WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5 10 P- SUBSTI TUTED CARBA- NUCLEGCSI DE
ANALOGS FOR ANTI VI RAL TREATMENT 15FI ELD OF THE | NVENTI ON The

i nvent i orwoeb@tssidgeneral |y to conpounds with antiviral PagttiSeemp414aDr e
particul arly nucl eosi des active agai nst Flaviviridae infections and nost
particularly to inhibitors of hepatitis C virus RNA-dependent RNA

pol yner ase. ? GROUND OF THE | NVENTI ON 20Vi ruses conprising the
Flaviviridag ily conprise at |east three distinguishable genera

i ncl udi ng pestiviruses, flaviviruses, and hepaciviruses (Calisher, et al.,
J. Gen. Virol., 1993, 70, 37-43). \Wile pestiviruses cause many
economically inportant animal di seases such as bovine viral diarrhea virus
(BVDV), classical swine fever virus (CSFV, hog cholera) and border disease
of sheep (BDV), their inportance in human di sease is 25|l ess well
characterized (Mennig, V., et al., Adv. Vir. Res. 1992, 48, 53-98).

Fl avi viruses are responsible for inportant hunan di seases such as dengue
fever and yellow fever whil e hepaciviruses cause hepatitis C virus
infections in humans. Qther inportant viral infections caused by the
Flaviviridae famly include West Nile virus (W\V) Janpanese encephalitis
virus (OEV), tick-borne encephalitis virus, Junjin virus, 30Mirray Valley
encephal itis, St Louis enchaplitis, Chsk hennrrhaglc fever virus and Zika
virus. Conbined, infectigBITYIUIEDGARE, IDEARALDGS y cause
significant WO 2009/132135Pg&jﬁg@@ﬁﬁ%ﬁg@ﬂﬁﬁuiﬁﬁhﬁﬁgfnDrtaI|ty, morbidity
and econom c | osses throughodU the WorTd: Tnerefore, 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
wor | dwi de (Boyer, N. et al. J Hepatol. 32:98-112, 2000) so a significant
focus of current antiviral research is directed toward the devel opnent of

i nproved net hods of treatnent

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 viras 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., J. Gen.
Virol.,, 1993, 70, 37-43). While pestiviruses cause many economically important animal
diseases such as bovine viral diarrhea virus (BVDYV), 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
yellow fever while hepaciviruses cause hepatitis C virus infections in humans. Other
important viral infections caused by the Flaviviridae family include West Nile virus
(WNV) Janpanese encephalitis viras {JEV), tick-bome 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



10of chronic HCV infections in humans (D Besceglie, A'M and Bacon, B. R,
Scientific Arerican, Cct.: 80-85, (1999); CGordon, C. P., et al., J. Med.
Chem 20080 24®/1311320; Mar adpour, D.; et al., Nat. Rev. BCTMUs200200i447 5(6),
453-463). A nunber of HCV treatnents are reviewed by Bynoek et al. in
Antiviral Chem stry & Chenotherapy, 11:2; 79-95 (2000). 15RNA-dependent RNA
pol yrnerase 70R#Rp) is one of the best studied targets for the devel opnent
of novel -HCV t herapeutic agents. The NS5B pol yner ase is a target for
inhibitors in early human clinical trials (Sommadossi, J., WO 01/90121 A2,
US 2004/ 90060921, morbidiie s %Mﬂﬁstomr&rﬁ@@u%%%weﬂ% &grt%}e gzed at
t he bi ochenmical and structural |evel creeni ng assays ent| fying
sel ective 2@eehioblevdop effBivEltentotgntsHor FRODL)d@. viRisanfeoien] . Exp. Ther.

297:1-10; De der E.. (2001 . in. ,Virol Bi ochem cal
targets such as I@gg %ﬁigg%onﬁ#t(é&\glﬁ%em%?aﬁﬁe WJL‘%‘*? %%Brdé%ea%‘i nce HCV
does not reploriatide (BdyvENE kador BEQRY. andsliher®oel & Qé@ﬁ]‘ﬁ@éﬁttfb&é ot Burrent
devel opi ng cel | -based assays and preclinical animl systens. Currently,

there are prﬁtlfrlr‘afﬁl Ir@,semblsahtepw ﬁwardéhﬁp@ﬁmmmeni Wavipréved neetimds|of gsatchent

of chr ol ¢ RS PREALEY BMEA AT AN bR s P R P B s Biek B8 T

reduci ng vi maherl%ht% (Davebsa,s (1399 Rddn, CARYL, et AXi.Cirey CcaRd. 209skppwmd: 0 | nduce
aneni a. The conbination of |FN and ribavirin has been reported to be

effective i M%rﬁ@%ﬂ%g@ﬁénwaéfReéhMm’Pczqqugﬁﬂot“ﬁ% 463} Stawmbet of HCV et al .
Drugs 2002, t}@%tmeﬁgllrégé@ ev}%ﬂt’o ?( aby %%Bm'%&? C@l%&tms%g/tﬁ.c%le\ﬁ%ﬂle%a%é?

30t r eat ment oW a persi stent her patent applicatl ons
t he use of fB&5d2800e anal ogs to treat hepatitis C virus include WO

01/ 32153, WO 01/ 74 WO 02/ 057287, ‘WD 02/ 032920, WO

02/ 1840i5 VWO 04/ Mipe%%%ﬁ@ 5255 AR Rpe 08F 2fithe Postsindieddanzets doal
treatments {Qrdddidp CREY

Therefore, dr udgs ha]!\llq:a %ﬁ%ﬁg?ﬁ%@ﬁ%?yg E:ntPSeV\ID 200%‘)%‘%%1%&&% ?Sr ljisbgg%g%g4l447
756. PF 5 anmlﬁhmnﬁmklvﬂlemaccmlgzﬂenalsé&mﬁcﬂm&mﬂrah@dl@ﬁilNAﬂyU&gar nst
devel opnent ved. oral bio | abil.it reat er

ef fi cacy, gv\@/b_@ég@g %@ esgl H@L%r“?“é&t Eeegﬁ&te@ﬁtvgwc?éaraéﬁflé%{?tﬁge hal f-1ife

in vivo (Debi'a’cﬁélﬁﬁﬁl&ﬁrd stRuct@ial Rlvel, (N@t@@@b@@tﬁﬂé'aﬁa&@for'ﬁ?@%ﬁ%ﬁﬁ@%@&tﬂre16) are
urgentlgqneeded Certaj n ribosides of the nucl eobases

pyrr ol ofQ, 2ififlitors( qu Eleraz En@001 )i Bharofatob Exn.ghr 292140t Pedieme, E. (2001)
d 1,2 4] t 41t h
boen i sof oged ™t Nl RS BisEmid Bl BRSNS e ot i B Gec e

Nucl eot i des H(CBQ%)aplék&(nl"e BCV d83-B30eplitat iraihe diofatb8idng iiseré AQWMhHculRE 30) ,

5339-42; Heteroc cles §199 , 34(3 569-74; J. Chem Soc. Perkin Trans. 1
1985, 3, 621t (éftye Opings rhaseézﬁésayeér Precitpighlgnimalogsfems. 229-38; WO

T L e LR

However 25 t hesdos amp ﬁuenﬂsomatpea (ot (TheE whddtsab asaﬁfoasqeu&eﬁwm f)ﬁ)éhrbﬂﬁ@ HCV
treatnent of HCV. Babu, Y. _S., W?2008/ 089105 and W)2008/ 141079, di scl oses
ri bosi des oftf§fjopsingumans.1 Ribevisinglens ia 2ptdfastive wowducirg viral RNehigvelsr bas,

anti-HCV, ag %xtlﬂi@&hmt)a%& WY wna0i ﬂdh%%gbl FEOILBM&N;H MNF and The

i nstant invention provides conpounds t Vi ruses
Fl avi vi r i dasb&armi hys beBh ecpionteé nt baoeffaliseircthaptan sgsn ano opcioes hf::}lﬂﬁt"ftts icnhi bi t

viral nucl ej Cj
{SofL Y et al. Drugs 2002, 62, 507-556) but less than half the patients given this

?osrng

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,
WO2008/089105 and WO2008/141079 but additional treatments for HCV infections

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



25 pol ynerases, particularly HCV RNA-dependent RNA pol ynerase (RdRp),

rat her than cellular nucleic acid pol ynerases. Therefore, the conpounds of

t he i nst anO 200wBat3son are useful for treating Flaviviri edag/uspdeosi4ens in

humans and other aninmals. In one aspect, this invention provides a conpound

of Formula I: WD 2009/ 132135PCT/ US2009/ 041447 756. PF R8 5R4 R2 Fornul a

or a pharnaggg%gcally acceptabl e salt, thereof; wherein: each Rl, R2, R3,
or RS i ependently H, ORE, N(le)2, N3, CN, NO2, 10S(0)"Ra, hal ogen,

(Cl C8) al kyl, (C4-C8)carbocyclylal kyl, (Cl-C8)substituted al kyl,

(C2- CB)aIkenyl (C2-CB)substituted aIkenyI (C2-c8)al kynyl,

( C2- C8) stibstand ah%mamh@Wgﬁlpromﬁiﬁer@hawﬁaacmwty against develggmentyf HY R, R2,

k
. R or” o0 SOLAGETh AIUNShOTE JOED 0KED. SRS LY.
15 form a daudbectdeddtective halfRéfe IerszRBDe R{dragsto, Mt aﬁ&OMnﬂ%ﬁl)Rd@éarch

0) R11, , 0) NRI I R12, -C(=0)SR11, -S(0)Rl', -S(0)2R11,
-gEO)(ORll) C(lsl(f%))azf(ml’it ycn(eﬁé%sizNRHRlz %l oz;en (01 (08) al kyl ,

Substi1uted al kensl ™oty i L;lﬁje‘éﬂ(aggtp%o?ﬁg LSRR, 5o §° )

aryl (C1i€8) &][ l<,§214]tmuasz6, iandhze] 11;2113[1,R&]tnamﬁ€ amenz,mm«emm{@@eﬂ{m 4}31‘1&1136

0( C0) 0- h dep tly H,
O S AR o 81 RIS
(C4-C8) car b%x&bﬂml(w% F@ 0/838%7 T&W@Wﬁ'd&%(m é (3%%‘9142
-S(0)R11, -S(0)2RL . -S(0)2 27 RY

H, - C( =0) oleIemr@()a:@z)v |(\[FQ912R132(3) w}m S'R(L'hz?m S(COJ’RICM Trans. 1 1985, 3, 621-30; J

Chem. Soc. Perkin Trans. 1 1984, 2, 229-38; WO 2000056734; Organic Letters (2001),

15 3(6), 839-842; J. Chem. Soc. Perkin Trans. 1 1999, 20, 2929-2936; and J. Med. Chem.
1986, 25(11), 2231-5. However, these compounds have not been disclosed as useful for
the treatment of HCV. Babu, Y. S., WO2008/089105 and W(O2008/141079, discloses
ribosides of pyrrolo{1,2-f][ 1,2, 4]triazine nucleobases with antiviral, anti-HCV, and anti-
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



S(0)2R11, -S(0)(OR11), -S(0)2(0R11), -S2NR11R12, or WO

2009/ 132135PCT/ US2009/ 041447 756. PF W 5w2 each Y or Yl is,

i ndependew0l2999/32135, NR, 'N(0)(R), N(OR), +N(0)(OR), or PRITNIR2009/041447 W
and W2, when taken together, are -Y3(C(RY)2)3Y3-; or one of WL or W2
together with either R3 or R4 isand the other of WL or W2 is Folinula Ia;
or W and 195%/%Fare each, independently, a group of the Forrmula la.: Rx (y2

y2

RB
X‘E
R7 / e \ N
X2
O—CH, \ No_
O N RQ
RS
R3 R‘I RS
5 R*  R?
Formula I

or a pharmaceutically acceptable salt, thereof;
wherein:

each R', R, R’, R*, or R’ is independently H, OR?, N(R%),, N3, CN, NO,,

10 S(O),R%, halogen, (C1—Cs)alkyl, (C4—Cs)carbocyclylalkyl, (C~Cg)substituted alkyl,
(Co—Cylalkenyl, (Co—Cg)substituted alkenyl, (Co—Cs)alkynyl, (C,—Cs)substituted alkynyl,
or aryl(C,-Cg)alkyl;

or any two R], Rz, RS, 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%)z, N3, CN, NO3, S(O),R?, -C(=0)R"!, -C(=0)OR ", -
C=ONRYRE, -C(=0)8R", -S(OIRY, -S(O),R™, -S(O}OR'Y, -S(0),(OR* Y,
~S0,NR"'R*, halogen, (C,~Cg)alkyl, (C4—Cg)carbocyclylalkyl, (C;~Cg)substituted
alkyl, (Co—Cy)alkenyl, (C,—Cs)substituted alkenyl, (C>—Cs)alkynyl, (C,—Cg)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,-Cg)alkyl, (Ca-Cs)alkenyl, (C5-Cgalkynyl,
aryl(C)-Cy)alkyl, (C4~Cy)earbocyelylalkyl, -C(=0)R", -C(=0)OR", -C(=O)NR''R'2,

25 C(E=O)SR', -S(O)R', -S(O)R, -S(O)OR), -8(0),(OR"), or ~SO,NR''R'%;

R’ is H, -C(=0)R"!, -C(=0)OR'!, -C(=0)NR"'R", -C(=0)SR"", -S(O)R"", -
S(O),R", -S(O)(ORMY, -S(0),(OR), ~SONR''R™, or



M2 Formul a | a wherein: each Y2 is independently a bond, 0, CR2,

NR, "-N(O)(R), N(OR), "N(O)(OR), 15N-NR2, S, S-S, S(0), or S(0)2; each Y3

is i ndepewoentdp2035 S, or NRR M2 is 0,1 or 2; each Rx i ®Cirrusepe/dant|y RY

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

2009/ 132135?%/13%82009/ 041447 756. PF

each Y or Y' is, independently, O, S, NR, "N(O)(R), N(OR), "N(O)(OR), or
N-NR3;

W' and W*, when taken together, are =Y >(C(R¥),);Y"-: or one of W' or W
together with either R® or R* is ~Y°- and the other of W' or W is Formula Ia: or W' and

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

R*
M2

Formula la
wherein:
each Y is independently a bond, O, CR,, NR, "N(O)R), N(OR), "N(O}OR),
15 N-NRa, S, S-S, S(O), or S${O)y;
each Y? is independently O, S, or NR;
M2is0,1o0r2;

each R” is independently R* or the formula:

Y1 Ry RV Y'I
Ry
Y2 Y2 Y2
\ P ANAN M1d
M1a

20 wherein:
each Mla, Mlc, and M1d is independently 0 or 1;
Ml2¢is0,1,2,3,4,5,6,7,8,9,10, 11 or 12;



5each RY is independently H F, d, Br, I, OH R -C(=Y1)R -C(Y1)OR -
C(=Y1)N(R) 2, -N(R)2, -+N(R)3, -SR -S(0)R, -S(0)2R, -S(0)(0R, -S(0)2(0R),
-0C(=Y1) ORD 20003218%) (N(R) 2) , -SC(=YI)R, -SC(=Y1)0R, - SECENEREBIORM12],
-N(RC(=Y1)R, -N(RC(---Y1 )OR, -N(RC(=Y1)N(R) 2, -S2NR2, -CN, -N3, -NO,
-OR, or WB; or when taken together, two RY on the sane carbon atomforma
10carbocyclic ring of 3 to 7 carbon atons; each R is independently
H (Cl-C8) dP&yF, (Cl1-C8) substituted al kyl, (C2- C8)al kenyl, (C2-C8)
substituted al kenyl, (C2-C8) al kynyl, (C2-C8) substituted al kynyl, C6-C20
aryl, C6-C20 substituted aryl, C2-C20 heterocyclyl, C2-C20 substituted
het erocysl yl, ar yhal ik e @mﬁﬂy}we@h%yﬂ kW, ; cé@/‘@m@ Wihoir, VWb, WA i's
R -C(YDR C%&) -SO2RY, or -S02W; and W carbocycle or a

het er ocycl e GKR&D) (R)zvﬁ\’(ﬁézerﬁ&@@en@%ms@ﬂ%u%@)ulﬁu@é@)(%hsﬁm@@ RY gr oups

N R11) oRLL, R TN T2, R 1 TNl SEE T S R G enris

- CH=N( ORI 1)sa~ﬂﬂ(r@m )J)h?(R)eﬁxt‘@RNN(RRl%Y cﬁﬁ) NWM@% GO ARKYLCN,

(C2-CB) al kerl&3 l& N%/nyl (C4-C8) car ocycl optionally
substi t ut ed —&byth OBp‘QPON)a yoswbsmtakmmeiﬂleté\m }bhthesa@(e:r@)rk(oﬁlatmﬁa‘nkgll,

~5(0 OR' or SR11 h RO or RL
|n((je2)e51 nt Pé‘%ﬂF%ﬁiSFBéﬁ gg‘Nﬁ f“‘éf% ayON*(SRll) O(F){rll NR 1§%C1R12 %05 NSI SNo NO2,
Clg(o’—omhllgf(z NR%E(tCJa)SR 1NS-R11 ht a}{ S@Hcg) ng%gc su@fﬁt@é%ﬁ(% (Cy- ch RH
or R12 is iﬁ‘dbﬂ@nmle aLQ}s)HubS(t@terd:gl)kamyGCz Qsmm@syia[(keﬁylsubs(tmemyamynw

(C4- C8B) car bocygl ?y_l Ik tuted .a opt ﬁy

subst it ut edefﬁ @@%8/27 Cag SL%(&W%(% %Cgﬁ Q?”Rbfterocé‘(léfg 20@3 or

aryl (G - C8) akisdtlcyclon a,? al@]d)r@&bfastﬁnﬁg&ﬂ'yiawt her 30 W|th a ni trogen to which
they are both attache a,3to nbere Qeterocycllc rlng V\/nereln any

one car bdn atom 6‘?3@&‘( cDTH@ SV o - C&Yr)RﬁgCé‘éﬁ%ptS%ﬁéJ dry SOW ,eﬂgmlda{\&fed; aMth -

0-, -S or n eac Cl - C8) al ken al kynyl
or aryl (G - E8Pape of, e&%e%% ‘ﬁfhfrdéélgg\%zsls lgéﬁpeﬁé%ﬂmubwme%wt 7. .33%)

i ndependent gptionally substituted with one WO
2009/ 132135 CT/pU82009/ 041447 756. PF 5 or nore hal o, hydroxy, CN, N3, N(Ra)2
or ORa; and wher effqi??éng?brisnnieeeruientfhé R‘lonrNerm nal carbon atons of each

said (G -C8)al kyl t CPRCRS 0| g In
anot her aspect, %ng%rl%g%l Q{En]% ]ﬁ&?rﬁ ngﬁpgﬁi &\ES@?} P—‘Tﬁﬁpa | and
phar macewt i cal, LgHgﬂqeb} a@HemﬂJ{R‘é IdT@ﬂ@@)‘R émct:g{ ergcmamﬁRllgmhntl omers,

di ast er eor ner s, 0,,t aut omers poly pseudop olynnrphs and annrphous

forms ther eo@(“S)NR R b rCEROORe I (@sﬁa@?}’l t(ﬁecp)ﬂél%m (EnUentkiyoyl. provi des

Yt A B RN A e R
i nvention rr@qu))@m b:lg)ta}k\y[ I-8{0 A= @gﬂgﬁd@g}t((}ﬁ@%ﬂ@w@gﬁ@g}{ahd t hus inhibit
the replication of the virus. They are useful for treatin

cach R” or R' is mdepen ently H, halogen, NR''R" ,NR™MOR™, NRNRRP,
25 N3, NO, NO,, CHO, CN, -CH(=NR'"), -CH=NHNR", -CH=N(OR'}), -CH(OR "),
-CE=ONRRY, -C(=S)NR'R", -c(=0)OR!, R!", OR'! or SR'!;
each R" or R" is independently H, (C;-Cy)alkyl, (Cy-Cg)alkenyl, (C>-Cg)alkynyl,
(C4—Cs)carbocyclylalkyl, optionally substituted aryl, optionally substituted heteroaryl, -
C(=0XC}-Cy)alkyl, -S(0)(Ci-Cs)alkyl or aryl(C,-Cglalkyl; or R and R'? taken together
30 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*®-;
wherein each (C-Cg)alkyl, (Co-Cgalkenyl, (Co-Cy)alkynyl or aryl(C,-Cg)alkyl of
cach R', R:, RY, RY, R, RE, R or R s, independently, optionally substituted with one



15human patients infected with a human virus such as hepatitis C In
anot her aspect, the invention provides a pharmaceutical conposition

conpri si nyoanoef3sst i ve anount of a Forrmula | conpound, POT/U2009/041447
pharmaceutically acceptable salt thereof, in conbination with a
pharmaceutically acceptable diluent or carrier. 20l n another enbodi nent,
the present -3ppli cation provides for conbination phai maceutical agent

conpri si ng: a) a first pharmaceutical conposition conprising a
conmpound of Forrmula I; or a pharmaceutically acceptable salt, solvate, or
ester thereof; and b

) & second pharmaceutical conposition conprising
at | east - on&" B baedadroxs: CNg be.dpdutios Ogerid whirgaad of mers efifke geoup
consi sting @fjin L6k IRVt it E i.nhihitarse NSba
i nhi bitors, ar[d rl) a- élfbﬁcg@?ﬁgggg% dlamﬁ%ia(?sggrlgjg%%ac o%ﬂ{oﬁ%@?eﬁﬁcg{?ﬁbs,e’ >
hepat opr ot eot abRS, non- nucl eosi de i nhibitors of HCV, and other drugs for
treating HCV. In another enbodi nent, the present application provides for a
met hod of 30 i niv bidthar@sHCV tHopryseRE Asenti GORPIHEE ddehRARNISEEdRGuR 16al |
infected with HCV with an effectjve anpunt of a conpound of Fornula I; or a
phar maceut | PAFIACEaY agrrablgisalés thergpl andall rpemees. apiomere digsfereomers, | n
anot her ;@nbogi eaL . vok I i rQvi t hod of
inhibiting BV p%%’fﬁe’?g%rg{&?g%??@ ngﬂ%‘%ﬁtg%{?‘f’ﬁ’\gﬁogﬁ"e et ed with HOV
with an WO 2009£132 PCT/ US2009/ 041447. 756. PE 5effective anmpunt o
conpound of For it g“ﬂjf?e?&?peﬁgghe FrECett ey I%/roggﬁselb({vggfoén%oéﬁ“? o O&T\‘}Lﬁg
and/ or est efvitthetieny sgaandintéctbeaslananedaddhist aithdherisiieytd ke RERALy | N
anot her enbodi nent, the present_ application provides for a nmethod o
treating an8oFy-presramonnds of thy vearioncaasiblitsyvisal RNAndepantientRNh wher ei n
the viral i j ' AN 0 .consi sting
of dengue vivag e erpE R aE B TR RERETIOIR bRy dhohBuRe
encephal$t i dumin pstentd iokecledwith eineepheilistsush wd Kgpatitiddnj i n virus, Mirray
Val | ey encephal i ﬁi s virus, St Louis, encephalitis virus, Orsk henorrhagic
fever virus, bovih@RF &rpegh SeREA PP I A aRhaypaqratic oPRpdEet i s C virus;

by admi ni st g5 nesih©afcFUE Ghnolit eGSR 180N uﬁ&z%%ﬁ%a%amcm ffective
anount of a conpound of Fornmula 1, or a pharmaceutically acceptable salt

t her eof . 15kercanbterselt temtyddinmembinatihe withesgnrmappticabtdcorptghlodildasof or a

met hod of treating HCV in a patient, conprising admnistering to said
patient a th&'&peutically effective anobunt of a conpound of Fornula I; or a

phar macemt i cal |y [ eeed apbedisatht, thSpeyat Sppl RAGOProdRIce forlh@biRfien | N anot her
enbodi ment, the present application provides for a nmethod of treating
pharmaceutical agent comprising:
a) a first pharmaceutical composition comprising a compound of Formula ;
or a pharmaceutically acceptable salt, solvate, or ester thereof: and
b) a second pharmaceutical composition comprising at least one additional
25 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
30 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



20HCV in a patient, conprising admnistering to said patient a

therapeutically effective amount of a conmpound of Fornula I; or a
phar macewoDcatdp2Bscept abl e salt, sol vate, and/or ester PCharse@b/o4and at
| east one additional therapeutic agent. Anot her aspect of the

invention provides a nethod for the treatnent or prevention of the synptons
or effects of an FICV infection in an infected ani mal which conprises
25admi ni ster/hdFto, i.e. treating, said animal with a pharnaceutica

conbi nati on conposition or fornulation conprising an effective anount of a
Formula | conpound, and a second conpound havi ng anti-HCV properties. In

anot her - aspegketivieiehduV 8N dipodhd Of PEAVIIAESra ot mgu@a‘ankfabé#a%i&%}tﬁw’
conprising adm nistering to a manmal infected with HCV ah anbunt of ‘a

Fornul a | 36elgagotnsdr catfer tistaofiantd ot lenstiopi ddilenal dpirapeatic egenof HCV i n

i nfected [1s i i |. In_another aspect, the i.nventjo | so
orovi ties pr ocess 8 AEer B Rnont dp SBGHAT auSHREEH kil B MG ehrsias
useful for ph@papichentinglardidedsd cad QINBUNGSa] Qfifebtid WRMERhOMral iifeQtdnaE

aspects, novel methods for synthesis, analysis, separation, isolation,
puri fi cati ofusghiy aotap pdegedbmomahgisoa epriastior of Hengsevpoangdowfieten vaus,

i ti / 5 ] 0 7 .756. P rovi ded.. DETAI LED
DESCR P O CE EREAE R ENB NERTE FaFe fah e Gt halh e e et ai 1
to certain dfdragi Viehtyysnedphtlies virnest Lans erlbQshaimghass, @hmwhbekorafagic fever

illustrated in the acconmpanyi ng description, structures and fornulas. Wile
the inventi ému%mtbPVmSéﬂfa RATI5R M h Zeleny THS P diepaitisnC viEs: dy pderiistetng to a

enbodi ment s, .jEct‘M kéedgﬁerh'(g‘tdaeﬁl&taﬁ%qgic%{l}@%fféd?ﬁ)é aﬁlroﬁnt?c%{ea c{oﬁ{}%ﬂ?&f gf F&Auila j t the

invention to those enbodi nents. e contrary, t ntion s intended
to cover al br abh@mmagiticeldy acreptelhle salt ilen®f. and equi val ents, which may be

i ncluded.within the scope,of. th resent 135 nvention. Ln another aspect,
conpoung% of For ?%@?er p@oﬁigﬁpggﬁwrgﬁmb@p ’(?F“i“?ﬂﬂ’r&v%s fgr g mpethod 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.
In another embodiment, the present application provides for a method of treating
20 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
25 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 |
30 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



X2 R9 R2 Formula Il or a pharmaceutically acceptable salt, thereof;
20wherein: each RI, R2, R3, R4, or R5 is independently H ORa, N(Ra)2, N3,
CN, NO2, 8opode213kal ogen, (Cl-C8)al kyl, (C4-C8)carbocyelCyiuskeoglogi447
(Cl-C8)substituted al kyl, (C2-C8)al kenyl, (C2-C8)substituted al kenyl,
(C2-C8)al k3nyl, (C2-C8)substituted al kynyl, or aryl (Ci-C8)alkyl; WD
2009/ 132135PCT/ US2009/ 041447 756. PF 50r any two Rl, R2, R3, R4, or R5 on

adj acent caflb@h¥at ons when t aken together are or when taken
together with the ring carbon atons to which they are attached form a
doubl e bond; R6 is ORa, N(Ra)2, N3, CN, NO2, S(0),Ra, -C(=0)R11,

-C(=0) OR41, rovfded- 0) NRLI1IR12, -C(=0)SR11, -S(O)R', -S(0)2R11 , -S(0)(OR11),
- ( 0)2(0R11f 10" - S2NRI 1R1 2, hal ogen, (G -C8)al kyl,

(C4- C8) car bocycl yl al kyl, (C1- 08)subst| tuted al kyl, (C2-C8)alkenyl,
(C2-C8)substituted al kenyl (C2-C8)al kynyl, (C2-C8)substituted al kynyl, or

o0 coro: Fhab! B PR o S BN ARC R BRSNS

(G -C8)al kyl, (C2-C8)al kenyl, (C2-C8)alkynyl, 15aryl (Ci-C8)al kyl,

(C4-C8) carbocycl ylalkyl, -C(=0)R 11, -C(------ 0) OR11, -C(=0)NRI 1R12
=0) SR11, -S(0LR | | {S(0)2R11, -S(0)(ORL1), -S(0)2(CR 1 1),
- S2NR11R12; cfepgnep avillnow be-amdr 1 detail to ggriagy) gRaadimentgpf thﬁ@}mmgmz

- C(=0) SR, ez ALRMhwhich SeQh 2Rk it HeDb IRy ing D AARDorurc SRR 1RL2,

or 1(1
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 Formula I are represented by Formula IT:

Formula IT

or a pharmaceutically acceptable salt, thereof;
20  wherein:
each R', R?, R’ R*, or R’ is independently H, OR?, N(R®),, N1, CN, NO»,
S(0),R", halogen, (C,~Cs)alkyl, (C4—Cg)carbocyelylalkyl, (C—Cg)substituted alkyl,
(Cx—Cglalkenyl, (Co-Cy)substituted alkenyl, (Co—Cglalkynyl, (Co—Cg)substituted alkynyl,
or aryl{C,~-Cglalkyl;



w2 20each Y or Yl is, independently, 0, S, NR +N(0O)(R), N(OR), 'NO)(OR),
or N-NR2; W and W2, when taken together, are -Y3(C(RY)2)3Y3-; or one
of W or wo?2ogsetsér with either R3 or R4 is -Y3- and treTatshew/oofs4W or W2
is Formula la; or W and W2 are each, independently, a group of the Formul a
la: | 25M2 WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5Fol i nul a 1a wherein:
each Y2 is independently a bond, 0, CR2, NR, +N(O)(R), N(OR), +N(0)(OR),
NNR2, S, S/%7F (0), or S(0)2; each Y3 is independently 0, S. or NR, 10M2
is O, 1 or 2; each Rx is independently RY or the formul a: y2 Md

5 or any two RI, Rz, R’ , R“, or R®on adjacent carbon atoms when taken together are
~O(CO)YO- 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,, S(0),R?, -C(=0)R", -C(=0)OR'", -
CE=OINR'RY, -C(=0)SR", -S(OIR", -S(0)R Y, -S(OY)OR™), -S(0):(OR™,

10 —SO.NR''R', halogen, (C;—Cy)alkyl, (C4—Cg)carbocyclylalkyl, (C1—Cg)substituted alkyl,
(Cy-Cy)alkenyl, (Cr—Cg)substituted alkenyl, (Ca—Cy)alkynyl, (Co—-Cs)substituted alkynyl,
or aryl(C,-Cy)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-Cg)alkyl, (Co-Cyg)alkenyl, (C,-Cyg)alkynyl,

15 aryl(Ci-Cg)alkyl, (C4~Cg)carbocyelylalkyl, -C(=O)R', -C(=0)OR", -C(=O)NR''R ", -
C(=0)SR", -S(O)R"", -S(0)R"", -S(O)ORM), -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™), -S(O)R(OR), —=SO,NR"'R'?, or

Y
|
W1’”//P——§
w2 :
20 each Y or Y'is, independently, O, S, NR, "N(O)(R), N(OR), 'N(O)OR), or

N-NRz;
W' and W, when taken together, are =Y >(C(R*)2)1Y>-; or one of W' or W
together with either R® or R* is —Y*- and the other of W' or W*is Formula Ia; or W' and

W? are each, independently, a group of the Formula la;

Y? \
RX Y2—P \&

25 M2

10



wherein: each Ma, 1\41 c, and Md is independently O or 1; 15M 2c is 0, 1,
2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12; each RY is independently H F, d,

Br, |, ORWWORPYIEBYL) R, -C(=Y1)0R - C(=Y1)N(R) 2, -NR)PCTAINGRPB41445R,
-S(0O)R, -S(0)2R, -S(0)(0R), -S(0)2(0R), - OC(=-Y1)R -0C(=Y 1)0R
-0C(---Y1)(N(R2), -SC(=Y1)R, -SC(=Y )OR, - SC(=Y1)(N(R2), -N(RC(=YD R
-N(R) C(=Y1)OR, -N(R)C(=Y1)N(R)2, -SM2NR2, -CN, 20 -N3, -NO, -OR or WB; or
when t aken t/6g&ther, two RY on the sane carbon atom forma carbocyclic ring
of 3 to 7 carbon atons; each R is independently H, (Cl-C8) alkyl,

(G -C8) substituted al kyl, (C2- C8)al kenyl, (C2-C8) substituted al kenyl,
(C2-C8) al kynyl, (C2-C8) substituted al kygpyuia G6- C20 aryl, C6-C20
substituted aryl, C -C20 heterocyclyl, C2-C20 substituted 25heterocyclyl,
aryl al kyl or subsbeteited arylalkyl; WB is W or W6; WA is R -C(Y1)R
-C(Y1) W, -SO02RY,_ 0r,>.S02Wb: an [ r bocy. t e
wheren 6 1o i niBenderneity ¥ pobd e itnREC TSGR RS BRRE ¢
and each XIN-Independeni bys@RL or N WO 2009/ 132135PCT/ US2009/ 041447
756. PF 5each R8 1s independently hal ogen, NR11- 12,11 N(R )OR11 , NR1111's
12, NRN3, NO NCEa,0hOa®,s irdRpenderil=AR319r, NRCH=NHNRLL, - CH N( OR11),

-CH(CRliL%Z, C(:%R%%glz . -C(=S)NR11R12, -C(=0)0R1l1, (C1-C8)alkyl,

(C2- C8) al kenyl , > 5)512’kynyl , (C4-C8)carbocycl yl alkyl, optionally
substituted aryl ecacafit*iion@kpohderidsRY bhethrigfgr oaryl, -C(=0) (G - C8) al kyl,
-S(0)n(C1-C8)alkyl, aryl (Cl-C8)al kyl, OR11 or SR, 10each RO or R10 is

i ndependently H, hal ogen, NRII 2, UK NRI 1NRI
- CH(=NR11), -CH=ENHNRLL, Y- CH N (OR11) 2
-C(=S)NRI 1R12, - :

i ndependently H, (
(C4-C8) car bocycl yl

substituted hetengatyl, - M12¢c
M1ia
wherein:
each Mla, Mlc, and M1d is independently 0 or ;
15 Ml2cis0,1,2,3,4,5,6,7,8,9,10,11 or 12;

each RY is independently H, F, C1, Br, I, OH, R, -C(=Y")R, -C(=Y")OR, -
CE=YINR)2, -N(R)z, - N(R), -SR, -S(O)R, -S(O)2R, -S(O)(OR), -S(0)2(OR), -
0C(=Y"R, -OC(=Y"OR, -OC(=Y")(N(R),), -SC(=Y")R, -SC(=YOR, -
SCEYNNR)), -NRICEY DR, -NR)C=YHOR, -NR)IC(=Y IN(R), ~SONR., —CN,
20 ~Nj, ~NO,;, —OR, or W3; or when taken together, two R’ on the same carbon atom form a
carbocyclic ring of 3 to 7 carbon atoms;
cach R is independently H, (C;-Cy) alkyl, (C,-Cs) substituted alkyi, (C,-
Cs)alkenyl, (C,-Cy) substituted alkenyl, (C2-Cy) alkynyl, (C2-Cy) substituted alkynyl,
Ce—Cyp aryl, Ce~Cyy substituted aryl, Co—Cy heterocyclyl, Co—Cyo substituted
25 heterocyclyl, arylalkyl or substituted arylatkyi;
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 R”
groups;
X?1is C-R'" and each X' is independently C-R' or N;

11



15 C(=0) (G -C8)al kyl, -S(0),1(C -C8)alkyl or aryl(C -C8)al kyl; or RH and
R12 taken together with a nitrogen to which they are both attached forma 3
to 7 menbeoedodseBsocyclic ring wherein any one carbon aComsed0daisd7

het erocyclic ring can optionally be replaced with - 0-, -S- or -NRa-;
wherein each (Cl-C8)al kyl, (C2-C8)al kenyl, (C2-C8)al kynyl or

aryl (Cl1-C8) al kyl of 20each RI, R2, R3, R4, R5, R6, Rll or R12 is,

i ndependent 7§6.PBptional |y substituted with one or nore hal o, hydroxy, CN,
N3, N(Ra)2 or OR% and wherein one or nore of the nonteiiiiinal carbon atons
of each said (C/-C8)alkyl may be optionally replaced with -0-, -S-or In
one enbodi nent o alr1p ( ahky -C8)
25 al kensl or (Cfé:&-wthm93 &%ﬁdd@&lf%ﬁgﬁw asﬁ;)ecl}t](lﬁgf)b% %%%d?m#t3’ﬁ% is
(C, -C8)al ky[NOvlﬁHéhéﬂ\he@H@ﬁEED -6H=NAISR & s eidh- NeDR '), REHOR Mgt hy | CH90—I

rcr:::t2 Eyl ?t Pﬁnaé%t(ﬁgrl{e r%ﬁtﬁagg E(E@’Cﬁﬁ er{%gﬂgﬂewéﬁéﬂg@?l Ly n one 'S
enbodi ment @&ﬁ%?’”*@ﬁdg)caﬁ%@cﬁ iy OBptiodli ?%gstitﬁ{%d Eugy’ %ggﬂ(y%g 1;1ta%d

30hal ogen, -08 substituted alkyl,
( C2- C8) subshetertaed, -&I(k@)({], CgIa@s‘Z_sLl GSI@}H@lngd)alkg} afy O, €8) dkifdsORt UdreiR ‘&l kynyl .

hl anent ] n2ohel ke rAabl IR SNt D helenp MR Nﬁ%@wwﬁ%w@wéﬁa or

hal ogen InNg,an@hg[), @CCNotCH{nm?éjrbgggm@m U REH-SN @gen and Rl
is H al % - epyl or WD 2909/ 13213 fUSZ 09/ 041447
756. PF 5(C2 féﬁﬁﬂé IRyrR/ C(?S)bfﬁo Rar-Casper’ gt tBRS cgrﬂ?odl ment, R2 is ORa or

o St TEA o oo BT . e D g1 o
et henyl , or (@mwﬂbocwy@mg)t Bﬁﬁoﬂii?fsﬁﬁsftﬁﬂc@w%tl@ﬁalfﬂuﬁstﬁﬁﬂé@%ﬁ%l R2 Is

ORa and Rl is H 1In another preferred aspect of "this embod I ment
and Rl i% HC(ﬂ=<a)(§n6fa}a§¢yi,p8@)eﬁGIe(ék)akﬁentarmc;tfﬁa)slkelnbo& nmdtR RARen S)gittblil and

Rl is H nethyl et h ny. th referred
aspect of t Wl]té aé}%%%ﬁnrtr% W?ﬁdhﬁﬁw %m%%h %ﬁ‘gh r{jletto ggﬁtﬁﬁc?"élﬂ rél’rg| y
preferred aspefin &y diicsrbenhagh FEaid h&&obﬁdfaﬂlr@m&n Bﬁgb&l l}y laced with -

one enbodi nent of Forpula I, R3 is H OR', N(102, , hal ogen

(C1- C8)al kyp \SCQE&Eal kenyl or (C2- 08) al kynyl In one aspect of this

L in anot her pr 8GR a 3 1GEEDoRy P E RRERA RErt o Mghil F JBTZC T8 Rop © 19
hal ogen2@ndedih R'sRH,R’( &S, I@SR%}[RRS/M R](2@ﬂmpelaiehﬂﬂwpmﬁal(}@b@&)lﬁﬂ kithydne I n
anot her aspect of hIS enbo is Oe or Fand R is H,

met hyl , CH2@HDO  bEHREF: N%ﬁ%@w ﬁm%R d %dmﬂﬁpnggb@efe Fithe Brs

enbodi ment, t(ﬁ%ldaﬁziﬁooﬂ:‘%@l‘n§ O%Ch%aﬁli( dﬁ%lwh% c#p@loﬂﬂgla%gfaﬁm%tomst hi's

enbodi nent, 20 ) er aspect of
this errbodlneFNR—RB is H, R2 |s O?or Fand Rl is H |In another aspect of

this enbodinent, R3 is H and |.n_anot her a of this
embodi ment, eachlRne GI@OQH’&G%Q% h¢ fpycphgn Qﬁ#?@l‘ﬁiﬂ R™1s (C%TQS)@Z@ g@?ﬁ@@) ment

s T

25enbodi mentnothé akgecOR” thxsld’n’c@ﬂﬁﬁdﬁﬂ; Rlpll’s efeelr}rl e@HﬂBHQBCHsIQfeﬂielﬁyls ocehodiiment, R4
is de, R2is Qe or halggen and Rl is, C2-C8) al kenyl or
(C2- C8) al kyhTeierTs aapest A pHRIdimey- gsﬁé%qthﬂf 1’@ ﬁv@h@rﬂs TR AwectRf this” O e,

R2is de ogm’g@dﬁgg@Ra&q{_Rl is
In ene embodiment of Formula II, R? is H, OR?, N(R%),, N3, CN, NO», S(O).R",
30 halogen, (C,—Cy)alkyl, (C;—Cg)substituted alkyl, (Co—Cyjalkenyl, (Co—Cs)substituted
alkenyl, (Co—Cglalkynyl, 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, NHa, N3, CN, or halogen. In another aspect of this
embodiment, R? is OR? or halogen and R' is H, (C—Cg)alkyl, (Cr—Cy) alkenyl or

12



H I n another preferred aspect of this enbodinent, R4 is Ae, R is OR" or
hal ogen, R3is Hand Rl is H (G -C8)al kyl, (C2-C8) al kenyl or

( C2- CB) alworge9/13krssanot her preferred 30 enbodi ment R4 | $CORS200RB41487 ORa or
Fand Rl is H nethyl, CH2OH, CH/F, ethenyl, or ethynyl. In another
preferred aspect of this enbodinment, R4 is OR', R is OR" or F, R3 is H and
Rl is H nethyl, CH2OH CH2F, ethenyl, or ethynyl. In another preferred
aspect of thegspenbodi nent, R4 and R2 are, independently, OR' and Rl is

met hyl . I n another preferred aspect of this enbodinment, R4 and R2 are,

i ndependently e, R3isHand R is W) 2009/132135PCT/ US2009/ 041447 756. PF

5met hyl . | ferred t..of t di. , tak
Sogether® et TtaRh SR RE ARG o) epBofafRy R stk fed RpiFer r od
aspect of t Ricshy@nbRADHEOH,F, eﬂengf omhpryr%rgl@@readdpéchef@tsr@ﬁbdaﬁmaﬂ Rf R2

is OH . In another preferred aspect of this enbodi nent, one of or R is
d e wherei nﬁR@ﬂ%dﬁoﬂSﬂ wathyt KL A& efkandr orrphyngl. G another REfQ}“@dH and

Rl is rrethyl r of.e ) hj.s nd R2 are
oot R 2ol RERSha Rl i ARER, i, MR BR g AR

enbodi nent , eiodisetl, ®* iR2HI asldqﬂaser IrFanoaml peﬁeﬂﬂed%:!spaadfﬁﬁs eBbddliment, RAQE her

preferred aspect of this enbodinent, R4 and R2 are, independently, OR and

RL is HO| nFangfhas Hpmethut (dHOLE (&, gihenyli & chwolli Weanotherareiasdropast of

d dent
hi s enbodi LineopgfRanERES OR GRS s BB BFLAL BBARPBE 7 and
R3is H |nemhed1mmocra2ne@ﬂamﬁr#osmeﬂmrr R5 is H N(Ra)2, N3, CN, Sle,
hal , (C/-C8)alk ke | . | th t
o1 20 o oo iR e g T ARG 0 Sl

0) OR11, : 1
- SCenr11R12 ChSTS @’f‘*@r‘%ﬂ%‘%ﬁﬂéﬁ B3 ort SR By B 2O )
(G - C8) subsH dri. eId aajrk&frcd ap2etCh)this Iem’mysﬂl,me(nCZ% G@8Hs ubaﬁmthett;&dfe&b& eett, of
(C2-C8) al kynyl , ybstl tut ed al kynyl, aryl (G C8 aI kyI | n anot her

aspepct of ~ thi %‘“@?ﬁd’é‘d%@nts A 15 ORGag ha}l‘&éﬁhﬁ@ RNg H, 6N~k yIS(@y Cs)Ra,

<o Cors) - eI CRE e REDNTHARE oy Sl b B T e SR

25( C4- CB) caaﬂixDRw:slPrlxﬁézkyﬂ CHQ@Bi @I)zﬁtéiﬁédyl Wk eghyalik ik an&tﬁara@gaoabkelwl
(C2-C8)substituted al ken (C2-C8)al kynyl , (C2-C8)substituted al kynyI or
aryl ( C1- C8) 8mRydimgAY RRss SRHSQ& angR " i micthah) bl gopther pgppotag)this eamypfimsnt,

500) " e - b SO 961 BRRARAR L T  rRA G R ennd Rgsg il

-S(0) 2R11 oece) EOR1R) ;s HS@QMtﬁ)ﬁhsﬂ)e)ci oflﬁmm&t RadsdyarT,is OH and R is

30(C-C8)su | tut ed al )al kenyl ., (G2 ssubsti tu,t ed_al kenyl ,
(C2- C8) al kyhYy e@%?fstb’éé’ﬁbf) etk Ryl K Nt eNH et hyl

et henyl or ethyn M n t f
onbod! ment RS Igﬂ%}egﬁlnﬂ@&éﬁ oapgmrrﬁamds rg)”oﬁ 94y, @gw SROf hdidles,

- (- - 0) NRI 112 Cx)alityd, QT SRlJalkerS{ 6) RLECs JaBiyBy 2 b, plef‘ﬁ(r&) é@E’dIb)f ihls WO

2009/ 132135PCT/ US2009/,04 447
551 emb oéJ ent, ?l 9 . Tn another preferred aspect of this embodiment, R* is OR®, R? is

OR? or halogen and R' is H, (C1—Cs)alkyl, (C2—Cy) alkenyl or (Co—Cg)alkynyl. 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,~Cy)alkyl, (Co~Cs) alkenyl or (Co—Cs)alkynyl. In another preferred

30  embodiment R* is OR®, R’ is OR® or Fand 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
Hand R'is H, 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
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756. PF 5S(0)2(OR 11), -SM2NR11R12, hal ogen, substituted nethyl, ethenyl,
substituted ethenyl, ethynyl, or substituted ethynyl, R5 is Hor N3, R4 is
ORB, R3 iwOHMposamsei3R2 is F or ORa. In anot her aspect of wPrhirasSesodisment, R6
is ORa, N3, CN, S(0)"Ra, -C(=0)R1li, -C(=0)0R11, -C(=0)NR111212, -g=0)SR11,
-S(0)R11, -S(0)2R 1 1, -S(0)(OR11), -S(0)2(0OR11), -SO2NR11R12, hal ogen,
substi t ut ed 798yl , ethenyl, substituted ethenyl, ethynyl, or 10substituted
ethynyl, R is Hor N3, R4 is ORa, RB3is H R2is ORa and R1 is nethyl,
CH20H, CH2F, ethenyl, or ethynyl. In another aspect of this enbodi nent, R6

2 ey 13 oy Sk S o SR R R e Sl

substi t ut ed orethgl, R’et HeRYIR' iSmbEYI, tIMta8thet hrrfded 2§ &Y@ﬁ’t’h;s é?ﬁbo%lﬁﬁéﬁ'éﬂét ed
ethynyl, R3 and R5,are H R2 and R4 15are, independently, ORa, and Rl is

methyl . In &hBt FER’ WEPEcmddhe ethero Brood’ ﬁ%ﬁ‘H angthoRprefertdd, asi@iyf o8hd) " R1,

"5 0) b ort ) ERRDTRYER RER R et R i R g it R e R O

subst i t ut ed RétshEnaHd, R ik yetiwll, Troanosieb pdférddedpedt by oy em&ﬁﬁﬁeﬁlR Rai RhgkeR5 i S
mplependently, A e. In another aspect of this

H, and R
enbodi nﬁﬁt " R o B ind 55 mle, Ingoshererefarsdopert of thissraipyiaran, R is OR,

0) NR11RR2; 5 d R11),
g i R R 5as T R PR s hy TSR e e s Bl
et hynyl , or RéahéRT tuet edemndyntlyl, ORXAnARd iB. mﬁmdfber@zefama a@eanﬁﬂ% and RI

i thyl . | t her . t of thi CN, S(0)R,
& o Ry, cepBfai BB prnier st pakkh K spajeei. IspopRiL,

25S5(0) (OR11)y; 0RANRI 1 a t
et h((anill( su ;ﬁ%ﬁ%ﬁégﬁﬁgﬁm eth ygyﬁg%drﬁshﬁggﬁ S?%g’saté% hé%@?)dmf% A,WAF%ghand

R5 are &achRHamhB ®RHand R4 are OH In anot her aspect of this enbodi nent,

R o) SSi‘l s okt HegBpoiee ORI Bt ORSNRs e S MoK KsteesRR | Rz,
hal ogen, E@;LUM@# (@ld)g}ﬁikergﬁ Bre(Uch)%u@ﬁw tIHtaﬁ@kh&teﬁséaf 'oftﬁsoé{nﬁa/dﬁ%m or

substituted e and R t aken toget her

0(C0)0-, anB R(%Rs NEREhyNs, CthihoS(@ﬁRas@éﬂ)Rb‘f ’&JWCE)O@%@G(#@M“% is ORE,
N3, CN, S(0 : 5 1, K12, 4 Q(0)SR 1
“S(O)RL 1, ( &ETR@%IS%)BS (Pg% g%‘%@%%@g@% lséé?fxﬁh% S%?B?EFIPUt ed

o e e S SIS RO by R, B oLe pagh L ond 2

-0( Q0) 0- . |(anﬂ@}tshmmas@el&emf(@hcgalembpdamecg)su@ﬁmt@i 1N2 ary@lE, - S(0) Ra,
-C(=0)R11, - % -C(=0) NR11R12, " - SR11 B& f 7°510) 2R11,
- g( 0)(0R11)c ki )I?(@Rﬁlﬁ aspcmmtmmlzodlwan BEF OBUBYR b Noe ENahy |

et Qeggl:h o §%) }’é“tééicﬁkh‘er@d:oﬁhh‘y“ddmoﬂf{ subs i LyiSd ekl o, l?lnd R3

S(O)(OR* ‘), -S(OR(OR"), —=SO,NR"'R'? halogen, (C,~Cy)alkyl,

25 (C4=Cs)carbocyclylalkyl, (C,—Cg)substituted alkyl, (C,—Cs)alkenyl, (Co—Cg)substituted
alkenyl, (C2—Cg)alkynyl, (C>—Cs)substituted alkynyl, or aryl(C;-Cg)atkyl and R is H, Nj,
CN, (C=Cylalkyl, (Cr—Cy)alkenyl or (Co—Cs)alkynyl. In another aspect of this
embodiment, R® is OR’, N3, CN, S(O),R?, -C(=0)R"!, -C(=0)OR"!, -C(=0)NR"'R"?, -
C(=0)SR", -S(O)R", -S(O)R"", -S(0)(OR™), -S(0),(OR "), ~SO,NR''R'?, halogen,

30 (C—Cs)substituted alkyl, (Co—Cg)atkenyl, (Co—Cg)substituted alkenyl, (C;—Cy)alkynyl, or
(Co—Cy)substituted alkynyt; R%is H, N3, CN, methyl, ethenyl or ethynyl; R* is OR? and
R*is H. In another aspect of this embodiment, R%is OR®, N3, CN, S(O),R?, —C(=O)R“, -
C(=O)OR", -C(=0)NR"'R", -C(=0)SR", -S(O)R"L, -S(O),R ", -S(O)OR), -
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R4 are independently ORa and R5 is N3, 10ln one enbodi nent of Formula II,
R2 and R4 are each ORa and at |least one of Rl, R3, or RS is not H In

anot her a8peo01y/BR13thi s enbodi nent, R2 and R4 are each ORATArsA00RD4i487

(G -Cc8)al kyl, (Cl-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-C8)al kyl. In
anot her enbodi nent, R2 and R4 are each ORa and R3 is (Cl-C8)al kyl,

(G -C8)subsrid.nred al kyl, 15(C2-C8)al kenyl, (C2-C8)substituted al kenyl,
(C2-C8)al kynyl, (C2-C8)substituted al kynyl or aryl (Cl-C8)al kyl. In another
aspect of this enbodiment, R2 and R4 are each ORE' and R5 is Oe, NRa)?2,

R e e )

( C2- C8) substihinigiest sab&ycmeﬂ etynglr ®P (ﬂlo@l);alk‘t(wOR“l R’ an@téﬁam a§pe¢t)mf ;{hhl S
enbodi nrent, R2 and R4 are each 200R a i's ( Ra) 2, .
S(0)"Ra, - cpuathergyperyof thyenygrant. R 'e(QR QWNF@HRE@LR C(Q( 1~C(—§Q@§<R11

- S(0) 2R11, Qﬁ%p R 2( n - | ©1; C8) alkyl,
(C1- 08)subst| &g Jﬁl F(%)%{ ﬁa%f) 8%(’1452 %?)gog E(?)é@ enyI

