5 2'-FLUORO SUBSTITUTED CARBA-NUCLEOSIDE ANALOGS FOR ANTIVIRAL TREATMENT FIELD
OF THE INVENTION 10The invention relates generally to compounds with anti. act|V|ty more particularly
nucleosides actiVe é‘b‘él?@ﬁ—lla viviridae infections and most particularly to nﬁ‘ﬁﬂ?&%& Sfoﬁeﬁhtltls C virus
RNA-dependent RNA polyinerase. BACKGROUND OF THE INVENTION Viruses comprising the F/a
viviriclac family comprise at least three | 5distinguishable genera including aestmrusesilaviviruses, and
hepacivirasgs (Catisher, ci at, J. Gen. Virol., 1993, 70, 37-43). While pes tiviruses cause many
economically |mportant animal dlseases such as bovme V|raI dlarrhea V|rus rIf3VDVII classical swine
fever virus (CSIN, hogfsBdHES) JHBRL, Sea ; ] heit i altdhee in human disease
is less well characterlzed (Moennlg V. mmkvm\mkﬁem\mﬁi 48 53 98) FIathrases 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 encephalltli %Mg §£ﬁm gfﬁISk hemorrhagic fever virus and 7ALa
virus. Combined, infections from the ofi %&j\j 9 significant mortality, morbidity and
economic tosses throughout the world. Therefore, there is a need to develop effective treatments for
Flaviviridaé%irus infecti "?’Hé"h%@ﬁﬁ@@eﬁ?hs“(ﬂ‘@‘mo@ﬂw@aﬁiﬁ@E“éé%*éVBf/adﬁPé)?nc liver disease
30worldwide (Bayeiulr9thablobienatal 82,981 12,1 2000) s asignificant Jacuselicwiyent antiviral
research is dlrect]e% towar the de elogfmlgﬂé é Un rov?{dﬁmethods of treatment of chronic FICA/.
infections in huians ((Bloé g%atbi A EBAB g‘%:?’e?ﬁfﬁé"Amencan 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 treatmen®@B4f&feRRHAD RFEHoERCEAITTR Xntiviral Chemistry &
Chemotherapy, 11:2; 79-95 (2000).

Viruses comprising the Flaviviridae family comprise at least three

15  distinquishable genera including pestiviruses, flaviviruses, and hepaciviruses
(Calisher, et al., J. Gen. Virol., 1993, 70, 37-43). While pestiviruses cause many
economically important animal diseases such as bovine viral diarrhea virus (BVDV),
classical swine fever virus (CSFV, hog cholera) and border disease of sheep (BDV),
their importance in human disease is less well characterized (Moennig, V., et al., Adv.,

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

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

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

30 worldwide (Boyer, N. et al. ] Hepatol. 32:98-112, 2000) so a significant focus of

current antiviral research is directed toward the development of improved methods of

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



RNA-dependent RNA polymerase (Rap) is one of the best studied targets fin the development of novel
HCYV therapeutic agents. The NS5B polymerase is a target for inhibitors in early human clinical trials
(Sommadossi, VB @821 A2, US 200410006002 Al). These enzymeg %z%lggﬁgg&ensively
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). Biochermjcal tatgets.sush a3 NSbBsarimpeitansindevelpping HEY therapies since IICV does

not replicate in the laboratory and there are difficulties in developing cell-based assays and pa:clinical
animal systems 2005, Eulréftfy4iaereuar® pihthriytivBeantilirar 8 poGhdS3rtfaVirih, a nucleoside analog;
and interferon-aiphaéa) (HEN) tihahane usedfenxihestrestmentohichronieReNh28isfections in humans.
Ribavirin atone is, not effective inr [ iral RNA levels, has significant toxicity, and is known to induce
Crsmatisr: ?lélr\}l agrgdlé rlgﬁg\)}ﬁ?ﬁ has been reported to he effective in the management of

k)

anemia. The combiRation Bt’1
chronic hepatitis C (SdbttAalcpenéttl RDrigs! 20026 R BOY-B56 blitHesssthanlhalithepatients infected

with some Hﬁ”0!9(98&@1'38)@(&;%?%%?@@H%ﬁ&ﬁ@&%‘a%&ﬁ%? this 'NS?E’%%QEQ@&Q%‘?@&@PNications
disclosing the use of nucleoside analogs to treat hepatitis C virus include WO 01/32153, WO 01/60315,

WO 02/057425, ueyaaitis sy i e rbssebbiainScopredacis, B 4l6%#833 13 2008/089105 and

W02008/141079 fiwradditional freatiseaisyiaeHe) fectioassRanechahyetibaicame available for patients.
30Virologic cur%slo%fl gti%wgti% Slttrrll1 &Elrﬁ%% y 1 (1:&1/ jgf(ee%tioon are 9 gircglt&ofaghis%yeec llz)veecause of the prodigous
amount of daily virus prlo uctioninc ronlcaIY'y mfec'c*\tednﬁaeher%S and the hi Spontaneous mutability
oft-ICY virus (Neunbanrs, (Ecdll cSgieh 00908 Pag2n 0B Fxhilikimatd; lel &l DHE putaldgy, 1996, 24, 1351-4;
Domingo, ¢t a'-,(%%ﬁ‘ﬁ.%9%5;v‘h%i.1213vM%e'iaﬁé&lﬁiéaMweé%&& £6:$225:fxpetimental antiviral

nucleoside analogs have been shown to induce vialable mutations in the FICV virus both in vivo and in
vitro (Migliaccio S8YARIPBIoR CHerhico oBSe 686 €5 ot EPFa AR cBB-P I gBA{EThemotherapy 2009,
926; Brown, A, Bre BxpeitiepinddnaesindcMrugeL009% 184 108:125)1 Ihareferesngiiugs having improved

antiviral properties, pagiculagg t%nhanced activit‘)c(fa a{'nst liesistant ﬁtraiES of virus; im ré%ved oral

. . - rrent Cre are maril O 1viral Co ounas, 11 L, A CLCOS1
bioavailability; fewer undesirable side efects and extendéd erBetive naiflite ' THviVo (Be Francesco, 12.

et al. (2003) Antivirlak Redearctin8: 1H16) (and [hitge fthy meedatifor the@er@ainntibOsidesofifié nueleohases
pyrrolo11,241[1, triazing, iImidazoi ,5- f 41triazing, jmidazol 1,.2-g]: iazine, and

[1,2,4]triaz0 o[4,1?%ﬁ%f§hn1£§r‘%§]zdfﬁ% ﬁ‘i%%?‘é‘él‘[e%ﬁgafﬁé|_é§i%%l°‘éar’85§§%f€3f3 éﬁ;@%ﬂe"z%%l, 331 (1), 77-82;
Nucleosides & Nigitiesttes (1996ly: md sy rosisoruTetiiedror ¢ etrabe 1094y, 18530}, 5339-42;
15Heterocycles {3292 134 (Bn288o4da @h%@ﬂ%@tﬁfé%ﬁr‘tk%ﬂ&ﬁ{g%m%nl%g(ém%né%ﬂep%gﬁslc Chem. Soc. kF’erkin
Trans. 1 1984, 2, 229-38; WO 2000056734; Ocaanic Letters (2001), 3(6), 839-842; Chem Soc. Perkin
Trans. 1 1999, é%?‘ﬁb%ggzﬁ%l;zé%ﬁf 4 é?hé?ﬁ D_L%géémi@fifﬁ)alﬂ%ﬁ% 2?—?8\‘7\?&/ “tffdse compounds have
not been disclosethasnsefubfiyrcthédreatpasntof W R ORibosidestof pyrrole{d, 241k, 2,41triazinyi,

imidazo[l’5311[1%%6?1"1]%@)%%@1){%0115 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, WO2008/089105 and W(02008/141079
but additional treatments for HCV infections have not yet become available for
patients.

30 Virologic cures of patients with chronic HCV infection are difficult to achieve
because of the prodigous amount of daily virus production in chronically infected
patients and the high spontaneous mutability of HCV virus (Neumann, et al., Science
1998, 282, 103-7; Fukimoto, et al., Hepatology, 1996, 24, 1351-4; Domingo, et al.,
Gene, 1985, 40, 1-8; Martell. et al., J. Virol. 1992, 66, 3225-9. Experimental anti-
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viral nucleoside analogs have been shown to induce vialable mutations in the HCV



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
W02008/141078Y EHOVEAT! W02009/132123 and ffrancom, et al. W02010/6328 7 BEtE, 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 I' position

of the nuclepside, sugafis,sybstitad SHMMARY.OF TRE INVENTION 30 Brovided age compounds that

inhibit viruses of the Flaviviridae falnt:%. The invention also comprises compounds of Formula | that inhibit
viral nucleic acidpol{iieragde! pertie A HeRNAGepenhdirt RN Doy irerddetRap), rather than
cellular nucleic agidspolyrnit:y ases, heosornppundseafEarrnglad ave heen disconered to he efficacious

against both wild type .and %}38%T mutant s(tlrains. fHUY WO 20111035 31PCl71JS§d0111/049471

. roperties, particularly enhanced activity, agginst reststant stramns of, virus, improved.
5virus, Therefor®, a Com SURd OF Eomuta | 1S USeriFtor tea ing Naviviridae ififections in humans and

other animals. Infeh@rwetiinhe ity provided e sdempoands Of FordedlaTectiR8 RIH e IX2\ \:\N ">---- --- :
<1---C-qg f'l%%%e Francesco, R. et al. (2003) Antiviral Research 58:1-16) are urgently needed.

Certain ribosides of the nucleobases pyrrolo[1,2-f][1,2,4]triazine, imidazo|1,5-
f][1,2,4]triazine, imidazo[ 1,2-f][1,2,4}triazine, and [1,2,4]triazolo[4,3-f][1,2,4]triazine
have been disclosed in Carbohydrate Research 2001, 331(1), 77-82; Nucleosides &
Nucleotides (1996), 15(1-3), 793-807; Tetrahedron Letters (1994), 35(30), 5339-42;

15 Heterocycles (1992), 34(3), 569-74; J. Chem. Soc. Perkin Trans. 1 1985, 3, 621-30;
J. Chem. Soc. Perkin Trans. 1 1984, 2, 229-38; WO 2000056734; Oreanic Letters
(2001), 3(6), 839-842; J. Chem. Soc. Perkin Trans. 1 1999, 20, 2929-2936; and .J.
Med. Chem. 1986, 29(11), 2231-5. However, these compounds have not been
disclosed as useful for the treatment of HCV,

20 Ribosides of pyrrolo[1,2-f][1.2,4}triazinyl, imidazo[1,5-f][1,2,4]triazinyl,
imidazo[1,2-f][1,2,4]triazinyl, and [1,2,4]triazolo[4,3-f][1,2,4]triazinyl nucleobases
with antiviral, anti-HCV, and anti-RdRp activity have been disclosed by Babu, Y. S.,
WO2008/089105 and WO2008/141079; Cho, et al., W02009/132123 and Francom,
et al. WO2010/002877. Butler, et al., W02009/132135, has disclosed anti-viral

25 pyrrolo[1,2-f][1,2,4]triazinyl, imidazo|1,5-f][1,2,4]triazinyl, imidazo[[,2-
f][1.2,4]trtazinyl, and [1,2,4]trtazolo[4,3-][1,2,4]triazinyl nucleosides wherein the 1°

position of the nucleoside sugar is substituted.

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

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



R2 Formula | or a pharmaceutically acceptable salt, thereof; Whel I: Rl is (C1-C8)alkyl,
(C4-C8)carbocyclgi alk OIj (ZCI-COsubstituted alkyl, (C2-C,)alkenyl, (C2-COs%b%titu2te%@g/-COsubstituted
alkynyl, or aryl(&-éﬂgl yf; 15R - is halogen, each R3, R4, or Rs is indepgn@esn?IIy .Bhs, N (12.'1)2,
N35 CINI, NO2, S(0),,r, halogen,(C4-C8)carbocyclylalkyl, (CI-Cit)substituted (C2-C8)alkenyl,
(C2-05T)substituted alkenyi, ICJ-Csjalkynyl, (C2-C8)substituted alkynyl, or aryl(C,428)alkyl; 200r any two
of 123, R4 ar RS, agjacent.carhan aiomsy Wike.teKen dagihaL are, 70 %iGMy,or when taken together
with the ring carbon atoms to which they are attached term a double bond, R6 is I, OR6, N(le)2, N3,
CN, NOD, S(0), Rctigium)huns iR ACt-OTNR;-C(---0)SR1 -S(0)RI 1,-S(0)2R1 I, -S(0)I0R11),
-S(0)2(ORY’), -SO2NRIRukZnttalagen:, (Eh#d8)alkydn{ldntO0crsbrepalylalkyl, (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 NE independently O, 1, or 2;

Formula ]

10 or a pharmaceutically acceptable salt, thereof;
wherein:

R is (C=Cy)alkyl, (C4—Cs)carboeyelylalkyl, (C—Cg)substituted alkyl,
{Cy—Cy)alkenyl, (C2—Cg)substituted alkenyl, (C-—Cyg)alkynyl, (Cy—Cy)substituted
alkynyl, or aryl(C;-Cy)alkyl;

15 RYis halogen;

each R?, R, or R’ is independently H, OR?, N(R)5, N3, CN, NO», S(O},R?,
halogen, (C;—Cy)alkyl, (C4~Cg)carbocyelylalkyl, (C—Cg)substituted alkyl,
(Cy—Cgalkenyl, (Co—Cy)substituted alkenyl, (Co—Cy)alkynyl, (C2—Cg)substituted
alkynyl, or aryl(C,-Cyg)alkyl;

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

R®is H, OR?, N(R%,, N3, CN, NOs, S(O),RY, -C(=0)R"", -C(=0)OR"", -
C(=ONR''R", -C(=0)SR", -S(O)R', -S(O)LR"", -S(O)OR "), -S(0)2(OR™",

25 -SO,NR''R', halogen, (C,—Cg)alkyl, (C4—Cjy)earboceyclylalkyl, (C—Cg)substituted
alkyl, (C2—Cg)alkenyl, (Co—Cy)substituted alkenyl, (C,—Cglalkynyl,
(Ca—Cyg)substituted alkynyl, or aryl{C-Cyg)alkyl;



each Ra is independently IT,(C2-C8)alkenyl, (C2-05)alkyriyl, aryl C Cs lalkyl, (,C4-- Cs )carnocyclylalkyl,
-Cr-O)R | -C(BB‘Q)OR &%50 NR IR 12, -C(-0)5123 -5(0)RI I, -S(0)2R, -S(0)$0123%,$]-IS&) ZéRh, or -502NR
1IR12;  RIisdY 8RR =1=0)0R11, -0(=0)NR le, -1.1(=0)SRj I, -S(0)R11! SIHZR” 3267 ROR!
-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 \é\élcl%\/\sllznhse Iéormnltll%gg W | and W2 are each, independently, a group of the Formula
la: M2 Formula la wherein: 20ea r@ﬁ is'independently a bond, 0, CR2, NR f1540)(R), N(OR), 'N(0)(OR),

N-NR2, 5, S-S, 5(0), ofasadh ¥ Bilsisodgpdindently-0: BNR. (M Ligadkendr (82-Cslalkynyl,
aryl(C,-Cg)alkyl, (C4~Cg)carbocyelylaikyl, -C(=O)R", -C(=0)OR", -C(=O)NR''R"?,
-C(=0)SR", -S(OIR", -S(0)R"", -S(O)OR), -S(0)(OR '), or —SO,NR''R";
R’is H, -C=O)R!, -C(=0)OR", -C(=0)NR''R", -C(=0)SR !, -S(O)R"", -
10 S(0)R", -S(O}OR'), -S(0)(OR™), ~SO.NR''R", or

Y
|
///P

W2

—

each Y or Y' is, independently, O, S, NR, "N(O)(R), N(OR), "N(O)(OR), or
N-NR»;
W' and W?, when taken together, are —Y3(C(Ry)2)3Y3-; or one of W' or W?
15 together with either R? or R*is Y- and the other of W' or W?is Formula la; or W'

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

/ I \
RX Y2—p \G

Y2
|
M2
Formula la
wherein:
20 each Y? is independently a bond, O, CR,, NR, "N(O)(R), N(OR), '"N(O)(OR),

N-NR3, S, S-5§, S(0), or S(0):
cach Y is independently O, S, or NR;
M21s 0,1 or2;

each R" is independently R or the formula:



each R.3'is independently lit.2 or the formula: wherein: each Nth, Mb, and Mid is independently 0 or 1;
Mi2cisO,1,2,3,4,5,6,7,8,9. 10, 11 or 12; each RY is independently H. F, Cl. Br, |. OH,
_C(Y)R,)OR, - I3EEIFAN R )2, -N(R)2, -N(R)3, -SR, -S(03R, -S(0)2R, {EGHY) ?63510R)
oce-Y-02-Y-ocK=Y 5(N(R)2), -SC(=Y-)R, -SC(=Y )OR, - S2-1171)(N(R)2), -N(RIiC(=.1/ YR, -N(R)Ce-Y
50R, -N(R)C(Y1)N(R)2, -SONRZ2, -CN, -N3; -NO2, -OR, or W3; or when taken together, two al on the
same carbon atom form a carbocyclic ring 013 to 7,carbon atoms; 15each R is independently H.
(Ci-C8)(Ci-C8) substituted alk)qn 1C2-C aIkenyI ( 2-C8) substituted alkenyl, (C2-C8) alkynyl, (C2-08)
substituted alkynyl, Cc, -C20 aryl, CO- 20substityted aryI C22tCiji helcrocyclyl, C2-C20 substituted
heterocyclyl, arylalkyl or subs rylalkyl; [ RY11?, -COllye,
-SO2RY, or -S02W3; andViP is 2¥4 tarboeycle orla hetergéycl wher&ii W5 is independently substituted
with 0 to 3 RY pitons;\éach Xi or X2 is independentiy1dc oi% each RR is haM)lﬂan NR1R12,
N(R11)0R1%, NRIINRI IR 12, Nt, NOMN®2, CHO, CN, -CH(t K 1), -CH=NNHRH ,N (OR"), -CH(OR11)2,
-C(=0)NR1' R12, 25- C(s)NRIIRL -C(=0)ORI (C i-Cs)alkyl,1,(12-C18)alken),1 (C2-05)alkynyl,
(C4- C8)carbocyc|y|a|k371 Bptionally substituted aryl, optionally substituted heteroaryl,

each M1a, Mlc, and M1d ig independently 0 or §;

M12¢is0,1,2,3,4,5,6,7,8,9,10,11 or 12;
each R? is independently H, F, C1, Br, I, OH, R, -C(=Y"R, -C(=Y"OR, -
10 C(=Y")N(R)s, -N(R)s, - N(R)3, -SR, -S{O)R, -S(0)2R, -S(O)}OR), -$(0)»(OR), -
OC(=Y"R, -OC(=Y")OR, -OC(=Y ) (N(R}), -SC(=Y "R, -SC(=Y)OR, -
SC(=YYN(R),), -N(RIC(=YHR, -N(R)C(=YHOR, -N(R)C(=Y")N(R)s, —SO;NR3,

~CN, -N3, =NO,, ~OR, or W*; or when taken together, two R” on the same carbon
atom form a carbocycelic ring of 3 to 7 carbon atoms;

15 each R is independently H, (C,-Cy) alkyl, (C,-Cy) substituted alkyl, {Ca-
Cyalkenyl, (C>-Cy) substituted alkenyl, (C2-Cy) alkynyl, (C5-Cy) substituted alkynyl,
C—Coy aryl, Cy—Cyy substituted aryl, Ca—Cayq heterocyelyl, Cr—Cyq substituted
heterocyclyl, arylalkyl or substituted arylalkyl;

W2 is W or W3 WHis R, -C(YHR?, -C(Y'YW?, -SO,RY, or -SO,W?; and W* is

20 acarbocycle or a heterocycle wherein W is independently substituted with 0 to 3 R
groups;

each X' or X is independently C-R'® or N;
cach R* is halogen, NR"'R"™, N(R")OR", NR''NR"'R"?, N1, NO, NO,, CHO,
CN, -CH(=NR'"), -CH=NNHR'"', -CH=N(OR'"), -CH(OR'",, -C(=O)NR''R*?,

25  -C(=S)NR''R'?, -C(=0)OR", (C\-Cy)alkyl, (Ca-Cs)alkenyl, (C>-Cgalkynyl,
(C4—Cy)earboceyelylalkyl, optionally substituted aryl, optionally substituted heteroaryl,
-C(=0)(C-Cg)alkyl, -S(0)4(C -Cy)alkyl, aryl(C,-Cg)alkyl. OR" or SR'";

each R® or R is independently H, halogen, NR' 'R"%,N I(R'"HOR™,
NR''NR''R'%, N3, NO, NO,, CHO, CN, -CH(=NR'"), -CH=NHNR"!, -CH=N(OR'"),
30 -CH(OR'"),, -C(=O)NR''R", -C(=S)NR''R", -C(=0)OR"", R"", OR"' or SR";



-S(0)(C[478)alkyt, aryl(Cl-Coalkyl, OR | or SR"; each R9 or RH' is independently H, halogen,
NR'NtRIljORIl, NR"NRH R12, N2, NO, NO2, CHO, CN.-C1-12-NENRN, -CH=N ORlI; 30-CH(ORII12,
_C(-O)NRR'2, -CYO2WHHIR12, -0(=0)0RII, An, ORH or SR' 1; WO 2011/038S5YBEH&Y0Y 0/049471
5each RI' or R is independently H. (01-05)rikyl, (02-C8)alkenyi, (02- CtOtilkYIlYIt (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'-- tgken together with a pitr hich they are.both attached form a 3 to
7 membereg heterocygﬁgfr&l{ng% eréslﬁné%@/eg%%]%a%cgﬁ‘é%%%%ﬁsg%'ﬁ@ gr%@)?b ic’ring 10can optionally be
replaced with -0¢s38karyl, (Canbigreihceadildk (7, pEoaitiyl s(C21C8Yadkenybti(G2IC Oalkynyl or

anyi(C-Coyalkyl of et Bl e B-R5cR8 R oF Bipdependenthicoptianalsistitutadwitp 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)atR§IEndykise Sptidranihapaaegitiyboch fmisrgpotvatiaehed forfy Adther embodiment,

provided are compepnds Ohienbwadand phatnacsuticallyraceptablesailsithereatand all racemates,
enannomers, diastercormijrs taut?me s,@éol -m rphsagge_udopolymorphs and amorphous forms thereof.
[

In another EmbodthiBHE R SN aEErE SR QombindL ot Formula | with activity against infectious
HC7viviriciae viruses. Withautyishing tobe! bl bikthebry the) dépmpburnds! 6F the)iinéntion may inhibit

viral RNA-depengent; RNA; polymerase,ang ﬁ‘”%j'ﬁtﬂ?ﬁ%ﬁ*&%ﬁ%ﬁ

_ | ,'%E)%%ﬁmgfsﬁﬁ%twt‘éﬁ-»Ji'ﬁ]eé{lére useful for
treating human patients infected with a human virus such as hepatitis C. In another embodiment,

prctvided are pHarFRiedaticayesmpdsitions Rompsitly e fdstve ameumest o tsiedta | emripound, or a

pharmaceuticallyageentable sadhibereash niaqmbination with v ppasmacetically weceptable diluent or
carrier. n another. embodiment, the present application provides for cnmhination pharmaceutical

agent comprisin"g;':%é irst pharmaceutical composition comprising a compound of Formula
In another embodiment, provided are compounds of Formula I and
pharmaccutically acceptable salts thereof and all racemates, enantiomers,
diastereomers, tautomers, polymorphs, pseudopolymorphs and amorphous forms

thereof.

20 In another embodiment, provided are novel compounds of Formulia I with
activity against infectious Flaviviridae 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.

25 In another embodiment, provided are pharmaceutical compositions comprising
an effective amount of a Formula I compound, or a pharmaceutically acceptable salt
thereof, in combination with a pharmaceutically acceptable diluent or carrier.

In another embodiment, the present application provides for combination
pharmaceutical agent comprising:

30 a) a first pharmaceutical composition comprising a compound of Formula
1; or a pharmaceutically acceptable salt, solvate, or ester thereof; and

b) a second pharmaceutical composition comprising at least one
additional therapeutic agent selected from the group consisting of interferons,

ribavirin or its analogs, HCV NS3 protease inhibitors, NS3a inhibitors, alpha-



1; or pharmaceutically acceptable salt, solvate, or ester thereof; and h)a second pharmaceutical
composition cor\r)lprizsoiln1 %[Zlﬁ-ast one additional therapeutic agent selected fror¥ th(zeo%r/%)u&ﬁonsisting of
interferons, ribavirin or'its analogs, 1-1CV NS3 protease inhibitors, NSba in%?bi’t%?s, alp"ha- glueosidase 1
inhibitors, hepatoprotectants, mevalonate decarboxylase antagonists, antagonists of the renin-angiotensin

system, other anti-fibrotic agents, endothelin antagonists, nucleoside or nucleotide inhibitors of

ICVNS513 5poIyga%smsapmﬂuﬁ!ﬁgﬂgﬁé@mwmﬂ@\ﬁ%ﬁé&&99!5@9%9@5&@91\(5&1,55/% inhibitors,
TLR-7 agonists, eyclophillin inhibitors, IICVIRES inhibitors, pharmaeokinctie enﬁanpers 10and other

drugs for treating A€V ITRL defalrs sY§iEEndte ARBugHR dstthepiubelr application provides
for a method of inhigitizg HGNepolymcraskeeamplisingseartactng sicedl yifeatednaith :ACV with an

effective amount %];e%s(i" e”i'ﬁ%'{t'd offﬁé@%fg% é@&p@g@ﬁ}ﬁw{{%@wii}ﬁﬁ%&bﬁi ts, solvate, and/or

ester thereof. 15in another emBlgd‘?fnent, the t application provides tor‘a method of inhibiting HCV
polymerase, comgerisingcrenrhdtingraibsiirnfecté driRnnRiDmithamedfsotivie arhawstsof a compound of

Formula I; @r a pharmacgutically:rcaepiadle saltsxselvate,apd/or ester thereof, and at least one
additional therapeutic agent, In another embodiment, the present application provides for a method of

20treating and/or prevBritig el GeRHR BHulsdByFA dRAI ARSI A e et theRftinfection is caused by
a virus selectedifitopthergroypgansisingnapdeng uenvicusg velltvinfeved witisHMestiNiia virus, Japanese

encephalitis viru%tigk-borne enfceghalitis ir Junjinlyirus Murrag Yalll\%y enc t}alitiﬁ virus, St Louis
s . € 661\/6 ﬁni}]ount [¢) Oompound Ol Formia or a.})hfignac thca acce € salts, .
encephalitis virus. Omsk hemorrhagictever virus, bovihe viral disarrhca virus, Zika virus and Hepatitis C

virus; by administbtitvg dal@sejedtcirrieed thereof a therapeutically effective amount of a compound of

FO”T‘“'Q l,ora Phafmﬁp%ﬂﬁﬁél|¥M@E'&§9¥E§E\ﬁ%ﬁiiqatio#b?&@&'éé#o?%@%ﬂ%@tg the present
application provides for a method of treating IICV in a patient, comprising administering to said patient a

therapeutically 35BHEEEIEANMGUM B MPOTiRY ORISR MRS b EPRAMMECELY YN tceptable sait,
solvate, and/or esteritbereant of a by:apoiheembadinent atheprasantcapplicatiomprevides for a method

of treating FICV | apati nt, CQmRrisinlg a gnist(;ring to,; aid p tient at.thera eutically effective amount of
vat anﬁxm €Ster, tNercor, and a I ast one a db ona er%]i)eu 1C a&e i
a compound of Formula ; or a pharmaceutically acceptable salt, solvate, and/or ester thereof; and at

least one additional therapsbiccagediment, the present application provides for a method of

20 treating and/or preventing a disease caused by a viral infection wherein the viral
infection 1s 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 disarrhea virus, Zika

25 virus and Hepatitis C virus; by administering to a subject in need thereof a
therapeutically effective amount of a compound of Formula I, or a pharmaceutically
acceptable salt thereof.

In another embodiment, the present application provides for a method of
treating HCV in a patient, comprising administering to said patient a therapeutically

30  effective amount of a compound of Formula [; or a pharmaceutically acceptable salt,
solvate, and/or ester thereof,

In another embodiment, the present application provides for a method of
treating HCV in a patient, comprising administering to said patient a therapeutically
effective amount of a compound of Formula [; or a pharmaceutically acceptable salt,

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



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 administeriﬁr%g%'{[ﬁ I.e. treating, said

. : WO 2011/035231 o o . /04947
animal with a pha?maceu?lcal combination composition or formulation compl?%T Eetive amount of a

Formula | compound, and a second compound having anti-iFICV properties. | Oln another aspect, the
invention also provides a method of inhibiting HCV, comprising administering to a mammal infected with

HCIV an angount of a ﬁ%ﬁ%g}%ﬁ%@g?ﬁ”q \?Jlﬁ%%ti‘{,‘? tocinhibg tt@gdr%_lit%?ttion f IT:tIf)r\/ in infected cells in said

. n OVIQAES a Mge reatime
in alum al, In another aspect, provided is the use of a compound of Formula T for the manufacture of

a medicament foretrattraaimentafmavvritide virdlihfidelon&diranpiienasséeniprdvided is a compound

of Formula | for ysgindreating ARavivinicive drakinfection: Jmanesmbodiment.ineg Flavitiridae viral
infection is acute or chronic HO/ infection. In one embodiment of each aspect of use and compound, the

treatment result&H THE SRR 8P BRE BFIHGTL BEIRP URALIBR AL SH R amte bt TOTRNIA in the patient. In
another aspect, ithenipvetiti amndal secpiid viclesqoreicessesandtioveldipteimediates disclosed herein which are

usefal for gieparing Fomuia L meeIaR ahing Net0fe » nedBOMENASREFISCove) methods for
synthesis, analysis, separation, |§Q ation, 25pur|%|qat| n, characterization and tegstlng of the compounds of
this invention ar@piAdedIDETFRITED BESCR IPTIORIORIEXEVPLARYENIBODIVENTS Reference

will now be madgir,detailia.certainempodiments.aH the inventione.3eexamplesiaf which are illustrated in
the accompanying description, structures and formulas. While the invention will be described in

conjunction witHtHa"8Humerated embodiments, it will be understood that they are not intended to limit the
invention to those emhodimeatss On, the Gdatranycthe ifvantiopisinié Aded:to Idovercall

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

20 RNA in the patient.

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

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

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

provided.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

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

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



alternatives, modifications, and equi yalcnts which may be included within the scope of die present
invention. In another aspect, compounds of Formula | are represented by Formula Il: Formula 1l 100r
aphannuceutlcané& %l%ﬁfe salt, thereof; wherein: R' is (C1--C,$)alkyl, ((,Pg Bgﬁca 4cs)’il:zllclylalkyl (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-ClOalky, (CG:B)earbacyehilalkyl, (GasGRIsHRRIWIEd, (9‘}21,Qﬁ)alka%ﬁxlqé%?ﬂ@&s%“tuted alkenyl,
(C2-C8)alkynyl; (C2-Cg)substituted alkynyl, or aryl(C)-Cs)alky or any two of R3, lle or R5 on
adjacent carbo@ﬁtme\ﬁﬁﬁéﬁtﬁkfé??together are -- 200(C0)0- or when taken together with the ring carbon
atoms to which they arg attachesbiernagostle J1angn RP skl M2 N2y EDN@2: ,S(0)"Rn, -C(-0)Rm,
-C(=0)0R41, - C(ir-O)NRI'IR12, -C(-0)SRI I, -S(0)R, -S(0)2R" -S(0)(0R71), -S(0)2(0R11), -SO2NR | 1R12,
halogen,(C4--C8)earbocycl 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; gach n is independently O, I, or 2;
each Ra is independently id, tel1-C F? alkyl, (C2- -C/Oalkemy nyl, aryh.C. | -Cs)alkyl,
(C4-c)carhocyclylalkyl, -C(=0)1211 1(---O)OR C(-Q))/12R -C(0)SR', -S(0)1111, -5(0)2RII,
-S(0)(ORI-5012(ORIl,), or -502NRI | N
G

RQ

Formula 1I

10 or a pharmaceutically acceptable salt, thereof;
wherein:

R' is (C,~Cy)alkyl, (C4—Cg)earboeyclylalkyl, (C,—Cy)substituted alkyl,
(Ca—Cygalkenyl, (C,—Cg)substituted alkenyl, (Co—Cglalkynyl, (C,—Cg)substituted
alkynyl, or aryl(C;-Cglalkyl;

15 each R’ R?, or R® is independently H, OR®, N(R"), N3, CN, NO2, S(O),R?,
halogen, (C;—Cg)alkyl, (C4—Cy)carbocyclylalkyl, (C;—Cg)substituted alkyl,
(Co—Cylalkenyl, (C,—Cy)substituted atkenyl, (C,—Cslalkynyl, (Co—Cg)substituted
alkynyl, or aryl(C,-Cs)alkyl;

or any two of R*, R* or R’ on adjacent carbon atoms when taken together are —

20 O(CO)O- or when taken together with the ring carbon atomns to which they are
attached form a double bond;

R®is H, OR?, N(R%),, N3, CN, NO,, S(O},R?, -C(=O)R"", -C(=0)OR"", -
C(=OINR'RY, -C(=0)SR", -S(O)R", -S(O)R"", -S(O)(OR™), -S(O)(OR™D,
~SO,NRMR'?, halogen, (C—Cyglalkyl, (C4—Cy)earboeyclylatkyl, (C—Cy)substituted

25 alkyl, (Co—Cylalkenyl, (Co~Cy)substituted alkenyl, (Co—Cyglalkynyl,
{C>r—Cy)substituted alkynyl, or aryl(C;-Cg)alkyl;

each n is independently 0, 1, or 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, +NF(O)F$2§ N(OR), 'N(0)(OR). or
N-NR2; VVV(&ﬁ&lez\?\}hen taken together, are -Y3("C(R5)2)22173-; o OHESPW ?WZ 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(Q)Q2)%:NOR). N(@)(§ N S o00) Pr (@25 each Y3 is independently
0, 5, or NR:NI2 is 0,1 0 2: each R.p%{?nde%)e{h%dge'n%&es(I?r(téﬁ[e(‘%?muljé:’ (Y(\? ersﬁ?n:%%lc’h Mitt. Mile, and Mid
is independently0l6F 1€ N1 de(@ 0C de b4 alkyl7:@FO1R, 1 1 E@F2OBachIR YR dRpendently H, F. Cl,
Br, 1,R, -C(-Y1 )‘Bf:-éﬁ&(ﬂi)%)l{”p _S(O):R'", -S(O)OR'"), -8(0)(OR"), or —SO,NR'R ™,

R'is H, -C(=0O)R'", -C(=0)OR", -C(=0)NR''R", -C(=0)SR "', -S(O)R'", -

S(0)R", -S(0)(OR"), -S(O)(OR'), ~SO,NR'R", or
|
i

each Y or Y'is, independently, O, S, NR, "N(O)(R}, N(OR), "N(O)(OR), or
N-NRy;
W' and W, when taken together, are —Y*(C(R¥)2);Y"-; or one of W' or W?

/

10 w2

together with either R? or R* is ~Y’- and the other of W' or W” is Formula Ia; or W'

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

M2
Formula la
wherein:
each Y? is independently a bond, O, CR,, NR, "N{O)(R), N(OR), "N(O)(OR),
20 N-NRa, S, S-S5, S(O), or S(O)a;
each Y° is independently O, S, or NR;
M21s 0,1 or2;

cach R" is independently R” or the formula:

11



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&(%%R)211, -8- SC(=Y1)(N(R)2),1C11-Nsi)R, -N(R)C(-\11)012,

-NIR)C,(=N71) Fé)ﬁ),ll ]R2, ---N3, --NO2, --OR, or W2; or when taken t ﬁy P,I{W??ﬁﬁ( 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 heterecyclyl, C2-C20 substituted
heterocyelyl, arylalkyl or substjtuted icyl,; is W4 or W5, Wdis R -( ([Y-0.11-1)Ws, -SO,Rls, or

=N(OR15, -CH(OR1 1)2,

( I, (C2-C8)alk¥¥l, (02-05)a1k)myl,
(C.1--Cs)eaybocyclylalkyl, optionally Mabstituted aryl, optionally substituted heteroaryl, -C(=0)(Ci-Cs)alkyl,
-S(0),ACI-05palkyl, aryl Cl-Cs)alltyl, OR '1 or SRI1, each R9 or Rju is independentlyhalogen,
NR11R12, N(Rll)ORI—?', R141\11eR 12, N3, NO, NO2, CHO, ON, -CIA=NR | -CH-NHNR11, -CH-NtOR
30-CHOR11112, -Ct.-&)biRHRAA | c«CatSYNRII RIDCE:0)0R; R31, OR' or Se; each R11 or R12is

independently El, (CI-Gs)alkyh. (gg_—@)&l))agkgn},{lg(@ag@gl&ypy:l, 11.C.4-C8Icarbocyclyialkyl, optionally
substituted aryl, optionallg/ substituted heteroaryl, "-C(’:O)§CI-C8)aIkyI,‘-S(Oé,ACl -COalkyl or aryl(c
i-C8)alkyl; or R and RE2*tkels tef@sertittiatnitrbdenlt&@Wniehthey dte-bbt attBehed form a 3 to 7

membered heterpeycfic(Rng WErgimaRy;osR CanR anm) K. ssid fieteyosyclig GRY -
OC(=Y"R, -OC(=Y"OR, -OC(=Y"N(R),), -SC(=Y"R, -SC(=Y"OR, -
SCE=YHINR)), -NRIC(E=Y R, -NR)C(EYHOR, -NR)CEY IN(R)s, ~SONR,,
—CN, =N3, =NO,, —=OR, or W*; or when taken together, two R” on the same carbon
atom form a carbocyclic ring of 3 to 7 carbon atoms;

15 each R is independently H, (C;-Cy) alkyl, (C,-Cy) substituted alkyl, (C,-
Cylalkenyl, (C,-Cg) substituted alkenyl, (C»-Cy) alkynyl, (C,-Cyg) substituted alkynyl,
Ce—Crg aryl, Ce~Coqq substituted aryl, Cr—Cyy heterocycelyl, C;—Cy; substituted
heterocycelyl, arylalkyl or substituted arylalkyl;

W is W*or WP Wis R, -C(Y')RY, -C(Y"YW?, -SO,RY, or -SO,W*; and W’ is

20 acarbocycle or a heterocycle wherein W is independently substituted with 0 to 3 R”
groups;

each X' or X” is independently C-R' or N;
each R%is halogen, NR''R'%, N(R"HOR", NR"'NR''R"?, N3, NO, NO,, CHO,
CN, -CH(=NR'"), -CH=NNHR", -CH=N(OR""}, -CH(OR'"},, -C(=O)NR''R ",

25 -C(=S)NR''R'? -C(=0)0OR'!, (C)-Cylalkyl, (Co-Cgalkenyl, (Co-Cg)alkynyl,
{C4—Cs)carboeyelylalkyl, optionally substituted aryl, optionally substituted heteroaryl,
-C(=0)(C,-Cyalkyl, -S(0)(C,-Cy)alkyl, aryl(C)-Cylalkyl, OR'' or SR'';

each R” or RM is independently H, halogen, NR''R'%, N(R] "HOR',
NR'"NR'"R'2, N3, NO, NO», CHO, CN, -CH(=NR'"}, -CH=NHNR'', -CH=N(OR "),
30 -CH(OR'"),, -C(=0)NR"'R"?, -C(=8)NR''R"?, -C(=0)OR'", R"!, OR"! or SR'";



10can optionally be replaced with -0-, -S- or -NRa-; wherein each (C1-05)alkyl, (07-08)alkenyl,
(C2-C8)alkynyi or ara/igC 7-C8)alkyl of each R1, R4, R5, 126, R" or R12 is, independently, optionally
substituted with ‘SR& O FE halo, hydroxy, CN, N3, N(.1214), or ORa,; and%ﬁé%%%?f%@%? 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 11, Fe is (C18-C8)alkyl, (Cr-C) alkenyl or (C2--05)alkynyi.

h@pﬁgg iar}kegp?ék%ieéx S gctlogénis embodiment, R is

In another aspect of this bodiﬁ]enti Rl iség:tt
methyl, CFHF, or ethyer%?ﬁﬁl] another ansﬁe‘ ctof this & oa?mebnt metrRSA. In another aspect of this

embodiment. REis {0107 atk{ks sathb Rebiy Hikirl. antthel aspett vbdhi’emiiodithent, Ri is (CI-C8)alkyl and:
at least one of Xj Qr.X4.i ! other ect s in ! ' £8)a .and R6 is CN,
X104 et lee D ANOtRRL G et PRI §@&@.$ﬁgﬁ& h%;(%\ll '(%%\h/?%f%'l

OH, or CH3. In one emhodiment of Formula Il, R3’is H. OW, 2, N3, alogen,
(C2:--C8)aikenyf orf@ X cByaikg s ThisHe aeiieerdiansiehibeamsdrth 28reE5¢ frp afbther aspect of
this embodiment, ikéhigdddareBdy18i(Gify Wlnallady (a2 @8halenyd oh(Cr=t8)alikymy. In another
aspect of t (is embodimerﬁ,, 17 .lano(li R1 is_épr_isc_%)ra_l « In another aspect of this embodiment, R3 is H
and .R1 me hyI,CE‘fll—(l),fl‘i_“‘,ogar1 é?thflryfe ! ar‘rjlear‘{%gﬁer aspect ot this embodiment:. R3 is H and R1 is methyl. In
another aspect of this embodiasdniC R4 jslH].fé is(Cdes)itkyiCard atieastconey/bf XTs30oy! X2 is N. In

another aspect gf i RTROUMANLRR IS RIS e AN]. BhIRRSHOUS il AAZIRN. In another
aspect of this embodiment, R3 s H, Rl is (Cr-C8)alk%and le 1s C. OH, or CH3. In another aspect of this

embodiment. RS/ &4 W%ﬁﬁ%ﬁnaﬂ@(&a@ﬂ 4, 25f EhasinAnsRstHeripBer ot this embodiment.
H3 isRI is methyd:anghledsbh atoreneresohedimentofakarmulast bpl2is HeRNKRR)2)-N3, CN, SR".

halogen. s C%-_ alkenyl or (C2-C8)alkynyl. 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)atkyhr{Gsnbediti)erainfhori(CRE@S)alymyla 1h Rhotiar-aspéot.afthi€ @mbodiment, R4

is OR."and 12.4.is 10(C1--05)alky 1, (C2-C3) alkenyl or (C2-Cs)alkynyl. In anpther aspect of this
embodiment. Rﬂﬁfg%qlg“ (r:12d ia|1§3ftyi.§]:§jg‘m§}|,afﬁ¥ g%%ﬁ%\%? glgp%%{%oef)(mlg é#%bgf?ﬁ%ﬁr%?lm is OR" and RI
is methyl. In andtherhspegteof thibiembodiment R s in@Rh. R AisoClhywel)hikybted at Mast one of X1 or

X2 is N. In another. aspech fiisiaPRoAMentsRL it RRARLR My andAldgastone of X1 or X2is N.
In another aspect of this 15embodiment, R4 is (3R', R1is (C!-Cs)alkyl and R6 is CN, OH, or CH3 In
another 20 (Ci—Cylalkyl and R"1s H. In another aspect of this embodiment, R" is (C,—Cy)alkyl

and at least one of X' or X°is N. In another aspect of this embodiment, R'is
(C;—Cg)alkyl and R® is CN, OH, or CHa.
In one embodiment of Formula 1T, R? is H, OR*, N(R™),, N3, CN, SR?, halogen,
(Ci—Cg)alkyl, (Ca~Cyg)alkenyl or (C2—Cs)alkynyl. In one aspect of this embodiment,
25  RisH. In another aspect of this embodiment, R® is H and R’ is (C1—Cylalkyl,
(Co—Cy) alkenyl or (Co—Cygalkynyl. In another aspect of this embodiment, R*isH
and R' is (C,~Cg)alkyl. In another aspect of this embodiment, R’ is H and R' methyl,
CHF, or ethynyl. In another aspect of this embodiment, R’isHand R' is methyl. In
another aspect of this embodiment, R*isH,R'is (C~Cgyalkyl and at least one of X'
30  orX’is N. In another aspect of this embodiment, R* is H, R' is methyl and at least
one of X' or X*is N. In another aspect of this embodiment, RYisH,R'is
(C;—Cylalkyl and R®is CN, OH, or CH;. In another aspect of this embodiment, R%is
H, Rlis methyl and R®is CN, OH, or CH;. In another aspect of this embodiment, R
is H, R" is methyl and R® is H.



aspect of this embodiment, R4 is ORL1. Rl is methyl and R6 is CH. OH, or CHS3. 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¥ASthEPaEHect of this embodiment, R1 is OH, NI is (CI-Cs)iRF Y313 st 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. Rl is (Cr-Cijalkyl and R6 is CN, OH, or CH3. in another
aspect of this embodiment, R4 is OH. Rl is methyl and R6 is Chi, OH, or CH3, I another aspect of this
embodimen, R4 is OH RS BHPARGY F25TH 2511 She BrabBinent o FSmAAIECR is H, OR',
N(Rn)2, N3, CHCSR »ialogen, (©aks)dlkyk(Cy-Gsiatkenyh an(Ga2spe&B)alikynyi. In another aspect of
this embodiment. R4 is H op QR In another aspect of this embodiment, R4,is OR". ID another aspect of
this embodiment, E%hlg%hkaﬁcﬁﬁ) (%ﬁ(cgq&%ﬁ%ﬁﬁ%yaf??&%%séwgﬁg o E%-(lftt?gkyﬁ]yl. In another aspect
of this embodimenth®4ss@ R thndRbE3HOF Gsiakyh dB3is-C8) @lkéryi 67(C2Pake5)alkynyl, in another
aspect of this embodi R1isOR" and Rl i -C8)alkyl. In anather.as iof this embodiment. R4 is
Ole and R s g A o AR e S e GR R T1E TT--0S)alkyl and at least
one of X) db X2 (€ :NCirlanother @spdctngf thig ertbadimeht, [RdbilsORYcRAfigimethyl and at least one of
X1 or X2 is N. In another aspect-ofithi 0 ,2011/035231PC17US20111/04947]1 Sembodiment, R4 is
OR R 18 (LB ARt RS e M A CHA I i uheh Sencnt ot SraBAgiane, Ra 5 OW. R
is methyl and RB'i&s OR’, ©ft Br €r8thiA. ainctinshaspesst of this erhbddimemt, RO BWs R1 is methyl and
L7(5 is H. In angiher gemectof ihisermhodimentR4 is 0L AIMRIS et U aRahar aspect of this.
embodiment, R4 js OKHb 'is (C1-Cs)alkyl and at least one of X4 or X2 is N. In 10another aspect of this

embodiment, 1R is @, RRas i@ sHuthfIdH deat [eest loheos PX oM XB RINbehaapRstrdiiEspect of this
embodimeny. RajsQbhdR! ig' (ChROakyl @nd B6iis: G 10,1 CHi3 in @notheraskect 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 fefisyPARE R8I A R othERashet et il Lahibdime it IRy (STR1 M 51n another

embodiment of korulajbcWiitiid chibatother RSpecRbfRhis embodimaitsRY is Ti@h&®R'. in another
aspect of this eqbodiment R4 QM Ipanaiher aseect of s ebadiment, RAJS.OR and Ra i
(Cit-C8)alicyi, (é‘ g ali e4ny? or &2-‘ Oal yné)l/?. In anothe aspect of thi em oéhment, R.lIis OR and R’
is (Cr-Cg)alkyl, (@B-0B)alk@ny OG- O alkylaiyl ararmotisert aspetKopthis 20emibodiment, R4 is OW
and pi is (GiCa)aliyly in Aapther asResk Rl dhisemrAdiRent, eyl and at least one of X' or X2
is N. In another aspect of this embodiment, R* is OH, R' is (C,—Cg)alkyl and R® is
CN, OH, or CHj. In another aspect of this embodiment, Ris OH, R'is methyl and R®
is CN, OH, or CH;. In another aspect of this embodiment, R is OH, R'is methyl and
R’ is H.

