CARBA- NUCLECSI DE ANALOGS FOR ANTI VI RAL TREATMENT 10FI ELD OF THE

| NVENTI ON The invention relates generally to conpounds wth
antiviral g{egthyibyesore particularly nucl eosi des aCtI%QHﬂQQM?ﬁh;n
Fl aviviridae infections and nost particularly to inhibitors
hepatitis C virus RNA-dependent RNA pol ynerase. 15BACKGROUND OF THE
| NVENTI ON Viruses conprising the Flaviviridae fam|ly conprise
at least three distinguishable genera including

pestiviruses, flaviviruses, and hepaciviruses (Calisher, et at, J.
Gen. Virol., 1993, 70, 37-43). Wiile pestiviruses cause many
econoni cal l'y i I | ' ]
virus (BVDV), 2 x Hﬁﬁ&ﬂi - S
border di sease of sheep (BDV), thelr |nportance in hunan di sease is

| ess well characterized (Mennig, V., et al., Adv. Vir. Res. 1992,

48, 53-98). Flaviviruses are responsible for inportant human dlseases
such as ngue fever and yell V. Vi ruses cause
hepatitig?c virus infections Sﬁk%ﬁﬁﬁizﬂEEFﬁﬁﬂ$$ﬁ§grtant vi ral

i nfections caused by the Flaviviridae 25fam |y include West Nile
virus (W\V) Janpanese encephalitis virus (JEV), tick-borne

encephal itis virus, Junjin virus, Mirray Valley encephalitis, St

Loui s enchaplitis Orsk .henorrhagi c. fever vir nd _.Zil ca.virus
Combined. 1+t ect | BHITTSHAT FRCHARY U rcameovids S ey Saanse

signi ficant ik el OB adtiV/apainek FERNPILEInFRESR SRl Mg arkNE
worl d. Therefore, there is a need to develﬁﬁ_effectlve treatnents for

30FI avi vi ri d@8ibitprseé hepstitie Civims RNfndeprrdsat RNAPobyiardsgs (HCV) i s t he
| eadi ng cause of chronic liver disease worldw de (Boyer, N et al. J
Hepat ol . 182: 98- 112, 2000) so ATGKOROOAOF PAESINSGEGRIGENt antiviral
research is dlrected toward the devel opment of inproved methods of

treatment of chronic HCV infections in humans (D Besceglie, A M and
Bacon, B. VO 2oo‘éw¥smw&%wwmffaﬁtznwmps&¢ gheastheeAner i can,

Gt . o 80- 85, gikdYARNabIEREMA Inclfd ) 5, 48,
1-20; Mar adpolugﬂ%% ab1ERERANncikding pasy/Bhust), {:%3”1””%%‘1 m‘”ﬁ%g 463). A

nunber of HOVAiskeatarahtls Gaxir ircdy | e 0. B7-48Y nWbRemsfraYuseJ SRUANMAR T al

pol yror ave (FARRY D Sifbriadhnone fReer fh N BANSHYs (BP0
devel opniht dﬁss'rcsal\mlind—té\pertvﬁmse@ﬁ{).t ihog a]gﬂm}sand‘ﬂoaief\lﬁ%qmﬂsylw(mf)g S a

'{Ma)r 8%; 9];)?2 1' '&glll ?1"{1}%)0 cus'.tcé i h%na{én lsQaléglzis es%lwlfe I %aractglg.zle?[ (I%Iognmg dc?tsa Ad{rJ.' '

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
25  family include West Nile virus (WNV) Janpanese encephalitis virus (JEV), tick-borne
encephalitis virus, Junjin virus, Murray Valley encephalitis, St Louts enchaplitis,
Omsk hemorrhagic fever virus and Zika virus. Combined, infections from the
Flaviviridae virus family cause significant mortality, morbidity and economic losses
throughout the world. Therefore, there is a need to develop effective treatments for
30  Flaviviridae virus infections.
The hepatitis C virus (HCV) is the leading cause of chronic liver discase
worldwide (Boyer, N. et al. J Hepatol. 32:98-112, 2000) so a significant focus of
current antiviral research is directed toward the development of improved methods of

treatment of chronic HCV infections in humans (Di Besceglie, A.M. and Bacon, B.
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2004/ 0006002 Al ). These enzynes have been extensively characterized
at the biochem cal and structural |evel, with screening assays for

i dentifyi ihbye inhibitors (De Clercq E. (2001)
Exp. Ther . n‘gg?%ﬁ%"ym Cercq E 15 (2001)5. din. iR MRaS)

22:73-89). Biochem cal targets such as NS5B are inportant in
devel opi ng HCV t herapi es since HCV does not replicate in the

| aboratory a e re .di | opi ng cel |l -based assays
and precl |¥n| é&glémenﬁﬁca e?%’f“e?%? £t é:’eaglgglr ?"Z’h‘fqnye fh%tra Ari¥eq gl i 1y
two anti vi raDOﬁS}HﬁOIUIIHMazMﬁbaMIUIdﬂaI NRUREE QB L2002k @Y 459283). A

i nterferon- a%&ﬂg Oghq(\} , which arc used for the treatnent "of
chronic 20 HEVPHT oW mERth efEgTac W ety Rapeck ehploinentiyirAlgtheatistarki ve
in reducing \ghgl%thgg% liewehsgs mO)SI gnificant toxicity, and is known
to i nduce anem a. "conbi nation of 1FN and ribavirin has been

report ed t o be ef R@ét‘ﬁﬁméndmt RH& mbmag@né&deﬁs arkfrafmhecbchmnahedtmsgc@for
(Scott, the &&el@ln{nen%{"@ 1[2198% theq'g eu? 07 5 §I§R§ tegisg és:]aa %&FLE?

pat i ents g| ven t Fea Show & per o
appl i cat i ons fatiisdbioss nga2phhearidmiaf mralsqS@ﬁﬁqhdl@manaW@l/@mzll neays

hepatitis Cy e 01/32153, V\D 01/ 6Q315, WO 02/ 057425, WO
02/ 057287, v@@%g%gaﬁ%&?“w?%g‘ basHEXSBUTHY Hhisactaedhetitht s for
HCV i nf ecti obRciaMeal Bd stiRnrdleGRNBiR\aleb:aRk Bssh R P8 S selddigh ef or e,
drugs having. inproved antiviral and phammeoki netic propefties with

enhanced act fARIPrs{B&iGhaea, (f-e\(l:’él%bh@‘h@“@ﬁoh-@w Fleasi 207 dntds DeiGlpreaniad
oral SObioaveiohahi hihYvirdll 22950\ Hdfafita hRERT, aﬂ%e%%éhaﬁé ﬁnsp(szolrgnﬂn

ef fects and extended effective Ha e In¥ivo rance
al . (2003) AdevelopingHRE dhesapigs SESSH-CI’G)OEanH mplg:etchhmeriﬁ:@ﬁedy and there

Certain ribo t-h ob rro 4 24tr|a2|ne
i mi dazo[ 1, 5- gllfe %ﬁ @1 't r%f:‘éegl?pm eﬂ aaeg 1295 5“4 ?‘Jf% %ﬁﬁ?’f‘?ﬁ’? 1§8s- and
[1,2,4]triazol o[%&@}l&ﬁh&pé}dpﬁlﬂzﬂm@vo adlivial\cOmbeeids ditackasefud dbside
Car bohydr ate rgizsear ch 2001, 331(1 77-82; Nucl eosi des & Nucl eoti des

(1996), 15( 18708 Hyan Ef?mn'Pé%hﬂéﬁ N whinhtase wsed faydlay treagsisof chronic
5339 42; 2ot BTYCH b @Sns e RIRAns. Kdadin A1 ot ot tv@%@du&?&ﬁ}igg{w D

Trans. 11985 621-30; 2 em Soc ans
229-38; WO 2@@@@%&3@&@1@mncatymﬁtremu(nzc@@uce B(e6)ig. BRPoBdRatiod of

To56, 2911 54RrHE A o Yron€Rio BRI i ibggt R aLpone

di scl osed ashmeﬂisuff (Soott, L.He et aleatugeaoomﬁ QY- SSBﬁmulcsyﬂlaﬁhalf the patients
W2008/ 0891051 an Vt‘l)2008/ §1079 di %‘Ehﬁ bOSI des ci
pyrrol of 1, 2- 1T Mi5 PSR SHONEA BTRY Fﬁpfﬁéﬁi’ﬁ ipptions disgleeipe Hov,

and ant i 2Rdmea@et¢f\mwos@tﬂ%@/to%aﬂ %atkt%%ﬁ%ll&@\ﬁ%lv?ﬁltsa WO

i nvention pr(gl\é/ es CO ound vi ruses of

15FI avi vi ri d¥€5434mi W@ W‘*ﬁ\\%ﬁtop@ﬁ??aﬁkwq92@?39@@@%81@%%@4tbhét

i nhi bit viraldditional treatments for HCV infections have not vet become available for patients.
Therefore, drugs having improved antiviral and pharmacokinetic properties with
enhanced activity against development of HCV resistance, improved oral

30  bioavailability, greater efficacy, fewer undesirable side effects and extended effective
half-life in vivo (De Francesco, R. et al. (2003) Antiviral Research 58:1-16) are
urgently needed.

Certain ribosides of the nucleobases pyrrolo[1,2-f][1,2,4]triazine, imidazo[1,5-
f][1,2,4]triazine, imidazo[1,2-f][1,2,4]triazine, and [1 2,4]triazolo[4,3-1][1,2,4]triazine

35 have been disclosed in Carbohydrate Research 2001, 331(1), 77-82; Nucleosides &
Nucleotides (1996), 15(1-3), 793-807; Tetrahedron Letters (1994), 35(30), 5339-42;
Heterocycles (1992), 34(3), 569-74; J. Chem. Soc. Perkin Trans. 11985, 3, 621-30;
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nucl eic acid pol ynmerases, particularly HCV RNA-dependent RNA
pol ymerase (RdRp), rather than cellular nucleic acid polyrnerases.

Therefore, 0f8 Qun_ds of jthe instant i nvention are Li,%ell; 200f9/%1|432
treating Flaviviridae infections in humans and ot her aninal’s. n
one aspect, this invention provides a conmpound of Formula |I: R4 R2

Formula | or a pharmaceutically acceptable salt, thereof; wherein:
25at least one of R, R2, Rs, R4, or RS is Ng/?iaq)z, N3, CN, NC2,
S(0) 125, Ral dgefer Sea Fesynimap. 1 (98- L8338 bW RI0DH7R4: Qreanic Letters

(G -C8)substi | dayil 6.4 ( ) YA - StdhhL enyl ,
(C2- 0oy al ke I E G B R S S S sy RS PR R e R A
each remai ni ApdRChenRA98RBI(1RY 220F-5RBoivsyer] thekepomgeutds ftavehiot BERS,
N(12.5)2, N3,.. NO? ( | hal o (Ll.- Cs) al

(C4- C8) car bo_éii/sgggsﬁdaﬁs I‘(lysﬁﬁ fg%t?&%@ﬁtﬁgﬁ‘{'ug%@%r SYW(SQ(()@%{O&I)OQ'%W' ,
( C2- C8) subst iwQrE3/4abkE dikklosds EBo&i8dsalf bﬂMb[l,ZN]ﬂﬂ,ﬂtﬂazine nucleobases with
2009/ 132§3PCT/_ U_S§009/ 04{%433 S(C2-C8) substituted al kynyl or

aryl (C - €8) aPR§yrag Aty dad gpt-ReBp a¢yityRs  or R5 on” adj acent car bon
atons when taken together are -0(C0)0- or when taken together with
the ring carbon atons to which they are attached form a doubl e bond;
each n is independently 0, BUMMARYHERHR INYENTHABpendent |y H,

(G -C8)al kyl, (C2-cC8)al kenyl, (C2-C8)al kynyl, 10aryl (C -C8)al kyl,
(CG4- C8) carbocycl yl al kyl, -C(=0) 1211, - C(=0) OR11, -C(=0)NRI1R12,

- S(0) R11, - S(0) 2RTHsg instS{tO)vedRIil)rovid & @i Okdklhat inhBIPNRIstRA e R7 1S H,

O R SR, ol S D
nucleic acid 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 aﬁimals.
20 In one aspect, this invention provides a compound of Formula I:
RB

X1

Ry S == \N

\ X
O———CH, . N N

N R®

Formula I
or a pharmaceutically acceptable salt, thereof}

wherein:

25 atleast one of R', R?, R?, RY, or R® is N(R®),, N3, CN, NO,, S(0),R? halogen,
(Cy—Cglalkyl, (Cs~Cg)carbocyclylalkyl, (C—Cs)substituted alkyl, {Co~Cg)alkenyl,
(Ca—~Cg)substituted alkenyl, (Co—Cylalkynyl, (Co~Cg)substituted alkynyl or aryl(C:-
Cg)alkyl and each remaining R', R*, R?, R, or R’ is, independently, H, OR®, N(R),,
N3, CN, NO3, 8(0).R", halogen, (C,—Cy)alkyl, (C4—Cg)carbocyclylalkyl,

30 (Cy~Cg)substituted alkyl, (C;—Cs)alkenyl, (Co—Cs)substituted alkenyl, (C;—Cg)alkynyl,
3



15each Y or

+N(0) (OR),

- Y3( C(RY) 2
-Y3- and

t

eot of W or W is Fornmula la; or W an

Y1 is, independently, 0, S, NR *NO) (R, NOR,
or N—NR) W and W2, when taken together, are

135)1r23one of W or W toget her with elth?q}\lﬁé%méﬁgg S

I ndependent |y, a gr oup of the Fornula Ia: 7Y2 Rx y2

\/02

10

15

20

25

{C2—Cs)substituted alkynyl or aryl(C,-Cg)alkyl or any two R', R% R R* or R on
adjacent carbon atoms when taken together are —~O(CO)O- or when taken together
with the ring carbon atoms to which they are attached form a double bond;

each n is independently 0, 1, or 2;

each R? is independently H, (C;-Cg)alkyl, (Cs-Cg)alkenyl, (Ca-Cg)alkynyl,
aryl(C;-Cs)alkyl, (C4~Cyg)carbocyclylalkyl, -C(=0)R"", -C(=0)OR"", -C(=0)NR''R ",
-C(=0)SR", -S(OIR", -8(0O),R ", -S(OXOR'Y, -S(O)(OR '), -SO,NR''R'2;

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(0)(OR™, ~S0.NR''R", o1

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

W' and W?, when taken together, arc —Y3(C‘(R”)2)3Y3—; or one of W' or W?
together with cither 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 fa:

~ / .
R* \G !:I \G

M2

Formula Ia
wherein:
each Y? is independently a bond, O, CR,, NR, "N(O)(R), N(OR), “N(O)(OR),
N-NRy, §, 8--8, $(0), or S(O)y;
each Y° is independently O, S, or NR;
M2is 0,1 0r2;

cach R* is independently RY or the formula:



Formula la wherein: each Y2 is independently a bond, 0, CR2, NR
+N(O)(R), N(OR), N(O)(OR), NNR2, S, S-S 9S0), OL S(0)2; 25 each Y3
i s | ndepenggnf S, or NR M is 0,1 or 2; each Rx | 1

i ndependent |y %3%133,[% formula. wherein: each ML a, l\#[{ﬁélfsmaor?g“l\?zd
is independently O or 1; M2c is 0, 1, 2, 3, 4, 5, 6, 7, 8 9, 10, 1
1 or 12; each RY is independently H F, d, Br, I, OH R -C(=YlI)R
-C(YD)OR, - 10C(:YI)N(R)2 -N(R2 --IN(R) 3, -SR, 3(0)R -S(0) 2R,
-S(0)(OR), -S(0)2(0R),
-SC(=YI)R, -SC(=Y1)
-N(R) C(=Y1) OR, - N(
WB; or when taken tpg
Lar boeyelic ri ng\of

wherein:

each M1a, Mlc, and M1d is independently 0 or 1;
Ml2cis0,1,2,3,4,5,6,7,8,9,10,11 o1 12;

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

10 C=YDYNR):, -NR), - N(R)s, -SR, -S(O)R, -S(O):R, -S(O)(OR), -S{O)(OR), -
OC(=Y"R, -OC(=Y")OR, -OC(=Y")(N(R)o), -SC(=Y"R, -SC(=Y")OR, -
SCEYHINR)2), -NRYC(=YYR, -N(R)C(=Y")OR, -N(R)CEY )N(R)>, —~SO-NR,
~CN, —=Nj3, -NQs, -OR, or W3; or when taken together, two R¥ on the same carbon
atom form a carbocyclic ring of 3 to 7 carbon atoms;

15 each R is independently H, (C;-Cs) alkyl, (Ci-Cs) substituted alkyl, (Ca-
Cg)alkenyl, (C,-Cs) substituted alkenyl, (C»-Cy) alkynyl, (C2-Cs) substituted alkynyl,
Cs—Caqo aryl, Ce—Cap substituted aryl, Co—Cpq heterocyclyl, Co~Coyq substituted
heterocyclyl, arylalkyl or substituted arvialkyl;

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

20 acarbocyele or a heterocycle wherein W* is independently substituted with 0 to 3 RY
groups;

each X' or X* is independently C-R'® or N wherein at least one of X' or X% is
N;
each R¥ is, independently, halogen, NR''R"?, N(R'YOR"!, NR''NR' 'R'Z, N,

25 NO,NO,, CHO, CN, -CH(=NR'"), -CH=NHNR'', -CH=N(OR'!), -CH(OR'"},,
-C(=0)NR''R", -C(=8)NR/ ’R'Z,‘-C(=O)OR”, (C1~Cg)alkyl, (Ca-Cg)alkenyl, (Co-
Cg)alkynyl, (Ca—Cg)carbocyclylalkyl, optionally substituted aryl, optionally
substituted heteroaryl, -C(=0)(C;-Cg)alkyl, -S{0),(C}-Cs)alkyl or aryl(C)-Cg)alkyl,
OR'! or SR”;

30 eachR® orR'"is independently H, halogen, NR''R'2, NR'OR'',
NR''NR''R", N3, NO, NOz, CHO, CN, -CH(=NR""), -CH=NHNR'!, -CH=N(OR'},
-CH(OR'),, -C(=O)NR''R%, -C(=8)NR"'R", -C(=0)OR", R"}, OR"" or SR'";



| Seach R is independently H (Cl1-C8) alkyl, (Cl-C8) substituted
al kyl, (C2- Cs)al kenyl, (C2-C8) substituted al kenyl, (C2-C8) alkynyl,

(C2-CB) sufsyt al kynyl, C5-C20 aryl, C6-C20 substl
C2- C20 heteroeydﬁltﬁ‘ﬂ(1 C2- C20 substituted heterocyclyl ﬁc”lllrrfﬁq?(@foﬂg?z

substituted aryl al kyl ; VB is W or W; WIis R -C(YlI)RY,
-C(Y1) W, -SQ2RY, or -SO Wl and Wb is a carbocycle or a heterocycle

wherein Wb is independently substituted with 0 to 3 RY groups; each
XI or X2 Ps i ndep&lidnt PR CisipdepghdentinHe (o @s)akyll Gadis)draylofCXI or X2

Rt R LR12, RT3 G R ot Ik R sy Ee el R,
(SN 1] sl e, CRROENARIE SR i kA

G - C8) al kyl - | k e
204 osg car %oz\}‘%ﬁgr‘*?@?ﬁn teog%j[‘?fdﬁg 3 lg)ﬁ% %&Fﬁlé%r‘-‘%@ﬁwth 6%@%%2#‘1}193 to
substituted h%@lﬁ&%dbﬂeteroc%lr&)rﬁg&he%ﬁ aﬁ;k&lecarb%n(a%ﬂéﬁmd%)&é ¥lic |
aryl (C, -C8)al kyl, OR Oeach i s I ndependent| )F

hal ogen, 1RRI #Fmaptionglvbeyrgracer WitRO-.1- &IR?HWZ N3 NO, NO2, CHO, CN,

- CH(=NR11), G'Iz%‘sm)]mch a% %&C&hﬁe@é@ %g) a'l%; Iogrlgn;llé(!‘? 183’)&11\311

-C(=S)NRI I R12, -C(---
2009/ 132123P@'¢d953(5,09‘/ BARI3R, Bé‘an:rﬁ %:mmpeﬁekaﬂy,supnm@eﬂfkem&wwﬂﬂ; one
(Cr-C8) al kyl

( C4- Cs) car bogg/lcg%l %%Y&"’S%m%@% Béf‘ Qt%ii &heginAne op poreefdhs yon-

substi tut ed hehiabeailydn, atorky e RréH3atdd8) ad shattyl nra$HE btk PRy hitR LO-,
aryl (Cl - )aI yI Pﬁ‘g R' and Rl12 taken together vmth a nitrogen to
%o

which th attached forma 3 to 7 nenbered heterocyclic ring
wher ei n any one carbon atom of said heterocyclic ring 10can
optional |y be r epf endspert-toe present inggntion includgp ggrapayndpefformula I and

Cl -Cs)all . | thie < ! y kvl of
(e a- R)1 a Rnglm&%u%% ak,&i%}”bl Ll R I M YA Q{tegre%qgr(tgmegs)a yl o

or RI2 is, | ndepen ent optionally
substi t ut ed maﬁtwe@lﬁéfsdlﬂmﬁ@ﬁ@,MEOTpth&m«ylmis@\brph@ndN@w)phom foBhe; and
wherein one gr.gpre of the non-term nal carbon atons of each said
(C -C8)alkyl may be optionally replaced with -0-, 15-S- or -Ne-.
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polymerase and thus inhibit the replication of the virus. They are useful for treating
human patients infected with a human virus such as hepatitis C.

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

In another embodiment, the present application provides for combination

30  pharmaceutical agent comprising:

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

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

35 ribavirin analogs, NS3 protease inhibitors, NS5a inhibitors, alpha-glucosidase 1



| wth activity against infectious Fictviviridae viruses. Wthout

wi shing to be bound by theory, the conpounds of the invention may

i nhibit viggl tBNﬁ‘z pendent RNA pol ynerase and thus in

replicati O\ﬁﬁoz? 19_|§| rus. They are useful for treati ngm@n[ggﬁaoggﬂmeznts
infected with a human virus such as hepatitis C. 25In anot her aspect,
the invention provides a pharnmaceutical conposition conprising an
effective anobunt of a Formula | conpound, or a pharmaceutically
acceptabl & s aﬂnblf{orﬁeﬂéﬁﬁphﬂimﬁhlbmﬁ ri)&Pflt@m ofgptehtsaoparieduthib i pf

accept abl e dH'C"{PQ { catin I n anot her enbodi nent, the
present appli cat’i on pr OVI I%ror | ‘nation 30 pharnaceuti cal agent
conpri si ng: In aapthar émlucslimqnin,ahmewt dpplicatbanpesdds ifare meah@t 651 ng a

conmpound of For nmul ., .Or a pharmaceutical |y accepfable.: o
ol vate, or EOIERAHGYaghnsRg comprts coipeiide SETORMORR G fRkQlpiban
conposi tion emewEkNE Shbght JF 2 b&RSIun@ BEFGHRlA T Qﬂ@bllattxﬁ%e@@(?aﬂ la6cePABRsalts,
sel ected fromthe group consisting of interferons, 35ribavirin

anal ogs, 'RsS3spyase.ader ¢siHitsreodr s, NS5a i nhibitors, al pha- gl ucosi dase
| VD 2009/ 132123RCTHS200H A48 37 ﬁee&p{ %déol {Ediion o &Edeg%}'a Ih{lh?_ﬁi&;

i nhi bitors, hepatoprotectants, non- de Th | bitors o
ot her drugs ﬁﬂ}rblmr@‘é@m}gl)ﬂ@me comprisiigcoataotiinges calnbiediedwit: HEWevith an

present appl n es_for i,nhi bitj.ng HCV

ol yror ace cEarEmauRoht Soprfige B FRPIA PLe b ittt Stp et
ef fecti ve anmiwdte, ahd/ar emmmuemﬂ amﬂ ablefstvh@additional taerplbeawag:@ut ically
accept ab&l1 salts,, 10sol vate,..and/ or ester thereo I n, anot her

enbodi ne the plRaler aphndiaetithepisieat g Qa“f"Berd“?Fétf‘H&d“‘Eﬂ“’d of

i nhi biting H&%étagIawsf@@%nﬁﬁgpmsgdsegalﬁam)a&bmgnf@ctﬁ)ﬁkx}hefem gelgg W th
HCV with an effective anmount of a conpound of Fornmula |; or a

phar maceut i cHE3djioncapediby e varap sdecteddopnthe sronpdppsisting védensheriset ; and
at least oneyad) flanzhs W&k apEYLLE ) J%ﬁﬁ&% ondahdliRIAL0 B BARQA! ment,

t he present appl i cation provi a net treat’ ng and/ or
preventing acdegldise vicaudeyginbyug Mulraazl\’allnffenctephnhtl\s\,{qeuesnl,chmae viral

| nfecti 090 IS Ca"ﬁ'ra?gs l\? LS, Oll‘lb{( 'ljlcs-:mgi%lu&ic:[ Q(NT\’FI'gsql\}}toplg %g%&ﬁgns‘}ll%tsli]ga of

dengue Vi I’US ever Vvirus

encephaliti SVMSrans,IIepatﬂie-(bomnebﬁmmph&hhg lSa Mibjddﬁm ndéthjhbdgotd r us,
Murray Valle ence{;hﬁl itis virus, Et Loui s Zg%gc halitis virus, Orsk
henor r hagi ¢ WS?‘”: fecfyg Amerny P apomhouad p a1 (9& a PhaaCeRtically and
Hepatitis C ydckptsble byt @@@bﬂl stering to a subject in need thereof a

t herapeutically effective anobunt of a conpound of Formula I or a

phar maceutical iy I&@@@ﬁplg@l@dg&gﬁ thgyaesegt application provides for a method of

25 treating HCV in a patient comprising administering to said patient a therapeutically
effective amount of a2 compound of Formula I; or a pharmaceutically acceptable salt,
solvate, and/or ester thereof.

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

30 effective amount of a compound of Formula I; or a pharmaceutically acceptable salt,
solvate, and/or ester thereof; and at least one additional therapeutic agent.

Another aspect of the invention provides a method for the treatment or
prevention of the symptoms or effects of an HCV infection in an infected animal
which comprises administering to, i.e. treating, said animal with a pharmaceutical

35  combination composition or formulation comprising an effective amount of a Formula

I compound, and a second compound having anti-HCV properiies.



I n anot her enbodi nent, the present application provides for a nethod
of 25 treating HCV in a patient conprising admnistering to said
patient a Lhehapsybical ly effective amunt of a Comou%ﬂszf@foﬁ%?
| ; or a pharmaceutically acceptable salt, solvate, and/or er

t her eof . I n anot her enbodi nent, t he present application
provides for a nethod of treating HOV in a pati ent conprising

adm ni stering to said patient a therapeutically 30 effective anount
of a conpdund of BFompethenaspectohe mvgttwnrmo@umé‘alalnyeﬂaahémlnﬂnhmg Ham ,

sol vat e, and/
t her apeutic agléﬁl%ﬁg Jdnil lgtre 9a 19¢ 36} lep RS %F%\Y"éﬁtei Cgﬂalﬂ)?‘BW’ﬁangoman]od
for the treatw&pﬁundmffpﬂ%@mirﬂlﬁﬁttbéreblﬁtﬁtxslyﬁflll-m ipmfefdieslsofabigan HCV

infection in_an |Qfected ani mal whi ch conprises adm nistering to,
i.e. treatind™S¥d animal with a pharmaceutical 35 conbination

conposi tion or fomaibiet 2PedAAPIVEItRE BB pRIi&S blotessARURLVAf 2
Formul a | conpound, and a second conpound havi hg anti-HCV properties.

VO 2009/ 1821 pamarediekss é@dpwmgpw whigh arsosefil fonppsparing Ronpula hvempduads

al so prOV|de§fﬁ_gR%gﬂﬁ i nhi biting HCV conprising adm nistering to
a manmal infecte HCV an amount of a Formula 1 conpound

effective to inhi mctthetrlaaaepfepmvclamtbmﬂsd‘cbr SN edifn anxij;m;mﬂrmeh lisolgfonsai d
mammal . I n an e in t|o also rocesses and
novel 10 1 nt Briaral SB8G el e i SRSt SR en o
prepari ng Foprtdad.l conpounds of the |nvent|on. I n ot her aspects,
novel neﬁ?ods for synthesis, analysis, separation, isolation,
purification, characterization, and testing of the conpounds of this
i nvention are provided. 15 DETAI LED DESCRI PTI ON OF EXEMPLARY

EMBCDI MENTS DREAGLENCBESCRIPTION OF ERERPITA Rt BODIMIS TSI N
enbodi nents of the invention, exanples of which are illustrated in

t he acconpanyi ng description, structures and
Reference will now be made in detail to certain embodiments of the invention,
examples of which are illustrated in the accompanying description, structures and
20 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 invention.

25 In another aspect, compounds of Formula I are represented by Formula II:

RB

Formula I
or a pharmaceutically acceptable salt, thereof;

wherein:



20 formulas. While the invention will be described in conjunction

wi th the enunerated enbodi nents, it wll be understood that they are
not i ntendge fkshst the invention to those enbodi mentg. 11930(}9}3?1432
contrary, the |nvent| on is intended to cover all al ternatl VES,

nodi fications, and equival ents, which may be included within the
scope of the present invention. 25In another aspect, conpounds of

Formula | _are represented by Forpqula Il R8 Formula Il ,.0r a
phar maceufi cal I y adeshenssit® &l R B herRids N(Ribe Nei G, NQOS(O),R’, halogen,

PO N oy RSP ERR A e R e el

( C4- C8) car bogggloy)sabsiyited dikanyCs0s aDmlkivhylt kvktitule@d ik
(Cc2- C8)subst:pt utqeéjg (:I kenyl , ym ??ﬁgyw%w@&é% mlslubsiklg;t%gt ed@gly%ynyl
or aryl (CclLcafalaikyl a@rf’é“’b‘&éﬁ‘ is, RQePeRﬂenﬂmH,F@Rh §(RY:,

I(?:?eg)ngm;: X ’(@ @ cllo%%a Fs}%l’ @L%é))%m ﬁ?tcpﬁal}?}e’gnal kyl,

( C2- Cs) allkenydir%ﬁ%smﬁaﬂﬂus}ﬂ |(cmcegqhuadn&e (@+cs)@65>stlﬁﬁadadll&m9yl
(C7-CB)substituted al ky or ar C8)al kyl or any two R R3,
ke, or) B on (A LR beR RS0 Al CRRBHCY Ggstinber wéwo@(cm)ﬁ,
or when takena4t re
attached form i aoupra it Qridi b h G Uano AR DLBICT Y et
i ndependent | yogethef @th B8 yiak kylbon 4iCRs Gs)yhikk 8ry lare aft@2hed Fyral Kyouple bond,
aryl (Cl - C8) al kyl , C@ carpocycl ylal kyl, -C(=0)1t11 , -C(=0)ORII,
-C(=0)NR | 1R12, %%lds '% S(0)RL1, -S(0)2RL1, -WOW

5,7S(0) 2¢©R11), S@Wﬂ%cndenﬂyl{ R, (Eﬁallk)'il, (CQ(C'Q)RHLL, (Cﬂ?—@)]ﬁﬂyl
-C(=0)NRI RI 2, - o?sm S(Q)R 8 N 12 -
_S(0) 2( ORI 1) &YX ky} f@@csbm@mlalkﬂ (e@Bﬁ ’YCéTOm |sC(—O)NR R",

i ndependent | y, ) +IN 11
W and W2, V\hc%%t)sa}?en%@)) f%&rb()@ar’e “)R%@?g@@) or- one of W
orY) T2 toget her V\Rfiaﬁaltr:h@)RFéS @=ORAR i s- CORONRIRI t-e=misReT, -ssb), -or

%el Iségf:mrrriiaﬁ@mgr_s}/g)(gggp S(\/\Zgz(ar Q,)eas%rlNRlpquendently, a group of

Y
I
W_E/P—-——E
20 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(RY)2);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'

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

Rx /YZ

1

\ y2
2
X
M2

Formula Ia

H——— g —— Y=<

wherein:



M2 Forrmula la wherein: WO 2009/ 132123PCT/ US2009/ 041432 5each Y2 is
I ndependently a bond, 0, CR2, NR NO)(R), NOR), N(O)(OR), N-NR2, S,

S-S S(0),war 3 each Y3 is independently 0, S, or NRudMool$is 1
or 2; eachw%.z?&'?lghlg?r’ldependentIy RY or the fornul a: wher el n: eac

M a M ¢, and Md is independently 0 or 1; Ml2c is 0, 1, 2, 3, 4,
5 6, 7, 8, 9, 10, 11 or 12; each RY is independently H F, C, Br,
I, OH R -C(=YI)R -¢=Y1)OR, - 15C(=YI)N(R2, -N(R)2, -+N(R)3, -SR
-S(0)R, - 8(0)2R <m0y (ip Rcpengymya(toRYL, O-CR:2, NR, "N(O)(R), N(OR), "N(O)(OR),

N-NRy, S, S-S, S(0), or S(O)y;
each Y? is independently O, S, or NR;
M2is(Q, 1 or 2;

cach R® is independently RY or the formula:

Y‘i QY Ry Y1
RY
Y2 Y2 Y2
\ Mi2et M1d
0 Mia

wherein:
each Mla, Mlec, and M1d is independently 0 or 1;
Ml2cis0,1,2,3,4,5,6,7,8,9,10,11 or 12;
each R is independently H, F, Cl, Br, [, OH, R, ~C(=Y')R, -C(zY])OR, -
15 CEYINR), -NR), -'N(R)3, -SR, -S(O)R, -S(0)R, -S(O)}ORY), -S(0)»(OR), -
OC(=Y")R, -OC(=Y")OR, -OC(=Y")(N(R)»), -SC(=Y "R, -SC(=Y")OR, -
SC(=Y YN(R)), -NRIC=Y R, -NR)CEYYOR, -NR)CEYIN(R)s, —SONR,,

1

~CN, =Ns, ~NO,, —~OR, or W>; or when taken together, two R¥ on the same carbon
atom form a carbocyelic ring of 3 to 7 carbon atoms;

20 each R is independently H, (C;-Cs) alkyl, (C;-Cs) substituted alkyl, (Co-
Cg)alkenyl, (Cs-Cs) substituted alkenyl, (Ca-Cy) alkynyl, (C2-Cs) substituted alkynyl,
Ce~Cao aryl, Ce—Cag substituted aryl, Co—Cag heterocyclyl, Ca~Cyg substituted
heterocyclyl, arylalkyl or substituted arylalkyl;

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

25  acarbocycle or a heterocycle wherein W' is independently substituted with 0 to 3 RY
groups;

each X' or X*is independently C-R'® or N wherein at least one of X' or X% is
N;
each R*is, independently, halogen, NR''R'2, N(R'JOR", NR''NR''R'2, N;,

30 NO,NO,, CHO, CN, -CH(=NR'"), -CH=NHNR"’, -CH=N(OR"), -CH(OR'})s,
-C(=0)NR''R¥, -C(=8)NR''R™2, -C(=0)OR"", (C,-Cy)alkyl, (C2-Cg)alkenyl, (Ca-
Cslalkynyl, (C4—Cg)carbocyclylalkyl, optionally substituted aryl, optionally

10



0C(=YI)R, -0C(=Y1)OR, -0C(=Y | )(N(R2), -SC(=Y | )R -SC(=Y1)OR,
SC(=Y1) (N(R) 2), -N(R)C(=YI)R, -N(R) C(=Y1) OR - N(R) C(=Y1) N(R) 2,

-S2NR2,  \@d'2dooi3N3s -NO2, -OR, or W3; or when taken tqggii8smoine: RY
on the sane car()on atom form a carbocyclic ring of 3 to 7 carngon

atonms; 20each R is independently H (C -C8) alkyl, (Cl-CGCs)
substituted al kyl, (C2- C8)al kenyl, (C2-C8) substi tuted al kenyl,
(C2-C8) al kynyl, (C2-CB) substituted alkynyl, C6-C20 aryl, C6-C20
substi t ut &d aul;shtutmc@z@rjde{CéF@ﬂ@c W)alkyC—S({mU:-@}aﬁﬁﬂ (ﬁﬂlﬁ’ﬁ(fl -Cg)alkyl,

het erocyclyl o %%Qkyl or substituted aryl al kyl ; W is W or
W, W is l?:( C(Y1) W5, -SO2RY, or SOZV\B; and Wb is 25a

car bocycl e or a heidamdey Ql'ds Wdesatent i, ilﬁloigadfméhdéml(w% orbstituted

ith 0 to 3 h. Xi X2 dent R
wherein at 1| SR IVERE of K 060 N, -GS, SR Gesaiahety b

hal AL 1 % 3 JOR o
e o e e M (e Y

- C(=S) NRI10] R32, @(ch(R) me Pis 1(1@&@)1@5! Ky (Ci- Q@Qkﬂzs()cammyl (@G2-

C8) al k | b |l t |

op% ?on)altln?/y &EAWIC %ﬁ?@gﬁf’ﬁﬁ %é&bﬁ@ﬁ‘l%%%%%ﬂ%‘fs § OH ygpc/)ar yl,
- C(=0) (Q Cs) &hﬂéﬁiuted lﬁ(e@dﬂlacf%ﬁ(@ﬂ-wk?f ami(ccba)%%rW(cl or

SR"; each RR ng endent H, hal ogen, 2, Nz Rp)?OR

1, NRIINRI | Ri‘ N%’ ﬁlcﬂﬂ‘) Wgeﬂmﬁhmtyw af@%hmahqﬂd form a3 to

CH- N(01211) ;7 45 | ¢ om
RI1, o or L8 &lwegla%)a%ﬁ yég’g)rm cpeiftaty %%egégt%oye%u 5%5%','3 hego‘%ss%ﬁfyl

