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FI ELD OF THE | NVENTI ON 10The i nvention rel ates generally to conpounds wth
antiviralweaebimizszsl nore particul arly nucl eosi des acti veCags2oisin49471

Fl aviviridae infections and nost particularly to inhibitors of hepatitis C
vi rus RNA-dependent RNA pol ynerase. BACKGROUND OF THE | NVENTI ON Vi ruses
conprising the Flaviviridae famly conprise at |east three

15di stsi ngui shabl e genera including pestiviruses,.flaviviruses, and
hepaciviruses (Calisher, et al., J. Gen. Virol., 1993, 70, 37-43). Wile
pesti vi r usex’ddus@RIRAY BSATARUTEIR AR B AN CAMOSIDERAN AJL.OE8BRsuch as

bovine viral diarrhea vi rusé&BVD ,..classical swine fever virus (CSFV, hog
chol era) and border di sease ﬂﬁé&#@&%r i nportance in hunman

di sease is less well characterized (Mennig, V., et al., Adv. 20Vir. Res.
1992, 48, 53-98). Flaviviruses are responsi ble for inportant human di seases
such as dengue fever and yell ow fever whil e hepaciviruses cause hepatitis C
virus infections in humans. O her ortant viral infections caused by the
Fl avi viridae famly incl uddliiédt OﬁTrBEJN\(gN@MI) Japanese encephalitis
virus (JEV), tick-borne encephalitis virus, Junjin virus, Mirray Valley

encephal itis, F?&@E{ I C.. irus and
Zi kaq\@l rus. Tﬁ’tgl neeghgfl g@%@??‘%{ﬁ?l r‘[(())r%ngfi g@ﬁ?\iﬁt? ae&\t/li(nr %%?l\ém |y cause
signifi cmatﬁdtrtuﬂtyaiuble;ag;dmdmwdaganﬁmmeﬂdmfﬁmfedm%ﬁﬁi hbdteuglralatiytthe wor | d.
Ther ef or e, here S a .nee evel op effective treatnments for Flaviviridae
virus i nf%}i’:‘%’i’*?}ﬁ§f ’qﬂi‘é‘“ﬁgp‘élﬂst @Aéewnrdag‘t lﬁémo ly'ae¥e | eadi ng cause of
chronic liver disease 30worl dwi de (Boyer, N et al. J Hepatol. 32:98-112,
2000) so a significant foggcRiciRgUNNDEIMRINGENTSRAr Ch is directed
toward the devel opnent of 1nproved nethods of treatnment of chronic HCV
infections in humans (D Bescg%le A.M and Bacon, B. WO
2011/ 035231 PCTViUs20d0n 0494y the vmsdﬂ@mmm nAisE iatkeast toee . © 80- 85, (1999)
Gord I I\/aradpour D.; et al.
ey TigpisFlosdberergpel B SRR A e kb PR e o e

rew ewed (byliseAnell, et Gah. virsl., ASDBVior aV-4€Newihslk hys:&ithematfienany, 11:2;

79-95 (2000).
economically important animal diseases such as bovine viral diarrhea virus (BVDV),

classical swine fever virus (CSFV, hog cholera) and border disease of sheep (BDV),
their importance in human disease is less well characterized (Moennig, V., ef al., Adv.

20 Vir. Res. 1992, 48, 53-98). Flaviviruses are responsible for important human diseases
such as dengue fever and yellow fever while hepaciviruses cause hepatitis C viras
infections in humans. Other important viral infections caused by the Flaviviridae
family include West Nile virus (WNV) Japanese encephalitis virus (JEV), tick-borne
encephalitis virus, Junjin virus, Murray Valley encephalitis, St Louis enchaplitis,

25 Omsk hemorrhagic fever virus and Zika virus. Combined, infections from the
Flaviviridae virus family cause significant mortality, morbidity and economic losses
throughout the world. Therefore, there is a need to develop effective treatments for
Flaviviridae virus infections.

The hepatitis C virus (HCV) is the leading cause of chronic liver disecase

30 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

treatment of chronic HCV infections in humans (Di Besceglie, A.M. and Bacon, B.



RNA- dependent RNA pol ynerase (RdRp) is one of the best studied targets for
10t he devel opnment of novel HCV therapeutic agents. The NS5B pol ynerase is a
target fowoizotwisst3ers in early human clinical trials (Secwases®iogo4d1, WO
01/90121 A2, US 2004/0006002 Al ). These enzynes have been extensively
characterized at the biochem cal and structural |evel, with screening
assays for identifying selective inhibitors (De Cercq, E (2001) J.

Phar macol r  ExpdiekmeR S, el 050-B8 (BC@ordEn, 18, 2901 1y Ed,n- VirTol .
22:73-89). B ocheni cal tar gcet S su’c(h ag’ NS5B are i nmpor tyé]r‘l/ftld'i (g;“ ével opi ng HCV

g h]?][ api FSZ_(E)iSn‘_&% Il-mvl\/ithne_h)onotl).lriemgi dat.eRavnitidre. Z(gﬁoﬁ(éﬂ,lcn@ffwﬁlﬁi Bher eI are
| lcultie I N opl n ce -.pas SSa a .peC.I L.cal . ani
Syt erm uiiber SefPY R oRL R RS revi2R BT By BRARNR o A At FhfnisE g ands

ri baviri igheénditkGh80st de7analagoyand interferon-al pha (a) (IFN), that are
used for the treatnent of chronic HCV 90i nfections in humans. Ribavirin

al one is not eHfécicperaienhRNédpmimerayd (Ralk pRipodceridhsheshstadisd gmipdts Gant
toxi ghty, thagc(zsjvegos mke?lp oF n(;[v%l H.Es}ét%grea%eglﬁg ea%’gnt-gh%ih% %Eﬂ@ﬁ%g%ﬁ%%%g&nd

ribavirin en reporte Ive chronic

hepati ti sfoGinh®6@tdin ehely Bumagtlidbal tEXINgSorR0080ss02, WaDF1/566)1 Rututess than
half the patients infected with sonme genotypes show a persistent benefit

when gi velOtR80402eAbndriese axzpaes boisdicemexigppyele shqraneizgd $61h6si ng t he use
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04/ 04633 liphiYBRAEQBL GBSO T aPD 1V 2HA8H AL 0TS Diktr. 2di-1 :amallckdedt nent s f or

HCV i.nfections have naqt_yet becone avail able for patients. 30Virol ogic
ot edor BUENI BT R: 2T hsPE et wractizsh e 1S Bt ippOHOR oue

because ofeytibfin mwﬂg@s%t}i@ff 8 Aot rhITHR: {tzfe?lgg&&@%@ @bfoni cal Iy

infected patients and t spont aneous mnut aIB 0 Vi rus

( Neumann, aretiffadultiesSo idevadepii© 88 ]-b 282 asshPBarndt precikiicnb boimag tysedms. Hepat ol ogy,
1996, 24, 135 Aff E)on]n o, et al., Gene, 1985, 40 -8;._I\/arteié‘rl,. et al., J.
Virol. 1992, 6689%5neT A mapideivaanayird compopds) mhyeihdduglsodfial ogs have

been showRafQ ddadHeacnaliabl @) MHhNat ihQhse / i
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Chenot her,apy. 2009, 926 Br , A B.., Expert. n. lnovesti ugs 2009,
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par ti cul a{dayirRNPaneatcsldotin: agaknsh thephiiRMHentd @bdSc Répakilif Bs; | mproved

oral bioavailability; fewer undesirable side effects and extended effective
hal f-1ifdSeait, 1oV vigl.(DeeFRrERE gct)7-R6) dut ks thep d@8jhemntievs idkct®esear ch

58:1-16) ar.e urgen needed. . tain .ibgesides of nucl eobases
oy rof of 20 v SRR e TSP Kpersisaptpepeli VBT pr 85! G, e

i m dazo[ haknijdplicaiohktdidchingahe aftbflnhclRoddd iidd @t krdat3rehdiltk, @v#Hld ri azi ne
have been di sc|l osed in Carbohydrate Research 2001 331%1) 77-82;

Nucl eosi dedude W&@Hé%]iﬁegw?ﬂéé@ﬂiﬁ@l@@iﬂ?@éﬁ@&ﬁ/oﬁé 7aWédron Letters

(1994) ., 3p(A%)20, W8I B404, WO 04/046331, WO2008/089105 and WO2008/141079
but additional treatments for HCV infections have not yet become available for
patients.

30 Virologic cures of patients with chronic HCV infection are difficult to achieve
because of the prodigous amount of daily virus production in chronically infected
patients and the high spontaneous mutability of HCV virus (Neumann, et al., Science
1998, 262, 103-7; Fukimoto, et al., Hepatology, 1996, 24, 1351-4; Domingo, et al.,
Gene, 1985, 40, 1-8; Martell, et al., J. Virol. 1992, 66, 3225-9. Experimental anti-

35  viral nucleoside analogs have been shown to induce vialable mutations in the HCV



15Het er ocycl es (1992), 34(3), 569-74; J. Chem Soc. Perkin Trans. 1 1985,
3, 621-30; J. Chem Soc. Perkin Trans. 11984, 2, 229-38; WO 2000056734,
Or gani ¢ Lwoterig3s8001), 3(6), 839-842; J. Chem Soc. PePkirnsStoangs471999,
20, 2929-2936; and J. Med. Chem 1986, 29(11), 2231-5. However, these
conpounds have not been disclosed as useful for the treatnent of HCV.
20Ri bosi des of pyrrolo[1,2-f][1,2,4]triazinyl,

i m dazo[ 1,;5:.f 1 i:az 1, 255 [ A, Y3 d
[T 2 a1 e RS A e B PR Bl i 2D 2%, Ol
ant i - HCV, aladd/imitir o biRdRpenacthamdiierhpv2008e 826, direwhpsel., BypBabpin. Y. S,

W)2008/ 089105, and 141079, , et al., W?2009/132123 and Francom
et al . \VOIOTEIB0IEE LR el (o6 ThoiRROBHEA 5 e i0EVE¥ed anti-viral
25pr Tol o [;ﬂrogcrfiﬁ %m@icﬂllﬂt}f/ ARy actiivnﬂy;jq Rltlresiftardilstrding o4 88hYEd

i mdazo[ 1, 2- ,2,4]triazinyl, and [1,2,4]triazol o[ 4, 3-1][1,2,4]triazinyl
nucl eosi dusl bardahnlithéwer updesirablonidsfetfiepte and cktendddodiestigrnali-Bfesubst i t ut ed.

SuU Y Ok T NVENTI - A Provided are_ C ounds that inhibit
Virudds orq e RV Sag- PRI AP R R Rk T SRR LS vEeshilf hebble onpounds
of Formula | tdataid ABddaids of iealucuBisel fyraaibd , ROl V0B wiasike, iRddbau-arly HCV
RNA- dependent RNA pol yner ase f§ RdRp), rather than.cepl ular nucleic acid

pol yner asild 2. 4eazinsnpoidaes ! 8fll ks Hinaaine. sahid. blEmzeRit.sdHV erddisgimebe

Lo B Aok A, PERAN TBEET S AP R AR QY YO
usef ul f avudieceats (1§96, ¢ TIXBET;iTofrebddromscidrs MAYENS 56300, K33her2; ani mal s.
| ong e omreles (1868 RS B0 I B e Ferkin e 1 os 5B §L Sh2 PO FB R
J. Chem. Soc. Perkin Trans. 1 1984, 2, 229-38; WO 2000056734; Organic Letters
(2001), 3(6), 839-842; J. Chem. Soc. Perkin Trans. 1 1999, 20, 2929-2936; and .J.
Med. Chem. 1986, 29(11), 2231-5. However, these compounds have not been
disclosed as useful for the treatment of HCV,
20 Ribosides of pyrrolol1,2-f][1,2.4}triazinyl, imidazo[1,5-f][1,2,4]triazinyl,
imidazo{1,2-f][1,2,4]triazinyl, and [1,2,4]triazolo[4,3-f][1,2,4]triaziny] nucleobases
with antiviral, anti-HCV, and anti-RdRp activity have been disclosed by Babn, Y. S.,
WO2008/089105 and WO2008/141079; Cho, et al., W02009/132123 and Francom,
et al. WO2010/002877. Butler, et al., W0O2009/132135, has disclosed anti-viral
25  pyrrolof1,2-1][1,2,4ltriazinyl, imidazo[1,5-f][1,2,4 ]triazinyl, imidazo[1,2-
f1[1,2,4]triazinyl, and [!,2,4]triazolo[4,3-f]{1,2,4]triazinyl nucleosides wherein the 1°

position of the nucleoside sugar is substituted.

SUMMARY OF THE INVENTION
30
Provided are compounds that inhibit viruses of the Flaviviridae family. The
invéntion also comprises compounds of Formula [ that inhibit viral nucleic acid
polymerases, particularly HCV RNA-dependent RNA polymerase (RdRp), rather than
cellular nucleic acid polymerases. The compounds of Formula I have been

35  discovered to be efficacious against both wild type and S282T mutant strains of HCV



Formula | 10or a pharmaceutically acceptable salt, thereof; wherein:

Rl is (Cl-C8)al kyl, (C4-C8)carbocyclylalkyl, (Cl-C8)substituted al kyl,
(C2- C8) alwerryi1/0362132- Cs) substi tuted al kenyl, (C2-C8) al kymgir/US2010/049471
(C2-C8)substituted al kynyl, or aryl (Cl-C8)al kyl; 15R2 is hal ogen;

each R3, R4, or R5 is independently H ORa, N(Ra)2, N3, CN, N2, S(0), 1R,
hal ogen, (Q C8)al kyl, (C4-C8)carbocyclylal kyl, (Cl-C8)substituted al kyl,

(C2- al kenyl - i I 2= nyl.

(Cc2- sdﬁggiEE?%%%%E§§%§R§B%%¥g&%ﬁ?%ﬁ%Q§f%?é%ﬁ?ggég%kéﬁyl%&)cﬁ R3, R4 or
R5 on adjia¢efbnciarhennaboiahwhenntieken together are - 0(C0)0- or when taken
together with the ring carbon atons to which they are attached forma
doubl e bond; Inoneepyofigngyt, prrgdedrrgyppowsts ofRoimd I S(0) nRa, - C(=- 0) R11,
-C(---0)0R11, - C(=0)NRI1R12, -C(=0)SR11, -S(0)Ril, -S(0)2R11l, -S(0)(ORL1),
-S(0)2(0R11), 25-SO2NR11R12, hal ogen, (C)-C8)al kyl
(C4-C8) carbocyclyl al kyl, (Cl-C8)substituted alk
(C2-C8)substituted al kenyl, (C2-C8)al kynyl, (
aryl (Cl-Cs)al kyl; WD 20RL/ 035231PCT/ USZ0
0, 1, or 2 each Ra\is i ndependexttly H (Cj-
(C2-C8)al kenyl , (C2-C8)al kynytcHaryl (G
-C(=0)R11, -C(=0)OR1 , -C(=0)NR11RD2, - -StRYR - S(0) 2R11,

-S(0) (OR11), -S(0)2(ORI 1), or o2 R12; R7 is H -C(=0)R11, -C(=0)0R11,
-C(=0) NRI 1R12, -C(=0)SR11, R ( (0)2R1 1, -S(0)(OR 11),
-S(0)2(0R1 1), -SO2NR11R12, Y1l is, independently, 0, S,
NR, +N(0)(R), N(OR), +N(O0)(OR),

(C2-C8) al kenyl
substituted al kynyl, or
each n is independently
) al kyl ,

- C8) car boeyel yl al kyl ,

R* R?
Formula I
10 or a pharmaceutically acceptable salt, thereof;

wherein:

R is (C—Cy)alkyl, (Cs—Cgy)carbocyelylalkyl, (C—Cg)substituted alkyl,
{Cr—Cy)alkenyl, (Cy—Cg)substituted alkenyl, (Co—Cglalkynyl, (Cp—Cs)substituted
alkynyl, or aryl(C;-Cglalkyl;

15 R” is halogen;

cach R*, R*, or R’ is independently H, OR® N(R™),, N3, CN, NO,, S(O).R?
halogen, (C;—Cyalkyl, (C4—~Cy)carboceyclylalkyl, (C—Cg)substituted alkyl,
(Cr—Cslalkenyl, (Co—Cg)substituted alkenyl, (C,—Cglalkynyl, (Ca—Cg)substituted
alkynyl, or aryl{C,-Cy)alkyl;

20 or any two of R°, R* or R’ on adjacent carbon atoms when taken together are -
O(CO)O- or when taken together with the ring carbon atoms to which they are
attached form a double bond;

R®is H, OR?, N(R,, N3, CN, NO», S(O),R", -C(=O)R"", -C(=0)OR"", -
C(=O)NR'RY, -C(=0)SR', -S(O)R", -S(0)R'", -S(ONORM), -S(0)-(OR™,

25 —SO,NR''R" halogen, (C;~Cg)alkyl, (C4~Cy)carboeyelylalkyl, (C,—Cg)substituted
alkyl, (Co—-Cyalkenyl, (Co—Cg)substituted alkenyl, (Co—Cg)alkynyl,
{Ca—Cg)substituted alkynyl, or aryl(C-Cyg)alkyl;



N NR2; WL and W2, when taken together, are -Y3(C(RY)2)3Y3-; or one
of WL or W2 15together with either R3 or R4 is -Y3- and the other of W or
W2 i s Forwol2aivas23er WL and W2 are each, independently, paTgsoup/oad47t he
Formul a | a: M2 Formul a |Ia wherein: 20each Y2 is independently a bond, O,
CR2, NR, +N(0) (R, N(OR), +N(O)(OR), NNNR2, S, SS, S(0), or each Y3 is

i ndependently 0, S, or NRR M is 0,1 or 2; each Rx is independently RY or

t he f%rrml a: wherein: eaﬁh {\/I@1 Mf" and Md is independently 0 or 1; Ml2c
is 0,71, 2, 3,4 nésfmg,epe?, er§1y 2907 11 or 12; each RY is i ndependent |y H,

F, d, Br, 1, &b RRis m@&pendddly H CCRL) MR, (9@ gV RE2CoyalGRyR, - N(R) 3,
-SR, -S(0)R -S(O{ZR, -S(0) (0R), -S(0)2(0R),, - 0o s
arvl(C~Cgalkyl, (C4~Cs)carbocyclylalkyl, -C(=O)R ", -C(=O)OR ", -C(=O)NR" 'R,
-C(=0)SR, -S(OIR", -S(0),R", -S(O)OR™M), -S(0)(OR'), or —=SO.NR''R";
R’isH, -CEORY, -C(=0)OR" | -C(=0)NR"'R"*, -C(=0)SR!, -S(OR'!, -
10 S(O)RR", -S(OYOR™), -S(0)(OR'), ~SONR''R"?, or
Y

W‘E

cach Y or Y' is, independently, O, S, NR, "N(O)(R), N(OR), "N(O}OR), or
N-NRa;
W! and W?, when taken together, are mY3(C(Ry)3)3Y3-; or one of W' or W*
15  together with either R* or R*is Y- and the other of W' or W?is Formula Ia; or W'

and W~ are each, independently, a group of the Formula Ia:

Y'\
RX YZ—p y2
I,
RX
M2
Formula la
wherein:
20 each Y? is independently a bond, O, CR,, NR, "N(O)(R), N(OR), "N(O)(OR),

N-NRy, S, §-5, S(0), or S(O)a;
cach Y is independently O, S, or NR;
M21s 0,1 or2;

each R* is independently R” or the formula:



OC(=Y1)R -0C(=Y1)0OR, -0C(=YI)(N(R2), -SC(=Y?)R, -SC(=Y1)0R, -
SC(=Y1)(N(R) 2), -N(RC(=Y1D)R -NRC-=-Y 1)0R, -N(RC(=Y1)N(R) 2, -SO2NR2,
-CN, -N3,wonNeR/0353R, or WB; or when taken together, twoPRY/USR0m00e943RMTE
carbon atomforma carbo cyclic ring of 3 to 7 carbon atons; 15each Ris
i ndependently H, (C -C8) alkyl, (Cl-C8) substituted al kyl, (C2- C8)al kenyl,
(C2-C8) substituted al kenyl, (C2-C8) al kynyl, (C2-C8) substituted al kynyl,
C6- C20 aryl, C6-C20 substituted aryl, C2-C20 heterocyclyl, CZ C20
substituted heter ocycl1yl r substitu \B
Y - SO2R ; and V6 is 20a
carboeyel e or a jhetefjocyclle i i's indepengently substifuted with O
to 3 RY groups; i +—each R8 i s
hal ogen, NeR1Z2, Rfﬂ\ghl CH(---=NR1
), -CH=ENNHRL M)L - CH(OR1B2, -(( O)Nmmz C%ﬁ C(----S)N 2,
- O(=0).0R11, (Gi-C8)alkyl, M1@2-C8)al kenyl . (C2M'E8)al kynyl
(- carbocycl yl al kyl, optionally substituted aryl, optionally
substituted hewbmi@zryl -C(=0) (G - 08) al kyI -S(0) 1( C1-C8)al kyl ,

aryl (C, - C8) al or in endently H, haI ogen, NR
IR12, N(R oﬁ/ E]‘%ZM’M ‘f@%g“'ﬁﬂ tkf& gHO - CH(=NR11) |

- CHENHNRLT, - Qb GRIT) 2, 80 i ORLY), 20, 11GH=0) NR 1R12 _O(-- S)NRL1R12,
-Q(=0)ORL1, R', OR' or SR'; WD 2011/035231PCI/ US2010/ 049471 5each R 1 or

RL2 is i ndepentieh®ys Mdepandert) ) ki1, B, C20B8RatWENyIR. -CEX H@Rat kyny! |

Substil ur e e Nﬁ( % %‘?‘&B)E% %@RP%}PS% ﬁ@fg{@ %@)a(l%{}j”y

aryl (G - G8LadKyR; GDE(:RTJIOWCR%Y )1(1&{@)9) tSgetHar, -AC{HY QORL trogen to which
they are both attached forma 3 nmepbered heter o 3%(:' ic ri n%ev\,herel n any
one car b0$1cfat oPﬁ%R)%ea:MR}fe(ré(rB%yN(KLC(rVN&R]:OEféW%le Bl yS6eNRepl aced wi th

i(c):_z C8) al R NyTVor §2or~y|?& &Mh?’fk;‘i‘en tegeélg&&ﬁblf t“ﬁ%ﬁ} he%me b, klenglr' R12

i's, indepapgabih ¥ .ca@®Bti @R ISUbTtdattdheebnM;t h one or nore halo hydr oxy,
CN, N3, N(Ra), or ORa; and wherein one or nore of the non-term nal carbon

atoms15of each @ﬁh@lé@ldm)@nﬂyﬁ frayCoeliapt Cortal Fybstpidalied. kizth -0-, 15-S

p har nmac eu(lgﬁqc a?lﬁh h@éc &g? &b 1{en%egdta 1}t(é%l ? s ?gg)f g{(ﬁ"d‘ﬁ S@F)%‘gg%rsrg{utedodlﬁgﬁt |I o?ng?s

dlh ast e][ e0( PET,$ aryt, AL OREIUSstithRE WABI PL T, Readenpal grar,phssangedanor phous forns
t hereo

heterocyclyl, arvlalkyl or substituted arylalkyl;
W is W or W7, Whis R, -C(YHR?Y, -C(Y")YW?, -SO,RY, or -SO,W?; and W is

20 acarbocycle or a heterocycle wherein W’ is independently substituted with 0 to 3 RY
£roups;

each X' or X? is independently C-R*° or N;
cach R® is halogen, NR''R™, N(R'HOR', NR''NR'R"?, N3, NO, NO,, CHO,
CN, -CH(=NR'", -CH=NNHR'', -CH=N(OR'"), -CH(OR'"),, -C(=0)NR''R",

25 _C(ESINRRE -C=0YORY, (C-Cyalkyl, (Co-Cglalkenyl, (C2-Cslalkynyl,
(C4—Cy)carboeyclylalkyl, optionally substituted aryl, optionally substituted heteroaryl,
-C(=0)(C-Cylalkyl, -S(0)n(C-Cy)alkyl, aryl(C,-Cylalkyl, OR'' or SR'';

each R or R is independently H, halogen, NR! 1R]z, N(Rl ])OR] ',
NR''NR''R'?, N3, NO, NO,, CHO, CN, -CH(=NR'"), -CH=NHNR'!, -CH=N(OR '},
30 -CH(OR'),, -C(=ONR'"R"Y, -C(=S)NR''R", -C(=0)0R", R", OR" or SR'*:



201 n anot her enbodi nent, provided are novel conmpounds of Fornmula | with
activity against infectious Flaviviridae viruses. Wthout wishing to be
bound by wbeorwye3sidme conpounds of the invention may i nhiPbirtuszenwao471

RNA- dependent RNA pol ynerase and thus inhibit the replication of the virus.
They are useful for treating human patients infected with a human virus
such as hepatitis C. 25In another enbodi nent, provided are pharnmaceuti cal

conposi tions conpriisi ngiman. effectiv of F | a, | _.conpound, or a
phar n?ceuti cal ?%Rgcc%%? abi 188%%“&3 tﬁ%’?ﬂﬂ@?‘ﬂﬁ?}éo@%i‘?ﬂﬁ?ﬁ#ﬁ a

phar maceut)giglh Y, @RGCEPLABLE cANARENEpiRInalALTEsE uted aryl, opfidhaipoOt her _
enbodi nent, the present application provides for conbination pharmceuti cal

agent conpbbigitied he@bmyd. fG(FH((hHaaladed Oeal -Comtkos ot drphCcOmplliybiong a
compound ofi Formul a I; or a pharnmaceuti cal accept abl e ;sal.t, sglvate, or
ester the lééuf“,?%éntaﬁen nged‘Br)‘ﬁﬁéﬁi?g%@e%E‘f’a‘?’ﬁjﬁh@ﬁyi a&%&’@é‘%@f?t{?@haé&pri si ng
at | east DPRARmMASRH heRRARyclhAh@RAMEICanIIR0 LaBh At df {ai PRtEREYFIOHR
consisting of interferons, ribavirin or its anal ogs, HCV NS3 protease

i nhi bi% oran oreeralivritireplpeadswitatGrhaS- orWSRI911/ 035231 PCT/ US2010/ 049471

ant agoni sta, anvAanaePlCucARE RECHRELAR o ERRIRLA ST RpR 2o

anti - fi braftdach RYeOt R, FENHOTRHEH R antagpaidhsy, JpuehaRsuBgiteed MGl @et i de

i nhibitors of HCV NS5B pol yrnerase, non-nucl eoside inhibitors of HCV NS5B
pol yner as¥, Meev2iasBydrih i1 SR 11 @ QR 3 godidewin engaraptie of the HoRhi bi t or s,
HCV | RES .Lnhi bi : i:neti_ ugs for
{reati ng OV or RO oel TRer aare e RIITRES LS oA S0 pr esent
appl ildat i -Snopr¥Ri-des for a nmethod of inhibiting HCV pol ynerase, conprising
contacting a cell infected with HCV with an effective anbunt of a conpound

of Formula I; Iaranathphanbaiiguitt sakldd accepiphhes s dsuladaindat e, and/ or ester
t hereof. 151 n another enbodi nent, the present application provides for a
met hod of ARSI Faky acesptavs st theseol apd Al racsmatpscomnnbeeeig a cel | i nfected

phar maceut AT Soeanrih o0 M R GRIRRUR flo SRR Gt oy

| east onehaddf.ti onal therapeutic agent. In another enbodi nent, the present
application provides for a nethod of 90treating and/or preventing a di sease

caused by a vilhahothbf @ebdddncihpioeidad biehovkl @mpouhecd i imius: ICaigsed by a
virus selected fromthe group consisting of dengue virus, yellow fever

virus, WeSHVRY peaingt pusctiopa fafiédedendeiseral Vitheutwphiag ta bekeisdiye
cocemiel ity bR PO M e BBk 1o,
di sar r hegolymersse afidkan2ibiribituse eptcddepaf ilte WwnE. Thewste dyfubflmimrbisigeri ng to a
subj ect ihrll,m{]a%ei)qitigrgg L%ggte(? with a human virus such as hepatitis C.
25 In another embodiment, provided are pharmaceutical compositions comprising
an effective amount of a Formula I compound, or a pharmaceutically acceptable salt
thereof, in combination with a pharmaceutically acceptable diluent or carrier.
In another embodiment, the present application provides for combination
pharmaceutical agent comprising;
30 a) a first pharmaceutical composition comprising a compound of Formula
I; or a pharmaceutically acceptable salt, solvate, or ester thereof;, and
b) a second pharmaceutical composition 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-



therapeutically effective anmount of a conpound of Foirmula I, or a

phar maceutical ly acceptable salt thereof. I n anot her enbodi nent, the
present ampl2ovaBssm provi des for a nmethod of treating HEUTIUs2@o0pad47eENt |
conprising adm nistering to said patient a therapeutically 30effective

anount of a conpound of Fornula |I; or a pharmaceutically acceptable salt,
sol vate, and/or ester thereof I n anot her embodi ment, the present

appl i Gati {?co‘%{d%é/é A8 C}J&Es t‘aﬁts thEHids Ho&yl%sepﬁft fﬂ{sts CO”p“ sing
adm ni ste |ngto sal patlet at erapeutlca fecweaf’m)

conpound afageoistsuif ghd reniorangicpéramnnesent, bthal htytz-ﬁbﬁ&ptagbttte, estetbtﬂmluBSsol vat e,

and/ or ester thereo nd at |east opne ad eutic agent. WO
2011/ 035 P ISP GRS P BHABHREP s 6535%35 V&AL B provi des a

met hod f of,idagiat Elﬁ%d&sﬂ&f HCVQQ@S’E? &1'yﬁ1@ra@f3 noe IﬁS/S’IEQErQHtﬁt&i Teff.ects of an HCV
infection in an infected ani nal h conmprises admnistéring to, i.e.

treati ng,agonist, asrt:ﬂqréﬂhmrtmb@rpH&MRB&tthﬂtoreMrmmORm@h@gmm@sm| on or

f I F la | d, d
Cecont comRAuR R (g aReE MAcy I GpRTT) Be=Siorn anot her aspect, the -

invention al sanphe¥kdeshmekthod padseht pbtattioag;rh@ves OOt DR
adm nistering to a mammal infected with HCV an anount of a Fornula 1

conpound, nkipflEetHG¥ prbmasicoeamuTHEng @placiag efll gticgqaimvith HOY sgthed cel I's in
sai d mm@#ect&{ggﬁ&%h% {i\ﬁ@@ﬁ{[d’ }{tﬂg?d J as aﬁa %‘Ec h&cg 9%‘312 ,8;

Fornmul a | manu reo tre

FI avi vi r i dé&etey andbr ¢stdr@adréans. I n anot her aspect prow ded is a conpound of
Formula | for use in treating a Flavivirjdae viral infection. In one
enbodi’ment, tH8 %@Pwmt%@e% thgipresartappliciopdrapdesdons mefiodfc Hov

| nf ect i ofyy b AN PIBRAIIRAL Ol RARARRERL o AL B AN G HPO YA ant D

treatnent resu t'he reducti on "of one nor e e viral | oads or
cl ear ance:ftafti AarfN&t bha t:drrapcplatdl driormiila Iagrat prermaspecilly dcheptildv esitsi on al so
ocess s and hove r medi at s di | osed. hereln whi ch are

provi des
Dot Ul T IR R ET o S IR and b ST e RS RS B R een 'm ot her
aspects, novelynRiMSASnERAmeNNHR§Sdsont a?pﬁtaxah%ma@a%at ln%ﬂrod'o?m ation,

25purification, characterization, and testing of the conpounds of this
i nverdGi onreating and/or preventing a disease caused by a viral infection wherein the viral
infection is caused by a virus selected from the group consisting of dengue virus,
vellow fever virus, West Nile virus, Japanese encephalitis virus, tick-borne
encephalitis virus, Junjin virus, Murray Valley encephalitis virus, St Louis
encephalitis virus, Omsk hemorrhagic fever virus, bovine viral disarrhea virus, Zika
25 virus and Hepatitis C virus; by administering to a subject in need thereof a
therapeutically effective amount of a compound of Formula I, or a pharmaceutically
acceptable salt thereof.
In another embodiment, the present application provides for a method of
treating HCV 1in a patient, comprising administering to said patient a therapeutically
30  effective amount of a compound of Formula I; or a pharmaceutically acceptable salt,
solvate, and/or ester thereof.
in another embodiment, the present appiication provides for a method of
treating HCV in a patient, comprising administering to said patient a therapeutically
effective amount of a compound of Formula [; or a pharmaceutically acceptable salt,

35  solvate, and/or ester thereof; and at least one additional therapeutic agent.



provi ded. DETAI LED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS Reference will now
be made in detail to certain enbodi nents of the invention, 30exanpl es of

whi ch ar ewOl2busi3sztied i n t he acconpanyi ng descri ption, fCTAS2aoes4and
formulas. While the invention will be described in conjunction with the
enuner at ed enbodi nents, it will be understood that they are not intended to
limt the invention to those enbodi nents. On the contrary, the invention is

i ntended to coyer, all 011/ 035231PCT/ US2010/ 049471 balternati ves,
Peat | ons. X eV BRINTRIEACHES RENRLOL RS Pt

nodi fi"cat i ons, e n the scope of

t he pr eseggtvdniye bt fheRympdnanetdiRtts a$ REEICY GO8R0oH el sn Bffcdral Mithal | are
represented by Fornula Il: R8 RO Fonnula Il 10or a pharmaceutically

accept abl whishbemprites pdiinistoieg @ ke treating, said animal with a pharmaceutical

combination composition or formulation comprising an effective amount of a Formula
I compound, and a second compound having anti-HCV properties.

10 In another aspect, the invention also provides a method of inhibiting HCV,
comprising administering to a mammal infected with HCV an amount of a Formula |
compound, effective to inhibit the replication of HCV in infected cells in said
mammal.

In another aspect, provided is the use of a compound of Formula I for the

15  manufacture of a medicament for the treatment of Flaviviridae viral infections. In
another aspect, provided 1s a compound of Formula I for use in treating a Flaviviridae
viral mfection. In one embodiment, the Flaviviridae viral infection is acute or chronic
HCYV infection. In one embodiment of each aspect of use and compound, the
treatment results in the reduction of one or more of the viral loads or clearance of

20  RNA in the patient.

In another aspect, the invention also provides processes and novel
intermediates disclosed herein which are useful for preparing Formula I compounds
of the invention.

In other aspects, novel methods for synthesis, analysis, separation, isolation,

25  purification, characterization, and testing of the compounds of this invention are

provided.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Reference will now be made in detail to certain embodiments of the invention,
30 examples of which are illustrated in the accompanying description, structures and
formulas. While the invention will be described in conjunction with the enumerated
embodiments, it will be understood that they are not intended to limit the invention to

those embodiments. On the contrary, the invention is intended to cover all



Rl is (Cl-C8)al kyl, (C4-C8)carbocyclyl al kyl, 1C8) substituted al kyl,
(C2-C8)al kenyl, (C2-C8)substituted al kenyl, (C2-C8)al kynyl,

(C2- C8) swwstzntwmsszsial kynyl , or aryl (Cl-C8)al kyl ; 15eachPRB/USBMI0/0e47R5 i s

i ndependently H OR, N(Ra)2, N3, CN, N2, S(0)Ile, halogen, (Cl1-C8)alkyl,
(C4-C8) carbocycl yl al kyl , (Cl1-C8)substituted al kyl, (C2-C8)alkenyl,
(C2-C8)substituted al kenyl, (C2-C8)al kynyl, (C2-C8)substituted al kynyl, or

aryl ( - f .k 4 car bon
atoms%)v\hﬁ ﬁlaé%g mdifeﬁhonsé%ne@%%\f%(t%ﬁjhsﬁj mgey {mﬁt%eg%@lﬂl oge? Q&éor with the
ring car bﬂ“nheaptemttrﬂewmmh they are attached form a doubI e bond R6
is H ORa, N(R 2, N3, 0 "Ra, -C(----0) C(=0)

C(----0)NRI | IRfEtheTC%SEB‘)tmmHOUH e?foar&ﬂﬁiall gre femfeeot)?éhy Fprmul@,(lb)(om 1),
-S(0)2(0R1L 1), -S2NRI'I R12 hal ogen, (G -C8)al kykg (C4-C8)carbocyclyl al kyl,
(Cl -C8)substituted 75al kyl, (C2-C8)al kenyl, (C2-C8)substituted al kenyl,
(C2-C8) al kynyl, (C2-C8)substituted al kynyl, ryl (G -C8)alkyl; each nis
i ndependently 0, 1, or 2; WD 2011/035231
i ndependently H, (Cl-C8) & kyl, (C2-C8)alkeny - )aI kynyl ,

aryl (C1- C8) al kyl, (C4-C8) gar bocycl yl al%xs, - —0) O)ORl 1,
-C(=0) NR11R12, -C(=-0)SRl &> 0) (OR11)
-S(0)2(0R11), or -S2NR11R12; is H, )Rl RrRY - C( 0)0R1 1,
-C(=0)NRI | R12, -C(---0)SR11, -

- 7 - S( 0) 2R11 -S(0) (OR11), -S(0)2(0R1
1), -S2NR11R 12, or 10w2 RE™ “Bf Yl is, | ndependent ly, 0, S, NR
+N(O) (R), N(OR), '""N(0)(OR), oe -RWL. and V\2 when taken together, are
-Y3(C(RY)2)3Y3-; or one of W or:W : together with either R3 or R4 is
-Y3- and the other of WL or W2 iR* FoFrmula la; or WL 15and W2 are each,
i ndependently, a group of the Formula la:., M Fornula la
Formula 11
10 or a pharmaceutically acceptable salt, thereof,
wherein:
R' is (C1—Cy)alkyl, (C4—Cy)carboeyelylalkyl, (C~Cy)substituted alkyl,
(Ca—Cgalkenyl, (Co—Cg)substituted alkenvl, (Co—Cglalkynyl, {Cr—Cg)substituted
alkynyl, or aryl(C;-Cg)alkyl;
15 each R®, R?, or R? is independently H, OR?, N{(R%),, N3, CN, NO,, S(O),R?,
halogen, (C,—Cs)alkyl, (C4—Cg)carbocyclylalkyl, (C;—Cg)substituted alkyl,
(Cr~Cylalkenyl, (C;—Cg)substituted atkenyl, (Cy—Cglalkynyl, (C,—Cg)substituted
alkynyl, or aryl{C;-Csg)alkyl;
or any two of R®, R* or R” on adjacent carbon atoms when taken together are —
20 O(CO)O- or when taken together with the ring carbon atoms to which they are
attached form a double bond;
R®is H, ORY, N(R*,, N3, CN, NO», S(O),R?, -C(=0)R'!, -C(=0)OR ", -
C(=ONR''R", -C(=0)SR", -S(O)R"", -S(O)R ", -S(O)OR™), -S(OR(OR'),
~SO,NR"'R", halogen, (C,—~Cy)alkyl, (C4—Cg)earboeyelylatkyl, (C,-Cg)substituted
25 alkyl, (Co—Cgalkenyl, (C2~Cy)substituted alkenyl, (Co~Cg)alkynyl,
(Cr—Cy)substituted alkynyl, or aryl{(C;-Cy)alkyl;

each n is independently 0, 1, or 2;

10



wher ei n: each Y2 is independently a bond, 0, CR2, NR, +N(O0)(R),
N(OR), -N(O)(OR), 20N-NR2, S, SS, S(0), or $(0)2; each Y3 is independently
0, S. or WB20MA35:10, 1 or 2; each le is independently R¥YCorusehe/ofmrnul a:

wherein: each M a, M ¢, and Md is independently 0 or 1; M2c is 0, 1, 2,
3, 4, 5 6, 7, 8 9, 10,11 or 12; each RY is independently H F d4, Br, I,
H R -C(=YI)R -C(=Y1)0R - 10C( =Y1)N(R) 2, -N(R) 2, -'-N(R)3, -SR -S(0) R,

TSy R e R AR gt Rl R R e L bR

-N(R) C( = Y@tmﬁrg)allqswi\l@%)carlﬁsyclgm&yl N@O)RImC(ﬂD)(MB’I Qr= Wnem“ké&en
together, two RY on thq sane carbon atomfon n carbocyclle ring of 3 to 7

carbon at-6ifs0)SBeasiOR 1,sSiheR pe@HOR) )HS(()EIL@@) calHO¢LNR( @B '2,C8)

substltuted al 7yI ) 1 (CG2- b ;a (C2-Cs)
al kynyl , g{ub(gg @&8 ?é%ﬁé “%8@ ( %ggﬁﬁgtl tuted aryl,
C2- C20 he; ,qucg?@ {oﬁﬁjCg@)ﬁml%LgtﬁﬂRhlglégpcycl yl, arylal kyl or
substltuted aryl al kyl i \\b; WS R -C(Y1)R -C(Y1)Ws,
- SO2RY, or -S02Ws; and Wb is 20a ear bocy |l e or a heterocycle wherein Wb is
i ndependently substituted W|th 0to 3 R gro ps; each X1 or X2 is
i ndependently GR or N; each Phal gen, NR11K N(R11 )OR11 , NR
NRI 1R12, N3, NO NO2, CHO CN -CH(=NR1Y¥), -CH=NNHR11l, -CH=N(OR ), -CH(OWN
)2, -6 Z0) NRL1R12, 25-C(=S)NRIIRI 2, - C(#0) ORL.1, (Cl-C8)alkyl,
(C2- C8B) al kenyl , (CZ C8) alkynyl,

cach Y or Y' is, mdependently, 0, S, NR, "N(O)(R), N(OR), "N(O)(OR), 0

N-NRy;
W' and W?, when taken together, are =Y (C(R¥),):Y>-; or one of W' or W*
together with either R? or R* is - Y”- and the other of W' or W is Formula Ia; or W'

15 and W are each, independently, a group of the Formula la:

RX
M2

Formula la
wherein:
each Y is independently a bond, O, CR,, NR, "N(O}R), N(OR), "N{O)(OR),
20 N-NRa, S, S-S, S(O), or S{O)2;
each Y° is independently O, S, or NR;
M21s0,10r2;

cach R" 1s independently R” or the formula:

11



(C4-C8) carbocycl ylal kyl, optionally substituted aryl, optionally
substituted heteroaryl, -C(=0)(Cl-C8)al kyl, -S(0)1, (Cl-C8)alkyl,

aryl (Cl - G8pabiayd3s230R11 or SRl 1 ; each RO or R 1 iPsTiusdepandent |y H,
hal ogen, NR 'R2, N(R11)OR/ 1, NR'NR'R12, N3, NO N2, CHO CN, -CH(=NR11),

- CH=ENHNR11, -CH=EN(OR11), 30-CH(OR11)2, -C(70)NR11R12, -C(=-S)NR'17.12,
-C(=0)0R11, R 1, OR11 or SR'; WD 2011/035231PCT/US2010/049471 5each R11 or
R12 is independently H (C -C8)alkyl, (C2-C8)al kenyl, (C2- C8)alkynyl,

(C4- C8B) car bocycl optiional | y substitute armyl , optionally
substituted het OR{C1R8 , -S(l0);n(C1-C8)al kyl or

aryl (C1- C8) al kyl|; together wifth a nifro epyto whi ch

they are both atjt \f, e{i ri ng wherein any
one carbon atﬁl f said het icrin can” optionalTysfe replaced with
-0-, -S or -Ne; erei n eacH1@ci- aLkyl, (C2-C8)al kenyl,

|

(C2- Cg) al kynyl or,aryI(CM-*Ié:S)aI kyl of each R3, R4, R5, R6, Rl1ll or R12
is, independently, optionally substituted with one or nore hal o, hydroxy,
CN, N3, N(Ra) 2®#¢itRa; and wherein one or nore of the non-termnal carbon

atons of each @Z‘giié%(a%l@%ﬂ%}'ﬂ‘ﬁ ﬁggiyeﬁlggd@ iPnal.ly replaced with -0-, 15-S

or I n on odi neht o ven n of "Formula 11, Fe is

(C1-C8)al kyl , NIC2: =8) 141, kenys, 6oF, § G21@A)akkynyl . | n anot her aspect of this

enbodinent, Rl is g not her__aspect_of thi }1modi nment, Ris
i

Cl-C8)al kyl . In
oyl G oph B fyngrendastb Gl Ks au BT SRerbs s TRt Ra i &

t hytly. | ey t R di  Rbnicsey( € Hahkyl and R6 i
T e, R N IR SR ORISR, SRR R 0 | oast
one of XIDBEKIR-ON=YNORROCKEY St -6 (=bhiRs -B8GEodI@Bnt, RL is
G -C8)al kyl _and 12.6. | OH, | nbodi nent of F |
R Pl BRE R IR R B P o g e DRy gk, ©f Fermil e
C2- C8) al | - nyl j ioent, 25R3 i
LT o hnot o N RN ORI Dihsh Bt oBRE (3 IS SIPRRLEER | o8 1S
(C2-CB) aldkamytm ocarb&2yGl)iakkypyd 7 chibopamider aspect of this enbodi nent, R3
is Hand RL is (Cl- anot her aspect of this enbodinment, R3 is H

C8)alkyl. In h i
and RP net hyl ,cagqRps rlepeidgyihy T, (Girldabthdk 1-&spatstigtiedad: Eabodi ment, R3
is Hand Rl ey odHds t.he, e £ i, j , is H Rlis
(Cl1- C8) al%?lk%#gﬂguq%gdggu%%g aﬁ,\f&;f(}}‘?%)%%) %(kzy"ut’hsj ®e %g{g"ﬁg{?‘%ﬁ“ﬁ%‘ect of this
enbodi ment—(R3arvl dg-CRLubsitured hyl, Grd,dictdreagiylpfie-(Bf sokktimeedX2i s N. I n
anot her aspect of this enbodinent, R3 is H Rl is (Cl-C8)alkyl and R6 is
CN, OH, drtepsyelylpprelabiohersugsiaet apflalkki s enbodinent, R is H, R is nethyl

and R6 is CN, : - wHN. ang vas of cHhS er : s H R
e eyt o s B o e R S R G S oM 3 85 S TaRd w TR

20 acarbocycle or a heterocycle wherein W7 is independently substituted with 0 to 3 RY

groups;

each X' or X° is independently C-R*’ or N;

each R® is halogen, NR"'R'%, N(R'HOR", NR''NR''R"?, N3, NO, NO, CHO,
CN, -CH(=NR'"), -CH=NNHR"}, -CH=N(OR""), -CH(OR'")s, -C(=O)NR"'R"?,

25 -C(=S)NR''RY, -C(=0)OR", (C)-Cylalkyl, (Co-Cg)alkenyl, (Co-Cyalkynyl,
(C4—Cs)ecarboeyelylalkyl, optionally substituted aryl, optionally substituted heteroaryl,
-C(=0)(C,-Cylalkyl, -S(O)(C-Cg)alkyl, aryl(C,-Cg)alkyl, OR' or SR';

each R’ or R' is independently H, halogen, NR' 'R, N(R'HOR',
NRUNR''R'2, N3, NO, NO», CHO, CN, -CH(=NR'"}, -CH=NHNR'', -CH=N(OR'"),
30 -CH(OR'M),, -C(=0)NR'R", -C(=$)NR''R", -C(=0)OR"", R", OR" or SR";

12



5In one enbodi nent of Fornula H R4 is H ORa, N(Ra)2, N3, CN, SRa,

hal ogen, (Cl-C8)al kyl, (C2-C8)al kenyl or (C2-C8)al kynyl. In another aspect
of this ewbadimss3l R4 is Hor Oe. In another aspect ofCrhissoemigadi nent ,
R4 is ORa. In another aspect of this enbodinment, R4 is ORa and Rl is
(C1-C8)al kyl, (C7-C8) al kenyl or (C2-C8)al kynyl. In another aspect of this
enbodinent, R4 is ORE' and Rl is 10(G -C8)al kyl, (C2-C8) al kenyl or

c2- | k nanqfiher. t of t R4, is ORa and Rl i
(G 2l kvl gropgyber, BSREsly Ol (L& SIBRULTRNN 4R (6, 0% and R 1
met hyl . I¢y)apainee ﬂ@g@&%@&ﬂd}kﬁ SRagiyBMsitukRd drsl, GRionafy 1s (G - C8)al kyl

and at | east one o I n anot her aspect of this enmbodi ment, R4
is de, F%Iub$t3uméhﬁytoaebdd-f‘at:0[}(€a§is)aﬂrbé SIOXICofs)xkyl o Ayl nCanbiyher aspect

of this enbodi-nent, R4 is OR' .Ris (C.- al k nd R6.i.S OH, or
" anot hat AR RerEe oprnts i ninsat e e Y by ey 9 Ra i he To o
OH, or CHBmehBerdAAtRRIcyASPERE whéreinltng REbOboMRn oRdid Bet&bEycliBlrings et hyl
and R6 is H |n another aspect of this errbodl ment, R4 is OHand Rl is

met hyl0. 1930 gpdensdly bgseidacedorith 13-s-SewbofRment, R4 is OH, RI is (Cl-c8)al kyl

d at | t hi di t,
Raio o m el O, N CERBR A ARBSE L R eEBRer Repect
of this efkeadi REm, R‘RZRS! R®, @ ot iiss 1r(d€per68hﬁ}|/ k)}bho@aﬂjf sBBstltﬂe@MithGiﬂ,e or CH3.

I n anot her aspect of this_enbodi OH, Rl is nmeth and R6 is CN,
OH, or CHSmMarEhalgokyexsadedys MRt)?ﬁ‘@%nﬁ%‘gWﬁW“ O IROTEY] ﬂ’RIﬁOPS met hyl

and R i galauﬁ%l cﬁlggogﬁ%l]?ﬁﬁf%?%ﬁwnﬁ )%%(yfc:@) g"d +nall§§%ﬂl§ce \Xﬁf% nDll( Ra?ﬁ

anot Hér a§pex:ieNR1‘l‘ this errbodl ment, R4 is H or . I'n anot her aspect of
thi s enbodi rrent R4 is OR'. hi anot her pec f this epbodiment, R4 is Ae
and R is (O -egpaprppdimeaboidhy ma’lekfé‘ﬁw Ezl?f%)fa(éy@ ak}fldcanféf)her

aspect of 4 K
al kenyl “‘sz"@mgg? ‘?*ng{’ gl F}ha}g&n%‘?ﬁg e%ggfae%stéﬂo O%S ﬁlgﬂst en%ggf)@z‘%alﬁ R4 i s CRa
and Rl i 9nGebth&8yspéde i thit amBsdinbe Ré.‘ispﬁéithyptHoF! & gt Iﬂimbthem is OR'" and

Rl is nethyl. |n_another aSﬁect of this enbodinment, R4 is de, IS
(G - C8) aIEl%E/‘FCt ahipisgmbedimentoReisgretiyl. Byangther gspqet @fﬁhaﬁatbﬁévn%&df of this

ggtc))? g;g;re asp ec{}aﬂ(?l atgﬁ%{() }5{7{0@6@;‘ %%ﬁ%?g@}@%é%}] 8&9%7% @én‘g%ao}%fg’re RI4 is

Oe, R imdeCkaiBhabkx! oaD(dasR@ isBarGMher Ghhecosf tBRImbodinaantiies aspect "of this
enbodinent, R4 is de, is methyl and R6 is CN, OH, or CH3. In another
aspect of(CtWéEIEMdl%ﬁQN RiLios Chlze, Rl is methyl and R6 is H |n another

2P o o SRR e B A0S SRS LSRR RSP o
is N In(C—Cpalkyl, (Co- Cg)alkenyl or (Co—Cylalkynyl. In one aspect of thls embodiment,
25 R’is H. In another aspect of this embodiment, RPisHandR'is (Ci—Cylalkyl,
(Co—Cy) alkenyl or (Co—Cylalkynyl. In another aspect of this embodiment, R isH
and R' is (C;~Cs)alkyl. In another aspect of this embodiment, R is H and R' methyl,
CH,F, or ethynvl. In another aspect of this embodiment, R*isH and R' is methyl. In
another aspect of this embodiment, R%is H, R'is (C,—Cg)alkyt and at least one of X
30 or X*is N. In another aspect of this embodiment, R*isH,R'is methyl and at least
one of X' or X*is N. In another aspect of this embodiment, RYisH,R'is
C;—Cyalky! and R%is CN, OH, or CHs. In another aspect of this embodiment, R’ is
H, R'is methyl and R%is CN, OH, or CH;. In another aspect of this embodiment, R
is H, R' is methyl and R® is H.
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10anot her aspect of this enbodinment, R4 is OH R is nethyl and at | east
one of XI or X2 is N In another aspect of this enbodinent, R4 is OH Rl is
(G -C8)alwpl20amdsRé is CN, OH, or CH3 In anot her aspect pofi/ushiéis/oenodi ment ,
R4 is OH R is nmethyl and R6 is CN, OH, or CH3. In another aspect of this
enbodinent, R4 is OH R is nmethyl and R6 is H In another aspect of this
enbodi ment, R5 is N3. 151 n another enbodinent of Formula I, R5is H In

R Wi A Mk AR T SRS R e

and R i { ) I | n anot her
aspect of Cﬁ'%@%ﬁ%od mg)na'gl(% (C@ ézamékﬂdﬂ Rr(%ﬂ?%f%{gﬁyt}g (C2-C8)

al kenyl omnl((ﬁﬁn%) 2] isyhyn‘ ORI, nlmoﬂheaspa&pﬁehas@fnbb&lnﬁenﬂ@é‘ﬁb@ﬁla ment, R4 is
Olla and Rl is q?%} % I n anot her aspect of this enbodinent, R4 is OR
and Ri | SR D of (i GRS s G @wﬂﬁ Erfock rtshtl (G Cirbalbre) R |
(C1-C8) al ky an t her,iaspect of this
enbodi nen (F(b gﬁalﬁ%% &R#m%ﬁ! eﬁ&}ftﬁf’s 0611%%%1[{ 6%@%1@”&(?{ Oof X2 is N. In
anot her eChHal@fl, 15, pakedi 6B, -CRAINySyORn aRdthESash&dt vERi@l Kyl and R6 is
CN, OH, gfpc:l-lggalir]l gnot ﬁ);r éKélsp(e‘:f:t cg?f% tyﬁzl{s grerlbodl rrzggt tOR4 is ORa, R is

met hyl arentR@imnentON is OR® apd RCHB(C1Has abot. hhramﬁmeeipectfoﬂt]ms sménbiodintrent , R4
ORa, I t t Al di t, R4

s G andt i CIL TR dhophiber %g%%‘é{ U5t comperenb bR o rs |5 OH R

is (G- W%ﬁélk@%d%& 16'&%% ope OPB( Oin %&%tl‘)éuspécpoia@%teg%od@&%m of this

enbodi nent is methyl st one of 0is N In
anot her e&peﬁRaoR tshnmh:érabddt leesitone IF)ElﬂXlj SrKHsNRI In aﬁloﬂﬁﬂ.a@):tadﬂﬂy}h and R6 is

Aanat her , aspect of this enbodinment, R4 is OH,
ot byl arf R RGBS ok BSS SapEL. a5t Erinsimerhsoct frent, Ra
is OH R 5 a 49471 5In
anot her en%&t?}en%l%&% ForrﬁJ{{ lslﬂ?R g? &&ép%%§£§%%g$n%anot her
aspect Ofanbthﬁsaf$ﬂﬁ@}(ﬂﬁmﬂmeRﬁ1nestﬂl id @Ré,ﬂdtlhefeﬂgspﬁtRf’ afH.t b soérbodi ment R6
is CN. In anot ct of this. e i ._in another aspect of
this enb&‘ﬁ?ff?éﬂ?% %EH—FDHB %ir@f‘ﬁ’én&ﬁaégdé‘éé]ymntaﬂ? ere%%ﬁ%“apﬁfém R6 is CH3.