( C2- C8) al kYngD,NRER! %Balsgaﬁswsutmﬁ mbﬂhyhysiheﬁyi &l‘bﬁlﬁl@d@ﬁ@bfiﬂéfhynyln oAnot her
aspect of this enbodinment . R2 and R4 are bath O—%and R6 is ORa, 25N3, CN,

S(0) " Ral0 - crehyiider ethyophd} GRifor NzeB—e)@MfstzH e)@iiland-R g meﬁai,l
-S(0) (OR11 1 a
(G- 0) subst TP aHE L Sy é&f@@rﬂ% anola QB8 Ry LB EE R js 087 N
( C2- C8) al kyfiN, S(@).RY, @ze:@) Ubsti)rRed e:(:l@nm“RPn_can@gmlﬁ en@;rdﬂ nent of
Formula I, each, Rl an or,R4 is Ae 30and the other of
R3 or R4 is (@rchs)Sé@M@B X é@z)(@l}bést &Q@Bﬁ %u iialogep cabetgied paslyl,
C2- C8) sub
giryl (C)-Su S%ﬂhf; S%b?tntﬁgﬁ)oét]ﬁngi @ ‘Jé%gyt Ftseﬁe 0 |%?}§& keagﬁgglaglﬁgym i's
H, one bf R8repmd nd&lt@-l(m‘iﬂaﬁdﬁel 1®tﬂw'[yl ofn KDtlast afpleci & tﬁl@eﬂﬁi})iﬁxhdﬁy,lliﬁ is

C8) sub Ik WD 2009/ 132135PCT/ US2009/ 041447
V5. pr o( 0B Labelinth (%éﬁé LTI ATk R Ry VSRt e
| kynyl k h o R6
Ky o ML SGRRY. 5 00k NS, ARV “a%%ﬁfifu@%&?% Btk 1R
hcl( =0) SR11, ethS(}@)dﬁlll:iiitilteS@ﬂbeﬁﬂléthyH%( @')S(llﬁﬁi'ltﬁ?eﬁ efh@ﬁ@l) 23(:(10128 )u;)d RS@ZNR?;&,RM
al ogen, [ DOCYyC a SSItte
al kylg Céa?‘g fieﬂ;ﬂymd% @%sysg&t i %@@%Fraﬂwéwﬁﬂm(eeéwéwa# 6trf§f i
C2- C8) suib | 1 10 2 | h t f th'
Srbod %%%SCN‘ R R R - OB, o e@@efkyﬁ '
(C2-Cg)al keﬂgﬂﬁ)?lﬁﬂr‘ (sez;(cm)ié)l, Iéy@yj(ORl” N Rﬁsm@enmubstnuedmm; ment, R5

H N3, C2- C8) al k - LK | th
:azpect ot RE B e eyl Pl or sbétiuted gy, 1 and Ko dre H, K and R

are OH, and R’ is methyl. In another aspect of this embodiment, R® is OR?, N, CN,
S(O)R?, -C(=0)R', -C(=0)OR"', -C(=O)NR''R, -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),R?, -
C(=0)R", -C(=0)OR", -C(=0)NR''R", -C(=0)SR", -S(O)R, -S(O)LR, -S(O)}OR',
~S(O)(OR™), =SO,NR''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)O-, and R is methyl. In another aspect of this embodiment, R® is OR? N3, CN,
S(O),R?, -C(=O)R", -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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15 nethyl, CH2OH, CH2F, ethenyl, or ethynyl. In another aspect of this
enbodi nent, Rl isH, nethyl, CH2OH, CH2F, ethenyl, or ethynyl and R2 and R4
are each voR2009132880t her aspect of this enbodi nent, R iPSHUSa@lyi447 CH OH,
CH F, ethenyl, or ethynyl; R2 and R4 are each O e; and R3 and R5 are each
H. I n another aspect of this enmbodinent, R5 is H, N3, CN, nethyl, ethenyl
or ethynyl; R4 is OR' and R3 is H |In another aspect of this 20enbodi nent,
R6 is Oe, KB Phalogen, CN, methyl, substituted methyl, ethenyl,
substituted ethenyl, ethynyl, or substituted ethynyl; R5 is Hor N3; R4 is
OR'; RBis H and R2 is ORa. In another aspect of this enbodinent, R6 is

OR', N3,5 haRéga&,n t@étherparhyb(csmstmwb@el a@emdf thietRBRnens BBs: ORUE
et henyl th o substituted ethyn lqnﬁ RS are H and R?2 and R4
o or  nidepehSeOWR- LD - aHGHHER BopE@ R i < (embotl roROR Re 15 Of e

N3, 25hal og ut, e henyl i Lot ed
et henyl , ﬁgt?‘?yilg‘l ()Srrasi(g%ist)f fsstitgz%bgt y%w% 1%#1 arugstﬁué%ﬁ ]ﬁﬁ and R4
are each C]‘lethblﬁyladm@&thﬁfed@&ﬁﬁﬂt, e ihdSsuBsRedy BaRhyl, RS 2h&ROBR,cadIBH, Rakquen,

CN, nmethyl, gsubstituted methyl, ethenyl, substituted ethenyl, ethynyl, or
subst i t ut edReﬁwyﬁ%Penfi@ﬂéirQRF@dﬁf @ MNs and R2 and R4, taken toget her, are

-0(C0)0 In ano Q?Q pogdi

30CN, rri[a hyl , t)nhﬁtu e? f?:gh%p% thﬁ'%gba 6%%8%6§%%gﬁ§/s e%%eﬁ]‘yl or
substi t ut edRé,tdwﬁyé notRR hxsaﬂdtheRQspaaobfms aﬁﬁodmﬁapéﬁdmnw‘wrd}aehmd aRBR's N3.
I n anot her aspect of this of this enbodi hal ogen, CN,

net hyl, hydidmeeasiiyl (a@lh@rt%)csybs%?te‘bﬂlﬁylnW"—qs}f‘ﬂéﬁ%}c Iﬁ@rda?sst}bi’ftmtéﬁl alkpng, of

L orood Mgl B bR R s TR - YT R R,
2009/ 132135&%4@‘25}@%&{!@&4&31&&@6 @gk%(@lu@gﬁé @E&e@ggﬂ A e. In another

aspect of this of this enbodi nent, en, CN, nethyl,

hydr oxyihet hQ(l‘z, C@laﬂenyl (@LC@IShlysmthtﬁd Rkenwd, (H— ﬁﬁa]kyhyl @-qu-]sut@Hﬁﬁed d@kahyl |

g;rbgélih )r/rgﬁlt Bt arﬁf@&nﬁ Iy eﬁ%%@eﬂaﬁpect %?hlg%%f%mnt( '3 % q%f@?%c DR
preferred agp 0 | 7 n et~ P, spect
of this enbgdfs(r;‘%%t N(Rg i 0 thl@)“lﬁnhg%gyhedr: pcr?'lze?%)?r S é?%'g%gﬁgefdat hi s

enmbodi ment , alk¥l, ((So—(gaﬁ&hﬂlLCW(Q}sﬁbmtﬂbda]kSnlengﬁl)alk*yyj/l (GZHC@ﬁ@idﬂ;ﬁ{ted
preferred as&ect of this enbodiment, R7 is w2 15In one enbodi nent of
Formul a |1, akmyler RdCrSspalky! |I%a%ﬂﬁé@rr@é?eca§§@e%elmodﬂrﬁm§ %nﬁ@oﬁ» rsAgachx1 s

N. I n apnot hep,e [0 14 S o ther aspect of
t his enbodi ?1:|Rnt%§£§2§S CR\ERS) énot a(s(?é%t %E@# inment, X1 is N
and X2 is cc&omklémbxmﬁoasrp*éps(@mlf hBSﬁ))@Rﬁp{ﬂ(@ﬁﬂR”)XLS(DSQ(ORﬁ; and x2 is
CH In another aspect of this enmbodi ment

anot her aspee?2R Rhi BalogaitodiCmeatyl, (Qll“”q:éésm*tué?ﬁ]cﬁﬂﬁé (IC?} @)élkeINé haI ogen,

=0) R11, - 0 , -S(0)2R
13 -)S( 0) (0 )8)89%5?%‘%"(?}53‘% (Crg QQW?Z‘%S“I’SQ%%%ikWBS{ S ot hi/l,
ethenyl, s uc§)h1kyut1@¢neﬂaheasgsba ity Blkibodaﬁfenﬁ ROshd Rﬁfaﬁadac@i oynad.R9i8 oot her
aspect of this embodi e is CRl; hal ogen,

O et By NedBSH O EONy | Gr R -SaBSh R ”%C&@p@ﬁaﬁ@a@t hynyl - of
substitut EdS&S)Qf(“}’JS(Oﬂ(EbRar}?%?%ﬁz(@ﬁpic—tsdﬁw}{tl‘]i‘s, et gen (rEen&B) ﬁ<(y1 is CRl; X2 is
(Ci—Cg)substituted alkyl, (C.—Cyglalkenyl, (C;—Cg)substituted alkenyl, (C,—Cs)alkynyl, or
(Co—Cy)substituted alkynyl.
In another embodiment of Formula I}, each R’ and R? is H, one of R? or R*is OR?
30  and the other of R® or R*is (Ci~Cylalkyl, (C~Cy)substituted alkyl, (C.—Cg)alkenyl,
(Co—Cy)substituted alkenyl, (C;—Cg)alkynyl, (Co—Cg)substituted alkynyl or aryl(C)-
Cyalkyl. 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 (C1~Cygalkyl, (C;~Cs)substituted alkyl, (C,—Cyalkenyl,
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CH Rl is H nmethyl, CH2OH, CH2F, ethenyl, or ethynyl; R3is H R2 and R4
are each ORa; and R6 is Oe, N3, halogen, CN, nethyl, substituted nethyl,
et henyl , wohswy3et3séd et henyl, ethynyl, or substituted etrhymskoodiom4anot her
aspect of this enbodinent, XI is CGR1O; x2 is CH Rl is H, nethyl, CH20H,
CH2F, ethenyl, or ethynyl; each R3 and R5 is H WO

2009/ 132135PCT/ US2009/ 041447 756.PF 5 R2 and R4 are each Oe; and R6 is
met hyl , hydr/d&yilret hyl , N3, hal ogen or CN. In another aspect of this
enbodinent, X1 is Nand R6 is Oe, N3, halogen, -C(=0)R11, - C(=0)0R11,
-C(=0) NRI 1R12, -C(=0) SR11, -S(0)R11l, -S(0)2R11, -S(0)(ORL1), - S(0)2(O0RL1),

- SO2NRI 1R12, Cg:bdjg)ﬁgmwed afidRsit ézu«t?ﬂik%%l b’éy—-@}sﬂﬁ&%ﬁt];d §1EP§};I|O?TE%§¢ et henyl

et hynyl, or substltuted et hyny I'n anot her” aspect o nt,
is N X2 i s (GHlkylOoand R6 is O‘«’a N3, hal ogen, CN met hyl, substituted

anot her aspect of FRTeerataamrner s s IR o N py. A Ot -
CH20H, CI—IZF,C(e@b]érh,ykj(a@iFQ[eU hm;sbm RIS qh(?gmncg@é}[{ar g(@%ghi q;(@)&@ﬁlld)’

is ORa, N3, hal ogen %/ ubsti't f hyl t henyl, 'substituted
et henyl, et h@ﬁ@bb(OFor) SSI‘B@HRIIR ehlalegdmy@I—Cg)laﬂcyar(ﬁ‘h*(ég)ceamcltyladﬁyl,t hi s

mbodi CH, 15R H CH2F, et henyl ,
ot nynyl 10 cadhiuhmsintsd by Crs kel -6 b o slhah. Ho- p@ﬁh‘éﬁ%l >

%d'rgxyggteg %Id\%l ygﬁi“?ogexgyll\%ﬁ%g %Rﬁﬁ B‘F?”%%ﬁi%%%{l i E@&%“R%] , each

( - 08) al ky 169:1 sl %)I@ambtbcy@ﬂpymajf k1y$ ?mbpiamnalRl ys ﬁuﬁst@ﬁi L(CedCSaaiysz

aryl (G O8] al ke ey Copd iyl AT, 285600t B o riambdtl bt | - eaeh
R8 is, indepgadenti H@%%&en%%ﬁ(ﬁ%ﬂ%%qel}ﬂf thi Gﬁeﬁl% SR'.

I n anot her asp ect of this enbodi ient ndepen ent ogen,
NR' R 2, N(Hlmml,,CHMBNFHﬂF 2B8ERYI onethBR! aahB’ Bhd RS ard eacfe@ﬁ?l Inaﬁildﬂﬁ-l

CH2F, et hen n her . a f is.e od| ach R8
is, i ndepené@‘?? 1ﬁ§¥‘§é‘é’f‘f’ nga Wgﬁféﬁf C*ka%r PIREAN £ R?)ra“’éRl

and R9 is HR“laa:léangaoernthaaaBlﬁ ard Ehcﬁ'PPt h@émﬁﬁé%ea%ec@&fm &%ﬂﬁﬂ&itr@ﬂ%
each R8 is, independently, hal ogen, ' N(R11) OR11, NR oR'

or SR' and FON: Mmh@bfbgﬁﬁnylmr emmBéISaQaB mid R3isHl. retmyther a@b@fb{th@HZF

?g ﬁlt—lgeg%ld ﬁg&o‘? {%6 i (:)ogerf’ B%ﬂ aﬁmg}e{hﬁs’eﬁugﬁe@&dﬁeﬁk&y ’te%i’ffn% ﬁ](}t%s%qed

enmbodi ment , eﬂﬁsnylsetmyi mdumlmtsd EhoiylhR! Rgesr BRORRE ORS, 1 ismetahy IR? i GHROH,
CH2F, ethenyl, or ethynyl. In another preferred aspect of thi s enbodi ment,

R8 and R9 a féal’é)ékﬂ’i agpeot Oﬁthlséﬁth‘)ﬁ%?enﬁrpeﬁéQRedNa%@@Fn SiN.ungthylesbstiurdnt | RS
ggggﬁS%&%SP E%gﬁ%ﬁ) 144 é@%%@?%k %q_“ﬁl t(éar_lgoﬁﬁlgr t%ﬁf""{é er raé%Hf\sA\gect
of this emb8d Blmbﬁ areRBdesen@ehthn ORRI Int amoNHZ as;jem of this embodiment, R® is OR?, N,
25 halogen, CN, methyl, substituted methyl, ethenyl, substituted ethenyl, ethynyl, or
substituted ethynyl; R* and R® are H; and R* and R* are each OH. In another aspect of
this embodiment, R® is OR®, N3, halogen, CN, methyl, substituted methyl, ethenyl,
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?, N, 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 N3. In another aspect of this
of this embodiment, R® is N3, 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; R' is H, methyl, CH,OH, CH,F, ethenyl, or ethynyl;
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anot her preferred aspect of this enbodiment, R8 is OH and R9 is NH2 and Rl
is H methyl, CH2OH, CH2F, ethenyl, or ethynyl. In another enbodi nent of
Formul a IWQ 2e@ci32B% i s, independently, H, hal ogen, K12, PCRURROGONORLT |,
NRLINRI 1R12, N3, NO, N2, CHO CN, -CH(=NR11), 10-CH=NHNR11, -CH=N(OR11l),
-CH(OR11) 2, -C(=0)NR11R12, -C(S)NR 'R 2, -C(=0)0R11, hal ogen, CN or
optional Iy substituted heteroaryl. In another aspect, conpounds of Formula
| are represgptpgd by Fornula R8 Rio R2 15Fornula |11l or a pharmaceutically
acceptabl e salt, thereof; wherein: Rl is Hor CH3; each R2, R3, R4, or RS
IS mdependently H ORB, N(Ra)2, N3, CN, N2, S(0), Ra, 20hal ogen,

& SRS T o

( C2- m)subsmnawgemd:mhﬂ@twl hycﬁbxﬁwhﬁ%th&ﬁf) ot kﬂagmyi R‘ isH, m&ﬁyIaC'YIa(t)HO R2, R3,
R4, or R5 on _adjacent carbon atonms when taken togefher 5are - 0(C0)0- or
when taken td&&t BBEnYh arstiomal I 9gd Raproteca ORisandR wiiddh artesehdi.e attached

2 3113 5o g kg TR Py X0 S
- S(0) (ORL1) or- S(0) 2(OR11), WD 2009/ 132135PCT/ US2009/ 041447 756. PF

5- S2NR11R12, hal ggen, (Cl-C8)al kyl, (C4-C8)earbocyclylalkyl,
(C1-C8) substitut e%

w—

10 w2 . In a preferred aspect of this embodiment, R7 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' wherein R is (Ci-Cylalkyl. In another preferred aspect of

this embodiment, R is

i
W' /
W2
15 In one embodiment of Formula II, X' is N or C-R'%. In another aspect of this

embodiment, X' is N. In another aspect of this embodiment, X' is C-R'. In another
aspect of this embodiment, X* is C-H. In another aspect of this embodiment, X' is N and
X*is C-H. In another aspect of this embodiment, X' is C-R'’ and X*is CH. In another
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?, N, halogen, -C(=0)R"", -C(=0)OR"", -
C(=0)NR''R", -C(=0)SR"", -S(O)R"", -S(O),R ", -S(O)(OR), -S(O)%(OR 'Y,
—SO,NR!'R" CN, methyl, substituted methyl, ethenyl, substituted ethenyl, ethynyl, or
substituted ethynyl. In another aspect of this embodiment, X' is CR’ U %%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'": X7 is
CH; R' is H, methyl, CHOH, CH.F, ethenyl, or ethynyl; R is H; R? and R* are each
OR?; and R’ is OR?, N3, halogen, CN, methyl, substituted methyl, ethenyl, substituted
ethenyl, ethynyl, or substituted ethynyl. In another aspect of this embodiment, X' is C-
Rm; X7 is CH; R'is H, methyl, CH.OH, CH,F, ethenyl, or ethynyl; each R*and R’ is H;
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al kyl, (C2-C8)al kenyl, (C2-C8)substituted al kenyl, (C2-C8)alkynyl,
(C2-C8)substituted al kynyl, or aryl(Cl-C8)al kyl or R6 and R2 when taken

t oget her wWO2009ELBF0- ; wherei n each (Cl-C8)al kyl , pCTaSG8palkenyl ,
(C2-C8)al kynyl or aryl (Cl-C8)al kyl of each R2, R3, R4, R5, R6, Rl11l or R12
is, independently, optionally substituted with one or 10 nore hal o,
hydroxy CN, l\? N( Ra) 2or O e; and wherein one or nore of the non-term nal
carbon at ong “8f Feach sai d (G -C8)al kyl may be optionally replaced with -0-,
-S-or -NRa-; and all remaining variables are defined as for Formula |I. In
one enbodi nent of Forrrula 11, RLis H 15In one enbodi nent of Fornmula III,
RL is CHS. IRjapd&®* ermdh Rt andlfR Fonretiyd, HyldtoxyR2thyd, W, hRaen M(@RE) 2a N3, ON,

I I | kyl
(Ng <§§ o Eeﬁ?{}?f SR &%@ﬁ%@%ﬁﬁ X ﬁ%ﬁﬁ% k?@%a}ﬁt kgjagan, GrOR". -
C2-C8 bsigt al Lpre t lof 3! t, RRis H,
(CRE N% ig) ZU(N?@H (méﬁzIF%ggn a?(ﬁidgﬁiét azgkz@gis{p(ca)cst(bb(}:‘R tﬁl S g% e?TbOdl melntS R2

is H OH NSEO)LBR' TNSNRAR 0§8h. méthylanstieredaspyl ehbnyl hivbst@meddieayit, R2

ORa or n a R1 rret anot her. aspe of thi;s enbodi nent,
AN R A R SRR TN (Al o

is ORa o Faand®RIORS NTEADMden, ¢R, ARAED tdai s
Oeor Fand RL is H Nrﬁﬁa %Pe erreg&aggg%?ﬁg‘?{qeg{% er%g%?ﬁ%ﬁhﬂ&ﬁ&he "OH

and R1 | s nethiypyl, of Wba‘fﬁ@teﬁ@thyﬂﬁbrIefdthe!daSasqi@éthmémmewBHﬁfdah Nekfis @2, i s

ORa and R1 ed.aspect t.h enmbodi nent , is CH
and Rl is HIRS Ilsf;ha’ﬁ%?hﬁg%t}g%#’g}f Edet %‘B@C‘}T% }Wﬂlfg 1%Hbgdl"“ﬁfgg aregach gﬁﬁ I'n
anot her pr etigd Re¢ @RNOG! hadbgeh NN, @%@ﬁlsm&me&et}@l endNdutBtink& dBERY! . In
one enbodi ment of Formula 111, R3 ORa, N(Ra)2, N3, CN, SRa, . hal ogen,

30( Gi - C8) al Riynyk @su@st;tateré@mybrln(a@gh’@@,saﬁqwﬁmls emhocbmenh%e&:&é ¥ ist@ls
enbodi t r £ hi ﬁ n R3 is
fin et har e, eobh B EL IR BT sl R R i TR RS,

hal ogen andeih OR?; rxﬁcﬁﬁﬂsméthyiahpdrheﬁnahﬂt B rietbors pe ciN, of th| s enbodi msnt
R3is H R2is ORa or, ha and Rl i I n_anot her aspect of thi

enbodi ment, R3 i & othye F@géﬂe@nb#lﬁ)w@ MGHFER?%&WWPGHWPQH’H@NE@% EEE&':E of
this WO 20 I: 85 09; 0 F r@%

ORa or F ang@% %ﬁ ﬁqwg%t%r%gg% %ﬁ;(ﬁ’% &\?i?:}énqﬁ% (S H R2 IS
ORa and Rl r@HﬁE((hm ), -CH(@ROYh e (=ap P& R 'of- C(#S)N}éf‘mlé,dﬂﬁ?e@}ORﬁS(G Calk2 i s
OH and

er e of thj s _enbodi ment, is H R is
de and“R fg” nﬂn& %g“r? ﬂéﬂ?’éi%p ég‘f%ﬁ’%"y@]ﬁ%@f nﬁmonalheswtlwedmyh s OH
00 R 1S HophhhaiiGt apRechsof L pgeTbOligRnk A Ry 2. *h
CN, fSRa dhaC@Q@i’Yl QKZrOCSRéIL Ryhmotb@%—smiaf M@hbaﬁlmémeeﬁﬁwhkym?ﬁpendegﬂﬁ t
referred aspec i i ,anot refer aspec
of this enbbt ﬂRlFQ f@@&i@ﬁ Ng Blﬁop Plo%}gl 241 R T T

anot her pr efs@ra&ﬁﬁwaﬁe%tam ihidpen &SRO A A1BNL, NRAR'S MR/ \BR ' & RGRJRDR”ha' ogen
and Rl is H Ip a her preferred aspect of this énbodinent, 15R4 is’OR R2

is OR 0?5 haP8gesr, S apé RHisghan@hyl €Hneth ¢H.F) ﬁhwhtomﬁlypylefhrmdleasqpectt of

another pr el EP L BT e ek Mehrdhe) BeBRER N R aNR AR T, ethyi 1
anot her pr efer' herl'' RFPOR rRHR 'Rdnd B OR8, halkgeh Sor CRE 'RF. ﬁx@rﬂﬁhé?«'ag;ﬁe%tb‘f thisn

another preferred aspect of this enbodi nent, Rff] s ORE, R2is OR iqr12 R3
is H and R SWEogimenl ach Ry inrindanendanilss kalogsa. NR R ,N(R™OR™, NR''NR

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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20aspect of this enbodinent, R4 and R2 are, independently, ORa and Rl is
methyl. I n another preferred aspect of this enbodinent, R4 and R2 are,

i ndependewl29090RE35 R3 isH and RI is nmethyl. In anot her pprafSesmmdi4aspect of
this enbodiment, R4 and R2, taken together, are -0(C0)0-, R3is Hand Rl is
methyl. In another preferred aspect of this enbodi ment, R4 and R2, taken
together, are -0(C0)0-, R3isHand Rl is H In another 25 preferred aspect
of this enbgdgment, one of R4 or R2 isCRa and the other of R4 or R2 is OH
I n another preferred aspect of this enbodinment, one of R4 or R2 i sORa

wher ein Ra is not Hand the other of R4 or R2 is OH R3 is H and Rl is

nmet hyl . er £ hi nbodigwen on R2 is
OR vvhere| n %gl%@ r%%tB ﬁﬁﬁ&h{ig@ %(?Q étroq%}fns %08 ({'I{FB EQH Iﬁ‘ﬁaﬁa is
H. I n anot hanothérgfreferred a@ﬁﬁt&ﬁ&hz@femﬂahﬂﬁndﬁt‘m&ib @I’lind fR‘hsNHiz aﬁ@'RQ @Hemgﬁyl R3
is H and R__is_net h% I'n_anot her_ preferred aspect of this enbodinent, R4

and R2 are Qfﬂ%q%z I—Pthﬁﬁ’& ®ethygyH, | n another preferred aspect of this

S?te)]?glrgggt asﬁgct 0 |s engﬁnde%()f%rnéiagg% E%Pglrséwnd g'epe%lel’lPfdf/),k ng'ﬁlger
R is H. |nh§&18{*ﬁ@d(ﬂdh@fféh}€& BRP&, mmemze@H@dmenCH(MRémd R2 are,

756 PE S oo SHBO0: reat ORI DR G ONERIR or SRR, e, o
SRa, hal Oget‘(?(:@@ROB)E@-I 197: 8 %@”% @ﬁ&ﬁ%}yalsg)&"t ofﬁ;?s %cﬁhﬁéﬁﬂ)’éa(ch II{‘O ﬁrﬁ)t her

aspect of this eénbodi nent, :
_C(=0) R11 @elﬂggromOf @(tm@admbm‘_@ted he@@m@yISRn -S( 0)RL1, - S 0)2R11

-S(0) (OR11), R SOZNRl hal.ogen,

(CA- C8) car bocycl %‘#‘%ﬁ gl?efﬁc%?% ?FB*E“% 4 F'WF ref %é{rﬁ’é‘}ﬁ/ 1L
10(C2-C8) substituted al kenyl (Cc2- 08) al kynyl, (C2-G8)substituted aI kynyl ,
or aryl (C - C8)alkyl and R5 is H ORa, N(Ra)2, N3, ICN, SRa, hal ogen,
(C1-C8)al kyl, (C2-C8)al kenyl or (C2-C8)al kyiiyl . In anot her aspect of this
enbodi ment, R6 is ORE , N(R)2 N3, CN, NO2, R C(=0)R11, -C(=0)0R11,
-C(=0) NR11R12, -C(=0)SR11, (0) R11, -S(0){OR11), -S( 0) 2(OR11),
- SO2NR11R12, hal ogen, (G -C8) | kyl , | al kyl ,
(Cl-C8)substituted al kyl, (C20€8)3 ~tuted al kenyl
(C2-C8)al kynyl, (C2-C8)substituted Ral kyl and R5 is
H N3, CN, (C-C8)alkyl, (C2- 082“@] C2-C8) al kyuyl. In another
aspect of this enbodiment, R6 R , S(0), Ra,-C(=-0)0R11,

-C(=0) NR11R12, - C(=0) SR11 : -S((B Bb)ZRll, -S(0) (OR11),
-S(0)2(0R11), -SO2NRI1R12, hal ogen, _20(C1 C8) substituted al kyl,
(C2-C8)alkenyl, (C2-C8)substituted B keﬁ§/| (C2-c8)al kynyl, or
(C2-C8)substituted al kynyl; R5 is H N3, Ia thyl, et henyl or ethynyl; R4
is ORand R3 is H. In another aspect of tﬁpg odinent, R6 is OR N3, CN,
S(0) "Ra, -C(=0) Rl pharfabsdd}ioRllacceptSile QilEY2, - C(=0) SRI 1, -S(0)R11,
-S(0) 2R11, -S(0)(0OR11), - S(0)2(0R11) - SO2NRI 1R12, hal ogen, substituted
nmet hyl , et henyl, “éh?fﬁ‘é’f‘ltut ed et henyl, 25ethynyl, or substituted ethynyl, R5
is Hor N3, R4 IﬁRg:ﬁm is H and R is For OR. In another aspect of

t hi s enmbodi ment " N3, CN, S(0)"Ra, -C(=0)R11, -C(=0)0R11,

-C(=0) NRLIRI2, - @ch®’SRIR", oK O RidbpendB(0y B DRE, NESLONG ORLINO, -SS00)2( ORL1)
20 halogen, (C,~-Cg)alkyl, (C4—Cs)carbocyclylalkyl, (C—Cs)substituted alkyl,

(Ca—Cs)alkenyl, (Cr—Cg)substituted alkenyl, (C;—Cs)alkynyl, (C,—Cg)substituted alkynyl,
or aryl{C,-Cg)alkyl;
Or any two R?‘, R’ ,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
25  form a double bond;
R® is OR?, N(R%);, N3, CN, NOs, S(O),R?, -C(=O0)R'}, -C(=0)OR'", -
C(=0)NR''R", -C(=0)SR", -S(O)R"", -S(O),R ", -S(OOR), -S(0),(OR',
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- SO2NR1' R12, hal ogen, substituted nethyl, ethenyl, substituted ethenyl,
ethynyl, or substituted ethynyl, R5 is Hor N3, R4 is ORa, RB3is H R2is
OR and RiwO=oemeskass. | n 30anot her aspect of this enbodi memUS208/044OR, N3,

CN, S(0)11Ra, -C(=0)R11, -C(=0)OR1l1, -C(----- 0) NR11R12, -C(=0)SR11,
-S(0)R11, -S(0) 2R11, -S(0)(OR1"), -S(0)2(0R11), -S@2NRI 1R12, hal ogen,
substi tut ed.f,gge et henyl, substituted ethenyl, ethynyl, or substituted

et hynyl, R3'an R5 are H, R2 and R4 are, independently, ORB, and RL is WD
2009/ 132135PCT/ US2009/ 041447 756. PF 5met hyl . In another aspect of this
enbodinment, R6 is O, N3, CN S(0),Ra, -C(=0)Rl1l, - C(=0)O0R11,

-C(=0) NRELlRi@OzNR:(R Briogen, (@(@mm (CSfm)Q@boqycly@Kﬂ) (Q)R@ﬂ)ﬁubsimstd)) 2(OR 5,

- SO2NRI | R12 b t.h I bt d th |,
cthynyl | or EUDSCREMITEE Kyt e e iy G R ER Gt Cap e i R
i s methyl geeTolala; Vo] 3, CN, S(0)Ra,
L0V R 1. Md“%g%%ﬁ(@ﬁ%ﬁky%r%%n?gz G )tgﬁél%ﬁ glake go 1 -S(O)(ZR)ll,
-S(0) (OR11), - S(@heetRath (C-SORKR, K%Qs)alkanyig&n CSBﬁbsmyitouae/é{Gréfsb@Iky of

et henyl b 2 h e t t t R3 and
5 ar e cach IOk R Bha ek n e RO PReRRAHE? ShiRay sgst f%ﬂryiwgﬁﬁ% Prrent.
R6 is OR), M3re Kb, hSUkyRAN, Ngﬁ@()a Rlor DR?- &kf&@ﬂ&aﬂi%neb%‘or@am

-C(=0) SR11, -S( o? R11, -5(0)2Ri1, %M)(ORll) -S(0) 2(0R11), -SOZNRI | RI 2,
hal ogen, 15&uBEE| eajpasatpas ﬁ?ﬁaahé@ﬁé Cy)adih sraythetaptiovalyenilacedew ity rig, -S-or
substituted pt%]yeny ad R3 and R5 are H R2 and R4, taken together, are

-0(Q0) 0-, and is nmethyl. In another aspect of this enbodi rrent R6 is
Ae, N3, CN, S(031 Ra-xamlﬁ.‘g i Mlleslare déBned hd RETFormGlad0) NRI | R12, - C(=0) SR11,
-S(0)R11, -S(0)2R11, (0) (ORllg - S( Olid{ OR11), -S2NR11R12, hal ogen,

substi t ut ed met hlﬂ‘me imentof Bemmla bR dsienyl , ethynyl, or substituted
et hynyl ;5 d R4 t aken together, are

- 0( D) ol- | n anot Ooen%%g’sﬂéglclﬁ&gfo‘;?ﬁ& g%:?@nec%{‘ R6is OR, N3, CN, S(O)R ,
-C(=0O)RI I, - —m)cﬁiebmbod@(xc;@))SRbmﬂula B( (& Fﬂs H, ,ORas@(R?ZRNl CNS@O)) (SIB},;R)“

-S(0) 2(0R11 hal o methyl, e

substi t ut edgé?wcﬁl‘r\‘ él"‘hi%)ﬂpl (3)?9 "‘g’ CéTq%SﬂyFnyl R a‘ﬁﬁs‘iﬁy‘&l?f‘é each H,

R2 and R4 a I n i of
Formul a 11 Igiﬁwct%ge%jgﬁwe%éachz%%gﬂ@g efil\%%gmg’f Iglnag1 of F%leﬁ?,ﬁﬂ%r R5 is
not H In aékﬁbcbtﬁihemaétstHoﬁ)Rf m(Rd)gn%gd]mmmRaogad IR4néther 8p&d oBltgs and R
methyl. In anot her enbodi nent and R4 are each OR' and R3 is

(Ci - C8)#] kyfm ?c‘@?ﬁﬁﬁaﬁstﬁo%tﬁ)ﬁuﬁé!@ M: Ky Orbézg@z)ha%h%naspe(cmf@@) substi tuted

| kenyl , t c8) al kyl . |
another | aSpear e Tk Eobod R i R b AP A BB Bl ke | e
N(Ra) 2, N3, eribydilNe®, RS{s0)RRar, haﬂrggeogma i(ICTLCR)cahdeybpect 63 t68)eniHog i dnut

| kyl | k tituted a ~al
?CZyOB) subs@ﬁt%?%dl&lrfﬁneg& Srf)%flfl@%)egl %Js}]lg emk‘)éweﬁn% i E)éeé’f Fopdg pi s
enbodi ment , RRZ I-@ngl eﬁ'h‘%%(%@]%@t mhﬁ%ﬁg@nﬁélt% oS d\flﬁ RIPR! Nnet hll\l%ther

S(O)R', - C---=0)Rl C(-0)N “C(=0)SRI 1, -S(0YRL
_S(0) 2R¥L, pr@i@r@d@afeteqﬂ%mmo@m@mxmmmd% 15PFI ssmtb@midt)med aspect

SO PR R Al i o0 o

(C2-C8) SUbSélhEdﬂiﬁGntaRkyer” In%oﬁlgf&@rre@&l}%ckw this! dﬂﬂﬂﬂﬁhﬁﬁrR% EEetan@fR tidi s
enbodi nent, R2 and R4 are both and R6 is Ae, N3, CN, S(O)R -C(=0) R11,

- C(=0) OR11, mﬂ@(ﬂzO) NR11R12,
In one embodiment of Formula 1L, R is H, OR?, N(R®),, N3, CN, SR?, halogen,

30 (Ci~Cglalkyl, (Cr~Cy)alkenyl or (C;~Cg)alkynyl. In one aspect of this embodiment, R is
Hor F. In a preferred 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 methyl. In another preferred
aspect of this embodiment, RYis 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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-S(0)R11, -S(0)2R11, -S(0)(OR11), -S(0)2(0R11), -SO2NR11R12, hal ogen,
10(CG -C8)al kyl, (Cl-C8)substituted al kyl, (C2-C8)alkenyl,

(C2- C8) swwstzntwsessal kenyl , (C2-C8) al kynyl, or (C2-C8) skb3ttistamwadi4at kynyl .
I n anot her enbodi nent of Fornula I1l, each RL and R2 is H, one of R3 or R4
is OR and the other of R3 or R4 is (Cl-C8)al kyl, (Cl-C8)substituted al kyl,
(C2-C8)al kenyl, (C2-C8)substituted al kenyl, (C2-C8)alkynyl,

(C2- C8) subst/bt.8tFed al kynyl or aryl (Cl - 15C8)al kyl. In another aspect of
this enbodinment, each Rl and R2 is H, one of R3 or R4 is OR and the ot her
of RB or R4 is (C-C8)al kyl, (Cl-C8)substituted al kyl, (C2-C8)al kenyl

C2- C8) sgib ; keqml r?
(o ot enan s (bt (g Btk

N3, ON, NO2R° $(10) RRa ORFGmGRIGY Rethyl.- B(anotie0Ripket of@lis GiRLiERE R CH=RY SRll

(L 0p) 3l ey O PR i yiesRho ks BT st o) G- KRR Kok ol Rark it ant R is

(C2- C8) al kemy|1n ahSBeiCGRpEM DT i e&hs@hlﬁbhtewls,ﬂ(l@rs@){ ah&¥NW H. In another
(C2-C8)substituted al kynyl, or arﬁ&{)gl- Ik | . In another aspect of this

enbodi nent , agsciaf this e Od@@m(@@cbf ARy lsl‘l@zd®)la()kbnyl or 25

(C2-C8) kynyl n £ pect of In anot her
aspect of this ek e?rﬁeﬁr%)t%lm%% ﬁgﬂom%ﬁ;ﬁ ki anot%asﬁc{:
enmbodi nent , (@—osﬁ&ﬁr((ivﬁzg)@m%z)%r arLCeaingRan al (%a@ﬂ@a Qﬁfecﬁﬁﬁ@igt Of thls

enbodi nent, Rl isneth and and R4 are each | n_anot her aspect, of
this enbodi FEhedimgat, RS 1$9Rﬁ21m1fﬁ4p@f@f€éa@heo®’éthléambmnelndR is O, &f & each

H In anoth t.4i di and..R4 are.each

50 Ok and OB SE A5 lpd 1€ S mRARA B sy Rkt Ao R o b PSR Rt~ e
is H N3, C&Ra,nre%lbm oemhiegyﬂ aﬁRbishynybmoti?& préfeBd agdeh cRthls%mlﬁodlhibn@nOt her
aspect of thi,s embodi Ae hal ogen, CN, nethyl, substit ut ed

met hyl , L2t h&nji OR's Rodt @Ru?é%ﬁf%g%ﬁy}s H é@%@n}ﬁlmﬁbyl do @@@th@rmre’@rred aypegiof RS
is Hor N3; 44 H; ep3 |l

2009/ 1321355& 7@2‘%@?05%4@7?6@@%&%@ aspscra% S AT et . Re
is ORa, N3, pi'wdrm@e:mbofﬁmenm iy OR® Ritis ORE ot Bdndet’ hlsyinsth@t mﬁm;dbt11e§pl’@£ek‘ﬂeﬂu'[ ed
et henyl, eth or §u and RS are H and R2 and R4
are, indepe g?v‘él mpﬂ%’é n aﬁo&%e‘i’r a%rlﬁie%thgF bpngtherpisirigmerecket ths ORa,
N3, hal ogenemthhiniZBt RY ks Oﬁqutﬂs b‘l’{P%QFn@@H andef(hﬁrh}{éth IST}P%{ ﬁ%ﬁ)?&eﬁéchenyl
ethynyl, or substituted et hynyl R3 an are H are each

OH. I'n Zhot hmectascplestmbﬁdlmm}?s aamﬁodrermnit:permnulﬁ Cm?a,ndl‘flé is hmthyge}m CN

met hyl, substi ute h hen subs d eth e yl

substi t ut ed &t eﬁrf\’yer ot %ﬁ‘?‘] 0%’?“3?@’?—@“’5%% ‘iﬁd aﬁélm%f%‘ﬂ’élﬁn yoégt are

- 0(C0) O-. |Bmﬁﬂbishh@d’thﬁsﬂ?@§ﬂotﬁ)ér préfeseeipedioTeill emBOdih®enORE and N3, talﬂé%' ogen,

CN, methyl, substituted matHi/ et henyl, substituted et henz , et hynyl, or
1

subst i t ut ediogethighgre-REQO-H IRB anddk 'Ra methe hU@wé}mﬁ@rﬂfme @m@fms is N3.

0 ot SARSRLAl K0 DF 00 o g RSO B4 Bl M

t hi s enhodi prefdried REpdcsoiNBis dagodgamt, &Y, ofllilé'folﬂlkl2 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 R7are OH,R*isH, 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. In 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.



hydr oxynet hyl , ethenyl or ethynyl; R is H and R2 and R4 are each ORa. In
anot her aspect of this of this enbodinment, R6 is N3, hal ogen, CN, nethyl,
hydr oxynewbyby/seisenyl or ethynyl; R is nmethyl; and R2ramwsSBebImsr4each
ORE' . In another aspect of this of this 20enbodi ment, R6 is N3, hal ogen,
CN, nmethyl, hydroxynethyl, ethenyl or ethynyl; R is H R2 and R4 are each
OR, and R3 and R5 are each H 1In another aspect of this of this enbodi nent,
R6 is N3, halsggen, CN, nethyl, hydroxyrnethyl, ethenyl or ethynyl; R is
methyl; R2 and R4 are each ORa; and R3 and R5 are each H. In one enbodi nment
of Formula Ill, R7is H -C=0)R I, -C(----0)ORl - --—O)SRI 25 or W w2.

I d t hi di R7 t f d
aspoct of this olbod HEMRAME f1d SAARANRR’ 1y DR Rete  \osBr dr s pect
of this ean@ﬁf@'j‘ﬂlkﬂ F%bL@gaﬁénﬁ)@(cL(}g ﬁlﬁ@/?t fﬁeinoﬂ{??gﬁreE tﬁ§9§85d191fen{ hi s

enbodi nent n anot erre

thlfs enbgdl ribnsORfafz\I(j )a,I@‘,(ﬂNRHO;L SBOWRAr-E(FORL", C's“@mi@m#@mR“RRl anot her
(G- CB)al k§|&aﬁ§131%" SOk O OB B 1D AGBA SN chbrsanerent
R7 9/ 7 f d
aspiait of tg?s_%??%%f@éyg%gg Cg@éﬂé g’?%? f Ebﬁ—}mttféglkﬁg%%rg gﬁﬁnreﬁt of

Formul a1dl |, cgagbsut?&md amdﬁﬁemie@wa&yhﬂl @ﬁmg)s&mwgﬁﬁnﬁ( 5%%%

NRLINRLIR12, N3, NO 1), - CHENHNRL
- CH(OR1 52, Csaa(llq@)amkﬂimli,,OR”cMR-)aS)ImN SR ﬂm;ogec((clroa)@mn{c;({:g}a@&m kyl

() Ko R et o 0T BBt a8y Ryl
S(0)" (01 - CoNab ko) e e @R Bor’ ORISR -'czwmmﬁs@w%@t of this
" S(0)RY, -S(O)OR), -S(0)(OR"), ~SO;NR''R 2, halogen, (C1—Cyalkyl,
15 (C4=Cy)carbocyclylalkyl, (C—Cg)substituted alkyl, (C,—Cs)alkenyl, (Co—Cyg)substituted
alkenyl, (C;—Cs)alkynyl, (Co~Cg)substituted alkynyl, or aryl(C;-Cg)alkyl and R® is H, Ny,

CN, (Cr~Cyjalkyl, (C:—Cslalkenyl or (C,—Cs)alkynyl. In another aspect of this
embodiment, R is OR?, N3, CN, S(0),R?, -C(=O)R'", -C(=0)OR"!, -C(=0)NR''R ", -
C(=0)SR', -8(O)R", -S(0O)R"", -S(ONOR'), -S(0),(OR’"), ~SO,NR''R'2, halogen,

20 (Ci—Cg)substituted alkyl, (Co—Cyalkenyl, (Co,—Cs)substituted alkenyl, (C;—Cg)alkynyl, or
(C2—Cs)substituted alkynyl; R® is H, N3, CN, methyl, ethenyl or ethynyl; R* is OR® and
R*is H. In another aspect of this embodiment, R%is OR*, N3, CN, S(O),R%, -C(=O)R”, -
CE=0)OR", -C(=0NR''R", -C(=0)SR"", -S(O)R", -S(0),R"!, -S(O)(OR™), -
S(0)(OR™y, ~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?, N, CN, S(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),(OR),
~SO,NR'"R", halogen, substituted methyl, ethenyl, substituted ethenyl, ethynyl, or
substituted ethynyl, 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(O),R%, -C(=0)R ", -C(=0)OR ",
-C(=0)NR''R", -C(=0)SR", -S(O)R", -S(0),R"", -S(O)OR'Y), -S(0)(OR'Y),
~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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15each R8 is, independently, halogen, NRIIR 2, N(RL11)OR11, NR1INR11R12, cr
1 Kor SR' In another aspect of this enbodi nent, each R8 is, independently,
hal ogen, WBRINGRBE) OR', NR11NR11R12, OR' or SR' and R1PC3/US2000f048ADL her
aspect of this enbodi ment, each R8 is, independently, hal ogen, NR' R 2,
N(R11) OR11, NRI1INRI1R12, OR' or SR' and Rl is nethyl. In another aspect of
this enbodi nent, each R8 is, 20i ndependently, halogen, NRI 1R 12,

N(R11) OR11, 7MRPENR11R12, OR' or SR' and RO is H, halogen, or NR 'R 2. In
anot her aspect of this enbodi nent, each R8 is, independently, hal ogen,

NRI 1R12, N(Rii)Or K NR 11NR1IR12, OR11 or SR' and RO is H, hal ogen, or

NRL1R12 &nd nRihyil s ItHindier @ h@ﬂth@%ﬁ%&n@ém titfiis OQHQQQIGNFEI(O)H%Q@(%)R

i ndependent | hal ggen, R R NR1T SR' and
R9 ig H, haCégeiP Ro?*CZSOW%Bn% Q) 1%—\ oﬁz(Or)l% o@é@)?mﬁ%(ﬁbf%ﬂqpr ef erred

aspect of t 0 a s,.H, or

angt her pre%@){z&)}ﬁ gpect‘ Rf“%a 'hglog%gaﬁsrd%‘ﬁ?d meHvE seﬁﬁﬁgf éﬁ%fg qdes‘jﬁilliy!)r

hal ogen and ea%ylsomwhtedleﬂwgmﬁ@ﬁd RF afcer rethrastest Ol ahdikS ienbadi nent,

R8 and R9 are each NW | n anot ferred aspect of this enbodi nent WO

2009/ 132135@@&@929@996&11&1@0715@@& R@%s\ﬁlzf@Naﬁ?@)@eFC(NIQZRandXRQ)@Bi]H I n

ooy T KoEnar pelraitoa SERC SPI SROR HAC R o and Ro

is NH . In apotkRf'RA, am@ ére@umaﬁ@d m@fhyt fath%nﬂmqﬁhmemé%%i By, 8nd R9 is
NH2 and RL is H |n anot RErefeared aspect gf this enbodinent, R8 is OH

and RO is Nekbstigped @y, Re ?IlldR @ereagindtahd R Bélama(ﬁH &4 amashensiseect bf |

o, O, nop i EHEPRIRER: ks Qb ' CREN QRGO R GRIBR - LHONR T

B
_ C( =0) NKL1RybstitgdpyiaR: ethe@(losmmtuted@mmm@ynﬁim( QpOREL ethyng B? 2OR11) ,
- SQ2 NRllRlzare%\,l Rzrra%dwl, tak 3} ogethgru%%d—d@d}w anﬁtﬂ] X’xlethyl. In another aspect of
this embodiment, R® is OR?, N3, CN, S(O),R?, -C(=O)R"', -C(=0)OR ", -C(=O)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
20 and R’ are each H and R? and R*, taken together, are —O(CO)O-. In another aspect of this
embodiment, R® is OR?, N3, CN, $(0),R?, -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'"), ~SO,NR''R'?, halogen,
substituted methyl, ethenyl, substituted ethenyl, ethynyl, or substituted ethynyl, R' and R’
are each H, R” and R* are independently OR® and R’ is N,
25 In one embodiment of Formula IIL, R* and R* are each OR® and at least one of R,
R’, or R’ is not H. In another aspect of this embodiment, R and R” are each OR® and R’
methyl. In another embodiment, R* and R* are each OR® and R is (C1—Cg)alkyl,
(Cy~Csg)substituted alkyl, (C2—Cglalkenyl, (C,—Cg)substituted alkenyl, (C,—Cy)alkynyl,
(C,—Cs)substituted alkynyl or aryl(C;-Cg)alkyl. In another aspect of this embodiment, R”
30 and R* are each OR® and R” is OR®, N(R%)2, N3, CN, NO,, $(0),R?, halogen,
(C1—Cglalkyl, (C;—Cg)substituted alkyl, (Co—Cg)alkenyl, (Cy-Cy)substituted alkenyl,
(C2—Cg)alkynyl, (C;—Cs)substituted alkynyl or aryl(C,-Cs)alkyl. In another aspect of this
embodiment, R* and R* are each OR® and R® is OR?, N(R%),, N, CN, NO,, S(O)RY, -
CE=OR', -C=0)0R", -C(=0)NR''R", -C(=0)SR"", -S(O)R!, -S(0).R'!, -
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substituted ethenyl, ethynyl, or substituted ethynyl. In another aspect of
this enbodinent, each RL is H, halogen, CN or optionally substituted

het er oar ywoan@/B2135s ORE, N3, hal ogen, -C(=0)R11, - C(=0pPORIE2009/041447

-C(=0) NR11R12, -C(=0)SR11, -S(0)R11, -

- 12, S(0)2R11, -S(0)(ORL -S(0)2(0R11), -S2NRK 1 CN, nethyl, substituted
nethyl 20et henyl , substituted ethenyl, ethynyl, or substituted ethynyl. In
anot her aspd&é-PBf this embodiment, RL is H and R6 is ORa, N3, hal ogen, ON,
met hyl , substituted nethyl, et henyl, substituted ethenyl, ethynyl, or
substitut ed ethynyl. In another aspect of this enbodinent, R3is H R2 and

R4 are eschs@groOrahd ORO,e.SONRR ' trelf 0@RIEen, syl (C SubRhbdidied
nmet hyl , et henyl, subsgtalﬁzzlgt edq et henyl , et hﬁjr%y ?Ngr@%ubglt%tluggﬁ etlhynyl In

anot her aspelkwl, 66t adkanyh ¢Qir@inubstact alk8ngln (C.RE s Jadkvhlyl, F2-ghtulRtitaee each
de; and thyl, N3, halogen oy CN. _, 4 I n_one
enbodi nent Btkyﬁrﬁﬁe%%/’ﬁgcllézjl‘%ilgﬁy &Lﬁlaﬁp?cé ?H‘é%‘fﬂ’g%@ﬁ?my}q—@mt%lare@ﬁhal kyl ,
(C2- C8) al ke and B2rs@halNK MY | 5(0) Re -@%9?}'25 Q}{ﬁbyd)ﬁ“k)@é(cogﬂk" ienal.ly

substituted aryl, opti ona Iy substl tuted heteroar ) (C1-C8)al kyl ,
-5(0), (CL- C8Y=DI8R " oB(@Rar, yB(EOER - QIR ) 4s|ﬁoaffaRHer-senN®dm+éma jogB1” and
R12 tak ether, W th ni.itrogen.to which are both attached, foul" a
3 to 7 Homblr et Rbpr Soymn ST R Wb CrrC Aol Caat oot renshi d

het er ocycl Lgﬁjrlcn%dl&%g %F Qajtswsu@‘ﬁﬁggggﬁed with -0-, -S- or Therefore, by

way of exa Ion ety -NR 'R 2 can be represented

by the heterocyc E;ealothéﬂ&ﬁe&&{cﬁ%ﬂﬂﬁd?ﬁ]’d WS2000% Ohbdd s THonebf R® oaRbist he
like. In another enbodi ment, of , Formulas I-111, R2, RS, R4 R5, R6, -11 K or

RL2 is, ind&ffenbéicgheroER eBRAIK(I~Cakylosy aiCkisabstitutedalkel G-l enpt,

a0y (Clo OB hlon B ROl o Gl o el et (R at kyny
or moreifal gy) mwrHp%ot@lasp%&of&i(&l%bsaun@ﬁ’@ea&m* glaotes }P)bné!\@is’z{%r £x_npl e

and not Ilmtatl on, R5, R6, -11 K or RI2 coul'd represent

moi eti es subik"asd ﬂ@a(twﬂzf (el & @ﬂCG-@MRﬁkﬁir@ﬂQNﬂﬁ)t@-ﬁl@BIQng)a@Hﬁﬂ%
) 2 N Rt e 3 e Dty cia O Sbtifea allymss or ariccyy o™ @
Csg)alkyl.
In another embodiment of Formula III, R® is OR?, N(R%),, N3, CN, NO-, S(O),R?,
20 -C(=0)R", -C(=0)OR", -C(=0)NR''R", -C(=0)SR"", -S(O)R"!, -S(O),R ", -
S(O}OR™), -8(0):(OR"), ~SO,NR'R ™, halogen, (C—Cy)alkyl,
(Cs—Cg)carboceyclylalkyl, (C—Cy)substituted alkyl, (Co—Cg)alkenyl, (C,—Cy)substituted
alkenyl, (Co-Cglalkynyl, (C;—Cs)substituted alkynyl, or aryl(C,-Cslalkyl. In another
aspect of this embodiment, R’ is H, N3, CN, (C;—Cg)alkyl, (C,—Cg)alkenyl or
25 (Cp-Cg)alkynyl. In another aspect of this embodiment, R' is . In another aspect of this
embodiment, R' is methyl. In another aspect of this embodiment, R'is H and R* and R*
are each OR®. In another aspect of this embodiment, R' is methyl and R* and R* are each
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 cach H. In another aspect of this embodiment, R” is H, N3, CN,
methyl, ethenyl or ethynyl; R* is OR* and R* is H. In another aspect of this embodiment,
R®is ORY N, 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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15C8) al kyl wherein one or nore of the non-term nal carbon atons of each
said (Cl-C8)al kyl may be optionally replaced with -0-, -S- orTherefore, by
way of exsopb@/mdagsnot limtation, R2, R3, R4, R5, R6, RCI/useooRD214¢DUl d
represent noieties such as - CH20CH3, -CH2OCH2CH3, - CH2OCH( CH3) 2, - CH2SCHS,
-(CH2) 60CH3, -(CH2)6N(CH3)2 and the like. 20In still another enbodi nent,
t he conmpounds of Fomula |, Forrmula Il, or Forrmula Il are nanmed below in
tabul ar fornggpfTable 6) as conpounds of general Fornula IV: HO H'" X2 OH
OH Foirnula IV wherein X1 and X2, represent substituents attached to the
tetrahydrofuranyl ring as 25defined in Tables 1-2, below, B is a purine

defined in Tabl e 4, below and.X3 repr n arin | ement aof the purine
base B a%;s dé%%ir’?rbaé%e ﬁpﬂ%t%ésoﬁnzbogim%’l ﬁ&?ﬁﬁe@&#ﬁgeav?cﬁtW%H ﬁ:fs“ﬁtedt he core
structure ride@se digeni)dissanee dRerSBEhyakl, b sutstifuisd 4rRS1.at° 2d R X2e Hand B.