In one embodiment of Formula I1, R® is H, OR?, N(R®),, N3, CN, SR? halogen,

o
W

(C1—Cy)alkyl, (Co—Cg)alkenyl or (Co—Cs)alkynyl. In another aspect of this
embodiment, R* is H or OR®. In another aspect of this embodiment, R* is OR®. In
another aspect of this embodiment, R* is OR” and R is (C—Cy)alkyl, (C2—Cs) alkenyl
or (C,—Cglalkynyl. In another aspect of this embodiment, R* is OR? and R is

30 (C;-Cg)alkyl, (C,—Cy) alkenyl or (Co—Cy)alkynyl. In another aspect of this
embodiment, R' is OR® and R! is (C~Cg)alkyl. In another aspect of this embodiment,
R*is OR" and R' is methyl. In another aspect of this embodiment, R* is OR, R is
(C1—Cg)alkyl and at least one of X' or X*is N. In another aspect of this embodiment,

R'is OR® R' is methyl and at least one of X' or X*is N. In another aspect of this
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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 {% Nz'oln (%rgtz)gher aspect of this embodiment, R4 is OW. R."is met%\él anqw%t least one of X4
or X2 is N. In an091erlléspeclr of this embodiment. R4 is OR'. R'is (Cl-Cs)aﬁ&/T%lI PREEEN. 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

f aﬁgﬁg@ggﬁ%%}gﬁg (F%ﬁ%@eqlkyl and at least one

is 011 and Rl is methyl. | other.aspect of
of X' or X2 |§s N.ellﬁgaoﬁ}(;t eéll’qa{;bsec ' o’f%%hllsS é—:‘%bo im Is methyl and at least one of X4 or

X2 30is N. In anotiver dspectdbthiscemBOtiMBHR R4 ieOH aRi'RS (G CifffalkylGhd W is ON, OH, or CH3.
In another aspegt of this fmBediIMaRh Rhis Ot iRbie ety and B dCENy Of .51 In another aspect

of this embodiment, R4 is OH, R'is methyl and R6 is Il. In another embodiment of Formula I, R6 is

H, CN, OR" or @W.C%Oiﬁ]&ﬂ@bé’ﬁﬁ“é&%f{tﬁﬁ@%@dﬁniéﬁfﬁ@is]ﬂ.a’l}‘i’tﬁﬁd%ﬂi?(cfa%“ﬁ@@t of this embodiment

R6 is CN. In angtheriaspackoftig aohodiment:Ro isnOle1dnanetbex aspgetaf this embodiment le is OH.
In another aspect of this embodiment R6 is Cl|3. In ther aspect of this embodiment, le is H or OR". In
another oot GRS EREGA BN Ay T ot o SLEbEE b bBLIGR. R s OR and R
is (C,-C8)alkyl, (CN-0B) alkenyhgrdC3-G8)atkyniyh ¢nt driatheHarpectf thislembadikhent. R4 is ORa and
i%n$|&t(, R4 is OR4 and
y

R4 is (C2---C4) alkenyl or (C33-Q)al l. In anagther aspect.of this embo
Rlis (C,-C4)a|l<(iyﬁqfn8§h8{h§£aéb%léﬁ%5 'Itf%eggnxgé}fngg%ﬁ%ﬁﬁers’ R]'i;)r?({:l Illss]nrlﬁelie%r?ﬁIi "In‘another aspect of
this embodiment, R4 ISIOR' (RS ignmB(@haCaintiky 2 dned e hedstoneRofi b RX & mdhvireathother aspect of

this embodimeng,R44s QW RiciS:ipethyl and-allsast-one of X4 or X2 is N. In another aspect of this
embodiment, 11.4 is OR", Rl is (C -CS,)aLk%I and H. is 01, OH, or CI-13 In anather aspect of this

embodimeht, R4 is OR™ B0 hERRALH EREOH- R 61 B HE P RROIRRTAEPEY of this embodiment,
R4 is OR", Rl isemigihiyhandkRE is &1.0R‘anetherzdaspect Dhthisembedimerits R4 imOH and R' is methyl.

another aspect S SARBArHNE HE 00t 10 Telhy Fanblat oAbt A of £ S K3 . in amother
aspect of this embaditigal R4 iSO RenaskSE-@8Hia thbyldanchRB issOR’ OH ROisCH3 In another aspect
f e mbodingn .18 91 8 DA A1 255 1Y, O G4F5 ot spetf i
20 embodiment, R* is OR* and R' is (Ci—Cyg)alkyl. In another aspect of this embodiment,
R*is OR* and R' is methyl. In another aspect of this embodiment, R* is OR? R’ is
(Cy1—Cy)alkyl and at least one of X' or X?is N. In another aspect of this embodiment,
R*is OR?, R' is methyl and at least one of X' or X”is N. In another aspect of this
embodiment, RYis OR?, R!is (C1—Cy)alkyl and R®is CN, OH, or CH; In another
25 aspect of this embodiment, R*is OR? R' is methyl and R®is CN, OH, or CHs. In
another aspect of this embodiment, R*is OR. R'ism ethyl and R® is H. In another
aspect of this embodiment, R'is OH and R' is methyl. In another aspect of this
embodiment, R* is OH, R' is (C;-Cy)alkyl and at least one of X' or X*is N. In
another aspect of this embodiment, R* is OH, R' is methyl and at least one of X' or X*
30  is N. In another aspect of this embodiment, R*is OH, R'is {C;—Cyg)alkyl and R%is
CN, OH, or CH;. In another aspect of this embodiment, R* is OH, R'is methyl and R®
is CN, OH, or CHs. In another aspect of this embodiment, R* is OH, R' is methyl and

R%isH.
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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 &Eﬁf)sné?%%ﬁiment 30R6 is CH3. In another aspect of this eﬁﬁ%ﬁﬁ%@f‘?@ﬁl is lior 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)akyl, (C2-C) aikgnyl of (Go-GBalkynvil. In anqther agpert of this epbodiment, R4 is OR' and
R'is ICI-C15lalkyl. In ano?her WO 2011/035231PCT/US2010/049471 saspéct of this embodiment. R4 is

Ole and RI is mathgat 74 tisctnbrdiasecR ofsthis EratsbirmenecRd loRRORISTA-COMIK and at least one

of Xi or x:" isN. Iphainethesaspestatbisigrebodimant: Re in ARV Bedsnetbyhaadiatigast one of X' or X2
isN. In another aspect of this embodiment, WI is ORa, I%i_isF(CI-CS)aIk | and R6 js CN. OH, or CH3 In

another aspect bt this SHBYBIMERECHA 18 OB RIS HhEHYdhd 18 T8LERPEL'IPEHS. In another
aspect of this embbaiiment, R4sisl GHOAAJ IR his tnethypkcino ndtkebadipect ot thi©embBodiment, R4 is OH, R’

eyl g o Iohet e T R B Sept ot G oot A W OM i
(C1--C8)alkyl and (R6-18BNy®H lop@ELES dspenothbisaspediofthis embBYimERtiR4 is 150H, RI is methyl
5 SO O oL 11 e g GV LA’ - Chave -2 s
aspect of this embbdinment, Iﬁ?si@RCim@}ltt’ilis (C,—Cyalkyl. In another aspect of this embodiment,
R*is OR* and R' is methyl. In another aspect of this embodiment, R*is OR® R'is
15 (Cy—Cs)alkyl and at least one of X' or X*is N. In another aspect of this embodiment,
R*is OR, R is methyl and at least one of X' or X*is N. In another aspect of this
embodiment, R*is OR* R'is (C1—Cyg)alkyl and R%is CN, OH, or CH3 In another
aspect of this embodiment, R*is OR? R'is methyl and R® is CN, OH, or CHs. In
another aspect of this embodiment, R*is OR?, R' is methyl and R® is H. In another
20 aspect of this embodiment, R*is OH and R' is methyl. In another aspect of this
embodiment, R*is OH, R'is {C1—Cyg)alkyl and at least one of X' or X*isN. In
another aspect of this embodiment, R*is OH, R!is methyl and at least one of X' or X*
is N, In another aspect of this embodiment, R*is OH, R’ is (C—Cg)alkyl and R%is
CN, OH, or CH; In another aspect of this embodiment, R*is OH, R'is methyl and RS
25 is CN, OH, or CH3. In another aspect of this embodiment, R* is OH, R’ is methy! and
R®is H.
In another embodiment of Formula II, R®is CN, OR* or CH;. In another
aspect of this embodiment R® is CN. In another aspect of this embodiment R® is OR™.
In another aspect of this embodiment R is OH. In another aspect of this embodiment
30 R%is CHs. In another aspect of this embodiment, R* is H or OR". In another aspect of
this embodiment, R* is OR™. In another aspect of this embodiment, R* is OR® and R'
is (C1—Cylalkyl, (C;—Cy) alkenyl or (Co—Cglalkynyl. In another aspect of this
embodiment, R* is OR* and R' is (C;—Cg)alkyl, (C;—Cy) alkenyl or (Ca~Cglalkynyl. In

another aspect of this embodiment, R*is OR* and R is (C—Cylalkyl. In another



20wherein R is (C1-Ct)alkyl. 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 R8'S'ORE! In another aspect of this embodiment R6 is OHP.CW{Ugﬁ?)]t?{%*%Epect 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 OW and le is (Cm-C8)alkyl,

(C.12-05) a§<englsor l(C thgglg 51}4!. In motl& waspect. of this embodiment, R4 i§tQWand R'is ttl-COalky!l.
In another aspectpg? tﬁllzst em Togi{nlwe%l%.’]gﬁss R%l gnd RI'ls met nycfl.l?r%alndg fér %spgct of this embodiment,
R4 is OR, R1 isq@1o08)ailikyRaind &t 1&ast Ghe GOk draxdas!Mstinnarsdtiepalpedt-ofthis embodiment, R4

is OW, R1 is methyh and atleastongRfaerXR s Nrin@nethenaspech ol his.gmpbediment, R4 is OR', R1
is (C1-05)aikyl and Te is ON. OH, or ClI3 In another aspect of this embodiment, R4 is OW, R1 is methyl

and Re is CN, OHisor-CR3naharsaser depecrsrodinemBoiMBnR R4 (S OR)aIRY & &yl and le is H. In

another aspect ekthigemhadimentoRér issfeb andi Rdisomsiiy Rhiaoather aspest,phithig10embodiment,
R4 is OH, R'is (Cii-COalkyl and at least one of X' or X2 is Ig in another aspect of this embodiment, R4 is
old. R1 is Meth{ GNd At 1EASEEnd"GRNSF Koo ’E IR B RBRSHAEHeRt Bt ShibddiftERt: R4 is OH, P."is

(CI-Cidalkyl andRinig{eNssfkt, oniGH? ho @nether aspaet Y this embatiment :R4is @ELR 1 is methyl and
1211 is CN, OH, or Clk. In another aspect of this embodiment,.R4. | -11. R' is methyl and 15R6 is E.
In one embodim}((en %% = glhhﬂ]u Ielﬁtlif? H%LF\P]E)RF] E-?S}B?aﬁnﬁﬁ%%e}sa%%% ‘Sf'?ﬁfgyifﬁ godéiment, Xis N. In
another aspect hthimenfBodimért, X' Is GxRIED afpcahofties aspedtehthi énthddirient, X2 is C-H. ha

another aspect gf this embodiment, o isyN29and 2.8k 0 aPAiherASRRSLES this embodiment, X is

C-R1and X2 is CII. in another aspect of this embodiment R6 is fl. In another aspect of this embodiment
R6 is ON. In an6teR aisgaeihik apisRenitddiMentHEis OW. In another aspect alibis embodiment R6 is

OFT. In another aspegt, ehthis srabedinent Reiis Gk anathen aspectebtjr ‘€mbodiment. 124 is H or
ORa. In another aﬁsé@?e gf this embodiment., R4 is OW. In another aspect of this embodiment, R4 is Ore

and le is (CI-CS% 15¥Cs) alkenyl or (C2-Cs)alkynyi. In another aspect of this embodiment. R4 is Ole
and R' is (C,-C18)alkyl.CLO another aspect of this embodiment. R4 is OR" and le is methyl. In another
aspect of this embodim@% is OW, 'R'is (C,-C8)alkyt and at least one of X1 or X2 is N. In another
aspect of this empodiment. R4 is OR". R' is

w? . In a aspect of this embodiment, R” is H. In another aspect of this
embodiment, R is -C(=0)R"". In another aspect of this embodiment, R is -C(=O)R"!
20 wherein R'" is (C}-Cyalkyl. In another aspect of this embodiment, R is
O

w*/P—é

w? . Tn another aspect of this embodiment R® is H. In another aspect of
this embodiment R® is CN. In another aspect of this embodiment R® is OR®. In
another aspect of this embodiment R® is OH. In another aspect of this embodiment R®
is CHs. In another aspect of this embodiment, R*is H or OR?. In another aspect of

25 this embodiment, R* is OR®. In another aspect of this embodiment, R* is OR® and R
is (C-Cy)alkyl, (C2—Cy) alkenyl or (C2—Cylalkynyl. In another aspect of this
embodiment, R* is OR® and R' is (C;—Cglalkyl. In another aspect of this embodiment,
R*is OR* and R' is methyl. In another aspect of this embodiment, R* is OR®, R is

(C—Cy)alkyl and at least one of X' or X?is N. In another aspect of this embodiment,
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30methyl and at. least one of X1 or X2 is N. In another aspect of this embodiment, R4 is OW, Rl 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. O BHEEFh another aspect of this embodiment, le is OH 588’??293}‘}4%%9|_ In another
aspect of this embodiment. R4 is OH, Rl 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. Rl is methyl and at least one of

X" or k2is N In apnother aspect of this embodiment, R4 is OH, R' is (CI-Cii)alkyl and R6 is CiN. OH, or CH.
In another asspe%t (l)[@&ls’ Bml (1_')nc]a|[hgr‘?L %F?}qusa%ﬂe s %§H§/ z:inkél1 %r(gll%réf-ﬁ%ﬁ?%%l& In another
aspect of this emboaiment, R41ORHR 'RH s iotyyland RE64< ¥ ] 0Enotiiét:emboctiment of Formula T,

each R8 is indepghdently;balaaen, 19-1k VBRI 1 NRAIOR:NR MR BiORQY.SR,- In another aspect

of this embodiment, Rl'is methyl, C.11219 or etbynyl. In @nother aspect of this embodiment, It' is methyl.
In another aspedtWhehpsresisédimembadinrent Rnaidyen Roistretiy. aad dthisr s peet$hthis embodiment. R9

is H. halogen, osHRiLiRAZsanhiRhisnimethyloGlzid R! orethynyhnlpanethepaseeatiof 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. It AnoffEe4upe: Bf thidrbsdieht) BeieMitt At #5 & A oF Ralbgen'&nd Rl is methyl, CH2F,
or ethynyl. In anetheesaspectodiihisembadimenti RSN H2nangR6dst ot hadagen ankd’RI is methyl. In
another aspect of this embpdiment and R9 are eagh NI-H. In anotf spect.afthis embodiment, R8
and R9 are eachsﬁﬁiznélﬁlgt ] E“Fn%t?ﬁ H%ﬂ% egtr’%sﬁsecl}gﬁiﬁss ehbéiit?\‘ gref '“R8 dnd R9 are each
NI-I1 and R." is fetioyill, GREHorlethynyir inpariothéiaspect okthi® embotdientdig5u@HRAnd R is NH33

in another aspegt o thifrembediment, 38 5, 00:1,:39.i5, M2, And R' s mgthyl;Jn,anpthgy aspect of this
embodiment. R8 js OH, R9 is Nfir and RI is methyl, CH3F, or ethynyl. In another aspect of this

embodimeht R&8isiBHIn 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

embod@ment R6 i; Cléx?blre]: ggg(t}%ergngt 1(13ft iﬁle@bg%_mre&t[(ﬁm imsaH reC_)R:'._In tgltsher aspect of this

embodiment, R4 is OR' 2 Th BHOHBI Bspect BrHAIY émbodithént. R4ATEES éﬁd’ﬁf%ﬂ
embodiment, X'is N. In another aspect of this embodiment, X'is C-R'. In another
aspect of this embodiment, X?*is C-H. In another aspect of this embodiment, X'is N

20 and X”is C-H. In another aspect of this embodiment, X' is C-R'* and X* is CH. In
another aspect of this embodiment R® is H. In another aspect of this embodiment R® is
CN. In another aspect of this embodiment R® is OR®. In another aspect of this
embodiment R® is OH. In another aspect of this embodiment R® is CHx. In another
aspect of this embodiment, R* is H or OR®. In another aspect of this embodiment, R*

25 is OR" In another aspect of this embodiment, R*is OR* and R is (C 1—Cy)alkyl,
(C2—Cy) alkenyl or (C,—Cyg)alkynyl. In another aspect of this embodiment, R* is OR”

~and R' is (C,—Cy)alkyl. In another aspect of this embodiment, R*is OR® and R' is

methyl. In another aspect of this embodiment, R* is OR”, R' is (C,—Cg)alkyl and at
least one of X' or X?is N. In another aspect of this embodiment, R* is OR* R'is

30 methyl and at least one of X' or X*is N. In another aspect of this embodiment, R* is
OR? R'is (C,—Cy)alky! and R® is CN, OH, or CH; In another aspect of this
embodiment, R® is OR?, R is methyl and R® is CN, OH, or CHa. In another aspect of

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

R*is OH, R'is (C—Cy)alkyl and at least one of X" or X*is N. In another aspect of
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(C2---C8) alkenyl or (C1--05)alkynyl. In another aspect of this embodiment, R4 is OW and R' is
(C,-ClOalkyl. In anothe/r asglect of this embodiment, lit4 is OR' and R' is meth TI./ Inzgln(/)otg%laspect of this
embodiment. R} %5“/0355 is (CI-Cic)alkyl and at least one of X1 or X2 is NAT R i tols 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
GRS, R."is methyl and Itis CH,,©0H 113.in WO 2011/035231RPGMJIS2010/049471 S5another aspect of
s embosiment o RS 1 oSt AR 0 e e Sp ek of his B airent, Rd s 011
and R.' is methylsrierarfotirerralspbictcot. thidsephbddiment Qi yOrd Rf is (C1L@%)atitiand at least one IX'
or NI2 is N. In apother, asppe ofrthis gmbedinent: Rébis RHsRidsmathylaod at fsast,one of X' or X2is N.
In another aspect of this embodiment. R4 is OH, Rl is ({ ‘-%allgll and R6is 10 CH, OH, or CE3. In
another aspect bFthidPeribeiAtestt § f orbriEsHethyratd Reiksehyor! Br €H2. in another aspect of
this embodiment, le isiRoREiSimehyangrRoisnkla 11, cdthaiathensgemesimentgsf-ormula IL, each Rl is,
indepondently, A, haleg ¢N oroptienally substituted, heteroaryl. In anothey aspect of this embodiment.
Rl is | 5methyl. nRaﬁ{othglnRasgggt 0 ishﬂéimgod@ienﬂl% is'rrFl“e n%/’ﬂ%ﬁ%%? 12 1%yl. in another aspect of
this embodimentpR8timédt. Rl ogenthok NRille2 cthvapoterasthectspkthis’ enssodindentnR9 is H, halogen, or
NR' 'R'2and R i methyl 1 apqther Aseeet of shis.embediments RYis i, halogan, ok NRERn and Rl is
methyl, CH2F, or ethynyl. In another aspect of this embodiment. R3 is, NIL and R9 is H or halogen. In
another 20aspett Vi thishsRiBHHIhEREORE RO INTFIS dhdkesa-1rdi hafogarddhd sRisd rhethyl. In another
aspect of this embodigentylelisiNmihandRA i Hioehslegas.and ifedshmeibyl oCkRF ROt ethynyl. in
another aspect of this.embodiment, R8 and R9 are each N112. Ina er ct of this embodiment, R8
na Ie ate Bach KK 21T i Th AR, R B ST mBoNREH, 1o AT RS are each N, and
Rl is methyl, CHogerctiyaybthnranstiter dspecbofithimemMboditient] R8ist0dzhalgeRaris N112. In another

aspect ofthis embodiment, R&,is QU8R isiNAd ke A0d ! is methvlolR.anotker aspeghof this embodiment.
R8is OH, R9 is NH, an Rlis methélg, CH2F, or ethynyi. In another aspect of this embodiment R6 is H. In
another aspect Bf thid @nfiplgdimait R is erhyh dhstAbesapset of thicermsamieRt BIfOW. In another
aspect of this egibegiment R6 230tielkedaneikehaspest: ok thisiethbedimsentt Rars 1IC1113. In another
aspect of t ('Ss embogiment. R4 is H or Olég. In an%t]laer aspegt o{ﬁais embo%iﬁnent E{Aisis ORa. in another

aspect of this emBbot n¥1ér111f,a§91ﬂ|1§r At il-illsignz Bécjlérlky,%?: il/rff cach and

eny. B
methyl, CHaF or ethynyl. In another aspect of this embodiment, R*is OH and R’ is

NH,. In another aspect of this embodiment, R® is OH, R” is NH, and R' is methyl. In
another aspect of this embodiment, R¥is OH, R” is NH,and R is methyl, CH:F, or
ethynyl. In another aspect of this embodiment R®is H. In another aspect of this

25 embodiment R®is CN. In another aspect of this embodiment R® is OR”. In another
aspect of this embodiment R® is OH. Tn another aspect of this embodiment R® is CHs.
In another aspect of this embodiment, R*is H or OR™ In another aspect of this
embodiment, R* is OR”. In another aspect of this embodument, R"is OR" and R’ is
(C1~Cg)alkyl, (C2—Cy) alkenyl or (Co—Cglalkynyl. In another aspect of this

30  embodiment, R*'is OR®*and R' is (C—=Cglalkyl. In another aspect of this embodiment,
R*is OR" and R’ is methyl. In another aspect of this embodiment, R* is OR™, R' is
{C1—Cy)alkyl and at least one of X' or X*is N. In another aspect of this embodiment,
R is OR*, R' is methyl and at least one of X' or X”is N. In another aspect of this
embodiment, R* is OR?, R} is (C;—-Cgalkyl and R"is CN, OH, or CH;. In another

35  aspect of this embodiment, RYis OR%, R'is methyl and R is CN, O, or CHs. In
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or (C2-05)alkyriyl. 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 er¥1vlg)oh H&heR4 is ORa. Rl is (t,r-C8)alkyl and at least one of XPEPRYIERIn another
aspect of this embodiment, R4 is ORE. RI is methyl and at least one of Xl 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

embodimery, R4,isQRa, & it Methand KiGrsCOR Okt Qh{aHy18-an0then agpaehpl this embodiment,
10R4 is OR', R1 is methyl and R6 is H. In another aspect of this'embodiment, R4 is OH and Rl is methyl,

In another aspetP6fithisieniBoamiammt: B4 OHIRR & sty kyrantacsst Brlibf Xi or X2 is N. In

another aspect ghithigsmbedimen, R44s@QkH;,Riismethyhand akleast ong’af X omX2 is N. In another
aspect of this embadiment, R4 is OH, I-2] is (C1-Cdalkyl and R6 is CN. OH, or CH3. In_another aspect of

this | 5embodinfSRIPRATEDR, B9 8 Rdiiyrand BEIS ENS -8B FAShAstHEFashéct of this
embodiment, R4 is. QidaRitis metaybamndk RGtsdent, Rinanstheriembodimernt .aamprunds of Formula | or

Formia e g0 sEnod iy MBS il g apramacaicalsecppape sal.rerer
1s CN, OH, or CH;. In another aspect of this embodiment, R*is OH, R'is methyl and
R®is H.

In another embodiment of Formula 11, each R'" is, independently, H, halogen,

CN or optionally substituted heteroaryl. In another aspect of this embodiment, R' is

15  methyl. In another aspect of this embodiment, R'is methyl, CHaF or ethynyl. In
another aspect of this embodiment, R%is H, halogen, or NR''R'. In another aspect of
this embodiment, R® is H, halogen, or NR''R'? and R is methyl. In another aspect of
this embodiment, R is H, halogen, or NR'"R"7and R is methyl, CH->F, or ethynyl. In
another aspect of this embodiment, R* is NH; and R’ is H or halo gen. In another

20 aspect of this embodiment, R%is NH, and R%isH or halogen and R'is methyl. In
another aspect of this embodiment, R*is NH; and R” is H or halogen and R’ is methyl,
CH>F, or ethynyl. In another aspect of this embodiment, R* and R” are each NH,. In
another aspect of this embodiment, R? and R” are each NH, and R is methyl. In
another aspect of this embodiment, R® and R” are each NH> and R'is methyl, CH-F or

25  ethynyl. In another aspect of this embodiment, R® is OH and R’ is NH,. In another
aspect of this embodiment, R is OH, R’ is NHyand R is methyl. In another aspect of
this embodiment, R* is OH, R® is NH, and R is methyl, CH,F, or ethynyl. In another
aspect of this embodiment R®is H. In another aspect of this embodiment R is CN. In
another aspect of this embodiment R® js OR”. In another aspect of this embodiment R®

30  is OH. In another aspect of this embodiment R"is CH;. In another aspect of this
embodiment, R* is H or OR?. In another aspect of this embodiment, R* is OR*. In
another aspect of this embodiment, R*is OR* and R’ is {C1—Cg)alkyl, (Cy—Cy) alkenyl
or (C2-Cy)alkynyl. In another aspect of this embodiment, R* is OR® and R' is
(C1=Cglalkyl. In another aspect of this embodiment, R*is OR? and R’ is methyl. In

20



25In one embodiment of Formula UT. R4 is H, ORE, N(Rnh, N3, ('N, ISRE, halogen. (CmCs)alkyl,
(C3-(13)a|keny]vcv)r Cﬁ-{%ggglkynyl. In another aspect of this embodiment, F12)4 i7'=, HO%/ORI% In another
aspect of this emBoditeR } ft,.4 is ORE. In another aspect of this embodimeﬂ,%ﬁ YR 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, RJ is methyl and R is, €N, QH,or CHI. othe ect of this embodiment, R4
is OR". R' igme%ﬂgﬁ]lglnﬁs?gcfsoiﬁ ﬁ%ﬂﬁ%c{]’%ermoﬁgslﬁeoc(%Oﬁth]igsqehl%glﬂ étr&} él’%ﬁ iS5 (iil?cz%d Rl is methyl. In
another aspect 3f thiXemBodimerihettashist OHNR kishniéthylt aRti aOR'ast one @k andraX2 is N. In another
aspect of this emhodiment Ra s OR. B i3 Meie0dREIS FhRld.0Rr GL BRIk apother aspect of this
embodiment, 124 is OH, Rl is mﬁe_thyl and R6 is H. 15In another embodiment of Form4u]a I, Rhis id, CN,
OR" or CH3. In &nothet s paetofitiideRibodiment Revetpr pingothEr agpRedirii&ehbodiment R6 is
CN. In another agpegt af this gnodiment Ryis QR Inanather: aspect ohthiseabadiment RS is OH. In
another aspect of this emhodiment R6 is.CH3. In another aspect of this embodiment. R4 is Id or OR". In
another aspect Bf thidfenibdaihiaht 189 i SR 1h BEKbAKBEALHEEE SPiLBmbItiIMEN, R4 is OW and RI
is methyl. In anatiex 'aspeactof thisrembodiraent RidisHoRmdr, is*metihyirnd @t leastione of XI or X2 is N.
In another aspect of this embo_d;fne -R4 is OR". Rl is methyt and R6 js CN, 01-1, gr GH3. In another
aspect of this efm (%aéﬂpeﬁlgn??ﬁo IS (3‘%, RIS r%e%%} %negpl‘?’?fé) |§hll-?.elnﬁb§égi elétr algé];l)sfje%ﬁ oﬁhis embodiment,
R4 is OH and Rissnwiethyhdint mother a&leot 8f this. 25enibodimenty RissidediRER Rethyl and at least
one of X1 or X2 i Ninqnothey.Aapert o tis ereedimant, Bbin@l: 1o Belsmethyl and RE is CN, OH, or

CRt. In another aspect of this embodiment, R4 is OH, K is methyl and R6 is H. In another

embodimetit of Fopatinzem, REGIEN Gleeh kg, in akrdtheHaspEtbof iHiRodpitsamsient R6 is CN. In

another aspect gf thisienbegdinment BA.ig Qfen.801Imanother 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 BriTESSHiHTEH BATR SRR KRSt BepetPof i EniBiment, R4 is OW and Rl is
methyl. In anothepraspest of Foissembddiment. R4 is OW, Rl is methyl and at least one of XI or X2 is N. In
another aspect of this embodiment, R4 is OR". Rl is methyl 64 3§@nd RCN, OH, or CH3. In another
aspect of this embodiment, R is 01-1 and Rl is

20 Formula 1
or a pharmaceutically acceptable salt, thereof;
wherein:
R' is CHs, CH-F, or ethynyl and all remaining variables are defined as for
Formula 1.
25 In one embodiment of Formula If1, R* is H, OR?, N(R®>, N3, CN, SR?,
halogen, (C,—Cglalkyl, (C2—Cy)alkenyl or (C2—Cglalkynyl. In another aspect of this

embodiment, R* is H or OR". In another aspect of this embodiment, R* is OR. In
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WO 2011/035231PC17US20111/049471 5methyl. In another aspect of this embodiment, R4 is OH, Rt4 is
methyl and at least one of XJ or X2 is N. In another aspect of this embodlmentT R1is OHJ R'is methyl and
R6 is CN, OH, of CH5Y13°8He embodiment of Formula HI, Ris H,- emboJ%éH?zﬁV ¥ 8( ----- O)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
embodlment R6 |s N. . apo elr g%geé:t of n&%g t.R(g' gﬁ% In (.;Lt an h{ar aspect of this
embodimenit RE' 1S OH. fﬁeﬁn% esr asp(éc{“of] hIS em 3 Wo% er aspect of this
embodiment. RatigtMosBR of thanothediaspedt of AR embbdﬂrmefrnanngI@IéeamRt i§ methyl. In another
aspect of this emhodiment, B¢ 18 QBRe |R4ilspethyhanthatdeastane of X! OrX3,isNala another aspect
of this embodiment. R4 is OR8, Rl is methyl and R6 is ON, OH, Or CH In another aspect of 20this
embodiment, le 38ESRL HSIEHRIHYFENE REGR MR ARt Wéna%‘%ﬁeb‘t OMifilerilbdtbintdnt, 12.1 is 011 and
R4 is methyl. Inaaogthespspeciof &hiSOelmhﬁdmfemDROkl iRniatpiethy Randrat least@se of X1 or X2 is N. In

another aspect of thl bod| nt R4 s RI | eth #and R6 is ON, Ol—j[ el r.CH. In another aspect of
. (ﬁ)e g mie [—I 15 11 hyl.” In another aspect’ot this
this embodiment, Iﬁﬁ s meth
embodiment, R is OH, R’ 15 methyl and at least one of X' or X?is N. In another
aspect of this embodiment, R*is OH,R'is methyl and R%is CN, OH, or CHs. In
another aspect of this embodiment, R*is OH, R'is methyl and R®is H.
15 In another embodiment of Formula 11, R® is H, CN, OR? or CHj. In another

aspect of this embodiment R®is H. In another aspect of this embodiment R®is CN. In

another aspect of this embodiment R®is OR®, In another aspect of this embodiment R®
is OH. In another aspect of this embodiment R®is CHs. In another aspect of this
embodiment, R* is H or OR®. In another aspect of this embodiment, R* is OR™. In

20 another aspect of this embodiment, R is OR® and R' is methyl. In another aspeet of
this embodiment, R* is OR?, R' is methyl and at least one of X! or X*is N. In another
aspect of this embodiment, R* is OR?, R' is methyl and R® is CN, OH, or CH;. In
another aspect of this embodiment, R* is OR®, R' is methyl and R® is H. In another
aspect of this embodiment, R* is OH and R' is methyl. In another aspect of this

25  embodiment, R is OH, R'is methyl and at [east one of X' or X?is N. In another
aspect of this embodiment, R*is OH, R’ is methyl and R®is CN, OH, or CH;. In
another aspect of this embodiment, R*is OH, R is methy! and R®is H.

In another embodiment of Formula III, R®is CN, OR* or CH3. In another

aspect of this embodiment R%is CN. In another aspect of this embodiment R® is OR®.

30 In another aspect of this embodiment R® is OH. In another aspect of this embodiment
R%is CHj. In another aspect of this embodiment, R*is H or OR?. In another aspect of
this embodiment, R*is OR?. In another aspect of this embodiment, R*is OR* and R’
is methyl. In another aspect of this embodiment, R* is OR?, R is methyl and at least
one of X' or X*is N. In another aspect of this embodiment, R* is OR®, R'is methyl

35  and R%is CN, OH, or CHs. In another aspect of this embodiment, R*is OH and R' is
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2.5 In one embodiment of Formula Ill, .X" is N or C-R'. In another aspect of this embodiment. XI is N.
In another aspect of this embodiment, Xl is C-R1. In another aspect of this embodiment, XL is C-H. In
another aspect RIS lé%sﬁ?)ldiment, X'is N and X2 is In another aspect of tﬁ)igTé?r%tz)Oola’i?ﬁ%ﬂf, 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 thi bodiment R6 is .CH3..In anotheyaspect af.this embodiment, R4 is H or OW. In
anothor aspect SFUIC e BOUGt R L OW T IRGlHe: SopEor e BRI B 2 OR and R1 i
methyl. In anoth&rd0aspeetof hiwehshetivnist iRvesbolin R RS inBtyRafdwtiebatRe of X1 or X2 is
N. In another aspeg} afthis-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 gspect of thjs embodiment, R4 is OH,
R' is methyl and at leakt SHeBP IR LoRP dHothdt HspectBRihisEnibbtdiment. R4 is OH, R1 is
methyl and R6 is ©@MSRH oor CH3. In another aspect of this embodiment, R4 is OH, R' is methyl and RD
is ll. In another emhodiment of Formula I1I, each R8 is independently halogen, NRHR'2,
N(12.14)OR'1,NRIINRI1IR12, OR11 or SIR* hi another aspect of this embodiment, R." is methyl. 0110F or
ethynyl. In anothe[/a_spé’cfoﬁéhis embodiment, R1 is methyl, ID another aspect of this embodiment. W
ishalogen, or NRV\./LlRl#.In 20another aspect of this embodiment, R9is H, halogen, or NR11R12 and R1 is
methyl, CHZ14, or ethwyhyl. In angthenaspeetiokitizs ambaditnantis Eluhalegep-ardNRisR'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, R§TONE G RY iS5 FOFhal Gy e BiTHAERSE Ml A S ethyhyt P ahother aspect of
this embodimentHerésRE, iand, R9)idker Halogeinangde is hathybddianotiieriaspect 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, 0110F or ethynyl. In another aspect of this embodiment, le and 1119 are each NII2 and :R1 is
methyl. Jr. anothey ctvf"ihis embodiment. R8 is OH and R9 is In another aspect of this embodiment,
R8is OH, R9 is NH2 apd R1 s methyl. CITA', or 30 ethynyl. In another aspect of this embodiment, R8 is
OH, R9 is NIL and RS methyl pinanethesaspgehefdhiz ambediment I 2nisitdy dspanather aspect of this
embodiment R.' ﬁs OF—IP I% another aspect of t isgmbodifne_nt Rg ig,OR. Hﬂ:an E{Lerlaspect of this
embodiment Rh IS SR N BRS el dspedt BTN ERESAIMENF R EISY T &ithiePaspect of this
embodimeht, R ahishit esp@flhiarotheiraspdt ioftHis lermsodimepts R4 BBistdWliandtR( is methyl. In
another aspect of this ambodiment. R4:is, 0B Riis, WO: 20 H/OR8 2L CLZHS2Q11/049471 Smethy]

and at least one of X1 or X2 isN. In another aspect of this embodiment. R4 is
this embodiment, R* is OR" and R’ is methyl. In another aspect of this embodiment,

R*is OR® R' is methyl and at least one of X' or X" is N. In another aspect of this
embodiment, R*is OR?, R' is methyl and R® is CN, OH, or CHs. In another aspect of

20 this embodiment, R* is OR? R' is methyl and R%is H. In another aspect of this
embodiment, R* is OH and R' is methyl. In another aspect of this embodiment, R* is
OH, R' is methyl and at least one of X' or X*is N. In another aspect of this
embodiment, R* is OH, R' is methyl and R is CN, OH, or CHs. In another aspect of
this embodiment, R* is OH, R' is methyl and R® is H.

In one embodiment of Formula 111, X" is N or C-R'®. In another aspect of this
embodiment, X' is N. In another aspect of this embodiment, X' is C-R'’. In another
aspect of this embodiment, X* is C-H. In another aspect of this embodiment, X' is N

and X? is C-H. In another aspect of this embodiment, X'is C-R" and X* is CH. In



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, RAVR Bﬁfoﬁs. s methyl and at least one of X1 or X2 is N. In ah Tﬁlé%’zgls%oé%f%f this
embodiment, R4 is OH, R1 is | Omethyl and R6 is CH, OH, orln 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 gptionally sub 'tuter%h teroapy. In.another, aspect of Béilse badimenis R1 is methyl. In
anothor aspect SN SR AARE 0 L ik, oF NIBTLATI N 1AAOIPay Sanabt Bt s
embodiment. RS I fraibgersport NRIMRTRENG R R issrh&thyin mathothweaspdbisof this embodiment. R8

is NH 2 and R9 i,k erhalagen duangthetaspeetaf this emhesinents R-8ds NEiZ.ad:R9 is H or halogen

and Ri is methyl. In another aspect of this embodiment. Rs and R9 are each NH,. In anpther aspect of this
embodiment, R& B 96 BieBRef et Bnld R41E Fetiyin tRahbnst ASpEEMIie D6embodiment, Rs is
OH and R9 is TGIHR" In:anatiher appactfafithis:embodineht; BR%isnOR’ RhishNFlnandiRE is methyl. In
another aspect of this embodiment R. is, H. ther aspect of this embodiment le is CN. In another
aspect of this emnboc i(r)r??r]{ts R ?(s)%nrﬁn.t ’I% anot éﬁﬁgéspggﬁgﬁ ﬂ%llé)aetr%ﬁ%gﬁﬁéﬁgggl ig CSSI}'In another aspect
of this embodimerneh@ iSicH ofifanothetinspelt of s Embboditndrin R is AN QBRI in 25another

aspect of this er@hgdimmh%é?e%% AR mathyt iinanther aspeahef this.embodiment, R4 is Ole,
R.1is methyl and at least one of X1 or X2 is N. In another aspect of this emQodiment. R4 is Or. R1 is

methyl and le is*EACtOHM B PesiRFYnBiHE PRk Sedt BYthE EBblRTIERE RASiLORES N1 I8 methyl and R6
is H. In another aspect:ef dhisambadiment;1 24 is OH, and Riktis/ et/ ifrcanothesaspect of this 30

embodiment, R4 is OH, R..1 is methyl ngﬁatl one ofX1 or '15 .kl anpther aspect of this
embodime{r}%, R4S élﬁipfg?’rﬁrgﬁf%g}na efgﬁfsgil-lpg Elsﬁé.g%naé\é]c[)%hg? gspect of this embodiment,
R4 is OH, ft' is methyl ard®Reiskbodimint ohEwembedimesshdt Boirderasdentdy hRdgeor R12 is

independently Hy{Crpi &apalicyk (CRrOBalkamyiofC-Gljalkypyini(l.1:6R1¢amRgyclytalicyt, optionally
substituted aryl, optionally substituted heteroaryl, -CHOXCI-Odalkyl, -,S(01)"(Ci- Cs)alkyl or
aryl(Cres)alkyl. fif BrfEmE-dhnbodfiteht B aid Ry ke PuaBe PR of Mirsgd {8\itich they are both

attached, form &3itaGhrmemhesadheterooydlie cinpodinetejR amtone aaibhon IO '0f said heterocyclic
ring can Oeﬂonaal%t%%rraesBIeac‘:?ggtg\lliﬁth‘lbodiment, R%is H, halogen, or NR'R'"? and R' is methyl,
CH-F, or ethynyl. In another aspect of this embodiment, R”is H, halogen, or NR''R"
and R' is methyl. In another aspect of this embodiment, R* is NH, and R” is H or
halogen. In another aspect of this embodiment, R® is NH, and R” is H or halogen and
R'is methyl, CHoF, or ethynyl. In another aspect of this embodiment, R*is NH, and
25  R”isH or halogen and R' is methyl. In another aspect of this embodiment, R® and R”
are each NH,. In another aspect of this embodiment, R® and R? are each NH-> and R!
is methyl, CH»F or ethynyl. In another aspect of this embodiment, R* and R” are each
NH, and R' is methyl. In another aspect of this embodiment, R* is OH and R’ is NHa.
In another aspect of this embodiment, R%is OH, R’ is NH,and R' is methyl, CH>F, or
30 ethynyl. In another aspect of this embodiment, R*is OH, R” is NH,and R' is methyl.
In another aspect of this embodiment R®is H. In another aspect of this embodiment
R®is CN. In another aspect of this embodiment R is OR". In another aspect of this
embodiment R® is OH. In another aspect of this embodiment R® is CHs. In another
aspect of this embodiment, R* is H or OR®. In another aspect of this embodiment, R*

35  is OR®and R' is methyl. In another aspect of this embodiment, R* is OR?, R is
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-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,F B {2 %3lindependently, (Ci-Cs)alkyl, (C2-Cs)alkenyl, (CZ-05aKAVI 67
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 Jlimitation, fe, R4, R5, R. Rl or RI2 could represent moieties such as
vk g eSS R e
thC5-1-12)6NI12Rin8 threnikbylinndribtiref Bribdintdht dh Ropthalaskid R3MRANRBIRELRH or R12 is (C1-

20CI8)alkyl whegein gpe RF argof fhg Rop-ferminalGarbon atoms.A-aach.Raid fiGL-ptaikyl may be
optionally replaced with -0-, -S-Therefore, by way of example and not limitation, R3, RI, V, R6, Rl or R12

. . A
could represent%tlé?é@%h dg another 25prR SC 2 eRPsdipppdEitc i tdyis-prby sat3,
-(CH2)60CF-I13,le4£dnd 3)BN (CE3)20anth thetlikeaspbin @mbithen emipadinent Garmulas I-111 is a compound

selected fr%‘n tl}rexcﬁ{}ﬂuﬁ(g Rnlss!%lﬁ,g&-fl, or CHs. In another aspect of this embodiment, R? is OH, R’
is methyl and R® is H.
In another embodiment of Formula 111, each R'? s, independently, H, halogen,
CN or optionally substituted heteroaryl. In another aspect of this embodiment, R' is
methyl. In another aspect of this embodiment, R is H. halogen, or NR'R'?. In
IS another aspect of this embodiment, R” is H, halogen, or NR''R'* and R' is methyl. In
another aspect of this embodiment, R® is NH, and R® is H or halogen. In another
aspect of this embodiment, R* is NH; and R” is H or halogen and R' is methyl. In
another aspect of this embodiment, R® and R’ are each NH,. In another aspect of this
embodiment, R and R” are each NH, and R' is methyl. In another aspect of this
20 embodiment, R® is OH and R” is NH,, In another aspect of this embodiment, R* is
OH, R” is NH; and R is methyl. In another aspect of this embodiment R®is H. In
another aspect of this embodiment R is CN. In another aspect of this embodiment R®
is OR®. In another aspect of this embodiment R®is OH. In another aspect of this
embodiment R® is CHs. In another aspect of this embodiment, R* is H or OR®. In
25 another aspect of this embodiment, R*is OR® and R' is methyl. In another aspect of
this embodiment, R* is OR®, R' is methyl and at least one of X' or X°is N, In another
aspect of this embodiment, R* is OR?, R' is methyl and R® is CN, OH, or CH;. In
another aspect of this embodiment, R*is OR® R'is methyl and R® is H. In another
aspect of this embodiment, R* is OH and R' is methyl. In another aspect of this
30  embodiment, R* is OH, R' is methyl and at least one of X' or X*is N. In another
aspect of this embodiment, RYis OH, R'is methyl and R® is CN, OH, or CH;. In
another aspect of this embodiment, R*is OH, R' is methyl and R® is H.
In one embodiment of Formulas I-1H, R or R is independently H, (C;-

Cylalkyl, (Ca-Cylalkenyl, (C,-Cg)alkynyl, (C4—Cs)carbocyclylalkyl, optionally

[F5]
h

substituted aryl, optionally substituted heteroaryl, -C(=0)}C;-Csalkyl, -S(O),(C;-

25



BZ iNH, N/ 1111-----LNH2'0 Ho F NH,NH2 ,N 0--% 0 ' -N, Bit’,."/Nrr--1Bz" 1/4":1,N - F,c3 FBz/6 Bz

.0
- WO 2011/035231 PCT/US2010/049471

5 Cylalkyl or aryl(C,-Cg)alkyl. In another embodiment, R 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 can optionally be replaced with
-O-, -S- or ~NR"-. Therefore, by way of example and not limitation, the moiety —
NR''R'? can be represented by the heterocycles:

— D U N N N wNm .

