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 substiteited aryl al kyl ; VB is Wt or Wb; Wis 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 , > fﬁ?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 NRIINRI [R12, N3, NO7j NO2, CHO, CN,
- CH(=NR11), -CH=ENHNRLL, Y- CH N (OR11) 2 ¥

-C(=S)NRI 1R12, - :

i ndependently H, ( k : I RY
(C4-C8) car bocycl yl ob%' adlaryl, o y
substituted hetengatyl, - 13 C(=0)(Ci - galkyl/ -S(0), (G -d8jdikyl or
aryl (G -cC8)al kyl; or RH and t aken together WM*%h a nitrogen to which

they are both attached forma 3 to 7 nenbered heterocyclic ring wherein any
one carbon atom @hesai:d heterocyclic ring can optionally be replaced with -
O-n -5 or -NRa- M1a, Mlc, and M1d is independently 0 or 1;
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, -
CEYINR)2, -N(R)z, -'N(R)3, -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



wherein each (Cl-C8)al kyl, (C2-C8)al kenyl, (C2-C8)alkynyl or
aryl (Cl1-C8) al kyl of 20each RI, R2, R3, R4, R5, R6, Rll or R12 is,
i ndependewOl2g99/Gpt3sonal | y substituted with one or nore raraiS20v9asty, CN,

N3, N(Ra)2 or OR% and wherein one or nore of the nonteiiiiinal carbon atons
of each said (C/-C8)al kyl nmay be optionally replaced with -0-, -S-or In
one enbodi nent of the invention of Formula Il, RL is (Cl-C8)al kyI, (C2-C8)

25 al kenyl @66.PE2-C8) al kynyl. I n another aspect of this enbodinent, Rl is
(C -C8)al kyl. In another aspect of this enbodinent, Rl is nethyl, CHQO—I
CH2F, ethenyl, or ethynyl. In a preferred aspect of t hi s enbodi nent, IS

methyl. §n anot heachqnzgelg %fd"e%%xd@ﬁt%ﬁél% Wﬁzlerﬂw AL ; Nfi@tzs& 05‘ %8%

enbodi nrent of Fornul a

30hal ogen, {NOYs cslpamw CH(:@NR@) @WHMR{‘eeCIa+M@R‘11 QZHGBRHDZKenyI

[ anot ner - ACpRERR CRFL %ﬁ%&?ﬁ%@hﬁ”é@ﬂ“( BRI SES L

hal ogen. | ncapather (@ﬁ@fétarb%t:yél ﬁ'aﬁcy? Ir_ﬁ)bst%teﬂ %r)}l" p% zﬁyﬁbsﬂ\t@ed CN, or

hal ogen. I n another aspect of this é | ogen and R1

is H, (CI Cﬁéﬂaidﬁwh, %@}(%ﬁshﬂiﬂénﬁ[onfcl amm@mfymx&wm 032‘0&%041447

756. PF C8) al k t he S t S;.GRa or
F and R |s nﬁ?‘%{}%@ éH 1,5 @i%ﬁaly«gf %@W@Fn %zg n&%ﬁa}@f@‘r’ed
aspect of tmgm@mw@ﬁot CNRZCH%I@U ANAHBNHNR M uor?ct )CHZQ@RWZF _
et henyl, or et hyn I Jn _anot hqlr pref erred aspect of t |s enbodi rreni R2 is
ORa and Rl r(é(ml@)N RanoCEFegr)NBr ar-C60K¥beR PR hir$Retbodi nent, R2 is OH

R i H et byl G “"iff:%rdrsﬁ%gﬁsﬁeﬁt (P f’fbﬁﬁa%%whe@% by
aspect of tpt ﬁcgrs@@@b%@ysmlkyﬁ%ph&m@?sumt&l atiy®, oﬁbﬁbﬁmiy subghra{e@ﬁéﬂefogmarl y

preferred aspect of t enbodi nenf '131 met
one enbbdi nﬁh“t‘olﬁfh ﬁ@)alh}’lsaS‘ICP)ﬁ(CRﬁja)@kH Or@f?iccil\@zﬂ)@m’l NBR Gﬂdfé kerha)lgotgem

Cl- C8) al k C8 I t of thi

rbodi ent . " R SR Y gégé&‘%%%éy@éa@ mflﬁ?%lgiﬁﬁ%%%wlﬁn% s
H In anot h%e&i@é@wn@@a@aﬁ@c&n of sdidh&e® He rEfladed Wik OF

hal ogen and Rl is H_(C-C8)al kyl, (C2-C8 Ikenyl or (Cg C8) al kynyl . In

anot her asp&ct-SoPr thRk's; embodiment, R3is H R2 is Qe or Fand Rl is H,

embodi rent - R3 %ﬁe*“péagﬁ@'b&ﬁkaﬁt(@? O ateh Ao PR RIRR D Gl Rt i «

embodi nent , each® 'RBZ,iRS, RY, 2RI, ROt RRds, mdepsndmtmwpnohmyagmegthetredassmeﬁlts of

E E: o gggg: ﬂ”’g%e 1@0 Ihgdrﬂxya%“ &ﬁ%ar AR @dwherfﬁy Qﬂ%gh%ggeégfgé%gosngf ‘ h|Ofs
g?blgglr xlnta f(fiﬂﬁ%hg%rgorﬁéoﬁggf B@h'sﬁld%@%g)aaé\lﬁlﬁggé optlgflalig Jeﬂia?%ew O -
(C2-CB) al keny~|~NEr— (C2-CB) al kynyl In a preferred aspect of this

ool e L e b e P %a%@%awﬁcéaaa@%gﬁw o
(2, o128 Yy OSSPl F SR ARRSEE AL RS SIPREATRN 30 o

enbodi nent , aﬁﬂhdr&s@céof thR dnthodRicray Rhﬁhzw,, CR&)HﬁCH»EFbﬁldRM bSethynyl. In
(G -C8)al kyI C2-C8) al kenyl or (C2-C8 I n_anot her preferred

a preferred aspect of this embodiment, R 1s met%/yi In another preferred aspect of this
embodiment, R'is H.

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

5

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



30 enbodinment R4 is OR', RR is ORa or F and Rl is H nethyl, CH2OH CH/F,

ethenyl, or ethynyl. In another preferred aspect of this enbodinent, R4 is
OR', R2 iwo@m9/wBe13F, R3 is Hand Rl is H nethyl, CH2OHPCTHRE09®8tI@NyY| , or
ethynyl. In another preferred aspect of this enbodinent, R4 and R2 are,

i ndependently, OR' and Rl is nethyl. In another preferred aspect of this

enbodi nent, R4 and R2 are, independently e, R3isHand Rl is WO

2009/ 132135R€F pBS2009/ 041447 756. PF 5methyl . In anot her preferred aspect of
this enbodi ment, R4 and R2, taken together, are - 0(C0)0-, R3is Hand Rl
is nmethyl. In another preferred aspect of this enbodi rrent, one of R4 or R2
isAe anéj th

f
t hi's enbodi rre%t ?a%(r?m yofIRIQROtthr ﬁe‘ft "gg“% Wﬁ%‘?lareﬂ% %g re{gﬁas gt 01? her

of R4 or mm%;@'@HaOH (8, H, $thohy1apdet Ryl STI® ﬂYénedlane%ﬂgfﬂﬁ?srerﬂHdﬁfrﬁéﬂte@l
aspect of thi SHeméé?gl nent, R4 and R2 are 10 H, and i s nethyl
&én

| n anot her pr@ inHpeethybCHANIE Qﬂrﬁo@ﬁhﬁﬁﬁtm erzizynyb h}la@othmpqeﬁe}@a or

and each Rl | t. err aspect of t i.ment , i?4
and R2 are, a%% teﬁgi:eﬁrlr1 éamt%f)dm{%&g}? lpgﬁR%m?g .ﬁ ngpg‘%“ﬁé’re eedf%gp?(gg)?gg%ect of
this enmbodi ebbdinfat, ®ids BB{ AR ik Al apandenphofek aspae oeaﬁhmﬁ&ocaﬂl@nﬁ& issH.

I n anot her referred astpect of this enbodinent, R4 and R2, taken toget her,

are -0(&9)oF and Ry I%Hcﬁ‘ei’ghf}&ﬁﬁl R 1aFs e‘ﬁen}{irprcﬁ*\l@’”é(}rb@cﬁnﬁ&@f pisferyed ragpachod | |
R5 H, N ah
(C2I ?38) al (kRﬁ);}%empﬁdlg%% ﬁer E{gs p%lgﬂg o] s en%géjﬁ#elﬁ?& %gggdafldﬁg&%h(l%a) 2,

P e ‘E?fﬁmom@% 1Tk12. bal agen '?E;?)cflég) Kyl
- - al ogen a
(C4- C8) car bocycl@‘" ER%PF Téfr? é?@% f‘lﬂogté%ﬁ ﬁ%ger(R(%@zNg niAlogen; Y

C2-C8 b
gil’ yl( CI) Ség) ZF(E )%‘ﬂ%@ anot alké}%e@ )éﬂ??ngi gr%)g% UP&HE%%}H%@@%A&’Q%B&S
N3, CN, INO2H (S(H))I,n aF}’ﬂefeerﬂ aPedtb s em(B()d:ﬁ)dﬂBRE is HO(Ir QMR iR 2rred ﬁfz(pe&)cﬁRll

-S(0) R11, -$(0)2RIL, - Hg) R11), I)2(0R1 -SO2NRI | R12, hal ogen,
(Gi - C8) al kyfhis es%@meet) Bar Ryl QPaIOR’ plogencan Sedrbéiin%eeéhy aliCey{s)

C2- C8) al keny! Rstl ttadal kenyl e (:C2 !
ECZ C8g 2ub§ny{ 1EPf]ed al k)ﬂi 7 orllﬂa(ray h%’tﬂs%%)oglt1§< %’?{3‘ s H &SISCET’\I or ¥

(G - C8) al kyhnd R~ mﬁhﬁeeyihoﬁr cﬁg? &Be)x@l K)Y@ﬂ’l'ynyﬂ f]n aﬂ&haers @spels of this
enmbodi ment, R6 is Lél C(70) OR11,
- C( __0)NRI | F@todlmee‘( Rorssiialii Gé% cﬁnm& is Hs(rod 2 qmthesewemﬁim)s embggligyep(,0R1

(E2- cB) Fbst Foteh sRfE i RO ohethdl) T ARObEAEEL ?E@’Jﬁ R O
R5 is H, N3ORCNr Frmﬂmt)}hs Heﬁlhamthermspc&:t bty emMnh&lt 1s&ﬂd{2560I}$add R'lig

th f this enmb 0)RL1, -
zCi:E]OO)grRlisp- “g%ﬁt IP%F?%ZGf%gJ ng’fém@flt eaé(OB) F‘éilaﬂd%(leﬁzﬁnﬂiﬁ i Q{fgg(o??n) -

WO 2009/ 1321 35PCR{ Y20 F Formula IT, R* is H, OR?, N(R%),, N3, CN, SR?, halogen,

(C—Cy)alkyl, (Co—Cglalkenyl or (Co—Cg)alkynyl. In a preferred aspect of this

25  embodiment, R* is OR®. In another preferred aspect of this embodiment, R is OR?, R? is
OR? or halogen and R' is H, (C1—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;

17



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

- k I Ia | k Cl- titu Kk
E 82 gg : kZ‘nnF ﬁa@%&&c&% e%oﬁ: &t y naaa10¥]ﬁ£ g%ﬂ;fst ocigc%ﬁ @)lépl%éﬁcgplent & is Na,
(C2- C8) Subs%mmmhk@wt hy«:ﬁbxﬁwhﬁ%@fsf) at kmgmyi R is H, m@yia0y,bpo R2, RS,

R4, or R5 on _adjacent carbon atons when taken together are - 0(C0) 0- or
when taken td&dt BBEn arsthonal: i 9gd RapponcaORisa vﬁﬂddhsaﬁ“rhea}chéie attached

7 ON, N 80
e ot iy S e ¥ T e )
-S(0) (0OR11) or-S(0)2(0R11), 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, | ndependently, optionally substituted with one or 10 nore hal o,

hydr oxy, l\? N( Ra) 2or O e; and wherein one or nore of the non-term nal
car bon atom?sg Feach said (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. R4 aud@ ermdh Rt andlfR Fonretiyd, HyldtoxyR2thyd, W, hRaen M(@RE) 2a N3, ON,

N2, S(O0 Cl- I t | kyl

(2 o) ai ke ho Dby KT oel: X kdhahd K Ry kg, GrOR".-
C2- C8) subsidt “aJ Hrh?a@@d} g lof Sie t, RRis H,
(CRE N% 15) ZtO(N%mﬁﬂ (méﬁzIF%ggn I n aﬁiét hzsr:{@gfs{pecst(b%:‘Rthl s 20 e?TbOdl melnt R2

is H OH, Nlazo)zcm”mscaNRﬁ‘aﬂ 6@% m¢thy1amumdawm ethbnlubstinedditeryit , R2
is CRa or h‘yﬂ n a%ﬁ RL is rret ?, anot her aspegt of this enbodi nent,

R2 is Olla &6HYHE} By SRR o ShisPReCT fuheBPodmephPs Telbdisfelt, ' R
is ORa 99 Faanet®RIORS Nzeﬁzna@en CN ﬁa@%h%ﬁb@%@@{neﬁiylt gﬁg@&%&&ﬁ&he IS

Oeor Fand RLis H I'n a preferred’aspect of thi's e di nen "OH
and R1 |s methiypyl, o1 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 M aWSEhP{Q%t}E%%?FF Edet %‘E@C‘}T% }Wﬂlfg 1%Hbgdl"“ﬁfgg aregachy gﬁﬁ I'n
anot her pr ebed REH: @RDOG hddbgeh TN, ﬁi@fh@ﬁlsﬂ@éﬁﬁu’{e&aeﬂ@l CRrndNdutishindi&d dBERY! - I n
one enbodi ment of Formula 111, R3 ORa, N(Ra)2, N3, CN, SRa, . hal ogen,

30( i - C8) al kijwynyk @su@st;tateré@mybrln(a@gh’@@,saﬁqwﬁmls emhocbmenh%e&:&é ¥ ist@Hs
enbodi t S r £ hi ﬁ n R3 is
i ot hr TotepEndt (hiohl choBr SR BT b R LR PR R R

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‘g’ggﬁ‘e@nb?f@%‘fzﬂ MGHFER?%&WWP@HWPQH’H@N?@% EEE&':E of
this WD 20 I: 85 1090 Fem 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 pe of thjs enbodi nent, is H R2is
A e and-Rl fgz" %ﬁnﬂn& %g“r? ﬂéﬂ?’éi% ég‘f%ﬁ’%"y@]ﬁ%@f nﬁmonalheswtlwedmyh s OH
and Rl is H, n d R5is H
and R i ﬁ““‘haﬁﬁgﬁ%ﬁﬁéﬁ'ﬁ%ﬁ%ﬁ AT T NG A e,
CN, SRa, halCegbuyl, OR Cor 6B)' a|1kynqth¢r@zpm))ﬁthksemmbodmmemcaacﬁm ab, Kydepbadehily,a
referred a ect t PR 27 anot refer d aspect
of this enbbt ﬂRlFQ f‘é@gﬁ @R{“ @g’ep P‘o%}g“ I qiéefpép%? '
anot her preéﬁbéﬁﬁleaﬁaﬁgltam ihidpen &SRO A A1BNL, NRAR'S MR/ \BR ' & RGRJRDR“haI ogen

and Rl is H Ip a her preferred aspect of this enbodl ment, 15R4 1s’OR R2
is OR 0?5 haP8gesr, S ahd RHisdhdnethyl, € Bn@Hh (H.FJ sthenybtonethypylef Branetheasypedt  of

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'%. In another aspect of this
embodiment, each R® is, independently, halogen, NR''R'2Z, N(R')HOR'', NR""NR!'R ",
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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this enbodiment, R4 is ORa, R2 is ORa or halogen, R3is Hand Rl is H In
anot her preferred enbodinent R4 is OR, RRis ORor Fand Rl is nmethyl. In
anot her pwefeswBei3énbodi nrent R4 is ORa, R2 is ORa or F &n0/UlR000®41H47 | n

anot her preferred aspect of this enbodinent, R4 is ORE, RR is ORor F, R3
is Hand Rl is nmethyl. In another preferred 20aspect of this enbodinent, R4

and R2 are, independently, ORa and Rl is nethyl. In another preferred
aspect of thespenbodi nent, R4 and R2 are, independently ORE', R3 isH and R
is nmethyl. In another preferred aspect of this enbodinent, R4 and R2, taken

together, are -0(C0)0-, R3is Hand Rl is nethyl. In another preferred
aspect of t t n aken t.o r. R3 isH
and R é Hg{hs’ﬁﬁgﬁgtq h&ﬁ& einfg EFY 800 fatfsnsé3 bOdﬁ?qul%%{)%dn@( ]tg?\?}gznelnof R4
or R2 |SO:\’aaﬂditﬁeﬁﬂiéfeﬁé@@ipe@ﬂ‘ofﬁ%s@fnb@nﬂe&t(R'qlsUM@iﬂq{hQN}Qraﬂﬁﬂl ied, aspert of
this enbodi nent, one of R4 or R2 i sORa wherein Ra is not H and the other of
R4 or R2 is OROHRERE. eihenytheprihypgl met hyl . In another preferred aspect of
this enbodi nent, hp e | ot her of
Ri or o i's o By cbelmgieol PufRidNEREh L TR, Bl IR RDER T <
enbodi ment , N4 Fa}ﬁ,d\](iﬁhﬂ)ld? NTOINRRR 4, sNgl-NOaNﬂ)zRCHICE CmﬁtmﬁyibNRH) anot her

preferr C i hi di.me . s.lh and Rl is
H In aﬁ‘gt $ &5&? ﬁ%%@t )oféﬁqqlg n%gdsﬁ%% RZpQ”@ RIRZ is OR or
F, and each.®= (ﬁ@@k RR! Dl of SRENGH Ql%thara%&rte%@émfd&ma& L5 'efredi ment
R4 and R2 are, independently, OR and R is H In another preferred dspect
of this enbbdipgemCN Rlopedalpsubstitntedidependent |y OR  and each RlL and R3
isH WO 2009/13 135PCT/ USZ 09/ 041447 £38. PIF 51 n _one enho 'mami I(H Formul a
111, R5 is H, ompqynds af Fopnyla | afy represen nula I11:

(C2-C8) al kenyl or (CZ C8) aI kynyl . In another aspectgeof this enbodi nent, R6
is ORa, N(Ra)2, N3, CN, N2, S(0)"Ra, -C(=0)R11 -C(F0)OR11 -C(=0)NR11R12, -
C(=0) SR11, -S(0)R11, -S(0)2R11, -S(0)(ORLIRY -S(0)2(0R11), -SM@NR11R12,

hal ogen, (Cl-C8)al kyl, (C4- 08)car bocycl yl al %‘substi tuted al kyl,
(C2-C8) al kenyl , 10( C2- C8) su tltut ed al kenyl | cé}a kynyl
(C2-C8)substituted al kynyl, and Rp is H ORa, N(Ra)?2,
N3, CN, SRa, hal ogen, (Cl-C8)@ Qr- -C8)al kynyl. In
anot her aspect of this enbodi nent, N( . N3,"REN, NO2, S(0)"R1,
-C(=0)R11, -C(=0)0R11, -C(=0) N% ,0 SRll -S(0)R11, - S(0)2R11,
-S(0) (OR11), -S(0)2(0R11), -SCPNRL gen, (G -C8)al kyI

15( C4- C8) car bocycl yl al kyl, (Cl1- C8 5 ed al kyl, (C2-C8) al kenyl ,
(C2-C8)substituted al kenyl, (C2-C8)alkyayl, (C2- 08)substitut ed al kynyl, or
aryl (C1-C8)al kyl and R5 is H N3, Cﬁ“ C8) alkyl, (C2-C8)al kenyl or

(Cc2- CS)?gkyuyl I n anot her aspect of th g%cliﬁl ment, R6 is ORa, N3, CN,
S(0), Ra,-C(=-0)0R11, -C(=0)NR11R12, C:(FS -S(O) R11, -S(0)2R11,

-S(0) (OR11), -S(@b&ﬁ%&é@utieﬁ@dﬁ&ﬁtﬁﬂasama&@&ﬁn 20( Cl- GB) substi t ut ed

al kyl, (C2-C8)alkenyl, (C2-C8)substituted al kenyl, (C2-C8)al kynyl, or

(C2- C8)substituté?ﬂ‘eéff11k'ynyl R5 is H N3, CN, nethyl, ethenyl or ethynyl; R4
is ORand R3 is k“;slﬁ'oii plther aspect of this enmbodinment, R6 is OR N3, CN,
S(0)"Ra, -C(=0)RI1, 6)0R11 . -O(=0) NRL1R12, -C(=0)SRI1, -S(0)RLl,
-S(0) 2R11, -S(0) éa&RRf) R s@@h@m;handeﬂmamm& Yol agrenNO§,LHIS)9,1H"‘ut ed

met hyl , ,)et henyl , substltut ed et henyl, 25et @/ or substituted ethynyl, R5
is H or2Q\g, bawedns (QREs)akali (Gt s)em CB@Y %k)ﬁ Ersubspiyted 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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anot her aspect of this enbodinment, R6 is ORa, N3, CN, S(0)"Ra, -C(=0)R1l1,
-C(=0)0R11, -C(=0)NR11R12, -C(=0)SR11, -S(0)R11, -S(0)21211, -S(0)(OR11),
-S(0) 2( ORLO)2009/183¢BBIR1' R12, hal ogen, substituted net hyl, perhisegoo/ 041447
substituted ethenyl, ethynyl, or substituted ethynyl, R5 is Hor N3, R4 is
ORa, RBis H R2is ORand R1 is nmethyl. In 30another aspect of this
enbodl ment , }Eﬁs CR N3, CN, S(0)1l1Ra, -C(=0)R11, -C(=0)0R11,

----- O)N C(=0) SR11, -S(0)R11, -S(0)2R11, -S(0)(OR1"),
-S(0)2(0R11) -SozNRI 1R12, hal ogen, substituted nethyl, ethenyl,
substituted ethenyl,, ethynyl, or substituted ethynyl, R3 and R5 are H Rz
and R4 ate, ”Sﬂd‘é%eﬂdeh@fpgeﬂ GRBCs il LREC +1Gs ) cap 20Dk 3 20035067 uhsgRO6D/ 041447

B

-S(0) 2R 1, i S(A) 4 -C3)alB DI QRIR? wiRPAR Bidner i Q9RTm)subst i t ut ed
met hyl , et h%n%ﬁ)sr%@g?}t u%)gl?@et henyl , ev'ghynyl or S%bstltmd ethynyl, R3

and R5 are H, RowherdinReach (@ -CHialkah CRCsalkenst f@zl—Cs)thylasr}@t heai(Casﬁﬁ)@dky@If this

SO 0y RS R LB ey o RE b oottt betjopalrt bbby yitn one or

- S(0) 2( QRllhﬂremmf&%ZCNh%,Qg(@ﬁ) » 08 Dipst dﬂd%@éi'elﬂ'%hg)ﬂ mofd HY8AY hon-
substituted et henyl or substituted et hynyl, Rl, R3 and R5 are

each H and RImEM cadmlaat@tn@qu each saifdCimém)alisp away hsfoptinnallvereploeidneith -O-R654 s
OR , N3, CN ggglga , -C(=0)RI 1, -C(-0)0R11, -C(-=0)NR11R12, -C(=0)SR11,
_S(0)R11, - RI1,” - S(0)(O0R11), -S(0)2(0RLl1), -SC2NRIIRI2, hal ogen,
15substi t ut ed rre&lhi;elmauﬁhgleﬁtydb,lesﬁué)&ﬂﬂeﬂfaeﬁ)@dﬂ@ﬂwI et hynyl, or substituted
ethynyl, R3 and R5 are H_ R2 and R4, taken together, are -0(C0)0-, and Rl
is methyl. In anBt¥srembodipent of Fompda Bhdbdrfent, R6 is Ae, N3, ON,

S(0) ., Ry 0 I 0) SR11, -S(0)R11,

-(S( 2)) 2%151 qS(%Nfodgfﬁn%dg%Qf%%gﬁ% @ ﬁ%ggzklg%%l?mq hal) ogen, sugs%i t ut ed

met hyl, ethenyl In&uhsﬂnﬁodbﬂdltefﬁemyﬂa ﬂétRfySl% Dm;N@szst,tcum,eNOetswm R,

R3 20 d RS H d R2 th - I n

anot he?nasgé%‘t?gr%f CE@%%@J@I Q‘ S feﬁ@]w%((%%%%al@%{yl Sﬁar e%)su t&%"‘f@ R I,
0) OR11, OR11

[SerR 1| RS Saen ke eﬂsu%gﬁ%@%wiﬁﬁ?3995%@%@?%%*@ fethenyi

et hynyl, or erﬁbkhﬁinbﬁﬂ,JRéds Iet(be’])N(R RINAGN, BRﬂ@f Hal@@&'h IHan&Bertddfedrdf ahie

|ndependently ORa and,R5 is 251 n_one_enbodi ment_ of Fornmula Ill, R2 and
R4 are %‘hche@’%h’éﬁ%‘ 5’( 1y | aQH. Hﬁ!@]& (R, or hgoggt IRanqthensspectof this anot her

aspect of t rend, n I n anot her
e?ﬂgodl ment , & chﬁg&gli ar eRegg?h% g %\fﬁ%}?i gn%&%;}gﬁ %f%%mg
(C1-C8) subsembtuhmdntaRkyd ORY @%a@g)ealak:ﬁaﬁyis H( ﬁ?a.rﬁﬂl)amhﬁct I)ﬁxhecbrr&iold&mgdt R

C2- C8) alk bst | k Ik o th
spect of t IR S GHIbrlE M b SR R AR ) T L R oy Ra) 2.
N3, CN, NO2Rr'&(9) m@%%leagl Spbet &@Ts%lﬁaldhﬂént I@Q'S@'l §1‘)’cp§t is 1Hét§_\,q 3 ¥¥dther
(C2-C8)al kenyl substituted al kenyl, (C2

(C2- %)%iubspnefwmeé@smckmis amrboginyént C&‘ 1@8)&1@9 IR' i H ém@mdrtbe;r pa@‘-‘pecd agpbett hi s

2?8? g‘ el Y ﬁ%‘ 4 e B?BO% R ﬁ%ﬂﬁﬁ%ﬂ?pﬁ%ﬂ%?@ﬁmﬁ -S(0) R11,

-S(0) 2R11, eﬁl@cﬂﬁ@x&/ R?:?SJISSBQEMH%ZQQ%&&L 6t ¢ D sRim Bt OfRixl)C)Ra and R' is
-S(0)2(0R11), th-ISOZNRllRlz hal ogen, (G -C8)al kyl, (Cil- C8)subst| tuted
methy

In one embodiment of Formula IIL, 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, R? is H, R* is OR® or halogen and R’ is H. In another aspect
of this embodiment, R” is H, R is OR” or F and R' is methyl. In another aspect of this
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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. In another aspect of this
enbodi mrerwQ 2B®/B3aB5R4 are both OH and R6 is Ae, N3, CNPCHUSpRI/N041E347=0) R11,
-C(=0)0R11, -C(=0)NR11R12, -S(0)R11, -S(0)2R11, -S(0)(OR11), -S(0)2(0R11),
- SO2NR11R12, hal ogen, 10(C -C8)al kyl, (Cl-C8)substituted al kyl,
(C2-C8)alkenyl, (C2-C8)substituted al kenyl, (C2-C8)al kynyl, or

(C2- C8) subst/bé.Fed al kynyl . I n anot her enbodi nent of Fornula |11,
each RlL and R2 is H, one of R3 or R4 is OR and the other of R3 or R4 is
(C1-C8)al kyl, (Cl1-C8)substituted al kyl, (C2-C8)al kenyl, (C2-C8)substituted

al kenyl, 5 ( C%m%&:ﬂlelﬂ)’ Y lis 11 ( @15@1)\35(5@3511&}@%@@{ ainkalﬁmﬂer g{? e@of lﬂ’(lglﬂag()dlmef_lf

15C8) al kyI LN anot her aspect of this enbodi nent, ea and
of R3 or R4R| és IR 2 OR rred & Hemetityl. Ry ampthaziaswct(c(ﬁtmw)n@b&mmt R’ is H, R? is

Cl- C8) subs ut al al ke subsi ]

gCZ- C8§ alky d(e%f &%ﬁ@ab ??’i‘ﬁ%&‘sl?ﬂc%#@}s( Czbog it i ;fg 8&{:5 a;rJF‘)rotSher
enbodi ment  ¢f. [FoRGMERas édt,ofl?%ﬁs bisb&RaenNRRAY) 2, RNZ 0 Nhd NOB 1 Sﬁ% {Bey

20- C(=0) R11, -C(--0)OR11l, -C(=0)NRL1R12, -C(—O) SR11, -S(0) Rll -S(0) 2R11, -
S(0) (OR11), aszsemfzmmbpdlmesmli anp R’ @gialrﬁnd(?@ls@gl)m kyl ,

4-C8 rbocycl k nyl

ECZ C8§ ggbstlilut ZAd&]EI enﬂ&%?t% 1}%I P?éd dtﬁ%f?ﬁt gg g‘ﬂ?ﬁﬁ?l or
aryl (C1- C8) at fyls)allym, (@Mbﬂke@&l@@ﬁtaw@g)am}h?l RO RBBY asgdSt dfshikh N3, ON, (C

/-C8)al kyl, (C2-C8)al ené C2-C8) al kynyl. I n anot her aspect of this
embodi ment, eﬂhOdlgleH,Rl is @Rot Imeamﬁ@pezﬂfer@ﬁ atsmoé o thiroeti brstment R lssQ}haeRhgd I n

anot her asp n H a d

anot her aspec OQIml%a‘linsang% gmn?hti Iﬂw %gfﬁ e%fgﬁﬂ%eﬂo tcgaﬁ ORa.
I n anot her asyertis IR tdhihslogsbai REAMH. Iﬁhdtﬁeﬂ@reﬂa&eaaqae%fam@ eﬁ@@ﬁhngne, and
R3 and _R5 _are each H.__Ln another aéﬁ)ect of this enbodi ment is methyl;

R2 and Kt aRelsdRhR3as @&gor%@g%Raﬁ R@Brtﬂéa&sw Hmawth@m@@ffﬁé’pd asectf of
this enbodi 1 n i y is OR and
R3is H | nﬁgﬁ%{l A;&?ms@bgz%sﬁ ﬁill’lss engy%do R ﬁGH % E%!\&(anﬁﬂ] ogen CN,
met hyl , subptefmmhmmmtﬁ &t OBRAYR is SBPst Ftantléldisemhfhlyylln aBbiynytefer@t
substitutede or is H and R2 is Ae. In
WO 2009/ 132?@ 91%4% 701%3@ ]%ﬂ‘d‘slirféqﬁ\elrn aneeEPrefrTediprect abSH ment
R6 is ORa, %@boﬂﬁleﬂgﬁﬁas@wﬂ R¥et bRF or BURSE it M LR ﬁ‘?ﬁf{!b{ll’ Ix?grttgﬁ%geferreq_'

an and

substituted ethenyl, ethynyl, or substituted ethyny are
R2 and B arsectiafdispembeditiont, RORad R rareamdt:p@rdea@péﬁia aofl R'H$ methybolti ment, R6

is ORa, N3, h titu bh et hen U uted
et henyl , et ﬁ@qﬁ%r%r%rr%‘%%’g‘gt E%/]Béelé‘gﬂ§ hl% gﬁd éSi”gF e“a Xt&hgﬁl?g?j

are each OHand R AMSEr [AsRekd: p@éfeﬂ:&l éctmg%ﬂiaaalmeaﬁ R*an®PR , talBy

hal ogen, CN, nethyl, substitufed hyl, ethenyl, substi t ut ed ‘et henyl ,

ethynyl . or ogeihet preut@E BohyRyis H mi Rarid iR vAr & Motizen grefrrethaspert of thaken

}\lggehgfcr)gen&ﬁ?ﬁg&%%ﬁ fmd gaga&qﬁet@%pﬁgtO?éoi(?henynﬁ%ga %Sffiuffs%fmzqeﬁenyl

et hynyl 25 or pefhatiiatpcedf @ishyiyldimEa, de IR B2 RARMORA araY Be bﬂﬂﬁ@ﬁmﬁaw ¥ OR
and R5 isck%. I.n angt her aspect of this 150f this enbodi pe is N3,
hal ogen, Hrdb et ewafeaﬁgiﬁ%wf thisepdrdimet, @temfﬁyer ROk 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.