The point of ,attaghment of the core structure purine is indicated in each
of the stru& areB’ X3, ingepandenthu ORGr & nethrasbrest af thisiembodpnegdhtie@RyNan 30

al phanuneri ¢ i .code:; r o} Q ornmula 1V can thus be
VO 2009/ 132 iigé%rﬁ&fg%@&%%%@§§5_ﬂ%f:{%‘%‘gfsm%§§%?%t8‘f‘ Ftﬁe‘%%%ﬁ%‘}yy’f%r m by
conbi ni ng t kebstinediecthyrefriesadtR’ ng: ot BT £1dCR UirakadDDE! Yn BSithG bt of
follow n s%t ax; Xi.X2 X3.13 _Thus, for exarrplre, aXI a. XZI(I:. X3a. glﬁ?egresent S

the fol FOwi BES €rbtmgrte R MR NNanhalgsen, CN, methyl, substituted methyl, ethenyl,
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?, N, halogen,
CN, methyl, substituted methyl, ethenyl, substituted ethenyl, ethynyl, or substituted
ethynyl; R? is H; R® and R* are independently OR* and R’ is N;. In another aspect of this
15 of this embodiment, R® is N3, halogen, CN, methyl, hydroxymethyl, ethenyl or ethynyl.
In another aspect of this of this embodiment, R%is Njs, halogen, CN, methyl,
hydroxymethyl, ethenyl or ethynyl; R' is H; and R” and R* are cach OR®. In another
aspect of this of this embodiment, R® is N3, halogen, CN, methyl, hydroxymethyl, ethenyl
or ethynyl; R' is methyl; and R? and R* are each OR®. In another aspect of this of this
20 embodiment, R® is N3, halogen, CN, methyl, hydroxymethyl, ethenyl or ethynyl; R’ is H;
R” and R” are each OR? and R’ and R® are cach H. Tn another aspect of this of this
embodiment, R® is N, halogen, CN, methyl, hydroxymethyl, ethenyl or ethynyl; R' is
methyl; R? and R* are each OR?; and R’ and R’ are each H.
In one embodiment of Formula I1I, R” is H, -C(=0)R"", -C(=0)OR !, -C(=0)SR "’

25 or
I
W'I/I/PWW%
w? . In a preferred aspect of this embodiment, R is H. In another preferred

aspect of this embodiment, R” is H and R' is H. In another preferred aspect of this
embodiment, R” is -C(=O)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(=0)R "'
30  wherein R is (C1-Cg)alkyl. In another preferred aspect of this embodiment, R’ is -
C=O)R' wherein R" is (C1-Cyg)alkyl and R' is H. In another preferred aspect of this

embodiment, R’ is
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OH OH Table 1: XI Structures Table 2: X2 Structures CodeStructure X2a
X2bCH3 X2c 15Table 3: X3 Structures CodeStructure X3 a-N= WO
2009/ 132N3BROY13BB009/ 041447 756. PF Code Structure X3b PCHESXBO/041FE

10

15

20

25

756.PF

O
P
W?
WZ
In another preferred aspect of this embodiment, R is
O

\N?”’/F}-—Wé

w2 and R is H.

In another embodiment of Formula II1, each R® is independently halogen,
NR''RP NR'"MOR', NR'"NRYR", N3, NO, NO,, CHO, CN, -CH(=NR'",
-CH=NHNR'!, -CH=N(OR'"), -CH(OR""),, -C(=0)NR''R"?, -C(=S)NR''R",
-C(=0)OR ", (C1-Cy)alkyl, (Ca-Cylalkenyl, (Co-Cg)alkynyl, (C4—Cs)carbocyclylalkyl,
optionally substituted aryl, optionally substituted heteroaryl, -C(=0)(C,-Cg)alkyl, -
S(0)a(Cy-Cy)alkyl, aryl(C;-Cylalkyl, OR' or SR''. In another aspect of this embodiment,
each R is, independently, halogen, NR! 1R12, N(R“)OR”, NR”NR“RIZ, ORY or SR',
In another aspect of this embodiment, each R® is, independently, halogen, NR''R ",
NR'MOR', NR'"NR'"R", OR' or SR" and R' is H. In another aspect of this
embodiment, each R® is, independently, halogen, NR“RIE, N(RE I)OR“, NR''NR! 1Rlz,
OR" or SR" and R is methyl. In another aspect of this embodiment, cach R® is,
independently, halogen, NR''R'2, N(R'"HOR', NR""NR"'R"2, OR! or SR'' and R® is H,
halogen, or NR''R'". In another aspect of this embodiment, each R® is, independently,
halogen, NR''R'"*, N(R'HOR', NR''NR''R*?, OR"! or SR'' and R’ is H, halogen, or
NR''R? and R' is H. In another aspect of this embodiment, each R? is, independently,
halogen, NR''R"”, N(R'HORY, NR"NR"R", OR" or SR'' and R” is H, halogen, or
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 NH,. In another preferred aspect of this embodiment,
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Table 4: B Structures Code Structure BL X3N NH2 N B2 X3 - N N OH NH2 B3
X3 -enenn- ..--- NNNH2 ---;---- NH2 B4
WO 2009/132135 PCT/US2009/041447

756.PF

5  R%and R’ are each NH, and R" is H. In another preferred aspect of this embodiment, R®
and R are each NH, and R' is methyl. In another preferred aspect of this embodiment,
R%is OH and R’ is NH,. In another preferred aspect of this embodiment, R® is OH and
R’ is NHoand R' is H. In another preferred aspect of this embodiment, R® is OH and R®
1s NH, and R'is methyl.

10 In another embodiment of Formula I11, each R is, independently, H, halogen,
NRIRZ NRYMOR!, NRUNRIR, N;, NO, NO,, CHO, CN, -CH(=NR !},
-CH=NHNR'!, -CH=N(OR'"), -CH(OR'),, -C(=O)NR''R", -C(=S)NR''R",
C(=0)OR", R, OR or SR'!. In another aspect of this embodiment, R® is OR®, N,
halogen, -C(=0)R", -C(=0)OR", -C(=OINR'R", -C(=0)SR', -S(O)R'!, -S(O)R", -

15 S(O)OR'), -S(0)(OR', ~SO,NR'R", CN, methyl, substituted methyl, ethenyl,
substituted 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?, N3, halogen, -C(=O)R", -C(=0)OR", -C(=0)NR''R"?, -C(=0)SR'!, -S(O)R", -
S(0),R', -S(O)OR'Y, -S(O)(OR'), ~=SO,NR''R¥, CN, methyl, substituted methyl,

20 ethenyl, substituted ethenyl, ethynyl, or substituted ethynyl. In another aspect of this
embodiment, R'® is H and R® is OR?, N, 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?, Ns, 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 ORY; and R®
is methyl, hydroxymethyl, N3, halogen or CN.

In one embodiment of Formulas I-111, R*' or R™ is independently H, (C,-
Cylalkyl, (Ca-Cylalkenyl, (Cs-Cylalkynyl, (Cs—Cs)earbocycelylalkyl, optionally substituted
aryl, optionally substituted heteroaryl, -C(=0)(C,-Cy)alkyl, -S{(0),(C;-Cy)alkyl or

30 aryl(C,-Cg)alkyl. In another embodiment, R’ and R'? taken together with a nitrogen to
which they are both attached, form a 3 to 7 membered heterocyclic ring wherein any one
carbon atom of said heterocyclic ring can optionally be replaced with -O-, -S- or -NR*-,
Therefore, by way of example and not limitation, the moiety ~-NR''R™ can be

represented by the heterocycles:
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X3 N\ N NHCH3 756. PF 5 Tabl e 6: List of Conpounds of Formula IV Xl
a. X2b. X3a. Bl, Xl a. X2b. X3a. B2, X1 a. X2b. X3a. B3, Xl a. X2b. X3a. B4,

Xl a. X2b. X8b.2Bo/13Xi3a. X2b. X3b. B2, Xl a. X2b. X3b. B3, Xl a. X2b PRBIISBDY/041447
Xl a. X2b. X3c. B1, Xi a.X2b.X3c.BZ, X1 a. X2b. X3c. B3, Xl a. X2b. X3c. B4,

Xl a. X2c. X3a. Bl, Xl a.X2c.X3a.B2, X 1 a.X2c. X3a.B3, Xl a. X2c. X3a. B4, 10
Xl a. X2c. X3b. B1, Xl a.X2c.X3b.B2, Xl a.X2c.X3b.B3, Xl a. X2c. X3b. B4,

Xl a. X2c. X3¢ 7BA-P¥Xl a. X2c. X3c. B2, Xi a. X2c. X3c. B3, Xl a. X2c. X3c. B4,

Xl b. X2a. X3a. B1, Xl b. X2a. X3a. B2, Xlb. X2a. X3a. B3, Xlb. X2a. X3a. B4,

Xl b. X2a. X3b. B1, Xl b. X2a. X3b. B2, Xlb. X2a. X3b. B3, Xlb. X2a. X3b. B4,

Xl b. X2a. X3c. B1, Xl bX2a. X3c. X1b. X2a, X3c. B Xl b. X2a. X3c. B4,

X1b. X2b. X3a. B1, )Glb\fj(} X3a, |bm<2b X3a-R3, Nkb. xztg,/k . Bl .
X1b. X2b. 31131, X b“*Zb. X3b. Bz_/XI b. X2b/ X3b. BS,—/XI b, X2b X3b, B4, \ X AR
b. X2b. X3c. B1, Xlb. X2b. X3c. B2, Xlb. X2b. X3c. B3, Xl b. X2b. X3c. B4,

X1b. X2c. Xx3aaBithediks. X2¢. X3a. B2, Xl b. X2¢. X3a. B3, Xl b. X2c. X3a. B4,

Xl b. X2¢. X3b. BI, B B3, Xkh,X26..X3b.

20X1b. X2¢. X3cC. Blﬁ;%&ﬁ%§m§§§meéﬁo%% ﬁﬁbg é% R t:pb izéz( x%rcll%{1 5 %1
c. X2a. X3a. BindepbeleXPa (fXBEg)BchI Xdlgﬂg?éﬂaanﬁech@g)aMyﬁﬁ)@&rm @ﬁa]kjw wherem
c. X2a.X3b. BL, X ¢.X0a, X3b X1 c. X2a. X3b.B3. Xi_c.X2a X3b.

| c. x2a. X3c. 8d (Kr€s ?(li%ii k@tcﬁszewle(@@fés)aééﬁnsé@ gl @éﬂlk@@rwdependenﬂy,
Xi c. X2b 3a X B4, 25
X ¢ on Capojonalii Ay FRRORE or bl D 1l BN G MR B B

Xl c. X2b. X3c TBdrefox,byX2ty. @f&&arBﬁLe at aoXRiitM3m, B%,, RXRE, 2 RS A8 oBR 2 could

Xl c. X2c. X3a. B1, Xl c. X2c. X3a. 2C, . X c. X2¢. X3a

oS0 AanBtiscRm el «Eﬁﬂl\iﬁi&%c&i@ﬂg@zw@ SR, -
X|C.XZC.XBCcﬁ@CF§ *éggﬁé OfL§NZCanti3ke B, Xl C. X2c. X3c. B4, 30

Xl d. X2a. X3a. Bf, X d a. Bz 3(2a X3a. B3, X1 d, X2a. X3a. B4,

Xl d. X2a. X3b. Bl Kiangilp amkadinR@a; oWormu}eQIaImb B3R xRa R2B! 8BB4 (C,-

Xid. X2 d. X2a. X3c. B2 X3
3005 2 3 sc PR PRSI Fiore Bt fhe TR A iug isaron ARt A S o 9l | 7
I's a conpouply®elogtéedyirEatet REIOIPUE-GPNNRST i THEr@bre, RSN mple and

not limitation, Rz, R R R, Rﬁ, R orR'"? could represent moieties such as -CH,OCH;,
-CH>OCH,CH3, -CHOCH(CH3),, -CH,SCH3, ~(CH,)¢OCH3, -(CH,)sN(CH:), and the
like.

20 In still another embodiment, the compounds of Formula I, Formula 11, or Formula

111 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 structure in Tables 1-4 is represented by an

30  alphanumeric “code”. Fach structure of a compound of Formula IV can thus be
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HON, /HO OH Ho OH NN aaCNH6 OH NH2NH2 9 9 9 HO1-01-01-0 OH OH OH

NH2 NN HON, N _;,/HON N,/ HON, , /,,CN N Ho OH NH2 HONHO H01-0 OH
WO 2009/132135 PCT/US2009/041447
756.PF

5  designated in tabular form by combining the “code” representing each structural moiety
using the following syntax: X1.X2.X3.B. Thus, for example, X1a.X2¢.X3a.B1

represents the following structure:

Table 1: X1 Structures

Code Structure
Xla CN

X1b CH,

Xle N;

X1d CH,OH

10

Table 2: X2 Structures

Code Structure
X2a H

X2b CH;

X2¢ ey

15 Table 3: X3 Structures

Code Structure

X3a N=

30



Ho OHHO OHHO OH WO 2009/ 132135 756.PF O 0-p-0 oo O PCT/ US2009/ 041447
NH2 O 0 11)10 0O' CN

WO 2009/132135 PCT/US2009/041447
756.PF
Code Structure
X3b -CH=
X3¢ -Cl=
5

Table 4: B Structures

Code Structure

Bl NF,

B2 OH

g N NH,
B3 NH,
X3
= NN
\ N /)\
SN NH,
rn,
B4 NHCH
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Ho OH NH2 756.PF NH2 00 0---" 0-P-6 NH2 NNt----jHO, WD

2009/ 132135PCT/ US2009/ 041447 756. PF
WO 2009/132135 PCT/US2009/041447

756.PF

5 Table 6: List of Compounds of Formula IV
X1a.X2b.X3a.B1, X1a.X2b.X3a.B2, X1a.X2b.X3a.B3, X1a.X2b.X3a.B4,
X1a.X2b.X3b.B1, X1a.X2b.X3b.B2, X1a.X2b.X3b.B3, X1a.X2b.X3b.B4,
X1a.X2b.X3c.B1, X1a.X2b.X3¢.B2, X1a.X2b.X3c.B3, X1a.X2b.X3c.B4,
Xla.X2¢.X3a.B1, X1a.X2c.X3a.B2, X1a.X2¢.X3a.B3, X1a.X2c.X3a.B4,
10 X1a.X2¢.X3b.BI1, X1a.X2¢.X3b.B2, X1a.X2¢.X3b.B3, X1a.X2¢.X3b.B4,
X1a.X2cX3c B, X1a.X2c¢.X3c.B2, X1a.X2¢.X3¢.B3, X1a.X2c.X3c. B4,
X1b.X2a.X3a.B1, X1b.X2a.X3a.B2, X1b.X2a.X3a.B3, X1b.X2a.X3a.B4,
X1b.X2a.X3b.B1, X1b.X22.X3b.B2, X1h.X2a.X3b.B3, X1b.X22.X3b.B4,
X1b.X2a.X3c.B1, X1b.X2a.X3¢.B2, X1b.X2a.X3¢.B3, X1b.X2a.X3c.B4,
15 X1b.X2b.X3a.Bl, X1b.X2b.X3a.B2, X1b.X2b.X3a.B3, X1b.X2b.X3a.B4,
X1b.X2b.X3b.B1, X1b.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.X2¢. X3a.B4,
X1b.X2¢.X3b.B1, X1b.X2¢.X3b.B2, X15.X2c.X3b.B3, X1b.X2c¢.X3b.B4,
20 X1b.XZe.X3e.B1, X1b.X2c¢.X3¢.B2, X1b.X2¢.X3¢.B3, X1b.X2c.X3¢.B4,
Xle.X2a.X3a.B1, X1c.X2a.X3a.B2, X1c.X2a.X3a.B3, X1¢.X2a.X32.B4,
X1c.X2a.X3b.B1, X1¢.X2a.X3b.B2, X1¢.X2a.X3b.B3, X1c.X2a.X3b.B4,
Xle.X2a.X3c.BI1, X1c¢.X2a.X3¢.B2, X1¢.X2a.X3¢.B3, X1¢.X2a.X3c.B4,
X1e.X2b.X3a.BI1, X1c.X2b.X3a.B2, X1¢.X2b.X3a.B3, X1¢.X2b.X3a.B4,
25 X1eX2b.X3b.B1, X1¢.X2b.X3b.B2, X1¢.X2b.X3b.B3, X1c¢.X2b.X3b.B4,
X1e.X2b.X3c.B1, X1¢.X2b.X3c.B2, X1¢.X2b.X3c.B3, X1¢.X2b.X3¢.B4,
X1c.X2¢.X3a.B1, X1c.X2¢.X32.B2, X1¢.X2¢.X3a.B3, X1c.X2¢c.X3a.B4,
Xle.X2¢.X3b.B1, X1c¢.X2¢.X3b.B2, X1¢.X2¢.X3b.B3, X1¢.X2c.X3b.B4,
X1eX2cX3e.Bl1, X1e.X2¢.X3c.B2, X1¢.X2¢.X3c.B3, X1c.X2c.X3c.B4,
30 X1d.X2a.X3a.B1, X1d.X2a.X3a.B2, X1d.X2a.X3a.B3, X1d.X2a.X3a.B4,
~1d.X2a.X3b.B1, X1d.X22a.X3b.B2, X1d.X2a.X3b.B3, X1d.X2a.X3b.B4,
X1d.X2a.X3c.B1, X1d.X2a.X3¢.B2, X1d.X2a.X3c.B3, X1d.X2a.X3c.B4.

32



50r a pharmaceutically acceptable salt thereof DEFI N TI ONS Unl ess
stated otherwi se, the follow ng terns and phrases as used herein are

i nt ended wWo 2h@vis2t3e fol | ow ng neani ngs: 10When trade naCEAS2000/0uEIQT
herein, applicants intend to independently include the tradenane product
and the active pharnaceutical i ngredi ent(s) of the tradenane product.

As used herein, "a conpound of the invention" or "a conpound of Formula I"
neans a conpq F g of Formula | or a phar maceutical |y acceptable salt,
thereof. Simlarly, with respect to isolatable internedi ates, the phrase "a
conpound of Fornula 15(nunber)” neans a conpound of that fornula and

phar maceutical |l y _acceptabl e salt t hereo i s hydrocarbon
containigg nor maft & ﬁH§W9nn$%%%V%PVSBﬂHéW%F@EP@%ﬂﬁﬁ C@@éﬁﬁ‘ ESFOWxanpl e,
an al kyl grggﬂﬂﬁﬁgohave | to 20 carbon atons (i.e, Cl1-C20 alkyl), 1 to 8
carbon atons (i.e., Cl1-C8 alkyl), or 1 to 6 carbon atons (i.e., Cl-C6

al kyl ). Exanples 20of suilNHble al kyl groupdHincl ude, but ard&Hgot |imted

to, nethyl (M, - A | (Et, - , 1-propyl \ n- propyl ,
- CH2CH2CH3) , 1d y N%';%%yl Ho—QH( )Jﬂ by utyl,
- CH2CH2CH2CH3) t hyl propyl u, N=butyl )2), 2-butyl
(s-Bu, s-butyl, - CM3) cHoCHB) , 2=kt By - 2- propyl , t-butyl,
-C(CHI) 3), pensy n- pentyl, -GH2 CH2CH2CH3) , & péntyl
25( - CH( CH3) CHZCEBCI—B . 3-pentyl Ay PCH3) 2) | 2-’"’§etﬁ3§ Z2-butyl

(_
(-C(CH3) 2CH2CH3) , 3-methyl-2-buty (-CH(CH3)CH(CH3)2), 3-nethyl-1 -butyl
(- CH2CH2CH( CH3) 2), 2-net hyd,- | < but yl (- CH2CH( CH3) CH2CH3 Ni, 1- hexyl
(- CH2CH2CH2CH2CH2 hexyT /(- Cﬁ@CHQ)CHQCHZCHZ.w& hexyl
CH( CH2CHB) ( CH2CH? 2*Nret hyl - 2- pent;ﬂ‘P@o 3 ’
30 pentyl (-CH CH2 4-netlyl “2-pes QFQH(CHS)CHZCH(CHS)Z)
3- net hyl- 3-pent ) ( CH 2), 2-nethyl
(- CH(CH2C} 13) CH C}B ), 2,3-dinmethyl-2-butyl ng(a‘
3, 3-di met hy1- 2- H I CH(CM3) C(CH3) 3, and oct¥l PH(CH2) 7CH3) .~ " Al koxy"
means a group haV|ng the folinula -0 kyl, in which qﬂialkyl group, WO
2009/ 132135PCT/ US2009/ 041447 756_\F as deflned abgve, Is attached to the
par ent mol ecul & vi & an Sox gen ato [ an al koxy group
can have 1.tﬁ?7ﬂf B ot~ i/ N, 1/to 12 carbon
atons(i.e., Cl QU &rtkody), ”kﬂ]% carbon at ons{(y.. @., Cl- C6 al koxy).
Exanpl es of suitabl e al koxy i : not limted to, nethoxy
(-0-CH3 or -0OMe), ethoxy (*@CHZEHS or -QEt)HQ tQHoxy (-0Q-C(CH3) 3 or-0tBu)
and the like. 10"Hal oal kyl" is an al kyl group, as defined above, in which
one or nore hydrogen atoq§1of the al kyl grngup is replaceg with a hal ogen

atont The al kyl port a haloalkyhtgr ﬁ can havel! £0 carbon atons
SnL to 12 ca \bo\ﬁ/qt\pmq_(é.

(i.e., Ci1-C20 haloa\ky hal oal kyl ), or
1 to 6 carbdél Ne. _/Cl1- N \Examples t) Uit Iewhaloalkyl
groups incl ude, "aﬁgynot limted H Yer3, -

the |ike. Sz = T

10 HO OH




"Al kenyl" is a hydrocarbon containing normal, secondary, tertiary or cyclic
carbon atons with at | east one site of unsaturatlon i.e. a carbon-carbon,
sp2 doublwohomd32B6r exanpl e, an al kenyl group can have PRTHUS280/0¢ 58 hon
atons (i.e., C2-C20 alkenyl), 2 to 8 carbon atons (i.e., C2-C8 al kenyl), or
2 to 6 carbon atons (i.e., C2-C6 al keriyl). 20Exanples of suitable al kenyl
groups include, but are not limted to, ethylene or vinyl (-CH=CH2), allyl
(- CI—IZCI—I:CHZ)756cP9':CIopentenyI (-05H7), and 5-hexenyl (-CH2CH2CH2CH2CH=CH?) .
"Al kynyl" is a hydrocarbon containing normal, secondary, tertiary or cyclic
carbon atons with at | east one site of unsaturatlon i.e. a carbon-carbon,
sp triple bond. 25For exanple, an al kysyl group can have 2 to 20 car bon

atons (i.e., C2-£20 al k riyl), 2 tQ carb atons (i.e., C2-C8 Ikyne ),
or 2 to 6 carbbh &0 _%loe., al Ry nyT aﬁ%les of gnal kynyl
groups include, but areinot \ i%ire &ﬁj acetgleﬁNTP(O Np[Agargyl
(-CHCG & -CH), and Qp e Pike. GNene" refers to@ sat nghed or

strai ght chai n\or clic hydrocarbon 30 radica ving t noval en

r adi cal enter;*‘ ed by HHe PEnoval of two ogerH@t aws fromthe sane
or two different carbon atons of a parent al kane. For exanple, an al kyl ene
group can have 4 tg 20 carbon atons, 1 to 10 carbon atgpg, or 1 to 6 carbon
at ons. Typi%ég’a*' | ene radicals |nclqge, but are imted to, nethylene
(-CH2-), WO )9 1321 A7 -enhyl (- CH(CH3)-),

1, 2-ethyl (-CH2CH2-) P< pyl (-CH2CH(CH3)-),
1, 3-propyl (-CH2CHXeH2-) - - CH2CH2CH2CHR< , "and the i ke.

"Al kenyl ene" r & to anaun urated, branched or straight chain or cyclic
c#l haviig twe"monoval ent radPcaP centers derived by the
removal of tv@ hydrogen atons fromthe sane o dlfferent carbon atons
of a parent alkene For 10 exanpl e, and ‘al kenyl ene group tan have 1 to 20
carbon atons, carbon atons,Ndr 1 to 6 carbon atoms. Typica

al kenyl ene r c élQ cl ude, not limted to, 1,2-ethyl éiig
(-CH=CH). el J} unsat.ur ayed;p br anche trai ght
chain or cyc hy rdharb al®h

avwnd\‘ npngval ent ical centers
derived by the renoval of f@‘hydrog on® gron1 t wo

LW . N

different carbon atons of @ pgarent al kyne. For exanpl & _HCﬁIkynerne group
can have 1 to 20 carbon atéﬁég 1 to 10 carbon atons, @gr to 6 carbon
atons. Typical al kynylene radicals include, but are not IN'mted to,

acetyl ene propargyl (-CH2C7---C), 4- pentynyl (- CH2CH2CH2C---). "Am no"
refers generally t(f?} oni trogen d'ca ocan be considered a derivative

\ 1
AN \N
‘e, \N""— ;
HG  OH

it

O

O—‘
O

—

o‘Yb g

O Cl




20 of ammoni a, having the fornmula -N(X)2, where each "X" is independently

H, substituted or unsubstitated al kyl, substituted or unsubstituted

ear bocyclwb, 208335t ut ed or unsubstituted heterocyclyl, peraiS2000®041447

hybri di zati on of the nitrogen is approximtely sp3. Nonlimting types of

am no include -NH2, -N(al kyl)2, -NH(al kyl), -N(carbocyclyl)2,

-NH(carbocyclyl), - N(heterocyclyl)2, -NH(heterocyclyl), -N(aryl)?2,

-NH(aryl), -M6&rkyl) (aryl), - 25N(al kyl) (heterocyclyl),

-N(carbocycl yl) (heterocyclyl), -N(aryl)(heteroaryl), -

N(al kyl ) (heteroaryl), etc. The term "al kyl am no" refers to an am no group

substituted with at |east one al kyl group. hbnliniqh@g exanpl es of am no

groups include -NH2, -NH(CH3), -N(CH3)2, -NHCW ), N(CH2CH3) 2,

- NH( phenyl ), -N(phenyl) 2, 1NH(b§Ezyl), - N(be | )N etc. Substituted

al kyl arni no g@fgrs generafly to afkyl am no.@r —As defined 30 above, in

whi ch at | east Fy St AU ef i/ ed Herein, is attached to the

am no nitrogER a Oﬁl‘N"@&fﬂiJng egﬁggles of substituted al kyl am no

i ncl udes - NH(al kyl eneT(T}-0H), - NH( aPkyi éhe- OH0) - 0- al kyl ),

-N(al kyl &ne- C(0) - 0H2, OK(al kyl ene- C(0F-0- al kyl)2, etc. WD

2009/ 132135PCT/ US2009/ 041447 756. PF o/ Aryl " neans an aromatic hydrocarbon

radi cal derived by the renoval g@f o e*hydrogen at ¥rom a single carbon

atom of a parent aromatic ringqsyste For exa ~pan aryl group can have
<,

6 to 20 carbon atgns, 6 to X4 on/at , 0\ 6,t0 |10 carbon atons.

Typi cal aryl o8 UCN&NEJHO?EfIﬁbt dNtm%\NaQicals derived from
benzene (e.g., ph , sub ut ed benzene hal ene, ant hracene,

bi phenyl, and the i ke T ArgHal kyl " refers—to*an acyclic alkyl radical in
whi ch one of the hydrog€n atons bonded,toH@ caffhon atom  typically a
teiwinal or sp3 carbon atom is replaced with an aryl radical. Typical
aryl al kyl groups incl ude, butkg} ot limted to, benzyl, Ruphenyletban- 1
-yl naphthylnlethyl,Nq-naphth;F§£ﬂaﬁ-l-yl,OnaphthobeN
2-naphthopheny|eth§p-l yﬁ and the IbkeF_Th _ggélalkyl\gr upNcan conprise 7
to 20 carbon atons, g  g'N the alkyl 15nviety:js . car atons and the
aryl noiety H3 6 t &bx@on at ons. WMy al\keAyPN ref &Hs to an
acyclic al kenyl i i ch one of the hydrogenaatons bonded to a

adi cal’ i
carbon atom typica ecgrhon APonPMbut al so an sp2

EY a termnal or sp3
carbon atom Lﬁ§re'}§ced with an aryl rad . The aryl portion of the
i the aryl groups disclosed

aryl al kenyl can inclfude, for-:exanple, any O
herein, and the al kenyl pqjion of 20the aryl glikenyl can include, for
exanpl e, any of the alkenyl groups disclosed Herein. The aryl al kenyl group

can conprise 8 to 20\@3 bom at ons, alkenyl noiety is 2 to 6
arbon at ons.

carbon at oms Bhe =ADi et yHO J
h y&Nrgdidah in which one of the

"Arylal kynyl " refers-4,9 an ayclic a
hydrogen atons b to a carbon at ypically a term nal or sp3 carbon

atom but al so @k Sy 25carbon atompds pepl aced with an aryl radical. The
aryl portion of the arylal kynyl’ can include, for exanple, any of the aryl
groups di scl osed herein, and the al kynyl po#ti on of the arylal kynyl can

i ncl ude, for exanple

RS

HO




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 carbon atons.
30The t erwp28mbisei3sut ed” in reference to al kyl, al kyl eneCTarsgéog/oarsyt al kyl ,

al koxy, heterocyclyl, heteroaryl, carbocyclyl, etc. , for exanple,
"substituted al kyl", "substituted al kyl ene"”, "substituted aryl",
"substituteq ghélalkyl", "substituted heterocyclyl", and "substituted
car bocyel yls' ans al kyl, al kylene, aryl, arylal kyl, heterocyclyl,

carbocyclyl respectively, in which one or nore hydrogen atons are each

i ndependently WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5replaced wth a
non- hydr genpr s phatiatagieslly dFocppteble sslabistdofuent s i ncl ude, but are not limted
to, -X -le, -0-, --0, -OR', -SR", -S-, -NR'2, -NR'3, -NR", -CX3, -CN,
-OCN, -SCN,-NCS, -NO -N®2, =N2, -N3, -NHC(=0)R', -NHC(-0)NR'2, -S(=0)2-,
-S(-0)20H, -S(-0)2R', -0S(-0)20R', -S(=0)2NR"'2, -S(=0)1e, -0P(-0)(ORb)2,

- P(=0) (OR) 2pEFpGFADNY 2, - P(=0) (01-)2, -P(0)(010(0), 10-C(-0)R", -C(-0)X,
-C(S)R', -C(O0)OR", -C(0)0-, -C(SOR', -C(O)SR", -C(S)SR', -C(0)NR'2,
-C(S)NR'2, - - - Uniges ytrurd 2thefiise.ehe dlowing srineiebeinessand ysed hvadimgren: F, O,
Br. or 1 and.eash, Rvdfe fapdependensiy. i alkyl, aryl, arylalkyl, a

het erocycl e, oOr a protecfflng gr‘%up or="prodrug noiety. Al kyl ene, al kenyl ene,

and al kymyl ene gMaupSradeyadbsere heedhdntihadpplicaitbmtdniub adiepditlepgsinotlaeim se
i ndi cated, when the term"substituted” is_ 15 used in conjunction wth gaups

such as ai yfrafeegme nipfichamthe agtitis phrrmseatiGrbingrecant e hpbibl dademameseductt i on,
the substituent SA@%Qeﬁ?er@ig:; 'Sagaﬁ%o{lgd B%ﬁ%%l]tl@l t"¥ ’COI%IE 1 l&*'on%fa%t y, or

bot h. The term ™ pro s used hereinrefers any conpound t hat
when admi ni steemsedcdnapaambio6 Fogiwdal osy shamagamesiyt sazepthide dsltighaudst ance,
i.e., acti vg. |lgag{ edient, as gsg{le%ﬂl t of 20spontaneous chem cal reaction(s),
enzyne cat aP{Ple WEHTesectia Ro{atiie BermsAdias! e iparase riygasmpaved 26 5pimula

chem cajsre {HR( j : if.l g or

| at ent 1!50r m%gl?ﬂt%ﬁg ﬁ%ﬁaggggéfﬁgglﬁllgydfz}gtt %@ao&n%@r?%ﬂ gédtim&g&gﬁ?{%@’ in the
art will rethegwifze that substituents and other noieties of the conmpounds of

Formula I-111 should,be.selected in.order t rovide a conpound whjich is
e tut i e ent 1y RhST S RS eFEb e iR bl FeBi, SEERUR SO SR whi ch
can be for mubakedol Blahas aﬁ@%@%@ﬁbwaﬁ hak! eroPladpRmeih e ale, esl@(paﬁk%zb,gn-

ed as

Conpounds of Fornula I-111 whic ave such stability are contenpl a

falling w tHhearhen demsé of CrRealyleswrittoiorpehnn asoms (i.e., Ci-Chdkdr. dxhiaples
refers a v r e .car.ban_at b repl aced
wth ot ol Qe SLBURCRGR e de LR ERALE MU Ry "Gl QEAIEL R, orm of
the 30al kyl Cgl,OHp), Whirchy! (s PatrBropad-C10, CHE HRArEMopInt-PeUlRopys, KaRCAGRY Wi th
a het eroatom (e.(r;;. 0, N .or. S%: the resulting heteroal kyl groups are,
respect i vel {PUEHh BiBRoxPu ol B2 B2t CHpctmetyild -proper1-BiH nevtyler g. , - NHCHS,
-N(CH3) 2, epq.dH(On b Iy ¥ N S@ﬁ%).‘ Qn- 'y nal
carbon atom 01? tﬁue g@l’(yl é?g%phﬁlgggiésﬁ%%ﬁ)gﬁtzac égi 1{1%11?%8%5%(&3@%' ecul e
i s repl acedt-mityh -G((Héd)or batop (Qepegtyl, -CH,NH.6H.GH,CHg, 2-esntht i ng het er oal kyl
groups are, VAL BRI S et (LU QLA . 2-methyl-2-butyl
(-C(CH3):CHCHy), 3-methyl-2-butyl (-CH(CH;)CH(CHj),), 3-methyl-1-butyl
(-CH>CH>CH(CH3),), 2-methyl-1-butyl (-CH,CH{CH;3)CH>CH3), 1-hexyl
(-CH2CH,CH,CH,CH,;CH3), 2-hexyl (-CH(CH3)CH,CH,CH,CH3), 3-hexyl (-
CH(CH,CH;)(CH.CH,CH3)), 2-methyl-2-pentyl (-C(CH3),CH,CH,CH3), 3-methyl-2-

30 pentyl (-CH(CH3)CH(CH3)CH,CH;), 4-methyl-2-pentyl (-CH(CH3)CH.CH(CH;)), 3-
methyl-3-pentyl (-C(CH;)}(CH2CHj),), 2-methyl-3-pentyl (-CH(CH,CH3)CH(CH;)»),
2,3-dimethyl-2-butyl (-C(CH3),CH(CHs),), 3,3-dimethyl-2-butyl (-CH(CH3)C(CHs)s,
and octyl (-{CH;);CH3).

“Alkoxy” means a group having the formula ~O-alkyl, in which an atkyl group,
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756. PF 5respectively, an al kyl ether (e.g., -CH2CH2-0-CH3, etc.), an al kyl
amne (e.g., -CH2ZNHCH3, -CH2N(CH3)2, etc.), or a thioal kyl ether
(e.g.,-CHROS0@OH321351 f a term nal carbon atom of the al kpCTgrsean/oius4T epl aced
with a heteroatom(e.g., 0, N, or S), the resulting heteroal kyl groups are,
respecti veI y, a hydroxyal kyl group (e.g., -CH2CH2-0H), an am noal kyl group
(e.q. %@F or an alkyl thiol group (e.g., -CH2CH2-SH). A heteroal kyl
group can h for 10exanple, 1 to 20 carbon atonms, 1 to 10 carbon atons,
or 1 to 6 carbon atoms. A Cl ..C6 heteroal kyl group neans a heteroal kyl
group having | to 6 carbon atons. "Het erocycl e" or "heterocyclyl" as
used herei naj ddfingdebolsy istaclodd tederplrent amiecm&ﬂ vik |amokaganmnomh daealkyl

het er ocycl es scri bed in Pa uet Princi

ot o1 ocyel 1 BoBER R o Flfo ke s i o 2 tem Aoms Bs o e PORT 49 §2
Chapters |, c%boﬂ-@toﬂms%@z, @PCQBQOQ ,IP?KQE‘@EER)@& ﬁﬁénﬁfz GH@ 9('3@ M&iﬂ)CE%}HﬂQynds
A Series of Mn O to present), in

_ John W %/ Sons, New Yor K
particul ar Vbui ba@xymoum@lci@; wirete 29: linaited] 19, mAOXOhERCHSOT - OMBQ),GO)

" car bocycPAP L ERREHE FERE PSR or R G BB IREY 5% 51 G Yl

car bon &t ons havepbiesiyraphasied g:m;n ad dBRA Rl DY O (i ol or Phor®@hydpbgen20The
terns "heterocycle" or heteroc él" i ncl udes saturated ri ngs par%l ally

unsat ur at ed 2iPigd thetkyl gresipeis F%P gath(g haéogenwéqr@rw%kﬁdmpéiqm @s) .

Substi t ut edy, I e

substi tuted %’\AS%EE{,I;E%X %/A %hégggl}gggfﬁig%?tg |s%: e8¢ l%%?aglﬁ |1§[8I13%g%8n

car bonyl gr etops(i.cA G]exhp ﬂlaimancb/})gorelxtarﬁ)daﬁ)m atems@en Ay alits tHxtauipesd of

het er ocycl yl i npl es. of heterocycles i ncl ude
by way of ei‘&I‘?’B eélﬁi%‘(yﬁ@foqpﬁ mcﬁ% awqtéwe%dpﬁ%@yw WfiH; -CHLCFs,

t etr ahyds opyyd @xhikepi peridyl), thiazolyl, tetrahydrothi ophenyl sul fur

oxi di zed tetrahydrot hi ophenyl, pyrim di nyI , furanyl, thienyl, pyrrol yl,
pyrazolyl, i m daZélkghyl” iset Inaizasaytion CbeﬂaﬁmIgm@maﬂ,,sed:dﬁdanamhtﬁdmbenydlip i ndol yI,

i ndol |, I benzi m dazol yl er I

47 pi por | dongoL PPt RIS A POITBROD {6t ARgar O titaigi ouble bond
tetrahydr oqpblr@damf@yé an E%ﬁﬁ@l&maﬁmw el zmyérboﬂ%ﬁl@é OQIJCEIOJBtéﬁXzI) 2 to
oct ahydr oi soqui nol i nyI azocl né/(@ triazinyl hi adi azi nyl’,” WO

2009/ 132135PCTbUS2O05/(04 144 Fs AEERRF 05 21 Gldahos, azorrIs i, é?m@b;dikenvhl enyl ,
thiant hge nyhmn%’la?@iy Ju’ltafnki,%%%l S'up%nxclud %up e {I’mnted to, ethylene or vinyl

(-CH=CHz), allyl (-CH,CH=CH>), cyclopenteny! (-CsH), and 5-hexenyl
(-CH,CH,CH>CH,CH=CH,).
“Alkynyl” is a hydrocarbon containing normal, secondary, tertiary or cyclic
carbon atoms with at least one site of unsaturation, i.e. a carbon-carbon, sp triple bond.
25 For example, an alkynyl group can have 2 to 20 carbon atoms (i.¢., Co-Cyg alkynyl), 2 to
8 carbon atoms (i.e., C,-Cy alkyne,), or 2 to 6 carbon atoms (i.e., C-Cg alkynyl).
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 cyclic 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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xant henyl, phenoxat hinyl, 2H pyrrolyl, isothiazolyl, isoxazolyl, pyrazinyl,
pyridazinyl, indolizinyl, isoindolyl, 3H4ndolyl, 1Hindazoly, purinyl,

4H qui nolwoi2ngd/132188t hal azi nyl , napht hyri di nyl, qui noxal iPeyIUS2@iomsaanl i nyl ,
cinnolinyl, pteridinyl, 4aH carbazolyl, carbazolyl, 13-carbolinyl,
phenant hri di nyl, acridinyl, pyrimdinyl, phenanthrolinyl, 10phenazinyl,
phenot hi azi nyl, furazanyl, phenoxazinyl, isochromanyl, chromanyl,
inidazolidigé% i m dazol inyl, pyrazolidinyl, pyrazolinyl, piperazinyl,

i ndol i nyl, 28t hdolinyl, quinuclidinyl, norpholinyl, oxazolidinyl,

benzotri azol yl , benzisoxazolyl oxi ndol yl , benzoxazolinyl, isatinoyl, and
bi s- tetrahydrofura 15By way of exanp Ie and not Ilnltatlon carbon

bonded hét eﬂdc@fbﬂééyfﬁpéﬁbbﬁd?e@ihﬂt( %&QHJ)@h 1opropyl (4;HEH:6H)6), d2-mopr i di ne,
t 3,
B;?:nggyne p0§| ﬂg RéIgﬁgxgkggékQEHzgﬁggglﬁé(%Baéﬁ#§$#ﬂ§) ?KLQGhB? 5 of

a furan, tetr ahydAkaehljflaﬂ:” réfbfsQb Wi Afbatukdied) Phebed @ Yfriiohtehdin or cyclic
tetrahydropénole position 2, 4, or 5 of an oxazole, irnidazole or

t hi azol e &#Pﬁ@%ﬂ?wﬂaﬂfﬁymsﬁﬁ?H@ﬁ@%@ﬁ&ﬁ@&@bmmﬁv$@iﬁrébyéwrgupgﬁpﬁWazo|e
position 2 f I, . i.ne,
osi i on 2, Mg i R AR orART iR farhoh abhs 8 LpurB ERE S,
7, or 810f ammEegud a]dibxiyrlme gsmild dan ﬂmveel fe}@@l daﬂjdn)axor.@saﬂ o0 Epheedoms, or 1 to
het er ocycl es i nclude 2-pyri 4-pyrid - ridyl,

6- pyri dyl , . 9'59? a*a%sng icgl %‘WV‘&%% aﬁwls 115“»%&1&&%% mtef? %vy##cp&zsilm . 2-
pyri m di nyl C§£QM{5n1d|nyl 5-pyrimdinyl, 6-pyrimdinyl, 2-pyrazinyl,
3-pyrazinyl, 5- 25pyra2|nyl 6- pyrazi nyl, 2-thiazolyl, 4-thiazolyl, or
5-thiazolyl. By m&tymﬁerm’(‘aafpfseo amdnsatiratéd, brdnakddoot striightr hgiar bastided

het erocycl e re bond position 1 of an aziriding, azetldlne yn-ol e,
pyrrolidi neﬁy‘goqudﬁgﬁ@%"‘@n%w’? Bepalent rdieabeers demvahbyihe demeyal of two

2-imdazgli H?drogte‘n'dﬂﬂ@%&h'ﬂ%au@ﬂ%%@hﬁﬁe@ﬂyfﬁg&l At O?‘d pa%!i@ﬂ(%&
3-pyrazoline, piperidine, piperazine, 1ndo |ne azo e

posi tion 2 8tngfle,an pkgnyldod goumeanilsed hioold cmborpmsm ilan 14 cobomatome phadltd ne,
and positioE&Q of a carbaz

bol Still |1y
ni trogen boRdadoh&PEFo %1F§§‘ﬁ?yﬁglfra&%r€ ‘%E‘Iégrfc:l‘fd&yli’uta%mé?ﬁt @Eﬂ X&iﬁ%ﬁ rolyl,
1-i m dazol g§Qj =
2069/13513% CT/J%A%%%%gi%EE Sézﬁhg eﬁetggogﬁggg?g??"T"'refers to an
acyclic al kyl radﬁmam”mﬁém@wmhﬁbmeaﬁmaﬁmrmydﬂggemcaﬁbm&nbﬂhﬂﬂd{knwawearbon
t t 3 t
et or ocobl y & PimPRaTR R e SRR EbyRRyF et anbSbrpigtyh P o

het erocycly hn@bé&bﬁlﬁe«gﬁlﬁ E@Hsﬁt%{éd@? uné%@tit@té@ cﬁ@&cyklymsﬁ@s@uk&i or unsubstituted
heterocyclyl (heterocyclyl)ethan-1 -yl and the |ike, wherein the

"het er ocycl 151@31‘09&32\13{14 B0 Thechieidizatgnofdhe mgege ihepreromytslysp .gNouipsitidescr i bed

above, incl C e Pr. f cycl

cnomi stry. BeNE A IRE BoflE RAR R NRER Y P hp AT RS .-

heterocyclyNﬂgmﬁugcﬁﬂﬂ~E@KEﬁﬁaeﬁ£ﬂLtM@@ﬁﬁ aﬂﬂ@ﬁw}xm$?m%uaah)the heterocyclyl
nmeans. of a carbon-carbon bond or a carbon-hetero atom bond, with

al kyl b

t he prozﬁso Ntiat) (hetgopxebihl e Nisgrbgeynlp) (hatere eyl aNfapyl¥befpioarylThe heterocyclyl
al kyl grou t K

theyarglalﬁyﬁ g bh%&?§§ g gh oﬁgg?gﬁgngﬁgggﬂmi '@Sﬁﬁié% E¥8%%1§ y |s 2
to 14 carboﬁ1&&0@3%M§&gﬂmbeNOanhmgekmnMedqﬂaﬁMWgﬁmpmmbmdedbM%WHYKOHﬁ

cont ai ni ng. uCekbos et €iLEhich - SECRR EDorSikaheny. e Eroryibernn: 1-y1
N(benzyl),, etc. Substituted alkylamino refers generally to alkylamino groups, as defined
30 above, in which at least one substituted alkyl, as defined herein, is attached to the amino
nitrogen atom. Non-limiting examples of substituted atkylamino includes -NH(alkylene-
C(0)-0OH), -NH(alkylene-C(0)-O-alkyl), -N(alkylene-C(0)-OH),, -N(alkylene-C(O)-O-
alkyl),, etc.



i m dazol yl met hyl, oxazol yl met hyl , thiadi azol yl nethyl, etc., 6-nmenbered
sul fur, oxygen, 20and/or nitrogen containing heterocycles such as

pi peri di nybrmeadmgR135pi per azi nyl met hyl, nor phol i nyl net hyl pCpyuse@onyismet hyl ,
pyridizylnethyl, pyrinidylnethyl, pyrazi nyl net hyl, etc.

"Het erocycl yl al kenyl " refers to an acyclic al kenyl radical in which one of
t he hydrogen;s gbgns bonded to a carbon atom typically a termnal or sp3
carbon atom but 25al so a sp2 carbon atom is replaced with a heterocyclyl
radical (i.e., a heterocyclyl- al kenyl ene- nnlety) The heterocycl yl

portion f the h cyclyl al ken gro es y of the erocycl yl
groups d scrlbedg%@?gWEM$@ﬁ@FﬁﬂﬁﬁéW§ Bﬁggﬁgg' ‘%%H’$EYQPF?H%W$P§@3 of Mbdem
Heterocycli g &Bgn a‘%&ﬁymmaangn%%m%%aebﬁlofe a;en TroRbti %hﬁ’g DRIRL %ygiﬁa;ng@' kiegy'

group |ncludes y of the alkenyl groups |sc ose erein.
the art mnIhnaﬂéggopuadewsﬁamQOBMhmlmnmsHﬁmdﬂma&vhymngr@ubndﬁmmbenwmnached

to the al kenyl. i f t cl f
car bon- car bONPISBA SR G PR BRBOLTH Wort Ry e BT POUFEcehat ¢ he
resulting gnasRl 2). SubSteEH 6aldede %E@QhﬁeneTQﬁ}uQ%n%r&Fﬁ/ B/Mhncﬁﬂhgﬁﬁé'l group

p

conprises 4 to 20 carbon atoms, e g., the al keny ortion of the
heterocy@lyl al ke Awlalgylo@@feiséﬂo 2n peydbicedyybmdicsl omwhighdne hethhbydogey byl
noiety is 2 tqk% %%r Ona% i call atgg%/%%%lﬁqg%T QS2009/q41 47..756. P.

5" Het er ocyclyf yiPop & erSYR At SEVERTY SR RTROR PRl At Wit ¥hishe of

t he hydr ogemadadad. rnsypman@l@mnm gﬁ)l@@ﬁlbﬂfﬁe{iblﬁm’e ﬁcytphmaeldl t, Weenk@l mﬁaaiylanazﬁw
carbon atom but al an sp carbon atom is replaced with eterocyclyl

radi cal (i. élnm@“ﬁ@ﬁ@ﬁb@§%@¥ﬁ§ﬂ%ﬁh¥!bﬁbﬂﬂﬁﬁh@FV¥ﬁ-iﬁ@PhﬁWthﬁ%ﬁﬂﬁﬁiEﬂortlon
f the het |
Gescr bed peHElie, ShEXHITOND (ATMIRS. PN 2Qlub Bk L OTHE iy T O1PS

Het er ocy£! i encGheid ]stor@qarianrbtmlne aad Kynydl npoetyiiod 1ol 4 thBoihabmsocycl y1 al kynyl
group includes a s di scl gsed her i

f the alk gr oy e skilled in
the art will al SoATHHLTSA A %/H%%n e dkes &3¢y n aﬁﬁﬁﬁneaﬁ){] thg ydoesithed to
the al kynyl a{%‘ﬂ{stﬂoﬁﬁecptfo tdaeooh&egt&ﬁ ChiYy o 81 é,ysp3lexrbeﬁ%§1 @l Qsoa‘nzgs e

car bon-carbon bond or a carbon-heferoat om bond, wth e proviso th
resul ti ng greabpn kisng rerplesdd itk tabiyvé radickb Thearyi @De::am;fchwryhz[ke;mlydang roup

conprises 4.t 0 carbo ato t he .a | por f the

et or ooyol yinSiy i PRy ot el herefinand 8 Meodiisegen 98
noi ety 6 2 tHeOurHdikedy ROM iRh¥Bfor example, diStoBRIRAINNY ERTBS SisdiOse@ el MBLd C
het erocycl yl having at |east one heteroatomin thé rin Non-limting

exanpl es of asialkanl gronprer eorapréwes’ wilchrhoantdses, icgo| theld erfy mohesy BORtodmaL |
ring includg, oxygen,. gﬁe”ah/i r%?%% 's%rté?%carb'\'é?ﬁto'rﬁsm ting exanpl es of

het er oaryl rings |ncIu ar omati ¢ rings listed in the

definition of "hensngkyolyilerskhal at@lcn‘galnymyldadiydi in PYIch@ng lof theXadeoeh ,
i ndol yI, |50|ndolyl purinyl, furany thienyl, benzofizanyl,
beri zot hi opREM Oné@rtﬁé*zc@mn AtQIH fdﬁlfélilX/F termmaé%m/ [carbpg gieas BHy1S0 #ystazol yi |

t hi I I t
25" Car bty e PO HOR K e RV ) Yot G T kb SO s AR 01

partial |y inciude, for example, any of the aryl groups disclosed herein, and the a]kynyl portion of
the arylalkynyl can include, for example, any of the alkynyl groups disclosed herein.
The arylalkynyl group can comprise 8 to 20 carbon atoms, e.g., the alkynyl moiety is 2 to
6 carbon atoms and the aryl moiety is 6 to 14 carbon atoms.
30 The term “substituted” in reference to alkyl, alkylene, aryl, arylalkyl, alkoxy,
heterocyelyl, heteroaryl, carbocyclyl, ete. , for example, “substituted alkyl”, “substituted

%y Ll

alkylene”, “substituted aryl”, “substituted arylalkyl”, “substituted heterocvelyl”, and
“substituted carbocyclyl” means alkyl, alkylene, aryl, arylalkyl, heterocyclyl,

carbocyclyl respectively, in which one or more hydrogen atoms are each independently
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unsaturated (e.g., cycloakenyl, cycl oal kadienyl, etc.) or aromatic ring
having 3 to 7 carbon atons as a nonocycle, 7 to 12 carbon atons as a

bi cycl e, wodoepi3eBsabout 20 carbon atonms as a pol ycycl e PChotirso@yolidg?

car bocycles have 3 to 7 ring atons, still nore typically 5 or 6 ring atons.
Bi cyclic carbocycles have 7 to 12 ring atons, e.g., arranged 30as a bicyclo
[4,5], [5,5], [5,6] or [6,6] system or 9 or 10 ring atons arranged as a

bi cycl o [5’@k69@ [6,6] system or spiro-fused rings. Non-limting exanpl es
of nonocycli'€ Carbocycl es incl ude cyclopropyl, cycl obutyl, cyclopentyl,
1-cycl opent-1 -enyI 1- cycl opent-2-enyl, 1-cyclopent-3-enyl, cycl ohexyl,
1-cycl ohex-1-enyl, -cyclohex 2-enyl, 1-cycl ohex-3-enyl, and phenyl .

