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| east three distinguishable genera including

pestivirusesfl aviviruses, and hepaciviruses (Calisher, et aL, J. Cen.
Viral ., 1893, 70, 37-43). Wile pestiviruses cause nmany econonically
i nportant ani mal di seases such as bovine viral diarrhea virus (BVDV),
cl assical swi ne fever virus (CSFV, hog chol era) and border disease of
sheep (BDV), their inportance in human di sease is 25l ess well
characterized (Mennig, V., et al., Adv. Vir. Res, 1992, 48, 53-98).
Fl ayi viruses are responsi ble for inportant hunman di seases such as
dengue fever and yell ow fever whil e hepaciviruses cause hepatitis C
virus infections in humans. Qther inportant viral infections caused
by the Fl@viviridae famly include West Nile virus (W) Janpanese
encephalitis virus (J } e Il d L [LUS, jin
virus, 30 Murray Valll?s{bma'rsl-[(i LY 6% %%hjﬁb§[ 3 (ﬁ$§Cth
henorrhagi ¢ fever virus and ZFQR ANTIMIRAJ TREAXLMENT ecti ons fromthe
Flaviviridae virus famly cause significant WO

2009/ 132135PCT/ US2009/ 041447 756. PF 5nortality, norbidity and
econonm ¢ | osses throughout the world. Therefore, there is a need to
devel op effective treatnents for Flaviviridae virus infections. The
hepatitis C virus (HCV) is the | eading cause of chronic |iver disease

15 FIELD OF THE INVENTION

The invention relates generally to compounds with antiviral activity, more
particularly nucleosides active against Flaviviridae infections and most particularly to

inhibitors of hepatitis C virus RNA-dependent RNA polymerase.
BACKGROUND OF THE INVENTION

20 Viruses comprising the Flaviviridae family comprise at least three distinquishable
genera including pestiviruses, flaviviruses, and hepaciviruses (Calisher, ef al., 1. Gen.
Virel., 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

25  less well characterized (Moennig, V., ef al.,, Adv. Vir. Res, 1992, 48, 53-98).
Flaviviruses are responsible for important human diseases such as dengue fever and
vellow fever while fiepaciviruses cause hepatitis C virus infections in humans. Other
important viral infections caused by the Flaviviridae family include West Nile virus
(WNV) Janpanese encephalitis virus (JEV), tick-borne encephalitis virus, Junjin virus,

30  Murray Valley encephalitis, St Louis enchaplitis, Omsk hemorrhagic fever virus and Zika

virus. Combined, infections from the Flaviviridae virus family cause significant



wor | dwi de (Boyer. N. et al. J. Hepatol. 32:98-112,62000) so a
significant focus of current antiviral research is directed toward
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Antiviral Chem stry & Chenotherapy, 11:2; 79-95 (2000).

15RNA- depend of , t he

targets for r%ﬁ‘; 5 “1%%%5?%“3%‘? ng@cﬁ&ﬁ@r?@Pgﬁ%W%‘?%‘%@e tbI*F|r§ N\s58
pol ynmer ase i stcal tbaiegﬁe}rbp §ffectiventbdatihénty r FlnvRatddy virdemfecGbasni cal trial s

( Sommadossi , 90121, A2 04/ 0006002 Al). These_enzymnes
have been extensr }fﬁft})epéﬂtésrér‘f’t‘%sr 1518“ A}‘F?éh“@l"é’é%’?é’ép gnic diver dseasect ur al
level, with seriend Bo?&sﬁ)@@alf mHe{:ﬂ&ngz bslllmzﬁ@(g%ﬁfa' ff?cQﬁt’}%uQ'oE AfrSent
(De CI ercq, E. (2001 .. Phannaco ercq, E.

(2001) J. Di Autivyal Eﬁsear@zs dzeogghtowmid lonmentaf geprgv@unr:thsafs oX858mante
i nportantin o] | i

t he Iabo?gt oraggﬁa&ﬁ i d;?g%g%{%ﬁsgﬁwﬂ D?gg&?%‘@(v% %%ér:ag cel ﬁ{bsgéggﬁ
assays and pﬂ@mrlcmm,(fmt &msmw%yeﬁm CCRy, etenht yied, (8. 2008, of,i1rati |y

terfer on- aMTETRSS B ReR Wi Ml TESEE K E4E5, Angk90: oAREy
chroni c HCV nﬂ:itemnusmevmmmnoda doarvhrmrtnaﬂammm&r}n&tcr@fnfo%;dpyer1@

reducing vir l.evel s, has significant toxicity, and is known t
i nduce anem g’; 9g&ﬁboc%rrbl nation of 1FN and ribavirin has been reported

to be effigctive i ANADEERRAGENR Mol er &8RS i1GRAH RsGrldREQ
J., et al. Drugs 2002, 62 507- gbbé’ el:r)ut( eslgit han rtlal%tt%he pa&?etsko

given this 36&@5@1?@mnfgwwg‘éﬂhﬁraﬁém agsaise fThe NSEB ipelynmatse inta target for

epat |11 5 C oo ARG BT Y B G MR GB2l 6585, wo

02/ 057287, V\@Qﬂ@@ﬁmn \K&@Ebﬂﬁﬂ@&,ﬂvmeﬁékl@m&%ﬂ.cham%ﬁ&i A8E105 and

W2008/ 14107 t tnents f.or nf.ect.i.ons have not
yet becone a@lé’?];ﬂ’%?d %’tpugg'ﬁl iﬁ%’f% g Wn&‘r?greg’?l%g %Ssaz’ﬁ Pl deityiPe sF1$5H8E oved

anti virapo Wﬁhﬁﬁﬁ&’(DBH&&PGT(ZOSZPD%beMEiﬁﬁwE’@ﬁ ‘18006 De Clercg, E. (2001)
wi t h _enhanced actjvity agai nst devél oprrent

h Ki
b HOV 1 o5 St 4ok VI har 3788 GBI GAAFBFE 4SS e smaaragt i dsatoning
fewer undesi paiu t@eﬁb@@uﬁ‘&f}ﬁﬂf %o@rﬂéﬁ epliendrdnefb&stoly zﬁldhﬁér% & e'dfn%})cﬁlﬂ es

vivo (De Francesco, R et al. (2003) Antiviral Resé€arch
urgent |y neetfelsveloning selhbasedressagand B*fechlh@al Aliolabeisteres

pyrrolo[1,2-f][1, &%ﬁ%l?'tﬂéb Qx%pngﬂr%ﬂﬁmalmélraljcg&l)&&hds, 1-1431451rnn? £ rlmn?domde

i mdazo[1,2-f][1,2 i azl ne

[1,2,4]t25 azmiahr[gglanﬁithixteﬂfaﬁm]mm (@)z(rm) e abeesad dirsied wseslent Bf chronic HCV
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(1996), 15( 11“‘?3“ 105498 hygans. Rigavigpeionss paeftertive in trguging gisgl BYA levels, has
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229-38; WO 2@%@3@7@&6%@6@&@@ beefiestive indpormpnagement of chronic hepaut:s c
(Scott, L. I, et al. Drugs 2002, 62, 507-356} but less than half the patients given this

30  treatment show a persistent benefit. Other patent applications disclosing the use of
nucleoside analogs to treat hepatitis C virus include WO 01/32153, WO 01/60315, WO
02/057425, WO 02/057287, WO 02/032920, WO 02/18404, WO 04/046331,
WO02008/089105 and WO2008/141079 but additional treatments for HCV infections

have not yet become available for patients. Therefore, drugs having improved antiviral



153(6), 839-842;J. Chem Soc. Perkin Trans. | 1999, 20, 2929-2936;
and J. Med. Chem 1986, 29(11), 2231-5. However, these conpounds have

not been dwggbgﬁggv%s useful for the treat ment of Hcv-gﬁﬁﬁﬂmo&ﬁuﬁh7

W)2008/ 0891 20081141079, discloses ribosides o
pyrrolo[1,2-f][1,2,4]triazine nucl eobases with antiviral, anti-I-1CY,
and anti RdRp act|V|ty 20 SUMMARY OF THE | NVENTI ON The instant

i nvention prdv$-8Bs conmpounds that inhibit viruses of the Flaviviridae
famly. The invention al so conprises conpounds that inhibit viral
nucleic acid 25 polyni erases, particularly HCV RNA-dependent RNA

pol yrmer asé ( RiRpharmaaikivetic propertieselithudobanded abiviy ageine doodlypmenasHCV

UG RCNA T TN N TR TR IRET
aspect, thi sahdeside® BEREHOY haAlEBfcdn CANPOE Pen&scd, @ BLU a(IZd)(B) A¥viral Research
2009/ 132135PCT/ US2009/ 041447 756. PF Re R7 OCH RS
58:1-16) are urgently needed.
Certain ribosides of the nucleobases pyrrolo[1,2-f][1,2,4}triazine, imidazo[1,5-
10 {][1,2,4]triazine, imidazo[1,2-f][1,2,4]tviazine, and [1,2 4ltriazolof4,3-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;
Heterocycles (1992), 34(3), 569-74; L. Chem. Soc. Perkin Trans. 11985, 3, 621-30; J
Chem. Soc. Perkin Trans. 1 1984, 2, 229-38; WO 2000056734; Organic Letzers (2001),
15 3(6), 839-842; J. Chem. Soc. Perkin Trans. I 1999, 20, 2929-2936; and J, Med. Chem.
1986, 29(11), 2231-5. However, these compounds have not been disclosed as useful for
the treatiment of HCV. Babu, Y. S., W02008/089105 and W0O2008/141079, discloses
ribosides of pyrrolo[1,2-f]f 1,2,4]triazine nucleobases with antiviral, anti-HCV, and antj-
RdRp activity.
20
SUMMARY OF THE INVENTION

The instant invention provides compounds that inhibit viruses of the Flaviviridae
family. The invention also comprises compounds that inhibit viral nucleic acid
25  polymerases, particularly HCV RNA-dependent RNA polymerase (RdRp), rather than
cellular nucleic acid polymerases. Therefore, the compounds of the instant invention are
useful for treating Flaviviridae infections in humans and other animals.

In one aspect, this invention provides a compound of Formula I:



5R4 R2 Fornmula | or a pharmaceutically acceptable salt, thereof;
wherein: each R, R2, R3, R4, or R5 is independently H OR
N(R6) 2, 1\ 1 , 10S(0) 0126, hal ogen, (G -C8)al kyl "
(C4-C8) cargvgc%n;?ggkyl , (CI -CB)substitutecl alkyl, (C?ZC-T& Z(g)lwélﬁlﬂ ,
(C2-C8)substituted al kenyl, (C2-C8)al kynyl, (C2-C8)substituted
al kynyl, or aryl (Cl-C8)alkyl; or any two R, R2, R3, R4, or
125 on adj acéf®PEarbon at oms when taken together are -0(CO0)0- or when
taken together with the ring carbon atons to which they are attached
15 form a doubl e bond; R6 is ore, N(Ra)2, N3, CN, NO2, S(0)R4,
-C(-0)1211, -C(=0)0R11, - C(=0)NRII R12, -C(=0)SRl1g2-8(0)R11,
-S(0)2R11, -S(0)(OR11), -S(0)2(0R11), -S2NRI1R12,
(C-C8)al kyl, (C4-cC8)carbocyclylalkyl, (G -
(C2-C8)al kenyl, (C2-C2)substituted al kenyl, X nyl ,
(C2-C8)substituted 20al kynyl ,Yor aryl (Cl- and either R1
or R2 when taken together arel- ach nlis independently O,
1, or 2; each le is indeps
(C2-C8) al kenyl , (C2-C8)al kynyl,
(C4-C8) carbocycl yl al kyl, -C(=
25C(=0)SRI I, -S(0)12.11, -S(0)2
- SO2NRI 1R12; R7 is H -9g=0) RTT,—¢(=0)OR11, -C(=0)NRI1R12,
-C(:O)SRlsL, -S(0)R11, - S(0)2R11, -£60)ELHDRLL), -S(0)2(0R11), -SO2NRI
"R12, or “WD 2009/ 132135PCT/ US2009/ 0414; 71561. PF

ormiula

R9
( , -C(=0)NRI 1R12, -
f) (RR11), -S(0)2(ORII), or

or a pharmaceutically acceptable salt, thercof}
wherein:

each R', R? R* RY, or R” is independently H, OR®, N(R®), N3, CN, NO,,

10 S(O),R%, halogen, (C;—Cs)alkyl, (C4—Cg)carbocyelylalkyl, (C)~Cy)substituted alkyl,
(Co—Cylalkenyl, (C;—Csg)substituted alkenyl, (Co—Cg)alkynyl, (C2~Cs)substituted alkynyl,
or aryl(C;-Cg)alkyl;

or any two R', Rz, R3, R* orR’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

15 form a double bond;

R® is OR?, N(R%3, N3, CN, NO3, $(O),R?, -C(=0)R ", -C(=0)OR"", -
C=OMNR''R™, -C(=0)SR", -S(O)R"), -S(0):R ", -S(O)(OR™), -S(0),(OR"Y,
~80,NR"'R"?, halogen, (Ci~Cy)alkyl, (C4—Cy)carbocyclylalkyl, (C,~Cs)substituted
alkyl, (Co—Cg)alkenyl, (Co—Cg)substituted alkenyl, (C»—Cs)alkynyl, (C;—Cs)substituted

20 alkynyl, or aryl{C;-Cg)alkyl or R® and either R' or R? when taken together are —
O(CO)O-;

each n is independently 0, 1, or 2;

each R” is independently H, (C,-Cyg)alkyl, (C;-Cs)alkenyl, {Ca-Cgalkynyl,
aryl(C,-Cgalkyl, (C4—Cs)earbocyelylalkyl, -C(=O)R"", -C(=0)OR", -C(=0)NR''R"?, -

25 C(=O)$R", -S(O)R", -S(O)R"", -S(O)OR), -S(0),(OR"), or ~SO,NR''R'Z;

R’ is H, -C(=O)R", -C(=0)OR"!, -C(=0)NR''R"?, -C(=0)SR"’, -S(O)R !, -
S(0)R", -S(O}ORMY, -S(O)(OR'Y), =SO,NR'R?, or



5w2 each Y or Y is, independently, 0, S, NR +N(0)(R, NOR,
+N(0) (OR), or N-NR; W and W2, when taken together, are

- Y3( C(RY) 2y3%350/1391350ne of W or W2 together with eit hg{cﬁ)@%\%@fmﬁ, i's

-Y3- and the other of W or W2 is Fornmula la; or W an are
each, independently, a group of the Formula la: Rx y2 Y1l iii y2 (
yl2 1 IR / M Fornula |a wherein: each Y2 is

i ndependent | ¥5&Pbond, 0, CR2, NR, N(0)(R, NOR), +N(0)(OR), 15
NNR2, S, S-S, S(0), or each Y/ is independently 0, S, or NR

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 —-Y3(C(Ry)2)3Y3-; or one of W' or W2
together with either R* or R* is —Y>- and the other of W' or W?is Formula Ta; or W' and

10 W are each, independently, a group of the Formula Ja:

M2
Formula ia
wherein:
each Y2 is independently a bond, O, CR,, NR, N(O)R), N(OR), *N(O)(OR)
15 N-NRy, S, §-5, $(0), or $(0)s;
each Y* is independently O, S, or NR;
M2is0,1o0r2;

each R* is independently R or the formula:

Y1 RY, RY Y‘]
RY
Y2 Y2 Y2
A M1d
e M12¢ Mic

20 wherein:
each M1a, Mlc, and M1d is independently 0 or 1;
Mi2¢cis0,1,2,3,4,5,6,7,8,9,10,11 or 12;



M is O, 1 or 2; each 12." is independently BY or the formula: Y RY

RY
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each R is independently H, F, C), Br, I, OH, R, -C(=Y )R, -C(=Y")OR, -

C(=Y Nz, -N(R)z, - 'N(R)s, -SR, -S(O)R, -S(O):R, -S(O)}(OR), -8(0)(OR), -
OC(=Y')R, -OC(=Y")OR, -OC(=Y")N(R}z), -SC(=Y")R, -SC(=Y")OR, -
SC=YH(N(R)2), -NR)CE=YHR, -NR)CE=YHOR, -NR)CEYINR),, ~SO2NRs, —CN,
~N3, -NOg, ~OR, 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 H, (C,-Cy) alkyl, (C,-Cs) substituted alkyl, (C,-
Cyalkenyl, (C2-Cs) substituted alkenyl, (Co-Cy) alkynyl, (C,-Cs) substituted alkynyl,
Cs—Cap aryl, Cs~Cyg substituted aryl, C;—Cyp heterocyelyl, Co—Caqg substituted
heterocyclyl, arylalkyl or substituted arylalkyl;

W?is W* or W%, W* is R, -C(Y)RY, -C(YYW’, -SO,R?, or -SO,W’; and W’ is a
carbocycle or a heterocycle wherein W is independently substituted with 0 to 3 RY
groups;

each X' or X? is independently C-R' or N;

each R® is halogen, NR''R'2, NR™MOR!, NR!'NR"'R '3, N;, NO, NO,, CHO,
CN, -CH(=NR""), -CH=NNHR"', -CH=N(OR""), -CH(OR'"),, -C(=0)NR''R 2,
-C(=S)NR''R", -C(=O)OR", (C}-Cr)alkyl, (Cy-Cg)alkenyl, (Co-Cs)alkynyl,
(C4—Cs)carbocyclylalkyl, optionally substituted aryl, optionally substituted heteroaryl, -
C(=O)(Cy-Cy)alkyl, -S(0),(C -Cg)alkyl, aryl(C;-Cg)alkyl, OR' or SR'';

each R? or R' is independently H, halogen, NR''R'2, N(R')YOR"', NR''NR''R"?,
N3, NO, NO,, CHO, CN, -CH(=NR'"), -CH=NHNR'!, -CH=N(OR!"), -CH(OR'"),,
-C(=O)NR''R", -C(=S)NR"'R", -C(=0)0R"", R", OR"! or SR!;

each R' or R is independently H, (C;~Cgalkyl, (Cs-Cg)alkenyl, (C2-Cy)alkynyl,
(C4—Cs)carbocyclylalkyl, optionally substituted aryl, optionally substituted heteroaryl, -
C(=OXCy-Cylalkyl, ~-S(O)n(C1-Cs)alkyl or aryl(C)-Cg)alkyl; or 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-, -8- or -NR*-;

wherein each (C-Cylalkyl, (Cz-Cg)alkenyl, (Co-Cg)alkynyl or aryl(C,-Cglalkyl of
cach R', Rz, R* RY, R® R6,R! or R¥? is, independently, optionally substituted with one
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or more halo, hydroxy, CN, N3, N(R"), or OR?; and wherein one or more of the non-
terminal carbon atoms of each said (C-Cg)alkyl may be optionally replaced with -O-, -8-
or —NR®-,

In another aspect, the present invention includes compounds of Formula I and
pharmaceutically acceptable salts thereof and all racemates, enantiomers, diastereomers,

tautomers, polymorphs, pseudopolymorphs and amorphous forms thereof.

In another aspect, the present invention provides novel compounds of Formula 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.

In another aspect, the invention provides a pharmaceutical composition
comprising an effective amount of a Formula I compound, or a pharmaceuticatly
acceptable salt thereof, in combination with a pharmaceutically acceptable diluent or
carrier.

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

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

b) a second pharmaceutical composition comprising at least one additional
therapeutic agent selected from the group consisting of interferons, ribavirin analogs,
NS3 protease inhibitors, NS5a inhibitors, alpha-glucosidase 1 inhibitors, cyclophilin
inhibitors, hepatoprotectants, non-nucleoside inhibitors of HCV, and other drugs for
treating HCV,

In another embodiment, the present application provides for a method of
inhibiting HCV polymerase, comprising contacting a cell infected with HCV with an
effective amount of a compound of Formula I; or a pharmaceutically acceptable salts,
solvate, and/or ester thereof.

In another embodiment, the present application provides for a method of

inhibiting HCV polymerase, comprising contacting a cell infected with HCV with an
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solvate, and/or ester thereof; and at least one additional therapeutic agent.

In another embodiment, the present application provides for a method of treating
and/or preventing a disease caused by a viral infection wherein the viral infection is
caused by a virus selected from the group consisting of dengue virus, yellow fever virus,
West Nile virus, Japanese encephalitis virus, tick-borne encephalitis virus, Funjin virus,
Murray Valley encephalitis virus, St Louis encephalitis virus, Omsk hemorrhagic fever
virus, bovine viral disarrhea virus, Zika virus and Hepatitis C virus; by administering to a
subject in need thereof a therapeutically cffective amount of a compound of Formula 1,
or a pharmaceutically acceptable salt thereof.

In another embodiment, the present application provides for a method of treatin g
HCV in a patient, comprising administering to said patient a therapeutically effective
amount of a compound of Formula I or a pharmaceutically acceptable salt, solvate,
and/or ester thereof.

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 I; or a pharmaceutically acceptable salt, solvate,
and/or ester thereof; and at least one additional therapeutic agent.

Another aspect of the invention provides a method for the treatment or prevention
of the symptoms or effects of an HCV infection in an infected animal which comprises
administering to, i.e. treating, said animal with a pharmaceutical combination
composition or formulation comprising an effective amount of a Formula I compound,
and a second compound having anti-HCV properties.

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

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,

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



ML a 20wherein: each Ma, Mc, and M d is independently 0 or 1,
M2c is O, 1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11 or 12; WO

2009/ 13213%PCUHXiS2689/ 041447 756. PF 5each RY is i ndepermmnisz2yooioliisks
a, Br, I, OH R -CY1)R -C(YI)OR - C(=Y1)N(R) 2, -N(R 2, -4N(R) 3,
-SR, -S(0)R, -S(0)2R, -S(0)(0R), -S(0)2(0R), - OC(=Y1)R, -0C(=Y1l)OR
-0C(=YD) (N(R)2), -SC(=Y1)R, -SC(=Y1)OR, - SC(=Y1)(N(R 2),

-N(R) ( Yl)R756RER)C( =Y1)OR, -N(R)C(=Y1)N(R)2, -SO2NR2, -ON, -N3,
-NO2, -OR, or WB; or when taken together, two RY on the sane carbon
atom forma 10carbocyclic ring of 3 to 7 carbon atons; each R
i s i ndepefideptdvitiet, (Cl-Cs) al kyl, (Cl-Cs) substituted al kyl, (C2-
C8) al kenyl, (02-08) substituted al kenyl, (02-C8) al kynyl, (02-Cs)
substituted al kynyl, Q-Cl) aryl, C6-020 substituted aryl, C2-C20
heterocyclyl, C2-C20 substituted heterocyclyl, arylalkyl or

substituted aryl al RETAILEMDESCREPDIONBF BREVEPIRRY ENBOBMENEYL) V6,
- SQ2RY, or -S02Wh; and Wb is a carbocycle or a heterocycle wherein

W is independently substituted with O to 3 RY groups; each X1 or X2
is independently CGRLl or N,

Reference will now be made in detail to certain embodiments of the invention,
10 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 equivalents, which may be included within the scope of the present
15  invention.

In another aspect, compounds of Fonnula I are represented by Formula 11;

Formula II

or a pharmaceutically acceptable salt, thereof:
20 wherein:
each R’, R%, R*, R*, or R is independently H, OR?, N(R%), N1, CN, NOs,
S(0).R", halogen, (C,~Cg)alkyl, (Cs—Cs)carbocyclylalkyl, (C-Cg)substituted alkyl,
(C2—Cslalkenyl, (Co~Cg)substituted atkenyl, (C2—Cglalkynyl, (Co—Cs)substituted alkynyl,
or aryl{C;-Cg)alkyl;



each R8 is halogen, NWM1212, N(R11)OR11, NRIINR11R12, N3, NO, N2,
CHO, 20 CN, -CH(=NR11), -CH=ENNHR11, -CH=EN(OR11), -CH(OR)1)2,

- Q(=0) NRI I \02000716839) NR111112, - C(r-0)OR11, (C -Cs)al k- ﬁdT{Uszoowonu'f
(C2-Cs) al kenyl, (C2-Cs)al kynyl, (C4-Cs)carbocyclylal kyl, optionally
substituted aryl, optionally substituted heteroaryl, -

C(=0)(C - Cs)al kélé -S(0)0(Cl-C8)al kyl, aryl (G -Cs)al kyl, OR11l or
SR11; h RO or RL(1 is independently H, hal ogen, NR11R12,
N(R11) OR11, NRllNR R12, 25 N3, NO, N2, CHO CN, -CH(=NR11),
_CHENHNRL1, - CHEN( OR11), - CH(ORL1) 2, - C(=0) NRL1R12, - C(=S)NRL1R12,
-C(=0)0R1i, R', OR'angtwSR',;R* R’ R’ @& on Rijacsnt RiRorn eﬁoﬂtﬂd&ﬂﬂﬂﬁﬁﬂbﬁ%dﬁﬂrc
(G -Cs)al kyl,

(9, )k olTiERl Shisiy @%%W bRy birbon apgy o vith BRupegtiached
substituted hﬁﬁj&{d@ﬁbljﬂbgnc} C( =0) (A -GCs)allcyl, -S(0)(C -Cs)al kyl or

aryl (C, -Cs) al kyl ; pr R11 a R12 taken to ether 30,with a njtrogen to
whi ch they are boRhs&R a](\}%b No Gl &G, @R ke ¢ ﬁéf@ﬂ?cycl ic ring
wher ei n any n fi1 the y C| n tihonal |y
be repl aced \%fltét%)?@(‘g@ @g R sﬁlbﬁm%@% egg?((?%g §@2 (9@1“)

(C2- Cs) aﬂ&enyBOaNEéﬁR[ésbakigcw@i (Ewalleyl )(C@@s)c@&oaydiylhlkg]f (e,acgl )sa%muuﬁzutyé
R3, R4, R5, ent opt i ona substitute
W th one V\d@os@ﬂtwéépésae% o1 Blrenih AC 7t e 4
hydroxy, CN, oN3yl(\(Eaiky¥r R@and amér wher b G/h@ﬁ‘%k&f togaﬁ& b

non-term nal carbon atonms of each said (CE C8 may be opt| onal |y
repl aced with -0-¢ach sigpdependently 0) h opdiot her aspect t he present

i nvention includeg }gﬁngth& gn&f, 1@2@% allksﬂrt@ el fken Qtt 1E i,

acceptable salts {hereof a

di ast er edfrer &yI(EGCt)alktfbﬂ@t—Qs)cmb%mM@m, QO%G)ldeGHOIOJRthC(am@VR”RI*

anor phous forms thereg not hey, &ect the presep

i nvention pr&{iQie’ mﬁf@? wﬁﬁ@eﬁﬁdssﬂ?)(%rhﬁ )1(0%”13*91’61‘@9&33&? agai nst
i nfectious Flaviw?Y sesg ou 2t au

t heory, thc corrp\c/)ittmlélgag?&bplg |n M((?lgn o qu E(J@SF %?OW

RNA- dependenS(Omed’ ,pﬁﬂq&f@RHEeS(@jﬂORHQLS—S&NRb’M phe replication of the
virus. They are useful for treating 15 hu patients infected with a
human virus such as hepatitis C I n @not her aspect, the

i nvention provides a phannaceutical conposipiongconprising an

ef fective amount of a Fornmula | conpowvid, or a éhar maceutical ly
acceptabl e salt thereof; in conbination w&gh a pharmaceutically
acceptabl e diluent or carrier. 20ln anoth enbodi nent, the present
appl i cat4@n provi f h@nmc In : i Sing:
a) a fi rs(? phar na%gﬁﬁ"g;‘? qgt%géﬁ tlghec%rr%g |§R§§ﬁ§ @%A@W)’&
Formul a |; oN-ldRpharmaceutically acceptable salt, solvate, or ester

t her eof ; and secq phar maceu ositi o gonpr,i si ng
at |easi one addiVi @iﬁgwaiﬁhe"ttﬂﬁ'é‘tgg@ﬁt’ém é}?f?&s)él ct PP Wtoﬁ 2gr oup
consi sting ofgdtRdrafifhei@BSR’ driAfayiyi. an@itebR@sof WE3r B AURASEIa Ia; or W' and
i nhibitors, N35a inhibjtors, alpha-glucosidase 1 inhibitors,

cycl ophi Ii n Vnarespete indepsndenthin pistsua of tisFermuaia: nucl eosi de i nhi bitors
of HCV, and other drugs for treating HCV.

! \
R* YZ_” Y2

25 Mz
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I n anot her enbodi nent, the present application provides for a nethod
of 30 inhibiting HCV pol ynerase, conprising contacting a cell

i nfected wylohotda¥2mst h an effective anount of a conpoungafsfwefila
1; or a pharmaceutically acceptable salts, solvate, and/or ester
thereof. I n another enbodi nent, the present application provides for
a met hod of inhibiting HCV pol ytnerase, conprising contacting a cell
infected wi t W36 F with an WO 2009/ 132135PCT/ US2009/ 041447 756. PF

5effective anount of a conpound of Fornmula |I; or a pharmaceutically
acceptabl e salts, solvate, and/or ester thereof; and at |east one
addi ti onak therapeutic agent. | n gReLbgm, enbodi ment, the

present application provides for a nethod of treating and/or
preventing a di se¥8@eiBaused by a viral infection wherein the viral
infection is caus - & Y] I LS of
dengue virus, yel o{}vky?é%g?ép\%#%&g? a%g{jlég)t Eﬁﬁ@ﬁﬁ(@é&?%@qm&{&)
encephal i ti s NANR4SS, S=SckMoorrséOpnNcephal iti s virus, Junjin virus,
Murray Val |l ey ence@Fgﬁi.tJ virus, St Laquis encephalitis virus, QOrsk
henor r hagi ¢ fever *§t ru& ™ WP‘EFé‘ﬂ\V/ﬂé org¥®ar rhea virus, Zika virus and
Hepatiti gpC viruspphypadgioni stering to a subject in need thereof a
therapeutically effective amount of a conpound of Fornmula 1, or a
phar maceuti cal | y sk 8ptsdpdeperdently RhertboformuBt n anot her enbodi nent,
the present application provides for a gethod of treating HCV in a
patient, conprising adm'\m' steri
effective anount of ja c oun
acceptabl e salt, soljvat and/ o

patient, conpri si !ngo tignt a theM:apeqmd:al |y
effective anount of a conpound, of Formu h C or mjpharmaceutically
acceptabl e salt, sol vate, and'® ester thereof; and at |east one
addi ti onal ther ap‘gw‘.giﬁ. agent . Anot her aspect of the invention
provides a nmethod for the treatnent or prevention of the synptons or
ef fects of an HCacinMdet Mon and Ml ik ifdepdndehtlyri erdl, whi ch conpri ses

ggﬁgimngi i?%ﬁri ng t19[’12cii's%; 1’tzr’ g:aiiszlg’,?’ §ad(iloaﬂ|0r;rallz, wi th a pharnmaceuti cal
each R” is independently H, F, Cl, Br, I, OH, R, -C(=Y")R, -C(=Y")OR, -
CEYINR)z, N(R)z, - N(R)s, -SR, -S(O)R, -S(O):R, -S(O)(OR), -S(O)(ORY), -
OC(=Y")R, -OC(=Y")OR, -OC(=Y'YN(R)), -SC(=Y")R, -SC(=Y")OR, -
SC=YHYINRY), -NRIC(=YR, -NR)C(=YHOR, -NR)C(=Y IN(R)z, ~SO;NR4, —CN,
20 ~N;,-NO,, —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, (C;-Cy) alkyl, (C;-Cs) substituted alkyl, (C,-
Cs)alkenyl, (C,-Cs) substituted alkenyl, (C,-Cs) alkynyl, (C>-Cs) substituted alkynyl,
Cs—Cag aryl, Ce~Cyyp substituted aryl, Co—-Cap heterocycelyl, Co~Cag substituted

25  heterocyclyl, arylalky! or substituted arylalkyl;

W2 is W' or W W' is R, -C(Y")RY, -C(Y")W?, -SO,R?, or -SO,W"; and W' is a
carbocycle or a heterocycle wherein W* is independently substituted with 0 to 3 RY
Eroups;

X% is C-R' and each X' is independently C-R' or N;

11



conposition or formulation conprising an effective anount of a
Formul a I conpound, and a second conpound havi ng anti-HCV properties.

| n anot her washegisz1sshe i nvention al so provi des a net hog@hydiilolishd N9
HCV, conprising adm nistering to a manmal infected with HCV an anount

of a Formula I 30conpound, effective to inhibit the replication of
liCV in infected cells in said manmal . I n anot her aspect, the

I nvention al g66pFovi des processes and novel internedi ates discl osed
herein which are useful for preparing Formula | conmpounds of the
invention. In other aspects, novel nethods for synthesis, analysis

Separation, isola 8 e $1 (NG Of
t he conpounds of t&!ﬁ:?sIR |19:1)i\lr/lgé f{l%@%%lgggog%ﬁ%%/ g\g %%%C]I)I%Sg 8/ Olﬁig\@'

756. PF 5provNﬂadCHQE¢NL HED=DRSORICEFNINRE, EXENHORRY, EVEOR! MENTS

Tventton, 108 INRe R SRR PR PR ﬁ%ﬁév-ﬁ@%&wﬁﬁﬂg
descri ption, cs)am;mplu(cascgadbd@élmﬂl@&, opH¥ialle sﬁﬁbﬁmté&/ﬁﬂt biHdniy sJubQﬁuted

described in_conjunction e enuner at ed enbodi nent's, |q
th@Rt ]hose

under st ood tﬁﬁ?ﬂﬁﬁ%ycé#@“ﬁd@ﬂﬂﬁﬂeﬁﬂ@buﬁdaﬂﬂhﬂtmVK@Jpﬂﬁ@ﬂ%ﬂ
enbodi nengs. On t bey, qORL par é’md&ﬂ?eﬁdé ‘r(/‘?f‘thhlg e, %\5}% mggdl) RUCRNEN a"é{"*’-,

al ternati ves, nDdlflcatlons val en e 1nc|u e
within the s&rb,dﬁooNOmHéi@r{&eﬁﬂ(ﬂlﬁknyeaﬁFﬁﬁNRh @Het\“f@ﬁt”hs@HfQR ),

conmpounds Of-EpkﬂkhaR“,%ﬂﬁsﬁﬁ9%€ﬁ92ﬁ§8xﬁ¥2%92?ﬂbao%éR”; Formul a |
each R'! or R'"? is independently H, (C,-Cg)alkyl, (C2-Cg)alkenyl, (Co-Cglalkynyl,
(Cs—Cg)carbocyclylalkyl, optionally substituted aryl, optionally substituted heteroaryt, -
15 C(=0)(Ci-Cs)alkyl, -S(0)a(Ci-Cg)alkyl or aryl(C-Cg)alkyl; or 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 -
0O-, -8- or =NR’-;
wherein each (C;-Cglalkyl, (C2-Cglalkenyl, (C»-Cy)alkynyl or aryt(Cy-Cy)alkyl of
20 eachR',R%L R, R* RS R% R" or R" s, independently, optionally substituted with one )
or more halo, hydroxy, CN, N, N(R*)» ar OR"; and wherein one or more of the non-
terminal carbon atoms of each said (C;-Cyg)alkyl may be optionally replaced with -O-, -S-
or —-NR*-,
In one embodiment of the invention of Formula I, R’ is (C;—Cy)alkyl, (C2—~Cy)
25  alkenyl or (Co~Cglalkynyl. In another aspect of this embodiment, R' is (C)~Cg)alkyl. In
another aspect of this embodiment, R' is methyl, CH,OH, CH,F, ethenyl, or ethynyl, In
a preferred aspect of this embodiment, R' is methyl. In another preferred aspect of this
embodiment, R is H.
In one embodiment of Formula I, R* is H, OR?, N{R™,, N3, CN, NO3, S(O)R?,
30 halogen, (C,~Cy)alkyl, (C1—Cs)substituted alkyl, {Co—Cg)alkenyl, (C;—Cy)substituted
alkenyl, (Co—Cg)alkynyl, or (C;—Cg)substituted alkynyl. In another aspect of this
embodiment, R? is H, OR®, N(R"),, N3, CN, SR® or halogen. In another aspect of this
embodiment, R* is H, OH, NH3, N3, CN, or halogen. In another aspect of this
embodiment, R? is OR® or halogen and R' is H, (C1—Cy)alkyl, {Ca~Cs) alkenyl or

12



or a pharmaceutically acceptable salt, thereof; 20 wherein: each R3,
R2, R3, R4, or R5 is independently H, ORa, N(Ra),, N3, CN, NC2.

S(0) 11Ra, We)@@RRz1s6Cl - Cs)al kyl, {C4-C8) carbocycl vl al kydor/usao00/os1ass
(C1l-C8)substituted al kyl, (C2- C8) al kenyl, (C2-C8)substituted ancenyl,

(C2-Cs)al kYl l Y1, (CZ-Cs)subst ituted al kynyl or aryl (Cl-C8)al kyl; WO
2009/ 132135PCT/ 1152009/ 041447 756. PF 50r any two R, R2, R3, R4, or
R5 on adj acenkgpar bon atons when taken together arc -0(CO)0- or when
taken together with the ring carbon atons to which they are attached
form a doubl e bond; R6|sQNN 2, N3, CN, N2, S(0), Ra,

R TR T RS B LT e

(CL- C8) al kyl mefHs4- (@v_x}}ﬂmﬁF)’ﬂéﬁB’ﬁbkﬁllﬁ))ﬂ Cri zr}%ﬁeﬁhl@%hét%'ﬁﬂs @hiodiment, R?
(C2-C8) al kenyl , (C2 §)8)subst|tut ed al kenyl , y&
( C2- C8) subst il%‘aﬁéad& & by etindy CERQHL(ElFertien We@w%hawﬂ@rm&mizl

R2 when t e ,
or 2. each ﬁ%@.ﬁ‘é@ﬁ%ﬁﬁ%ﬁ?éﬁ ROy O REL B S S ERERE Rty Bis 1

15ar yl ( Cl - C8pmbhdiment; R2isCH} e@drbonsﬁ: mymwﬂwyp;efer@@amemdﬁms gmbydiRdt, R” is

i gg 0;) )Z(Ng%i) Rl% ana R%ag@%—@{%ﬁ? CH:E %ﬁ]o]}sy% er e{hafr(lvl §1h%&)%%r e%efq?)eé ﬁﬁ_}fct of
- C(=0) Ne- ( ﬂ):ﬁfﬂﬂqdlmﬁ(t,(l}zl:iiﬂ)ﬁi ancﬂ(bl)s&if%yllln a {0 Bldfprred aspect of this
i ﬁfﬂgégggﬁg I) ﬁ‘“bﬁ‘%‘ém RRs éﬁwg%‘% m"ﬁli(yégagj eaﬁﬂ( 2)() ?BR;( : or N NR2;
In one embodiment of Formula II, R? is H, OR®, N(R"),, N3, CN, SR?, halogen,
(C1—Cs)alkyl, (Co—Cgalkenyl or {Co~Cg)alkynyl. In one aspect of this embodiment, R? is
15  HorF. In apreferred aspect of this embodiment, R is H. In another preferred aspect of
this embodiment, R* is H, R is OR* or halogen and R is H, (C;~Cs)alkyl, (Co—Cs)
alkenyl or (C,—Cg)alkynyl. In another aspect of this embodiment, R? is H, R* is OR® or F
and R' is H, methyl, CH2OH, CH,F, ethenyl, or ethynyl. In another aspect of this
embodiment, R? is H, R? is OR? and R! is methyl. In another aspect of this embodiment,
20 R’isH,R%isOHandR'is methyl. In another aspect of this embodiment, R? is H, R is
OR®or F and R' is H. In another aspect of this embodiment, R® is H,R?is OH and R’ is
H. In another aspect of this embodiment, each R, R¥and R’ is H and R*is OH.
In one embodiment of Formula II, R is H, OR?, N(R®), N3, CN, SR?, halogen,
(C1—Cs)alkyl, (Co—Cg)alkenyl or (C—Cslalkynyl. In a preferred aspect of this
25  embodiment, R*is OR®. In another preferred aspect of this embodiment, R* is OR?, R? is
OR® or halogen and R! is H, (C1—Cglalkyl, (Co—Cy) alkenyl or (C;—Cglalkynyl. In
another preferred aspect of this embodiment, R* is OR?, R? is OR® or halogen and R' is
H. In another preferred aspect of this embodiment, R* is OR?, R? is OR" or halogen, R}is
H and R' is H, (C;~Cg)alkyl, {C;—Cg) alkenyl or (Co—Csalkynyl. In another preferred
30  embodiment R* is OR?, R2is OR* or F and R’ is H, methyl, CH;OH, CH,F, ethenyl, or
ethynyl. In another preferred aspect of this embodiment, R* is OR®, R?is OR® or F, R’ is
HandR'isH, methyl, CH,OH, CH:F, ethenyl, or ethynyl. In another preferred aspect of
this embodiment, R* and R? are, independently, OR® and R! is methyl. In another
preferred aspect of this embodiment, R* and R” are, independently OR®, R* is H and R' is

13



WL and W2, when taken together, are -Y3(C(R12)3Y3-; or one of W or
W2 together with either R3 or R4 is -Y3- and the other of WL or W2 is

Formul a | awodpedvibzided VW2 are each, independently, a grgiggbodo/oeissr
Formul a | a: 25M2 WD 2009/ 132135PCT/ 1152009/ 041447 755. PF SFormul a

| a wherein: each Y2 is independently a bond, 0, CR2, NR,
+N(0) (R), N(GRy pr4N(0) (OR), N-NR2, S, S-S, S(0), or each Y3 is
I ndependently O, S, or NR 10M2 is O, 1 or 2; each le is

i ndependent|ly RY or the formJIa vvherein each Ma Mc and Md is
11

lopdirz)endegt ! ¥ne%1 Wno er Wa%sg%asgmt |ofthis1 en%pdw@nt }grandﬂ{ teﬁn tpge%lgr are —
-C(=Y1) R, C@(Q’@)@Rﬁ is ICénfMﬂ IN&B)}Q(I In"dﬁ&)lgr preféﬂ’éﬂs?acthgﬁﬁs e¥o@innt, one

-S5(0) 2R, -S(0 =Y1)R
- OEI( ) =Y1) (N (RP§{QOI %Cf %1%4'(113 3@(31‘—#5 ORR” %s @H;( \Iqﬂ qrq)ggaferred aspect of this
- N(R) C(=Y1) Rembd¥ilRkAH mYe]f)fQROT RN RIIE (Al N R)s 2ot H IR Ng%’ther Pkt g%2 15';\6}1

-N@2, -OR, or W, or when taken together, two RY on sane carb
atom form a RaiBAER ds methy. o aBtlien pRiaedbepechofihs cmbadieRR, Réand R“ are

PR S8 b RSB g S o
substi t ut ed W qr FOBrdG2i0h &' whd RGEHCAR asathatpréfeir@thspécy bi th@%m@%@iment
heterocyclyl R"' and ge S1H e%%ﬁ&enﬁy %R and R'is H. In another prefetred aspect of this
embodiment, R* and R? are, independently OR" and each R' and R*is H. Tn another
preferred aspect of this embodiment, R? and R?, taken together, are —O(CQO)O-, and each
15 R'andR%isH.
In on¢ embodiment of Formula II, R’ is H, OR?, N(R%)s, N3, CN, SRY, halogen,
(Ci~Cglalkyl, (C:-Cg)alkeny! or (Co—Cygalkynyl. In another aspect of this embodiment,
R’ is OR?, N(R), N3, CN, NO3, $(O).R?, -C(=O)R"", -C(=0)OR"!, -C(=0)NR''R", -
C(=0)SR", -S(O)R", -S(0)R ", -S(O)(OR), -S(0)2(OR ™), ~SO;NR"'R 2, halogen,
20 (Ci—Cyalkyl, (Ce~Cg)carbocyclylatkyl, (C,~Cg)substituted alkyl, (Co~Cg)alkenyl,
(Co—Cy)substituted alkenyl, (C2—Cg)alkynyl, (C;—Cs)substituted atkynyl, or aryl(C-
Cylalkyl. In another aspepct of this embodiment, R is OR?, N(R®),, Na, CN, NO,,
8(0)nR?, -C(=O)R", -C(=0)OR", -C(=0)NR''R?, -C(=0)SR", -S(O)R"", -S(O)R ", -
S(OXOR'"), -S(O)(OR"), ~SONR''R'?, halogen, (C,~Cg)aikyl,
25 (C4Cg)earbocyclylalkyl, (C,—Cq)substituted alkyl, (Cy—Cyglalkenyl, (Ca—Cg)substituted
alkenyl, (Co—Cg)alkynyl, (Ca~Cy)substituted alkynyl, or aryl(C;-Cg)alkyl and R’ is H, N;,
CN, (C,-Cgalkyl, (Cr—Cg)alkenyl or (C2—Cg)alkynyl. In another aspect of this
embodiment, R® is OR?, N3, CN, S(0),R?, -C(=O)R ", -C(=0)OR"", -C(=O)NR''R?, -
C(=0)8R", -S(O)R", -S(0):R ", -S(O)(OR"), -S(0}x(OR'"), ~SO,NR'R'2, halogen,
30 (C—Cy)substituted alkyl, (Co—Cglatkenyl, {C2—Cs)substituted alkenyl, (C,—Cy)atkynyl, or
(Ca—Cg)substituted alkynyl; R® is H, N3, CN, methyl, ethenyl or ethynyl; R* is OR® and
R*is H. In another aspect of this smbodiment, R® is OR®, N3, CN, $(O),R%, -C(=O)R"*, -
C(=0)OR"!, -C(=0)NR"'R™2, -C(=0)SR"", -S(O)R"", -S(O}R ", -S(O)(OR"), -
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25het erocyclyl, arylalkyl or substituted arylalkyl; W8 is W or W5,
Wis R -C(YI)RY, -C(Y1)Ws, -SO2RY, or -802Ws; and W is a

carbocycl ewprop/Beier ocycl e wherein Wb is independent | ypoesilSsobfoilied
with () to 3 RY groups; X2 is C 121 and each X is independently

C-12.10 or N, WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5each R8 is

i ndependent |y hal ogen, NR11R12, N(R11)OR11, NRIINRIIRI 2, N3, NO NO2,
CHO, CN, -CHfs4\R®il), -CH=NHNR11, -CH=N(OR11l), -CH(OR11)2,

-C(=0) \\LR12, -C(=S)NR11R12, -C(=0)0R11l, (CI-cC8)alkyl,

(C2-C8)al kenyl, (C2- CB)al kynyl, (C4-GCs)carbocyclylalkyl, optionally

substituted I ti tYp 13 ti he er

Supst Lt 5 SIOL QP OOk VD! SERA M, s g

T s, 4 o .
z -11, ) ' NS, ) . ) y = 1 1

- C11=- NHNR1 120t 111‘5 embey\éuoelét&%{’zlsgj@x"ﬂe)qﬁhfi%ﬁi\l"cﬁﬁ% NIRLT @h% g

 ndependent| yLFﬁ—(O)mI G o ARG R S ARG SOMGR

( C4- C8) car bot @ﬂ%i alﬁﬁ(walf)&%twbﬁﬁﬂtb@/mst@nﬂs Bﬂabmulﬁdbﬂwm etbqam (eﬁla[iljflyoz

b d Q) n({l - kyl
or aryl (8- PAFRER i’ BH ST BT dtds R ER S ArELGhen <o
m |e rcgl tn hgx aCHé(bHI dﬁH@H te?ﬁhﬁdorfdﬂigﬂ?/]a hﬁ Zﬁmrlircmf)@fr@d ﬁﬂe%eﬁiri:egtyﬁ isﬁ)aITﬂ: Rg
be repl ace)d/ &ﬁtﬁ&%”l& nc('"éﬁr{m \(\F@Iﬁﬁ ég N%((OR]? %TI ﬁ s©Or®- Y
(C2- C8) al kensdoy 1625@1@1114 S’ﬂO)ﬁDRa'5>’J§(§e @%)‘%51)5% Eub%{%t%éﬁ*ﬁ stltut »

R3, R4, Rs, ntly, o |ona
with one or ﬁtiwré'l Ha‘b&biﬂf@@hwy ethgnyl, mubﬂﬂ@w&etb}mymw aadlﬂ wiedt, azrand)ﬁé

A
t he i nvent i oBROIN;FENTEIQ)RY ;CERD)R'S, cee)mz)‘al EHO)NRER w(@mkeamw
E G- % y tzlnyg(% n?ﬁ?ﬁi@%aggéiﬁ O gbéﬁgo”@?g%mgen,fzﬁltﬁd wehdy| |
CH20H, CH2F, o18¢Re @Wstmﬁéd &ﬁéﬁyﬂ ¥th grn}l*l nor%ulpéhﬁft@d’ g@%Q&Cﬁ' RP ﬁﬁcﬁksls H, and
enbodi nment , i's methyl. |In another pref erre pect
embodi ment, R andR’Hre, independently, OR™. In another aspect of this embodlment R® is OR?, N,
20 CN, S(O),R?, -C(=O)R", -C(=0)OR !, -C(=0)NR"'R ™, -.C(=0)SR !, -S(O)R ", -
S(O)R", -S(0)OR"), -S(0)x(OR), ~SO,NR'R 2, halogen, substituted methyl,
ethenyl, substituted ethenyl, ethynyl, or substituted ethynyl, R* and R are H, R® and R*
are OH, and R is methyl. In another aspect of this embodiment, R® is ORY N, CN,
S(O)R?, -C(=O)R"!, -C(=O)OR, -C(=0)NR''RZ, -C(=0)SR"’, -S(O)R'!, -S(O)R", -
25 S(O)OR'), -S(O)(OR"), -SO,NR''R'?, halogen, substituted methyl, ethenyl,
substituted ethenyl, ethynyl, or substituted ethynyl, R, R? and R? are each H and R? and
R* are OH. In another aspect of this embodiment, R® is OR?, N3, CN, S(O),RY, -
C(=O)R", -C(=0)OR"!, -C(=O)NR''R"?, -C(=0)SR", -S(O)RY, -S(O):R"", -S(O)OR'™),
-S(0):(OR™), —~SONR''R*, halogen, substituted methyl, ethenyl, substituted ethenyl,
30 ethynyl, or substituted ethynyl, R* and R® are H, R® and R¥, taken together, are -
O(CO)0-, and R' is methyl. In another aspect of this embodiment, R® is OR%, N3, CN,
S(O)R?, -C=OR, -C(=O)OR, -C(=0)NR''R*?, -C(=0)SR"", -S(O)R"", -S(O)R"", -
S(O)OR'), -S(0)(OR'"), —=SO,NR''R", halogen, substituted methyl, ethenyl,
substituted ethenyl, ethynyl, or substituted ethynyl, R', R? and R® are each H and R” and
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In one enbodi nent of Fornmula 11, R2is H ON N(W2, N3, CN N,
S(0)"Ir, 30hal ogen, (Cl-C8)alkyl, (C,-C8)substituted al kyl,

( C2- C8) al kemydoeysissids C8) substituted al kenyl, (C2-C3)al k\f)@ﬂfuszwmu“-,
(C2-C8)substituted al kynyl. In another aspect of this enbodi nent,

is H ON NW2, N3, CN, SWor hal ogen. In another aspect of this
enbodinment, R2 is H OH NH, N3, CN, or halogen. In another aspect
of this enbodfpBht, R2 is OR or halogen and RL is H (Cr-Cs)al kVYl,
(02-C8) al kenyl or WD 2009/ 132135PCT/ TIS2009/ 041447 756. PF
5(CrCs)al kynyl. I n another aspect of this enbodinment, R2 is Qe or F

andf Rl |35H R&em&y:ctoae?ag@ltm@agma temrmatuwﬂaspém oﬁﬂlﬂ)@mﬂoduﬂdﬂi &f’ ls OR” N,
rererre as C odl nen 1

Ol S 120H,  CroEN: 5 @e%“;ré( ZGoR etﬂﬁ?]OR CGONROR prgﬁi?)ﬁ%ﬁ a?é%ﬁsts of
this enbodi mept),gR2 skzp(@%E B'R”)S ﬁN*li“rém%fagén Qﬁb%I@'Eerd%’e gipect

of this enbodi nent, In 4 erre aspect
of this enbodﬁhmmh,tsubﬁzutcctethﬁlyﬂ: e&rydylabr dubstitztedrathinpil, R @rﬂﬁmme@laﬂFH R? and

et henyl, gh%%nlyd p%ﬁﬁt?nahh dgﬁﬁ&s”ed aspect of this enbodi nent,

R2 is O‘«’a an icularly preferred aspect of

t his enmbodi ment, B%nb&mﬂfﬂuﬁfédt d:ﬂFohﬁuIBH'; R%’deR are eachTONRGd IMERHLRITR,
of Formul a | Sl e halqe

s s
(Cl - c8)al kyl (°é§ éﬁkéﬁﬁﬂm@lﬁ* aﬁlégt ft%‘)lé?%??fiﬁmenq R* o aaﬁ)@eb OFf aphRs
enmbodi ment , r fed el [ t,
/s HoIh ﬁ&i%?ﬁ”’?‘e{?ef% yBail B (G CDRRERD tuBuSABPRIRE,
is OR or hal @eﬁg)altkglnﬂ,l (T sCHhubbt@lteCalksh K yi a;y((CZ{J@g)kyalIhanmhermﬁnbodlment,

(CrCs) al kyny | n.anot her qsp ct of this empodi nment is H R2is
&R or F and B stR e iR SRRS sC oo e ms g by | 1 n

mechyl ?ﬁpiﬁégfhe?&%‘sﬂﬁe@? O E s el by s SR lghe Nl
andagl olr angtn;ﬁy}'l(Call-‘ab)dhyit He pncalsgp estectaff tluflen;}a@chinmd; Reatd, R"R& éash BR* B
AR (Mo B S ARG T w Iﬁﬁgalgb%&”ﬁémb,m@geh

R, R3 and Rg &ﬁ(dd-@gglkéi%m @a%subsntuted Jame&y%tc?f%?ﬂkc\éi{?ﬁ ES)EQJSHH:

1, RAis H, R, hal ogen
( C2- C8) aLken?’lklﬂml of @K@B?dhkﬂ/l In apgther aareef efithiegmbspment, Bf futde sare each

enbod ment, B £ R NG L N EILES S Re). Bl 0K -

g gpegg) f;‘} ktylh I,C?@Mfai" ai;k@ﬁR“mS(Oﬂl Cssm)ﬂv‘hystonmﬁgﬁ%(gg{](ogggf err Ieg

g?al graﬂglt ggr %ﬁﬂ?gg gg‘%g‘béé Cg’ %(QIMf%@ﬁ‘?alkﬂtL (GzsCgalkenyko s
fithcﬁﬁlbk&uléd%néénﬁ' *aﬁc,g‘aikg& é@%(?h&éﬁém k%ﬂr@@?ﬁl or

(CrCs) al kyny I'n anot her preferre
ORa or F andCglkils TiHanatler spect @HRiOenb@kinbnt, BY kmirl%/ a,rebo*th@tﬂ*gmd;ﬂ is OR?,

anot her ef gr et ] i ol

E R ST e B PR RN TR B ey R kR T
anot her pref @(ro)gd‘asa@p@RBj S(kD)ﬁORH’@(l@Ome’R]Pﬂalaé’éﬂ. R9-epekyl,

i ndependent | OR" is nmet I n_anot her pr eferre aspect of
e et nEh o rebeiied Ry A (G Ch Tk gebeioted REKen, (92 st o

WO 2009/ 1321&‘35@;5/%8%0%8/38@%}%47
In another embodiment of Formula II, each R* and R? is H, one of R or R* is OR?
30 and the other of R® or R* is {C;~Cy)alkyl, (C,—Cy)substituted alkyl, (C.—Cg)alkenyl,
(Cr—Cg)substituted alkenyl, (C;—Cy)alkynyl, (C2—Cg)substituted atkynyl or aryl{C;-
Cglalkyl. In another aspect of this embodiment, each R’ and R* is H, one of R? or R* is
OH and the other of R? or R* is (€,~Cy)alkyl, (C;—~Cs)substituted alkyl, (Co—Cg)alkenyl,
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756. PF 5 nethyl. In another preferred aspect of this enbodi nent, R4
and R2, taken together, are - 0(C0)0-, R3is Hand RL is nethyl. In
anot her prafoenied:espect of this enbodi nent, one of R4 @ RedosRs7
and the other of R4 or R2 is OH . In another preferred aspect of this
enbodi ment, one of R4 or RR is OR wherein R' is not H and the other

of R4 or R2 is OH, R3is H and RL is nmethyl. In another
preferred asp@éfTof this enbodinent, R4 and R2 are 10 OH, R3 is H,
and RL is nethyl. In another preferred aspect of this enbodi nent, R4

is O, Ris O or F, and each Rl and R3 is H In another preferred
aspect of st hl(&jz@mﬁsbnﬁﬁéﬁ alkdtd1, oL AdFnshE, (4 n‘n Dé@@%@ﬁ%'a}i@nﬁﬁiﬁgﬁ(c I's
0

H I n another_preferred aspect of this e diment, R4 and
independentlﬁ kyhnd each RL and R3 is H. In another preferred aspect

of this enmbodi men, an'gﬂleﬁaﬂbﬁmel t%ﬁg&i ?agﬁtﬁm m )g( }Z%R%T n gg(lg?%qh

15121 and R3 is H]1 nent
OR, N()2, NZE=0OR K= 0)@31 bg@(FFO)NKf R@)@PMR”,( SE)R3) éﬂ(@W -3(O)OR™),

C2- Cs) al k f d
N2, 1 R PR S N M idpgn (G- ogllo) Ghr e cirbpoehmimiml2, -
=0) SR1 - p_)cR)’g RO

-C(SOZ¥\IRI 1%:?2, $ﬁal 0g gl?]n 20( Ol%&gg%‘ %ﬁ&ﬁ%@&gcar @ocyc% %’Ilga? kCF)alkynyI
( ICIZI.- C8) ISubS'[ I(CU'tCeBU‘ZSbmﬁd, 311(}&21— esaml(ge?w?lkfl( dﬂ-alﬁ?)l&uhﬁct 6ﬂ1h1@émbodlment
al lcen ~ u uted_al kyn