I n anot her aspect of this of this enbodinent, R6 is N3, hal ogen, CN,

nmet hyl , hydroxynethyl, ethenyl or ethynyl; R is H and R2 and R4 are each
ORa. I n amotheviasspect of this of this enbodi nent, R6 i #CH3IS2000l003en, CN,
met hyl , hydroxynet hyl, ethenyl or ethynyl; R is nmethyl; and R2 and R4 are
each ORE' . I n another aspect of this of this 20enbodi ment, R6 is N3,

hal ogen, CN, nethyl, hydroxynethyl, ethenyl or ethynyl; R is H R2 and R4
are each OR7sgmpg¢t R3 and R5 are each H. In another aspect of this of this
enbodi nent, R6 is N3, halogen, CN, nmethyl, hydroxyrnethyl, ethenyl or
ethynyl; Rl is nethyl; R2 and R4 are each ORa; and R3 and R5 are each H 1In

nb f, F [ 11 7
o STo SR 25 orn i GBb e i oraRiadl. Bspadt 08 NR S nbotiSherkelomy: 15
In another prefenied @spephikehyithie, fnanBﬁlei' %(;Jé%@?h FZIem'rﬁdlhjren s

anot her preferred aspect of thrs enbo |nen R7
preferred aslbesORafN(ﬁ%%]asNerﬁi‘édﬂ'@mﬁO)ﬁR? L&0)RY --GIﬁD)ORiénﬁ(RD)NIS“RI” In

o S Sl TR L s G b5 S e

aspect of LhCL G Cnt R ek (o M B B lGoP ORI Dse. pr &

| n anot her QC@iC%Dthﬁxt@t%@@B{%nﬁf (GehC@aﬁ(@?b?I Rg OBl ) subfithed )ﬁ&yﬂﬁdo&yl'(@i— - I

anot her enbodi ment of _Fornul a , each IS 1 ndependentl’y hal ogen,

10NR31R12, Isilln) omiR; 1sNﬁ21QRﬁRMRﬂJz,, NAEN, IS®, : Hmeniﬂ%(?mkyl GEi(—ENRIKeny1
L, SR ek T N2 R N, LR 12
SRl R S T
- S(O}RY, -S(O)(OR' ", S(O)Q(OR“), sozNR“R‘2 halogen, (C,—Cjs)alkyl,
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
(C,—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(O),(OR'"), —=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

23



S(0)"(Cl-C8)al kyl, aryl(C -C8)al kyl, OR11 or SR'. In another aspect of this
enbodi nent, 15each R8 is, independently, halogen, NRIIR 2, N(R11)0R11,

NRLI NR11RY®,20e%13213K or SR' I n anot her aspect of this enpoaiuserw/o4=ath R8

i s, independently, halogen, NR11 N(R1l)OR', NR11NR11R12, OR' or SR' and R1
is H In another aspect of this enbodi mrent, each R8 is, independently,

hal ogen, NR' R 2, N(R11)OR11l, NRI1NRI1R12, OR' or SR' and RL is nethyl. In
anot her aspéé®P’6f this enbodi nent, each R8 is, 20independently, hal ogen,
NRI 1R 12, N(R11)OR11, NR11INR11R12, OR' or SR' and RO is H, halogen, or NR
"R 2. In another aspect of this enbodi nent, each R8 is, independently,

hal ogen, 5 NRIAA. NefSti epet SRLLMRbIRIGh:, ICR DROINSEN A10) O, JC-biR -
hal ogen, or NRllRlﬁ and RL s, H 1In angther aspect of this erﬁ?o i ment’, each
R8 is, indefémaiMRl'y-CHAINBER, > NFEIRIR,, 1NPIR . BOWRNRINRORK ). 12,  OR' or

SR" and R9 | al o o, 12 ' and R9 is r .hal n,. In ot her
preferred a§§%§g@’gf ) *%@Ngn&di%ﬁ@ﬁ??’ Sﬁggt]iﬁ%temeﬁ%éﬁc?ﬁﬁﬁyﬁg“etﬁhglrie%‘%ﬁ%’é’ n and
RL is H | ncanayher spk@hiedeadnas REGhd @F ateti SRe/HRGH MB O, JR8RI & MHRyiand RO
is Hor halogen and Rl is methyl. In another é)ref erred aspect of this
enbodi nent , aRBhefEPRY ohthes %@ﬁi}{w RnisdMdt herCBr R edCEsPBCt -GFOHBRS

enbodi t, o\ 11321.3 1U 9/ 0 11 726+ PK,DR8 ipare each NH2
and erri?g H.C(}A@)%t er pre err’é%@ﬁs%péc?(bﬁ#zt’hlé@)é@%o&#gggg ‘and R9 are
each NI 12 andORYRF'R 'irakloyén, shiktianed MemyRelefl thsAGRRACIHLAH1, ehiyayepbodi ment ,

R8 is OH and RO is NH,. anot he% preferred gspect of this embodinent, R8

I
is OH and Rguhsgtqﬂwazetmi,ﬁ’, RS ap R] pregadh Hend B ené R’ et @Hpde anashertalspast of

embod nent” S ehBedefy Ry FRENTEN, S0 R e ne 1RO aG NG - 12

N(R11) OR11, MWO@BRYJ%@JRR&S(%?N{I;?%?@& 0): (O 5NRIGINR ' RH= 1,

-CH=EN(OR11), -CH(OR11)2, -C(= . =S NFgllRlz, C(0)OR11, R ORL1
or SR'.13in awwstiveed mathal ethetylt ubstitwradsthonsh tthyrRg, pssubRéimteN3thynsl, 8gend R’

- ¢(=0) R11, ér%(}i%goal%jl{ﬁ fa%nzpo)gel\ﬁ%r% 51%240(?3%)69,) a% 'R] is 1%(38)3/?11]& an_of?l(e},o 2\5%'30 10’f
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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155(0) (OR11), -S(0)2(O0R11), -SM2NR11R12, CN, nethyl, substituted nethyl,

et henyl, substituted ethenyl, ethynyl, or substituted ethynyl. |In another
aspect ofwohloe/Bat3edi nent, each RL is H, hal ogen, CN or POpttSeevaiolis47
substituted heteroaryl and R6 is ORE, N3, hal ogen, -C(=0)Rl1, -C(=0)O0R11,
-C(=0) NR11R12, -C(=0)SR11, -S(0)R11, -

- 12, S(0)2R11, -S(0)(ORL - S(0)2(0R11) -SO2NRK 1 CN, methyl, substituted
met hyl, 20ef/A@RYlI | substituted ethenyl, ethynyl, or substituted ethynyl. In
anot her aspect of this enbodinent, Rl is Hand R6 is ORa, N3, hal ogen, CN,
met hyl , substituted nethyl, ethenyl, substituted ethenyl, ethynyl, or

substitused S(a@nmﬂ) sllgg)zemntc}wersmmém”qﬁmdge &Cﬁ-@gﬂkﬂe[@l,—ﬁu&sﬁﬁﬂeﬂm and

R4 are each Qe; N3, hal ogen , Substituted

met hyl , et heHKy'L ,(Cstibsﬁlkttmi éﬂz-éisl?@hsﬂtuteétaﬂgtnylL (Czeﬂgﬁﬂstmﬂ {Q4-€d)sebdtipurgd . | n
anot her aspe th| ach is H R2 and, R4 are each
de:; and R6 ?C‘h(gﬁ%g f"ﬁ?} er a3pect ﬁgﬁ%‘aﬂb%ﬁm@@ Rj ﬁn‘gﬁearéﬁ’ﬁ@dl ment

(C2- C8) al kenyl ) car bocycl yl aI kyl, opt| onal | y
subst i t ut edCé:F(Q]SR sumii FH(OOERI31-BIANOR HeteDRedR]"), ~SCLN®) (L 1aReah ky! |

s NS i ngﬁfé@%lks&r 9@)%#!:(@%&@%& (ﬁ&@ﬁaﬁa@o@hg&g&%gﬁ@%@fi and
3 7
to ne ! 2]._i r%g L}g‘kgg% o 51' Fmbu%‘?glg#%&any _One carbon atomo sal

het er ocycl i erep ed with -0-, -S- or Therefore, by

way of exanple amamﬁerlembammommhﬁzmi ehoh RNIRd RRs Y, 0anobRr’ septgsent ed
by the heter ocycl es: 2009/ 132135PCT/ US2009/ 041447 756. PF and t he
like. In an&¥hapd @Wbﬁ@@f@éﬁt opR” pdEmufaalkyl, (¢ -Cspbstiged gyl RS’JWCRBﬂken}Ill K or

R12 is, ind | K |
aryl I(SClll ICg) ?ﬁ?@fﬁu@\%ﬁ% %i?k?%‘o@(z_ &)%ﬁfﬁ &8 ef)e%n&ﬁﬂﬁ(w)o?f‘r 68) aI kynyl
or aryl (£1- C8hadykyin Abher h@@&ﬂ%ﬂ@%bmmﬂeﬁt Rty @hﬁidlpﬂﬂp%hé Bflkégrmﬂ {gh one

or nore hal o, hydroxy, CN, N3, N(K)2 . Therefore, by way of exanple
and not i nDLRatand)ﬁle dRRer ORB ORE 1SRE;— (F@alkyl]_ﬂ_cl Cg)substltuted alkyl, (Cng)alkenyi

(C-Cy)substituted alkenyl, (Co—Cyglalkynyl, (Co—Cg)substituted alkynyvl or aryl(C,-

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

of Fornul as olﬂérid RR%bI@W NE@\I'S&O{I@GQQ‘Q@?I@W HoyORL- _EBIANKYIR!? .

alkenyl, (Co-Cglalkynyl, (C;—Cs)substituted alkynyl, or aryl(C,-Cslalkyl. In another
aspect of this embodiment, R® is H, N3, CN, (C—Cyalkyl, (Co—Cs)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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K or R12 could represent noieties such as -CH(NH2) CH3, - CH(OH) CH2CH3,
-CH(NH2) CH( CH3) 2, - CH2CF3, -(CH2)2CH(N3)CH3, -(CH2)6NH2 and the like. In
anot her ewbadiwsat3sof Fornula I1-111, R2, R3, R4, R5, R RCI/useooRD21443 ( Cl-
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 exanple and not Iimtation, R2, R3, R4, R5, R6, Rl1l or R12 could
represent mpggpres such as - CH2OCH3, - CH2OCH2CH3, - CH2OCH(CH3) 2, - CH2SCH3,
-(CH2) 60CH3, -(CH2)B6N(CH3)2 and the like. 20In still another enbodi nent,

t he conpounds of Fonula I, Fornula Il, or Formula Il are named below in

t abul ar forpat, ( Tabl . as _,conpo . a0 ral Foryula,lV: HO H'" X2 OH
COH Foi rn%l a®t 1év{ha§}?eecl?ﬂpéﬁs % E@%%cn%’;igilfgjs%nﬁ?&%&ﬁ ripgthyk t"‘%ﬁ@ﬂ"dﬁ o the

t et r ahydr of nfemwletﬂdngg satsstidhetedthast ciiynTBbE 8shshinded & V. RBindR "8y PHrnAe
defined in Table 4, bel ow, and X3 represents a ring el enent ofﬁ.t he puri ne
base B as dBsépr{ Bedrci mdpgsdently, Olel bvanothes apsichef this eathodihenen” i6ORhds.cor e
structure rj Sy 1.0d o of,.the structures qf X . X2, and B.
The poi nt 0}1 ng‘f%égﬁq ﬁ%ﬁrh%)g%{:% gneth{(%((%r%{e%?1 tl’r%% nﬁ/f?’es H%St}g'i“ﬁaej eti%gnﬁh%}%(g%’eod in each

of the strusihstirsed@hynishat’ sidRickaHearid R Tatl RSard edehi GHI ePERIBAEpkPYf an 30
al phanuneric "code”. Each structure of a conpound of Formula IV can thus be

VO 2009/432 35T dIB08/ 4144 s 7sbeerart N dwsihghatdtyted maBul.athenyk m by
L T i VAT L e
t he fol | ow figether, act+PE0)0-. 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 each 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
O

"

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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NH2 N- ?N HO OH OH Table 1: XI Structures Table 2: X2 Structures
CodeStructure X2a X2bCH3 X2c¢c 15Table 3: X3 Structures CodeStructure X3 a-N=
WO 2009/ /N8028MAGTI3RIS2009/ 041447 756. PF Code Structure XBOTASRHN9/041447

756.PF

O
Wq/PME
5 we
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,

10 NRR", NR™MOR', NR'NR'R", 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,

15  eachR® 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,

20 independently, halogen, NR''R", N(R"HOR!', NR"NR"'R*, OR or SR and R’ is H,
halogen, or NR''R'". In another aspect of this embodiment, each R® is, independently,
halogen, 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

25 NR'R™and R'is methyl. In another preferred aspect of this embodiment, R® is NH,
and R’ is H or halogen. In another preferred aspect of this embodiment, R® is NH- and
R’ is H or halogen and R' is H. In another preferred aspect of this embodiment, R® is
NH; and R is H or halogen and R' is methyl. In another preferred aspect of this

embodiment, R® and R’ are each NH,. In another preferred aspect of this embodiment,
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X3c -CF= Table 4: B Structures Code Structure Bl X3N NH2Z N B2 X3 - NN
OHNH2 B3 X3 ------- ..--- N N NH2
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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---;---- NH2 B4 X3 _N\ NNHCH3 756.PF 5 Table 6: List of Conpounds of

Formula IV XI a.X2b.X3a.B1, Xl a.X2b. X3a.B2, X1 a.X2b. X3a. B3,

Xl a. X2b. X8@.2Bb/13Xi3a. X2b. X3b. B1, Xl a. X2b. X3b. B2, Xl a. X2h PRBAISBBI9/041447

Xl a. X2b. X3b. B4, Xl a. X2b. X3c.B1, Xi a.X2b.X3c.B2, X1 a.X2b. X3c. B3,

Xl a. X2b. X3c. B4, Xl a. X2c. X3a. B1, 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, X1
a. X2c. X3b. B436.RFa. X2c. X3c. B1, Xl a. X2c. X3c. B2, Xi a. X2c. X3c. B3,

Xl a. X2c. X3c. B4, Xl b. X2a. X3a. Bl, Xl b. X2a. X3a. B2, Xlb. X2a. X3a. B3,

X1b. X2a. X3a. B4, Xl b. X2a. X3b. B1, Xl b. X2a. X3b. B2, Xlb. X2a. X3b. B3,

X1b. X2a. X3b. B4, Xl bX2a. X3c. X|b.5za\x3c.8 X1b. X2a. X3c. Bsff\l
Xl b. X2a. X3c. B4, xsgigzb X2baX3aPBl—K1b.'¥2b.-N3a. BRs XL%/Y . X31. B3
Xl b. X2b. X3a. B4, X1b“XZb. X31131,”/ X| b. X2b/X3b. B2,—/X| b, X2b X3b. B3,\__NR
Xl b. X2b.X3b. B4, X 1 b.X2b. X3c.B1, Xlb.X2b. X3c. B2, Xlb. X2b. X3c. B3,

Xl b. X2b. x3c aghtheyiks. X2¢c. X3a. BL, X b. X2¢. X3a. B2, Xl b. X2¢. X3a. 53

Xl b. X2c. X3a. B4, X2C B kb, X2€..%3b.

X b X260, X3b, B4 %%ﬁﬁ%‘%&%@%@% ﬁﬁbg é’z R % ﬁzﬁ( X3 Bés

Xl b. X2c. XSCuﬂéper%ﬂ:mﬂ)y XQ?«C&H@BICQ—K&WE@% ?@ﬁCE&lky%ﬂl o -aAEC %a] , wherein
Xl c. X2a X3aB4 Xl c. X2a c. X2a. X3b. B2, chXaX 3, Xi

c. X2a. X3b. B#AId XCI-Es)xhyl, k@z:cmlkemle(@@%s)aééﬁnsé@ angl (€ @éﬂlk@@rmndependenﬂy,
Xl ¢c. X2a;X3c X

X ¢ on GaaoionalfiSoRdBRione oothofe D nIRRPION YL NRDL BOBRES

Xl c. X2b. X3bTBdiefort.byXRly. of3eaBple axt aokRhitd3m, RS, RRE, 2R X8 oBB‘- could

Xi c. X2b. X3c. B4, Xl c.X2c. X3a.B X2¢, X3a, B3, X
N o Yo, PR gt -CANHIGH: @ﬁ%éﬁ?@%?@Hme?@H{z%@H(éﬂa)z,

Xl c. X2c. X3bcﬁﬁ }%ﬁﬁ; (ﬁ} Ky Cand3fe B, Xl C. X2c. X3c. B3,
Xl c. X2c. X3c. §0 X X2a 3’8(1 %%Za X%a B2, Xl d.X2a.X3a. B3, X1

d. X2a. X3a. B4, XI & a@d@exsmbmmexuoﬁﬁm 3B, B2, R%R dRX2SE, BBlor BY is (c}-

Xl d. X2a, X3b X2a. X3c. Bl d. X a. X3 Xl d. X 3cC

d. X2a. X3¢. 525%*%‘)‘%6@5’/ Of’fé)f?%%%?f( e 5 9B 1B GOt ﬁ%r galkyl

enbodi ment , nfagbEwhasally kdpfaded \ﬂﬂ@fﬂﬂp@l e —NRF e ctiRebi0m) WAS cOELMMbie and
not limitation, Rz, R? ,RY, R, Rﬁ, R'" or R'? could represent moieties such as -CH,OCH;,
—CHQOCHQCHg., -CHzoCH(Cﬂg)z, "CHQSCHg, -(CHQ_){;OCH?,, ”(CHQ_)(,N(CH3)2 and the
like.

8

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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consisting of NH2ZNH2NH2 HON, /HO OH Ho OH NN aCN H6 OH NH2ZNH2 9 9 9

HO1-01-01-0 OH OH CH NH2 NN HON, N _;,/HON N,/ HON, , /I ,,CN N Ho CH
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



NH2 HONHO H01-0 OH Ho OHHO OHHO OH WO 2009/ 132135 756.PF 0 0-p-0 oo O

PCT/ US2009/ 041447 NH2 OO0 11)10 0'CN
WO 2009/132135 PCT/US2009/041447
756.PF
Code Structure
X3b -CH=
X3¢ -Cl=

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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OH N H2 756. PF NH2 00 0---" 0-P-6 NH2 NNNt----jHO,

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.
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WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5or a pharmaceutically acceptabl e
salt thereof DEFIN TI ONS Unl ess stated ot herwi se, the follow ng
terns andwphn@sesidas used herein are intended to have t IReTfUsRéooxw rag7

meani ngs: 10When trade nanes are used herein, applicants intend to

i ndependent|ly include the tradename product and the active pharmaceuti cal

i ngredient(s) of the tradenane product. - As used herein, "a conpound
of the invertiep" or "a conpound of Formula |I" means a conpound of Fornula
| or a pharmaceutically acceptable salt, thereof. Simlarly, with respect
to isol atable internedi ates, the phrase "a conmpound of Formula 15(nunber)”
neans a gonpound of that fornulaégnd Pharnaceutically accept abl e salts,

t her eof . » M Atheriembrdm gt dionBhiag Sl a3 hremprersdisalected Swandamyoup
tertiary or G¥gding ofarbon atons. For exanple, an alkyl group can have | to
20 carbon atoms (i.e, Cl1-C20 alkyl), 1 to 8 carbon atons (i.e., Cl1-C8
alkyl), or 1 to 6 carbon Hteons (i.e., Cl-CBHal kyl). Exanpl e$H200f suitable

al kyl groups includ arc not i o, nethyl : ), ethyl (Et,
- CH2CH3), 1mprQpy 7+ N- REORY | ! i -propyl,
_CH(CH3)2), 1-by n-R& n- but i OO RECHCHR) t hy#- 1- pr opy!

(i-Bu, i-butyl, -_Q \buf yP—(s- Bu, s- butyl - CH( CH3) CH2CH3) ,
2-met hyl - 2- propyl (An8u, t-butyl 3 )3), 1-pentyl xn-pentyl,
-CH2CH2CH2CH2CH%§, Bpentyl 25(-8&( )CH2CH2€H3)EE%-6%ﬁtyI (- CH(CH2CH3) 2),
2-met hyl - 2-butyl (-C(CH3)2CH2CH3y 3-net hyl-2-butyl (- CH( CH3) CH(CH3) 2),
3-methyl -1 -butyl (-CH2CHRGH( ), 2-nmethyl-1 -butyl §uCH2CH(CH3) CH2CH3),
1- hexyl (-CH2CH2CH2 CH3) 77/2- héxyl~( - OH( CH3) CH2E&R2CH2CH3) ,  3- hexyl (-
CH( CH2CH3) ( CH2 ?+nethy|-2-pent ngb CH3 2 CH3), 3-nmethyl-2-
30 pentyl (-CH CH2 , _4-rethyl -2- QFQH(CHS)CHZCH(CHS)Z),
3- net hyl- 3- pent ) (CH 2), 2-mnethyl
(-CH(CH2C} 13) CH(£H3Y™2) , 2, 3-di net iy 1- 2- but ylI é<£x
3, 3-di met hy1- 2-5ut Y (- cH(CHB) C(CH3) 3, and oct®l PH(cH2) 7CH3) . " Al koxy"
means a group having the folinula -0 kyl, in which agp,al kyl group, WO
2009/ 132135PCT/ US2009/ 041447 756\\F a$ defined abqve, i°s attached to the
par ent mol ecul & vi & an Sox gen ato an al koxy group
can have 1 t8 0% Bof- i/ N, 1/to 12 carbon
atons(i.e., CQeu &HoRy), “t@ ' carbon af onsiy.. ¥, C1-06 al koxy).
Exanpl es of suitabl e al koxy JopsS | ncl ude, but™ not limted to, nethoxy
(-0-CH3 or -OMe), ethoxy (+HOCHZEH3 or -QEt),HQ-BM oxy (-0Q-C(CH3)3 or-O0tBu)
and the |ike.

) 2CH(CH3) 2)

o
NH,
e S
N MO N\ N. =
HO N\N/ O NH2
OH OH
10 OH HG  OH




10" Hal oal kyl " is an al kyl group, as defined above, in which one or nore
hydr ogen atons of the alkyl group is replaced with a hal ogen atom The

al kyl porwoanosaf32sshal oal kyl group can have 1 to 20 car [pom/ust@an4(4i47 e. ,

Cl- C20 hal oal kyl), 1 to 12 carbon atons(i.e., Cl-Cl2 haloal kyl), or 1 to 6
carbon atons(i.e., Cl-C6 al kyl). Exanples of suitable hal oal kyl groups

i nclude, but_are not limted to, -CF3, -CHF2, -CFH2, -CH2CF3, 15and the

li ke. "APkenyl " is a hydrocarbon containing nornal, secondary,
tertiary or cyclic carbon atonms with at |east one site of unsaturation,
i.e. a carbon-carbon, sp2 double bond. For exanple, an al kenyl group can

have 2 to 20 carbon atonms (i.e., C2-Ca@,al kenyl), 2 to 8 carbon gtoms
(i.e., 2to 6 n at (t e C2-C6 al keryyl).
20Exanp|esC§>W§h|H§BE§h€}é s “Nncku utOare not Lto,
et hyl ene or vinyl X \QEHZCH: Zﬁi 5H7), and
5- hexenyl (-CH2CH2C%; CH: 2) / ‘Al kynyl ™ i@ a hydr N NH
cont ai ni ng nor ial econdarM tertlary or cycl} ar bon at; with at |east
one sitesof un%gﬁar i on, @, @Hcar bon- car bo tride dond. 25For
exanpl e, “an aI ynyI group can have 2 to 20 carbon atons (i.e., C2-C20
al kyriyl), 8 garbon atonms (i.e., C2-C8 alkyne,), @,2 to 6 carbon

f groups i ncl ude,

atons (i.e al kynyl). Exanpl es f SU|tabIe al_k
but are not to, acetyl fi , yFN( CH2CG- & -CH), and
the |ike. "Alky ene" PL$ ate il Y7210 g&fstralght chain or
cyclic hydrocarbaon B0 Tadi aI' hﬁg/tmo nono radi cal centers derived
by the renoval Wo hyg gen atonms fromthe:sajre or two different carbon
atons of a parental kane. For @xanple an aIk? fAe group can have 1 to 20
carbon atons,Cll to 10 carbon atoms, or 1 to 6-Carbon atoms. Typica

al kyl ene radicals include, but are not l'imted to, methylene (-CH2-), WO
2009/132135PCT/U8202§ 041447 756. PFNB4, 1-et hyl (- CH(CHS) ), 1, 2-ethyl

(- CH2CHz-) pyb (- CH( ;ﬁ, 1, 2- prop I CH2CH(CH3)NHQ

1, 3- propyl ; 2 - and e 1.1 ke.

"Al kenyl ene” ers Qb an turat ﬁié%; i gt chalNn or cyclic
hydr ocar bon radi cal havi ng} ‘Gbnoval e adi @ ’ ce" . derkvéd by the
renoval of two hydrogen annsjfron1the sane or tmo di B carbon’ at ons
of a parent al kene. For anpl e, and al kenyl ene gﬁgup gan have 1 to 20
carbon atons, 1 to 10 carbon atons, orr 1 to 6 carbon atons Typi ca
al kenyl ene radical s |nclude, but argnpot limted to, 1,2-ethylene

(-CH=CH). "Alkyny refers n unsatow ated, branched or straight
chain or CyC/IC\ beon r &di dal “havi ng twg, monoval ent icaNngnters
derived by the_ of rogen f?on1t9§ S
di fferent carbon ato of drant * al kyne. ForO@%@ i kynylene group
can have 1 to 20 carbon a&fn%j 1 to 10 car atons, ar_/ o N/

w( HO  OH

O Cl




6 carbon atons. Typical al kynylene radicals include, but are not limted
to, acetylene propargyl (-CH2C/7---C), and 4-pentynyl (-CH2CH2CH2C---).
"Am no" rwbep®/gerssrally to a nitrogen radi cal which carChascamsider ed a
derivative 20 of anmonia, having the formula -N(X)2, where each "X" is

i ndependently H, substituted or unsubstitated al kyl, substituted or
unsubstituted earbocyclyl, substituted or unsubstituted heterocyclyl, etc.
The hybri di Z&s6iPbn of the nitrogen is approximtely sp3. Nonlimting types
of ami no include -NH2, -N(alkyl)2, -NH(al kyl), -N(carbocyclyl)?2,

-NH( car bocycl yl), - N(heterocyclyl)2, -NH(heterocyclyl), -N(aryl)2,
-NH(aryl), -N(alkyl)(aryl), - 25N(a|kyl)(heterocychug),

-N(car bocycl y1) (het erocycl yl), -N(aryl)(heteromg¥;xﬁe-

N(al kyl') (heteroaryl), etc. ,JThe term "al kyl am o™Jrefers to an amno group
substituted th)at
groups inclu eFk

gl group. iMj ti'ng exanpl es of ami no
N N(CH3) 27 ANH{CERCH3) ,  N( CH2CHB) 2,

“NH( pheny! ), HON( fhenyl! ) 2 b érizyl),, etc. Substituted

al kylarnino refers genefally to alkb aﬁlﬁ% gPbups, as defined 30 above, in
whi ch at >l east one bsOft ut ed al kyl, 8s defined herein, is attached to the
am no nitrogen atom Non-limting ex&gples of substltuted al kyl am no

i ncl udes - NH(al kyl eneC(0)-0H), yNH( erne C(0) - %ﬁkyl)

Z

-N(al kyl ene-C(0)-0H) 2, -N(al kykeng- -0- al ki) Z~petc. WO
2009/ 132135PC]/ USR009/ 04144 % 7 bPF/ﬁ"A@%J" n a aromati ¢ hydrocarbon
radi cal derive the r val“of Bne hydragenfa o Neign a si ngl e carbon

atom of a parent a-ogatic I system For ¢, an aryl group can have
6 to 20 carbon atons, O6.,t“r5314oesarbon at ons, . to 10 carbon atons.

Typi cal aryl groups |ncDude but are not HDnltémito radjcal s derived from
benzene (e.g., phenyl), substltuted benzene, napht hal ene, ant hracene,

bi phenyl, and the |i ke, 10"Ary " refers to an acyclicnabkyl radical in
whi ch one of the hydrogen atons 8.to a arbon atg pically a
p

teiw nal or sp3 carponlatom is céa—v¢ B
udﬁv but are not |i ed

aryl al kyl groups

n aryl\ya icll. Typica
¥ 2{pheny|etban- 1

- yl, napht H®m et RN, Rgphthylethan | -yl , NH;

2- napht hophenyl et-hdn- I-y1 Ad the |ike. Th arylalkyl group can conprise 7
to 20 carbon at “@Ng., the al kyl 15ni i s MPo BHcarbon atons and the
aryl noiety |ﬁ g}}4 carbon at ons. rylal kenyl" refers to an
acyclic aIkenyP radical in which one of the hydrogen atons bonded to a

carbon atom typically a tgfm nal or sp3 carbgg,atom but also an sp2
carbon atom is replaged th an aryl radigal ., The aryl portion of the
aryl al kenyl can i ncl for exanpl e, aryl groups discl osed
herein, and# apkepyiN.pelti on b N allkenyl can include, for
exanpl e, any of Y'h enyl Ngkoups §gd herdi:n. The aryl al kenyl group
can conprise 8 t carbon atons, e.'g-5*the al kenyl noiety is 2 to 6
carbon atons amgbtlhgyaryl noiety |SH@ tonq 14 carbon at oms.

"Arylal kynyl" refers to an acyclic al kynyl radical ’in which one of the
hydr ogen atons bonded to @ carbon atom tyi.cally a term nal or sp3 carbon
atom but also an sp N

an

or



25carbon atom is replaced with an aryl radical. The aryl portion of the
aryl al kynyl can include, for exanple, any of the aryl groups disclosed
her ei n, awo 20éve13213kynyl portion of the aryl al kynyl can iPaElusd@9/ofian7
exanpl e, any of the al kynyl groups disclosed herein. The aryl al kynyl group
can conprise 8 to 20 carbon atons, e.g., the alkynyl noiety is 2 to 6
car bon atong gE the aryl noiety is 6 to 14 carbon atons. 30The term

e

"substitut reference to al kyl, al kylene, aryl, arylal kyl, al koxy,
het er ocycl yl, heteroaryl, carbocyclyl, etc. , for exanple, "substituted
al kyl ", "substituted al kyl ene", "substituted aryl", "substituted

aryl al ky$ ", of sphatiatatted i hatceptolly chly tHereodind " substi t ut ed car bocyel yl*
nmeans 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 5repl aced with a non-hydrogen
substi t uent pElfyRi—aNsubstituents include, but are not Iimted to, -X, -le,
-0-, --0, -OR", -SR", -S-, -NR'2, -NR'3, -NR", -CX3, -CN, -OCN, -SCN, -NCs,
- NO -NC2, =N2, Umipss stRfad B Rse, thgﬁq@j(on@)g\ﬁngs andgghrades as uscg(heOR ane,
-S(-O)2R", 2NR S(=0) 1e, -0P(-0)(O0Rb)2, -P(=0)(O0R) 2,
- P(=0) (0) 2, m‘%g%r 8)“%%% Sthe %q’ﬁ?‘%ﬂg(%%{‘%%s 10-C(-0)R', -C(-0)X, -C(S)R',

- C(0) OR1) - C(0) OWhenGfa8} Qhes ar€)dIRrein 4B mten@(t@)dﬂgpaqden BLNEE Zhe
-C(----NR')NR'2, where each X is independently a hal ogen: F, Br, or 1,

and each R'tpdenepaapedigbmd e pEtivgIDRyTmacgpqal I%F‘iﬁilﬁtﬁwffhﬁtlﬁé‘ﬂ@w@l@t or a
Prot eCti ng gr oup aQtysR &Hg'a%@ nd O} ¥ kRRGio R O REb BRGNSl gmy' ene
stitute I'ca

groups may al so be simlarl n ess o se I'n ed, when
t he term " sulests 4 eiingsbunt &f ]E5rnuﬂedor mpmmithlgnamlbtbblgaalnshaa@fh as

ai yl al kyl , ich have two or rmletl abl e of substitution, the
substi t uent gh@gqﬁiybé’ﬁgtrf’%’@ﬁéﬁ 1%%8”5%%1“&?@ ‘E‘?P AR " ReWROURE OEFGIMWR  bot h.
The term " plAgiHg" n?e%ny§%6;n?&fn%'d?tﬂa@ff&§rﬁﬂé &%ﬁ%@e&mg %Bé&am@%

adm nistered to a biological system generates the st'ance, 1.e.,
active ingrédieiht, as a result of 20spontaneous chem cal reactl on(s),

enzyne catal yzed., C rea ti on phot si s, and/or bol i c

cheni cal reaction ‘%Q{)Y[n 1,&%?5‘}]"88?1 gt e 71%1615 "8“1%&%@108%4% t?FBBW‘?réH “n%ﬂﬂb‘ﬁl or
latent for mu@fnsa FohetaRaditan Gyl ¥roap chy BaveOMROM rbon atoms @@ecﬁbz(! AIggh i the
art will recognl ze that substituents and other noieties e conpounds of

For mul a | - | 198 eiiben ome (sl ectedkyh, Q)’ridfér6 Ctaﬁ)qyrmhﬂ@ ca Codprpdkiiyl Baainphesi s
eon b 18, Ot B ARE ok @RI bR ROR TRER SR (ST, CORDARRT Wt o

can be o0®anaccept e phar ma i on.