I n anot h ! di her aspect of
this enb%é?%ﬁ?&ﬁplgﬂlsynd%{aq gg%n ;ﬁgfatégasglg?é qu%a rl@g iment, R4 is

ORE' 2énd aﬂbth.esas@e‘d:mw);amybmn(e@em oan, Rénsydwthyi £d2 m);tainleyﬁyd‘ or A anot her
aspect of this enbodi nent ng Rl (G -C8)al kyl, (C2-C8)
al kenyl df (é?%}‘%‘]%??fﬁpfthﬂf‘nmamlﬁé?t gsﬁe@t{ %f ist(fiC dEBNEs R4 is Oe

and R W%%@{ky anme@gggm%;ﬁﬁg%% diflcnl, B3 SFDRC 1Ry &g ke @ and

is ne I'n an6t her aspe I's e I'men
15(cy C8)1aCIk~&D}hrdeé13 Ihearmhﬁmep@f ofdhiscembédinisntNR* is@l@,ﬂb‘hbﬁf@tk@&ﬁﬁ@t of this
enbodi e 4 is ORa, Rl is methyl and at |east one of X1 or X2 is N In
anot her % of this embodinent, R4 is OR, R is (Cl-C8)alkyl and R6 is

rCTJE}It h@lsi or CHQn bHe é‘xﬂ%&lﬁ{enm gfu Ui H?@j?@dﬁt’@? N, RN SRS 551 s
yl and R6 is CN, OH, CH3. In ‘anot hér aspect of this odi nent .
is ORa, RC#@g)ai’Eﬂhgﬂg—é?m)dﬂdaﬁyﬁcs (B~Tsallaymod.hBr another aspect of this
embodiment, R® is H or OR®. In another aspect of this embodiment, R* is OR*. In
another aspect of this embodiment, R*is OR* and R’ is (C1—Cy)alkyl, (C:—Cy) alkenyl
or (Co—Cglalkynyl. In another aspect of this embodiment, R* is OR? and R' is
30 (Ci—Cy)alkyl, (Co—Cy) alkenyl or (Co—Cy)alkynyl. In another aspect of this
embodiment, R'is OR® and R' is (C1—Cgalkyl. In another aspect of this embodiment,
R*is OR* and R' is methyl. In another aspect of this embodiment, RYis OR™ R'is
(C1—Cg)alkyl and at least one of X' or X*is N. In another aspect of this embodiment,

R*is OR® R' is methyl and at least one of X' or X*is N. In another aspect of this
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20aspect of this enbodinent, R4 is OHand Rl is nmethyl. In another aspect
of this enbodinent, R4 is OH R is (Cl-C8)al kyl and at |east one of Xl or
X2 is N wo?2ana3hsn aspect of this enbodinent, R4 is OHPCRIUS2GI0M®44ny| and
at least one of XI or X2 is N In another aspect of this enbodinent, R4 is
OH Rl is (GC-C8)alkyl and R6 is CN, OH, or CH3 In another aspect of this
enbodi ment, R4 is OH R is methyl and R6 25is CN, OH or . In another

aspect,. of this e t ]R4

anot her eei%}?ﬁﬁiflﬂgﬁ K IF&Q qucg yl'asld(itlgét}\g%& Oﬁ%gﬁellha’a‘??&?rher aspect
of this %P&‘%“of‘ﬁ'i‘stenﬁﬁ)dhﬁc@\k“ srornet hehe@sPaetr Ot c\licH eyradl nent R6 i's

OR . In another aspect of this enbodr ment R6 is OH In ‘anot her aspect of

thr S enbtmlrorh@nﬁsros@méthis exghidiment, &1at HEY. Faslpmh}(ﬁf&ﬂd Ri' & Bnbodiotsnt, R4 is H

ORa. |In _ano ect 0 anot her aspect
of this cHBBASh T RRTAtcR Lyt 4T RN Rk hepfetBee il canyl “of
(Cr7-C8) aléfmr&tmemrtt”eq@@mqt] 1@%@%)@}Eﬂd§tlgmgﬂéﬂﬁﬂt or Fising Ra and Rl is
(Cl1-c8)al kyl, (C2-C8) al'kenyl or a kynyl. |In another aspect, of this

enbodiOne rnothRg aspsciORghiama bifiniest, RCis @8} &l kwmethyhaldrﬁbﬁ@etonewﬁ)( or X*

2011/ 03523 / US2010/ 0 71 5a ct of,thi o) G e and R
o oS N IOt RePed g At BRoRhenO RSP B Rt ™ RS Ghlignd
(C-C8)al (BN' Oﬁngr @Ha, |I§§§(§th&n¢%p@t o%({m@émB%dn%M RF i @Hoﬁh%ﬁn&l%ﬁ%ﬁg RGf this

enbodi nment , oW is methyl and at | east one of Xi or" X2 isN. In

anot her aspfé{:tObeortClﬁas Iemmmmct ofthi§ @nt@daner) RY ssQI@lR'CB)mﬂlpﬂlanand R6 is
other ect of .this drment R4 is ORa, R is

rret hyl aﬁ% ’tgé? m%@}m@gc’dlmn%ﬁot‘sne? aspect of this enbodi nent,

R4 i 9504 and Rh ah§th8§9é1ﬁ6’ddimexﬁt AMelNeh JIRRIeSH. o ahdthé Lphedimant, R4 is OH,
Rl is (Cl1-C8)al kyl and at |east one of Xl or X2 isN In another aspect of

this embombrgtment/R is & aHORR1IN agothst wpctarfdhia@mbe@ﬁenbﬁe ipPR% Ilor X2 is N

DA enofRP et il naRRRal FE N ophd ' Fbscaiiy! (G LA, PR s

net hyl ar}Q (Bﬁ—(‘:ﬁal@‘nquﬂan%ihe%ectlﬂ tPRenSoRRINTEL s R AR Ma H R7 is H, -
C(=0) SR or a aspect of this enbodinment, R7 is H In another

aspect of((?t]htiigalkyl, ((éﬁﬁ@}jatmm pr &h— CS)alk@@le)IRhﬁothbmsaemtolﬁéns aspect of this
errbOdZZIOm3 n(;[mb()%?mtlmst liépl(s _OO and R'is (Ci—Cyglalkyl. In another aspect of this embodiment,
R*is OR* and R' is methyl. In another aspect of this embodiment, R*is OR, R is
(C1~Cg)alkyl and at least one of X' or X°is N. In another aspect of this embodiment,
R*is OR® R' is methyl and at least one of X' or X”is N. In another aspect of this
embodiment, R* is OR?, R! is (C,—Cy)alkyl and R® is CN, OH, or CH; In another
25 aspect of this embodiment, R® is OR?, R" is methyl and R®is CN, OH, or CHs. In
another agpect of this embodiment, R*isOR* R'is methyl and R%is H. In another
aspect of this embodiment, R*is OH and R' is methyl. In another aspect of this
embodiment, R* is OH, R' is (C,;=Cj)alkyl and at least one of X' or X*is N. In
another aspect of this embodiment, R* is OH, R' is methyl and at least one of X' or X*
30  is N. In another aspect of this embodiment, R* is OH, R’ is (C;—Cg)alkyl and R® is
CN, OH, or CHj. In another aspect of this embodiment, R*is OH, R'is methyl and R®
is CN, OH, or CHs. In another aspect of this embodiment, R* is OH, R' is methy! and
R®is H.
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20wherein R 1 is (C1 -C8)alkyl. In another aspect of this enbodi nent, R7
is w2l n anot her aspect of this enbodinent R6 is H |In another aspect of

thi s enboalorre03RB1i s CN. I n anot her aspect of this enbedrmsnatioRedars A e.

I n anot her aspect of this enmbodinment R6 is OH In another aspect of this
enbodi ment R6 is CH3. I n another aspect of this enbodinent, R4 is Hor Qe.
I n anot her aspect of 25this enbodinent, R4 is OR In another aspect of this

?go&)ngm( ny lnapotgé:erae o%nm—:nt 0?1:{3%11#}39@({&'1&(%' CEI(% g?b l R’ﬁg‘le?r

n anot her aspect enbodri nent, and Rl is

(C1-c8)al elé)}iéct of ﬂll@@ﬂidﬁi@ﬁﬁf&ﬂﬁ'&@ﬂ dh ahtihsr Spbadi ﬂﬁﬂémbcﬁﬂrmleﬁt Kﬁ e CahdnRl s
met hyl . I n another aspect of this,enbodi ment 4 1S I.s (Cl-C8)al kyl
and at | ewgthoppwegol s gnbedimeat R 1S|<%Raﬁ6taﬁ@tﬁlela%ga%%t0f 8%‘1‘; ?Tﬁb%dl@ﬁ%‘cféh ment ,

WO 2011/ Q@gﬁ@lﬁﬁ% gstét%%Z tmB&inle @1@’%@}?1 zhg,né‘i‘ﬁéﬁéébe&%?ﬂﬁ‘é | east one

of X1 or ot her aspect o hi s enb iIs e, Rl is
(G -Cs) aléwﬁodandltﬂﬁ“ is$ GNDROHn emmh@i-&pbct ca“mkus hmboé;sqmcﬁ{ 6 ORI B enbodi nent ,

R4 is Ae, RLis nmethyl and R6 is, t her petofthls
enbodOmeriinoiiRn sl REDPEISEL Ry 1o BRI HERI & (- CrAkRol et -HABESH of ¢ hi s

enmbodi nent,, ~R f th| S

10enbodi mer‘F Agaﬁkgb—{' Ra}ergipgﬁtt(%#}s eigl%loﬁ egfﬁ{ ?Z%gt%%%e of X1 or X2 is
N. I'n an er \agpeat,-of) dikés1 8 dicornd 1R[[n|a§0t§&as tio$thiet hyl and at

| east ongtj(?)f 8)2 (P) G@z 8) n'syl nﬁgﬁo%r yggpect of thlBiC embodi nent, R4 is OH,

Rl is (Clemm))dauhkiyl Rand)%nﬁi{ ON(C 166g)abtiy]. Os3anbothea natehterf this pexbbdmfcnt hi s

mbodi t h 1 th
Sspgc't o g et s T Ot Pt ot i gy R & 20T
one d(tt”ed;@ai?gl zEaQram&laQ e ot Miop xR0k, §1 RiothdrAs@RO5N8Is e%%%ﬁﬁelf?f this

enbo i men I'n anot her aspect of this enbodinent, is GRL. In
anot her a}S‘bﬁ@R QRE tshnneth;émhd)dt mmexm sr B NI I zamitehemeamfehrs of this
enbodi ment, X1 is N 20and aspec o{ t hi. s enbodi nent,

i S anot her
i C I R R dhor i dN £ 1T iAo Vs H
anot her ﬁqﬁl}g Qe f thi
enbodi neﬁat%B%g% &%o%f;ﬁé‘ig%: er asﬁaé%:l?lc@&m{m salg%qb%? ment I?s CJ—|I SI n
anot her aspéct a@fecttdflﬂﬂs ambodimmntR %OiRé FCHS methy] anbRherH adpesthaf t hi s
enmbodj nrent, R4 s I; of t |s embodi.nent, R4 25is
ae. n aveehef f*ﬁ%%*&cfna?mt Ri ?@ﬁﬁagm gt%rit Ii“s?‘“%i & 4Rect ﬁ%ﬂig
(Cl-C8) a'é@ﬂko&ﬁ&% 18 A keny ko e, (641 GRY & K¥vhe of R' NQtREY @spect of this

enbodi ment
another aspect of this embodiment, R* is OH, R' is methyl and at least one of X' or X?

is N. In another aspect of this embodiment, R* is OH, R' is (C,~Cg)alkyl and R is
CN, OH, or CH; In another aspect of this embodiment, R%is OH, R'is methyl and R®
25  is CN, OH, or CHs. In another aspect of this embodiment, R* is OH, R’ is methy! and
R®is H.
In another embodiment of Formula II, R® is CN, OR® or CHs. In another
aspect of this embodiment R® is CN. In another aspect of this embodiment R is OR™.
In another aspect of this embodiment R®is OH. In another aspect of this embodiment
30 R%is CH;. In another aspect of this embodiment, R*is H or OR®. In another aspect of
this embodiment, R* is OR™. In another aspect of this embodiment, R* is OR and R’
is (Cy~Cy)alkyl, (C;—Cy) alkenyl or (Co—Cs)alkynyl. In another aspect of this
embodiment, R* is OR® and R' is (C;—Cyg)alkyl, (C2—Cy) alkenyl or (Co—Cg)alkynyl. In

another aspect of this embodiment, R*is OR” and R' is (C,~Cglalkyl. In another
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and Rl is (Cl-C8)al kyl. In another aspect of this enbodinment, R4 is ORa and
Ri is nethyl. In another aspect of this enbodinment, R4 is ORa, Ris

(Cr-C8) alwgl2oammdsmlt | east one of X1 or X2 is N In anotrer/tsspeos94ef this
enbodinment, R4 is Ae, Rl is 30 nethyl and at |east one of X1 or X2 is N

I n anot her aspect of this enbodinment, R4 is ORB, RL is (Q C8)al kyl and R6
is CN, OH, or CH3 In another aspect of this enbodinent, R4 is ORa, RL is

thyl, and th t .of th di nent, R4
et s 2ok iy e s ! B PR ARG Ui sk rent, R
i s (Cl - CohaldgvhednNR* AtORCRSLs (@neCOhik an@lat Xedsd shlblof I o XOtRr I@spect of WO

2011/ 035231PCT/ US2010/ 049471 5t hi S enbodi ent, R4 is OH R |s nmet hyl and
at | east wnthephspet aithixembedinent, R anORhk’ lag;félwd and attlhiss opbo¥| event , R4 i s

s ok inhi T apattaspre obfhil Snffblipeht Kofs TR i -Bratkgy PR ©

anot her aspeots, 8f chbig aﬁ&nadasﬁ@d%ftﬁe}hmﬁ%ﬁem% issorerhy! mamdi s H In
anot her enbodinment of Formula I, each R8 is | ndependentl y hal ogen,

10NRIDRI 2s ONQOH, 160, INRhtNRI asRIcR of B ¢gmiprdiiSRIt, R isrDHnod Ré s me gct of this

enbodi nent , i s et 2 th [ n_an t of t

enbodi me ?éllhe‘i %Spﬁ‘étqg%lé er%ﬁcg tI’ng{r %@%{e §1Scﬁca tﬁﬁsgﬁgﬁ@@?%@ﬂt ﬁg is H,
hal ogen, }@rmj\i@ is Rﬂ-zln ah@th@ine%b%'bf ﬁﬁp%tw(ﬁﬁleﬁthils 1@31:.’{0@ &htthy l%d'z@ H,

hal ogen, or Rl Ts methyl, CH F, or ethyn yI. In anot her aspect

of this dn@bdnmeﬁx 011:29‘ is $¥. Hp ahaﬂh@g@pect@rf tRembRIieAG R ds ®H, RSisnet hyl . | n

anot her e t IS NH- l.ogen. In
anot her iﬁ“@‘g %ﬂ'@léﬁﬁﬁ}g&ﬁbﬁ oty p&f"ltcf’c¥ S'egl%ﬂdlﬂi‘"renﬁgﬁ‘a dyen and R1L
i's rrqtshyI@Hq{IQE,maﬁ ek AYtyd CN' @}ﬁl&?b'ﬁ]ﬁr aspect of this enbodinment, R8 is
NH2 and RO is %a l'ogen and R' is et hyl. In anot her aspect of this

enbodi ment , RSInamd eRbodineneatForidd I R adbtGETORS peCt=@OR hi-s enbodi nent ,

R8 and R9 (arogéﬁa;ch NH, and RI 20 is nmethyl. In another aspect of this
embodi ment are each NH, and Rl is nethyl, CH F or ethynyl. In
anot her aspect ®f th| s enbodinent, R8 is OH and RO is NH2. In another
aspect of this |enbodiment, R8 is O—| RO is NH2 and R is nethyl. In another
aspect of this- iment, RBis OH, RO is NH and RL is nmethyl, CH F, or
et hynyl . Y¥n anot her aspect of this embodiment R6 is H In another aspect of
this 25enbodi pent R6 i s CN. not her,. a t hi s, enbodi t R6 is ORa.
I n anot her aspect of- g‘h?@*@ﬁb@&? mbo%mi“gei%% H&“éﬁ%@‘ﬂeﬁs%%gg of this
enbodi MendmyRirh&ntOkBis -CP=@ROt. NRrand&RLsdpeioftills smesMakhiRILs -(REOHIR''H or ORa.

I n anot her aspeclli of this enbodinment, R4 is ORE . In another aspect of this
embodlmenvhere B's istRarGaivdiomR I anoier aggyaefidhis enmboginggy, B ikenyl or

(C2-C8) al kynyl .4 1n another aspect of this 30enbodinment, R4 is Ae and R is
(CI-Cs)aI kyl . I| anot her aspect of this enbodinent, R4 is ORE and Rl is
nmet hyl . n ang pEar_éspect of this enmbodinent, R4 is ORa, Rl is

(C -C8)al 7! at *l east one of XI or X2 is N. In another aspect of this

enbodi nent , ..
. In another aspect of this embodiment R” is H. In another aspect of

this embodiment R® is CN. In another aspect of this embodiment R® is OR®. In
another aspect of this embodiment R®is OH. In another aspect of this embodiment R®
is CHs. In another aspect of this embodiment, R* is H or OR®. In another aspect of
25 this embodiment, R* is OR®. In another aspect of this embodiment, R* is OR® and R
1s (C;—Cglalkyl, (C;—Cg) alkenyl or (Co—Cylalkynyl. In another aspect of this
embodiment, R* is OR? and R is (C;—Cg)alkyl. In another aspect of this embodiment,
R*is OR® and R' is methyl. In another aspect of this embodiment, R* is OR?, R' is
(C1—Cg)alkyl and at least one of X' or X?is N. In another aspect of this embodiment,
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R4 is ORE, RL is nethyl and at |east one of X1 or X2 is N. In another
aspect of this enbodinent, R4 is ORa, Rl is (G -Cs)alkyl and R6 is CN, OH,
or CH3. IwoOanutdisa3135aspect of this enbodi ment, R4 is ORaT/URWI0®49¥Et hyl and
R6 is CN, OH, or CH3. In WD 2011/ 035231PCT/ US2010/ 049471 5anot her aspect
of this enmbodinent, R4 is ORa, RL is nethyl and R6 is H |In another aspect
of this enbodinent, R4 is OHand Rl is nethyl. In another aspect of this

' antndr BERSER. BP s R AT BRE i e o "R DRRIRG Nt | east

one of XlenMod¥RertSRN cw ahatdrerc ag dafe gwcﬂm@ Manokitri s OH R is
(C1-C8)al kyIO an((atl1 R6 i ) (@& 5 % 1n anot her z?slgec%noofrth

enbodi merspedRaf thes @abOdiahenterrEtChm Ramnlﬁéyi adaN is O, A, dﬁél?Ha IIn anot her
aspect of this enbo

e per bt R R B mafhend O oR" Al 05 Tt RO e, hal ogen,

CN or optdspatdbl hisesdditbhter hetiRhearY ks mbfiyBNAtkhshe2apeabr afis t hi s
enbodi ment, Rl is 15met hyI. I n anot her aspect of th| s epbodiment, R 1 is

met hyo, @H?d@denerétlhyﬁﬂfi R'ris éGothetkdspéat lewt obho&X eom¥dis Menin, R9 is H

hal NRI 1 l. h th t
nal ogen, PR RIS AFOPTRE Ry 1 OFh R RURHEY T HegbEE G Babod ment
RO is H ;bhal qg%ﬂ@th@irasy&t 0?&%@89&%}11}'@1% PQEEMH RCH (& @gr)alﬁﬁhayl@ﬂ(’ 1s| n anot her

aspect of this enbodi nment, H? 'S or hal ogen. 1In anot her
20aspect @f, ©Hier @Hbddianether asﬂazt pﬁtth-ﬁniamhimEia Rélsrﬂ)ldrthalnmgbﬁ aad®°Rl s

et hyl cto t hi s epbodi is.Hor
hal oéen ahgggih? 3ﬁ pan rl‘—"‘Spr?r E@nyﬂﬁo “Pﬁnta%o}tsr@rlz%slﬁé‘bet Bt hi s

enbodismentt;sRB and RO are each N112. In another aspect of this enbodi nent,
R8 and R9 are each Nfli and Rl is nethyl. In another aspect of this
enbodi nent, R8 and R9 are each NH’) and RI is nmethyl, CRT or 25ethynyl. In

anot her aspect, of this 0 NH2. ot her
aspect of thi sTERBEH; ﬁ%lmte“ mm !?8}&918 N?Rg Rﬁ]a‘mﬂhefgp ‘ﬁ;}

anot her eeaﬂee;m@ﬁ Xhiss\. eﬁh@@thmpect BBtstSelﬁE?bduBQntl X' NE-RAh A Rinother rret hyl,
CH F, or ethynyl. In another, 5(pect of this embodiment R6 is H._ I n anot her

aspect ofaSPqﬁ@ o aRentRy” isC-ON Injarothaoashest %gﬁeemb@ﬁmemé( émodi ment R6

is OR [ ® 1. her aspect
of thros e ggﬂ%re&?tq Eg%% (E%gpetcpér)listgﬁot erdmgés}he%?iso kt harlgs_ixe gporr%nt R4 is H
or ORa. lanoéepidpert cdsipeembodintchi R® srhoth zmeﬂier adpdet tﬁRembb&naﬂﬂoRhﬁr aspect

of this , R4 is 83 ] ,-C6)al kyl, (Cy-CO al kenyl or
(C2- C8) a|<ﬁ§ n;ﬂ] aﬂ‘?r%éﬁ%%h‘éﬂ%ﬁ@ Hmmlrlzhr%genb@oﬁnﬁ%?f aspRdl QIR and R i's
(G - C8) aldkyodishht RIGY BEL 133RGRE: Rhed: B 8 CGROMTBMR® iREH,S 1PRRRAd R i's
methyl. In WO 2011/ 035231PCT/ US2010/ 049471 5anot her aspect of th| S
enbodi neraSmedf thes a@Rendimenti B (s¢l o0BRAI lydnotiwd aspect kit embediofent, R*
25 is OR® In another aspect of this embodiment, R* is OR? and R’ is (C,~Cy)alkyl,
(Cy~Cy) alkenyl or (Co~Cylalkynyl. In another aspect of this embodiment, R* is OR®
- and R' is (C,—Cyg)alkyl. In another aspect of this embodiment, R* is OR® and R' is
methyl. In another aspect of this embodiment, R* is OR?, R' is (C,~Cs)alkyl and at
Jeast one of X' or X*is N. In another aspect of this embodiment, R* is OR?, R is
30 methyl and at least one of X' or X*is N. In another aspect of this embodiment, R* is
OR?, R'is (C1—Cg)alkyl and R%is CN, OH, or CH; In another aspect of this
embodiment, R is OR?, R'is methyl and R%is CN, OH, or CH3. In another aspect of

this embodiment, R* is OH and R’ is methyl. In another aspect of this embodiment,

R*is OH, R" is (C|—Cg)alkyl and at least one of X' or X*is N. In another aspect of

i8



X1 or X2 is N In another aspect of this enbodinent, R4 is Ae, R is

nmet hyl and at | east one of XI or X2 isN. In another aspect of this

enbodi nerwQ 2R1/i3s230 e, R is (Cl-C8)al kyl and R6 is CN, POHUSee100HR71 | n
anot her aspect of this enmbodinent, R4 is RLis nethyl and R6 is CN, OH, or
CH3. In another aspect of this enbodinent, 10 R4 is OR, Rl is nethyl and
R6 is H In another aspect of this enbodinent, R4 is OH and RI is nethyl.

QIR B8 R Gl BT R R L
Rl is mtzﬁﬁféct @ﬂ&l@élnﬂ)&ﬁ%%ﬂtoﬂem@}{ A 1@'((3?% beﬁk}m andl 'Ré"i’dq@NhQH @§Q% of t hi s
enbodinent, R4 is CH RL (C a Ky and S ,

anot her dspemhezoﬁsl)t:d’tm tlﬁSanb@iimmR ISRZHtB Sl-ﬂpetijl and Ries EW Céthar R6 |s CN,

o Be ' B RORL AR bR R bR D me gt el il | or oy mul

I'l are repr eSG{ﬁtaﬁch@Nexﬁsﬁdﬁﬁbxﬂ o|f Fbrmxﬁﬁﬂ ea&mWh%é_e‘gbﬂdeﬁﬂ 8alppaf,maceut i cal l'y
acceptabl e salt, theregf; wher RLis ¥,: or ethynyl and
al | rl@mailvkng vah(RaEP%saﬁRel\@e RnéélRasf)l 88" Horamothar aspecisif thisne embodi ment

of For mul anbod 1nen14§§d§ 11'&%}3 ¥ nyiglREﬁ%yn’yI N%I% ﬁr%elsexs éctt 0? {(h?f%ﬁ'boc&tgz ntC8) al kyl,

(C2-C8) alekeny n-ano odi nent , R4

is Hor QWisnlethyanot hﬁ)ltheaaﬂﬁﬁﬁofﬁhsfehibadﬁfﬁmdlgf‘iem halBderd, 9r QRe'R'F.nIn WO
2011/ 035231PCT/ US2010/ 049471 5another aspect of this enbodinent, R4 is ORa
and Rl i snefhsr asprat of gls §mh9ﬁwent |RnISH halogen, or NR''R'* and R" is methyl,

CH.F, or ethynyl. In another aspect of this embodiment, R’ is H, halogen, or NR''R"

15 and R is methyl. In another aspect of this embodiment, R®is NH, and R” is H or
halogen. In another aspect of this embodiment, R® is NH- and R’ is H or halogen and
R' is methyl, CHF, or ethynyl. In another aspect of this embodiment, R® is NH and
R’ is H or halogen and R’ is methyl. In another aspect of this embodiment, R® and R
are each NH;. In another aspect of this embodiment, R¥ and R are each NH, and R’

20 ismethyl. In another aspect of this embodiment, R® and R? are each NH, and R is
methyl, CH,F or ethynyl. In another aspect of this embodiment, R%is OH and R is
NHa,. In another aspect of this embodiment, R%is OH, R”is NH; and R’ is methyl. In
another aspect of this embodiment, R%is OH, R’ is NH,and R is methyl, CH-F, or
ethynyl. In another aspect of this embodiment R®is H. In another aspect of this

25  embodiment R®is CN. In another aspect of this embodiment R® is OR®. In another
aspect of this embodiment R®is OH. In another aspect of this embodiment R® is CHs.
In another aspect of this embodiment, R*is H or OR®. In another aspect of this
embodiment, R* is OR™. In another aspect of this embodiment, R* is OR* and R is
(Cy—Cylalkyl, (C2—Cs) alkenyl or (Co—Cylalkynyl. In another aspect of this

30 embodiment, R* is OR® and R' is (C;—Cgialkyl. In another aspect of this embodiment,
R*is OR" and R’ is methyl. In another aspect of this embodiment, R* is OR®, R is
(C—Cglalkyl and at least one of X' or X*is N. In another aspect of this embodiment,
R¥is OR*, R' is methyl and at least one of X' or X”is N. In another aspect of this
embodiment, R* is OR®, R' is (C;~Cy)alkyl and R’ is CN, OH, or CH;. In another

35 aspect of this embodiment, R%is OR?, R'is methyl and R%is CN, OH, or CH,. In
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anot her aspect of this enbodinent, R4 is ORa and Rl is nethyl. In another
aspect of this enbodinent, R4 is ORa, R is nethyl and at | east one of Xl
or X2 isNvolnaissadmer aspect of this enbodi ment, R4 is @GRaUSRI0i0g94nEL hyl
and R6 is CN, OH, or CH3. In another aspect of this enbodinent, R4 is ORa,
R is nmethyl and R6 is H In another 10 aspect of this enbodinent, R4 is OH
and RI is nethyl. In another aspect of this enbodinent, R4 is OH R is

met hyls t X 1| a foti S

enbodi msr}iﬁjl &%4 Sﬁ@&&{"ﬂ{}%ﬁl gaﬂr?gg ?Sb 19 gﬁlﬁgﬁ-ﬁ E%Ct—rf?)& r?panot her
aspect ofaspduk sf faisodiodianént, Rﬁm@ﬁ@ﬂ; RRismsﬂm]EtIhyahotﬁa@zs&‘ctloﬁtHrk 151 n anot her
enbodi ment of Formula |11 .10 anot her aspect of

this enbcf'éﬂb?éﬁ’f‘e%éh%q]# R'ris é@l@gh)@}kyéélﬂfb@tleﬁ O’t‘q’ﬁ)fsxeﬁ”\"’@éd?Fﬂerﬁl R6 is CN. In
th 4 1 t hi
anct et 2l gl SIDAMITEN Bl 140, 200k GRS A0 o

anot her dspedh aeéthéhispecebPodd aBBddimBA, RSisHOHr ROBAC 0y )akdtdae R aspect of

this enbodinment, R4 is ORa. In 20anot her aspect ,of this enbodinent, R4 is
ORa dfd RN @Hn@t%la Injagodigbespest %lﬁéémb@qhnmt,é{ ew@ﬁﬁmmefhmarxdéio e, R

is methyl r this
enbodi nent @@g&ﬁ# ?‘3 ! Pr?ltgélrre ?%?Pf %émlmél S %@Q R@%&g&ﬁ Il(r%I“ianot her
aspect ofR(‘txble enbodi nent, R4 is C] e, R is net hyI and R6 is H |n another

aspect of thls errbodl ment, R4 is OH and RI S r aspect of
this 25 enbodifr@httherrgniodipnt Oﬁ%f)r%ulﬁélo R3AD %nas é&dep%dséfl%ﬁé%@%og% or X2 is

N- In an%ﬁ%ﬁ&%ﬁ% s@fsrih P EIBAN, ”i%%oth@é n%;%ct%'th@lem‘bédl%hmil ignd R6 is

anot her aspect ~of thls e di ment I's OH is
rret hyil5 andetR@. Insanlfther aspect dfrthmm:otbhémneatrﬁbds metityl.dfHFormbhayl. | Iy R6 is CN,

OR or CH 3. .In anot t of _thi od| | n anot.her
Sopect pranpihebapa ol s BRBERRl aRl A EI0GN, FEtRiR0: 3 Afbing: DpfR G
embodi Ment;sReibbainfda, R°Ns ANAAIBEEN, @ﬁngé‘tR‘bIma Rl & pahadiendh&sp&: 6H3. I n
anot her aspect of this embodi ment , R4 |§ H o[ ORa. I n anot her aspect of

this enbdhnsmbpdnmt |P§ ipRahalpperanoNRER Aepbl 1501‘16‘[1‘1Yh §Heﬁb1§@thmnlt JInR4 is ORa
and R IS ngxteh Sé)ect o@thl&r:]gltn etg{men,%xés IQLI th& ﬁn SIS hertlfegelf In Pot%FO e, R 1Is

nmet hyl ast” one”o er=aspec this

enbodlbrferﬁfspcoRéfﬂh% RadifRent B® fmﬂﬂgyelntﬁs)a@@ (Raleﬂ@ge@und RMis @eth@HAn | n anot her
aspect of this enbodinent, R4 is and R |

2011/ 0352§9¢@W%s<2@f@i7m@h9¢%t&?;4 NHp ﬁn‘iéﬁoﬂfh]é for Bélﬁé‘?ﬁ artslfR tinietsdbodi ment |

R4 OH, ~Rl f t
of this SHtarhalii e At agPS oRfchidh R SN g AR oS! aspee

I n one enaothcmesptctaif tiﬁmemhbdmieht R BﬁngaH eaeﬂ\&ﬂ)dﬁﬂll{ is ﬁi@ﬁ:@) ORI - C(=0)SRi1
or 10w2. In_a aspect. aof thi ;anot ect of this
enbodi rrerﬁnO“RWaﬁPg"t his @mg-%}l aﬁg gné’t ﬁi&ﬁ@@firﬂ%ﬁs PRI &tbbdiment, R7

i's -G60) Ry ?rlﬁ'aﬂot@@ aépéct(o@%hi%ﬁbtlﬁ}ﬂent RA ;@00 AR 38 REL! 1195115’(1%15

enbodi nent,
aspect of thiS embodlment R%is OH, R’ is NH.and R is methyl. In another aspect of

this embodiment, R¥is OH, RY is NH, and R!is methyl, CHyF, or ethynyl. In another
aspect of this embodiment R’ is H. In another aspect of this embodiment R®is CN. In
another aspect of this embodiment R is OR”. In another aspect of this embodiment R°
30  is OH. In another aspect of this embodiment R® is CHs. In another aspect of this
embodiment, R* is H or OR®. In another aspect of this embodiment, R* is OR®. In
another aspect of this embodiment, R*is OR*and R’ is (C1—Cslalkyl, (Co—Cg) alkenyl
or (C;—Cgalkynyl. In another aspect of this embodiment, R*is OR" and R} is
(Ci=Cgalkyl. In another aspect of this embodiment, R*is OR? and R’ is methyl. In

20



W2. I n another aspect of this enbodinment R6 is H |In another aspect of this
enbodi nent R6 is CN. I n another aspect of this enbodinent R6 is ORa. In
15anot herwaspaa3s2ft t hi s enbodi nent R6 is OH | n anot hePCagsea/oed47t hi s
enbodi ment R6 is CH3. In another aspect of this enbodinent, R4 is H or ORa.
I n anot her aspect of this enbodinment, R4 is ORa and Rl is nethyl. In

anot her aspect of this enbodinent, R4 is ORa, Rl is nethyl and at Ieast one

of Xl _or X2 .is N anot her, aspegt. a R4 is

ot hy P arioReT PR IR ETBRS e s CRathas (Ge BRI bEH Sutomi ment -

is ORa, R! 615X:"T§Nh>{h aﬁ’&ﬁex%péé ok"thlé InSRRhRE RASPERY, l@fls h@!h?k ghibpdi nent, R4
is OHand Rl is met hyl. I'n another aspect of this e od| ment, R4 is O—| R1

i s net hyllemhdnaof X'earst” iohe lofanxtheoasp@ of thiNembodizieot. Réfs @Ep&tis of this
enbodi nen sl th a I n, anot her
aspect of(“tTH @a% |%?1FNS QF '%&iﬂ T‘Pimciﬂée"r?éPWPP_iﬂFoe“ﬁ@%‘?_‘:})e 194 I n
one enbodhre Rt mO;%etE?Fz[Hd'lﬁ’thN of1, drel. 9h afoRed d&p@d@%?ﬁﬁ(e@i%ﬁ&nto‘c this
enbodi ment, I'n "anot her aspect” of this enbodi nent, XI is CGR10. In
anot Hér e&peéIR oR s hheshydmbo &’ neHt In Xothe a€pddt of ﬂmseamitduianemﬁbemt()%f this

oG Rl (o el R et oo 11ibSEDIBEN: (Sbebh B48ui01 SHNBEher aspect

of this eppodidgnhe Rex! or K i ANQIRRE aﬁ%@?&f‘hﬂ%ﬁﬁ&lﬂﬁn&m@qh BROIR'R6 is CN.
I n anot her aspect of this errbodl nment 'S . I'n anot her aspéct of this

enbodi mens mREy snda ledshosnatt ¥ eor )éspéhtfneﬁot&lm &peﬂwémxmnbodmentsRﬁds. I n
anot her t of t ,rre r her aspect of
this errbo@ﬁné CRA&'@{%QEB%I( g §§€ E"ta%ﬂ* Eirﬁ?&f’%ﬂﬁéﬁi ment, R4 is Ae
and Rk is, gmih Mt s RNIDRIGL Hﬂeﬁgﬁaﬁ&kﬁ chrﬁhd)ﬁ sneadi feRbiheRd g%ao@Ra RLis

met hyl | east one ‘of X1 I's N 1n another aspect
enbodi merttn,s eRboilsnddt, R’ IROH, R' metxﬂe;ﬂyl amUR(RﬁHs CN, OH, or . I'n anot her

aspect of this enbodinent, R4 is COH another aspect of
P embodi mert SRl STGgimR: fniRaay bt G T aBr o X0 1S N
In anothee}@§§gg§byﬁoﬂhnh§1pnbodlnent R4 is OH Rl is nethyl and R6 is CN,
OH, or CH3 151 n anot her aspect of this enbodinment, R4 is OH Rl is nethyl
and R6 is H I'n anot her embodi ment of For Rl a 11, each R8 is

i ndependent|y hal ogen, NR 1R 12, N(R11) OR11, NR 1NR11R12, ORI11 or SR1l.
I n anot her aspect of this enbodlnent Rl is methyl, CH F or ethynyl. In
anot her aspect of this eﬂbodlnent Fﬂ |; anot her aspect of this
enbodi mrent, RO is H, halogen, or NRI1 I'nl 20anot her aspect of this
enbodi nent, RO is H, halogen or NR11 R\anﬂle is imethyl, CH F, or

et hynyl . I'n anot her aspect™ of ‘>\N ' Rghalogen, or NR11

||||

20 Formula 1]
or a pharmaceutically acceptable salt, thereof;
wherein:
R is CHs, CH-F, or ethynyl and all remaining variables are defined as for
Formula 1.
25 In one embodiment of Formula 11, R* is H, OR?, N(R"», N3, CN, SR?,
halogen, (C,—Cylalkyl, (Co—Cy)alkenyl or (Co—Cylalkynyl. In another aspect of this

embodiment, R* is H or OR". In another aspect of this embodiment, R" is OR®. In
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and Rl is nethyl. In another aspect of this enbodinent, R8 is NH2 and RO is
H or hal ogen. In another aspect of this enbodinment, R8 is NH and RO is H
or hal ogewoand/Bi231s net hyl, CH2F, or ethynyl. |n anot hecTaspaon4aiithis
enbodinent, R8 is NH, and 25 RO is H or halogen and Rl is nethyl. In

anot her aspect of this enbodiment, R8 and RO are each NH2. |n another
aspect of this enbodinent, R8 and RO are each NH, and Rl is nethyl, CH F or

et hynyl . 1 n_anot her t hi s .enhedi ment gre e ch NH and
LYY SRS BREeE Bt LIS PROULIROL. B and B2 L Sheh M and
| nanot hef, 8P e§leclf thib bedaRMAL TN ORRENd R (HhetRR. I18 amlfﬂhezadg edRbsi s nethyl,

CH2F, or 30 ethynyl. In anot her ‘aspect of this e gdl is OH RO is
NFl, and tRE m@mmm if @RANBL benethgpod et lohstoni of Knbom mé*ﬁ\t IR@ndtkerH, | n

o e BERy Die bk, Bl B i REBUSASRRSES 1L L1 S,

anot her agpact a@i‘ecztdﬂﬂslsaﬂii@@@imﬁ&nm“%ms ICH3 mkiy] an@Rhey Haspariheef this
enbodi ment, R4 is H or . _Ln anot her, aspect of this enbodi ment, R4 35is

OR aré RI aspgct@éthﬁ%ﬁmbmhmawo%ih@roﬁélpé& iphethil. sSnappbear sppet of Bsis A e, R is
WO 2011/ 0 I WSR2Q%Q/ 1 X2 isN.
e%?t?(%]iﬁ 3?1]19 W?%%h)ﬁgﬁg lelggf?gge %;X g)ﬁ\giiswelnt yﬁ% or s

I n anot her aspec and R6 is CN,
OH, or Cl-ﬁpedﬂ@f&ﬂ@ézhlﬁfdnasmeﬁf isabHt R snearbmnmﬁﬁs cmo&s of8l;. Bl is nethyl
and R6 is H_In another aspect of ,this enbodi nent, is OHand Rl is

met hyl . mOQ%leé‘fPtoo{élaéémba *1¥%F§éﬁ9563nwethﬁ4aq@mﬂ R is nmethyl and at
| east one of XI or X2 is N In another aspect of this enbodinent, R4 is OH,

Rl is 10 nethyl and R6 is CN, OH, or CH3. In another aspect of this
enbodiSment , RAniasoi®; e1ﬁbodnsemtﬁifﬁxohnaltadllm 1ssH KN, OR" or CHs. ainomhtber enbodi ment

of Formul a H ach R and nden 0 0] al
Subotl tureneaf B Gamey ST IR G50 asotl of iSO Ratiamonate SO PS¢y
I n anot heinoaﬁpsﬁiecmftﬁgbeﬁbsﬁmm Hé&t@RR% 'aﬁot'ﬁler zﬁ?é&%@ﬂns ShbNRneMYZ I n

15anot her aspect of this enbodi nent, (1 ogen, or NR' R12 and Rl is
met hyl . I C&hohmpﬁ@sp@@@t afthip mnbO@lmuRnErﬁHs Rsangthml—@pam@f RIsis H or

nal ooen kb Rk BEPSEORD! 1t PP TRRMTRA prrficine 0 (BRI 13 1S g

are each dNokher hgpeatrtmﬂlﬁerem@amfeht o’ it DIRS aptTRO G | 1, IB&n@;ﬁQ‘ d3Pectbe each NH,
and Rl is nethyl. In agnother aspect of this 20 e R8 is OH and R9
is NH,. |thisaﬁm0ﬁé¥e%§bé§p%ﬂit winetbysadizhisatt onRef ?isom 18@@ Ingnedper and R i's

met hyl . P%%&E&%&%&%&Em"f{“ [dhge %"*?é)l%tﬁg{‘él a5 h%l\H or%%rbé%}?t ngr aspect of

this errbo I n anot her aspe iment R6 is ORa.
I n anot h@mo&&pes;icctm‘f thibiesbedibaalt, rPé‘r;iOlRﬁ,RSSthhyﬂ andROIEr napeet of this

enbodi nent R6 nQg aspegt of this enbodinent, R4 is H or ORa.
In 25anotar§8?°t8§§'%%?nﬂ?ﬂd”?ﬁ‘?tﬁ w&éféaﬁ@%t 1s gty TegaolakRsReCtiof et hyl . I n

anot her agpeaimaft }Qﬁ's%l@@qgkmamﬁénbé‘stg%(ﬁ'x'&X‘ﬁ%'&y'm%ﬂgth@} | east one
of XI"or X2 isN. 1n another aspect of this enbodl ment, R4 OR, R is

net hyl arﬂﬂp@@of&lmbc{dﬂpemﬁrR@ﬂ:{)Hliﬁ amutind and 85 ecENoOH, hi §Hen{md| nent, R4

is ORa, Rl j|,s math and t her t.of this enbodi rrent R4
5 G and RIS SRR CPROURSThS: SOFER “oneEh Sodb ehbod! nent . Re IS’ Ot
R is nmethyl aRGnshel @ASIdiABS cﬁfFoﬁhul(arIHmé s, ORe @gnotthen asmect of this
enbodinent, R4 is OH R is Cé\}/ and R6 is CN, OH, or CH3. In another

aspect ofaspesit of @%@@b%ﬁ@ﬂt R dﬂi aﬂP%Iheh SPpEOA $is ambodmensR Hs OR”, In one

enbodi,me | end

oy arkyr b afeEi ATl b lepl bl Ot e g BRI Pri

opt i onal I8 i88%UbIh aﬁmh@%p@ybﬂhﬁnﬁmtﬂﬂﬁhw ‘R bt @Rédlnlwlbefcoagpyebt of
this embodiment, R is OR®, In another aspect of this embodiment, R* is OR* and R
is methyl. In another aspect of this embodiment, R* is OR”, R' is methyl and at least
one of X' or X*is N. In another aspect of this embodiment, R* is OR®, R' is methyl

35  and R%is CN, OH, or CHs. In another aspect of this embodiment, R*is OH and R' is
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WO 2011/ 035231PCT/ US2010/ 049471 5C8) al kyl or aryl (G -C8)al kyl. I n anot her
enbodi nent, R 1 and R12 taken together with a nitrogen to which they are
both att awbediviesm a 3 to 7 nenbered heterocyclic ri ngPamarsednn/ syl one
carbon atom of said heterocyclic ring can optionally be replaced with -0-,
-S- or -NW. Therefore, by way of exanple and not limtation, the noiety -
NR R12 can be represented by the heterocycles: / \/ \\ -NO -N S -N NRa

10,\/\J\/ d, t.he t her ,,enbodi nt of ,For. |-111, each
ro i rBlis DR beFiseaes of s ArREfRHLRs ROt B Repfthyiegh Hed3 %) al keny!
(C2-C8) al dmr’yclr X¥is & Yih Q&Jth&&)s?édﬂéfth;é"éiﬁlﬁ&hﬁieﬁaRﬂls(@l Bk ahdiy¥l and R°

(C2-C8)al ken (C2-C8)al kynyl or aryl (Cl-C8)al kyl are, 15independently,
opti onal liy Egﬂﬂﬁdﬂéd with one or nore hal o, hydroxy, CN, N3, N(Ra) or
ORa. Therefore f ex i R4, R5, R6, RI11
or R2 could reﬁgéggl dﬁ%?g €%§H§%CQP£§?§Eﬂéﬂkéﬁ%}ﬂqx—gﬁ? CH2CHB, -

CH( NH2) CHCEIdBBR, " orCH2CF3, - (CH2) 2CH(N3) C1-13, -(CH2)6NH2 and the like. In

anot her enbodi nent of Formula I-111, R3, R4, R5, R6, R' or R12 is (Cil-

20C8) al kyl mher |n one or nore of the non-term nal carbon atons of each
said (Cl- CB)aI gay be optionally replaced with -0-, -S- orTherefore, by
way of exanﬁr"and limtation, R3, R4, R5, R6, Rl1l or R12 could

represent noiefies such as - CH2OCH3, -CH2OCH2CH3, - CH20CH(CH3) 2, - CH2SCH3,

- (CH2)60CH3, W2( CH2) 6N Stideat @nlistehdottinkey, 125k B anahbder @g&@@rn@m
Formulas I-111 is a, conpound, sel ected fromthe group consrstrng
embodiment, R is -C(=O)R"". In another aspect of this embodiment, R’ 1s -C{(=0O)R

wherein R is (C)-Cy)alkyl. In another aspect of this embodiment, R’ is
O

W

W2 . In another aspect of this embodiment R® is H. In another aspect of
this embodiment R® is CN. In another aspect of this embodiment R®is OR*. In
15 another aspect of this embodiment R® is OH. In another aspect of this embodiment R®
1s CHs. In another aspect of this embodiment, R*is H or OR®. In another aspect of
this embodiment, R* is OR and R is methyl. In another aspect of this embodiment,
R*is OR* R’ is methyl and at least one of X' or X*is N. In another aspect of this
embodiment, R*is OR?, R'is methyl and R%is CN, OH, or CHs. In another aspect of
20 this embodiment, R* is OR® R’ is methyl and R®is H. In another aspect of this
embodiment, R* is OH and R' is methyl. In another aspect of this embodiment, RYis
OH, R' is methyl and at least one of X' or X?is N. In another aspect of this
embodiment, R* is OH, R’ is methyl and R® is CN, OH, or CHs. In another aspect of
this embodiment, R* is OH, R' is methyl and R%is H.
25
In one embodiment of Formula 111, X' is N or C-R'%. In another aspect of this

10
. In another

embodiment, X' is N, In another aspect of this embodiment, X'isC-R
aspect of this embodiment, X7 is C-H. In another aspect of this embodiment, X' is N

and X* is C-H. In another aspect of this embodiment, X' is C-R"and X*is CH. In
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another aspect of this embodiment R® is H. In another aspect of this embodiment R® is
CN. In another aspect of this embodiment R® is OR®. In another aspect of this
embodiment R® is OH. In another aspect of this embodiment R®is CH;. In another
aspect of this embodiment, R*is H or OR®. In another aspect of this embodiment, R*
is OR®. In another aspect of this embodiment, R* is OR® and R' is methyl. In another
aspect of this embodiment, R%is OR® R' is methyl and at least one of X' or X*is N.

In another aspect of this embodiment, R* is OR*, R is methyl and R%is CN, OH, or
CHj. In another aspect of this embodiment, R*is OH and R' is methyl. In another
aspect of this embodiment, R* is OH, R’ is methyl and at least one of X' or X*isN. In
another aspect of this embodiment, RYis OH, R'is methyl and R%is CN, OH, or CHa.
In another aspect of this embodiment, R*is OH, R’ is methyl and R®is H.

In another embodiment of Formula 1, each R® is independently halogen,
NR''R™, N(R.”)ORH, NRY'NR!'RY, OR" or SR''. In another aspect of this
embodiment, R' is methyl, CHoF or ethynyl. In another aspect of this embodiment,
R'is methyl. In another aspect of this embodiment, R’is H, halogen, or NR''R™, In

another aspect of this embodiment, R is H, halogen, or NRUR? and R s methyl,

2

CH_F, or ethynyl. In another aspect of this embodiment, R is H, halogen, or NR''R'
and R' is methyl. In another aspect of this embodiment, R® is NH, and R” is H or
halogen. In another aspect of this embodiment, R%is NH, and R%is H or halogen and
R'is methyl, CHyF, or ethynyl. In another aspect of this embodiment, R® is NH, and
R’ is H or halogen and R' is methyl. In another aspect of this embodiment, R® and R’
are each NH,. In another aspect of this embodiment, R® and R® are each NH-> and R!
is methyl, CHoF or ethynyl. In another aspect of this embodiment, R® and R” are each
NH; and R'is methyl. In another aspect of this embodiment, R¥isOHand R’ is NH-.
In another aspect of this embodiment, R%is OH, R’ is NH; and R'is methyl, CH-F, or
ethynyl. In another aspect of this embodiment, R¥is OH, R” is NH.and R' is methyl.
In another aspect of this embodiment R® is H. In another aspect of this embodiment
R®is CN. In another aspect of this embodiment R® is OR". In another aspect of this
embodiment R® is OH. In another aspect of this embodiment R® is CHs. In another
aspect of this embodiment, R*is H or OR®, In another aspect of this embodiment, R*

is OR? and R is methyl. In another aspect of this embodiment, R*is OR* R'is

24

9

9

9



O 00-p-000)0\-0\ -6// : 90HNO NHNH2 HO\--N, N NH2 "CN " HO F

WO 2011/035231 PCT/US2010/049471

5 methyl and at least one of X' or X" is N. In another aspect of this embodiment, R” is
OR?, R'is methyl and R%is CON, OH, or CH;. In another aspect of this embodiment,
R%is OR? R' is methyl and R® is H. In another aspect of this embodiment, R* is OH
and R' is methyl. In another aspect of this embodiment, R* is OH, R' is methyl and at
least one of X! or X*is N. In another aspect of this embodiment, R*is OH, R'is
10 methyl and R®is CN, OH, or CH;. In another aspect of this embodiment, R* is OH, R’
1s methyl and R® is H.
In another embodiment of Formula III, each R'C is, independently, H, halogen,
CN or optionally substituted heteroaryl. In another aspect of this embodiment, R' is
methyl. In another aspect of this embodiment, R” is H, halogen, or NR''R'%. In
15  another aspect of this embodiment, R is H, halogen, or NR''R'? and R' is methyl. In
another aspect of this embodiment, R® is NH, and R” is H or halogen. In another
aspect of this embodiment, R® is NH, and R’ is H or halogen and R' is methyl. In
another aspect of this embodiment, R* and R are cach NH,. In another aspect of this
embodiment, R® and R’ are each NH, and R' is methyl. In another aspect of this
20 embodiment, R¥is OH and R’ is NHs. In another aspect of this embodiment, R%is
OH, R? is NH, and R is methyl. In another aspect of this embodiment R®is H. In
another aspect of this embodiment R® is CN. In another aspect of this embodiment R°
is OR®. In another aspect of this embodiment R®is OH. In another aspect of this
embodiment R® is CHs. In another aspect of this embodiment, R¥isHor OR® In
25  another aspect of this embodiment, R*is OR? and R is methyl. In another aspect of
this embodiment, R* is OR®, R' is methyl and at [east one of X' or X*is N. In another
aspect of this embodiment, R* is ORY, R' is methyl and R® is CN, OH, or CH;. In
another aspect of this embodiment, R* is OR* R' is methyl and R® is H. In another
aspect of this embodiment, R%is OH and R' is methyl. In another aspect of this
30 embodiment, R* is OH, R'is methyl and at feast one of X' or X*is N. In another
aspect of this embodiment, RYis OH, R'is methyl and R is CN, OH, or CHs. In
another aspect of this embodiment, R* is OH, R' is methyl and R® is H.
In one embodiment of Formulas I-III, R'' or R is independently H, (C;-
Cylalkyl, (Cs-Cy)alkenyl, (Co-Cylalkynyl, (Cs—Cs)carboeyelylalkyl, optionally
35  substituted aryl, optionally substituted heteroaryl, -C(=0)(C;-Cs)alkyl, -S(O),(C;-
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or a pharmaceutically acceptable salt or ester thereof. In
anot her enbodi nent, provided is a conpound useful for the synthesis of the
10 conmpouwwo=xonfo3fimul a | sel ected fromthe group consi ®Crus2ab/o4w4her eof
DEFI NI TIONS 10Unl ess stated otherwi se, the following terns and phrases as
used herein are intended to have the foll ow ng neanings: When trade
nanmes are used herein, applicants intend to i ndependently include the

o ol 5 S P SRS S8 A kb el ", -

conpound HfitrbemY whidh' theP aRSoth &@aemymnpé 3E@v m&@eked%t@o@}aﬁa RRgeut i cal Iy
acceptable salt, thereof. Simlarly, with respect to isolatable

i nt er medig@Egn aﬂhenq)qeﬂ«h@eatwm crf@wﬁéamoodﬁh@anmqﬂaommhlﬂmebq T‘Cplﬂ@@Ehg/lth compound
of that feoymdl reof . 20" Al kyl"

is hydr ocar’ggngcﬁgal ni n{%ﬁg’% ‘%%L J)%X%ﬁ%ﬁ% 1}0‘?1;%1 3 3;»1 cg%le 1(:%;9%: 1 ¢ carbon

at ons. FdﬂR@Rgﬁnhaer@ﬁa&h%ﬁ%y@hﬂ&mﬂeanhave 1to 20 carbon atons (Le,

Cl-C20 alkyl), 1 to 8 carbon atonms (Le., Cl1-C8 alkyl), or 1 to 6 carbon

atons (i.e., Ikyl)/”EXaanes_Qf SU|Vébie al kyl ~gs oups/i n¢y ude, but
are not Ilnltéa'{ Enetﬁym ( )2 ethyl 7 =MH20H3) /j;ﬁ%pyl (n-Pr,
n- prdpyl, -CH2CH2 T2 propyi 25 (CH3) 2)," 1-butyl " (n-Bu, utyl,

- CH2 CH2 CHRrGHBY Jike- mathyl-l “propyl (i-Bu, WD 2011/ 035231PCT/ US2010/ 049471

butyl, -CH2 2), 2-D 3 D
5. methyl 2. p?c?fﬁ%ﬁ%‘f‘)éﬁmd&q% %58““18 4 Pﬁf X‘tR ﬂg@‘gﬂ C@?Z@-IZG%ZG—B)
2- pentyl ;ﬁde@b‘ﬁ@da)quﬂzmmﬁ)(c&mmw (€5 % S C -2y aBsMnyl - 2- but yl

(- C(CH3) 2CH2CH3) , 3- net hy ( CH3 SrmthIJ-bMyI
( - CH2CH2 CHerHB 53 (CQC@@MWC;L Csﬁétewi a)alk}’lk?é%yl 10

m?ai%%%%%}é%m%&“ *ifu?fd%pem R e IRty et hy1- 2.
pentyl (-EEECHIN }@VM‘B@X,& qidmpt Lizvipaei i, R G HB) GH2ICH( CHB) 2) |
Bl VR R e 2 E
3, 3-di ”EtcEH(NL%*)CH(CHS)z, -CH,CFs, -(CH,CH(N3)CH, -(CHa)6NH; and the like.
In another embodiment of Formula I-1IL R®, R®, R®, R® RY or R is (G-
20 Cylalkyl wherein one or more of the non-terminal carbon atoms of each said (C;-
Cy)alkyl may be optionally replaced with -O-, -S- or —-NR"-. Therefore, by way of
example and not lHmitation, R, R4_, RS, R% R or R*? could represent moieties such as
-CH,0OCHj3;, -CH>OCH,CHj, ~-CH,OCH(CH;),, -CH,SCH;, -(CH,)OCH,, -
(CH;)}gN(CHj3), and the like.
25 In another embodiment, Formulas I-1I is a compound selected from the group

consisting of



15butyl (-CH(CH3)C(CH3)3, and octyl (-(CH2)7CH3). "Al koxy" means a
group having the fornmula -0-al kyl, in which an al kyl group, as defined
above, iswetvaal3sssito the parent nol ecul e via an oxygenPprararseoidedal kyl
portion of an al koxy group can have | to 20 carbon atons (i.e., Cl1-C70

al koxy), 1 to 12 carbon atons(i.e., Cl1-Cr, alkoxy), or 1 to 6 carbon
atons(i.e., Cl-Co al koxy). 20Exanples of suitable al koxy groups include,
but are not limted to, .nethoxy (-0-CH3 or -QMe), ethoxy (-0CH2CH3 or
-0Et), t-butoxy (-0nC( )3 or -0tBu) agd the like. "Haloal kyl" is an al kyl
group, as defined @bgveyin which one @r” hydr ogen atons of the al kyl
group is re e wiNh _a/ hal oge@—at gin e al kyl portion 250f a hal oal kyl
group canBPhave o Ncag borPat o .e. N"Cts.€20 hal oal kyl), 1 to 12
carbon atorns(i:es | -C 12 hal oal kyt9~ or 1 to 6 carbon atons(i.e., Cl-Co
al kyl'). Exanpl @s &f suitable hal oabkyF groups include, but are not linited
to, -GF3, -CBE?, -CH2CF3, and thez|ike. "Al kenyl," is a hydrocarbon

cont ai ning nornmal, secondary, tertiary or cyclic 30carbon atons with at

| east one site of ynsa Ueation, i.e. W@ C 'on- car bon, Spe d Bl e bond. For
exanpl e, an al kenyl ~gr yp can have \t carbon ato ¥ N C2- C20

al kenyl ), H2-&0 (8 Kbon at om0 . @, , 0,6 carbon atons
(i.e., C2-C6 kenyl N npl es -al keny OupSNT’{‘i ude, but are
i —ethyl ene or vinyl&CH, Cd#)% al |y —CH2CH, Cl—é%<2

cycl opent enyHo(-85H7), and 5- hexgnyF 35 (-C?IZCI—lZCHZiJ—ECJ—lzG—lZ). WO

2011/ 035231PCT/ US2010/ 049471 5" Al kynyl" is a hydrocarbon contai ni ng normal,
secondary, tertiarM orOcyclic carbon atons with a}g‘i\l st one site of
unsaturation, i. rbon-cargon,osp ¢riple b r exanple, an al kynyl
group canphaye n20 REr bagyapogsp{d-.0—L2-C2P 4l kyMyl ), 2 to 8 carbon
atons (i.e., ;\i?y(ne,), orh2 tQ,6 rb onsnEFi\ e., C2-C6 al kynyl).
Exanpl es of suitable al KYfyl groups’include, \but_are ndtzlinmited to,
10acet yl eni CHS-C;::-CH), pr opar gyl (-CI—IZC--=[;K§:I—|)‘Fr and the liKke.