SO by S T R e e NS T et S el Gkt & o
NRa) 2, NS @i B afiter Ok I el RL &ﬁm%’.\'—%a%;

-C(=0) SR11, -S(0)R1 S(0)2R11
- - 802NRI 1R12 (Chélselkemy] of CL—-Cpklyiyll [n b(iedaspBitadioayisidsthek kylis H,

(S ) B o o KRG B PR bt Sk R e L
is H CN, (Qfg&)eaiykyjmofmﬂ;ﬁ)ealebﬂwﬂ e N%ﬁly(%%alr&*wéa%h( bﬁ; am%&ﬁ&

aspect of this enhodi ment

R6

-C(=0) OR11, a¥eciPf g @lmentd’c mﬁsmfi;yl Cg(z@;ﬂ%@)f eﬂ@(lﬂ;cmﬂwnyl R?and
-S(0) (01211) g 35 5.
30% c? ( C8) su%gt ?lt%(lftg aehgéglf 131;17? R czE ; é&!ﬁ%;ﬁenypﬂn %%gsﬁp‘é‘iﬁﬁg s Rhggiment, R is
al kenyl ,  ( C2HBp.AMoymshyl, qthenc!mr e@ums]l,lBstm@Rﬁ@d R3lig Hyri;zlanoih@ aiyectf this,
CN, meth | ;..1R4 an
aspect o?bt hlg]glgedr%krgi GEW{% > haloggs, gt 5 %%ﬁ]’&’&QME&SEmted
50} CORTT) | x 'mzoﬁ%m“é’i*?“%‘”*‘?ﬁ%’h%és‘mrl‘%%ﬂ“%‘é'?(ﬁﬁkiﬁﬂ B
- SCPNRL1R12, I%%’I"g\g%?fpeiﬁgﬁ’ﬁ ?ﬁa gT n%@ 6 ]f‘ﬁe]i%}‘?gens%&?tﬁ %’gsﬂfﬂf
et henyl, et h;m;hlyl cfhén}s B4t rited @tﬁe{ﬁﬁl Qﬁfwm oRbbtfutel Qtlhnyfﬁ RFhd RS al% H aftP

is H and R2 I n anot her aspect of this enbodi nent,

O, N3, W\, @‘)‘ﬁ‘ are, eedﬂewde&tlys ORY( Lroan@ﬁwr aspgct of ﬁ:cw)bqﬂmqmzﬂ is OR® N,,
C( =0) SRi4, ha% 1%1@1111& IOQL%E%@ed n&lﬂﬂ (CﬁBIJIS’!’i%% %%%ﬁhg@i %tl l}rngld or

- SO2NR11R12, hal ogen, 3t| t ut ed met R sub
et henyl, et hWWﬂltuteé pthynyl R’ and R’ are H; and R“ and R* are r—:ach OH. In another aspect of

this embodiment, R® is OR?, N, halogen, CN, methyl, substituted methyl, cthenyl,
substituted ethenyl, ethynyl, or substituted ethynyl; R and R® are H; and R? and R?, taken
together, are ~O(CO)O-. In another aspect of this embodiment, R is OR?, N3, halogen,

30 CN, methyl, substituted methyl, ethenyl, substituted ethenyl, ethynyl, or substituted
ethynyl; R? is H; R and R” are independently OR® and R is Ns. In another aspect of this
of this embodiment, R® is N, halogen, CN, methyl, hydroxymethyl, ethenyl or ethynyl.
In another aspect of this of this embodiment, R® is N, halogen, CN, methyl,

hydroxymethyl, ethenyl or ethynyl; Rlis H, methyl, CH.OH, CHyF, ethenyl, or ethynyl;
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10 substituted ethynyl, r is Hor N3, RA is O, RBis RRis O and Rl
is nethyl, CH20OH, CH2F, ethenyl, or ethynyl. In another aspect of
this enbodwmenbysiBsis O, N3, UN S(0)0le, -C(=0)R11, pc(A)fpdilsr
-C(=0) NR111212, -C(--0)S12.11, -S(0)1211, - S(0)2R11, -S(0)(OR15,
-S(0) 2(0R15, -SO2NR11R12, hal ogen, substituted nethyl, ethenyl,
substituted ethenyl, ethyrtyl, or substituted ethynyl, R3 and R5 are
H R2 and R4 7fk3aire, i ndependently. O, and RL is nethyl. In another
aspect of this enbodinent, 126 is O, N3, UN, S(0)Or, -C(=0)R11,
-C(=0)0R11, -C(=0)NR11R12, -C(=0)SR11, -S(0)R11, -S(0)2Ri1,

-S(0) (OR1E, - A\ R12 al.ogen, .substit ut eds hyl
et henyl , gubé???ﬁ%%gﬁ%%%8%§?$¥é$ﬁ§nyE?a%Fcéﬁ@gfP{@Féﬂﬁ@gWVﬂ§g,gﬁ%@h
R, R3 and RBalogel CNymektt32 hadabx Betayiecthinyilepargenti s HGhethliDCENOKher
aspect of this,enbodi prent 1S N3, 2 , )Ole, -C(=0)R11
-g(=0) 01211, © :ﬁg‘l’ﬂﬁéﬁhﬁ}’“‘?’?& f”@%ﬁf@ ea@‘sgg)b:lﬁﬁ%gﬁﬂ%{i’oafz m@}}-

-S(0) (OR11), - 3( OYRéRkbodmeRCBNRELIRTR R al 0g900) R Ubsiich BREA_FTRbR
et henyl, substituted ethenyl, ethynyl,’orhﬁﬁbstitﬁféd§§¥%9ﬁyffﬂﬁg and
R5 are H R2%nd R4 are OH, and Rl is nethyl. In another aspect of
this enbodiment, Rg is O, N3, UN S(O)R', -C(=0)R I, -g=0)ORI 1,
-g="0)NRI IRI2, -qHO)SRI I, -SPA] -S(0)2R I |, - 25S(0)(OR15,
-S(0)2(0R11), ;552NR%&§3.12, hal ogen, substituted nethyl, ethenyl,
substituted éWheny , ethynyl, or substituted ethynyl,Rl, R3 and R5
are each and R3yand R4.are . .In anather aspect of this

enbodi ment, R6 is o, N3D @Rteg‘%'(eg)as%&%él}‘s fm%fcgﬁfﬁi ),;15-}5(@@)‘@@13,"3&“@‘1
- O(=0) NRI 1R1 2speciGfl} SRddimei( Q) R14=0)RL O )2 Rblner pREN LA b of thi

-8(0) 2(0R11), -SCPNR11R12, hal ggen, substituted nethyl, ethenyf,
substituted SPRaFHRPet Boisch(HPR whereinBstis {GirGaallsylhyminotherprefmtd Rpeatref
H R2 and R4t akehihagether, are - 0(C0)0-, and Rl is methyl. In
anot her aspect of this enbodinent, R6 is O, N3, UN s(O)R

-Q(=0)R11, -C(=0)0R11, -C(=0)NR11R12, -C(®0)Sr 1, -S(0)RIl1,
-S(0)2R11, - S(0)(OR15, -S(0)2(0R15, -SC@FRll 2, hal ogen

substituted nmethyl, ethenyl, substitjted etheayl, ethynyl, or
substituted ethynyl, R1, R3 and R5 are each H and R2 and WO

2009/ 132135PCT/ US2009/ 041447 756. PF 5 R#y? taken toget her, are

-O(CD)O-]SIn anot her aspegt of &pis embodi ment, R6 is OR% N3, CN,
S(0) 11R8, - C( =0) 1‘3:“"’-%‘3?9@)1’6%‘)1", orrpgla ligXn N of CR 2, Ingaeharspecaeiihimg 1,
- S(0)2R11, =Sb&iHnORIXK] is)N. In RN 6PRYD S 1SR B2y #g@-gg,emamther

, or

substituted nethyl, ethenyl, subpstituted ethenyl, ethyny
substituted 8RS qubodinaeiiaX H £-Babtanptheraspesi of fds amtwdiment, X' is N and

RS P By f R D U EEROR DRSO Ll

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

20 embodiment, X' is CR'® and R® is OR®, N3, halogen, -C(=O)R"", -C(=0)OR"", -
C(=O)NR''RY, -C(=0)SR"!, -S(O)R"", -S(O):R ", -S(OY(OR'Y), -5(0)(ORM),
—-SO,NR!''R", CN, methyl, substituted methyl, ethenyl, substituted ethenyl, ethynyl, or
substituted ethynyl. In another aspect of this embodiment, X' is CR'%: X* is CH; and R®
is OR’, N3, halogen, CN, methyl, substituted methyl, ethenyl, substituted ethenyl,

25  ethynyl, or substituted ethynyl. In another aspect of this embodiment, X' is CR'%; X% is
CH; R' is H, methyl, CH,OH, CH;F, ethenyl, or ethynyl; R? is H: R? and R* are cach
OR® and R®is OR®, Ns, halogen, CN, methyl, substituted methyl, ethenyl, substituted
ethenyl, ethynyl, or substituted ethynyl. In another aspect of this embodiment, X' is C-
R X*is CH; R' is H, methyl, CHOH, CH.F, ethenyl, or ethynyl; each R® and R is H:
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R3, or R5 is not H In another aspect of this enbodinment, R2 and R4
are each e and RL is (Cl-C8)allcyl, (C -C8)substituted al kyl,

(C2- C8) al keiyboo/i6£ids C8) substi tuted al kenyl, (C2- C8) al kyeaslus2009/041447
(C2-C8)substituted al kynyl or aryl (Cl-C8)al kyl. In another

enbodi nent, R2 and R4 are each OR and R3 is (Cl-C8)al kyl,

(G - C8)subst| ég%gd al kyl , 15(C2-C8) al ken34, (C2-C8)substitutecl

al kenyl , | kKYnYl, (C2-C8)substituted al kynyl or

aryl (C1- C8) al kyl . I'n another aspect of this enbodinment, R2 and R4 are
each ORa and R5 is Ae, N(Ra)2, N3, CN N, S(0)"Ra, halogen

(Cl - C8) al Ryl R*@ad REapsatis®Rt andR® isinephy], hc/d)zax@a)zmkél@,w;alogcn or CN. In

C2-C8 bst ] t t
<(31I kynyl) S(l;rsalr %J[%%% ?Sﬂ%sel]%%ﬁl%%g# S;ﬂr?a%ds e I u(tL)(d%Pr%nt
gzoagg R4 ar €(e@idR oq)ammimz -e(=r@)smﬁa13(@mle) 850)!}13' @t@) cb@é)é
1 1, - R11,
- (S( 2)) 2R11C( - %&@@5 38@?% %’zdﬁisneﬂlfé@m}t&mgw%w%@éw? substitgtezi ethenyl,

(C2- o) cubst Ty TR pARR LB e o DRAR o o ol i it
al kynyl 4P argd RGQ -O@Nalhhlpgen, CN mdwheubsasp@auetbﬂ ethéryl, e.nﬁmd:tmﬁn}tenyl
% 8 S LA 0ol o s 5

e b Sl A s
(CZyC8)subst e’d% ]&/%Pge‘ﬁ) ﬁﬂﬁ Else[@ ‘Héhl’l lr‘enli’brshliﬁlﬁ“q eﬂieﬂ}’l

each Rl and Blyhg, ckﬂ,sul@slﬁn@lt&f etEi% D InRfoths a@?@t 3‘@11%%])55‘&39? her IQfX"F@C‘PF
R4 is (C su stltuted a enyﬁ

[1cyl C8
(C2- c;za)s&i‘?)st?“?I % %{hﬂeﬁkho »(@ifwjlmkwﬁthynxlo@s@ isthRédnd R are
al kynyl or aéé’dh((ﬁi C@@Mﬁé’&eth@ 112&1‘8%&%&&11?}%9‘5%9& @rfﬁﬁ enbodi nent

each R1 and is H one of B ot her of R3 or R4|s
(Cl-cC8)al kyl, (c Incapthabebadined oBFdoypija IT,€2eHR) ialndepgridentiBlogen, NR''R'2,

??;‘Z’%éi”iﬁi’iﬁy'ﬁ“?é‘?‘”%é@“ﬁ“?."?ﬁ%ﬁﬁ fﬁ; Fede e Rt Rl
ISnO(’jm(F)\’chGr c 0 mf) GTH(B%QQGHO&O NRlS(I:%%NMIRpa%)C ngDgR“-qg' 0 lel
- (S( 2)) or110 ‘%'«H]%&?nyl ?érgg)ﬂma L @W@lﬂi&y %m@gahsubsuwteg azyl
(Cr-Cg)all cybﬁmd&g%};t&a{eﬁgwﬁw abkadyc, 1@@%@%@!?%25@(}'@(&'

(C2-CB) al ken\é QZE tituted al ken
( C2- C8) subst B)Q]MHQ& "}frﬁﬂ loranethen asBict GBia ERap dinient, amhtRfes, ispedenttyf

t hi nbod 1 INGE 1 1

(c|| .ch) af)k;/rﬁ’ﬂ% SR '5’1 %R ?‘5’%%) gﬁkﬁ?@ﬁ"%ﬁ l 2 8{9‘%@? aspegtfithizg
t hi s enbodi nenbgdimRent] QaclHR Nsmdéﬁ\ﬂndc(nﬁlv 1G8)cah, WR”R(’QE&I@)EI k@m”Nlde”
(C2-C8) a%( yn%kn r%Raﬂand ﬁ,sﬁ 8‘}-1 6ﬂ 8Hefntf):816ny of ethynyl In algother aspect

of this embodiment, each R® is, independently, halogen, NR"'R'?, N(R')OR ",
NR!''NR"R®?, OR" or SR and R” is H, halogen, or NR''R'. In another aspect of this
embodiment, each R® is, independently, halogen, NRV'R'2, N(R')OR!', NRUNR!'R'2,
OR'" or SR" and R’ is H, halogen, or NR"'R'? and R’ is H, methyl, CH,OH, CH,F,

30  ethenyl, or ethynyl. In another preferred aspect of this embodiment, R® is NH; and R?is
H or halogen. In another preferred aspect of this embodiment, R® is NH» and R’ is H or
halogen and R' is H, methyl, CH,OH, CH.F, ethenyl, or ethynyl. In another preferred
aspect of this embodiment, R® and R’ are each NH,. In another preferred aspect of this
embodiment, R® and R® are each NH, and R’ is H, methyl, CH,OH, CH,F, ethenyl, or
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15 nethyl, CH2OH, CH2F, ethenyl, or ethynyl. In another aspect of
this enbodiment, R is H nethyl, CH20H, CH F, ethenyl, or ethynyl
and R2 andwlpiaws2ieach OR . I n anot her aspect of this etwg0mniiaR
is H nmethyl, CH2COH, CH F, ethenyl, or ethynyl; R2 and R4 are each
ORa; and R3 and R5 are each H. In another aspect of this enbodi nent,
R5 is H N3, CN, nethyl, ethenyl or ethynyl; R4 is ORa and R3 is H.

I n anot her asp&eF of this 20enbodinent, R6 is Oe, N3, halogen, CN,
met hyl , substituted nethyl, ethenyl, substituted ethenyl, ethynyl, or
substituted ethynyl; R5is Hor N3; RAis Oe; RBis H and R2 is

OR a. |n gnothghylasPaihe brdidHed h e

CN, nethyl, hlgg}t,l tuted rrgt hyl , a%ﬁ%tﬁ?@hﬁg?ﬁe?iﬁe EﬁdR i@lhﬁ% L
ethynyl, or §H‘§§%Y|PF‘E}°?1§@ @Pmﬂ’wﬂs eR@OélﬁwD @HHnaRd!SRﬂ{:aﬂmd Rids Hriesthyl,
|ndependentl h ct of th| s enbodi nent, R6 is 012a,
N3, 25hal oge)nO %FCHJ‘ e%fk%l grlr)et Et ed net hyl, ethenyl, substltut ed
et henyl , et bynyl hrmmﬁmbsnbachmad oéFdsmmyd H, dagh atfds, Iﬂﬁiepé;ﬂeﬂly,&]nﬁal@enand

R4 are each [0} pectiQ is,,de, N3,
hal ogen, CN, rret y|1\?(ﬂ E‘ﬂg ﬁﬁtg@‘ R{?%aeﬁﬁgr@w‘e@bgﬁ?fﬁgeb

et henyl , 16t hyw#NHNR’SLKDEl%N((DR]é}j @H(Mﬂ%&c@é‘bm 5 _gg gquRHerml R2 and
R4, taken to%g%s a 05, .I'n anot her ect o 0
enmbodi ment O&?aR }\@R H’aISBgeH“ arpleeN) aspast <Pf>f is embedSmientueast Roeis by | |
ethenyl, subsfibiesl €8 Slbpgehali s%ﬁt\ﬁwﬁlh’eteﬂfarﬁUbSt'tUt ed ethynyl; R3is
H R2 and R4 are mdependent?7 OR and R5 1's N3. In another aspect of
this of this enmbobiarether ﬂSRﬁlfaloganundaafBgmulamﬁrmhytdbyFonnulaHI
hydroxynet hyl , ethenyl or ethynyl. In another aspegf of this of this
enbodi nent, R6 i s N3, hal ogen, CN, nethyl, hydroxygethyl, ethenyl or
ethynyl; R is H methyl, CH2OH, CH2F, ethgmyl, or|ethynyl; WO
2009/ 132135PCT/ US2009/ 041447 756. PF 5and e each O. In
anot her aspect of this of thRs enbodi nent, al ogen, CN,

met hyl , hydroxymet hyl, et heny\ or ethynyl thyl, CH2OH,
CH2F, ethenyl, or ethynyl; R2 R4 are e : and R5 are
each H [In one enbodi nent of For =0)Re1,
-C(=0)OR11, -C(=-0)SR11 O 10w, Ly a preferred aspect of this
enbodinent, R 7 is H In anot h&F preferr dﬁaspect of this enbodi nment,
R7 is -C(=0)12.11. In another prefR LeBpect of this embodinent, R7
is -C(=0)R1l1 wherein R" is (Ci-C8)aFL<yI I n anot her preferred aspect
of this enmbodiment, R7 is WL w2 15I'n oRe embodi ment of Formul a I,
Xl is Nos C121. In anot her aspect of q:]ghﬁﬂaﬁp‘oodl ment, X1 is N In
anot her aspect of this enbodinment, X1 is CRL. In anot her aspect of
thi s enbodi ment, X2 pharngeepticplly %ﬂﬁﬁt’fﬁé@%étsﬁ@wfof this enmbodi nent, X1
is Nand X2 is G Whekfy; anot her aspect of this enbodinent, Xl is
C-121. and X2 is CH I'n anot her aspect of this enbodi nent X1 is CGH
and X2 is CH |n RideHheCspect of this 20enbodi ment, X1 is CRL and

Re 1s O, N3, hal 9geme rs Q7 Q) Rk indestna BT MORE MR, Ny, N, NO,, S(0),R?
20 halogen, (C,—Cyjalkyl, (Cs—Cs)earbocyclylalkyl, (C1~Cg)substituted alkyl,
(Ca-Cg)alkenyl, (Co—Cg)substituted alkenyl, (Co—Cs)alkynyl, (Cy—Cg)substituted alkynyl,
or aryl(C,-Cs)alkyl;

4

or any two R, R, R%, or R’ on adjacent carbon atoms when taken together are —
O(COJO- or when taken together with the ring carbon atoms to which they are attached
25  form a double bond;
R® is OR®, N(R%», N3, CN, NOs, S(O),R?, -C(=O)R"", -C(=0)OR"", -
C=0)NR"'R", -C(=0)SR", -S(O)R"", -S(0):R "', -S(ONORY), -S(O)»(ORH,
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C(r-0)NR1112.32, -C(=0)SR11 , -S(0)R31, -S(0)21211, -S(0)(0R31),
-S(0)2(OR11), -S2NR 1 1-12, CN, nethyl, substituted nmethyl, ethenyl,
substi t ut edoevaaYd; et hynyl, or substituted ethynyl. [PETArSRA00DOI1447
aspect of this enbodinent, X3 is CR30; X2 is CH and R6 is 0lr, N3,
hal ogen, CN, net hyI, substituted nethyl, ethenyl, substituted

et henyl, 25etkypyl, or substituted ethy-nyl. In another aspect of
this enbodl ment , X3 is CRI; X2is CH RLis H nethyl, CHO0OH CH2F,
et henyl, O et hynyl; R3is H R2 and R4 are each O; and R6 is O,

hal L Ayl [ b d
ethenyl 5t hygg?wﬁhﬁﬁb%?w S T b Oy A @S@t@é%ﬂ%fw. s
enmbodi nent, ]YIII ﬁigc_CB&lkeﬁ@ F£3C§ (g;b'&ubﬂmtle@ alkkn}&%tb‘ydﬂaﬂgﬁ@p(_tz—g_ﬁls%mtuted

et henyl, or et each Em
2009/ 132135P@nﬂu$m@-971(®“4f4)@?1<ﬂ51611 dR? Pa@eamdcemgaﬂnermeﬁ(@m and R6

is methyl, hydro r a

this en%l)odl rrgnt %‘?&P%\f} Cﬁ%ﬁ? %%?gsa]k@n}lkfgll&a)é YIS @?@i@*‘)akﬂ"f

S(20?)2 (N(F)eu i - Each R* (8,58 R"r R” BED) ﬂgh?depe}?{egilﬁ,@?ﬁo?mig@%l%d whth o or
sti ed ne et hen

substit u %RL%PWWN%}I&hBEp @P@d”hé'feHWIm mOﬁe%fﬁé‘%m

aspect of thtﬁnﬁmbﬁﬂjmf&n okbadhSsald n FwithNS-. -s-

hal ogen, CN, emat hyl , OSUbStSI tu?éldarre(tc alg)‘aﬁ(gﬂ?g)rfl%%uag{tI:C?Iageddmtﬂ\%’ S

et henyl , et hVnﬁR “éPdsubstituted et hynyl . In another aspect of this

enbodi ment, X1 i s;iNen XRineSaGib 20H, CH2F, ethenyl,
or ethynyl; R3 is HemR2]§ 3%46%?%55%%%%%}% is ORa, N3,

hal ogen, CN met higlope smbcsilmt:mwéﬂonmaﬂm;ll R'é¢ Henyl , substituted

et henyl thynyl, 1 LUt I .1 A.anot her aspect of this
enbodi rrenf In%n %Q mﬁio?fg é/ms: 'ﬁ*@f ‘hyl, CFLOH, CH2F,

et henyl, or et hyrtyloneeabcmuﬂ&mmﬁoﬁﬁuam Hhﬁa @nm\mﬂ)m\g erakoIRa0),and
R6 is methyl, hydroxynethyl hal ogen_or CN. I n anot her enbodi nent

of Formul a |alossadfHealel; Wdé%ﬂ’éétﬁthe? alieyl, é@:eﬁ?s)a}hmylmCz—Cmmymz
NRI NRL1- | t 12,5,
cer. o) R 1A “W(?Na)“ﬁ%yl rﬁ%ﬂb“ T Pléq 3"%“? R%G;fﬂ‘#&l

E C C§3) al ll;yttmbolﬂﬁ(l@% K‘:‘?) Hl Qﬁﬁ)N(Rl )lé,CE&- CE}) SR‘kdfriMlo,gen In another dspec,lt ?f this
C4-Cs)c ocyclyl a y stituted ar a
substituted HETS F'b%h QH&%%N@QPRWOEW% t%?flas ﬁotg’éyl

aryl (Cl Cs) al ér@bddlméaakm OSfF aﬂﬂalogeﬂa@mtia@{e PBCAnodkr 4Bk om0 ment,

each R8 is, dependen,tlés hal ogen, , N(R11) OR?
NRI I NI R | Rlzem R}* gt halpgen apd %sﬁéfbtlﬂ@flo W@P@hﬁdhisw’wdlm@abﬁ

Rs is, indepgigent F‘)énd ﬁais(?\gﬁﬂﬂ. hiRlHAARr aslblé&%%h%p&godnnent, R?is OR® or F and

R’ is H. In a preferred aspect of this embodiment, R?is OH and R is methyl. In another
25  preferred aspect of this embodiment, R* is OR® and R is H. In another preferred aspect
of this embodiment, R is OH and R' is H. In another preferred aspect of this
embodiment, R? is F. In another preferred aspect of this embodiment, R? is OR* and R! is
methyl.
In one embodiment of Formula III, R? is H, OR?, N(R®),, N3, CN, SR?, halogen,
30 (Ci—Cgjalkyl, (C,~Cg)alkenyl or (Co:—~Cg)alkynyl. In one aspect of this embodiment, R® is
Hor F. In a preferred aspect of this embodiment, R® is H. Tn another preferred aspect of
this embodiment, R is H, R? is OR® or balogen and R' is methyl. In another preferred
aspect of this embodiment, R® is H, R* is OR® or halogen and R’ is H. In another aspect
of this embodiment, R? is H, R is OR® or F and R is methyl. In another aspect of this
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250RIl or SRI' and Rl is H, nethyl, CH2OH, CH2F, ethenyl, or ethynyl.
I n anot her aspect of this enbodi nrent, each R8 is, independently,

hal ogen, NRbI2Rb23210% R11) OR11, NRII NRI 1R12, OR' or SR11 pafifisRhoisiatt
hal ogen, or NR [R12. In another aspect of this enbodi nent, each R8
is, independently, halogen, NRL IR12, N(R11)012.11, NRIINRI1R12, OR'
or SR11 and RO is H, halogen, or NRIIR12 and Rl is H nethyl, CH2OH,
CH2F, 30 et héb§PF or ethynyl. In another preferred aspect of this
enbodi ment, R8 is NH2 and RO is H or halogen. In another preferred
aspect of this enbodinent, R8 is NH' and RO is H or halogen and Rl

is H, me]E hyLﬁm%ﬁbﬂbiat R, %@@R%nﬁ &id Iétlbﬂnﬁh Fndtﬁbr%fﬂ%%@ﬁhl@%ﬁﬁ&fug@ﬂ
aspect of t enhodi ment are each In _another preferre
asBect of th:[‘s§ 5o df %ﬁﬁnd Rais FethvkolngnethenaspequpBthirrmbriinest, B is H, R” is

nethyl, Cl - LG afdhs m@fh?ﬁ Y |anot95r st S0/ Pn%g%ﬁéﬁgy Hﬁ%%% Bﬁi%zg is

756. PF 5et hynyl . I n anot ‘E’re erred aspect Q odi nment
is OH and R9P$/§ﬂ Reqther aspeghefithie empediment; Bisds Reds OBfant Bi' s lerthaddthent .

R8 is OH and ) k F, ethenyl, or
et hynyl . ai%%ftoshﬂr\;!;%her er%])[’o‘:ﬁllghrrgritﬂm gléo}sﬁ%&k 8 ch R19 is,

i ndependétly, H, lnrmbeg;bnduﬂﬁai dﬂbﬂnulmﬂﬁ&g%m% hlll(%iglillbﬂlﬂ;?CNRSdﬂ_'( % cinz
NO, N2, CHO _CH(=NRI 1), 10 - CH= :
- C(=0) NRL1R1E! CM@@*SC{;&?& eni’lcﬁméﬁzoﬁrs)rﬂm%oﬂn Wﬁmﬁ agsBt A dHis aspect

of this enbodhiEiHenteRER TREO 1 Sokher fﬁ%k‘e?xgg Qsp eg\!)t%s @H@t;% a " R%is

substituted heteroaryl. | n, anot her aspect, corrpoun are
represent ed PR Pokateden and R! isme:ting. RoanvBEopneferred h$plccto:rf tlgs embodiment, R is

o et oA Lt A S tRAEog - e
S(0) 111235 ZEﬁaIQKf‘ eR’ is(OiRIf‘ oEB)lapdoy R? 15(}%&8')1@ ateltgl.yml ayibibiybierred aspect of
(Cl-C8)subst| tqu(;t“ a]I K é&ﬁt %)ﬁbg 1y C%%C}Sg E 1;| tut ed al kenyl
( C2- C8) al kyn§t Sptedn ¥§%6 & dipiagre Ropis PerRie:
preferred embodiment R is OR?, R* is OR® or F and R' is methyl. In another preferred
embodiment R* is OR?, R*is OR® or F and R’ is H. In another preferred aspect of this
embodiment, R* is OR?, R? is OR? or F,R*isHand R'is methyl. In another preferred
20  aspect of this embodiment, R* and R? are, independently, OR? and R’ is methyl. In
another preferred aspect of this embodiment, R* and R? are, independently OR”, R*is H
and R' is methyl. In another preferred aspect of this embodiment, R* and R?, taken
together, are —-O(CO)O-, R*is H and R is methyl. In another preferred aspect of this
embodiment, R* and R?, taken together, are ~-O(C0O)0-, R’ is H and R is H. In another
25  preferred aspect of this embodiment, one of R* or R?is OR? and the other of R? or R is
OH. In another preferred aspect of this embodiment, one of R* or R?is OR? wherein R® is
not H and the other of R* or R? is OH, R®is H, and R is methyl. In another preferred
aspect of this embodiment, one of R* or R? is OR? wherein R” is not H and the other of R*
or R is OH, R is H, and R! is H. In another preferred aspect of this embodiment, R and
30 R%are OH,R*is H, and R’ is methyl, In another preferred aspect of this embodiment, R*
and R are OH, R%is H, and R' is H. In another preferred aspect of this embodiment, R*
is OR?, R? is OR" or F, and each R' and R*is H. Tn another preferred aspect of this
embodiment, R* and R? are, independently, OR® and R' is H. In another preferred aspect
of this embodiment, R* and R? are, independently OR® and each R' and R?is H.



or any two R2, le, R4, or R5 on adjacent carbon atons when taken
together are - 0(C0)0- or when taken together with the ring carbon
atons to wyiochosiibeygs are attached 25 form a doubl e bond pCT,Usmog,Rﬁms
ORa, N(Ra)2, N3, CN, N2, S(0)r, -C(=0)RI 1, -C(=0)012.
C(---0)NR111212, -C(—-O)SRll -S(O)RI 1, -S(0)2R1 I, -S(O)(0R15,
-S(0)2(0R1L WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5- SO2NR11R12,

hal ogen, (Cl -Ggpal kyl, (C4-C8)carbocyclylal kyl, (Cl-Cs)substituted
al kyl, (C2-C8)al kenyl, (C2-C8)substituted al kenyl, (C2-Cs)alkYnYl,
(C2-CGCsubstituted al kynyl, or aryl (G -C8)al kyl or R6 and R2 when

ke s oosther o guof Aol OEESN SRR 6] AN W Ok s
each R2, R3, (em)?a@ mz-ag;aakmymmemmmyx Q@Eh&ﬁ@'akﬁécﬁéf@l%& bbHdRent,
with one or 1Q ; wher ei n

: and
one or nore linﬁg r}g?}—)i’&n&?{aﬂm@aﬁ(@bﬁ .atETd Rﬁa)(é(a@l}pigal @(—O)NR“R”

C -C8)al k I 1 nal epl 1
<(31I I re?ral nlyng va)rc?gtil es )gr e Sléé}‘lkngﬁgggg{op "Eg?)ﬁ{uqR] “Q‘?W]gr@ ha%gen,
errbodl ment of{CRdhJailldys (CI-Gs)dbotwe! HalkHbId- Oﬁﬁlb@ﬁhﬁdlaﬂﬁﬂf(cpfcgﬁ%ﬁﬂ a
[, enbodi nrent of Fornul a |

ata N %@)s@qtm@zaﬂ?esmy%&aa}kmg@q—co@mmgea|au<ynv1 or aryl(Cr-
(& C8) Z?’Eitn'y PRt 1 DT IR B S B s RoErh KTt [ Terfigi
; 2 :) ts h:pbggl ?ﬂ(bz-&%ﬁl?c?ﬂ%‘lohgﬂ@glgfﬁnség&%fth&&mmmeﬂa R Ohall\ll\gﬂ%%\]\ligl ON,
hal ogen. p ﬁ%’( %@"Rasﬁéc@)lﬂ)’ Fh@%cﬁr@éﬂR“R% “GEOMFR br- San)Rogen
Aol ogen ane bR ROk G EPRER AR s R M SR BER G g ' 5174

or F andIil l(@-i@)tcblivbcycl}'ﬂml@ﬂme@s)ﬁﬁﬁ&%d alficyX, (CS-Coyatresh] Wmlcg)dﬂgstir&ed
ORa or F and is H. b]an referred aspect of this enbodi nment

R2
OH and Rl is? %JPTQS 1%[)ﬁ@?‘%ﬁ“‘?ﬁ“@ﬁ@#qn@d%@b@b’i(cufcs)ta}kwlsandR is H, Na,
enbodi nment , eferre t.
this enbodl rre@%lt I(élRZgB) k?rf‘?CR%:aja H(l Okﬁ: &@t‘lﬂﬁﬁﬁﬁ%} anothc Qs eCt(:?(??héspect of
thi s enbodi membodiment B® i OR*riNg KX, 15¢@),Rt, et ©RY, a:sﬁeleéf CEHFOBR'R, -

e T LR T m i m%@»&gﬁg'rs”e@wa”t i piiosen, -
(C2-C8) alzdfenyctr@@g&b@@tu@%)aﬂiykmyics)élﬁbn n g%tlgﬂ edtaﬂéeﬁylgg@- )ﬁﬁ%y}i or

R3 is Hor Ina preferréd ect o ment
anot her pref é@r@d)suisp@mﬁ aﬂ@nylh 1sé‘Ev;ﬁ‘QdCNemt:thyR3thm@I ok efR?uyl S{“GmRé)ﬁnd

erbod ment . BeisL Rengsher asoek BBl Sk BERC Kok PR R 4N SR LR -

aspect of t hC$=Ce)m(5'(;l L@(&@NRRR“? SC(HO)ﬁZ” I-S(@Ra‘ og(ch,RANds @Y de et hyl .

'n anot her as{) W 2(OR l), —SO;NR] 'R, halogen, substituted methyl, ethenyl, substituted ethenyl,

25 ethynyl, or substituted ethynyl, R* is H or N3, R*is OR®%, R®is H, and R?is F or OR®. In
another aspect of this embodiment, R® is OR?, N3, CN, S(O)R?, -C(=O)R", -C(=0)OR"",
-C(=0)NR"R'?, -C(=0)SR"", -8(O)R", -3(0):R", -S(O)(OR), -S(O%(ORM),
—~SO,;NR! ’R'z, halogen, substituted methyl, ethenyl, substituted ethenyl, ethynyl, or
substituted cthynyl, R is H or N3, R*is OR®, R* is H, R? is OR® and R’ is methyl. In

30 another aspect of this embodiment, R® is OR?, N3, CN, S{0),R?, -C(=0)R'!, -C(=0)OR ",
-C(=O)NR''R, -C(=0)SR"!, -S(O)R", -S(0)R", -S(O}OR'"), -S(0)x(ORY),
—SO,NR''R'?, halogen, substituted methyl, ethenyl, substituted ethenyl, ethynyl, or
substituted ethynyl, R* and R® are H, R? and R* are, independently, OR®, and R' is
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WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5 enmbodinment, R3 is H R2 is
OR or Fand RI is H 1In another aspect of this enbodinent, 2 i'l is
met hyl . | nwanmobdnmeeisaspect of this enbodi 3nment, R i2s HpduszbisosssH,
Rs OR and Rs OH and Rl is nethyl. In another aspect of this
enbodinent, R3is H R2is OR and Rl is H 1In another aspect of this
enbodinent, R3is H R2is OHand R is H In another aspect of this
enbodi nent, da88RTFRI, R3 and R5 is Hand R2 is OH. 10l n one enbodi ment
of Formula H, R4 is H N(Ra),, N3, CN, SR, halogen, (G -C8)alkyl,
(OrCs)al kenyl or (C2-C8)al kynyl. In a pref erred aspect of this

enbodi nenf, Bty Iﬂ%nothbmsambﬁﬁhrs qnﬂmﬂemanedaﬁm@m;wsom $i08,R?, -C(—O)R”

:g?ﬂie;mm ef ?j_ggﬂﬁgﬁg& |°scgr@gg| %Z‘B)R R4S @ neéig%}r{ )?CR' or

hal d L 8
hal ogen and rgt%m!) 20’2*?@“’1'@ rharzrg@r‘, %arsﬁigltﬁﬁgﬁﬁh &Lmrsﬁ sﬁbsﬁrrp&ﬂétﬁ@@f

anot her pref @ﬂw@ﬂ erspbyituted eth:rn Pemb(b& awsrH, R Rad %m@@ﬂ,amm‘smrorn

o R i o oot kel i ol BeRDR SRR R TR ET o R idap bt

R4 is ORI) RC{HO)SR''RYY, (E'(—G))SR‘RI-S((B)RH -3(0)igtdrenar'ef soptorspect of
this enbodi ne Hand Rl is nethyl.

I n anot her prg%}é}r‘ﬁﬂﬁ 2bagﬁ%écﬁﬁgﬂ¥mﬁp’§thé‘hﬁ@6’ﬂﬂﬁmmﬁﬂd ghenyRzethypd, or

i ndependent | E&}qm | Ril 3 e

t hi spenbodr rrg%r{s@'ﬁ;tﬁl and Ax 3?;%%‘553%%%& hﬁ%b@&%@ﬁ%&s&q of
methyl . In aboseebodimentdt rie @Radbe N, 80X L (Eﬁiﬁbdl REFD)ORRY -GFORR, 'R,
taken to eth 1 0- i of her

pr ef erreg aspect O%}gl %g ) e e ; S@Qﬁg&%ﬂ@g 1£ylspé§g ﬁgréal%ﬁc&
-0(Q0) 0- }5 RBSu‘tehtuaaﬂdnéﬂhyllﬁhddyI hﬁbsﬂmfﬁdfb&fen}a%tﬁﬁﬁ/i %Eﬁﬂnﬁ&ﬁ% of RY QidsRs
enbodi nent , f» R4 @ and the other of Rﬁm CH.

I n anot her p?@ﬁ% - @pd 5‘3}5@%9? t‘Eﬂ‘SthFhlaée EHEGPmepd R tﬁr‘?éeﬂéﬁl‘l FMaD@FheF@ﬁPSCt@R'

wherein R ' Hss dfodih @R HOROMNIEENOE (3R OlC(BB)i 'S g d RI
is nethyl. In anotohqu pr eflerreg@aspecg tr$| s)enb@giogk Cﬁlg) B

or R2 i sSOR vHERMR -8R n@i(%RandS(ﬂi@lbf)h@(ObeRA) oBORIRI'R (Mo odeld,

is H and R e t, ;R4
and 30" Re. ar SR bR ER, BRI SR SR ar sl S et B
aspe(r:]t 020 t Pmﬁi :%rﬁmdadrémndﬁ end il g%ﬁwﬁj areR&)@GD)B,- moaler és%ei_\ydﬁoft'hfs
anot her pre eri; asp ] R4 is Olr, R2 "

2 and ench RIOSEORGR s G I Cln STRER: PHGTUR et GRRUET. ORI R,
TR oo g
preferred aspect of this enbodi nent 4 afid are c'fependent:8

and each R gibgtitredimetiyl, cthpwlzs}@gritmﬂp@sﬁactrdtmmﬁgrb@mmm%ﬁﬁ, 1'BIR?

one enbodi ne 4| NR)2, N3, CM SR,
hal ogen, (C1- ?Jhl ng{ﬂgﬂ%l mlc%?d‘%qgndeﬁ IFOR d%ﬁ; kynyl. In another
aspect 025th| S enﬂn@denmbmdrmaﬁidf%famla [\l( IRZ’)aﬁd Ri\&e em,om aS(eQQtoheofR‘

0) 1211, 012,11 0) NRI
-gEO))ZR' : ( ?zzfﬁ"“ll éw%teé)ﬁrwf Of%ﬂmd%wzl‘ %&I%&Eﬁrfad’ OR" and R

methyl In another embodiment, R* and R* are cach OR® and R? is (C1—Cyg)alkyl,
(C1—~Cs)substituted alkyl, (C;—Cs)alkenyl, (C,—Cs)substituted alkenyl, (C,—Cg)alkynyl,
(Co—Cs)substituted alkynyl or aryl(Ci-Cg)alkyl. In another aspect of this embodiment, R?

30 and R* are each OR® and R is OR®, N(R*}3, N, CN, NOy, S(0),R%, halogen,
(C:~Cslalkyl, (C;—Cg)substituted alkyl, (Ca—Cs)alkenyl, (Co~Cy)substituted alkenyl,
(C2—Cyjalkynyl, (C,—Cy)substituted alkynyl or ary}{Ci-Cg)alkyl. In another aspect of this
embodiment, R and R* are each OR® and R% is OR?, N(R?),, N3, CN, NO,, S(O),R’, -
C(=OR', -C(=0)ORY, -C(=0)NR''R*, .C(=0)SR", -S(O)R"", -S(O}R !, -
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(G-Cg)allcyl, (C4-CB)carbocyclylalkyl, (C-Cs)substituted al kyl,
(C2-C8) al kenyl, 10(C2-Cs)substituted al kenyl, (C2-Cs)al kYnYl,

( C2- C8) subwoizbasteeizal | cynyl, or aryl (Cl- Cs)alicyl and déxmissooshos R,
N(r)2, N3, CN, Sr, hal ogen, (C-C8)alkyl, (C2-C8)alkenyl or
(C2-Cs)al kynyl. In another aspect of this enbodinment, R6 is O,
N(Ra) 2, N3, NO2, S(0)"Ra, -C(=0)RI 1, -C(=0)0R11, -C(=0)NRl
11212, - 3(0) RT26-PF S(0)2R', -S(0)(OR 1), -S(0)2(OR ), -SO2NRI|RL2,
hal ogen, (G -Cs)al kyl, 15(C4 C8) car bocyel yl al kyl, (Cl-Cg)substituted
al kyl, (C2-C8)al kenyl, (C2- 08)subst|tut ed al kenyl (C2-Cs) al kynyl ,
(C2- C8) subst stcu)t(@a”a,l R&OMDR bx Sacvm(‘ tu" @al)ogédgydl s (G}S—d‘bsulNﬁﬂut@\'
(C-C8)al kyl, q) yl . I n anot her aspect of
thi s enmbodi nﬁlﬁﬁ’l (o Calleep (IQS‘CEQNI’ %t(‘@)l ﬁkensd,cf@sz)@mkmyl (@I—-CG)SO‘l@Med

S0 2R 5 LIS @Eﬂﬂwﬂo A AR S Figr
(C2- Cs) al EenﬂH ar(d@%@@)is,msm a(tcam a+(I(eﬁyR cc;zo)o&t) HIRE=OINR &
Syl - Re CE R ST -sBr T SiolBre 9“5@4&)@ AT CTEL—

R6 is Ojg I\BECC@)aﬁ@fJ)(&{—cg)sﬁi&snﬂﬁ 231%(08 r& 11) czsc%gﬂ%)giﬁdél@%%

-C(=0) SRl - S(0) Rl ~8(0)212. 11
5, - S2NRI | 120~ Om)alkogzdnqr (Eeris)subsitteed ateyd.l , et henyl, substituted

th | 25et h t t th . i N3, R4.i O
R T H ana ro )i el it B e aﬁﬁpaaéﬁélagféﬁ&g%ﬁ%aﬁ%%ﬁ*
is O, N3, CHR®*SDhRother Q(FQ))(RQ 1s]{d;TCg)@ﬁﬂO%(_gatghbsﬁl%&gﬁ(gﬁgé»l%%)%lkenyl

-C(=0) SRl | , -S(0)R 1, -S(0)212.11, -S(0) -S(0) 2(0R11)
_SCRNRI | RL2{Cah&blsifstitutediabesnyl iﬁzeas)mmw (CreCdramhstityted ailigyi bUﬂrglﬂCl-

IEtShenyl §t hég%ka é{gértml{eﬁ (?efqm c}/ualﬁx&tt ﬁaé;b iagf)cggt Ni—} ow..i)tﬁ or B* 1s

enmbodi rrent 68° kuisd 16 ptthof RNy R$(sCU§-1(2§alk ICKCTQ@&ubStQﬁtc@)lm?l G~ CORAMAR
RO(=0)SRII, -S(Q)R.', -S(0)2RL1, -S(0)(0RL5, -S(0)2(0
_ SO2NRI | R1L2, (GrafpsubstitatedislenylufCodCaaikiml, (CetGrmpstituted gyt ot apl(Ci-

et henyl, eth @ or substltut ed ethynyl, R3 and R5 are H, R2 and R4
are, i ndepend and Rl is WD 2009/ 132135PCT/ US2009/ 041447
756. PF 5net hyl . IIm aaqrbelmrboampacofmvhuﬁ E?ﬂs@il“rﬂéma)a RﬁGI\SI\@%SNﬁnR“

O 05620578 U W AT B ) 22

hal ogen, subS(tO)((DR’é};l -SrenhgR i, eish)@mFlR’%gQR%dnt e@zgkﬂenyl et hynyl ,
or substituted ethynyl, R3 and le are H atre OH, and RlIS
nmethyl. In a%rﬁéﬁaré@,qy@atallwf (EniG)subssivaiedahyl, (CR6Ci)skaw, (mcs):smbstnmted

ki, - BBl il TR e sk B

hal ogen, subgbidt of @k dtiolithent, BCREAYN,, c&ule@pldg%n@ﬂ (€} enylebtrhynyl
or substituted ethynyl, RI, R3 and R5 are each H .and and R4 are
OH. In ahot h&r-Gepiketyl.oln anpther asnend f MisrmbomBnang ROW HNB; anGNier Spo)toRes

O AL 0 A8 O g 8 405
are each OR". In another aspect of this embodiment, R' is methyl and R* and R* are cach
OR®. In another aspect of this embodiment, R' is H; R* and R* are each OR?; and R* and
R’ are each H. In another aspect of this embodiment, R' is methyl; R? and R* are each

30 OR® and R® and R® are each H. In another aspect of this embodiment, R’ is H, N, CN,

methyl, ethenyl or ethynyl; R* is OR® and R®is H. In another aspect of this embodiment,
R%is OR?, Nj, halogen, CN, methyl, substituted methyl, ethenyl, substituted ethenyl,
ethynyl, or substituted ethynyl; R” is H or N3; R* is OR%; R* is H; and R? is OR®, In
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15substituted nethyl, ethenyl, substituted ethenyl, ethynyl, or
substituted ethynyl, R3 and R5 are H R2 and R4, taken together, are

-0(C0) 0-, wodedshistssnethyl. I n another aspect of this qhashé®oixs0
is ON N3, CN, S(0)"R2, -C(=0)1el, -C(=0)0R 11, -C(=0)NRI 1R12,

-C(=0) SR11, -S(0)R11, -S(0)212.11, -S(0)(OR11l), -S(0)2(0OR11),

-S2NRI I RI 2, hal ogen, substituted nethyl, ethenyl, substituted

et henyl, ethysyby or substituted ethynyl, RI, R3 20 and R5 are each H
and R2 and R4, taken together, are -0(C0)0O-. In another aspect of
this enbodiment, R6 is O, N3, CN, S(0), R2 -C(=0)RI I, -C(=0)ORI I,

e ST o S B A0 St R s

substituted etethehypthengds supstthted %BMWinUbﬁ@bﬁﬁMﬂE%wﬁzﬁB AAR R BRI
each H R2 and I%f are . '?de&%ﬂeﬁ%{ gid RS is N3. 25|n oneg
enbodi nent o Rodrs; ipdgpendspily, QR pln afoghe aspget 1&%@“‘&@‘1@&5@ ip PR".3Ys,

R, R3, or RbalbgnON, Hethbl) seRQiuhemaaspasiendf siddisiathRghing and
R4 are each ONand Rl rﬁekl y | n gnof%ﬁer egr?iba |rlrent gil 1(;15;“&I I35%1re

each OWand faEbstiyted ethyeyly EI)!R%H R’ il ag)Rimd R rureadh @Hk)ln another aspect of
C2- C8) alh kenylis J

(S ) et iAo 300 bR Wt AN o P NI, s,
this enbodi newbstituRd eg@ndnethR4l,ar mbemwd@hyawdRh&dR?m m aniR*, talén
NO2, S(O0 R2, | k ut ede al

(C2- C8§ al) ken @%%@@ﬁ%&??@ﬁ%ﬁ a %(ﬁl)“ ‘&E ‘t% ﬁa N3= halogen,
Eﬁz OSaﬂs)ugst CNumeﬂlyIahxhhsﬁgakedOﬁeﬂ@nydﬂ(eﬁyl- %hﬁﬂul@ﬂetﬁeﬁ%lsvﬁ ,qerm @@ﬂﬁ%’&ed(g\l

i s embodi e i S
NO2, S(0)" "tﬁYﬂY&%Jb C@‘Eﬁ‘ze gﬁeﬁeﬁq{\/@}alﬁloﬁ and & 35 Ny @JQPJK“E%E@}@R‘I of this

- S 0 WL S 17T 2 P
5s§ og ( 0112515( @t%i(%%%?%ﬁc@ . soéNR(iggEﬁgngwﬁoggﬁé%Mhﬁ Jfgﬁﬁl {Eﬂ“’“}'l

(G - Cs) subst Intaneider aspesy pf fh(sc%iﬂumralpqd@nw R(l@:zlsa@)msm,nwlad al kenyl
(C2- C8) al Ky Migron ﬂ'@)eﬁﬁgﬁ d)!l bR, %Zlgglggxlmkgr AR %:]ac@?lg Ky, ﬁgﬂ]ﬁ:}s

anot her aspect o hi's e ment”, are bo

O, N3, CN, @c)tsml@fthle(em@)di@mnt RY @Q%Q)aa):rgech -Tfoétnd) NRkoxtylehyl, etheny]
C(=0)SRI I,

S(0) 2( OR
"2 ha oge%%%ﬁcﬁ BRI TR b it DR Jnghathgyaspect of his oF g
(g g;) alﬂge?«;mbod(rﬁm y 1smbsiaiotgeﬁ €, aidﬁgm%ﬂﬁvdrcé(%ngtﬁgl) ahkr%{s,mw% eth@iyl; Rl* is H;
1T, Conch R Ko TRty SRR aa g epd RS e %angﬂﬁffsg@ctgfﬂ@%fgﬁs%s
or R4 is (a c1ﬁ%)iﬁhé§1‘!|R6 it 8 HaBbad) 03¢, nfeut ﬁdlyﬁ}ok%lgeth &R R s

(Cc2- C8)subst|tuted aI kep lPﬁé} C8)a yn}ér substltute
al kynyl or apgh X’ s pAch IOR") anddi o aﬁ»‘sﬂ@étﬂ of thi s embodi nent,

ST T o e AR B AP, Lo, B Bjr

0

!
W]

w? . In a preferred aspect of this embodiment, R’ is H. In another preferred
aspect of this embodiment, R’ is Hand R is H. In another preferred aspect of this
embodiment, R’ is -C(=0)R". In another preferred aspect of this embodiment, R’ is -
C(=0)R" and R! is H. In another preferred aspect of this embodiment, R is —C(=O)R“

30  whereinR' is (Cy-Cg)alkyl. In another preferred aspect of this embodiment, R is -
C=O)R! wherein R is (Ci-Cg)alkyl and R' is H. In another preferred aspect of this

embodiment, R’ is
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(C2-C8)substituted al kenyl, (C2-C8)al kynYl, (C2-C8)substituted

al kynyl or aryl (C1C8)allcyl. In another enbodinent of Formula Ill, R6
is O, N I@epeRwBBssCN, NO2, S(0)"R3 , 20-C(=0)R |, - @cxl)sodsbiodis7
-C(=0)NRI IRI2, -C(=0)SRI |, -S(O)R', -S(O)2RI 1 , - S(O)(OR I 5,

-S(0)2(ORI 1), -SO2NRI IRl 2, hal ogen, (C-Cg)alkyl,

(C4-C8) car boc?)P(‘{)c‘I él al kyl, (Cl-C8)substituted al kyl, (C2-Cg)al kenyl,
(C2-Cg) substi F al kenyl , (C2-C8)al kynyl, (C2-Cg)substituted

al kynyl, or aryl(C, -C8)al kyl. In another aspect of this enbodi nent,
R5 is H N3, CN, (G-C8)alkyl, (C2-Cs)al kenyl or 25 (C -C8)alkynyl.
| n anot her aspect of this enbodinent, Rl $s H |n another aspect of
this enbodinent, Rl is nethyl. In anot her”asp ct of this enbodi nent,
R is Hand R2 and R4 are each Or. hp-angthertaspect of this
enbodiment, R is nmethyl and R2 and R4 afe each Or. In another aspect
of this epbodinment, Itl is H R2 and R4wdre each Or and R3 and R5
are each H |n a ther aspect of this enbodi is methyl; R2
and R4 are egb‘l‘?"g‘@r@e ferrgd gsprat of s fb Qﬂ‘@eréa}éﬂe In anot her aspect of
this enbodiment, R5 is H N3, CN, nethyl, et henyl or ethynyl; R4 is
O and R3 is H In another aspect of It}his enbodi ment, R6 is CRE, N3,
hal ogen, CN, nethyl, substituted e thenyl, substituted

et henyl, ethynyl, or substitutedVeth nyI R5 is H or N3; R4 is Ae;
R3is H and R2 is O. In WD 2009/ 2135PCT/ k}ﬁé&low 041447 756 PF
5anot her aspect of this enbodi nent, hal ogen, CN,

nmet hyl , substituted nethyl, ethenyl, substltuted et henyl , ethynyl, or

substituted ethynyl, d RS are H and R2 and R4 are

i ndependent | v, angther é?cnée ulgflll; each Re igyadrpsadsatly Reoges, ORB,
N3, hal om@n,\mmmv OR’Mbl%‘t‘NkUR@dN UV \{o @H@@Nr chbgt iy ut ed

et henyl, et hi/ or sLbstltut ed et Q‘N R3"an arekltﬁli )Fld R2 and

R4 are each <§1¥ NIﬁNgnot%N@J"péctCIﬂﬁR%dt‘ﬁ(—@)éfﬁbl(ﬂd% AE{TS)NIRER s ORa,
N3, hal ogen, ON gy o ubstit

et henyl , et hynyl, hts Cgfé{&%jt( &Qta% %1(@'{53)& géapéc‘rf-lgocéﬁfé agé'l’and
Rﬁb 'Ejaken tog;ﬁtolndiy suhstﬂutﬁﬂ)é@)oﬁﬁonallﬂsx&ﬁﬁﬁa&ﬂﬂm&‘ﬁ@@ﬁt -OEEON( - gg)alkylh-l
enbodi nent stituted met

et henyl , subg@t@ﬂ %ﬂ @Wﬁgﬁs}&a C@?ﬁﬁ%ﬁ% BJETEéubéImO&PéeﬁpéﬁtWHwGnﬂr@m@nn

H R angs R 2h ®° i oepsndantyl a @mﬂnﬁaN NGyn ! her asp of
this 15o0f thfslenbodl erigrl}t %63% %R @Jiﬁﬁ@lﬁhﬁ , BRPREERO!

hydr oxynet hy{? angtgegspect Qf*htstqﬂlh‘?ﬂlmmi, ﬁa@%tlﬁéﬁd@a'slp?@eﬂ}’,éiﬁlogm NROR %0 ns
erodtent R 00T 0Py SR SR s
IS c ano

et hynyl ; RI and R2 and R4 are ea i of
this of thi screbdséaentesach RE méen%ﬁdenﬂnllm@gm,m Rﬁﬂﬂ(}ﬂ}'l)OR” NR”NR“R”
hydr oxynet hbeu

iy 1 hynyl: Rl. i s _nmet g are
each ORE. In anot Egr 2ad g{ec I%et%/‘)r}]t A &nogfer Epest (%{“é WBE%‘PWE% CaCRE 1% N3,
hal ogen, 2@N, maqiehq/dnﬂymwgemm‘t'mwN(Rét)ORHthdm}éﬂmly roRt! oRSRY Sind R B4,
and R4 are e h ORa; @7 1§ ?nd R 5 eac | n _anpt her aspect
of this of t %geB’rﬂSM nt 1 R8¢ "sasl‘{%Ct 0 d"é‘g??d“@(it cagt lyip,, independently,
hydr oxy et hykajoseh ey "omet)bmnymuizmwg ORURYLR! R AP 11481, BN
0113; and and,,R 5 are each H In one enbodi nent of Forrru a H
is H -C0) F\NR RGzad ROR Hy In angthepasgrat of thisserghodyngent,reagh %r!@il&dqpenﬂenﬂy,
aspect of t hﬁﬁog%ﬂh@f@‘"ﬁEPNfR 361{'11’:&1%“1&1{' I@B,%ﬂe rgf{efag& keﬂ‘ H, halogen, or
25 NR'R"™and R'is methyl. In another preferred aspect of this embodiment, R® is NH,
and R® is H or halogen. In another preferred aspect of this embodiment, R® is NH and
R? is H or halogen and R' is H. In another preferred aspect of this embodiment, R® is
NH; and R?is H or halogen and R' is methyl. In another preferred aspect of this

embodiment, R® and R’ are each NHa. In another preferred aspect of this embodiment,
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aspect of this enbodinent, R7 is Hand Rl is H |In another preferred
aspect of this enbodinent, R7 is -C(=0)Rl 1. In another preferred
aspect of Wwbixsosembiesli nent, R7 is - C(-0)R 1 and R is hcehus:apeifier
preferred aspect of this enmbodinent, R7 is -C(=0)Rl | 30wherein RI'
is (Cl-C8)allcyl. In another preferred aspect of this enbodi nent, R7
Is - C(-0)R11 wherein W is (C-C8)alkyl and RI is H 1In another
preferred aspgegpbrof this enbodinent. R7 is WO

2009/ 132135PCM52009/ 041447 756. PF 5 I n anot her preferred aspect of
this enbodinment, R7 is w2and RL is H |In another enbodi nent of

TR St TR R 08 i i,

_CHENHNRL1, aGHR mﬁj})NHz-a@ﬁl m)emyl -Im@nxayxw@iaimai aspeet pfhINRINbb&nibaL,
=0) OR11, C€l-GH)a :

(G- Cby car body &5 RATRS: =35 o it Ry et SR PhR bR Biepb Aas G and

SUbISE i tut e;tl :RéisﬁﬂlﬁaernyllR is K hﬁéifcﬂlei ﬁgaﬁﬁ}eli}&kpect- of%@%m(:ﬁaumﬁﬁ%ﬁigmﬂ and R®

ar G a or n anot her aspect (6] this e odl nent ,

15gach R8cgi sls%a@ﬁidwﬁ hal ogen, NR 'R 2, N(R11)O0R11,

NRIINRI 132, OR11pOfhofEr emﬂd‘(lnﬁ&ﬁ%h%nrﬁtﬁﬂ?ﬁc?:ac@fl{l@ Rl 8id ﬁlilgqu_lN tlralo%@r?h

R8 is, indepen I hal gge 2, N(R11) OR1Z,
K or SR’ anﬁ\m??m NR PGR AR ISR %‘ﬁ\bm@mom@gmﬁm bach R8

i s, independenfly Hﬁﬂaﬂ QE§IN dﬂﬁl J@Jf R %Réﬂ__)r@ ‘R‘% Nﬁllil{b and R1
is nmethyl. In anothe asp ec | , ed

i ndependent | YC(=620BYeR)’, @Ri bRSR, N Ridthd Repikct d‘ﬂlﬂuiaihﬁodaﬁﬁlt E‘? is SIR“ hi: Falel
RO i's H, halogen, -C(=O)R"’, -C(=0)OR"", -C(=0)NR''R", -C(=0)SR "}, -S(O)R"", ~S(O}R", -

15 S(O)NOR'), -S(0)(OR"), ~SO,NR''R"™, CN, methyl, substituted methy}, ethenyl,
substifuted ethenyl, ethynyl, or substituted ethynyl. In another aspect of this
embodiment, each R'° is H, halogen, CN or optionally substituted heteroaryl and R is
OR?Y, N3, halogen, -C(=0)R"!, -C(=0)OR', -C(=0)NR''R*2, -C(=0)$SR'!, -S(O)R"", -
S(O)R', -S(0)OR'), -S(0):(OR""), ~SO,NRR', CN, methyl, substituted methyl,

20 cthenyl, substituted ethenyl, ethynyl, or substituted ethynyl. In another aspect of this .
embodiment, R'® is H and R® is OR?, N3, halogen, CN, methyl, substituted methyl,
ethenyl, substituted ethenyl, ethynyl, or substituted ethynyl. In another aspect of this
embodiment, R? is H; R? and R* are each OR?; and R®is OR?, N, halogen, CN, methyl,
substituted methyl, ethenyl, substituted ethenyl, ethynyl, or substituted ethynyl. In

25  another aspect of this embodiment, each R* and R® is H; R? and R? are each OR% and R®
is methyl, hydroxymethyl, N, halogen or CN.

