineonuf caske hpdretssritr st@npounds ar e
descri bed ane.d | lustrated herein. It should be understood by one skilled in
the art that any conbination of the definitions and substituents descri bed
above shoul d nidte megfigrt'athaut avﬁedwmp@rr@m@ wifee qeantiy isdosiysivenef.the0" | noper abl e

speci es %at%&’@l%“% §ha§rﬁ’\% E@%d%&rt%&%gﬁ éé IBa'inoYdo%'s%eeé r#]é" e"a”t

scientific princip (suc or ex Bon at’om connécti ng
nor e tharpffea'gra@@v@te@nmthbbmemqmt@émm!ar@garmtﬁs)t able to permit

i sol ahi on and \iasmaibat EQRLL MHRBATIBEELE ECald ¥ AsaaRt Ablandosags: forms.

the same designated group, e.g., "R" or "R", then it will be understood that the
groups may be the same or different, i.e., each group is independently selected.

Wavy lines,

$

i
25  indicate the site of covalent bond attachments to the adjoining substructures, groups,
moieties, or atoms.

The compounds of the invention can also exist as tautomeric isomers in
certain cases. Although only one delocalized resonance structure may be depicted,
all such forms are contemplated within the scope of the invention. For example, ene-

30  amine tautomers can exist for purine, pyrimidine, imidazole, guanidine, amidine, and
tetrazole systems and all their possible tautomeric forms are within the scope of the
invention.

Selected substituents comprising the compounds of Formula I-lll may be
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25Phar maceuti cal Fornul ati ons The conpounds of this invention are
formul ated with conventional carriers and excipients, which will be

sel ect ed wo 2at108885Wi t h ordi nary practice. Tablets w || Pcontsaéin/oetsss pi ent s,
glidants, fillers, binders and the |ike. Agueous fornul ations are prepared
in sterile form and when intended for delivery by other than oral

30adm ni stration generally will be isotonic. Al fornulations wll

opt i onal Ijesedhtoa IgCeRyE sieaises 18 thincepiexthesersier substituant meenethahadbook of
Phar mace t r nce inits
et 1oty B S Mo B L i d amel gt P e L e,

chel at i ngilrag@ﬁtl@!@eiéwoagh EDFAUCEgrah et pieiséiiiesisc hBegauge vt ihemecursive

hydr oxyal t id and the
e e B! By 38 11 bt s
or di nari Ijesspbintany given egrbodiment. Oppiof erdinary skilpiodhé bit of meticinale active

i ngredie A resent them
as phar m@g%ﬁ ?rg@ﬁd@rgﬂrghg% g{aff)r%got%irﬁé é(;rogru t%l%ﬁgtrugét@ﬁ%é@?r%@gﬁ“ on, both
for vet erimigd py &recdesied Ripparies Séthecompolseingndedasiclopwpadies v@!udﬁgr edi ent,

t oget her r t

t her apeutbycw%n&?gdﬁ%%?ga %Oﬁgﬁ%@%ﬁ%}? ﬁj Frr;%igt s‘;‘élﬁ:hoa‘% nl]cg&g‘llérme%]mt he sense
of being S@wﬁwmc?rmgepvﬁpphcaﬂﬁé PoRAREFES] Shgh eelipefity agam@iﬁée frdeneigt daroeln and
physhgl 0 n9 rééftcélrﬂ)&%%ﬁ"(%'é%ut:ﬁ’ 2k R8sd 6 H’th%QtE ﬁé@[ﬂ%ﬂ/fe subQitind ﬁ)\'égﬂleat' ons

i nclude t e suitable for the toreg g dmnistration route

f or nul at mneteﬁ@@ﬂ aspAvta theninvgntios. @@géﬁtdéuaw akiliini the dohgedicem and may be
prepared chxm%ga; uﬂfier&%ﬁd%%ﬁ@atﬂ"@l f KBS tueﬁthTartﬁe QorOhRLracy .

Techni ques and " fornul ati ons genera Fy are foun in Rem™ngton's

Phar maceug¢tdve Sdiséheels afnaseeribin shibegiment of adtventiorréey, maereeitn

i ncor poraa‘h%ﬁ'\epbﬁstraﬁ&%ﬁH&ﬁsélOeé 1‘051 ei1t3| L€k ¥mesuch 15net hods include the step
of bringing into association the active ingredient with the carrier which
consfPtutes oﬁ@e@ﬂmﬁﬁwﬁﬁaé6@§§dﬁyﬂiﬁg@é@h@ﬁﬁ@on%ﬁﬁbﬁ@ﬁ@Hpmh@ fornul ati ons
are prep Y i t he
active |?1§§go‘r%e é)rw{é Jt&hggé{eﬁﬂkgj 1@&%@?1%@1#%?9&?@2 ?é%%ﬁécarrl ers or
bot h, anthSﬁeq‘fptonefs inghedesBal.y, C.sHap @@nd hél. product . 20For nul ati ons of the
present invention suitable for oral adm nistration nay be presented as

di scret e ppthostielpas capsules, cachets or tablets each containing a
predet ermned anount of the active ingredient; as a powder or granul es; as
a sol ution or lathesepenseidne presant favﬁﬁ‘é@@sor@?ctﬁ@rgrawew@dq Preiug; or as an
oi | -pp- \A@l’,@ét,elsla%glcgerﬁggg bRRtiY gdup@ter-in-oil liquid emulsion. The active
i ngredient may also be 25adminiStered as a bolus, electuary or paste.

A tablet is nﬁ’d@teﬁwg@éﬁﬁﬂsﬁgﬁé?ﬂ'a@i‘e RRINECAY KNByn iPAA APSY aRF BFE one or nor e
accessor y, t,w:ﬁqs%%@%meesmoﬁ@m@% praahsctee g%@nﬁmg sth&RNPressing in
a suitable machine the active ingredient in a frée-flow ng formsuch as a
powder oPRFCAHIEE IE: rNRS Qfﬁaqethyd%?%wwm@ @MHyads of thawafm Farnert

di luent, ﬁ%&rﬁé@{tthé@@c@% E@@@wﬁn@@?%u}é@t@ﬁro@c?%e%'té‘% 39E84Hd- thJ,Vb' ded tablets
may be made by ng in a suit e machine a mxture of the powdered

acti¢e |rﬁ‘@%%lpfeth? Chﬁv@@'e}?ﬁ@fﬁcwggfoam ‘Revitl beidgosrerent HrRrsvnhe ciigmsistrybfl et s may

opti onal kye ReckHabed p%te@t@@%@éimé‘tr{g POREIgRNBLdiY, &To%tn‘?@ﬁ@@”oﬁ@éagr &Rer@S 1O
provi de slow or controlled release of the active ingredient.
conditions) and the intended direction of the synthesis. The PG groups do not need

to be, and generally are not, the same if the compound is substituted with multiple
PG. In general, PG will be used to protect functional groups such as carboxyl,

30  hydroxyl, thio, or amino groups and to thus prevent side reactions or to otherwise
facilitate the synthetic efficiency. The order of deprotection to yield free, deprotected
groups is dependent upon the intended direction of the synthesis and the reaction

conditions to be encountered, and may occur in any order as determined by the

37



For admnistration to the eye or other external tissues e.g., nouth and
skin, the formulations are preferably applied as a topical ointnment or
cream corwei2nimgsidhe active ingredient(s) in an amount eCI/USer11ex8apl €,
0.075 to 20% wW w (including active ingredient(s) in a range between 0.1%
and 20%in increments of 0.1% w w such as 50.6%wWw, 0.7%ww, etc.),
preferably 0.2 to 15% w w and nost preferably 0.5 to 10% w w. Wen

f or mul at eaftisan. an oi ntnment, the active ingredients may be enpl oyed w th

ei ther a par af\fénaugﬁwcn@ewg%%s Hﬂtﬁ&b%ﬁo&%d&tm in @rﬁl@n nfyliy natively, the

active ingredients ma mul ated in cream w t il-in-water cream
base. |f m@§|3tﬁédFOmwﬂmmgCtWI@ﬁ@%ﬁoﬁ% giodasr{ vdher mgroxyicl ude, for
exanpl € Aol eaH, pAOLINN id, Br HALHINAIRE) ,ﬁaeg@%er- Ceoidlofligghol having
two or nore roxyl groups such as propyl ene glycol ut ane 1, 3-diol,

manni ©ol gr@tmsbu Ether- oglegieefamingratioyns aye chya s ef fgngtmlng(asmlemmahg PEG 400)
and m xt | de a
corrpound I c%@gﬁ%égg@#’%{;?%hgﬁs%é?&hﬁﬁ?'gﬁwggg?%é% W/d;rBJl( ngr edi ent

t hr ough tand teiRiprptestingtdieupsare aeithed ctheeawr et Efcampigasowss, sswhl ger mal
penetratipie %%%%%ﬁésé mgeH%th@'é@é#%bre%H&iBM@vﬂ?a%@srcﬁé&%@@d g3, 09s.

The oily phase of "t he enul sions of thi's invention may be constituted from
known i ngredi ényssy langankmbeuf edraed profigting gtrwsrﬂmé%“@miﬂr@m@mww merely an
emul gifi i ; s ddebri Lk ; rises a
it v POsErIGIALES RRNR PariPy SR AR i ¢ BB FRALIWE RIS EE T
fat and dnOndnic Prdfesinfihgodata M drrepie AcPelstlCs M Vaits (Johh Mélevded t oget her
with ali th'nl:' uﬁ%r?'ﬁdggrlsm'&lﬂ!ma%@ga@ @\%J%Teﬂé’* ! Sé@éso'ﬂocﬂeﬁsﬁ' S0

preferre to inc an oil and a fat oget e enu S|f|er(s)

wi th or Wihillwolst Pretesting Graupg sfeorakdians Yeraassdiutiaart, é\@weﬁozrksw%i) vdlishax, and
the wax t fat e e i fying

oi nt nont  Baca I S TEne b SBHEE ng R B e o Er A

f or miPat i@ngps: An OvermigMl, gegrss’ aﬁoﬂ@mrﬁ b*md@mmrbhezm@mp% dlslgesf or use in
the for I (ENL 80,

cet ost ecTr'HyI Aaié@gﬁg Shglg’ Fg%fé&g#‘ég%ﬁd#g @%IS'SB}[QBW? o’ﬁ%i ‘}’%ﬁ%{gryl

nmono- st eeﬁraileétlrmr@ros!@@hnmﬁﬁ Ald-yb4.Lehapter o, CIrponglHupiesting Grwps.disioesoi | s or
fats for o] e metic
properti (;tssgel ﬁ'e Fﬁé@%@ﬂ%bﬁ)ﬁ@r&g?g@g ?E%ﬁvgﬂ&ﬁ?ﬁlfégg BM ﬂ(-)r%g?al ni ng and
washabl e spleduaeidand ht@m@éﬁﬂﬁég gnes &Féiﬁtéfy SE® Qi@@?edasl %%I%H@\ebeﬁ%m t ubes or
Ot NeDOCON: 2h Bfdus i 1 hay08r BEABRNPA R AhRaidPOGersOkmilebast ¢ al kyl esters
such as di - oa i pate, I1'socetyl earate, propylene g ycol diester of
coconut ffe(ﬂtay'daélwth%kﬁ)r opyI myristate, decyl ol eate, isopropyl
palmtate, butyl stearate, 2-ethyl hexyl

Ether- and Ester-forming protecting groups

Ester-forming groups include: (1) phosphonate ester-forming groups, such as
25  phosphonamidate esters, phosphorothioate esters, phosphonate esters, and
phosphon-bis-amidates; (2) carboxyl ester-forming groups, and (3) sulphur ester-

forming groups, such as sulphonate, sulfate, and sulfinate.

Metabolites of the Compounds of the Invention

30 Also falling within the scope of this invention are the in vivo metabolic
products of the compounds described herein. Such products may result for example
from the oxidation, reduction, hydrolysis, amidation, esterification and the like of the
administered compound, primarily due to enzymatic processes. Accordingly, the

invention includes compounds produced by a process comprising contacting a
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pal mitate or a blend of branched chain esters known as Crodanol CAP may be
used, the last three being preferred esters. These may be used alone or in
conbi nat iwo 2dep88ESNg on the properties required. Altermramivsedy/021385h
melting point |ipids such as white soft paraffin and/or liquid paraffin or
other mneral oils are used. 5Pharnmaceutical fornulations according to the
present invention conprise one or nore conpounds of the invention together
Wi th one @mpeghe opthigrinernéon WilakInerapekfpt abpeodcefrtineesuslicgnt éxviigieent s and
optionall [ 5}% i G ns cont ai ni ng
the acti Vrﬁet?%&?gr{aé&%‘i %Fébtf §u In gzrjléd? ﬁmag%g%qﬁ%rﬁ'ﬁ% )QH%E E%gnded met hod
of adm nlrgd'ﬁ@bﬁiéﬂﬁf (G\QheQ\ Qfsiéd Cﬁmpomchdﬁ the éveolfonl edvengidring it pasbees)ly t r oches,
| 0zenges, i QURANS OG0 & Cqsy@ﬂw%hgméboﬂ'o%omp})oean%wgr Qs ganu! es,

enul si ons, hard or soft ca syrups or “efixirs e prepared.
Conpo$i t ineisei atieeripid, Monkayr e to tran, atgwibe spffigpairtown fac vetatiolignto any net hod
KON 1.0 do BllealiPbnd 1 80TBONAES U Rolhk) BRECERATHL ERl ckAmashdons and
such conp05|t| may contaln one or e agen inc |ng sweeteni ng
agent s, fftoavﬁlﬁlm@ea@wﬂ g, Oﬂl%*cbmlw%hgamg@ﬁt §' hamlprpd@@eaxﬂ grpilpyelatesl, in order
to provi I | Jy tive

i ngr edi e%’?ﬂ ?r?ﬁ) d%%;)d f?ee&@ﬁ%ﬂg%%ﬁ%&ggy kﬁea%ﬁ;bgghﬁdora #%abg@ce:g)gt abl e

exci pi entbingiigcépitepes swivivabliethe onetalemiite) a(TﬁWarr@etwohtﬁaﬁtU@ttse%wr@ accept abl e.
Thesgpex I s cal cium or
sodi 3% cgre%gﬁﬁe g lﬁ'?%%\ﬁégg%rfa‘f’fag@iég;@éb %M}e %rﬁr\élglé alhgp%%c:ﬁ#e% %Se sodi um

povi done an@b{Bt@@umem@htegmﬁqmlm)mmm way g$ amwleatqnagdragdn@amnnmegr ating
agent s, SHSdkaASelMichh SHAIE i indhgbH! %-h@%bﬂbergwgb@gcégga%ﬁ aguch as
cellul ose, mcrocrystalline cellul ose, starch n or acatla; and

| ubri cat |tmy arg et sthemvigshfogrd rmawegram%meadta@r@stlstae@yséoratberap@mct al c.
Tablets MRXind®r HAGRARAN AL o Y inDEnBAALEA e KDRLDLL RELNL AR el uding

m croencapsufati on (¢ ay di sintegration sorption in

gast A6i ntesitilywatheirayet 25 and thereby provide a sustained acti on over a

| onger period.gy I ceryl

nonost earate or %ef'%wéﬂ Ssu?gglr'éﬁsé%gl\%%o% vmgtadhd EH%Q%%@ %e enpl oyed.
For mul at ipogrent ermpaelds asedenaybdsearal ibestistastimneiad tasolldibd uekmtdod hyapsul es
where th I uent, for
exanpl e ?g?%méf(ﬁ?é\dtﬂﬁ%ﬁq‘lﬁag% gy %‘?m@aé n&tﬁgd%@'t? g? ak%éﬁéétt@neq#apsul es wherein
the acti \ﬂ@sq:rrbgd@@pewhméd notxeshltv taxmlrw@eablmpeam@r comeelindm such as peanut
oi |, ohiqu fd ol i nvention
cont albn t‘?gpggﬁllgv rQr.thEFI ar{]@sloealnﬁé %ﬁ)f%%ﬁoﬂg:% ?Epgé}@]iegpgartltggla&s%iet able for the
manuf act vglevast seigoidisusingilep ésush @asfor sxamplexatgbemaioni erringdingdosnspendi ng

agent, syeh, B8 SRAIHIBEHPE RIS R0 HHsRBR: to permit isolation and

formulation into pharmaceutically acceptable dosage forms.

25 Pharmaceutical Formulations

The compounds of this invention are formulated with conventional carriers
and excipients, which will be selected in accord with ordinary practice. Tablets will
contain excipients, glidants, fillers, binders and the like. Aqueous formulations are
prepared in sterile form, and when intended for delivery by other than oral

30  administration generally will be isotonic. All formulations will optionally contain
excipients such as those set forth in the Handbook of Pharmaceutical Excipients
(1986), herein incorporated by reference in its entirety. Excipients include ascorbic
acid and other antioxidants, chelating agents such as EDTA, carbohydrates such as

dextrin, hydroxyalkyicellulose, hydroxyalkylmethyicellulose, stearic acid and the like.
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met hyl cel | ul ose, hydroxypropyl nethylcelluose, sodium al gi nate,

pol yvi nyl pyrrolidone, gumtragacanth and gum acaci a, and di spersing or
wetting ayoenbsl/ssal as a naturally occurring phosphati dectaisgo11/0ksest hi n),
a condensation product of an al kylene oxide with a fatty acid (e.qg.,

pol yoxyet hyl ene stearate), a condensati on product of 5ethylene oxide with a

| ong chai_n aliphatic al cohol fg hept ade aet h{l en,eogceit] agol % a
condensat |r@rP”bP85§&rmH§a“%ﬁsﬁﬁP%€?§e reR el o Qubh PG oplpas|ly {ed from a
fatty acig1gnd a hexitol anhydride (e.g., polyoxyethylene sorbitan

nonool eate). The aqueous suspension may al so contain one or

preservati ves ‘W0t igPoasipg fordhe ﬁCtb(Pdrﬂﬁf?d‘SmﬁWP%??m%ﬂ%@g@@”e&ﬁéayor mor e

col ori ng pEORERM e toPIESPE thBRT £ fBHaﬁiM@&émammz@noaqed TRAGrRlLliBiLofsWeet eni ng
agents, such as sucrose or saccharin. suspensi ons, may be

f or muPat de We@t%*pg?fﬁlf?fg’ef%‘@a%éﬂd\f%rh%@?%ﬁﬁeeﬁPmP‘FFeaat\}%ﬁjéP%P“é”Sl I such as

arachis %@red.@hﬂ Vc%eﬁh'eF witl$ 6SABEMBId aREpLORAer®hhd o@tfonlaﬂ!/ @ngi neral oil such
as liquid paraffi he oral suspensions may contain a hlckenlng agent,

15such agh ?fé@%‘\%&&)&”grﬁ%ﬁ‘&fspg?%PW‘ﬁr(%)rm‘é%t%?l agepivd’ In SreenemPimF™¥gent s, such

as those aipaligkiinies 8thss ingredichlsf @id femaEssi sSndByskegrdmed to provide a
pal at abl e oral aration. These conpositions may be preserved by the

addi ti on 'ra?ocaﬁ%wttﬁ%sa%w "§{RI as ascorbic acid. Dispersible powders and

grangbes of t hehd BMRMtAR inThidt AR JuRBLIBFRRRS RiréIhPidrARR RaRAUBIS.
suspensi Qn by the addition of water provide the active |rlr)}gred| ent in

adm xt ur & Nfi P‘P‘u"‘L&aW”§ﬁ?ﬁyéioﬁberﬁﬁ”“@{é’@tqr?ﬁf”éf‘@e'ﬁtumtQO%E&?J@WH? M3YeRt, and one

or nore Rfr@&&é&@% BMESF thSHetRIk vellikBBRA $ e ATof WRkihdtg. JgeHigucan@ddsuspendi ng
agents are exenp ified by those disclosed above Addi ti onal eXC|p|ents for

exanpl e é@\@é‘{@mﬂﬁ@e”?rﬁ%}/\%ﬁf?‘r@d%tﬁieﬁnﬁ?ﬂ R g hageceyticahagientessMBe pr esent |

25The phwmgﬁh@ t:@aIEagt@m@aslr%wm@&rpbmed W@%ré% ATy eahr@@/ tichn the form
of oil-in-water enul sions he oil hase may be a vegetable oil, such as

ol i V5o Imefod iaeipa NG Sep of ANgiaR ATt GRsocialigh Hhesee t'r«?ﬁ@rw*%w&bﬁ.% or a

m xture Qhridi@ffoh s hals 8n&BnsHd é(dc@gscﬁgﬁ*@%%sérﬂ@ dRnBRl teal | y-occurring
guns, such as gum acacia and gumtragacanth, naturally occurring

phosphat |f%ir@§“at§lﬁ‘é @rea%reewﬁeéﬁnﬁfém'x ﬁ""hmt‘%‘éieé/r kringing3pisBseraatioadier s deri ved

from fat ta\étt@&!n@ﬁed@éﬁﬂwﬁﬁmm&barﬂ@@}@thé’l?%ﬂvno%éicsﬂl@_@ar&@fsmrtb@fh apaeeheat e, and
condensati on products of these partial esters with ethyl ene oxide, such as

pol yoxyetRFPEey. SHRMNG Bi§ ARMGHI eate. The enul sion may also contain
sweebgni Ng and=drin@Masndd tiRgSHaESHt iREhtRIS s @Reieabi orkr SdnfBgrawnimsymd ated with

presented as discrete units such as capsules, cachets or tablets each containing a
predetermined amount of the active ingredient; as a powder or granules; as a
solution or a suspension in an aqueous or non-aqueous liquid; or as an oil-in-water
liguid emulsion or a water-in-oil liquid emulsion. The active ingredient may also be
25 administered as a bolus, electuary or paste.
A tablet is made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing in a
suitable machine the active ingredient in a free-flowing form such as a powder or
granules, optionally mixed with a binder, lubricant, inert diluent, preservative, surface
30 active or dispersing agent. Molded tablets may be made by molding in a suitable
machine a mixture of the powdered active ingredient moistened with an inert liquid
diluent. The tablets may optionally be coated or scored and optionally are formulated

so as to provide slow or controlled release of the active ingredient.
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sweet eni ng agents, such as glycerol, sorbitol or sucrose. Such formulations
may al so contain a denulcent, a preservative, a flavoring or a coloring
agent . WO 2011fise34phar maceut i cal conpositions of the i npemitsonioes3ibe in
the formof a sterile injectable preparation, such as a sterile injectable
aqueous or ol eagi nous 5suspension. This suspension may be formlated
according to the known art using those suitable dispersing or wetting
agents and sudpeAETRGTalRhicshARYe Rr plagee e tissnes @aed T idekihe sterile
i nj ect ablige RIrADRLGS £8 pFEAYraBlyR PR &5 8idpidal &n{n'?érﬁ%l; @rléEPn SRl Pfhe

suspension in a non-toxic parenterally acce | uent or soFbent such
as a sol @AGighingigdiens)jpes Re1uinbPt. & expraplar @ 7%153 %P% M‘ﬁh’hﬁ‘ﬂ@é@lapﬁj«ﬂder Anpng
the 10acGeptabhes) vrfemawg@%emrﬁ@h%%BSzob/mtm&@%eh o?ﬁﬂl%)%%]s@cr?ﬁ ghater,

Ringer's sol utlon and isotonic sodium chl oride ution. In addition,

steriPe fO-6advdi 9-8%ryy. eGnvisiarabiy L1208 %e s @ybmoatsargfewlw%mo or

suspendi n@guUTRAY. YhenFOfmdifHed iP4A BREH | oyed
i ncl udi ng synt hetle(? m)n?lo- orI di gl yc%rﬁﬁxegb%qnéggf%ﬁssghéy att@%}éﬁ.rgs such as

ol ei ¢ acivdthraiiper 3 RERifiglE B waledmMissibieneinipieapbzse: Agametivelsith aaivabl es.
The armurﬁgr@&eﬁ?ﬁﬂa‘ﬁ%e'f@%lﬁﬁb@matcha%Fn Warpgl F}Mbp@rgaWbta the carrier

material to producé a single dosage formw || vary depen |ng upon the host
treated and t Helgsked |ﬂéﬁﬁc&feoh'ﬁtﬂ’éa%ﬁ0féwrﬁ?@tb@éﬁmﬁv inftade, éxrarpmele, at

timeqpel %émwwloaglp%@hwﬁceaé&%x z@rapéxa&h@q% n%% &thoR er&zxﬁans nay

contain approximately 1°t0 ng 2 active teria ded with an
appr opr i &PERYC BhYORYIERE Qb(ﬁ@uh*t‘taf’# 1@&1@*1 rBRNmER serEpl, @kyp%rﬁ grely vary from

about 5 tp@|y@m9/léhe%M@xqfnch%gt@@'40@%%&%&1%@6@'g#ktto Wehght) . The

pharmaceutical composition Can be prepared to provi easl! |y measurabl e
amount s fMURIRPHMSY Aasitably, inFlgde aeamppend whichgleansss sbsaipiiareri nt ended f or

i nt raVen%Hﬁet'réﬁoH%‘F (i3 TR FORLR R tHrb QIR B Mt O)?’ofh%r é@&t&ga@és the active

i ngredi ent 25%2 liter of solution in order that usion of a

sui t &bl e Bxame Oéﬁuqs) 46&@@‘ RFfNeiBHRN e@npers nclusierdimebrsulphoxide apdr nul at i ons
sui tabl e rfigfeqafpiogé stration to the eye include eye drops wherein the active
ingredient is dissolved or suspended in a suitable carrier, especially an
aqueous sol verePdy Phase cAig ¢Buisirgs éﬂ?@nfﬁVe”mm@&tble\i?@n$fﬁ@fﬁéérp@nt i's

pr ef er ablyoRk BedtiendOh M handa BhioRs phgs@m%g% mﬁBFlée%bFéﬂ/m 0.5 to 20%

advant ageously 0.5 to 10% particul arl y about For mul ati ons
sui t abl e SYSITte fripVISEdWPID St §BvosTH). ft H@S'Fﬁmt @pmmslea@émm@@fgeés

conppo Si Nehst bie aalikiver Wits edicg Bk ol Br Rith baM redaRes] Si. Prsigablyya sucrose and
acaci a or tragacanth pastilles conprising the active ingredient in an

i nert ba§¥<rog &%efa@s'@@fl igincdegdripogihy vetnicnliroppilis gewisdier whish acacis®  and

mout hwas la%%u@@nnrg s Bretdidas lihdf@id b 89bERMd b RataT&Jiiabhe |iquid carrier.
Formul ations for rectal administration may be presented as a supposi tory

with a samuésa‘neé(sby@éorcwﬁﬂui sieRijzeroy ”@k&rﬁ*ﬁl“@e socdlsdamnuielingrvay. gad i cyl at e.

the wax together with the oil and fat make up the so-called emulsifying ointment base
25  which forms the oily dispersed phase of the cream formulations.

Emulgents and emulsion stabilizers suitable for use in the formulation of the
invention include Tween® 60, Span® 80, cetostearyl alcohol, benzyl alcohol, myristyl
alcohol, glyceryl mono-stearate and sodium lauryl sulfate.

The choice of suitable oils or fats for the formulation is based on achieving the

30  desired cosmetic properties. The cream should preferably be a non-greasy, non-
staining and washable product with suitable consistency to avoid leakage from tubes
or other containers. Straight or branched chain, mono- or dibasic alkyl esters such as
di-isoadipate, isocetyl stearate, propylene glycol diester of coconut fatty acids,

isopropyl myristate, decyl oleate, isopropyl palmitate, butyl stearate, 2-ethylhexyl
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S5Formul ations suitable for intrapul nonary or nasal adm nistration have a
particle size for exanple in the range of 0.1 to 500 pm (i ncluding particle
si zes i n worangssiaet ween 0.1 and 500 pmin increnents sSBCH/UH3010/0513pfM 1 pm
30 pm 35 pm etc.), which is adm nistered by rapid inhalation through the
nasal passage or by inhalation through the nmouth so as to reach the

al veol ar sacs. Suitable fornul ations 10i ncl ude agqueous or oily solutions of
t he acti vealinigteediadland dfbranghed thais egaistkabive a‘sdBroaanoi@AP iRy tdeyspowder

admi ni st rﬁ%'l%tﬂ%%@ﬁ% EFe?Moe%t@rgcﬁ{eg{e%g %h&;s 1 CO cI)'nr?1 mkH QO%S and rmay be

delivered wt erapeut1 c agen oun eret of ore used
in the tr@%ﬂenémp oorthqamr@phmbaxqcsnr@cn AlmregﬁwewnSl_gasneimgcpquﬁedldhenm as

For mul at i Rhite st a?‘gwlir?axr\&{)r I\r{?@% M%ﬁlﬁg%{ﬂleﬁth{n%}él%ﬂs g%yusgg presented as
15pessari es, tampons, creans, gels, pastes, foans or spray formul ations
cont aidni ng i n Brtimetenicaldotrmdataot iaverrding tethegnesestithentmnrdoetpsisasnar e known

in the arg, r%gre%mgplﬁ)rgc%pcgf tl‘?é fivention et#?rmlo%teloqrﬂl’?orgﬁhér@n%cgutfct%!’l Opar ent er al

admi ni stration 1'n aqueous SRR SISO ST n sol utions
whi ch nmayadcsepteaiercaaiers Glosoicc'izémttsancbcnmrbeals/ ot@@ﬂaertaeemt@sagahts and sol utes which

render ths,JpbAulihig f8r‘?nd|§t%ﬁq8%bﬁta #find B%Rli08d 8k, 2Ll ) %;aeanEd reci pient;

and aqueous an susp enS| Mde
suspendi n@maglerﬁ@rﬁh@mtbrtdhd @k&ih@dﬁ@f @gmmtsahon When Gléleé faﬁrmranusab‘mrons ar e

presenf eds,j i, i b'lqu)st%gﬂ e%be{j%ag qgrbtr%hgeg anstoBE, G g%tlze se Ierlsl zed)

anpoul es an V|a Sredn & ez268-dri e
condi ti ororrgsepuiles, agulsidng, f’odrré oadaft tapsnieef syrips tedikird may be]pre@armir rier, for

exarrpl € V\@cgrﬁ‘;osflt%rns irﬁ'é 'f8rnoral mé él’%BeredogCC%{%%nﬁﬁg any ﬁ%@%ﬂ%\?ﬁgrz

injection solutions and sUspension repare om's
gr anul es farite @@Eﬂré‘tesmemufaher%pfrmﬁam@eumbgmplmtmnlslaed.sué?r eﬁremcrsﬁ@nam t

dosage f I n dose or unit daily

sub- dose% k%&%’ggﬁegtﬁeggi {ﬂ@h@ih]{;‘ Wget%aggp éBtF’I ate 'fTaction thereof, of
t he déti veldringragditend preserving #genshoudrdeble puondes sbabtbbtdméparatmddl tion to
the ingr Nl : e rrrulatlons of this

i nventi o‘rsl%ja‘r?geg£ Emﬁ%%éqﬁ% %{Vgéﬁ%%&&%@ﬁ% onaF% C%Xt'ncep ha"r{‘a%e‘{?‘C%’H regard to
t he type aﬁcemfebiﬁwb(apiieomfhinh qtﬁem’ualdaforfroam&(wrplcétabﬂumereamoe;abble for oral
adm ni str n f t.he invention
can al so e gﬁg fc&cﬁ%@é’%%ﬁ??@?%@% Sruglg? engéq’% @?\ Sgd'gcrﬂ ive

i ngr edi emarmaaa I‘a@WSIeelsstO% eynentdrate sirngragnelfaseisopiuov potidkenep halciwarc oki net i ¢

or toy C'&rﬁeglﬁ%dmo@%@te En G Va%d'Mtg aﬁﬁa ébh(féz%ﬁgﬁ ngl Y, ets %e}dl\ n\é/ent on

al so provi itrons conprisin npoun
i nvent i orﬁ'@ﬂ'@r’anﬂl eindidg fagentsmalaa@dllhdrvsecaﬁrtrowisteld:ine eéllemse starch

gelatin or acacia; and lubricating agents, such as magnesium stearate, stearic acid or
talc. Tablets may be uncoated or may be coated by known techniques including
microencapsulation to delay disintegration and adsorption in the gastrointestinal tract
25  and thereby provide a sustained action over a longer period. For example, a time
delay material such as glyceryl monostearate or glycery! distearate alone or with a
wax may be employed.
Formulations for oral use may be also presented as hard gelatin capsules
where the active ingredient is mixed with an inert solid diluent, for example calcium
30  phosphate or kaolin, or as soft gelatin capsules wherein the active ingredient is
mixed with water or an oil medium, such as peanut oil, liquid paraffin or olive oil.
Aqueous suspensions of the invention contain the active materials in
admixture with excipients suitable for the manufacture of aqueous suspensions.