10

27



"Al kyl cne" refers to a saturated, branched or straight chain or cyclic
hydr ocar bon radi cal having two nonoval ent radical centers derived by the
renoval oWotzen/d3yzsnogen atonms fromthe same or two diff @ecentS2a@nbant at ons
of a parent al kane. For exanple, an al kyl ene group can have 1 to 20 carbon
atons, 1 to 10 carbon atons, or 1 to 6 carbon 15atonms. Typical al kyl ene
radi cal s i nclude, but are not Iinited to, nethylene (-CH2-), 1,1-ethyl
(-CH(CH3)-), 1,2-ethyl (-CH2CH2- ) pHopP (-CH(CH2CH3) -), 1, 2-propyl
(-CH CH(CH3)-), 1,3-propyl (- cHo iy lzf butyl (-CH2CH2CH(FH2-), and
the |ike. ~1APkenyl epe" refer unsat ﬁeq? brancheo Oy—sgt I &i ght chai n
IrﬁaV|ng t wo '1 1OV aa|cék centers

or cyclic ?()ghy NGBam n 4 agi

derived by thé renogal o cnyN ogen atg s4ae we=/two different
carbon atons of rent \al#ene. For exaj : and ,%keqyl ene group can have
1 to 20 carbon *@ 160 g0 carbon atowszZor 1 to 6 carbon atonms. Typi cal
al kenyl ene radi cé include, but are,n6t limted to, 1,2- ethylene
(-CH=CH). 25"Al kynylene" refers hp, an unsat urated, branched or straight
chain or cy ic hyqéocarbon radi cal “having two monoval ent radical centers
deri ved \\L; of twQ hydrmgen atons fromthe sane or two different
car bon at of ANPAreny a &l. Ebr exanple, an al kynyl ene group can have
1 to 20 carbon atops, 1 , ‘ockdl bon atons, or 1 to 6 carbon atoms. Typi cal
al kynyl ene radi ¢at's incl_“"J but are not limted to, 30acetyl ene
(-CG7--C), propargyl (H@H2C---C- ), and 4-pentynyl "“Am no" refers
generally to a nitrogen radical which can be considered a derivative of
annonia,‘ﬂiihjg the formula ----N(X) An,where each "X' is independently H,

substi t ut.ed nsub tbtuted al k ubstituted or unsubstituted

car bocycl yI", subs d or uns s it ed heterocyclyl, etc. The

hybri di zati on ofCthg tPo edxi mately sp3. 35hbnlln1t|ng types of
am no include ---NH2, ON(al ”CN-&H(aIkyI) -N(carbocyclyl)l, - WO
2011/035231PCT/USZ{ii»O4947L NH( car bocycl y1), -N(heterocyclyl)?2,

- NH( het er ocycl y1), aryl Y2 FNH(ary1), - N(al kyl) (aryl),

-N(al kyl ) (heterocyclyl), -N(carbocyclyl)(heterocycl yl), -
N(aryl) (heteroaryl), -N(alkyl)(heteroaryl), etc. The term"”
refers to an am no group substltuﬂgd\ﬂnth at Ieast one
Nonl i m ti\ng exanples of am Qups i A e &- N2, -
- NH( CH2 N(CERCH3) 2, & 1 NF pheny NN{Dphen 92/ - N(benzyl ),
-N(benzyl), )\W?ﬁwu i uged- ylanlno &r s gene éﬁi to al kyl am no
groups, as d@flnéﬁoabov , 'nwhich at |ea nne §Hpst|guted al kyl, as
defined herein, % attag fNthe amino % ogen atom Non-limting
exanpl es of sut ut &P al kFyI am no i ncl udes w al kyl ene- C(0) -OH)

- NH( al kyl ene- C(0)-0-al kyl ), -N(al kyl ene-C(0) 2,

-N(al kyl ene-C(0)-0-al kyl )2, etc. 15"Aryl X _nmeans an aronatic hydrocarbon
radi cal derived by the renoval okHone
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hydrogen atom from a single carbon atom of a parent aromatic ring system
For exanple, an aryl group can have 6 to 20 carbon atons, 6 to 14 carbon

at ons, orwo 2u/m23¢ar bon atons. Typical aryl groups inclraaalS2t0o4|re not
limted to, radicals derived frombenzene (e.g., phenyl), substituted
benzene, napht hal ene, ant hracene, biphenyl, and the 20Iike.

"Arylal kyl" refers to an acyclic alkyl radical in which one of the hydrogen
at ons bonded a carbon atom typically a termnal or sp3 carbon atom is
replaced with aryl radical. Typical arylal kyl groups include, but are

not limted pbenzyl, 2-phenyl et han- , hapht hyl net hyl ,
2- napht hy! & -1 -yl, napht hobenib, @ apht hophenyl et hanh#; -y1 and t he
i ke. Th ryl akkyl group c ri to 20 carbon e.g., the
al kyl nn?éﬁ@ ‘1 o 6 car byn the afyl noi et i's 6Nt o 14 carbon
at ons. "AryIQTE@ P” 3ﬁﬁﬁjacycll Nh@ﬁﬂ i £al Nﬁjmhlch one of
t he hydrogen®at o dhondéd 0.;@ carbon a onlkkyplcal agermnal or sp3

carbon atom but=380al so-san-= ﬁ?Ncarbon ato s repkac WWth an aryl
radlcgl The a portton of the arylal ke can "%el

de, for exanple, any
of the aryl groups disclosed herein, and the al kenyl portion of the
aryl al kenyl can include, for exanple, agny of the al kenyl groups disclosed
herein. The-gryl al kenyl groupngan conpgise 8 to 20 carbq@iatons e.g., the
al kenyl noiety=0s 2 to 6 carbon atons and the aryl npiety4ds 6 to 14 carbon
atons. WO 20116035231PGJ/ US2 0%@49471,5"5wylalky ™ ers to an acyclic
al kynyl radi cglpif icc hyohl of the Qggnoa ons Nded to a carbon atom
typically a-terfi nal Yorysp3 carbon é?zgfﬂb t also n spi'carbon atom is
replaced with_an aryl ~ewal . The aryl tion‘efl g aryl al kynyl can

i ncl ude, for anpH®, ay of the aryl ps qucI osed herein, and the

al kynyl porttonf of the arylal kynyl can-i#clude, for exanple, any of the

al kynyl groups 10di scl osed herein. The aryl al kynyl group can conprise 8 to
20 carbon atoms, e.g., the,al kynyl iety is 2 to 6 carbdfzatons and the
aryl noiety is 6 to 14 carpoh OThe ter tituted" in

ref erence tofRal kyl , , dryl, afﬁhﬂﬁg@ Nrggferocyclyl

het er oar yHO~Ea@ NeLe. for exanmpl¢, it al kyl
"substit ut edodl kyKen WCN"@UbStItUted aoy”, uted aryl al kyr,

"substituted 15hetergCyclyl”, an€>1§yb%;|tuteqﬂgaﬁbocyclyl" unl ess

ot her wi se i ndi catiéd, Frreans al kyl | ky aryl, arylalkyl, heterocyclyl,
car bocycl yl respectlvely, in which one or nore hydr ogen atoms are each

i ndependent |y replacedywi th a non-hydrogentzsubstituent. Typical
substituents include, are not |i k0, -X -Rb, -0-, -0, -ORb, -SRb,
-S-, NRb2, -NMN+Rb - CX3, -SCN, -N=C=0O, -NCS, -NO -NO2,
=N2, 20 - N3, ) NRb2, -S(=0)2-,
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-0S(=0) 20Rb, -S(=0)2N-Rb2, -S(=0)Rb, -0P(=0)(0ORb)2, -P(=0)(0R) 2

-P(=0) (0-)2, P(---0)(OH) 2, -P(0)(O0Rb)(0-), -A=0)R1", -(=0)X -C(S)R’,

- C(0) ORh,woC00)ymI35231- C(S)ORh, -C(0)SR', -C(S)SR, -C(0)NRoOZ/US2G0BIMRL2,

- C(=NRb) NRb2, where each X is independently a halogen: F, Cd, Br, or I; and
each Rh is independently H, alkyl, 25aryl, arylalkyl, a heterocycle, or a
protecting group or prodrug noiety. Al kylene, alkenylene, and al kynyl ene
groups may al so be Slﬁlhﬁi|y substituted. Unless otherw se indicated, when
the term"substituted" i/S2used in conjunctign wth groups sugh as

aryl al kyl , which hgve or nmore noi efnes capabl e of sulpstitution, the
substltuentﬁs ta ed to the a gty, the alkyT ety, or both.
30The terR¥"pr ] s_t/0 dﬁ9 opopnd. that when

adm ni stered to-a* oglcal syste Qtes t he dfug/ Stance, i.e.,
active |ngred|entfras a result of aneous chem caf:=eaction(s), enzyne
cat al yxzed chémi cal reaction(s), BHdt Of ysi s, aqd/orH@ntabollc chem ca
reaction(s). A prodrug is thus a covalently nodified anal og or latent form
of a therapeutically active compound. WO 2q&1/ B231PCT/ US2010/ 049471 50ne
skilled in the art wll recognize that substi ts and ot her nvoieties of

t he conpounds,.of For nul N%;%%Nwﬁhould beOse\ ted'in order to provide a
conpound Wﬁkg i S ffibl ntl y st abl oM a pharmaceutical |y useful
conpound whjcﬁaca . Nngbﬁted inPo a eptably st abl e pharmaceuti cal
conposi tion. The def+ i Ing andrﬁmq$f{iUQﬂts for various genus and
subgenus of the mmesemt conpounds are described 10and il lustrated herein.

It shoul d be understood by one skilled in the art t’hat any combi nation of
the definitions and substituents Mé&scribed abovelHeiaul d not result in an

i noper abl e species or conpo d noper abl e es or conpounds" neans
conpound ié{uctures t hat es Nel evant £cilent Vfic principles (such as,
for exanp a,far bon g i ngH® N« four coval ent bonds) or
conpounds tdb unst@ | e\ éMnnt i sol at4 L AR formulation into

phar maceuti cal | qzdosage formns. "Heteroal kyl" refers to an
al kyl group mhere ongyor nore carbon at@yrs fave been replaced with a

het eroatom such as, 0, N, or S. For exanple, if the tarbon atom of the

al kyl grom@%mgzgg is attached to the pﬁﬁﬁﬁﬁ nol ecule is replaced with a
het er oat om 20 s O, N or S) th resu |ng het er oal kyl groups are,
respectively, /an alkexy §roup ( , etc.), an amne (e.g., -NHCHS,
-N(CH3) 2, etc.)Por a QhFOQ (€.9., -SCH3). If a non-termnal
carbon at om of the aIkyIngou i'ch Vs not attached to the parent nolecul e
is replaced with a heteroatomxe:g., 0, N, or S) the resulting heteroal kyl
g-yps are, respectively, an #0kyF ether (e. g., -CH2CH2-0-CH3, etc.), an

al kyl am ne 25(e.g., -CH7/NHCH3, -CH2N(CH3) 2, etc.), or a thioal kyl ether

(e.g.,-CHI® ). If a

7
0 &
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term nal carbon atom of the al kyl group is replaced with a heteroatom
(e.g., 0, N, or S), the resulting heteroal kyl groups are, respectively, a
hydr oxyalwol2ogressgsi(e. g., CH2CH2-0H), an am noal kyl gr ®ap/uSe019/04947 CH2NH2) ,
or an al kyl thiol group (e.g., CH2C1f-SH). A heteroal kyl group can have,
for exanple, 1 to 20 carbon atons, 1 to 3010 carbon atons, or 1 to 6 carbon
atons. A Cl-C6heteroal kyl group neans a heteroal kyl group having 1 to 6
carbon atons. "Heterocygle" or "heterocyclyl” as used herein includes by
way of exanple and not i fitation those figt erocycles described in Paquette,
Leo A ; Principles\d? ern Heterocycli/c Chemistry (WA. Benjanin, New
York, 1968)C-pargiguNarly 35Chapters T, 4, 6, 7, and 9; The Chenistry of
Fbterocyc??c mpdundN~ A $&Tesoof NAD.2011/ 035231PCT/ US2010/ 049471
5Monogr aphs” (Johi~W Il ey & Sons w Ydrk, 1950 to present), in particular
Vol umes 13, 140 16, 19, and 28; -and*J. Am Chem Soc. (1960) 82:5566. In
one speci fi cBenbodi nent of ,t hed® n#enti on "heterocycle" includes a
"carbocycl e" as defined herein, wherein one or nore (e.g. 1y42, 3, or 4)
carbon atons have been replaced with a heteroatom (e.g. “or S). The
terms "heterocycle"” or 10"hetero szy1% i ngl uges satur@te Nngs, partially

unsat urat'ed rings, and aro i ngs : .N%ge 0g4 0 N, c_.f i ngs) .
Nc rings

c@gdeN for gxanpl e
substi tuents dksgtosed i n including

carbmﬁyl‘%ubstituted

Substitute e‘ro&.’ygyls i
substituted vithNufy o

car bonyl grons. Onon- I\ m/ti ng exanple o
het erocycl yl i 15E§ﬂ§plg§ of heterocyc clude by way of exanple and
not limtation i dyl',” di hydr oypyri dyl , ydr opyri dyl (pi peridyl),

t hi azol yl, tetTahydrot hi ophenyl, sulfur oxidized tetrahydrothi’'ophenyl,

pyri mdinyl, furanyl, WtNHyenyl, prTolyl, Npyrazolyl, im danbbyl, tetrazolyl,
benzof uranyl, thi ﬁ%ph{halenyl, in i ndol enyl 1aQl i nyl,

isoquinolhg behzjm ddzo|y i Ndi ¥l dy 2q5i dobyl, pyrrolidinyl,

ony\,.C dr o ranyl

2-pyrroli vrrglsnyl ( ahy qui nol i nyl,
tetrahydroi soqui Agti nyl , decahydrog@tnol i nyl, octahy@-oi soquinolinyl,
azoci nyl, trh62|gyl, 6H'1;2’5H5h'§ |a2|nyI; 2H*§%+%? , 2- ’
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dithiazinyl, thienyl, thianthrertyl, pyranyl, isobenzofuranyl, chronenyl,
xant henyl , phenoxat hi nyl, 2H pyrrolyl, isothiazolyl, isoxazolyl, pyrazinyl,
pyri dazi nyD,202336230! i zi nyl , isoindolyl, 3Hindolyl, 1H ipoaamsedp/o4qari nyl,
4H qui nol i zi nyl, phthal azi nyl, naphthyridi nyl, quinoxalinyl, quinazolinyl,
cinnolinyl, pteridinyl, 4aHcarbazolyl, carbazolyl, B-earbolinyl,
phenant hri di nyl, acridinyl, pyrimdinyl, phenanthrolinyl, phenazinyl,

phenot hi azi nyl,, fiirazanyl, phenoxagjnyl, isochromanyl, chrornanyl,

i m dazol i di nylj, im dazolinyl, Ryra % di nyl, _ pyrazolinyl, pigerazinyl,
30indo|in%L{y#sgLngFﬁnyl, qui nylG nnrphpllnyl Ldi nyl,
benzotri azol yl, bepzfso I wx;gdolyl ﬁnoyl, and
bi s- tetrahydrofuranyb N"By way~ of ~exanpl OEJ tation,

car bon bond:ﬁLhethébycles 5 0 H% of a
0

bonded at po on 2,
pyridine, p @HﬁnS 4, 4o, Gr 6 of apyrle |t-on2 4, 5, or 6 of
a pyrism di né, posPtion 2, 3, 5 or 6 qf a pydzine, p05|t|on 2, 3, 4, or 5
of a furan, tetrahydrofuran, thH?furan t hi ophene, rroIe or
tetrahydropyrrol e, 10positi *E or 5 of an Qxaz i m dazol e or
t hi azol e, position 3, 4, orqgvoéb n i soxazol e, or isothiazole,
position 2 or 3 of an azéri position 2q 3\ /_ of an azeti di ne,
position 2y 3, 4. 5, 6 dielg & “of a qu I ‘éwl$05|t|on 1, 3, 4, 5, 6,

7, or 8 of a oqunoI = Still noreQtyp) y, carbon bonded

het er ocycl es &ncl ~2@ Py i dyl, 3- py%ﬁpyb 4e pyridyl, 5-pyridyl,

6- pyridyl, 3-pyri zlnyl 4- pyrlda2|nyk3 5- 15pyr|da2|nyl 6- pyri dazi nyl,
2-pyrimdinyl, 4- pyrlnldlnyl 5-pyrimdirtyl, 6- pyrlnldlnyl 2- pyrazinyl,
3-pyrazinyl, 5- pyra ayl , 6- pyra2|nyINH2 thlazolyl 4- thlazolyl, or

5-thiazol yl. may of exa :%/A:f‘not Ilnltatlon, ni trogen bonded
het erocyc|.es ar ond at iti of an aziridine, azetidine, pyrrole,
yrrolldlh %gwﬂ §$8 Ry SEN €NH,m dazol e, im dazolidine

2-i mi dazolin bqldazollne yrazgle, pyrazoline, 2-pyrazoline,

3- pyrazoline,} eri di ne, piper! e, indole, indoline, 1H indazole,
position 2 g a E50|ndole omMd soimdol i ne, position 4 of a norpholine, and
position 9 of a carbazole, or B-carboline. Still nore typically, nitrogen

bonded hetigrqcycl es include 1-aziridylyyl-azetedyl, 1-pyrrolyl,
l-inidazolyrﬁﬁiwgyrazolxl, and 253{\i\§r|dinyl.

1 N
O 0-P-0 o \ N, 41\
NH “en N7 N,
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"Heterocyclylal kyl"™ refers to an acyclic alkyl radical in which one of the
hydr ogen atons bonded to a carbon atom typically a termnal or sp3 carbon
atom is wepbaoss3ni th a heterocyclyl radical (i.e., a PCT/US2010/049471

het er ocycl yl - al kyl ene- noiety). Typical heterocyclyl alkyl groups include,
but are not Iimted to heterocyclyl-CH2-, 2- 30 (heterocyclyl)ethan-I-yl,
and the |ike, wherein the Theterocyclyr portion includes any of the

het erocycl yl groups described above, includjyng those described in
Principles of Mddern Heterocyclic Chem stryN.One skilled in the art wll

al so understand that the WO 2011/08523¥PGY/ US2010/ 049471 5het emiecycl yl
group can tachedoto the apR ort al kyl by
means of a carbon-gar [.\g Cdr bon-het ef oabom bond, \mnth

he provi so
that the restilting grgup i nmi cafly stabl e. cyclyl=al kyl group
conprises 3 to 20 eafbon atong He.g., the al | Hpgrtio -,\he aryl al kyl
group is 1 to 6 cn atggs and the heter noi ety i to 14 carbon
at ons.5 Exanples o JEterocycIyIaIkyIs 10 in de by ﬁﬁy off exanpl e and not
limtation 5-nmenbered sul fur, oxygen, and/or nitrogen containing
het er ocycl es sugh_as thiazolyl methyl, 2-thiazolylethan-1-yl,
oxazol yl met hyl, thirgdi azolyl methyl, etc., 6-menbered
d/ or nitrogen alnlng heterocycles such as
plg@ra2|nyl t ylfﬂnnrphollnylnethyl pyri di nyl net hyl,
nyep Py methyl, pyrazi nyl methyl, etc.
"I—IeterocyclylalkenylH sigfers t »@n acycllc al kenyl radlcal in which one of
t he hydrogen at ons bonded to =& ANbon” at om typically a termnal or sp3
carbon at®$ but also a sb@ cafbon aton; is replaced with a heterocyclyl
radi cal (| C i.ety). The heterocyclyl portion
of the he(f élrpglgng Ce%lcalng' axgﬁgaroﬁa%% |nc é)g any of the heterocyclyl groups
descri bed hereln |nclud|ng those descrlbed in Principles of Mdern

Het erocyclic Chenlstry and the al kenyl portion of the heterocyclyl alkenyl
group incl udeslnéﬁ9th6#emwnapweﬁwd@flmgoww%é@@ fre s synthepig ok el | ed i n

the gt "\éo}nlpoﬂx Lo iR LA gont ﬁzl% )%'i‘cﬁgpe{(%@éﬁﬁ%&f group can be attached to

pi peri di nyl me
pyri di zyl met hyl,

yl

t he al ken portlon of the eterocy eny y means of a carbon-carbon
bond or a 25Ncarbon heteroaton1b with the proviso that the resulting
group is ghe '7ally stable. The e clyl al kenyl group conprises 4 to
20 carbo @s t he al kenyl pertd on of _the heterocyclyl alkenyl
group is 2t0 6 ar a ORE and the h 1 noiety is 2 to 14 carbon
atons. "Heterocys 'ab Nnef er an a N@ikynyl radi cal in which

one of the 30hydrgg n at--- bonded to 2’ carbon atom typically a terninal
or sp3 carbo but al so an sp hon atom is replaced with a

| i eterocycly .oical (i.e., a hete clyl al kynyl ene- noiety). The

het erocyclyl portion of the heterocyclyl alkynyl grdup includes any of the
het er ocycl yl groups descri bed herei cluding those described in

Princi pl es Modern Heterocyclic Chem'stry, and the al kynyl portion of the
35heterocyc al kynyl group incl usiesjany of the al kynyl groups discl osed
her ei n. 2011/ 035231PCT/ US20¥61049471 5skilled in the art will also
under st an that the hete ocyclyl\g&pup;caq;be attached to
- __“-——O
R D e W

O

& >
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the al kynyl portion of the heterocyclyl alkynyl by nmeans of a carbon-carbon
bond or a carbon-heteroatombond, with the proviso that the resulting group
i s chem caiblzgrigadsie. The heterocyclyl al kynyl group comrpTitsesi0444401 20
carbon atons, e.g., the alkynyl portion of the heterocyclyl al kynyl group
is 2 to 6 carbon atons and the 10heterocyclyl noiety is 2 to 14 carbon

at ons. "Heteroaryl" refers to an aromatic heterocyclyl having at

| east one heteroatomin the ring. Non-limting exanples of suitable

het er oat ons whisch can be included in the aromatic ring include oxygen,

sul fur, and nitrogen. Non-limting exanples of heteroaryl rings include al
of those areymtizc ryngs listed in the definition of 15"heterocyclyl”,

including/ﬁy i /I pyrrolyl, oxazolyl, indolyl, isoindolyl, purinyl,
furanyl, thiehyl,u ben nyl, benzot hi ophenyl, carbazolyl, im dazolyl,

t hi azol yl, isoxazofyl, zolyl, isothiazolyl, quinolyl, isoquinolyl,
pyridazyl, pyryl, pyfazPO2 etc. "Carbocycle" or "carbocyclyl" refers to
a satuyrated (i.es cycloalkyl), partially 20unsaturated (e.g., cycloakenyl,

cycl oal kadi enyl, etc.) or aromatic ring having 3 to 7 carbon atons as a
nonocycl e, 7 %bq@g carbon atons as a bicycle, and up to about 20 carbon
atons as a pol ycycle. Mnocyclic carbocycles have 3 to 7 ring atons, stil
nore typically 5 or 6 ring atons. Bicyék%c carbocycles have 7 to 12 ring

at ons, e.gffj ranged as a bicycl 5], [5,5], [5,6] or [6,6] system or
9 or 10 ringgﬁiﬂﬁﬂé';uwuo 25as ‘a bi ycﬁyﬁﬂQ. Qr [6,6] system or

spi ro-fused rings. Non- ting exanﬁﬁes 0fO non | ic carbocycl es include
cycl opropyl, C§i;3®Utyl’ cy®gpent yl , cl opent=Temyl ,

1- cycl opent - 2- , 1-cyc|open%h§-enyl, cl ohexyl , 1-c%ggﬂhg¥é%-enyl, 1-

cycl ohex-2-enyl, 1-cycl ohex-3-éenyl, and phenyl. hbn-lihltlnﬁ exé%%les of

bi cycl o eaekotycl es i ncludes naphthyl, tetrahydronapthal ene, and decali ne.
30" Car bocycl ylal kyr refers to to an acyclic akyl radical in which one of

t he hydrogen atons bonded to a carbon atomis replaced with a carbocyclyl
radi cal as described herein. Typical, but non-limting, exanples of
carbocycl¥tp&ﬁgﬁoggoups i ncl ude cycl opropyl net hyl, cycl opropyl et hyl,

cycl obut yI'met hyl; " Cycl opent yl met hyl and cycl ohexyl net hyl .

35" Arlyil het er odlidyss staeddertbervosen thedbBoomighgrimsasd gbfasered wsed bémin are which a 5

hydr ogen .at o ich be. attached either to a carbon atomor a

het er oat dﬁﬁe“ﬁ%ém §ﬁt£gﬁﬁl%‘@1§§”\’/ﬁaﬁwg§m aryl group as defined herein. The
aryl groups neyhberhRndetstaR &c8AERM) 1phiRRfnithetd el glaaddiy! ind@up, or to
a heteroatom of the heteroal kyl group, provided that the resulting

ar yl het ertbalrk§inageouplust ovi e gctiveahermasantiopl sreatslient(shpbthy rafgranexanpl e, an
arylhetergg%&xl group can have the general fornul ae -al kyl ene- 100-aryl,

- al kyl erfe- al kyl ene-aryl, -alkyl ene-NH -aryl, -alkyl en e-NH al kyl
ene-dsyl, al kyd eréh&edtl, Vi compbulayll cdriigs Dvaltion! ener @iyloun@be Fodniilatidi ti on,
any of the alkylene noieties in the general fornulae above can be further
subst i t ut/BernRRICAMRAYR O howaula gt nhaamcsutinadly reerpiblesediniicrdoifed her ei n.

Lo oot AL B0 U AR B GHRELP, |1 i b o
her ei n. Nammula (mubbegy’ @xanpl @enpolind ef éinofarylilaahll phaintebuttbally CH2- pyri di nyl ,
- CH2-pyr ra?:!:gpltéble salts, thereof.
20 “Alkyl” is hydrocarbon containing normal, secondary, tertiary or cyclic carbon

atoms. For example, an alkyl group can have 1 to 20 carbon atoms (i.e, C,-Cayg alkyl),

1 to 8 carbon atoms (i.e., C,-Cy alkyl), or 1 to 6 carbon atoms (i.e., C;-C alkyl).

Examples of suitable alkyl groups include, but are not limited to, methyl (Me, -CHjs),

ethyl {Et, -CH,CHas), 1-propyl (n-Pr, n-propyl, -CH>CH>CHjy), 2-propy! (i-Pr, i-propyl,

25  -CH(CHas)y), 1-butyl (n-Bu, n-butyl, -CH,CH-CH>CHj3), 2-methyl-1-propyl (i-Bu, i-

34



CFL- oxazolyl, -CH2-indolyl, -CH2-isoindolyl, -CH2-purinyl, -CH2-furanyl,
-CH2-t hi enyl, -CH2-benzofiaranyl, -CH2-berizothiophenyl, -CH2-carbazolyl,

- CH2- i m da@abyle3s23CH2- t hi azol yl, - CH2-i soxazol yl, - CH2- pgramsed1plos9471

- CHT-isot hi azolyl, 20 -CH2-quinolyl, -CH2-isoquinolyl, -CH2-pyridazyl,
-CH2-pyrimdyl, -CH2-pyrazyl, -CH(CH3)-pyridinyl, -CH(CH3)-pyrrolyl,

- CH(CH3) - oxazol yl, -CH( CH3) -i ndol yI -CH(CH3) -isoindolyl, -CH(CH3)-purinyl,
- CH( CH3) - f ur an benzof ur anyl

GHam) wzﬁwﬁﬁééw ey &vmaga&;mcm@@mhahaﬁw

Gy o) ERe R @4@%1%43?%3%93%' bt flony solyl

- CH( _CHs)l(rin(caiaz)@thc;igE@ik&pemymw(ﬂﬁbCHﬁwe@rmylpybwyl et gf tTEE term
conpound & @i e rmed E PR ittt e oy or oup)
refers tc{@H?@if@H@%)an%ﬂﬁl @lﬂutﬁlémjﬂﬁ(@ﬁ3§c@£@{ﬁ}’ﬂﬁ&%@n or wherein one

or nore of the hydrogens of the nviet be repl aced by substituents such
as tHése (+¢EtEd: CﬁhéHd}eerhﬁ:Pcn’h (a(ﬁH(ﬁ‘H%)ﬁf@lh@ﬂth@H ), &thead (ot her wi se

mi ety o thd dTbh ot PR R IRR R o QA ELRLECER R TR a o
(Cl - C8) algexlyl mm@xﬁﬁammmkd:&)tw@w@ BntylQ=CHC31,)CHECHIM1:))), means t hat
one or nore of the net é/yq;ene WD 2011/ 035231PCT/ US2010/ 049471 5groups of

the (Gi- CopstiryP-nealy! b6 FEp Glddiny. dmathyIB-p&itylfore of the groups
f b
aton(s) - PG, 2 Sip ST OCIRRCHEE M PROCARIS, T one.

or alll§y nyHueyig- @m@(ﬁi&C(@ﬂﬁ; and Octyl{e(manhz}@)atoms in the noiety that
intervene between the first carbon atomof the noiety and the last carbon

10 atom i n t he"“frisosyymeaiar soar baVlIhg/ﬂhWéWDﬂa eRatilenaridcinet alkilmi tation, in
t he al kyl e H2 F al k ene. noi et
'8 o T 5t e R GRS oSS ok Elesaton, ThE ¢ e

non-t er maliah pearddQsT aa tlkisky r@iﬂiﬁc@h Ravé ‘ﬂftﬁZOYéallﬁ’dda&dS}ﬂ@(zleVQSl @ alidixiyy, ogen
oxi des such as +N(0) (R) or +N(0)( OR)) These nitrogen oxides, as shown here
attached 4§ & @ErBoHBibfn Cohm Hkaw)op | o 6 carbon aioms(i.e., €1-C alkoxy).

20 Examples of suitable alkoxy groups include, but are not limited to, methoxy (-O-CHs
or ~OMe), ethoxy (-OCH,CH; or -OFEt), t-butoxy (-O-C{CH3)s or —OtBu) and the
like.

“Haloalkyl” 18 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

25 of a haloalkyl group can have 1 to 20 carbon atoms (i.e., C-Co haloalky]), 1 to 12
carbon atoms(i.e., C;-C2 haloalkyl), or 1 to 6 carbon atoms(i.e., Ci-Cq alkyl).
Examples of suitable haloalkyl groups include, but are not limited to, -CFs, -CHF>,
-CFH,, -CH,CF3, and the like,

“Alkenyl” 1s a hydrocarbon containing normal, secondary, tertiary or cyclic

30 carbon atoms with at least one site of unsaturation, i.e. a carbon-carbon, Sp3 double
bond. For example, an alkenyl group can have 2 to 20 carbon atoms (i.e., C2-Coy
alkenyl), 2 to 8 carbon atoms (i.e., C2-Cy alkenyl), or 2 to 6 carbon atoms (i.e., C2-Cq
alkenyl). Examples of suitable alkenyl groups include, but are not limited to, ethylene
or vinyl (-CH=CH.), allyl (-CH,CH=CHo,), cyclopentenyl (-CsH5), and 5-hexenyl

35  (-CH,CH,CH,CH,CH=CH,).



15be represented by charge separated groups such as N+N+ \ pp orOR
respectively, and are intended to be equivalent to the aforenentioned

repr esentwi2onm3fzn t he purposes of describing this i nveariusao1o/old4nker ™ or
"link" means a chem cal noiety conprising a covalent bond or a chain of
atonms. Linkers include repeating units of al kyloxy (e.g. polyethyl eneoxy,
20 PEG pol ynet hyl eneoxy) and al kyl am no (e.g. pol yet hyl eneam no,
Jeffaninerm; and diacid ester and am des including succinate, succinam de,
di gl yeol ate, netbyiatels adydrocahes spita@ingrnemeb perondg e hiclry oxsgba- | i nked"
"ni trogengly & - L S, fur-li - -
"phosphopghg%Fﬁ%ﬂ%gﬂﬁﬁégﬁgfﬁggﬁ?g%%?Séﬁ# 0 é?“ggﬁﬁ@agﬂﬁ%ﬁg¥ﬁgg“§5 can be
formed byboudi figr eomeplt hanliongl grymecof hatdnoi2h carboniagtys (i.th€p-tbhe bond

f or med beH he nmoieties i s through the atom specified. For exanple, a

wee S C i
ni t r ogen-4$K o i REPRE Pt oC oo BREe Ofﬁrtﬁégﬁi%gnﬁrq%@é’-mcm%m of the
am no_acifhyiahNerahiBan JFBE MR PXABHiRIudeaE AR A #MiRl Hhe amino aci d.
fied g

Unl ess otherw’'se specified, the carbon atons of the conpounds of Fornula |-
30 | 110 arsectiyrkhendedCtip, prapegd (Mali-diddinhind twerlikel n sone chem cal structure
representation rbon atons do noéPhave a sufficient nunber of

s where ¢
variabl es attégﬂggmﬁgrﬁ%ﬁdﬁéé“ﬁ“?ﬁﬂgﬁéée T §tesight chayp o RRE BYGRFAE bon
substi t ut.ent§ hﬁ%ﬁg &0 hRneV 24k 0881 MALRNERIVE by Wremoval of tt\;vo lwdlc'frgen
o0 be hydrogen. For

2011/ 035231PCT/ US2010/ 049471 5four shoul d be assuned t
exanpl e, a@R8ns from the same or two different carbon atoms of a parent alkane. For example, an
alkylene group can have 1 to 20 carbon atoms, 1 to 10 carbon atoms, or 1 to 6 carbon

15 atoms. Typical alkylene radicals include, but are not limited to, methylene (-CHs-),
I,1-ethyl (-CH{CH3)-), 1,2-ethyl (-CH,CH;-), 1,1-propyl (-CH(CH,CH;)-), 1,2-propyl
(-CH>CH(CHz3)-), 1,3-propyl (-CH>CH,CHs-), 1,4-butyl (-CH,CH>CH>CH;-), and the
like.

“Alkenylene” refers to an unsaturated, branched or straight chain or cyclic

20 hydrocarbon radical having two monovalent radical centers derived by the removal of
two hydrogen atoms from the same or two different carbon atoms of a parent alkene.
For example, and alkenylene group can have 1 to 20 carbon atoms, 1 to 10 carbon atoms,
or [ to 6 carbon atoms. Typical alkenylene radicals include, but are not limited to, 1,2-
ethylene (-CH=CH-).

25 “Alkynylene” refers to an unsaturated, branched or straight chain or cyclic
hydrocarbon radical having two monovalent radical centers derived by the removal of
two hydrogen atoms from the same or two different carbon atoms of a parent alkyne.
For example, an alkynylene group can have 1 to 20 carbon atoms, 1 to 10 carbon atoms,
or 1 to 6 carbon atoms. Typical alkynylene radicals include, but are not limited to,

30 acetylene (-C=C-), propargyl (-CH,C=C-), and 4-pentynyl (-CH,CH,CH,C=C-).

“Amino” refers generally to a nitrogen radical which can be considered a
derivative of ammonia, having the formula ~N(X),, where each “X” is independently H,
substituted or unsubstituted alkyl, substituted or unsubstituted carbocyclyl, substituted or
unsubstituted heterocyclyl, ete. The hybridization of the nitrogen is approximately sp’.

35  Nonlimiting types of amino include -NH», -N(alkyl),, -NH(alkyl), -N(carbocyclyl),, -
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R4 "Protecting group" refers to a noiety of a conpound that masks or
alters the properties of a functional group or the properties of the
conmpound WO 201vi3643¢. The 10chem cal substructure of a proTasSRéNY4Group
varies wdely. One function of a protecting group is to serve as an
internediate in the synthesis of the parental drug substance. Chem cal
protecting groups and strategies for protection/deprotection are well known

inth .. See:. "P i in O i ¢c_Chem " . Theod W
IGPeenz ?S%HFﬁa&%ﬂé@y@qgg%é‘%rg‘ieyﬁg)gqﬁg@%?%f%%%&i(apggom%/ﬂ?g‘ gregug;aar e
often 15LN{a?}Hg%)%lﬁPN@@ﬁ)(h&@mEﬁ@ﬁ}, '—N(c%%o@{mlﬁﬂﬁ&t@:‘o@y&ﬁﬂQt ional groups, to

assist in iciency of desited chemcal reactions, e.g. making and
br eaki ng Bteri(batrobyhdN(ifryltheoradadk dicadte pirannkdlairasdirofers tPaot ect i on of

functi | . f . d alt th hysi cal i es besid
et eact TV PP SERETTOT LOTatreT I AR P B G AR HEE0 ar 1ty
|'i pophi | i &blips ibdiyalr-opnobigidn), -NaOH Ot REICPLORS! I RESHWMH,h- can be neasured

20by common anal ytical tools. Chemically protected internedi ates may

t henslél ve¥HrhenyND-Nphen 0B5281(baryUs2iharo49 41 Ssbitivredilsdhmnipoaekive or

| nact ive. ooy | FIGHEEEEY, SOMROUDAS TR, AL 59 eX I B ol LELSd oty P n some
cases, optimzed propertifes ‘in vitro and’in vivo, such ‘as passage’t hrough

cel | ul ar nElEbhi@escRndattaBddsth ARCLihO n@REYIRbINC Nddmita bxmdés of
sequestration. In this role, protected conpounds with I ntended therapeutic
gﬁ%@r

s 1ol C )
ef fects napstiveed akdamay ipgludes pridahulyse-CGAR Nitpteps-60ObF-dkylot ect i ng
group is | ) L BE.Pe X I auprodrug, whereby the parental
drug is rﬁe\ﬁ?élgggNdﬁe GE)%)n@@)'h?g@}&%he g@?ﬁ’eﬁ%ﬁ%a‘?gg in vivo. Because active
prodridgs nmay besrgbiswsshesh amomatiehfdeadarboalryditdl doritdddyphe entoahl odong, prodrugs

may posses reater potency in vivo than the parental drug, Protecting
gr oups aﬁlﬁf‘%ﬁ%@@ﬂ“% lflﬁé}ng%/enc ofAgpm p "‘P"ﬁ"é‘“iaﬁgﬁ‘%é”é‘g@f’s‘%'e cal

i nt er medi &LeSie, & arNer¥iy ©an Hale & BE2EESE ot S BIOHE UgBon YHiB SlRegigal
internediates, it is not particularly inportant that the resulting products

af t er deprdisctdngn, Tygicgl argld golmsliscludsebhysialiogicd &, rydictokpiabfren al t hough
e NN, £ KRR AN T R SIR
fromaphe ke,
“Arylalkyl” refers to an acyclic alkyl radical in which one of the hydrogen
atoms bonded to a carbon atom, typically a terminal or sp’ carbon atom, is replaced
with an aryl radical. Typical arylalkyl groups include, but are not limited to, benzyl,
2-phenylethan-1-yl, naphthylmethyl, 2-naphthylethan-1-yl, naphthobenzyl,
25  2-naphthophenylethan-1-yl and the like. The arylalkyl group can comprise 7 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.
“Arylalkenyl” refers to an acyclic alkenyl radical in which one of the
hydrogen atoms bonded to a carbon atom, typically a terminal or sp” carbon atom, but
30  alsoan sz carbon atom, is replaced with an aryl radical. The aryl portion of the
arylalkenyl can include, for example, any of the aryl groups disclosed herein, and the
alkenyl portion of the arylalkenyl can include, for example, any of the alkenyl groups
disclosed herein. The arylalkenyl group can comprise 8 to 20 carbon atoms, e.g., the

alkenyl moiety is 2 to 6 carbon atoms and the aryl moiety is 6 to 14 carbon atoms.



20active inhibitory conmpound during netabolism systemcally, inside a
cell, by hydrolysis, enzymatic cl eavage, or by sone other process
(Bundgaarwip 2bnss5231Desi gn and Application of Prodrugs" ipaThsalboek7of Drug
Design and Devel opnent (1991), P. Krogsgaard-Larsen and H Bundgaard, Eds.
Har wood Academi ¢ Publishers, pp. 113- 191). Enzynes which are capable of an
enzymatic activation mechanismw th the 25phosphonate prodrug conpounds of

the invention |j nc de, %*are not |imted to, am dases, esterases,
i crobi al enzyrglal liﬁl%% %@%%YCIEWH?WHE?@&&%\%@“%HW ?)fHB’éphases Pr odr ug

moi et i es 1@%9095%5 Yo%lst%nﬁ BNCE S aébi& 'ee@%angﬂa% n%Az%psmqrﬂoh%%ﬁ gt City to

optim ze Ivery, bioaval and ficacy prodrug noi ety may
i ncl ude arscet spwarboataadio) xstraalmedd»nuhgmlanﬁehtﬂmal:%mﬁxmybbcanyn pf ter ug noi eti es

i ncl ude the Héﬂrol al | sen&tgl ve Iab Cl th I e ters
- CH200( - of’)"ifilé iy w% FIRFMR s 2’8Ef( XJ@% 9s G-06
al kyl, QI%ﬁH@ﬁfbh bpﬂl%cluﬂhik%y] c%lrg?t@eafoylcxﬁﬁpl% t}§cufﬁﬁ§"d3ll #‘F{ﬁl@ saryl. The

aeyloxyal ester was used as a prodrug strategy for carboxylic acids and

t hen Hppl dfecélosted hpteos phiwet asglatiydypdiosptroramesisb§ (a0 quhean atemsa¢.£38(€1983) J.
Ph S S Pat ent 816570, .496878 663159 d W
2011/ 035 LB TSD ] O 05T S BT R AR Ao FERURIL BR 1 ho

invention, a priedestg “GWbsEtMed’ sn@atﬂten@eftoamghoapﬁaﬁ@a@nw alikTheliagy] oxyal kyl
ester may be used to deliver phosphoric acids across cell nenbranes and to

enhance orarogichavitarannl. icespocyrlv] diee frapxample. osubshiatedaindxyal kyl ester,
the al koxyg {?&’t@ Lﬁ%gl\éﬂé kyéub%ﬁttu?éd a@ar;&g rnﬁ):d artilc t,sgsfpg%lﬂﬁl@ﬁe or al

bi oavai | abl e Co e conbi nati ons of
the 13 i rhmﬁbct}atyl” And em«p{uaddycaamyywlynmﬂésslotim% ihdicdped/ aleayd gkylpret hoxy,
(POVM CHZO enpl ar acyl oxymet hyI ar bonat e prodrug
moi ety i st %%ﬂ &yt &kﬁﬁ%ﬂhi‘?@%ﬁ@ﬁhf% CEOHENE0) BECEIsF 8T More - The
phosphat nol ety may
be senal 11 osh k8 siﬁh?“@%“ﬁf‘“%g%ﬁg%ﬁﬁ*gﬁ*’% e T 21 ng
15 pi val owma}amsn;uemsamﬁmdmbet 4 POE)linnitedROMGr-BUp O, AIQ,eORELSRE] §;, t he

0, LR SRS TSI G B et g mygen, oy o

phospigor usy, RS peci-=abiry, I}l}%?'()éb SREEIS=0Y- € sr;e(p togghance oral
bi oavai | abi il ﬁﬁ{ﬁe)Lanbert et al g) ﬁI\{E\OgI ! B 3'7 493 Phenyl

20esters &ﬁﬁf@}ﬂ gSé—Q)aNB@x;ﬂ(r@)Pest@?(”@B(ﬂFo)vt d’(f@éoﬁ%sﬁhﬂ@)éoﬁave al so

been desc Oop; ence, _1 ) & d. 09 4115).
Benzyl ?& )?g g"*alg@é ?ﬁgﬂ?g'%e@?{a’tb ﬁgﬁp r(%ﬁ% ﬁ?ﬁﬁg’ng o In some
cases, s u@syomm; ®)8R" LhES)ORE, h@(@ﬂm ACPORNIT, 0T (AR AT [viTeRd @mh he

hydrol ysis. Benzyl analogs with an acyl ated phenol or an al kyl ated phenol
may generteinderendentlys b Oﬁ?énﬁ&ﬂngfatohioq}i@waChR i1s independently H, alkyl,

25  aryl, arylalkyl, a heterocycle, or a protecting group or prodrug moiety. Alkylene,

alkenylene, and alkynylene groups may also be similarly substituted. Unless otherwise
indicated, when the term "substituted" is used in conjunction with groups such as
arylalkyl, which have two or more moieties capable of substitution, the substituents can
be attached to the aryl moiety, the alkyl moiety, or both.

30 The term “prodrug” as used herein refers to any compound that when
adminmstered 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),
photolysis, and/or metabolic chemical reaction(s). A prodrug is thus a covalently

modified analog or latent form of a therapeutically active compound.



25t he action of enzynes, e.g. esterases, oxidases, etc., which in turn
under goes cl eavage at the benzylic G0 bond to generate the phosphoric acid
and the ouDrrone3ssthi de i nternedi ate. Exanpl es of this eCasas2aib/oprsodni gs
are described by Mtchell et al (1992)J. Chem Soc. Perkin Trans. 12345;
Brook et al WD 91/19721. Still other benzylic prodrugs have been descri bed
containing a carboxylic ester-containing group 30attached to the benzylic

met hyl ene (G azier et al WD 91/19721). Thi o-containi ng pndrugs are reported
to beSuseful f@re akﬂhed|1mthﬁa@é4fﬂlmc&zgma@thﬁt/@bytﬁwntwgﬁlmﬁm@}e@lpﬂ% These

t th
st ori f1 SETCRR P S SRRl B R b SRS 16 0 o
a disulf Isﬁhéﬁm&@l@&faﬁrclttﬁ pﬁﬁtde&rph@fmafoedmﬂy asefdfcotnpewdi whikli tahebegener at es t he

free thio internedi ate 35which su se uently breaks down to the phosphoric

aci d and ‘epreaief inean meertpbly stale p Wyaz@iiif ee5ipet Lpdpfgittwsand 5(1993)
A I 4958
ntivira B%ﬁuem?%r v;éélsgﬁave afﬁ%ﬂgél s BF & ééés%ﬁﬁgohl MR arfReMiba: )

Cyclic phos onat e ester een cri as prodrugs o

phosplior usxddbmdt@iedihegpic orplourid be gﬁﬂammdeby ahg skil®dRattenart et al8312662) .

It is to be noted enan i as, nd ra em'c

m xt ur es,® %?%%Pit &9?9%%%& L&éﬁ 8‘353 ﬁ‘&]?{)e%o‘ﬁfgﬁ‘&lﬂ&ﬁfmﬁ IR/i%®hin the
scope of ORI R cles OF%H;,B@@I I“Ino%ElaEférsEU&@s &l donfRdnharameeutical l'y
acceptable salts ther eof are enbraced by the present invention. All

m xt ur es @mmuch seuvants thﬁ‘evisiaaasdeldvmﬁecrédimrsmaﬂ@s (\amhmsnfonf keasglope of the
present inve

phar naceu"f?a(f%’ri@013(?8%%03%50@%?%%r &X1% &ggnéﬁ)ﬁ Hé%qun Fym)rphs or

pseudapol WFRLRNS peAsit KERE R eA@ tdtmulitins idb h)hﬁlﬁmb&ﬂﬂ:la},!ﬂﬁédébiasm daweans the
ability of a crystalline conpound to exist in different crystal structures.

The crystf@h$-ne pol ynorphismmay result fromdifferences in crystal packing

(packing pol ymopphi 5 " 't&%ﬁ%@@%ﬁ? odr Q%Eé {S&%E’ﬁ%tc%%ﬂﬁ%hisfh%{z@m Us

conforners of ﬁe sa ecu I ona ed

her ei n, die)éﬁt@lldcb@@iﬂ@ﬁﬁ%ﬂﬂ@in}@ﬁﬁdﬁ%l SnNrm&strlamﬁ;hiehfﬂly cﬁx‘boﬁatbmib’fat e or
sol vate of a 20conpound to exist in different crystal structures. The
pseudopol Prakphgoys whigh is aiashedo Fhr"?\PéWPi BAlCRYEG sggPlasedanith & PP Er ences i n
cryst i N | SBhePlalug: Lol £5 in
packlzﬁlg E(gtcgkvved]e%I gp?ﬁg%gﬁﬂﬁgg ?tgl t h r% of theesg v e%:u? g% ‘gﬂ}%%fmatl onal
pseudopol ¥ 1 btic $.nan. andiine(cign s NaMIH 4 AVi€ithoetc. a;@mrprthlszékylzgrtbupp{elgynor phs and
pseudopol of the c ounds of Fo la |- .25 nd their

Dhar meoutaar e S iegianr ha fiam O e IS heDunabiitd B BB IS 111 and

i ts phar ek hitalleYs REGERE Rk & h&dloh®nTRY:., &, SND oK) Bk r@81AB helkRRARPUs sol i d.
As used herein, an anorphous solid is a solid’in which there is no

| ong- ran@ouxysdaefr respectinelyposilkyl etsr @fe.4- ﬁ@-ﬁﬁo@cﬂm itk as olkylamih| s
def | rHStI O(n gapeh ﬁﬁCﬁi &?f Ih(&@_s e%c eorcar 10a estiler?e Igs C&ﬂ%ﬂ?{n)orf?t ers or |ess.

Addi t"ves,
terminal carbon atom of the alkyl group is replaced with a heteroatom (e.g., O, N, or S),

the resulting heteroalkyl groups are, respectively, a hydroxyalkyl group (e.g.,
-CH,CH;-OH), an aminoalkyl group (e.g., -CH:NH3), or an alkyl thiol group (e.g.,
-CH,>CH»-SH). A heteroalkyl group can have, for example, 1 to 20 carbon atoms, 1 to
30 10 carbon atoms, or 1 to 6 carbon atoms. A C;-C¢ heteroalkyl group means a heteroalkyl

group having 1 to 6 carbon atoms.

“Heterocycle” or “heterocyclyl” as used herein includes by way of example
and not limitation those heterocycles described in Paquette, Leo A.; Principles of
Modern Heterocvclic Chemistry (W. A, Benjamin, New York, 1968), particularly

35  Chapters 1, 3,4, 6, 7, and 9; The Chemistry of Heterocvelic Compounds, A Series of
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30i ncl udi ng sol vents, may be used to create the anorphous forns of the
instant invention. The instant invention conprises all anorphous forns of

t he conpowodstiaiBsBernmula 1-111 and their pharnaceuti cal lPgTaSe@Epadare salts.
Sel ected substituents conprising the conpounds of Formula I-111 are present
to a recursive degree. In this context, "recursive substituent” neans that
a substituent 35may recite another instance of itself. Because of the

recursive nature of such 011/03 1P US2010/.049471 5substituents,
thoor &t 1 apRgahsr Lot TG soBt NeOim St dd R BBy SRHEETR any oi von
enbodi MenYelufiRs 1 €XANPE 80, LRl DORARE USER. @rdRY ssHbabblUeMs66RY: 680 be R R can
be WB. WB can be Wi and W! can be R or conprise substituents conprising R
One of orsgeeifie ymérdinient of thhmvantiorofherrselivelen ancledve gi“sabgeyshdas st ands t hat
the total, punber of such substituents is,regsonably linited by the desired
ot oper t 1 T s sREEH GUE P ERERT. 2R S PR folsTohERelll by vy of
exanpl e agplad@t with hédtoa@i (PNYBIN SPr ORefdhhe Shattebycs d¥ol ecul ar wei ght
solubility or log P. application properties such as activity against the

i nt edfled ‘hatcsrsyclyhnaclpietcpiveyed Prefpoptipby natatalgd rings and ArosiAYe fiBss s

By way of . ex nat o g § \ . { j ve substituents
in certai(ﬁgéﬁgg%l %%%é%%pi%%tﬁ&eggg?ﬁﬁy gﬂg'%r}'slll\l/lgé’gﬂ%egtgl Eéént can

i ndependémntdrycyet ¢ tingdaBetutd, willBanylof thédlGipstlhentd discibSed HeZein Iikcjudi®y 9, 8, 7,
6, 5 4, 3, 2, .1, or O, times in a given enbodi ment. Mre typically, each
recur si veEBEt FOERIA E%eﬁiir%%@wﬁ? Pﬁa %E?J’ry?i@sl%i?“t‘%de‘%%‘?m%ic &$in a given
enbodi nent. Even nore typically, each ¢ rsive substituerit can

i ndependently occur 3 or fewer tines ih a |given enbodi nent. For exanple, WB
will occur O to 8 tinmes, RY wll OCC%N NH6 tinmes in a given 20

enbodi nent. Even nore typically, W 'II| occur O to 6 tines and RY will
occur O to 4 tines in a given enbodi nentg Recursive substituents are
an i ntended aspect of the invention. One of ordinary skill in the art of
medi dPnal chenixmpjesud detentcanlds inche ey vaatdflekipplsfand nehlisiigemi t uents. To

t he degree that,.recursi substituents are .present, i n an enbodi nent 25of

t he inverﬂy?}gﬁgdfwgr%g%%/ﬁhtﬁ%r%] rdﬂ\)igylﬂlrgiy (énp(%’fi gf;)’rrtl%%a}ygs set forth above.

The nodi fieahydaliBidphenys €6 fibxedpdEeirkio@rothioBhényashdidiyyi, Surkig] usi ve of the
stated val ue and has the neaning dictated by the context (e.g., includes

t he degr ébicayl, Byrrdyl. avssdlvhiaiagivh tevisaelul opprefurgnyl héngplthilenilar

g‘rjgﬂgi ;g)iﬁ%??@ iR BESo Ry1 L REGERSIN BedsithtdaBRY, [F00RE |y &.2 Phosphat e

20 piperidonyl, pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl,
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroquinolinyl,
octahydroisoquinolinyl, azocinyl, triazinyl, 6H-1,2,5-thiadiazinyl, 2H,6H-1,5,2-
dithiazinyl, thienyl, thianthrenyl, pyranyl, isobenzofuranyl, chromenyl, xanthenyl,
phenoxathinyl, 2H-pyrrolyl, isothiazolyl, isoxazolyl, pyrazinyl, pyridazinyl,

25  indolizinyl, 1soindolyl, 3H-indolyl, 1H-indazoly, purinyl, 4H-quinolizinyl,
phthalazinyl, naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl, 4aH-
carbazolyl, carbazolyl, B-carbolinyl, phenanthnidinyl, acridinyl, pyrimidinyl,
phenanthrolinyl, phenazinyl, phenothiazinyl, furazanyl, phenoxazinyl, isochromanyl,
chromanyl, imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyi,

30 indolinyl, isoindolinyl, quinuclidinyl, morpholinyl, oxazolidinyl, benzotriazolyl,

benzisoxazolyl, oxindolyl, benzoxazolinyl, isatinoyl, and bis-tetrahydrofuranyl:
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i ndependently, 0, S, NR, +N(O)(R), N(OR), +N(0)(OR), or NNNR2; WL and W2,
when taken together, are -Y3(C(RY)2)3Y3-; or one of WL or W2 together with
ei ther W00201038235231PCT/ US2010/ 049471 5R3or R4 is - Y3rCcanselom4arher of
W or W2 is Fornula la; or W and W2 are each, independently, a group of
Fol laula I a: M2 wher ei n: each Y2 is independently a bond, O,
CR2, NR, N(O)(R, N(OR), +N(0)(OR), 10N-NR2, S, SS, S(0), or S(0)2; each Y3
is independently 0, S, or NRR M2 is Q, 1 or 2; each RY is independently H,
F, d, Br, 1, OH, R -C(=Y1)R -C(YA)OR - C(=Y1)N(R'2, -N(R)2, -+N(R)3,
-SR -S(0)R, -S(0)2R, -S(0)(0R), -3¥0) ( R), 150C(=Y1)R, -0C(=Y1)O0R,
-0C(=Y1) (N(R)2), -SC(=Y1)R, -SC( Yl) ,, SC(=Y1)(N(R) 2), -N(RC(=Y]DR
-N(R) C(=Y1)OR, or -N(RC(=YI)N(R) 2, 5SOINR2, -CN, -N3, -N&, -OR a
protecéting group or V\B' or when takentoget her, two RYon the same car bon

atomfotin a boc |n 0 3 t :
i ndependent | yC%Q pr oatmé)c? P gnoé[rhglljlﬁ’%o %h (r)lrer:ﬁﬁlfr%gdi:rocyc?es ar& boidled

at position 2, 3, 4, 5, or 6 of a pyridine, position 3, 4, 5, or 6 of a pyridazine, position
2,4, 5, or 6 of a pyrimidine, position 2, 3, 5, or 6 of a pyrazine, position 2, 3,4, or 5
of a furan, tetrahydrofuran, thiofuran, thiophene, pyrrole or tetrahydropyrrole,

10 position 2, 4, or 5 of an oxazole, imidazole or thiazole, position 3,4, or 5 of an
isoxazole, pyrazole, or isothiazole, position 2 or 3 of an aziridine, position 2, 3, or 4 of
an azetidine, position 2, 3, 4, 5, 6, 7, or 8 of a quinoline or position 1, 3,4, 5,6, 7, or 8
of an isoquinoline. Still more typically, carbon bonded heterocycles include 2-
pyridyl, 3-pyridyl, 4-pyridyl, S-pyridyl, 6-pyridyl, 3-pyridazinyl, 4-pyridazinyl, 5-

15 pyridazinyl, 6-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 6-
pyrimidinyl, 2-pyrazinyl, 3-pyrazinyl, 5-pyrazinyl, 6-pyrazinyl, 2-thiazolyl, 4-
thiazolyl, or 5-thiazolyl.