( C2- C8) all kenyan opticpallyche)rapliged yith -Ce4Sos) it Bocycl yI al kyl , optionally
" 5020) (G o) al ky 1Mo R, RS RRns) g Gr oo
R12 taken togtedebR'vRY R’ & 'nRROgeR 1, 1v1mptei'ndemtig,)opammllb@ﬁltkt1attctdaﬁilﬁe&e
R R R X T
or terminal carbon atoms of each said (C,-Cg)alkyl may he aptionally replaced with -O-,
20 -8-or-NR,
In one embodiment of Formula IL, R' is (C1—Cy)alkeyl, (Co—Cy) alkenyl or
(C3~Cg)alkynyl. In another embodiment R' is (C1—Cyglalkyl. In another embodiment,
R' is methyl, CH,OH, CH,F, ethenyl, or ethynyl. In a preferred embodiment, R is
methyl. In another preferred embodiment R’ is H.
25 In one embodiment of Formula 11, R? is H, OR®, N(R%)a, N3, CN, NOs,
S(0)aR’, halogen, (C,-Cyg)alkyl, (C1—Cs)substituted alkyl, (C2~Cg)alkenyl,
(C2—Cqg)substituted alkenyl, (Co—Cg)alkynyl, or (Co—Cs)substituted alkynyl. In another
aspect of this embodiment, R is H, OR?, N(R®)s, N, CN, SR® or halogen. In another
aspect of this embodiment, R*is H, OH, NHy, N3, CN, or halogen. In another aspect
30  of this embodiment, R is OR? or halogen and R’ is (C 1—Cg)alkyl, {Co—-Cg} alkenyl or
(Co—Cylalkynyl, In another aspect of this embodiment, R> is OR® or F and R' is
methyl, CH,OH, CHyF, ethenyl, or ecthynyl. In a preferred aspect of this embodiment,
R?is OH and R is methyl, CH,OH, CH,F, ethenyl, or ethynyl. In another preferred
agpect of this embodiment, R?is OH, R’ is H and at least one of R® or R¥ is not H. In
35  another preferred aspect of this embodiment, R is F and R' is methyl, CH.OH, CH,F,

ethenyl, or ethynyl. In another preferred aspect of this embodiment, R” is OR® and R’

11



wherein each (Cl-GCs)al kyl, (C2-C8)al kenyl, (C2-C8)alkynyl or
aryl (C1-C8)allcyl of each R, R, R3, R4, R5, R' or RI2 is,

i ndepende 9%]029%515%%' |y substl tut ed w t h one or m)remlg (%O%giuglzxy

CN, N3, N( 12a; and wherein one or nore of the non-teéerm nal
carbon atons of each sal d (A-C8)al kyl may be optionally repl aced
with -0-, 20 -5- or - In one enbodi rent of Fornmula Il, R
is (C-Cs)al kyl C2- C8) al kenyl or (C2-C8)al kynyl. |In another
enbodi men? Ris m@llséidnl OByt iarly préfrethotphe of Snboubatingn, R is D8 Ry
CH20H, CH2F, {hﬁ enyl, or ethynyl. In a preferred embodinment, R is
methyl. In anct Rer pref erred enbodinent R is H 25In one embodi ment

of Fornula ||, R2hidekmbOdidient MEbAR)IZIL, Rl?us H;N)Ra[\m{ )»SNQ)@\?,&R“I‘!@JI@EH
(G -GCs)al kyl 8 q)substl tuted al k% C8) al ken
( C2- C8) subst (oatealkah Keav{e)alkers ocfya k)galﬁwyl éfroqezﬂs ?@ﬁb@tembeé@wm

al kynyl . In ahQihgrr. a&%&fe&fedﬁsﬁb&o?mo&ﬁ% ent, B i B, h Ry ﬁ%&%ﬂ

N3, CN, SR or hal ogen. I n another aspect t 'S enbodl ment
H, OH, N142, aiNgst ofNijs @nbddah@ge&?;s HnR%us(ﬂtheJr halspecind BOof (0 hCalkyl,

Slrrtlzgglylrreg (@ @)“%Qz Wlf thggaﬁ%t% g? i&‘éé’(ép%t(g %f?lgég%@atfn%&ﬁ? R
is 012a or Fisane JrF and RVRS Mvthy), EHEGH! Cl@lﬁ'e:th Cﬁ‘lr&%ﬁtﬁnvlorln %Jﬂ?{lé?}ﬁépcctldf a

preferred aspect of this .embod] ment ,
CH2OH, CH2F, tleﬂtwéqwmen@rfi &t HyRyis OR’® r@nféRotshmthqdréfemﬂ@dmsg@éthmf this

enbodi ment, dd%?é?r%ﬁlsﬂ R’ ﬁ@ﬁ n@& s%?tﬁ loﬂt an%EheR%Egct OB% | s not H

In 35 anot her pre aspect is'e nd R is
net hyl , CH2Oepbagiiaént, Rt mﬂd?s)lareHrRze‘s ﬁ)yhgddRsltsln@ttht her preferred aspect

of {1 ns embodt e, £ b3y @R, poel 8 wEhivl el 2 P Sl Y

I n one enbodiareq))alefl, Fy-Tyamkesh CPal I fetréd St
hal ogen, (C (_CITE) 2? kgl tﬂ_@)’( tw)lacg y Imkgay1?)orll'zlqu]:\y K a% yn@dﬂ%@tloﬁ%ﬁte

aspect of t h?léb%iﬁ’ﬁ@tﬂﬂ ﬁ"oF'elﬁPR RB1 gngther gefered pypeet of thas @mb@dnag,pléds Qff, R?

t hi nmbodi I t,hi
bnbods mont | O Flitb sl o iSRG BTN BLEENEHA IO B 1

( %- 33) 20 kemptheoprefeﬁ%d%)eat sty bmbddimamoR herorsreig O for hdﬂb@m R'i 1s H
e odl nent

, s H is OR F and Rl i hyl
et henyl , or R%r%ﬁwotI-Fﬁnér?p&]qug;e?%geﬂggqnecbﬁltp%?é@%g%% BE‘ﬁtORRg 15911-1
Ris O andor'tﬁ]o%eﬂ 313'IEHQMHR ﬂ(ﬁ-ft%'ﬂ%ﬁ %ﬁp@ﬁ'fam@ﬁyﬂop gstaﬂzgtsﬁem R3

is H R is OH and is mathty I n” anot asecto
enbodi nent , mt@hﬁwﬁaﬂeérﬂ@er—to ftigs pbadimantoR R C?Ps“‘ Rois OB otﬁamha is

(oG T L A PO P o

of this Zbocipeitent R4 is GROR? id OR%andt, Reis Iﬁ)lmf Etma&t}a&mﬁﬁomtmm s

Co e al ketv ot Phimiapheltey ot s A rbediR ety R ARG o

this enbodl ni&ﬂ&pendfé‘i&tlyst)mnd 35 ingth@R In @fiothé p@emed dgbect& thﬁs%ﬁfﬂmﬁﬁmnt
i snot H g,pot her preferred asltg,ect3 of this enbodi nent O

, R2
is O or haI , independgpflydpR’, & isdi anshh i erhy!. (Fezmre%yl IHPﬁ@é‘ﬁFi/l or
(02 C8) al kynag ect bf‘th&’h%ﬂ%@ﬁné?ﬂi %t@tf&%@ﬁ@ka afa tt@btﬁe&gik@% ﬁﬁt&to;z R4 i's

, 12.2 is or F a I's nethyl
et hynyl .30 n Jar@@@therrprpﬁe@ﬁ«éaapeq OéélpmmbOdfmftﬂhl®eeﬁﬁodt Rren© ’hcrglnﬂi"e$ R2

is O or F, |~ 4 o3 2 CH2F

ethynyl. In Iggo.f[ Srkheg‘?‘g rel%rere aspgwt[ Rq?’{ hignsldRe 08“’#3%?‘,%5&4‘35%2% R2
are, i ndependimyl, pr etbynydnth dothespratettay hspettrofanotherdipeaf Er mak*agpect
of this enbogf-lnﬁnls’l-l and R' is methyl, CHOH, CH,F, ethenyl, or ethynyl. In another
preferred aspect of this embodiment, R* and R®, taken together, are —-O(COYO-, R*is H

35  and R'is methyl, CH:OH, CH,F, ethenyl, or ethynyl.

12



R4 and R2 are, independently O, R3is Hand Rl is nethyl. In another
preferred aspect of this enbodi nent, one of R4 or R2 isOR and the

ot her of . 30 In another preferred aquﬁﬁ.
enbodi nment , 02?1%93%1'2%4 ofr R2is Or wherein W is not H an “&%005}6

of R4 or R2 is OH R3is H and R is nmethyl, CH2OH, CH2F, ethenyl

or ethynyl. In another preferred aspect of this enbodinent, R4 and R2
are OH, R3is H and R is nethyl, CHOH CH F, ethenyl, or ethynyl.
| n anot hef prefer}nelneaslbeditneeifoftﬂohsuleﬂt)&&sriﬁrﬁlia, ROR 500 O, RN, &Fé,,ldelﬂngen,

e heny . or CORYRIN, T BlEn Do MORBY. LS St i s

H, N( Ra e
( CZ( ng al Ky nflmg%\&lurh}agﬁ%t ﬁé{r é\gscﬁ o@%lkyl((@én%g%mm bF@)l(‘jg}ﬂfwnyl N%

CN, (Q Cs)al kydther ppReted fik kmhgdlmgrt, I(xs(}siti*b;aﬂéymyﬁwl CHo@HmﬂmM @spect
of this enbOdtlhyIafri't R*i R%c]j{h%éllc_ll’RSI\%H ﬂ\llanom% 1c¢t 0%12 ?m c?!%x{l]%nrt]yds OH or N3,

ethynyl, R4 I'S anot her aspec
embodi mend, RSis CSRaHRbfs HN3ind RO is¥or BRI In aRBthieSasblct aﬂtﬂnd?'ﬁlhoﬂmﬁnq R>GRA.

H R i s Om oo e 08 BRI ePBonie ErmebAaRAL Ghredhgiyer 1

anot her as pe@ﬂhyzgl Hun%th%m?:@étras?ﬁﬁs cribadARcht, RS Al %5 e IRR“a0d RR4rear €,
i ndependent | y, , and R is methyl, CH2OH, CH, F, ethenyl, or

ethynyl. |n 2¥epdadentysPROEMGR isHnghw B HethlF. F@%fhscpr vale Ipmofigr
and R4 are Ot e@r%‘#tlﬂ e:ﬁ@od%g yt Ha g%ﬂ% an Iare @gh%g)ﬁ”ls r?jlél_Ihlez

et hynyl . I n another aspect o i ment
R4 are i hilep€hd@Hi CH:IORheayldoREhyngl. NB andther ampachef this embediment Ihsqné@f of

t hi nmbod k t
and R 15 moefyh OB e ARGt i R gr P S rent
of Formul a | this &@bodlskerdRAR ‘and I&ithktn%etmndmatodcms} roneHaehd ROisRhethyR3

r aspect of this enbodinent, R2 and R4 are

or R5 is not n t
both OR and© zoi{ Cﬁg gs?)%h ®y3thyyle) - cs) substituted al kyl

(C2- CCal kenyl, (G- &kﬁ%@&hﬁeﬁtﬁf%ﬂlk NN} and 2668 l@ﬁala?(é-at least one of
(C2- C8)subst|§uted al k) néAIor aryl (Cr- Cs llRé .. I'n apot her aspect of

this enbedi mEntR’ oRE’ et aﬂ@%wemf igl emBodimentcR- s Ry ks poth OR’

L8 S ket e g 5 Sl S s S
anot her aspeeglke®f, (CM@;)ﬂmi(C&fﬂs)sﬂBﬁ&tM{ﬂ@l&fzeylb@]t-@g)QR)]l Iribtif@p | S

Ae, N(12.4)2, N3, NO2, S(0)1l1llta, halogen, (Cr-C8)alky
(Cl - Cs) subst a&pa@t@émas W‘POdHP@QJEs%“éIWéFﬁhOth 1% és@b@rﬂsm@b al kenyl ,

(C2-C8)al kynyl, | kypyl | al kyl . 30l n
anot her enbogé C@%}b &%—E 3%01% El E?’ C?I){ﬁu%%é‘{de% l%ﬁgdt)ne of R3 or
R4 i s OR25an(Cigaliings (CDf«CBalb@ﬂituBé alk§nl ©f alB)CRlde)alkyl. In another aspect of
(Cl-C8)substitut ed al ky Cs).al kenyl@déscz Cs)substi tut ed

al keny1, (C2- ty@n HW“ P% @,@d@s)a?d)@gt PRUASIR 5 %W(Rol» N3, CN, NO,
aryI(CI-Cs)a r: hA othe $ ~BhelRhiSi of R3 or
R4 is OH. ls?r(?ét her O%gbgeéc]t 68?1 Bhfés e#% bg{ll meeﬁt EEerﬁ;%‘-'géﬁﬁN( Ra) 2,
N3, CN, N02 ((SCQ) Ottt Hitien g 6Ty cg)ﬂkwﬁs)@ok&d)subétﬁneﬁlaksmmst ity yCed
al kyl, %enyl (C2-Cs)substituted al kenyl,
(C2- C5)(C2 ]bstltuted al kynyl or aryl (G - Cs)alkyl
In another embodiment of Formula 11, both R' and R? are H; one of R® or R* is
OR" and the other of R® or R* is (Ci—Cplalkyl, (C,—Cy)substituted alkyl,
(Co—Cg)alkenyl, (Co~Cg)substituted alkenyl, (C2—Cglalkynyl, (Ca—Cg)substituted
alkynyl or aryl(C;-Cy)alkyl. In another aspect of this embodiment, one of R? or R is
OH. In another aspect of this embodiment, R’ is OR?, N(R")», N3, CN, NO», S{O),R?,
35  halogen, (C;—Cslalkyl, (C)—Cg)substituted alkyl, (C5—Cjy)alkenyl, (C,—Cg)substituted
alkenyl, (Co—Cs)alkynyl, {Co—Cs)substituted alkynyl or aryl{C;-Cs)alkyl.
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WD 2009/ 132123PCT/ US2009/ 041432 51 n one enbodi nent of Forrmula I, R7
is H -2=0)&1, -C(=0)012.11, - C(=0)SR11 or O I | w2 . In a preferred

aspect of ﬁ,@ﬁ%g%g%?g: rsrent R7 is H In another pr ef q&%zgﬁ@sﬁ%%?g

t hi s enbodi men -C(=0)R1l. In another preferred aspec

enbodi nent, R7 is -C(=0)R11 wherein R" is (G -C8)al kyl. In another
preferred 10aspect of this enbodinment, R7 is w2 In one

enbodi nent of Fornmula Il, XI is Nor Cre. In another aspect of this
enbodi ments, X1 i s Iione emtmdddnent Bepebttil,®f it Hi <Ceoi'dj-mesd)orN, -i s
CR10. In anotéﬂgb Sflépect of this enbodinment, X1 is & and R is H,
hal ogen, or " afot her aspect 15of this enbodinent, Xl is CR I
and Rl is Hor F. bn another aspect of this enbodinent, XI is CH 1In
anot her aspect of |Js enbodinent, each X1 and X2 is N. In another
aspect of this, esppodiment, Xl is Nand X2 is Crer. |In another aspect
of this enmbodinent/, XI is Nand X2 is CRI wherein R is H, halogen,

o 1 O, R e Y ik

wherein RLis Hor F. In"an
and X2 is CHprdferaimspduest thispebbdiafent, B & -0 relntanotXer frefehbd %Bedt 8

CH R is nethyl 2204, . CH2E, et henyl .. ot .et hynyl.; is H and each
R2 and R4 is" ?lhﬁ’?(gﬁa%t%elrs gfs_ﬁjgét ‘et“hi}‘s ‘%E{‘gb@sﬂ@r‘h In gpotheg pgiergd | g
CH, R i sonetkpekt of @i Gbodieht, Reshenyl, or ethynyl; each R3 and R3 is
H and each R2 and R4 is O. 25In another enbodi nent of Formula II,
X2 is Nor CRI. In another aspect of thiy enbodinent, X2 is N and Xl
is CR10. In another aspect of this enbodpinent;, X2 is N and X1 is CRL
wherein Rl is H hal ogen, or CN. |nyamother aspect of this
enbodiment, X2 is Nand XI is CRI wherei/n Rl is Hor F. In another
aspect of this enbodinent, X2 is N and¥Wd is CH 30In anot her

I L L L
- CHENHNR 11, emBbitiNefiRYS5is N.Glrlafdder/adpodt ofthik sRLMEmEIRK2 is el 38 hNRhER12,

aspect of this embodiment, X' is CR'* and R’ is H, halogen, or CN. In another aspect

15  of this embodiment, X' is CR"® and R" is H or F. In another aspect of this
embodiment, X' is CH. In another aspect of this embodiment, cach X' and X* is N.
In another aspect of this embodiment, X' is N and X? is CR'*. In another aspect of
this embodiment, X' is N and X* is CR'® wherein R is H, halogen, or CN. In another
aspect of this embodiment, X' is N and X* is CR'® wherein R'"is H or F. In another

20  aspect of this embodiment, X' is N and X% is CH. In another aspect of this
embodiment, X' is N; X?is CH; R is methyl, CH,OH, CH-F, ethenyl, or ethynyl; R>
is H; and each R* and R* is OR®. In another aspect of this embodiment, X' is N; X% is
CH; R'is methyl, CH,OH, CHsF, ethenyl, or ethynyl; each R® and R® is H; and each
R? and R* is OR™

25 In another embodiment of Formula I1, X® is N or CR'®. In another aspect of
this embodiment, X" is N and X' is CR'", In another aspect of this embodiment, X* is
N and X' is CR'® wherein R'® is H, halogen, or CN. In another aspect of this
embodiment, X* is N and X' is CR'® wherein R'" is H or F. In another aspect of this
embodiment, X is N and X' is CH.

30 In another embodiment of Formula I1, each R® is independently halogen,
NR''R”, NR™OR", NR''NR'R'?, N3, NO, NO,, CHO, CN, -CH(=NR"),

-CH=NHNR", -CH=N(OR'"), -CH(OR "}, -C(=O)NR''R"?, -C(=$)NR''R"?,
14



WD 2009/ 132123PCT/ US2009/ 041432 5-C(0) OR"', (Cl-Cs)al kyl,
(C2-C8) al kenyl, (C2-C8)al kynyl, (C4-Cg)carbocyclylallcyl, optionally

substi t ut tionally substl tuted heteroaryl,
- ¢(=0) (G e%é’)%wﬁsfﬁ? - S(0)"(Ci-c8)al kyl, aryl (G -c8)al IKSHUS2P143%
SR". In another aspect of this

,-. [1, NR-NR R 2, enbodi nent, each R8 is, independently, hal ogen,
NRI 1R12, N(lii)OK OR" or SR'. In another aspect of this enbodi nent,

each R8 i §, |@d@eﬁﬂe((t|L%)am.ﬁ]h(ah([g@mcenwmimgalMﬂNli\’EJrRﬂg?caﬂ%clylﬂkaSR'
and R is n'eth CFl.20H | n anot her

aspect of t mog%(fé%%a‘ih%%wﬁed a@éc‘?im%auys%b?tmfted Ii?eroi‘lﬁbé%ﬁﬁ@htqfﬂ%lk}’f -
hal ogen, NR |Sg)m%%ﬁmyl(d%bgfﬂdlakﬂ or@ﬁ” |Ingﬁot§3asl?e@{joij?§i Is H,

hal ogen, not her aspect of |s enbo |rrent each R8

is, i ndepend@ﬂlﬁﬁpﬁ}lmeﬁaﬁfwb& is, fyepengently, N(lﬁgell) BRI'RY N 1o i INERR Por
SR' and 129 lor ’iL?r"éR’hafn%%&ﬂFr a%gecwghﬂiﬁle%lb% ke Ch@lﬁ%&%el%%% oA,

CH2F, ethenyl, of eth erré ect o
enbodi mend, Relops, NWRAUM®)®R”&NR¥‘NMIR6@@R“ birSRd m&ne‘nsnfeejyerred

IR L e R RN A L e

of this enbomcﬁpﬁtjen@Sllﬁ@&kna\fRé.’Ré? NSRH)(N(‘F INRTRREREL ORI RSB enlied is
aspect of this 20 enbodine RO are each NH, and R is

met hyl , CH2OH, hetpege, Oléﬂ%eﬂy} In @wt@rﬁwﬁqoﬂhlhﬂaﬁ@m@m eckReis ed aspect
of this embo JBRN hdl 3] By L. MyRNQI2h up ar

aspect of th?ds enbgnéﬁzgrredrﬁge%ﬁ ﬁR&R %%Y?Igmlﬁl IR é ' :ERS Jr?g%yﬁ
CH20H, CHOF, Fehilegspl or MR8 hmyﬁuiil Is mﬁhﬁnBHt@H, @Hﬁbdﬂhr:rm,tm@ﬂlyﬁyir tul a

i1 oo W ABRNIER Y e ARED e RO, RO,

-CH(ORI )2, E@(tmpmrrdahgpm ﬁ(thiS)eNB(i;dﬂ%ﬂlQR 1SG(IHDt)rﬂFB]?st Hl%irl;lalloﬁ anerR‘

SR'. | anot her odi eac is H al o

or opt |n onal | ¥ B¢ (ﬁ%ﬁlg&ﬁt @8‘5’? T et yﬁylorlﬂém BT‘?#‘?%H‘@ aé‘?eci:‘(’)‘%ﬂlﬁl a

1, RH or Rlalnbédlins;den%ﬁﬂetﬂdré'eddhmg 11%0@1{6{: Yeferdd GOS0k kenyl

(C Cs) al ki nYl b C{Cél ngcar hocycl yl al ky opt i onaII substi t ut ed aryl
? T

optional BY seBBedmenteld Hetferagasagh NH”@PGLB) (S@ethﬂ) %Hl@lfﬂa CHAF, ethenyl, or
-S(0)"(Cl - CBL@ %JK}X' IrPdnofiey 1(3%)1@(,5\%{ thil Qm@&gltngl eﬁ?ﬁ‘gbf{@{ﬂlﬁl\!ﬁ n

and RI 2 taken together with a nit rogento whi ch %/\hare
at t ached, fopmnﬂ@prsri@re?l anpecbelithid edpdinsay Bf nscOImam@R e¥r&iand & s roetiayl,

carbon atom %fH éﬁl EHEE%&GR)%}’&J&&&L ng can optionally be replaced with
-0-, -S or
In another embodiment of Formula 11, each R'* is, independently, H, halogen,
25 NR'RZ 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(=O)0R”, R', OR! or SR, In another aspect of this embodiment, each R' is H,
halogen, CN or optionally substituted heteroaryl.
In one embodiment of Formula I, R'' or R'? is independently H, (Ci-Cs)alkyl,
30 (Cy-Gylalkenyl, (Co-Cylalkynyl, (Cs—Cg)carbocyelylalkyl, optionally substituted aryl,
optionally substituted heteroaryl, -C(=0)(C,-Cs)alkyl, -S(0),(C-Cg)alkyl or aryl(C,-
Cy)alkyl. In another embodiment, R'! and R" taken together with a nitrogen to which
they are both attached, form a 3 to 7 membered heterocyclic ring wherein any one
carbon atom of said heterocyclic ring can optionally be replaced with -O-, -S- or —

NR®-. Therefore, by way of example and not limitation, the moiety ~NR''R'? can be

]
h

represented by the heterocycles:
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35Nita-. Therefore, by way of exanple and not limtation, the noiety
-N12111212 can be represented by the heterocycles: S/ -NNO-NS
-N NR a e like. In another enbodi nent of F 1
R2, R3, R4 bgs%fﬁ? or R12 is, independently, (Cl-C8) 2{%5?0(’5‘/04&;2
(C2 C8) al kenyl, (C2-C8)al kynyl or aryl (C -C8)al kyl, wherein said
(C-C8)al kyl, (C2- CCal kenyl1, (C2-Cg)al kynyl or aryl (Cl-C8)al kyl are,
10i ndependent |y, optionally substituted vm' t h one or nore halo,

hydr oxy, CN, N3, N W-—or QN erefo of exa Ie and
limtation, Rl, R>NR3,) R4,— R1L1-Qr 2-Gnul e nenet |
such as - €H( NH2) CH3, = (04)042043, -\GH( NH2) cH¢ CH3) 2, pCF3\._ MR
- ( CH2) 2CH( N3) £gd3be liKkeCH2) 6NH2 and the |ike. In another enbodi nent of
Formula I'l, 111, R2, R3, R4, R5 R11 or R12 is (Cl: 15ll | kyl
wherein one or nolhbawhefﬁ%b?ﬂé‘ﬁ@lit@fm?ﬂwlaga?kbgn it B gt enkhisai d
(Cl C8) al kyl e g renla \

Ther ef or e, b%@ﬂo&%;&% )!ﬂ}(yl @B ?ﬁﬁ D\f% E(g“t Cfgalkyrﬁgor é}pll&gwﬂsiky lI1?4

R5, 1231 or Riprapifid(Ch n?@@%r(ﬂ*ﬁfm]ﬂ&wmés(cs&balla@yl @H2DCHI s )alkyl are,
- CH2OCH2 , 6 (}1]—&1,
and the Iqlbllsc ma%P %n%g%lc}'{, %@“%H %F!%%cor‘r’%t Tnag” %‘f’ (o] Onh?'(gg’fy’ﬁ\g%’ b2

represent ed lbyORAr Mudreford, by ®RBy ofeemmpleand hbt limitation, R!, R%, R®, R%, R%,R" or

a

R'? could represent moieties such as -CH(NH,)CHj, -CH{OH)CH2CH3, -
CH(NH,)CH(CHa)a, -CH2CF3, ~(CHa)>2CH(N3)CHa, -(CH1)¢NH, and the like.
In another embodiment of Formula IL, R', R%, R%, R* R*, R" or R is (C)-
15 Cs)alkyl wherein one or more of the non-terminal carbon atoms of each said (C-
Cg)alkyl may be optionally replaced with -O-, -S- or ~NR"-. Therefore, by way of
example and not limitation, R}, R?, R, R"', R°,RY or R™ could represent moieties
such as -CH,OCHj, -CH2OCH2CH;, -CH,OCH({CH3),, -CH2SCH3, -(CH3)sOCHs3, -
{CH2)sN(CH;), and the like.
20 In another aspect, compounds of Formula I are represented by Formula I1I:

RB

Formula 11T

or a pharmaceutically acceptable salt, thereof wherein all variables are defined
as for Formula I.

25 In one embodiment of Formula I1, R* is H, OR®, N(R®),, Ns, CN, NOs,
S(O)R*, halogen, (C,—Cs)alkyl, (C(—Cjs)substituted alkyl, (C2—Cs)alkenyl,
{Co—Cs)substituted alkenyl, (Co—Cs)alkynyl, or (C;—Cg)substituted alkynyl. In another
aspect of this embodiment, R* is H, OR?, N(R%),, N3, CN, SR*® or halogen. In another

aspect of this embodiment, RYis H, OH, NHa, N3, CN, or halogen. In another aspect
16



or a pharmaceutically acceptable salt, thereof wherein all variables
are defined as for Formula 1. 951 n one enbodiment of Formula I, R2
is H, CN, NO3, S(0)1X, hal ogen, (Cl-C8)

(a - C8) substl tu{ %ﬁal kyl, (C2-C8)al kenyl, (C2-C8)subst ?l{dljrﬁsaow 0121432
(O -Cs)al kynyl, or (C2- 08)substitut ed al kynyl. In anot her aspect of
this enbodinent, RZ is H ON N(W2, 1\13, CN, SWor halogen. In
anot her aspect of this enbodl ment, R2 is H OH NH2, N3, CN, or

hal ogen. bn aﬁﬁmdmmboaammtR I60RVE 1201894, 18213 3fReEEd héﬁ&&@;@ll@ééﬁé’n&nﬁ&ft
t his enbodi In a preferred. a [q#)ect of this

embodi ment , 495201\’ a‘roﬁqéﬂ’&f F]?"%F&tf‘)éfrﬂrleam apwert Bt istHi andeatikaet amenf |

R2 is OH and Rélor Reasiot AN aﬁ&thgﬁar%n&i Rpkd of‘ﬁﬁs éﬂnbdd&]&@%’h?ﬁ I a%foﬁx':ar ed
aspect of this enbodinent, R2 is F. |In anot preferred aspect

this enbodi merferedmspest ¢ this guppdimmety Rpis@lsy rledweélgqaemfe@ri asprckof tlns
enbodi nent, Bmgo&ﬁmg"Rz%Q?fﬁ‘ one enbodi nent of Fornula I, R3 is H,
ON N(W2, N3, CN, ogen, (G -C8)alkyl, (C2-C8)al kenyl or

(C2- C8) allynyl . | @nsmbegiewnt c@ﬂfotmlnlsllé,rm;odﬂr@ﬂm,l\(&?g)a,r&, HNgBRE. In a

preferred aspect o di t anot her preferred
aspect of t hggl L%h ﬁ@ﬁ?‘y% ge &e%?ﬂdr g)a’éswrér cagesst of this
anot her aspeemb&dimeit B RIEPOH, MR AtpretBPed épéﬂt %pfﬂld%%ﬂioamg%t q{j 1J:H kD

anot her aspect of 15 this enbodi nent, is H

anot her aspeérOfkiﬁTPrq{rlgeder%apfrremembmenrest R srrwmmRns O@i‘rm hﬁlomohlher
aspect of thiseoodireat gﬁ ot H

I n one enbodi nent (5)};%1 For selﬁg{fduﬁmlﬂRﬁﬁgHﬁdq{ﬁ%OﬁN o' ﬁhﬂ(ﬁp 8%9\?
hal ogen, 1§ Ci tlmélaltcklyhent (Rids H&)@RRH‘@R“ dn af@RerG8peat ckfylmy lembbdimant, R? is
preferred as hi s errbodr 4 R ;
preferred asglgc ofIS @% ts“‘%“ 54 AREC elﬁ%"d@@\?’gﬁé lﬁg"?swéﬁé"r‘“{ 1s
hal ogen. | n amdi.her preferred aspect of this enbodinent, R4 is OWN

R2 is OWor halogen, and R5 is not H. ;angt her referred aspect of
this enbodi ment, Bneé m’@tquowlerﬂ%l%ﬁeﬂ%ﬁ&{r}aNas CN, SRp

th f f
anot her pre ﬁ&rsgﬁl @Dé@&rkg (L0908 H} f@ﬂ&:g?@éﬁhs&%@ﬂ%& o‘PW or

F. I n another ferre ect of ti'ns enbo

or F, anéd Rsthl%elﬂOdllm@dbtlh@R ph@heﬁlcledefasptumae@fof thifd fsn‘tmrdbmm rRe“ni R4
and R2 are, d d ther ferre t of t
enbodi nent , Bg dﬂR’g@dﬂrérhr epen en%elrilre%e ?q'}mﬁ?fo{%h@r

preferred as Oﬁ&tRzoi ORhmshzdac@mdmmﬁts nooHehuoEfno{:%1 p‘x’efeRBd hs‘,peéth ang the

other of R4 or er preferred,aspect of this

enbodi ment , %0%261?1 %AIQJF OI% I?Qrs]‘sé?v %%en a‘i‘i 51§ Rapoter pretsred pspect
other of R4 @ﬂthﬁ%nib&dﬁibiht Rhﬂ;dﬁg’dnﬂ RAis bR @rrotM%orﬁéﬁfr@fEﬁ@cﬁas &J@@Fﬂusof
this enbodi rrent R4 and age H and R3 js H_In another referre

aspect of t hf§ %%M@ s RA TSNy o, a’ﬂa‘?éelﬁﬂ ogénetber prefpreed p@yf)th]s

ﬁlgd CR]3\| i Z WH %%?bgggﬁltmqg%% m(afape'r: ?&thg\ é&%éﬁhér C}! éf(:%%d %‘it

| n anot her agpessimett, ]ﬁ'ﬁnd %mmméﬂﬁ y %5 and Rejis M3 [n @iher prefen ed

i 5 erbod nisRES SRS Bhe S R (0taq e BT h0 B RERRTy 1
R4 is ON anwtHeBpictertdd atpectarfatiihenbabpest orefofRiios Réf@m IWiRIYin RVVS |n§t H
or NS, 1;0 H and the other of R* or R* is OH and R* is H. In another preferred aspect of this
embodiment, R* and R? are OH and R* is H. In another preferred aspect of this
embodiment, R* and R?, taken together, are ~0(CO)O- and R*is H,

In one embodiment of Formula IiI, R® is H, OR?, N(R)s, N3, CN, SR?,
halogen, (C,—Cglalkyl, (C,—Cyg)alkenyl or (Co—~Cglalkynyl. In another aspect of this
35  embodiment, R is H, Ns, CN, (C|—Cyalkyl, (Ca—Cs)alkenyl or (C;—Cglalkynyl. In

another aspect of this embodiment, R® is H, N3, CN, methyl, CH>OH, ethenyl or

ethynyl, R*is OR?, and R*is H. In another aspect of this embodiment, R’ is H or Nj,
17



5RAis O, RBis H and R is For O. In another aspect of this
enbodinent, RS is Hor N3, R4 is O, R3is Hand RZ is O. In another
aspect of i iment, R3 and R5 are H and R2 and 1@;359 11
|ndependen‘zvlayz,§09ﬁm%jn anot her aspect of this enbodi man';% (3)31341%2
are Hand R2 and R4 are OH. In another aspect of this enbodi nent R3
is H R2 and R4 are independently O and R5 is N3. In another 10
preferred aspect of this enbodl ment, R4 and R2, taken together, are
J0(00)0- &ndRRS ORY R is H, and RF s PooredRinbiadihnthnt aspéct Bothisingotiiment RS isiid

R4 are both O,.a ast i S not ot :
Repott of t noeNBR AR N RS AR Pl Fesb of his b BRCnl S g
of this enbodfaRM andR¥ ea;ﬂdr‘laﬂe SaepcRadnlly SORANG: aB&thle;Sas &k ofSaisal kyl

15(C—Cs)subst|tuted al k CZCBake% 23&1 )substituted
al kenyl , ( C2e8yHPRIk] aﬂd(ltzlrftﬁ)ag Bsma R ag kP apethegraspect of this

| (Cl-Cs mi T t n R4
g:)%/h( o aanaEIlﬁwl’ds A R@n@f-lhl@ M?@%@lﬂ@p@ﬁd&ﬁé@%%ﬁ%@ﬁ%l gzaeﬁfﬁgl are

(C1-05) allkyl ple(@ledw)eswéhlis pmi)@chmentklﬁfi and(ltfzta@sn) mkthaydre —O(CO)O and R®
(Cc2- 05)subst ti_?t ed al kenyl, (C2-Cs)al kynyl, (C2-05)substituted

al kynyl or aryl'(C- - 20Cs)a| kyl . I n anot her enbodi nent of
Formula 111, R2 i b drle embediofeniRE FormiRg 11K, R‘@ndaﬁdwtﬁwl ORhard #lcalRInosf R4

is (Cl-Cs)al bstituted alkyl .
I(EZ(CS)SU%D; R GBS B Sroesiees af TR Lo eont ok e Bapreibgfied. I
al kynyl or apyilEheddrimt embaulﬁaﬁtrb%dam@&ﬁotpbf{tﬂ %@R%‘@@ isn%, one

of RBor R4 is OH. 'In another aspect of this enbodi nent, ,
N(r) 2, N35 CNC:—NOeybsS@rR1kyl, H@i—&gblﬁsenﬂCIC‘o%})athHsytuxed(amenﬁs) substi tuted

| kyl b | kynyl
?CZyCS) subst %ul%ﬁ%fﬁ ‘i‘ﬂ% %ﬂ”g‘tﬁ}@ WP’@ SJHH&Cﬁ‘é a&%‘@ﬁd}??ﬁ'&hﬁ of
Formul a |11, giVenitodithent, ® =03 R23te bmhcéfn@ﬂ)éﬁkf‘qg OR3IN@OANCa, Regf erred

aspect of this enbodi ment, R7 is H hi another preferred aspect of

this embodi mEEDR'RRIpgen, €r=0Valkyh idh- CrioenisbisJulob (Cd ambpost o th| s
nbodi t
Sre? elr ?‘23 asE%cF %Bl‘fbcﬁlwte )E?ﬂmﬁ?ﬁg{}alﬁwﬁ S(g %’\)@C’%m dlikﬁ“ygﬁggr?’

enbodi meny o€C,)ERyIUI a 11, X1 is Nor I n anot her aspect of this
enbodi ment, X1 S N. In anot her ect this enbodipent, X is CRI.
In anot her aspect!"GPog; Lnkadp ﬁé‘ﬁi‘m‘ﬂﬁ ‘L1 R™ oid; ogpat Rion 1y’ IHORFnéElddQ%n

o LR et L TORE il R o 1=
{C>—Cy)substituted alkenyl, (C:~Cs)alkynyl, (C;—Cg)substituted alkynyl or aryl(C-
Cgalkyl. In another aspect of this embodiment, one of R or R* is OH. Tn another
25  aspect of this embodiment, R’ is OR?, N(R")2, N3, CN, NO1, S(0),R?, halogen,
(C1—Cgalkyl, (C1—Cg)substituted alkyl, (Ca~Cs)alkenyl, (Co—Cg)substituted alkenyl,
(Ca—Cg)alkynyl, (Co—Cg)substituted alkynyl or aryl{C;-Cy)alkyl,
In one embodiment of Formula III, R’ is H, -C(=0)R’', -C(=0)OR", -
C(=0)SR" or
O
1
w— P——g
30 we . In a preferred aspect of this embodiment, R” is H. In another
preferred aspect of this embodiment, R is -C(=0)R'!. in another preferred aspect of
this embodiment, R” is -C(=0)R" wherein R'" is (C;-Cg)alkyl. In another preferred

aspect of this embodiment, R’ is

18



10 enbodinent, X1 is CH |In another aspect of this enbodi nent, each
X1 and X2 is N In another aspect of this enbodinent, X1 is N and X2
is CRl. spect of thls enbodi nent, X1 is NM] I
wherein Rl |29(§-1q§f112€0 en, CN. I n anot her aspect of th SHuoloiasH
enbodi ment, X1 is N and X2 |s CRI wherein Rl is Hor F. In anot her
aspect of this embodi ment, X is Nand X2 is CH In another aspect of
this 15 enbodinment, X1 is N, X2 is CH R3 is H and each R2 and R4 is
A e. In another aspect of this enmbodimenp, X is N, X2 is CH each R3

and R5 is H and each R2 and R4 is HI n anot her enbodi ment of
Formula 111, X2 is Nor CRl. In an h,e;——z t of this enbodi nent, X2
is Nand X1 is CRL. In another aspect off this enmbodinent, X2 is 20 N
and X1 issCR1L wherein It11l is H halo , or CN. In another aspect

of this enbodinent, X2 is Nand X1 is CRl1 whefrein RL is Hor F. In
anot her aspect of htd)ie@u@nﬁimﬁmefﬂo;mm IIsX Nsahe OR'°j & fBkther aspect of this