" N S AN L

and the like.

In another embodiment of Formulas I-I11, each R®, RY, RS,'Rf’, R or R s,
independently, (C-Cg)alkyl, (C.-Cslalkenyl, (Ca-Cy)alkynyl or aryl{C,-Cg)alkyl,
wherein said (C,-Cg)alkyl, (Co-Cy)alkenyl, (Co-Cylalkynyl or aryl{C,-Cylalkyl are,

15  independently, optionally substituted with one or more halo, hydroxy, CN, N3, N(R)
or OR?. Therefore, by way of example and not limitation, R, RY R ROR!" or R
could represent moieties such as -CH(NH»)CHs, -CH(OH)CH2CH3, -
CH(NH,)CH(CHj),, -CH,CF3, (CH,CH(N;)CH3;, -(CH»)eNH, and the like.

In another embodiment of Formula I-11[, R®, R*, R®, R R or R"* is (C)-

20 Cgalkyl wherein one or more of the non-terminal carbon atoms of each said {C;-
Cy)alkyl may be optionally replaced with -O-, -S- or —-NR™. Therefore, by way of
example and not limitation, R, R*, R®, R%R" or R could represent moieties such as
-CH,OCHs;, -CH>OCH»CHj;, -CH>OCH(CHj3),, -CH>SCH;, -(CH,)¢OCHa, -
{CH;)¢N(CHjs), and the like.

25 In another embodiment, Formulas I-III is a compound selected from the group

consisting of
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or a pharmaceutically acceptable salt or ester thereof.

In another embodiment, provided is a compound useful for the synthesis of the

10 compounds of Formula | selected from the group consisting of
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DEFINITIONS

Unless stated otherwise, the following terms and phrases as used herein are
intended to have the following meanings:

When trade names are used herein, applicants intend to independently include
the tradename product and the active pharmaceutical ingredient(s) of the tradename
product.

As used herein, "a compound of the invention” or "a compound of Formula I"
means a compound of Formula I or a pharmaceutically acceptable salt, thereof.
Similarly, with respect to isolatable intermediates, the phrase "a compound of
Formula (number)" means a compound of that formula and pharmaceutically
acceptable salts, thereof.

“Alkyl” is hydrocarbon containing normal, secondary, tertiary or cyclic carbon
atoms. For example, an alkyl group can have 1 to 20 carbon atoms (i.e, C|-Cag alkyl),
1 to 8 carbon atoms {i.e., C,-Cg alkyl), or ] to 6 carbon atoms (i.¢., C,-C, alkyl).
Examples of suitable alkyl groups include, but are not limited to, methyl (Me, -CH3),
ethyl (Et, -CH,CH3), 1-propyl (n-Pr, n-propyl, -CH-CH>CHy), 2-propyl (i-Pr, i-propyl,
-CH(CHas)»), I-butyl (n-Bu, n-butyl, -CH.CH-CH,CHj3), 2-methyl-1-propyl (i-Bu, i-

34
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butyl, -CH,CH(CHj;),), 2-butyl (s-Bu, s-butyl, -CH(CH3)CH,CHaj), 2-methyl-2-propyl
(t-Bu, t-butyl, -C(CHjs)3), 1-pentyl (n-pentyl, -CH,CH,CH2CH-CHs5), 2-pentyl
(-CH(CH3)CH,CH,CHj3), 3-pentyl (-CH(CH2CH3)»), 2-methyl-2-butyl
(-C(CH3),CH,CHs), 3-methyl-2-butyl (-CH(CH3)CH(CHs),), 3-methyl-1-butyl
(-CH»CH»CH{CH3)»), 2-methyl-1-butyl (-CH,CH(CHz)CH>CHz), 1-hexyl
(-CH,CH,CH,CHA2CH,CH3), 2-hexyl (-CH(CH3)CH,CH>CH,CHj5), 3-hexyl (-
CH{CH,CH3}CH2CH;CH3s)), 2-methyl-2-pentyl (-C(CH1),CH,CH-CH3), 3-methyl-2-
pentyl (-CH(CH3)CH(CH3)CH2CH3), 4-methyl-2-pentyl (-CH(CH3)CH>CH(CHs)a),
3-methyl-3-pentyl (-C(CH;3)(CH.CH3),), 2-methyl-3-pentyl (-
CH(CH,CH3)CH(CHs),), 2,3-dimethyl-2-butyl (-C(CH3)2CH(CH3),), 3,3-dimethyl-2-
butyl (-CH(CH3)C(CHj3)s, and octyl (-(CH»)7CH3),

“Alkoxy” means a group having the formula —O-alkyl, in which an atkyl
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., C-Cay alkoxy),
1 to 12 carbon atoms(i.e., C|-C,2 alkoxy), or | to 6 carbon atoms(i.e., C,-Cq alkoxy).
Examples of suitable alkoxy groups include, but are not limited to, methoxy (-O-CHj3
or ~OMe), ethoxy (-OCH,CHj; or -OFEt), t-butoxy (~O-C{CHa3); or —OtBu) and the
like.

“Haloalkyl” is an alkyl group, as defined above, in which one or more
hydrogen atoms of the alkyl group is replaced with a halogen atom. The alky] portion
of a haloalky!l group can have 1 to 20 carbon atoms (i.e., C;-Cq haloalkyl), 1 to 12
carbon atoms(i.e., C,-C), haloalkyl), or 1 to 6 carbon atoms(i.e., C-Cyg alkyl).
Examples of suitable haloalkyl groups include, but are not limited to, -CFj3, ~-CHF>,
-CFH,, -CH,CF3, and the like.

“Alkenyl” is a hydrocarbon containing normal, secondary, tertiary or cyclic
carbon atoms with at least one site of unsaturation, i.e. a carbon-carbon, sp” double
bond. For example, an alkenyl group c¢an have 2 to 20 carbon atoms (i.¢., C2-Cqp
alkenyl), 2 to § carbon atoms (i.e., C2-Cy alkenyl), or 2 to 6 carbon atoms (i.e., C2-Cq
alkenyl). Examples of suitable alkenyl groups include, but are not limited to, ethylene
or vinyl (-CH=CHa), allyl (-CH,CH=CH.), cyclopentenyl] (-CsH7), and 5-hexenyl
(-CH,CH,CH>CH>CH=CH,).



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 Nt hEPAdenaine product and the active pharmaceuticall)(fgélll%"&e%'} &Y the
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isolatabie intennediates, the phrase "a compound of Formula (number)" means a compound of that
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formula and pharmace gt He GepBRa EaRS CRERUF OB ANSASIR R HISELBSH B6fitaining normal,
secondary, tertiagyhor eychc canbonatamssikosfexampteioan alkylgbonpe camhaveigléo 20 carbon atoms

e,alkyl), | to 8 carban atoms (1.e., C1-C8 alkyl), or I.to 6 carban atoms, (i.e., .C1-C6.Examples of suitable
STyl atoups ncle, Tt A R R St e B R i 0 prooyt (o.Pr
p-propyl, -012CHkEHYB) 22eptepsiaCionod 3)2X) {Chatylie-Ber pibatp eRIZOr(C 122G 1-10,

Z'methyl'l'pmp)élll@ﬁ%m). %x%ﬂ@%%%@%ﬁl%%ﬂ@%ﬂ&%@119!%8,%% are not limited to,

10 acetylenic (-C=CH), propargyl (-«CH,C=CH), and the like.

“Alkylene” refers to a saturated, 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 alkane. For example, an
alkylene group can have 1 to 20 carbon atoms, | to 10 carbon atoms, or ! to 6 carbon

15 atoms. Typical alkylene radicals include, but are not limited to, methylene (-CHs-),
[,1-ethyl (-CH{CHj3)-), 1.2-ethyl (-CH>CH;-), 1,1-propyl (-CH(CH,CHj3)-), 1,2-propyl
(-CH>CH(CHjs)-), 1,3-propyl (-CH2-CH,CH>-), 1,4-butyl (-CH2CH>CH>CH>-), and the
like.

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

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

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

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

“Amino” refers generally to a nitrogen radical which can be considered a
derivative of ammonia, having the formula —N(X),, where each “X" is independently H,
substituted or unsubstituted alkyl, substituted or unsubstituted carbocyclyl, substituted or

unsubstituted heterocyelyl, ete. The hybridization of the nitrogen is approximately Sp3.

[FS)
wn

Nonlimiting types of amino include —~NH,, -N(alkyl),, -NH({alkyl), -N(carbocyclyl),, -
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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)CH2CIi2CEI3), 3-panty]
(4ali:CH2C1131%8 2HEP 2-butyl (-C(043)2CH2CH3), 3-methy1-2-butyl ﬁ-‘aﬁ](%‘ﬂgfﬁ {(C113)2),
3-methyl-1-butyl (-0112ChtsCh1lia-1311), 2-methyl-1t-butyl -CH2CH(CH,i))CH2CH3), 1-hexyl
10(-C1120120-12CIEC112a13), 2-hexyl (-Cli(CH3)ChECTECTECE13), 3-hcxyl i-

CIACH2C113)( 13C113)1, 2-methyl-2-penti| (-C(C1d3)2CH2CH2C.EF3), 3-methyl-2- pentyl

(-CH(C143)CE( %yégj} iw%%t ‘égf 9@&#&%%%@6‘%%@11%&@@%acthy1-3-pcntyl
(-C(CH3)(CIIZCN{im)Q)Xﬁ%méﬂWkﬁéﬁm%‘cly1)0-1\403612®1€l\8»(@dt€ﬂ£(6}¢3&)2), 2,3-dhnethy1-2-butyl
(C(CI13)2CI- LGNl RIS A kR CHELNGICAAIR: AP 9BV 12)7CHO).

"Alkoxy" means a group having the rbrmula --O-alkyl, in which an alkyl group, as defined above, is
attached to the Fareh@iviolseRieivRs athsi/gih Sory TEHe W PEPIGAOTaRRIROXYBIBuUp can have 1 to
20 carbon atomsgr{is,ikehrde2Qaikoxy) o, 12 carhomatoms(Ce,), CaCis,allspxy). or to 6 carbon

atoms(i.e., Cr-Cg _alkoxy). mples itable alkoxy groups include, rc not limited to, methoxy
(-0-CH3 orlgowﬁfﬁéﬁfﬁ&&%ﬁ i’-%%?%ﬁﬂ%’, m‘%&a)&(ﬁgﬂ%%Uc%t%)%iﬂagﬁaotﬁegﬁ?e, "llaloalkyl" is
an alkyl group, asndefined 2idaeinn guhich wrefoedrbre hydrdgenaatom siof siietatisyd gkoup is replaced with

a halogen atom, T he alkyl.partion:zaeianaloalkyl gre &%ﬁa}é&l-ﬂ%ﬁ%gé{mﬂ&t%’S (i.e., C1-C20
haloalkyl), 1 to 12 carbon atoms(i.e., C1-C12 haloalkyl), or | to 6 carbon atoms(i.e., CI-C6 alkyl).

Examples of suitasiéHedsaikrgroupduseiudei(pysre-hovinrited 1! (ctprsne s ((B1PrakBiis.Cts, and the
like. N{alkylene-C(0)-OH),, -N(alkylene-C(0)-O-alkyl),, etc.

15 “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 aryl groups include, but are not limited to, radicals derived from
benzene (e.g., phenyl), substituted benzene, naphthalene, anthracene, biphenyl, and the

20 like.

“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-phenylethan-1-yl, naphthylmethyl, 2-naphthylethan-1-yl, naphthobenzyl,

25  2-naphthophenylethan-1-yl and the like. The arylalkyl group can comprise 7 to 20
carbon atoms, ¢.g., the alkyl moiety is 1 to 6 carbon atoms and the aryl moiety is 6 to
14 carbon atoms.

“Arylalkenyl” refers to an acyclic alkeny] radical in which one of the
hydrogen atoms bonded to a carbon atom, typically a terminal or sp3 carbon atom, but

30 also an sp” carbon atom, is replaced with an aryl radical. The aryl portion of the
arylalkenyl can include, for example, any of the aryl groups disclosed herein, and the
alkenyl portion of the arylalkenyl can include, for example, any of the alkenyl groups
disclosed herein. The arylalkenyl group can comprise 8 to 20 carbon atoms, ¢.g., the

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



"Alkenyl" is a hydrocarbon containing normal, secondary, tertiary or cyciic 30carbon atoms with at least

one site of unsatur%gg)ndsiSZe. a carbon-carbon, 5772 double bond. For exam IeT,/ ario%ke“g/ | group can have
2 to 20 carbon aloMS U.e., 541120 alkenyl), 2 to 8 carbon atoms (i.e., Cs-Cs é{{ﬁen)/lg, 6f 2 to 6 carbon

atomsC2-C6 atkenyl). Examples of suitable alkenyl groups include, but are not limited to, ethylene or
vinyl (-C[I=a12), allyi (s-CFECII-012), cyclopentenyl (423H7), and 5-hexenyl 35
(-CH1CH2C ZCIiZCH‘;&H?M? 2011/035231PCT/US 0_18/04947 g'Atkygw“ is a hydrocarbon

HARY HEHEATS P YRS ERFIOR YO AL (it St TsASPERE Efte of unsaturation, i.e. a

containing normal, sec
carbon-carbon, spitripte #ome bFateexampiehoantahkyitgtoupeaamhave? torBéncasbohatoms (i.e., C,-C,0

alkyny0, 210 8 Garban AtOM (1.6 Crl3 Gl AN0R 4 0L ) E%,aqc%ﬁrPﬁé"a?JPgaﬁiQneof (xi2-e5 alkytyl). Examples

of suitable alkyryl groups include, but are not limited to, 10acetyleine(-Cereft, proparmA (-eld2e--=reid),
and the like.  2AkyTeAe teteladto arsamiratednbidibnaty berstizigHckheinheeeyane Aydrocarbon radical

having Iwo mongvalenbsadisaleeniersdenved by dhedemevahpidwa;hydregen Apms.from the same or

two differeé]élcar on atgms of a paren e. For example, ag alkylene group can have 1 to 20 carbon

lka
atoms, 1 t0 10 CATBSHABATE: of 15878 LB NP IBRGIRS PYBRSAT MkyISHE TAdIEESs frieié, but are not
limited to, methylémey(:Gdieli2i<l) 14 A Q@Anefois 1y2-ethyh{-CH2E K121, 11, tapropyb(ri7-1(12112CR3H,

1,2-propyl 1,3-propyi Gieftel-120,424, 1-huiyl (elfteAZCI2(212:), and the ks, "Alkegylenc” refers to an

unsaturated, branched or straight chain or cyclic 30hydrocarbon radical having two monovalent radical
centers derived I5{EtReY FEtbvar o v HYersiencitors frovitife sabretgedwirditferent carbon atoms of a

parent admire. “sybstituted alkylene”, “substituted aryl”, “substituted arylalkyl”, “substituted

15 heterocyclyl”, and “substituted carbocyclyl”, unless otherwise indicated, means alkyl,
alkylene, aryl, arylalkyl, heterocyelyl, 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, -R”, -0, =0, -OR", -SR", -S",
NR", -N'R"%, =NR®, -CX3, -CN, -OCN, -SCN, -N=C=0, -NCS, -NO, -NOs, =N,

20 -Ns, -NHC(=0)R", -OC(=0)R", -NHC(=O)NR",, -S(=0);-, -S(=0),0H, -3(=0),R",
-0S(=0):0R", -S(=0)NR", -S(=0)R", -OP(=0)(OR ")z, -P(=0)(OR "), -P(=0)(O)z,
-P(=0)(OH),, -P(O)(OR")(O?), -C(=0IR®, -C(=0)X, -C(S)R", -C(O)OR", -C(0)O,
-C(S)OR®, -C(O)SR", -C(S)SR", -C(OINR",, -C(S)NRP,, -C(=NR"NR®,, where each
X is independently a halogen: F, CL, Br, or I; and each R is independently H, alkyl,

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

30 The term “prodrug” as used herein refers to any compound that when
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 reaction(s). A prodrug is thus a covalently

modified analog or latent form of a therapeutically active compound.
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For example, and alkenylene group can have 1 to 20 carbon atoms, 1 to 10 carbon atoms, or | to 6
carbon atoms. W ical alk_en]ylene radicals include, but are not limited to, 1,2- etrglene -CEI-ClI-).
25"Alk3mylene"’r 2B HR unsaturated, branched or straight chain or (:y(:lrcci’ig}I LA 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 | to 20 carbon
atoms. | to 10 carbon atoms, or 1 to 6 carbon atoms. Typical alkynylene radicals include, but are not
limited to, acetylene (-ESEHACFoRAEY Y I0IoERER PARY IR CBA eA 155938 -C-).  "Amino”
refers generally dsnafitkdgemsadical Whicku ke be censidekd a gevivatvenpammainia,having the

formula --NCX),‘é \/%/#Celzggle%t% e)t( i&i\/rggigg%ldegtc%/ H | u%gg%tggnor unsul sﬂtg@%ealkyl, substituted or
unsubstimted calrjbocyctiyl, dubstitited or Ginsubs ﬁluté yheterocch/(f, etc. The ﬁly ridization of the nitrogen

is approximatelyfsmulesdlintitimgeypeebf dubinphing eetiRratybyRitipg(classstpaipny2nd Nti(carbocyclyl),

-Nrheterocycly 1)gy, oML RGSEYE]Y Lin N DR e NIBEYL preNFRAHARE o -0 @yl eterocycly 1),
-N(carbocyclyhrheterocyclyl), - Ni(aryl)(heteroaryl), -N aIkyI)rheteroari/ll, etc. The term "alkylamino"

refers to ahhmiffs Giotr bl WrH dPreadone iRy rgralp N dhinrihg & hples of amino groups
include -NE12, JNh§Gk3) of NiCetahidi tDHshbeddid fidht s GG EA L) Zh vl ONI(phenyn-N(phenyl)2,

-15iH(benzyl), |1\|n h%irre%fél 32(801eetsc(')rscl('l)1b8titllljt d‘%‘%'?’a}ﬂi@? recfigg% ggorlll?rallllx ta algf}/lg\mino groups, as defined
above, in which at'least one Substituted al yl, as'de med’%ereln, IS eﬁ?acﬁedu%o the amino nitrogen atom.
Non-limiting examplesst susstitgtédt aflofannisin sdes iNiflatioyéayd sG{0 <Ol exNtalkylenc-C(0)-OH)2,

-N(al ky|ene-C(%'Q&%M%mﬁé&qnecti&@%'h@%% ALMALC m@@%@%@g&g%gerived 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 81620 RRABBI SRS 610 PALArHEh ROAEBrEHE BB g etypical my] groups
include, but are faghdimited to, radicals derived from benzene (e.g., phenyl), substituted benzene,
naphthalene, aniduaeerﬂ%eti;iogﬂep,ylléfgn the %%Iike. %l'(,)g\_reylalkgl" refers to aqoalcsylglic alkyl radical in

which one of the hydrogen atoms bon ed 102 ¢arboh a }n,oﬁleplcr:g?ﬁf%c?ér%ﬁaflor éﬁ% carbon atom, is

replaced with af@antaddiehvifypicsiraripeikgichrsupsinettdd; hutare!pof mitetomatardy|,
2-phenylethamilyl,.naplatyingthvl L-papbihyleiiag: vl-naphthabeazyl narhthephenylethan-l-yl and

the like. The arylalkyl group can comprise 7 to 20 carbon atoms, e.g., the alkyl moiety is 1 to 6 carbon
atoms and‘the afy#nidietyis &6 14 CEEiS SRR Ao AT POHRYs o i edfetiRaReny | radical in
which one of thednydsogen atanmiadenrdet o8 caxpon atem,) typically.Botegraipak @f, spl carbon atom hut

30also an sp2 cayben afom, s replaged with an i cadical, Je.and porion oL s, apylalkenyl can
include, for example,’any o the aryl groups isclosed heren, and the a enyl portion of the arylalkenyl
can include, for exeirpldecus/iofethecel kedyh frouprodidelosed hearein IEhesdiyialienyigsdup can comprise
S to 20 carbon i8S «f-Fes Qi AKE DY MOietels 20 6160 RIS aNdthg-athmoiety is 6 to 14 carbon
atoms. (e.g., -CH,NHCH;3, -CH;N(CHj)o, ete.), or a thioalkyl ether (e.g.,-CH»-S-CH;). Ifa
terminal carbon atom of the alkyl group is replaced with a heteroatom (e.g., O, N, or S),
the resulting heteroalkyl groups are, respectively, a hydroxyalkyl group (e.g..
-CH,CH;-OH), an aminoalkyl group (e.g., -CHaNH>), or an alkyl thiol group (e.g.,
-CH,CH,-SH). A heteroalkyl group can have, for example, 1 to 20 carbon atoms, 1 to
30 10 carbon atoms, or 1 to 6 carbon atoms. A C;-C; heteroalkyl group means a heteroalkyl
group having 1 to 6 carbon atoms.
“Heterocycle” or “heterocyclyl” as used herein includes by way of example
and not limitation those heterocycles described in Paquette, Leo A.; Principles of

Modern Heterocyclic Chemistry (W.A. Benjamin, New York, 1968), particularly

35 Chapters 1, 3,4, 6, 7, and 9; The Chemistry of Heterocyelic Compounds, A Series of

39



"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 gﬁﬁglg?f/féﬁiynyl can include, for example, any of the aryl gIr’SEEUsS FE98ERY 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 gryl moiety is 6 to 14 cagbon atoms. term "supstituted" in reference to alkyl,
alkylene, arghyl, %@% g{fl%g:{g?gc%eg%sh%%&(%%i lr-egc":tgr%})o E:Sﬁl,]%é’tlc? P%%rcé%?émple, "substituted alkyl",
"substituted alkyehweiicd'sdbktitlteiParplt 2% ubdtituted @rytalkyt (190bsttteeb1 3heteroeyel yI', and

"substituted caroeyelyr, Ynigss.eihenvisedndicalrd-meaps alybealkylens. i arylalkyl, het erocyclyl,
carbocyclyl respectively, in which one or more hydrogen atoms are each independently replaced with a

non-hydrogen stHEtREBHE TYIIEE S GBS fiUBRTS (hgiddé, har A& HBYlimmaY 8V <ReeRp, -0-, -0, -OR', -SR",
-S-, NR,-OGN, r$GMNJI-MNaGHYNES: NO ONQ3; 5) 201 ) mNHG(E0MR:=0€(=0)R", -NHC(=0)NRb2,

-S(=0)2-, -§(=0);201-1, -S(=0)2Rb, -03(-0)20Rb, -S(Q)/NR -0P(=0)(QR")2.-PI=0)(002, P(=0)(OH)2,
o oro0y e e B R R ns. ClaNR.
-Cer-NRb)NRbZ: swhHeterezach 3 isiings peuitthtiyda Hatogehy $ TnChdBr forexamnd.each R" is independently
H, alkyl, 25aryl,ﬂ¥#@@§/¥|i@iﬂ terpcyleaQlif RIQISEHRG HFOUR-Ok RIQGSUY; H&Qéﬁ%éhﬂ'&yrlgne, alkenylene,

and alkynyiene groups may also be similarly substituted. Unless otherwise indicated, when the term
"substituted" is GEEHH BRI CHIGRIWIR GRS SRIER LAy 1 HIkK AR e 255 8t hore moieties
capable of substitution, the substituents can be attac?e’d\tj) the aryl moiety, the alkyl moiety, or both.

o N \”/ NH
0

15 Examples of heterocycles include by way of example and not limitation
pyridyl, dihydroypyridyl, tetrahydropyridyl (piperidyl), thiazolyl,
tetrahydrothiophenyl, sulfur oxidized tetrahydrothiophenyl, pyrimidinyl, furanyl,
thienyl, pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl, benzofuranyl, thianaphthalenyl,
indolyl, indolenyl, quinolinyl, isoquinolinyl, benzimidazolyl, piperidinyl, 4-

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

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

30 indolinyl, isoindolinyl, guinuclidinyl, morpholinyl, oxazolidinyl, benzotriazolyl,

benzisoxazolyl, oxindolyl, benzoxazolinyl, isatinoyl, and bis-tetrahydrofuranyl:
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30The term "prodrug" as used herein refers to any compound that when administered to a biological

system generatgvs tQO(-:il%#sgﬁubstance, i.e., active ingredient, as a result of %pt%ntglzn%())bj‘%EQemical
reaction(s), enzyrﬁe catalyzed chemical reaction(s), photolysis, and/or metabolic hemict reactiontsk A

prodrug is thus a covalently modified analog or latent torm 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 bebio@.llated into an acceptably stable pharmaceutical
composition. The definitions and substituents for ¥arieus genus and subgenus of the present compounds
are described 10and illustrated herein. It should bé undgerstood by one skilled in die art that any
combinatiors of the definitions and substituents deScribed above should not result in an inoperable species
or compound. "Inoper%blels egies orlconapowds't'_ {neans_bcorggo(rraq sttructuqes th tvi(?l(?tes relevant
scientific principles (suéﬁ\}f ,?OF}éailéprr?pEiIé, a carbon atom connec f’nglf"o(‘:rrﬁC & thali four covalent bonds) or
compounds tooal busistable Iotperonit isolatiodienddetimuation, imté phapmateiticatlyi@oteptable dosage
forms.  "Hetgroalkyl'qefers %@@@Lgmmb@xw}%95%&995@%@&9@3% have been replaced
with a heteroatom, such as, 0. N, or S. For example, if the carbon atom of the alkyi grou.p which is
attached to the patdiitidiabrdrissidRod int M b 216 ¢ g BN BIPEIPIRe resulting heteroalkyi
groups areyorespegitivaly, anatkepan graudl {8 gid x£3 dBiheltn): g aming, € ¢ 5-NBC1-11, -MCI-13)i, etc.),
or a thioalkyl group (e.g., -SCI-43). If a nomtenninal carbqn atom .of the alkyl grqup which is not attached
0 the parent OB S RESR e O & ROt ORI 8 0 R L Hsion Fettbalky groups am,
respectively, anaalidtetineri®3i @bl -DD-1.3, éter) 3 ah alkyhdmine 2501 LNITCHS, “CGH2N (0713 )2, etc.),
or a thioalkyl ethet, (€.8,:0143:S 1R f @ﬁ%ﬁ)@m@mmm@oﬁg@]QJ_KMLQMP is replaced with a
beteroatom (e.g., 0, N, or 5), the resulting heteroalkyl groups arc, respectively, a hydroxyalkyl group (e.g.,
-CH2CH)-OH), B 4inchaikgy glotiifelg> Reis Moy Bl dnamrasisl roay @ gnyicH2CcH2-SH). A
heteroalkyl groyp-caninaye, fon @xampep kieidk garbpriatams, 3-t93Qihearbon atoms, or | to 6 carbon
atoms. A C1-C6 heter aIM_grouP means a nefe oall%ll%rlogp havin I2t_q 6,C§rpg{] atoms.

pyrnmidinyl, yrazinyl, 3-pyrazinyl, uryl, 6-pyrazinyi, 2Z-thiazolyl,

thiazolyl, or 5-thiazolyl.

By way of example and not limitation, nitrogen bonded heterocycles are
bonded at position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-

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

25 l-piperidinyl.

“Heterocyclylalkyl” refers to an acyclic alkyl radical in which one ofthe
hydrogen atoms bonded to a carbon atom, typically a terminal or s.p3 carbon atom, is
replaced with a heterocyclyl radical (i.e., a heterocyclyl-alkylene- moiety). Typical
heterocyclyl alkyl groups include, but are not limited to heterocyclyl-CH,-, 2-

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

Modern Heterocvclic Chemistry. One skilled in the art will also understand that the
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"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 Chemistr 7(l\éVA. Benjamin,
New York, 1968‘%0p%10r]t}(/:oﬁfa2ﬁ1)/ Chapters 1, 3, 4, 6, 7. and 9, The Chemistry (%)TCIII/eI{%erolg%%/'c oirkpounds. 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, Eigoarchyl carbpreatonsdshsetb duphep acedwittila hetepsatbmmlevbb, N, or S). The

terms "heterocygles Qo Q' hateracysivrincludes satyated Jings Hiaitialn wnsatwatedings, and aromatic
rings beteroaromatic rings). Substituted beterocyclyls include, for example, heterocyclic rings

substituted with ARJFSHHE STLSHUSIGE ELIYERE hERERFIFATEIN ERbBRYP GPEUBE A BN-limiting
example of a catbeaylosubstituted hietaibdyelyibiss f thd biykakyplesupflictasocyalesminochuse by way of
example and not limit ]i n pyridyl, dihydr jdyl, letrahydr ridel( peridyl), thiazolyi,
tetrahydrothiophaélgyﬁf%u%ﬂrg %%Slglzfg 't tr%%@r@tf%%% l}aﬁ%ﬁl‘),{%ﬁr%? %\?I%ﬁéﬁ%}'gl'gﬁﬁﬂ?spyrrolyl, pyrazolyl,
imidazolyl, fétrazsiiddenyefaeapyimpliasapstiae myotidolymbradisnirn.cdgso g oflsoquinolinyl,

benzirnidazol yl, pipesidinvkif presidony Ryiralidinylo Rraverolidomyl, pyitalinyk. terrahydrofuranyt,
tetrahyclroquinolinyl, tetrahydroisoquinolirﬁ/l, decabydroquinolinyl, octahydroisoquinolinyl, agocinyl,
triazinyl, 614-1, 8 4nalatashvk oxazoldmetvt. thiadiferxin sBranit %81?8???6?&%@'@‘& chromenyl, xanthenyl,
phenexathinyl, 2&ypytrahd/dsoiiiazobinisaxagadopycazinyh pypdazihyl2btadolizinyl,

|somdolyl,I|I-|ndazoeli/azpliluyr1|%xlh91§ nkcl)'gh |g1|].?¥{m%t§i§)€>}g§lr@¥# Iu%haﬁ!lyrl_}}gig}'[,ﬁgghrr?{:[, 46_111- ca_lrbgizolyl,
carbazolyl, B-eapr]lgp inyl,; phenantimidinyl,"acridinyl,"pheriant roli yl, phenazinyl, plienothiazinyl, furazanyl,
phenoxazihyl, isoehrstiamyhyl pyrazinylmethyl, etc.
“Heterocyclylalkenyl” refers to an acyclic alkenyl radical in which one of the
hydrogen atoms bonded to a carbon atom, typically a terminal or sp” carbon atom, but
also a sp” carbon atom, is replaced with a heterocyclyl radical (i.e., a heterocyclyl-
alkenylene- moiety). The heterocyclyl portion of the heterocycly! alkenyl group

20 includes any of the heterocyclyl groups described herein, including those described in

Principles of Modern Heterocyclic Chemistry, and the alkenyl portion of the

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

Principles of Modern Heterocyclic Chemistry, and the alkynyl portion of the

(5]
n

heterocyelyl alkynyl group includes any of the alkynyl groups disclosed herein. One
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cluoinanyl, itnidazolidinyl, irnidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyl" 30mdolinyi, isoindolinyl,
quinuclidinyl, mortaholinyl, oxazolidinyl, benzotriagolyl, benzisoxazolyl, oxindolyl, benzaxagolinyl,
isatinoyl, and i LirAKY Fgfuranyl: By way of example and not Iimitatrgr{y iR BEAded
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 ar rctranydropyrrolc, position 2, 4, ar § of an oxazole,
imidazole of thid II(\)Illféd BSgs i%%‘%} éﬁlst?r%}% Sé{%nlsé?étzo éetﬁ ?ééc Ygﬁ"gorui%cg?ﬁigezgﬁteaaf)e(?sti%on 2 or3ofan
aziridine, position:2/i3 o1 #wofiandcdzietitine pokitieln2yBhv nEads 7t nedoofiaagbindiime or position |, 3.4. 5,
© 7, or 8 of an isqauingling il mEe Gl cAPRR BRDASANRISIOGYRIeR ey 2 pyridyl S-pyridy,
4-pyridyl, 5-pyridyl, 6-pyridyl, 3-pyridazinyi, 4-pyridazinyl, 5- 15pyTidazinyl, 6-pyridazinyl, 2-pyrimidinyi,
4-pyrimidinyi, 5HmidimcEr sy Rl beprasiRyIsep e B AaSIW, B-B\frazinyl, 2-thiazolyl, 4-
thiazolyt, or 5-thigzallportionBy WayaEexamplekand pellimitation cnisegesondertheterocycles are
bonded at R)ositLon 1 of an aziritdinc,) aniiglin%, Eygrole, pyrrolidine, 2-pyrroline, 3- 20pyrroline, imidazole,
imidazolidine, 2 rﬁ@ﬁ%%ﬁn@??—%fd’atzoo |n8€,"1p§)/raaz%’?les,' pyrazoline, 2-pyrazoline, 3-pyrazoline, piperidine,
piperazine, indole, indGfieterdmytzelerpositioni2 vk ddsoirdold, lorispirtdalmenpbsitiortdrof a morpholine,
and position 9 qf,3,carbazale, o 3icatholine. il mere ipicaly.0irogen.hended gtsrocycles include
1-aziridyi, 1-antedyl, LpyiTolyl. 1-hnidazolyi, 1-pyrazoly and 1-piperidin yl. "Heterocyclyialkyl" refers to
an acyclic alky! PSRN WHIBRIGHE P thE Ryl Bﬁeﬁ‘éfbﬁ%%ﬂﬁ%ﬁlt@‘&%?bﬁﬁpé%ﬂ{ typically a terminal
or sp.' carbon alemois yepiacadnith-a beteracyehiliagicali(ied ia fietereayelvi-alkylencr moiety). Typical
hoterocyel 5’[ allgxl rouPp? iqclu e,.but ar%_nolt Iimitqd1 to het rlec f'}"]Cl'l%'q - 30. !

(heterocyclkithalfT ot “hnd the HHae RAKHEN fa i SrScy iy BErib A HasiEs ISt the beterocyclyl
groups describedrahdvé;damdluding finese .desevibag!imPrindplesybfiMddeln] Rletersyvelic Chemistry. One
skilled in the artiéé(ﬂ&?dﬁ?, wg% 5@&%@%% ci;ﬁ:%@fﬂ%%ﬂigg?}i?p%ﬁa@?%m% jto the glkyl portlon of
the heterocycl alkyl by means of a carbon-carbon bond or a carbon-heteroatom bond, with the proviso
that the resultinB&§t60p°1s chemically stable. The heterocyclyl alkyl group comprises 3 to 20 carbon
atoms, e.g., the alkyl podisstafithearylalkyl groupisd to-6.0arhen @nescand:ine hetergcyclyi moiety is 2
to 14 carb% atoms, Exaé‘ggles ofpe{(eroi:ycylélllal I 10\nclu eb Wa%{co]gne‘ample,,anq not limitation

saturate .£.. cyeloakenyl,“cycloalkadienyl, etc.) or atoma g having 3 to
5-membered sutftif, 0XYyQ Eandror <™ Y g g

carbon atoms as a monocycle, 7 to 12 carbon atoms as a bicycle, and up to about 20
carbon atoms as a polycycle. Monocyclic carbocycles have 3 to 7 ring atoms, still
more typically 5 or 6 ring atoms. Bicyclic carbocycles have 7 to 12 ring atoms, e.g.,
arranged as a bicyclo [4,5], [5,5]), {5,6] or [6,6] system, or 9 or 10 ring atoms arranged

25  asabicyclo [5,6] or [6,6] system, or spiro-fused rings. Non-limiting examples of
monocyclic carbocycles include cyclopropyl, cyclobutyl, cyclopentyl, 1-cyclopent-1-
enyl, 1-cyclopent-2-enyl, 1-cyclopent-3-enyl, cyclohexyl, 1-cyclohex-1-enyl, 1~
cyclohex-2-enyl, 1-cyclohex-3-enyl, and phenyl. Non-limiting examples of bicyclo
carbocycles includes naphthyl, tetrahydronapthalene, and decaline.

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

35 “Arvlheteroalkyl” refers to a heteroalkyl as defined herein, in which a
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nitrogen containing heterocycles such as thiazolytmethyl, imidazolyimethyl, oxazolylmethyl,
thiadiazotylmethyl, etc., 6-membered sulfur, oxygen, and/or nitrogen containing heterocycles such as
piperidinylmethy ,%lzﬁgljg?gfﬁillmethyl, morpholinylmethyl, pradinylmethyl, pﬁﬁﬂ%ﬁﬁé‘mﬁ 471
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 heterocyclyl radical (i.e.., a heteroeyetyl- alkenytene- moiety).
The Iietero&clﬁy%’ﬁ%ﬁ@ﬂﬁp‘(@?ﬂg@?& Elﬁaéh‘(’gﬁéﬁélr&ﬁ ﬁglﬁaglsoéﬁy%?'ﬁgOf%ét]éar%cyctyl groups
described h_ereihg:dmmu&mg thidsendegcgioep in déﬁrmipiesiof Vioden Hetesocyclic @hé@istry, and the
alkenyl portion of the heterocycil alkenyt graup incliides, ank.efihe atkenykdrouns disglosed herein. One

skilled in the art will also understand that the heterocyclyt group can be attached to the aikenyl portion of
the heterocycly Praikesiiiey hieandtoeaoaresiedbrbein oria vl eahpoiHteiPAtonBond, with the
proviso that the rgsultingigraug is:ehesmicaltsigble. nhhehetaseeycrkalkenyk geaup comprises 4 to 20
carbon atoms, e.g., the alkenyl portion of the heterocyctyl alkenyl group is 2 tq 6 caron atoms and the
heterocycl%I mo%ﬁﬂf'f@cylﬁfﬁé{cé?rﬁ%ﬁ %Q%‘ﬁ%f"‘?’ﬁé’(%e %&Kﬁ&rkyﬁéiﬁ?%é%g&%%ﬁ%‘85&5# alkynyl radical in
which one of theaB@kw@rS_geyi,a&dim@@ﬁd@cﬂ@aammm atofrdﬁity_pigaﬁyoﬁtlemhlhy&lrpr spit carbon atom, but
also an sp carbon,afom,is, ceplacadkyithy - heterocyalykyadical (6@ RGIRIcYsYi alkynylenc- moiety).

The heterocyclylportion of the heterocyclyl alkynyl group includes any of the heterocyclyi groups
described hereifttiFiehsdingfesos ssenpadehPishtiples of Modern Heterocyclic Chemist, and the alkyny!

portion of the heterocysiylalkynyligiowgdncigesianyelihasalkiuy gerupsitisalesed herein. One WO
2011/035231PCT/US2010/049471 5skilled E{'n the ?rt will aJtso under‘ft nd Ehat.the heterocyclyi group can

be attachet’ to the KT BOIABRCER TR HH8terd QU RACKIRY ey B Aehe S S kO Earbon bond or a
carbontheteroatomtirgrdamvithsthEhprovise! thaylthe inds ulting gradipyis -€Hénpipadlylstable. The hoteroeyelyl

alkyny! group copnprises . fo 20icarbon; aloms. s fie Ayl aaitian ol ipterocyelyl alkynyl p-oup s

2 to 6 carbon atoms and the 10hetero€yelyl moiety Is 2 to 14 carbon atoms. "Heteroaryr refers to an
aromatic heterogy@iyti¢nling e heast e Hetetbateiremitnd b -Ndncihtnly examples of suitable
heteroatoms which candagoeluded iiazolyl, -CHs-isoxazolyl, -CHa-pyrazolyl, -CHa-isothiazolyl,

20 -CHs-quinolyl, -CHz-isoquinolyl, ~-CH>-pyridazyl, ~-CHa-pyrimidyl, -CH;-pyrazyl,
-CH{CH3)-pyridinyl, -CH{CHj3)-pyrrolyl, -CH{CH3)-oxazolyl, -CH(CHj3)-indolyl,
-CH(CHj;)-1soindolyl, -CH(CHj)-purinyl, -CH(CHj;)-furanyl, -CH(CHj)-thienyl,
-CH(CHj3)-benzofuranyl, -CH(CHa)-benzothiophenyl, ~-CH(CHs)-carbazolyl,
-CH(CH;)-imidazolyl, -CH(CHj;)-thiazolyl, -CH(CHj,)-isoxazolyl,
-CH{CHs)-pyrazolyl, -CH{CHjs)-isothiazolyl, -CH(CH3)-quinolyl,
-CH(CHj)-isoquinolyl, -CH(CH;)-pyridazyl, -CH(CHj;)-pyrimidyl,
-CH({CHa)-pyrazyl, etc.

>
L

The term “optionally substituted” in reference to a particular moiety of the
compound of Formula I-11 (e.g., an optionally substituted aryl group) refers to a
30 moiety wherein all substiutents are hydrogen or wherein one or more of the hydrogens
of the moiety may be replaced by substituents such as those listed under the definition
of ““substituted” or as otherwise indicated.
The term “optionally replaced” in reference to a particular moiety of the
compound of Formula I-I1I (e.g., the carbon atoms of said (C,-Cs)alkyl may be

35  optionally replaced by —O-, -S-, or -NR™) means that one or more of the methylene
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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, includin ridinyl,oxazolyl, indolyl.
isoindolyi, purinw,()flzjorhlﬁ%s,ztﬂienyl, benzofuranyl, henzothiciphonyl, carbazoleﬁﬁ%%@(/)q‘iﬂfzthiazoIyI,
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.gromatic ring having 3 to 7 carbon atoms as a monocycle, 7 to 12 carbon atoms
asa bicycle%, and't ?005%‘85? 2 %%P o %t‘f%%hée%%cggp%i&;}c FdhoeYetic %5’%3 c?%féfg ave 310 7 ring

atoms, still moreéetgpicaly-% or6XRY)atoms. Bicyclic carbocycles have 7 to 12 ring atoms, e.g., arranged

as a bicftitio [4,5], [5,5}[8, B} {661 SYSIEM..00.9 QARG AleMs.arAngsd, 2533 4 picyclo [5,6] or [6,6]

system, or spiro-fused rings. Non-limiting examples of monocyclic earbocycles include cyclopropyl,
cyclobutyl, cycléperih dkeliar plntiien. felelopetpoiyreiesyedeitsetymeitBhexyl,
1-cyclohex-1-enyhidr eyglahexsaesiv it ehee3nenitoansk phanyledl enlimiting @xamples of bicyclo
carbocyclelsoincludes n phth}/l, te ah%/{jr_o apthalene, an d(:éalin‘ . 30"Carboc‘1¥c!iyrll(a’r?kyr refers to to an
acyclic akyi radiCaI A WHICR G of TR Pyarogeh AteHE Bortied 1o A EEIE8h Ao 18replaced with. a
carbocyclyl radicaicas-G8sribed hereiiH Typidallcoutmonyliaiting, dkaimplesiof carliocyclylaikyl groups
include cyclopropylmethvly yeloRreRyiatyl tﬁgq&p%%%glﬂ%q)&yggggntylmethyl and eyelohcxylmethyl.