By way of example and not limitation, nitrogen bonded heterocycles are
bonded at position | of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-

20 pyrroline, imidazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole,
pyrazoline, 2-pyrazoline, 3-pyrazoline, piperidine, piperazine, indole, indoline, 1H-
indazole, position 2 of a isoindole, or isoindoline, position 4 of a morpholine, and
position 9 of a carbazole, or B-carboline. Still more typically, nitrogen bonded
heterocycles include 1-aziridyl, 1-azetedyl, 1-pyrrolyl, I-imidazolyl, 1-pyrazolyl, and

25  1-piperidinyl.

“Heterocyclylalkyl” refers to an acyclic alkyl radical in which one of the
hydrogen atoms bonded to a carbon atom, typically a terminal or sp3 carbon atom, is
replaced with a heterocyclyl radical (i.e., a heterocyclyl-alkylene- moiety). Typical
heterocyclyl alkyl groups include, but are not limited to heterocyclyl-CH,-, 2-

30 (heterocyclyl)ethan-1-yl, and the like, wherein the “heterocyclyl” portion includes any
of the heterocyclyl groups described above, including those described in Principles of

Modern Heterocvelic Chemistry. One skilled in the art will also understand that the
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20MaM 2c McMd , wherein: ML a, M ¢, and Md are independently 0 or 1;
M2c is O, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12 each Ris H,
hal ogen, wG2ea@pszmikyl, (G -Cg) substituted al kyl, (C2-®Ex/uskkenyd4; 1
25(C2-C8) substituted al kenyl, (C2-C8) al kynyl, (C2-C8) substituted

al kynyl, C6-C20 aryl, WD 2011/035231PCT/ US2010/ 049471 5C6- C20 substituted
aryl, C2-C20 heterocycle, C2-C20 substituted heterocyclyl, arylalkyl,
substituted arylal kyl or a protecting group; W is W or Wo; W is R
-C(YDR, hﬁrwdydﬂﬁ,gre&anlﬁv attathed SOﬂl‘ﬁTaik}alpanﬁ of ﬁwﬁhe@e&od@,@qy alkglby a

het er ocycl rein Wb i.s i ndependent substif ut ed to 3 RY groups.
10V6 car b@&%o?éﬁﬁlﬁa %@Oﬁé’%ﬁ? B’E:%EFE%H @r%@mﬁ @é}%@ PYPVEEREi tuted with
0 to 3 RYngrQURfhe %ﬂ@%h&ﬁ:c@llﬁﬁ&ﬂléaﬁ“ﬁ@het%ﬁ%%?élylrzﬁiﬁ%r&{ &)ﬁl&{g%laé §tding
conprising a nmono- bicyclic carbocycle or”heterocycle may have 3 to
10 ring alebomatgmﬁ,@gt@eﬁfhyl patian ofthe afHalkVibgroimips! @rtecastainataned when

¢in-at ot ehPPREaaT apefiRa® B citbor St REAPAE Eh WERCRBIEM i no & i ng

at omsjg angclat Bpaxa%femﬂ;ﬂe afd néliimuRgah ULAtRderc@ kulRrOBRIdeR, WasR cont ai ni ng
6 ring atons. A Wb heterocycle may be a nonocycl e avi ng 3 to 7 ring

mermber s (‘Brogenecaniaiion helewsrclandich ap Bugohdmethohohezeleletmeltykrom N, 0, P,
and S) or ( C atons and 1
03 her ePBUPORRLA LRI ey Wl IRIRE! & (8 plRrGRURAE, B

nmonocycl esxygay, dadioe ndrdeen &)rrtmﬁglga;tewmcy(c%s%m@sqﬁlﬁdaﬂm@hmz and 1 to 2
het er oat ons sel ected fromN, 0, and ,.or 5 or 6 rlng atons (3 to 5 carbon

atons andPiteregnglngdid, Bapse s isethak P&HlelVBWfN’laPﬁﬁl@jY mgvhet er ocycl i ¢
b I 6 to 9 b t d1lto?2
|cyc15esoé;§%§dghﬁ e%oq}%ﬂgw%gms oAb to carbon atons an o]

het er oat ect d S) arranged as a bicyclo [4,5], [5,5],
[5,6], or [6, 6]Haystwthylalien9” taderd @ 2banvichgakkboyisadi8altiowdichambofitlat oms and 1

to 2 hetero atons selected fromN and S) arranged as a bi cyclo [5 6] or
[6, 6] oy SR ST HEL FEEE FLE e HA- 5o pda 6 95 ¢ HERIGH M bon,

ni trogen, ;§H4 {3 rcaﬂfon%w?l?rls ALOILOVif an?é?J)ﬁcg@Yﬁime@ i é)%teroc velyl- V\B
het erocycl es include f exanpl e, rid i hydropyri dyl i soners,

pi peri di n@ketp%nﬁdmznemxbl Thpﬁnﬁ*lemcctciNWQmpyD‘éﬁueww;m@chfi ﬁ&zm)riﬁkqupoxazol yl,
i m dazol yl Oth |yl t hi I
it ordh e PR g e e SR arP dRPERE Beinn iBRLRY B desentdlif i ¢ o

to, ex ar’fﬂhﬂﬁcnﬁb@dﬂc MSdern Heterocvyclic Chermstz y, and the alkenyl portion of the

heterocyelyl alkenyl group includes any of the alkenyl groups disclosed herein. One

skilled in the art will also understand that the heterocyclyl group can be attached to
the alkeny! portion of the heterocyclyl alkenyl by means of a carbon-carbon bond or a
25  carbon-heteroatom bond, with the proviso that the resulting group is chemically
stable. The heterocyclyl alkenyl group comprises 4 to 20 carbon atoms, e.g., the
alkenyl portion of the heterocyclyl alkenyl group is 2 to 6 carbon atoms and the
heterocyclyl moiety is 2 to 14 carbon atoms.
“Heterocyclylalkyny!l” refers to an acyclic alkynyl radical in which one of the
30  hydrogen atoms bonded to a carbon atom, typically a terminal or sp® carbon atom, but
also an sp carbon atom, is replaced with a heterocyclyl radical (i.e., a heterocyclyl-
alkynylene- moiety). The heterocyclyl portion of the heterocyclyl alkynyl group
includes any of the heterocyelyl groups described herein, including those described in

Principles of Modern Heterocyelic Chemistry, and the alkvnyl portion of the

35 heterocyclyl alkynyl group includes any of the alkynyl groups disclosed herein. One
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5s fr\ N, and W5 car bocycl es and heterocycl es may be
| ndependently substituted with O to 3 R groups, as defined above. For
exanpl e, wohstiva3szsed Wb car bocycl es include: OH C PCT/US2010/049471

5>  skilled in the art will also understand that the heterocycelyl group can be attached to
the alkynyl portion of the heterocyclyl alkynyl by means of a carbon-carbon bond or a
carbon-heteroatom bond, with the proviso that the resulting group is chemically
stable. The heterocyelyl alkynyl group comprises 4 to 20 carbon atoms, e.g., the
alkynyl portion of the heterocyclyl alkynyl group is 2 to 6 carbon atoms and the

10 heterocyclyl moiety is 2 to 14 carbon atoms.

“Heteroaryl” refers to an aromatic heterocyclyl having at least one heteroatom
in the ring. Non-limiting examples of suitable heteroatoms which can be included in
the aromatic ring include oxygen, sulfur, and nitrogen. Non-limiting examples of
heteroaryl rings include all of those aromatic rings listed in the definition of

15 “heterocyclyl”, including pyridinyl, pyrrolyl, oxazolyl, indolyl, isoindoiyl, purinyl,
furanyl, thienyl, benzofuranyl, benzothiophenyl, carbazolyl, imidazolyl, thiazolyl,
1soxazolyl, pyrazolyl, isothiazolyl, quinolyl, isoquinolyl, pyridazyl, pyrimidyl,
pyrazyl, etc.

“Carbocycle” or “carbocyclyl” refers to a saturated (i.e., cycloalkyl), partially

20 unsaturated (e.g., cycloakenyl, cycloalkadienyl, etc.) or aromatic ring having 3 to 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 carbocycles have 3 to 7 ring atoms, still
more typically 5 or 6 ring atoms. Bicyclic carbocycles 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 atoms arranged

25  asabicyclo [5,6] or [6,6] system, or spiro-fused rings. Non-limiting examples of
monocyclic carboeycles 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, and phenyl. Non-limiting examples of bicyclo
carbocycles includes naphthyl, tetrahydronapthalene, and decaline.

30 “Carbocyclylalkyl” refers to to an acyclic akyl radical in which one of the
hydrogen atoms bonded to a carbon atom 1s replaced with a carbocyclyl radical as
described herein. Typical, but non-limiting, examples of carbocyclylalkyl groups
imclude cyclopropylmethyl, cyclopropylethyl, cyclobutylmethyl, cyciopentylmethyl
and cyclohexylmethyl.

35 “Arylheteroalkyl” refers to a heteroalkyl as defined herein, in which a
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Exanpl es of substituted phenyl carbocycles include: WO

2011/ 035231PCT/ US2010/ 049471 10R wherein each Y2b is, independently, O or
N(R) . I nwoabhassmspect of this enbodi nent, each Y2b i sPOTAISd018ACHHITRX | S

I ndependent | y: M 2c wherein Ml2c is 1, 2 or 3 and each Y2 is

I ndependently a bond, 0, CR, or S. In 15another aspect of this enbodi nent,
one Y2b-Rx is NH(R) and the other Y2b Rx is O-Rx viherein Rx is: 5ML 2c

each Ao 1SaIasaRpEIAGHIFyRay be fiaged cther i PP HEmo § KA SEpR) Bt hor |
er
aspect Of, LN} REPQHAL TRy LAF usWlined Ber@in@NGhc 8RR rRps mbQit? HoRd&pendent | y:
to a carbon atom of the heteroalkyl group, or to a heteroatom of the heteroalkyl group,
provided that the resulting arylheteroalkyl group provides a chemically stable moiety.
For example, an arylheteroalkyl! group can have the general formulae -alkylene-

10 O-aryl, -alkylene-O-alkylene-aryl, -alkylene-NH-aryl, -alkylene-NH-alkylene-aryl,
-alkylene-S-aryl, -alkylene-S-alkylene-aryl, etc. In addition, any of the alkylene
moieties in the general formulae above can be further substituted with any of the
substituents defined or exemplified herein.

“Heteroarylatkyl” refers to an alkyl group, as defined herein, in which a

15 hydrogen atom has been replaced with a heteroaryl group as defined herein. Non-
limiting examples of heteroaryl alkyl include -CH»-pyridinyl, -CHz-pyrrolyl,
-CHs-oxazolyl, -CHay-indolyl, -CHs-isoindolyl, -CH;-purinyl, -CH,-furanyl,
-CH,-thienyl, -CH,-benzofuranyl, -CHs-benzothiophenyl, -CH;-carbazolyl,
-CH,-imidazolyl, -CHa-thiazolyl, -CHy-isoxazolyl, -CHz-pyrazolyl, -CHa-isothiazolyl,

20 -CHs-quinolyl, -CHs-isoquinolyl, -CHo-pyridazyl, ~-CH,-pyrimidyl, -CH,-pyrazyl,
-CH(CH3)-pyridinyl, -CH(CH;)-pyrrolyl, -CH{(CHj3)-oxazolyl, -CH(CHj3)-indolyl,
-CH{CHj3)-1soindolyl, -CH(CH3s)-purinyl, -CH(CHjs)-furanyl, -CH(CH3,)-thienyl,
-CH(CHs;)-benzofuranyl, -CH(CH1)-benzothiophenyl, ~-CH(CHj3)-carbazolyl,
-CH{CHj3)-imidazolyl, -CH(CH;)-thiazolyl, -CH{CHs)-1soxazolyl,

25 -CH(CHj)-pyrazolyl, -CH(CH3;)-isothiazolyl, -CH({CHj3)-quinolyl,
-CH(CHj;)-1soquinolyl, -CH(CH;)}-pyridazyl, -CH(CH3)-pyrimidyl,
-CH{CHj)-pyrazyl, ete.

The term “optionally substituted” in reference to a particular moiety of the
compound of Formula I-111 (e.g., an optionally substituted aryl group) refers to a

30 moiety wherein all substiutents are hydrogen or wherein one or more of the hydrogens
of the moiety may be replaced by substituents such as those listed under the definition
of “substituted” or as otherwise indicated.

The term “optionally replaced” in reference to a particular moiety of the
compound of Formula I-III (e.g., the carbon atoms of said (C,-Cs)alkyl may be

35  optionally replaced by —O-, -S-, or -NR"-) means that one or more of the methylene
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ML 2c wherein MLl2e is 1 and Y2 is a bond, 0, or CR 1. O her enbodinents
of w2of Formulas 1-111 conpounds include 15substructures such as:

2011/ 035280R0M/0353010/ 049471 5wherein each Y3 is,

WO

i ndepeaaaseo/0497or N(R) .

I n anot her aspect of this enbodi ment, each Y3 is 0. In another aspect of
this enbodi ment, the substructure is: wherein RY is Wb as defined

10Anot her

enbodi nent of w2of Fornula 1 i ncludes the substructures:

15i ncl_udes the SUbé%dﬂﬁ r ere one_of W or t oget her th
HeYIgEhe

R3 or R4 &'aups ofhe

e 15p awd B0\ 2i @ Rgelithe SRuPSRer g

her ei n.

ei t her

enbodi ment, J s .epy gsented by a conpound of Formula I'b selected from

10

15

20

25

30

The term “non-terminal carbon atom(s)” in reference to an alkyl, alkenyl,
alkynyl, alkylene, alkenylene, or alkynylene moiety refers to the carbon atoms in the
moiety that intervene between the first carbon atom of the moiety and the last carbon
atom in the moiety. Therefore, by way of example and not limitation, in the alkyl
moiety -CHy(CYH2(C"YHCH; or alkylene moiety -CHa(C Y Ha(CYHACHo- the €
atoms would be considered to be the non-terminal carbon atoms.

Certain Y and Y' alternatives are nitrogen oxides such as "N(O)R) or

"N(O}OR). These nitrogen oxides, as shown here attached to a carbon atom, can also

O 0

N, N

be represented by charge separated groups such as / \R or / \OR ,
respectively, and are intended to be equivalent to the aforementioned representations
for the purposes of describing this invention.

"Linker" or “link™ means a chemical moiety comprising a covalent bond or a
chain of atoms. Linkers include repeating units of alkyloxy (e.g. polyethylencoxy,
PEG, polymethyleneoxy) and alkylamino (e.g. polyethyleneamino, Jeffamine™); and
diacid ester and amides including succinate, succinamide, diglycolate, malonate, and
caproamide.

The terms such as “oxygen-linked”, “nitrogen-linked”, “carbon-linked”,
“sulfur-linked”, or “phosphorous-linked” mean that if a bond between two moieties
can be formed by using more than one type of atom in a moiety, then the bond formed
between the moieties is through the atom specified. For example, a nitrogen-linked
amino acid would be bonded through a nitrogen atom of the amino acid rather than
through an oxygen or carbon atom of the amino acid.

Unless otherwise specified, the carbon atoms of the compounds of Formula I-
111 are intended to have a valence of four. In some chemical structure representations

where carbon atoms do not have a sufficient number of variables attached to produce

a valence of four, the remaining carbon substitutents needed to provide a valence of
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R85 Formula Ib In another aspect of the enbodi nent of Fornula Ib, each
Y and Y3 is 0. In another aspect of the enbodinment of Forrmula | b, WL or W2
is Y Rx; wachi135283 and Y2b is 0 and le is: 10M 2c whererusiadpza7is 1, 2
or 3 and each Y2 is independently a bond, 0, CR2, or S. In another aspect
of the enbodinent of Forrmula b, W or W2 is Y Roeach Y, Y3 and Y2b is O
and le is: M 2c wherein ML2c is 2. In another aspect of the enbodi nent
of Formula Ib, W or W is Y le; each Y, Y3 and Y2b is O and le is: M 2c
wher ein Mbupshdudd e zmemadioits hydbeped, FOr exmmpBR2. Anot her enbodi nent of w2
10i ncl udes a substructure: RS

A
M

has the same meaning as

‘¢ F

“Protecting group” refers to a moiety of a compound that masks or alters the

properties of a functional group or the properties of the compound as a whole. The

10 chemical substructure of a protecting group varies widely. One function of a
protecting group is to serve as an intermediate in the synthesis of the parental drug
substance. Chemical protecting groups and strategies for protection/deprotection are
well known 1n the art. See: "Protective Groups in Organic Chemistry", Theodora W.
Greene (John Wiley & Sons, Inc., New York, 1991. Protecting groups are often

15 autilized to mask the reactivity of certain functional groups, to assist in the efficiency
of desired chemical reactions, e.g. making and breaking chemical bonds in an ordered
and planned fashion. Protection of functional groups of a compound alters other
physical properties besides the reactivity of the protected functional group, such as the
polarity, lipophilicity (hydrophobicity), and other properties which can be measured

20 by common analytical tools. Chemically protected intermediates may themselves be
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wherein Wb is a carbocycl e such as phenyl O substituted phenyl. |In another
aspect of this enbodi nent, the substructure is: (R 0-3 0 RY\IRyar O
15wher ei rwo2hiissB31or N(R) and the phenyl carbocycl e i sPsuseomotEdiwith 0
to 3 R groups. In another aspect of this enbodi nent of the substructure, Rx
is: wherein M2e is 1, 2 or 3 and each Y2 is independently a bond, O,
CR,), or S Anot her enbodi nent of substructure: of
Forrmlal-l{ Hclu es
5 ologically active or inactive.
Protected compounds may also exhibit altered, and in some cases, optimized

properties in vitro and in vivo, such as passage through cellular membranes and

resistance fo enzymatic degradation or sequestration. In this role, protected

compounds with intended therapeutic effects may be referred to as prodrugs. Another
10 function of a protecting group is to convert the parental drug into a prodrug, whereby

the parental drug is released upon conversion of the prodrug in vivo. Because active

prodrugs may be absorbed more effectively than the parental drug, prodrugs may

possess greater potency in vivo than the parental drug. Protecting groups are removed

either in vitro, in the instance of chemical intermediates, or in vivo, in the case of
15 prodrugs. With chemical intermediates, it is not particularly important that the

resulting products after deprotection, e.g. aleohols, be physiologically acceptable,

although in general it is more desirable if the products are pharmacologically

innocuous.

“Prodrug moiety” means a labile functional group which separates from the

20 active inhibitory compound during metabolism, systemically, inside a cell, by

hydrolysis, enzymatic cleavage, or by some other process (Bundgaard, Hans, “Design

and Application of Prodrugs” in Textbook of Drug Design and Development (1991), P.

Krogsgaard-Larsen and H. Bundgaard, Eds. Harwood Academic Publishers, pp. 113-
191). Enzymes which are capable of an enzymatic activation mechanism with the

25  phosphonate prodrug compounds of the invention include, but are not limited to,
amidases, esteréses, microbial enzymes, phospholipases, cholinesterases, and
phosphases. Prodrug moieties can serve to enhance solubility, absorption and
lipophilicity to optimize drug delivery, bioavailability and efficacy.

A prodrug moiety may include an active metabolite or drug itself.

30 Exemplary prodrug moieties include the hydrolytically sensitive or labile
acyloxymethyl esters ~CH,OC(=0)R* and acyloxymethyl carbonates
~CH.OC(E=OYOR where R is C~Cy alkyl, C~Cq substituted alkyl, Cc—Cag aryl or
C—Cyp substituted aryl. The acyloxyalkyl ester was used as a prodrug strategy for
carboxylic acids and then applied to phosphates and phosphonates by Farquhar et al

35 (1983).) Pharm. Sci. 72: 324; also US Patent Nos. 4816570, 4968788, 5663159 and
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Oor0 The chiral carbon of the amno acid and | actate noieties may be either
the Ror S configuration or the racernic m xture. RY y2 0 15wherein each
Y2 is, i msependsssiiy, -0- or -NH. |In another aspect of PChits2@nbediinent, RY
is (C-C8) alkyl, (Cl1-C8) substituted al kyl, (C2-C8) al kenyl, (C2-C8) WO
2011/ 035231PCT/ US2010/ 049471 5substituted al kenyl, (C2-C8) al kynyl or
(C2-C8) substituted al kynyl. In another aspect of this enbodinent, RY is
(C1-C8) alkyl, (C1-C8) substituted alkyl, (C2-C8) alkenyl, (C2-C8)

subst it utﬁéaz”éﬂ&énybrtalp@Qm@gt)nda|op€§hwnvwwp@2p@1)ug§wg&yuIs pwéatal kynyl : and R

s CH3. |n another Y. I Cl-C8
substi tutpé}aSp %?yqlou'? R}ép/ée yffs%q?%g)bg'g}%%h@eglk/? L}éh%(ﬁph%eagly Y (C(2 C8) :
al kynyl %rc(sstaezﬁﬁ)ambﬂmabsﬁa ﬁ)tﬂnﬁa‘hcabkalmyd&val&wlﬁy%clomdinaﬁmffﬂ‘{e? is -NH. In

a aspect of this enbodj nent, d W2 _are, independently, nltrogen | i nked,
nat ur al | yﬂcbl@émlh’fr?@t%ﬁh‘ﬁélk%iicé’?oéyloﬁé%lbi’léﬁe{/(‘@E?E’E}?‘F? HRPHEIARI esterss.

In anot h%ral%?@a%%flab?fl%/t% }r&ﬂ@& o ggn he'co ?9%‘5 O@lﬁ?ef coh %Hggﬂthlsy

natural | y-occurring I oxy car |c a nat ura occurring
2- hydl()oxyn@ea;hbﬁxx&mlaxmplady asmmwm&eﬁensphaimwamhmt@owas linked to P

L5t ough e 2 NS Y, SRS WRim IS 15T SRS TR0, R B Fofimyh 1 Formura
pivaloyloxymethylcarbonate (POC) —CH,OC(=0)OC(CHa)s.
The phosphate group may be a phosphate prodrug moiety. The prodrug
moiety may be sensitive to hydrolysis, such as, but not limited to those comprising a
15 pivaloyloxymethyl carbonate (POC) or POM group. Alternatively, the prodrug
moiety may be sensitive to enzymatic potentiated cleavage, such as a lactate ester or a
phosphonamidate-ester group.
Aryl esters of phosphorus groups, especially phenyl esters, are reported to
enhance oral bioavailability (Delambert et al (1994) J. Med. Chem. 37: 498). Phenyl
20  esters containing a carboxylic ester ortho to the phosphate have also been described
(Khamnei and Torrence, (1996} J. Med. Chem. 39:4109-4115). Benzyl esters are
reported to generate the parent phosphonic acid. In some cases, substituents at the
ortho-or para-position may accelerate the hydrolysis. Benzyl analogs with an
acylated phenol or an alkylated phenol may generate the phenolic compound through
25  the action of enzymes, ¢.g. csterases, oxidases, etc., which in turn undergoes cleavage
at the benzylic C~O bond to generate the phosphoric acid and the quinone methide
intermediate. Examples of this class of prodrugs are described by Mitchell et al
(1992) J. Chem. Soc. Perkin Trans. I 2345; Brook et al WO 91/19721. Still other
benzylic prodrugs have been described containing a carboxylic ester-containing group
30 attached to the benzylic methylene (Glazier et al WO 91/19721). Thio-containing
prodrugs are reported to be useful for the intracellular delivery of phosphonate drugs.
These proesters contain an ethylthio group in which the thiol group is either esterified
with an acyl group or combined with another thiol group to form a disulfide.
Deesterification or reduction of the disulfide generates the free thio intermediate

35  which subsequently breaks down to the phosphoric acid and episulfide (Puech et al
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[1l is substructure: 0 Rx o In one aspect of this enbodi nent, each Rx
I's, independently, (CI-C8) alkyl. In another 20aspect of this enbodi nent,
each | e iwp2ondspsmdent | y, C6-C20 aryl or C6-C20 substi raras2@ophes7i n a
preferred enbodi nent, w2 is selected from 0 110 ----P w5 Anot her

enbodi nent of w2of Formulas I-111 is substructure w2 10 wherein WL and W2
are independently selected fromone of the formulas in Tables 20.1-20.37
and Table 30.1 below. The variables used in Tables 20.1-20.37 (e.g., W3,
R21, &t c.(l9pBrdraivirabiidsy, 2201 TabT4e Beddarip-2@1 3P0 uhlMss Cobheiinidges) ndi cat ed.

Th i | i Tabl 20. 1.t 0.37 .h t he f | i definiti :
T B R RSt ot Db e Rizihed B3 e akpho oo bndent 1y i
glz R23 Qhtditads Whep&inds eagdh 824 Usrhbsepsndenidy. substituted with 0 to 3

It is to be noted that all enantiomers, diastereomers, and racemic mixtures,

tautomers, polymorphs, pseudopolymorphs of compounds within the scope of

10 Formula I, Formula I, or Formula III and pharmaceutically acceptable salts thereof
are embraced by the present invention. All mixtures of such enantiomers and
diastereomers are within the scope of the present invention.

A compound of Formula I-III and its pharmaceutically acceptable salts may
exist as different polymorphs or pseudopolymorphs. As used herein, crystalline

15  polymorphism means the ability of a crystalline compound to exist in different crystal
structures. 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

20 compound to exist in different crystal structures. The pseudopolymorphs of the
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 Formula I-111

25  and their pharmaceutically acceptable salts.

A compound of Formula I-1II and its pharmaceutically acceptable salts may
also exist as an amorphous solid. As used herein, an amorphous solid is a solid in
which there is no long-range order of the positions of the atoms in the solid. This
definition applies as well when the crystal size is two nanometers or less. Additives,

30 including solvents, may be used to create the amorphous forms of the instant
invention. The instant invention comprises all amorphous forms of the compounds of
Formula [-I1I and their pharmaceutically acceptable salts.

Selected substituents comprising the compounds of Formula I-1I1 are present
to a recursive degree. In this context, “recursive substituent” means that a substituent

35 may rectte another instance of itself. Because of the recursive nature of such
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Seach R23 is independently R23a, R23b, R23c or 2 d R 3-, provided that when
R23 is bound to a heteroatom then R23 is R3c or R23d; each R231 is

i ndependewOl2911®353, Br, |, -CN, N3 or -NO2; each R2311Ppc3/usedependent |y
Y21; each R23e is independently -R2x, -N(R2x)(R2x), -SR2x, -$S(0)R2x,

-S(0) 2R2x, 10S(0) (OR2x), -S(0)2(0R2x), -0C(---Y21)R2x, -0C(=Y21)0R2x,
-0C(=Y21) (N(R2x) (R2K)), Y21)R2x, _sc(_y21)0R2x, _sq_y21)(N(R2x)(R2x));
_N(R2x) c( y21) R2x; N(R2x, .)u( Y21)0R2x, or -N(R2x)C(=Y21) (N(R2x) (R2x)) ;
each R23dsibstifubsiepradeitally, « fgemmt dRDmpouslls 1dF b0 RAXcin any given
c(_y21) (N( R2x ,(RZg; 15each R2x is i ndgpend_ent |y H &)QKB:CS) al kyl,

( C2- C8) al Rebgimeptcdorgyammle. Ry comyriges 2 Retwdbsiaey) :R'gen paik. B gan bken toget her
wi th a ni{pogen ¥ ‘ r . v 7 ere

het er ocyc}/\if bgficnatél%\?\hwgr g@n%%“gﬁgAE%?@B?%?%%&%F’E@é’%gﬂg?@oc% :Jg ring can
opt i onal | yrdbery &l acidd avidfmedzinal cemiotry uiNR2btandsahg thderg inombdaecofor nor e of

th -t | . o) t f each said (G -C8)al kyl may be 20optionally
opl aced HeF AVLRHIERSaS FgronaRa DR e R oAb P - C3) al Ky
(C2- CB) al frenvbd, Qlch(hepdrBasahbuay *gy gﬁggg eBa%ﬁlalle%na agggﬁng%t, psfysfé%ﬂ wher ei n

each R24 is substituted with Ot groups; each R25a I ndependent | y
( Ci - C8) al kybaties sucltas C8)ahlae myel ghnesplubility GRlogds @B)ladakiymptopasicanychase of

\é\lhui)(S:PI tSﬁ![ %C&I(f% %%%S??]kﬂélﬁg?}g?%%%},%é %lrakc o lp?gp%ﬁ'tigsrsuc(,}?és; eaggz)? slsyi1<1¥hrt]3>slljs.e ne s

By way of example and not limitation, W and RY are recursive substituents in
certain embodiments. Typically, each recursive substituent can independently occur

15 20,19,18,17,16, 15,14, 13,12, 11, 10,9,8,7,6, 5,4, 3,2, 1, or 0, times in a given
embodiment. More typically, each recursive substituent can independently occur 12
or fewer times in a given embodiment. Even more typically, each recursive
substituent can independently occur 3 or fewer times in a given embodiment. For
example, W* will occur 0 to 8 times, RY will occur 0 1o 6 times in a given

20 embodiment. Even more typically, W? will occur 0 to 6 times and RY will occur 0 to 4
times in a given embodiment.

Recursive substituents are an intended aspect of the invention. One of
ordinary skill in the art of medicinal chemistry understands the versatility of such
substituents. To the degree that recursive substituents are present in an embodiment

25  ofthe invention, the total number will be determined as set forth above.

The modifier "about” used in connection with a quantity is inclusive of the

stated value and has the meaning dictated by the context (e.g., includes the degree of

error associated with measurement of the particular quantity).

The compounds of the Formula I-11I may comprise a phosphate group as R’,

30 which may be a prodrug moiety w? wherein each Y or Y' i,
independently, O, S, NR, "N(O)(R}, N(OR), "N(O)}(OR), or N~NR»; W' and W2,

when taken together, are =Y (C(R¥),);Y’-; or one of W' or W? together with either
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each W23 is independently w24 w25; each W24 is independently R25,
-C(..... x21) R25, @ =y21)w25, S02R25, or - S2W25; 30each W25 is

i ndependewdl29110Bs130cycl e or heterocycle wherein VW25 i s ipadasendond7y
substituted with O to 3 R22 groups; and each Y2l is independently O or S
WD 2011/ 035231PCT/ US2010/ 049471 5Table 20.1 R24 23 0 CH3 000 456 00

5  RlorR%is—Y*- and the other of W' or W* is Formula Ia; or W' and W are each,

independently, a group of Formula Ta:

wherein:
each Y is independently a bond, O, CR3, NR, "N(O)R), N(OR), "N(O)(OR),
10 N-NR,, §, §-8, 5(0), or S{O)2;
cach Y'is independently O, S, or NR;
M2is0,1or2;
each RY is independently H, F, CI, Br, I, OH, R, -C(=Y R, -C(=Y"OR, -
C(=Y"N(R)z, -N(R)2, - N(R)3, -SR, -S(O}R, -S(O)2R, -S(O)(OR), -S(0)z(OR), -

15 OC(=Y"R, -OC(=Y"OR, -OC(=Y"Y(N(R)2), -SC(=Y'R, -SC(=Y"OR, -
SCEYHINR)), -NR)C(EYHR, -NR)C(=YHOR, or -N(R)C(=Y")N(R)s, —=SO:NR>,
~CN, —N3, -NO,, —OR, a protecting group or W*; or when taken together, two R on
the same carbon atom form a carbocyclic ring of 3 to 7 carbon atoms;

each R* is independently R”, a protecting group, or the formula:

Y RY Y’
¥
“ v’ v? Y? i
\

Ry
20 M1a M12c Mic M1d

wherein:

Mitia, Mlc, and Mid are independently 0 or 1;

M12cis0,1,2,3,4,56,7,8,9,10,11 or 12;

each R is H, halogen, (C-Cg) alkyl, (C,-Cy) substituted alkyl, (C,-Cy) alkenyl,
25 {C,-Cyg) substituted alkenyl, (Co-Cg) alkynyl, (C2-Cy) substituted alkynyl, Ce—Cay arvl,
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78 Table 20.2 CH3 cr---0CH3 O0CH3 910 CH3 CH3 0 11 WO
2011/ 035231PCT/ US2010/ 049471 5Table 20.3 CH3CH3CH3 R25 0 121314 CH3CH3CH3
Oet 0 R21H9CH811036231 PCT/US2010/049471

3 CgCyy substituted aryl, Cy~Cyg heterocycle, Co—-Cag substituted heterocycelyl,
arylalkyl, substituted arylalkyl or a protecting group;
W is W or W' Whis R, -C(Y"RY, -C(Y")YW’, -SO,R?, or -SO,W”; and W’ is
a carbocycle or a heterocycle wherein W is independently substituted with 0 to 3 R”
groups.

10 W? carbocycles and W heterocycles may be independently substituted with 0
to 3 RY groups. W° may be a saturated, unsaturated or aromatic ring comprising a
mono- or bicyclic carbocycle or heterocycle. W’ may have 3 to 10 ring atoms, e.g., 3
to 7 ring atoms. The W’ rings are saturated when containing 3 ring atoms, saturated
or mono-unsaturated when containing 4 ring atoms, saturated, or mono- or di-

15 unsaturated when containing 5 ring atoms, and saturated, mono- or di-unsaturated, or
aromatic when containing 6 ring atoms.

A W heterocycle may be a monocycle having 3 to 7 ring members (2 to 6
carbon atoms and 1 to 3 heteroatoms selected from N, O, P, and S) or a bicycle having
7 to 10 ring members (4 to 9 carbon atoms and 1 to 3 heteroatoms selected from N, O,

20 P, and S). W heterocyclic monocycles may have 3 to 6 ring atoms (2 to 5 carbon
atoms and 1 to 2 heteroatoms selected from N, O, and S); or 5 or 6 ring atoms (3 to 5
carbon atoms and 1 to 2 heteroatoms selected from N and S). W’ heterocycelic
bicycles have 7 to 10 ring atoms (6 to 9 carbon atoms and 1 to 2 heteroatoms selected
from N, O, and S) arranged as a bicyclo [4,5], [5,5], [5,6], or [6,6] system; or 9 to 10

25 ring atoms (8 to 9 carbon atoms and 1 to 2 hetero atoms selected from N and S)
arranged as a bicyclo [5,6] or [6,6] system. The W? heterocyele may be bonded to Y-
through a carbon, nitrogen, sulfur or other atom by a stable covalent bond.

W heterocycles inciude for example, pyridyl, dihydropyridyl isomers,
piperidine, pyridazinyl, pyrimidinyl, pyrazinyl, s-triazinyl, oxazolyl, imidazolyl,

30  thiazolyl, isoxazolyl, pyrazolyl, isothiazolyi, furanyl, thiofuranyl, thienyl, and

pyrrolyl. W also includes, but is not limited to, examples such as:
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W carbocycles and heterocycles may be independently substituted with 0 to 3
R groups, as defined above. For example, substituted W carbocycles include:
OH
/ Cl
NL_\
Ci
N O
N/ NH.,
{ N ¢ < >
\_/" ¢
R
R {—N S [
{ —N 0 ¢ —N SO,
10 __/ N _/

Examples of substituted phenyl carbocycles include:
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|
W1///P :
Embodiments of w2 of Formula I-11T compounds include
substructures such as:
O

10 R*
wherein each Y" is, independently, O or N(R). In another aspect of this embodiment,

each Y is O and each R*is independently:

wherein M12cis 1, 2 or 3 and each Y? is independently a bond, O, CR,, or S. In
15 another aspect of this embodiment, one Y*°-R* is NH(R) and the other Y*"-R* is O-R*

wherein R” is:
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S CRj

5 M12¢

wherein M12¢ is 2. In another aspect of this embodiment, each Y*° is O and each R

S CR3

M12¢

is independently:

wherein M12c¢ is 2. In another aspect of this embodiment, each Y*" is O and each R*

10 isindependently:

I
w? /
Other embodiments of w? of Formulas I-III compounds include
15 substructures such as:
RY
Y3

N\
iLi/ \Y3 RY

re' R
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5  wherein each Y® is, independently, O or N(R). In another aspect of this embodiment,

each Y? is O. In another aspect of this embodiment, the substructure is:

i
v N

RY
wherein RY is W as defined herein.
Y
i
W1/Pw§
10 Another embodiment of w2 of Formula I-1H1 includes the

substructures:

0 Y2
] /%‘/ Ry
R
« \ O
YQC*-._WS
wherein each Y*° is, independently, O, N(R¥) or S.

Y
i

Another embodiment of w? of Formula I-III compounds

Wi

15 includes the substructures wherein one of W' or W” together with either R’ or R* is —
Y?- and the other of W' or W* is Formula Ia. Such an embodiment is represented by a

compound of Formula Ib selected from:
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Formula Ib

In another aspect of the embodiment of Formula Ib, each Y and Y is O. In another
aspect of the embodiment of Formula Ib, W' or W?is YZb—RX; each Y, Y and Y is O

and R*is:

wherein M12¢ is 1, 2 or 3 and each Y? is independently a bond, O, CR;, or S. In

another aspect of the embodiment of Formula Tb, W!or Wis YwaR"; each Y, Y* and

Y is O and R¥is:
S CR3

wherein M12¢ is 2. In another aspect of the embodiment of Formula Ib, W' or W* is

Y?.R* each Y, Y’ and Y** is O and R* is:
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Another embodiment of w? of Formula I-I11 compounds
10 includes a substructure:
i
R R*
ks ¥2
W5
YZ/

wherein W* is a carbocycle such as phenyl or substituted phenyl. In another aspect of

this embodiment, the substructure is:

AN
| (Rlos
A0 wr
‘L)l/ F’\ o
Y
OR
O

15 wherein Y*" is O or N(R) and the phenyl carbocycle is substituted with 0 to 3 R

groups. In another aspect of this embodiment of the substructure, R* is:
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WO 2011/035231 PCT/US2010/049471
R R Q
Y2 Y?
5 M12¢

wherein M12¢is 1, 2 or 3 and each Y?is independently a bond, O, CR», or S.

Y
I
W‘}/P g
Another embodiment of w2 of Formula I-I1I includes
substructure:
N N
‘ (RV)g.3 l (R)o.3
P _F
Q 0 cHs QO CH,
SN k5
N OR O OR
10 O or

The chiral carbon of the amino acid and lactate moieties may be either the R or §

configuration or the racemic mixture.

Y
|
W1///P é
Another embodiment of w2 of Formula I-1H is substructure
R
O O
EI:]} v /‘\N/ ~Ry
e o)

L -2

15 wherein each Y7 is, independently, ~O- or -NH-. In another aspect of this

embodiment, R is (C,-Cyg) alkyl, (C-Cs) substituted alkyl, (C,-Cy) alkenyl, (Co-Cs)
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>

10

15

20

substituted alkenyl, (C,-Cg) alkynyl or (C»-Cyg) substituted alkynyl. In another aspect
of this embodiment, R? is (C,-C;) alkyl, (C;-Cy) substituted alkyl, (C>-Cs) alkenyl,
(C5-Cy) substituted alkenyl, (C,-Cy) alkynyl or {C2-Cy) substituted alkynyl; and R is
CHs;. In another aspect of this embodiment, RY is (C-Cy) alkyl, {C,-Cs) substituted
alkyl, (C5-Cy) alkenyl, (C2-Cy) substituted alkenyl, (C5-Cyg) alkynyl or (Co-Cs)
substituted alkynyl; R is CHj; and each Y?is-NH-. Ina aspect of this embodiment,
W' and W are, independently, nitrogen-linked, naturally oceurring amino acids or
naturally occurring amino acid esters. In another aspect of this embodiment, W' and
W* are, independently, naturally-occurring 2-hydroxy carboxylic acids or naturally-
occurring 2-hydroxy carboxylic acid esters wherein the acid or ester is linked to P

through the 2-hydroxy group.

|
W?/-//p é
Another embodiment of w2 of Formula I, Formula II, or Formula
II1 is substructure:
wa—tltlv Rx
% ‘\O/

@)
\Rx
In one aspect of this embodiment, each R” is, independently, (C,-Cs) alkyl. In another
aspect of this embodiment, each R” is, independently, C¢-Cag aryl or C4-Cag
substituted aryl.

In a preferred embodiment,

0

I

vw”/Pwmg

W2

is selected from
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W23R25R25 R 1Nw23 ?NR25 | - OH OH 0 868788 R25R25 ?? R24
WO 2011/035231 PCT/US2010/049471
O O
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5 &) ; O ;
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| A AR 0
/
" ° [
CH3 P/
o é’/
N \
| o
N
(R)ﬂ or W5
Y
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Another embodiment of W2 of Formulas 1-I11 is substructure

10 wherein W' and W are independently selected from one of the formulas in Tables
20.1-20.37 and Table 30.1 below. The variables used in Tables 20.1-20.37 (e.g., W™,
R?', ete.) pertain only to Tables 20.1-20.37, unless otherwise indicated.
The variables used in Tables 20.1 to 20.37 have the following definitions:
each R” is independently H or (C;-Cg)alkyl;
15 each R” is independently H, R*!, R* or R* wherein each R** is independently

substituted with 0 to 3 R* ;
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5 each R™ is independently R™*, R**®, R*® or R*", provided that when R* is
bound to a heteroatom, then R* is R**¢ or R?Y;
cach R™ is independently F, C1, Br, I, -CN, N; or -NO»;
each R* is independently Y*!;
each R™ is independently -R™, -N(R™HR™), -SR™, -S(O)R™, -S(0),R*, -

10 S(O)OR™), -S(O)(OR™), -OC(=Y*HR™, -0C(=Y?YOR™, -OC(=Y Y NR™HR™),
SC (:YZI)sz, -SC(:YZ])ORZX, _SC(:YEI.)(N(REX) (sz))’ -N(REX)C(:YEI)RZK, )
NR™)C(=Y")OR™, or -NR™)IC(=Y NNR™R™) ;

each R is independently -C(=Y*)R™, -C(=Y*")OR™ or -
CEYHNR™R™);

15 each R* is mdependently H, (C-Cyglalkyl, (C;-Cylalkenyl, (Cyo-Cs)alkynyl,
aryl, heteroaryl; or two R™ taken together with a nitrogen to which they are both
attached form a 3 to 7 membered heterocyclic ring wherein any one carbon atom of
said heterocyclic ring can optionally be replaced with -O-, -S- or -NR*'-: and wherein
one or more of the non-terminal carbon atoms of each said (C,-Cg)alkyl may be

20  optionally replaced with -O-, -S- or =NR*'-;

each R™ is independently (C;-Cg)alkyl, (Co-Cglalkenyl, or (C5-Cy)alkynyl;

each R” is independently R** wherein each R** is substituted with 0 to 3 R*
groups;

each R* is independently (C,-Cg)alkylene, (C,-Cs)alkenylene, or (Cs-

25  Cy)alkynylene any one of which said (C;-Cylalkylene, (Ca-Cy)alkenylene, or (C;-

Cg)alkynylene is substituted with 0-3 R™ groups;

each W is independently W or W,

each W** is independently R™, -C(=Y*" )R, -C(=Y*"YW*, -SO,R™, or -
SO, W

30 each W’ is independently carbocycle or heterocycle wherein W™ is
independently substituted with 0 to 3 R* groups; and

each Y*' is independently O or S.
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Embodiments of R include esters, carbamates, carbonates, thioesters, amides,
thioamides, and urea groups:
R R R R ]
Y
Y2 )J\ - Ry
\ R \ Y2 Y2
M12a Y1 and M12a
10 Any reference to the compounds of the invention described heerein also

includes a reference to a physiologically acceptable salt thereof. Examples of
physiologically acceptable salts of the compounds of the invention include salts

derived from an appropriate base, such as an alkali metal or an alkaline earth (for

example, Na™, Lit, K™ Ca™2 and Mg+2), ammonium and NR, (wherein R is

15 defined herein). Physiologically acceptable salts of a nitrogen atom or an amino
group include (a) acid addition salts formed with inorganic acids, for example,
hydrochloric acid, hydrobromic acid, sulfuric acid, sulfamic acids, phosphoric acid,
nitric acid and the like; (b) salts formed with organic acids such as, for example,
acetic acid, oxalic acid, tartaric acid, succinic acid, maleic acid, fumaric acid, gluconic

20 acid, citric acid, malic acid, ascorbic acid, benzoic acid, isethionic acid, lactobionic
acid, tannic acid, palmitic acid, alginic acid, polyglutamic acid, naphthalenesulfonic
acid, methanesulfonic acid, p-toluenesulfonic acid, benzenesulfonic acid,
naphthalenedisulfonic acid, polygalacturonic acid, malonic acid, sulfosalicylic acid,
glyeolic acid, 2-hydroxy-3-naphthoate, pamoate, salicylic acid, stearic acid, phthalic

25 acid, mandelic acid, lactic acid, ethanesulfonic acid, lysine, arginine, glutamic acid,
glycine, serine, threonine, alanine, isoleucine, leucine and the like; and (c¢) salts
formed from elemental anions for example, chlorine, bromine, and iodine.
Physiologically acceptable salts of a compound of a hydroxy group include the anion
of said compound in combination with a suitable cation such as Na~ and NRy".

30 For therapeutic use, salts of active ingredients of the compounds of the

invention will be physiologically acceptable, i.e. they will be salts derived from a
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Enbodi ments of Rx include esters, carbamates, carbonates, thioesters,

am des, twpaanm3es1 and urea groups: 10Any r ef er encepto/ush@ooerspounds of
t he invention described heerein al so

5 physiologically acceptable acid or base. However, salts of acids or bases which are
not physiologically acceptable may also find use, for example, in the preparation or
purification of a physiologically acceptable compound. All salts, whether or not
derived form a physiologically acceptable acid or base, are within the scope of the
present invention.

10 Finally, it is to be understood that the compositions herein comprise
compounds of the invention in their un-ionized, as well as zwitterionic form, and
combinations with stoichiometric amounts of water as in hydrates.

The compounds of the invention, exemplified by Formula I-11 may have
chiral centers, e.g. chiral carbon or phosphorus atoms. The compounds of the

15  invention thus include racemic mixtures of all stereoisomers, including enantiomers,
diastereomers, and atropisomers. In addition, the compounds of the invention include
enriched or resolved optical isomers at any or all asymmetric, chiral atoms. In other
words, the chiral centers apparent from the depictions are provided as the chiral
isomers or racemic mixtures. Both racemic and diastereomeric mixtures, as well as

20  the individual optical isomers isolated or synthesized, substantially free of their
enantiomeric or diastereomeric partners, are all within the scope of the invention. The
racemic mixtures are separated into their individual, substantially optically pure
isomers through well-known techniques such as, for example, the separation of
diastereomeric salts formed with optically active adjuncts, e.g., acids or bases

25  followed by conversion back to the optically active substances. In most instances, the
desired optical isomer is synthesized by means of stereospecific reactions, beginning
with the appropriate stereoisomer of the desired starting maternial.

The term "chiral" refers to molecules which have the property of non-
superimposability of the mirror image partner, while the term "achiral” refers to

30 molecules which are superimposable on their mirror image partner.

The term "stereoisomers” refers to compounds which have identical chemical
constitution, but differ with regard to the arrangement of the atoms or groups in space.

"Diastereomer” refers to a stereoisomer with two or more centers of chirality
and whose molecules are not mirror images of one another. Diastercomers have

35  different physical properties, e.g. melting points, boiling points, spectral properties,
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includes a reference to a physiologically acceptable salt thereof. Exanples
of physiologically acceptable salts of the conpounds of the invention

i ncl ude swbte1idssizred from an appropri ate base, such aspam/iasbkalososnet al or
an al kaline earth (for exanple, Na+, Li+, K+, Ca+2 and My+2), ammoni um and
NR4+ (wherein R is 15defined herein). Physiologically acceptable salts of a
nitrogen atomor an am no group include (a) acid addition salts formed with
inorganic acids, for exanple, hydrochloric acid, hydrobronic acid, sulfuric
aci d, ssul ] j.ds ke; (b) salts
forme w{nﬁ%%gg%fleg g%?%g&%g IS&}C% 5 mgig%fat@ﬁ%%é? ﬁg rg%)l J dnoxal ic acid,
tartaric zamlyﬁipaiqm@ccedmes sadhi b elermbmcﬁem:amﬂ, clfrmmgmphjal d, gluconic 20acid,
citric acid, ic.acid, ascorbic acid, benzoic acwf et hi oni ¢ aci d,

| act obi oni ¢ aci-dA R cfegeé IV sipEPISPRRe G ¢, CoRPg &’h’ég At "Pol ygl ut ami ¢

aci d, naphbbahsnesidlhionl makk dr ofeidsapesul foni c acid, p-tol uenesul fonic
aci d, benzenesul fonic acid, naphthal enedi sul fonic aC|d pol ygal act uroni c
aci d, mal oni ¢ Heiedchesu¢dl dghubitiond dnd capiantiogs y@dlheoenagclttraﬁy follow S. P.

2 M gl et L BTl & s Ry i e,

gl utam c E&hghn Nyﬁlmzc asﬂrmnae E. Tahdi amunns,, SedradthBRistySFlebglioe, |euci ne and
the like; and (c) salts formed from el enental ani ons for exanpl e, chlori ne,

br oni ne, Eamwdﬁ6&94]2@1@%1@@&6?&1%ﬁnaeNém‘é%‘ke Maivrgessc wmm@and of a
hyd th
o BN BSOS 00, B, LSRR GRELOSERRLN 0 2

i ngr edi erﬁ(ﬁaeredh@Et d@ﬂemmhdfg afoptibgly mieabompowd thet;ﬁefpmzsj atdoigbeRrl |y
acceptable i be salts derived fro

2011/ éBSﬂﬂFSCﬁYF B@ﬁd@@ﬁ@%gmabﬁﬂﬁgﬁsqoaﬁsg}%% P";/thaéitfé‘fﬂ“&’cﬂbé’“é’& it base.
However, dé) theﬂﬁlsﬁées‘af anlaqslgsdnm' ﬁlh(@affd tareoé?ﬁ{ b 409146 Fﬁ&{e geceptabl e

may alsofln use, exanple, 1nt rep atlo puriffcation of a
physi ol ogslgxadaﬂrystaaomeﬁplabé—pokanmqmﬁugmbyﬂdd cogglosd, mﬁeSHe} oof nmeatinderi ved form

a physi ol ally acceptabl e acid.or base, are w e scqpe of the

o Doent IHRE FateDgR KPR il GApR B GRS ST O TS onposi i ons
herein C%Erb%@at&?r”@%k‘&%ﬁzeﬁfch&ﬁfeal' Rk, sk @teiéa%ofnewarb@dyna@ﬁ as well as
zwitterionic form and conbinations with stoichionetric ambunts of water as

i n hyldr atexsept that they‘ﬁh@mmmmacﬁsofmnetah@thﬁmv%ﬁpaccﬁp %t@iﬁelﬁwmmexjdlbﬁy For mul a
1-111 may hiral cen ar bon_or rus atons. The

h
conpounasarisa (& ERRTERS: afLOmilitiid s SELRRE T A EDOgH |
st er eoi sof@fitSomérNChik@irg ASTRAS MRS, 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
25  T"racemate"” refer to an equimolar mixture of two enantiomeric species, devoid of
optical activity,
Whenever a compound described herein is substituted with more than one of
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

30 lines,

, 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 1n 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-amine

35  tautomers can exist for purine, pyrimidine, imidazole, guanidine, amidine, and
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di astereoners, and atropisoners. In addition, the conpounds of the

i nvention include enriched or resolved optical isoners at any or al
asynmet r iwp 20hiv3ads1at ons. I n ot her words, the chiral cercens2@appagsent from
the depictions are provided as the chiral isonmers or racem c m xtures. Both
racem c and di astereoneric m xtures, as well as 20the individual optical

i soners isolated or synthesized, substantially free of their enantioneric
or diastereoneric partners, are all within the scope of the invention. The
racems Mexhil@$ysRihR HERAMBILHJsTH Orahldickic ifRigh Vireathin ®bb&IpaREHR! | Y
optically pure isoners through well-known techniques such as, for exanple,
t he separ@vé®ivnof di astereoneric salts forned with optically active

adj uncts, e.qg. I: Qr, es, 25 fol by ¢ r.sh on,.back to the
optically acti@%ggﬂ@%Pgﬁggéf“ﬁ%r%% ?Z%ﬁ%f%ﬁgég?ﬁﬁﬁgiﬁg%fﬂ%ﬁz%ﬁtical i somer
i s synt heshides| Ry-flieaastiratinsliefiGOsPET] 2,4 eackhe,ond [ 1, begianiioe,wi t h t he
appropriate stereoi soner of the desired starting material. The term
"chiral " HBtetErigznepIckesidescafienh hiavemers fpmpdior gxapple, but not by

nons ri i) i i et rm"achiral ™"
rot or 1 o g Pttty Shuiies Bl bRl A el i 87 g
partner. shownbelkive term "stereoi soners” refers to conpounds whi ch have

i dentical chem cal constitution, but differ with regard to the arrangenent
of the atons or groups in space. "Di astereonerf] refers to a

stereoi soner with two or norelcenters of chiraljty and whose nol ecules are
not mrror inmages of o t heny Di ast ereoner e j fferent physi cal

properties, e.g. neltixtg poi nts,| boimgpoi Mm%, pea;&gl properties, WO
2011/035231PCT/U82010/6§94Wl\ reactivities: of diastereoners
may separate under hignwresolﬁtionﬁanalytical rocedires 8Buch as

el ectrophoresi s and chromat ogr aphy. "Enantioners" refer to two

st ereoi soners of a conpound whi ch are non-superinmposable mrror inmages of
one anot her. Stereochem cal definitions and conventijons used herein
generally follow S. P. Parker, Ed., MGawHi || Dictionary of Chem ca
Ternms (1984) MG aw Hil} any, New York;=gnhd iel, E and WI en,
S., Stereochem stry ofX@?g ni c npeeras=t19 John Wley & Sons, Inc.,
New Yor k. Many organicégfﬁﬁbu xi st in opti Wy\ /£ folins, i.e.,
they have the ability rot at'e t h&Mpl ane of pf.ane-pol arized light. In
describing an optically active conpound, the prefixes Dand L or R 15and S
are used to denote the absolute configuration of the nolecule about its
chiral center(s). The prefixé¥d and 1, D and L, or ) and (-) are

enpl oyed to designate thg sign of rotation of plane-polarized light by the
conpound, with S. (-), 0B Ri ng that the gg N§ | evorotatory while
a conmpound prefixed wixth Rf (+), or=e==s"dextyzorotatory. For a given

chem cal structure, th Ntereeisonmers are i Ncal = %fcept t hat they
are mrror inages of onf anotMer. M specific §M§reoﬂﬁoneﬂ?nay al so

a b,
All possible tautomeric forms of the heterocycles in all of the embodiments disclosed

15 herein are within the scope of the invention.

Methods of Inhibition of HCV polvmerase

Another aspect of the invention relates to methods of inhibiting the activity of
HCYV polymerase comprising the step of treating a sample suspected of containing
HCYV with a composition of the invention.
20 Compositions of the invention may act as inhibitors of HCV polymerase , as

intermediates for such inhibitors or have other utilities as described below. The
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be referred to as an enantioner, and a m xture of such isoners is often
called an enantioneric m xture. A 50:50 m xture of enantionmers is referred
to as a rwoeniie3si3tture or a racemate, which nmay occur woens2elers7has been
no stereoselection or stereospecificity in a chem cal reaction or process.
The terns "racem c mxture" and 25"racemate” refer to an equinolar m xture
of two enantioneric species, devoid of optical activity. Whenever a
conmpound descri bed herein is substituted with nore than one of the sane

desi gnat e d 18 "R "R1" .t hen i j . r d that the
ar oups g LSt ifl o JoioRt op Bk surbbESH ihis by oBRCVIRRAGERE ont 1y
sel ect ed. haddnya gébnbdtmyamique to HOM pelahrerdshe Ginisdfone bindlrgiiClond att achnment s
to the adjqining substructures, groups, noieties, or atons. The
conpoundsPRFPERE Prvatid B CaRIng Crer oS tovasiia dhers ©HRbA s i n certain
cases. A LiagRuBRlYiaANErAelkafdhicaat CERANRANGE: SIdiHEN LRI depi cted,
all such for are contenplated within the scope of the invention. For
exanpl e, emexam Mncdbbaletlotre ssbstatiabx irstvefsdty pundingssonppsitiongdarae, i m dazol e,

guani gj ne idine, and WD 2011 31PCT/ US2Q10/ Q49471 Stetrazol e systens
and it "Dise =hBEEeL RE AR REPT DR HETEFES wCRPH e TACBBE BT t he

i nvent i ONe|£RQ0 PhthddUf HRedth 1Y pMyherkRCRONIADIE NRbedt®Pof containing
pyn-ol0[1,2-11H1,2,4]tr|azyne, imdazo[1,5-f][1,2,4]triazine,

i m dazo[ 1HEVipqlumerasy cempisingthegiags pf, ikadlg » sanok ofpeded pf fantdniakt ri azi ne
nucl eosi an exist i.h tautoneric forms. For _exa . but . nat by 10way of
o tart e vaRuER R . e Re SodiiBe a SBuROR Wb RiRufidiedY or e as

shown bel ©@w aBd); and obséingRRssfifddk 6f thayh@prRinthé QfivBLy ff tidiebdiesenatycl es in
all of the enbodi nents disclosed 15herein are within the scope of the

i nveniti onfabieersow] lrovmninitis dipgnestes fidbapbinghide swbledirsimdicalaspect of the
I nventi ongf&hdterss, Fi TRRORLSerdlmbd b Bh hbRB S Gt AGLbYAYcrPmogens.