Non-1i mi#i n@eié%l%‘{ w-Bycgrensubsitety EyRisalisnbstierass nyipde, but are not

2009/ 1321355’%{&%0%2 ]1?4207k§§$PFSI§ma§htngd NgES alydr enraptal and

decal i ne | af refers to'to am acycli¢ akyl> radi’cal in
whi ch one ofStNe Nr;(dqs(ogmsam@s mﬂ@eq 0Ny, NiaEIR a0aE-0RY, epl aced with a

a2 ot P ST SRRl g S
ATy TN LSOO Porcren

10cycl ohexyl net h
def i nedlflﬂlereﬁ?WO)Rn W(FF@}K aC@ OGER)OR O (AT ,CE(EBmR beC(éI)SREh@(E)SR'E her to a

carbon atom repl aced with an ar u

Gof i ned her &P RhG & %:oaﬁﬁ%ﬁ&ﬁw%% X ipdeaiEntue Seem: Frel

het er oal ky!| mr&qpancpéacm s Bt RhAGIR ofkyl ha&yh%maﬁl Métel%g%w orRrovi ded

that the 15resulting aryl heteroal ky Ifklgrou ﬁpOVI des” a chemtcally stable
a

moi ety. For Pé)tmg@w@rpf@fmm@mal leng, n:cl@m: mai/@kmlﬁngmpamaf/ or mul ae

- al kyl O | H-
ege Kll—l?gfkyfigéleée %Fnlﬁﬂyguq%gﬁf Qeﬁﬂéé Sasroyeen%{sg r{qua eﬁl iégntﬁﬁﬁngﬁr&%:i?v a4 bgt c. In

addi tion; anyedah cbrﬁj&nc@:bkWltﬁrghﬁipﬁﬁdl(ﬁﬁtds%@ldlkylt@Eicgﬁﬁk%t% o aloRhaRtabove can
be further substituted with any of the substituents defined or )
20exenpl i fi &ePahkrdisypstitution, thﬂrﬁé%étits@ﬁwalbwrtachﬁéi@m apyhmgirtathedlkyd migsy. as
defined hergjg,gin which a hydrogen atom has been replaced with a

bet eroaryl group as defined herein. Non-limting exanples of heteroaryl

al kyl include - Crge pmyzni“ﬂiodyig as ﬁdﬂhpt;e(rrmfeysltpmgab&npmmzmﬂlatlwhen gilgmisedlead vl |

- CH2-i soi ndol ur - CH2-t hj eny] ,
25- CH2- benz&%{”ﬁh‘ﬁ%‘;& aﬁé?%f ﬁ cz% ?tanced% %&Y%&%ﬁgﬁ% as a result of

- CHe- .
G oy Ao SRR b SRR i H B PRM

- CH2- pyri m dlyd/(,)r m@pioligywhemighl, reacfibl(l(@)—l&') pmdrugis thpk 2 coGHIOK3) odifjadrabipk or
-CHCH3-ox I dol -i soi ndolyl, -CH(CH3)-purinyl,
- CHE CHS% fu ¥ﬁm€ﬁ%&9‘f?ﬂgﬁ§/ ve co@qf’ ))benzof uraxyl ()P Y
30- CH(CHB) - benonﬂb@lﬂh&ﬂ‘ﬁ'the argﬁﬁgé&) rﬂ%%ﬂis&i{uﬂnﬁ:% @ﬁ@mb}%é&%%éy |
-CH(CH3) -t hi azolyl, -CH(CH3)-isoxazo CH(CH3) - pyr azol yl

-CH(CH3) -i s EPAPGS of Formg}q(l@ﬂg:ﬁo@d iba éqzigqted InOKleCHB)ovidoq @pmpqnyﬂd which is

2005/ 1371 3T ERbB T 0P LBl e b AL Kby S e

reference tmt@apadctptell stablepha&thncaiiciiR®@mposition. 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 S) the resulting heteroalkyl groups are, respectively, an alkoxy group (e.g., -OCH;,
etc.), an amine (e.g., -NHCHj3, -N(CHjs)s, ete.), or a thioalkyl group (e.g., -SCH3). 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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conmpound of Forrmula I-111 (e.g., an optionally substituted aryl group)
refers to a noiety wherein all substiutents are hydrogen or wherein one or
nore of twe 2hgdisesens of the noiety may be replaced by ®abaiseegemtsd? such as
those listed under the definition of "substituted". 10The term "optionally
replaced” in reference to a particular noiety of the conmpound of Formula
I-11!" (e.g., the carbon atons of said (Cl-C8)al kyl nmay be optionally

repl aced by739 -S-, or -NW) neans that one or nore of the methyl ene
groups of theé F& -C8)al kyl may be replaced by 0, 1, 2, or nore of the

groups speci fied (e.g., -0-, -S, or 15The term "non-term nal carbon
aton(s)" _in reference to an aIkyI al ken alkynyl al kyl ene, al kenyl ene,
or al kyny| efePagivedyan dkd ether (5.g.HEHeGHpoHC P2 Kreips (8, ChlaNHCH;,

L S 1 e e O i

ore exa |mtat|on In the

al kyl i et ylky@iﬁﬁﬁs)rbiﬂéa@)i%&%tmatah Kg/g e@eNmm Bt e rShAQEhHRGIEY) HAGH2-
the C at ld 20 b t I b t

Cor t a1 v e VAPt QYD BT R (e B MG R st e NGOy or
+N(0) (OR) . T@H%EHB' & RGBN1 I RRup (BS., SEAWHNSHE RAhLRChRS geu@cmaberfo@t om

can also be 0O represented By charge separated groups such asR or
respect ilVel yxarapid lawéﬂlcaltbemd@dwt btobld) adhonwginenor 1 v G teebaf goerent Gmed

representat ons 25t he se f descri bi th s i nvention.

T rer ™ ot nefRaliol wdh BeaR B ST T asB e B T e &O¥S VAl oni bond or a
chain of at ons. LH@&&{@cﬂeﬂ@} Yebeerb QRBAL hsntgseﬂlﬁélteﬁl ﬁEluaés‘W}J @é}‘/of&a&p}e and

pol yet hyl eneoxy, PEG | ymet hyl eneox

and al kyl am no
pol yet hyl enea méaﬂosoethﬁwhewéwcleaﬁas %%1@2@@@, L&ﬂdxaliﬁmé_sﬁmm
t I The, t
succi e, SYESLASI, N BBy EAOIPY i, SO ORIy s o

| i nked" 1sor 4, I apihor DusChdntikeddf e e Eat Cohpeundond Sbeéswereviodo@aphet et i es
can be WO 2009/132135PCT/U82009/041447 756. PF 5 forned by usin nDre t han
one type of CobBWiley & Seu5-Yg7 YoHed? §%§W55ﬁﬁﬂf@ﬁﬁ@émﬁﬁﬂ“é@ﬁe%hb1 @tPes is
t hrough the 9 £ g@gi s ﬂﬁﬁ cid would
be bonded tﬁﬁ%ughﬁggﬁ#trgggﬁﬁg?oﬁ?o fﬁéﬁghgggﬁg it aﬁ@% rough an
oxygen or carkotioatictarofyctdiendnmdaa “ambdcydl:hlessisﬁmd:d’imrm,seherpmcinbioedmret he

carbon ato of  th nds of Formula I-11] 10 are intende ve a
val ence of fogr! =t2 ¥ e AR hags ?P&fﬁl?lécﬁde”b‘g]bégﬁﬁﬁo%?&\ﬁ%&\g 063? bon
at ons  dog notrhBays s @hstfok Labest-nRirRSEyPTinMaléehhefeALihAC hedialiP uadee 2
val ence of four, the renti ning carbon substl tutents needed to provide a

val ence of fiogs, 2sfeunthtisaings §isdtareartmatiyngiye RubsHoredkaenptelyls include,

for example, heterocyclic rings substituted with any of the substituents disclosed herein

including carbonyl groups. A non-limiting example of a carbonyl substituted

heterocyclyl is:

N _NH
o
25 o
Examples of heterocycles include by way of example and not limitation pyridyl,
dihydroypyridyl, tetrahydropyridyl (ptperidyl), thiazolyl, tetrahydrothiophenyl, sulfur
oxidized tetrahydrothiophenyl, pyrimidinyl, furanyl, thienyl, pyrrolyl, pyrazolyl,
imidazolyl, tetrazolyl, benzofuranyl, thianaphthalenyl, indolyl, indolenyl, quinolinyl,
30  isoquinolinyl, benzimidazolyl, piperidinyl, 4-piperidonyl, pyrrolidinyl, 2-pyrrolidonyl,
pyrrolinyl, tetrahydrofuranyl, tetrahydroquinelinyl, tetrahydroisoquinolinyl,

decahydroquinolinyl, octahydroisoquinolinyl, azocinyl, triazinyl, 6H-1,2,5-thiadiazinyl,
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15 "Protecting group” refers to a noiety of a conpound that masks
or alters the properties of a functional group or the properties of the
conmpound WO 2009#32136. The chem cal substructure of a proPeTlise@IYtUp vari es
wi dely. One function of a protecting group is to serve as an internedi ate
in the synthesis of the parental drug substance. 20Chem cal protecting
groups and strategies for protection/deprotection are well known in WO
2009/ 132135R€F,BS2009/ 041447 756. PF 5the art. See: "Protective Goups in
Organi c Chem stry", Theodora W G eene (John Wley & Sons, Inc., New York,
1991. Protecting groups are often utilized to mask the reactivity of
certain tuneky I NS ot B, (S . | G esi hem ca
reactioné, 2&83@2§%%§3M§%8y%?%a ﬂﬁgggﬁgﬁ&gipﬁ%%%g§S?%%€ﬁ£nrﬂ%#é@gnnU

pl anned f ashigthenyPrpdteaatationylo2H{pynolyil,deeathiagolel pexafold, paapavingyaddzgig ot her
physi cal properties.besjdes 10t reactjvity of the protected functi onal
group, such? E‘?W@E b%?l”&ir“?ﬁy%}}ﬁ%gﬁhﬁ?ﬁi agglye PG pibBREPHTnYL, ahbalatings
properties i QTQQ b&.; egh; AR [We t , ically

pr ot ect ed iﬁ?%?nedig?éﬁnﬁ§§§gﬁéﬁgg%§§g %e b?gﬁgé%ggﬁhy’ggﬁﬁegggﬁpﬁnactive.
Prot ect ed ce#arpeaaidsiwaspolihgopleximtbiidingl, sevdidyl, pyrimidmys.qplenaalsesinylopt i mi zed

ronbr andd aRte Pl PRREE e GRSk B B ES RS R H on. 1 n ¢ hi s
role, proteghRid,SRPAURASa Mk, pyhANdas1 LeLARRUL hipeRbheL iikioiBy!, be refened

to as prodrugs. Another function of a protecting group is to convert the
parent al dr ifgindetisylagppediding]. m¢rehelbyltxazq stievlt kinzelriagplyls beredismaszadylupon

conver si on 8£mﬁ$§%@%gg&%%ﬂ¥ﬁgﬁgﬁﬁ@ﬂ%%1qﬁ%ﬁw%gi%éﬁﬁﬁé%drugs may be 20

absorbed nore e rve parent a drugs may possess

greater potency in vivo than the parent rug. Protecting groups are
renoved either in vitro, in the instarfige of chem cal internediates, or in

vivo, in the case of prodrugs. Wth chewcal inteiniediates, it is not

particularly inportant that the resultifig pfoducts after deprotection, e.g.
al cohol s, be physiol ogi cal |y accept abl ¢ though in general it is nore

25desirable if the products are pharnmacol ogi cally innocuous.
By way of example and not limitation, carbon bonded heterocycles are bonded at

position 2, 3, 4, 5, or 6 of a pyridine, position 3, 4, 5, or 6 of a pyridazine, position 2, 4,
5, or 6 of a pyrimidine, position 2, 3, 5, or 6 of a pyrazine, position 2, 3, 4, or 5 of a
furan, tetrahydrofuran, thiofuran, thiophene, pyrrole or tetrahydropyrrole, position 2, 4,
or 5 of an oxazole, imidazole or thiazole, position 3, 4, or 5 of an isoxazole, pyrazole, or
20 1isothiazole, position 2 or 3 of an aziridine, position 2, 3, or 4 of an azetidine, position 2,
3.4,5,6,7, or 8 of a quinoline or position 1, 3, 4, 5, 6, 7, or 8 of an isoquinoline. Still
more typically, carbon bonded heterocycles include 2-pyridyl, 3-pyridyl, 4-pyridyl, 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 of aisoindole, 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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"Prodrug noiety" neans a | abile functional group which separates fromthe
active inhibitory conpound during netabolism systemcally, inside a cell,
by hydrolwei2e09/seaBgrmati ¢ cl eavage, or by sone ot her proeesase®andgaard,
Hans, "Design and Application of Prodnigs"” in Textbook of Drug Design and
Devel opnent (1991), P. Krogsgaard- 30 Larsen and H Bundgaard, Eds. Harwood
Academ c¢ Publishers, pp. 113-191). Enzynes which are capable of an

enzymati c ac¢be.BEti on nechanismw th the phosphonate prodrug conpounds of
the invention include, but are not limted to, am dases, esterases,

m crobi al enzynmes, phospholipases, cholinesterases, and phosphases. Prodrug
nDi eti esscan servgetbRcPAVRNSE SRHR dnl do¥eli @RBONRELANL WM dRQpRd icity to
optim ze drug delivery, “~WD 2009/ 132135PCT/ US2009/ 041447 756. PF

5bi oavai | abhydrogenaatemebdidsddy a cAbpn oy tymeaina mnamlsgd@rmn atomj, ise

v ol yt | cal Py Eb AP B PARIE Ly ehy P ERT S B bdeel | '0) ra
and acyl OXyHét@ﬂoh?’dlylca'ﬂf}b%&aip@Snclﬁﬂzgﬁ(ar@ﬁ&Rﬁanﬂb%eB% dyslyteB sal kyl, C1-C6
substituted al k C20 aryl or 10C6-C20 substituted aryl. The

acyl oxyal ky(heé"-%@@’ﬁl&\}\)&ﬁlaﬂsleﬂ a@ the éikedmrgelmthfa‘t‘legeyoqye}y ‘cerBex jciudeasiyel and

pharm S e BB ES: AR R el h P R e Bltietd )

5792756. InMﬂma}ﬁestemevmmmﬁmafvtcb& skileinibi tdart @il elRd ubidersmheihyt he part of
a phosphate gtr oup. The acyl oxyal kyI ester may be used to deliver phosphoric

aci ds acr os&ctgreryclilsmamhraesitanhfdite themiiad pertmat th basaryddialktpy A cl ose
variant of hRgnAdH AL orBRhE br 2 LB ARKRINAAH BORY AHYAL SHVi8hEAhe
(carbonate), may al so enhance ora bl oavai Ity ds a prodrug noiety in
the co rrpou ndsulmhg ehepdontimmaslizvonablof Thdistérmoaryliabind gﬁmpemmppba;ryto 20

acyl oxy

exenpl a %%;P‘Ee)‘;t ﬁ’ré’tgﬂll"f’f@ p@\é%ﬁﬁ 8?’@%5 P%)EW %yiﬁ@(,y gé%’up Ss_gé,“@( Garb atorms ah fhe’"
pi val oyl OXYHQEI}&}!*]&ﬁrrH&@@t@ 2 (PR arb GOk Exalgﬁlggg'e'@récyclylalkyls Tﬂl‘f’ud%hﬂ/s phat e

group may be a phosphate prodrug noiety. The prodrug noi €ty nmay be
sensitive twahptewnydé end gaidimitasion Bunemiptred sulfireok vigontahdoenisoepr i si ng a

) 1 O T e SELRRIRES i AR P A GEI L e Bro0T 0

| act at e est Bfid@fol AmERNAKRAONAEIAAL tBraERl @ I18&RWDetc., 6-memB¥¥d 186k aHS 28,
phosphorus groups, especially phenyl esters, are reported to enhance oral

bi oavai Phbi FId§ QRIGAAeEniBE hetproemwjlmh MeBiPeTHErimeTy], DS ZinPmEHyl. est er s

cont ai ni ng R | so been

descri bed (%h&ﬂ}rl ngﬁgehﬁ%’ r%En nlg:léetwl &g@‘g?’?&%&%&;@%@%{f&@mg 4115).

Benzyl estepgaangin2fliépacted to generate the parent phosphonic acid. In

some cases, substituent t ho- or position nay accel erate the
yahsieh ik

hydrol ysis. BenzyfetgRaygye RSAR§h AEX6 stl|ra%rfcafaﬁ“’émqkwr§t<€ah€pheno|
may gener at gyd:h n%ﬁ@tbrﬁie@@@@@%gn LRROwgh Aibe t@ﬁ'ﬁlhﬁ’lrbr% ERBHRm, B9
est er ases, oxl ses etc. In turn undergoes cl ea age at t e enzyl icC

C-0 bonzb t oalgeaepr améammrphssgﬂmd ovithci lbtandyd Y eadjudl fonea haerobgidyl-
I nter medi at glkenylene— moiety). The heterocyclyl portion of the heterocyclyl alkenyl group includes
any of the heterocyclyl groups described herein, including those described in_ Principles

of Modern Heterocyelic Chemistry, and the alkenyl portion of the heterocycly! 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 heterocyclyl alkenyl
group comprises 4 to 20 carbon atoms, e.g., the alkenyl portion of the heterocyclyl

alkenyl group is 2 to 6 carbon atoms and the heterocyclyl moiety is 2 to 14 carbon atoms.
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WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5Exanpl es of this class of prodrugs
are described by Mtchell et al (1992) J. Chem Soc. Perkin Trans. 12345;
Br ook et wbD20d9/1811359721. Still other benzylic prodrugs Rravash@e4descri bed
containing a carboxylic ester-containing group attached to the benzylic
met hyl ene (d azier et al WD 91/19721). Thi o-containing prodrugs are
reported to be useful for the intracellular delivery of phosphonate drugs.
These proest/ieb$Fcontain an 10ethylthio group in which the thiol group is
either esterified with an acyl group or conmbined with another thiol group
to forma disulfide. Deesterification or reduction of the disulfide
generates the fre | Qcl BrR i i 1y - to the
phosphoric acid aﬁgkg%?g%?gide ?Eﬁ%fﬁ”@f£2?§%?§§§?%§%%¥§f§§@5§£§8?m§2;

155- 174; Bedioigen atpmgbodgige)a carboikthm, Cheinal 39 terst@mBYr spOyartbbe aphgdphonat e

esters have al so been 15described as.prodrugs hosphor ys- cont ai ni ng
conpounds (éﬁ?&ﬂS@FmgP?mﬂ§“ﬁ%@gﬁfaﬁgﬁgé%ffggﬁygﬂF&“@EBFOa teretvelyIt hat  al
enant i oner s alldheherRABKY.STh@REelod @M forfintd Uh& Betelo@W ONBE Fhyl PRuY MO PhS,
pseudopol ymor phs of conpounds within the scope of Fornula ', Forhula Il, or

Fornul a |11 i%gheepper preibe beticrasyely] groapsiesprieddurdis, intlodispthae deenbedimed by

ai ast of ooy ner et DUERE M Ren ipio b CRaR oSG0 IO B B0

conpound of hEerawytigl dikydyll gesug ihdisdRhay FaaRUlNER] kvupsdienbablersal bae may
exi st as difbﬁr nt pol ynor phs qr pseudopol ynoi phs. As used herein,
crystallineS Pgﬁﬁ@ﬁﬁﬁ§ﬁ¥ redesiang Hiaf [heyiekroqyehil gaaugicen he aigashpdimidiet o
exi st in diff - t L ine .pol r phi sm may
Fesal t 1 om TP oranrag R Sl i o R R Qo BB T o

di f f er ences camopheteiaagpnbbomb evithdhé pewventtha oind eritens galip ihéhcaacmiynmibieul e

f ti | . As d h in, talli
bseudopbt y maPEHE EIAEHARHRIRL PP o Sloyidte Gpms sisvdbealsymd nesigpound
to exist inodinkhefeRRt gl Mﬁ%}?}g g%tfpﬁg@% S%arbxﬁ%t&ﬁﬁﬂqgghé{%'éwgargéiie g?z

instant invention may éxis due to differences In crysta
(packi ng psé&utfopasbgmaiemii sn) or due to differences in packing between

di fferent conforpgrs of .1the sane nol ecule (confornational .
pseudopol ynor phi SHreotha et B PRUGHE PER<EST, FORE SIrspuIe i pHemdho
pseudopol y meteise. Mort QitGRERAMPES 00 fuifaBleMdtRodtomb bbdhtah Beiikcluded in the
pharmaceutical ly acceptable salts. WO 2009/ 132135PCT/ US2009/ 041447 756. PF

5A conp&lind amage figg izchwde aygen vl erdinitregtn. yNoicbapt g xempldstos hateyoaaylso
o | . i % i D g
*h whi ch ¢ nonae hERGUS SPlte ahalle Bl FHE| S B ATRAP IO SRR R o i 1t

in which ther& is no Tong-ran posi ons in the
solid. Thi simfdiny fyr@mydppiniotd, @szwel, linddgnisbiddot, Ystiall, filrz thich WO
nanonet er s gr Iggs. Addi tj ves, |nclud|nﬁ_splventsh may be used to create
the anor pholS 2P Y -JrEnEdBioPheDAmerieavishimishzolrh dhiagplylnisexarel i myesrolybn
conprises aldABLRNAURDITIONDRREIE BEriG QR QYRR Rl p k@ 1-1TT and their
phar maceutical |y ggggpté%iegggltgfgﬁm FRBYARTAT, pyrRh T
25 “Carbocycle” or “carbocyclyl” refers to a saturated (i.e., cycloalkyl), partially
unsaturated (e.g., cycloakenyl, cycloalkadienyl, ete.) or aromatic ring having 3 to 7
carbon atoms as a monocycle, 7 to 12 carbon atoms as a bicycle, and up to about 20
carbon atoms as a polycycle. Monocyclic carbocycles have 3 to 7 ring atoms, still more
typically 5 or 6 ring atoms. Bicyclic carbocycles have 7 to 12 ring atoms, e.g., arranged
30 asabicyclo [4,5], [5,5], [5,6] or [6,6] system, or 9 or 10 ring atoms arranged as a bicyclo
[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, 1-cyclohex-1-enyl, 1-cyclohex-2-enyl,

1-cyclohex-3-enyl, and phenyl. Non-limiting examples of bicyclo carbocycles includes
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Sel ected sub stituents conprising the conpounds of Forrmula 1-111 are
present to a recursive degree. In this context, "recursive substituent”
means t hawoaoe3st3st uent rmay recite another instance of PCTAaskdo9/oBagause of
the recursive nature of such sub stituents, 15theoretically, a | arge nunber
of conpounds may be present in any given enbodi nent. For exanple, Rx
conprises a RY substituent. RY can be R R can be WB. WB can be W and WM
can be R or ﬁg@;@ri se substituents conprising RY. One of ordinary skill in
the art of médiCinal chem stry understands that the total number of such
substituents is reasonably limted by the desired properties of the
compound i ntended. Such properties 20 include, by way of exanple and not

i mtation, "pAYBYlekirabydsonapthalegesindiflesglingol ecul ar wei ght, solubility or |og
P, application preperti | LYi against. he i.ntended target, and
practical pr opert?gﬁog%cgﬁa%gpgggegs %1& Béigﬁ%%ggi%g}fd Hadich 1g§§/hl%\}}a(§/neo°$ﬂéexarrpl e and
not |i m tat ihgdroghiBatamd bRYdairte arcefhion Sikore isSeplasdd Witk Alcsrbb By t@rhditd) as

enbodi ments., Ty igﬁl |y, each_ recursjve. substituent can independently occur
20, 2519, 18{6%1@? geing 5 ypigal, bygnon hmiting, exgnples ofgarbpeygylalkyl grougs 2 1, or
0, tinmes in; Y i t jical rSi i tuent
can i ndepenélgcr%ﬁey@giggﬁgﬁg}%&g}?’ %yg\@@;rgg}?éégﬁg’ ?}ﬁél%buaq @%nﬁl)@ﬁ%@g? %ﬁﬁeﬂg\%%d nor e
typi cal 1§, emdbhexgbuetbylve substituent can independently occur 3 or fewer

tines in a given, di ment .~ For e le,. WB will occur 0 to 8 tines, RY
W 1T ocour 0 1o SAMRRSORIMG roltbel ‘oo s doppellionenatigr bubpgen v
wi 1 occur Qidud(whith AR baBEadRYd Withdr 19§ CalboR afoth & 4 héiBiDad Hl)%agi)é/e%r}?p}%(ﬁ:g

enbodi ment. Recursive substituents are an intended aspect o
i nvention. i@ asfargrapyreasydedived hereim. tThe agyl terafps megi tod tvakled: toendastamyatom

under st ands e.versatility of such substituents. .Jo, WO 2009/ 135 756. PF
A A ety Qo ieperpaan,of i Gk %’8H1?:§T%Vr1%e]agt|‘2‘%t§ fit in
an enbods memdsubtingtabghdteroeiRtl @oup E}Hﬁdd@@h@hexﬁuﬂh?ﬁamehﬁoi%. gat @)Edﬂ]ﬂ@,%as set
forth above. The nodifier "about” used in connection with'a quantity

i s inclusi véndretepgkshgpwericapdione theragnprak formalagedkyinge-O-evht ed by the
conCOx (. LIRS S 95,00 £5(LyRSRIELRLER IR TRSRU ST o
a phosphat e SgirolymliagedR7S-alidyl cnb-anpyetbe nbadditog gy SDthebikyWnd et el #kn each
Yor vlis, general formulae above can be further substituted with any of the substituents defined or

20 exemplified herein.

“Heteroarylalkyl” refers to an alkyl group, as defined herein, in which a hydrogen
atom has been replaced with a heteroaryl group as defined herein. Non-limiting
examples of heteroaryl alkyl include -CH,-pyridinyl, -CH,-pyrrolyl, -CH,-oxazolyl,
-CHz-indolyl, -CHs-isoindolyl, -CHy-purinyl, -CHs-furanyl, -CHs-thienyl,

25 -CHj-benzofuranyl, -CH,-benzothiophenyl, -CH,-carbazolyl, -CH,-imidazolyl,
-CH,-thiazolyl, -CH»-isoxazolyl, -CH,-pyrazolyl, -CHa-isothiazolyl, -CH,-quinolyl,
-CHz-isoquinolyl, -CHo-pyridazyl, -CH,-pyrimidyl, -CHa-pyrazyl, -CH{CH3)-pyridinyl,
-CH{CHj;}-pyrrolyl, -CH(CH;)-oxazolyl, -CH(CH;)-indolyl, -CH(CH;)-isoindolyl,
-CH(CH3)-purinyl, -CH(CH3)-furanyl, -CH(CH:)-thienyl, -CH(CH3)-benzofuranyl,

30 -CH(CHzs)-benzothiophenyl, -CH(CH;)-carbazolyl, -CH(CHs)-imidazolyl,
-CH(CHa)-thiazolyl, -CH(CHj3)-isoxazolyl, -CH(CHj3)-pyrazolyl, -CH(CHj)-isothiazolyl,
~CH(CH3)-quinolyl, -CH(CH;)-isoquinelyl, -CH(CHs)-pyridazyl, -CH{CH3)-pyrimidyl,
-CH(CHj;)-pyrazyl, etc.
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i ndependently, 0, S, NR +N(O)(R), N(OR), N(0)(OR), or N-NR2; W and W2,
when taken together, are -Y3(C(RY)2)3Y3-; or one of WL or W2 together with
ei t her R38O 2B¥/i38135 Y3- and the other of WL or W2 is Foromlts200/04am7 W and
W2 are each, independently, a 15group of Foimula la: 7y2 p ly2 Rx M

wher ei n: each Y2 is independently a bond, 0, CR7, NR, 'NO)(R),
NOR), N(O)(OR), NNNR2, S, S-S, S(0), or S(0)2; 20each Y3 is independently
0, S or NR; E’% is 0,1 or 2 each RY is independently H F, d, Br,
| DR ‘c=y1)0R - C(----Y1)N(R 2, -N(R 2, -+N(R) 3. -SR

-S(O)R -S(0)2R -S(O)(OR) -S(0)2(0R), OC(=Y1)R, -0C(=Y)(N(R) 2), -SC(=Y1)R,
-SC(=Y1) OR, - 25S(C(= Yl)(N(R)Z? -N(R)C(=---Y1 )R -N(RC(Y1)OR, or
- N( R) C( =¥1) 1\ 1( RjTAe tergOppronally\yob styoed im&g@@ﬁwza@m@mmmﬁ F5be PF SRYCN
rat ect .oup en.taken t t on
the sarre car gqﬁoa%(gomﬂifogp ‘r%agqﬂg(; Focyic qpu8nq’qynsélb\é\$}m§dt38’ ?loélﬁgg%?fsg‘f %Wé’m%éach
RX i's i ndepevigesit blY sidtiv@niaed &k dfg 6@ idRoin @ﬁe sMBode@TIM BidrogenWpehel N
10Ma, M c, and Md are independently 0 or 1; M2c is 0, 1, 2, 3, 4, 5, 6,
7, 8, 9, 10motgty@aye replaced bysybsiitpentssush ap fiasg disfed poler @8) definktyan, of( C1- C8)
substltut ed“g{!&% C2 C8) al kenyl, (C2-C8) substituted al kenyl, (C2-C8)
al kynyl , ?4 sti tuted al kynyl , C6-C20 aryl, C6-C20 substi tuted aryl,
C2- C20 ﬂ]ét erocyc I’Ié;a tCR-‘CpBosililystplheddd dn hedtreniaoy alpatticudl wladtk yF the

compound of Formula I-11I (e.g., the carbon atoms of said (C;-Cg)alkyl may be
optionally replaced by —O-, -S-, or ~NR"-) means that one or more of the methylene
groups of the (C;-Cglalkyl may be replaced by 0, 1, 2, or more of the groups specified
(e.g., —O-, -S-, or —-NR%-).

15 The term “non-terminal carbon atom(s)” in reference to an alkyl, alkenyl,
alkynyl, alkylene, alkenylene, or alkynylene moiety refers to the carbon atoms in the
moiety that intervene between the first carbon atom of the moiety and the last carbon
atom in the moiety. Therefore, by way of example and not limitation, in the alkyl moiety
~CHa(CHYH(CYH,CH; or alkylene moiety -CHo(C YHa(CYH2CHo- the € 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 2 carbon atom, can also be

[T
N, N,

represented by charge separated groups such as / \R or / \OR
respectively, and are intended to be equivalent 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. polyethyleneoxy, PEG,
polymethyleneoxy) and alkylamino (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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15substituted arylal kyl or a protecting group; WBis W or Wo; W is R
-C(YD)R -C(YL)W, -SO2RY, or -SO Ws; and Wb is a carbocycle or a

het er ocycwe 20#ver3ei3da Wb i s i ndependently substituted w tRCO/USR008/0RM4TYr oups.
W5 car bocycles and Wb heterocycles may be independently substituted with O
to 20 3 RY groups. Wb may be a saturated, unsaturated or aromatic ring
conprising a nono- or bicyclic carbocycle or heterocycle. Wo nay have 3 to
10 ring atomsqgPE.g., 3 to 7 ring atonms. The Wb rings are saturated when
containing 3 ring atons, saturated or nopnounsaturated when containing 4
ring atons, saturated, or nono- or di-unsaturated when containing 5 ring
at ons, d . [ [N - OF i

25c0nt ai i g B g e thalondhpRRalN B £, Tp RO MR b avi ng
3 to 7 ringtimendetis if throwghGhe atohospeatiods Fanckaihplo aditheeed matdamimelcaict ed

fromN, 0, P, d.S) .or.a bicyc]le having.7 to .10 r.i,ng, nepbers (4 to 9

car bon at o ofiPebgSE b A Gre Mo S rimo e B Gty v

het er ocycl i gxyBRAQREX&HES aldBYoMBY BmihotRid ring atoms (2 to 5 carbon atoms and
| to 2 30 heteroatons selected fromN, 0, and S); or 5 or 6 ring atons (3

to 5 carbon at onkniasslotherwige speodied 3hd &PAT AtosSEED MO EndG5E Hopmglad-1P

het er oat ons_sel ec from N.and . het erocvcli c bicycles have 7.to 10
'ng at b te REATLe PROTR SBRE Thur o oS TP fui U BSe LR Sk o,
and S) arr apgBen asmd iy et d Aifdient MBmbks of Wr@bles tachbd &) prodisde@ialedte 9 t 0
10 ring atons (8 to 9 carbon atons and 1 to 2 hetero atons selected fromN
and S) arr apour. 48 wrminipe pabesuptigtenfsegledipgrevifle TrHalews Hdowrsdeyldibe may
be bonded t arn htrogen, sulfur or 10 other atomby a
stabl e cova %n%w%gﬁgggﬁkax%'&%pﬁgFQ?%cycles i ncl ude for exanple, pyridyl,
di hydropyridyl isoners, piperidinerépyridazinyl, pyrimdinyl, pyrazinyl,
s-triazinyl, oxazolyl, thiazolyl, iisoxazolyl, pyrazolyl, isothiazolyl,
furanyl, thiofuranyl, thieng!, and |pyrrolyl. W also includes, but is not
limted to,ngaanes suchl? ]

\ XQ\

4 .
R R? has the same meaning as

15 R R
“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 intermediate 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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\\--S and W5 car bocycl es and heterocycl es nmay be independently
substituted with 0 to 3 R groups, as defined above. For exanpl e,
substi t utwo 2v®/Bsarbocycl es i ncl ude: WD 2009/ 132135 PCTPUSABR@Y041477
756. PF \ NV /NH/ (/Y NH /Y ( -NNH\J

756.PF

5 theart. See: "Protective Groups in Organic Chemistry”, Theodora W. Greene (John
Wiley & Sons, Inc., New York, 1991. Protecting groups are often utilized to mask the
reactivity of certain functional groups, to assist in the efficiency of desired chemical
reactions, ¢.g. making and breaking chemical bonds in an ordered and planned fashion.
Protection of functional groups of a compound alters other physical properties besides

10 the reactivity of the protected functional group, such as the polarity, lipophilicity
{(hydrophobicity), and other properties which can be measured by common analytical
tools. Chemically protected intermediates may themselves be biologically active or
inactive.

Protected compounds may also exhibit altered, and in some cases, optimized

15 properties in vitro and in vivo, such as passage through cellular membranes and
resistance to enzymatic degradation or sequestration. In this role, protected compounds
with intended therapeutic effects may be referred to as prodrugs. Another function of a
protecting group is to convert the parental drug into a prodrug, whereby the parental drug
1s released upon conversion of the prodrug in vive. Because active prodrugs may be

20 absorbed more effectively than the parental drug, prodrugs may possess greater potency
in vivo than the parental drug. Protecting groups are removed either in vitro, in the
mstance of chemical intermediates, or in 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 innocuous.

“Prodrug moiety” means a labile functional group which separates from the active
mhibitory 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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[ -NS /\ \/ I\ 0 \/ I\ NSQ2 \/
WO 2009/132135 PCT/US2009/041447
756.PF
S bioavailability and efficacy.

10

15

20

25

30

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

Exemplary prodrug moieties include the hydrolytically sensitive or labile
acyloxymethyl esters ~CH,OC(=0)R* and acyloxymethy! carbonates
—CH,0C(=0)OR™ where R* is C—Cy alkyl, C;—C substituted alkyl, C¢e—Cap aryl or
C¢—Cyp substituted aryl. The acyloxyalkyl ester was used as a prodrug strategy for
carboxylic acids and then applied to phosphates and phosphonates by Farquhar et al
(1983) J. Pharm. Sci. 72: 324; also US Patent Nos. 4816570, 4968788, 5663159 and
5792756. In certain compounds of the invention, a prodrug moiety is part of a phosphate
group. The acyloxyalkyl ester may be used to deliver phosphoric acids across cell
membranes and to enhance oral bioavailability. A close variant of the acyloxyaikyl
ester, the alkoxycarbonyloxyalkyl ester (carbonate)}, may also enhance oral
bioavailability as a prodrug moiety in the compounds of the combinations of the
invention. An exemplary acyloxymethyl ester is pivaloyloxymethoxy, (POM)
~CH,OC(E=OYC(CHs);. An exemplary acyloxymethyl carbonate prodrug moiety is
pivaloyloxymethylcarbonate (POC) —CH,OC(=0)OC(CHa);.

The phosphate group may be a phosphate prodrug moiety. The prodrug moiety
may be sensitive to hydrolysis, such as, but not limited to those comprising a
pivaloyloxymethyl carbonate (POC) or POM group. Alternatively, the prodrug moiety
may be sensitive to enzymatic potentiated cleavage, such as a lactate ester or a
phosphonamidate-ester group.

Aryl esters of phosphorus groups, especially phenyl esters, are reported to
enhance oral bioavailability (Del.ambert 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
reported to generate the parent phosphenic 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 phosphoric acid and the quinone methide intermediate.
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Exanpl es of substituted phenyl earbocycles include: 10 WO

2009/ 132135PCT/ US2009/ 041447 756. PF 5Enbodi nents of w2of Formula |-111
conpoundsworredude1dsubst ruct ures such as: y2b Rx wher ei RCeaSko0Yip1443s,

i ndependently, 0 or N(R). In a preferred aspect of this enbodi nent, each
Y21) is 0 and each le is independently: 10NH 2c wherein Ml2c is 1, 2 or 3
and each Y2 is independently a bond, 0, CRi, or S. In another preferred
aspect of tt}'gésmgnbodi ment, one Y2b_Rx is NH(R) and the other Y2b-Rx is 0-R
wherein Rx i's7

5  Examples of this class of prodrugs are described by Mitchell et al (1992) J. Chem. Soc.
Perkin Trans. 1 2345; Brook et al WO 91/19721. Still other benzylic prodrugs have been
described containing a carboxylic ester-containing group attached to the benzylic
methylene (Glazier et al WO 91/19721). Thio-containing prodrugs are reported to be
useful for the intracellular delivery of phosphonate drugs. These proesters contain an

10 ethylthio group in which the thiol group is either esterified with an acyl group or
combined with another thiol group to form a disulfide. Deesterification or reduction of
the disulfide generates the free thio intermediate which subsequently breaks down to the
phospheric acid and episulfide (Puech et al (1993) dntiviral Res., 22: 155-174; Benzaria
et al (1996) J. Med. Chem. 39: 4958). Cyclic phosphonate esters have also been

15 described as prodrugs of phosphorus-containing compounds (Erion et al, US Patent No.
6312662).

It is to be noted that all enantiomers, diastereomers, and racemic mixtures,
tautomers, polymorphs, pseudopolymorphs of compounds within the scope of Formula I,
Formula IL, or Formula III and pharmaceutically acceptable salts thereof are embraced by

20 the present invention. All mixtures of such enantiomers and diastereomers are within the
scope of the present invention.

A compound of Formula I-]II and its pharmaceutically acceptable salts may exist
as different polymorphs or pseudopolymorphs. As used herein, crystalline
polymorphism means the ability of a crystalline compound to exist in different crystal

25 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 due to differences in crystal packing (packing pseudopolymorphism) or due to
differences in packing between different conformers of the same molecule
(conformational pseudopolymorphism). The instant invention comprises all polymorphs
and pseudopolymorphs of the compounds of Formula I-I1T and their pharmaceutically

acceptable salts.
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M 2c 15wherein ML2c is 2. In another preferred aspect of this enbodinent,
each Y2b is 0 and each le is independently: M 2c 56 WD

2009/ 13216RA 1383809/ 041447 756. PF 5 wherein ML2e is 2PCIriSanmoiinsm?
preferred aspect of this enbodi nent, each Y2b is 0 and each IV is

I ndependent | y: M 2c wherein Mle is 1 and Y2 is a bond, 0, or CR.

10 her enbodi nents of w2of For nul asconpounds i ncl ude substructures such as:
0 RY RY Y3R\§Sg{}gp

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

Selected substituents comprising the compounds of Formula I-111 are present to a
recursive degree. In this context, “recursive substituent” means that a substituent 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 can be W*. W’ can be W*
and W* can be R or comprise substituents comprising RY. One of ordinary skill in the art
of medicinal chemistry understands that the total number of such substituents is
reasonably limited by the desired properties of the compound intended. Such properties

20 imnclude, by way of example and not imitation, 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 RY 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
independently occur 3 or fewer times in a given embodiment. For example, W* will
occur 0 to 8 times, R” will occur 0 to 6 times in a given embodiment. Even more

30 typically, W? will occur 0 to 6 times and R 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 medicimal chemistry understands the versatility of such substituents. To
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wherein each Y3 is, independently, 0 or N(R). In a preferred aspect of this

enbodi nent, each Y3 is 0. In another preferred aspect of this enbodi nent,
t he substwoabews2i3s: /P\ 0 15 wherein RY is Wb as defi nedThisSe@9mn4144%0
2009/ 132135PCT/ US2009/ 041447 756. PF 5Anot her enbodi nent of substructures:
of Formula 1-111 includes the 0O RY p_y2c 0O wherein each Y2c is,

I ndependently, 0, N(R) or S. WL--1 w2 10 the substructures wherein one of
WL or W2 togééRér with either R3 or R4 isand the

5  the degree that recursive substituents are present in an embodiment of the invention, the
total number will be determined as set forth above.
The modifier "about” used in connection with a quantity is inclusive of the stated
value and has the meaning dictated by the context (e.g., includes the degree of error

associated with measurement of the particular quantity).

10 The compounds of the Formula I-IIl may comprise a phosphate group as R,
I
W' /
which may be a prodrug moiety w? wherein each Y or Y' is,

independently, O, S, NR, 'N(O)R), N(OR), "N(O)(OR), or N-NR,; W' and W?, when
taken together, are =Y (C(R¥),)sY*-: or one of W' or W? together with either R%or R* is —
Y- and the other of W' or W? is Formula Ia; or W' and W? are each, independently, a

15  group of Formula la:

M2

wherein:
each Y? is independently a bond, O, CRo, NR, "N(O)(R)}, N(OR), "N(O)(OR),
N-NRs3, S, S-S, S(0O), or S(O);
20 each Y* is independently O, S, or NR;
M21s0,1or2;
each R” is independently H, F, C1, Br, I, OH, R, -C(=Y)R, -C(=Y')OR, -
C(=YIN(R)z, -N(R)2, -'N(R)3, -SR, -S(O)R, -S(O):R, -S(O)(OR), -S(0),(OR), -
OC(=Y "R, -OC(=Y"OR, -OC(=Y ) (N(R),), -SC(=Y"R, -SC(=Y"OR, -
25 SCEYH(NR)), -NR)CEYHR, -NR)C(=Y"OR, or -N(R)C(=Y IN(R),, ~SO,NR,,
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other of WL or W2 is Fornmula la. Such an enbodinent is represented by a
conpound of Fornula |Ib selected from 756. PF Formula Ib In a

pref erredwagpect32sf t he enbodi ment of Fonnula |'b, each YCan$2008/0és84D. | n
anot her 10 preferred aspect of the enbodiment of Forrmula Ib, AAP or Nv2 is
Y2b-Rx; each Y, Y3 and Y2b is 0 and Rx is: WD 2009/ 132135PCT/ US2009/ 041447
756. PF 5M 2c wherein ML2c is 1, 2 or 3 and each Y2 is independently a bond,
0, CR2, or &spp another preferred aspect of the enbodi nent of Fornula Ib,
W or W is ,r R; each Y, Y3 and y2b is 0 RVR R3 10M 2c wherein ML2c is
2. In another preferred aspect of the enbodi nent of Fornula Ib, W or -w2

Is -Er2 r ;.ea Y, Y3 and Y2b is O Rx is: M 2c wherein M2c is 1
and Y2 i _a_ggjl 6N3=0"%]%?’ —@&2 a pl‘OteCtlan group ora\ng; or when taken together, two lg’ on tﬁe
same carbon atom form a carbocyclic ring of 3 to 7 carbon atoms;

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

y? y RY Y’
2 2 Ry
Y Y2 Y
\
M1d

R
M1a M12¢c Mic

wherein:

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

Mi2cis0,1,2,3,4,5,6,7,8,9,10,11 or 12;

each R is H, halogen, (C,-Cy) alkyl, (C,-Cs) substituted alkyl, (C,-Cs) alkenyl,
{C,-Cs) substituted alkenyl, (C,-Cg) alkynyl, (C,-Cs) substituted alkynyl, Ce—Cnp aryl,
Cs—Cyp substituted aryl, C,—Cy heterocycle, Ca—Cyg substituted heterocyclyl, arylalkyl,

15  substituted arylalkyl or a protecting group;

W is W' or W Whis R, -C(YHRY, -C(YHW?, -SO,R?, or -SO,W’; and W is a
carbocycle or a heterocycle wherein W is independently substituted with 0 to 3 RY
groups.

W carboceycles and W heterocycles may be independently substituted with 0 to

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

25  containing 6 ring atoms.

AW’ heterocyele may be a monocycle having 3 to 7 ring members (2 to 6 carbon
atoms and 1 to 3 heteroatoms selected from N, O, P, and S) or a bicycle having 7 to 10
ring members (4 to 9 carbon atoms and 1 to 3 heteroatoms selected from N, O, P, and 8).
W heterocyclic monocycles may have 3 to 6 ring atoms (2 to 5 carbon atoms and 1 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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15 Anot her enbodi ment of substructure: of Formul a
1-111 compounds includes a WD 2009/ 132135PCT/ US2009/ 041447 756. PF 0 y2Rx
5y2 wher ew0 20®/13313a car bocycl e such as phenyl or substi raras2@aemy? | n
anot her aspect of this enbodi ment, the substructure is: (R)0-3 0 RY \,P\
y2b 0O wherein Y2b is 0 or N(R) and the phenyl carbocycle is substituted
wth O to 3 R groups. 10l n anot her aspect of this enbodi nent of the

substructurqsﬁﬁg.' is: RVR

5 to 2 heteroatoms selected from N and ). W° heterocyclic bicycles have 7 to 10 ring
atoms (6 to 9 carbon atoms and 1 to 2 heteroatoms selected from N, O, and S) arranged
as a bicyclo {4,5], 5,5], [5.0], 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 bicyclo [5,6] or [6,6]
system. The W heterocycle may be bonded to Y? through a carbon, nitrogen, sulfur or

10 other atom by a stable covalent bond.
W heterocyeles 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:

~ Ny
SURNG N O

N7 X

. N
P @A | if
N

15

R L S

) / .

N , S , and S ,

W carboeycles 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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0 y2R NM 2c wherein ML2c is 1, 2 or 3 and each Y2 is independently a
bond, 0, CR2, or S. Another enbodi nent of w2of Fornula I-111 includes
subst r uctwoes09/1390352009/ 132135PCT/ US2009/ 041447 756. 13FPCT/USh@9oli4nzal
carbon of the amino acid and | actate noieties may be either the Ror S
configuration or the racem c m xture. Another enbodi nent ofw2of Fornul a
1411 is substructure RY Y2 0

756.PF

OH

~ cn
z@ z—d\“\oa ’

ANV — N

Cl

5
O O =
N/
R {—N S [N
! —N o) ¢ —N SO,
_/ ! /S
Examples of substituted phenyl carbocycles include:
HN HN o
_>-NH2 )’NMGE ~>_NH2
0 O ©
\ \ N
]
O O
_/ _\ /< 0 —\""N;—
NH
NH NH 2
S\ ) : i s
N
10
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10wherein each Y2 is, independently, -0- or -NH. In another preferred

aspect of this enbodinent, IVis (Cp-C8) alkyl, (Cl-C8) substituted al kyl,

(C2-C8) aWhkenyd13213€2- Cs) substituted al kenyl, (C2-C8) alPkyryskooon4(4€2- C8)

substituted al kynyl. In another preferred aspect of this enbodinment, RY is

(C1-C8) alkyl, (Ci1-C8) substituted al kyl, (C2-C8) al kenyl, (C2-C8)

substituted al kenyl, (C2-C8) al kynyl or (C2-C8) substituted al kynyl; and R

is CH3. 15l mpsaipet her preferred aspect of this enbodinment, RY is (Cl-C8)

al kyl, (C1-C8) substituted al kyl, (C2-C8) al kenyl, (C2-C8) substituted

al kenyl, (C2-C8) al kynyl or (C2-C8) substituted al kynyl; R is CH3; and each

Y2 is -NH. In a preferred aspect of this enbodiment, W and W2 are,

i ndependently, nitrogen-linked, naturally occurring anm no acids or

naturally occurring am no acid es;Lstéln anot her preferred aspect of this

enbodi rent, W and W2 20ar e,winhdependent|y, naturally-occurring 2-hydroxy

carboxylic acids or naturally- m@ 2009/ 132135PCT/ US2009/ 041447 756. PF

5occurrihg 2- hydEmbpdiaentoxfyl i ¢ ¥ei d esvéFsrmiel-¢il rotpeuralsiintlate ester is

| inked to P_t,hrough the 2-hydroxy group. is substructure: 0 Rx Rx 10In

one preferréﬁmggﬂgg?s $“Fhis embodi nent, each It' is, independently,

(G -C8) alkyl. In another preferred agpect of this enbodi nent, each Rx is,

i ndependently, C6-C20 aryl or C—6-C20Hsubstitgiggfﬁryl. Anot her enbodi nment
b

of w2of Formulas I-I11 is SUbStreiiBLgR%f:iﬂYz
L'EF YZb
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:

10 M12¢
wherein M12cis 1, 2 or 3 and each Y* is independently a bond, O, CR», or S. In another
preferred aspect of this embodiment, one Y*"-R* is NH(R) and the other Y*-R* is O-R*

S CR3

M12¢

wherein R* is:

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

each R” is independently:

S CR;
M12¢
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wherein WL and W2 are independently selected fromone of the fornulas in
Tabl es 20.1- 20.37 and Table 30.1 bel ow. The vari abl es used in Tables

20. 1- 20. 3¥0(20099L3213923, R21, etc.) pertain only to Tabl epCZAIS200204347 unl ess
ot herw se i ndi cat ed. The variables used in Tables 20.1 to 20. 37
have the follow ng definitions: 20each R21 is independently H or

(G -C8)al kyl; WD 2009/ 132135PCT/ US2009/ 041447 756. PF 24 each R22 is

i ndependent 796 AF R21, R23 or R24 wherein each R is independently
substituted with 0 to 3 R23; each R23 is independently R- 23a, R3laD ,
R-3c or R23d , provided that when R2Z3 is ') bound to a het eroatom t hen
R23 is RR3C yHerdd? Re12c8AT NinRddthek ?re‘f&f’e%%ﬁ&@@ﬂhﬁ dmbddime! cacilx(}( ami3 Or
-NO2; 10each R23b is independent Y21; each R23c is | ndependently -
-N(R2x)(R2x)3&0TSR’2181n®@@1dﬂ)ﬂhf2x -S(0)2R2, - S(0) (0R2x), -S(0)2(0R2x)
-0C(=Y21) R2x, SC(=y21 )R2 sc(_y21)OR2X, _sc(_y21) (N(R2X) (R2X)),
N(R2X)C(Ty21)R2X N(R2X) d(=Y2 | )QR2X, or N(R26)C(- y2i ) (N(R2x) (R2x)) ;
15each R23d i s independent]y RC(R y2i) R2x, .y21) OR2x or each
R2x is independently H, 1-C8)akkyl, (C2- 08)al ken I (cz 08)al ynyl, aryl,
heteroaryl; or two 0g W th Q@ they are
both attached forma nmenber éd het éPocycl i c ri'ng wher e| n any one
carbon atom of said heterocyclic rifggpgan optionally be replaced with -0-,
-S- or -NR21-; and wherein one or 20 nore of the non-term nal carbon atoms
of each sai dvh(efem Qﬂpahkyhn&fﬁyml:adaompui)pmﬂimy replaced with -0-, -S- or each
R24 is independently (Cl-C8)al kyl, (C2-C8)alkenyl, or (C2-C8) aI kynyl ; each
R25 is independently R24 wherein each R24 is substituted with 0 to 3 R23
groups; 25each R25a is independently (C1-C8)al kyl ene, (C2-C8)al kenyl ene, or
(C7-

Wﬁ/P%mmg

10 Other embodiments of w? of Formulas I-1II compounds include

substructures such as:

RY

N
Ki/ \ .

' 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:

v
N,

15 RY

. . ] .
wherein R¥ is W* as defined herein.
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C8) al kynyl ene any one of which said (Cl-C8)al kyl ene, (C7-C8)al kenyl ene, or
(CG,- C8)al kynylene is substituted with 0-3 R23 groups; each W3 is

i ndependewol29090u32136r each W24 is independently R25, -c(PCT/US§@RNIRAZT
c(_y21)--We5, _SO02R25, or -S02We5; 30each W25 is independently carbocycle
or heterocycle wherein W25 is independently substituted with O to 3 R22
groups; and each Y21 is independently O or S. 756.PF 5Table 20.1 /

..... LY. o .. 0., OW3 ----0--""""-'". R25
—0--"-"-ooo- R24 0 O 01 2

Y
1

W‘//P :

5 Another embodiment of w2 of Formula I-1H1 includes the
substructures:
R

o Y&
Y
Elfl——Y%/H/ i
- \ 0
YW

wherein each Y is, independently, O, N(RY) or S.

