
5 2'-FLUORO SUBSTITUTED CARBA-NUCLEOSIDE ANALOGS FOR ANTIVIRAL TREATMENT FIELD
OF THE INVENTION 10The invention relates generally to compounds with anti..activity, more particularly
nucleosides active against Fla viviridae infections and most particularly to inhibitors of hepatitis C virus
RNA-dependent RNA polyinerase. BACKGROUND OF THE INVENTION Viruses comprising the F/a
viviriclac family comprise at least three I 5distinguishable genera including aestmrusesilaviviruses, and
hepacivirases (Catisher, ci at, J. Gen. Virol., 1993, 70, 37-43). While pes tiviruses cause many
economically important animal diseases such as bovine viral diarrhea virus rlf3VDVII, classical swine
fever virus (CSIN, hog cholera) and harder disease of sheep (BUN!), their importance in human disease
is less well characterized (Moennig. V., et al., Adv. Vii. Res. 1992, 48, 53-98). Flavivtrases are
responsible for important human diseases such as dengue fever and yellow fever while hepaeiviruses
cause hepatitis C virus infections in humans. Other important viral infections caused by the Floviviridae
family include West Nile virus (WNV) Japanese encephalitis virus (JEV), tick-borne encephalitis virus,
Juhjin virus, Murray Valley encephalitis, St Louis enchaplitis, 75Omsk hemorrhagic fever virus and 7ALa
virus. Combined, infections from the Pariviricide virus family cause significant mortality, morbidity and
economic tosses 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 disease
30worldwide (Boyer. N. et al. J Hepatol. 32;98-112, 2000) so a significant focus of current antiviral
research is directed toward the development of Unproved methods of treatment of chronic FICA/.
infections in humans (Di Bescegtie, A.M. and Bacon. B.  R., Scientific American, Oct.: 80-85, , 999);
Gordon, C. P., et al., J. Med. Chem. 2005. 48, 1-20; Maradpour, D.; et al." Van Rev. Micro. 2007, 5(6),
453-463). A number of DOI treatments are reviewed by Bymock et al. in Antiviral Chemistry &
Chemotherapy, 11:2; 79-95 (2000). 



RNA-dependent RNA polymerase (Rap) is one of the best studied targets fin the development of novel
HCV therapeutic agents. The NS5B polymerase is a target for inhibitors in early human clinical trials
(Sommadossi, J., WO 01/90121 A2, US 200410006002 Al). These enzymes have been extensively
characterized at the biochemical and structural level, with screening assays for identifying selective
inhibitors (De Clercii, E. (200 I) J. Phaimacol. Exp.Ther. 297:1-10; Dc Cicrco, E. 15 (2001)]. Clin. V irot.
22:73-89). Biochemical targets such as NS5B are impottant in developing HCV therapies since IICV does
not replicate in the laboratory and there are difficulties in developing cell-based assays and pa:clinical
animal systems.        Currently, there arc primarily two antiviral compounds, ribavirin, a nucleoside analog;
and interferon-alpha (a) (IEN), that are used for the treatment of chronic RCN/ 20infections in humans.
Ribavirin atone is not effective in reducing viral RNA levels, has significant toxicity, and is known to induce
anemia. The combination of 1FN and ribavirin has been reported to he effective in the management of
chronic hepatitis C (Scott, 0. J., et al. Drugs 2002, 62, 507-556) but less than half the patients infected
with some genotypes show a persistent benefit when given this treatment. Other patent applications
disclosing the use of nucleoside analogs to treat hepatitis C virus include WO 01/32153, WO 01/60315,
WO 02/057425, WO 02./057287, WO 02/032920, WO 02/18404, WO 04/046331, W02008/089105 and
W02008/141079 hut additional treatments for HCV infections have not yet become available for patients.
30Virologic cures of patients with chronic 11 CV infection are difficult to achieve because of the prodigous
amount of daily virus production in chronically infected patients and the high spontaneous mutability
oft-ICY virus (Neumann, et al., Science 1998, 282, 103-7; hukimoto, el al., Ilf,putology, 1996, 24, 1351-4;
Domingo, et al., Gene, 1985, 40, 1-8; Martell, et al., /, Virol. 1992, 66, 3225-9. Experimental antiviral
nucleoside analogs have been shown to induce vialable mutations in the FICV  virus both in vivo and in
vitro (Migliaccio, et al., I. Blok Chem, 2003, 926; Carroll, et M., Antimicrobial ,4gents Chemotherapy 2009,
926; Brown, A, B., Expert Opin, Invest-lg. Drugs 2009, 18, 709-725). Therefore, drugs having improved
antiviral properties, particularly enhanced activity against resistant strains of virus; improved oral
bioavailability; fewer undesirable side effects and extended effective half-life in 10vivo (De Francesco, 12.
et al. (2003) Antiviral Research 58:1-16) arc urgently needed.       Certain ribosides of the nueleohases
pyrrolo11,241[1,2,41triazine, imidazoi ,5- fl[1,2,41triazinc, imidazo11,2-q[1,2,41triazine, and
[1,2,4]triazolo[4,34]11,2,41triazine have been disclosed in Carbohydrate Research 2001, 33 I (I), 77-82;
Nucleosides & Nucleotides (1996), 15(1-3), 793-807; Tetrahedron Letters (1994), 35(30), 5339-42;
15Heterocycles (1992), 34(3), 569-74; Chem Soc. Perkin Trans. 1 1985, 3, 621-30; .1. Chem. Soc. Perkin
Trans. 1 1984, 2, 229-38; WO 2000056734; Ocaanic Letters (2001), 3(6), 839-842; Chem Soc. Perkin
Trans. 1 1999, 20, 2929-2936; and]. Med. Chem. 1986, 29(11), 2231-5. However, these compounds have
not been disclosed as useful fbr the treatment of WV, 20Ribosides of pyrrolo[1,24][1,2,41triazinyi,
imidazo[1,5-11[1,2,4]triazinyl, 



imidago[1,2-f][1,2,4]triazinyt, and [1,2,4]triazolo14,3-1111,2,41Mazinyl nucleobases with antiviral,
anti-HCV, and anti-RdRp activity have been disclosed by Babu, Y. S., W02008/089105 and
W02008/141079; Cho, et al.. W02009/132123 and ffrancom, et al. W02010/002877. Butler, et al.,
W02009/132135, has disclosed anti-viral pynole[1,2-11[1,2,4]triazinyl, irnidazoll ,541[1,2,4]triazinyl,
imiciazo[1,2- 11[1,2,4]triazinyf and 11,2,41triazolo[4,341[1,2,4]triazinyl nucleosides wherein the l' position
of the nucleoside sugar is substituted. SUMMARY OF TRE INVENTION 30 Provided are compounds that
inhibit viruses of the Flaviviridae faintly. The invention also comprises compounds of Formula I that inhibit
viral nucleic acid polymerases, particularly HO/ RNA-dependent RNA polymerase (Rap), rather than
cellular nucleic acid poly-nit:rases. The compounds of Formula 1 have been discovered to he efficacious
against both wild type and 8282T mutant strains of HUY  WO 20111035231PC171JS20111/049471
5virus, Therefore, a compound of Formula I is useful for treating Naviviridae infections in humans and
other animals. In one embodiment, provided are compounds of Formula 1: R8 R7/---- \X2\ \:\N ">---- ---.
<-1---C-"---., r-1\1R9  



R2 Formula I or a pharmaceutically acceptable salt, thereof; Whel I:       RI is (C1-C8)alkyl,
(C4-C8)carbocyclyi alkyl, (CI-COsubstituted alkyl, (C2-C,)alkenyl, (C2-COsubstituted(C2-COsubstituted
alkynyl, or aryl(C)-Cilalkyl; 15R.- is halogen,       each R3, R4, or Rs is independently H. ORS, N (I2.'1)2,
N35 CINI, NO2, S(0),,r, halogen,(C4-C8)carbocyc1ylalkyl, (CI-Cit)substituted (C2-C8)alkenyl,
(C2-05T)substituted alkenyi, ICJ-Csjalkynyl, (C2-C8)substituted alkynyl, or aryl(C,428)alkyl; 20or any two
of 123, R4 or R5 on adjacent carbon atoms WI).en taken together are -- 01;CM- or when taken together
with the ring carbon atoms to which they are attached term a double bond,       R6 is II, OR6, N(le)2, N3,
CN, NOD, S(0),,Ra, -C(40)114'1, -C(H0)0R11, - Ct-OTNR;-C(---0)SR1 -S(0)RI l,-S(0)2R1 I, -S(0)I0R11),
-S(0)2(ORI'), -SO2NRI IR 12, halogen, (C1-448)alkyl, (C4---00carbocyclylalkyl, (1.41-00substituted
(C2-C,)alkenyl, (C4)-05)substituted alkenyl, (C2-Walkynyl, (C4)-Cs)substituted alkynyl, or
aryl(CI-C8)alkyl;  WO 2011/035231PCT/US2010/049471 5each n is independently 0, 1, or 2; 



each Ra is independently IT,(C2-C8)alkenyl, (C2-05)alkyriyl, aryl C Cs lalkyl, (,C4-- Cs )carnocyclylalkyl,
-Cr -0)R I -C(330)OR --(2(-0)NR IR 12, -C(-0)5123 -5(0)RI I, -S(0)2R, -S(0)(0123 ), -S(0)2( Rh, or -502NR
I IRI2;       RI is4-:(=C)RN, -n=0)0R11, -0(=0)NR le, -1.1(=0)SRj I, -S(0)R11, S(0)2RI -S(CEROR'
-S(0)2(ORI -502NRIIRI2, or w2       each V orindependently, 0, S. NR, N(0)(R), NOR). IN(0)(OR), or
N-NR2; W and W2, when taken together, are Y3K (R)2)3Yt or one of WI or ISt distiller with either R3 or
R4 isand the other of WI or W2 is Formulao W I and W2 are each, independently, a group of the Formula
la:  M2 Formula la wherein: 20each Y2 is independently a bond, 0, CR2, NR f1540)(R), N(OR), 'N(0)(OR),
N-NR2, 5, S-S, 5(0), or each Y3 is independently 0, SNR.; M2 is 0, 1 or 2; 



each R.3' is independently lit.2 or the formula:  wherein: each Nth, Mb, and Mid is independently 0 or 1;
Mi 2c is 0, 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,)OR, - 10Cl(---`171)N(R.)2, -N(R)2, -N(R)3, -SR, -S(03R, -S(0)2R, _s(O-0R), _s(0)210R), -
oce-Y-02-Y-ocK=Y 5(N(R)2), -SC(=Y-)R, -SC(=Y )0R, - S2-1171)(N(R)2), -N(RliC(=.1/ YR, -N(R)Ce-Y
50R, -N(R)C(Y1)N(R)2, -SONR2, -CN, -N3; -NO2, -OR, or W3; or when taken together, two al on the
same carbon atom form a carbocyclic ring o13 to 7 carbon atoms; 15each R is independently H.
(Ci-C8)(Ci-C8) substituted alkyl, 1C2- COalkenyl. (C2-C8) substituted alkenyl, (C2-C8) alkynyl, (C2-08)
substituted alkynyl, Cc, -C20 aryl, CO- C20 substituted aryl, C22-Cni helcrocyclyl, C2-C20 substituted
heterocyclyl, arylalkyl or substituted arylalkyl;          W3 is W4 or W5: W4 is R, -C(l11)11?, -CO/lye,
-SO2RY, or -S02W3; and ViP is 20a carboeycle or a heterocycle wherein W5 is independently substituted
with 0 to 3 RY pitons; each Xi or X2 is independently (T-R or N; each RR is halogen, NR1R12,
N(R11)0R11, NRIINRI IR 12, Nt, NO, NO2, CHO, CN, -CH(t2NRI I), -CH=NNHRH ,N (OR"), -CH(0R11)2,
-C(=0)NR1' R12, 25-C(s)NRIIRL, -C(=0 )0RI (C i-Cs)alkyl,1,(12-C18)alken),1 (C2-05)alkynyl,
(C4-C8)carbocyclylalkyl, optionally substituted aryl, optionally substituted heteroaryl, 



-S(0)(C[478)alkyt, aryl(CI-Coalkyl, OR I or SR"; each R9 or RH' is independently H, halogen,
NR'NtRiljORII, NR"NRH R12, N2, NO, NO2, CHO, CN.-C1-12-NENRN, -CH=N(OR1l), 30-CH(ORII12,
-C(-O)NRR'2, -Cc-S)NR1tR12, -0(=0)0RII, An, ORH or SR' 1;  WO 2011/035231PCT/ S2010/049471
5each RI' or R is independently H. (01-05)rikyl, (02-C8)alkenyi, (02- CtOtilkYllYlt (C4-05)carbocyclyialkyl,
optionally substituted aryl, optionally substituted heteroaryl, -C(-0)(C1--05)alkyl, -S(0)1(C1 -C8)alkyl or
arylICp-COalkyl; or RI' and 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 10can optionally be
replaced with -0-, -S- or        wherein each 4,.(7 pC0alkyl, (C2-C8)alkenyl, (C2-COalkynyl or
aryl(C-Cs)alkyl of each RI, le, R. R5, R6, R or Rindependently, optionally substituted with one or more
halo, hydroxy, CN, N13, N(R), or ORa, and wherein one or more of the non-terminal carbon atoms of
each said (C1-Cy)alkyl may be optionally replaced with -0-, 15-S- or -1YRa-.        In another embodiment,
provided are compounds of Fonnula land pharmaceutically acceptable sails thereof and all racemates,
enannomers, diastercormirs, tautomers, poly-morphs, pseudopolymorphs and amorphous forms thereof.
In another embodiment, provided are novel compounds of Formula I with activity against infectious
HC7viviriciae viruses. Without wishing to be bound by theory, the compounds of the invention may inhibit
viral RNA-dependent RNA polymerase and thus inhibit the replication of the virus. They are useful for
treating human patients infected with a human virus such as hepatitis C.        In another embodiment,
prctvided are pharmaceutical compositions comprising an effective amount of a Formula I emripound, or a
pharmaceutically acceptable salt thereof, in combination with a pharmaceutically acceptable diluent or
carrier.        In another embodiment, the present application provides for cnmhination pharmaceutical
agent comprising; 30a first pharmaceutical composition comprising a compound of Formula 



1; or pharmaceutically acceptable salt, solvate, or ester thereof; and h)a second pharmaceutical
composition comprising at least one additional therapeutic agent selected from the group consisting of
interferons, ribavirin or its analogs, 1-1CV NS3 protease inhibitors, NS5a inhibitors, alpha-  glueosidase 1
inhibitors, hepatoprotectants, mevalonate decarboxylase antagonists, antagonists of the renin-angiotensin
system, other anti-fibrotic agents, endothelin antagonists, nucleoside or nucleotide inhibitors of
IICVNS513 polymerase, non-nucleoside inhibitors of liCV NS5B nob/me-rase, HCV NS5A inhibitors,
TLR-7 agonists, eyclophillin inhibitors, IICVIRES inhibitors, pharmaeokinctie enhancers 10and other
drugs for treating HCV; or mixtures thereof.        In another embodiment, the present application provides
for a method of inhibiting HCV polymcrase, comprising contacting a cell infected with :ACV with an
effective amount of a compound of Formula 1; or a pharmaceutically acceptable salts, solvate, and/or
ester thereof. 15In another embodiment, the present application provides for a method of inhibiting HCV
polymerase, comprising contacting a cell infected with FICV with an effective amount of a compound of
Formula I; or a pharmaceutically acceptable salts, solvate, and/or ester thereof, and at least one
additional therapeutic agent. In another embodiment, the present application provides for a method of
20treating 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, yellow 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 disarrhca virus, Zika 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 there r.        In another embodiment, the present
application provides for a method of treating IICV in a patient, comprising administering to said patient a
therapeutically 30effective amount of a compound of I-Tommie or a pharmaceutically acceptable sait,
solvate, and/or ester thereof.        In another embodiment, the present application provides for a method
of treating FICV in a patient, comprising administering to said patient a therapeutically effective amount of
a compound of Formula I; or a pharmaceutically acceptable salt, solvate, and/or ester thereof; and at
least one additional therapeutic agent. 



Another aspect of the invention provides a method for the treatment or prevention of the symptoms or
effects of an FICTV infection in an infected animal which comprises administering to, i.e. 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-iFICV properties. I 0In another aspect, the
invention also provides a method of inhibiting HCV, comprising administering to a mammal infected with
HCIV an amount of a Formula compound, effective to inhibit the replication of Elf V in infected cells in said
in alum al,       In another aspect, provided is the use of a compound of Formula T for the manufacture of
a medicament for the treatment of Flaviviritioe viral infections. In another aspect, provided is a compound
of Formula I for use in treating a Plaviviniclue viral infection. In one embodiment, the Flavitiridae viral
infection is acute or chronic HO/ 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 'NIRNA in the patient. In
another aspect, the invention also provides processes and novel intermediates disclosed herein which are
usefal for preparing Formula I compounds of the invent hm.          In other aspects, novel methods for
synthesis, analysis, separation, isolation, 25purification, characterization and testing of the compounds of
this invention are provided. DETAILED DESCRI PTION OF EXEMPLARY EMBODIMENTS Reference
will now be made in detail to certain embodiments of the invention, 30examples 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  



alternatives, modifications, and equi yalcnts which may be included within the scope of die present
invention. In another aspect, compounds of Formula I are represented by Formula II: Formula II 10or
aphannuceuticaily acceptable salt, thereof; wherein: R' is (C1--C,$)a1kyl, (C4--Cs)carbocyclylalkyl, (Ci
--C8)substituted alkyl, (Ca-C8)alkenyl, (C2-C3)substitutcd alkenyl, tC42-05talkynyl, (Cy-Cs)substituted
alkynyl, or aryl(Ci-COalkyl; each R3. R4, or R' is independentlyNIR`1)2, N3, CN, NO2, S(0)R", halogen,
IC i-ClOalkyl, (C4-C8)carbocyelylalkyl, (C,--C8)substituted (C42-05)alkenyl, (Ca-C)substituted alkenyl,
(C2-C8)alkynyl; (C2-Cg)substituted alkynyl, or aryl(C)-Cs)alkyl;          or any two of R3, Ile or R5 on
adjacent carbon atoms when taken together are -- 200(C0)0- or when taken together with the ring carbon
atoms to which they are attached form a double bond; Rb is H,N(2")2, N2, CN, NO2, ,S(0)"Rn, -C(-0)Rm,
-C(=0)0R41, - C(ir-0)NRI lR12, -C(-0)SRI I, -S(0)R, -S(0)2R' -S(0)(0R71), -S(0)2(0R11), -SO2NR I 1R12,
halogen,(C4--C8)earbocyc1 yt alkyl, (C-Cs)substituted alkyl, (C,-Cs)aikenyl, (C2--C)substituted alkenyl,
(C-i-Cs)antynyl, (C2-C8)substituted aikynyl, or aryl(C1-C8)alkyl; each n is independently 0, I, or 2;
each Ra is independently id, te1-C8')alkyl, (C2-C/Oalkenyl, C-C8)alkyny1, aryh.C. I -Cs)alkyl,
(C4-c)carhocycly1alkyl, -C(=0)1211 -21(---0)OR -C(=0)12R IR -C(0)SR', -S(0)1111, -5(0)2RII,
-S(0)(ORI-5012(ORII,), or -502NRI IR '2; 



R7 is H, -0,-0)1211, -C(=0)01211, -0(-0)NRIIRL -C(-0)5121', -S(0)R.'1, - S(0)2RH, -S(0)(012.11),
-5(0)2(01211), -802NRIIR'2, or 10W- each Yos Independently, 0, 5, NR, +N(0)(2), N(OR), 'N(0)(0R). or
N-NR2;           W' and W2, when taken together, are -Y3("C(R5)2)22173-; or one of W' or W2 together
with either R3 or R4 is -Y3- and the other of W' or W2 is Formula la: or 1.5and W2 are each,
independently, a group of the Formula la:  M2 Formula la wherein:               each Y2 is independently a
bond, 0, CR2, NR *N(0)02), NOR), N(0)(0R), 20N-NR2, S. S--S. 5(0), or 5(0)2; each Y3 is independently
0, 5, or NR: NI2 is 0,1 o 2; each R.' is independently Fe or the formula:  wherein: each Mitt. Mlle, and Mid
is independently 0 or 1; N412e is 0, 1, 2. 3, 4, 5, 6, 7, &9. 10,11 or 12; each RY is independently H, F. Cl,
Br, 1,R, -C(-Y1 )R, -2-31(1)0R, 



10C(=N1')N(R)2, -N(12)2, -4IN(R)3, -SR, -81(01)R, -S(0)2R, -S(0)iOR), -S(0)2(010, - 0C(-N11)R,
-0C(=N1 )0R, -0(1(-111)(N(R)211, -8- SC(=Y1)(N(R)2),1C11-Nsi)R, -N(R)C(-\11)012,
-NIR)C,(=N71)N(R)2, -802NR2, ---N3, --NO2, --OR, or W2; or when taken together, two RY on the same
carbon atom form a earbocyclic ring of 3 to 7 carbon atoms; 15each R is independently H. (CJ-Cs) alkyl,
(C1-08) substituted alkyl, (C2- COalkenyl, (C2-05) substituted alkenyl, (C2-05) alkynyl, i02-0120
substituted alkynyl. C67--C20 aryl, C6-C20 substituted aryl. C2-C20 heterecyc1y1, C2-C20 substituted
heterocyelyI, arylalkyl or substituted arylaticy1; W3 is W4 or W5, W4 is R -( (Y-0.11-1)Ws, -SO,Rls, or
-SG,Ws; and W5 is 70a carbocyelc or a heterocycle wherein Ws is independently substituted with 0 to 3
R5 groups; each Xl or xr is independently CR wor N;        each Rs is halogen, NR.HR12, N(R11)0R11,
NR11NIRitR12, N3, NO, NO2, CHO, ON, -CHHNR11), -C11-181MIR11, -CH=N(OR15, -CH(OR1 1)2,
-C(=0)NRI1R12, 25415(-S)NR119,3 2, -q=0)01-(11, (C. j-Cg)alkyl, (C2-C8)alkenyl, (02-05)a1k)myl,
(C.1--Cs)earbocyclylalkyl, optionally substituted aryl, optionally substituted heteroaryl, -C(=0)(Ci-Cs)alkyl,
-S(0),ACI-05palkyl, aryl(CI-Cs)alltyl, OR '1 or SRI1;        each R9 or Rju is independentlyhalogen,
NR11R12, N(R11)0RH, NR141\11eR 12, N3, NO, NO2, CHO, ON, -CIA=NR I -CH-NHNR11, -CH-NtOR
30-CHOR11112, -Ct.-0)NRHR42, -C(-tS)NRI1R12, -C(-0)0Rn, R31, OR' or Se;        each R11 or R12 is
independently El, (CI-Cs)alkyl, (C2-C8)alkenyl, (C2C8)alkynyl, 11.C.4-C8Icarbocyclyialkyl, optionally
substituted aryl, optionally substituted heteroaryl, -C(=0)(CI-C8)alkyl, -S(0),AC -COalkyl or aryl(c
i-C8)alkyl; or R and R12 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 



10can optionally be replaced with -0-, -S- or -NRa-;       wherein each (C1-05)alkyl, (07-08)alkenyl,
(C2-C8)alkynyi or aryi(C 7-C8)alkyl of each R1, R4, R5, 126, R" or R12 is, independently, optionally
substituted with one or more halo, hydroxy, CN, N3, N(.1214), or ORa; and wherein one or more of the
non-terminal carbon atoms of each said (C1-C8)alkyl may be optionally replaced with -0-, -S- or -1h1Rati.
In one embodiment of the invention of Formula II, Fe is (C18-C8)alkyl, (Cr-C) alkenyl or (C2--05)alkynyi.
In another aspect of this embodiment, R1 is (Ct--(18)alkyl. in another aspect of this embodiment, R is
methyl, CFHF, or ethynyl. In another aspect of this embodiment, R1 is methyl. In another aspect of this
embodiment. R1 is (01-07)alkyl and R(1is II. in another aspect of this embodiment, Ri is (CI-C8)alkyl and:
at least one of Xi or X4 is N. In another aspect of this embodiment, 121 is (C1--C8)a1kyl and R6 is CN,
OH, or CH3. In one embodiment of Formula II, R3 is H. OW, N(R41)2, N3, CN. SW, halogen,
(C2:--C8)aikenyl or (C2--C8)alkynyl, [none aspect of this embodiment, 25R3 is H. In another aspect of
this embodiment, R3 is H and R1 is (C7---C8,)alkyl, (C2-C8) alkenyl or (C8---C8)alkynyt. In another
aspect of this embodiment, N! 7 . and R1 is (CriC8)alkyl. In another aspect of this embodiment, R3 is H
and .R1 methyl, CH,E, or ethynyi. In another aspect of this embodiment:. R3 is H and R1 is methyl. In
another aspect of this embodiment, R4 is H, fe is (Cces)ilkyl and at least one of X1 30or X2 is N. In
another aspect of this embodiment. R3 is H. R1 is methyl and at least one of X1 or X2 is N. In another
aspect of this embodiment, R3 s H, RI is (Cr-C8)alkyl and le is C. OH, or CH3. In another aspect of this
embodiment. R3 is 1-1, R1 is methyl and R6 is CN. OH, or CI-13. In another aspect of this embodiment.
H3 isRI is methyl and le is H.  In one embodiment of Formula 11, /24 is H, OR, NrRa)2, N3, CN, SR".
halogen.             (C2-Ce)alkenyl or (C2-C8)a1kyny1. In another aspect of this embodiment, R1 is H or
Ole. In another aspect of this embodiment, R4 is OR". 111 another aspect of this embodiment, R4 is OR"
and R1 is (C1-3-05)atkyl, (Cs ---Ctt) rainy! or (C2--C8)alkyny1. In another aspect of this embodiment, R4
is OR.' and 12.4 is 10(C1--05)alkY1, (C2-C3) alkenyl or (C2-Cs)alkynyl. In another aspect of this
embodiment. R4 is OR" and R4 is tC1-CF2jalkyl. In another aspect of this embodiment, R4 is OR" and RI
is methyl. In another aspect of this embodiment, R4 is ORa. R1 is (C1---C8)alkyl and at Mast one of X1 or
X2 is N. In another aspect of this embodiment, R1 is ORa. RI is methyl and at least one of X1 or X2 is N.
In another aspect of this 15embodiment, R4 is OR', R1 is (C!-Cs)alkyl and R6 is CN, OH, or CH3 In
another 



aspect of this embodiment, R4 is OR1. RI is methyl and R6 is CH. OH, or CH3. lit another aspect of this
embodiment, R4 is OR", R1 is methyl and R6 is H. In another aspect of this embodiment. R4 is 011 and
R1 is methyl. In another aspect of this embodiment, R1 is OH, NI is (CI-Cs)alkyl and at least one of Xi or
X2 is N. In 20another aspect of this embodiment, R4 is OH, R1 is methyl and at least one of XI or X2 is N.
In another aspect of this embodiment, R4 is OH. RI is (Cr-Cijalkyl and R6 is CN, OH, or CH3. in another
aspect of this embodiment, R4 is OH. RI is methyl and R6 is Chi, OH, or CH3. In another aspect of this
embodiment, R4 is OH, R' is methyl and I-25 is H. 25In one embodiment of Formula II, R is H, OR",
N(Rn)2, N3, CH, SR", halogen, (C,-Cs)alkyl, (Cy-Cs)alkenyl or (C22---C8)alkynyi. In another aspect of
this embodiment. R4 is H or OR". In another aspect of this embodiment, R4 is OR". ID another aspect of
this embodiment, R4 is OR" and R1 is (Cp-C8)alky1, (Cr-C8) alkcnyl or (Cs-Ctt)alkynyl. In another aspect
of this embodiment, R4 is OR" and R1 is 30(C,-Cs)alkyl, (C3---C8) alkenyi or (C22---05)alkynyl, in another
aspect of this embodiment, R1 is OR" and RI is (C,-C8)alkyl. In another aspect of this embodiment. R4 is
Ole and R1 is methyl. In another aspect of this embodiment, R4 is OR'. R1 is (C1--05)alkyl and at least
one of X) or X2 is N. In another aspect of this embodiment, R11 is OR", R1 is methyl and at least one of
X1 or X2 is N. In another aspect of this  WO 2011/035231PC17US20111/049471 5embodiment, R4 is
OR'. R1 is (C1-C8)alkyl and R6 is CN, OH, or CHS. In another aspect of this embodiment, R4 is OW. R.'
is methyl and R6 is CN, Oft or CH3. In another aspect of this embodiment, R4 is OW, R1 is methyl and
17(6 is H. In another aspect of this embodiment, R4 is 011 and RI is methyl. In another aspect of this
embodiment, R4 is OH, R' is (C1-Cs)alkyl and at least one of X4 or X2 is N. In 10another aspect of this
embodiment, 1-(1 is OH, R4 is methyl and at least one of XI or X2 is N. In another aspect of this
embodiment. R4 is OH, RI is (CI-COalkyl and R6 is CN, OFI, or CH3 in another aspect of this
embodiment, R4 is Oft R1 is methyl and R6 is CIN, OH, or CH3. In another aspect of this embodiment.
R4 is OH, R is methyl and R6 is H. In another aspect of this embodiment. R5 is N1. 15In another
embodiment of Formula IL W is H. In another aspect of this embodiment. R4 is Ti or OR'. in another
aspect of this embodiment, R4 is OW. In another aspect of this embodiment, R4 is OR' and R4 is
(Cit-C8)alicyi, (C3---05) alikenyl or (C2-00alkynyl. In another aspect of this embodiment, R.I is OR and R'
is (Cr-Cg)alkyl, (C3-05) alkenyl or (C2--Cii)alkynyl. In another aspect of this 20embodiment, R4 is OW
and pi is (Ci-Cg)alkyl. in another aspect of this embodiment, 