In one embodiment of Formulas I-111, R' or R" is independently H, (C,-
Ce)alkyl, (Ca-Cylalkenyl, (C2-Cg)alkynyl, (C4—Csg)carbocyelylalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -C(=0)(C,-Cg)alkyl, -3(O),(C;-Cg)alkyl or

30 aryl{C,-Cy)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:



hal ogen, or NR 'B.'2. In another aspect of this enbodi ment, each R8
is, independently, halogen, NRI1R12, N(R 11)0R11, NR11NRIIR12, OR' or
SR' and ROwb3oddrizhads ogen, or NRI1R12 and Rl is H | n anetheroespaet
of this enbodi nent, each R8 is, independently, hal ogen, NR11R12,
MR11) OR11, NRIINR11R12, OK-11 or SRI' and R9 is H, hal ogen, or
25NR11R12 and Rl is rret hyl. In another preferred aspect of this
embodi ment, RS8PFs and RO is H or hal ogen. In another preferred
aspect of this enbodinent, R8 is NH, and R9 is H or halogen and Rl is
H. In another preferred aspect of this enbodinment, R8 is NH2 and RO
is Hor halogen and is nmet In t her ferred ect hi s
enbodi nent, R 8 an\cﬂ@are—m@ﬁdwwm/l&g%ine%m@lr_gwef .e.r;\('.‘ijP r&m
thi s enbogi nent, 09/ 132435RCT/ US2009/ 044447 756 5

are each NH, ﬁgp@ EL is H In another preferred aspect of thls

enbodi nent , ®9 are each NH2 and Rl is nethyl. In another

preferred aspect nranbmlmserﬁmaﬁﬁléﬂreﬂponﬁ&susxr% Rﬁ(?k‘*RRS IS, ﬁngrR‘ ﬁs
anot her preferred aspect of this enbodi H a

"NH,
and R is H mdgpendentiyetCifreealions € %bﬂé}e’@ﬂ 6$z @ﬁalkyrehmﬂﬁ%nﬂ)alw wherep
d BY is NH of F
M1 Chach R e, et O A B Oy s O By,
NRI N3, N& Nqntmn@llmtlbewuted @rarzmszbsmore@raw\rmm, CNOMsNQ(BEh b} OR?.CH( OR11
2 0) N NRL1R1 1 91211,0r SRl 1.
?n angg her ;Rgiaeé‘%{gre PYW%O? St :?‘Pér{'tm%g °§‘R%R§S%R fér g8hR Sould
Tz &*@?Smﬁ‘ B0 2( RIS SRR Ol methyl  <ubst 11 i ed
-1 n , - me supstitute
methyl, et heﬁ%(% L@ﬁ- ﬂﬂ&(agé@h :MN%%W hikeqy Subst] t ut ed
et hynyl . I n anot hgranaspesibodimdnf bSFQHReALIME RE ,R3eﬁ’tlit58t6 RE R’ ’h@t@gen,

CN or opti onaII supstituted heteroaryl and R6 is ORE, "N3, hal ogen,

- C( =0) R1IS - beherein oty GTdFNRIOf plpmmtcr@e_&e(l)y:gb@latomng)gaﬁ]_g_ald (C,-Cg)alkyl
S(0) 2R11, 69 1 ( : 1

substi t ut ed rre% Ei;tgo}mly gm%\gg%@sfl% §?¢2a et ﬁ%ﬁo f(h d%%#xampleand

substituted mtﬁwyﬂrmn IFh ]&r,]Bt,rRerRane@tR t01t1d1regxee¢ribmdmamemuchla’k -Q,0€H;,

Ubsti tut ed rHORI O RO HRGEIE ke s o Bk Al Thulicabhanate

aspect of thhha enbodl rrent R3 |s H R2 and R4 are each ORa; and R6 is

ae, , ~hal ogen, ne h I .
2(5.I 9 In%tl}lﬂ anoﬂt-rer%m’bodlment, the compounds of Formula I, Formula II, or Formula

11T are named below in tabular format (Table 6) as compounds of general Formula IV:

OH  OH
Formula IV
wherein X1 and X2, represent substituents attached to the tetrahydrofuranyl ring as

25  defined in Tables 1-2, below; B is a purine defined in Table 4, below; and X3 represents
a ring element of the purine base B as described in Table 3, below.
The point of attachment of the core structure ribose is indicated in each of the
structures of X1, X2, and B. The point of attachment of the core structure purine is
indicated in each of the structures X3. Each structurc in Tables 14 is represented by an

30  alphanumeric “code”. Each struciure of a compound of Formuia IV can thus be
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substituted nethyl, ethenyl, substituted ethenyl, ethynyl, or
substituted ethynyl. In 25anot her aspect of this enbodi nent, each R3
and R 5 iswi28323803¢ R4 are each Oe; and R6 is methyl pcrus2009/041447
hydr oxynet hyl , N3, hal ogen or CN. I n one enbodi nent of Fornmul as
I-111, RHor R12 is independently H (Cl- C8)allcyl, (C2-C8)alkenyl,
(C2-C8) al kynyl, (C4-C8)carbocyclylal kyl, optionally substituted aryl,
optionally sgbsPFtuted heteroaryl, -C(=0)(Cl-C8)alkyl,

-S(0)"(C -C8)alkyl or 30aryl (Cl-C8)al kyl. In another enbodi ment, Rll
and 12.12 taken together with a nitrogen to which they are both
attached, sf Oly@;ghakedlif tabuBERRR LS doRBBAGY Sldde” fe}a{élg?nm% Efch @tr@&b{ragﬂ%e’?fh

carbon atom of said heterocyclic rlng can optionally Dbe replace
-0-, -S- or upeathe fellesying aymgax: By XdaX3-Bf Touadpl examplg. Kot X2¢.KBa.Bi i on,

the noiety - - ented by the heterocycles: WO
2009/132135Pg$r%%§%§ﬁg?®%§§ﬂ§ﬁ$@§$PF [-Th/-Th/-Thro -N-N O -N-N NRaj
-N,,,, and the like. In another enbodi nent of F8Hsul as 1411, R2, RS,
R4, R5, R6, Rl or R12 is, independently, (C -C8)allcyl,
(C2-C8) al kenyl, (C2-C8)al kynyl or aryl (Cl- wherein said
(a-Cc8)allcyl, (C2-Cs)al kenyl, (C2-C8)al (Cl-C8)al kyl
are, independently, 10 optionally substi ne or nore hal o,
hydroxy, CN, N3, N(Ra)2 or ORag
limtation, R2, R3, Ra, Rs, R,

"""

H
OH OH
Table 1: X1 Structures
Code Structure
Xla CN
X1b CH;
Xlc N3
X1d CH,OH
10
Table 2: X2 Structures
Code Structure
X2a H
X2b CH;
X20 % e |
15  Table 3: X3 Structures
Code Structure
X3a -N=
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represent noieties such as -CH(NH2) Cl - 13, - CH( OH) CH2CH3,

- CH(NH2) CH(CH3) 2, - CH2CF3, -(CH2)2CH(N3)CH3, -(CH2)6NH2 and the

i ke. I n awotberserpodi nent of Fornmula I-111, R2, R3, RrnRds00)o€raaR ]
or Rl12 is (Cl- 15C8)al kyl wherein one or nore of the non-term nal
carbon atons of each said (G -C8)al kyl may be optionally repl aced
with -0-, -S- orTherefore, by way of exanple and not limtation, R2,
R3, R4, R5, RB9.BF R12 could represent noieties such as - CH2OCH3,

- CH2OCH2CH3, - CH2OCH(CH3) 2, -d 2SCH3, -(CH2)60CH3, -(Cl-11)6N(CH3)2
and the like. 20In still another enbodi nent, the conmpounds of Fornul a
|, Fornmula I||cog@¢ Fornmula TTT are naned D&iawal,d tabul ar format
(Table 6) asicompounds of general Formulg 1V: HO 1 X1 X2 OH OR Fornul a
|V wherein X1Xahd X2, represent substituen€H=attached to the

tetrahydrofurgglgﬂ—n—ng—as—?‘idefrned—rrr—ﬁrgggg t=2—betow—DB-t+s—=a
purine defin In Table 4, below, and X3 |répresents a ring el enment of

the puring base B as described in Table 3, below. The point of
attachment of the core structure ribose is indicated in each of the
structures of Xl, X2, and B. The point of attachnment of the core
structure pumrhkies! B StructurekNdi cated in each of the structures X3. Each
structure in_Tahles 1-4 is represented by an 30 al phanuneric "code".
Each structur€odd a conpound of Fornul a | %trostwre hus be WO
2009/ 132135 0S2009/ 041447756 PF Sdestgnat-ed—nghabutar
conbi ning the "code" representing each structural ety

f oraon ey
U TmToy

X3
3 \N

B2 OH

B3 NH,

B4 NHCH,
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using the follow ng syntax: X1.X2.X3.B. Thus, for exanple,
Xl a. X2c. X3a. Bl represents the follow ng structure: OH OH Table 1: X1

Struct ur eswgad@nstissicture Xla CN XIb CH3 Xlic N3 Xl d CHihikQoodallser 2:
X2 Structures Code Structure X2a H X2b CH3

756.PF

5 Table 6: List of Compounds of Formula [V
X12.X2b.X3a.B1, X1a.X2b.X3a.B2, X1a.X2b,X3a.B3, X1a.X2h.X3a.B4,
X12.X2b.X3b.B1, X12.X2b.X3b.B2, X1a.X2b.X3b.B3, X12.X2b.X3b.B4,
X1a.X2b.X3¢.B1, X1a.X2b.X3c.B2, X1a.X2b.X3c.B3, X12.X2b.X3c.34,
XlaX2c.X3aB1, X1a.X2c.X3a.B2, X1a.X2¢.X3a.B3, X1a.X2¢.X3a.B4,
10 X1aX2¢.X3b.B1, X1a.X2¢X3b.B2, X1a.X2¢.X3b.B3, X1a.X2¢.X3b.B4,
X1aX2e.X3cBl, X1a.X2¢.X3¢.B2, X12.X2c.X3c.B3, X1a.X2c.X3c.B4,
X1b.X2a.X32.B1, X1b.X22.X3a.B2, X1b.X2a.X3a.B3, X1b.X2a.X3a.B4,
X10.X2a.X3b.B1, X1b.X22.X3b.B2, X1b.X22.X3b.B3, X1b.X2a.X3b.B4,
X1b.X2a.X3¢.B1, X1b.X2a.X3c.B2, X1b.X2a.X3c.B3, X1b.X2a.X3¢.B4,
15 X1b.X2b.X3a.Bl, X1b.X2b.X3a.B2, X1b.X2b.X3a.B3, X10.X2b.X3a.B4,
X1b.X2b.X3b.B1, X15.X2b.X3b.B2, X1b.X2b.X3b.B3, X1b.X2b.X3b.B4,
X1b.X2b.X3¢.B1, X1b.X2b.X3c.B2, X1b.X2b.X3c.B3, X1b.X2b.X3c.B4,
X1b.X2¢.X3a.B1, X1b.X2¢.X3a.B2, X1b.X2¢.X3a.B3, X1b.X2c.X3a.B4,
X1b.X2¢.X3b.B1, X1b.X2¢.X3b.B2, X1b.X2c.X3b.B3, X1b.X2c.X3b.B4,
20 X1b.X2e.X3¢.B1, X1b.X2¢.X3¢.B2, X1b.X2¢.X3c.B3, X1b.X2¢.X3¢.B4,
Xle.X2a.X3a.Bl1, X1¢.X2a.X3a.B2, X1¢.X2a.X3a.B3, X1c.X2a.X3a.B4,
X1c.X2a.X3b.B1, X1c.X2a.X3b.B2, X1¢.X2a.X3b,B3, Xlc.X2a2.X3b.B4,
Xle.X2a.X3¢.Bl, X1c.X2a.X3¢.B2, X1¢.X2a.X3c.B3, X1c.X2a.X3c.B4,
X1e.X2b.X3a.B1, X1c.X2b.X32.B2, X1¢.X2b.X32.B3, X1c.X2b.X3a.B4,
25 X1e.X2b.X3b.B1, X1¢.X2b.X3b.B2, X1¢.X2b.X3b.B3, X1¢.X2b.X3b.B4,
X1e.X2b.X3c.B1, X1¢.X2b.X3¢c.B2, X1¢.X2b.X3¢.B3, X1¢.X2b.X3¢.B4,
XleX2c.X3a.B1, X1c.X2¢.X3a.B2, X1c.X2c.X3aB3, X1c.X2c.X3a.B4,
X1e.X2¢.X3b.B1, X1¢.X2c.X3b.B2, X1¢.X2¢.X3b.B3, X1c.X2c.X3b.B4,
Xle.X2¢.X3c.B1, X1e.X2¢.X3¢.B2, X1c.X2c.X3c.B3, X1c.X2¢.X3c.134,
30 X1d.X2a.X3a.B1, X1d.X2a.X32.B2, X1d.X2a.X3a.B3, X1d.X2a.X3a.B4,
X1d.X22.X3b.B1, X1d.X22X3b.B2, X1d.X22.X3b.B3, X1d.X2a.X3b.B4,
X1d.X2a,X3c.B1, X1d.X2a.X3¢.B2, X1d.X2a.X3c.B3, X1d.X2a.X3c.B4.

[ T3]
[\)



X2c 1= H 15Table 3: X3 Structures CodeStructure X3a-N= WO
2009/ 132135PCT/ US2009/ 041447 756. PF Code Structure X3b -CH= X3c -CF=
Tabl e 4: BWO20891828%2s Code Structure Bl PCT/US2009/041447

756.PF

S In another embodiment, Formulas I-1II is a compound selected from the group

consisting of

10




X3_,--"* NNH2 B2 -....,,, NOH ------ N NH2 B3 X3 ----..
------ PMeLN L., . NNH2 ------ NH2 B4

WO 2009/132135 PCT/US2009/041447

756.PF
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X3___.--, NNHCH3 N WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5In
anot her enbodi nent, Fornulas I-111 is a conmpound selected fromthe

0T 0Up CONSiBLLAGsoHs NFRNHNF- {2 HO--t, ONC. .. /., HONFi w@oooofi )
NO HO c]—lHoWh&%ﬂh We-rrus2dobsol 148

756.PF




OO0OO T TIEreEr 1rir oH01-1 4 0 NH2 NH HG k. HOON, / HOON OH Nrj a0l1l-1

WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5or a pharmaceutically

accept abl ey galfo biygs eof . DEFI NI TI ONS PCT/US2009/041447
756.PF

10

15

20

30

or a pharmaceutically acceptable salt thereof.

DEFINITIONS

Unless stated otherwise, the following terms and phrases as used herein are

mtended 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;-Cyg alkyl), 1
to 8 carbon atoms (i.e., C;-Cg alkyl), or I to 6 carbon atoms (f.e., Ci-Cg alkyl), Examples
of suitable alkyl groups include, but are not limited to, methyl (Me, -CH3), ethyl (Et, -
CH,CHj3), 1-propyl (n-Pr, n-propyl, -CH,CH:CHj3), 2-propyl (i-Pr, i-prapyl, -CH(CHa),),
1-butyl (n-Bu, n-butyl, -CH,CH>CH3CHs), 2-methyl-1-propyl (i-Bu, i-butyl, -
CH.CH(CH3)2), 2-butyl (s-Bu, s-butyl, -CH(CH;)CH,CHs), 2-methyl-2-propyl (t-Bu,
t-butyl, ~-C(CH3)3), 1-pentyl (n-pentyl, -CH,CH,CH,CH,CHj), 2-pentyl
(-CH(CH;3)CH,CH,CHj3), 3-pentyl (-CH({CH,CHj3)), 2-methyl-2-butyl
(-C(CH3):CH;CHy), 3-methyl-2-butyl (-CH(CH;3)CH({CH3),), 3-methyl-1-butyl
(-CH2CH2CH(CH3)z2), 2-methyl-1-butyl (-CH,CH(CH3)CH,CH3), 1-hexyl
(-CH>CH,CH,CH2CH;3CH3), 2-hexyl (-CH(CH3)CH>CH,CH,CH3), 3-hexyl (-
CH(CH:CH;)(CH2CH1CHa}), 2-methyl-2-pentyl (-C{CH;3)>CH,CH,CH3), 3-methyl-2-
pentyl (-CH(CH;)CH(CH3)CH,CHa), 4-methyl-2-pentyl (-CH(CH;)CH,CH(CH3),), 3-
methyl-3-pentyl {-C(CH3)(CH2CH;}y), 2-methyl-3-pentyl (-CH(CH>CH;)CH(CHz),),
2,3-dimethyl-2-butyl (-C(CH3);CH(CHs)s), 3,3-dimethyl-2-butyl (-CH(CH;)C(CH;)s,
and octyl (-(CH,);CHj3),

“Alkoxy” means a group having the formula -O-alkyl, in which an alkyl group,
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Unl ess stated otherwi se, the following tellos and phrases as used
her ei n are i ntended to have the foll ow ng neanings: 10Wen trade

names are n, applicants intend to independent I &# ( he
df%% 85 . .c3e’rm§(as }dglﬁut

t radenat ne produ and the active phar rraceutl cal ingredi t he
tradenane product. As used herein, "a conpound of the
i nvention"” or "a conpound of Forrmula I" neans a conmpound of Formula |

or a pharnmacé@@é.PEally acceptable salt, thereof Simlarly, with
respect to isolatable internediates, the phrase "a conpound of
Forrmul a 15(nunber)” neans a conmpound of that fornula and

phar maceubi cak byfined 6&piepiplarachad foshe pdhan e@lecule via an 0 ukyitomi The alkyl
hydr ocar bon cont ai n| ng. normal , secondar tertiary or _cyclic carbon

atons. For e®ainepef angkenarounfiasavecait 2Ncoop pipnsdi ¢ of bn alosys ! (¢ 12
e, C1-020 al kybdn atamgd@ 8c9@f,mfbx§$ eﬁtc(ér@arbon% .8l &g}:} alk%)lﬁ;iﬁnﬁ

carbon atons (i. | es 200 |fa
i ncl ude, but ©& $l@tdbﬂ9tdllqohm’noepls mduderrbttm:t nC(trimuted@Ha)ethcewlﬁsO C(*IEDJ: HGME),

CH2CH3 1- CH3) 2

T butyl (- Botow GOETRen: B BRb el By S bty -

gHZ Cﬂ] C:-BgZ) 2- lb‘llﬁ?lbalksé” Buin alleybgioyp, ,as d&'ﬂ(@@lﬂ%\@;ﬂﬁﬁﬁ);h one(olrlmore h){drcngen
me ro - u - pen

R YT Oﬂ?@%)"f bg aﬁ%gg?rm @ﬂlaﬁﬁ%@léﬁeﬁémﬁﬁ ﬂpofa y

(- CH( CH2CH3) Riioalk lrg&ftdi%an Zataut 4120 (cax@()%ﬁﬁgf@ﬁ@m h%ﬂﬁg’{w 042 RMbh¥

(- CH{ CH3) CH(C1- 13) 2), 3-methyl-1 - but DCHR CH( C

2- net hyl - | - baeystes, @M@%‘Ww@ @é)calhon AHENSH- . 01-06 alkyl lg-xamples of
A G208 ( TRy o PO facsbly areries %83%@%@ Xrakr,
3-net hyl 12- 3@lekikg| (- CH( CH3) CH( CH3) CH2Cl - 13), 4- et hyl - 2- pent y|
5ot hy1 5. pont y1 e B R b GRERRR SE o
(- C( CH3) 2CH( ErByrgtomSith dt lert biyelsit2-ob uisgturdtioH( LCHBYEHCERDS, sFribuble biyhd.
W o an_al KD G5 o0 T2 bearA 52 1R LRt eisias. Fob ki 2 0
defined abovecabén &bidehed,LC; AIRAYIPaKERE 6&%6&%&‘15‘(!@ GLICOMGeR. atom
The al kyl port| on of an al koxy group can have 1 to Carbon At ons

y
(i.e., CPOcobxarMesgfisuitable Ykamyl grapnsdnclades husf(are rot lmmeﬁ@«yyhylem of Yinyl6

carbon atomsg X Eﬁig;t)ﬂ oyt Xy groups
i ncl ude, but abrﬂghorlllofjdpﬁ to, _#E?ﬁg@;fe?yg(f% ’oa?fggﬁh%n P( 0CH2CH3
or -(YEH( I t ¢-HLOHYCH A 0H, ?(EE&BDszor - 0t Buzmang the like. 10hHgI oal kyr
is an al kyl group, jefi ned above, in which one or nore hydrogen
atoms of the al kyIAIglF‘HﬂﬁSPQY r@‘ﬁﬁr%ecﬁnwnﬂl}g@q‘}éll gapfasy. sertiaryiRecybry |

portion of achBdORbKYitl b0kt 6B 3Y Rashinfatidf, zccaa@&«eo@r:% %;%(trfﬁa o bond.
Cl- C20 hal oal kyl), 1 to 12 carbon atoms(i.e., -Cl12 hal oa

Ito 6 catbonFeresampl, @ alkwyl mevmtaryaye 2 awlw afmssies 8l aﬁa{num del

ar oups 1 el UglEanbikhiot 6. 1% dyhEStof 10 6 ion 5 fre, SEBatmy

Examples of suitable alkynyl groups include, but are not limited to, acetylenic (-C=CH),
propargyl (-CH,C=CH), and the like.
“Alkylene” refers to a saturated, branched or straight chain or eyclic hydrocarbon
30  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, 1 to 10 carbon atoms, or 1 to 6 carbon

atoms. Typical alkylene radicals include, but are not limited to, methylene (-CH,-),
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15and the |ike. "Al kenyr is a hydrocarbon containing normal,
secondary, tertiary or cyclic carbon atonms with at | east one site of

unsat urati car bon-carbon, sp2 doubl e bond. For 48

al kenyl gr@&&ocglnzlﬁave 2 to 20 carbon atons (i.e., C -Mﬁ%@{] 2
to 8 carbon atons (i.e., C2-C8 alkenyl), or 2 to 6 carbon atons
(i.e., C2-C6 al kenyl). 20Exanpl es of suitable al kenyl groups include,
but are not limted to, ethylene or vinyl (-CH=CH2), allyl

(- CHRCH=CHR) 756 9E| opent enyl (- 051-17), and 5-hexenyl

(- CH2CH2CH2CH2CH- - - - CH2) . "Al kyl -1yr is a hydrocarbon

cont ai ning normal, secondary, tertiary or cyclic carbon atons with at
| east one3si tid-aliyl (AEECHE) 1,Dwthyl (—@Hz@ﬂoe)al [enopyhf-OHCHAR: 1), il pheoiond.

Co- 20" al kynyi G ECHRe R WhpBeR Grbta e Lo bdv Rl D indsh s
carbon atoms (i.e“Alk&RAde" ﬁrdrmwhhsaaﬁsmaﬁ&e@& Skt dhokHal cﬁtlcwleyl
groups inclu are not limted to, acetlyl eni ¢ propar gyl

(- CH2Ca- CH) , %&#acaf rpdigabhaving tip manevalgopragical qenters dgraveérbaﬂeeaem@‘raéﬁﬁtwed
or straight GH@hfnQfonfiionl e B Qa6 BRR APk g@l olf?a\rs!n@& Al Re. For

nonoval ent radical centers derived by the renov wo hydrogen
atons frdb t BenpEerendrkanyisneigoppeaahavehioldd m:mépmmsmafl ta 10 earbont atcam;anbto

10 car bon. ot Saa L PRAL B BRRLIRE byl SPGB Tt

i nclude, but (@0l limted to, rrethylene( CHZ) WO
2009/ 132135PCT/ U82009/ 41447 756. PF 51, 1-ethyl (-CH(CH3)-), 1, 2-ethyl

( CH2CH2-), 1, 1- propyiqne et Engysafurated, Efaﬁ?lﬁ‘éw st.(mg@@@q(w
1, 3-propyl  ( n§B&GhiRPHRI habir R bhovatda RERACEREL 3dRrel b %&ﬁ\%} Lidks.

"N kenyl ene” tefers to an unsaturated, branched or stra aln or
cycl i c hydr obyiegsn ajomgifont hhsamany twv\élfﬁﬁrt@nmadioamtomaﬁaw‘ent@ﬁ@nerlsn

derived by t@ga {?‘FM&’E} genE\QQuEXQ{h%Q%Ema}oO ona{% tlhg ﬁan%org?ifa&l\s/\%rl to

di fferent car at ons ene. exa
al kenyl ene gfoaporcamnmh alygichl a]byn&&ne:adioaimmhﬂ&mpt dré ﬁotliﬁuteatd)m'q&ﬁnerrs,

or 1 to 6 carhon .atons al. .al kenyl en adi cals include, but are
not |imted “b): 8]? Iﬁ%@%[ﬁi@g E@t—@éﬁ%‘ JER=¢2f ers to an
unsat urated, brancligdooffigt fRALAN to@]ﬁi‘r&e@f‘aﬁﬁ*ﬁp\bﬁlﬂu &)ﬂ%@&%fd%ﬁ ard@r%aﬁ%

havi ng two monoval ent radi cal centers derived he renoval of
15 hydr oden &k ®uBoms savisghide KamelagN(Kinowkiirg ¢a@he}£ 1seraien@:derabwdimuhmmasd or

parent all cypgynds %%mh%utﬁéh o?'l!.lhs)ﬁg%{n?%heca%o%yﬁyl?&Bstnﬁgforlungu%stzmted

carbon atons, Ito 10 carbon atons
helerocyciy] ete. The hybridization of the nitrogen is approximately sp’. Nonlimiting

types of amino include —NHj, -N(alkyl)z, -NH(alkyl), -N(carbocyelyl)s, -NH(carboeyclyl), -
Ntheterocyclyl)s, -NH(heterocyclyl), -N(aryl),, -NH(aryl), -N(alkyl)(aryl), -

25 N(alkyl)(heterocyclyl), -N(carbocyclyl)(heterocyclyl), -N{aryl)(heteroaryl), -
N(alkyl)(heteroaryl), etc. The term “alkylamino” refers to an amino group substituted with
at least one alkyl group. Nonlimiting examples of amino groups include -NH,, -NH(CHj),
-N(CHs)z, -NH(CH2CHys), - N(CH:CHj3);, -NH(phenyl), -N(phenyl)s, -NH{benzyl), -
N(benzyl),, efc. Substituted alkylamino refers generally to alkylamino groups, as defined

30 above, in which at least one substituted alkyl, as defined herein, is attached fo the amino
nitrogen atom. Nen-limiting examples of substituted alkylamino includes -NH(alkylene-
C(0)-OH), -NH(alkylene-C(O)-O-alkyl), -N(alkylene-C(0)-OH),, -N(alkylene-C(0)-0O-
alkyl),, etc.

38



6 carbon atons. Typical al kynylene radicals include, but are not
limted to, acetylene (- CEC—), propargyl (-CH2CE-C-), and 4-pentynyl
(- CH2CH2 m no" refers generally to a nitrog ical.

whi ch ca%gg@o%lg% ér ed a derivative 20 of ammoni a, ha\%:%Th%?@gm“”
formula -N(X)2, where each "X" is independently H, substltut ed or
unsubstitute gll kyl, substituted or unsubstituted carbocyclyl,
substituted dp Bﬁsubstltut ed heterocyclyl, etc. The hybridization of
the nitrogen is approximately sp3. Nonli mti ng types of am no include
-NH2, -N(allcyl)2, -NH(allcyl), -N(carbocyclyl)?2, -Nll(carbocyclyl),

- N(het emdyc1y1) 2*AryRinidses m@@y@tqhy)*rocarmrarﬂémalzlememw dreyamoval of one

: NE 2|a|r gzlcilg:?g/ %%%%egtag%g%%g %\%l)e(cgﬁ%r? LiBaY hé%%m a:romaf)c nng system. For example,

N(al kyl') (het en eal grdop caeiheve 6lthe&leabon étahi;gﬁltaﬂri cedbonradney; 6r d 10 1aRkardon sioms.

OO oot e b B b RS QAR JS0LL R b RY ©°
N( CH2C1- 13) 2 pheniitl(sabgititdd benzee, paSKNAIINE, antNERE BAN Ny, and Ne lll!%élzyl) 2

etc. Substi tut ed al k}/l am no refers cg]ener ally to all cyl am no groups,

as definéB 30 aboVelalkyh’' spferets agecy a§}kYbrﬁ610§1uB§~thaeé1mef the Rygrogenqatoms

defined here : Q985 t
exanpl es of E%dg{iﬁé&%%@&%ﬁﬂn t9?h&ﬂ§ i nc ga g‘;E}E NH( afl%&)ﬁm %33656'%1’ én'?agyl
-141-1(al kyl ead@ab@@lcmasﬂﬁyﬂ)groum@mlud@yblém@( Dx)mt@chgoZbeﬂzyl 2-phenylethan-1-

756 Pr & ary P iR B bl e O SRRHEEE bR el B i

renmoval of oamd thy ko JEre aadlalkylf g‘rmp @n&bmgh& Tar2iearbai aiomef e. @, thaaiRilt
aromatic_ring s m _For exanpl e ar an_have to 20
enrbon sl b o b 110 SERPHBACHR O FEaR BT 10 Baf BoRoatERs. | Tyoi cal

aryl groups incl kg lalitdhyia heFerd @4 ad A0FEhMkdn9] rafi6li 16 alhichGBE bV hidoFen
benzene (e.g., phenyl), substituted benzene, naphthal ene, anthraceng,

bi phenyl , anafomﬁ dondeg 4o a qabony 3ipmy typipplly & termaingl qrep zsrhasyom, butglseyan sp”
radi cal in whigGhy 288, Qfeptdaga bydn leaaxmh@agﬂg%&%mgﬁmﬁ&n X -y

typically a termnal or "sp3 carbon™atom is r ced wth”an ary
radi cal . Typinchidedpxdxamplel amyradibipesaryingroupd @ilscba@d teerain, aod tlielaﬁﬂen:dcborttmn of

e oo ahey FRATHRAN B AP B BRI o &5 0BEI DA Bty e

? [ oug canbcomtaII&aym;r%@tc%ﬁ cmapnimrﬁ tatl?mssrbom gi@;ns, éi% ethahllléydvl ﬁf»iﬁoy RByo 6S
o 6 carbon afons an . D S 0 carbon at ons.

Ayl al kemyt SpSTEpes t el Ppieis Sl i rovidtal (i whi ah one of

the hydrogen at onmabpnde” s (€ ad RYBliEARY! :MRACA Whichdnk 8F fKe BgdiroSn
sp3 carbon atom but also an sp2 carbon atom is replaced with an

aryl radi cal omgkonded to Hearbeioroms typkalyat ipramplanyp’ cerben ioa, Guiealsoragysp
exanpl e, z@nyc&i)?]m&n%yép]a%@wnﬁ aﬁihamaq gﬂrngajsd Sorti@l tﬁéﬁﬁﬁikﬁ@ych

portion of e aryl al’kenyl can i'nclu exanpl e
al kenyl gr oupslude.der axgmglehanyeaifthe arilezroupy Habloeqdyher@m,@u@ﬂmaﬁcyoyimomca@f 8

to 20 carbon,at 2 to, ar.bo
and the aryl . th% Eleg lsgaél L{'%Q{Aﬁ’égrg{)}x 1e,ar£§ grgrlé%c oy u;? P ﬁlls?}gifﬂ)}llmm‘
refers to anTB@gtghlkgnﬁlgkm;dan cadpds!8 b aom'bcxlnatome, af., thiglkImatl rdge@wis 2 to

at oms bonded (0,2, SRDOM LT YR K3 Ve RubT 2! O sp3 carbon

30 The term “substituted™ in reference to alkyl, alkylene, aryl, arylalkyl, alkoxy,
heterocyclyl, heteroaryl, carbocyelyl, ete. , for example, “substituted alkyl”, “substituted
alkylene”, “substituted aryl”, “substituted arylalkyl”, “substituted heterocyclyl”, and
“substituted carbocyclyl” means alkyl, alkylene, aryl, arylalkyl, heteroeyelyl,

carbocyelyl respectively. in which one or more hydrogen atoms are each independently

39



25carbon atom is replaced with an aryl radical. The aryl portion of
t he aryl al kynyl can include, for exanple, any of the aryl groups

di scl osed R{@rgidns.@5d the al kynyl portion of the aryl alpefR¥boosaN 147
i nclude, for exanple, any of the al kynyl groups disclosed herein. The

aryl al kynyl group can conprise 8 to 20 carbon atons, e.g., the

al kynyl noiety is 2 to 6 carbon atons and the aryl noiety is 6 to 14
car bon at ons. g,gghe term"substituted" in reference to al kyl,

al kyl ene, ar )7IS ryl al kyl, al koxy, heterocyclyl, heteroaryi,
carbocyclyl, etc. , for exanple, "substituted al kyl", "substituted

al kyl ene", "substituted aryl", "substituted arylalkyl", "substituted
bet er ocycPy1'replagsd with gmenihydrosen substiveray cTypical ibatiwents loplude, dukart avte,
aryl, aryl al kyl: tereeyel vl 6aFDb od-YhRres IRY(=T s T ne
or nore hydrglédemr?dgttﬁo%’s%a’r ?’eé)éhélﬁﬁ epé%d’ewysﬁ%’%ﬁi’ cxy, é‘i@, BI&N?
2009/ 132135PCITNISABATY) 44E3,2NTE NOE Bheph adBIC(WOIRT, 0G0/ dr ogen
substituen . I, C subst .t uept s..incl ude t. ar b Lim to,
X, -Rl%-0" ,ﬁﬁ&(‘“@g@ 2 -S.S%Rﬁ;p_-ﬁf:%_)@%b%f—%&%ﬁ-@%&é)ﬁ%@@—. 2 SON,
-N=C=0, - NCS,S(=BR", -NQRO)OND,, -PNB)CRUCP )2, INEGLEINRRD)(OR )0,
-S(=0) 2-, -S(=0)20H, (%éggo)mb’b -0S( = 1%@?28%%#’2NR& Rj{- %@ggéb)

- 0P(=0) ( 8f) 2 COR=05(6RE) LEIRRCCHP( 2:COPP=cy B 2, CLDER} (06283 0) |
10 -C(=0)Rb, ¢ ﬁwxucsgﬁv@%%ﬂ@(ﬂk@%h e AR a6 PR,
“q(9)Sle, - O@I\)IR. B OB RS~ & Ny RS Llinadgeidefion natidl) BT,
i ndependent | Brzorhizand gaek R'Hs indepengentlydt, alkyl, and. asmlelyRb hitsrocycle, or a

i ndependent | - ar | eyl .aheterocycle or a
protecting g Bog%ugé 5‘%"#‘%8%%5%?’8%@? ﬁ%ﬁ%eé‘ﬁlg?nygep%e%%ﬂg é?engﬁr&’um tnay

al kynyl ene geisopssimiiyheduboinbel. SUnledsanteywisa i dicited) tadeh: theldnaSsubstthed Vi se
indi cated, when.the.term "gubstituted" | Sysed in conjunction wth
gr oups sg?:h H%"Bé‘? %nﬁinﬁ’:‘gﬂ‘f" WAPER S}'}%\féa’tyiﬁg(ytr“mdr@"%‘ioélr L BAFUH e of
subst it uti oncagable o8 stBStthidACME Sub@lertiEead bt GRS th ehelab@ ey, tHINE Moiety,
the al kyl noiety, or both. The term "prodrug” as used herein

refers to any™®¥kmpound that when adnini stered to a biol ogical system
305pont aneolls chemaal” paacsy ax plnoBRhLAR b B BUbERe nEN pAih bt
reaction(s), iqphdelotipd isystermemmestes thetdatgolbetanch e, eciive ingeedienpay apsultaf
Phorang 28 .. Rrrae i YRR hoke RES, 3 WAy 2 Blemilf BRioh RS PRy,
and/or metabolic chemical reaction(s). A prodrug is thus a covalently modified analog or
latent form of a therapeutically active compound.
One skilled in the art will recognize that substituents and other moieties of the
compounds of Formula I-1II should be selected in order to provide a compound which is
25  sufficiently stable to provide a pharmaceutically useful compound which can be formutated
into an acceptably stable pharmaceutical composition. Compounds of Formula I-ITI which
have such stability are contemplated as falling within the scope of the present invention.
“Heteroalkyl” refers to an alkyl group where one or more carbon atoms have been
replaced with a heteroatom, such as, O, N, or S. For example, if the carbon atom of the
30 alkyl group which is attached to the parent molecule is replaced with a heteroatom (e.g., O,
N, or $) the resulting heteroalkyl groups are, respectively, an alkoxy group (e.g., -OCHs,,
efc.), an amine (e.g., -NHCH;, -N(CHs), etc.), or a thioatkyl group (e.g., -SCHa). If a non-
terminal carbon atom of the alkyl group which is not attached to the parent molecule is

replaced with a heteroatom (e.g., O, N, or S) the resulting heteroalkyl groups are,
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One skilled in the art will recognize that substituents and ot her
noi eties of the conpounds of Formul ashould be selected in order to
provi de a gomaeunagizyhich is 95 sufficiently stabl e to grakheodiisr
pharmaceutical ly useful compound which can be fornulated into an
accept ably stable pharmaceutical conposition. Conpounds of Formula

1-111 which have such stability are contenplated as falling within
t he scope of \Zf%]E?Fpresent i nventi on. "Heteroal kyl" refers to an
al kyl group fe one or nore carbon atonms have been replaced with a

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

the 30al kyl croup whi ch is attached to the parent nolecule is
repl aced Wi t ReSReiEEr Bt SheRa (g2 GlCRe-OdrHepicy g %é%ﬂl’t‘l%@g ~CH1NHCH3,

het er oal | cyl -GHOYREL ! &o.), exeast%sﬂgk%ve%iewe Frb@l L§OXY). IF QAN o8! drbo on afbf S the

etc.), an amne (e.g .), or a thioal kyl group
(e.g., -SCH3glkyl grogp lnmpla%wnﬂi mbﬁter@wrbémg a@dﬁnooﬁ) tﬂtverewltkrglhctgmelhml groups

het or oat om ( &g i S AGEARKERb TR RHRONER BRCA B e,

WD 2009/ 1321361?@3&4);&2@%@4&414@0@5(6 gPRCTHO3REH1 iAvieteyoallah gk ytn havd) &

2 CH ,
GO Gl T armis. T 28 fodualiy Dlo M cadbth fmy o T g 0 w8b G e i
termnal car lh@t@roﬁlk?F@l&fp h&Bs @-hd%fbalﬂﬂ@ﬂﬂph@wﬁ,@p{oa@&ﬁbo\i‘ﬁa{dﬁlsa het er oat om

(e.g., 0, N, or the resulting bet”eroa IcyI s are

respectively, a hyré?téfﬁﬁ.‘éﬂlkﬁr B‘?‘@Bﬁ’cb@ g.used llﬁ%;by wAY aheawaliapd
group (e.g., 1‘10%%111&5 h@c&o@y‘cﬁ%)é'de&cﬂb&i mgfa&k’e%e ]ge ey A
het er oal kyl group can have, for 10exanpl e, 2 car Son- & ons, o]

10 carbon at dieteroayelidChamigryeG¥ Ho chtamms NG‘A @rk,ﬁﬁﬁkDMIthﬂoyCh@tmp 3,

rreans a I’igt eﬁogl%ﬂf}d&?n{%lé%hh % gfI!Iette%c l%%ol?nortl)ugc}s res aphs
"Het erocycl e Mﬁﬁ%ﬁ‘m

exanpl e and ohn No’xl‘aﬁ&ﬂomNbﬁd&ﬁc hesetoqeysehtpan dﬁﬂmﬁlmb‘ecdumes Paqueitst &9,

Now Yor k, 1068 2853 A1 Py S AR 586 51 s ool cmboctnert oF e

Chemi stry of uhlemﬁpwéldcgcl@ma&aa@smﬁoc%@rev 3§d&fne&/ﬁa@mr AR08 chd BMore
Wley & Sons, New York, 1950 to present), particul ar Vol umes 13,

14, 16, 19, &ne 1283, st crbopsomshars besgecp] E(cz%'@él agiptenRBE (94 Coeor S).
speci ficognbagL feRdt “QherbdiRleh By%kk&g}clyhf;ﬁ&&&gwﬁtedaiglgé g%%uﬁ psatgrated.
"carbocycl e" as detined herein, whefein one or nore 5

4) carbon at ongs, hai/%,mmefemnmgrﬂ adwtbredrorhatiy ringtle riehstimed b@tgoc:@lylmncludc
rSI) ngg()ngr E Ieg exa ﬁ%a eﬁe?% clie ru?,gﬁ su@?b%ﬁ?%%%’#f tﬁepsl(fljt)s"eiiiue(usscﬁ S{,Poseé herem
het er oar omat u:m]udnnm)bonﬁtgj)mpsl Atred-lhatiey ocaypledia dafb@hyld&bstﬁmed

exanpl e, hetﬁroc cli.c rings substituted with any of the substituents
di scl osed hePEFRSYR¥Sidi ng car bonyl groups. A non-liniting exanple of
a carbonyl substituted heterocyclyl is: N 50 Exanpl es of

het erocycl es include by way of exanple ang nof limtation pyridyl,

di hydroypyridyl, tetrahydropyridyl (pipeti H, thiazolyl,

t et rahydr ot hi ophcnyl, sul fur oxidi zed tetrahydrothi ophenyl,

pyri mdinyl, furanyl, thienyl pyrronI pyeazol yl, im dazolyl,

;3;[ rnglzfjlnzl , benz OE}I{J:;{;I?' €YS of h%t%ro%)r}&gs nc gécebrgywéy 0 egz?nlllyle an& q?lmlta}/on pyridyl,

dihydroypyridyl, tetrahydropyridy! (piperidyl), thiazolyl, tetrahydrothiophenyl, sulfur
oxidized tetrahydrothiophenyl, pyrimidinyl, furanyl, thienyl, pyrrolyl, pyrazolyl,
imidazolyl, tetrazolyl, benzofuranyl, thianaphthalenyl, indolyl, indolenyl, guinolinyl,
30  isoquinolinyl, benzimidazolyl, piperidinyl, 4-piperidonyl, pyrrolidinyl, 2-pyrrolidonyl,
pyrrolinyl, tetrahydrofuranyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl,
decahydroquinolinyl, octahydroisoquinolinyl, azocinyl, triazinyl, 6H-1,2,5-thiadiazinyl,
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30i soqui nol i nyl, benzi m dazol yl, piperidinyl, 4-piperidonyl,
pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl,

t et rahydr t et rahydr oi soqui nol i nyl, decahydrgqi }
octahydro?gggﬂ@%gﬁxny , azocinyl, triazinyl, 6H—1 2, 5- thlaéﬁgéP£§%f
WO 2009/ 132135PCT/ US2009/ 041447 756. PF 52H, 6H 1, 5, 2-di t hi azi nyl,
thienyl, thianthrenyl, pyranyl, isobenzofuranyl, clutnnenyl,

xant henyl , ph@@ppathlnyl 21 -1-pyrrolyl, isothiazolyl, isoxazolyl,
pyrazi nyl, pyridazinyl, |ndoI|2|nyI i soi ndol yl, 3H i ndolyl,
11-1-indazoly, purinyl, 4H—qU|noI|2|nyI phthalazinyl

napht hyri @i n i i.nnold n teridin

4aIF—)I- ca?lbagol ))? 6}@3,;@351@143"}91 éhlglzf} 1=bo% ny h’rgﬂghlts%q' f’%‘?fhv Y gﬂ?@%‘ﬁyl

Pyrlnldlryl xmhhﬂ@hmhmmkamyh QMQQ&Qn&ﬁ&ﬂ%hﬂﬂﬂhﬁ?ﬂhﬂ@ﬁ@%ﬂyh?Igyuhﬁnﬁ
urazan r r.oman j.rni dazoljdin

i m dazo?ll nyl m‘%ﬁ?—l&% #‘&F?}yfgﬁ 95)033?01\/1}[ h‘iffﬂdﬁa lﬁ’é'%éu Iﬁ;ﬂ“mo 1788k P}ﬁ?@azmﬁfl

i soi ndol i nyl pagHdhyHdedyi, Cﬂuﬁﬁékalmypﬁ%%dhﬂ?ﬂycmﬁéqﬁﬂrpb{eﬁﬁ 4aH carbazolyl,

benzotri azol yl, benzi soxazol oxi ndo benzoxazoli'nyl, isatihoyl,

and bi s-t et r &perobili §-eahglinyl, ph%ythméwbﬁc@@r&my@maﬁaylnmenwmtmh on,
car bon bQUdegh&%Elﬁ{rloﬁ%éﬁbg’??az@%F ﬁﬂ%’%ﬂglf pﬁéno 1§6’3h1%ma§%1 (éhroéargf?r 6 Of

a pyridine, posit dzine

or 6 of a pynmﬁamhlde:,yl pmsiatqlmml ﬁyraﬁ;hdﬁz,yl @yraﬁolm{yl,qn};myazam nedolipgls i ti on
2, 3, 4, or 5.0 fur t hi.of t hi ophene,
pyrrole or téstomng;@J’OOp If*urpg 183% %8???1?13' °§aZ°A’dmé’f rbgnic? “aéﬂlyggﬁ'ﬁoé?mlyh
i m dazol e or okindélZobenzop0slifiyl dkutidoyldanddis-Rnaltydedtulai@xazol e, pyrazol e,
or 20i sothi azole, position 2 or 3 of an,aziridine, position 2, 3, or
4 of an azetidine, position 2, 3, 4, 6,1 7, or 8 of a quinoline or
position 1, 3, 4, 5, 6, 7, or 8 of an nsoquinoline. Still nore
typically, carbon bonded heterocycles |nclqﬁe 2-pyridyl, 3-pyridyl,
4-pyridyl, 5- pyridyl, 6-pyridyl, 3- pyr@Q§;1nyl 4- pyrldazinyl,

5- pyridazi nyl, 6- pyridazinyl 2- pyrimdinyl, 4-pyrimdinyl,

S5-pyrimdgnyl, 6-By Wa_moﬂbﬂMple A P @Aitaon, cagbd?]}{foﬂéédﬂ'békeroc@clcs are bonded at
25pyr azi nyl 6 pyrazinyl, 2-thiazolyl, 4-thiazol or thiazolyl

By way of exAMHI% Zaddbmefr ¢ Pia BEdmsnbosiion Sothen Obéﬂﬁfew@@ém@w%& 4,
are bonded ak RGSjfl,l 1n:ld19é p@sﬂu&hzi Bl A fG.of Qé%ﬁ‘% "HositiBy B Zﬁ |4eor 5 ofa

pyrrolidine, 2-pyrroline, 3-pyrroling, imdazole, “I'm daz
2-im dazol i n@TalBiqmﬂhﬂhQ@rann@uOfpiw ah!@pl@nemmmr|t¢trahy®c>pjp;uiapo$1twrez 4,

3-pyr .aZO| I ne8r ?{;Pfﬂ%}:‘ﬁ&g Fiagoqg &Zﬂmﬂ%le Cp%?'%onﬁ pOSI PI gﬁlsgfxlag?lle,ggy?‘azzg{e or

position 2 3 a I'soi or 1 sorm
nor phol i 8@, #ndizgols] pasrmng 0B ofla atitidizag pesition 1,3, 6 bidnl daesidifd, pbditishor, e

(ypLeal v, oLy 096n bondert Ressreeycl gn 1 5EL e ) oA W oot
more typlcally, carbon bonded heterocycles include 2-pyridyl, 3-pyridyl, 4-pyridyt, 5-
pyridyl, 6-pyridyl, 3-pyridazinyl, 4-pyridazinyl, 5-pyridazinyl, 6-pyridazinyl, 2-
pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 6-pyrimidinyl, 2-pyrazinyl, 3-pyrazinyl, 5-

25  pyrazinyl, 6-pyrazinyl, 2-thiazolyl, 4-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-pyrroline,
imidazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole, pyrazoline, 2-
pyrazoline, 3-pyrazoline, piperidine, piperazine, indole, indoline, 1H-indazole, position 2

30 ofaisoindole, or isoindoline, position 4 of a morpholine, and position 9 of a carbazole,
or B-carboline. Still more typically, nitrogen bonded heterocycles include 1-aziridyl, 1-

azetedyl, 1-pyrrolyl, 1-imidazolyl, 1-pyrazolyl, and 1-piperidinyl.
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WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5" Het erocycl yl al kyl" refers to
an acyclic alkyl radical in which one of the hydrogen atons bonded to
a carbon atvomoediigmpizsal |y a term nal or sp3 carbon at ompgrausee@plaQed
with a heterocyclyl radical (i.e., a heterocyclyl-alkylene- noiety).
Typi cal heterocyclyl al kyl groups include, but are not limted to

het erocycl yl -C112-, 2- (heterocyclyflethan-I-yl, and the Iike,
wherein the 7b@PEBrocyclyl" portion includes any of 10 the

het er ocycl yl groups descri bed above, including those described in
Principles of Modem Heterocyclic Chemistry. One skilled in the art

wi || al sosunder st apderbbratyidika” P&&@&o&y&}mic AP A SRR RcRdleaghed to

the al kyl portion of the heterocyclyl a by means of ja
car bon- car bofyH8sd amspongedien Fwva pioa @rw%m terginahor e cEbevae, Shat

the resul ting. grouRid 3 hS@L%@}& | h¥ed gaegla%gteg(g@cl?ﬁélﬁféllg%FAO\F{)%?’I)?!ﬁlcg

group conprlses 3 to 20 15carbon at
t he aryl al ky hetgnogquyl |aB<yh_gmgpsanda¢lebbut aafe wrrdindied te hmerhcetceﬂ&ke I2y1

noiety is 2 a es .of, heteraoc
Ml ude by iy SovERRABRs YRR s R RReF b B RloRstiic ot fgfudes my of
oxygen, aad/ dfe hmetdcgagglrgx mtdasdmb&gaﬂmeé eicdeditd ﬂassalb@chubas m Principles of

t hi azol yhnet -thiaz et han- i.m dazol yl net h
oxazol yi net hsﬁi/o—e?lﬁif%%gﬁé}’—?ﬂ%ﬁ\%" on %ikéned g ! Ié’EFOé’Bﬂ?rﬁF“d Brhhen,

20and/ or ni th@t%@ydpﬂ@t E'&hﬁlge Q%Eé&@ﬂ@aﬂ@l §Hx@:€n%§ﬂ1@ﬂ1&@(ob9dlﬁ>ﬁ'lmwy|
pi perazi nyl met hyl, ol i nyli net hyl Krldln hyl

pyl’l di zyl met Rgaas %9,cpthpr@j-§zﬁh@q bgud, or}gwrg@; metoﬁylpondew@h the prowso that the

"Het erocycly n a isgh
one of the hkg"!rﬂgg%%]og %ergg Eagﬁc}ﬁﬂo g]yegﬂglrtego('ﬁ) l;?%ﬂ} a%{ &3\% %
termi nal 1&r spBorcaehne. gattbmmjdumrtﬁaﬁaﬂfﬁm agylalp@ graupbieoh tad oarbon aomq and the
replaced with _a heterocycl
i Renyl ene. - NRorl RS 1o 10 38uBBy ablss Torapfict ot BR@SHEplk inepde vy
al kenyl grOUﬁmyaﬁﬁﬁd@&a&ﬂﬁoﬂﬁnﬁhﬁnHeﬁ@ﬂMEMﬂthr@Rﬁyﬁﬁmdﬁﬁﬁﬁk@aﬂ
herein, includin ose scribed in_Princj n1kbterocyc iC
Cheni stry, affrHaE thRYQ oS5t ?Sahla%ﬂﬂylﬁlﬁ@%@f‘ﬁ%ﬁyle 1191? Tal. kenyl group
i ncl udes anY11ﬂflazToi},ﬂ3n1é¥:Hﬂeﬂ:¥dzoghfPé\!ﬂﬂ a8t OPRHErRL %lngﬂﬁcr%édlﬁ?%xy&n
the art will 30also understand that the heteﬁ%@%b$nf roup can

£

attached?f o emoraftkagay Foiping aterwryqepsugioasar Jd@nwzxmxlnwﬁnahs
of a carbon- 0 Qﬂﬂg dit he proviso
that the resﬁgﬁgﬁgmgggﬂglF%ﬂ%ﬁgﬁggg$P€&§%§%F§gl e d%%%? cyclyl

al kenyl groupyreonymebgke. to 20 carbon atonms, e.g., the al kenyl

portion of the heteroc [ ou f@@f at o and
the heterocycl yl n}gﬁtee %/ciyyalléenﬂ" rsé[(gf;u cD ‘f %]%%w?r laiu w?nch onen?t
2009/ 132135PRiktie2 ARekbéidelito d2obBf- atom, typically a terminal or sp® carbon atom, but
25 alsoa sp2 carbon atom, is replaced with a heterocyclyl radical (i.e., a heterocyelyl-
alkenylene- moiety). The heterocyclyl portion of the heterocyclyl alkenyl group includes

any of the heterocyclyl groups described herein, including those described in_Principles

of Modem Heterocyelic Chemistry, and the alkenyl portion of the heterocyclyl alkenyl
group includes any of the alkenyl groups disclosed herein. One skilled in the art will
30  also understand that the heterocyclyl group can be attached to the alkenyl portion of the
heterocyclyl alkenyl by means of a carbon-carbon bond or a carbon-heteroatom bond,
with the proviso that the resulting group is chemically stable. The heterocycly! alkenyl
group comprises 4 to 20 carbon atoms, e.g., the alkenyl portion of the heterocyclyl

alkenyl group is 2 to 6 carbon atoms and the heterocyclyl moiety is 2 to 14 carbon atoms.
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5"Het erocycl yl al kynyl " refers to an acyclic al kynyl radical in which
one of the hydrogen atons bonded to a carbon atom typically a

term nal Lbon atom but al so an sp carbon ato

with a he?@??@%ﬂﬁﬁlpradlcal (i.e., a heterocyclylalkyn?*gﬁ§?&ﬁwuﬁq¥3
The heterocyclyl portion of the heterocyclyl al kynyl group includes
any of the heterocyclyl groups described herein, including those
descri bed in75@pRri nci pl es of Modern Heterocyclic Chem stry, and the
al kynyl portion of the heterocyclyl alkynyl group includes any of the
al kynyl groups disclosed herein. One skilled in the art will also

bor 1 on of the het Sr SRk GY kS8R ey AENEE it Sl Bnfoting
or a car bon- hgdegonitons boxedd ton ctai‘bmhempnmdzﬁky attb@tindl Besp® esbit htogh, but
group is che . 15 Th rocy gr oup

caII abl e. het nyl
conprises 4 £0° %?f%dlr?t%{? dﬁ%cplaée‘gwltﬁ R %Pgb"ﬂg % Gric o Fial-
heterocyclyl adeiiMB:YeL n@:ﬁd@y}p Thé hé’teﬁo@% 1%&%%&&%&:@5}@@15}%;;1 groyp
0

het erocycl yl noiety |s to 14 carbon ato Het eroaryl

refers to aniukagyo! ﬁl@[l@ﬁe@wghyygro%ﬁep@bgg hersis inclydias ese desatibawin n
the 1 n910NoRrihiiBlet b¥lofetR MRl A% Ol %ﬁ@ End b mg@gaﬁmmk% can be
included in aromat1 ¢ ring | nclrude and ni trogen.
Non- i miting h@%@mlﬁﬁlmylfm’@mmdnws any nfbe alkg?hylcgem@h Hisdlbsetifhemn. One
aromatic rin het er,oc n

pyri di nyl, 31? Plé(} ﬁt(ﬁéj%r&(‘g%ﬁ?seq %%ersp oﬁﬁ kq%pthe L%terr? 885% gt IB)L%P Ry Pttac‘ﬁ?ﬁ]ta ﬁ]%
t hi enyl be nzﬂr[myl épm;tion obélabetei‘m:g)cﬁhlemwnyl oanbazof y l:arbd;ﬂszﬁlﬁﬁﬂio)ﬁh ora

| : 'oéﬁ?!%l o1 ST ReidtoRoRE Rl e bR A S Dbyt gt hepioady sible.
"carbocyeky 1'I‘hé Bétero6yct a&zﬁﬁtg‘yﬁ@tc%g) 3{1§es‘3r 19 20 ﬁ%@:@&tkﬁ‘lg)@ . REL ﬁlkﬁlgh ?omon
en

unsat ur at ed (e , cycl oa cyc oal kadi enyl, etc.) “or aro
ring having 8 fthS heterogyahy ﬁ"‘é’t‘ﬂrﬁo%s 3 1o Asbgreatems 7nd the h@er@eycihsd MCAEty 2
as a bicycl ey andudp algsabout 20 carbon atons as a pol ycycle.
Monocyclic carboc%ﬁles have 3 to 7 ring atons, still nore typically 5
or 6 ring atoms qte}@arylc r@;fabe@@lymbmstmlm@o@d)@ hddng &tﬁ@sﬂir@ﬂﬁtercﬁt@l in

?:Br ?P%gdafga&é i Ban e nllél'l ‘l}b‘m%’? l%l(;su[n[g?lg?h&oa o%:esaqllgy%fxi)ﬁf@c ed m

spi ro- f uged anomgsc 1‘1ﬁg)meludm)t}lgﬁlg s&bfﬂﬂ}ﬁidﬁﬁtr@cnﬁblﬂrﬁdﬂxﬁhh@m@ﬂl@lﬂé@Yﬁét@@ary]

i nclude cycl apra | obut clopent-|-enyl, 1-
cycl opent y2 8 Béi]idec@yq%gboéﬂfl%?agﬁé}lgs @?Bﬂ%ﬂﬁé}eﬁm@e deistrsxeltleny |
| -cycl ohex- Qrcﬁiﬂmlg,pyﬁdlﬁwgbﬁhﬂ%[ &caggyi mdami RﬁﬁﬂWf pubNadr RirfByt, ieny,

exanpl es of bicyclo cathocycles in

2009/ 132135PW9E29@®19PW9@W M., qaﬁaaﬁﬂpmlﬁwlyhttbmcdﬁymom@lm, vitagoig,
and decal i nersothlazoiy] qbiabl ?P%ﬁﬁﬁ%@i g}ﬁjldazﬁsé ﬁzdgpa};gzoﬁ%té‘cyd ic akyl

radi cal in which ohe of ydrogeh ato ‘a Carbon atomis
repl aced?with a déﬂaﬂmy@t’w “pabwyalyl" fethes carsaﬂuextbdk(ee e¢yaloalky])j madiallybut

| clude .
eyt opr opy e IR, G RGBS i s o

cycl opentyl nm'l:mnl atcammhshﬁmbpdiewb WBEdihdn atoms as a bibyald, Aed ?5 adokil 20
i in which a_hydrogen atom

refers to a he%ﬁlejtagalk I elf d he,el ,
(whi ch may b&" aé%" Yrerier Hlogowstis %f%‘ﬁ% baved tpdrag ainmsngtillinere

been repl acegpwhilys &% A¥d at@hOUBIC :c(i-‘aszb&%ve haver 12k a%ﬁ{é raH:
may be bonded tq a carbon atom of the het ersoal kyl grrg%p, % B&ed

het er oat ¥ ofs aterchdttel.dasky-0herdass) sysieay prdar thng atpros arranged as ablcyclo

[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, I-cyclopent-3-enyl, cyclohexyl, I-cyclohex-1-enyl, 1-cyclohex-2-enyl,

1-cyclohex-3-enyl, and phenyl. Non-limiting examples of bicyclo carbocycles includes
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15resul ting aryl heteroal kyl group provides a chenmically stable

noi ety. For exanple, an aryl heteroal kyl group can have the general

formul ae - =O-aryl, -al kyl ene-O al kyl ene-aryl, .