Such excipients include a suspending agent, such as sodium carboxymethylcellulose,
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The effective dose of an active ingredient depends at | east on the nature
of the condition being treated, toxicity, whether the conpound is being
used prophgl2actass®bl y (|1 ower doses) or agai nst an acti vecwiusaditionf3stt i on,
the nethod of delivery, and the pharmaceutical fornulation, and will be
determ ned by the clinician 10 using conventi onal dose escal ati on studies.
The effective dose can be expected to be from about 0.0001 to about 100
ng/ kg bodyethwcehiospehydiaxyprapyphetayibstiuote crodaioalyin@te) holyandbotdiddde, ng/ kg

body wei ; |.C ! . 5 ng/ kg body

wei éht p%gﬁa%ﬁta@%ﬁ%ﬁ?; Q‘M %‘ﬁ%’%r%g‘g]t"?%E{F”Pc?%él?’)%%tug’ggggmg/ kg body

wei ght peratataly. odorringxdepblefide teeg.derithyinkc ardndatseticogedidof anakgiehé human of

or of or abl Sear et s Gebt, MR tleds FEER 4 Mopa R ARG ¢ or

mul ti Pl e diode® oxide with a langybeinatiphdiieral@mob@igrent, the present application

di scl ose r i 0si I ] . ri sl d.of Fornmula | or

a phar magEhEsa Bl RT°E bR bR TREb P BB R B o T

accept abl p@r‘rfcadiesﬁeederoned_émwpa ém/.ao@(aanaca_neeqtolca‘nhpmda'(es;,rm:ﬂyoayethyle_ane One or

ror e SOTRNHR Shoie d IRPELID LIRS LRSI IR Y

Be treat emes@ubeiti_tva@s@mmtbﬁ or _r\fpmn%pﬂymxy—bemzoalta, o_naslahw,o_ret cqjd:rtrgl 'Ei ncl udi ng
ucc a , ral (i ing ut aneous,

intr gpusc%glleg%ré; Lr:’éqngﬁgé)gnfgﬁgﬁ{@# ?ilasaafa%rIa ?roa‘fé%{rﬁ(%rggfv ﬁ%*%a%é’ﬁ mép?%ﬁraél ), and the

i ke. |t switdselbesagpreaci ated that the preferred route may vary with for

exanple the ¢ it : i pi.gnt of . . conpounds of
Thi o i nventi onl SRRy o he o BB o S R L PR b e s e
oral |l y. 3@g&ahisiailasuabresThechepyil, olivecdiludésegneHEVoCorbnuiailj @nn Fménaply I n
anot her ep i : 0 S 1 nvention may be conbi ned
W th one Db g T by e T R e o R B P H I P P e

conbilpat isonls af hedsvde, bandiyanatin onetoblcohd. GwesbtmeocagrptLndsh af thbde present
inventio j 1Nt i i ripn, or | nal.ogs, HCV NS3
pr ot easer%e%?tgih% (F)]eﬁ%’%’nﬂggg&fAﬁ%ggﬁ{sgéag{@%?%#éﬁéIpﬂ%vc')dsel %%%%Jb.%l Oﬁﬁli bitors,

hepat opr arextraiitns , Theee abopediond ecarieogxpbearsed nthagoditist ©f amattagaanst s of t he

reni n-angi I . m other anti-fibrotic agents, nucl eoside or
nucl eot i %38}5 %ﬁ?%ﬁr%%&@f HCV NS5B 5pol ynerase, non-nucl eosi de inhibitors of

HCV NS5B pol yrisesghle HOWdRSEAdigndm st airtlsg inVérRion sagané &tr prepayatioophi 110 n
o O oo ) BRBPh O B BT REPHORL e SERRREREReq R, ot et 0 b0
i nvent i oradmaxtutgewith a dispersing or wetting agent, a suspending agent, and one or more
preservatives. Suitable dispersing or wetting agents and suspending agents are
exemplified by those disclosed above. Additional excipients, for example sweetening,
flavoring and coloring agents, may also be present.
25 The pharmaceutical compositions of the invention may also be in the form of
oil-in-water emulsions. The oily phase may be a vegetable oil, such as olive oil or
arachis oil, a mineral oil, such as liquid paraffin, or a mixture of these. Suitable
emulsifying agents include naturally-occurring gums, such as gum acacia and gum
tragacanth, naturally occurring phosphatides, such as soybean lecithin, esters or
30 partial esters derived from fatty acids and hexitol anhydrides, such as sorbitan
monooleate, and condensation products of these partial esters with ethylene oxide,
such as polyoxyethylene sorbitan monooleate. The emulsion may also contain

sweetening and flavoring agents. Syrups and elixirs may be formulated with
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conbined with one or nore conpounds selected fromthe group consisting of
101) interferons, e.g., pegylated rlFNalpha 2b (PEG Intron), pegyl ated

ri FN- al pve 28a/088%gasys), rlFN-al pha 2b (Intron A), rl| FRCcalyshe 1221335
(Roferon-A), interferon al pha (MOR 22, OPC-18, Alfaferone, Alfanative,
Multiferon, subalin), interferon alfacon-1 (Infergen), interferon al pha-nl
(Wellferon), interferon al pha-n3 (Alferon), interferon-beta (Avonex,

DL- 8234) ,swastanirfoeaasniso edieas(@yasgel, SUREGOr Bicorred BLdformubatahdmayer f er on

al yoosyT 4t et TR srraran BRISE G Dok o Bt B e e e
i nterferon | anbgephePEBAUttat domnposigyns itk bedrdiooaay,be in the forpf i bavi rin and
its anal UWrile ﬁr&&%bl{%@%@ém 3(15%@5% erhquﬁggﬂé)aquggﬁls (r)racflé durs' n

(Vi ram di ne), protease In revir
( SCH 503@$mpenssm+ﬁw)s suspergmevay be Wrasiyd acxm:carjgsto trwmnm%ar(z THig35350) ,

&S 0451, t@%?é%%%"%fﬁ%ﬁéﬁ%@‘“g%&&%&%%ﬁt REE TSI R \ibsar,
and | TI\/N-M@IIO(WF@ 17@2171) The sterile injectable @ippatafitramgl abodiecrasterile injedtatbe t or s,
hepat opr Seanpiel sidiEneanile it e chten B akapReR oo s Bmen

(LB- 84458s,a sdlltiopiin il §;busang-divltco Qrepared as a lyopl)izedumiveiesi dmoog theucl eot i de

| D 102, B oYM N SR e ey b e R ER ol SO0 B0,

7) non- niEedégdenie sedidn ishiptdes safitidaCun RE8Bopolterimeiadejlseay. , fili buvir

(oo M e AR A b R By 05T,

A- 48773, amy blargsixzd oBmag B2 emplesd Tedudimesymiiatic monGSKGESHES(deBl IN- 1941,

ﬁl-_ggi)ZS R?E.g?%gy%%?%%ﬁh as olei géﬁ@%ﬁg@skgg)ﬂ%gﬁe gﬁ%%lrast'tos P— ?836

i m qliPnodhiedsdias. GS- 9524, ANA— 773, ANA-975, AZD- 8848 (DSP— 025)

PF- 04578691, | hlbltors
e.g., DEBIO- ogfg‘g %ng%,%g"e qorL et gy b%%w%g‘%ﬁ%% %6'{?'2 .
NG - 067, material 1 produce = 3yle harariooR rerarg depinsingsissn e bost 1BABA 0.

SPI - 452, aﬁg'tﬁégﬁi%gjar R T N %%pexa%lg,sagﬁne-%fgas@%%Lh'ét% cin,

intended for oral administration to humans may contain approximately 1 to 1000 mg

20  of active material compounded with an appropriate and convenient amount of carrier
material which may vary from about 5 to about 25% of the total compositions
(weight:weight). The pharmaceutical composition can be prepared to provide easily
measurable amounts for administration. For example, an aqueous solution intended
for intravenous infusion may contain from about 3 to 500 ug of the active ingredient

25  per milliliter of solution in order that infusion of a suitable volume at a rate of about 30
mL/hr can occur.

Formulations suitable for administration to the eye include eye drops wherein
the active ingredient is dissolved or suspended in a suitable carrier, especially an
aqueous solvent for the active ingredient. The active ingredient is preferably present

30  in such formulations in a concentration of 0.5 to 20%, advantageously 0.5 to 10%
particularly about 1.5% w/w.

Formulations suitable for topical administration in the mouth include lozenges
comprising the active ingredient in a flavored basis, usually sucrose and acacia or

tragacanth; pastilles comprising the active ingredient in an inert basis such as gelatin
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13) other drugs for treating HCV, e.g., thynosin al pha 1 (Zadaxin),
nitazoxani de (Alinea, NTZ), BIVN-401 (virostat), PYN-17 (altirex),
KPEO20030W0,20H0188346n ( CPG 10101), GS-9525, KRN 7000, ci Patius01@028695,

XTL- 6865, BI T225, PTX-111, |1TX2865, TT-033i, ANA 971, NOV-205, tarvacin,
EHC- 18, VGX-4100, 15EMZ-702, AVI 4065, BMs-650032, BMs-791325, Bavituxi mab,
MDX- 1106 (ONO 4538), gl ufanide, FK-788, and VX-497 (nerinmepodib).

14) mevalaWatledecushorys asacaniaagodinstudiwashgs conprtintnive apiMBCoA synt hase

i nhi bitors, (8 “naQnggéHah@La”%gualene synthesis inhibitors (e.g.,

zar agozi c bt 89 angiotensin Il receptor antagonists,

e.g., losart aformpbé@sﬁrfpawctabam@@ﬁrtamn mRp ba mkssaiedas, a suppssitonawith

tel m sar {281i1zBRRIREbARsng for sxardBLoaDOLAkeRRL Qs RYEr L ng enzymme

i nhi bi tors, enopr enal apri ram pril, quinapril
peri n8opri B Iﬁ@rmnkap@ns swtb@ﬁéczre@tranulmcﬁw popgsal administration have a 17) ot her
anti-fibr i thelin

l L&)-eE0
antagonléggmﬁagggﬂbgégﬁ gaWQ%EE&%%Jﬁﬁgﬁﬂgﬁi”ag %U$8 gﬁ%%ﬁ%? odi ment,

t he presenngapgiiveeadilemddiod¢invascrpmaniveseues €4 Hreohposde U@n§5 gonprising a
conpound e‘?é 'whﬁgorﬂé %&%Gﬁstér@é! ‘BQtré&{i‘thfané‘n BRas R@H&éf%és}ég@%?ﬁi?t abl e salt

thereof, 1n’co on wth east one addition actrve agent, and a
phar naceummai@tldnyhr@c@temeawéh saesitercaoh thea@yqplasacs.| fuiladie famotiatans

e”bo%”e%el%éé‘g%l% 8§8P$'g%8%bﬁé&’tﬂé‘a&'f\%"ﬁ Edieft, %’mhﬂ%ﬁ&%s% JBH@%FHCGU“ cal

agent with erapeutic agents in a unitary sage form
Thus it desossl sbdrwswdwaﬁnmstmmrn@ m]yre@@WQ@@n@rdm@ te lsenvien ion with one

for € %&ﬁgdsagrijimﬁﬁ YB?@QIFV%réO{\NﬂW Htﬂért g&ﬁ%%ntsogﬁh as-EBﬁlfaSm' nation

ther apy may ered as a sinu eous or sequential reginmen. \Wen
admi ni st éreeetobegueattin did fsaimpet chwmhmmusmﬁ Inﬁ@gtmb%aad%qmbgd bere in two or

mor e admi ni st rPaotran ﬁons%ltggl@fépv%brn%é@rﬂr raﬁo %sgit\te € i nvention wth

aps
one or nore other Eac tive agents generapgy re ers %g S|nuPtaneous or
sequéht i alesaahtsniagtpoas.iwernos, gelsc pagiesu fieRrof ot dpeay iovaweiians cen@iroreinor nor e

other act]y }eﬁ.oﬁ%ﬁ%esaa@yﬁgre%w s&éﬁ%&"rﬁé%‘%&%?é%} owdfif 85l d Ve mount s of the

conpound 0 ention and one or nore other active agents are both
present |ampt¢pe:atmdy of the pati ent. Co-adm nistration includes

admi ni strati on-f, Uglds ASAESS, ;95 eridYS) SATRRHDAS, 0.0 aé&%uk axgRLA-On before

or after adm nistration o? unit dosa es ¥ one or nore other active agents,
for exarrmqe'saomﬁrawswmpn@ﬁlumnqmcmm@mgn’r@@ aptti- qxn@ntSnbéfmrﬁ on within

secopgs, tmope%s@s ol s'am&fsswmh P&%M@W@&@M%r@é whR ot JP4enot her

active agen S or exanple, a unit dose a compoun I nventi on can
be admi niigteadediretipiest; anfl Gliliesusdan nohragusedosiddie suspAngigne shigh radifri ni strati on

31(‘)52 (L)IPI g%(glg%(ras n%?gg,o ﬁ%erﬁrgéﬁ énggmﬁ% ggrqtgve agents. Alternatively, a unit
gents can
The formulations are presented in unit-dose or multi-dose containers, for
example sealed ampoules and vials, and may be stored in a freeze-dried
25  (lyophilized) condition requiring only the addition of the sterile liquid carrier, for
example water for injection, immediately prior to use. Extemporaneous injection
solutions and suspensions are prepared from sterile powders, granules and tablets of
the kind previously described. Preferred unit dosage formulations are those
containing a daily dose or unit daily sub-dose, as herein above recited, or an
30  appropriate fraction thereof, of the active ingredient.
It should be understood that in addition to the ingredients particularly
mentioned above the formulations of this invention may include other agents
conventional in the art having regard to the type of formulation in question, for

example those suitable for oral administration may include flavoring agents.
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be admi nistered first, followed by adm nistration of a unit dose of a
conpound of the invention within seconds or mnutes. In sone cases, it nmay
be desir abeotinssdsi ni ster a unit dose of a compound of PChAISRONAAL3BHN
first, followed, after a period of hours (e.g., 1-12 hours), by

adm nistration of a unit dose of one or nore other active 20agents. In

ot her cases, it nmay be desirable to adm nister a unit dose of one or nore
ot her active agenpsintsosthe imenliowesh aled beformufamd qubr@flddﬁmmmIIeéce. g., 1-12
hour s), trafi. ; | 0 e invention.
The conbi r)r%ﬁae% g%nrolwth%3?@%;/'9%&8@8”%8%%\% Ie,sgirr«]aggent 'doﬁ'ﬁ’g Qfgoy'ﬁ'}é){% fc effect”,

i . e. the gfdmetokactic evedicivhemnfikehd ttecddtive ingregliedi éndxsdmg!gdth’eﬁ)gehhtm IS
greater t fects that res fromusing the
corrpoundsgg(;e1 %pg?éﬁ%g%'@mﬁecr @pg%m%o ?Pe@?rer%%/mpooémg? Péﬁgﬁéra'eﬁﬂ the active
i ngred enfosnaated fC(I':B)JStG(DIeﬂ@F nurhtediied releebeadm ni st er ed or delivered

si mul t aneousl! y—i n i ne forrrul at i vered b | t er.nation or
in parall el asThseeepff;eFt((fl\%%reg0 6 af 'Ve mgregFm(O%)D)eﬂg 80 %StSPﬁ%%/n?atgbe%n When
del i ver edhe woaditicer hedrtg toratéd) ewagity, waets@mee gomspoundet beity usay be attai ned when

separ at 6 L aaniREs i tRErueBl SLaRugt aB Y ShrrnBRE Meetbr ofs”i n separate
syringes. deIImergeaTeIrtadz pham"racagﬂcal foenualatioroand h/eIrtm)(yeterarnn@j‘ ﬁpmbldlmcxdosage of

each .acti ( t ed ser I y, whereas
in co?bl n%/tt |9|oér%)g't (%g'rogg d,os’g’fe ? tfo\pestt%%sag@sqegfgcf‘(/\odoo% CﬁBP& 658??'(9@ 9 ngredients
are adni riesfren edomt@gﬂﬂOhem about 100 mg/kg Inbdytwehg’ghty:et da;nmmtmny érdpodboent , t he

present LR ods of tre in.a patient,
conpri si ?1038 adm H?&P‘ bg?% eI%’eht B% ient °q Wﬁ'@?@phﬂgl@% AR ?@%U[tl ve amount
of a conpougtkgdbdiFoeight ;aerldam npstdypicaliphfesrmabeutt. 08 &l dbhpuat Sepd/adbedysal t

sol vat e, ere I r rred aspect of thi S enbodi nment

t he 500@0%%4&% Sii—%(raﬁn% aampll%I he; Cpa”y 5%) (Ieéeag ?OS %li/dg%ag‘i”ﬁ%néarb?astereoner 80%

a single ecbpasdlreatelgr?ém,g t%%/\wgmt ngI rangh et drreg et 00 mgustfepitdf er ably 95% a

single di stl Ll yet an ther enbodi me t he present
BB Mierea90 e il vurte FE I PR Siele FIPATRECRE  compr i of no:

appl i cation prow
adm ni stering b geﬁa”mt@abm@nmmnt Hies ar[eemnacpaIIdayioriGeﬁlbem pheemacautioal of a

conpound ce sol vat e,
and/ or escé%fmrp ?'ﬁlgﬁjs ?Of“prg"r? a?o %adg]p Eg Ead %/ﬁrm%?ﬁ R’t?f'&?%h'&tl c agent.
I n a prefeftitraeaspect phﬁrrrtahelsﬂoemstm@heptalbte,carm oceripeund of Fornmula I-111 is,
at least, 70% a single diastereoner, 80% a single diastereoner, 90% a
singl'e di astereoner or nost preferably 95% a single diastereoner. 15In
still yetRaue dfkdnembioatioment, the present application provides for nethods
of treating H t ) dmn| ri n 0 e patient a

t her apeuti cal I%ynee fecgl%é@%gunds C?%)%m\éé'ﬁ% oeurﬁ'& rrﬁ%‘ﬁ%?& aCPYeI or a

phar maceutgrediehty) are @dptratibeddnl dny redk vapepriatads tre @atidion tdies Eeéted and at

| east on j ti el ected fro gy group
consi sty apeonPEeREt 54 ka8l AR b B A REb LS e BBt one or
nmor e2bnt erfieriaTs, parérenal (nrquuchrrg $Ltb&u1anad>umgm1rahﬁdcm3mpmoér&mse i nhi bitors,
NS5a i nhi. I i e nh b| tants,

meval onat'@ (F:ri?lb'§>€gtpgcaq aﬁ%%é'dg%ﬁ) & he l' ego\ﬁmzotesapBF C@ﬁ%ﬁ\gﬁ%ﬁ angi ot ensi n
system cp1r¢fecrre<amutarhabr/arvlvcthafgreervtasnpmthﬁloeocﬂ;haﬂeofdhe neoddie@dt Awe | nhi bitors of

HCV NS5B I s of HCY NS5B rase,
NSoA 251 BB Ty & e paRE RS of 8 Mo B O By e plil O 5T B s
i nhi bi t orcgp bphiasehgraly.net i ¢ enhancers and ot her dr ugs for treating HCV. In
a prg erred aspect of this enbodi nent, the conpound of Formula I-IIl is, at

| east, 70% a single diastereoner, 80% a single diastereonmer, 90% a single
di astere bimgtio rapy éhdndiby D5 mbeeirgl Bhegdamst er eoner .

In another embodiment, the compounds of the present invention may be

combined with one or more active agents. Non-limiting examples of suitable

combinations include combinations of one or more compounds of the present
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30ln still yet another enbodi ment, the present application provides for the
use of a conmpound of Formula I-I111, or a pharmaceutically acceptable salt,
sol vat e, wodbovosesser thereof, for the preparation of aProgdiscanmdut33s or
treating an HCV infection in a patient. In a preferred aspect of this
enbodi nent, the conpound of Forrmula I-1I1 is, at |least, 70%a single

di astereoner, 80% a single diastereoner, 90% a single diastereoner or nobst
pr ef er abl pveBENavithi angloe rrdjr@mt@feemnseribavirin or itsl anagigs| !HCyé!Sfﬂmotelaeeé

d of
Forml a 1 Miiph% ROES R ARRLiFELER SR L BRRE aisior8rBhee, “antor

Sest er thmleeaﬂbnatédEcdrb@@talségm&@oHﬁN amté@@%t@@fthbﬁeﬁn@h?ﬁ@néﬁ%y@t&ﬁﬁﬁ of
this enbodjnment,_ the co oun Formula |- east, 70% a single

di ast er eoNBF" 2B ACAIRGISe (?%Pastd@r%d‘r"r’é'reon%‘%‘@'t%ﬁss;?éﬁ@vdﬁgéﬁ er eomer or nost

pr ef ersbl yoi3h8kade, siorr\gmeds,aétrmﬁefﬁf HAB NasBl pdRen PR, ¢@i\AY 86 by those
skilled in the art, when treatlnﬁ a viral 10i nfectlon such as HCV, such

t r eat ment "RBJOBe [cHAPaERiER] REtprh Ingniylitaret YO ¥ IRMAJHIRIAE measured by a

vari ety ophmepsiinttis enliierC aRE oPlr hRs Rir@R@Nhg Hayention is intended to
enconpass all such characterizations. Synthetic Exanples 15Certain

abbr evi ati ons MA® WeFHA)sCner ¥ B GOTMROdRIsfithe pigsemdnerpiet magkeal detail s.
Al t hough assingf WRHT&%oM@éFe@o%ourﬁ&esfééc@&fjfr@M tl%‘&ro%b'cbrlws‘?gmb Rethe art, Table

1 contains a list of many of these abbrew ations and acronyns. Table 1.

Li st ‘& abbrevi ai't“reﬁ?f@”%r?dg ARGV R M@W‘é\ﬁba(f’%‘”%éhpﬁ@/[%@d dEdtyl ACN
acet oni t rajbiga 23 (Pegasys), rIFN-alpha 2b (Intron A), rIFN-alpha 2a (Roferon-A), interferon

alpha (MOR-22, OPC-18, Alfaferone, Alfanative, Multiferon, subalin), interferon
alfacon-1 (Infergen), interferon alpha-n1 (Wellferon), interferon alpha-n3 (Alferon),
interferon-beta (Avonex, DL-8234), interferon-omega (omega DURQOS, Biomed 510),

15 albinterferon alpha-2b (Albuferon), IFN alpha XL, BLX-883 (Locteron), DA-3021,
glycosylated interferon alpha-2b (AVI-005), PEG-infergen, PEGylated interferon
lambda (PEGylated IL-29), and belerofon,

2) ribavirin and its analogs, e.g., ribavirin (Rebetol, Copegus), and taribavirin
(Viramidine),

20 3) HCV NS3 protease inhibitors, e.g., boceprevir (SCH-503034 , SCH-7),
telaprevir (VX-950), VX-813, TMC-435 (TMC435350), ABT-450, BI-201335, BI-1230,
MK-7009, SCH-900518, VBY-376, VX-500, GS-9256, GS-9451, BMS-790052, BMS-
605339, PHX-1766, AS-101, YH-5258, YH5530, YH5531, and ITMN-191 (R-7227),

4) alpha-glucosidase 1 inhibitors, e.g., celgosivir (MX-3253), Miglitol, and UT-

25 231B,

5) hepatoprotectants, e.g., emericasan (IDN-6556), ME-3738, GS-9450 (LB-
84451), silibilin, and MitoQ,

6) nucleoside or nucleotide inhibitors of HCV NS5B polymerase, e.g., R1626,
R7128 (R4048), IDX184, IDX-102, PSI-7851, BCX-4678, valopicitabine (NM-283),

30  and MK-0608,

7) non-nucleoside inhibitors of HCV NS5B polymerase, e.g., filibuvir (PF-
868554), ABT-333, ABT-072, BI-207127, VCH-759, VCH-916, JTK-652, MK-3281,
VBY-708, VCH-222, A848837, ANA-598, GL60667, GL59728, A-63890, A-48773, A-
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Al BN 2, 2' -azobi s(2-nethyl propionitrile) BlINAP
2, 2" -bi s(di phenyl phosphi no) -1, 1' - bi napht hyl Bn benzyl BnBr benzyl brom de
BSA bi s(tworetimngszis| yl ) acet am de BzCl benzoyl chl ori de EDir/usasibonisbs
di i m dazol e DABCO 1, 4-di azabi cycl o[ 2. 2. 21oct ane dba di benzyl i deneacet one
DBN 1, 5-di azabi cycl o[ 4. 3. 0] non- 5-ene

48547, BC-2329, VCH-796 (nesbuvir), GSK625433, BILN-1941, XTL-2125, and GS-

9190, ,

8) HCV NS5A inhibitors, e.g., AZD-2836 (A-831), AZD-7295 (A-689), and
BMS-790052,

5 9) TLR-7 agonists, e.g., imiquimod, 852A, GS-9524, ANA-773, ANA-875,
AZD-8848 (DSP-3025), PF-04878691, and SM-360320,

10) cyclophillin inhibitors, e.g., DEBIO-025, SCY-635, and NIM811,

11) HCV IRES inhibitors, e.g., MCI-067,

12) pharmacokinetic enhancers, e.g., BAS-100, SPI-452, PF-4194477, TMC-

10 41629, GS-9350, GS-9585, and roxythromyecin,

13) other drugs for treating HCV, e.g., thymosin alpha 1 (Zadaxin),
nitazoxanide (Alinea, NTZ), BIVN-401 (virostat), PYN-17 (altirex), KPE02003002,
actilon (CPG-10101), GS-9525, KRN-7000, civacir, GI-5005, XTL-6865, BIT225,
PTX-111, ITX2865, TT-033i, ANA 971, NOV-205, tarvacin, EHC-18, VGX-410C,

15 EMZ-702, AVI 4065, BMS-650032, BMS-791325, Bavituximab, MDX-1106 (ONO-
4538), Oglufanide, FK-788, and VX-497 (merimepodib).

14) mevalonate decarboxylase antagonists, e.g., statins, HMGCoA synthase
inhibitors (e.g., hymeglusin), squalene synthesis inhibitors (e.g., zaragozic acid);

15) angiotensin Il receptor antagonists, e.g., losartan, irbesartan, olmesartan,

20  candesartan, valsartan, telmisartan, eprosartan;

16) angiotensin-converting enzyme inhibitors, e.g., captopril, zofenopril,
enalapril, ramipril, quinapril, perindopril, lisinopril, benazepril, fosinopril;

17) other anti-fibrotic agents, e.g., amiloride and

18) endothelin antagonists, e.g. bosentan and ambrisentan.

25 In yet another embodiment, the present application discloses pharmaceutical
compositions comprising a compound of the present invention, or a pharmaceutically
acceptable salt thereof, in combination with at least one additional active agent, and
a pharmaceutically acceptable carrier or excipient. In yet another embodiment, the
present application provides a combination pharmaceutical agent with two or more

30  therapeutic agents in a unitary dosage form. Thus, it is also possible to combine any
compound of the invention with one or more other active agents in a unitary dosage

form.
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DDQ 2, 3-di chl oro-5, 6-di cyano- 1, 4- benzoqui none DBU

1, 5-di azabi cycl o[ 5. 4. 0] undec- 5-ene DCA di chl or oacet am de DCC

di cycl ohew9l20awrdsssdsi m de DOE 1, 2- di chl or oet hane DCM di clrConuso®tioarsds deg
degrees , DI AD di-i sopropyl azodi car boxyl ate DI EA

The combination therapy may be administered as a simultaneous or
sequential regimen. When administered sequentially, the combination may be
administered in two or more administrations.

Co-administration of a compound of the invention with one or more other

5  active agents generally refers to simultaneous or sequential administration of a
compound of the invention and one or more other active agents, such that
therapeutically effective amounts of the compound of the invention and one or more
other active agents are both present in the body of the patient.

Co-administration includes administration of unit dosages of the compounds

10 of the invention before or after administration of unit dosages of one or more other
active agents, for example, administration of the compounds of the invention within
seconds, minutes, or hours of the administration of one or more other active agents.
For example, a unit dose of a compound of the invention can be administered first,
followed within seconds or minutes by administration of a unit dose of one or more

15 other active agents. Alternatively, a unit dose of one or more other active agents can
be administered first, followed by administration of a unit dose of a compound of the
invention within seconds or minutes. In some cases, it may be desirabie to
administer a unit dose of a compound of the invention first, followed, after a period of
hours (e.g., 1-12 hours), by administration of a unit dose of one or more other active

20  agents. In other cases, it may be desirable to administer a unit dose of one or more
other active agents first, followed, after a period of hours (e.g., 1-12 hours), by
administration of a unit dose of a compound of the invention.

The combination therapy may provide "synergy” and "synergistic effect”, i.e.
the effect achieved when the active ingredients used together is greater than the sum

25  of the effects that results from using the compounds separately. A synergistic effect
may be attained when the active ingredients are: (1) co-formulated and administered
or delivered simultaneously in a combined formulation; (2) delivered by alternation or
in parallel as separate formulations; or (3) by some other regimen. When delivered
in alternation therapy, a synergistic effect may be attained when the compounds are

30  administered or delivered sequentially, e.g., in separate tablets, pills or capsules, or
by different injections in separate syringes. In general, during alternation therapy, an
effective dosage of each active ingredient is administered sequentially, i.e. serially,
whereas in combination therapy, effective dosages of two or more active ingredients

are administered together.
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N, N-di -i sopropyl et hyl ami ne DVAP 4-di net hyl am nopyri di ne DVE _

1, 2-di net hoxyet hane DM ClI di nmet hoxytrityl chloride DVBSO di net hyl sul f oxi de
DMTr 4, AweodbnmensBagytrityl DM di net hyl f or mam de Et OAc eChyuS2@icerss® ES,
ESI el ectrospray ionization HVDS hexanet hyl di sil azane HPLC

In still yet another embodiment, the present application provides for methods
of treating HCV in a patient, comprising: administering to the patient a therapeutically
effective amount of a compound of Formula I-1ll, or a pharmaceutically acceptable
salt, solvate, and/or ester thereof. In a preferred aspect of this embodiment, the

S  compound of Formula I-lll is, at least, 70% a single diastereomer, 80% a single
diastereomer, 90% a single diastereomer or most preferably 95% a single
diastereomer.