"Auiyibeteroalkyr refers to a heteroalkyl as defined herein, in which a hydrogen atom (which may be
attached either In a cafisBABtoRT DY adHEIBIERTOAY HESHESH sy IEEd WiRH@MRA group as defined

herein. The aryl'greupsanayree:banrded teiacarban atomof fhaenbeiaroalkyd 5P,k tosa heteroatom of
the hetcroalkyl group, provided that the resulting arylheteroalkyl group provides a chemically stable.

moiety. For example, an arytheteroalkyl group can have the gejbral formula?lene- 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 fgm tae abov yn\ge further substituted with
any Ellie sibstitbierts defitvé ¢ ortaxemplifietthereips such as “ 1 -letefdaryfalkyr reféts to an alkyl group, as

defined herein, jpyhich.g TahysegenaianybagbesmseriRces with & Hetergankaraypsas defined herein.
Non limiting examples of heteroaryl alkyl include -CH-i-pyridinyl, -CH)-pyrrolyl,
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. polyethyleneoxy,
20 PEQG, polymethyleneoxy) and alkylamino (e.g. polyethyleneamino, Jeffamine™); and
diacid ester and amides including succinate, succinamide, diglycolate, malonate, and
caproamide,
The terms such as “oxygen-linked”, “nitrogen-linked”, “carbon-linked”,
“sulfur-linked”, or “phosphorous-linked” mean that if a bond between two moicties
25  can be formed by using more than one type of atom in a moiety, then the bond formed
between the moieties is through the atom specified. For example, a nitrogen-linked
amino acid would be bonded through a nitrogen atom of the amino acid rather than
through an oxygen or carbon atom of the amino acid.
Unless otherwise specified, the carbon atoms of the compounds of Formula 1-
30 T are intended to have a valence of four. In some chemical structure representations
where carbon atoms do not have a sufficient number of variables attached to produce

a valence of four, the remaining carbon substitutents needed to provide a valence of
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--CH2-indolyl, -CH2-isoindotyl, -C11-12-purinyl, -C1T-thienyl, -Cl-12-benzoluranyl,

-Cfl12- bcrlzothlc henyl, -CET-carbazolyi, -CHT-isothiazolyl, 20--(112-quinolyi CET2 Tldazyl
-CEla-pyrimidyl, 813§ Bﬂ’ﬁ%i’iyl -CH(CHB3)-pyridinyl, -CH(CH3)-pyrrolyl, CH% T—HS % fyf
-CH(CH3)-indolyl, CH(CHi)-isoindolyi, -CH(CHS3)-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)-BocrsigiohypuBitcrsigeyt gy biedisgiocen - (2 shapyplazy, etc. The term "optionally substituted” in
reference to a particular moiety of the compoupd of Formula 1-lii (e.g., an optionally substituted aryl
group) refers to a 30 moiety wherein all substiptents 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 the compound &f Formula 1411x{e.g., the carbon atoms of said (CJ-Cs)aikvl may be 35optionally
replaced by --0-, %

atom(s)" in reference to
carbon atoms in the moFi{e that fjntervene between the first carbon atom of the moiety and the last carbon

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

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

10 chemical substructure of a protecting group vartes widely. One function of a
protecting group is to serve as an infermediate in the synthesis of the parental drug
substance. Chemijcal protecting groups and strategies for protection/deprotection 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

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

20 by common analytical tools. Chemically protected intermediates may themselves be
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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-termhardBA*Atoms. Certain Y and Yi alternatives are nitroge%cgﬁgaéoéo UehAs +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 aforementio e%rg resentations for the purposes of describing this invention. "Linker" or "link"
means a chgmigé? i %@’88mﬁﬁ§ilﬁﬁcgv(?ovalent bond or a chain of atoms. Linkers include repeating units
of alkyloxy (e.g. potyetPrylenedxyp0urEE; qyolismethidie nkoxy) addaliylamire, (eigmizelyethyleneamino,
ieffamineT1); ang diagld ssier, and ATides oekding suseingle. suleamids dighcolate, malonate, and
caproamide. The terms such as "oxygen-linked", "nitrogen-linked", "carbon-linked", "sulfur-linked", or
"phosphorous-liffkédenstdarsthar i a SerdBemaaiawelivibiet&s teiide repneadby using more than one
type of atom in agngiatyddhen thetend ierpeechetweaanthe.meiatigsisdprouabstheiasm specified. For
example, zaﬁitro en-linked amino, acid would be bonded throug a nitrogen atom aof the amino acid rather
u e

than through an’8X8H 6F BEYSEH BT D tHe "3V Ae R U E%Pﬁtgrg\)%%d%gfﬂg&?i/he carbon atoms
of the compounds: phfeoniauig 30dl¢zare intendeddoibavétbevatence of four Bivssmeithemical structure

representations yiGIe.CaIbON ALONIR.SIR NOLIRYE. 2 ouliciR0bIumber,of variphlesatached to produce a

valence of four, the remaining carbon substitutents heeded to provide a valence or
2011/035231PCPAESS ZOFOT0NOATY Bioire shoviler heraxslined 1 Bechye eogen. atorcexaiple, RS

either in vitro, in the instance of chemical intermediates, or in vivo, in the case of

-~

15 prodrugs. With chemical intermediates, it is not particularly important that the
resulting products afier deprotection, e.g. alcohols, be physiologically acceptable,
although in general it is more desirable if the products are pharmacologically
innocuous.
“Prodrug moiety” means a labile functional group which separates from the
20 active inhibitory compound during metabolism, systemically, inside a cell, by
hydrolysis, enzymatic cleavage, or by some other process (Bundgaard, Hans, “Destgn

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

Krogsgaard-Larsen and H. Bundgaard, Eds. Harwood Academic Publishers, pp. 113-

191). Enzymes which are capable of an enzymatic activation mechanism with the

[S]
(4]

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

A prodrug moiety may include an active metabolite or drug itself.
30 Exemplary prodrug moieties include the hydrolytically sensitive or labile
acyloxymethyl esters ~CH,OC(=0)R* and acyloxymethyl carbonates
—CHgOC(:O)OR3 % where R is C,—-C; alkyl, C,—Cy substituted alkyl, C¢—Caq aryl or
Ce—Cop substituted aryl. The acyloxyalkyl ester was used as a prodrug strategy for
carboxylic acids and then applied to phosphates and phosphonates by Farquhar et al

35  (1983).J Pharm. Sci. 72: 324 also US Patent Nos. 4816570, 4968788, 3663159 and
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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 gro erties of a functional group or the properties of the compound as a whole.

The 10chemical’sBBLH(IEr of a protecting group varies widely. One functfST&FR S Ing 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 maskKtereHreRig brartaRifut chd Hargotps PlecasEeiF tHhensffiefehcy of desired chemical

reactions, e.g. prkipghRNGRILaKBASeminal kevds iy paerdesediard plapneddashion. Protection of
functional groups of a compound alters other physical properties besides the reactivity of the protected
fonctional grour i LuTHE BRTAT OB ER) Ty EhBEROBILIG) oGS Bl SbiHios which can be
measured 20byacolmmaiydasthytidal tbols.c@hemyioally!proteetd deihtenmg diates smayhtiheenselves be WO

2011/ 035231'3%1,{11511%%%%%3% prodrug moiety in the compounds of the combinations of the

10 invention. An exemplary acyloxymethyl ester is pivaloyloxymethoxy, (POM)
—CH,OC(=0)C(CHa)s. An exemplary acyloxymethyl carbonate prodrug moiety is
pivaloyloxymethylcarbonate (POC) —~CH,OC{=0)OC(CHj3);.

The phosphate group may be a phosphate prodrug moiety. The prodrug
moiety may be sensitive to hydrolysis, such as, but not limited to those comprising a

15 pivaloyloxymethyl carbonate (POC) or POM group. Alternatively, the prodrug
moiety may be sensitive to enzymatic potentiated cleavage, such as a lactate ester or a
phosphonamidate-ester group.

Aryl esters of phosphorus groups, especially phenyl esters, are reported to
enhance oral bioavailability (DeLambert et al (1994) J. Med. Chem. 37: 498). Phenyl

20  esters containing a carboxylic ester ortho to the phosphate have also been described
(Khamnei and Torvence, (1996) J. Med. Chem. 39:4109-4115). Benzyl esters are
reported to generate the parent phosphonic acid. In some cases, substituents at the
ortho-or para-position may accelerate the hydrolysis. Benzyl analogs with an
acylated phenol or an alkylated phenol may generate the phenolic compound through

25  the action of enzymes, e.g. esterases, oxidases, etc., which in turn undergoes cleavage
at the benzylic C—O bond to generate the phosphoric acid and the quinone methide
intermediate. Examples of this class of prodrugs are described by Mitchell ef al
(1992) J. Chem. Soc. Perkin Trans. I 2345; Brook et al WO 91/19721. Still other
benzylic prodrugs have been described containing a carboxylic ester-containing group

30  attached to the benzylic methylene (Glazier et al WO 91/19721). Thio-containing
prodrugs are reported to be useful for the intracellular delivery of phosphonate drugs.
These proesters contain an ethylthio group in which the thiol group is either esterified
with an acyl group or combined with another thiol group to form a disulfide.
Deesterification or reduction of the disulfide generates the free thio intermediate

35  which subsequently breaks down to the phosphoric acid and episulfide (Puech et al
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Sbiologically active or inactive. Protected compounds may also exhibit altered, and in some cases,

optimized properties in/vgtr% and in vivo, such as passage through cellular rrl;embra‘)rlltt-%-s“%ndl resistance to
enzymatic degrévc%ﬁ%ﬂ ia %équestration. in this role, protected compounds hitH iRehdee! gherapeutic

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 gréatef F¥EREyim ¢ivVirthaa: the pafe Brararagt Protedting Yrsupscare’PediBved either in vitro, in

the instance of ehemical iptRrmediates: Ak N ¥eeditheisase:hdhREdryassMithschemical intermediates,
it is not particularly important that the resulti gpgroducts after deproteetion, e.g. alcohols, be
a

physiologically ZEERHSIEOBRABIGH TR Yefdralit (iHbraadsialie)if the products are pharmacologically
innocuous. "Prodrug nioiety beneatistizdabile funotienadigsaupwhichsepacatesiframdhe atjactive inhibitory
compound during metabolis stemically. i igrg I, by hvdrolysis, enzymatic cleavage, or by some
other process (13& Slaﬁpé, S:r]H.{E';{)n%é, "E?i&lgf? gr?j A %%iggtéi%nﬁ}ggﬁ %%Sﬁ%‘%%%t% S‘I%Q%ogok of Drug Design and
Developmeéfit (10omulpl. Kestjsdabrariarsetad HauMl iBanersaardalBascrrarNo sdtnEademic Publishers, pp.

1 13- 191). Enzymeswhichiare.carable iaf amanzymatic.activation mashanism.with the phosphonatc
prodrug compounds of the invention include, b}Jt are not limited to, amidases, csterases, microbial

enzymes, phospHSIBEYBE S dhBiHBNEPSSELP AR HYSALES B8 drug moieties can serve to enhance
solubility, absorption afddippphiticityFtonaptifniHeut! ug celivengsbiody aitadpilityl esudtefficacy. A prodrug
moiety may include an agtive, i i 20Exempl rodru Jigties include the
hydrolytically se%xs(lgtti\%g or Zﬁ‘?@%@ﬁ%ﬁﬁéﬁ%@%& OC'(r-%gR@C{,é%ac? %qi/%é_ggfnh?et%yl carbonates
-ChEOC(-0JORPWHeperRsisie e sha i tT At e ergtipStttenzkyl CexisCindiBpptoc(y6ut26 substituted

aryl. The acyloxyalkyl-estenwasspreas psagive siiategy fabsrabaxvhc.acidsand then applied to
phosphates and phosnhonates b Farq#har et al 35(1 98311 N,an% %cil. 72: 324t also US Patent Nos.
g betw

:4816570 4968%11%%%(% % amorp 1sm}) or differences in packin een different

conformers of the same molecule (conformational polymorphism). As used herein,
crystalline pseudopolymorphism means the ability of a hydrate or solvate of a

20 compound to exist in different crystal structures. The pseudopolymorphs of the
instant invention may exist due to differences in crystal packing (packing
pseudopolymorphism) or due to differences in packing between different conformers
of the same molecule (conformational pseudopolymorphism). The instant invention
comprises all polymorphs and pseudopolymorphs of the compounds of Formula [-111

25  and their pharmaceutically acceptable salts.

A compound of Formula I-I11 and its pharmaceutically acceptable salts may
also exist as an amorphous solid. As used herein, an amorphous solid is a solid in
which there is no long-range order of the positions of the atoms in the solid. This
definition applies as well when the crystal size is two nanometers or less. Additives,

30 including solvents, may be used to create the amorphous forms of the instant
invention. The instant invention comprises all amorphous forms of the compounds of
Formula I-11I and their pharmaceutically acceptable salts.

Selected substituents comprising the compounds of Formula I-111 are present

to a recursive degree. In this context, “recursive substituent” means that a substituent

35  may recite another instance of itself. Because of the recursive nature of such
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WO 2011/(135231PCT/ILIS2010/049471 55792756. In certain compounds of the invention, a prodrug
moiety is part of a phos(f)hate group. The acyloxyalkyl ester may be used to deliver&hosghoric acids

across cell menmWPAEYA3d!0 enhance oral bioavailability. A close variant BHER&OKHIky! 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, (POM) -Cli20"-0)(2(CH3)3. An exemplary acyloxymethyl carbonate prodmg moiety is

pivaloyloxymethyisaityomateh (P Hy Cllat 2O@EFDOE (Gh3)2nds maiTbepplsosphatey gioetp may be a

phosphate prodygmoiely. FeRIRdraaemolaly may ReSRNsiNg (rhyiplvgisgsygh.as, hut not limited to
(POC group. A

those comprising a 15§)|va|oy|0xym ayi carbonate (POCI or PO ternatively, the prodmg

moiety may he S¥nsiiveanhenbymutity pete hidted ceavagabstisras eiaviaredstePar of

phosphonamidaigs@steaPiine art AYARIGHS SLRIRSPhRIUS AIQURS: @SpasiallyBbenyl esters, are
reported to enhance oral bioav.ailabiITh%t (EeLambert et al (1994) J. Med Cherm 37: 498). Phenyl
T

20esters contaifitiy HRAMHEXIE watap YR Phd P AR S0 et BB bed (Chanmei and
Torrence, (1996ntiMed. GhieproB39t4t 09:4dd Dy Hensykesters are repotiedito,génerate the parent
phosphonic acid, In senic eas Jintents at the.prtho-or pant-position m celeTaie the hydrolysis.
Benzyl analogs ]ﬂ)/\r/? ngr? 5;5'(1_313? é?gglﬁﬁ?éﬁg é?el ﬁté%ﬁﬁaltéé Bhléﬁol’r_ﬁ) y“é%r?éfe{?éé%ﬁz"%p u(a%gﬁc compound
through 75the agtiortorenyimedniengedstesaisend piidser a@wtisvhieh i twihaintehgess cleavage at the

benzylie CO bond lo ggperate the.phasphoris asithand the guinons rethide interimediate Examples of
this class of prodrugs are described by Mitchell et al (1992)1 Chem Soc. Pqﬁéin franc. 12345; Brook et al
WO 91/19721. SHilBHBBEREHE prEBITIGE A BEEN ‘deSRHTEEnEEHtaMIRg S ChRbBSEic ester-containing

group 30attached tothe. nenzyllesmethyierie (Glazier taloN0491/29721)), Tinesdontgiving prodnigs are
reported to be ugelial far the intracellular delivery of phosphonate drags, These proesters contain an
ethylthio group in Wﬁ%&rﬁ%é Et.h(l)cr) agﬁoupﬁfr/s’ e?ther elzlst(la\%:‘]sed \bblteAanagcly? %hpqu;’cgm ined with another
thiol group to fofmfergisiiifidal Peesterifibatisirtr faduction birtke disufidegenerates the free thio

intermediate whighsguRseaiantiypbreaks, dewn 1otharhasrboris acid andLpisiidefPueeh et al
example, W* will occur 0 to 8 times, RY will occur 0 to 6 times in a given
20 embodiment. Even more typically, W will oceur 0 to 6 times and RY will oceur 0 to 4
times in a given embodiment.

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

25  of'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 as R’

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

when taken together, are =Y *(C(R"););Y>-; or one of W' or e together with either



(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 éBrion et al, US
Patent No. 6312%%29.1“0@ ' be noted that all enantiomers, diastereomers, B H?g%:oelrﬁ%g‘?ﬁllxtures,
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 Féhiiufa F121 dRd 188 piarialesticli: dccaptattealts #dyefi&tcas different polymorphs
or pseudopctiynargfsd &slysedhereimoerystaline 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 diffefences,in\packing between different conformers of the
same molecule (conforma(ional polymprphism). As usef] hekein, crystalline pseudopolymorphism means
the ability of a hydrate or solvate of a 20compoynd fo e ist\f\ different crystal structures. The
pseudopolymorphs of the instant inve tioanay exist die 1o n%?enc}s in crystal packing (packing

pseudopolymorphism) or due to differences in packing etween different conformers of the same
molecule (conformational pseudopolymorphistn). The irEtan invention comprises all polymorphs and
pseudopolymmphs of the compounds of Formula I-111 andtheir pharmaceutically acceptable salts. A
compound of Formula LEI and its pharmaceutical accB’bt le 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 solfdeT3#s definition applies as well when the crystal size is two nanometers or less.

Additives, 30includingselvenisidnaykrdseddonsrenterthevamorphoris fomrs, oktlgmstant invention. The
instant invention comprises all amorphous forms of the compounds of Formula Till and their
pharmaceﬁﬂcallvﬂ%%épgta%ﬁ*sgé@i or S(O)5glected substituents comprising the compounds of Formula
1-1ll are present to a restirsives degreadéntthio, ORIEXR ;-recursive substithent" means that a substitucnt
35may recite another mtgq)cq 8; it_self 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 cafitieRRisRnéarriiew2 HL 51 0eBn hOWRard WARar beYR@Rcomprise substituents

comprising RY.QQQ‘G}N@(Q[H@I’(}R%KU% he aft oknasrickialcheristpprnderstansts)that the total number of
its i imited b ' h d

such subs&;gwe:%scl(s:@asonably limit the,desired properties of t(e qt)ngwrggun

IR, -OC(ZYHOR, —OYI(:Y‘)(N(R)QL SSCEY DR, -SC=Y
SCEYHINR),), -N(R)C(=Y R, -N(R)C(=YHYOR, or -N(R)C(=Y I)N(R)2, —SO,NR,,
—CN, —Nj3, =NO,, —OR, a protecting group or W?; or when taken together, two R¥ on
the same carbon atom form a carbocyclic ring of 3 to 7 carbon atoms;

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

( Y! RY RY Y
§ .
Y? v? v2

\

M1a M12¢ M1lc Mid
wherein:
Mita, Mlc, and M1d are independently 0 or 1;
Ml2cis0,1,2,3,4,56,7,8,9,10, 11 or 12;

each R is H, halogen, (C-Cy) alkyl, (C)-Cy) substituted alkyl, (Ca-Cyg) alkenyl,
25 (Cy-Cy) substituted alkenyl, (Co-Cg) alkynyl, {C2-Cy) substituted alkynyl, Cs—Caq aryl,
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10intended. Such properties include, by way of example and not limitation, physical properties such as
molecular weight solubiggsor log P. application properties such as activity ggainst the intended target,

59 Y HSOMAMAN. W3 and RY

and practical prope%ﬂleléosucﬁ as ease of synthesis. By way of example
arc recursive substituents in certain embodiments. Typically, each recursive substituent can
independently occur 1520, 19, 18, 17, 16, 15, 14, 13, 12,11, 10,9, 8,7, 6, 5, 4, 3, 2,0r O, times in a given
embodiment. Maore typically, each recursive substituent can indegéeindently occur 12 or fewer times in a

given embotimént EVEHRTSEd Bty adntFEidfs stnstitbetittd fiaepehdently occur 3 or fewer
times in a givengymivodjmestiuker axample; Waadlipeausdhto 8 times, R." will occur 0 to 6 times in a

given 20embodiment. £ven more tynicall RW@(Wi(Lkgﬁgigf Wsﬁ_ggl?{% t’cgl)g??Wk&W“ng(gwf Qto4timesina

given embodiment. Recursive substituents ar intended aspe ha Invéntion. One of ordinary
skill in the art ofamaticinet ohemisiryudedstamndsyhe veepatiitytbf sbetnsubsfituentss X0 the degree that
recursive substitllJ.(()entSs are present in an embodiment 250f 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 h35 tabereaeringidicidwerasy the wentexn@@rendaeiidetstatebyidd of error

associated withimneasyrementot the pasticularquantitl«Lhe.compengs ebtheikggmula 1-111 may
comprise a phosphate group asFe, Vi 30which may be a prodrug, moietyV"2wherein each Y or Yl is,

independently, 6 NR NG5 B PRSP PSIBRORY of NRIRD2\K/F ShEARRS §iBH fakeh together, are
--Y3(C(R1)21fiY, 7airenecofs\Witar W 2itag ethestwitied ather cW@iR0d 3/635 2681 RGTHIER010/049-171

or mono-unsaturated when containing 4 ring atoms, saturated, or mono- or di-
153 unsaturated when containing 5 ring atoms, and saturated, mono- or di-unsaturated, or
aromatic when containing 6 ring atoms.
A W’ heterocycle may be a monocycle having 3 to 7 ring members (2 to 6
carbon atoms and | to 3 heteroatoms selected from N, O, P, and S) or a bicycle having
7 to 10 ring members (4 to 9 carbon atoms and ] to 3 heteroatoms selected from N, O,
20 P, and S). W’ heterocyclic monocycles may have 3 to 6 ring atoms (2 to 5 carbon
atoms and 1 to 2 heteroatoms selected from N, O, and S); or 5 or 6 ring atoms (3 to 5
carbon atoms and 1 to 2 heteroatoms selected from N and S). W’ heterocyclic
bicycles have 7 to 10 ring atoms (6 to 9 carbon atoms and 1 to 2 heteroatoms selected

from N, O, and S} arranged as a bicyclo [4,5], [5,5], [5,6], or {6,6] system; or 9 to 10

[N
wn

ring atoms (8 to 9 carbon atoms and 1 to 2 hetero atoms selected from N and S)
arranged as a bicyclo [5.6] or [6,6] system. The w? heterocycle may be bonded to Y-
through a carbon, nitrogen, sulfur or other atom by a stable covalent bond.

W heterocycles include for example, pyridyl, dihydropyridyl isomers,
piperidine, pyridazinyl, pyrimidinyl, pyrazinyl, s-triazinyl, oxazolyl, imidazolyl,
30 thiazolyl, isoxazolyl, pyrazolyl, isothiazolyl, furanyi, thiofuranyl, thienyl, and

pyrrolyl. W? also includes, but is not limited to, examples such as:



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 -NFO R N%OR). *MO(OR),
10NNR2, S. S- g.%)‘,/%P?ﬂO)Z; each Y3 is independently 0. S, or NR; M2 Is /]_{ o1 /;049471each 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), - 1509g-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, -SO2NRZ2, -CN, -N3, -NO2, -OR, a

protecting group or Wj; or wafeintaken togethey; W on the sameegrbon atom Term a carboeyelie ring
ly RY, a protecting p, or the formula: 20 wherein.:
i 2,3,4,576#7,8,8, 10, 11 or 12; each Risid,

of 3 to 7 carbon atoms; eaq s independe
Mia. Ml ¢, and Mid are indeperidemty O.or I; Mli

halogen, (C1-05) aflcyl, (C1-C8) substituted alkyl, (C2-C8) alkenyl, (C2-substituted alkenyl, (C2-C)
alkynyl, (C27C8) substituted Q/nyl. Co-C20 aryfli N
N [
| N (/_7)\
é\Jf , &))\ : N J ,
N H

S N 5
o O L XN

W? carbocycles and heterocycles may be independently substituted with 0 to 3

R groups, as defined above. For example, substituted W carbocycles include:

Cl

! \ NH ! NH ¢ —N NH
__/
}—N 0O I—N 8 !]—N S0
10 N ~/ /T

Examples of substituted phenyl carbocycles include:

53



C4-C.20 substituted aryl, e2--C20 heterocycle, G--C20 substituted heteroeyelyl, arylalkyl, substituted
arylalkyl or a protecting roup; Ws is W4 or W5; W4is R,-C(VI)Ws, -SO425', or -SOiWSé)/and W5is a
carbocycle or a WY Wherein W5 is independently substituted with Oi’t%TéU =6 8{?6‘u4p7§. 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 mo aturated when'd8ntajning 4 ring atoms Ratrated, or mono- or
di-unsaturated whernycaxtaining-5ning atorrs;iand Mited, moyio=Qr di-unséfirated, or aromatic when
containing 6 ring at W5 heter me&y be a mono havihg 3 to 7 ring members (2 to 6
carbon atoms and 1to ¥ heteroatoms sel@eted from N, 0, P. an or a bicycle having 7 to 10 ring
members (4 to 9 cafbon atoms and 1 tg 3 heteroatoms selectgd from N, 0, 20P, and S). W5 heterocyclic
monocycles may’have 3 to 6 ring atom§ (2 to 5 carbon atoms and | to 2 heteroatonis selected from N, O,
and S); or 5 or 6 ring atoms (3 to 5 carbon atoms and | to 2 heteroatomscﬁelgtc]tﬂetd from N and S). W-1
heterocyclic bicycles ha & 7Y0 | cl)ing atoms ( (?()_Q\Q_arbon atoms and { to 2\etgppatoms selected from
N, 0, and S) arrangéd as a bicyciy [4,5], [5 ,6], or [6(? ] syste to 10 ring,atqips (8 to 9 carbon
atoms and 1 to 2 g atoms seleécted fr nd Si ar%gﬁﬂf as\a bifyclo [5,@%0%16,?6] system. The
W5 heterocycle may e bonded to IV-- throligh a carbor? nitrogen,/sulfur or other atom by a stable
covalent bogd. A" W5 heterocycles inclyde for example, pyridyiNdihydropyridyl 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.

|
W“‘//P—g
Embodiments of w? of Formula I-1T compounds include
substructures such as:
O

RX

/ PK\YZD/
iﬁl’v Y2b
10 R*

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

each Y*" is O and each R*is independently:

wherein M12¢is 1, 2 or 3 and each Y is independently a bond, O, CR,, or S. In
15 another aspect of this embodiment, one Y?"-R* is NH(R) and the other Y**-R* is O-R*

wherein R” is:
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/17---N \\- , ands, heterocycles may be independently substituted with O to 3 For example, substituted W5

carbocycles include: 1 -SC/NH/NHIN NH ID
WO 2011/035231 PCT/US2010/049471
S CR;
3 M12¢c

wherein M12¢is 2. In another aspect of this embodiment, each Y™ is O and cach R”

S CR,

M12¢

is independently:

wherein M12¢ 1s 2. In another aspect of this embodiment, each Y*" is O and each R*

10 is independently:

SV

M12¢c

wherein M12¢ is 1 and Y?is a bond, O, or CR,.

Y
W1/Pm——§

Other embodiments of w? of Formulas I-1II compounds include
15 substructures such as:
RY
3
2/ "
/ "

RY
Y3 RY

/R
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/--\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, b 8r2m(llf?)’.5fr311mother aspect of this embodiment, each 1721)P|‘§T(5U§%10010 X Rx is
independently: R R\ /

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

each Y is O. In another aspect of this embodiment, the substructure is:
o
o
e
%o

RY
wherein RY is W* as defined herein.
Y
I
W1//’/P §
10 Another embodiment of w2 of Formula [-[ll includes the

substructures:

0 Y2
i /\n/ Ry
R—Y*
- \ O
y2e— 5
wherein each Y° is, independently, O, N(R¥) or S,
Y
|
W1//P ¢
Another embodiment of w? of Formula I-ITI compounds
15  includes the substructures wherein one of W' or W? together with either R*orR*is -

Y- and the other of W' or W is Formula la. Such an embodiment is represented by a

compound of Formula Ib selected from:



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 Ii‘(]:olsz%l/lor%sgﬁlother aspect of tins emboc mem each .Y2b isngce%gﬁz?slq/r?ﬁéﬁlendentIy: RV
CR3 MI2c  wherein 11012e¢ is 2. In another aspect of this embodiment, each Y21) is 0 and each RI

10is independently:

RS
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M12c wherein2c is | and Y2 is a bond, 0, or CR2. 15substructures such as: RS',Y3/ 11N ,P.\
----- R5 % \\s. " -tz,'Y3RY WO 2011/035231PC17US20111/049471 5Whererrnce/ach Y%‘i‘%h;?dependently, 0
or N(R). In anotW(Q %?éﬂfgﬁzf’)]f this embodiment, each V3 is 0. In another aspe& RIRiAtS embodiment, the

substructure is: 0

Formula [b

In another aspect of the embodiment of Formula Ib, each Y and Y is O. In another
aspect of the embodiment of Formula Ib, W!or W2 is Y?*-R*; each Y. Y? and Y"is O
and R*is:

10 M12¢
wherein M12cis 1, 2 or 3 and each Y is independently a bond, O, CR;, or S. In
another aspect of the embodiment of Formula Ib, W!or W?is Y2"-R* each Y, Y* and

Y?" is O and R¥is:

S CR3

15 M12¢

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

Y?".R*; each Y, Y? and Y?" is O and R is:
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0 /Is 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-11l compounds
ISincludes the sSYESHHUETEY wherein one of W' or W2 together with either RS BVRALLYS. and the other
of WI or W 2 is Formula la. Such an embodiment is represented by a compound of Formula Ib selected
from: R8 RE Re Formulalb

s M12c

wherein M12¢is 1 and Y* is a bond, O, or CR.

|
w! /
Another embodiment of w? of Formula 1-II1 compounds
10 includes a substructure:
i
R R¥
511 / \Y2 /
W5
YZ/

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

this embodiment, the substructure is:

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

groups. In another aspect of this embodiment of the substructure, R is:
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In another aspect of the embodiment of Formula Ib, each Y and Y3 is O. In another aspect of the
embodiment of Formula Ib W tor W2is Y2b-Rx; each Y, 3 and Y2h S 0 and Rx is: MI2¢c wherein M| 2c
is 1. 2 or 3 and &R V?ls mdependently a bond, 0, CR,i, or S. In another as([‘)gg%ofl%é éMbodiment 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 O and le is:
M 1 2 c wherein liill12c is 1 and Y2 is a bond, O; or CR2. Another embodiment of 10includes a
substructure: of Formula 1-111 compounds|0 Y-\W5 s

0
A\(Z’/R

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

Y2

5 M12¢

Y
I
WW///p g
Another embodiment of w2 of Formula I-111 includes
substructure:
G~ O
\\ CH4 O CHj
— \ / \
K H#OR s O#OR
10 O or 0O .

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

configuration or the racemic mixture.

I
W1///P_§
Another embodiment of w? of Formula I-111 is substructure
R
O
l_____’-—-"‘PM'“ Y2
O
L -2

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

embodiment, R” is (C,-Cyg) alkyl, (C,-Cs) substituted alkyl, (C2-Cy) alkenyl, (C2-Cs)
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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 hen%/I carbocycle is

substituted With‘ﬁ(%&od%oﬁfﬁlln another aspect of this embodiment of the s st

e

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

5

10

substituted alkenyl, (C,-Cg) alkynyl or (C5-Cs) substituted alkynyl. In another aspect
of this embodiment, R¥ is (C,-Cy) alkyl, (C;-Csg) substituted alkyl, (C,-Cg) alkenyl,
(C2-Cy) substituted alkenyl, (C:-Cs) alkynyl or (C2-Cy) substituted alkynyl; and R is
CH;. In another aspect of this embodiment, R is (C-Cy) alkyl, (C-Cs) substituted
alkyl, (C5-Cg} alkenyl, (C,-Cs) substituted alkenyl, (C,-Cy) alkynyt or (C2-Cs)
substituted alkynyl; R is CHs; and each Y?is-NH-. Ina aspect of this embodiment,
W' and W? are, independently, nitrogen-linked, naturally occurring amino acids or
naturally occurring amino acid esters. In another aspect of this embodiment, W' and
W? are, independently, naturally-occurring 2-hydroxy carboxylic acids or naturally-
occurring 2-hydroxy carboxylic acid esters wherein the acid or ester is linked to P

through the 2-hydroxy group.

I
I
W' /
Another embodiment of w? of Formula [, Formula II, or Formula
[11 1s substructure:
i
i P R¥
2 ‘\O/
(@]
\Rx

In one aspect of this embodiment, each R* is, independently, (C,-Cy) alkyl. In another
aspect of this embodiment, each R* is, independently, Cg-Caqg aryl or Cy-Cag
substituted aryl.

In a preferred embodiment,

0

I

W*’/’Pﬁv_g

W2

1s selected from
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substructure: --""1 JKRY)0_30.4uCH3HU-/10 orQkJ1..1-13 (2: OR

WO 2011/035231 PCT/US2010/049471

g/P\:NHR /P\/OH ~"

I

(R)n or W5
\
w! / H]
Another embodiment of w2 of Formulas I-11I is substructure
i
W’///P §
WZ

10 wherein W' and W? are independently selected from one of the formulas in Tables
20.1-20.37 and Table 30.1 below. The variables used in Tables 20.1-20.37 (e.g., W™,
R?, ete.) pertain only to Tables 20.1-20.37, unless otherwise indicated.
The variables used in Tables 20.1 to 20.37 have the following definitions:
each R is independently H or (C,-Cg)alkyl;
15 each R* is independently H, R*', R** or R** wherein each R is independently
substituted with 0 to 3 R*;
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The chiral carbon of the amino acid and lactate moieties may be either the R or S configuration or the
racemie mixture, 2 i5wherein each Y2 is, independently, -0- or -NH-. In another aspect of this
embodiment, RWR&?@@?QF@I, (Cr CB8) substituted alkyl, (C2 -C4 alkcnl (c"zC-BEéZ“W #9471
2011/035231PCT/11S2010/0-19471 5substituted alkenyl, (Cn-Cii) alkynyl or (C2-C8) substituted alkyny!l.
In another aspect of this embodiment, R is ((i7.1-C3) alkyl, (C1-C3) substituted alkyl, (C2-C8) alkenyi,
(C2-C8) substituted alkenyl,7(02-05) alkynyl or (C-i-C8) substituted alkynyl: and R is CF-I3. In another

ol

aspect of this embodirtefitRRiF p‘slct@ﬂl@ef}sa&%}%; FEI-ES)° suistitureny Wi ih¢Cvbec B Alicenyl, (12,--C8)

substituted alkepyl,G2-08alkyaul oG G >1Q spbstituted alkynyl; R is Chli; and each 712 is -NH-. In
a aspect of this embodiment,, WI and W2 are inde%endently nitrogen-linked, naturally occutring amino

acids or naturally occu??ﬁﬁ%r%‘iﬁﬁ‘%?&ﬂ%@l@?’s‘? i aRbthet Nspect oMiis embodiment, W1 and W2 are,

independently, naturalbgehaciibring Rdepdeery Tarboxylic acids or naturally-occurring 2-hydroxy carboxylic
acid esters wherein the acig:or. ester is linked to-P Sthraughithe 2:hy 29roug, gwother embodiment
% [Ellq 1s.1nueigencferlﬁ?y Iig, it&{ }J(g }, %l% , §{8>)‘1¥ ) %%8)_1’5 R

Q
agc
ofof Formula I, Fommla Il, or Foim .

10 S(O)(OR™), -S(0)(OR™), -OC(=Y*HR™, -OC(=Y*"YOR™, -OC(=Y " YNR™)(R™)),
SC(=Y )R, -SC(=Y*HORY, -SC(=Y*H(N(R*)(R™), -N(R*C(=Y*)R™, -
NR™)C(=Y*HOR™, or -N{R™)C(=Y*Y(NR™}(R™)) ;

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

15 each R*™ is independently H, (C,-Cgalkyl, (C5-Cglalkenyl, (Co-Cy)alkynyl,
aryl, heteroaryl: or two R™ taken together with a nitrogen to which they are both
attached form a 3 to 7 membered heterocyclic ring wherein any one carbon atom of
said heterocyclic ring can optionally be replaced with -O-, -S- or ~NR*'-; and wherein
one or more of the non-terminal carbon atoms of each said (C,-Cg)alkyl may be

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

cach R* is independently (C,-Cy)alkyl, (C2-Cg)alkenyl, or (C2-Cg)alkynyl;

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

each R*™ is independently (C,-Cg)alkylene, (C»-Cy)alkenylene, or (C»-

25 Cy)alkynylene any one of which said (C;-Cs)alkylene, (C»-Cslalkenylene, or (Ca-

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

each W is independently W** or W**;

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

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

each Y*' is independently O or S.



[l 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 emB3YIMERE ls selected from wherein W1 and W2 are indepPe d'é%ﬁ?)l/%?é!?éaed 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.qg.,
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 independe§49;1R21, R23 or R24 wherein each Rindependently substituted with 0 to 3 R23;

each R23 is independently Rﬁm, Ram, R23 or Ra&d, provided that when 1223 is bound to a hetematom,
then R23 is Ralla or®4" sach R23a is in pengenthg®, CI8f, I; JNB-N 02; each Ram is
independently Ya'; each R}13' is independently-N(Raa)litax),-S(0)R, -S(0)Rax, - 10S(NOR2x),
-S(0)2(0R23), -OCB-Y21)R2x, ;0C1---Y250, éOC(5-1124)(N(R2§)(R27)),

’ o} ¢ ¢! ‘¢ o
\O/\[( ~p21 \O/\[( ~H \O/\H/ \CHa
O O @)

4 5 6

s 0 CH /
~ 3 0]
o/ﬁ( ~ \O/\ﬂ/ \/\CH3
O 0

7 8

Table 20.2

¢ 0 CH ¢ O._ _-CH
\O/ﬁg)/ TN \O/W(])/ \T/ 3

CHj
9 10

CHs

/\o/ﬁor O\)\CH3

11
10
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sce,,y21,1R2,, _sc(=y21)0R2x, sc(u_y2i)( (R2v)(R2x)), N(R2a)C(--1t421)0R2a, or
-Nte)C(-Y21)(NtRa'UtR;61§I) ; each Raid is independently -C(-Y21)122x, -CVNII21)0R2a or -
CVY21)(N(R2)(ROBY YBSHh 11..2x is independently H, (C1-Cs)alkyl, (C2EEBIRREIT(E2-05)alkyny,
aryl, heteroaryl; or two Ra taken together with a nitrogen to which they are both attached form a 3to 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 mala®is 2bdptionally replaced with -0-, -S- or -NR21-; each R24 is independently
(C1-05)alkyl, (C2-C81latkgny4, or (C2-05)alk3nylt each R23 is inlependently R24 wherein each R24 is
substituted with Oat\o 3 R23 egch R23dis indepengdently (,Q-C alkylgne, ("Ca-COalkenylene, or (C2-
COalkynylene any odie ofyhichv&aid (C.[C2-C8)atkerlencobr (- Cadlkynylene is substituted with 0-3
R23 groups; each W23 isgndependently W2.4 @25;or each W24 s independently R23, -C(=Y24)R23, -C
=Y2' SO2 5 30each W2%,is independently caypocycle or heterogycle wherch 725 is independently’
substituted with 0 to 3 R a groups; and eacf&(Zl is independently O or S.

CHs 3 CH,4
‘ 0 ‘ 0 /
\O/H]/ ~R2! \O/KH/ Sy \O)YO\CHS
@] O e}
15 16 17
CH4 CHj
’ o) CH ‘ o)
\o 13 \O \/\CH3
i
0O
18 19
Table 20.4
CH, CH;
()\O)\n/o\/\/CHS /\O OYCHB
0 O CH;
20 21
CH3 CH;

10
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WO 2011/035231PCMJS2010/049471 5Table 20.1 3 "'o-8 Table 20.2 0 .C1-1 1f 1 OCH3

WO 2011/035231 PCT/US2010/049471
5  Table 20.5
HaC\? HyC H;C
/ /
H\o)ﬁ( “wz o r Orzs o O s
O O O
23 24 25
HaC HaC HaC
‘ o ‘-~ o ¢ 0
\O \R21 \O “H \Oj\]/ \CHS
o) 0 o}
26 27 28
H4C H4C
/\ O\/CHS /\ O\/\
o f o) CHs
0 o)
29 30
Table 20.6

H3C HsC
/\O (O\/\/CHB /\Ojﬁw/o\rCHB
0 )

CHy

31 32
HsC

10
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910 cH, 0_c,_,3 WO 2011/035231PCT/ S2010/049-171 2021 cH3cH, 22 WO
2011/035231PCTMS2010/049471 262728 H 3C

WO 2011/035231 PCT/US2010/049471
5 Table20.7
W23 W23 W23
/ /
0 O @)
34 35 36
W23 R25 RQS
/\ O /\ O< /\ O o5
9] R21 0 W23 O R?o
@) 0] 0O
37 38 39
R25 R25
. I /
O O
40 41
Table 20.8
R24 R24 R24
/ e /
\O/H(O\Wz:i \O)\H/O\RES \O O\R24
' @) O @]
42 43 44
R24 R21 RZT
7 ‘ Z /
\O/\H/O\ R21 \O/k‘( O\Wzs \O)\H/O\st
0 o o]
45 46 47
R21 R21
/
/\O/K’VO\RZB \O/l\’ro\Rm
0 0
48 49
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0 2930 Tablo 20.6 3132 033 WO 2011/035231PC17US20111/04947 | 5Table :20.7 liv23 34

WO 2011/035231 PCT/US2010/049471
5
Table 20.9
/ 4 /
\Il\l/\ﬂ/oxw23 \\I\Il/\H/O\R% \T/ﬁ‘/O\RM
H O H (0] H O
50 51 52
/ 0 I 0 e o)
\'f/\[f \R21 \N/\”/ \H \T/ﬁr \CH3
|
H 0 H (0] H @]
53 54 55
N O _-CHs . SNGEN
$W T/ﬁ( CH,
H O H @]
56 57
Table 20.10
/\N/\[(O\/\/CHB /\N O CH;
| e
H (0] H (0] CH4
58 59
CHs
) oL
\?l/\ﬂ/ CHs
H O
10 60
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w23 R24 0 35 36 Table 20.8 424344 R24R2i .0 .R2,-R20 4647 4849

WO 2011/035231

5 Table?20.11
CHy CHs CH,
/
\ITJ 23 /\'Tj O\RZS /\’?/J\H/O\R%
H (0] H H @]
61 62 63
CHj CHs CH
s o) ’ 0 ¢ 0
N GRS e gt
H @) O H O
64 65 66
CH; CH,
‘ O. _CH e 0
N0 St e
H @] H (@]
67 68
Table 20.12
CHs CH,
s 0 CH ’ 0 CH
\\”\1)\{( s \'Tj)\ﬂ/ 3
H O - H O CH
69 70
CHs CH,
¢ 0
\[f e \CH3
H O

71
10
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Table 20.9 Table 20.10 0CH3 5859 OH3 CH3 1080 616263 CH3e.HO

WO 2011/035231

5  Table 20.13

/\']'>H ]/O\W% \’f>kﬂ/O\R25 \'f* }/o\R24
H 0 H O H 0

72 73 74
CH, CHa CH.
JHiC . e . SO 5
SN ~R2Y N ~H N “CH
| I | 3
b0 H O H O
75 76 77
CH, CHx
e O. _CH A 0
\lTJ ( ~_ 3 \IT! \/\CH3
H O H O
78 79
Table 20.14
o GHs o S
ol o CH ol O _CH,
N ]/ ~ 13 N Y
f
k': o) H O  CHs
80 81
CH CH
/HBC 3 O\)\s
\'f CH,
H O
82

10
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64 CH5H065 CH3HO66 CHSCH31'4CH 67

WO 2011/035231 PCT/US2010/049471
5 Table20.15
W23 W23 W23
e .
™ N)W]/O\WZB N Osges ™y Onges
| \
H O H @] Ill (@)
83 84 85
W23 R25 R25
P
\NJ\H/O\RM /\N/}\H/O\Wz‘? /\N/H(O\ R25
| | |
H O H O H O
86 87 88
R25 R25
/\N/Hr \R24 /\N/J\’H/O\Rm
' !
89 90
Table 20.16
R24 R24 R24
y R p o / o.
o v \?‘)T e \';“)\f e
H O H O H O
9 92 93
Rl‘q R21 RQW
¢ ‘ )\
\T/}\”/O\Rm \II\I/%W/O\WZ;; \N ]/O\R25
H O H O
94 95 96
R21 R21
/
/\N/}\H/O\Rzlt \N)YO\RE
I l
H O H O
97 98

10
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68 Table 2012. ,033T NI. HOCH:3 69 70 CH3CH; tN HO 71 WO 21111/035231PCT/US21110/049471

WO 2011/035231 PCT/US2010/049471
5  Table 20.17
4 O 14 0]
\N/\W]/ W23 \N/\‘/ \.R25 N/W]/ R24
| |
RZS O R23 0 R.Zfi
99 100 101
/ 0 / ’ 0
\wﬁ]/ ~R2t \'Tl/\[rO\H \r\ij/\ﬂ/ ~
R RZ O RZ O
102 103 104
\ \/ /\ O\/\
/\”/ '}’/\ﬂ/ CH,
R?S 0 R23 o)
105 106
Table 20.18
’ ~y /ﬁ ]/O\/\\/CHg /\N/\[(o CH,
| Y
R23 R# O CHs
107 108
CHj,

’ oA
\l\!‘{/\ﬂ/ CH
R#Z O

109
10
Table 20.19
CH, CHj
N/\( Sy \N T \R25 )\{(O\ ~ /HrO\R?_]
R23 O RZ? 0
11 113
CH, 3 CHs CHs
’ 0 ' (@] 4 O CH O
\ITI \H \w)\[( \CHg \'Tf)\ﬂ/ ~_~ M3 \‘ { \/\CH3
R23 O R23 23 o) 23

72



5Table 2013

757677 CH, HO 78 79 Table 2014.

8081 WO 2011/035231PCTRIS2010/049471

WO 2011/035231 PCT/US2010/049471
5
Table 20.20
CH, CHj4
/\N)\ﬂ/o\/\\/c»g f’\N O._-ChHs
] |
R O R O CH;
118 119
CHj CH,4
s 0
\[I\I/Kn/ CH
R#Z O
120

Table 20.21

CHy CHj

><‘r W23 \ ><[( ><H/ >§r \Rm
121 122 123 124
CHS H3C CH3 H3C CH3
/
>ﬁ]/o\ ﬂ/ /O\/CH3 \[?] O\/\CHa
R23
10 127 128
Table 20.22
CH3
~ >ﬂ/0\/\/CHJ ~ ><n/ Y >ﬂ
H3
129 130 131
15

73



5Table 20.15\y23, N-w2.3 H0 83 R25]| ----- , -C--- -3 NIr1A'z' HOHO 8788 R25R251

WO 2011/035231 PCT/US2010/049471

5 Table20.23

W23 W23
J\]/ W23 )W/ R25 \ /k’r )ﬁ}/
R23
132 133 134 135
R25 R25
e O. \ \
N \NZ3 ( \R25 R24
I!?23 o}
136 1 37 1 38 1 39
Table 20.24
R24
e )wr )w( W -
R23
140
RQW R21
’
\l‘i\l/J\”/O\WB )ﬁ]/ \R25 /H‘/ /‘\'(
R23 O 3
10 144 145
Table 20.25
4 14
/\Wzs #\st ~ R4 SRt /\H SR
148 149 150 151 152 153
2 23
/\O/Wz3 /\O/ R# /\O/ R4 K\O/R ! /\O/H /\o/ R
154 155 156 157 158 159

15

74



IL16110 8990

WO 2011/035231

5  Table 20.26

/ W2l3 Ve R25
~ N/ \N/

N/
| | I |
H H H H
160 161 162 163
/ w2 A _R* /\ _R24 ’~_ _R*
Flgs R23 R23 R23
166 167 168 169
Table 20.27
@]
Ve Rd5 /N\ R25a )\
\O/
172 173
@]
. /sza )1\ sta /[L
174 175
O O
RZﬁa /H\ /. RZ5a )I\
o7 N0 eH,
176 177
o O  CHs
/ 25a )L
\O/R\O \/CH3 L /Rgfa /”\/‘
0 O
178 179

75

R21 10 HOH 0 9798 WO 7011/035231PCUUS20111/049471 5Table 20 17

PCT/US2010/049471



R R23 02" 0 102103104 IT R23 0100 R230 106 Table 20.18 H30-,CH3 R23 8R23CH3 107108 CH3

WO 2011/035231 PCT/US2010/049471

5  Table 20.28

Pd RZSa Pl R258 CH
\O/ ~0 \O/ \OJ\‘/ 3
CH
181 ’

180

6]

/7 25a
\O/R\O&C 3 \‘ RZSa )u\
CHj

182 3

R253 /| \ /R2Ja JVQ

76



R23 0109 5 Table 20.20 CH3 ? R23 H3 -H3 R23 OCH3 118119 CF13CH3 --cH3 R23 120

WO 2011/035231 PCT/US2010/049471

5 Table 20.29

0 0
/\ PN /H\ /\ N )J\
Q O w23 @) @) R?5

186 187
0 CJ)\
¢ A, e p
\O/\O R24 \o/\o R21
188 189
0 O
/\ N )J\ "\ PN )J\
(0] (@) H O O CH5
190 191
@) (0] CHj3
o Mo TN 0
192 193
Table 20.30
s CH
P SN 3
~o" 0 0 O)‘\T/
CH5
194 195
(0] CH4
\ /\ CHy ¢
)‘\|< o o CH,
CH,
CHa
~ /\ J RN #\O/\ /qu
198 = 199

77



Table 20.21 1-1300H 3H3C e*N ---- ,..0 wz2 |."..._ Nr. il R23 0R2.3 121122 H30H3CCH3H30CH31-130\
CH3 ... -—-...NIl, == "---iem- |- ]I
WO 2011/035231 PCT/US2010/049471

5 Table 20.31

RfZaa /U\ /WZ\) s}

200

o)

/\ /Rz\58 )L /RZ4 0
o © © p 252 )I\ 21
~ R R

202 (0] O (@]
203
. 1 o
WL N U
204

’

205 HaC
0 j
" .
25 )J /\O/RZ\SG)O O
Rz>@ P

So7 o o7 e,

207
206

Table 20.32

o O)/\CH
/ RZSa )J\ RZSS /”\ /J\
o7 o

208 209

e I L

211 CHa
210

o RZSa “\
~ RZSSJ\ /
o” o7 o |
P
212

213

78



R23R23 6R33 CR23 a 125126127128 Table 2022. CH", H3C CH- ..H3COH3" i el,0, "A., CH3 | RI-

O0CH3R23 0 130131 129
WO 2011/035231 PCT/US2010/049471

Table 20.33

SN )L\ s

O
O (@) O ) JJ\ 525
\O/\O o
214
215

O
@) 0] 0 . JJ\ R21
~ O/\ o o

216
217
0
/\/\)L _H / Jol\
o) o) 9) o o O/CH3
218

"\/\J\j

3

’\/\)k/\

221
220

79



WO 2011/035231PC171.152010/019471 Table 20.23 vyn R23 0 133 R28 1 R23 137 136

OR2j 0 138139

WO 2011/035231 PCT/US2010/049471

Table 20.34
o f\CH CHs
/\o/\o)J\o N o )J\ )\
222 223

i ohs o
\/\)I\/k /\/\)I\

CH,
o o O/\r
224 225 CHjz
(@]
LD ek
I N
I /i O (@
s as
226 227
Table 20.35
2ba 25
/R\H/ W?3 /\ /R\a”/O\st
228 2290
25 25
R\a‘]]/ ~R24 /\ /R\E’[(O\Rm
2300 231°
25 / 2ba
/\ /R\Jah/ W23 \ITI/R\”/O\R25
H 2330
25 ¢ 258
/\IT]/RjaI/O\R% ~ l /RYO\R:H
H O H 0
10 234 235

80

R25 R23



15 R25a00

R:C50a OH 180181
WO 2011/035231

5  Table 20.36

/\ /R&'Sa o

A
R O

23

240

=
SN \}
(@) R23

242
Table 20.37

\O A

/\N/Rﬁl/O\R%
RS O
237

Z5a
/\N/ RTO\RQ-‘
RE O

239
JQ
/
\O ~ \st

241
)
\O
243
7
\O N
| 1 R2s
245 A
’
o
247

81

CHs R25,J 178179 WO 2011/035231PCI7US2010/049,171 5Table 20.28

PCT/US2010/049471



0 H3 182CH2, C H3 254, - -0-0-- - 183 " R 25nJ126a 0 184185 Table 2029. 186137 183189

WO 2011/035231 PCT/US2010/049471
5 Table 30.1
CHs CHs
‘ O._ _CH; 7 o)
™~ 3
f?l/]\]/ ~~ \’Tj/lﬁ( \/\CH3
H 67 O H O 5s
CHa CHa
/\N/H O -CHs ”\N)\[(O CH,
| ]/ | Y
H gg O H ;00  CHy

CHs CH; CH;,

‘ o\/k e 0 CH

\'?/Jﬁ]/ CH, \ITJ/J\H/ NN TR
H O H 2560

/ o) CH 1< 0
%\“/ ~ 3 \ITJ \/\CH3
H 2480 H 0 g

CHs NCH-
/\N O~ -CHs /\N)\n/o

| |
H 0 H O
10 250 251

NereWSe e
s 0 l 0 ¢
\rl\j)\[r \l?l \O
H 0O 2 H O o3 254
Cl
;o

257

/\ A *(O\ﬁ\
0 CF4 BN
0
255 256

82



190191 0 OCH3 192193 Table 20.30 194195CH; -0 .CH, CH3 CH3 CHS3 CH,

WO 2011/035231 PCT/US2010/049471

5
Embodiments of R* include esters, carbamates, carbonates, thioesters, amides,
thioamides, and urea groups:

( R R \ R R\ ]

Y

Y2 /[L RY
M12a y1 and M12a
10 Any reference to the compounds of the invention described heerein also

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

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

example, Na™, Lit, K> Ca*2 and Mgt?2), ammonium and NR;" (wherein R is

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

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

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

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

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

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

The compounds of the invention, exemplified by Formula I-I1I may have
chiral centers, e.g. chiral carbon or phosphorus atoms. The compounds of the

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

20 theindividual optical isomers isolated or synthesized, substantially free of their
enantiomeric or diastereomeric partners, are all within the scope of the invention. The
racemic mixtures are separated into their individual, substantially optically pure
isomers through well-known techniques such as, for example, the separation of
diastercomeric 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 non-
superimposability of the mirror image partner, while the term "achiral" refers to

30 molecules which are superimposable on their mirror image partner.