SnoLer Crodh el R Sl o SOF L2 RS b B ™

25- CH=ENHNR. 1 hspect@fsiig ©R8odihent; ﬂ'(s@?l%ﬁliw ﬁHQ&a S REEN. In a11othe1 asPect

-C(=S)NR1112. 0)OR1YL, (C; al k al kenyl

( C2- C8) al kYn o¥fiis %re%(&d@saﬂéaﬁi Bﬁ)@m}lﬂ 19%‘ or, tip@ﬁ elhenaseaghafithisut ed
aryl, optijpona} wczﬁlunsm d P Y,
S(0)"(Ci-C8)al Kyl aryl (ng?&%}’% i (’fthg’(e“@’)"m’‘ﬂﬁr?%)ééﬂo%h*le“rd X dpNet
of this enbod other assaetiof Bes prabodinersps nid ehanidyX” ih RS dn andtiRic in]ezf,of

erbod| mont . SRCR PR A SCRAIET I P B o GRS TN hn dndli

o}
N(R11) 01211, atyedtdfRii4 filddiorRt, X' e ﬁﬁ' Xam dR%gwhaelﬂzR.“’ wval @genn afidther

NRI1ILR12. In anoth ed as fr .t enmbodi nent 1S NH,
and RO is H 8PHA %gﬁgquﬁlm Hoghgﬁ\?‘ﬁﬁdéf d &%‘3 I apet laﬁﬁ‘c‘:(‘:ﬁ(lﬂé‘s

enmbodi mens, Bﬁ{bedzﬂemxarsm GﬁGEICNHRJ 'slm aﬁﬂ'@icﬂﬁ{z R R ey ORY 13 3RARLr aQfect
this enbodinent, BY is and

2009/ 132123PEfhissatedimsat 325 B & arﬁﬁ H’-éffh %n@édi rieHt anskeaploRndaR i | |
each Wis, ipgependently, H halogen, NRI1R12, N(R11)OR1 I,
NRLINRI 1R12, N3, NO N2, CHO CN, -CH(=N12, 11)

-CHEN(ORI1), -CH( loReather emt@(dﬂ@glmpef FormppATT, X&(%pmm"Rixzanoth;asp@abf

R 1, OR or Wodln@en@n@ Pﬁrmﬁ%@ﬁ& ?Rmf é&ﬂ'lo?h nPO ﬁnﬁ%ﬁment X 1s

H, haI ogen, r optignally subs ute Ler 6
enbodi med® oN dEdiitug @R 1 Iwherdri Rris ]HZRfﬂogeﬁ ormépémd:mnlﬁdrysﬁdct f@xis

Cs) al kyl , y 1K A4 rbocycl yl al
optional I y sdﬁgs‘f‘f‘ﬁ‘@ ‘éM“ )33% ﬁ\‘%‘% B fost %f)rczlnﬁa? ?raam oPihi
- Ce=0) ( ClI - Cs pabdtitent; ﬁ(x@)N &r@)@&);&j}{kyl or aryl (C[-C8)alkyl. In
anot her enbodi nent , | and R12 taken toget her, with a nitrogen to

whi ch they are bo@ﬁllatbﬁfaf’ém@éllm%ﬁﬁl*amg alf, WCH&TF)@Pé@GH@QFb@%%c
ring lSwher eNR”@@%’Wﬂ@)@@‘“ Q@l@"ﬁkm‘@‘bkg,%q\lbgfc@{@%ﬁ' LfERY, can

optional] 23 becﬁ-?Nfllﬁﬁﬁd-CH =N(OR'"), -CH(OR"),, -C HR? MR,
, 2, -C(=0)NR"'R™, -C(=S)NR''R
-C(=0)OR", (C;-Cs)alkyl, (C2-Cy)alkenyl, (C2-Cy)alkynyl, (C4~Cy)carbocyclylalkyl,
optionally substituted aryl, optionally substituted heteroaryl, -C(=0)(C,-Cg)alkyl, -
S(O)(Cy-Co)alkyl, aryl(C,-Cglalkyl, OR'' or SR''. In another aspect of this
embodiment, each R® is, independently, halogen, NR”RIE, N(R”)OR] 'NRINR! '‘R12

30 ORM or SR'. In another aspect of this embodiment, each R® is, independently,
halogen, NR''R", N(R'OR', NR''NR"R™, OR'! or SR* and R’ is H, halogen, or
NR"R'. In another preferred aspect of this embodiment, R%is NH, and R is H or
halogen. In another preferred aspect of this embodiment, R* and R? are each NH,. Tn

another preferred aspect of this embodiment, RYis OH and R%is NH,.
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-0-, -S- or -NW. Therefore, by way of exanple and not limtation,
the noiety - NRIIR12 can be represented by the heterocycles:

|."7-ThrT O -NS-NNRa -Nt ,, and the I|ike. r
enbodi nenrwgybqgg?zr‘rlﬁ alll, R, R, R3, R4, R5, RH or fﬁ[ﬁéﬂoo@}ﬂ?ﬁlj&e

i ndependently, (Cl-Cs)al kyl, (C2-C8)al kenyl, (C2-Cs)alkynyl or

aryl (G -C8)al kyl, wherein said (G -C8)al kyl, (C2-C8)alkenyl,
(C2-Cs)allcynyl or aryl (Cl-Cg)alkyl are, i ndependent ly, optionally
substit ut éd WI t h &naober mﬁnceiuhait@f Forydd ol eacﬁNB. N3indbyewiahtior HO\logen,

Ther ef or e, 2 a t t i, R4, R5,
RH or 25 R12 ou lcI’CN;T eﬁ@ l[%RerQﬁ{egfe ’sﬂ@ Ry &@r(%ﬂ% ),

- CH( OH) CH2CH3CH=N! 2021@14@@18')' ,rCH@ﬂ‘G¥¥3C(~(())GﬁI2)12'€I=I@J% QHOR 2
-(CH7)6N112 a P%eul t her epbodi nent of Forrml alll o R,
R, 1, Re FCGPRoR o SR T ngiirmeshechpiciiemoatimeny s’ G

the non- termhaﬁgapemra e&&r@ sﬁ’tfstlﬁﬁ&lhm%‘%agyl( Cl Cs) al kyl may be
opti onal Ig r epl aced wi tﬁ Therefore by way of

30exanpl éland not I Q%W@@WMMFOHRQMIW RAR “R5independonlyRLZCeoul d

(osan, | (GHYRhERC R ey Tt e EIoD sk

still anot hersulgmmlamampnoﬁdl@ susmmwﬁlaereirylzom@w)g: LCo)dion t@),,dd,, gr
as compounds

519 r gme“ngr !anl | £l |%Y1FQe/| 8%\@]25%8‘?0&% i%gé@%}e@sﬁoegﬁ 8?12)1@% together with
X2 a nitrogen to which they are both attached, form a 3 to 7 membered heterocyclic ring

15 wherein any one carbon atom of said heterocyclic ring can optionally be replaced with
-0O-, -8- or -NR’-. Therefore, by way of example and not limitation, the moiety —
NR''R™ can be represented by the heterocycles:

— D ' —NCO | ——NCS ‘ —NCNRa | ——NQO | *NQRa
and the like.

20 In another embodiment of Formula II[, R', R*, R*, R*, R* R or R'? i,
independently, (C,-Cg)alkyl, (Cs-Cglalkenyl, (C2-Cg)alkynyl or aryl{(C;~Cyalkyl,
wherein said (C,-Cy)alkyl, (C2-Cg)alkenyl, (Ca-Cglalkynyl or ary}(C;-Cg)alkyl are,
independently, optionally substituted with one or more halo, hydroxy, CN, N;, N(R%),
or OR", Therefore, by way of example and not limitation, R', RZ, R R R® LR or

25 R" could represent moieties such as -CH(NH»)CHa, -CH(OH)CH2CH3, -
CH(NH»)CH(CHj)s, -CH2CF3, -(CH,)2CH(N3;)CH3, -(CH3)¢NH- and the like.

In another embodiment of Formula I1I, R', R®, R* R, R® R orR7 s (C)-
Cglalkyl wherem one or more of the non-terminal carbon atoms of each said (C;-
Cyalkyl may be optionally replaced with -O-, -S- or ~NR®-. Therefore, by way of

30 example and not limitation, R‘, R R? ,RE R RY or R" could represent moieties
such as -CH2OCH3, -CH>OCH»CHas, -CH,OCH(CHj)a, -CHaSCHi, -(CH1)¢OCHs, -
(CH1)¢N{CHa); and the like.

In still another embodiment, the compounds of Formula I, Formula II, or

Formula IIT are named below in tabular format (Table &) as compounds of general

[
1%,

Formula I'V:

20



50H OH Fornul a 1V wherein X1 and X2, represent substituents attached
to the tetrahydrofuranyl ring as defined in Tables 1-2, below, Bis a
purine def] i ble 4, below, and X3 represents a rJj ent, of
t he purinéwﬁgggﬂgngg described in Table 3, below, 10 fﬁgﬂﬁg%ﬁﬁﬁg%
attachnent of the core structure ribose is indicated in each of the
structures of X, X2, and B. The point of attachnment of the core
structure purine is indicated in each of the structures X3. Each
structure in Tables 1-4 is represen y an al phanuneric "code".
Each structure of a compound of Fornula \\-can wshus be designated in
tabul ar form by conbi ning the "COde"xﬁf ¥Ng each structural
15nmoi ety using the follow ng syntax: Xl . HThus, for exanpl e,

Xl a. X2c. X3a. Bl represents the foIIowingH : fe¥e: NH2 OH OH Tabl e
1. X1 Strgctures Code Structure Xla CN XIgHFiSLc 1\ 13

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

10 The point of attaclunent 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 alphanumeric “code”. Each structure of a compound of Formula IV can thus be
designated in tabular form by combining the “code” representing each structural

15 moiety using the following syntax: X1.X2.X3.B. Thus, for example,
Xla.X2¢.X3a.B1 represents the following structure:

Table 1: X1 Structures

Code Structure
Xla CN

X1b H

Xlc N

Xld CH,OH

20
Table 2: X2 Structures

21



X1 d CH20OH 20 Table 2: X2 Structures WO

2009/ 132123PCT/ US2009/ 041432 Code Structure X2a H X2b CH3 X2c =H 5

Table 3: Xgohsdisises Code Structure X3a PCT/US2009/041432
Code Structure
X2a H
X2b CH;
X2c % =—H
5
Table 3: X3 Structures
Code Structure
X3a «N=
X3b -CH=
X3c -CF=
10 Table 4: B Structures
Code Structure
B1 NH,
N
/ iy \N
x3\ )
N P
b
B2 OH
N
VAN Y
xs\ /L
YN\ o NH,
N
B3 NH,
N
/ 2 \ N
xs\ A
YN\‘N/ NH;

22




-N= X3b -CH= X3c -CF=

NH2

/1

, - - X3

WO 2009/132123

10 Table 4: B Structures Code Structure 81

PCT/US2009/041432

Code

Structure

10

15

25

B4 NHCH,

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.X3c.B2, X12,X2b.X3c.B3, X1a.X2b.X3c.B4,
X1a.X2c.X3a.Bl, X1a.X2c.X3a.B2, X1a.X2c.X3a.B3, X1a.X2c.X32.B4,
Xla.X2¢.X3b.B1, X1a.X2c.X3b.B2, X12a.X2c.X3b.B3, X1a.X2¢.X3b.B4,
X1a.X2c.X3c.Bl, X1a.X2c.X3c¢.B2, X1a.X2¢.X3¢.B3, X1a.X2c.X3c.B4,
X1b.X2b.X32.B1, X1b.X2b.X3a.B2, X1b.X2b.X32.B3, X1b.X2b.X32.B4,
X1b.X2b.X3b.B1, X1b.X2b.X3b.B2, X1b.X2b.X3b.B3, X1b.X2b.X3b.B4,
X1b.X2b.X3¢.B1, X1b.X2b.X3¢.B2, X1b.X2b.X3¢.B3, X1b.X2b.X3c.B4,
X1b.X2¢.X3a.B1, X1b.X2c.X32.B2, X1b.X2c.X3a.B3, X1b.X2c. X3a.B4,
X1b.X2¢.X3b.Bl, X1b.X2¢.X30.B2, X1b.X2¢.X3b.B3, X1b.X2c.X3b.B4,
X1b.32c¢.X3¢.Bl, X1b.X2¢.X3¢.B2, X1b.X2c.X3c.B3, X1h.X2¢.X3c.B4,
Xle.X2a.X3a.B1, X1c.X2a.X3a.B2, X1¢.X2a.X32.83, X1¢.X22.X3a.B4,
X1e.X22a.X3b.B1, X1¢.X2a.X3b.B2, X1c.X2a.X3b.B3, X1c.X2a.X3b.B4,
Xle.X2a.X3c¢.BI, X1¢.X2a.X3¢.B2, X1¢.X2a.X3e¢.B3, X1¢.X2a.X3c.B4,
X1e.X2b.X3a.B1, X1c.X2b.X32.B2, X1c.X2b.X32.B3, X1c¢.X2b.X32.B4,
X1e.X2b.X3b.B1, X1¢.X2b.X3b.B2, X1¢.X2b.X3b.B3, X1c.X2b.X3b.B4,
X1e.X26.X3c.B1, X1¢.X2b.X3¢.B2, X1c.X2b.X3c.B3, X1¢.X2b.X3c.B4,
Xl1e.XZe.X3a.B1, X1e.X2¢.X3a.B2, X1¢.X2c.X3a.B3, X1c.X2c. X3a.B4,
X1c.X2c.X30.B1, X1¢.X2c.X3b.B2, X1c.X2c¢.X3b.B3, X1¢.X2¢.X3b.B4,
X1c.X2e.X3c.B1, X1c.X2¢.X3c.B2, X1¢.X2¢.X3¢c.B3, X1¢.X2c.X3c.B4,
X1d.X2a.X3a.B1, X1d.X2a.X32.B2, X1d.X2a.X3a.B3, X1d.X2a.X3a.B4,

23




~---<-> N 82 OH /[ ----, Ne------- .- N X3  N<)--)--'NH2 83
NH2

WO 2009/132123 PCT/US2009/041432

5  Xl1d.X2a.X3b.B1, X1d,X2a.X3b.B2, X1d4.X2a.X3b.B3, X1d.X2a.X3b.B4,
X1d.X2a.X3¢.Bl, X1d.X22.X3c.B2, X1d4.X22.X3¢c.B3, X1d.X22.X3c.B4.

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

consisting of
P
NH, NH, HN
HO \_N. 24 Ho N\ N NN 2
10 HO oH | HO oH . HG OH ’
0
0 =
2 N 2N
N NH N N  NH
N~ 2
HO \ N
o N“N//I\NHZ HO— 0 N ‘N> {
N="
HO  OH HG OH HO  OH

24



/N -- X3 N :::---"NH2 WD 2009/ 132123PCT/ US2009/ 041432
Code Structure B4 NHCH3

WO 2009/132123 PCT/US2009/041432
NH,
Y
3 O \f
B0 \ N 2l
o) 1 o N" NH,
v il ‘
HG OH
5 9] ,
HN"
S N.}K&N . N O
: N N_oNL A 7 Owﬂ @ \IJ(
— — - '
0 0-P~0—Y o N 2 HN—F%-—O o 3 A
3 g
I "G on O v
NH»

0 Cl
» 3
NH,
= i\ N NH;
N N O N

N - A
% _Q e OH N
g NETO oM Lo

10 0 HG OH

25



[1IVIN X3\ 5 Table 6: List of Conpounds of Forrmula IV
Xl a. X2b. X3a. B1, Xl a.X2b.X3b.Bl1 10 X1 a. X2b. X3c. B1, Xl a. X2c. X3a. B1,
Xl axX2c. X3 X2c. X3c. B1, X1 b. X2b. X3a. B1 15 X

Xl b. X2b. xg‘gﬁék"gﬂx%”%c X3a, B1, X1 b. X 2c.X3b.B1 X1 b. Xﬁr@%oﬁﬂ@é
Xl c¢.X2a. X3a.B1, Xl c.X2a.X3b.B1, Xl c¢.X2a.X3c.B | |, c. X2b. X3a. B1,
X1 c. X2b. X3b. B1, 25 X1 c. X2b. X3031, Xl c. X2c. X3a. B1, Xl c. X2c. X3b. B1,
Xl c. X2c. X3c. B1, Xl d.X2a.X3a.Bl1l, Xl a.X2b. X3a. B3, Xl a. X2b. X3a. B4,

Xl a. X2b. X3b. B3, X1 a. X2b. X3b. B4, Xl app2b. X3c. B3, Xl a. )@Q. X3c. B4,
Xla. X2c. X3a. B3, ﬂl a. X2¢. X3a. B4, ' X2c. X3b. B3, X %. X3b. B4, Xl
% b.>X3a. B4, ,

a. X2c. X3c. B3, a Rot. X3c, B4, Xl &. Xob X3a. B3, X I

Xl b. X2b. X3b. B3, b. b 3D\ B XMy X0b. X3c. B3, O~ ek X3c. B4,

Xl b. X2¢. X3a. B3, x1 b, X28. X3a. Xl b, X2c. xslg, B3) b. X2c. X3b. B4, X
b. X2¢c. X3c. B3, b. Cc. X3c. B4 Xl c. X2a. X 133~ X2a X3a. B4,

Xl c. X2a. X3b. B3, /XC¢.2a. x3bHB4, 0% c. x2a. x3cOB§’ H ¢ Xoa. X3c. B4,

Xl c. X2b. X3a. B3, Xl c. X2b. X3a. B4, X1 c. X2b. X3b. B3, X1 c. X2b. X3b. B4,
Xl c. X2b. X3c. B3, Xl c.X2b. X3c. B4, Xl Ng; X2c. X3a. B3, X 1 c. X2c. X3a. B4,
X1 c. X2c. X3b. B3, Xl c. X2c. X3b. Cc. X2c. X3c. B3, X1 c. X2c. X3c. B4,

X1 d. X 2a. X3a. B3, X d.X2a. X3 a.\ X1 d X2a.A3b.B 1, X1
f[ 2a. X3b. B4, X1 d.X2a.X3c.B 1, Xi

d. X2a. X3b. 82, 1 o X2a. X X
d. X2a. X3c. B2, X2—4. X2a.3c. Xl . X2a. X3c. B4.
O__,\ \ :‘ -
OHf—0 ©oH
O 3
HO . NH,
N
o O—Il—;l’—O 0 \ N\ ?_E
NH N NH,
HO OH
-~
0 7 Nex
H ¥ \ \N SN
HN—P—-0O N, _J .
0 | 0 \N/ 1] o N
o) HO—P-0-P-0-P-0""\

N NH,
o
§ 9 9 o 1N> §
HO-P-0~-P-0—P~0 -y
OH OH OH M4t~ N
and HO  ©H

10 or a pharmaceutically acceptable salt thereof.

DEFINITIONS

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

15  intended to have the following meanings:
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I n anot her enbodi nent, Fornula I-IIl is a conpound selected fromthe
group consisting of NH2 / \ NO Il to z.NHO-P-0 1 > 90OH N-P-6 OH OH

Il 0 '"RO @P%ﬂ&g\}? andl-16 10or a pharnmaceutically g’%ﬁﬁé‘ﬁ’%ﬁ&al t

t her eof DE Unl ess stated ot herw se,
followi ng ternms and phrases as used herein are 15intended to have the
fol |l owi ng neani ngs:

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

As used herein, "a compound of the invention" or "a compound of Formula 1"
means a compound of Formula I or a pharmaceutically acceptable salt, thereof,

10 Similarly, with respect to isolatable intermediates, the phrase "a compound of
Fornula (number)" means a compound of that formula and pharmaceutically
acceptable salts, thereof.

“Alkyl” is hydrocarbon containing normal, secondary, tertiary or eyclic carbon
atoms. For example, an alkyl group can have 1 to 20 carbon atoms (7.e, C;-Cyg alkyl),

15 110 8 carbon atoms (i.e., C;-Cs alkyl), or 1 to 6 carbon atoms (i.e., C;-Cy alkyl).
Examples of suitable alkyl groups include, but are not limited to, methyl (Me, -CHj),
ethyl (Et, -CH2CHjs), 1-propyl (n-Pr, n-propyl, -CH;CH>CHs), 2-propyl (i-Pr, i-propyl,
-CH(CH3)), I-butyl (n-Bu, n-butyl, -CH;CH,CH,CH3), 2-methyl-1-propyl (i-Bu, i-
butyl, -CHyCH(CHs)z), 2-butyl (s-Bu, s-butyl, -CH(CH;)CH,CH,), 2-methyi-2-propyl

20 (t-Bu, t-butyl, -C(CH;)s), 1-penty! (n-pentyl, ~-CH2CH2CH,CH2CHs), 2-pentyl
(-CH(CH3)CH,CH.CH3), 3-pentyl (-CH(CH,CHj3)a), 2-mefhyl-2-butyl
(-C(CH3)2CH>CH;), 3-methyi-2-butyl (-CH(CH3)CH(CHa)y), 3-methyl-1-butyl
(-CH2CH2CH(CH;)s), 2-methyl-1-butyl (-CH,CH(CH;3)CH.CH3), 1-hexyl
(-CH>CH>CHLCH2CHLCH3), 2-hexyl (-CH(CH3)CH.CH2CHLCH3), 3-hexyl (-

25  CH(CH)CH;)(CH2CH,CH3)), 2-methyl-2-pentyl (-C(CH3);CH2CH2CHj3), 3-methyl-2-
pentyl (-CH({CH;)CH(CH;)CH2CHs), 4-methyl-2-pentyl (-CH(CH;)CH,CH(CHz3)a),
3-methyl-3-pentyl (-C{CH3)}(CH>CHs),), 2-methyl-3-pentyl (-
CH(CH»CH;)CH(CHj3)z), 2,3-dimethyl-2-butyl (-C(CH;);CH(CHs)z), 3,3-dimethyl-2-
butyl (-CH(CH;)C(CH3)3, and octyl (-{CHa);CHa).

30 “Alkoxy” means a group having the formula —O-alkyl, in which an alkyl
group, as defined above, is attached to the parent molecule via an oxygen atom. The
alkyl portion of an alkoxy group can have 1 to 20 carbon atoms (7.e., C;-Cag alkoxy),

1 to 12 carbon aloms(i.e., Ci-Cy2 alkoxy), or 1 to 6 carbon atoms(i.e., C1-Cy alkoxy).
Examples of suitable alkoxy groups include, but are not limited to, methoxy (-O-CH;

35 or-OMe), ethoxy (-OCH2CHj; or -OEt), t-butoxy (-O-C(CHj); or ~OtBu) and the
like.

“Haloalkyl” is an alkyl group, as defined above, in which one or more
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30 Al koxy" meahen aonysmtpahmﬂt g mhe:thmatmhtam-fb alckopbn-cirhombap aiplan
al kyl group, fined abovgcpq i,S attac

an oxygen at B?qu 108 SX4TRRIF- 3B AP Y Fr B 03?1 oWbﬁPfc?E‘Sg@g{ﬁ (‘rnfg’l\fgnglﬂ'? 0V|28
car bon atz@ms alfcm@), 2 t68 <AB6n %&@&%),,Coj(?gtéﬂqﬂqg ), 022 B caberBioing (i. eCJefol(,Z
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sui tabl e aI K By oERsEPIss Of b le oy o inqhids Bt arenot livitethioxy
(()r 0- g'lt_gu;ﬁaﬁ(% t}ﬁ%dylg? C—@ﬁ-ﬂ?%{pa(%)ﬁ) "l chn ag{*j)gfr)hkaﬁ OSET 0)6<1>s/ ((jel(‘)l ﬁégl-B) °
above, in whi ch ofkpenaloefers &ya saturated branched or straight chain or cyclic hydrocarbon
radical having two monovalent radical centers derived by the removal of two hydrogen
25  atoms from the same or two different carbon atoms of a parent alkane. For example, an
alkylene group can have ! to 20 carbon atoms, 1 to 10 carbon atoms, or 1 {0 6 carbon
atoms. Typical alkylene radicals include, but are not limited to, methylene (-CHz-),
1,1-ethyl (-CH(CHa)-), [,2-ethyl {(-CH>CH,-), 1,1-propyl (-CH(CH2CH3)-}, 1,2-propyl
(-CH.CH(CH3)-), 1,3-propyl (-CH2CH2CHa-), 1,4-butyl (-CH2CH>CH»CH,-), and the
30 like.
“Alkenylene” refers fo an unsaturaled, branched or straight chain or cyelic
hydrocarbon radical having two monovalent radical centers derived by the removal of
two hydrogen atoms from the same or two different carbon atoms of a parent alkene.
For example, and alkenylene group can have 1 to 20 carbon atoms, 1 to 10 carbon atoms,

35  or1to 6 carbon atoms. Typical alkenylene radicals inchude, but are not limited to, 1,2~

ethylene (-CH=CH-).
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(o Gy -y M, NEEhe oo B Y R e 3)
1, %Hp E:I?lpy | ( NGk ey ) -N(ilkﬁ)(mﬁml) (el@q?ﬂfﬁ?ﬁfgﬁyl)aming: gﬁf@ﬁ tcydll
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al kenyl ene radi cals include,” but are not |i'm o, 1, hyl enée
(-CHECH ).  wlcfioebierdn ioaRaRlyshe oo/o4imgen atom Non hnutmf'emmpies of

substituted alkylamino includes -NH(alkylene-C(O)-OH), -NH(alkylene-C{O}-O-alkyl),
25  -N(alkylene-C(0)-OH),, -N{alkylene-C(0)-O-alkyl),, ctc.

“Aryl” means an aromatic hydrocarbon radical derived by the removal of one
hydrogen atom from a single carbon atom of a parent aromatic ring system. For
example, an aryl group can have 6 to 20 carbon atoms, 6 to 14 carbon atoms, or 6 to 12
carbon atoms. Typical aryl groups include, but are not limited to, radicals denived from

30 benzene (e.g., phenyl), substituted benzene, naphthalene, anthracene, biphenyl, and the
like.

“Arylalkyl” refers to an acyclic alkyl radical in which one of the hydrogen
atoms bonded to a carbon atom, typically a terminal or sp3 carbon atom, is replaced
with an aryl radical. Typical arylatkyl groups include, but are not limited to, benzyl,

35  2-phenylethan-1-yl, naphthylmethyl, 2-naphthylethan-1-yl, naphthobenzyl,
2-naphthophenylethan-I-yl and the like. The arylalkyl group can comprise 6 to 20
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30benzene (e.g ‘ LLute d _benz ht h

ant hracene, bi pheﬁ{%ﬁgryn nd' b? tr'.{:tpnsep figererence & aﬁﬂﬁyﬁlﬁﬁg alr %rny’ Hgalioxs
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with an aw Fclaﬁl%’}ﬁ?%alsu \Wtﬁci)wllg WE{%L Prbstityied not
limted to, H&a&aﬁchl@%ﬁd pheahed bako cnﬂ”, me@fﬁmuwlar@iéﬂylam arylalkyl,

2- napht hé/l et han- -yl , napht hobenz napht hophenyl et han- Y i/ and

the |ike? Th ’f%wwml l@gﬂboa}%ﬂpe@aﬂl‘ﬂélénwrwlg@1 Ty rrzme hyipgen atoms are each
i L L
include, but are not limited 1o, -X, -R®, -0, =0, -OR", SR -8, -NRP, -N'R", =NR®,
-CX3, -CN, -OCN, -SCN, -N=C=0, -NCS, -NO, -NO,, =N, -N;, -NHC(=O)R",
“OC(=O)R®, NHC(=0)NR",, -8(=0),-, -S(=0)20H, -S(=0)R®, -0S(=0),0R",
30 -S(=0)NR", -S(=O)R", -OP(=0){OR")z, -P(=0)(OR")z, -P(=ON O )z, -P(=0)(OH)s,
-P(O)OR®)(0), -C(=O)R?, -C(=0)X, -C(S)R?, -C(O)OR?, -C(0)0", -C(S)OR®,
-C(O)SR?, -C(S)SR?, -C(OINR", -C(SYNR ™, -C(=NR"INR", where cach X is
independently a halogen: F, Cl, Br, or I; and each R” is independently H, alkyl, aryl,
arylalkyl, a heterocycle, or a protecting group or prodrug moiety. Alkylene,
35  alkenylene, and alkynylene groups may also be similarly substituted. Unless otherwise

indicated, when the term "substituted" is used in conjunction with groups such as
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Catal Y220, COBPLElhal SAGLURRLRLy ASRRSLELISL 0 ARy SRTER!
-CH,CH,-OH), an aminoalkyl group (e.g., -CHaNHy), or an alky} thiol group (e.g.,
30 -CHxCH:-SH). A heteroalkyl group can have, for example, 1 to 20 carbon atoms, 1 to
10 carbon atoms, or 1 to 6 carbon atoms. A C)-Cg heteroalkyl group means a heteroalkyl
group having 1 to 6 carbon atoms.
“Heterocycle” ar “heterocyciyl™ as used herein includes by way of example
and not limitation those heterocycles described in Paquette, Leo A.; Principles of
35 Modern Heterocyelic Chemistry (W.A. Benjamin, New York, 1968), particularly
Chapters 1, 3, 4, 6, 7, and 9; The Chemistry of Heterocyclic Compounds, A Series of
Monographs” (John Wiley & Sons, New York, 1950 to present), in particular
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(WA. Benjam n, New York, 68), particula ers 1,73, 4,6, 7,
and 9; The CHeésysPyyolyt PHardrlo myididolyl Gemsolyh dsnzofurge  thignaphthalenyl,

bartocarar  EoRB A, SunRE OB PR BTN 16 1o
and 28; and. bipeddnnyChpmoelidind,. 2-piB6i0dn 8 J1yEbEhy], tehalodefurapeci fi ¢

enbodi ne of .the invention "heterocycl.e: jnclydes. a."carbocycle" as
defi ned erelteﬁr,al M mel}or&}ngh{é%tr%l}y%%?'o u‘{]gf.“ L ?Eﬁ’fgf"ﬁ?mglﬂ“}’i) carbon atons

have been r epétaigeisiqtinoluyeizesing] wierif, €H-10,5-Miadeizing), 2HIHE 1 5L M5
nsat ur at ed PTG aHEm S BIRETFY PHGEY L Oprered vrane: EroRFObdETEerings)
Substituted Hehexarmel YSyhbS], wdehiab B, i %M Epyrazinyl, pyridazinyl,

indolizinyl, isoindolyl, 3H-indolyl, 1H-indazoly, purinyl, 4H-quinolizinyl,

25  phthalazinyl, naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl, 4aH-
carbazolyl, carbazolyl, B-carbolinyl, phenanthridinyl, acridinyl, pyrimidinyl,
phenanthrolinyl, phenazinyl, phenothiazinyl, furazanyl, phenoxazinyl, isochromanyl,
chromanyl, imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyl,
indolinyl, isoindolinyl, quinuclidinyl, morpholinyl, oxazolidinyl, benzotriazolyt,

30  benzisoxazolyl, oxindolyl, benzoxazolinyl, isatinoyl, and bis-tetrahydrofuranyl:

<

By way of example and not limitation, carbon bonded heterocycles are bonded

N
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het erocyclic rings substituted with any of the substituents disclosed
herei n including carbonyl groups. A non-limting exanple of a

carbonyl sweshidigtes heterocyclyl is: ".. NNHy 0 Exanmasusdboonsiss
het er ocycl es include by way of exanple and not linitation 15pyri dyl,

di hydroypyridyl, tetrahydropyridyl (piperidyl), thiazolyl,

t et rahydr ot hi ophenyl , sulfur oxidized tetrahydrothi ophenyl ,
pyrimdinyl, furanyl, thienyl, pyrrolyl, pyrazolyl, imdazolyl,
tetrazol yls, hemfdmrzaﬁy4,,5 &g mﬁﬂﬁalmmbnslmowé mfd;i}‘i'ﬁhﬁﬂ'é/lpos:taon

quinolinyl, is | i.nyl enzi nm dazol yl , erid
pi peri donyl gqér',l(gf afzhwﬂmlgmﬁqu@ppaohﬂ or gg, @p@zhrgq posmon2 3,4,0r3

t et r ahydr of Ur®B¥kran 2&%&%&;@1%4{ %ﬂ;ﬁﬁlthi&she etmo%%rfm P%fgo%' nyl,

decahydr oqui nol i nyl ahydr oi soqui nol i ny azocl ny Ayl ,
6H 1, 2, 5-t hi aawa@i Pyl o7 Dpf a@mpcﬁe Zmldamlhmathlamylb,,po’sﬂum Ry4, or 5 of an

thi ant hr enyl 4 é%raz#l@ %p f0a: zﬁfc itfop %hol}%n?al)zf 8%19#1%9 :?ygiggril T‘f}ﬁ’ or 4 of

phenoxathlnyl I'SO I'soxa
pyridazi Agl , aipzitiding; pqsinonlzsmmdm ¥l or %alqmdmllmé orﬂdsiﬂoﬂd;’ﬂ,ql, ¥,6,7,0r8

i nyl 4H— I ht hal I d
bl noxal i ny! St g nadidhe, AT BRAISH ALY e o s 2ol y1
carbazol y1, 1§yﬁ@mlmi i, 4-IDR B ¢l @ysyndﬁcar Ibﬁidﬁﬁ'lhyl Py gyl .

phenant hrol i nyl, phena2|nyl phenot hi azi nyl, vl phenoxa2|nyl
i sochr omany| PyT¢rzivh Qgyrid ?%W}éa%ﬁmlwﬂwl 4~mm@zﬂt mwnmq@w dzol i di nyl,
pyrazolinyl, Mol ek dl AVidn | 4. i hyl,

nor phol i ngl gfgazollﬂgl;dzlc'%)haz,I }geng%%}ézoﬁ%ﬂggoggﬁ%g azo? Qll}q &

oxi ndol yli; béh&?@%é,mlsrthwolyh satinoyl, and bis-tet rahydrofl nanyl By

eI B T G

of a pyridi nbonq@dsat Jdstion3,0f 4n aﬁndmé aGettfina@pydle, Cia&irbnﬁne RASbiiNg) 32, 4,

5, or 6 of a rlm 0SI. yrazine,
posi tion 2, %me lfmgdZB ’&“éﬂff’g né tzelf“r“ia\’?ﬂ}ldﬁeo% lhlln%ﬁlﬁz‘ﬁ’t“ﬁsilﬁ‘ll%f”&n

t hi ophene, pymﬁﬂlﬁe%’—pﬁ@ﬁ(ﬂlﬂ@ﬁ%}@%hﬁ@bﬁ)ﬁﬂ@iﬁ@Zz‘q&é?:&lr?e; mﬂo]eoiﬁdcﬁmgflf@n
oxazol e, bm dazol e or .thiazole, position 3 , an 1 soxazol e,

pyr azol e20 or A& HPasitiene? ofrispindel op isgmdgling pesitionz fPf adﬁ@reholpl@sanm on
2, 3, or 4 Of)osmon 9 of a carbazole, or B-carboline. Still more typically, nitrogen bonded

heterocycles include I-aziridyl, I-azetedyl, I-pyrrolyl, 1-imidazolyl, I-pyrazolyl, and
1-piperidinyl.
“Heterocyclylalkyl” refers to an acyclic alkyl radical in which one of the

25 hydrogen atoms bonded to a carbon atom, typically a terminal or sp® carbon atom, is
replaced with a heterocyelyl radical (i.e., a heterocyelyl-alkylene- moiety). Typical
heterocyclyt alkyl groups include, but are not limited to heterocyclyl-CHa-, 2-
(heterocyclyl)ethan-1-yl, and the like, wherein the “heterocyclyl” portion includes any
of the heterocyelyl groups described above, including those described in Principles of

30  Modem Heterocvelic Chemishry. One skilled in the art will also understand that the

heterocyclyl group can be attached to the alkyl portion of the heterocyelyl alkyl by
means of a carbon-carbon bond or a carbon-heteroatom bond, with the proviso that
the resulting group is chemically stable. The heterocyelyl alkyl group comprises 6 to

20 carbon atoms, e.g., the alkyl portion of the arylalkyl group is 1 to 6 carbon atoms