In still yet another embodiment, the present application provides for methods
of treating HCV in a patient, comprising: administering to the patient a therapeutically

10  effective amount of a compound of Formula I-lll, or a pharmaceutically acceptable
salt, solvate, and/or ester thereof, and at least one additional active therapeutic agent.
In a preferred aspect of this embodiment, the compound of Formula I-ll is, at least,
70% a single diastereomer, 80% a single diastereomer, 90% a single diastereomer
or most preferably 95% a single diastereomer.

15 In still yet another embodiment, the present application provides for methods
of treating HCV in a patient, comprising: administering to the patient a therapeutically
effective amount of a compound of Formula I-1ll, or a pharmaceutically acceptable
salt, solvate, and/or ester thereof, and at least one additional active therapeutic agent
selected from the group consisting of one or more compounds of the present

20 invention with one or more interferons, ribavirin or its analogs, HCV NS3 protease
inhibitors, NS5a inhibitors, alpha-glucosidase 1 inhibitors, hepatoprotectants,
mevalonate decarboxylase antagonists, antagonists of the renin-angiotensin system,
other anti-fibrotic agents, nucleoside or nucleotide inhibitors of HCV NS5RB
polymerase, non-nucleoside inhibitors of HCV NS5B polymerase, HCV NS5A

25  inhibitors, TLR-7 agonists, cyclophillin inhibitors, HCV IRES inhibitors,
pharmacokinetic enhancers, and other drugs for treating HCV. In a preferred aspect
of this embodiment, the compound of Formula I-lll is, at least, 70% a single
diastereomer, 80% a single diastereomer, 90% a single diastereomer or most
preferably 95% a single diastereomer.

30 In still yet another embodiment, the present application provides for the use of
a compound of Formula I-lll, or a pharmaceutically acceptable salt, solvate, and/or
ester thereof, for the preparation of a medicament for treating an HCV infection in a

patient. In a preferred aspect of this embodiment, the compound of Formula -1l is,
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hi gh pressure liquid chromatography LC Iiquid chromat ography LDA Iithium
di i sopropyl am de LRMS | ow resol uti on nmass spectrum MCPBA

nmet a- chl owoperinsszasi ¢ aci d MeCN acetonitril e MeOH net hamolr/uskli@omsad

met hoxytrityl chloride mz or me mass to charge ratio M+ mass plus 1 MH

at least, 70% a single diastereomer, 80% a single diastereomer, 90% a single
diastereomer or most preferably 95% a single diastereomer.

in still yet another embodiment, the present application provides for the use of
a compound of Formula I-lll, or a pharmaceutically acceptable salt, solvate, and/or

5  ester thereof, for treating an HCV infection. In a preferred aspect of this embodiment,

the compound of Formula I-lll is, at least, 70% a single diastereomer, 80% a single
diastereomer, 90% a single diastereomer or most preferably 95% a single
diastereomer.

As will be appreciated by those skilled in the art, when treating a viral

10 infection such as HCV, such treatment may be characterized in a variety of ways and

measured by a variety of endpoints. The scope of the present invention is intended

to encompass all such characterizations.

Synthetic Examples
15 Certain abbreviations and acronyms are used in describing the experimental
details. Although most of these would be understood by one skilled in the art, Table

1 contains a list of many of these abbreviations and acronyms.

Table 1. List of abbreviations and acronyms.

Abbreviation Meaning

Ac acetyl

ACN acetonitrile

AIBN 2,2’-azobis(2-methylpropionitrile)

BINAP 2,2"-bis(diphenylphosphino)-1,1'-binaphthyl
Bn benzyl

BnBr benzylbromide

BSA bis(trimethylsilyl)acetamide

BzCl benzoyl chioride

CDiI carbonyl! diimidazole

DABCO 1,4-diazabicyclo[2.2.2]octane

dba dibenzylideneacetone

DBN 1,5-diazabicyclo[4.3.0]non-5-ene

DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
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mass m nus 1 MsOH net hanesul fonic acid M5 or nms nmass spectrum NBS
N- br onosucci ni m de NMP N-net hyl pyrrol i di ne Ph phenyl WO

2011/ 0883%bRaTi/088RA811/ 021335 rt or r.t. roomtenperat ur @CTBAR011/021335
tetrabutyl ammoni um fl uoride TES triethylsilyl THF

DBU 1,5-diazabicyclo[5.4.0Jundec-5-ene
DCA dichloroacetamide

DCC dicyclohexylcarbodiimide
DCE 1,2-dichloroethane |
DCM dichloromethane

deg degrees

DIAD di-isopropylazodicarboxylate
DIEA N,N-di-isopropylethylamine
DMAP 4-dimethylaminopyridine
DME 1,2-dimethoxyethane
DMTCI dimethoxytrityl chloride
DMSO dimethylsulfoxide

DMTr 4, 4’-dimethoxytrityl

DMF dimethylformamide

EtOAc ethyl acetate

ES, ESI electrospray ionization
HMDS hexamethyldisilazane

HPLC high pressure liquid chromatography
LC liquid chromatography

LDA lithium diisopropylamide
LRMS low resolution mass spectrum
MCPBA meta-chloroperbenzoic acid
MeCN acetonitrile

MeOH methanol

MMTC mono methoxytrityl chloride
m/z or m/e mass to charge ratio

MH" mass plus 1

MH" mass minus 1

MsOH methanesulfonic acid

MS or ms mass spectrum

NBS N-bromosuccinimide

NMP N-methyipyrrolidine

Ph phenyl
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tetrahydrofuran THP tetrahydropyran TMSCl chl orotrimet hyl sil ane TNVSBr
bronmotri net hyl sil ane TVSI iodotrinethyl silane TMSOTf

(trimet hywei2bypssis4sl uor onet hyl sul f onate TEA tri et hyl am reTAB201t1/02138% y| am ne
TBAP tri butyl ammoni um pyrophosphate TBSCl t-butyl dimethylsilyi chloride
TEAB

rtorr.t room temperature

TBAF tetrabutylammonium fluoride

TES triethylsilyl

THF tetrahydrofuran

THP tetrahydropyran

TMSCI chlorotrimethylsilane

TMSBr bromotrimethylsilane

TMSI iodotrimethylsilane

TMSOTT (trimethylsilyhtrifluoromethylsulfonate

TEA triethylamine

TBA tributylamine

TBAP tributylammonium pyrophosphate

TBSCI t-butyldimethylsilyl chioride

TEAB triethylammonium bicarbonate

TFA trifluoroacetic acid

TLC ortlc thin layer chromatography

Tr triphenyimethyl

Tol 4-methylbenzoyl

Turbo Grignard | 1:1 mixture of isopropylmagnesium chioride and lithium chloride
xaniphos 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene
5 parts per million down field from tetramethylsilane

General Schemes
The compounds of this invention may be synthesized by several routes with

key bond-forming steps as indicated in Schemes A-C, in which the carboxylate

5  substituent R indicates either a protecting group such as an alkyl ester (where
necessary), or the free acid itself. Alkyl ester protecting groups are conveniently
removed by saponification with an alkali metal hydroxide in a protic solvent such as
water or an alcohol, and may be facilitated by use of ethereal solvent mixtures and/or
heating. Alternatively they may be removed by dealkylation through heating with an

10  alkali metal halide in an aprotic solvent. As will be appreciated, substituents on Het

may be modified subsequent to other bond-forming steps by, for example, N-

oxidation with a typical oxidant such as metachloroperbenzoic acid in a solvent such
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triethyl ammoni um bi carbonate TFA trifluoroacetic acid TLC or tic thin |ayer

chromat ography Tr triphenyl nethyl Tol 4-nethyl benzoyl Turbo Giignard 1:1

m xt ure oWoi28m8e3apl magnesi um chl ori de and |ithi um chl oPC#aSRENPIIGS

4, 5- bi s(di phenyl phosphi no) -9, 9-di net hyl xant hene 6 parts per mllion down

field fromtetranmethylsilane General Schenes The conpounds of this

i nvention may be synthesized by several routes with key bond-form ng steps

as i ndi casatichioro8etremesOAle@kylationthiaightiteatroent botk\d rebgerBsutisas barent R

i ndi cates_.gither. f i [ h_as  an al kyl ester (where

necessar jtflsﬂoh{r']&{'ﬁga Or'%ﬁ%%ﬁhg‘gi(gcshg#?ma%%fg?flOr@%?ré)ysi&r otecting groups are

conveniently renoved by saponification with an al kali netal hydroxi ge in a
rotic solvent such as water or a | cohpl, and may be facilitated by use

gf et hereal solvent m xtures and/ori?rénaet—gng. Alternatively they nmay be

renoved by deal kyl ati on through heating with an

1 OR r1 OR
R = _S§ Het.X _ _S
AR = WA
N—-R3-L—H N—-R3-L—Het
. s}
o:<R2 =<R2

The bond between L and Het may be formed by displacement of X on Het,

where X is a leaving group such as a halide, sulfinate, sulfonate or phosphate moiety.

10 The reaction is conveniently performed by deprotonation of L-H with a base such as
sodium hydride or potassium hexamethyldisilazide, or is facilitated by the presence of

a tertiary amine; it can be carried out in a variety of solvents such as THF, dioxane,

dichloromethane, NMP, DMF or DMSO and may be accelerated by heating.

15 Scheme B
1 OR r1 OR
R =_ _S =_ _S
\ ) o H-L—Het \/ ©
N—R3-X N-R3-L—Het
o (e
R? R2

20 The bond between R*® and L may be formed by nucleophilic displacement of a leaving
group X on R®. The leaving group may vary widely and includes, but is not limited to,
halide, carboxylate, sulfinate, sulfonate or phosphate moieties, and it may be
generated from the corresponding alcohol in situ through treatment with reagents
such as dialkyl azodicarboxylates. The reaction may also be facilitated by

25  deprotonation of Het-L-H with a base such as sodium hydride or potassium

hexamethyldisilazide, or is facilitated by the presence of a tertiary amine; it can be
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10al kali netal halide in an aprotic solvent. As will be appreciated,

substituents on Het may be nodified subsequent to other bond-form ng steps

by, for ewerpliéssiMsoxi dation with a typical oxidant suclRCaaS2011/021335

met achl or oper benzoic acid in a solvent such WO

2011/ 088345PCT/ US2011/ 021335 as di chl or onet hane, 0-deal kyl ati on through

treatnent with a reagent such as boron tribromde in a solvent such as

di chl or onetrtetheyt iora kgrityo bl soleentSshemes AHF, dioxane, dithierdpoeiithrisetNMfen L and

Het nma r .spl on Het, where X is a |eaving group

such a)s/ mgﬁrﬁfsgépﬁlb%gtbg%%gﬁg%é%a %%%a?m hosphate noiety. 10 The reaction

is conveniently perforned by deprotonation of L-Hwth a base such as

sodi um hydri de or potassium hexamaé Ingei éi | azide, or is facilitated by the

presence of a tertiary amne; it arried out in a variety of

sol vebts such as THF, dioxane, dichloronethane, NWP, DMF or DMSO and nay be

accel er at eQ1 by heatingg 15Scheme B R1 OR 0 r1. N-R3-X 0RR2 H- L- Het
=.__s Y—R3-L—R? =._S

WA \ j/ ©
‘ NH, | HN-R*-L-R®

HoN—R3-[—R?

RCOX

R OR
R OR x=._S

S R?CO-NH-R3-L-R? \ /O

o)
L/ N-R*-L-R®
! c
v I 2

The starting material in Scheme A may be synthesized as depicted in

10  Scheme C. Substituted 3-aminothiophenes I may be generated by reductive
amination of Y-R*-L-R (where Y indicates an aldehyde or ketone and R and R? depict
optional protecting groups), or by direct alkylation (where Y indicates a leaving group

such as a halide, sulfinate, sulfonate or phosphate moiety) of the 3-aminothiophene |

(see patent application W0O2008/58393). in the latter case the alkylation may be

15 facilitated by deprotonation of the amine with a base such as sodium hydride or
potassium hexamethyldisilazide, and can be carried out in a variety of solvents such

as THF, dioxane, dichioromethane, NMP, DMF or DMSO and may be accelerated by
heating. In cases where R® is aromatic, the reaction may be catalyzed by Pd (J. Org.
Chem., 2000, 65, 1158-1174). Alternatively Il may be generated by coupling of an

20  amine with a 3-iodothiophene IV catalyzed by Pd (J. Org. Chem., 2000, 65, 1158-
1174). The amine Il is converted to the amide Il by acylation with a carboxylic acid
derivative such as an acyl chloride or anhydride in the presence of a base such as

pyridine or a tertiary amine in an inert solvent such as dichloromethane. Alternatively
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OoR 0O NR3-L-Het R2 0 20The bond between R3 and L may be forned by
nucl eophi l i c di splacenent of a |leaving group X on R3. The | eaving group nay
vary w dewo 2andssiasl udes, but is not limted to, halidepCarshatprese,

sul finate, sulfonate or phosphate noieties, and it may be generated from

t he correspondi ng al cohol in situ through treatnment with reagents such as
di al kyl azodi carboxyl ates. The reaction nmay also be facilitated by

25depr ot datayobe cdnveked lo- IH divetty by basietisucdialggedsiodCuity. A rieden.dfocpot assi um
hexanet hy. S i is facilitated by the presence of a tertiary

am ne; |tﬂ0§|§hl’%§%4%’/%’1/ 088345PCT/ US2011/ 021335 carried out in a variety
of sol vents suidte asrtifbiFnatiriek &meScltinah B nayebd ageasrdidP in BhFammriododMBO and may

be accel t.e heat i.n C The Largi.n ter me A may
be synt hgsﬁjz'era at}é tr(]zlee%ir’“(':' ggrouﬁr}?gg enera 'réulgmglstn%it@’d&?da%gﬂqo r?Jl%ophenes I
may bé germen dtegaedysarattoboli ve am nat| on of Y-R3-L-R (where Y indicates an
al dehyde or k ane nd R an ol t t|n WALou or

di rect al kyl aﬁ onsyf‘%ﬁgﬁé)fp OWc?phe 'S' Srtraf)ﬁgj %r%suc as eée ﬁal i de,

sul f i nat éBusand athextveriants p’rays’q@haméwememrye)nadﬁgouh@sﬁmm not hi ophene | (see
pat ent applicati on W2008/58393). In the latter case the al kylation may be

Scheme D
10
nBulLi (2.2 equiv)
THF,-78°C, 1 h
hen |5, THF
SN S O then |5, S S 0
L /" “oH 65% \ / “oH

To a solution of 5-(3,3-Dimethyl-but-1-ynyl)-thiophene-2-carboxylic acid (6.2 g,

30 mmol; see patent application US5861421) in THF (100 mL) was added a solution

15 of nBuLi (2.0 M in pentane, 33 mL, 66 mmol) via an addition funnel at -78 °C. After

addition, the reaction was stirred at -78 °C for 1 h. A solution of I, (7.7 g, 30 mmol) in

THF (100 mL) was added slowly (ca. 15 min) to the flask. After a further 10 mins, the

reaction was quenched with 1 N HCI (50 mL) and warmed to room temperature. The

volatiles were removed in vacuo and the residue was dissolved in ether (500 mL).

20  The organic solution was washed with 1 M Na,S,0; (100 mL x 2), brine (100 mL) and

dried over Na,SO,. After concentrated in vacuo, the residue was purified by silica gel

chromatography (EtOAc/hexanes) to give 5-(3,3-Dimethyl-but-1-ynyl)-3-iodo-
thiophene-2-carboxylic acid (5.9 g, 65%) as a white solid. -

25 Scheme E
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15 facilitated by deprotonation of the amne with a base such as sodium
hydri de or potassi um hexanet hyl di sil azide, and can be carried out in a
vari ety ovOx0imssi4s such as THF, di oxane, dichl oronet hameT/usk, /020985 or DVSO
and may be accelerated by heating. In cases where R3 is aromatic, the
reaction may be catalyzed by Pd (J. Org. Chem, 2000, 65, 1158-1174).
Alternatively Il nay be generated by coupling of an 20 amine with a
3-iodothio 2000, 65, 1158- 1174).
The am ne | S5 Lon with @ carboxylic
acid derivative an ac ydri deSip-$he [presence of a
base such as pyrid orOfa t ertihar ye@fi pyedinen an inert s nt csuch as

di chl oronet hane. Alternatively 1V may be converted to Il 'di rectly by

am dation catalyzed by Cu (J. Am Chem Soc., 2002, 124, 7421-7428).

The starting material for Schene B may be generated in an anal ogous
fashion, with I b G =0 % i nenaked, 1.a;: i nal by
standard net hoTE S%str%%ﬁb[?h%fggfcgé%u?g%ﬁ @gggﬁgﬁy_ﬁé%o tﬂ'o%éeﬁés}grcl?%te)g)ﬁ'g of

i odot hi opteehd.Q ¥, 3.8 nihblisnd &x\rd (2Pelkldwn Hor dictierccmdiemnet@p enlRvas added and

ot her pvar | S t i zed, i_n _anal.,ogous . fashion: Sche D

To a gol ucfxlgpL 08;1%%(3 ?%0%){% %ﬁ?Wng%ﬁp-qm}ﬁ?’?‘fﬁ%?%phéﬁ%r- SHTng %‘gi@)ﬁ)mc acid
(6.2 g, 36mpemlyre Sed0patnettic @aplidncwid oonceFo@64d 42 Ldcuonto TeRo(el Ofatiity. was
added a | uti.qn 15 qof nBuli (2.0 I n, pent ane, , 66 .mmol) via an
dd ti on' PlarRefls s Js Rt s it il RS PRl el orer bt MER 19 2ot - 78
for 1 h. Thesalalitdsoverefrert@vedin ¥agyo a0 theodsiduenwddpar(idip@etbptvieas ctittded sl owl y
(ca. 15 m the flas ﬁ@éter a further_10 mns, the reaction was

quenc hed%ﬁ H‘tq aRp ﬁé&f”?’?%%“ 'SQHH'O%%@&Et 5N SN CIRYFEMES YS! e@w&%m atiles
wer e 10enpaddated NtdQlaohridn t(B@ nigsardiugriatasvati HsdedAfter edriventr{tb@Cnnl). 20
The organic solutiaon was washed with 1 Na2S203 0 2 rine (100
1) and drred bYabARS B BRAEE A hecsd! SRR DAL L Onshe ke dhe v
purifi ed ghe tbe ldesiseedgebdeh(&atangBgoaphy ( Et OAc/ hexanes) to give

5-(3, 3-Di net hyl - but - 1-ynyl ) - 3-i odot hi ophene- 2-carboxylic acid (5.9 g, 65%
as a white solid. 25Schene E WO 2011/ 088345PCT/ US2011/ 021335 To
a sol ut i @yntfess-of 3;(33RAimethyybutbiuryl-3yingdthidHead o~ tdrbophieadd Zettal boxyl i c

aci da(sl.%sgér 3.0 mol) and DVF (20 pl.) in dry dichloromethane (10 nlL) was
adde =

Scheme 8
O > = O 1. LIOH OH
~ N
Bre > =__°S 2. nBuli oS
\ / Oot—> \ / OEt \ / o)
Cul,
EtsN, !
sz(dba)g
lyl chloride, MeOH
oxalyl chloride, Me S s O
\ o—

A mixture of 5-bromo-thiophene-2-carboxylic acid ethyl ester (7g, 30 mmol),
20  copper iodide (1.2g, 6 mmol), triethylamine (20 mL) in DMF (100 mL) was degassed
in a 350mL pressure bottle. Then tris(dibenzylideneacetone)dipalladium(0) (2.1 g, 3
mmol) and 3,3-dimethyl-but-1-yne (18.3 mL, 150 mmol) were added and heated at

80 degree for 3 hours. The reaction mixture was filtered on celite and washed with
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5 oxalyl chloride (508 4, 6.0 nmol) at roomtenperature. After stirring at
roomtenperature for 90 mn, the reaction was concentrated in vacuo to
renove voweatniigss34Fhe resi due was di ssolved in pyridi nePCHusk)11ans3sret hanol
(5 nm.) and stirred for 2 h. The volatiles were renoved in vacuo and the
resi due was partici pated between ether (150 nL) and saturated NH4CI
solution (50 nL). The organic |ayer was washed with 10 saturated NH4Cl

sol uti on ¢BY astlpteante deivteh weediuaD &M waisf Bed exioamtetmcat witnethyl vacuo, the

resi due r+f. i)l L (ELOAGLhexanes) to give
t hz I desi \r'%%t%%{o* L?C tgazrg%gﬁénsg%%%6eg§$mﬁné@gﬁt§s\§%%fﬁegig¥nsh vg)%tgr. -(AfteFérymg e?nd

5-(3, 3-di mphwaiibmthe_cmdylési?;d \wetopdrtied phiéagh thmam@xqphmcl) gjeich.Q%t h%/lh I
15est er . - R, - L hi -2-carho ic_acid ethy
cator (79 g0 oot D e e R e Ve R i ne. (20 )
in DVP (18owid)l. was degassed in a 350mL pressure bottIF. Thgn

tris(di benzyli e " [ 3_mmol.) an

4 ey WETRERT R AL Ryl s Sa TP R ot o
degr ee f o3sts (Ada)is. THFE 0P eaoma@raddéd(t.w#é(lwm, fOOht ¢ rTend romtuceiag et andt wgs hed
ith t hy l Ut J Wit ter and extracte

}tMV\,i ce \(/a\,it 'lrrgté %ﬁo%hﬁtgp E{& g?t&%r@l40$%éﬁc'%he£égamr\%mco t?ﬁ@d‘ aﬁwr\/\@shed wth
wat er . Afresovelrglaties amdbryoacenhe atsuting belye cotandelid ead chilecteddypuri fi ed by

fl h : i . o . .
5. (3% o MERRI AR 6 W et oo e 7 @ CLRPIUUMY W er a5 a
Syel | ow oised whhgal futhegmpudfication. . .
(33 ot s B B RERERGE BRI S 0L, Sl Bk 57 (6. 90
room-t errp@rra!mk eef pateat dmplicdion A S8HT 4%@ im BEE L1 @hmiy tvés #ledtasgidion2, t hen

by ot 1 14 PEMHER MALERertBR B b e o g d S PRl P oo 6 g ot
pr oduét vdaidﬁibn,\mﬁé lreu%edn wat bm?ﬁd étlﬁlm P(ﬁlforplug i Ais@%tiérodlsr_.lz (7.7 g,d30( ﬁgﬁméﬁ ir$0|33t i onI

f 5-(3, 30 -but-1- -1 ene- 2- car boxyl i ¢ acl . , mol ;
gee pgit eﬁgﬁa{@bi”ﬁa w%@dég%% 2@?-' ﬁos}?(“*ﬁl)-lf—’s t@?(ﬁ‘és‘hﬂﬁ\%&iﬂé@%@ﬁié@ r&'”%d%‘ﬁlti on of
Ao L e Bl 2 Bt B e R T ut 1 on of
2 (7.7 gor SHRE? VSRR e e ReE RS ISSOBAR 1 ¢B8 (S8 MHIn) to ¢ he
flask. Aftrerorgarfitisdiliten Wk wadhed withe MeRCSI@N10@mLAUBNEMRA 10D ki) hnd HCl (50

The volatiles were renoved in vacuo and

L) 989, YU’ SPOM SRR sl [, vl o3 et ferbyed 11 vac
washed widhfordatdyrbipASEAGACHOLEL) 8 ghle 5-08, 8-DEméthObuds)ynand.-i28slr i ed over
Na2SO3. A ShereBESBLLAL 8al B0 YPED) of GERLAE Was Purified by silica gel
To a solution of 5-(3,3-dimethyl-but-1-ynyl)-3-iodo-thiophene-2-carboxylic acid
(1.0 g, 3.0 mmol) and DMF (20 pL) in dry dichloromethane (10 mL) was added oxalyl
25  chloride (508 pL, 6.0 mmol) at room temperature. After stirring at room temperature
for 90 min, the reaction was concentrated in vacuo to remove volatiles. The residue
was dissolved in pyridine (5 mL) and methanol (5 mL) and stirred for 2 h. The
volatiles were removed in vacuo and the residue was participated between ether
(150 mL) and saturated NH,CI solution (50 mL). The organic layer was washed with
30  saturated NH,CI solution (50 mL) and dried over Na,SQ,. After concentration in
vacuo, the residue was purified by silica gel chromatography (EtOAc/hexanes) to

give the desired product (835 mg, 80%).
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chr omat ogr aphy (Et OAc/ hexanes) to give

5-(3, 3-Di net hyl - but-1-ynyl) - 3-i odot hi ophene-2-carboxylic acid (5.9 g, 65%
as a whi tw0=2011/088345 To a solution of PCT/US2011/021335

5- (3, 3-di met hyl - but - 1-yny1) - 3-i odo-t hi ophene- 2- carboxylic acid (1.0 g, 3.0
mmol ) and DVMF (20 fiL) in dry dichloronethane (10 nL) was added oxal yl
25chl oride (508 tL, 6.0 mmol) at roomtenperature. After stirring at room
t enper at ucenpa@mdoD- 5 H3-Dirhethylbatet-yomn-vds-(£-onrext-4 ddin4d- vacuo to renove

vol ati l es%loFE?%e(h%ﬁg}ﬁﬂ%%%ﬁ-&ie@&ggl8@8Qaﬂeg rgégélgo)gh%g%)we—apc ré&%l%anm . (5 m)
and stirr ; resi due

was partiagigat ed between ether (150 nL) and saturated NH4CI sol ution (50
m.). The organic | ayer was washed with 30 saturated NH4Cl solution (50 m)
and dried ration i n¢vacuo, the residue was
purified xanes) t Ve the desired
product (835 ng, . Di Retthyl b N ynyl)-3-(

| -

-(CH3);S(ChHO o
yl oxy) met hyl ) cycl ohg 'y{i;}: thydaayci ohexane a do) t hi ophene- 2- car boxy
0

OSH3 OH OHVEOH THFOH MG INY onpound 1 5 NaH (36
ng of a 60% oil spersion, 0.90 mm adged in portions to a solution
of trimethyl s PeXoni um chloride (116¢Ny"0.90 mol) in DMSO (2.0 nlL) at
roomtenperature. After 15 mn, a solution of

5-(3, 3-di met hyl -but-1-yny1)-3-[ (4-

nmet hyl - cycl §hexanecar honyl) - ( 4- oxo- cycl olexyl ) - am noHhi ophene- 2- car boxyl i c
acid 10met xgst eg (843 ny, 0.75 mmlg 008/ 098393) in THF (2.0 ni)
was added dr opwsg. ®cH3 h, brd t eaction extracted with

(0]

ethyl acetate. Th nmbinedogr ganiteOHayier s wer shed-wigth water, brine,
dried over Na2SO4 anqln- ted.to give a pal eNflb ication by
flash col um chrnq{L\Q(gr y on%@a gel wi th 5% nmerhano ink[iZ‘l

di chl or onet hbvi ed the pro (216 % © %

Compound 1

NaH (36 mg of a 60% oil dispersion, 0.90 mmol) was added in portions to a
solution of trimethylsulfoxonium chioride (116 mg, 0.90 mmaol) in DMSO (2.0 mL) at
room temperature. After 15 min, a solution of 5-(3,3-dimethyl-but-1-ynyl)-3-[(4-
methyl-cyclohexanecarbonyl)-(4-oxo-cyclohexyl)-aminol-thiophene-2-carboxylic acid

10  methyl ester (343 mg, 0.75 mmol) (WO 2008/058383) in THF (2.0 mL) was added
dropwise. After 3 h, brine was added the reaction extracted with ethyl acetate. The
combined organic layers were washed with water, brine, dried over Na,S0, and
concentrated {o give a pale foam. Purification by flash column chromatography on
silica gel with 5% methanol in dichloromethane provided the product (216 mg, 61%)

15  as an off-white solid.