R4 is ORa and ft1 is methyl. In another aspect of this embodiment, R4 is OW, R4 is -C8)alkyl and at least
one of Xi or X2 is N. In another aspect of this embodiment, R4 is OW. R.' is methyl and at least one of X4
or X2 is N. In another aspect of this embodiment. R4 is OR'. R' is (C1-Cs)alkyl and R6 is CN. OH, or CH3
In another aspect of this embodiment, R4 is OW, R is methyl and W is (ON, OH, or CHti. Tn another
aspect of this embodiment, R4 is OW, RI is methyl and R6 is H. In another aspect of this embodiment, R4
is 011 and RI is methyl. In another aspect of this embodiment, R4 is 01-1,is (Cp-Cs)alkyl and at least one
of X' or X2 is N. In another aspect of this embodiment, R4 is OH, R1 is methyl and at least one of X4 or
X2 30is N. In another aspect of this embodiment, R4 is OH, R.' is (C,-Ciii)alkyl and W is ON, OH, or CH3.
In another aspect of this embodiment, R4 is OH, RI is methyl and R' is (TN, OH, or CHI. In another aspect
of this embodiment, R4 is OH, R' is methyl and R6 is II.        In another embodiment of Formula II, R6 is
H, CN, OR" or CH. In another aspect of this embodiment R6 is H. In another aspect of this embodiment
R6 is CN. In another aspect of this embodiment R6 is Ole. In another aspect of this embodiment le is OH.
In another aspect of this embodiment R6 is CII3. In another aspect of this embodiment, le is H or OR". In
another aspect of this embodiment, R4 is OR". In 10another aspect of this embodiment, R4 is OR and R'
is (C,-C8)alkyl, (C--05) alkenyi or (C3-C8)alkynyl. In another aspect of this embodiment. R4 is ORa and
.R4 is             (C2---C4) alkenyl or (C33-Q)alkynyl. In another aspect of this embodiment, R4 is OR4 and
RI is (C,-C4)alkyl. In another aspect of this embodiment, R4 is OR" and RI is methyl. In another aspect of
this embodiment, R4 is OR', R.' is 15(C,-CsIalky1 and at least one of X4 or X2 is N. In another aspect of
this embodiment, R4 is Ow, Ri is methyl and at least one of X1 or X2 is N. In another aspect of this
embodiment, 11.4 is OR", RI is (CT-C8,)aLkyl and H. is 01, OH, or CI-13 In another aspect of this
embodiment, R4 is OR', R is methyl and Re is CN, 01-1, or CH3. In another aspect of this embodiment,
R4 is OR'', RI is methyl and R6 is H. In another 20aspect of this embodiment, 12.4 is OH and R' is methyl.
In another aspect of this embodiment, 114 is OH, R1 is (C-Cs)alkyl and at least one of X' or X2 is N. In
another aspect of this embodiment, R4 is OH, RI is methyl and at least one of X' or X2 is N. in another
aspect of this embodiment, R4 is OH, RI is ICF-C81a11cyl and R6 is ON. OH, or CH3 In another aspect
of this embodiment, R.4 is OH., R1 is methyl and R6 25is CN, OH, or CI-13. In another aspect of this
embodiment, 124 is OH, R.3 is methyl and R6 is H. 



In another embodiment of Formula 11, R6 is CN, OR" or CH3. In another aspect of this embodiment R6 is
CN. In another aspect of this embodiment R6 is OR". In another aspect of this embodiment R6 is OH. In
another aspect of this embodiment 30R6 is CH3. In another aspect of this embodiment, R4 is Ii or OR". In
another aspect of this embodiment, R4 is ORa. In another aspect of this embodiment. R4 is OR and is
(CI-Cs:)alky], (C2-05) alkenyt or (Cs-Cs)ndlcynyl. In another aspect of this embodiment, P.4 is OR" and R'
is (CL-C4)alkyl, (C2-Ci,) aikenyl or (Co-C8)alkynyil. In another aspect of this embodiment, R4 is OR' and
R' is ICI-C15Ialkyl. In another WO 2011/035231PCT/US2010/049471 saspect of this embodiment. R4 is
Ole and RI is methyl. In another aspect of this embodiment. R4 is ORa, R is (C1-COalkyl and at least one
of Xi or x:' isN. In another aspect of this embodiment, R4 is OR% R: is methyl and at least one of X' or X2
isN. In another aspect of this embodiment, WI is ORa, Ri is (CI-C8)alkyl and R6 is CN. OH, or CH3 In
another aspect of this embodiment, R4 is Ole, R1 is methyl and le 10is CN, OH, or CH3. In another
aspect of this embodiment. R4 is OH and RI is methyl. In another aspect of this embodiment, R4 is OH, R'
is (C1-Cs)alkyl and at least one of X.1 or N2 isN. In another aspect of this embodiment, R4 is 01-1. RI is
methyl and at least one of X' or XL is N. In another aspect of this embodiment, R4 is OH, RI is
(C1--C8)alkyl and R6 is CN, OH, or CI-13 In another aspect of this embodiment; R4 is 15OH, RI is methyl
and R6 is ON, 01-1, or CH3. In one embodiment of Formula H,R4 is H,-C(0)OR'', - CA-0MP or --P . In a
aspect of this embodiment, R is H. In another aspect of this      embodiment, R.7 is -C(=0)R1 In another
aspect of this embodiment, R7 is -CI=0)Itil 



20wherein R is (C1-Ct)a1kyl. in another aspect of this embodiment, R7 is 0 1 yAt2                . To another
aspect of this embodiment R41 is H. In another aspect of this embodiment R6 is CN. In another aspect of
this embodiment R6 is ORa. In another aspect of this embodiment R6 is OH. in another aspect of this
embodiment R6 is CF13. In, another aspect of this embodiment. R4 is H or Ole. in another aspect of
25this embodiment, R4 is OR'. In another aspect of this embodiment. R4 is 0W and le is (Cm-C8)alkyl,
(C.I2-O5) alkenyl or (C2-Cs)alkynyl. In another aspect of this embodiment, R4 is ()Wand R' is ttl-COalkyl.
In another aspect of this embodiment. R4 is ORa and R1 is methyl. In another aspect of this embodiment,
R4 is OR, R1 is (CI-C8)alkyl and at least one of Xi or X2 is N. In another aspect of this embodiment,  R4
is OW, R1 is methyl and at least one of X or X2 is N. In another aspect of this embodiment, R4 is OR', R1
is (C1-05)aikyl and Te is ON. OH, or CII3 In another aspect of this embodiment, R4 is OW, R1 is methyl
and Re is CN, OH, or CH3. In another aspect of this embodiment, R4 is OR", R' is methyl and le is H. In
another aspect of this embodiment, R4 is OH and R1 is methyl. In another aspect of this 10embodiment,
R4 is OH, R' is (Cii-COalkyl and at least one of X' or X2 is N. in another aspect of this embodiment, R4 is
Old. R1 is methyl and at least one of XI or X2 is K in another aspect of this embodiment. R4 is OH, P.' is
(CI-Cidalkyl and R" is CN, OH, or CH3 In another aspect of this embodiment, R4 is OH. R1 is methyl and
1211 is CN, OH, or CIL. In another aspect of this embodiment, R4 is 01-11. R' is methyl and 15R6 is E.
In one embodiment of F. onh u]a I I, X1 is N or C-Riu. In another aspect of this embodiment, X is N. In
another aspect of this embodiment, X' is C-R10. In another aspect of this embodiment, X2 is C-H. ha
another aspect of this embodiment, X1 is N 20and X2 is C-H. En another aspect of this embodiment, X' is
C-R1 and X2 is CII. in another aspect of this embodiment R6 is fl. In another aspect of this embodiment
R6 is ON. In another aspect of this embodiment R6 is OW. In another aspect alibis embodiment R6 is
OFT. In another aspect of this embodiment R6 is Gilt In another aspect of this embodiment. I24 is H or
ORa. In another aspect of this embodiment., R4 is OW. In another aspect of this embodiment, R4 is Ore
and Ie is (CI-Cs)alkyl, (01--Cs) alkenyl or (C2-Cs)alkynyi. In another aspect of this embodiment. R4 is Ole
and R' is (C,-C18)alkyl. 10 another aspect of this embodiment. R4 is OR" and le is methyl. In another
aspect of this embodiment, R4 is OW, 'R' is (C,-C8)alkyt and at least one of X1 or X2 is N. In another
aspect of this embodiment. R4 is OR". R' is 



30methyl and at. least one of X1 or X2 is N. In another aspect of this embodiment, R4 is OW, RI is
(C.1-05)alkyl. and R6 is DC. OH, or CH3 In another aspect of this embodiment, 11,4 is OR", R' is methyl
and R6 is CN. OH, or CH3. In another aspect of this embodiment, le is OH and R' is methyl. In another
aspect of this embodiment. R4 is OH, RI is (CI-Cs)alkyl and at least one of X' or X' is N. In another aspect
of  WO 2011/035231PC17US20111/049471 5this embodiment, ki is OH. RI is methyl and at least one of
X' or k2is N. In another aspect of this embodiment, R4 is OH, R' is (CI-Cii)alkyl and R6 is CiN. OH, or CH.
In another aspect of this embodiment, R4 is 011, R.' is methyl and 1(6 is CH, OH, or 013. In another
aspect of this embodiment, R4 is OH, 'RH is methyl and R6 is it In another embodiment of Formula TI,
each R8 is independently halogen, 10-11 NR 'R12 , N(RII )0R , NR NR R OR'' or SR''. In another aspect
of this embodiment, RI is methyl, C.11219 or ethynyl. In another aspect of this embodiment, It' is methyl.
In another aspect of this embodiment, le is 11, halogen, or HR.' 'll. another aspect of this embodiment. R9
is H. halogen, or NR1jR12 and R4 is methyl, CI-11F, or ethynyl. In another aspect of this embodiment, R9
is H, halogen, or NR' 'H12 15and RI is methyl. in another aspect of this embodiment, R8 isand R9 is H or
halogen. In another aspect of this embodiment, R8 is NIL and R9 is H or halogen and RI is methyl, CH2F,
or ethynyl. In another aspect of this embodiment. R9 is NH2 and R6 is H or halogen and RI is methyl. In
another aspect of this embodiment, RS and R9 are each NI-H. In another aspect of this embodiment, R8
and R9 are each Nliis and RI 20is methyl. In another aspect of tins embodiment, R8 and R9 are each
NI-I1 and R.' is methyl, CR& or ethynyi. In another aspect of this embodiment, 1115 OH and R9 is NH33
In another aspect of this embodiment, R8 is 01-1. R9 is NH2 and R' is methyl, in another aspect of this
embodiment. R8 is OH, R9 is Nfir and RI is methyl, CH3F, or ethynyl. In another aspect of this
embodiment R8 is B. In another aspect of this 25embodiment R6 is CH. In another aspect of tins
embodiment R6 is OW. In another aspect of this embodiment ..R.6 is OH. In another aspect of this
embodiment R6 is C143. In another aspect of this embodiment, R4 is H or OR'. In another aspect of this
embodiment, R4 is OR.a. In another aspect of this embodiment. R4 is OR' and RI is 



(C2---C8) alkenyl or (C1--05)alkynyl. In another aspect of this embodiment, R4 is OW and R' is
(C,-ClOalkyl. In another aspect of this embodiment, lit4 is OR' and R' is methyl. In another aspect of this
embodiment. R4 is OW, RI is (CI-Cic)alkyl and at least one of X1 or X2 is N. In another aspect of this
embodiment, R1 is OR",is methyl and at least one of X' or X2 is N. In another aspect of this embodiment.
R4 is OR, R' is (C,-Cidalkyl and R6 is CN, OH, or CH. in another 35aspect of this embodiment lit.4 is
GR8, R.' is methyl and It is CH, OH, or CI13.in  WO 2011/035231PCMJS2010/049471 5another aspect of
this embodiment, R4 is ORa, RI is methyl and R6  '14. In another aspect of this embodiment, R.4 is 011
and R.' is methyl. In another aspect of this embodiment, R4 is OH. RI is (C1-Cs)alkyl and at least one IX'
or NI2 is N. In another aspect of this embodiment, R4 is OH, R' is methyl and at least one of X' or X2 is N.
In another aspect of this embodiment. R4 is OH, RI is (C-C)alkyl and R6 is  10 CH, OH, or CE3. In
another aspect of this embodiment, le is OH, le is methyl and R6 is CH, OH, or CH2. in another aspect of
this embodiment, le is OH, RI is methyl and R is H.        In another embodiment or Formula IL, each RI is,
indepondently, A, halogen, CN or optionally substituted heteroaryl. In another aspect of this embodiment.
RI is I 5methyl. In another aspect of this embodiment, RI is methyl, CH2F or ethynyl. in another aspect of
this embodiment, R9 is H, halogen, or NRille2. In another aspect of this embodiment, R9 is H, halogen, or
NR' 'R'2and R is methyl In another aspect of this embodiment, RI' is H, halogen, or NRI'Rn and RI is
methyl, CH2F, or ethynyl. In another aspect of this embodiment. R8 is NIL and R9 is H or halogen. In
another 20aspect of this embodiment. R8 is NIFI, and R9 is H or halogen and RI is methyl. In another
aspect of this embodiment, le is NI-12 and R9 is H or halogen and .fe is methyl, CH,F, or ethynyl. in
another aspect of this embodiment, R8 and R9 are each N112. In another aspect of this embodiment, R8
and le are each NEI, and It' is methyl. In another aspect of this embodiment, R8 and R9 are each NH, and
RI is methyl, CH,F or cthynyl. In another aspect of this embodiment, R8 is 014 and R9 is N112. In another
aspect ofthis embodiment, R8 is OU, R9 is N1412 and RI is methyl. In another aspect of this embodiment.
R8 is OH, R9 is NH, and RI is methyl, CH2F, or ethynyi. In another aspect of this embodiment R6 is H. In
another aspect of this embodiment R is CN. In another aspect of this embodiment le is OW. In another
aspect of this embodiment R6  30 is 01-I. In another aspect of this embodiment R5 is CII13. In another
aspect of this embodiment. R4 is H or Ole. In another aspect of this embodiment, R4 is ORa. in another
aspect of this embodiment, R4 is Ore and RI is (CI-C8jalkyl, a:Reny:I 



or (C2-05)alkyriy1. In another aspect of this embodiment. R4 is cile andis (C-Cs)alkyl. In another aspect
of this embodiment, R4 is OR6 and RI is methyl in  WO 2011/035231PC17US20111/049471 5another
aspect of this embodiment. R4 is ORa. RI is (t,r-C8)alkyl and at least one of XI or X2 is N. In another
aspect of this embodiment, R4 is ORE. RI is methyl and at least one of XI or X2 is N. In another aspect of
this embodiment, le is OR, R' is (Ct-Cx)alkyl and R6 is CN, 01-1., or CIL. in another aspect of this
embodiment, R4 is ORa; RI is methyl and R.6 is CN, OH, or CH. In another aspect of this embodiment,
10R4 is OR', R1 is methyl and R6 is H. In another aspect of this embodiment, R4 is OH and RI is methyl,
In another aspect of this embodiment, R4 is OH, R.' is (Ci-C)alkyl and at least one of Xi or X2 is N. In
another aspect of this embodiment, R4 is OH, R is methyl and at least one of X or X2 is N. In another
aspect of this embodiment, R4 is OH, I-2] is (C1-Cdalkyl and R6 is CN. OH, or CH3. In another aspect of
this I 5embodiment, R4 is OH, R ! is methyl and R6 is CN, OH, or CH3. In another aspect of this
embodiment, R4 is OH, RI is methyl and R6 is H.        In another embodiment, compounds of Formula I or
Formula II are represented by Formula HI: E Formula III or a pharmaceutically acceptable salt, thereof;
wherein: R1 is CH3, CH2F, or ethynyl and allaininic, variables are defined as for Formula 1. 



25In one embodiment of Formula UT. R4 is H, ORE, N(Rnh, N3, ('N, ISRE, halogen. (CmCs)alkyl,
(C3-(13)alkeny] or (C3-C8)a1kynyl. In another aspect of this embodiment, R4 is H or ORE. In another
aspect of this embodiment, lt,.4 is ORE. In  another aspect of this embodiment, R4 is OR' and R is CH3,
CH,F, or ethynyl. In another aspect of this embodiment, R6 is OR" and R' is methyl. In another aspect of
this embodiment, Ift4 is OR", R1 is methyl and at least one of X1 or X2 is N. Jr. another aspect of this
embodiment, R4 is ORa, RI is methyl and R is CN, OH, or CHI. In another aspect of this embodiment, R4
is OR". R' is methyl and le is 14. In another  0 aspect of this embodiment, R4 is OFT and RI is methyl. In
another aspect of this embodiment, It..4 is OH, RI is methyl and at least one of X1 or X2 is N. In another
aspect of this embodiment, R4 is OH. R' is methyl and R6 is CN. OH, or C113. In another aspect of this
embodiment, 124 is OH, RI is methyl and R6 is H. 15In another embodiment of Formula III, Rh is id, CN,
OR" or CH3. In another aspect of this embodiment R6 is H. In another aspect of this embodiment R6 is
CN. In another aspect of this embodiment R, is OR". In another aspect of this embodiment R5 is OH. In
another aspect of this embodiment R6 is CH3. In another aspect of this embodiment. R4 is Id or OR". In
another aspect of this embodiment. R4 is OR". in 20another aspect of this embodiment, R4 is OW and RI
is methyl. In another aspect of this embodiment. R.4 is OR", RI is methyl and at least one of XI or X2 is N.
In another aspect of this embodiment, R4 is OR". RI is methyt and R6 is CN, 01-1, or CH3. In another
aspect of this embodiment, R4 is OW, RI is methyl and 1?,6 is H. In another aspect of this embodiment,
R4 is OH and R is methyl. In another aspect of this  25 embodiment, R4 is OH. RI is methyl and at least
one of XI or X2 is N. In another aspect of this embodiment, R4 is 01-1. R' is methyl and R6 is CN, OH, or
CRt. In another aspect of this embodiment, R4 is OH, K is methyl and R6 is H.        In another
embodiment of Formula III, R6 is CN, Ole or CI-I3. In another aspect of this embodiment R6 is CN. In
another aspect of this embodiment R6 is Ofe,  30 In another aspect of tins embodiment R6 is OH. In
another aspect of this embodiment R6 is CI-13. In another aspect of this embodiment, R4 is H or OR'. In
another aspect of this embodiment, R4 is OR". In another aspect of this embodiment, R4 is OW and RI is
methyl. In another aspect of this embodiment. R4 is OW, RI is methyl and at least one of XI or X2 is N. In
another aspect of this embodiment, R4 is OR". RI is methyl 64 35and RCN, OH, or CH3. In another
aspect of this embodiment, R is 01-I and RI is 



WO 2011/035231PC17US20111/049471 5methyl. In another aspect of this embodiment, R4 is OH, Rt4 is
methyl and at least one of X] or X2 is N. In another aspect of this embodiment, R1 is OH, R' is methyl and
R6 is CN, OH, or CH3. In one embodiment of Formula HI, R is H,-    embodiment, R7 is -C(-----0)R11. In
another aspect of this embodiment, R7 is -2=0)R wherein RI' is (CrOdalicyl. In another aspect of this
embodiment. R7 is 0 WI- In another aspect of this embodiment R6 is H In another aspect of this
embodiment R6 is CN. In another aspect of this embodiment R6 is ORa. In 15another aspect of this
embodiment R6 is OH. In another aspect of this embodiment R6 is OI-13. In another aspect of this
embodiment. R4 is H or OR'. In another aspect of this embodiment, R4 is Ole and R' is methyl. In another
aspect of this embodiment. R4 is ORa. IZ4 is methyl and at least one of XI Or X2 is N. In another aspect
of this embodiment. R4 is OR8, RI is methyl and R6 is ON, OH, Or CH In another aspect of 20this
embodiment, le is OR4. III is methyl and R6 is H. In another aspect of this embodiment, 12.1 is 011 and
R4 is methyl. In another aspect of this embodiment, I OH, RI is methyl and at least one of XI or X2 is N. In
another aspect of this embodiment, R4 is OH, RI is methyl and R6 is ON, OH, or CH. In another aspect of
this embodiment, R4 is OH. RI is methyl and le is H. 



2.5       In one embodiment of Formula III, .X' is N or C-R'. In another aspect of this embodiment. XI is N.
In another aspect of this embodiment, XI is C-R1. In another aspect of this embodiment, XL is C-H. In
another aspect of this embodiment, X' is N and X2 is In another aspect of this embodiment, X' is C-R' and
X2 is CH, In  another aspect of this embodiment R" is H. In another aspect of this embodiment R6 is ON.
In another aspect of this embodiment le is OW. In another aspect of this embodiment R6 is Old, in
another aspect of this embodiment R6 is CH3. In another aspect of this embodiment, R4 is H or OW. In
another aspect of this embodiment, R4 is OW. In another aspect of this embodiment, R4 is OR and R1 is
methyl. In another 10aspect of this embodiment. R4 is OW. R1 is methyl and at least one of X1 or X2 is
N. In another aspect of this embodiment. R4 is OW. R1 is methyl and R6 is ON, OH, or C112. In another
aspect of this embodiment, R4 is OH and R.1 is methyl. In another aspect of this embodiment, R4 is OH,
R' is methyl and at least one of X1 or X2 is N. In another aspect of this embodiment. R4 is OH, R1 is
methyl and R6 is ON, OH, or CH3. In another aspect of this embodiment, R4 is OH, R' is methyl and RD
is II.       In another embodiment of Formula III, each R8 is independently halogen, NRHR'2,
N(12.14)OR'1,NRI1NRI1R12, OR11 or SIR* hi another aspect of this embodiment, R.' is methyl. 011oF or
ethynyl. In another aspect of this embodiment, R1 is methyl, ID another aspect of this embodiment. W
ishalogen, or NR11R12.In 20another aspect of this embodiment, R9is H, halogen, or NR11R12 and R1 is
methyl, CH214, or ethynyl. In another aspect of this embodimentis El, halogen. or NR' 'R'2 and R1 is
methyl. In another aspect of this embodiment, R8 is NH, and R9 is H or halogen. In another aspect of this
embodiment, R8 is NH, and R9 is H or halogen and B. is methyl. CILF, or ethynyl. In another aspect of
this embodiment, le is NE, and R9 is or halogen and ie is methyl. In another aspect of this embodiment,
R8 and R9 are each NI42. In another aspect of this embodiment, le and R9 arc each Nhis and .R' is
methyl, 011oF or ethynyl. In another aspect of this embodiment, le and 1119 are each NII2 and :R1 is
methyl. Jr. another aspect of this embodiment. R8 is OH and R9 is In another aspect of this embodiment,
R8 is OH, R9 is NH2 and R1 is methyl. CITA', or 30 ethynyl. In another aspect of this embodiment, R8 is
OH, R9 is NIL and R1 is methyl. In another aspect of this embodiment 112' is H. In another aspect of this
embodiment R.' is ON. In another aspect of this embodiment R" is OR. In another aspect of this
embodiment Rh is OH. In another aspect of this embodiment le is CH3. In another aspect of this
embodiment, R.4 is H or OW. In another aspect of this embodiment, R4 35is OW and RI is methyl. In
another aspect of this embodiment, R4 is ORa, R1 is  WO 2011/035231PC17US20111/049471 5methyl
and at least one of X1 or X2 isN. In another aspect of this embodiment. R4 is 



R1 is methyl and leis CN, 01-1., or CH3. In another aspect of this embodiment, fe is ORB, R1 is methyl
and R6 is H. In another aspect of this embodiment, R4 is OH and R1 is methyl. In another aspect of this
embodiment, R4 is OH, lt.1 is methyl and at least one of X1 or X2 is N. In another aspect of this
embodiment, R4 is OH, R1 is I 0methyl and R6 is CH, OH, orIn another aspect or this embodiment, 174 is
OH. R1 is methyl and R6 is H.       In another embodiment of Formula TIT, each R1 is, independently, H,
halogen, CN or optionally substituted heteroaryl. In another aspect of this embodiment, R1 is methyl. In
another aspect of this embodiment. R9 is H. halogen, or NRI1R12. In 15another aspect of this
embodiment. R9 is IT, halogen, or NRI1R112 and R1 is methyl. In another aspect of this embodiment. R8
is NH 2 and R9 is H or halogen In another aspect of this embodiment, R.8 is NH2 arid R9 is H or halogen
and Ri is methyl. In another aspect of this embodiment. Rs and R9 are each NH,. In another aspect of this
embodiment, RS and le are each N Ft, and R4 is methyl. In another aspect of this 20embodiment, Rs is
OH and R9 is TCH2. In another aspect of this embodiment, R8 is OH. R9 is NFL and R1 is methyl. In
another aspect of this embodiment R. is H. In another aspect of this embodiment le is CN. In another
aspect of this embodiment R6 is OR". In another aspect of this embodiment R6 is OH. In another aspect
of this embodiment 12.6 is CH,. In another aspect of this embodiment, R4 is H or ORII. in 25another
aspect of this embodiment, R4 is OR" and R1 is methyl. In another aspect of this embodiment, R4 is Ole,
R.1 is methyl and at least one of X1 or X2 is N. In another aspect of this embodiment. R4 is Or. R1 is
methyl and le is CH, OH, or CH3. In another aspect of this embodiment, R4 is OR8, It1 is methyl and R6
is H. In another aspect of this embodiment, 124 is OH and R1 is methyl. In another aspect of this  30
embodiment, R4 is OH, R..1 is methyl and at least one ofX1 or X2 is N. In another aspect of this
embodiment, R4 is OH. R1 is methyl and R6 is CN, OH, or CI-13. in another aspect of this embodiment,
R4 is OH, ft' is methyl and R6 is H.       In one embodiment of Formulas 1111, R11 or R12 is
independently H, (C. pi Cs)alkyl, (C2-05)alkenyi, (C-CIE)alkynyl, ((1,1-C8)carbocyclytalicyt, optionally
substituted aryl, optionally substituted heteroaryl, -CHOXCI-Odalkyl, -,S(01)"(Ci-  Cs)alkyl or
aryl(Cres)alkyl. In another embodiment. RI and R' taken together with a nitrogen to which they are both
attached, form a 3 to 67 membered heterocyclic ring wherein any one carbon atom of said heterocyclic
ring can optionally be replaced with 