Conpounds oCHEOHEMI grbpyil (i- Pwpbpﬁa@mmssb azapﬂopw(xw Qqﬁ@}ﬂﬂ e@i(@h‘gﬁ) as

falling wthi nwb(he sc present invention t er oal kyl

refers to ahb¥ @Bﬁr%&%’f%@?@c@ﬁ@{@f? ﬁo%é’eé}b}flﬂolﬂoﬁl’}dh@uhla%ylbeen repl aced

th a het \ t t f
the 30l kyl CroCH BB oRR (B Soui0l O CRER) iy L FrobPLER, 23 T

a het eroat Oh‘blﬁfgl gC(CHy)3)N| -partylSh-fieheyl, rﬁhmaﬁﬁztﬂﬁt(éﬁgal-lpymtygroups are,

it kot i St S M LIS LN G
(-C(CH3):CHCHy), 3-methyl-2-butyl (-CH(CH;)CH(CHj),), 3-methyl-1-butyl
(-CH2CH2CH(CHs),), 2-methyl-1-butyl (-CH,CH(CH;3)CH,CHj3), 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(CH;)s,
and octyl (-{CH;);CH3).

“Alkoxy” means a group having the formula ~O-alkyl, in which an atkyl group,

36



term nal carbon atom of the al kyl group which is not attached to the parent
nol ecule is replaced with a heteroatom(e.g., 0, N, or S) the resulting

het er oal kD 2g0903pss5are, WO 2009/ 132135PCT/ US2009/ 04144 PCTBB2008/041447
5respectively, an alkyl ether (e.g., -CH2CH2-0-CH3, etc.), an al kyl am ne
(e.g., -CHZNHCHB -CH2N(CH3) 2, etc.), or a thioal kyl ether

(e.g., ?&% If a termnal carbon atomof the al kyl group is repl aced
with a hete 3 m(e.g., 0, N, or S), the resulting heteroal kyl groups are,
respectively, a hydroxyal kyl group (e.g., -CH2CH2-0H), an am noal kyl group
(e.g., -CH2NH2), or an alkyl thiol group (e.g., -CH2CH2-SH). A heteroal kyl
group can hawéqﬁriedrabtlﬁempbkd tche(paZ@ltumid:r@lﬁe it anexydentabori O Thanlkgh at ons,

or 1 to 6 carbon ACl te rou ns a heteroal yl
group havi nBOII%OP g&"ﬁ%ﬁmél?(‘fﬁ%cﬁa"eel "CI% Oélr {)é‘m%g 2 AR o d YR 1 1" as
used her ei nciBEh %ﬁ@(:@y yay;, afkofyasp! & @B&bﬂ@htokﬂsfﬂet atilo azk eExarnples

het erocycl es described in Paquette Leo A.; Principl es o

Het er ocycl i ef eahleslioxy @vwyrs iRdwjeabitrre nehiinyideddo, meB8Xy (- @a@ﬁn oniw@Me})'

Chapters 1, The cyclic Conpounds,
A Series of %Bn%gr SPHS %H3(({foﬁﬁgwg?umxy&( g@@ﬁ%% %‘Pﬁ%@sﬁ% present), in
parti cul@r Vol uneHalddikyl4s ad SkyllGoumnd d2Biedaddvd, -in AMcH@HRBr mPRE hydrd SG0)

82: 5566. I n one speC|f|c enbodlnent of the invention heterocycle i ncl udes

a "car bocycPemsd theetlk v ggounais seriaced mathed inlegra apm njﬂreeﬂikbé pgrtion of2, 3 or 4)

car bon ato a 20The
terns "het g‘flegg?}éﬁeé}&g@cd’ q%ivgﬁgg%mf&r?ggl ng{sﬁégﬁ& ?tz[h}‘r?az]i ed}q?’ |1#8§}9 B Tially
u n; at ur at eg atﬁ-:mgse, , @A, laaimmn,cwrll ﬂ@gﬁSca(bonemorlnb(ete ﬁ Ctpzﬂémn@ﬂ): ExNabips)of
Substitute et er SII’IC or ex e eteraocyclic rings

substit ut edSW E‘E’ﬁz@%ﬁ? gf‘ﬁ‘é’s ‘Hé‘Fﬂ%"tz‘tn”gEﬁdd%e‘@FPre ) 1Crfﬁzudﬂh§F3s

car bonyls gr gupge jiRenON-1i m ting exarrpl e of a carbonyl substituted

heterocyclyl is: 25 ,NNH L., -Tr O Exanpl es of heterocycl es include
by way of exanpl &Abmaylhota h}idmwdiomcmm[ajtmhgjmbnnadiishyﬂnd@wp;arﬁiaiyIor cyclic

tet hyd t tet dr.ot hi | | f
oxi d 204 ¢ oLPRIHPBERTBIH A b PRPRAUHIT G E oo oy oy PG,
pyrazol yl, Fei Loy bn a&%ﬁwﬁa&i&l Ydan hReNZ &f 20 8¥bn atbms%n@p@mﬁ,l a%ﬁ&;) 2 pdol yl,

i ndol enyl, quiriolinyl, 30|squ|noI|nyI benzi m dazol'yl, piperidinyl,
4- pi per i don§ icarbpy atoaisi (@e-nGh-Cs alksyylir G}Ir Qd@ﬁ;ﬁlﬂrb(m@ltmh@dr, ébtﬂoaiﬂsdnyl)

ol oL R A RO ARIHLDRL Y SRS SRR Y
(-CH=CHa), allyl (-CH,CH=CHa,), cyclopentenyl (—C5H7), and 5-hexenyl
{(-CHoCH,>CH2CH,CH=CHa).

“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,-),

37



WO 2009/ 132135PCT/ US2009/ 041447 756. PF 52H, 6H- 1, 5, 2-di t hi azi nyl, thienyl,
t hi ant hrenyl, pyranyl, isobenzofuranyl, chronenyl, xanthenyl,

phenoxat Woybe/Be#3pyrrol yl , isothiazolyl, isoxazolyl, pPcaziSnguo/041447
pyridazinyl, indolizinyl, isoindolyl, 3H4ndolyl, 1Hindazoly, purinyl,

4H qui nol i zi nyl, phthal azi nyl, naphthyridinyl, quinoxalinyl, quinazolinyl,
cinnolinyl, pteridinyl, 4aH carbazolyl, carbazolyl, 13-carbolinyl,
phenanthrld gng acridinyl, pyrimdinyl, phenanthrolinyl, 10phenazinyl,

phenoth|a2| furazanyl, phenoxazinyl, isochromanyl, chromanyl,
i m dazol idinyl, imdazolinyl, pyrazolidinyl pyrazol i nyl, piperazinyl,
i ndol i nyl, |50|ndoI|n |, U|nucI|d|n |, phol i nyl , oxazolldlnyl

benzotrléﬁoﬂQkahﬂéﬁ%ﬂgékhidP&ﬁhﬂdXEHmﬁﬂﬁﬂﬁtlh@ﬁﬁﬁiéﬂﬂﬁﬂh?*ﬁ)Lééﬂﬁﬁm&l and
bondeq. het o SOTLTRCHE e ST ECLENRTD 2B Gk Chtn ol P BERRE,

position 3, 4, 5“Atkl’en}ﬂexﬁf r@feﬂyﬁé aldﬁﬂs!aﬂ@tecpﬁﬁinbhﬁfbr%trméht Pain®k cilief a
pyrimdine, position 2 of a pyrazine, position 2, 3, 4, or 5 of
a furan, teﬂl}"é*ﬁ%?%lfraﬁhéﬁ hamgé‘rf@m@ﬁovaéwﬂ Bidkraheentasy dorpyed by the removal of two

tetr ahydr Oplﬂg&l)geo a@%ﬁé %brg c,zsgm% vor Bo élﬂ%ﬁen@&frgm&hgof Af éﬂéﬂ%@%ee 4,

i
t hi azol e, an | soxazo i'sot hi azol e,

positi ohl2 exan®lefandalkemilenedirou, cap(hsvd] P2 0Zartdn a@crms41®d 1@6&&&2&&@% RE to
position 2, ui nol i ne or position 1 5,

3,.4, 5 6, 7, 8 0
7, or 8 of AFPEREEMI0 FVP]‘@E‘I%E?GPV]F“%F“E&I{S Jistuds) puf arediy B@He%@m&:@&mﬂm@

heterocyclegcﬂpqhyge 2-pyridyl, 3-pyridyl, 4-pyridyl, 5- pyridyl,
6- pyri dyl, pyridazi nyl, 4- pyrlda2|nyl 5-pyridaziny|, 6-pyridaziny|, 2-

pyri mdinyl, 4- pV.AiklynylmWIrﬁfeﬁi tpyﬁ umadlrzn@d breﬁrc}i)@(idr@trﬁi@hl&dham%r IaydhaZi nyl,

3- pyrazi nyl yrazinyl raziny 2-1thiazoly t hi azol

5- thlazolylhyg9aé%% %Cﬁiﬁﬁﬁggwg “ﬁ%ﬂmﬁfqﬁ%%ﬁ@¥ﬁﬁd%ﬁ@¢%@ﬁﬁrﬁﬁﬁﬁ%ﬁft

het er 0CY¢| €hy @b EnRTHCHor i Palcld: Ao alfﬁiﬁena%xﬁ&{ JibAll QP%%%% née?em-pyn ole,

pyrrolidine,” 2-pyrroline, 3-pyrroline, im I'm
2-1 mi dazol i meme, ianritgudtrag@pupymdzet &fo Hycaazol atanes, 120 1©yairhmodttbme,,or 1to
i i i ne,.indole, indolin azol e,

3- I , di
ool o 2" B S RS aShTEL G e BBSR AT Rnie bl BRER o 1 e,
and positiopnccof p t%p@r%ﬂrlt{a@HL@ﬁquangéi%hBﬁwGCQFC§I¢ﬂI Iy e typically,

ni trogen bonded heterocycles in¢lude 1-azirid - azetedyl, 1-pyrrolyl,
1-im dazol yl, 1-psmawdrylers gamerally foiaperdgdi m@dlcal wWADh can be considered a derivative

2009/ 13 35P, / US2009/ 0414 6. tero yelyl al kyl " refers to a
Zoycl i o2hi ROV APRTHEARYI (PR BRS P ¥ RS R uh PERRETIBBER U6 S Rar bon
atom typi caﬁduustmb@ﬁmylnalbs%tem% uﬁs@bmﬁte@tzé}%cybm IsERtRR&L WnkbsButed
heterocyclyl radical (1.e., a eterocgclyl al kyl éne- nnlegy) Typi cal

het er ocycl yheteorydylggto iBke hybedizaeon ofidke wirecands aproimettlytsy. Nonlimiting

het er ocycl n the
heteroZycyffgﬁ%%?1%%%$Fﬁélu ég%g %Efqﬁﬁéﬁgﬁ gﬂ@?ﬁ%?@ﬁ@?'@F@ﬁﬂ%mﬁg¥gfibed

abovg i ncl N@tdmodyh@gg -H{eﬁliétmbqulym -N@fymCJNH( Tpf}qdﬁ(&@g(&ﬁl@ter ocyclic

Chenlsté% lled in the art w | so understand that the

het er ocgtl yN( %k)é)&%et%raw%é) éﬂi%éﬂhﬁ%h@ﬁécwlﬂyI‘Nﬁf’éﬂﬂ(ﬁ@ﬁméﬂ‘yl)t he heterocyclyl
al kyl by m@@l&?{(?ﬁg‘&%ﬁ?&c.c'@ﬁ@gﬁn bﬁ?ﬁmﬂfno &AL RO Qﬁﬁ\%%’ou% 8%91?%1*[3’“ th

the proviso t
at least one alkyl group. Nonlimiting examples of amino groups include ~NH3, -NH(CHa),

-N(CHjs)z, -NH(CH>CHs), - N(CH,CHz),, -NH{phenyl), -N{phenyl),, -NH(benzyl), -
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.



resulting group is chemcally stable. The heterocyclyl alkyl group
conprises 3 to 20 15carbon atons, e.g., the alkyl portion of the arylal kyl
group i s woroosBsessbon atons and the heterocyclyl noi et pCraiS200004m47 car bon
atons. Exanpl es of heterocyclyl al kyls include by way of exanple and not
limtation 5-nenbered sul fur, oxygen, and/or nitrogen containing

het erocycl ess; ﬁ Fh as thiazolylnethyl, 2-thiazolylethan-1-yl,

i m dazol yl net hy oxazol yl net hyl , thiadi azol yl methyl, etc., 6-nenbered

sul fur, oxygen, 20and/or nitrogen containing heterocycles such as

L
"Het erocycl y, %g&wﬁg ﬁ;faeglﬁgﬁ», arBOn ABMHFlaDafhkSPHa Ff ﬁﬂ'g SRlend. TopBk £fpiONe of

t he hydrogen” at ed to a carbon ato typi ca termi nal or sSp3
car bon at oman byt g@ﬁabadlaa’e § /2 2¢ earbomatenerm toilg carbph atoadz wftth 18 ch:bbaamﬁycl yl

por i on of NECRACR TRyt oy FBUR et ol T PRESHIE S ocycl

groups deschih@gt LekeiRd bb&%hél%ﬁlghéié}%s&ﬂ@iﬁ%'é'lﬂﬁl%n?rﬂancﬂlhbﬂﬁé ples of Mdem
Het erocycli ¢ Chemi str and the alkeny ?ortlon of the heterocyclyl al kenyl

group i hel udes aﬁ&ﬂéﬂzﬂhédéﬁweﬁyPﬂgﬂ@@B@ tdéell usehichenephthe @rdrogii dtbwd i n

the art wll 3 so upnderstand .t t he. ter@c ro can be attached
o the al keRyioRe EeBRBFOThe et Bresky Bt rapiafor Sy Bahutge v & 4SF

car bon- car bedqid®ndpasal @;yﬁaﬂf}b@fbdp@hﬁﬂmt &mab@ﬁl&i lnmtetdhotmzjar Dyh&yidthat-11 he
resulting group is chem call % stable. The heterocyclyl alkenyl group

conpri ses 4Yh@apthvimetyh Zanaphylehag-1-vi parhiheeemyyl Hoephtbepbsnylethan-1-y1

het et oy <! ngTRL TS GUBILE ol SAES0T MATELRILLNE Dot AEORELYL

5" Fbtermﬁychyhaykymmuimﬂbﬁﬂﬂ&mﬁ@n@ﬁw&@ﬂ@kﬁ&y&kKymy4cmhdiaamsin whi ch one of
t he hydrogen atoggﬁggﬂde ,t% a carbon at Egall teining or sp3
carbon atom but q sy ‘?fé?‘oo%hacé’ﬁlé‘fﬁ ?@’ |r i tC'FIe gt fhe é@iﬁ’é%l yl
radi cal (i %ﬁoms%oﬂ@écﬁt’b%%%dﬁl eﬁ’rﬁrﬁ}’@ﬁic@l‘?}ea Rl %) sp3 -EQI%OH aloal, aay QIL(y !m 3}” tion

of the heterocyc y1l al kynyl group’includes any of the heterocyclyl droups
descri bed headpmatoimed napliaceyl vhose arjfésadmabél”dzelanyi mﬁmnmf tbd wla&enyb@er n

Het erocyclic st and t kynyl portio of t he cI kynyl
or oup. | ol udsbing® grarniE i) ) B Lo rB b r fin &'

the artow | kheadrglalkend Qs Irﬁ:ﬂﬂiet ﬂﬁ%xzhﬁ';lﬂe %E;fo%élﬁkéﬂy} gfo%pd@@asela%eﬁeﬁﬂ aﬂh@d to
t he al kynyl portion of the heterocyc yl al kyl -1 neans of

car bon- car bewlakmg! gioup cernpwpRridedt f@r»?@a!?ﬂwﬂw E\ﬂ ttﬁe @lh@nyﬁ)rrwtw et the

resultlng gr@ggﬁa%ng @hl%g@%n&e@gg%toEi%m%pﬁynéferocy0|yl al kynyl group

conprises 4 carbon a portion of the

heterocyclyl al kyAwlalgyouprdfas 2 &ma@cﬁﬁﬂlhmlahcﬁlﬁ mdidhhge bethengayagky |
noiety is 2 to 14 carbon atons. 'Heteroaryl", refers to an aromatic
het er ocycl y PIOREVIOREECHP 8 SERAM avte. ratcallvafesminah of He cribag alomp hut dle 1 iy

cxarm! e o a4 sbhei Gk A RN e el g s gPcgome
het er oar yl include, for example, any of the aryl groups disclosed herein, and the alkynyl 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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rings include all of those aromatic rings listed in the definition of
"heterocyclyl", including pyridinyl, pyrrolyl, oxazolyl, indolyl,

i soi ndol WO 2pawi3ess, furanyl, thienyl, benzofizanyl, bewrcCTaiSkéoophanyl ,
carbazolyl, imdazolyl, thiazolyl, isoxazolyl, pyrazolyl, isothiazolyl,

qui nol yl, isoquinolyl, pyridazyl, pyrimdyl, pyrazyl, etc. 25"Carbocycle"
or "carbocyclyl" refers to a saturated (i.e., cycloalkyl), partially
unsaturated7 gp§ cycl oakenyl , cycl oal kadi enyl, etc.) or aromatic ring
having 3 to 7 Carbon atons as a nonocycle, 7 to 12 carbon atons as a

bi cycl e, and up to about 20 carbon atons as a pol ycycle. Mnocyclic
carbocycles have 3 to 7 ring atons, still nore typically 5 or 6 ring atons.
Bi cycl i ¢ carfiespdMath snppehydregsn pubytitpept. o T pigal sebsjituensy inalide dus@ason bi cycl o

4,5], [5, Skmil-a:0]_%0rny 6:6 EMpOr¢-9 b 1Q+bN oS, arf,an as a
Li cy!:l o[ [ 5, gl]m{c?gt ’%S,Xg]Rt[é?/(gf 1(;%53’(213 ’g%}zl{fogf l}?gd’ ?\{ ﬁ&ég}%gh_ﬁlghf@?’ﬁg)%(afml es

of nonocycl i-8CEaMbedy@] & S, ANDUAEOE YN0 PHoYHC(-eNRP olodt(¥O)R ¢y cl opent yI
1-cycl opent-1 -enyl, 1- | opent - 2-enyl , 1-cycl opent-3-enyl, cycl ohexyl,
T oycl ohex- VBRI TONR 5 H Ghers b, Sy RIS GRS N heny |
Non-1imting . ' Q CYLeF dNChpuc i by
2009] 152135507, 082000 041457 756 BL Bhamt T Pt 6t rahg ek ore VAR a2 and
decal i n&)  -C(=O)REa£HoRYE|-GIBRRYCIOIRR b F&()6 1-6(RIORICYVIONER AKG(S)BRYI cal in
whi ch one of yd at Qe ed to a carhon atomis replaced with a
carboeyelyl“?ggﬁgQP'Qggﬁggéfﬁggggﬁggé¥ﬂfe*V%W%gﬁfuﬁg mHHHSY?ﬁQPSﬂﬁ%»%i
exanpl es of prasrlaogcdath &P kyihdecauasly zm,cdlkgd,eargu Fhﬂ)%ﬁfw hetgi%tcw&mr a

yl et hyl an

cycl opropyl ethyl, cyclobutyl nethyl, "cycl open
10cycl ohexy PrgediyE group or prodapg/inpistye rivillkyd, alkeeflenes andoalyriyéne goabkyky as

defi ned heregj .0 A dr n atom ich.,may b ttached either to a
car bon atong%ngQHEFQV%%F%%%%héggggéﬁ“?%ﬁé5%53Eﬁz?ﬁ“&ﬁ¢§?9|mgPBW dal

def i nediher @sdd. in Thgudsiiph withQuRms Fash Rerandedhic havadblphond @Bieats t he

het er oal kyl grou or to a heteroatom of the heteroal kyl group, provided

P, Lo . /
that the 15F@%blaafsepsErfiphdberbaitgts gandgptipmhey foafbs amy! ieisty, dhe k! stoasy.e
noi ety. For .ex | e, an aryl heteroal kyl group can have the general fornulae
-al kyl ene-O-aryl’, -alkylene-0O al kyl ene-aryl, -alkylene-NHaryl, -alkyl
ene- NH al kyl ene- 8hyterm-“ptokdplg” enesd dietein refead foyhe nempoumkiklydt &men adidinisteé. |1 n
addi tion, agﬁ of the alkylerie ieties in the general formul ae above can
be further SHEClAElRESIHIAS Be desuBYRRE; Tttt ¥ Waterisal aps result of

20exenpbd f i gehiGkSlsthemical readiBh&Y, Qo Alaarzed LRLHLA rE#ti@ﬂéﬂknﬁ%{hly%E,OUp’ as

defined herein, in which a hydrogen "atom has been replace
bet eroaryl grdepnetgbadiefchemidalhrerction(s). Nbpradiuyg it itng 2 exvaipitiesnalifidietelogar v

al kyl inclu - CH2-pyridi nyl., .-CH2-pyrroly], -CH2-oxazolyl, -CH2-indolyl,
-CH2-isoindg$V¥%ﬁgfﬁff%ﬁﬂﬁﬁyﬁpy%gﬁfg¥ﬁwﬁ ", -CH2-thienyi,

25- CH2- benzof ur ammk skitléHathenz lihiconherYhat saistiBres@hh@s@bMtheieties of the

- CH2-i m dazol yl , -CH2-th|azo%yI, - CH2-isoxazol yl, -CH2-pyrazolyl,

- CH2- i sot hi goBpgunds oGdiqrmylai i8] shpuld bepgleqiedon wrdes FyprovidErzomyeindarlyeh is

G as ot Ry g e IR oS U smutt R B R Rt 1
- CH( CH3) - f uiradyl acceTilfl C3hle phargnydutical Colnpbidlioh ena@aidthady Formula I-111 which

30- CH( CH3) - benzot hi aphenyl, -CH(CH3) - car bazolyl, -CH(CH3)-i m dazolyl,
- CH( CHB) - t hP&ESPG S,ta@’@eq(d@r@}lt@r@&%&%ﬂ fylling wethyndthsyeopy phihie pesent invention.

GG S0t gy AL B v
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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WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5The term "optional ly substituted"
in reference to a particular noiety of the conmpound of Fornmula I-111 (e.g.,
an opti omabI2gosIbssi t ut ed aryl group) refers to a noi et PCRIUSR@904 547
substiutents are hydrogen or wherein one or nore of the hydrogens of the
noi ety may be replaced by substituents such as those |isted under the
definition of "substituted". 10The term"optionally replaced” in reference
to a partlcgég noi ety of the conpound of Fornmula I-11! (e.g., the carbon
atons of sai ?El-C8)aIkyI may be optionally replaced by -0-, -S-, or -NW)
means that one or nDre of the nethylene groups of the (G -C8)al kyl may be
repl aced by 0, 1, nore of the groups specified (e.g

-0-, -S, or
15The tefm '“??ﬁ?ﬁ“t"é]ﬂnﬁfhf’é\‘yléﬁ}e‘b% at- S By-O-CHreit o e Al Feinals- o HJ1:NHgjHeeny | |
al kynyl, alk I | ene t n
Stone i tneHENEH R, KD SMfonel MK L ORESTORS, Y G diboh AonC AR
noi ety and thel glasp iscaplbad vatharhetanodtdre (apl €t i, orTethe f@uking hytewalkybfroepsanpl e
and not limtation,. t.h noi e (OFI2 or al kyl ene
moi ety - CH2 EESkJHRREY slmﬁ@mw%@ow Gr% %ﬁﬁggﬁ%@ AWAGHE AP B Ebe t he
non- t er m nal.cAAURANAARAE thiol (gB%uFQ@Rg A 1,0H299). Yﬂh%ﬁoﬁkg}géxbﬂﬁéaxﬁ{a@e B T ogen

oxi des such as b)(R) or These nitrogen oxi as shown here
attachedOt o eaamzalr: blox 28tcarppn e@msal wol (part®n Momse pr bentagbbnagorohay GeCsepar at ed

groups such,asR ctiv . are int nded t o be equival ent
Yo the af or nEneRShEs p asPEodRREi eustaoatide FHHBRLEeST descr! bl ng chi s
I nvention. “HeleRdeStle” OF “hekdriid¢clyrEaNSsed heRaNneRbeM! RhY o LOMRIPISIHII 2
coval ent bond or a chain of atoms. Linkers include re eatlng uni ts of

al kyl oxy ( engt lipsataet thysedwtaongyclepRecriped ylr%qqﬁyﬂtfeﬁégfy)_mmmmﬁqu (e.qg.
pol yet hyl en%@@r@gﬁéchggh éﬁg&‘?ﬁ% %“rgm%?‘?\!e% 3%1&?'19 ‘ 1cu ar% tgagat g ,
succi nhate an he™’t er ms

such aslSoxyfgen? lahd RETHe Chamibt-pgEReteioakeit' Comh ﬁ@rnta@m Seﬂdmd*Mo e heT -
| i nked", é@hosphorous | i nked” nmean that if a bond between two noieties

can be 9ﬂ¥®%T§§b@?ﬂﬁ§?§@§?GQ@QKWM?%@QWPH@WQ#%éﬁﬂﬁﬁeﬁgiHQ Hor&: t han
one type OfaﬁéQQEhHJﬁAE?gﬁ&Mﬁ%%h§@66 ?ﬂﬁdIﬂ%ﬁggghﬁﬁﬁﬁﬁgguﬁaﬁo?ﬁket'es I's

t hrough t he at om speci , anitr amno acid
invention “heterocycle” includes a “carbocycle” as defined herein, wherein one or more

(e.g. 1,2, 3, or 4) carbon atoms have been replaced with a heteroatom (e.g. O, N, or S).

20 The terms “heterocycle” or “heterocyclyl” includes saturated rings, partially unsaturated
rings, and aromatic rings (i.e., heteroaromatic rings). Substituted heterocyclyls 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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woul d be bonded through a nitrogen atom of the am no acid rather than

t hrough an oxygen or carbon atom of the am no acid. Unless otherw se

speci f i edvotb@/ar3dbon at ons of the conpounds of Formul aPCTIUSR00204EI1E
intended to have a valence of four. In some chem cal structure
representations where carbon atons do not have a sufficient nunber of

vari abl es attached to produce a val ence of four, the remaining carbon
substi tut ent’ise.@€eded to provide a val ence of four should be assuned to be
hydr ogen. For exanpl e, 15 "Protecting group” refers to a noiety
of a conmpound that masks or alters the properties of a functional group or

the propsert i2?i§6}‘f-)~f1,St,ﬁﬁitffﬁ%glgpge-r@%%@im\ff@%n }, (B)-nl;];hgllyﬁ gs%%%%z?v@:r?ﬁgﬁsél{r&%gﬁ ne of a

protecting group Varies w nc imy group’is to
serve as an ximtheryigdicatetiinyll Pid-pgymiyhasitbiaadlyl, hexpan gnpabzidylugysdibitgnce.

20Chem cal protectjng.g ps.and strategies for protection/ deprotection are

wel | known FWOE‘WEG}%@C&’%; %%F‘@Pbﬁ)s ALy 4merinpt et tpguinp hzingl phthaagnyl,

"Protecti by . i i SHrA A W | &
rotec Iven%@vm@mﬁ, %g@gﬁ@a?&m&%ﬁ, mn}iaﬁmst@m}%y19&§%ﬁb%gpln ey

Sons, Inc., or K, rotecting groups are often uti f o mask
t he reacti vicerpagflylcbrendohn¥lupteninthadingk ecpdinylt pyrasslitgt, phenairosififli ci ency of

desired,chem cal. reactions,. e. g. maki and .br.eaki.ng chem_ cal bonds in an
o?gg;:dl nggb?gﬁﬁ%gpﬁ?&ﬁ@%ﬁpﬁP&%?gﬁﬁf@%mBFE?HﬂC?P%ﬁ m@ﬁdﬁﬁ@“ﬂﬁga conpound
al ters ot heimphysidal, Bli@RelihesyRA%IIeS pyeiﬂaﬁpgf;§§49EJayin§M ifolihire protected

functional group, such as the polarity, I'ipophilicity (hydrophobicity), and
ot her pr opefcingslioni ewinecdiding meabolind wyzd nbearaliriprelpiabenzisokazolyl,

Chem cal |y Bg@ﬁgﬁéﬁg%%ﬁégﬂﬁ@gE%%§3gm%%f%gf%%ﬁ%%ﬁﬁFbe biologically active or

i nactive. Prote 1s0 ex dPed, and in sone cases,
optim zed 15properties in vitro and in ¥twwp, such as passage through

cel lul ar nmenbranes and resistance to éhzynati c degradation or
sequestration. In this role, protected semmpounds with intended therapeutic

effects may be refened to as prodrugs. Another function of a protecting
group is to convert the parental drug i® a  prodrug, whereby the parental

drug is_rel eased upon conversion of the prodrug in vivo. Because active
prodrug$® may be 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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20 absorbed nore effectively than the parental drug, prodrugs nmay possess
greater potency in vivo than the parental drug. Protecting groups are
renoved ewoOle09/13m3%itro, in the instance of chem cal i nPeTrasdioaesid7 or in
vivo, in the case of prodrugs. Wth chem cal inteiniediates, it is not
particularly inportant that the resulting products after deprotection, e.qg.
al cohol s, be physiologically acceptable, although in general it is nore

25desi rabl e7p6.PFhe products are pharmacol ogically i nnocuous. " Pr odr ug
noi ety" means a |l abile functional group which separates fromthe active
i nhi bitory compound during netabolism systemcally, inside a cell, by

hydrolysis, enzymBlifocGhifRUSTCIfRE tdhh R9TE: AkNLARIIGR S3Sch(Bndegaar d, Hans,
"Design and plication of Prodnigs" in Textbook of Drug, Design and

Devel opment hydrogen)atomps birdsd g agathon 3001, syrsenlyarigririnaBursgdgembal atBaisis Har wood
Academ ¢ Publishers 113-191) . . Enzy whi re capabl an

ensymat i atEis vih THsEb e B e e T SRR e dpbtthas of
the inventi Biteiodgdifdgkyl RiddupR iRl bht 278 hedirhiRed @ HefkAsSSlyl-€3,8Nases,

m crobi al enzymes, phospholipases, cholinesterases, and phosphases. Prodrug
noi eti es caﬁleé%@qyélyﬁ))@th@ﬁﬁa)ﬁkén%p dbe: whopein dlws Greprosbyanepriipposhides e f t o
optim ze,dr i . / 47. 756. PE
bi oavalt bl et e he e RS R P en ot

met abol i t e Moddmidetetosedlfc ChemistrEx@iikalied iprtbel st gvillraise bh@SsthiCihdd@et he
hydrol ytically sensitive or |abile acyl oxgm ethyl esters - CHZOC(l ----- 0) R3

and acyl oxy BORYALY P Ho it issttaghgd oty omtgth@hqtgroadﬁ@ﬂgq Ryl , Cl-Cs
substi tut edfxﬁh&)’df’a c%o%r@%onﬂ for %Q%?bgﬁ%gte%ﬁt?éﬁ 'btb!f'fcﬁ %tl@tﬁé%mvﬂiﬁhaﬁ the

acyl oxyal kyl "ester was used as a prodrug strategy fdr carboxyllc acids and
t hen appl i etkstlonplgosphatiesniasity pibds phoniatescinfyifkdd ghap cetmpakey(3108D) 1

Phar m i. 72: 324; also US Pat ent s. 4816570, 4968788, 5663159 d
S0 7561 | nekBon FrRS el BPTERET T AEHARGEEoP & bt LRl B0 Fas B ¢ of
a phosphat eh&é@ﬁuym&e@qybqe;yahmbn SSR! EXBNpIBE- R &R dAk | IN Slc1RRasPhori ¢

acids across cell T15nenbranes and to enhance oral bioavailability. A’close
vari ant of whgoheyimlyandayt lissitasion Strhembdrid syl bay dogyh.org/ar kiglogest er
(carbonate) . al.sp enhance . oral. bi,gavai o). 1t a. prodrug noiety in
the' compounteBhnEwEReERERR S o Pif AR VRl ARt LB ary

acyl oxynet hithidesd Bmetis/], Rixvad i cebel NiaBR% Yy I SO etc ColdaXsbere®I Sy gen, AN

exenpl ar% acyl oxynet hyl carbonate prodni g noi et
X

/ ar yis 20 )
pi val oyFoxyast orviieegamanataanippgyrocriponeh as pigyodnrasiel, piperazingimetiphosphat e
group may b i . 3gwg j . may be
sensitive t%oﬁi}%ggﬁ%%&’ %@ﬂ{yﬁgeﬁ@u?ﬁ%%ﬁ&%ﬂ’ odgﬁ%}s ‘conprising a

pi val oyl oxypethylincanbonate (1 OC) or POM group. Alternatively, the prodrug
noi ety may be sepsitive to enzy i c potentiated cl eavage, .such as a
| actate ester or %Etﬁ@ﬁ}ﬁ%]ﬁ%ﬁélmq%‘isé‘) é’%?‘é’félérﬁ pyl radical 10 pghigh Querad ke of

phosphor us , gkl - r : X | e n or al
bi oavai | abi %?g@&ﬁﬁgﬁhgag%%gtggl)s’gﬁw%ély aaéhg%ﬁn%ﬁag%fsﬁ4%%%n ﬁlghy esters

cont ai nZhg alscaspoestdnatest e reppacel ovitia hdheopidg phdit4 (havehabsoydigden

descri bed (Kharrinei an rrence, 996) 1. . Che 39:4109-4115).