L
Lh

and the heterocyclyl moiety is 5 to 14 carbon atoms. Examples of heterocyclylalkyls
include by way of example and not limitation 5-membered sulfur, oxygen, and/or
nifrogen containing heterocycles such as thiazolylmethyl, 2-thiazolylethan-1-yl,
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10an 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 nore
typically, nded heterocycles include 2- pyrid - jcly
5-pyridy|,“@€%§$?5€?, 3-pyridazinyl, 4-pyridazinyl, S-anﬁﬂﬂMbthLz
pyridazinyl, 6-pyridazinyl,5-pyrimdinyl, 6- pyrimdinyl,
2-pyrazinyl, 3-pyrazinyl, 5-pyrazinyl, 6-pyrazinyl, 2-thiazolyl, 4-
15t hi azolyl, or 5-thiazolyl. By way of exanple and not
limtation, RhidhAgamaNdes RehehACHEERSRIRRANDE s htiyan, 1 of
an aziridinef azetﬁdfﬁg? pyﬁgglehgb rroIPgﬁn%?ﬁ2-py??%F$%%?§§g&
pyrroline, i wkugeroingd/orinfioger einitadiing het@rotyrleband dspegeri@inymaladol i ne,

pyrazol e, pyr j -pvr.azaline -pyrazol i ne, piperidine,

pi per azi ne, ipﬁ%gﬂ%{éj?ﬁ?eﬁh (%1 ]%4?1 ,E&lel[}n%]@ﬁ’rﬁézd 5 ygx?etgﬁs?}%d%ﬁ’hﬁgfbﬁ’ a

i soi ndol e, opytimaiyhaahyinerasodhéth@netd. of a nor phol i ne, and position 9
of a carbazole, of..13-carholing, Still nore typically, nitrogen
bonded het erocycl e@etFWEY%Q@LTB’ ZTF%.W@P aiﬁiﬁ@ﬁ%@ﬁﬁdl%ﬂ Byvieh ge of the
1-i m dazabyl hydrogt Aa04 Mdndediath c%r%hﬁ&ﬁ%%%ﬂﬂy a eI ﬁw@ kyhad k¥, but

refers to an acycljc alkyl radical in i'ch one of the 25 hydrogen
at oms bonded 292 8P carten stogt drieplesadi with 4 Yeteroexshiadigal Ge., 8 patevaydn

atom is rep i Lhsanh I i i i
heterocyclyl%gﬁﬁg?%ﬂn%f51 i§?§§ag¥§%¥%£Fﬁﬂ§§§b§@§? f?dgﬁﬂV?yB?gﬂbs
i ncl ude, but imhwenaty diithd hesmodyol yhgoepsodryaibet hefhinghiding those described in

(et er ooyl VBELUAR b hoaR B DSl Benierel Bl RE BELGLARYE! VL

i ncl udi ng5t hasterodgsyralleagl droupRhdlndds phesf B akeMh denps dedlee@ B¥elnl ©One

Chemi stry. e.skillJed in the art wll I%p und?rstand that the

het er ocycl y|os\a}1 fﬁ%ﬂ‘t Wi el undrrstand 4 e &F1epY I aneyPain 8F afarhed to

het er ocycl y1aalaihylpsrtimedtshedeido SBPARFRADP RaRYPY cRbofcarbon bond or 2

carbon-heteroaton1%ond, with the proviso'that the resulting group is

chenical |y sta@bpehetqratomdopdoyidl he pwiviey thaythsupsullpggriupdscligmiesllz0

carbon atons [oF A . 'S iis.1to 6
stalvie gh? %%&ﬁ%{c@ﬂalkgl% %’%O%EDC?%P§&|§ S6q _¢J %J.r@/# at%%lépr the

carbon atons 3b5an ocycl carpoirr’at ons.
Exanpl es20f hisew poioh pf &k kytewcyabdlaliceylgrowsiy 106 6 exchorphtemamal thet
limtation Sﬁggnb%%§% SHJE&{&IQX enhtand/or ni trogen cont ai ni ng
het er ocycl es SUCH &5 TAt azol YI'metnyl 2°2%t hi azol yl ethan-1-yl, 33~ WD
2009/ 132123PCT/ US20Q&b 0443 Ry iyl e fhaszi0 lay laoRAib tikyn Vxar el 1 wiiek e of the
thiadiazolylg;%h |, etQB, 6- menbered sul fur, oxygen, and/or nitrogen
cont ai ni ng hBYESsEAqrasbaadedio 2eathop atomy A £ REFRnab PIBY sabanHeme Y1 |
mor phol i nyl Mek&YA sp QYEdnGidiy,iORbRAYeD witly § hélbroW R tidal (RY hindierhabarst hy!
pyra2|nylnethil, etc. . )

25  alkynylene- moiety). The heterocyclyl portion of the heterocyelyl alkynyl group

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

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

heterocyclyl alkynyl group includes any of the alkynyl groups disclosed herein. One
skilled in the art will also understand that the heterocyclyl group can be attached to

30  the alkynyl portion of the heterocyclyl alkynyl by means of a carbon-carbon bond or a
carbon-heteroatom bond, with the proviso that the resulting group is chemically
stable. The heterocyclyl alkynyl group comprises 6 to 20 carbon atoms, e.g., the
alkynyl portion of the heterocyclyl alkynyl group is 1 to 6 carbon atoms and the
heterocyclyl moiety is 5 to 14 carbon atoms. ,

35 “Heteroaryl” refers to an aromatic heterocyclyl having at least one heteroatom
in the ring. Non-limiting examples of suitable heteroatoms which can be included in
the aromatic ring include oxygen, sulfur, and nitrogen. Non-limiting examples of
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"Het erocyel yl al kenyl " refers to an acyclic al kenyl radical in which
one of the 10 hydrogen atons bonded to a carbon atom typically a
term nal owo3p@dG@akHon atom but also a sp2 carbon at oBerhik2éeRlased
with a heterocyclyl radical (i.e., a heterocyclyl- al kenyl ene-

noi ety). The heterocyclyl portion of the heterocyclyl alkenyl group

i ncl udes any of the hetcrocyclyl groups described herein, including

t hose described in Principles of Modern Heterocyclic Chem stry, and

t he al kenyl ﬂ)etmtomqhnmgs ihdiedelf} dfetiae ﬁﬁy&inytﬁe aéﬂiﬂmﬂ of gh@tBcjcngt udes any
of the al ken Bx%{rou s di cIo ed herejn. skilled in the art wl]l

al so under st ‘fhl‘i‘é(  REEAYbeyeryl ‘W%p‘sﬁﬁﬁlf’lﬂep%“ﬂb@H@&’Iattbletlﬂe

al kenyl port baoRfankBeh@tigsdeya) aahaa%léﬂe I¥idaRdy 1%&§1ypfso§azoly1

car bon-carbon bond or _a carbon-heteroat omb ondy provi so that
the resul ti nggrdylpispBiagpishieplyl; iseauinelal, Pm@mlepmlmdylcpym)é,l dany|
group conprises 6« ) K orti of
the heterocyclyl a?ag%%gflggélgﬁ'gr b?éggﬁhtw% car%ﬁl‘gﬂtéﬂo )%? épm 18{}
het erocydf ylummtueerwi (e..Bytloakbdylcaychetkadiboytpetc.) or aromatic ring havmg 3to7

Heterocyclyl " refers to ic alk rad| in which
one of the hyaéroc])gaénm% SW%"&H&E@PJQ Xr@%’? B@Hlsé%/ﬁﬁicy‘fl&ﬁi“ HPF%/H ut 20
term nal or epBorcAashomk zﬁlﬁdl)j?ﬂyclbul\/loalbﬁﬁhaﬂar&@cy@ﬁﬁ BaR b GMngiaforisepipced
with a heteroc cI gdl 6a ,_a heterocyclyl - 25al kynyl ene-
noi et y) . Themﬁé‘t 16‘24{7 Vi lﬁaﬁ%t?laﬁ Bifvdigsahaexiesdorg Yo 12 iogmamsy e.6up
i ncl udes anyaefngbdia DQERIP yﬂlmls%@ as[s%?éﬁenb%qiﬁfaﬁw i atbfﬁQLaHQ{égcg

t hose described in Pri nCIEGeS of ern Heterocyc emstry,

the al kyhyl porkiewste 55610 0. fleyaencyrepipe-fuskd yings. I‘deuptmglcxam’béqsodny of

t he al kynyl . g k||| i.nth | so

under st and tﬁ‘%?@ﬁg%@ﬁg?%%&gpﬁ%ea@ Ioﬁ%glaﬁ ugﬁ FERae %fl b‘mfﬂﬁt'?

al kynyl port émh lecfyclohslﬂf?ectreri deqyclopéntal-dnyhyyclbl;exmeamscldietal -enyl, 1-

car bon- car bon or_a.car with th Vi SO

Chat the ool CRRG Bhut SRR EIoRe b S ety oo

al kynyl gr ougreerfled welad& 1iaphtBQ carbon atons, e g., the al kynyl

portion t he heter.oc (il yl al k ny group i s to 6 carbon atons and

t he hetefocyclyl ﬁ‘\tﬁﬁ‘bé‘f“éC ylatkgl™yr 31’f40 EARGHC &t%ﬁ%ﬂd‘B@ ipprhish 9ae 9ﬂﬂ'le

refers to anhﬁwgzﬁhtoﬁlsfb%h@édqsx%hﬂsbn M i1 Blced @ﬁﬁh%ﬁe}a% gigmin

the ring. Non-limting exanples of suitab Ipe het er oat o can be

i ncl uded i n ¥95eribed bt cTypioal bvmpd%tlmyg@nplesqﬂcmbmyehﬂdkyi|gtqu»gen

Non-limting 2 0 aryl

rings 1 nel uasoa St Rl AR AR e
"het er ocyc| ydnd, cyclplm.tyhnhthsg pyridi nyl, pyr rol yI oxazol yl, indolyl,

i soi ndoléq puri nyl benz EI ophenyl

carbazol ¥, inidaz Wmfterof‘ fﬂf%‘lte?lto a%l‘itg’i?ﬁ‘%ﬁﬁfldéﬁﬁvﬁﬁ Oyt s

i sot hl azol yI hydcpﬂem@ﬂo;d (whichafjay tecditidhed I@Mﬁdr@cﬁi)ﬁrborpéfc&h@ Q}S&em%ﬁﬁ}%)@
etc. Carboce/cle rbocycl yl" refers to a saturated (i.

cycl oal kyl ), “Far® fagd vﬂﬁ‘i@aw gRPR pfedne kergn, T@ywbanwaybebonded

cycl oal kadi e@ylcart8h Gtoin Wth@-ﬁé?él@élkﬁ g['duﬁgmhc@\é'h@&c%i(hpof?thg%tg'g@kﬂtgg% as
a nonocycle, 7 to 12 carbon atons das a bicycle, and up to a

carbon at omsPrayde theflthexeeulang amstheespelkybzioup brovides eshemisadly Stablo noieting
atoms,  sig | chmé{ia%lﬁlé( Qh%?\hllléfelgalgl uﬁou%'cglghﬁleqw%ener 0%1%1%6 Ba?k l?ocyc' €s

have 7 to 12 ring d as a

[5,6] or [B6, @-prxé,yg]ﬂcelnne @Lal@ylcrrc -dtd, ¥ailﬂyg:na-tl\ﬂ-lﬁmydi,r—l§la9]gﬁdNH alkerne ar yl
-alkylene-S-aryl, -alkylene-S-alkylenc-aryl, ete. In addition, any of the alkylene
moieties in the general formulae above can be further substituted with any of the

substituents defined or exemplified herein.

(W)
w

“Heteroarylalkyl” refers to an alkyl group, as defined herein, in which a
hydrogen atom has been replaced with a heteroaryl group as defined herein. Non-
limiting examples of heteroaryl alkyl include -CHa-pyridinyl, -CHa-pyrrolyi,
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15as a bicyclo [5,6] or [6,6] system or spiro-fused rings.
Non-limting exanples of nonocyclic carbocycles include cycl opropyl,

cycl obutyl tyl, 1-cyclopent-Il- enyl, 1-cyclop
1-cycl opent- g’x@lﬁgﬁ%cycl ohexyl, 1-cycl ohex-1-enyl, 1- Frisali sz

cycl ohex-2-enyl, 1-cycl ohex-3-enyl, and phenyl. hbn limting exanpl es
of bicyclo carbocycles i ncl udes naphthyl. 20" Car bocycl yl al kyl " refers
to to an acyclic akyl radical in which one of the hydrogen atons

bonded tosa C@H@%Qaz%%r?”b]kﬁ-l 1d3R) 2680 d B Ccﬁ&bé%&i Yl Atk as

descri bed her el n MOR-11 M ti
car bocycl yl al-kib- tlgmyhp@Hn h@imﬂmarg&c@ﬁpbmwﬂmmbm,l -EI-bsceﬂbaz;:m}dpyl et hyl ,

cycl obut yhnet cI A yI nd c h

25" Aryl het er ogﬁk' ITH%X? 2 th o AR q?Iylg &gé? gxhngéﬁ?ﬂ“f‘?ﬁ’lyl
whi ch a hydr ogquaih@lm (a\m ishqmylbazmﬁyaﬁbgd -@JI—Lfiﬁ'funtid%rI acga?p@ﬂyzat om
or a heter oat&n} % en re}g@aced with an ar gr oup I ned
herein. The aFWCRYEP “Y]lagp Hsopgedvk (Gl BWOM oﬁféﬁﬁﬂﬂ@ob’l
het er oal kyl grp ey r{d@ of, a I

provi ded t hat tﬁpe%r)es% t}yﬁ hﬂﬁgcg“g%alckﬁ@3?%%ﬁrgﬁ%g ey

chemcal l y st@ﬁ[@ﬁ‘tb?feﬂo@m@m H,aaahqtpif)éhloylwnalr yCHEHR)- g%abdzylyl,gr oup

can have the I

-al kyl ene- O a?ﬁﬁﬁg émél% @?@3 hew ﬁﬁgér yrfl,:m)"lsm‘amlyl’

-al kyl ene- NH-@HkCyIHMgmamlyl, rCHEIHe}Hisetigaz 8ty - H(CH;)-quinolyl,

-al kyl ene-S-a ne- ar. e o) of 1§ al kyl ene
noieties in f gk’%éﬁ%\l%?lg%ﬁ%ﬁ%ﬁﬁﬁ ‘ga'z %@%M’@&Eubsti t ut ed
w t h any ief L@H(@mwakyeags defined or exenplified herein.

35"Heteroarylal ky] " refers to an al kyl group, as defined herein, in
whi ch a hydrogen” &boiHThaePtivasly Tbpited dn fFicrnes Bamsrtisaleymoghmfghas

defined hereigmpdoRsk e
- CH, - pyridinyl, i 35 0&%%2)@??%%%% 31%%12188%%%% %lréé%ﬁéfoxglzﬁgl yl,

- CH2-i ndol ylI mmwhi:rgmu aHgobspiutents@rhydragem pt wher€Hng ar monelof the hydlogens

- CH2-t hi enyl &ﬁg % he é@

G- car baZOiOf Ry Ql%gi) %F% d:b}: %ﬁ?egloxazo {ﬂoserﬁ quer él eocfe 11t10n

- CH2- i soghi aDﬁTsybgtltutéd—lz qui nol yl, -0H2-isoqui noI yl, -CH2-pyri dazyl

- CH2- pyri m dyl, 2- é%—f‘{ ridin

G OBy pyrtol yi TR Rl s 1 D proiey of the

10- Cl | (CHB) - k:&ﬁpcnﬂd b¥ Fornmu@GH( m‘@)g',ﬁlhﬁdafﬁéh atong‘l(f@ﬁi@) (f- @g)am%i may be

-CH(CH3) -t hi enyl , -CH(CH3) - benzofurarﬁx CH( CH3) - benzot hi ophenyl ,

- CH( CH3) - ear Bgtﬁfigh’ replaced by —O-, -8-, or —-NK"-) means that one or more of the mcthylene
groups of the (C;-Cg)alkyl may be replaced by 0, 1, 2, or more of the groups specified

25 (e.g.,-0O-,-8-, or-NR™).

‘The term “non-terminal carbon atom(s)” in reference to an alkyl, alkenyl,
alkynyl, alkylene, alkenylene, or alkynylenc 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

30 moiety -CH2(C)Ha(C"YH2CH; or alkylene moiety ~-CHa(CHa(CYH,CHa- the C*
atoms would 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 oxidcs, as shown here attached to a carbon atom, can also

-
NP AN

be represented by charge separated groups such as Ror OR,
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CH(d )-imdazolyl, -CH(CH3)-thiazolyl, -Cl-1(CH3)-isoxazolyl,

CH(CH3) - pyrazolyl, -Cl(Cl-13)-isothiazolyl, -CH(CH3)-quinolyl,

- CH( CHB) - | 90G%4donahgs . - CH(CH3) - pyri dazy| - CH( CH3) - pyr %ﬂ}gz@[)g/musz
15-CH(Cl 13) - pyrazyl, etc. The term "opti onal | y substituted" 1In
reference to a particular noiety of the conpound of Formula [-11]
(e.g., an optionally substituted aryl group) refers to a noiety
wherein all substiutents are hydrogen or wherein one or nore of the
hydrogens5of réspectivelyedns ariyitcRBed Bk 3GAGMIEY (SHhostdré HeMiches %Fbsé}ﬁatfohps e
i sted under the definitjon 20of "substituted”. The term "oOptionally
repl aced” i nfdhepupRsss elglescribing thisihertiotoi ety of the conpound of
Formula 1-111 (e. fn H qﬂ%: I

optionally regmacglamlf)atr-@r ?ﬁ-&sﬁl@aﬁt& %%]fﬁgﬂ)egr gﬁ g%ncélpgarﬁd%a
of the met hykesieofptonpslivkers hﬁelu@e:mp@a)nglumw ofrm}yyldoe} (E@pbdy,@hiyldayzofy, 1,
2, or nore o S _speci f.i ed

The term" no%Eb ?Tl‘%ﬂgtﬁ&(%?og%angt ﬁ?ﬂ‘?’é’}‘go (58 PB]fyétrhé]ﬁE%a“’tIBO e[ﬁff%“I“R?/Tl“? and
al kenyl, 1al kynyid es@t ¥l sehiges i KERY SR Biate BhcAhAaSiaY | @G0T, SlYorhRf BIaS
to the carbon atoms in the noiety that intervene between the first
carbon at om &#PTP#Edmi ety and the | ast carbon atomin the noiety.

i ety G & )“ﬁég oéﬂg%%mo% P G P B D e
C atons woul dsubr e phbsplorbies-litked hoeant teatnif miadnddatveen ted anities
S S N S T P G
atom cansal bew@ed the No’fetibﬂsﬁhpﬁgsml'aed} Pyciibh e esapse,al B GhOmp&t
such asR or Oa?r’mnovglgdzworg ?é I}Sb %3&3 %‘rougl?%%?trggggr? %téc‘ryglzof the amino acid rather than

through an oxygen or carbon atom of the amino acid.

Unless otherwise specified, the carbon atoms of this invention are intended to
have a valence of four. In some chemical structure representations where carbon
20  atoms do not have a sufficient number of variables attached to produce a valence of

four, the remaining carbon substitutents needed to provide a valence of four should be

assumed to be bydrogen. For example,



5respectively, and are intended to be equivalent to the afore
mentioned representations for the purposes of describing this

i nventi on. g 2000/132105 NKer” or "link" nmeans a Che”‘Pal'“¥dﬁﬂé0mnuhmz
conprising a covalent bond or a chain of atoms. Linkers |ncFud%
repeating units of al kyloxy (e.g. polyethyl eneoxy, PEG

pol ynet hyl eneoxy) and al kyl am no (e.g. pol yethyl eneam no,
Jeffam nem ); and 10di acid ester and am des i ncl udi ng succi nat e,
succi nam de, diglycol ate, nal onate,gsand caproam de. The terns
such as "oxygen-Ilinked", "nitrogen-]inked", "carbon-I|inked",

"sul fur-1linked", or "phosphorous-Ilipnked" nean that if a bond between
two noieties can be forned siLAQY re than one type of atomin a
noi ety, then Rhe bond for bet wegn the noieties is through the
atonlspecified\ itrogen-1linked am no acid woul d be
bonded t hroughCamitro t 1no acid rather than through
an oxygen or carbo of 't he amMo aci 8 Unl ess ot herwi se
specified, the of this invention are intended to have a
val ence of four. emPcal structure representations where
carbon 20atons do e a sufficient nunber of variables attached

|0,

to produce a vaIenceRpf %pur, the remai ni ng carbon substitutents
needed tosprovide a val ence of four shoul d b thgsapeiratisgle hydr ogen.
For exanple, Re "Protegking group” refers to a noiety of
a conmpound that masks or alters thg properties of a functional group
or the properties of the conpound gs a whole. The chem cal

ies widely. One function of a
ternediate in the synthesis of
rotecting groups and

re well known in the art.

em skYy", Theodora W G eene

w York, 1991. Protecting groups are often

substructure of a protecti
10protecting 'group is to s
the parental drug substané&
strategies for® Fect i on/
See: "Protective [
(John Wley &
utilized to mask t
assist in the effifcH

“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

10 protecting group is to serve as an intermediate in the synthesis of the parental drug
substance. Chemical protecting groups and strategies for protection/deprotection are
well known in the art. See: "Protective Groups in Organic Chemistry"”, Theodora W.
Greene (John Wiley & Sons, Inc., New York, 1991, Protecting groups are often
utilized to mask the reactivity of certain functional groups, to assist in the efficiency

15 of desired chemical reactions, e.g. making and breaking chemical bonds in an ordered
and planned fashion. Protection of functional groups of a compound alters other
physical properties besides the reactivity of the protected functional group, such as the
polarity, lipophilicity (hydrophobicity), and other properties which can be measured
by common analytical tools. Chemically protected intermediates may themselves be

20  biclogically active or inactive.

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

properties in vifro and in vivo, such as passage through cellular membranes and

38



150f desired chem cal reactions, e.g. making and breaki ng chem cal
bonds in an ordered and pl anned fashion. Protection of functional
gr oups of alters other physical properties b '%
reactivi ty‘%gfzg{%gﬂg?ot ected functional group, such as tP 5?03%01”'[492
| i pophilicity (hydrophobicity), and other properties which can be
measured by comon anal ytical tools. Chem cally protected

i nternedi ates may t hensel ves be 20biol ogically active or i nacti ve.
Pr ot ect edscom@eméémmyﬂmegék%ghfm?é LS on, ARk o1 B e

optim zed properties Invitro and In V|q\/o, such as” passage rough
cel | ul ar nensempeundawith indded erapeRiL2ERGET IILdSbeﬁﬂ%z@aﬁ]mBQplﬁdmgs shaoibe

[ d
compounds. w (HCERT St s SRRIE RSB e oriay bhe bl Eprllh BREEY

prodrugs. Andieherental ﬁﬁﬁgll&)ﬁlﬁ@iedalpm cdreeision @ f HeQdirhSintidoC Brvsist adthe
parental drug into a ereby the parental drug is rel eased
upon conver sPERTYSF 1y o g%’g%édnqr 6&?‘%‘56"@@6&%1%’& 1 0{HE: Podss B8y may
be absor hgd ﬁi@s(s@ssﬁﬁﬁa%bbt\éﬁ&yﬁnﬁﬁaﬂlahm@e RAGRNGRls. PrdtbotinR LRADYSS riFWed
10possess greater potency in vivo than the par ent al dra Protecting
groups are r & EUVIEPUREe ipsange of @lemilwl mtRImeRistea o & \Gfo, ohidaiealot

i nternedi ate I B [ h cal

i ntermedi ate md?{gsl g\lﬁloc%ﬁglggﬁﬁlcﬂﬁ }t(r?}{)%og g}gﬁf H?%aiiwoﬁgntﬁ%gu i ng
products aft easuldep poideds iitay dewogcncmL chplsbbe iyyisiogicelfy satbptyble,
accept abl e, ner a irable if the products
are phar macofloglugllz;%1 %/enir@ﬂﬁ}fd%ﬂs&%mmtﬂ% ifRe p’ﬁﬁ%‘i? P “é“f‘i)" gelns a

| abi | e fufct trmﬁaiougroup whi ch separates fromthe active i nhl bitory
conmpound duri ng olism systemically, inside a cell

hydrol ysis, enzy 1? gpe! aﬁ@anscﬁla%& fuptigna) eroup WBPB&@:@%afeélﬁ'ﬁH’dﬁ‘?aard
Hans, " Desi gactaeﬂumeky c%tpb&}fa dafmfﬁaesaw% sysf&mi%n; BRI 2QEN @gug Desi gn
and Devel oprrent (1991) 20 Krogsgaard-iLarsen and H Bundgaard,
Eds. Harwood ﬁk@l@%meezwbv Fletvagss or ypsonte pher nrogdss (Bandgpes Hows, Shesigne
capabl e of amERAIRd:G Al @imGr@xtasﬁm%ragb%&pa&éﬁm@ﬂ%%eMgélﬁ, .
prodrug conpoun he 1 nv ntlon ude are ot _trrnrte 0,
anm dases?0 esKeyzagasd- Lamsmamkll}hlBuadmynbﬁds M@Maaﬁmmﬂ’ubizshers pp. 113-
cholinesterag and ases dru noj. eti.es. can gerve 8
enhance sol ubi I'i Fyz 1#%’[%1%%31%?1‘8 H FIEEHATT 18N PR S P % ug

delivery, bi pla)sp]ndnamﬁrd)dryg am?boﬁflcf.sl oFAlgsinvetiph eﬁruue, ke hyt [iYed toC| ude
an active netapolite or drug jtself. npl ary prodrug noi eti es

i ncl ude the FYURSSyISIEEsFS 9”"§%‘H§'|eE’FX?’éeSoPl“’IS%hﬂhP%‘-‘C&691’163@9‘%{5%‘5/@ esters

- CH20C( =0) R3p Iﬁi&ﬁha@@sy|P‘i’éfdfﬁ§ﬁ1méhescéhQQQ@E@&harQé’%QI@SmI)Q)x&B%éMﬂ%@ R3 is
Cl-C6 al kyl, Cl1-05 substituted al kyl, Co aryl

subst i t uf2d Hpaphilicithe aipizndras fslivens bispvailakiliysind efficagy. pr odr ug
strategy for carb s and
phosphonates by Fa )c?tjlhg"’rrﬁ&%gé?@ %g%egh ﬁa&a?ﬁ%}&@ewﬁgﬁ al so US
Pat ent Nos. 48165#¢mpi96870dBie ﬁﬁﬁ&k&&lmdhﬁmmlﬁﬁ:auy sencievé ad labile
conmpounds of the in tion, 0 ie rt. of a phosphate
gr gﬁp The a%?’?omﬁ%k'{)?mé%t%ﬁ %z%ﬁﬁﬂgg E 3’3’8 h§ b%‘ﬁ%%pﬁorlg aci ds
35across cel LCARmO=a))oR ahd wwﬁ-@g@@r & -6] QBURLERRIN EX-C b bl 85

vari ant of the
30 Cge—Cyp substituted aryl. The acyloxyalkyl ester was used as a prodrug strategy for

carboxyhc 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
phosphate group. The acyloxyalkyl ester may be used to deliver phosphoric acids
35 across cell membranes and to enhance oral bicavailability. A close variant of the
acyloxyalkyl ester, the alkoxycarbonyloxyalkyl ester (carbonate), may also enhance

oral bioavailability as a prodrug moiety in the compounds of the combinations of the
39



acyl oxyal kyl ester, the al koxycarbonyl oxyal kyl ester (carbonate), may
al so enhance oral bioavailability as a prodrug noiety in t he
conpounds inations of the 39 5 invention.

acyl oxynetﬁ?lzweb??%?g?s pi val oyl oxynet hoxy, (POM CHZOC( ; Sﬂﬂ)o 4?2
An exenpl ary acyl oxynet hyl carbonate prodrug noiety is

pi val oyl oxynet hyl car bonate (POC) - Cl-120g=0)0C(CH3) 3. The
phosphate group nmay be a phosphate prodrug noiety. The prodrug noiety
may be sepsi idve@idnd Ayekembls) &, ]oﬁykﬁ&h SestePitp v 1dxlyme£1ﬁ pokose
conprising a i val %yl oxynet onat e é di,' group.

Al ternati vel yCHt‘g@(‘rS?) éﬁ?fdizjs i @tﬁylpl?ﬁx/a%@w ivt w@n@@ Pé@fh'ymﬁlpleéf is
tenti ated t
Bﬁogghi)ﬁa(ran’ d?t gl%\éll%g g'}letﬁmw&gﬂbonateau)b%i e@? C8{r‘l_®ﬁosphor us groups,

especi al |l y phenyl Tl&slilﬁelﬂ;ateag‘r@lﬁreMet@ﬂm&ﬂnaﬁfﬁi@@ﬁ&@[e‘ﬁ} The prodrug
bi oavallablllt%/ DeL nbert et al @99@ Chem_ 37: 498). Phenyl
15esters confRiSH WY Be ensifB% i hvdrobsiset CBF%FPB* 1 lipisd gmibessrrameripiag a

al so beengdegralobReyhERABRIn AP TO Jr SORE erdup O A rh the?6dPug
39: 4109- 4115? BgnzyHt egt erémargiJ r(gpérted toﬂbgenergtt“g@fhecggar eht

phosphoni e aBivity may b@w@&éa@@§nzsw§mpteu@ﬁ@¢claavag¢a @udbrasladactate ester or a
par a- positi Oﬁhf{gﬁ%ﬂ%&ﬁ ﬁei?ﬁt’%}"t“ge hydr ol ysis. Benzyl analogs with an

acyl at ed phehol “or an phenol nmay generate the phenolic
conpound t hrough 264 hﬂeraof plosplofusanaypepspectally. phast] estars gse ropuitelases,

etc. V\/mchl turn nder . av a nd, to
generate t he® CH?)l l%avggai%@%%ﬁ%&t H’@g‘gﬁ ah(gi]é}% 22‘??‘?%/&%8’?’5[ ‘r‘%ﬁgdgg nyl
Exanpl es wf tasmrs c@’]tﬂﬁlﬁo @fcaﬂbbx)ﬂfclég&c&&@ t@ﬂﬁ:@ihbﬁﬂdte%vd\élmh Hesefibedl
(1992) J. ﬁg Soc. Perkin Trans : Brook et al WD 91/19721.

Still other BeHFpE BdlosEREyS ﬁ%)\/eﬁ%éeq%’wabéeﬂﬂ%%al IonBanzl esipraare
carboxylic egdgfiad® %Eﬁérﬁb i) lﬂfegl“lgzo%ﬁféhkaa%ﬂe% §@nd BReDL &N LSS at the

nmet hyl ene (d azier et al WO'9 Thi o-cont ai ni hg prodrugs are
reported to Beharedank-pPEHoOR inay ﬁqqtﬂﬁ?ateém hydselysiel Bwﬂfdn@fogph'dh pmonat e

drugs.  These, BiRERIENS S ARLALMABNELINLS LG, S RUBALINL ERLRG o'

group is eit or *co
anot her £Hi othegritnmoftcozinose.g esesedsf mﬂ@qe@eﬁes tadidhfin ﬁﬁnﬁ nmfa:rgms cleavage

reduction of the disulfi nerates _th free thio t er.medi at e, 30
whi ch subseqatéﬁ%'i’%ﬁz ‘312‘3% SRR e PROPhRGE iwed?fﬁ the aHBonsIPElfe | de

(Puech et al uﬁ&ﬁ%)ﬂeAE&hﬂbIE%f 8 Slass (ﬁ%ro dheR-ate dosciRD B Miithell el
(1996).!. Med. Chem 39: 4958). Cyclic hosEhonate esfers have al so

been descrl bEld9As/. E/léfﬁr%’g?sP@'fﬂ”ﬂPi@szhWesB@@ ebdl VR § 14 8o dlsotidEr i on
et al, US Pa

enant | oner <, P BLBrA SRS Sion e orkfnJE aRaRSRY L Rr Biining v
pol yr nor phs, atpislequictopim @enwlphseth}ﬂermdﬁb@undalw(ﬂ RiA9THe Fhiopenteiing

Eg.lr thJl ?hL)’r eg?o ’ 81.1 rugs are réported {: Oge usei%l %or he 1& acgltl]uqarraaﬁ\efelil'gf Io{; I%llolsghogate%%ggbl €

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

30  which subscquently 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).

35 It is to be noted that all enantiomers, diastereomers, and racemic mixtures,
tantomers, polymorphs, pseudopolymorphs of compounds within the scope of

Formula I, Formula I, or Formula IIl and pharmaceutically acceptable salts thereof
40



5 are enbraced by the present invention. Al mxtures of such
enantionmers and diastereoners are within the scope of the present

i nvention. ggﬁ(ﬁggﬁggd of Formula I-111 and its phannac%%tfim%%owﬂﬂz

accept abl e exi st as different pol ynorphs or

pseudopol ynoi phs. As used herein, crystalline polynorphi smneans the
ability of a crystalline conpound to exist in different crystal
10structures. The crystalline pol ynorphism may result from

' packi ng. belEEERTy BRBILAH sHRERK, PR BRRES Clbd SepPlmtp " o0
(conf or mat i odabtepohymarephitidnhe ségpews dt phaeet itventby.st al | i ne
pseudopol ynmphi sm neans tt}ﬁgabl l.i iqof a hydrate oi' sol vate of a

conpound to exi st AiRmAPYESE EREMEE d iy phgapaewically peceptable salts may

pseudopol ynDegikss Afffekdhe pdiPinBiha B pseiiep Bl R HIBW s @XddHerdM @risRiline
differences in crystal packlng (packi ng pseudopol nDrphls or due to

di fferences PHYPaPRisHgeras iy pf etrpsielling e & eyfst inrditferanfecrystal

conpr i ses al I el e AREAIRRHIRRPHLS Bl ER, G ol e ©
Formul a 1- 11 packing (pdvking pphw@csmlqrda‘fdlmcatmeqachbgBetwadntchffm@ﬁA
conmpound of FarJml a and it r eutically acceptable salts
may al so exi g?nfggneasnOfé}H%srmﬁﬁ%oéecggel (Q%l%or}iéa?ﬁgaééfo@&pélﬁlﬁm aﬁ‘sé‘ﬁﬁﬁi?ﬁ%’ﬂrs
solid is a sefyslinapshi@blitepidsh teRt thORGLfy DTS y@aiel: selilatt BEa
positions of the aitloms in e solid. This definition applies as well

when the cry&YaRCUB] Sexist 1t diferent @Al sfrectyps. IE&“’SP“‘G‘N&H?]W?@S ofthe| udi ng

sol vent s j 5 majhshg: iHe@dok QlayEﬁ’g\:tﬁlettmf@%%eeh%%slapga@ﬁnsat alige i nstant 25
invention. The instant invention conprises all anor pﬁous forms of the

conpounds of PE8dcaelyAmarphism) eriye tmﬁﬁrewarmémgubewmydlémpccaﬁnmers
sal ts. £l sa%eqﬂolwé{Cbhfaﬁm@nglgggfdbgag&ogﬁ% 0 TROBRAR: iBlention

Fonnul a 1- II? are present to a recur IS con
"recursive sgdmrtn'%tmmdiym@ahsaﬁdhmudapcﬂ}ahsmhs uftht ccﬁmgouhémftl?enam{@ﬁhﬂr

i nst ance of cftﬁen- thgCau$ Il tehe re%tjfr sive nature of such 30
substituents® ?atm (i ff yélccf 35’38155 hber of conpounds nay be

present B any giAesmpsiad@if Femivla FOI artXRfRhenacdidtical £ QRBSARE S8 nfd
substituent. R3' .can be R_R can be WB. WB. can be W& and W can be R
or conprise ?ﬁb‘?&l?t%%‘h?@ml%ﬂﬁﬁ?%‘i oS Ry bR, ot aperaheps sYlidiRaselid i t he

art of medi civih 1EREEHS Idng- rﬂm%éér%f‘ﬁlépbﬁ%nstdfﬁwtﬁﬂ inTREE. @g sSuch

substituents is reasonably |imted desired properties of the
conpound 35i AtfEHIRsRPPIESER Yt Ger the@*systahs;zméwo bynqmea@@r lescaryddigivesd

not limtati {?;Elludﬂméél'v&ﬁ‘i & Ey%g%éd {5 Sreafd Gl aﬁ‘ﬁorgﬁ %Um% of I Q{Py 2gai nst

solubility or app ation properties as “act Vi
the int efhﬁedmtvaﬁ@et f['hearmdtamnamntiolabomtspsewll :imphz(wsffoms of deeombounds of

synt hesi s. \%‘2@0 11321 %TF;]C'I;IG SC% Ogc/ %%l@ gBy way of exanple and
notllmtatlor{m VRE RIAPRCS § LASHIEYF 8UBnt s i n
Selected substituents comprising the compounds of Formula I-11I are present
to a recursive degree, In this context, “recursive substifuent” means that a substituent
may recite another instance of itself. Because of the recursive nature of such
30  substituents, theoretically, a large number of compounds may be present in any given
embodiment, For example, R* comprises a RY substituent. RY can beR. R can be
w*. W can be W and W* can be R or comprise substituents comprising R”. One of
ordinary skill in the art of medicinal chemistry understands that the total number of
such substituents is reasonably limited by the desired properties of the compound
35  mtended. Such properties include, by way of example and not limitation, physical
properties such as molecular weight, solubility or log P, application properties such as

activity against the intended target, and practical properties such as ease of synthesis.
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certain enbodi nents. Typically, each recursive substituent can

i ndependently occur 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8,
7, 6, 5, 4wodooods2ik3 Or O, tines in a given enbodi ment .pdNaiBo09/041432
typically, each recursive substituent can independently occur 12 or
fewer tines in a given enbodi ment. Even nore typically, each
recursive 10 substituent can independently occur 3 or fewer tines in

a given enbodinent. For exanple, WB will occur O to 8 times, V wll
occur 0 te 6 ti ”Eggkﬂay@f&a}‘rﬁ% ﬁm}f&@lhﬂﬁé\&m ‘gﬂ%ﬂd WBI%TE&MI%L*HUC] 1 in
will occur O to 6 tinmes and occur imes In aglv

enbodi nent REBTEAIEeRodiEET |’Ewﬂ1§, @.‘ﬂerealn‘swaE@Sd@dnta@petdbpanﬂemheaccur

i nvention f r r [N i Ci chem.stry
understandsota el@vegrlga?l’tllcgl’ :j]? 1M‘bf#s]lbj’(‘,ln] z%tgt; |t’uems rig 9 egﬁlgﬁ}ne@eg"f%at

recursive subsbpdinenit Mae erpmaﬁg,&ath teoursie aitsdenteal indtpdnbantlydéantizon,
the total nunb ry_vxg'.l be det ergpﬁed asl:( set forth above. . The
modi fi er "ab8UISWCLLEE P A BSHTELPPEIF i T4 DOGuRERYYs SpE IFHETYT ve of
the stated valbsgmandahadepdi@eliBaRbig dlifshatigds BYa He GYE% LAt ( ?org

i ncl udes the deg ree of 90error associated with neasurenent of

particul ar qﬁ"a"’}‘i‘%R g,y withpsewrdhip Sumes. BT willrseyd) tndl tames-in p givemy corrprl se
a phosphate g 3

cath Y or v WS Blen mbreyptdhe & HRILoRE B of b e Ry SUNENNHE "

or N-NR2; W timgslin\ageiveptvarbotiimhesh toget her, are -Y3(C(V)2)3Y3-; or one

of W or W2 toget her of
W or W is For nu#@cqlfsWe snbs?{ﬁen?s ar R?ép(ied a&;&eﬁ%oﬁ tﬁﬁg’b’gﬂﬁ’é‘nﬁ“ﬁ 0} a group
of Fornmul&a | exdinary §i@1 intes &t of meddn2QROQNIBR A ZRRGHILER0CRA D] 4821ch

substituents. To 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
20 error associated with measurement of the particular quaﬁtity}.
The compounds of the Formula I-III may comprise a phosphate group as R”,
ir’l
w-«/j’“‘”‘“é
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=NRy: W' and W2,
when taken together, are ~Y*(C{R*)2)sY>-; or one of W' or W2 to gether with either
25 R’orR%is ~Y*- and the other of W' or W2 is Formula la; or W' and W* are each,

independently, a group of Formula Ia:

wherein:



5each Y2 is independently a bond, 0, CR2. NR +N(0) (R, NOR,

+N(0) (OR), N-NR2, S, S-S, S(0), or each Y3 is independently 0, S, or
NR, M2 is . each RY is independently H F, d, _ R,
“Q(=YI)R, ‘Q&z@f%ﬂgs 100(=YI)N(R) 2, -N(R)2, -+N(R)3, - ?”83@?’8%’2
-S(0)2R, -S(0)(0OR), -S(0)2(0R), - 0C(=Y1)R -0C(=Y1l)O0R

-0C(=YD) (N(R)2), -SC(=YI)R, -SC(=Y1)OR, - SC(=Y1)(N(R 2),

-N(R) C(=Y1)12, -N(RIC(Y1)O0R, or -N(R) YI)N(R)2 - SO2NR2, -CN, - N3,
-NQ2, -OR; a prot n

on the S;)brre car bo%&g?o% @g%ghg%&ggg\%g&&;c |c 'r| ng ?xg(?%b;ﬁtar@é@ﬂ)’
at ons; 15eachN-RR. S S-8d8Baei®)y RY, a protecting group, or the
forml a: MaM 2c, M;cM d . yherel o , Mlc, and Md are

i ndependent |y 0 of3:1 fuisderen e@FY?’: oo MR 45 6, 7,8, 9, 10, 11 or
12; 20each R is Hy2habogen; (Cl-C3) al kyl, (Cl C8) substituted al kyl,
(C2 C8) al kenyl, (C2 ). substituted al ken OS{} C8) _al kynyl,

(C2 C8) substl t ut @gh WH‘}@PED@BﬂEﬁ@Fa@&BI I(QH Cﬁu‘ﬁé&ﬁﬁf‘édo& yl |

- C20 h 0 w@%t t
substl tut ed a§ i:;ﬁ(R @a pr ot elc%llyngfb sgb%%ycé(é (OKG}V% §% or V,
W is R q@qmm -Qcaﬂjm -OGEIAN( Rb} -SEEYWR, %LB\(&Y\'ADHS 25a

Win o to 3 RLEr InpePalDs Booh: Bl iR ARy s B

i ndependent | ycsubgt i-tvg, econ atﬂi‘oigctmg group or W*; or when taken together, two R* on

the same carbon atom form a carbocyclic ring of 3 to 7 carbon atoms;

15 each R" is independently RY, a protecting group, or the formula:
M12¢ Mic )
wherein:

Mla, Mlc, and M1d are independently 0 or 1;
Ml2cis0,1,2,3,4,5,6,7,8,9,10,11 or 12;

20 each R is H, halogen, (C;-Cs) atkyl, (C,-Cs) substituted alkyl, (C2-Cs) alkenyl,
(Ca-Cg) substituted atkenyl, (Cz-Cg} alkynyl, (Co-Cy) substituted alkynyl, C¢—Cap aryl,
Ci~Cap substituted aryl, Co—-Cay heterocycle, Ca—Cap substituted heterocyclyl,
arylalkyl, substituted arylalkyl or a protecting group;

W is W*or WY W is R, -C(Y"R?, -C(Y"YW?, -SO,R?, or -SO,W*; and W’ is

25  a carbocycle or a heterocycle wherein W’ is independently substituted with 0 to 3 RY
groups.