Another embodiment of w2 of Formula I-11T 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 W* is Formula Ja. Such an embodiment is represented by a compound of

Formula Ib selected from:

RS
1
S = NIV
X2
W\ /O—_CH2 0 3 N A 6
N R
R 5
Y//\Q rt R
YS
R* R2
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10

N o, ... 0,, Ma., l'Zz21 0" H 0O CH3 0 O 0 4
WO 2009/132135 PCT/US2009/041447
756.PF
RB
X?
/T N
X2
\ / O N Re
R 5
R
Y3
RS R2
RB
X1
PARSSN
x2
g / 0 N R®
P 5
R
Y3
R R? o1
RB
X1
X2
\ G N R®
p
RS
Y// R1 RS
YB
R* R2
Formula Ib

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

5



6 0 0'-oCH3 0 78 Table 20.2 0O/...... ---0---0CH3 00C H3 910 CH3

T ¢ T g mm - ..CH3 0 11 10 WD
2009/ 1321/86ROW/138B3809/ 041447 756. PF 5Tabl e 20. 3 PCT/US2009/041447
756.PF
R R Q
I
Y2 Y?
5 M12¢c

wherein M12cis 1, 2 or 3 and each Y7 is independently a bond, O, CR;, or S. 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 CR;

wherein M12c 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:

wherein M12cis 1 and Y7 is a bond, O, or CR..
15

I
i :
Another embodiment of w? of Formula 1-111 compounds includes a

substructure:
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CH3CH3CH3 wW23R OR24 121314 CF-13CH3CH3 0 -' R21H 000 151617 CH3CH3 0 -0C
30CH3 1819 Table 20.4 CH3 20 CH3 CH3 0 OCH3 21 CH3CH3 H3
WO 2009/132135 PCT/US2009/041447

756.PF

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

this embodiment, the substructure is:

N
| (Rlos
-
A 0 R
“gl/ P\ oh
Y
OR
O

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

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

Another embodiment of W2 of Formula [-1II includes substructures:
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0 22 WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5Tabl e 20.5 _HRO 000
262728 Table 20.6 H3C,, 0 60CH3 3132

WO 2009/132135 PCT/US2009/041447
756.PF
R N
| (Rlo-s | (R
F
Q O CH, A O CHj
"_L%/P\ ?PI/P\
ﬁ OR O OR
5 O and O

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

configuration or the racemic mixture.

Y

|

W1/meé

Another embodiment of w2 of Formula I-I11 is substructure
R
O @]
T 2 /H]/ ~Ry
pP—rY
e o
- 2

10 wherein each Y? is, independently, —=O- or -NH-. In another preferred aspect of this
embodiment, R” is (C,-Cs) alkyl, (C;-Cs) substituted alkyl, (C,-Cs) alkenyl, (Co-Cy)
substituted alkenyl, (C2-Cg) alkynyl or (C,-Cs) substituted alkynyl. In another preferred
aspect of this embodiment, RY is (C;-Cs) alkyl, (C,-Cy) substituted alkyl, (C.-Cg) alkenyl,
(Cy-Cy) substituted alkenyl, (C3-Cg) alkynyl or (C2-Cy) substituted alkynyl; and R is CHj.

15 In another preferred aspect of this embodiment, R is (C;-Cyg) alkyl, {C;-Cg) substituted
alkyl, (C;-Cy) alkenyl, (C»-Cs) substituted alkenyl, (C2-Cy) alkynyl or (C,-Cg) substituted
alkynyl; R is CHs; and each Y? is —-NH-. Ina preferred aspect of this embodiment, W'
and W are, independently, nitrogen-hinked, naturally occurring amino acids or naturally
occurring amino acid esters. In another preferred aspect of this embodiment, W' and W*

20 are, independently, naturally-occurring 2-hydroxy carboxylic acids or naturally-

62



CH3 0 33 756.PF 5Table 20.7 w23w23w23 5 R2Z1w23R2 000 373839 R25R25

R24R21 0 4041 Table 20.8 R24R24R24 W23R25R24 000 424344
WO 2009/132135 PCT/US2009/041447

756.PF

5 occurring 2-hydroxy carboxylic acid esters wherein the acid or ester is linked to P

through the 2-hydroxy group.

Y
1
w"//P é
Another embodiment of w2 of Formula 1, Formula II, or Formula III
is substructure:
2 %’: R
>
: }\o -
O
~

RX

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

6~Cao substituted aryl.

Y

W1/p%§

Another embodiment of w? of Formulas I-111 is substructure
I
W‘/f/p__é
15 w?

wherein W' and W* are independently selected from one of the formulas in Tables 20.1-
20.37 and Table 30.1 below. The variables used in Tables 20.1-20.37 (e.g., W=, RY,
etc.) 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 (C;-Cg)alkyl;
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454647 R21R21 R25 0 4849 WO 2009/132135 756. PF Table 20.9 '-w23 0 50
PCT/ US2009/ 041447 R25NR24 H OH 0 5152 N HCH3 OH O H O 535455
WO 2009/132135 PCT/US2009/041447

10

15

20

25

30

756.PF

ecach R* is independently H, R*', R” or R** wherein each R** is independently
substituted with 0 to 3 R* ;

each R* is independently R23a, R23b; R* or Rm, provided that when R*is
bound to a heteroatom, then R* is R* or R23d;

each R is independently F, Cl, Br, I, -CN, N; or -NO;;

each R**" is independently Y2

each R™ is independently —R™, -N(R™)(R™), -SR*, -S(O)R*, -S(O),R™, -
S(O)OR™), -S(O%(OR™), -OCE=Y*HR™, -OC(=Y*HOR?, -OCE=Y Y NER*NRM)), -
SC(=Y?NR™, -SC(=Y YOR™, -SC(=Y*Y(NR™HR™), -NR*C(=YHR, -
NR™CE=Y"HOR™, or -NR™CEY)NR™)R™)) 5

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

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

each R* is independently (C,-Cg)alkyl, (C2-Cgalkenyl, or (C,-Cg)alkynyl;

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

each R*™ is independently (C,-Cg)alkylene, (C,-Cg)alkenylene, or (C,-
Cglalkynylene any one of which said (C,-Cs)alkylene, (C,-Cglalkenylene, or (C»-
Cy)alkynylene is substituted with 0-3 R* groups;

cach W? is independently W** or W™°;

each W** is independently st, -C(ﬂYZI)RZS, —C(ZYZI)Wzs, -SOZRQ’S, or -SOQWES;

each W*’ is independently carbocycle or heterocyele wherein W=* is
independently substituted with 0 to 3 R* groups; and

each Y*' is independently O or S.
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OCH 0 31\1"CH3 HIO H 0 5657 Table 20.10

WO 2009/ 132135PCT/ US2009/ 041447

756. PF 5Tabl e 20.11 CH3CH3CH3

H3 HOCH3 59 CH3 H 0 60 10 58

WO 2009/132135 PCT/US2009/041447
756.PF
5 Table 20.1

’ P P
™ O/\]‘rO\WZB \O/\[rO\ R25 \O/\H/O\ R24
O O O
1 3

2

/\O/YO\RM
G

4

’ o) CH P2
™ 3 o}
O/\J( ~— \O/\H/ \/\CHs
0

‘ 0 ’ o)
\O/\H/ ~H \O/\”/ \CH3
8] @]
5 6

o
7 8
Table 20.2
#\O/YO\/\/CHs g \O /\H/OYCHS
O O  CHy
8 10
CH,
\O/W CH,
O

11
10
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vw23 HO 61 CH3 HO 64 CH3 4" HO 67 2...,.. ?2....,..,
“Ne---"-e, - - R25-N-----"\---"G'--R24 |1 HOH 0 6263 CH3C H3 NCH3 H OH
0 6566 CHBOHI®B132135 PCT/US2009/041447
756.PF
5 Table20.3
CH, CH, CHy
¢ p
\O O\Wzg \O)\“/O\ R25 \O O\ R24
8] 0]
12 13 14
CHy CHy cH,
‘ o) ¢ o /
@] O s
15 16 17
CHs CHs

¢ o) CH s o)
\O/kﬂ/ ~ 3 \C) \/\CHa

O
18

Table 20.4

O
19

CH3 CH3
O

20

O  CHs
21

CHj CHs
¢ O\)\
\O/l\”/ CHs
O

10

22
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Tabl e 20.12 CH3CH3 3CH3 HOHOCH3 6970 CH3CH3 CH3 H 0 71 WD 2009/ 132135
756. PF 5Table 20.13 CH3 iH3C >-C3W" H 0 72 PCT/ US2009/ 041447 q H3CH3

H3C r" NRWOD2009IGN3R24 PCT/US2009/041447
756.PF
5 Table 20.5
H3C Hac ch
% /
~o Swz o o “Sres o Ospee
0 O O
23 24 25
HsC HaC HaC
'S O I 0 ’ 0
\O ~R21 ‘\o ~H \O \CHg
O 0 o}
26 27 28
HaC HsC
~ On_-CHs ~ O~
0 0 CHj
o} 0
29 30
Table 20.6
H3C ch
/\o O _~_-CHs /\o O._ _CHjy
o) O  CH,
31 32
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° CH4
¢ o
o CHs
0
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HO 73 CH3CH3 H3C.,H3C 1-...." _,..--- "0"---0.,,.."-CH3C H3

4- N>---. . .. ." .. -0.--. 0" . NIl HOH O 7879 Table 20.14 8081
H3C. 0 CH3WBI0@®2132135 756. PF PCT/US2009/041447
756.PF
5  Table 20.7
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0 O O
34 a5 36
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O O
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Table 20.8
R24 szz R24
e 7 7
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8] O O
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R24 R21 RE?
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O O O
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5Table 20.15 td,...". NH w23 0 w23 N' I1-1 ? --, ... ." .. .------ W23

..... C0-.."" IR OW23 ? ..., . -----" " O, N-R24 [1-10 838485
W23R25R25W0 2biR/3eB3R25 PCT/US2009/041447
756.PF
5
Table 20.9
/ /
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H O H O H O
50 51 52
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i i
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D S G
H O H O
56 57
Table 20.10
/\N/\(rO\/\/CHS ‘¢ N 0 CHs
| e
H O H O  CH,
58 59
CHs
¢ o\/k
\T/\’r CH,
H O
10 60
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H OH OH 0 868788 R25R25 RN'24N H OHO 8990 Tabl e 20. 16 R24R24 0 W3
" R4
WO 2009/132135 PCT/US2009/041447

756.PF

5  Table 20.11

CH3 CHa CH3
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O H 8] O
61 62 63
CHj CH, CH,
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O H o H 8]
64 65 66
CH, CHj,
’ o) CH ’ o)
\{? ~_ 3 \TE‘EJY \/\CH3
0] H ¢
67 68
Table 20.12
CH, CHs
/\N/J\”/O\/\/CHs "\NJ\”/O CHy
I | e
H O H 0 Hz
69 70
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H O H 0O HO 91 92

WO 2009/132135 PCT/US2009/041447

756.PF

5  Table?20.13
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H O H O
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H O H O
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Table 20.14
CHy CHy
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N CH,
H O
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93 R24 R21 R21 ?
WO 2009/132135
756 PF

5  Table 20.15

PCT/US2009/041447
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W23 ?2..._,N...... ym et R25 H O H

WO 2009/132135 PCT/US2009/041447

756.PF
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WO 2009/132135 PCT/US2009/041447
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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

s P
) | > pe?

Pd!

MBF

Each embodiment of MBF is depicted as a substituted nucleus (Sc¢). Sc is described in
10 formulac A~G of Table 1.1 below, wherein Sc is a generic formula for a compound of
Formula I, Formula II, or Formula III and the point of attachment to ~P(O)Pd'Pd” is

indicated with a wavy line.

Table 1.1

15 A B
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5 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:

10
Thereby, Table 7 lists many specific examples of phosphate prodrugs of Formula [-IV.

Table 7: List of Compounds of MBF
A254.67, A.254.68, A.254.69, A.254.70, A.254.71, A.254.258, A.254.248, A.254.249,

15 A254.250, 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,
C.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,

20 D.254.252,D.254.253, £.254.67, E.254.68, B.254.69, E.254.70, E.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,
(.254.248, G.254.249, G.254.250, G.254.251, (3.254.252, G.254.253, A.255.67,

25 A255.68, 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,

87



CH3 toR-2. 5a CH3CY CH3 183 Table 2019 O 186187 R24 188 0 OH 190

R21 189 0CH3 191
WO 2009/132135 PCT/US2009/041447

7560.PF

5 (C.255.250,C.255.251, C.255.252, C.255.253, D.255.67, D.255.68, D.255.69, D.255.70,
D.255.71, D.255.258, D.255.248, D.255.249, D.255.250, D.255.251, D.255.252,
D.255.253, E.255.67, E.255.68, E.255.69, E.255.70, E255.71, E.255.258, £.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,

10 F.255.253, G.255.67, G.255.68, G.255.69, G.255.70, G.255.71, G.255.258, G.255.248,
(.255.249, G.255.250, G.255.251, 3.255.252, G.255.253, A.67.67, A.68.68, A.69.69,
A70.70, A71.71, A.258.258, A.248.248, A.249.249, A.250.250, A.251.251, A252.252,
A.253.253, B.67.67, B.68.6§, B.69.69, 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,

15 C70.70, 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, E.67.67, E.68.68, E.69.69,
E.70.70, E.71.71, E.258.258, E.248.248, £.249.249, E.250.250, E.251.251, E252.252,
E.253.253,F.67.67, F.68.68, F.69.69, F.70.70, F.71.71, F.258.258, F.248.248, .249.249,

20 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, (3.251.251, 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, 12.256.254, E.256.254, F.256.254,
(.256.254, A.256.250, B.256.250, C.256.250, D.256.250, E.256.250, F.256.250,

25 (.256.250, A.256.69, B.256.69, C.256.69, D.256.69, E.256.69, F.256.69, G.256.69,
A256.71,B.256.71, C.256.71,1D.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,

30 thioamides, and urea groups:
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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, Nat, LiT, Kt

Ca*2 and Mg*2), ammonium and NR," (wherein R is defined herein). Physiologically
accepiable 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-toluenesulfonic
acid, benzenesulfonic acid, naphthalenedisulfonic acid, polygalacturonic acid, malonic
acid, sulfosalicylic 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
1odine. 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 therapeutic use, salts of active ingredients of the compounds of the invention
will be physiologically acceptable, 1.e. they will be salts derived from a physiologically
acceptable acid or base. However, salts of acids or bases which are not physiologically
accepiable may also find use, for example, in the preparation or purification of a
physiologically acceptable compound. All salts, whether or not derived form a
physiologically acceptable acid or base, are within the scope of the present invention.

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-III may have chiral
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centers, e.g. chiral carbon or phosphorus atoms. The compounds of the invention thus
include racemic mixtures of all stereoisomers, including enantiomers, diastereomers, and
atropisomers. In addition, the compounds of the invention include enriched or resolved
optical isomers at any or all asymmetric, chiral atoms. In other words, the chiral centers
apparent from the depictions are provided as the chiral isomers or racemic mixtures.
Both racemic and diastereomeric mixtures, as well as the individual optical isomers
isolated or synthesized, substantially free of their enantiomeric or diasterecomeric
partners, are all within the scope of the invention. The racemic mixtures are separated
mto their individual, substantially optically pure isomers through well-known techniques
such as, for example, the separation of diastercomeric salts formed with optically active
adjuncts, e.g., acids or bases followed by conversion back to the optically active
substances. In most instances, the desired optical isomer is synthesized by means of
stereospecific reactions, beginning with the appropriate stereoisomer of the desired
starting material.

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

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

"Diastereomer” refers to a stereoisomer with two or more centers of chirality and
whose molecules are not mirror images of one another, 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 a compound which are non-
superimposable mirror images of one another.

Stereochemical 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

90



J

R253 024 00 O

WO 2009/132135 PCT/US2009/041447
756.PF
5 existin optically active forms, i.e., they have the ability to rotate the plane of plane-

10

15

20

25

30

polarized light. In describing an optically active compound, the prefixes D and L or R
and S are used to denote the absolute configuration of the molecule about its chiral
center(s). The prefixes d and 1, D and L, or (+) and (-) are employed to designate the
sign of rotation of plane-polarized light by the compound, with S, (-), or I meaning that
the compound is levorotatory while a compound prefixed with R, (+), or d is
dextrorotatory. For a given chemical structure, these stereoisomers are identical except
that they are mirror images of one another. A specific stereoisomer may also be referred
to as an enantiomer, and a mixture of such isomers is often called an enantiomeric
mixture. A 50:50 mixture of enantiomers is referred to as a racemic mixture or a
racemate, which may occur where there has been no stereoselection or stereospecificity
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, ¢.g., "R" or "R'", then it will be understood that the groups ma
g Y

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

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

below:
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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 polymerase

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 labeled,
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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polymerase in a sample suspected of containing HCV polymerase comprising the steps
of: treating a sample suspected of containing HCV polymerase with a composition
comprising a compound of the invention bound to a label; and observing the effect of the
sample on the activity of the label. Suitable labels are well known in the diagnostics
field and include stable free radicals, fluorophores, radioisotopes, enzymes,
chemiluminescent groups and chromogens. The compounds herein are labeled in
conventional fashion using functional groups such as hydroxyl, carboxyl, sulthydryl or
amino.

Within the context of the invention, samples suspected of containing HCV
polymerase include natural or man-made materials such as living organisms; tissue or
cell cultures; biological samples such as biological material samples (blood, serum,
urine, cerebrospinal fluid, tears, sputum, saliva, tissue samples, and the like); laboratory
samples; food, water, or air samples; bioproduct samples such as extracts of cells,
particularly recombinant cells synthesizing a desired glycoprotein; and the like.
Typically the sample will be suspected of containing an organism which produces HCV
polymerase , frequently a pathogenic organism such as HCV. Samples can be contained
in any medium including water and organic solvent\water mixtures. Samples include
living organisms such as humans, and man made materials such as cell cultures.

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

If desired, the activity of HCV polymerase after application of the composition
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
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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However, in screening compounds capable of inhibiting human
immunodeficiency viruses, it should be kept in mind that the results of enzyme assays
may not correlate with cell culture assays. Thus, a cell based assay should be the

primary screening tool.

Screens for HCV polvimerase Inhibitors.

Compositions of the invention are screened for inhibitory activity against HCV
polymerase by any of the conventional techniques for evaluating enzyme activity.
Within the context of the invention, typically compositions are first screened for
inhibition of HCV polymerase in vitro and compositions showing inhibitory activity are

then screened for activity in vivo. Compositions having in vitro Ki (inhibitory constants)
of less then about 5 X 10-6 M, typically less than about 1 X 10-7 M and preferably less

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

here. However, the examples describe suitable in vifro assays.

Pharmaceutical Formulations

The compounds of this invention are formulated with conventional carriers and
excipients, which will be selected in accord with ordinary practice. Tablets will contain
excipients, glidants, fillers, binders and the like. Aqueous formulations are prepared in
sterile form, and when intended for delivery by other than oral administration generally
will be 1sotonic. All formulations will optionally contain excipients such as those set
forth in the "Handbook of Pharmaceutical Excipients" (1986). Excipients include
ascorbic acid and other antioxidants, chelating agents such as EDTA, carbohydrates such
as dextran, hydroxyalkylceellulose, hydroxyalkylmethylcellulose, stearic acid and the
like. The pH of the formulations ranges from about 3 to about 11, but is ordinarily about
7to 10.

While it is possible for the active ingredients to be administered alone it may be
preferable to present them as pharmaceutical formulations. The formulations, both 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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compatible with the other ingredients of the formulation and physiologically innocuous
to the recipient thereof,

The formulations include those suitable for the foregoing administration routes.
The formulations may conveniently be presented in unit dosage form and may be
prepared by any of the methods well known in the art of pharmacy. Techniques and
formulations generally are found in Remington's Pharmaceutical Sciences (Mack
Publishing Co., Easton, PA). Such methods include the step of bringing into association
the active ingredient with the carrier which constitutes one or more accessory
ingredients. In general the formulations are prepared by uniformly and intimately
bringing into association the active ingredient with liquid carriers or finely divided solid
carriers or both, and then, if necessary, shaping the product.

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

A tablet 1s made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing in a suitable
machine the active ingredient in a free-flowing form such as a powder or granules,
optionally mixed with a binder, lubricant, inert diluent, preservative, surface active or
dispersing agent. Molded tablets may be made by molding in a suitable machine a
mixture of the powdered active ingredient moistened with an inert liquid diluent. The
tablets may optionally be coated or scored and optionally are formulated so as to provide
slow or controlled release of the active ingredient 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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When formulated in an ointment, the active ingredients may be employed with either a
paraffinic or a water-miscible ointment base. Alternatively, the active ingredients may
be formulated in a cream with an oil-in-water cream base.

If desired, the aqueous phase of the cream base may include, for example, at least
30% w/w of a polyhydric alcohol, i.e. an alcohol having two or more hydroxyl groups
such as propylene glycol, butane 1,3-diol, mannitol, sorbitol, glycerol and polyethylene
glycol (including PEG 400) and mixtures thereof. The topical formulations may
desirably include a compound which enhances absorption or penetration of the active
ingredient through the skin or other affected areas. Examples of such dermal penetration
enhancers include dimethyl sulphoxide and related analogs.

The oily phase of the emulsions of this invention may be constituted from known
ingredients in a known manner. While the phase may comprise merely an emulsifier
(otherwise known as an emulgent), it desirably comprises a mixture of at least one
emulsifier with a fat or an oil or with both a fat and an oil. Preferably, a hydrophilic
emulsifier is included together with a lipophilic emulsifier which acts as a stabilizer. It is
also preferred to-include both an oil and a fat. Together, the emulsifier(s) with or
without stabilizer(s) make up the so-called emulsifying wax, and the wax together with
the oil and fat make up the so-called emulsifying ointment base which forms the oily
dispersed phase of the cream formulations.

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

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

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
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-
1soadipate, 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



208209

210211CH3 756. PF 5Table 20.33 0 / 000 ..., w230
...... ---..." ?7R5 00214 215 "o -

21’6. R2’40 wo 2'009/132],35; . T PCT/USZ(.)0.9/.041447

10

15

20

25

30

756.PF

being preferred esters. These may be used alone or in combination depending on the
properties required. Alternatively, high melting point lipids such as white soft paraffin
and/or liquid paraffin or other mineral oils are used.

Pharmaceutical formulations according to the present invention comprise a
combination according to the mvention together with one or more pharmaceutically
acceptable carriers or excipients and optionally other therapeutic agents, Pharmaceutical
formulations containing the active ingredient may be in any form suitable for the
intended method of administration. When used for oral use for example, tablets, troches,
lozenges, aqueous or oil suspensions, dispersible powders or granules, emulsions, hard or
soft capsules, syrups or elixirs may be prepared. Compositions intended for oral use may
be prepared according to any method known to the art for the manufacture of
pharmaceutical compositions and such compositions may contain one or more agents
including sweetening agents, flavoring agents, coloring agents and preserving agents, in
order to provide a palatable preparation. Tablets containing the active ingredient in
admixture with non-toxic pharmaceutically acceptable excipient which are suitable for
manufacture of tablets are acceptable. These excipients may be, for example, inert
diluents, such as calcium or sodium carbonate, lactose, calcium or sodium phosphate;
granulating and disintegrating agents, such as maize starch, or alginic acid; binding
agents, such as starch, gelatin or acacia; and hubricating agents, such as magnesiom
stearate, stearic acid or talc. Tablets may be uncoated or may be coated by known
techniques meluding 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
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 o1l medium, such as peanut oil, liquid paraffin or olive oil.

Agqueous suspensions of the invention contain the active materials in admixture

with excipients suitable for the manufacture of agueous suspensions. Such excipients
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include a suspending agent, such as sodium carboxymethylcellulose, methylcellulose,
hydroxypropyl methylcelluose, sodium alginate, polyvinylpyrrolidone, gum tragacanth
and gum acacia, and dispersing or wetting agents such as a naturally-occurring
phosphatide (e.g., lecithin), a condensation product of an alkylene oxide with a fatty acid
(e.g., polyoxyethylene siearate), 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 suitable for preparation of an
aqueous suspension by the addition of water provide the active ingredient in admixture
with a dispersing or wetting agent, a suspending agent, and one or more preservatives.
Suitable dispersing or wetting agents and suspending agents are exemplified by those
disclosed above. Additional excipients, for example sweetening, 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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5  polyoxyethylene sorbitan monooleate. The emulsion may also contain sweetening and
flavoring agents. Syrups and elixirs may be formulated with sweetening agents, such as
glycerol, sorbitol or sucrose. Such formulations may also contain a demulcent, a
preservative, a flavoring or a coloring agent.

The pharmaceutical compositions of the invention may be in the form of a sterile

10 injectable preparation, such as a sterile injectable aqueous or oleaginous suspension.
This suspension may be formulated according to the known art using those suitable
dispersing or wetting agents and suspending agents which have been mentioned above.
The sterile injectable preparation may also be a sterile injectable solution or suspension
in a non-toxic parenterally acceptable diluent or solvent, such as a solution in 1,3-butane-

15 diol or prepared as a lyophilized powder. Among the acceptable vehicles and solvents
that may be employed are water, Ringer’s solution and isotonic sodium chloride solution.
In addition, sterile fixed oils may conventionally be employed as a solvent or suspending
medium. For this purpose any bland fixed oil may be employed including synthetic
mono- or diglycerides. In addition, fatty acids such as oleic acid may likewise be used in

20 the preparation of injectables.

The amount of active ingredient that may be combined with the carrier material
to produce a single dosage form will vary depending upon the host treated and the
particular mode of administration. For example, a time-release formulation intended for
oral administration to humans may contain approximately 1 to 1000 mg of active

25  material compounded with an appropriate and convenient amount of carrier 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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Formulations suitable for topical administration in the mouth include lozenges
comprising the active ingredient in a flavored basis, usually sucrose and acacia or
tragacanth; pastilles comprising the active ingredient in an inert basis such as gelatin and
glycerin, or sucrose and acacia; and mouthwashes comprising the active ingredient in a
suitable liquid carrier.

Formulations for rectal administration may be presented as a suppository with a
suitable base comprising for example cocoa butter or a salicylate.

Formulations suitable for intrapulmonary or nasal administration have a particle
size for example in the range of 0.1 to 500 microns, such as 0.5, 1, 30, 35 etc., which is
administered by rapid inhalation through the nasal passage or by inhalation through the
mouth so as to reach the alveolar sacs. Suitable formulations include aqueous or oily
solutions of the active ingredient. Formulations suitable for aerosol or dry powder
administration may be prepared according to conventional methods and may be delivered
with other therapeutic agents such as compounds heretofore used in the treatment or
prophylaxis of HCV infections as described below.

Formulations suitable for vaginal administration may be presented as pessaries,
tampons, creams, gels, pastes, foams or spray formulations containing in addition to the
active ingredient such carriers as are known in the art to be appropriate.

Formulations suitable for parenteral administration include agueous and non-
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
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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5 dose, as herein above recited, or an appropriate fraction thereof, of the active ingredient.

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

10 The invention further provides veterinary compositions comprising at least one
active ingredient as above defined together with a veterinary carrier therefor.

Vetermary carriers are materials useful for the purpose of administering the
composition and may be solid, liquid or gaseous materials which are otherwise inert or
acceptable in the veterinary art and are compatible with the active ingredient. These

15 veterinary compositions may be administered orally, parenterally or by any other desired
route.

Compounds of the invention are used to provide controlled release
pharmaceutical formulations containing as active ingredient one or more compounds of
the invention ("controlled release formulations") in which the release of the active

20 ingredient are controlled and regulated to allow less frequency dosing or to improve the
pharmacokinetic or toxicity profile of a given active ingredient.

Effective dose of active ingredient depends at least on the nature of the condition
being treated, toxicity, whether the compound is being used 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 0.0001 to about 100 mg/kg body weight per
day; typically, from about 0.01 to about 10 mg/kg body weight per day; more typically,
from about .01 to about 5 mg/kg body weight per day; most typically, from about .05 to
about 0.5 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 more 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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Each enbodi nent of MBF is depicted as a substituted nucleus (Sc). Sc is
described in 10 fornmulae A-G of Table 1.1 below, wherein Sc is a generic
fornmul a fwo2e0%6eBsund of Fornula 1, Formula H, or FormeCa/uskéoamd41 he

poi nt of attachment to -P(0)Pdi1Pd2 is indicated with a wavy line. Table 1.1
= OH OHOH OH 15A OH OHOH OH WD 2009/ 132135PCT/ US2009/ 041447 756. PF
5Conbi nati ons of "Sc" and Pd'" and Pd2, independently selected from Tabl e
30.1, can beisﬁﬁ}ressed in the formof Sc.Pdi.Pd2, where Sc is represented
by the respective letter A-GfromTable 1.1 and Pd" and Pd2 are represented
by the respective nunber from Table 30.1. Thus, A. 256.256 represents the

fol |l ow ng conpound: NH2 O Il ON, OHN-R* = . _
Suttable routes include oral, rectal, nasal, topical (including buccal and sublingual),

vaginal and parenteral (including subcutaneous, intramuscular, intravenous, intradermal,
intrathecal and epidural), and the like. It will be appreciated that the preferred route may
vary with for example the condition of the recipient. An advantage of the compounds of
this invention is that they are orally bioavailable and can be dosed orally.

10

Combination Therapy

Composttions of the invention are also used in combination with other active
ingredients. Preferably, the other active therapeutic ingredients or agents are interferons,
ribavirin analogs, NS3 protease inhibitors, NS5a inhibitors, alpha-glucosidase 1

15 inhibitors, cyclophilin inhibitors, hepatoprotectants, non-nucleoside inhibitors of HCV,
and other drugs for treating HCV,

Combinations of the compounds of Formula [-III are typically selected based on
the condition to be treated, cross-reactivities of ingredients and pharmaco-properties of
the combination. For example, when treating an infection (e.g., HCV), the compositions

20 of'the invention are combined with other active therapeutic agents (such as those
described herein).

Suitable active therapeutic agents or ingredients which can be combined with the
compounds of Formula I-IIT can include interferons, e.g., pegylated rIFN-alpha 2b,
pegylated rIFN-alpha 2a, rIFN-alpha 2b, IFN alpha-2b XL, rIFN-alpha 2a, consensus

25 IFN alpha, infergen, rebif, locteron, AVI-005, PEG-infergen, pegylated IFN-beta, oral
interferon alpha, feron, reaferon, intermax alpha, r-IFN-beta, infergen + actimmune,
IFN-omega with DUROS, and albuferon; ribavirin analogs, e.g., rebetol, copegus, VX-
497, and viramidine (taribavirin); NS5a inhibitors, e.g., A-831, A-689 and BMS-790052;
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-glucosidase 1 inhibitors, e.g., MX-3253
(celgosivir) and UT-231B; hepatoprotectants, ¢.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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prodrugs of Formula I-1V. Table 7. List of Conpounds of MBF A. 254.67,

A. 254, 68, WO.2B®M3BB5 A. 254. 70, A. 254.71, A 254.258, A 252CTAB2000(02647 249,
15A. 254. 250, A 254.251, A 254.252, A 254.253, B.254.67, B.254.68, B.254.69,
13.254.70, B.254.71, B.254.258, 13.254.248, 13.254.249, 13.254. 250,

B. 254. 251 1:7 qggl{l 252 13. 254. 253, C.254.67, C. 254.68, C. 254.69, C. 254.70,

C 254.7 % 4.258, C.254.248, C. 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, 20D. 254. 252, D. 254 253,
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G 254.71, G 254,258, G 254 G 254.251, G 254. 252,

G 254. 253, AUYH IHN-848 02?3@11‘6@ 51&0525%\*%5975AX§§;56%; ANAOSE . NOVR0555. 258,

A 255,248, A.25 . A 255.251, A 255.252, A 255.253,13.255.67,

13. 255. 68, B. 25@l %gl% %é\zaég%% B 255, 71, B.255.258, B.255.248, B.255. 249,

B. 255. 250, B. 255[m2f1 pA@h@5HRERNerB, tBEFre2G8 apfli2Ebn aﬁpzo@saﬁﬁnﬁﬁmu@az% 69,

C.255.70, C 255 71 C 255.258 C 255 248, C. 255 249
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255. 248, D.255. 249,  D.255.250, D.255.251, D.255.252, D.255.253, E.255.67,

255. 68, Eth@@@e@g: agen 85 zehar@azmwliy a@eﬁraslez:smer Br @6pic@U8, E. 255. 249,

255.250, E. 255,251, E 285 252 E 25 F. 25 55. 68, . F..255. 69,
255. 70, F. 255, 4508 E“ﬁ%%a‘fé’éese%t 15%%“ E?%%?E&@gén&u?ésn seigbingligis s o5

. 255. 2692, 4 1B&n3and 6 32 5rédat 1@&55;1 68 bGuRBBaeiOhavia2bBePeut@ 3R5s 71,
255. 258, G. 255.248, G 255.249, G 255.250, G 255251, G 255.252, G 255. 253,
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71.71, C.258.258, C.248.248, C 249.249, C 250.250, C 251251 . (252252,
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compositions comprising a compoun the present mvention, or a pharmaceutically
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acceptable salt, solvate, and/or ester thereof, in combination with at least one additional
therapeutic agent selected from the group consisting of pegylated rIFN-alpha 2b,

25  pegylated rIFN-alpha 2a, rIFN-alpha 2b, IFN alpha-2b XL, rlFN-alpha 2a, consensus
IFN alpha, infergen, rebif, locteron, AVI-005, PEG-infergen, pegylated IFN-beta, oral
interferon alpha, feron, reaferon, intermax alpha, r-IFN-beta, infergen + actimmune,
IFN-omega with DUROS, 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 L.B-84451, benzimidazole
derivatives, benzo-1,2,4-thiadiazine derivatives, and phenylalanine derivatives, zadaxin,

nitazoxanide (alinea), BIVN-401 (virostat), DEBIO-025, VGX-410C, EMZ-702, AV]
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inhibitors, CCRS inhibitors, interferons, ribavirin analogs, NS3 protease inhibitors, NS3a
inhibitors, alpha-glucosidase 1 inhibitors, cyclophilin inhibitors, hepatoprotectants, non-
nucleoside inhibitors of HCV, and other drugs for treating HCV.

30 More specifically, one or more compounds of the present invention may be
combined with one or more compounds selected from the group consisting of 1) HIV
protease inhibifors, 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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The conmpounds of the invention, exenplified by Fornula 1-111 may have
chiral WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5centers, e.g. chiral carbon
or phosphwousovwt3erss. The conpounds of the invention thugCrnshadesrsaten c

m xtures of all stereoisoners, including enantioners, diastereoners, and
atropi soners. In addition, the conpounds of the invention include enriched
or resolved optical isoners at any or all asymretric, chiral atonms. In

ot her words;7s4ke chiral centers apparent fromthe depictions are provided
as the chiral isonmers or racem c mxtures. 10Both racem c and

di astereoneric mxtures, as well as the individual optical isoners isolated
or synt hesi S a f a eoneri e
or 2401 hes! 58 NBR AL o8 8l P BN ATRSS X opepicomer |
ar e separ at ¢00,intaoiivheintnichadiidie ﬁhlﬁﬂniorﬁﬂb@teﬁ&tttaabdr}ptﬂptd £atdpyavirisiee | soners

t hrough wel | - kngwn technlques such as, exanp t he separatlon of

di ast er eoneF&V iR dsl af”é’rdﬁﬁdefﬂﬁ”tf?%ﬁ%‘ii@‘ame (“Lal@?liav‘éh%%{ﬁt’i?ﬁ%ln@: W3%34, aci ds
or bases foljppugsh Bp Q&V%fc 985, BARK156, hBEIPLIDBAC 36 I ;gvﬁ%% tances. In
nmost instances, the desirfed opti'cal isomer is synthesized by 'eafis of

st er eospeci tfagirereaBiLRASSH BlSe(szdﬁBW?ﬁg UK-433eDA pROGE0EL B sHBY endlsmiter  of
the desjred.starti mat eri al The term''chiral” refers t

o1 ecur Kb w0 BvERE TaREHBIES ok AHITEs TRBIH B AR YS STYEE i 1 1 or
i mage part nef|citaMid Parﬁibﬁdlﬁ@ramlca@ﬁ‘hélﬁ@éxovfreél%étataﬁlenﬁbﬁﬂﬁl\eeMI"Wﬁqu & A

superi nposabl e on their mrror inmage partner. term

"st er eoi somer-§TCh.dp-diBCt emtmmabmndlﬂmaphwtdehﬁmwuddmntdoxm fosdrantimatidoxil,
constitution, t. di th.regard. t arran . of the atons or
groups in sﬁ@&%ubmﬁfg{égéﬁ%{oﬁ@ﬁ“x & gP 9%63 APEf @ ine\abeeAvifin or nore

centers of ghitadihé ¥ ARGuARINARS uTRE ercl‘dﬂnﬁ%dﬁ{eeztf@ﬁImnﬁaéoﬁdéﬂﬁﬁ%n&f Ofone

another. Diastereoners have different physical properties, e.g. melting
poi nt s, 1b0|tquemmnﬂr®ﬁwspﬁ£ﬂwaﬁbwwnpmﬁbweéﬁoandﬂﬁ@awﬁhvfmne$nﬂwh%tures of

s ol oct  opltoP Bo s SR A BHE G Aty ee - et P G s PR BTG 7 5"

two stereoi sERLik ifibRorC oY eREmM ideAvaies BPArSEnBUBREIAPRSBRESY H kS Of
i mges of one anot her. St er eochemi cal definitions and conventions

used her ei nclyjeprig 2aid.\p. F-dichidopyBiuime apigy davatires of Mt Geaffeaylquinipiaeidi onar y of

C_hem Cal Ter ntl(‘lga%ﬁé?%h%gdag\%ﬂélbeﬁ %ﬁe@?&%ﬁg\égi Cé% i%f:flﬁ(lb acfad El ' E. and

W1 en ereoc Str anic ohn é Sons,
I nc. NHW Yaﬁ&,dﬁhmﬁvaﬂgaﬂﬁéw@ﬁﬂgﬂﬂﬁdﬁyl&%%ZQ@&b&B@aaﬁﬁﬁﬂ%iﬁﬂﬁﬁﬁbﬁéé447

756. PF 5exist in o tically active forns, | ave the ability to
rotate the quﬁgm@gerb\{agﬁ%s of quercetin, S-1360, z1ntev1r (AR 1¥7) L- 870812 and L-870310,
MK-0518 (raltegravir), BMS-707035, MK-2048, BA-011, BMS-538158, GSK364735C,
6) a gp41 inhibitor, e.g., enfuvirtide, sifuvirtide, FBO06M, TRI-1144, SPC3, DES6,
Locus gp4l, CovX, and REP 9, 7) a CXCR4 inhibitor, e.g., AMD-070, 8) an entry
25  inhibitor, e.g., SPO1A, TNX-355, 9) a gp120 inhibitor, e.g., BMS-488043 and
BlockAide/CR, 10) a G6PD and NADH-oxidase inhibitor, e.g., immunitin, 10) a CCRS
inhibitor, e.g., aplaviroc, vicriviroc, INCB9471, PRO-140, INCB15050, PF-232798,
CCR5mAb004, 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 + actimmune,
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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pol arized light. in describing an optically active conpound, the prefixes D
and L or Rand S are used to denote the absolute configuration of the

nol ecul e wbaowy/iesschiral center(s). The prefixes d andPCT/uS2emm41447 or ()
and (-) are enployed to designate the sign of rotation of plane-polarized
light by the conmpound, with S, (-), or 1 nmeaning that 10 the conpound is

| evorotatory while a conpound prefixed with R, (+), or d is dextrorotatory.
For a given7chBR cal structure, these stereoisoners are identical except
that they are mrror imges of one another. A specific stereoi somer may
also be referred to as an enantioner, and a m xture of such isonmers is

of ten cail egk AB6ENANIORER{TS ML ME.0608, 2OVERTRYE 4 &/ Off.BDap kQPRNS | S

referred to as a’racemc mxture or a 15 racem ate, ich iy occur where
t here has bé&ekK&3do4st enéeETiel g6t i DINSY poteeseimhipen £igciSCH-503B4¢RERBal

ti The .t " i ) ! d " " refer to an
el ol ar YR OB ST A et e b | OBl GE GBE T P& vi ¢y,
Wienever a g@mexdsdestsdshad aﬁ'@{ﬁi—l’Blifﬁ,1$H@e§iaﬂphﬁt@@ai¥i§,tc!f%.n@ﬂ@-6gg@mpne of
en | W

the sane designat ed grogg;, e.%., "R' or "R1", th W1l be under st ood
that the gr e@gﬁs Mitof2, 204 h8-8418 | s Bhymoprnugicpside aibitors ef HC¥aels., jemupidagole

i ndependent Ly. sel ect ed, | Lnes, ;- .l ndicat he.sit.e of . coval ent bond
¢ aohmian s F AR ES b i atBERe der RS W oba Thife AtV TR e
conpounds  ofirugh €oritfedeng HOV, @@ zall 6én eXfasdxanRie (@B -AEORRLSaiN certain
cases. Although only ane del ocalized resonance structure may be depi cted,

all such 25V -(e VEht Hifp EMET i ANl A0eh baviswpmabfogiranidenfaiYildn. For
e : ; Y tHE i dazol e,
exanpl e en%@gﬁ@@oﬁ%ﬁﬁf&r@P%@ﬁ I%bﬁ&ﬁ%o@,gﬂé#ﬁ, ?ﬁ%bb?‘%@l\{f]ﬁ X gazol €

guani di ne, I ne, tetrazol e systens an €I r’poss g tautomeric
forms are wodh, ANAEG7ECOPE-25, tahercinn VEId-1 ind GIRIER] | Hethainmacbhideast W | |

| dazols, sonpnacts g« BRSA0A R Sbi 4Tz A KNAST ERiRierse ni QR Sripd ODN-
[1,2,4]triazp} ofiffoer é@itﬂli\lagen{%%r | azipe @%thp(?akfﬁ%aﬂagmgﬁé&t HRE214

tautoneric forns. For exanple, but not by way of [imtati Structures (a)
and (b) canchale petyumuna Vé-44 QUERRET, IAMEO0R6, GET 9808 222 DIV, BWY 50-

2009/ 132135P 41447 75 : 0ssi hl utomeric forms of
the heterocy egﬁﬁge‘z(f 8piqurpﬁ@, Eﬁggﬁw%gﬁﬁ%gﬁ(}@@'el n are within the
scope of the inven{hignpodvidl@denBind M bbbt Of thEk cROSN M B LAS §r hBANOL her
aspect of the invention relates to nethods of inhibiting the activity of

HCV pol 3t neplhiseactizrpirararicnde sgratssn apmarytdossse fagn dorsanplt@couspecten tiof
cont . .0, Bl Al P CERER RS T | B iming SRTBEP1 L
for such i nhiriltkeseas of sdyav@iadtdyanierst Whid b@BindSerd@ seyubed yoel@smbifagon
may be administered in two or more administrations.
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 effective amounts of the compound of the invention and one or more
other active therapeutic agents are both present in the body of the patient.
Co-administration includes administration of unit dosages of the compounds of
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

106



15inhibitors will bind to | ocations on the surface or in a cavity of HCV
pol ynerase having a geonetry uni que to HCV pol ynerase . Conpositions

bi ndi ng HEU 2p@/pessase may bind with varying degrees of PCEXS2@O0I14HTY.
Those conpounds bi nding substantially irreversibly are ideal candidates for
use in this method of the invention. Once | abel ed, the substantially
irreversibly binding conpositions are useful as probes for the detection 20
of HCV pol yrned.BEe . Accordingly, the invention relates to nethods of
detecting HCV WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5 polynerase in a
sanpl e suspected of containing HCV pol ymerase conprising the steps of:

treatingsa smePAgiveusR@ufsa@htsC AMtRhAIRE, HGNitRBLYIN RERS Todt bl
conmposi tion conprising a conpound of the invention bound to a |abel; and

observi ng t RerappRticagests cembe admipissered firtiefollowrd by ydromistiagion abetnit Guetodbl e

| abel s are i.agnostic eld and include stable free

radi cal s, f %ﬁ%’%‘g&hﬂ%\r’\g the m§/ %lé)lgsvg?ﬂ o%gesconésn%r Mres teslg“ %%%‘?ﬁasFﬁJFﬁrﬂ@’s%ent gr oups
and chro mogemabréh@ amnmumlme bha adiephadelfeik inPerBRAVRER follddledfA&hkon
usi ng functional groups such as hydroxyl, carboxyl, squhydryI or am no.

Wthin the B thogys (e1ge Lr Ik oy, adiaimstraton pishrnt descof OBQPI AP AT HCV
pol yner gse wﬁ,'eteﬁ& hyﬁgént%rlnmr 3 m&gmkﬁmﬁ&%@ @%41§t¥ﬂ m,%%g%%m
as 1 0l 0gI Ca

ti ssue or 1bcell ure i ol ogl cal 'sanpf es suc eria
sanpl es (bl omdor merrewnheructnwetherammbrag&ps fiest, fbllowel], afteed pericRlpifthunis (88,1 va,

ti ssue sanp l.i ke); borator od, water, or air
sanpl es; igiéﬁﬂ@g éﬁﬁP@?T ﬁ?' &sm5%¥§%%€%g¥Fmﬁ@ﬂP ‘ﬁéY@ﬁ@B1arly
r econbi nant cel |ﬁe%¥&%ﬁﬁ§bx¥{}§%ﬂ1 9 nH8SIrb Gle 9hhe %E@'“@nelagq'gzc’hee e \Azflegth

Typically the sanple will be suspected of cont7i ni ng "an "or gani sm

produces HCwhyegothgmthrcameve lﬂgr@mmemﬂesi t%eﬂ&t rogreaticthen ganismiskctfas HCV.
Sanpl es, can.be caontai ned in an unllnc wat er and or gani.c.

sol vent | %va @FFW@P U8 158g ?HOH’B Slﬁfgarlafev}f n‘é gﬁ“’(j&lﬁ S RLe Ry O5 Rl s,
and nman nadehgpiehb@lSingHaknASre @l ) cfhulhas andRantfigetdang dstref the
invention conprises adding the conposition of the invention to the sanple

or it conprigwdtapgnblngn a cpmbed Somultionhe) detyrsed by @itm@mr@e ngpzaligle. The

ddi f b b
1 dosi red, “PRGRCRrR S8R0 ALY (EHIRaRE B Ratlpt Pl B PR PR bl "

conposi ti Ontheﬁalpy,beesmbﬁg@ﬂ’tié&@fe&}kn@ﬂb’e mmmemhad@ﬂgmvdg gtadaifisiendiorect
nmet hods_ of detectlng HCV._ pol yner ase act|V|tY Quantitative, qualitative,

and semuaftlivesd; S?%“ﬁ%‘till%&§ Y sepepisrrblgtsngy IH@X/C%PWW hy difEentiniegioase al |
con ool ai oy YRGSk 08 e 16,30 S SAN DG ASL ot dloogil et abgve. are

appl i ed, howev t her as obServati on o ysi ol ogi ca
properties aﬁvanﬁnmhﬂg1®mymmm&mwhmﬁuaﬂ$ﬂyappbﬁﬂﬂbl@hmemuncmﬁﬂ@ﬁMbﬁnB t hat

contai n HCV poI ase include the HCV virus. The conpounds of this
i nvention a8 gg&'ﬁfﬂc 1Y‘?’1d‘fsﬁ%estqef‘é‘é{? REMCTOfCUF Hﬁﬂ?i’/&%@? gregimpagierediieesthisdns i n

ani mal s or A%yﬂ&@rstlcm 399%!&36&2@6%5!3 Cih M&@é%@t%ﬁcﬁé%g Ferobiowgyer, in

screeni ng conpounds capabl e of inhibiting human
25 predicted purely additive effects of the individual compounds of the combination.

In still yet another embodiment, the present application provides for methods of
mbiting 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-1T1, or a pharmaceutically
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i mmunodefici ency viruses, it should be kept in mnd that the results of
enzynme assays may not correlate with cell culture assays. Thus, a cell
based assw 003k 35be the prinmary screening tool. ScreeRr€TUS2OMBICVI447

pol ynerase Inhibitors. 10Conpositions of the invention are screened for
inhibitory activity agai nst HCV pol ynerase by any of the conventi onal
techni ques for _evaluating enzyne activity. Wthin the context of the

i nvention, ?W]:cal |y conpositions are first screened for inhibition of HCV
pol ymerase in vitro and conpositions showing inhibitory activity are then
screened for activity in vivo. Conpositions having in vitro Ki (inhibitory
const ant®) 4ddeftablesslt tsobmtcabatior SteXthikbeds, Md 4t Y@kcalel additiessl dchianthabudticl X
10-7 M and preferabl yﬁfss han abo%ﬁé‘,S X 10-8 M are preferred for in vivo
use. b OThEFSPWEG ¥ PobEnateds hbileen described in detail and will
not be el aborat e, iRy amx\%veﬁ{bodfn%t,%@gﬁg&ﬁa &%wg oVt 8R! Bech s\t 1 O
assays. Pharmaceuticdl Fornulations 20The co ounds ]1; this invention are
f or mul at ed whithtigolCEmpdlpmealasciarardedr sonanthiex cophaines, celthnfebtedintith HEV
selected in cor i th ordinar racti ce. Tab s wll contain excipients,
gl i dants, f}’vﬁﬁéf‘gge‘\éﬁvﬁc?&oémgﬂga %/%‘gpolupéQfﬁWq”ﬁ‘g%hfghf‘Hrarﬁhaﬁwcﬁﬁgc e prepared
in sterid e §Qepublans WiRAtd, l@ﬁ@&d&f& fiREedteddave 'Iééﬁtmhe%}iﬁﬁbnﬁl%Hyfﬁ@}apeutic

adm ni stration generally will be isotonic. Al fornmulations will optionally
cont ai n excigsnesriestesdieom ke grhve eonsesting 8f mtarferons, tihavititHamdbgso N Sdfprotease

Phar maceuti cal, . Excipi-ent.s,.. (19 . .EXci.pi ent s..i.ncl ud scorbi.c acid and
ot her anti o%“&)étﬁss, 2 ﬁé‘?@%lf"(ﬁa agjgéﬁl%cogﬁgﬁeg?%gﬁfﬁ’ C%CS?I%B%H‘BQ}”@ES’ such as
dextran, hygkpawyedtbathiiglnoulmaskosiby hhibiyad KR Owt d aBd dth@ser redtearicyaci d
and the like. The pH of the fornmulations ranges fromabout 3 to about 11,
but is ordinari | ssiboist aothes expodmmphithepiesert spplirgipbpevidss farmecthedsiofe

i ngredi ents : 1 ni st one. 14 - f er-ahl esent them
as phar ﬁ%c etlﬁ‘tgalq’l(][:l gl%I orrﬂnigj P%@gﬁgm%#lg%gf%%nﬁugﬁg%@gﬁg Fh% (;%P%Hfagirl&g%%rgr%faﬁar y and
for hunman usfctiof ambentiafuentipomdofifarnsk 12l loe aphargecarhily ecdepgbedhignt , as
above defi ne%tog&t her W'Eth ne or nore acceptable carriers therefor and
optional | y SYB'26BYPLSSTIBBETY US2009/ 041447 756. PF 50t her therapeutic

i ngredients. Th ry M v i.g
conpatible wt heltn%gﬁo}{eﬁ%é&%er{gr edid%ﬁ%ng’q%?&%ﬁg@% @1#31?%1% oﬁﬁgﬁgﬁn&)&h&ﬁ of
physi ol ogi catdtpgitihbauapstiant coherisiegi pinenistdringte dfe. paibe aftberapduaicilons

i ncl ud h itable f the f i m ni tion. routes. The
for mil 21 ondTiray® EBRVE A eponl HaTER BTN AT bRkt Mo edisaly bR uhe hey e
10 prepar edsdyat@nuddf cdihrahsebhassavelst o AWidnRl 4di%e MckaRhit PRALIRMEreby

Techni ques and o
HCV polymerase is inhibited.

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

treating HCV 1n a patient, comprising: administering to the patient a therapeutically

25 effective amount of a compound of Formulia I-1I1, or a pharmaceutically acceptable salt,
solvate, and/or ester thereof, and at least one additional active 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.