Benzyl est ik ﬂ%“_%ﬁ’t"é‘ﬁgr R hebewﬁ@ RO R N%iﬁéﬁﬁ?@%h&@@ﬁaﬁi%%ﬁna@%

sone cases, yIghé A4Sl Al orbii® REIMRA 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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or para-position may accelerate the hydrolysis. Benzyl analogs with an

acyl ated phenol or an al kyl ated phenol may generate the phenolic conpound

t hr ough twe 2ae%i3erssof enzynes, e.g. esterases, oxi dasespPCEUS2009ai4ah in
turn undergoes cl eavage at the benzylic C0 bond to generate the phosphoric
acid and the quinone nethide internediate. WD 2009/132135PCT/ US2009/ 041447
756. PF 5Exanpl es of this class of prodrugs are described by Mtchell et al
(1992) J. ChéemPFSoc. Perkin Trans. 12345; Brook et al WD 91/19721. Still

ot her benzylic prodrugs have been descri bed containing a carboxylic
ester-containing group attached to the benzylic nethylene (dazier et al WO

91/19721%. Thi o- epR{cAlRALRKIBRIHT UaSs B S arc:;a%ﬁﬁ?ﬁ Cadd&l HS9hidh oh Qb f2e
gs. These

intracel lular delivery of phoSphonate dru proesters contalin an
10et hyl t hi o hydigpn tamafsosdedtthe catfionlatgn.oypicaldy eidienl estpe cabbedioni, bt an

acyl gro or. conbined with.another thiol gro to.forma _disulfjde.
st or Ut Do dlsoaR AP sreBkoR i et TP bRidDl s S eeebs b o
i nt er medi at alwhiehe-SHHISSTUTRE hoteldt RIS AWM L1t e gézk_@m?g%ﬁ%;%&iy@ n%' d and

epi sul fide (Puech et al (1993) Antiviral Res., 22: ‘ ; zaria et al
(1996) J. Merludehamy obe haigswyclylygrenpscdgserimdimmit.andudisg shdsadescabsbinbeen

15descr i hed pas . f orMs-cont ai ni;n onpounds rion et al, US

Pat ent 8 : %? Rl RGRRROR 28R ta“nglﬂ?egaémpﬁx@?g%ﬁ&i ast er eoner s,

and racem c haiexdcyciobalk ol pam@risciudalayor phllkRseudapodiyabiahered. ogapounds
of Formula I, Formula IIl, or Formula IIl and

wi thin the scope. |

phar maceut i @%ﬂﬁ?@l%‘@ﬁé’ﬁt"‘éiglalegoé@ﬁ?r§taﬂ@1§¥ﬂé3’feh&?“éO‘é’ﬁ‘fbﬂﬁm caiy bo gttdrbed taeibent

i nvention. Al A };ﬂ(}[@ j r ners .are wthin
the scope of | gﬂ%ﬁﬂngﬁtﬁ% lﬁ‘?/tglg)lte { (gﬂ g;%le%gérjr%ﬂdu%gﬁoo '&'I%%Orn%qng 311 and
i ts phar naceuabbr-hkiespaame bpid btith thabtosisvalyat exd sbuldag didipey eitinigolyysmpgphs or

pseudopol ymi phs. As herein, crystalline pol ynorphi sm neans the
abilit y?%f "ahE E%’E"&V‘f‘?ﬁr’ggw &OF’@“é‘%@@‘llstP %%ma&?%aé?réw-g@r%gi&wﬁ portion
25st ruct ur ess hEm@tefdey el RhikiNg PAIERRPBIcSMy] ¥onﬁsea§M'tBe flét%gﬂ{d;rg&ggﬁgg In

crystal packing (packing pol'ynmorphisn) or differences In pa en
di fferent cénibearersatpfist he sane nol ecul e (confornmational pol ynorphisn). As

used herein, crystalline, pseudopol ynor.phi sm the ability of a hydrate
or solvate of a c% @Wg F%erég? &a%waéﬁp?tggogg@y %}’é"cgaqt?%atgtr%}lﬁeé%%“omﬁ’é
pseudopol ymeeris. Qfort hiaitindSdxambles BY QRtabRMePEYaiE%k Sthid Qa0 Be il dudlialif alences
in crystal packing (packing pseudopol ynorphism or due to differences in

packi ngZbet WEBRUAIINE dpdic Gyaen SRS asf nitrhgers aNen-fli e dxemptes wf betertidnal
poeucopo! yabethe (07 LOSLANLL AYBLK) SDSRIBEATRS, Bl mRi = and
phar maceut i erhidngasciintydlpyercbal s:mzolyVhR00 53133335 PehAVUSRRABA OdiLAd7 756. PF
benzofuranyl, benzothiophenyl, carbazolyl, imidazolyl, thiazolyl, isoxazolyl, pyrazolyl,
1sothiazolyl, quinolyl, isoquinolyl, pyridazyl, pyrimidyl, pyrazyl, etc.
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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5A conpound of Formul aand its pharnmaceutically acceptable salts may al so
exi st as an anorphous solid. As used herein, an anorphous solid is a solid
i n whi ch wbep®/1321380 | ong-range order of the positions @®CTiuseomawers7i n the
solid. This definition applies as well when the crystal size is two
nanoneters or |less. Additives, including solvents, may be used to create
the anorphous forms of the instant invention. The 10 instant invention
conpri ses aHI rphous forms of the conpounds of Forrmula 1-1TT and their
pharnaceutlcaP1y acceptabl e salts. Sel ected sub stituents conprising
t he conpounds of Formula 1-111 are present to a recursive degree. In this
context, "recursive substituent” nmeans that a substituent may recite

anot her P nstaptbylptetrpkyloraptikmguand dskalitge recursive nature of such sub
stituents, 15theea n resent in
any gi ven embodi bﬁl{boggiiﬁik}%ﬁ’rg%%gt%& #1986 rg&%1 %f) (Enl?eo rt)l RY can be

R R can be h¥@rogiiBatemn bbeddddo amderl aGan 1§1€p180f§lf witlo ﬁ’]@ﬁﬂb&@y@j&lbﬁdlb:ﬂ lzl@ nts
skil], in the art of nedicinal chem stry

Cindor St ands G175 HEvRoUAP ALBEROTLF meien SUBYES CuremosyFI¥aAgASHED! y
limted by HmﬁmﬂﬁﬁkkﬁﬂgﬁgﬁﬁﬁéggﬁﬁF éﬁﬁ?ﬁ CQﬂR&H&anE@@ gaﬁp peﬁg{gggrtles

20 include, by wa tatlon es such
as noleé&lawydehg@hnmhﬁlubiIity or log P, appllcatlon propertles such as

activity against . th |nte ract propertles uch as ease
of synthesis. Ar % %yﬁfm %}ﬂ 1??“3?1%1‘% bF§ignin WABC}&%EYW% e
recursive syln$ (Wﬂ}él?ﬂlta? bk aﬁ&%& aitier 857 esth B Bloth orTaVl?ét%Lﬂlo}h) hg@6&n r%%ea' ve
substituent can independently occur 20, 2519, 18, 17, 16, "15, 14, 13, 12,

11, 10, 9, &ithzan syl goupdas ®Fingd hereinorThe ar)thgnms)smaydaeg:oméed @rbadbaemem  Nbr e

typlcally, cursi;ve sub sti.t ent ca tly occur ewer
times in a g’?vﬁ‘&? CEREUS SERP: HO &S P"g 3 ¢ nli‘q%g‘oglgﬁgﬂ g%@ﬁ?‘@fl?ﬁét%at the
subst it ugnt r&aninkREEREBAEIRY] doQS erivides Qlché@ialy tiaBRMdiBya Fat ¥empahadi ment .
For exanple, WB will occur O to times, RY will occur to 6 tinmes in a

gi ven enbod?ﬁ@ﬁ#mﬂﬁ&ﬁﬁﬁﬁﬁ?@m§@V9ﬁﬁﬁﬁ?W?1m%@“kﬁlﬁkﬁb@@ﬁ)@Who 6 ti mes and RY
w1 occur df(ﬂ k-l 011[ —z%rﬂ gall%f}@n eﬁﬁog&gﬂf(g ne-N alllgel%ur-%y iy ﬁ(ﬁpfsl%let ;?? ts

are an inten aspec enti on na Y S

of ned|C|naBecﬂemﬁgﬂmy;&ﬂﬂ@k&éaﬂﬂsathB1afmﬁﬁghﬁybﬂmeﬁmﬁuﬁhnﬁmaﬁﬁﬁﬁﬂ@ntS To
WO 2009/ 132135 756. PF P /U82009/041447 5t he degree that recursive

subst i t uent € TRFRIEARADOV A CambefarBaT TREMituEsd ‘Ylﬂbaqyrﬂféh? pubstitues df’%ﬁeéIOf
nunber w4l | cpenggiamaldped as set forth above. The nodi fier "about"
used in connection wth a quantity is inclusive of the stated val ue and has
t he neani ng d|ctéﬁedubwﬂMhﬂ”¢dhmexan@&wggbupnskhﬂﬁ&ih@emdmgﬂean@hy@bgﬁr

cosocioted WANMASSIEn) o G RRLLCH or SURRLLLY) \g0ThE, ompotnds o
prodrug moi efatmpleslof heteroaryl alkyl include -CH,-pyridinyl, -CHa-pyrrolyl, -CHo- -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(CH3)-isoxazolyl, -CH(CH3)-pyrazolyl, -CH(CH;)-isothiazolyl
~CH(CH3)-quinolyl, -CH(CH;)-isoquinelyl, -CH(CHs)-pyridazyl, -CH{CH3)-pyrimidyl,
-CH(CHj;)-pyrazyl, etc.

*
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w2 wherein each Y or Y1 is, independently, 0, S, NR +N(O)(R, N(OR,

N(O) (OR), or N-NR2; W and W2, when taken together, are -Y3(C(RY)2)3Y3-; or
one of WwonoMa3eBget her with either R3or R4 is - Y3- amdTiuseooomsn7 of WL
or W is Fornula la; or WW and W2 are each, independently, a 15group of

Foimula la: 7y2 p ly2 Rx M2 wherein: each Y2 is independently a bond,
0, CR7, NR "N(O)(R, N(OR, NO)(OR), NNNR2, S, S-S, S(0), or S(0)2
20each Y3 is] %rf_,(igependently 0, S, or NR M is 0,1 or 2 each RY is

i ndependent Y8 F, O, Br, I, OH R -C(=Y1)R -C(=YL)OR -

C(----YI)N(R 2, -N(R)2, -+N(R)3, -SR -S(0)R -S(0)2R -S(0)(0R),
-S(0)2(0R), OC(=Y1)R - 0C( ;Y)as N( joz) , -SC(=Y1)R -SC(=Y1)OR -
25SC( =Y1¥ ( N( R) 2) ,The tgrm) ‘©ptionally supgtutef[l ) referdncoR; a partichgRnGletYd)tht 1(R) 2,

i 35PCT/ IS2009/ 041447, 756, PF 5 -CN. -N3,. - N, - OR
or ot oot ng. 8 SURTSIONAITB: IRaR ARk BB RER AP (47 SaniiEY hon

at om f or m a vilafdi®eY elbstuteh®@reyddoded of wERFDOBNESONBre FAChodeds of the
' ndependent llgoig;{’ma% b%rrglgiggédibr;rgsu srtgfggﬁts s(,)urchtag ?hc;sg {istméll ﬂr:ider thevg]e%rnietliog: of
“substituted”.

10 The term “optionally replaced” in reference to a particular moiety of 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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10Ma, M ¢, and Md are independently O or 1; Ml2c is 0, 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11 or 12 each Ris H halogen, (C1-C8) alkyl, (Cl-C8)
substi t utwo 200%nR135( C2- C8) al kenyl, (C2-C8) substit ut edPaTksegoo/041(4€2- C8)

al kynyl, (C2-C8) substituted al kynyl, C6-C20 aryl, C6-C20 substituted aryl,
C2- C20 heterocycle, C2-C20 substituted heterocyclyl, arylalkyl,
15substituted arylal kyl or a protecting group; WBis W or Wo; WM is R
-C(Y1) R -Cixpmb, - SQ2RY, or -SO Ws; and Wb is a carbocycle or a

het erocycl e wherein Wb i s independently substituted with O to 3 RY groups.
W5 car bocycles and Wb heterocycles may be independently substituted with O
to 20 3 RY giidpsy ulfheiire Bindnd AdIALEM itISRIM, %&qh?r)omamw bothkdl
conprising a mono? or bi cyclic carbocycle or eterocyc . Wb may have

10 ring at ofie,m@eiges,is Birvwghthe btog gediied. Foreebiptd, agétragee- lmkedmmhmdicxmen

cont ai ni ng 3 r urated or unsat ur at.e ontaining 4
ring atoms, ﬁogaggﬁfoﬁ%ﬁﬁltr%mcﬁto’ﬁﬁg etﬁné’fl%amaﬁ%ther g?ﬂ fHERGD5 ring
atoms, and g§g} g&ﬁ@}@g{bomgmﬂge%nﬂy@m urated, or aronatic when

25cont ai ni ng rrng:a ons A W6 heterocycle may be a nonocycl e having
3 to 7 ring menbbmiesg otheoviee spaeibon, the carbomaidns Otfdlﬂmn@ﬁaqfoﬁmng}@ﬂé& ed
fromN, 0, P, .an a_ bhi.c hmnn {.to 10

carbon’ W on@rediAdis M fa URNE T L oF Sofe e Sl Sy b RET gy Sy

het er ocycl i garBoN eS| IRH0IBI ENEfi Berlt Quihbed H¥Ov a2 BIFB a&&h&@t@rs@rdama&mm and

| to 2 30 heteroatons selected fromN, 0, and S); or 5 or ring atonms (3
to 5 car bon0%’ioaﬁéh%?@a1nmwrh@0wb§t3tme:@w¢mm9w@@1azral?n%té fopr shogd pe

het er oat ons e het er ocyclic bicycles have 7 to 10
ring atomns %E%@&E €%$ onegtgﬁgean3ﬂ¥5to 2 heteroatons selected fromN, O,
and S) arranged as a bicyclo [4,5]R8[5,5], [5,6], or [6,6] system or 9 to
10 ring atons (8 to 9 carbon atonsjand 1 to 2 hetero atons selected fromN
and S) arranged as a blcyclo [5,6] lor [6,6] system The Wb heterocycle may
be bonded tq,Y2 through a ? ; gen, sulfur or 10 other atomby a
stabl e covalfent bond. ; eterocycl es include for exanple, pyridyl,
di hydropyridyl isoners, p¥ errd ne, p |da2|nyl pyrimdinyl, pyrazinyl,
s-triazinyl, i gl pyrazolyl isothiazolyl,
furanyl, thiofura éRaprrro al so |ncludes, but is not
limted to, exanpl 15

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

47



\\--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
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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 Forrmula I-111

conpoundsworredude1dsubst ruct ures such as: y2b Rx PCT/US2009/041447
756.PF
5  Examples of this class of prodrugs are described by Mitchell et al (1992) J. Chem. Soc.

10

15

20

25

30

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
ethylthio group in which the thiol group is either esterified with an acyl group or
combined with another thiol group to form a disulfide. Deesterification or reduction of
the disulfide generates the free thio intermediate which subsequently breaks down to the
phosphoric acid and episulfide (Puech et al (1993) Antiviral Res., 22: 155-174; Benzaria
et al (1996) J. Med. Chem. 39: 4958). Cyclic phosphonate esters have also been
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
the present invention. All mixtures of such enantiomers and diasterecomers 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
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
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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wherein each Y2b is, independently, 0 or N(R). In a preferred aspect of
this enbodi nent, each Y21) is 0 and each le is independently: 10NH 2c
wherei n MUPC0#91321352 or 3 and each Y2 is independently &Charsdgoo®414€Ri , or
S. In another preferred aspect of this enbodinent, one Y2b Rx is NH(R) and
the other Y2b-Rx is 0-R wherein Rx is: M 2c 15wherein ML2c is 2. In
anot her preferred aspect of this enbodi nent, each Y2b is O and each le is
i ndependent |7é6 M 2c 56 WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5 wherein
ML2e is 2. | 'gﬁot her preferred aspect of this enbodi nent, each Y2b is O
and each 1V is independently: M 2c wherein Mle is 1 and Y2 is a bond,

0, or CR/. 10Qx her enbodi ments of w2of Fornul asconpounds i ncl ude
subst ruc? ures suéhcompoung offyormula I-III 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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RY Y3RY RY wherein each Y3 is, independently, O or N(R). In a preferred
aspect of this enbodi nent, each Y3 is 0. In another preferred aspect of

t hi s enboalOreeew132t38e substructure is: /P\ 0 15 wherei n RETIGS2008/0ast4tef | ned
herein. WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5Anot her enbodi nent of

substructures: of Formula 1-111 includes the O RY p_y2c 0O wherein each
Y2c is, ind%ps)grll%ently, 0, N(R) or S

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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WL--1 w2 10 the substructures wherein one of WL or W2 together with either
R3 or R4 isand the other of WL or W2 is Fornmula la. Such an enbodinent is
repr esentwo 2b89/@236npound of Forrmula | b selected from PZPAISRM0I/0414FDI MUl a

| b In a preferred aspect of the enbodi nent of Fonnula |b, each Y and Y3
Is 0. In another 10 preferred aspect of the enbodi ment of Formula Ib, AAP
or Nv2 is Y2b-Rx; each Y, Y3 and Y2b is 0 and Rx is: WO

2009/ 132135R€g pE)S2009/ 041447 756. PF 5M 2c wherein Mi2c is 1, 2 or 3 and
each Y2 is independently a bond, 0, CR2, or S. In another preferred aspect
of the enbodi nent of Fornmula Ib, WL or W2 is ,r R; each Y, Y3 and y2b is O

RVR R3 10M er el c is 2..1n anot referred aspect of_the
enbodi meht 6%&__6 %Tﬁg%g/%ﬁf\ba paqteqtm grQup ¢ é,bcPr v?hen taken toge%ler, two R’I on the
same carbon atom form a carbocyclic ring of 3 to 7 carbon atoms;

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

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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r Rx; each Y, Y3 and Y2b is 0 and Rx is:

a bond,

0, or CR2. 15 Anot her enbodi nent of substructure:

of For mulwo2eed13236npounds i ncl udes a WO 2009/ 132135PCPCUSR@9/0041747

756. PF 0 y2Rx 5y2 wherein Wb is a carbocycle such as phenyl or substituted
I n anot her aspect of this enbodi ment, the substructure is: (R)0-3 0

phenyl .

RY \,P\ y2b 0

756.PF

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:

N Ny,
A, QL Q.

N7 X

d N
Ay o
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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wherein Y2b is 0 or N(R) and the phenyl carbocycle is substituted with O to
3 R groups. 10In anot her aspect of this enbodi nent of the substructure,

12." is: WOR®@/1p2R5 NM 2c wherein ML2c is 1, 2 or 3 amdTAseH09NR144B

i ndependently a bond, 0, CR2, or S. Another enbodi nent of w2of Formula I-11

i ncludes substructures: WD 2009/ 132135PCT/ US2009/ 041447 756. 13F The
chiral carbon of the amno acid and |l actate noieties nmay be either the R or

S confi guraykg@ppor the racem c m xture. Another enbodi nent of w2of Fornul a
1411 is substructure RY Y2

OH
N/_/
<
Cl
O

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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0 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

of w2of Formulas I-I11 is SUbStreiiBLgphﬁh““YQb
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 CR3
M12¢c
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15 wherein WL and W2 are independently selected fromone of the fornulas
in Tables 20.1- 20.37 and Table 30.1 bel ow. The variables used in Tabl es
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’218m®@@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 QH)Zahd(yhn&fﬁwsmaaommmeﬂ:Ry replaced with -0-, -S- or

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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each R24 is independently (Cl1-C8)al kyl, (C2-C8)alkenyl, or (C2-C8)alkynyl;
each R25 is independently R24 wherein each R24 is substituted with 0 to 3
R23 groupso 28®e3etssR25a i s i ndependent |y (Cl-C8) al kyl en®@CT/US2009/041447
(C2-C8) al kenyl ene, or (C7- C8)al kynyl ene any one of which said

(Cl-C8)al kyl ene, (C7-C8)al kenylene, or (C,- C8)al kynylene is substituted
with 0-3 R23 groups; each W23 is independently w24 or each W4 is

i ndependent I'9¢RE5, -c(..... y21) R25, c¢(_y21)--We5, _S02R25, or - S02WR5;
30each W25 is independently carbocycle or heterocycle wherein W5 is

i ndependent|y substituted with O to 3 R22 groups; and each Y21 is

756. PF 5Table 201 /

..... R Y TR | 17X JR s ML L R = T
Loeimitllll RRA 0 0 01 W1/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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(2-...", " ----- L, .0, Ma., l'z21 0" H 0O CH3 0 O 0 4
WO 2009/132135 PCT/US2009/041447
756.PF
RB
X?
/T N
X2
w! / Y ) N A
\ 0 N RS
/ R R’S
Y/ \ R1 RG
Y3
S RS R2
RB
X1
PARSSN
x2
W2 /o—-—CH2 N\ N
\ O N RY
/ P, RS
v \ Rt R
Y3
R® R? or
RB
X1
X2
W\ O N RQ
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
10 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

P . e _.CH3 o 11 10
WO 2009/132135 PCT/US2009/041447
756.PF
R R O
I
Y2 Y?
5 M12c

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 CR3

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

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

substructure:
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WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5Table 20.3 CH3CH3CH3 w23R OR24
121314 CF-13CH3CH3 0 -'R21H 000 151617 CH3CH3 0 -0C 30CH3 1819 Table 20.4
CH3 20 wGQHB0a3138 0CH3 21 PCT/US2009/041447

756.PF

W5

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:

61



CH3CH3 H3 0 22 WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5Tabl e 20.5
RO 000 262728 Table 20.6 H3C,, O

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 /H]/ Ry
*_______—-—-—‘—‘P_‘ YZ
0]
- 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-
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60CH3 3132 CH3 0 33 756.PF 5Table 20.7 w23w23w23 5 R21w23R2 000 373839

R25R25 R24R21 0 4041 Table 20.8 R24R24R24 W23R25R24 000
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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424344 454647 R21R21 R25 0 4849 WD 2009/132135 756. PF Table 20.9 '-w23
0 50 PCT/US2009/ 041447 R25NR24 H OH 0 5152 N HCH3 OH O
WO 2009/132135 PCT/US2009/041447

756.PF

5 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;;
10 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
15 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

20 more of the non-terminal carbon atoms of each said (C;-Cs)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;

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

30 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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H 0 535455 0CH 0 31\1"CH3 HIO H O 5657 Table 20.10 H3 HOCH3 59 CH3 H O

60 10 58 WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5Tabl e 20.11
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) ’ 0 4 o
\O/Y ~R21 \O/\H/ ~H \O/\”/ \CH3
o] O O

5 6

4

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

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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CH3CH3CH3 vwv23 HO 61 CH3 HO 64 CH3 4" HO 67 ?2...,.. ?2....,..,
“Ne---"--, - R25-N-----"\---"G--R24 |1 HOH O 6263 CH3C H3 NCH3 H OH
0 6566 CHBOH009/132135 PCT/US2009/041447
756.PF
5 Table20.3
CH, CH, CHy
’ /.
\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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68 Table 20.12 CH3CH3 3CH3 HOHOCH3 6970 CH3CH3 CH3 H 0 71 WO 2009/132135

756. PF 5Tabl e 20.13 CH3 i H3C

H3C r" WO 2009/132135
756.PF
5  Table 20.5
H3C H3C
P ‘/
~0 O‘W% o
O
23
HsC H,C
¢ O l
™0 R ™~
O
26
HsC
"\o O\/CHS
O
29
Table 20.6
H,C
(‘\O O _~_~CHs
O
31
HsC
’
™~
0
33
10

>-C3W' H O 72

PCT/ US2009/ 041447 q H3CH3

PCT/US2009/041447
H4C
Ors o Onges
o)
25
HaC
0 ’ 0
“HO o “CH,
O
28
H,C
/\ O\/\
9] CHj
0
30
H4C
/\o O._ _CHy
O  CHg
32
CHs
CHa
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NR- 11-10NIR24 H O 73 CH3CH3 H3C.,H3C 1-...."
"-CH3C H3 4- . N>---.. ... o -0 --. . M . NIl H
PCT/US2009/041447

-, 0"---0.,, ..
OH 0 7879WDab#oa320514 8081 H3C.0 CH3 HO 82

756.PF

5  Table 20.7
W23 W23 WZS

/
\O/kn/O\WZ(S H\O)YO\st /\Oﬂ/O\R%‘
8]

O

34 35 36

Table 20.8

R24 szz R24
e 7 ‘.
\O)W/O\ W23 \O/K"/O\RZS \O/J\n/o\ R24
o] O 6]

42 43 44

R24 R21 RE?
¢ % P
\O O\ R21 \O/H/O\WZS \OA”/O\RZS
O 0 O

45 46 47

RZ? RZ‘!

?\OJ\WO\R25 H\O/JW/O\ R21
8] O

48 49
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756. PF 5Table 20.15 td,...". NH w23 0 w23 N'" I1-1 2?2 --,...". ... ------

w3 ... S0 " IR O W23 2, e " 0. NR4 [1-10
838485 wABB28092132135 PCT/US2009/041447
756.PF
5
Table 20.9
¢ e
/\,F/\ﬂ/O\W% \!g\;/\ﬂ/O\RZS \TWO\RM
H 0O H O H O
50 51 52
¢ o 1% %
\T/\ﬂ/ g2t \N/\"(O\H \N/\IrO\CH(S
i i
H O H O H O
53 54 55
. O CHg N O~
?JA’_( ~—— rl\j/Y CH,
H O H O
56 57
Table 20.10
/\N/\(rO\/\/CHS ‘¢ N 0 CHs
| |/\f(
H O H O  CHs
58 59
CHa
\T/\’r CH,
H O
10 80
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? NR vv23R25 H OH OH 0 868788 R25R25 RN'24N H OHO 8990 Tabl e 20.16 R24R24
Ow3 N " R4
WO 2009/132135 PCT/US2009/041447

756.PF

5  Table 20.11

CH3 CHa CH3
4 ¢ P
\!§*'(O\W23 \!Tl O\R25 . | J\H/O\R24
O H 8] O
61 62 63
CHj CH, CH,
’ e ¢ o} g O
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

10
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.1

H O H 0O HO 91

WO 2009/132135 PCT/US2009/041447

756.PF

5  Table?20.13

LC I o . A I o, oC i o
?ﬁ\( 23 ;?, R25 2\] ~R24
H O H O H O
72 73 74
z&,C CHj ] /$C CHs o ‘)i3€ Ha )
S S S e
H O H O
75 76 77
e CH, o CHe
(\NjW \/CH3 ?\SNﬂYO\/\CH
! | :
H O H O
78 79
Table 20.14
CHy CHy
"if%/o\/\/cm ?iﬁﬂ\’ro CHs
hooo NS tu,
80 81
N CH,
H O
82

10
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92 93 R24 R21 R21 ?
WO 2009/132135 PCT/US2009/041447
756.PF
5  Table 20.15
W23 W23 W23
p p
\\.l? \WZB \?]/H(O\Rgs /\N O\Rz,f;
H 8] H O H O
83 84 85
W23 RZS R25
’ I'e ’
\Fl\l O\R24E \N/kn/ \W23 \T)\’(O\RZS
H O H 0] H @]
86 87 88
RES R25
’\NJWO\RM a\N)YO\ R21
i |
H O H @]
89 90
Table 20.16
R24 R24 R24
/ ’
\T O\W23 \iv O\R25 R\T/H(O\qu'
H o H 0O H 0]
N g2 93
R24 R21 R21
14 I
\E?J SN R21 \? N W23 z\l\gi ~R25
H @] H O H
94 95 96
RZ'I R21
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N

W23 ?2... N...... Lttt R25 H o

WO 2009/132135 PCT/US2009/041447

756.PF

5 Table 20.17

/ I I
\;?‘/\ro\ Was \[ﬁ/ﬁro\ R25 \rf/\”/c)\ R24
R3O R¥Z 0O
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R23 8] R23 O
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Table 20.18

‘ \NWOWCHB (\N/\H/O CHs
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R#® 0O R® O  CHs
107 108

CH,

\Fﬁ/ﬁl/ CH,
R¥® O

109
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H O HO 94 95 96 R21 R21 "'"'R24
WO 2009/132135 PCT/US2009/041447
756.PF
5  Table 20.19
CH; CH; CH, CH,
7 ’ /. /
\\I\S/k”/O\WZB \IT')YO\R% \l?i/Kﬂ/O\R% \N)YO\Rm
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CH, Hs CH, CH,
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~ O
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Table 20.20
CHj CH,
Z\N/‘w/o\/\/CHB H\N%ro CHs
| | \(
R® O R® O  CH,
118 119
CH, CHj
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\llq)\"/ CHy
R® O
10 120
Table 20.21
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Rz HO 98 10 97 WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5Tabl e 20.17

---" NW23R' R23 OR23 0 R24 R23 0 99100101 R2ZINHNCH3 R23 OR23 OR23 O
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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,
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D.255.71, D.255.258, D.255.248, D.255.249, D.255.250, D.255.251, D.255.252,
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,
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,
C.70.70, C.71.71, C.258.258, C.248.248, C.249.249, C.250.250, C.251.251, C252.252,
C.253.253, D.67.67, D.68.68, D.69.69, D.70.70, D.71.71, D.258.258, D.248.248,
D.249.249, D.250.250, D.251.251, D252.252, D.253.253, 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,
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,
(.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,

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

&9
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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
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exist in optically active forms, i.e., they have the ability to rotate the plane of plane-
polarized light. In describing an optically active compound, the prefixes D and L or R
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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other therapeutic ingredients. The carrier(s) must be "acceptable" in the sense of being
compatible with the other ingredients of the formulation and physiologically innocuous
to the recipient thereof,

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
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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

97



o' "...., Lot 00 el "...., 0 217 0
ti . R L ,,...."CH3 00 218219HO 0 0 ? 0 0CH3 221 220
756. PF 5 wekhe/1301334 PCT/US2009/041447

10

15

20

25

30

756.PF

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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Suitable routes include oral, rectal, nasal, topical (including buccal and sublingual),
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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.