NaH (20 mg of a 60% oil dispersion, 0.50 mmol) was added to a solution of 3-
hydroxy pyridine (48 mg, 0.50 mmol) in DMF( 2.0 mL) at room temperature. After
stirring for 10 min, a solution of the epoxide from the previous step (216 mg, 0.46
mmol) in DMF (2.0 mL) was added. The reaction was heated at 100 °C 6 h, cooled

20  and partitioned between ethyl acetate and sat. NH,Cl. The organic layer was
separated, washed with 5% aqueous LiCl, brine, dried over Na,S0O, and concentrated

o give a dark orange residue. Purification by flash column chromatography on silica
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15as an off-white solid. NaH (20 nmg of a 60% oil dispersion, 0.50
nmol ) was added to a solution of 3- hydroxy pyridine (48 ng, 0.50 nmol) in
DMF( 2. 0 wh)20mt08836m t enperature. After stirring for 10PgEiTUS2@182138ii on of
t he epoxide fromthe previous step (216 ng, 0.46 mmol) in DVF (2.0 nL) was
added. The reaction was heated at 100 C 6 h, cool ed 20and partitioned

bet ween ethyl acetate and sat. NH4ACI. The organic | ayer was separated,
washed wi gl vﬁ%%qmouh@ithdmmmandp'rosydied\lmdé@%&@ﬂﬁimdt @emegntatat ed to
give a dark ora um. chr omat ogr aphy on

a1 Tea somey AP R i e BrehRor Bt A S OTise R s T ot
product ( B&ktrtEp withatt avgsaddaiohalmunétaidnw th an un| dentified inpurity. This

pur 11 cat | on. - Acebfct Pohd 456 TRERat o 8055 = S il BT <ot ut i on of

t he et hyéstérefsdrertha‘psremwﬁep(@vmu&sstrep) (ﬁﬁﬁnmg) in a:msuoﬁsanl.’lﬁnmml ) in THF

Concont r PR 2B TR BBl Brin e’ MR eTHaPTSaE TR by pr ep

HPLC to pgioyderdrige gdesﬂwéleﬂlasmwtﬂladby@demngLdi@{%of/ﬂé thendesiree pejduas(4t he

trifluoroace 53. 0 ;. HPL ime: 3.36
mn (2- 98%%@3(0% 5%9%?5}5 Vﬂ{'?{%ﬁceg'g‘?cpl$}¥lt'g$6@ ?%@(gﬁ\?g‘% lgi%&Exarrpl e
15- Conpotstehtidn tire( 3,38 nh (D&Y achivhitdie ywaye)witB- (.04 tihysto austic 4cid).
(tetrahydrofuran-3R-yl oxynet hyl)-cycl ohexyl | - (4- et hyl - cycl ohexanecar bonyl )
- am nol -t hi ophene- 2-carboxylic acid 15Synthesis of

5- (3, 3- di Eedrinylé -1ButCdmpyounb)o: B-(G;B @frdaltmpk-auts'pvm\mﬁ@r[ BhdeoxB4yl am no) -

t hi ophene;, I NAP, Cs2C0/. O
A m xture

ar boxylic acid

ammo]-thlophene 2-carboxylic acid

15  Synthesis of 5-(3 3-dimethyl-but-1-ynyD)-3-(1.4-dioxa-spiro[4.5]dec-8-ylamino)-

thiophene-2-carboxylic acid methyl ester

S i\) x 7

\_/~ “o— Pd(OAc),, BINAP, Cs,COy I o~
| HNQQ
o
A mixture of 5-(3,3-dimethyl-but-1-ynyl)-3-iodo-thiophene-2-carboxylic acid
methyl ester (0.5 g, 1.5 mmol), palladium acetate (0.033 g, 0.15 mmol), BINAP

20  (0.093 g, 0.15 mmol), cesium carbonate (0.733 g, 2.25 mmol) and 1,4-Dioxa-
spiro{4.5]dec-8-ylamine (0.706 g, 4.5 mmol) in toluene (8 mL) was degassed with N,

then heated to 110 °C for 8 h. The reaction was diluted with ethy!l acetate filtered
through a Celite pad and purified by silica gel chromatography (0-40%
hexane/ethylacetate) to give the title compound in 50% yield. MS (m/z): 378.1 [M+H];

25  HPLC retention time: 5.12 min (2-98% acetonitrile:water with 0.05% trifluoroacstic
acid).
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nmet hyl ester (0.5 g, 1.5 mml), palladiumacetate (0.033 g, 0.15 mmol),
BI NAP 20(0.093 g, 0.15 mmol ), cesium carbonate (0.733 g, 2.25 mmol) and
1, 4- Di oxawo=piwmsp3is5] dec- 8-yl am ne (0.706 g, 4.5 nmol) iPaTiuscmen21368 nl)
was degassed with N2 then heated to 110 C for 8 h. The reaction was diluted
with ethyl acetate filtered through a Celite pad and purified by silica gel
chromat ogr aphy (0-40% hexane/ et hyl acetate) to give the title conpound in
50% yi el dSyniesiadfA) (3. BdiBethy]-bitH]-ynyA5HPL-Ga-etcentkpamiblivtiodbed®2m n ( 2- 98%
acetonitrile:water with 0.05%trifluoroacetic acid). Synthesis of
5- (3, 3- di smebdrylic beid mbttwhydidr 3- (4- oxo- cycl ohexyl am no) - t hi ophene- 2-
carboxylic acid nethyl ester A m xture of
5-(3, 3-di methyl -but-1-ynyl)-3 - 0x0- cycl ohexyl am no) -t hi ophene-
52-carboxylic acid nmethyl es )5 mol ) and HC (24 mol, 4M HC1)
in THF/H20 (6 nL ) was heated to- 2 h. The reaction was dil uted
with ethyl acetate (20 nL) and the ani & phase was washed with H20 (3X100
m.), NaHCC3 sat. (1X100 nl) and driedy p 2SO4. The sol ution was
filtered and concentrated to give the ti pound in 96%vyield. M5
(mz): 334.1 [MH]; HPLC retention tine: .530 mn (2-98%
i 5
icg]E gnbt\“\ lkeb tgwelxrtur\clamotfg(g 30 /0 3r/lI l;ul OJn?/%%eMoxoac%Iclg exyamx(raicrar)e’(h%phene[}I P 1N
5  2-carboxylic acid methyl ester (0.5 g, 1.5 mmol) and HCI (24 mmol, 4M HCI) in

THF/H,O (6 mL ) was heated to 45 °C for 2 h. The reaction was diluted with ethyl

acetate (20 mL) and the organic phase was washed with H,O (3X100 mL), NaHCO;

sat. (1X100 mL) and dried over Na,S0O,. The solution was filtered and concentrated

to give the title compound in 96% yield. MS (m/z): 334.1 [M+H]; HPLC retention time:

10 4.530 min (2-98% acetonitrile:water with 0.05% trifluoroacetic acid).

Scheme 7
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15 Compound 2
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---)o..- NaH (140 ng of a 60%oil dispersion, 3.50 nmol) was added
in portions to a solution of trinethyl sul foxoniumchloride (452 ng, 3.51
nol ) i n WDhBQBsBSNL) at roomtenperature. After 15 m mCTASS@OLi3eh of
5-(3, 3-di met hyl -but - 1-yny1)-3-[ (4-

met hyl - cycl ohexanecar bonyl ) - (4- oxo- cycl ohexyl ) -am no} -t hi ophene- 2- car boxyl i
c acid 5nethyl ester (1.34 g, 2.93 mmol) in THF (8.0 nL) was added

dropwi se. Aft eakB(10 nhgofmaG@%su!d@@erhcmnd 50hmoéws|addecémmmcﬂow th ethyl

acetat e. &J?:Oﬁ%ppxme%ﬁd %f dﬁn cRAYSES (4‘%’5%9 \éeﬁhr%% Mgﬁ %Grmlaﬁ Lpe, dried

over Na2t conc give' a VRS uration with
et hyl et heomaadpdéreme%tepnﬁmnd@cbcﬁut(oa B 648, fmimnyihyl but 1-ynyl)-3

but - 1-y oy S LA DR SX ) %axacnase%ﬁ@%é?itﬂs,ogg%wlcg%gg@glae%t 6-y1)-am

i no]- 10t -car ¢ acid
col or bessnstblliedter (1.34 g, 2.BRkIn(@5in M FOfS. amEP¥eDaddadi dppwise okffer B.I37 mmol ) was

?ﬁdg?yt .?.ﬁ%m%?‘\l/a%“ ?d g%d %g)dégcggppgexg cgeg)v(v% B]yfidé/eqé’tgfﬂeagon(t%ged %amg‘ 36 mmol )
5- (3, 3-dil danebmshkd atds rzcbrdeedhv Eohexrad betey 19 gifd
oxg-spi rlmmrSW WWW [)r(m . e;g%a ox n@rmnce ’ le@ |a ester
(125 ng, Ji u%é@ m%l tnog%teg e}'ﬁg’[hfg %nr%eé(gpl%ﬁ OV'd%d%eég n a 75 Coil
bat h for Hut5- yn\ary-g ﬂmethyleca&ctohemnmsrbooyi) Edoxansbie{apoct- glc}ammodi-r yness to

br h
ohasdSord bR B St 10 ost e Bl b B e B P R S R acti o
cont ai ni ng pr ddakrt {55y ef P60% el daperdvap@7atmd!) wespdded thea solution of
5- (3, 3-di pt iyl - AL c s diatdn Al e D58 niadl BB Qlouhans 3Ry oxymet hyl)

ZOcycI oheXfidr p- n(nd st Iﬁy(Beecymbﬂiﬂybmarﬂeyranr ol ettarticyadd hedaneqenisorgt)Z4-car boxyl i ¢
acid (30 col.orl.ess, sol NS (mz): 546.0 [ . HPLC
et ent ot BioREo S S PR Ra B et TR e eerd
trifHéor OTBZQﬁmmoaGNad)addEXanqbtl’e rééctionGazpeated i8:a 75 °C oil bath for 2.5 days.
5- (3, 3-Dipet n
25t et 1 ahy B PSSy P R A 7Oy POest PIoea R PS8V PBheRanecar bony
| ) - am nglurifikd bpbeuen thardh@rwrlyoorar(ewdrse ph‘mm@umilca 962(100% water to
10% acetonitrile/water). Fractions containing product were pooled and evaporated to
provide 5-(3,3-dimethyl-but-1-ynyl)-3-[[4-hydroxy-4-(tetrahydrofuran-3R-yloxymethyl}-
20  cyclohexyl]-(4-methyl-cyclohexanecarbonyl)-amino}-thiophene-2-carboxylic acid (30
mg, 20%) as a colorless solid. MS (m/z): 546.0 [M+H]"; HPLC retention time 4.32 min

(2-98% acetonitrile: water with 0.05% trifluoroacetic acid).

Example 16 — Compound 3: 5-(3,3-Dimethyi-but-1-ynyhH-3-[[4-hydroxy-4-
25 (tetrahydrofuran-3S-vloxymethvl)-cvclohexyll-(4-methyl-cyclohexanecarbonyl)-

aminol-thiophene-2-carboxylic acid

O
S S
\ O"Na*

OH
.\\\4
JO R g

O
Compound 3
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Compound 3 (32 ng, 21% was synthesized in a manner anal ogous to Exanpl e
15, using (S)-(+)-3-hydroxytetrahydrofuran in place of (R)-(+3-

hydr oxyt ewoahydisedsar an: M5 (nfz): 546.0 [ MtH] +; HPLC r ePemitiso 1021385 4. 32
mn (2- 598% acetonitrile: water with 0.05%¢trifluoroacetic acid). Exanple
20 - Conpound 4: Synthesis of

5-(3, 3-Di net hyl - but-1-ynyl)-3-{(4-net hyl cycl ohexanecar bonyl)-f

4- (4-met hyl - cycl ohexaneca rbonyl oxy) - 4-(tetrahyd ro-fura n-3-

yl oxymnet hy) - cy, nal, s th| -.2-carboxylic acid Schenme 11

NaH (370 ng of(%rg‘ttg(%%}M F?gﬂ % |o(r%% gth%ze I%m réera?aa‘gaoﬁ'sntoportl ons to a
soI uti on ofanmeé m@tusytbs{(i‘ f10+8- Mr@)@tbt@daycﬂrmﬂ@& @pl&eZﬁ R¥e)-3- in DMSO (16.0 nl)

room . .
o (3, 3- d?ﬂéﬁt‘%ﬁ@%@#{‘%ﬁ‘yp&t@fﬁg“ EMyc hé’iy‘;nJ S ﬁ%‘} IPRi*oBHBREZ - car boxyl i
c aci @ MMy bceshitie: (vhict Qvith,0. @B BrifmomapeticacidFE (16.0 nl) was added
dropwi se. After 3 h, brine was added and the reaction extracted with et hyl
acetate. The conbined organic | ayers were washed with water, 5brine, dried
over Na2S&:raiel2€ efoembuad edSt(rdhegara/e‘ B(33-Donetbyiyiet I1esztc>r31f{(4-rlﬁemmh cation by
col um chCrvg é)eag] ggggn I ol dTm) with
di chl or one ' & SOfTe THe ch-to elute
was i sol aﬂ@dnww) hﬁ:lcdwvli-emnno} thlophene 2- carboxvho acid
5- (34 -di net hyl - but - 1-yny1) - 3- (1- oxa- spi ro[ 2. 5] oct - 6- yl am nol t hi ophene- 2-ca
rboxylic acid nethyl ester (400 ng, 35% as a colorless solid. 10A sol ution
of (S)-(+)-3-hydroxytetrahydrofur&8thé@2831ngy, 2.94 mmol) in dry NWP (1nl)
was added to a solution of KOG Bu (271 ng, 2.42mmol) in dry NWP (1nL). The
reaction was stirred at roomtenperature for 15 mn, then a solution of
5-(3, 3-
di met hyl - byt - 1-yny1) - 3- (1- oxa- spi ro[ 2. 51oct - 6- yl am no] - t hi ophene- 2- car boxyl
0.576 mol ) in NIVP (4@0 nm.) was added and
t he reactioms § for eaction was poured
into ice water, oledt%-ﬁ"s nelit Jal i€ wi th 5% I’I@%Id—{—*&pH—56
and extracted V‘“HN et at e. T,elayer ed with 5%
LiCl, brine, drie oncent rat ed 10 br own cﬁ’\i" was taken up
i n dichloromethane/ MeOH (5.0 nL/1.0 nl) and treated wi th the dropw se
addi tion of TMSCH2NZ (0.35nmL, 0.692 nmol, 2Min hexane). After 2020 min,
vol atiles we renoved, under vacuum a the cr Lgie resi due was purified by
colum chro raghy jon silica gel dyne Ijpco Redisep Rf Go' Cm

eluting with 100 ocayet hane to 209 oet@t e/ di chl oronet hane to
gi ve OH OTES

5- (3, 3-di net hyl but - BNy 44-hydr OXy- 4- (tetHrNa ¢ f ur an-3-y1 oxymet hy) - cy
cl ohexyl am no] - t hi ophene* 2=¢arboxylic acid nmeth Q®r (120 ng, 48% as a
colorless solid. 25Triethylam 1 02 nm, 7.34 mml) dded to a
solution of 5-(3, 3- V\Ca

/
O
/

3 S RSN
\ OCH3 }\,, Q \ OH
o OH

Compound 4

15
NaH (370 mg of a 60% oil dispersion, 9.25 mmol) was added in portions to a

solution of trimethylsulfonium iodide (1.88 g, 9.25 mmol) in DMSO (16.0 mL) at room
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di met hyl - but - 1-yny1) - 344- hydr oxy- 4- (t et rahydr o- f ur an- 3- yl oxynet hy) -

cycl ohexyl am noj -t hi ophene- 2-carboxylic acid nethyl ester (200 ng, O0.459
nmol ) i n wochiinseset hane (12.0 nli). After 10 min, the seCutsenupas3tool ed
to -78C and TESOTf (0.87 nmL, 3.85 nmmmol) was added dropwi se. The reaction
was stirred for 30 30mn at -78 C, quenched with the addition of ice,
diluted with sat. NaHCO3 and extracted with dichl oronethane. The organic

| ayer wastesepatat e@l‘terdﬁirﬂSd ovautidiad 503, 3-diortenbutat-ed/adf4pus-i fi ed by col umm

h 20‘V ,
AR R B G e e EOR
3-yl oxyrreTHﬁFyM@élG i) mashydjdnd MerayAftEyelrolbewhamd@édhamp&rem@cﬂenar boxylic
acid net hé/

| | ow, 0i | . :

505, 3. 0 sert Mot s 5 By G Bo Rt et wRG AT PEMA Y85 oxyrret hy) -
4- tridet hylnsi dirmd;dmx&dagf;m a)meooylba’smmj totheoqnhnem&eﬁmbthﬂdnﬁﬁat?ai d net hyl

200 Af t 10 mn,
heat 4. meHOTmErPoRBRar Ao PSP BP i PY Bsdlsgs X Calihiw i s adaed”
dr opw se. didfi@ometiehé gave dlelttvo @poxidsisheatse theaflrstif WHchdu efute ghs  and t hen
Co e k82 Bl S Dbl (58 BT AT 0o oty
ibgrg 3- dltgbtélrr?)de—buﬁrggxmnmb)d rBethyl4stee {400 mg%ﬂr%mﬁngSbQDW) Eﬁ §4;: ol ohex
ST D ol <t SRS e Bl R AR ot R R S0g ) a<”
col or | essNigBI(irlL) Mﬁc(eﬁ th'a gdutioh cBKOtERU (274 g QU2 nsobliini dn NMIRS neldded
dr opwi se 42

5- (3, 3- di netrﬁy?c"'oﬂd%asf“"ﬁyf}rc‘?”tt(eﬁ‘p%at" 15112 on Eean2 EAM B B 5% ( a-
met hyl - cyct:dneﬁhebdameemybmqw@oeyémréﬁ(ammahmdmo}mwpaaﬁé%@pbmoymmdm}d) cycl ohexyl

oo L RSN R SO, SE SN SBLEL I Gabtol) L
heat 68 athea@®dGnh avidrai ghiatiafud ZmMemhe;mbmh wes poosd trﬁcmaerv@tmr eooleddioat i | es
T SR ISR AL L1 IS I LR A B Sy HHELC
col or | essrgalic kéygerzm\@vémezj)wmﬁﬁ% Laj, MFH]9+dr|ddPJr(a G’dﬁbﬁﬂﬂta’[éﬂ’l‘f_otgl\rﬁ}a 4.169m n
(2,504 oo a0 Lk SetShPl I FA A B LA PR e RS2
25Schene wth the dropwise addition of TMSCH,N, (0.35mL, 0.692 mmol, 2M in hexane). After

20 20 min, volatiles were removed under vacuum and the crude residue was purified by
column chromatography on silica gel (Teledyne Isco Redisep Rf Gold™) eluting with
100% dichloromethane to 20% ethyl acetate/dichloromethane to give 5-(3,3-dimethyl-
but-1-ynyl)-3-[4-hydroxy-4-(tetrahydro-furan-3-yloxymethy)-cyclohexylamino]-
thiophene-2-carboxylic acid methyl ester (120 mg, 48%) as a colorless solid.

25 Triethylamine (1.02 mL, 7.34 mmol) was added to a solution of 5-(3,3-
dimethyl-but-1-ynyl)-3-[4-hydroxy-4-(tetrahydro-furan-3-yloxymethy)-
cyclohexylamino}-thiophene-2-carboxylic acid methyl ester (200 mg, 0.459 mmol) in
dichloromethane (12.0 mL). After 10 min, the solution was cooled to -78 °C and
TESOTTf (0.87 mL, 3.85 mmol) was added dropwise. The reaction was stirred for 30

30 min at -78 °C, quenched with the addition of ice, diluted with sat. NaHCO; and
extracted with dichloromethane. The organic layer was separated, dried over Na,SQ,,
concentrated and purified by column chromatography with 0 to 20% ethy!

acetate/hexane to give 5-(3,3-dimethyl-but-1-ynyl)-3-[4-hydroxy-4-(tetrahydro-furan-
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4S- benzyl- 3- (4, 6S-di net hyl - cycl ohex- 3- ene- 1S- car bony1l) - oxazol i di n- 2- one,
prepared in a nethod simlar to that described in J. Am Chem Soc. 110(4),
1988, 51286-20D7FBg340as di ssol ved in THF (1000ni) and H20PC3AGeM/021BRE
solution was cooled in an ice bath and 30% H202 (36mL, 354mmmol) was slowy
added foll owed by Li OHH20(,) (9.90g, 263mml) in one portion. The reaction
was allowed to slowy warmto rt and was stirred for 16h. The reaction was
t hen cool 8gloxpmathy) aenebmmfanm&s@alohéﬁgam%]zw@hbn@va&aeho& i aced H20 (400nl)

and very gl 10co ed reaction m xture. The solution was
stirred fB’F%I\ALgSt?rhéﬁg 2;@?@5’ %Separated. The organics were renoved
under reduced pr&sSDimethyHhe-12aeysaUE-hyasoxgddestdpaeds- m@ntﬁlﬂoﬁ)fnﬁlﬁﬁy)
concentra e 12 (2 X, 500nl) st the aqueous pH

o & P S R e R P S gD St LR Bl (4"

300nL)5 and.3dmymoly &as B&B@Qed nnlﬁ@ﬂ&w@ mmamf@smﬁdxerneéem@mr essure 15and
co- evaporat W th h

nes ta g ,é&éﬁ\m dg érg cI ohex- 3-
enecar boxM4 (peé%ne&a @yl {riog §64° me e V‘?SI% ed Groptise.
4, 6-S-di rrmabtydrrwmloﬁh@)s heaesieat I $9 e@bbemyght @ncameel cé%%tedaobl/@aﬂ) was

di ssol ved in ed The ol uti on was cool ed
t:) 0 Cvancfs‘tdﬁgi‘ %@% %%Wo‘i&l“m“ﬁtgigf?%@fa g‘l%wlﬁcﬁa Be’f%’et(rpeosol ution.
The 20r eazt%pi gms5 £, Bxdrrﬁ@ihyzmut—In@nyxps-{uamwbthfypcfycfbhbwecmnw

reS| du es and concent rat ed; this

t exa
ﬁgg;ﬁ sr g@%&éﬂo @5@%@ \A@B’g;‘?le(geq@ﬁggmﬂfﬁ -3 ’?ﬂ’é\’ MEE-YAPBPYde was used
wi t hout faminbpthigpiehé-2eakboxmic acid mEdgnEdter ( 28 mg, GeymasaGolriess solid.

S (sl Ly Sl g ey Gpetarbonyn) (o
t hi ophenesdutiard @x$)3-dimathyout-1WoyB G114 O833ARITH NGRS DA 38%4-Scheme 12
methyl-cyclohexanecarbonyloxy)-4-(tetrahydro-furan-3-yloxymethy)-cyclohexyl]-
15 amino}-thiophene-2-carboxylic acid methyl ester (80 mg, 0.117mmol) in methanol
(2mL)/THF (2mL)/ H,O(2mL) at room temperature. The solution was heated at 70 °C
overnight and then cooled to room temperature. Volatiles were removed under
vacuum and the resulting residue purified by HPLC with CH,CN(0.1%
TFA)\/HZO(OJ% TFA) to provide the Compound 4 (23.3 mg, 36% ) as colorless solid.
20  MS (m/z): 546.0[M+H]+; HPLC retention time 4.169min (2-98% acetonitrile: water

with 0.05% trifluoroacetic acid).

Synthesis of (1S.6S)-4.6-dimethyl-cyclohex-3-enecarboxylic acid and acid chloride

25 Scheme 2
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Compound 5
55- (3, 3-di net hyl -but - 1-yny1l) - 3- (1- oxa-spi ro[ 2. 5] oct - 6- yl am no) -t hi ophene- 2-
car boxyl iwoaeidss@shyl ester was prepared sinmlarly to Phe/Use@emss3sn
Schenme 11 above using trinethyisul foxoniumchloride instead of
trimethyl sul foniumiodide. A solution of
5-(3, 3-di net hyl - but-1-ynyl)-3-(1-oxa-spiro[2.5]oct-6-ylam no)-thi ophene- 2-
carboxylic acid neth est er J0362,03gaq)OLiGHBL,OMDI ) in pyridine (11 nlL) was
treated 10with 4, 6R—§L\/ﬂbyl'mycthemyamgeeganbonyl ch ide (325 nyg,
2.11 mmol, preparege manner —anal ogous to SC¢he and heated to 85 C
for 22h. Upon coqg reacti on was concentrated, NIl ufed wth

red "h 1 MHC (100 nL), and dried Sver NaSO4. The
pyrified by silica gel to give
3-[[4-chl oronet hyl- 4- (4, met hyl - cycl ohex- 3- enecar hdryFoxy) -
15cycl ohexyl ] - (4, 6-di met hyl - cycl ohex- 3- enecar bony1) - anhpe] - 5- (3, 3-di net hyl -
but - 1- ynyl)-thi ophene-2-carboxylic acid nmethyl ester (34 ng, 0.05 nmol).
The thick yellow oil was taken up in NWP (2 nL), treated with
(S)-(+)-3-hydroxytetrahydrofuran (36 pL, 0.5 mol) amd K-GBu (45 ng, 0.4
nmol ) then heated to 75 C for 1h. Upon cooling t act'ion was neutralized
with 1 MHO, diluted with ethylacetate (100 nl), and$20tfe organic | ayer
was washed with brine (100 niL) and dried over NaSO4. The sol ution was
filtered and the volatiles were renoved under vacuum The resulting

residue purifi th CH3 % TEA) / H20 1% A) to provide the
desi red produc‘gbﬁ'zzyggbgﬁsflv’mg%etgﬂc?’ O‘g?’g 7RF 1R ?%Eﬂ?&&?ﬁa AN2RRS (1 2) -
558. 0 [Mﬁri&ﬂareﬁ%ﬂe&{oﬁ&im;&mdﬂhﬁEdgsceﬁedﬁnn/ (a2, TIReraSet oNiot 4)j 1988, V\ngt (e;ﬂ vvl) th
0. 05%.tri of e oun 5B ; z):
555, 25 MHEES ZBBPLES RRREE oA TP 2R (255855 adBLSICREE: et or i ¢ h
0. (()g%Bt EI idobledrioan edel Kat?ﬁ@mdi)o%@{{gm mésrguﬂ 354mnEX)c’W§$| s@ovaylad%éaofﬁwm Wy
5- i - 3-
enecar borty Wﬁ%Q{ <%§%?%&é8%“%P§F}éH§HWBOWulﬁh %%‘ @H@?ﬁ?ﬁ?wyyclohexyll-a
m nol - 1Gtdrivopheaet WacairexXot 166. dtkedeaction was then Cooied in an ice bath.

Na,SO; (60g, 472mmol) was dissolved H,O (400mL) and very slowly added to the

10  cooled reaction mixture. The solution was stirred for 1h, then the layers were

separated. The organics were removed under reduced pressure. The agueous was
added back to the organics concentrate and was washed with CH,Cl, (2 X 500mL).
Adjust the aqueous pH to 2 with a slow addition of con HCI. Extract the aqueous with
EtOAc (4 X 300mL) and dry over Na,SO,. Remove organics under reduced pressure

15 and co-evaporate with hexanes to afford (1S,6S)-4,6-dimethyl-cyclohex-3-
enecarboxylic acid (14.14g, 78%) as a white solid.

4,6-S-dimethyl-cyclohex-3-ene-1S-carboxylic acid (944mg, 6.17mmol) was

dissolved in CH,Cl, (10mL) and DMF (20uL) was added. The solution was cooled to
0 °C and then (COCH), (700uL, 7.38mmol) was slowly added to the soiution. The

20  reaction was stirred in the ice bath for 1 hour and then concentrated. The residue
was taken up in hexanes and concentrated; this hexanes coevaporation was

repeated once more. The acid chloride was used without further purification.

Example 23 — Compound 5: 5-(3,3-dimethvl-but-1-ynvi)-3-{(4 6 R-dimethyl-cyclohex-
25 3-enecarbonyl)-[4-hydroxy-4-(tetrahydro-furan-3-yloxymethvl)-cyclohexyll-amino}-

thiophene-2-carboxylic acid
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Compound 6 Conpound 6 was synthesized in

15acylating with 4, 6S-di net hyl -cycl ohex- 3-enecar bonyl - chl ori de.

558. 3 [ MARD]2011B0883¥p1 € 27 - Conpound 7:
5- (3. 3-Di net hyl - but-1-ynyl) - 3414- hydr oxv
yl)-cycl ohexyl | - (1S) - 4- met hyl - cycl ohex- 3
rboxylic acid 68 WO 2011/ 088345PCT/
acid 4, 4-di met hyl- 2- oxo-tetrahydro-furan
i n dichloronmethane (20 nm.) and hexsangs (1
Streated with titaniumtetrachl ori

nmml ). The red solution was stirred for
(2.4 nmL, 23.8 nmol) dropw se over 5 mn.

addi ti onal yportion of isoprene (2.4 nm,
reacti on T 4o
C, the react i

Wat er and et hyl
separated and th

\_/

(5eq)

KOtBu (4eq)
NMP, 16h 40C

-3-ylester (R (2.92 g,

2 nm, 2.4 Min dichl oronmet hane,

a manner anal ogous to Exanple 23,
MS (mz):
PCT/US2011/021335

-4-(tetrahydro-furan-3(R)-yl oxyneth
- enecar bonvl) - am nol -t hi ophene- 2-ca

US2011/ 021335 Acrylic
15.9 mol)
m.) was cooled to -10 C and
2.4
15 mn and treated with isoprene
fter stirring for 1.5 h, an
.8 Mol ) was added and the
oh+Ag to -10

sat. ag.).

TRe organi< | ayer was

G

OH
OH
N
NI 'O‘,O/l
Cr
. 0
-

Compound 5

5-(3,3-dimethyl-but-1-ynyl)-3-(1-oxa-spiro[2.5]oct-6-ylamino)-thiophene-2-

carboxylic acid methyl ester was prepared similarly to the process in Scheme 11

above using trimethyisulfoxonium chioride instead of trimethylsulfonium iodide. A

solution of 5-(3,3-dimethyl-but-1-ynyl}-3-(1-oxa-spiro[2.5]oct-6-ylamino)-thiophene-2-

carboxylic acid methyl ester (362 mg, 0.575 mmol) in pyridine (11 mL) was treated

10

prepared in a manner analogous to Scheme 2)

with 4,6 R-dimethyl-cyclohex-3-enecarbonyl-1R-chioride (325 mg, 2.11 mmol,

and heated to 85 °C for 22h. Upon

cooling the reaction was concentrated, diluted with ethylacetate, washed with 1 M

HCI (100 mL), and dried over NaSO,. The solution was filtered and purified by silica

gel to give 3-[[4-chloromethyl-4-(4,6-dimethyl-cyclohex-3-enecarbonyloxy)-

15

cyclohexyl]-(4,6-dimethyl-cyclohex-3-enecarbonyl}-amino}-5-(3,3-dimethyl-but-1-

ynyl)-thiophene-2-carboxylic acid methyl ester (34 mg, 0.05 mmol). The thick yellow
oil was taken up in NMP (2 mL), treated with (S)-(+)-3-hydroxytetrahydrofuran (36 uL,

0.5 mmol) and K-OtBu (45 mg, 0.4 mmol) then

heated to 75 °C for 1h. Upon cooling

the reaction was neutralized with 1 M HCI, diluted with ethylacetate (100 mL), and

20

the organic layer was washed with brine (100 mL) and dried over NaSQ,. The

solution was filtered and the volatiles were removed under vacuum. The resulting
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acet at e: hexanes (1:1). The conbi ned organic |ayers were dried over sodium
sulfate, filtered and concentrated. The residue was purified by flash

chr omat ogwapbhiy/o8885 40% Et OAc: Hex, 80 g colum) to aff olPdTAIS3® 1421383 %

yi el d) of 4-nmethyl-cycl ohex-3- 15(S)-enecarboxylic acid

4, 4-di net hyl- 2- oxo-tetrahydro-furan-3-yl ester as a clear oil.

4- Met hyl - cycl ohex-3-(S) - enecar boxylic acid

4, 4- di metreyidupoiied be tHPAD) dito Ctig@{ B4 %l BR)&.Q(B.134TRA) td BrcRidertod ) in THF (25

nya o aeserbRaPs B PolE el on Mol G BE A g'E i T

stirring. [M&Hﬂ*erHHUG retdmion gaet . @ﬁ]mm(zfe%f’/eadzateatrm:l wattarhwithM.G42 (about 25 nl).

The m xt h h : .mL), dried
over sodﬂuﬁ%’o %‘Iﬂg@)fc&fﬁg‘wgh ﬁor é’%’%gg%ﬁ?ﬁw%g%%mﬁﬁ%e

sem sol i d—lPElGneatasreQn toe &\B%rmre(ﬁ w@hmmtmﬁ lexemet: Wbhitrduormechigne (100 ni,
95:5), sdsg h wat er, dried over sodiumsulfate, filtered and
concentra P ! g 25(91% yi el d) of

(1S) - 4- met hyl - cycl ohex- 3- enecarboxylic acid as a white powder. Schene 16
WD 2011/ 08834 :

(1S)-4- '

azeot r opi mbzhrtbo@m- édwvbmxema(m@raavworiurbmﬁ(rﬁl ﬂbmhv!m!cﬂwemm@dmmj_t h

pot assi u rihasic (383 ng, 1.8 mml), suspended in

dlchﬁgroqh B tin il gtreated wi th dimethyl formani de (2 drops). The
reaction mxture was cooled to 0 C and treated dropw se with oxalyl
chloride (0.3 nL, 3.2 muol ). ,The reaction m xture was allowed to warmto
anbi ent tenperature while stNyring for 2 h. After filtering the solids, the
sol ution was concentr at ed, d wi thOhexanes and concentrated again 10to
af ford 4-net hyl - cycl ohex- 3- enecar typn hloride (S) as a light yellow oil
whi ch was used i mediately in the t SPhRp.