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

108



formul ations generally are found in Rem ngton's Pharmaceutical Sciences
(Mack Publishing Co., Easton, PA). Such nethods include the step of

bri ngi ng wote0%seB6i ati on the active ingredient with thectarseéoensishi ch
constitutes one or nore accessory ingredients. In general the formulations
are prepared by uniformy and intimately 15bringing into association the
active ingredient with liquid carriers or finely divided solid carriers or
bot h, and themnprif necessary, shaping the product. Formul ati ons of
the present invention suitable for oral admi nistration may be presented as
di screte units such as capsul es, cachets or tablets each containing a
predetei pi ned a nt.Qf the.agtive i edi ent.; as owder o ranuyl es; as
a sol uti %nn or gg\lll%) fgfé:lél ewr%glllr(’)(rf\lhei Sﬁogfnoqg%ﬁé%vl% EI%I} 4 5%9 tglqvlﬂ‘éoo‘ﬂgtaf’?%ﬁraamgsr as
an oil -in-waf g chingtiiths@ittriicd ReRin, & Watefeni firchipkodulcBUkréh@BULE @bbvibae
active ingredient may al so be adm nistered as a bolus, electuary or paste.
A tabl et isoHedee Byor@spIieh sroclmargrhigr ceprpie Awm Jrewxidationcdictipnr e
accessory i N} SdaFRmR . B - ressing in
a suitable gg&nﬁ%ﬁhéﬁﬁdﬁe éc%tﬁéggﬁlﬁéﬁggﬁgﬁ% intgee?drglﬁelgg?% %0%})0% gg}% such as a
powder or gpamatiBsdueapenomnadticyprodexed. Wictdrdimghi, fidenyentiohindades nol-dland
diluent, preservative, surface a Eive or dispersing agent. Mol ded tablets
may be Hde uB?f’Vh%SleH’QOFﬁ‘JSéﬂ%‘ée}}Cﬁg Y & PRREERT SRNPISHISAONENRE 2 £OTRPHAE Mg
active inar flchifdn Wk 3 hEREHaIYGE Apdfbd (18ide LAUES @ MdAPRIncabifc bRRLE S My

optionally be coated or scored ahd optionally are fornmulated so as to

provi de 30skiyeddr SEaHbabdieapialifaradaiifichdyartpaviag hnatiedbant (k. bet4ef pom

For infections of the eye or other external tissues e.g. nouth and skin,

t he fornul aBHyesmparedpifeicinaditionapphingeriag ivpdrapéraly irva dde@atlc 06seqe.gam
containing the active ingredient(s) i.n an }allrmunt of, for exanple, 0.075 to
20% W w (i nETSaHT HFn4e01hie Medred &l Fhtap! Ueh &S Firigeuss et HREPID. MOBkeR o406 i n

i ncrenents 0.1l %:; 0 I 447.+/56. PF
S utwr G 790 W R SR e B R P e Sarer adB o s
to 10% w w. hiNrenarfdasatutireg isccanmemn @rovtursitom thrarract bived bnghediielogsalmay be

enployed with eithgr a raffinic.,or ter-m scible ointnment base.

A Der nat | verginieheliest PG F greatewnisa il s st acied (LS ot SReAPYh an
oi | -i n-wat efhealse 3l ies bhp MRS RHingd %ﬁt@aya@u@i@aﬂ% Qtabdigecraam base
may include, for exanple, at |least 10 30% w w of a pol yhydrie al cohol, i.e.

an al cohol mwidbaytetsimcioresmy dctérypdneikip|cogyantipraldasbirras-gpb A efeMy ycol |

but ane 3-di gl . nnito or.bi t ol l.ycerol a ol yet hyl ene gl ycol

(el vty BEbsoo b endiiok Srapdit R iihe BiBe B FoV i FF ety
desirably i aalguf@alsolcenpedadwunikebve fhabeaskilasa i drQ T copeaeion ahbRitsof
the active ing}:@gdi ent through the skin or other affected areas. anpl es of

such der mal SpEREEF ey oFe 1% w6 feundre riraeargivpeiihip  diagapgitospare faind rel at ed
anal ogs. ﬂ%e}‘ag}h@ﬁc (%skry% o gmg oth1€ o £AY E}?\Jeﬂgén QJentiP{h%W?%ég%H?%cﬂ‘ay be

constituted nown i ngredients 1n a known nanner. e phase may
conpri se nepelyneane atubisiry aeivifyatfieimewee known as an ernul gent), it

desirab conprises a mxture,o t least one. emylsifier with a fat or an
oi | or %\5 th bot hR&CPEs angBethRd rget%%@ﬁéﬁgﬁity o PRI BBAT 1 BroEdul sifi er

is included ] : i Lo i i £ i :
g&%ﬁté&%ﬁal@e&ﬁ%ﬁ@n& ArPRRR A 1 @oﬁg%llerﬂts) g%cﬁéeﬁ%ﬂ ﬁ%ea%%ga% i@ the

stabilizer. It Is also preferred to incl an ol at .
Toget her, t hestwmitssingli tercf shemileds tan abonhdunoktiebichi afghé plotevadkiegrowpstdie
so-cal l ed enul s

T

i fying wax, and the wax together with the oj] an make
ip the so- cATEHCHHT SF e Gr e e B L AP E BTG B 37 Zper sed
phase of thgikh@BBRAues 1HelcBtipdBSds are stable to the gastrointestinal tract does not mean that

30  they cannot be hydrolyzed in vivo. 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
35
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25Er nul gents and enul sion stabilizers suitable for use in the fornul ation

of the invention include Tween 60, Span(r) 80, cetostearyl alcohol, benzyl
al cohol , wpr2oeaki13al cohol , gl yceryl nopno-stearate and s®diTorseéoonih7?
sul fate. The choice of suitable oils or fats for the formulation is

based on achieving the desired cosnetic properties.
preferably be a non-greasy,
kLpkency to avoid | eakage fromtubes or other containers.

sui tabl e coR

The
non- st ai ni ng 30and washabl e

cream shoul d
product with

i

Strai ght or branched chain, nono- or dibasic alkyl esters such as

di i soadi pate, isocetyl stearate, propylene glycol diester of coconut fatty
aci ds, isopropyl nyristate, decyl oleate, isopropyl palmtate,

stearate> 2- et hylGSER2bpisriftioat @dqcronyBIsarz uss b Aavrehug th%@?il’ﬁ‘ﬂé@ﬂ@ys known

as Crodanol g Ussdor & Lash bk o
2009/ 1321350CH] ug%léaﬁ&mﬁ 756, PE 5 %J"ﬁ%ﬁsﬁf&%é’%s ifed ipthe acy fable Ly be

used al one @nmnmmammhﬁhamnnﬁ%mﬂpahuen@h@mzmhecmm@psrt|es required.

Al ternatively, high nelting point |ipids such as white soft paraffin and/or
liquid paraffin or other mneral oils are used. Pharmaceutical formnulations
accordi ng tqhggq_qth@aymbﬂg@&hu@ﬁE@Qﬂp&gse a conbi nation according to the
invention together with one or nore pharmaceutically 10acceptable carriers
or ex0|plenwébawdﬂmptﬂdﬂuﬁmy ot her therapeutic agents. Pharmaceutical
Qht-at-fi the ve—-ngredi-ent—may

formul ati ons f et be—+A—any form suitable
gaﬁﬁmﬁdﬁ? stration. Wien used for

for the |nt§ﬁ d net héi ed fo oral use for
Q@%zo&@@%%?}pr&%&ﬁ&ﬂé} or orf susp

exanpl e, tab[ghs, tra ensi ons,
r _granules, emilsions, hard or soft

di spersi bl e_powder s capsul es, syrups
or elixirs ﬁhw be preﬁﬁnad Cbnp05|t|ons i ntended for oral use may 15 be
ul Ily I.L fh

prepared ac¢ort manuf act ure of
pharnaceutl? Tconpos ntain one or nore
agent s i ncligdiyng SWeeg oring agents and
preserving agents, in ration. Tablets
cont ai ni ng|Bla€l acti ve pXi C
phar maceut i-egl+Hy—ace for 20 manufacture
of tablets accept exanpl e, inert
di | uents, cal cal ci um or sodi um
phosphat e; |granul atin s mai ze starch, or
al gi ni ¢ aci @BMi ndi ng acaci a; and

}—agent cid or talc.

| ubri cati ng ent-s;
Tabl et s may uncoat ni ques i ncl udi ng
in the

m croencapsSWmyi on t
gastrointestinal trac ction over a |onger
ryl nonostearate or

peri od. For DéXanpl e,
Formul ati ons for

g| ycery| dl stearate
oral use na? al so where 30 the active
i npl e cal ci um

i ngredi ent i Xed v
the active

phosphat e or_kaol in,
i ngredi ent | DMAaPxed V peanut oil, liquid
i nvention contain

paraf fin or—olive-—oi
the active ﬁﬁﬁ%rlals e for the

nanufacturgEﬁﬁyggueOL

2009/ 13213 2004
DMSO

DMTr
DMF
EtOAc
ESI
HMDS

J.

tha.art 'Fnr

t
u r\IIU\l\III I.U I.II\r L=

such conpositions nay co
R RIS cotlfnfdeor I NG agent’s;co
\_order ?% g&%V|dh pal at abl e prepa
» bemgiyecdhlende i n adm xture with non-t

xci-p-ent—whi-ch—are—syi-t-abl-e

VAUI&%%%;préhFé may be, for
quyg%9%1égg;yq1iﬁ&ggnate "actosE,

a._an ntegrati ng agents, such a
)1a§émz£nqsh¢h3£$xmbm$6h gelatin or
moanaci fnar an cf DQI"If‘
ok @Fﬁlﬁﬁygﬁéﬁ&m? def-BYRRABRAND 5t ech
19k T dadsorptio
t aﬁ h@?éﬁ% gﬁ%@%%%egpsustalned a
didhloreacdedndye mat eri al such as glyce
al-one—or—w-t-h—a—wax—mraVv-—-be-—-emml-oved.
S}nglghﬁ@acagéo%g}lé gel atin caBsqu es
dhﬂkﬁ&n% end sotiddituent;—forexa
as soft gelatin capsules wher ei n
u4tdhmﬂiy&1m1ﬂ®p3amluml medi um such as
Anunnnc c||cng_n_s_|__g_n_s__g_f____t__hem
il - @Hﬁb&?‘ﬁ?@a@ﬁ th excipients suitab

AL

)?Bﬁél{ﬁ%wéyp%m@éjcn EXCIpirents— WO

dimethylsulfoxide

moTTa

TR BRG o

T

nt-ahl.-a
L T

SBIbanYLE

$

e

4, 4’ -dimethoxytrityl

dimethylformamide

ethyl acetate

electrospray 1onization

hexamethyldisilazane
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756. PF 5i ncl ude a suspendi ng agent,
nmet hyl cel | ul ose,

pol yvi nyl\woreoli3eose,

wetting agents such as a naturally-occurring phosphatide (e.g.,

hydr oxypr opyl

nmet hyl cel | uose, sodi um al
gum tragacant h and gum acaci a, ana

such as sodi um car boxynet hyl eel | ul ose,

gi nat e,
Cuitsp@woi1Ig7 or
| ecithin),

a condensation product of an al kylene oxide with a fatty acid (e.qg.,

pol yoxyet hyl ene stearate),
| ong 10chai n>@PFphatic al cohol (e.g., heptadecaethyl eneoxycetanol),
condensati on product of ethylene oxide with a partial
fatty acid and a hexitol

a condensation product of eth

es

anhydride (e.g., polyoxyethylen

yl ene oxide with a
a

ter derived froma
e sorbitan

nonool eat e} HpThe aque=@y§h§@§@e@ﬁq@acm@ma@d%m@ont ain one} or nore
preservatives.such. as. ethyl or n-propyl ydr oxy- bhenzoat e, one or nore

col oring agéh¥s, one @ﬂnﬁmﬂ%mﬂﬁamﬁmnn& agents and one or| nore sweet eni ng
agents, su,'uR stcro Io0r-s L O-t—suspensi ons may be

formul at ed Ey spendl%ﬁ ?Hé‘ggpFV%I?ﬁgwgdient in a vegetable oil, such as
arachi s oi BA@pre Ol InetSE98MeMehzdd ag@®coONUt oi I, or in a mneral oil such
as liquid paraffin. The oral suspensions may cantain_a thickening agent,
such as beede&X hardaga@aﬁﬁﬁn or cetyl al cohol . Sweetenj ng agents, such as
t hose set td 20above, d.ll favoring—agenrts—ay—be addled to provide a

pal atable ¢ q tErepar&%eﬂg’ﬁ' These conpositions nay be prieserved by the

addi tion of yeTant i OXinthaltm SRER R ?1@§@@&p|c aci d. Di spersi bl e powders
and granul es_of the invention suifable for preparation of an aqueous
suspensi on| hyz vhw/eaddimasoie dirgeasiés provi de the active ijngredient in

adm xture ﬁggﬁﬁffﬁfﬁﬁﬂﬁﬁ}ﬁ?ﬁﬁ*ﬂﬁ%ffﬁg_ageﬁfr“a"%ﬁSﬁeﬁdFng agent, and one
or nore preservatives™®¥5&UFtabl e di spersing or wetting agents and
suspendi ng| ggent's arenﬁggﬁmhgﬁled by those di'sSclosed above. Additional

exci pients; _for _exam ng agents, may al so

be present
be in the
oil, such
paraffin,

natural |l y-
natural |l y-

MSOH Th(

sweetening, flavoring and colori]
Hmﬁwmmm@éumumai conposi tions of the

h |

RIEMRN

Neamt ar..amal cli.anc
Hr-—Wat-ef—entt-St+-6AS-

Mas} SPEFRERi s 300i |,

TFThe -0l v—ahaco
mrcorm y |JIIOloC

a mneral oil,

i nvention may al so
may be a vegetable
such as liquid

ccurring

OREE M Xt U & onideessnimatll t abl € enul sifying ag

guns, such as gum acacia and gumtragacanth,

Jdcmrtlng I

)hnwphauwdwsﬁ such as soybean | ecit hi

ents i1 nclude

In, esters or

partial es
sorbitan m
et hyl ene o
pol yoxyet h
sweet eni ng
sweet eni ng
may al so ¢

Tbaieate,

eat e,

S HIALLE R Boduct & of t hose.

Bducts of these

KT crsuch
vl ene sorb

aBloroM ) 2BURAIZZI35PCT/ US20097 041447
tan nmonooleate. The enul sion nay al

ANBHBTIl avor

anaont

bngmagsmmgbﬂsmeups and elixirs may

alveor rhit
SUT JT UUT

fa¥d
T

Sy

n a de

faVal
JLI\JII AP

Hﬁpggﬂ%hﬂﬁigﬁééervatlve

a flavorin

Sllor.oc.Q
SUUT Uo L.

Adri des, such as
partial esters with
756. PF 5

SO contain

be formulated with
Such formul ati ons
g or a coloring

may be in the form
i nj ect abl e aqueous

ted according to
agents and

terile injectable
suspension in a

ch as a solution in
Anong t he

agent. The PRAr maceul {,cahy1GRFROST {1 ons of the iMvention
of a sterile 10injec able preparation, such as a sterile
or oleaginaﬁBAsuspensnﬂmuymhns suspenS|on nay be fornmul a
t he known art—using—thaose—sui-table—dis Si-Rg--0F—wet -1 n
suspendi ng ZB ts mhléﬁ“WﬂWBmﬁégﬁlﬁﬂﬁPF €above. The s
prepar at i opTHAY| al SO e @1ELER Sgypam&ﬁkgble sol ution or
non-t oxi c arenterall acceptabl e diluent or solvent, su
1, 3- but anef TEA®&i ol orhpﬁbﬁanmﬂnmm1ﬁch%omhélized powder .
accept abl evehi-et-es—and--sel-vents
P TFA trifluoroacetic acid

TLC ortic thin layer chromatography

Tr friphenylmethyl

Tol 4-methylbenzoyl

N parts per million down field from tetramethylsilane

111



that may be enployed are water, Ringer's solution and isotonic sodi um
chloride solution. In addition, sterile fixed oils may conventionally be
enpl oyed WO 2009%1326nt or suspendi ng nedium For this puPpods2@aps4tahand
fixed oil may be enpl oyed including synthetic nono- or diglycerides. In
addition, fatty acids such as oleic acid may |i kew se be used in 20the
preparation of injectables. The anmount of active ingredient that may be
conbi ned wi t/A6#Phe carrier material to produce a single dosage form will
vary dependi ng upon the host treated and the particul ar node of

adm ni stration. For exanple, a time-release fornulation intended for oral
adm ni stgation to humans may c0@ya§ﬁaﬁgg%@(5g§kﬁhﬁsl to 1000 ng of active
25 material conpounded with an appropriate and conveni ent amount of carrier
material which may vary from about 5 to about 95% of the total conpositions
(meight:meiQﬂﬁ%ﬁoéggghpﬂﬁrnaceuticaI conposition can be prepared to provide
easi |y measur e anmounts for adm nistration. For exanple, an aqueous
solution intended for intravenous infusion may contain fromabout 3 to 500
g of the active ingredient per mlliliter of solution in 30order that

i nfusi oh’of a suitable volune at a rate of about 30 ml/hr can occur.

For mul ati ons su @- for topical adm nistration +Q e eye al so include
eye drops wherei dctive ingredient is dissolve guspended in a

suitable carrier, espechall aqagqueous sol vent for e aglive ingredient.
The active ingredient is pye l'y pred¥ft in such fornulgbkgzz: A a
concentration of 0.5 to 20% - vantageousl% 0.5 To 10% and WO

2009/ 132135PCT/ US2000/ 041447 #56. PF Spaftheil arly aboyf ™3 W
Forrmul ati ons suitab ot topli cal adm nistration in th 1 i
| ozenges conprising the agtive ingredient in a flavored basps, usually
sucrose and acacia or tr gacanth; pastilles conprising the active
ingredient in an inert baSis such as gelatin and glycerin, tor sucrose and
acaci a; and nout hwashes conprising the active ingredient in a 10suitable
liquid carrier. Toasolutiboofid @0i0HS4Dihntodgireparédaicbidsty @ithOprob@irfe

presented as a .suppository with_a suitable base conprising for exanple
cocoa butt eae58p§%501§£ ‘57634 %’[ﬂé 5257) in metpghhid ¢t b gras diopabicaddedt acetyl

i Nt rapul sToNagKiYris (2PasA aracde Ll ' rt.l: ' f exanmple in
the range of 01:11 E 0 50’0atm' g%ﬁ%tar%@%{q%?ﬁ%ﬁggwg% p%g&ll ggssde%%?' ,ag(\ﬁlvﬁhlef:1 his
15admi ni st estetedny recaptanperdtatedoi tnh.t Thomgtiuteheasnasadntiprdsagsoivedyn

i nhal ati on {hrou t th so.as, to r | veol ar sacs. Suitable
fornulation§HVH%%G&ﬁg§% ug? ng?@vc%ﬁﬁaﬁﬂghgﬁ%ﬁaﬁ_Q@EEP?VEdFH@W@ﬁﬁent.
For nul at i ongffsidingabt eruiomeast ened 1104s 4 %1 powdess g ghnation may be
prepared according to conventional nethods and may be del'ivered with ot her

t herapeutic agents such as conpounds heretofore used in the treatnent or 20
prophyl#kis of HCV infections as described bel ow. For mul ati ons

suitabl e for vagi mpystration nmay be presented as pessaries, tanpons,
creans, gels, paste or spray fornulations containing in addition to

the active ingredient”suc arriers as are known in t rty to,be
a [ 0.0 0.
ppl‘ Opl‘ | at e. ~ NBOCH3

5 BH CH4OH HO OH

1¢c

To a solution of 1b (obtained from the previous step) in methanol (300 mL) was
added 0.5 M sodium methoxide solution in methanol (20 mL, 10 minol), and stirred for
25 16 h at room temperature. The reaction was quenched with 4.0 N HCI solution in
dioxane (2.5 mL, 10 mmol). The mixture was then concentrated, affording the crude Ie.

MS =201.0 (M + Na").
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Formul ati ons suitable for parenteral adm nistration include aqueous and
non- 25aqueous sterile injection solutions which may contain anti-oxidants,
buf fers, Wwacherizestat s and sol utes which render the for ®RuratS@m/0#s@T oni C
with the blood of the intended recipient; and aqueous and non-agueous
steril e suspensions which may include suspendi ng agents and t hi ckeni ng
agents. The fornulations are presented in unit-dose or nulti-dose

cont ai ners, 78@PFexanpl e 30seal ed anpoul es and vials, and may be stored in a
freeze-dried (lyophilized) condition requiring only the addition of the
sterile liquid carrier, for exanple water for injection, inmediately prior
to use. Extenporaneous injection solutions and suspensions are prepared
fromsterile powlders, granules and tablets of -the kind previously
described. Preferred unit dosage fornul ati onhose containing a daily
dose or unit dail b-ﬁD WO 2009/ 132135PCT/ US2009 é41447 756. PE 5dose, as
herei n above recited, ~appr o | raction t ob, of the active

i ngredi ent . Cfﬁ\gbgﬁfg be uﬁ%%?%?ﬁ%d that in gggg;zg%\to t he
i ngredients particuIZﬁiyéggntioneqﬁgﬁpwﬁbghe folaul ations™of this invention
may i nclude other ag S nvention inthe a vi 18g .‘O-f@. t he type
of formulation in question, for exgﬁﬁwg t hose sektable for or3

adm nistration may include flavoring agents. 10The invention further

provi des veterinary_coan%itions conprising at |east offe active ingredient
as above defi nedAtrogewrhef 1o dbtaiged/atre thayeyiooastep)el ritrbie Xed4 @ (70% in water,

Vet eri nary rri mat eri gl s, usef ul t.he r po of, adni,ni st eri ng
the conposi E {6&). %d’r(@ @g (’Hewg%rl’ ?%j 2) ]lnls[a ef @ﬁbé‘é@e%%g‘eﬁﬁﬁg? Fedfus i %ﬁe%flr'e _

ot herwi se i BRIk tr?j ateRBeDt ARkEIH ikl etsani. wwte@,rgen@mhﬁfrﬁaeqw%azsobl e wth
the active ingredient. These 15veterinary conpositions may be adm nistered

oral |y, I®ar eymadl wis gddsd apg cemiipued weetlgesithstirminguioe 16 h. The miswpoumdsent t he
i ti : i ‘ h t :
o ot ons LA RS I8, SO0 P LOBSER BRSO 6 e e e

invention (lageniaokhddd wefhesse (800 ML) ndads intiatedWThe Redihie walmiaisied 8f t he
active 20ingredient are controlled and r&yulated to allow | ess fregéfncy

dosi ng or t lirheR GoBmpneromacRRabbkiZNEr FOA / haanestajiopdiag theemghyletearven

active ingredi . tdade: aty j i ] t st on
the nature §€5§ﬂ£0%§%%¢gi%%%gg@%%S%%ggt%%&g?%gg@ﬁﬂy?ngggﬁﬁgygﬁﬁ@”%%ﬁgound
i's beings used -proghyltag tizcam, YHE,138vew, tiages)6 @1, 28028851, ), ac40 we3Nj.r al

i nfection, the method of delivery, and the pharmaceutical 25 fornulation,

and will be determned by the clinician using conventional dose escal ation
studies. It can be expected to be from about 0.0001 to about 100 ng/ kg body

wei ght per day; ically, fromabout 0.01 to aboyt 10 ny/ kg body wei ght
per day; nore t ly, fromabout .01 to abo ) ng/ kg body wei ght per
day; nost typically, m about .05 to Q 0. 5 ng/ kg -ogy wei ght per day.
For exanple, the dainLgﬁf?tf%Re dose r2=arf adul t OH

I acetic acid Zz

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 Ie as an oil (17.0 g, 80%). MS =457.2 (M + Na").
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30 hurman of approximately 70 kg body weight will range from1l ng to 1000
ng, preferably between 5 ng and 500 ng, and nmay take the formof single or
mul ti pl e wo=e®/13R38t es of Administration One or nore cecpasaes/0efs41 he
invention (herein referred to as the active ingredients) are adm nistered
by any route appropriate to the condition to be treated. WO

2009/ 1321355&%’%)82009/ 041447 756. PF 5Suitable routes include oral, rectal,
nasal , topi i ncl udi ng buccal and sublingual), vaginal and parenteral
(i ncl udi ng subcut aneous, intranuscul ar, intravenous, intradermal,
intrathecal and epidural), and the like. It will be appreciated that the
preferredl route may vary with for exanple the condition of the recipient.
An advant age of the conpounds of this invention is_that they are orally

bi oavai | abl e be dosed orally. 10 Conbi na_er apy
9

Conposi tions he invention are also used in coegb¥imati on with ot her
active ingredients.\Preferably, the other active thera i@ ingredients or
agents are interfer&hs Oi baH rin anahggs,adys3 pr ot eas% rs, NSba

i nhi bitors, al pha-gl M 1 15inhibhitors, gycl oph lin |t

hepat opr ot ect ant on- nucl eosi=dwe,_i nhi bitors of H hey @ for
treati ng HCV. @C@%i \at '@0 t he conpounds of=ForTUla | -TIR-4re
typically sel ect ased on theTCondition to be treated, cross-reactivities
of ingredients and phar qaco properties of the conbination. For exanple,
when treating an infectidn (e.g., HCV), the conposition$ 20 of the

i nvention are conbined with other active therapeutic agents (such as those

descri bed herein). Suitable active therapeutic agents or ingredients which
can be conbi ned %amowenoﬁmw@w@mﬁymmg@ {136 nelanwasndrbprdBe added

terf d h 2D, ylated rl FN-al pha 2
TFN ol pha 50 PRy ERAIAT S 313 i Afh b e ks eoDs | PRITaY pivaes
infergepy r ﬁlﬂi‘éd’ fol € H & Rdm t%}ﬁlpcﬁgﬁe aﬁgg’iénq;o%'f&ﬁﬂto 1@@% é?t(ﬁﬂ Ll E@Ig‘rﬂéeor al

interferon al pha, feron, reafeéeron, 'intermax al pha,
act i mune, Nﬁm:mmga cumphthU%s?d &ri@ nainh e orctate Krb‘iil@lmLhwamaidegs ’,Phe g.,

rebetol, co VX497 ne (taribaviri a 1 nhi rs,
oot O g5 DR AR MR e LY Rl o bR ke s sl B s G500
NM 283, val api)ciThabidgic &ﬁ@&@weﬁ&iwﬁﬂ-&@ BB RENtraRE. HEVrkiRie v@s?@n%g&ll
MK- 0608, NM 107, R7128, VCH 759, PF-868554, GSK625433, and XTL

prot ease i nhY Biligped cobimy chraoposrabaE-208CRTAC / Moxags0, affhediapd fos a1) oil (39

(ool gosi Vi 1 St U 2SR OB pMEPELT AR 2 o Toleh s B 8 Py By

MtoQ and LBi84481;3 Toarnueleosh deri nik bsts@;&i of= 48M1 £19g; mgb@%'(m@ﬁ}zol e
derivatives, benzo-1,2,4- WO 2009/132135PCT US2009/ 041447

Compound 2
NH,
Xy
) N
Bn/o \ O j() 3 Nﬁl
z Buli, TMSCI
0 0
Bn Bn THF
20 1f 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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5t hi adi azi ne derivatives, and phenyl al ani ne derivatives; and other drugs
for treating HCV, e.g., zadaxin, nitazoxanide (alinea), BIVN 401

(vi rost atwp 2DBBABO3625, VGX-410C, EMZ- 702, AVI 4065, baviPCUAIS®io/041447

ogl uf ani de, PYN-17, KPE02003002, actilon (CPG 10101), KRN 7000, eivacir,
G - 5005, ANA-975, XTL-6865, ANA 971, NOV-205, tarvaein, EHC 18, and N M1l
10l n yet anot her enbodi nent, the present application discloses

phar maceut i ¢gf pgonmposi ti ons conprising a compound of the present invention,
or a pharmaceutically acceptable salt, solvate, and/or ester thereof, in
conmbi nation wth at | east one additional therapeutic agent, and a

har maceut i rrler xipient. According to the present
anenti og t @%@5@@5&? ‘i Fﬂ“sl}g'g:d(ll mégn{;m{%li (@ho 5 %vig'éiﬁn‘? hwagBwpound
of the presa@&edlaﬂwmﬂegawmmaﬁe@Medagﬁath N Tk Aol BRLAPARIE L Gyl f ect when

used in conbination with the conpound of the present i nvention.
exanpl e, t hecetdeewapbathi-e- %Egeﬁjtandﬁelﬂl (N5 odplitnatiohn . @thhem«as:)m@dmdi of the

t t b NS3 pr ot
i bi tor o, GRgessw citsifot $Soreelt a1 B8 hime D v oReye g 11 n
i nhi bi tors, shepdh Q&He@ttg@ﬁcﬁ@ﬁ&}onrf%k BrWERS Aeerd0y blirkh g 8198 of HCHag@nd

ot her drugs for treating H | n anot her enbodi ment, the present
appl i cat on v3p siaimdestogh&r mﬁc@tthfézﬁi (@U@O@Stﬁdmtoapwh e ngpetiort Ghpound  of

t he present |nvention I e tab al t ol vat e,
and/ or estef $°her &6t exltrr?dgor‘r’g g{*&ﬁﬁ% ﬁﬁ iém ‘?Sj 18i ers were

t her apeutic dﬁ&Bﬁng,SBﬂgSCI; ethd §dvant has gmaivld caas ré&do@@ pRissiReayd Ble@fhde

r1 FN-al pha 2b, 25 pegyl ated rlFN-al pha 2a, rlFN-al pha 2b, |FN al pha-2b XL,

r1 FN-al pha pRieriabwaspified ushediash ahrometearapdy, (hexees / EiQd) e S6MmeAd %008,

PG| 1t er Gon sRERHBER J AMEL R PLAIN 0! EERGU OO 9T YN BTAI O
al buf er of, MIBRICDCLE BT, 1V ?197 (mY1IER07 G 18, ( HArd. iy, r1|H))4 668 34H),

A- 689, NM 283, val opicitabine, R1626, PSI-6130 (R1656), HCV-796, BiLB 30
1941, MK- 06680 (Nwlﬂgﬁ 9P 281). 1624785 CHpHoms §B31we AGSKEA5UBY(s, XFCHR {28
SCH- 503034 %hg%% rggg-) 950 (Tel aprevir), ITM\-191, and BI LN 2065, MX-3253
(cel gosivir - 359 , | DN- 6556, ME 3738, MtoQ and LB-84451,

benzi m dazol e derivatives, benzo-1, 2, 4-thiadi azi ne derivatives, and
phenyl al ani ne derivati ves, zadaX| n ni tazoxani de (alinea), BIVN 401
(virostat), DEB10-025, VGX- 4 oc, N Ene- 702, AVI WO NH;

2009/ 132135PCT/ US2009/ 0414 F 5 4065, bavituximab, ani de,
PYN-17, KPE02003002,0ast id 0 @CP 10101 KRN700Q0—§i G N5005,
ANA- 975, XTL- 6865, BTANA 971 CBPuaci n EHG 3 G WFBa1 and a

phar maceuti cal | y accept rri er gﬁl pi ent oS?et anot her

enbodi nment, the presentoapcpl i cation prB I'des a conb;_@at bgn phar maceuti cal
agent conpri sing: 10@@ firgn pharmaceutical conposition conprising a
conmpound of the present invention, or a pharmaceutically acceptable salt,
sol vate, or ester thereof ;2aand b)a second pharmacefiti cal conposition
conpriséng at |east one additional therapeutic agent selected fromthe
group consisting of HV protease inhibiting conpounds, HI V non-nucl eosi de
inhibitors of r eWeasley,tar@ma:mrqutmsm bdtlovh Aak (éOsﬁIa}aNérEiad&ﬂdhiot@ban@ia reverse

transcript a?l%S mgl,g 3%”11%'1’18 L 9 anhﬂﬂ(l)ubsl &1 rlgrogethan\é?fo mLS gslkpxggsp?aced
into a dry ice/acetone bath (~ -78 °C) and the solution stirred for 10 min. BBr; (0.25 mL,
0.25 mmol, 1.0 M in DCM) was then added and the reaction continued to stir at -78 °C
25 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 to room temperature. The
solvent was removed under reduced pressure and the crude material was re-dissolved in
MeOH. After this process was repeated two more times, the crude material was then

dissolved in water and purified using a Gilson Preparatory HPLC system (acetonitrile /
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H 'V integrase inhibitors, gp4l inhibitors, CXCR4 inhibitors, gpl20
inhibitors, CCR5 inhibitors, interferons, ribavirin anal ogs, NS3 protease
i nhi bi t orwQ 2biBAB2138hi bi t ors, al pha- gl ucosi dase 1 i nhi bipCoruszo000p¢i4aphilin
i nhi bitors, hepatoprotectants, non-nucl eoside inhibitors of HCV, and ot her
drugs for treating HCV, and conbinations thereof. 20Conbi nati ons of the

conpounds of Formula I-111 and additional active therapeutic agents may be
sel ected to PP&At patients infected with HCV and other conditions such as
H V infections. Accordingly, the conpounds of Fornula I-11l may be conbi ned

wi th one or nore conpounds useful in treating H'V, for exanple H V protease

i nhi bitifig dhopodhds;, (S8¥YoNOompoahaQsiddsdlmbd bt 401s8mefic EMBFSE.C/MS =
transcriptase, 25H V nucl eoside inhibitors of reverse transcriptase, HV

nucl eot i de PHREM 6FS)-ofl NMReFX MHanBeQ): Bt7aese(m,HIHD, 6.80 Gur 2k 404HibRHor s,
41 inhibit i nhibit : inhi hi ,» CCR5 i nhi bit ,
iglr[:t er:‘gr Ionls,:‘ipigis(glé\%ﬁ%ﬁgﬁa aE: 124 S?‘gﬁléé’,%g'ﬁ%&:ad;@ {)S;]%’?Gﬁt’)m S, NIS'gaI i Inhio[)ist ors,

al pha- gl ucosi dase 1 inhibitors, cyclophilin inhibitors, hepatoprotectants,
non- nucl eosi de inhi bitors of HCV, and other drugs for treating HCV. 30More
speci fi cal | $:°" 83 npre conpounds of the present invention nay be

conbi negipwi th one or nore conpounds sel ected fromthe group consisting of
1) HV protease inhibitors, e.g., anprenavir, atazanavir, fosanprenavir,
indinavir, lopinavir, ritonavir, NHgpi navir ritonavir, nelfinawr,

saqui navir, tipranavir, bre r, danmavir, TMC 126, - 144, nozenavir
(DWP-450), JE-2147 GL776) %) G1889, DG35, L- N

2009/ 132135PCT/ US2009/ 56=PF 5 786923, R003 [ R=272, DPC 681,
DPC- 684, and GW\640385X, OHPPL100—2—a-H-% non- €0si de i nhi bitor of
reverse transcriptase,H'.gb capravirinacoanivirings deltavi ri di ne,

ef avirenz, nevirapine, §+ @alanolide A, etraviring, 634, DPC- 083,

DPC- 961, DPC-963, M V-150, and TMC-120, TMC-278 (rilpivjrine), efavirenz,
BI LR 355 BS, VRX 840773, UK-453,061, RDEA806, 3) a H V nucl eoside

10i nhi bitor of reverse transcriptase, e.g., zidovudine, entricitabine,

di danosi ne, stavudi ne, zalcitabine,%ganivudine, abacavir, andoxovir,

el vuci t abi ne, al 69ddFHEEMRISyouRdpotigm flask}B) mlip vwereadded fompeund? ne,
phosphazi de¢1f,Qzi /ol i ' I i ivdQxid: § Cirt LR
(AVXT54) o R e el aBRLL B0 WA i, i e
+ zi doviidi neddediagdthediesntion stiged vudtinigbt at4yom téthpermucd. Satiraed INaRiCih;tvaqs of
15reverse tr ri ptase, .e.g.,. tenofovir, tenqgfovir. disoproxil fumarate +
entricitabi ﬁ%@aﬁ%ﬂg@@\?‘ﬁ thﬁirgac?f)l%??‘f“”f%ﬂﬁir%? g eg}?{tqqag}wlaégméed_,ns%i renz,
and adef ovi Gilsé) Ppithi¥ry APEATs36@m ABIOIitE-11,0) 92 mCUBEYTF the (&%Eé-dvxﬂﬁtieﬁfﬁs_ of
curcumn, chicoric acid, derivatives of chicoric acid, 3,5-dicaffeoyl quinic

aci d, deri veompeyngdf wsgsaitedf LEOYS qui Hi(MceHd). 'FUNMR (I06avHaxRIO ) § Aciid,
derivatives, o rdntri.ca | i Cl caffei i 4. phenet hyl 20Qester,
derivati ves(soﬁHg;éfifgg(%’ci@c?'?gz%iehg?’%$3d@§t @fl) %t@r(aﬁngﬂ E-Pzéér X‘@a%-%é% of

tyr phosii n, 3Hy@Ieak) IH). dBkioviat aMAs-iQfmGHak G8biifhlatst; 1 BEOMRZi30b |Xi) Msg 177),
L- 870812, and L-870810, MK-0518 (raltegravir), BMS-707035, MK-2048,” BA-011
BMVB- 538158, 6 BSKI64TB5EC/8 63, 18) gpad (d,ihi}bd .0 fm, 2H)g3,77ddd,i iH)i 3.69@e]H), 2.95
sifuvirtide, Fﬁgaw TRl.- 1144, SPC3, DES6, Locus gp4l, CovX, and REP 9, 7)
a CXCR4 i nhi*bitér; e(.s=ﬁ}-A|vDo7o, 8) an entry 25inhibitor, e.g., SPOLA
TNX- 355, 9) a gpl20 inhibitor, e.g., BMS-488043 and Bl ockAi de/CR, 10) a
G6PD and NADH- oxi dase inhibitor, e.g., imunitin, 10) a CCR5 inhibitor,
e.g., aplavipmpounddriviroc, FNCB9471, PRO 140, |2CB15050, PF-232798,
CCR5mMAD{204, and naraviroc, 11) an interferon, e.g., pegylated rlFN-alpha
2b, pegyl ated rl FN-al pha 2a, rlIFN-al pha 2b, IFN al pha-2b XL, rlFN al pha 2a,
consensus 30l FN al pha, infergen, rebif, |octeron, AVI-005, PEG i nfergen,
pegyl ated | FN-beta, oral interferon al pha, feron, reaferon, intermax al pha,
r-1FN-beta, infergen + actimune, |IFN-onmega with DURGCS, and al buferon, 12)
ribavirin anal ogs, e.g., rebetol, copegus, VX-497, and viram di ne
(taribavirin) 13) NS5a inhibitors, e.g., A-831, A-689 and BM5790052, 14)
NS5b pol ynerase inhibitors, e.g., NM 283, val opicitabine, R1626, PSI-6130
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WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5(R1656), HCV-796, BILB 1941,

MK- 0608, NM 107, R7128, VCH 759, PF-868554, GSK625433, and XTL-2125, 15)
NS3 pr ot eseeodmibzeisst ors, e.g., SCH 503034 (SCH-7), VX-9BOT(UBetéofoneir),

| TMN- 191, and BI LN 2065, 16) al pha-glucosidase 1 inhibitors, e.g., MX-3253
(celgosivir) and UT-231B, 17) hepatoprotectants, e.g., |DN 6556, ME 3738,
MtoQ and LB-84451, 18) non-nucl eoside inhibitors of HCV, e.g.,

benzi mi dazol’&.RBderi vatives, benzo-1, 2, 4-thi adi azi ne derivatives, and
phenyl al ani ne derivatives, 19) other drugs for treating HCV, e.g., zadaxin,
ni tazoxani de (alinea), BIVN-401 (virostat), DEB10-025, VGX-410C, EMZ-702,
AVl 4065, bavituximab, oglufanidgy, PYN-17, KPE02003002, actil oRH,

(CPG 10101), KRN 7000, civ G -5005, ANA-975, XTL- 68 971,

NOV- 205, tarvacin, C- 18, Yan 11, 19) pharnaqgkineti Sehancer s,
e.g., BAS-100 andgSPl 4520, Z0) Ryeée mmhgbg_égs,ane.g. K-93-dnd ODN- 112,
21) other anti-H YV agents, eHg - - (beviri Y4 anpligen,

HR&214, cytolin, polynuh, -VGX-410, KD&ERM AMZ 0026, CYT 99007, A-221 HV,
BAY 50- 4798, NDX010 (il i%ymab), PBS119, ALGB89, and’PAP4050040. It is

al so possible to conbine any conpound of the invention with one or nore
200t her Aactive therapeutigsagents in a unitary dosage fom for sinultaneous
or sequential admnistration to a patient. The conbi nati on therapy nay be
adm ni stered as a simultaneous or sequential reginmen. When adm ni stered

sequentially, the copbi nation be admi nistered int or nore
adni ni strations. "83- ﬂrﬁrgﬂnsﬂ“l"%%? %H{l‘i?ﬂf&)l%gﬁ%()@ﬂdﬂ W?"ﬁ\é}fg@%f@mﬂoﬁﬂd%t h one
or nore ot henpagh Ve maRI AR LARRILHCHBISALRISRRE! Rl Y. érﬁ% gsﬁ&&_ placed .

si mul taneous or sequential adm™istration of a conpoun e I'nvention
and one or m e dot ivefaceiond hath (-hdBapeand theagletivs stirsedcor { datint BEs-Epéuiildal | y

ctive [her Mpgatecdstonvar B e ncsrad St 7 ehahmodier tfmfial Font
Co- admi ni st fAfdION0INIGH LHREeAE RESIIRE] AfePh AP hiindQS aRaEy We/dcBOnEBROUNS

of 30the invention before or after adm nistration of unit dosages of one or
nore ot her @8 FaeovicH @pd Pwuedction gunuss wimreddg apgoh ésmpzedativg e 4hi dnsodtionhe

conmpounds o iy tyi. it inutes, or hours of the
adninistrat?%%ﬁ§¥ﬁ%§@ngfgﬁ%¥%&Qgﬁg??ggggggdg%gﬁgﬁgaﬁpgwgbgﬂFg?&E%f”exanple,
a unit doserdical grosspauritheetudegaterinl endsiparifie@osibe flaghndbning e Reh iHeSines

foll owed within seconds or mnutes by adm nistration of a unit dose of one

or mor eld WO B8 381 3T Mol hodesn ed apteysb4prasspligad. ddt/Mie= ShdR AWt i ¢
agents. Alt i it .Qf e. ot tic,agents
can be adniﬁTgf%%§§h¥F¥@€#ﬂ¢’??gég%%BQQQ h?%%g?¥% V&gﬁgﬁigfﬁ%ﬁgﬂdggé of a
conpound of (s hET), B\6eriin, 6H),Wi.21hin) 1$BC004smOrH)Ti3M84t (@8 | H) N . SOMR3HRSe (si t  may
be desirable to admi nister a unit dose of a compound of the invention
first, follo%ed, after a period of hours (e.g., 1-12 hours), by

adm nistration of a unit dose of one or nore other

20

Ho, 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 glactal acetic acid (10 mL). Pd/C (100 mg, 10 % by wt.) was
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10active therapeutic agents. In other cases, it may be desirable to

adm nister a unit dose of one or nore other active therapeutic agents
first, fovDowd32ester a period of hours (e.g., 1-12 hoBCI)US2039/041447

adm nistration of a unit dose of a conpound of the invention. The
conbi nati on therapy may provide "synergy" and "synergistic", i.e. the

ef fect achieved when the active ingredients used together is greater than
the sum of t/h@PEffects 15that results from using the conpounds separately.
A synergistic effect may be attai ned when the active ingredients are: (1)
co-fornul ated and adm ni stered or delivered sinultaneously in a conbi ned
f or mul at §on; i k I ; r

f or mul at |5 ong;mﬁ(?;}%j d%%ﬂ&ggé ?gﬁw%ﬁﬁgﬁbggglﬂhﬁﬁ\%g ﬁ&ﬁéﬁd@ Iy ggtﬁgle% %g 't@?eﬁat ion
t herapy, a $ipslewes mirged ofd @oes trwpsiye ab of tiermegbnifedrb et ecptwngh ewithds dergen.

adm ni ster ec}hor 20del i vgli ed ds%egue tial Ié/, e.tg. in separate tablets, pills
or capsul es, "BFEHBUOHIAT RIVT P AR CP SR LT RCTET A ATHE Yy Tibg geaction piYiuer o) |
during alt emndticdmetRERR Yisin@ N8B Gnd BicfSB 96m6fe BaChaREL MR dri edi ent
is adm ni stered sequentially, i.e. serially, whereas in conbination

t herapy, ef fegarial wagpwalirslsusgrs a GosoarPraparetoncHPLE systgmndaéatontivilaf H20). 6

adm ni stgred. 1.6g - r ol st ti,-viral effe no tiviral
ef f ect ; i cﬂn%@ @ﬁg&gﬁp %9%1%%{1%1 t%leaﬂfggl gjglflgt‘ie\éiasplﬁ?igﬁeg gg(/iy}qlg imv%%z} ﬁ\z&i’t )of t he
i ndi vi dual ¢lamMRNEs0 MHA, MBOF@TREMAL I HN.6.72 (m, 1H)N6Bhidhl 1M8H, hen,

enbodi ment, the present application provides for nethods of inhibiting HCV
pol ymer ase i3ﬂ6émeéHD:,1-@)@?})&1‘5&7@:(3,@ acting a cell infected with HCV with
an effective anount of a conpound of Formula I-I111, or a pharmaceutically
30acceptabl e salt, solvate, and/or ester thereof, whereby HCV pol ynerase is
inhibited. Compoun@5still yet another enbodinment, the present application
provi des_for nethods of inhibiting HCV polynerase in a cell, conprising:
cont actﬁhg a cell infected with HCV with an effective anount of a conpound
of Formula I-111, or a pharnmaceutically W 2009/ 132135PCT/ US2009/ 041447
756. PF 5acceptabl e salt, solvate, and/or ester thereof, and at |east one
addi tional active therapeutic a t, whereby HCV pol ynerase i sNHnhi bited.

In still yet another enbodi § the present application pkguigdes for

met hods of inhibiti HCV nmeNase in a cell, cogprising:,confacting a
cell infected wthyH amrefmenM/re BEEYOL mf  a \eOh ounﬁ,qff For mul a
[-111, or a phaiiiiaceutic¢aPHy 10acceptabte—salt, e, Chind/ or ester

t hereof, and at |east ogne:zadditional &Mve therapeutic agent selected from
the group consistinggpf” intgyferons, ribavirin analgngs, 3 protease

i nhibitors, NSba inhibitors, alpha-glucosidase 1 inhibitors, cyclophilin

i nhi bitors, hepatoprotectants, non-nucl eoside inhibitorgaof HCV, and ot her
drugs for treating HCV. In still yet another enbodi nent, the present
application provides for nethods of 15treating HCV in a patient,

comr 51 ng: T L SRR AL RS L L g o
sol vat e20 anglidetl TR8$€N (t RefB0f0.5 mmol) and BF3-Et,0 (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 CH:CO,Et. The organic
phase was separated, washed with brine, dried over Nay;SQy, filtered and concentrated.
The residue was purified by chromatography on silica gel, eluted with CH;CO-Et-
25  hexanes (1:1 to 2:1), to give the desired compound 5a (620 mg, 61%) as an isomeric

mixture. MS = §76.1 (M +H").
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In still yet another enbodi nent, the present application provides for
nmet hods of treating HCV in a patient, conprising: admnistering to the
pati ent awOheesasessi cal |y 20effective anount of a conporad/uskooBosrut a

1-111, or a pharmaceutically acceptable salt, solvate, and/or ester
thereof, and at | east one additional active therapeutic agent, whereby HCV
polynerase is inhibited. hi still yet another enbodi nent, the present

application796?yides for nethods of treating HCV in a patient, conprising:
adm nistering to the patient a therapeutically 25effective anmobunt of a

conmpound of Forrmula I-111, or a pharnmaceutically acceptable salt, solvate,
and/ or ester thereof, and at |east one additional active therapeutic agent

selected fromthe group consisti 820f interferons, ribavirin | ogs, NS3
prot ease inhibitors, NS5a ighitbitors, al pha-glucosidase bitors,
cycl ophilin inhibitgdsy hep &g&gﬁectants, non- nuelgosi dg_wnhi Pi tors of

g

HCV, and other drugs fo

t g%i’_ HCV. B8BI n still ye ot har=enbodi nent ,
t he present application pre es for th use of a co (n&Nof the present
invention, or a pharmacgutpcally accep ¥ e salt, sqlgvagg, and/or ester
thereof, for the prepgratiorBrof a nedicanent for treating an HCV infection
in a patient. Metabolites of the Conpounds of the Invention WO
2009/132135PCT/U82009/0415%7 756. PF 5AIso falling within“the scope of this
invention are the in vivo nmetabolic products of the conpounds descri bed
herein, to the extent such products are novel and unobvi ous over the prior
art. Such productsagalptipestibampamd Srdhy) mgf ¢.8mihe) oxCHaCh ¢hml) et78t°Con,

hydr ol ysi s, L dat in, £ster|f. i dthe like of the adm nis e

conpound, p?%géggﬁ§ﬁgﬁgf?%’QM??%%%F@Bpigﬁg%ggg?mﬂ%@@ﬁﬁﬁﬁ Pﬁ,aYﬁg &ﬁé%ﬂtion
i ncl udes nowelrhandctléh WROQWNORSE € OTRIQURES opivaRULERIoR b f 3 ERN QGRE ParklOWBOHS| NY
contacting a conpound of this invention with a manmal for a period of tine

suf fici éht fom{H-efee Bixfuicamsialewed suvern vher wom tempertyse.caetrated.apidcat | y
are identif] j 1.0l a [e) oftpou of
fhe i nvent i SaroRed i ERRIUAE Aot LR PR RRM e el Bh e GRTRE Pty
greater thamLalbgt céhcbntrmékayd froifed baHRTED tegieh trsietiddd probuts Confpivads Pi g,
monkey, or to 15man qllomﬁqggsufficient time for metabolismto occur

(typical |y 5008 0860)seHIWMR ©80 38R dAY)5 Add (s $H).4 101g. | £ BodiRr&Tbt,
products fremst i pe,..b e .0 i S l.es._ products
are easily ?sgl Ilgft;’eigf)’s?gé%l’ %ﬁgs’% ntla?qlt}'gbfé'?gfél’ F%?’h(ggz!s(sar e ‘i@ I_a%rd;gégv T
15 H"). The other alpha-anomer was also obtained (9 mg, 11%): 'H NMR (300 MHz, D-0):
87.70 (s 1H), 6.8 (d, J =5 Hz, 1H), 6.7 (d, J = 5 Hz, 1H), 4.25 (d, ] = 9 Hz, 1H), 4.07

(m, 1H), 3.85 (m, 1H), 3.7 (m, 1H), 1.6 (s, 3H). MS =306.1 (M +H".
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t he use of antibodi es capable of binding epitopes surviving in the
netabolite). The netabolite structures are determ ned in conventional

fashi on, wogooImg2195 or NVR 20anal ysis. In general, anal ysirasedoometsabol ites
is done in the same way as conventional drug netabolism studies well-known
to those skilled in the art. The conversion products, so long as they are
not otherw se found in vivo, are useful in diagnostic assays for

t her apeuti c78@BFng of the conpounds of the invention even if they possess
no HCV pol ynerase inhibitory activity of their own. 25Reci pes and net hods
for determning stability of conpounds in surrogate gastrointestina
secretioans are known. Conpounds are defined herein as stable in the
gastrointestinal tract where | ess than about 50 nol e percent of the

prot ect ed gleug®uadé deprotected in surrogate intestinal or gastric juice
upon incubation for 1 hour at 37C. Sinply because the conpounds are stable
to the gastrointestinal tract does not nean that 30they cannot be

hydrol yzed in vivo. The prodrugs of the invention typically will be stable
in the digestive systembut may be substantially hydrolyzed to the parental
drug in the digestive |unen,NHiver or other netabolic organ, or within
cells in general. Exa 756. PF 5Certai n abbrevi ati ons and acronyns
are used in desgsipi 3 erimental gdetails. Al though nost of these

woul d be under st oo ‘onenskilled 1.mthg art, Table | contains a list of
1%%hs an acron%ﬁfi&;able 1. S}sj of abbreviations

many of these abbrevig
and acronynms. Abbreyi g, on Meanitqg Ac20 acetlc anpygri de Al BN

B”~;3%3@'“§Q§5 )hm

O

2. Hy0,
o)

10
To a solution of compound 5 (30 mg, 0.098 mmol) and 1H-tetrazole (30 mg, 0.43

mmol} in anhydrous CHsCN (1 mL) at 0 °C was added 2,2-dimethyl-thiopropionic acid
S-(2-{diisopropylamino-{2-(2,2-dimethyl-propionylsul fanyl)-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
h at 0 °C. The reaction was quenched with sodium thiosulfate (1 M, 1 mL) and
NaHCO;, diluted with CH3;CO:zEt. The organic phase was separated, washed with brine,
dried over Na;SOy, filtered and concentrated. The residue was purified by HPLC to give
the desired Compound 6 (28 mg, 42%). 'H NMR (300 MHz, CDClIs): 8 8.04 (s, 1H),

20 6.85(d,J=4.5Hz, 1H), 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, J = 4 Hz, 1H), 3.15 (m, 4H), 1.24 (s, 18H), 0.99 (s, 3H). *’P NMR
(300 MHz, CDCl3): 6 -1.825. MS =673.9 (M + H"), 672.1 (M — H).
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benzyl brom de BSA bis(trinethylsilyl)acetam de BzCl benzoyl chloride CD
carbonyl diim dazol e DABCO 1, 4-di azabicyclo[2 .2.2] octane DBN

1, 5-di azawoyelepss3. 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. O] undecene-5 DCA di chl oroacet am de DCC o

di cycl ohexyl carbodi i m de DCM di chl or onet hane DVAP 4-di nmet hyl am nopyri di ne
DVE 756.PF

5 General procedure for preparation of a nucleoside triphosphate:

To a pear-shaped flask (5-15 mL} is charged with a nucleoside (~20 mg).