The compounds herein are labeled in conventional fashion using functional groups
such as hydroxyl, carboxyl, sulthydryl or amino.
Within the context of the invention, samples suspected of containing HCV

20 polymerase 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, particularly recombinant cells synthesizing a desired glycoprotein; and the

25  like. Typically the sample will be suspected of containing an organism which
produces HCV polymerase , frequently a pathogenic organism such as HCV.

Samples can be contained in any medium including water and organic solvent\water
mixtures. Samples include living organisms such as humans, and man made materials
such as cell cultures.

30 The treating step of the invention comprises adding the composition of the
mvention to the sample or 1t comprises adding a precursor of the composition to the
sample. The addition step comprises any method of administration as described
above.

If desired, the activity of HCV polymerase after application of the composition

35  canbe observed by any method including direct and indirect methods of detecting
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HCV pol ynerase conprising the step of treating a sanple suspected of
containing HCV with a conposition of the invention. 20Conpositions of the
i nvent i orworayg11ass23as i nhi bitors of HCV pol ynerase , as ipordarsewmdioaddes for
such inhibitors or have other utilities as described below. The WO

2011/ 035231PCT/ US2010/ 049471 5inhibitors will bind to | ocations on the
surface or in a cavity of HCV polym erase having a geonetry uni que to HCV
pol yner ase . Cbnpositions bi ndi ng HCV pol ynerase may bind with varying
degre oo T i i
rrever st Bry LSRR ¥ AR QR B8 R HARERTL bR o et o,
Once | abeﬂa&;nlhlhg I pbBfictaE hytidity 2y ell sbhbkyiphtadd i Tigicalnpas bi ﬂh@ns are
10useful as probes for_ the detection of HCV pol ynerase . Accordingly, the
i nvent i onS¥EMigaEcthedsHepeEed aBpVerate app if'ﬁiglmweb@w Rercagethad sykanpl e
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e nl o Seneal Fisdmeing st & B wst B S PARIRar 8 BN oor ophor oe
radi oi sot QR&Sion ERZYIRSs oM. UM nescent groups and chronpbgens. The
conmpounds herein are | abeled in conventional fashion using functional
groups such asHhvdwmwyBm%@anggwypmnshKmhyﬁﬂyhmmbﬁmaﬁwowmvvth|n t he cont ext

f th d,of | ud
nat ural | of IS RAHE IR Grr SnaduAery Torng (B Dar Sl ST PR RS cert 1

cul tur es; mby abto@iredke FRNRLIESUIEHE Rssass. DRk 0QtdidlasdPdsesy @oukpbarhes (bl ood,
serum _urine, cerebrospinal fluid, tears, sputum saliva, tissue sanples
and the |wmé¥yspﬁﬁwmaﬁaﬂy sanpl es; food, water, or air sanples; bioproduct
sanpl es such as extracts of cells, particularly reconbi nant cells
synthe5|z$&gﬁ@£§§ﬁ ?ﬁgjﬁ£¥8§ﬂﬁﬁﬁﬁb& and the 75like. Typically the sanple
Il be rgani sm whi ch produces HCV pol ynerase ,
frequently a p@bmpgemhmcﬁﬂgﬂnb@mmﬁuﬁmamﬂﬂﬂ}&nﬁmhmhgadmagmhgnmonta|ned in
any nedi cludlng mate d organi c. sol vent| water m xtures. Sanples
i ncl ude Iuﬁ]g RPIOPEA Bhn Hav ktechiiguasdpy %L’élt‘ﬁﬁﬁ%zryﬂhq s such as

cel | cul té&l@ﬁ¥ %ﬂ%ﬁﬂ?tﬂerc%a{ekwtﬁé BRchor %Iéaw%eﬁlbeau&%% h8@scradiing the
conposition of the invention to the sanple of it conprises adding a

pr ec s or fopfnhilitog ofid 6 palpnemise thers ampéanpoFhiwnadidivting mhsbigpy conpri ses any

met hod of ac%gﬂly gl"estkgna éclre(:)erzllcg1 %()r%ec'\‘g\%{y zt;rqgvoabealn?positions having in vitro Ki

(inhibitory constants) of less then about 5 X 10-6 M, typically less than about 1 X 10

7'M and preferably less than about 5 X 10-8 M are preferred for in vivo use.
Useful in vitro screens have been described in detail and will not be elaborated

25 here. However, the examples describe suitable in vitro assays.

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

30  prepared in sterile form, and when intended for delivery by other than oral
administration generally will be isotonic. All formulations will optionally contain
excipients such as those set forth in the "Handbook of Pharmaceutical Excipients”

{1986). Excipients include ascorbic acid and other antioxidants, chelating agents such
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If desired, the activity of HCV pol ynerase after application of the
conposi tion 35can be observed by any nethod including direct and indirect
met hods obodetiessiamg WO 2011/ 035231PCT/ US2010/ 049471 SIRCY/USod1pea4as e
activity. Quantitative, qualitative, and sem quantitative nethods of
determ ning HCV pol ynerase activity are all contenplated. Typically one of
t he screeni ng net hods descri bed above are applied, however, any other

nmet hod such as observation of the physiol ogical properties of a |living

or ganig/m A Ph SOy 1]8){1%:&%%’%%}] %Sge%fr'%amﬂ%% Fc%ﬂ&l%E@ HCV pol yner ase i ncl ude

the HCV virus. The thi's | tion are useful in the
t r eat ment hyalroxypmtphyttaxicstiddseH@hriadcataridaths like A pilo$ therformulagems

However, in screenjng_conpounds capahl e of .inhibiting human

| munoder PERSHET ghiliade ‘?‘{tqgh%!l o bpeoah/ # b That the results of
enzyne assays WaleRat pSQIEITANR il DireeldieBldBY RInASRRYSR alditUsmad cel |
based assay shoul d be the 15primary screening tool. Screens for HCV

pol ymer aslke praferdhile mrigesent them as Ghbapostuticoh®rofilatihes. | Rventiveatiensebabr eened
for iqpib'tom¥,ac1iv%%¥ agai nst @ “.Foh¥nerase.q%tqn tof t he conventi onal
t echnique®” F P B PIALT AT BAZS T RS PV T PPRPR L HE RUHIENE of t he

I nvent i ONingfedRing Ak ko veQIFEREd, td RbRr ai@ dnle 08 Ino€ LReP@HIc2frRks thekfdi ti on of
HCV pol ynerase in vitro and conpositions showing inhibitory activity are

t hen scr etaptippillaethenthergpquicingredictynpbs tarriens hg) PagracePobleT @ Ki
i nhi bit : Quy 5. o ' | th
(R 0, S SRUSY ARS8 WAL RN B AmbpbEpld ¥ |eos thar

for in vipysiedeically innocuous toWsefetipidnnthérdof,0 screens have been described in
detail and will not be el aborated 25here. However, the exanpl es descri be

suitadl e in vithofoaarlayans ippudsmessiahle fpolhsiergesipg administration

routes. The formulations may conveniently be presented in unit dosage form and may
be prepared by any of the methods well known in the art of pharmacy. Techniques
and formulations generally are found in Remington's Pharmaceutical Sciences (Mack
Publishing Co., Easton, PA). Such methods include the step of bringing into

20 association the active ingredient with the carrier which constitutes one or more
accessory ingredients. In general the formulations are prepared by uniformly and
intimately bringing into association the active ingredient with liquid carriers or finely
divided solid carriers or both, and then, if necessary, shaping the product.

Formulations of the present invention suitable for oral administration may be

25 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 hiquid
emulsion or a water-in-oil liquid emulsion. The active ingredient may also be
administered as a bolus, electuary or paste.

30 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
active or dispersing agent. Molded tablets may be made by molding in a suitable

35  machine a mixture of the powdered active ingredient moistened with an inert liquid
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The conpounds of this invention are fornmulated with conventional carriers
and excipients, which will be selected in accord with ordinary practice.
Tabl et s wDIl2omiomsBiin exci pients, glidants, fillers, binaerasandosdael | ike.
Aqueous formul ati ons are 30prepared in sterile form and when intended for
delivery by other than oral adm nistration generally will be isotonic. Al
formulations will optionally contain excipients such as those set forth in
t he "Handbook of Pharnaceutical Excipients" (1986). Excipients include

2o aoid and oth cal Nelati
5011/ one Thistir A GR n AR R Fom P P AR T B T et an,
hydr oxyal é@ydsqu+&£dsze@w ly domatiall kaibave bheGetil ¢linefliensiiRedtiogn.aci d and the

i ke. The pH of the fornulations ranges fromabout 3 to about 11, but is
ordinarily abolftr irfegigonpmf the eye orgjer axtpimal Usspessee-speth ard siie thet i ve

e phar maanr Aar TR BRI SaGop L RrtR R ELEE BB RECECT nary

and for haumnes ingsaliemnfs) irhen ameen bf,dor eanpid, $6)7atto ReASH/ woliecladihg ¥@ive
ingredjent, gs above defined, together with one or nore acceptable carriers
t her ef'or Igﬁﬁﬁwaﬁﬁdﬁﬁfﬁfgfgf'd%qﬁwew%g%&agap/@-ﬂilﬁgﬁ@améﬁf 815 geffrdSer (s) nust
be "accepg.ahl 8w, o4 bﬁw,s%e.%,eprleferm 9 ;&95@%%%&1 Mbstt?héf&%b@td?ﬂo i ngredi ents

of the fornulation and physiol ogi ca i nnocuous to e recipient thereof.
15The f or Mk at'wor¥shémivhmdietadno se ostmerbihe attove inpedfcotsegmi rgeraenyed strati on

routes. The farnmul atipns may conveniently be presented i.n unit, K dosage form
and oy bEFEEAE YOS ) ST e HE R AORARRE P ek AT KT HBe A7 Cor

phar macy. ingRafnisaH8sbafembRidauh atctQRsw AR AL balih YAk rdathgdel N Remi ngton' s
Phar maceut 1 cal Sciences (Mack Publishing Co., Easton, PA). Such nethods

i ncl ufe t he stlégewfedpihicaghenysphass of Gresssersi heseomat ineludetforvexampdg. etli ent with
the carri i.ch,. constitutes on r _nmor ccessory ingrediients.. I n general
the Tor mirkt P OiraVar SPEPUMNES BP%afi ¢ Rt AR ERTRE Mt R eding i pto
associ at i gbupdciaas propyiengeBdbieBhtaid 1, B-didiOhhfniAr oiteios Pycetdingly di vi ded
solid carriers or both, and then, if necessary, shaping the product.

For mul at i Rstsetpflengeygs é@éhldiqgrf)\ﬁéﬁf‘f)@rﬁnéﬁiiifiﬁﬁ‘l’séhﬁ@?f- ortgltoRig#i ni strati on may
be 25pr esgihfdids ik SaLELE RILS: PUGT AR SARILBancC aRNERo0Y tabl et s each
r e active | ngredient;

containing a predeterm ned anount o as a powder or
gr anulles; peastraticsalftlte amivein@edicigplersglotheishinas ot @ffoded firedo NEagieaU S

liquid; or.a n ojl-in-water, |iqujd emulsion or a water-in-oil liquid

emul si on. OFFHED dEE Bef}eﬂaP@aFl@ﬁtmfﬁwcalﬁgﬁ%@g&oﬁﬁwﬁg@@@jfﬁ‘é@@% bol us,

el ectuar y;afogpaste. 30A tablet is nmade by conpression or nolding,
optionally wth one or nore accessory ingredients. Conpressed tablets may
be prepared byllsonprEwst afthe pmalsgis od Blieinvaethinneay hecastukd frongr edi ent in a

oo T LR, 35,5, Rore. 80, 1 Bmukes oLl snally Mxed @
di sperssi ngmagest otk e ttnbRh oS Bl eh® i(NBHAGabY BRpHLAG hikt@c DYkt abl e
least one emulsifier with a fat or an o1l or with both a fat and an oil. Preferably, a
hydrophilic emulsifier is included together with a lipophilic emulsifier which acts as a
stabilizer. It is also preferred to include both an oil and a fat. Together, the
emulsifier(s) with or without stabilizer(s) make up the so-called emulsifying wax, and
30 the wax together with the oil and fat make up the so-called emulsifying ointment base
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.

35 The choice of suitable oils or fats for the formulation is based on achieving the
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35machine a m xture of the powdered active ingredient noistened with an
inert liquid WD 2011/035231PCT/ US2010/ 049471 5di |l uent. The tablets may
opti onal lwyohetliosatzed or scored and optionally are fornulParas26i0/08s7t 0

provi de slow or controlled rel ease of the active ingredient therefrom

For infections of the eye or other external tissues e.g. nmouth and skin,
the fornmul ations are preferably applied as a topical ointnent or cream
containing the active ingredient(s) in an anount of, for exanple, 0.075 to
20% wisw (deseédiclisp@tiaptdpeticd O Tho greadlisealld prefebh Heangs-peiwesm-0. 1% and 20%
inincrenments of 0.1% w w such as 0.6%ww, 0.7%ww, etc.), preferably 0.2
to 15% wWiARE 2o sesipblspdit it witetde compsignsy towend feskaas fitredthien an

oi nt ment, .t LVE i i Y01 W.: i raf finic
or o vt - Aol SGR Db TR R B it A B B e s
may be f adinsasdataedisbeetal steaeaen pabihierarplaiol diestenaf @rcocutdany pade. 151 f
desired, the aqueous as f the cream base may, i nclude, for exanple, at
| east 30%%1'9@38@%*%6?3%@3P?f‘é‘fearseaww,pﬁlr.né:?teaw%h %%?a%gbyﬁaxﬁ_wo or nore
hydroxyl (HLAHRS o ¥61na S BfAPYddENEinHs e O novRis@NB ddm @A PlyayRAREL O

sorbitol, glycerol and pol yethylene glycol (including PEGaﬂnyO) and m xtures
t her eof . tFh&st bpiedwingfmeivokedeitons Thesg nadeshe adsti planaof idensicowpound whi ch

enhances absor.ptiop or 20penetr.at.i of the active.ingredi ent through the
ki or  dRRER G pE e ok Rae e san A5 BRh i AR enhancer s
incl ude dimmet 0 pasaftiR RAXLERq AR PafaelRb QAL @NRINeES oilThE uid. Y phase of the
emul sions of this invention may be constituted fromknown ingredients in a

known nanner. RWgrmeceptieal forasdativay aecorpns ethaprapyt iByenise rmpilfs er

(ot herowi s n ent) .. | 1 rabl [ Lxhyre of at

| cast ‘ona afTAe AR AR ETY 4R ehyoh LB R e Rl AR RN 2o

Pr ef er abl acceppathy chireipRiol kcipigtilssihdl bptioraly ek udethctivogaicher with a |ipophilic
enul sifier which acts as a stabilizer. It i.s also preferred to include both
an oi | andhampcspticatdgyatuhiions cptaiaing e aetve (agredieptingt bsdnahy ekt abi | i zer ()

ke, up gy ool A a9 06 SO e Cpucilgy 1 e ol
oi |y di spausett, phise tothdshiezergesmghiaraywt atl isospensions, dispersible powders
20 or granules, emulsions, hard or soft capsules, syrups or elixirs may be prepared.
Compositions intended for oral use may be prepared according to any method known
to the art for the manufacture of pharmaceutical compositions and such compositions
may contain one or more agents including sweetening agents, flavoring agents,
coloring agents and preserving agents, in order to provide a palatable preparation.
25  Tablets containing the active ingredient in admixture with non-toxic pharmaceutically
acceptable excipient which are suitable for manufacture of tablets are acceptable.
These excipients may be, for example, inert diluents, such as calcium or sodium
carbonate, lactose, calcium or sodium phosphate; granulating and disintegrating
agents, such as maize starch, or alginic acid; binding agents, such as starch, gelatin or
30 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
and thereby provide a sustained action over a longer period. For example, a time

delay material such as glyceryl monostearate or glyceryl distearate alone or with a

35  wax may be employed.
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Enmul gents and enul sion stabilizers suitable for use in the fornulation of
the invention include Tween(r) 60, Span(r) 80, cetostearyl alcohol, benzyl
al cohol , wpnpstoss23al cohol , gl yceryl nono-stearate and sedirarseéiaososri

sul fate. 35The choice of suitable oils or fats for the fornmulation is based
on achieving the WD 2011/035231PCT/US2010/ 049471 5desired cosnetic
properties. The cream should preferably be a non-greasy, non- staining and
washabl e product with suitable consistency to avoid | eakage from tubes or
ot her contain al kyl esters
such éﬁ d|-|sgﬁ§n1ﬁ%ﬂﬁé?géggﬁm$ﬁ8?§ggggéngggg% gggaggo%%glester of
coconut fwahéry tlacicdse ingsaldnd whlm rotight atigert Ekﬂﬁl/(ﬂlh&h’e%&xamﬁhﬂfa@yh

pal mtate, butyl stearate, t hyl hexyl| tate or bl end of branched
chai n estmplk%waaﬁn @r@aéﬂ% ge &@C%Péy ew?lﬁgeéu‘f e RREvY lggfte%teﬁwéén%

pr ef er ech AR LA or 1063 6rcThi BcHAGH: A CRLIiBKialAARTEL DAL a1 dependi ng on

the properties required erna ting point |ipids such as
white soft parafifdons mdéms:odmocﬁthednpaﬂzaﬁfwmtamrthc)ad:tia/re materérlaln oi |l s are used.
Phar maceutj cal for ations a ding to the present invention_conprise a
T5cont) et o s UP ARGeRd SR 0 POt G SRS ROSRE P OrD

phar maceuddcgatdtyindkee Risaderdia %gér@rs%cﬁés SXGiRienbeyRAdyieatdigral | y ot her

t herapeutic agents. Pharmaceutical formulations containing the active

i ngr edi enmemspebéowhﬁhvxmwwigfmtlu)émllel0$eorsodihm algm@tn,ded met hod of
adnlnlstratlon ; ﬁukme unlga cm%k far exanﬁ : abl et s ttroches
Iozenges ﬁf BEror 4gsusp%n5|ons 53?%ﬁ%'3538ﬁ6%ﬁ5“?6g} gr anul es,
enul si onsageRBrsdclOss aﬁﬁtﬁranﬁﬂswzﬂﬁg plsosphmﬁie% g€lidckthing, d@ndbgaps:epar ed.
Conmpositions intended for oral use may be prepared according to any mnethod

known' 3t o RIREUd of af akyltea@mﬁﬁm@@tfa%a@ﬁ (%apﬂ!a@é‘(ﬁthsé@ne CEEPSsEt i ons and
such CO”pcfb%'dEAsB{?& gﬁ%ﬁu&%@éﬁ% n@08;dQ"wi e{%ngggﬂhﬁhgl%cléﬂéoﬂ& ete”' ng

agents, avori ng ents oring agents preserving ag s, in order
to provi d&p@adpédediy&ﬁle@q&éﬁp@]l) aétttdmfiensﬁﬁ('ﬁalhrbéﬁ& of @tiybdnpior@letwieh apdrtinie
ingredient in adm xture with non- phar na eutlcally accept abl e

exci pi et S IERY A 08 g Tptpcad Fa a fm@f AP APAC (7 £1 BEpRTE! faff'éwée@é%fl abl e.
These exclhgﬁ(ﬁﬁct.a%:)n%c queohg) Eud géﬁm Ray 51@@r:asmgﬁlldﬁe %} ShorSHelr@sivegl ci um or

sodi um car bonate, | act cium or” sodi um phosphate; granul ati ng and
d|5|ﬁKbgramhagmh@enmaﬁoaﬂqhhﬁ$nnﬁb@eoatanmhﬁnmneab@nng@g@nm@nebrnd|ng
agents, such as starch | atin or 30acacia; and | brlcatln agents, such
2e maghesTiTh LraaPa T PaLME & RO B LR aniil S OB uncoat ed or may
be coat edsabyhaliown t echni ques incl udi ng nlcroencapsulatlon to del ay

di sintegration and adsorption in the gastrointestinal tract and thereby
provide a susﬂaﬁﬁ@m6@%@K@ﬁﬁxhﬂﬁbﬂauhﬁﬁgﬁﬁuﬂﬁmdﬁ@th¢@ﬁ“@%%ﬁgh@ﬁi&at|ne del ay

gat erial SuchnABiOLYE L WacIRUASLEX A Se@he WiV L¥md bii! §3h AL EnaLPNe or with

25  oil such as liquid paraffin. The oral suspensions may contain a thickening agent, such
as beeswax, hard paraffin or cetyl alcohol. Sweetening agents, such as those set forth
above, and flavoring agents may be added to provide a palatable oral preparation.
These compositions may be preserved by the addition of an antioxidant such as
ascorbic acid.

30 Dispersible powders and granules of the invention suitable for preparation of
an aqueous suspension by the addition of water provide the active ingredient in
admixture with 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,

35  flavoring and coloring agents, may also be present.
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35 wax may be enployed. WD 2011/035231PCT/ US2010/ 049471 5Formul ati ons for
oral use may be al so presented as hard gel atin capsul es where the active

i ngredi erwoie1mmzzsd with an inert solid diluent, for exacplis2caloed4am
phosphate or kaolin, or as soft gelatin capsules wherein the active
ingredient is mxed with water or an oil nmedium such as peanut oil, liquid
paraffin or olive oil. Agueous suspensions of the invention contain the
active materials in 10adm xture with excipients suitable for the

manuf act ure of eous s ens ients endi ng
ngent S such asTRoHTERea EESTRetHD RSty BE PhaPA LRt t Be Br P

hydr oxy pr epyd-wigk Bmylstmk| URS 6ily 5RAbe iyl Viab@bleRl, Yiohny lopy@obi done, gum
tragacanth and gum acaci a, and di spersing or mettlng@ggents such as a

nat ur al | yaigelas e 1m@lrﬁrﬁé%h%haéhe@d@mafﬁh@@wmlmvm e¥fdeeableon 15pr oduct

of an al ke\!kﬁl’éﬁ e g%t%\f{&@gﬁy%tﬂhﬁ% &8{&% %%[uﬁlsasq%ﬂ'aé/g LRy ?‘?‘%% earate), a

condensat I on ene- oxi ong“charn a atic al coho
(e.g., he@ﬁ@daﬁaﬁmhyﬂﬁﬂ&mmmmg;@ﬂﬁbﬁmubs@@ﬂdﬁﬁ&gb&@ﬂaﬁ%ﬁdﬂﬁthﬁ et hyl ene
oxide with a partial ester derived froma fatty acid, and hexi t ol

%é%&%i

anhyd}4 dep%(féalgestﬂ et Aeds shbheala! HweoiEaten 25 $pRita}ueous
Suspensi Oﬁoﬁ&g?ﬁé s e&meﬂga%ﬁgs?ocﬁfcmwtﬁespg%%féfs?érgWﬁﬁetiswemmid%s ethyl or

n- propyl oXy- enzoate ne or nore coloring agent one of nore
flavor|ng&a@e&pdy&m@ﬂqm@mmoﬂnumemsmmhﬁ@nﬂhg agﬁmhsmaﬁabhcaamsucrose or

sacchari n. Sus en5|on ma b or mul at e suspendi ng the active
i ngr edi enf“"?eﬁe“éngﬂéﬁleqaé(m’ BnLs. SugHPeA80 Lé‘é?ﬂ“&ygf’?o FAMIE "Sesame oi

Or COCONUSw&Qkdning®dgcht, @cﬂ‘a@%ly@ém?é&%to%&ﬂc@%e | Qi flrR@nad sl 1ﬁ'ay aife oral
suspensi ons nmay contai n a tRAi ckeni ng agent, such as beeswax, hard paraffin

or cetyl eintoheldemgigent @maﬁqvafg@taﬁavsmmpra@sw}@m@et forth above, and
f l avoril ng ag-enﬁ‘ %%rﬁa%nacebl cag%gmgom W%Oﬂ?%anggd)%zlg%ne Ortﬁl fODr e&ar atl on.

These conposit rve an At dxi dant such

as ascor bét@ni@@ﬁﬁcta@@@m@@@ﬁﬁh kkeh @Qﬂ\@leﬁﬁ ieetagIe agEdRS oPblehfiBousnvent i on
suitable for preparatlon of an aqueous suspensjion by the addition of water

provi de tHeperstdny el m&fglﬁm@ﬁtmwea@rﬁlw@tfﬁ@cwtiﬁgao thedperaiagigistie wet t i ng
agent, a §1H§e°§f‘t‘3 1@%15391%1}% or%‘?mgg“%?ﬂ{sa ﬁ(ﬁﬁ%%g&ttg Yfigh h§\lr'% 15%9' e

di spersing or we nts an spen e age are exenplitied by those
di sclXisedmaibved abeldi tThenatilexfdcpbdnpreparhiton @xaapb e 8weel«cinjaagble
solution or suspension in a non-toxic parenterally acceptable diluent or solvent, such
as a sohution in 1,3-butane-~diol or prepared as a lyophilized powder. Among the
acceptable vehicles and solvents that may be employed are water, Ringer's solution
and isotonic sodium chioride solution. In addition, sterile fixed oils may
25  conventionally be employed as a solvent or suspending medium. For this purpose any
bland fixed oil may be employed including synthetic mono- or diglycerides. In
addition, fatty acids such as oleic acid may likewise be used in the preparation of
injectables.
The amount of active ingredient that may be combined with the carrier
30 material to produce a single dosage form will vary depending upon the host treated
and the particular mode of administration. For example, a time-release formulation
intended for oral administration to humans may contain approximately 1 to 1000 mg
of active material compounded with an appropriate and convenient amount of carrier

material which may vary from about 5 to about 95% of the total compositions

35 (weight:weight). The pharmaceutical composition can be prepared to provide easily
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35flavoring and col oring agents, may al so be present. WO

2011/ 035231PCT/ US2010/ 049471 5The pharmaceutical conpositions of the

i nventi orworaytiai3szsibe in the formof oil-in-water enul sipomaiS2dib@4®i7l y phase
may be a vegetable oil, such as olive oil or arachis oil, a mneral oil,
such as liquid paraffin, or a mxture of these. Suitable emulsifying agents
i nclude naturally-occurring guns, such as gum acacia and gum tragacant h,
natural | y-occurring phosphatides, such as soybean lecithin, esters or

10partd al _esters derived from.fat.t cids _and hexitol anhydrides, such as
sor bi tan WoROGTEseBohfr SRRk o RSP auERs o Gl Re sBMBr It st er s it
et hyl ene ExkdAgweSUEINRSioR AlayREHRINNHH BRGSO 131 08N BIR0AERE Sagrdigrtemul si on
may al so contain sweetening and flavoring agents.” Syrups anégeI|X|rs may be

f or mul at egerwiridliitendesvbition g ergenthst, nBuoh dse sgltgtderdumeswn bite of alout sucr ose.
Such for a&hons may al so 15contain a denul cent, a preservative, a
flavoring bPATEEP 8Py agent . The pharmaceutical conpositions of the

invention nmay P@mnidlatidae shigbls of tpidl Alirhin@thihest Bbke: fiEpRnALeon, such as a
sterile injectabl e aqgueous or ol eagi nous suspension. This suspension may be

f or mulGat edroneedeimge pefiveragriigins dissolusd oipusproded ud wwalsble cdirsper si ng or
wetting a Q&i@gg{lﬂa %§£se§%%e99fo§%ee”§cﬁv¥"§ﬁg§éhiQ&."‘?‘h?gﬁ&e%%%@i%h@ ed above. The
sterile infec e reparatlon may al so e a sterile éctable solution or

suspensi oftefefaldy peRert dx hichFamaniwmalih ¥ cageapiddl & 0 fouEnt, or sol vent, such
as a solutjon in 1 3-butane-dial or prepared as a |yophilized powder. Anmpng
the acceptdyBriassanidl 2t Hie wdmpoeicukryikeunky e %enpl oyed are wat er

Ringer' s sol utf o afitbnt S9L8IY - ROMVMGRAALLALISAL HoBinol REGHAL ON.
sterile fixed oil's may 25conventionally be enpioye as a solvent” or

suspelidi ngpnnerdsingnhe Baivetihgrsdiputripediavarey babiandublixedrek kndragactzerrenpl oyed

i ncluding s nthﬁaic%ﬁnno- Qr,dggl%ferldes. | n addi tion, fgi%y cids such as
ol ei ¢ aci TPHEY T RESHISSOBRTHEEFTS 41 AU SBrUPUIAL? BITOPSTS fFDASSIE. The
amount  of ;aGHH{Mginl BAefiseMd ddaah; MRYmBanGasR: 0edpMiih b tHenRuear ri er

30material to produce a single dosage formw |l vary dependi ng upon the

host tr eanagdamtlin haitpbletliqoud @rriernde of admi ni stration. For exanple, a

ti me-rel ease fﬁrnul%tio? int%nged jga.oral adm ni %ration tﬁ humans may
contai n appr oxi HEEETP™ ¥ 5P GE Y SEFIORIPINRE IR 2 BRRBTRded i t h an
appr oy i at QiabR LeOVERM Mg RFBMMiplotoABUtter orBl8EyIak. Whi ch may vary from
about 5 to about 95% of the total conpositions 35(weight:weight). The

phar maceut i cal Faawisions pakbicdar ieapilaapadringsy edwirdgrasgs bpye a
particle size for example in the range of 0.1 to 500 microns, such as 0.5, 1, 30, 35 etc.,
which is administered by rapid inhalation through the nasal passage or by inhalation
through the mouth so as to reach the alveolar sacs. Suitable formulations include

25  aqueous or oily solutions of the active ingredient. Formulations suitable for aerosol or
dry powder administration may be prepared according to conventional methods and
may be delivered with other therapeutic agents such as compounds heretofore used in
the treatment or prophylaxis of HCV infections as described below.

Formulations suitable for vaginal administration may be presented as

30 pessaries, tampons, creams, gels, pastes, foams or spray formulations containing in
addition to the active ingredient such carriers as are known in the art to be
appropriate.

Formulations suitable for parenteral administration include aqueous and non-
aqueous sterile mjection solutions which may contain anti-oxidants, buffers,

35  bacteriostats and solutes which render the formulation isotonic with the blood of the
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WO 2011/ 035231PCT/ US2010/ 049471 5neasur abl e anounts for adm ni stration. For
exanpl e, an aqueous solution intended for intravenous infusion may contain
from abouwo020t1203530 pg of the active ingredient per m |l IPClritsSes100#943Dl ut i on
in order that infusion of a suitable volune at a rate of about 30 nL/hr can
occur. Formul ations suitable for topical admnistration to the eye al so

i ncl ude eye 10drops wherein the active ingredient is dissolved or suspended
in a suitable carrier, especially an aqueous solvent for the active

ingredi e L ve i ' (.S | i h

tormu st 1 piendEr BBl ol AGLERL SR pdrBagleBLCLBRBLERER I ST & o 1o
and partiiadhas byspabiing adenblndihickdnargageatsi ons sui tabl e for topical

adm nistration_in_the nouth include | ozenges 15conprising the active

i ngredient in Bherﬁoavkslﬁtéw@é%p@?e%awny@%Pb@@lfag%eéea@}%%%rt ragacant h;
pastilles 5] | Vig1sl Bl IR AR fleBRL :$¥§§' he as

gel atin éﬁ%9§F§%§f?%?k§§e§%%%85%»gﬁ%ﬁg%§£%3#552 I#ﬁﬁ %as ég)cgﬁg%ising t he
active i ngndiioemequinngosyitlieadldaioniofuiadstede tigew. carrier, for examplEemtmlfa@at i ons f or
rectal. adnminjstratiaqn .be presented as a suppository with 20a suitable
base QongFIeSHy PEICEAIRIIE L0t0ar BupParna s Ea oy Taoas nd

For mul at | @BSenSidht aRlRerfafd frdth SREW FRAREY oPhuldad 1B Hf BE kAl on have a
particle size for exaqfle in the range of 0.1 to 500 microns, such as 0.5,
1, 30, 35revieusly didcohed. sPraténiedusit dpssge hyrmudgiogs arfthpsetdopinining edgly t he nasal

passage oy by inhal.ation through. the nouth.so as to reach the. alveol ar
P S fogp P LU A Bk O A LS TPy 20 B S Opl AR RS Ao RBelEO) P

active i ngnedi@nt indredial ati ons suitable for aerosol or dry powder
adm ni stration may be prepared according to conventional nethods and nay be

del i vier ed wi t hit 8tdved be medeassensk thet 1agaeitian &by ingyedionp puNgelan¥r et of ore used
in the trgalneog a@%vegﬁfmh%bﬁs (%fthﬁ%/vénﬂéx‘?ﬁ{awﬁ'&u&sotg&%g%h@ed bel ow.

Foi mul ati'ons suitable for vagi na adm ni'stratron may be presented as
30pessar i @ayerttanponshe ot Bavisg regeldso thpaspest fohaalasonin @sayh, ffar nul ati ons
containing in addition t? t he %ptLve i ngredj ent %gch_carriers as are known
in the arPapplgaosewiiallFifyraal administratignipgaielide lavpringneentor parent er al

cor Ly oL ientauge R ppmES g sl er sl S0 one
rende t hmefagtivaiingtadomt hsdtoondefiwidtthgdther vothoodetefinarpearrier therefor.

Veterinary carriers are materials useful for the purpose of administering the
composition and may be solid, liquid or gaseous materials which are otherwise inert
or acceptable in the veterinary art and are compatible with the active ingredient.
These veterinary compositions may be administered orally, parenterally or by any

25  other desired route.

Compounds of the invention are used to provide controlled release
pharmaceutical formulations containing as active ingredient one or more compounds
of the invention ("controlled release formulations™) in which the release of the active
ingredient are controlled and regulated to allow less frequency dosing or to improve

30  the pharmacokinetic or toxicity profile of a given active ingredient.

Effective dose of active ingredient depends at least on the nature of the
condition being treated, toxicity, whether the compound s being used
prophylactically (lower doses) or against an active viral infection, the method of

delivery, and the pharmaceutical formulation, and will be determined by the clinician

35  using conventional dose escalation studies. It can be expected to be from about

95



WO 2011/ 035231PCT/ US2010/ 049471 5i ntended reci pi ent; and agueous and

non- agueous sterile suspensions which may include suspendi ng agents and

t hi ckeni nyoagamni3s231 The formul ati ons are present ed PCH/USROABAIE OF

nmul ti-dose containers, for exanple seal ed anpoul es and vials, and nay be
stored in a freeze-dried (lyophilized) condition requiring only the
addition of the sterile liquid carrier, for exanple water for 10i njection,

i mredi ately prior to use. Extenporaneous injection solutions and

suspensi re nr ed f terdle. . u t ts of the
ind g et S BOBARD B Bk bR BRI ELLSERR R FISUARE'D 0
cont ai ni nig) rgAtaibbyly deft pér dani thofaipivalbyotioseut a8 thab@its mphyeodeci ted, or
an appropriate fraction thereof, of the active ingredient. 15It should be
under st ooeigher day: aepst BpEAllY-dramedbev gt e @arD- P BT KRNV 2Nt | oned above
the for ti i Sl vent el : gnﬂﬁntional in
t he artnﬁggiEgpégggﬁ%q¥%d%ﬁgﬁ@%gggg Hg#%ﬁﬁﬂgfgﬁﬁ?ﬁgz gg?%%%@ for exanple

t hose suiligahlde Weoght eviAraragiom § thirgabi 1600 Mgy praiakblddctd@udrmpgnadéiht s. The

i nvention further proyides veterinary, C ositions conprising at | east
200nemact‘1’%=é‘nfiﬁ§:ﬁ'yéalfee¥?te?°ar§1 eafelfl?ﬁﬁ@gﬁ"%@%t her with a veterinary carrier
t herefor. Veterinary carriers are materials useful for the purpose of
adm ni st efd g dheisameasht i on and may be solid, liquid or gaseous naterials
whi ch are otherwse itnert or acceptable in the veterinary art and are
conpat i bl e wi t®nadreneretcpwpoingoédicanyentivhébarepgeisricd sy 38 %@)ﬁfﬁi@@i tions may be
adm ni stered.orally, .,parenteral ly or by any .250fher sired .route.
Compounda SrEnE) oeRRGH 38 it affs PR AR LS ShrdiTL el Qe

phar macewieale rbgemibriic 0Rs, reanl aidai, Repias (Mctudig; Hudel add entilingnsl),or nore
conpounds of the invention ("controlled release formulations”) in which the
rel edde ofegibandcrargrierrhgRddlinnsubspianeyst MEPMEHUH dNHAYICE ed to al | ow | ess

f requef‘cﬁn{?&%ﬁl& %ﬁraﬁ%ci&%ﬁ%ﬁu%@)t, L‘&E@P%ﬁ(@i&%ﬂ H’é%gfecﬁﬁedttﬂé‘titﬁé ty profile

of a given active I ngredient. ective dose active 1 ngredient
depends gireferasd tovdhmbth @anyatids Brekarhhie tlxonaiitioarofiied mgpteneaded, toxicity,

whet her the conpound is being used . prophylactically .(lo doses) or

agai nst #1VAHRE ‘the pampoiria gt Pinvensieh ﬁ%ﬁ%ﬁwd)é?liw%‘:d\fﬁ CET

phar maceyt,j, galy{Qrpuhation, and will be determined by the clinician 35using
conventi onal gose escal ation studies. It can be expected to be from about

WO 2011/ 035231PCT/ US2010/ 049471
20  Combination Therapy

Combinations of the compounds of Formula I-111 are typically selected based
on the condition to be treated, cross-reactivities of ingredients and pharmaco-
properties of the combination. For example, when treating an infection (e.g., HCV),
the compositions of the invention are combined with other active therapeutic agents

25 (such as those described herein).

Compositions of the invention are also used in combination with one or more
other active ingredients. Preferably, the other active therapeutic ingredients or agents
are interferons, ribavirin or its analogs, HCV NS3 protease inhibitors, NS5a
inhibitors, alpha-glucosidase 1 inhibitors, hepatoprotectants, mevalonate

30  decarboxylase antagonists, antagonists of the renin-angiotensin system, other anti-
fibrotic agents, endothelin antagonists, 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 or other drugs for treating HCV; or mixtures thereof.
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50. 0001 to about 100 ng/ kg body wei ght per day; typically, fromabout 0.01
to about 10 ny/ kg body wei ght per day; nore typically, fromabout .01 to
about 5 myOkgiibssysiwei ght per day; nost typically, frompabaiseo100%4rD about
0.5 ng/ kg body wei ght per day. For exanple, the daily candi date dose for an
adult human of approximately 70 kg body weight will range from1l ng to 1000
ng, preferably between 5 ng and 500 10 ng, and nmay take the formof single
or nmultiple doses. Routes of Adm nistration One or nore conpounds of

the invention Mgleer ?E&ﬁ{:zﬁéfegﬁg g 1518re%%mpﬁﬁncfsﬁtf' tN§ w‘g@%ﬁ ?nq)eﬁtlonzlzia?r Cat ed.

adm ni'st ered by ate e Co

Sui t abl e d’omlixm mﬂcdmai& rﬂdix&lcmrﬂia@ﬁﬁcﬁseieﬂt&é&bm thepiragl copbipigusll ng buccal and
subl i ngual ), 15vag| nal and parenter.al fl ncl udi n%ésubcut aneous
i nt rarruscul ar , DilEFEroah s, Peehiatedd8mi-alpha 2hi PEEHetan). aseyldsd HENal ), and t he

li ke. 21\2% aZaQ@s?aggﬂelg%:ﬁ ‘ﬁe A nt}&mp&%ﬁr ‘ﬁg%%i b BrdfBX), YALer erfhth for

exanple t condi pl ent ge o e conpounds of
t hi s i nveaﬁphadM(DB ~RhaPCt He Wl fafeony, llfapatico drdiifeadi, sutahd), ¢aorfben dosed

ora t|on Ther a t|on of .the ¢ ounds of
el At L RS o i et s S B R A Ao ¢ - eat ed,
Cr oSs-r eagte¥idnilfsa @IvdneﬂrMSQ@&)su@&@br&b%@g&g}%&awwg Q?cmﬁe?%)] 0),

conbi nati on. For exanpl e, when treating an In t’ion )
conposi t i abiigteoerantéphiaribeidtibelerca d Fdlorptianéd. B\LKI‘BSQt(hec’Eemb,lﬁﬂéﬁﬂhbr apeut ic

vent | ore e AR 4R A MG TER Tt e o PR R G RAFORet  ve

i ngr edi englabdﬂp@@n@al m-zphgn@baeirof@ptl ve therapeutic ingredients or agents
are |nterferons ribavirin or its analogs, HCV N S3 protease inhibitors,

NS5a liPnhi bi t ors “baYlﬁﬁémQIlfﬁ@é%‘Pa?a%I TibarikingRebets], Chepasbpnétabpanns,
meval mat V%%ﬂﬁ‘&ﬁ% boxyl ase antagoni sts, antagoni sts of the renin-angiotensin
system ot her an l"- fibrotic agents, endot hel i n ant agoni sts, nucl eosi de or

nucl eoti de i nfﬁ)t}{(t‘M\BSB:qﬁoﬂd@é iNGbBopod. y res@pesviSAHNSEI089s 8del-Tnhi bi t or s of
HCV NS5B pol ynerase, HCV. NSS5A inhibitors, TLR-7 a oni Stsg(ﬁ@%gl oghl I'1in
BB

i nhi bi t orglaprey! NKRE8) i W bR OML- 4%5%4&%5&@%@% ARt t her drugs
for treatzlzaglpgfg/fod@r SERXEASS, VHOL LRl vx Y %%1%&%35%3%@ RNR2010/ 049471

5Mor e specil , one or nore conpounds Of t resent "I nvention may be
conbu@ed THOO 52, &S¢0 S sk, @Tooh Py ids 1 Gle [Yat 258, Nﬁﬁ%h&'k@ﬁéumndonm sting of

interf egyl ated r 1FN-al pha 2b (PEG Intron), pegyl ated
rI ENal phaﬁwﬁ%g%gygg)p ri FN-al pha 2b (Intron A), rlFN al pha 2a

(Roferon-A), intughhetepsabehainhiMiBrL 2o, BeodiSir (M abeongelitdl banati ve,
Mul tiferon, subalin), interferon
UT-231R,
5) hepatoprotectants, e.g., emericasan (IDN-6556), ME-3738, GS-9450 (LB-
25 84451), silibilin, and MitoQ,
6) nucleoside or nucleotide inhibitors of HCV NS5B polymerase, ¢.g., R1626,
R7128 (R4048), IDX184, IDX-102, PSI-7851, BCX-4678, valopicitabine (NM-283),
and MK-0608,
7) non-nucleoside inhibitors of HCV NS5B polymerase, e.g., filibuvir (PF-
30  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-48547, BC-2329, VCH-796 (nesbuvir), GSK625433, BILN-1941, XTL-2125, and
GS-9190,
8) HCV NSS5A inhibitors, e.g., AZD-2836 (A-831), AZD-7295 (A-689), and
35  BMS-790052,
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10al facon-1 (Infergen), interferon al pha-nl (Wellferon), interferon

al pha-n3 (Al feron), interferon-beta (Avonex, DL-8234), interferon-onega
(omega DUROSp1BI3ssed 510), al binterferon al pha-211 (Al betCerusa)io/okdER al pha
XL, BLX-883 (Locteron), DA-3021, glycosylated interferon al pha-2b

(AVI -005), PEG Infergen, PEGylated interferon | anbda (PEGyl ated 1L-29), and
bel erof on, 152) ribavirin and its analogs, e.g., ribavirin (Rebetol,
Copegus), and taribavirin (Viram dine), 3) HCV NS3 protease

i nhi bi , €. 8. evi SCF| - 50 , i VX-950),
0 o SRR L (g0 B3 o SO AP 00
SCH- 900518 ZDVBYs3DEP- X5 K00, 04858825nd S5 84bo, BVB- M 790052, BMS- 605339,

PHX- 1766, AS-101, YH 5258, YH5530, YH5531, and | TM\-191 (R 7227), 4)
al pha- gl ucosi dHS&valophifingnhigiters, e 2g DERISHESs SEN-63 v DB 1M gl i tol , and

UT- 231B, : PRt apr o e@%q , e.g., enericasan (|DN 6556),

ME- 3738, GS- 94]51(% }{([‘_%]1%%3513@5 ?’ Lséﬂ i bi IQ)|t6?1 and MtoQ 6) nucl eosi de
or nucl eoti de INiphhintaoolsinetic éﬂﬂNnNS@B.gp,(B/&SfHOG,S@?I-%QQPF—A@R%@Q]@, ”(FR’KL%SB) g
R4048) , 8 - PSI - 7851, BCX-4678, val opicitabine (NM , an
ﬁ/K— 06@?3, ‘%Pg% és‘?;’%ﬁﬁﬁ%ié‘ﬁé?@@*@ﬁﬁﬁﬁlpt ors of HCV NS5B pol ynerase, e.g.,
filibuvir (PF- = ; -0 . 759, VCH 916,

ITK- 652, MK- 328 %t%gg/@%)&r t@%é?&“ﬁ?}g@@%@%ééﬁ%%!@’gm, GL59728,

A- 63890, WtusTIdle (Ai85AVIZ)BBIYEM)] (VErHAQEP NS alvirex), K FISKBR5AES,

BI LN-1941, . - - . inhibitors, e.qg.,
AzD 2836 1ABIET EW%@@?%%:708%‘3"?@”5%%2?@%%%!\%?‘%]3%? :

2011/ 03528LRGTA USA030 0HRATH, BNA THRNOPAORI ShmcilEAC, 14, VGNiaTed, 852A,
GS-9524, ANA-773, ANA-975, AZD 8848 (DSP-3025), PE-04878691, and SM 360320,

10) cycl opMidk T42a AVA OB tRIVIS; 656042, BIMEEPO3 DR BavaovnadSMDahd 1 06 (NQD; 11) HCV
| RES i nhi hit0r, q.., 067, . phar macoki neti ¢ enhancers,
e.q., BAsgfgg,é%‘bt?{“g%’fﬁgégﬂ@f ‘7"’,97%““‘31’0‘%9

14) mevalonate decarboxylase antagonists, e.g., statins, HMGCoA synthase

inhibitors (e.g., hymeglusin), squalene synthesis inhibitors (e.g., zaragozic acid);
15) angiotensin I 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, solvate, and/or ester thereof, in combination with at least one
additional therapeutic agent, and a pharmaceutically acceptable carrier or exipient.

According to the present invention, the therapeutic agent used in combination

30 with the compound or composition of the present invention can be any agent having a
therapeutic effect when used in combination with the compound of the present
invention. For example, the therapeutic agent used in combination with the
compound or composition of the present invention can be interferons, ribavirin or its
analogs, HCV NS3 protease inhibitors, NS5a inhibitors, alpha-glucosidase 1

35  inhibitors, hepatoprotectants, mevalonate decarboxylase antagonists, antagonists of
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1041629, GS-9350, GS-9585, and roxythromycin, 13) other drugs for
treating HCV, e.g., thynosin alpha 1 (Zadaxin), nitazoxanide (Alinea, NTZ),
Bl VN- 401 woizoogsad3y, PYN-17 (altirex), KPE02003002, act PCorus¢@pG+9u0101),
GS- 9525, KRN 7000, civacir, d-5005, XTL-6865, BIT225, PTX-111, |TX2865,
TT-033i, ANA 971, NOV-205, tarvacin, EHC 18, VGX-410C, 15 EMZ- 702, AVI
4065, BMs- 650032, BMs-791325, Bavituxi mab, MDX-1106 (ONO 4538), gl uf ani de,
FK- 788, and VX-497 (nerinmepodi b) 14) neval onate decar boxyl ase

ant agani sg,s ’relﬁn—gn%ioii%%ﬂnﬁ %fkt?emﬂ%%gti%% nispéﬂﬁiﬁggﬁﬁn_ﬁgoﬂsts, hyr ne%!susi n),

squal ene synt hesi ors ., Zzaragozi c ac )
angi ot ensturldokide ec ejpdl entidantlaioms sf HCVeN§SB pbbhsatrisamon-idndsaidean,

ol nesartan, . 20ca , yal sart |_m sartan, rosart an; 16)
angi ot e_nsmhl.baawé‘?ﬁ?\%@‘%ﬁz@i@_ FTR gﬁ%& ?5@9@5}_}t0_@aﬁf§ﬂﬂaows§of enopri |,

enal apri !cyc MHIRA krlhibiQwd, DRIV IRES E&ﬁﬁ%ﬁﬂﬂé{%}1hﬁaacbki%bt‘i\?&ﬁahaer@@x”@:ﬁ@rp_r' I,
fosinopril 17) other anti-fibrotic agents, e.g., amloride and

18) endotdreks for amttagodCst o; mextgres Hes@iit an and anbri sentan. 251 n yet anot her
errbodliorrent , t resent I%EEI i cat.g’é.on r}ii scl oses cphar mage#t Lca[ conposi tions
conpri’sing a cONPolAd 6k RETBPREEROT RV BhP B O B AT WP FREETY i cal 1y
accept abl j@v&aldh,m S V@in AP bn €SLBbretehRHBREds skRce RN ReigpM t h at

| east one additional therapeutic agent, and a pharnaceutically acceptable

carrier oonggiipgeint. According to the present invention, the therapeutic

agent used | n SOIRLORLL o1k 000 At SATRRUBAOL L EOIRIRERIRL (e

present inventi‘on can gent “havi‘ng "a ect” when used in
combi nat i phatd (Peiiies)cAFNodpich 2 (Thihen Ay eEFRLIpha 2e (Roferon-kRineXaop! e, the
t herapeutic agent used in conbination with_ the conpound or conposition of
the presedphd @@@Rt%@l“é‘amb‘*éfﬁf?f%@afﬁéif@ﬁ%\:ea MutlEren. subpling.dateEgranogs, HOV NS3

protease fiph) bt afs rexygﬁ;@er%e?&{ QEBQBE 8%41%%)91‘11%&?&?&@%@%&% ﬁ&lifé}&irl])bi tors,

hepat opr ot ect ant's, onat e decar boxyl ase “ant agoni tagonists of WO
2011/ 035 28PEHinIs20 1V Dé 9 A T1-838 e imetfiron-amgp o {cangia D SROS eBjonaidtd ),

anti-fibrotic ents, en hel i n onj sts, _nucl eosi de | eoti de
"hi bi t orS0igfer kY zﬁéﬁ&%@;@ﬁ%@%&@ %{%r @Hﬁ?iﬂ“ﬁ»ﬁf’é%&ﬂp\( NS5B
pol yner asgycddeMiddSRey fbrdRi allidaOttsea VILEYST, B Stgen, PE’G%]IQQB'iﬁtL:H&ohnh' bi tors,
HCV | RES 1 nhi bitors, pharmacoki netic enhancers or other drugs for treating
HCV; 26r nlaxbde 88 G Hecedi-2916Mbbelesyferci fi cal |y, conpositions of one or nore

conpounds of t B%ib%(f%snearﬁ% its analogs, ¢.g., ribavirin (Rebetol, Copegus), and taribavirin

{Viramidine),
3) HCV NS3 protease inhibitors, e.g., boceprevir (SCH-503034 , SCH-7),
telaprevir (VX-950), VX-813, TMC-435 (TM(C435350), ABT-450, BI-201335, BI-
25 1230, MK-7009, SCH-900518, VBY-376, VX-500, GS-9256, GS-9451, BMS-
790052, BMS-605339, PHX-1766, AS-101, YH-5258, YHS5530, YH5531, and
ITMN-191 (R-7227),
4) alpha-glucosidase 1 inhibitors, e.g., celgosivir (MX-3253), Miglitol, and
UT-231B,
30 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, ¢.g., R1626,
R7128 (R4048), IDX184, IDX-102, PSI-7851, BCX-4678, valopicitabine (NM-283),
and MK-0608,
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i nvention may be combined with one or nore conpounds selected fromthe
group consisting of 1) interferons, e.g., pegylated rlFN-al pha 2b
(PEG I nt rmonp1ipsssiiat ed rl FNal pha 2a (Pegasys), rlFN- al poa/tdkoiplomssron A),
ri FN-al pha 2a (Roferon-A), interferon 15al pha (MOR-22, OPC- 18, Alfaferone,
Al fanative, Miultiferon, subalin), interferon alfacon-1 (Infergen),
interferon al pha-nl (Wllferon), interferon al pha-n3 (Al feron),
interferon-beta (Avonex, DL-8234), interferon-onega (omega DURCS, Bioned

510), al binter erona h-2 (A bu -t FN. al aX LX- 8 (Locteron),
DA 305 ol ycoluioRrul R bR ] st RObBBER el ape. |

PEGyI| at edgdgstey, tamm’smlma:a KIPHGy batedH 15929 H- amj JtFKI—@ZQMKLSZSI 2)
ribavirin and its analo ri bavirin (Rebet ol

9. , egus
o baut VRN S S RE Rt asRs T ANG) SO B T Bo028h A RRidh At e, g

(TVEA3535 %)4@%‘@?@%8%‘»%C@?%E%e&b@ﬁba%?é?;@%vﬁ&}%%%&?3%@%“35

VBY- 376, &%X-B00, GS- 9256 GS- 9451, BMS790052, BMs-605339, PHX-1766, AS-101,
YH 5258, YH5530, d 1ITWN- 191 (R 7227 ha I id
et e R IS P e s 2R ity 20 g Ly S ot 02
hepat opr 2, €.0. enericasan (1 DN 6556), Me-3738, GS-9450 (LB-

84451), sili b| l'i'n,” and M toQ 6) nucl eoside or nucl eotide inhibitors
of HCV NS5B po?)y?ﬁdiésagpnietsg&g,Rﬁagﬁ;od?‘%ﬂz& GRA4628)ANADNBSANA-DX,102,

5(5)|11/7 ggéz@?&é%“%ég’éfoﬁ)@%ﬁl @%gﬁogl\l‘%éﬁ%@ ﬁgdi m_ 8?? g’rs \é\? HCV NS5B
pol yner ase, ,cyf:]'okhhﬁlV;hﬁ:b(tB’F . 80BN, 0ABT Y3835, ARTNOVIR | B1- 207127,
VCH 750 VCH o1 MK- 3281, VBY- 708, VCH- 222, A848837, ANA- 598,

GL60667, G 59708 HQAVERESMhiktrgza3, MAI48847. BC- 2329, VCH- 796 (nesbuvir),

0 0., AZD. 2636 PATSIFO RS TBent a0 ke Tobbu AT M 3

agoni st s, 41529, GSigBsQUESDE8 5,382 AoxB850R524, ANA- 773, ANA-975, AZD- 8848
(DSP-3025), PF- 04878691, and SM 360320, 10) cycl ophillin
inhibitors, e. ) olBERLEsdosreatny 635 e anillympye ipha 15789y | RES

i nhi bitorg. 6 fide MiieQ&T7), BIVN-401 (virostat), PYN-17 (altirex), KPE02003002,
20 actilon (CPG-10101), GS-9525, KRN-7000, civacir, GI-5005, XTL-6865, BIT225,
PTX-111, ITX2865, TT-0331, ANA 971, NOV-205, tarvacin, EHC-18, VGX-410C,
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., stating, HMGCoA synthase
25 inhibitors (e.g., hymeglusin}, squalene synthesis inhibitors (e.g., zaragozic acid);
15) angiotensin Il receptor antagonists, e.g., losartan, irbesartan, olmesartan,
candesartan, valsartan, telmisartan, eprosartan;
16) angiotensin-converting enzyme inhibitors, e.g., captopril, zofenopnl,
enalapril, ramipril, quinapril, perindopril, lisinopril, benazepril, fosinopril;
30 17) other anti-fibrotic agents, e.g., amiloride and
18) endothelin antagonists, ¢.g. bosentan and ambrisentan.
In yet another embodiment, the present application provides a combination
pharmaceutical agent comprising:
a) a first pharmaceutical composition comprising a compound of the

35  present invention, or a pharmaceutically acceptable salt, solvate, or ester thereof; and
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12) pharmacoki netic enhancers, e.g., BAS-100, SPI-452, PF-4194477,
TMC41629, GS-9350, GS-9585, and roxythromycin, 13) other drugs for
treati ng wioVp11e03231 t hynosi n al pha 1 (Zadaxin), nitazoxaords2@idlosasen, NTZ),
Bl VN-401 (virostat), PYN-17 (altirex), KPE02003002, 20actilon (CPG 10101),
GS- 9525, KRN- 7000, civacir, G -5005, XTL-6865, BIT225, PTX-111, 1TX2865,
TT-033i, ANA 971, NOV-205, tarvacin, EHC 18, VGX-410C, EMZ-702, AVI 4065,
BMVS- 650032, BMs- 791325, Bavituxi mab, MDX- 1106 (ONO 4538), gl ufani de,
FK-788 and VX497 { sdeend plepmdiduical compositidd poipnghgmdtat decar boxyl ase

ant agoni sts,  e. g , statins, HM3CoA synthase inhihitors (e. c% , hymegl usin),
squal ene ¥pHidekihsrapaHiqAgerlselected grom theagyysaasigupgyt HIV protease 1 1)

angi Ot ensh ik L&A Aha A MRl AL RosiBe ribibild A8 kRlhse &5&&5;&5@95;\[0' mesart an,
candesartan, valsartan, teltnisartan, eprosartan; 16

angi ot ensiwi@emneetltibings ehmyeame iralschptes, $IVengleotidapthdprord of reodrsnopri |,

enal april, rampri ui napril, .pet-indopril, lisinopril, benazepril,
f osi nopr i ‘Ir‘?‘ns%itg e kiql}{g?teférﬁ fiml“ibbtgﬁt El&ﬂdﬁgﬁﬁt&f& @@Rn“ lg[ﬁbf%‘fsi %iﬁénd 18)
endotfiel | inARLAICERSifhibRod; inRERAM A ANh A JsSRAS Bfbicase inhibitdrf) Yet

anot her enbodi ment, the present ap_p’l ication provides a combination
phar maceuNf&minhigent alpbmghicssidge lahlabitprsstycplilimeiobibitosal conposi tion

conpri si a co und of the 35present | tion. . or. a pharmaceutically
accept abl pg‘iﬂ:’{o?&g%%é’f)g‘,nufjlgosé‘g({)@gﬁ)ftﬁbsroe%{,’ afit dﬂ%%)déu%sgglo{ﬁgﬁ%lﬁar maceut i cal
conposi t i QUVCeRPENBbiAgidks th@asgt one additional therapeutic agent selected
fromthe group consisting of HV protease inhibiting conpounds, HV
non- nucl eosi deCpmhingiiensrad thsf comnpapdreott froamylby 3t anseaddijopalagtiveosi de
e Rt LS e
gpl20 10icfﬂm't1bi,ch©l§1$qh &SCRY infdatibrst Qﬂccs:ordiﬁﬁlg,rther:@rnﬁourfdis baVbmiuia afidbngs, NS3 ,
protease inhibhitors, NS5a inhibitors, al @ha-gl ucosidase 1 inhibitors,
ﬁ%’:\c/l ophij |1?encgnﬂﬂgfﬁ ¥ gne %ﬁﬁg&ﬁ?’@?é@s&ﬁ? ;l%%?fi-ﬂﬁagiéf@&f&é;fpﬁﬁi*yi\ft ors of

, an fle Hhibdmg QoL@ ¢ Vouc RO L HRHiR Yerkd 1€l €01 .
Conbi nat if(;)}{r%s %)ef1 t he orrp(;}tl?n]gs’gl?glgornﬁlca 1- 111 alnd %iggi?r%onal active
15t her apetriscriggenH§V maylebed s mhidtoescb firovarsegtatnspattasentisV nnélectided wi t h HCV
and ot her. condi tions such as H V jnfections.. Accordingly, th ounds of
For mdt%a 1 ﬁ’?towrﬁ‘?r%?c}%?ﬂ@’&a% IEIL\PHﬁ%gTW lﬂwpgoréoﬁﬁddﬁﬁgltﬂée‘?ﬁ&ﬁlgﬁ treating
H'V, for gxamslei2 iRhiBitsaseCRBMbitdddneARA NS wirl ManeR-Ngr| eosi de
inhibitors of reverse transcriptase, H'V nucleoside inhibitors of reverse
t ranscri prragese ishipitase N8Ot indiébitors, alpha-glucosidase 1 inhibitors, cyclophilin

inhibitors, hepatoprotectants, non-nucleoside inhibitors of HCV, and other drugs for
treating HCV.