-0-, -S- or Me-. Therefore, by way of example and not limitation, he moiety NV IR' 2 can he represented
by the heterocycles: N`) -Nb -14 'sNRa-NNI Ra 10\ and the like. In another embodiment of Formulaseach
R3, R4, R5, Rh, RI or 12.43 independently, (Ci-Cs)alkyl, (C2-Cs)alkenyl, (C2-05)alkynyl or
aryl(Ca-COalkyl, wherein said (C1-05)alkyl, (C2-C8)alkertyl, (Ca-C8)alkynyt or artiRCI-C:s)alkyl are,
15independently, optionally' substituted with one or more halo, hydroxy, CN, N3, N(R4)2 or CV.
Therefore, by way of example and not limitation, fe, R4, R5, R. RI or RI2 could represent moieties such as
-01(IXII2)Clis, -CH(OH)C112C113, - CH(Nti2)Cli(elths)2, -CH2CFi, thCH2)2C1-1(N3)013,
thC5-1-12)6NI12 and the like. in another embodiment of Formula HIT R3, R4, R3, R6, RH or R12 is (C1-
20Cl8)alkyl wherein one or more of the non-terminal carbon atoms of each said riCI- Cstaikyl may be
optionally replaced with -0-, -S-Therefore, by way of example and not limitation, R3, RI, V, R6, RI or R12
could represent moieties such as           -C1I2OCH2CH3, -CH20ClitC+13)2, -CE-1.2SCH3,
-(CH2)60CF-I3, - (C1-12)6N(CH3)2 and the like. 25in another embodiment, Formulas I-III is a compound
selected from the vroup consisting of   
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..;.,---.----1                                   / 'ION Ho'.IFH0'F  NH2 0 \ ,H 0-P-0 -' 0 <-2-, NH2  HO  or a
pharmaceutically acceptable salt or ter thereof.            In another embodiment, provided is a compound
useful for the synthesis oldie 10compounds of Formula 1 selected from the group consisting of \u5-2 H 'k)
k'r, 4-NO2 
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H 6    thereof DEFINITIONS 10Unless stated otherwise he following ms and phrases as used herein are
intended to have the following meanings:       When trade names are used herein, applicants intend lo
independently include the tradenaine product and the active pharmaceutical ingredient(s) of the
tradename product. ISAs used herein, "a compound of the invention" or "a compound of Formula I"
means a compound of Formula f or a pharmaceutically acceptable salt, thereof Similarly, with respect to
isolatabie intennediates, the phrase "a compound of Formula (number)" means a compound of that
formula and pharmaceutically acceptable 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
e,alkyl), I to 8 carbon atoms (1.e., C1-C8 alkyl), or I to 6 carbon atoms (i.e., C1-C6 Examples of suitable
alkyl groups include, hut are not limited to, methyl (Me, -CH3), ethyl (Et, -CH2Glii.), 1-propyl (p-Pr,
p-propyl, -012CIUCI13), 2-propyl -C1-1(013)2), I-butyl (p-Be, p-butyl, -CFI2CI-UC1-12C1-10,
2-methyl-l-propyl (i-Bu, 1-  WO 2011/035231PCT/US2010/049471 



5butyl, -CIECH(CIEE)21, 2-butyl (5-Bu, 5-butyl, -CH(CF13)CH2CH3), 2 lethy1-2-pro y (S-Bu,-C(C113)3),
1-panty! (n-pentt51. -CH2C1-12CH2C112CH3), 2-pentyl (-CH(CH3)CH2Cli2CEI3), 3-panty]
(4ali:CH2C11312), 2-methyl-2-butyl (-C(043)2CH2CH3), 3-methy1-2-butyl II-CH(CH3)Cli(CII3)2),
3-methyl-1-butyl (-0112ChtsCh1ia-1311), 2-methyl-It-butyl r-CH2CH(CH,i)CH2CH3), 1-hexyl
10(-C1120120-12CIEC112a13), 2-hexyl (-Cli(CH3)ChECTECTECE13), 3-hcxyl i-
CIACH2C113)(al2all3C113)1, 2-methyl-2-pentil (-C(C1d3)2CH2CH2C.F3), 3-methy1-2- pentyl
(-CH(C143)CE(CH3)CH2(13), 4-metlay1-2-pentyl (-CH(0-13)CIECH(01.3)31, 3-nacthy1-3-pcntyl
(-C(CH3)(CII2C1-13)2), 2-methyl-3-pentyl (-     01(0-12C1-13)C1-1(01312), 2,3-dhnethy1-2-butyl
(-C(CI13)2CI-1(CI13)2), 3,3-climethy1-2- 15butyl (-CH( 011)C(C113)3, and octyl KCI-12)7CH3).
"Alkoxy" means a group having the rbrmula --0-alkyl, in which an alkyl group, as defined above, is
attached to the parent molecule via an oxygen atom. The alkyl portion of an alkoxy group can have 1 to
20 carbon atoms (i.e., CL-C20 alkoxy), I to 12 carbon atoms( .e., Co-Cis allsoxy). or to 6 carbon
atoms(i.e., Cr-C6 alkoxy). uExamples of suitable alkoxy groups include, but arc not limited to, methoxy
(-0-CH3 or --0Me), ethoxy (-0CH2C1-13 or -Ort), t-butoxy (-0-Cl H3) or -0tBu) and the like, "Ilaloalkyl" is
an alkyl group, as defined above, in which one or more hydrogen atoms of the alkyl group is replaced with
a halogen atom. The alkyl portion 25of a haloalkyl group can have I to 20 carbon atoms (i.e., C1-C20
haloalkyl), 1 to 12 carbon atoms(i.e., C1-C12 haloalkyl), or I to 6 carbon atoms(i.e., CI-C6 alkyl).
Examples of suitable haloalkyl groups include, hut arc not limited to, -CF3,F2, -CH12, -Clis.Cts, and the
like. 



"Alkenyl" is a hydrocarbon containing normal, secondary, tertiary or cyciic 30carbon atoms with at least
one site of unsaturation, i.e. a carbon-carbon, 5772 double bond. For example, an alkenyl group can have
2 to 20 carbon atoms 0.e., C541120 alkenyl), 2 to 8 carbon atoms (i.e., Cs-Cs alkenyl), of 2 to 6 carbon
atomsC2-C6 atkeny1). Examples of suitable alkenyl groups include, but are not limited to, ethylene or
vinyI (-C[I=a12), allyi (s-CFECII-012), cyclopentenyl (423H7), and 5-hexenyl 35
(-CH1CH2CH2Cli2CH-CH2).  WO 2011/035231PCT/US2010/049471 5"Atkynyl" is a hydrocarbon
containing normal, secondary, tertiary or cyclic carbon atoms with at least one site of unsaturation, i.e. a
carbon-carbon, sp triple bond. For example, an al kynyl group can have 2 to 20 carbon atoms (i.e., C,-C,0
alkyny0, 2 to 8 carbon atoms (i.e., C-r-Cr, alkyne,), or 2 to 6 carbon atoms (i.e.. Ci2-e5 alkyty1). Examples
of suitable alkyryl groups include, but are not limited to, 10acetyleine (-Cereft, proparmA (-eld2e--=reid),
and the like.        "Alkylene" refers to a saturated, branched or straight chain or cyclic hydrocarbon radical
having Iwo monovalent radical centers derived by the removal of two hydrogen atoms 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 I to 6 carbon 15atoms. Typical alkylene radicals include, but are not
limited to, methylene (-C1-12-1), 1,1CCAreft H. 1,2-ethyl (-CH2C112-), 1,1-propyl (-17-1(12112CR3H,
1,2-propyl 1,3-propyi Creftel-120,-I2A, 1A-butyl (-elfteA2Ciff2(212-), and the like. "Alkenylenc" refers to an
unsaturated, branched or straight chain or cyclic 30hydrocarbon 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 admire. 



For example, and alkenylene group can have 1 to 20 carbon atoms, 1 to 10 carbon atoms, or I to 6
carbon atoms. Typical alkenylene radicals include, but are not limited to, 1,2- ethylene (-CEI-CII-).
25"Alk3mylene" 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 alkyme. For example, an alkyrrylene group can have I to 20 carbon
atoms. I to 10 carbon atoms, or 1 to 6 carbon atoms. Typical alkynylene radicals include, but are not
limited to, acetylene (-C-=CIA, propargyl (-0-l2Ceer), and 4-pentynyl (-CH,C1120-12er.-C-).        "Amino"
refers generally to a nitrogen radical which can be considered a derivative of ammonia, having the
formula --NCX),, where each "X" is independently II, substituted or unsubstituted alkyl, substituted or
unsubstimted carbocyclyl, substituted or unsubstituted heterocyclyl, etc. The hybridization of the nitrogen
is approximately sr'. Nonlimiting types of amino include-Nralky1)2,-18(c.arbocycly1)2, -  Nti(carbocycly1),
-Nrheterocycly1)2, -NIT(hcterocycly1), -Nrary.)2, -Ntitary11, - Nralkyld(ary1), -N(alkyl)(heterocycly1),
-N(carbocyclyl)rheterocycly1), - Ni(ary1)(heteroaryl), -N(alkyl)rheteroaryll, etc. The term "alkylamino"
refers to an amino group substituted with at least one alkyl group. Nonlimiting examples of amino groups
include -NE12, -NH(CI-13), -N(CH)2. -Nkf(CH471-13), - N(Clid2C111)2, - 10NH(phenyl), -N(phenyl)2,
-15iH(benzyl), -N(hcirizy1)2, etc. Substituted atkylamino refers generally to alkylamino groups, as defined
above, in which at least one substituted alkyl, as defined herein, is attached to the amino nitrogen atom.
Non-limiting examples of substituted alkylamino includes -Nif(alkylene-C(0)-OH), -NtaIkylenc-C(0)-OH)2,
-N(alkylene-C(0)-0-alkyl)2, etc.       "Aryl" means an aromatic hydrocarbon radical derived by the removal
of one hydrogen atom from a single carbon atom of a parent aromatic ring system. For example, an aryl
group can have 6 to 20 carbon atoms, 6 to 14 carbon atoms, or 6 to 10 carbon atoms. Typical my] groups
include, but are not limited to, radicals derived from benzene (e.g., phenyl), substituted benzene,
naphthalene, aniduaeene, biphenyl, and the 20like.       "Arylalkyl" 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 an aryl radical. Typical arylalkyl groups include, but are not limited to, benzyl,
2-phenylethamil-yl, naplathylincthyl, 2-naphthylethan-1-yl, naphthobenzyl, 2-naphthophenylethan-l-y1 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. "Arylalloanyl" refers to an aeyclicaikenyl radical in
which one of the hydrogen atoms bonded to a carbon atom, typically a terminal or spl carbon atom hut
30also an sp2 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 arylalkenyI
can include, for example, any of the alkenyi groups disclosed herein. The aryialkenyl group can comprise
S 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. 



"Arylalkynyl" refers to an acyclic alkynyl radical in which one of the hydrogen atoms bonded to a carbon
atom, typically a terminal or spl carbon atom, but also an sp carbon atom, is replaced with an aryl radical.
the and portion of the arylalkynyl can include, for example, any of the aryl groups disclosed herein, and
the alkynyl portion of the arylalkynyl can include, for example, any of the alkynyi coups 10disclosed
herein. The arylalkynyl group can comprise S to 20 carbon atoms, e.g., the alkynyl moiety is 2 to 6 carbon
atoms and the aryl moiety is 6 to 14 carbon atoms.         The term "substituted" in reference to alkyl,
alkylene, aryl, arylalkyl, alkoxy, heterocyelyl, heleroaryl, earbocyclyi, etc, , for example, "substituted alkyl",
"substituted alkylene", "substituted aryl", "substituted arylalkyl", "substituted 15heteroeyel yl", and
"substituted carbocyclyr, unless otherwise indicated, means alkyl, alkylene, aryl, arylalkyl, het erocyclyl,
carbocyclyl respectively, in which one or more hydrogen atoms are each independently replaced with a
non-hydrogen substituent. Typical substituents include, but are not limited to, -X, -Rb, -0-, -0, -OR', -SR",
-S-,  NR,-OGN, -SCN, -N=C=0, -NCS, -NO, -NO2, = 20-N)," -NHC(=0)Rb, -0C(=0)R", -NHC(=0)NRb2,
-S(=0)2-, -S(=0):201-1, -S(=0)2Rb, -03(-0)20Rb, -S(0)/NR,-0P(=0)(OR")2,-PI=0)(002,  P(=0)(OH)2,
-P(0)(0100-), -y=0)Rb, 4(-0)X, -C(S)R.b, -(0)01.4b, -C(0)0-,  C(S)ORb,-C(S)SR", -C(0)NRh2, -C(S)NR.
-Cer-NRb)NRb2, where each X is independently a halogen: IT CI, Br, or 1, and each R" is independently
H, alkyl, 25aryl, arylalkyl, a heterocycle, or a protecting group or prodrug moiety. Alkylene, alkenylene,
and alkynyiene groups may also be similarly substituted. Unless otherwise indicated, when the term
"substituted" is used in conjunction with groups such as aryialkyl, which have two or more moieties
capable of substitution, the substituents can be attached to the aryl moiety, the alkyl moiety, or both. 



30The term "prodrug" as used herein refers to any compound that when administered to a biological
system generates the drug substance, i.e., active ingredient, as a result of spontaneous chemical
reaction(s), enzyme catalyzed chemical reaction(s), photolysis, and/or metabolic chemical reactiontsk A
prodrug is thus a covalently modified analog or latent tbrm of a therapeutically active compound.        One
skilled in the art will recognize that substiments and other moieties of the compounds of Formula TM
should he selected in order to provide a compound which is sufficiently stable to provide a
pharmaceutically uselid compound which can be formulated into an acceptably stable pharmaceutical
composition. The definitions and substituents for various genus and subgenus of the present compounds
are described 10and illustrated herein. It should be understood by one skilled in die art that any
combination of the definitions and substituents described above should not result in an inoperable species
or compound. "Inoperable species or compounds" means compound structures that violates relevant
scientific principles (such as, for example, a carbon atom connecting to more than four covalent bonds) or
compounds too 15unstable to permit isolation and formulation into pharmaceutically acceptable dosage
forms.        "Heteroalkyl" refers to an alkyl group where one or more carbon atoms have been replaced
with a heteroatom, such as, 0. N, or S. For example, if the carbon atom of the alkyl grou.p which is
attached to the parent molecule is replaced with a heteroatom (e.g., 0,N, or SI) the resulting heteroalkyi
groups are, respectively, an alkoxy group (e.g., -OCH3, etc.), an amine (e.g., -NBC1-11, -MCI-13)i, etc.),
or a thioalkyl group (e.g., -SCI-43). If a nomtenninal carbon atom of the alkyl group which is not attached
to the parent molecule is replaced with a heteroatont (e.g., 0, N, or S) the resulting heteroalkyl groups am,
respectively, an alkyl ether-01,C111-0-0-13, etc.), an alkyl amine 25--C1 LNITCH3, -CH2N (0713 )2, etc.),
or a thioalkyl ether (e.g.,-0142-S-CH3). If a terminal carbon atom of the alkyl gdoup is replaced with a
beteroatom (e.g., 0, N, or 5), the resulting heteroalkyl groups arc, respectively, a hydroxyalkyl group (e.g.,
-CH2CH)-OH), an amincialkyl group (e.g., -CH2M40, or an alkyl thiol group (e.g., -CH2CH2-SH). A
heteroalkyl group can have, for example, 1 to 20 carbon atoms, 1 to 3010 carbon atoms, or l to 6 carbon
atoms. A C1-C6 heteroalkyl group means a neteroalkyl group having I to 6 carbon atoms. 



"Heterocycle" or "heterocyclyr as used herein includes by way of example and not limitation those
heterocycles described in Paquette, Leo A.: Principles of Modern Heterocyclic Chemistry (WA. Benjamin,
New York, 1968), particularly Chapters 1, 3, 4, 6, 7. and 9, The Chemistry of HeterocYclic Coirkpounds. A
Series of  WO 2011/035231PCT/1JS2010/04947 5Monographs" (John Wiley Sir. Sons, New York, 1950
to present), in particular Volumes 13, 14, 16, 19, and 28; and] Am. Chem. Soc. (1960) 82:5566. In one
specific embodiment of the invention "heterocycle" includes a "carbocycle" as defined herein, wherein one
or more (e.g. 1, 2, 3, or 4) carbon atoms have been replaced with a hetcroatom (e.g. 0, N, or S). The
terms "heterocycle" or 10"beterocyclyr includes saturated rings, partially unsaturated rings, and aromatic
rings     beteroaromatic rings). Substituted beterocyclyls include, for example, heterocyclic rings
substituted with any of the substituents disclosed herein including carbonyl groups. A non-limiting
example of a carbonyl substituted heteroeyely1 is:  0 15Examples oflieterocycles include by way of
example and not limitation pyridyl, dihydroypynidyl, letrahydropyridyl (piperidy1), thiazolyi,
tetrahydrothiophenyl, sulfur oxidized tetrahydrothiophenyl, pynmidinvl, furanyl, alien yl, pyrrolyl, pyrazolyl,
imidazolyl, tetrazolyl, benzofaranyl, thianaphthalenyl, iiidolyl iHdOienyl, cLI1nOlinyl, isoquinolinyl,
benzirnidazol y1, piperidinyl, 4- piperidonyl, pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl, terrahydrofuranyt,
tetrahyclroquinolinyl, tetrahydroisoquinolinyl, decabydroquinolinyl, octahydroisoquinolinyl, agocinyl,
triazinyl, 614-1,2,5-thiadiazinyk           thicnyl, thiantlucnyl, pyranyl, isobenzofuranyl, chromenyl, xanthenyl,
phenexathinyl, 2H-pyrrolyl, isothiazolyi, isoxagolyl, pyrazinyl, pyridazinyl, 25indolizinyl,
isoindolyl,lil-indazoly, purinyl, naphthridinyl, quinoxalinyl, quinazolinyl,pteridinyt, 4a11- carbazolyl,
carbazolyl, B-earbolinyl, phenantimidinyl, acridinyl, phenanthrolinyl, phenazinyl, plienothiazinyl, furazanyl,
phenoxazinyl, isoehromanyl, 



cluoinanyl, itnidazolidinyl, irnidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyl" 30mdolinyi, isoindolinyl,
quinuclidinyl, mortaholinyl, oxazolidinyl, benzotriagolyl, benzisoxazolyl, oxindolyl, benzaxagolinyl,
isatinoyl, and bis-tetrabydrofuranyl:          By way of example and not limitation, carbon bonded
bete-recycles are bonded 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 pramidine, position 2, 3, 5, or 6 of a pyraMne, position 2, 3, 4, or 5 of a furan,
tctrahydrofuran, thiefuran, thiophrine, pyrrole or rctranydropyrrolc, 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 I, 3.4. 5,
6 7, or 8 of an isoquinoline. Still more typically, carbon bonded heterocycles include 2- pyridyl, 3-pyridyl,
4-pyridyl, 5-pyridyl, 6-pyridyl, 3-pyridazinyi, 4-pyridazinyl, 5- 15pyTidazinyl, 6-pyridazinyl, 2-pyrimidinyi,
4-pyrimidinyi, 5-pyrimidinyl, 6- pyrimidinyl, 2-pyrazinyl, 3-pyrazinvl, 5-pyrazinyl, 6-oyrazinyl, 2-thiazolyl, 4-
thiazolyt, or 5-thiazolyl.        By way of example and not limitation, nitrogen bonded heterocycles are
bonded at position 1 of an aziridinc, anticline, pyrrole, pyrrolidine, 2-pyrroline, 3- 20pyrroline, imidazole,
imidazolidine, 2dmidazotine, 3-imidazoline, pyrazole, pyrazoline, 2-pyrazoline, 3-pyrazoline, piperidine,
piperazine, indole, indoline, indazole, position 2 of a isoindole, or isoindoline, position 4 of a morpholine,
and position 9 of a carbazole, or 3-carboline. Still more typically, nitrogen bonded heterocycles include
1-aziridyi, 1-antedyl, LpyiTolyl. 1-hnidazolyi, 1-pyrazoly and 1-piperidin yl.        "Heterocyclyialkyl" 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 a heterocycly1 radical (i.e., a heteroeyelvi-alkylencr moiety). Typical
hoterocyely1 alkyl groups include, but are not limited to heterecyclyl-C1-12-, 2- 30
(heterocyclykitham1.-yl, and the like, wherein the "heterocyclyr portion includes any of the beterocyclyl
groups described above, including those described in  Principles of Modern Fleternevelic Chemistry. One
skilled in the art will also understand that the  heterocyclyl group can be attached to the alkyl portion of
the heterocycl alkyl by means of a carbon-carbon bond or a carbon-heteroatom bond, with the proviso
that the resulting group is chemically stable. The heterocyclyl alkyl group comprises 3 to 20 carbon
atoms, e.g., the alkyl portion of the arylalkyl group is I to 6 carbon atoms and the heterocyclyi moiety is 2
to 14 carbon atoms. Examples of heterocyclylalkyls 10include by way of example and not limitation
5-membered sulfur, oxygen, and/or 



nitrogen containing heterocycles such as thiazolytmethyl, imidazolyimethyl, oxazolylmethyl,
thiadiazotylmethyl, etc., 6-membered sulfur, oxygen, and/or nitrogen containing heterocycles such as
piperidinylmethyl, pipera.zinylmethyl, morpholinylmethyl, pradinylmethyl, pyridizylmethyl,
15pyrimidylmethyl, pyrazinylmothyl, etc.       "Heterocyclylalkenyl" refers to an acyclic alkenyt radical in
which one of the hydrogen atoms bonded to a carbon atom, typically a terminal or sp3 carbon atom, but
also a spit carbon atom, is replaced with a heterocycly1 radical (i.e.., a heteroeyetyl- alkenytene- moiety).
The lieterocycly1 portion of the heterocycly1 alkenyl group 20includes any of the heterocyctyl groups
described herein, including those described in Principles of Modem Heterocyclic Chemistry, and the
alkenyl portion of the heterocyclyl alkenyt group includes any of the atkenyl groups disclosed herein. One
skilled in the art will also understand that the heterocyclyt group can be attached to the aikenyl portion of
the heterocycly1 alkenyl by means of a carbon-carbon bond or a carbon-heteroatom bond, with the
proviso that the resulting group is chemically stable. The heterocycly1 alkenyl group comprises 4 to 20
carbon atoms, e.g., the alkenyl portion of the heterocyctyl alkenyl group is 2 to 6 carbon atoms and the
heterocyclyl moiety is 2 to 14 carbon atoms. "Tleterocyclytalkynyt" refers to an acyclic alkynyl radical in
which one of the 30hydrogen atoms bonded to a carbon atom, typically a terminal or spit carbon atom, but
also an sp carbon atom, is replaced with a heterocycly1 radical (i.e., a heterocyclyi- alkynylenc- moiety).
The heterocyclylportion of the heterocycly1 alkynyl group includes any of the heterocyclyi groups
described herein, including those described in Principles of Modern Heterocyclic Chemist, and the alkynyl
portion of the heterocyclyl alkynyl group includes any of the alkyuyl groups disclosed herein. One  WO
2011/035231PCT/US2010/049471 5skilled in the art will also understand that the heterocyclyi group can
be attached to the alkynyt portion of the heterocycly1 alkyrtyl by means of a carbon-carbon bond or a
carbontheteroatom bond, with the proviso that the resulting group is chemically stable. The hoteroeyely1
alkynyl group comprises 4 to 20 carbon atoms, e.g., the alkynyl portion of the heterocyclyl alkynyl p-oup is
2 to 6 carbon atoms and the 10heteroeyelyl moiety is 2 to 14 carbon atoms.        "Heteroaryr refers to an
aromatic heteroeyely1 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 thc definition of 15"heteroeyclyr, including pyridinyl,oxazolyl, indolyl.
isoindolyi, purinyl, furanyl, thienyl, benzofuranyl, henzothiciphonyl, carbazolyl, imidazolyl, thiazolyl,
isoxazolyl, pyrazolyi, isothiazolyi, quinolyl, isocjuinolyl. pyridazyl, pyrimidyl, pyrazyl, etc. "Carbocycle" or
"earbocyclyr refers to a saturated (i.e.. cycloalkyl), partially 30unsaturated (e.g., cycloakcnyl,
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. Monoeyelic 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 bic[titio [4,5], [5,5],[5,6] or [6,6] system, or 9 or 10 ring atoms arranged 25as a bicyclo [5,6] or [6,6]
system, or spiro-fused rings. Non-limiting examples of monocyclic earbocycles include cyclopropyl,
cyclobutyl, cyclopentyl, 1-cyclopent-lcrlyi. lie.yelopent-2-enyl, 1-cyclopent-3-enyi, cyclohexyl,
1-cyclohex-1-enyl, 1- cyclohex-2-enyl, 1-cyclohcx-3-enyl, and phenyl. Non-limiting examples of bicyclo
carbocycles includes naphthyl, tetrahydronapthalene, and dccalinc. 30"Carbocyclyla?kyr refers to to an
acyclic akyi radical in which one of the hydrogen atoms bonded to a carbon atom is replaced with. a
carbocycly1 radical as described herein. Typical, but non-limiting, examples of carbocyclylaikyl groups
include cyclopropylmethyl, cyclopropylethyl, cyclobutylmethyd eyelopentylmethyl and eyelohcxylmethyl.
"Auiyibeteroalkyr refers to a heteroalkyl as defined herein, in which a  hydrogen atom (which may be
attached either In a carbon atom or a heteroatom) has been replaced with an aryl group as defined
herein. The aryl groups may he bonded to a carbon atom of the bcteroalkyl group, or to a heteroatom of
the hetcroalkyl group, provided that the resulting arylheteroalkyl group provides a chemically stable.
moiety. For example, an arytheteroalkyl group can have the general formulaeylene- 100-aryl, -alkyl en
e-O-alkyl ene-aryl , -al k yi e-N, -al kyl ene-NH -alkyl cne-aryl,  alkylene-S-aryl, -alkylene-S-alkylene-aryl,
cm, In addition, any of the alkylene moieties in the general formulae above can be further substituted with
any Ellie substituents defined or exemplified herein.               "1-leteroarytalkyr refers to an alkyl group, as
defined herein, in which a 15hydrogen atom has been replaced with a heteroaryl group as defined herein.
Non limiting examples of heteroaryl alkyl include -CH-i-pyridinyl, -CH)-pyrrolyl, 