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
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
of the mvention 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
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),
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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In another embodiment, the present application provides pharmaceutical
compositions comprising a compound of the present invention, or a pharmaceutically
acceptable salt, solvate, and/or ester thereof, in combination with at least one additional
therapeutic agent 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

3

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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thereof. Exapphsh, 6fa B%a@é@ﬁhﬁ@!{cﬁx?@ﬁg Spt aBlaeS 8t és%er%eggg}e afPrpounds of

the invention include salts derive rom an appropriate base, such as an
al kali metal or bh al katdonépeantaheyticelr comxmnitioe coMatisink iateadlbne Ao and

+2), ammoni um and NR4+ ein Ris defined in). Physiol ogicall
g/gce?ot abl e r%pg&b?agg%ﬁeh%%goﬁlﬂﬁﬁ%?p %Sb?ﬁP%BP%? @bgtP%EP ﬂ(l&? aci dy
addi tion sakémpdRasEd VI dYsERAAIGLAGE BBrevERE 1EXIRLE,, }hwq{&?ébgfaléi ¢ acid,

hydrobrornic acid, sulfuric acid, sulfam c acids, phosphoric aci nitric
aci d an# t hénhilitess of(rpyerssairanscriptesee HI Vinttleotidgainhibitars ddse\euehraasgriptoe,

exanpl e, acety;¢ id,. pxalic id, .. tartatrig acid, succi.ni.c .acid, | eic
acid, fii rraf%?‘{é%étggr 3& jaﬁ l)é%glﬁi @9@101%1}3 LSy 63?%&‘?1@,%1%1 %ﬁélzgd’iﬁﬂ,%t%é’c% c acid,
benzoi ¢ aci thhibined hitefirensasibavirih a6116M, N33 Graehsd, inkidies CNSSd MhibhdtsThibhe
acid, alginic acid, pol,g/igl utanm c_aci d, naphthal enesul fonic acid,

met hanesul f 8WERS148s & Inlpbifes. raprlosilinonibiters hepatepivsestansiy nponideereded

napht hal enegdj sy i cl.d, | I [ ci d, lL.oni c_acid

sul fosal i cyﬁh?ﬁgti:sl%(}{,}?%?yé:o ?tig&am ,ﬁg&%ﬁgg%fén%zfﬁn%%agf} & %ﬁlée%at e,

salicyl2& acid, COsbmations dthacomptunds dFa@amiuth I-ITanseiddeiaal stivkacti c aci d,

et hanesul fonic acid, |ysine, a{ %i ine, glutamc acjd, glycine, serine,
gL 1@3 %thglﬁﬁ\’

t hreoni ne, SCHRRPHE A2PUE Ay G RS PaMents mdeqtediw mdothen ts for med
f | A _ 6. . S PO
rom el enent@ldifmk QRS dsTVeRaTRbEs. SQLAL fﬁ%ﬁ th@E@?bgnﬁﬁyg?ﬁoﬁxﬂﬂé e v he o

Physi ol ogi cal | y acceptable salts of a conpound roxy group |
t he ani on ofomskihefl withpouempre @orounds isoful wi tréptiag UV, &blezamplei IOV such as

Na4" and NR4+, 25For .t herapeutic e, salts qof . active ingredients of the
conpounds of FRE lflﬁ{]?étfﬁgl Kol HPRRFP‘?S’ Bﬂ%ﬂ‘r‘?f}”é’i“&tefiﬁg% ﬁ’t%ﬁymé%%ée‘ﬁ?eébq {EANSETIRAse hey
Wil bexsal Hsv declbosett hhidIba el teaiGRtdsy, BPERRUARIER i@Ghih0br RISE.

However, salts of acids or bases which are not physiologically acceptable

may al so fiesedrtase; GFV extagrpseinhibiforshgpdrishibitatsi X CH4 iplibitbiscgnli2bn of a
ghysi ol ogi C@lhibYtof%?8%&%@9&3}&@!&%&? ezddns,pil*igawsnanl énsaiog%gp %{oté)a%e %%Ebi%%, INVS%g form
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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30physi ol ogi cal |y acceptable acid or base, are within the scope of the
present invention. Finally, it is to be understood that the
conposi t w3 conpri se conpounds of the inventi onPCH/USR@O041447
un-ionized, as well as zwitterionic foim and conbinations wth
stoichionetric anmounts of water as in hydrates. The conpounds of the

i nvention, exenplified by Formula 1-111 nmay have chiral WD

2009/ 132135P€g P1S2009/ 041447 756. PF 5centers, e.g. chiral carbon or
phosphorus atons. The compounds of the invention thus include racemc

m xtures of all stereoisonmers, including enantioners, diastereoners, and

atropi Soﬁmr%@{I éaﬁ‘éhﬁziﬁ%@ KN’?%E%P@%%?SPPE dse 4&‘(‘3‘%4'0 '}%t*g%ﬁ-‘” ched

or resolved © isoners at ah ric |rafl

ot her wor ds 100,28 adtivi @dn-ehdogids naﬁmadreﬁtrevfefgamahbtm;ﬁ@m & ] ﬁi’pﬁa@tﬁx& provi ded
as the chiral i soners or racenic m xtures. 10Both racem c and
di ast er eone FEV & dghesid 1%?5efﬂéﬂr?nzage‘f‘ﬁ@mien@‘)\F?I&H%leedbstfit’@éﬂﬂnﬁs@W§41 sol at ed

o synt hes g4 BRIcant | B/t £88ref s DG TRant! eURSs @l dhfs.er comerl e

partners, are a w thin’the scdpe of t’he invention enlc ‘m xtures
are separat eﬁlmrmzoBﬂhléBﬁS BﬂdMRD‘HBI@?BSUKS‘@SéBI;ﬁGIaRD)EPCﬂ@B] Tad HIV pusleosidkonmer s

t hr ough nown t echni ques. such as, .for . exa t he par at i on of
i nt or Ko tTHENERO S FOF HABACHPERC Gs A ne Pt g I Sno g udnge ds

or bases fO&&l@l\f\ﬁﬂnebYanﬁ%ﬁiﬁé %b%vﬁaﬁﬁd&@vkhﬁv@&fabﬁﬁl ARG, ‘E(HVSE'R?}@&RQFS I'n
nost instances, the desired optical isomer is synthesized by neans of

st er eospeci fi-€ Tﬂé,db-tiﬂ%s pmbugiahmen@qaphdmdeh&zamﬂmﬁrdoaﬂ,efo&ﬂerm sdodly  of
the desired startin i al. . h erm"chjr refers to
ol eaut s wavebig B TRk, Shaonyin Keabtel SrcaHat IHanF PR e i rror

i mage part nefimivitlihé € 4ddeudigt, BidAGhinkal 1x 'i\%dﬁ{esdr)té)}{@@lnﬁa%t% niLah G e
superinposable on their mrror |mage partner. term

" st er eol Sonervstsetigfigriptaso eqpntpuefnds, twiifenir Haverokd émnanaa:l + gheivitelaibe,

constitutio |ffer th regard the rrange of e ons or
groups in sgégc?g@“r"%oé’g(fxélr &% E’ft’é?lga%f Ylé?@o?ﬁ?ﬁ%f‘w\}& %ﬂ or nore
centers of ghégradelibBibARtde, §5\A&Q§ﬁlmbﬁcwve§o%@cﬂﬁin BB dcBUBSy AfvcOHE
anot her. Diastereoners have different physical properties, e.g. nelting

poi nt's, boi Fhifgripwihess-dispdeavlaninisngiderervatvesafd, T-duetfeailquinis aciNl xt ur es of
di ast er eonmer s, NBY, § E%%; &'é}ﬂ%ﬁvéy %%E%%L%tokﬁ a4 'cX%f'?w aadp'iwne eﬁrfs such

as el ect ropﬁor es| s a OI'TEI’

two ster®oi sqardsifives ﬁ@aﬁaumdldvpmeﬁ&thﬂre@temmﬁestﬁyﬂaﬁwaﬁpess@ﬁw@hwﬁ{ or
i mges of one anot her. St ereocheni cal definitions and conventions

used her ei ndgERERafevaiyey figugreetn. phsolerintgsir (ARvE &aleSd0B 12, oRe L&Y of
o, TS e A
I nc., New Y6y kgpMankibargaug ,cnbomodersisviriide, ZB006 3T R&HP@I;/SBSBOD@/S641447
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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756. PF 5exist in optically active forns, i.e., they have the ability to
rotate the plane of plane- polarized light. in describing an optically
active cowpaoed32t3he prefixes D and L or R and S are usedTius2aenotse’ t he
absol ute configuration of the nolecule about its chiral center(s). The
prefixes d and 1, D and L, or () and (-) are enployed to designate the sign
of rotation of plane-polarized |ight by the conpound, with S, (-), or 1
meani ng t ha?54BFt he conpound is | evorotatory while a conpound prefixed with
R, (+), or dis dextrorotatory. For a given chem cal structure, these
stereoi sonmers are identical except that they are mrror inmages of one

another.s A SPRGh HECPLBEERIISO IS, WO@WWWIJ’?‘ER‘?M@WGI@ 739, FF‘SS&‘B%Q“ omer,

and a mixture of 'such isoners is often called an enanti omeric m Xxtuf A
50: 50 m xt ubCSKSE5éhannd Kﬁéf%l%sli)é‘ﬁ%}pmwaseomhﬁntarsn ageBiCH- ﬁﬂ3ﬁ314r(SChIF7)a 15

racem at e, occC r o, stereo. sel ectjon or

st er eo specw ggq &aeyar?r Y 5@%&%1 cﬁ@ﬁ%‘%e 385@8%%@“ datsgrlﬁ’%m{”ﬁt%réem c
m xture" angg’ NRSTBY ecelgRivan aﬁ@banmqwn M@V\Jﬁtdﬂé&%{é&s Qf o LN 8BS tNPNEr i C
speC|es dev0|d of optical activit enever a conpound descri bed

herein is sabst Mlm%dﬂﬁnlﬁ'ug‘?ﬁﬂeiﬁ)mn maksogifle ithebitoanel de¥i ggabewrigiduge

e.g., " ' n be nderstood t at . the be the
same or d| ffl eé]‘?veR%1 oS, enz.o,”ziv&ﬁladlra oup G%V%tlﬁasépe%a LRV alglé‘?%%}vglﬁvestl\i?)fgﬁrnes,
- indicate thes &brttﬁ:aﬁ:ﬁg HORal@ntzathonsl nifat @i niisch) BIVS- 20l @irdkag,
substructures noi eties, or atons. The conpounds of the invention

can al so expﬁmgs‘n@ Corrd il HENEMERsAVE 406t tay iameoetyfuide FINGAIl y one
del ocal i Zedgﬁa%wqﬁ@@@ a%&romb%e;fm Y) 08:1488h6 ! §ici b&mgég%rﬁifﬁs”ﬁfrﬁre

contenpl at e t’he 'scope o I'nvention. ne-
taut omers caosexXidéa 9f hrN(pUFZ(}Setar\mym Eﬂ(ﬁi&’]andNﬂvﬂﬂZpi%,phgﬂﬂzmoﬁinB@c am di ne,

d tet I t bl e taut f t hi
fhe scope. oP TR dbritforl 00 e SEF SARNAEL %@ﬁiké @@”%S%?éﬁ R the
pyrrolo[ 1, 2¢{] [23;) Siné] ddi ARy Qgemg elgdw{ﬂa Mlﬂl jg&w
|mdazo[12f] 1, 2, 4] ni azi ne, d'1,2,4]tria 4tria2|ne

nucl eosi descyalm,griystun, Y Gadi &ri@f)ﬁft’/ tﬁdﬂﬁé)@ﬁ:cﬁYTé)@aﬁ@ﬂ &\~ thHI‘ﬁ;BAHyS(M/ay of
limtation,

oo TSR B0 L QR SNy e e o

tautomeric for mep6{ aitd1SoIBA EloQeU B RSanytopbuf of thE iRERGSH WRRAbLA. i S6f0sed
herein are within the scope of the invention. Methods of Inhibition of

pol vm ethseothorersivh @rerwp%fe@ge@fs ip hamitpryelosegsriorme fertsegultancaet trodguapfial
I nhi bi ting (Ii(ﬁgm?s%la 5/111 toa }9&’[161’11:. The combination therapy may be administered as a

simultaneous or sequential regimen. When administered sequentially, the combination
may be administered in two or more administrations.
Co-administration of a compound of the invention with one or more other 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
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HCV pol yrnerase conprising the step of treating a sanple suspected of
containing HCV with a conposition of the invention. Conposi tions of

t he i nverwpDanowmgy13act as i nhibitors of HCV pol ynerase , pag/usneognmedi at es
for such inhibitors or have other utilities as described bel ow. The
15inhibitors will bind to | ocations on the surface or in a cavity of HCV
pol ynerase having a geonetry unique to HCV pol ynerase . Conpositions

bi ndi ng HCV7poPYnerase may bind with varying degrees of reversibility.
Those conpounds bi nding substantially irreversibly are ideal candidates for
use in this method of the invention. Once | abel ed, the substantially

i rrever s bl ythbi dive theeaEROS hidnBN A1k LatSRl WlunAoR GRES of Blord BGcdet ection 20
of HCV polynerase . Accordingly, the invention relates to nmethods of

det ecti ng Hb¥raPAGiQ@Eors 3R beBdaniysed ot.0ollawyd Fgedrpmisraon gheneis doscnfa
sanpl e susp of talini.ng H ol rase conprising the steps of:
Creating a tompafia SHC HAER Hinth ST ARG B8 Pra b Ede bR e

conposi t i ondenapleits hiigindst@anpouide of a thepiutderTihonyvhowadirtof@ohabelfier and
observing the effect of the sanple on the activity of the [abel. Suitable

| abel s are R&E1d Khows ©a-tine usynbstdre@istaserobminit desegdenserppi dthase

radi cal g f&HR%Qgﬁg&ﬁﬁca%&ﬂiQh%ﬁ&QB&%gi?&%i%E?e%&BkﬁQ%ﬁ%hﬁ#@?fﬁﬁ?@%éﬁ?gﬁups

and chronogens. conpounds herein dare ed I'n conventiona
usi ng funct bnal mgretips astisetthaspduyidrganth firstabBoxyd, afisid pdriedrofihoors (agj, no.

Wthin the ext qf the invention, s | es suspect of containi ng HCV
pol yner ase iﬁghﬁﬂgkgﬁF@Pﬁ?m%?“ﬁﬁﬁé Hé%gg?ééF%F@“@d@ tesnY§fidhg or gani sns;
tissue or 15cel lryeUbhbliBion B9 ro%ﬁgp%ﬁlf%fgl?r‘%ﬁd i‘%zg:égg%t&g,' iGaln el | al

sanpl es (bl ood, serum urine, cérebrospina sputum saliva,
ti ssue sanphahsevedmden e dckikeingrddadndy wied tygetmmp msatef thadthewamerf thoefatsr
sanpl es; . bi oduct. sanpl es such as.extracts of cells, particularly

; ecombi Hant TBLRFUEGyRE HOBE DI ibofat SRty R sverern: oM mande gbed

Typi cal |y t hies BleRkEvNnbledRaAtsSs R LR rRliatNnd Mg seRd ¥ daiiisen Whi ch
produces HCV 20 pol ynerase frequently a pathogenic organi smsuch as HCV.

Sanpl es cansipelteensualyned chmbiaay forediation (3 dalivere) Warlesrmatiod coigparalel as

and. man naceraatEbHa R PLEB xR i LieblO MRS LR leBur he

i nvention coeRiplsesnadiitirgfebion SobPRetddorhdf tht BempamantleQntifisteha ozanpl e
or it conprises adding a precursor of the conposition to the 25sanple. The
addi ti off st 8iverRFriwasalling vt frperatrtablgisi pils OF sanseles. 85 by ditsre delegisave.

| f desired, .t Yy RALY, : ' |
conpositionufgﬁm%%%gﬁg%%vggg%§¥%hy ngﬁﬁggﬁPﬁ%ﬁ%&?ﬁﬁ&kﬁggﬁ%ggﬁﬁé?nplF%ct

nmet hods of setvedtdredjetiyapuonisnechsguattally) ty serigntvheratd meompirakibh at | ve,
and seniquantitatﬂ%f_neéhods f deteniinLng,HCV_ggI%gerase activity are al
cont enpl at edFTERYHIEELHY S IGABESSE LR 8T BETSIGHNE irgte it Heqdmapisierdiegetifove are

appl i ed, ho)ﬁl%yﬁér?isﬁél)(ntp—bﬁ%refﬁ@ttJb%gte§ Wk Dn @A REEL APR oPard: PRnRAY ST Ol ogi cal
properties of "a I'iving organismare al so applicable. Organi sns t hat

cont ai 2HC\Wpipdiciedened e addigvaeféctshd thOudviduas corpainde npthemdmbofatiohi s
invention are useful in the treatnment or prophylaxis of HCV infections in
animals or in man. WD 2009/ 132135PCT/ US2009/ 041447

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

107



756. PF 5However, in screening conpounds capabl e of inhibiting human

i munodeficiency viruses, it should be kept in mnd that the results of
enzyme aswaysoymyi3not correlate with cell culture assay®CTHisea9/oa4eel |
based assay should be the prinmary screening tool. Screens for HCV

pol ynerase Inhibitors. 10Conpositions of the invention are screened for
inhibitory activity against HCV pol ynerase by any of the conventi onal

t echni ques fPRval uat i ng enzyne activity. Wthin the context of the
invention, typically conpositions are first screened for inhibition of HCV
pol ymerase in vitro and conpositions showing inhibitory activity are then
screened f osccapttibleistly, sohvawi, wed/oiGanm derddfons Hdsssnghel additiohilaickie (enbibid ory
constants) 15of |es t}E(gn about 5,X@q%6 M typically less than about 1 X
10-7 M and p¥8h&vSH ¥ Popypfrasspbipitites 10-8 M are preferred for in vivo
use. Usef ufy difi ek ol 1Y ¥ I i Wi | |
not be el abor at ei(‘fll ér?zir})eé';t E{%}ﬁver, Btﬁ%%@’\gg%ﬁgl%ehg g@ﬁ%??%gmggileg g(tr?%étP%dg\%ft ro
assays. Phamhdcieng HCH pdhpm enabeainiaoel, c@Fsey onpouings: @il ibfetted iwithdidVon ar e
formul ated with conventional carriers.and excipients, which wll be

sel ected i nwgh%lﬂ%g%ﬁvteﬁ%h & SPrposed ngf)“q*aﬁﬁﬁﬁsor\ﬁ rharpgsisrtisallyexci pi ent s,
glidantgy fidckbgbBle sBtRARGE, &ibod R&r Mk, AAUL S SRT0UHBhAIOREVAMEBLERAT ed
in sterile form and when intended for delivery by other than oral

admi ni st r at dgsnt speveadaliren the groupecnsstingaf iterfirpnst ohanitiaandees, WSBIprapistonal | y
contai n excjpi.ents ch.as tho set 25forth.i.n the " book . of

phar mmceut | PP ERe S e O ook ooty RS PR R  d and

ot her anti oxdpdapt@ectagnahinigleagedingititeedofasC DL oba RPehYRF AEtRH TR, as
dextran, hydroxyal kyl cel | ul ose, hydroxyal kyl met hyl cel | ul ose, stearic acid
and the |ike. ThissH s anaieerregthedingmnt.dhe pieaens eppiiceten assides Sormeethedsd 11,
but is di ' : : ' ik i ' f . active

i ngr edi feELt sgg%ﬁlgg{(gg%y%P%tf%l?’e%%gpg%%\h%d[nﬁnmgger{% tg?@&% Iaetﬂ%rgﬁ%r%é;%@nt t hem
as phar nacetftdctiab ahoumtuif atcoopsundldfd’ dran il AL, iop B phaaetbutfcally ¥ekpabrany, and
for human use, of e invention conprise at |east one active ingredient, as
above defi n¥4"2'¢:8g Pﬁ@srtervﬁ?rﬁo ne or nore acceptable carriers therefor and
optionally WD 2 13RS TSR0 : rﬂgif,gg i

i ngredi ents. Theﬁ%gélﬁégr(s) rrustgabe "’g@%érgtgeé%?@iﬁgﬁé%%%sdgﬁgg o) (g%io(rf;g
conpati bl e tatingttieV at heatienhgpoagrieing sadpfinisheing oo thelratiean therdpeutically

ohy1 o901 SabLY | BASHOVS et S Bl S L AL 28
solvate, and/or ester thereof, and at least one additional active therapeutic agent, whereby
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
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The formul ati ons may conveniently be presented in unit dosage form and may
be 10 prepared by any of the nethods well known in the art of pharnacy.
Techni quesoana@/132Brul ati ons generally are found in Rem RGTAIS269/041447

Phar maceuti cal Sciences (Mack Publishing Co., Easton, PA). Such nethods
include the step of bringing into association the active ingredient with
the carrier which constitutes one or nore accessory ingredients. In general
t he fornmul attkgps are prepared by uniformy and intinmately 15bringing into
association the active ingredient with liquid carriers or finely divided
solid carriers or both, and then, if necessary, shaping the product.
Formul atLons of the presen vention..suitabl.e for, or i,stra

be prese%t ed as (‘%‘ 1scfrgién “G%lhli?s “SG¢ e%stﬁicszénvse&}mn are ﬁé%We"fl %Ft Eﬁ %f’éucgsach
cont ai ni ng @f%&dﬁb@hﬁﬂs%ﬁb@ﬁ&@@ﬂem}% ihb%x@ﬁi SR p!‘cﬂﬁtbﬁd&ﬁeﬁﬁuei @&l @hoPoikler or
granul es; as a solution or 20 a suspension in an agueous or non-agueous
l'iquid; or agcréhe Dier-artn -Shgh droducunay resHi ©F sxaraplc sropathe oxidation. reducgen.d
emul si on. v | us
el ectuary o %Ig {S &Edﬁﬁ%ﬁf%&t@ﬂhcm e E%}H& oﬁlﬂ@éﬁgﬁh@?s‘?&i ‘Iac’?lm?ouggopti onal |y
with one orpﬂnmﬁbahmesemnmunngﬁ@ﬂfﬂﬁlAxuﬁdm@neﬂ&ﬁﬂvmﬂbhemﬂwﬁﬁwobﬂapﬁepared

by conpressing in a suita %ﬁg@ghlne the active in%ﬁedlent in a
free-fl ok ngPPBiHSARROY Seiﬁ‘% Y BT RATGESIEAONERARE § COmRAAGLTHS a
bi nder, | ubgicafin w!tﬁ‘%&ﬁmﬁhél%f‘& peﬁ&&%ﬁﬁ@é&fﬁﬁem%&!%ﬁ?n&%bﬁ@gﬁdgg

dlsper5|ng agent. Mol ded tablets nmay be nade glnas

machi ne a mgdrddre Seéh froGuROWRREI arGHENMB el rpeqjaﬁﬁg afRiiSThBARd éwgt ha@pr i nert
liquid diluent. The tablets nay optionally be coated or scored and

optional | y dHechmpsukdatfelt socant alnpnBwirte iGRstmwally icoadic@ibledosegbgase of
the active |ngred|en% therefron1 For infections of the eye or other
ext ernal ti S&gEsthengbouhiin media e r fimehick 3 Fl Iawsan&ulaff@%r@@éﬁemvo

appl i ed;as %ahozmo%% ik mQTor%&%@h@ﬂQB m}évyr?gﬁzc*aﬁya&gd@é@sbdm&w fNt (s)

in an anDunt of , for exanpl e, to 20% l'udi ng active
i ngr edi ent ( hy)umhaml isdatges 1bae¢0ma|aloﬁ pi%uatsd‘r@ﬁ)%d uﬁnenhlbedremthcldﬁoiﬁgib% w w

such as 0.6% 09/ 13 135PCT/U 2009/ Q41447 756. 5 w w, 7%

otor) S pref SHEBFy e POTRaGE RO HESCTISE dhodridh Apeisd £y Ssosairte Vnen
fornui ated ik 18 0Pkt capdb&e &O&xﬁd{ﬁ!% LREHedL el SR Yh D8 e@PRL Oy ethei t h
either a paraffinic or a water-m scible ointnment base. Alternatively, the

active i ngr adiabnalie sfragtutns ar@dqt@mmn@ﬂmcnn@n@pe@hfasmw egnboMS- onNM&t er cream
base. |f,desi red t he a f the crea

oxanpl 20 ac ST gSaB9h SR ORRGaRYIbTS BAERTRERT. B! SR Emb

havi ng two @fuglmEgbdieer @xdiks @reiou@@wﬁw:ﬁaommsmwtm gl ecinyerioh Prgiucts,
1,3-diol, mannitol, sorbitol, glycerol and polyethylene glycol (|nclud|ng

PEG 400) anéP Hngeahey afqientdierwisg downdn ¥ap. e mpeiianidnmostsassrasiferabl y

| ud t
R U R R e SR e D
der mal penepolatemse ifhéhitanaaistyi afchairdeyidi met hyl sulphOX|de and rel at ed

anal ogs The oily phase, o he enul sions of this invention nay be
consti t 4t ed fronREﬁBWq ﬁ@?téaf%sef%f Qe B SR HFRFPOAR eufRgalphase may

conpr I se neg@ét%lrﬁ&hﬁﬁ%éﬂe{lbﬁsr ark RhHGE. V\C&ﬁp&{m'ﬁr@&fﬁ@? ﬁér@hlll £H&ble i Ithe
desirably conprises a mxture of at |east one enulsifier wth a fat” or an
oi | or withghttomtestihalttravhdhare ledslthanRbehie¥albble, peacehyalitbphiotdceed groups are
deprotected in surrogate intestinal or gastric juice upon incubation for I hour at 37°C.
Simply because the compounds are stable to the gastrointestinal tract does not mean that
30  they cannot be hydrolyzed in 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
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20enul sifier is included together with a lipophilic enulsifier which acts

as a st abi

izer. It

is also preferred to include both an oil

and a fat.

Toget her ,wOheosseid3si fier(s) with or without stabilizer (®rTrsk@wpiashe

so-cal | ed enul sifying wax,

and the wax together with the

oil and fat make

up the so-called enulsifying oi ntnent base which forns the oily dispersed

phase of the cream fornul ations.
in the formulati on of the invention include Tween 60,

suitable fo
Span(r) 80,

nono- st earate and sodi um [ auryl
or fats for the fornulation is based on achievin

The &eéta%aé’h@ma&%@ﬁeac&mypmw used dgreak
gﬁ‘e La, éé?%%é 5

propert|és
washabl e pr
ot her conta

such as dii soatdinpatist, oﬁmm&tfyhessabiammeonspandmyioa@msgI ycol

r

G

t ear

aduat

I ners.

fidh
tr

25Er nul gents and enul si

al cohol , benzyl

sul f ate.

al cohol, nyristy
The choic
t he de

gx)gt

yl

lﬁ%&s@@%

tor

WS éﬁ@ Hﬁ&er%t%@}é

aln

57

coconut fatty acids, isopropyl nyristate, decyl ol eate,
pal mtate, butyl stearate, 2-ethylhexyl palmtate or a b
chai n est er 3,6kRAW ;@S GhIeaIRInGAR 0RY VRS Used, the |ast

2009/ 13213

PCT/ US2009/ 041447 756, PE .5

eing preferred es

on stabilizers

| al cohol, glyceryl
e of suitable oils
S|red cosnetic
hevesrgnt ng 30and

asic aE%¥$FS e

esters
di ester of
i sopropyl
| end of branched
three WO
ters. These may be

used al one

dybbigyiationt

|Mm11m dependl ng on the properties

[ad

required.

Alternati vel

l'iquid para

hi-ak
Tyt i

F%1 or ot

SR AR e

spft paraffin and/or

uti cal fornmul ati ons

accordi ng {
i nvention t
or exci pien

A1hRe pres
oget her wijt

oh \ 1 o

I I |JI uo ouun Olo LVA'L I B S

ils are used. Pharnace
@Ez&mﬂ%ﬂmaﬂﬂﬁw
one_or _noré ph

n according to the
cceptabl e carriers

& and opt

R5digRe@ conbinatio
m@maﬂly other t her apeuti c agents.
nnAL hnin

har maceuti cal

formul ati ons
for the int

Balied et )

oy 1T

armaceutically 10a
adi
anoiog

‘i stration. When used for

ny form suitable
oral use for

exanple, ta

di spersi bl ¢ _powders or_granul'es,

[\ S A

AfLeOUs o oi I susp
?SIOHS hard or soft

P
acti-ve i Rgr-eat ent
’Qﬂﬁﬁﬂnéﬂﬁﬁﬁﬂ@ﬁéet

ensi ons,

capsul es, syrups

or elixirs
prepared ac

m

ﬁa@lbe pre

t

eor.dil

mmanHCMbn®@5|t|ons i ntended for or

ANV hod--Jlknown to fha art f.or-t.h
LI A | "B )

al use may 15 be

manuf act ur e of

L

phar maceut i

E:j Conpos

uT Ilu L\.‘

\
(AII T AN MACA AN}

F@iBﬂgféWHH§ﬁ%% conposi ti ons may co

ntain one or nore

agents i ncl
preserving

PRGOS Wy

agents, Ir

lqephg E?%% 50 Mi@YQr imgagents, co

ovi de a pal atabl e prepa

oring agents and
rati on. Tablets

cont ai ni ng
phar maceut i

Iﬁﬂﬂactlvelyﬁgmaﬂm@mhﬂﬂﬂ(@@nmu@ﬂre w th non-t

ahl o i-pi-ept—whi-ch—are-—-sui-t-abl-e

oXi C
for 20 manuf acture

of tablets

r\ol IRV acce
] A, 4 v vy

accept

NIRRT isenpighbeRayneRE f or

exanpl e, inert

di l uents,
phosphat e;

as cal

qranulatlnq an

TP SRS aRInECe. factose,

t1ing agents, such a

al cium or sodi um
S nmi ze starch, or

al gi ni ¢ aci
| ubri cati ng

BCAHI ndi ng daddrbscetamiddl as starch, gelatin or

annnf (a3

uch—as rn:nnnc: tn-stear-at-e—st eali-g

Tabl ets may

CTt-O5

uncoat

éﬂ*ﬁ@hﬁﬁﬁmﬁgxﬁ@ﬁﬁ%d by known 25t ech

acaci a; and
acid or talc.
ni ques i ncl udi ng

m cr oencaps on t dg%hg&n%&aﬁ%tegrat|on and—adsorption in the
gastrointestinal tract an ereby provide a sustained action over a |onger
period. For D&XARpl| e, |d-dimethytiliaypyralirer i al such as gl yceryl nonostearate or
gl yceryl di-stearat-e—al-gne—or—w-t-h-a-wax—pay—-be enployed.] Fornul ati ons for
oral use naP ~al so 6@é§§ﬁﬁgﬁyﬁémﬁard gel atin capsul es mhere 30 the active
i ngredi ent {7 ed ‘dhﬂﬁﬁ&{ [&ﬂﬁgééa dirtoent;—for—exanpl e cal ci um
phosphate or kaolin, !or as e I n capsules wherei n the active
i ngredi ent | Dd4®Dxed vWﬁﬁwM@mﬁﬂn@dean oi I medium such as| peanut oil, liquid
paraffin or—olive-oil e Agueous suspensions—of--the.lnvention contain
the active E@f@rlals ﬁn4daﬁW§PﬁM@QMtrlexcipients suitable for the
nanufactur,D@h;aqueou§ﬁ§&ﬁﬂﬁﬂﬁkgﬂ§3 Such—excipients

EtOAc ethyl acetate

ESI electrospray 1onization

HMDS hexamethyldisilazane
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WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5i ncl ude a suspendi ng agent,
sodi um car boxynet hyl eel | ul ose,
met hyl celwoas®/13¢B3di um al gi nat e,

nmet hyl cel | ul ose,
pol yvi nyl pyrrol i done,

hydr oxyp
)

such as

ropyl
omuse@gadant h and

gum acaci a, and di spersing or wetting agents such as a naturally-occurring

phosphatide (e.g.,
wth a fatt

|l e
acid (e.