25 More specifically, one or more compounds of the present invention may be
combined with one or more compounds selected from the group consisting of 1) HIV
protease inhibitors, e.g., amprenavir, atazanavir, fosamprenavir, indinavir, lopinavir,
ritonavir, lopinavir + ritonavir, nelfinavir, saquinavir, tipranavir, brecanavir,
darunavir, TMC-126, TMC-114, mozenavir (DMP-450), JE-2147 (AG1776},

30 AGI859, DG35, L-756423, RO0334649, KNI-272, DPC-681, DPC-684, and
GW640385X, DG17, PPL-100, 2) a HIV non-nucleoside inhibitor of reverse
transcriptase, e.g., capravirine, emi'virine, delaviridine, efavirenz, nevirapine, (+)
calanolide A, etravirine, GW5634, DPC-083, DPC-961, DPC-963, MIV-150, and
TMC-120, TMC-278 (rilpivirine), efavirenz, BILR 355 BS, VRX 840773, UK-

35 433,061, RDEABO6, 3} a HIV nucleoside inhibttor of reverse transcriptase, e.g.,
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20i nhi bitors of reverse transcriptase, H 'V integrase inhibitors, gp4l
inhibitors, CXCR4 inhibitors, gpl20 inhibitors, CCR5 inhibitors,

i nt erferone,20ri/d3aasiiri n anal ogs, NS3 protease inhibitorspCRESa0i0n4bit ors,
al pha- gl ucosidase 1 inhibitors, cyclophilin inhibitors, hepatoprotectants,
non- nucl eosi de i nhibitors of HCV, and other drugs for treating HCV, 25More
specifically, one or nore conpounds of the present invention nay be

combi ned wi th one or nore conpounds selected fromthe group consisting of

1) HI'\L protease |nh bitors avi tazanavit, f.osanprenavir,
hdi navt g aB U Ppg ifiePsing. SER BT e e eg AT e PRAL |
SaqUInaVl&nmﬁbﬂﬁaﬁaMhﬁbn£r£§@mﬁﬁiNﬂvdﬁmuﬁ@thguﬁ®@§i?§4F@“K>114 t nozenavi r
( DVP- 450) 1E- 2147 (AG 1776), 30 AGL859, DG3 756423, R00334649,

KNI - 272, ¢EKR68&N3DP@mﬁgndeéhdvmﬁwﬂﬂﬁaﬂxﬁma@mmpePﬁQML@Qmmzbnﬁ H Vv

non- nucl e nhi bi t or r se transcriptas raV|r|ne
M A T R R S A N R A e

etravi ri ngdovahl3idoRin08 BimiREn a1 a P@B%u%@%tzd&/lnﬂ;bl@@ofﬁﬁgrsa— IVC- 120,
TMC-278 (rilpivirine), efavirenz, BILR 355 BS, VRX 840773, UK- 35453, 061,

RDEASI6, tBanseintgsg, mcre@@’éqva‘etmﬁfﬂvmdlmnml fmpeie e etmla@i@bmeptea@@vue g., WO

20111 03523 1BCTALRAMAL 0404 Rel.douidh e, L EIIRRES 301 v iffdagesi ne

st avudi ne I ne nlvu acavir, C|tab|ne

al ovudi nenhiMidk 210, curcagiini d’en(/atnEIGI curaﬂdéll,:a,m,@fﬁ fidid, Ideﬁb&th&s ophosphazi de,
fozivudi ne tidoxjl fosalvudlne tlg , apr|C|t|b|ne (AVX754
arrldoxo%i‘m“R?CQA%é digif Eroylgupniceagi ﬁ?Vﬁ@PﬁéOféédﬁﬁﬁﬁpymup%ﬁ?% dine +

zi dovudi na‘%mnﬁ‘ic‘ilﬁ)\éﬂgh@gcﬁ deﬁ%%"é@o?%ﬁﬂ@lcﬁbd ch?xgﬁll et Rl nEﬁ'«%nt%% ot

reverse 10transcri ptase tenofovir vir disop marate +
entrildit adstmeicnvm&fs oV caffel scmdypbmathyﬁ aster; trphastihy detivhdbdsnd tyrpledstiuj renz, and
adefovir,

inte rase i nhi,bj_t erivatives of
curcunmin, ‘@ CE%tL%W%%vﬁ fQBTPeEy VE@8U@H%H$é%PVﬁﬁ§§F§%”§ 5anf af f eoyl qui ni c
aci d, dersmm WeR -1 s 3radeBiaC RS, fEaey7aw 33 &1120hds, A NBG¢Rexyl i ¢ acid,
derlvatlves of aurlntrlcarboxyllc acid, caffeic acid phenethyl 15ester,

deri vat i eSKH§473a€f @) a:gr&’&rdhiphemetghynﬁ@mzé@,sxfuympatmEBD%Md@Ri Jad4.ves of
tyrphosti r in, . $:,1360, zi L (AR-177),
550812 o tsTobugis SR osRet R TR OB TR Bk “ARSYAR, (BA 011
BVS- 538158 ,an Go(S GAhTRRE, ¢ 6) SRODPANX IBIEDIV08n128 ighibit@NE HY BM$-dg§043

sifuvirtide, FBOO6M_ TRI-1144, SPC3, DES6, Locus gp41 CovX, and REP 9, 7)
a CXCR4 |4*Pﬁ|%?‘%k®ﬁf1de/€Rg10) avEP B 20d N@Hsaxuéaﬁeémlrlgﬂnmmm@mtinel%a SPOLA,

TNX- 355, Tty é!?h'%ﬁh%?c!c’ viridioc, %Bﬂﬁ?’?ﬁ@@%w , 10) a

&PD and OXI ase’ |tb g., rmmuni’tin i'nhi bi t or,
e.g. apIE\ZU@&éJCMmAbO(M asq mlaNﬁZB@é?lJi) alP ROt 0y, 4 NGRLIDEQ, rIPF28:0498,

CCR5WAb00 1 i nterf .g., | at ed rl FN-al ph
b, pegy | BN BN oAb FENERP har Ssoeet S ESPRIS | FN al pha. 2a,
25consensissdnEN @Nehigna, 'uﬂff:‘@'eﬂ er@b}f ri@&bxfon J\W tO@S oY G %rg@g SpecbRtad nfergen,

egyl ated |FN-beta, oral interferon al pha, feron, reaferon, I ntermax alpha
r - | FN- betI&N-hatd, e)rag:]elrrteﬂfemtaﬁphauftrem t@&rmg@mx :ﬂplﬁum beetrd irdfbdgad er on, 12)

ribavirin anal o .and viram di ne

(L oe by e e Setless KBTI os SRS Ry 17T R au8h anioBE 00052, 14)
NS5b pol %a&ﬁ@swegﬁg hix-aps$,ang setamidhé §%av%ﬂafql3&1§lsgahﬁlmlfaﬁg cf2L6R6, PSI-6130
(R1656), | DX184, PSI-7851, HCV-796, BILB 194 0608, NMW 107, R7128,

VCH 759, . 8685504 FASKE95033 1 4ANE Sirelymemse inbfitors, e.g., NM-283,
30  valopicitabine, R1626, PSI-6130 (R1656), IDX184, PSI-7851, HCV-796, BILB 1941,

MK-0608, NM-107, R7128, VCH-759, PF-868554, GSK625433, and XTL-2125, 15)
NS3 protease inhibitors, e.g., SCH-503034 (SCH-7), VX-950 (Telaprevir), ITMN-
191, and BILN-2065, 16) alpha-glucosidase 1 inhibitors, e.g., MX-3253 (celgosivir)
and UT-231B, 17) hepatoprotectants, e¢.g., IDN-6556, ME 3738, MitoQ, and LB-

35 84451, 18) non-nucleoside inhibitors of HCV, ¢.g., benzimidazole derivatives, benzo-
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NS3 protease inhibitors, e.g., SCH 503034 (SCH 7), VX-950 (Telaprevir),

| TMN191, and BI LN-2065, 16) al pha-glucosidase 1 inhibitors, e.g., MX-3253
(cel gosi woloamnm3sidT- 231B, 17) hepatoprotectants, e.g., PDRUGB®HE/04NME 3738,
MtoQ and LB- 3584451, 18) non-nucl eoside inhibitors of HCV, e.g.,
benzi m dazol e derivatives, benzo- WD 2011/035231PCT/US2010/ 049471 51

, 2, 4-thi adi azi ne derivatives, and phenyl al ani ne derivatives, 19) other
drugs for treating HCV, e.g., zadaxin, nitazoxanide (alinea), BlIVN 401

ol uf an: o2 BT A RSN G abE R S 1Bt o) SRS, ci vaci 1
GL- 5005, #NAng AV, XTd.- £865in, Ao LiRlde (MR USLVN 80V aGidianEHERIS.028nd NI MB11,

19) pharmacoki neti ¢ enhancers, e.g., 10BAS-100 and SP1452, 20) RNAse H
i nhi bi t or ¥0XAYC, ESBR763 AN4eTmbaibiximab, oghuharide RYN-LT §00%. g.,

Kopa7 s BhSE PRI RN el ORERS ARULELS R ORISR i 100

o he i o, e AR DDA L. Y Ahapossibicto pahommbl ne. 2y corpound
ot S RSP PR o BN AR b S o AT ey A0SR o o

pati ent._cEerpoahiRakiion ¢ er BY TSR ANTLALALE! ek B3 43Rl taneous or

sequenti al regi nen. en adm ni stered sequent ly, the conbination nay be
admi ni st epadgminn YGB-G0, Kb2é7 aAMIZR6r @Y TS907 Co-2ad MINi BrAat0-dno%Hf a

conmpound . inventi it r r..20active therapeutic
agent s géﬁépgﬂﬁﬁmIEF@FgaggﬂgﬂEuﬁ?gﬁggﬁgggﬁ“iéﬂﬁgﬂtial administration of a
conmpound of t heis A65skiBR t3REMBRE a8y cHMpSuRL dT8Re ACEANR LiesAngUhde agents,
such that therapeutically effective anounts of the conpound of the

i nveniti orptheicictyrethaiapaiiceacortaét a eitdry dosage farpe (i isundgemus casequgotid present
In the boé?%n%?ifsgﬁtfbﬁa etB%ga'ﬁ%%: Jﬁ%&@%}[}}n”ﬁé& ﬁl%‘ltaléag{?ﬁl%r:g:elbaleé?nelﬁis ol a%;atsé; ation of

unit dosages O oun e inv ore of a

admi ni st ramulaeotis tiieudhtishg@etndl Whe aiminbteedidagsntrdyi e therapeutic
agents, for exanple, administration of the conpounds of the invention
Wt hin se®sHuatopimayheadnypisieridria tye of meraimiRisEeiens on of one or nore

LT ot v LA oROED o D Sy 0 R Sl coPoun o
by ad®i nistivatheompeatic @zents generally refers to simultaneous or sequential administration
of a compound of the invention and one or more other active therapeutic agents, such
that therapeutically effective amounts of the compound of the invention and one or
more other active therapeutic agents are both present in the body of the patient.
Co-administration includes administration of unit dosages of the compounds
25  ofthe invention before or after administration of unit dosages of one or more other
active therapeutic agents, for example, administration of the compounds of the
invention within seconds, minutes, or hours of the administration of one or more other
active therapeutic 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
30 unit dose of one or more other active therapeutic agents. Alternatively, a unit dose of
one or more other therapeutic 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 desirable to administer a unit dose of a compound
of the invention first, followed, after a period of hours (e.g., 1-12 hours), by

35  adminmistration of a unit dose of one or more other active therapeutic agents. In other
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30unit dose of one or nore other active therapeutic agents. Alternatively,
a unit dose of one or nore other therapeutic agents can be adm nistered
first, fowvbawad3msiadm nistration of a unit dose of a cecpaseaooivshe
invention within seconds or mnutes. In sone cases, it may be desirable to
adm nister a unit dose of a conpound of the invention first, followed,
after a period of hours (e.g., 1-12 hours), by 35adm nistration of a unit
dose of one or nore other active therapeutic agents. In other WO

20.11/ %3526’%15%%/ H%%%]&élga%?é {cxrl]ad%?i%issfe?’a vh dg@lop(ﬁi[e%?%d’rggih%r %cceivg‘dm nister a
unit dose O0f "one-or nbre other active therapeutic agents tfirst, followed,
after a pgetpehtRfaghonfisst(feligwed, kfitRa peindsyf hoys @gni ini Bhew@dt), bpn of a unit
dose of a conpound of the_ invention. The conbi nation therapy may
provi de "pHapgytionpia wildase gf s eprpound of the WEerimect achi eved when t he

active ingredi Qg&ngﬁ%&gﬁgﬁ@g%aghﬁmgg@ Ly 2?,,3(3 t«%g%%;b@fi el@ﬁghe effects

that results fromusing t nds separ rgistic effect may
be att ai nétbonhehicvict evhao thovaetiva groeetiient ssednegetl{ct )s goatbothau thetsech ahd

adm nj stered_or delivered sinmultaneously in a conbined fornulation; (2)

el T T ot iRt Benersil b SPe s SMTEIT s B & % P RO AETBRE or () by

sone ot hege fiReHMRihen WEidE higediBds ht: Al LEHAL IR bRELARMMist@eBNNEr gi Sti C
effect may be attai ned when the conpounds are 15adm ni stered or delivered

sequent i addliyered sgnuliane@ehainat enttatdddbanulpiion; 2 odelivarsd blyediernetiobyr idi f f er ent

i njections i, separate.syringes. | eneral,, durin t er,nat i on. t herapy, an
e f oot | ve BRI e R LSRR LB or [ PP ER Ebes N QeF e tlimne ol Ty,
i.e. seriatddatioMlIRrg3Sa byheS@nI SBdct OAy bbeaft@pyd waki eetdwpotanages of two or
nore active ingredients are adm nistered together. A synergistic anti-viral

ef f eckd destrisisteapl aielivered pequperigdly. ogviliseparits tygtletatmalls eragnsulereoppledi ct ed

purely adgdit.ive. ect. . i ndi Vi l..60 - ination. In
still yet(%gftﬁ{g}éﬁlenf&ég Solgisg aﬁ%t{a%m@&& !{ergg%telag’pp ﬁggﬁ ?%1%&%% %‘\%aggrs%f or net hods
of i nhi bi ¢ffngvi@éapobyereh astvd ing@dieel & adaarimeicdisogientalht, aetderiglia cel |
infected with HCV with an effectjve anount of a conmpound of Fornula 1-111,
or a phar WREEHP CAPPYaeabeEpy atffestiva fesaeeteer "iRg AT cdsgatietfer eof

wher eby Wa@lﬁlrﬁf&r@%@ e{h%r i ﬂ@?ﬁé}%ﬁg% ﬁllltg-vﬁgdi éffec%%o%%ﬁ hehvielieadiment, the

present application provi des r ods of In iting HCV polynerase in a
cel | ,20conphick ingeateohtmticipnelicted ehdelsi mfdeotcedionistoll thdGwdmidubl an ef f ecti ve
anount of a conpou g of Formula 1-111, or a pharmaceutically acceptable
salt, sol ‘?Péﬁ@,uggsn%‘ﬂ ¢ crbigpti¢her eof . and at | east one additional active

In still yet another embodiment, the present application provides for methods
of inhibiting HCV polymerase in a cell, comprising: contacting a cell infected with
HCV with an effective amount of a compound of Formula I-Il, or a pharmaceutically
25 acceptable salt, solvate, and/or ester thereof, whereby HCV polymerase is inhibited.
In still yet another embodiment, the present application provides for methods
of inhibiting HCV polymerase in a cell, comprising: contacting a cell infected with
HCV with an effective amount of a compound of Formula I-111, or a pharmaceutically
acceptable salt, solvate, and/or ester thereof, and at least one additional active
30 therapeutic agent, whereby HCV polymerase is inhibited.
In still vet another embodiment, the present application provides for methods
of inhibiting HCV polymerase in a cell, comprising: contacting a cell infected with
HCV with an effective amount of a compound of Formula I-III, or a pharmaceutically
acceptable salt, solvate, and/or ester thereof, and at least one additional active

35  therapeutic agent selected from the group consisting of one or more interferons,
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30t her apeuti c agent, whereby HCV polynerase is inhibited. In still yet

anot her enbodi nent, the present application provides for nethods of

i nhi bi ti nryoHM/Bsd3ynerase in a cell, conprising: contactcmgsariomhd47i nf ect ed
with HCV with an effective anobunt of a conpound of Formula I-I111, or a
pharmaceutically acceptable salt, solvate, and/or ester thereof, and at

| east one additional active 35therapeutic agent selected fromthe group
consisting of one or nore interferons, WD 2011/ 035231PCT/US2010/ 049471

5ri bawi ridibawirid drSitsanalogg 3 C G NS3tepscoinbdiersi NBEbidhitiisys, Mpbha- | nhi bi t or s,

al pha- glucosidase. 1 inhibitors, hepat opr?t ectants, val onat e

decar boxy$'8&1425¢ AHGHIOFS hepplongishiaBissmeyalppate %ﬁmﬁmgﬁ& BEEEISH- sy st em

ot her antjafJ i t.S 00 i ) , I i or
nucl eot i déeiﬁglk’r?ﬂi{s%it(%f(q)?%gg‘ﬁ %&&&N%g%ggﬁlg ﬁea{&ggg?@%ﬁ?na %ﬁg’oeg?%g%nhi bitors of

HCV NS5B gutdgpnsstsase:]lcdsi@y oNBs&cotndv ibhiboos of AR NSEBagdymets:, naycl ophil i n

i nhibitors, HCV TRES inhibitar rrnacaokj I c, enhancers and ot her drugs
for treatTIAFoREyGR R S Yous e PeBeRae HE VRS G FNEHES TG her |
embodigne NponishecRIGHENE idRRkdre atd OMRPL AVhiHRS s [iarmRIRALE: Sfhadtgat i ng HCV in
a patient,” conprising: admnistering to the patient a therapeutically

ef f ect i veandrmdleamtdreds for watrpe iiedY ofr tHatured theteol | | | or a pharmaceutical ly
accept abl e 15sal t.,, .sol vat e ng/ or ter thereof.. o lp stidl, yet
another enboarTnllyEC ST sabiitni, B8 e bl ST Shmanrorie! Rediingsys

treati ng ¢f@éaiife BCONaINI BidtientC OGP S h# Gidmad Biefth SicethE PeidnOa tieapeatidatint a
therapeutically effective amunt of a conpound of Fornula I-111, or a

phar macewifestye ynaws epe sppaowyl of Fosgpladildl, opsahamasatisplly sserighle and at

| east,one_addjit] i rapeuti c agent, 20 whereby HCV pol ynerase is
i nhi b}iSt eds.aﬁ’ %E\;Atglgﬁ&/g?%&%r\ﬂ;gt%&gnot her enbodi ment, the present application

provi des for nmtshitidst afotiter embbighcdC¥hd presenp aglenation monjles fir agithods
adm nisterjng to the patient a therapeuti.al.l fective anmount a?f a

y e
conmpound Y REPHHY -3 naficnsFomPRHAR RAEERIPPE A WLsee%fﬁ abicearnsaredlYsol vat e,
and/ or  estegleil HSHhea of 800 Bbul EAForANB 1a8d bt 4 aBGkHcNy Adieh@peuti ¢ agent

25sel ected fromthe group consisting of one of nore interferons, ribavirin
or its amaltogdyatdla@/olNe83 theretie asdatilpdyi (e aidstjonhShdi vie therdpietioe sgent,

o Phagol RSl et IMLBLL Stayufcpot oot ectant s, evalanat e decar boxy| ase
anti-fibrotic RaantSs aRARPEMBLHihANIRINREE SppHiGd LRSI RIS B methods
of treating HCV in a patient, comprising: admiistering to the patient a therapeutically
effective amount of a compound of Formula I-II1, or a pharmaceutically acceptable
salt, solvate, and/or ester thereof, and at Ieast one additional active therapeutic agent
25  selected from the group consisting of one or more interferons, ribavirin or its analogs,
HCV NS3 protease inhibitors, NS5a mnhibitors, alpha-glucosidase 1 mhibitors,
hepatoprotectants, mevalonate decarboxylase antagonists, antagonists of the renin-
angiotensin system, other anti-fibrotic agents, endothelin antagonists, nucleoside or
nucleotide inhibitors of HCV NS5B polymerase, non-nucleoside inhibitors of HCV
30  NSS5B polymerase, HCV NS5A inhibitors, TLR-7 agonists, cyclophillin inhibitors,
HCV IRES inhibitors, pharmacokinetic enhancers and other drugs for treating HCV;
or mixtures thereof.
In still yet another embodiment, the present application provides for the use of

a compound of the present invention, or a pharmaceutically acceptable salt, solvate,
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nucl eotide inhibitors of HCV NS5B pol ynerase, non-nucl eosi de inhibitors of
HCV 30NS5B pol ynerase, HCV NS5A inhibitors, TLR-7 agonists, eyclophillin

i nhi bi t orwQ 2BGY3TRES | nhi bi t ors, phar macoki neti ¢ enhancecs/msedontdaer dr ugs
for treating HCV; or mxtures thereof. In still yet another enbodi nent, the
present application provides for the use of a conpound of the present

i nvention, or a pharmaceutically acceptable salt, solvate, WO

2011/ 035231PCT/ US2010/ 049471 5and/ or ester thereof, for the preparation of
a nmedica an. HCV i nf ctl in tient bolites of the
Corrpousﬁds 0 eﬁ{er%hr‘f\l/eé) it | oweﬁ?graftlgplo Ag aﬁ}eﬂﬁﬁo gr@%tbr@paél '%)/‘T%{/?hl s invention
are the imfactiveinmepabat.i c products of the conpounds described herein, to

t he extent such products are novel and 10 unobvi ous over the prior art.
Such products may result for exanple fromthe oxidation, reduction,
hydroly5|’F“:*1‘—‘ g Copogpds gfdh s04GI the |ike of the adninistered
conpound, pri ”Rrs'o hﬁ @mﬁq& 04 to'f‘Eh 95&‘&%3%%@ ﬂﬁ%%g'nﬁ'&éﬁ’ahct he invention
i ncl udes novel bvi ous  compounds produced by a process conprising
contacti n;goducumnﬁkhandmpc[mrtdhkisscnhméhemmntwme hxtantrmanmptodhos ase e ad of

15t suff cient to |e d a abo] i rodugt .t hereaqf .. Such products
Ly pi ) 1 yPrabEiaeg g Y BROTYE e ARG 4 g B ELTER PO 19C or 3k
cormound &Iadétﬂﬁ QY& dero@g@l zﬂhﬁ&@éﬂ ReerificJpdh 88 Blealde%rie @ detectabl e
dose (e.g. greater than about 0.5 ng/kg) to an ani mal such as rat, nouse,

gui nea pugmBnﬂﬁW@yamaKmnélnﬂmﬂﬂEHHQVJ@gymaﬁ¢pmm@ﬁ@sbimanhmyynbcabol|sn1to
occur (ty i IIy to 30 ho isolating its
ZOConversgoﬁl5?6@%8@?I?W%ﬁ?ﬁﬁ%gkﬁWWﬁfomﬁoBﬁ%ig%d ﬁ@VHEP%F%§|ca| sanpl es.
These pr aghugirid @nerbhd ¥ chiphaiied tsk MGentAeYRLEendnabel Bfa paidiess are

isolated by the use of antibodies capable of binding epitopes surviving in
t he neét abshs peficierhie )ﬁ@ﬂ%@ﬁ@%cﬁ@@ﬁ ewssf. aFP@hdé@@CFﬁ tipigaliyiareonvent i onal

fashi VS |s anal ysis of netabolites is
gﬁe' ?2 t! ﬁ%’%éﬁa“ﬁéjyv%?ﬂ?ﬂré@&@dﬂ @@JP?‘ ? ‘Efg %%mupéyﬁf&eum%wm | - known
to those giglihi s%‘}jlngnt ﬁa%té’ﬁltly in Mt%%Y@E&%QQgPéIQQ&%% about 0.5 mg/kg) to

an animal such as rat, mouse, guinea pig, monkey, or to man, allowing sufficient time

for metabolism to occur (typically about 30 seconds to 30 hours) and isolating its

20 conversion products from the urine, blood or other biclogical samples. These
products are easily isolated since they are labeled (others are isolated by the use of
antibodies capable of binding epitopes surviving in the metabolite). The metabolite
structures are determined in conventional fashion, e.g. by MS or NMR analysis. In
general, analysis of metabolites is done in the same way as conventional drug

25  metabolism studies well-known to those skilled in the art. The conversion products,
so long as they are not otherwise found ir vivo, are useful in diagnostic assays for
therapeutic dosing of the compounds of the invention even if they possess no HCV
polymerase inhibitory activity of their own.

Recipes and methods for determining stability of compounds in surrogate

30 gastromtestinal secretions are known. Compounds are defined herein as stable in the
gastrointestinal tract where less than about 50 mole percent of the protected groups
are deprotected in surrogate intestinal or gastric juice upon incubation for 1 hour at
37°C. Simply because the compounds are stable to the gastrointestinal tract does not

mean that they cannot be hydrolyzed in vivo. The prodrugs of the invention typically
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so long as they are not otherwi se found in vivo, are useful in diagnostic
assays for therapeutic dosing of the conpounds of the invention even if

t hey posswex0na3s3V pol ynerase inhibitory activity of trernsosm/o4Reci pes
and nmethods for determning stability of conpounds in surrogate

30gastroi ntestinal secretions are known. Conpounds are defined herein as
stable in the gastrointestinal tract where | ess than about 50 nol e percent
of the protected groups are deprotected in surrogate intestinal or gastric

j ui ce ypon..inc tion for 1 hour at 37C., Simly. hecause t onpounds are
a6 onPhBE a8k b Bl v e R B Resfllf SRR 4G Fennot b
hydr ol yzegatmaMdrv@in thaQli kS uSn Afvet BeothBV@BhbAR: dryii, eaklithin M in

2011/ 035231PCT/ US2010/ 049471 5will be stable in the digestive system but

may be suB@€Ehtially hydrol yzed to the parental drug in the digestive

| umen, liver or other netabolic organ, or within cells in general. Exanples
10 Certain abbreviations and acrgﬁﬁns are used in describing the
expergﬁental details. Although mos ¥ 8PP %ese woul d be under st ood by one

skill inthe art, Table 1 contains a list of many of these abbreviations
and acronyns. &&1appebreviafipnsang pergp e gTeatsPd HsdHAiPIag HsrRrREImANBY evi at i on

g/gﬁgiy ng B/;%%leac,@mo%gﬁlmpaétﬂgse/%\t(ﬁ% Be andefGOR 5 G’ RALAYA BIORE bl 1 €) Bn

contains a list of many of these abbreviations and acronyms.

15  Table 1. List of abbreviations and acronyms,

Abbreviation Meaning

AcyO acetic anhydride

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

BnBr benzylbromide

BSA bis(trimethylsilyl)acetamide

BzCl benzoyl chloride

CD1 .| carbonyl diimidazole

DABCO 1,4-diazabicyclo]2.2.2 Joctane

DBN 1,5-diazabicyclo[4.3.0]non-5-ene
DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone
DBU I,5-diazabicyclo[5.4.0jundec-5-ene
DCA dichioroacetamide

DCC dicyclohexylcarbodiimide

DCM dichloromethane

DMAP 4-dimethylaminopyridine

DME 1,2-dimethoxyethane

DMTCI dimethoxytrityl chloride

DMSO dimethylsulfoxide

DMTr 4, 4’-dimethoxytrityl
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benzyl brom de BSA bis(trinethylsilyl)acetam de BzCl

benzoyl chloride CD

carbonyl diim dazol e DABCO 1, 4-di azabi cycl o[ 2. 2. 2] oct ane DBN
1, 5- di azawoeyolsp2813. 0] non- 5- ene 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 ohexyl carbocliim de DCM di chl or onet hane

PCT/US2010/049471

DMF dimethylformamide

EtOAc ethyl acetate

ESI electrospray ionization

HMDS hexamethyldisilazane

HPLC High pressure liquid chromatography
LDA lithium diisopropylamide

LRMS low resohition mass spectrum
MCPBA meta-chloroperbenzoic acid
MeCN acetonitrile

MeOH methanol

MMTC mono methoxytrityl chlorde

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

Ph phenyl

rtorrt. room temperature

TBAF tetrabutylammonium fluoride
TMSC] chlorotrimethylsilane

TMSBr bromotrimethylsilane

TMSI iodotrimethylsilane

TMSOTYf (trimethylsilyhtrifluoromethylsulfonate
TEA triethylamine

TBA tributylamine

TBAP tributylammonium pyrophosphate
TBSCI t-butyldimethylsilyl chlonde
TEAB tricthylammonium bicarbonate
TFA trifluoroacetic acid
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DVAP 4-di net hyl am nopyri di ne DVE 1, 2-di net hoxyet hane DMICl di met hoxytrityl
chl ori de DMSO di net hyl sul f oxi de DMIr 4, 4'-diethoxytrityl DIVF

cl i met hylWwormamsasi1Et 0OAc et hyl acetate ESI el ectrospray pconiszavioen7HVDS
hexanet hyl di si | azane HPLC

10

15

20

TLC ortlc thin layer chromatography
Tr triphenylmethyl
Tol 4-methylbenzoyl

Turbo Grignard | 1:1 mixture of isopropylmagnesium chloride and lithium chloride

5 parts per million down field from tetramethylsilane

Preparation of Compounds

Compound 1

S/
N\7/<
!
Br \N//’QSW

S, Buli, BF;-Et,0
Bz THF Bz
1a ib
To a suspension of 7-bromo-2,4-bis-methylsulfanyl-imidazo[2,1-

f][1,2,4]triazine (prepared according to WQO2008116064, 500 mg, 1.72 mmol) in
anhydrous THF (5 mL) was dropwise added Buli (1.6 M in hexanes, 1.61 mL, 2.41
mmol} at -78 "C. The suspension became red brown solution after 5 min, and then a
mixture of 1a {prepared according to WO 200631725, 675 mg, 1.81 mmol) and boron
trifluoride etherate (2.40 mL., 1.89 mmol) in THF (5 mL) was added dropwise to the
mixture. After stirring for 2 h at -78 °C, saturated NH,4Cl was added to quench the
reaction. The mixture was diluted with ethyl acetate; the organic layer was washed
with brine and concentrated in vacuo. The residue was purified by silica gel column
chromatography (EtOAc / hexanes), affording 1b as a rich yellow foam (650 mg,
67%). 'H NMR (400 MHz, CDCl): & 8.13 (d, 2H), 8.03 (d, 2H), 7.81 (d, 1H), 7.59
(t, 1H}, 7.45 (m, 3H}), 7.36 (t, 2H), 6.40 (brs, 1H), 6.01 (dd, 1H), 4.78 (m, 2H), 4.60
(dd, 1H), 2.68 (s, 3H), 2.45 (s, 3H), 1.62 (d, 3H). ""F NMR (376 MHz, CDCL5): & -
167.5. MS =585.1 (M + H).
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H gh pressure |liquid chromatography WA |ithium diisopropyl am de LRVS | ow
resol ution mass spectrum MCPBA net a- chl oroperbenzoic acid MeCN acetonitrile
MeOH et moab11MsFB1nono net hoxytrityl chloride mz or i mce/usass/otw7char ge
ratio mass plus 1 MT mass mnus 1 MsOH rnet hanesul fonic acid

Et,SiH g
BF,-Et,0 6 F
3 2 BZ/
CH,Cl,
5 1b ic

To a solution of Ib (820 mg, 1.40 mmol) in dichioromethane (20 mL)} were
added boron trifluoride etherate (2 mL) and triethylsilane (2 mL), and stirred at room
temperature for 16 h. Additional boron trifluoride etherate (1 mL) and triethylsilane
(I mL) were added, and stirred for 7 d. The mixture was diluted with

10 dichloromethane and saturated sodium bicarbonate. The organic layer was washed
sequentially with water, saturated ammonium chloride and brine, dried over
magnesium sulfate, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc / hexanes), affording 1c¢ (605 mg, 76%). 'H NMR (400
MHz, CDCL): 6 8.10 (d, J=7.2Hz, 2H), 8.00 (d, /= 7.2 Hz, 2H), 7.66 (s, 1H), 7.61

15 (t,J=72Hz 1H),7.53 (t,/=7.2Hz, 1H), 746 (t,J= 7.2 Hz, 2H), 7.38 (1, /= 7.2
Hz, 2H), 5.78 (m, 2H), 4.80 (dd, 1H), 4.68 (m, 1H), 4.60 (dd, 1H), 2.68 (s, 3H), 2.65
(s, 3H), 1.32 (d, 3H). ""F NMR (376 MHz, CDCl3): 8 -149.9. MS =569.1 (M + H").

s NH,

N\V/k NY(

N N\
0 O\N\’;E HO—~ o pN N

Bz NNg—  1INH; NTN
0o F 2) NaOEt / THF HG F
Bz
1c 1d

20 Compound 1c¢ (635 mg, 1.12 mmol) was placed in a steel bomb reactor.

Liquid ammonia (~30 mlL) was charged and the bomb reactor was tightly sealed. The
mixture was stirred at 50 °C for 16 h. After cooling to room temperature, ammonia
was evaporated and the solid residue was dissolved in THF (10 mL) and MeOH (10
mL). Sodium ethoxide (25% wt. 0.63 mL) was added and stirred at 60 °C for 40 min.

25  The mixture was neutralized with AcOH and concentrated. The resisue was purified
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M5 or nms mass spectrum NBS N-bronosucci ni m de Ph phenyl rt or r.t. room
t enper at ure TBAF tetrabutyl ammoni um fl uoride TMSCL chl orotri nmet hyl sil ane
TMVMSBr br owotoiwmssisyl si | ane TMVSI i odotri net hyl sil ane TMS@C/US2010/049471
(trimethylsilyptrifluoromethylsulfonate TEA triethyl arni ne TBA

5 by RP HPLC, affording the product 1d (175 mg, 48%). 'H NMR (400 MHz, DMSO-
de): 8 8.21 (brs, 2H), 7.60 (s, 1H), 5.45 (brs, 1H), 5.43 (d, 1H), 4.91 (t, 1H), 3.92 (m,
1H), 3.76 (m, 2H), 3.57 (m, 1H), 2.44 (s, 3H), 1.09 (d, 3H). ""F NMR (376 MHz,
DMSO-dg): 8 -153.5. MS =330.1 (M +H").

NH NH
ha el
N N
HO O\N\/N HO o\N\,/,E
NN MCPBA NT N
— o7
HOC F CHCly HO F
10 1d 1e

To a solution of 1d (175 mg, 0.53 mmol) in dichloromethane (11 mL) was
added MCPBA (370 mg, ~ 1.5 mmol) and stirred at room temperature for 16 h. The
mixture was concentrated, affording crude 1e which was used for the next reaction

without purification. MS =362.0 (M + H").

15
NH NH
N\V/k z N\7/( ?
\ N \ N
HO N, HO o N,
© =l - NH, N
2S . NH;
; S _-
HO F HO F
1e 1

Compound 1e (obtained from the previous reaction} was placed in a steel
bomb reactor. Liquid ammonia (~30 mL) was charged, and the bomb reactor was
tightly sealed. The mixture was stirred at 115 °C for 3 d. After cooling to room

20  temperature, ammonia was evaporated. The solid residue was purified by RP HPLC,
affording compound 1 (105 mg, 66% in two steps). 'H NMR (400 MHz, D,0): § 7.31
(s, 1H), 543 (d, J= 25.2 Hz, 1H), 4.07 (dd, /= 9.6, 23.2, 1H), 3.89 (m, 1H), 3.83 (dd,
J=2.4,12.8 Hz, 1H), 3.67 (dd, /= 4.8, 12.8 Hz, 1 H), 1.05 (d, /= 22.8 Hz, 3H). "°F
NMR (376 MHz, D,0): § -153.5. MS =299.2 (M + H").

25
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tributyl am ne TBAP tri butyl ammoni um pyrophosphat e TBSCI

t-butyldinmethylsilyl chloride TEAB friethyl anmoni um bi car bbonate TFA
trifluorosoebinsssid WO 2011/ 035231PCT/ US2010/ 049471 TeCrars2eiom4d4hii n | ayer
chromat ography Tr triphenyl nethyl Tol 4-methyl benzoyl Turbo Gignard 1:1

m xture of isopropyl magnesi um chloride and lithiumchloride 8 parts per
mllion down field fromtetranethylsilane

5  Compound 2

N adenosine deaminase

H(j E water

To a solution of compound 1 (82 mg, 0.28 mmol) in water (340 ml.) was
added adenosine deaminase {AS5168 bovine spleen type IX from Sigma-Aldrich, 0.125
10 Unit per mL of water) and stirred at 37 °C for 4 h. The mixture was concentrated and
purified by RP HPLC, affording compound 2 (56 mg, 68%). 'H NMR (400 MHz,
D0} 6 7.35 (s, 1H), 5.46 (d, /=252 Hz, 1H), 4.08 (dd, /= 9.6, 22.6, 1H), 3.93 (m,
1H), 3.87 (dd, J=2.4, 12.8 Hz, 1H), 3.71 (dd, /= 4.8, 12.8 Hz, 1H), 1.12 (d, .J = 23.2
Hz, 3H). ""F NMR (376 MHz, D,0): 6 -153.4. MS =300.2 (M +H").

15
Compound 3
NH,
~:
\ o N
BZ/O \ O jO Br N’;/
z s BuLi, TMSCY
O F
Bz THF
1a 3b

To a suspension of 7-bromo-pyrrolo[2,1-f]{1,2,4]triazin-4-ylamine (prepared
according to W02007056170, 2.13 g, 10 mmol) in THF (20 mL) was added TMSCI
20 (2.66 mL, 21 mmol} and stirred at room temperature for 16 h under argon. After
cooling to -78 °C, a solution of BuLi (1.6 M, 21 mL, 33 mmol) in hexanes was added
dropwise. The mixture was stirred for 1 h at the same temperature. A solution of 1a
{prepared according to WO 200631725, 4.46 g, 12 mumol) in THF (10 mL) was then
added. After stirring for 2 h at -78 °C, saturated ammonium chloride was added to

25  quench the reaction. The mixture was extracted with ethyl acetate. The organic
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Preparati on of Conpounds Conpound | lal b 10To a suspensi on of

7-brono- 2, 4- bi s-net hyl sul fanyl -i m dazo[2,1- f][1,2,4]triazine (prepared
accor di ngvooMB8B8116064, 500 nmg, 1.72 mmol) in anhydr ®a3/UBRIHOO%4ML) was
dropwi se added BuLi (1.6 Min hexanes, 1.61 nL, 2.41 mmol) at -78 C. The
suspensi on becane red brown solution after 5 mn, and then a mxture of | a
(prepared according to WD 200631725, 675 ng, 1.81 nmrnol) and boron 15
trifluoride etherate (2.40 nL, 1.89 mmol) in THF (5 nL) was added dropw se

to the niogmatewadNfoneentiitdd i ivAgud qmezestid@etwas@l{ﬁedwtsmoatgen NRACL was added
to quench the reaction. The m xture was diluted with ethyl acetate; the
organi c Icély‘éﬁat@ﬁ@m)éé%}@d aﬁﬁtﬁtﬁ/ Bexanes)apfdord Brectmsraaretlgwi Sﬁh@ébéﬁz 3%ke resi due
was pu“fMﬁd-?()hﬂM ﬁ col um chr omat ogr aphy (Et 0Ac / hexanes),
affordin b as a'ric eIIowfoam(650 ng, 20 67% . NWVR (400 MHz, CDC13):
6813(d 2H) 8.03 (d, 2H) 7.81 (d, 1H), 759(t 1H), 7.45 (m 3H),

7.36 (t, 6.40 (brs, 6.01 (dd, 1 78 (m 2H), 4.60 (dd, 1H),

2. 68 (s fﬁ’ltﬁfm‘?"%“c@d“%ﬁﬂf ‘3_0"6@0“(%’ 3b3pging é#)lNNR (376 Mz, CDC13): 8 -
167. n 5234 9471 Et3siH

dFBF3 Et O%?&J%E‘C%Eﬂa byl eﬁQn%Qﬁé‘téQ% a so@%‘?‘?ﬁ%ﬁ‘ﬁ% (820 ng,SI 1.40 nano')

|n di chl ororrethane (20 rrL) wer e added boron trifluoride etherate (2 nL) and
triethylsilan irred at roo er at for h. Additi onal
boron trifl uo S%SP%%SP %le'ﬂ_o)pyé'FPé ftfzrll ﬂm{;@?f‘% “ﬁﬁ‘n}?ﬁ)&@% & added, and
stirred fpzs &n@bi) mhmm(@s W19 Wasdaéd Bhed 1 thn Legdineh1os g thagecand

sat urat ed sodi um bi carbonate. The organic |ayer was washed sequentially

Wi th wat ebftersdk miataespluioneiil @ﬁbiéﬁqcbhr@tbm&ﬂﬁ’i)bﬂwéefhém &d8 over2-4magnesi um
sul f 61t5€ I%}Ql% RW rfm‘iﬁ’ was diede%fg \An?irsl uil E] .(?mLan% Ia!i & /gﬁl col urm

an additional 30 min., BuLi (1.5 mL) was added. After 30 min., a solution of 1a (610

mg, 1.64 mmol) in THF (2 mL) was then added dropwise. The resulting mixture was

stirred at -78 °C for 2 h under argon. Acetic acid (0.7 mL) was added dropwise to

guench the reaction, followed by addition of saturated ammonium chloride. The

20 mixture was extracted with ethyl acetate. The organic extract was concentrated in
vacuo. The residue was purified by silica gel chromatography (ethyl acetate /
hexanes), affording 3b (320 mg, 40%). The starting 1a was also recovered (350 mg)

from the chromatography.

25

TMSCN,
TMSOTf

AcCN

3b 3c

To a solution of compound 3b (50 mg, 0.1 mmol) and TMSCN (67 ul, 0.5
mmol) in acetonitrile (2.0 mL) at 0 °C was added TMSOTT (91 uL, 0.5 mmol). The

reaction mixture was stirred at room temperature for 1 h, then at 65 °C for 3 d. The

30 reaction was quenched with saturated NaHCO; at room temperature, and diluted with
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chr omat ogr aphy (EtO0Ac / hexanes), affording ic (605 ng, 76% . 1H NWVR (400
MHz, CDC13): 5 8.10 (d, J= 7.2Hz, 2H), 8.00 (d, J= 7.2 Hz, 2H), 7.66 (s,
1H), 7.6Iwobbifwss23d= 7.2 Hz, 1H), 7.53 (t, J= 7.2 Hz, 1PCT/UR26u6/044471J= 7.2
Hz, 2H), 7.38 (t, J=7.2 Hz, 2H), 5.78 (m 2H), 4.80 (dd, 1H), 4.68 (m
1H), 4.60 (dd, 1H), 2.68 (s, 3H), 2.65 (s, 3H), 1.32 (d, 3H). 19F NWR (376
MHz, CDC13): 6 -149.9. M5 = 569.1 (M4- H. lcld 20Conpound |Ic (635 ny,
1.12 mml) was pI aced in a steel bonb reactor. Liquid anmonia (-30 inL) was

charg JLeactar was ti al ed The g ure stin-ed at
50 C]ggraq% (%8 frer °¢doliNG To T o maEeg S%fi Iglbrglﬁﬁ%lﬁ 2 was ‘svabor at ed
and t he sfkdred Elﬁsd:dﬂu&l’fm df}&iﬁhmﬁﬂdwa@u%d(mmmdcdv&ﬁtﬂﬁé 10 rnL).

Sodi um et hoxi de (25% wt 63 nmL) was added and stirred at 60 C for 40 mn.
25The m xV#Fe; %V%@etdﬁsmdzc@almmdﬁ%@@marﬁd%)oﬁé%mﬁlétie(a/i *+Theé resisue was
purified WD 2011/035231PCT/US2010/049471 5 by RP HPLC, affording the
product Id (175 ng, 48%. 1H NWVR (400 MHz, DwvsCQd6): 5 8.21 (brs, 2H), 7.60
(s, 1H), 5.45 (brs, 1H), 5.83:2(d, 1H), 4.91 (t, 1H), 3.92 (n&! 1H), 3.76 (m

2H), 3.57 (m 1H), ~3H), 1.09 (d, 3H). 19F NMR , DVBO-d6) :
6 -153.5. M5 = : loidle To a solfut on\,@f id (175 ng,
0.53 mol) i readi c thare (128hNTameatgtded - 1.5 mol)
and stirred at roo r at ur e—for—t6—h—Fhe m xt uke E‘oncentrat ed,

af fordi ng crude Ieowh ch was used fgeokhe next reacti w t hout
purification. M®zZ 362.0 (M+ H4). 15 |l e i@onpobund | e (obt ai ned
fromthe previous reaction) was placed in a steel bonb reactor. Liquid
anmonia (-30 nL) waszgeharged, and the bonb reactor wag ti ghtly seal ed. The
m xture was stirred at 115 C for 3 d. ‘After cooli ngz to roo
10 To a solution of 3¢ (56 mg, 0.11 mmol) in methanol (1.2 mL) was added

ammonium hydroxide (28% in water, 0.8 mL) and stirred at room temperature for 16

h. The mixture was concentrated and the residue was purified by RP HPLC (water /

acetonitrile), affording compound 3 (20 mg, 60%). ‘H NMR (500 MHz, D,0): § 7.88

{s, 1H), 7.07 (d, 1H), 6.92 (d, 1H), 4.17 (m, 2H), 4.04 (dd, 1H), 3.87 {dd, 1H), 1.15 (d,

15 3H). MS=308.1 M+ H").

Compound 4

28% NH4 in water

CHAOH
3b 4

20 To a solution of compound 3b (60 mg, 0.12 mmol) in methanol (0.5 mL) was
added ammonium hydroxide (28% in water, 0.5 mL) and stirred at room temperature
for 16 h. The mixture was concentrated and the residue was purified by RP HPLC
(water / acetonitrile), affording compound 4 (25 mg, 70%). MS =299.1 (M + H").

25 Compound 5

[14



20 tenperature, ammoni a was evaporated. The solid residue was purified by
RP HPLC, affording conpound 1 (105 ng, 66%in two steps). 1H NMR (400 MHz,
D20): 5 Wweko(im3s®iH), 5.43 (d, J = 25.2 Hz, 1H), 4.07 (edr/usee094E71 23. 2,
1H, 3.89 (m 1H), 3.83 (dd, J = 2.4, 12.8 Hz, 1H), 3.67 (dd, J 4.8, 12.8
Hz, 1H), 1.05 (d, J 22.8 Hz, 3H). 19F NWR (376 M1z, D20): 6-153.5. M5 =
299.2 (M+ H+). 25 WD 2011/035231 5 Conpound 2 NH2 HON N-NNH2 adenosi ne
deanm nase water 12 To a solution of conpound 1 (82 ng, 0.28 mMmmol) in water
(340 nL) was added adenosi nenggam nase (A5168 bovine spl eer&{g ype | X from
Sigma- Al drich, 0.125 10 it{per nmL of water) and stirred “37 C for 4 h.
The m xture was concenttat ed\@nd [Ethll-fl ed by RP HPLC, \a i hg conmpound 2
(56 ng, 689% . A6 (d, J= 25.2 Hz,
1H), 4.08 (dd, (dd¥" 3 = 2.4, 12.8
Hz, 1H), 3.71 (dd 2 —=23.2 Hz, 3H). 19F NMR
(376 MHz, D20): ,@53‘:4 I\/IS = 300. 2 (M + H) 15 @mffound 3

28% NH3 in water
CH30H

Compound 3b was converted to compound 5a by a procedure similar to
conversion of 1b to 1¢. Compound 5a was then converted to compound S by a
procedure similar to conversion of 3¢ to 3. 'H NMR (300 MHz, D,0): & 7.68 (s,
1H), 6.75 (d, J = 4.5 Hz, 1H), 6.65 (d, J = 4.5 Hz, 1H), 5.65 (d, J = 25.2 Hz, 1H), 3.95
10 (m, 3H), 3.74 (dd, 1H), 0.98 (d, J=22.8 Hz, 3H). ""F NMR (282 MHz, D;0): 5 -
154.2. MS =283.2 (M +H".

General procedure for preparation of a nucleoside triphosphate:

5 To a pear-shaped flask (5-15 mL) is charged with a nucleoside (~20 mg).
Trimethyl phosphate (0.5-1.0 mL)} is added. The solution is cooled with 1ce-water
bath. POCI; (40-45 mg) is added and stirred at 0 °C until the reaction is complete (1
to 4 h; the reaction progress is monitored by ion-exchange HPL.C; analytical samples
are prepared by taking ~3 vl of the reaction mixture and diluting it with 1.0 M

20 EtsNHLCO; (30-50 ul)). A solution of pyrophosphate-BuaN (250 mg) and BusN (90-
105 mg) in acetonitrile or DMF (1-1.5 mL) is then added. The mixture is stirred at 0
°C for 0.3 to 2.5 h, and then the reaction is guenched with 1.0 M Et;NH,CO; (~5 mL).

The resulting mixture is stirred for additional 0.5-1 h while warming up to room
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| a3b To a suspensi on of
7-bronmo-pyrrolo[2,1-f][1,2,4]triazin-4-ylam ne (prepared according to
W200705600Q01123381g, 10 mml) in THF (20 rnL) was adde®CTNS@H02@(421 66 ni,
21 mol) and stirred at roomtenperature for 16 h under argon. After
cooling to -78 C, a solution of BuLi (1.6 M 21 in L, 33 mol) in hexanes
was added dropw se. The m xture was stirred for 1 h at the sane
tenperature A solution of la (prepared according to WO 200631725, 4.46 g,

in TH d After stirfli f -78 C,
sat ur 2t bd BRIt e PR HAE aBEER A Te RN bR a8 Pl P e i xt ure
was ext r agidgfiritics By @ilhtchagetiaieC. Th@fr@cft@ﬁ@b@ntai‘ﬁ@& y the desired product is
2011/035231PCT/U82010/049471 S5extract was concentrated in vacuo. The
resi due vePSCEUTEE; tedrmpsss disselyedyal with (Giatlog cessytrited fdryaesstdte /
hexanes),, aff X N = (M
A tornat 1 VR ALONAE 7 RaRE SO AHED (S0 5ol 51 putedng WincEnllda
101(ch|orm@nﬂﬁtmyeﬁkaayhhemh&ﬂenmmsiaaﬁunﬁmﬂmMEdﬂﬂm®n®$bgﬁsiThme To
a suspensi on of 7-braono-pynol g 2, 14 [1 t.riaz e (500 nyg, 2.35
mol )FE% n PFPESSE 6 TSP A d™idd € EiHC ue(‘ﬂ“@“ }W?J?Ft églﬂ’gkg nL) at -78 'C.
After 30 ]Sgl’rﬁ{}atl&’l %%Il&ﬁl__g)t'ﬂe (atzsnjed%)lgd@f ﬁeﬁédaﬁlﬁg'o%lhxfkﬂéhét%w gt hane (538
my, 2.4 in was added. After mn., BuLi (1.6 nlL)
was addedcm@ef lteemtm@mmaddcts smhwlctca@o IR HPMLﬁrst(alldﬁhampnm@aaQﬁdHBLCAfter 30
mn., a so i on of n THF. (2 ) was then added
dr opwi se.P 5’?@%ﬁ*%#ﬁ%gﬁigﬁﬂggmﬁg§j§€ngy%ﬁﬂ§?ﬂm?§‘ ¥5r 2 h under argon.
Acetic acid (0.7 nL) was added dropwi se to quench the reaction, followed by
addition of saturated ammoni um chl oride. The 20m xture was extracted with
et hyllSacetempoumhd Pok gani ¢ extract was concentrated in vacuo. The residue
was purified by silica gel chronatography (ethyloacetate / hexanes),
af fording 3b (320 ng, 40% rtlng | a | so recovered (350 ng)
from the chromat ography. 3% gog f To a\s Iu w@n of compound 3b (50 ny,
0.1 mnol) and TMBCN (871°UL; 90, 5°nhoP) ifrile (2.0 nL) at 0 'C was
added TMSOTf (91 uL, 0.5 rf#dl)OHThEHreagti on HIXtUﬂQ was stirred at room
tenperature for 1 h, then at 65 C for 3:d.=fhe 30 reaction was quenched
with saturated NaHCO3 at room tenperatitPe, Fand diluted with

TPA1

Compound TP-1 was prepared by the general method using Compound 2 as
starting material. 'H NMR (300 MHz, D,0): 6 7.44 (s, IH), 5.45(d, /= 25.5 Hz,
20 1H), 4.0-4.4 (m, 4H), 3.05 (m, NCH,CH,), 1.10 (m, NCH,CH; and 2°-C-CH3). *'P
NMR (121.4 MHz, D>0): 8 -9.5 (d, J=22.1 Hz), -11.0 (4, J = 19.9 Hz), -23.2 (t, J =
23.0 Hz). ""F NMR (282 MHz, D,0):  -153.9.