- al kyl ene-ﬁkl-)l-i&gdr%ﬁ?%b- al kyl ene-NH al kyl ene-aryl, -alkyl Pngmerég"é’?’W,m
-all cyl cne-S-al kyl ene-aryl, etc. In addition, any of the al kyl ene

noi eties in the general fornulae above can be further substituted

with any of the substituents defined or 20exenplified herein.

"Het cr oaryl al7§§rPF refers to an al kyl group, as defined herein, in

whi ch a hydrogen atom has been replaced with a heteroaryl group as
defined herein. Non-limting exanples of heteroaryl alkyl include

- CH2- pyr i 8i nykphthyGHerghydrooiphaleneCia-dosamel y| , - CH2- puri nyl ,

- CFL-furanyl, 25- r.be ur.anyl ,. - CH'-benzaqt hi gphenyl. ..

- CH2- car bazol ylI , %&%Y%%g%)l yyfers to toan acyahié aky T%E?F?é‘d&%%ﬁff the

- $§ pyr _aé ol inlbrdrogﬁ-é&’oz 1h§lﬂ:_tnh§:cgtblcal cy&hon-za@rﬂis%ﬁl{wﬂ W(i)th ficg'ﬂ%%;j:dﬁﬂ(ﬂéﬂé@@b?’ I,

- -pyridazyl, - -pyrim, , - -pyrazyl,_ -0- -pyridinyl,

- CH( CHB) - pyr FEicybe lﬁ%-ct}@'@%@&m?ﬂ@ﬁmm@ Pﬁﬁl’ﬁb%‘ib/?lylﬂﬁ(ﬂ groups

- CH( CH3) - i Soielile¥lal GHBYT: B lethy AR,

- CH( CHB) - t hi enyl . !gfr%%) S, d %ﬂr?yel ,“ge?(d-giméﬁD‘(%ﬁ%&ﬁ?@?ﬁ‘%’éﬁ%ﬁﬁ“ﬁ
- CH( CcHB) 1B ar B¥2@ieyyimethgly CH3) - i ni dazol yl, - CH( CH3) -t hi azol yI ,
- CH( CH3) - i soxazol y} .11 ). T i hi_azol,yl

- CH({ CH3) - quii nol yI ,‘1“? § -irée%é%t?ﬁ“‘gi%el“’,a“‘-@%%ig‘}@ iﬁ?}'g‘% 14 foba hydrogen
- CH( CH3) - pyr ateimdishich-nGhy(teHBrchpst ealzy g a etribon ath®or a heteroatom) has been replaced
2009/ 132135PCT/ US2009/ 041447. 756. PF he term "opt.ijaonall

substi tut och "HR P EPLPREE (g B%fm The et RGP PIbP° Remeed g ysathea o
Formi a | - 111 of the Beteroalkylfbiy badol yhefaifadnm bEhe de@forlkyDEQER prdvidedist e a
noi ety wherein all substiytents are hydrogen or wherein Oone or nore

of the hydr ofEHENSFYhgErastybepupasPviies ¢ eismieally stblesueistyi Foesrempleuah
as those |i skgthetthdhalyl ko8 daT b teWnQhl faﬁﬁmééja{kgkﬁg—b- QThe term

"optionally réplaced” rn reference to a particular noietfy of the
conmpound of mEYFkeRed-plkylene-pil, calkyletreNHarYonlkteomdVibalkskhetaryl, -alkylene-
(G -C8)al kyl qr | 0L kC _apl.ac . = Q- - .00 - NRa-.) neans
t hat one or ﬁoq?Me’ g%y {&Eéesfrﬁe“%%}] ean)g’ égt‘?oﬁ%gg)%l n,,?aﬁg oféfia E%Eegf fnc?iﬁt&w”g&be
repl aced by @gnefl] f@mube abpeeanbe funbergubsinsedpith bty @tthd aibgtitnentOdefinedor,
or -NI e-%o 15)Elt;he i%géqin "non-term nal carbon aton(s)" in reference to
an al kyl 7" al Ké X ® Hyl , al kyl ene, al kenyl ene, or al kynyl ene

noi ety refers to ‘tHuercaylbg atfrRo ki alkfierd®, 8¢ JeifinBdherbin! BrMELa hydrogen

between the first carbon atomof the noiety and the |ast carbon atom

in the noiet §t9miﬁ%"f§?6ﬂ€?°e Yiheyresroasy graypes defnedderen Menaindng i n

B i A R
-CH;-indolyl, -CH,-isoindolyl, -CHs-purinyl, -CHa-furanyl, -CHs-thienyl,

25  -CH,-benzofuranyl, -CH»-benzothiophenyl, -CH,-carbazolyl, -CH;-imidazolyl,
-CHa-thiazolyl, -Cla-isoxazolyl, -CHz-pyrazolyl, -CH;-isothiazolyl, -CH,-quinolyl,
-CHz-isoquinolyl, -CHz-pyridazyl, -CH,-pyrimidyl, -CHa-pyrazyl, -CH(CH;)-pyridiny},
-CH(CHa}-pyrrolyl, -CH(CHjs)-oxazolyl, -CH(CHj)-indolyl, ~-CH(CHa)-isoindolyl,
-CH(CH;)-purinyl, -CH(CHa)-furanyl, -CH(CHs)-thienyl, -CH(CH3)-benzofuranyl,

30 -CH(CHj)-benzothiophenyl, -CH{CHj)-carbazolyl, -CH{CHa)-imidazolyl,
-CH({CH3s)-thiazolyl, -CH(CH;)-isoxazolyl, -CH(CH;)-pyrazolyl, -CH(CHj3)-isothiazolyl,
-CH(CHs)-quinolyl, ~CH(CHz)-isoquinolyl, -CH(CHs)-pyridazyl, -CH(CH;)-pyrimidyl,
-CH{CH;)-pyrazyl, etc.
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20 be considered to be the non-term nal carbon atons. Certain Y
and Y1 alternatives are nitrogen oxides such as +N(0)(R) or

1- 1\ 1( 0) ( O§gb-200bAes8s ni t rogen oxi des, as shown here att aehad60908447
carbon atom can also be 0 -0 | N+N+ represented by charge separated

groups such asR orOR respectively, and are intended to be
equi valent to the aforenentioned representations for 25the purposes
of descri bi ng, l’l;hs i nventi on. "Linker" or "link" nmeans a
chem cal noi Pér onprising a coval ent bond or a chain of atons.

Li nkers include repeating units of al kyloxy (e.g. polyethyl eneoxy,
PEG pol ynet hyl eneOXé) and al kyl am no (e.g. polyethyl eneam no,

Jef fami ne¥n) ;  andThe &en dortisndly shefitaisil diegelersotasdiamgrtcuiae innsetyeqf the
sucei nam de, .di q pde. The  ternms such
25~ oxygen. | (apeEctd 2bful RIUPRAL o 3069 AR o0y e [ EmS6
| i nked", or ‘Whkespibwubstixdnisvkellydrogan: thatein dnecar honob et Welgipehs\df the
nmoi eties can_be WO 2009/ 132135PCT/ US2009/ 041447 756.PF 5 fornmed_ by
usi ng nore tH& et%ﬁ‘é‘ygflbeéﬁa(?? C%He 5§50 8t oselisted updw hodrdntier #Ed
bet ween t he maibetiturd”.i s through the atom specified. For exanple, a

nitrogen-linked am no acid woul d be bonded through a nitrogen atom of
the ami ndlaci d raf Bt heptiopahgaplacedn roselegrnse by 2 paatianmy iekobthet he
am no aci d. hgsindQt RemWMSRIIPRES thd t a

conpounds of F(;Errul a -1 10 (gfgg’ ién%g%oge%@%&ﬁgggcbt@gﬁ(gﬁ%ﬁg four.
| n some cheneimaly raplaced by 1@ priesant\l’t) onensthetr @eoamvorp fabomsthgena ot

have a suffi gj r i,ahl arta to_produyce a val enc
of four, the%ﬂg1 §(l)f;:tlﬂn ]é%?%%%{sagﬁgg %%e}émg’hﬁgé%fe%&fa 89%5955?“8%31’5“ ©
val ence of f ¢ug., shol-dorb&Rigsuned to be hydrogen. For exanple, R8

all:): Ce)f' gct gg grou pﬁé t%ltn‘le r‘nSonEtgrmainm:lau%toX at%Ll(s” fnore e?e%gg totat]l%kyrlr,%l?kléiyl?r
alkynyl, alkylene, alkenylene, or alkynylene moiety refers to the carbon atoms in the
moiety that intervene between the first carbon atom of the moiety and the last carbon
atom in the moiety. Therefore, by way of example and not limitation, in the alkyl moiety
~CH(C")Ha(C"YH,CH; or alkylene moiety -CHo(CHYHa(CYH,CHa- the C* atoms would
20 be considered to be the non-terminal carbon atoms.
Certain Y and Y alternatives are nitrogen oxides such as *N(O)R) or

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

[T
NF, NE

represented by charge separated groups such as / \R or /// \OR ,
respectively, and are intended to be equnivalent to the aforementioned representations for

25  the purposes of describing this invention.

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

30  caproamide.
The terms such as “oxygen-linked”, “nitrogen-linked”, “carbon-linked”, “sulfur-

linked”, or “phosphorous-linked” mean that if a bond between two moieties can be
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properties of a finictional group or the properties of the conpound
as a whole. The chem cal substructure of a protecting group varies
w dely. Onwofoeeieen of a protecting group is to serve paa/adbons/ 041447
internediate in the synthesis of the parental drug substance.

20Chem cal protecting groups and strategies for

protectioni deprotection are well known in WO

2009/ 132135PE34.RIS2009/ 041447 756.PF 5 the art. See: "Protective

G oups in Oganic Chem stry", Theodora W G eene (John WIley & Sons,
Inc., New York, 1991. Protecting groups are often utilized to mask
the react$ Vi t5tmeé be 8ih@inBre (i e¥RR o f A BRHRS mbiBtydhet Sik bbili folifed between
efficiency of desired chem cal reactjons, e.g. naking and breaking
cheni cal bon#$ ety ighrpaek theatnmn piegifise diraxabpla. @ Piregaadinkehampino acid
functional ¢ L r ' L

besi deg. 10t heor Baspoaft DR B 0L BB e o PR O el
t he pol ari t ypxygepoptarbincitery of thgdmopreehi.ci ty), and ot her properties

whi ch can be neasurged common, tical .tool Cheni cal

ot octod ot or aoth it ek BE TRaiRar DL LS wbBF bine SRgPoaR oy 1

i nacti veio Pr afceetteiid ¢ORHO UNARnFBYL falkrs On Sobfd dichical itfktiek repReent MoBOWEere
cases, optimzed 15 properties in vitro and in vivo, such as passage

t hrough cel | GAT89" HeRDAARU LavEHSHRI s mEmbe of yaidablsrrashed oy PANFsRivaRisT
sequest rati ogg fohd) e teMainPla@arbbh AIRELRACRIRAYD fSville b RaleflLHIAE should be
therapeutic effects may be referred to as prodrugs. Another function
of a prot ect pssgmed Wi hydrogen. dipmgzaneple.ne parental drug into a prodrug,
whereby the parental drug is releaﬁgd upon conversion of the prodrug
in vivo. Because active prodrugs y be 20 absorbed nore effectively
than the parental drug, prodrugs y possess greater potency in vivo
than the parental drug. Pro ti oups are renoved either in
vitro, in th&instance of ¢hémgal intennediates, or in vivo, in the
case of prodrﬁgs. Wth ch&xcal |[internediates, it is not particularly
i nportant thatC resul ti dduc ter deprotection, e.g.

al cohol s, be physi accepiNabl e, "Bl t hough in general it is
nore 25desirabl e if{the products are pharnmacol ogi cally innocuous.
"Prodrug noiety" negns ajfl @ile functional group which separates from
t he active inhibi A Mpound during netabolism systemcally,
inside a cell, by hyyirolyysis, enzymatic cl eavage, or by sonme other
process (Bundgaard, ns, "Design and Appl iteatliesamemempngiaugs” in
Text book of Drug Design and Devel opgent (1991), P. Krogsgaard- 30
Larsen and H Bundgaard, Eds. Harwgod Academ c Publishers, pp.
113-191). Enzynes which are capable of an enzymatic activation
mechani smwi th the phosphonate p conmpounds of the invention

i ncl ude, but RAre not |initéd o] am es, esterases, m crobial
enzymes, phosphol i pases, €Qol i ngsterases, and phosphases. Prodrug

noi eti es can servéHo enhance @Lgbyk’ absorption and

| i pophilicity to opti ug del'NVery, "R®

15 RE R2
“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
chemical substructure of a protecting group varies widely. One function of a protecting
group is to serve as an interediate in the synthesis of the parental drug substance.

20  Chemical protecting groups and strategies for protection/deprotection are well known in
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WD 2009/ 132135PCMIS2009/ 041447 756. PF 5bi oavail ability and efficacy.
A prodrug noiety may include an active netabolite or drug itself.

Exenpl ary (oY~heute ieties include the hydrolytically st o494
| abi | e acy (E))xyr?g‘lt %13? esters -CH20C(=0) R3 and acyl oxymat%%y Scar)gonat es

-CH20C(=0) OR3 where R3 is Cl-Co alkyl, C-Co substituted al kyl,
C6-C20 aryl or 10 C 6-Co substituted aryl. The acyl oxyal kyl ester was
used as a pregtpp strategy for carboxylic acids and then applied to
phosphat es and phosphonates by Farquhar et al (1983) Phartn. Sc!. 72:
324; also US Patent Nos. 4816570, 4968788, 5663159 and 5792756. In

certain c unds Lof the invention, . .a pr . Noj | S rt of
phosphat egglr) %lfﬁn ‘F%% %ﬁ@?c&‘(’f/ §FWF 1%@@0%{?}9'5@ tl ?i‘go‘#’f)a @ZF}F‘V’BF (J5nn
phosphori c asvitksy Sa86:s tct ey Y&kMBODr BResHAR grolifs £OBRBGRIIRER mask the

bi oavail ability., A close yariant of the acyl oxyal kyl ester, the
al koxycar bonyieBhyal ¥ Frrads tertierabeneatoassistinhregflicienen pbdreucdehgmical

bi oavai | abi | ida¥i38, Qo MR BRERLY chdhit1Bos R TR BdEre@hind Plnned fashion.
conbi nati ons of the invention. An éxenplary acyl oxynethyl ester Is

pi val oyl oxymBrdiessign of faanjonaiGHOEEE e p@NBHBY 3lterAnthexdiypicalmyoperties besides

o val oyl aynale LRt Bop B Irodh b, ) o5 s pptaios iorgy

phosphat e gr Gudraphybitiey)sanddsphapertipr whikh garntid iedayured b cqninoki aighlytiohlet y

be sensitive to hydrol ysis,. ch.as, b not ljmted to those
Compr s g ati51% rapr ol Rt SR it oty bR GRisHD; cotve o

Al t ernati vel jhactishke prodrug noiety may be sensitive to enzymatic
potentiated cl eavage, such as a |actate ester or a 25 o
phosphonani dat e- e&PErteg copgpounds may alsp grhilisplisred, yid ip Serap prsesi PERiFedhs,

especial hy p eSS =¥
o oaval | abi | 1o Bl eyt R0 o) (g BIAR O Mepmprangs god

Phenyl est er essnecdP ghzignatic dagrpdatiph prseguesgntioy. tih this wle, hetghkdspmatends

have al so be [ ' Tarrence 996) , 7. . .Che

39: 4109- 41 15)9’.ﬂh %‘Zg‘%‘?{i Blgeg’ipé‘?%aég}r%ggs 359 2’8 sebslioas B‘fe"é‘éﬂg%t %”‘%‘h‘%/%ﬁ%%ﬂf’ﬂ

phosphoni ¢ ?p:iotbctimg\gmom'mlm a&?*s:;t tlmﬁaﬁ{n'(tjan dlﬂllgﬁsto atpchtdmeg, lem‘eﬂabjr the pareptalhdmg

or para-positl o nay accel erate e ol ysi s €Nnzyl. anal 0gs W an

2yl at ef phelianeBr! HHRRyTSPE ot B e e e B REPIT A HT RO PG b

conpound2t hr gasgivel R r@etdcatel Pihal he\aRStal Brug, prédhi B A&ESoss@X hdase ttency
0

etc., which in turn undergoes cl eavage at the benzylic 0-0 bon
generat e t he"PigsPBHOIE paseirldras dProlselRpL T AGI AT RSTRY ffccithe i it itathe .
WO 2009/ 132133R6H &%ﬁ%QAIQﬁ%%ﬁzazépoﬁﬁ vivo, in the case of prodrugs. With chemical

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

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

30 Larsen and H. Bundgaard, Eds. Harwood Academic Publishers, pp. 113-191). Enzymes
which are capable of an enzymatic activation mechanism with the phosphonate prodrug
compounds of the invention include, but are not limited to, amidases, esterases,
microbial enzymes, phospholipases, cholinesterases, and phosphases. Prodrug moieties

can serve to enhance solubility, absorption and lipophilicity to optimize drug delivery,
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5Exanpl es of this class of prodrugs are described by Mtchell et al
(1992)J. Chem Soc, Perkin Trans. 12345; Brook et al WD 91/19721.
Still ot hewotesvzigtizs pr odrugs have been descri bed cont @#crusgooa/od1447
carboxylic ester-containing group attached to the benzylic nethyl ene
(dazier et al WD 91/19721). Thio-containing prodrugs are reported to
be useful for the intracellular delivery of phosphonate drugs. These
proesters coit@PR an 10ethylthio group in which the thiol group is
either esterified with an acyl group or conbi ned with another thiol
group to forma disulfide. Deesterification or reduction of the

di sul fi desgerb@faaa@sﬂ{emdfdfm@ hi o i ntennedi ate whi ch subsequently
breaks down to the phosphoric acid and episul fide (Puech et al (1993)
Antiviral Res., 2£:Pradssg mpiety Raninglfgapictiye metabolity pr dygdselthem  39:
4958). Cyclic pho

prodrugs of phospﬁgéhﬁﬂégﬁﬁ@gﬁﬁﬁsg%\éﬁ%g&ﬁg %a%éﬂ §&{S|tgg%§ﬁ 1:}18 t ent
No. 6312662) acfioxyirstityd edders nﬁﬁe(dCFIﬁBR Ozl aeyiantietint cabomteast er eonmer s,

d h d | hs of
ompoande. i (oELOFRDORRWAGE R BaCy A Ror faP et et g G az%)d "
and pharggcegti @%Eﬁ%nﬁfe@l%&ha%@a%@ gucﬂmg{e?%fas g a?g'grr gﬁgqﬁgg

present i nventi on tures enanti oners i ast reoners
are wthin thebegiipacid§ atdtberpappbehte phnspbates oml phosphonékesc‘@,rﬁ}mquhdr @fal

it eront polyASRETEE Bodnciat oy BHER e Reisa hap BT Hs Lo ne
pol ynor phi smsmszrss. nhertalichmbyundt ofthe iwshtadnl, b pﬁ;dﬁ.@fﬁkﬁbl?ﬁk Padt oPAiphbsphite
different crystal %5%_& uct res The_crystalline phi sm may.

resul t from &%Pef xyHk eyt @PYB%Wﬁﬁfgdqlﬁachﬁ@%wwW §?H or

di fferenges ifinpamki HA HEhMEE o Hléﬁﬁ@ﬂﬁht?omb@és@%‘éﬁaﬁgfﬂlg Qcﬁcﬁ&mkyl
nol ecul e (conformational pol ynorphisnm). As used herein, crystalline

pseudopol yroegn heakenyearhonronysili egerdearboriylmaselrenboicovatd of a
corpound to (Bff)h@}ﬂa ﬂt}dds FogE mg{e}/xlsﬁl?l% c%ﬁrfp'ﬂﬁﬁ&éro??he c-gg)gngu ons, of the

pseudopol ynor phs Bstant Jimventi on may
di fferences nnveuirqnstAaﬂ expmplary@y(opankthﬂ@spsBlmwmgmmemhxﬁ|@OM§ due to

di fferences i i ween dlf confo s of the sa
mol ecul e (conﬂb‘?ﬁﬁf déﬁéﬁﬁég ﬁﬂ L HREDGRRIEPEATS WOERLS on
conpri seggpal hivarky a[aﬁc@fggla&s@gﬁgp@ @@(:pﬂjb@c:(f:};lt!pe conmpounds of

Formula I-11l and their pharmaceutically acceptabl'e salts. WO

2009/ 132135PCT/ usmwmommﬁ Gyhospapaundtug fmokdy. rillicgrodrng mowtd
its phannace t ls st as_an._anor phous
sol i H%&Sz%g%éer%:ﬁﬁg ?oer%}d%%s?shg&lh a3 Clﬂq?%otqzsnugcdg% } Q5p cOmplisingd™ | ° 0

is no I ong rpwgbykoxylaﬂhyifcatbheata(Pﬂ(t)icmmﬁ)l\cbgrcmbe Aatbmmaly; md];eomg indiety
This definition,a

27 pE8RN o S st e
nanomet ers of"@ 8§ 131&38 "[Ef“%‘ga‘clﬂ%‘?“%tie 5‘8%"&59@?1%%38 %}atBESt‘EWéB to
create the appssphaidmidaesder@foubhe i nstant invention. The

Aryl esters of phosphorus groups, especially phenyl esters, are reported to
enhance oral bioavailability (DeLambert et al (1994) J. Med. Chem. 37: 498). Phenyl
esters containing a carboxylic ester ortho to the phosphate have also been described
{Khamnei and Torrence, (1996) J. Med. Chem. 39:4109-4115). Benzyl esters are

30 reported to generate the parent phosphonic acid. In some cases, substituents at the ortho-
or parg-position may accelerate the hydrolysis. Benzyl analogs with an acylated phenol
or an alkylated phenol may generate the phenolic compound through the action of
enzymes, e.g. esterases, oxidases, etc., which in turn undergoes cleavage at the benzylic

C-0 bond to generate the phosphorie acid and the quinone methide intermediate.
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10 instant invention conprises all anorphous fornms of the conpounds
of Formula 1-111 and their pharmaceutically acceptable salts.

Sel ect ed swb=tistiamns s conpri si ng t he conmpounds of For neicasuszdobbi1asre
present to a recursive degree. In this context, "recursive
substituent” neans that a substituent may recite another instance of
itself. Because of the recursive nature of such substituents,
15theoreticabgg a | arge nunber of conpounds nmay be present in any

gi ven enbodineh? For exanple, R " conprises a RY substituent. BY can
be R R can be WB. WB can be W and W can be R or conprise

substitue S,.Conpris Y. One of or ski in the art of

redh ci nal 5o hERTONFS A elRes ol Rt Hrate SHE Rl DA ol S9B i hem. Soc
substi t uent s Pegid BasoNapisy Bkidk & eOwWoyo 1 1ve2 desdin @t@eﬂeﬁ%@fcﬁi&ﬁué@fha{fé"ﬁeeu
conmpound i ntended. Such properties 20 include, by way of exanple and

not linitati é?ﬁcﬂkﬂ@f@pfémngﬁr‘e‘ﬂ@attfhe@stameﬁa@mg@mecmadredmhgquﬁnzyhc
sol ubi ity Ofyly S(&nE(GlQB dr SRR / ﬁ@frﬁﬂlcﬁﬁoﬁﬂﬁ{ﬂgﬂ%dﬁ%'a:ve'lg%c%rég?é oSt

the intended ta practical properties su
synt hesis.  useful fohmtra@tlumédp'bef iptlospbenate driugatThese p1\mwambnam are

recursive,su nts.in .c N enbodl al | each
recurS|szsug% ﬁ?ﬁgﬁ%péﬁﬁhmﬁggﬁh h%ﬂ?ﬁv ‘33FB§%¥R§§1 M?%g°¥?9'16,
15, 14, mts,d_ ¢@nbiddd wittDanother 83.1(|)1|7gr0u@ o &;ﬁmﬂadlﬁnf& ﬂeestgﬁﬁ&noﬁ biR&udtibn of
gi ven enbodi t. t a each recursivye substituent can

i ndependent | ge 5&?&:‘UM) %%lgsf‘é ‘}'lthﬂ%‘é‘ge“i“?fh%te Fiirdrsv st areaks qopao the
nore typi cal byospRaRhciiasd elﬁgﬁtﬁdéeméﬂ étute(@gg%nw&t%@ nﬁ‘?'ﬂsk M?@%Ear?a
or fewer tines in gbﬁlven mbodi nent. For exanpl e occur Ot

8 tinmes, RY ®@idl(198&kcliMed. €lere 301 H58). |@Ycécghwh0@me@rﬂmt aleEb@n rmre
30 typi cak !y ge ot Mk bre@REY D ShdsBhdbud LB Conblouhd (i85 6441, O bedt No.

times in a given e ecur sl ent’s are
i nt ended aspé&2663). t he i nvention. One of ordinary skill in the art of

nmedi ci nal chenlstr ders t he.versati such substituents.
ol 00 2006/ 1321 F6 BN BESHE RGPS Alasteteotefi R Pl v
substi t uent Sta&fo&}eﬁt p(ﬂﬂ’ﬁbrphﬂ p@étd@jﬁl@db@ﬁ@@f c@fnpbﬁlﬂishﬂthﬂﬂtﬂtb Sdbpe bhEoanQIeﬂ'
nunber wil | E ugwe nkned aﬁ forth ab? The nodi fier "about"
used in connBEPIGH A FRMENY éﬁ‘t pipnpacentially ageyaiable sldhareoferarmbipigd by
and has the HRARsEH iflkhiddl od] RikikbeoCaR &%htikiBerd and HiRGL-EHRSs LB Svithin the
degree of error associated with measurement of the particular

quantity). 1&Pheciibeprssmbdveftionphe Forrmula |-111 may conprise a

prOSEnat e oub 9 FipiF BT P A oA S ENIRRELA Gk
N-NR2; WL angk difcrentipelyntoaiismor pogéoidymorplise AsYBeChdR¥h29rgrdlne or one of
W or W together th eit

Ve 05 For ol BipS ol id BELHTROLe ftihine oL himoRitiotenit Affhermist of

Formul a 2&: structures. The crystalline polymorphism may result from differences in crystal packing
(packing polymorphism) or differences in packing between different conformers of the
same molecule (conformational polymorphism). As used herein, crystalline
pseudopolymorphism means the ability of a hydrate or solvate of a compound to exist in
different crystal structures. The pseudopolymorphs of the instant invention may exist

30 dueto 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 psendopolymorphs of the compounds of Formula I-I1T and their pharmaceutically
acceptable salts.
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M2 wher ei n: each Y2 is independently a bond, 0, CR2, NR,

"N(O) (R, N(OR), +N(0)(OR), N-NR,, S, S-S, S(0), or S(0)21 20each Y3
i's indepe S or NRR M is 0,1 or 2 eaglrR¥2do8/041447
mdepende%légbdﬁ?is%?”d, Br, I, OH R -C(=Y1)R -C(=Y50R Q%}é !
C(=YI)N(R) 2, -N(R) 2, -+N(R)3, -SR, -S(0)R, -5(0)2R -S(O)(OR),
-S(0)2(0R), - 0C(=Y1)R -0C(=Y1)OR, -0C(=Y1)(N(R)2), -SC(=Y1)R,
-SC(=Y1)O0R, - _25 SC(=YI)(N(R2), -N(RCY1])R -N(RC(-Y1)OR, or

-N(R) C(=Y1) N(Pé@ - SO2NR2, WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5
-CN, -N3, -N@2, -OR, a protecting group or WB; or when taken
together, two RY on the sane carbon atom form a carbocyclic ring of 3
to 7 carbdn at onsA cempbundtol Fbsnﬂm&é%emhlé&uﬂaynwuﬁtallpammblb nzgtsgr:@ubo

(ir }\/Egcf ?; m(;l )@iit as 511 \ﬁggﬁaﬁb%oﬁgwgimeg%e@ﬂn %b !Q/Im%fﬁ%us ngg 182 sofj(? i) w1¥1ch or
there 1s 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, including
solvents, may be used to create the amorphous forms of the instant invention, The

10 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 substifuent” means that a substituent may
recite another instance of itself. Because of the recursive nature of such substituents,

15  theoretically, a large number of compounds may be present in any given embodiment.
For example, R* comprises a R substituent. RY can be R. R canbe W*. W’ can be W*
and W* can be R or comprise substituents comprising R*. One of ordinary skill in the art
of medicinal chemistry understands that the total number of such substituents is
reasonably limited by the desired properties of the compound intended. Such properties

20 include, by way of example and not limitation, physical properties such as molecular
weight, solubility or log P, application properties such as activity against the intended
target, and practical properties such as ease of synthesis.

By way of example and not limitation, W’ and R” are recursive substituents in
certain embodiments. Typically, each recursive substituent can independently occur 20,

25 19,18,17,16,15,14,13,12,11, 10,9, 8,7,6,5,4,3,2, 1, or 0, times in a given
embodiment. More typically, each recursive substituent can independently occur 12 or
fewer times in a given embodiment. Even more typically, each recursive substituent can
independentty occur 3 or fewer times in a given embodiment. For example, W* will
oceur @ to 8 times, RY will occur 0 to 6 times in a given embodiment. Fven more

30 typically, W will occur 0 to 6 times and RY will occur 0 to 4 times in a given
embodiment.

Recursive substituents are an intended aspect of the invention. One of ordinary

skill in the art of medicinal chemistry understands the versatility of such substituents. To



each Ris H, halogen, (C-Cs) alkyl, (Cl-05) substituted al kyl,
(C2-Cs) al kenyl, (C2-05) substituted al kenyl, (C2-C8) alkynyl,

(C2-C8) suwetzngouszmds al kynyl, C6-C20 aryl, C6- C20 subst iPCOTUSd00a031k47
C2- C20 heterocycle, C2-C20 substituted heterocyclyl, arylalkyl,
15substituted arylal kyl or a protecting group; WB is W or Wo; W is
R, -C(Yl)RY, -_C%YS)V\B, - SO2RY, or -S02Ws; and Wb is a carbocycle or a
het erocycl e VARFEIin VB is i ndependently substituted with 0 to 3 R3'
groups. Wb carbocycles and Wb heterocycl es nay be independently
substituted with 0O to 20 3 RY groups. Wb may be a saturat ed,

unsat ur at éd ¢&re degrsatita teonisivg sdstipents krgresentinen eobodiheytolf ihe invention, the
carbocycle o eteraocvel.e. . Wb may ha o0 10 ring atons, e.g., 3to
7 ring atoms.Eot he" r‘%@nbfsdet@f%némg%fsusre\gﬁ’gg %@Kﬁ"e‘ﬂn containing 3 ring

atons, saturated Ohe moditisn@boull ade Gh ¥d@BCHRA Wil dYuBfkitd if mbEsidd ONBe stated
saturated, or nono- or. di-upsaturated when containing 5 ring atons,

! g
and sat ur at edaUHEMbL1as the pranipgdigtatedbrethe copten (panirhdetibademenfedPhi ng
6 ring at omsassociated with\WRea\RLRERGY Gk PafiB¥iaPGaAtitYPNOCYCl € having 3 to 7
ring nenbers (2 to 6 carbon atons and 1 to 3 héteroatons sel ected
fromN, 69 P, andT)casponndsiafyis formulpildy nyayt compise 4 phpspistbepep (R0 9
carbon atons and 1 to 3 heteroatons selyected fromN, 0, P, and §). Wb
het erocyclic nonocycles nmay have 3 to §]ring atons (2 to 5 carbon
atons and I to 2 30 heteroatons selec gm N, O, and S); or 5 or 6
ring atons {3 to 5 carbon atons aWd™1 /wo
2009/ 132135PC£1E3520 9/041447 756. PF gbto 2 hit eroatons selected from
N and S). VB“HELSNGRFARNINE B9ERes have 7 t o™ iHeWiSAg) &195¥s %6 to 9
carbon at onsiBsbnlit:Rly2OhSher , t N Ning-Kp.a 2
arranged as a E?Ecycl g [4,5 OEE@%R) S}\FS, ’]ﬁg?(b?\g),df}il]N gi/Rszf g?rla§%}v QW?%H
10 ring at ontekggtogether. amr-BACRDDNE -andng of W' 2r Wettegetheawihsitixe RéatRids -

fromN and salrs kG- oL%1[ 6 syst.em, Th

het er ocycl es%r’ma/z{ U‘Seeﬁg%ﬁﬁgog “?00?\\(%%? Erg%’g}g% ?a}’;lmg{éfr %%dn‘,g’b ﬁll%/era(cj}bé’?'nd,ep‘?ﬁle%r dor
10 ot her 1at ognoby ofiFstrald le: coval ent bond. Wb het erocycl es

i nclude for exanple, pyridyl, dihydropyridyl isoners,_piperidine,
pyridazinyl, pyrimdinyl, pyraginyl, s-riazirRyl, oxagolyl,

i mi dazol yl, thiazolyl, isoxazolyl, pyrAazolyY¥' \sothiarolyl, furanyl,
t hi of uranyl, thienyl, and pyrrplyl. al so! i ngl udes, | but is not
limted to, exanples such as: [15 Rrx Y2e—p

Y?
Y2

Rx
M2

wherein:
each Y? is independently a bond, O, CRj, NR, "N(O)(R}, N(OR), "N(O)(OR),
N-NRsy, S, S-S, S(0), or $(O)s;
20 each Y is independently O, 8, or NR;
M2is0,10r2;
each RY is independently H, F, Cl, Br, I, OH, R, -C(=Y§)R, —C(=YI)OR, -
C=Y'N(R)z, -N(R)2, -"N(R)3, -SR, -S(O)R, -S(O)}R, -S(O)(OR), -S(0)2(OR), -
OC(=Y "R, -OC(=Y"OR, -OC(E=Y H)(N(R)2), -SC(=Y")R, -SC(=Y")OR, -
25 SCEYHNR)L), -NR)CEYHR, -NR)C(=YHOR, or -NR)C(=YIN(R)>, —SO,NR,,
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NVY-S) , and W5 car bocycl es and heterocycl es nay be
I ndependent |y substituted with O to 3 R groups, as defined above. For

exanpl e, swBShidigigd Wb carbocycles include: WO PCT/US2009/041447
2009/ 132135PCT/ US2009/ 041447 756. PF ( /NH/
756.PF

5 —=CN, —Nj, —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 RY, a protecting group, or the formula:

e L

Mi2c Mlc

wherein:

10 M1la, Mlc, and M1d are independently 0 or 1;

Ml2cis0,1,2,3,4,5,6,7,8,9,10,11 or 12;

each R is H, halogen, (C,-Cy) alkyl, (C-Cs) substituted alkyl, {C»-Cs) alkenyl,
{C2-Cs) substituted alkenyl, (C5-Cg) alkynyl, (C,-Cg) substituted alkynyl, C¢—Cay aryl,
C¢—Cap substituted aryl, C:—Cao heterocycle, C2—Cyg substituted heterocyclyl, arylalkyl,

15  substituted arylalkyl or a protecting group;

W? is W' or W WHis R, -C(Y)RY, -C(Y")W?, -SO,RY, or -80,W*; and W* is a
carbocycle or a heterocycle wherein W* is independently substituted with 0 to 3 RY
groups.

W* carbocycles and W heterocycles may be independently substituted with 0 to

20 3 RY proups. W° may be a saturated, unsaturated or aromatic ring comprising a mono- or
bicyclic carbocycle or heterocycle. W° may have 3 to 10 ring atoms, e.g., 3 to 7 ting
atoms. The W rings are saturated when containing 3 ring atoms, saturated or mono-
unsaturaied when containing 4 ring atoms, saturated, or mono- or di-unsaturated when
containing 5 ring atoms, and saturated, mono- or di-unsaturated, or aromatic when

25  containing 6 ring atoms.

A W heterocycle may be a monocyele having 3 to 7 ring members (2 to 6 carbon
atoms and 1 to 3 heteroatoms selected from N, O, P, and S} or a bicycle having 7 to 10
ring members (4 to ¢ carbon atoms and 1 to 3 heteroatoms selected from N, O, P, and S).
W? heterocyclic monocycles may have 3 to 6 ring atoms (2 to 5 carbon atoms and | to 2

30  heteroatoms selected from N, O, and S); or 5 or 6 ring atoms (3 to 5 carbon atoms and 1
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/I NH

( - NN\H

WO 2009/132135 PCT/US2009/041447

756.PF

5  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 8) arranged
as a bicyclo {4,5], {5,5], [5,6], or [6,6] system; or 9 to 10 ring atoms (8 to 9 carbon atoms
and 1 to 2 hetero atoms selected from N and S) arranged as a bieyclo [5,6] or [6,6]
system. The W* heterocycle may be bonded to Y2 through a carbon, nitrogen, sulfur or

10 other atom by a stable covalent bond.
W heterocycles include for example, pyridyl, dihydropyridyl isomers,
piperidine, pyridazinyl, pyrimidinyl, pyrazinyl, s-triazinyl, oxazolyl, imidazolyl,
thiazolyl, isoxazolyl, pyrazolyl, isothiazolyl, furanyl, thiofuranyl, thienyl, and pyrrolyl.

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

N7 X

? N
L Sl o
N

15

O .G

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

groups, as defined above. For example, substituted W’ carbocycles include:
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-N O-N S21 -N SO Exanpl es of substituted phenyl carbocycles
I nclude: WD 2009/ 132135PCT/ US2009/ 041447 756. PF --P Enbodi nents

of w2of Forwol26@@a8388inds i ncl ude PCT/US2009/041447
756.PF
OH
/ Cl
N
< =
Cl

/T \
N O NH,
T ¢
= *d \J

5
{ —QNH ! —CNH ¢ —N\——/NH

/N N /N
}—N  © {I— S }—N 50,

Examples of substituted phenyl carbocycles include:
HN HN 0
e X g
0 0 0
N

\ N

o 0 O—\—o 0_\__NH
Q _\—<NH2 Q O>_NH2 Q O}—-NHz
0o\ \ v



substructures such as: y2b \KP wherein each Y2b is, independently, O
or N(R). In a preferred aspect of this enbodinent, each Y2b is 0 and
each Wis tly: RVR Y2 ML2c 10 wherein Mlel d
each Y2 |swp%g@§g%ggntly a bond, 0, CR), or S. In anot %ggmgsrge?/gfl#gin
aspect of this enbodi ment, one Y21'-Rx is NB(R) and the other Y2b-le
is 0-11x wherein Rx is: IVIl 2c 15wherein ML 2c is 2. |In another
preferred aspggppof this enmbodinent, each Y2b is 0 and each le is

i ndependent | vy: 2009/ 132135PCT/ US2009/ 041447 756. PF 5 wherein Ml2e
is 2. In another preferred aspect of this enbodinent, each Y2b is O
and each le is independently: |\4 2C
H
w‘*”"/P :
5 Embodiments of w? of Formula I-1II compounds include

substructures such as:

O R¥

/ \ Y%/
EIB y2b
RX
wherein each Y% is, independently, O or N(R). In a preferred 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 8. In another

preferred aspect of this embodiment, one Y**-R* is NH(R) and the other Y*-R* is O-R*

S CR;

M12¢

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

wherein R* is:

each R” is independently:

v] 1
S CR3

Mi12c
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wherein Mi2c is 1 and Y2 is a bond, 0, or CR2. (I vv1l/1-1 10Q her
enbodi nents of Wof Formulas [-111 conpounds include substructures

such as: Ry WgisiHs €ach Y3 is, independently, 0 or N( N
preferred aspect o “this enbodi ment, each Y3 is 0. In E#g{sgp@&n+n

preferred aspect of this enbodi nent, the substructure is: 15
wherein le is Wo as defined herein. WD 2009/ 132135PCT/ US2009/ 041447
756. PF H 5Angsher enbodi ment of w2of For rmul ai ncl udes t he

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

each R* is independently:

wherein M12cis 1 and Y* is a bond, O, or CR,.

Y
i

wi— P*—~——§

10 Other embodiments of w2 of Formulas I-1i] compounds include

substructures such as:

RY

D
5177-./ \Y3 R

' R

wherein each Y is, independently, O or N(R). In a preferred aspect of this embodiment,

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

i
v N\,

15 RY

wherein RY is W* as defined herein.
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O RY p_y2c 0 \Ns wherein each Y.2 is, independently, 0, N(RY) or S.
Anot her enbodi ment of W2of Formula I-111 conpounds includes 10 the

subst ruct uwesowhesigs n one of WL or W2 together with ei telpgruskiidoosi4f4
is -Y3- and the other of WL or W2 is Fornula la. Such an enbodi nent

is represented by a conpound of Formula | b selected from 756.PF
Formula I'b In a preferred aspect of the enbodi nent of Fornmula I|b.
each Y and Y35¢BF0. In another 10 preferred aspect of the enbodi ment
of Formula Ib, W or W is Y -26_IC, each Y, Y3 and Y2b is 0 and Ir
is: WD 2009/ 132135PCT/ US2009/ 041447 756. PF

Y
|
WP,,,P-—§
3 Another embodiment of W2 of Formula I-IH includes the
substructures:

R

o} Y2
” /H/ \Ry
R—Y%*
/ \ O
YZC“‘*WS
wherein cach Y% is, independently, O, N(RY) or S.
Y
|

w1

Another embodiment of w2 of Formula I-IIT compounds includes
10 the substructures wherein one of W' or W? together with either R* or R* is —Y™- and the
other of W' or W2 is Formula Ia. Such an embodiment is represented by a compound of

Formula b selected from:

RB
X'I
2// ~ \N
X
\\\\_// 0 N R®
=
R3
Y// R1 Rs
Y3
R R?
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5M 2c wherei n Mi2c is 1,2 or 3 and each Y2 is independently a bond,
0, CR2, or S. In anot her preferred aspect of the enbodi nent of
Forrrula I A is y2b_n x. Keach Y, Y3 and y2b s,

b??%(\)/vﬁe%l\é?n ML 2c is 2. In another preferred ai’&g’%‘{?’%l*f’h
errbodl msnt of Formula Ib, W or W is y2b Rx; each Y, Y3 and Y2b is O
and le is: 15 M 2c wherein ML 2c is 1 and Y2 is a bond, 0, or

CR2. 756.PF

P
o R
Y3
5 R3 R2 X
RB
x1
N
w2
W2 O0——CH, N\ Ne /)\
\ / o N Ro
=]
/ RS
Y/ \ R RS
YB
R® R2? or
RS
X1
x2
) 0""_CH2 \ N //"\
W\ S \N R®

Formula Ib
In a preferred aspect of the embodiment of Formula Ib, each Y and Y° is O. In another

10 preferred aspect of the embodiment of Formula Ib, W' or W?is Y?*-R*; each Y, Y° and
¥?is O and R™is:
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vvl W2 Anot her enbodi nent of substructure: of Formula 1-111 conpounds
i ncludes a WD 2009/ 132135PCT/ 1152009/ 041447 756. PF 7Ws y2 5 wherein

Vb is a cay %dbﬁ s$uch as phenyl or substituted pheny T&&@g@gl}p’r

aspect of this e odi nent, the substructure is: 9

756.PF

wherein M12cis 1, 2 or 3 and each Y?is independently a bond, O, CR», or 8. In another
preferred aspect of the embodiment of Formula Ib, W' or W? is Y?*-R™: each Y, Y° and
Y? is O and R*is:

S CR3

10 M12c

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

W2 is Y™-R*; each Y, Y° and Y?* is O and R* is:

Y
I
W"’//P E
Another embodiment of w? of Formula 1-1II compounds includes a
substructure:
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wherein Y2b is 0 or N(R) and the phenyl carbocycle is substituted
with O to 3 R groups. 10In another aspect of this enbodinent of the
substruct M 2c wherein M 2c is |, 2 or 3 [%?& S
|ndependeﬁ??fm% %ﬁ% 0, CR2, or S. Wi--1 Anot her enbo??q‘ Q?Wéd
Formula I-111 includes substructures: WD

2009/ 132135PCT/ US2009/ 041447 756. PF 50and0 The chiral carbon of
the am no ache¢kpind | actate noieties may be either the Ror S
configuration or the racemic mxture. | | Another enbodi nent of w2of
Formula 1-111 is substructure 10wherein each Y2 is, independently,
-0- or -NH-. In another preferred aspggt of this enbodrnent RY is
(C1-C8) alkyl, (Ci1-C8) substituted aIMyI (C2 C8) al kenyl , (C2-00
substituted aIkenyI (C2-CB) alkyn ( * substi t ut ed al kynyl .
I n anot her preferred aspect of t RY is (Cl-C8) alkyl,
(C -C8) substituted al kyl, (C2- Cg) alken I (C7 Cg) substituted

al kenyl, (C2-C8) al kynyl or (C2-C8) substi tuted cal kynyl; and Ris
CH3.

5
wherein W° is a carbocycle such as phenyl or substituted phenyl. In another aspect of

this embodiment, the substructure is:

AN
| i3
\\ 0 R
/\
‘zLL OR
O

wherein Y?° is O or N(R) and the pheny! carbocycle is substituted with 0 to 3 R groups,

10 Tn another aspect of this embodiment of the substructure, R is:

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

Y

VW’””P""“_E

Another embodiment of W2 of Formula I-1iI includes substmctures:
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151 n another preferred aspect of this enbodinent, RY is (Cl-C8)

al kyl, (Cl-C8) substituted al kyl, (C2-C8) al kenyl, (C2-C8)

substi t ut (C2-C8) al kynyl or (C2-C8) substi eynyl ;

Ris CH3;Q§93h§§§%&§2 is -NH. In a preferred aspect O?M%ﬁﬁ%ﬁﬁbﬁMﬁ

enbodi nent, W and W2 are, independently, nitrogen-Ilinked, naturally

occurring amno acids or naturally occurring amno acid esters. In

anot her prefgggﬁg aspect of this enbodi nent, WL and W2 20ar e,

i ndependent | y; "natural |l y-occurring 2-hydroxy carboxylic acids or

natural l y- WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5occurring

2- hydroxy carboxylic acid esters wherein the acid or ester is |inked

to P through the 2-hydroxy ggoups 0 Rx 10l nnéxpreferred aspect

of this enbodi ment, each le s;—fndBmendently,I(Cﬁ?fiﬂRhﬁ kyl. In

anot her preferred aspect of € enbodi nent, ea is,

i ndependent|y, C8-C20 aryl qor [-6-C20 substityted aryl. w Another

embodi ment of w2 of Fornulas%};@lH3H$ substructyr® &Bw2 wherein W

and W2 are independentl ,se1e§§ from one e fiormulas in Tabl es
e

20.1 - 20.37 and Table 30. 1 b@ owN_FBR vari abl esOUs DR Tabl es
20.1-20.37 (e.g., W3, R21, C.) /pertain only to Tapl es 20. 1-20. 37,
unl ess otherw se i ndi cat ed. O and O .

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

configuration or the racemic mixture.

Y

Wi P_m%

Another embodiment of w2 of Formula I-IIT is substructure
_ . g
—P—Y? i
L d2

10 wherein each Y is, independently, ~O- or -NH-. In another preferred aspect of this
embodiment, R” is (C,-Cg) alkyl, (C;-Cj) substituted alkyl, (C2-Cs) alkenyl, (Ca-Cy)
substituted alkenyl, (Ca-Cs) alkynyl or (C3-Cg) substituted alkynyl. In another preferred
aspect of this embodiment, R” is (C;-Cy) alkyl, (C,-Cy) substituted alkyl, (Ca-Cs) alkenyl,
{C2-Cs) substituted alkenyl, (C3-Cg) alkynyl or (C2-Cg) substituted alkynyl; and R is CHa.

15 In another preferred aspect of this embodiment, RY is (C;-Cg) alkyl, (C,-Cs) substituted
alkyl, (C,-Cg) alkenyl, (C>-Cs) substituted alkenyl, (C2-Cg) alkynyl or (Ca-Cy) substituted
alkynyl; R is CHj; and each Y? is -~NH-. In a preferred aspect of this embodiment, W'
and W? are, independently, nitrogen-linked, naturally occurring amino acids or naturally
occwiTing amino acid esters. In another preferred aspect of this embodiment, W' and W*

20 are, mdependently, naturally-occurring 2-hydroxy carboxylic acids or naturally-
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The variables used in Tables 20.1 to 20.37 have the foll ow ng
definitions: 20each R 21 is independently Hor (Cl-C8)al kyl; WD
2009/ 132137BGJdold$A9P9/ 041447 756. PF 5 each R22 is ind%g?ﬁﬂfdﬂ’é/b%tﬁ’
R21, RR24 wherein each R24 is independently substituted wth O to 3
R23; each R23 is independently R23a, R2313, R23C or R23d,

provi ded that when R23 is bound to a heteroatorn, then R23 is R23' or
R23d; each RZX.FE jndependently F, O, Br, I, -CN, N3 or -NO2; 10each
R23b is independently Y21; each R23' is independently -R2", -
RN( 2x) (R2x), _sR2x, -S(0)R2", _s(0)2R28, _ S(0)(O0R2'), -S(0)2(0R2),
- 0C( =Y21) R2x pccub eV O arbox AT =eheb)ef Nyh Ruih (HR23¢)d) or esteSE(iaNE) R2X,

- SC(=Y21) OR2x, - =Y2 N(R2 R2")), -N(R2' =Y21) R2x, -
N( g(Zx) C():Y21%%?,§%)?hl%é§céfmﬁéég is)i)ndep(endealtcl(y -C%:Y)Z(l) R2x,

-C(=Y21) OR2" or -C(=Y211M R2x) (R2x)); each R2' is independently
H, (Cl1-C8)al kyl, (C2-C8)al kenyl, (C2-C8)al kynyl, aryl, hetcroaryl; or
two R2" taken together withanitrogﬂm ich they are both

attached forma 3 to 7 nenbered h&’tero/tyclic ring wherein any one
carbon atom of said heterocyclic ring/can optionally be replaced with
-0-, -S- or - NR2lAnothgigmbhéimsiiefone g’?’ 20 nmof Bowfuls hEomore Heorfionabla 111
carbon atons;qf,each.sSaid (C-C8)alkyl may be optionally replaced
with -0-, -S- or -NR -; each R24 is independently (C,-C8)alkyl,
(C2-C8) al kenyl, or (C2-C8)al kynyl; each Rg5 is independently R24
wherein each R24 is substituted with O to]]3 R23 groups; 25each R252

i s independently (Cl-C8)alkyl ene, %—62'@)“ ﬁ%}/l/er@ or (C, -

C8) al kynyl ene any one of which sai (i' (Q C8)al ene,

(C2-C8) al kenyl ene, or (C., C8)al kynyl ene ils substituted with 0-3 R23
groups; each W23 is independently w24 O\

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

6-Cag substituted aryl.

Another embodiment of w2 of Formulas I-I11 is substructure
0
I
—
15 w2

wherein W' and W” are independently sclected 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., W2, 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:
20 each R™ is independently H or (Ci-Cg)alkyl;
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or w25; each W24 is independently R25, C(_y25- 25; Ce="1721 )We5,
- S02R25, or -S02W5; 30each W25 is independently carbocycle or

het er ocycl\gowh@y8i8s V@5 i s independently substituted WP%'?/I%2609/0§4322
groups; and each Y21 is independently 0 or S. 756.PF 123 OR21 0 4

06 6

756.PF

5 each R* is independently H, R*!, R? or R* wherein each R* is independently
substituted with 0 to 3 R”;
each R* is independently R, R™®, R or R*¢, provided that when R™ is
bound to a heteroatom, then R? is R** or R™Y,
each R** is independently F, Cl, Br, I, -CN, Nj or -NO»;
10 each R*" is independently Y*';
each R™ is independently -R”, -N(R*)(R™), -SR*, -S{(O)R*, -5(0),R%, -
S(0)(OR™), -8(0)(OR™), -OC(=Y*"\R™, -OC(=Y*')OR™, -OC(=Y*"YNR™R™)), -
SC(=YR™, -SCEYHYORY, -SCEYHMNER™R™), -NRMC=YHHR™, -
NR™)C(=Y*)OR™, or -NR™)CEYHNR™IR™)) ;
15 each R™ is independently -C(=Y?")R™, -C(=Y?HOR™ or CE=YHINRPYR™):
each R? is independently H, (C;-Cg)alkyl, (C2-Cylalkenyl, (C,-Cgalkynyl, 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 xing can optionally be replaced with -O-, -S- or -NR?'-; and wherein one or

20  more of the non-terminal carbon atoms of each said (C,-Cg)alkyl may be optionally

replaced with -O-, -8- or ~NR™-;
each R* is independently (C;-Cglalkyl, (Co-Cs)alkenyl, or (Co-Cglalkynyl;
each R* is independently R* wherein each R™ is substituted with 0 to 3 R®
Eroups;

25 cach R*™ is independently (C,-Cg)alkylene, (Cs-Cy)alkenylene, or (Cs-
Cgalkynylene any one of which said (C-Cglalkylene, (Ca-Cglalkenylene, or (Cs-
Cgalkynylene is substituted with 0-3 R% groups;

cach W2 is independently W** or W%,
each W** is independently R*, -C(=Y*")R%, .C(=Y")W?, -S0O, R* or -S0, w2,

30 each W is independently carbocycle or heterocycle wherein W5 s

independently substituted with 0 to 3 R* groups; and
each Y*' is independently O or S.
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5 By way of example and not limitation, the phosphate embodiments of Formula I-
IV may be represented by the general formula “MBF™:
O

Sc P
| pe
Pd!

MBF
Each embodiment of MBF is depicted as a substituted nucleus (Sc). Se is described in
10 formulae A-G of Table 1.1 below, wherein Sc is a generic formula for a compound of

Formula I, Formula II, or Formula IIT and the point of attachment to —F’((‘))Pled2 is

indicated with a wavy line,

Table 1.1

15 A , B ;
NH, NH
N NN NS N
r"‘f'\. O \ AN /) ,:‘J\ 'e) \ No ')
0 ’ 0] q
"ICN "ICN
OH OH OH OH
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Combinations of “Sc” and Pd' and Pd*, independently selected from Table 30.1,
can be expressed in the form of Sc.Pd'.Pd?, where Sc is represented by the respective
letter A-G from Table 1.1 and Pd' and Pd® are represented by the respective number
from Table 30.1. Thus, A.256.256 represents the following compound:

Thereby, Table 7 Jists many specific examples of phosphate prodrugs of Formula [-1V.