Trimethyl phosphate (0.5-1.0 mL) is added. The solution is cooled with ice-water bath.
POCI; (40-45 mg) is added and stirred at 0 °C until the reaction 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»CO; (30-50
ul)). A solution of pyrophosphate-BuzN (250 mg) and BusN (90-105 mg) in acetonitrile
or DMF (1-1.5 mL) is then added. The mixture is stirred at 0 °C for 0.3 to 2.5 h, and
then the reaction is 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 ion 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 (~3
mL). NaHCO; (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 sait.

Compound 7

25 7

Compound 7 was prepared by the general method using Compound 5 as starting
material. 'H NMR (300 MHz, D,0): § 7.76 (s, 1H), 6.95 (d, /J=4.5Hz, 1H), 6.8 (d, /=
4.5 Hz, 1H), 4.25 (m, 3H), 4.0 (d, J = 6 Hz, 1H), 0.92 (s, 3H). *'P NMR (300 MHz,
30 D;0):6-5.6,-10.7,-21.4. MS = 5458 (M +H"), 544.0 (M - H).

121



1, 2- di met hoxyet hane DMICl di nmet hoxytrityl chloride DVSO di net hyl sul f oxi de
DMIr 4, 4'-dinmethoxytrityl DVF di nethyl formam de Et 0OAc et hyl acetate ESI
el eet r ospwayodorewat i on HVDS hexanet hyl di sil azane 756. PETHIRR@IIok 37
pressure |iquid chromat ography LDA |ithiumdiisopropylanm de LRVS | ow
resol uti on mass spectrum MCPBA

756.PF
5
Compound 8
6 o
I
TMSNz, BF-Eto 0O Bn
8
10 Compound 8 may be obtained from 2a in a manner similar to that described in

preparation of Compound 5 except using TMSN; instead of TMSCN.

Compound 9
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nmet a- ehl or oper benzoi ¢ acid MeCN acetonitrile MeOH net hanol MMIC nono

met hoxytrityl chloride mz or nfe mass to charge ratio M+ mass plus 1 MV
mass m nIWOROMEGBRI35et hanesul fonic acid M5 or nms naSS Sp@CTrUSAMBE 447
N-bronosuccinimde rt or r.t. roomtenperature TBAF tetrabutyl anmoni um
fluoride TMSCL

756.PF

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
N a -
N :
\ N \ ~ AN\
Br’ O Br s— Bn N
OH S
/5 :O\ BulLi /5 b\
Bn Bn THF 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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chl orotrimethyl silane TVMSBr bronotrinethyl silane TMS1 iodotrinethylsilane
TEA triethylam ne TBA tributyl am ne TBAP tri butyl anmoni um pyrophosphat e
TBSC1 t - bwoyba@vset3syl silyl chl oride TEAB tri et hyl anmoni ecrhisc@viorsal e TFA
trifluoro acetic acid TLC or tic thin |ayer chromatography Tr

tri phenyhnet hyl Tol 4-nethyl benzoyl (3

756.PF

5  added dropwise to the mixture. The mixture was then allowed to warm up to room
temperature. After 30 min, saturated NH4C1 was added to guench the reaction. The
mixture was diluted with ethyl acetate; the organic layer was washed with brine and
concentrated in vacuo, The residue was purified by silica gel column chromatography
(~40% EtOAc / hexanes), affording 10a as an isomeric mixture (0.77 g, 64%). MS =

10 6452 (M +H".

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. After the
gas was vented, 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 NH; NH,
N :
O~ o N :8 o~ o N :/N
Bri N™ ) Bn’ N=
OH N S~ Raney Ni : OH N
5 o S 0
Bn” Bn Bn” Bn
10b 10¢
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parts per mllion down field fromtetranethylsilane WO

2009/ 132135PCT/ US2009/ 041447 756. PF 5Preparati on of Conpounds Conpound
la-if 10 W0 2009/1321350 a solution of la (22.0 g, 54.9 nmolPCTASe@aned47
according to the procedures described in J.O C, 2004, 6257) in methanol
(300 nL) was dropw se added acetyl 15chloride (22 nL) at 0 C using a
droppi ng funnel over a period of 30 mn. and then stirred at room
tenperature~kpprl6 h. The mi xture was concentrated, re-dissolved in ethyl
acetate (400 n1_ washed with ice-cold 2 N NaCH, and concentrat ed to
dryness, affordi ng the crude nethyl ether Ib as an 0|I 437.2 (M + 20

To a sol ytion of t omth rev ous st thanol (300 int)
was added 0.5 M éo%’“f] r?gtlﬂgg éf}em (aRowEHR éfitr? f@e}f%l) and
stirred for @3l6500 @k ﬁlgaghtaﬁm@l%@w%sh@%h%@ 'mrw%r%etﬂ&hﬁ&té@tbh 4.0
N HC1 solutlonln di oxane (2. he m xture was then

concent r at edbouaB5 ¢y ahaugy 86 e uorillie rdationvis cm@&l@ OTife\tatal a9 remoWal by

RS RE 135P%t10§ %199 3{6%409'%1%171 157 goencepnFtrated in vacuo. The residue is purified by

chromatography to give 10c.

10
NH> NH,
\ = \Nﬁ/&
N N
O N H
Bri’ © Wl BBry © © N‘N’}/
OH Ok
DCM -
0 0D HO OH
Bn Bn
10c 10
Compound 10c may be treated with BBr; in a manner similar to that described in
preparation of compound 2 to give Compound 10.
15
Compound 11
SMe OMe
BnO—, N\ N_ Bno—.  \
e N SMe ) N\N/J\SOZMG
OH 1 NaOMe OH
<~ . - " N “
BnO OBn 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 suitable 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 neutralized with a strong acid and the intermediate is
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1 cld Amxture of le (obtained fromthe previous step), Tritron X-405 (70%
in water, 6.0 g), 50% KOH (in water, 85 g) in toluene (500 nm.) was heated
to refl uxweizbby/@d236an- Stark trap attached. After |h col lpeciusegporn2E4TL Of

wat er, benzyl chloride (33 g, 260 10 rnnol) was added and continued to
reflux with stirring for 16 h. The m xture was then cool ed and partitioned
bet ween et hyl acet ate (400 nL) and water (300nL). The organic |ayer was
washed vvithr,\Q,F (300 nL), and concentrated. The residue was purified by
silica gel colum chromatography (-20% Et OAc / hexanes), affording the

met hyl ether |d as an oil (22.0 g, 89% in three steps). 1H NWVR (300 MHz,
CDC13): %rgs ,1545-49m7 4.37 (m 1H), 3.87 (d, 1H),
3.56 (m 2H)lSOi By *(’%Tactm) aﬂdlchA@ne@gmb rmediglas dspplegd ind¢Mand ¢
49.0 mmol ) | i i.d Spar ed
by mixing 4 S T G RN d T f%&‘él%?amsﬁ{&@%?ﬁa%o el g
stirred at 28 h@nfso"fhe&nhatur&'msetrmtedwﬂhsmtedd‘mﬁé@m aiicetlie solutiow Blawtracted - 20
nm., and parti, t ween h l ac te and ice-cold 2N NaCH The et hyl
acetate |ay W%@%oﬂ%e%?@? Sgﬁ‘??"ftb SHUFREENRIES: gud biaeg andfiried

chr omat ogr aphy N1g$92 Wﬁ%@ﬁ@e&ﬁéléﬂ%@ﬂ%}acu@f&gﬂgy Hgitl!lrg @ﬁuﬁ&}%l (17.0 g,
80% . MS = 457.2 (M Na+). WO 2009/ 132135PCT/ US2009/ 0414 el f

To a sol®t i ehrogfatdgsaphgso giveldd4. mmol ) in DVSO (135 nl) was dropw se added
acetic anhydride (90 nL, 815 mmol) at room tenperature under argon. The

m xture was 10stirred for 16 h atypoomtenperature, and then poured into
ice-water (1 L) while stirri ng ter ice was conpl etep‘yemelted (-30 mn),
et hyl acetate (-500 nmL) was “NThe organic Iaymﬁwésteparat ed. This
extraction process wagnoepeafedyt helee tinesg(3x50 \lg) - _J'he organic
extracts were conbi ned an cerlfr abede The T epiglye Wl Lified by silica
gel columm chr omat ogr aphy HEt OAc1 /NHiexanes barding if as an oil
(39 15g, 88% . 1H NWR (30Q- DMSO-d6)y 7.3 (m~¥5H), 4.4 - 4.8 (in,

7H), 4.08 (d, J= 7.5 HzB"9H), OBn75 (dd,  J- 2,BRO 11.@BiHz, 1H), 3.64 (dd, .1=
5.4, 11.4 Hz, 1H), 1.51 (s, 3H)4, Conpound 2 b

A solution of 11a in a suitable solvent such as methanol or THF is treated with
about five to ten mole equivalents of NH3 in methanol or THF. The reaction is followed
by TLC. After about one to 48 hours, the solvent is evaporated and 11b is isolated by

I5  chromatography. Alternatively, the mixture of 112 and NHj is heated in a sealed glass
tube or Parr bomb to about 60 to about 120 °C for about one to about 48 hours and

subsequently isolated in the same manner as described.

OMe 9]
N S \(U\
= N
= NH
BnO NN A N\
0O N NHQ HO o N\N/J\NHz
OH BBr, OH
- —
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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201 f2a To a dry, argon purged round bottomflask (100 nL) were added
7-bronmo- pyrrolo[2,1-f][1,2,4]triazin-4-ylamne (234 ny, 1.10 mol)
(prepar edwaceovzrsg to WO 2009/ 132135PCT/ US2009/ 041447 PTHAISRI09D41447
W)2007056170) and anhydrous THF (1.5 ni). TMSCl1 (276 p.L, 2.2 mmol) was
then added and the reaction m xture stirred for 2 h. The flask was pl aced
into a dry ice/acetone bath (- -78 C and BuLi (2.5 nL, 4.0 mmol, 1.6Min
hexanes) wagsgg@ged dropwi se. After Ih, a solution of if (432.5 ng, 1.0
mmol) in THF was cooled to O C and then added to the reaction flask
dropwi se. After 1 h of stirring at -78 C, the flask 10 was warned to 0 C

and sat._NH4Cl ed to.quench the reacti CS were
ot 1ot et w3y BRSO etcratie SaPE R BRdbier o
dried using rM&QfoTsven0 8 NTheNas i@ ddniakvéredmed HpLeSs Wi And the
crude material was purified using flash chromatography (hexanes / EtO0Ac).
560 ng (99 % of 2a was isolated as a m xture of two anoners. LC/M5 = 567.2
(MH). é_ﬁ?“(a 15 Mz, CDC13): 6 7.85 (m 1H), 7.27 (m 15H), 7.01 (m
1, 6 51 (m"l A%66 (m 8H), 4.40 (m 2H), 3.79 (m 3H), 1.62 (s,

-CH3 fromthe one anoner), 1.18 (s, 2'-CH3 fromthe other anoner). NH2NH2
222 20 To a dry, argon purged round bottomflask (50 nm.) were added
conmpound 2a (185 Ny, 5,0 |dHand anhyghcous di chl oroTR ng (10 nlL). The
flask was placed into a d ce/ acetone-bat-h—{~ 78" O a he sol ution
stirred for 10 mn. BBr3 (:0.25 nm., 0.2%gopol, 1.0 Min DEM: was then added
and the reaction conti nue te.stir at -78 C 25until caonpPet@ di sappearance
of the starting materiaf" Aftéf" 1 h, a solution of pyrE?”di ne {32 m.) in MeOH
(10 nmL.) was added and the flask was warned to roomtenperature. The sol vent
was renpyed under reduced fHaessure and the crude naterial 12kas re-di ssol ved
in MeOH. After this process was repeated two nore tines, the crude nateri al
was then dissol ved in water and purified using a G 1lson Preparatory HPLC
system (acet oni t uﬁ’c\ﬁ 0, 4 9 ngy
(50% of Corrpoun 51 \%as |%g$%p%%%;a§§{g%g§%e(?%c%h%ét érgé?@@?\% 7 1 (M

1H NWVR QB@@nrMabl w@ﬂ&;olv&m@ay@ms i’DMSQ (B ﬁﬂ)amdpladéﬂ)undér fitogem. 2H),

3.78 (m ZH) Alcetic an?lygi%e (jz'ﬁme) was acﬂied and the m)xture was s ‘glrred %or 4%}'32t room

15 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
260 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 MgSQ4
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 (CD;CN): 8 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
- N
Iz BulLi, TMSCI
0 0
Bn Bn THF
12b 12¢

25
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Conmpound 3 NH2NH2 23 To a dry, argon purged round bottom flask (100 mi)
wer e added Conpound 2 (12 ng, 0.04 mmol) (2) and anhydrous MeOH (5 mi).
Acetic acwo 20®/m32d35was t hen 15added and the reaction stiPcras2@9eunight at
roomtenperature. Saturated NaHCO3 was added to neutralize the reaction

m xture and the crude material was purified using a GIlson Preparatory HPLC
system (acetonitrile-H20). 2 ng (16% of the desired material Conpound 3
was i sol ateds6PE/ M5 = 311.2 (MNWR (300 MHz, D20): 87.71 (s, 1H), 6.78 (s,
2H), 3.98 (m 111), 3.83 (dd, 1H), 3.74 (dd, 111), 3.62 (d, 1H), 2.94 (s,
20 3H), 0.76 (s, 311). The other al pha-isonmer was al so isol ated,; NIVR (300
MHz, D20): 87.6579( 377
(dd. 111%, 3, 59(5§I’ffgftamﬁ%[za ﬁﬂz%&&mﬁ ﬂ%&g%ﬂ&ga&(’%&é? 25

2009/ 132135MCIPUED6697(0 4542 2. %&onﬁvmmded in anhydroGo THFd1 § mIar @hﬂexpur ged

anhydr ous. drGHISEH S RENE 15 SO A BCRL SA A P e g yos .

i ce/ acet one shabdfok 201118, ko terktLatsR! ‘Fﬁé RAcHdd Wieded 96013(9‘(0”‘75'”(? Bida Et 20
(0.10 10 nL) was added dropwi se and the reaction stirred for 10 mn. AlMe3

(0.58 ni, 1sdlgtipaef Buli (6.0NpLnl.6 & indwainapnwas irisied akoidyl. TIN teacticar Wasvstinied ut es,

thedry cel tone lawa ved and,the r tion m xt iiiied to
room ten%era%ﬁlr%erg%v%tbag ‘ithé%l%lj ‘?‘8&?"%?2'&"?? 8‘?%@ NWitimaad n‘k&k@rb%ﬁa(r‘i@uﬂ%) was
added and t hes s@hpmﬁbw@smg novedadioles addRdye §ekriRh €SE1ERs WERSresIHEED
material was purified using flash chromatography (hexanes 15 / Et OAcg/ 164

ng (74 % of@tﬁWeeva@g?ﬁlfédaqﬁh%f%lpe A4S figken P N aeayiurg o/ W diggsromethvng 1+) . H
NI\/R 300 MHz,. i 0 78 (m
1h a2 (REERU Ry T byt g (R iha bl i fadoggl
3H), 1.10 (syate3Hjried over anhydrous MgSOy and filtered. Evaporation and purification by

15 column chromatography (0 -50% EtOAc: hexanes) provided a 1:1 mixtare of anomers
12¢; 25% yield. LC/MS (m/z: 553, M + H").

CH5OH
AcOH
12¢c 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 (CD3CN):

25 & 2.87 (s, 3H), 3.58-3.79 (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, 1H),
6.84 (d, 1H), 7.17 (m, 2H), 7.39 (m, 13H), 7.84 (s, 1H).
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20 NH2 H2, 10% Pd/ C HO-As" AcOH Bn /0Bn 4a HO OH 4 To a dry,
argon purged round bottomflask (50 nL) were added conpound 4a (164 ny,

0. 29 mmolwoane/gkssi al acetic acid (10 nL). Pd/C (100 nBCTAG26Mloy14M . ) was
WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5 then added and the fl ask was

equi pped with a balloon containing hydrogen gas. The flask was purged two
times to ensure all of the argon had been replaced with hydrogen. The
reacti on wagsgblowed to stir at roomtenperature overnight. The reaction

m xture was then neutralized using NaHCO3 and filtered to renove the
catalyst. The crude material was purified using a Glson Preparatory HPLC
system (acetonitrile / H10). e (7 %9 of the desired material Conpound
4 was isolated. LC/Ms = 295. ¥11+). 1H NMR (300 MHz, D20) N 7.66 (s,
1H), 6.72 (m 1H), 6.64 (m
0.76 (s, 3H). Corrpgrt‘;ﬁ’

e CH4OH / AcOH e
O 0O HO OH

5 12d Compeound 12

Compound 12d (0.150 g, 0.265 mmol) was dissolved in a 1;1 mixture of
methanol and acetic acid (20 mL). 10% Pd/C (150 mg) was added and the reaction was
flushed with nitrogen three times. With stirring, hydrogen gas was introduced. The

10 reaction was stirred under hydrogen for 16 h. When the reaction was complete by
LC/MS, the catalyst was filtered off and solvents removed under vacuum. The residue
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% yield. '"H-NMR of
compound 12 (D;0): 6 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, 1H), 7.70 (s, 1H). "H-NMR of the other alpha-anomer
(D20): 6 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).

el

Compound 13
20

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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BnN, N, TMSCN, BF3-Et20 Bn OHI CN N Bn , 6BnDCVMBNnBn 2a5a To a sol ution of
conpound 2a (1 g, 1.77 mol) in CH2Cl12 (20 nL) at 0 C was 20 added TWMSCN
(1.4 nL, WO.2609ms2I3y and BF3-Et20 (1 ni, 8.1 nmol). The PeRAS2@/O0m4HT ure was
stirred at 0 Cfor 0.5 h, then at roomtenperature 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 andsgppcentrated. The residue was purified by chromatography on
silica gel, eluted with CH3CO2Et - 25hexanes (1:1 to 2:1), to give the
desired conpound 5a (620 ng, 61% as an isoneric mxture. M5 = 576.1 (M +
). WD 2 09/1321 CT. /04144 6..PF i .@ solution of conpound
5a (150 Ty, "G 5% ﬁﬁ’ﬁ 4%#3 2%1‘2“%22? ﬁ b?@ﬂéﬂﬁ)é%mgoﬁﬂ’éﬁﬂatséﬁ_%m@ ¥agi | AM i n
CH2C12) . Th eddcaaal 't%eé@t?&h%e% ABwed Ed \':’Vﬁl%gtoaitoomngmgexfaﬂ{re | When TR I%gt i on
was quenched at -78 by dropw se addition of TEA™( and Nb H1

mL). The mi s ﬁ@nwa’@ ba/IIL(EyW tncthy\lammmpastetddcd)mmueetﬂpmcbmiwmts mmmm@d

and co-evapgrated w several ti The,. r si du eated with
aroos (1 ooy s et LT weu RS Bty peHoR g Guea: he
desired progilici @Qﬂﬁﬂm 10A Snikthée %noﬁi@%was]émt%@%&ég%rm{ omﬁb% &h)é 74 (s
1H), 6.76 (d, J = Hz, 1H), 6.73 (d, =5

1H), 3. 80 (rrpeckaty and)hessz(ss 37%yeld pB13a. 30ENOIR NC%@H) 1613)61 M(rm,tziﬁ; 4, 09-

(<"1 o oA iy 8 Eh 84 P Ay %k gd i N gp0 % 8 a5 R 087k, ™

1H), 4.07 ((m, 1) 6.83-3%8 HH)7. 173l 26m 735 ( (M+
Fry. W0 2008 T g T AT 75 Rm J‘?’"c@%rpﬁgfn@”) SHEE 53 00,

solution of conpound 5 (30 ngy, 0.098 nnDI) and 1H-tetrazole (30 ny, 0 43
mol ) in anhydrous CH3CN (1 nl) Qg 0 C was added 2, 2-di net hy1l- hthpFOplOﬂlC
acid S-(2- {diisopropylanino\\ 22-dirn ethyl - proplonyl su

fanyl) - et hoxy] -phosphanyl 0.

inJ. Med. Chem, &95

hyl) ester (90 ny,
4 '.\E\N'Jye reacadipn HO

(descrlbed

DCM

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 I N
boron trichloride in dichloromethane (0.506 m1) 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 (t, 1H), 4.29 (q,
1H), 4.80 (d, 1H), 6.97 (d, 1H), 7.14 (d, 1H), 7.93 (s, 1H). "H-NMR of the other alpha-
anomer (D20): 6 3.72-3.93 (dd, 2H), 4.16-4.19 (m, 1H), 4.60-4.62 (m 1H), 5.01 (d, 1H),
25  6.95(d, 1H), 7.28 (d, 1H) 7.96 (s, TH).

Compound 14
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15m xture was stirred at 0 Cfor 1 h, then 1-1202 (30% 80 uL) was added
and stirred for 0.5 h at 0 C. The reaction was quenched wi th sodi um

t hi osul f awe 20do/18p13%3 L) and NaHCO3, diluted w th CH3COZECT/UBh@9ougani c
phase was separated, washed with brine, dried over Na2SO4, filtered and
concentrated. The residue was purified by HPLC to give the desired Conpound
6 (28 no, 4%@ 1H NWVR (300 MHz, CDC13): 6 8.04 (s, 1H), 206.85 (d, J= 4.5
Hz, 1H), 6. 7914, 1= 4.5 Hz, 1H), 6.0 (brs, 2H), 4.6 (m IH), 4.4 (m 2H),
(m 4H), 4.0 (d, J= 4 Hz, 1H), 3.15 (m 4H), 1.24 (s, 18H), 0.99 (s, 3H).
31P NMR (300 MHz, CDC13): 6 -1.825. Ms = 673.9 (M1-1), 672.1 (M. WO
2009/ 132135PCT/ US2009/ 041447 756'HF 5General procedure for pr ation of a
nucl eosi de tri phosphate: 0 a pear-shaped flask (5- i s charged
wi th a nucl eosi de ( . i hyl phosphate (Qp iai“added. The
sol ution is cool eBn'Wwi t - WANET  bathes, BRICEIZD (430X 45 /i s ®dded and
stirred at 0 Cuntil the Ye&tion (1 to 4\h;/ t'he 10 reaction
progress is nonitored By izon-exchange C, anal ytical sgnples are prepared
by taking -3 uL of thg reacgion mxture and dilutimgit wehh 1.0 M

Et SNH2CO3 (30-50 uL)). A solution of pyrophosphate-Bu3N (250 ng) and Bu3N
(90-105 ng) in acetonitrit3 or DMF (1-1.5 nlL) is then added. The m xture is
stirred at 0O Cfor 0.3 to 2.5 h, and then the reaction is quenched with 1.0
M Et 3ANH2CO3 (-5 nlL). The resulting m xture is 15 rred for additional
0.5-1 h while warm ng up to room tenperature. eHp XPUPHECI s concentr at ed
to dryness, re-dissolved in water (4 nL), ap@bpurifi ed by ion exchange
HPLC. The fractions containing the desired product PLRoncentrated to
dryness, dissolved in water (-5 cqncentyated to dryness, and again

di ssolved in water (-5 nL). NaH 0/50. ny) is added and concentrated to
dryness. The residue is 20dissolved i p~water and concentrated to dryness
again. This process is repeated 2-5TLnes. The residue is then subjected to
C-18 HPLC purification, affordi nghtheOesired product as a sodiumsalt.
Compound 7 9 9 9 HO-F1)-0-ff--01-0 OH OH OH Compound 7 was
prepareds by the general nethod using Cgnpound 5 as starting material. 1H
NMR (300 MHz, D2Q): 6 7.76 (s,. 1H), 6.95 ,.J = 4.5 Hz, 1H), 6. d, J=
4.5 Hz, 1H), 4. 25°mpoundyld maypeqptaiped fgmﬁg‘?cm magneggipdar t@iﬁﬁ)@.mﬁtﬁfzsgw@é (300

MHz, to synthesize Compound 4.

Compound 15

DCM

Compound 15 may be obtained from 12¢ in a manner similar to that described in

preparation of Compound 13 except using TMSNj3 instead of TMSCN.
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30D20): 8 -5.6, -10.7, -21.4. M5 = 545.8 (M}1+), 544.0 (MHT). WO

2009/ 132135PCT/ US2009/ 041447 756. PF 5 Conpound 8 10Conpound 8 may be

obt ai ned Woam92i32i38 a manner simlar to that described PoTarSe@anatstodn of
Compound 5 except using TMSN3 instead of TMSCN. Conmpound 9 WO

2009/ 132135PCT/ US2009/ 041447 756. PF NH2NH2 Ho OH 59 Conpound 9 may be
obtained from?2a in a manner simlar to that described in preparation of
Conpound 5 exgept using TMS-acetyl ene instead of TMSCN. Conpound 10

| f10a To a suspension of 7-bronp-2,4-bi s-rn ethylsul fanyl-i m dazo
[2,14] [1,2,4]triazine (prepared according to W2008116064, 600 ny, 2.06
nmol ) in ang;i/)drous T’gtF (6 m.) was dropw se added BuLi (1.6 Min hexanes,
1.75 i, 2. §Pmppyny -78 ' C. The suspension becare red brown sol ution
after 5 mn, and then 11 in THF (0.6 nmL.) was WO

2009/ 132135PCT/ US2009/ 041447

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
I5 A mixture of about 0.05 mmol of Cempound 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 guenched with about 0.5 mL
of 1M tetraethylammonium 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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756. PF 5 added dropwi se to the m xture. The m xture was then allowed to
warmup to roomtenperature. After 30 mm saturated NH4Cl was added to
guench t hwoneadt3eBa. The mi xture was diluted with ethyl patatsaton/04t4he
organi c | ayer was washed with brine and concentrated in vacuo. The residue
was purified by silica gel colum chromatography (-40% Et OAc / hexanes),
affording 10a as an isoneric mxture (0.77 g, 64%. M5 = 10 645.2 (M + Fr).
10al0b ConpggpdrlOa (2.0 g, 3.10 nmol) was transferred to a steel bonb
reactor, and 15cooled at -78 C. Liquid anmmonia (-20 nmL) was collected at
-78 C and added to the bonb reactor. The bonb reactor was tightly seal ed
and warned up to roomtenperature. The m xture was then heated at 50C for
20 h. Conpl ete conversion occurred. After the gas was vented, the residue
was purifi edomypaind 8a gel col um chromat ography (EtOAc / hexanes),
affording the product 10b as a pale yellow solid (1.78 g, 94%. M5 = 614.3
20 (M + H+). WO 2009/1321:}QCﬁﬁ$SZOO9/041447 756. PFNSIA sol ution of 10b

(100 ng) in ethanol (about oS toeated w Ni (about 500 np)
that is neutralized by washf ng with B28-0 e A _ijs then heated to
about 35 to about 80 C until the reactbon I Y Cofiplene. The catal yst is

r enoved by filtration and the sol utdef is co trated in vacuo. The
residue is purified by chromat .aﬁhy to giwe égc 10 Compound 10c
may be treated with BBr3 in a/manneg simlar to that described in
preparation of conpound 2 to give Conpound 10. 15 Conpound 11 2010a is
treated with about one to ten nole eqU|vé ents of an alkali netal salt of

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
chloromethyl 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 1s 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 organic 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 general Scheme 1.

25  Schemel
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met hanol in a suitable solvent such as dioxane for about one to 48 hours.
The m xture may al so be heated from about 60 to about 110 C for about one
to 24 houwe 20@/Go13pl et e the reaction. The m xture i s neRCraiS2@moa4tI h a
strong acid and the internediate is W) 2009/ 132135PCT/ US2009/ 041447 756. PF
5i sol ated by extraction and chromatography. The internedi ate is dissol ved
in DCM and treated with about two to about four nole equival ents of MCPBA
for about 03§6¥9 about 24 hours. The mi xture is treated with saturated
NaHCO3 and the solution is extracted with EtOAc. The organic |layer is
washed wi th saturated NaHCO3 and brine and dried over MgpSO4. The solvent is
renoved in vacuo and the mxture is purified by 10chronmat ography to give
ha. Ow Ow A solution of ha in a suitable solvﬁnt such as
met hanol or THF igptreated with abqut .five to ten nol e agupaleents of NH3
in methanol or éHﬁkmghe reacti egnjs fol lowed by TLC. After ghout one to 48
[

hours, the solAf ﬁ?? 1evaporate ar ibis 1sorated by %gc romat ogr aphy.

Al ternatively, theim xture ofHfla and is heated in a"sealedOglass tube
or Parr bonb to about 60 to about 120 C for about one to @bou 48Rhours and
subsequently isolated in the same manner as descri bed. ollbin DCMis

cooled to about -78 'V and treated with about four to 10 nol e _equival ents
of BBr3 for about’®he to about 24 hd¥Ps. The mixture is treafl88 with about
4:1 MeOH-pyridine and the solution was walined to roomtenperature. The
solvent is WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5 renoved in vacuo and
the mxture is treated with concentrated NHAOH fol | owed by renoval of
solvent (x3). The m xture i%@purified by reverse phase HPLC to giveRgl.

Compound 12 .
O 2 X\
ArQ F{/ X YQN

The general procedure comprises the reaction of an amino acid ester salt 19b,

e.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 recrystallization or chromatography. Specific,
but non-limiting, examples of 19a, 19b, and 19¢ can be found in WO 2006/121820 that

15  1s 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 fo, 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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Compound 12a (prepared according to J Og. Chem, 1961, 26, 4605; 10.0 g,
23.8 mml) was di ssolved in anhydrous DMSO (30 nmi) and pl aced under

ni t rogen.wocetw2ushydri de (20 nL) was added, and the mPKTOISR000AS148Ti rred
for 48 h at room 15 tenperature. \When the reaction was conplete by LC M5,
it was poured onto 500 nL ice water and stirred for 20 mn. The aqueous

| ayer was extracted with ethyl acetate (3 x 200 nL). The organic extracts
wer e conbi nedsapd washed with water (3 x 200 nmi). The aqueous |ayers were
di scarded and the organic was dried over anhydrous MgSO4 and evaporated to
dryness. The residue was taken up in DCM and | oaded onto a silica 20 gel
colum. The final product 12b was purified by elution with 25% Et OAc /
hexanes: > 96%3MRAUNd 204 NVR (CD3CN): 6 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) g 7.25 (d, 2H), 7.39 (m
13H). 12b12c 25 WO 2009/ 132135PCT/ US2009/ 041447 756. PF
57-Brono-pyrrolo[ 2, 1-f][1, 2,/4j?]r1'-'\azi. -4-yl am e prepared according to
W2007056170, 0.5 g, 2.4 ml )owddVsisiended priNanbydrous THF (10 ni).
Under nitrogen with stirring, TMSCLQO0. 66 08.28 NA}) was added and the
m xture was stirred for 20 mn. oomtemnperature. The reaction was then
cooled to -78 C and a solution o Li (20 @, 1.6 N in hexanes) was added
slowy. The reaction was stirred 10 for 10 mn. at -78 C and then the

| ntone 12b was added via syringe. Wien tB& reaction was conplete by LT M5,
acetic acid was added to quench. Solvents were renoved by rotary
evaporation and the residue was taken up in a mxture of 50:50

di chl or omet hane Abwad BT nlodbfFhiny] FRehRNABRINGT hiRERor¥@Torsdikd gép%iﬂedand
washed with 50 nL additional water, dried over anhydrous MgSO4 and

filteredl Eveostng toMcautiapgt #lf ¥ cded Shey 1993, 861 Li-tH2dmetbogr Aptyoff 0 - 50%
Et 0Ac: h : i 3, 1o 1. 12c; 25% yi el d. LGNS
(2. 555, N s RAGA 08 hyRde dr b AOES Blind 3 Citaait AP RHE L5 pERIA 1 o

1: 1 m xt ur eobN-aekylimidagld imaburB idlaMBAF. ([he reddiby i Bkred ZotuboMEMdREand

reaction Wash cor‘pl ete by LC N5, solvents X _ )
the solvent 1s removed under reduced pressure. The residue is purified by reverse-phase

HPLC to give Compound 20,

15
Compound 21

\rO 0
i NH
IN\ L B :
P O_ N N
O O ‘e, \
B - CN Nﬂ
g HG  ©H
Cl
21
20 About 3.1 mmol of 4-chlorophenyl 2-propyloxyalaninyl phosphorochloridate
{prepared according to McGuigan et al, /. Med. Chem. 1993, 36, 1048-1052) in about 3
mL of THF is added to a mixture of of about 0.5 mmol of Compoeund 5 and about 3.8
mmol of 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

25 reverse-phase HPLC to give Compound 21.

Compound 22
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were renoved by high vacuum The residue was taken up in diehl oronethane
and | oaded onto a silica gel colum. A m xture of anoners was el uted using
a gradi erw0aho932185% et hyl acetate and hexanes; 51. 4% yiperaisedoooorpdund
12d. 1H NWR (CD3CN): 256 2.87 (s, 3H), 3.58-3.79 (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, 1H), 6.84 (d, 1H), 7.17 (m 2H),
7.39 (m 13MpO-P¥. 84 (s, 1H). WD 2009/ 132135PCT/ US2009/ 041447 756. PF
512dConpound 12 Compound 12d (0.150 g, 0.265 nmol) was dissolved in a
1:1 m xture of nmethanol and acetic acid (20 nL). 10% Pd/ C (150 ng) was
added and the reaction was flushed with nitrogem,three tines. Wth
stirring, hydrogen gas was introduced. Th 0 _feaction was stirred under
hydrogen for 16 h. \Wen the react'h8n was | eNe by LC/ MBS, the catal yst
was filtered off and sol vents renove glium ~The resi due was
re-dissolved in a mxture of water an Nto keep pH at -10), and both
anoners were purified by prep HPLC underzneutral conditions; a total of 51%
yield. 1H NMR of conpound 12 (D20): 6“3.96 (s, 3H), 3.69-3.84 (dd, 2H),
4.07-4.19 (m 1H), 4.22-4.24 15(m 1Hy; .74 (d, 1H), 6.78 (d, 1H), 7.70
(s, 1H). 1H NWR of the other al pha-anone2(1320): 6 2.87 (s, 3H, 3.58-3.84
(dd, 2H), 3.99-4.09 (m1H), 4.30-4.38 ( 1H), 4.49 (d, 1H), 6.75 (d, 1H),

?-282[)&(\1/'1 1H), 7. 89nixSure bFhboue0HRQRHE! éf&?(ﬁﬂpoﬂ_ﬁ\@g\'amﬁﬁ%hﬁ 201, dry a&'{()lg:’ b, Bn
C

about 0.7 mL of 2,2,-dimethoxypropane and about 1.28 mmol of di-p-
nitrophenylphosphoric acid is stirred for about 24 hours to about seven days. The

10 reaction mixture is neutralized with about 20 mL of 0.1 N NaHCO; and the acetone is
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 ~-butylmagnesium chloride in THF. After
20 about 30 min to about 5 hours, a solution of about 0.65 mmol of frans-4-[(S)-pyridin-4-
yl]-2-(4-nitrophenoxy)-2-oxo0-1,3,2-dioxaphosphorinane (Reddy, Tetrahedron Letters
2005, 4321-4324) 1s 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
Compound 24
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1 3a Compound 12c (0.28 g, 0.51mmol) was dissol ved i n anhydrous
di chl oronet hane and pl aced under nitrogen. Trinethylsilyl cyanide (0.35 nlL)
was addedwendowse13si xture WO 2009/ 132135PCT/ US2009/ 041 2¢T/URB@ 9B 48Tas
cooled to 0 C. After stirring for 10 min., boron trifluoride etherate (50
ul) was added and the reaction was allowed to warmto roomtenperature.
When the reaction was conplete by LOMS, triethylam ne was added to quench
and sol vent gsywfe renoved by rotary evaporation. The residue was taken up
in dlchloronethane and | oaded onto a silica gel colum. A m xture of
anoners was eluted using a gradient of 0-75%ethyl 10 acetate and hexanes;
37% yield of 13a. 1H NWR (CD3CN): 5 3. 61-3.90 (in, , 4.09- 4.19 (m
211), 4.30-4.883 (m 7H), 4.96 (d, 5.10 (d, O , 6.41 (bs, 2H),
6.73-6.78 (m 1H), 6.81-6. 88{22§ 7.17 ( -39 (m 1311), 7.86
o]

(s, 0.5H), 7.93 (s, 0.5H). I8a5f5.70 ng, 0.124 mol)
was di ssol ved i n anhydrous di roneohane (27 ,Npl aced under nitrogen,
and cooled to -78 C. A solution of 1 N bora richl oride in dichloromethane
(0.506 ) was added and the reaction stiwGedotior 1 h at -78 C. Wien the
reaction was conplete by LG/ MS, nethanol was added to quench. 20 The
reaction was allowed to rise to roon1ten%%rature and sol vents were renoved
by rotary evapor : 1 J LC, a
Cotal of 74% i el do TP A T e Ra TS okl Bl MBS

4.12 (t, 1Hyeatdd 89h @boutD13D) mndl BDC()Iil,poﬁhﬂ 23 6“019&1)0(1done]1b|)24 héuik4 Thd solifidy)

7.93 (s, 1 VR ,of .t he ather al r 6 3.7 3 93 , 2H)
4.16-4.19 H%‘ﬁCOTFﬁ“*raEFd@Bd&?‘eéQS‘E‘PWSPPT eg@ "ilgb‘/ 1O gBiE. ‘ﬁf‘ﬁ 7.28
(d, 111)57.96 (s, 1H). Conpound 14 D 2009/ 132135PCT/ US2009/ 041447 756. PF

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 1s purified by chromatography to give Compound 25.

Compound 26
20
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12cl4a H2, 10% Pd/C NH2 AcOH 514 Compound 14 may be obtained from
12c in a manner simlar to the nethod used to synthesize Conpound 4.
Conpound W6 2009/132135 Compound 15 may be obtai ned from PRE/USR0/OMEANTEr
simlar to that described in preparation of Conmpound 13 except using TMSN3
i nstead of TMSCN. WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5 Conpound 16
Conmpound 16 may be obtained from 12c in a manner simlar to that descri bed
in 10 preparngfipgn of Conpound 13 except using TMs-acetylene instead of
TMSCN. Conpound 17 NH2 9" N HO1-0 OH HO CH 17

5 About 3.1 mmol of 4-chlorophenyl 2-ethoxyalaninyl 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 about 0.5 mmol of Compound 4 and about 3.8
mmol of 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

10 reverse-phase HPLC to give Compound 26.

Compound 27

27
15 A solution of Cempound 26 in DMSO is treated with about 3 mole equivalents

of potassium r-butoxide for about 15 min to 24 hours. The reaction is quenched with 1N

HCI and Compound 27 is isolated by reverse-phase HPLC.

Compound 28
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15A m xture of about 0.05 mmol of Conpound 5 and about 0.5 niL of

tri met hyl phosphate is sealed in a container for about one to about 48
hours. Thworbosessi s cool ed to about -10 to about 10 CramasSaiwows14@7 075
mrol of phosphorous oxychloride is added. After about one to about 24
hours, the reaction is quenched with about 0.5 nL of 1M tetraethyl anmoni um
bi carbonate and the desired fraction are isolated by ani on 20exchange
chromat ogr aphypFThe appropriate fractions are then desalted by

rever se- phase chronmat ography to give Conpound 17. WO

2009/ 132135PCT/ US2009/ 041447 756. PF 5 Conpound 18 18 Conpound 17 (about
1.19 nmol) is dried over phosphoggpus pentoxide in a 10 vacuum for about
overni ght. The dried nmateriah_is/stspended in about 4 niL Qf aﬁ?ﬂ?drous DIVF
and about 4.92 muol DI PEA. t™§. 34 mol of iso-propyl(ch met hyl
carbonate (Antivi r$|/0 ; . Wemﬁg@? APy 8BS\ 199N, iﬁs/ added and
the mixture is heat'ed t PGO‘Cfor 0 ®NmMn to about
24 hours. Heating is renoves for abouthmgtéo about 48—+ iMs and the
reaction filtered. The DilOrate 15is di Utéd with water pponpound 18 is
partitioned into CH2A#?2, théorganic solution is dried and evaporated, and
the residue is purified bywrceverse-phase HPLC to i sol at zzBCorrpound 18. 20
Mono Phosphor am dat e Prodrugs Non-limting ex | e °Bf

nono- phosphor am dat e prodrugs conprising the i nt invention nmay be
prepared according to general Schene 1. 25 Sche 1 W

2009/ 132135PCT/ US2009/ 041447 756. PF OE\I[ | Ma,OFP - C C

Compound 28 is prepared in the same manner as Compound 5 but using

Compound 10c as a starting material.

10 Compound 29

29
Compound 29 is prepared in the same manner as Compound 17 using
Compound 28 as a starting material.
15
Compound 30
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19a19b The general procedure conprises the reaction of an am no
acid ester salt 19b, e.g., HCl salt, with an aryl dichlorophosphate 19a in
t he presenoeowit3at3out two to ten equival ents of a suitalpCe/usa@e/ot4gyi ve t he
phosphoram date 19e. Suitable bases include, 10 but are not limted to,

i m dazol es, pyridines such as |lutidine and DVAP, tertiary am nes such as
friethylam ne and DABCO, and substituted am di nes such as DBN and DBU.
Tertiary anpgeppare particularly preferred. Preferably, the product of each
step is used directly in the subsequent steps without recrystallization or
chr omat ogr aphy. Specific, but non-limting, exanples of 19a, 19b, and 19e
can be found in WD 2006/ 121820 that 15is hereby Pncorporated by reference
inits entirety. A nucleoside base 19d reacfs h the phosphoram date 19e
in the presence of a suitable base. Suitabfexpasgs include, but are not
limted to, imdazoles, pyridines such as i.di_pe and DVAP, tertiary

am nes such as triethylam ne and DAl arfidegubsti tuted am di nes such as
DBN and DBU. The product 19e nay bé& i sorat®d by recrystallization and/ or
chronat ography. 20 WO 2009/ 132188FCTAUS29Q9/ 041447 756. PF 5 Conpound 20

20 Abouts 3.1 mmol of phenyl net hoxyal ani nyl phosphoroehl oridate (prepared
10 according to McQuigan et al, J. Med. em 1993, 36, 1048-1052) in about
3 nmL of THF is added to a m xture of of out 0.5 mml of Conpound 11 and
about 3.8 mmol ot ehkpHahiii§hApAeh 8y hRatdRoUbmPolthd T6T:ith ERSur SRGE hhti S
stirred for about 24 hours and the solvent is renoved under reduced
pressure. Thee egavalents pEDPGrinfrivedinpynd bepding dhpieagwnipireluxciogalvant Gosound
20. 15 Cowp%&ﬂg

10 phase HPLC.

23 %iours. Compound 30 is isolated by conventional ion exchange and reverse-

Compound 31
NH,,
qu/{
\ OO
/L o o /N
O _ S
O-f—0 ©H
o
31
15 A solution of about 0.4 mmol of Compound 30 in about 10 mL of DMF is

treated with about 0.8 mmol of DIPEA and about 0.8 mmol of chloromethy! isopropyl
carbonate (WO2007/027248). The reaction is heated to about 25 to about 80 °C for
about 15 min to about 24 hours. The solvent is removed under vacuum and the residue is
purified by HPLC to give Compound 31.

20
Compound 32
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Cl 21 20About 3.1 mmol of 4-chl orophenyl 2-propyl oxyal ani nyl
phosphorochl ori date (prepared according to McGuigan et al, J Med. Chem
1993, 36,wOQd4®/1BOB2) in about 3 nL of THF is added to aPgirAISae0e/0af44Df about
0.5 mmiol of Conpound 5 and about 3.8 nrnol of N-nethylimdazole in about 3
mL THF. The reaction is stirred for about 24 hours and the solvent is

r enoved undza%% duced pressure. The residue is purified by 25 reverse-phase
HPLC to giv ﬁpound 21. Conpound 22 WD 2009/ 132135PCT/ US2009/ 041447

756. PF 5 A m xture of about 0.52 mml of Conpound 13 and about
12 L dry acetone about 0.7 nL of 2, 2, -di net hoxypropane and about L28 mol
of di-p- nitrophenyl phosphoric aciide is stirred for abdtt 24 hours to about
seven days. The 10 reaction mi i's neutralizegw about 20 nL of 0.1
N NaHCO3 and t he acetqﬁQ)is ated. Thg deS|rqd material is partitioned
into chloroform the c Men i Sprlvent is
evapor ated. Conpound 22 istpur+gied fromthe r Si sHby conventional neans.

15 Conpound 23 NH2 O- Il O J ,O\_Na Cy":

BnG OBn MCPRA BnQO OBn
10b 32a

NH;

NH, NH,
HO N\ _N. - BnO NN

o N~ "NH, BBr, o N’)\NHE

OH OH
HO OH BnO 0OBn
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 NaHCOj3 and the solution is extracted with EtOAc. The organic layer is washed
with saturated NaHCO; and brine and dried over MgSQO,. 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

I5  to Compound 32 in the same manner as for the conversion of Compound 2a to

Compound 2.

Compound 33
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23 A sol ution of about 0.53 mmol of Conpound 22 in about 5 nL of DWW
is treated with about 1 nL of a | Msolution of t-butyl nagnesium chl oride
in THF. Avoeno9ZzBai3dsut 30 nmto about 5 hours, a sol uti orCofUSalwoMO#1487 65 Mol
of trans-4-[(S)-ppidin-4-

y1] - 2- (4-ni trophenoxy) - 2- oxo- 1, 3, 2- di oxaphosphori nane (Reddy, Tetrahedron
Letters 2005, 4321-4324) is added and the reaction is stirred for about one

to about 24 s. The solution is concentrated in a vacuum and the resi due
is purified by chromat ography to gi ve Conpound 23. 25 Conpound 24 WO
2009/ 132135PCT/ US2009/ 041447 756. PF NH2 HNvj 0' CN 5HO OH 24 A sol ution

of about 70% aqueous trifluoroacetic acid is cooled to O C and is treated
wi th about 0.32 mml of Conpoungd™?23 for about one to 24 ars. The solution
is concentrated and the resN s purified by chromatg phy to give
Conpound 24. 10 Conpg, §pd 2 }H%Q 0 25 15A sgIBtlon\pf a@gyt 1.56 mml of

Conmpound 24 in about NB2 +useN I NH,
CN — N
BnO  OBn BFeEL0 BnG  OBn
32b 33a
Bc;/
NH,
HO N.
N4I\N|—-;2
“'CN
HO  OH

Compound 32b is converted to Compound 33 in the same manner as the

conversion of Compound 2a to Compound 5.

Compound 34
10
NHDMTr

NNl

N” NHDMTr

34

| Compound 33 (about 0.22 mmmol) is dissolved in anhydrous pyridine (about 2
mL}) and chlorotrimethylsilane (about 0.17 mL) i1s 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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treated with about 4.32 mmol of CDT. After about one to about 24 hours, the
sol vent is evaporated and the residue is purified by chromatography to give
Conpound ¥6.20003pBand 26 20 Cl WD 2009/ 132135PCT/ USPO®AISQeh244iA4756. PF
5About 3.1 mmol of 4-chl orophenyl 2-ethoxyal ani nyl phosphorochl ori date
(prepared according to McGuigan et al, J. Med. Chem 1993, 36, 1048-1052)
in about 3 nmL of THF is added to a m xture of about 0.5 mml of Conpound 4
and about 378gmpol of N-nethylim dazole in about 3 mbL THF. The reaction is
stirred for about 24 hours and the solvent is renoved under reduced

pressure.

26. Compound 2

The residue is purified by 10 reverse-phase HPLC to gi ve Conpound
15A sol ution of Conpgund 26

20 POl B4 lhe 5 - S e ) A0 5 PR

10

15

20

25

ethyl acetate layer is dried and concentrated. The residue is purified chromatography to
afford Compound 34 which may be a mixture of mono- and di-dimethoxytritylated

compounds.

Compound 35

H “ioN N7 “NHDMTE

35

A mixture of about 1.25 mmol of Compound 34 and about 1.9 mmol of
triethylammonium 2-(2,2-dimethyl-3-(trityloxy)propanoylthio)ethyl phosphonate
(WO2008082601) is dissolved in anhydrous pyridine (about 19 mL). Pivaloyl chloride
(about 2.5 mmol) is added dropwise at about -30 to about 0 °C and the solution is stirred
at for about 30 min to about 24 hours. The reaction is diluted with methylene chloride
and is neutralized with agueous ammonium chloride (about 0.5M). The methylene
chloride phase is evaporated and the residue is dried and is purified by chromatography
to give Compound 35 which may be a mixture of mono- and di-dimethoxytritylated

compounds.

Compound 36

0 NHDMTr
S\——\ 9 N%T/QN
0 0—-P-0 o )N
! AN =
NH "ICN NHDMTr

36
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of potassiumt-butoxide for about 15 min to 24 hours. The reaction is
quenched with IN HCL and Conpound 27 is isolated by reverse-phase HPLC
Conpound W6 2004032089/ 132135PCT/ US2009/ 041447 756. PF TMBCIWUB2@®9/04 B¥B- Et 20
10c28a HO HO OH 528 Compound 28 is prepared in the sane manner as
Compound 5 but using Conpound 10c as a starting material. 10 Conmpound 29
HO 1? HO wu

756.PF

5 To a solution of about 0.49 mmol of Compound 35 in anhydrous carbon
tetrachloride (about 5 mL) is added dropwise benzylamine (about 2.45 mmol). The
reaction mixture is stirred for about one to about 24 hours. The solvent is evaporated and
the residue is purified by chromatography to give Compound 36 which may be a

mixture of mono- and di-dimethoxytritylated compounds.

10
Compound 37
HO
37
15 A solution of about 2 mmol 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 1s diluted with ethanol, the volatiles are evaporated and the residue
ts purified by chromatography to give Compound 37.
20
Compound 38
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 /-butylmagneisum chloride (about 1 M in THF) is added. The
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NH 2 NN ,LCN 1?1=j Hd bH 29 Compound 29 is prepared in the sanme
manner as Conpound 17 usi ng Conpound 28 as a starting material. 15 Conpound
30 WO 2080/20@21B3BPCT/ US2009/ 041447 756. PF 30 Coms00d/08Q47 S
prepared by treating Conpound 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. Conpound 30 is isolated by conventional ion exchange and
reverse- 107QQ§§9 HPLC. Compound 31 31 15A solution of about 0.4 nmol of
Compound 30 in about 10 mL of DWMF is treated with about 0.8 nmol of DI PEA
and about 0.8 nmmol of chl oronethyl isopropyl carbonate (W2007/027248). The
reaction_is heated to about 25 to about 80 C for about 15 min to a?out 24
hours. The SBKyiEhis wasmeedipihout O rid&r shaetddiminandtinagaie soderbtoiabopiB f Ced by

HPLC to gi ve,(anp 81“&‘3‘)~§-]{'[chioro(l—phenoxy)phosphory1]amino}propyi 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

10 dried and evaporated and the residue purified by chromatography to give Compound 38.

Compound 39
NH, dibromohydantoin NF
N4 N4
\ N /EI —— \ N /Ef
\N——‘ \N_——
NH, Br NH,
39a 39

A solution of about one part Compound 39a (Patil, et al. ; Journal of
15 Heterocyclic Chemistry 1994, 3/(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

20 carbonate then dried and concentrated to give Compound 39,

145



20 Compound 32 WO 2009/ 132135PCT/ US2009/ 041447 756. PF Conpound 10b
is dissolved in DCM and treated with about two to about four nole

equi val erw® 2009/8BBA f or about one to about 24 hours. TRETAIS2M090&14i4T
treated with saturated NaHCO3 and the solution is extracted with Et0Ac. The
organic layer is washed wth saturated NaHCO3 and brine and dried over
MySH4. The solvent is renoved in 10 vacua and the m xture is purified by
chronatograg?gpgo gi ve 32a. Conpound 32a is transferred to a steel bonb
reactor, and is cooled at -78 C. Liquid ammonia is collected at -78 C and
is added to the bonb reactor. The bonb reactor is tightly sealed and is
warnmed up to roomtenperature. The m xture is heated at about 50C for about
24 h. The gas is vented and 32b is isolated by chronmatography. Conpound 32b
IS converte@hﬁg)hgdggnpound 32 in the sane manner as for the conversion of
Compound 2a to é%npound 2. Conpound 33 WO 2009/ 132135PCT/ US2009/ 041447
756. PF  NH2 TMSCN BF3-Et20 NH2 BnO N NH2 CN Bnd -bBn 33a

O NH
X S

. ’ \N:E
OD P,
1f

39

: NH,

~4 eq. TMSCI 0O o N, 4&
N

~5 eq. Buli OH
(s o)
40a

A solution of about one part of 39 and about four parts of trimethylsilylchoride

NH,

10 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
is allowed to warm to about 0 °C over about three hours. The reaction is quenched with
saturated NaHCO3 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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NH2 N .N HOL ON NH2 HO ' 33 Conmpound 32b is converted to Conpound
33 in the sanme manner as the conversion of Conpound 2a to Conpound 5.
Conpound 80 2bd408TY3s HON, N NHDMIr "CN H6 ' -OH 34 Coopaisaa®314¢about
012 mmmol ) is dissolved in anhydrous pyridine (about 2 nL) and
chlorotrinmethyl silane (about 0.17 nlL) is added. The m xture is stirred at
about 150 to about 25 C for about one to about 24 hours. Additional
chlorotrinetgybgi | ane (about 0.1 inL) is added and the reaction is stirred
for about one to about 24 hours. 4.4% Di met hoxytrityl chloride (about 0.66
mol ) and DVAP (about 0.11 to about 0.22 mmol) is sequentially added. The
m xture is stirred for about one to a t 24 hours. A solution of TBAF (1.0
M about 0.22 m) igTHF is added and reaction is stirred fg'zabout WO
2009/ 132135PCT/ l@u 447 T756. to about 24 hours. | Xxture is

partitioned between &thyl et at e\ er. The ef yer is
dried and concentrated. The LAKE |Ns)§\m fBe chro ford
Compound 34 which nay be a mixtuke of m)no-—arng—dr» Hritylated

conpounds. 10 Corrpoun@\/é‘ E’D\/O WS B

5 40a 40

A solution of one part of 402 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 suspended 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,
@\ LT N
o\ o N& HO
OH NH;
e
sz 1. TMSCN
Q\/O O\/@ BF3-Et,0
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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HO OH 35 A mi xture of about 1.25 mmol of Conpound 34 and about 1.9 mmol of
triethylamoni um 2- (2, 2-di net hyl1l-3-(trityl oxy) propanoyl t hi o) et hyl
phosphonawe 20&8(M8B3808082601) i s dissol ved i n anhydrous pgriuseeve/ofabout 19
mL). Pival oyl chloride (about 2.5 mol) is added dropw se at about -30 to
about 0 C and the solution is stirred at for about 30 mmto about 24 hours.
The reaction is diluted with nethylene chloride and is neutralized with
agueous annqgg§g1chloride (about 0.5M . The nethyl ene chloride phase is
evaporated and the residue is dried and is purified by chromatography 20 to
gi ve Conmpound 35 which nmay be a m xture of nono- and di-di nethoxytrityl ated
conpounds. Conpound 36 WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5To a

sol ution of about 0.49 nmol of Compound 35 inganhydrous carbon

tetrachl oride (about 5 nL) is added drop yl am ne (about 2.45 mmol).