(1S) - 4- Met hyl - cycl ohex- 3- enecarbbxylu% {al§5@ﬁloride (1.5 mmol ), 5-(3, 3-

di met hyl - but - 1- yny1) - 3- (1, 4- di ox&Zspjro =/ am no) -t hi ophene-2-carb
oxylic acid nethyl ester (159 042 mol ) an assi um phosphat e
tribasic (266 ng, 1.25 mmol) “was—-suspended in dichl oroethane (1 nL), seal ed
with a cap and heated to 90 C. After l1Gommpotuhé6reacti on m xture was cool ed
and partitioned between ethyl acetate and water. The organic |ayer was
separated and the aqueous extracted 5again with ethyl acetate. The conbi ned

organic Iayers:wo@ngrew& ﬁ{es&@@lnm%éraér@:o blé E&E%g@@és concentrat ed.
Fl ash _chr omat ogr (15- 60% Et OAc: Hexanes) or ded 8(361%}}? el d) of

the desi raéu*aénq ‘S‘t@“éler&WﬁW’ WOhi‘iX?Wf?ar:@O’[’B("fh@”Ei? dhalmz): rE%
spiro[ 4.5] dec-8-y1)-((1S)-4-nethyl -cycl ohex- 3-enecarbonyl)-am nol -t hi ophene
-2- carboxylic acid nethyl ester as a white foam

Example 27 - Compound 7: 5-(3.3-Dimethyl-but-1-ynyl)-3-[[4-hydroxy-4-(tetrahydro-
furan-3(R)-vioxymethyl)-cyclohexyl]-(1S)-4-methvl-cyclohex-3-enecarbonyi)-aminol-

thiophene-2-carboxylic acid

20 Compound 7
Scheme 15
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105- (3, 3-Di net hyl -but-1-ynyl)-3-[(1, 4-di oxa-spiro[ 4. 51dec-8-y1)-((1S)-4-mnet
hyl - cycl ohex- 3- enecar bonyl) - am noPhi ophene- 2- car boxylic acid nethyl ester
(116 ny, Wo281wmsed4y was di ssolved in THF (1.8 nL) and t peatusdomiorts3stM HCl
(0.9 nL). The reaction mxture was heated to 45 C and stirred 4.5 h. An
addi tional portion of 12MHCI (0.2 nL) and the solution was stirred 2h at
45 C. Ethyl acetate was added and 15the organic | ayer was separated then
washed with brine, %Odl um bi carbonat g, (6@tyaq) and bring The organic |ayer

was dried over s Sul fate, filterjed and cpiosentrated to 98 ng of the
desired 5-(3, 3-di gA bu‘f—l—’y

- methy OH
cycl ohex- 3- enecdr bon -(4- hexyl’) - am noPhiQpl¥ene- 2- car boxylic acid
met hyl ester as a white fq

i met hyl sul f oxoni um chloride (39 ng, 0.3
mmol) in DMSO (1.5 nL) was treated with sodi um hydride (10 ng, 60% oil
di spersion, 0.25 mml) and stirred at anbient tenperature for 10 m n.

5-(3, 3-Di net hyAcrjafétacibLwa%etﬁyl{zécﬂmmwdr&mé@b%xgst@rn@%}@.’2 b@@y199(4 oxo-cycl
ohexyl)-am n gblﬂ&%hene car ox%dl ic acid t hyl ester In THF (1 nmL +

0.5 mL) wAgo ab BN (Ahek A ?@?@??éﬁwmﬁ%wafs@o%@ 9. Frasd 25for 1 h.

The obangfsas witH @BnivaSetra@adriad (W WL, 2% @iih BicBlorsthétnar, i2l4 Rkof). and
partitioned between water and et hy| acetate, The organl c |l ayer was

separ at ede‘éﬁ?f“i'%w%&qﬁéﬁ?sf%\b%m&&r}dé@a&ﬂj ‘é('ﬂ%\isﬁp‘iﬁi‘? ¥ fTHyIZ?’édE'E”QDe The

conbi ned PEEALE 6%cr\WerhR. WEERSGHiMg tdh 1\ &in Aokl ﬁ@ﬁbtorﬁ&dscﬁfrér%d(ZQNﬁL sodi um
sulfate. After f||trat|on and concentration, the residue was purified by

flash chroml By aRAIeeE 2P ReIGEFIACT NN NES FiTRS 20 80 forg- Df t he

desired Hiedcsoign@tiyic, vl redctoRyhixtuds Wad Sherfbhed with ammonium chioride
rret hyl - cycl ohex- 3- enecar bon%:teéeit[e - oxa- spi ro[ 2. 5] oct -6-y1)-am nol -t hi ophene-

I
pbo)g?f[atl 43¢ 5’(%{1%9 hyk Eexanginilila Wegs geided. Theorganic layer
(R) Tet rafmédsre@aifaltéoa@w&thelaqﬁ@&smer il«a%xmméa abdin il«ntFr%tHWI -pyrrolidin-2-one

(1 n) was treated W|t pot assi um tert-but oxi de (90.5 , 0.81 mmol) and

stirred &celFBPERes { E%eTrr‘ét%F@‘r‘IeSPrglaS“W?ﬁ%ftsé‘éere fi*ﬁ?%o‘équsaﬁ"t‘wugﬁ@udy

sol uti on f%@d%@%@n&&tr‘étad The re91due was purified by ﬂash ohromatograph 10-
(3, 3-di net hyéE but - -34(4-neth I-cy Io ex- 3- enecar bony - oxa-spiro[

2. 5] oct 641§ E&?ﬁ%ﬁ?x %ﬁﬁo t?é‘@%[?@cﬁ@@ "/abf'ne&ﬂf ﬁ%‘ﬂfﬁlﬂthérﬁfé?he(Xsé (34 ny,

0. 0735Mk)-enctatoxGIRCA did A, Ak by IE2-WasStesaRy RELidhn Roakedr b9adfkafof.or 16 h.
After cooling the mxture 5was treated with 2 MHCI until pH 3, partitioned

between ethyl acetate and water and separated. The aqueous |ayer was

extract ed agalmmwhmbc fdhpk-3a6pbiadcaranglid A1 mrﬁmaﬁ -DbgRyGHyaer € washed
ne an ried over sdlumsulfate Al ter flltratlon and

PRSI I Rl N N e M DT R PRA VAR,

TFA) / H20(@51m_q wesAYeatad witih mhﬂmaﬂldlmlo%%%dﬁyﬂia@é 20$ gc@ammm) dnBS a white
powdgh 10|VB PLC retentijon mn (2-98%
It

acet r"‘falr@e %CW’ ﬁ?@[”@‘sggt? W NForasion Tiktuse | rﬁﬁted E%QrﬁM BCh8 - Cconpound

(about 25 mL). The mixture was extracted with hexanes: ethyl acetate (200 mL: 15

5 (3, 3- th I-but 1-ynyl ydrox (tetr drofuran 3(S) -yl oxynet hy
1) -cycl oﬁ'gs sdoyey sodi e{fﬁ Hiﬁ dVETeg Y‘%?fér@éﬁdo@ 9 Ohpwhite semi-
i nol t hi Olébﬁifle'ﬂ%rfé@ﬁb@)&\béklrwlw\@d in hexanes:dichloromethane (100 mL, 95:5),

washed with water, dried over sodium sulfate, filtered and concentrated to 1.68 g

25  (91% yield) of (1S)-4-methyl-cyclohex-3-enecarboxylic acid as a white powder.

Scheme 16
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15Conmpound 8 Compound 8 was synthesized in a manner simlar to
Exanpl e 27 using (S)- tetrahydro-furan-3-ol in place of

(R -tetraNpdno/i88d4an-3-ol: M5 (nfz): 544.1 [ MtH}; HPLC peTarstéon2t3die 4. 20
mn (2-98% acetonitrile: water with 0.05%¢trifluoroacetic acid). 20Exanple
29 - Conpound 9: 5-(3.3-Di nethyl-but-1-ynyl)-3-114- hydroxy-4-(tetrahydro-
furan-3(S)-yl oxynet hyl)-cycl ohexyl | -(1R)-4-nethyl - cycl ohex- 3- enecar bonyl) -a
m nol -t hi ophene- 2- car boxyldg_ @i d éund 9 Acrylic acid

4, 4-di net hy1- 2- oxo-t et rahydfo- f ur an- 3- ester (R) was prepared in the

foll owi ng manner: 3-(S)-Hy y-4, 4- dj hyl - di hydr o-f uran- 2-one (2.60 g,
20 mmol ) and dii sopropyl et mne (5 , 30 mmol ) in dichloronethane (25
m.) was 5cooled to -10 C ang treated drjopwi se with acryl oyl chloride (2.03
m., 25 mmol) and stirred for 2 h. IMHC (20 nL) was added and the organic
| ayer was washed wijt h sodi um bi carbonate d water. The organic |ayer was
dried oves sedi um i]tered and trated. o Fl ash chromat ogr aphy
(10-40% Et§Ac, hexan ed 2.09 g (57% the desired acrylic
acid 4, 4-dixget hyl-2-oxo-\te dro-furan-3-y1 1 esfer ¢ as a clear oil.

preeeotﬁ‘e_éfﬁid chlori§e of~ 1oR) -
4-rnet hyl el ohex-3-enecaqmo gfi d anal ggoys trﬂi'gﬁedure
descri bed iln Schenme 15 and Scheng ‘36. nd a3 prepared in a
manner simlar to Exanple 27 using the acid chtoride of

(1R) - 4- met hyl - cycl ohex- 3-enecarboxylic acid in place of the acid chloride
15 of (1S)-4-neth cycl ohex- 3-enecar boxylic acid and

(S)-tetrahydro-fur -0l in phace of (R)H? hydro-furan-3-ol: M5 (nifz):
544.0 [ M+ )Ticx/lfhPFC ret FoN _J/ime 4.22 min ?@B%acetonitri le: water with
0.05% trifl'ucroacetic acidy/ om&Exanpl e 30 - “Conpound 10:

5- (3, 3- Di met hyT-But - 1- yny 1)\ 3- 4-hvd roxy=Z=(tet r ahyd

r 020f ur an- 3 R)aveh.oxy ) N @ yI | - (1R) - 4- net hyl - cycl ohex- 3- enecar bony
1) - am nol - thi ophene%xyl ¢’ acid Conpound 10 73 WD

2011/ 088345PCT/ US2011/°62133%
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Compound 7

(1S)-4-Methyl-cyclohex-3-enecarboxylic acid (209 mg, 1.5 mmol),

azeotropically dried by evaporation from toluene, was treated with potassium
5  phosphate tribasic (383 mg, 1.8 mmol), suspended in dichloromethane (4 mL) and
treated with dimethylformamide (2 drops). The reaction mixture was cooled to 0 °C
and treated dropwise with oxaly! chioride (0.3 mL, 3.2 mmol). The reaction mixture
was allowed to warm to ambient temperature while stirring for 2 h. After filtering the
solids, the solution was concentrated, treated with hexanes and concentrated again
10 to afford 4-methyl-cyclohex-3-enecarbonyl chioride (S) as a light yellow oil which was

used immediately in the next step.

(1S5)-4-Methyl-cyclohex-3-enecarboxylic acid chloride (1.5 mmol), 5-(3,3-

dimethyl-but-1-ynyl)-3-(1,4-dioxa-spiro[4.5]dec-8-ylamino)-thiophene-2-carboxylic
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Conpound 10 was prepared in a manner simlar to Exanple 29 using (R)-
tetrahydro-f uran-3-ol in place of (S) tetrahydro-furan-3-ol: M5 (m2z):
544. 1 [ MAMDRD11HBRIBSr et ention time 4. 20m n (2- 98% acet oniPCTiUSeo11wat3es W t h
0.05% trifluoroacetic acid). 5 Exanple 31: Conpounds 16, 17, and 18
PdC12(PPh3)2, Cul, TEA, DWMF rt to 40C 11 102, 4- D bronot hi ophene (6g, 24.8
nmml ), PdCl2 (PPh3)2 (522 ng, 0.74 mmol) and Cul (283 ng, 1.49 nmol) were
added t o aci@5@thyl esten89 bat, Dah rhithal knd phiassiumashotbrene sdakie68imy, a rubber

Pop 2, I0F bl AT IR ASRAERL AU BRAT! 6 XA Shen L L LL e
Di met hy| biat301°0y rieftef 26 87th|&trea(2i3n5wﬁixﬂ1m}vazs vasedattteshrtifidned heaadeh @thym Xt ure was
8ot o, 8RSk el Btk W B SRe AR S oTR pp2pene had been
filtr& e agmn widnethptacatade Tie vaabioed dfyenicesjetverseicfanet $ddamed bet ween
R e N
Li G aqueaffosdesbi 28 g6 120 yiaitd obthientesirett 5@313@\tﬁd§thwa£5@4jn&fr}d [, 4—3@&@41 The
(L) Crote MR eaneeniat sl B LTl AuP RS RN SS BB R001 |
l'i quid. I-dt%mﬁbnyectemdi methyt eéster asba M68e faam. ( 5- 95% acetonitrile with 0. 05% TFA:
\IQl_Iater'lPWth 0. Ogé’)%ﬁd%etﬁ%g) ynyh-3-1(1.4-dioxa-spirg[4.p]dec-8- 1
(5-(3, 3-di nethy W POHY Skl tidioxe Fpiral4 2ldac i db i P51 S e can- 8- ami n
e: 12 W2)y20bax-088345HPET LSRIOALth@DhE35 2- carboxyhc acid methyl ester (116 mg,
0.23 mmol) was dissolved in THF (1.8 mL) and treated with 4M HCI (0.9 mL). The
reaction mixture was heated to 45 °C and stirred 4.5 h. An additional portion of 12M
HCI (0.2 mL) and the solution was stirred 2h at 45 °C. Ethyl acetate was added and
15 the organic layer was separated then washed with brine, sodium bicarbonate (sat aq)
and brine. The organic layer was dried over sodium sulfate, filtered and
concentrated to 98 mg of the desired 5-(3,3-dimethyl-but-1-ynyl)-3-[(1S)-4-methyi-
cyclohex-3-enecarbonyl)-(4-oxo-cyclohexyl)-amino]-thiophene-2-carboxylic acid
methyl ester as a white foam.
20 Trimethylsulfoxonium chloride (39 mg, 0.3 mmol) in DMSO (1.5 mL) was
treated with sodium hydride (10 mg, 60% oil dispersion, 0.25 mmol) and stirred at
ambient temperature for 10 min.  5-(3,3-Dimethyl-but-1-ynyl)-3-[(4-methyl-cyclohex-
3-enecarbonyl)-(4-oxo-cyclohexyl}-amino}-thiophene-2-carboxylic acid methyl ester
(S)in THF (1 mL + 0.5 mL) was added dropwise and the reaction mixture was stirred
25 for 1 h. The orange solution was treated with 5% citric acid until pH~4 and
partitioned between water and ethyl acetate. The organic layer was separated and
the aqueous was extracted again with ethyl acetate. The combined organics were
washed with water and brine, and dried over sodium sulfate. After filtration and
concentration, the residue was purified by flash chromatography (25-75%
30  EtOAc:hexanes) to afford 99 mg of the desired 5-(3,3-dimethyl-but-1-ynyl)-3-[(1S)-4-
methyl-cyclohex-3-enecarbonyl)-(1-oxa-spiro[2.5]oct-6-yl)-amino]-thiophene-2-
carboxylic acid methyl ester as a white solid.
(R)-Tetrahydro-furan-3-ol (89 mg, 1.01 mmol) in 1-methyl-pyrrolidin-2-one (1

mL) was treated with potassium tert-butoxide (90.5 mg, 0.81 mmol) and stirred at
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12 A m xture of 11 (0.773g, 3.18 mmol), Cul (30 ng, 0.160 mmol), cesium
carbonate (2.072g, 6.36 mml), 2-acetylcycl ohexanone (90ny, 0.636 mml) and
1, 4- 5di owae-28pi/088344. 5] dec- 8-yl am ne (1.0g, 6.36 nmol) i RCDVR2¢11/08133%) was
degassed with N2 then heated to 80 00 for 16 h in a seal ed tube. The
reaction was diluted with EtOAc, filtered through a pad of diatonaceous
earth, washed with 5% Li Cl aqueous solution, dried over sodiumsulfate,
filtered anbiectdameattas &o. 1SRamhteehﬁbrmtlmly&my@%mwhiea@dwst)a Saf f orded 12.

10M5 (M z Iut foly 12

T 5od ot S serriREo by by s S et B Ph kel B TRB ol uti on of
(1S 6S) - %@Hdmmhyéafmb%b&yememan’mm'bsteh r(Bdmg(@OBng,mcﬂ)ﬁl Theol |

pr epar ed |n

di chl h
e e baat B RE AL wAR S0P I REUBTE. Y14 R Al hoptn i TRBL ot hoe and
st irréd fwas ttdatbodwitis2 l\/aHQNamt_ﬂ IpHpOJ mmndnewastwemﬁtm awtaﬂg dB@MnCatér;Mr gfe\évas_rll_ﬁg
h d NH4 d d SHA, f er an
Dor as| ducTLEratied LB eals Bla N AR agal Wi Sy 2REa R
(1S, 6S) - iR} Sgahicebbngl mithed with water, br(ajne and dried ovzr SSOdluem sulfate. cvel ohex
I h 1)-4. 6-d h i ox r -
y? ye%gc;r%g?gmaaé é’ﬁddc?q‘?ghgettoéﬁh Sgdll{?e\’t'ailp%'yaﬁ)h}’ 3%} Lg’ V%% %%%é\g OVL‘) 3ymml ).
This WD mmﬂmm%srm/wsa@rﬁﬂmg%w ll?rbbdb af ?grwrrvasurtc?nkﬁmf whité %ogaﬁa g 796%3/ ¥
d N | t a
inder'0r eatieda B S Fkns o0P G kotrn e 4 20 a U8 R 2P Bl e s co

ext r act edwittt 0.h5%ttBAOroatkec ecdhi ned organl c layers were washed with
saturated NaHCO3(aq), water, and brine, dried over MgS™4, filtered, and

Example 28 - Compound 8: 5-(3,3-Dimethvyl-but-1-yny)-3-[[4-hydroxy-4-(tetrahydro-
furan-3(S)-vioxymethy)-cyclohexyll-(18)-4-methyl-cyclohex-3-enecarbonyl}-aminol-

thiophene-2-carboxyvlic acid

0

OH
/ OH
N\,O‘/ /'( :O
@o

15 Compound §

x__S

Compound 8 was synthesized in a manner similar fo Example 27 using (S)-
tetrahydro-furan-3-ol in place of (R)-tetrahydro-furan-3-ol: MS (m/z): 544.1 [M+H]+;
HPLC retention time 4.20 min (2-98% acetonitrile: water with 0.05% triflucroacetic
acid).

20  Exampie 29 — Compound 9: 5-(3,3-Dimethyl-but-1-yny)-3-[[4-hydroxy-4-(tetrahvdro-
furan-3(S)-vioxymethvi)-cvclohexyll-(1R)-4-methyl-cyclohex-3-enecarbonyl)-aminol-

thiophene-2-carboxylic acid
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5concentrated to 5.05 g of ketone product 13. 14 K-0-t-Bu, 70 C
Conmpound 16 A sol ution of trinmethyl sul foxoniumchloride (0.47 g, 3.64 nmol)
in THE (8nD)20111B8NE0 (8 nl) was treated with NaH (0. 126 pgT/uB2mG/0o1s03 ) at
roomtenperature for 20 minutes. A solution of 13 (1 g, 2.43 nmol) in a THF
(8nmL) was added dropwi se over a period of 7 mn stirring was continued for
0.5h. The reaction m xture was cooled to 0 and was quenched with 10%
citric acid (200 m.). Theglaqueous | ayer was extracted with ethyl acetate
(300 nL) and the conbine i ses were 15washed with brine (500 ni),
dried over Na2SO4, and concent e crude material was purified by
silica gel chromatography to gi
di et hyl but - 1- ynyl ) t hi ophen- 3-y1) -

(1S, BS) - M(5- (3, 3-
@ YW, hgfj/ 3R, 6s) - 1- oxaspi ro[ 2. 5] oc
tan-6- yl)cycl ohex- 3-enecarbokam dg (1d)-/(0. 25 .58 mol ). A solution of

14 (0.25 g, 0.58 mml) in FHF Hh was cooled to -78 C and 5treated with
LDA (2Min THF, 2.35 mmol). After 2h, CO2 (g) was bubbl ed through the
Compound 9

Acrylic acid 4,4-dimethyl-2-oxo-tetrahydro-furan-3-yl ester (R) was prepared
in the following manner: 3-(S)-Hydroxy-4,4-dimethyl-dihydro-furan-2-one (2.60 g, 20
mmol) and diisopropylethylamine (5.2 mL, 30 mmol} in dichloromethane (25 mL) was
S  cooled to -10 °C and treated dropwise with acryloyl chloride (2.03 mL, 25 mmol) and
stirred for 2 h. 1M HCI (20 mL) was added and the organic layer was washed with
sodium bicarbonate and water. The organic layer was dried over sodium sulfate,
filtered and concentrated. Flash chromatography (10-40% EtOAc, hexanes) afforded
2.09 g (57% yield) of the desired acrylic acid 4,4-dimethyl-2-oxo-tetrahydro-furan-3-yl
10  ester (R) as a clear oil. This substrate was used to prepare the acid chloride of (1R)-
4-methyl-cyclohex-3-enecarboxylic acid analogous to the procedure described in
Scheme 15 and Scheme 16.
Compound 9 was prepared in a manner similar to Example 27 using the acid
chloride of (1R)-4-methyl-cyclohex-3-enecarboxylic acid in place of the acid chioride
15 of (1S)-4-methyl-cyclohex-3-enecarboxylic acid and (S)-tetrahydro-furan-3-ol in place
of (R)-tetrahydro-furan-3-ol: MS (m/z): 544.0 [M+H]+; HPLC retention time 4.22 min

(2-98% acetonitrile: water with 0.05% trifluoroacetic acid).

Example 30 — Compound 10: 5-(3,3-Dimethyi-but-1-ynvy!)-3-[[4-hydroxy-4-(tetrahydro-
20 furan-3(R)-yloxymethyl)-cyclohexvll-(1R)-4-methyl-cyclohex-3-enecarbonyl)-aminol-

thiophene-2-carboxvlic acid

Compound 10
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reaction mxture for 15 mn. The reaction m xture was allowed to warmto
roomtenperature and quenched with NH3ClI (sat). The aqueous | ayer was
extract edwei2oti/ossdagl acetate (50 nL) and the conbi ned oPganiSeoiphases wer e
washed with brine (100 nL), dried over Na2SO4, and concentrated to give 15.
The crude material was 10di ssolved in NWP (1 nL) and treated with potassium
tert-butoxide (2.5 mmol) and (S)-tetrahydrofuran-3-ol (2.5 nmol). The
reacti on mi xt Ue@npeindri@avasdreparad irG frenndresimilarthExamplet2asingd &)+ hen cool ed

and neutr gpégé u wi th ethyl
acet at e, t%%%\@@ﬂ% Wé%rg%%gﬁ rcﬁi& ) t%t]régﬁ dﬁbﬁ% ?’h @ES(W( ﬂﬂﬁgl H20 (0. 1%
TFA) to pridhe d@er@@ﬁﬁmzmm &SBG/MCE)OHI’&E@BWM@EMthﬂmmﬂnebemtlcon tinme 4.47
mn (2- 98a/da}ceton|trlle water with 0.1%trifluoroacetic acid) 6 mn run.
Conpound 17" Conpound 17 20A solution of 16 ( 0.025 g, 0.044 mml) in DCM
MeOH 65 mi/ 1 m_) was treated with trimethylsilyldiazomethane (2 Min
hexanes, @ ( gaction was concentrated and purified by
HPLC wi t T CHSCN (0> 195 TEF 201 C oTFA) to provide the title conpound as a
solid. Ms (m z): 572 1 [MH - HPLC retention time 5.08 mn (2-98%
acetonitrile: water with 0.1%trifl uoroacetic aci d) 6 25m n run. Conpound
18 18 Compound 18 was synthegi zed i n a mannef<anal ogous to Conpound 18
utilizing the (Rt ahydr of ur an- 3=ol . I\/B(rﬂz : .1gfMH + ; HPLC

retention tine 4.48\nj/n erwl\h/.l%
trifluoroacetic aci g rﬁdCIQ(thgxampIEE/SZDMF -
rt to 40°C
11
10 2,4-Dibromothiophene (6g, 24.8 mmol), PdCl, (PPhs), (522 mg, 0.74 mmol)

and Cul (283 mg, 1.49 mmol) were added to a 250 mL round bottom flask, which was
then sealed with a rubber septa. The flask was degassed and backfilled with argon
three times, followed by the addition of DMF (150ml) and TEA (30ml). 3,3-
Dimethylbut-1-yne (2.87 mL, 23.56 mmol) was added. The reaction mixture was

15 heated at 45°C for two hours, by which time 2,4-dibromothiophene had been
completely consumed. Insoluble material was removed by filtration and the filtrate
was concentrated in vacuo. The residue was partitioned between EtOAc (150 mL)
and aqueous ammonium hydroxide (2 ml 28-30% wt solution, diluted into 100mL
water). The organic phase was separated, washed with 5% LiCl aqueous solution

20  and brine, dried over Na,SO, and filtered. The filtrate was concentrated. The residue
was purified by silica gel chromatography eluting with hexane to afford 11 (5.1g) as a
faintly yellow liquid.
HPLC retention time: 5.169 min (5-95% acetonitrile with 0.05% TFA: water with
0.05% TFA).

25
N-(5-(3,3-dimethylbut-1-ynyl)thiophen-3-y1)-1,4-dioxaspiro[4.5]decan-8-amine: 12
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CD3 0 HCI HN-O / HATU, DIEA, DCM rt 003 0 1 030 + CO3 OH D30 ,0 CD3

WO 2011/088345 PCT/US2011/021335
[\
o_ .0
Q 5
s NH, Cul, Cs,CO,4 )
Vo o)
0O O
DMF HNO(]
Br lij:,/u\ O
12

A mixture of 11 (0.773g, 3.18 mmol), Cul (30 mg, 0.160 mmol), cesium

carbonate (2.072g, 6.36 mmol), 2-acetylcyclohexanone (90mg, 0.636 mmol) and 1,4-

5  dioxa-spiro[4.5]dec-8-ylamine (1.0g, 6.36 mmol) in DMF (1.6 mL) was degassed with
N, then heated to 80 °C for 16 h in a sealed tube. The reaction was diluted with
EtOAc, filtered through a pad of diatomaceous earth, washed with 5% LiCl aqueous
solution, dried over sodium sulfate, filtered and concentrated. Flash chromatography
(EtOAc:Hexanes) afforded 12.

10 MS (m/z): 320.20 [M+H].

13
A solution of 12 (4.16 g, 13.0 mmol) in 1,2-dichloroethane (40 mL) was cool to

15 0 °C and treated with a solution of (1S,6S)-4,6-dimethylcyclohex-3-enecarbonyl

chloride (3.88g, 24 mmol, prepared in a manner analogous to Scheme 2) in 20 mL

1,2-dichloroethane. The reaction mixture was allowed to gradually warm to room

temperature and stirred for 17 hours, at which point it was diluted with DCM, twice

washed with saturated NH,Cl ., dried over MgSOQ,, filtered and concentrated. The
20  residue was purified by silica gel to give a mixture of (1S,6S)-N-(5-(3,3-dimethylbut-1-

ynyl)thiophen-3-yl)-4,6-dimethyl-N-(1,4-dioxaspiro[4.5]decan-8-yl)cyclohex-3-

enecarboxamide and the product of ketal hydrolysis (5.60 g, 12.3 mmol). This
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1019 HATU (32.5 g, 85.5 mml, 1.1 equiv) and N, O-di net hyl hydr oxyl am ne
hydrochloride (8.3 g, 85.5 nmmol, 1.1 equiv) were charged into a

round- botworred/i8Bask cont ai ni ng 300 i di chl or onet hane. PDTAEA214021385 233
mmol, 3.0 equiv) was added, followed by a solution of d9-pivalic acid (8.6
g, 77.7 mmol, 1.0 equiv) in DCM (25 nL). 15The reaction was stirred at room
t enperature unt|I conpl ete consunEtlon of the carboxylic acid. The sol ution

was concenikiugg was takeva@uz)T*ﬁB (FQivby &regisrdatiin s Hahd). Bh@stread 46 *wde

par ti ti ongdnhgieenr Wré@%d%e@%@u@@é M’%@étﬁg M@: rdshiffly Bhdeouthe aqueous
phase was extracted w g% and the ‘conbi ned organics were dried
over Na2$oer e thﬂﬁérﬁxb'é@f@@mth @gc. Tﬁﬁé@ﬁ@medﬁgmIaps@nslwqr@waﬁ'ye%| lica gel
20chr Omtvﬂglrs%ﬁmﬁteﬁ c?ﬂé@s ? Wtek 2nd bne 3RicM0ér Mé@@),m%@rleg) adp colorless oil.
Met hyl 3-am no- Ophene- 2- car boxyl ate (6. g, 22 mmol, 1.0 equiv)
and két alcoogefﬁf@t%jj toZ05grel ketanepreguat ¥$- wer e di ssol ved in 27 nL acetic acid
in a round-bottoned flask. Sodiumtriacetoxyborohydride (7.0 g, 33 nmol,
1.5 equiv) was added in portions at roomtenperature. After the reaction
was conplete, | water 5 (30 nL) was added and e mxture was poured into

Et 0Ac (200 ~xlhe gphases were separated a organi cs were washed with
H20 and bri ne, ano hgn drled OVﬁ{ g§%§%fomJ®e Vo es were renoved in

vacuo and the residte fi @b Ica gel ch to- aphy to afford
20 (7.1 g, 17 Koy cas—a—yettow-sol i d. 10 "-und 20(7.1
g, 17 mmol) a ' ) hded K3PO4 (7.12 -m<
14
@]
_ _S
OH
LDA, CO, L o
(O
AQ--H\<
@]
15
@]
) P
“OH S
K-O-t-Bu, 70 °C

OH
OH
Lo
O

Compound 16

A solution of trimethylsulfoxonium chloride (0.47 g, 3.64 mmol) in THF (8mL)/
10 DMSO (8 mL) was treated with NaH (0.126 g, 3.16 mmol) at room temperature for 20
minutes. A solution of 13 (1 g, 2.43 mmol) in a THF (8mL) was added dropwise over
a period of 7 min stirring was continued for 0.5h. The reaction mixture was cooled to
0 ° and was quenched with 10% citric acid (200 mL). The aqueous layer was
extracted with ethyl acetate (300 mL) and the combined organic phases were
15  washed with brine (500 mL), dried over Na,SO,, and concentrated. The crude
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mol ) were suspended in DCE (40 nmL) in a 250 nL round-bottoned fl ask. The
solution was cooled to O Cin an ice-water bath. (R)-4-Methylcycl ohex-3-
enecar borwyb 20t/os83sde (7.9 g, 50 nmmol ) in DOE (25 nl) wagCadsed1d2Bpivi se Vi a
syringe. After the addition, the reaction was stirred overnight at refl ux.
The reaction 20was diluted with DCM (200 nlL), and the organics were washed
wth saturated NHACI (2 x 100 nlL). After drying over Na2504, the organic

| ayer wasmeisriglevasrmriged bosifdaves! ahypetdteseptydmgivedlt @S ) This-( (BeBi due was

Di'el d) s T e R P BB AL SRR e Pt SalE” 22
Es_)gl)ﬂ locr)nr;dxdiclyggghe(ﬂ&en@artipxemlﬁmn4 0.5 @@uBs8mmioh. THF (12.0 (r)rir_)dl n a (rJOl'\J/In::I;]
THF, 2.1 mol Ki e éjﬁé%’g%% Qggn&%gﬁopw SL Eﬁlg%’]gg%rlﬁg@k ur7§ %&gstl rred
for 36 miteated with MDA&MMTHE& Yemmah After @b, @92 (B2@srypbRd throuwl thel. 1
equi v) i nrelﬁ%n(rﬁxx{aremoh . AL R AW ¢ dﬁ@@va% :&g d@%d\s/{éé' Fdr Rﬁtto-srg#xﬁt' on was

gradual | y warnmne 0 roo errperature an e reaction
was pour elgmpatadurs and naeedeMATINHS0(satl)) Taa@qma@)stlamtvea a»dramem(z x 100

m.). The &gg%c&%{je(% %’}itagét éo%é?ﬁéoegrg% P%?e%%%e ghéé‘ [t Bﬁ’rﬁ‘eﬁ’@@brat ed.