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

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

35  different physical properties, e.g. melting points, boiling points, spectral properties,
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5  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.
Stereochemical definitions and conventions used herein generally follow S. P.

10 Parker, Ed., McGraw-Hill Dictionary of Chemical Terms (1984) McGraw-Hill Book

Company, New York; and Eliel, E. and Wilen, S., Stereochemistry 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

15 and 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 (+) and (-) are employed to designate the
sign of rotation of plane-polarized light by the compound, with S, (-), or 1 meaning
that the compound is levorotatory while a compound prefixed with R, (+), or d is
dextrorotatory. For a given chemical structure, thesc stereoisomers are identical

20 except that they are mirror images of one another. A specific stereoisomer may also
be referred to as an enantiomer, and a mixture of such isomers is often called an
enantiomeric mixture. A 50:50 mixture of enantiomers is referred to as a racemic
mixture or a racemate, which may occur where there has been no stereoselection or
stereospecificity in a chemical reaction or process. The terms "racemic mixture” and

25  "racemate” refer to an equimolar mixture of two enantiomeric species, devoid of
optical activity.

Whenever a compound described herein is substituted with more than one of
the same designated group, e.g., "R" or "R'". then it will be understood that the
groups may be the same or different, i.e., each group is independently selected. Wavy

30 lines, -~~~ indicate the site of covalent bond attachments to the adjoining
substructures, groups, moieties, or atoms.

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

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

One skilled in the art will recognize that the pyrrolo[1,2-f][1,2,4]triazine,
imidazo[1,5-f]{1,2,4]triazine, imidazo[1,2-f][1,2,4]iriazine, and [1,2.4]triazolo{4,3-
f][1,2,4]triazine nucleosides can exist in tautomeric forms. For example, but not by
way of limitation, structures (a) and (b) can have equivalent tautomeric forms as

shown below:

OH 0
1 x1
= SN ;= NH
X X
\ N o \ N //L
>/ SNTOR SNTOR
n, M\,
R® R®
1 1
7~z NN 2/)(\ SN
X2 [ X
N OH N O
\Aan, M, H
NH, NH
X! X!
{7 IENIN = NH
X = X
\ N =~ \ N //L
N R® N R®
iy, M,
a b.

All possible tautomeric forms of the heterocycles in all of the embodiments disclosed

herein are within the scope of the invention.

Methods of Inhibition of HCV polymerase

Another aspect of the invention relates to methods of inhibiting the activity of
HCYV polymerase comprising the step of treating a sample suspected of containing
HCYV with a composition of the invention.

Compositions of the invention may act as inhibitors of HCV polymerase , as

intermediates for such inhibitors or have other utilities as described below. The
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5 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

10 useful as probes for the detection of HCV polymerase . Accordingly, the invention
relates to methods of detecting HCV polymerase in a sample suspected of containing
HCYV 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

15 labels are well known in the diagnostics field and include stable free radicals,
fluorophores, radioisotopes, enzymes, chemiluminescent groups and chromogens.
The compounds herein are labeled in conventional fashion using functional groups
such as hydroxyl, carboxyl, sulthydryl or amino.

Within the context of the invention, samples suspected of containing HCV

20  polymerase include natural or man-made materials such as living organisms; tissue or
cell cultures; biological samples such as biological material samples (blood, serum,
urine, cerebrospinal fluid, tears, sputum, saliva, tissue samples, and the like),
laboratory samples; food, water, or air samples; bioproduct samples such as extracts
of cells, particularly recombinant cells synthesizing a desired glycoprotein; and the

25  like. Typically the sample will be suspected of containing an organism which
produces HCV polymerase , frequently a pathogenic organism such as HCV.
Samples can be contained in any medium including water and organic solvent\water
mixtures. Samples include living organisms such as humans, and man made materials
such as cell cultures.

30 The treating step of the invention comprises adding the composition of the
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

35  can be observed by any method including direct and indirect methods of detecting
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5 HCV polymerase 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 HCV virus. The
10 compounds of this invention are useful in the treatment or prophylaxis of HC'V
infections in animals or in man.
However, in screening compounds capable of inhibiting human
mmmunodeficiency 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

15  primary screening tool.

Screens for HCV polymerase Inhjbitors.

Compositions of the invention are screened for inhibitory activity against
HCV polymerase by any of the conventional techniques for evaluating enzyme
activity. Within the context of the invention, typically compositions are first sereened
20 for inhibition of HCV 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 10-6 M, typically less than about 1 X 10-

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

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

Pharmaceutical Fornralations

The compounds of this invention are formulated with conventional carriers
and excipients, which will be selected in accord with ordinary practice. Tablets will
contain excipients, glidants, fillers, binders and the like. Aqueous formulations are

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

{1986). Excipients include ascorbic acid and other antioxidants, chelating agents such
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5 as EDTA, carbohydrates such as dextran, hydroxyalkyleellulose,
hydroxyalkylmethylcellulose, stearic acid and the like. The pH of the formulations
ranges from about 3 to about 11, but is ordinarily about 7 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

10 for 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.

15 The 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

20 association the active ingredient with the carrier which constitutes one or more
accessory ingredients, In general the formulations are prepared by uniformly and
intimately bringing into association the active ingredient with liquid carriers or finely
divided solid carriers or both, and then, if necessary, shaping the product.

Formulations of the present invention suitable for oral administration may be

25 presented as discrete units such as capsules, cachets or tablets each containing a
predetermined amount of the active ingredient; as a powder or granules; as a solution
or a suspension in an aqueous or non-aqueous liquid; or as an oil-in-water liquid
emulsion or a water-in-oil liguid emulsion. The active ingredient may also be
administered as a bolus, electuary or paste.

30 A tablet 1s made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing in a
suitable machine the active ingredient in a free-flowing form such as a powder or
granules, optionally mixed with a binder, lubricant, inert diluent, preservative, surface
active or dispersing agent. Molded tablets may be made by molding in a suitable

35  machine a mixture of the powdered active ingredient moistened with an inert liquid
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polyethylene glycol (including PEG 400) and mixtures thereof. The topical
formulations may desirably include a compound which enhances absorption or
20 penetration of the active ingredient through the skin or other affected areas. Examples
of such dermal penetration enhancers include dimethyl sulphoxide and related
analogs.
The oily phase of the emulsions of this invention may be constituted from

known ingredients in a known manner. While the phase may comprise merely an

BJ
w

emulsifier (otherwise known as an emulgent), it desirably comprises a mixtare 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 a lipophilic emulsifier which acts as a
stabilizer. It is also preferred to include both an oil and a fat. Together, the
emulsifier(s) with or without stabilizer(s) make up the so-called emulsifying wax, and
30  the wax together with the oil and fat make up the so-called emulsifying ointment base
which forms the oily dispersed phase of the cream formulations.

Emulgents and emulsion stabilizers suitable for use in the formulation of the

invention include Tween® 60, Span® 80, cetostearyl alcohol, benzyl alcohol,
myristyl alcohol, glyceryl mono-stearate and sodium lauryl sulfate.

35 The choice of suitable oils or fats for the formulation is based on achieving the
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15invention thus include racemic mixtures of all stereocisomers, including enantiomers, diastereomers,
and atropisomers, In addition, the compounds of the invention include enriched or resolved optical
isomers at any &%Wé]é%ﬁletric, chiral atoms. In other words, the chiral ceﬁfgfgségﬁléor‘gﬂzlfrom 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 separatéd intitheiranukvidpal stibstditialiseoptical i pereasorhe esthrgregbhyweli-known techniques
such as, for exagpleu e SERAGHAN AL ARSIRTGAMAG sl foymed il aRteallnAgive aduncts, e.g.

acids or bases 25 followed by conversion back to the optically active substances, in most instances, the
desired optical iSOMHEF ROEFHIHESEY Sy thasnesH sheiRdapReift fxetions/IsEGH Mt Hith the appropriate
stereoisomer ofdhgwdesisedistastingreanieriglpylentheytarmncabirat .sebas tarmnaiasules which have the

property of nonsuperimpesabiity of the minr mags partner, while (e ferm cactiral refers to
30molecules which afe SLPﬁerlmposaYbI% on thelr miror imageé pa?'tner. * TTie term¥stereoisomers" refers

to compouhitls Wlaichthaved@é&mﬂqﬁmmlmommmmm&ﬁﬁmami@hQé@ard}t@cthe@érrangement of the
atoms or groupg;ini SRAGRe bein JHRFIRLOMEN FFRLS IR ARIGLERLIORES Wit g, Fmore centers of

chirality and whose molecules are not mirror images of one another, Diastereomers have 35different
physical propertiéanslige sretbingrpRsiftes KoHirg pota s ebtr i Proseiero R isautbites. Mixtures of
diastereomers maysepasatefunder dighuasaldionoanalyticat@roeadresstch as electrophoresis and

chromatography. "l;nantiomerls" refer to two stereoisomers of a.compound which are
. Pharmaceutica fofrmu ations 11'0001' 1{1@ tot ﬁ énresen 1&\'?1 ;lton com 1'(1jse a .
non-superimposable mirror images of one another. reochemieal definitions and conventions used

herein genérallycfollomBnRed@Pagkerthe thy MeGragetit Didtionary o€ hbmicakTeris (1984)
McGraw-ftill Bogk.Ciompany: INeyy Xerea0d B3 Enaid MMe Ry atRrarpicmistry of Organic

Compounds (1994) John Wiley & Sons, Inc, New York, Many organic compounds exist in optically active
forms, i.e., they VR AR L3N 1 [otats shePrmel iarclrerte Y RE haas<eibing an optically
active compoung,itheepretixes fehafitnke®oRof administration. When used for oral use for

example, tablets, troches, lozenges, aqueous or oil suspensions, dispersible powders

20 or granules, emulsions, hard or soft capsules, syrups or elixirs may be prepared.
Compositions intended for oral use may be prepared according to any method known
to the art for the manufacture of pharmaceutical compositions and such compositions
may contain one or more agents including sweetening agents, flavoring agents,
coloring agents and preserving agents, in order to provide a palatable preparation.

25  Tablets containing the active ingredient in admixture with non-toxic pharmaceutically
acceptable excipient which are suitable for manufacture of tablets are acceptable.
These excipients may be, for example, inert diluents, such as calcium or sodium
carbonate, lactose, calcium or sodium phosphate; granulating and disintegrating
agents, such as maize starch, or alginic acid; binding agents, such as starch, gelatin or

30 acacia; and lubricating agents, such as magnesium stearate, stearic acid or tale.
Tablets may be uncoated or may be coated by known techniques including
microencapsulation to delay disintegration and adsorption in the gastrointestinal tract
and thereby provide a sustained action over a longer period. For example, a time
delay material such as glyceryl monostearate or glyceryl distearate alone or with a

35 wax may be employed.
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15and S are used to denote the absolute configuration of the molecule about its chiral center(s). The
prefixesd and 1, D and L, or C-) and (-) are employed to designate the sign of rotation ofPIane-paI arized
light by the com%&ﬁ%jl,/%m?h, (-), or 1 meaning that the compound is Ievorgﬁlﬂf)%z\?\mﬁé% éompound
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 mixtuse of enantigmgrstisnketarsed 1Q:a8:4 RERNIGUXILIG A A\REgINAIGsWRich may occur where
there has been no stereesefection or st,ereospecif!eity_in a chemical reaction or process. The terms

"racemie mixturé ST S FASIARSAICPAS T Eh S HLARBRAT SRR S v AR FAIRE species, devoid of
optical activity. phosyhienekeslancomporingeteacribedebedairvis bubstitutegmdinmong:thén one of the

same designated groiR. &t o QiR lien il e undarsioahibal e arpups may be the same or
different, i.e., each group Is indepen _ently‘sele_ ed. Wavy 30 n]'nes,lndlcate'g e site of covalent bond
attachments to the adjoittieRysessaetnred b dussimciees Be atdivfsnateriafhis compounds of the

invention can alsg.axiatasilRBIRIPRHE ISAMEr StnicaHAnGasese Althesahenb, oo delegalized resonance
structure may be depicted, all such forms are contemplated within the scope of the invention. For

example, ene-afifB fAGEIARTS BERRSAEP fores kNS oy ritftiRe e sIeY §tAHiSfhe, amidine, and WO
2011/035231PGhasa /04845 b tetrarglersyisteriBiardsallitherl possible taurouierie forms are -within

ihe scope of the i&‘é‘%‘@?p”g@lﬂ?ﬁ&%ﬁ% i{i‘aglg f \Q{%H Geognize Ebt%téﬂge@(ﬁrp%?[[&eﬁﬁl [1,2,4]triazine,
zZ 271

iimidazol | 5-fif 1,2, 4Tmazine, imidazo ] [1,24] triazine, and [1,2,4]triaZolo[4,3- [1,2,4]triazine
nucleosides cant&xist srctetstoriée freperrae Bxeimpleldgtsdediiun). a condensation

15  product of an alkylene oxide with a fatty acid (e.g., polyoxyethylene stearate), a
condensation product of ethylene oxide with a long chain aliphatic alcohol (e.g.,
heptadecaethyleneoxycetanol), a condensation product of ethylene oxide with a partial
ester derived from a fatty acid and a hexitol anhydride (e.g., polyoxyethylene sorbitan
monooleate). The aqueous suspension may also contain one or more preservatives

20 such as ethyl or n-propyl p-hydroxy-benzoate, one or more coloring agents, one or
more flavoring agents and one or more sweetening agents, such as sucrose or
saccharin.

Oil suspensions may be formulated by suspending the active ingredient in a
vegetable oil, such as arachis oil, olive oil, sesame o1l or coconut oil, or in a mineral

25  oil such as liquid paraffin. The oral suspensions may contain a thickening agent, such
as beeswax, hard paraffin or cetyl alcohol. Sweetening agents, such as those set forth
above, and flavoring agents may be added to provide a palatable oral preparation.
These compositions may be preserved by the addition of an antioxidant such as
ascorbic acid.

30 Dispersible powders and granules of the invention suitable for preparation of
an agueous suspension by the addition of water provide the active ingredient in
admixture with a dispersing or wetting agent, a suspending agent, and one or more
preservatives. Suitable dispersing or wetting agents and suspending agents are
exemplified by those disclosed above. Additional excipients, for example sweetening,

35  flavoring and coloring agents, may also be present.
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| Oway 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 withth¥H /Os%aﬂe of the invention. Methods of Inhibition of Iicpro(i\WHéf%]sOéOﬁ)ﬁcher 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 b‘%l%\’%ﬂhlmcw&ﬁ%{%ﬁ%%}%ﬂg HR2880/04941(d dahibiiors.uillpind to locations
|

on the surface or in a cavity of HCV polymerase having a geometry unique to HCV polymerase

Compositions bitigHAEFBBISIANSrady RiRPBRSE RAENDGAryss eGPt SR ASVIERSIHIt). Those compounds

arachis oil, a mineral oil, such as liquid paraffin, or a mixture of these. Suitable
emulsifying agents include naturally-occurring gums, such as gum acacia and gum
tragacanth, naturally-occurring phosphatides, such as soybean lecithin, esters or

10 partial esters derived from fatty acids and hexitol anhydrides, such as sorbitan
monooleate, and condensation products of these partial esters with ethylene oxide,
such as polyoxyethylene sorbitan monooleate. The emulsion may also contain
sweetening and flavoring agents. Syrups and elixirs may be formulated with
sweetening agents, such as glycerol, sorbitol or sucrose. Such formulations may also

15 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

20 mentioned above. The sterile injectable preparation may also be a sterile injectable
solution or suspension in a non-toxic parenterally 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. In addition, sterile fixed oils may

25  conventionally be employed as a sofvent or suspending medium. For this purpose any
bland fixed oil may be employed including synthetic mono- or diglycerides. In
addition, fatty acids such as oleic acid may likewise be used in the preparation of
injectables.

The amount of active ingredient that may be combined with the carrier

30 material to produce a single dosage form will vary depending upon the host treated
and the particular mode of administration. For example, a time-release formulation
intended for oral administration to humans may contain approximately 1 to 1000 mg
of active material compounded with an appropriate and convenient amount of carrier
material which may vary from about 5 to about 95% of the total compositions

35  (weight:weight). The pharmaceutical composition can be prepared to provide easily
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binding substantially irreversibly are ideal candidates for use in this method of the invention. Once
labeled, the substantially irreversibly binding compositions are | ituseful as probes for the detection of
FICV polymeras%%zco&)/%fﬁ&y, the invention relates to methods of detectingB ﬁWﬁ%ﬁ@/%%?gse 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 in6luds StakIe fres fRdicaIS, MHerARNRRES ofAHRISRIARES R AXTIRS:

ehemiluminescent groups arid claromogens. The compounds herein are labeled in conventional fashion
using functional \§FoRHY SueH BEUsirBRYICEHbRYM ARG anmrichepithis thaiitext of the
invention, samples suspestecsef.containing Hs: Ya2RRelym: erassdncude nadural or man-made materials

such as living or. anf)*ns: tissue or cell cultures: biological samples such as biological material samples
(blood, serum, uring ¢BreBr8&pihal fluid, tears, sputum, saliva, tissue samples, and the like): laboratory
samples; fixid, water, daindamplesitidibpioduct sarmplestsuchn astextnacisofreglis; particularly

recombinan) celis XiheRing alested givsapratennand hodalls, TXpiEall dis samele wil be

suspected of containing an organism which produces HCV merase , frequently a pathogenic
organism such &8PRICYY SarApresscaly Be o Maitl snnarmy kiedilin Aérsdngediatesand organic
solventwater mixturass S amRRIesINC IR Mg rganismsshiehiias hwnapsoend man made materials such
as cell cultiaes. The tre?

» ting step of the invention comprises adding the composition of the invention
to the sample o't &BIRSH LS g%dﬁ}b%z’parléiﬁ?gbcruiﬁrfﬁégc%mp%o@iﬁ’ f°to the sample. The addition step
comprises any method-oftadministnatibicds describdchalrovweon in the nibdésimetidthezactidty of HCV

polymerase:after agplication of the;campgsition B5can be obseryed by, any,methad ipcluding direct and

indirect methods of detecting polvmerase activity. Quantitative, qualitative, and semiquantitative methods
of determining HESAG G nRapHYes SEaATF aEe il FEBhtensHiatad ITypieamyp siesflie &étbening methods
described abovere arplied: hewevendaoycetheumethedsiahcas phservatian: of the physiological
properties of a Iivin% orf%anism ,areltea\rlxso‘gp%%cable. Organisms that contain HCV polymerase include
the EICV virus. TRE SRR ASHS BFhGEREEN are useful in the treatment or prophylaxis of HO/
infections in animals Oromdaions for rectal administration may be presented as a suppository with

20 asuitable 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

25  aqueous or oily solutions of the active ingredient. Formulations suitable for aerosol or
dry powder administration may be prepared according to conventional methods and
may be delivered with other therapeutic agents such as compounds heretofore used in
the treatment or prophylaxis of HCV infections as described below.

Formulations suitable for vaginal administration may be presented as

30 pessaries, tampons, creams, gels, pastes, foams or spray formulations containing in
addition to the active ingredient such carriers as are known in the art to be
appropriate.

Formulations suitable for parenteral administration include aqueous and non-
aqueous sterile injection solutions which may contain anti-oxidants, buffers,

35  bacteriostats and solutes which render the formulation isotonic with the blood of the
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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 shgﬂ&oﬂg%s?ﬁprimary screening tool Screens for HCV poIv%%WééOW%t?ﬂZ)Irs.
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 agtivity,areithen sreeensd JQr-activity Abnvive SemBositions RGN IEe Ki (inhibitory
constants) of less then abou%_S X 10 M, tg[i)tin_cg(lly_less than about 1 X 10- M and preferably less than about

5 X 10-8 M are PYarSHEERePIHGREUEE M98 &8 Vitro screens have been described in detail and
will not be elaborated 2bhérenHowever; theexamples-descrbedtitablecimmitroradsays. Pharmaceutical

Formulations ., [0 COMRoUNAS of IS, invention Arg il gied:uith Gaoy T‘l%g@ﬁkg@”iers and

excipients, which will be selected in accord with ordinary practice. Tablets will Contain excipients, glidants,
fillers, binders affdHETIkeq PEOUS foraddidtibRs Bee!S0lsrbpaeuincstEmessrnic aneéwhen intended for

delivery by othef,than Qrah administiatiergeneralynwikbe dsotapigisitdarmoutatians will optionally contain
exeipients such as those set forth in the "Handbook of Pharmaceutic Exciipients" (1986). Exeipients

include aseraticKHE"SNE Gty HSk AN TERSRTNG agERta S B tiyes of the kind
2011/035231 P Qr¢tiSRO1D/Q4947. 1 'Sefsricd TA darheydnatesossale asskextraainydroxyalkyleellulose,

hydroxyalkyimeilcellyiasesteris,acic 30e e -INeth of 1 pimanaions anags, from about 3 to
about li, but is ordinarily about? to 10.
of the active ingredient.

15 It should be understood that in addition to the ingredients particularly
mentioned above the formulations of this invention may include other agents
conventional in the art having regard to the type of formulation in question, for
example those suitable for oral administration may include flavoring agents.

The invention further provides veterinary compositions comprising at least

20 one active ingredient as above defined together with a veterinary carrier therefor.

Veterinary carriers are materials useful for the purpose of administering the
composition and may be solid, liquid or gaseous materials which are otherwise inert
or acceptable in the veterinary art and are compatible with the active ingredient.
These veterinary compositions may be administered orally, parenterally or by any

25  other desired route.

Compounds of the invention are used to provide controlled release
pharmaceutical formulations containing as active ingredient one or more compounds
of the invention ("controlled release formulations™) in which the release of the active
ingredient are controlled and regulated to allow less frequency dosing or to improve

30 the pharmacokinetic or toxicity profile of a given active ingredient.

Effective dose of active ingredient depends at least on the nature of the
eondition 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 determined by the clinician

(OS]
(4]

using conventional dose escalation studies. It can be expected to be from about
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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 comergg W% 3ne active ingredient, as above defined, togeth&%@ﬁ%oﬁ“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 formulafions foay cBYENBDHY.RE BIeSeNted: iRLRiL 83308 formand may be Rrerared by any of the
methods well known in the art o_fér{]armacy. Techniques and formulations generally are found in

Remington's PhEHAEEE R it B85 aVRR BUBIHind €8, 22458 h PR USUBI# KBRS include the
step of bringing Jrigh?@assaciaien thie st veingrediart wiboihe Sanidrowhishweoastitites one or inure
accessory ingreglents, n,generalthe formulations, arf. prenared by uniformly.andinjmately bringing into
association the active mgreoller’\t wit ?qm carriers or finely divided so id'Carriers o?'both, and then, if
necessary, shapinbethensteduet!! rangedrenulatiens Bithe: presémneity beitksansuitatriadiéPbral administration

may be prqgent&%’%djjlggmgﬁ&;]g%%c& andapsHigsipRaghets or tablets each containing a predetermined
amount of the active ingredient; as a powder or granu"ljes; as a solution or a suspension in an agueous or

non-aqueous quy(i)gt' cs)roia?E (%]rltir%islégt-i\évater liquid emulsion or a water-in-oil liquid emulsion. The active
ingredient may as a bolus, electuary or paste. 30A tablet is made by compression or
molding, optionally withArsrie Brrmeore: aeasssdmdngredientscCompiresddd tabletsinay be prepared by
compressing In & %eaﬁ%_bdg @@%lﬂﬁj§Q?e@%§%%§‘}9ﬁ?@éﬁﬁiddﬁ@tggﬁﬂﬂ@wm&if&{% stich.as2 _powder_or _
granules, optlonaﬁéglxed with a binder, lubricant, inert diluent, preservative, surface active or dispersing

agent. Molded taWiERSFRR &AL B FRORIingsi KBiRhBRS Mikpsm sl skl B etRR: powdered active
ingredient nioistenedivuitt @Rciert l{gsid dMuB01 352 3R T &2 016048441 Sdiluent. The tablets
may optionally be coated or scored and optionally are fermulated so as to.pravide, slow or controlled
release of the alc]:]tl{/aeg ?H]éarle’ fgr%ﬁ%e%gﬁor?g&é@%%ﬁ%%%%ﬂ \g@% aro lé%re((aeitéf?ﬁﬁafi tissues e.g. mouth
and skin, the fomitatoneutr e prefarabiih dppiteehpls theapiedilomeribatwofeerameontaining the active
inuredient(s) in an, ameLoF affarexamRIe s QR Q2% MW HBCIHAING BHIYS ailable and

can be dosed orally.

20  Combination Therapy

Combinations of the compounds of Formula I-11I are typically selected based
on the condition to be treated, cross-reactivities of ingredients and pharmaco-
properties of the combination. For example, when treating an infection (e.g., HCV),
the compositions of the invention are combined with other active therapeutic agents

25 (such as those described herein).

Compositions of the invention are also used in combination with one or more
other active ingredients. Preferably, the other active therapeutic ingredients or agents
are interferons, ribavinn or its analogs, HCV NS3 protease inhibitors, NS5a
inhibitors, alpha-glucosidase 1 inhibitors, hepatoprotectants, mevalonate

30  decarboxylase antagonists, antagonists of the rentn-angiotensin system, other anti-
fibrotic agents, endothelin antagonists, nucleoside or nucleotide inhibitors of HCV
NS5B polymerase, non-nucleoside inhibitors of HCV NS5B polymerase, HCV NS5A
inhibitors, TLR-7 agonists, cyclophillin inhibitors, HCV IRES inhibitors,

pharmacokinetic enhancers or other drugs for treating HCV; or mixtures thereof.
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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 ingranQrﬁ%IH%V%le employed with either a paraffinic or a water-misUbiaitAEAt 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, sorhitell, glyceralane pelvathyiensebdeobinclyding REG APk and mixtures thereof

The topical formulations may desirably include a compound which enhances absorption or 20penetration

of the active ingreUfIRtIAYBLIGRER SRR SrEmEr affictisd Brond iSRS %%h dermal penetration
enhancers include dimethwrsuphoxigdcpapd neltatdtNangiegs. (fiecoilpiease dhithiergMulsions of this
invention may bg constituted fr poyR.ingredients in a-known mapner. While hase may comprise
merely an 25emael iﬁ%%r v%?ﬁ%?@?s%@%“ﬁagg ﬁlaé%rﬁ %;%jeﬁt , ﬁ%ﬁes?r]a%ﬁys:omﬁhr?élelsegf mixture of at least
one emulsifier vi#iha (- ah off orlRathy ibtrpectat ndtian duibfaferatylalm hydeoshilic emulsifier is

included togethgrayith-alinerbllic, emuisklienwiich aglsasa stakilize Hijsalsq Rrefered 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 SOGERRE NI theDir nd kP IFARE L Ag Soem L@Q&sﬁ@ﬂﬁ‘ﬁ"oﬁ%ent base which
forms the oily digparse-phaipbadfttha lbreanon forfmuigtiarisL BB gate andremuilsionistabilizers suitable for

use in the formulfation p(lt@etin_\fgntio nc%gﬁ{l,’yv (QEQ‘Q1 enT efas a{é/lfalcohol, henzyl alcohol,
myristyl alcohol,g Ig/césé/r%i/emlgr%-srtoena? te an sodiﬁr%%auryl é%ﬁrgteél gg%ylea 8?1%rllcer of suitable oils or fats for

the formulation igzised gnvasridlingnd belerofon,
15 2) ribavirin and its analogs, e.g., ribavirin {Rebetol, Copegus), and taribavirin
(Viramidine),
3) HCV NS3 protease inhibitors, e.g., boceprevir (SCH-503034 , SCH-7),
telaprevir (VX-950), VX-813, TMC-435 (TM(C435350), ABT-450, B1-201335, BI-
1230, MK-7009, SCH-900518, VBY-376, VX-500, GS-9256, GS-9451, BMS-
20 790052, BMS-605339, PHX-1766, AS-101, YH-5258, YH5530, YH5531, and
ITMN-191 (R-7227),
4) alpha-glucosidase 1 inhibitors, e.g., celgosivir (MX-3253), Miglitol, and
UT-231B,
5) hepatoprotectants, ¢.g., emericasan (IDN-6556), ME-3738, GS-9450 {LB-
25 84451), silibilin, and MitoQ,
6) nucleoside or nucleotide inhibitors of HCV NS5B polymerase, ¢.g., R1626,
R7128 (R4048), IDX184, IDX-102, PSI-7851, BCX-4678, valopicitabine (NM-283),
and MK-0608,
7) non-nucleoside inhibitors of HCV NS5B polymerase, e.g., filibuvir (PF-
30 868554), ABT-333, ABT-072, BI-207127, VCH-759, VCH-916, JTK-652, MK-3281,
VBY-708, VCH-222, A848837, ANA-598, GL60667, GL59728, A-63890, A-48773,
A-48547, BC-2329, VCH-796 (nesbuvir), GSK625433, BILN-1941, XTL-2125, and
GS-9190,
8) HCV NS5A inhibitors, e.g., AZD-2836 (A-831), AZD-7295 (A-689), and
BMS-790052,

[9%)
L
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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¥&#dight by branched chain, mono- or dibasic alkyl esters Eﬁgﬁ%@]d}(-%%gbipate, 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, an fhe prapstties required, Aliematiyelys highmeting peinklpids such as white

soft paraffin and/or liquid paraffin or other mineral oiis are used. Pharmaceufical formulations according to

the present invehéEhEdhriptise 23 omisifAtioH -ddcortfiny ¥dhe invention together with one or more

pharmaceutically accepfpble gasiersnaitexeipientHantoptionally athentherapeutic agents.
Pharmaceutical formulla}hi?wpﬂ{ggini %.the activ ip%%gient may be in any form suitable for the intended

method of administratio Ken tsed oY Braf dse Tor example, tablets, troches, lozenges, aqueous or oil

suspensions, dispersiBi® powdersk2Gor granutes, emuisions)haid-df 5dft edpddies ] 8fups or elixirs may

be prepareg, CW@Q%%@FW@?B?%Q&%Q%W&G prepared according to any method known to the
art for the manufacture of pharmaceutical coml_%)sitions’and such compositions may contain one or more

agents including sweetéhftifagartdonavesiingHobs, CBlormiyagdiis didapieserving agents, in order to
provide a palatahle-prxepacationed ablets gontaingthe@gtiveingredienkiniaaropdoreowith non-toxic
pharmaceutically acce I ipi ich are_suitable for facture of re acceptable.
These excipient%c?%%rﬂ/@t‘eq,grgp %@ﬂm@%@%%ﬂ%é@@’ SUé 1%1§(}:'a éﬁ%ﬁ?é@&%ﬁ%ﬁggémme, lactose,
calcium or sodidhh>phosphRates granuiating antl disintegfaivigtayents HillcH &svmaiza ®tarch, or alginic

acid; binding ageqys. f4C ApKI CHABEIRI B ﬁ%’é@gil%bé‘?ﬂa‘&iﬁfi%ﬂ&ﬁ\ﬂ@ﬁﬂ%ék@ﬂ@5 magnesium

stearate, stearic acid or talc. Tablets may be uncoated or may be coated by known techniques including

microencapsuIa‘ﬁimio%@j&f‘siﬁ{%a%iGPfiaYﬁ‘é‘?j%BFﬁﬁ&?h’ﬁ e gastrointestinal tract and thereby provide
a sustained action oversatongenpereciFaryexanmugoadiine delay matenat suctyasgyceryl

monostearate of gl eyl s AT, AoNe QLN & ARwax My, Be SIRIoYed: e aciay.
g, , g.. ;
15) angiotensin 1l receptor antagonists, e.g., losartan, irbesartan, olmesartan,

20 candesartan, valsartan, telmisartan, eprosartan;

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

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

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

25 In yet another embodiment, the present application discloses pharmaceutical
compositions comprising a compound of the present invention, or a pharmaceutically
acceptable salt, solvate, and/or ester thereof, in combination with at least one
additional therapeutic agent, and a pharmaceutically acceptable carrier or exipient.

According to the present invention, the therapeutic agent used in combination

30 with the compound or composition of the present invention can be any agent having a
therapeutic effect when used in combination with the compound of the present
invention. For example, the therapeutic agent used in combination with the
compound or composition of the present invention can be interferons, ribavirin or its
analogs, HCV NS3 protease inhibitors, NS5a inhibitors, alpha-glucosidase 1

35  inhibitors, hepatoprotectants, mevalonate decarboxylase antagonists, antagonists of
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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 acti\yé)i%?diléoaf’éﬁt is mixed with water or an oil medium, such as"&éfé?ﬁ%ﬂ,ﬁ?é(ﬁd 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-golidgnrecgumniiagasantiiemnd gnacapis NG HSPersine:r Wellingagents such as a
naturally-oceurring phosphatide (e.g., lecithin), n atign product of an alkylene oxide with a fatty
acid (e.g., polyogl(‘i/g‘e]fﬁys/@% ré‘flé:g?éﬁe% ’3}.1@8%%0@%30%%%?0%% 0 é%ﬁ%?llé%nénéli}ﬁ%s’?//%h a long chain aliphatic
alcc_)hol (e.g., heiptau@aeﬂiwéhmm&nﬂfa@ddﬁ&@ﬁsaﬂdnllmweﬂme?dagtgmsoxide with a partial ester
derived from a faty aeidland 3 Nsxitqraniydide (%g RRIvxYathvleTIG sorbitap menooleate). The

aqueous suspension may also contain one or more preservatives 20such as ethyl or n-propyl
p-hydroxy-benz6Ete BHEGERATE ¥oRsrinig et 8he or more flavoring agents and one or inure

sweetening@gents, SuchRSRUHTOSE UoSARENAIP of on&} BHSPEUSIIISI SR farmulated by suspending
the active ingredient in a vegetable oil, squ as araehis olil, oliv oill sesame ojl or coconut oil, or in a
mineral oil such' RETYORIERrRHIRPHE Dral sUSpEHEBRS WA C ﬁtséﬁﬁcéegﬂib%éﬁ}ﬁéqgﬁ%nt, such as
beeswax, hard panaiffimppCetyl alcohol. Sweetening agents, such as those set forth above, and flavoring

agents may be added lo,iayifs 2 palaiahie. arakprepraan Thent GAmRositions may be preserved by

the addition of an antioxidant such as ascorbic acid. 1 Dlﬁ)ersible powders and gunnies of the invention
suitable for preparhtion Gr&t auEorre'sbsgRALIBANY tHE Mcidiier D ROEET phovitie triemactive ingredient in
admixture yyith aigdispaIsinor wretting agertoAcsuspeRMingagertoandiNg OmHRatRreservatives.

Suitable dispersing or wetting agents and suspending agents are exemplified, by those disclosed above.
Additional excip?gfrgf ntlh?ék%?% ]%é%i%f#ﬁ,%%ﬁ&vgﬁ%éoélﬁd“&f%ﬁ nga%’gllgléhr&?’s,(%ﬁg%log 50 he present. WO
2011/035231 PG iB201kk/ 04 94iek, INheBHarnmadewticahconposifidns P thS invedtidtmay also be in

the form of oil-inywater:emulsions, The, Ay ANaRS Mav, B8 egatable.oll. syehyas gliye oil or arachis oil, a

mineral oil, such as I|quid(§_araﬁin, or a mixture of these. Suitable emulsifying agents include
naturally-occurrgcgifisccsinnias gyl achdin \ Ay gurttragdeantn Ratdrd sedtitihg phosphatidcs,
such as soybeand@GithiPEESIaES Or-29), and belerofon,

2) ribavirin and its analogs, ¢.g., ribavirin (Rebetol, Copegus), and taribavirin
(Viramidine),
3) HCV NS3 protease inhibitors, e.g., boceprevir (SCH-503034 , SCH-7),
telaprevir (VX-950), VX-813, TMC-435 (TM(C435350), ABT-450, BI-201335, Bl-
25 1230, MK-7009, SCH-900518, VBY-376, VX-500, GS-9256, GS-9451, BMS-
790052, BMS-605339, PHX-1766, AS-101, YH-5258, YH5530, YHS531, and
ITMN-191 (R-7227),
4} alpha-glucosidase | inhibitors, ¢.g., celgosivir (MX-3253), Miglitol, and
UT-231B,
30 5) hepatoprotectants, e.g., emericasan (I[DN-6556), ME-3738, GS-9450 (LB-
84451), silibilin, and MitoQ,
6} nucleoside or nucleotide inhibitors of HCV NS5B polymerase, ¢.g., R1626,
R7128 (R4048), IDX184, IDX-102, PS1-7851, BCX-4678, valopicitabine (NM-283),
and MK-0608,
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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. Thggl%%fé%?%%ay also contain sweetening and -flavoring ageﬁfi"é%?&?)’é&ﬁa 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, T hizisHsRensiondnay be-lormulnipd accauding tajtheknewn art using those
suitable dispersing or Wettlrigﬁ?gents and sus&ndln%{ﬁ%ents which have been 20mentioned above. The
’ j

sterile injectable8 éﬁ@rdﬁ% y%og@’z?% iR bie%diltibA! 6r %ﬁéﬁs%ﬁi#%lnon-toxic
parcnterally acceptabtesdiiuenior sebuent 7suchnassa, selstion7irGL Smianestiol ok prspared as a

lyophilized powder, Amona. e acceprable vehicles pud solverts nat ey be eployed are water.