a condensati on product of
a co

cithin),
g., polyoxyethylene stearate),

an al kyl ene oxi de
ndensat i on product

of ethyl ene’8PHe with a | ong 10chai n aliphatic al cohol (e.g.,

hept adecaet hyl eneoxycet anol ),

a condensati on product of

et hyl ene oxide with

a partial ester derived froma fatty acid and a hexitol anhydride (e.g.,
pol yoxyet hyHeme sor bi g &m@Lg@h@b@mﬁﬁﬁxggggnus suspensi on may al so
contain one_or_nore preservatives such as ethyl or n-propyl
p- hydr oxy- b&éR7oat e, oﬁéﬂﬁm(hﬁwgoﬁﬁwaﬁkng agents one or nore flavoring
agents and 1 bmt i strch—as—suerose 150or saccharin.
al suspen:?gﬁgynay b§“¥8¥ jgﬁ%éj E@Bending the active ingredient in a
veget abl e OMGPBAICH agkﬁgagbk@e@khmﬁ@g@ye oil, sesane oil or coconut oil
or inamnaeral oil such as liquid paraffin The oral__suspensi ons may
contain a t Me§Reni ng|ageemitileuch as beeswax, hard paraffjn or cetyl
al cohol . Smgg?ggrﬁgm‘ ve, and flavoring
agents nmay ded t ‘32%@¥de a pal atabl e oral preparatjon. These
conposi ti ohgiNey: be PLRsemHY@sLR¥dheiaddl tion of an antijoxi dant such as
ascorbic acid Dispersible. powders _and granules of| the invention
sui tabl e fJnﬂ@p@@ératmuﬂS@wchmﬁeawmeous suspensi on by the| addition of water
provi de t hegetive i IUUIIUII H—adxttre—n Si ng or Wetting
agent, a SJgggzding adEn ?P“&Rd one or nore preservatives. 25Suitable
di spersi ng/ gtgwet ti ngna9ehRisisand suspendi ng agents are exenplified by those
di scl osed ahove. Additional excipients, for exanple sweetening, flavoring
and coIor|1Qh§§bnts mn#nmb$¢%be%pnbsent The pharmaceuti ca
COITpOSitiO| —trAe—thRvent+on ey al-se—be—+n—the-—form-of oilin-water
emul si ons. $ﬁ$°%m?y pﬂ5§%qﬁﬁ§mﬁe a vegetable oil, such as olive oil or
arachi s 300Ngg a Wlnemmxdﬂ&maﬁﬁﬁﬁkﬁs I'Tquid pararrln or a m xture of
these. Suitable emulsifying agents include naturally-occurring guns, such
as gunlaca"ﬁwrahd guwaﬁma@aq&nmhﬁ naturally occurring phosphatides, such as
soybean | ee cal“.a ot t-t--al-—esters—derved—+romifatty acids and
hexi t ol an1;HA|des sift nggkéH?ﬁPWQJﬁﬁﬁﬁBOIeate and condensati on products
of these pafii@l; €St et oWdifch I}M £Nhe oxi de, Such as ™ W0
2009/ 132135PCT/ US2009/ 041447 1 F_5 polyoxyethyl ene sorbitan nonool eate.
The enul si phMBBr alsobummﬁanmﬂwwdem@nlng and flavoring agents. Syrups and
el i xi rs may-pbe-forrmulat-ed mrFE%?Mee%eﬂ+ﬂg—agen%s—-suehmas gl ycerol,
sorbitol of Tgﬁgrose QAHIPYRHSH ons may al so contain a demul cent, a
preservati Vggaa FTavoLi g 9hind col of I Ng agent. The pharn ceuti cal
conpositiops_of the inverition may be in the formof a stlerile 10injectable
preparati onTBauch as | &ilstdamine i nj ect abl e aqueous or ol gagi nous suspensi on

TBAP tributylammonium pyrophosphate

TBSCI t-butyldimethylisilyl chloride

TEAB triethylanmymonium bicarbonate

TFA trifluoroacetic acid

TLC ortic thin layer chromatography

Tr friphenylmethyl

Tol 4-methylbenzoyl

N parts per million down field from tetramethylsilane
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This suspension nmay be fornul ated according to the known art using those
sui tabl e dispersing or wetting agents and suspendi ng agents whi ch have been
ment i onedwealowe32iBie sterile injectabl e preparation nmayParAs2we/0a14gt eril e

i njectable solution or suspension in a non-toxic parenterally acceptable

di luent or solvent, such as a solution in 1,3-butane- 15diol or prepared as
a |lyophilized powder. Anobng the acceptable vehicles and solvents that may
be enpl oyed 7ap&€Fwat er, Ringer's solution and isotonic sodi umchloride
solution. In addition, sterile fixed oils may conventionally be enployed as
a solvent or suspending nedium For this purpose any bland fixed oil may be
enpl oyedsi ncl udi ng synthetic nD@qugﬁﬁghgkiﬂfﬁﬂdaﬁg In addition, fatty
acids such as oleic acid nmay |ikew se be used’in 6the preparation of

i njectabl es. The anobunt of active ingredient that may be conbined with the
carrier materjal roduce a single dosage formw || vary dependi ng upon

t he host trS%F@%“%@HBYﬁQ particulgr node gf adninistratio%. Fgr exagplg, a
time-rel ease formulation intended for oral administration to humans may
contain_approximately 1 to 1000 ng of active 25 material conpounded with an
approprﬂ%te and conveni ent anount of carrier material which may vary from

about 5 to abo ofpthe total conpositions (welgt : wehght) . The

phar maceutical c ~¢i on can be prepared to provi eagl |y nmeasurabl e
anounts for adm nistratp .Cfor xanpl e, an aqueous SOl ut} i nt ended for
i ntravenous i nfusion nmay égrﬁzi from a6t 3 to 500 g of ?ﬂgi%zi@ve
ingredient per milliliter oftselution 1n 300rder that infusiadn a
suitabl e volume at—a&rate gf ghout 30 mEMPHcan occw SFogmul ati ons
suitable for topica dmil stration to the eye also in eye drops

wherein the active ingredpent is dissolved or suspended™in @ suitable
carrier, especially an agueous sol vent for the active ingredient. The
active ingredient is pref@rably present in such fornmulatiots in a
concentration of 0.5 to 20% advantageously 0.5 to 10% and WO

2009/ 132135PCT/ US2QG61u0idd 44Ta P36} £B43pandol qitbmirdd/acabriitis tﬂ;-tﬁe?/%ﬂ%wures
Formul ati ong sujt b[F f or tﬁpical_adninistration in the nouth include

| ozenges coﬁ%‘ﬁ‘b?’dﬁ‘é‘ t Q&0 57 higraeiham! GO Bl way diopwissaslided agesdal | y
sucr osejand i : 10 gaggri i ' Eve

i ngredi ent ?}%S%%é ?%gé%i%g?gﬁg%hdrggﬁg%%@% an p&f‘!&@gﬁdﬁ{?‘“@%}‘%@%‘ ose and
acaci a; andstrt #wesh ésneotprifer Hgh.t ke settimeevasngneditatt], fendigsoh@g i t abl e
liquid carrier. Faor.mul ations .for r mnistration may be

pr esent ed a?ﬁé?%ﬁBEHéP? ’W?ﬁﬁd3”@@??5@péﬁggégﬂgﬁﬁﬁFW§FﬁﬁmP%F’@Y@Wﬁle
cocoa butt esffedink Balingy kRts1 ether 1b as HOSIMUVRLL 9952 aui-t Rhe for

i ntrapul nonary or nasal adm nistration have a particle size for exanple in
the range of 0.1 to 500 mcrons, such as 0.5, 1, 30, 35 etc., which is
15admi st ered by rapid inhal ation through the nasal passage or by

i nhal ati on through ey h so as to reach the alveol ar sacs. Suitable
formul ati ons i ncludg_aguepus or oily solutions of the active ingredient.
For mul ati ons suitabl e’for

rosol or dry powder adm nHe akgoanay be
prepared according to con&gﬁ\zgzﬁgxnethoch@ﬂp may be d:FKZ§Z§d\mjth ot her
t herapeuti c agents such as co ds heretgfore used in t he—#reat ment or

ﬂ(o B CHzOH HG OH

0
1b

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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20 prophyl axis of HCV infections as described bel ow. For mul ati ons
suitable for vaginal adm nistration may be presented as pessaries, tanpons,
creans, geD200pASt36s, foans or spray formul ati ons cont aPoirng2600/0addi ti on to
the active ingredient such carriers as are knowmn in the art to be
appropriate. Formulations suitable for parenteral adm nistration include
aqueous and non- 25aqueous sterile injection solutions which may contain
anti - oxi dants6.Ppuffers, bacteriostats and sol utes which render the

formul ation isotonic with the blood of the intended recipient; and aqueous
and non-aqueous steril e suspensions which may include suspendi ng agents and
t hi ckeni ag agents. The formul ations are presented in unit-dose or

nmul ti-dose containers, for exanple 30seal ed appoul es and vials, and nay be
stored in a freeze-dried (lyophilized) condi requiring only the

addition of the s le liquid carrier, for exahphe water for injection

i mredi ately prior takgg%zggktenpoQﬂﬁﬁgfﬁiinjection ubi ops and
suspensi ons are prepared om steril e powders, granul & and tablets of the
ki nd previously descrjded, K Preferr Lt dosage~for "ons—are t hose
containing a daily d&d; ?rH uni t dglﬁ On%g%‘%)s- V\D/ ;;.u@ 009/ 041447
756. PE 5dose, as herein above reci t88"€or an appeepiiate fraction thereof,
of the active ingredient. It should be understood that in addition
to the ingredients partitularly nentioned above the foldwl ations of this

i nvention may i nélmtkdurohide (tramdstran thegmtiionastepnTtitren Xr40@0Vinig watgrar d t o
the type of .f.or i in question, for e those .,suitable for ora
ani St r at POy ST drav TS Th b R gl B80T fts WeRGaat reofiRetin fDpS-
provi des vebeFi faf MR O&HE QNG 125 M0 oftvat® Asth-@ANBIRRkI(YE | Tyor edi ent
as above defined together with a veterinary carrier therefor.

Vet eri ndly wardl} wpsadsed andeentinapd togsBoywithsirmingefop Ue pod ke sfixtganived heer i ng

t he conposi . ﬁﬂﬂ i i qui SEQUS terha ich are

ot herwi se | %%O(r??d or 5‘2@%%}%26)?&%6% ’e%hh/iegc\%%eat ee&irorqg]? ar tw%%ro(% g@%}“ioﬁ%@a?rig%r% with
the active laggresk eidhed Thithseatd: 5960 i) nawdycof osmpaid! THB Sesiie e prdificdbst er ed
orally, parenterally or by any ofher desired rou ounds of the

te, Co
i nvention aﬁ@c%gﬂﬁolﬁnbﬁgwpﬂ@g%@hx?6WP%@“¥%¢é%%@ﬂ%%éﬁﬁﬁ@é&ﬂﬁggﬁhylﬁmﬁ

formul ati on P 0 I L edy : nd f the
| nvent on ( T4&ER B 239 SRl INE AL LS 0is B8 I RPBKIVER I SEE < ne
active POI ngrsedi®ah, #ie4G0nin; 0H),S®B7a[1MEguaing X H)03.82 (HBH) 1550 {s,r ggyency
dosing or to inprove the phatinacokinetic or toxicity profile of a given
active ingredient. Effective dose of active ingredient depends at |east on

the nature of the condition

o—\izo\ 3M H,S0, OXciZOH
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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being treated, toxicity, whether the conpound is being used

prophyl actically (Il ower doses) or against an active viral infection, the
met hod ofwoebiwiseyss and t he pharmaceutical 25 fornul at iPomjusacud/owidst be
determ ned by the clinician using conventional dose escalation studies. It
can be expected to be from about 0.0001 to about 100 ng/ kg body wei ght per
day; typica%#% fromabout 0.01 to about 10 ng/ kg body wei ght per day; nore
typical ly, FFabout .01 to about 5 ng/ kg body wei ght per day; nost
typically, fromabout .05 to about 0.5 ng/kg body wei ght per day. For
exanpl e, the daily candidate dose for an adult 30 human of approximately 70
kg body fweight will range from1 ng to 1000 ng, preferably between 5 ng and
500 ng, and nay take the formof single or nultiple doses. Routes of

Adm ni stration,~One or nore conpounds of the inv on (herein referred to
as the activei ents) are adm nistered by a e appropriate to the
condition to be rested. WD 2009/ 132135PCT/ US2009/ 041 786. PF 5Sui t abl e
routes include oral ° oal_omasal , tgmg@q@hélncludlng4ﬁ3§§39i§hd

t

subl i ngual ), vaglnal a enteraI_LLngLudLng%subc aneou rapyscul ar,
i ntravenous, i I ntragFhRecal and epidural) d tche dlﬁ‘ el
be appreciated t a) prief e route may vary w t=hfor exanpl extHe

condition of the e An “advant age of the conpounds of this invention
is that they are orally bloavailable and can be dosed orally. 10

Conbi nati on Ther apy ® Conpositions of the inventiorfare also used in
conbination with other active ingredients. Preferably, the other active

t herapeutic ingredients or agents are interferons, ribavirin anal ogs, NS3
prot ease i nhi bi t ¥ s solSba of béid5i g, 364 mnad! pheb MISCE OSE dialsiew ds dkbpwifae bildedr s,
cyclophilin i nhlbltors &Fﬁegf rot ctants, non-nucl eosi de |nh|b|tors of

HCV, and ot AEHCarEide &7 Toom tempPERNER WWET #i98n-of hg MEXtEHRSUNd's
of Formua kerdd foﬁf@h Tayﬂioﬁﬁﬂelx%’)c}%ﬁ{r@ @ th DFRR Jﬂﬂﬁ; e v&@e@g %%ﬂ& QiR
treated, cross-reactivities of ingredients an ar maco- properties of the
combi nat i onAfEpice mn@elet%mlwd edlinng), gthyil aé@m‘e i(-eT00(reLywas 4., Thhe
conposi tions_20. t he i nven conbined with oth r. act.ive rapeutic
agents ( sucﬂrgﬁglcﬁ?‘?@g gaﬁlé?(?mt%deoﬂﬂ ’§T3ﬁ 1O0 B PCPIBY % TEREE éhfteﬁé‘fnfﬁgﬁq.%g agent s
or ingredi epls. Whi 6lrafRexBECts QR d@)ﬂfb]ﬂﬂdtali’adtchﬁc&l@kmé@u rmé ré%fdu%%dg‘lﬂ)hﬁﬁéd LTl

can include interferons . ated rl FN-al pha 2b, pegyl ated

r1 FN- al pha basilieg mxalugnacfg@ﬂauompgy HRAYPBOMe / haxanesdl affrading Lf cmreh@@s

PN bet b obal®7pht BT oA ISPy ¢ Eaie Sl <P hiR I AR 715

r-1FN-bet a, 7|5r1izenﬁ@,r3 BCtddnormes, 1h ENANBY 35 wh (i, PURCS, 1 1a0d , 2l by 81 @31,
ri bavirin anal ogs, e.g. rebet ol , copegus, VX497, ‘and viram di ne ‘

(taribavirin); NSba inhibltors e.g., A-831, Av689 and BMs-790052; NS5b

pol ymer ase CE@§B9@§ES e.g., NN$283 val opi ci t abi ne, R1626, P5I-6130

(R1656), Bl LB 1941, MK-0608, NM 107, R7128, VCH 759, PF-868554,

GSK625433 and XTL-2125; NS3 protease |nh|b|tors e.g., SCH 503034 (SCH 7),

VX-950 (Telaprevir), ITM\N-191, and BI LN 2065; alpha gl ucosi dase 1

inhibitors, e.g., M-3253 (celgosivir) gfe UT-231B; hepat oprotggfants,

e.g., I DN-6556, ME 3738, MtoQ an ¢)ﬁ451 non- nucl eosjide i/nhi bitors of
N b

HCV, e.g., benzimdgzole derivativ oenzo- 1, 2,4O N N
BD/ O O Br N Bn/ \N,;/‘
sz BuLi, TMSCI iz
0 0 0O 0
Bn Bn THF Bn Bn
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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WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5t hi adi azi ne derivatives, and

phenyl al ani ne derivatives; and other drugs for treating HCV, e.g., zadaxin,
ni t azoxarwoeogaldersea), Bl VN-401 (virostat), DEB10-025, YGRAUS$1@Q04ENZ-702,
AVl 4065, bavituxi mab, ogl ufanide, PYN 17, KPE02003002, actilon (CPG
10101), KRN-7000, eivacir, d-5005, ANA-975, XTL-6865, ANA 971, NOV- 205,
tarvaein, EHC- 18, and NIMB11l. 10In yet another enbodi nent, the present

appl i cation~gg pgl oses pharmaceutical conpositions conprising a compound of
the present I1nvention, or a pharnaceutically acceptable salt, solvate,

and/ or ester thereof, in conbination with at | east one addi tional

U R O ok U PR G ol SR LS
conbi nat i 0N ydedhlud BEATRANDY s@hed BP B CEMack WEBLLOMFANGRE any agent

havi ng a therapeutic effect when used in c i nation WI onmpound of
t he present idergeané bath (Fer8 €XanpBali (MHﬁhérMpm|106Mgeh5xmssdwasradded

conbination with the c d of sen | nve can be_ int rferons,
ribavirin afSP3ge: mqu aon ‘?ﬁﬁﬁﬂg B &Ft‘@?ssmokﬂdﬁﬁg
gl ucosi dase add ihaRhdidaas she R¥QIBANsL drbphall b&ﬁ&rzsh omﬁ)ﬁﬁg&r 0% eC LR HiRsk

non- nucl eosi de 20 inhibitors of HCV, and other drugs for treating HCV.
I n anot hér @ﬁtﬁ)@fdlm@h@@ ﬂﬁ@ckﬂaééﬁﬁz@ié@pih)cwlwd€¢wWﬁdéBthpWMema cal

conposi tion isin of t |nv on Oor,
phar maceut i %a%a y ggléeee atIeg AS 34 g "?l;%ﬂ]%% W@F’él&hyefsnwem
corbi nat i ondid it Mgsast Tﬁmﬁ)lﬁﬂl@ intab ﬁmivea hﬁﬂ@fﬂ@&ﬁdeﬁ pﬁe@gﬂé aseiReherd from

the group consisting of pegylated rlFN al pha 2b, 25 g ated rl FN-al pha
2a, rl|FN al prErzhway pRfindgstedipsiehromatagranhyhesmaes ¢ tﬁ‘b%qas 860 MENOA P,

i nfergen, rgpwm;o @édegs%qnl,eﬁ;{leo9a§oaﬁl%rg ”Eé! rLs qﬁ xggt hﬁ“ﬂgésgeora'

interferon pha, eron eron,  internax a n +
acti mung, Mk, ODEYS): BiTt5 (E:)UR@, 7.27 buf B3SO0 Y.ON q&euHP,,ﬁ ZIORE WD, 4}%(&1{19%&),

vi ram di neR% aribavirin 831, A-689, NM 283, val opiclitabine 1626

PSI - 6130 ( R1&86YW; 2HEV- 3@1)LB6%OS 254H; fire gwoge anwne07].] REL28CHY BN 59,
PF- 868554, @glﬁ%ﬁ%@%@L 2125, SCH- 503034 (SCH7), VX-950 (Tel aprevir),

| TMN-191, an MX- 3253 (cel gosivir), UT-231B, |IDN 6556, ME 3738,
MtoQ and LB-84451, benzim dazol e derivatives, benzo-1, 2, 4-thiadi azi ne
derivatives, and phenyl al ani ne derl vati ves, zadaxi n, nitazoxani de (alinea),
Bl VN-401 (virostat), DEB10-025, tx- 410C, ENZ- 702, AVI WD  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 g pi ent oS?et anot her
enbodi nment, the presentoapcpl i cation pr8§| 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
conprisigg at |east one additional

To a dry, argon purged round bottom flask (50 mL) were added compound 2a
(185 mg, 0.33 mmol) and anhydrous dichloromethane (10 mL). The flask was placed
into a dry ice/acetone bath (~ -78 °C) and the solution stirred for 10 min. 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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t herapeutic agent selected fromthe group consisting of HV protease

i nhi biting conpounds, H V non-nucl eoside inhibitors of reverse

transcri pyvase)/BeNsnucl eosi de 15i nhibitors of reverse tramaseéopoase7 H V
nucl eotide inhibitors of reverse transcriptase, HV integrase inhibitors,
gp41 inhibitors, CXCR4 inhibitors, gpl20 inhibitors, CCR5 inhibitors,

i nterferons, ribaV|r|n anal ogs, NS3 protease inhibitors, NS5a inhibitors,
al pha- glucgéﬁﬁgse 1 inhibitors, cyclophilin inhibitors, hepatoprotectants,
non- nucl eosi de i nhi bitors of HCV and ot her drugs for treating HCV, and
conmbi nati ons thereof. 20Conbi nations of the conpounds of Formula I-111 and

addi ti onal a&tOivey ipatapeuf Compoant 2 waysdiges et acisesletionifigal IRalient s
infected with HCV and other conditions such as HV infections. Accordingly,

the conpoundd’4fMroFml & NMK (3W}I@eD&}r§|7n@j(lmlﬁ‘) o 8@ (or 2o 4donBbnds
useful in tn t rfX ; biti ng conpounds, HV
non- nucle05| e |ﬁ%H§|t%iIQ iggg §g gi {thgsgﬁhESHlv nucl eosi de

i nhibitors of reverse transcriptase, HV nucleotide i nhibitors of reverse
transcriptase, H V .integrase inhibitors, gp4l inhibitors, CXCR4 inhibitors,
gp120 i nhi b{G98RROUNGERS [ nhibitors, interferons, ribavirin anal ogs, NS3

prot easeyi nhi bitors, NS5a |nh|b|tors, al pha- gl ucosi dase 1 inhibitors,
cyclophi?in inhibitors hepat opr ot ect ants, non-nucl eosi de i nhi bitors of
HCV, and ot her drugs for treating

HHCV. 30More specifically, omRe or nore

conpounds of the present inveg Qn may be conbined with Qr nore
conpounds sel ected LéOﬁ]thG\o&OUpNCOﬂSIStIng of r ot ease i nhi bitors,
e.g., anprenavir, atazapéwf, mpghnprené%oﬁ i ndi na IoQFHEV|r
ritonavir, |opinavir ritonavor, nelfi-ravi+—saqui naw I “Dipranavir,

brecanaV|r dannavi r, HBC é 6, TMC-114, agogenavir gng 50), JE-2147
(AGL776), A&ﬂ859 DGBS L-~""WD 2009/ 132135PCT/ US20 447 756. PF 5
756423, R00334649, KN -272, DPC-681, DPC 684, and GA640385X, DGL7, PPL10O,
2) a HV non-nucl eosi de inhibitor of reverse transcriptase, e.g.,
capravirine, emvirine, delaviridine, efavirenz, nevirapine, (+) calanolide
A, etravirine, G¥5634 DPC- 083, DPC-ﬁGl DPC-963 M V- 150, and TMC- 120,

TMC- 278 (ri | pi vi fPASYY: 2EgoRRvrestzoury petions Badd 10y mb)guy 7dled Gompmged
RDEAB06, 3) ( hggﬁp f er, e.g.,

zi dovudi ne, %%?%y%?fgbine g%?%%%%?#ﬂ%%ﬂg¥g&% ﬁ Aé%ﬂ%%??i%igg$aggﬁ?vudine
abacavi }5 anditpdouil the redcviguistivibd n@m@hmﬁudmmeempdrhtu%lc{iatwrateﬁ WaH(G:RISS) |

D-d4FC, entr |tab| e,. 0S zide, foziyv din ti doxi f osal vudi ne
tidoxil, apr(!il i t‘i’BfLﬁlémFg\{r}ﬁ'fg%%on giiﬁtolﬁ%@idrtg 3631‘3 LB’&% edysgd vudi ne,
abacavir + Gatgdy b agtory HPQ@\@%ﬂﬁ(ac&bﬂﬁﬂél@le? Zniga(%%a'@mﬁ: defitecPmbibal

nucl eoti de i nhibitor of 15reverse transcriptase, e.g., tenofovir, tenofovir
di soproxi | Fempoand 3wvasnsalited .t REIVME = I RoAVT). dIFENPFRKEN0 MHIZBFD;{:@)@(S'F 71

entricitabipe f fo I e inhi bi t or
e.g., curcuﬁi%ﬁ)ggg(bﬁﬁﬁkggggp'?%ﬁo%%%%m'@% 3Jw{géaﬂihg6géiﬂéﬁt?9@§5of

chi corim acm) 03765 daigaf’rfh%yﬂe%whbqs&ﬁélCivasGAfsblaycﬁathei'eﬁ QMR (300 MHz, D:20):

3, 5-dicaffeo uinic acid, aurintricarboxylic acid, derivatives of
aur|ntricar@éi&KSdfﬁc668Obéf®e6&56tﬂéﬂph@hehhMB ZﬁéiﬂeH&DdESQQQIHyegﬁof
caffeic aci% gﬁgg 13§ ster, tyrphostin, derivatives of tyrphostin,
quercetin, deri é quercetin, S-1360, zintevir (AR 177), L-870812,
and L-870810, MK-0518 (raltegravir) BMS- 707035, MK- 2048, BA-011

BMS- 538158, GSK364735C, 6) a gp4l inhibitor, e.g., enfiivirtide,

si fuvirti deCompoosdyd TRl - 1144, SPC3, DESS, Locus gp4l, CovX, and REP 9, 7)
a CXCR4,4 nhibitor, e.g. AND-O?O 8) an entry 25inhibitor, e.g., SPOLA,
TNX- 355, 9) a gp120 inhibitor, e.g., BMs-488043 and BIockAide/CR, 10) a
G6PD and NADH- oxi dase inhibitor, e.g., imunitin, 10) a CCR5 inhibitor,
e.g., aplaviroc, vicriviroc, FNCB9471, PRO 140, |2CB15050, PF-232798,
CCR5mAb004, and maraviroc, 11) an interferon, e.g., pegylated rlFN-al pha
2b, pegyl ated rlFN-al pha 2a, rlIFN-al pha 2b, IFN al pha-2b XL, rlFN al pha 2a,
consensus
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301 FN al pha, infergen, rebif, locteron, AVI-005, PEG I nfergen, pegyl ated

| FN-beta, oral interferon al pha, feron, reaferon, intermax al pha,

r- 1 FN- betwip 20093egen + acti nmmune, | FN-onmega wit h DURCS, pam@sadtooiimnon, 12)
ribavirin anal ogs, e.g., rebetol, copegus, VX-497, and viram dine
(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
WD 2009/ 132136PET/ 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 protease inhibitors, e.g., SCH 503034 (SCH 7), VX-950 (Telaprevir),

| TMN- 191, and BI LN-2065, 16) al p#g-gl ucosidase 1 inhibitors, eng,, MX-3253
(cel gosivir) and UT-231B, pat oprotectants, e.g.,
MtoQ and LB-84451, 18) n oside inhibitors.of HCW €. g'N
benzi ni dazol e 10dgpi va\j @ o-Luﬁeﬁatp@@@i4§f%e iAatipeds, and
phenyl al ani ne derivati ves, her drugs for treating e.g., zadaxin
ni tazoxani de (alinea), BIVN401 (virosicat), DEB10-025: VGX-410C, EMZ-702,
AV1 4065, bavi tuxi mah,_dgi%f ani de, PYN-17, KPEozoo%)rEQ, Getil on
(CPG 10101), KRN-7000, civacir, d-5005, ANA-975, - 6865, ANA 971

NOV- 205, . tarvaci n, EHC 1823 and NI MB11l, 19) pharnacokinetj,c l5enhancers,
e.g., BAS- 100 and SPI 452, 20)RNAse H inhibitors, e.g., ODN-93 and ODN- 112,
21) other anti-HV agents, e.g., VGV-1, PA-457 (bevirimat), anpligen,

HRG&214, cytolin, _polymn, VGX-410, 247, A 026, CYT 99007, A-221 HV,
BAY 50- 4798, w%@fdg‘{»i%ganﬁh%@)@“ o ﬂﬂ%ﬁ@?ﬁaﬁﬁepﬁg@d@@@& ndPy s
al o _possi bl 0t a MR ARY oATRON ML R Y ATRILIN THE HRUADR Blcefro” @

200t her active therapeuti'c agents in a unitary dosage form i mul t aneous

or sequent i &ito adny iwe/Rtetand with -0-78 "Phsndihe sollilen stomdi foaf  orint BEt-EpP (9aly be
adm ni stered.as a si t aneous, or sequenti al .regqi men. e dm, ni st ered
Soauent 1&1 TR BaR AP R A e tE Nl ok TR e 6ol 96

admi ni strat H@Rs, 2.60 aoRLRhS WA theDaded 2 AGRPR N thiRfted BR: driY&NMERRe Whthh one

or nore other active 25 therapeutic agents generally refers to _
si mul t aneou¥adremagd and theireactin AHsuFaYRBTEddP repres tamprsuatdreatver fb. idnswduttonon

and one or : i i en such. that therapeutically
effective aﬁg%ﬁygﬁ%@%?%gﬁ%%ﬁ%%Eﬁ&%gfa%%%k%nfgﬁ?FHWH§EHW8%§m5WE%8$§”other
active t her ajdaudd greagantheanelebodtbrifresentified uiing flBodhréhath BapPathegittes
Co-adm ni stration incl dm nistration of unit dosages of the conpounds

udes a

of 30t h& i nvEHt4en 1681t @4 6P AfthedesHadimstesiat 4 raniselatedniiC/¥bsad6%26M one or
nor e ot her [ ' .S e i Y ti.an t he
conpounds ogﬁih%ﬁyﬁgggﬁﬁgﬁﬁgﬁ%ﬁgﬁﬂg?ggﬁgéjE%ﬁ?ﬁ?@?}qgghﬂ%ﬁééan tﬁgg
adm ni st r at {(onl 1, 4G0emOBHNEIE @1,1el), 404 (Mel i ersapeyt Hg, rgent SH), Roro @xanpl e,
a unit dose_of a conpound of the invention can be adm nistered first,
fol | owned wi H¥n seconds or minutes by administration of a unit dose of one
or nore WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5ot her active therapeutic
agents. Alternatively, 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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t herapeutic agents can be adm nistered first, foll owed by adm nistration of
a unit dose of a conpound of the invention within seconds or mnutes. In
sonme casesQ 2009/1I3ea35be desirable to adm nister a unit doeeTafS2@9oerpound of
the invention first, followed, after a period of hours (e.g., 1-12 hours),
by adm nistration of a unit dose of one or nore other 10active therapeutic
agents. In other cases, it may be desirable to admnister a unit dose of
one or nore7606.RBr active therapeutic agents first, followed, after a period
of hours (e.g., 1-12 hours), by adm nistration of a unit dose of a conpound
of the invention. The conbi nation therapy may provide "synergy" and
"synergi sti ¢ en j whem 44 i I used

t oget her§i s%eﬁgggga%&k}g%gtﬁ{ﬁ&isuﬁﬁo %étrﬁgthef f ég%gg(fgtt gnt\équgg%etﬁgb??g% usi ng

t he conpoundssisepapured fwo timeymengyirs el of tiefazgin Irpalybcbe rapl dcad medh hwiderzet.he

active ingredients are: (1) co-fornulated and adm ni stered or. del.ivered
si mul tanegugﬂf/ reraﬁg%n Evgﬁ%lscﬁée&l t?S?rrﬁhr%?ql(Bﬂ?pe(rﬁtjﬂeo‘é‘iewgi‘teg[rhﬁfazﬂlf"éF‘r’n’éﬂlfeon or
in parall el was tieaRRL@AIE el AbRY NAHICENSind Mictd) to B¥m S A MBe QhtHBLL. MR R When

delivered in alternation ther apé_, a synergistic effect may be attained when
t he conpouné&tetiabwasimniiiek uwimed GHsopdderarstered PEE guetemi(addtanitride gH-On 6

separate,ta S } 0 y, di fferent  inj.ectl i.n par at e
Syri ngez(.) I %%@n@r%%& gas(r%ire%%ﬁgﬁﬁe?’%gmoﬁ)lﬁgt%vé}?salﬁ?,ate ‘nnggc"f %é}g?g\g;—a@ - of
each active'lnDOVIRABEMMHS DRON .66 @ eH) SEUUGRLIEAl bX%4 (i, BH), 3693 @ 1), Wher eas
in conbination therapy, effective dosages of two or nore active ingredients
are adni ni sB&Pdan BHyelt-hets, 3. §yiedpgitbti ¢ anti-viral effect denotes an
antiviral effect which is greater than the 25predicted purely additive
effects of the individual conpounds of the conbination. In still yet
anot her enb@@dumippaind & he present application provides for nethods of

i nhibiting HCV polynerase in a cell, conprising: contacting a cell infected
with HCwith an effective anount of a conmpound of Forrmula I-111, or a
pharmaceutically 30acceptabl e salt, solvate, and/or ester thereof, whereby
HCV pol ynerase i s inhibited. In still yet another enbodi nent, the
present application provides fomHret hods of inhibiting HCV pol yrerase in a
cell, conprising: contacti ell infected with HCV wi t ffective
amount of a compoun a N-111, or a phar ticaply o