Table 7: List of Compounds of MBF

A254.67, A254.68, A.254.69, A.254.70, A.254.71, A.254.258, A.254.248, A.254.249,
A.254.250, A.254.251, A.254.252, A.254.253, B.254.67, B.254.68, B.254.69, B.254.70,
B.254.71, B.254.258, B.254.248, B.254.249, B.254.250, B.254.251, B.254.252,
B.254.253, C.254.67, C.254.68, C.254.69, C.254.70, C.254.71, C.254.258, C.254.248,
(.254.249, C.254,250, C.254.251, C.254.252, C.254.253, D.254.67, D.254.68, D.254.69,
D.254.70,D.254.71, D.254.258, D.254.248, D.254.249, D.254.250, D.254.251,
0.254.252, D.254.253, E.254.67, E.254.68, E.254.69, E.254.70, £.254.71, E.254.258,
E.254.248, E.254.249, E.254.250, E.254.251, E.254.252, E.254.253, F.254.67, F.254.68,
F.254.69, F.254.70, F.254.71, F.254.258, F.254.248, F.254.249, F.254.250, F.254.251,
F.254.252, F.254.253, G.254.67, G.254.68, G.254.69, G.254.70, G.254.71, G.254.258,
(3.254.248, G.254.249, G.254.250, G.254.251, G.254.252, G.254.253, A.255.67,
A.255.68, A.255.69, A.255.70, A.255.71, A.255.258, A.255.248, A.255.249, A.255.250,
A.255.251, A.255.252, A.255.253, B.255.67, B.255.68, B.255.69, B.255.70, B.255.71,
B.255.258, B.255.248, B.255.249, B.255.250, B.255.251, B.255.252, B.255.253,
C.255.67, C.255.68, C.255.69, C.255.70, C.255.71, C.255.258, C.255.248, C.255.249,
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D.255.71, D.255.258, D.255.248, D.255.249, D.255.250, D.255.251, D.255.252,
1D.255.253, E.255.67, E.255.68, E.255.69, E.255.70, E.255.71, E.255.258, E.255.248,
E.255.249, E.255.250, E.255.251, E.255.252, E.255.253, F.255.67, F.255.68, F.255.69,
F.255.70, F.255.71, F.255.258, F.255.248, F.255.249, F.255.250, F.255.251, F.255.252,
F.255.253, G.255.67, G.255.68, G.255.69, G.255.70, (1.255.71, G.255.258, G.255.248,
(.255.249, G.255.250, G.255.251, G.255.252, G.255.253, A.67.67, A.68.68, A.69.69,
AT70.70, A71.71, A258.258, A.248.248, A.249.249, A.250.250, A.251.251, A252.252,
A.253.253, B.67.67, B.68.68, B.62.69, B.70.70, B.71.71, B.258.258, B.248.248,
B.249.249, B.250.250, B.251.251, B252.252, B.253.253, C.67.67, C.68.68, C.69.69,
C.70.70, C.71.71, C.258.258, C.248.248, C.249.249, C.250.250, C.251.251, C252.252,
C.253.253, D.67.67, D.68.68, D.69.69, D.70.70, D.71.71, D.258.258, D.248.248,
D.249.249, D.250.250, D.251.251, D252.252, D.253.253, £.67.67, E.68.68, E.69.69,
E.70.70, E.71.71, E.258.258, E.248.248, E.249.249, E.250.250, E.251.251, E252.252,
E.253.253,F.67.67, F.68.68, F.069.69, F.70.70, F.71.71, F.258.258, F.248,248, F.249.249,
F.250.250, F.251.251, F252.252, F.253.253, G.67.67, G.68.68, G.69.69, G.70.70,
G.71.71, G.258.258, G.248.248, G.249.249, G.250.250, G.251.251, G252.252,
G.253.253, A.256.257, B.256.257, C.256.257, D.256.257, E.256.257, F.256.257,
(G.256.257, A.256.254, B.256.254, C.256.254, D.256.254, E.256.254, F.256.254,
(G.256.254, A.256.250, B.256.250, C.256.250, D.256.250, E.256.250, F.256.250,
(G.256.250, A.256.69, B.256.69, C.256.69, D.256.69, E.256.69, F.256.69, G.256.69,
A.256.71,B.256.71, C.256.71,D.256.71, E.256.71, F.256.71, G.256.71, A.256.255,
B.256.255, C.256.255, D.256.255, E.256.255, F.256.255, G.256.255.

Embodiments of R* include esters, carbamates, carbonates, thioesters, amides
B E]

thioamides, and urea groups:

Y1

Y2 )k
\ \RV

\ yZ
yi and M12a
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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, Kt

Ca*2 and Mg*2), ammonium and NR¢" (wherein R is 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 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-teluenesulfonic
acid, benzenesulfonic acid, naphthalenedisulfonic acid, polygalacturonic acid, malonic
acid, sutfosalicylic acid, glycolic acid, 2-hydroxy-3-naphthoate, pamoate, salicylic acid,
stearic acid, phthalic acid, mandelic acid, lactic acid, ethanesulfonic acid, lysine,
arginine, glutamic acid, glycine, serine, threonine, alanine, isoleucine, leucine and the
like; and (c) salts formed from elemental anions for example, chlorine, bromine, and
iodine. Physiologically acceptable salts of a compound of a hydroxy group include the
anion of said compound in combination with a suitable cation such as Na* and NR,".

For therapentic use, salts of active ingredients of the compounds of the invention
will be physiologically acceptable, i.e. they will be salts derived from a 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 saits, whether or not derived form a
physiologically acceptable acid or base, are within the scope of the present invention.

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-1II may have chiral

&9
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5 centers, e.g. chiral carbon or phosphorus atoms. The compounds of the invention thus
include racemic mixtures of all stercoisomers, 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.

10 Both racemic and diastereomeric mixtures, as well as the individual optical isomers
isolated or synthesized, substantially free of their enantiomeric or diastereomeric
partners, are all within the scope of the invention. The racemic mixtures are separated
mto their individual, substantially optically pure isomers through well-known technigues
such as, for example, the separation of diastereomeric salts formed with optically active

15 adjuncts, e.g., acids or bases 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-

20  superimposability of the mirror image pariner, while the term "achiral” refers to
molecules which are superimposable on their mirror image partner.

The term "stereoisomers” refers to compounds which have identical chemical
constifution, 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

25  whose molecules are not mirror images of one another. Diastereomers have different
physical properties, e.g. melting points, boiling points, spectral properties, and
reactivities. Mixtures of diastereomers may separate under high resolution analytical
procedures such as electrophoresis and chromatography.

"Enantiomers" refer to two stereoisomers of 2 compound which are non-

30  superimposable mirror images of one another.

Stereachemical definitions and conventions used herein generally follow S. P.

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
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5 exist in optically active forms, i.e., they have the ability to rotate the plane of plane-
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polarized light. In describing an optically active compound, the prefixes D and L or R
and S are used to denote the absolute configuration of the molecule about its chiral
center(s). The prefixesdand ], D and L, or (+) and (-) are employed to designate the
sign of rotation of planc-polarized light by the compound, with §, (), or 1 meaning that
the compound is levorotatory while a compound prefixed with R, (+),ordis
dextrorotatory. For a given chemical structure, these sterecisomers are identical except
that they are mirror images of one another. A specific stereoisomer may also be referred
{0 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
m a chemical reaction or process. The terms "racemic mixture” and "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 lines, \
indicate the site of covalent bond attachments to the adjoining substructures, groups,
moieties, or atoms.

The compounds of the invention can also exist as tautomeric isomers in certain
cases. Although only one delocalized resonance structure may be depicted, all such
forms are contemplated within the scope of the invention. For example, en¢-amine
tautomers can exist for purine, pyrimidine, imidazole, guanidine, amidine, and tetrazole
systems and all their possible {automeric forms are within the scope of the invention.

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

below:
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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 polvmerase

10 Another aspect of the invention relates to methods of inhibiting the activity of

HCV polymerase comprising the step of treating a sample suspected of containing HCV
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

15 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 labceled,
the substantially irreversibly binding compositions are useful as probes for the detection

20 of HCV polymerase . Accordingly, the invention relates to methods of detecting HCV
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by the respective nunber from Table 30.1. Thus, A. 256.256 represents
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Ther eby, Tabl’80-FF | j st s many specific exanpl es of phosphate prodrugs
of Formul a I-1V. Tabl e 7: List of Conpounds of MBF 254.67, A 254.68,
A 254.69, A 254.70, A 254.71, A 254.258, A 254.248, A 254.249,

15A. 254. 250, raly®SAsQ bia sanSispEied ofc@B4n2g3]CBpdsefise cBnRisingiBie steps

B. 254. 69, B. 79, B, 250 71 B.254 R54.248

B. 254. 250, B%gé’ﬁ g Saﬁp%ﬂ*‘%t’z’d Og 02‘%21“1 g POy eTEse “”é?%%%“%%mon

C. 254. 69, C. 25dpiTdhg odipburdof e Qagé}zt%g&znélga tzg.‘l%%i&g{% @9%5»%135%‘3%5&60{ ofthe
C. 254. 250, C, 254. 25 ., C.254.25 5

D. 254. 69, D. 2"8’ f]ﬁﬁa%“wﬁ%ﬁéa%ﬁ‘z% e Ighelsgire walg knqymin Ahediagnostics

D. 254. 250, Dﬁgﬁdan@ §1J:Iud9 12 7o ?ﬁoals%@éépk%ﬁ%’ rabiiofsdtbpbs! euﬂ;zrm%§4 68,
E. 254. 69, E.254.70, E. 254.71,
10 chemiluminescent gloups and ch1 omo crens The compounds herein are labeled in

conventional fashion using functional groups such as hydroxyl, carboxyl, sulfhydryl or
amino,
Within the context of the invention, samples suspected of containing HCV
polymerase include natural or man-made materials such as living organisms; tissue or
15 cell cultures; biological sampies such as biological material samples (blood, serum,
urine, cerebrospinal fluid, tears, sputum, saliva, tissue samples, and the like); laboratory
samples; food, water, or air samples; bioproduct samples such as extracts of cells,
particularly recombinant cells synthesizing a desired glycoprotein; and the like.
Typically the sample will be suspected of containing an organism which produces HCV
20 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.
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
25  sample. The addition step comprises any method of administration as described above.
If desired, the activity of HCV polymerase after application of the composition
can be observed by any method including direct and indirect methods of detecting HCV
polymerase activity. Quantitative, qualitative, and semiquantitative methods of
determining HCV polymerase activity are all contemplated. Typically one of the
30  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
compounds of this invention are useful in the treatment or prophylaxis of HCV infections

in animals or in man.
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254. 248, E.254.249, E.254.250, E.254.251, E.254.252, E.254.253,
254. 67, F.254.68, F.254.69, F.254.70, F.254.71, F.254.258,

254. 248, wo.280h3249, F. 254.250, F. 254251, F.254.252, RdaodkdBRi1447
254. 67, 0.254.68, 0.254.69, 0.254.70, 0.254.71, 0.254.258,

254. 248, 0.254.249, 0.254.250, 0.254.251, 0.254.252, 0.254.253,
255. 67, 25A.255.68, A 255.69, A 255.70, A 255.71, A 255.258,

255. 248, A726BF249, A 255.250, A 255.251, A 255.252, A. 255.253,
255. 67, B.255.68, B.255.69, B.255.70, B.255.71, B.255.258,

255. 248, B.255.249, B.255.250, B.255.251, B.255.252, B.255.253,
255. 67, 5C. 255. 68pwid? b s6B8enikg @nfpodflds capadibofTdhibilng Bomab8,

. 255. 248, C.255. 24 WO. 2009/ 5PCT/ US2009/ 041447 756. PF

C. 255. 250, EnBERodsEGiency "%Sesz’é%ho“ ledepbig aningfat e gesultypfrgrymggassays
. 255. 69, D. 269 .160cor@1s85it dell J112R 25298, THRs 258113484 aQsaé%Eou%f@e the
255. 250, D.255.251, D.255.252, D.255.253, E. 255.67

255. 69, E. PBBanpcregnipgtyok] E 255 258 E. 255. 248, E. 255. 249,

255. 250, E.255.251, E.255.252, E.255.253, F. 255867F 55§52488
255.69, F. 1455258, F.255.24

255. 250 Fgéém%QbrﬁbQ' Ivfegast t0?8555 253, 0.255.67, 0.255. 68,
255. 6 9100 255. 7§0m90825$s vﬂfheﬂl\@@@nzes&;cr@n%ﬁu Rddhitoy ﬂﬁﬁl&d@mst HCV

6060, A 7BBBTR by i Seerlof s el B v g vty

. 250. 250, AWi8in B8 tontd 52 th2 T enthor? @@ic‘%ﬁﬁconiﬁosﬁ%n@irc fﬁﬁ g&;ﬁgd for

69. 69, 11.7 11. 258. 258, . B. 248, 248, B.?2

. 250. 250, B' g’i“%“? gcls‘é 8%‘3"?%‘?“ B 954 %‘é’mlﬁs%l?n%ﬁﬁowelgealuhﬁow ectHotygo:
15C 70. 70, Chéd sctdene€fot28ivd§8n v¥o2€8m 6‘38&:1011@ heA 1%4;9:1*0 & §1§9b1%§g comtants)
0.251. 251 C252.252, 0.253.253, D.67.67 D.68 68 0 69

0.71. 71, 19. 268cw8Ben dbo@ABX 286 MDypit 812k, tha BH6: 1280 0- 0254 pl%'felably 1355
D252. 252, D.253.253, E 67 67, E 68 68, E 69.69, E 70.70, E 7171,

E. 258. 258, Ethomabosi X 18-% bare prpferpedfguin 30 usE. 251. 251, E252. 252,

E 253. 253 F. 67

F. 248. 248 F_249?%%85”2%&9%%8552%?9%?5§T¥§g%ﬁnE%gﬁ%3%%?*&#§§§b§g§%d
0.67.67, 0. 6BresH0wD tx9exa@pis dFbOSTHELIE 11 vifo 358y258. 0. 248, 248,
0.249. 249, 0.250. 250, 0.251.251, 0252.252. 0.253.253. A 256. 257,

11. 256. 257, f@258cctidul FOuABSin5 7, E. 256.257, F.256. 257

20 The compounds of this invention are formulated with conventional carriers and

WPU>>O.OT”T”!'”F”.UUWOO.WW?>.>.O.OT'T”!'”

excipients, which will be selected in accord with ordinary practice. Tablets will contain
excipients, glidants, fillers, binders and the like. Agueous formulations are 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

25 forth in the "Handbook of Pharmaceutical Excipients" (1986). Excipients include
ascorbic acid and other antioxidants, chelating agents such 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.

30 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 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
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0. 256. 257, A. 256. 254, B.256.254, C. 256.254, D.256.254, E.256.254,

F. 256, 254, G 256. 254, A.256.250, B.256.250, C. 256.250, D.256. 250,

E. 256. 250, WP.205¢13259 25 0. 256. 250, A. 256. 69, 11.256. ST 52008641347

D. 256. 69, E. 256.69, F.256.69, 0.256.69, A 256.71, 11.256.71,

C. 256.71, D.256.71, E.256.71, F.256.71, 0.256.71, A 256.255,

B. 256. 255, 0.256. 255, D.256.255, E.256.255, F.256.255, 0.256.255.
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with organi c% %é‘g‘géﬁﬁe‘gfé’? {uJF g?ﬁgigﬁ%fneﬁgg Acé %naé"gﬁﬁ%l S(SS“ IF?SC(R%S?S,
tartaric aci @pblshimgiCui,Easton,dA)1Snel methoddhelndd the fiap bbrivging,intg labkooiatich
acid, citric_aci P mal %}.c ach}q ascorvl%)!i.gh aci d, benzoic acid,

i set hi oni ¢ aBl)d U YHBESHEYIR Be FapierrlHeh Consiigs opeqriare accsisory

al gi ni ¢ aci dingplieng, Uh aeefal BRifskmulaidhi kb al@ara bl LeMhmAsidntimately

met hanes %f opi.c .acjd, p-toluenesulfonic acid, benzenesulfonic acid,
napht hal E ed PRRFRHRIC2ssRSHOn BisI1agi ingedien ivie ipidicaries enfinchadivided solid

sul f osal i cyl bgriagofthotsl] 46 Hleh Gr A&k Sar2 sy R 5r3anapht hoat e, pal mate,
salicylic acid, ZOStDeari C gc’l d, ph?lﬁéfl g g%rﬁ%%ﬁdel ic acid, lactic

aci d, ethanesul f ofdreulatipes of thegiresent inveykion meiably|fot carnliadmargstchtiog nag ibae,
SETL 1, A EURB S, AL SHE e, AP BRE LIPS 21O (O
and i odi ne. Phrygeoliog aahyofaeceitailrdiat; isa pdwder epsRamUEs] 294 sdution or
hydr oxy oug uisnglsuode Euhe anlilsog of asai dS 1(:;0 ) .oqu i q _corrt;{i n?t i orlln wi th
a suitabfe caff8ASEURTHERRISAT ARy ARIREYS SF 23 et sipataterdiqydemuson o
of active i ngreditenhsoildiquid@ntasm oriEte:ied inkRBichMMBMISPR administered as a
bolus, electuary or paste.
A tablet is made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing in a suitable
25 machine the active ingredient in a free-flowing form such as a powder or granules,
optionally mixed with a binder, lubricant, inert diluent, prescrvative, surface active or
dispersing agent. Molded tablets may be made by molding in a suitable machine a
mixture of the powdered active ingredient moistened with an inert liquid diluent. The
tablets may optionally be coated or scored and optionally are formulated so as to provide
30 slow or controlled release of the active ingredient therefrom.
For infections of the eye or other external tissues e.g. mouth and skin, the
formulations are preferably applied as a topical ointment or cream containing the active
ingredient(s) in an amount of, for example, 0.075 to 20% w/w (including active

ingredient(s) in a range between 0.1% and 20% in increments of 0.1% w/w such as 0.6%
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wi || be physiologically acceptable, i.e. they will be salts derived
froma physiologically acceptable acid or base. However, salts of

aci ds or basesiitek are not physiol ogically accept abl edgrsébsesdi nd
use, for exanple, in the preparation or purification of a

physi ol ogi cal | y acceptabl e conpound. All salts, whether or not
derived forma 30physiologically acceptable acid or base, are within
t he scope of 75h@rpresent invention. Finally, it is to be
understood that the conpositions herein conprise conpounds of the
invention in their un-ionized, as well as zwitterionic form and
conbi nat i gns yy,t t Ol .Cchi [ 8 I.0.hydr he
conpounds 9of % ’e@'i’?%v‘g% ?%2’%%%%%@%625 /%‘8;%%@&&?%%%? %r%ly }ég;g?]%éﬁ .
chiral WO 20¥ghiB32ndB880h/aWSRGO O1d 4dive Tipbedntbnenbetmylowdgvithcdithted

carbon or phos rus atqns.. The c ounds af the .inventjon thuys
i ncl ude race ’]c% S e erbrfnsﬁpﬁ Oﬂ?@n%gg’??orf&?}mivﬂé’i%ﬁ?ﬁ’d’eé‘?%?#‘?néﬁ%?%,
di ast er eoner $¢ famdlapddriopictanadisan diliinaadtcdam bdshe conpounds of the

i nvention include_ enriched or resolved optical isoners at any or all
asynunetric, chirHdesiiedntie aqusoetniase ofdragcan heseayringludeefor example, at least

apparent 1fro Gh%h@/\ud&'@ié:gyﬁ%‘}?c AEdRoRT.0\V%h Q%ha%a%ﬁgé&é? bt lﬁv!)reihg?rggg'lsgé@fps

racem e m xtures. 10 racem c and_ di astereofreri e m xt
well as the Fﬁféi&smmwalen@p‘b/i?@dmtansdﬁedlsl, et edrioiol, gletiobaidzeticthylene

substanti al | fy. i i ri I~ di;ast er eQner j artners,
STt el EP Rl 4 PR hBIRL febe ThASLRLEAIRR:So R4S o
separ at ed i ntlesimblgiinchidedi coimgradd, wisctbathandes abdoyptioptor paletrytigaluTehd [SOVET S

t hrough wel | - known technigues such ,for exanple, the separation of
di ast er eomer FEEL ﬁ“‘f“&g rngos‘iﬁ TR ?’i?"é’éeldi qe2c g%@i%‘é%ﬁﬁh&@?l Rengfration
aci ds or 1paseshzhedrt RoRbe HnBRNYSHHKRAB R fHatéPadaltgs.opti cal |y active
substances. I n nost instances, the desired optical isomer is

synt hesi zed by nedbioibphetecrtdrnspatsionsof Hunwrisios maydygicastimged dremn kaoyen
appropri ate §lAlIRatsSeTRho@f mhiifer IRREE WH% rhé. n{@tsgﬁx'e@l an emulsifier
ic ve ot i

The term “"chiral" refers to nol ecules \ the property of non-
20super i mpos ffdrivisg kngwi fseanreinnvdgent)ribdrsirply comprisephinligtutend at leastone
"achiral" re . Wi ¢ er i sable,on their. ..
T ) e RSB IBASR U S0y ) 6 50 SYBES WIREOBRNSAR 0Bl
conpoundg) whemhistiavs indiett taathechiting Hpdphilarsinléifién vaich duH asdistdbiizemili id

regard to the arrangenent, of . the ato r groyps jn spacge. i
" Di astereoma%]'so P@%ﬁgﬂf"&dﬁg@%g‘%i"iﬁ‘ﬁ#)% f?'geﬁ’\ﬁb ﬂEFrmH’@%‘ CTERREEOE of
chirality antitgéutwhbiier(§)hRRehehe6-BaiRAlenildifyy AP OFH 20 RBether with
anot her. Diastereoners have different &E\g{gl cal properties, e

mel ting poi nti§ ollRad fat mykep feso-callsd cpuiiiypesiementdsse whigh forms the oily

reactiviti esdisl{)\ér%ﬁlﬁﬁ%% Phhedl S SREQNES My separate under high
resol uti on anal yti cal procedures such as el ectrophoresis and

chromat 0§t aphy.  Emulgents and enfbsient stabiiness'suitafle foruee inwie Streule@insditier s
of a conpound whjch are non-éo supeginposabl e mrror inmages of one
anot her . mvention include Tween™ 60, Span® 80, cetostearyl alcohol, benzyl alcohol, myristyl
alcohol, glyceryl mono-stearate and sodium lauryl sulfate.
The choice of suitable oils or fats for the formulation is based on achieving the
desired cosmetic properties. The cream should preferably be a non-greasy, non-staining
30 and washable product with suitable consistency to avoid leakage from tubes or other
containers, Straight or branched chain, mono- or dibasic alkyl! esters such as di-
isoadipate, 1socetyl stearate, propylene glycol diester of coconut fatty acids, isopropyl
myristate, decyl oleate, isopropyl palmitate, butyl stearate, 2-ethylhexyl palmitate or a

blend of branched chain esters known as Crodamol CAP may be used, the last three

96



St ereochem cal definitions and conventions used herein generally
follow S. P. Parker, Ed., McGawHi |l Dictionary of Chem cal Terns
(1984) McQY&M/I3RI3Book Conpany, New York; and Eliel, BRCTAFRI00NOWEH]
S., Stereocheinistry of O ganic Conpounds (1994) John Wley & Sons,
Inc., New York. Many organi c conpounds WO

2009/ 132135PCT/ US2009/ 041447 756. PF 5exist in optically active forns,
i.e., they haggrrhe ability to rotate the plane of plane- polarized
light. In describing an optically active compound, the prefixes 0 and
L or Rand S are used to denote the absolute configuration of the

nol ecul e abo r C )

or (+) ang (%ng??ﬁyﬁ e%r(asdq?g&g( a?lbéeﬁlg%a:alﬁlg&sl?gﬁn}g ﬁ{r&gtd% eln(%ﬁr?g%g the

pl ane-pol ari Pmell’ﬂﬁgmu tﬁdéermmmm myltinp pSint (ipily suoh ad whisasvifrpgraffvat
10 the conpo V.Or und prefixed with R
(+), or d is%emltl? u%de 59 ﬁk%% gé%rrmlémaﬂ\)}gﬁr%ﬁ ﬁ‘ical structure, these

st er eoi sorrers ar eP]nailmﬂ(tdudadl f@m&pbnstd&adirdm@e(yt}:ﬁrp@esmtﬁﬂmhndn{mﬂ%s@fz one
anot her . E?efgtl)]fl c stergm soner may al so be referred to as an

enanti oner, gatian.aeefrding fo bg &y e?‘é"é‘rf‘é%%heil Figong Ar wgre Rbgryaqeutically
enant i omegi ¢ atBepthbIE Barrifrs W eﬁ@pxeatgwmeﬁal@ﬂﬁﬁ& &H’@P@l’e&]d apehie! Pﬁd&ﬁgcehﬂcm

as a racem c m xture or a 15 racem at e, occur where there
has been no &raplagees watainite be a@t\fem@b@ﬁmw@puwmﬁow stahiedot the

reaction or H'fté?ﬁ@@ﬁlethxﬁgf %(ﬁﬁlﬂﬁtratfc@lc W T Y bR usacr}gr . rm%%%r &%@%, {rc?chgsr,

to an equi nolar mxture of two enantioneric Specil
optical acti i»qzmges aqueous W@hwpmlsmns;dmpmb& Iﬂbmiensmbgdnhies einmnisichs, hard or

substltuted han _one. of the sane nted e.g.,
TR or e M R i e ARG SR b B i ron Gralise
sane or @ff f BE ﬁﬂpared aczordifa6 Angmethpd kowndepestenticynsrkrRakesds Wavy

i nes, - dicate .the site, of coval ent bond attachments to the

adj oi ni ng s uB PEcertival SOmBRsHingS and ek poraROsItigRs By ARNAITREE PTRYE GBS of
the inventi opchdhgalveSesixk §§en%sﬂ£x%%§9£eﬂsccdl§lmg§ntb Qnd:ﬁ%%cﬂlﬂ%% &5

Al t hough only one del ocal I zed resonance structure may be
al | such 25 Pideite pardeoprianie preparatigng Hawetsmntswmh@acwhmwanm on.

For exanpl e, di ne,

| dasol b, - grancgROWIE nb iR LA Kb s BN Pl A T el o
possi bl e28 auenEpiterefod tarbsteare acsepihble. Thse exdpientofay he forremplepimert One
skilled int art Leco t ha e . .

oyr o of 1. 24010, s pt SRR i SBbarekS foprose solgiepy oraafipe phosphac
im dazo[ 1, 2- éﬂﬂatﬂxg@hﬂﬁiﬁt@ﬁmg&@&lti Iuch, A Mdiiat ot bhalgmic acid; binding
30f][1,2 4]tr| azi ne nucl epsi iﬂes can exist in tautonmeric fonns. For

exanpl e, but 2458t Bh aBsH6R Selahn CRfqeeiA; andivhyicatingagcpts)sughes Magnetwn
have equi val geratt akABBE l Or f20) MRS BHBMIMES):QYr ma)Be coated by known

2009/ 132135PCT/ US2009/ 041447 756. PF
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 wax may be employed.
Formulations for oral use may be also presented as hard gelatin capsules where
30  the active ingredient is mixed with an inert solid diluent, for example calcium phosphate
or kaolin, or as soft gelatin capsules wherein the active ingredient is mixed with water or
an otl medium, such as peanut oil, liquid paraffin or olive oil.

Aqueous suspensions of the invention contain the active materials in admixture

with excipients suitable for the manufacture of aqueous suspensions. Such excipients
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OHO XNH R9x2\ RO R8RS NH2NH NH X2\ NR9 5 ab.

WO 2009/132135 PCT/US2009/041447
756.PF
5 include a suspending agent, such as sodium carboxymethylcellulose, methylcellulose,

10

15

20

25

30

hydroxypropyl methylcelluose, sodium alginate, polyvinylpyrrolidone, gum tragacanth
and gum acacia, and dispersing or wetting agents such as a naturally-oceurring
phosphatide (e.g., lecithin), a condensation product of an alkylene oxide with a fatty acid
(e.g., 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 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 oil or coconut oil, or in a mineral oil
such as liquid paraffin. The oral suspensions may contain a thickening agent, such as
beeswax, hard paraffin or cetyl alcohol, Sweetening agents, such as those set forth
above, and flavoring agents may be added to provide a palatable oral preparation. These
compositions may be preserved by the addition of an antioxidant such as ascorbic acid.

Dispersible powders and granules of the invention snitable for preparation of an
aqueous suspension by the addition of water provide the active ingredient in admixture
with a dispersing or wetting agent, a suspending agent, and one or more preservatives.
Suitable dispersing or wetling agents and suspending agents are exemplified by those
disclosed above. Additional excipients, for example sweetening, flavoring and coloring
agents, may also be present.

The pharmaceutical compositions of the invention may also be in the form of oil-
in-water emulsions. The oily phase may be a vegetable oil, such as olive oil or arachis
oil, a mineral oil, such as liquid paraffin, or 2 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 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
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Al'l possible tautonmeric fornms of the heterocycles in all of the
enbodi nents di scl osed herein are within the scope of the invention.

Met hods of wlondedpistizon of ACV Thol virer ase 10Anot her aspegir@bod/o®i447
invention relates to nmethods of inhibiting the activity of HCV

pol ymerase conprising the step of treating a sanple suspected of
containing HCV with a conposition of the invention.

Conposi ti ons 7ef pthe invention may act as inhibitors of HCV pol ynerase
, as intennedi ates for such inhibitors or have other utilities as
descri bed below. The 15 inhibitors will bind to |ocations on the

f [ ' f. HCV pol hayi i g
POV pol ynor adalioSBtishe Mrbim Bl TR o A R e e

varyi ng degr desoriife apenterSBinkslanll ylixilhoseconpaatsd &ithisnekit@gng agents, such as
substanti al | Yy irr ve[jsi bly are id afl@ ce}ndi dates for use in this
met hod of t h&CHTR AP or Byrzese; 3uen fapmulzings Sty sfsaspniam ademplcatiet si bl y

bi ndi ng conpedsévARS, @ﬂ@ogﬁﬁﬁwc@&ir&ré@%s for the detection 20 of HCV
pol ymerase . Accordingly, the invention relates to nethods of

detecting HCV WOIbomharmapeutds Pamngsziono e ipaantips Giapben fho fyrmeefassterila
a sanple S J. e .St eps
oS 1T eat ng THCABIE fip EABh D) % e BRHLAKRE RS SR AW 2
conposi ti on doispripsnsign macimnfpooomdted iccphiing toukankiosm dbioising thade auitahhkel ;
and observing.the effect. of the sanple.on the activity of the | apel.
Sui tabl o | abse SpEERn s o SR uhge o L0 My b e e

stabl e free maéitedte snjedidbliofrephaiodsnay At aSMNPRFactaBRZYRESH odddspension
chem | um nescent groups and_cl uom)gens. The conpounds herein_ are

| abel ed in cHRBNCPHRRPRGEHY dFeenePiRGIpen oF sdvrat sifhoisssolitieningls3-butane-

hydr oxyl 5 CagR0syrepadddl ds AYHIME1iz0d p@RAROAmong the aWkdpbiblE JelR1cs AR &ffenlf
the i nvention, sanples suspected of containing HCV pol ynerase |nclnude

natural or nihst waxee eepleyddarswatas Ricgsr's jolutiog aod patenpreedivm ohinride solution.
15cel | cultu eI oI No! i e i.0l ogi cal terial .
sanpl es (bl ogng%dggkhgrtn& g%{ri?érﬁieégc%gy e%lrl‘gegl ;ﬁ)lgl}\agl? b?‘ IUF 8’,9“"' ear Sstjn,?veg{)%rtsﬁ?ﬁmdmg
sal i va, ti ssuedsargloethis mmgbst higy bladkkxedlodhoasaiccmpleaidilchsling Gotietic
water, or air sanples: Dbioproduct sanples such as.extractg of cells,.
par i cul ar |y PEESHSTEReRReSom i FRE¥n el oo alionst o B teried i
and the boketheTydparadbi yfibfeeablagipl e Wi || be suspected of containing an

organi sm whi ch prgduces HCV 20 pol ynmerase , frequently a pathogenic
organi sm such as He\Amosgheyiastveaprepient b mayhsgompingd yithd qaryer material

i ncl udi ng wa_eoelfmméaﬁﬁg@@iﬁs‘ag@%Mﬁ@md&a@e%@ndghg@&%@ h@?ﬁ&ﬁ&%ﬂh% ude

| i ving organi sms suc umans, an n"made materials such as cell
cul tures. Thearfigwatmqlg of pdspinistratigre Honoxampleon toermsleescloraetiongntendsd for

oD, On AR 5B U P 2

conpr i se&5 anparetlrothpodndad mithias ap@bpitate axl mgﬁiéﬂo extlodtd oY €arrier material
which may vary from about 5 to about 95% of the total compositions (weight:weight).
The pharmaceutical composition can be prepared to provide easily measurable amounts
for administration. For example, an aqueous solution intended for intravenous infusion
may contain from about 3 to 500 pg of the active ingredient per milliliter of solution in

30  order that infusion of a suitable volume at a rate of about 30 mL/hr can occur.
Formulations suitable for topical administration to the eye also include eye drops

wherein the active ingredient is dissolved or suspended in a suitable carrier, especially an
aqueous solvent for the active ingredient. The active ingredient is preferably present in

such formulations in a concentration of 0.5 to 20%, advantageously 0.5 to 10%, and
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If desired, the activity of HCV pol ynerase after application of the
conposition can be observed by any nethod including direct and

i ndi rect nRioeisisefssdet ecting HCV pol ynerase activity. dqanbidoaiisye,
gualitative, and sem quantitative nethods of determ ning HCV

pol ymerase activity are all contenplated. Typically one of the 30
screeni ng net hods descri bed above are applied, however, any other

met hod such aggehservation of the physiological properties of a
living organismare al so applicable. Organi sns that contain HCV
pol ynerase include the HCV virus. The conmpounds of this invention are
useful in.the treatnent or._prophylaxis of HCV infections in aninmals
or in man’ W?B@Yi@ig-%%é’f*/"%szoogl 041447 756. PF 5However, in
screeni ng conpoundsyGadarat Qi@bleitbtbPicdlibg ARy I RRSE G RIS nces
viruses, it should be kept in nind that the results of enzyme assays
may not corr SPEPESIHE the 2eteielingredieniina davaghkbasiFhipsallnsuctest andaseda erssay
shoul d be th I I L i39G f. ase ..
bl tors. | TBCam e B g B8 ot S BENE il et bR P bRt and
i nhi bit ory a@sicetin,r aradsasid daMapud ymerttesshdsycompyisiog tHehetiednyredititonal
techni qu fqr. | i.ng _enzynme activity. Wthin the context of the
inventioﬁ? t%%%%éﬁﬁ%ﬂgﬁﬁ%%Sitions are first screened for inhibition
of HCV pol ymer ase Fomulitloh©Ofoa fudtal edmpiafsirhiicg ap Rope et Ak Ridp8sithry with a
activity are Lﬁﬁp screened. for activity in vivo. Conpositions having

invitro Ki CYRIORETmRsie donfrayplesgtos tudler riealicniet 5 X 10-6 M
typically |ess thagmabhs éluitafblé%rlntMpﬁﬁﬁongfﬁﬂﬁs%%ﬂnﬁs&ﬁﬁ&hﬁOe 9@8’&&&:5

X 10-8 M are preferred for in vivo use. In vitro streens

have been de§Efitcaanplc detharangantd-iid $00rvicrave, setlatsdl. Btledl, Béete., which is
However, 1the gxampl I SUi ) € i 1ro ay:s, o ..

Phar maceut i cgl F(li)g? r?u&iﬁ%}?t? !ﬁsnll ﬂ%&%gﬁrﬁ’r}%ﬁ%ﬁﬁg é)afsagﬁiér:b ilﬁr\il"édr]n[oflgﬁo'égheﬂm
fornul at ed wintokthoweres énterauths algenlariserss Saiteble feinplatiodssnclirdy agicont bt oibe
selected in it h ordi nary practice. Tablets will contain

exci pi ents, g(ﬁlﬁt%gan%toghef" FPjedpes %‘?thg@?%ulg}%s f%@{’]%i@@m%a{fﬁélﬁépow‘m

f ormul at i ons admmisate@anethd prek &Y dcb@din@ratorastiodiBAethfdsend Ry bolelivered
delivery by other, than oral adnin'strationdgenerally will be

i sotonic. Al MRS SEPEHE 2geRtF SUSH AT eRTARaw) tefore Wsdingheteamenion as

those sepp 25pRbhilatifof MEV HRAMNRAS AKIRErTZRREIBCeuUt | cal  Exci pi ent s”
(1986). Excipients include
Formulations suitable for vaginal administration may be presented as 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 appropriatc.
Formulations suitable for parenteral administration include aqueous and non-

25  aqueous sterile injection solutions which may contain anti-oxidants, buffers, bacteriostats
and solutes which render the formulation isotonic with the blood of the intended
recipient; and aqueous and non-aqueous sterile suspensions which may include
suspending agents and thickening agents.

The formulations are presented in unit-dose or multi-dose containers, for example

30 sealed ampoules and vials, and may be stored in a freeze-dried (lyophilized) condition
requiring only the addition of the sterile liquid carrier, for example water for injection,

immediately prior to use. Extemporaneous injection solutions and suspensions are

prepared from sterile powders, granules and tablets of the kind previously described.

Preferred unit dosage formulations are those containing a daily dose or unit daily sub-
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ascorbic acid and other antioxidants, chelating agents such as EDTA,
car bohydrates such as dextran, hydroxyal kyl cel | ul ose,

hydr oxyal kylowbodmsbissel | ul ose, stearic acid and the |i kecThno@ldsaly
the formul ati ons ranges from about 3 to about 11, but is ordinarily
about 7 to 10. 30Wiile it is possible for the active ingredients to
be admi nistered alone it may be preferable to present them as

phar maceut i calsgfper mul ati ons. The fornul ati ons, both for veterinary
and for human use, of the invention conprise at |east one active

i ngredi ent, as above defined, together with one or nore acceptable

carriers therefo optiaonally WD 2009/ 132135PCT/ US2009/ 041447 ,.
756. PF 50?herdg%ehésr%g%ﬁta?%veirﬁcgtféé’lr5’%?%9r0pﬂ"ilée %%ﬁjﬁf”i] E’rﬂt“’é’g Of fReacys ingredient.
"accept abl e" in t fesheddbevwederdsidniat Gomfidionab eheihgrbdibhie pAatif84rly mentioned
i ngredi ents o£ thg #ﬁéﬁgLﬁ%&&g,&ﬂd physioLo?icalTy i nnocuous to the
reci pi ent t h@PEEFhe PraLiege 1§ MR Sl AR OShsT agrnsagneenipnal finige art
foregoi ng admhhs tdgadld 16 Mhe b FFFormUbRioh B HRLE, Rkl @i{?)eé/s%ﬁ'th@%h%m@e
presented in unit dosage formand may be 10 prepared by any of the
net hods wel | afRbYration mapinglade §pvosingreedy. Techni ques and

fornmul atijgns gene ' ] s Phar maceuti ca
Sci ences (Mack Pu gﬁ% is Flﬁ{goﬁé%%p%gg @8%?9%%1&9 %ﬂn Osﬁg hode e Iaél}&%st Pife
step of bri ngéthg ingrediemss dmivadefirediibgetiee tvith @ vergnedicaritr hetefort he

carrier which congtjtutes one or nore ac SQ ingredients In
general the fornulS%FgﬂgoﬂpgmﬁpﬁngﬁgsﬁVﬁﬁﬁFﬁg¥ﬂF?%ﬁHgmﬁwpﬁﬁﬁPéﬂV
15bri ngi ng i BéOpEHEMCIng hiaPhebHIR], A6kl Ve gdsBells Sstit@Ms WhitHark bfHeise inert or
carriers or finely divided solid carriers or both, and then, if
necessary, sASPRBICEMBICIFSHIRY art and are cpgpaiploavitihihg agiveripgredients dhese

i nventionssu i‘/&t@iblllf:@% t@hpdiRhs RAFbOhdLih Rl QN ARY Big“@ntglraﬁ§ ﬁﬂﬁfﬂl er desired

di screte units such as capsules, cachets or tablets eac ontairning a
pr edet er mi netP¥hount of the active ingredient; as a powder or

granules; as a Sog%h&ﬂld@éf the T t?o%sapgtg%jri ?qn}lori)%dggo ﬁ%ﬁgg HPea

non- aqueous | i qui r-as an ol l-in-wa qurd 1O or a
wat er - i n- oi | phdropacahtieshidmivtationsTératadting aseactingineatidient ongwy mats@nip@unds of

adm ni stered.as_a bol us, .el.ectuary.or paste. A tablet is de hy
conpr ess on. SE WAPAPhY Sl EEIARRR o RruRAGHE e Prieh e teed e

i ngredi epd s. ingoudipihe s etnitall @idredElited & NoRPBETEEGRYNCT ATRKESSH Rdprofe Be
sui tabl e 25 chine the actjve ingredient in a free-flowng form such

as a powder BTGPSHATES O BtIYA eypfrﬁgi‘éf'ﬂ agfiveingeierder , | ubri cant,
inert diluent, pregeiNatbieradHelifttliaft UbpRdOLt least on the nature of the condition

being treated, toxicity, whether the compound is being vsed prophylactically (lower
doses) or against an active viral infection, the method of delivery, and the pharmaceutical
25  formulation, and will be determined by the clinician using conventional dose escalation
studies. It can be expected to be from about 0.000! to about 100 mg/kg body weight per
day; typically, from about 0.01 to about 10 mg/kg body weight per day; more typically,
from about .01 to about 5 mg/kg body weight per day; most typically, from about .05 to
about 0.3 mg/kg body weight per day. For example, the daily candidate dose for an adult
30 human of approximately 70 kg body weight will range from 1| mg to 1000 mg, preferably

between 5 mg and 500 mg, and may take the form of single or multiple doses.

Routes of Administration
One or mere compounds of the invention (herein referred to as the active

ingredients) are administered by any route appropriate to the condition to be treated.
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di spersing agent. Mol ded tablets may be nmade by nolding in a suitable
machi ne a m xture of the powdered active ingredient noistened with an
inert |iquwedddaserss. The tablets nmay optionally be coatcawsasossersed
and optionally are formul ated so as to provide 30slow or controlled
rel ease of the active ingredient therefrom For infections of
the eye or other external tissues e.g. nouth and skin, the

fornul ations agerpreferably applied as a topical ointnment or cream
containing the active ingredient(s) in an anount of, for exanple,
0.075 to 20% w w (including active ingredient(s) in a range between

2000] 1391 3apeH N RB BT S a}g%%ﬁ%“%*minfwcabe%ﬂwg@m\égéﬂé sublingual),

preferably 0.vAginel ah8 Yaiehterad (iflcloding sudt@heioadpradhBod @, hAJ0MbN, m\éyaséimal
fornmul ated in_an oi ntgent }he actjve ingredients may be e [ oyed

with either afphesprificridpragengdhelikenibwiliicaparesieivd that hegeeferred route may
Al ternativel Warytdieh f6 bkaSold 19 'b%lﬁd?]to? tﬁ@rﬁmgﬁmtf O AaHvaL8 dfqli;]e%oﬁ{p% Sﬁ)g

with an oil-in-water cream base. |f desire t he aqueous ase o
cream base mdjis inventipads thebtheexanpilly] bicavailablesind ten B0Msed omaiiwjf a
pol yhydri;g al cohol, i.e. an alcohol having two or nore hydroxyl

groups such as propyl ene glycol, butane 1,3-diol, mannitol, sorbitol,
gl ycerol and pol yet hyl ene gl ycoI (i ncluding PEG 400) and m xtures

t her eof . The Gombinasibn Thempyt at i ons nmay desirably include a conpound
atio oftheatlveln i ent

whi ch enhances ab Renet r

t hr ough the skin gﬁh@{;#}@é}m% 1%"“’8{1%’%%82 SO BSE b P ‘Befboé‘d'@ﬁ‘cﬁ Frefve
penetration h@eﬂmmd’rreferamy, ﬂﬁ@t}ﬁl:t vl YHerpahtid i0xiedientad Bagdetis atSdterferons,
anal ogs. oi. | V\ﬁggse of t emyl sions_of this invention may
be constitut Eaﬂ‘flpaﬁ?%l?% Rt ‘§°rF>rN§53IéH18‘9\h‘P1ﬁ~é‘|lﬂli‘érg lucpgifsss 1t he
phase may scomHibifes, Bl GJHYlirPihiB bt Hebht8hrole@h R M SR KOG InfiBiteH of HCV,
enul gent), it desi rabI conprises a mxture of at |east one

enul si fier waﬁ%oﬁeﬁcﬁﬁgﬁpf%ﬁhégﬁcé’r with both a fat and an 0|I
Preferably, a hydbgﬂginlaﬁ&ls%@ﬁf@ébﬁgéﬁnﬁg o Bor {n]%?a Iyl(fileaq? Ey%l %Te lecdtlsd on

| i pophilic enulsifier which acts I Zer.
preferred totleronhditien t@dteﬁreawdmrd>ssacﬁc¢t1‘atlt<a¢£mﬁe@'atthard, phiatieaco-properties of

ormi st 1yi ng. sisobbiiont(ieb dicn et B G tR g A Byt Erembepgions
t he so-capbl edfﬁmnivsntﬁqn airgcmnlﬁhémnth Sasecidy B brap @i B gdntesihl B¢ those

di sper sed phg gf t he cream fornul ati ons. 25Enul gents and enul si on
stabilizers FH'$ Y use in the formulation of the invention

i ncl ude Tween(r) @@tabm@a(erﬂlelapauu@eg&&t&%ngfédlai@m@h cammbn%h%h%e

nyri styl al cohol, gl yceryl nono-stearate and sodium | auryl sulfate.

The choi ce of°maRAUR QO@PP@ IJH cpmyinslufle nterfreortsor- gnipepyylated rIRN-blabezb,on
achieving th i i

pref er ably b e N SR L PABRELS, 1N g 2 S BN o crrerti ¢
sui t abl e2 onE}é@bh%ynf@mcmvdnﬁ ldca’atbca@éllﬂ}ﬂé;ﬁﬁwagm pogisted FMbeth, edls.

Strai ght or ch r dib ters such as

di i soadi pat e%%fs%g(g]eq% ﬁtr ﬂafeg? b‘ﬁ?ﬂ?ﬂ?f&ﬁ’g dr@%@/ adf@?‘?@’r BB Ut

fatty acids, IHT\Somlengith mcm,aﬁdaalbﬂeml nwvﬁﬂmalogwg g@d&ol,ﬁs%gé‘@.{s]a‘tlﬁq
ranched chai n

Dutyl stearalg & Sramidne O it o 831 G st BMS 730052:
NS5b polymerase inhibitors, e.g., NM-283, valopicitabine, R1626, PSI-6130 {R1656},
30 HCV-796, BILB 1941, MK-0608, NM-107, R7128, VCH-759, PF-868554, GSK 625433,
and XTL-2125; NS3 protease inhibitors, e.g., SCH-503034 (SCH-7), VX-950

(Telaprevir), ITMN-191, and BILN-2065; alpha-glhicosidase 1 inhibitors, e.g., MX-3253

(celgosivir) and UT-231B; hepatoprotectants, e.g., IDN-6556, ME 3738, MitoQ, and LB-

84451; non-nucleoside inhibitors of HCV, e.g., benzimidazole derivatives, benzo-1 ,2,4-
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WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5 being preferred esters.
These may be used al one or in conbination depending on the properties
requi red. wotmesmatizyel y, high nelting point |ipids such@asgsholggoft
paraffin and/or liquid paraffin or other mneral oils are used.

Phar maceuti cal fornul ations according to the present invention
conprise a czg?ﬁpation according to the invention together with one
or nore pharnaceutically 10acceptable carriers or excipients and
optionally other therapeutic agents. Pharmaceutical formulations

cont ai ni ngret he active ingredient may be in any formsuitable for the
i ntended fret FeUBeAlHHivey Pad Pisrylalapion demieives pndether dneas ferdreating HCY,
exanpl e, tablgt %adakﬁl(,)ﬁl%%xalﬁ&z@ﬂﬁg}?BF@N%‘?‘E% &Eaé)?bbB?@-?)??,%ﬁ- 0C
di spersi bl e Eowders or granules, emlsions, hard of so capsules;
syrups or el B4 0dyWIde6hbeysruab, Qgnfaoklet P NSl 7] KPEORISH0TP0 actibsra{CP@Es e

may 15 be pr & 86 (I alo P otge: ¢ - Aé\@ﬁﬁ r..Lhe
manuf act ur e gmﬁar n’&?g{jj(?ﬁ:a u%ﬁ@ﬁ%{%’%ﬁgaggﬂ%&ﬁ Z{shé@ﬁggmy
contai n one owvagint EHEgENtusl NIM8IUdi ng sweet eni ng agents, flavoring
agents, g@l oring %ents and géfserv%ng{ agents, in order to provide a
pal at abl €” pr epar af’ 8?1"’.‘“_‘0@55131@ HREhtt GF FCHGT epRbicEiqn dielaspptegmasativeh
adni xture W tdmptRitiohOxdnprRRRERU Tl JoraGRERVEHRLE X hRERHiLh
are suitable for 20 manufacture of tablets are acceptable. These

exci pi ents naseepable s selyaippandlor et fheregif in epmbinatinncwitlnat 1eaal aiearditional
sodi um car bopat S, ' j L-granul ating
and di sintegr atal %ugdcgd gﬁ’t@‘i a?&%ﬁdaggltﬁn%lsi%gé#ggrlgEﬁ?ﬁ%}:@tgﬁ&eﬁ{c aci d;

bi ndi ng agents, sdedrdisg withe prhsentisi-erttion, the thecpeita;agan dsddubcombinktivg
agents, ch nesi umstearate stearic acid or.talc. Tablets my
be uncoaf %d ‘g?h? %%%g%lgg%nga ed Bye %W?El%faé‘c g e PAdRg dyibrgppentic eftec
ni cr oencaps uivaén wad inccotttthimyioslvith fieagmpbinei o faRshragRonpition. F& dBRple, the
gastrointestjnal tract and .thereby proyide a sustained action over a
[ onger peri od™pgiticageiyped in sompipgionarth thegerapquar of he hresent g vyaidangan be

nonost ear at ein@irfeftny ea¥rinGh b £ANRE §r A REMhMitol, NB5AinNBXoBY HRE
enpl oyed. Fornul ations for oral use ma% be al sO presented ag bard
i

gel atin caps#@residapiel @hibjorsheyclophilipdnhibitprs dpratoprotectanits adn-whdlepsite
inert sohdd QhiuHiERlr Hiar ﬁ&&ﬂ@f@%ﬁ&éﬁﬁh?ﬁ%ﬁphate or kaolin, or as
i I i e active Tngre

soft gelatin capsules wherein t dient is mxed with
wat er or an oil nedhethgr enbohingst, pegmestntaipblicatibg pictidespladf asuteal ol | ve

oil. uspensi ons_of the_.i,nventian cantai n {he act, ve
onterials | ol R E A Pho b PRV FB. B B rhtma i Be
of aqueous satsgestde elssobuitd) apden @ate thefeof, Wcombination with at least one additional

2009/ 132135PCT/ US2009/ 041447 756. PF 5i ncl ude a suspendi hg agent, such
as sodi um ca%&&%taﬁ?’lté SRy %é"é,ther%‘f“ﬁ’ﬁoﬁ%?tl‘lglo&%g,y?%%ﬁdﬁ@g?b%éB?al

methyl cgd | L@%?];ateﬂ@ﬂiwm&d B, FENCIptRGhY HNWIbRY S ®Y1 3PQ81phd YR consensus
tragacanth an gfum acacia, and dispersing or wetting agents such as a
nat ur al | y- ocE 0 #phrginitean il geteroa, §VI-005 HEGhindyrgena pegyfutksnEditbetm oral
product of gkl 6Re RxLA8. M Lh: irehs (.8, 0. ol.yoxyet hyl ene
stearate), a gonder??;t i '6n pro uoglt mgefﬁl g’k ﬂéﬁ‘%ﬁéﬁ%%{%ﬁgngﬁfﬁ h %aﬁt%lﬁlbun%’
IFN-omega with DUROS, albuferon, rebetol, copegus, VX-497, viramidine (taribavirin),
A-831, A-689, NM-283, valopicitabine, R1626, PSI-6130 (R1656), HCV-796, BILB
30 1941, MK-0608, NM-107, R7128, VCH-759, PF-868554, GSK 625433, XTL-2125,
SCH-503034 (SCH-7), VX-950 (Telaprevir), [ITMN-191, and BILN-2065, MX-3253
(celgosivir), UT-231B, IDN-6556, ME 3738, MitoQ, and LB-84451, benzimidazole
derivatives, benzo-1,2,4-thiadiazine derivatives, and phenylalanine derivatives, zadaxin,

nitazoxanide (alinea), BIVN-401 (virostat), DEBIO-025, VGX-410C, EMZ-702, AVI
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10 chain aliphatic al cohol (e.g., heptadecaethyl eneoxycetanol), a
condensati on product of ethylene oxide with a partial ester derived
froma fattw »aei/d2a8d a hexitol anhydride (e.g., polyoxpaidtgb®RSi447
sorbitan nonool eate). The aqueous suspension nay al so contain one or
nore preservatives such as ethyl or n-propyl p-hydroxy-benzoate, one
or nore coloring agents, one or nore flavoring agents and one or nore

sweet eni ng agsepPs, such as sucrose 15or saccharin. ON!
suspensi ons nay be formul ated by suspending the active ingredient in
a vegetable oil, such as arachis oil, olive oil, sesame oil or

coconut ksl 498s, bifhxiHChhtldk, SHER7 A EIARALPRIALT (B0 TG, Okl

suspensi ons may contain a €ni ng agen

paraffin or @§e44kivatic HeI005,MEAIITH] XIDL-BBET)ANA 9UL NGB 200808 LIEH@I § h
d tqo provide a pal atabl e

20 above, an ing agents nmy,be ad (

oral prepar afq ?‘Lﬁﬂgﬁe?g aé%‘ﬁ%ﬂ“_rc %amgﬁ%“wgﬁrﬂ&@ﬁnby t he addition
of an anti oxi dant Insyemoliser mBEdiRcAL, A6 pfbsent applica&nﬁ%l‘ﬁﬁﬁé%c%nﬂ%gﬁs
and granul es gf the invention suitable for preparation of an aqueous

suspensi on b AHACHHER! RESH CHRPNREr provi de the active ingredient in
adm xtureow th a ghi speJ§iing.n ' aspendi n t, an
one or nore pres e%vati ves%ZS%auci\é?%a%‘ (g)gnc]% g@g}rl g?Iﬁ%%grrigoa\l/\%oglmoﬁIé&gﬁgﬁ’rgseng
and suspendi HycHyanes phemnangetinlly fitceptatily sdlt esleateli s ebtastheesthade.