Ringer's solution and isotonic sodium ch € so ion, sterilé fixed oils may
25conventionall{Ebe Eifiployed as a solvent or suspending medium. For this purpose any bland fixed oil

may be employed inclyging $YhLtGHBARR; @F.gigﬂ@.%g@w@ﬁmﬂmﬁ@wm%,%h as oleic acid may
likewise be used in the é)reparatlon of injectables. The amount of active ingredient that may be combined

with the carrier BYFaterRa to produce a single dosage form will vary depending upon the host treated
and the particular mode of admigistcation., har@xanipks2a lioeaeleass Aormylationdnsended for oral

administration t%&m% @g}g_%%éiipfﬁg 9@%81""%%%&&%@% mg of active material compounded with an
jount’of earll ma

appropriate and convenient amoun er material' which'may vary from about 5 to about 95% of the
total compositions 35(WeightiawsightinThépharmdeBBtied2Cenfpodifibrrean BéSpiepared to provide easily

WO 2011/935231PCT/3iS28¢ 18424 £} ameaswable @mounts for administration. For example, an
agueous solution intended for intravenous infusion may contain from about 3 to 500 nu- of the active,

ingredient per milliliter ‘o SSAITGAHG IS IRAE s ortora Aablevalimé dta TatE™F about 30 inlithr
can occur. Formuletmrsssutablestos topiedl-agyirigtration to the eye also include eye 10drops wherein

the active ingredient is, dissolved, o RYSRERCCHIN A SUIARIE CaIMRha 1 (Zadaxin),
nitazoxanide (Alinea, NTZ), BIVN-401 (virostat), PYN-17 (altirex), KPE02003002,
20 actilon (CPG-10101), GS-9525, KRN-7000, civacir, GI-5005, XTL-6865, BIT225,
PTX-111, ITX2865, TT-0331, ANA 971, NOV-205, tarvacin, EHC-18, VGX-410C,
EMZ-702, AVI 4065, BMS-650032, BMS-791325, Bavituximab, MDX-1106 (ONO-
4538), Oglufanide, FK-788, and VX-497 (merimepodib)
14) mevalonate decarboxylase antagonists, e.g., statins, HMGCoA synthase
25 inhibitors (e.g., hymeglusin), squalene synthesis inhibitors (e.g., zaragozic acid);
15) angiotensin Il receptor antagonists, e.g., losartan, irbesartan, olmesartan,
candesartan, valsartan, telmisartan, eprosartan;
16} angiotensin-converting enzyme inhibitors, e.g., captopril, zofenopril,
enalapril, ramipril, quinapril, perindopril, lisinopril, benazepril, fosinopril;
30 17) other anti-fibrotic agents, e.g., amiloride and
18) endothelin 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

35  present invention, or a pharmaceutically acceptable salt, solvate, or ester thereof, and
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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%
wiw. Formulationd S01tABREthr topical administration in the mouth include loZEHYEL 1A/ ising 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 &suppesittondwithopasiithblerbaseccormpnsimeg forlexample cocoa butter or a
salicylate.  Formulations.spltakie ok RiteRymanary ahnasaladminstiafiqn.pave 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 throudH tNEHaaP prigssga S ey fHITHation HblieH thecriogtheas s8tisrdtch the alveolar sacs.
Suitable formulatiens includebagregus.efotusolifiens Whthe astive: ngredients kesnulations suitable for
aerosol or dry powder. adminjstration may he prepared accordin nventional methods and may be
delivered with other ‘fﬁgrr%sﬁéﬂfi\({%e o %eslu}é 1%%%?)6@%%%%r(g)t%&clgr%ﬁggé(ﬁrﬁ’ rf‘%eroeatment or
prophylaxis ®f 1:@Viierfetions asitkessribetbetowi Fommiatiops dtitablector vagmatadministration may
be presented as,\}%(gg%gﬁgng& g@mggpu%n%%gmsmg@,lﬁmggga%pmm%%@g@y formulations containing in

addition to the active ingredient such carriers as are known in the art to be appropriate. Formulations
suitable ibr pareHiRHAPEIFRIARrafoHIRERIE diRibus i norndibsirksiietirEtton solutions which
may contain antioxidantsohisitersonebhasteriostats and solutes which render the .formulation isotonic with
the blood of the intenq:ed %eci ient; ﬁﬂd aqueous aqx? nos eri'l suspe ionsh may include suspending

. . ombinations at the compounds o1 Formula ?I[ Bd’l a 11t10 al actiy . .
agents and thickening agents. e fomrhiations are presented in unit-dose or multi-dose containers,
for exampléSsealedaampoulestand vialsclanddaydoerstored ifathberb-dfidt(yophilized) condition
requiring only the additian,pf.the; sierle.bavid carise: for xR RIS WA Jord Hinieetinn, Jymediately prior
to use. Extemporaneous injection solutions and _

be combined with one or more compounds useful in treating HIV, for example HIV

protease inhibiting compounds, HIV non-nucleoside inhibitors of reverse
transcriptase, HIV nucleoside inhibitors of reverse transcriptase, HIV nucleotide

20  inhibitors of reverse transcriptase, HIV integrase inhibitors, gp41 inhibitors, CXCR4
inhibitors, gp120 inhibitors, CCRS5 inhibitors, interferons, ribavirin analogs, NS3
protease inhibitors, NS5a inhibitors, alpha-glucosidase 1 inhibitors, cyclophilin
inhibitors, hepatoprotectants, non-nucleoside inhibitors of HCV, and other drugs for
treating HCV.

25 More specifically, one or more compounds of the present invention may be
combined with one or more compounds selected from the group consisting of 1) HIV
protease inhibitors, e.g., amprenavir, atazanavir, fosamprenavir, indinavir, lopinavir,
ritonavir, lopinavir + ritonavir, nelfinavir, saquinavir, tipranavir, brecanavir,
darunavir, TMC-126, TMC-1 14, mozenavir (DMP-450), JE-2147 (AG1776),

30 AGI1859, DG35, L-756423, RO0334649, KNI-272, DPC-681, DPC-684, and
GWo640385X, DG17, PPL-100, 2) a HIV non-nucleoside inhibitor of reverse
transcriptase, e.g., capravirine, emivirine, delaviridine, efavirenz, nevirapine, (+)
calanolide A, etravirine, GW5634, DPC-083, DPC-961, DPC-963, MIV-150, and
TMC-120, TMC-278 (rilpivirine), efavirenz, BILR 355 BS, VRX 840773, UK-

35 453,061, RDEASQ6, 3) a HIV nucleoside inhibitor of reverse transcriptase, e.g.,
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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'g Oéﬂgﬁﬁ}i'iate fraction thereof, of the active ingredient. 1§f£?%6?a0@é9ﬁﬂderstood 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 compysifians CQmRLiSIngAL Iast20ene.a6kye ingradient as,aboye. dafined together with a

veterinary canner therefor. ~ Veterinary carriers are materials useful for the purpose of administering
the composition®dHEA4E BESoid iR aleV 8 igasdbls’ Materixls Whith aksGiferwise inert or acceptable in
the veterinary ag,ane @k compibleawith thesactive ingredient JhessNelgrinarmeompositions may he
administered orally, parenterally or by any 25other desired route. Compounds, of the invention are
used to provide %W%ﬁ@d% ﬁgélbﬁﬁ)ﬁ%@éeﬂ fbcﬁlvff)ﬁjﬁ?é’fi‘b‘}'\§ec8?1"'{%il?'1’ih§ ACHERS ingredient one or
more compoundsdof-thainvientio (¢ contnpleting lasik Ifo rmeilaticasipim whiChetiheseelease of the active
ingredient gge caniialigd.and seaulaied to.AlRwGrs Tequaney. desing e merpyssohe

pharmacokinetic or toxicity profile of a given active ingredient. ~  Effective dose of active ingredient
depends at leastionptie b isfthaEstebion e westadadeiaritys WHetMdp e mpound is being

used prophylagtiaally (lowenAases) Riagainst anactve, Wrbinfectivnetheunathpd of delivery, and the
pharmaceutical f rmulatio(g, an _Witl} be detcmﬁ}i&g% by the cIi%ician 35using conventional dose escalation
studies. It can b¥EXF& A% foRERERTABEHE BL1/0$5231 PETATSIBEI546:971 50.0001 to about

100_ mg/kg bodwweighm:hemyla‘wact‘ybidaailwﬁvm%dmmtxﬂ:ﬁbcmyébaciﬂm«mgﬂagi&bphmwkﬂ@ht per day; more
typically, from apoyt Q1 19:3004t 3 mp/ 5&@%@3WQ&E&?JM%@&?&&%M&%MW&%Ut .05 to about 0.5

mg/kg body weight per day. For example, t aily candidate dosé for an adult human of approximately
70 kg body weigHEWiPafije #bith Pl et 2008 g preferabi betivednSs thiPafitt 500

870810, MK-0518 (raltegravir), BMS-707035, MK-2048, BA-011, BMS-538158,
GSK364735C, 0) a gp41 inhibitor, e.g., enfuvirtide, sifuvirtide, FBO0O6M, TRI-1144,
SPC3, DES6, Locus gp41, CovX, and REP 9, 7) a CXCR4 inhibitor, e.g., AMD-070,

20 8) an entry inhibitor, e.g., SPO1A, TNX-355, 9) a gp120 inhibitor, ¢.g., BMS-488043
and BlockAide/CR, 10) a G6PD and NADH-oxidase inhibitor, e.g.. immunitin, 10) a
CCRS inhibitor, e.g., aplaviroc, vicriviroc, INCB9471, PRO-140, INCB15050, PF-
232798, CCR5mAbO04, and maraviroc, 11) an interferon, e.g., pegylated riFN-alpha
2b, pegylated rIFN-alpha 2a, rlFN-alpha 2b, IFN alpha-2b XL, rIFN-alpha 2a,

25 consensus IFN alpha, infergen, rebif, locteron, AVI-005, PEG-infergen, pegylated
IFN-beta, oral interferon alpha, feron, reaferon, intermax alpha, r-IFN-beta, infergen -+
actimmune, [IFN-omega with DUROS, and albuferon, 12) rnibavirin analogs, e.g.,
rebetol, copegus, VX-497, and viramidine (taribavirin) 13) NS5a inhibitors, e.g., A-
831, A-689 and BMS-790052, 14) NS5b polymerase inhibitors, €.g., NM-283,

30  valopicitabine, R1626, PSI-6130 (R1656), IDX184, PSI-7851, HCV-796, BILB 1941,
MK-0608, NM-107, R7128, VCH-759, PF-868554, GSK625433, and XTL-2125, 15)
NS3 protease inhibitors, e.g., SCH-503034 (SCH-7), VX-950 (Telaprevir), ITMN-
191, and BILN-2065, 16) alpha-glucosidase 1 inhibitors, e.g., MX-3253 (celgosivir)
and UT-231B, 17) hepatoprotectants, e.g., IDN-6556, ME 3738, MitoQ, and LB-

35 84451, 18) non-nucleoside inhibitors of HCV, e.g., benzimidazole derivatives, benzo-
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10mg, and may take the Mini of single or multiple doses. Routes of Administration One or mom
compounds of the iilon (herein referred to as the acti ingredients) are administered by any route
appropriate to t%oc@ﬁaﬁﬁfﬂo be treated. Suitable routes include oral, rectgl,cﬁgjgé?}%} ?é}éﬂ (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 oradly bl?é}li@ﬂﬁglgzﬁl%%&%%ﬁ%g%ﬁ%}%{ Ma%%%ﬁ\@@@é&?@?%@@ﬁgs forCombinations ‘?f .the
compounds of Formula 1-lll are typically selected based on the condition to be treated, cross-reactivities

of ingredients a8 opFopetfEd dF it CEHBIALREH. %B%?waé’?%%%%@rﬁé%n infection (e.g..

ERN), the compusions)of hezmention arescombined avjthettheardachvertherapeutiocragents 75(such as

those described herei 2;39 i iti of.the invent a ¥ mbinatign with one or
more other activzgt?rﬂ(ﬁ]rg |(§1€SQ%?2’;§%%I;@{9C& '%?’rg:ﬁ?/(geg hegligf)‘ebaﬁétﬁ%ge é%téwo‘?zgtgﬂhts are interferon,
ribavirin or its anéiige0H G MB3l6td dsenihNibitdrs, NEsminhitsikorsiatphangiscosidasc 1 inhibitors,

hepatoprotgetariis, Mevalanaie30deearaxylase NGNS S IRNagISEHRL. the, renighangiotensin
system, other anti- fibrotic agents, endothelin antagonists, nucleoside or nucleotide inhibitors of FICV

NS5F3 polymerd&& THImHiHeb8idd fibifors ofiG N S8s porisealB Gred N8R inhibitors, ILR-7
agonists, cyclophilliminhiators,i G IRESWhibiters;YyoheysmaeakneticienhancersiogHther drugs for

treating HCV; ow%r\&lmrg% tn%rllqgaf‘bbvggsg%% ?8?(;’3115 I&g@é&&ﬂ%%?l 5More specifically, one or

more compounds 0 present invention thay be com one or more compounds selected from
the group consisting oft is al§y b ohsopeytaradepiENaip ha RhIPEG Moy peywated r1FN-

15  other active therapeutic agents in a unitary dosage form for simultaneous or sequential
administration to a patient. The combination therapy may be adninistered as a
simultaneous or sequential regimen. When administered sequentially, the
combination may be administered in two or more administrations.

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

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

Co-administration includes administration of unit dosages of the compounds

25  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 move other
active therapeutic agents. For example, a unit dose of a compound of the invention
can be administered first, followed within seconds or minutes by administration of a

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

35  administration of a unit dose of one or more other active therapeutic agents. In other
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alpha 2a (Pcgas),Fs), rIFN-alpha 21) (Intron A), TIEN-alpha 2a (Roferon-A), interferon alpha (MOR-22,
OPC-18, Alfaferone, Alfanative, Multiferon, subalin), interferon 10alfaeon-1 (Infergen), interferon alpha-nl
(Wellferon), intewg%)ﬁlﬁﬁ%éln3 (Alferon), interferon-beta (Avonex, DL-8234F), Tﬁ?@%ﬂ% g)ﬁ?gf‘}\ega (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}  ca}RlGn¥y o 3RHAMARSHMPIRIIRIS: 6184 RRCIRIRVI (REd1:p03R#e SC1-1-7), telaprevir
(v-950), VX-813, TMC-435 (TMC435350), A.BT-450, B1-201335, 811230, MK-7009, SC1-1-9005 18,

VBY-376, MX-506 R HE 51504810 Bih Sl SRiG1E2  BRIE: £05 359 BRI P86 AS-1 OF 1f1-1-5258,
Y115530, 111-156b3tisancbhldNui B B{R-722d0mpound haiphargludesidase 1 inhibitors, e.g.. eeigosivir

(MX-3253), Miglitol, arid UT-231B, . . 5) hepatoprotectants, e.q.. emei Jeas (1PN-6556), 1E-3738,
(1S-9450 (LB- 7584451 ‘fsﬁﬁ%%iﬁ‘ﬁ, and lﬁf&%j’?l L 13 LR or RN of FY Nos
poiyinerase" e.gtiR1 89BCRY 1281y F404BY¢ ImexaBaty pixd 1oz tipispgsaoB oK -he 7@ vdlopicitabine

(NM-283), and MIK-Q808, that redlI RERRUGISQSId INNIBItIS @b ENYN RBBHeRh: efasens . ffibuvir (PE-
30 868554), ABT-333, ABT-072, 131-207127, VC1-1-759, VCH-916, ITK-652, MK-3281, VBY-708,

VC1H-222, A84§%§%‘Wﬂlﬂk§ﬁ3%i%ﬁéé‘?%"f?ﬁ?ﬂ%’g”‘?’ié}%%é%@ﬁf%ﬂé‘)dié?%ﬂ%%,Oéc-2329, Veil-796
(nesbuvir), 6S106R54385iBILMNEO4]y K ELo@dRDeAAtEBAIOM) deliveredd) IACMINGDA in

inhibitorSAZD'Z%%%§é12)§ '%Zl%?@Sfc(éﬁgﬁ%zm%pgr ’1335) ?y%%fg g@l%? gégimen. When delivered in

alternation therapy, a synergistic effect may be attained when the compounds are
15 administered or delivered sequentially, e.g. in separate tablets, pills or capsules, or by
different injections in separate syringes. In general, during alternation therapy, an
effective dosage of each active ingredient is administered sequentially, 1.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
20 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 HCV polymerase in a cell, comprising: contacting a cell infected with
HCYV with an effective amount of a compound of Formula I-111, or a pharmaceutically
25 acceptable salt, solvate, and/or ester thereof, whereby HCV polymerase is inhibited.
In still yet another embodiment, the present application provides for methods
of inhibiting HCV polymerase in a cell, comprising: contacting a cell infected with
HCV with an effective amount of a compound of Formula I-111, or a pharmaceutically
acceptable salt, solvate, and/or ester thereof, and at least one additional active
30 therapeutic agent, whereby HCV polymerase is inhibited.
In still yet another embodiment, the present application provides for methods
of inhibiting HC'V polymerase in a cell, comprising: contacting a cell infected with
HCV with an effective amount of a compound of Formula I-111, or a pharmaceutically
acceptable salt, solvate, and/or ester thereof, and at least one additional active

35  therapeutic agent selected from the group consisting of one or more interferons,

104



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 MRBHSIEEY.. McI-067, 12) phannacokinetic enhdCeVE2H YU RS 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, IPX2868FP-0881 aANpR0 VL, \WITH2- 205 assrsddhit o BB IB8InYiG xu4102a-15EMZ-702, AV1 4065,

BMS-650032, 1§13a%§ia%9él3%@1@@%5%&%@%&4&3&&%@&%& =38 QgluiarideFK; 788" and VX-497

(merimepodib) 14) mevalonate decarboxylasc antagonists, e.g., statins. HMGCoA synthase
inhibitors (e.g., AYHEGISSIAS ASEAIRABRHRESN RRIDRDFS tBlgThsaagesis £8Mhein 15) angiotensin
11 receptor antagonisis:€:gsliosatanniichesadaniatonesanary, 20candesasta, vaisartan, telmisartan,

eprosartan; 16) angiotensin-c [ zyme inhibjtors,.e.g., eaptopril, zofenoprit, enalapril,
ramipril, quinapﬁﬁcg‘ge()ﬁ%gérbléﬁﬁ @%r?%%i:ﬁ]e,{}b%%gggmn%g?ﬁb%%ﬁ ﬁsgﬁ??%t%%rs’%ﬁgﬁ rotic agents, eag.,
amiloride dfid agonigy.endothélialiahtatyonibte VelyEhadebiten, ahdmmbrisentanh28msyet another

embodiment, the presentapplicationfisgteses Rhamaceytical compositions comprising a compound of
the present invention, or a phamoceutically acceptable salt, solvate, and/or ester thereof, in combination

with at least one addit?&ﬁgﬂﬁﬁﬁrﬁ}?&ﬁi@@@%ﬁf}lgﬁdﬂﬁ@Fﬁﬁﬁé@@h%ﬁ&%&&‘@ﬁﬁﬁ‘i@é@ﬁf@r or exipient.
According to thepriesent inventiapathattkenapaitic agenisused b cenphiestEard3pwiibahe compound or

composition of the. resenl. inveption can be any agent igving 3 herapeytio effect when used i
combination with the compound 0 ﬂ1eppresent invention. For xamﬁle,% & thérapeutic agent used in
combinatior? witkrtheoterspauria evtechepesition of the present invention can be interferons, rihavirin or its

analogs, HO/ NS3 profgagsg {shiRiers N Soa HhibiRr s AlRhg:9ues1dasE dks for methods
of treating HCV 1in a patient, comprising: administering to the patient a therapeutically
effective amount of a compound of Formula I-111, or a pharmaceutically acceptable
salt, solvate, and/or ester thereof, and at least one additional active therapeutic agent,
20 whereby 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 Formula I-1II, or a pharmaceutically acceptable
salt, solvate, and/or ester thereof, and at least one additional active therapeutic agent

25  selected from the group consisting of one or more interferons, ribavirin or its analogs,
HCV NS3 protease inhibitors, NS5a inhibitors, alpha-glucosidase 1 inhibitors,
hepatoprotectants, mevalonate decarboxylase antagonists, antagonists of the renin-
angiotensin system, other anti-fibrotic agents, endothelin antagonists, nucleoside or
nucleotide inhibitors of HCV NS5B polymerase, non-nucleoside inhibitors of HCV

30  NSS5B polymerase, HCV NSS5A inhibitors, TLR-7 agonists, cyclophillin inhibitors,
HCV IRES inhibitors, pharmacokinetic enhancers and other drugs for treating HCV;
or mixtures thereof,

In still yet another embodiment, the present application provides for the use of

a compound of the present invention, or a pharmaceutically acceptable sait, solvate,
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35inhibitors, hepatoprotectants, mevalonate deearboxylase antagonists, antagonists of WO
2011/035231PC17US2010/049471 5the renin-angiotensin system, other anti-fibrotic agents, endothelin
antagonists, nuctEbEIHEEPAlicleotide inhibitors of HCV NS513 ponmerase,P GSARI&EGEE 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 compoyngs selertad Lo, the. GanR cORSIPNGL & ament RIEHEIONS, SrdenPegylated r1118-alpha
2b (PEG-Intron), pegylated rtENalpha 2a (Pegasys), rIFN-alpha 2b (Intl-on A), rIFN-alpha 2a (Roferon-A),
interferon 15aIpH};fe(‘F\tA@R‘3?2}33®@@-18, Allaterone, Alfanative, Multiferon, subalin), interferon alfacon-1
(Infergen), interferon alpha-nl (Weilleron), interferon alpha-n3 (Alferon), interferon-beta (Avonex,

tofitegal thefegarDtiRQSHBmwetd®10), albirderferon alpha-2h (Albuferon), 113N
alpha XL, BLX 863 (Loglefon), D01 dxsesylated niarlsron alohizh (A008), PEG-infergen,
PEGyinted interferon 20lambda (PEGylated 1L-29), and belerofon, 2) ribavirin and its
analous,ribavire%?@@ﬁ@ﬁ@%ﬂﬁ”@%B%W‘f‘i’?‘é\}"i‘i’fﬁﬁidﬁﬁéﬁ,eXten@)“i’_}] CRINEIrBIEESE thhibitors, e.g.,
boceprevir (SCHrRR3034 080 1nd prilaprestic Ak miXr&LE, [INGnd Bk (oM@435350), ABT-450,
BI-201335, Bi- E&&ZSO, M -70091, éc ‘;9005:ba, VBY-?Z?, VX-50 ,@81%%5 ,h68-945l, BMS790052,
BMS-605339, PRI 786 ALY I 858 HEE 30 T8 5 1 Sna L T 91 (R-7227),  4)
alpha-niucosid'tefs;yieigsreélgogivinMas8)glitoly ardehrFaR@tBrocesses. 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

15 time sufficient to yield a metabolic product thereof. Such products typically are

identified by preparing a radiolabelled (e.g. 14C or 3H) 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 30 seconds to 30 hours) and isolating its

20 conversion products from the urine, blood or other biological samples. These
products are easily isolated since they are labeled (others are 1solated by the use of
antibodies capable of binding epitopes surviving in the metabolite). The metabolite
structures are determined in conventional fashion, e.g. by MS or NMR analysis. In
general, analysis of metabolites is done in the same way as conventional drug

25  metabolism studies well-known to those skilled in the art. The conversion products,
so long as they are not otherwise found in vivo, are useful in diagnostic assays for
therapeutic dosing of the compounds of the invention even if they possess no HCV
polymerase inhibitory activity of their own.

Recipes and methods for determining stability of compounds in surrogate

30  gastrointestinal secretions are known. Compounds are defined herein as stable in the
gastrointestinal tract where less than about 50 mole percent of the protected groups
are deprotected in surrogate intestinal or gastric juice upon incubation for 1 hour at
37°C. Simply because the compounds are stable to the gastrointestinal tract does not

mean that they cannot be hydrolyzed in vivo. The prodrugs of the invention typically
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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), IDX184,
1DX-102, P81-7¥82°BER2b78, valopicitabine (NM-283), and MK-0608, 57§ WSNAMIM&%d e 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)
ICNINS5A ighibiiors, o g,/AF0:28R8.(A BTN AADST298. (NEAR A0 ANS,190082.  O) TLR7
agonists, 6,5 niquimod, 852A, 0S-9524, ANA-773,2- 'A-975, AZD-8848 (DSP-3025), PE-04878691, and
SM-360320,  PAORyERspRIRE ferpiteriney. ipERIolop s cabYieasaagy Kifkistalls it 11) HCV [RES
inhibitors, e.g., M&l=(z107?, 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), Eﬁ}(/al\:l‘;4 1 (virostat), PYN- 17 (altirex), KPE02003002,
20actilon (¢PG-10101), GS-9525, KRN-7000, CIVAGITFG1-5005, XTL-6865, B1T225, PTX-111,1TX2865,
TT-033i, ANA 971, NOY;205 farvaein, EHG-18, NGXGA10G, EMZ:702. AY14065, BMS-650032,
BMS-791325, Bavituximab, MDX-1106 (ONO-4538), Oglutanide, FK-7§8, and VX-497 (merimcpodits)
14) inevalonate B&earbtiiase areigdists veyd seatinsrstioetia copssyisthiasaAribhtdrs {e.g.,
hymeglusin), squalengs synhesis:iphibitRrs {8ue.yZaragagie8&if)ns.  15) angiotensin Il receptor
antagonists, e.g., losartan, irbesartan, &mesas-tan, eandesartan, valsartan, telmisartan, eprosartan;

16) angiotensin-converting enzyme inhibitors,eaptopril, zorenopril, enalapnl. ramipril, quinapril,
perindopril  isindphls benazeprhtosiaopriand acronyms.

' Abbreviation W Meaning

AcO | acetic anhydride ]
AIBN | 2,2’-azobis(2-methylpropionitrile)
| Bn benzyl T
BnBr benzylbromide -

BSA bis(trimethylsilyl)acetamide |
BzCl benzoyl chloride

Cbhl .| carbonyl diimidazole

DABCO 1,4-diazabicvclof2.2.2]octane

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

DDQ 2,3-dichloro-3,6-dicyano-1,4-benzoquinone
- DBU - 1,5-diazabicyclo[5.4.0Jundec-5-ene
"DCA dichloroacetamide

DCC dicyclohexylcarbodiimide o
DCM dichloromethane

DMAP 4-dimethylaminopyridine

DME " 1,2-dimethoxyethane

DMTCI % dimethoxytrityl chloride

DMSO dimethylsulfoxide

DMTr 4, 4’-dimethoxytrityl
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307) other anti-Ebrotie agents, e.g., amiloride and 18) endothelia antagonists, e.g. bosentan and

ambrisentan.
pharmaceutica

In

R

et another embodiment, the present application provides a combination

%(f?)%i‘ising: a)a first pharmaceutical composition conré‘rwﬁéoéo@é?ﬁf)‘ound 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-nucleg
transcriptase, k
CXCR4 inhibitc

%3]

H1\/ nucleotide,
i (20 10inh

Liptase. 1-11V nucleoside inhibitors of reverse
inhibi i i inhibitors; gp4 | inhibitors,
BitorsaC @RS inhibitors, interferons, ribavirin analogs, TV$S3 protease

inhibitors, NS5

non-nucleoside-inhibitors-of-Hi

Combinations
selected to treé

apphibitors, alp

HFHHE %ompoun

rotectants,
nereof
igents may be

ha-gltresidass hihibitors, eyelophilin inhibitors, hepatop
%@%@#@ﬁd&@%ea%mg%@/,—andﬁembmmien&ﬂ
FEHEOPHUI AP and additional active 15therapeutic @

arm

tHFatEents infec

. Accordingly, the

LY nodd

compounds of
example HIV p
nucleoside inh
integrase inhib
rthavitin analog

=

e ElI T T
idia i1

rotease inhibitir

reating Tit V, for
ranscriptase, HIV

tedalvibheHGY  and ethensorditions such as HIV infections
Iﬁ%ll?lﬁ]!a\illlsl(l)blfgre): ‘v‘\iit(l'i‘leuﬁc ormore Lumpuunda usefutin-t
1g compounds, 1V hon-nucleoside inhibitors of reverse 1

bitdkSof revers
b

S, NS3 protease inhibitars,

ranscriptase, 14W
LIDL i ; interfcrons,
NSb5a inhibitors, alpha-glucosidase 1 inhibitors, cyclophilin

eltransotiptaseads fivcmueleotide. 20inhibitors of reverse t

inhibitors, Impa

t¥fsFatectants,

N8FERGETEBSide inhibitors of MC V. and other drugs for tre%ating FICTV.

MeOH methanol

MMTC mono methoxytrityl chloride

m/z or my/e mass to charge ratio

MH" mass plus 1

MH" mass minus 1

MsOH methanesul fonic acid

MS or ms mass spectrum

NBS N-bromosuccinimide

Ph phenyl

rt or r.t. room temperature

TBAF tetrabutylammonium fluoride -

TMSCI chlorotrimethylsilane

TMSBr bromotrimethylsilane

TMSI ; iodotrimethylsilane

TMSOTf (trimethylsilyhtrifluoromethylsulfonate
'TEA triethylamine

TBA h tributylamine

TBAP tributylammonium pyrophosphate

TBSCI t-butyldimethylsilyl chlornde

TEAB triethylammonium bicarbonate

TFA trifluoroacetic acid
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25More specifically, one or more compounds of the present invention may be combined with one or more
compounds selected from the group consisting of 1) ETV protease inhibitors, e.g., amprenayir, atazanavir,
fosamprenauvir, .‘ﬁ&ﬁ%ﬁ%’d navir, ritonavir, lopinavir + ritonayir, nelfinavir, ggz{%ﬁ%%/?@ﬁﬁ?énavir,
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, calanphdg A, etra\ligmﬁ),]éﬁgvagéﬁagg 3, DPC-961, DPC-963, MIV-150, jand TIvIC-120;
IMC-278 (rilpivirine), efavirenz, BIL R 355 BS, V %AQHELMASB ,061,.RDFA806,3) a HIV
nucleoside inh;thror of reverse tFiNsENBIs8E e.g., zidovadit e, emtricitabine, didanosine, stavudine,
zalcitabine, lambwadine, abacavin,agdeigawit, elvueitabine, alovadine. MIV-210, racivir (-FTC),
D-(14417C, emefieé?biae%%?is ide;fozivudine-tidoxil,_fosahrudine tidoxil-aprieitibine (AVX754),
amdoxovir, KP-145F, AHEREGir ¥ 1 ARGine S IB SRR LI GARA‘E YIGSRIER " Biddthdine lamivudine,
4) a WV nucleotide inhibitor of peverse ddiiamgcnptade, iexg. (denottvitsitenofovir disoproxil fumarate +
emtriCitabine, t nothvic-diconroyadl-fiimarato + omitricitabine 4+ ofavirenz - and-adefovir—8) -9 MV integrase

moaivn UIQUIJI AT TUIimTmarate T oo itauiec T CiaviTC TS, AaAlrmud aucTo v, \J}
inhibitor, e.d., curcumin, derivatives of eureumin, ehicoric acid, derivatives of chieoric acid,
3,5-dieaffeoyiquinic acid, derivatives of 3;tepheafifgoyfithome @oids 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 L‘e70ea0dMK-0518 (raltegavir), BMS-707035, MK-2048, BA-011, 13MS-538158,
GSK364735C, 6) a gp41 inhibitor, e.g., enfuvididcs sifuvirtide, FBOO6M, TR1-1144, SPC3, DESS6, Locus
gp41l, CovX, and REP 9, 7) a CXCR4 inhibj Blwe—é AMD-070, 20 an enty,inhibitor, e.g., SPO1A,
TNX-355, 9) a gp120 in%ibitor, e.g., BMS-488043 ahd BlockAide/CR, 1 \6/6%%) and NADH-oxidase
inhibitor, e.g., inimunin, Mﬁ S inhfitor, &.g.@plavirog;Vicrii INC €Q471, PRO-140,
INCB15050, PE-232798, C mAb004, and maravirde, 11) an interfergi¥te.g., ﬁ‘e’éylated FIFN-alpha 2b,
pegylated FERN-alpha 2a, JEN-alpha 2b,H7tN BipRa2b XL, rIFN-apha-2a, 75consensus TENalpha,
infergen, rebif, locteron, A¥/1-005, PEG-infergetf, pegylated IRN-Bgta, oral interferon alpha, feron,
reaferon, intermax alpha, r-IFN-beta, infergen actimmUnO, 1EN-omega with DIEROS, and albuferon, 12)
ribavirin analogs, e.g., Febetoﬁ‘copegus, VX-497, and viramidine (tarib&irin) 13) NS5a inhibitors, e.g.,
831, A-689 @and BMS-7900a&,ch4ipNS5hipolysnekasie- inhibitansas.gimNi/E233, 30valopicitabine, R1626,

PSI-6 [30 (R165f?[)f,£}%}a%ﬂfel:()psr<]§f)z.r8€ !iccHo%ﬂig%s\x%lzlo%er%&act, 500 mg, 1.72 mmol) in
anhydrous THF (5 mL) was dropwise added BuLi (1.6 M in hexanes, 1.61 mL, 2.41

mmol) at -78 "C. The suspension became red brown solution after 5 min, and then a
mixture of 1a (prepared according to WO 200631725, 675 mg, 1.81 mmol) and boron

15 trifluoride etherate (2.40 mL., 1.89 mmol) in THF (5 mL) was added dropwise to the
mixture. After stirring for 2 h at -78 °C, saturated NH4Cl was added to quench the
reaction. The mixture was diluted with ethyl acetate; the organic layer was washed
with brine and concentrated in vacuo. The residue was purified by silica gel column
chromatography (EtOAc / hexanes), affording 1b as a rich yellow foam (650 mg,

20 67%). 'H NMR (400 MHz, CDCl;): & 8.13 (d, 2H), 8.03 (d, 2H), 7.81 (d, 1H), 7.59
(t, 1H), 7.45 (m, 3H), 7.36 (t, 2H), 6.40 (brs, 1H), 6.01 (dd, 1H), 4.78 (i, 2H), 4.60
(dd, 1H), 2.68 (s, 3H). 2.45 (s, 3H), 1.62 (d, 3H). "*F NMR (376 MHz, CDCls): 5 -
167.5. MS =585.1 (M + H").
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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- gthe05|da‘§8 MRS, e. g., MX-3253 (celgosivir) and UT-231B, 17}’%%3%8})0{81%4(:7 ants, 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 1ICV, ng.. zadaxin, nitazoxanide (alinea), BIVN-401 (virostal), DEB10-025, VOX-410C, EMZ-702,
AVI 4065, bavituximab, oglulanide, B¥N-17, KTE02003002, actil(n (CPG-10101), KRN-7000, civacir,
GI-5005, ANA-975, XTL-686%; 971, NOV-205, tarvacin, EIIC-18, and , 19) pharmaeokinetic
enhancers, e.g., 10E 100 \SP 452, 20)RNA.sc H inhibitors, @-g,, QD)- ODN-112, 21) other
anti-111V agents 2&.g., {Abevirimagampligen, HP(5214, po murN 410, RID247,
AMZ 0026, CYT 99007, A=2: IV, BAY 5&4798,—M&X0;LO (iplimumab);, P88119, ALG889, and
PA-1050040. it is also péssible to combine anyssgiepound of the inv nﬁ)on With one or more 15other
active therapeutic agents in a unitary dosage fo&m &pr simultaneous or sequential administration to a
patient. The_combination thefapy may be administered as a simultaneous QL sequential regimen. When
administered sequentially, the combination may he administered in two or more administrations.
Co-administration of a comBbiRE of ‘(Hé%%?&léﬁ@\fﬂﬁ‘%}hé]éiﬂ?W@?@WH@P%\%’(%%&%&UUC agents
generally refers fadsinulaneaus: Qfe&@caﬂ@cemahﬂoﬁraﬂalaﬁ@ﬁbq@u@ﬁa(gmcwﬁ@mémt ify@ntion and one or
more other actlve thera}ﬁ) L{I %qenksddsuch tlg tth%ar eu{flcat effEft'Vf rrgiovun %the compound of the
invention and ona 61 rhore ofher]actl Reta Oerﬁllcna ents are b CR/ of the patient.
Co-administratiah imcludes ?ajdndsm@draumcddbuﬁd dﬁsagemmé the ddnupbwnbls of the invention before or
after administration ofHnihdesages:efh-ane S MATs AIbsL.ACtYe heraReHc agentsqfor example,

administration of the compounds of the invention within seconds, minutes, or hours of the administration
of one or more éfﬁé?‘5@“&%%&&%@‘@?}?@@6@%6@%%ﬁrﬁkﬁ’sértﬁ’fié’%mpound of the invention
can be administereel ditst Balhaweﬁavctttﬂﬁbsm@adslwIﬁsmwesab)ﬁ@dmnm§t§m¢@rg@foalﬁaﬂnlt dose of one or

more other actlv%thera eutﬁ%@%nts Altfar;?eas |V(?£]%r au qlt f@bﬁ*ggé O Or‘ﬁ]%\aﬁg therapeutlc agents

can be admlnlstereélfrs%r% GAiStrAtion'd compoun the invention within
seconds or minigz, InR0Medscasesdit/mal2hle débirable . admnhisterd) Uhitcdeseof acdompound of the

invention first, fq[loyvegﬁl{terlﬁ)pggggtojhgtﬁrﬁgelgﬂ %;g(qurs)gq¥zadm|mstﬁp9n of 4 unit dose of one

or inure other aCtIVG therapeutlc agents In oth
Hz, 2H), 5.78 (m, 2H), 4.80 (dd, IH) 468 (m, 1H), 4.60 (dd, 1H), 2.68 (s, 3H), 2.65

(s, 3H), 1.32 (d, 3H). ""F NMR (376 MHz, CDCl3): 6 -149.9. MS = 569.1 (M + H").

s NH,
e N
\ N \ Y
O N HO N
Bz © = . 1)NH; © = _
S
S F 2) NaOEt/ THF HO F
Bz
ic 1d
20 Compound le (635 mg, 1.12 mmol) 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 50 °C for 16 h. After cooling to room temperature, ammonia
was evaporated and the solid residue was dissolved in THF (10 mL.) and MeOH (10
mL). Sodium ethoxide (25% wt. 0.63 mL) was added and stirred at 60 °C for 40 min.

25  The mixture was neutralized with AcOH and concentrated. The resisue was purified

110



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.  ThECAHHIRHbN therapy may provide "synergy" and "synergigt(fg[,Uis.éO.lﬂ/]Oémé‘Ff]ect 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: 1)
co-formulated and administered or delivered simultaneously in a combined formulation; (2) delivered by

alternation ar in parallgiras seipataie fermulations. or13)byseoméptharregiman. Vihesadelivered in
alternation therapy, a synergistic, effect may be attained when the compounds are 15administered or
delivered sequefﬁti/éﬁa;?,"e].g(.gfﬁ’ é@ié@@aﬁé&?éﬁl@ﬁ yébéu‘féigop ﬁﬁﬂe&eﬁﬁ'nﬁe%&}s in separate
syringes. In genersl,3dififng aHerhation thEjapydan effgativiedosage’ of wath @ctiveHngredient is
administered Se@%ﬂlﬁé'ﬁ'sﬁ%@% g\%ﬂ?iﬁ/{im bination 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, theygresent application provides for methods of inhibiting FICA/
polymerase in a cell, compri -gontacting a cell infected with LICA/ with a\n ive amount of a
compound of Formg -1}, pharmaceutically 25acceptable salp Iv%te,\ \Ic’)_r hster thereof whereby
FICA/ polymerase is inKibi N7Thstill yet anothepsxmbodiment, the presgnt apbﬁ{sguion provides tor
methods of inhibiting MCA#polymerase in a céll; comprising: contacting:a¢edl infeteg with [ICV with an
effective amount of a 8mpound of Formula 1-11£"6fa pharmaceuticdfly atceptable salt, solvate, and/or
ester thereof and at least one additional active 30therapeutic agent, whereby FICV polyrnerase is
inhibited. 10 In still yet anctther embodiment, the present application provides for methods of nhihiting
ITCV polymerase in a ggll, camMpKising: GoBtAGtng A callinfesiadowith Y yith.an effective amount of a

compound of Formulaor a pharmaceutically acceptable salt, solvate, and/or ester thereof, and at least
one additional at4ifd 3EthER R R ageht deRicaFcthe HougeuERtiTdBiéhe dfmore interferons,
irin or its analogmiH&GY WS pretease, intvhiiars:\B5a inhibitess ualphagiucasidasetoinhibitors,
bepatoprotectants, mevalonate deearb se antagonists, antagonists of the renimangiotensin system,
other anti-fibrotic’ gléj%uﬁ L,“é@fé%fﬁ'el?r&e’lnct?a%gﬁm t@, ;1% leoside or nucleotide inhibitors of HCV NS5B

polymerasé; non-nucleoside inhibitors of HCV NS513 polymerase, HCV NS5A inhibitors, TILR-7

10agonists,inhibitors, HCV TRES infihitors, pharmacokinetic enhancers NH
N : N ?
HO o \N\/N HO—\ o \N\/N
N 28 N N NH;,
> S
HO F HO F
1e 1

Compound 1e (obtained from the previous reaction) was placed in a steel
bomb reactor. Liquid ammonia (~30 mL} was charged, and the bomb reactor was
tightly sealed. The mixture was stirred at 115 °C for 3 d. After cooling to room

20  temperature, ammonia was evaporated. The solid residue was purified by RP HPLC,
affording compound 1 (105 mg, 66% in two steps). 'H NMR (400 MHz, D-0): & 7.31
(s, IH),5.43 (d. J=25.2 Hz, 1H), 4.07 (dd, J=9.6, 23.2, 1H), 3.89 (m, 1H), 3.83 (dd,
J=2.4, 128 Hz, 1H), 3.67 (dd, J = 4.8, 12.8 Hz, [H), 1.05 (d, J = 22.8 Hz, 3H). 'F
NMR (376 MHz, D-O): § -153.5. MS =299.2 (M + H").

25

111



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 SHRAVEER unt of a compound of Formula I-Ed, or a ph:anﬁ)féygéﬁq}gll?ffclceptable
: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, anchateast 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 phgrmaceutically acceptable salt, solvate, and/or ggster thereof, and at least
one additional active therapgut gnt 25selected from the group consistin ne,Qr more interferons,
ribavirin or its anal@S\IjGV tease inhibitors, NS5a inhibité¢s,al 'Nco/s{ ase | inhibitors,
Impatoproteetants, mevalofiate decaripxyla@&aMAg8HEIE Sntagonist§ ofthe réit nangiotensin system,
other anti-fibrotic agen}} , eiﬁ; othelin antagonists, fucleoside or nucleg j‘de':Fl ibitors of TiCV N5513
polymerase, non-nucleoside inhibitors of HCV NS5B polymtintse, HCV'NS5A inhibitors, ILR-7 agonists,
cyelophillin inhibitors, HCV {LRES inhibitors, pharmacokinetic enhancers aad other drugs for treating IICV;
or mixtures thereof, In still yet another e iment, the present application provides for the use of a
compound of the presgr?ﬁrslellllelfr%/ ion, or &) B %@E?a%ieﬁjﬁ(tgll&? é“g%}g tlélb‘ivea%%lf ,2360 \r;tagéxfasand/or ester thereof,
for the preparatichief @medicatmentfer trediifidantd @\emfectdi inengagent AMetaboli@s of the
Compounds,of the; Inveniory Az fallingwithins the-seppe ofis Iavetgn &1 die:ibivixg metabolic

products of the compounds described herein, to the extent such products arc novel and 10unobvious over
the prior art. SUEHTHIFHRC BN fe SR B R e SRR i trBokitTation! PEYBAER MYdrolysis, amidation,
esterification and ihe §kesef e miministeredcompoung, pUgnadly duestoepzymatio pracesses.

Accordingly, the invention ([Ilnclgq%s novel and unaobvious gompooundsr prgdulceg ,By a process comprising
contacting a COFHB%)&FI%Y(S‘F his inventidn ith &, taritial for & 69%3‘0* b L12(d =232

Hz, 3H). ""F NMR (376 MHz, D,0): § -153.4. MS =300.2 (M + H").

15

Compound 3
NH
N 2 NH;
)\ o N
5,0\ 0.0 s’ N
Sk BuLi, TMSCH
O F
Bz THF
1a 3b

To a suspension of 7-bromo-pyrrolo[2,1-f][1,2,4]triazin-4-ylamine (prepared
according to W02007056170, 2.13 g, 10 mmol) in THF (20 mL) was added TMSCI
20 (2.66 mL, 21 mmol) and stirred at room temperature for 16 h under argon. After
cooling to -78 “C, a solution of BuLi (1.6 M, 21 mL, 33 mmol) in hexanes was added
dropwise. The mixture was stirred for 1 h at the same temperature. A solution of 1a
(prepared according to WO 200631725, 4.46 g, 12 mmol) in THF {10 mL) was then
added. After stirring for 2 h at -78 °C, saturated ammonium chloride was added to

25  quench the reaction. The mixture was extracted with ethyl acetate, The organic

112



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 arenterall%in a detectable
dose (e.g. great PR St 0.5 mg/kg) to an animal such as rat, mouse, &F@gzﬂ}ﬁfo 9%)ﬂkey, 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 metabelitedoideetmetabolitestrlictureshare geterifiedéd siiconventional fashion, e.g. by MS
- 10 v tate’ / Trefanes ), 2 t8rdimg Ssolfd (118 g-529%).

or NAIR. analysis, I, genaral, analysisof.metaholilesyis done in,the same.uay g gopuentional drug
25metabolism studies well-known'to those skilled in the art” The conversion products, so long as they are
not otherwise foMriadivaMrellideful 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 UEfiRBE RV AR AU SIS srnrad h dnifestiadiract wherc less than about 50 mole
percent of the pfaidotedigrotyd ke dégpictecteddndsufrrbiyatarimbestiisl oregastric 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
2011/035231PC17115202 0/62F04771 SwilPBestaniee in theftigédtiveaystammiieray) Be substantially
hydrolyzed to the arenialidrogrndBedigestivedsntein, ivenanothesmetabalic) argans@r within cells in
general. Examples J, 0 . Certain atglir iatjons and acro s are used.in descriping the experimental
details. Althougﬁ‘%%ép 6?%9%50\{/9 TijleN ’%ﬁﬁét?gg%rﬁ V%héﬂgﬂ]ﬁl’e@? ]?ﬂggg#,g T&b e*l) contains a list of
many of théSe abbraviationg dritnalcrenymsled STabled nliist Bfiablréewations ahtdcighyms.

an additional 30 min., BuLi (1.5 mL) was added. After 30 inin., a solution of 1a (610

mg, 1.64 mmol} in THF (2 mL) was then added dropwise. The resulting mixture was

stirred at -78 °C for 2 h under argon. Acetic acid (0.7 mL) was added dropwise to

guench the reaction, followed by addition of saturated ammonium chloride. The

20 mixture was extracted with ethyl acetate. The organic extract was concentrated in
vacuo. The residue was purified by silica gel chromatography (ethyl acetate /
hexanes), affording 3b (320 mg, 40%). The starting 1a was also recovered (350 mg)

from the chromatography.