2009/ 132135PCT/ USgR09/ 56 PErSsE &st-abbe mal t atw=/and/ or ester
thereof, and at | east one/a@titi onat—active—therapeuti gemt , whereby HCV
pol ymerase i s inhibi te§ 2 In stildCWet anot her ec?tb dl nrent, the present
application providesgfor r?eé,hods of inhibiting HCV oty se in a cell,
conprising: contacting a cell infected with HCV with an effective anount of
a conpound of Fornula I-124, or a phaiiiiaceutically 10agceptable salt,
solvate, and/or ester thereof, and at |east one additional active

t herapeutic agent selected fromthe group consisting of interferons,

ribavirin anal o protease inpkibito NS5a. i nhi bi S o
al pha- gl ucosi dag‘zb flél?ﬁ Ilg%f)f%orr%l?ougggfglpﬁi *?%W’ﬁ‘ﬁ?g’i @g%@? t(%relﬁg(? Bt &t ¥8t ant s,
non- nuct®osadird TS ONL(0 s Df 1 0HCMm ol uhdBeRL, O UEE , RO mhdo@atTHRGeddadn | N

still yet another enbodi nment, the Er esent application provides for mnethods
of 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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15treating HCV in a patient, conprising: admnistering to the patient a
therapeutically effective amount of a conmpound of Fornmula I-111, or a
phar macewoOcatdp2sscept abl e salt, sol vate, and/or ester PCharse@b/o414n7 stil |
yet anot her enbodi ment, the present application provides for nethods of
treating HCV in a patient, conprising: admnistering to the patient a
therapeutically 20effective anount of a conpound of Formula 1-I111, or a
pharnaceutlegéty acceptabl e salt, solvate, and/or ester thereof, and at

| east one additional active therapeutlc agent, whereby HCV pol ynerase is
inhibited. hi still yet another enbodi nent, the present application

provi des for nethods of treating HCV in a patient conpri si ng:

adm nistering to the patient at Eﬁapeutlcally 25effective a
conpound of Formula I-111, @r3 arnmaceutically accepta |t, solvate,
and/ or ester thereof® nq3a Neast' one additi onaly [ hpnapeutic agent
sel ected fromthe @Toup co hsﬁtng of PRberferons, r ri rN7anal ogs, NS3
prot ease inhibitors, NSb |b|tors ﬁ @na g|u003|da Alanhlbltors
cyclophilin |nh|b|tors ohegatoprotecta % non- nucl ggsi @e i nhi bitors of
HCV, and ot her drugs Bdr tremting HCV. 30In still yet another enbodi nent ,
the present application prQV|des for the use of a conpougd of the present

i nventioh, or a pharnaceutlcally acceptabl e salt, solvat and/ or ester

t her eof for the preparation of a nedicanment for treating an HCV i nfection
in a patlent Met abolites of the Conmpounds of the Invention WO

2009/ 132135PCT/ US20069uGa1 48 gormsemnpas Ao gf &R6 mmgolhirt GHEClh fem$g op&8SE€ t hi s

t b t ft
ner ei . to- PRe BB IR TRy IR R L e SR atet Bk Cre B or
art. Such phoq‘uet@cﬁmywﬁe@ﬂnbhédcut KRy emtaﬁ@g@adbﬂlo%fct@w @MmL) SRAUAEOPN,
hydrol ysis, am dation, esterification and the |ike of the adm nistered
compount pkl i FYe BpuIEoY Brivigred fowprbER fsem TA@@WQGIVWOT@’CIQ@ andeent i on
i ncl udes noy o] sin
contacting aéaah?orrpoungﬂe/t‘E Fés?’%?a%@ |gﬁg%sﬁ?gg\%§rgr%%t§%fw?%&] 3?65(2% 15 ”B]‘T'o' ti rrg

suf ficient tod Bl corzemestabald murificd dydPIdI ey g«)é theﬁé@ahed%mdmmﬂp(ﬁiuass Iy
are identified by preparing a radiol abel|ed hgb 14C or 3 mpound of

the inventi 68 m&d¥ni skel 3993@é%énfﬁf%Vﬂﬁ($ Ot et FB| db@eﬁ(%ﬁb
O or 0 ) 21 T k), SPGRN IS IR, SHTD BP! S, (RUSos SN2 PO,
’ 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, T = 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".

pt of a
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15man, allowi ng sufficient tine for netabolismto occur (typically about 30
seconds to 30 hours) and isolating its conversion products fromthe urine,
bl ood or woOheey/BeBE0ogi cal sanpl es. These products are ea&€rius200okated since
they are |l abeled (others are isolated by the use of antibodi es capabl e of

bi ndi ng epitopes surviving in the netabolite). The netabolite structures
are determ ned in conventional fashion, e.g. by M5 or NVMR 20analysis. In
general, andb§BFs of metabolites is done in the same way as conventi onal
drug netabolism studies well-known to those skilled in the art. The
conversion products, so long as they are not otherwi se found in vivo, are
useful i#& diagnostic assays for therapeutic dosing of the conpounds of the
invention even if they possess no HCV pol ynerase inhibitory activity of
their own. EsRgmupd®d and net hods for determning stability of conmpounds in
surrogate gastrointestinal secretions are known. Conpounds are defi ned
herein as stable in the gastrointestinal tract where | ess than about 50
nol e percent of the protected groups are deprotected in surrogate
intestinal or gastric juice upon incubation for 1 hour at 37C. Sinply
because the conpounds are stitd e to the gastrointestinal tract does not
mean t hat 30t hey canno drolyzed in vivo. The prodrugs of the

i nvention typi gab i able int di gestive system but may be

substantially hydr d t®~t he parental{jdrug in the digestive lunen, liver
or other netabolic & =N or within eéjT%Pgrl ener al anpl es 35 756. PF
SCertain abbreviatj®ns,and acronyns ar'e used i nodgsgribing the experinenta
details. Although nost of these | d e understgod one skilled in the
art, Table | containsSa list of man gggLéﬁbre iati ons and acronyns.
Table 1. List of abbreviations and acxon . Abbreviati on Meani ng Ac20
acetic anhydride AIBN 2, 2'-azobis(2-nmet\yyl propj@nitrile) Bn

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 BnBr benzyl brom de BSA bis(trimnmethylsilyl)acetam de BzCl benzoyl
chloride CDI carbonyl diimdazole 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. 0] undecene-5 DCA di chl or oacet am de DCC

di cycl ohexy%g%godi I m de DCM di chl or onet hane DVAP

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).
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4- di met hyl am nopyri di ne DVE 1, 2-di net hoxyet hane DMICl di net hoxytrityl

chl ori de DMSO di net hyl sul f oxi de DMIr 4, 4'-dinmethoxytrityl DWW

di et hyl fworzaew/ide13Et OAc et hyl acetate ESI el eetrospray POmUS20000Mm144IVDS
hexanet hyl di si| azane 756. PF HPLC Hi gh pressure |iquid chromatography LDA
l'ithiumdiisopropyl am de LRVS

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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| ow resol uti on mass spectrum MCPBA net a- ehl or oper benzoi ¢ acid MeCN

acetonitrile MeOH net hanol . .
t o char gewoaven3btds mass plus 1 MV mass mnus 1 MsOH nefharnssuvfoonut aci d

M5 or
TBAF

ms mass spectrum NBS N-bronpbsuccinimde rt or r.t.

756.PF

MMITC nono net hoxytrityl

chloride mlz or me nass

roomtenperature

5 9
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 L s
\V/\Q N
\ N \ ~ AN\
Br’ O Br N 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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tetrabutyl ammoni um fluoride TMSCL chlorotrinethylsilane TMSBr
bronmotri nmet hyl silane TMS1 i odotrinmethyl silane TEA triethylam ne TBA
tri butyl awDr2eodTiBABSt r i but yl anmoni um pyr ophosphat e TBSCL PCT/US2009/041447

t - butyl di met hyl si |l yl

chl oride TEAB tri et hyl anmoni um bi carbonate TFA

trifluoro acetic acid TLC or tic thin | ayer chromatography Tr
tri phenyhnet hyl Tol

i0

15

20

756.PF

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 =
645.2 (M -+ HM.

10a 10b

Compound 10a (2.0 g, 3.10 mmol) was transferred to a steel bomb reactor, and
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
(M+H".

N NH; NH,
\7/& VSN
o\ O \ N‘N;C or” \ P \ N‘N’/N
OH S~ Raney Ni OH
6 0 5 o
Bn” Bn Bn” Bn
10b 10¢
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4- et hyl benzoyl (3 parts per mllion down field fromtetranmethylsilane 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%11 is concentrated in vacuo. The residue is purified by

chromatography to give 10c.

10
NH> NH,
\ = \Nﬁ/&
N N
O N HO
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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756. PF 1 cld Amxture of e (obtained fromthe previous step), Tritron
X-405 (70%in water, 6.0 g), 50% KOH (in water, 85 g) in toluene (500 nliL)
was heat ewlot200w1sRi3ax with a Dean-Stark trap attached. APCErUSkévIpei4hECti ng
-25 nmL of water, 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 between ethyl acetate (400 nL) and water (300nmL). The organic

| ayer was wag with water (300 nL), and concentrated. The residue was
purified by silica gel colum chromatography (-20% Et 0Ac / hexanes),
affording the rrethyl et her id as an oil (22.0 g, 89%in t hree steps) 1H
NVR (300_MHz, . CDCl3): 6.7.3 H)y, 154.5 - 7H), 4.37 1H),
3.87 (d, 5 1Hysolaedy *(’ﬁﬁactm) aﬂdschffs%ne@gmgw The w@ﬁr@@dlaw dissgvesl ia nrion of
Id (22.0 g, tégm@“mbgut't@ro%%&ﬁ ff R o1 I]J(g'lgvgi‘a)l 5\6’?‘ ARG, abguto %L{B &ﬁc.
acid (prepared by mxing 4 concentrate ur|c acid whn 5 rril
of water) arid hetiisr Tim:knaslturaﬁb i@ea‘t@iwﬂh baturkted NraH«tOg endéhs sclaticentdxat@ed to a
vol ume of ”é’t g artitioned 22}}}V\@ cet ate and ice-cold 2N
NaOH. The et‘)ﬂg’l D%t Apeoieagislaxzes ¥ Wftpé't“é‘ e Hat e frd Bangapddriedca gel
col um  chr ogeLadESO Whévs&%e@tﬁg%%v%één s an oil
(17.0 g, 800/?l I\/E 11 .2 (M Na+) mo{;%g%/ﬁ%}ffg%%%glb&mm 756. PF
el f 10 Te @ﬂ‘@mgmnhﬂirﬁogfvelléa(% g, 104 nmol) in DVBO (135 m) was

dropwi se added acetic anhydride (90 nL, 815 mmol) at room tenperature under
argon. The m xture was 10stirred § { 16 h at roomtenperature, and then
poured into ice-water (1 L) Wmle stirring. After ice conpletely nelted
(-30 nmin), ethyl acetate (-500=pC)nvas added. The o bG | ayer was
separated. This extraghmi ss)was repegted theee tipmes (3x500 nmL). The
organi c extracts were co af¥ céRdéntratedy JHe rasi was purified
by silica gel colum chronat ggr@phy (1.24% Et 0Act/ wanes), affording if as
an oil (39 15g, 88% . 1H 41300 MHz,—DWVBO-d6) .—7"3 (m 15H), 4.4 - 4.8
(in, 7H), 4.08 (d, J= 75891z OBy 375 (dd, 81O 2, Bril. 4 Hz, 1H), 3.64
(dd, .1= 5.4, 11.4 Hz, 1H), 15,Ja(s 3H).

11b
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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Compound 2 201 f2a To a dry, argon purged round bottom flask (100 i)
were added 7-brono- pyrrolo[2,1-f][1,2,4]triazin-4-ylamne (234 ny, 1.10
mrol ) (prwpasedsassording to W) 2009/ 132135PCT/ US2009/ @#¢TABZ003HE14PF 5
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

d t. . NH4Cl L dded .to. t ti I
Xt act el USTTRBEDR 3 TROT S 4p BOR e LB B HaE- 61 BEHLE FI9BFLbher o
dried using MBS oTRByHOIAENThNaS i@ ddNHaEtvdIMeREHPL eSS Whw ANd the

crude material was purified using flash chromatography (hexanes / EtO0Ac).
560 ng (99 %9 of 2a was isolated as a m xture of two anoners. LC/ M5 = 567.2

(MH). 1H W@%ﬁjﬁ MHz, CDC13): 6 7.85 (m 1H), 7.27 (m 15H), 7.01 (m

1H), 6.51 (m ¥ “66 (m 8H), 4.40 (m 2H), 3.79 (m 3H), 1.62 (s,
2'-CH3 fromthe one anoner), 1.18 (s, 2'-CH3 fromthe other anoner). NH2NH2
222 20 To a dry, argon purged round bottom flask (50 nL) were added
conmpound 2a (185 ny, 0° |dHand anhyghcous di chl oroTR e (10 nL). The

Bn

flask was placed into a d ce/ acetone-bat-h—{~ -7§mC) 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 continued te . stir at -78 C 25until conpPet@ di sappear ance
of the starting materiaf" Aftél® 1 h, a solution of pyridine 2 ni) 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 dissolved in water and purified using a G1lson Preparatory HPLC

system (acet oni t EhlBound 12a (prepared according to J. Org. Chen., 1961, 26, 4605; 10.0 g,
23.8 mmol) was dissolved in anhydrous DMSO (30 mL) and placed under nitrogen.
Acetic anhydride (20 mL) was added, and the mixture was stirred for 48 h at room

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,
AN
- N
Iz BulLi, TMSCI
0 0
Bn Bn THF
12b 12¢

25
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WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5 H20). 49 ngy (50% of Conpound 2
was isolated as an isonmeric mxture. LC/MsS = 297.1 (MH. 1H NWR (300 MHz,
D20): 8 ™Ww6e2ogwm32Bil), 6.80 (m 211), 4.04 (m- 2H), 3. 78CTrGS2@LH41437 65 (M
1H), 1.30 (s, 2'-CH3), 0.80 (s, 2'-CH3). Conpound 3 NH2NH2 23 To a
dry, argon purged round bottom flask (100 nL) were added Conpound 2 (12 ny,
0.04 mmol ) (2) and anhydrous MeOH (5 nL). Acetic acid (5 nmL) was then
15added and 7th@&Freacti on stirred overni ght at roomtenperature. Saturated
NaHCO3 was added to neutralize the reaction m xture and the crude materi al
was purified using a Glson Preparatory HPLC system (acetonitrile- gig)z 2
(169 s0of the 113 i g/%—
Erg MNMVR (3?)0 NHz, gze%ﬂo g%’ @[Ql ﬂ{f@mg&;gﬁi(gyéme (5’%&5‘39‘2"0[‘% 3.83 (dd,
1H), 3.74 (6’602@_(17_0)561@ Gng4me)\Qas%s;(eszde@ﬁ1 @iy dro0s TAF(($0 nﬂ])lllnd%ﬁl’le

| 30 D) 87. 65 , 1
.75 (. "11pyTouat patiiring TS BB i LS Rl e g sl iR s 117
3525 PI(:S NH:;) R&H%Héd £t 20 nin oo ARG A TROreaVI 2909 d3 &dotaPeTh Y82 QP94 041447

solution of BuLi (6.0 mL, 1.6 N in hexanes) was added slowly. The reaction was stirred

10 for 10 min. at -78 °C and then the lactone 12b was added via syringe. When the reaction
was complete by LC/MS, acetic acid was added to quench. Solvents were removed by
rotary evaporation and the residue was taken up in a mixture of 50:50 dichloromethane /
water (100 mL). The organic layer was collected and washed with 50 mL additional
water, dried over anhydrous MgSO; 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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To a dry, argon purged round bottom flask (50 nmL.) were added conpound 2a
(220 ng, 0.39 mmol) and anhydrous di chl oronmet hane (10 nL). The fl ask was

pl aced i WO 280939135ce/ acet one bath (- -78 C) and the solrariuseomsiirsmed for
10 min. BF3-Et20 (0.10 10 nL) was added dropwi se and the reaction stirred
for 10 mn. ALMe3 (0.58 niL, 1.16 mvol, 2.0 Min toluene) was then added.
After a few mnutes, the dry ice/acetone bath was renoved and the reaction
m xture wai bkp ¢fl to roomtenperature over 4 h. A solution of pyridine (2nl)
in MeOH (10 nL) was added and the sol vent was renoved under reduced
pressure. The crude material was purified using flash chromatography
(hexanes 15 / Et0Ac). 164 ng (74h%? of the desired material 4a was
isolated. LC/M5S = 565.2 (M 11+).,;, H*NVR (300 MHz, CD30D): 6 7. M'%2(s, 1H)
7.32 (m 15H), 7.02 (m IFD\ 4 (n1 1H), 4.62 (m 8H), '\&ny 1H), 4.04

111), 3.84 : o) , 10%
(PcT/C HO)AS" ACO(—|I B%H/OB S §¢o 2. 10% Pd’éTo a dr ~ % rN‘pjurged rou(;1d
bottom flask (50 nL) were—added conngggBﬁg 64 ny, C '9 wol ) and gl aci al
acetic acid (10 nL). PdEC €100 ng, Y 1) was 1AWy

2009/ 132135PCT/ US2009B04 44?%756 PF 5 then added and the flask was equi pped
with a balloon containing drogen gas. The flask was purged two tines to
ensure afl of the argon hatf®been repl aced with hydr ofB®APeUNEd2r eacti on was
allowed to stir at roomtenperature overni ght. The reaction m xture was
then neutralized using NaHCO3 and filtered to renove the catal yst. The

crude materi al m@sn@uaﬁd lhﬂ((lllsﬂ'org 0268ntB6IN Wik epaslatdny: HPLGxRYS6£M
(acetonitrile / H10) (7.9 of the desired material Conpound 4 was

i sol ated. LEcNgnel @éswm WI%ML) 11|Q°/NWC( 06 mppvas pgdgd angl the BBctien wag) |

?s 72 3 |('|)m 1HKustd St o éé?p threa-tives ( With gth‘)mg?hyﬁ@o g(emgas?@is m%roﬁg’ceﬁ.s Th§ H. 0.76

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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Compound 5 15 NH2NH2 BnN, N, TMSCN, BF3-Et20 Bn OH CN N Bn , 6BnDCVBNnBn
2aba To a solution of compound 2a (1 g, 1.77 mmol) in CH2C12 (20 nmL) at 0 C
was 20 acwecomM3aNs(1.4 nli, 10.5 mmol) and BF3-Et 20 (1 mCT/wB2009m0mwal). The
reaction mxture 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 dil uted
with CH3CO2Et. The organi c phase was separated, washed with brine, dried
over Na2SO4ys¢ pktered and concentrated. The residue was purified by

chromat ography on silica gel, eluted vvith CH3CO2Et - 25hexanes (1:1 to 2:1),
to give the desired conpound 5a (620 ng, 61% as an isoneric mxture. M5 =
576.1 ( 009/ 35PCT/U 2009/.041447 7 To _a sol ution
of conpo nd éc‘\{c\%% Cloiégr Hrors qrg e 9"0614“3 ’&i:eeﬂ?aéat@(@%‘él)é{”ﬂéled BC13
(2 m, 1M ip3ddaed Ne rediBnERGHLREA 1B %Ez‘rﬁ f B éﬁlg&raﬁﬁje a exz he& é&fon h.
The reaction was quenched at -78 C by dropw se addition o f and
MeOH 10 (5 ma§ comm eﬁemM@MS,mghﬂhmmﬂdetmumch mdsmdnmtse«mewahm@
evapor at ed, CcO- evapor at seve The i.due was
Cronted i i B ROREC YRGS i it Bk S o pBiresiad® o PRty S
to give thes1ﬁ6§%él%dluﬁ{rp%%1x@%m%6ﬂie§s \&é&?elﬂ@d uﬁQg@a gréﬁli'énlt\%ﬁ)-(’@@@eth EDZO)

6774§sl 76 (d, J =5 Hz, 1H), 6.73 (d,
3.9 (m l4H) acetatgagdipexapgs; 37%gdeld of 13+) H-NBIR (@DSCN) QVB 6148901 (;) 2H)THE% 0t her

?'Spgﬁi) el i Y. ﬂgﬁ @gﬁjeadng),f{%(dly?ﬁ)sél H’ﬁ%ﬁ a%ﬁm g 7k, "°
1H), 4.07 ((m, ) 6.83-B8% {Jnm HhyH)7.17 ;n?zﬂgl 7:Q|§‘)F(m laﬁ) (786 @H). 5HM59‘3 30851, ( M +
Fry. WO 2006 132135PCT/ 2009/ 041447 756

BCl,

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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5 Conpound 6 10 To a solution of conpound 5 (30 ng, 0.098 mml) and
1Htetrazole (30 ng, 0.43 mol) in anhydrous CH3CN (1 nL) at 0 C was added
2, 2- di metWwoloadisepsopi oni ¢ acid S-(2- {diisopropyl am noPLZAS2002/4di4aN

et hyl - propi onyl sul fanyl)-ethoxy] -phosphanyloxy - ethyl) ester (90 ny,
0.2 mmol ) (described in J Med. Chem, 1995, 3941). The reaction 15m xture
was stirred ﬁ%P C for then 1-1202 (30% 80 uL) was added and stirred
for 0.5 h af The reactlon was quenched with sodiumthiosulfate (1 M 1
m.) and NaHCCS, dlluted wi th CH3CO2Et. The organi c phase was separat ed,
washed with brine, dried over Na2SOX4, filtered and concentrated. The

resi due was purified by HPLC toNjkve the desired Conpound 6 (28'ay, 42%.
1H NNR (300 NPE, CDC13): . iﬁi’ 1H), 206.85 (d, J= 4. 21H), 6.73

4.6 (m IH, 4 N(m 4H),
. AMOUBRSELA S, 0. /s, BF). 31P NMR

(300 N+E CDC13) 6 : N5 ﬁf?i§§lfﬂﬁﬂﬁ, 672. 1\ WD
2009/132135PCT/U82009/9A1%A7 756. PF 5 ral procedurg f@r preparation of a

nucl eosi de triphosphgi€: “—mn To a pear-shaped flask (5-&h nm) is charged
with a nucleoside (-20 ng). Trinethyl phosphate (0.5-1.0 nlL) is added. The
solution is cooled with it water bath. POC13 (40-45 ny)idas added and
stirred at O Cuntil the reaction is conplete (1 to h; the 10 reaction
progress is nonitored by ion-exchange HPLC, aEﬁLykfggl sanpl es are prepared
by taking -3 uL of the reaction m xture and di4Ut HagiG%Pa#Lth 1.0 M

Et SNH2CO8 (30-50 uL)). A solution of pyrophgﬁghate Bu3N (250 ng) and Bu3N
(90-105 ng) in acetonitrile or DVF (1-1a5 i s thé#Pdded. The mixture is
stirred at 0 Cfor 0.3 to 2.5 h, and the thg reaction is quenched with 1.0
M Et 3NH2COB (-5 nL). The resul fPag\ ndx UNEFLB 15stirred for additional
0.5-1 h while warm ng up to roomtenpeérat The m xture is concentrated
to dryness, re-dissolved in water (4 L), and purified by ion exchange
HPLC. The fractions containing t helCde§ir ed product is concentrated to
dryness, dissolved in water (-5 nlL), concentrated to dryness, and again

di ssolved in water (-5 nL). NaHCO3 (30450 ny) is added and concentrated to
dryness. The residue is 20dissol r .and concen r at o dry

again. This proc@gglnognﬁﬁﬂé]a%yek&%tﬁnﬁq 58 134 e BT e %th%‘iié ed to
C 18 HPLC pH{%&ﬂ&@Eé@BHI Lhaudi ng the de5|red product as a sodiumsalt.
Conmpound 7 -0-ff--01-0 OH OH CH

Compound 15

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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Compound 7 was prepared by the general nethod using Conpound 5 as starting
material. 1H NVWR (300 MHz, D20): 6 7.76 (s, 1H), 6.95 (d, J = 4.5 Hz, 1H),
6.8 (d, woar®/1321351H), 4.25 (m 3H), 4.0 (d, J= 6 Hz, PHr/USCMA41487 3H).
31P NMR (300 MHz, 30D20): 8 -5.6, -10.7, -21.4. M5 = 545.8 (M}1+4), 544.0
(MHT). WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5 Conpound 8 10Conpound 8
may be obtained from?2a in a manner simlar to that described in

preparat i on—,-ggllaﬁonpound 5 except using TMSN3 instead of TMSCN. Conpound 9
WO 2009/ 132135PCT/ US2009/ 041447 756. PF NH2NH2 Ho OH 59 Conpound 9 may
be obtained from2a in a manner simlar to that described in preparation of
Corrpound55 %(l:%ﬁ;tunﬁsli‘sng TMS- acetyl ene instead of TMSCN. Conpound 10

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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| f10a To a suspension of 7-brono-2,4-bi s-rn ethylsul fanyl -i m dazo
[2,14] [1,2,4]triazine (prepared according to W2008116064, 600 ny, 2.06
mrol ) i n wohlyaveessTHE (6 nl) was dropw se added BuLi ( PCE/uUsRéo/oeanes,
1.75 m, 2.81 nmol) at -78 'C. The suspension becanme red brown sol ution
after 5 mn, and then 11 in THF (0.6 nL) was WO

2009/ 132135PCT/ US2009/ 041447 756. PF 5 added dropw se to the m xture. The
m xture was 766@r allowed to warmup to roomtenperature. After 30 nm
saturated NH4ACL was added to quench the reaction. The m xture was dil uted
with ethyl acetate; the organic | ayer was washed with brine and
concentrated in vacuo. The residue was purified by silica gel colum
chromat ography (-40% Et OAc / hexanes), affording 10a as an isoneric mxture
(0.77 g, 64%Wompdund 10 645.2 (M + Fr). 10al0b Conpound 10a (2.0 g, 3.10
mmol ) was transferred to a steel bonb reactor, and 15cooled at -78 C

Li quid ammonia (-20 nl) mjzzsol ected at -78 C and a d to the bonb

reactor. The bonb reactor y Sealed d up to room
tenperature. The m xture t hen heapedo 20" h. Conpl ete
conversion occurred. After the gas wasgvent LR 'NESi due was purified by
silica gel colum chronatogras?gj(&k@#@ ! he; s@, af fordi ng the product

10b as a pale yellow solid (1 94% . MNB —'ﬁ14 320 (M+ H+). WO

2009/ 132135PCT/ US2009/ 041447 756 5A solution of 10b (100 ng) in ethanol
(about 10 m) is treated with Raney N ?gout 500 ng) that is neutralized
by washing with H20. The m xture is then*heated to about 35 to about 80 C

until the reacti %n’up%uﬁ@@'(%cﬁﬁﬂb%mﬁéﬁ)% ¥$dd dv%rﬁﬁéEB}{&%uPiJ f){téylda{)&td on and

the solution is concentrated in vacuo. The residue is pur
chr omat d¢r aph@nunbfog Ab@it 0Oenighy The dried Iﬁmm@iumwsm@uiedmyamt ﬁmﬁabfed with BBr3

0 & menner SRR %5 hAS DL L K83 PR FRRRUR] 2 to oive
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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Conpound 11 2010a is treated with about one to ten nole equivalents of an
al kali metal salt of nethanol in a suitable solvent such as di oxane for
about onewODaoeB3bars. The m xture may al so be heated fPoFUSha4BE971t 0
about 110 C for about one to 24 hours to conplete the reaction. The m xture
is neutralized wwth a strong acid and the internediate is WO

2009/ 132135PCT/ US2009/ 041447 756. PF 5i sol ated by extraction and

chromat ogr ap % plhe internediate is dissolved in DCM and treated w th about
two to about four nole equivalents of MCPBA for about one to about 24
hours. The m xture is treated with saturated NaHCO3 and the solution is
extracted wiwth Et 0OAc. The organic layer is washed with saturated NaHCO3 and
brine and dried over MgpSO4. The solvent is renoved in vacuooand the m xture
is purified by 10ghromatography to giyxe ha. Ow OV Ar0—P—cCl A sol ution
of ha in a suitablle sol vent SUGhN thanol or THF is treaNﬁd wi t h about
five to ten noV u?’\/al ents of N hanol ~or "THF. ﬁ reaction is
foll owed by TLC. A‘flter about dRe tg«480nours, the sol vent® s ev@porated and
lib is isolated by 15chromat ography. Alternatlvely, the nikxtufle off Il1a and
NH3 is heated in a sealed glass tube or Parr bonb to about 600to about 120
C for about one to about 48 hours and subsequently isolated in the same
manner as descri bt I'1b inT®@Mis cooled to about -#8¢' Vv and
treated with about four to 10 nole equivalents of BBr3 for about one to
about 24 hours. The m xture is treated with about 4:1 MeOH pyridine and the
solution was walined to roomtenperature. The solvent is WO

2009/ 132135PCT/ US2009/ 041447R8756' PF

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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5 renoved in vacuo and the m xture is treated with concentrated NH4OH

foll owed by renpval of solvent (x3). The mxture is purified by reverse
phase HPLMZOt2009gi323511. Conpound 12 Conpound 12acCfarsemaned47
according to J Org. Chem, 1961, 26, 4605; 10.0 g, 23.8 mmol) was di ssol ved
i n anhydrous DVSO (30 nmL) and placed under nitrogen. Acetic anhydride (20
m.) was added, and the m xture was stirred for 48 h at room 15 tenperature.
When the reagfipgn was conplete by LG/ MS, it was poured onto 500 ni ice
water and stirred for 20 mn. The aqueous | ayer was extracted with ethyl
acetate (3 x 200 nmL). The organic extracts were conbi ned and washed with
wat er (3_x 0 nl). The aqueous |ayers were discarded and the organi c was
dried oveér iﬂﬁ%}'ﬁlﬁ’é S and evaporated to dryness. The residue was taken
up in DCM and | oaded onto a silica 20 gel colum. §Fhe final product 12b was
purified by elution with 25%d4t 0Ae /_ hexanes; Q6%Jyield. 1HNWR (CD3CN): 6
3.63-3.75 (m 2H), 4.27 (d, /1HWﬂ.éb-4.57 ( "NA. 65 (s, 3H), 4.69-4.80
(m 2H), 7.25 (d, 2H), 7.39 (np 1L O N25- O

2009/ 132135PCT/ US2009/ 041447 756. PF,0 OH NH,
57-Bronmo-pyrrolo[2,1-f][1,2,4)jtryazin-4-ylkam ne (prepared according to
W2007056170, 0.5 g, 2.4 nmmol) uspéﬁ@iedoﬁ*n anhydrous THF (10 nl).
Under nitrogen with stirring, TMSCl1 (0.668 nL, 5.28 mm ) was added and the
m xture was stirred for 20 mn. at room £&nperature. The reaction was then
cooled to -78 C and a solution of BuLi (6.0 nL, 1.6 N in hexanes) was added
slowy. The reaction was stirred 10 for 10 mn. at -78 C and then the

Intone 12b was ad@etk 31 ausyliorpEenyl mexmam&@aﬁtds@mrw@ﬁomw{p@ép%@y LC/ M5,
acetic acid was_added to quench. Solvents were renoved by rotary

evapor at ¥ on aeseerling o MeSuipga ehals/ 1Mk & rap. 1993 3 Wddr H058) 16400803 mL of
di chl or onet L ter (. : i er cal | ect an
washed with gg %ﬁd%gg&?tainé%g'\ 6\é\'/iz;%fearb?’;Elt r'iﬂergg ovogrdogxn%%}’d}o TS gg&nmﬁ

filtered. EvANanatjlimidanele pusbdut 8 atli DHFDYhFembbl ikt Gredbagt 2Piurd tha 50%

Et OAc: hexanes). provided a 1:1 m xture of anomers 12c; 25%yield. LC/ M
(m z: 553, Rﬂe_,soweq_t)l_s 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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20Conpound 12c (0.4 g, 0.725 mol) was stirred in a 1:1 mxture of acetic
acid and nethanol (10 rrilL) for 12 h. Wen the reaction was conplete by

LG M5, sowoeentgi3asse renoved by high vacuum The resi du@Chams2e0a0er4up in

di ehl oronet hane and | oaded onto a silica gel colum. A m xture of anoners
was eluted using a gradient of 0- 75%ethyl acetate and hexanes; 51.4%

yi el d of conpound 12d. 1H NWVR (CD3CN): 256 2.87 (s, 3H), 3.58-3.79 (dd,
2H), 4.11-4729PFm 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. WO

2009/ 132135PCT/ US2009/ 041447 756. PF 512dConpounndh,12 Conpound 12d
(0.150 g, 0.265 nmmml) was dissolved in a 1xl xture of net hanol and acetic
acid (20 nm.). 10% Pd/ C (150 np) 8 added\an reaction was flushed with
nitrogen three times. Wth stirring, gé‘h gés was introduced. The 10
reaction was stirred under hydrogen f ' V\hen the reaction was
conplete by LC M, the catal yst was fi:l'fered off and sol vents removed under
vacuum The residue was re-di ssol ved % m xture of water and TEA (to keep
pH at -19€), and both anomers were pur d by prep HPLC under neutral
conditions; a total of 51%yield. 1H—N f compound 12 (D20): 6 3.16 (s,
3H), 3.69-3.84 (dd, 2H), 4.07-4.10 (m , 4.22-4.24 15(m 1H), 6.74 (d,
1H), 6.78 (d, 1H)1\,mlzmﬁ'90f§boulb*)521ﬁi‘ﬁbm&f1 &h}ﬁiﬂjﬁ‘tﬁfa%hpr@m%%?%&t&ﬂ|§20) 6
2.87 (s, 3H. 3.58 3.84 (dd, 2H), 3.99-4. 09

(d, 1H), 6.7u§, 7m]=|pf28;4é2nqthoxmmpanea@ab(®t1281)mm®mfpb1and 13 20 TMSCN,

BF3- Et 20 mtl%Bﬂeggd]ﬁlosﬁﬂm%%%ad 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

136



DCM 1 3a Compound 12c (0.28 g, 0.51mol) was dissolved in

anhydr ous di chl or onet hane and pl aced under nitrogen. Trinethylsilyl cyanide
(0. 35 nm)woasosadedsd and the mixture WD 2009/ 132135PCT/ BEZ0B2400411447

756. PF 5was cooled to O C. After stirring for 10 mn., boron trifluoride
etherate (50 ul) was added and the reaction was allowed to warmto room
tenperature. When the reaction was conplete by LC M, triethylam ne was
added to quegghrpand sol vents were renoved by rotary evaporation. The

resi due was taken up in dichloronethane 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 (CD3 - 5 3.61-3.90 (in,

2H), 4.09- 4.19 (m 211), 4.30-4.8 m 7H), 4.96 (d,?0.5H), 5.10 (d,

0.5H), 6.41 (bs, 2H), 6736 6. 81-§. 111), 7.17 (m 2H),
7.39 (m 1311), 7.86 (s, @g 8-f SO o) N D Conpound 13a
(0.70 ng, 0.124 nmol) was d| ved |o anhydrgus, dNchl or onet hane (2 M),

pl aced under nitrogen, and cooled to -78 C—A solution of 1 N boron
trichloride in dichloronmethane (0.506 m)H@asOadded and the reaction
stirred for 1 h at -78 C. Wen the reaction was conplete by LC/ M5, nethanol
was added to quench. 20 The reaction was24l | owed to rise to room

t enperature and : : i oduct
anoner o wer e pur (TR By s /PR G AL AL RIR YO N B
Conpound 13t1(e®2nﬂ))mth5b&3t6523mﬁﬁ>l otiGpmpoihd 23 fa2abptif orkH) 244088, (Ige sdldfidn 4. 80
(d, 1H), 6.97 (d, .1 1H) .. 1H NVR of the her
al phaanoner 15(“!9%6‘3““&?‘13““;9‘%3 g ﬁd’u}‘fﬁébyﬁm g‘aﬁ‘?gli_%’hé' &9 ,0‘31?‘6‘51‘14?%2 (in
111), 5;®1 (d, 111), 256.95 (d, 1H), 7.28 (d, 111) 7.96 (s, 1H). Conpound
14

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
~_-0. 0
IH 0 |y N2
N\P// O i A\
Of \O N N
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WD 2009/ 132135PCT/ US2009/ 041447 756. PF 12cl4a H2, 10% Pd/ C NH2 AcCOH

514 Compound 14 may be obtained from 12c in a manner simlar to the
met hod uswo 20@/ssy185hesi ze Conpound 4. Conpound 15 PCT/US@aapaountd 15 nay
be obtained from12c in a manner simlar to that described in preparation
of Conpound 13 except using TMSN3 instead of TMSCN. WD

2009/ 132135PCT/ US2009/ 041447 756. PF 5 Compound 16 Conpound 16
may be obt ai7§$g from1l2c in a manner simlar to that described in 10
preparation of’ Eorrpound 13 except using TMs-acetyl ene instead of TMSCN.