Addi tional excipignts, | e _sweet eni. flavoring and col oring
agents, may al so @e praesfggc?lntd?ﬁgm a"‘"“ﬁﬁ"“ﬁﬁ*?&?‘ﬁﬁ‘t%%ﬁﬁf@mg 3L AP 687 tddiigabf
the inventi othermayutizlagentlseledtal frbve theogroupOdonsistid g biWalBiroR N iiiange The
oi ly phase nay_be etable oi], such as olive oil or arachis

STt 7o e, KT S RudeRidsin i abverse sz ddnnsleosese.
Sui t abl e1&nmuinbibiisisng rA@RD kEndcAhstd BTV AhMER de YalFG &HE &108 QYR 1@&9@ as
gum acaci a ?gg\lgum t rggacant h, naturally-occurring phosphati des, Such

as soybean {Heghase gdvilitoss, gp4lpiabibiters. @SERE inhdlstors epll Mridhibifas, (GCR S
aci ds and hexhinabrsanhyesl S ' 00| e .

condensat i on products. tg#dn?’ ﬁg’é“éﬁgg"???%r ﬁgé? léoﬁggsm&?%ltg{shgﬁgdnlg%gg?r&eeflpha'
such as WO gogsidesol BEbATSUS2REHII0 4By hépaRfpraeaalty oxy-atdydsriae

sorbitan non . ipn al.so tain sweetening and
fl avoring ag@ﬁ{bg&ggﬁﬁg agn lgell fr%s@y%bn%ﬁg%?% whAnt ‘ilfereog
sweet eni 8y agent SGorshindtioas ofthy cangundSeiHoih @h 1011 268 6dRS@al SHEH

ornul ati ons,, ma so contajn mul cent, a preservative, a
f | at i a % ?.l o a}?ﬁ ? d | i
flavoring or 8= %’I‘SFP‘W& LPeT SCopKE I iheht Rfteatnipleatrd wah Pty endortkerof t he
i nvention nmegontigiohdsukhes HDV Mretkions. A Rbidirlyl M bokiGbds© r BESRA ﬁfl]‘.rﬁﬁ'y be

'S

such as a sterile injectable aqueous or 5I_eag| nous suspensi on.
suspensi on n¥RoEREdrE &F B@reanrardsgiseisl intrsatingodly , dottexasplagiliVvhose

sui tabl e di Sﬁ@ﬂéﬁe%iﬁﬁng‘@&ﬁ(}.dﬁgdﬁgﬁoﬁﬁnﬂﬂg?@sﬁqﬁlgﬂt&goﬁ 1%9%%@?%%@%@%5@

have been nentioned above. The sterile I njectable prepar
al so be % stBI meldopide mhifilors fobvstse dmnsoripmses pBWsudBotide ighifions b0V dese

parenterally, dil uent . or. sol vent . .suc olution_in
1, 3- but ane- ti@%‘?%?“ts%?hg’rlg%ﬁ?aé%m%@“%“1 %ngﬁqajlﬂ?@)éﬁ %@M‘Pﬁ%ﬁﬂ%’r@l%e
accept abl e \ehibitdre CERTinhditvsNntrfehvas, ribayiribengoR, 88 draéSe WaitRbrs, NS5a
Ri nger's sol.u}tl.i3 n a iiot ani ¢ .sodj um chl oride solution. In addition,
sterile fixdQBME HRNG-SLERYVERE SRPiters suclephilinjpaibitass. hepstoprptastantsy non-

suspendi ng hdletside RibitoR 08 RV, BASShéa Wk B kafih X BEnoi | may be
enpl oyegl3| i ncl udi rllvggsynt hetic nono- or diglyceridés. In addition,
fatty acids suchMe gresifically oge paporcicrappuds pbtha peederit mvention may be

combined with one or more compounds selected from the group consisting of 1) HIV
protease inhibitors, e.g., amprenavir, atazanavir, fosamprenavir, indinavir, lopinavir,
ritonavir, lopinavir + ritonavir, nelfinavir, saquinavir, tipranavir, brecanavir, darunavir,

TMC-126, TMC-114, mozenavir (DMP-450), JE-2147 (AG1776), AG1859, DG35, L-
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20t he preparation of injectables. The anpbunt of active ingredient
that may be conbined with the carrier material to produce a single
dosage f orwiowobdizyagy dependi ng upon the host treated gigg dhfions1447
particul ar node of adm nistration. For exanple, a tinme-rel ease
fornmul ation intended for oral adm nistration to humans may contain
approximately Ito 1000 ng of active 25 material conpounded with an
appropri ate gnglpponveni ent anount of carrier material which may vary
front about 5 to about 95% of the total conpositions (weight:weight).
The pharnaceutical conposition can be prepared to provide easily
measur abl e a S T2 aj} K |

ol at on Tt Qraad RoT bt R W SR PR B
to 500 jig ofl0g,l2pa&dVinve nheclgrsaitiistibitqref ravielsk trhnscapta@f ¢.gokaprdvahel n

30order that infusi of. .a suitable volune at a rate of about 30
mirhr can ocgtvitie, SleSidife Sty B, S GpiEH S otBiokth b ti e, GWH34,
admi ni strati @pCa-e83; becese, BPE 968 Mividso, ey e THICRS0, er.o7 ) (ipi9nRe), | ve
ingredient is_dissolved or _suspended in a suitable carrier, _
especi al |y aff24genzoBE-RsbiBhtVIFD F4Q7HHE. BE459 H61 TpRad®nd) a HRG nualeoside
i ngredie [ . . §§;ggs 1Y SEHER r’g;hg ! i: : .
concent rg?i o%ﬂlglﬁgsgﬁ?%yeztg%%g dv?a’n({%geousﬁ];ﬁlg’o. %lga%%%bﬁd;l%ﬁs ne’\?\%vudme’
2009/ 132135Pa&Aititsdalgmdading rabasirPEndqxarir, awuictialiye, aloguding, MiO&-il; sakivir

Formul ati ons sy r_topical administration in the muth include
| ozenges CO%E?@?}%@I{\C@ eé%tfl?t i oéﬂiaéﬁf’ ﬁgﬂ‘rﬁé}ﬁ ngB"]He@S ﬂgji"’s?,t’r}iox‘“
usual Iy sucr esittige @OECT5a), Aindok AGARROLAY, dbasdvir B:iwame! dbatdhg L he
active ingredient in an inert basis such as gelatin and glycerin, or
sucrose and éaeamaee Jaﬁéo‘ﬁﬁgﬁfhﬂé%‘ﬁ‘égm compirdinag) eRE Vapelcoddd ipkjbisatiognt
in a 10syst allygrsk bbb IntaRY £ b Slenofovir, tenc’%&fi%_&ﬂ:ﬁbﬂ%ﬁaﬂﬁe-ﬁgﬁﬁﬁg%kii%e,base

adm ni stration may be presented as a suppository wth a sul
conpri si ng f snolxadisperosid umearta teririciabie sadfivighgtoed adefovir, 5) a HIV

Forrul ati ons: Sui. for | nary. or. nasal. adm ni stration have
 part ol o sTadreERRGRsd AR TRt e R R, BB R Bt Rlyg
as 0.5, 1, 3thic@fe setdc3,5-daiffebylisinit 2aidndenivatiwes efl3 Bydidafipbqiinbatiat i on

t hrough the nasal. passage.pr, by .inhgl atian fhrough.the nmouth so as to
each the al CUBITAFHOXIEC a0, FFfé%ﬁf%eﬂr%raHWaﬁrﬁwﬁF At eig deidphencly

oi l'y sol poi oBSerpdertviievenof tafRid RUY MEbEMY] cstbQ (I AIA, MREvAHES ShiBh,
aerosol or dry powder adm nistration nay b ared according t

convent i onal Q¥E¢HBTIRpCHalAYsECH) Sl‘llﬁog%i“%’g rﬁggtlﬂé}’ Le§y88 kb L@%Sl&

agents such gf.0oMMeiHIEa Ve BMRIO/ 85 WRD04R, B A% ,fm‘s!%ﬁssohsf(@@msc,

prophyl axis of HCV infécti'ons as descri bed bel ow. Forf mul ati ons

sui tabl e f or O)aagidd amhibiths e senfiatittige sifuyirtivs, PRRASAMAITRI-1444,5PSBaDERS,,

i add: 1 on Pov R, Sy RIS & PTTO R ERh Rl B B DRI 1 ™

the art 29 bimhibitpr, egr, ISROEA, TNX-355, 9) a gp120 inhibitor, e.g., BMS-488043 and
BlockAide/CR, 10) a G6PD and NADH-oxidase inhibitor, e.g., immunitin, 10) a CCRS
inhibitor, e.g., aplaviroc, vicriviroe, INCB9471, PRO-140, INCB 15050, PF-232798,
CCR5mADO04, and maraviroc, 11} an interferon, e.g., pegylated rIFN-alpha 2b,
pegylated rIFN-alpha 2a, rIFN-alpha 2b, IFN alpha-2b XL, rIFN-alpha 2a, consensus

30 IFN alpha, infergen, rebif, locteron, AVI-005, PEG-infergen, pegylated IFN-beta, oral

interferon alpha, feron, reaferon, intermax alpha, r-IFN-beta, infergen + actimmunc,
IFN-omega with DUROS, and albuferon, 12) ribavirin 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, e.g., NM-283, valopicitabine, R1626, PSI-6130
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Formul ati ons suitable for parenteral admnistration include agueous
and non- 25aqueous sterile injection solutions which may contain

ant i - oxi dawlosoodmsbfser s, bacteriostats and sol ut es whi cheamanderoifier
formul ation isotonic with the blood of the intended recipient; and
aqueous and non-aqueous sterile suspensions which may include
suspendi ng agents and thickening agents. The fornul ations are
presented i n7860PF-dose or nmulti-dose containers, for exanple 30seal ed
anpoul es and vials, and may be stored in a freeze-dried (Iyophilized)
condition requiring only the addition of the sterile liquid carrier,

for exanpbe \Rigso),HUVi706 EIL.BA041, INIRBBOALEYYI 0T R PI281 QCHEB0, PE-868554,
Ext enpor aneous |6Bg$ct| on sol utions and suspensions are prepared from

sterile powd&SK626133nendeSThrd2%, 45) WHE profeasarishikiterd, - eVG1B388834 (SCH-7),

described. P i f bhOAS 1 Al .cont.aining a
dai Iy dose or iy gaPyy dPRIGS SRR AR L ehedBRE 6801 M a o
5dose, as hergi, MABEYE(cekposiviehnd GiT-2h By ppY lepatoptoeeclanicd. . OIDN 6656 0B

of the active.d .edi en t shou) d.be. ers that in
addition to f%%fgég? 8?%%??46%¥gé%ﬁpéﬁPGOﬂgﬁWF@ﬁgﬁ‘% e €ghdenzimidazole
f or nul at 1®ns detvatiféssbénay-8 (X 4-Oindimineidegvatides, OidHenAGRAINS IGPAUEAL | BR@er
inthe art hgving regard to the type of fornulation in guestion, for
exanpl e t hos &gy F5rEe L Vo &t Z2demimiereraids falinga), BRAT-GOk(Mtoser i ng

agents. 10ThppRMans POXIHUOENERZRTRY e 05 baRINAEM, SANRASE IFERS 7.
conprising at | east one active ingrédient as above defined together

with a vet er KREP00380% jaetilon (3@ @101), KRN-700 civatin&HlyS 005y ANAr2Y 52K EL-
mat eri al s us h i g i onposjtion and
may b sol | de AN ROABE Tl BT P0G L0 REAFRRILERE, |
or acceplabl enliancarfe.gudtASt-i (leany SPI452aR0)RAAse Elanpiaitens) g yODN-33h@d ODN-

active ingredj These vet eri nar oppositions y b

admi ni st er edﬂ)ﬁgh gpher V&ﬁ?&gg}ffsﬁ%?‘/%‘y’ﬁaﬁg‘%?ﬁ er“%gtﬁra@@ﬁg%ﬁé{.@zm’

Cﬁﬁpounds of csttblll?l, pBlyERh] VGXar1e, Kbed, t:vipinexd, {oi_encsig’mvaJggﬂ H{WJ BA$S(-
armaceutic or ations containing as active ingredient one or

gore corrpoun%JQQSOM[ﬁ:@O(H’&@WE‘B}xtPPSé%t L5158 P A 301 nul at i ons™)

in which the rel eﬁ-%ealé?)fpo%me@fpécjrﬁ’lﬁnez@lyiceﬂgwd%@&hﬁﬁ@en@igﬁ'%tﬁlol'lggr ﬁ&g
regulated to allow I ess frequency dosing or to inprove the

phannacof®i netheicactie thesepeiticpegntohia vaiterfy desage fam fac simpliaieoys edicauehtial
L, oS a0k kbRl | SBELd0R 1ol e o
used prophyl sioultewokyor(segwetialdegmer). Wheagminsteraneqashiialpy, thelc@bination
nfection, the FRROLBlediThhY 8 Hord0dikiie BN maceut i cal
Co-administration of a compound of the invention with one or more other active
25  therapeutic agents generally refers to simultaneous or sequential administration of a
compound of the invention and one or more other active therapeutic agents, such that
therapeutically cffective 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-admintstration includes administration of unit dosages of the compounds of
30  the invention before or after administration of unit dosages of one or more other active
therapeutic agents, for example, administration of the compounds of the invention within
seconds, minutes, or hours of the administration of one or more other active therapeutic

agents. For example, a unit dose of a compound of the invention can be administered

first, followed within seconds or minutes by administration of a unit dose of one or more
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25 formulation, and will be determ ned by the clinician using
conventional dose escal ation studies. It can be expected to be from
about 0. 00@d A@/abeyt 100 ny/ kg body weight per day; tygimg@hbdgpsfaipm
about 0.01 to about 10 ngy/ kg body wei ght per day; nore typically,
fromabout .01 to about 5 ngy/kg body wei ght per day; nost typically,
fromabout .05 to about 0.5 ngy/kg body wei ght per day. For exanpl e,
the daily canft.f8te dose for an adult 30 hunman of approximately 70 kg
body weight will range from1 ng to 1000 ng, preferably between 5 ny
and 500 ng, and may take the formof single or nmultiple doses. Routes

of Admi ni St r aiheOa1iB theRipewRIagert RS Bl 2 hiiedbsRERId @indrBBhel N
referred to as the active ingredients) are adm nistered by any route

appr opri at e {STAPRYICgRRF Eadis adBinigened St dallowad®yy administration of a unit dose of
2009/ 132135 PTLHRAAY A IAAATRER sadid A Fut: O UGl pgeg%%! L

rectal, nasal, topical (including bucca | 1'ngua vagi‘nal and
par ent er al ( Hestrrlidinefnsiniscue ambdass of & nempmmd ofithaiyventidr fwe fdlosred, after a

intradermal, _intrathe, ca epidural). .and t like. It will be
appr eci at ed P%]@td Otﬁ‘gﬁ'ﬁg%#'é?? 28015‘%?%‘3‘#@)1933?? ?%%t“ﬁltéfﬁe A LRAPT BoRERther
condi ti o0 of adtive theeapepiiceaplents Al Al @icBdEmaf bé ARrSQERUIRAGstef a §dH ®ose of
invention is that the% are orally bioavail abl e and can be dosed

oral ly. 10 COMLITARAF greenardy e igrapcutic agentsdirstifeliayyed, after @ ReriqdRidavss éhe-

are al so used.12ho@)YBl AdhinRiradbd &F aQntIos86 é()?ﬂélbﬂlgir StheRbéntion.
Preferably, the other active therapeutic ingredients or agents are

i nterferons, ribdbfFembinsiondemapyNsy ppvie Syecierhind ‘SpresgistiSa. the effect
i nhi bitors, [ i.nhi hi . i Lin inhibitors,
S e SR

hepat opr ot ect ants, non-nuc rs of
for treal} ngtheQwsults from usgibé canpounds sharblely. Cosmergiis cfffct bty balafained

|-111 are typi I l.ect ed  bas, on.the caonditjion. to be treated,
cross-reaet | ‘\% 4 egx‘g?" i“%%‘?“g%ﬂ‘se%?-39%\??(3&8?1;1&??388‘5 ﬁ%ﬁ@i‘ﬁd&r d8]lr“’ef‘?'iie
conbi nat i on. sifh@ltaresadiPines contbivdtfsaad dtia,g;n%m délﬁfeﬁﬁﬂ)iﬁ(aﬂcrﬁﬁit&-or iH6¥Ael ke
conpositions 20 of the inventjon are conbined with other active,
t her apeutic ssgAtedo ewnagar .{-ﬂ é’éoﬁéggﬁef Wéﬂnqli‘er\’g}l“?‘i‘)dfh'&ﬁ awﬂt@nafm ve
therapeutic agepy,s s?ﬁergi{a?clf &@éc@ﬁl&ﬁb%&a@&d%&n ]tﬂ?e &Qg‘eﬁr{ezﬁ M dblinibB®d or

-9

conpounds of Formula I-1 can include interferons, ., pegylated
r1 FN-al pHh 2feliverisd yeomertinlly) qadimpeppratexablets) s enl oppraleaior by ATt frgeciens
XL, rlFN-al pha HIRENS FN-al E 0f I: octero
AVI - 005, PEG i _ﬁ@teggn, %*‘e?glgfggt e‘g’ ‘#ﬁﬁl‘g%Ee{%él?ﬁ%rtg%%F%‘E’?%'r“gﬁdéﬁa%‘h%{ea&
feron, reaf exative ingnademhmadaindiersd seqhéitialigtia, sarinlly miereas mcdoiniinatien

| FN-omega wi th DU .and al buferon; ribavirin analogs, .e.g.,

rebet ol , copt?alarl‘}g)f’ V?Thozsaaﬁcef (\’L}{t‘rwgf’mnﬂfﬁhaé: Tt ’é’lgfag%fsrﬂfeﬁ‘)d,lmf\}é‘g%?d together.
i nhi bitors, &sgnergiidali;vit &83t GundteBMDatAMAbatecNORRh RO} ¥R RSEhe

inhibitors, e.g., NM283  val gpicitabine, R1626, P5l-6130 (R1656),
555 pl‘E(%Cth pure%y additive eg‘gsts of the individual compounds of the com ination.)

In still yet another embodiment, the present application provides for methods of
inhtbiting HCV polymerase in a cell, comprising: contacting a cell infected with HCV
with an effective amount of a compound of Formula I-IT1, ora pharmaceutically

30  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-I11, or a pharmaceutically
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30 HCV-796, BILB 1941, MK-0608, NM 107, R7128, VCH 759, PF-868554,
0SK625433, and XTL-2125; NS3 protease inhibitors, e.g., SCH 503034
(SCl-1-7), WoRogBB23¥el aprevir), | TMN-191, and Bl LN 2063 CT/US2009/041447
al pha-glucosidase 1 inhibitors, e.g., MX-3253 (celgosivir) and

UT- 231 B; hepat oprotectants, e.g., |IDN-6556, ME 3738, MtoQ and

LB- 84451, nop: éqﬁtgl eoside inhibitors of HCV, e.g., benzimdazole
derivatives, % o-1,2,4- WD 2009/ 132135PCT/ US2009/ 041447 756. PF
5t hi adi azi ne deri vati ves, and phenyl al ani ne derivatives; and ot her

drugs for treati ngl e. g., .zadaxin, nitazoxani deméﬁﬁl i nea),

Bl VN- 401 Pvi FE5EPE )‘»S*‘lbﬁﬁmgméfﬂr AT o anéwleamne itiop@BBLive therapeutic
bavi t uxi mab, ,agt kLIS Ihvhé é@?ﬁ@,@%ﬁo actilon (CPG 10101),

| CRN- 7000, CI%%CI r, G?- 500%- )"/‘JN,&? 975 6865 ANA 971, NOV- 205,
tarvacin, EHC 18, Il@hﬂmmthmemb_cﬂlmew,ehe pesdnh egpliestionghrovids fortmh@hods of

et e T e T R N

salt, solvat w;thamdffennvesmeﬁnttolﬂebﬁ@;ﬁqunﬂ of Bl NBLT, 6a PhdrRadhtitHi@st one
addi t| on b t her agﬁut 'IC @gent nd a har maceut i cal | y acceptabl
fag i

carrier eRFHPRNE S8 e 3 f??tfir resd a3t lepsh pahrddiienaliagtive therapeutic
t herapeutic a@anéeldéfead&-dnmh@mb RS sisAhe &PinWirfeborks hﬁga%mﬂémgs Ris3 tp\'rbﬁease
present invention can_be any cgent having a therapeutic effe

used i n conbiPHBEPEANGAE lﬁhtbﬁ@s Wcﬂlwsﬁﬁsetlmhlfbﬁ@smbplnhenﬁub@uors For
exanple, t he 0 t]

of the pr ese1r11t Ei\%’gﬁﬁ l'([)Snmgézi:]m eé)yllﬁﬁgl girbntgfr:so@@\?l g@FhF i é{ufé#éf %&ﬂgngw
pr ot ease i nhi bi tdmsstlll MSEEaOihmddmiumsﬂ, thd phsent giplico®ih gesided for methods of

i nhi bi tors, in inhibitors, hepato rotec ants, n- nucl eosi de
201 nhi b1 or TSP B bk eSS g P SR B B gt o herapestealy
anot her emboetturend : mddmeom ﬁﬁﬂﬁhn@&ﬂdlﬁalalIQE B @Maﬂﬁ&e@tﬁb@ﬂf@&@b&%l@@élt
conp03|t|ons§§ a congound of the present invention, or a
phar naceuti c ‘fﬂ@g) ‘ér tehfher sol vate, and/or ester thereof, in
conbi nation with @kl 9asho@BEntddintdnR MR prfst @]Bﬁb‘zftl'oﬁ pﬁﬂ?& fo%%}e%tdggf
fromthe group consisting of pegyl at ed r1FN-al pha 2

nl FN- al pha 2%&eating BVainsgtions, conmrsiakpisminipteng torthﬂmlahmaerﬂmutmaﬂy
consensug, | Firalpha, tar

PEG i nf er gen, pégyl é%dggf)fﬁr: émg(?gﬂo}f lhlﬁgtlgf? r%hr?l%?cg‘f‘llu‘“dulf (‘(’SWable salt,
reaferon, i mOé\r@tﬂamlﬁd)rpﬂam therebf hldattlenst mmfaddgmnalﬁcta@tthdmpmﬁc agefd\whBREA
wi t h DURGCS, r.eh copegus, VX-497, viram di ne
(taribaviri n@b{} erasﬁl%'ﬁt“qﬁm 283, val opi ci t abi ne, R1626, PSI-6130
(R1656), HCV- 796, Bill Bet30othOeinbolifrcdf @, pridvhlDplicdréd x%vid\iﬁérﬁéﬂmds of
PF- 868554, GSK6 %% XTL-2125, SCH 503034 (SCH7),

(Tel aprevi r)%® %ﬁ 9t aIﬁﬂﬁ]tﬂiom“%é?d“WStSQ%tO(fE%W@%la\}h?fﬁpeuﬁﬂaﬁzs1B,
| DN- 655625 MEefRéd@ anlubP6d a @nhokdd MQQuIa@Qﬂzbqﬁﬁﬁﬁ%c&tg I YREIMSS salt,
benzo-1, 2, 4-t hi adi azi ne derivatives phen ani ne erlv Ives
zadaxin, ni ts&%i@a?ﬂdé@ estar hereal, andpeesume a(ldﬂihpmitlett‘/)? themsmﬁpacgw, selected

VGX- 410G, E'\ﬁzon? e gréal.ﬁ\éI mn%x&%@%{t&?&ﬁSEguéﬂsﬁa%%/ ,9@3 protease inhibitors,

NSS5a inhibitors, alpha-glucosidase 1 inhibitors, cyclophilin inhibitors, hepatoprotectants,

non-nucleoside inhibitors of HCV, and other drugs for treating HCV.

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

patient.

Metabolites of the Compounds of the Invention
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756. PF 5 4065, bavituxi mab, oglufanide, PYN- 17, KPE02003002, actilon
(CPG 10101), KRN7000, civacir, 01-5005, ANA-975, XTL-6865, ANA 971,
NOV- 205, twiovaesiB213EHC- 18, and NEMB11 and a phar maceut iggahds¢ooo/41447
acceptabl e carrier or exipient. In yet anot her enbodi nent, the
present application provides a conbi nati on pharnaceutical agent
conprising: 1l0a)a first pharmaceutical conposition conprising a
conpound of tjhgppresent invention, or a pharmaceutically acceptable
salt, solvate, or ester thereof; and b)a second pharmaceuti cal
conposition conprising at | east one additional therapeutic agent

sel ect ed f5r omt heA&E)q'M e%g’?gh%flé %g%é)(tftﬁk }{‘l\fg{lt?(;\'leﬂqg ﬁ'leil n'\l:‘]l!ll(p m%{aﬁ'%{capg%ducts

conpounds, HD/ non-nuc tors of reverse transcr
H V nucl eosi @étheSpmbdumids d¢s9nhn‘d hemuertcsmebxtamdi podses arbhdtehael \@obiides

i nhi bitors of_reverse tr crl hi bitaors, gp4l
i nhibitors. & RR B'i Pf"g‘b’ 53“' Y'bth ngp?*‘c%%ql"rﬂ’ﬁ fiptp recuction,
i nterferons, hydrbByis ranndamal @g8ificND3 apll GleaRS O F tRRHRILIAErsd cANFRAN,

i nhibitors, al phal gl ucosidase 1 inhibitors, cyclophilin inhi bitors,
hepat opr ot ec PARERLY dHBFP HRIHITEEST R BFEGRE ofic Fogntioaraclesion apved ey s

for treagpng uﬁ@ﬁou@@gnﬁ&ﬂm ﬁ%ﬁh&@%y%%ﬁ‘d’c@ﬁf@1 %I Veg&?} ki, Qﬁorﬁlgoutnﬁ%{ this

conpounds of Formula |- and additional ac erap ut| C
may be sel ectfé’dnftﬂm Wlfheaamalpmal fone periqsfof dirsdruiicidnt H@Velénahweanhhc; product

condi tions s s.H fections. A¢cordingly, the conpounds of
Formula 1-1 I §ak %“é‘h@ Ftﬁéﬂ’l?/ﬁl ¥ Rregpentigipd %P@PWGWE@W?@WE g or

treating H V3 r ot aselnhlbltl
non- nucl eosi ae | r?}lp%égtﬁrg#tgﬁcg{fv\élrngvérs FLniSenng | rperﬁflggaé]‘VIrTEa#{?/g%’a%ii(@Sﬁ He
i nhi bitors ofrealevibmssbaut Afsey/kgttaseanihNuthigd O tiodse, ghRediiy aficnkey, or to

reverse anscri pt ase, i nt.egr.ase i_nhi bitors 41 inhibitors.
Oxora s kb b R R B e Got e o {4 Bt (ealy s 3P &ekonds to 30

ri bavirin anamgamd NS&ua%a& eabRrsiodprdiub@ fi%m HSaAnd, BlRbBbf Sh& biological
al pha- gluc05|dase 1 inhibitors, | ophiiin inhibitors,

c
hepat opr ot ecf3HI®; THET-NeAUCESES %Pél){ lﬁﬂiﬁlﬁﬂ sigeethey anadabeled fethers hesrisalatedey
for treatingudGye oi%gm&ﬁes%‘aﬁ&llé blﬁﬂllxdny%_lepg)aﬁges%ﬁr\mﬁ 1nqgé%gﬂﬂfg§e)o ghe

present invention may be comnbi ne conpounds ‘se Pect ed
from the grotstabolis ratgqciimgs ot dalprmiiped iprotveaiseal fabliibe, teqr by MS. cg NMR

di
i Lonav £ 1| BPRRCRY blveral AREHE SRR TR g rRRYRT® Comprtiond .

brecanavir, daguretabolism Ftiilied 26]1-kidia: b theke skiliz@madit frt.( TMRoADOYion products,
JE- 2147 (A01776 1859, 5, 2009/ 132135PCT/ US2009/ 041447
756. PF 5 7563253 ?16 ﬁég%%ﬂém%ﬁ}mﬁf‘é’ BPEr e &ic uSpREieEaEnost s NB 385X,

D017, PPL- therapeutw dosing of the compounds of the invention even if they possess no HCV
polymerase inhibitory activity of their own.

25 Recipes and methods for determining stability of compounds in surrogate
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 I hour at 37°C.
Simply because the compounds are stable to the gastrointestinal tract does not mean that

30  they cannot be hydrolyzed in vive. The prodrugs of the invention typically will be stable
in the digestive system but may be substantially hydrolyzed to the parental drug in the

digestive lumen, liver or other metabolic organ, or within cells in general.

Examples
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100, 2) a HV non-nucl eosi de inhibitor of
capravirine,
(+) cal anoWwibdeosAs285raviri ne,
M V- 150, and TMC- 120, TMC-278 (rilpivirine),
VRX 840773, UK-453,061, RDEA806, 3) a HP!
reverse transcriptase,

e.g.,

st avudi ne,

el yuci t abi ne,
entricitabine,

apricitib
abacavi r

emvirine,

phosphazi de,
ne (AVX
| at ni v

del aviridi ne, efavirenz,

ef avi renz,
nucl eosi de 10

f ozi vudi ne tidoxil,
KP- 1461, abacayir

reverse transcri ptase,

nevi r api ne,

GW5634, DPC- 083, DPC- 961, pciRiE 50841447

Bl LR 355 BS,
i nhi bi tor of
di danosi ne,

FC,

e.g., zidovudine, entricitabine,
z g abine | am vudi ne, abacavir, andoxovir,
a ovudlne MIV-21 0, racivir (-FTC, D-d4

f osal vudi ne tidoxil,
+ | am vudi ne,

md
é&’?%% ﬂ@%‘fﬁ%‘ffﬁ%@mwmﬁﬁ 0 deseribing the Fﬁ@nm&ytala HW

nucl eot i de | @bralld, t DkhoQfh MR @leSEwbilaBe GhdRi@Ehy dreQkilled BNAL AY I Table 1
tenof ovir di soproxi |,

i ntegrase inhibitor,
chicoric acid, derivatives of chieoric acid, 3,5-dicaffeoylquinic
aci d, derivatlebled. éﬁtsfﬁbdwuﬁmﬁemwuqmmmns aC|d aurintricarboxylic

finnarate + entricitabine,
fumarate + efPHtpigs ¢ igichmany of hescrapbrzviaiong and eronsms.

t enof ovi
5)

curcum n, derivatives of cur

e.g.

ir di soproxil
a HV
cum n,

acid, deriv At r+earboxyti-e—acteh caff\,: e—a¢i d phenet hyl
70ester, de§ﬁ@geFnglapkua F$ei c acid phenet hyl ester, tifphostin,
derivati ves @, yr phoStdetic atii@riget i n, derivatives of quercetin,
S- 1360 Zi nt-evir / AR-177) 1 -870812 and |- 870810 MK- 0518
(ral tegravif ABEVS 70 7@}%%%%@@&@;/ PERIQritile) BVB- 538158, | GBK364735C,
6) a gp4l i ngl,bitor, enfaviTtide, st fuvirti-de,—FBY06M
TRI - 1144, SPC3, DESS6. ocﬂs gp4l, CovX, and REP 9, 7) a| CXCR4
i nhibitor, éBgBr AND-mﬁwzﬁmea¢aentry 25|nh|b|tor e.g.| SPOLA,
TNX- 355, 9) Fazgpt26— i+ 5488043 and Bl ockAi de/ CR, 10)
a 06PD and NR oxidas@S¢WﬂﬁbY¥%$ﬁw@mﬁﬁ i munitin, 10)|a CCR5
inhibitor, eBgcl apl aVbdneéyl cMibflid VI roc, TNCBIZ7T, PRO-I#0, | NCB15050,
PF- 232798, CCRSmAb004, and maraviroc, 11) an interferon| e.g.,
pegyl ated r|FRlal pha p %ﬁmﬁébWH%@@@ﬂQIFhkalpha 2a, HEN-alpha 2b, IFN
al pha- 2b XL a|p| y Uer'alpHa, fefrgen, rebif,
| oct er on, AJP . ﬂﬁﬂ erqéﬁhﬁgggyié?ed | FN- beta, oral interferon
al pha, fer 01DBNeaf er onl Sidrﬂz&iqa:i@[alsmﬂmnerreﬂ FN-beta, infergen +
actirrunune EN-eorega—pi-+h-DBY anrd—albuteron,—12) ribavirin
anal ogs, e.:DDCiebetol’i HﬁgﬁhQKTV%@H@?445ﬁ6“ﬁWF@ﬁ1d|ne (taribavirin)
13) NSba inwDmeors, e1gduaﬁmﬁékgsAﬂgmgaggg5bwb/9Usz 14) NS5b
pol ynerase |nhibitors ] .valopicitabine, R1p26, 1351-6130
WD 2009/ 1321BSBCT/ US20tigllowadtimiiss. PF 5( R1656) HCV- 796, BILB 1941,
MK- 0608, NV ——R7128 8554,—08K625433,—hand XTL- 2125,
15) NS3 prot%gge i nhip d‘%@e@?@?{%@i 503034 (SCH 7), MX-950
(Tel aprevi r ) PCMIVN- 19diclamdmBthbie 2065, 16) al pha- gl ucos) dase 1
i nhi bitors1 e o MX-3253 ( celgosivit)l—and UT- 2318, 17\
hepat opr ot eEPY, e [f-dimethlesneyridites73s, M toQ and LB- 84451, 18)
non- nucl eos|ggd nNhi bl 103 S diMhafe 0-» penzimdazote tpderi vatives,
benzo-1, 2, 4Lt hi adi aziiné_derj vatives, and phenyl al ani ne derivati ves,
19) ot her driysdlor tr@@@&n@ﬁhﬁ&@meﬁ@z zadaxi n, nitazoxani de
(alinea), BEAINAPT (i DLO—825, VOX-4106—EMZ 702, AVl
4065, bavi t e Ash. ogldﬁ a?i'?’:ﬁ@f" 17, KPE02003002, actj ! on
(CPG 10101) , DKRN- 7000, 4, a1-¥iatatifoxyRity15005, ANA-975, XTL- 6865, ANA 971
NOV- 205, ta -, =18 and NIMB11 _19) pharmacoldnetic

DMF dimethylformamide

EtOAc ethyl acetate

ESI electrospray ionization

HMDS hexamethyldisilazane

110



15enhancers,

ODN- 93 and ODN- 112, 21) other anti-HV agents,
(bevi ri mat Wwo neplstgen,
0026, CYT 99007, A-221 HV, BAY 50- 4798, MDX010 (i pli munab),
is al so possible to conbi ne any conpound
nore 20ot her active therapeutic agents

AL0889, and PA-1050040.
of the invention with one or

e.g.,

BAS- 100 and 3PI 452, 20)RNAse H inhibitors,
VGV- 1, PA-457
VGX- 4 et/ d92808 /641449

e.g.,

HR&214, cytolin, polynun,

It

in a unitary’d8®8Bge formfor sinultaneous or sequenti al

adm nistration to a patient.
adm ni stered_as _a sinultaneous or sequenti al
adnlnlstereéH@EQUentl

or nore adm

regi nen.

e.g.

PBS119,

The conbi nation therapy may be
When

lanl

aHigh présblﬁe(hqmﬁlbhﬂﬁﬂdﬂfgrdjﬂﬁy be adm n

faVal
T

stered in two
of the

i nventi on w

generally refengsto S

conmpound of
agents,

suchM@ﬁﬁAthe

Thone o

dm-nistration of a conpoun

@¥ﬁ§¢PH€PF§E 25 therapeutlc

the inven

ﬁthﬁﬂﬁQH%“Q§q§§gM§ntlal admini stT

ion_and one or

agents
ation of a

nore other active therapeutic

rmp@uhkmamﬂymaﬁée@dlve anount s of
YIRS} TUTT Ul. IIUI

he conpound

of the invent

bot h present
adm ni strat i
before or af
active ther

T d.IlU'

1%7"Y he b
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20del i vered sequentially, e.g. in separate tablets, pills or
capsules, or by different injections in separate syringes. In
general , dwoizo@/ahbizernation therapy, an effective dosaggais:e@eM4e7
active ingredient is adm nistered sequentially, i.e. serially,
whereas in conbination therapy, effective dosages of two or nore
active ingredients are adm nistered together. A synergistic
anti-viral efffé®F denotes an antiviral effect which is greater than
the 25 predicted purely additive effects of the individual conpounds
of the conbi nati on. In still yet another enbodi nent, the
present application provides forprgﬁg,lgggﬁ oPCoinBiR4t | Ng HCV pol yner ase
ina cell, conprising: contacting a cell infected wwth HCV with an
ef fective amount of a conmpound of Forrmula I-111, or a

phar maceut i cddnpodRaqasaRt abl e salt, solvate, and/or ester thereof,
wher eby HCV pol ym erase is inhibited. In still yet another
enbodi nent, the present application provides for nethods of

i nhibiting HCV polynerase in a cell, conprising: contacting a cel
infected with HCV‘}fth an effective amount of a conpound of Formul a
[-111, or a pharmg igally WO 2009/ 132135PCT/ USg00®/ 041447 756. PF
5acceptabl e salt, {e, and/or ester thereof, and._.a east one

addi tional active therafn i@ aggnt, wh 8Py HCV polynerass i
i nhi bited. In still yet another_eﬁmdj_n:am. t he pre%‘*
application provides forf methods of inhghidd ng HCV polynerase—rh a
cell, conprising: @Hcel | inf ec% ed with én OH
effective anount of a=fonpound of Forrmula I-11l, or a

pharmaceutical |y 10accept &bl e salt, solvate, and/or ester ©hereof,
and at |east one additiont active therapeutic agent selegfed from
the group consisting of interferons, ribavirin anal ogs, NS3 protease
i nhibitors, NS5a THRLOLER Fi1a PN HGRS Lnhi. bi S...
cyclophilin inhibitors, he a??pr SPect an?@%’?’n ﬁr-eﬁﬁ%: i {?gﬁ?]ﬁﬁ%jﬂeﬁrs
of HCV, and éspaheddn dghCt 8904t 62551 inrgethidd] (308 nshh)ivds dyqtwigndiéiacetyl

enmbodi mep§ , : t ication proyides for neth of

15treati ng HEC@ |dr%r(g§§a iafg(ﬁﬁ e a‘?ﬁogﬁ%:}{mﬁ%rﬁvﬁ]ﬁ aslfeé'l‘)fiﬁggquﬁ“”c' fed 958 ent
a ther apeut i gateldyt sbfneetperetugnforiig h.oThem oW M torRbnthedNel @ssbivkl In  OF
a pharmaceuticglly a tabl e salt, .sol e, _and/or ester thereof. In
still yet an%gﬂeaf%gﬁﬁrg‘g@l% f"’,a‘s}’(eﬁé"‘tbr‘%es‘@%ﬁ NPPH et sANGsR e lesdrinsss,
net hods of taf@ading thehdDdelnletiy! Bk Bs anGRITINIS 14392 (gp.mqgig_st ering to
the patient a therapeutically 20 effective anmount of a conpound of
Formula 1-1H, or a pharmaceutically acceptable salt, solvate, and/or
ester th%-preof, and at_| east one additional active therapeutic agent,

wher eby HCV pol yne .— s @ nhi bi t ed.

ib 1c

To a solution of 1b (obtained from the previous step) in methanol (300 mL} was
added 0.5 M sodium methoxide solution in methano] (20 mL, 10 mmol), and stirred for
25 16 h at room temperature. The reaction was quenched with 4.0 N HC? solution in

dioxane (2.5 mL, 10 mmol). The mixture was then concentrated, affording the crude 1e.
MS =201.0 (M + Na").
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In still yet another enbodi nent, the present application provides for
met hods of treating HCV in a patient, conprising: admnistering to

t he pati entvoxotdnsedpeutical |y 25effective anmount of a q@magdng oPiia7
Formula I-111, or a pharnaceutically acceptable salt, solvate, and/or
ester thereof, and at | east one additional active therapeutic agent
selected fromthe group consisting of interferons, ribavirin anal ogs,
NS3 prot ease76PFbi t ors, NS5a i nhibitors, al pha-glucosidase 1

i nhibitors, cyclophilin inhibitors, hepatoprotectants, non-nucl eoside
i nhibitors of HCV, and other drugs for treating HCV. 30In still vyet
anot her egbodi nent, the present application provides for the use of a

conpound of the present invention, or a pharpaceutically acceptable
salt, solvate, and/or ester thereof, for thration of a

nedi cament for treabiRg 4n HCV infection in &patihent. I\/Etabolites of
t he Conpounds of them on VQ@Q%lSZlBSPCT/QJ 1447

756. PF 5Al so falling w the——seepe—elf—t-hlsmventl e the in

vi vo met abol i ¢ produchg oput he compesridsosdescr ieg hef e| -n, tewhe
extent such products are novel and ypghvi ous o prc?. Such
products may result for exanple fromthe oxidati®n, reduction,

hydrol ysis, am dation, esterification and the |ike of 1(; he

adnmi ni st er ed conp i

Accordingly, the |erl:l\q/§gtn ?@nﬁgﬁt%lx&pg&?l%@ %n@&é@?uno 559 ou§§g8ﬁ)80"mf§

produced by &.0p).d®esKOtbipwaist, 8 gtmrtb]aerta (560 m1g omphennd totefluRivith a Dean-
i nvention w ma od of. _ti suf f i C|e toyel

met abol i ¢ pr%@d&aﬁ%ﬁb‘a& %@hyﬁ BtH’@c 3 “Elgefwﬂ: l’cl Qféjﬁt( %Eé&oby

prepari ngoa fn@dﬂlﬁhﬁbﬁﬂ&&ﬁld(@n@me&ﬂﬁreﬂﬁx R sﬁx@ﬂ@%ﬂ@ HOfTHe R x tu AR h &N,

adm nisterin t par ent eral in a detectabl e dose greater than

about 0.5 1 8 Par A STy heer (ORBUS and HaenCROSLE Thrasmians

or to 1loman, Ia@éﬂ@d@%héﬂwﬂi Gh@h 30@!1 Qo BLARO. | B L QaRCE purified by
(typically about 30 seconds to ours) and 1solating iIts cnversion

products fro#icaesl celima chlmmmgraphy mﬂﬂ%rEiﬂﬁeﬂ /dgkarat), stnping she Midtbgether

products are S I si;hce, t I

i sol at ed by (ﬁ%} ‘Jhsée{I @? 9 %5‘%’6% N {g\'\gllk @P@ﬁg&g}gﬁ %ég(m 15H),
survi vi ngs i n4.5he.onet, aB9)4.3%)m, 1R, arve(aami B156 (ﬁt mpslmﬁ 381,81.40 (s, 3H).
determ ned in conventional fashion, e.g. by M

O O
o 3M H,S0, O\ o. oH
@;\g \/@ acetic acid Q;\% \/@

1d 1e

20 To a solution of 1d (22.0 g, 49.0 mmol) in acetic acid {110 mL) was added ~3 M
sulfuric acid (prepared by mixing 4.8 g of concentrated sulfuric acid with 24 mL of
water) and stirred at 70 °C for 8 h. The mixture was concentrated to a volume of ~20
mL, and partitioned between ethyl acetate and ice-cold 2N NaOH. The ethyl acetate
layer was concentrated, and purified by silica gel column chromatography (~35% EtOAc

25  /hexanes), affording 1e as an oil (17.0 g, 80%). MS=457.2 (M + Na").



20anal ysis. In general, analysis of netabolites is done in the sane
way as conventional drug netabolism studies well-known to those
ski | | ed i nwioh@ooasiiss The conversi on products, so | ong assdfi®y¥edfog ot
ot herwi se found in vivo, are useful in diagnostic assays for

t herapeutic dosing of the conpounds of the invention even if they
possess no HCV pol ynerase inhibitory activity of their own. 25Reci pes
and met hods /&% Eeternining stability of conpounds in surrogate
gastrointestinal secretions are known. Conpounds are defined herein
as stable in the gastrointestinal tract where |l ess than about 50 nole
percent of the protected groups are deprotected in surrogate
intestinal or gastric juice upon incubation for I.hour at 37C. Sinply
because the coppsunds are stable to the gastroi aI tract does
not nean that ey cannot be hydrol yzed in viw/The prodrugs of
the invention I will be stable in the di gesti@—\%zﬁrg but
may be substantially ﬁégigziﬂéd to tHemg@mmresd al drug in the digestive
| umen, |iver or other l'i ¢ _or gar—er—w-th+n ce i n:gener 8
Exanpl es .35 756/PFK 5Cartain evi ati ons and acﬁar@n
descri bing the e ta s. Although nost & t hese woul & Dbe
understood by one Skilled in the art, Table 1 contains a list of many
of these abbreviations apd acronyns. Table 1. List of gbbreviations

and acronyns. Abbreviati on Meani ng Ac20 acetic anhydride Al BN
2,2' -azobis(2-methyl propionitrile) Bn benzyl

To a solution of le (45 g, 104 mmol) in DMSO (135 mL) was dropwise added
acetic anhydride (90 mL, 815 mmol) at room temperature under argon. The mixture was
10 stirred for 16 h at room temperature, and then poured into ice-water (1 L) while stirring,
After ice was completely melted (~30 min), ethyl acetate (~500 mL) was added. The
organic layer was separated. This exiraction process was repeated three times (3x500
mL). The organic extracts were combined and concentrated. The residue was purified
by silica gel column chromatography (~20% EtOAc / hexanes), affording 1f as an oil (39
15 g, 88%). 'HNMR (300 MHz, DMSO-de): 5 7.3 (m, 15H), 4.4 - 4.8 (m, 7H), 4.08 (d, =
7.5 Hz, 1H), 3.75(dd, /= 2,4, 11.4 Hz, 1H), 3.64 (dd, J = 5.4, 11.4 Hz, 1H), 1.51 (s, 3H).

Compound 2
NH,
e
\ /N
Bn/o \ Oj jO Br \N—:J
S Buli, TMSCI
L 0O
Bn Bn THF
20 i 2a

To a dry, argon purged round bottom flask (100 m1.) were added 7-bromo-
pyrrolo[2,1-f][1,2,4}triazin-4-ylamine (234 mg, 1.10 mmol) (prepared according to
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BnBr benzyl brom de BSA bis(trimethylsilypacetanm de BzCl benzoyl

chl ori de CDI

carbonyl diim dazol e DABCO 1, 4-di azabi cycl o[ 2. 2. 2] oct ane

DBN 1, 5- di WoaBegziI3p[ 4. 3. 0] nonene-5 DDQ PCT/US2009/041447
2, 3-di chl oro-5, 6-di cyano- 1, 4- benzoqui none DBU

1, 5-di azabi cycl o[ 5. 4. 0] undecene-5 DCA di chl or oacet am de BCC

di cycl ohexyl car bodi i m de DCM

10

I3

20

25

756.PF

W02007056170) and anhydrous THF (1.5 mL). TMSCI (276 uL, 2.2 mmol) was then
added and the reaction mixture stirred for 2 h. The flask was placed into a dry
ice/acetone bath (~ -78 °C) and BulLi (2.5 mL, 4.0 mmol, 1.6M in hexanes) was added
dropwise. Afier 1h, a solution of 1f (432.5 mg, 1.0 mmol) in THF was cooled to 0 °C
and then added to the reaction flask dropwise. After I h of stirring at -78 °C, the flask
was warmed to 0 °C and sat. NFH4CI (5 mL) was added to quench the reaction. The
organics were extracted using EtOAc (3 x 10 mL) and the combined organic layers were
dried using MgSQ, The solvent was removed under reduced pressure and the crude
material was purified using flash chromatography (hexanes / EtOAc). 560 mg (99 %) of
2a was isolated as a mixture of two anomers. LC/MS = 567.2 (M + H+) "H NMR (300
MHz, CDCL): & 7.85 (m, 1H), 7.27 (m, 15H), 7.01 (m, 1H), 6.51 (m, 1H), 4.66 (2, 8H),
4.40 (i, 2H), 3.79 (m, 3H), 1.62 (s, 2°-CH; from the one anomer), 1.18 (s, 2’-CH; from

the other anomer).

To a dry, argon purged round bottom flask (50 mL) were added compound 2a
(185 mg, 0.33 mmol) and anhydrous dichloromethane (10 mL). The flask was placed
into a dry ice/acetone bath (~ -78 °C) and the solution stirred for 10 min. BBrs (0.25 mL,
0.25 mmol, 1.0 M in DCM) was then added and the reaction continued to stir at -78 °C
until complete disappearance of the starting material. After 1 h, a solution of pyridine (2
mL} in MeOH (10 mL) was added and the flask was warmed {o room temperature. The
solvent was removed under reduced pressure and the crude material was re-dissolved in
MeOH. Afier this process was repeated two more times, the crude material was then

dissolved in water and purified using a Gilson Preparatory HPLC system (acetonitrile /



di chl or onet hane DVAP 4-di net hyl am nopyri di ne DVE 1, 2-di net hoxyet hane
DMICLl dirnethoxytrityl chloride DVSO di met hyl sul f oxi de DMIr 4,

4' - di met howet20est1p213PMF di et hyl f or mam de Et OAc et hyl agetraisook®hi447
el ectrospray ionization 1 HVDS hexanet hyl di sil azane 756. PF
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756.PF
H>0}). 49 mg (50%) of Compound 2 was isolated as an isomeric mixture. LC/MS =
297.1 (M +H". '"HNMR (300 MHz, D;0): § 7.68 (m, 1H), 6.80 (0, 2H), 4.04 (m, 2H),

3.78 (m, 2H), 3.65 (m, 1H), 1.30 (s, 2’-CH), 0.80 (s, 2°-CH).

Compound 3

To a dry, argon purged round bottom flask (100 mL) were added Compound 2
(12 mg, 0.04 mmol} (2) and anhydrous MeOH (5 mL). Acetic acid (5 mL) was then
added and the reaction stirred overnight at room temperature. Saturated NaHCO; was
added to neutralize the reaction mixture and the crude material was purified using a
Gilson Preparatory HPLC system (acetonitrile-H,0), 2 mg (16%) of the desired material
Compound 3 was isolated. LC/MS =311.2 (M+H"). 'H NMR (300 MHz, D»0O): 6 7.71
(s, tH), 6.78 (s, 2H}, 3.98 (m, 1H), 3.83 (dd, 1H), 3.74 (dd, 1H), 3.62 (d, 1H), 2.94 (s,
3H), 0.76 (s, 3H). The other alpha-isomer was also isolated; 'H NMR (300 MHz, D-0):
8 7.65 (s, 1H), 6.78 (d, 1H), 6.75 (d, 1H), 4.03 (m, 2H), 3.77 (dd, 1H), 3.59(d, 1H), 2.95
(s, 3H), 1.31 (s, 3H).

Compound 4
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HPLC Hi gh pressure liquid chromatography LDA |ithium diisopropyl am de
LRVS | ow resol uti on mass spectrum MCPBA net a-t hl or oper benzoic acid

MeCN acet owiot089 8218 0H net hanol MMIC nono net hoxytri tylpcaitsgbdodei«d 2
or nMle mass to charge ratio M+ mass plus 1 MVnass mnus 1 MOIl-1

756.PF

DCM

To a dry, argon purged round bottom flask (50 mL) were added compound 2a

(220 mg, 0.39 mmol) and anhydrous dichloromethane (10 mL). The flask was placed
into a dry ice/acetone bath (~ -78 °C) and the solution stirred for 10 min. BF;-Et,0 (0.10

10 mL) was added dropwise and the reaction stirred for 10 min. AlMes (0.58 mL, 1.16
mmol, 2.0 M in toluene) was then added. Afier a few minutes, the dry ice/acetone bath
was removed and the reaction mixture warmed to room temperature over 4 h. A solution
of pyridine (2mL) in MeOH (10 mL) was added and the solvent was removed under
reduced pressure. The crude material was purified using flash chromatography (hexanes

15 /EtOAc). 164 mg (74 %) of the desired material 4a was isolated. LC/MS = 565.2 (M +
H"). 'H NMR (300 MHz, CD;0D): § 7.71 (s, 1H), 7.32 (m, 15H), 7.02 (m, 1H), 6.78
(m, 1H), 4.62 (m, 8H), 4.21 (m, 1H), 4.04 (m, 1H), 3.84 (m, 1H), 1.95 (s, 3H), 1.10 (s,
3H).

20

Hs, 10% Pd/C HO

AcOH

To a dry, argon purged round bottom flask (50 mL) were added compound 4a
(164 mg, 0.29 mmol) and glacial acetic acid (10 mL). P&/C (100 mg, 10 % by wt.) was
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rt or r.t.
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20

756.PF

then added and the flask was equipped with a balloon containing hydrogen gas. The
flask was purged two times to ensure all of the argon had been replaced with hydrogen.
The reaction was allowed to stir at room temperature overnight. The reaction mixture
was then neutralized using NaHCO; and filtered to remove the catalyst. The crude
material was purified using a Gilson Preparatory HPLC system (acetonitrile / H,O). 6
mg (7 %) of the desired material Compound 4 was isolated. LC/MS = 295.1 (M + H").
'H NMR (300 MHz, D;0): § 7.66 (s, 1H), 6.72 (m, 1H), 6.64 (m, 1H), 3.93 (m, 1H),
3.76 (m, 3H), 1.63 (s, 3H), 0.76 (s, 3H).

Compound 5

NN 0
‘W= TMSCN, BF3-EL,0 BrY

OH 1

DGM

To a solution of compound 2a (1 g, 1.77 mmol) in CH>Cls (20 mL) at 0 °C was
added TMSCN (1.4 mL, 10.5 mmol) and BF:-Et;O (1 mL, 8.1 mmol). The reaction
mixture was stirred at 0 °C for 0.5 h, then at room temperature for additional 0.5 h. The
reaction was quenched with NaHCO; at 0 °C, and diluted with CH3CQ-Et. The organic
phase was separated, washed with brine, dried over Na;SQq, filtered and concentrated.
The residue was purified by chromatography on silica gel, eluted with CH;CO,Et-
hexanes (1:1 to 2:1), to give the desired compound Sa (620 mg, 61%) as an isomeric
mixture. MS = 576.1 (M + H").
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TBSCL1 t-butyldinethylsilyl chloride TEAB tricthyl anmoni um bi car bonat e
TFA trifluoroacetic acid TLC or tic thin layer chromatography Tr

t ri phenyhneOregéo/18ai3s 4- met hyl benzoyl 5 pails per m || i orpcdovsodioel e
fromtetranethyl silane WD 2009/ 132135PCTI US2009/ 041447 756. PF
5Preparation of Conmpounds Conpound la-If 10 To a sol ution of
la (22.0 g, 54.9 mol, prepared according to the procedures described
in ./.0. C, 780P4, 6257) in methanol (300 mL) was dropw se added
acetyl

To a solution of compound 5a (150 mg, 0.26 mmol) in CH,Cl, (4 mL) at -78 °C

was added BCl3 (2 mL, 1M in CHaCly). The reaction mixture was stirred at -78 °C for |
h. The reaction was quenched at -78 °C by dropwise addition of TEA (2 mL) and MeOH

10 (5mL). The mixture was allowed to warmm up to room temperature, evaporated, and co-
evaporated with MeOH several times. The residue was treated with NaHCO; (1 g in 10
mL H;0), concentrated and purified by HPLC to give the desired product Compound 5
(48 mg, 60%). 'H NMR (300 MHz, D,0): § 7.74 (s 1H), 6.76 (d, ] = 5 Hz, 1H), 6.73 (d,
J=5Hz, 1H), 4.1 (m, 1H), 3.9 (m, 1H), 3.8 (n, 2H), 0.84 (s, 3H). MS =3059 (M +

15 H"). The other alpha-anomer was also obtained (9 mg, 11%): '"H NMR (300 MHz, D>0O):
87.70 (s 1H), 6.8 (d, ] = 5Hz, 1H), 6.7 (4, ] = 5 Hz, 1H), 4.25 (4, ] =9 Hz, 1H), 4.07
(m, 1H), 3.85 {m, 1H), 3.7 (m, 1H), 1.6 (s, 3H), MS=1306.1 (M +H").
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15chloride (22 tnL) at OC using a dropping funnel over a period of 30
mn. and then stirred at roomtenperature for 16 h. The m xture was
concent r at wah, 200%t3elisssol ved in ethyl acetate (400 nli), wainedoosoliagy
ice-cold 2 N NaOH, and concentrated to dryness, affording the crude
met hyl ether |b as an oil. M5 = 437.2 (M+ Nat). 20 | bl c To
a solution of Ib (obtained fromthe previous step) in nethanol (300
m.) was added3@PB M sodi um net hoxi de solution in nmethanol (20 nmi, 10
mol ), and stirred for 2516 h at roomtenperature. The reacti on was
guenched with 4.0 N HC1 solution in dioxane (2.5 nL, 10 mmol). The

m xture wgs then concentrated, affording the crude le. M5 = 201.0 (M
+ Nat). Icld A mxture of Ic (obtained fromthe previous step),
Triton X-405%mmendbnater, 6.0 g), 50% KOH (in water, 85 g) in
toluene (500 m.) was heated to reflux with a Dean-Stark trap
attached. After Ih collecting -25 nL of water, benzyl chloride (33 g,
260 10 nmmol ) was added and continued to reflux with stirring for 16
h. The m xture was then cool ﬁ and partitioned between ethyl acetate
(400 nL) and water (300 . & organic |layer was washed with water
(300 nm.), and concentrafed. Yhe residue was purified by silica gel

col umm chromat o D0 Et OAc / hexames), affording the mnethyl
ether Id as an oil ( Z.OCQfd89@6in th steps). 11x1 NWR (300 MHz,
CDCl 3): 37.3 (in, 15TITp™ 154.5 4.9 7ﬁhy«4&§7 11-1), 3.87 (d,
1H), 3.56 (m 2H), M 59H(s, 311) \1.40 (s, 3H . a solution of Id
(22.0 g, 49.0 nunol) ig acetic aci &k ( " wad added -3 Msul furic
acid (prepared by mxing 4.8 g of congcéntirated sulfuric acid with 24
m. of water) and stirred at 70 C for hp'quigixture was
concentrated to a volune of-20 nL, and partiti‘ohed between et hyl
acetate and ice-cold 2N NaOH The ethyl a&etate | ayer was
concentrated, and purified by silica g um chéonatography H35%

Et 0OAc 25 / hexanes), affording le as an/oil bﬁTFQHg 80@@.\ \357.2
o N _J

(M WD 2009/ 132135PCT/ US2009/ 041447 s \:O
e Gl

O

10
To a solution of compound 5 (30 mg, 0.098 mmol) and 1H-tetrazole (30 mg, 0.43

mmel) in anhydrous CH3CN (1 mL) at 0 °C was added 2,2-dimethyl-thiopropionic acid
S-(2-{diisopropylamino-[2-(2,2-dimethyl-propionylsulfanyl)-ethoxy]-phosphanyloxy} -
ethyl) ester (90 mg, 0.2 mmol) (described in J. Med. Chem., 1995, 3941). The reaction

15 mixture was stirred at 0 °C for 1 h, then H,0; (30%, 80 uL) was added and stirred for 0.5
hat 0 °C. The reaction was quenched with sodium thiosuifate (1 M, 1 mL) and
NaHCO;, diluted with CH3CO,Et. The organic phase was separated, washed with brine,
dried over NapSOs, filtered and concentrated. The residue was purified by HPLC to give
the desired Compound 6 {28 mg, 42%). 'H NMR (300 MHz, CDCl3): § 8.04 (s, 1H),

20 6.85(d,/=4.5Hg, IH), 6.73 (d, /= 4.5 Hz, 1H), 6.0 (brs, 2H), 4.6 (m, 1H), 4.4 (m, 2H),
4.1 (m, 4H), 4.0 (d, /= 4 Hz, 1H), 3.15 (m, 4H), 1.24 (s, 18H), 0.99 (s, 3H). *'P NMR
(300 MHz, CDCl;): § -1.825. MS =673.9 (M + H"), 672.1 (M — H)).
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756.PF 5 lelf To a solution of le (45 g, 104 muol) in DVSO
(135 nL) was dropw se added acetic anhydride (90 nL, 815 mmol) at
room t enpewatdbeizgagler argon. The m xture was 10sti rr eddrarsddolpaadt
roomtenperature, and then poured into ice-water (1 L) while
stirring. After ice was conpletely nelted (-30 min), ethyl acetate
(-500 nL) was added. The organic |ayer was separated. This extraction
process was r7é§85t ed three tines (3x500 nL) The organic extracts were
conbi ned and concentrated. The residue was purified by silica gel

col utm chr omat ogr aphy E-20% Et OAc / hexanes), affording if as an oil
(39 15g, 88%Gengdal pNivRIureIQOpieblaratioBO=ddipleobde Bighosphkddl) , 4.4 - 4.8
(m 7H), 4.08 (d, J= 7.5 Hz, 1H), 3.75 (dd, 2,4, 11.4 Hz, 1H), 3.64
(dd, J = 5.4, 11.4 Hz, 1H), 1.51 (s, 3H). Conpound 2 If2a To a
dry, argon purgedTe eyped-shajet @Eal (5askn 9 OhFkdd WK £nadidside (=20 REP-
pyrrol o[ 2, 1- 'El 2 é,tri az&an-4-yl am ne9é234 ,. 1.10 mmol ) (prepared
accordi ng t o [OTHYY aje) (-~ Wl g dropdfied 1 WO X9)e0 idpage-water bath.