The crude next s ari |ca ion. 00 030 D
C Best mannl} driedageniNa,SO,, and concentrated to give 15. The Crude material was

10 dissolved in NMP (1 mL) and treated with potassium tert-butoxide (2.5 mmol) and
(S)-tetrahydrofuran-3-ol (2.5 mmol). The reaction mixture was heated to 40 °C for 16
h. The reaction was then cooled and neutralized with aqueous HCI (1M). The
product was extracted with ethyl acetate, concentrated and purified by HPLC with
- CH3CN (0.1% TFA)/H,0 (0.1% TFA) to provide Compound 16. MS (m/z): 558.1 [M-
15 H}-; HPLC retention time 4.47 min (2-98% acetonitrile: water with 0.1% trifluoroacetic

acid) 6 min run.

Compound 17

O
= S

O/
OH
<NIDI-C>\/O/,‘
.111\ CO
: O

Compound 17
20 A solution of 16 ( 0.025 g, 0.044 mmol) in DCM/ MeOH (56 mL/ 1 mL) was
treated with trimethylsilyldiazomethane (2 M in hexanes, 0.22 mL) for 30 min. The
reaction was concentrated and purified by HPLC with CH;CN (0.1% TFA)/H,0(0.1%
TFA) to provide the title compound as a solid. MS (m/z): 572.1 [M-H]-; HPLC
retention time 5.08 min (2-98% acetonitrile: water with 0.1% trifluoroacetic acid) 6

25  minrun.

Compound 18
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K2003, MeOH, rt 23 15 To a solution of 22 (97 ngy, 0.19 nmol, 1.0 equiv) and
di net hyl 1-di azo-2- oxopropyl phosphonate (110 ng, 0.57 mmole, 3.0 equiv) in
MeOH (3. owol2pivees3sadded K2CO3 (105 ng, 0.758 mmol, 4.0 @qUiUspo11/DREs3s _
resulting solution was stirred over night at roomtenperature. The reaction
was then partitioned between EtOAc 20(50 nL) and 1 N HC (50 ni). The
organic was dried over Na2SO4 and then concentrated. The crude was purified
by silica gel colum chr tography to afford 23 (70 ng, 0.138 mmol, 73%
yield) as a white solid. 0114 08§345PCT/ US2011/ 021335 1) Me3SCCl, NaH

DVMSO, THF 2) LION, THF/ H20 OH
OH
N""<:>\/O
Q4 O%
0]

18
Compound 18 was synthesized in a manner analogous to Compound 18 utilizing
the (R)-tetrahydrofuran-3-ol. MS (m/z): 558.1 [M+H]+ ; HPLC retention time 4.48 min

5  (2-98% acetonitrile: water with 0.1% trifluoroacetic acid) 6 min run.

Example 32
o0 HCI HATU.DIEA, DCM o0 l
D4C + HN-O DA DEM, DG 0
CD,OH  / e, T
10 19

HATU (32.5 g, 85.5 mmol, 1.1 equiv) and N,O-dimethylhydroxylamine
hydrochloride (8.3 g, 85.5 mmol, 1.1 equiv) were charged into a round-bottomed flask
containing 300 mL dichloromethane. DIEA (40 mL, 233 mmol, 3.0 equiv) was added,
followed by a solution of dg-pivalic acid (8.6 g, 77.7 mmol, 1.0 equiv) in DCM (25 mL).

15 The reaction was stirred at room temperature until complete consumption of the
carboxylic acid. The solution was concentrated in vacuo to remove volatiles and the
residue was partitioned between DCM (200 mL) and saturated NH,CI (100 mL). The
aqueous phase was extracted with DCM (200 mL) and the combined organics were
dried over Na,SO,4 and then concentrated. The residue was purified by silica gel

20  chromatography to afford 19 (5.1 g, 33 mmol, 42% yield) as colorless oil.

AN
N O

0 IS
l S 0 Na(OAc)3BH, AcOH |/
T ot L
: s
NH, o)

20
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Compound 24 The subsequent synthetic transformations necessary for
the preparation of Conpound 24 were perfornmed in a manner simlar those
descri bedwprrotxmsgabe 27. 5M5 (mz): 553.1 [ MtH] +; HPLC PeTArstéion2t3she
4.46mn (2-98% acetonitrile: water with 0.05%trifluoroacetic acid over 6
m n). Exanple 33: Conpound 29 HO HO, O (10.0 equiv) KOBu (4.0 equiv)

NVP, 35 C, 16 h Conmpound 29
Methyl 3-amino-5-iodothiophene-2-carboxylate (6.24 g, 22 mmol, 1.0 equiv)

and ketal (5.16 g, 33 mmol, 1.5 equiv) were dissolved in 27 mL acetic acid in a
round-bottomed flask. Sodium triacetoxyborohydride (7.0 g, 33 mmmol, 1.5 equiv)
was added in portions at room temperature. After the reaction was complete, water
S5 (30 mL)was added and the mixture was poured into EtOAc (200 mL). The phases
were separated and the organics were washed with H,O and brine, and then dried
over Na,50,. The volatiles were removed in vacuo and the residue was purified by

silica gel chromatography to afford 20 (7.1 g, 17 mmol, 76% yield) as a yellow solid.

10
(COCI), (3.0 equiv)
O OH KsPO, (1.25 equw
DCM DMF (cat.)
0°Ctort, 2h
0._ClI
\O
IS T\Z/(
WL/Z/\% .
° S0
HNQ@] K3PO4 2 O equiv) @ O
15 Compound 20 (7.1 g, 17 mmol) and freshly grounded K;PQO, (7.12 g, 33

mmol) were suspended in DCE (40 mL) in a 250 mL round-bottomed flask. The
solution was cooled to 0 °C in an ice-water bath. (R)-4-Methyicyclohex-3-
enecarbonyl chloride (7.9 g, 50 mmol) in DCE (25 mL) was added dropwise via
syringe. After the addition, the reaction was stirred overnight at refiux. The reaction

20  was diluted with DCM (200 mL), and the organics were washed with saturated NH,Cl
(2 x 100 mL). After drying over Na,SO,, the organic layer was concentrated to give a
yellow foamy solid. The residue was purified by silica gel chromatography to afford
21 (5.5 g, 10 mmol, 60% vyield) as an off-white solid.

79



Step 1: Synthesis of (R)-nethyl

5-i10do- 3- (4- net hyl - N- (4- oxocycl ohexyl ) cycl ohex- 3-

enecar boxwgi2da)askisophene- 2- car boxyl ate (25) 5A m xt ur ePofi/tB201122133%), 3.6

mmol) and HCl (40 mmol, 4 NHa) in THF (20 nL) was heated at 45 00 for 20

mn. The reaction was diluted with ethyl acetate and the organic |ayer was

separated then washed with sodi um bi carbonate (sat aq) and brine. The

organi c |l ayer was drg ed over sodiumsulfate, fi I[B%r d and ¢pncentrated to

afford 25. Th was taken to the next step, S fupt her

purification. (oie) : 502 2C[ I,uHﬁH’@@Tt&tentlon e ogeb7 M n (2-98%
coael—d—evep»3 Dr?tn).

acetonitril e wat e St 2p._Synt hesi s
of rmet hyI % E< CD3 ‘{i}(

5-i odo- 34 hyI €(3s. 6s) - 1- OanpI ror2.5% cy 3 enecarb
oxam do) t h| ophene 2- car boxyl ate (26) Tr| yI sGI f oxoni um chl ori de
(592 ng, 4.6 mmol) in DVMSO (10 nL) was treated wnth sodbsm hydride (162 ny,
60% oi | dispersion, 4.03 nmol) and stirred at anbient terrperature for 30

m n. Conpound 25 (reS| due from previous step) in THF (10 nL) was added
dropwi se and t Clslo r 4o0range

sol ution was t%%% @3‘ C%/fvt 931 ?8@ glnﬁr}}?@?é%} ﬁFTHeﬁﬁ&ﬂ& pgérm'?l tioned

bet weén \b@ttennearﬂdstewm/bocﬂmema)t“@.. !Q‘dreomllgtagmesldrayunrwmﬁ Gkpafated 1and t he

aqueous was e tract agai.n, wth eth ace ate. ned qQrgani cs were
nashed. witHobat eRCkh B ARHE: dands St ORI Sae ST AT D BT AR, o

filtrati (sntuau:dottbacléemreatainm 19 (ﬁ@Zme;leijrwm,st.paqm;t/j ied HFy(1fd rats}'was

chromat o h hexanes afford 26 (1. |, 69% as a
ohi Lo soPHEe Nehpr AT EAERGS bk o b d e dartiethio I RPTRLR o° (% Saue
acet oni t rant etimad GVenghh Ihe()é%trbommscpoaoadjnmmturé?tes NH,B) (50 mL)Sinelp 3:

U35, 6s) SHPEEE M I 6 b VRS T &b Bre baten et Dt br S ophent. 2.

car boxyl ahe tifeh/doncentrated. Tongrognd2 28s (&0 tothe KbxbstaPRlithout purification.

2, 2-di net hyl but - 3-yn-1-ol (150 ng, 1.5 mmol),

bi s(tri phenyl phosphi ne)pal l adiun(11) dichloride (18 ng, 0.025 mmol), Cul
(9.5 ng, 0.05 nmol) and tri et hyl am)neo(l m.) were dissolved in DW (5 nL)
in a sealed 20tube. The m xture heat ed 3,80 C for 5 h. The reaction
was then pouped i nto Et@Ac (200 il Q)dowa@ with NH4ACI (2 x 50 nL) and
5% Li G (2 Del S.The organic Iayér SDg&pa ed Sandq he aqueous was
extracted agai e acet at e. NThe conbi ned o were washed with

wat er and brin r| r BeymgNIh '§edeat . Aft flltDMatlon and
concentration refsi d a r-f i flash 25chr %
Q?o %dof ﬁggﬁz“

( Et OAc: hexan S for 49%)

15
To a solution of 22 (97 mg, 0.19 mmol, 1.0 equiv) and dimethyl 1-diazo-2-
oxopropylphosphonate (110 mg, 0.57 mmole, 3.0 equiv) in MeOH (3.0 mL) was
added K,CO; (105 mg, 0.758 mmol, 4.0 equiv). The resulting solution was stirred
over night at room temperature. The reaction was then partitioned between EtOAc
20 (50 mL)and 1 N HCI (50 mL). The organic was dried over Na,SO, and then
concentrated. The crude was purified by silica gel column chromatography to afford
23 (70 mg, 0.138 mmol, 73% yield) as a white solid.
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solid. M5 (mz): 486.1 [MH]; HPLC retention tinme: 2.60 mn (2-98%
acetonitrile:water with 0.05%formc acid over 3.5 mn). 30Step 4:

Synt hesi swof2011/088345 PCT/US2011/021335

5- (4- hydroxy- 3, 3-di net hyl but - 1-ynyl) - 34(R) - 4- net hyl - N- (( 3S, 6s) -

1- oxaspi rol2. 5| oct an- 6-y1) cycl ohex- 3- enecar boxan do) t hi ophene- 2- car boxylic
acid (28) Compound 27 (203 ng, 0.42 mmol) was dissolved in THF (5
m) and watef ¢3, nm). LiOH H20 (176 ng) was add€dcpThe mixture was stirred
at anbi en Jdenperat@re for one day and the ehched wicth 10%citric
aci d aqueolls so I n.). The reaction MPXt ur 8 acted with ethyl
acetate. The organi\c /l ayef was washed twkt h brine, dri&d /andCQoncentrated to

give 28 (186 ng)-—5St y—~Synthests—of— N
5- (4- hydr oxy- @n- @ -ijynyl)-34(R)-N-((l,- QQ
hydr oxy-4-((( - 3-yl oxy) net hyl ) cycRohéxy}) - t Ryl cycl ohex
-3- enecar boxam do)t hi ophene- 2-carboxylic acid (29)
(S)-Tetrahydro-furan-3-ol (187 ng, 2.1 mol) in 1-methyl-pyrrolidin-2-one
(4.0 nmL) was treated with ppjassiumtert-butoxide (95 ng, 0.848 mmol) and
stirred at 10anbi ent tenperat FB3for 20 ginutes. To this mxture was added
28 (100 ng, 0.21 mmol). TkeCre ionsm ¥ture was heated at 35 C for 16 h
under an inervaswosphere. After cdpl jjng ke m xture was treated with 10%

citric aci unti | 3, rtitioned between ethyl acetate
and wat er and skpapattdd. The ﬁxﬁ?@g\? extracted again with ethyl
acetate and the conbi ned organi cs wereg with 15 water, brine and
dried over soddbiR*sdHFA@. After filtr@tion and concentration the residue
was purified by HPLC with CH3CN (0.1% TFA)/ H20(0.1/0 TFA) to afford
Conpound 29 (10 ng, 0.018 mml, 9% . M5 (mz): 560.1 [ M+l -11+ 20Bi ol ogi cal
Exanpl es Antiviral Activity Dﬁn@ﬁher aspect of the invention rel ates
to methods of (inhibiting viral inf ions, comprising the step of treating
a sanpl e or subjec suspect ed oPsthee ch/i nhibition with a conposition
of the inveAtion., "OBY

N
35°C, o/n \©‘< QOH

]

Compound 24
The subsequent synthetic transformations necessary for the preparation of
Compound 24 were performed in a manner similar those described in Example 27.
5  MS (m/z): 553.1 [M+H]+; HPLC retention time 4.46min (2-98% acetonitrile: water with

0.05% trifluoroacetic acid over 6 min).

Example 33: Compound 29
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25Wthin the context of the invention sanples suspected of containing a
virus include natural or man-nade materials such as |iving organisns;

ti ssue orwoebii/ssd4sur es; biol ogi cal sanpl es such as bi olPogiusad11mt3as i al
sanpl es (bl ood, serum wurine, cerebrospinal fluid, tears, sputum saliva,
ti ssue sanples, and the like); |aboratory sanpl es; food, water, or
air sanpl es; bioproduct sanples such as extracts of cells, 30particularly
reconbi nant ¢el Jss nthesi zing a desired glycoprotein, apd the |ike.

Typically the %&a f confEiF Ag" ary opgani sm whi ch
¥ehogeheld or ganism Sféh as a tunor
i i ncluding t w2 organic
uc

i nduces a viralinfecti op, ¥NEgLent

virus. Sanples cam gt ai ned-i-n a m
sol vent\wa‘r@{tu g npl de i ng or s~humans,
and man nmad tevials such as ¢ coltures. If des d, o he anti-virus

activity of a conmpound of the invent2®on after 5applicati @& of the
conposition can be observed by any nethod including direct and indirect

met hods of detecting gych activity. Quantitative, qualitative, and

sem quanti t atjove net ho of determ ning such adtdvity are all contenpl ated.
Typically one of the stfeeni ng net hods descri be bove are applied,

however, any obher MR hysi ol ogi cal
smrare 10al s6appl i cabl e
abtivity of

properties of a I'Nving organi The antiviral
activity of nd of the

screeni ng prgﬁ%@ﬂg&gﬁ hat kn O exanpl e, the-anti

a conpound can be masuﬁ&ﬁ@ t fol |l ow ng get ocol s>

Cel | -based Fl avivirus i detecti on assay 15BHK21 ‘et A549 cells are
trypsini zed, counted and dilutedzto 2x105 cells/nL in H¥s F-12 nedia (A549
cells) or RPM-1640 nedia (BHK21 cells) supplenented with 2% fetal bovine

serum (FBS) and 1% peni cidlin/streptonycin. 2x104 cells are dispensed in a
clear 96-wphl tissue culture plates per well and palced at 37 C, 5% CO2

over ni ght. Oﬁgg?je next dayi. the cells are infected with viruses at
multiplicity 26198y on

9.3 in the presence of varied
concent r at i ens—ef—test—eonpounds) f 2; hour at 37 C and 5% CQ2 for another

48 hours. Thﬁ?{ﬁg@‘%@%}*’h}a washed onde wW PBS and fixed with cold nethanol
for 10 nin. ef” Washi ng t wice wimh-»%e fixed cells are blocked with
PBS contai ning 1% FBS and 6 ween-20 tor 1 hour at room tenperature.

The primary anti body sol ution {4&P is theA added at a 25concentration of
1:20 to 1:100 in PBS containi ng 1%c!:BS and 0.'65% Tween-20 for 3

ompound 29

Step 1: Synthesis of (R)-methyl 5-iodo-3-(4-methvl-N-(4-oxocyclohexyl)cyclohex-3-

enecarboxamido)thiophene-2-carboxylate (25)
5 A mixture of 21 (2.0 g, 3.6 mmol) and HCI (40 mmol, 4 N HCI) in THF (20 mL)

was heated at 45 °C for 20 min. The reaction was diluted with ethyl acetate and the

organic layer was separated then washed with sodium bicarbonate (sat aq) and brine.
The organic layer was dried over sodium sulfate, filtered and concentrated to afford
25. The crude was taken to the next step without further purification.

10 MS (m/z): 502.2 [M+H]; HPLC retention time: 2.67 min (2-98% acetonitrile:water with

0.05% formic acid over 3.5 min).

Step 2: Synthesis of methyl 5-iodo-3-({R)-4-methyl-N-{(3S.6s)-1-oxaspirol2.5loctan-

B-vlicyclohex-3-enecarboxamido)thiophene-2-carboxylate (26)
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hours. The cells are then washed three tinmes with PBS foll owed by one hour
i ncubation with horseradi sh peroxi dase( HRP) - conj ugat ed anti - nouse 1gG
(Sigma, IweQ0O/mB34ation). After washing three tinmes w t RCPRS2015021335
mcroliters of 3,3,5,5 - tetramethyl benzidine (TMB) substrate sol ution
(Sigma) is added to each well for two 30m nutes. The reaction is stopped by
addition of 0.5 Msulfuric acid. The plates are read at 450 nm abosor bance

for viral | oadrgedtsuifexaniunpshlopde GP2 moad & mmentin DMEO (Yenlswag e washed

t hree t| [ t e for 5
m n. Qﬁ%ge\t&'e\,h?\s?r@gg{ ﬁ&drﬁw?%%ﬁ‘% 6@)#&8?3!15_ ers }ggdgro B(ﬂﬂ ?%%%%%%7 nm

em SSI on a@lbﬁﬂﬁﬁ@mﬁ%@tu@eﬂq Shberorpenitd 45 (ceaidusnrorbpsyique spon el idiur ves ar e
plotted fiom|hies ORAY GB5AIBANATBESIR hifird R85 Alindd1er SORFENTAATI O of

test conmpoundS. The EO50 5is cal cul at y non- Finear regression anal ysis.
A posPt i weangsrolugpn wae fregtsdnitiotdjh mtr@@@xwm pirii-frpod pamtignadeetiwesh

Cel | - bas | awi t t el JNg agai nst
West Ni | ggﬁzrra&\sé e‘(t;Hryf H%tgﬁegﬁge&n%@'ﬁg e‘?ﬁassas\%ﬁg%éed %ﬁ%ﬁi g ?Cf%%%ér e trypsinized
and di | utetiaated agera)wée ﬁthvhwéaieof hey cembipgd eeganissvtere wariM wittewatel Onedi a
suppl enenf.gd s LRk g% %LB@EH CAddr i858 gﬁé cf%hf??tto%o{het esting

aga| nst denqgue Vi rus, |s are tl’ psSi ni ze ut ed
concent r 4851%1¢ wis @uriied by ﬂ@ehw Pfypmetograpm@%m@sas@qdm el 26d1 wigt h 5% FBS

and 180 p@rgzcrh}nld B6&Y gggtwgoﬂd A 50 microliter of cell suspension (2 x 104
cells) ensed

In a 96-well optical bottom PIT pol yner-based
pl at es (Mﬁ](ﬂ)\z Gab. %Maﬁé H8dr tiention &msi gHb min (28Btoacetondewatatwi®7 C, 5%
C2, and otdsepidriicesiedapstmist Nile virus (e.g. B956 strain) or Japanese
encephal itis virus (e.g. Nakayama strain) at MJ = 0.3, or wth dengue
virus (e.g. DEN-2 NGC strain) at MO =1, in the presence of different
concentragtéglss fhe @%tf he -niiaLf IS and the

conpoundS are fur : : he end of
20i ntBbati38fs)- 1mxa$ﬁlr@f21ﬂomaﬁ<6 wfcvcmqm—emcafbmmldﬁﬁmjmﬁ; added into each

wel | . Co%,e,@;@atgr(ggm xed for 2 mnutes on an orbital shaker to induce cell
ares

lysis. The p re incubated at roomtenperature for 10 mnutes to

stabi i ze | uniGesweend 2€{iPang, 0.bmmedk dRcdmetwthivhg-yins!-eld¢d? ted1.Gsi ng a pl ate
reader. [ r used.
eader. Ahfag btsw.sh&@ra;%%h.ﬁéssguaaﬁjg{qwagmor%%ﬁér}&%] lold 6By B (98 e ounds
are t est &, 0PSVNRe) Pﬂd Histplgnainedtel) Uﬁredim?@h@dvﬁ PYE Sriflelon iesealeSchul et al .

| pd ec u m ce (B&K
Ui 2y sal B oo R R eSO e 5Tt e et Pl e agee Mce
are i nj ect@Ac (20malpendtvaasbat I\Agyth\Mmﬁl @.450mnL T&WDE%daedigae: 30 rmU}s TResuspensi on.
Bl ood 305arrp| s are taken %y rde%ro or bi t al ep%mct re .un ofI ur ane
anaest hesf ani g yerﬁlas separated and the aqueous was €Xx rac’te again wi eth acetate.

The combmed organics were washed with water and brine, and dried over sodium

sulfate. After filtration and concentration, the residue was purified by flash

25  chromatography (EtOAc:hexanes) to afford 27 (203 mg, 0.42 mmol, 84%) as a white
solid.
MS (m/z): 486.1 [M+H]; HPLC retention time: 2.60 min (2-98% acetonitrile:water with

0.05% formic acid over 3.5 min).

30  Step 4: Synthesis of 5-(4-hydroxy-3,3-dimethylbut-1-yny-3-((R)-4-methyl-N-({3S .6s)-
1-oxaspiro[2.5]octan-6-yl)cyclohex-3-enecarboxamido)thiophene-2-carboxylic acid

(28)

Compound 27 (203 mg, 0.42 mmol) was dissolved in THF (5 mL) and water
(3 mL). LIOH.H,O (176 mg) was added. The mixture was stirred at ambient

83



sanples are collected in tubes containing sodiumcitrate to a final
concentration of 0.4% and imediately centrifuged for 3 mnutes at 60009
t o obt ai rwpl2asm®s34Pl asma (20 microliters) is diluted i RCTAB20mM102385 t er s
RPM - 1640 medi um and snap frozen in liquid nitrogen for plaque assay

anal ysis. The remaining plasma is reserved for cytokine and NS1 protein

| evel determ nation. Mce devel op dengue virem a rising over several days,
peaki ng dﬁmée@t%eﬁUwadﬁme@ then . qusreredtvett 1Q9g citic 2aid pabeoab saletionvidy, a
conpound i I % et hanol ,
Soor pea 48 gﬁﬁrégg%{/?%m?% %ﬁ%ﬁ?@éﬁ%?bm&%&% Tty ?’?{gr W%%) 1N NaCH
(pH adj usvashied witB bgye, drigd aﬁN/IC@PQQné[?@dBQIQWérZ%F-B@WE (0.9%v/v:2.5/0 v/v:
96.6% v/v). Thirty six 6-10 week ol d AGL29 mice are divided into six groups
of six mce each. All mce are infected with dengue virus as descri bed
10abowe (ﬁgp5n$vnthearﬁn®f 5t (4tay et ef3- dmaﬁhmutdaymfﬁéﬁ GR)-DE( R Eruse with 0.2

abhy.4.n the norning
T ' ‘ arting on day
0O (first -m §i44)) . Groups 2, 3 and 4 are dosed

t he sanme way V("E ?e&aﬂ%(d‘ﬁjrar&% 1K n@ng 12rﬁm /rlfgﬁh)}igzrrglwgéﬂg

respectively posi tive contro e use

(2R, 3R, 4FQ,4@FR)1L zwa(sztr%dwdf@pw@ww%memtpndeé%mgso Bgmoxyrandrpfitred airet hyl -

tet rafy drpsfisiiadin rﬂfu‘xjé R 20 A58 Yo f?lr %%@ a%ec?%) ﬂ?o%g'd sgrs/mouse
the same way as the previous groups. urt roup ted with only
vehi cl e fmmpd. The reactioromixiig \A@Sﬁﬂeé‘l@dlaﬁﬁéc@lf@fm Gafppfﬂdﬁ(laﬁam%’t gtmpepherecr ol it er
bl ood Sarm{e‘?ﬁoc(l tﬂl\e ﬁ%ﬂ%lm%% Ye\édtvhths )'o%ml&éélé le?e)oué1 sGiuti @tﬁﬂllk&Q@ the mce
by retro- orblta puncture er I sof |l urane anaest hesi a.

obt ai ned ﬁaﬁume@bﬁmeoewyémte abg wetantenil Seppieiedn Téa@qsmpr leyesre@s in |iquid
ni trogen e{;&éc’cP géﬁﬁ WAR Y| 80aLN%SIS TheTQ&n&@eig@taﬁQS Pesgsh%%rm pesS are

anal yzed pl aglie assay as escribed in t oki nes are al so
anal y8ed v@eraéﬂrde@mdrdrlﬁeop\feyscs&mIsulfatsl/\ﬁfﬁrdtlteatwnIaedebso%mretlehweysed using a
Platelia lio i ndi cat ed
25by a r-e;%%u'!é{fél \g%égijmq bgkl nﬁ eve @? é?f&@i%‘dr gg é“ﬁf’ﬁgéer&d

Typi cal | ycompelind 2%(1139 e &9 temimg!, @f%)about 5-100 fold, nmore typically 10-60
fold, nosys M}%:)j%%bw qlnso fold, are obtained with 5-50 ng/ kg bid dosages
of the conpounds of e‘invention. 30 HCV Assay Protocol The
anti-HCV activity of the conpounds of this invention was tested in a human
hepabgnma g—lgn,gycacpglxgmlpllgge harboring a HCV replicon. The assay conprised the

foll owi ng steps:
Antiviral Activity

Another aspect of the invention relates to methods of inhibiting viral infections,
comprising the step of treating a sample or subject suspected of needing such
inhibition with a composition of the invention.