--CH2-indolyl, -CH2-isoindotyl, -C11-12-purinyl, -C1T-thienyl, -CI-12-benzoluranyl,
-Cf12-bcrizothiciphenyl, -CET-carbazolyi, -CHT-isothiazolyl, 20--(112-quinolyi,-CET2-pyTidazyl,
-CEla-pyrimidyl, -0142-pyrazyl, -CH(CH3)-pyridinyl, -CH(CH3)-pyrrolyl, -CH(CHT)-oxazolyl,
-CH(CH3)-indolyl,  CH(CHi)-isoindolyi, -CH(CH3)-purinyi, -0-1(CH3)-1-branyl, -CH(CII3)-thienyt,
CH(CH3)-benzothranyl, -CFI(C:113)-benzothiophenyl, -CH(CIFf*)-carbazolyl, -CH(C.113)-imidazolyi,
-CH(CI-13)-thiazolyl, -C11(0-13)-pyrazolyl, -0-1(0-13)-isothiazolyl, -CH(0-1.3)-quinolyi,
CH(C1-13)-isocminolyl,-ClitC1.131)-pyrimidyi,  C1-1(21i)-pyrazyl, etc. The term "optionally substituted" in
reference to a particular moiety of the compound of Formula 1-Iii (e.g., an optionally substituted aryl
group) refers to a 30 moiety wherein all substintents are hydrogen or wherein one or more of the
hydrogens of the moiety may he 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 1411 (e.g., the carbon atoms of said (CJ-Cs)aikvl may be 35optionally
replaced by --0-, -S-, or -NR-) means that one or more of the methylene groups of the (CI-C8)alkyl may
be replaced by 0, 1.2. or more of the groups specified (e,g.,-S-,       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



10 atom in the moiety. Therefore, by way of example and not limitation, in the alkyl moiety
-C1-12(01-17,(01-12CH3 or alkylene moiety -CI-12(C )Ila(C)TI,C112- the C atoms would he considered to
be the non-terminal carbon atoms. Certain Y and Yi alternatives are nitrogen oxides such as +N(0)(R) or
IN(0)(9R). These nitrogen oxides, as shown there attached to a carbon atom, can also 00 "Nrc, .15R be
represented by charge separated groups such asor   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. potyethylencoxy, 20 PEG, polymethyIeneoxy) and alkylamino (e.g. polyethyleneamino,
leffamineT'1); and diacid ester and amides including suecinate, sucteinamide, 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 Fomaula 30 III 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 or  WO
2011/035231PCT/15S2010/049471 5four should be assumed to be hydrogen. For example, R8 



x_N X7/ 9\\ 'fR8 R9  has the same meaning as R8  "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 10chemical 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 protectionkleprothction are well known in the art. See: "Protective Groups in Organic
Chemistry", Theodora W. Greene (John Wiley & Sons, inc., New York, 1991. Protecting groups are often
15utilized 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 20by common analytical tools. Chemically protected intermediates may themselves be  WO
2011/035231PCT/1JS2010/049471 



5biologically 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 to
enzymatic degradation or sequestration. in this role, protected compounds with intended therapeutic
effects may be referred to as prodruus. Another 10function 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 15prodrugs. With chemical intermediates,
it is not particularly important that the resulting, products after deproteetion, e.g. alcohols, be
physiologically acceptable, although in general it is more desirable if thc products are pharmacologically
innocuous. "Prodrug moiety" means a labile functional group which separates from the atjactive inhibitory
compound during metabolism, systemically, inside a cell, by hydrolysis, enzymatic cleavage, or by some
other process (13tindgatird, Hans, "Design and Application of Pmdrugs" in Textbook of Drug Design and
Development (1991), P. Krogsgaard-Larsen and H. Bundgaard, Eds. Harwood Academic Publishers, pp.
1 13- 191). Enzymes which are capable of an enzymatic activation mechanism with the phosphonatc
prodrug compounds of the invention include, but are not limited to, amidases, csterases, microbial
enzymes, phospholipases, cholinesterascs, and phosphases. Prodrug moieties can serve to enhance
solubility, absorption and lipophilicity to optimize drug delivery, bioavaitability and efficacy. A prodrug
moiety may include an active metabolite or drug itself 30Exemplary prodrug moieties include the
hydrolytically sensitive or la il acyloxyrnethyl esters -CH20C(-0)R3 and acyloxymethyl carbonates
-ChEOC(-0)0R3 where R3 is CI-C6 alkyl, C I-C6 substituted alkyl, C6---Ci20 aryl or ("6-C26 substituted
aryl. The acyloxyalkyl ester was used as a prodrug strategy for carboxylic acids and then applied to
phosphates and phosnhonates by Farquhar et al 35(1 98311 Nana Scil. 72: 324t also US Patent Nos.
:4816570, 4968788, 56631.59 and  



WO 2011/(135231PCT/ILIS2010/049471 55792756. In certain compounds of the invention, a prodrug
moiety is part of a phosphate group. The acyloxyalkyl ester may be used to deliver phosphoric acids
across cell membranes and to enhance oral bioavailability. A close variant of-he acyloxyalkyl ester, the
alkoxycarbonyloxyalkyl ester (carbonate), may also enhance oral bioavailability as a prodrug moiety in the
compounds of the combinations of the 10invention. An exemplary acyloxymethyl ester is
pivaloyloxymothoxy, (P0M) -Cli20"-0)(2(CH3)3. An exemplary acyloxymethyl carbonate prodmg moiety is
pivaloyloxymethyicarbonatc (PDC) ---C1-120C(=0)0C(CH3)2..        The phosphate group may be a
phosphate prodrug moiety. The prodrag moiety may be sensitive to hydrolysis, such as, hut not limited to
those comprising a 15pivaloyioxymedayi carbonate (POCI or POM group. Alternatively, the prodmg
moiety may he 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 bioavailabilThyt (DeLambert et al (1994) J. Med Cherm 37: 498). Phenyl
20esters containing a carboxylic ester ortho to the phosphate have also been described (Chanmei and
Torrence, (1996) 1 Med. Chem. 39:4109-4115). Henry! esters are reported to generate the parent
phosphonic acid. In sonic eases, subs:intents at the ortho-or pant-position may acceleTaie the hydrolysis.
Benzyl analogs with an acylated phenol or an alkylated phenol may generate the phenolic compound
through 75the action of enzymes, e.g. csterases, oxidases, etc., which in turn undergoes cleavage at the
benzylie CO bond lo generate the phosphoric acid and the quinone methide intermediate Examples of
this class of prodrugs are described by Mitchell et al (1992)1 Chem Soc. Perkin franc. 12345; Brook et al
WO 91/19721. Still other benzylic prodrugs have been described containing a carboxylic ester-containing
group 30attached to the benzylle methylene (Glazier eta! WO 91/19721), Thio-containing prodnigs are
reported to be uselial for the intracellular delivery of phosphonate drags. 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 which subsequently breaks down to the phosphoric acid and episullide (Pueeh et al  



(1993) Antiviral Res., 22: 155-i 74; Benz:a-Ha eta! (1996)1. Aled, Chem. 39: 4958t Cyclic phosphonate
esters have also been described as prodrugs of phosphorus-containing compounds (Brion et al, US
Patent No. 6312662). It is to be noted that all enantiomers, diastereomers, and racemie mixtures,
tautomers, polymcaphs, pseudopolymorphs of compounds within the scope of 10Formula I. Formula IT,
or Formula 1111 and pharmaceutically acceptable salts thereof are embraced by the present invention,
All mixtures of such eriantiom CIS and diastereomers are within the scope of the present invention. A
compound of Formula 1111 and its pharmaceutically acceptable salts may exist as different polymorphs
or pseudopctiymorphs. As used herein, crystalline 15polymorphism 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 (conforma(ional polymorphism). As used herein, crystalline pseudopolymorphism means
the ability of a hydrate or solvate of a 20compound 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 pseudopolymorphistn). The instant invention comprises all polymorphs and
pseudopolymmphs of the compounds of Formula I-111 and their pharmaceutically acceptable salts.        A
compound of Formula LEI 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, 30including 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 Till and their
pharmaceutically acceptable salts.           Selected substituents comprising the compounds of Formula
1-Ill are present to a recursive degree. In this context, -recursive substithent" means that a substitucnt
35may recite another instance of itself Because of the recursive nature of such  substituents, theoretically,
a large number of compounds may be present in any given embodiment. For example, Rx comprises a
RY substituent, RY can be R. R can be W2. 1012 can he W4 and W4 can be R or comprise substituents
comprising RY. One of ordinary skill in the art of medicinal chemistry understands that the total number of
such subsume:its is reasonably limited by the desired properties of the compound 



10intended. Such properties include, by way of example and not limitation, physical properties such as
molecular weight, solubility or log P. application properties such as activity against the intended target,
and practical properties such as ease of synthesis.       By way of example and not limitation, W3 and RY
arc recursive substituents in certain embodiments. Typically, each recursive substituent can
independently occur 1520, 19, 18, 17, 16, 15, 14, 13, 12, I I, 10, 9, 8, 7, 6, 5, 4, 3, 2,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, W3 will occur 0 to 8 times, R." will occur 0 to 6 times in a
given 20embodiment. Even more typically, W2 will occur 0 to 6 times and WI 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 subsfituents. To the degree that
recursive substituents are present in an embodiment 25of the 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 1-111 may
comprise a phosphate group asFe, Vi   30which may be a prodrug, moietyV"2wherein each Y or YI is,
independently, 0, S, NR, "N(0)(R), N(OR), 78(0)(0R), or N-NR2: WI and W2, when taken together, are
--Y3(C(R1)21fiY'-, or one of WI or W2 together with rather  WO 2011/035231PCT/US2010/049-171 



5R3or R4 is -V2- and the other of WI or W2 is Formula da: or W' and W2 are independently, a group of
Formula  wherein:             each Y2 is independently a bond, 0, CR2, NR -N(0)(R), N(OR). *MO(0R),
10NNR2, S. S- S. 5(0), or 5(0)2; each Y3 is independently 0. S, or NR; M2 is 0,1 or 2;        each W is
independently H, F. CI, Br, 1. OH, R, -C(=Y1)R.-C(Y)OR, - 2=YWR)2, -N(R)2, -+N(R)3, -SR, -S(0)R,
-S(0)2R, -S10)(0R), -S(912i0R), - 15Og-Y1)R, -OCEY 1)0R, -0C(--312)(N(R)7), -SC.(=Y5R, -SC(=Y1)0R,
- SC(=1(1)(Nii02), -N(R)2-Y5R, -N(R)C(=Y)OR, or -N(R)CHON(R)2, -SO2NR2, -CN, -N3, -NO2, -OR, a
protecting group or Wj; or when taken together, two W on the same carbon atom Term a carboeyelie ring
of 3 to 7 carbon atoms; each W is independently RY, a protecting group, or the formula: 20   wherein.:
Mia. MI c, and Mid are independently 0 or l; Mlie is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12;       each R is id,
halogen, (C1-05) aflcyl, (C1-C8) substituted alkyl, (C2-C8) alkenyl, (C2-substituted alkenyl, (C2-C)
alkynyl, (C27C8) substituted alkynyl. Co-C20 aryl, 



C4-C.20 substituted aryl, e2--C20 heterocycle, G--C20 substituted heteroeyelyl, arylalkyl, substituted
arylalkyl or a protecting group; Ws is W4 or W5; W4is R,-C(VI)Ws, -SO425', or -SO,W5; and W5 is a
carbocycle or a heterocycle wherein W5 is independently substituted with 0 to 3 R5 groups. 10Ws
c.arbocycles and W5erceycles may be independently substituted with 0 to 3 R5 groups. W5 may be a
saturated, unsaturated or aromatic ring comprising a mono- or bicycJie carbocycle or heterocycle. Ws
may have 3 to 10 ring atoms, e.g., 3 to 7 ring atoms. The W5 rings are saturated when containing 3 ring
atoms, saturated or mono-unsaturated when containing 4 ring atoms, saturated, or mono- or
di-unsaturated when containing 5 ring atoms, and saturated, mono- Or di-unsaturated, or aromatic when
containing 6 ring atoms.        A W5 heterocycle may be a monocycle having 3 to 7 ring members (2 to 6
carbon atoms and 1 to $ heteroatoms selected from N, 0, 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, 0, 20P, and S). W5 heterocyclic
monocycles may have 3 to 6 ring atoms (2 to 5 carbon atoms and I to 2 heteroatonis selected from N, 0,
and S); or 5 or 6 ring atoms (3 to 5 carbon atoms and I to 2 heteroatoms selected from N and S). W-1
heterocyclic bicycles have 7 to I 0 ring atoms (6 to 9 carbon atoms and I to 2 heteroatoms selected from
N, 0, and S) arranged as a bicycio [4,5], [5,5], [5,6], or [6,6] system; or 9 to 10 ring atoms (8 to 9 carbon
atoms and 1 to 2 hetero atoms selected from N and Si arranged as a bicyclo [5,6] or 16,6] system. The
W5 heterocycle may be bonded to IV-- through a carbon, nitrogen, sulfur or other atom by a stable
covalent bond.        W5 heterocycles include for example, pyridyl, dihydropyridyl isomers, piperidine,
pyridazinyl, pyrimidinyi, pyrazinyl, s-triazinyl, oxazolyl, 30thiazolyl, isoxazolyi, pyrazolyl, isothiazolyi,
furanyl, thiofuranyl, thienyl, and . pyrrolyl. W5 also includes, but is not limited to, examples such as:   S )
-N earbocyeles and R groups, as defined above. 



/17---N \\- , ands, heterocycles may be independently substituted with 0 to 3 For example, substituted W5
carbocycles include:     1 -SC/NH/NHIN NH         ID 



/--\0 -N / -N S /- -NSO2  Examples of substituted phenyl cal-boucles include:   Embodiments ofsn2-o
Formula Lill compounds include substructures such as: 0 y2..) y2b 10RX wherein each lalm is,
independently, 0 or N(R). In mother aspect of this embodiment, each 1721) is 0 and each Rx is
independently: R R \ / 



7------ M1 2c wherein N112e is 1,2 or 3 and each Ylt is independently a bond, 0, CR2, or S 15another
aspect of this embodiment, one Y2b-Rt" is NI-1(R) and the other Y2b-Rx is O-Rx wherein Rx is:  C R3 Ml
2C wherein M I2c is 2. In another aspect of tins emboc mem each .Y2b isnd each is independently: R V
CR3 Ml 2c      wherein 11012e is 2. In another aspect of this embodiment, each Y21) is 0 and each Rl
10is independently:    



M12c wherein2c is I and Y2 is a bond, 0, or CR2.    15substructures such as:           RS' ,Y3/ 11/\ ,P.\
-----R5 % \\s. " -tz,'Y3RY  WO 2011/035231PC17US20111/049471 5wherem each Y3 is, independently, 0
or N(R). In another aspect of this embodiment, each V3 is 0. In another aspect of tins embodiment, the
substructure is: 0 



0 //s wherein  RY is W- as defined herein. 10Another embodiment. ofvc2.of Foeludes the substructui es:
wherein each Y24 isindependently,NCR) or S. Another embodiment ofw2of Formula I-III compounds
ISincludes the substructures wherein one of W' or W2 together with either R3 or R4 is -- Y3- and the other
of WI or W 2 is Formula la. Such an embodiment is represented by a compound of Formula lb selected
from:  R8   RE  Re  Formula lb 



In another aspect of the embodiment of Formula lb, each Y and Y3 is O. In another aspect of the
embodiment of Formula Ib, W t or W2 is Y2b-Rx; each Y , 3 and Y2h S 0 and Rx is:  Ml2c wherein MI 2c
is 1. 2 or 3 and each Y2 is independently a bond, 0, CR,i, or S. In another aspect of the embodiment of
Formula Th, Wt or W2 is Y21x-Rx: each Y, Y3 and y2 is 0 and Rx is:  M1 2c wherein M1.2c is 2. In
another aspect of the embodiment of Formula 1h, W1 or W2 is Y31)-fe; each Y, Y3 and Y2b is 0 and le is:
M 1 2 c wherein liill12c is 1 and Y2 is a bond, 0; or CR2.             Another embodiment of 10includes a
substructure:  of Formula 1-111 compounds  0 Y- \.W5 s 



Y2 wherein Wi is a earbocycle such as phenyl or substituted phenyl. In another aspect of this
embodiment, the substructure is: R  0 15wherein Y211 is 0 or N(R) and the phenyl carbocycle is
substituted with 0 to groups. In another aspect of this embodiment of the substructure, le is:  R, R \ /
---------Y2-- M12c wherein MI2c is 1, 2 or 1.1 and each Y2 is independently a bond, 0. CRt, or S.
Another embodiment of of Formula hill includes  



substructure: --""1  JKRY)0_3 0 .4 u CH3 HU- /1 0     or Q kJ1..1-13 (2: OR 



The chiral carbon of the amino acid and lactate moieties may be either the R or S configuration or the
racemie mixture,      2 i 5wherein each Y2 is, independently, -0- or -NH-. In another aspect of this
embodiment, RY hs (C C) alkyl, (Cr C8) substituted alkyl, (C2 -C4 aIkcnI (C2-C10  WO
2011/035231PCT/11S2010/0-19471 5substituted alkenyl, (Cn-Cii) alkynyl or (C2-C8) substituted alkynyl.
In another aspect of this embodiment, R is ((i7.1-C3) alkyl, (C1-C3) substituted alkyl, (C2-C8) alkenyi,
(C2-C8) substituted alkenyl, (C2-05) alkynyl or (C-i-C8) substituted alkynyl: and R is CF-I3. In another
aspect of this embodiment, Riv is (C.1-C8) alkyl, (CI-Cs) substituted alkyl, (C-2-C4 alkenyl, (12,--C8)
substituted alkenyl, (C2-08) alkynyl or (C2-C3)  10 substituted alkynyl; R is Chli; and each 712 is -NH-. In
a aspect of this embodiment, WI and W2 are, independently, nitrogen-linked, naturally occutring amino
acids or naturally occurring amino acid esters, in another aspect of this embodiment, W1 and W2 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 5through the 2-hydroxy group.  Another embodiment
ofof Formula I, Fommla II, or Foimula 



Ill is rbstructure:  0      In one aspect of this embodiment, each le is, independently, (C)-C3) alkyl. In
another 20aspect of this embodiment, each Rx is, independently, Co-Cop aryl or C6-C20 substituted aryl.
In a preferred embodiment. is selected from  wherein W1 and W2 are independently selected from one of
the formulas in Table 20.1-20.37 and Table 30.1 below. The variables used in Tables 20.1-20.37 (e.g.,
W23, R21, etc.) pertain only to Tables 20.1-20.37, unless otherwise indicated. The variables used in
Tables 20.1 to 20.37 have the fiiillowing definitions: each R2' is independently H or (C1-C8)alkyl; each
R22 is independently H, R21, R23 or R24 wherein each Rindependently substituted with 0 to 3 R23;
each R23 is independently Ram, Ram, R23 or Raid, provided that when 1223 is bound to a hetematom,
then R23 is Ralla or R4'; each R23a is independently F, Cl, Br, I, -CN, N3-N O2; each Ram is
independently Ya'; each R13' is independently-N(Raa)litax),-S(0)R, -S(0)Rax, - 10S(NOR2x),
-S(0)2(0R23), -OCB-Y21)R2x, ;0C1---Y250, -0C(5-1124)(N(R2a)(R27)), 



sce,,y21,1R2,, _sc(=y21)0R2x, sc(u_y2i)( (R2v)(R2x)), N(R2a)C(--It421)0R2a, or
-Nte)C(-Y21)(NtRa'UtRal) ;       each Raid is independently -C(-Y21)122x, -CVNII21)0R2a or -
CVY21)(N(R2)(R2a)); 15each 11..2x is independently H, (C1-Cs)a1kyl, (C2-C8)a1kenyl, (C2-05)alkynyl,
aryl, heteroaryl; or two Ra 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 he
replaced with -0-, -S-- or --NR-; and wherein one or more of the non-terminal carbon atoms of each said
(C1-C8)alkyl may be 20optionally replaced with -0-, -S- or -NR21-; each R24 is independently
(C1-05)alkyl, (C2-C81alkeny4, or (C2-05)alk3nylt each R23 is independently R24 wherein each R24 is
substituted with 0 to 3 R23 each R23d is independently (CI-COalkylene, ("Ca-COalkenylene, or (C2-
COalkynylene any one of which said (C.(C2-C8)atkenylenc, or (C2- Ca)alkynylene is substituted with 0-3
R23 groups; each W23 is independently W2.4 w25;or each W24 is independently R23, -C(=Y24)R23, -C
=Y2' SO2 5 30each W25 is independently carbocycle or heterocycle wherch 725 is independently'
substituted with 0 to 3 R`a groups; and each Y21 is independently 0 or S.  
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,R115 -N R23 238           Embodiments ofRx include esters, carbamates, carbonates, thioesters, amides,
thioamicies, arid urea groups:  /R R\ y2 " RY\Y`ll andM12a  0Any 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, Nil', Li-, Kt Cal:2 and Mg112),
ammonium and NI241 (wherein 11 is 15defined 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, sulfmnic 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, filmaric acid, glueonic 20acid, citric acid, malic acid, ascorbic acid, benzoic acid,
isethionic acid, lactobionic acid, tannic acid, pahnitic acid, alginic acid, polyglutamic acid,
naphthalenesulfonic acid, methanesulfonie acid, p-toluencsulfonie acid, benzencsulfonie acid
naphthalenedisulfonic acid, polygolacturonic acid, malonic acid, sulrbsalicylic acid, glycolic acid,
2-bydroxy-3-naphtlioate, part-mate, salicylic acid, stearic acid, phlhalic acid, mandelic acid, lactic acid,
ethanesulfonic acid, lysine, arginine, glutamic acid, glycine, serine, threonine, altmine, isoleucine, leucine
and the like; and (e) salts formed from elemental anions for example, chlorine, bromine, and iodine.
Physiologically acceptable salts la compound of a hydroxy group include the anion of said compound in
combination with a suitable cation such as Ma' and 30For therapeutic use, salts of active ingredients of
the compounds of the invention will be physiologically acceptable, i.e. they will he salts derived from a
WO 2011/035231PCT/US2010/049471 5physiologically 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. 10Finally, it is to be
understood that the compositions herein comprise compounds of the invention in their umionized, as well
as zwitterionie form, and combinations with stoiehiometrie amounts of water as in hydrates.       The
compounds of the invention, exemplified by Formula TM may have chiral centers, mg. chiral carbon or
phosphorus atoms. The compounds of the 



15invention 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 racenfic mixtures. Both racemic and diastereomeric
mixtures, as well as 20the individual optical isomers isolated or synthesized, substantially frec of their
cnantiomeric or diastereorneric partners, are all within the scope of the invention, The racernic 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 material.       The term "chiral" refers to molecules which have the
property of nonsuperimposability of the minor image partner, while the term "achiral" refers to
30molecules 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.       "Diastercomer" refers to a stereoisomer with two OF more centers of
chirality and whose molecules are not mirror images of one another, Diastereomers have 35different
physical properties, e.g. melting points, boiling points, spectral properties,  and reactivities. Mixtures of
diastereomers may separate under high resolution analytical procedures such as electrophoresis and
chromatography.        "Enantiomers" refer to two stereoisomers of a compound which are
non-superimposable mirror images of one another. Stereochemieal definitions and conventions used
herein generally follow S. P. 10Parker, Ed., McGraw-Hill Dictionary of Chemical Terms (1984)
McGraw-ftill Book Company, New York; and Elia E. and Wilen, S.. Stereochcmistry of Organic
Compounds (1994) John Wiley & Sons, Inc, New York, Many organic compounds exist in optically active
forms, i.e., they have the ability to rotate the plane of plane-polarized light. In describing an optically
active compound, the prefixes D and L or R 



15and S are used to denote the absolute configuration of the molecule about its chiral center(s). The
prefixes d and 1, D and L, or C-) and (-) are employed to designate the sign of rotation of plane-pal arized
light by the compound, with 8, (-), or 1 meaning that the compound is levorotatory while a compound
prefixed with R, (+), or d is dextrorotatory. For a given chemical structure, these stereoisomers are
identical 20except that they are mirror images of one another. A specific stereoisomer may also be
referred to as an enantiomer, and a mixture of such isoiners is often called an enantiomerie mixture. A
50:50 mixture of enantiomers is referred to as a racemic mixture or a vaccinate, which may occur where
there has been no stereesefection or stereospecifieity in a chemical reaction or process. The terms
"racemie mixture" and 25"raeematc" refer to an equimolar mixture of two mantic-mimic 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 "R1", then it will be understood that the groups may be the same or
different, i.e., each group is independently selected. Wavy 30lines,indicate the site of covalent bond
attachments to the adjoining substructures, groups, moieties, or atoms.        The compounds of the
invention can also exist as tantomerie isomers in certain cases. Although only one delocalized resonance
structure may be depicted, all such forms are contemplated within the scope of the invention. For
example, ene-amine tautomers ean exist for purine, pyrimidine, imidazole, guanidine, amidine, and  WO
2011/035231PCIAS2010/049471 5tetrazole systems and all their possible taurouierie forms are -within
ihe scope of the invention. One skilled in the art will recognize that the pyrrolo[1,241[1,2,4]triazine,
iimidazo[ I ,5-fif 1 ,2,41triazine, imidazo[ ,2-fj [1,24] triazine, and [1,2,4]triazolo[4,3- [1,2,4]triazine
nucleosides can exist in tautomeric forms. For example, but not by 



I 0way of limitation, structures (a) and (b) can have equivalent tautomeric forms as shown below:
NH2NH --N, / a      All possible tautomerie forms of the heterocycles in all of the embodiments disclosed
15herein are within the scope of the invention. Methods of Inhibition of licypolvinerase Another aspect of
the invention relates to methods of inhibiting the activity of ROI; polymemse comprising the step of
treating a sample suspected of containing FICV with a composition of the invention. 20Compositions of
the invention may act as inhibitors of HCV polymerase , as intermediates for such inhibitors or have other
utilities as described below. The  WO 2011/035231PC17US2010/049471 inhibitors will bind to locations
on the surface or in a cavity of HCV polymerase having a geometry unique to HCV polymerase
Compositions binding HCV polymerase may bind with varying degrees of reversibility. Those compounds 



binding substantially irreversibly are ideal candidates for use in this method of the invention. Once
labeled, the substantially irreversibly binding compositions are I ituseful as probes for the detection of
FICV polymerasc Accordingly, the invention relates to methods of detecting IICV poiymerase in a sample
suspected of containing      polymerase comprising the steps of treating a sample suspected of containing
HCV polymerase with a composition comprising a compound of the invention bound to a label; and
observing the effect of the sample on the activity of the label. Suitable labels are well known in the
diagnostics field and include stable free radicals, fluorophores, radioisotopes, enzymes,
ehemiluminescent groups arid claromogens. 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 20polym erase 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; fixid, water, or air samples; bioproduct samples such as extracts of cells, particularly
recombinant cells synthesizing a desired glycoprotenn and the 25like. Typically the sample will be
suspected of containing an organism which produces HCV polymerase , frequently a pathogenic
organism such as I-ICY. Samples can be contained in any medium including water and organic
solventwater mixtures. Samples include living organisms such as humans, and man made materials such
as cell cultiaes.       The treating step of the invention comprises adding the composition of the invention
to the sample or it 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 35can be observed by any method including direct and
indirect methods of detecting  polvmerase activity. Quantitative, qualitative, and semiquantitative methods
of determining HCV polymerase activity are all contemplated. Typically one of the screening methods
described above are applied, however, any other method such as observation of the physiological
properties of a living organism are also applicable.        Organisms that contain HCV polymerase include
the EICV virus. The compounds of this invention are useful in the treatment or prophylaxis of HO/
infections in animals Or in man. 