POCI; (40-45 mg) is added and stirred at 0 °C until the rcaction is complete {1 to 4 h; the

10 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 Et; NH,COs (30-50
uL}). A solution of pyrophosphate-BuzN (250 mg) and BuzN (90-105 mg) in acetonitrile
or DMF (1-1.5 mL) is then added. The mixture is stirred at 0 °C for 0.3 to 2.5 h, and
then the reaction is quenched with 1.0 M EtsNH>CO; (~5 mL). The resulting mixture is

15 stirred for additional 0.5-1 h while warming up to room temperature. The mixture is
concentrated to dryness, re-dissolved in water (4 mL), and purified by fon exchange
HPLC. The fractions containing the desired product is concentrated to dryness,
dissolved in water (~5 mL), concentrated to dryness, and again dissolved in water (~5
mL). NaHCOs (30-50 mg) is added and concentrated to dryness. The residue is

20 dissolved in water and concentrated to dryness again. This process is repeated 2-5 times.
The residue is then subjected to C-18 HPLC purification, affording the desired product

as a sodium salt.

Compound 7

25 7

Compound 7 was prepared by the general method using Compound 5 as starting
material. 'HNMR (300 MHz, D,0): 8 7.76 (s, 1H), 6.95 (d, /= 4.5 Hz, 1H), 6.8 (d, J =
4.5 Hz, 1H), 4.25 (m, 3H), 4.0 (d, J = 6 Hz, 1H), 0.92 (s, 3H). *'P NMR (300 MHz,
30 D20):8-5.6,-10.7,-21.4. MS =545.8 (M + H", 544.0 (M~ H).
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756. PF 5 W2007056170) and anhydrous THF (1.5 nlL). TMSCl1 (276 pL, 22
mmol ) was then added and the reaction mxture stirred for 2 h. The
flask was WOa0ei3ei36o0 a dry ice/acetone bath (- -78 O mrmsBodeio4#27 5
m., 4 0 mol, 1.6Min hexanes) was added dropw se. After |Ih, a
solution of if (432.5 ng, 1.0 mml) in THF was cooled to 0C and then
added to the reaction flask dropwi se. After 1 h of stirring at -78 C,
the flask 10 A#®Fwarnmed to O C and sat. NH4Cl1 (5 inL) was added to
guench the reaction. The organics were extracted using Et0OAc (3 x 10
m.) and the conbined organic |ayers were dried using MgSO4 The

sol vent wgs renoved under reduced pressure and the crude material was
purified using flash chronmat ography (hexanes / Et0Ac). 560 ng (99 %
of 2a was isé&rampainds a nmi xture of two anomers. LC/ MBS = 567.2 (M
+11+) . NVMR (300 15 MHz, CDCI 3): 37.85 (m 1H), 7.27 (m I5H), 7.01
(in, 1H, 6.51 (m 1H), 4.66 (m 8l-1), 4.40 (m 2H), 3.79 (m 3H),
1.62 (s, 2'-CH3 fromthe one anomiy ), 1.18 (s, 2'-CH3 fromthgHpt her

anoner) . 2a2 20 To , argon purged round bo | ask
(50 nL) were added c (185 ng, 0.33 ol ), s

di chl or onet hane (16x1 nL) e fFaskTmas; pFaggnl iRt o /1 q\@ﬂacet one
bath (- -78 C) and the sSal{t%®n stirred—for—20 nmin ‘49.25 i,

0.25 rnnol, 1.0 Min DCY) @as then add¥Mand the reaciign continued
to stir at -78C 25unt Bk conjghet e di sappearance of &RE stagti ng
material. After 1 h, a solaation of pyridine (2 nmL) in %H (10 nli)
was added and the flask was warned to roomterr%%[a ure. The sol vent
was removed under reduced pressure and thenegudefaterial was
re-dissolved in MeOH. After this proc RS repephed two nore times,
the crude material was then di Ived\irlhwaNer and purified using a
G | son Preparatory HPLC system (a P 4 tm:P’e [ WD

2009/ 132135PCT/ US2009/ 041447 756. ‘Ws120). 49 ng (50% of Conpound
2 was isolated as an isomeric mxjdire,, LG/MS = 297.1 (ML1-1 NMWR (300
MHz, D20): 8 7.68 (m 1H), 6.80 (In, , 4.04 (m 2H), 3.78 (m 2H),
3.65 (m 1H), 1.30 (s, 2'-CH3), 0.80 (&, 2'-CH3). Conpound 3 10 NH2
HOON, Nr ci

10 Compound 8 may be obtained from 2a in a manner similar to that described in

preparation of Compound 5 except using TMSNj; instead of TMSCN.

Compound 9
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OH HO bH 2 CH3OH NH2 N HOON, Hd toH 3 AcCH To a dry, argon
purged round bottomflask (100 nL) were added Conmpound 2 (12 ng, 0.04
mol ) (2) wodeenBydsous MeOH (5 ). Acetic acid (5 nl)povass20d@indd
added and the reaction stirred overnight at roomtenperature.

Sat ur at ed NaHCO3 was added to neutralize the reaction m xture and the
crude material was purified using a Glson Preparatory HPLC system
(acetonitril eskigp). 2 ng (16% of the desired material Conpotnd 3 was
isolated. LC/Ms = 311.2 (M +H). 1H NWR (300 MHz, D20): 87.71 (s, 1H),
6.78 (s, 2H), 3.98 (m 1H), 3.83 (dd, 1H), 3.74 (dd, 1H), 3.62 (d,
1H), 2.94 (s, 203H), 0.76 (s, 3 The ot her al pha-isoner was al so

i solated; 11-1 NWR (300 MHz, D2 7.65 (s, 1H, 6.78 (d,_1 M2 6. 75
(d, 1H), 4.03 (m 2H), N
(s, 3H). Conpound én,@

LT
[\%]

Compound 9 may be obtained from 2a in a manner similar to that described in

preparation of Compound 5 except using TMS-acetylene instead of TMSCN.

10
Compound 10
S”“
N\j/{ N ”
§'N \N \ %N
O A O N
an O\{;O Br N’AS— Bn/ O N
OH s
: = Buli S
Yol UL 6 o
Bn Bn THE Bn” Bn
1f 10a
15

To a suspension of 7-bromo-2,4-bis-methylsulfanyl-imidazo[2,1-f][1,2,4]triazine
(prepared according to WO2008116064, 600 mg, 2.06 mmol) in anhydrous THF (6 mL)
was dropwise added BuLi (1.6 M in hexanes, 1.75 mL, 2.81 mmol) at -78 °C. The

suspension became red brown solution after 5 min, and then 1f in THF (0.6 mL) was
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WD 2009/ 132135PCT/ US2009/ 041447 756. PF NH2NH2 52a4da To a dry,
argon purged round bottomflask (50 nL) were added compound 2a (220
mg, 039 mmwio)20emd2wmhydr ous di chl oronmet hane (10 nl). Theetitsasdoowas?
placed into a city ice/acetone bath (- -78 C and the sol ution
stin-ed for 10 mn. BF3-Et20 (0.10 10 nL) was added dropw se and the
reaction stirred for 10 mn. A M3 (0.58 nL, 1.16 mmol, 2.0 Min

tol uene) was 76fieA added. After a few mnutes, the dry ice/acetone
bath was renoved and the reaction m xture warned to roomtenperature
over 4 h. A solution of pyridine (2nm) in MeOI-1 (10 nL) was added
and the sgl vaaaedm“a&rfewﬁ%ﬁﬂﬁ@rwe%%www ﬁl?xﬁ&ﬁo%ﬁ:d-w& gg% room
mat erial was purified using flash chromatography exanes

Et 0Ae). 164 iperaey. After Hombesdturetdd MWk €l wad added maglemcshdhmeedwnL%NB =

565.2 (M + 1 8 7.71 H) ,
7.02 (in, 112 %mllﬁ'\@;giﬁ%%d %eth?ig%:@e(, {he o§$%mc l%yéiva?%ﬁas}%wztthr@& atuﬁ.'
1H), 3. 84 (i noncéyatedlin 9bcups ThStdhiduelwdsGuiSied Birbilic 28! coluﬂiﬂﬁhromatog-{éﬁhﬁ
dry, argon pg‘zﬂﬁgﬁ:roung1 botto flass (50 nL) were added conpound 4a
(164 ny, Afridegingds alfording P%asa?ealao oy THiKyure O 0460 M§=
10% by wlio) VS M@}zqog/ 132135PCT/ U52009/ 041447 756. PF 5 then added
and the flask was equi pped with a ball oon containing hydrogen gas.
The flask was purged two tinmes to ensure all of the argon had been
replaced with hydrogen. The reaction was allowed to stir at rgom
tenperature overni ght. Ther\rea tion mxture was then neutnal i/zeéd

usi ng NaHCO3 and flltered \to egove the catal yst. The cr\J eri al

was purified usi nRr-epar at or HPLC sy m ile /
HL0). 6 10 y (7%&) of o@.esﬁ%d ot SFp 4l Corr%gund h’(hat ed.
LOMS = 295.1 (M+ H+): TNMR (300 MHz, D20): 57.66 és H, 6.72 (m
1H), 6.64 (m 111), B;?%so(ég 1H), 3.76 (in, 3H), 1.6 (% J3H), 0.76
(s, 3H). Compound 5

t

10a 10b

Compound 10a (2.0 g, 3.10 mmol) was transferred to a steel bomb reactor, and
15 cooled at -78 °C. Liguid ammonia (~20 mL) was collected at -78 °C and added to the
bomb reactor. The bomb reactor was tightly sealed and warmed up to room temperature.
The mixture was then heated at 50 °C for 20 h. Complete conversion occurred. Afier the
gas was venied, the residue was purified by silica gel column chromatography (EtOAc /

hexanes), affording the product 10b as a pale yellow solid (1.78 g, 94%). MS =614.3

20 (M+HY.

N NHz NH,

= RN
\ 7/\LN \ N
o\ O "l _ , st " N\ N
OH ] Rangy Ni - OH
o 0O, 6 O
Bn” Bn B’ "Bn
10b 10¢



To a solution of conpound 2a (1 g, 1.77 mmol) in CH C, (20 nL) at 0C
was 20 added TMSCN (1.4 ni, 10.5 nmmol) and BF3-Et20 (1 nm, 8.1 mmol).
The react i wip Whorises€ was stirred at 0 C for 0.5 h, therpcqﬁugzmml“q
tenperature for additional 0.5 h. The reaction was quenched with
NaHCO3 at 0 C, and diluted with CH3CO2Et. The organi c phase was
separated, washed with brine, dried over Na2SO4, filtered and
concentrated, Ep resi due was purified by chromatography on silica
gel, eluted W|t CH3CO2Et hexanes (1:1 to 2:1), to give the desired
conmpound 5a (620 ng, 61% as an isoneric mxture. M5 = 576.1 CM + H).

Comound 3a (150 AgolHo58! Tn P Rehinctbresisepar 1 pii Sl thidencdiiod

BO3 (2 ml, 1KAbott 306263 2at ishhatrilRe by Gashi gk 8L, BAThS ikt 6k @bn het®dGo
for h. The reaction was ?g) uenched at -78 "C by dropw se addition of

TEA (2 nL) aAbPWBdIe beu(S) riyntil theaeasiion is cemplsts- éﬁhps%@lastﬂ%rwmnp to
roomtenpera t r al
{imes. The r onron RO aeh 1 SRR R Py G et MR Y
concent r at ed ckihaegraphy teckity104PLC t o gi ve the desired product
Compound ;§ (48 ny, 60%. 11-1NMR (300 Mz, D20): 8 7.74 (s 1H), 6.76
(d, J 8%y 1H), 6.73 (d, 3 =5 Hz, 1H), 4.1 (m 1H), 3.9 (m 1H),
3.8 (m 21- I) 0.84 (s, 3H). M5 ®H305.9 (M + 15 111). The othlqg

al pha- anonmer was al so obt ai ng, 119%: NI\/R (300 MHz N 67.70
(s 1H), 6.8 (d, J = & (d, J =5 a 4.\2( J--09
Mz, 1H), 4.07 (m 1=Hj . 388 (i n, ﬁﬂ

306.1 (M + HL). WD 2009k13
NI - 12 S 5\

Compound 10c may be treated with BBr3 in a manner similar to that described in

preparation of compound 2 to give Compound 10.

15
Compound 11
SMe OMe
Sy Sy
Bio—, NN, A Brow, \
o YN Nsme o N“N’)\soznne
OH 1 NaOMe OH
\5 'd’ —P ‘:. ‘I/
BnO CBn 2. MCPBA BnO OBn
10a 11a
20 10a is treated with about one to ten mole equivalents of an alkali metal salt of

methanol in a snitable solvent such as dioxane for about one to 48 hours. The mixture
may also be heated from about 60 to about 110 °C for about one to 24 hours to complete

the reaction. The mixture is nevtralized with a strong acid and the intermediate is
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0 6 10 To a solution of conpound 5 (30 ng, 0.098 mml) and
1H-tetrazole (30 ng, 0.43 mnol) in anhydrous CE13CN (1 nL) at 0 C
was added ®o2odvmetsbyl -t hi opropionic acid S-(2- fdiisoproapys2009/041447
am no-[ 2- (2, 2-di net hyl - propi onyl sul fanyl) - et hoxy] - phosphanyl oxy} -
ethyl) ester (90 ng, 0.2 nmmol) (described in J. Med. Chem, 1995,
3941). The reaction 15 m xture was stirred at OC for 1 h, then H202
(30% 80 uL) mgepadded and stirred for 0.5 h at 0 C. The reaction was
guenched with SOdI umthiosulfate (1 M 1 nL) and NaHCQO3, diluted with
CH3CO2Et. The organi ¢ phase was separated, washed with brine, dri ed

over Na2S | red.a d comcentr ted T e.resid ie

HPLC t o g?ée {"ill.alt sEh g &SH%CIHH % el&‘f%“**“ﬁﬁ%{%’d a“
CDC; 3): 3 88( 84reéisd wiihi)abotﬂ aao B5boet, fodr—méle sqmbale;ﬁﬂﬁ M@PE& ff)ldaboslt—oré t% aﬁ(?%lt
114), m (m_411), 4

J= 4 He, 3%@1% Y%mlzmye 1511'6%&3 &ﬂl Swml N%?% jod thezpjution soxiggted
(300 Mz CD@A&)Et onk. BB MR 1y 13w Bhbdvith Eithrat 1t d YO

2000/ 132135PCT 11169000 oAt 447 Fae br S tnny sathrated Mot Golg risind aried
prepar ati on GVeravatfe4 dbssadeent sirghewg imyasuo and the nligtuge Ipemﬁezdh:e[ped
flask (5435 e h a nucl eoside (-20 nmg). Trinethyl
phosphate (O’ELIQOTJ gwr%@ﬁ?)s‘q‘éd €d. The solution is cooled with
ice-water bath. POCI3 (4045 ng) is added and stirred at O Cuntil the
reaction is conplete (1 to 4 h; t®¥e10 reaction progreas i s nonitored
by ion-exchange HPLC, anal yti les are prepaged NK‘I taking -3 uL
of the reaction m xtur rl8nd i 3NF2CO3 (30-50
uL)). A solution of pyrophpsphaten 3N2m52503 WNQO 105 ng)
in acetonitrile or DW (I-X. &) is,tfen add mxtdre is
stirred at 0 Cfor 0.3 to 2-5; : # 0N i s quenched
with 1.0 M Et 3NH2CO3 ( - SBnﬂ_) Ofine resul ting Bh®tureshs 15stirred for
additional 0.5-1 h while vvarmq up to roomtenperature The m xture
is concentrated to dryness, re-dissolved in water (#PnlL), and
purified by ion eA%B@a&eofﬁla%alhebfers@mt%ﬂéh &C}ﬂ&ﬂénm &grﬁxlgg r;{igt%h e
product is concentrated to dryness, dissolved I n wat

concent r at edaant ﬂr’ﬁg/westsﬂw]arﬁ:dumgamtﬂOﬂNstI m@danohomﬁﬂiﬁrﬂéerﬁaqmms NHHCEB
(30-50 ng) i e rypess,

20di ssol ved :B‘h%\%gt %fé;{-‘% g&;n;egg% %Eﬂ? dﬁ? Sotfl‘déll lrﬁéa‘s'%poé\a ar’?%sﬁ'ﬁ “s“"ﬂ?t&i,g%s
is repeatd 2hbmbiomephy. Thiteruaivelflthe iixtiueeai 1$ub1;cENH$d HegtedomlaBselBl Qass
Parmong 70 b bl P {808 T b Soul's B for Ao o0 ab0%: 38 hoiors and

subsequently isolated in the saime manner as described.

N__\“/lﬁ/‘\ N“}-“)J\NH
BnO N\ N.. \
o NN, HON N\N,;'\NHZ
OH BBF3 OH
.\\. ‘lf _"* - -
BnO OBn HO\\ "OH
11b 1

20
11b in DCM is cooled to about —78 °C and treated with about four to 10 mole

equivalents of BBr: for about one to about 24 hours. The mixture is treated with about

4:1 MeOH-pyridine and the solution was warmed to room temperature. The solvent is
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OO0 O IfIlIIl OHOHOH NH2

HO OH 257 Compound 7 was prepared by the general nethod using
Conpound Swasoeyatissng material . 1H NVR (300 MHz, D20) :pcg/ustfolofraar
1H), 6.95 (d, J = 4.5 Hz, | H, 6.8 (d, J—45HzIH),42(m3
4.0 (d, J =6 Hz, 1H, 0.92 (s, 3H). 31P NMR (300 M1z, 30D20): 6-5. 6
-10.7, -21.4. M5 = 545.8 (M +1-1"), 544.0 (M- WO

2009/ 132135P6§gp§2009/ 041447 756. PF 5 Conpound 8 NH2NH2 N6aN TMSN3,
8F3- Et 20 Bnz N3 N DCM

5  removed in vacuo and the mixture is treated with concentrated NH;OH followed by
removal of solvent (x3). The mixture is purified by reverse phase HPLC to give 11,

Compound 12
O O
e Ac,0 -
S 0 0 0
Bn Bn Bn Bn
10 12a 12b

Compound 12a (prepared according to J. Org. Chem., 1961, 26, 4605; 10.0 g,

23.8 mmol) was dissolved in anhydrous DMSO (30 mL) and placed under nitrogen.
Acetic anhydride (20 mL) was added, and the mixture was stirred for 48 h at room

13 temperature. When the reaction was complete by LC/MS, it was poured onto 500 mL ice
water and stirred for 20 min. The aqueous layer was extracted with ethyl acetate (3 x
200 mL). The organic extracts were combined and washed with water (3 x 200 mL).
The aqueous layers were discarded and the organic was dried over anhydrous MgSO4
and evaporated to dryness. The residue was taken up in DCM and loaded onto a silica

20 gel column. The final product 12b was purified by elution with 25% EtOAc / hexanes;
96% yield. 'H-NMR (CD3CN): § 3.63-3.75 (m, 2H), 4.27 (d, 1H), 4.50-4.57 (m, 3H),
4.65 (s, 3H), 4.69-4.80 (m, 2H), 7.25 (d, 2H), 7.39 (m, 13H).

NH,
\
\ N
Bn’oj<i7¢O Br \N’J
Iz Buli, TMSCI I
6 0 0 0
Bn Bn THF Bn Bn
12b 12¢

25
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0,a 0, BnBn 2a8a BCI3 DCM HO o. N, , N3 HO OH 8 10Conpound 8 nmay be
obtained from2a in a manner simlar to that described in preparation
of ConpounW 020882136 usi ng TMBN3 i nst ead of TMSCN. Conpretiigs2@no/0vyds7
2009/ 132135PCT/ US2009/ 041447 756. PF 5 Conpound 9 may be
obtained from2a in a manner simlar to that described in preparation
of Conpound 5,758>1<)%ept usi ng TV5-acetyl ene instead of TMSCN. Conpound
10 ‘

5 7-Bromo-pyrrolo[2,1-f]{1,2,4]triazin-4-ylamine (prepared according to
WO2007056170, 0.5 g, 2.4 mmol) was suspended in anhydrous THF (10 mL). Under
nitrogen with stirring, TMSCI (0.668 mL, 5.28 mm!) was added and the mixture was
stirred for 20 min. at room temperature. The reaction was then cooled to -78 °C and a
solution of Buli (6.0 mL, 1.6 N in hexanes) was added slowly. The reaction was stirred

10 for 10 min. at -78 °C and then the lactone 12b was added via syringe. When the reaction
was complete by LC/MS, acetic acid was added to quench. Solvents were removed by
rotary evaporation and the residue was taken up in a mixtore of 50:50 dichloromethane /
water (100 mL}), The organic layer was collected and washed with 50 mL additional
water, dried over anhydrous MgSOy and filtered. Evaporation and purification by

15 column chromatography (0 -50% EtQAc: hexanes) provided 2 1:1 mixture of anomers
12¢; 25% yield. LC/MS (m/z: 553, M + H').

NH;
N
0 ) N \N
Bn/ G \NfJ CHgoH
OH
/5 o, ACOH
Bn Bn
12¢ 12d
20 Compound 12¢ (0.4 g, 0.725 mmol) was stirred in a 1:1 mixture of acetic acid

and methanol (10 mL) for 12 h. When the reaction was complete by LC/MS, solvents
were removed by high vacuum. The residue was taken up in dichloromethane and
loaded onto a silica gel column. A mixture of anomers was eluted using a gradient of 0-
75% ethyl acetate and hexanes; 51.4% yield of compound 12d. 'H-NMR (CD:CN):

25 & 2.87(s, 3H), 3.58-3.79 (dd, 2H), 4.11-4.19 (m, 1H), 4.23-4.33 (m, 1H), 4.394.42 {m,
1H), 4.49-4.60 (m, 3H}, 4.68-4.73 (m, 2H), 6.22 (bs, 2H), 6.72 (d, 2H), 6.79 (d, 1H),
6.84 (4, 1H), 7.17 (m, 2H), 7.39 (m, 13H), 7.84 (s, LH).
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[f1 Ca To a suspension of -7-brono- 2, 4- bi

s-nmet hyl sul fanyl -imdazo [2,1-f] [1,2,4]triazine (prepared according
to W20081w6Qesb/136@9 ng, 2.06 mmol) in anhydrous THF ( @armsvesi1447
dropwi se added BuLi (1.6 Min hexanes, 1.75 nL, 2.81 mmol) at -78 'C.
The suspension becane red brown solution after 5 mn, and then if in
THF (0.6 nmL) was WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5 added
dropwi se to theppi xture. The mi xture was then allowed to warmup to
roomtenperature. After 30 mn, saturated NHACL was added to quench
the reaction. The m xture was diluted with ethyl acetate; the organic
layer was washed with brine and gpncentrated in vacuo. The residue
was purified by silica gel colump &hromatography (-40% Et 0Ac NH2
hexanes), affording 1(8a as e Ny
10645.2 (M +1-14). _ ¥9a\Q d : , 3T | )-Npas
transferred to a stBé’eI bonb oea@%}c])r hla1 %,FQ;@ ol ed arrgo 8 & Liquid
anmmoni a (-20 rnL) was colTected at - ¢8,0H aRenadded t g—the~bonb
reactor. The bonb rea&%o@ v@tg tightly seal ed and wetdredHip to room
tenperature. The nixtute was®f hen heated at 50C for 20 h. Conplete
conversiop occurred. After 4phe gas was vented, the L S
purified gy silica gel colum chronmatography (Et OAcbﬁahgé(@r{I\gz),
affording the product 10b as a pale yellow solid (1.78 g, 94%. M =

614.3 20 (M + H+) WO / 35PCT/ US2009/ 041447 . 756. PF 5A

sol ution of 10b (%BP?%E%C}&%@?%P;@F &%‘ﬁ?w ‘?‘ﬁsloi"eijé“%?:éé‘éléwrwfih
Raney N (abgwithabélQnadgdetichalt (26mNEutovabs/oadsdm o yasidagd WidBe H2Qion he
m xture is then heated to about 35 to about 80C until the reaction is

conpl et e. ThEULsE ¥ agtrgeen thacrfirads BVt stiriing hydasenrgss mee intofuedoRhé
concent r a4 €drdatiohFQuirrdMEndeLRyEMIR Y K ack Ry to
gi ve 10c. 10r 0 Cgﬁpound E)e 6&%}3% eﬁﬁ %e@ﬁh%%%@é%{%&%lg@%mer
simlar to th&Mddbeedtiipd wan figerepoaifand emvats reonpalumde? stoumgyi Ve residue
Conmpound 10.

was re-dissolved in a mixture of water and TEA (to keep pH at ~10), and both anomers
were purified by prep HPLC under neutral conditions; a total of 51% vield. 'H-NMR of
compound 12 (D;0). & 3.16 (s, 3H), 3.69-3.84 (dd, 2H), 4.07-4.10 (m, 1H), 4.22-4.24
15 (m, 1H), 6.74 (d, 1H), 6.78 (d, 111}, 7.70 (s, 1H). 'H-NMR of the other alpha-anomer
(D20): & 2.87 (s, 3H), 3.58-3.84 (dd, 2H), 3.99-4.09 (m 1H), 4.30-4.38 (m, 1H), 4.49 (d,
1H), 6.75 (d, 1H), 6.82 (d, 1H), 7.69 (s, 1H).

Compound 13
20

TMSCN,
BF4-Et,0

DCM

Compound 12¢ (0.28 g, 0.51mmol) was dissolved in anhydrous dichloromethane
and placed under nitrogen. Trimethylsilyl cyanide (0.35 mL) was added and the mixture
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15 Conpound 11 10alla 2010a is treated with about one to ten nole
equi valents of an alkali netal salt of nethanol in a suitable solvent
such as di woamey/izersabout one to 48 hours. The m Xt ure grayyheR40E7
heated from about 60 to about 110 C for about one to 24 hours to
conplete the reaction. The m xture is neutralized with a strong acid
and the internediate is WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5

i sol ated by exgeaction and chromatography. The internmediate is

di ssolved in DCM and treated with about two to about four nole

equi val ents of MCPBA for about one to about 24 hours. The m xture is

treated weth rai.ed o and the.saolution is extracte ith

H oac. T orRkahal &5 LR AR A ko R bR ot eas ot b e
and dried ovadddigGDhe rddeeios abyAltivel $o WERDNETok Rer¥ eaMtheh iR AAGLET €
is purified b 10ct]r orratL%g{daphy to give ha. Ow EndN, N---,1, 802Me
OHL. NHB B d "WBRPPIPIFS 0 LOMS, tRedslapiheotesgridnbicidiershand elbines ok vamqved
such as et hpebaioydiofatiof. TheALRE Wi BANRIh ddhkforh Bde o e o

equi val ents of_ in methanol or THF. The reaction Is
TLC. After abiigtsdselvmy. 4gmixsue of anchsrssids\eduied isngen/apdierd vé O 7a%cethyl b

I s isol atgd Qé’eta%émrh%%ée%g{@g%é\a AUSET BRI, 15 LS R 21, Roo-

and NH3 is heated In a seda
4.1% (m, 2H), 4.30-4.88 (m, 7H), 4.96 (d, 0.5H), 5.10 (d, 0.5H), 6.41 (bs, 2H), 6.73-6.78

(m, 1H), 6.81-6.88 (m, 1H), 7.17 (m, 2H), 7.39 (m, 13H), 7.86 (s, 0.5H), 7.93 (s, 0.5H).

13a Compound 13
15
Compound 13a (0.70 mg, 0.124 mmol) was dissolved in anhydrous
dichloromethane (2 ml), placed under nitrogen, and cooled to -78 °C. A solution of 1 N
boron trichloride in dichloromethane (0.506 ml) was added and the reaction stirred for 1
h at -78 °C. When the reaction was complete by LC/MS, methanol was added to quench.
20 The reaction was allowed to rise to room temperature and solvents were removed by
rotary evaporation. The product anomers were purified by prep-HPLC; a total of 74%
yield. "H-NMR of Compound 13 (D,0): § 3.65-3.75 (dd, 2H), 4.12 (1, 1H), 4.29 (g,
1H), 4.80 (4, 1H), 6.97 (d, 1H), 7.14 (d, 1H), 7.93 (s, 1H). 'H-NMR of the other alpha-
anomer (D-0): & 3.72-3.93 (dd, 2H), 4.16-4.19 (m, IH), 4.60-4.62 (m 1H), 5.01 (d, 1H),
25 6.95(d, 1H), 7.28 (d, 1H) 7.96 (s, 1H).

Compound 14
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tube or Parr bonb to about 60 to about 120 C for about one to about
48 hours and subsequently isolated in the same manner as descri bed.
Owve0 | i Wblooonz213slib in DCMis cool ed to about -78 GeangsrigoRsed
wi th about four to 10 nol e equival ents of BBr3 for about one to about
24 hours. The m xture is treated with about 4:1 MeOH pyridine and the
sol ution was d to roomtenperature. The solvent is WO

2009/ 132135PCT/1U52009/ 041447 756. PF 5 renoved in vacuo and the

m xture is treated with concentrated NHAOH fol | owed by renoval of
solvent (x3). The mixture is purified by reverse phase HPLC to glve
11. Compound 12 1012al2b Conpo 12a (prepared according to¥d
Chem, 1961, 26, 4605; 10. & 8 mmol) was dissol ved 'h\ drous

DVBO (30 m.) and pl ae wd Nn|r$ogen Acetic an 0 nt) was
added, and the ni xBuire \@s th red foed® it Boom enmpéFat ur e
When the reaction was c nto 500 nL

by LCYEE Tt Was pour e}
ice water and stirred f@r @0 mm The H%ous | ayer was extracted wth

ethyl acetate (3 x 2087nL). Bfhe organic extracts wer'e comi ned and
washed with water (3 X 200 nth). The aqueous | ayers were di scarded
and the organic was dried 6% er anhydrous MySO4 and evapWfated to
dryness. The residue was taken up in DCM and | oaded“onto a silica 20
gel colum. The final product 12b was purifieg/by/d/é}?%e with 25%
Et OAc / hexanes; 96%yield. 1H 14MR (CD3CN): 3ty (m 21-1),
4.27 (d, 11-1), 4.50-4.57 (m 31-1), 4.65 (BH23H), 40f9-4.80 (in,
2H), 7.25 (d, 2H), 7.39 (m 13H). WO 32135PCT/ US2009/ 041447
756. PF HO

Compound 14 may be obtained from 12¢ in a manner similar to the method used

to synthesize Compound 4.

Compound 15

TMSN3, BF3-Et,0

pDCM

10 15

Compound 15 may be obtained from ¥2c in a manner similar to that described in

preparation of Compound 13 except using TMSN3 instead of TMSCN.
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57-Bronmo-pyrrolo[2,1-f][1,2,4]ttiazin-4-ylam ne (prepared according
to W2007056170, 0.5 g, 2.4 mmol) was suspended in anhydrous THF (10
m.) . Under wi dos®geisswWi th stirring, TMSCL (0.668 nL, 5 ZA§miMpoonass7
added md the m xture was stirred for 20 mn. at roomtenperature.
The reaction was then cooled to -78 C and a solution of BuLi (6.0 ni,
1.6 N in hexanes) was added slowy. The reaction was stirred 10 for
10 min. at -#gppand then the | actone 12b was added via syringe. \Wen
the reaction was conplete by LG/ M5, acetic acid was added to quench.
Sol vents were renopved by rotary evaporation and the residue was taken
up in a xtttre of gq 50 dichl oronethane / water (100 nmL). The

organi c | ayer Iﬁect ed and washed with 50 inL additional water,
dried over anhydrous MySO4 and filtered. Evaporation and purification
by 15 col um chromat ography (0 - 50% Et OAc: hexanes) provided a 1:1

m xture of anoners 12c;
BNCH3OH OH AcCH Bn

Compound 16 may be obtained from 12¢ in a manner similar to that described in

10 preparation of Compound 13 except using TMS-acetylene instead of TMSCN.

Compound 17

17
15 A mixture of about 0.05 mmol of Compoeund 5 and about 0.5 mL of

trimethylphosphate is sealed in a container for about one to about 48 hours. The mixture
is cooled to about -10 to about 10 °C and about 0.075 mmol of phosphorous oxychloride
is added. After about one to about 24 hours, the reaction is quenched with about 0.5 mL
of 1M tetracthylammonium bicarbonate and the desired fraction are isolated by anion

20 exchange chromatography. The appropriate fractions are then desalted by reverse-phase

chromatography to give Compound 17.
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20Compound 12c (0.4 g, 0.725 nmmol) was stirred in a 1:1 m xture of
acetic acid and nmethanol (10 nL) for 12 h. Wen the reaction was
conpl et e bWOA2PNB21350] vents were renoved by hi gh vacuurRCTTFR200@di4dUe
was taken up in dichloronethane and | oaded onto a silica gel columm.
A m xture of anomers was eluted using a gradient of 0- 75% et hyl
acetate and hexanes; 51.4%yield of conpound 12d. ;H NVR (CD3CN): 255
2.87 (s, 3H),758PEg- 3.79 (dd, 2H), 4.11-4.19 (m 1H), 4.23-4.33 (m
1H), 4.39-4.42 (m 1H), 4.49-4.60 (m 3H), 4.68-4.73 (m 2H), 6.22
(bs, 2H), 6.72 (d, 2H), 6.79 (d, IN, 6.84 (d, 1H), 7.17 (m 2H)
7.39 (m 3%3H), 7.84 (s, 1H). WD 2009/ 132135PCT/ U52009/ 041447 756. PF
NH2ZNH2 N 0O Fi( H2, {JjolfgoPd/CHO \' "ON, N-- \\ CH3CH/ AcOH Q@a OH
Br, 512dConp Compound 12d (0.150 g, 0.265 nmol) was

di ssol-ved in a 1:1 mxture of methanol and acetic acjyg (20 ni). 10%
Pd/ C (150 ne) was added and\t he reactlgn was flushed With ni trogen

three times. Wth stifling, /mArogen _gas was i _
reaction was stirred under hydrogen Pok~46 / M. tHe reaction was
conplete by LO M, the catalyst was f Pt ered of fChand sol vents renoved
under vacuum The residue was \e-dySsol ved iin @@ m xture of water and
TEA (to keep pH at -10), and tﬂfg?oners V@réo%urified by prep HPLC
under neutral conditions; a total 51% yield. 1H NVR of conmpound 12
(D20): 5 3.16 (s, 311), 3.69-324 (dd, 2H8 4.07-4.10 (m 111),
4.22-4.24 Compound 17 (about 1.19 mmol) is dried over phosphorous pentoxide in a
10 vacuum for about overnight. The dried material is suspended in about 4 mL of
anhydrous DMF and about 4.92 mmol DIPEA. About 7.34 mmol of iso-propyl
chloromethy! carbonate (Antiviral Chemistry & Chemotherapy 8:557 (1997)) is added
and the mixture is heated to about 25 to about 60 °C for about 30 min to about 24 hours.
Heating is removed for about one to about 48 hours and the reaction filtered, The filtrate
15 is diluted with water, Compound 18 is partitioned into CH,Cl, the organie solution is
dried and evaporated, and the residue is purified by reverse-phase HPLC to isolate

Compound 18.

20  Mono Phosphoramidate Prodrugs

Non-limiting examples of mono-phosphoramidate prodrugs comprising the

instant invention may be prepared according to gencral Scheme 1.

25 Scheme 1l
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15(in, 1H), 6.74 (d, 1H), 6.78 (d, 1H), 7.70 (s, 1H). 1H NMR of the
ot her al pha-anoner (D20): 5 2.87 (s, 311), 3.58-3.84 (dd, 214),
3.99-4. 09 Wwioreoddds134. 30-4.38 (m 1H), 4.49 (d, 1H), 6. HeTik200db11k)7
6.82 (d, 1H), 7.69 (s, 1H). Conpound 13 DCM BnBri Bn 12c13a

Compound 12c (0.28 g, 0.51mol) was di ssolved i n anhydrous

di chl oronet hane and pl aced under nitrogen. Trinethylsilyl cyanide
(0.35 inL) waggagded and the m xture WO 2009/ 132135PCT/ US2009/ 041447
756. PF 5was cooled to O C. After stirring for 10 mn., boron
trifluoride etherate (50 ul) was added and the reaction was all owed
to wam to roomtenperature. Wien the reaction was conplete by LC M,
triethyl am ne was added to quench and sol vents were renovefd by rotary
evaporation. The résidue was taken gpgi n di chl or onet haAe-ahdd oaded
onto a silica ggh ' am. A m'>d-tzuq7_g§ anoners was el uted gﬁﬁi ng a
gradient of 0-75%édthyl 10 acelate:and hexanes; 37%yielg, of 13a.
"H- NVR (CD3CN): 5 §161-3.90 (m™ 2HR 4%09- 4.19 (m 211), ﬁﬁ@oﬂ- 88
(in, 711), 4.96 (d, 0.5H), 5.10 (d, 0.511), 6.41 (bs, 2H}} 6 73-5 78
(m 1H), 6.81-6.88 (m 111), 7.17 (m 2H), 7.39 (m 13H), 7.86 (s,
0.5H), 7.93 (s, 0O.49%1). 15 Coqgpund 13a (0.70 ng, 0.124.annol)
was di ssol ved i n anhydrous di chloronethane (2 m), placed under
nitrogen, and cooled to -78 C. A solution of 1 N boron trichloride in
di chl oronet hane (0.506 nm) was added and the reaction stirred for 1 h
at -78 C. Wen the reaction was conplete by LCI1VIS, nethanol was

added to quench. 20 The reackion was allowed to rise to room R®
tenperature and sol ventasX‘vver renoved by rotary ev%oorati on. .Me
product anoners were riyiesyby prep-HPLC aArot\gif of 74% ' Y
|H NIVIR of D20): 8 3.65-3.75 (dd, 4.12 (N1l
4.29 (q, 111), 4. BlI—T)N% 97 (d, 19¢y, 7R>;14NF(5?01 0z / (\‘s\i,’/l'k .
111). ' H NWK of .t he r al ph&anomer (D20)T 873, 72- 3.9 = 2H) R
4.16-4.19 (m 1'31),3 ~60-4.62 (m 111), 5.01 (dR*1 ,OZEG.q :(d, 1H),
7.28 (d, 111) 7.9% (sgz 1H). Conpound 14 514 Canprunck?14 may be
obtained from12c in a manner simlar to the metchod used to

synt hesi zg Conpound 4:19@onpound 15 19e

The general procedure comprises the reaction of an amino acid ester salt 19b,
¢.g., HCI salt, with an ary] dichlorophosphate 19a in the presence of about two to ten
equivalents of a suitable base to give the phosphoramidate 19¢. Suitable bases include,

10 but are not limited to, imidazoles, pyridines such as lutidine and DMAP, tertiary amines
such as triethylamine and DABCO, and substituted amidines such as DBN and DBU.
Tertiary amines are particularly preferred. Preferably, the product of each step is used
directly in the subsequent steps without recrystatlization or chromatography. Specific,
but non-limiting, examples of 19a, 19b, and 19¢ can be found in WO 2006/121820 that

15 18 hereby incorporated by reference in its entirety. A nucleoside base 19d reacts with the
phosphoramidate 19¢ in the presence of a suitable base. Suitable bases include, but are
not limited to, imidazoles, pyridines such as lutidine and DMAP, tertiary amines such as
triethylamine and DABCO, and substituted amidines such as DBN and DBU. The
product 19e may be isolated by recrystallization and/or chromatography.

20
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NH2 NH2

H6 OH 1015 Compound 15 may be obtained from1l2e in a

manner simlar to that described in preparation of Conpound 13 except
usi ng TVMSNZo petsadsof TMSCN. WO 2009/ 132135PCT/ US200Y4kadhdofiapr PF
5 Conpound 16 BCI3 N H2 HON, HO OH 16

5

10

15

20

25

756.PF

Compound 20

About 3.1 mmol of phenyl methoxyalaninyl phosphorochloridate (prepared
according to McGuigan et al, J. Med. Chem. 1993, 36, 1048-1052) in about 3 mL of
THF is added to a mixture of of about 0.5 mmol of Compound 11 and about 3.8 mmo}
ot N-methylimidazole in about 3 mL THF. The reaction is stirred for about 24 hours and
the solvent is removed under reduced pressure. The residue is purified by reverse-phase

HPLC to give Compound 20,

Compound 21

\'/O O
i“ 0 Nz
N\ i 1 \
P~ O N N
O o ey Y e
CN N=/
Q HG  ©H

Cl
21
About 3.1 mmol of 4-chlorophenyl 2-propyloxyalaninyl phosphorochloridate
(prepared according to McGuigan et al, J. Med. Chem. 1993, 36, 1048-1052) in about 3
mL of THF is added to a mixture of of about 0.5 mmol of Compound 5 and about 3.8
mmol of N-methylimidazole in about 3 mL THE. The reaction is stirred for about 24
hours and the solvent is removed under reduced pressure. The residue is purified by

reverse-phase HPLC to give Compound 21.

Compound 22
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Conmpound 16 may be obtained from 12c in a manner simlar to that
described in 10 preparati on of Conmpound 13 except using TMS-acetyl ene
i nst ead of WANBEN3285npound 17 NH2 o | I N HO- 1: TFR-TOURPOSCHHEON
Ho OH 17 15A mixture of about 0.05 nmol of Conpound Sand about 0.5 niL
of frinet hyI phosphate is sealed in a container for about one to about
48 hours. ? ture is cooled to about -10 to about 10C and about
0. 075 nrnol FE]B osphorous oxychloride is added. After about one to
about 24 hours, the reaction is quenched with about 0.5 inL of 1M

t et raet hyl ammoni um bi carbonate and the desired fraction are isol ated
by ani on 20 exchange chromat ography. The approPfiate fractions are
then desalted by reverse-phase chronmat ogr gi ve Conpound 17.

WO 2009/ 132135PCT/ U52009/ 041447 75{6&5&0 und; 18 18 Conpound 17

(about 119 nunol) is dried over phospkorgl At oxi de in a 10 vacuum
for about overnight. The dried materi
anhydrous DVF and about 4.92 mmol DI PEA. DAbout 7.34 mol of

i so- propyk chl oronethyl carbonate (AnL}Q\l ral Chem say & Chenot her apy
8:557 (1997)) is added and the m xture is heated to about 25 to about
60 C for about 30 min to about 24 hours.2Xeating is renoved for about

one to about 48 h ctl ilter e fil 15i s
diluted with wat eg%{%%%(gfua% &dt:iﬁa (E gd]lsr‘?flg apopt 1%@?‘2‘%5’@1’%0“5:
organi ¢ sol uabcmnOﬁsnIdOfZgﬂ-cﬁmdﬂleyWaﬁéaﬁtabaﬁldl 2m1ﬂoe§fdiﬁ€ is purified
by reverse- ph se, H #ﬁ}%ﬁpﬁ?l sol, te Co nd 18. 20 Mono osphor am dat e

Pr odr ugs ORB‘??Y TRy %?nSBTr 06 %%‘bh‘ﬁiﬁb?pﬂl?e}“éﬁi’ ags. pFhedr ugs
(é oLrpr i S|I 0g t RRActidhThiRfie is MR8 w IR b JAE2 PRERFEON ACERTE NG alQcasnat @l
chene
evaporated. The desired material is partitioned into chloroform, the chloroform solution
is dried, and the solvent is evaporated. Compound 22 is purified from the residue by

conventional means.

15 Compound 23

23
A solution of about 0.53 mmol of Compound 22 in about 5 mL of DMF is

treated with about 1 mL of a 1 M solution of t-butylmagnesium chloride in THF. After
20 about 30 min to about S hours, a solution of about 0.65 mmol of trans-4-{(8)-pyridin-4-
¥1]-2-(4-niwophenoxy)-2-0x0-1,3,2-dioxaphosphorinane (Reddy, Tetrahedron Letters
2005, 4321-4324) is added and the reaction is stirred for about one to about 24 hours.
The solution is concentrated in a vacuum and the residue is purified by chromatography
to give Compound 23.
25
Compeound 24
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25 Scheme 1 WD 2009/ 132135PCT/ US2009/ 041447 756.PF O | | OArO-P -C
RY 0O 1-CCH2N | NHArO-P,,, j 11 ,.. | COHC- \b--"RFM. ox 19al9b19c
519d19e wo 20ddnms2gener al procedure conprises the reactpcanyboodiid7
am no acid ester salt 19b, e.g., HCl salt, with an aryl

di chl orophosphate 19a in the presence of about two to ten equival ents
of a suitable base to give the phosphoram date 19c. Suitabl e bases
include, 10 bBytpare not limted to, imdazoles, pyridines such as
lutidine and DVAP, tertiary am nes such as biethylam ne and DABCO,
and substituted am di nes such as DBN and DBU. Tertiary am nes are
particularly preferred. Preferably, the product of @gch step is used

directly in the subsequent steps w recrysfal Ig Zation or
chr omat ogr aphy. Specific, but of 19a, 1913,
and 19c can be found in WD 2 @
5
24
A solution of about 70% aqueous trifluoroacetic acid is cooled to 0 °C and is
treated with about 0.32 mmol of Compound 23 for about one to 24 hours. The solution
is concentrated and the residue is purified by chromatography to give Compound 24.
10
Compound 25
25
15 A solution of about 1.56 mmol of Compound 24 in about 15 mL of THF is
treated with about 4.32 mmol of CDI. After about one to about 24 hours, the solvent is
evaporated and the residue is purified by chromatography to give Compound 25.
Compomnd 26
20

Cl



15i s hereby incorporated by reference in its entirety. A nucleoside
base 19d reacts with the phosphoram date 19c in the presence of a

sui t abl e beweooseizabl e bases i nclude, but are not | i md@adyd2600/041447

i m dazol es, pyridines such as lutidine and DVMAP, tertiary am nes such
as triethylam ne and DABCO and substituted am dines such as DBN and
DBU. The product 19e may be isolated by recrystallization and/or
chromat ogr aphys pg0 WO 2009/ 132135PCT1US20091041447 756. PF 5 Conpound
20 NH O HN#ON, OCH N NH2 HO 20 About 3.1 um ol of phenyl

met hoxyal ani nyl phosphorochl ori date (prepared 10 according to

McCGuigan et al, J... Med,. ('h 93,, 36,.1048-1052) in about 3 nL of
e | O naged o 2 AT s Sha RS eeg! 3 i arob e asEaer orcain
about 3.8 mM@prepdredhorbidligltd McGazdah et Al JRRUERG,. Moo HE, 18- 13Tk 85y

i3S
stirred for a ogé 24 hours and the solvent is renoved under reduceJ
pressure. Thélr T addedinpimias: ofypbpePet mmoppiEenpirind 4 aidgbog 3.8

Conpound 20. n%q]@mgﬂﬂﬂglirgiﬁazo@iﬂl%g OUhL dHF. IR lrea%!ion%s %Hlll‘gd’ P &%9%4
2- propyl oxyal ani nyl phosphorochl ori date

hours and the solvent is removed under reduced pressure. The residue is purified by

10 reverse-phase HPLC to give Compound 26.

Compound 27

27
15 A solution of Compound 26 in DMSO is treated with about 3 mole equivalents

of potassium #-butoxide for about 15 min to 24 hours. The reaction is quenched with 1N

HC1 and Compound 27 is isolated by reverse-phase HPLC.

Compound 28
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(prepared according to McCGuigan et al, J. Med. Chem 1993, 36,
1048-1052) in about 3 nL of THF is added to a m xture of of about 0.5
mol of CoMSoMI3sEAd about 3.8 mmol of N-nethyli m dazol@isomiseus7 3
mL THF. The reaction is stirred for about 24 hours and the solvent is
renoved under reduced pressure. The residue is purified by 25
reverse-phase HPLC to gi ve Conpound 21. Conpound 22 WO

2009/ 132135PG¥.8B2009/ 041447 756. PF NH2 HO- VON. N eCN 5dx5 22 A
m xture of about 0.52 nmol of Conpound 13 and about 12 inL dry
acetone, about 0.7 nmL of 2,2, -dinethoxypropane and about 1.28 nun& of
di - p- nitrophenyl phosphoric acidNss stirred for about 24 houng, to

about seven days. The 10 reacWd mxture i s neutralizedNyth about
20 mL of 0.1 N NaH d .t egfone is evaporsted. Th sivwed
material is partitised\ C of or musthke ch ﬁ?p 0 on is

dried, and the solvent is. dyv&porated—Eonpound 22 i s\ pyrichi ed from
the residue by conventighalzneans. 15 Boefgguind 23 23 = A

sol ution of about 0.53mol "gf Conpound 22 in abou®"s HBnof DVF is
treated with about 1 nL of a 1 Msolution of t-butyl magnesi um
chloride in THF. After 20 d%ut 30 nmmto about 5 hours,2sa sol ution of
about 0.65 mol of trans-4-[(S)-pridin-4- BCly

y1] - 2- (4- ni tr ophenoxy) - 2- oxo- 1, 3, 2- di oxaphosphort nane (Reddy,
Tetrahedron Letters 2005, 4321-4324) is adggd #nd the reaction is
stirred for about one to about 24 hour \BIQ? solution is concentrated
in a vacuum and the residue ingurifi y “ghr omat ogr aphy to give
Conpound 23. 25 o S

Compound 28 is prepared in the same manner as Compound 5 but using

Compound 10c as a starting material.

N NH
o] N 2
e SN e
Ho © T \ N
CN N=/

v

HO CH
29

Compound 29 is prepared in the same manner as Compound 17 using

10 Compound 29

Compound 28 as a starting material.
15

Compound 36
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Oorrpound 24 WD 2009/ 132135PCT/ US2009/ 041447 756. PF NH, \ N O-yi .
JOON, O 'ON 5H6 COH 24 A solution of about 70% aqueous

trifluoroawetieyseissl is cooled to 0OC and is treated W taxralxstoPr4$2
nmol of Conpound 23 for about one to 24 hours. The solution is
concentrated and the residue is purified by chromatography to give
Compound 24. 10 Conpound 25 NH2 \N O n-P.10 byb 25

756.PF

NH,

\Nﬁ/gw
o N, S
o/—/‘ [N N

1 < -
HO-F—C BH
o

30
Compound 30 is prepared by treating Compound 29 with about one to about
five equivalents of DCC in pyridine and heating the reaction to reflux. for about one to

about 24 hours. Compound 30 is isolated by conventional ion exchange and reverse-
10 phase HPLC.

Compound 31
NH,
Wi
/L O 0 N, _f
O"< o ‘CN
O—_ S
O-F~GC ©oH
O
31
15 A solution of about 0.4 mmol of Compound 30 in about 10 mL of DMF ig

treated with about 0.8 mmol of DIPEA and about 0.8 mmo! of chloromethyl isopropyl
carbonate (W02007/027248). 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 residue is
purified by HPLC to give Compound 31.

20
Compound 32
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15A solution of about 1.56 mml of Conpound 24 in about 15 nL of THF
is treated with about 4.32 mvl of CDI. After about one to about 24
hours, thewsahwentisss evaporated and the residue is puqmﬁm@ﬁmﬁm4“47
chronatography to give Conpound 25. Conpound 26 20 26

2009/ 132135PCT/ US2009/ 041447 756. PF 5About 3.1 mmol of 4- chlorophenyl
2- ethoxyalanzﬁy#thosphorochloridate (prepared according to McGuigan
et al 1993, 36, 1048-1052) in about 3 inL of THE is
added to a m xture of about 0.5 nmol of Conmpound 4 and about 3.8 run&
of N-nethylim dazole in about 3 nL THF. The reaction is stirred for
about 24 hours and the sol vent |s Fénnved under redud¥d pressure. The

residue is purified by 10 rev ase HPLC to gNMFJQRnpound 26.
Conpound 27 NH2 27 BnO BnO \ . A
o “N” TSO;Me
OH

‘s,
s

©Bn  McPBA Bno° OBn

10h 32a
NH;
NH2 NH2
BnO c OBn
5 32 32b

Compound 10b is dissolved in DCM and treated with about two to about four
mole equivalents of MCPBA for about one to about 24 hours. The mixture is treated with
saturated NaHCO; and the solution is extracted with EtOAc. The organic layer is washed
with saturated NaHCO, and brine and dried over MgSO;. The solvent is removed in

10 vacuo and the mixture is purified by chromatography to give 32a. Compound 32a is
transferred to a steel bomb reactor, and is cooled at -78 °C. Liquid ammonia is collected
at -78 °C and is added to the bomb reactor. The bomb reactor is tightly sealed and is
warmed up to room temperature. The mixture is heated at about 50 °C for about 24 h.
The gas is vented and 32b is isolated by chromatography. Compound 32b is converted

15 1o Compound 32 in the same manner as for the conversion of Compound 2a to

Compound 2.

Compound 33
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15A solution of Conpound 26 in DMSO is treated with about 3 nole
equi val ents of potassiumt-butoxide for about 15 mn to 24 hours. The
reaction iwoenckes wth I N HCL and Conpound 27 is i sd@tededdyws1447

rever se- phase HPLC. Conpound 28 Conmpound 28 is prepared in
t he sane manner as Conpound 5 but using Conpound 10c as a starting
material. 10 Conpound 29 HON p\ HO 0 "NINH2 N Hd 29 Conmpound

29 is preparedgpp the same manner as Conpound 17 using Conpound 28 as
a starting material. 15 Conpound 30 WO 2009/ 132135PCT/ US2009/ 041447
756. PF NH2 \ N ON. ,J

NH, NH,
BnO N\ N~ BnO NN 2k
CN —_— CN
BnO  OBn SFeEO a6 on
32b 33a
BC/
NH;
T
HO N. =
N NH,
ICN
HO  OH
5 33

Compound 32b is converted to Compound 33 in the same manner as the

conversion of Compound 2a to Compound 5.

Compound 34
10
NHDMTr
NN
HO 0 y N"N/)\NHDMTr‘
“'"CN
HO  OH
34

. Compound 33 {about 0.22 mmmol) is dissolved in anhydrous pyridine (about 2
mL}) and chlorotrimethylsilane (about 0.17 mL) is added. The mixture is stirred at about
15 0to 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 (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
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0/1-7\ _;;cN N bEi 11 5 30 Compound 30 is prepared by treating
Compound 29 wi th about one to about five equivalents of DCC in

pyridi ne alf® WeH¥IRHEY the reaction to reflux for about CHEHBIWWSUHT 24
hours. Conpound 30 is isolated by conventional ion exchange and
reverse- 10 phase HPLC. Compound 31 31 15A solution of about 0.4

mul ct of Conpound 30 in about 10 InL of DW is treated wth about 0.8
mol of DI PEAS&4E about 0.8 nmol of chl oronethyl isopropyl carbonate
(WD20071027248). The reaction is heated to about 25 to about 80 C for
about 15 mn to about 24 hours. The solvent is renoved under vacuum
and the rési auetd shopLrd Houad Ty miRk it pargitivedGerney bg ﬁa%etm%%n@%&g.liﬁ%
32 WD 2009/ ]éﬁ%}iBSPCT US2009/ 041447 756. PF OBnMCPBAB 0 bBn 10b32a

acetate Jayer is dnied and concentrated. The residue is purified chromatography to
afford Compourd 34 which may be a mixture of mono- and di-dimethox yiritylated

compounds.

10 Compound 35

TrO
NHDMTr
8 Nj/{
A NIRRT

o)
il
O 0-P-0 o ) N\N{/'k
H "CN NHDMTr
HO  OH
35

A mixture of about 1.25 mmol of Compound 34 and about 1.9 mmo} of
triethylammonium 2-(2,2-dimethyl-3-(trityloxy)propanoylthio)ethyl phosphonate
15 (WO2008082601) is dissolved in anhydrous pyridine (about 19 mL). Pivaloyl chloride
(about 2.5 mmol) is added dropwisc at about -30 to about 0 °C and the solution is stirred
at for about 30 min fo 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
20 to give Compound 35 which may be a mixture of mono- and di-dimethoxytritylated

compounds.
Compound 36
TrO
WS NHDMTr
A N‘%N
0 0-P-0—\ o J—N. oy
NH “ioN N NHDMTE
HO OH
25 36
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Compound 10b is dissolved in DCM and treated with about two to about
four nole equival ents of MCPBA for about one to about 24 hours. The
m xture | sworsatsehsy t h sat urated NaHCO3 and t he sol ut ifr/is2009/041447
extracted with Et OAc. The organic |ayer is washed with saturated
NaHCO3 and brine and dried over MgSO4. The solvent is renoved in 10
vacuo and the mxture is purified by chromatography to give 32a.
Compound 32a7kgpkransferred to a steel bonb reactor, and is cool ed at
-78 C. Liquid ammonia is collected at -78 C and is added to the bonb
reactor. The bonmb reactor is tightly sealed and is warned up to room

e st e a3t Sol 3t RERER Bho PR dn 2l An BRI il T

gas is vented and I's 1Solated by ¢ grap
converted 15 tMcﬂombm(tab@tEhE)ns bdiied Seoperisedrnalangise {abouttdvs rﬁmlMeEBé on

2009, 139135p e R BOREFTEF o7 SROUBENE IGDRILIH ol F650TXpnt espperpied and
NH2' N NH2  TMiNe&idNs purified by chromatography to give Compound 36 which may be a
mixture of mono- and di-dimethoxytritylated compounds.
10
Compound 37

37

15 A solution of about 2 mmo) of Compound 36 in methylene chloride (about 10
mL) is treated with an aqueous solution of trifluoroacetic 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 37,

20
Compound 38

25 About 90 mM Compound 14 in THF is cooled to about -78 °C and about 2.2 to
about 4.4 equivalents of r-butylmagneisum chloride (about ! M in THF) is added. The
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BF3-Et 20 BndOBn 33a NH2 HONNH2 Hd bH 533 ] Oorrpoun_doﬁmgfis
converted to Conmpound 33 in the sane manner as t e conversi

Conpound ZéLVQ%ﬂﬁggﬁwund 5. Conpound 34 10 NHDMIT ' N HO- ciNddbil.7
"*CN Hd OH 34 Conmpound 33 (about 0.22 mmmol) is dissolved in
anhydrous pyridine (about 2 nmL) and chlorotrinethylsilane (about 0.17
I s added. The mixture is stirred at about

m.)

10

15

20

756.PF

mixture is warmed to about 0 °C for about 30 min and is again cooled to about -78 °C, A
solution of (28)-2-{[chloro(1 -phenoxy)phosphorylJamino} propyl pivaloate
(WO2008085508) (1 M in THF, 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

dried and evaporated and the residue purified by chromatography to give Compound 38.