25 Within the context of the invention samples suspected of containing a virus
include natural or man-made materials such as living organisms; tissue or cell
cultures; biological samples such as biological material samples (blood, serum, urine,
cerebrospinal fluid, tears, sputum, saliva, tissue samples, and the like); laboratory
samples; food, water, or air samples; bioproduct samples such as extracts of cells,

30  particularly recombinant cells synthesizing a desired glycoprotein; and the like.
Typically the sample will be suspected of containing an organism which induces a

viral infection, frequently a pathogenic organism such as a tumor virus. Samples can
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Step 1: conpound preparation and serial dilution. 5Serial dilution was
performed in 100% DVMSO in a 384-wel| plate. A solution containing a
conpound WO 282%8835d concentration of the starting finalPCTarse@l/ogdisButi on
concentration was prepared in 100% DVSO and 15 uL added to the
pre-specified wells in colum 3 or 13 of a polypropyl ene 384-well plate.
The rest of the 384-well plate was filled with 10 uL 100% DVSO except for

col ums bit or

(' 1018 BRI BRERRAAD Koyl et S B AR B D s lsea o
control ®Eanifl@Yintciobé vid oamibmESMch ephiraatd, @Ad mErempdainatenas subess pl aced on
a Bionmek FX Wirkstation to start the serial dilution. The serial dilution
was perf GeHedlt¥8s ten cycles of 3-fold dilution fromcolum 3 to 12 or from
colum 13 to t : eeld ceul teur nd conpound

addi tion ques%rgééggﬁ%wﬁﬁ A@P\%g/ %%a%ﬁﬁ%@ﬁ?@gs%ﬁe&g&&mel | plate, 90
pL of 5celdpphezdiba of hetcampbsitorl&Mlbesstsperdey dr@%éthﬁﬁ%oruemblma ael | s was
added with a Biotek uFl ow Workstation. A volune of 0.4 pL of the conpound
sol ut i on REEct Wﬁﬁ@f’%?fﬂ&ﬂe?ﬂf‘%ﬁ%wt%@f|<§Pardit4tlY?| GipliAtive. @”@o the cell culture

plate ong LV final
assay con "@%ﬁﬁgﬁ%ﬁﬁgﬁ i qumrgvrﬁg%g%gt%gh{e (P'Iaqu %ﬁﬁﬁ){ 37 C
with 5% G882 catie &5déningmhethbds deSh&tpacBabdsbetaee:tamﬂi@dotﬁovmaqutamlomety and
inhibition of viral replication a) Assessnent of cytotoxicity: The
medi a .nwﬂ@o%uﬁmqbsewﬁilorbﬁ|ﬂﬂw*évstﬂi%&'@'mea%.of ativag wrean’sy Eeot ek EL405
pl at qowa%r}% gfbégpé unme of 50 pL of a solution 25containing 400 nM Cal cei n
AMin 10 P was added to each well of the plate with a Bi otek uFl ow

Workstation. e DhatfMR%y b@&'&ﬁﬁc‘ﬁ%dfd?“[heglgvéﬂtﬂ!‘”cﬁﬁ b@tméaggfgdtu%m%er at ur e

before the fluorescence si g (em ssion nm exitation 52
measur ed StaNdArdasPeeIhPEIogRlp t@ﬁ@f%ﬁwmlf%qr@xa@aléeﬂwe antiviral activisy OE@sessment

of inhi bICth%WJ o 5@&95%& Gahd B ol Pl LU BRSOl Ut T on |0 the

30384-wel I ce culture ate was aspira w th a Biotek EL405

pl at e-washer. A vol une of 20 pL of Dual-d o luciferase buffer (Pronega,
Dual - G o GellchasedflaviviseninmungdetectiemessaE298B) was added to each wel | of
the plate with a Bi otek uFl ow Wrkstation. The plate was incubated for 10

mnuggs at rO@HKZﬂW@(ﬁb‘éb%ar@t pém@d Qfougt@dléhd@flut@dWtkﬂtdﬁ@é!ls%ﬁmna' ni ng
1: 100 m xture_of Dua subst r at e( Pr one

Luci f er asBMsdy ”I@é?g@r?f@ C@'Jﬁ or ﬁ@ﬁ’ﬁ@ﬁ grediep@al C@”%t%’ﬁp‘&m@“@dbuf fer
( Pronmega,witysl fdehidbolieisb ek nﬁ%ﬁ@%ﬁ@y°/ﬂ%g@!nﬁ/str§ﬁ5myﬁﬁ3iw camsgrthen added to

each well of the plate with a Bi otek uFl ow Whrkstati on Cf})late was

i ncubat ed'SRENFLIM A SR SPArtESoruttre HRleaPes WBbRRY BAlEekal IMitné¥cence si gnal
was neasg@hvatdidhto@nRes ka dBl NBE cEIRVArS irf8ctEd it viReREer muRl8Rtybr

cal C% at Imfectlon (MOI) of 0.3 in the presence of varied concentrations of test compounds for
1 hour at 37° C and 5% CO, for another 48 hours. The cells are washed once with
PBS and fixed with cold methanol for 10 min. After washing twice with PBS, the fixed
cells are blocked with PBS containing 1% FBS and 0.05% Tween-20 for 1 hour at
room temperature. The primary antibody solution (4G2) is then added at a
25  concentration of 1:20 to 1:100 in PBS containing 1% FBS and 0.05% Tween-20 for 3
hours. The cells are then washed three times with PBS followed by one hour
incubation with horseradish peroxidase(HRP)-conjugated anti-mouse IgG (Sigma,
1:2000 dilution). After washing three times with PBS, 50 microliters of 3,3’,5,5"-
tetramethylbenzidine (TMB) substrate solution (Sigma) is added to each well for two
30  minutes. The reaction is stopped by addition of 0.5 M sulfuric acid. The plates are

read at 450 nm abosorbance for viral load quantification. After measurement, the

85



The percent cytotoxicity was determ ned by cal cein AM conversion to
fluorescent product. The average fluorescent signal fromthe DVSO contr ol
wel | s werwoadefiosexdsas 100% nont oxi c. The i ndivi dual fl uecedaseont/ogighal from
testing 10conpound treated well was divided by the average signal from DVSO
control wells and then nmultiplied by 100%to.get the percent viability. The
percent anti-HCV replication activity was determ ned by the | um nescence

si gnal f reghs elsevasbsd thiee lieps Wit Mpar felrwes IDVBOIResAR WEh Hrapidiyrg iodidse

backgrou j M her A censkighnal from
Che OV o e et T e el vl o e e TR RSB0 ¢ e

si gnal f idrhnrhidon aed numgengiangficaiione PosasespResONBG cUAtiadied e te  Fol | owi ng
3-fol d serdl alblgahiONSsud e | tﬁ@qorﬁz%%ﬁat;{dg{ #@%t‘é@ﬁqﬁo%s?qlh@t&do by fitting

A inhibition at each concentration to the Tow ng equation: 91 nhibition
= 100P0/ [ EX50aipd Py ponr-lingar regression anajyfis. eA positiveHganfroksusbes N-aorwht . See, for
r ef er enceyeokidchinimesi behgekossi bl e 20Effects of the Aggregation of the
Mol ecul es 8?9 ﬁmraf%%?éﬁyon ui tes Di ssoci ation Curves, J. Physiol. 40: iv-vii.

(1910). % i nhi bition val ues at a specific concentration, for exanple
2pM can Gallsbrsgd Favyipusicytpgathie effeefransei above. When tested,
certain conpounds of this invention were found to inhibit viral

25replication F%$tésiir§} sshindd Wk Nee LirusTablBaescHeBonands YridNbHRr i on at 2pM 1
99.9 2 990_6388 ar?é trgyg'sigized and diluted to a concentration of 4 x 10° cells/mL in RPMI-1640
10  media supplemented with 2% FBS and 1% penicillin/streptomycin. For testing
against dengue virus, Huh7 cells are trypsinized and diluted to a concentration of 4 x
10° cells/mL in DMEM media supplemented with 5% FBS and 1%
penicillin/streptomycin. A 50 microliter of cell suspension (2 x 10* celis) is dispensed
per well in a 96-well optical bottom PIT polymer-based plates (Nunc). Cells are
15 grown overnight in culture medium at 37° C, 5% CO,, and then infected with West
Nile virus (e.g. B956 strain) or Japanese encephalitis virus (e.g. Nakayama strain) at
MOI! = 0.3, or with dengue virus (e.g. DEN-2 NGC strain) at MOl = 1, in the presence
of different concentrations of test compounds. The plates containing the virus and
the compounds are further incubated at 37°C, 5% CO, for 72 hours. At the end of
20 incubation, 100 microliters of CellTiter-Glo™ reagent is added into each well.
Contents are mixed for 2 minutes on an orbital shaker to induce cell lysis. The plates
are incubated at room temperature for 10 minutes to stabilize luminescent signal.

Lumnescence reading is recorded using a plate reader. A positive control such as N-

nonyl-deoxynojirimycin may be used.
25  Antiviral Activity in a Mouse Model of Dengue Infection.

Compounds are tested in vivo in a mouse model of dengue virus infection
(Schul et al. J. Infectious Dis. 2007; 195:665-74). Six to ten week old AG129 mice
(B&K Universal Ltd, Hil, UK) are housed in individually ventilated cages. Mice are
injected intraperitoneally with 0.4 mL TSV0O1 dengue virus 2 suspension. Blood
30  samples are taken by retro orbital ‘puncture under isoflurane anaesthesia. Blood
samples are collected in tubes containing sodium citrate to a final concentration of

0.4%, and immediately centrifuged for 3 minutes at 6000g to obtain plasma. Plasma
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4 99.64 5A 99.97 5B 99.95 WO 2011/ 088345PCT/ US2011/ 021335 6 99.88 7 99. 98

8 99.94 9 100 10 100 16 99.99
WO 2011/088345 PCT/US2011/021335

(20 microliters) is diluted in 780 microliters RPMI-1640 medium and snap frozen in
liquid nitrogen for plaque assay analysis. The remaining plasma is reserved for
cytokine and NS1 protein level determination. Mice develop dengue viremia rising

over several days, peaking on day 3 post-infection.

5 For testing of antiviral activity, a compound of the invention is dissolved in
vehicle fluid, e.g. 10% ethanol, 30% PEG 300 and 60% D5W (5% dextrose in water;
or 6N HCI (1.5 eq):1N NaOH (pH adjusted to 3.5): 100 mM citrate buffer pH 3.5
(0.9% vivi2.5% v/v: 96.6% v/v). Thirty six 6-10 week old AG129 mice are divided into
six groups of six mice each. All mice are infected with dengue virus as described
10 above (day 0). Group 1 is dosed by oral gavage of 200 mL/mouse with 0.2 mg/kg of
| a compound of the invention twice a day (once early in the morning and once late in
the afternoon) for three consecutive days starting on day 0 (first dose just before
dengue infection). Groups 2, 3 and 4 are dosed the same way with 1 mg/kg, 5 mg/kg
and 25 mg/kg of the compound, respectively. A positive control may be used, such
15 as (2R,3R,4R,5R)-2-(2-amino-6-hydroxy-purin-9-yl)-5-hydroxymethyl-3-methyl-
tetrahydro-furan-3,4-diol, dosed by oral gavage of 200 microliters/mouse the same

way as the previous groups. A further group is treated with only vehicle fluid.

On day 3 post-infection approximately 100 microliter blood samples (anti-
coagulated with sodium citrate) are taken from the mice by retro-orbital puncture
20 under isoflurane anaesthesia. Plasma is obtained from each blood sample by
centrifugation and snap frozen in liquid nitrogen for plague assay analysis. The
collected plasma samples are analyzed by plague assay as described in Schul et al.
Cytokines are also analysed as as described by Schul. NS1 protein levels are
analysed using a Platelia™ kit (BioRad Laboratories). An anti-viral effect is indicated

25 by a reduction in cytokine levels and/or NS1 protein levels.

Typically, reductions in viremia of about 5-100 fold, more typically 10-60 fold,
most typically 20-30 fold, are obtained with 5-50 mg/kg bid dosages of the

compounds of the invention.

30 HCV Assay Protocol
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17 78.85 18 100 24 100 29 100 The specific pharnmacol ogi cal responses
observed may vary according to and depending on the particul ar active
conmpound wWel2ectoss346r whet her there are present phar naceRCraskogaerders, as
well as the type of formulation and node of adm ni stration 5enpl oyed, and
such expected variations or differences in the results are contenplated in
accordance with practice of the present invention. Al t hough specific
embodi ment s of Therantigl @€ eptivity ot trtdoomoands didnieinveniidrugsy ested imad descri bed

in detai l njien\%éé)gvo% i!—i%g? call ﬂ%hgrb r¥ éjH?Uq%& &n. F%e?s%.gg\égmg%e%' thgd

descrlptlons are provi ded as exenp esen vention and shoul d
not be I0lwdmsstepsd as consti tut| ng any lim tat i on of the invention.

Vodi fi catdons. wirhdo e OOAIS 10 Lhash aki |l ed in the art, and all
nodi fi cat spirit of the invention are
i ntended t o beSdriattiutien wak phiferntaden $8eHONMBOtile 3appetigéde A adlntion WHAT | S
CLAI MED Ic%hta%ﬁw&&@&%ﬂ&ﬂﬂoogt 258%%‘ lcgnc!e:ntrgtion of the starting final serial dilution

concentration was prepared in 100% DMSO and 15 ul added to the pre-specified

wells in column 3 or 13 of a polypropylene 384-well plate. The rest of the 384-well

plate was filled with 10 uL 100% DMSO except for columns 23 and 24, where 10 uL

10 of 500 uM a HCV protease inhibitor (ITMN-191) in 100% DMSO was added. The

HCV protease inhibitor was used a control of 100% inhibition of HCV replication. The

plate was then placed on a Biomek FX Workstation to start the serial dilution. The

serial dilution was performed for ten cycles of 3-fold dilution from column 3 to 12 or

from column 13 to 22.

15 Step 2: cell culture plate preparation and compound addition

To each well of a black polypropylene 384-well plate, 90 ulL of cell media
containing 1600 suspended Huh-7 HCV replicon cells was added with a Biotek uFlow
Workstation. A volume of 0.4 uL of the compound solution was transferred from the
serial dilution plate to the cell culture plate on a Biomek FX Workstation. The DMSO

20  concentration in the final assay condition was 0.44%. The plates were incubated for 3
days at 37 °C with 5% CO2 and 85% humidity.

Step 3: detection of cytotoxicity and inhibition of viral replication

a) Assessment of cytotoxicity: The media in the 384-well cell culture plate was
aspirated with a Biotek EL405 plate-washer. A volume of 50 L of a solution
25  containing 400 nM Calcein AM in 100% PBS was added to each well of the plate with
a Biotek uFlow Workstation. The plate was incubated for 30 minutes at room
temperature before the fluorescence signal (emission 490 nm, exitation 520 nm) was
measured with a Perkin Elmer Envision Plate Reader.
b) Assessment of inhibition of viral replication: The calcein-PBS solution in the
30  384-well cell culture plate was aspirated with a Biotek EL405 plate-washer. A volume
of 20 pL of Dual-Glo luciferase buffer (Promega, Dual-Glo Luciferase Assay Reagent,
cat. #£298B) was added to each well of the plate with a Biotek uFlow Workstation.
The plate was incubated for 10 minutes at room temperature. A volume of 20 uL of a

solution containing 1:100 mixture of Dual-Glo Stop & Glo substrate(Promega, Dual-
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OH O< IR Formula (1), or a pharmaceutically acceptable salt or ester
thereof, wherein: Rl is selected fromthe group consisting of optionally
subst i t utwo 207082344l Kyl , 10optional |y substituted C2. 12palrRiseyli/o2opsi onal |y
substituted C2_12 al kynyl, optionally substituted C3_12 cycl oal kyl,
optionally substituted C6.14 aryl, optionally substituted 3 - 14 nenbered
heteroaryl, optionally substituted 3 -12 nenbered heterocyclyl, optionally
substi t ut@ld L:Blciiétlammsf&daabemtemja#%ﬂ1§Bkyhd DopltGlortbp % Globsfféert ut ed 3- 18
menber ed a8Y [ y Su C6- ryl aI kyl ,
15wher ei nB?éerg% %)‘ B {gt%g%cle?%&su%g? %ﬁtu egéém%%t\"ga%éh%nr Or%rjgg d each QA
is i ndepamtémellfwf Qelpéﬁie edth farBintek nélogr\Workstadinsi Bid pigte ofashadubgied, at oxo oxi de,

" Nrabo o) R RS- Cragar gyl Re bR AR s Selé e TR oy ) ras

R12, SP((G) PRkD Fb2r Enion) PBRIRP&ARE2, -c(0) NRL1K12, optionally substituted

20C1 6 aétg%fl ’cacP{Q]#étBRal |y substituted C2_6 al kenyl optional Iy substituted

C2_ 6 |y substituted C3.6 cycl oal kyI optionally
substl tut ed Colheeareyt aft@tpkicityowas @aftadrmlyed;blybsalcdalutchdaﬁebenaoyI optionally

substi t Utfﬁgreécentjplr}oﬁwgé %9%£§£ﬁu rg%éé ssgﬁ)é! fr%p# yDI\ﬁé’BSétBIFt g

Cl _6al kyl ox opt’1 ona al ken yl'oxy
subst i tutvmlte @Eflr&daelsm@% nmyoxmﬂhemm\hdiqa! ﬁu@ssm&ms@dal%ﬁesm oaI kyl oxy,

morbalod e bEg ey 8B 62 o PRt bR o SR e R -
het er ocy(alnsiltbe«ymutbpltaddwamo% ®ules thet peresht w@(amyCIhﬁ padckrytl gntigdV onal |y
opt onal 1o SeperHeTpRaRt B g B LB hnto ies st P Bb S e ™
-C(0) %_rzmaydd to@MS@namtrcys walxsThe bae@re@(doglgrﬁa! wa&detl@ﬁmbed edthzet er oaryl ,
opti onal laxersalégﬁri'ﬁkégc%qcé g&%%‘mlt%e HCV protease inhibitor treated wells and was
15 subtracted from the signal from the testing wells as well as the DMSO control wells.
Following 3-fold serial dilutions, the EC5, and CCs, values were calculated by
fitting % inhibition at each concentration to the following equation:
% inhibition = 100%/[(ECs/[1])° + 1]
Where b is Hill's coefficient. See, for reference, Hill, A. V., The Possible
20  Effects of the Aggregation of the Molecules of Haemoglobin on its Dissociation
Curves, J. Physiol. 40: iv-vii. (1910).
% inhibition values at a specific concentration, for example 2uM, can also be
derived from the formula above.

When tested, certain compounds of this invention were found to inhibit viral

25  replication as listed in Table 1:

Table 1
Compound % inhibition at 2uM
1 99.9
2 99.98
3 99.97
4 99.64
5A 99.97
58 99.95
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91 aryl

-NR11R12,

- NR100(
R12,

=NROZ) NRBER1 2,
i ndependent |y,

al kyl ,

-C(0)O0R10, -ON, -N3, -

optionally substituted -3-10 nenbered heterocyclyl,
=NR13) NR11R12
-NR11C(0) OR10, and -0C(0) NR11R12; peaals2R1021385 ' ,
is selected fromthe group consisting of 5H, optionally

- ¢(=NR13) ORL0,

- OH,

and

substituted C1_12 al kyl, optionally substituted 02.12 al kenyl, optionally
substituted C2 12 aIkvnvI optionally substituted C3 12 rvrloalkvl
optionally substit uted C6- 14 aryl, optlonally subs@qg&ted 3 - 14 nenbered
het er oanyt——optionatty;substituted 3= 12 menbered dgggrocyctyt; optional |y
substituted 3-18 nenbered heteroarylal kyl, and optionally substituted C6-18
arylal kyl; 10or Rl and R12 taken together with thee.9¢ ons to which they are
at t ached—forma—3—to—1t0—renbered—heterocycty; each—R13;

i ndependently, is selecCted fromthe group consisting of H optionally
substituted C1_12 al kyllo, optionally substituted 021@2 aIkenyI opt onal |y
subst i t yted—E2-12alkynyl—eptionaly—substi-tuted 2—eyectoatky
optionally subst it ut ed C6_14 aryl, 15 optionally s%%%¥|tuted 3-14 | nmenbered
het eroaryl, optional [y7substituted 3-[12 menbered heges ocyclyl, optionally
substi t uted 3--18 menbered heteroarylalkyl opt:nne"" substituted—6 18
aryl al kyl, -ON, C(O)ﬁf , -OHO and - §(0) 2R14; each ' 4, independently, is
optionalTy substituted4CI-12 al kyl; wherein, each sgbstituted QIL,
substituted R10, substituted Rl substituted R12_  20substituted-R13, or
substityted R4 is ind8pendently substituted with JA8 or nore Q: R2

is sele

al kyl, optionally substituted C2 12 al kenyl,
al kynyl ,
C6_14 ary

ted fromthe group consisting of optional 'y substituted CI-12

optionally

substituted C2 12

opt i GhaFPsEifisEhatTacaloaigalCesPepses BSBHPk IRy VaBEFeHaNe I Adost i t ut ed

nbered heterocycly

perﬂmg'd?ﬂﬁe ﬂ)éﬁl&}}g?%%ﬁ\k%ﬁ@og’nd seldbidBIMREed ihefcedroafabnt Optional Iy

substltuted 3 - 250ptionally substituted 3-18

nenber ed ph@tr@raeéwtoam@m as el 2® peittrad’ fomyighet andipeds dedrgisiiglienl kyl ;
wher esn, oeachesURgtldHe 8dcEe vér?atuérk‘sttﬁtdﬁe%rfégs Wit Ireange aﬁ’é oSMERpIRRY ireach @2,

i ndependent|y,

10

is selected

fromthe group consisting of

accordance with practice of the present invention.

Although specific embodiments of the present invention are herein illustrated

and described in detail, the invention is not limited thereto. The above detailed

descriptions are provided as exemplary of the present invention and should not be

construed as constituting any limitation of the invention. Modifications will be obvious

to those skilled in the art, and all modifications that do not depart from the spirit of the

invention are intended to be included within the scope of the appended claims.
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hal ogen, oxo, oxide, -NO2, -N(=0), -SR20, -S(0)R20, -S(0)2R20, -S(0)2
NR20R21, 30- NR200(0) R21, -NR200O(O0)NR211:222, -NR20S(0)R21, -NR20S(0)2R21,
- OP( 0) R2awB2a11/088448) R21 R22, -P(0) OR21 R22, -P(0)(0OR21) eR2AIS201C0Q)BIR21R22,
optionally substituted C1_6 al kyl, optionally substituted C2_5 al kenyl,
optionally substituted 02_6 al kynyl, optionally substituted 03_6

cycl oal kyl, optionally substituted CG 12 aryl al kyl, optionally substituted
C6 12 aryWHAJpﬁ@n%MIEjD ISubstituted 3 - 14 nenbered heteroaryl, optionally
substituted Cl-6 al kyl oxy, optionally substituted C2-6 al kenyl oxy,
optionally substituted C2_6 al kynyl oxy, optionally substituted C3_6

cycl oal kyl.oxy, Aoptpoural dfyFosullist:i t uted C6_12 aryl oxy, optionally substituted
3 - 14 menbered heteroaryl oxy, optionally substituted 4-12 nenbered

het er ocycl yl oxy, optionally substituted -C(0)01_6 al kyl, optionally 5
substiftuted -C(0)C2_6 al kenyl, optionally substituted -C(0)C2_6 al kynyl,
optionally substituted -C(0)C3 6 cycloal kyl, optionally substituted
-C(0)C6_12 aryl, optionally tituted -C(0)-3 -14 nenbered heteroaryl,
optionally substituted -C(0) C6- aryfal kyd4 optionally substituted 3-10
menbered heterocyclyl, -OH -NR21 , ) OR20, -CN, -N3,

- C(=NR23) NR21R22, 10- C(=NR23) OR26, L NRZ60R=NR23) N R21R22, -NR21C(0)0R26,
and -0C(0) NR21R22; each R20, 1, aRd R22, | ndependently, is
selected fromthe group consisting of N—i—RbtpHetonaI |y substituted Cl1.12

al kyl, optionally substituted C2_02=4l kenyl, optionally substituted C2_12
al kynyl, optionally substituted C3_1Z2gzycl oal kyl, optionally substituted
C6_14 aryI optional ly substituted 3 - 14 menber ed het eroaryl, optionally
substituted 3- 1512 nenbered het eF8E)¥RYl, optional 'y substituted 3-18

nmenber ed &@@{méyé@béﬂwlacc@mgbn@e&n @P@dtéryth&‘éQﬁWh%F&rﬁd C6- 18 aryl al kyl ;
or R21 and R22_taken together with the atons to which the&r are attached
1-

forma 3 to 10Rnerperied e REY 18P gE3peIopnsisiectf orbanally st ht2plvs sel ect ed

fromiphe qptignMlyCRBSitSEY OJnkéﬁne dn%'ﬂ bpstig@stOs] alikyhe dodibadig, al kyl ,
opti onal |€JISUbSytI tuted C2 1 P/ Bﬁ ?thjlsolna %Sbgt&?t urt@ed 12 aI kynyl ,

opt i onal |3/P&HHEHiGom @@loggyhgp@nel%g{w Ute%%fw@ﬁ’ |gpjoraliy substitted3cs 14 arvyl
optional |y rﬁ@rﬁhﬁé:‘eﬁ%ﬁéﬂoa}yl‘ o%nm%@t@te@eé ﬂ@%rﬁﬂ)ere@ﬁéﬂe%@%ly substituted

3-12 nenbered heteroc ptionally substituted 3- ered
het er oar yAPAPRIYY, S“Bﬁt“n“@ﬁéﬂ@“%‘ﬂl%%‘?? thﬁieé‘éﬁ@elkmo@loﬁﬂﬁlé/l ypetitutednd-18 C( 0) R24,

- CHO and m&hBeréfPdier GikyFad dpRghath C&%&tﬁtb{t a%: apal |y substituted C1-12
al kyI wher ei n, eachgogg'g R : Gdsoé ,@substltut ed R21,

stituted % substi t
subst'Pt utvéflf’rﬁﬁzea%‘@ﬁQFtit‘t‘tﬁf*é’d'W@St ﬁedwﬁ’sqflet%t%e@4 i s i ndependent |y
substituted widdaharies mee;s@fd@m@ﬁsesé%sed BorR4nelgroGy ebadtky ol kyl ene or
substituted 04_12 cycl oal kyl al eng ;
halogen;oxo, oxide, -NO,; -N(= O)y -SR™-S(O)R™, -S(0O),R™, -S(0), NR™R™,
-NR'C(O)R", -NR'™C(O)NR''R™2, -NR’S(O)R™, -NR'°S(0),R", -OP(O)R'"'R?,
-P(O)R"R™, -P(O)OR"R™, -P(O)(OR"OR"?, -C(O)NR''R"?, optionally substituted

20 Cy alkyl, optionally substituted C..¢ alkenyl, optionally substituted C,. alkynyl,

optionally substituted Cs. cycloalkyl, optionally substituted Cq.1, arylalkyl, optionally
substituted Ce.1» aryl, optionally substituted 3 - 14 membered heteroaryl, optionally
substituted Cq alkyloxy, optionally substituted C,¢ alkenyloxy, optionally substituted
C..6 alkynyloxy, optionally substituted Cs.¢ cycloalkyloxy, optionally substituted Ce.12
25  aryloxy, optionally substituted 3 - 14 membered heteroaryloxy, optionally substituted
4-12 membered heterocyclyloxy, optionally substituted -C(O)C,.5 alkyl, optionally
substituted -C(O)C,.¢ alkenyl, optionally substituted -C(O)C,. alkynyl, optionally
substituted -C(O)C;. cycloalkyl, optionally substituted -C(O)Cs.1, aryl, optionally
substituted -C(O)-3 - 14 membered heteroaryl, optionally substituted -C(O)Cqg.1»
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wherei n each substituted R3 is substituted with one or nore B; 30each @@,
i ndependently, is selected fromthe group consisting of hal ogen, oxo,

oxi de, - NUD,20:1NB88RF, - SR36, -S(0)R36, -S(0)2R30, - S(0)2PNRAGHBL/021335
-NR36C(0) R31, -NR360(0) NR31R32, -NR36S(0)R31, -NR30S(0)2R31, -0OP(0)R31 R32,
-P(0)R31R32, -P(0)0OR31 R32, -P(0)(0OR31)0R32, --C(0)NR31R32, optionally
substituted 01 _6 al kyl, optlonally substltuted 02_6 alkenyl optionally
subst i t ut agla@l, @patrierytlxbstrtumuﬁar@ahbmbsmbstl tuted 03_6 cycl oal kyl ,

t |1 6,32 hk 15 tituted C6_12 I
opt 1 onal | gBIbY L UhENESRIZ LR i, GPY LRGN RRL! Lt ed CBI2
C bat alt k%Achg;“ochiO?m‘?@( NR@?,NR%‘R’E%GI\IRZ‘ZC@%)&]H%%rm_‘gflhg@%:(gomﬂ‘l‘@:%al |y
substitute 120ption su e clo OXYy,
optionally sube?| tut’ géd]y éBié?Z Sﬁ&eﬁ%@vt%bﬁf?%ﬁggﬁL{!S?”%E‘Bsq'?‘fpu%g@ 'Sg gfj Y
menberbed H‘iemp&lboall‘yydtmxt}tuted}ﬁmMWI | optis vy tsiubstiteed @nga!naﬁneip&dwauy
het |yl it d (0)01 I
subst 1 T ut BiroTe) CB: ek oy g stbre o s veprRul eeterapbT s fRR Yy ny
ogz :) ;) ggl Il% S abétom:urtomlgi suﬁ(tlﬂ)t(%g 6 1@%metmlaérkcy heteagiryis Odsmiohynyssﬂbstﬁtuﬁeut?)ed I
- i, gna itu eteroaryl,
optional | ﬁ?teﬁd&f Fﬂocy@l’yg)oﬁg @y fu%sgﬂi}?(g a§lmer8?ﬁr?8ﬁ‘§{m r@ﬁlﬁgtl t ut edy3- 10
merrbered Mmtmogl&wbst:tatéﬁicsqmlaamlz - C(0) OR36,

OGP NRA Rag R B R GRS ta@%hew?st‘%c%ao%@v%'ﬁﬁéw@a%a%%@%io@"e?ii?’eda”d
fromthe a@Bdupld cengiesdd hrtgerotydfyl opt| onal I y substituted 01 _ 12 al kyl ,

t | btt§d022 K Iy 15 bt 2 12
optLOal 1 SDe A S8 O Ry Stk LA BRI S EShAF12, g
0661:1_ ?r %/dubsmqutafdnalg hlyylsmmushaltymdtltatled GIQ42 ﬁﬁéﬁg&r@dodﬁtﬁr&etj?ﬁ{tmfd g@%t |1 gnal |y
substitu erqcyc ona itute
nenber ed %g\f F8§E§ﬂn§¥ ﬁ%s(?géﬁfdéb‘ﬁf’}'%%aﬁxlfpgg%aélylsfjb?%ﬂteggiiﬂa%ryI al kyl ;
or R3b armbtlBBQIIytﬂlbemmbo)@eﬂhemembérbdhb’@rcﬁr}dﬂﬁptbﬁaWﬂ@htlmW aze attached

each

01 208 ok o B RSLFE SNl SIPRISs o gpremGRel SRR BRI 13 1o
al kyl , opiptnonallylgubstﬂhsﬁ i it @ dalegl, AN alckeyR/t, -Copt aranal(OyREybst i t ut ed C2_12
oL oP omr MRELAL e TR SR LY, et e
subst i tuted 3-wirdbneavheubstititet €' psypstiyited Rfﬁtsma’ah{exa RUbsbstituee®'3- 18
e ABLRARA Ao BBt kOTE L blaishy LT Ao it -
substit ut ed 01RX2 salkkipt from the grouphtensistng ce‘au@hormﬂbsubsttmmted O0R. allQAubst ituted
O, oS L e Lo A B AL R, Bl o0 R4
substituted C.1, cycloalkyl, optionally substituted Cg 44 aryl, optionally substituted 3 -
14 membered heteroaryl, optionally substituted 3 -12 membered heterocyclyl,
25  optionally substituted 3-18 membered heteroarylalkyl, and optionally substituted Cg.1g
arylalkyl;
wherein, each substituted R? is substituted with one or more Q2
each Q7 independently, is selected from the group consisting of
halogen, oxo, oxide, -NO,, -N(=0), -SR®, -S(0)R%, -S(0),R®, -5(0), NR*R?",
30 -NR¥*C(O)R?, -NR*C(O)NR?'R*?, -NR#*S(0)R?', -NR*S(0),R*", -OP(O)R*'R?%,
-P(O)R*'R?, -P(O)OR*'R*, -P(O)(OR?*")OR?, -C(O)NR?'R?, optionally substituted
C1.6 alkyl, optionally substituted C,.s alkenyl, optionally substituted C,¢ alkynyl,
optionally substituted Cs. cycloalkyl, optionally substituted C¢_4, arylalkyl, optionally
substituted Cq.q, aryl, optionally substituted 3 - 14 membered heteroaryl, optionally

92



30L is selected fromthe group consisting of -0-, -S, -S(0)-, and -S(0)2-;
Het is an optionally substituted 3-12 nenbered heterocyclyl or optionally
substi t utwo 281110883 nber ed heteroaryl; wherein, each sub®Cirtust@d/ oMsss i s
substituted with one or nore Q4; each 4, independently, is selected from
the group consisting of hal ogen, oxo, oxide, -NO2, -N(=0), -SR40,