N
U

TMSCN,
TMSOTf

AcCN

3b 3c

To a solution of compound 3b (50 mg, 0.1 mmol) and TMSCN (67 ul., 0.5
mmol) in acetonitrile (2.0 mL) at 0 "C was added TMSOTT (91 uL, 0.5 mmol). The

reaction mixture was stirred at room temperature for 1 h, then at 65 °C for 3 d. The

30 reaction was quenched with saturated NaHCOj; at room temperature, and diluted with
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AbbreviationMeaning Ac20 BSA 1370 CDI DAB CO DBN DDQ DB1U DCA DCV DUNI DM AP DME
DMTCI DNB() DAL1Tr acetic anhydride bistimethylsilyljacciamide benzoyl chloride carbon_yl thimidazolc
4- dlazablcyclo[yg NY&ieee 5- -diazabieycic[4.3.0]non-5-ene 2,3--dichloro %Cgfg?éyb 521
,4-benzoquinone |,5-diazabicyclo[5.4.01unclec-5-ene dichjJomacetamide dicyclohexvicarbodi nide
diehlommethane 4-dimethylamincrnyridine 1 ,2-dimethoxyethan e dimethoxytrityl chloride
dimethylsulfoxide 4. 41-dimethoxytrityl

5  CH;CO;Et. The organic phase was separated, washed with brine, dried over Na, SOy,
filtered and concentrated. The residue was purified by RP-HPLC (acetonitrile /
water), to give the desired compound 3¢ (28 mg, 54%). MS =516.1 (M + H").

MeOH

3c 3
10 To a solution of 3¢ (56 mg, 0.11 mlﬁol) in methanol (1.2 mL) was added
ammonium hydroxide (28% in water, 0.8 ml.) and stirred at room temperature for 16
h. The mixture was concentrated and the residue was purified by RP HPLC (water /
acetonitrile), affording compound 3 (20 mg, 60%). 'H NMR (500 MHz, D,0): 5 7.88
(s, 1H), 7.07 (d, 1H), 6.92 (4, 1H), 4.17 (m, 2H), 4.04 (dd, 1H), 3.87 (dd, 1H), 1.15 (d,
15 3H). MS=308.1 (M+H").

Compound 4

28% NH4 in water

CH,OH

3b

20 To a solution of compound 3b (60 mg, 0.12 mmol) in methanol (0.5 mL) was
added ammonium hydroxide (28% in water, 0.5 mL) and stured at room temperature
for 16 h. The mixture was concentrated and the residue was purified by RP HPLC
(water / acetonitrile), affording compound 4 (25 mg, 70%). MS =299.1 (M + H").

25  Compound 5
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107 Preparation of Compounds Compound 1 lalb 10To a suspension of
7-bromo-2,4-hisimethylsalfanyi-imidazo[2,1- 1111,2,41triazine (prepared according to W02008116064,
500 mg, 1.72 m%gﬁﬂlﬁlgmfﬂdrous THF (5 mL) was dropwise added Buldi (fqu?ﬁ%ﬁ%%gﬁ@s, 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-Fhe mixture was diluted with ethyl aggjate; the organic layer
was washed with brine and conce\ in mep, él'_ne residue was purifie lica gel column
chromatography (EtOAe | ngs),-affordiftg Ib asa rich yellow fgap (65 \mg, 6\7%). 1111 NMR (400
MI-i-i, CDC13): S 8.13%8, 21X}, 8/03 (i 2H), 7.§f3$38t,29f), 7.5%¢(,7.4 3FIN=736 (t, 2H), 6.40 (brs, Tr),
6.01 (cid, In), 4.78 (m, 21-1), 4 Chll —

o)

/s

Bz Bz
3b 5a

'-rI\
O,
-

CH3OH i

Compound 3b was converted to compound 5a by a procedure similar to
conversion of 1b to 1e. Compound 5a was then converted to compound 5 by a
procedure similar to conversion of 3e to 3. 'H NMR (300 MHz, D,0): § 7.68 (s,
1H), 6.75 (d, J = 4.5 Hz, 1H), 6.65 (d, /= 4.5 Hz, 1H), 5.65 (d, /= 25.2 Hz, 1H), 3.95
10 (m, 3H), 3.74 (dd, 1H), 0.98 (d, J=22.8 Hz, 3H). ""F NMR (282 MHz, D;0): § -
154.2. MS=2832 (M +H").

General procedure for preparation of a nucleoside triphosphate:

15 To a pear-shaped tlask (5-15 mL) is charged with a nucleoside (~20 mg).
Trimethyl phosphate (0.5-1.0 mL) is added. The solution is cooled with ice-water
bath. POCI; (40-45 mg) is added and stirred at 0 °C until the reaction is complete (1
to 4 h; the reaction progress is monitored by ion-exchange HPLC; analytical samples
are prepared by taking ~3 uL of the reaction mixture and diluting it with 1.0 M

20 EtNH.CO3 (30-50 ull)). A solution of pyrophosphate-BuzN (250 mg) and BuzN (90-
105 mg) in acetonitrile or DMF (1-1.5 mL) s then added. The mixture is stirred at 0
°C for 0.3 to 2.5 h, and then the reaction is quenched with 1.0 M Et;NH,CO;5 (~5 mL).

The resulting mixture is stirred for additional 0.5-1 h while warming up to room
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(dd, 1H.), 168 (s, 31-1), 2.45 (s, 311), 162 (d,1917 NM R (376 MHz, CDO03): 5- 167.5, MS - 585.1 M +).
WO 2011/035231PC,111.152010/049471 To a solution of Ib (820 mg{i 140 min(a]%gin
diehloromethang%wﬂis\ﬁére added boron trilluoride etherate (2 Mb) and rCeT(WFé}ﬂg[ ‘&1 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 pverdnagngesiummsuliaie.ARASRBEEILAIEdrhh& rRsidue was Pubfietiby silica get column
chromatography (E(OAc hexanes), affording Ic (605 mgz, 76%), 1111 NMIR (400 MHz, CDCE): 5810 (d.J
7.2Hz, 2H), 8,087d Prriisd ey IQH‘}?%‘?W@‘%S; 7l lpstpns epntgigyng thadqsiteg PFOdREt 19 4y 7 46 (1 = 7.2
Hz, 211), 7.38 Jeoncéhtizat@ilib)diynfSs(@issot)s #iBQ (@el(-+1)n# )6 Sotitsnktired. 60d(itkss )4 2.68 (s, 3H), 2.63 (s,
3E), 1.32 (d, 311). 19ENMR ($76 z.C 16.4149,9, MS = 569.1 (M. Icld 70Compound Ic (635 mg,
1.12 mmol) Wasa% é%é% Si%ff%%&i%%lgﬁ rné%gtﬁ.gjﬁ%%%gggfg%wlgﬁ?a{s(? e]ran dvsggcgﬂ%}tgcg “and the bomb
reactor was tightlysealethcThadwixsuliesnlasdstirreteatBephtefdrald  dofterseosting tdikoom temperature,

ammonia was eyaparated.and thessalidresidue.wasidissolvesbinWHR- (19 mikkand MeI-1 (10 mt).

Sodium ethoxide (25% wt. 0.63 ,inf.? was added and stirred at 60 C. for 40 min.
purification, affording the desired product as a sodium or salt. Alternatively, the

crude reaction mixture is subjected to C-18 HPLC first and then ion exchange HPLC

purification to afford the desired product as a triethylammonium salt.

15 Compound TP-1

v P
0 0 \7/1(
1 i ] \ NH
HO~P-0-P-0-P-0— g N\§<
OH OH OH NSy
HO F
TP-1

Compound TP-1 was prepared by the general method using Compound 2 as
starting material. 'H NMR (300 MHz, D»0): 6 7.44 (s, |H), 545 (d, J=25.5 Hz,
20 1H), 4.0-4.4 (m, 4H), 3.05 (m, NCH,CHa), 1.10 (m, NCH,CHj; and 2°-C-CH;). *'P
NMR (121.4 MHz, D,0): 8 -9.5 (d, J=22.1 Hz), -11.0 (d, J = 19.9 Hz), -23.2 (t, / =
23.0 Hz). '"F NMR (282 MHz, D,0): § -153.9.

Compound TP-2

25
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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)Y S8, 21-1), 7.60 (s, H), 5.45 (ors, 111), 5.43 (d, 1 -ﬁ?{‘kﬁgf’(ﬂ“i k), 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, \rir MOP BA NH, cxtr. (\/HOE

5 Compound TP-2 was prepared by the general method using Compound 3 as
starting material. 'H NMR (300 MHz, D,0): § 7.82 (s, 1H), 7.03 (d, 1H), 6.90 (d,
1H), 4.1-4.4 (m, 4H), 3.05 (m, NCH;CH;), 1.10 (m, NCH,CH; and 2°-C-CH3). *'P
NMR (121.4 MHz, D>0): 6 -10.7 (d, /= 19.5 Hz), -11.3 (d, /= 19.8 Hz), -23.1 (t, J =
16.8 Hz).

10
Compound TP-3

Compound TP-3 was prepared by the general method using Compound 5 as
15  starting material. "H NMR (300 MHz, D>0): 8 7.73 (s, 1H), 6.87 (d, 1H), 6.82 (d,
1H), 5.71 (d, J =24.6 Hz, 1H), 4.0-4.4 (m, 4H), 3.05 (m, NCH,CHs), 1.14 (m,
NCH>CHs), 1.00 (d, J=22.8 Hz, 3H, 2’-C-CHs). *'P NMR (121.4 MHz, D-0): 6 -8.1
(d,J =22.1Hz),-11.1 (d,J=19.9 Hz), -22.7 (t, J = 23.0 Hz). ""F NMR (282 MHz,
D,0): 6 -155.6. MS =1520.9 (M - HY.

General procedure for preparation of a nucleoside prodrug (Method A):

[17



CH2CI2 10ldle 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 QIAAIRES used for the next reaction without purification.W&s%g%s'd\W lel
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(108°mg, 66% in two steps). 114 NMR (400 MHz, D20): 67.31 (s, ff), 5.43
(d,1=25.2 Hz, 111), 4.07 (@é\ 6 23,2, Ill), 3.89 (m, 1E), 3.83 (dd, .1=2,4, 12.8 Hz, ITI), 3.67 (dd. J4.8,
12.8 Hz, 1H), 1.96+q, J5 .&\H;,"MD. [91, NMR (376 MHz, D20): -153.5. MS = 299.2 (NI 25 WO
2011/035231PCT/13§20 ‘laaﬁotig’i@ Compouj)@sii%/ >_

=% 1

\ L . S‘\/\O
RY F %\TOFS/\/O,P_I\}— . 1H-tetrazole
0

2. 30% H,0,
X1
3
S 9 X \7/{[\1

N \
P-0O N
/\]j?/sl\/o \Cﬁe \N§< a
1 R
= 'R

R4 F
5 A

To a solution of a nucleoside (0.1 mmol) in trimethylphosphite (1.0 mL) are
added /H-tetrazole (42 mg, 0.6 mmol) followed by addition of 2,2-dimethyl-
thiopropionic acid S-(2-{ditsopropylamino-[2-(2,2-dimethyl-propionylsulfanyl)-
cthoxy]-phosphanyloxy}-ethyl) ester (prepared according to J. Med. Chem., 1985, 38,

10 3941, 90 mg, 0.2 mmol) at 0 °C. After stirring for 2 h, 30% hydrogen peroxide in
H,0 (140 uL) was added to the mixture. The mixture was then allowed to warm up
to room temperature. After 30 min stirring, 1 M Na;S;05 in H2O (5 mL) was added
to quench the reaction. The organic layer was washed with saturated aqueous Na,CO;
(10 mL x 2), brine, concentrated in vacuo. The residue was purified by RP-HPLC

15 (MeCN-H-O gradient) to afford a prodrug A.

Compound A-1
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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 4WOTRY ﬂ%ﬁ%ﬁfre was concentrated and purified by RP HPLC?S%&}M&%‘BHbOUHd 2 (56
me, 68%). H NMR (400 MHz, 020).d 7.35 (5, 111), 5.46 (d, | = 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, | 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 _

N.N 2 Bn153-"1Niiai /=MbY APH:Bpilehald¥h9®ethod A using compound 1 as starting
material. 'H NMR (400 MHz, CDCIl;): 0 7.42 (s, 1H), 5.47 (d, /= 26.4 Hz, 1H), 4.95
(brs, 2H), 4.59 (m, 2H), 4.35 (m, 1H, 4'-H), 4.18 (m, 2H, 5’-H), 4.10 (m, 4H), 3.13
(m, 4H), 1.24 (d, 3H), 1.22 (s, 9H), 1.19 (d, 9H). *'P NMR (161.9 MHz, CDCls): & -
1.26. MS =667.1 (M + H").

10
General procedure for preparation of a nucleoside prodrug (Method B):
Non-limiting examples of mono-phosphoramidate prodrugs comprising the
instant invention may be prepared according to general Scheme 1.
15
Scheme 1
i
o ) ArO—P—Cl
AO—P—CI + 2 \L[( —— NH
Cl HCI éx O’R R, O
R* R
O
19a 19b 19¢
RS R®
XI y x1\
20 X AN
X Y ArO~, /Q Wy
HO N /k /0 -
0 N 19¢ NH O
R® ‘ R RX o, R — R
RY R? g R R R
19d B

The general procedure comprises the reaction of an amino acid ester salt 19b,
e.o., HCI salt, with an aryl dichlorophosphate 19a in the presence of about two to ten
20 equivalents of a suitable base to give the phosphoramidate 19¢. Suitable bases

include, but are not limited to, imidazoles, pyridines such as lutidine and DMAP,
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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 roSm %%W%%?&lure for 16 h under argon. After cooling to -78 t,nggﬁft%%o 1 BULI (1,6 M, 21
InL, 33 wino') in hexanes was added dropwise. The mixture was stirred for | 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 extradted avitheethyh asetateyiiheongania BUO, 204 141635234 RCiithtS 210049471 extract was
concentrated'cl id ifi ili | chromat | I hexanes),
affording 3h as %ﬁl%ﬁéﬁ% (Higéwé% B%Ef/{r%égh%spﬁ%%%@ig?hﬁ%gﬁg .(?A?tgegr%%gt?{ e’%ﬁ%@gﬁ‘;@@or Compound 3h
using 1,2-bis- 16#&hitsrodinedsisithny lethanecinse agieitoro tienstAyisiiEmer  In a suspension of
7-bromo-pyrrolof2dr@ld e dltriaziacfny amine: (BRQiMY e 3D imelhin HHE(6 -BEifinvas added Bufii (1.6
Nil in hexanes, #6 mL) at -78 mijn., a solution of 1,2.-bis-RchlorodimothyOsilanyHethane

| -78'C.. After 30 1
(538 mg, 2.4 ISHURIN Q0 2itg WaY BAwady AHSrAsaHYY BITPHCE AL WAY added. After an
additional 30 minu¢lBesidElhsstiffy dvascadaeb Atk B drimidats dutionhoflaseto ofig sditedianmol) in TM; (2

mi.) was then agded diopiyisg, T06, [RRIHNG a%%‘%ﬁ%n‘é‘{gé %ﬁ%ﬁ@%@%ﬁ%@% i]%?ﬁ%?é c?frﬁ?ﬁ OAn‘?S:LC acid

(0.7 -mi.) was added ropwise to quench the reaction, followe

chloride. The 20viskifand &8/ E5krdeted vith hyichcatateh The iprgadi® ARFAstavés concentrated in
substituted amidines such as DBN and DBU. The product B may be isolated by

recrystallization and/or chromatography.
15
Compound B-1

20 Phenyl ethoxyalaninyl phosphorochloridate (124 mg, 0.42 mmol; prepared
according to McGuigan et al, J. Med. Chem. 1993, 36, 1048—1052) was added to a
mixture of Compound 3 (20 mg, 0.065 mmol) and N-methylimidazole (42 uL, 0.52
mmol} in anhydrous trimethyl phosphate (0.8 mL). The reaction mixture is stirred for

3 h at room temperature, and then methanol was added to quench the reaction. The

)
N

methanol solvent is removed under reduced pressure. The residue was purified by
reverse-phase HPLC and then by silica gel column chromatography (100% ethyl
acetate), affording compound B-1 (10 mg, 27%). *'P NMR (121.4 MHz, CDCl3): § -
3.42,3.77. MS =563.0 (M +H"), 561.0 (M - H).

30  Compound B-2



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 O F Bz
3b To a soltfbA’ ﬁf@gﬁﬁbound 3b (50 mg, 0.1 mmol) and TMSCT4 (67 (f 6'%2%{%%1% 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 Wlth\gﬁu ied over NasSO4, filtered and concentrated. The residue was
purified by RP-HPLC (acetonitrile w er;ic?'k\?lvg the desire 3e (28 g, 54%). MS =5161 (M 4

HI).
/@ HO T

5 o

B-2
About 3.1 mmol of 4-chlorophenyl 2-propyloxyalaninyl phosphorochloridate
(prepared according to McGuigan et al, J. Med. Chem. 1993, 36, 1048-1052) is added
to a mixture of about 0.5 mmol of Compound 3 and about 3.8 mmol of N-
10 methylimidazole in about 3 mL anhydrous trimethyl phosphate. The reaction mixture
is stirred for about one hour to 24 hours at room temperature and methanol is added to
quench the reaction. The methanol solvent is removed under reduced pressure. The

residue is purified by reverse-phase HPLC to give compound B-2.

15  Compound B-3

Compound B-3 was obtained by a similar procedure used for compound B-1.

20 P NMR (121.4 MHz, CDCl1): § -3.50, 3.76. MS =577.2 (M + H).

Compound B-4

121



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.ﬁand stirred at room temperature for 16 h. The mixture was concentrated and the residue
was purified by e ﬂpﬁoés@\}ater / nectonitrile), affording compound 3 (20 anC,TéB%%I."i"#?ﬂMR (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\,0,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

5
Compound B-4 was obtained by a similar procedure used for compound B-1.
*'P NMR (162 MHz, CD:0D): § 2.2. MS =633.4 (M + H").
Compound B-5
10

Compound B-5 was obtained by a similar procedure used for compound B-1.
P NMR (162 MHz, CDCl3): 6 4.15, 4.27. MS = 549.3 (M + H").
15 Compound B-6

B-6

Compound B-6 was obtained by a similar procedure used for compound B-1.

20 P NMR (162 MHz, CDCl): 8 3.50, 4.07. MS=613.1 (M + H").

Compound B-7



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 (zé”ﬁ%é?lff?%}?hﬂs 299.1 (M 23 Compound 5 Ha 5 Compoﬁﬁ%@ﬁo\]/\?g)éwé'%verted to
compound 5a by a procedure similar to conversion of |b 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. M8K; 283.2 (M H+). General procedure
for preparation of a nucleoside triph@sphate:.15To a pear-s flask (5-15 mL) is charged with a
nucleoside (-20 mg). Trim ethyl phosphéte (€ .S-QthaL) is d. The solution is cooled with ice-water
bath, POC13 (40-45 mg) is added and stifred 'ﬁ,‘ﬁ’blt untitthe readtion is complete (1 to 4 h; the reaction
progress is monitored by ion-exchange 'P@glytical_ les are prepared by taking --3 uL of the

reaction mixture and diluting it with 1.0 M 20 12t3NI12€D3 (80-50 tiL)). A solution of pyrophosphate-8L3N
(250 mg) antd Bu3N (90105 mg) in acetonitrite’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 quend&d with 1.0 M Et31\11-12C0O3 (-5 mt.). The resulting
mixture is stirred for additional 0.5-1 li 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 P8RS Bontambaagtd urynadsr eressived ivatsppeekid B-doncentrated to
dryness, and agaip dissolueskin Watek{rmdnblidNaF 03 30s5Qmg) dp adgerand concentrated to

dryness. The residue is dissolved in water and concentrated to dryness again. This 10process is repeated
2-5 times. The B&idue’f 1 stibjected to C-18 HPLC

Compound B-§

15
Compound B-8 was obtained by a similar procedure used for compound B-1,
using compound 5 as parent nucleoside. 1P NMR (162 MHz, CDCl): § 3.69, 4.39.
MS =588.1 (M+H").

20 Alternative procedure for preparaticn of a nucleoside prodrug (Method C):

N

0

@)
/_ WAH_'?'_O
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NO,
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C-1a



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
triethylammoniu‘%os@l{.l/%sﬁbmpound EPA Compound TP-1 was prep'é%ﬂjwltﬂ%‘%‘gheral 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 2I-C-ClI3). 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 3P-2 9 9 91RHa@lkekddnithen nk M2 NV tde Ok o fiReZide (2.5G0om0mnebTR-2 was prepared by

e g et PSS uTBTIR S RN O o e 1,
NMR (121.4 MH3, D22)l6-16qRifd), heferd dehkzyoladit@Il& 9.8 fiz)! 28 Mm@ JEEA (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 g, 13.8 mmolL,
10 1 equiv.) was added to the reaction mixture followed by addition of more TEA (3.8
mL, 13.8 mmoL, 1 equiv.) over five minutes. The reaction was allowed to warm up
and proceed for another two hours. The reaction was concentrated in vacuo and taken
up in diethyl ether (200 mL). The insoluble salts were filtered off and the filtrate
concentrated in vacuo. Flash column chromatography was carried out using 4/1 Hex /
15 EtOAc to furnish a clear oil as C-1a.
"H NMR (400 MHz, CDCl3): d 8.21 (s, 2 H), 7.41 — 7.20 (m, 7 H), 4.22 -4.05 (m, 3
H), 2.46 (s, 2 H), 1.99 (dd, /= 23.0, 20.1 Hz, 2 H), 1.68 (s, 1 H), 1.20 -1.05 {m, 8 H).
3P NMR (162 MHz, CDCly): d -2.79 (dd, J = 28.0, 4.2 Hz).
LC MS m/z 422.99 [M + H').
20
Compound C-1

Into a flask containing compound 3 (70 mg, 0.23 mmolL., 1 equiv.) was added
25 THF (1 mL, 0.2 M) and NMP (1 mL, 0.2 M) before cooling to 0 °C. -BuMgCl (560
pL, 2.5 equiv., IM THF) was added slowly and allowed to stir for 5 minutes before
the above phenolate C-1a (207 mg, 0.46 mmoL, 2 equiv. dissolved in 500 pL of THF)
was added. The reaction mixture was warmed to 50 °C. The reaction was monitored
by LCMS. Once the reaction was complete, the mixture was then concentrated in

30 vacuo, and the residue was purified by HPLC, affording Compound C-1.



19.8 Hz). 10 Compound TP-3 o(RIti? , OHOH OH , HO -F TP-3 Compound TP-3 was prepared
by the general method using Compound 5 as 15starting material. IHNMR (3 MHz, DZO? 67.73 (s, 1 H).
6.87 (d, 1H), 6.85%&" HE 8171 (d, J= 24.6 Hz, 111),(m, 411), 3.05 (m, NCHECHF PARYR. NCI-12013),
1.00 (c1"/ 22.8 112 311,21-C-013). 3IP NMR (121.4 MHz, D20): 6-8.] ((L./ - 22.1 Hz), -11,1 (d, J19.9 H2z),
-22.7 (t, - 23.0 IL). '911! INNIR (282 MHz, D20): 6 -155.6. MS - 520.9 (NI H

5 '"HNMR (400 MHz, CDCl3)d 7.87 (s, 1 H), 7.24 - 7.10 (m, 4 H), 7.03 (t, J = 7.2 Hz,
1H), 6.81 (d, J = 4.6 Hz, 1 H), 6.52 (d, /= 4.7 Hz, 1 H), 5.61 (s, 2H), 4.46 (dd, J =
24.0,11.4 Hz, 2 H), 4.33 — 4.14 (m, 2 H), 4.06 (dt, /= 7.2, 4.2 Hz, 2 H), 3.82 - 3.70
(m, 1 H),3.63 (1,J=10.6 Hz, 2 H), 1.98 (s, 1 H), 1.17 (dd, J = 14.8, 7.6 Hz, 3 H),
0.82 (dd, J=22.8, 6.8 Hz, 6 H).

10 *'P NMR (162 MHz, CDCl;): d 5.11.
"F NMR (376 MHz, CDCl3): d -152.28.
LCMS m/z 591.21 [M+H'].

15 C-2a
Compound C-2a was obtained in a procedure similar to that exemplified for
Compound C-1a but using the methionine ester.
'H NMR (400 MHz, CDCl3) d 8.19 (s, 2 H), 7.44 - 7.03 (m, 7 H), 4.11 (s, 2 H), 3.81
(d, J=44.5 Hz, TH), 2.04 (s, 3 H), 1.61 (s, 2 H), 1.21 (d, /= 6.1 Hz, 2 H), 1.01 - 0.65
200 (m,4H).
3'P NMR (162 MHz, CDCls) d -2.00 (d, J = 12.9 Hz).
LC MS m/z 455.03 [M + H'].

Compound C-2




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

R8
WO 2011/035231 PCT/US2010/049471

5 C-2
Compound C-2 was obtained in a procedure similar to that exemplified for

Compound C-1 using Compound 3 and C-2a.
"H NMR (400 MHz, CDCl3) d 7.96 (d, J = 15.8 Hz, 1H), 7.40 - 7.06 (m, 13H), 6.93
(d, /= 6.7 Hz, 1H), 6.70 (s, 1H), 5.98 (s, 1H), 4.54 (dd, J = 21.6, 11.7 Hz, 2H), 4.32

10 (d,J=12.0 Hz, 2H), 4.14 (dt..J = 13.0, 6.4 Hz, 4H), 2.44 (d, J = 7.5 Hz, 2H), 2.00 (d,
J=16.2 Hz, 5H), 1.89 (s, 2H), 1.35 — 1.13 (m, 7H).
*'P NMR (162 MHz, CDCly) d 4.12, 3.58.
'°F NMR (376 MHz, CDCl3) d -152.28 (s).
LC MS m/z 623.27 [M +H"].

15

C-3a
Compound C-3a was obtained in a procedure similar to that exemplified for
Compound C-1a but using a tryptophan ester.
20 'HNMR (400 MHz, CDCls) d 8.18 - 8.03 (1, 3 H), 7.29 — 7.08 (m, 8 H), 7.36 - 6.98
(m, 3H),441-4.11 (m, T H),4.15-3.95 (m 2 H), 3.68 - 3.80 (m, | H), 3.33 - 3.04
{(m, 2 H), 1.06 -1.17 (m, 3 H).
P NMR (162 MHz, CDCls) d -2.87, -2.99.
LC MS m/z 510.03 [M +H"].

Compound C-3

126
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Compound C-3 was obtained in a procedure similar to that exemplified for

Compound C-1 using Compound 3 and C-3a.

10 '"H NMR (400 MHz, CDCl3) d 8.27 (s, 1H), 7.84 (s, 1H), 7.47 (s, 1H), 7.36 — 6.77 (m,
11 H), 6.57 (s, 1 H), 4.40 - 3.96 (m, 6 H), 3.20 (s, 4 H), 2.60 (s, 1H), 1.30 ~ 1.04 (m,
6 H).
I'P NMR (162 MHz, CDCls) d 4.02, 3.75
"F NMR (376 MHz, CDCl3) d -152.13.

15 LCMSm/z678.32[M+H']

C-4a
Compound C-4a was obtained in a procedure similar to that exemplified for
20 Compound C-1a by substituting the phenylalanine ester.
'H NMR (400 MHz, CDCl3) d 8.15 (t, J = 8.7 Hz, 2H), 7.43 - 7.11 (m, 10 H), 7.04
(ddd,/=11.4,6.7,2.9 Hz, 2 H), 432 (ddd, /= 15.3, 11.3, 6.1 Hz, 4 H), 4.15-3.99
(m, 7H),3.74 (td, J=11.0, 5.0 Hz, 8§ H), 3.01 (d, J= 5.7 Hz, 2 H), 1.17 (td, J = 7.1,
5.2 Hz, 2 H).
25 *'P NMR (162 MHz, CDCly) d -2.97, -2.99.



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-

(ditsopropylamiPivo(ﬁqtyfﬁ-a%ethyl-propionylsuIIanyIf ethoxyll-phosphanyloxp §ngﬁ%?/}9/8§9tgrl (prepared
according to J. Med.. Chem., 1985 38, 103941.90 mg, 0.2 mmol) at O 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

gchwith 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

reaction. The organigslayeuwas;

prodrug A. Compound A-1 0 Ho A-1 NH2

10

15

20

Compound C-4

Compound C-4 was obtained in a procedure similar to that exemplified for
Compound C-1 using Compound 3 and C-4a.
"H NMR (400 MHz, CDCls) d 7.92 (d, J = 13.2 Hz, 1H), 7.46 — 6.97 (m, 17H), 6.91
(s, TH), 6.75 (s, 1H), 4.10 (dd, J = 29.6, 19.2 Hz, 8H), 2.97 (s, 3H), 1.32 - 1.05 (m,
7H).
3'P NMR (162 MHz, CDCl3) d 5.11.
“F NMR (376 MHz, CDCl3) d -152.34 (s).
LC MS m/z 639.24 [M + H'].

C-5a
Compound C-5a was obtained in a procedure similar to that exemplified for
Compound C-12a but using the proline ester.
"H NMR (400 MHz, CDCl;) d 8.20 (d, /= 7.8 Hz, 2 H), 7.45 — 7.08 (m, 7 H), 4.37
(td, /=8.0,38Hz, 2 H),4.17-3.98 (m, 2 H),3.61 —-3.34 (m, 2 H), 2.21 - [.77 (m, 3
H), 1.19 {td, /="T7.1, 3.8 Hz, 3 H).



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%,22?1’(336H’41-1), 3.13 (n, 4f-1), 1.24 (d, 3H), 1.22 (s, 9H),PETVEE Y1 751P NIVIR
(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

0i)(0"-R 0 ArO-PpGih MH BxRiH, 19838Pd 9o 3.96.
LC MS m/z 42098 [M+H"].

Compound C-5

10

Compound C-5 was obtained in a procedure similar to that exemplified for
Compound C-1 using Compound 3 and C-5a.
"H NMR (400 MHz, CDCl5) d 7.95 (d, /= 4.5 Hz, | H), 7.39 — 7.10 (in, 4 H), 6.92
15 (dd,/=16.0,4.6 Hz, 1 H), 6.69 (s, 1H), 6.03 (bs, 2 H), 4.46 — 4.36 (m, 1 H), 4.36 -
3.96 (m, 4 H), 3.37 (d, /= 58.9 Hz, 2 H}), 2.26 - 1.66 (m, 4 H), 1.39 - 1.12 (m, 8 H).
‘P NMR (162 MHz, CDCl5) d 3.47, 2.75.
""F NMR (376 MHz, CDCl;) d -152.36.
LC MS m/z 589.14 [M + H].
20

Compound C-6 was obtained in a procedure similar to that exemplified for

25  Compound C-1 using Compound 3 and the sulphone analog of C-1a.

129



R8 .X1/ Are, ilfX2------- N.O\V--N,..- 19cR7/,.----Nv i-i" Ft' .----0/.\ RR:4'7-122 The general procedure
comprises the reaction of an amino acid ester salt 19b,
19a in the presel@YF4ETEL two to ten 20equivalents of a suitable base to B HEBHEE3heramidate196.
Suitable bases include, hut arc not limited to, imidazoles, pyridines such as lutidinc and DMAP, WO

20111035231PCT/US20111/049471 5Stertiary amines such as triethylamine and DABCO" and substituted

anticlines such as

5

10

20

'H NMR (400 MHz, CDCl3) d 7.93 (s, 1 H), 7.89 (s, 1 H), 7.35 = 7.01 (m, 5 H), 6.93
(d./=2.8 Hz,, 1 H), 6.58 (d, J=2.8 Hz, 1H), 5.79 (bs, 2 H), 4.30 (s, 6 H), 4.1 (d, J
=7.0 Hz, 6H), 3.10 - 2.84 (m, 3 H), 2.75 (s, 3 H), 2.54 (s, 6 H), 1.31 -1.15 (im, 6 H).

3P NMR (162 MHz, CDCl3) d 3.39, 3.33.

"F NMR (376 MHz, CDCl3) d -152.40

LC MS m/z 655.24 [M + H'].

Compound 6

Compound 4 (about 0.04 mmol) and anhydrous MeOH (about 5 mL) is
treated with acetic acid (about 5 mL) and the reaction is stirred overnight at room
temperature. Saturated NaHCO; 1s added to neutralize the reaction mixture and the

crude material is purified using a HPLC system (acetonitrile-H,O) to give 6.

Compound 7

To a dry, argon purged round bottom flask (50 mL} is added compound 3b

(about .39 mmol) and anhydrous dichloromethane (about 10 ml.). The flask is

e.g., H(1.1 salt, with an aryl dichlorophosphate



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%W?§f3}/3?f8319e can be found in WO 2006/121820 that is hére ?ﬁ“&?{%@?ﬁed 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

DEU- The psodq%ﬁ&m bergsméxﬁ/@et;mé &wﬁtaiEza?gﬂmﬁlmﬁf&ohmat%gﬂa@?{b&ﬁ} Qor(npound B-I NH2
iNk11IN HN-P 0/ "CN %N.2.j 1 41 B-1 Pheny| elboxyalaninyl phosphorochlqriclate (124 mg, 0.42
tumuli prepared lgglc(l)}%/m%t{g é\%‘(\?ﬂlﬂggl@r af, aﬁdl%!e%' ?ﬁﬁéﬁw%gé?e@&l Kolit: g {vas added to a
m_ixture of Compbuutdl(s]ﬁm t&W@;Q@ﬁ)mnbﬁ)n_andl,.mmwmdmamtba@@dm. 082maieel) in anhydrous
wimethy phosphiaie, (0. &mil The.ieaciammixibig i3 iR felidh AIRRMJemRgTAIe. and then

methanol was added to querich the reaction.
room temperature to about 45 °C over about 4 h to about 4 d. A solution of pyridine

10 {(about 2 mL) in MeOH (about 10 mL) is added and the solvent is removed under
reduced pressure. The crude material is purified by chromatography and 1s treated
with ammonium hydroxide in mthanol for about 16 h at about room temperature. The

mixtue is concentrated and the residue is purified by HPLC to give 7.

15  Compound 8

NH. NH-»
\\ \N \N\7/\<
N S—~ Raney Ni N
HO F HO T
1d 8

Raney Ni (about 500 mg) is neutralized by washing with H,O, and added to a
20 solution of 1d (about 100 mg) in ethanol {about 10 ml). The mixture is then heated to
about 35 to about 80 °C until the reaction is complete. The catalyst is removed by
filtration and the solution is concentrated in vacuo. The mixture is concentrated and

the residue is purified by HPLC to give 8.

25  Compound 9
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25 methanol solvent is removed under reduced pressure. The residue was purified by reverse-phase
FIPLC and then by silica gzel column chromatography (100% ethyl acetate), affording compound 8-1 (10
mg, 27%). 3P NM&R21YP2¥Hz, cDCD): 3.42, 3.77. MS -= 563,0 114), 56 P8 PRI ¥dtiHound 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 reactiog 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-IPHE folie eBHPEE PP E Srhipdung B3 el BegUY) Wascompound B-3 was
obtained by a simddad ptcadi)re usSed far Toxmpoidnd Bed (0NN 2dd4 MG ICOTL3). 6 -3.50, 3.76. MS
=577.21M Comﬂgufjglqngf}&S equiv.). Th]é%élaﬁgignom%%l\'g “Nas4 z‘?llowed to stir for 5 hr before the
reaction was quenched with water. It was directly purified by HPLC to furnish the
10 monophosphate Compound 9.

LC MS m/z 387.95 [M + H™).

Compound 10

Into a flask containing Compound 9 (30 mg, 0.078 mmoL, 1 equiv.) was

added NMP (0.8 mL, 0.1 M) followed by addition of TEA (43 pL, 0.31 mmolL, 4
equiv.), tetrabutylammonium bromide (25 mg, 0.078 mmoL, | equiv.) before adding
chloromethylisopropyl carbonate (60 pL, 0.38 mmolL, 5 equiv.). The reaction

20 mixture was heated to 50 °C and allowed to stir overnight. It was purified directly by
HPLC, affording Compound 10.
"H NMR (400 MHz, CDCl3) d 7.98 (s, 1 H), 7.01 (d,J = 4.7 Hz, 1 H), 6.72 (d, /= 4.7
Mz, 1 H), 6.04 (bs, 2 H), 5.74 - 5.61 (m, 4 H), 4.91 (ddt, /= 12.6, 9.4, 6.3 Hz, 2 H),
4.64 —4.28 (m, 4 H), 1.37 - 1.19 (m, 15 H).

25  ¥'PNMR (162 MHz, CDCls) d -4.06.
"F NMR (376 MHz, CDCls) d -76.58, -151.95 TFA salt.
LC MS m/z 620.03[M +H"].

Compound 11



/ Ha..FI:B-4 5 Compound B-4 was obtained by a similar procedure used for compound B-1. 31P
NMR (162 MHz CDBODH)WGZ.Z. MS =633.4 (M +117). 10 Compound 8-5 NH2 o\H b HOF 11-5
Compound B-5 Wgé“&ﬂﬁ“ 24 by a similar procedure used for compound B-ﬁ?%&%%%‘i& MHz,
CDC13): 6 4.15, 4.27. MS = 549.3 (M + Fe). 15 Compound B-6

5
11
A solution of Compound B-2 in DMSO is treated with about 3 mole
equivalents of potassium #-butoxide for about 15 min to 24 hours. The reaction is
quenched with IN HCl and Compound 11 is isolated by reverse-phase HPLC.
10

Compound 12

NH,
1. TMSCN N\V’/\(
TMSOTf \ N
Bz0 N, _
_\( o -
2. NH; OH
Bzd F
12b

Compound 1b (about 1 mmol) is placed in a steel bomb reactor. The reactor

15 is charged with liquid ammonia (about 30 mL) and the mixture is stirred at about  to
50 °C for about 16 h. The ammonia is evaporated and the residue is purified to give

12a. A solution of 12a (about 100 mg) in ethanol (about 10 ml) is treated with Raney

Ni {about 500 mg) that 1s neutralized by washing with H,O. The mixture is then



NW\N O 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
WO 2011/035231 PCT/US2010/049471

5 heated to about 35 to about 80 °C until the reaction is complete. The catalyst is
removed by filtration and the solution is concentrated in vacuo. The mixture is
concentrated and the residue is purified by HPLC to give 12b. To a solution of
compound 12b (about 50 mg) and TMSCN (about 0.5 mmol) in acetonitrile (about
2.0 mL) at about 0 °C is added TMSOT{ (about 0.5 mmol). The reaction mixture is

10 stirred at room temperature for about 1 h, then at 65 °C for about 3 d. The reaction is
quenched with saturated NaHCOs5 at room temperature, and diluted with CH;CO,Et.
The organic phase was separated, washed with brine, dried over Na,SQOy, filtered and
concentrated. The residue is purified by RP-HPLC then dissolved in methanol (about
1 mL). Ammonium hydroxide (28% in water, about 0.8 mL} is added and the

15 mixture is stirred at about room temperature for 16 h. The mixture is concentrated

and the residue is purified by RP HPLC to give 12,

Compound 13

20 13
Compound 13 is prepared in the same manner as Compound 9 using

Compound 12 as a starting material.

Compound 14

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
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Compound B-7 was obtained by a similar procedure used for compound B-1, using compound 5 as

parent nucleoside. 31P N 5162 MHz, CDC13): 8 3.37, 3.97. 10 MS =538 1I(M -r). Compound B-8
0 HO A\HOE WO 2011/035231 CT/US2010/049471

5 about 24 hours. Compound 14 is isolated by conventional ion exchange and reverse-

phase HPLC.

Compound 15

10 15
A solution of about 0.4 mmol of Compound 14 in about 10 mL of DMF is
treated with about 0.8 mmol of DIPEA and about 0.8 mmol of chloromethyl isopropyl
carbonate (WO2007/027248). The reaction is heated to about 25 to about 80 °C for
about 15 min to about 24 hours. The solvent is removed under vacuum and the

15 residue is purified by HPLC to give Compound 15.

Compound 16
NHDMTr

16

20 Compound 3 (about 0.22 mmumol) is dissolved in anhydrous pyridine (about 2
mL} and chlorotrimethylsilane (about 0.17 mL) is added. The mixture is stirred at
about 0 to about 25 C for about one to about 24 hours. Additional
chlorotrimethylsilane {about 0.1 mL) is added and the reaction is stirred for about one
to about 24 hours. 4.4’-Dimethoxytrityl chloride (about 0.66 mmol) and DMAP

25 (about 0.11 to about 0.22 mmol) is sequentially added. The mixture is stirred for
about one to about 24 hours. A solution of TBAF (1.0 M, about 0.22 mL) in THF is

added and the reaction is stirred for about one to about 24 hours. The mixture is



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 SANLHEFShe prodrug, (Method C): := O HO NO2 C-1a W T/US2010/049471
2011/035231PCT/1S2010/049471 5Into a flask containing ethyl L-valine hydrochloride (2.5 g, 13.8 mmoL,
| 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 reactionsmixtuFeeNes Hive oINS Lha keagtionwasmaliawved-teRreceed feaanhour before
p-nitrophenol (1,9 2;, 13.8 mmolL, 101 equiv.lre) \év\?g added to_the reactjon mixture followed by addition of

more TEA (3.8 M 938 HimblS Fagtivy TOTHIRELPHH & AEEt SrP BB B ded to warm up arid
proceed for another two hours. The reaction was concentrated in vactio and taken up in diethyl ether
(20(2 inL). The '@59%8'& gql}s were filtered off and the filtrate concentrated in yang. Flash column
chromatography was carried out using 4/1 Hex / EtOAc to furnish a clear oil as C-la. NNIR (400 MHz,
CDCF): d 8.21 (s, 2 H), 7.41 --I"'?:2Q (in, 7 H), 4.22 -4.05 (n, 3 H), 24606872 H), 1.99 (dd, .1 = 23.0, 20.1
llz, 2 1-1), 1.68 (s, 1 H), 1.20 1.05%HL_3£P NN4R (162 Ch): d -2.79 (dd"l = 28.0, 4.2 Hz).
LC MS na/z 422.99 [M H']. CompounaC-l “o-p-o N
i \/O '
H .

I
Qs
-m

10 17
A mixture of about 1.25 mmol of Compound 16 and about 1.9 mmol of

triethylammonium 2-(2,2-dimethyl-3-(trityloxy)propanoylthio)ethyl phosphinate
{(W0O2008082601) 1s dissolved i anhydrous pyridine (about 19 mL). Pivaloyl
chloride {about 2.5 mmol) is added dropwise at about -30 to about 0 °C and the

15 solution is stirred at for about 30 min to about 24 hours. The reaction is diluted with
methylene chloride and is neutralized with agueous ammonium chloride (about
0.5M). The methylene chloride phase is evaporated and the residue is dried and is

purified by chromatography to give Compound 17.

20 Compound 18
Tro

18

To a solution of about 0.49 mmol of Compound 17 in anhydrous carbon
tetrachloride (about 5 mL) is added dropwise benzylamine (about 2.45 mimol). The
25 reaction mixture 1s stirred for about one to about 24 hours. The solvent is evaporated

and the residue is purified by chromatography to give Compound 18.
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NH2500 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 adde(\,{'V 94 Mog?%alallowed to stir for 5 minutes before the above ?éo@!?§76207 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,&"f’-‘lf’,“é‘.'@éQ('i',Jlo,G Hz, 2 H), 198 (s, | 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, (-IDB.1>Z;5.11. 11'F NMR (376 MHZNQZDClB): d -152.28. LET MS m/7
591.21 [Me HH.

20

10 ~ A solution of about 2 mmol of Compound 18 in methylene chloride (about 10
mL) is treated with an aqueous solution of triftuoroacetic acid (90%, about 10 mL).
The reaction mixture is stirred at about 25 to about 60 "C for about one to about 24
hours. The reaction mixture is diluted with ethanol, the volatiles are evaporated and

the residue is purified by chromatography to give Compound 20.

15
Compound 21
~ {
0] B NWJ\
e s T
O HN“F')‘_O O N\N_pk
0 NH,
v s
21
20 About 90 mM Compound 2 in THF is cooled to about -78 °C and about 2.2 to

about 5 equivalents of #-butylmagneisum chloride {about 1 M in THF} is added. The
mixture is warmed to about 0°C for about 30 min and is again cooled to about -78 °C.
A solution of (25)-2-{[chloro(1-phenoxy)phosphoryl]amino} propyl pivaloate
(WO2008085508) (1 M in THEF, about 2 equivalents) is added dropwise. The cooling
25  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



\s 0 (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§4OO MHz. C13) d

8.19 (s, 27.44- PEHH/F%Y 4.11 (s, 2 H), 3.81 - 44.5 Hz, 11-1), 2.0 (BN 8Y 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:!, 10 H 6 --CZ-1/-- N

5  dried and evaporated and the residue purified by chromatography to give Compound

21.

Compound 22

' 0
10 ©_/
Compound 22a was obtained in a procedure similar to that for preparation of
C-1a.
'"H NMR (400 MHz, CDCl) d 8.11 (d,J=9.0 Hz, 2 H), 8.02 (s, 1 H), 7.48 (t, J=7.5
15 Hz,2H),7.42-7.25 (m, 4 H), 7.21 (dt, J= 14.9, 5.5 Hz, 2 H), 7.08 (t, J= 7.3 Hz, 2
H), 5.17-5.03 (m, 2 H), 4.99 (dd, J = 16.5, 9.7 Hz, 2 H), 3.44 (s, 1H), 3.35-3.21
(m, 2 H), 3.19(d, /= 9.2 Hz, 1H), 3.00 - 2.80 (mn, 2 H).
3P NMR (162 MHz, CDCl;) d 4.27.

LC MS m/z 452.09 [M + H'].
20

22b
Compound 22b was obtained in a procedure similar to that for preparation of
C-1 using Compound 3 and 22a.
25  'HNMR (400 MHz, CD;0D)d 7.76 (d, J= 6.3 Hz, 1H), 7.38 (t, J=8.2 Hz, 1 H),
7.27~7.12 (m,4 H), 706 - 6.81 (m, 3 H), 6.74 (dd, /= 4.6, 3.5 Hz, 1 H), 4.95-4.79

138



H\o- v,/ WO 2011/035231PCTIUS2010/049471 5C-2 Compound C-2 was obtained in a procedure
similar to that exemPIified for Compound C-1 using Compound 3 and C-2a.  NMR (400 MHz, CDC1-31 d

7.96 (d, 1- 15.8 W9

HA4Srio--

7.06 (m, 13H), 6.93 (d, J- 6.7 Hz, 11-4), 6.70°E 1845 (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 & progedyre siilar 49 thauexemphfigd forCompeune:(-tajut ygingatiyptophan ester.