However, in screening compounds capable of inhibiting human immunodeficiency viruses, it should be
kept in mind that the results of enzyme assays may not correlate with cell culture assays. Thus, a cell
based assay should be the 15primary screening tool Screens for HCV polvinerase Inhibitors.
Compositions of the invention are screened for inhibitory activity against FICV polymerase by any of the
conventional techniques for evaluating enzyme activity. Within the context of the invention, typically
compositions are first screened for inhibition of FICY polymerase in vitro and compositions showing
inhibitory activity are then screened for activity in vivo. Compositions having in vitro Ki (inhibitory
constants) of less then about 5 X 10 M, typically less than about 1 X 10- M and preferably less than about
5 X 10-8 M are preferred for in vivo use.             Used in vitro screens have been described in detail and
will not be elaborated 25here. 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 30prepared in sterile form, and when intended for
delivery by other than oral administration generally will be isotonic. All formulations will optionally contain
exeipients such as those set forth in the "Handbook of Pharmaceutical Excipients" (1986). Exeipients
include aseratic acid and other antioxidants, ehelating agents such  WO
2011/035231PCT/1iS2010/049471 5as EHTA, carbohydrates such as dextran, hydroxyalkyleellulose,
hydroxyalkylmethylcellulose, stearic acid and the like. The pH of the formulations ranges from about 3 to
about Ii, but is ordinarily about? to 10. 



While it is possible for the active ingredients to be administered alone it may be preferable to present
them as pharmaceutical formulations. The formulations, both 10for veterinary and for human use, of the
invention comprise at least one active ingredient, as above defined, together with one or more acceptable
carriers therefor and optionally other therapeutic ingredients. The carrier(s) must be "acceptable" in the
sense of being compatible with the other ingredients of the formulation and physiologically innocuous to
the recipient thereof. 15The formulations include those suitable for the foregoing 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 20association the active ingredient with the carrier which constitutes one or inure
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 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 art oil-in-water liquid emulsion or a water-in-oil liquid emulsion. The active
ingredient may also be administered as a bolus, electuary or paste. 30A 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 he made by molding in a suitable machine a mixture of the powdered active
ingredient moistened with an inert liquid  WO 2011/035231PCTIUS2010/049471 5diluent. The tablets
may optionally be coated or scored and optionally are formulated so as to provide slow or controlled
release of the active ingredient therefrom. For infections, of the eye or other external tissues e.g. mouth
and skin, the formulations are preferably applied as a topical ointment or cream containing the active
inuredient(s) in an amount of for example, 0.075 to 20% wiw (including active 



ingredient(s) in a range between 0.1% and 20% in increments of 0.1% witiv such as 0.6% w/w, 0.7% wilw,
etc.), preferably 0.2 to 15% wiw and most preferably 0.5 to 10% vim,. When formulated in an ointment,
the active ingredients may be employed with either a paraffinic or a water-miscible ointment base.
Alternatively, the active ingredients may be formulated in a cream with an oil-in-water cream base. 15If
desired, the aqueous phase of the cream base may include, fin. example, at least 30% iv/w of a
polyhydrie alcohol, i.e. an alcohol having two or more hydroxyl groups such as propylene glycol, butane
1,3-diol, mannitol, sorbitol, glycerol and polyethylene glyicol (including PEG 400) and mixtures thereof
The topical formulations may desirably include a compound which enhances absorption or 20penetration
of the active ingredient through the skin or other affected areas. Examples of such dermal penetration
enhancers include dimethvl sulphoxidc and related analogs. [he oily please of the emulsions of this
invention may be constituted from known ingredients in a known manner. While the phase may comprise
merely an 25emulsifier (otherwise known as an em Agent), it desirably comprises a mixture of at least
one emulsifier with a fat or an oil or with both a fat and an oil. Preferably, a hydrophilic emulsifier is
included together with alipophilic emuisi tier 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 30the 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 Tweed(r) 60, SpenT 0. eetostearyl alcohol, henzyl alcohol,
myristyl alcohol, glyeeryl mono-stearate and sodium lauryl sulfate. 35The choice of suitable oils or fats for
the formulation is based on aehievina th  



WO 2011/035231PCT/1iS2010/049471 5desired cosmetic properties. The cream should preferably be a
non-greasy, non- staining and washable product with suitable consistency to avoid leakage from rubes or
other containers. Straight or branched chain, mono- or dibasic alkyl esters such as di-isoadipate, isocetyl
stearate, propylene glycol diester of coconut fatty acids, isopropyl myristare, decyl oleate, isopropyl
palmitate, butyl stearate, 2-ethylhexyl 10palmitate or a blend of branched chain esters known as
Crodamol CAP may be used, the last three being prefet-red esters. These may be used alone or in
combination depending on the properties required. Alternatively, high melting point lipids such as white
soft paraffin and/or liquid paraffin or other mineral oils are used. Pharmaceutical formulations according to
the present invention comprise a 15combination according to the invention together with one or more
pharmaceutically acceptable carriers or excipients and optionally other therapeutic agents.
Pharmaceutical formulations containing the active ingredient may be in any form suitable for the intended
method of administration. When used for oral use for example, tablets, troches, lozenges, aqueous or oil
suspensions, dispersible powders 20or 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. 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 30acacia; 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 glyeeryl distearate alone or with a 35wax may be employed. 



Formulations for oral use may be also presented as hard gelatin capsules where the active ingredient is
mixed with an inert solid diluent, for example calcium phosphate or kaolin, or as soft gelatin capsules
wherein the active ingredient is mixed with water or an oil medium, such as peanut oil, liquid paraffin or
olive oil. Aqueous suspensions of the invention contain the active materials in 10admixture with excipients
suitable for the manufacture of aqueous suspensions. Such excipients include a suspending agent, such
as sodium carboxymethylcellulose, methyleellulose, hydroxypropyl methylcel loose, sodium alginate,
polyvinylpr-rolidone, gum tragaeanth and gum acacia, and dispersing or wetting agents such as a
naturally-oceurring phosphatide (e.g., lecithin), a condensation product of an alkylene oxide with a fatty
acid (e.g., polyoxyethylenc stearatc), a. condensation product of ethylene oxide with a long chain aliphatic
alcohol (e.g., heptadecaethyleneoxycetanofi, a condensation product of ethylene oxide with a partial ester
derived from a fatty acid and a hexitol anhydride (e.g., polyoxyethyleTIC sorbitan monooleate). The
aqueous suspension may also contain one or more preservatives 20such as ethyl or n-propyl
p-hydroxy-benzoate, one or more coloring agents, one or more flavoring agents and one or inure
sweetening agents, such as sucrose or saccharin.       Oil suspeusicms may be formulated by suspending
the active ingredient in a vegetable oil, such as araehis oil, olive oil, sesame oil or coconut oil, or in a
mineral 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. 10Dispersible powders and gunnies 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, tin example sweetening, 35flavoring and coloring agents, may also he present.  WO
2011/035231PCT/1iS20111/049471 5The pharmaceutical compositions of the invention may also be in
the form of oil-in-water emulsions. The oily phase may be a vegetable oil, such as olive oil or arachis oil, a
mineral oil, such as liquid paraffin, or a mixture of these. Suitable emulsifying agents include
naturally-occurring gums, such as gum acacia and gum tragacanth, naturally-occurring phosphatidcs,
such as soybean lecithin, esters or 



10partial esters derived from fatty acids and hexitoi anhydrides, such as sorbitan monooleate, and
condensation products of these partial esters with ethylene oxide, such as polyoxyethylene sorbitan
monooleate. The emulsion may also contain sweetening and -flavoring agents. Syrups and elixirs may be
formulated with sweetening agents, such as glycerol, sorbitol or sucrose. Such formulations may also
contain a demulcent, a preservative, a flavoring or a coloring agent.       The pharmaceutical compositions
of the invention may be in the form of a sterile injectable preparation, such as a sterile injectable aqueous
or oleaginous suspension. This suspension may be formulated according to the known art using those
suitable dispersing or wetting agents and suspending agents which have been 20mentioned above. The
sterile injectable preparation may also be a sterile injectable solution or suspension in a non-toxic
parcnterally acceptable diluent or solvent, such as a solution 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 chloride solution. 111 addition, sterile fixed oils may
25conventionally be employed as a solvent or suspending medium. For this purpose any bland fixed oil
may be employed including synthetic mono- or diglyeerides. 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 rnateriai 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 I to 1 000 mg of active material compounded with an
appropriate and convenient amount of earlier 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
WO 2011/035231PCT/1iS20111/049471 5measurable amounts for administration. For example, an
aqueous solution intended for intravenous infusion may contain from about 3 to 500 nu- of the active,
ingredient per milliliter of solution in order that infusion of a suitable volume at a rate of about 30 inli/hr
can occur. Formulations suitable for topical administration to the eye also include eye 10drops wherein
the active ingredient is dissolved or suspended in a suitable carrier, 



especially an aqueous solvent for the active ingredient. The active ingredient is preferably present in such
formulations in a concentration of 0.5 to 20%, advantageously 0.5 to 10%, and particularly about 1.5%
w/w. Formulations suitable for topical administration in the mouth include lozenges lccomprising the active
ingredient in a flavored basis, usually sucrose and acacia or tragaeanth; pastilles comprising the active
ingredient in an inert basis such as gelatin and glycerin, or sucrose and acacia; and mouthwashes
comprising the active ingredient in a suitable liquid carrier.             Formulations for rectal administration
may be presented as a suppository with opa suitable base comprising for example cocoa butter or a
salicylate.       Formulations suitable for intrapulmonary or nasal administration have 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 aqueous or oily solutions of the active ingredient. Formulations suitable for
aerosol or dry powder administration may he prepared according to conventional methods and may be
delivered with other therapeutic agents such as compounds heretofore used in the treatment or
prophylaxis of 1-ICV infections as described below. Formulations suitable for vaginal administration may
be presented as 30pessaries, 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 ibr parenteral administration include aqueous and non-aqueous sterile injection solutions which
may contain anti-oxidants, buffers, 25bacteriostats and solutes which render the .formulation isotonic with
the blood of the  intended recipient; and aqueous and nosterile suspensionsh may include suspending
agents and thickening agents.       The fommlations are presented in unit-dose or multi-dose containers,
for example sealed ampoules and vials, and may be stored in a freeze-dried (lyophilized) condition
requiring only the addition of the sterile liquid carrier, for example water for 10injection, immediately prior
to use. Extemporaneous injection solutions and 



suspensions arc prepared from sterile powders, granules and tablets of the kind previously described.
Preferred unit dosage formulations are those containing a daily dose or unit daily sub-dose, as herein
above recited, or an appropriate fraction thereof, of the active ingredient. 15It should be understood that
in addition to the ingredients particularly mentioned above the formulations of this invention may include
other agents conventional in the art having regard to the type of formulation in question, for example
those suitable for oral administration may include flavoring agents. The invention further provides
veterinary compositions comprising at least 20one active ingredient as above defined together with a
veterinary canner 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 he
administered orally, parenterally or by any 25other 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 30the
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 is being
used    prophylactically (lower doses) or against an active viral infection, the method of delivery, and the
pharmaceutical formulation, and will be detcmiined by the clinician 35using conventional dose escalation
studies. It can be expected to he from about  WO 2011/035231PCT/1JS2010/049-171 50.0001 to about
100 mg/kg body weight per day; typically, from about 0.01 to about 10 mg/kg body weight per day; more
typically, from about .01 to about 5 mu/kg body weight per day; most t:mically, from about .05 to about 0.5
mg/kg body weight per day. For example, the daily candidate dose for an adult human of approximately
70 kg body weight will range from I ing to 1000 mg, preferably between 5 mg and 500 



10mg, and may take the Mini of single or multiple doses. Routes of Administration One or mom
compounds of the iiion (herein referred to as the acti ingredients) are administered by any route
appropriate to the condition to be treated. Suitable routes include oral, rectal, nasal, topical (including
buccal and sublingual), vaginal and parenteral (including subcutaneous, intramuscular, intravenous,
intradennal, intrathecal and epidural), and the like. it will be appreciated that the prefen-cd route may vary
with for example the condition of the recipient. An advantage of the compounds of this invention is that
they are orally bioavailable and can be dosed orally. 20 Combination Therapy         Combinations of the
compounds of Formula 1-Ill are typically selected based on the condition to be treated, cross-reactivities
of ingredients and pharmacoproperties of the combination. For example, when treating an infection (e.g..
ERN), the compositions of the invention are combined with other active therapeutic agents 75(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 interferon,
ribavirin or its analogs, HCV NS3 protease inhibitors, NS5a inhibitors, alpha-glucosidasc 1 inhibitors,
hepatoprotectarits, mevalonate 30dcearboxylase antagonists, antagonists of the renin-angiotensin
system, other anti- fibrotic agents, endothelin antagonists, nucleoside or nucleotide inhibitors of FICV
NS5F3 polymerase, non-nucleoside inhibitors ofliCV NS5B polvmerase, lICV NS5A inhibitors, ILR-7
agonists, cyclophillin inhibitors, HCV TRES inhibitors, pharmaeokinetic enhancers or other drugs for
treating HCV; or mixtures thereof.  WO 2011/(135231PCT/US2010/049471 5More specifically, one or
more compounds of the present invention may be combined with one or more compounds selected from
the group consisting of       1) interferons,pegylated HEN-alpha 2b (PEG-Intron), pegylated r1FN- 



alpha 2a (Pcgas),Fs), rIFN-alpha 21) (Intron A), TIEN-alpha 2a (Roferon-A), interferon alpha (MOR-22,
OPC-18, Alfaferone, Alfanative, MuItiferon, subalin), interferon 10alfaeon-1 (lnfergen), interferon alpha-n1
(Wellferon), interferon alpha-n3 (Alferon), interferon-beta (Avonex, DL-8234), interferon-omega (omega
MAROS, Biomed 510), albinterferon alpha-2b (Albuferon). IEN alpha XL, 13LX-883 (Locteron), DA-3021,
glycosylated interferon alpha-2b (AVI-005), PEG-Infergen, PfiGylated interferon lambda (PEGylated
IL-29), and belerofou, 152) ribavirin and its analogs, e.g., ribavirin (Rebetol. Copegus), and taribm n
(Viramidine),        3) FICV NS3 protease inhibitors, e.g., boceprevir (SCH-503034 , SC1-1-7), telaprevir
(v-950), VX-813, TMC-435 (TMC435350), A.BT-450, B1-201335, 811230, MK-7009, SC1-l-9005 18,
VBY-376, MX-500, GS-9256, 081-9451, BMS- 20790052, BMS-605339, PHX-1766,AS-I OE 1f1-1-5258,
Y115530, 111-15531, and ITMN-191 (R-7227),        4) alpha-glucosidase 1 inhibitors, e.g.. eeigosivir
(MX-3253), Miglitol, arid UT-231B,             5) hepatoprotectants, e.g,, emei leas (1DN-6556), 1E-3738,
(IS-9450 (LB- 7584451), silibilin, and Mime),        6) nucleoside or nucleotide inhibitors of HCV NS5B
poiyinerase" e.g., R1626, R7128 (R4048), IDX184, 1DX-102, PM-7851, BCX-4678, valopicitabine
(NM-283), and MK-0608,        7) non-nucleoside inhibitors of HEN NS5B polym erase, e.g.. ffiibuvir (PE-
30 868554), ABT-333, ABT-072, 131-207127, VC1-1-759, VCH-916, ITK-652, MK-3281, VBY-708,
VC1H-222, A848837, ANA-s)8. GL60667, (T1L59728, A-63890, A-48773, A-48547, BC-2329, Veil-796
(nesbuvir), 6S10625433, BILN-1941, XTL-2125, and GS-9190,              8) 11CV NS5A
inhibitorsAZD-2836831),.D-7295 (A-689), and 35 B MS-790052, 



9) TER-7 agonists, e.g.. imiquimod, 852A, (38-9524, ANA-773, ANA-975, AZD-8848 (DSP-3025),
PF-04878691, and SM-360320,         10) evelophillin inhibitors, e.g., DEB10-025, SCY-61 , and NIM8 II.
11) TICV IRES inhibitors, e.g.. MCI-067,               12) phannacokinetic enhancers, e.g., BAS-100,
SP1-452, PF-41 94477, 1IMC1041629, GS-9350, GS-9585, and roxythromyein,         13) other drugs for
treating HCV, e.g., thymosin alpha 1 (Zadaxin), nitazoNanide (Alinea, Nil), B1VN-401 (virostat), PYX-17
(altirex), KPE02003002, actilon (CPG-101011, G8-9525, KRN-7000, civacir, GI-5005, XIL-6865, BIT225,
PTX-111, ITX2865, TT-033i, ANA 971, NOV-205, tareacin, EEC-18, VGX-410(1, 15EMZ-702, AV1 4065,
BMS-650032, 131MS-791325, Bavituximab, MDX-1106 (ONO- 4538), Oglufaride, FK-788" and VX-497
(merimepodib)         14) mevalonate decarboxylasc antagonists, e.g., statins. HMGCoA synthase
inhibitors (e.g., hymeglusin), squalene synthesis inhibitors (e.g., zaragozie acid);               15) angiotensin
11 receptor antagonists, e.g., losartan, iirbesartan, olmesartan, 20candesartan, valsartan, telmisartan,
eprosartan;         16) angiotensin-converting enzyme inhibitors, e.g., eaptopri1, zofenoprit, enalapril,
ramipril, quinapril, perindopial, lisinopril, benazepril, fosinopril;         17) other anti-fibrotic agents, eag.,
amiloride and         18) endothelial antagonists, e.g. hose:Man and ambriscntan. 25In yet another
embodiment, the present application discloses pharmaceutical compositions comprising a compound of
the present invention, or a phamoceutically 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 combinatEon 30with 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, rihavirin or its
analogs, HO/ NS3 protease inhibitors, NS5a inhibitors, alpha-glueosidase 1 



35inhibitors, hepatoprotectants, mevalonate deearboxylase antagonists, antagonists of  WO
2011/035231PC17US2010/049471 5the renin-angiotensin system, other anti-fibrotic agents, endothelin
antagonists, nucleoside or nucleotide inhibitors of HCV NS513 polymerase, non-nucleoside inhibitors of
HCV NS5B polymerase, HCV NS5A inhibitors, TLR-7 agonists, cyclophillin inhibitors, HCV1RES
inhibitors, pharmaeokinetie enhancers or other drugs for treating 1-1CV; or mixtures thereof       More
specifically, compositions of one or more compounds of the present invention may be combined with one
Of more compounds selected from the group consisting of         interferons, e.g., pegylated r1118-alpha
2b (PEG-Intron), pegylated rtENalpha 2a (Pegasys), rIFN-alpha 2b (Intl-on A), rIFN-alpha 2a (Roferon-A),
interferon 15alpha (MOR-22, OPC-18, Allaterone, Alfanative, Multiferon, subalin), interferon alfacon-1
(Infergen), interferon alpha-nl (Weilleron), interferon alpha-n3 (Alferon), interferon-beta (Avonex,
DL-8234), interferon-omega (omega DUROS, Biorned 510), albirderferon alpha-2h (Albuferon), 113N
alpha XL, BLX-883 (Locteron), DA-3021, glyeosylated interferon alpha-2b (AVI-005), PEG-infergen,
PEGyinted interferon 20lambda (PEGylated 1L-29), and belerofon,        2) ribavirin and its
analous,ribavirebetol, Copegus and taribavirin (Virmnicline),        3) LICA' NS3 protease inhibitors, e.g.,
boceprevir (SCH-503034 , 801-7), telaprevir (VX-950), VX-813, TMC-435 (TMC435350), ABT-450,
BI-201335, Bi-  75 1230, MK-7009, SCH-900518, VBY-376, VX-500, 68-9256, 68-9451, BMS790052,
BMS-605339, PHX-1766, AS-101 , Y11-5258, YH5530, Yf-15531, and 11TMN-1 91 (R-7227),        4)
alpha-niucosid'tors, e.g., celgosivir (M253)glitol, and UT-231B, 



5) bepatoprotectants, e.g., eine easan (LDN-6556), ME-3738, 05-9450 (LB-84451), silibilin, and MitoQ,
6) nucleoside Or nucleotide inhibitors of HCV NS5B polymerase, e.g., R1626, R7128 (R4048), IDXI84,
1DX-102, P81-7851, BCX-4678, valopicitabine (NM-283), and MK-0608,  57) non-nucleoside inhibitors of
EC/ NS5B polymerase,filibm (PE- 868554), ABT-333, JOT-072, B1-207127, VC.11-759, VCH-916,
JTK-652, K-3281, VBY-708, VCH-222, A848837, ANA-598, GL60667, GL59728, A-63890, A-48773,
A-48547, BC-2329, VCI-1-796 (nesbuvir), GSK625433, B1LN-1941, xTL-2125, and GS-9190, 108)
IICNINS5A inhibitors, e.g."AZD-2836 (A-831), AZD-7295 (A-689), and BMS-790052,         9) TLR-7
agonists, 6,5 niquimod, 852A, OS-9524, ANA-773,2- 'A-975, AZD-8848 (DSP-3025), PE-04878691, and
SM-360320,         10) cyclophillin inhibitors, e.g., DEBIO-025, SCY-635, and NIM811,         11) HCV [RES
inhibitors, e.g., MCI-Go?,         12) pharmacokinelic enhancers, tg.. BAS-100, SP1-452, PF-4194477,
TVIC41629, GS-9350, GS-9585, and roxythromycin,         13) other drugs for treating HCV, e.g., thymosin
alpha 1 (Zadaxin), nitazosanicht (Althea, NTZ), BIVN-401 (virostat), PYN- 17 (altirex), KPE02003002,
20actilon (CPG-10101), GS-9525, KRN-7000, civacir, GI-5005, XTL-6865, B1T225, PTX-111,1TX2865,
TT-033i, ANA 971, NOV-205, tarvaein, EHC-18, VG:X-410C, EMZ-702, AV14065, BMS-650032,
BMS-791325, Bavituximab, MDX-1106 (ONO-4538), Oglutanide, FK-788, and VX-497 (merimcpodits)
14) inevalonate decarboxylase antagonists, e.g., statins, 1-1MGCoA synthase inhibitors (e.g.,
hymeglusin), squalene synthesis inhibitors (e.g., zaragozie acid);         15) angiotensin II receptor
antagonists, e.g., losartan, irbesartan, &mesas-tan, eandesartan, valsartan, telmisartan, eprosartan;
16) angiotensin-converting enzyme inhibitors,eaptopril, zorenopril, enalapnl. ramipril, quinapril,
perindopril, lisinopril, benazepril, losinopril; 



307) other anti-Ebrotie agents, e.g., amiloride and 18) endothelia antagonists, e.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
present invention, or a pharmaceutically acceptable salt, solvate, or ester thereof; and  WO
2011/035231PCI7US2010/049471 b)a second pharmaceutical composition comprising at least one
additional therapeutic agent selected from the group consisting of HIV protease inhibiting compounds,
HIV non-nucleoside inhibitors of reverse transcriptase. I-11V nucleoside inhibitors of reverse
transcriptase, H1V nucleotide inhibitors of reverse transcriptase, HIV integrase inhibitors; gp4 I inhibitors,
CXCR4 inhibitors, 0120 10inhibitors, CCR5 inhibitors, interferons, ribavirin analogs, TVS3 protease
inhibitors, NS5a inhibitors, alpha-glueosidase I inhibitors, eyelophilin inhibitors, hepatoprotectants,
non-nucleoside inhibitors of HCV, and other drugs for treating IICV, and combinations thereof
Combinations of the compounds of Formula 1-111 and additional active 15therapeutic agents may be
selected to treat patients infected with HCV and other conditions such as HIV infections. Accordingly, the
compounds of Formula FITT may be combined with one or more compounds useful in treating Tit V, for
example HIV protease inhibiting compounds, H1V non-nucleoside inhibitors of reverse transcriptase, HIV
nucleoside inhibitors of reverse transcriptase, 1-1IV nucleotide. 20inhibitors of reverse transcriptase, 14W
integrase inhibitors, 041 inhibitors, CXCR4 inhibitors, gp120 inhibitors, CCR5 inhibitors; interfcrons,
rthavitin analogs, NS3 protease inhibitors, NS5a inhibitors, alpha-glucosidase 1 inhibitors, cyclophilin
inhibitors, Impatoproiectants, non-nucleoside inhibitors of MC V. and other drugs for treating FICTV. 