W’ carbocycles and W heterocycles may be independently substituted with 0
to 3 RY groups. W may be a saturated, unsaturated or aromatic Ting comprising a
mono- or bicyclic carbocycle or heterocycle. W may have 3 to 10 ring atoms, e.g., 3

30  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
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to 3 RY groups. Wb nay be a saturated, unsaturated or aromatic ring
conprising a nono- or bicyclic carbocycle or heterocycle. Wo may have

3to 10 ri e.g., 3 30to 7 ring atonms. The V& ri »
sat ur at ed &ﬁ@ﬂ&gﬁgﬁ??&u ni ng 3 ring atons, saturated or ﬁlgﬁgﬂﬁﬁ@%ﬁ&#% ed
when containing 4 ring atons, saturat ed or nmono- or di-unsaturated

when containing 5 ring atons, and saturated, nono- or di-unsaturated,
or WD 2009/ 132123PCT/ US2009/ 041432 5Saromatic when containing 6 ring

at ons. % 8 Q%EI?E%}(E&{QL'?G%S%TB a nonocycle having 3 to 7 ring

menbers ( §°carbon ons~ 0 3 heteroatons sel ected from N,
0, P, and S) or aAWéhﬁérecym‘éE\ma}g)e?a mmol:@clﬁihmgngmtﬁ)’bﬁﬁg fuémbers @ war bon

atons and 1 to hetero sel ected,fr

het er ocycl i CC?fB% o ég heispoptomy %el%tﬁ?j'rpFFé“ N QnE a(‘gggfir %E’legfﬁ%wmﬁ
10atons and %t 00 1311 Q&b@ba@tm @fHoA Gk dnf Qb BlheRroafthth sPkicte®Frod 1010,6
ring atonms (3 to arbon atons and 1 to 2 heteroatons sel ected from

N and S). V\BPh@de?r)o‘é’yélpqe@cmllémneﬁy%wyﬁav@ K05 Bphgoms bhie (B8 9
carbon atens 2

v anged 2o Sohr i & FHABHRLAGLITCEMER, Bt B ol o o,
10 ring at onsarpéh @tmgam} todrhesrememastibcledtfon?Nhed 8).oWahemmcpadicect ed
fromN and }310

aryr.an @S, 8 bi c
het er ocycl e mayéﬁs hat\)r g,g ’t'“(]Jg P ¢t8§g‘%%on€g’r“€ 3%9 lﬁ%’ﬁgtﬁreoﬁ{n%slf%ﬂ%or
ot her atom bﬁoﬁ; $t@hhe Si,mv:aigemﬁs eﬂﬁﬂ;d:lo MsIheter[06Y,o 6561 syeibmigler S tarto
exanple, pyridyl, dihydro I erldlne yrida
pyri midinyl, ?tﬁﬁﬁsrﬁg? d %d%%/ ‘%é‘?srﬁ}] %Z‘f@?‘iﬁo‘nf i ‘EféFi’opr‘F W‘é gzol yl,
i soxazol y§, ﬂ:&‘én’gé@ k¥4 bicl Q)32 ¥ svstélw Ry by 1&&&5&!& aWylbe bBH:!e@ Ry y?
and 20pyrro|¥ Wb al so” includes, but is not limted to, exanples
such as: hrough a carbon, nitrogen, sulfur or other atom by a stable covalent bond.
w° heterocycles include for example, pyridyl, dihydropyridyl isomers,
piperidine, pyndazinyl, pyrimidinyl, pyrazinyl, s-triazinyl, oxazolyl, imidazolyl,
thiazolyl, isoxazolyl, pyrazolyl, isothiazolyl, furanyl, thiofuranyl, thienyl, and

20  pymrolyl. W’ also includes, but is not limited to, examples such as:
= &
| VAR v
N7 ) N
| =7 N})S ( /
G
N

S PANGEN 5
&EA, gj , and NQ/ .

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

R groups, as defined above, For example, substituted W* carbocycles include:
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cS N, and W5 car bocycl es and heterocycl es nay be
I ndependent |y substituted with O to 3 R groups, as defined above. For

2000/ 1521 23R IR0 ataze” T TN L TN

OH

~
1@ ?—d\—\m ¢

/N

PCT/US2009/041432

Cl

Cl

N O
— \_/ NH;
G O

5
O O =
_/
/N N ) /N
]—N  © {—N s l— 50,
__/ N/ N/
Examples of substituted phenyl carbocyeles include:
HN HN 0
‘>_NH2 _>_Nmeg ‘>——NH2
o 0 0
\ \ N
0 0 o o
—L{ _\—o _\—-NH
o) G
0\ \ N
Y
|
W1/P—§
Embodiments of w2 of Formula [-I1T compounds include
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\' -N O -NSH\

WO 2009/132123 PCT/US2009/041432

5  substructures such as:

Rx

S

Y2b

0= 0

571'7-; 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 wherein M12cis 1,2 or 3 and each Y~ is independently a bond, O, CR;, or 8. In
another preferred aspect of this embodiment, one Y**-R¥ is NH(R) and the other Y-

R* s O-R* wherein R” is:

gL

M12¢

wherein M12c is 2. In another preferred aspect of this embodiment, each Y** is O and

\ N
g CR

M12¢c

wherein M12c is 2. In another preferred aspect of this embodiment, each Y is O and

15 each R*is independently:

3

each R” is independently:



\ I\, ( -NNH\/ /\ ( -NSQ2 \ Exanpl es of substituted phenyl
car bocycl es [ ncI ude: WD 2009/ 132123PCT/ US2009/ 041432 55ubst ructures

such as: each Y2b is, independently, O or
preferred aspec{1 h?:"thi s enbodi nent, each Y2b is O and fl%SE&%BJHSZ

i ndependently: M 2c 10wherein M 2c is I, 2 or 3 and each Y2 is
I ndependently a bond, 0, CR?, or S. In

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

Other embodiments of w2 of Formulas I-III compounds include

subsiructures such as:

RY

VAN
s

r' R

10 wherein each Y* is, independently, O or N(R). Ina preferred aspect of this
embodiment, cach Y is O, In another preferred aspect of this embodiment, the

substructure is:

u/
N

RY
wherein RY is W* as defined herein.
15
Y
|
W‘i/ P é
Another embodiment of w2 of Formula I-III compounds

includes 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 Ta. Such an embodiment is represented by a

compound of Formula Ib selected from:
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anot her preferred aspect of this enbodiment, one Y2b-Rx is NH(R) and
the other Y2bRx is 0-1-e wherein Ir is: M 2c wherein M2c is 2.
I n anot her_preferred aspect of this enbodi nent, each Y2b is 0 and
15each Rx ‘Ivgzpq‘?ﬂ%‘é'ﬁdently: 0 sCR3 M1 2c wherein ML2ECTESZ009/p4{432
anot her preferred aspect of this enbodi nent, each Y2b is O and each

l e is independently: 5 wherein hAl2c is 1 and Y2 is a bond, 0, or
CR2. O her enbodi nents of substructures such as: of Fornul as
[-111 conpounds include RY 10Owherein each Y3 is, independently, O or
N(R). In a preferred aspect of this enbodi nent, eachR¥3 is 0. In
anot her preferred aspect of this enbodinent, the substructure is:
wherein RY is Wb as defined herein. X1

S T AN

5 R4 R2
RB
x1
/>y NN
x2
\ / O N R
P
// R5
Y/ \ =Y H
Y3
R3 R2

R* R? or
RB
X1
S NY
X2
\ / O N RY
|24 5
RS
Y3
R* R2



15 Anot her enbodi ment of w2of Formula I-111 conpounds includes the
substructures wherein one of WL or W2 together with either R3 or R4

Is - Y3- le.other of W or W is Fornula la. Such I_ment
i's represﬁg@gdgﬁﬁné\?conpound of Formula Ib sel ected fré’%&m%%%' M x2
OCHRO P R4 RR WO 2009/ 132123PCT/ US2009/ 041432 5Formula Ib In a

preferred aspect of the enbodinent of Fornmula Ib, each Y and Y3 is O.
I n anot her preferred aspect of the enbodi ment of Forrmula | b, W or

Wy le; each is -2b_ Y, Y3 and Y2b is qio"%‘nqglaln? i S:

In a preferred aspect of the embodiment of Formula Ib, each Y and Y?is O. In
another preferred aspect of the embodiment of Formula Ib, W' or W* is Y®-R™; each

Y, Y? and Y™ is O and R*is:

[ R R 0
\/F Y"-)L """
M12¢
10 wherein M12cis I, 2 or 3 and each Y* is independently a bond, O, CR»,orS. 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 CRj

M1i2c
15 wherein M12cis 2. 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:

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

Y
I

W1-/P*§

Another embodiment of w2 of Formula I-III compounds

includes a substructure:
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ML2c 10wherein ML2c is 1,2 or 3 and each Y2 is independently a bond,
0, CR, or S. In another preferred aspect of the enbodi nent of
Formula Ib, WL or W2 is Y2b-le; each Y, Y3 and Y21' is 0 _and

RVR N. 3 ngéo%él Wérein M 2c is 2. In another preferrpgall§§?93’8f148f
t he enbodi nent of Formula Ib, WL 213- O W2 is Y RN, each Y, Y3 and
Y2b is O and le is: RR M 2c wherein Mi2e is 1 and Y2 is a bond, O,
or CR, . I ncl udes a substructure:

O
l

N

Rx

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

this embodiment, the substructure is:

N
| s
\ O RY
— \
ks oR
O

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

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

AV )T\
v2 "

M12¢c
wherein M12cis 1, 2 or 3 and each Y? is independently a bond, O, CRs, or 8.

Y
/|
W1/P—‘“—‘“‘"§
Another embodiment of w2 of Formula I-1J] includes
15  substructures:
R AN
| (Rl | (Rloa
QA0 cH; QO cHs
Y P\ — P\
kS ES
';{ OR O OR
O and 0O
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Wb y27 5 wherein Wo is a carbocycle such as phenyl or substituted
phenyl . In another aspect of this enbodi ment, the substructure is:

0 taz2r-- y2 wherein Y2b is 0 or N(R) and the 6f X

car bocycl e P&O%W%g??tuted with 0 to 3 R 10groups. |n afSt e depd
of this enbodi ment of the substructure, 12" is: wherein I1\412c is 1,2
or 3 and each Y2 is independently a bond, 0, CR2, or S. Another

enbodinent of w2of Fornmula I-111 includes 15substructures: 5 The
chiral éboghof the amno acid and | actate noieties may be either
the R or f Figie sthYnoighe spige raaé and tactatedperpties mayderitherdhnB ar frent
of w2 configuration or the racemic mixture,

Y
|

ot

Another embodiment of w2 of Formula I-III is substructure
R
O O
il /kr( \Ry
{___.———-——'—"_P__Yz o

= -2

wherein each Y? is, independently, ~O- or -NH-. In another preferred aspect of this

10 embodiment, RY is (C)-Cs) alkyl, (C;-Cs) substituted alkyt, (C2-Cs) alkenyl, (Co-Cs)
substituted alkenyl, (C:-Cs) alkynyl or (C5-Cs) substituted alkynyl. In another
preferred aspect of this embodiment, RY is (C;-Cs) alkyl, (C,-Cs) substituted alkyl,
(C1-Cy) alkenyl, (C2-Cy) substituted alkenyl, (C2-Cy) alkynyl or (C,-Cg) substituted
alkynyl; and R is CH;. In another preferred aspect of this embodiment, RY is {(C;-Cs)

15 alkyl, (C,-Cs) substituted alkyl, (C5-Cy) alkenyl, (C2-Cy) substituted alkenyl, (C»-Cs)
alkynyl or (C2-Cg) substituted alkynyl; R is CHs; and each Y2 is —NH-. In a preferred
aspect of this embodiment, W' and W are, independently, nitrogen-linked, naturally
occurting amino acids or naturally oceurring amino acid esters. In another preferred
aspect of this embodiment, W' and W are, independently, naturally-occurring 2-

20 hydroxy carboxylic acids or naturally-oceurring 2-hydroxy carboxylic acid esters

wherein the acid or ester is linked to P through the 2-hydroxy group.

Another embodiment of w2 of Formula I, Formula II, or Formula

111 is substructure:
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of Formula I-111 is substructure O wherein each )72 is,

i ndependently, -0- or -NH. In another preferred aspect of this
10enbodi (A-Cs) alkyl, (C-Cs) substituted

al kenyl , ”E\gbzg(gﬁsiﬁ st| tuted al kenyl (G 7-05) al kynyl P@Th%ﬁ@fg%
substitut ed al kynyl. In another pref erred aspect of this enbodi nent,
RY is (C1-C8) alkyl, (C-Cs) substituted al kyl, (C2-C8) al kenyl,

(C, -Cs) substituted al kenyl, (C2-C8) al kynyl or (C2-C3) substituted
al kynyl; and Ris CH3. In another preferrged aspect of this

enbodi nent, RY is (G -Cs) 15 al kyI (CI-C]]s) substltut ed al kyl,

(C2-C8) al kenyl, (Ca-Cs) substltut RC8) al kynyl or
(C2-Cs) substituted al kynyl; Ris nde Y2 is -NH. In a
preferred aspect of tins embodi ment , d W2 are, independently,
nitrogen-1inked, naturally occurring am o~acids or naturally

occurringsam no acid esters. |In another prefé‘t‘red aspect of this
enbodi nent, WL and W2 are, independently, naturally-occurring 2- 20
hydr oxy car bdrxgﬂdprefammlaent ofihiisemetiotlimeng enktlr Rig, iRddpyatientty, (CaCBQXMhi c
acid estersm cid or. ester jis linked,to P through the

2- hydr oxy gr ﬁ?)'teEFérrﬁgéf“H?Sto‘?fﬁ]Eﬁfm B‘tt 5 I‘Sa‘"Idf’Pelﬁé"i’“r‘r]m Ge-fr0, a0y

Formula |11 bﬁC@@Q%ﬁBsﬁﬁitw@yI 5 In one preferred aspect of this
enbodi ment, each Itx is, independently, (C1-C8) alkyl. In another
preferred aspect of this enbodi ment, each 12.' is, independently,
C6- C20 aryl or C6-020 substituted aryI /] w2 Anot her enbodi nent of of
Formul as 1-111 is W1/F’—"
Another embodiment of w2 of Formulas I-11] 1s
i
Wt,,//P—_"
10 w2

wherein W' and W? are independently selected from one of the formulas in Tables
20.1-20.37 and Table 30.1 below. The variables used in Tables 20.1-20.37 (e.g., W,
R ete)) pertain only to Tables 20.1-20.37, unless otherwise indicated.
The variables used in Tables 20.1 to 20.37 have the following definitions:
15 each R? is independently H or (C;-Cs)alkyl;
each R* is independently H, R?, R™ or R* wherein each R* is independently
substituted with 0 to 3 R*;
each R* is independently R?, R, R¥* or R*, provided that when R is
bound to a hetercatom, then R*> is R**° or R¥,
20 each R? is independently F, Cl, Br, 1, -CN, N or -NO,;
cach R**® is independently Y*';
each R™* is independently ~R™, -N(R™)(R?), -SR*, -S(O)R%, -S(O),R%, -
S(O)(OR™), -S(0)(OR™), -OC(=Y*YR™, -OC(=Y*)OR™, -OC(=Y* Y NR™)(R™)),
S C(=Y31)R2", —SC{=Y2] )ORZX, .S C(=Y‘1‘l)(N(R2x) (R’lx)), N (sz)c(zYZI}sz’ )
25 NR™CEYHOR™, or -NR™IC(=YHNER™HR™)) ;
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wherein WL and W2 are independently sel ected fromone of the fornul as
in Tabl es 20.1-20. 37 and Tabl e 30.1 bel ow. The variabl es used in
Tabl es 20. 1-20. 37 g W23, R21, etc.) pertain only to Tables

20. 1- 20. waoﬁwpégg-ﬁthermnse i ndi cat ed. The vari abl es F&EPSRHHEHP%es
20.1 to 20.37 have the follow ng definitions: 15each R2J is

i ndependently H or (G -C8)alkyl; each R22 is independently El,
R21, R23 or R24 wherein each R24 is independently substituted with O
to 3 R23; each R23 is.,i,ndependent|ly R23a -- ' or R23d,

provi ded fhat wheficd Rp lfbl@@l%n@%‘ﬂ& q%%_rtYer) &ﬁ—Yt Bn@?f RP3 20each R234
i s i ndependegtly2 G ywr , -CN, N3 or -NO2; each R23b is
|ndependentl$/tt(Y21ﬁM X Bj’)’ ch R23" is independently -R2x,

- N(R2x) (R2x), SRZWChR%f(@)mﬂcndgﬁmﬂmcs)alkﬁ(@) -CORRx) Y], (CB(CE)@IB(YEE?-X)

sa(ov21) brex T SEEIBE) 6 TERE ) R N Co 3 g iy ardot

25N( R2x) C( YBﬂ:c)c@RQfénn(aB to N(nlf&ﬁd.)ee@ir HeRirocy Blﬁd:iZ @ﬁ@&}n)any oneﬁ%ﬂﬁ;h af&%igélf i's
[ ndepend C(=Y21) (N(R2 each

R2x is . éﬂﬁﬁé}ﬁi{%‘}%ﬁ l‘mg% Qg)ogﬁlgéqe re](l@cd@g fhaitke pr—— - an Wflerem

(C2-C8)al ky N¥he or more of the non-terminal carbon atoms of cach said (C;-Cg)alky may be

optionally replaced with -O-, -S- or -NR*!-;
each R* is independently (C1-Cg)alkyl, (Ca-Cg)alkenyl, or (Ca-Cs)alkyny!;
each R* is independently R* wherein each R is substituted with 0 to 3 R®
15 groups;
each R s independently (C;-Cg)alkylene, {C»-Cg)alkenylene, or (Cy-
Cy)alkynylene any one of which said (C,-Cg)alkylene, (C-Cg)alkenylene, or (Co-
Cg)alkynylene is substituted with 0-3 R* groups;
each W? is independently W>* or W%,
20 each W** is independently R, -C(=Y*")R?, -C(=Y>"yW*, -SO,R?, or -
SO, W%,
each W™ is independently carbocycle or heterocycle wherein W is
independently substituted with 0 to 3 R groups; and
each Y?' is independently O or S.
25
Table 20.1

¢ \o/\fo‘“wﬁ ¢ \O/er\st ¢ \O/ﬁl/O\
O o 0
1 2 3
')\O/\’ro*\ R2} ~ OWO\H ~ O/\[(O\
O 0 8]
4 5 &

‘¢ o CH ’
. 3 O
O/Y ~_ ‘\O/\“/ \/\CH3
O

O
7 8



aryl, heteroaryl; or two R2x taken together with a nitrogen to which
they are both attached forma 3 to 7 nmenbered heterocyclic ring

wherein a an rpbon atom of 10said heterocyclic ring. ¢

optional | S%Bewﬁ’é%ﬁéged with -0-, -S- or -NR2I-; and vm%rcgﬁ'ﬁz@ﬁ’34%?2
nore of the non-term nal carbon atons of each said (Cl-C8)al kyl may
be optionally replaced with -0-, -S- or each R24 is independently
(C1-C8)al kyl, (C2-C8)al kenyl, or (C2-C8)al kynyl; each R25 is
independegtly R24 wherein each R24 is substituted with 0 to 3 R23
15groups; "each R25' is independently (G -C8)alkyl ene,

(C2- C8) al kenyilagepor (C2- C8)allcynyl ene any one of which said
(Cl-C8)al kyl ene, (C2-C8)al kenyl ene, or (C2- C8)al kynylene is
substituted w'th 0~3 R23 groupsH, eack V23.i s bndepgndent|y w24 or
w25; 20each V\24Q/g\iﬂ4§§}6ﬁc§rf|y R25, -O0(y21) K05, g=y25w25,
_S02R25, or SO W5; ¢ each W25 is indepgndegpfyl y carbocycle or
het erocycl e wherein W25 is independently substituied with 0 to 3 R22

groups; and each Y2f is independently 0 or 18 25 Table 20.1 123 0
Nt H3 CH
3

‘ O\/J\
\O/\H/ CH,
O

11

Table 20.3
CH; CHs CH,
Py 7. P
\O)YO\W23 \O*rro\ R25 \O)YO\R24
0] 0 O
12 13 14
CHj CHy CHs
‘ 0 ¢ ,l\\ 0 %
\O ~R2f \o n/ ~H \O O\CH3
9] O 's)
15 16 17
CHj CHy
4 o) CH ’ o
\O ~ s \O \/\CH3
o ®]
10 18 19



00 456 78 WO 2009/132123PCT/ US2009/ 041432 5 Tabl e 20.2 OCH3 00CH3
910 CH3 H3 0 11 121314

WO 2009/132123 PCT/US2009/041432
5 Table20.4
CHj CHsy
‘)‘\O/Hro\/\/CHa (\O/H‘/OYCHs
0 O  CHj
20 21
CHa CHa
¢ O\)\
\OJY CH,
0
22
Table 20.5
H3C HEC H30
/ ’
/\0 N W23 \O O~ R25 \O O« R24
9] Q @]
23 24 25
HaC HaC MsC
14 's) s O e 0
~0 | SR N S ™S “CH,
O 9 C
28 27 28
HsC HaC
¢ O CH, ¢ C
\O ~ \O \’/\CHs
0 0
29 30
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CH3 C H3 OCH3 0 101819 5 Table 20.4

00CH3 2021 CH3CH3 CH3 22

WO 2009/132123 PCT/US2009/041432
5 Table 20.6
HsC H:C
’ 0 CH ¢ O _CH
\‘O ~— T \O Y 3
O 0 CHa
31 32
HaC
: CH,
s 0
o CHs
0
33
Table 20.7
we W23 W23
¢ P
\\OJ\”/O\WZS ()\O)YO\RZS '\O O\R24
O O
34 35 36
W23 R25 R25
/
\O/JW/O\ R21 ‘J‘\o O« W23 ')\o/l\’ro\ R25
O 0 O
37 3 38
R25 RZS
2, %
\O/k’ro\Rz‘@ \\O/H/O\RE'E
0 O
40 41
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oR20R24 0 2425 262728 00CH3 2930 10 5Table 20.6 3132
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5 Table20.8
R24 R24 R24
H\O)WO\WZS /\O/IW/O\ 25 K\O O\R24
O O
42 43 44
R24 R21 R21
/\ O ‘)\., O\ e O
o) R 0 w23 o ~R25
] O
45 46 47
R21 R21
H\\O/H‘/O\ st H\O&[/O\Rzg
O O
48 49
Table 20.9

I¢ I
/\T/\[rO\Wm \T/YO\R% \T/YO\R
H O H 0 H 0]

50 51 52
s o) é e
~ 0 O
ril/\]_’/ \Rm \’TI/\”/ \H \’T'/\H/ \C
H O H O H ¢
53 54 55
~ O._~CHs ~ O~
Y Y CHs
H 9] H O

56 57
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33 Table 20.7 343536 w23 91 RIK. | 0 RR5 373839 R25
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5 Table 20.10
Ny O A I O.__-CHs
| | h
H O H ©  CHy
58 59
CHs
¢ o!
\.ETE/Y \CHa
H 8]
60
Table 20.11
CHy CHj CH,
~ ~ ~ O ~ 0
N W3 N R25 N \R24
! I f
H H O H O
61 62 63
CH,y CHj CHg
g 0O 1% 0 1%
\TJ\[‘/ Rt \i?)\“/ ~H \I?)ﬁ‘/ \CH3
O H Q H
64 65 66
CH, CH,
/ 0. _CH g 0
~
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5  Table20.12
CH; CHj
e 0 CH ¢ O._ _CH
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Table 20.13

H
T2
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5  Table 20.14

HsC
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N

H
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Table 20.15
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Phosphate Embodiments of Compounds of Formula I-111
By way of example and not limitation, the phosphate embodiments of Formula
I-IIl may be represented by the general formula “MBF”:
ﬁ
Sc | \
pd!
15 MBF
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Each embodiment of MBF is depicted as a substituted nucleus (Sc). Sc is described in
formulae A-G of Table 1.1 below, wherein Sc is a generic formula for a compound of
Formula 1, Formula II, or Formula 111 and the point of attachment to —P(O)Pd'Pd” is
indicated with a wavy line.
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Combinations of “Sc¢” and Pd' and Pd® independently selected from Table
30.1, can be expressed in the form of Sc.Pd' .sz, where Sc 1s represented by the
respective letter A-G from Table 1.1 and Pd' and Pd* are represented by the
respective number from Table 30.1. Thus, A.256.256 represents the following

compound:

Thereby, Table 7 lists many specific examples of phosphate prodrugs of Formula I-
IIL.

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, A 254.250, A.254.251, A.254.252, A.254.253, B.254.67, B.254.68,
B.254.69, B.254.70, B.254.71, B.254.258, B.254.248, B.254.249, B.254.250,
B.254.251, B.254.252, B.254.253, C.254.67, C.254.68, C.254.69, C.254.70, C.254.71,
C.254.258, C.254.248, 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,
.254.249, D.254.250, D.254.251, D.254.252, D.254.253, E.254.67, E.254.68,
E.254.09, 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, G.254.248,
(G.254.249, G.254.250, G.254.251, G.254.252, G.254.253, A.255.67, A.255.68,
A.255.69, A.255.70, A.255.71, A.255.258, A.255.248, A.255.249, A.255.250,
A.255.251, A.255.252, A.255.253, B.255.67, B.255.68, B.255.69, B.255.70,
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Is a generic formula for a conmpound of Fornmula 1, Forrmula Il, or

Formula 111
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and the point of attachnent to -P(0)Pdi Pd2 is indicated
1871, #1955 258825548 "k 055 88; 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, €.255,258, C.255.248,
C.255.249, C.255.250, C.255.251, C.255.252, C.255.253, D.255.67, D.255.68,
D.255.69, D.255.70, D.255.71, D.255.258, D.255.248, D.255.24%9, D.255.250,
D.255.251, D.255.252, D.255.253, E.255.67, E.255.68, E.255.69, £.255.70, E.255.71,
E.255.258, E.255.248, E.255.249, E.255.250, E.255.251, E.255.252, E.255.253,
F.255.67, F.255.68, F.255.69, F.255.70, F.255.71, F.255.258, F.255.248, F.255.249,
F.255.250, F.255.251, F.255.252, F.255.253, G.255.67, G.255.68, G.255.69,
(G.255.70, G.255.71, 3.255.258, (G.255.248, G.255.249, (3.255.250, 3.255.251,
.255.252, G.255.253, A.67.67, A.68.68, A.69.69, A.70.70, A.71.71, A.258.258,
A.248.248, A.249.249, A.250.250, A.251.251, A252.252, A.253.253, B.67.67,
B.68.68, 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.250.250,1D.251.251, D252.252, D.253.253, E.67.67, E.68.68, E.69.69, E.70.70,
E.71.71, E258.258, E.248.248, E.249.249, 11,250,250, 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,
F.249.249, F.250.250, F.251.251, F252.252, F.253.253, G.67.67, G.68.68, G.69.69,
G.70.70, G.71.71, G.258.258, G.248.248, G.249.249, G.250.250, G.251.251,
(G252.252, G.253.253, A.256.257, B.256.257, C.250.257, D.256.257, E.256.257,
F.256.257, G.256.257, A.256.254, B.256.254, C.256.254, D,256.254, B.256.,254,
F.256.254, G.256.254, A.256.250, B.256.250, C.256.250, D.256.250, E.256.250,
F.256.250, G.256.250, A.256.69, B.256.69, C.256.69, D.256.69, E.256.069, F.256.69,
(G.256.69, A.256.71, B.256.71, C.256.71, D.256.71, E.256.71, F.256.71, (3.256.71,
A.256,255, 8,256,255, C.256.255, D.256.255, E.256.255, F.256.255, G.256.255.

Embodiments of R* include esters, carbamates, carbonates, thioesters, amides,

thicamides, and urea groups:



OH OH WD 2009/ 132123PCT/ 1152009/ 041432 5Conbi nati ons of "Sc" and
Pd'" and Pd2, independently selected from Table 30.1, can be expressed
in the formof%?e. Pdi . Pd2, where Sc is represented by _the respective
letter A-C'PPOWH4fe 1.1 and Pd' and Pd2 are representpgaﬂwoo? 432
respective nunber from Table 30.1. Thus, A 256.256 represents the
following compound: N-c Il O ' O NH OHCOH Thereby, Table 7 lists
many specific exanples of phosphate prodrugs of Fornmula II1l1'. 15
Table 7: List of Conpounds of MBF 254.67, A 254.68, A 254.69,

A 254.70, A 254.71, AL254N258. A 254.248. B R

Y‘l

L

2
~ >
Y

A R \ Y?
M12a g1 and M12a

wn

Any reference to the compounds of the invention described heerein also
includes a reference to 2 physiologically acceptable salt thereof. Examples of
physiologically acceptable salts of the compounds of the invention include salts

10 derived from an appropriate base, such as an alkali metal or an alkaline earth (for
example, Nat, Lit, K™ Ca*2 and Mgt2), ammonium and NX.* (wherein X is C;~C4
alkyl). Physiologically acceptable salts of a nitrogen atom or an amino group include
(a) acid addition salts formed with inorganic acids, for example, hydrochloric acid,
hydrobromic acid, sulfuric acid, sulfamic acids, phosphoric acid, nitric acid and the

15 like; (b} salts formed with organic acids such as, for example, acetic acid, oxalic acid,
tartaric acid, succinic acid, maleic acid, fiinaric 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,

20 naphthalenedisulfonic actd, 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, ghitamic acid,
glycine, serine, threonine, alanine, isoleucine, leucine and the like; and (c) salts
formed from elemental anions for example, chlorine, bromine, and iodine.

25  Physiologically acceptable salts of a compound of a hiydroxy group include the anion
of said compound in combination with a suitable cation such as Na* and NX,*
{wherein X is independently selected from H or a C,—C; alkyl group).

For therapeutic use, salts of active ingredients of the compounds of the
invention will be physiclogically acceptable, i.e. they will be salts derived from a

30  physiologically acceptable acid or base. However, salts of acids or bases which are
not physiologically acceptable may also find use, for example, in the preparation or

purification of a physiologically acceptable compound. All salts, whether or not
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249, C. 254.250, C 254.251, C. 254.252, C. 254.253, D 254 67,
68, D.254.69, D. 254.70, D.254.71, D.254.258, D.254. 248,
249, D. 254.250, D.254.251, D. 254.252, D.254.253, E. 254.67,

68, 5 E. 5 248
St B e B el
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252, 0. 255. 253, 67, A 63.68
258, enantiomeric or diastereomeric partners, are all wi ithin the scope of the invention. The

racemic mixtures are separated into their individual, substantially optically pure

20 isomers through well-known techniques such as, for example, the separation of
diastereomeric salts formed with optically active adjuncts, e.g., acids or bases
followed by cenversion 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.

25 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.

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

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

superimposable mirror images of one another.
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8.71.71, 8.258.25 248. 249. 249, 8.250.250, E.251.251,

8252. 252, 8 253, 2§3fe°ﬁ168’70%36ﬁ‘1ﬂ“@8 agfhconpergigngused herpry geperalty folloy . P.