The reaction m xture is stirred f&r abouﬂ\ e 5Fabout 24 hours. The
ur N by chronmat ography to give

sol vent is evaporated and the rééld

Compound 36 which nay be a mixture o and di*- di met hoxytrityl ated
conpounds. 10 Conpound 37 15A sol utien of about 2 mml of Conpound 36 in
met hyl ene chl ori de (about 10 ni) i Py edted with an aqueous sol ution of
trifiuoroacetic acid (90% about 10 nL). The reaction mxture is stirred at
about 255to0 about 60 C for about one t®#2about 24 hours. The reaction

m xture is diluted with ethanol, the volatiles are evapore;ed and the

residue is purified by chr tCbraphywhmmghveﬁ@bnpou§f§$14 20 Compound 38
\
N

\ N NH NH

W N
NH, Br

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 DMF is cooled to about -20
°C and about 0.5 parts of 1,3-diromo-5,5-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 agueous sodium carbonate. The organic phase is washed with dilute sodium

carbonate then dried and concentrated to give Compound 42b.
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38 25About 90 ni M Conmpound 14 in THE is cooled to about -78 C and about 2.2
to about 4.4 equivalents of t-butyl nagnei sumchloride (about 1 Min THF) is
added. Th&0 200/B320S/ 132135PCT/ US2009/ 041447 756. PF 5 m 2CWMS2009/00mmed t O
about OC for about 30 min and is again cooled to about -78 C. A solution of
(2S)-2- [ehl oro(1-pherioxy)phosphoryl]am no}propyl pivalo ate
(V@2008085508%B 1 Min THF, about 2 equivalents) is added dropw se. The
cooling is réeB¥ed 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 chro graphy to give Conpound 38. Conpound 39 A
sol uti on of about one pa ound 39a (Patil, et al. ; Journal of 15
Het erocyclic Chem stty 1 , 34(4), 781-6) in anhydrous DMF is cooled to

about -20 C and about 0.5 parts odi rono- 5, 5-di ngt hyl/hydantoin is
added in portions. After about one_tg«about 24 hours A sawr at e aqueous

sodi um bi sulfite sol ution id_deg a| I ids ar \ | Lected by

filtration. The solids are roned-beat wéen ethy$race§atwﬂand dilute
agueous sodi um carbonate. Th& organic phase is washed with dilute sodium 20
carbonate then dried and concerifrated to gi ve Conpound 38k WO

2009/ 132135PCT/ US2009/ 041447 756. PF 5 Compound 40

O "

~4 eq. TMSCI 0 o N. 9&
N

~5 eq. Buli OH
42¢

A solution of about one part of 42b and about four parts of trimethylsilylchoride

NH,

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 is allowed to warm to about 0 °C over about three hours. The reaction is quenched with
saturated NaHCOj; 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
BF,-Et,0
2. BCl,

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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40a A solution of about one part of 39 and about four parts of
trimethylsilylchoride 10 in THF is stirred at about 20 to about 60 C for
about 30 won20@/13bat si x hours. The solution is cool ed POTAISRWW/041487t O
about -100 C and a solution of about five parts of butyllithiumin hexanes
is added. After about 30 mn. to about three hours, the reaction is allowed
to warmto about 0O C over about three hours. The reaction is quenched with
sat ur at ed and the mxture is extracted with ether. The ether
extracts are washed 15with brine, dried, and the solvent evaporated to give
40a which may be further purified by chromatography. WO

2009/ 132135PCT/ US2009/ 041447 756. PF 540a40 A sol ution of one part of
40a in d?chloronethane is cooled to about -100 to about -70 C. A 1.0 M

sol ution of E}ﬁy chl oronmet hane (about 10 to 20 parts) is added and the
reaction is stlrre or about 30 mMm to about 3 hours. A m xture of
pyridi ne and 10net hanol (about 1:®¥:is then added to queneh the reaction.
The resulting m xture is slow ned to room tenperature and
concentrated. The residue is ed in about 27% n| m hydr oxi de and
concentrated. This proE&e ég@ ed tw ce. BTR s re-dissol ved

in nmet hanol and concentrat 8% C§ﬁ§ rep d once. The residue is
5%%; " '

purified by RP-HPLC to give umd 41 may be

prepared from Conpound 4§45 i ndhe sa : ' d 5 was prepared
from Conpound 2a. Conpound gz WO 2083?%§§2§5P2%}Usgg%§?041447 756. PF
a 43a

A solution of one part of Compoud 2a in CH,Cl; is treated with about two parts

of BF:0Et; at about -78 °C under an argon atmosphere and about three parts of

10 (CH;=CH-);SnBu,. The reaction temperature is gradually raised to 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 to about 0 °C. After about
1.5 hours, the reaction is quenched with saturated bicarbonate solution and extracted
with CH»>Cls. 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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HO bi-1 42 di bronohydantoirt A solution of about one part
Compound 42a (Patil, et al. ; Journal of Heterocyclic Chem stry 1994,

31(4), 7svo@poyvmzsahydrous DMF is cooled to about -20 CramdSawomsl4@75 parts
of 1, 3-dirono-5,5-di nethyl hydantoin is added in portions. After 10about one
to about 24 hours, a saturate aqueous sodiumbisulfite solution is added
and the solids are collected by filtration. The solids are partitioned

bet ween et hyk, ggetate and di |l ute agueous sodi um carbonate. The organic
phase is washed with dilute sodi umcarbonate then dried and concentrated to
gi ve Conpound 42b. WD 2009/ 132135PCT/ US2009/ 041447 756.PF |1f42b 542c
A sol ution of about one part of 42b and about four parts of
trimethyfsilylchoride in THF is stirred at about 20 to about 60 C for about
30 mn to apQipoShd 4aours. The solution is cooled to about -70 to about
-100 C and a solution of about five parts of butyllithiumin hexanes is
added. After about 30 nin. to abolitlzt hree hours, the reanHion 10 is al |l owed
to warmto about O C over about_ e hours. The reactioh is quenched with
sat urated NaHCO3 and the rrixtu{r isextracted with r. "he ether
extracts are washed wi £ i ~Ndg¥ed, and t hBQ NeMaJpor ated to give

42c which may be further puri 'gg b}bl_pgé,g)gg%é)l_grap

BnO ©OBn BF,-EL,0 BnG  ©OBn
12¢ 44a
1.0,
2. NEBH4

Compound 44 may be obtained in the same manner as Compound 43, starting
with Compound 12c.
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 organisms; tissue or cell cultures;
bioclogical samples such as biological material samples (blood, serum, urine,
cercbrospinal 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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Conmpound 42 may be prepared from Conpound 42a in the sane manner as
Compound 5 was prepared from Conpound 2a. WD 2009/ 132135PCT/ US2009/ 041447
756. PF 5 vgorpaumsel343 A solution of one part of Ceopaisdoo2adisn’
Cl-10Cl12 is treated with about two parts of BF30Et2 at about -78 C under an
argon at nosphere and about three parts of 10(Cl-12=CH )2SnBu2. The reaction
tenperature is gradually raised to rt during about one to four hours. Usual
extractive vweskpp followed by purification by chromatography will give
Compound 43a. Conpound 43a is dissolved in nethanol and dichl oronet hane 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
renove the oacielarlPedtominkbbosoRysthidteng aldesitedlaapiotahenidshe lige.t hen added
in small portions over about 5 mnutes at -78 C. Methanol is added and the
reaction isngﬁﬁﬁ&mﬁéwﬁﬁﬁ‘WHtﬁﬁBﬂ#”@d@fCﬁﬁ@@ﬂﬁ%ﬁbﬁgmﬁ$5“ﬁﬁ@ﬂ@¢ﬂﬁhéVﬂéaction

i's quenched;w S I J r i.t.h CH2C12.
The sonbi ned or iny cLLAIEe p RO IRL LT BN BD SEAES M c

sol vent is resmiviedin anywnaeim iddedingsa@dtiend Srgphicisbivestbytechiammad ogmanby to
give 20 Cbnpogpd 43b. Conpound_ 43b may be_ debenzyl ated in the sanme manner
as Conpound Hdediviia etspbich a8 Bumpiy apdhinap anadg maseialyivch ps el gyures.

chromat pgraphy. \Os2Q0RL3a13 s efviffor CamReHAYs 84 (PElLER2RAY I &:A4]

of the composition can be observed by any method including direct and indirect methods
of detecting such activity. Quantitative, qualitative, and semiquantitative methods of
determining such activity are all contemplated. Typically one of the screening methods
described above are applied, however, any other method such as observation of the

15  physiological properties of a living organism are also applicable.

The antiviral activity of a compound of the invention can be measured using
standard screening protocols that are known. For example, the antiviral activity of a

compound can be measured using the folowing general protocols.
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1. 03 2. NaBH4 Compound 44 may be obtained in the sanme manner as
Compound 43, starting with Conpound 12c, 10 Antiviral Activity

Anot her a®peoty/B213she i nvention relates to nethods of i mrhirhiscéoam4mut al

i nfections, conprising the step of treating a sanple or subject suspected
of needing such inhibition 15with a conposition of the invention.

Wthin the context of the invention sanples suspected of containing a virus
i ncl ude nat as@PFor man-nade materials such as |iving organisns; tissue or
cell cultures; biological sanples such as biological material sanples

(bl ood, serum wurine, cerebrospinal fluid, tears, sputum saliva, tissue
sanples, and the like); l|laboratory 20sanpl es; food, water, or air sanples;

bi opr oduget . Seoncs , WO
2009/13%%35P /ﬁgg%ggfg%ﬁﬁjgﬁgégg%ﬁa582rt%§ﬁlarly reconbi nant cells

synthesizing a desired glyeoprotein; and the like. Typically the sanple
wi || be suspect eBHER1cort3dP nilgaratrypsigind symmieil ehd difgiad es2xd OV belBimL in

i nfection, e ly,.a ogeni i, Sm suc a nor virus. Sanples
can be contg%ﬁggﬁﬂ%m§ﬂ9(géﬁ?ﬁﬂ$?ﬁ§$€&€ﬁ§4@EF§P(gﬁ@&Qﬁﬁé' wpalsmeaief it er

m xtures. SanplR$bovifd sehen ((FBENghdorg ?eﬁ@m@%@wﬁuwﬁtﬁ cel®d e ARPer¥BEE
materials such as cell cultures. 10If desired, the anti-virus activity of a
conpound of ixhderpetiel] Biruapelane appisinearield andpaleebalddnpo s ¢ Gnocsamighte

obser veq, by i.nc ing.dir nd i ndirect .methogds . of ecting
such ac |viF@Emﬁﬁg%?%gg#?§£?gﬁﬁ%ﬁ%k%ﬁ%@%@“ﬁﬁ%gggﬁg'%%ﬁ%#?%%?@%’qgﬁhé)s of

det er mi ni ng0Sus theagtdenid of varied abdccaoai@EPl asechbmponpilsfr 11 hoang 30 (L4a
screeni ng net hods descri bed above are applied, however aqg ot her net hod
ag

such as obsefafa?s B apatherd hogin ey piearashedorsery s PR and fixed wih 6pldani sm
are al so applehCat! §r 10 min. Afrer washing twice with PBS, the fixed cells are blocked with

PBS contaming 1% FBS and 0.05% Tween-20 for 1 hour at room temperature. The

15 primary antibody solution (4G2) 1s then added at a concentration of 1:20 to 1:100 in PBS
containing 1% FBS and 0.05% Tween-20 for 3 hours. The cells are then washed three
times with PBS followed by one hour incubation with horseradish peroxidase(HRP)-
conjugated anti-mouse 1gG (Sigma, 1:2000 dilution). After washing three times with
PBS, 50 microliters of 3,3°,5,5 -tetramethylbenzidine (TMB) substrate solution (Sigma)

20 is added to each well for two minutes. The reaction is stopped by addition of 0.5 M
sulfuric acid. The plates are read at 450 nm abosorbance for viral load quantification.
After measurement, the cells are washed three times with PBS followed by incubation
with propidium iodide for 5 min. The plate is read in a Tecan Safire™ reader (excitation
537 nm, emission 617 nm}) for cell number quantification. Dose response curves are

25 plotted from the mean absorbance versus the log of the of the concentration of test
compounds. The ECs 1s calculated by non-linear regression analysis. A positive conirol

such as N-nonyl-deoxynojirimycin may be used.
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/streptomycin. For testing against dengue

virus, Huh?7 cells are trypsinized and diluted to a concentration of 4 x 10° cells/mL in
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The antiviral activity of a conpound of the invention can be neasured using
standard screening protocols that are known. For exanple, the antiviral
activity wb00¢6236und can be measured using the foll owPog/useevanalds7
protocols. WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5 Cel | - based Fl ayi vi rus

i mmunodet ecti on assay BHK21 or A549 cells are trypsinized, counted
and diluted to 2x105 cells/nL in Hans F-12 nedia (A549 cells) or RPML- 1640
medi a (BHK2%sg¢ekl s) supplenented with 2% fetal bovine serum (PBS) and 1%
penicillin/streptonycin. 2x104 cells are dispensed in a clear 96-well
tissue culture plat es per well and palced at 370 C, 5% CO2 over ni ght 100n

t he next s da n gl fuses |.tiplicit
i nfecti on (WWP §uppzil I?%nte‘f‘?qce{}slg cfé\ﬁ% (\Y/:%l |1%631°&}§H/@§u tfnél?‘r' 1né %q t est
conpounds f aficrblik@uf ceilsuBﬁen@oﬁl'@ﬂ x5 €B) fsafispagidiRs wil ieYbsyelildificgel | s are

washed once with PBS and fixed with cold net hanol for 10 mn. After washing
twi ce with PetymBREpplvinsgbawedplatey @ugreh kel aff glovwpBSegughtan Ailige meiPBS and

0. 05% Tween- ofOlzo &ReGA e .15
sol Ut(l) on (4&2?7 |(§ St/ﬁ(e:?ozlg S%%ena}? %?egoncent %tggl?%‘ﬁ&%f e% gggﬁ%@%&aﬁ%ﬁ%ﬁs
cont ai ni ng &AteBRIitaNdrud (O5IM akapena 2i6aifiodt hBOh@lﬂ)l’:S or W@ degflesviak €.k eRNVIas hed

three tipes. w S f owed by one ho i.ncubation with _horseradi sh
per oxi aile e( Smﬁg}ﬁ 1\@33 M?? PFFSERCE © séfe(@tg%cen%ratmw EST AERRSWNIS- Af t er
washing threge bla’i@%oﬁ‘ﬂa;ntﬂné: t@§wr§9aﬂ3 {E Qhinb&kRis Qe fuf'ther mcub(a d at 3{’ 5 8%

3,3 ,5,5 -tetranet hyl benzi dine (TMB) subStrate solution is added
to each wel CGador 't'2/\h)oum nAit ths end’ hfamr:éaxm)n,o}ﬁﬂlmxcsalm@peﬂCbl)VTMd’ﬁlb Oreagént@ 5 M
The re read at m. abosor ban eIEEr viral | oad

| f
SNt {§cal Piled TR BT HER B Eh A% Rt 3 T B AR R st 4 e ¢ 1

PBS f ol | owedelblsisNqub atakirdinkibREPRIrebH Mrh bR HP10 mitiRs tm%bﬁlz%t eis
read in a Tecan SafireTM reader (excitation 537 nm em ssion 617 nu) for

cel | nuhber lamaescent ssgpal. cimipsewce sepdintsie resgrded sismge 8pratlerd pootive he
mean absor b‘?ﬁnqpoég%}sa%%_%ge 1 egxofﬁ’ﬂtg@“eyﬁ()fmwﬁeﬁ% centration of test

conmpounds. s eal ate fegression analysis. A
positive control such as N-nonyl -deoxynojirinycin may be used. Cell-based
Fl avi yi rus dyitiepal Aictivief irec Moase dyoded bf Desdicigfa@gionnst West Nile virus or
Japanese encephal i ti s virus, BHK21 cells 30 are trypsinized and diluted to

a concentration f%P g{{’LOS Cﬁe}ﬁéSI n. in RPML- 164? di a suppl ?rrent ed with 2%
FBS and 1% peni cI-PRPRALESASHESf €1 1O ot MOBSHT AL 85 FHee vHBnERstion (el Hyh7
cell's are tpynsi mheeshdnss diobw tl@@mﬂ)cgmn&m&émd%@ %&:Qﬁa&ﬁ I's/nL in
WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5 M nmedi a suppl emented wth 5%

FBS and2(% panicial LtdnHélt PEp taonhyaised mAH@@}dwaﬁy ptittlged ofgesdVlice susipgailon (2 x
104 cells) i dIS 96-wel | .optical bgttqom PI T

pol yner - bas aBFI?;\ 8%3 ﬁ%§4%#ﬁgaésg DR O 3\?@?3%8%‘ gh’ Bﬁiﬂflﬂltﬁéalﬁedi um at
37 C, 5% CO%keB rétftrﬂﬂbitaﬂfp@ﬁét@ﬁé ubid e s V¥Srhn Nl a8stMési 1 SB108d gam;ﬁ&%e Shi&kdy) or

Japanese encephalitis virus (e.g. Nakayama strain) at 0.3, or with
dengue vi r us tpbesgcon[ggmngsodlum 01trate to a final concentration of 0.4%, and 1mmed1ately

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 NS1 protein level

determination. 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%
vivi2.5% v/v: 96.6% v/v). Thirty six 6-10 week old AG129 mice are divided into six
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10NGC strain) at MOT = 1, in the presence of different concentrations of
test conpounds. The plates containing the virus and the conpounds are
further iwoubewweizat 37C, 5% CO2 for 72 hours. At the emdTafS2e0owidati on,
100 mcroliters of CellTiter-G oTmreagent is added into each well.
Contents are mxed for 2 mnutes on an orbital shaker to induce cell lysis.
The plates are incubated at roomtenperature for 10 mnutes to stabilize
151 um nescensg pfFgnal . Lurnnescence reading is recorded using a plate
reader. A positive control such as N-nonyl-deoxynojirimcin my be used.
Antiviral Activity in a Mouse Mddel of Dengue Infection. Conpounds are

tested ip vivo_ ln.a nouse | of dengue vi.rous infection (Schyl. et al. J.
i ecti ons Bo0Pt By PRESETAR mit sLSRRE AR Fnah® 7Y RATEHRE Beic
20Uni ver sal (day®). Hidup UK)doséEbh@dBedapdlof T MIAbeIsE Withent igalest cages. M ce
are injected intrapetitoneally with 0.4 nL TSVOL dengue virus 2 suspension.
Bl ood sanpl eenpeuadioftleningentioaitwise grdgy fencepany inuthe nipyaiae ahd eftaiaterin the

anaest hesi a anpd . CO i e nt al ni diumcitrate
to a final %%%lé(gn I‘ﬁgtl on g?%&ﬂ&daﬁg&ﬁ%ﬁe%%g& @irsﬁ@g%eﬁ;}u ub%goc{gggrrlg% m nut es
at 6000g t oimdiattiahy @roapsd, 3 Mids e dod& the sat e kdth 1 dgltic] S1irgek g20idm5780

m croli %]ers RPM - 1640 nedi ym and _gfgrgp frozen in liquid nitrogen for plaque
assay atfal ygigke offie cORAURAmGSRSCHYTY APopriys corEplreRy RepsekisHer and NS1
protein | evelr dRUR4IMALI.ORinoM-GRirey Bl odgNEaNSak | SmNd1. 6l kfg. over

sever al day?, ‘peaki ng) OE\ da§/n03 pgdsrt?%/%ectid}gjr]\. ((:131;6 @g%th?%% n?)"1f1£1[11)’gnti viral
activity, atetehpbordraofl.4-Helidevahty onl gaagh sSHl0vedrdliter8thonshibelsemt: aiyd,

e.g. 10% et hanol , 30% PEG 3Q0.and 60% D5W (5% .dextrose i ter; or 6N HCl
(1.5 eq): 1IN EJIEf’“‘(Vﬂ)CILI‘Sa"v?fi‘j“ﬂ@tg‘cif”{1 STETBYP 15115 eﬁwﬂm &f’%"ﬁ‘ﬁ - pH 3.5 (0.9%
viv:2.5%v/v: 96.6%v/v). Thirty six 6-10 week old AGL29 m ce are divided
into six WO 2000h432 33RGH B3R A0 04kAATy TOGmRToBOFIOBPSaflcSiatM ce each.

All mce are infected with dengue virus as descri bed above (day 0). Goup 1
i s doseld bycengalategavitlyeodigm 2o iarHarmekeelronithe iz ygekerodfitahpemmyounderof t he
invention tw AR r.ni once late.in.the

af t er noon) 1‘2"8{?51;[3, ?grgéégt(q)l%s?%g%l? %%a}éd)ggaéﬁgﬁr 'ie%%hn%ﬂg%g%mge %‘7 PPt fu(%té%l 2]”r’lﬂlst
bef ore dengstapiffizes i bqid niBfogepfor Plagde andy dndlygs. dDiseeblebed pRRTa WaYphes th 1

/kg, 5 [ k nd 25 10 / kg of the conpound, respectively. A positive
(r:rgnt ?O| rmrrgarsgm géqﬂi, b)gﬂ@gprrc?ﬁsagy as described in Schul er al. Cytokines are giso analysed as

(2R 3R, 4R, 5 ~ 121810 185, 6- - iN-9: o rhyl-3- hyl tetr
ahydr o- f ur a%%%%(%dw S@ggeﬁgggg or%wgrg\%%%ﬂé% GCEB%M%E ?r(%%rﬁt e%islt/(%)ol?saaé t he
same wa3dl asLsbveatpries)i dusangiroupsifccdif mdiched bygmoeguctisn tir @atidde Wwivelk andby
vehicle fl u]-[KYgl M dggg% post-infection approximately 100 mcroliter blood
sanmpl es (ant'P! PiB*B08 G ated with sodiumcitrate) are taken fromthe nice
by retro-orbital puncture under isoflurane anaesthesia. Plasna is obtained
from each bl ood $asRAIE, RMubEsMs i T 1HGat AMbaRG- S0TeR1d, hREERpidal 1180tk t r ogen
for plague assay anal ysis. The collected plasma sanpl es "are anal yzed by
pl ague assagrogidyriedbr1bae ol aoppipined wath 5- T makierhed degagesadisbe ermapywdel as as
descri bed by t§gn}q)enﬁ(g\11181 protein levels are analysed using a PlateliaTMKkit
( Bi oRad 20La€3ora ories). An anti-viral effect is indicated by a reduction
in cytokine levels and/or NS1 protein |evels.

25

©

HCV 1C5, Determination

Assay Protocol: NS5b polymerase assay (40 pl.) was assembled by adding 28 uL
polymerase mixture (final concentration: 50 mM Tris-HCl at pH 7.5, 10 mM KCL, 5
30 mMMgCl, 1 mM DTT, 10 mM EDTA, 4 ng/uL of RNA template, and 75 nM HCV
A21 NS5b polymerase) to assay plates followed by 4 pL. of compound dilution. The

polymerase and compound were pre-incubated at 35 °C for 10 minute before the addition
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Typically, reductions in virem a of about 5-100 fold, nore typically 10-60
fold, nost typically 20-30 fold, are obtained wth 5-50 ng/ kg bid dosages
of the cowpaomwds26 the i nvention. 25 HCV | Cso Det er mi n®Cirars2009/04144Assay
Protocol : NS5b pol ynerase assay (40 pL) was assenbl ed by adding 28 1,1,

pol ymerase m xture (final concentration: 50 nmM Tris-HC1 at pH 7.5, 10 nM
KCL, 530 MM MC 2, 1 mM DTT, 10 nM EDTA, 4 ng/uL of RNA tenplate, and 75
nM HCV A21 M&bbrpol ynerase) to assay plates followed by 4 'IL of conpound
dilution. The pol ynmerase and conpound were pre-incubated at 35 C for 10

m nute before the addi tion WO 2009/ 132135PCT/ U82009/ 041447 756. PF 50f 8

pi, of nucle str xtu etln n eot) de at
R and 005 S0 B S RUTRIE! s et it S0 5 QREs el BT s e 6
cover ed andO'SHﬁMQﬁttE@reﬁ{axﬁﬁ% BrfoqucROia®g). Raaaidpphtditlge E&x%eecf drlgt er ed

t hrough 96-wel| DEAE-81 filter plates via vacuum The filter plates were

t hen washedingnbried #ZSUGMORPY mimieacpons west theadilisfedohnopsh B ABEngt er
and et hanol yni ne t Pl at were t he ed on
o ot o LGSR HALBE OFRHIAL Bk ARG el et e GRS e

The | C50 vakul@mies ofi@ 25 M NeHPOg, wigerPhnddthdrdl td Regnove Q@imadiporated labdlr efagsabl vy,
conpounds descri bed herein_inhibited NS5b _pol ynerase with an |1 C50's bel ow

1000 p. M niice theres@inks gp “&&Qﬁwﬂmwmmel%momﬁimﬁmtéﬁww batkeypund

11114. For gXAIR erh URd i et m}lgqq AW 15 HCV EC50
Det er m nati on : ?conlce ‘%}ﬁﬁr\}\erg eed%g i ngflféa%%m plates at a
density of 8 X 19&f@e&1yscqnq:roumésl destiibed 0@relid Inhibitd] NIAL potenerash with aexcl udi ng

Geneti ci n. npound was serially diluted i n 20100% DVBSO and then added to
the cells a{ saSivemo W0 1 ware Bietsrably BRiow 1P wafl. aed mashpresrakin beiovol 506 DVBO
and a total 20 t at 37C for 3 days, after
whi ch cul tuPN/P #On%xgn%g Qomepoundgt@%%éf"ef(ﬁ, s&%lr)gml%sed in lysis buffer

provi degs by Pronmega's |uciferase assay system Follow ng the manufacturer's
instruction, 100 tL of luciferase substrate was added to the |lysed cells
and | uci f er B§&Y B6 saBeteyminatigns measured in a TopCount | umi nonet er.

Pref erably, conpounds descri bed herein have EC50's bel ow 1000 pM nore
preferably bel ow 100 uM and nost preferably bel ow 10 | AA

Representative eRapiploaselid weivaeattliiv Dé-wellfplitbeatcodgnoinass Foohadilapkrwell are

shown in the T elowwh rein resents an EC5 belowltM
represents ah@mlE@g lyes e Hmﬁ&%@l% Mﬂcah&oelwagé@%P&rgaﬂaﬁiﬂﬁﬁe%et ween
10 and 300 pddo, phaGoRfid Midn addéd to the cells at a 1:200 dilution, achieving a final

concentration of 0.5% DMSO and a total volume of 200 pl.. Plates were incubated at
37°C for 3 days, after which culture medium was removed and cells were lysed in lysis
buffer provided by Promega’s luciferase assay system. Following the manufacturer’s
mstruction, 100 pL of luciferase substrate was added to the lysed cells and uciferase
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 [-I1I are
shown in the Table below wherein A represents an ECsp below 1 uM, B represents an

30 ECs between 1 and 10 pM, and C represents an ECsp between 10 and 100 uM.

Example No. | EC5j, pM
2 C
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6 A B 13 The cytotoxicity of a conpound of the invention can be

determ ned using the follow ng general protocol. WO
2009/ 13216R@ 1383809/ 041447 756. PF 5 Cytotoxicity Cel | PCulusaooo/odsigay
(Det erm nati on of CC50): The assay is based on the eval uation of

cytotoxic effect of tested conmpounds using a netabolic substrate. Assay
protocol for determ nation of CC50: 101. Maintain MI-2 cells in RPM -1640
medi um suppl7efieRt ed with 5% fetal bovine serum and antibiotics. 2.
Distribute the cells into a 96-well plate (20,000 cell in 100 41 nedia per
wel I') and add various concentrations of the tested conpound in triplicate
(100 ) _tl/well). Include untreatred C%n[rui. 153 —tncubate the cells for 5
days at 37 C. 4. Prepare XIT sollution (6 m per assay plate) in dark at a
concentration of 2ng/nl in a phgsphat4e-bufifered saline pH 7.4. Heat the
solution in a water-bath at 55C|for-5-mm [Add 50 p1 of N nethyl phenazoni um
met hasul fate (5 fig/ml) per 6 nij of XTT sal utifon

6 A
12 B
13 B

The cytotoxicity of a compound of the invention can be determined using the

following general protocol.
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205. Renove 100 H. 1 nedia fromeach well on the assay plate and add 100 I A
of the XTT substrate solution per well. Incubate at 37 Cfor 45 to 60 mn
in a CO wocuators 6. Add 20 il of 2% Triton X-100 pecTwskéooel4gt op t he
met abol i ¢ conversion of XTT. 7. Read the absorbance at 450 nmw th
subtracting off the background at 650 nin. 8. Plot the percentage
absorbance relative to untreated control and estinmate the CC50 25val ue as
drug concentsgihon resulting in a 50%inhibition of the cell growh.

Consi der the absorbance being directly proportional to the cell growth. Al
publications, patents, and patent docunents cited herein above are
incorporated by reference herein, as though individually incorporated by
reference. 30 The invention has been described with reference tokyialrl gu_s
specific and . ' Rl g wever, one skilled in
tE\e art wl Icg{r?géexﬁgslhgﬁgﬁt g@kﬁﬁéﬁv@}?%pﬁgﬁéo%ﬁﬁé%mqfi cations may be nade
whi | e renai ni ng Witidussaytikdasgioni the andui00 PE cpbioxiee oy eMtitedcomM¥aAnds using a
2009/ 132135PCT/ US2009/ 041447 756. PF 5What is clainmed is 1. A conmpound of
Formula |: RPEBMIUESTa800r a phar maceutical |y acceptabl e saIE, ;herﬁgf;
wherei n: eac - , - Of Fg:hndependently H, ORE, N(Ra)?2, ,
CN, N2, O?Slg%l ’éﬁoé’éyr? de%%”c%%ﬁ%?@?m- C8) car bocycl yl al kyl ,

( C1- C8) slibst 1.t Madtaml M2 call€2n REMAl Kedfiyhediv(rC2u gB)ra esd withi Sedfead] keviyt ,
(C2-C8)al kYrlyi ey ngﬁ-é(a};@.ubsti tuted al kYrlYl, 15or aryl (G -C8)al kyl;

or any two R1, ° 008} R5 onadj acent carbon atons when taken

t oget her arej- %@Q)ﬂg& {1 et 8o b Ak ERe1T ﬁgﬁ%@b%@@m&%@ i E{E%la%:;%rr Q%Q) %m; Ntcg

which they are attached form a doubl e

S(0), Ra, - C(=0pf1 tgriou€cafefitions 20103 NRIGRIAINd e 100 B¢ O))Ritiude
"S(0y2RLL - SQMEOR cdtrot, 3 0 2L ORLL)
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/ml in a
phosphate-buffered saline pH 7.4, Heat the solution in a water-bath at 55°C for 5
min. Add 50 pl of N-methylphenazonium methasulfate (5 ug/ml) per 6 m! of XTT
solution.

20 5. Remove 100 pl media from each well on the assay plate and add 100 pl of the XTT
substrate solution per well. Incubate at 37 °C for 45 to 60 min in a2 CO, incubator.

6. Add 20 pl of 2% Triton X-100 per well to stop the metabolic conversion of XTT.

7. Read the absorbance at 450 nm with subtracting off the background at 650 am.

8. Plot the percentage absorbance relative to untreated control and estimate the CC50

25 value as drug concentration resuiting in a 50% inhibition of the cell growth. Consider

the absorbance being directly proportional to the cell growth.

All publications, patents, and patent documents cited herein above are
incorporated by reference herein, as though individually incorporated by reference.
30 The invention has been described with reference to various specific and preferred
embodiments and techniques. However, one skilled in the art will understand that many
variations and modifications may be made while remaining within the spirit and scope of

the invention.
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- SO2NR11R12, hal ogen, (Cl-C8)alkyl, (C4-C8)carbocyclyl alkyl,

(G -C8)substituted al kyl, (C2-C8)alkenyl, (C2-C8)substituted al kenyl,

(C2- CB) alworrg#9/13¢B32- C8) substi tuted al kynyl, or aryl (G - €8yaiskeom/oer4s4R6 and
either RI or R2 when taken together are - 0(C0)0-; 25each n is

i ndependently 0, 1, or 2; WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5each Ra
is independently H, (C -C8)al kyl, (C2-C8)alkenyl, (C2-C8)alkynyl,

aryl (Cl - C8) a}g&sp, (C4-C8) carbocycl ylal kyl, -C(=0)R11, -C(--0)0R11,

-C(=0) NR11R12, - C(=0)SR11l, -S(0)R11, -S(0)2R11, -S(0)(OR11l), -S(0)2(0R11),
or -S2NR11R12; R7 is H -C(-0)0R11, -C(=0)NR11R12, -C(=0)SR1l,

-S(0) R11 -Fﬁ?(O)ZRll, -S(0) (OR11), -S(0)2(0R11), -SO2NR11R12, or 10w2

each Y of Y s glaimehdhdent 1y, 0, S, NR N(0) (R, N(OR), +N(0)(OR), or

N NR2; WL and W2, when taken together, are -Y3(C(Ry)2)3Y3-; or one
of WL or W2 together with either R3 or R4 is -Y3- and the other of WL or W2
is Fornula la; oA sdnmmdd ¢bB@madel:each, i ndependently, a group of the
Formula la.:

8
R« (y2 Y2 R
X?
\ X
O—CH, \ N =
O N RQ
RS
R3 R’I Rs
R* R?
Formula I
10 or a pharmaceutically acceptable salt, thereof;
wherein:

each R', R*, R?, R?, or R® is independently H, OR?, N(R%),, N1, CN, NO»,
S(O)R?, halogen, (C;—Cs)alkyl, (C4—Cs)earbocyclylalkyl, (C;—Cy)substituted alkyl,
(Co—Cgjalkenyl, (C,—Cy)substituted alkenyl, (Co—Cyg)alkynyl, (Co—Cg)substituted alkynyl,

15 oraryl(C;-Cg)alkyl;

or any two R, R% R, R4, 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, NO2, S(O),R?, -C(=O)R!!, -C(=0)OR ', -

20  C(=0)NR'R", -C(=0)SR'", -S(O)R", -S(O)R"", -S(ONOR'"), -S(0),(OR '],
~SO,NR''R', halogen, (C;—Cy)alkyl, (C4—Cg)carboeyclylalkyl, (C1—Cg)substituted
alkyl, (Cp~Cglalkenyl, (Co—Cg)substituted alkenyl, (Co—Cglalkynyl, (Co—Cy)substituted
alkynyl, or aryl{C,-Cs)alkyl or R® and either R or R? when taken together are —
O(COYO-;

25 each n 1s independently 0, 1, or 2;
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756.PF

5 each R® is independently H, (C,-Cg)alkyl, (C,-Cg)alkenyl, (C»-Cg)alkynyl,
aryl(C;-Cg)alkyl, (C4—Cg)carboceyelylalkyl, -C(=0)R", -C(=0)OR'"!, -C(=0)NR''R"?, -
C=0)SRY, -S(ORM, -S(ORR, -S(O)ORM), -S(O%L(OR™), or —SO,NR''R™;

R’is H, -C(=0)R", -C(=0)OR", -C(=0)NR''R", -C(=0)SR", -S(O)R", -
S(O)R", -S(O)NOR'Y, -S(O)(OR), ~SO,NR''R", or
Y

T

10 w2 :
each Y or Y' is, independently, O, S, NR, "N(O)(R), N(OR), "N(O)(OR), or
N-NR;;
W' and W*, when taken together, are =Y *(C(R¥),)3Y-; or one of W' or W*
together with either R® or R* is =Y°- and the other of W' or W is Formula Ja; or W' and

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

Y‘§
Rx Y2—pP Y2
I
|
M2
Formula la

wherein:

each Y7 is independently a bond, O, CR,, NR, "N(O)R), N(OR), "N(O)(OR),
20 N-NRy, S, 85, §(0), or S(O}s;

each Y° is independently O, S, or NR;

M2is 0, 1 or 2;

each R” is independently R” or the formula:
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Formul a 1 a wherein: each Y2 is independently a bond, 0, CR2, NR
+N(0) (R), N(OR), +N(0)(OR), 20 NNR2, S, S-S, S(0), or S(0)2; each Y3 is

i ndependewl2g093285 or NR;, M2 is 0,1 or 2; each Rx is i mdepspaentis7 RY or
the forrmula: WO 2009/ 132135PCT/ US2009/ 041447 756. PF wherein: each M a,
Mc, and Md is independently O or 1; M2c is O, 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11 or 12; each RY is independently H F, d, Br, I, OH R -C(Y1)R
-C(=Y1)0R, 754.PE(=Y1)N(R)2, -N(R) 2, -+N(R)3, -SR -S(0)R, -S(0)2R,
-S(0)(0R), -S(0)2(0R), - 0C(=Y1)R -0C(=Y1)OR -0C(=Y1)(N(R2), -SC(=YI)R,
-SC(=Y1)0R, - SC(=Y1)(N(R)2), -N(RC Y1) R -NRC=Y1)OR -NRC(=Y1)N(R) 2,
-S2NR2, -CN, -N3, -N&2, -OR, or WB; or,when taken together, two RY on the
same carbon atom form a,garbocyglic ring of 3 to 7|/cghbon atjonms; 15each R
[ , (C2- C

) al kenyl, (C2-C8) syubsti C2-C8) al kynyl, (C2-|C8) wbstituted
al kynyl, C6-C20 ary yI, C2-C20 -
substituted hetega ed-aryl al ky M1 \B
-S07Ws; and Wb is a

is W or Wo;, W i , -C(YL)R -C(Y1) Wb, R Q
20car boc%cl e or a heterocycl Misherein Wb is i nd«%endent |y substituted with
0 to 3 RY groups; each XI or X2 is independently CRl or N; each R8

i s hal ogen, NR1lRhgreimy R11) OR11, NR1INRI1R12, N3, NO, NC2, CHO, CN,
25 ~9) NRLIRL?, SR S RIS e AbEy ey (2. B) al kynyl
(C4-C8) car bocycl Miakbkyd,,1, apd,idosad,I7yssyhet it wt €t aryl, optionally
STyl (G- G8) al Kyl cacbitl ibndggendghtclich, (oBbr. R Rs S rieBbnabny DOR  hal ogen,
NRL 1R1Z5 NCREYHN(R),, -N(R)s, -"N(R)s, -SR, -S(O)R, -S(O)R, -S(O)(OR), -S(0)2(OR), -
OC(=Y"R, -OC(=Y"OR, -OC(=Y"(N(R),), -SC(=Y "R, -SC(=YOR, -
SCEYHINRY), -NR)C(=YNR, -NR)C(=YHOR, -NR)C(=YIN(R),, ~SO;NR,, —CN,
—N3, -NO,, ~OR, or W or when taken together, two R on the same carbon atom form a
carbocyclic ring of 3 to 7 carbon atoms;

I5 each R is independently H, (C,-Cy) alkyl, (C,-Cs) substituted alkyl, (C,-
Cyalkenyl, (C2-Cs) substituted alkenyl, (C2-Cs) alkynyl, (C-Cy) substituted alkynyl,
Ce—Cyy aryl, Ce—Coq substituted aryl, C;—Csq heterocyelyl, C,—Caq substituted
heterocyclyl, arylalkyl or substituted arylalkvl;

W is WHor W' WHis R, -C(YHR?, -C(YHW?, -SO,RY, or -SO,W*; and W is a

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

each X' or X7 is independently C-R'® or N;
each R® is halogen, NR''R", NR™HOR"', NR''NR"'R'?, N3, NO, NO,, CHO,
CN, -CH(=NR"), -CH=NHNR", -CH=N(OR"), -CH(OR),, -C(=O)NR''R'%,

25  -C(=S)NR'R", -C(=0)OR", (C)-C)alkyl, (C-Cg)alkenyl, (C2-Cglalkynyl,
(C4—Cg)carboeyclylalkyl, optionally substituted aryl, optionally substituted heteroaryl, -
C(=0)(C)-Cy)alkyl, -S(O)n(C-Cy)alkyl, aryl(C;-Cy)alkyl, OR™ or SR'';

each R’ or R' is independently H, halogen, NR''R"2 N(R'HOR'', NR''NR''R 2,
N3, NO, NO, CHO, CN, -CH(=NR'"), -CH=NHNR "', -CH=N(OR'"), -CH(OR'),,
30 -C(=O)NR'R", -C(=$)NR''R™, -C(=0)OR*}, R!!, OR" or SR'';
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UK NRLI NRI'| R12 N3, NO, N2, CHO CN, -CH(=NR11l), -CH=NHNR11,
-CH=N(OR11), -CH(OR11)2, 30-C(=0)NRI1R12, -C(=S)NR11R12, -C(0)OR, R11, OR'
or SR'; W02B@082132135PCT/ US2009/ 041447 756. PF 5each RPLCTAIS2000241487

i ndependently H, (G -C8)al kyl, (C2-C8)al kenyl, (C2-C8)alkynyl,

(C4-C8) carbocycl ylal kyl, optionally substituted aryl, optionally
substituted heteroaryl, -S(0), (G -C8)al kyl or

aryl (Cl- C8) abkyF; or RL1 and R12 taken together with a nitrogen to which
they are both attached forma 3 to 7 nmenbered heterocyclic ring wherein any
one carbon atom of sai d heterocyclic ring can optionally be replaced with -

(122(2) C8) k%yl or aryI ?rRuﬁng%&%dgﬂﬁhH @i %Alﬂ%ﬁ%&%ﬁﬁﬁ? kcﬁé%&)ﬁﬂ or

R12 is, i nde(memgﬁﬁ:ﬁ)byycl}dplﬂcyb npﬁdmansubss&mﬁtaa @@ri,w;ghbn@n@u@mrmfea Betdtfail, -
hydr oxy, Qh; wherein one or nore of £ nont enni nal
&

carbon at ong(b@)(@a el ds(@lncmwlk)ﬂlOflaéYiffbtq:zﬁ#&Vll gr Rélpﬂnd(?edtakm together - S

- 15NRa- E | L]
0 S SO ARG 09 L0, FLONE o Y EGRLAELRIERLIU 1
accor di ng t oheled ay cheearban wher ef suidRBetérschdicaii@tan Nﬁhoxﬂaﬁg bN(rEfﬂléc)e@%ﬂh

NR11NRI &1}2 OrR11 OI{(&ESR" 4. A conpound accordi ng any one of clainms 1-3
wher ei n Ps - - WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5 5. A

conpound accor di Rgelt ARY (ONE;)AfkyE (@)-tBakeftyMEr E)RAKRA1I6S a1 @ -Gyalkyl of
each R', R%, R®, R*, R°, R®, R" or R" is, 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;-Cs)alkyl is optionally replaced with -O-, -S- or —

15 NR'-

2, A compound according to claim 1 represented by Formula 11

Formula II

20
wherein X% is C-R'" and each Y and Y' is O.

3. A compound according to claims 1 or 2 wherein R® is halogen, NR''R*,
NER'HYORY, NRNRVR!?, OR! or SR,
25

4. A compound according any one of claims 1-3 wherein R® is H or NR''R*,
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1T W w2 6. A conpound according to any one of clains 1-5 wherein R6 is
ORa, N3, hal ogen, CN, nethyl, hydroxynethyl, substituted nethyl, ethenyl,
substi t utwo 2eadsenss, et hynyl, or 10substituted et hynyl . PCT/US2000080TUNd
according to any one of clainms 1-6 wherein X2 is CH and R3 and R5 are each
H. 158. A conpound according to any one of clainms 1-7 wherein at |east one
of R2 or R4 is ORa. 9. A conpound according to any one of clains 1-8
wherein X i gsflper C-RL wherein Rl is H, halogen, CN or optionally
substituted heteroaryl. 20 10. A conpound according to any one of clains
1-9 wherein R2 and R4 are each ORa. 11. A conpound according to any one of

clains 110 wherein R2 and R4.are OH 2512 A c ound. according to any one
of clain% 1§11 é%@ﬁﬁu%?mﬁ§ﬂkfg§)mnuﬁfg%c%@ﬁ@ﬂggﬁﬁ§£5€@o¥éfﬁb to any one

of clainms 1-11 whereinOX1l is CH. 14. Aconpound according to any one
of claims 1-13 wherein||Rl iss H nethyl, 30 CH2OH, CH2F, ethenyl, or

ethynyl. 756. PF 515.-A° ound according to any one of clainms 1-14 wherein
W and W2 are each, independently, a group of the Forrmula la. 16. A conpound
according to and one clainms 1-14 wherein O w w2 wherein Y2 is,

i ndependently, a bona, 0, or CR2.

6. A compound according to any one of claims 1-5 wherein R® is OR?, N, halogen,
CN, methyl, hydroxymethyl, substituted methyl, ethenyl, substituted ethenyl, ethynyl, or
10 substituted ethynyl.

7. A compound according to any one of claims 1-6 wherein X° is C-H and R® and

R’ are each H.

15 8. A compound according to any one of claims 1-7 wherein at least one of R® or R*
is OR™
0. A compound according to any one of claims 1-8 wherein X' is N or C-R'?

wherein R'" is H, halogen, CN or optionally substituted heteroaryl.

20
10. A compound according to any one of claims 1-9 wherein R? and R* are each OR?.
11. A compound according to any one of claims 1-10 wherein R? and R* are OH.

25 12. A compound according to any one of claims 1-11 wherein X' is N.
13. A compound according to any one of claims 1-11 wherein X' is C-H.

14.  Acompound according to any one of claims 1-13 wherein R' is H, methyl,

30  CH,OH, CH,F, ethenyl, or ethynyl.
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WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5 17. A conpound according to any
one of clains 1-14 wherein R7 is H 18. A conpound according to claiml
that is NwRNBBNBR2135 100r a pharnaceutical ly accept abl epPsalus2ataouref . 19. A
conpound according to any one of clainms 1-18 that is in a foul™ of a
racemat e, enantioner, diastereoner, tanoner, polynorph, pseudopol ynorph or
anor phous foim WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5 20. A

phar maceut i ¢ggg.pgonposition conprising a therapeutically effective anount of
a conpound as in any one of clains 1 to 19 and a pharnmaceutically
acceptable carrier. 21. The pharmaceutical conposition of claim20 further

conpri si pg | egst__one. additi.onal therapeutic ent. .10, 22. . The
pharnacegtiggl c%h%%pf?Pgﬁm%¥&% g?%%ﬁ&?cﬁﬁgﬁgfHﬂgaqﬁmaﬂth?%ﬁglmFﬁ@ﬁhpeutic
agent is selwkpedechiinmdhe grtbePoeansisting of interferons, ribavirin

anal ogs, NS3 protease inhibitors, NS5a inhibitors, NS5b pol ynerase

i nhi bitors, al pha-glucosidase 1 inhibitors, cyclophilin inhibitors,
hepat opr ot egkant ,:gﬂn- j i.hi. ki 7L and ot her drugs for
treating HC?/Is 2?6 n@?ﬁgécf%gcﬁh?ﬁoh%“@imtn?ﬁg%ﬁ{'fg%ﬁ%?%%e conprising the
adm nistration to a mammal in need of suc@ treatnent a therapeutically

ef fective anount of a conpound of any one”of lains 1 to 18. 20 24. A

met hod of treating a viral infection caus d“b% a virus of the Flaviviridae
famly conprising the adnini stratiof’to mammal in need of such treatnent
a therapeutically effective anobunt of a npound or pharnmaceuti cal

conposition of any one of clains 1 to 18.
10 is selected from

O O
/LI/NHR /g/o S\(C(R)s
Y ] ]
0 0 2
{R S R S
Rla >—C<R)3 RL >—C(R)3
0 : o :
9 o)
§/Q/E\/KO/R e
CHg /,ﬂ/o
0 N g \
| o
N
(R)n : WP or
O
!:!/O\](O\H/YQ\R
e
Ton ]
0O

R >__Y\

wherein Y is, independently, a bond, O, or CR..
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25 25. The nethod of claim 23 wherein the viral infection is caused by a
virus selected fromthe group consisting of dengue virus, yellow fever
virus, Wes020bd82185r us, Japanese encephalitis virus, ti @KThSR00/041447
encephalitis virus, Kunjin virus, Mirray Valley encephalitis virus, St.
Loui s encephalitis virus, Orsk henorrhagic fever virus, bovine 30viral

di arrhea vi Zika virus and Hepatitis C virus. 26. The nethod of claim
25 wherein the viral infection is caused by Hepatitis Cvirus. WO

2009/ 132135PCT/ US2009/ 041447 756. PF 527. The net hod of any one of clains
24-26 further conprising adm nistering at | east one additional therapeutic
agent . 28. The nethod of claim 27 wherein said at | east one additional

t her apeuti cyagen RS L.SL 0 nt er f er ons,
ribavirin ang | og Ad @ﬁh?g«%@gﬁéﬁ%ﬁ k%ﬁg%%ﬁﬁﬁﬁ,@%’g&tgﬁgﬁeﬁ alge i nhi bitors,
NS5a i nhi bitors, alpha glu005|dase 1 inhibitors, cyclophilin inhibitors,
hepat opr ot e ant , hon-n cleo ide inhipitors of HCV, and other drugs for
treati ng HCWV: . CORIPRY %%“Vﬁmgh }Hh§ of claims | to 18 used in the
manuf act ur e of a 15ned|cangnt for treatingya viral infectiogicaused by a
Vi rus selected fromthe group consi st f dengue vir ell ow fever
virus, West apanese encephal i tN ¢ -Bbwne

encephal i ti rd&N&%IIe¥5 ) thé virus, St.

i rffeagi c fever v 5 bovi ne V|ral

Itis Cvirus. 20_4 0. A conmpound or
HO OH , OH ;
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10 orapharmaceutically acceptable salt thereof.

19, A compound according to any one of claims 1-18 that is in a form of a racemate

*

enantiomer, diastereomer, tautomer, polymorph, pseudopolymorph or amorphous form.
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20. A pharmaceutical composition comprising a therapeutically effective amount of a

compound as in any one of claims 1 to 19 and a pharmaceutically acceptable carrier.

21. The pharmaceutical composition of claim 20 further comprising at least one

additional therapeutic agent.

22.  The pharmaceutical composition of claim 21, wherein said additional therapeutic
agent is 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.

23. A method of inhibiting HCV polymerase comprising the administration to a
mammal in need of such treatment a therapeutically effective amount of a compound of

any one of claims 1 to 18.

24, A method of treating a viral infection caused by a virus of the Flaviviridae family
comprising the administration to a mammal in need of such treatment a therapeutically
effective amount of a compound or pharmaceutical composition of any one of claims 1

to I8.

25. The method of claim 23 wherein the viral infection is caused by a virus sclected
from the group consisting of dengue virus, yellow fever virus, West Nile virus, Japanese
encephalitis virus, tick-borne encephalitis virus, Kunjin virus, Murray Valley
encephalitis virus, St. Louis encephalitis virus, Omsk hemorrhagic fever virus, bovine

viral diarrhea virus, Zika virus and Hepatitis C virus.

26.  The method of claim 25 wherein the viral infection is caused by Hepatitis C

VIrus.
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27. The method of any one of claims 24-26 further comprising administering at least

one additional therapeutic agent.

28.  The method of claim 27 wherein said at least one additional therapeutic agent is
selected from the group consisting of interferons, ribavirin analogs, NS3 protease
inhibitors, NS5b polymerase inhibitors, NS5a inhibitors, alpha-glucosidase 1 inhibitors,
cyclophilin inhibitors, hepatoprotectants, non-nucleoside inhibitors of HCV, and other

drugs for treating HCV,

29. A compound as in any one of claims 1 to 18 used in the manufacture of a
medicament for treating a viral infection caused by a virus selected from the group
consisting of dengue virus, yellow fever virus, West Nile virus, Japanese encephalitis
virus, tick-borne encephalitis virus, Kunjin virus, Murray Valley encephalitis virus, St.
Louis encephalitis virus, Omsk hemorrhagic fever virus, bovine viral diarrhea virus, Zika

virus and Hepatitis C virus.

30, A compound or method as described herein.
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