-S(0) R40, -S(0)2R40, -S(0)2NRAOR4A1, -NRAOC(0)R41, -NR4AOC(0) NR41RA42,

- NRAOS( O)MitituteNIQ‘AG)SKm&RLImtionaﬂPé@)Med:@,?a alkrylxRAdRGRally-RE6H0RA1RA 2,

opF))E IOZ)I(’Igl IAC)'l/Q) gﬁ@%% tut W%%% (%J {oXIkﬁBP?tdptt §{‘5a§g ?D?{ﬁlgg@eg al kynyl, 5

opt i onal I%{ylsabgpﬁlqnaﬂxewb@BIU&d@cﬂ@mehwereddmtaer@aaflldxy spibstliytaubetifutes. 12

20 1 Kyl BB A SRR 508 0 B BTV ool Lt £ 8 - 14
subst bt utsstisiitted - @(I%@m@/dllbeaw apponain sbbstitged STQ)Gt. edkml ®pddriayiny| oxy,
opt | onal Itusbishitihed ClAuEY Shastiy Lo apudanal | opubatihit ed G512

aryl oxy, I onal ere yI'oxy; optionally
substit utS@ldS‘tmﬂied -Q[® fiﬁ‘eﬁﬁe’r@nbdﬁed betempact! ydpdiryallycubstontt -@()0hst i t ut ed

(S0 0TSkl o BBA QUL AR e A0) 2. 6 alkenyl, optionally

substitu onal substituted - C(O) C3_6 cycl oal kyl,
opt i onal IIWQ?G@@M t-QItIe(tNRzﬁXZﬁ) QGOlQRzﬁr-SZIN I@pt@(eqmzfpdi’é%étl tuted -0(0)- 3 -14

menbeped R ! qg@a bst Q hakkyl
opti ggal I y 22?{ ut egmg nje%iged q%ﬂ%@?o@c ”&Fe%%%ﬁw R4)1/R42
- ( 0) OR40, cmach RS, R CandNRA 3 ) NRAATRAD1ly, e dRaBT ORAD: groNREOistNBAB) N R41

RA2,-. 41 I—N p%r%@%@c}ggi%x{[égd;ér?%%@/?)ﬁg&gﬂaoﬁﬁgubsntuted FF Haampﬁ'_gpt é’ and R42,

|ndependently 'S p consis i“onal |y
subst i t utselsttiied 2. aladyhyl, opticneMasubptisitdss®yit oye@chliG2, obﬁoraéllkenwtgtuteqbt ionally

b I | kyl ,
bt onal 15 5P PIEB YGRS 207 eSS HbRE ity B ALy remer ea
het el Dar yil2, m@pberecrha¢tb5pcsdwsowﬁqmaé>ds®stlm@dr%Ir&errembelrmi erteocwniaiy,, optionally
substi tuta%g O%ﬁ&%”ygm%gﬁé% 8%18%@9% I al kyl, and optionally substituted C6_18

aryl al kyl kentogether with the atons to which
they are at t achBd dngrRFf takan tegetitermatitiee eidnised evhintytbby bre BB ekeatiioRd 3,

i ndepend , t he group consisting of H optionally
substi tu?:;% %10 Aﬁméﬁégﬁgﬁ%{y?@%l |y substituted C2_12 al kenyl, optionally

substituted CEGQIQR Ihymﬁndeom insaddtgd orbdhe gnwuado@s_%stm@ Otﬁychpxwlnhw
t N mber ed
opti ggal lg ?ﬂbsﬁfﬁgéé ﬁg I %ﬁﬁ%ll?uﬂnﬁltggﬁgonaargoe%y ona gt?o%tr )tﬁdléj' 1g}[§i Oﬁ;ﬁ y

het er oary optio ocyc
subst i t uteédng: qmronﬁmb@tduthétc“enoarcidaadykybt!or@mopmbscunaded @csabdtituted 06_18

aryl al kyloptlo sub@(@( Ciji%%% Hé&%%%%%ioﬁaar@Qu%ﬁutgggi&i duall'y is

optional 'y substitute
membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyl,

optionally substituted Ce.1 arylalkyl, -CN, -C(O)R?*, -CHO and -S(0),R*:
25 each R* individually is optionally substituted C_, alky!:
wherein, each substituted Q? substituted R®, substituted R?', substituted R?,
substituted R, or substituted R** is independently substituted with one or more Q°;
R%is Cuun cycloalkylalkylene or substituted C,.1, cycloalkylalkylene;
wherein each substituted R® is substituted with one or more Q°:
30 each Q°, independently, is selected from the group consisting of
halogen, oxo, oxide, -NO,, -N(=0), -SR*, -S(0)R¥, -S(0),R*®, -S(0), NR*R¥,
-NR¥*C(0)R*, -NR¥C(O)NR*'R*?, -NR¥S(0)R*", -NR**S(0),R*!, -OP(O)R*'R?,
-P(O)R*'R¥, -P(0)ORY'R*, -P(O)(OR*OR®, -C(O)NR®*'R*?, optionally substituted
C1.6 alkyl, optionally substituted C,.¢ alkenyl, optionally substituted C,.4 alkynyl,
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wherein, each substituted 4, substituted R40, substituted R41, substituted
R42, substituted R43, or substituted R44 is independently substituted with
one or nowe 208;7088&8h (B, individually, is selected fromPChaSgrionp133s

consi sting of hal ogen, oxo, oxide, -NO2, -N(=0), -SR56, -S(0)R56,

-S(0) 2R50, -S(0)2 NR56R51, -NR500(0)R51, -NR55C(0)NR51R52, -NR56S(0)R51,
-NR50S(0) 2R51, -OP(0)R51 R52, -P(0)R51 R52, -P(0)0OR51R52, -P(0)(0R51)0R52,
- O 0) NRS PREZNaly pehstivied §o-saisianieyiapdonaly substityted Coptangalkh 9PonBY i t ut ed
02_6 al kenydituto@th QR dptoHBRt dubsiitedd 32 1 AbkyBd, heéer&m/ﬂ ehnkly substitut ed

C3.6 cycl oal kyl , optional |y substituted 06 12 arylal kyl, optlonally

subst it utsé?ﬁt'@ﬁe(i@ zRlgYIoxyo pPHiAREY $‘1P3§W&§t¢¢qﬁ'@i‘y@xy opdiopirsePEdutRet er oar yI |
optional Iy, %mpﬁ;yb;yua&%n%}m@%smmy é}%ha@g@w Yopasthal stskigfe P2, 8

al ken ony, optionally substituted | oxy, optionally substituted
C3_6 eyclapapuypriiepallyoptistiviad 3- %fﬁ@@ﬂpﬁw&&t%awxar%ﬂ@ww sgbttitgaal | y
substi t uet r%embér‘édfﬁ%fﬂ?@éy%@/ld}?tcﬁftn@ﬁélbﬁ's@%é’tstut‘é@%@)@ Mlkgu&%ohélﬂl ed 10 4-12

menber ed heterocyc tional substituted - | Kyl ,

el et 1GON e iesro) Conaely b re b onad alwuﬂqn@m %d - C(0)02 6

al kynyl, Qtﬁ’étﬂtnﬁé‘@ldb@ ioabk/ B ptidme®) Sehshisarclne ORbiSRH | Y
substltutsed -C(0) i) gébc%fc S/opEt)l ong) y Sljlbstlcgu?ed 88 %ﬂ ﬁ}-/14 nmenber ed

het er oar yHEStEHed &{9713;/ @uagfiﬂp@r@ﬁé'a‘ter@(rﬂ) %Lom”xawhsaquram (8)63(611fonal ly
subswtuta R5§n1<%n il %D@Qﬂtg-téb%t@rrﬁgﬁﬁﬁé h, -OH -NR51R52, -C(0)OR55, -ON,

6, - NR550( =NR53) N R51 R52,
-NR510(0)‘1@R5®ycia!n00Ho@(R§ ﬁe ;2’303? Naea(é(ﬁrf\ﬁﬁRg %ig and R52,

i ndependepting® @Rsoetreﬁ@@@:mm@m thﬁ32grmmc@9@$—13$talnago@tomwtI onal l'y
substituted 01 12 Q,I Kyl ggzl onal 'y substituted 02_12 al kenyl’, opt| onal |y
substituted 0233pRa] ‘ﬁyn?‘l‘d opt”idé?%d??t%’ﬁb‘@lepﬁﬁtf@d” (i) QIQJF)C%‘IS@HPQ(9

optional ly oﬁb’cpw%?ly E&Hsﬁ@t&p@ﬁﬁ%ﬁyfiBWonaW%&ﬂﬁjtéd’C?HQﬁ&eh)t/luégﬁi@ng’n - 14 nenber ed

heteroaryl, optionally substituted 3- d heterocycly I, optionally

subsﬂﬁtutséféﬁt'gﬂ%éczre@ﬂ@ﬂéldoﬁé%”é”mww@l@ﬁ312 ampaﬂﬁrd mﬁmaﬂysswgﬂw uted C6_18

arylal kylg, , aryl optnoﬂél!&%sﬁ%ﬁzﬁ ﬁE%eF%Q@éryWob{bﬁalﬂFs@;sﬂﬂﬁe&@— whi ch
they are attached form a to 10 nenbered heterocy(f:&j)/ 25each R53,

i ndependédgtmgmbgred B@PW@H pRiGHRRIElYIRE THhgIestte RsterPRYigdvl onal |y

subst i tutaggloggmggy aldeyit uted)@E s@RMIky. substituted 02_12 al kenyl, optionally
substituted 02 e%a%% ptional |y substituted 03_12 cycl oal kyl ,

optionally suBéﬂ taunfi GMO%HW W“Bb‘ﬁ lrasity WishsheX sreadzghed foun menber ed

het ep@ar ¥l3 1o0RtHh&AGd LY hewhsditt ed 3-12 nenbered heterocyclyl, optionally
substituted 3 1 rrgrrbered het eroaryl al kyl , 30optionally substltut ed 06_18

aryl al kyl, - ORech B dydepgndentiucs ssiert e%ﬁewéb@arouaéz@n&ﬁm of Hhaeissalient 1y, i s

opt i onal |sMb§MH§<§ tt Utaed), GhtidZandlsbydtituted C,.., alRtAOr BbibnafpsibstsRetd Lyt ed b,
substi tut ed R50, subgﬂl tgl%te g sub stlzjtzute 9RS% Substltut ed 2R 3, or

substit u?ﬁ‘d“%SZP“Péa'iyr?d‘éﬁéHﬁérﬁal1yéy§l95§<ﬁ/i paisRnp sl Gr ABe Q6;
optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-12

25  membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyl,
optionally substituted Ce.qs arylalkyl, -CN, -C(O)R*, -CHO and -S(0),R*:
each R* individually is optionally substituted C_., alkyl;
wherein, each substituted Q®, substituted R*°, substituted R®', substituted R%,
substituted R*, or substituted R* is independently substituted with one or more Q%
30 L is selected from the group consisting of ~O-, -S-, -S(0)-, and -S(O),-;
Het is an optionally substituted 3-12 membered heterocyclyl or optionally
substituted 3-14 membered heteroaryl;
wherein, each substituted Het is substituted with one or more Q*;

each Q*, independently, is selected from the group consisting of
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each @6, independently, is selected fromthe group consisting of hal ogen,
oxo, oxide, -NO2, -N(=0), -SR60, -S(0)R60, -S(0)2R60, -S(0)2 NR6 R61,

- NR600( 0)Wop11/aR88C( 0) NR61R62, -N R66S( 0 ) R61, R66S( @rZRG620110A0B6D) R61
R62, -P(0 )R61R62, -P(0)O0R61R62, -P( 0 )( OR61)0R62, -C(O0 )N R61R62, Cl1_6
al kyl, 02_6 al kenyl, 5C2_6 al kynyl, C3_6 cycloal kyl, 06-12 arylal kyl, 06_12
aryl, 3 - 14 nenbered heteroaryl, Cl 6al ky4|00xy, C% 6 al ken Iqu, C2 6
al kyny!| oxiploges. exa prideaiNGel d¥§0). EBRE2-HPYR GxP(OBRY, 13 eWREREd Q0@ 6
het er oar y| 42 spet g k10 XY40 &1 Vb4 - _
al kenyl , W%)i 42_6’ :ﬂ%yn4 I)fﬂ-&owé%@cgﬁcl’ ?ﬁk?f@fi C(_S))@&@Fg4 hal oal kyl,
-C(0) 06_1-5(%%{/13 ~B(@RRR14P(RIBBI ARKetEPIIRYR, ogcdpiGesubetitated al kyl |,

L Npo ) AR SRR RO U ea iR RN R0 . 2Bt 15 ore0,  and

- 0C( OPNRemitemally substituted el cRéERkyR6dptioaaly Re2tituisddapeantiatityl, pptiormligel ect edI
fromthe Si St ; | , - |\ 2 al kynyl,
03_12 cyc%ggtﬁ%?ﬁ%ﬁ?lé%g Bﬁ%@%gﬁ%ﬁﬁugj %41%#%? In%%ée]d%‘ e%tjé %&}r;t()) tru%# eteroaryl,

3- 12 nentsepsiilutee Cer atkyloky loptidrallB suhsiit e 8..d Shettmyaentioaklkydubstin®dCs. 18

aryl al kylg, fi /Radx 20 SAkERd PO ARl b y,toryﬁor?éll?%b Ruaficch they are
to 5'. n% er eé ﬁ gyy ) eac

attached forma eterocy *tdependent | y
i s sel ectasdoXys ontiariady gulealipitesbhsi4 mempeotd hetedarvicXy aditiphallyGRibgRubkeny! |

02_13pal KﬂﬂyllneH\gaéfe]d%&y&%%@I%&&@t%@ﬁl@%ﬁéﬁhtedgcg%ﬁfgﬁ%ﬁ?tﬁg@} teroaryl, 3-

2012 nenber’ed terocycl ere eter 8 aryl al kyl,
-ON, - Copsidded -ClDCandlkes( @ptimeAly sabstitefad ICRHZ-.¢ aldyryl, dptdiaflyi s 01- 12

0112 al PSS T Ot Py ool Pl e S R P BRI P\ S st ¢ ut e
02_12 al ybstitutedrCEpit Bottamenbsigdietaroary opBnblly sybstikdkyl(0)C3. The conpound
of c! ai mﬁ%{i@&ﬁ/l,Zopﬁ\é!ﬂgﬁfé-%sﬁglteid%—R)Ortn-br(?lggkaldy substituted C3-C7 secondary or
tertigry haeterocy'ciyx, -OH, -NR*'R*, -C(O)OR™, -CN, -Nj, -C(=NR*®*)NR*'R*2,
-C(=NR*)OR™, -NR*C(=NR**)N R*'R*, -NR*'C(0)OR*, and -OC(O)NR*'R*;
each R*, R, and R*, independently is selected from the group consisting of
H, optionally substituted Cy.; alkyl, optionally substituted C,.,, alkenyl, optionally
substituted C,.1, alkynyl, optionally substituted C;.1, cycloalkyl, optionally substituted
20 Cg.4 aryl, optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-
12 membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyl,
and optionally substituted Cg.15 arylalkyl;
or R*" and R* taken together with the atoms to which they are attached form
a 3 to 10 membered heterocyclyl;
25 each R*, independently, is selected from the group consisting of H, optionally
substituted Cy.1, alkyl, optionally substituted C,.,; alkenyl, optionally substituted C,.,,
alkynyl, optionally substituted Cs.1, cycloalkyl, optionally substituted Cg.14 aryl,
optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-12
membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyl,
30  optionally substituted Cg 15 arylalkyl, -CN, -C(O)R*, -CHO and -S(0),R*:
each R* individually is optionally substituted C., alky:
wherein, each substituted Q*, substituted R*, substituted R*', substituted R*,
substituted R*®, or substituted R* is independently substituted with one or more Q°;

each Q°, individually, is selected from the group consisting of
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30 4. The conpound of any one of clains 1-3 wherein R2 is optionally
substituted 03 _12 cycloal kyl. 5. The conpound of any one of clains 1-4
wher ei n LlW0=2011(88345\WD 2011/ 088345PCT/ US2011/ 021335 6. Theczarspausegi3zs anyone
of clainms 1-5 wherein R3 is optionally substituted cycl oal kyl net hyl ene or
optionally substituted cycl oal kyl et hyl ene. 57. The conpound of claim1
represented by Formula Il: Fornula |1 10or a phar paceuti cal | F%é accept abl e

salt or dutiegen pee @ie, Weer AFOR2SRE. SHOIRRNQ)2BUbsBIQ)uiNE
4- met hyl cygdsafiexgb’ RSQP(U ,quahbzy ﬁmﬂgg((@ Rat Q@R”S(d‘}%fth b;% ? ghexenyl . 8. The

conpound of a n el ec romthe group

I5consi stPHQRTRY Pom%ilmma@p uﬁ@ﬂ%i@?ge@on@nymts@mpound of
any one of, %l@l%tt%nﬁly‘é’ﬂ@é’tﬁhéﬁ B3, él§er‘?§@tdp@6§éllly3éu§é’tt?§tga %ﬁlynyl

cycl ohexyl et h . The conpound {@one claing '1-9, wherein

Het i$ arpriiphs bs@tutsél%s@ycﬂml@d sptmaﬂwewé tedHatepoiafiol. ptiendipr i si ng one
or two hel RLRatE, SeNEEb&Mally substituted 3 - 14 membered heteroaryl, optionally

substituted C,.¢ alkyloxy, optionally substituted C,.¢ alkenyloxy, optionally substituted
C,. alkynyloxy, optionally substituted Cs¢ cycloalkyloxy, optionally substituted Cg.12
aryloxy, optionally substituted 3 - 14 membered heteroaryloxy, optionally substituted

10  4-12 membered heterocyclyloxy, optionally substituted -C(O)C, 4 alkyl, optionally
substituted -C(0O)C,¢ alkenyl, optionally substituted -C(O)C,¢ alkynyl, optionally
substituted -C(O)Cs¢ cycloalkyl, optionally substituted -C(O)Cq.1, aryl, optionally
substituted -C(O)- 3 -14 membered heteroaryl, optionally substituted -C(O)Cs.1»
arylalkyl, optionally substituted 3-10 membered

15 heterocyclyl, -OH, -NR¥'R%, -C(O)OR®, -CN, -Ns, -C(=NR*)NR®'R®,
-C(=NR*)OR®, -NR*C(=NR*¥)N R*'R*, -NR*'C(0)OR®, and -OC(O)NR®*'R**;

each R, R”, and R*?, independently is selected from the group consisting of
H, optionally substituted C;.1; alkyl, optionally substituted C,4, alkenyl, optionally
substituted C,.4, alkynyl, optionally substituted Cs 4, cycloalkyl, optionally substituted

20  Cg.14 aryl, optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-
12 membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyl,
and optionally substituted Cq.15 arylalky!;

or R*" and R taken together with the atoms to which they are attached form
a 3 to 10 membered heterocyclyl;

25 each R*, independently, is selected from the group consisting of H, optionally
substituted Cy.4, alkyl, optionally substituted C,4, alkenyl, optionally substituted C..1,
alkynyl, optionally substituted C;.1, cycloalkyl, optionally substituted Cg.14 aryl,
optionally substituted 3 - 14 membered heteroaryl, optionally substituted 3-12
membered heterocyclyl, optionally substituted 3-18 membered heteroarylalkyl,

30  optionally substituted Cq.1s arylalkyl, -CN, -C(O)R*, -CHO and -S(O),R*;

each R* independently, is optionally substituted C;.¢, alkyl;
wherein, each substituted Q°, substituted R, substituted R®", substituted R%?,

substituted R, or substituted R* is independently substituted with one or more Q¥
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fromO, S, or NN 11. The conpound of claim1 represented by Fornmula I1l1I:
10Formula 11l wherein R2 is selected fromthe group consisting of

phar macewoDcallogsmscept abl e salt or ester thereof. 15 1PCThsS2@onpoahd of
any one of clainms 1-11 wherein Het is optionally substituted pyridinyl,
optionally substituted pyridazinyl, optionally substituted

tetrahydro- 2Hpyranyl , optionally substltuted pi peridinyl, optionally
substituted pyachl d'hﬁ%end@pw dfn%ﬁlwecthmﬂhq anogd Cpéc'matmyzimélohermmxenyl

optionall caz §o ) 'e1| t N i di nyl,

ogt:onalﬁ¥m§ﬂbstltw¢€2 @ﬁ? Eo Sggh@fﬁ (§3 gﬁgl Ef?itﬁg

tetrahydrg”:g(i@ (PUNRT R S'J\Hﬁ Sipé V- NRO@(@ R& t (Q)Bsﬁ ted ‘thiazoyl,

optional | ¥ @}g@qeetp{ %Req:\}de (glﬁﬁggtn Rszo_@gP d1kyz sdq e%”gelﬁzlpyr azol yl ,
nytl,

optional | substi'tu qgui nol 1 tio substltut hyl ,
opt i ofAal 1G-Syl Cus émpiwwl,m%mwyb‘kﬂ% @meawbn%oﬂlﬁdﬂambeawh@er@am cl ai ms

1-12 wher@ RiEidxy.SC,q alkenyloxy, Cas alkynyloxy, Cas cycloalkyloxy, Ceis aryloxy, 3 -
14 membered heteroaryloxy, 4-12 membered heterocyclyloxy, -C(O)C,¢ alkyl, -
C(O)Cy alkenyl, -C(O)Cs. alkynyl, -C(O)Cs, cycloalkyl, -C(O)Cy
haloalkyl, -C(O)Ce.12 aryl, -C(O})- 3-14 membered heteroaryl, -C(O)Cq.1, arylalkyl,

10 3-10 membered heterocyclyl, -OH, -NR®'R%, -C(O)OR®, -CN, -Nj;, -C(=NR®**)NR®'R®,
-C(=NR®)OR®, -NR®C(=NR%)N R*'R¥, -NR®'C(0)OR®, and -OC(O)NR®'R®?;
- each R®, R*, and R%, independently, is selected from the group consisting of
H, Ci.izalkyl, Coqoalkenyl, Co.q; alkynyl, Cs.p cycloalkyl, Cq.4, haloalkyl, Cg.i4 aryl,
3 - 14 membered heteroaryl, 3-12 membered heterocyclyl, 3-18 membered
15 heteroarylalkyl, and Cg.15 arylalkyl;
or R%" and R* taken together with the atoms to which they are attached form
a 3 to 10 membered heterocyclyl;
each R® independently is selected from the group consisting of H, Cy.4, alkyl,
Co.12 alkenyl, Cop alkynyl, Cs.q; cycloalkyl, Ce.a4 aryl, 3 - 14 membered heteroaryl, 3-
20 12 membered heterocyclyl, 3-18 membered heteroarylalkyl, Ce.1s arylalkyl, -CN, -
C(O)R% -CHO and -S(0),R*; and
each R* individually is Cy.¢, alkyl.

2. The compound of claim 1, wherein R is optionally substituted C,.;, alkyl,
25  optionally substituted C..1, alkenyl, optionally substituted C,.q, alkynyl, or optionally
substituted Cs.4, cycloalkyl.

3. The compound of claim 1 or 2, wherein R is optionally substituted C;-C;
secondary or tertiary alkyl.

30
4, The compound of any one of claims 1-3 wherein R? is optionally substituted

Cs.12 cycloalkyl.

5. The compound of any one of claims 1-4 wherein L is —O-.
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14. The conpound of any one of clains 1-13 wherein Het is optionally
substituted tetrahydrofuran-3-yl. 1015. The conpound of claim1l sel ected
from HOWO2011/088348 pharmaceutically acceptabl e salt or PeStUsSRo1lo2r38Hf .

16. A pharmaceutical conposition conprising a therapeutically effective
amount 5of a conpound of any one of clains 1-15 and a pharmaceutically
acceptable carrier or excipient. 17. The pharnaceutical conposition of
claim16 further conprising at | east one additional therapeutic agent

sel ect ed gf r omThB@LGpOURI GAMSLSE bNGhiPt 1LNLBELR RNS opddHaPavigiituedr 1ts

anal ogs, HCV NS3 protease inhibitors, NS5a inhibitors, al pha- glucosidase 1
i nhi bi t orc¥cloalefmebyeoe ecertinnaly sHbsiindaveloakyisinisrsl ase ant agoni st s,

ant agoni sts of the renin-angiotensin system other anti-fibrotic agents,
nucl eosi de or nucl eotide inhibitors of HCV NS5B pol ynerase, non-nucl eosi de
i nhi bPt or's of THEYORBBES datriasareseited ReSAMHAIbi t ors, TLR-7 agoni sts,
cyclophillin inhibitors, HCV

X s OH
o)
N—R3-0O-Het
0—4\
R2
Formula Il

10  or a pharmaceutically acceptable salt or ester thereof, wherein
R? is optionally substituted 4-methylcyclohexy! or optionally substituted 4-

methylcyclohexenyl.

8. The compound of any one of claims 1-7 wherein R? is selected from the group

15  consisting of

&
Jol
o

20
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151 RES i nhi bitors, pharmacoki netic enhancers and other drugs for treating
HCV; or m xtures thereof. 18. A nethod of treating a viral infection
caused bywe 20iwoss34sel ected fromthe group consisting of PAENSE 1021385,
yel l ow fever virus, Wst N le virus, Japanese 20encephalitis virus,
ti ck-borne encephalitis virus, Kunjin virus, Miurray Valley encephalitis
virus, St. Louis encephalitis virus, Orsk henorrhagic fever virus, bovine
viral di & rhedhgicoowound Rbanyiangsf datns-Hepathersis RCis/optigsalyrmbsiituiedg
adninistq&&@gbﬁébéhéFy@gal in need thereof a therapeutically effective
anount of "a conpound or pharmaceutical conposition of any one of clains
1-15. 25 19. The nethod of claim 18 wherein the viral infection is caused
by Pepatil s Glidhound) 2O LILOBEIARPLE! R20TIA031 335,30, The et hod of
claim19 further conprising adm nistering at |east one ad |¥|onal
t her apeutsibstigjes 8- Canewbegd hetereayble eprisingomsi s twa hetefoatoroesdiestens,
ribavirin ol Esgapal ogs, HCV NS3 protease inhibitors, NS5a inhibitors,
alphaglu003|gasé 1 inhibitors, hepatoprotectants, neval onate decarboxyl ase
ant agoni st s, 5antagoni sts of the renin-angiotensin system other
anti-fibrngtic i I I I ignhi bi tors of HCV NS5B
polyneragg} ngﬁggﬁc 88@?gtﬁgﬁﬁﬁgfggﬁgggp?ﬁ%bgﬁggé pol ynerase, HCV NS5A
cyclophilbin i nhibitors, HCV I RES inhibitors,
thgg dfjugs for treating HCV; or m xtures
caygli ng to any one of clains 1-15 for

i nhibitors, TLR-7 agoni sts,

phar macoki neti ¢ enhancers

thereof. 10 21. Use of a conpo

t he manufacture of a nedi canent f

infection. 22. A conpound accordin

treating a 15Fl aviviridae viral ﬁmi@cti--
O

t he e@ ment of a Flaviviridae viral
,t. one of clainms 1-15, for use in
O—Het

10 Formula 11

wherein R? is selected from the group consisting of

o
&,
oL or
Joguet

pharmaceutically acceptable salt or ester thereof.

jora

15
12. The compound of any one of claims 1-11 wherein Het is optionally substituted
pyridinyl, optionally substituted pyridazinyl, optionally substituted tetrahydro-2H-
pyranyl, optionally substituted piperidinyl, optionally substituted pyrrolidinyl, optionally
substituted tetrahydrothiophenyl, optionally substituted pyrazinyl, optionally

20  substituted azetidinyl, optionally substituted tetrahydrofuranyl, optionally substituted
tetrahydro-2H-furo[2,3-blfuranyl, optionally substituted thiazoyl, optionally substituted
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1H-imidazolyl, optionally substituted 1H-pyrazolyl, optionally substituted quinolinyl,
optionally substituted thiophenyl, optionally substituted pyrimidiny!.

13. The compound of any one of claims 1-12 wherein R? is
or ~ :
14. The compound of any one of claims 1-13 wherein Het is optionally substituted

tetrahydrofuran-3-yl.

The compound of claim 1 selected from

w

NIII

w -
m\< Q”\<
~\< Q Q«

O 0O

O

/

==_ _S

\ OH \ OCHs C))\;O\
OH O
O O,
L (s

100



WO 2011/088345 PCT/US2011/021335

S
o OH S OH
\ \
O @)
N 2 Nl .
-——< H OH __.< H OH 5
0] , O ,
0] O
=_ _S =__S
\ OH \ OH
o OH
O
e's e
0 o o ,
DsC cp, ]
D3C s g
N/ OH

O s ¥
HO
X s f
\ N
/ OH ‘S O
O :
N/ OH
. LO,/ OL '[:o
° P § 0



10

15

20

25

WO 2011/088345 PCT/US2011/021335

\\ S @)
] OH
N/, OH
LQW QL r
O\
o ; or a pharmaceutically acceptable salt or ester

thereof.

16. A pharmaceutical composition comprising a therapeutically effective amount

of a compound of any one of claims 1-15 and a pharmaceutically acceptable carrier

or excipient.

17. The pharmaceutical composition of claim 16 further comprising at least one
additional therapeutic agent selected from the group consisting of interferons,
ribavirin or its analogs, HCV NS3 protease inhibitors, NS5a inhibitors, alpha-
glucosidase 1 inhibitors, hepatoprotectants, mevalonate decarboxylase antagonists,
antagonists of the renin-angiotensin system, other anti-fibrotic agents, nucledside or
nucleotide inhibitors of HCV NS5B polymerase, non-nucleoside inhibitors of HCV
NS5B polymerase, HCV NS5A inhibitors, TLR-7 agonists, cyclophillin inhibitors, HCV
IRES inhibitors, pharmacokinetic enhancers and other drugs for treating HCV; or

mixtures thereof.

18. A method of treating a viral infection caused by a virus selected from the
group consisting of dengue virus, yellow fever virus, West Nile virus, Japanese
encephalitis virus, tick-borne encephalitis virus, Kunjin virus, Murray Valley
encephalitis virus, St. Louis encephalitis virus, Omsk hemorrhagic fever virus, bovine
viral diarrhea virus, Zika virus and Hepatitis C virus comprising administering to a
mammal in need thereof a therapeutically effective amount of a compound or

pharmaceutical composition of any one of claims 1-15.

19. The method of claim 18 wherein the viral infection is caused by Hepatitis C

virus.
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20. The method of claim 19 further comprising administering at least one
additional therapeutic agent selected from the group consisting of interferons,
ribavirin or its anaiogs, HCV NS3 protease inhibitors, NS5a inhibitors, alpha-
glucosidase 1 inhibitors, hepatoprotectants, mevalonate decarboxylase antagonists,
antagonists of the renin-angiotensin system, other anti-fibrotic agents, nucleoside or
nucleotide inhibitors of HCV NS5B polymerase, non-nucleoside inhibitors of HCV
NS5B polymerase, HCV NS5A inhibitors, TLR-7 agonists, cyclophillin inhibitors, HCV
IRES inhibitors, pharmacokinetic enhancers and other drugs for treating HCV; or

mixtures thereof.

21. Use of a compound according to any one of claims 1-15 for the manufacture

of a medicament for the treatment of a Flaviviridae viral infection.

22. A compound according to any one of claims 1-15, for use in treating a

Flaviviridae viral infection.
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