20'FINMR (400 MHz, CDC:13) d 8.18 - 8.03

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 - 3:958h-57HY" 5.68 %80 () 1{%‘343?3‘.‘0'22@%, ‘H), .06-1.17 (m, 3 41). 313 N MR (162

MHz, CDC13) d*'2 8¥|R2199.MHz, CDsOD) d 10.76, 10.71.
LC MS m/z 620.05 [M + H"].

10

HO
Compound 22

Into a flask containing the 22b (50 mg, 0.08 mmolL, 1 equiv.} was added
15 ethanol (4 mL) followed by Pd(OH), ( 56 mg, 0.08 mmolL, 1 equiv.) and ammonium

formate (42 mg, .64 mmoL, § equiv.). The reaction was heated to 80 °C for about an

hour. The solid was filtered off and the material purified by HPLC.

"H NMR (400 MHz, DMSO-dg) d 10.72 (s, 1H), 7.91 (s, 1 H), 7.95 - 7.89 (bs, 2 H),

7.41(d,J="7.7Hz, 1 H), 7.26 (d,J=8.1 Hz, 1 H), 7.19 - 6.66 (n, 3 H), 4.20 - 3.75
20 (m, 3 H),2.99(dd,J=16.5, 9.6 Hz, 2 H), 2.89 — 2.70 (m, 2 H), 2.48 — 2.58 (m, 8§ H),

1.10(d, /=223 Hz, 3 H).

3P NMR (162 MHz, DMSO-d,) d 7.49.

""F NMR (376 MHz, DMSO-d) d -154.89.

LC MS m/z 53021 [M+H'].

Comipound 23



LC MS rn/z 510.03 [M Compound C-3 1 HN-0-HON 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) AW 3R, 7.84 (s, 1H), 7.47H), 7.36 - 6.77 (m, 11 H), 6.8 15119444 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 ?I?E' NAIR
(376 MHz. CDC13) d -152.13. 15 LC MS miz 678.32 LM HI. 0

10

20

25

1) POCl,, PO(OMe)s

2) KOH(aq), ACN

Compound 3 . Cbmpound 23

Compound 3 (250mg, 0.82mmol) was dissolved in PO(OMe); (5 mL, 0.16M)
and cooled to 0°C under argon. To this stirring solution was added POCI; (0.32 mL,
4.1 mmol) slowly dropwise, and the reaction mixture aliowed to wart to room
temperature for 16 h. The resulting solution was added dropwise to a rapidly stirring
solution of acetonitrile (400 mL) and 0.08M agueous KOH (300 mL). When addition
was complete, the reaction progress was checked by LCMS. When the reaction was
complete, solvents were removed under reduced pressure. The resulting solid residue
was dissolved in water and purified by HPLC to give 140mg of Compound 23 (yield
47%).
'H-NMR (400MHz; CD;0D) : d 8.15 (s, 1H), 7.40 (d, 1H; J = 4.8Hz), 7.09 (d, 1H; J
=4.8Hz), 4.64 (dd, IH; J = 24Hz, 7.2Hz), 4.50-4.36 (m, 3H), 1.32 (d, 3H; J=22Hz).
PF-NMR (376MHz; CD+0D) : d -153.11.
JP-NMR (162MHz; CD;0D) : d -2.20.
MS [M +H']=370.2.

Compound 24

1) DCM, PO({OMe),, DMF
oxalyl-Cl

P—5 % 2) IPA

Compound 23 Compound 24
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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 pheriylalanine ester. 11-1 NMR (400 MHz, CDC13) d 8.15 (t, 3=
8,7 Hz, 2H), 7.49 2213110 a), 7.04 (cidd";-—- 11.4. 6.7, 2.9 flz. 2 H), 4. 35 THRFEY4E 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 Gsiidon JEOUHEAS MHZN{e Dbl of )92 109t 13x3 Head111), 7.46-- 6.97 (in,
1 ooie o D ARG i e piinele 287 6 i, 432 10som i,
oxalyl-Cl (10 uL) followed by DMF (2 ull). The mixture was allowed to stir for 1 :
min before an aliqu(.wt was taken out and quenched in MeOH and then checked by
- LCMS for activation. Successive amounts of oxalyl-Cl (10 uL) and DMF (2 ul) were
10 added until activation was complete. At this point, a large volume of 2-propanol (5
mL) 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 HPLC
to give 5.5 mg of Compound 24 (vield 70%).
15 'H-NMR (400MHz; DMSO-d,) : d 8.26 (br, 1H), 8.15 (br, 1H), 7.97 (s, 1H), 7.00 (d,
1H; I =4.4Hz), 6.88 (d, 1H; J = 4.4Hz), 4.59-4.51 (m, 2H), 4.37-4.25 (m, 2H), 1.23
(d, 3H; J=22.8Hz).
PE_NMR (376MHz; CD;OD} : d -151.72.
F'P-NMR (162MHz; CD,0D) : d -5.69.
20 MSIM+H']=412.0.

Compound 25

1) DCM, PO(OMe)3, DMF
oxalyl-Cl

2yDCM, TE
o~ ) D’ (TEA
9! \
O\ P‘\ ~: ’/ -
HO O F 0O :
Compound 23 fe) Compound 25

Compound 25 was prepared from Compound 23 in a matter similar to that of
Compound 24 substituting the heptyl ester of alanine for 2-propanol (yield 5.3%).
'H-NMR (400MHz; CD;0D) : d7.91 (s, 1H), 6.98 (d, 1H; ] = 4.8Hz), 6.92 (d, 1H; ]
= 4.8Hz), 5.29 (dd, 1H; J = 24.4Hz, 8.8Hz), 4.66-4.60 (m, 2H), 4.48-4.40 (m, 1H),
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LC MS miz 639.24 [M Hi. 20" 0 O IN-P-\, P /-Na/ C-5a
procedure similar to that exemplified for Compound C-la but using the proline ester. 11118MR (400 MHz,
CDC13) d 8.20 \tP UHEUY 2 H.), 7.45-- 7.08 (in, 7 ff), 4.37 25(td, J= 8.0 P8 B2 Wi4 4 17 - 3.08 Om 2

lll. 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.

10

15

20

25

4.15-4.11(m, 3H), 3.92(dd, 1H; J = 9.6Hz, 7.2Hz), 1.67-1.64 (m, 3H), 1.40-1.27 (m,
15H), 0.91-0.87(m, 6H).

PF-NMR (376MHz; CD;0D) : d -151.46.

J'PNMR (162MHz; CD;0D) : d 7.36.

MS [M +H"=539.4.

Compound 26

Compound 26

Compound 26 is prepared from compound 22 in a matter similar to that for

preparation of compound 10.

Antiviral Activity

Another aspect of the invention relates to methods of inhibiting viral
infections, comprising the step of treating a sample or subject suspected of needing
such inhibition with a composition of the invention.

Within the context of the invention samples suspected of containing a virus
include natural or man-made materials such as living organisins; tissue or cell
cultures; biological samples such as biological material samples (blood, serum, urine,
cerebrospinal fluid, tears, sputum, saliva, tissue samples, and the like); laboratory
samples; food, water, or arr samples; bioproduct samples such as extracts of cells,
particularly recombinant cells synthesizing a desired glycoprotein; and the like.

Typically the sample will be suspected of containing an organism which induces a

Compound C-Sa was obtained in a



LC MS nalz 420.98 [M Compound C-5 NH2 9 0 -i \Hd C-5 Compound C-5 was obtained in a

procedure similar o that

lified for Compound C-1 using Compound 3 und C-Sa. TH MAR (400 MHz,

en
CDCI3) d 7.95 QOFUPHRL | 14), 7,39 - 7.10 (in, 411), 6.92 15 (di, 16.0, A6 Y721 W8 b9 (s, 1H), 6.03
(bs, 2 1), 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). 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 \

5

10

15

20

viral infection, frequently a pathogenic organism such as a tumor virus. Samples can
be contained m any medium including water and 01‘gam'bc solvent\water mixtures.
Samples include living organisms such as humans, and man made matertals such as
cell cultures.

If desired, the anti-virus activity of a compound of the invention after
application of the composition can be observed by any method including direct and
indirect methods of detecting such activity. Quantitative, qualitative, and
semiquantitative 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

are 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 Immunodetection assay

BHK21 or A549 cells are trypsinized, counted and diluted to 2x] 0° cells/mL
in Hams F-12 media (A549 cells) or RPMI-1640 media (BHK21 cells) supplemented
with 2% fetal bovine serum (FBS) and 1% penicillin/streptomyein. 2x10° cells are
dispensed in a clear 96-well tissue culture plates per well and palced at 37° C, 5%
CO, overnight, On the next day, the cells are infected with viruses at multiplicity of
infection (MOI) of 0.3 in the presence of varied concentrations of test compounds for
1 hour at 37° C and 5% CO, for another 48 hours. The cells are washed once with
PBS and fixed with cold methanol for 10 min. After washing twice with PBS, the
fixed cells are blocked with PBS containing 1% FBS and 0.05% Tween-20 for 1 hour
at room temperature. The primary antibody solution (4G2) is then added at a
concentration of 1:20 to 1:100 in PBS containing [% FBS and 0.05% Tween-20 for 3
lours. The cells are then washed three ttimes with PBS followed by one hour
mcubation with horseradish peroxidase(HRP)-conjugated anti-mouse IgG (Sigma,

1:2000 dilution). After washing three times with PBS, 50 microliters of 3,3°,5,5°-

143



0:0 N-P.- OH HC1, C-6 Compound C-6 was obtained in a procedure similar to that exeiiipli lied
for 25Compound C-11 using Compound 3 and the sal phone analog of C-la. 11-1 NMR (400 MHz,
CDC13) d 7.93 BX%Y/%8d! (s, 1 E), 7.35-- 7.01 (m, 5 H), 6.93 (d. 1= 2.8 HEEHWUWANEBEt4"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 HOO N CH3OH NH2 N

5 tetramethylbenzidine (TMB) substrate solution (Sigma) is added to each well for two
minutes. The reaction is stdppedﬂ 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 prbpidium iodide
for 5 min. The plate is read in a Tecan Safire™ reader (excitation 537 nm, emission
10 617 nm) for cell number quantification. Dose response curves are plotted from the
mean absorbance versus the log of the concentration of test compounds. The ECsg is
calculated by non-linear regression analysis. A positive control such as N-nonyl-

deoxynojirimycin may be used.
Cell-based Flavivirus cytopathic effect assay

15 For testing against West Nile virus or Japanese encephalitis virus, BHK21
cells are trypsinized and diluted to a concentration of 4 x 10° cells/mL in RPMI-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
10° cells/mL in DMEM media supplemented with 5% FBS and 1%

20 penicillin/streptomyein. A 50 microliter of cell suspension (2 x 10* cells) is dispensed
per well in a 96-well optical bottom PIT polymer-based plates (Nunc). Cells are
grown overnight in culture medium at 37° C, 5% CO,, and then infected with West
Nile virus (e.g. B956 strain} or Japanese encephalitis virus (e.g. Nakavama strain) at
MOI = 0.3, or with dengue virus (e.g. DEN-2 NGC strain) at MOIL = 1, in the presence

25  of different concentrations of test compounds. The plates containing the virus and the
compounds are further incubated at 37°C, 5% CO, for 72 hours. At the end of

™ reagent is added into each well.

incubation, 100 microliters of CellTiter-Glo
Contents are mixed for 2 minutes on an orbital shaker to induce cell lysis. The plates
are incubated at room temperature for 10 minutes to stabilize luminescent signal.

30 Lumnescence reading is recorded using a plate reader. A positive control such as N-

nonyl-deoxynojirimycin may be used.
Antiviral Activity in a Mouse Model of Dengue Infection.
Compounds are tested in vivo in a mouse model of dengue virus infection
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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 add¥8 {8"&trtAlize the reaction mixture and the crude materialplgT;%%ﬁ%0 fs%lg 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 addeq.fropmise. and-thes eactionds stirked.fin) akau 1ot AR (@boytd . 16 minol, 2.0 M in

toluene) is then added. After a few o ) _
: (B&K Universal Ltd, HI1, UK) are housed in individually ventilated cages. Mice are

mnjected intraperitoneally with 0.4 mL TSV01 dengue virus 2 suspension. Blood
sa.xnpléé are taken by retro orbital puncture under isoflurane anaesthesia. Blood
samples are collected in tubes containing sodium citrate to a final concentration of
10 0.4%, and immediately centrifuged for 3 minutes at 6000g to obtain plasma. Plasma
(20 microliters) is diluted in 780 microliters RPMI-1640 medium and snap frozen in
liquid nitrogen for plaque assay analysis. The rcma.ining plasma is reserved for
cytokine and NS1 protein level determination. Mice develop dengue viremia rising

over several days, peaking on day 3 post-infection.

15 For testing of antiviral activity, a compound of the invention is dissolved in
vehicle fluid, e.g. 10% ethanol, 30% PEG 300 and 60% DSW (5% dextrose in water;
or 6N HC1{1.5 eq):1N NaOH (pH adjusted to 3.5): 100 mM citrate buffer pH 3.5
(0.9% v/v:2.5% viv: 96.6% v/v). Thirty six 6-10 week old AG129 mice are divided
into six groups of six mice cach. All mice are infected with dengue virus as described

20 above (day (). Group | is dosed by oral gavage of 200 mL/mouse with 0.2 mg/kg of
a compound of the invention twice a day (once early in the morning and once late in
the afternoon) for three consecutive days starting on day 0 (first dose just before
dengue infection). Groups 2, 3 and 4 are dosed the same way with 1 mg/kg, 5 mg/kg
and 25 mg/kg of the compound, respectively. A positive control may be used, such as

25  (2R,3R4R,5R)-2-(2-amino-6-hydroxy-purin-9-y1)-5-hydroxymethyl-3-methyl-
tetrahydro-furan-3,4-diol, dosed by oral gavage of 200 microliters/mouse the same

way as the previous groups. A further group is treated with only vehicle fluid.

On day 3 post-infection approximately 100 microliter blood samples (anti-
coagulated with sodium citrate) are taken from the mice by retro-orbital puncture
30 under isoflurane anaesthesia. Plasma is obtained from each blood sample by
centrifogation and snap frozen in liquid nitrogen for plague assay analysis. The
collected plasma samples are analyzed by plague assay as described in Schul et a/.
Cytokines are also analysed as as described by Schul. NS1 protein levels are analysed

using a Platelia ™ kit (BioRad Laboratories). An anti-viral effect is indicated by a
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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 MeOH (about 10 mL) is
added and the SSRENIE & hoved under reduced pressure. The crude matél 'gﬁgﬁ%%?f‘ fﬂ)y
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 athapgl (aaut 10l IThesmigibrers therheaated 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 rgsidue is purified by HPLE to give 8. und. NH2 Q 1-10-P-0--\ 0 (5H1.CN No
E WO 2011/035231P@m|o§%{g%(él[§)ﬁil¥wremla & g)oulg 1%8%?(8 more typlcagy J?J%(BD
I

fold, most typically 20-30 fold, are obtained with 5-50 mg/kg bid dosages of the

compounds of the invention.

10 HCV ICs; Determination

Assay Protocol: Either wild type or S282T (Migliaccio, et al, J. Biol. Chem.

2003, 49164-49170; Klumpp, et al., J. Biol. Chem. 2006, 3793-3799) mutant
polymerase enzyme was used in this assay. NS5b polymerase assay (40 uL) was

15 assembled by adding 28 uL polymerase mixture (final concentration: 50 mM Tris-
HCl at pH 7.5, 10 mM KCL, 5 mM MgCl,, | mM DTT, 10 mM EDTA, 4 ng/uL of
RNA template, and 75 nM HCV A21 NS5b polymerase) to assay plates followed by 4
ul of compound dilution. The polymerase and compound were pre-incubated at 35
°C for 10 minute before the addition of 8 pL. of nucleotide substrate mixture (33P-o.-

20 labeled competing nucleotide at Ky and 0.5 mM of the remaining three nucleotides).
The assay plates were covered and incubated at 35 °C for 90 min. Reactions were then
filtered through 96-well DEAE-81 filter plates via vacuum. The filter plates were then
washed under vacuum with multiple volumes of 0.125 M NaHPO,, water, and ethanol
to remove unincorporated label. Plates were then counted on TopCount to assess the

25 level of product synthesis over background controls. The IC50 value is determined
using Prism fitting program.

Preferably, compounds described herein inhibited NS5b polymerase with an

IC50’s below 1000 M, more preferably below 100 M, and most preferably below 10
uM. For example, compound TP-1 has an ICs; of 0.15 uM against both wild type

30 HCV polymerase and the S282T mutant enzyme. Table Il below shows the activity
of TP-1 and TP-2 against both wild type and the S282T mutant enzyme compared to
the activities obtained with the triphosphate of 2’-methyl guanidine and the
triphosphate of (2R, 3R 4R, 5R)-2-(4-aminopyrrolo[1,2-f][ 1.2,4]triazin-7-y1}-3,4-
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59 Into a flask containing Compound 3 (120 mg, 0.39 inmoL, 1 equiv.) was added PO(0Tvie): (1.5
rnL, 0.25 M) and cooled to 0 "C. befi)re adding POC13 (125 pL, 1/37 mmolL, 3.5 e%uivg. The reaction
mixture was allowed1'58Fbr 5 hr before the reaction was guenched with \ﬁg{f‘gPSﬁ A 9fﬂllec:tly purified by
HPLC to furnish the 1 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, | equiv.) hirfarexaddingiehloramethylisepropyloarhonaie (60:Mon@:38 MmeL. 5 equiv.). The
reaction 20mixture was heated to 50. (1( lowed to stir gvernight, it was purified directly by HPLC,
affording Compgﬁlﬁ l‘f%QeSr\‘ﬁ'i\?l ef?)%‘gﬁ/l %@gﬁﬁéi}g‘)ﬁapﬂﬁ%ﬁrﬁw% {Fcizi“f'?y Lz, 1LI), 6.72 (1" = 4.7
Hz, 1 T-1), 6.04r(bds@iks §itda-25 I6anaxncdtbd) y 4@defddefiltyl@En #s83HZ 2 HYA/64 -- 4.28 (m, 4 14),
1.37 --- 119 (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].

10 Table I

8282T
Triphosphate WT IC50{uM) IC50(uM) | Note
from J. Bio.
Chem., 2003, 278,
0.1 20 49164

(200 fold shift)
0.15 0.15 (1 fold shift)

WO/2009/132135
0.525 | 1 (242 foid shift)
0.24 1.60 (7 fold shift)
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Compound 11 NH2NOHO 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‘ﬁ) R by reverse-phase IIPLC. Compound 12 |b1££¥é‘é§%8§?’m94”

0.034

()]

HCV ECs) Determination

Replicon cells were seeded in 96-well plates at a density of 8 x 10° cells per

10 well in 100 pL of culture medium, excluding Geneticin. Compound was serially
diluted in 100% DMSO and then added to the cells at a 1:200 dilution, achieving a
final concentration of 0.5% DMSOQ and a total volume of 200 pL. Plates were
incubated at 37°C for 3 days, after which culture medium was removed and cells were
Iysed in lysis buffer provided by Promega’s luctferase assay system. Following the

15 manufacturer’s instruction, 100 pL of luciferase substrate was added to the lysed cells
and luciferase activity was measured in a TopCount luminometer. Preferably,
compounds described herein have EC50’s below 1000 uM, more preferably below
100 uM, and most preferably below 10 uM. The activities of representative

compounds of Formula I are shown in the Table below.

20
Compound No. | ECsq, uM 7

A-] 23
B-1 1.4-4.3

| B-3 16-28
B-4 8.4-19
B-5 193555
B-6 T3.75-11.1

- B-7 63-73
B-8 35-60
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1212b Compound Ib (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 O to 50 IV for about 16 h. The ammonia
is evaporated a P Ye&dtle is purified to give 12a. A solution of 12a (aboﬂi:]i@ézm&{f‘fﬁ"ahanol (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 HRLE 0 g

mg) and TIvISCN (about 0.5 mnaol) in
0.5 minol) The reaction mixture is 10 st

cetonitrile (ahr

rred &t Toom te mﬁé)r'ét?ur

€42bT0o a solution of compound 12b (about 50
ut 10 int,) at about OC is added TIVISOTf (about

for about I. li, then at 65 t for about 3 d.

The reaction is quenched with saturated

Nal-[CO3 at room temp

h-hrine

erature, and diluted with (11-13CO2Et.

The organic phase was separated, washed-wit

T OTITTC

riad ovear
€1

fal
residue is purified by RP-11PLC then dissolvedfn methar?og' bo

Na2S04, filtered and concentrated. The
ut 1 mL). Ammonium hydroxide (28% in

water, about 0.8 ral) is added and the 1

Smixta¥é is stirred@4a&bo

YD LIPl ™ +

ut room temperature for 16 h. The

mixture is concentrated and the residue

IS pUIEi_%d by RP HRLEC

HO,nii\>-—-,( N 'CN

10

6.5-8

give 12. Compound 13 NNH2

31-45

39.4-40.3

40.3-70.5

9.7-10

A

1

-

The cytotoxicity of a compound of the invention can be determined using the

following general protocol.

Cytotoxicity Cell Culture Assay (Determination of CC50):

10

a metabolic substrate.

Assay protocol for determination of CC50:

The assay is based on the evaluation of cytotoxic effect of tested compounds using

1. Maintain MT-2 cells in RPMI-1640 medium supplemented with 5% fetal bovine

serum and antibiotics.

15

=

Distribute the cells into a 96-well plate (20,000 cell in 100 u! media per well) and

add various concentrations of the tested compound in triplicate (100 nl/well).

Include untreated control.

3. Incubate the cells for 5 days at 37 °C.

4. Prepare XTT solution (6 ml per assay plate) in dark at a concentration of 2mg/ml

in a phosphate-buffered saline pH 7.4. Heat the solution in a water-bath at 55°C

for 5 min. Add 50 pl of N-methylphenazonium methasulfate (5 pg/ml) per 6 ml of

XTT solution.
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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 48 f"ﬁ?félequivalents of DCC in pyridine and heating theTeHEEH ¥ el 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

5 5. Remove 100 pl media from each well on the assay plate and add 100 ul of the
XTT substrate solution per well, Incubate at 37 °C for 45 to 60 min in a CO»
incubator.

6. Add 20 pl of 2% Triton X-100 per well to stop the metabolic conversion of XTT.
7. Read the absorbance at 450 nm with subtracting off the background at 650 nm.
10 & 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.

All publications, patents, and patent documents cited herein above are
15  incorporated by reference herein, as though individually incorporated by reference.
The invention has been described with reference to various specific and preferred
embodiments and techniques. However, one skilled in the art will understand that
many variations and modifications may be made while remaining within the spirit and

scope of the invention,



01015 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 cblowfr]i%%he@imgg bout 0.17is added. The mixture is stirred at about O to about 25 C for about
one to about 24 hours. d itional ehforotrimethylsilane (about 0.1 mL) is added and the reaction is stirred
for about one to about 4 hou&cgrﬁéblameéhg%ymmhthoride (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 Formula I

or a pharmaceutically acceptable salt, thereof;

wherein:

R' is (C-Cg)alkyl, (C4-Cg)carbocyclylalkyl, (G-Cg)substituted alkyl, (&
Cg)alkenyl, (G-Cg)substituted alkenyl, (£Cg)alkynyl, (G-Cg)substituted alkynyl, or aryl(€
Cg)alkyl;

R?is halogen;

each R, R*, or R is independently H, ORN(R?), N3, CN, NG, S(O)R?,
halogen, (&Cg)alkyl, (C4-Cg)carbocyclylalkyl, (G-Cg)substituted alkyl, (&Cg)alkenyl, (G-
Cg)substituted alkenyl, (£Cg)alkynyl, (C-Cg)substituted alkynyl, or aryl(SCg)alkyl;

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

R%is H, OR, N(R)2, N3, CN, NG, S(O)R?, —C(=0)OR*, —-C(= O)NR'R™? —

S(O)R?, —S(O)R™, —S(O)(OR?), —S(O}(OR™), —SO-NR'R™, halogen, (&Cg)alkyl, (Cs-
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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 TrO- 0\ 0 -P-0- NHDMTr N
"ON 0 Ho-F1017

Cg)carbocyclylalkyl, (G-Cg)substituted alkyl, (&Cg)alkenyl, (G-Cg)substituted alkenyl, (&£
Cg)alkynyl, (G-Cg)substituted alkynyl, or aryl(f=Cg)alkyl;

each nis independently O, 1, or 2;

each Ris independently H, (GCg)alkyl, (C,-Cg)alkenyl, (G-Cg)alkynyl
aryl(Ci-Cg)alkyl, (C4-Cg)carbocyclylalkyl, -C(=O)R, —-C(=0)OR?, —C(=O)NR'R"?

C(=0)SR?, —S(O)R?, —S(O)R™, —S(O)(ORY), —S(O}(OR"Y, or —-SGNR"'R*?

R’ is H, —C(=0)R*, —-C(=0)OR*, —-C(=O)NR'R"?, —C(=0)SR?, —S(O)R*, —

S(ORR™, —S(0)(ORY), —S(0}(OR"), —SQNR"'R™, or

1 /
sz

each Y or Y is, independently, O, S, NRY(O)(R), N(OR),"N(O)(OR), or N—
NR2;

! and W, when taken together, are ¥€(R),)sY*;

or one of W or W? together with either Ror R is —Y*- and the other of Wor

W?is Formula la; or Wand W are each, independently, a group of the Formula la
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—r< _'_d=h<

wherein:



A mixture of about 1.25 mmoi of Compound 16 and shout .9 romol of triethylammonium
242,2-dimethy1-3-Orityloxylpropanoylthio)ethyl 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 resi is dri IS, pulif] ych ((e] 0,y 7.20
Compound 18 TrOm ﬁ/lLfrlg %“J@ %ﬁ%ﬁf&\#ﬁl@ 6 giamaﬁ S(ﬁ[@%&jf al\%gsﬁ%m@]@(%%%ompound
17 inan 0 o] r ide (about 5 rial) is added dropwise henzylamine (about 2.45 minot).
The 5regc¥ti3hlérsﬁi§%$é %@éfigll;%)g bout one to about 24 hours. The solvent is evaporated and the

residue is purified by CQ&%W%‘?Qﬁﬂeﬁﬁé%@é%%%f”g%r‘ﬁ&z‘?- Compound 20
M2is 0, 1 or 2;

each R is independently Ror the formula:

wherein:
Yl Ry Ry Yl
Ry
2 Y2 v2
Mla M2e Mle Mld
wherein:

each Mla, M1c, and M1d is independently O or 1;

M12cis 0,1, 2, 3,4,5,6,7,8,9, 10, 11 or 12;

each Ris independently H, F, CI, Br, I, OH, R, -C(3R, —C(=Y)OR, —
C(=YHYN(R)z, -N(R), < 'N(R)s, -SR, —=S(O)R, —-S(GR, —S(0)(OR), —S(QJOR), ~-OC(=Y)R, —
OC(=Y)OR, —OC(=Y¥)(N(R),), —SC(-¥)R, —=SC(=Y)OR, —SC(=¥)(N(R),), -N(R)C(=Y)R,
—N(R)C(=Y)OR, —=N(R)C(=Y)N(R)2, —SONR,, —CN, —N,, -NO, —OR, or W; or when taken
together, two Ron the same carbon atom form a carbocyclic ring tof 7 carbon atoms;

each R is independently H, {Csg) alkyl, (C-Csg) substituted alkyl, (€Cs)
alkenyl, (G-Cg) substituted alkenyl, ($2Cg) alkynyl, (G-Cs) substituted alkynyl, £Cyo aryl,
Cs-Cyo substituted aryl, £Cyo heterocyclyl, G-Cyo substituted heterocyclyl, arylalkyl or

substituted arylalkyl;
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, SHONH2 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 mivl Compound 2 irt THE is cooled to about -78C

and about 2.2 to W3is W or WP, W is R, —C(V)RY, —C(YHW?, —SQR’, or —SQW?>; and W is a

carbocycle or a heterocycle whereirt Windependently substituted with 0 to 3dRoups;

each X or X? is independently C-Ror N;

each Ris halogen, NRR', N(R™)OR™, NR"'NR"R', N3, NO, NG, CHO,
CN, —CH(=NR?), -CH=NNHR", -CH=N(OR"Y), -CH(OR"),, —-C(=O)NR'R*?, —
C(=S)NR'R¥2, —C(=0)OR?, (C,-Cg)alkyl, (C»-Cg)alkenyl, (G-Cg)alkynyl, (Cs-
Cg)carbocyclylalkyl, optionally substituted aryl, agtally substituted heteroaryl, —C(=O)}C
Cg)alkyl, —S(O)(C1-Cg)alkyl, aryl(C;-Cg)alkyl, OR™ or SR*;

each R or R is independently H, halogen, KR™ N(R)OR™, NR*NRMR'?,
N3, NO, NG, CHO, CN, —CH(=NR"), —-CH=NHNR"*, -CH=N(OR"?), —-CH(OR"),, —
C(=0)NR'R™Y, —C(=S)NR'R'?, —C(=0)0OR*, R", OR" or SR™;

each R or R is independently H, (ECg)alkyl, (C-Cg)alkenyl, (G-Cg)alkynyl,
(C4-Cg)carbocyclylalkyl, optionally substituted aryl, aptally substituted heteroaryl, —
C(=0)(C-Cg)alkyl, —S(O)(C1-Cg)alkyl or aryl(G-Cg)alkyl; or R* and R? taken together with a
nitrogen to which they are both attached form a 3 membered heterocyclic ring wherein any
one carbon atom of said heterocyclic ring can otily be replaced with —O—, —=S— or —\R

wherein each (ECg)alkyl, (C,-Cg)alkenyl, (G-Cg)alkynyl or aryl(G-Cs)alkyl of
each B R, R, R, R, R or R s, independently, optionally substituted with amenore
halo, hydroxy, CN, B N(R%), or OR; and wherein one or more of the non-terminal carbo

atoms of each said (€g)alkyl may be optionally replaced with —O—, —S—dIR®.

2. A compound according to claim 1 representeddoynkila I
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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 CoFﬁBB‘ﬂ}ﬁ(!lI 22a was obtained in a
procedure similar to that for preparation of C-la. NMR %00 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, 24.(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; A4 LH), 3.35-3.21 (m, 2 H), 3,19 (d,9.2 Hz,

R* F

wherein each Y and™s O; X! is CR® or N and X is CH; or a pharmaceutically

acceptable salt or ester thereof.

3. A compound according to claim 2 wherefhiRhalogen, NRR'?,

N(R*H)OR", NR™NR™R™, OR" or SR,

4, A compound according to claim 3 whereihi®RH, halogen, SR or

N RllRlZ.

5. A compound according to claim 4 wherefhiRH, OR, CN, methyl,

ethenyl, or ethynyl.
6. A compound according to claim 5 wherefhi&H.
7. A compound according to claim 5 wherefhi®RCN.
8. A compound according to claim 5 wherethifROR:.

9. A compound according to claim 8 represente&daynula Il
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LC MS mlz452.09 [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),
495-49 (in, 1l-1). 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].

Formula 11

R F

wherein R is methyl or ethynyl; or a pharmaceutically acebfe salt or ester

thereof.

10. A compound according to claim 8 wherefni$H or

11. A compound according to claim 10 wherelnidR

N
— (R7)o3
=
0
\ /D CHs
N
N OR.
0

12. A compound according to claim 8 wherefisRCH.

13. A compound that is



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, | equiv.) and ammonium formate (42 rag,
0.64 mmolL, 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),7.41id.]' 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) (1-154.857LC MS miz 530.21 [N,1 1-1-]. 25
N
SN

N

N\ /<
N_.,..--"‘
S,.p'""
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Compound 23 Compound 3 (250mg, 0.82mmol) was dissolved in PO(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 (yielgd47%). 111.-M4R (400MHz; (mom d
8.15 (s, 11-1), 7.40 (d, 11-1; J = 4.8112), 7.09 (d, 114, ¥.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 (376M¥K{z; C g -153.11. 31P-NMR (162M.97; CD301))
d -2.20. MS [NI Hi 370.2. Compound 24 140 WQOX011/p35231PET/US20 Oi/049471
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5A solution of Compound 23 (7mg" 0.02 mmol) in DCM (2 al) and PO(OMc)-, (I mi.) was prepared and
cooled to Ot. To this solution was added oxalyl-Cl (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 reactiorbwas complete, the solvents
were removed under reduced pressure, and the resulting crude material wagypurified by preperative HUE.
to give 5.5 mg of Compoungd 24 (yield 70%).,1511-1-NN4R (400} (¢4) : d 8.26 (hr. 1H.), 8.15 (br,
1H), 7.97 (s, 1H), 7.00 (d, IIE{ J 4.4H%, 6.88 (f, 11-1; J = 4.4HzN\4.59-4.51 ( -1), 4.37-4.25 (m, 211),
1.23 (d, 31-1; J=22.8Hg), - 374 G tP-NMR {162MHz; CD30D) : d
-5.69. 70 MS [M- 412.0. Cotjnpound 25 Compaynd. 25 waf prepaxed Compound 23 in a matter
3 lanine for2-propanol (yield 5.3%).
4.SHz), 6.92 (d,JN—Iﬁ?:SHz), 529 ((id, 11-1,
Co26i11035231PCT/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 | 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. Witfﬁtﬂ[the context of the invention
samples suspected of containing a virus include natural or man-magde thaterials such as living organisms;
tissue or cell 25cultures; biological samples such as bi rial 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 5Sviral 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, ﬁrﬁi man made materials such as cell
cultures. If desired, the anti-virus activity of a compound of the inve ior"after 10application of the

f irect methods of detecting such
ermining such activity are all

The antiviral activity of a compound of the nti n be me using standard screening protocols
that are known. For example, the antiviral adivity of é"egppound can be measured using the following
general protocols. Cell-based Flavivirus immynodefeetion assay 20BilK21 or A549 cells are trypsinized,
counted and diluted to 2x1 05 cells/mt. in Hgms F-12 media (A549 cells) or RPM:1-1640 media (BHK2 |
cells) supplemented with 2% fetal bovingggrum (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 infe¢tiin, (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 metha i
fixed cells are blocked with PBS containing 1% FBS a
The primary antibody solution (401%65 then added at a}80coyjcentratiop of 1:20 to 1:100 in PBS containing
1% PBS and 0.05% Tween-20 for 3 O
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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 wa&hed three times with PBS followed by incubation with propidium iodide for
5 min. The plate is read i ee ireTM reader (excitation 537 nm, emission 1(1617 nm) fhr cell
number quantification. Dosg respohse curves are plotted from the n absorl@@@z(,:e versus the log of the
concentration of test compounds,AeFiC50,1s calculated by nonjHinedg reLgdssion analysis. A positive
control such as Nmonvh deoxy ojirim%iﬁ.pgy be ysed. Gell-ba
15For testing against West Nile virus or Japa WV lls are trypsinized and
diluted to a concentration of 4 x LQ cel¥SID:IL in RPM1\1640/méetia su nted with 2% FBS and 1%
penicillin/streptomycin. For te gainst dengue virug. Hul/ Cells are trypsinized and diluted to a
concentration of 4 x 105 cellsk } EM media ngi‘)lemen?pd with 5% FBS and .1%
20penicillin/streptomycin. A 50~
96-well optical bottom PITpolymer-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 NGCxstrain) at MO1 r- 1, in the
presence of different congentratigns of tegf compounds. The plates aQntainirig the virus and the
compounds are further incubgted a 5% CO2 for 72 hours. incubation. 100 microliters
of Celffiter-Glomi reagent:?cgeqm&eﬁ&@tents are mixed @Wutes on an orbital shaker
to induce cell lysis. The plates are incubated at foom teyperaturgfior 10.minutes to stabilize luminescent

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 60Q0g to obtain plasma.
Plasma (20 microliters) is diluted in 780 microliters RPNII- 640 medium and snpzfrozen in liquid nitrogen
for plaque assay analysi§. The remairgng plasma is reserved for cyteking andNS1 protein level
determination. Mice deve ngue viremia rising over several days, peaking Or day 3 post-infection.
15For testing of antiviral activity yercompound of HheGnvetion js di
ethanol, 30% PEG 300 and 60%/ D5Vii (5% Héxttose in waer: ongA51HO \4#5¢0):IN NaOH (pH adjusted
to 3.5); 100 inNii citrate buffer p(l)-| 3.5 (0.9% v/iv.2,5% WV: 96. T\V)I.Qlirty six 6-10 week old AG129
mice are divided into six groups of six e.gaeh. AU mice gremis H‘V\Nh dengue virus as described
70above (day 0). Group | is dosed by ge of ZOQ{@./mouﬁe with 0.2 mg/kg of a compound of the
invention twice a day (once early in th ipg-and once late in the afternoon) for three consecutive
days starting on day O (first dose just b ® infection). Groups 2, 3 and 4 are dosed the same
way with 1 mg/kg, 5 trigikg and 25 mg/kg of jpound, respectively. A positive control may be used,
such as 25(2R,3R,4R,5R)-242-amino-6-hydr&&eplrin-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 wjth only vehicle fluid. On day 3 post-inféétien approximately 100
microliter blood sampl (anti-coa\gu\‘a_._tad—with sodium citrate) are ta rom thle mice by retro-orbital
puncture 0 5
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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 jgld, more typically 10-60 fold, most typically 20-30 fold, are obtained
with 5-50 mg/kg bid dosages of thg pounds of the invention. 10!ACV 11(150 Determination Assay
Protocol: Either wild type or S282 Aceio, et al, J. Blot C/a 2003, 49164-49170; Klumpp, et al., J.

t-ICl at pH 7.5, 10 mM KCL, 5'1n gdb, 1 mM DTT, 10mM EDTA, 4 ng(nt, ofﬁblﬁ template, and 75 nIM
HO/ 421 NS5b poi ymerase) to assay phtes followed by 4 tit of compqund dilufion. The polymerise and
compound were pre-incu‘ilqate at35'C. §

mixture (33P-a- 20 labeled co ting Fiucleotide at Km and 0.5 miyI of 5
The assay plates were covere%ated ht 36€- pactions werg then filtered through
96-well DEAE-81 filter plates vi&vacuum. {j;hell)l ter platex w der vacuum with multiple
volumes of 0.125 M NaliPO4, water, and ethan®l to removg uningorpQrated label. Plates were then
counted on TopCount to assess the 25level g Broduct synthesig.Qyer bagkground controls. The IC50

value is determined using Prism fitting/program. Prefeﬁably, c:‘ampounds described herein inhibited
NS55 polyinerase with an ICso's bel tiM, more%?eferably%elow 100 p1M, and most preferably
below 10 p.M. For example, compou has an ICsi) of 0.15 tiM against both wild type 301-ICY
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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 Cienetjcin. Compound was serially diluted in 100% DMSO0 and then
added to the cells at a 1:200 dilution, aé’ﬂagﬁng final concentration of 0.5% D5,4S0O and a total volume of

200 ttL. Plates were incubated at 37C. fof 3ays, after which culture medium was removed and cells
ﬁ/ ing the manufacturer's

were lysed in lysis buffer provided by Pkpmega's lueiferase assay system. Fo
instruction, 100 ;A oflucifergse substrate \as added to the lysed ce nd lugrferase activity was
measured in a TopCount luminometer. Eé?'eferably, compounds de§crib {n have EC50's below 1000
tth4., more preferably below 100 ti§f;ang most re]frably below 1Gti ities of representative
compounds of Formula | are shoih in the*fahlg4selow. X0 und No 0, trlV1 A-i

I 4
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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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aC-498-31C-524-28 C-6 11 10 6.5-8 31-45 39.4-40.3 40.3-70.59.7-10  The eytotoxicity of a
compound of the invention can he determined using he following general protocol. Cytotoxieity Cell
Culture Assay (Determination of CC50):

BzO
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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 N3 ylphenazonium methasulfate (5
i.ig/m1) per 6 ml of XI]' solution. WO 2011/035231PC1lI 010/049471 55. Remove 1001..11 media
from each well on the assay plate and add 100 fil of t solution per well. Incubate at 37 'C
for 45 to 60 'min in a CO, incubator. 6. Add 20 n1 of Tritorf X-100 pegwell to stop die metabolic
conversion of XTT. 7. Read th ith subtracting,off the background at 650 nna.
108, Plot the percentage absorbance reMtive 1@ untregfited com((;’lg_ilgj.rﬁgtimate the CC50 value as drug
concentration resulting in a 50% inhibition fgrowth. Constder the absorbance being directly
proportional to the cell growth. *""’CN
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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 | 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 §inyl, (C2-C8)substituted
alkynyl, or aryl(Cr C8)alkyl; |R2 is halogen; each R3, R4, orR&{s inddpendently H, OR’, N(Ra)2,
\ I-C8)substituted alkyl,
bstituted alkynyl, or

(C2-C8)alkenyl, (C2- C stituted,glkenyl, (C2-C8)alkynyl, (C2- ‘
aryl(Ci-C8)alkyl; or apy twg/of R3, R4 or R5 on adjasent£arbon®ato hen taken together are -
0(C0)0- or when taken together with the ring carhgn ato rich they are attached form a double

bond: R6 is H, OR, N(Ra)2,c]&|—3,—®, NO2, S(0) 20)0R11, -C(= 0)NR11R12, - S (O)R,
-S(0)2R11, -S(0)(0R11), -S(0)2(0R11), -SOMNRINR12, halogen, (C i-C8)alkyl, (C4- 151

C8)carbocyclylalkyl, (Ci-C8)substituted aIkyP(TZﬁCS)@T‘kenyl, (C-C8)substituted alkenyl, (C2- C8)alkynyl,
O

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

TrO
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each nis independently O, 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(=0)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, O, S, NR, +N(0)(R), N(OR), +N(0)(OR), 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 off8rof W1 or W2 is Formula la; or W1 and W2 are eachNﬁdependently a group of
the Formula la: Formula la whefein: each Y2 is independently,a bond; O, CRZ NR, +N(0)(R),
N(OR), +N(0)(OR), NNR2, S, 6)\QLe_a\Ch Y®is independently :M2is 0, 1 or 2; each 12
is independently RY or the formulg:
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wherein: wherein: each Mla, Mic, and Mid is independently O or 1; M12cis 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)0OR, -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)&lkynyl, (C2-C8) substituted
alkynyl, C6-C20 aryl, C6-C20 substituted aryl, C2-C20 h RO 2-C20 substituted heterocyclyl,

N3, NO, NO2, CHO, CN, -CH(=NR11), -8 -CH= I\NOR CH(OR11)2, -C(=0)NR11R12, -

C(=S)NR11R12,( 0)0R11, (Ci-C8)alkyl, (C fyl, (C2- CS)IE’II ynyl, (C4- C8)carbocyclylalkyl,

optionally substituted aryl, optionally substitited heroaryl -C(=0)(C1- C8)alkyl, -S(0)11(Ci-C8)alkyl,

aryl(Ci-C8)alkyl, OR11 or SR; each R9 or R1M epemdently H, halogen, NR11R12,N(R )OR11,

NR11NR 11R12, N3, NO, NO2, CHO, CN, &CH(= NI%}l) -CH=NHNR11, -CH=N(OR11), -CH(OR)2, -
o

Q NRll?Z N(R11)0R11, NR11INR11R12,
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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(Cﬁ-&IS)alkyl of each R1, R3, R4, R5,
R6, R11 or R12 is, independently, optionally substituted with one or ore halo, hydroxy, CN, N3, N(Ra)2
or ORa; and wherein one or more of the non-terminal ¢ atomg of each said (Ci-C8)alkyl may be
optionally replaced with -0-, -S- or -NR'. 2.A compoun§} accorging toNglaim 1 represented by Formula Il
Formula Il it4 wherein each Y and Y1 is 0; X1\ CRifor N and™2 is CH; or a pharmaceutically
acceptable salt or ester thereof. R compoun acc&lc{ihng to glaim 2 wherein R8 is halogen,
NR11R1z, N(R11)0OR11, NRIINR11R12, O or SAL. =A compound according to claim 3

HO

o
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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 Il 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 R7is Hor Wir W2 11. A
compound according to claim 10 wherein R7 is 12. A compound according to clairﬁﬁ wherein R1 is CH3.
13. A compound that is ’

O
N
= NH
Ho \ N\. -/I\
0 N NH,.
OH
oo T
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or a pharmaceutically acceptable salt or ester thereof. 14.A compound useful for the preparation of a
compound of Formula | selected from the group consisting of NO2 and
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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

antagoni tagoni f! W nin-angiotensi ndothelin antagonists, other anti-fibrotic
agents, n%ﬂtﬁc?eagré%ﬁﬂgﬁ éﬁtc?eéo dé |%#|b%ng%és %%m@ﬁé%@%?olymerase, non-nucleoside inhibitors of HCV
NS5B polymerase, HCV NS5A inhibitors, TLR-7 agonists, cyclophillin inhibitors, HCV IRES inhibitors,
pharmacokinetic enhangoers and B AmPader I st ffefaPatB I bIRa%S Formula |

selected from the group consisting of
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and

or salts or esters thereof.
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15. A pharmaceutical composition comprising adpeutically effective

amount of a compound of claim 1 and a pharmacdiytigeceptable carrier.

16. The pharmaceutical composition of claim 15Her comprising at least
one additional therapeutic agent selected frongtbap consisting of interferons, ribavirin or its
analogs, HCV NS3 protease inhibitors, NS5a inhibitalpha-glucosidase 1 inhibitors,
hepatoprotectants, mevalonate decarboxylase angagaantagonists of the renin-angiotensin
system, endothelin antagonists, other anti-fibragents, nucleoside or nucleotide inhibitors of
HCV NS5B polymerase, non-nucleoside inhibitors G@\HNS5B polymerase, HCV NS5A
inhibitors, TLR-7 agonists, cyclophillin inhibitarBlCV IRES inhibitors, pharmacokinetic

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