F. 258. 258, FP%‘R& 2A3M Gt SR Hibiiofrard 8PCKR M cal FTeard (1994) MEGRG-1ER k
o ok

F. 253. 253, 7.67,°0.68.68, 0.69.69, 0./70.70, G i, G 2

0.248. 248, oCngmzmyEWOkzawnégbd-Bzgsivﬂsn , SEORRenSPY K%%%mgggs

A. 256. 257, 5 6 F

0 500 5oy ACSRodR{ (19547 R SAkey E8GRNED Rowy GRIVGRY bregis BangRus

F. 256. 254, OcﬂﬁﬁnaﬁﬂmﬂﬁmZESﬂQ&@1cﬁﬂﬁ&&a&ﬂ&gaﬁhﬂ&ﬁr&&@ﬂqugﬁgﬁgﬁﬁ&

8. 256. 25 A. 256. 69, 3.256

D. 256. 6 ?‘“ 8. balgn éig&* g—% S%going a&%@‘%ﬁy a%"?ﬁ%mﬁmgéh%r@ s D gl gr By

D. 256. 71 8. 2G5S #rk usdd 13 A6nofelthe @bsdhfts dohfi ﬁo@@ﬁh@ﬁ%leclﬁe 2Rt 29 &hiral

C. 256. 255. D. 256, 255 8.256.255 F. 256. 355, 256.

Erbodi ment s &) Thejuefies d @sd Epsaﬂdéa%ﬁr}ﬂt‘@}é) ar@&mnakﬂyad wolesignate the

t hi oesters, @ 8e9iatibhb ARHHHE B AR, WiPs, 1
2009/132123PCT/U82009/09q4§%ﬁ§MI § HPnd, will's, (-), or 1 meaning

that the compound is levorotatory while a compound prefixed with R, (+), or d is
15 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
20 stereospecificity in 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 1s substituted with more than one of
the same designated group, e.g., "R" or “R'™ then it will be understood that the
25 groups may be the same or different, i.c., 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
30 forms are contemplated within the scope of the invention. For example, ene-amine
tantomers 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 imidazo[1,5-f][1,2,4]triazine,
35 [1,2,4]triazolo[4,3-f][1,2,4]triazine and imidazo[1,2-f][1,2,4]triazine heterocycles can
exist in tautomeric forms. For example, but not by way of limitation, structures (a)

and (b) can have equivalent tantomeric forms as shown below:
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Any reference to the conpounds of the invention described heerein

al so includes a reference to a physiologically acceptable salt

t her eof f,.physiol ogically acceptable salts of ds
of the |E€§§P¥§ﬁwgﬁglude salts 10derived from an appropr & @E@%ﬁ
such as an alkali netal or an alkaline earth (for exanple Na+, Li+,
K+, Ca+2 and Mg+2), anmmoni um and NX4+ (wherein X is C-Ca al kyl).
Physi ol ogi cal | y accept abl e salts of a nitrogen atomor an am no group
i nclude (a) acid addition salts rmed with inorganic acids, for
exanpl e, hydrochloric acid, hydr romc acid, sulfurigfacid, sulfamc
aci ds, phosphoric acid, nitric idand the 15like; ( salts forned
with organic acids such ag, mnpl e, acetic A , OXmiic acid,

tartaric acid, succinic id,!malelc a umafy ¢ Cld gl uconi c
acid, citric acid, inalic Rerdn bic acid, b g
i sethionic acid, |actobi c acid, tannic acid, hnltlc aci d,

al ginic acid, polyglutam c acid, naphthal enesul fonic acid,
met hanesul foni c acid, p-toluenesal fonic acid, benzeneshlfonic aci d,
20naphtha|ened|sulfon|c acid, p Iygalacturonlc aci d, | oni ¢ aci d,

sul fosalicylic acid, glyconhic 2- hydr oxy- 3- e, panoat e,
salicylic acid, stearic i dr pht hal i ¢_aci d, n?ﬁd\Ti , lactic
aci d, et hanesul f oni ¢ aci \I I ne largii ne, j.c agid, glycine,
serine, threonine, alanin;}’ys\i ucirog;, IeUC|ne nd the I'&e and (c)

salts forned from el enent & ani ons for exanplef”thlor“ne, brom ne

and iodine. 25 Physiologically acceptable salts of a conpound of a
hydroxy group include the ani onngf said conpound in cgabination with
a suitable cation such as hb+ and | 4X4+ (wherein X is|ji ndependent|y
selected fromH or a Cl- roup). For them use, salts
of active ingredients of fhe conp ndsof sthe kmvxh ion 1 be

physi ol ogi cal |y acceptab ey will be salt de%;&gd froma 30
physi ol ogi cal | y acceptabl ¢ a cfHNor RSe. However] salN rR®ci ds or
bases whith are not physi®l ogi cal |y acceptabl e ﬁﬁy al so find use, for
exanple, in the preparation or puriafication of aiphysiologically
accept abl e conmpound. Al salts, whether or not WO

2009/ 132123PCT/ US2009/ 041432 5derived form a physiologically

accept abl e agi|PoRiblOBRmCAE CordisoP iHd htRR AAPE a8Tor G ﬁ%&ﬁ%ﬂ%ﬂ{s are within

i nventi on. Finally, it is to be understood t hat
conposltlonsmﬁéﬁ@ﬁﬁf@@W®$$%@1conpounds of the invention in their
un-ionized, as well as zwitterionic form and conbinations with
stoichionﬁtrpﬁﬂ@&ggqgﬁ on Wehiely @ivihdaddydrates. 10The conpounds of
the invention, exénplified by Fornmul amay have chiral centers, e.g.
chiral carbon or W@phﬁlﬁd@f&h@mntﬂheem@npmmms of mhibemlgruhremtwmmf

enant | orer s, 01 Ao e ebnar iPiSabhe fen oL B ER e SOTRC S Al b ine

conmpounds ofHCmeﬂnyemmxﬂmOnnﬁ&udﬁmmﬂmLched or resolved optica

i sonmers at any or ric, chiral Q 15wor ds, the
chiral centerg aﬁ&ﬂﬁﬁﬁ5¥$%ﬁ$?H%QH@BP@FPHH§ gﬁ@t 66é€¥@°5§wﬁﬁ%=“

chiral 15 intermediates for such inhibitors or have other utilities as described below. The

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
20 invention. Once labeled, the substantially irreversibly binding compositions are
useful as probes for the detection of HCV polymerase . Accordingly, the invention
relates to methods of detecting HCV polymerase in a sample suspected of containing

HCV polymerase comprising the steps of: treating a sample suspected of containing
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isoners or racemc mxtures. Both racem ¢ and di astereoneric
m xtures, as well as the individual optical isoners isolated or

synt hesi z tially free of their enantioneric qr -
di astereoﬁgpi ﬁd‘iﬁiﬁ ers, are all within the scope of tﬁ’gTﬂﬁ%@ﬁ’f"f%ﬁ

The racemic m xtures are separated into their individual,
substantially optically pure 20 isoners through well-known techni ques
such as, for exarrpl e, the separation of diastereoneric salts forned

with opti ve adjuyncts, e. aci.ds or bases fqll owed by
conver i of blGY ROt ot & sy i oaatis 6 aBasindion dsgeienton Sound

i nstances, t heaHBg] zruad)bwlhe aie JFBEBTthd s&nﬁw&lhﬁéédﬁﬂy BYmERBAS Qftable
ster eospee| fic reactl ons, i nni ng with the a propri at e stereoi somer

of the desir &8s sllig OWﬁtﬁé éillagnQ%TFhﬁdtj éndrinclude ptable fiee fadioglst o
mol ecul es V‘hﬂﬁaogﬁ) &, ﬁﬁ%l&fo(ﬁg h¥mts, é?l@ﬁlﬁumﬁ—ﬁlégc%ﬁf ﬁg&%%@ﬁ Lﬁr& the

mrror inmage e term "ac ﬁt?fes
V\/ni ch are sup cqm@sa(bllmmaf@hmefednm poTventivagielfagoet usary functlonal gidwpst enn

"st ereoi @m&gé" E%ﬂe‘?)fyl c?arb% g&l Se Y\’{:ﬁ! ch have identical chemni cal
u

constitufion; "th& arrangement of the atons

or groups in Spac‘é’nhﬁ;&h&@ﬁetxebmmveﬂtﬁfn%am}ﬂ@ s@spetied ePtoneiiAig MCh t wo
or nore centers of t.hi r%J ‘%/r and whose nol ecul es are not mrror

i mages of onEol¥HEEIRCI al U JrAdradedualerily yish anlivipgorgpnigms; tissue or

properties, goloultiRb;Hid8ziBAsRhSles QRh i HigloRRhNh Steris @ﬁﬁfn@@dmo%%ﬁfns I es,
and reactivities. Mxtures of diastereoners may separate under hi'gh

resol uti on amareyeqrebipsoineblwduicers, sputm, salival tissua sopinlss.canil shedikg);
chromat ogs apﬂﬁma 55'; %@s' 0% r\?&!terr S“; %{ saﬁ%letsvﬁ ﬁggl{c?ge{tépgge E§h Qs exa' cﬁse r

conpound whi ch are no super i npbs rrort 1 mages one "ano
WO 2009/ 13212BRUS, /peiS20iady MQmBmaﬁ%ﬁs amdiasnmg aldesimﬂ ighicbprotein; ambithe

ti d- 1 ._P.. Parker, Ed., .
VeGaw H 11 B vanay RaPoesk R ke ar il o roshp b s Yhibok

Conpany, NeV\pr‘nfdﬂide$ H@Mbcﬂqh@hse Ereqaditly Wk b gen$s orgDliah eQehemcstry of
Organic "@fﬁfﬁ &%994? John Wley & Sons, Inc., New York. Man
organi ¢ conp § Foljtafn |aé}§me§h“§bji’iﬂ%}‘ém€é}’ra% anq organic yesptialpe

the abi 128y #Qcthed. aathpldA@ndMRNRIDY orPARRe sudiDaddRhndhb 288 nlah Qmﬂe lnrﬁtena]s
descri bing an opt| call'y active conpound, the prefixes D and

and S are us®§ %Cf‘dﬂéﬁﬁﬁfésthe absol ute configuration of the rml ecul e

o ool ovay TRUESep i VoK S5m0 dadhne e BMfipduiclocle. 0

(-) are enployed to te the &i rota arized
| i ght by them@'@mpmtmidie smnlho&t caémp;;sc@adcnngmmcmg)rtoﬁdic cbﬂnposmmoﬂwd is
| evorotatory

15dext r or ot a?m\,\f{r‘113 "8‘?{%‘ ?l} (g{'n}gérﬁle % :rﬂf n\é\%tﬁ{}jc&@ldé%ﬁift}%@g’g al%‘?eé?rg’cﬁ’lis omer s
are iden2js cazibove
If desired, the activity of HCV polymerase after application of the composition
can be observed by any method including direct and indirect methods of detecting
HCV polymerase activity. Quantitative, qualitative, and semiquantitative methods of
determining HCV polymerase activity are all contemplated. Typically one of the
30 screening methods described above are applied, however, any other method such as
observation of the physiological properties of a living organism are also applicable.
Organisms that contain HCV polymerase include the HCV virus. The
compounds of this invention are useful in the treatiment or prophylaxis of HCV
infections in animals or in man.
35 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
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except that they are mrror inmages of one another. A specific

stereoi somer may also be referred to as an enantioner, and a m'xture
of such iso s often called an enantiornerie mxture

m xture of™ gre?g??f PHftrs is referred to as a racenic mxtPSngsa‘}wa“"sz
racemat e, which may occur where there has been no stereosel ection or
20st ereospecificity in a chem cal reaction or process. The terns
“racem c mxture” and "racemate” refer to an equinolar mxture of two
enant i omegl C species, devold of optical activity. \Wenever a conpound

descr i bed> hePEIATY SPeERiB& 1P ut ed wi th nore than one of the same
designated group, e.g., "R' or "RI", then it will be understood that
the 25gr oups sERynsiFer HOW poBRrAQE Ididifesent, i.e., each group is

i ndependently sel ect ed. V\av{y)th ines,, indicate the site of coval ent
bond attachrrents F@mtﬂww&ap finygntianyse poieqnad &g inhibipactiviippgainses, or
at oms. 99arg,foftﬂ*faeuwyrﬁfame&hﬁﬁue@éo§afaﬁfsgﬁ e Pms
tautoneric |some$s In certan cases. Althoug nl'y one def oca I zed

resonance st refodifyr &ithayth ordeysiof thedpveation, sypetallgQompositna ae first screened
cont enpl ed of. the inve tlon For ampl e,..
ene- ani ngét aut m}{]f?lpo{i:gﬁiggl%wrasg ”“”'F?ean SUPPRIAS & Owlﬁgﬁlgizb&)tf)@,
guani di ne, anttilithare tamhcteeﬁafdatbt)kceway&t a8 @sntpaltiont heidg pessi ki e
tautomeric fornms are within the scope of the invention. One skilled
in the art Mmhlbﬁ@wgmﬂt@@) phiass theneationt YXZAE[ LM tyipjcally Rssither dbewpt h, 10

35[124]tr| 4 4]triaz é o

i m dazo[ 1, 2- fgprafem% }éiﬁ%@%ﬁ)@&%&)@% gaprelered forimvivaitconer i ¢
forms. For exarml BsefilUl vid@tsclR¥nWaYe Benl detirivad inQfbeailShi WSh Hétq)% e(a%hraaeed
(b) can have equivalent tautonerie forns as shown bel ow

possi bl el? aubgreHowetwrthecmpidsdesraibe potaplel i sitiorpssys. of t he
enbodi nents are within the scope of the invention. 10 Methods of

I nhi bi tion opptiYcRAba FBf@dRions

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

20 prepared in sterile form, and when intended for delivery by other than oral
administration generally will be isotonic. All formulations will optionally contain
excipients such as those set forth in the "Handbook of Pharmaceutical Excipients”
(1986). Excipients include ascorbic acid and other antioxidants, chelating agents such
as EDTA, carbohydrates such as dextran, hydroxyalkylcellulose,

25  hydroxyalkylmethyleellulose, stearic acid and the like. The pH of the formulations
ranges from about 3 to about 11, but is ordinarily about 7 to 10.

While it is possible for the active ingredients to be administered alone it may
be preferable to present them as pharmacentical formulations. The formulations, both
for veterinary and for human use, of the invention comprise at least one active

30  ingredient, as above defined, together with one or more acceptable carriers therefor
and optionally other therapeutic ingredients. The carrier(s) must be "acceptable” in
the sense of being compatible with the other ingredients of the formulation and
physiclogically innocuous to the recipient thereof.

The formulations include those suitable for the foregoing administration

35  routes. The formulations may conveniently be presented in unit dosage form and may
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Anot her aspect of the invention relates to nethods of inhibiting the
activity of HCV polynerase conprising the step of treating a sanple
suspected Qf containing HCV with a conposition of the invention.
Conpositio 9%?”??1‘@% nvention may act as inhibitors of W%@Wﬁé?’ase
, as 15intermedi ates for such inhibitors or have other utilities as
descri bed below. The inhibitors will bind to | ocations on the surface
or in a cavity of HCV polyrnerase having a geonetry uni que to HCV

pol ynmerase ., Conpositions bjndi HCV. pol yner ase bind with
Dar i ng dugr EEBREE by SPp N PEgO OB Gk Bisraiany Techniques
substanti al | ynd for@vRESseNerd@lfyeart @R2aH CRAFNGRN S PhirRactiiRall RichBlsIMack
nmet hod of the 20i nvention. Once | abel ed, the substantially

i rreversi bl y PBbifingd-cdippesi R fychmethodsindhdathe step bBlrifome infee
detection of i L ; i Lon . relates to
ot hods.of _dat 2at T RIS Sy sAe Bl i akicr W HERLE Bl
cont ai ni ng Haweprohymgredeatsc tngmims| thyg farelasibepsc pfepartd Batuifigmiy @dnpl e

suspect ed,of .contai ni.ng 5, HCV pol rase Wi th a canposition

conpri si g% amglglr?%egﬁﬁﬁn%?g ‘tnﬁoeaSF%\%lﬂﬁ%r‘?c%Wng e?ﬁ&a‘“ﬁﬂ%‘@ﬂlé caAqs or finely
observi ng t haivédctigolid afriérher aiTphe then, it heeaaty MHabio ®e grb@ict. abel .
Suitable | abels are wel] known in the djagnostics ?i el d and include
stabl e free radi cEPEigtiopseidhtpreat invention selpblifas orakadminisgation may be
chem | um nesGRR&N:G RURSrahitS Qﬁ&%gﬁﬂ%&am&e&m‘ﬁﬂg&cﬂGéxﬁéiﬂing%e

| abel ed in conventional fashion using functional groups 10such as
hydroxyl , capiséstgmined anpungefrthe aggive ingredient; as a powijrton grantls as entletidn of
the inventio . isning HCV pol yner.ase i.ncl ude
natural 58 gyt RRRRR T ARELER: Rhn ERLA IR oL S RN 83

cel | cul t ur esmulsionloogiwask-isaitfiled emubtvnaghbealve gigalienraiaghisabe sanpl es
(bl ood, serurril ur'hn_e cqﬁr;abrqs inal fluid, tears, sputum saliva,
tissue sanpl ATVIIEHECE KGOS 8%t ory sanpl es; food, water, or
air sanpl es; bi opacsbiats sadgdye®mpeaiionsr GYIIRACHRi0RAICSIR Sne or more
particularly reconbi nant cells synthesizing a desired glycoprotein;

and the | i ke2CoFppivdagedentreCampistssd fldts ey kerpesedey mpsGAngind ng an
or gani snpghi %htaﬁfe%ﬁ%% ﬂléc%!ﬁmh WBERSE a frob FRAMB by s@ch%@é 5589@&? o
. a um

or gani sm such as : npl es can be contained 1n any ne
i ncl udi ng wag@pulgh@riéengin méxedoyithembindendulenicagQ ingitydiluend spresBamapie surface

include |ivipg.organi , gqg made..material.s such
as cell cul t%?lgg.o 9&%&;{&%%9?9@9 P&n{gggfgfsenf) 0 th%% b?’ﬁ*b"i‘#%%‘% on S&@ﬁ%‘r‘i ses
addi ng t he cowposs 4 moruobf thegoivrdared tdtion itgpedidtne noésngakd with ah ineftGipidi Ses
addi ng a precursor.of the conposition to the sanple. The addjtiqn
step conpri sgliuegﬁyT FREE sy ggt dh}’ E’f ?‘%i‘feidé)ﬁ S%e‘g%’élé’ippﬂ@gy 25%#8}6\’/ ated

| f desiredl, (e tapidvitetsiovosr dokivolRalrylBRE 38 e AtdRIin@BIAbACREERM.Of the
conposition can bﬁqlolg‘servedﬂgy any nethod including direct and

i ndirect met hods OF 'YEEH08E PHYS AP OIS REPRSIsaes e puthandminthe i ve,
qual i tative, fARG A6 AseTekdat dp?ﬂﬁecﬂﬁtan@ﬁéalgfinﬂ%t%' e}e%r&gnﬂgﬁ}ﬁ% the
polyncrase activity are all contenplated. Typically one of the 30
screeni ng netdiye Hgrsianti(slia an abowd ohrfer xppbleed 07 hovidrew/w tingludbheative
met hod such ' [ Lhe ' .eal propert.ies, of

l'i vi ng organilfi‘l rf%g%?gg)\éﬁg%&ggg%f\%gb?'g?’ya%ab%q%ﬁ%?ﬁ%&%so‘%t%afg YEhMEA Hov
pol ymer a3k i u6Yudiey, 0170 WX etd.) prsferabine0.2 oorpiia nde aad nioki [BefenBts pn are

gfer ﬁl rr:az t hFO‘% Ew%%t %hr%:% S ig)z/lln %%(nin%el?tf tth %{ivie?r];g?g ni:n?snr?lagff Qe g£glcq3%|ds
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
35 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
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35However, in screening conpounds capable of inhibiting human
i mmunodeficiency viruses, it should be kept in mnd that the results

of enzyme @gSaysipBy not correlate with cell culture asgadyismeebliiSs: @
cell based assay should be the WD 2009/ 132123PCT/ US2009/ 041432

S5primary screening tool. Screens for HCV uol vi nerase |nhibitors.
Conpositions of the invention are screened for inhibitory activity
agai nst HCV pol ynerase by any of the conventional techniques for

eval uating epzyIByiaed ¥ Sééxrabw e & b&ng&ﬁh%dpénhm@s éﬂaoﬁﬂ&# an,

typically conpositions ‘are first screened 10for inhibiti
pol ynmer ase i pengiretian efribe @ommgredwoh’@r@abvhers@lm anloitsi afiﬁfrcyedacftas vEanpim:se

then scr eenegf gu% dgﬁta; rgrexiitxo@l e\ﬂ ers i c %%11[13283213 u@ﬁ H?qm rglg%e%r o Ki

(i nhi bitory constan S T y |l ess
t han about lantldfd- 7 M and preferably Iess than about 5 X 10-8 M are
preferred for in vq Rﬁ in vitro screens_ have

been described in Ly phasgof the gpulsions %éhlélnéﬁlgfo&t‘%%’bfﬁ%?t’é“ cHEMBver

the exanpp esmﬁmg&awﬁwlﬁ akhSvd Radhct. " Whas 8RhaseRRAS IRHAYE theRly an
For mul ati ons The conpounds of this invention are fornulated

wi th convent PEREifice gtharaiss kagyen weaicprutasns, it desizebly ppmprisse a guxtartodet i n
accord with fkﬁg'oﬂ%%},gg@mtﬁgga&ﬁmﬁﬁﬁ I}&Lotﬁ%%faa?@ ax%@' fle?e%b% a

glidants, ers ers an queous or mul ons dare 20
prepared i n bydsopllikc drowsificain dwwniedltugﬂhanmidda hpnphdezl emndsi fjer lswhidhtdosras a

t han oral istr nic..Al | farmul ations
will opti ona?gfiy %:%"ngal A e%gp n({ é%ﬁ %Otg (ga J@gtT(fng]teﬁ “h the

" Handtl;_oo kS of eﬁhl@{jﬁ@ﬁ(ﬁ)auﬁh &atqtlﬁnestﬂjl@zr&(sj xﬁélfla&t&»&hu, scEmief) Eﬁﬁﬁsﬁﬁhﬂ%%%gi
a0 bl 0 201 3 SLUL AN S Sy hel g apent s et 25 O
25hydr oxyal kyhieBtrhsard &:M&%me&b&@é bfthdetedmabdndififonk.i ke. The pH of
the fornul ations ranges fromabout 3 to about 11, but is ordinarily

about ? to 10. Emulggntp and Qmm@mwslall%ﬁr%sw@blefmensamthv@nml@h@mfém s
Lo Do adrin s sted ShOReriL.oaK be Al cable o present, Ahg os
and for benmamyHse! alédhol, RE/ckiYVADAd-SBare@ AR s lauh@ 88kat®Ne active
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
25  di-isoadipate, isocetyl 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 being preferred esters. These may be used alone or in combination
depending on the properties required, Alternatively, high melting point lipids such as
30  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 invention together with one or more pharmaceutically
acceptable carriers or excipients and optionally other therapeutic agents.
Pharmaceutical formulations containing the active ingredient may be in any form

suitable for the intended method of administration. When used for oral use for

(¥
L

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

or granules, emulsions, hard or soft capsules, syrups or elixirs may be prepared.
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30i ngredi ent, as above defined, together with one or nore acceptable
carriers therefor and optionally other therapeutic ingredients. The

carrier(s) ﬁust be "acceptable” in the sense of being co&ripati ble with
the other WRFEHPEATs of the fornulation and physi ol ogit&dl{3j009/041432

i nnocuous to the recipient thereof. The fornul ations include those
suitable for the foregoing adm nistration 35 routes. The formnul ati ons
may conveniently be presented in unit dosage formand nay 5 be

prepared by g;nx_lpof..the rret#gods |1 known in the art of pharnacy.
Techni ques  and™PBF ALY fﬁre‘ﬁg{re“éf gy aF Brepgih aCPRIReRiapY g Hod kiown
Phar maceut i cad (hSi @RS mbMNIEHuRYPHhSNERMHER comFAMRAR andbh cotliitions

met hods include the step of bringing into association the active
i ngredi ent WM COMENORE PT BErOHSERR e B1Ziswvgetening agentsy lanorieg agrosssor y

i ngredients. . r&%ﬁ%ﬁ@!an& Bl%sér%mg‘gléé?ﬂ, ﬂﬂjﬁgﬁr‘t? R%Q?d%%rp%fiata%}/c lrfz%):ﬁx:;a%rﬂp zvl th

and 10intinmate nging*into ocrlra e acti've in e
| i quid carri &rligetocoftainiigyhaiotivel agredizht id admixtinendthafonhedib phaanacehhiny

i f necessagry, shaping.the pr.aduct.. Fornulations of, {he present

| nvent | on0 sy P RRe Pe b SiE bR s e B blS el aerable

di screte uni Thessykdipiasts GRPDY) 8 exaadld) 8led dbediaRh@! & cBlokhh GQB@NNI N a
pr edet er m ned gm)unt of the, active ingredi ent; as_ a powder or

granul es; as“B°UGfiErEse: FalsumOrSadiy Hhatengrapulaiingsnd distegrating

non- aqueous bl fhich 85 maPe 3Ardl brdiNnidatigr bilﬂ&iﬂgg%n%nwcﬁ LRk gglatin or
water-in-oil Tiquid emulsion. The active’ i ngredfent” may a?so’ e
adni ni st er edaegsiagangdnlicatieg egenigaguph o3 mpgrssiom stearate, si@ariedsidodr tals. nmade

by conpr essi i i VAR one .oFr _NnDre_accessory

rar el et o, R R e LR A HRDR: W SR o TR REEE g T
20sui t abl e mMuédianeaptshiatiare tol debnyidingrtegtitémtant adsrfttonen fle@udtithifsBnmMtsuC h
as a powder ory L nul es,. opt iton%lflﬁ m xed wth a bipder, |ubricant,
nert di | uenttd FrESEPYH Qi e arH FIRPebr RS B P lage

Mol ded t abl ef@aymytelifl soEttR dieerd hidhbdedrdle ar gy&&ﬁ@ks@ea@@mmr%m xture
of the powdered active jngredient noistened with an inert |liquid

di | uent. The“FaBrePs e HEYYSht i onal |y be coated or scored and
optional by are forgmhaiiesh fagm &8 nldd b@ra%;%sﬂ&elﬁ&% I@gdrge%éc%éuﬁeg

rel ease of the active ingredient thérefro ctrons of
the eye or ovhep theeceyaiakredicsisisadxad with andoerhsdiddlilefityfor eeple calcium
formul ati ons f LY 2 208 d Lcal, ol ntment .or crea
cont ai ni ng t]f’"llg)glglcza'%ir %é(% ?lﬁgr&e( I entgl(3 ga)%ni%%sglﬁg %Pr%%rﬁﬁltth%?(’,hv? bt eél%cgﬁﬁlng3{£
0. 075 to 20%vinkt waier orcdruad] mediamt suek as pgnadiile igdis paraffinar bEAGS]. bet ween
0.1% and 20% in ipcrements of 0.1% w w such as 30 0.6% w.w, 0.7% w w,
etc.), preferably BT ERBHOR O BRI vrRIOR conap dreastiye gasriglsim oo, w w,
When f orml addatxture Vi &idiiemaiuitabld forakd X fhdhgE @pl&cgi@&lﬁs sO8¥ndi6hs. Such
enployed with either a paraffinic or a water-m scible oi ntnent base.

Al ternativel FOPRE! PG RSYSHEIEY 8RRt SRR S W9aiupearnxamedyicalldossy eam
W th an oi | -hanhyeliRiose! 18R BBRBy] methyleethuose, sodium alginate,

polyvinylpyrrolidone, gum tragacanth and gum acacia, and dispersing or wetting
agents such as a naturally-occurring phosphatide (e.g., lecithin), a condensation

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

35 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.
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| f desired, the aqueous phase of the cream base may include, for
exanpl e, at 35l east 30% w w of a polyhydric al cohol, i.e. an al cohol
havi ng t wow@ok8 20 ydr oxyl groups such as propyl ene gl s200R)gl B5E
1,3-diol, mannitol, sorbitol, glycerol and polyethyl ene glycol

(i ncluding PEG 400) and m xtures thereof The topical 5 formnulations
may desirably include a conpound whi ch enhances absorption or
penetration of the active ingredient through the skin or other

af fected areas. : ' , jncl ude
i ot hyl Sul phoxi o i ol ATy e REREb &R SUPRGRAR! 1S
emul si ons of vegetabld mly eymhias aragy obheclive nitsesanteed] dirconeniiOoik o mineral
ingredients i manper . .~Wi l.e t he.phase may. co ise nerely_ an
enul sifier (8[] ﬁgcrhviiangﬁs)lﬁ{']]ﬁﬁgrve\ﬁ?ﬁ%smaenm@ﬁﬁﬁp S%Sﬁ(? S,mefytcoaé?i E}‘tg%w”%?ﬁ??‘i@ a
m xture of absbeasix, bad paraifirsorf degil alblidl SwEatni®d aghits Qubh &Y thidelshr 1884 h
a fat and an gi |. Preferably, a h%gdrgcphi lic enul sifier is included

t oget her wi t AP%® 9 BRPTTCASERE ey OF addegie piovideapalstable casal mwprrasian.. | t
is al so poef ghéedohoditimk W tRQtRerdtd B the addtich §Bh-and Q&P &Ich a% he 15
emul sifier(s) with or without stabiliZzZer(s) nmake up the so-called
emul si fyi ng #ERIDIGHHt he wax together with the oil and fat make up

t he so-call ed enuhsi Ly J i ) oj | .

di spersed phase oifjé?%{ée[lb% ggl%& gl{r? %ﬁag??%%f\g@é 'I%Rﬁ tg)én léa%gaﬁf r%rﬁ%afr%tlwgn‘)f
stabilizers suaquetissufmnsiosby ihe atdicod of watbrairbdde e atthe ingredieitfivent i on
i nclude Twecn,60, S r.).80. cetostear al cohal , bcpz al cohol , 20
nyristyl al c%%%ﬁxfur%ﬁ@géﬂifperﬁ%ﬁ& 4 12135 3%%‘{’§ﬁBSP§B‘§P6ﬁ$9“56¥%/T’nes%I“?‘H? e.
The choi ¢& opresatvdtiabd. eSudtabls dixperkiaf or fvetting BeentOihmdhpthdfy ien@@aged on
achi eving the d%rg&lgﬁs tic properties. The cream shoul d )
preferably bEFRIGH §{/r5?18%‘3ﬁ AR VET DgTEeR! Recitemy. 0T s yaRie swogteing,

suitabl e Conﬂh»‘fr&iﬁﬁﬁﬁ(dé&ox@d@%g@ntﬁﬁﬂé@@ﬁaﬁeﬁﬂé@eﬁ@bes or other containers.
Strai ght or branched chain, nono- "or dibasic al kyl esters such as

25di - i soadi pat e, Tisghampdcesticabeoatnositipnsop fheaineengioy ool aldp &s insthe §frm of
coconut fattyyaci i pAVAM , t 1. SQpropyl
ot e poae s ok SRBECEM. R B b il 65 ' on ds3RRE §F %

br anched2@ hakmcleseibagnikerelwil, asch@s dideidphraGAR oraynitiercws ddse. tdnttaplast

t hree being rglfSi r.IrlegI estens, Tge g m be used ahlone or i.n

conbi nati on %3 SRAPA ISR wHltdema uﬁ%ryf(?c@gmpeéﬁ?’ﬁ’éa‘? R PEa7aEE 7 ™ hi gh
nel ting poi ntragacqpitld Satmratly-casurdBnphdsehaidts, siparaa ks joRanieion, ke d
paraffin or other m ﬁer,al 1pi I§ are, used. . Phar maceuti cal

For mil at | onsPERUGHER G % TR TP Cidh pnd i snh ambreridomshstsis Sarbitan

conbi nati on AeHeYI&ikd)End @nHARalidNVEBIIRDIREEPNEL Wels hvi@lrh@h}@éne@[d%.

pharmaceutical |y acceptabl e carriers or excipients and optionally

ot her t h&} apBish pepalyeedylepnaprbitanenqnoelsptes dherauision mayelsnicaitainng t he
act | ve i nor et &nhingAxa AEvdrihe 3Dl Mg UidiABhS {edbmhi}fed Dhfnded
a us nple,

met hod of adm nistfation. efi used for ora or exa
tabl ets, trovhstningezenyessh agiweaws sabitoli dr sserege Baciofosmuldiiapensi e
powder s contain a demulcent, a preservative, a flavoring or a coloring agent.
The pharmaceutical compositions of the invention may be in the form of a
30 sterile injectable preparation, such as a sterile injectable agqueous or oleaginous
suspension. This suspension may be formulated according to the known art using
those surtable 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 difuent or solvent, such
35  asasolution in 1,3-butane-diol or prepared as a lyophilized powder. Among the
acceptable vehicles and solvents that may be employed are water, Ringer's solution

and isotonic sodium chloride solution. In addition, sterile fixed oils may
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or granul es, emulsions, hard or soft capsules, syrups or elixirs my
be prepared. 5 Conpositions intended for oral use nmay be prepared
according tq any _nethod known to the art for the manufacture of
pharnaceuﬂwgéwwégﬁﬁ%sitions and such conpositions may @8ﬁﬁ§#ﬁ”&ﬂéﬂor
nore agents including sweetening agents, flavoring agents, coloring
agents and preserving agents, in order to provide a pal atable
preparation. Tablets containing the active ingredient in adm xture
wi th non-{oxic pharnmaceutically 10acceptabl e exci pi.ent _which are

Sui tabl e For CHENTIETUPoOBIOYs 35aVER T %B@Eﬂwémrﬁhggéh’éwnﬁﬁ%zﬁ@’s
may be, for gxadBk&ioil B8 be Qhﬂlb@é&lﬁﬁoluﬁﬁ%@n%ﬁ@ Blofb WP yRAGUR
carbonate, |actose, calciumor sodi um phosphate; granulating and

di si nt egr at i A¢ditere Mty acids sushas olewi aeal mavalikehvisedie vaedyin thecpresirationiof ndi ng
agents, SUChh@éxﬁ%%rCh1 gelatin or acacia; and |ubricating agents,
such as magnesium Sstearate, stearic acid or talc. 15 Tablets nmay be
uncoat ed or may bEhcaaiuatofrgtikniogrdicecthatingpyds domblined widy the carrier

i ni croencapsul ation to, del ay .di.si nt eqrat.j.on and adsorpti,on in th
gast rof nfGst FREPAL P RYNETHINHE ASHEE FrBT ey eReing gD Metosadd: a
| onger peri ognd the pativaiith&le ofl alhisudebRyForek nplala HneRias Bhivesia
rnonost ear at e o%%gggeeryl di stearate alone or with a_wax may

| : / . be
enpl oyed. 20FBH Peih admpigjstrafiog to flumansgyayoniiR e reraR el dd° 4800me d

gel ati n capsy}gsiviigleSal LfipBeided S ith A8 feh Sidee bt mnxgngicn%lwmﬁlef&atﬁf L
solid diluent, foi exanple cal cium phosphate or kaolin, or as soft

gel ati n capsulatesialiiieiclemay virg figot 4bpat § el 98 ofi the ipiak eeinpusitionsvat er or

an oil ium,.. - Ll dauid.paraftin elive .oil. .
Aqueous StsporaPiridD- PRE N Bkomal SRR Sh b bRl Bl by
25adm xt ur e wichfurablecimpivatstior ainiitisirtonf or dxhmphrpnuigedusrselutdn mepndeails
suspensi ons. _Such exci pi.ents

i ncl ude_a syuspendi agent, such as
sodi um car bofRfHEEHGIUE FHEsBaY ff?é'mfre{é|$%ﬂt§§e ,Sg‘ﬁya Phi%g bribppercdient
met hyl eel | UO§& iR WIALEINA bRIer RRl WHISIYIRY ShiRh ARMEne 4YMit bAZREAN N
and gum acacl a, and di spersing or wetting agents such as a

nat ur al | y- oc3dmliigappessphati de (e.g., lecithin), a condensation
30 d f i i : : ci d e D nlee imee
pro UC5%° an :#&)ﬁhﬁﬂggsf%ggng% %Mété%u?a% gcﬁﬁzﬁ%}rg& d]g? ﬁgcfé}g fl]ﬁ())/ include eve

pol yoxyet hyl enc earate satron p ene oxi de
with a | ong divai whakmphaictive migodleot is essqjved or suspended in a suitable carrier,

hept adecaet hy| eneoxycet anol condensat i on. uct .of. et hyl ene
ox de i ¢ abpEr e ufR el SETRT TR loerRic D rias i o
anhydri de ( ep@feratidppigeenymisoypd Paeuistsiiii asotrenemiosal .o J#¥g, aqueous
suspension may al so contain one or nore preseryatives 35 such as
ethyl or n- pPORYREFURYErdRy O Betibsricul sy abat Lidye @ ¥ol ori ng agent s,

one or npge flavordfdlBeehiatddhr aPhdnRIsBafNas HRMhAGL RYRAL Rrzerdsh
as sucrose or saccharin. WD 2009/ 132123PCT/ US2009/ 041432 5Q |

suspensi ons fEyPrisaeithe salivainaepdispt Wuashireated gsis, weually shereseiang peagiaemt i n

a 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.

30 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

35  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
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vegetable oil, such as arachis oil, olive oil, sesane oil or coconut
oil, or in a mneral oil such as liquid paraffin. The oral

suspensi o ain a thickening agent, such as begxax )
paraffin 2§°§§¥§§ﬂgfcoho|. Sweet eni ng agents, such as thosegggﬁig%ﬁth
above, and flavoring agents may be added to provide a pal at abl e oral
preparation. 10 These conpositions nmay be preserved by the addition
of an anti oxi dant such as ascorbic acid. D spersible powders and

granul es gof hﬁ? ﬁbegxgird&}éd%ms&ﬁér%&ewa%%;_ﬁﬁg@% icgﬁap&hdéﬂe@%g%&g ip

suspensi on by e addition of water provi e active ingredien

adm xt ure wi the tecaghenpermomyylasis of&tQV ndectigerds describodpdodi ng agent, and
one or nore 1b5pre lves. [N e di,spersi.ng or.wetting agents
and suspendi ng aggﬁﬁéﬁtgp }e{S %)%%bﬁ% Olr;% ?*Jé‘aal%‘yim?rﬁ%gagf"gf“ééPSB&eaené%d\?e.