25More specifically, one or more compounds of the present invention may be combined with one or more
compounds selected from the group consisting of I) ETV protease inhibitors, e.g., amprenayir, atazanavir,
fosamprenavir, indinavir, lop navir, ritonavir, lopinavir + ritonayir, nelfinavir, saquinayir, tipranavir,
brccanavir, darunavir, TNIC-126, TIvIC- 114, mozenavir (DMP-450), JE-2147 (AC 1776), 30 AG 1859,
DG35, L-756423, R00334649, KNT-272, DPC-68I, DPC-684, and GW640385X, DC117, PPE-100, 2) a
HIV non-nucleoside inhibitor of reverse transcriptase, e.g., capravirine, cmivirine, delaviridine, efavirenz,
nevirapine, calanolidc A, etravirine, GW5634, DPC-083, DPC-961, DPC-963, MIV-150, and TIvIC-120;
IMC-278 (rilpivirine), efavirenz, BILR 355 BS, VRX 840773, UK- 35453,061, RDFA806, 3) a HIV
nucleoside inhibitor of reverse transcriptase, e.g.,  zidovadit e, emtricitabine, didanosine, stavudine,
zalcitabine, lambrudine, abacavir, arodoicovir, elvueitabine, alovadine. MIV-210, racivir (-FTC),
D-(14417C, emtrieitabine, phrisphazide, fozivudine tidoxil, fosahrudinc tidoxil, aprieitibine (AVX754),
amdoxovir, KP-1461, abaeavir + lamivudine, abacavir + lamivudine + zidovudinc, zidovudine lamivudine,
4) a WV nucleotide inhibitor of reverse 10transcriptase, e.g., tenofovir, tenofovir disoproxil fumarate +
emtricitabine, tenothvir disoproxil fumarate + emtricitabine + efavirenz, and adefovir, 5) a MV integrase
inhibitor, e.g., curcumin, derivatives of eureumin, ehicoric acid, derivatives of chieoric acid,
3,5-dieaffeoyiquinic acid, derivatives of 3,5-dieaffeoylithinic acid, aurintricarboxylic acid, derivatives of
aurintriearboxylic acid, caffeic acid phenethyl 15ester, derivatives of caffeic acid phenethyl ester,
tyrphostin, derivatives of tyrphostin, macrectin, derivatives of quercetin, S-1360, zintevir ,AR-1 77),
L-870812, and L870810. MK-0518 (raltegavir), BMS-707035, MK-2048, BA-011, 13MS-538158,
GSK364735C, 6) a gp41 inhibitor, e.g., enfuvididc, sifuvirtide, FB006M, TR1-1144, SPC3, DES6, Locus
gp41, CovX, and REP 9, 7) a CXCR4 inhibitor, e.g.; AMD-070, 20 an entry inhibitor, e.g., SPO1A,
TNX-355, 9) a gp120 inhibitor, e.g., BMS-488043 and BlockAide/CR, 10) a G6PD and NADH-oxidase
inhibitor, e.g., inimunitin, 10) a (.'CRS inhibitor, e.g., aplaviroc, vicriviroc, INC139471, PRO-140,
INCB15050, PE-232798, CCR5mAb004, and maraviroe, 11) an interferon, e.g., pegylated FIFN-alpha 2b,
pegylated FERN-alpha 2a, HEN-alpha 2b, ITN alpha-2b XL, rIFN-alpha 2a, 75consensus TENalpha,
infergen, rebif, locteron, AVI-005, PEG-infergen, pegylated !RN-beta, oral interferon alpha, feron,
reaferon, intermax alpha, r-IFN-beta, infergen actimmUnO, 1EN-omega with DIEROS, and albuferon, 12)
ribavirin analogs, e.g., Febetol, copegus, VX-497, and viramidine (taribavirin) 13) NS5a inhibitors, e.g.,
831, A-689 and BMS-790052, 14) NS5b polymerase inhibitors, e.g., NIVE283, 30valopicitabine, R1626,
PSI-6 [30 (R1656), 1DX184, P81-785 I, HCV-796, B1LB 1941, 



MK-0608, NM-107, R7128, VCH-759, PF-868554, GSK625433, and XTE-2125, 15) NS3 protease
inhibitors, e.g., SCH-503034 (SC11-7), VX-950 (Telaprevir), nmN191, and B1LN-2065, 16)
alpha-gtheosidase 1 inhibitors, e.g., MX-3253 (celgosivir) and UT-231B, 17) hepatoprotectants, e.g.,
1DN-6556, ME 3738, MitoQ, and LB- 3584451, 18) non-nucleoside inhibitors of EICV, c.g., henzimidazole
derivatives, benzo-   1,2,4-thiadiazine derivatives, and phenylalanine derivatives, 19) other drugs for
treating IICV, ng.. zadaxin, nitazoxanide (alinea), BIVN-401 (virostal), DEB10-025, VOX-410C, EMZ-702,
AVI 4065, bavituximab, oglulanide, PYN-17, KTE02003002, actil(n (CPG-10101), KRN-7000, civacir,
GI-5005, ANA-975, XTL-6865, ANA 971, NOV-205, tarvacin, ElIC-18, and NIN1811, 19) pharmaeokinetic
enhancers, e.g., 10BAS-100 and SP1452, 20)RNA.sc H inhibitors, e.g., ODN-93 and ODN-112, 21) other
anti-111V agents, e.g., VGV-1, PA-457 (bevirimat), ampligen, HPG214, polymun, VGX-410, RID247,
AMZ 0026, CYT 99007, A-221 HIV, BAY 50-4798, MaX010 (iplimumab), P88119, ALG889, and
PA-1050040. it is also possible to combine any compound of the invention with one or more 15other
active therapeutic agents in a unitary dosage form tbr simultaneous or sequential administration to a
patient. The combination therapy may be administered as a simultaneous or sequential regimen. When
administered sequentially, the combination may he administered in two or more administrations.
Co-administration of a compound of the invention with one or more other active therapeutic agents
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 of the 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 30unit 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 he 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 administration of a unit dose of one
or inure other active therapeutic agents. In other  



cases, it may be desirable to administer a unit dose of one or more other active therapeutic agents first,
followed, after a period of hours (e.g., 1-12 hours), by administration of a unit dose of a compound of the
invention.      The combination therapy may provide "synergy" and "synergistic", i.e. the effect achieved
when the active ingredients used together is greater than the sum of .10the effects that results from using
the compounds separately. A synergistic effect inay be attained when the active ingredients are: I)
co-formulated and administered or delivered simultaneously in a combined formulation; (2) delivered by
alternation or in parallel as separate formulations; or (3) by some other regimen. When delivered in
alternation therapy, a synergistic, effect may be attained when the compounds are 15administered or
delivered sequentially, e.g. in separate tablets, pills or capsules, or by different injections in separate
syringes. In general, during alternation therapy, an effective dosage of each active ingredient is
administered sequentially, i.e. serially, whereas in combination therapy, effective dosages of two or more
active ingredients are administered together. A synergistic anti-viral effect denotes an antiviral effect
which is greater than the predicted purely additive effects of the individual compounds of the combination.
In still yet another embodiment, the present application provides for methods of inhibiting FICA/
polymerase in a cell, comprising: contacting a cell infected with LICA/ with an effective amount of a
compound of Formula I-III, or a pharmaceutically 25acceptable salt, solvate, andlor ester thereof whereby
FICA/ polymerase is inhibited.       In still yet another embodiment, the present application provides tor
methods of inhibiting MCA/ polymerase in a cell, comprising: contacting a cell infected with IICV with an
effective amount of a compound of Formula 1-111, or a pharmaceutically acceptable salt, solvate, and/or
ester thereof and at least one additional active 30therapeutic agent, whereby FICV polyrnerase is
inhibited.       In still yet another embodiment, the present application provides for methods of nhihiting
ITCV polymerase in a cell, comprising: contacting a cell infected with HO/ with an effective amount of a
compound of Formulaor a pharmaceutically acceptable salt, solvate, and/or ester thereof, and at least
one additional active 35therapeutic agent selected from the group consisting of one or more interferons,
irin or its analogs, HCV NS3 protease inhibitors, NS5a inhibitors, alphaglucosidase I inhibitors,
bepatoprotectants, mevalonate deearboxylase antagonists, antagonists of the renimangiotensin system,
other anti-fibrotic agents, endothelin antagonists, nucleoside or nucleotide inhibitors of HCV NS5B
polymerase, non-nucleoside inhibitors of HCV NS513 polymerase, HCV NS5A inhibitors, TILR-7
10agonists,inhibitors, HCV TRES inhibitors, pharmacokinetic enhancers 



and other drags for treating FICV; or mixtures thereof.       In still yet another einbediment, the present
application provides for methods of treating HCV in a patient, comprising: administering to the patient a
therapeutically effective amount of a compound of Formula I-Ed, or a ph:am/accent:ally acceptable
:15salt, solvate, amPor ester thereof.       In still yet another embodiment, the present application provides
for methods of treating HCV in a patient, comprising: administering to the patient a therapeutically
effective amount of a compound of Formula I-TI!, or a pharmaceutically acceptable salt, solvate, and/or
ester thereof, and at least one additional active therapeutic agent, 20whereby HCV polymerase is
inhibited.       In still yet another embodiment, the present application provides for methods of treating
HCV in a patient, comprising: administering to the patient a therapeutically effective amount of a
compound of Formulaor a pharmaceutically acceptable salt, solvate, and/or ester thereof, and at least
one additional active therapeutic agent 25selected from the group consisting of one or more interferons,
ribavirin or its analogs, HCV N53 protease inhibitors, NS5a inhibitors, alpha-gincosidase I inhibitors,
Impatoproteetants, mevalonate decarboxylase antagonists, antagonists of the reit nangiotensin system,
other anti-fibrotic agents, endothelin antagonists, nucleoside or nucleotide inhibitors of TiCV N5513
polymerase, non-nucleoside inhibitors of HCV NS5B polymtintse, HCV NS5A inhibitors, ILR-7 agonists,
cyelophillin inhibitors, HCV 1RES inhibitors, pharmacokinetic enhancers and other drugs for treating IICV;
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,  and/or ester thereof,
for the preparation of a medicament for treating an HCV infection in a patient. Metabolites of the
Compounds of the Invention  Also falling within the scope of this invention arc the in vivo metabolic
products of the compounds described herein, to the extent such products arc novel and 10unobvious over
the prior art. Such products may result for example from the oxidation, reduction, hydrolysis, amidation,
esterification and the like of the administered compound, primarily due to enzymatic processes.
Accordingly, the invention includes novel and unobvious compounds produced by a process comprising
contacting a compound of this invention with a. mammal for a period of 



15time sufficient to yield a metabolic product thereof Such products typically are identified by preparing a
radtolabelled (e.g. 14C or 31-1) compound of the invention, administering it parenterally in a detectable
dose (e.g. greater than 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 3(1 seconds to 30 hours) and isolating its
20conversion products from the urine, blood or other biological samples. These products arc easily
isolated since they are labeled (others are isolated by the use of antibodies capable of binding epitopcs
surviving in the metabolite). The metabolite structures are determined in conventional fashion, e.g. by MS
or NAIR. analysis. In general, analysis of metabolites is done in the same way as conventional drug
25metabolism studies well-known to those skilled in the art. The conversion products, so long as they are
not otherwise found in viva, are useful in diagnostic assays for therapeutic dosing of the compounds of
the invention even if they possess no TICV polymerase inhibitory activity of their own. Recipes and
methods for determining stability of compounds in surrogate 30gastrointestinal secretions are known.
Compounds are defined herein as stable in the gastrointestinal tract wherc less than about 50 mole
percent of the protected groups are deprotected in surrogate intestinal or gastric juice upon incubation for
1 hour at 37C. Simply because the compounds are stable to the gastrointestinal tract does not mean that
they cannot be hydrolyzed in viva. The prodrutts of the invention typically  WO
2011/035231PC171152010/049471 5will be stable in the digestive system but may be substantially
hydrolyzed to the parental drug in the digestive lumen, liver or other metabolic organ, or within cells in
general. Exa mples J. 0        Certain abbreviations and acronyms are used in describing the experimental
details. Although most of these would be understood by one skilled in the art, Table I contains a list of
many of these abbreviations and acronyms.  15Table I. List of abbreviations and acronyms. 



AbbreviationMeaning  Ac20 BSA 1370 CDI DAB CO DBN DDQ DB1U DCA DCV DUNI DM AP DME
DMTCI DNB() DA1Tr  acetic anhydride bistimethylsilyljacciamide benzoyl chloride carbonyl thimidazoIc
,4-diazabicyclo[2.2.2loctime 1,5-diazabieycic[4.3.0]non-5-ene 2,3--dichloro-5,6-dicyano- I
,4-benzoquinone I,5-diazabicyclo[5.4.01unclec-5-ene dich]omacetamide dicyclohexvicarbodi nide
diehlommethane 4-dimethylamincrnyridine 1 ,2-dimethoxyethan e dimethoxytrityl chloride
dimethylsulfoxide 4. 4I-dimethoxytrityl   



107    Preparation of Compounds Compound 1    Ia lb  10To a suspension of
7-bromo-2,4-hisimethylsalfanyi-imidazo[2,1- 1111,2,41triazine (prepared according to W02008116064,
500 mg, 1.72 mmol) in anhydrous THF (5 mL) was dropwise added Buldi (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 la
(prepared according to WO 200631725, 675 mg, 1,81 mmol) and boron 15trifluoride etherate (2.40 mi.,
1.89 nuriol) in THE (5 mt..) was added dropwise to the mixture. After stirring for 2 h at -78 C, saturated
Nii4C1 was added to quench the reaction, The mixture was diluted with ethyl acetate; the organic layer
was washed with brine and concentrated in men, The residue was purified by silica gel column
chromatography (Et0Ae nexanes), affording lb as a rich yellow foam (650 mg, 67%). 1111 NMR (400
Ml-i-i, CDC13): S 8.13 (d, 211), 8,03 (d, 2H), 7.81 (d, lff), 7.59 (t,7.45 (m, 3F1), 736 (t, 2H), 6.40 (brs, Tr),
6.01 (cid, In), 4.78 (m, 21-1), 4.60 



(dd, 1H.), 168 (s, 31-1), 2.45 (s, 311), f62 (d,1917 NM R (376 MHz, CD03): 5- 167.5, MS - 585.1 M +).
WO 2011/035231PC,111.152010/049471           To a solution of lb (820 mg, 140 mine]) in
diehloromethane (20 niIi) were added boron trilluoride etherate (2 Mb) and tr ethylsilane (2 mL), and
stirred at room temperature for 16 h. Additional boron in fluoride etberate (1 mE) and triethylstlane mL)
were added, and stirred for 7 d. The mixture was diluted with 10dichloromethane 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 get column
chromatography (E(OAc hexanes), affording lc (605 mg, 76%), 1111 NMIR (400 MHz, CDCE): 5810 (d.J
7.2Hz, 2H), 8,00 (d, - 7.2 Hz, 2H), 7.66 (s, 1H), 7.61 15 7,2 Hz, tH), 7.53 (E J 7.2 Hz, 114)" 7.46 (t"/ = 7.2
Hz, 211), 7.38 J-- 7.2 iz, 211), 5.78 (m, 2H), 4.80 (dd, H), 4,68 (m, H), 4.60 (cid, 1H), 2.68 (s, 3H), 2.63 (s,
3E), 1.32 (d, 311). 19ENMR ($76 MHz, CDC13): 6 -149.9, MS = 569.1 (M    IcId 70Compound lc (635 mg,
1.12 mmol) was placed in a steel bomb reactor. Liquid ammonia (-30 mL) was charged and the bomb
reactor was tightly scaled. The mixture was stirred at 50 (11 for 16 h. After cooling to room temperature,
ammonia was evaporated and the solid residue was dissolved in UHF (10 niL) and Me0I-1 (10 mt.).
Sodium ethoxide (25% wt. 0.63 inf.) was added and stirred at 60 C. for 40 min. 



75The mixture was neutralized with Ac01-1 and concentrated. The resisue was purified  WO
2011/035231PCT/US2010/049471 5by RP HPLC, affording the product Id (175 mg, 48%). 1H NMR (4(10
MHz, DM80- d6): 3 8.21 (hrs, 21-1), 7.60 (s, H), 5.45 ('ors, 111), 5.43 (d, 11-1), 4.91 (t, 114), 3.92 (m,
11-1). 3.76 (in, 2f-1), 3,57 (in, H), 2.44 (s, 3H), 1.09 (d, 3H). 111F MAR (376 MHz, DMSO-d6): -153.5. MS
= 330.1 (M H NH2 -N, HO, \r ir MOP BA NH, _cxtr:_( \ / HO E  



CH2Cl2   10Idle        To a solution of Id (175 111 a, 0.53 mmol) in dichloromelhane (11 miL) was added
MCPBA (370 mg, -- 1.5 mmol) and stirred at room temperature for 16 h. The mixture was concentrated,
affording crude le which was used for the next reaction without purification. MS = 362.0 (M    le1
Compound le (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 'IC 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). 114 NMR (400 MHz, D20): 67.31 (s, ff), 5.43
(d,1=25.2 Hz, 111), 4.07 (cid, J=96 23,2, III), 3.89 (m, 1E), 3.83 (dd, .1=2,4, 12.8 Hz, ITI), 3.67 (dd. J4.8,
12.8 Hz, 1H), 1.05 (d, J= 22.8 Hz, MD. [91, NMR (376 MHz, D20): -153.5. MS = 299.2 (NI  25  WO
2011/035231PCT/1JS20111/049471 Compound 2   



Ho -FwaterHo 12 To a solution of compound 1 (82 nig, 0.28 limo in water (340 mt.) was added adenosine
deaminase (A5168 bovine spleen type IX from Sigma-Aldrich, 0.125 10Unit per mL of water) and stirred
at 37 r1C, 'for 4 h. The mixture was concentrated and purified by RP HPLC, affording compound 2 (56
me, 68%). H NMR (400 MHz, 020).d 7.35 (5, 111), 5.46 (d, I = 25.2 liz. 111), 4.08 (dd, I= 9.6, 22.6, 1H),
3.93 (in, 1H), 3.87 (dd. 1=24, 12.5 Hz, 1H), 3.71 (dc1,1= 4.5, 12.5 Hz, I H), 1.12(d, -di= 23.2 Hz, 3H). iQjN
MR (376 MHz, 020): (5 -153.4. MS = 300.2 (M 15 Compound 3 NIH2 NH2 tz''''''-'1.. --4,../ '',N  ii---151 _
r\.N 2 Bn151-`1Niiai //---N,Ntrj \. \ /OH BuLi, TIVISCI 



di-F,di RITI-IFBz la3b        To a suspension of 7-bromo-pyrrolo[2.1-11[1,2,4]tria; -4-ylamine (prepared
according to W02007056170, 2.13 g, 0 minor) in THF (20 nth) was added TN1SC1 20(2.66 mi., 21 mmoft
and stirred at room temperature for 16 h under argon. After cooling to -78 t, a solution of BuLi (1,6 M, 21
InL, 33 wino') in hexanes was added dropwise. The mixture was stirred for I h. at the same temperature.
A solution of la (prepared according to WO 200631725, 4.46 g, 12 =TIM) in ThIF (10 nil,) was then added.
After stirring for 2 h at -78 C, saturated ammonium chloride was added to 25quench the reaction. The
mixture was extracted with ethyl acetate. The organic  WO 2011/035231PCT/US2010/049471 extract was
concentrated'clew?. The residue was purified by silica gel chromatography (ethyl acetate! hexanes),
affording 3h as a yellow solid (1.6 g, 32%). MS = 507.1 (M 1-11). Alternative procedure for Compound 3h
using 1,2-bis- 10itchlorodimethyllsilanyllethane instead of chtorotrirnethylsitane        In a suspension of
7-bromo-pyrrolo[2,1-0[1,2,4]triazin-4-ylamine (500 mg, 2.35 mmol) in THE (6.5 riff) was added Bufii (1.6
Nil in hexanes, 1.6 mL) at -78 'C.. After 30 min., a solution of 1,2.-bis-RchlorodimothyOsilanyHethane
(538 mg, 2.4 ISmum!) in ITIF (1.2 riff) was added. After 45 'min., BuLi (1.6 naL) was added. After an
additional 30 min., Bull (1.5 riff) was added. After 30 inin., a solution of la (610 mg, 1.64 mmol) in TM; (2
mi.) was then added dropivise. The resulting mixture was stirred at -78C for 2 h under argon. Acetic acid
(0.7 -mi.) was added dropwise to quench the reaction, followed by addition of saturated ammonium
chloride. The 20mixture was extracted with ethyl acetate. The organic extract was concentrated in 



vacua. The residue was purified by silica gel chromatography (ethyl acetate! hexanes), affording 3b (320
mg, 40%). The starting la was also recovered (350 mg) from the chromatography.  VH2 0 0 atOH 0 F Bz
3b        To a solution of compound 3b (50 mg, 0.1 mmol) and TMSCT4 (67 ut, 0.5 namoll in acetonitrile
(2.0 mi.) at 0 "(12 was added TN4SCHT (91 ILL, 0.5 mmol). The reaction mixture was stirred at room
temperature for 1 in then at 65 c1C1 for 3 d. The 30reaction was quenched with saturated NaliCO3 at
room temperature, and diluted with  WO 2011/035231PCPUS2010/049471 5CH3CO2Et. The organic
phase was separated, washed with brine, dried over NasSO4, filtered and concentrated. The residue was
purified by RP-HPLC (acetonitrile water), to give the desired compound 3e (28 g, 54%). MS = 5161 (M 4
HI).   



3c3 10To a solution of 3c (56 mg, 0.11 mmol) in methanol (11 inL) was added ammonium hydroxide (28%
in water, 0.8 mi.) and stirred at room temperature for 16 h. The mixture was concentrated and the residue
was purified by RP HPLC (water / nectonitrile), affording compound 3 (20 mg, 60%). 1FI NMR (500 MHz,
D20): 6 7.88 (s, 11-1), 7.07 (d,11-1), 6.92 (d, 1H), 4.17 On, 210, 4.04 (dd. 111), 3.87 (dd, 1H), 1.15 (d,
153H). MS - 308.1 (h4 -i- Compound 4 NH? --/ Nk.0\,o,r). Bz'.N- \ __COH28% NH3 in water /  OH-ION
HO F 31,  4  20To a solution of compound 3b (60 mg, 0J2 numil) in methanol (0.5 m1.) was 



added ammonium hydroxide (28% in water, 0.5 mi..) and stirred at room temperature for 16 b. The
mixture was concentrated and the residue was purified by RP HPLC (water / aceionitrile), affording
compound 4 (25 mg, 70%). MS 299.1 (M 23 Compound 5  Ha 5       Compound 3b was converted to
compound 5a by a procedure similar to conversion of lb to le. Compound 5a was then converted to
compound 5 by a procedure similar to conversion of 3e to 3. 'H iNMIt (300 MHz, 0,0): 67.68 (s, H), 6.75
lid, J -- 4.5 Hz, 1110, 6.65 (d, J= 4.5 Hz, 1H), 5.65 (d, I= 25.2 Hz, 1W, 3.95 10(in, 311), 3.74 (dd, 1H),
0.98 (d, T -= 22.8 Hz, 31-11.F NIVIR (282 MHz, 0,0): 6 - 154.2. MS = 283.2 (M  H+). General procedure
for preparation of a nucleoside triphosphate: 15To a pear-shaped flask (5-15 mL) is charged with a
nucleoside (-20 mg). Trim ethyl phosphate (0.5-1.0 itaL) is added. The solution is cooled with ice-water
bath, POC13 (40-45 mg) is added and stirred at Olt until the reaction is complete (1 to 4 h; the reaction
progress is monitored by ion-exchange 'PLC; analytical samples are prepared by taking --3 uL of the
reaction mixture and diluting it with 1.0 M 20 12t3NI2CO3 (30-50 tiL)). A solution of pyrophosphate-8L3N
(250 mg) and Bu3N (90105 mg) in acetonitrile or DMF -1.5 raL) is then added. The mixture is stirred at 0
11C. for 0.3 to 2.5 h, and then the reaction is quenched with 1.0 M Et31\11-I2CO3 (-5 mt.). The resulting
mixture is stirred for additional 0.5-1 Ii while warming up to room  temperature. The mixture is
concentrated to dryness, re-dissolved in water (4 niL), and purified by ion exchange H PLC. The fractions
containing the desired product is concentrated to dryness, dissolved in water (-5 mL,), concentrated to
dryness, and again dissolved in water (--5 ml"). Nal-IC.03 (30-50 mg) is added and concentrated to
dryness. The residue is dissolved in water and concentrated to dryness again. This 10process is repeated
2-5 times. The residue is then subjected to C-18 HPLC 



purification, aftbrding the desired product as a sodium or salt. Alternatively, the crude reaction mixture is
subjected to C-18 HPLC first and then ion exchange HP LC purification to afford the desired product as a
triethylammonium salt. 15 Compound EPA          Compound TP-1 was prepared by the general method
using Compound 2 as starting material. IH bilviR (300 MHz, D20): 67.44 (s, Id), 5.45 (d,./ - 25.5 Hz, 1E1),
4.0-4.4 (in, 411), 3.05 (m, NCH2C113), 1,10 (m, NCH2C1P13 and 2l-C-CII3). 311) NN111 (121.4 MIlz,
D20): 6-9.5 (thin 22.1 Hz), -11.0 (d,1- 19.9 Hz), -23.2 (t, -- 23.0 Hz). 19F MVIR (282 MHz, D20): 6-153.9.
Compound TP-2 9 9 9 OH OH OH Ha Ft N H2 N NtJ ''ON  TP-2         Compound TP-2 was prepared by
the general method using Compound 3 as starting material. IFl NMR (300 MHz, D20): 67.82 (s, 1H), 7 03
(d, 114), 6.90 (6, 1H), 4.1-4.4 (m, 41f), 3.05 (in, NCH2C1-R), 1.10 (in, NCH2C113 and 21-C-C113).3111'
NMR (121.4 MHz, D22): 6-10.7 (d,,..(= 19.5 Hz), -11.3J.= 19.8 Hz), -23.1 (t"J= 



19.8 Hz). 10 Compound TP-3 o(RIti? , OH OH OH    ,  HO -F TP-3             Compound TP-3 was prepared
by the general method using Compound 5 as 15starting material. IHNMR (3()0 MHz, D20): 67.73 (s, 1 H).
6.87 (d, 1H), 6.82 (d, 1H), 5.71 (d, J= 24.6 Hz, 111),(m, 411), 3.05 (m, NCH2CH3), 1.14 (in, NCI-12013),
1.00 (c1"/ 22.8 11z, 311,21-C-013). 3IP NMR (121.4 MHz, D20): 6-8.] ((L./ - 22.1 Hz), -11,1 (d, J19.9 Hz),
-22.7 (t, - 23.0 IL). '911! INNIR (282 MHz, D20): 6 -155.6. MS - 520.9 (NI H 



General procedure for preparation of a nucleoside prodrup, (Method A):   R8 x x2- N ----R  , 1 H-letrazole
R8    



.X1 I  0  X2   0,11  ?? N 0 P-0 0 -N  0 



A        To a solution of a nucleoside (0.1 nunol) in trimethylphosphite (1.0 mid are added /H-tetrazole (42
mg, 0.6 minol) followed by addition of 2,2-dimethyl- thiopropionic acid S-(2-
(ditsopropylamino12-(2,2-dimethyl-propionylsullanylf ethoxyll-phosphanylox yl -ethyl) ester (prepared
according to J. Med.. Chem., 1985 38, 103941.90 mg, 0.2 mmol) at 0 t. After stirring for 2 h, 30%
hydrogen peroxide in HAD (140 ,tiL) was added to the mixture. The mixture- was then allowed to warm up
to room temperature. After 30 min stirring, 1 M Na?S203 in 1-120(5 mL) was added to quench the
reaction. The organic layer was washed with saturated aqueous Na2CO3, (10 mL x 2), brine,
concentrated in vaeuo. The residue was purified by RP-HPLC 15(MeCN-1120 gradient) to afford a
prodrug A. Compound A-1 0  Ho A-1 NH2  



Compound A4 was prepared by Method A using compound 1 as starting material. 'H NMR (400 MHz,
CDC13): 6 7.42 (5, 1111, 5.47 (d,./ = 26.4 Hz, 11-0, 4.95 (hrs. 211), 4.59 (in, 2I-1), 4.35 (n, 1H, 4"-}4),
4.18 (in, 2H, 51-H), 4.10 (in, 41-1), 3.13 (n, 4f-1), 1.24 (d, 3H), 1.22 (s, 9H), 1.19 (d, 911). 31P NIYIR
(161.9 MHz, CDC:b.): 6 - 1.26. MS =667.1 (M H). 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. Scheme 1 0 IIRY 0 Ara R -CI+H2N
oi')(0"-R  0 ArO-P-C1 NH Rxr't     19a19b19c 



R8 .X1/ Are, ilfX2-------.N .0 \ \/ --N ,..-  19cR7/,.----Nv i-i'' Ft'  .----0 /..\ RR:4'7-122  The general procedure
comprises the reaction of an amino acid ester salt 19b,      e.g., H(1.1 salt, with an aryl dichlorophosphate
19a in the presence of about two to ten 20equivalents of a suitable base to give the phospheramidate196.
Suitable bases include, hut arc not limited to, imidazoles, pyridines such as lutidinc and DMAP,  WO
20111035231PCT/US20111/049471 5tertiary amines such as triethylamine and DABCO" and substituted
anticlines such as 