Compound 39
MHz dibromohydantoin N i\le
\N\ f’zs — \N\ :Jr\u
N Nk, B NTNm,
39a 39

A solution of about one part Compound 39a (Patil, et al. ; Jowrnal of
Heterocyclic Chemistry 1994, 37(4), 781-6) in anhydrous DMF is cooled to about -20
°C and about 0.5 parts of 1,3-diromo-5,5-dimethylhydantoin is added in portions. After
about one to about 24 hours, a saturate aqueous sodium bisulfite solution is added and
the solids are collected by filtration. The solids are partitioned between ethyl acetate and
dilute agueous sodium carbonate. The organic phase is washed with dilute sodium

carbonate then dried and concentrated to give Compound 39,
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150 to about 25 C for about one to about 24 hours. Additional
chlorottimethyl silane (about 0.1 nL) is added and the reaction is
stirred fowoabeut2pe to about 24 hours. 4.4% D nmet hoxyddridsgboosos1447
chl oride (about 0.66 mmol) and DVAP (about 0.11 to about 0.22 mmol)
is sequentially added. The m xture is stirred for about one to about
24 hours. A solution of TBAF (1.0 M about 0.22 nL) in THF i s added
and the reacgéfﬁgis stirred for about WO

2009/ 132135PCT/'US2009/ 041447 756. PF 5 one to about 24 hours. The

m xture is partitioned between ethyl acetate and water. The et hyl
acetate layer is dried and concentrated. The residue is purified
chromat ography to afford Conpound 34 which nay be a m xture of nono-
and di - di et lg@xplonhd ¥b at ed conpounds. 10 Conpound 35 HO OH 35 A
m xture of about 1.25 nmmol of Conmpound 34 and about 1.9 mmol of
triethylanamoni um 2- (2, 2-di net hy1-3-(trityl oxy) propanoyl t hi o) et hyl
phosphonat e 15(W)20080826 i s dissolved in anhydrous pyridine
(about 19 inL). Pivaloylgiiﬁgiide (about 2.5 nmml) is added dropw se
at about -30 to about O d Yhe solution is stirred at for about 30
nin to about 24 hours. The reac¥] i Spdiluted with neth Hene
chloride and is neutralized with agugqQus ammonijum c i (about

0.5M . The nethyl ene chl ori gephase ts eyapQrated a \hgﬁresidue is
@- offr aPk o gi vepCormpbiting,,35 whi ch

dried and is purified by c h
may be a m xture of nono- and” di-di net hoxym tyl ated conpounds. WO
2009/ 132135PCT/ US2009/ 041447  1f 39

NHo
/\ s
~4 eq. TMSCI = NI
~5 eq. BuLi O o o++\N¢J\NH
2

A solution of about one part of 39 and about four parts of trimethylsilylchoride

-

40a

10 in THEF is stirred at about 20 to about 60 °C for about 30 min to about six hours. The
solution is cooled to about -70 to about -100 °C and a solution of about five parts of
butyllithium in hexanes is added. After about 30 min. to about three hours, the reaction
is allowed to warm to about 0 °C over about three hours. The reaction is quenched with
saturated NaHCO; and the mixture is extracted with ether. The ether extracts are washed

15 with brine, dried, and the solvent evaporated to give 40a which may be further purified
by chromatography.
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756. PF 5To a sol ution of about 0.49 mol of Conpound 35 in anhydrous
carbon tetrachloride (about 5 nL) is added dropw se benzyl am ne
(about 2. 4womowlis2133he reaction mxture is stirred for mauiReulo
about 24 hours. The solvent is evaporated and the residue is purified
by chromat ography to give Conpound 36 which nay be a m xture of nono-
and di-di met hoxytrityl ated conmpounds. 10 Conpound 37 HO 37 15A
solution of agkger 2 mmol of Conpound 36 in nethylene chloride (about
10 inL) is treated with an aqueous solution of trifiuoroacetic acid
(90% about 10 nmL). The reaction mxture is stirred at about 25 to
about 60 C for about one to about 24 haurs. The reaction mxturge is

diluted with ethano he vol atiles arje “evaporated and the resijite is
purified by chronmat i und 37. 20 Compou XyLyO
3 n OHNP-0 38 o] HO N.
NH, BCl ° “’J\NH2
L
QS0 W
5 40a 40

A solution of one part of 40a in dichloromethane is cooled to about ~100 to about
-70°C. A 1.0 M solution of BCl; in dichloromethane (about 10 to 20 parts) is added and
the reaction is stirred for about 30 min. to about 3 hours. A mixture of pyridine and
10 methanol (about 1:2) is then added to quench the reaction. The resulting mixture is
slowly warmed to room temperature and concentrated. The residue is snspended in
about 27% ammonium hydroxide and concentrated. This process is repeated twice. The
residue is re-dissolved in methanol and concentrated. This process is repeated once. The

residue is purified by RP-HPLC to give 40.

15
Compound 41
NH
@\ 2
TR
o \ N
o0—\ o N F HO
OH NH2
—_——
Sz 1. TMSCN Sz
0O 0O
@\/ \/@ BF3-Et;0 HO  OH
2. BCl,
40a 41
20 Compound 41 may be prepared from Compound 40a in the same manner as

Compound 5 was prepared from Compound 2a.

Compound 42
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NH2 Hd .0OH 25About 90 mM Conpound 14 in 'VHF is cooled to about -78
C and about 2.2 to about 4.4 equival ents of t-butylnmagnei sum chloride
(about 1 MWORITHEEI3Ss added. The WO 2009/ 132135PCT/ US2BO024MA4A47
756. PF 5 m xture is warnmed to about OC for about 30 mn and is again
cooled to about -78 C. A solution of

(2,1)-2-{[chl oro(1-phenoxy)phosphoryl]am nol propyl pival oate
(WD2008085508psfF Min THF, about 2 equivalents) is added dropw se.
The cooling is renoved and the reaction is stirred for about one to
about 24 hours. The reaction is quenched with water and the m xture
is extracted with ethyl acetate. The extracts-are 10 dried and
evaporated and the residue purified by chromafography to give
Conmpound 38. Conpound 39 39a39 A sol uty ofyqabout one part
Conpound 39a (Patil, et al. ; Jodonagl pf . erocyclic Chendsay
1994, 31(4), 781-6) in anhydrous I SY'¢g@l ed No; about -20 C and
about 0.5 parts of 1, 3-dironp-5,5-di ret#ryl bydantoin is added in
portions. After about one to about B8 homrs, a saturate aqueous
sodiumbisulfite solution is added and the solids are collected by
filtratiog. The solids are partitionedsbetween ethyl acetate and
di |l ut e agueous soditun carbonate. The organic phase is washed with

di l ute sodi um 20 carbonat?igﬁﬂfdriedmﬁaﬂﬁggg&ﬁntrated t¢ give
X X
\
N

Compound 39.

NH — \ N NH

L NH, B/ N7 NH;
42a 42b
A solution of about one part Compound 42a (Patil, et al. ; Journal of
Heterocyclic Chemistry 1994, 31(4), 781-6) in anhydrous DMTF is cooled to about -20
°C and about 0.5 parts of 1,3-diromo-3,5-dimethylhydantoin is added in portions. After
10 about one to about 24 hours, a saturate aqueous sodium bisulfite solution is added and
the solids are collected by filtration, The solids are partitioned between ethyl acetate and
dilute agneous sodium carbonate. The organic phase is washed with dilute sodium

carbonate then dried and concentrated to give Compound 42b.
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WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5 Conpound 40 |f39 40a A
sol ution of about one part of 39 and about four parts of
tri met hyl swioydoesseisde 10 in THF is stirred at about 20 gar/edaonstosfad; C
for about 30 mmto about six hours. The solution is cooled to about
-70 to about -100C and a solution of about five parts of butyllithium
in hexanes is agggd. After about 30 nm to about three hours, the
reaction is dPP d to warmto about O C over about three hours. The
reaction is quenched with saturated NaHCO3 and the m xture is
extracted with ether. The ether extracts are washed 15 with brine,
dried, and the solvent evépqrated to give 40a which may be further
purified by chronmatograp A solution of one part of 40a in
di chl oronet hane is cool ed to alge4} 6100 to about -70 C. A1.0 M
sol ution of BC13 in dichl oronmet haé {aout 10 to ZOM i s added
and the reaction is stirred for abbut~30 m n. to ab rs. A
m xture of pyridine and 10@?0‘ (@bou aﬁg{e}g to
guench the reaction. The re g m xture~s sIovatEX/ war med¥to r oom
tenperature and concentrated. The residue is suspended i about 27%
ammoni um hydr oxi de and concentrated. This process is reﬁg%t ed tw ce.
The residue is re-dissolved in nmethanol and concentrated. This
process is repeated once. The residue is purified by RP-HRL.C to give
40. 15 Conpound 41 20Conpound 41 may beed fro ound 40a in
t he sane manner as Corrpoung495q_¥\@§0iprepa ed m Comp 2NH

~5 eq. BuLi

5 42¢c
A solution of about one part of 42b and about four parts of trimethylsilylchoride

in THF is stirred at about 20 to about 60 °C for about 30 min to about six hours. The
solution is cooled to about -70 to about -100 °C and a solution of about five parts of
butyllithium in hexanes is added. After about 30 min. to about three hours, the reaction

10 isallowed to warm to about 0 °C over about three hours. The reaction is quenched with
saturated NaHCO; and the mixture is extracted with ether. The ether extracts are washed
with brine, dried, and the solvent evaporated to give 42¢ which may be further purified
by chromatography.

1. TMSCN
BF5-Et,0
2. BCly

15

Compound 42 may be prepared from Compound 42a in the same manner as

Compound 5 was prepared from Compound 2a.
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Conmpound 42 WD 2009/ 132135PCT/ US2009/ 041447 756. PF NH ON, HO
N-NN . "CNH2 HO OH A sol ution of about one part Conpound 42a
(Patil, et w2009132885r nal of Heterocyclic Chem st?), 199%¢1/88d069041447
781-6) in anhydrous DMF is cooled to about -20 C and about 0.5 parts
of 1, 3-dirono-5,5-di methyl hydantoin is added in portions. After
10about one to about 24 hours, a saturate aqueous sodiumbisulfite
solution is addeg and the solids are collected by filtration. The
solids are partitioned between ethyl acetate and dil ute agueous
sodi um car bonat e. The organi c phase is washed with dilute sodi um
carbonatethen dried and concentrated to give Conpound 42b. WO
2009/ 132135PCT/ US2009/ 041447 756. PF

Compound 43

NH,

== N

\

BnO
o N. N/) 8n0
OH  {CHy=CH),5nBu,

K ., ————— K
2a

A solution of one part of Compoud 2a in CH,Cl; is treated with about two parts

of BF;OEt; at about -78 °C under an argon atmosphere and about three parts of

10 (CHz=CH-)28nBuy. The reaction temperature is gradually raised {o 1t during about one
to four hours. Usual extractive workup followed by purification by chromatography will
give Compound 43a. Compound 43a is dissolved in methanol and dichloromethane
and cooled to about -78 °C. Ozone is bubbled into the stirred solution for about 1.5
hours at -78 °C. The solution is then flushed with nitrogen to remove the ozone. Sodium

15 borohydride (about 8 equivalents) is then added in small portions over about 5 minutes at
-78 °C. Methanol is added and the reaction is slowly warmed o about 0 °C. After about
1.5 hours, the reaction is quenched with saturated bicarbonate solution and extracted
with CH>Cl. The combined organics are washed with brine, dried, filtered and the
solvent is removed in vacuo. The residue is purified by chromatography to give

20 Compound 43b. Compound 43b may be debenzylated in the same manner as
Compound 2a to give Compound 43 that may be further purified by chromatography.
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| f42b 542c A sol ution of about one part of 42b and about
four parts of trinethylsilylehoride in THF is stirred at about 20 to
about 60 Gwbaoosabos 30 min to about six hours. The solpdr@gdodsiesT
cooled to about -70 to about -100C and a sol ution of about five parts
of butyllithiumin hexanes is added. After about 30 mm to about
three hours, the reaction 10 is allowed to warmto about O C over
about three Begips. The reaction is quenched with saturated NaHCO3 and
the m xture is extracted with ether. The ether extracts are washed
with brine, dried, and the solvent evaporated to give 42c which may
be furthe$ purified by chromatography. Compound 42 may be
prepared from Conpound 42a in the sanme manner as Conpound 5 was
prepared fromochpopedad 2a. WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5
Compound 43 A solution of gne part of Conpoud 2a in CH2Cl12 is
treated with about two parts of B 9DEt 2 at about -78 C HHder an argon
at nosphere and about three par N10(CF12---CH )2 \NThe

reaction tenperature i gpgradual Iy Lhised to r uri bout one to
four hours. Usual extracti r%blf) f ol | owed %ny [ |'\gmﬁyon by
C. Ozone is

chr omat ography will give
met hanol and di chl oromet hag€—and cool ed—toe—about ~7§

bubbl ed into the stirred®¥ utP¥h for expeyo 1. 5"Bour@8mt -78 C. The
solution is then flushed w tfacnitrogen to renove thg,0zone. Sodi um

1.0,

Compound 44 may be obtained in the same manner as Compound 43, starting
with Compound 12¢.
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
15 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 organisis; tissue or cell cultures;
biclogical samples such as biological material samples (blood, serum, urine,
cerebrospinal fluid, tears, sputum, saliva, tissue samples, and the like); laboratory

20 samples; food, water, or air samples; bioproduct samples such as extracts of cells,
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15 borohydride (about 8 equivalents) is then added in snmall portions
over about 5 m nutes at -78 C. Methanol is added and the reaction is
slowy war TR 2408/138%ut 0 C. After about 1.5 hours, the eea@kioasoiisi
guenched with saturated bicarbonate solution and extracted with
Cli2Cl1. The conbi ned organics are washed with brine, dried, filtered
and the solvent is renoved in vacuo. The residue is purified by

chr omat ogr aphyP%®¥F gi ve 20 Conpound 43b. Conpound 43b may be
debenzylated in the same nmanner as Conpound 2a to give Conmpound 43
that may be further purified by chromatography. WO

2009/ 1321355PCT UsS20091041447 756, PF 5 Conpound 44 Conmpound 44
may be obt ai n8G T AgOTRRenheeHR smthesizios wsissired gB:opstan;tand gheike N
Conmpound 12c. Tyhikab¥a thHe\sh L Vi . Anot her aspect, of the

i nvention rel,a)?%sﬂ?o nehlglﬁllgc‘i)fsm g% y‘iﬁsh%ﬁtﬁotfic%%tm\]ffnrgaqn EASRT VBiRR Induces a viral

conpri si ng t Hefegtiampirefuentipapithepenic oagupism smth SUDfBRE vEUES PREhed & be

needi ng such J.nhi bhti with co sition of the invention.

Wthin the c odr‘m’?%??a igllfa%tg r‘%“%%“ﬁ‘%/ @ﬁﬁ’%ﬁ r‘@)ﬁ'}ﬁv‘iefgéﬁlg selventvagr mivmteai Bimgea

virus incl udenchadedivalg coganieRiy-setda HBLAY, bad $1a8 Welle St c%a(s),rc?l?gz;l%gcss;
ca :

tissue or,.cell cu r.es;  bi ol ogical sanples such as biologi
mat eri al 1Qarrpl es k%:téﬁ‘fﬁﬂh the @ptprrus Activiay o itk ifventios afttegbEcation

sputum sal i wathelch®8oticHNaR i , bor at ory 20sanpl es;
food, vater, or air gsarrpl es?n@%l?sgg)%gg%gf‘y ’g’%@g%é’%cl‘ gt %‘Qﬁl%dé’i?ﬁt'én?ﬂmds

cel | rsm WO 29H99tacting 85 hpglYityl moa;thﬁ@%m?n%ﬁanaﬁeﬁpﬁﬁﬁdt&g% %%elﬂ%lds ﬁf
reconbl nant ﬁ%hxﬁni%g Qﬁ&ea%{iéitynge S S énlip%ate(?. ¥§p%ggllgtoig gf thgl rs]cre;nini: mclathfd's
described above are applied, however, any other method such as observation of the

15 physiological propertics 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.
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Typically the sanple will be suspected of containing an organi sm

whi ch induces a viral infection, frequently a pathogenic organi sm
such as a MWM0942t39s. Sanpl es can be contained in any PEOUSENG 041447

i ncl udi ng water and organi c sol vent?water m xtures. Sanples include
l'i ving organi sns such as humans, and man nmade materials such as cel
cultures. 10lIf desired, the anti-virus activity of a conpound of the
i nvention afﬂ@ﬁPﬁppllcatlon of the conposition can be observed by any
met hod including direct and indirect nmethods of detecting such
activity. Quantitative, qualitative, and sem quantitative nethods of
determ ning such activity are all contenplated. Typically one of the
scr eeni ng3netGuidzsebEevivirad labomedeedimppidyed, however, any ot her
nmet hod such as observation of the 15physiol ogical properties of a

l'iving organism a | -gabl.e. r actd vity_ of
a compound of the%?{r@gn?f%%&c%]% BT RsmigsP c&“ﬁtg‘iiﬁ‘b‘fé‘i/ W@ﬁ?ﬂ%é%“éﬂ?ﬁg
protocol s t hé:tamrFequnedm(Aﬁ@rceBmagﬁnPMI 15he mRBtI (BHKI c8lts) ht}ﬁpie\heﬁfed%th
conmpound can foll owi.ng general protocols.

sured us
2009/ 132135P&’I§ %gggwg)e@&@a@%%ggn Foegpesiin/frptanycin X&D{@Hs are dxspensed

| munodet ect iPfclagDBYwell tissue FBRblAEs AP 4R GBI r 349 YRS
counted and dil uted toe 2)(5%65 cel I]ps/ r?Lp%5 héc? a?%%dé’g/‘ ;?ig E]?ts)

or RPM - 1840 Urets 2ext e cells are infeptasipy @Tmmseﬁdatmuhhplﬁ%f béinﬁdctﬂnowtﬁe of
serum ( PBS) @@qn Jch@}ﬂ%gﬁc%lolf Lfélfgd%é&ﬂfl thﬂﬁg o testzc;((\)}éﬁl%?)'ulg ory °) Oélé atdgf %gagﬁed

in a clear - t1ssue cul tur er
5% CC2 over nﬁ‘@h@oz 0@wtleh 48 hews. ”ﬂhwqeus hxexmhddeonaé enﬂmas@aecﬂixm W1ih cold

Vi ruses at i infecti.on t he presence of
vari ed concen haﬁlléﬁrsltoé?m Y A %6‘1"})}?19 ‘%S %iﬁxegtcegs;arebg)ﬁ]éedgwm
for anot her BBSkountsiging TREFBShid0.05% Twashed f&n%u%ttrhmﬁ% urkl %

wth colgjmethanol f.or er washing twice with PBS, theflxed

cel I's ar& bl BURAY Wmﬁb’ﬁﬁgﬁ%ﬁ'@ﬁ i the 1995og wherTaiBelfvadea 1260 froPBY
hour at roomdmesmas aUTES mﬁfm%@%éfﬁéwfo@%b%dmé 941%%&9 A 45384 b

then added at a concentration of 1:20 to 100 i n- PBS Contal ni ng (7
PBS and 0. 0558 Fuwih PBY fallpwwed bl gne hourmb@@mmﬂehoesqm pesshiask(HRPRe

times with P, J th h i sh

per oxi dase( H%%Jgaggﬁﬁglg%d@@e(tsl > magggq@@tuggf ‘A% b Vs B%g’l%ﬁq}‘%ﬁsﬂ’ﬁﬂ?)
After washi nEBS, rﬁOQrelcmihtmOﬁBLl 15, PBS;‘anﬁhyhbmzﬂinet(TélvBS)@ﬁbstrate solutxon (Sigma)
3,3 ,5, te t |ne bstrate solu 20i s
added tgmeacts 85%]4}*! Ortw {”élgw%"l'ﬁ CYF%%@PF%%OH@éb ‘BE)?%

addi tion of $lfbrivkddl Thﬁpiﬁteﬁﬂ‘bﬁead-ﬁh%mﬂzﬁhiﬁﬁsoﬁ)ﬁﬁcd f@ﬁﬁre@%a&égmﬁ'ﬁ‘czﬁlon

abosor bance éﬁr vi ral aﬂgg%ﬁl ntification. After neasurenent
cells are %rdn‘m?‘@@e]it clifiargvesed Fhé?eltﬁ\?\@dmﬁyplﬁ%ﬁlﬂl@a‘?d byingjlyation

propi di um i oglithl grobRfunpicde femi. aftR g)lﬁc Lead if gr’l"éciﬁeﬁcﬁpe %dd%r (Litation

reader (excitation 537 um em ssion 617 tun)
quant i fi cat i ON.bEEESSIoB S oA f%@ﬁ@é@nbﬁrﬁumlf{w@n ddbsk resmxisbeumcsam

absorbange vgLsdiSedih ncentration of tes
conpounds. Tlﬁe ECSJ(l) ?‘gh}%g? g{gg%ﬁo{)er&ggﬁqﬁ n]gtg? Oféﬁf’%%cﬁ“tﬁf}?oﬁﬁgﬁe%l s.
A positive cwnpoutdsslbtEEs) mlsaiwiu;;téd hi;ennnylnmjat TegieySomanaBiisP @ pesEide control
Cel | - based Fgugﬁn an Cdﬁ @&gt hi c effethF assay For testing against
West Nile vitos2or PIRpEieeRoiRssh e esst r s, BHK21 cell s

Cell-based Flavivirus cytopathic effect assay

For testing against West Nile virus or Japanese encephalitis virus, BHK21 cells
30 are trypsinized and diluted to a concentration of 4 x 10° cells/mL in RPMI-1640 media
supplemented with 2% FBS and 1% penicillin/streptomyein. For testing against dengue

virus, Huh7 cells are trypsinized and diluted to a concentration of 4 x 10° cells/mL in

153



30 are trypsinized and diluted to a concentration of 4 x 105
cells/nmL in RPM -1640 nedia supplenented with 2% PBS and 1%

peni ci | |i n/¥@PWBAFHTi n. For testing agai nst dengue vir eexuskdFoaslr s
are trypsinized and diluted to a concentration of 4 x 105 cells/roL
in WO 2009/ 132135PCT/ US2009/ 041447 756.13F 5 DVEM nedi a suppl enent ed
with 5% FBS and 1% penicillin/streptonmycin. A 50 mcroliter of cell
suspensi on (275@-%4 cells) is dispensed per well in a 96-well optical
bottom PI T pol ynmer-based plates (Nunc). Cells are grown overnight in
culture nediumat 37 C, 5% CO2, and then infected with West Nile

virus (e.d EROBIEM tredianpppemchaanies 8, EBEaRRabA fdnfeilfih sk t&ﬁ{%ﬁ_ 5
Nakayanma stral%t I}/OH: 0.3, or with _dengue virus (e.g. é 90
NGC strain) at MILt§e ?“ﬁpet“ﬁ‘@ng?r%é%rﬁ?ﬂs)ﬁ igpensashien well ime River bptioak
of test conpdaisndm PITHOlyReabaSd SR A HNI ' nd.the c ounds
are flu-ther incybatorggyglt 37C, ?5%%’5&?'09@53‘“% l?k{le_o% I;hﬁgl cé’ﬁgpe edfum
i ncubat i on, 067 rv-cYelCheind tsn idestedivith Wegt NilavireagenBIscsstamg efTab e

each wel | . w1d i _nut o] n orpital shaker to
nduce cel | o ranmifes 8 g S e Tl S 851 S0F Bo b dhvisar S e.er BEN-2
10 ni nut 9 t NNGE abaih] 2 MMAGF Wi egeesehcesif@iidrent LOKRBSARAC6F tEﬁ%S’x-hﬁ'&mhssi

recorded usiRg,, ]agéq%%gm{n?%g r...A ggal tive control such as
N- nony! - deoxynojirimcr it 63 VESFag e cRpPPYAds are iagherinquatpdatd 7B i8e

Nodel * of - Dengll forEituoni: (oAURSbATR, fhRIbiks Y BTl Biisg

nodel of deng&s3 Vi rus i nf Fcti on (Schul at al. nfecti ous s}‘eagentis
2007: 195: 665394 ntosash yejl. ¢ (onipisee Bberd Am2winvias on @B&IHIADMHakarer midhce
Ltd, H11l, UKkelfly@ishOHS8Mick Breiindbybg ll.atked cages. . Mce. are

i njected int rap.eyfe]i ton'eglfélla With 0. 4%{1&1“%@%&&3&?@3@ @ﬁ?%%tozsta%?hze
suspensi o, Birgsescen signas £fbn’ﬂciilei’@&lli@@nreabﬂyl:tgie:t‘ﬂ“cordemi hiih@h plateredder €A Yodeve

i sof l urane apagsh %iagN_%n?gg?§%%ﬁ§%§{{§@ﬁ$I | ected in tubes

contai ning sodiumcitrate &P on of 0.4% and
imredi ately centrifuged for 3 minutes at 6000g to obtain plasna.

Pl asma (20 ni8figirek 4vtivityiis adviouse Mlo®S of Derkfd@ Infectied.i t er s RPML- 1640
medi um and snap frozen in liquid nitrogen for plaque assay anal ysis.

The remai ni ng pl i )r . cyt oki ne SI protein |evel
det er ni nat i on. Maggm%%@gf %%?%*eéﬁg’b%?{;/fnr%%méseﬁ%gﬂ%Jg@%’re vEgy Byfegtion el

peaki ng on deiy’3. petionsiPiec2U08nL 9SFESS- MesSikngtedfwRRbIVAG B9 Akt (WhkY, 2
conmpound,®f i t,i s dji ssolved..in 30 vehicle fluid, e.g. 10%
et hanol ,2%0%{J &Eg‘s@‘é[‘é@,alﬁg%%r T%W;fqls olEfBX’-EP%QeVBPWaWétC@ge;& Mice@n ig@dted

(1.5 eq): | N MNaQhritqidalaiifis 0 @dnll USS0DYenghO0irtis 1 Msfdntioal AR el 3. 5

(0.9% v/ v: 2. a6 vb/v: 96. 6O/f v/ v&). Thirty six 6-10 week o m ce
are divi ded Ialﬁe(no ydietyo orbital puncture under iséflurane anaesthesia. Blood samples are coliected

in tubes containing sodium citrate to a final concentration of 0.4%, and immediately

centrifuged for 3 minutes at 6000g to obtain plasma. Plasma (20 microliters) is diluted
25 in 780 microliters RPMI-1640 medium and snap frozen in liquid nitrogen for plaque

assay analysis. The remaining plasma is reserved for cytokine and NSI protein level

determinaﬁop. Mice develop dengue viremia rising over several days, peaking on day 3
post-infection.

For testing of antiviral activity, a compound of the invention is dissolved in
30 vehicle fluid, e.g. 10% ethanol, 30% PEG 300 and 60% D5W {5% dextrose in water; or
6N HCI (1.5 eq):IN NaOH (pH adjusted to 3.5): 100 mM citrate buffer pH 3.5 (0.9%
VIV:2.5% viv: 96.6% v/v), Thirty six 6-10 week old AG129 mice are divided into six
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WO 2009/ 132135PCT/ 1JS2009/ 041447 756. PF 5 groups of six mce each.

All mce are infected with dengue virus as descri bed above (day 0).
Goup 1 is"HOIEYBYSoral gavage of 200 nlinpuse with 0. PCHEEAMYU0H7 A
conpound of the invention twice a day (once early in the norning and
once late in the afternoon) for three consecutive days starting on
day O (first dose just before dengue infection). Goups 2, 3 and 4
are dosed the/>8&ke way with 1 ng/kg, 5 ng/kg and 25 10 nag/ kg of the
conmpound, respectively. A positive control may be used, such as

(2R 3R 4R, 5R) - 2- ( 2- am no- 6- hydr oxy- puri n-9-y1) - 5- hydr oxynet hyl- 3- neth
yl tet lr ahydr ?-grumanf Sx drich @kh. dbasick d;@/uﬁécaéd @W@@%mm%@gd?scﬁb%d above
mcroliters us e s s .t he previ ous groups urt her
group is tre O[ﬁwk{g%ui’oﬁmé ‘\;\I)\%ﬁ’P’@F% gﬁ‘fﬁg?a&@ﬁl&’@pugewgp.amgfégpf@n
appr oxi mat el yoh@uili g iR int@kioRhaes $3BheS: h
sodi um ci trat §) gare taken fromthe mce by aélgtﬂ%%eomr%é ?r%d%%?aﬁjemﬂ%e

under i sof | urRHABOMH {X!hTee sprpecutive dans Stagﬂimmdalﬁ@dﬁm dwmetmthefbieahdgue
le b
sanpl e by Ce%féétfo!dg 3@1‘09?_.7]23 nd, Q%pe rﬁdégdz 0 shfle Waﬂp g ﬁ‘éﬁ %@Hi :gy

pl ague assay anal ysi s | ect asna sa
pl ague ad8ay 1%81@@@& ¢dmun¢1 r@pbnmlvelgt Aaposﬁyk okitiod haf be ueddsQuchag| ys ed

d el I d
B atel | aTm kT 7R BRSO ARB STBPIoR P SARe RGPt omee .

i ndi cat ed bytearahﬁﬂuﬁmﬁ)ﬂ 4i-diolc yéselk byeral Qavagéomdllﬁ&ohk%ﬂsh%&%%& way
reductions in virem a of about 5-100 f aTng

| evel s. %EI cally,
more typi cal PYREBIEEF SToYPS: o SHrthey Fopp s thpated with onb| ‘(Phlcé@rfémd;bt ai ned
with 5-50 ng/ kg bid dosages of the conpounds of the invention. 25

RCN, 1 C50 Determi OaﬂhﬁmpéﬁSWctBthﬁlﬁﬂlmatdﬂsm ﬂf&&iﬁ&fb%%% SARPRY (40 9L)
was assenpled b ding 28 pL paolynmerase mxture (fi

concent r &t | of°2& f “ﬁrﬁoémlﬂk'ﬂm&?) ﬁﬁ?—FalifBTBff o dhe vk metro\'-'ﬂﬂ&@l pvidyCiRder 1
naM DTT, 10 pMiERPAmadsingl0 'PlaQitna %%ﬁ%@ac&%ﬂ%dé%n@ S0y é,ﬁrhlaﬁigauon and

NS5b pol ynmerase) to assay plates fol
di lution. Th@lap@io?wpégiéldanfdoa@oﬁ?mﬂmewa:empﬂﬁm The baiteettd alastha sbnpiey

10 m nute befQr ﬁl 91 2009/ 041447

756.PF 5 of 8 RL %ﬁ bg’g’?dg“ ¢ R &5 “%a %%J“%E‘ii Fgr é@gg‘ﬁ" S He alysed as

conpeti ng nuad @@ttnbdébaﬁ-clh(ﬂ/l Hid protem levels are analysed using a Platelia™ kit (BioRad
20 Laboratories). An antj-viral cffect is indicated by a reduction in cytokine levels and/or

NS1 protein levels.

Typically, reductions in viremia of about 5-100 fold, more typicaily 10-60 fold,
most typically 20-30 fold, are obtained with 5-50 mg/kg bid dosages of the compounds

of the invention.

25
HCV 1C5y Determination

Assay Protocol: NS5b polymerase assay (40 pL) was assembled by adding 28 uL
polymerase mixture (final concentration: 50 mM Tris-HCI at pH 7.5, 10 mM KCL, 5
30 mM MgCly, 1 mM DTT, 10 mM EDTA, 4 ng/uL of RNA template, and 75 nM HCV
421 NS5b polymerase) to assay plates followed by 4 L of compound dilution. The

polymerase and compound were pre-incubated at 35 °C for 10 minute before the addition
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0.5 mMof the remaining three nucleotides). The assay plates were
covered and incubated at 35 C for 90 mn. Reactions were then
filtered t WeAYNH/1883nel | DEAF-Si filter plates via vacuyﬁrm‘gft@wm“;—,er
pl ates were then washed under vacuumw th nultiple volunmes of 0.1
NaHPO4, water, and ethanol to renove unincorporated | abel. Plates 10
wer e then count ed on TopCount to assess the |l evel of product

synt hesi s ovef6dckground controls. The I C50 val ue is deternined
using Prismfitting program Preferably, conpounds descri bed
herei n inhibited NS5b polytnerase with an I C50's bel ow 1000 uM nore

pref erabl \§ bedf@wWi1&QudibMideaarkuaRS, R
exanpl e, corrp(fg\r,]yt:l 17uhas an | C50 b]é&gt\?v{ﬁﬁ%pl\/lgelgﬁk%k%%g%dwu%e at Ky and

Det er ni nat i orf-3 MM of the pimaining hedelnycinetides)s é"éﬁ(aehalv pla86wied dovbledh®® at a
density of 8 ;) 100 f culture medju

excl udi ng Genle%uﬁ)g[l%%%&% Bg?\%m\/\%? e%%ro Pl Fﬂfi d&‘?ni @feé‘ﬁ] t*“r?“ﬁb%@@%l @%@ -8hd
t hen added t dﬂtehglﬂttekfiasraamna The 206 pdatés iy drd Ehen&ﬁx@he@i\ﬂn@& \%cﬂcxh:{'@rkth multi ]e
concentrati on, 8%‘ ?0/ aﬁ){g a total voI une of p.L. Plates

i ncubat ed at '3 %@/g& P+ ¥ptefyind thanpl ttQJEéwﬁémlmﬂlmsted ively é’élates
and cel | d0werverd theeounted o STopCOEH! kissE R8RS o PRl Pg%g'?eil BVGr%agkeg%?auSh%

assay system Foll Oﬂe\gg t he manufacturer's 1 nstructi
| uci ferase sBYHSit 30 xelne detsrmined pepraRriwe fiting angramici fer ase 25

compounds desor | bes na ke havg: Eesgr 4 SRR Tt Nsuh FrigPetts witepmbl y
bel ow 100 uMCaiidelonstO0pndd,enabbyefdailpheld® 100 MRERd S8 Ee%&ﬂam below
exanpl es of t ctivity of the caqnpounds Fo‘r)/#ul a l 1IFb ¥ below 10
shown in the“@gbﬁé eﬁaé?@év"\ﬂﬂ’@?‘éﬂdrp&af &bl esbelow IMEC50 bel ow 1 pM B
represents an 30 EC50 between 1 and 10 pM and C represents an

EC50bet ween 10 and 100 uM Exanple No. ECso, PM2 C 756.PF 3 C 4 C
HCYV ECsq Determination

Replicon cells were seeded in 96-well plates at a density of 8 x 10° cells per well

in 100 pL of culture medium, excluding Geneticin. Compound was serially diluted in

20 100% DMSO and then added to the cells at a 1:200 dilution, achieving a final
concenfration of 0.5% DMSO and a total volume of 200 pL. Plates were incubated at
37°C for 3 days, after which culture medium was removed and cells were lysed in lysis
buffer provided by Promega’s luciferase assay system, Following the manufacturer’s
instruction, 100 uL of luciferase substrate was added to the lysed cells and luciferase

25  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.

Representative examples of the activity of the compounds Formula I-III are
shown in the Table below wherein A represents an ECso below 1 uM, B represents an

30 ECsobetween 1 and 10 uM, and C represents an ECsybetween 10 and 100 uM.

Example No. | ECs, uM
2 C
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5C6 A12 B 13 B The cytotoxicity of a conpound of the invention

can be determ ned using the foll ow ng general protocol. WO
2009/ 13213582 HO8D8D/ 041447 756. PF 5 Cytotoxicity Cel | pQutdsdosodssay
(Det erm nati on of CC50): The assay is based on the eval uation

of cytotoxic effect of tested conpounds using a netabolic substrate.
Assay protocol_ for determ nation of CC50: 101. Maintain MI-2 cells in
RPM - 1640 ned?ﬁﬂﬁ%upplenented wth 5%fetal bovine serum and
antibiotics. 2. Distribute the cells into a 96-well plate (20,000

cell in 1001.11 nmedia per well) and add various concentrations of the
tested conpound in triplicate (100 ulgmell}. I@cltde untreated
control

4 C

5 C

6 A

i2 B

13 B

5

The eytotoxicity of a compound of the invention can be determined using the

following general protocol.
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153. Incubate the cells for 5 days at 37 C. 4. Prepare XIT solution
(6 M per assa | ate) in dark at a concentration of 2ng/nml in a
phosphat e-Bm?‘ﬁ'? I¥aline pH 7.4. Heat the solution in BCWuSHDs/BAL
at 55C for 5 min. Add 50 pi of N-nmethyl phenazoni um net hasul fate (5
gig/nil) per 6 mM of rrT solution. 20 5. Renove 100 p.1 nedia from
each well on the assay plate and add 100 pi of the XTT substrate
sol ution per We6PF | ncubate at 37 Cfor 45 to 60 mn in a CO

i ncubator. 6. Add 20 ul of 2% Triton X-100 per well to stop the

met abol i ¢ conversion of XTT. 7. Read the absorbance at 450 nin with
subtracting off the background at 650 nm 8. Plot the percentage
absorbance rel ative to untreated control and estinmate the CC50
25val ue as dr GgteteveisnCelh Culinre Asay (Detgrninadom6RECHE): bi tion of the

cell growth. Consiggr rbance .bei ng.directly proportional to
Che ool | groveh AT siits SRRPBRBRSEPHI Dyt ioiehtotaisd sambesnds using a
cited herein aistbeliegubstiatcor por at ed by reference herein, as though
individually i,pcorparated by reference,  30The invention has been
descri bed wi tﬁ“%%?%?oecﬁ%@rf"‘ag%?‘i"f?&§?§§é@i fic and preferred
enbodi nent® and Msothini MU Sl HAVIENGL 1 6DNEe ' will

ot pon ool el ok sl i

understand that nany variations and nodificati
remai ni ng wit hi SPRSnEgthieticsnd scope of the invention. WHAT IS

CLAIMED IS 1y Arsonnasnd Ofs iR 84 3l ﬁlat'é?ﬁ(ﬂ}%ﬂa celIE\Jﬁ' I(l)?&ul media per well) and

add various concentrations of the tested compound in triplicate (100 pl/well). Include

untreated control.
15 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/mlin 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 ng/ml) per 6 ml of XTT
solution,

20 5. Remove 100 pl media from each well on the assay plate and add 100 1} of the XTT
substrate solution per well, Incubate at 37 °C for 45 to 60 min in a CO, incubator.

6. Add 20 ul of 2% Triton X-100 per well to stop the metabolic conversion of XTT.

7. Read the absorbance at 450 nm with subtracting off the background at 650 nm.

8. Plot the percentage absorbance relative to untreated control and estimate the CC50

25 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 documients cited herein above are
incorporated by reference herein, as though individually incorporated by reference.
30 The invention has been deseribed with reference to various specific and preferred
embodiments and techniques. However, one skilled in the art will understand that many

varations and modifications may be made while remaining within the spirit and scope of

the invention,
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or a pharmaceutically acceptable salt, thereof; wherein: each
R, R, R3, R4, or R5 is independently H ORG N(V)2, N3, CN, N,
S(0)"Ra, halogen, (G -C8)al kyl, (C4-C8)carbocyclylalkyl,

(G -C8)substituted al kyl, (C2-C8)al kenyl, (C2- C8)substituted

al kenyl, (C2-C8)al kynyl, (C2-C8)substituted al kynyl, or

aryl (Cl 4 ; or any two RI, R2, R3, R4, or Rs on adjacent
car bon &%iﬁlm}ﬁt oget her are -0(C0)0- or when taken together
with the ring carbon atons to which they are attached form a doubl e
bond,; 1. R6 A orfRunloKFdrmia31: CN, NO2, S(0)"Ir, -C(=0)RI I,
-C(=0)0R11, -C(=0)NRI'l RI 2, -C(=0)SR11, -S(0)R11, -S(0)2R11,

-S(0) (OR11), -S(0)2(0R11), -SO2NRI |1 R12, hal ogen, (ClC8)alkyl,
(C4-C8) carbocycl ylal kyl, (Cl-COsubstituted al kyl, (CEZ- C8) al kenyl

(C2- C8)substituted al kenyl, (C2-C8)alkynyl, (C2-C8)&tinéti tuted

al kynyl, or aryl (Cl-C8)alkyl or R6 andijeither RI or R2 when taken
together are -0(C0)0-; each n is indepgndently 0, 1, or 2; each
l e is independently H (Cl-C8)al EB) al kenyl , (C2-C8)al kynyl ,
aryl (G Cs)al kyl, (G4-C8)carboc , |-C(=0)R11, -C(=0)0R11,
-C(=0)NRI 1R12, -C(=O)SR1 I, -S N -%i%)ZRI I, -S(0)(OR1 1),
-S5(0) 2(0R11), or - SONRITHR12; R> rr* C(=0) R11, -C(=0)O0R11,
R11, -S(0)2R11, -S(0)(OR11),

-C(=0)NRI I R12, -C(=0)SRl
-S5(0)2(01211), - SO2NRI »4 ey is 0, S, NR +N(0O)(R, NOR,
V\f{ Rvien t aken toget her, are

+N(0) (OR), or N NR2;

-Y3(C(RY) 2) 3Y3-; or f W or W2 together with either R3 or
R4 is -Y3- and the other ofgsWgior W2 is Fornmula la; or W and W2 are
each, independently, a group of the Formula la: Fonruda |i [ R

or a pharmaceutically acceptable salt, thereof;

wherein:

cach R', R%, R%, R*, or R is independently H, OR?, N(R%),, N3, CN, NO, S(O),R",
halogen, (Ci-Cs)alkyl, (Cs-Cs)carbocyclylalkyl, (C,-Cs)substituted aikyl, (C,-Cg)alkenyl, (C,-
Cg)substituted alkenyl, (C2-Cg)alkynyl, (C,-Cg)substituted alkynyl, or aryl(C;-Cg)alkyl;

or any two R, R, R®, RY, 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 OR?, N(R%), N3, CN, NO,, $(0),R?, -C(=O)R", -C(=0)OR"., -C(=0)NR''R"2,
-C(=0)SR"", -S(O)R", -S(0),R", -S(O)OR), -S(O)(OR '), -SO,NR''R'2, halogen, (C)-
Cg)alkyl, (C4-Cs)carbocyclylalkyl, (C-Cs)substituted alkyl, (C-Cg)alkenyl, (Ca-
Cs)substituted alkenyl, (C,-Cg)alkynyl, (C,-Cg)substituted alkynyl, or aryl(C,-Cg)alkyl or R®
and either R' or R? when taken together are -O(C0)O-;

each n is independently 0, 1, or 2;

each R is independently H, (C-Cg)alkyl, (C,-Cg)alkenyl, (Cy-Cg)alkynyl, aryl(C;-
Cs)alkyl, (C4-Cp)carbocyclylalkyl, -C(=O)R'!, -C(=0)OR"", -C(=0)NR"'R'%, -C(=0)SR ",
-S(O)R', -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 "}, -S(O),R ",
-S(O)OR"), -$(0),(OR™), -SO,NR''R", or
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wherein: each Y1 is, independently, 0, S, NR +N(O)(R), NOR),

+N(0) (OR), or N NR2; each Y2 is independently a bond, 0, CR2,
NR, +N(0)(R), N(OR), +N(0)(OR), NNNR2, S, S-S, S(0), or 8(0)2; each
Y3 is independently 0, S, or NRRk M is 0, 1 or 2; each 1211 is a
group of the formula: wherein: each Ma, Mc, and Md is

i ndependently 0 or 1; M2c is O, 1, 2, 3, 4, 5 6, 7, 8 9, 10, 11 or
12; each RY is independently H F, dY Bryg |, OH -CN, -N3, -NO,
-OR -C(=Y1)R, (Y)W, -C(=Y1)O0R, -di= LN(R)Z -N(R) 2, -1IN(R) 3,
-SR, -S(0)R, -S(0)2R, -S02Ws, S(0) (ORps—=B(0)2(0R), -0C(=Y1)R
-0C(=Y1)0OR, -0C(=Y1)(N(R 2), -SC(:-L)@%)’R (=Y1) OR, -SC(=Y1)(N(R)?2),
“N(R) C(=Y1) R, -N(R) C(=Y1) OR - N(R) C(#¥1) N(R) 2, - S2NR2, W, (Cl-C8)
al kyl, (C1-C8) substituted al kyl, (C2-C8)al kenyl (C2-C8) substituted

al kenyl (C2-C8) al kY){\I Ecz 082{ ubstituted al kynyl, C6-C20 aryl,
CB- C20 substY iuPed MRy IN(QUR), K5O h @M@}Gu}nN 5C20 substituted

het erocycl yly e 3 wherei n each al kyl,
al kenyl , al kyn?}#é,k@f ;K/’?lknﬁaﬁ(fa H%? C{( féeg ;b 3l kyl i s independently
optional |y sorlasiiof W 'es WiF tdgefhﬂﬂwﬁh efﬂ@éraz%rgmypis - and the other of W! or W? is

Formula Ia;

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

Formuls Ia

wherein:

each Y' is, independently, O, S, NR, *N(O)}R), N(OR), *N(O}OR), or N-NR?;

each Y? is independently a bond, O, CR? NR, "N(O)(R), N(OR), *N(O)(OR), N-NR?,
S, S-S, S(0), or S(O);

each Y° is independently O, S, or NR;

M2is0, 1 or2;

each R* is a group of the formula:

Yé

R‘j’

wherein:
each M1a, Mlc, and M1d is independently 0 or 1;
Mi2cis0,1,2,3,4,5,6,7,8,9,10,11 or 12;
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or when taken together, two RY on the sane carbon atomforma
carbocyclic ring of 3 to 7 carbon atons; each Wb is

i ndependently a carbocycle or a heterocycle optionally substituted
with 1 to 3 Rz groups; each Rz is independently F, d, Br, I, OH,
-CN, -N3, N02 -OR -C(=Y1)R, C(=Y1)O0R -C(=Y1)N(R 2, -N(R) 2,

0 U e AT R S S
A e O Ay S S

al kenyl S(@E@Rﬂ:&ﬁ(@)z@Ryl oc(€e- )Esao@(wﬂénmkm—-aﬂ W), -SBEZRar yl

ot o ac e B, S R R T AR DS TP O T R R 1y

al kenyl.SOgNRYNW?, (C%IOQ alk?let@ @gxﬁtéﬂtute@mk%r B(bélb‘@élkehﬁ tcflzd@@%ﬂgﬁf?ﬁtleg{

optional |y substituted w f

i ndeperidieanyl, )QCHCsXIﬁiyl%)(caiqeilSubS(lﬂtedCﬂkm&t-Cjolarsé,(?C@C&w.lbstltuted aryl, C;_

Cubst 1 1 SN o sEIBU R SR caY oh T bt Moot o

het er occh ¥ilkyl, %ﬁﬁoalﬁy@ﬁt aryph@@rdagél?r Q€ )ﬁ%)lélkyl 1@fnﬁ5ﬁénﬁ¥ﬂtl}96ptlonall3f

substituted aryl al kyl ; vher ei n eac , alkenyl,” al kynyl", ary
het er odybstifted grthaang oz maye Zlgoumdependent ly optionally substl t ut ed

wi th one or r X2 1.s,1ndepe dentl

each R8 is hal @%8%“‘%&‘?@%1656‘%% Fﬁ?fn Rﬁl’?ﬁ\ﬁf’ﬁ’:ﬁ?ﬂ al\clﬁ ﬁlﬁ,hw of3
CHO, Chb 7 caittiorMRidg;, - CN=NHNR11, - CN=N(OR11), -CH(OR11)2,

-C(=0) NR11R12, (;( =S)NRI 1R12, =0) OR11, (Ci -C8)al kyl,

(C2- C8) al kerfgfh W i ndspendeniixae carpesyickegy @%I%mnoragflly subptifutsdaritly 1
substi tubed g éf' optionally substituted heteroaryl,

-C(=0) (C1- ?{ -S(0), (C1- - 161 - C8)alkyl, aryI(CI-C8)aI kyl ,
OR' or Se; wherR rsladcmndwly R IClLhgt, &r@HT A\ON,i-3l3) mte;pamam#y )R

%?tg' ?Qa*:ﬁdﬁéﬁ@ﬁétééw%ﬁﬁtll‘“)‘haﬁ@ge*ﬁm?‘iﬁ%z SRR bRy SRR @ AOR),

NG, ON@?Y I
C( =0)NR c(= s)) ﬁlRI IEN(Z I fI.BlZ (2(N(S) g&;?ﬁ%:ﬁRmﬁFw SRIlgC( “ i?’n
RH or RH@R](K“YnBepE@)@rﬁFYy)OR, NER)ABY AR, %le {@-Rgnilyl, (C: Cs)

aryl . SR P ElGeFrRiRR ol sgitue BRe B Cadligiv ferd

-5(0), s(lﬁéltrtt@gd allckiyyl, OF-Cad bl S8 hlslidthed L TSICY, RAGR RN c9t20

1
heteroaryl is | ndependent |y optionally subsfituted w tﬁc’ one or nore Z
gr oups substituted petenoey ¢l arxlatkylar spbstisied arataliggly Whereinicactoglisyl, elienyti ch

unor o1 Ao an HRERSRIT R Byl R o BERRTRT B RGy 8%Betﬂ%ﬁsmy

be replrmredlgmm;h; -0-, -S- or each Z |s |ndependently hal ogen, -0-
=0, -Or, NRb2, _NERb3, =NR' N=C=0O_ - NCS NO,
N2, -N2 ‘engh R ixjndenaprienily Bl leyl (QHg(s):@yom@d allgl, 46y £s)alkenyl,

- S(=0) 28Hc,y st eRkenPS(EOEZUhA 1, (E(-TY) R Rted aRGTN, B:C,0 aryl, Co-Cao
substituted aryl, C2-Cyp heterocyclyl, C;-Cy substituted heterocyclyl, arylalkyl or substituted
arylalkyl; wherein cach alkyl, alkenyl, alkynyl, aryl, heterocyclyl, or arylalkyl is
independently optionally substituted with one or more Z groups;

cach X' or X% is independently C-R'® or N;

each R® is halogen, NR''R'%, N(R'OR!!, NR"'NR!'R'?, N;, NO, NO,, CHO, CN,
-CH(=NR""), -CN=NHNR", -CN=N(OR""), -CH(OR"),, -C(=0)NR''R'?, -C(=S)NR''R 12,
-C(=0)OR", (C;-Cs)alkyl, (Cr-Cg)alkenyl, (C2-Cg)alkynyl, (C4-Cs)carbocyelylalkyl,

optionally substituted aryl, optionally substituted heteroaryl, -C(=0)(C;-Cg)alkyl, -S(0),(C;-
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OP(=0) (ORb)2, -P(=0)(0ORb)2, -P(=0)(0)2, -F(=0)(0OH) 2, -P(0)(0Rb)(0),
-CE:Og(Rb, )C(:0)§(1 'C(S)R"1 'C(O)ml1 'C(0)0'1 'C(S)ml1 'C(O)SRb1
-C(S)SR', -C(0)NRb2, C(S)NRb2, -C(=NRb)NRb2, where each Rb is

i ndependently H, alkyl, aryl, arylal kyl, or heterocycle;

wherein each (Cl-C8)al kyl, (C2- 08) al kenyl, (C2-C8)al kynyl or

p h R2 I Rs R6, R11 or R12 is,
ia%lafog Inggéigkl% %gﬁ.f-%ﬁ%ﬁwy &lﬁb@t SR Ut W@Blergﬁntqadamréfl @rhert@peryhalmephwhndxy
CN, Ns,ol%\g(dgﬁmgswsugted@ﬁg %ﬁ%&aﬁgﬁlg nore of the non-term nal

car bon ach said I’'s optionally replaced with
-0-, -S- or eddrR’2RA’ rsontiﬁpﬁmtbnﬂyébhdioggl,m‘ékgg NE et qngNgdlfbgl ?}\13,

and each Y and Y’ O
ioggun{)gurkl}dNaégw%\tt 8%%§n3=2é§h£®ﬂ RSCNSNﬂaRobeﬁ (‘3@" ):Rth aim
R12 ., IRDrC 1 AL 1accor di ng
?ﬁﬁ gjl@n(iom;ﬁisﬁt C@S&?J?{R‘Iﬁz r5 Ol%l lﬁ g acgggdl ng to claimé4

V\/ner e| n R? |%301¥IRor0rRéls mdelaﬂmdaubd{a(éhfﬁsc)hlhﬂ, (©-Cd)alkenyd, (‘@ﬂsﬁlkﬁ/ﬂ?ﬁ (Cs

bstit ut ed t
S nony! CoRRREaER ko) oy sueRHLTHTT b ers o beer &tﬁgﬁm Y C=0uCr-
conpou rﬂs)al(kszlo FRIONYCH T Rl Bt wf(l%bdmc%ZWhér\?wﬁ;}eér"g?ﬂ@}i tEiS? 240, ar e

each H., 8. A_conpound according to claim?7 one of R2
or R4 |1§d%mnden§1y ORtlébﬂbfoﬂlhéhfa OYlﬂlmqerIbﬁgrD@svmerel n Xl is Nor

CL 1 aner o1ty e eS8 e BRI B2 kS o
each ORb.7 membered heterocychc ring wherein any one carbon atom of said heterocyclic ring can
optionally be replaced with -O-, -S- or -NR*-;
each Z is independently halogen, -0, =0, -OR®, -SR?, -S", -NR%, -N'R%, =NR®, -CN,
-OCN, -8CN, -N=C=0, -NC8, -NO, -NO,, =N,, -N3, -NHC(=0)R”, -OC(=O)R",
-NHC(=0)NR";, -8(=0),., -8(=0),0H, -S(=0),R”, -OS(=0),OR", -S(=0),NR",, -S(=O)R",
-OP(=0)(OR"),, -P(=0)(OR")z, -P(=0)(0"), -P(=0)(OH), -P(O)(OR%)(O’), -C(=O)R",
-C(=0)X, -C(S)R®, -C(O)OR?, -C(0)0", -C(S)OR?, -C(O)SR®, -C(S)SR”, -C(O)NRY,,
-C(S)NR®,, -C(=NR")NR®,, where each R” is independently H, alkyl, aryl, arylalkyl, or
heterocycle;
wherein each (C;-Cg)alkyl, (C,-Cg)alkenyl, (C»-Cg)alkynyl or aryl(C,-Cg)alkyl of each
R Rz, R3 RY, RS, Rﬁ, R or R™ 1s, independently, optionally substituted with one or more
halo, hydroxy, CN, N3, N(R), or OR% and wherein one or more of the non-terminal carbon

atoms of each said (C-Cg)alkyl is optionally replaced with -O-, -S- or -NR%-.

2. A compound according to claim 1 represented by Formula II
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11. A compound according to claim 10 wherein R2 and R4 are OH 12. A
conpound according to claim9 wherein Rl is H, nethyl, CH2OH, CH2F,

et henyl, or ethynyl. 13. A conpound according to claim9 wherein Xl
is N 14. A conpound according to claim9 wherein X1 is CGCH 15. A
conpound according to claim 14 wherein is selected from wherein Y2
I's, independently, a bond, O, or CR2. 16. A conpoun% according to
claim9 wherein W and W2 are each, indgpendently, a'§f8tp of the
Formula la. 17. A conpound according t9 claim9 wherein 117 is H.

18. A compound that is -coiIinchI-c ntinued NH:, /0014 NH

wherein X* is COR' and each Y and Y' is O.

3. A compound according to claim 2 wherein R® is halogen, NR''R", N(R”)OR”,
NR"NR'R", OR" or SR".

4. A compound according to claim 3 wherein R’ is H or NR''R ",
5. A compound according to claim 4 wherein R is H or
I
}3‘
~,
w4
“’m
6. A compound according to claim 5 wherein R® is OR?, N, halogen, CN, methyl,
hydroxymethyl, substituted methyl, ethenyl, substituted ethenyl, ethynyl, or substituted
ethynyl.
7. A compound according to claim 6 wherein X* is C-H and R? and R® arc each H.
8. A compound according to claim 7 wherein at least one of R? or R* is OR”.
9. A compound according to claim 8 wherein X' is N or C-R'® wherein R' is H,

halogen, CN or optionally substituted heteroaryl.

10. A compound according to claim 9 wherein R” and R* are each OR”.
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HOOH O M:, )O OTho _lo-0II'V N" NO\ ---J- ....""CN.if\)I1 OH 60
-conti nued tw ned

11. A compound according to claim 10 wherein R? and R* are OH.

12. A compound according to claim 9 wherein R is H, methyl, CH,OH, CH,F, ethenyl,
or ethynyl.

13. A compound according to claim 9 wherein X' is N.
14. A compound according to claim 9 wherein X' is C-H.

15. A compound according to claim 14 wherein

1s selected from
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or a pharmaceutically acceptable salt thereof. 19. A pharnaceuti cal
conposition conprising a therapeutically effective anount of a
conpound of claim1 and a pharmaceutically acceptable carrier. 20.
The pharnaceutical conposition of claim19 further conprising at

| east one additional therapeutic agent selected fromthe group
consisting of interferons, ribayirin anal ogs, NS3 protease

i nhi bitors, NSba |nh|b|t@r polyneras |nh|b|tors
al phagl ucosidase 1 inkib L cIo |I|n @ltorsGE
hepat opr ot ect ants, nos- icl ed¥T de “0fRhi bi t

for treating HCV. -

, and ot her drugs

wherein Y2 is, independently, a bond, O, or CR?.

16. A compound according to claim 9 wherein W' and W? are each, independently, a
group of the Formula Ia.
17. A compound according to claim 9 wherein R7 is H.

18. A compound that is
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-continued

or a pharmaceutically acceptable salt thereof.

19. A pharmaceutical composition comprising a therapeutically effective amount of a

compound of claim 1 and a pharmaceutically acceptable carrier.

20. The pharmaceutical composition of claim 19 further comprising at least one
additional therapeutic agent selected from the group consisting of interferons, ribavirin
analogs, NS3 protease inhibitors, NS5a inhibitors, NS5b polymerase inhibitors, alpha-
glucosidase 1 inhibitors, cyclophilin inhibitors, hepatoprotectants, non-nucleoside inhibitors

of HCV, and other drugs for treating HCV.
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