Addi ti onal epesspics/ttisporfsperema pylk, @astive Elaaizion Gpray Famar:ting @pCing 8 i ng
agents, may acﬁﬁ bte Igr eﬁeni. , The .phar maceutical conpositions of
the inventi oASHHESP QIRGABYE Marefigat 6} FATHFS A% HekRowRIdRe At ons. The
oily phase r®fiak, veget abl e oil, such as olive oil or 20arachis
oil, a mneral oil, such as |liquid paraffin, or a m xture of these.
Sui t abl e enul si f yFeigulgent sitaie fogdarenigral pdministradeninelpdepggerms anéuoh as

gum acaci a angheGudNIEAREAN DBl Wb REEURTLBGRARRPNALLdes, such
e tral e

as soybean lecithin, esters or par ters derived from att;/
aci ds and hekictagiostaishyd sihdeswhishivdrdashs ikt isonoolvedtthe blantlof the

d i on. . of i_al ith hyl i de,
25euch as. polESybergican e LERErRIRC bR Sk hiboinibe FRROARY ol oo

cont ai n $heeirehidagnsaadify awas bthaBeaibsagedir ups and elixirs may be
formulated with s;ﬁﬁeft eni ng'J agents, such as glycerol, sorbitol or
sucrose. Such f or hifl BFPHHERAY PRiseyed Brirdidese orepkitdospeontagners, for

preser vat i Veexapld @y10d b foudés AAd CRAQ b Ea P8Rt red Eh@ﬁ-é&i%ﬁ@@gw{mkd)
conposi tions of the invention may be inthe formof a 30sterile

i nj ect abl e pfWgHcREFBHTIneRbHbe addtian efithe serilp jinwd sirier, fqyaouge srter for
ol eagi nous SESRENSE TRy Si v he forn rding to
t he known artﬁgsﬁdgﬁﬁggﬂe&l@ﬁﬁg gﬁﬁg“ Egﬂél‘%’g?‘ Bsépnglsgrgéc\%g{l ?‘%@g‘)"géﬁt s and
suspendi #y agyepausionhire prapave floweterite pow dene draabloy end @hlets of the idnd

i nj ectabl e preparation.mayal.so be.a ster.ile. injectable solution or
suspensi on i%%gl%lrl\o gef'scc&?rgg' ;1))§crﬁérﬁ?deur“étldf)§/a CraaigpEaTg, Oﬁ%ﬁcl“tad‘?m%ﬁ)ﬁ'i‘}g’nt,
such 35as a dmb ot wdndaily sdh-Bedsdsareimlitohe akitat, opar §hrapsiart t+atGdhihbieged
powder. Anon he accept abl e vehicles and solvents that may be

enpl oyed ar e”MAT &1VC BEFGEP s sol ution and isotonic sodium chloride

sol ution. In additii@8id tetwBérkt8od i€ 288itisn tRMe Braredts particularly
2009/ 132123PCT/ US2009/ 041432
25 mentioned above the formulations of this invention may include other agents
conventional in the art having regard to the type of formulation in question, for
cxample those suitable for oral administration may include flavoring agents.
The invention further provides veterinary compositions comprising at least
one active ingredient as above defined together with a veterinary carrier therefor.
30 Veterinary carriers are materials useful for the purpose of administering the
composition and may be solid, liquid or gaseous materials which are otherwise inert
or acceptable in the veterinary art and are compatible with the active ingredient.
These veterinary compositions may be administered orally, parenterally or by any
other desired route.
35 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
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5conventional |y be enpl oyed as a solvent or suspendi ng nmedi um For
this purpose any bland fixed oil may be enployed including synthetic
nono- or digl ?rldes In addition, fatty acids such as, gl eic acid
may |ikew ?g %‘5’ 13888 in the preparation of injectables. PCFIE2URBUAT? of
active ingredient that nay be conbined with the carrier 10 materi al
to produce a single dosage formw || vary dependi ng upon the host
treated and the particular node of adm nistration. For exanple, a
time-rele sefor | ati on intended for or dministration to humans
may cont ai ﬁrﬁtcBT’?m{%étaB‘g’féﬁléte%o "ﬂ&’“a@ﬁ UFREYEPIAE OLBMBBIRNE ed
W th an appr Wptlmcmﬂetmﬂvmlggﬁomaﬂangwat adRE idgddidypt eri al  which
may vary from about to about % of the total conpositions 15

(wei ght : wei ght) . FHectiyrdpseed eeivedugredienperdods arcaston bengrepétted to
provi de easi Ly,si&a exanpl e, an
aqueous sol ultc?(non [ ﬁé&ﬁﬁkﬁw?%ﬁ?ﬁfﬂggﬂéﬁ%ﬁgkl n?"]tiju'rsnlﬁt]é @%fg& ntain from
about 3 to 5@@ppgagicali h@owgtdoses) dnrgaiestisenttiwevirahinféctibn, ter methodal ut i on

in order ;tha ui.t abl e ume .at. t e .of ut.. 30
nbt hr ¢ arll6 océ‘ﬁlr‘gwg n’gf‘ a%‘la?)er]f é Cagg?rfnggalggn‘f oy %F S%Fm%‘?ﬁ %qg? FURGI
Ej 0 thF eée akising cmbxudﬁalay:@e &bﬂﬁlﬁogvmﬁlﬁl sy mtdab%eaﬁﬁdctéﬂtc:’tlﬁtgﬁ@ﬂia%ﬁ is

i ssol ved or in a.s able_carrjer eci a an aqueous
sol vent for {)ﬁﬁ&g “g mﬂ&tgélfﬁ%?ﬂt’ “’e‘ﬂltép"aélﬁ’vtéplf;ﬂg’ gﬂ’inéh?“t 001 to about
preferably plesgnl doly St lt@taasu @ BRIl fﬁ)n?%?'@ti t@tﬁoqtls Hlf /k%b%d;t/ 0
20% advantageously 0.5 to 10% and egartl cul arly about 1.

25For nul at i off§ieBUpar 4aY:enasbiyricaly &am v -Af gatarbapt (bﬁmbfkgtuqéy muhtper

i ncl ude ze i V. I V-Qr

st o uihal P Fob SERiig difbl Suftidte'fost RATAAThubd RabbBYBRER 10,
the active i hgb@djn \emghtwnllafmgr: fremt ! basi B0Suny pasfergily dtinremfthegng G0 i n,
Oor sucrose an aci ut.hwashes ng ising the active

i ngredient i n ya%ll(eatﬂﬁod—ﬁ]loésggeolrgwn &l ations for rectal

adm ni stration may be presented as a suppository with a suitable base

conpri si ng f Bputexeiivipdministrgiimm butter or a salicyl ate
For mul ati ons sui t@bl e for int raLB tranargn gasal ] ni stration have
a particle size fof° ¥XaHprEPHH o (pereingegfeserions Heghdve such

as 0.5, 10 3fgredkent) @re,adhﬂﬁlﬁé’ted Ey @f@%ﬂb%ﬁ)}ﬂﬁ%@at@kb th@BinditioR R@hdrd2R.
t hrough the nasaLﬁdpassage or i nhal ati on 35t hrough the nouth so as

to reach theSEfaplgPRFs wawde OfShF‘t%ll’éWdPWﬁtlatllFb‘ﬁ@g Heqaliend sublineseldy or
oi Iy sol uti ofgiof afd\RurdehMGiciiagy %@ta&tmf%twtnatch%%ntwtﬁﬁp' e for
aerosol or dry powder adm ni st ratgl on may be prepared according to
convent i onal itfaddnmals indrythegd andemiduyalh andidheiliker 8dvillibe aproediged that the
t herapeutic g r f e, treatment
or prophyl ax %éf—?é#)'; §al§ :agtﬁs asﬁlaggégé %gg{t%reliégg\}g réuplénq‘
For mul at Ei)nsacs'anmgdodfehé mmpnagdsrﬁlthtanlmmmsts b they srayralie bpnesdkbleadd as
pessari es, n‘gj &s B qus, gel s, pastes, foams or spray fornulations
cont ai ni ng |?‘f‘ §4°t54SR8 B0 the active ingredient such carriers as are
known in the art to be 10appropri ate.

Combination Therapy

Compositions of the invention are also used in combination with other active
ingredients. Preferably, the other active therapeutic ingredients or agents are
30  interferons, ribavirin analogs, NS3 protease inhibitors, NS5a inhibitors, alpha-
glucostdase 1 inhibitors, hepatoprotectants, non-nucleoside inhibitors of HCV, and
other drugs for treating HCV.
Combinations of the compounds of Formula I-1II are typically selected based
on the condition to be treated, cross-reactivities of ingredients and pharmaco-

35  properties of the combination. For example, when treating an infection (e.g., HCV),
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Formul ati ons suitable for parenteral admnistration include agueous
and non-aqueous sterile injection solutions which may contain
anti-oxidants, buffers, bacteriostats and sol utes which render

th
formul ati oWOZABAEHRE with the bl ood of the intended rec?caflgizﬂogmﬁﬁ?f

aqueous and non-aqueous sterile suspensions which may 15i ncl ude
suspendi ng agents and thi ckeni ng agents. The fornul ations are
presented in unit- dose or nulti-dose containers, for ~exanpl e seal ed
anpoul es and,vi al ored i.n freeze ophi | i zed)
condi t i onglr el |°Pmﬁé‘"’}tl ﬁ’ls ﬁpﬁ%&“’e&@% ToR™ m‘%in ﬂé?téf’rl 3¢ V‘f gar%P UE B %r |
for exanple mﬂﬂﬁﬁthﬁkdmnpaaimﬁﬂn)|nned|ately prior to use.

Ext enrpor aneous i n ecglon so|ut|ons and ZOSqﬁgenS|ons are prepared
fromsterile po teblegptiyR therapeyfe ageals s ingreshentghigh ¢ap hsceppimngd myth

descri bed. Pﬁmefc&ﬁ{,&ﬁhdysftorﬁmqq@[ JaﬂfMd@Edt@r@éox%r gt B%ﬁt&ﬂ"fﬁl@'ﬂ}:‘hﬁ‘g a

dai ly dose or uni sub- dose, as herein abové fec¢ited, or -an
appropri ate #oae2yiaed dhiliratnbe, 2agfFNakehadb,i TGN alphgr2bdilemtEN-tlphatoul d be

unt hast opgl that. i @?fi Hlféi' i IEE% fl @%{ Ll 8949 P%;Etd-ﬁ’llflérg C?ff.a%t ated,[ her

ment i oned above t frats né of S inven I’on na
agent s conveliN-oeigloral inteifigom riphdy acmmgcafegxarmitetmnxtdl;ﬂ]at wm Bdta, infergen +

fornmul ati on i n quest] for eswt bl e, for, oral
admi ni strati %Cﬁlrﬁ’ﬁ'ipe' wﬂaﬁaﬂlmg %{8* uferon; ribayixin ARAIP G S FEORISH
provi des vet @peAal y‘{&@rfp@ﬁll \Iﬂaﬁi‘kﬁnﬁﬁifmal@mngﬁﬁa ihifEdrs, QIpE 2831, \Ae689
i ngredi ent as above defi er wwth a veterinary carrie

t her ef or . 30%?&%\‘157789?/52@5113?? é?lgméffaée RRIDEPIS - & DNEEEH "4‘161131011{%1?@1%3&%%

of adni nist epsxrmbmlmm@vtm@rmﬁqgaﬁmﬁ%%@lm 17! ﬂﬂiz‘é QEHIUAHEOUS
materials which are otherwi se inert or ‘acceptable in the Veterinary

art and are CoORPHOHITBKOGIAS tahd Xddt 21\2é Nﬁlgpmammhlbmeseeg VECIBS0BRAdy
conposi tions 2, | ot her
desired rout(eﬁggcgr;r\pgélpn sﬁlg]f%g]?ﬂe I nvent ?@%&%@%x‘ﬁa‘@%‘?&v@ f]é/}
control | ed riahibass, qa@ammmt(c@glmﬁm)mﬂTﬁtz%cbﬁshapampmmtamg, ag., mNi ve
ingredient o L, u he i nvent.i on "co

rel ease for n’%}ﬁ%gowgm? ? lﬁﬁn@nﬂ gﬁ‘ﬁg 45ﬁ€}°86[’é‘8 egyidg ph Hﬁltgl"\%/g%g}?e 8D
2009/ 1324 3R6hLHSRAOR RAIARZs, De@r 2]1eiThdidfife CoRhtIeh | ad pRagilamd at ed

to allow |l ess frequency dosing_or to inprove
derivatives; and other drugq for treating HCV, e.g., zadaxin, nitazoxanide (alinea),

BIVN-401 (virostat), DEBIO-025, VGX-410C, EMZ-702, AVI 4065, bavituximab,
oglufanide, PYN-17, KPE02003002, actilon (CPG-10101), KRN-7000, civacir, GI-
5005, ANA-975, XTL-6865, ANA 971, NOV-2085, tarvacin, EHC-18, and NIM811.
25 In yet another embodiment, the present application discloses pharmaceutical
compositions comprising a compound of the present invention, or a pharmaceutically
acceptable salt, solvate, and/or ester thereof, in combination with at least one
additional therapeutic agent, and a pharmaceutically acceptable carrier or exipient.
According to the present invention, the therapeutic agent used in combination
30 with the compound of the present invention can be any agent having a therapeutic
effect when used in combination with the compound of the present invention. For
example, the therapeutic agent used in combination with the compound of the present
invention can be interferons, ribavirin analogs, NS3 protease inhibitors, NS5a
inhibifors, alpha-glucosidase 1 inhibitors, cyclophilin inhibitors, hepatoprotectants,
35 non-nucleoside inhibitors of HCV, and other drugs for treating HCV.
In another embodiment, the present application provides pharmaceutical
compositions comprising a compound of the present invention, or a pharmaceutically
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t he pharmacokinetic or toxicity profile of a given active ingredient.
Ef fective dose of active ingredient depends at |east on the nature of

the conditjon bein? treated, toxicity, whether the conmpound is being
used prophYPFPEH y (1 ower doses) or against an acti VET(H3PYp/41432
i nfection, the method of 10delivery, and the pharnmaceuti cal

formul ation, and will be determ ned by the clinician using
conventional dose escalation studies. It can be expected to be from

bout 0.0001 t 100 .ny/ kg bod i_ght day;.typically, f
Shout o 01 t s TnBlE Mo g Bee e B e PR RS A el O
from about . @ddiﬁ@aa@aupeu‘ﬁicragérdsgelévaﬂwmhﬁ@omnga}lﬁg dg‘]}i@gylagéfd)ﬂlﬂai ly,

a (0]

fromabout .05 to about 0.5 /kg bodﬁ/ wei ght ﬁer i r

exanpl e, the?i@#hs 8 P’é%?f]ﬂi?‘ijﬁm‘;g@é afrHN-ghpha bl FNlbabet L. apt-dxhade el y
70 kg body weifBisudAN at ( ) ween
5 e and 500 Tes et ApRP SR bR, PRk, A 0 R B et
Rout es of AdHiMbettramaliigarf@nealpha, feroe reaferpouingsnaof alplaer-THN-beib,iinfargen +

(herein fe 1h Al i ngredi ents), are adm.nistered by
any rout ggap%('gng%ﬁngt %ﬁ "I(’)m%%l g&gﬂoﬁgﬁz}% O%ig'tl%mﬁére?’?%%fc%}’cf% %Q%ﬁe rout es
i ncl ude or al yiraneidinaktaribeviéd), A180 pj £-8R9, (NMAE ddlgpiditabimal R 826, PSI-6130

subl i ngual ), ,Vvagi.nal nt er Lncl udi_ng subcut aneous _
i ntranuscul aFR,]%S%})t %ﬁgﬂﬁgﬁfﬁﬁ’ﬁag@'&ﬂ@’ -Hf]?dméé,a‘{@éﬁé%é’;ﬁ-%%a%) ,
and the i keGSKBIZWSBJX'DEQQPS?"S@?H-S’G%%gitﬁtl-ﬁ,he}{—!@SGfﬁHp‘?éjuiﬂ)H‘l’W—WM
vary with for exanple the condition of the recipient. An 25advantage

of the conpotitdBILdF2G08; ¥MX-3RA8reelenivin, W hap 1 BHEN-65, MEad 73§, MitoQ, and

bi oavai | abl e ar Loy Thisnaf. i : L

Composi t1ons B (T T riaat o A Ao SRR el ARaR ORI g o e
active i ngr eplieapigkninPdefietizgs yadaxinenipezdranidadilines), BREN e (tifostat),

i ngredi ents ; interd.er i bavi rin. anal

prot ease i nhlﬁgpﬁ"ﬁg%’s\@%lﬁﬁ’rﬁ‘}gﬁf@?S‘?{}g?%q:?aga‘dﬁuﬁlgggi ?)@étg‘%%é PW”’

i nhi bitors, KepeRNOPEOY, eal@NtCPG- hENtH §) BRNOSH( eiviadif)idai 3005, A 104 - 9K Tiand
ot her drugs j CV, . i nations of the conpounds of
Fornmula I-11 %géré&?%lgggk}yz@ef%@?@dgﬁgg@d a‘&fiﬁﬁﬁ@ i diphrgHceEicaly
treated, 26T OgRefteAetdrMétdregipRht. i ngredi ents and pharnaco- 35properties
of the conbination. For exanple, when treating an infection (e.g.,

HCV), 5 the conp8sFtangtisr grdadiaentifhepicraaharnisationms vidas awomhingtiorer
active ther aﬂﬁ%é&u@&?%eﬁt ((O%bggin%; t hose descri bed herein).
a) a first pharmaceutical composition comprising a compound of the
present invention, or a pharmaceutically acceptable salt, solvate, or ester thereof: and
25 b) a second pharmaceutical composition comprising at least one
additional therapeutic agent selected from the group consisting of HIV protease
inhibiting compounds, HIV non-nucleoside inhibitors of reverse transcriptase, HIV
nucleoside mhibitors of reverse transcriptase, HIV nucleotide inhibitors of reverse
transcriptase, HIV integrase inhibitors, gp41 inhibitors, CXCR4 inhibitors, gp120
30 inhibitors, CCRS inhibitors, interferons, ribavirin analogs, NS3 protease inhibitors,
NSS5a inhibitors, alpha-glucosidase 1 inhibitors, cyclophilin inhibitors,
hepatoprotectants, non-nucleoside inhibitors of HCV, and other drugs for treating
HCV, and combinations thereof.
Combinations of the compounds of Forniula I-1II and additional active
35  therapeutic agenis may be selected to treat patients infecied with HCV and other
conditions such as HIV infections. Accordingly, the compounds of Formula I-11I may

be combined with one or more compounds useful in treating HIV, for example HIV
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Sui tabl e active therapeutic agents or ingredients which can be
conbined with the conmpounds of Fornula I-I111 can include interferons,
€. g., pegyhats IIEI\I- al pha 2b, pegyl ated rl FN-al pha 2a

2b, | FN al Iﬁ’ﬁaﬁg’éﬁ ri FN- al pha 2a, 10consensus 1FN alp P&ﬁg% ?IgIII‘gI%
rebif, locteron, AVI-005, PEG i nfergen, pegylated |FN beta or al

i nt erferon al pha, fcron, reafcron, intem ax al pha, MEN-beta, infergen
+ actimune, |FN-onmega with DURGCS, and al buferon; ribavirin anal ogs,
e.g., rebst Oblot&%muﬁm EmASds, ek Iﬂnrlﬁlmegkl@@lnIaIb?tBI'sQ@YévHsQ) NSSa

i nhi bltors e.g., 831, A-689 and BM5-7 X}rrerase

i nhibitors, a@%ﬂp’fw@%nm}ws istgilehipitoss @féevmz@scmn@sﬂéﬂ B1BRo(dR1656) ,

A L T T G L L ST S

(SCH7), VX- 9310311(0'&::@131[30 eﬂnbl)o;rs ICTRA-id bitors ridteBedohk, 21036‘5:111 analogs, NS3

| ph I d | MX- 325 d
02318 nep Al Barsbblnn oo et e Gl Tonick e

LB- 84451;10n0 mhmmi q@l@@hﬂ@ dtavhin, f6H-So o sHEMhiltoss of FROV haastenidazel e
derivatives, benzo-1,2,4-thiadiazine derivatives, and phenyl al ani ne

derivati ves; leEEII’dI‘géI(-Iler drugs for treating HCV, e.g., zadaxin,

ni t azoxani de (al | Pea)spedfi Ny AL Oﬁﬂogep&g ﬁ%)p
EMZ- 702, AVI 4065 bavituxi pab. ogl uf arI?ngmd PYN 179%%3’%%/6%830 gbe

actilon (CPGCMMWIWWOFW Omnmadsrsele@edMBthC&mp Qﬁ’rﬁmtlixg bf B&HW
ANA 971, NOV- i t an )
enbodi nent , ﬁ’geéﬁr%@éln% {‘Igp‘l JI:I(III%III%II ZIV ojsamﬁ narré éﬁ{nia\ X i
conposi til@nsntmm)r lopimgire 1uomwmm1ﬁmﬁ1rt Mumaa&emtananvarﬁcmﬁﬂn or a
phar maceutic I |y ac I sol vat n%? r.est h in
conbi nati on ‘I/F 5tfﬁ§té€2t% ﬁ’é@fﬁiﬁf@?%ﬁaﬁ%@ g’UIIEI %42&%&& %@nd a
phar naceut i cald135R003E! BI7b&423aR 008Y4609, 1EXI-PI2 MPC-#CPPdiag, 4 t he
present invention, the therapeutic %ﬂent used i n conbination 30 with

the conpoundSg¥é 40385 % DK PPE-1 0@ 20 2 6V agpnyeleqsive inbibiter o agiersg a
therapeutic ghfegiauhen &%ﬁa@uﬁ@ &ﬂmn@aédagﬂ‘l&%é Bl 06,C IQé\T:Hgﬂ:IH@' (-QII the

present invention. For exanple, the therapeuti¢ agent’ use
conbi nat 2&n mlaﬂfrhd%, %@m‘@&rﬂwéﬁ% P (opEds BRC- 961V BREHSA, MAY:-158, and

i nterferons, i%ad( 1oL e8s i

i nhi bitors, aI/Ip():Ea ucosi d@g%lm%s%&gu%%’rs %If%%kﬁ%ﬁﬂﬁﬁ%ﬁ ors,

| mpat opr ot ec#&Hia, RBBAﬂ@ﬁ; 3ma|d:ll"§mcldmdenhh1bmmfsex@fse iHaMscripiask, egher
drugs for tre .anot her. enbodi.nment, . the esent )
appb; cati on BROTRRE TR o LR a e BRI HEo o T &) iy Sbpcavir,
conpound of gh@xpbieeBRkitdbhve Blol-@fine, MTVE IBDALIRCeUtTgablyr89 WO
2009/ 132123PCT/ US2009/ 041432 5ac§§§t able salt, solvate, and/or ester

t her eof , 23 n ewiwsiabnG posphazideaiozivadiag tidnrd, fosehundinetieiils apsiciipmet | ¢

agent sel ect SiSt.l : I N | pha .2b,
pegyl ated rl @ROEISQ'?EIII EX&II-IEI\II-@a ﬁadb%&vﬂ%gﬁﬁéﬁg a- %E&I{Jr IEII%%I@aIIep ha
2a, consens uadmﬁﬂina,l qmctwmdlnq ﬁémglenqu: ébh HIVInoclketiderinhikitdr-ob &verse

PEG i nf f
gt eron o1 iR e n o v sl YisohPat e SR ey g fovi

1FN-onmega W dikopkdiGbmaatduémirnabiiebefatienz CARRALHYir Y2487, intékihadm di ne
(tari baVICI—II;V)“IT@A- 831, A-689, NM 283, val opjci tabijne, R1626 SI-6130

( RL656) 8oT B s rcuminy deryRO S 08 curRipiposhicore £o¥, dapiepiives of

PP- 868554, OSK&4
(Tel aprevir), 1T%§93i§§aae%% u&f%%g%ﬁwﬁﬁg%%g‘k %gllca%%ﬁﬁﬁ%m acllel’ 231B,

| DN- 6556, Wugupggmbmyth@@mdaqlmwatwes of aurmtncarboxyhc acid, caffeic acid phenethyl
cster, dertvatives of caffeic acid phenethyl ester, tyrphostin, derivatives of tyrphostin,
quercetin, derivatives of quercetin, $-1360, zintevir (AR-177), L-870812, and L-
35 870810, MK~0518 (raltegravir), BMS-707035, MK-2048, BA-011, BMS-538158,
GSK364735C, 6) a gp41 inhibitor, e.g., enfuvirtide, sifuvirtide, FBOO6M, TR]-1144,
SPC3, DESG6, Locus gp41, CovX, and REP 9, 7) a CXCR4 inhibitor, e.g., AMD-070,
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15LB- 84451, benzi m dazol e derivatives, benzo-1, 2, 4-thi adi azi ne
derivatives, and phenyl al ani ne derivatives, zadaxin, nitazoxanide

(alinea), virostat), DEB10-025, VGX-410C E
4065, baw\% M?Q%ﬁ '(bgl uf ani de, PYN-17, KPE02003002, NEC%@%”“M“”
(CPG 10101), KRN 7000, civacir, G -5005, ANA-975, XTL6865, ANA 971,

NOV- 205, tarvacin, EHC 18, and NI MB11l and a pharnmaceutically
20accept abl e carrier or exipient. In yet anot her enbodi nent,

t he prese at.i rovi a i N io har.maceut | t
compri o ng: SPER S a B o SR RO aLe BTaR R gty R86
conpound of hﬁtEBE)EE'SﬂWCRL mmeﬂGﬁ]HEand)NAadeﬂaﬂm&ﬂ*&HdoG@H,Mnﬁﬁﬁaﬂﬂt ahlze
salt, solvate ester t hereof: and_ 25b)a second har maceut i cal

conposi ti on g&l?ﬁrlp PitR> ¢ aPkBYEOCORETVHARH [NCERIAY 1.4 e (NGB UG8 MT-

sel ected fromifg OCRSRAGRRS L hAGviR, H)\éngﬁtgitr@@r?% | Ha-Rhded REN. alpha
compounds, H V noh-nucl eosi de i nhibitors of reversé transcriptase

H V nucl eosi de Heayipted (l6NsIpifa zrﬁelﬂIENs@h@r-thb‘ralmhaa%e’{L HIRN-nipb4 2ot | de
inhibito of hitors 41
i bi £ ord, CEols AR AbPTAGLLH 088 idleln RVISES G ARl BhR s 3P

i nt erferons, IFN-beawj aralintadabo gipha, NS38n peafezeﬂ,seteumd:a ddpHaor-FEN-DSadnfergen +
inhibitors I si dase. .| it cl il.i.n inhibitors,
hepat opr ot ecf‘%{ﬁ?“ﬁ‘“ W?fﬂ?ﬁ Hﬁaﬁg 'Bﬁ] “rfgm “RI%B“"“&%@P gFi’e‘frg dr ugs
for treatingrddedl, c@;SBé,us';Wh%hh@ﬂﬁarﬁhﬁ&@@ﬁba&ﬂﬂbBﬁﬁSﬁ@lﬂﬁzbﬁ&stehe A-
conpounds of Fornu and additional active 35therapeutic agents

may be sel ecfeld 639[ 5\“@;%“"%3?@% Nk ppbmeiase Hbihatgrsang., Sivrés3,
condi ti ong suﬁbple%abmc\/m&faeﬁé;l ARY (Rﬁe%j)rrr&\rlgba BILB%QPBM%usef J‘?“. ]

Formula | -1 be conbi hed with one”or nore conpoun
treating H VlOTf &71&&&/’@1 ésmw—@@asmsz@@@rsﬁamgmr 115200938 Do k32

Sor o c25e LA 08, COTpSIDS 0% BuEbEapl) PP 00 S
transcri pt as2Qesil &) arrp]rmoeabsldlaerlniﬂuhrtd: e, M XrR2628 (@otikaNsalipLage,
P T S0 a5 gL By AT UDL A Lo IR LATEPLL 1 GR120
20  nucleoside inhibitors of HCV, e.g., benzimidazole derivatives, benzo-1,2.4-
thiadiazine derivatives, and phenylalanine derivatives, 19) other drugs for treating
HCV, e.g., zadaxin, nitazoxanmide (alinea), BIVN-401 (virostat), DEBIO-025, VGX-
410C, EMZ-702, AVI 4065, bavituximab, oglufanide, PYN-17, KPE02003002,
actilon (CPG-10101), KRN-7000, civacir, GI-5005, ANA-975, XTL-6865, ANA 971,
25  NOV-205, tarvacin, EHC-18, and NIM&11, 19) pharmacokinctic cnhancers, e.g.,
BAS-100 and SP1452, 20)RNAse H inhibitors, e.g., ODN-93 and ODN-112, 21) other
anti-HIV agents, e.g., VGV-1, PA-457 (bevirimat), ampligen, HRG214, cytolin,
polymun, VGX-410, KD247, AMZ 0026, CYT 99007, A-221 HIV, BAY 50-4798,
MDXO010 (iplimumab), PBS119, ALG889, and PA-1050040.
30 It is also possible to combine any compound of the invention with one or more
other active therapeutic agents in a unitary dosage form for simultaneous or sequential
administration lo a patient. The combination therapy may be administered as a
simultaneous or sequential regimen. When adminisiered sequentially, the
combination may be administered in two or more administrations.
35 Co-administration of a compound of the invention with one or more other
active therapeutic agents generally refers to simultaneous or sequential administration

of a compound of the invention and one or more other active therapeutic agents, such
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protease inhibitors, NS5a inhibitors, alpha-glucosidase 1 inhibitors,
cyclophilin 10i nhi bitors, hepatoprotectants, non-nucl eoside

i nhi bi t or sy@fyddia¥a@nd ot her drugs for treating HCOV.  popudbbRaids:
specifically, one or nore conpounds of the present |nvent|on may %
conbined with one or nore conpounds selected fromthe group
consisting of 1) HV protease inhibitors, e.g., anprenavir,

at azanavir, fosanprenavir, indinavir, lopinavir, 15 ritonavir,

| opi navi rs+ gat ﬁ@ﬁ]éédﬁcal_l}eéffe'cﬁ@eV&ﬁounﬁs&ﬁ%He&%%'pf:undtdf%@lﬂ@éﬂnﬁn and one or
brecanavir, darunavir , TMC-114, nozenavir (DWP-450), 7E-2147
(AGL776), AGIRSDothaegtve thergmatio szenRonaEAEITsent anbe bady offrpagent,

DPC- 684 and 0\/\648§ §1§?§nst§&gn7mc1€ﬁ)és a&%@mst@aoﬁoﬁlln\{t Jhgﬁ'oeg ldﬂhg%&h?&nds

i nhi bitor of reverse transcriptas . avirine, emvirine,

del avi ri di nepf e dnwendmdeforev zrf&pndml,ms(r&{)ongﬁf unak:lasagés af@nApr wbreantier i ne,
G634, DPC- 083, DPC-961 963 V: 150, and .TMC- 120

TNMG- 278ef avi PERY theﬁi‘ﬂ??i‘%“‘ég %Izl@df‘?‘ﬁ‘mﬂf@” of 8 OBPOURiSERls, 3) a

W nucl epgi dewvkfnbiition sd@fmd’semﬁiilﬁe@ driliofs of ihpaStistatifn of dhe@OMiel diker
emtricitabi ne, didanosine, stavudine, zalcitabine, |am vudine,

abacavir, anBOWRsrapelicagsnisappttaamplecy i dnse ofg semppynd phtae {vention

(-FTQ), D-d4 el 5D BRowdIHRR aZbAR,
f osal vudi ne E%d%%aﬁmlgprl citibine (AVX754), gﬁdhg%(%gwmlhh%%hbfa

abacavir + | omit gosadf aes oralyae it active hatapendicagents. Zilvaiekyca unit dose of
zi dovudi ne +01liea6rq{1(§/re ld&xepﬁl]praéguu% nis %&e %’rhlngs?erkc{]gll f) 'f(%lﬂ)rweg% ;e\_{_er se

transcri ptase eno OVI r di Soproxi amar a
entricitabi nedmmmtreﬁm/ofra mltsiomafm compunmelrctie: imvatibn wthinaocands or
efavirenz, and adefovir i,nt.e se,  30i nhi bitqr . g.

our cur n. " doPPATS JBS) 3h S CEHG S SRBIAr 2 bt foiaa Babpqund
chicoric aci gf thd imelichake b aed, Alter HFdridd oﬂmm/@tg \/1952 Kurs), by

3, 5-di caf f eoyl qui ni e aci d, auri ntricar box% c aci d derivatives of

aur i ntri car badyinisiratien of 2 WiOpEs of ORE PH PR ASHIve dagraienticpgient§aft QBE of
caffei c aci d.ppenehivle d%?ﬁd%[e totabhlhﬁ'm&ta' Wit &S ARt bmgleqithérx&ﬁ;aost in,

quercetin, derivatives of quercetin, S-1360, zintevir (AR-1
L- 87081220 anthetapewBareg Orst, pdlysgafior abetegrafionss (e.gM512 07035 by

VK- 2048 BA- 0 inhibitor, e.g.,
et uvi 11 de. APV A R dgredtt P Mol ™ Locts gpad,
CovX, and REP 9 The acdERibni tidragh mqrproedg“s,yn@:@ﬂﬂﬂ(]sw&igistmw the

%ﬁ?fgégzj'gf Pg %iégo%/ﬂ%ﬁi%]? g% rag’m)é: 15glc nt : Xs&l o gllmt 2 gfea?cr Bian tre sglmABf

the effects that results from using the compounds separately. A synergistic effect may

25  De attained when the active ingredients are: (1) co-formulated and administered or
delivered simultaneously in a combined formulation; (2) delivered by alternation or in
parallel as separate formulations; or (3) by some other regimen. When delivered in
alternation therapy, a synergistic effect may be attained when the compounds are
administered or delivered sequentially, e.g. in separate tablets, pills or capsules, or by

30  different injections in separate syringes. In general, during alternation therapy, an
effective dosage of each active ingredient is administered sequentially, i.e. serially,
whereas in combination therapy, effective dosages of two or more active ingredients
are administered together. A synergistic anti-viral effcct denotes an antiviral effect
which is greater than the predicted purely additive effects of the individual

35  compounds of the combination.
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and Bl ockAi de/CR, 10) a G6PD and NADH oxi dase inhibitor, e.g.,
immnitin, 10) a CCR5 inhibitor, e.g., aplaviroc, vicriviroc,

| NCB9471, PRO-140. | NCB15050, PF232798, CCR5mAb004, an aviro
11) an i nt‘gpﬁg@(}ﬁi’ﬂg g., pegylated rlFN al pha 2b, pegyﬁ’g‘ﬁI 0041532
ri FN-al pha 2a, r1FN-al pha 2b, |IFN al pha-2h XL, rlFN-al pha 2a,
10consensus | FN al pha, infergen, rebif, |octeron, AVI-005,

PEG i nfergen, pegylated IFN-beta, oral interferon al pha, feron,

reaf eron, .l inen-flax. .al pha, r- . bet i nfergen +. actinune,

| Er omegasui £ DU Sh AR Rt iR ays bR iher e B oinghods
rebetol, copegitibitdHOV poBfdradé maidell] @enplisiki akchhdy) cdiBhfNSB ¥ith
inhibitors, e,g.,. A831, A-689 and BMs-790052, 14 NS5b pol yner ase

i nhibitors, éﬂ@f withgm olfestive gmouns phppesmroand AEToRyYEIEL, pro plgiTmaecutically

R1656), HOV; anllé ; £ - ibited.
br- 866554, 0SROIRTae son s 50n i ety G SR e

e.g., SCH 503034 [nSGHyE)anol: @B Meitape presan} applitadin bedvidearfor methods

Bl LN2065,;,,16 - i d i ibitors. e.q.. MX-325 )
Cbel ooar 401y br Rl BRI A8 ARG ih 4 A Dlolifishe: Snflrind FechiRReed with
3738, |VIitoQCvanih kBefbabd amdif} ofocompbnd of BosuEd- Nk Dpladh sceaficaliCV,

e.g., benzimdazol.e derivatives, benzo-1,2,4- thiadiazine .
derivati ves, *SRBFAYRE EIF%}P’gﬁiaﬁgﬁ’H%?‘?r\?‘ﬁ ?(&’e@d af kst 8??1%%“&“6‘9%““1" or
treating HCViheRupButic aéaﬁ@e&haew@a@@w&g@is(iaﬂlibiﬂ@ia), Bl VN- 401
(virostat), DEB10-025, VGX- 410C, EMZ-702, AVI 4065, bavituxi mab,

ogl uf ani de, PYN- 1ln stikpetpigtisotmbodiasnty thyypresmtzrpl ¢ipR proxiies fggeethods
civacir, 191 - =i 1 o - ‘
EHC. 16, nd RINBTLToTGyY pelaschl Aot Whptite. cntie o RARKEEHT. oo
SP1452, 20) RNABewih iméifdstivotmsoungolr congbihd 6f Bonaul@DNE]| orlPphapiicentidatly

anti-H V agent S... . - A- 457 (bevi i pat ampl.i gen, ..HR0214,
cytolin, pol ﬁcﬁgﬂ?ﬁ%&’ i%fg%{e’éﬁﬁﬁ?mﬁ\@eg‘? ’6‘6%‘%&‘?”“9%8‘?%&"5&& HIV,
BAY 50- 4798, thu2XOR agermplsélaietbom tIRBSIDconALARES intafigdoAriBOSIO 4 10g301 t
is also possjhle to comhine conmpound .of the invention with one or
nmore ot her a@?!r" VR A S lggédéﬁ‘ggorﬁﬁq@aﬂ?“"Loé.‘fiﬁsedd‘élﬁb’é"fﬁor m f or

si nul t ang@uSh&atopRAkLeMtd, Abn-ADERIS IhHiloA b IHCY aRAbiteNErugsRE treating

conbi nati on therapy may be adm ni stered as a sinultaneous or
sequential rB§Vren. Wien administered sequentially, the conbination

nmay be adm ni st ergdyj Bed MBMEY ex gﬁ%?ﬂ%é;ﬁriﬁ%égﬁ{pﬂ%fm. rqvides for methods

35Co- adm ni stration of a conpound of on wWth one or nore
ot her act i veottreiinpEGM io apgesnt.soyppnrsng| adynirigbmigso the rsiiantlattboremutcatiy

sequential agm ni strati f und, qf -t he i.nvention.and ong or
nore ot her a%?glc\%é%l ‘@%“éggﬂ ‘i‘lép%gg‘gn so,mlg‘]ﬁlgﬁntgﬁl a papaceudGely 5%“53{1?'8 ally
ef f ect i v25 ammilthicdvand, ahdier satietsofl of the invention and one or nore

ot her active ther pew}tyi C a’gent gwﬁr e both Qr esenf, int heﬁpogg of the
pati ent . G Rt P?Wdﬁf‘e%f_ SRRAPRI AP PT RS forRthods
dosages of tbrraenPaEVds aQhtidifRomPManE: 0RiNQEM Q0 afe RlibR' therapeutically
adm ni stration of unit dosages of one or nore other
effective amount of a compound of Formula I-11I1, or a pharmaceutically acceptable
salt, solvate, and/or ester thereof, and at least one additional active therapeutic agent,
30  whereby HCV polymerase is inhibited.