Compound TP-2

e & 9
HO~P-0—-P-0-P-0
OH OH OH

25
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WD 2011/ 035231PCT/ US2010/ 049471 5 CH3COREt. The organi c phase was
separated, washed with brine, dried over Na2SO4, filtered and concentrated.
The resi dwe 2omg03psni fi ed by RP-HPLC (acetonitrile / wat eCrjuscaogiosel t he
desired conmpound 3c (28 ng, 54%. M5 = 516.1 (M 1-1). 3c3 10To a
solution of 3c (56 ng, 0.11 mml) in nethanol (1.2 nL) was added ammoni um
hydr oxi de (28%in water, 0.8 nL) and stirred at roomtenperature for 16 h.
The m xture was concentrated and the residue was purified by RP HPLC (wat er

5 785 (s, vy CoubyyR XeSyFORBNIR by PRy bt b B | (00
3.87 (dd,stéaﬂ)lgnﬂatéﬁl(U{Nmm MMB, B308 517 { MsCoMRaw3d d41H), 621@1(6 a sol utl on
of conmpound 3 0.12 mmlzl in nethanol (0.5 nm) was added ammoni um

hydr oxi deif(l)zé%éﬁ(m B), 3.0, ®, NG HaAAds)s 1 1P fmdNEH: C&W@énﬁe@h‘t‘hré’ for 16 h.

[ acet ont SR B oG bR ScoRgatm 47 S35 1 508 s By0b i e (257

Conmpound .8 W) 2011/ 035231PCT/ US2010/ 049471

10
Compound TP-3

Compound TP-3 was prepared by the general method using Compound 5 as
15 starting material. 'H NMR (300 MHz, D,0): § 7.73 (s, 1H), 6.87 (d, 1H), 6.82 (d,
1H), 5.71 (d, J = 24.6 Hz, 1H), 4.0-4.4 (m, 4H), 3.05 (m, NCH,CHj3), 1.14 (m,
NCH,CH3), 1.00 (d, J = 22.8 Hz, 3H, 2’-C-CH3). *'P NMR (121.4 MHz, D-0): § -8.1
(d,J=22.1Hz),-11.1 (d,J = 19.9 Hz), -22.7 (1, J = 23.0 Hz). '"F NMR (282 MHz,
D-0): § -155.6. MS =520.9 (M - H").
20

General procedure for preparation of a nucleoside prodrug (Method A):
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28% NH3 in water CH3OH HO Ho 55 Conpound 3b was converted to conpound Sa by
a procedure simlar to conversion of Ib to Ie. Conpound 5a was then
convert edwbaotiaspsund 5 by a procedure simlar to convepsirars2ab/ods’to 3. 1H
NVR (300 MHz, D70): 6 7.68 (s, 1H), 6.75 (d, J= 4.5 Hz, 1H), 6.65 (d, J=
4.5 Hz, 1H), 5.65 (d"I- 25.2 Hz, 1H), 3.95 10(in, 3H), 3.74 (dd, IH), 0.98
(d, J=22.8 Hz, 3H). 19F NWR (282 MHz, D20): 6 - 154.2. M5 = 283.2 (M +
Fr). Ceneral procedure for preparation of a nucleoside triphosphate: 15To a
pear-shaped flask (5-1& nL) is charged with a nucl eoside (-20 ny).
Tri met hyl phosphat®, (0. 5-1.0 rnL) is added. The solution is cooled with
ice-materwgath. POCY3 (d40-45 ng) is added and stirred at O C until the

[ )

reaction I-t@Neﬂ\to 4 h; the reaction progress is nonitored by
“Ranal yi cal sa&#ﬁ§§saLgﬁprepar by taking -3 uL of the

i on- exchange ) d o
reaction mxtyres&d diluting it with 1.0 t 3NR2 30-50 uL)). A
sol ution of 6%Tobhosphate-8 N (250 n %ﬁ_ 90l¥§%%gﬁ%3 in
acetonitrile or DMF (1-1.5 nlL)_is |tfien added. The m xture is stirred at 0 C
for 0.3 to 2.5 h, and then the xeac®ion is quenched with 1.0 M Et 3NH2CO3
(-5 m). The resulting mxture issstirred for additional 0.5-1 h while
warmng up to room WO 28TP035231PCT/ US2010/ 049471 5t enperature. The

m xture is concentrated to drynessiJ:;;dissolved in matega(4pﬁriL),

~P-0 N
O o/ O N
Gl \&l); N
o) TR
R* F
5 A

To a solution of a nucleoside (0.1 mmol) in trimethylphosphite (1.0 m1.) are
added 7/ H-tetrazole (42 mg, 0.6 mmol) followed by addition of 2,2-dimethyl-
thiopropionic acid S-(2- {diisopropylamino-[2-(2,2-dimethyl-propionylsulfanyl)-
ethoxy]-phosphanyloxy}-ethyl) ester (prepared according to J. Med. Chem., 1985, 38,

10 3941, 90 mg, 0.2 mmol) at 0 °C. After stirring for 2 h, 30% hydrogen peroxide in
H,0O (140 ul.) was added to the mixture. The mixture was then allowed to warm up
to room temperature. After 30 min stirring, 1 M NaS»03 in H,O (5 ml) was added
to quench the reaction. The organic layer was washed with saturated aqueous Na,CO;
(10 mL x 2), brine, concentrated in vacuo. The residue was purified by RP-HPLC

15  (MeCN-H->O gradient} to afford a prodrug A.

Compound A-1

A1
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and purified by ion exchange HPLC. The fractions containing the desired
product is concentrated to dryness, dissolved in water (-5 ni),
concent r aveadotio3szsyness, and agai n di ssolved in water (PETMSPO10/M3HTO3
(30-50 ny) is added and concentrated to dryness. The residue is dissolved
in water and concentrated to dryness again. This 10process is repeated 2-5
tinmes. The residue is then subjected to CG18 HPLC purification, affording
the desired product as a sodiumor salt. Alternatively, the crude reaction
m xture i s subje 8 n X HPLC
purlfﬁﬁatlon t% a%?gm' gﬁ%% e%ﬁg&%%J ug?\g§££g@n¢&$ﬂéfggﬁ%%§%n1salt 15
Conpound mhMedial. 'H NMR (40@@@@%@?@17 ¥Bs, PHEBM7Ed, by 2cheHgeansr abs met hod
u5|ng Cb ound 2 as starting material. 1H NVR (300 MHz, D20): 6 7.44 (s,
45(besd 2HA.4. 3%5(r8, W), 430 (o) H, 4-18).4.18 (1. RH, 2HH). B108n(4H). RdBecHs) , 1. 10

1) A6 Sl U R S R o)

6 153 9.1 Gonpounde TP NH2), 9 9 9 OH OH OH 25 " Ho TP-2

10
General procedure for preparation of a nucleoside prodrug (Method B):
Non-limiting examples of mono-phosphoramidate prodrugs comprising the
instant invention may be prepared according to general Scheme 1.
15
Scheme 1
i
0 ArO—p—Cl
I . R |
AO—P—Cl 2 \;WQ\ —— NH
cl HCI éx o—R R, o
R* R
8]
19a 19b 19¢
19¢
R R
19d B

The general procedure comprises the reaction of an amino acid ester salt 19b,
e.g., HCI salt, with an aryl dichlorophosphate 19a in the presence of about two to ten
20 equivalents of a suitable base to give the phosphoramidate 19¢. Suitable bases

include, but are not limited to, imidazoles, pyridines such as lutidine and DMAP,
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WO 2011/ 035231PCT/ US2010/ 049471 5Conpound TP-2 was prepared by the general
nmet hod usi ng Conpound 3 as starting material. 1H NVR (300 MHz, D20): 6 7.82
(s, 1H), woQ@8B11(a35231H), 6.90 (d, 1H), 4.1-4.4 (in, 4H), 3PCOAISEOLO/OMBHRCH3) ,
1.10 (m NCH2CH3 and 2'-C-CH3). 31P NWR (121.4 MHz, D20): 5 -10.7 (d, J =
19.5 Hz), -11.3 (d, J = 19.8 Hz), -23.1 (t, 19.8 Hz). 10 Conpound TP-3
Compound TP-3 was prepared by the general nethod using Conpound 5 as
15starting material. 11-1NWR (300 MHz, D20): 6 7.73 (s, 1H), 6.87 (d, 1H),
6.82 (5d, tdidary Snihds {udh o tretRAafindand E?QBC@ Brdsubsitd alillinessulp ak N,

NCH2CH3), 1. NCH2CH3), 1.00 (d, = 22.8 Hz, 3H, 2'- C- CH3) . 31P NMVR
(121 4 M@BND@&DB% Tertipry gninesap partiqlarly prafemreqd. qPrefizably, the pgoyluct.opn 7 (t, J
= 23.0 H+). 20 Ceneral
or ocedur €PbROp RG] SEFH Bfte Rl bl Muleul B SonlRatel ) 5a™0 "0

a sol uti afr@hatagraplol. ei}felcﬁ'ﬁ bﬁk Iibﬂmltl)lg,i dxainpl IR 94 9bspll 19 £d b0 nl) are

added /Htetrazol e 6. mol ) foll owed by additjon of
2. 2-di matfﬁylll m\b’ ng”(é‘éqaﬂls hereby incorporated by reference in its entirety. A

S-( 2'}!0d' ' ﬁ@é{ Ib 1@ rLgc'ti\% ﬁﬂg—: gﬁ%g LR 1@93{111 iy Ipfrq%@ﬁ{éc‘)of a suitable

et hoxy] -p osp anyl o prepared according t Med. Chem,
1985, 38 bafi@39411abh9635&g1ncmc¥2 ‘tmnaic":)ncaﬁmﬁte@to,Afmm?obslp}mdn@sfsmﬂl83 h, 30%

hydr ogen oxid 140 uL s added to the m The m xture was
Chen o I dan: BGaM b Al G withar Brsinet Redl DAFGEE  rring, 1 M
Na2S703 idfhéled amilihei@en adpet 4 @H@”%e}#&idc@ﬂ%dﬂ%m&i@t@d gygani c |ayer

was washed with saturated aqueous Na2CC3 rrilL x°2), brine, concentrated
i n vaet t oecryitellizatgindud/onabromatedragy. by RP— HPLC 15 (MeCN-H20 gradient) to
afforg a prodrug A

Compound B-1

20 Phenyl ethoxyalaninyl phosphorochloridate (124 mg, 0.42 mmol; prepared
according to McGuigan et al, J. Med. Chem. 1993, 36, 1048-1052) was added to a
mixture of Compound 3 (20 mg, 0.065 mmoi) and N-methylimidazole (42 uL, 0.52
mmol) in anhydrous trimethyl phosphate (0.8 mL). The reaction mixture is stirred for
3 h at room temperature, and then methanol was added to quench the reaction. The

25 methanol solvent is removed under reduced pressure. The residue was purified by
reverse-phase HPLC and then by silica gel column chromatography (100% ethyl
acetate), affording compound B-1 {10 mg, 27%). P NMR (121.4 MHz, CDCl3): § -
3.42,3.77. MS=563.0{(M +H"), 561.0 (M~ H").

30 Compound B-2



Compound A-1 NH2 ------- , 00, Il -0ONH2 HB A-1 WO

2011/ 035231PCT/ US2010/ 049471 5Conpound A-1 was prepared by Method A using
conmpound woasiig3sasti ng material. 1H NVR (400 MHz, CDCLl3PCTAISZ014849431 1H),
5.47 (d, 1= 26.4 Hz, 1H), 4.95 (brs, 2H), 4.59 (m 21-1), 4.35 (m 1H,

4' .-H, 4.18 (m 2H 5 -H), 4.10 (m 4H), 3.13 (m 4H), 1.24 (d, 3H), 1.22
(s, 9H, 1.19 (d, 9H). 31P NWR (161.9 MHz, CDC13): 5 - 1.26. M5 = 667.1 (M
10 Ceneral procedure for preparation of a nucleoside prodrug (Method B):
Non-limting exanpl es of o-phosphor am date prodrugs conprising the
instant invention may b%}gd accordi ng geperal Schene 1. 15 Schene
1 The general proced moﬁpri seg t hie \r tion of an amno acid
ester salt 19b, e.g., HCl salt, AN Nli ciN or ophosphate 19a in the

presence of about two to tep %qui val & Cd‘f N=sui t abl e base to gi ve the
phosphor ani date 19c. Suitaases o  F

5 Ci

B-2
About 3.1 mmol of 4-chlorophenyl 2-propyloxyalaninyl phosphorochloridate
(prepared according to McGuigan et al, J. Med. Chem. 1993, 36, 1048-1052) is added
to a mixture of about 0.5 mmol of Compound 3 and about 3.8 mmol of N-
10 methylimidazole in about 3 mL anhydrous trimethyl phosphate. The reaction mixture
is stirred for about one hour to 24 hours at room temperature and methanol is added to
quench the reaction. The methanol solvent is removed under reduced pressure. The

residue is purified by reverse-phase HPLC to give compound B-2,

15  Compound B-3

Compound B-3 was obtained by a similar procedure used for compound B-1.

20 *'PNMR (121.4 MHz, CDCl): 8 -3.50,3.76. MS =577.2 (M + H).

Compound B-4




i nclude, but are not limted to, imdazoles, pyridines such as |utidine and
DVAP, WO 2011/ 035231PCT/ US2010/ 049471 5Stertiary am nes such as

tri et hyl anDree11203823DABCO, and substituted am di nes such asTDRkbiarna4DBU.
Tertiary amnes are particularly preferred. Preferably, the product of each
step is used directly in the subsequent steps w thout recrystallization or
chromat ography. Specific, but non-limting, exanples of 19a, 19b, and 19c
can be found in WD 2006/ 121820 that is hereby incorporated by reference in
its eirety. A 10nucl eosi de base 19d reacts with the phosphoram date 19c
in the presence of a suitable base. Suitable bases include, but are not
limted to, infdumponedB-pyns drtapsd Syelvimisaripuededinmese tbr DMABpurtdeBli ar y

am nes sug DA nd ituted am di nes such as
DBN and B@ﬁé*ﬁf@ﬂﬁmgﬁﬁ glg@ “Egoaﬁﬁd*@ ti'fc?r ystal lizati on and/ or
chromat ogr aphy. 15 Compound B-1 NH2 z- --..... "0",.=0 iiNNiN O HN-p-0 z

HO F B-1 20Phenyl et hoxyal ani nyl phosphor ochl or| date (124 ng, 0.42 mol;
pr epar ed Compound B-5

A
07]/\ N~(IF?”O

i
o HJ

’ 3

Compound B-5 was obtained by a similar procedure used for compound B-1.
TP NMR (162 MHz, CDCls): § 4.15, 4.27. MS = 549.3 (M + H").
15 Compound B-6

Compound B-6 was obtained by a similar procedure used for compound B-1.

20 PP NMR (162 MHz, CDCls): 8 3.50, 4.07. MS=613.1 (M +H").

Compound B-7



according to McGuigan et al, J. Med. Chem 1993, 36, 1048-1052) was added
to a mxture of Conmpound 3 (20 ng, 0.065 nmol) and Ar-nethylimdazole (42
uL, 0.52 woabjr/ass3anhydrous trinethyl phosphate (0.8 | nkeCT/USh@onesct i on
m xture is stirred for 3 h at roomtenperature, and then nethanol was added
to quench the reaction. The 25net hanol solvent is renoved under reduced
pressure. The residue was purified by reverse-phase HPLC and then by silica
gel colum chromat ography (100% et hyl acetate), affording conpound B-11 (10
ng, 27%. 3 1 P NWR (121.4 Miz, CDCI3): 5 - 3.42yn3. 77. M5 = 563.0 (M +
Fr), 561.0 (M H+). 30 Co und B-2 5C1 B-2 About 3.1 nmmol of
4- chl or ophenyl 2-propyl o&bani Ayl gphosphor§chl otivdat e (prepared accordi ng
to McGQuigan et al, I. Med. d;;em\NJ_ﬁ!Q@, G HO48-1052) is added to a nmixture
nd 3

of about 0.5 mmol of Conpou and, aboyt 3. miol of N 10 net hyl i m dazol e
in about 3 tnL anhydrous trinethyl phosphate. The reaction m xture is
stirred for about one hour to our $iat rfoom tenperature and net hanol is
added X o quench the reaction. Thé nethanol solvent is renoved under reduced
pressure. The residue is purified byygeverse-phase HPLC to give conpound
B-2. 15 Conpound B-3 Compound 13-3 was obtained by a simlar

procedure used for conmpound B4. 2031P NMR (121.4 WHz, CDCI3): 6 -3.50,
3.76. M = 577(}%111&)'(\)/'11%& 13)-7 ngcq&g#}gg b}l'?’ Bdéimilar%}od'cedur% used for compound B-1,
using compound 5 as parent nucleoside. *'P NMR (162 MHz, CDCl3): & 3.37, 3.97.
10 MS=35381(M+H.

Compound B-8

15
Compound B-8 was obtained by a similar procedure used for compound B-1,
using compound 3 as parent nucleoside. 1P NMR (162 MHz, CDCl,): & 3.69, 4.39.
MS = 588.1 (M +H").

20 Alternative procedure for preparation of a nucleoside prodrug (Method C):
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Compound B-4 was obtained by a simlar procedure used for conpound B-1. 31P
NVR (162 MHz, CD30D): 6 2.2. M5 = 633.4 (M Conpound B-5 10 B-5

Conmpound Wwo2owassmbt ai ned by a sim | ar procedure used fecTasapoond7B-1.
3113 NMWR (162 MHz, CDC13): 6 4.15, 4.27. MS = 549.3 (M Fr). 15 Conpound B-6

B-6 Compound B-6 was obtained by a simlar procedure used for
conpound B-1. 2031P NMR (162 MHz, CDCl13): 6 3.50, 4.07. M5 = 613.1 (M Fr).
Compound B-7 5 B-7 Conmpound B-7 was obtained by a simlar

ﬁmce%ur e usedpufPs ﬂ&s‘i&%ﬁ%&ﬂﬁ 7§eﬂlay1 MSHING IARAUICT2 3%, PaBeRhonuc! eosi de. 31P
(162 MHz, CDC13) 97. 10 M5 = 5381(M+C0 ound B-8
equiv.) was added C HzC b (46 ml, 0.3 M) and phenyl dichlorophosphate (2.1 mL,
13.8 mmoL, 1 equiv.) before being cooled to -10 °C. After 10 minutes, TEA (3.8 mL,
13.8 mmolL., 1 equiv) was added slowly to the reaction mixture over five minutes. The
reaction was allowed to proceed for an hour before p-nitrophenol (1.9 g, 13.8 mmolL,
10 1 equiv.) was added to the reaction mixture followed by addition of more TEA (3.8
mL, 13.8 mmoL, 1 equiv.) over five minutes. The reaction was allowed to warm up
and proceed for another two hours. The reaction was concentrated in vacuo and taken
up in diethyl ether (200 mL). The insoluble salts were filtered off and the filtrate
concentrated in vacuo. Flash column chromatography was carried out using 4/1 Hex /
15  EtOAc to furnish a clear oil as C-1a.
"H NMR (400 MHz, CDCl3): d 8.21 (s, 2 H), 7.41 = 7.20 (m, 7 H), 4.22 -4.05 (m, 3
H), 2.46 (s, 2 H), 1.99 (dd, J = 23.0, 20.1 Hz, 2 H), 1.68 (s, 1 H), 1.20 -1.05 (m, 8 H).
3P NMR (162 MHz, CDCl3): d -2.79 (dd, J = 28.0, 4.2 Hz).
LC MS m/z 422.99 [M + H').
20

Compound C-1

Into a flask containing compound 3 (70 mg, 0.23 mmolL., 1 equiv.) was added
25  THF (1 mL, 0.2 M) and NMP (1 mL, 0.2 M) before cooling to 0 °C. -BuMgCl (560
ul, 2.5 equiv., IM THF) was added slowly and allowed to stir for 5 minutes before
the above phenolate C-1a (207 mg, 0.46 mmol, 2 equiv. dissolved in 500 uL of THF)
was added. The reaction mixture was warmed to 50 °C. The reaction was monitored
by LCMS. Once the reaction was complete, the mixture was then concentrated in

30 vacuo, and the residue was purified by HPLC, affording Compound C-1.



B-8 15 Compound B-8 was obtained by a simlar procedure used for
conpound B-1, using conpound 5 as parent nucl eoside. 31P NMR (162 Mz,
CDC13): 5wvB.260,0342339. M5 = 588.1 (M H4-). 20 AlternatiyeTasecioduriel f or
preparation of a nucl eoside prodrug (Method O : Cla W

2011/ 035231PCT/ US2010/ 049471 5Into a flask containing ethyl L-valine
hydrochloride (2.5 g, 13.8 mmoL, 1 equiv. ) was added CH2Cl2 (46 nL, 0.3 M
and phenyl dichlorophosphate (2.1 nL, 13.8 mmoL, 1 equiv. ) before bei ng
cooled ta el t 13 LV) was
added%sl 0\%%;9/{1& G@eﬁgea% C B%@ts(arle 7532?4 f?\r;lg(lrl‘?? }ﬁ e reac ion was
al | oned tiH)peaceed £ awn lan ll‘I@},lﬁ Sheflorep:-miit riofﬂhetml(b(ﬁﬂ%gé {(d8./8= moL, 101
equiv.) was added to the reaction mXxture by addition of nore TEA

(3.8 nit,243B18 %L?« Hk 4e3ti’m ¥l (IBV%H)»f‘f %(%«huff‘éls‘* 21*% ridhétd?on Was al | owed
to warm 3r1g)égr6@c‘({39¢ Y3 H%” %}go ?1905%7 (%{19"]’@@.@@ @Puiva\?ﬁ concent rat ed

in vacuo an dp in di et The inso e’’salts were
fil tered 08 (dand=tNe8, Hid Hr.at 1g). concent rated i n vacuo. Flash col um

chro ogr ri u ng 4/ 1 Hex / 15EtOAc to furnish a clear

ol ad ol W&%@%é% d821(s 2 H, 7.41 - 7.20 (m 7
4] ,) , -

fl), 4221p 817] D 341 82 1.99 (dd, J 23.0, 20.1 Hz, 2 H),

1.68 (s, 1 { 31P NWR (162 Mz, CDC13) d - 279(dd

J= 28.0, IA[ZMS—m)/z SQ}-Z_I [MﬁoHd flask cont ai ni ng conpound 3 (70 ng, 0.23 mmoL,
1 equiv.) was added 25 THF (1 nL, 0.2 M and NW (1 nit, 0.2 M before
cooling to 0 C. t-BuMgCl (560 Iit, 2.5 equiv., 1M THF) was added slowy and
allowed to stir for 5 mnutes before the above phenolate Cla (207 ng, 0.46
mmoL, 2 equiv. dissolved in 500 %’aof THF) was added. The reaction m xture
was warnmed to 50 C. The reaction s monitored by LCMS. Once the reaction
was conplete, the m xture \/\9@ hen céhcentrated in 30 vacuo, and the
resi due was purified by HPLC mg) ound C- 1.

O

o e

15 C-2a
Compound C-2a was obtained in a procedure similar to that exemplified for
Compound C-1a but using the methionine ester.
'H NMR (400 MHz, CDCl3) d 8.19 (s, 2 H), 7.44 — 7.03 (m, 7 H), 4.11 (s, 2 H), 3.81
(d,J=44.5Hz, 1H), 2.04 (s, 3 H), 1.61 (s, 2 H), 1.21 (d, /= 6.1 Hz, 2 H), 1.01 - 0.65
20 (m,4H).
P NMR (162 MHz, CDCl3) d -2.00 (d, J = 12.9 Hz).
LCMS m/z 455,03 [M+H'].

Compound C-2
25




WD 2011/ 035231PCT/ US2010/ 049471 51H NWVR (400 MHz, CDC13) d '7.87 (s

7.24- 7.10 (in, 4 H), 7.03 (t, J-- 7.2 Hz, 1H), 6.81 (d, 1= 4.6 Hz,

6.52 (d, We21ilsss1 1 H), 5.61 (s, 2H), 4.46 (dd, J24.0pCTAS40ibm49421

4.33 -4.14 (m 2 H), 4.06 (dt, J= 7.2, 4.2 Hz, 2 H), 3.82 -3.70 (m

3.63 (t,
0.82 (dd,
NVR (376
Compound
Conmpound

J10.6 HZ, 2 H, 1.98 (s, 1 H), 1.17 (dd, J= 14.8, 7.6 Hz, 3 H),

, 1 H),
1H,
H,
1H

1= 22.8, 6.8 Hz, 6 H). 10 31P NWR (162 M1z, CDC13): d 5.11. 19F

MHz, CDCl13): d -152.28. LC M5 mz 591.21 [MHi]. 15C 2a

C-2a was obtained in a proc;ﬂgre simlar to that exenplified for

C-la but using the rnethionin

ester. 11-1 NWMR (400 MHz,

CDC13) d 8.19 Csmpduhdi )G-2 Geaddbbtaineldn § bivcedurblsimithr Id thaSexediptfied 3081 (d,

1=44.5 Hz

-0. 65 20(

Mz 455. 08¢ N¥hitttdoo NPIPEBRY,) T 20FR, s MR 2R3 119354814 (p2018/ §494 71

10
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20

TH), 2.04 (s, 3 H, 1.6 (s, 2
GP*H;DOPW Cslpgiiwﬁoen%wnm-’fz%n%s&ém)wd ©2.00 (d, J= 12.9 Hz).

(d, /= 6.7 Hz, 1H), 6.70 (s, 1H), 5.98 (s, 1H), 4.54 (dd, J = 21.6, 11.7 Hz, 2H), 4.32
(d,J=12.0 Hz, 2H), 4.14 (dt, /= 13.0, 6.4 Hz, 4H), 2.44 (d, /= 7.5 Hz, 2H), 2.00 (d,
J=16.2 Hz, 5H), 1.89 (s, 2H), 1.35 - 1.13 (m, 7H).

1P NMR (162 MHz, CDCly) d 4.12, 3.58.

'"F NMR (376 MHz, CDCl;) d -152.28 (s).

LC MS m/z 623.27 [M+H].

C-3a

Compound C-3a was obtained in a procedure similar to that exemplified for
Compound C-1a but using a tryptophan ester.
'"H NMR (400 MHz, CDCly) d 8.18 - 8.03 (m, 3 H), 7.29 — 7.08 (m, 8 H), 7.36 - 6.98
{m,3H),441-411(m, 1 H),415-395(m 2 H), 3.68 —3.80 (m, 1 H), 3.33-3.04
(m, 2 H), 1.06 -1.17 (m, 3 H).
7P NMR (162 MHz, CDCls) d -2.87, -2.99.
LC MS m/z 510.03 [M + H'.

Compound C-3

126

, 1.21 (d, 1=6.1 Hz, 2 H), 1.01

LC M5



5C- 2 Compound C-2 was obtained in a procedure simlar to that
exenplified for Conpound C-1 using Conpound 3 and C-2a. 1H NWVR (400 WHz,
CDCl 3) d wo2611(03523i= 15.8 Hz, 1H), 7.40 - 7.06 (m 13H) pCoS3010@4943F 6. 7
Hz, 1H), 6.70 (s, 1H), 5.98 (s, 1H), 4.54 (dd, J= 21.6, 11.7 Hz, 2H), 4.32
10(d, J = 12.0 Hz, 2H), 4.14 (dt, J=13.0, 6.4 Hz, 4H), 2.44 (d, J= 7.5 Hz,
2H), 2.00 (d, J=16.2 Hz, 5H), 1.89 (s, 2H), 1.35 - 1.13 (m 7H). 31P NWR
(162 MHz, CDC13) d4.12, 3.58. 19F NWR (376 MHz, CDC13) d -152.28 (s). LC M5
mz 623.27 [M 15 C 3a onpound C-3a was obtained in a procedure
simlar to that exenplified f Conmpound C-la but using a tryptophan ester.
201H NWR (400 MHz, CDC13) ‘..; - 803 (m 3H, 7.29 - 7.08 (m 8 H,
7.36 - 6.98 (m 3 H, 4.4134.41 (m 1 H), 4,15 NH3 95 (m2 H), 3.68 - 3.80
(in, 1 H, 3.33 -3.04 (m\2 H,:1.06 -1.17

\ .
CDCl13) d -2.87, -2.99. LC rniz 03 ollnd C-3
) YLz 803 | Mol
0 H o
&
5

Compound C-3 was obtained in a procedure similar to that exemplified for

Compound C-1 using Compound 3 and C-3a.

10 '"H NMR (400 MHz, CDCl3) d 8.27 (s, 1H), 7.84 (s, 1H), 7.47 (s, 1H), 7.36 — 6.77 (m,
11 H), 6.57 (s, 1 H), 4.40 ~ 3.96 (m, 6 H), 3.20 (s, 4 H), 2.60 (s, 1H), 1.30 — 1.04 (m,
6 H).
3P NMR (162 MHz, CDCl3) d 4.02, 3.75
F NMR (376 MHz, CDCl3) d -152.13.

15 LCMSm/z678.32[M+H']

S

O B C“)
_p-0
ch\ i @NOZ

C-4a
Compound C-4a was obtained in a procedure similar to that exemplified for
20 Compound C-1a by substituting the phenylalanine ester.
"H NMR (400 MHz, CDCl3) d 8.15 (t, /= 8.7 Hz, 2H), 7.43 = 7.11 (m, 10 H), 7.04
(ddd,J=11.4,6.7,2.9 Hz, 2 H), 432 (ddd, /= 15.3, 11.3, 6.1 Hz, 4 H), 4.15 - 3.99
(m, 7H),3.74 (td, /= 11.0, 5.0 Hz, § H), 3.01 (d, J=5.7Hz, 2 H), 1.17 {td, /= 7.1,
5.2 Hz, 2 H).
25  7'P NMR (162 MHz, CDCly) d -2.97, -2.99.



Compound C-3 was obtained in a procedure simlar to that exenplified for
Compound C-1 using Conmpound 3 and C-3a. 10H NMR (400 MHz, CDC13) d 8.27 (s,
1H), 7.84wW021110382317.47 (s, 1H), 7.36 - 6.77 (m 11 H), péTAB2¢18/04947H) , 4. 40
- 396 (m 6 H, 3.20 (s, 4 H, 2.60 (s, 1H, 1.30 - 1.04 (in, 6 H. 31P
NVR (162 MHz, CDC13) d 4.02, 3.75 19F NMR (376 MHz, CDC13) d -152.13. 15LC
M5s nmfz 678.32 [IVI C 4a Compound C-4a was obtained in a
procedure simlar to that exenplified for 20Conpound C-la by substituting
t he pheny NI\/R (400 MHz, CDC13) d8.15 (t, J= 8.7 Hz, 2H),
b %@ﬂw%ﬁi@ﬂ%‘i (ddd,J 11.4, 6.7, 2.9 Hz, 2 H), 4.32 (ddd, J=
15 3, 11.3, 1 Hz 4 H,4.15 3.99 (in, 7 H, 3.74 (td, 1=11.0, 5.0 Hz, 8
: 301é 2 H, 1.17 (td, 1=7.1, 5.2 Hz, 2 H. 2531P NWR (162
MHz, CDC1 ?maomzd§74 [2.99. 5 LC M5 mz 471.03 [MFr]. Conpound C-4 10C- 4

10
Compound C-4 was obtained in a procedure similar to that exemplified for
Compound C-1 using Compound 3 and C-4a.
"H NMR (400 MHz, CDCls) d 7.92 (d, J = 13.2 Hz, 1H), 7.46 - 6.97 (m, 17H), 6.91
(s, IH), 6.75 (s, 1H), 4.10 (dd, J= 29.6,19.2 Hz, 8H), 2.97 (s, 3H), 1.32 — 1.05 (m,
15 7H).
3P NMR (162 MHz, CDCl3) d 5.11.
'F NMR (376 MHz, CDCl3) d -152.34 (s).
LC MS m/z 639.24 {M + H'L

O
© 5
O

. O

C-52a
Compound C-5a was obtained in a procedure similar to that exemplified for
Compound C-1a but using the proline ester.
"H NMR (400 MHz, CDCl3) d 8.20 (d, J = 7.8 Hz, 2 H), 7.45 - 7.08 (m, 7 H), 4.37
25 (td,/=8.0,38Hz, 2 H),4.17-3.98 (m, 2 H),3.61 =334 (m, 2 H), 2.21 - 1.77 (m, 3
H), 1.19(td, /= 7.1, 3.8 Hz, 3 H).



Compound C-4 was obtained in a procedure simlar to that exenplified for

Compound C-1 using Conmpound 3 and C-4a.

| FINVR (400 Mz, CDCI3) d 7.92 (d,

| = 13. 2 Hxp2bH)y03528146 - 6.97 (m 17H), 6.91 (s, 1H), 6. PET(UsS201bi69471. 10
(dd,29.6, 19.2 Hz, 8H), 2.97 (s, 3H), 1.32- 1.05 (m 157H). 31P NWR (162
CDC13) d 5.11. 19F NWR (376 M1z, CDC13) d -152.34 (s). LC Msin/z
639.24 [MCr (0 O A2,-0 N2 20 C ba Compound C-5a was obtained in
a procedure simlar to that exenplified for Conpound C-la but using the

M 13)d820(d J7.8 H. 2 H, 7.

rn 7ﬁ§§MR3ﬁ§%NQ%RC§)A&§ &g&é He, 417 - 3.98 (m 2 H). 3.61
'3)3 (mL(ZNfB111/242(198[1\11+7H+](|n 3 H, L lo (td J= 7.1, 3.8 Hz, 3 H. WO
2011/ 035231PCT/ US2010/ 049471

MHz,

pr ol i
.08

Compound C-5

! v,

Compound C-5 was obtained in a procedure similar to that exemplified for

C-5

Compound C-1 using Compound 3 and C-5a.
"H NMR (400 MHz, CDC15) d 7.95 (d, J= 4.5 Hz, 1 H), 7.39 - 7.10 (m, 4 H), 6.92
15  (dd,J=16.0,4.6 Hz, 1 H), 6.69 (s, 1H), 6.03 (bs, 2 H), 4.46 —4.36 (m, 1 H), 436 -

3.96 (m, 4 H), 3.37(d, /=589 Hz, 2 H}, 2.26 — 1.66 (m, 4 H), 1.39 - 1.12 (m, 8 H).

P NMR (162 MHz, CDCls) d 3.47, 2.75.
F NMR (376 MHz, CDCl;3) d -152.36.
LC MS m/z 589.14 [M + H].

20

Compound C-6 was obtained in a procedure similar to that exemplified for

25  Compound C-1 using Compound 3 and the sulphone analog of C-1a.

129
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5311) NWR (162 MHz, CDC13) d -3.92, -3.96. LC M5s mz 420.98 [M + H+].
Compound G5 G5 Compound C-5 was obtained in a procedure simlar
to that ewerpiwdssd for Conpound C-1 using Conpound 3 amdT@s3@0/04H47NVR (400
MHz, CDC13) d 7.95 (d, J= 4.5 Hz, 1 H, 7.39 - 7.10 (m 4 H), 6.92 15 (dd,
J=16.0, 4.6 Hz, 1 H), 6.69 (s, 1H), 6.03 (bs, 2 H, 4.46 - 4.36 (m 1 H),
4.36 - 3.96 (in, 4 H, 3.37 (d, J 58.9 Hz, 2 H, 2.26 -1.66 (in, 4 H, 1.39
- 1.12 (in 8 H). 311) NVR (162 MHz, CDCl13) d 3.47, 2.75. 19F NWR (376 Mz,

\?/;S g%) ai negj%ﬂ%?a pr éi(\’z/sg?;dé 67:51%53.9(&1{?%!\4{ %9 foéfghgﬁ?ﬂ Y Py Igg%%glrjrggugd C1

usi ng Conpiourd SHand HH6.58uliphons Analngs.od (zﬁ b &), 4.9, 6H),4 11(d,J
2011/ 035231PCT/ US2010/ 049471 5111 NMR (400 CDClS% d 7.93 (s, 1 H,
7.89 (s, i7+Q)HZ76}@53107?0814@H$H52H)5 (56’> 1:13 wmﬂz 1—|21"351(HH)6HB 58 (d, J=

2.8 Hz, 1 Y/ 411(d J 7.0 Hz, 6H), 3.10 -
2.84 (in, }%WR(26%@?§%@1%&§& 4 (S 6 , 1.31 -1.15 (in, 6 H. 31P NMR
(162 MHz, "EDGIR)(3d 31189 CIRI331 -139F0 NVR (376 MHz, CDC13) d -152.40

10 LCMSm/z 65524 [M+H").

Compound 6

CH4OH

AcOH

15
Compound 4 (about 0.04 mmol) and anhydrous MeOH (about 5 mL) is
treated with acetic acid (about 5 mL) and the reaction is stirred overnight at room
temperature. Saturated NaHCO; 1s added to neutralize the reaction mixture and the

crude material is purified using a HPLC system (acetonitrile-H,O) to give 6.
20

Compound 7

1. Al(CH3)s

2. NHj

25 To a dry, argon purged round bottom flask (50 mL) is added compound 3b
{about (.39 mmol) and anhydrous dichloromethane (about 10 ml.). The flask is
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10 LC M5 mz 655.24 [M H+]. Conpound 6 Compound 4 (about 0.04 mmol)
and anhydrous MeOH (about 5 rnL) is treated with acetic acid (about 5 nli)
and the rweabiionssizs stirred overni ght at room tenper at ureT/tSatanadsed NaHCO3
is added to neutralize the reaction mxture and the crude material is
purified using a HPLC system (acetonitrile-H20) to give 6. Conpound 7

NH2 NH2 3b7 25To a dry, argon purged round bottom flask (50 nL) is added
conpound 3b (about 0.39 mml) and anhydrous di chl oronet hane (about 10 int).

The {Laskuibs M0 ARYILORRRAI BEFIUSROND RAUT IuaRbac el kDol

|ce/acetoeba e solution is stirred for a
8F3- Et 70 ipah dBilf5- X @ Qabrdv) 0i16 naidde dddixiahupsise anbitht hexctieaststiardife stirred for

about 10 | Me3 6 _nmol .0 Min toluene) | dded After
a few mn 8&1@ e 4 ’ﬁ\? b deGRROb AT 8t Brsd R ATERR R O i xt ur ¢
i's stirregifics QM f%e}a@étaﬁ@ﬁa@h fsQeRBOL alflﬁh&éawén ﬁBRﬁkfe idhsthhrddQy @bout 4 d. A
sol ution of pyridine 10 (about 2 ml) in MeOH (about 10 ni) is added and the

sol vent |®0nléﬁmv@dum¢lﬂeab0né%dédvqmraé@@lﬁrleto iﬁoetfédudewﬂmmarqf@b’ndzse purified

about 6 Hoat RBbL B Y shR ehABPm R S G G LR REu vikea and ¢ ne
resi due igddediphésesle DT hERREe ntit@iaV & plrifikd bCRRRMASLBphy and is treated

with ammonium hydroxide in mthanol for about 16 h at about room temperature. The

mixtue 1s concentrated and the residue is purified by HPLC to give 7.

15  Compound 8

S~ Raney Ni

1d 8

Raney Ni (about 500 mg) is neutralized by washing with H,O, and added to a
20 solution of 1d (about 100 mg) in ethanol (about 10 ml). The mixture is then heated to
about 35 to about 80 °C until the reaction is complete. The catalyst is removed by
filtration and the solution is concentrated in vacuo. The mixture is concentrated and

the residue is purified by HPLC to give 8.

25  Compound 9
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| d8 Raney Ni (about 500 ng) is neutralized by washing with F170, and added
to a 20solution of id (about 100 ng) in ethanol (about 10 ml). The m xture
i s then hwated/ws23about 35 to about 80 C until the reactrcorusesionepl et e.
The catalyst is renoved by filtration and the solution is concentrated in
yam). The m xture is concentrated and the residue is purified by HPLC to
give 8. 25 Conpound 9 NH2 9N OH'CN Ho WD 2011/035231PCT/ US2010/ 049471 59
Into a flask containing Conpound 3 (120 ng, 0.39 mmoL, 1 equiv.) was added
PO 3 (L5inL, 0.25 M and cooled o OC before adding POCI3 (125 pL,

1/ 37 L, 3.5 equiv.). The reaction mxture was allowed to stir for 5 hr
bef ore the redatd Dfaswasnpisng Gethpouhd A2 Eme, 0.89wasoldilremtt. ywpuri fied by

(H:E hgohﬁdfa%égéﬁﬁggﬁ%h%%%gg? E‘gs ha%td%oggcrl’r?oob] @((.j bgforelt_ zgc:icﬁ/nsg %6133&35 8]?, [M+
1/37 mmolL, 3.5 equiv.). The reaction mixture was allowed to stir for 5 hr before the
reaction was guenched with water. It was directly purified by HPLC to furnish the

10 monophosphate Compound 9.
LC MS m/z 387.95 [M +H"].

Compound 10

X
>—o OW\O—-CIF?’wO
0"
o
0
15 10

Into a flask containing Compound 9 (30 mg, 0.078 mmeoL, 1 equiv.) was

added NMP (0.8 mL, 0.1 M) followed by addition of TEA (43 yL, 0.31 mmolL, 4
equiv.), tetrabutylammonium bromide (25 mg, 0.078 mmoL, I equiv.) before adding
chloromethylisopropyl carbonate (60 YL, 0.38 mmolL, 5 equiv.). The reaction

20  mixture was heated to 50 °C and allowed to stir overnight. It was purified directly by
HPLC, affording Compound 10.
"H NMR (400 MHz, CDCl3) d 7.98 (s, 1 H), 7.01 (d, /= 4.7 Hz, 1 H), 6.72 (d, J= 4.7
Hz, 1 H), 6.04 (bs, 2 H), 5.74 ~ 5.61 {m, 4 H), 491 (ddt, /=12.6,9.4, 6.3 Hz, 2 H),
4.64 —4.28 (m, 4 H), 1.37 ~ 1.19 (m, 15 H).

25  *'PNMR (162 MHz, CDCls) d -4.06,
F NMR (376 MHz, CDCl3) d -76.58, -151.95 TFA salt.
LC MS m/z 620.03[M + H™].

Compound 11

132



0"CN N 1510 Into a flask contai ning Conpound 9 (30 ng, 0.078 nmmoL, 1
equiv.) was added NWP (0.8 rriL, 0.1 M followed by addition of TEA (43 pL,
0.31 m nokp2163823¢. ), tetrabutyl anmoni uni brom de (25 rgT/UG2@88494nnoL, 1
equiv.) before adding chl oronethylisopropyl carbonate (60 pL, 0.38 nrnoL, 5
equiv.). The reaction 20m xture was heated to 50 C and allowed to stir
overnight. It was purified directly by HPLC, affording Conpound 10. NVR
(400 MHz, CDC13) d 7.98 (s, 1 H, 7.01 (d, J=4.7 Hz, 1 H, 6.72 (d, | =
4.7 Hz, 1 H), 6.04 (bs, 2 H, 5.74 - 5.61 (m 4N;:%, 4.91 (ddt, 1= 12.6,
9.4, 6.3 Hz, 2 H, 4.64 - 4.28 (m 4 H), 1.37- 1.19 (in, 15 H). 253113 NMWMR
(162 MHz, CDC13) d -4.06. 19F NWR (376 Mz &) d -76.58, -151.95 TEA
salt. LC M5 mz 620.03[M + Conpound 11 o 5,—NL1_/ A sol ution of
Compound B-2 in DMSO is tr ed wit our@nmil e equi val ents of potassium

t - but oxi de for about 15 t 0%24_héurs fie reaction is quenched with 1IN
HC1 and Conpound 11 is isol ated bﬁ“ﬁé\ﬁérse-phase HPLC. 10
5 0
11

A solution of Compound B-2 in DMSO is treated with about 3 mole
equivalents of potassium 7-butoxide for about 15 min to 24 hours. The reaction is
quenched with 1IN HCI and Compound 11 is isolated by reverse-phase HPLC.

10
Compound 12

12a

1. TMSCN N\W/(
\ N
TMSOTE 5,4

- O N /J

2. NH, OH

Compound 1b (about I mmol) is placed in a steel bomb reactor. The reactor
15 is charged with liquid ammonia (about 30 mL) and the mixture is stirred at about 0 to
50 °C for about 16 h. The ammonia is evaporated and the residue is purified to give
12a. A solution of 12a (about 100 mg) in ethanol (about 10 ml) is treated with Raney
Ni (about 500 mg) that 1s neutralized by washing with H»O. The mixture is then
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Compound 12 Conpound | b (about 1 mmmol) is placed in a steel bonb reactor.
The reactor 15 is charged with Iiquid amonia (about 30 nL) and the m xture
is stirresoapbtiaisast O to 50 ("C for about 16 h. The anmporaSe&oevEpDr at ed
and the residue is purified to give 12a. A solution of 12a (about 100 np)
in ethanol (about 10 m) is treated with Raney Ni (about 500 ng) that is
neutralized by washing with H20. The m xture is then 2. NH3 TMSOIf BzO CH
133 WD 2011/ 035231PCT/ US2010/ 049471 5heated to about 35 to about 80 C

unt i1 st ey daRRGh 108133 1 MRk 86 8¢ ENPRERBNP L Ml GIDYREc Ll t ration and
the solution is concentrated in vacuo. e mxture is concentrated and the
resi due |$nmedbyédrdmynlﬂfﬁetsohgibués dodbentiboedainsatat. | Tie afxteempound 12b
(about 50 ) and T bout 0.5 | n acetonitrile (about 2.0 m_) at
about 0 CTECHERELFIEOR E%Hdﬁ%“f@dm%@m@%l%a&%ﬂl“ Solire | s
stirred alonf QN4 oﬁiw ﬁg{ Aa ﬂb@@\l ﬁb@md?ﬁf‘n(ﬂs iBRelonlifle @AWt 3 d The
reaction i s quenched with saturated room terrperature and diluted
Wi th CH3CLREtL) aThkow Og&ris @ddn’,ﬁé@éS@éfé(@epfd} atedol). wikhedctwint thixture e, dri ed

t d t o fied RP- HPLC
Chen B ssOPFd TO T ETRARBI CHUGEE! Ghefln & Anbrics ARy b ST D80 n wat or.
about 0. u¥h¢hddswidfged @ daHTRD 1h Moth WishdrstuRt hid &fhtéd wahewl,copm

tenperature for 16 h. The m xture is concentrated and the residue is
purified by RRaHPRGse ovagisersrated, vEshgsbwite brige, driefiover NaxSO,, filtered and

concentrated. The residue is purified by RP-HPLC then dissolved in methanol (about
1 mL). Ammonium hydroxide (28% in water, about 0.8 mL) is added and the
15 mixture is stirred at about room temperature for 16 h. The mixture is concentrated

and the residue is purified by RP HPLC to give 12.

Compound 13

N NH,
HO /,O o \ \>_\<
e N N
HO 'CN N=
HO F
20 13

Compound 13 is prepared in the same manner as Compound 9 using

Compound 12 as a starting material.

Compound 14

NH,
Ny {
N
0 ) N,
4 N
9 CN
HO-P—G
25 O
14

Compound 14 1s prepared by treating Compound 13 with about one to about

five equivalents of DCC in pyridine and heating the reaction to reflux for about one to
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2013 Compound 13 is prepared in the sane manner as Conpound 9 using
Conmpound 12 as a starting material. Conpound 14 25 14 Conmpound 14

I s preparwd 2oum/3sBat i ng Conpound 13 with about one to alpowtuskewm49471

equi val ents of DCC in pyridine and heating the reaction to reflux for about
one to WD 2011/035231PCT/ US2010/ 049471 5about 24 hours. Conpound 14 is

I sol ated by conventional ion exchange and reverse- phase HPLC. Conpound 15

NH2 N -ON, -", /<0 '"CNNO O--..,k- O-P-6
5 about 24 hours. Compound 14 1s isolated by conventional ion exchange and reverse-
phase HPLC.

Compound 15

10 15
A solution of about 0.4 mmol of Compound 14 in about 10 mL of DMF is
treated with about 0.8 mmol of DIPEA and about 0.8 mmol of chloromethyl isopropyl
carbonate (WQO2007/027248). The reaction is heated to about 25 to about 80 OC for
about 15 min to about 24 hours. The solvent is removed under vacuum and the

15  residue is purified by HPLC to give Compound 15.

Compound 16
NHDMTr

16
20 Compound 3 (about 0.22 mmmol) is dissolved in anhvdrous pyridine (about 2

mL) and chlorotrimethylsilane (about 0.17 mL) is added. The mixture is stirred at
about 0 to about 25 °C for about one to about 24 hours. Additional
chlorotrimethylsilane {about 0.1 mL} is added and the reaction is stirred for about one
to about 24 hours. 4.4’-Dimethoxytrityl chloride (about 0.66 mmol) and DMAP

25  (about 0.11 to about 0.22 mmol) is sequentially added. The mixture is stirred for
about one to about 24 hours. A solution of TBAF (1.0 M, about 0.22 mL) in THF is

added and the reaction is stirred for about one to about 24 hours. The mixture is



11 0 1015 A sol ution of about 0.4 mml of Conpound 14 in about 10 nL
of DMWF is treated with about 0.8 mmol of DI PEA and about 0.8 mol of
chl or ometw9l20i1gsp3opyl car bonate (W2007/027248). The r eattiseonoiogodsheat ed to
about 25 to about 80 C for about 15 min to about 24 hours. The solvent is
renoved under vacuum and the 15residue is purified by HPLC to gi ve Conpound
15. Conpound 16 NHDMIr HON, N ' 'CN 16 10Conpound 3 (about 0.22 nmmol) is
di ssol ved in anhydrous pyridine (about 2 rnL) and chlorotrinmethyl sil ane
(about; 0. 17. i ] i i, r \¢ : about 25 C
for agouﬁﬁéﬁgk%g%ggggﬁ%%wl%%%%g%ﬁggég%i%%%%h%ﬁﬁg?gfgﬁﬁgﬁﬁvﬁé%Pane (about
0.1 nl) isnaddeddarithetrbgducaaptiinl dsombtiopraptly toiffabdlompnmd 6. about 24
hours. 4.4'-Di methoxytrityl chloride (about 0.66 mml) and . DVAP 25( about
0.11 to about 0.22 mml) is sequentially added. The m xture is stirred for
about onec$ p@@ﬁ&ﬁ 24 hours. A solution of TBAF (1.0 M about 0.22 nL) in
THF is added and the reaction is stirred for about one to about 24 hours.
The m xture is WO 2@&&#§§%E31PCT/U82010/049471 fpand ti oned between et hyl
acetate and water. The et sacetat§ | ayer is.dried and concentrated. The
10
E_

residue is purified chro %PgFaph afford\§3 ownd 16. Conpound 17

N,
“ion N

O

10 17
A mixture of about 1.25 mmol of Compound 16 and about 1.9 mmol of

triethylammonium 2-(2,2-dimethyl-3-(trityloxy)propanoylthio)ethy! phosphinate
(W02008082601) is dissolved in anhydrous pyridine (about 19 mL). Pivaloyl
chloride (about 2.5 mmol) is added dropwise at about -30 to about 0 °C and the

15 solution is stirred at for about 30 min to about 24 hours. The reaction is diluted with
methylene chloride and is neutralized with agueous ammonium chloride (about
0.5M). The methylene chloride phase is evaporated and the residue is dried and is

purified by chromatography to give Compound 17.

20 Compound 18

e NHDMTr

18

To a solution of about 0.49 mmol of Compound 17 in anhydrous carbon
tetrachloride (about 5 mL) is added dropwise benzylamine (about 2.45 mmol). The
25  reaction mixture is stirred for about one to about 24 hours. The solvent is evaporated

and the residue is purified by chromatography to give Compound 18.
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HO F 1017 A m xture of about 1.25 mml of Conpound 16 and about 1.9
nmmol of triethylamoni um 2-(2, 2-dirnethyl-3-(trityl oxy)propanoylthio)ethyl
phosphi nave 20MMB8DB8082601) i s dissol ved i n anhydrous pyPcaiuseoipalaat 19
mL). Pival oyl chloride (about 2.5 mol) is added dropw se at about -30 to
about 0 C and the 15solution is stirred at for about 30 m n to about 24
hours. The reaction is diluted with nethylene chloride and is neutralized
wi t h agueous ammoni um chl ori de (about 0.5M . The nethyl ene chloride phase
IS evggorated and the residue is dried and is purified by chromatography to
gi ve nmpound 17. 20 Conpound 18 18 To a solution of about 0.49 mol
of Conpoudémpdusd2@nhydrous carbon tetrachl oride (about 5 nil) is added
dropwi se benzyl am ne (about 2.45 mmol). The 25reaction mxture is stirred
for about one to about" urs. The solvent is evapirated and the residue
is purified by chromatogr &0 give Conpound~48

2011/ 035231PCT/ US2010/ 049 7&)C8ﬁﬁbga 80

H

20

10 ~ A solution of about 2 mmol of Compound 18 in methylene chloride (about 10
ml.) is treated with an agueous solution of trifluorcacetic acid (90%, about 10 mL).
The reaction mixture is stirred at about 25 to about 60 "C for about one to about 24
hours. The reaction mixture is diluted with ethanol, the volatiles are evaporated and

the residue is purified by chromatography to give Compound 20.

15
Compound 21
. O
o % N
~— 9 \ NH
o HN=P-0—y o JN. _
: N
O NH,
wl's
21
20 About 90 mM Compound 2 in THF is cooled to about -78 OC and about 2.2 to

about 5 equivalents of -butylmagneisum chloride (about | M in THF) is added. The
mixture is warmed to about 0 °C for about 30 min and is again cooled to about -78 o°c.
A solution of (25)-2-{[chloro(1-phenoxy)phosphoryl]amino } propyl pivaloate
(WO2008085508) (1 M in THF, about 2 equivalents) is added dropwise. The cooling
25 s removed and the reaction is stirred for about one to about 24 hours. The reaction is

guenched with water and the mixture is extracted with ethyl acetate. The extracts are



10A solution of about 2 mmol of Conpound 18 in nethyl ene chloride (about 10
m.) is treated with an aqueous solution of trifluoroacetic acid (90% about
10 inL). wbeori@gasisiion m xture is stirred at about 25 toPrabasto16®4937f or
about one to about 24 hours. The reaction mxture is diluted with ethanol,
the volatiles are evaporated and the residue is purified by chromatography
to give Conmpound 20. 15 Conpound 21 20About 90 nM Conpound 2 in THF is
cooled to about -78 C and about 2.2 to about 5 equi val ents of

t - but yd magn by xture is

war me to&a OUH%B@])% %r%a déﬂt%l?%géuepﬁl sHE %101%5%%%&& e We Iblgu'tmc?m C A
solution »f. (2S)-2- [chloro(1- phenoxy) phosphor yl ] am nol prrpyl pi val oat e
(W2008085508) (1 Min THF, about 2 equivalents) is added dropw se. The
cooling 25is renoved and the reaction is stirred for about one to about 24
hours. Théoﬁ}?ﬂﬁﬁagﬁl is quenched with water and the m xture is extracted

w th ethyl etate. The extracts are 5 dried and evaporated and the
residue purified by chromatography to give Conmpound 21. Conpound 22 10 N2
22a Conmpound 22a was obtained ijn a procedure simlar to that for
preparation of Cla. 1H NWR (40Q MHz, CDC13) d 8.11 (d, J= 9.0 Hz, 2 H),
8.02(5,1H),748(t,J: ,2H) 742-725(m4H) 7.21 (dt,
J=14.9, 5.5 Hz, 2 H, 7.0 J= 7.3 Hz, 5.17 - 5.03 (m 2 H), 4.99
(dd, J= 16.5, 9.7 Hz, 2 H,b "3 44 sOlH) 321(|n 2 H, 319(d
J= 9.2 Hz, 1H), 3.00 - 2. 80 (m 2 Id}p’

10 Q_/

22a

Compound 22a was obtained in a procedure similar to that for preparation of
C-1a.
"H NMR (400 MHz, CDCl3) d 8.11(d,J=9.0 Hz, 2 H), 8.02 (s, | H), 7.48 (t,.J= 7.5
15 Hz,2H), 7.42-7.25(m,4 H),7.21 (dt,/=14.9,55Hz, 2 H), 7.08 (t, /=73 Hz, 2
H), 5.17-5.03 (m, 2 H), 4.99 (dd, J= 16.5, 9.7 Hz, 2 H), 3.44 (s, 1H), 3.35 - 3.21
(m, 2 H),3.19(d, J= 9.2 Hz, 1H), 3.00 - 2.80 (in, 2 H).
P NMR (162 MHz, CDCl3) d 4.27.
LC MS m/z 452.09 [M + H'].
20

22b

Compound 22b was obtained in a procedure similar to that for preparation of
C-1 using Compound 3 and 22a.
25  'HNMR (400 MHz, CD;0OD)d 7.76 (d, /= 6.3 Hz, 1H), 7.38 (t, /= 8.2 Hz, 1 H),
7.27-7.12 (m, 4 H), 706 - 6.81 (m, 3 H), 6.74 (dd, /= 4.6, 3.5 Hz, 1 H), 4.95 - 4.79
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311" NWR (162 MHz, CDC13) d 4.27. LC M5 mz 452.09 [MH+]. 20 NH2 Hd 22b
Conmpound 22b was obtained in a procedure simlar to that for preparation of
C-1 usi ngvCanpossa313 and 22a. 25 H NVR (400 MHz, CD30Dpcu/UR2x6/04%471 J= 6. 3
Hz, 1H), 7.38 (t, J=8.2 Hz, 1 H), 7.27- 7.12 (m 4 H, 7.06 - 6.81 (m 3

H, 6.74 (dd, J --- 4.6, 3.5 Hz, 1 H), 4.95 - 4.79 WD
2011/ 035231PCT/ US2010/ 049471 5(m 1 H), 4.35 -3.90 (in, 4 H, 3.23 (dt, J =
3.2, 1.6 Hz, 3H), 3.18 - 3.05 (m 2 H), 2.82 (dt, J= 14,7, 7.3 Hz, 2 H),

115 (o G2 s Sabte, 310 DORALP23M 0 EAR): 95 10 K 2y L LC M
2.82 (dt, J=14.7, 7.3 Hz, 2 H), 1.15 (d, J= 22.4 Hz, 3 H).
*'P NMR (162 MHz, CD;0D) d 10.76, 10.71.
LC MS m/z 620.05 [M + H'].