DBN and DBU. Tertiary amities are particularly preferred. Preferably, the product of each step is used
directly in the subsequent steps without recrystallization or chromatography. Specific, but non-limiting,
examples of 1%, 191), and 19e can be found in WO 2006/121820 that is hereby incorporated by
reference in its entirety. A 10nucleoside base 19d reacts with the phosphoramidate 19e in the presence of
a suitable base. Suitable bases include, but are not limited to, imidazoles, pyridines such as lutidine and
DMAP, tertiary amities such as triethylamine and DABCO, and substituted amidines such as DBN and
DBU. The product B may be isolated by rccrystallization and/or chromatography. 15 Compound B-I NH2
ink11IN HN-P  0/ ''CN %N.2.j 1 41/H / \ B-1 Phenyl elboxyalaninyl phosphorochloriclate (124 mg, 0.42
tumuli prepared according to McGuigan et al, J. Med (Them. 1993, 36, 1048 1052) was added to a
mixture of Compound 3 (20 tug, 0.065 annot) and ./Vanethylimidazolc (42 uL, 0.52 mmol) in anhydrous
trirnethyl phosphate (0.8 mil.). 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
FIPLC and then by silica gel column chromatography (100% ethyl acetate), affording compound 8-1 (10
mg, 27%). 3P NMR (121.4 MHz, CDCD): 3.42, 3.77. MS -= 563,0 114), 561.0 (M 30 Compound B-2  CI
B-2       About 3.1 mmoi of 4-eldoroplutinyl 2-propyl xyalaninyi phosphomehloridate (prepared according
to McGuigan et al. J. hied. Chem. 1993, 36, 1048-1052) is added to a mixture of about 0.5 myna' of
Compound 3 and about 3.8 mmol ofhl- 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 I-IPLC: to give compound 11-2. Compound B-3 NH2    B-3            Compound B-3 was
obtained by a similar procedure used for compound B-1. 20NNTIZ ([21.4 MHz, CDC13): 6 -3.50, 3.76. MS
= 577.21M Compound 8-4                     114F12 0 11:\\II N 45 



/  Ha..FI: B-4  5        Compound B-4 was obtained by a similar procedure used for compound B-1. 31P
NMR (162 MHz, CD30D). 62.2. MS = 633.4 (M +117). 10 Compound 8-5  NH2 o\ H b HOF  11-5
Compound B-5 was obtained by a similar procedure used for compound B-4. 31P NMR (162 MHz,
CDC13): 6 4.15, 4.27. MS = 549.3 (M + Fe). 15 Compound B-6 



NW \N 0 H 6 HO B-6               Compound B-6 was obtained by a similar procedure used for compound
Bd. 2033P NMR (162 MHz, CDC13): 6 3.50, 4.07. MS = 613.1 (M fry Compound 8-7    5  Ho    11-7  



Compound B-7 was obtained by a similar procedure used for compound B-1,  using compound 5 as
parent nucleoside. 31P N (162 MHz, CDC13): 8 3.37, 3.97. 10 MS = 538 1 (M -r`).    Compound B-8    .0
0 H0 A\HOF 



B-8       Compound B-8 was obtained bya similar procedure used for compound B-1, using compound 5
as parent nucleoside.NJMR (162 MHz, CDC13): 6 3.69, 4.39. MS = 588.1 int, Hi. 20Alternative procedure
for preparation of a nucleoside prodrug, (Method C): := O H0 NO2 C-1a  WO
2011/035231PCT/1S2010/049471 5Into a flask containing ethyl L-valine hydrochloride (2.5 g, 13.8 mmoL,
I equiv.) was added CH2C12 (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 mmoL, 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 2;, 13.8 mmoL, 101 equiv.) was added to the reaction mixture followed by addition of
more TEA (3.8 mL, 13,8 mmoL, I equiv.) over five minutes. The reaction was allowed to warm up arid
proceed for another two hours. The reaction was concentrated in vactio and taken up in diethyl ether
(20(1 inL). The insoluble salts were filtered off and the filtrate concentrated in yang. Flash column
chromatography was carried out using 4/1 Hex / Et0Ac to furnish a clear oil as C-la.    NNIR (400 MHz,
CDCF): d 8.21 (s, 2 H), 7.41 --- 7.20 (in, 7 H), 4.22 -4.05 (n, 3 H), 2.46 (s, 2 H), 1.99 (dd, .1 = 23.0, 20.1
Ilz, 2 1-1), 1.68 (s, 1 H), 1.20 1.05 frn, 8 Hl. 31P NN4R (162 MHz, CDCh): d -2.79 (dd"I = 28.0, 4.2 Hz).
LC MS na/z 422.99 [M H' ]. Compound C-I 



NH2 5 0 0  N HO-F  C-1 Into a flask containing compound 3 (70 mu, 0.21 minoL, 1 equiv.) was added
25THE (1 mL, 0,2 M) and NMP (1 mL, 0.2 M) before cooling to 0 nC., t-BuMgC1 (560    2,5 equiv., 1M
THF) was added slowly and allowed to stir for 5 minutes before the above phenolate C-la (207 mg, 0.46
mmoL, 2 equiv. dissolved in 500 pL of THE) 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
30vocuo. and the residue was purified by HPLC, affording Compound C-1,     NMR (400 MHz, CDC13) d
7.87 (s, 1 H), 7.24 --- 7.10 (m, 4 H), 7.03 (, - 7.2 Hz, 11-1). 6.81 id, J= 4.6 Hz, 1 H), 6.52 (d, J= 4.7 Hz, 1
H), 5.61 (s, 21]), 4.46 (id, J= 24.0, 11.4 Hz, 2 H), 4.33 - 4.14 (in, 2 1-1), 4.06 (d1, J= 7.2, 4.2 Hz, 2 H),
3.82 -- 3.70 fro, 1 Fp, 3.63 (t,J10,6 Hz, 2 H), 198 (s, I 1-1), 1.17 (cid,14.8, 7.6 Hz, 3 H), 0.82 (da,./ 22.8,
6.8 Hi, 6 H). 10NMR (162 MHz, (DC13): d 5.11. 11'F NMR (376 MHz, CDC13): d -152.28. LET MS m/7
591.21 [Me HH. 



\s o (1)"T INE1/16fr; -C1-'-C.1;11'" NO2 E Cz), 15C-2a       Compound C-2a was obtained in a procedure
similar to that exemplified for Compound C-la but using the methionine ester. H NMR (400 MHz. C13) d
8.19 (s, 27.44- 7.03 (in. 7 H), 4.11 (s, 2 H), 3.81           - 44.5 Hz, 11-1), 2.04 (s, 3 HI. 1.61 (s. 2 1-1), 1.21
(d,16.1 Hz, 2 Id), 1.01 -0.65 20(n, 4 H). 31p NMR (162 MHz, CDC)) d(1"/ = 12.9 Hz), LC N4S455.03 rrSit
Compound C-2 PNH2 ,//:--,',-.- aKX 7N 11----'N-V04:!, ___I 0 H 6 --CZ-1/-- N 



H \o- v,/  WO 2011/035231PCTIUS2010/049471 5C-2        Compound C-2 was obtained in a procedure
similar to that exemplified for Compound C-1 using Compound 3 and C-2a.    NMR (400 MHz, CDC1-31 d
7.96 (d, 1- 15.8 Hz, 113), 740-- 7.06 (m, 13H), 6.93 (d, J- 6.7 Hz, 11-4), 6.70 (s, 11-1), 5.98 (s, 1H), 4.54
(ride,/ = 21.6, 11.7 Hz, 2H), 4.32 (d,./ 12.0 Hz, 2H), 4,14 (dt,J= 13.0, 6.4 Hz, 4H), 2.44 (d,1 7.5 Hz, 211),
2,00(, J= 16.2 Liz, 5H), 1,89 (s, 2H), 1.35 1.13 (m, 7H). 3'P NMR (162 MHz, CDC13) d4.12, 3.58. 19F
NN4R (376 MHz, CDC:13) d -152,28 (s). LC MS rri/z 623.27 [M 4- 15 HN C-3a        Compound C-3a was
obtained in a procedure similar to that exemplified for Compound C-la but using a tryptophan ester.
20'FINMR (400 MHz, CDC:13) d 8.18 - 8.03 (m, 3 H), 7.29 7.08 (m, 8 H), 7.36 - 6.98 (in, 3 H), 4.41 -4.11
(r, 1 14), 4.15 - 3.95 en 2 H), 3.68 -3.80 (m, 1 H), 3.33 3.04 (m, 2 H), .06-1.17 (m, 3 41). 313 N MR (162
MHz, CDC13) d -2.87, -2.99. 



LC MS rn/z 510.03 [M Compound C-3  1 HN -0 - H 0 N 1-10 C-3        Compound C-3 was obtained in a
procedure similar to that exemplified for Compound C-1 using Compound 3 and C-3a. 103H NMR (400
MHz, CDC13) d 8.27 (s, 1H), 7.84 (s, 1H), 7.47H), 7.36 - 6.77 (m, 11 H), 6.57 (s, 1 11), 4.40- 3.96 (m, 6
H), 3.20 (s, 4 H), 2.60 (s, 1H), 1.30 - 1.04 (in, 6 11). 3IP NMR (162 MHz, CDC13) d 4.02, 3.75 ?l?E' NAIR
(376 MHz. CDC13) d -152.13. 15 LC MS miz 678.32 LM  HI. 0 



01-1 6\L.ziwcj2 C-4a              Compound C-4a was obtained in a procedure similar to that e emplified for
20Compound C-la by substituting the pheriy1alanine ester. 11-1 NMR (400 MHz, CDC13) d 8.15 (t, 3=
8,7 Hz, 2H), 7.43 -- 7.11 (rn, 10 a), 7.04 (cidd";--- 11.4. 6.7, 2.9 flz. 2 H), 4.32 (ddd, 15.3, 11.3, 6.1 Hz, 4
H), 415-- 3.99 (in, 7 H), 3.74 (id,/ 11,0, 5.0 Hz, 8 H), 101 (d, J5.7 Hz, 2 H), 1.17 (td, J = 7.1, 5.2 Hz, 2 Ft).
3'P MAR (162 MHz, CDC1i) d -2.97, -2.99.  LC MS m.z 471.03 [NI + Compound C-4 NH2 N b H 1,x HO
10C-4        Compound C-4 was obtained in a procedure similar to that exemplified for Compound C-1
using Compound 3 and C-4a,    ICNIK (400 MHz, CDC13) d 7,92 (d,J- 13.2 Hz, 111), 7.46-- 6.97 (in,
1711), 6.91 (s, 114), 6.75 is, 111). 4.10 (dd, J- 29.6, 19.2 Hz, 81-0, 2.97 (s, 314), 1.32-- 1.05 Om 711).
31P NIVIR (162 MHz, CDC13) d 5.11 IQF NMI: (376 MHz, CDC13) d -152.34 (s). 



LC MS miz 639.24 [M Hi. 20 ' 0 0 IN-P-.\ , P /-/\ a/  C-5a        Compound C-Sa was obtained in a
procedure similar to that exemplified fbr Compound C-la but using the proline ester. 11118MR (400 MHz,
CDC13) d 8.20 (d, J= 7.8 Hz, 2 H.), 7.45-- 7.08 (in, 7 ff), 4.37 25(td, J= 8.0, 3.8 Hz, 2 H), 4.17 - 3.98 Om 2
Ill. 3.61 -3.34 (in. 2 H), 2.21 -- 1.77 on 3 H), 1.19 (,td,J= 7.1, 3.8 Hz, 3 H).  WO
2011/035231PCT/US20111/049171 31P NMR (162 MHz, CDCII)3.92, -3.96. 



LC MS nalz 420.98 [M Compound C-5  NH2 9 o -i         \ Hd    C-5        Compound C-5 was obtained in a
procedure similar o that en plified for Compound C-1 using Compound 3 und C-Sa. TH MAR (400 MHz,
CDCI3) d 7.95 (d, J--- 4.5 Hz. I 14), 7,39 - 7.10 (in, 411), 6.92 15 (di, 16.0, 4.6 Hz, 1 H), 6.69 (s, 1H), 6.03
(bs, 2 II), 4.46 - 4.36 On, 1 EH, 4.36 - 3.96 (in, 4 H), 3.37 (d, .J 58.9 Hz, 2 II), 2.26 - 1.66 (in, 4 H), 1.39-
1.12 (in, 8 H). j'P NM:R(162 MHz, CDC%) d 3.47, 2.75. 19F NA4P, (376 MHz, CDC13) d -152.36. LC MS
m/z 589.14 [M 20 \ 



0:0       N-P.- 0H HC1, C-6             Compound C-6 was obtained in a procedure similar to that exeiiipli lied
for 25Compound C-I1 using Compound 3 and the sal phone analog of C-la.  11-1 NMR (400 MHz,
CDC13) d 7.93 (5,1 H), 7.89 (s, 1 E), 7.35-- 7.01 (m, 5 H), 6.93 (d. 1= 2.8 Hz, 1 1-1), 6.58 (d"1= 2.8 Hz,
11-1), 5.79 (bs, 2 H), 4.30 (s, 6 11), 4.11 (d, = 7.0 Hz, 6H), 310 - 2.84 (m, 3 F), 2.75 (s, 3 11), 2.54 (s, 6
1-1), 1.31 -1.15 (in 6 14). 3IP MAR (162 MHz, CDC13) d 3.39, 3.33. 19- 1" NIMR (376 MHz, CDC13) d
-152.40 LE MS ITI/Z 655.24 [Tvl + H1]. Compound 6 NH, \N HO0 N CH3OH NH2 N 



N HO fr HO AGOH   46       Compound 4 (about 0.04 mmol) and anhydrous Me011: (about 5 roL) is
treated with acetic acid (about 5 m.1) and the reaction is stirred overnight at room temperature. Saturated
Nal1CO3 is added to neutralize the reaction mixture and the crude material is purified using a HPLC
system (acetonitrile-1120) to give 6. Compound 7    3b7 25To a dry, argon :Turged round bottom flask (50
mt.) is added compound 3b (about 0.39 mmol) and anhydrous dichlotomethane (about 10 m1.). The flask
is  5placed into a dry tee/acetone bath-78 C) and the solution is stirred for about 10 min. BF3-EtiO (about
0.10 mL) is added dropwise and the reaction is stirred fin about 10 min. AlMe3 (about 1.16 minol, 2.0 M in
toluene) is then added. After a few 



minutes, the dry ice/acetone bath is removed and the reaction mixture is stirred at room temperature to
about 45 C over about 4 h to about 4 d. A solution of pyridine 10(about 2 mL) in Me0H (about 10 mL) is
added and the solvent is removed under reduced pressure. The crude material is purified by
chromatography and is treated with ammonium hydroxide in mthanot fbr about 16 h at about room
temperature The tnixtue is concentrated and the residue is purified by HPLC to give 7. IS Compound 8
Raney Ni (about 500 mg) is neutralized by washing with 1-170, and added to a 20solution 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 HPLE to give 8. Compound. NH2 0 1-10-P-0--\ 0 (5H1.CN No
-F  WO 2011/035231PCMIS2010/049471 



59        Into a flask containing Compound 3 (120 mg, 0.39 inmoL, 1 equiv.) was added P0(0Tvie): (1.5
rnL, 0.25 M) and cooled to 0 "C. befi)re adding POC13 (125 pL, 1/37 mmoL, 3.5 equiv.). The reaction
mixture was allowed to stir for 5 hr before the reaction was quenched with water. ft was directly purified by
HPLC to furnish the I 0 monophosphate Compound 9. LC MS m/z 387.95 [M  H*1. Compound 10 HO F 0
1510 Into a flask containing Compound 9 (30 tug, 0.078 mmoL, 1 equiv.) was added NIVIP (0.8 mL, 0.1
M) followed by addition of TEA (43 pL, 0.31 mmoL, 4 equiv.). tetrabutylammonium bromide (25 mg, 0.078
mmoL, I equiv.) before adding chloromethylisopropyl carbonate (60 pL, 0.38 mmoL. 5 equiv.). The
reaction 20mixture was heated to 50 (1(3 and allowed to stir overnight, it was purified directly by HPLC,
affording Compound 10.    NMR (400 MHz, CDC13) d 7.980, 1 H), 7.01 (d, - 4.7 Hz, 1 LI), 6.72 ((1"/ = 4.7
Hz, 1 T-1), 6.04 (bs, 2 H), 5.74 - 5.61 (m, 4 H), 4.91 (ddt, 1= 12.6; 9.4, 6.3 Hz, 2 H), 4.64 -- 4.28 (m, 4 14),
1.37 --- !.I9 (m, 1511). 253IP NMR (162 MHz, CDC13) d 4.06, 19F N1VIR (376 Mllz, CDC110 d -76.58;
-151.95 TEA salt. LC MS ni/z 620.03[M -1- Ht]. 



Compound 11  NH2 N 0 H 0        A so[ution of Compound 13-2 in DN4S0 is treated with about 3 mole
equivalents of potassium t-butoxide for about 15 min to 24 hours. The reaction is quenched with IN HCI
and Compound 11 is isolated by reverse-phase IIPLC. Compound 12    lb12a Raney Ni    



1212b Compound lb (about 1 mmol) is placed in a steel bomb reactor. The reactor 15is charged with
liquid ammonia (about 30 mit) and the mixture is stirred at about 0 to 50 IV 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 is neutralized by washing with H20. The mixture is
then  WO 2011/035231PC1/US2010/049471 5heated to about 35 to about 30C until the reaction is
complete. The catalyst is removed by filtration and the solution is concentrated in "acuo. The mixture is
concentrated and the residue is purified by HPLC to give 12b. To a solution of compound 12b (about 50
mg) and TIvISCN (about 0.5 mnaol) in acetonitrile (about 10 int,) at about 0C is added TIVISOTf (about
0.5 minol) The reaction mixture is  10 stirred at room temperature for about I. Ii, then at 65 t for about 3 d.
The reaction is quenched with saturated Na1-ICO3 at room temperature, and diluted with (11-13CO2Et.
The organic phase was separated, washed with brine, dried over Na2SO4, filtered and concentrated. The
residue is purified by RP-11PLC then dissolved in methanol (about 1 mL). Ammonium hydroxide (28% in
water, about 0.8 raL) is added and the 15mixture 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 NNH2
HO,nii\>---,( N 'CN 



Hid-F 2013       Compound 13 is prepared in the same manner as Compound 9 ash Compound 12 as a
starting material. Compound 14  NH2 N, 250 14       Compound 14 is 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  WO 2011/035231PCT/1iS2010/049471 5about 24 hours Compound 14 is isolated by conventional
ion exchange and reverse- phase HPLC. Compound 15 NH2 'N ,P 



  151 

What is claimed is 

1. A compound of Formula I:  

 

or a pharmaceutically acceptable salt, thereof; 

wherein:  

R1 is (C1-C8)alkyl, (C4-C8)carbocyclylalkyl, (C1-C8)substituted alkyl, (C2-

C8)alkenyl, (C2-C8)substituted alkenyl, (C2-C8)alkynyl, (C2-C8)substituted alkynyl, or aryl(C1-

C8)alkyl; 

R2 is halogen; 

each R3, R4, or R5 is independently H, ORa, N(Ra)2, N3, CN, NO2, S(O)nR
a, 

halogen, (C1-C8)alkyl, (C4-C8)carbocyclylalkyl, (C1-C8)substituted alkyl, (C2-C8)alkenyl, (C2-

C8)substituted alkenyl, (C2-C8)alkynyl, (C2-C8)substituted alkynyl, or aryl(C1-C8)alkyl; 

or any two of R3, R4 or R5 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;     

R6 is H, ORa, N(Ra)2, N3, CN, NO2, S(O)nR
a, –C(=O)OR11, –C(= O)NR11R12, –

S(O)R11, –S(O)2R
11, –S(O)(OR11), –S(O)2(OR11), –SO–NR11R12, halogen, (C1-C8)alkyl, (C4-

0 1015        A solution of about 0.4 minol of Compound 14 in about 10 mL of ONE is treated with about
0.8 mmol of DEEA and about 0.8 mmol of chloromethyl isopropyl carbonate (W02007/027248). The
reaction is heated to about 25 to about 80C for about 15 min to about 24 hours. The solvent is removed
under vacuum and the 15residue is purified by HPLC to give Compound 15. Compound 16 NHDM-Fr 1
HO-,.1 \ Ha'F 16 attiCompound 3 (about 0.22 mmmol) is dissolved in anhydrous pyridine (about 2 mL)
and cblorotrimethyisilane (about 0.17is added. The mixture is stirred at about 0 to about 25 C for about
one to about 24 hours. Additional ehforotrimethylsilane (about 0.1 mL) is added and the reaction is stirred
for about one to about 24 hours. 4.41-Dimethoxytrityl chloride (about 0.66 inmol) 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 mt.) in THF is added and the reaction is stirred for about one to about
24 hours. The mixture is 
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C8)carbocyclylalkyl, (C1-C8)substituted alkyl, (C2-C8)alkenyl, (C2-C8)substituted alkenyl, (C2-

C8)alkynyl, (C2-C8)substituted alkynyl, or aryl(C1-C8)alkyl; 

each n is independently 0, 1, or 2; 

each Ra is independently H, (C1-C8)alkyl, (C2-C8)alkenyl, (C2-C8)alkynyl, 

aryl(C1-C8)alkyl, (C4-C8)carbocyclylalkyl, –C(=O)R11, –C(=O)OR11, –C(=O)NR11R12, –

C(=O)SR11, –S(O)R11, –S(O)2R
11, –S(O)(OR11), –S(O)2(OR11), or –SO2NR11R12; 

R7 is H, –C(=O)R11, –C(=O)OR11, –C(=O)NR11R12, –C(=O)SR11, –S(O)R11, –

S(O)2R
11, –S(O)(OR11), –S(O)2(OR11), –SO2NR11R12, or  

 

each Y or Y1 is, independently, O, S, NR, +N(O)(R), N(OR), +N(O)(OR), or N–

NR2; 

W1 and W2, when taken together, are –Y3(C(Ry)2)3Y
3–; 

or one of W1 or W2 together with either R3 or R4 is –Y3– and the other of W1 or 

W2 is Formula Ia; or W1 and W2 are each, independently, a group of the Formula Ia:  

 

wherein:  

partitioned between ethyl acetate and water. The ethyl acetate layer is dried and concentrated. The
residue is purified chromatography to afford Compound 16. Compound 17 Tr0-   0 \ 0 -P-0- NHDMTr N
"ON  0    Ho -F 1017 
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each Y2 is independently a bond, O, CR2, NR, +N(O)(R), N(OR), +N(O)(OR), N–

NR2, S, S–S, S(O), or S(O)2; 

each Y3 is independently O, S, or NR; 

M2 is 0, 1 or 2; 

each Rx is independently Ry or the formula:  

wherein:  

 

wherein:  

each M1a, M1c, and M1d is independently 0 or 1; 

M12c is 0, 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(=Y1)R, –C(=Y1)OR, –

C(=Y1)N(R)2, –N(R)2, –
+N(R)3, –SR, –S(O)R, –S(O)2R, –S(O)(OR), –S(O)2(OR), –OC(=Y1)R, –

OC(=Y1)OR, –OC(=Y1)(N(R)2), –SC(–Y1)R, –SC(=Y1)OR, –SC(=Y1)(N(R)2), –N(R)C(=Y1)R, 

–N(R)C(=Y1)OR, –N(R)C(=Y1)N(R)2, –SO2NR2, –CN, –N3, –NO2, –OR, or W3; or when taken 

together, two Ry on the same carbon atom form a carbocyclic ring of 3 to 7 carbon atoms; 

each R is independently H, (C1-C8) alkyl, (C1-C8) substituted alkyl, (C2-C8) 

alkenyl, (C2-C8) substituted alkenyl, (C2-C8) alkynyl, (C2-C8) substituted alkynyl, C6-C20 aryl, 

C6-C20 substituted aryl, C2-C20 heterocyclyl, C2-C20 substituted heterocyclyl, arylalkyl or 

substituted arylalkyl; 

A mixture of about 1.25 mmoi of Compound 16 and shout .9 romol of triethylammonium
242,2-dimethy1-3-Orityloxylpropanoy1thio)ethy1 phosphinate (W02008082601) is dissolved in anhydrous
pyridine (about 19 mi.). Pivaloyl chloride (about 2.5 mmol) is added dropwise at about -30 to about 0C
and the 15solution 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 TrOm NHDMTr 0 0-P -0-\ U NH\ Ho 18        To a solution of about 0.49 mmol of Compound
17 in anhydrous carbon tetrachloride (about 5 riaL) is added dropwise henzylamine (about 2.45 minot).
The 5reaction 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.  Compound 20 
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W3 is W4 or W5; W4 is R, –C(Y1)Ry, –C(Y1)W5, –SO2R
y, or –SO2W

5; and W5 is a 

carbocycle or a heterocycle wherein W5 is independently substituted with 0 to 3 Ry groups; 

each X1 or X2 is independently C–R10 or N; 

each R8 is halogen, NR11R12, N(R11)OR11, NR11NR11R12, N3, NO, NO2, CHO, 

CN, –CH(=NR11), –CH=NNHR11, –CH=N(OR11), –CH(OR11)2, –C(=O)NR11R12, –

C(=S)NR11R12, –C(=O)OR11, (C1-C8)alkyl, (C2-C8)alkenyl, (C2-C8)alkynyl, (C4-

C8)carbocyclylalkyl, optionally substituted aryl, optionally substituted heteroaryl, –C(=O)(C1-

C8)alkyl, –S(O)n(C1-C8)alkyl, aryl(C1-C8)alkyl, OR11 or SR11; 

each R9 or R10 is independently H, halogen, NR11R12, N(R11)OR11, NR11NR11R12, 

N3, NO, NO2, CHO, CN, –CH(=NR11), –CH=NHNR11, –CH=N(OR11), –CH(OR11)2, –

C(=O)NR11R12, –C(=S)NR11R12, –C(=O)OR11, R11, OR11 or SR11; 

each R11 or R12 is independently H, (C1-C8)alkyl, (C2-C8)alkenyl, (C2-C8)alkynyl, 

(C4-C8)carbocyclylalkyl, optionally substituted aryl, optionally substituted heteroaryl, –

C(=O)(C1-C8)alkyl, –S(O)n(C1-C8)alkyl or aryl(C1-C8)alkyl; or R11 and R12 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 –NRa–; 

wherein each (C1-C8)alkyl, (C2-C8)alkenyl, (C2-C8)alkynyl or aryl(C1-C8)alkyl of 

each R1, R3, R4, R5, R6, R11 or R12 is, independently, optionally substituted with one or more 

halo, hydroxy, CN, N3, N(Ra)2 or ORa; and wherein one or more of the non-terminal carbon 

atoms of each said (C1-C8)alkyl may be optionally replaced with –O–, –S– or –NRa.  

2. A compound according to claim 1 represented by Formula II  

, S HONH2 N 0 0 NH 20 10A solution of about 2 mmol of Compound 18 in methylene chloride (about 10
mi.") is treated with an aqueous solution of trifluoroacetic acid (90%, about 10 naL). The reaction mixture
is Stirred at about 25 to about 60 vC for about one to about 24 hours. The reaction mixture is diluted with
ethanol, the volatile'; arc eVaporatcd and the residue is purified by chromatography to give Compound 20.
15 Compound 21  0 "O Ny-N N't* NH2 Ho  20About 90 mlv1 Compound 2 irt THE is cooled to about -78C
and about 2.2 to 
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wherein each Y and Y1 is O; X1 is CR10 or N and X2 is CH; or a pharmaceutically 

acceptable salt or ester thereof.  