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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Compound 17 NH2 9" N HO1-0 OH HO OH 17 15A m xture of about 0.05 mmol of
Compound 5 and about 0.5 niL of trinethyl phosphate is sealed in a container
for aboutworneows2sbout 48 hours. The mi xture is cool ed PoTAlSEW/041W37t O
about 10 C and about 0.075 nmmol of phosphorous oxychloride is added. After
about one to about 24 hours, the reaction is quenched with about 0.5 nlL of
1Mt etraet hyl ammoni um bi carbonate and the desired fraction are isol ated by
ani on 20exchamge chromat ography. The appropriate fractions are then
desalted by reverse-phase chromatography 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%?drous DIVF
and about 4.92 muol DI PEA. t™§. 34 mol of iso-propyl(ch met hyl

car bonat e (Antivirgpo ; y\&ﬂChenDBQSrﬁpy 8B 199 N\tg/added and
the mixture is heat'ed t £ 60 C for 0 ®NmMn to about
24 hours. Heating is renoves for aboutsﬁngtéo 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 byﬂkeverse-phase HPLC to isolatiag?npound 18. 20

Mono Phosphor am dat e Prodrugs Non-limting ex | e
nono- phosphor am dat e prodrugs conprising the i/ﬂéa%?pinvention may be

prepared according to general Schene 1. 25 Sche 1

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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WD 2009/ 132135PCT/ US2009/ 041447 756.PF 0 | | ArOP - O d 19al9b
The general procedure conprises the reaction of an amno acid ester salt
19b, e.g.woHGW/2135, With an aryl dichl orophosphate 19aPcm/ush@9opurgence of
about two to ten equivalents of a suitable base to give the phosphorani date
19e. Suitable bases include, 10 but are not limted to, imdazoles,
pyri di nes such as lutidine and DVAP, tertiary am nes such as friethylam ne
and DABCQ, gubstituted am di nes such as DBN and DBU. Tertiary am nes
are partlcularFy preferred. Preferably, the product of each step is used
directly in the subsequent steps w thout recrystallization or
chromat ography. Specific, but non-limting, exapples of 19a, 19b, and 19e
can be found in WD 2006/ 121820 that 15is hegeby ficor porated by reference
inits entirety. A nucleoside base 19d re fjh the phosphoram date 19e
in the presence of a suitable base. Suitab Nbases include, but are not
limted to, imdazoles, pyridines s .gﬁl I ne and DMAP, tertiary
am nes such as trlethylanlne and DQBCO substituted am di nes such as
DBN and DBU. The product 19e mm H@epréblabed by recrystallization and/or
chromat ogr aphy. 20 WO 2009/132135RET/U82009/041447 756. PF 5 Conpound 20
20

306

Compound 30 is prepared by treating Compound 29 with about one to about
five equivalents of DCC in pyridine and heating the reaction to reflux for about one to
about 24 hours. Compound 30 is isolated by conventional ion exchange and reverse-

10 phase HPLC.

Compound 31
NH,,
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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About 3.1 mmol of phenyl et hoxyal ani nyl phosphoroehl oridate (prepared 10
according to MGuigan et al, J. Med. Chem 1993, 36, 1048-1052) in about 3
nmL of THRAWO=0@ddessto a m xture of of about 0.5 mmol of pCargseemd4 117 and
about 3.8 mmol of N-methylimdazole in about 3 nL THF. The reaction is
stirred for about 24 hours and the solvent is renoved under reduced
pressure. 25 %§S|due is purified by reverse-phase HPLC to gi ve Conpound
20. 15 Conp % 21 20About 3.1 mmol of 4-chl orophenyl

2- propyl oxyal ani nyl phosphorochloridate (prepared according to McCGui gan et
al, J Med. Chem 1993, 36, 1048-1052) in about 3 nL of THF is added to a
m xture of of about 0.5 mmiol of ound 5 and about NB28 nrnol of

N- net hyl i m dazol e in about 3 The reactionpns irred for about 24
hours and the sol vent é§%re under reduced pr ssure} The residue is
purified by 25 reverse- NT O'sglieve N fdnd 22 WO
2009/ 132135PCT/ US2009/ 041447 wPF 5 22 L xture ‘of about 0.52
mol of Conpound 13 and abg - 2 nm. dry acetone out 0.7 nmL of

2, 2, - di net hoxypr opane amﬁ0abouHmL28NmﬁﬁA(ﬁ BHG p- @Bﬁrophenylphosphorlc
aC|d is stirred for about 24 hours to about seven_days. The 10 reaction
mxture is neutralized with aB®t 20 nL of 0.1 N CO3 and the acetone is
evaporated. The desired material is partitioned into chloroform the
chloroform solution is dried, and the solvent is eyvaigrated. Conpound 22 is
purified fromthe residue by conventional neans. 15 Conpound 23

NH2 NH2

BnG  ©OBn
s - 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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NH2 O- Il ONwt\rj ,0\ Na CN ":- 23 A solution of about 0.53 mmmol
of Conpound 22 in about 5 nL of DMF is treated with about 1 nL of a | M

sol uti on w0 2009325 Magnesi um chl oride in THF. After 20alpoutus2@9mm4td about
5 hours, a solution of about 0.65 nmol 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 Cand is
treated with about 0.32 mol oﬁ“@owpound 23 for about on&eo 24 hours. The
solution is concentrated ani Nesidue is purified omat ogr aphy to

gi ve Conpound 24. 1Q A\
5 N\‘N/J\NHz
CN
BnO 0Bn
33a

5
Compound 32b is converted to Compound 33 in the same manner as the
conversion of Compound 2a to Compound 5.
Compound 34
10
NHDMTr
>N
“N//j\NHDMTr
ICN
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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Conpound 25 a, ;6 0 25 15A solution of about 1.56 nmol of Conmpound 24 in
about 15 nL of THF is treated with about 4.32 mmol of CDT. After about one
t o about WO 2hewm32135t he sol vent is evaporated and the re®Cuus2009/0pu4nified by
chromat ography to gi ve Conpound 25. Conpound 26 20 . W

2009/ 132135PCT/ US2009/ 041447 756. PF 5About 3.1 mmol of 4-chl or ophenyl

2- et hoxyal ani nyl phosphorochl ori date (prepared according to McCGui gan et al,
J. Med. Chenmkg 893, 36, 1048-1052) in about 3 nL of THF is added to a

m xture of about 0.5 mmol of Conpound 4 and about 3.8 mmol of
N-net hyl i m dazole in about 3 nL THF. The reaction is stirred for about 24

hour s ang

purified byoﬂﬁ

10

15

20

25

t he §o|ve

AT < inh s TN BB Bt 2 Seutipenar. Rbe o

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

o NHDMTr
SH 9 N%N
O 0-P-0— g 3N
' / ‘N’;k
H "GN NHDMTr

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

o NHDMTr
R e
0 it \ N
! AN =
NH "ICN NHDMTr

36
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-0 N-P-0 OHOH 0 27 15A solution of Conpound 26 in DMSO is treated

wi th about 3 nol e equival ents of potassiumt-butoxide for about 15 mn to
24 hour s.woheowBsassi on is qguenched with IN HC1 and Conpecmais209ios144sol at ed
by reverse-phase HPLC. Conpound 28 WD 2009/ 132135PCT/ US2009/ 041447 756. PF
TMSCN BnO BF3- Et 20 10c28a HO HO OH 528

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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Compound 28 is prepared in the same manner as Conpound 5 but using Conpound
10c as a starting material. 10 Conpound 29 HO 1? HO u NH 2 N N, LCN

1?1=j Hd WwH 28®/132135 Conmpound 29 is prepared in the saog/usarmosrisas
Compound 17 using Conpound 28 as a starting material. 15 Conpound 30 WD
2009/ 132135PCT/ US2009/ 041447 756. PF 30 Compound 30 is prepared by

treati ng Conpound 29 with about one to about five equivalents of DCC in
pyri di ne anqsg§§ting the reaction to reflux for about one to about 24
hours. Conpound 30 is isolated by conventional ion exchange and reverse- 10
phase HPLC.

5  mixture is warmed to about 0C for about 30 min and is again cooled to about -78 °C. A
solution of (25)-2- {[chloro(]-phenoxy)phosphoryl]amino} propyl pivaloate
(WO2008085508) (1 M in THF, about 2 equivalents) is added dropwise. The cooling is
removed and the reaction is stirred for about one to about 24 hours. The reaction is
quenched with water and the mixture is extracted with ethyl acetate. The extracts are

10 dried and evaporated and the residue purified by chromatography to give Compound 38.

Compound 39
NH, dibromohydantoin NF
o4 o4
Ly N —— T
\N;( Br \N—;‘(
NH, 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,
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Compound 31 31 15A solution of about 0.4 mmol of Conpound 30 in about 10
m. of DMF is treated wth about 0.8 mml of DI PEA and about 0.8 mol of

chl or ometwQl200913pr36pyl car bonat e (W2007/027248). The r eagtiseoniogisheat ed to
about 25 to about 80 C for about 15 min to about 24 hours. The solvent is
renoved under vacuum and the residue is purified by HPLC to gi ve Conpound
31. 20 Conmpound 32 WD 2009/ 132135PCT/ US2009/ 041447 756. PF Conpound
10b is dissgg¢§ECLn DCM and treated with about two to about four nole
equi val ent s "of BA for about one to about 24 hours. The m xture is
treated with saturated NaHCO3 and the solution is extracted with Et0Ac. The
organic |l ayer is washed with saturated NaHCO3 and brine and dried over
MySO4. The solvent is removed in 10 vacua and the mixture is purified by
chronatograggxgkﬁnguﬁe 32a. Compound 32a is transferred to a steel bonb
reactor, and 1s 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
warmed up to roomtenperature. The m xture is heated at about 50C for about
24 h. The gas is vented 32b is isolated by chromatography. Conpound 32b
is converted 15 to Conpouwng”32 in the sane manner as for the conversion of
Conpound 2a to Conpound 2. ConPewngy 33 WO 2009/ 132135PCTAUS2009/ 041447
756. PF NH2 TMSCN BF3- Et 20 NHZG*K;;ZiO .

RN
R’ \ N /E
@VO OV@ A T
1f 39
i: NH,
~4 eq. TMSCI N, _
~5 eq. Buli © O N’J\

NH,

OH
s o)
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 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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BnO N NH2 CN Bnd -bBn 33a NH2 N__ .N HOL ON NH2 HO' 33 Compound 32b
is converted to Conpound 33 in the sane nmanner as the conversion of
Conmpound we 2b@/Berspound 5. Conpound 34 NHDMIT  HON, N NHPRTrUS2@doia47 - OH 34
Conpound 33 (about 012 nmol) is dissolved in anhydrous pyridi ne (about 2
mL) and chlorotrinmethylsilane (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.

Addi tional ekfepotrinethylsilane (about 0.1 inL) is added and the reaction
is stirred for about one to about 24 hours. 4.4% D net hoxytrityl chloride
(about 0.66 mmmol) and DVAP (about 0.11 to about 0.22 mmol) is sequentially
added. The mxture is stirred for abo% one to about 24 hours. A solution

of TBAF (1.0 M ab 0.22 nmL) in THF "% added and the reaction W& stirred
for about \\ =
N

O o)

0sto

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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WO 2009/ 132135PCT/ US2009/ 041447 756. PF 5one to about 24 hours. The m xture
is partitioned between ethyl acetate and water. The ethyl acetate layer is
dri ed andwoan@erser3at ed. The residue is purified chromat @egrapskgooner4at f ord
Compound 34 which nay be a m xture of nono- and di-di nmethoxytrityl ated
conpounds. 10 Conpound 35 HO OH 35 A mi xture of about 1.25 nmol of
Conmpound 34 and about 1.9 mmol of triethyl amoni um

2-(2,2-dinegg%% 3-(trityl oxy) propanoyl thio)ethyl phosphonate
15(W200808260 f i s dissolved in anhydrous pyridine (about 19 ni). Pival oyl
chloride (about 2.5 mmol) is added dropw se at about -30 to about 0 C and
the solution is stirred at for about 30 mMmto about 24 hours. The reaction
is diluted with nethylene chloride and is neutd al i zed with agueous ammoni um
chloride (about 0.5M. The nethyl ene chl se is evaporated and the
residue is dried and is purifieqﬂg y 20 to give Conpound 35
whi ch may be a m xture of nono- anhd F{sitylated conpounds.
Compound 36 WD 2009/ 132135PCT/ US200 . PF 5To a solution of about
0.49 mmol of Conpound 35 in anhydrous carbon tetrachloride (about 5 nmL) is
added dropw se benzyl am ne (about 2195 Q%DI). The reaction mxture is
stirred for about one to about 24 hours. The solvent is evaporated and the
residue §s purified by chromatography #b gi ve Conpound 36 which may be a

m xture of nono- and di-dinethexytritylated conpounds. 104

dibromohydantoin
X =
\_y NH — . N NH

N 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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Conpound 37 15A sol ution of about 2 mmol of Conpound 36 in nethylene
chloride (about 10 nL) is treated wth an aqueous sol ution of
trifiuorosoeavéxizassd (90% about 10 nL). The reacti on nPRITAISR0P4BMT rred at
about 25 to about 60 C for about one to about 24 hours. The reaction

m xture is diluted wwth ethanol, the volatiles are evaporated and the
residue is purified by chromatography to give Conpound 37. 20 Conpound 38
38 25About 966-BFM Conmpound 14 in THE is cool ed to about -78 C and about 2.2
to about 4.4 equivalents of t-butylmgnei sumchloride (about 1 Min THF) is
added. The WD 2009/ 132135PCT/ US2009/ 041447 756.PF 5 m xture is warned to
about OC for about 30 m d is again cooled to about -78 C. A solution of
(2S)-2- [ehloro(1l-pherio sphoryl ] am no} propyl pivalo ate
(W2008085508) (1 Min THF, ab ukgﬁiggzivalents) i s addedpdropwi se. The

cooling is renoved and the reacti isostirred for abaut fne to about 24
hours. The reaction is quenched wiith ter _and the \gt rens extracted
with ethyl acetate. The extgagts ‘reilo and ev .aLéd and the
residue purified by chronaﬂi&ﬁ:-r t 8 gi npoundBr38. &Dnmm@nd 39 A
sol ution of about one part Conpound 39a (Patil, et al. ; Journal of 15
Heterocyclic Chem stty 1994, 3%f4), 781-6) in anhydrous 84 is cooled to
about -20 C and about 0.5 parts of 1, 3-dirono-5,5-di nethyl hydantoin is

added in portions. After about one to about 24 hours, a saturate agueous
sodiumbisulfite solution is added and thewsolids are coll gtted by

filtration. The solids are partitioned R een et hyl nd dilute
agueous sodi um carbonat e. -flg 1@fgani ¢ phase i~.washed '\hﬁﬂj ute sodi um
~5 eq. BuLi o on N Nk,

010

A solution of about one part of 42b and about four parts of trimethylsilylchoride
in THF is stirred at about 20 to about 60 “C for about 30 min to about six hours. The
solution is cooled to about -70 to about -100 °C and a solution of about five parts of
butyllithium in hexanes is added. After about 30 min. to about three hours, the reaction

10 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,O
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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20 carbonate then dried and concentrated to give Conpound 39. WD

2009/ 132135PCT/ US2009/ 041447 756. PF 5 Compound 40 40a A sol ution of

about onewpant/B321339 and about four parts of trimethyl sPCylushawiogda4210 in
THF is stirred at about 20 to about 60 C for about 30 mmto about six
hours. The solution is cooled to about -70 to about -100 C and a sol ution
of about five parts of butyllithiumin hexanes is added. After about 30
nmn. to aboy E bpree hours, the reaction is allowed to warmto about 0 C
over about three hours. The reaction is quenched with saturated NaHCO3 and
the mxture is extracted with ether. The ether extracts are washed 15with
bri ne, drled and the solvent evaporated to give 40a which may be further
purlfled by chronatography WO 2009/ 132135PCT/ US2009/ 041447 756. PF 540a40
A sol ution anﬁQQ agst of 40a in dichloromethane is cooled to about -100 to
about -70 8 leolutlon of BC13 in dichl oronmethane (about 10 to 20
parts) is added and the reaction NB:stirred for about 30N to about 3
hours. A m xture of pyridine d nmet hanol (about 1:2) |
quench the reaction. The resu{tiing frixture is slowy
t enperature and concenfr@ esi due is 808pend
anmoni um hydr oxi de and con cess

N
ed,. Thi [
residue is re-dissolved in gh Iagﬁdbﬁgﬁggﬁtrated

fmed to room
N.pzabout 27%
repeated tw ce. The
THts process is

repeat ed once. The FESIdyﬁ)IS(ﬂyWIfleq%§¥%§F H tof %e 40. 15 Conpound
alnt

43a

41 20Conpound 41 may be pregered fro e sane manner as
a

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.

150



Compound 5 was prepared from Conpound 2a. Conpound 42 WO

2009/ 132135PCT/ US2009/ 041447 756.PF  HO bi-1 42 di bronpohydant oi rt

A sol uti onoahos%tsoss one part Conpound 42a (Patil, et al PCI/Uboeoal44Df

Het erocyclic Chem stry 1994, 31(4), 781-6) in anhydrous DVMF is cooled to
about -20 C and about 0.5 parts of 1, 3-dirono-5,5-dinethyl hydantoin is
added in portions. After 10about one to about 24 hours, a saturate aqueous
sodiun1bisub%%§p solution is added and the solids are collected by
filtration. ie solids are partitioned between ethyl acetate and dilute
agueous sodi um carbonate. The organic phase is washed with dilute sodium
carbonate then dried and concentrated to give Conpound 42b. WO

2009/ 132135PCT/ US2009/ 041447 756. PF 1f42b 542c¢ A solution of about one
part of 42bcgpgheaauly four parts of trinmethylsilylchoride

NH,
)
\N/ BnO
(CH,=CH)»SnBu,
B e ] -
BF;-Et,0  BnO
12¢ 44a
1. 04
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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in THF is stirred at about 20 to about 60 C for about 30 mn to about six
hours. The solution is cooled to about -70 to about -100 C and a sol ution
of about WOwveoypBet3s of butyllithiumin hexanes is addedPCAfiSesooabutr 30
mn. to about three hours, the reaction 10 is allowed to warmto about 0 C
over about three hours. The reaction is quenched with saturated NaHCO3 and
the mxture is extracted wwth ether. The ether extracts are washed with
brine, driedssand the solvent evaporated to give 42c which may be further
purified by chromatography. Compound 42 may be prepared from
Compound 42a in the same manner as Conpound 5 was prepared from Conpound
2a. WD 2009/ 132135PCT/ US2009/ 041447 756. PF 5 Conpound 43 A sol ution
of one pért patic@arpedmdinanncdllsibds?zing a Hedaddadydptdiciabaidithé We. part s of
BF30Et 2 at about, - 78 C under an argon atnosphere and about three parts of
10( C1- 12=CHypspi e sampleval beiseiperiapé rentting s ad qygainm Mhichriaducss a voal ¢

duri ng about t ! ext i I d b
pur 11 cat i o By ey sty BbSecnt R S HACM RN SRplIGh Y |
di ssol ved i nomehbdincinyainsiivh didlediogethansl agnicaolvest\w fetdbikires. 7€ampiles Ozone

is bubbled into the stirred solution for about 1.5 hours at -78 C. The
sol ution is! lvingraRpising $ichias Pugars eyl mepmade msersdoneh aserll entures.
15bor ohyglri de (a : i y-al: iy 1N - . t er
about 5" nutes Seuingh B pHAAR uBi o AR ARKE S L 3B RGBS RY
war med to abbthk cBmBosidéit em tehiduervdd by hounsthot heclidiag tiren ahd ingueachalod t h

sat ur at ed bi E&ébo_nate solution and extracted with CH2C12. The conbi ned
organi cs ar 8! GEEHEE SuFh Y nQuerfipiee; qyalitatpcetndysniquetisgy g ethads of enoved
in vacuo. Thg heSindYEcd ifd 3 t ' nd
43Db. Corrpounde43bn %yciicitﬁg é‘%éza?fj%(’%"ﬁ %\t&tﬁr’ﬁg%gg ()rfr%enér%égé %ge%%rﬁaqgﬁﬁg 2a to
gi ve ConpoudekcdBed dbatve amyappied, hibtviaesr, purdthératdethyd althasabagyaphws theWO

2009/ 13?5135 756. PF 5 Conpoun 4}.4_ : .
physiological propetties 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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PCT/ US2009/ 041447 1. 03 2. NaBH4 Conpound 44 may be obt ai ned
I n the sane nmanner as Conpound 43, starting with Conpound 12c, 10 Antiviral
Acti vity WO 2009/1321880t her aspect of the invention rel at epCraSa®vloads? of
inhibiting viral infections, conprising the step of treating a sanple or
subj ect suspected of needing such inhibition 15with a conposition of the

I nventi on. Wthin the context of the invention sanples suspected of
cont ai ni ng as¢/PFus include natural or man-made nmaterials such as |iving
organi sns; tissue or cell cultures; biological sanples such as bi ol ogi cal
mat eri al sanples (blood, serum urine, cerebrospinal fluid, tears, sputum
saliva, tissue sanples, and the |like); |aboratory 20sanpl es; food, water,

or air sanplefibhaRlLBlaSH ML 1 Sfetsdol xtracts of cells, WO
2009/ 132135PCT/ U 2003}304144575{1{7}195%_ Br 5para?§a ularly reconbinant cells

synthesizing a desired glyeoprotein; and the like. Typically the sanple
wi || be suspect eBHER1cort3dP nilgaratrypsigind symmieil ehd difgiad es2xd OV belBimL in

LT (A A K T S
M xtures. Sasplef$bdvid sehem (FBSNghdorg ?eﬂl@m@%ﬁwﬁuy?m celi e BRPetBle
materials such as cell cultures. 10lIf desired, the anti-virus activity of a
conpound of inhdeirPperel] brruarelare alnpisinsarebrnd palced at 37° C, 5% CO; overnight.
10 On the next day, the cells are infected with viruses at multiplicity of infection (MOI) of
0.3 in the presence of varied concentrations of test compounds for I hour at 37° C and
5% CQO, for another 48 hours. The cells are washed once with PBS and fixed with cold
methanol for 10 min. After washing twice with PBS, the fixed cells are blocked with
PBS 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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of the conmposition can be observed by any nethod including direct and

i ndirect methods of detecting such activity. Quantitative, qualitative, and
sem quantwoaviwe213et hods of determ ning such activity areTaiskoooomt4enpl at ed.
Typi cally one of the screening nethods descri bed above are appli ed,

however, any other nethod such as observation of the 15physi ol ogi cal
properties of a living organismare al so applicable. The antiviral
activity of 78seenpound of the invention can be neasured using standard
screeni ng protocols that are known. For exanple, the antiviral activity of
a conpound can be neasured using the follow ng general protocols. WO

2009/ 132135 2009/ 041447 756, Pk | 1 sbased. El.ayi vi.rus . detection
nssay 3R R (O S P IR TR O e D ed to
2x105 cel | shittrolifer baea! fasgaasivndl & 10ABAR) aalibhsddrpeRRMI -4 8 496-wadiic§IBHK21
cells) supplemented wth 2% fetal bovine serum (PBS) and 1% _

peni ci | | i n/ 8ptaplhpelymer-pased plates (Nmg) Collsose monm dvsrmighs i awltuge medium
tissue cul tyseoptab | 037 v D9 erni 100n
t he next day,ﬁt H@é%c/gﬁpg’e‘%rd \e@ﬁélnniip geg%ggﬁ \l%lF ?%St\%hri %glessqgtg' %%ﬁ%ﬁc({rp f}}ga(t)l' se

i nfection (MEFEphaftisGids (a1g.thkapares ende) 0MOA=I06Y oe oMb eRhFRIIABSe. gf DEESK
conpoun f hqur 7 C apd 5% CO2 for another 48 hours. The cells are
washed g@c eg{ﬁé st tiﬁgf’f ilx@&ﬂﬁmqﬁe’tcﬁ °§ BT HY BRcenBRtions okfsst comrwpdsrashi ng
twice with PBS,IANRohiSh GEWIrEs ALhPLanlsthdiatdyRRS GaMAIN: BFd %PBS and
0. 05% Tween- 20pfaor f ﬁoﬁ% at rosomtemgergtur e.'?l 6}'I]'I;%le 151p?limr$ary antq’bé)gy

sol ution (4G fpis72 lwems. aditibd cad ofincagmtient Htmizroloérs of 26l TicerdG120OrdaperPBS
cont ai ning 1% PBS and 0.05% Tween-20.fqr, 3 hours. The cells are then washed
Chree 11 mos SHeEHTORAh BN oOBEICE TEaitit v 3 HOUbGH TR SiPiHl oS B adredn

per oxi dase( tRPlysisC ARk PHddsQet MohhatéiPH$60rh S fkePh®Bor 10 ARAReblstbiinR) . After
washing three times wwth PBS, 50 mcroliters of

3, 3', 5, b5 - t buriapsersignah Zl-anrrscqUERByadinghs recgrded sisingtai hate (Sidgrred pediiee added

to each wel | ¢ I nutes. The.reaction |s stopped by addition of 0.5 M
sul furic acfxg{tpoi'ﬁltéé%%sgﬂl ggn}grdgo}r(yené) ng}ycﬂl‘slaasﬁh? ¥b5s0r bance for viral |oad

quantification. After nmeasurenent, the cells are washed three tinmes with

PBS f ol | owednbiyiriahduticity iina Mdule Maijei 6f Dengindinfl@tioar 5 nm The plate is
read in a Tecan SafireTM reader (excitation 537 nm em ssion 617 nu) for
cel |l nunber quan@ifi catjon. Dose response curv&i Zre 25pl otted fromthe
mean absor bance YEPOQULGSFE CHEY Bt VIR HIROPIFIEGH CEAFILHE VEHS Bfectiga (Schul
conpounds. The EGckchs §as 0ubat BY.day.-m9nslyd Bal weadiigs 0 xﬁ‘%@k}g&ﬁs- A

e used. Cell-based

positive control such as N-nonyl-deoxynojirinycin may
Fl avi yi 2is Syptwepsat hide Héf PEQ tarecdaniagd Bondivekiblinygerdidated sigev\@dice Mid igjeeiedus or

Japanese encephalitis Vi. |Is 30 are trypsinjized and diluted to
a concent raﬂ%glﬁe%tfm?? WB&%&%@@%%W%&%EBW@P& éfﬁlﬁals’%‘ﬁﬁlﬁf@ﬁ with 2%
FBS and 1% p&si B kdtioVrbldl @Rh&IGindcr KOMurh@SLia08ha@ai Bisbd SRRYEEarY ichikgedHUNT
cells are trypsinized and diluted to a concentration of 4 x 105 cells/nL in

WO 2009/ 1321358 yonBPu09s@ues £itraps g, afmds conemratai of stippindrimmeaditeli t h 5%

s oo o) PERAELLL RS RERA ATNER. &R i b e P0uEEL sFRRRRLE (2
pol ymer 23as ad780l raicesit¢NRPO) |- 1 636Ith &diah @nd s reref i liglill nitfogen idrpigueedi um at

37 C, 5% CO2, and then_infected with West Nile virus (e.g. B956 strain) or
Japanese entEphatalysis Wergwaingeplas@adayesey od e oking angdy'S kprgten leyel wit h

dengue Vi r UgetbShillatiddENIRe 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

156



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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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(0O)(R), N(OR), +N(0)(OR), 20 NNR2, S, S-S, S(0), or S(0)2; each Y3
is indepangentdp205 S, or NR M2 is 0,1 or 2; each Rx i ®eCrnsependant|ly RY
or the forrmula: WD 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 1R1Zy  NCRYHN(R ), -N(R)z, - N(R), -SR, -S(O)R, -S(O):R, -S(O)(OR), -S(0)3(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 WP 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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