10

Compound 22

Into a flask containing the 22b (50 mg, 0.08 mmoL, 1 equiv.) was added
15 ethanol (4 mL) followed by Pd(OH); ( 56 mg, 0.08 mmoL, 1 equiv.) and ammonium
formate (42 mg, (.64 mmolL, 8 equiv.). The reaction was heated to 80 °C for about an
hour. The solid was filtered off and the material purified by HPLC.
'"H NMR (400 MHz, DMSO-ds) d 10.72 (s, 1H), 7.91 (s, 1 H), 7.95 - 7.89 (bs, 2 H),
7.41(d,J="7.7Hz, 1 H), 7.26 (d,/=8.1 Hz, 1 H), 7.19 - 6.66 (m, 3 H), 4.20 - 3.75
20 (m, 3 H),2.99(dd, J=16.5, 9.6 Hz, 2 H), 2.89 — 2.70 (m, 2 H), 2.48 — 2.58 (m, 8 H),
1.10(d, /=223 Hz, 3 H).
P NMR (162 MHz, DMSO-d,) d 7.49.
F NMR (376 MHz, DMSO-dy) d -154.89.
LC MS m/z 530.21 [M+H'].

Compound 23
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Conpound 22 Into a flask containing the 22b (50 ng, 0.08 mmolL, 1 equiv.)
was added 15 ethanol (4 nlL) followed by Pd(OH)2 ( 56 ng, 0.08 mmoL, 1
equiv.) aw~o2amm3si3um formate (42 ng, 0.64 mmol, 8 equi vPLT/USb@onemct i on was
heated to 80 ' C for about an hour. The solid was filtered off and the
material purified by HPLC. 1H NWVR (400 MHz, DVMSO-d6) d 10.72 (s, 1H), 7.91
(s, 1 H, 7.95 - 7.89 (bs, 2 H, 7.41 (d, = 7.7 Hz, 1 H, 7.26 (d, J=28.1
Hz, 1 H, 7.19 - 6.66 (n, 3 H, 4.20 - 3.75 20(in, 3 H, 2.99 (dd,J 16.5,
9.6 Hz, 2 H), 2.89 - 2.7g4(m 2 H, 2.48 -2.58 (ni, 8 H, 1.88,(d, J = 22.3

Hz, 3 H). 31P NVR (162 MHZ, DVMBO-d6) d 7.49. 19F NMR (37 DVBO- d6) d
-154.89. LC MB ni z PN M 25 Conpound 23 WD N

2011/ 035231PCT/ US2010/849471 Corpound 3 (250§g b:g2mol ) was
di ssol ved iny L, 10FPEMPYRNeL00l ed t op r argon. To this

stirring sol ution\wa ded gx : , 401 | mob). . y dropwi se,
and the reactiopgm Xture allowed. 8» Pn1to room fengerature for 16 h. The
resulting solution was added dropwi se to a rapidFy stirring solution of
aeetogitrile (4080mpdunand 0. 08M aqueous KOH (300 migompMigdzaddi tion was
conpl éte, the reaction progress was checked by LCVS. en the reaction was
conpl ete, solvents were renoved under reduced pressure. The resulting solid
resi due 15 was dissolved in water and purified by HPLC to give 140ny of
Conmpound 23 (yield 47%.

Compound 3 (250mg, 0.82mmol) was dissolved in PO(OMe); (5 mL, 0.16M)

b

and cooled to 0°C under argon. To this stirring solution was added POCI; (0.32 mL,
10 4.1 mmol) slowly dropwise, and the reaction mixture allowed to warm to room
temperature for 16 h. The resulting solution was added dropwise to a rapidly stirring
solution of acetonitrile (400 mL) and 0.08M aqueous KOH (300 mL}. When addition
was complete, the reaction progress was checked by LCMS.  When the reaction was
complete, solvents were removed under reduced pressure. The resulting solid residue
15 was dissolved in water and purified by HPLC to give 140mg of Compound 23 (yield
47%).
'H-NMR (400MHz; CD,OD) : d 8.15 (s, 1H), 7.40 (d, 1H; ] = 4.8Hz), 7.09 (d, 1H; J
= 4.8Hz), 4.64 (dd, TH; ] = 24Hz, 7.2Hz ), 4.50-4.36 (m, 3H), 1.32 (d, 3H; J=22Hz).
E-NMR (376MHz; CD-0OD) : d -153.11.
20 *'P-NMR (162MHz; CD;0D) : d -2.20.
MS [M + H']=370.2.

Compound 24

1) DCM, PO{OMe),, DMF
oxalyi-Cl

P~ % 2) IPA

25 Compound 23 Compound 24
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111- NMR (400MHz; CD30D) : d 8.15 (s, 1H), 7.40 (d, 1H, J = 4.8Hz), 7.09 (d,
1H, = 4.8Hz), 4.64 (dd, | H J = 24Hz, 7.2Hz ), 4.50-4.36 (m 3H), 1.32 (d,
3H, J=22H¥P.20119BsM{VR (376MHz; CD30D) : d -153.11. 20 31PCRVR2§10O2NMFE ;
CD30D) : d -2.20. Ms [MH = 370.2. Conpound 24 WO

2011/ 035231PCT/ US2010/ 049471 5A sol ution of Conpound 23 (7rng, 0.02 mmol)
in DCM (2 nL) and PO(OMe)3 (1 niL) was prepared and cooled to OC. To this
sol ution was added oxalyl-Cl (10 uL) followed by DVF (2 uL). The m xture
was ald owed to L 1 I TYas[ ut and quenched
in MeOH and thfé%&l@hg&%ﬁ&g@b Egggﬂﬁg’?g?%ﬁ%ﬁ Suc(gglgl?inavt% anount s of

oxal yl - CIPQIEMau); ) 1 ahd waNprepared lapd wesled &0HAU el thintsolutmotwasatidah was

conplete. At .this poinpt, a,la I of 2-propangl m L s added to

the react?g 1#%?%@) &hﬂwﬁﬁik’lﬁm zggugﬂﬁhedﬂﬁ‘t‘\?féVPﬁﬁa M ‘r?lsfléﬁﬁ\g?atur e. Once

the react Q&S of ATRER LSS tIRE o8 PANENIA IR M VEE HRdREcKegBYCed

pressure, and the resulting crude naterial was purified b reperative HPLC
liab

to gi ve S.GMirfoohctCatipouhecesiveyineludts 20%xalyt €1 4101l avd RNIH 0D WHE weBVBO- d( | )
: d 8.26 r, 1H) . ..8..15 (br, 1H) 7 (s,. 1H) ., 7..00 1H J. 7 4.41-12),
.88 0a. wba yrilapufipin oo cpudihe i iy Ao fofsbilo bllind 6, % 2t
3H, J=22.8H7 vas d&@ed NVR e(r3iMriaiix Gt MN) allowdd 1Ddirbad watB-1dDIMRng 162MHz; CD30D)
d -5.69. 20 M5 [ M= 412.0. Conpound 25 Conpound 25 was prepared from

Conpound eBPEItEe nRnewibe siariipnpat eomplgte. F sCyRps diteE ZIoyabYRduting the
MDY ooy BB h0F e CRARSyu oo o AR oAt 0D
(dd, 1H, tokives.24AHACoBp&hin 24 4i8674%60 (in, 2H), 4.48-4.40 (m 1H),
15  'H-NMR (400MHz; DMSO-de) : d 8.26 (br, 1H), 8.15 (br, 1H), 7.97 (s, 1H), 7.00 (d,
1H; ] = 4.4Hz), 6.88 (d, 1H; J = 4.4Hz), 4.59-4.51 (m, 2H), 4.37-4.25 (m, 2H), 1.23
(d, 3H; J=22.8Hz).
PF.NMR (376MHz; CD;0D} : d -151.72.
P_NMR (162MHz; CD10D) : d -3.69.
20 MS{M+H"T=4120.

Compound 25

1) DCM, PO(OMe)3, DMF
oxalyl-Cl

Y

2)DCM, TEA

Compound 23 0O Compound 25

Compound 25 was prepared from Compound 23 in a matter similar to that of
Compound 24 substituting the heptyl ester of alanine for 2-propanol (yield 5.3%).
'H-NMR (400MHz; CD;0D) : d 7.91 (s, 1H), 6.98 (d, 1H; T = 4.8Hz), 6.92 (d, 1H; ]
= 4,8Hz), 5.29 (dd, 1H; J = 24.4Hz, 8.8Hz), 4.66-4.60 (m, 2H), 4.48-4.40 (m, 1H),
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WO 2011/ 035231PCT/ US2010/ 049471 54.15-4.11(m 3H), 3.92(dd, 1H, j = 9.6Hz,
7.2Hz), 1.67-1.64 (m 3H), 1.40-1.27 (m 15H), 0.91-0.87(m 6H). 19F-NWR
(376MHz; wD20D)03523d - 151. 46. 31P-NWR (162MHz; CD30D) : @CT/U36010N0B4fM
+=539. 4. 10 Conpound 26 Compound 26 15 Compound 26 i s prepared
fromconmpound 22 in a matter simlar to that for preparation of conpound
10. Antiviral Activity 20Anot her aspect of the invention relates to nethods
of inhibiting viral infections, conprising the step of treating a sanple or

Fubl ect sureachl o0, SSBML9SE AT TG B, SOPER Ot P

cont ai ni nIpHl, 019r1u358’,1(ﬂ1(;511¢1e natural or man- made materials such as |iving
or gani sns;, tissue_or 25cul tures; biological sanples such as biol ogical

mat eri al sgﬁﬁﬂ5§%Z@w5@dCI§@P&n§ Wli4%e, cerebrospinal fluid, tears, sputum
saliva, tigst R.@@ngﬁ angD?hg7b5ke) | aboratory sanpl es; food, water, or

air sanpl es; |op uct sanples such as extracts of cells,
- MS[M+H"}=5394.

10

Compound 26

Compound 26
15
Compound 26 is prepared from compound 22 in a matter similar to that for

preparation of compound 10.

Antiviral Activity
20 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.

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

25 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,
particularly recombinant cells synthesizing a desired glycoprotein; and the like.

Typically the sample will be suspected of containing an organism which induces a

142



particularly reconbi nant cells synthesizing a desired glycoprotein; and the
like. Typically the sanple will be suspected of containing an organi sm

whi ch i nowoes11203530 2011/ 035231PCT/ US2010/ 049471 5vi r al pcmfusee10089471
frequently a pathogenic organi smsuch as a tunor virus. Sanples can be
contained in any nedi umincluding water and organi c sol vent| water m xtures.
Sanpl es include |iving organi sns such as hunmans, and man nmade material s
such as cell cultures. If desired, the anti-virus activity of a conmpound of
the invention after 10 application of the conposition can be observed by
any net hodral ndtaidnnigeqliendy b pathdgémadingensmrethats tuafor detieciamplescash
activity. anti%ative, ualitghive, and seniquanti%@t%ve.nethods of

det er i nil??g"l’gf?é‘}? a%ﬁwnte@ma} Bl BT AP SORETNAIT JIOHE of t he

screeni ”%ﬁ@ﬁl@&gé’luﬁl@ﬁﬁiﬁ% BednaBRaciiEn ARl 8/ mRPMBYEhateRAl sRihGr net hod
such as observation of the physiol ogical properties of a living organi sm

15ar e al swllapphicsabl e. The antiviral activity of a conpound of the
i nvention can measur ed.usi ng .standard screeni ng. protocqls that are
nown.  For - exdAfFUEAyHE it I P Sdt FoPRRoB o BRSO S be- measur ed
usi ng ot heyphakdwioneh oditioR Rt Q@Q%Me@%ty-l anb ag@rb Fhavbiink [duect and

| mmunodet eeti on assay 20BHK21 or A549 cells are trypsinized, counted and

di | ut ed tindi2sct 0%thods bEdetteting skipinactivity 2 Quertitati (oAg4ditetetd 89d or RPM - 1640

media (BHK, 21 cell.s) s | epented with 2%.1fetal vi ne rum (FBS) and 1%
ot oi | |1 reavaneb iy eelPRs FER Fnts b Ty el RSP s ool 1
tissue cutypidaflyRhabetheRBleetl mANds BadEiBed abovd ar&apph¥d HoweA¥ehiy ght. On the
next day, the cells are infected with viruses at multiplicity of

25i nf ect i Wher(MOT)d sch @s gbsenvatine op eglisisiel ogical propetics ohtbring gatdaons of t est
conp ndﬁigo% 13aﬁy%kat 37 C and 5% CO-, for another 48 hours. The cells
are shed® dne P PBS and fixed with cold nethanol for 10 mn. After

washi ng tmﬁce,ﬁ%%p.PBg, hh@ f%xed cell.s.are blgcked ﬁjth PBS cont ai ni ng 1%
FBS and 0. 05% TREEHYSH F8Y ™ Ohbthiienf SO M BRPEPALH B MFA% B M y ant i body
sol ution gHdd)d écﬁeehﬂﬁgl?pr@td&ﬂﬁit}ﬁt ar@ k30K ANEBNEL RO Mh OdntilirdlackiQitt o0 i n PBS

contai ning 1% FBS and 0. 05% Tween-20 for 3 hours. The cells are then washed

three ti rees1parehcPBS hedshdaringhe rblomde Sensel PEtPeHs- wi t h hor ser adi sh
per oxi dase( HRP) - conj ugat ed anti-nmouse 1gG (Sigma, 1:2000 dilation). After

o g R A EB R B 75 of 3.3 55 - WD

20 BHK21 or A549 cells are trypsinized, counted and diluted to 2x10° cells/mL
in Hams F-12 media (A549 cells) or RPMI-1640 media (BHK21 cells) supplemented
with 2% fetal bovine serum (FBS) and 1% penicillin/streptomyein. 2x10° cells are
dispensed in a clear 96-well tissue culture plates per well and palced at 37° C, 5%
CO; overnight. On the next day, the cells are infected with viruses at multiplicity of

25  infection (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

30 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’-
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5t et ranet hyl benzi di ne (TMB) substrate solution (Sigma) is added to each
well for two mnutes. The reaction is stopped by addition of 0.5 Msulfuric
aci d. Thewplatiesssie read at 450 nm abosorbance for vir&CTiusael0/049471
gquantification. After measurenent, the cells are washed three tines with
PBS- foll owed by incubation with propidiurn iodide for 5 min. The plate is
read i'n a Teean Safireirmreader (excitation 537 nrn, em ssion 10617 nm
for cell nunber quantification. Dose response curves are plotted fromthe

mean absoLhANGEBELSHRe ITAR) 90 Phic D8iBR NGB AlddiaBd Rf cakBsll1GompRuUNds. The
EC50 is cal cul a¥ed by non-linear regression analysis. A positive control

such as Namotegl dboxsanodi isistppic byragdiben os® i M edfiridymyk dITR Patevireus
cytopathic effect assay,15For testing agajnst Ni | e virus,or Japanese
encephal 1EFE R Dset SREe TR SR R Rd ra T BET 5o

concent r alel|9BreOfasflehtQaiB &) wih PRSI 1R bylBdibaee vathsuppldrmeida’t Wi th 2%
FBS and 1 A penicillin/streptonycin. For, testing against dengue virus,

1- 1 uh7 cefior & ndpe The platd inirgaddn anicatt Siﬁréf%“ readey (EopeBom pat PBncBRsiatx 105

cell' s/ j D!;/)Ffl\/l [ | : i.1h. 5% 9
20peﬁli00i I(%Iin]r%}m P reg‘ggrﬁ@%?eﬁ%%%&ggc%%&gr %13%9{1 grgyogggcé?%daggﬁﬁggﬁ% |fr8ﬁ1 tzl 5 x 104
cel | s) i sméirsqpensestepersui@id ok df theQonydirhti@pdi elcolpbtuadn RihE Higk smer - based

plates (Nunc). Cells are grown overnight in culture mediumat 37 C 5% CO,,
and then § el Hnr hnapp Eeeregeioa Apilptis Aeogitivegsrdshc #HNEPtYapanese
encephal i t] [: g;r\ ama strain) at MO = 0.3, or with dengue

Vi rus (e.%é.(ﬁ?g\ék{ &%ng”)gliﬂn ‘at MOT = 1, in the presence 25of different
concentrations of test conpounds. The plates containing the virus and the
conpoundsCeli-basedrElhdrvirus cytophtidce affe@ Aay5% CO2 for 72 hours. At the end of
i ncubation, 100 mcroliters of Cell Titer-@ onm reagent is added into each

wel |l .. Contents_are .m xed f ] nutes on an orbi lL..shake i nduce cell
lysi s> The pl Oééesgpﬁa?ﬂ%ﬂﬁ&?é&\mﬁtwﬁ%(%ﬁtp rﬁ%gregfe@?lghtfso‘P Oé}r%lkr%l}]t es to

st abi | i zecdiyHNEsLRMed$hgdalited 30k ubnRESARMET 4180l dals/hS. iheoVIDee4(Usi ng a
plate reader. A positive control such as N- nonyl-deoxynojirimcin may be
used. Antingdip sppherpenied yith g%aFRb s 1 Moueicilip/spepigiacinn FeEt58#E ~ Conpounds

e gggg%fhgx#{ﬂé%g@sg WY %@n?&g?ﬂyp%izg‘&&%‘&zu‘{éé s, intastdion 44 VO
10° cells/mL in DMEM media supplemented with 5% FBS and 1%

20  penicillin/streptomycin. A 50 microliter of cell suspension (2 x 10* cells) is dispensed
per well in a 96-well optical bottom PIT polymer-based plates (Nunc). Cells are
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

25  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
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.

30  Lumnescence reading is recorded using a plate reader. A positive control such as N-

nonyl-deoxynojirimycin may be used.
Antiviral Activity in a Mouse Model of Dengue Infection.

Compounds are tested in vivo in a mouse model of dengue virus infection
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5(Schul et al. J. Infectious Dis. 2007; 195:665-74). Six to ten week old AG
129 mce (B& Universal Ltd, Hl, UK) are housed in individually ventilated
cages. Mweo arig3fasjiected intraperitoneally with 0.4 ni PEV@B2@enguel vi rus 2
suspensi on. Bl ood sanples are taken by retro orbital puncture under

i sof | urane anaesthesia. Bl ood sanples are collected in tubes containing
sodiumcitrate to a final concentration of 100.4% and inmmedi ately
centrifuged for 3 mnutes at 6000g to obtain plasna. Plasma (20

mcroldite I s diluted in.78 ). .1t er PM - 1640 i nd _snap frozen
1 acree St PRtk onteRul dpSIkTOE, SN R n T

reserved {B&Kaytioktne @i, N3l peabeied ih eMeliddelarriinadicages. Miceardevel op
dengue virem a rising over several days, peaking on day 3 post-infection.
15For t estigsiedoptrapsrifaperidy witb Oi4miyl S\ lcdsnppuinaicot suspesiady dHeedn i s

di ssol ved venl. ' ... 0 9 60% D5W (5%

dextrose | rllﬁblegs'?%{r} ?ajkg? B%Kft‘%&fg?%p@‘%é%%%@?%%ﬁ’%%%?%d@ I{&gd& 5): 100 nmM

citrate bsdnides pticAldteGn ey Lont2inbYselm dGae% u/finpl cohbémtiayiosibk 6- 10 week
re diyvi ach. Al mce are

old AGL29 mjce ed into six_groups of six mce
nf eotibd With spbgnetipe YﬁnH&lw_sflefﬁﬁgau%ﬁaé&Qaw hign e $me | s dosed
by oral g@‘(ﬁﬂﬁr&fterg)qg dmﬁ/em% 1‘ﬁ’§crré)'!itgrsq{PﬂKQf—if(gf}(pﬁleﬁuﬁ}%ﬁgﬂﬂgfrgienﬁﬂe

invention twce a day (once early in the nmorning and once late in the
af t er noonhigifid mittdpee &orepdayse estay waalgay.sTht @mtaimgg plasdays ©sqiféd St dose j ust

bef ore dengue i nf i on).. oups 2,. 3.anq,4 are dosed the sane.way with 1
mo ko, 5 Pkt BESsh Pl 61 Bnbuadiionte et eN oo R TRt Y ve
control nmgyer Q@Vdﬂaﬂ@%/s, %é‘él&ihga&l day 3 post-infection. )
25( 2R, 3R 4R, 5R) - 2- (2- am no- 6- hydr oxy- puri n-9-y1) - 5- hydr oxyi net hy1- 3- met hyl -
tetrahydro-furan-3, 4-diol, dosed by oral gavage of 200 m croliters/nouse
the s way aBortpsingoéontain! getbiifysa compepndrd theingepiongs dsedyaldowi t h only
vehi cl e f] yi y = j '%gl b j i.ter blood
sanpl es (lééﬂlfi‘? ﬂg(giég%l g?/ég&\%\nﬁ?lh%s% iﬂtﬁngg(?@&;@ﬁ/)% are( Q%%tr T gfr‘lnwtaketé’ m ce by
ret ro- or bot GV HEIUREE wgel SOmde(pH sditiited aresanaesivMesiae bifaeie3.6s obt ai ned
from each bl oo e by centri furgat_i on and _snap frozen in (%i _gui d nitrogen
\i;

sanpl

for plag u@-%i’/gng\yZé%a‘f/‘fy’rs%s@%fﬁa- dorTetit &ul Opt esdrrld SdnipPavicares AvdrYzed by
bl ague asiysigdBe6rRaflcd O mBk A il UHNESAL Sirdl Ay RDASed s as
descri bed by SChulf. NS1 protein levels are analysed using a PlateliaTM kit
(Bi oRdd Latlwoe adard)eSkoupAhisatised by oal gefafeof 20mindicatveth by ne/kand
2011/ 035231PCT/ U 2(%;[110/.0494.71 5r edléct ion in CYt %ki ne | evels anld aor NS1
protein | agupround of the invention twice a day {once early In the morning and once late 1n

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 as

25  (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
30 under isoflurane anaesthesia. Plasma is obtained from each blood sample by
centrifugation and snap frozen in liguid nitrogen for plague assay analysis. The
collected plasma samples are analyzed by plague assay as described in Schul er 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 bya
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Typically, reductions in virem a of about 5-100 fold, nore typically 10-60
fold, nost typically 20-30 fold, are obtained wth 5-50 ng/ kg bid dosages
of the cowpaundsssfi the invention. 10 DI CV 1050 Det er m mamiuse010/049471 Assay
Protocol: Either wild type or S282T (Mgliaccio, et al, |I. Biol. Chem
2003, 49164-49170; Klunpp, et al., J Biol. Chem 2006, 3793-3799) nutant
pol ymerase enzynme was used in this assay. NS5b pol ynerase assay (40 4) was
15assenbl ed by adding 28 pl., polynerase mxture (final concentration: 50

mM Tris- . ! . 2, 1 mMDTT, 10 nM EDTA, 4
ng/ pt 5of C*f"té‘r%%@t&é’?’eé%" 18%?%&3’&@% l%g%% pol ymerase) to assay pl ates
followed by 4 jiL of conpound dilution. The pol ynerase and conpound were
pre-incubat ed aypidBlyCretoetioh® imvineihia dbebarn &-1efohildidre opicalily 80460i L of

nucl eoti d ubstrate m xture (33P-a- 20 | abeled conpeting nucl eotide at Km
and 0.5 nfem%fm%h@vf%}%n?ﬁﬁﬁéolfih%rsébmm%éﬂfh ?bfggyl?g%@é@é%aﬁs 8l Bees wer e
covered anghJRaHDaE @ iREnRm. C for 90 mn. Reactions were then filtered

t hrough 96-wel |l DEAE-81 filter plates via vacuum The filter plates were

t hen washed under vacuumw th nultiple volunes of 0.125 M NaHPO4, water,
and et hanol to renove unincorporated |abel. Plates were then counted on

Top t e the 25| evel of product synthesis over background
contcﬁo s.ﬁ%h\gﬁ%ﬁéfftvmlﬂéﬂ?% determ ned using Prismfitting program

Preferably, conpounds described herein inhibited NS5b pol ynerase with an
| C50" s bel ow 1000 [I)) M nore preferably below 100 1..tM and nost preferably
bel ow 10 1. 1M AEgY Pestasad ltheg witd dviror 282 T KB eliascirogiolof Bin/16h44.M agai nst

both wi | p 1@@,’ r , a . Table If
bel ow shgzv\(fsoyst %%1%3(: iv?’??h%ﬁgg’s’r%%’%%Oﬁgﬁﬁgﬁﬁhg@%ﬁgﬁ?&ﬁ%ﬁtype and the
S282T nut@iiymenzyeeyoe vpaned ihahik Assaac NSEb poBsncbicaksed4lhwhbhe

tri phosphate of 2'-neth uani dine and the triphosphate_ of .
(2R, 3R, 4RsERybLlsd ?Mﬁ%é%ﬁ PeI3Eerass mixfure ping] poricgsirsion: g4 M s wo

20111 03523¢PGT) DS20APHAARETL s3ehhmdenxy wia (oI AYA) a Bty -

et rahydrofuran-2-earbonitrile. Thi replacing the 2 CH
of the pyRNaAltefpla2e bhd 15 AVARIE NI A7li NS T pdlymackeds iaskag phitéshfoloRed by 4
unexpectedl y_confer ctivity agai nst resistant S282T HCV nutant_ strains of
Vi rus. 10%an R ﬂgﬂ%@brﬁteév DTESSHG P ISP RO WERSH g ifpgbated at 35

°C for 10 minute before the addition of 8 pl. of nucleotide substrate mixture (33P-o-

20 labeled competing nucleotide at Ky and 0.5 mM of the remaining three nucleotides).
The assay plates were covered and incubated at 35 °C for 90 min. Reactions were then
filtered through 96-well DEAE-81 filter plates via vacuum. The filter plates were then
washed under vacuum with multiple volumes of 0.125 M NaHPOQy, water, and cthanol
to remove unincorporated label. Plates were then counted on TopCount to assess the

25  level of product synthesis over background controls. The IC50 value is determined
using Prism fitting program.

Preferably, compounds described heremn inhibited NS5b polymerase with an

ICs0’s below 1000 uM, more preferably below 100 uM, and most preferably below 10
puM. For example, compound TP-1 has an ICs; of 0.15 uM against both wild type

30 HCV polymerase and the S282T mutant enzyme. Table II below shows the activity
of TP-1 and TP-2 against both wild type and the S282T mutant enzyme compared to
the activities obtained with the triphosphate of 2°-methyl guanidine and the
triphosphate of (2R 3R 4R, 5R}-2-(4-aminopyrrolo{1,2-{][1,2.4]triazin-7-y1)-3 4-
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10

Note 999/ NH HO P-0-p-O P-0 OHOHOHNS: "(NH2 0.1 20 fromJ. Bio. Chem, 2003,
278, 49164 (200 fold shift) HOOH 2"-C MeGIP 000 I'IflIliNHHOP-OP-OP-0
OHOHOHN' -wo-2011Mi32230. 15 0. 525 0. 24 PCT/US2010/049471
dihydroxy—S—(hydroxymethyl)—ﬁ%-methyl—tetrahydrofuran—.’z-carbonitrﬂe‘ This
demonstrates that replacing the 2° OH of the pyrrolo[1,2-f][1,2.4]triazin-7-yl
nucleosides with a 2’ F unexpectedly confers activity against resistant S282T HCV
mutant strains of virus.
Table 11
52827
Triphosphate WT IC50{uM) IC50(uM) Note
O
o o0 o0 (/’jI/Q
i [ i / NH ,
HO“F?“O“F?“OH‘T’AO o N §< from J. Bio.
OH OH OH Xl NH, o1 20 Chem., 2003, 278,
- ' 49164
HO OH (200 fold shift)
2-C-MeGTP
N O
O O O \\[/Z{
i I i \ NH
HO-P-0-P-0-P-0~ g -
OH OH OH N N, 0.15 0.15 (1 fold shift)
HO F
TP-1
O O O
i if il WQO/2009/132135
HO-P~-0-P-0—P-0 0.525 1 (242 foid shift)
OH OH OH
HO-P-0~-P~0~F-0
OH OH OH 0.24 1.60 (7 fold shift)
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0.15 111 1.60 (1 fold shi
shift) HO TP-1 NH2 OOON I |

ft) WD 2009/132135 (242 fold shift) (7 fold
111 HO1,--0-Fi'-0-Fi'-00N, N OHOHOHN ' CN

NH2 999N WOR0 (/035231 O - POON, / PCT/US2010/049471

10

15

20

0.034

HOOH

HCV ECs) Determination

Replicon cells were seeded in 96-well plates at a density of 8 x 10° cells per
well in 100 pL of culture medium, excluding Geneticin. Compound was serially
diluted in 100% DMSO and then added to the cells at a 1:200 dilution, achieving a
final concentration of 0.5% DMSO and a total volume of 200 pL. Plates were
incubated at 37°C for 3 days, after which culture medium was removed and cells were
lysed in lysis buffer provided by Promega’s luciferase assay system. Following the
manufacturer’s instruction, 100 pL of Tuciferase substrate was added to the lysed cells
and luciferase activity was measured in a TopCount luminometer. Preferably,
compounds described herein have EC50’s below 1000 uM, more preferably below
100 uM, and most preferably below 10 uM. The activities of representative

compounds of Formula I are shown in the Table below.

Compound No. | ECs;, pM
A-1 23
B-1 1.4-4.3
B-3 16-28
B-4 8.4-19
B-5 1.93-25.5
B-6 3.75-11.1
B-7 63-73
B-8 35-60
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OHOHOHN---- "I CN HO TP-2 WD 2011/ 035231PCT/ US2010/ 049471 HCV ECso
Determ nation Replicon cells were seeded in 96-well plates at a density of
8 x 103 cwbl2e11ps62310 wel | in 100 uL of culture nedium extiusdémg49deneti cin.
Compound was serially diluted in 100% DMSO and then added to the cells at a
1: 200 dilution, achieving a final concentration of 0.5%DMS0 and a total

vol unme of 200 pl.,. Plates were incubated at 37C for 3 days, after which
cul ture nmediumwas renoved and cells were lysed in lysis buffer provided by
Pronmega' s | uciferase assay syst S Fot wi6:7970t he 15manufacturer’'s
instruction, 100 1iL of luciferase subsirate was added to the |ysed cells
and luciferase activity was |neasgred ini a3BbopCount | um noneter. Preferably,
conpounds descri bed herein have EC50'.s bel ow.-1000 uM nore preferably bel ow
100 4M and nost preferably|bel ofy-10 M | THé-%ctivities of representative
conpounds of Fornula | are showrdpthe Tghte bel ow. 20 Conpound No. ECS0,
[IMA1 '

C-5 24-28
C-6 11
10 6.5-8
22 31-45
23 39.4-40.3
24 40.3-70.5
25 9.7-10
5
The cytotoxicity of a compound of the invention can be determined using the
following general protocol.
Cytotoxicity Cell Culture Assay (Determination of CC50):
10 The assay is based on the evaluation of cytotoxic effect of tested compounds using

a metabolic substrate.
Assay protocol for determination of CC50:
1. Maintain MT-2 cells in RPMI1-1640 medium supplemented with 5% fetal bovine
serum and antibiotics.
15 2. Distribute the cells into a 96-well plate (20,000 cell in 100 pl media per well) and
add various concentrations of the tested compound in triplicate (100 ul/well).
Include untreated control.
3. Incubate the cells for 5 days at 37 °C.
4. Prepare XTT solution (6 ml per assay plate) in dark at a concentration of 2mg/ml
20 in a phosphate-buffered saline pH 7.4. Heat the solution in a water-bath at 55°C
for 5 min. Add 50 pl of N-methylphenazonium methasulfate (5 pg/ml) per 6 ml of
XTT solution.
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23 B-1 1.4-4.3 B-3 16-28 B-4 8.4-19 B-5 1.93-25.5 B-6 3.75-11.1 B-7 63-73
B-8 35-60 C167-70 G2 3.9-12
WO 2011/035231 PCT/US2010/049471

5 5. Remove 100 ul media from each well on the assay plate and add 100 ul of the
XTT substrate solution per well. Incubate at 37 °C for 45 to 60 min in a CO,
incubator.

6. Add 20 ul of 2% Triton X-100 per well to stop the metabolic conversion of XTT.
7. Read the absorbance at 450 nm with subtracting off the background at 650 nm.
10 8. Plot the percentage absorbance relative to untreated control and estimate the CC30
value as drug concentration resulting in a 50% inhibition of the cell growth.

Consider the absorbance being directly proportional to the cell growth.

All publications, patents, and patent documents cited herein above are
15 incorporated by reference herein, as though individually incorporated by reference.
The invention has been described with reference to various specific and preferred
embodiments and techniques. However, one skilled in the art will understand that
many variations and modifications may be made while remaining within the spirit and

scope of the invention.
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C-3 43-84 G4 9.8-31 C5 24-28 CG6 11 10 6.5-8 22 31-45 23 39.4-40.3 24
40.3-70.5 25 9.7-10 5 The cytotoxicity of a conpound of the invention can
be det el "Woned/wsisng t he PCT/US2010/049471

5 What is claimed is

I. A compound of Formula I:

RS
X! AN
Ry / R N
X2
O——CH, N\ N.__ A
O N R®
RS
8
RB R1 R
R R2
Formula 1
10 or a pharmaceutically acceptable salt, thereof;
wherein:

R'is (C1—Cy)alkyl, (C4—Cg)carboeyelylalkyl, (C,—Cg)substituted alkyl,
(Ca—Cgyalkenyl, (Co—Cyg)substituted alkenyl, (C:—Cg)alkynyl, (C-—Cg)substituted
alkynyl, or aryl(C,-Cg)alkyl;

I5 R” is halogen;

each R*, R®, or R’ is independently H, OR?, N(R™),, N3, CN, NOs, S(O},R?,
halogen, (C;—Cylalkyl, (C4—Cg)carboceyclylalkyl, (C,—Cg)substituted alkyl,
(Co~Cyg)alkenyl, (Co—-Cy)substituted alkenyl, (Co—Cylalkynyl, (Co—Cs)substituted
alkynyl, or aryl{C,-Cy)alkyl;

20 or any two of R*, R* or R? on adjacent carbon atoms when taken together are —
O(CO)O- or when taken together with the ring carbon atoms to which they are
attached form a double bond;

R%is H, OR% N(R"), N3, CN, NO», S(O).R", -C(=0)R"’, -C(=0)OR ", -
C=OINRIRY, -C(=0)SR M, -S(OIRY, -$(0)-R", -S(O}OR '), -S(0),{OR'),

25 —SO0.NR''R' halogen, (C;~Cs)alkyl, (C4~Cs)carbocyelylalkyl, (C—Cs)substituted
alkyl, (Co—Cgalkenyl, (C,—Cs)substituted alkenyl, (Co~Cylalkynyl,
(Co—Cy)substituted alkynyl, or arvl{(C,-Cy)alkyl;
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foll ow ng general protocol. Cytotoxieity Cell Culture Assay (Determ nation
of CC50): 10The assay is based on the evaluation of cytotoxic effect of
test ed conpaondssissi ng a nmetabolic substrate. Assay protratals2610/049471
determ nation of CC50: 1. Maintain MI-2 cells in RPM -1640 nedi um

suppl emented with 5% fetal bovine serumand antibiotics. 152. D stribute
the cells into a 96-well plate (20,000 cell in 100 nedia per well) and add
vari ous concentrations of the tested conpound in triplicate (100 ul/well).
I nclu untre : . C te the cells for 5 days at 37 C. 4.
Prepa?g XTT sozﬁgﬁg%&%@&%ﬁmgggigégg% plate) in dark at a concentration of
2ng/ mL 20i n a @kb&handefrafdntlyed (€10 ypHCE-(%)alkaat, (Ch€smblyoyl,on in a

wat er-bath at 55C for 5 mn. Add 50 t1 of N-ethy epazoni t-hasul fate
(5" G ) et -8 R e Sy s o 446 200 C5e SRR C2B Ok ORSA 71 5.
Renove 1001} iali m_ weld the_ phat e 2,100 pi of the
XTT subst'(r& t{é))é;% ’U't% @Hgﬁefg%'l : Sl(ﬁg(lglb}%a:}é SE?)%@(?R b/aéror@g%agg% mnin a
CC2 i ncubat or . R6is FAAd (ORI, -Of=QWET i -Cor0WHLOR *per=0ed1k 't -S(QIRIY -t he

nmet abol i c conversion of XTT. 7. Read thelpq%orbance at 450 nmw th

subt ridct | HQ)BR . BHRHERC RgBERtOR).656:MR' RLOST Pl ot the percent age
absorbance relative to untreated control yand estimte the CC50 val ue as
drug concentration resulting in a 50@6inﬂibition of the cell growh.

Consi der the absorbance bei ng di rectlcy/p oporgional to the cell growth. All
publications, patents, and patent o urre/hts ted herein above are

W2 :
each Y or Y'is, independently, O, S, NR, "N(O)(R), N(OR), “N(OYOR), or
N-NRj3:
W' and W, when taken together, are “YHCRY),)2Y -; or one of W' or w?
15  together with either R® or R* is —Y*- and the other of W' or W is Formula Ia; or W'

and W* are each, independently, a group of the Formula Ia:

Y \
R* Y2p Y2

v2
L
M2
Formula la
wherein:
20 each Y7 is independently a bond, O, CRz, NR, "N(O)(R), N(OR), "N(O)OR),

N-=NRs, S, 8-S, §(0), or S(O)z;
cach Y’ is independently O, S, or NR;
M2is 0, 1 or2;

each R" is independently R” or the formula:
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15i ncorporated by reference herein, as though individually incorporated by
ref erence. The invention has been described with reference to various
speci fi c woaomwstsir ed enbodi ments and techni ques. Howewemr/useone/osdri | ed in
the art will understand that many variations and nodifications nay be nade
while remaining within the spirit and scope of the invention. 5 Wat is
claimed is A conpound of Formula 1: R3 R2 Fornmula I 10or a
pharmaceutically acceptable salt, thereof; wherein: Rl is (Cl-C8)al kyl,
(C4 C8) car bocycl yl al kyl , ituted al kyl, (C2-C8)al kenyl,

I, (C2 G@)substltuted aIkynyI or
i s |hal den;R’ each R4, or [R5 is

(C4-C8)carbocyc
(C2-C8) substi (C2-CB)subst|mmk§d al kynyl, or
aryl (Cl-c8)al Bylt 200r any two of RIMTRE or B5con adj acent carbon atoms
when ts@aken together are - MJ@C0)0- or when taken together with the ring
carbon atons to whi ch they are attached forma double bond; R6 is H ORa,
N(Ra) 2, N3, CNVheges: S(0)R, -C(=0)R11, -C(=0)0OR11, -

each Mla, M1c, and M1d is independently 0 or 1;
Mi2¢is0,1,2,3,4,5,6,7,8,9,10, 11 or 12;
each RY is independently H, F, CL, Br, I, OH, R, -C(=Y)R, -C(=Y)OR, -

10 C(=Y")N(R)2, -N(R)z, -'N(R)3, -SR, -S(O)R, -S(O);R, -S(O)(OR), -S(0)2(OR), -
OC(=Y "R, -OC(=YOR, -OC(=Y"YN(R)), -SC(=YHR, -SC(=Y"OR, -
SCEYHNR),), -NR)C(=YHR, -NR)C(=YHOR, -NR)C(=Y)N(R), —SO:NRa,
~CN, ~N3, =NO,, -OR, or W?: or when taken together, two R” on the same carbon
atom form a carbocyclic ring of 3 to 7 carbon atoms;

15 each R is independently H, (C,-Cy) alkyl, (C,-Cg) substituted alkyl, (Cy-
Cylalkenyl, (C,-Cy) substituted alkenyl, (C2-Cyg) alkynyl, (C2-Cyg) substituted alkynyl,
C—Cayq aryl, C¢—Cayp substituted aryl, C>—Cyq heterocyclyl, Co—Cag substituted
heterocyclyl, arylalkyl or substituted arylalkyl;

W is Whor W, WHis R, -C(YNRY, -C(YHW?, -SO,R?, or -SO,W>; and W’ is

20 acarbocycle or a heterocycle wherein W is independently substituted with 0 to 3 R”
groups;

cach X' or X7 is independently C-R'® or N;
each R is halogen, NR!'R"Z, N(R')OR", NR''NR''R"?, N3, NO, NO,, CHO,
CN, -CH(=NR'!), -CH=NNHR'"', -CH=N(OR'"), -CH(OR'"),, -C(=0)NR''R"?,

25 -C(=S)NR''R", -C(=0)OR"", (C,-Cy)alkyl, (C2-Cg)alkenyl, (C»-Cg)alkynyl,
(C4—Cyg)carboeyelylalkyl, optionally substituted aryl, optionally substituted heteroaryl,
-C(=0)(C;-Cylalkyl, -S(O)(C;-Cylalkyl, aryl(C|-Cglalkyl, OR'" or SR'';

cach R” or R" is independently H, halogen, NR' RZ NRMYORM,
NR!'NR''R'?, N3, NO, NO,, CHO, CN, -CH(=NR'"), -CH=NHNR'', -CH=N(OR'"),
30 -CH(OR'™),, -C(=O)NR''R", -C=$NR''R", -C(=0)OR", R"!, OR" or SR™;
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C(----0)NR11R12, -C(=0)SR11, -S(0)R11, -S(0)2R11, -S(0)(OR11),
-S(0)2(OR11), 25-S2NRIIR12, hal ogen, (Cl--C8)al kyl, (C4-C8)carbocycl vyl
al kyl , (Gvo@8)izshstii t ut ed al kyl, (C2-C8)al kenyl, (C2- C8psuhstomoiadi
al kenyl, (C2-C8)al kynyl, (C2-C8)substituted al kynyl, or aryl (G -C8)alkyl;
WO 2011/ 035231PCT/ US2010/ 049471 5each n is independently 0, 1, or 2;
each le is independently H (Cl-C8)al kyl, (C2-Cg)al kenyl (C2-C8) al kynyl
aryl (G -Cg)al kyl, (C4-C8)carboeyclyl al kyI -C(=0)R11, -C(=0)0R11,
C(-0)NR11R12, £210) 1 ), or
- SCJZNRSIIIIR:LZ F??adugé ‘?r%dsjlﬁﬁlﬁ%@lﬁéﬂ ¢y oRt W&C%océ& gigé » C(=0) SR11,
-S(0)R11, Cg}&ﬂkff)@(l QIZZ-ng;Dcalb&ﬁ@)yﬂﬂﬂﬂl&pﬁi@ﬁﬁﬂﬁ&tﬁ(sﬁﬂi&i)al vk Sﬁﬁchﬁm;;tRJ.Z or w2
each Y or Y1 is, |ndependentl N(Q) (R +N (OR) or
N-NRp:  substitutegihetgragrihg-Cl é&it%b@lﬁb’lt%@?n@rcﬂé}l@ 01\(@(’ &1‘3 or one

Op o 2 b b RIOGERNEE AL P hieh Ohichhdvee Botn aamkea 5004 BE of o
W2 is Formula and are each endently, a group o
For mul a | AmembedeR hE@rdwb}a: ﬂmg wheesi any oﬁ@eaxbbn Yo ef santlependehilringa bond, 0,
CR2 R, ' N
’ ]'3 can (0?)21(()11 )liy repiaced wﬁ (S Sor —-NR®-;
wherein each (C;-Cg)alkyl, (Co-Cg)alkenvl, (Co-Cg)alkynyl or aryl(C,-Cy)alkyl
of each Rl, R.3, R4, RS, Rf’, R or RY s, independently, optionally substituted with one
or more halo, hydroxy, CN, N3, N(R"); or OR"; and wherein one or more of the non-

terminal carbon atoms of each said (C;-Cg)alkyl may be optionally replaced with -O-,

15 -S-or-NR%.

2. A compound according to claim 1 represented by Formula 11

RB

Formula II
20
wherein each Y and Y' is O; X' is CR" or N and X* is CH; or a pharmaceutically

acceptable salt or ester thereof.

3. A compound according to claim 1 or 2 wherein R® is halogen, NR''R",

25  NER'HOR', NR''NRVR™, OR" or SR

4. A compound according to any one of claims 1-3 wherein R’ is H, halogen,

SR or NR''R™.
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NNR2, S, S-S S(0), or S(0)2; each Y3 is independently O, S, or NR M is
0,1 or 2; each Rx is independently RY or the fornmula: wherein: each M a,
M c¢, andawdl2ditissiamdependently O or 1; M2c is 0, 1, 2, PBI/U$2016/04®71 7, 8,
9, 10, 11 or 12; each RY is independently H F, d, Br, |, OH,
R -C(=Y1)R -C(=Y1)OR, - 10C(=-Y1)N(R2, -N(R)2, -4N(R 3, -SR -S(0)R,
-S(0)2R, -S(0)(0OR), -S(0)2(0R), - OC(=Y1)R -0C(=Y1)OR -0C(=Y1)(NR 2),
-SC(=Y1)R - SC(=Y1)(N(R)2), -N(RC(=Y1)R -N(R C(=Y1)0R, -N(R C(=Y1)N(R) 2,
-SCG2NR2, -CN, N3, -NO2, -OR or WB; or when taken together, two RY on the
sanme carbon atomforma carbocyclic ring of 3 to 7 carbon atoms 15each R
is i ndepeildentAyOMpoqn@lacmlrﬂl tRyhy o1f dgnsslub siieteint BYisdLIGR, CNCZ

C8) al kenyl hé s%tl uted al kenyl, (C2-C8) al kynyl, (C2-C8)

subst i t ut'8d E*;’}ﬁ aryl, C6-C20 substituted aryl, C2-C20

het er ocycl yl, C2- CZO substituted heterocyclyl, arylalkyl or substituted
aryl al kyl ; W is W or Wo; W is R C&@l)R Yl)V\B - SO7RY, or
_S02W;  dhd WA empamdaseridingdp anp pnaofitissded o SihRY isi is

i ndepgndently substituted with O to 3 RY groups; each X1 or X2 IS

i ndependently C-R1{) or N, each R8 is hal ogen, NR11R12, N(R11l)OR11,

NRI INR11RL2, N8 comEur@cordhi@ to @y ondCi iRk L)-5 whkkeM RREIN. - CH( OR11) 2,
-C(=0) NR11R12, 25-C(=S)NRII R12, -C(=0)OR1 I, (C, -C8)alkyl, (C2-C8)alkenyl,
(C2-C8)al kynyl, (C4-C8)carbocyclylal kyl, optionally substituted aryl,
optional Iy sub, Alkyps 0),, (G - C8) al kyl ,
aryl (Cl - C%) al k@%bﬁlw a}grg&g@%%%gﬁ%g&%&&él% I nd%plé’n ently H, hal ogen,
NR11R12, N(R11)O0OR11,

15 9. A compound according to any one of claims 1-8 represented by Formula IT1

RS

R* B

Formula Iil

wherein R' is methyl or ethynyl: or a pharmaceutically acceptable salt or ester

thereof..
20
10. A compound according to any one of claims 1-9 wherein R” is H or
i
Wi P—é
W2
11. A compound according to any one of claims 1-10 wherein R’is
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NR "I NRL1R12, N3, NO N2, CHO CN, -CH(=NR13), -CH=NHNR11l, -CH=N(OR11),
30-CH(OR) 2, -C(=0)NR11 R12, -C(=S)NRI1R12, -C(=0)0R11, RH, OR1l1l or SR';
each R ' wo 2RuA36:1i ndependent|ly H, (Cl-C8)al kyl, (C2-Ceraluseonylogos(C2-

C8) al kynyl, (C4-Cs)carbocyclylal kyl, optionally substituted aryl,
optionally substituted heteroaryl, -C(=0)(C -C8)al kyl, -S(0),, (Cl-CGCal kyl
or aryl (G -COalkyl; or R | and Ie taken together with a nitrogen to which
they are both attached forma 3 to 7 menbered heterocyclic ring wherein any
one carbon at om of heterocyclic ring 10can optionally be replaced with
-0-, -S- or -NRa-; ein each (Cl-GCs)al kyl, (C2-C8)al kenyl,

(C2-C8) al kynyl or Yal kyl of each Rl, R3, R4, R5, RS, R|I or R12
i's, independently, o |onaI |y substituted with one or nore hal o, hydroxy,
CN, N3, N(Ra)2 orOO X wherein one or nore of the nonteimnal carbon
atons of each sai ap( 1- al kyl may be optionally replaced with -0-, 15-S-
or -NRa-. 2. A%rrp acc(gﬁedi ng to claiml represented by Formula Il Re
R7 Formula H 20 whgfqein Y and Y1 is O; X is CRl or Nand X2 is CH
or a pharmaceutically acteptable salt or ester thereof. 8 A conpound
according to claim1 or wher-ein R is hal ogen, NR11R12 3. , 25N(R')OR11,
NR1INRLI1IR 2, ORIl or SR'. 4..9 A conpound accordi ng to any one of
claims 1-3 wherein Ris H, hal ogen, SR' or NR'R12. 5. A conpound
accordingzo amyoxﬁp@nﬂfacecbl’dlﬂ@iofhnﬂomheﬁcémms%l]Ithn‘,em(ﬂais@\l met hyl ,

et henyl, or ethynyl.

13. A compound according to claim 1 that 1s

10




6. A conpound according to any one of clains 1-5 wherein R6 is H 7. A
conpound according to any one of clains 1-5 wherein R6 is CN. 8. A
conpound wocoridi3pzpit o any one of clainms 1-7 wherein R4 PETMRA010DFATA
conpound according to any one of clainms 1-8 represented by Formula |11 R8
Formula 111 wherein RL is nethyl or ethynyl; or a pharmaceutically
acceptable salt or ester thereof.. 20 10. A conpound accordi ng to any one of
claims 1-9 wherein R7 is Hor O Il w2 11. A conpound according to any one
of clainms 1-10 wherein RA,is 12. A conpowwnl according to any one of clains
1-11 wherein RL is 13. A conpouneks ording to claim1Nthat is WO
2011/0352318CT/H§2 10] 040471 A

B ‘N"J Bz

{1 .
L
& s
10
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_ --1HO CH N

Ns __

HO O \7:

5 2NH2 NJO 0 0,,01'"'CNO HO'P

j HO N 0

NH2r NH2

N1

PCT/US2010/049471

WO 2011/035231

158



N - - HOFN_Z 999 CHOHOCH 09 9 9N HO NH2 H01-0-F1)-0-p-0 OH OH
OHNCH 10HaHd. WO 2011/ 035231PCT/ US2010/ 049471 or a pharnmaceutically
accept ablwo=aitto3szsiest er t hereof. 14. A conpound useful fPor/ush@opraparati on
of a compound of Fornula | selected 10fromthe group consisting of

0 NHDMTy

HO

10 )
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thereof. | 5. A pharmaceutical conposition conprising a therapeutically
effecti ve anobunt 10of a conpound of claim1 and a pharmaceutically

accept ablwocarwi3szsr 16. The pharmaceutical conpositi onpoff/usb@ionudyd f urt her
conprising at |east one additional therapeutic agent selected fromthe
group consisting of interferons, ribavirin or its anal ogs, HCV NS3 protease
i nhi bitors, NS5a inhibitors, alpha 15glucosidase 1 inhibitors,

hepat opr ot ect ants, mneval onat e decar boxyl ase ant agoni sts, antagoni sts of the
reni n-angi gt ensi n system endothelig antagonists, other anti-fibrotic
agents, nngmg§idefor nucl eoti ge_inhi bitors of HCV NS5B pol ynerase,

non- nucl eosi fle in '*ﬂ&p s of NS58Hpol yner ase, HCV NS5A i nhi bitors,
TLR-7 agoni s®s, ophT I N i+Qrs, HCV TRES inhibitors,

phar macoki neti c enh ers and/ ot her 28drugs for treating HCV; or m xtures
thereof. 17. A d of treating a Flaviviridae virus infection
conprissi ng adm ni i ng 8 aFnmanmal in need thereof a t herapeutically
effectlve amount of a conpound or pharneceutical conposition of claiml1.
'75 518. The nethod of &Haim 17 wherein the viral infection is a Hepatitis
C virus infection. ~The nmethod of clMizm 17 or 18 wherein the viral
infection ig-ga aN8282T mut gntx-efy, Hepatitis C virus. 10 20. The

met hod of Bany f (N1¥rﬁHd. 1% f eﬁ’conpr|5|ng adm ni stering at |east
one addi ti onal rapeutic age Iecﬂeé fromthe group consisting of
interferons, righagirin or its a S, HCV NS3 protease inhibitors, NS5a

i nhi bitors, g}pha-glucosi dase &3|q$|b|tors hepat opr ot ect ant s, nevalonate
decarboxylase 15ant agoni st5, antagoni sts of the renin-angi otensin system
endot hel i n antagoni sts, other anti-fibrotic agents, nucleos be or

nucl eotide inhibitors of HCV NS5RHp nerase non nucl gbsi-de i nhibitors of

HCV NSSB\Q_Iynerase FI CV NS3A i.nhi bi n&fr\TL - C clophillin
i nhi bi tor$5-cdF1CV TRES i nhi bit o s, Nphar ngcok NELic e cerﬁ “and ot her drugs
N.het eof . 10 Use

for treatlng)ﬁCVN_ék a conmpound of any one
of a FI.«FV rld%&)VIP s infection. 22.
he Fl aviviri ar us” i nf ectl on i s caused by

9 5
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25Hepatitis Cvirus. 23. The use of claim21 or 22 wherein the
Flaviviridae virus infection is caused by a S282T nmutant of Hepatitis C
virus. 30wb4olisss1fi a conpound according to any one of elCaiusgoid/o49418 f or
t he manufacture of a nedicanent for the treatnent or prevention of a

Fl aviviridae virus infection, Hepatitis C virus infection or S282T nut ant
of Hepatitis C virus infection. 35
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or HO F

or a pharmaceutically acceptable salt or ester thereof.

14. A compound useful for the preparation of a compound of Formula I selected

10 from the group consisting of

P 0

ey @

9] %
\AO% CH) 0 \—O 3 ? e

< . O

b 2

H
N ~0
/ 0
?
0 N b0
H
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2
and @ ; or salts or esters

thereof.

15. A pharmaceutical composition comprising a therapeutically effective amount

of a compound of claim 1 and a pharmaceutically acceptable carrier.

16. The pharmaceutical composition of claim 15 further comprising at least one
additional therapeutic agent selected from the group consisting of interferons,
ribavirin or its analogs, HCV NS3 protease inhibitors, NS35a inhibitors, alpha-
ghucosidase 1 inhibitors, hepatoprotectants, mevalonate decarboxylase antagonists,
antagonists of the renin-angiotensin system, endothelin antagonists, 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.
17. A method of treating a Flaviviridae virus infection comprising administering

to a mammal in need thereof a therapeutically effective amount of a compound or

pharmaceutical composition of claim 1.
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18. The method of claim 17 wherein the viral infection is a Hepatitis C virus

infection.

19. The method of claim 17 or 18 wherein the viral infection is caused by a S282T

mutant of Hepatitis C virus.

20. The method of any one of claims 17-19 further comprising administering at
least one additional therapeutic agent selected from the group consisting of
interferons, ribavirin or its anatogs, HCV NS3 protease inhibitors, NS5a inhibitors,
alpha-glucosidase 1 inhibitors, hepatoprotectants, mevalonate decarboxylase
antagonists, antagonists of the renin-angiotensin system, endothelin antagonists, other
anti-fibrotic agents, nucleoside or nucleotide inhibitors of HCV NS5B polymerase,
non-nucleoside inhibitors of HCV NS5B polymerase, HCV NS35A inhibitors, TLR-7
agonists, cyclophillin inhibitors, HCV TRES inhibitors, pharmacokinetic enhancers

and other drugs for treating HCV; or mixtures thereof.

21. Use of a compound of any one of claims 1-13 for the treatment of a

Flaviviridae virus infection.

22. The use of claim 21 wherein the Flaviviridae virus infection is caused by

Hepatitis C virus.

23. The use of claim 21 or 22 wherein the Flaviviridae viras infection is caused by

a S282T mutant of Hepatitis C virus.
24, Use of a compound according to any one of claims 1 — 14 for the manufacture

of a medicament for the treatment or prevention of a Flaviviridae virus infection,

Hepatitis C virus infection or S282T mutant of Hepatitis C virus infection.
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