3. A compound according to claim 2 wherein R8 is halogen, NR11R12, 

N(R11)OR11, NR11NR11R12, OR11 or SR11.  

4.  A compound according to claim 3 wherein R9 is H, halogen, SR11 or 

NR11R12.  

5.  A compound according to claim 4 wherein R6 is H, ORa, CN, methyl, 

ethenyl, or ethynyl.  

6.  A compound according to claim 5 wherein R6 is H.  

7.  A compound according to claim 5 wherein R6 is CN.  

8.  A compound according to claim 5 wherein R4 is ORa.  

9.  A compound according to claim 8 represented by Formula III  

about 5 equivalents of t-butylmagneisuni chloride :,about 1 Ni in THE) is added. The mixture is warmed to
about 01C- for about 30 min and is again cooled to about -78 A solution of
(250-2-11ehloro(1-phenoxy)phosphoryljaminolpromd pivaloate (W02008085508) (1 Nil Pt THE, about 2
equivalents) is added dropwise. The cooling is removed and the reaction is stirred for about one to about
24 hours. The reaction is quenched with water and the mixture is extracted with ethyl acetate. The
extracts are  WO 2011/015231PC1/US2010/049471 5dried and evaporated and the residue purified by
chromatography to give Compound 21. Compound 22 10  NO2  22a Compound 22a was obtained in a
procedure similar to that for preparation of C-la. NMR (400 MHz, CDC13) (1 8.11 (d,,/ = 9.0 Hz, 2 H 8.02
(s, 1 H), 7.48 (t,7.5 15Hz,? Hi, 7.42 - 7.25 (n, 4 H), 7.21 (dl,14.9, 5.5 Hz,? 11.), 7.08 (t, = 7.3 Hz, 2 H),
5.17 -5.03 (m, 2 H), 4.99 (dd,1= 16.5, 9.7 Hz, 2 H), 3.44 (s, LH), 3.35 - 3.21 (m, 2 H), 3,19 (d,9.2 Hz,
11-1), 3.00 - 2.80 (in, 2 H). 3 P NNW (162 MHz, CDC13) d 4.27. 
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wherein R1 is methyl or ethynyl; or a pharmaceutically acceptable salt or ester 

thereof.  

10.  A compound according to claim 8 wherein R7 is H or  

 

11.  A compound according to claim 10 wherein R7 is  

 

12.  A compound according to claim 8 wherein R1 is CH3.  

13.  A compound that is  

LC MS mlz 452.09 [M .11 ]. 20 N.    22b       Compound 22b was obtained in a procedure similar to that
for preparation of C-1 using Compound 3 and 22a. 25'FINN4R (400 MHz, CD;OD) (17.76 (11, J= 6.3
1-1z, 1H), 7.38 (t, J: 8.2 Hz, 1 H), 7.27- 7.12 (m, 4 1-4), 7.06 6.81 (m, 3 H), 6,74 (dr!, J= 4.6, 3.5 Hz, 1 H),
4.95 - 4 9  (in, 1l-I). 4,35- 3.90 (m, 4 H), 3.23 (dt,./ 12, 1.6 Hz, 3H). .18 3.05 (m, 2 H), 2.82 (fit, J= 14.7, 7.3
Hz, 2 H), 1.15= 22.4 Hz, 3 Hi. 3 'P NWIR (162 MHz, CD30D) d 10.76, 10.71. LC MS in/z 620.05 [M hir].   
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u H OHCN HOF Compound 22 Into a flash containing the 22b (50 mg, 0.08 mmoL, 1 equ was added
15ethanol (4 rtiL) followed by Pd(OH)2( 56 mg, 0.08 inmoL, I equiv.) and ammonium formate (42 rag,
0.64 mmoL, 8 equiv.). The reaction was heated to 8011(2 for about an hour. The solid was filtered off and
the material purified by HPLC.    NMR (400 MHz, DM80-(1.5) d 10.72 (s, 1H). 7.91 (s, A), 7.95 -7.89 (bs,
211), 7.41 id.]' 7.7 Hz, 1 H), 7.26 (d,1 8.1 Hz, I 11), 7.19 - 6.66 (in, 3 hi), 4.20 - 3.75 20(In, 32.99 (dd, =
16.5, 9.6 Hz, 2 H), 2.89 2.70 (m. 2 H), 2.48 2.58 (m, S H), 1.10 (d,..1 = 22.3 Hz, 311). 3j11 NMR (162
MHz, DMSO-d5) d 7.49. "F NMR (376 MHz, DMSO-do) (1-154.89. LC MS miz 530.21 [N,1  1-1-]. 25 
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Compound 23         Compound 3 (250mg, 0.82mmol) was dissolved in P0(01v1e)3 (5 mL, 0.16M) and
cooled to OQC under argon. To this stirring solution was added ROCS, (0.32 mL, 104.1 mmol) slowly
dropwise, and the reaction mixture allowed to warm to room temperatures for 16 h. The resulting solution
was added dropwise to a rapidly stirring solution of acetonitrile (400 mi.) and 0.08M aqueous KOH (300
sn L). 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 15was dissolved in
water and purified by HPLC to give 140ing of Compound 23 (yield 47%). 111.-M4R (400MHz; (mom d
8.15 (s, 11-1), 7.40 (d, 11-I; J = 4.811z), 7.09 (d, 11d, 4.8Hz), 4.64 (dd, 1H; J = 24Hz, 7.2,Hz ), 4,50-4.36
(m, 311), 1.32 (d, 3H: J=22H1). 1QS-M/1R (376MHz; CD3OD) : d -153.11. 31P-NMR (162M.97; CD301))
d -2.20. MS [NI Hi 370.2. Compound 24    140  WO 2011/035231PCT/US20 Oi/049471  
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5A solution of Compound 23 (7mg" 0.02 mmol) in DCM (2 al) and P0(0Mc)-, (I mi.) was prepared and
cooled to 0t. To this solution was added oxalyl-CI (10 till) followed by DMF (2 ul.). The mixture was
allowed to stir thr 1 min before an aliquot was taken out and quenched in Mc01-1 and then checked by
-1.,CMS for activation. Successive amounts of oxalyl-C1 (10 LI.) and DMF (2 nfd were 10added with
activation was complete. At this point, a large volume of 2-propanol (5 rol.) was added to the reaction
mixtute and allowed to stir and warm to room temperature. Once the reaction was complete, the solvents
were removed under reduced pressure, and the resulting crude material was purified by preperative HUE.
to give 5.5 mg of Compound 24 (yield 70%). 1511-1-NN4R (400MHz; DMS0-4) : d 8.26 (hr. 1H.), 8.15 (br,
1H), 7.97 (s, 1H), 7.00 (d, III; J 4.4Hz), 6.88 (d, 11-1; J = 4.4Hz), 4.59-4.51 (m, 21-1), 4.37-4.25 (m, 211),
1.23 (d, 31-1; J=22.8Hz). I913-NMR (376MHz; CD;OD) : d -151.72. 31P-NMR (162MHz; CD3OD) : d
-5.69. 70 MS [M- 412.0. 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%).
1H-I<MR (400MHz; CD30D) : d 7.91 (s, 11.4), 0.98 (d, 1H; J = 4.SHz), 6.92 (d,J = 4.8Hz), 529 ((id, 11-1,
J = 24.4Hz, 8.8Hz), 4.66-4.60 Om 2H), 4.48-4.40 (m, H),  WO 20111035231PCT/1J S2010/049471 
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4.15-4.11(m, 3H), 3.92(dd1; J = 9.61-lz, 7.21-15), 1.67-1.64 (rn, 3H), 1.40-1.27 (in, 15H). 0.91-0.87( ,
61-1). (376MHz; CD30D) d -151.46. 3IP-HMK (162MHz; CD30D) : d 7.36 MS iM += 539.4. 10 Compound
26 NH2 \ N N--pH 0 Compound 26       Compound 26 is prepared from compound 22 in a matter similar o
that for preparation of compound I O. Antiviral Activity 20Another 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 25cultures; biological samples such as biological material samples (blood, serum, uri 
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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 glyeoprotein; and the like. Typically the sample will he suspected of containing an organism which
induces a  WO 2011/035231PCT/1iS20111/049471 5viral infection, frequently a pathogenic organism
such as a tumor virus. 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. If desired, the anti-virus activity of a compound of the invention after 10application of the
composition can be observed by any method including direct and indirect methods of detecting such
activity. Quantitative, qualitative, and semiquantitatiye methods of determining such activity are all
contemplated. Typically one of the screening methods described above are applied, however, any other
method such as observation of the physiological properties of a living organism 15are also applicable.
The antiviral activity of a compound of the invention can be measured using standard screening protocols
that are known. For example, the antiviral activity of a compound can be measured using the following
general protocols. Cell-based Flavivirus immunodeteetion assay 20BilK21 or A549 cells are trypsinized,
counted and diluted to 2x1 o5 cells/mt. in Hams F-12 media (A549 cells) or RPM:I-1640 media (BHK2 I
cells) supplemented with 2% fetal bovine scrum (FRS) and 1% penicillin/streptomycin. 2x104 cells arc
dispensed in a clear 96-well tissue culture plates per well and palced at 3114C, 5% CO2 overnight, On
the next day, the cells are infected with viruses at multiplicity of infection (MOO of 0.3 in the presence of
varied concentrations of test compounds for 1 hour at 3711C and 5% CO2 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 I% FBS and 0.05% Tween-20 for I hour at room temperature.
The primary antibody solution (402) is then added at a 30concentration of 1:20 to 1:100 in PBS containing
1% PBS and 0.05% Tween-20 for 3 
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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 3,31,5,51-  WO 2011/035231PCIAIS2010/049471 5tetramethylbenzidine (TMB)
substrate solution (Sigma) is added to each well for two minutes. The reaction is stopped by addition of
0,5 M sulfuric acid. The plates are . read at 450 nm abosorbance for viral load quantification, After
measurement, the cells are washed three times with PBS followed by incubation with propidium iodide for
5 min. The plate is read in a Teem SafireTM reader (excitation 537 nm, emission 1(1617 nm) fhr cell
number quantification. Dose response curves are plotted from the mean absorbance versus the log of the
concentration of test compounds. The EiC50 is calculated by non--linear reLgussion analysis. A positive
control such as Nmonvh deoxyriojirimycin may be used. Cell-based Flavivirus cytopatIlic effect assay
15For testing against West Nile virus or Japanese encephalitis virus, BHK21 cells are trypsinized and
diluted to a concentration of 4 x I 0 cell SID:IL in RPM1-1640 media supplemented with 2% FBS and 1%
penicillin/streptomycin. For testing against dengue virus. Huh7 cells are trypsinized and diluted to a
concentration of 4 x 105 cells/mL in DMEM media supplemented with 5% FBS and .1%
20penicillin/streptomycin. A 50 microliter of cell suspension (2 x 104 cells) is dispensed -per well in a
96-well optical bottom PIT polymer-based plates (Nunc). Cells are grown overnight in culture medium at
374C, 5% CO2. and then infected with West Nile virus (e.g. B956 strain) or Japanese encephalitis virus
(e-. g. Nakayama strain) at MO! - 0.3, or with dengue virus (e.g. DEN-2 NGC strain) at MO1 r- 1, in the
presence of different concentrations of test compounds. The plates containing the virus and the
compounds are further incubated at 37C, 5% CO2 for 72 hours. At the end of incubation. 100 microliters
of Celffiter-Glomi 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. 30Lanni:sconce reading is recorded using a plate reader. A positive control such as N--
nonyl-deoxynojirimycin may be used. 
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Antiviral Activity-h a Mouse Model of Dengue Infection. Compounds are tested in vivo in a mouse model
of dengue virus infection 144  (Schul et al. J. Infectious Dis. 2007; 195:665-74). Six to ten week old
ACi129 mice (B&K Universal Ltd, Ali, UK) are housed in individually ventilated cages. Mice are injected
intraperitoneally with 0.4 mt. TSVO) dengue virus 2 suspension. Blood samples are taken by retro orbital
puncture under isollurane anaesthesia. Blood samples are collected in tubes containing sodium citrate to
a final concentration of 100.4%, and immediately centrifuged for 3 minutes at 6000g to obtain plasma.
Plasma (20 microliters) is diluted in 780 microliters RPNII- 640 medium and snap frozen in liquid nitrogen
for plaque assay analysis. The remaining plasma is reserved for cytokine and NS1 protein level
determination. Mice develop dengue viremia rising over several days, peaking on day 3 post-infection.
15For testing of antiviral activity, a compound of the invention is dissolved in vehicle fluid, e.g. 10%
ethanol, 30% PEG 300 and 60% D5Vii (5% dextrose in water; or 6151HO (1.5 eq):IN NaOH (pH adjusted
to 3.5); 100 inNii citrate buffer pH 3.5 (0.9% v/v.2.5% WV: 96.6% v/v). Thirty six 6-10 week old AG129
mice are divided into six groups of six mice each. AU mice are infected with dengue virus as described
70above (day 0). Group I is dosed by oral gavage of 200 mt./mouse with 0.2 mg/kg of a compound of the
invention twice a day (once early in the morning and once late in the afternoon) for three consecutive
days starting on day 0 (first dose just before dengue infection). Groups 2, 3 and 4 are dosed the same
way with 1 mg/kg, 5 trigikg and 25 mg/kg of the compound, respectively. A positive control may be used,
such as 25(2R,3R,4R,5R)-242-amino-6-hydroxy-purin-9-y1)-5-hydroxymethy1-3-methyl-
tetrahydro-faran-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 
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30under isoflurane anaesthesia. Plasma is obtained front each blood sample by centrifingation and snap
frozen in liquid nitrogen for plague assay analysis. The collected plasma samples are analyzed by plague
assay as described in Seim] et at Cytokines are also analysed as as described by Schul. NS] protein
levels are analysed using a Plateliarm kit (Bioftad Laboratories). An anti-viral effect is indicated by a  WO
2011/035231PCT/US2010/049471 5reduction n cytokine levels and/or NS1 protein levels.       Typically,
reductions in viremia of about 5-100 fold, more typically 10-60 fold, most typically 20-30 fold, are obtained
with 5-50 mg/kg bid dosages of the compounds of the invention. 10!ACV 11(150 Determination       Assay
Protocol: Either wild type or S282T (Migliaceio, et al, J. Blot C/a 2003, 49164-49170; Klumpp, et al., J.
Blot Chem. 2006, 3793-3799) mutant polymerase enzyme was used in this assay. NS5b poly-mei:use
assay (40 ]11-) was 15assembled by adding 28 [LE pol yril erase mixture (final concentration: 60 MM Mis-
t-ICI at pH 7.5, 10 mM KCL, 5 InM MgCb, 1 mM DTT, 10mM EDTA, 4 ng(nt, of RNA template, and 75 nIM
HO/ 421 NS5b poi ymerase) to assay plates followed by 4 tit of compound dilution. The polymerise and
compound were pre-incubated at 35 'C. for 10 minute betbre the addition of 8 pE of nucleotide substrate
mixture (33P-a-  20 labeled competing nucleotide at Km and 0.5 miVI of the remaining three nucleotides).
The assay plates were covered and incubated at 35c. for 90 mm. 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 NaliPO4, water, and ethanol to remove unincorporated label. Plates were then
counted on TopCount to assess the 25level of product synthesis over background controls. The IC50
value is determined using Prism fitting program.       Preferably, compounds described herein inhibited
NS55 polyinerase with an ICso's below 1000 tiM, more preferably below 100 p1M, and most preferably
below 10 p.M. For example, compound TP-1 has an ICsi) of 0.15 tiM against both wild type 301-ICY
poiyinerase and the 8282T 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
21-methyl guanidine and the triphosphate of
(2R,3R,4R,5R)-2-(4-titninopyrrolor1,2-11[1,2,4dtriazin-7-y1)-3,4- 
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WO 2011/035231PCT/1JS2010/049471
dihydroxy-5-(hydroxyrnethyl)-3-methyl-tetrithydrofuran-2-carbonitrile. This demonstrates that replacing the
2' OH of the pyrrolo[1,2-1][1,2A]ttiazin-7-y1 nucleosides with a 2" F unexpectedly confers activity against
resistant S282T HO/ mutant strains of virus. 10Tuttle  WO 2011/035231 PCIMS20101049471  IRV ECso
Determination Replicon cells were seeded in 96-well plates at a density of 8 x 103 cells per 10well in 100
uL. of culture medium, excluding Cieneticin. Compound was serially diluted in 100% DMS0 and then
added to the cells at a 1:200 dilution, achieving final concentration of 0.5% D5,4SO and a total volume of
200 ttL. Plates were incubated at 37C. for 3 days, after which culture medium was removed and cells
were lysed in lysis buffer provided by Promega's lueiferase assay system. Following the manufacturer's
instruction, 100 ;A ofluciferase substrate was added to the lysed cells and luerferase activity was
measured in a TopCount luminometer. Preferably, compounds described herein have EC50's below 1000
tth4., more preferably below 100 tiM, and most preferably below 10 tiM. The activities of representative
compounds of Formula I are shown in the Table below. 20  Compound No, EC50, trIV1 A-i 
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23 B-1 1.4-4.3 16-28 BAR.4-19  1.93-25.5 8-63,75-11.1 B-763 - 7:3 B-83 5-60   (.1 67-70 C-2 3.9-17 Cl
43-84 
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a C-4 9 8-31 C-5 24-28 C-6 11 10 6.5-8  31-45 39.4-40.3 40.3-70.5 9.7-10     The eytotoxicity of a
compound of the invention can he determined using he following general protocol. Cytotoxieity Cell
Culture Assay (Determination of CC50): 
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10The assay is based on the evaluation of cytotoxic effect of tested compounds using a metabolic
substrate. Assay protocoldetermination of CC50: 1, Maintain M1'-2 cells in RPMI-1 640 medium
supplemented with 5% fetal bovine serum and antibiotics. 152, 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
(1 00 id/well). Include untreated control.       3. incubate the cells for 5 days at 37C.       4. Prepare XTT
solution (6 ml per assay plate) in dark at a concentration of 2mailml 20in a phosphate-buffered saline pH
7.4. Heat the solution in a water-bath at 55C for 5 min. Add 50 il of N-methylphenazonium methasulfate (5
i.ig/m1) per 6 ml of XI]' solution.  WO 2011/035231PC1IUS2010/049471 55. Remove 1001..11 media
from each well on the assay plate and add 100 fil of the XTT substrate solution per well. Incubate at 37 'C
for 45 to 60 'min in a CO, incubator. 6. Add 20 n1 of 2% Triton X-I00 per well to stop die metabolic
conversion of XTT. 7. Read the absorbance at 450 um with subtracting off the background at 650 nna.
108, Plot the percentage absorbance relative to untreated control and estimate the CC50 value as drug
concentration resulting in a 50% inhibition of the cell growth. Consider the absorbance being directly
proportional to the cell growth. 
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Al] publications, patents, and patent documents cited herein above are 5incorporated 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.  What is claimed is 1.A compound of Formula I: Formula I  it4 R2 or a
pharmaceutically acceptable salt, thereof; wherein:              R1 is (Ci-C8)alkyl, (C4-C8)carbocyclylalkyl,
(Ci-C8)substituted alkyl, (C2- C8)alkenyl, (C2-C8)substituted alkenyl, (C2-C8)alkynyl, (C2-C8)substituted
alkynyl, or aryl(Cr C8)alkyl; R2 is halogen;              each R3, R4, or R5 is independently H, OR', N(Ra)2,
N3, CN, NO2, S(0)11Ra, halogen, (Ci-C8)alkyl, (C4-C8)carbocyclylalkyl, (Ci-C8)substituted alkyl,
(C2-C8)alkenyl, (C2- C8)substituted alkenyl, (C2-C8)alkynyl, (C2-C8)substituted alkynyl, or
aryl(Ci-C8)alkyl;              or any two of R3, R4 or R5 on adjacent carbon atoms when taken together are -
0(C0)0- or when taken together with the ring carbon atoms to which they are attached form a double
bond;              R6 is H, OR', N(Ra)2, N3, CN, NO2, S(0)11Ra, -C(=0)0R11, -C(= 0)NR11R12, - S (0)R ,
-S(0)2R11, -S(0)(0R11), -S(0)2(0R11), -SO-NR11R12, halogen, (C i-C8)alkyl, (C4- 151
C8)carbocyclylalkyl, (Ci-C8)substituted alkyl, (C2-C8)alkenyl, (C2-C8)substituted alkenyl, (C2- C8)alkynyl,
(C2-C8)substituted alkynyl, or aryl(Ci-C8)alkyl; 
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each n is independently 0, 1, or 2;              each Ra is independently H, (Ci-C8)alkyl, (C2-C8)alkenyl,
(C2-C8)alkynyl, aryl(Ci-C8)alkyl, (C4-C8)carbocyclylalkyl, -C(=0)R11, -C(=0)0R11, -C(=0)NR11R12, -
C(=0)SR11, -S(0)R11, -S(0)2R11, -S(0)(0R11), -S(0)2(0R11), or -S02NR11R12; R7 is H, -C(=0)R ,
-C(=0)0R11, _c(=o)NRI IR12, -C(=0)SR11, -S(0)R11, - S (0)2R11 -S(0)(0R11), -S(0)2(0R11),
-S02NR11R12, or  each Y or Y1 is, independently, 0, S, NR, +N(0)(R), N(OR), +N(0)(0R), or N- NR2; W1
and W2, when taken together, are -Y3(C(RY)2)3Y3-;              or one of W1 or W2 together with either R3
or R4 is -Y3- and the other of W1 or W2 is Formula Ia; or W1 and W2 are each, independently, a group of
the Formula Ia: Formula la  wherein:               each Y2 is independently a bond, 0, CR2, NR, +N(0)(R),
N(OR), +N(0)(0R), NNR2, S, S-S, S(0), or each Y3 is independently 0, S, or NR; M2 is 0, 1 or 2; each 12.'
is independently RY or the formula: 
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wherein:    wherein: each Mla, Mlc, and Mid is independently 0 or 1; M12c is 0, 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(=Y1)R, -C(=Y1)0R, - C(=Y1)N(R)2,
-N(R)2, -+N(R)3, -SR, -S(0)R, -S(0)2R, -S(0)(0R), -S(0)2(0R), -0C(=Y1)R, - 0C(=Y1)0R, -0C(=Y1)(N(R)2),
-SC(-Y1)R, -SC(=Y1)0R, -SC(=Y1)(N(R)2), -N(R)C(=Y1)R, -N(R)C(=Y1)0R, -N(R)C(=Y1)N(R)2,
-SO2NR2, -CN, -N3, -NO2, -OR, or W3; or when taken together, two RY on the same carbon atom form a
carbocyclic ring of 3 to 7 carbon atoms;              each R is independently H, (C1-C8) alkyl, (C1-C8)
substituted alkyl, (C2 C8) alkenyl, (C2-C8) substituted alkenyl, (C2-C8) alkynyl, (C2-C8) substituted
alkynyl, C6-C20 aryl, C6-C20 substituted aryl, C2-C20 heterocyclyl, C2-C20 substituted heterocyclyl,
arylalkyl or substituted arylalkyl;  W3 is W4 or W5; W4 is R, -C(Y1)R', -C(Y1)W5, -S02RY, or -S02W5;
and W5 is a carbocycle or a heterocycle wherein W5 is independently substituted with 0 to 3 RY groups;
each X1 or X2 is independently C-R1 or N; each R8 is halogen, NR11R12, N(R11)0R11, NR11NR11R12,
N3, NO, NO2, CHO, CN, -CH(=NR11), -CH=NNHR11, -CH=N(0R11), -CH(0R11)2, -C(=0)NR11R12, -
C(=S)NR11R12,( 0)0R11, (Ci-C8)alkyl, (C2-C8)alkenyl, (C2-C8)alkynyl, (C4- C8)carbocyclylalkyl,
optionally substituted aryl, optionally substituted heteroaryl, -C(=0)(C1- C8)alkyl, -S(0)11(Ci-C8)alkyl,
aryl(Ci-C8)alkyl, OR11 or SR; each R9 or R1 is independently H, halogen, NR11R12,N(R )0R11,
NR11NR 11R12, N3, NO, NO2, CHO, CN, -CH(=NR11), -CH=NHNR11, -CH=N(OR11), -CH(OR)2, - 
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C(=0)NR11R12, -C(=S)NR11R12, -C(=0)0R11, R11, OR11 or SR11; each R11 or R12 is independently
H, (Ci-C8)alkyl, (C2-C8)alkenyl, (C2-C8)alkynyl, (C4-C8)carbocyclylalkyl, optionally substituted aryl,
optionally substituted heteroaryl, - C(=0)(Ci-C8)alkyl, -S(0)11(Ci-C8)alkyl or aryl(Ci-C8)alkyl; or R11 and
R12 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 -0-, -S- or
wherein each (Ci-C8)alkyl, (C2-C8)alkenyl, (C2-C8)alkynyl or aryl(Ci-C8)alkyl of each R1, R3, R4, R5,
R6, R11 or R12 is, independently, optionally substituted with one or more halo, hydroxy, CN, N3, N(Ra)2
or ORa; and wherein one or more of the non-terminal carbon atoms of each said (Ci-C8)alkyl may be
optionally replaced with -0-, -S- or -NR'. 2.A compound according to claim 1 represented by Formula II
Formula II    it4            wherein each Y and Y1 is 0; X1 is CRi or N and X2 is CH; or a pharmaceutically
acceptable salt or ester thereof.             3. A compound according to claim 2 wherein R8 is halogen,
NR11R1z, N(R11)0R11, NRIINR11R12, OR11 or SR11.             4. A compound according to claim 3
wherein R9 is H, halogen, SR11 or NR 1 1R 12 
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5. A compound according to claim 4 wherein R6 is H, OR', CN, methyl, ethenyl, or ethynyl.             6. A
compound according to claim 5 wherein R6 is H.             7. A compound according to claim 5 wherein R6
is CN.             8. A compound according to claim 5 wherein R4 is ORa.             9. A compound according
to claim 8 represented by Formula III  ntila if R.?  wherein R1 is methyl or ethynyl; or a pharmaceutically
acceptable salt or ester  thereof.  10. A compound according to claim 8 wherein R7 is H or WI r W2 11. A
compound according to claim 10 wherein R7 is 12. A compound according to claim 8 wherein R1 is CH3.
13. A compound that is 



  174 

 

 

 

0               



  175 

 

 

 

0          II0 0 HO-17     TcH2, 



  176 

 

 

 

HO\ 0NJ HOF EQ,        



  177 

 

or 

 

 

 

or a pharmaceutically acceptable salt or ester thereof. 14.A compound useful for the preparation of a
compound of Formula I selected from the group consisting of         NO2 and  
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or a pharmaceutically acceptable salt or ester thereof.  

14.  A compound useful for the preparation of a compound of Formula I 

selected from the group consisting of  

 

 

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,
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 NS5A inhibitors, TLR-7 agonists, cyclophillin inhibitors, HCV IRES inhibitors,
pharmacokinetic enhancers and other drugs for treating HCV; or mixtures thereof. 
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or salts or esters thereof. 
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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, 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 NS5A 

inhibitors, TLR-7 agonists, cyclophillin inhibitors, HCV IRES inhibitors, pharmacokinetic 

enhancers and other drugs for treating HCV; or mixtures thereof.  