In still yet another cmbodiment, the present application provides for methods
of treating HCV in a patient, comprising: administering to the patient a therapeutically
effective amount of a compound of Formula [-H1, or a pharmaceutically acceptable
salt, solvate, and/or ester thereof, and at least one additional active therapeutic agent

35  selected from the group consisting of interferons, ribavirin analogs, NS3 protease

inhibitors, NS5a inhibitors, alpha-glucosidase 1 inhibitors, cyclophilin inhibitors,
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active therapeutic agents, for exanple, admnistration of the
conpounds of the 10 invention within seconds, mnutes, or hours of

t he adm ni gr84d@29f one or nore other active therapewsga,g;agl§32
For exanple, a unit dose of a conpound of the invention can

adm nistered first, followed within seconds or minutes by

adm nistration of a unit dose of one or nore other active therapeutic
agents. Alternatively, a unit dose of one or nore other therapeutic
agents cas beemgipratbaiy, an-hidisdside hiplidiRvnesk By v 1z bsbs ahi@ligf a
unit dose of _a _conmpound of the invention within seconds or m nutes.
In sone casedlCY+t may be desirable to administer a unit dose of a
conpound of the ifv r f hours
(e.g., 1-12 hoursgb ﬁgwep%mﬂr?f g‘%?oggrﬁ%dr’% }(g?]grgs‘%% hggt 0%% (lf’\ggeﬁgor&lr}e it} Og
ot her active atcmepméum“ the m@emttlmfenﬂwn, ot mleliarmasaasc;al]lytacm;abMalﬂﬁss]vﬁapl e
to admnlster g mone nor.e ot.her active 20th eutic
agents first ™ fisg(/\élgwo ff?r pe ge%aé?t &1 el iar técatm%a‘i ours),
by adm nﬂetraifhcmnﬁfaﬁammt dose of a corrpound of t he i nvention.

The conbination t herapy may provide "synergy" and "synergistic", i.e.

the effect a vdV\Pntheatl i ngredi ents used together |s
greater than BMesul t s fromusing the
conpounds separ at glsy fall‘?ncswﬂlﬂh@ie&;&bffé cﬁ“ﬁlﬁ@ﬁﬁ/eﬁmﬁﬁ 22D HAbibAhBgshiwhen the
active ingredients are: (1) co-fornulated and adm ni stered or

del i vered si ﬁi?ﬂ?%{ﬁ%%%wnwﬂ%ﬁ desnrivied Bercinotorthe arttens such(mpgdugis|aramsvelhny
al ternation Qﬁoﬂv{bug%@ltﬂeednog%‘tSw%rﬁ(;ﬁc s%z?‘lje&l# fglnéc’am%fe fom iy Some
ot her rﬁgl men. \Wien delivered in alternati erap a synergl stic
ef fect may bexidatioai redertiahdrydrdisisc armdetimg sstanfe:aadmrmil th¢ Bkeeat flor
delivered se [ ablets |IIs ul es,
or by 30 dif ]?lg{ﬁte?%dn%ggtg mgihgn ?@%‘?’iﬁ}a 16 sft/t Clﬂﬁ%eg 5 ﬁc‘boé'}gfggl ﬂ?
during alt er ivatniton mdimfeamyx;el arnhe]i)faﬁﬁﬂis compdosdgroditediRcdpracdsh ve

i ngredient is _admnistered seg}uentgd'aogrl I_¥, i.e. serially, whereas_in
conbi nat i on FHEFEP CRRFEES PAPGHLLR LUs Brvertan Bih Hpramabior g geriod of

i ngredi ents ame sﬂﬁmeﬁUtswmmet@g&ichucﬁhéﬁéaﬁrs@icﬁbioeuéwwpm\male

ef fect denotes an antiviral effect which is greater than't

predi ct ed0 purd@myﬁcadbmpt dpaanged fadinlabeiddd (Elnel 4 AH hoalpo &l af@hmaumﬁsn of
t he conbi nat | 009/ 123P 009/ 41432 5 i1l

anot her enbo%qo%ﬁenn% ﬁé’mﬁpééa A" & gr‘i"i%ﬁ% B ?(’ﬁ\/?aﬁeég’aP(?LOWtsrfﬁﬁllgg)dP

i nhi biting Fﬁ@ﬂﬁhl%hﬂﬁds&ﬁ@ﬂoﬂsaﬁgtﬁﬁédplg,&Qﬁiﬁéy S)kftgrnarﬁ@ﬂ&@ﬁg kiGicRnGRhd
infected wt th an effectjve anpunt npound of Fornul a

I-111, or a aWHe Hoc%&rﬂrmazfe%mbgm@%eawds 'f%é@ b%w@ and irglegng Bst er

t her eof , \Aheé@byrsfd%omwﬁemem@%el Blobdby Jihéreo%mglém §ehﬁ;gjss yl%te Aanot her
enbodi rrent t he present ap[) i cation provides

i nhi bi tu?vég Herodystd aypreasiy esojatedgince fliey a@dﬂhﬂads(mhgrs apoinelated bﬁ@lealsc:ef |
i nfected t f f F
1ot ed Wt cHEN L oL LGB 2SI S FR T

t her eof andstalmul(sasatdemm:radm Mn&ﬂaion&id‘aqhm, tprays vk NoRgeisis. In

wher eby HCV é’ ﬂcI%{TEB.nEﬁ\§S?S éfs met'{gao 183'5 Eset%'ne in the same way as conventional drug

metabolism studies well-known to those skilled in the art. The conversion products,
30 so long as they are not otherwise found in vivo, are useful in diagnostic assays for
therapeutic dosing of the compounds of the invention even if they possess no HCV
polymerase inhibitory activity of their own.
Recipes and methods for determining stability of compounds in surrogate
gastrointesiinal secretions are known. Compounds are defined herein as stable in the
35 gastrointestinal tract where less than about 50 mole percent of the protected groups

are deprotected in surrogate intestinal or gastric juice upon incubation for 1 hour at
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In still yet another enbodi nent, the present application provides for
met hods 15of inhibiting HCV polynerase in a cell, conprising:

contactin el | fected wwth EICY with an effective
conmpound g\"%r—‘ﬁ ?131? [11, or a pharmaceutically acceptng‘FUéz@ngmz

sol vate, and/or ester thereof and at | east one additional active
t her apeuti c agent sel ected fromthe group consi sting of interferons,
ribavirin anal ogs, NS3 protease inhibitors, NS5a inhibitors,

b for s o revma Uil B SomeaNAERLABER S Tl e BN R S8 pb
yet anot her emmoﬂhmrthm qanﬁ(ht&:e[hlymtgmtd apwol dalblpm’ﬁr@s@ﬂlﬁeﬁvef}@tﬁn H¥pichpds

of treating H(IX qﬁa‘t_‘g nprisin admnlst ring to the
patient a thé&f B“eﬁ?‘i T g ‘sttlé(?:ﬁsf’é“ e gpbstang Y&H iedenul a
l-111, or a ﬂ@ﬁtﬁl&ﬁ'@é%'tﬁ@&]B%u@@ﬁﬂ%@h]a?o?&ﬁ@'ﬁetab%ﬂl:\ﬂ@aﬁ1or%@ﬁl{nocrellg’§1t er
t her eof In still yet another enbodinent, the pre

appl i cati on B¥6¥A-des for nethods of treating HOV in a patl ent,
conprisipg: admnistering to the patient a therapeutically effective
amount of a compound of Fornul aor a ?%Eﬁ eutically acceptable salt,
solvate, and/or ester thereof, and at e one additional acti ve

t her apeuti c agent 0 nmerase j.s J nh bi t ed.

still yet anot herceelfro'réf)noa revllﬂ?t%nﬁ% g"r"&g%%i‘mélﬁﬁ in gy ngpfb‘i}paggeqiﬁr
nmet hods of t deats mgthb'@sﬁ thist af Pade vedild beiipfstcbid g on@ sl i8 LIRS D Talll® §

t he pati ant a ther cal I y effective amount of a conmpound of
Formul a 21| fontays A fhgse abhrovislions preaTenyEll t . sol vate, and/ or
ester thereof, and at Ieast one additional active therapeuti c agent
35sel ected from the group consisting of interferons, ribavirin

anal ogs, NS3T#iot- eh@@ﬁahﬁﬁblﬁmfrs@d REGYMishi bi tors, al pha- gl ucosi dase

%Ologpllgéaggﬁé]f]%%%%& g%ﬁ%ﬁﬂg”{sﬁlet);{ ;pro'zméjct ants, non-nucl eosi de
i nhibitors ohc:lecv anohceﬂdmﬂ]ydﬁdﬁgs for t_reatl ng HCV. In still yet
Compound of | IR pr esame? FHUBRETBAI BPPATSRA maceut | cal Iy acceptable -
salt, solvafgy and/epsyiester thereof, for the preparjation of a
medi canent for treatijng an HCV

BnBr benzylbromide

BSA bis(trimethylsilyl)acetamide

Bz(l benzoyl chloride

CDI carbonyl diimidazole

DABCO 1,4-diazabicyclo[2.2.2]octane

DBN 1,5-diazabicyclo{4.3.0lnonene-5

DDQ 2,3-dichloro-5,6-dicyano-1,4-benzoquinone

DBU 1,5-diazabicyclo[5.4.0]undecene-5

DCA dichloroacetamide

bBCC dicyclohexylcarbodiimide

DCM dichloromethane

DMAP 4-dimethylaminopyridine

DME 1,2-dimethoxyethane

DMTCl dimethoxytrityl chloride

DMSO dimethylsulfoxide

DMTr 4, 4’ -dimethoxytrityl
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TMSCI

chlorotrimethylsilane

TMSBr

bromotrimethylsilanc

TMSI

iodotrimethylsilane

TEA

riethylamine

TBA

tributylamine

TBAP

tributylammonium pyrophosphate

TBSCI

t-butyldimethylsilyl chloride

TEAB

triethylammonium bicarbonate

TFA

trifluoroacetic acid

TIL.C ortle

thin layer chromatography

Tr

triphenylmethyl

Tol

4-methylbenzoyl

&

parts per million down field from tetramethylsilane
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10 Exanpl es

describing the experinental details.

ﬁgﬁsrigo?ﬂggémgagpgggLifgngnahgeagighyns. Tabl e |I.

Certain abbreviati ons and acronyns are used in

Al t hough nost of these would be

Table 1 15contai?%3ﬁ$hka&u2£

Lis

abbrevi ati ons and acronyns. Abbreviati on Meani ng Ac20 acetic

anhydride AIBN 2, 2'-azobi s(2-ructhyl propionitile) Bn benzyl

benzyl brom de BSA bi s(trinethylsilyfl
CDI s

BnBr

acetam de BzC benzoyl chloride

Preparation of Compounds

Compound 1

10

PPTS

GHoOH

1b

To a solution of 1a (22.0 g, 54.9 mmol, prepared according to the procedures

15

described in J.O.C., 2004, 6257) in methanol (300 mL) was dropwise added acetyl

chloride (22 mL) at 0 °C using a dropping funnel over a period of 30 min. and then

stirred at room temperature for 16 h. The mixture was concentrated, re-dissolved in

ethyl acetate (400 mL), washed with ice-cold 2 N NaOH, and concentrated to dryness,
affording the crude methyl ether 1b as an oil. MS =437.2 (M+Na").

20

e
0
OO waoony
%H<i:&~(5 BH CH4OH HO OH
\
0
1c
1b
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car bonyl di hni dazol e DABCO 1, 4-di azabi cycl o[ 2. 2. 2] oct ane DBN

1, 5-di azabi cycl o[ 4. 3. 0] nonene-5 DDQ

2,3-dichlorg-5. 6-di cyano- 1, 4- benzoqui none DBl J ’

1, 5-di azabW§f8?92][’%1.2ﬂ. 0] undecene-5 DCA di chl or oacet am o CbEE2009/041432
di cycl ohexyl car bodi i m de DCM di chl or onet hane DVAP 4-di net hyl am

I nopyridi ne DME 1, 2-di met hoxyet hane DMICl

5 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 mmol), and
stirred for 16 1 at room temperature. The reaction was quenched with 4.0 N HC]
solution in dioxane (2.5 mL, 10 mmol). The mixture was then concentrated, affording
the crude Ie. MS = 201.0 (M+Na").

10

HO— o
O O
—m ~ BnCl, KOH \&O\
HG DH Tritron X-405 (3 (—3 \/@
toluene

1c

Oh.

1d
A mixture of 1c {obtained from the previous step), Tritron X-405 (70% in

water, 6.0 g), 50% KOH (in water, 85 g) in toluene (500 mL) was heated to reflux
with a Dean-Stark trap attached. After 1h collecting ~25 mL of water, benzyl

15  chloride (33 g, 260 mmol) was added and continued to reflux with stirring for 16 h.
The mixture was then cooled and partitioned between ethyl acetate (400 mL) and
water (300mL). The organic layer was washed with water (300 mL), and
concentrated. The residue was purified by silica gel column chromatography (~20%
EtOAc / hexanes), affording the methyl ether 1d as an o1l (22.0 g, 89% in three steps).

20 'HNMR (300 MHz, CDCL3): 8 7.3 (m, 15H), 4.5 - 4.9 (m, 7H), 4.37 (m, 1H), 3.87 (d,
1H), 3.56 {m, 2H), 3.52 (s, 3H), 1.40 (s, 3H).

= acetic acid S -
©\/O o O\/O © N )

1d ie
25

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
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di met hoxytrityl chloride DNB di met hyl sul f oxi de DMIr 4,
4' -di met hoxytrityl DMF di net hyl f onnam de Et OAc et hyl acetate PSI

el ect r ospray Jhenikzasi on HVDS hexaret hyl di sil azane HPLC pdir@RaR688S44 €
| i qui d chromat ography LDA |ithium diisopropylanm de LRV

5  water) and stitred 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 / hexanes), affording 1e as an oil (17.0 g, 80%). MS =457.2 (M+Na").

BnO BnO

s
O_,.0H  PhP™ "CO.Et O
j o
— MeCN, p-wave —
BnO ©Bn 180 °C, 1 h, 76% BnO ©Bn
1e 1f

10

le (4.58 g, 10.6 mmol) was dissolved in MeCN (7 mL), and the solution was

transferred to a micro-wave tube. The tube was charged with
(carbethoxymethylene)triphenyiphosphorane (7.33 g, 21.2 mmol) and sealed under

15 Ar. The mixture was subjected to micro-wave heating at 180 °C for 1 h. The solvent
was removed in vacuo and the mixture was stirred with Et-O (50 mL) for 15 min. The
resulting solid was filtered, washed with Et;0 (3 x 10 mL), and the solvent was
removed in vacuo. The mixture was treated to 120 g 810, Combiflash column
chromatography (0-30% EtOAc-hexanes gradient) to afford 1f (4.04 g, 76%) as a

20 mixture of isomers: clear oil; MS (ES1) m/z 527 [M + Na].

BnO BnC
Q DIBAL-H, PhCH; 0
CO,EL CHO
L -78°C, 1 h, 56% L

%

BhG  OBn Bnd  OBn

1f 1g

1f (69.18 g, 137 mmol) in PhCHj (540 mL) was cooled to —78 °C and treated
25  with DIBAL-H (1.0 M in hexanes, 151 mL, 151 mmol). The solution was stirred for 1
h, MeOH (500 mL} was added, and the solution was warmed to room temperature.
The mixture was filtered through Celite and the solids were washed with Et2O (3 x
100 mL). The solvent was removed in vacuo and the mixture was filtered through a
coarse fritted glass filter. The mixture was treated to 330 g SiO» Combiflash column

30  chromatography (0—30% EtOAc-hexanes gradient) to afford 1g (35.46 g, 56%) as a
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| ow resol ution mass spectrum MCPBA net a- chl oroper benzoic acid MeCN
acetonitrile MeOFl nethanol MMIC nono net hoxytrityl chloride in/z or

me mass tQ charge ratio MB- mass plus 1 MEl mass minus 1 NsOH
r net banesu&P&ﬂ@@ggﬁ?d MS or ms mass spectrum NBS PCT/US2009/041432

5  mixture of isomers (data for both isomers): clear oil; "H NMR (CDCls, 300 MHz)
9.76 (s, 1/2H), 9.73 (s, 1/2H), 7.26 (br m, 15H), 4.86 (d,/=11.1 Hz, 2H), 4.50 (m,
13H), 4.21 (m, 3H), 3.88 (d, /= 6.9 Hz, 1H), 3.60 (in, 5H), 2.75 (m, 2H), 2.50 (m,
2H), 1.36 (s, 3/2H), 1.19 (s, 3/2H).

BnQ BnO
o) AC,0, KoCO4, MeCN o)
j— reflux, 16 h, 47% Koy
BnG  OBn

- -
> -

BnO OBn

10 19 1h

1g (20.0 g, 43.4 mmol) in MeCN (200 mL) was treated with K»CO; (24.0 g,

173 mmol) and AcoO (16.4 ml., 173 mmol) and the mixture was stirred at reflux for
16 h. The mixture was cooled and filtered through a coarse fritted glass filter and the

I5  solids washed with MeCN (3 % 25 mL). The solvent was removed in vacuo and the
mixture was suspended in DCM (100 mL}) and filtered through a medium fritted glass
filter. The mixture was treated to 330 g $i0O; Combiflash column chromatography (0
30% EtOAc~hexanes gradient) to afford 1h (10.3 g, 47%) as a mixture of isomers
(data for all isomers): clear oil; "H NMR (CDCls, 300 MHz) 7.3 (br m, 15H), 5.44

20 (m, 1H), 4.99 (br m, 1H), 4.60 (m, 7H), 4.21 {m, 1), 3.72 (m, 1H), 3.62 (m, 1H),
2.11 (s, 3H), 2.03 (2, 3H), 1.31 (s, 3H), 1.26 (s, 3H); MS (ESI) m/z 501 [M - HT".

BnO BnO ?i
O OAc NBS, H,0, DMSO 0
Yoo O o
—r rt., 16 h, 33% -
BnG  OBn

BnG  ©Bn
1h 1
25 1h (12.6 g, 25.1 mmol) in DMSO {100 mL) was treated with H,O (904 ul.,

50.2 mmol) and recrystallized NBS (8.93 g, 50.2 mmol), and the mixture was stirred
for 16 h. The mixture was treated with saturated NaHCOs (50 mL), and the solution
was extracted with EtOAc (250 mL}. The organic layer was washed with H,O (3 x 50
mL) and dried over MgSQ,. The solvent was removed in vacuo and the mixture was

30 was treated to 330 g SiO; Combiflash column chromatography (0-25% EtOAc—
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chl ori de TEAS

hexanes gradient) to afford 1i (4.53 g, 33%) as a mixture of isomers (data for all
isomers): yellow oil; "H NMR (CDCls, 300 MHz) 9.35 (d, /= 5.1 Hz, 1/2H), 9.33 (d,
J=06.0Hz, 1/2H), 9.27 (s, 1H), 9.25 (s, 1H), 7.26 (br m, 15H), 3.50-4.61 (complex m
12H), 1.32 (s, 3/2H), 1.25 (s, 3/2H).

H

SMe
| ~N
S
KoC04, PhCHa, reflux

—H,0 18 h, 19%

HoN SMe

1)
SMe

~N

N\Nf;l\

T

BnO

ShMe

BnQO Br
O o,

CHO
Bnd  ©OBn

1i

-
>

BnO  OBn

1K

1i (4.5 g, 8.3 mmol) in PhCH; (250 mL) was treated with 1j (1.6 g, 8.3 mmol;
prepared according to the procedure found in J. Chem. Soc., Perkin Trans. 1 1999,
2929-2936) and KoCO; (1.4 g, 10 mmol) and the mixture stirred at reflux with
removal of water for 16 h. The mixture was cooled and filtered through a medium
fritted glass filter and the solids washed with EtOAc (3 x 10 mL). The solvent was
removed in vacuo and the mixture was treated to 120 g $i0, Combiflash column
chromatography (0-40% EtOAc-hexanes gradient) to afford 1k (1.0 g, 19%) as a
mixture of isomers (data for major B-isomer): pale yellow solid; 'H NMR (CDC(ls,
300 MHz) 7.78 (s, 1H), 7.26 (br m, 15H), 5.71 (s, 1H), 4.74 (s, 2H), 4.59 (m, 4H),
4.35 (brm, 1H), 4.00 (d, /= 8.1 Hz, 1H), 3.83 (d, /= 8.7 Hz, 1H), 3.66 (d, /= 10.8
Hz, IH), 2.63 (s, 3H), 2.45 (s, 3H), 1.05 (s, 3H); MS (ESI) m/z 629 [M + HJ".

SMe NH»

Ny
N\

P

NH;, 80 °C
BnO

SMe
18 h, 74% 0

Bnd‘ "OBn

11
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triethyl ammoni um bi carbonate TFA tfifluoroacetic acid TLC or tic thin
| ayer chromat ography Tr triphenyl nethyl Tol 4-nethyl benzoyl 5 parts
per mllion, d field fromtetranmethyl silane Preparation of
Conpounds 02%@ﬁﬁzgﬁlution of la (22.0 g, 54.9 mol, pFEBQP&EW&”*”
according to the procedures 15described in ./.0.C ., 2004, 6257) in
met hanol (300 nmL) was dropw se added acetyl chloride (22 inL) at 0 C
using a dropping funnel over a period of 30 mn. and then stin-ed at

roomtenperature for 16 h. The m xture was concentrated, re-dissolved
in ethyl acetate {B000 #1359 mmehetrswertad with liguid dNERs RO NdOlnd thaenixture

concent rat edyh s%{%ggg »C Ri1813h A%k o, HHE mlEhNbas BEIEL Nify R 21

oil. M5 = 43
removed, and the mixture was treated to 120 g SiO2 Combiflash column

chromatography (0-70% EtOAc-hexanes gradient) to afford 11 (707 mg, 74%) as a
mixture of isomers (data for major -isomer): pale yellow solid; 'H NMR (CDCls,

10 300 MHz) 7.81 (s, 1H), 7.26 (br m, 15H), 5.71 (s, 1H), 4.74 (s, 2H), 4.58 (m, 4H),
4.40 (m, 1H), 4.06 (d, /= 7.2 Hz, 1H), 3.83 (d, /= 11.4 Hz, 1H), 3.68 (d, /= 10.2 Hz,
1H), 2.47 (s, 3H), 1.18 (s, 3H); MS (ESI) m/z 598 [M + H]".

Aiternative Synthesis of 11
15

o o
B\ :O: :OH DMSO B\ :O: io

3 Acy0O
0 0
Bri Bn Bn Bn
1e 13

To a dry, argon purged round bottom flask (100 mL) were added anhydrous

20 DMSO (6 mL) and anhydrous acetic anhydride (4 mL, 42.4 mmol). Compound Ie
(1.0 g, 2.3 mmol) was then added and the reaction mixture was allowed to stir at room
temperature until complete disappearance of the starting material. After 17 h, the
flask was placed into an ice bath and sat. NaHCO; (6 mL) was added to neutralize the
reaction. The organic material was then extracted using EtOAc (3 x 10 mL) and the

25  combined organic layers were dried using MgS0O;. The solvent was removed under
reduced pressure and the crude material was purified using flash chromatography
{hexanes / EtOAc). 955 mg (96 %) of the desired material 13 was isolated. LC/MS =
4332 (M +H"). 'H NMR (300 MHz, CDCl5): & 7.33 (m, 15H), 4.80 (d, 111), 4.64
{(m, 6H), 4.06 (d, 1H), 3.79 (dd, 1H), 3.64 (dd, 1H), 1.54 (s, 3H).

30
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(obtained fromthe pre
g), 50% KCOH (in water,
with a Dean-Stark trap
wat er, benzyl 15chl or|
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organi c | ayer was wash!
residue was purified

/| hexanes), affordi RAg
three steps).
7H), 4.375(in,
(s, 3H).

1H),
ldle 25

The reaction was quenched with 4. JaY
dloxane (2.5 m, 10 mmol).
affording the crude Ic.

201 FI NVR (300 MHz,
3. 8

09/ 041432 5To a solution of |Ib (obtained from

met hanol (300 inL) was added 0.5 M sodi um

nmet hanol (20 mL, 10 mmol), and stirred for h
it n

The m xture was then concentrat ed,

M5 = 201.0 (M+Na+). 10 Id A m xture of Ic

vious step), Tritron X-405 (70%in water, 6.0

85 g) in toluene (500 nL) was heated to reflux

attached. Afterspe h collecting -25 Msf

de (33 g, m) was added an inued to
|

re was ajd
y‘Ifacet af,

% The
4 trat ede The
¥ aghy (-20% Et 0Ac

nL) arf-’d wat
th water (30§Mnt h), and

oy SI lica gel ggpl um chromat ogj
theBmethyI e id as an &nl (22810 g, 89%in
3): 57.3 (m 15H), 4.5 - 4.9 (m
3.56 (m 2H), 3.5217¢s, , 1.40
Id (22.0 g, 49.0 nmol)

(d, 11,

To a solution of in

acetic acid (110 nL) was added -3 Msulfuric acid (prepared by m xing
4.8 g of concent r @b eduptbsicnrdf§-taehd-2vd-bib-nibghyidul fodyl-imidazo[2,1-

f][1,2,4]triazine (prepared according to WQ02008116064, 600 mg, 2.06 mmol) in
anhydrous THF (6 mL) was dropwise added BuLi (1.6 M in hexanes, 1.75 mL, 2.81

10

mmol) at -78 °C. The suspension became red brown solution after 5 min, and then 13

(810 mg, 1.87 mmol} in THF (0.6 mL) was added dropwise to the mixture. The

mixture was then allowed to warm up to room temperature, After 30 min, saturated

NH4Cl was added to quench the reaction. The mixture was diluted with ethyl acetate.

The organic layer was washed with brine and concentrated in vacuo. The residue was

15

purified by silica gel column chromatography (~40% EtOAc / hexanes), affording 14

as an isomeric mixture (0.77 g, 64%). MS=645.2 (M + H".

20

NH
NY{ 2
O 0 \N \N
7 N e
NH; B OH Nk{sm:—:
Y
5 b
Bn/ Bn
15
NH TESiH, BF3-OEt,
N____ \N
Bn A -
o o ¥ P snte
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5 water) and stirred at 70 C for 8 h. The m xture was concentrated to
a volume of-20 nL, and partitioned between ethyl acetate and ice-cold

2N NaOH. TR Bbinghipacetate layer was concentrated, and pyhishdisdsys
silica gel ﬁﬁurm 1(%ﬂromat ography (-35% Et 0Ac / hexanes) ? }éi‘ ng le
as an oil (17.0 g, 80% . M5 = 457.2 (M+-Na+). | e (4 58 g, 106

mmol ) was dissolved in MeCN (7 nL), and the solution was transferred
to a mcro-wave tube. The tube was charged with

bet h hyl h
el od under 15 AEoeni RPN TR Ry Sttt ia e wee et g

at 180 C for cholbd ddvretoSg8 UENLigWa Smh@mVEd) hil.)\6as Uleand af 118 °0iaXd R4
was stirred with Et,0 (50 nL) for 15 mn. The resulting solid was

filtered, wadhibgbamp heqetoroTb%qubr@aqﬁ@)\vasawsatlr praled apg A aidr tp &0piv ed
Th ‘
in vacuo. I A hEaﬁ&‘ta‘? 99 8O0+ 38 19 TRE Q%clmﬁgrcaﬁxﬁlte? Ai(gag[ﬁ]ge,

chr omat ogr aphy (0- 30% Et OAc- hexanes gr adi ent
76% as a 20 gad wesvestedf the soiiBe was pirdizd bgBilgcaQBc@Em)chMt@@h&M +

mot) 1 G AE B e hAT R LB 4 e o sqlid (7 b o altagprdauer

DI BAL- 11 (1. & OHL@I, HiSXADES - 781“5?1wzr§1add%§ﬂaémiﬂ)§oniéuﬁetﬁfﬂ difler 0O (MBS, g
tirred for was adde and the solution was war ne

tS o roomt enpi? gt“%?’lr\l/‘gl?a% %WEH%IF@&/&EL i fremal The Birgee oas thew alowedtpe

solids were washedo 1 td 330 gaﬁlréfcd]&]%eéﬂs)NaH-ﬁ@ PRI MO INRS td SIRYEMe! N

vacuo and the m xture was filtered rou
reaction, and then CH»Cl, was added to dﬂute the mixture. The organic layer was

15 washed with brine and concentrated /» vacro. The residue was purified by silica gel
column chromatography (~50% LEtOAc / hexanes), affording 11 as a white solid (0.81
g, 47%). 'HNMR (300 MHz, CDCly): & 7.67 (s, 1H), 7.20-7.45 (m, 15H), 5.77 (s,
[H), 4.80-4.92 (m, 2H), 4.57-4.72 (m, 4H), 443 (d, /= 7.8 Hz, 1H), 4.08 (d, /= 8.7
He, 1H), 3.95 (d, /= 10.8 He, [H), 3.74 (d, /= 10.8 Hz, 1H), 2.48 (s, 3H), 1.16 (s,
20 3H). MS=598.3 (M + H".

NH, NH,

NSy N
BnO \ N‘N//]\SM mCPBA BnO \ N“N/)\SO Me
0 ® DCM, i, 24 h © ’
L 77% By
BnG  ©Bn BnC  ©Bn
1l im
25 11 (707 mg, 1.18 mmol) in DCM (20 mL) was treated with mCPBA (460 mg,

2.66 mmol) and the mixture stirred for 16 h. Additional mCPBA (203 mg, 1.18 mmol)
was added and the mixture was stirred for 8 h. The mixture was treated with saturated
NaHCOQj; (10 mL), and the solution was extracted with EtOAc (250 mL). The organic
layer was washed with saturated NaHCQ; (10 mL) and brine (10 mL) and dried over

30 MgSO,. The solvent was removed in vacuo and the mixture was treated to 40 g SiO-
Combiflash column chroinatography (0-100% EtOAc-hexanes gradient) to afford 1m
(571 mg, 77%) as a mixture of isomers (data for major B-isomer): white solid; 'H
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coarse flitted glass filter. The m xture was treated to 330 g Si 02
Combi |  ash col um 30 chromat ography (0-30% Et OAc- hexanes gradient) to
afford Ig w0099 as a 5 mxture of isonmers (d ot

i somers): cﬁeg?%(%?‘lz? Il NI VLR (CDCL3, 300 MHz) 9.76 (g’fcq‘i'%g‘iﬂj’},a%%s
(s, 1/2H), 7.26 (br m 15H), 4.86 (d, J= 11.1 Hz, 2H), 4.50 (m 13H),
4.21 (m 3H), 3.88 (d, J=6.9 Hz, 1H), 3.60 (in, 5H), 2.75 (m 2H),
2.50 (m 2H), 1.36 (s, 3/2H), 1.19 (s, 3/2H). 101 gl

h 1g
(20.0 g, 43. j A 0 s treated wt (24.0
175 bl ) AR sl SR E. 7 kb RGPl in £, 6D,
stirred at ref3buyn thomH)1600 (d, They, MK U E3 BRE, Qefﬂﬁﬁz?ﬂg, fbteredos
through a coarse frittcd glass filter and the 15 solids washed with
NBON (3 x 2501 JED: 16 (5 SHbAHD (e MisBah m/a6obBA i t he i xt ur o
was suspended in DCM (100 nL) and filtered through a nediumflitted
glass filter. The m xture was treated to 330 g Si 02 Conbifiash col um

chromat ography (0- 30% E&;&I‘zhexanes gradient) to afford Ih (NHQ. 3 g,

47% as a mxture of ismQ N(data for all isoners): cleag_oi NNI\/R
(CDC13, 300 MHz) I iNr‘://kISI—D, 5 NddH 2 G, 11-% 4.99 (brim
1H), 4.60 (in, 7F)° Ving, “dtdve 3 Y i 72,11
(s, 3H, 2.03 (2, 3 .31 (s, 3H &L 3H): MB ) mz 501

[M- -7:LitcHo OBn (12.6 g, 25.18m®@sk%) in DVSO (M@6~nl) was
treated with H20 (804 5@B2 nmol) and recrystallized BN8S (&893 g, 50.2
mml), and the mixture was stirred for 16 h. The mxture was treated
W th saturated NaHCO3 (50 nL), and the sol uti on was extrabted with
Et 0OAc (2% nlL). The organic | ayer was washed with H20 (3 x 50 nm.) and
dried over My504. The solvent was renoved in vacuo and the m xture

was 30 was treat el {388 dPlapwol) aphdh M- BEl (HmEhwerteatsd by
(0-25% Et OM NP, 2R09% 132 BG4 2200804143 40r 1 h. Additional NaBH, (170

mg, 4.5 mmol) was added and the mixture was stirred for 2 h. Additional NaBH, (340
mg, 9.0 mmol) was added and the mixture was stirred for 2 h. The mixture was

15 ftreated with HyO (10 mL), and the solution was extracted with EtOAc (100 mL). The
organic layer was washed with saturated NaHCO3 (10 mL) and brine (2 x 10 mL) and
dried over MgSO4. The solvent was removed in vacuo and the mixture was treated to
40 g 510, Combiflash column chromatography (0-100% EtOAc-hexanes gradient) to
afford 1n (144 mg, 29%) as a mixture of isomers (data for major B-isomer): white

20 solid; "H NMR (CDCl;, 300 MHz) 8.08 (s, 1H), 7.87 (s, LH), 7.26 (br m, I5H), 5.63
(s, TH), 4.76 (m, 2H), 4.62 (m, 6H), 4.36 (br m, 1H), 4.00 (d, J= 7.2 Hz, 1H), 3.81
{m, 1H), 3.63 (m, 1H), 1.07 (s, 3H); MS (ESI} m/z 552 [M + H]".

NH, NH,
BnO \ N‘N/) BBrs, DEM. -78°C 15 \ N\N/)
0 2 h, 30% h
BnO  ©OBn HG  OH

in 1

25
In (144 mg, 0.26 mmol) in DCM (5.2 mL) was cooled to 78 °C and treated
with BBr; (1.0 M in DCM, 1.3 mL, 1.3 mmol) and the mixture stirred for 2 h. The
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5hexanes gradient) to afford Ii (4.53 g, 33% as a m xture of isoners
(data for all isoners): yellowoil; 1H NMR (CDC13, 300 MHz) 9.35 (d,

33 (d, J =6.0 Hz, 1/2H), 9.27 (s,
11 1) 7%0%%@1%&” (3 50- 4. 61 (conpl exHi)n 12H)( 1"‘?595?%“9’%‘/*%’14)
1.25 (s, 3/2H). SMe 10'Ii|k 1i (4.5g, 8.3 mol) in PhaH

(250 nL) was treated vvith Ij (1.6 g, 8.3 mmol; prepared according to
the procedure found in J ('hem Soc., Perkin Trans. 1 1999,
2929-2936) and 1(2003 (1. 4 10 mml and the m xture stirred at
reflux w Ph IHxEEnsAsdreatst vugtt"elr W@H—mﬁnmne (Fhe why sd the selatsncrems|vedmahd
filtered thr Jear and t solids was
w th e oac (3 BpgeBhAlE, rht kit @SRt i BB e Rt ey e
m xture was widabeentaed ROLOHIR O ) Colhdvidiibasbmeal uiivleht ORI ARk
(0-40% Et OAc- hexane adlen |k (1.0 g, 199 as a mxture
of isomers (avaffﬁ q%‘fto YCSSrepfég }i@ﬁgof% gé‘fl%cééﬁﬁcb%&a@ﬁw affprd Nk me.
g C7D§| ? 20 H;,ea%wmfezomﬁ 1HS\IM1{FanO7303@«IHEy’7 £ (slﬁw 7. (45 ( 1H§ S, 261(5')1}1},

s,
H, 3.831 5 33?2&1“82*(?) P/ 8 (MH)N%SM 1J26; 150H3 iﬂa 0$H}s;3f?) w«asn
3H), 2.45 (s,,,,;,?x}g)z M+@g* (s, 3H); M5 (ESI) mz 629 [M+ Hr. 1k11 15
WD 2009/ 132123PCT/ USZO 91041432 51k (1.0 g, 1.59 nmmol) was treat ed
with liquid NH3 (20 nmL.) and the m xture was stirred at 80 C for 16 h
in a steel bonb. The m xture was cool ed, NH3 was renoved, and the
m xture was Ceswesadfo 120 g Sit)" Combiflash col urm chronat ogr aphy
(0-70% Et OAc- hexanes gradient) to afford 11 (707 ngy, 74% as a
m xture of isomers (data for major O-isoner): pale yellow solid,

1HNWVR ( CDC13, NH;
.9
HO
0 N” NH,
15 HO  OH
3
NHp NH,
N ™ JN\ N SN
Bn, NN, 2 \
O0— O N™ "SMe 1, MCPBA, CH,Cl, Bn‘o o N\NIJ\NHZ
__ 2. NH, )
an® en Bn’d 0 Bn
11 3a
20 To a solution of 11 (0.81 g, 1.36 mmol) in CH,Cl> (7 mL) at 0 °C was added

MCPBA (610 mg, 2.72 mmol). The mixture was stirred at 0 °C for3 h. 1 M NanS,04
in H2O (2 mL) was added to quench the reaction. After stirring at room temperature
for 10 min, the organic layer was washed with saturated aqueous Na,CO; (10ml. x 2),
brine, dried (Na2SOs) and concentrated in vacuo. The residue was then transferred to

25 asteel bomb reactor and cooled at -78 °C. Liquid ammeonia (~10 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 110°C for 48 h. The
reaction was complete. The residue was purified by silica gel column
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10300 MHz) 7.81 (s, 1H), 7.26 (br in, I5H), 571 (s, IN), 4.74 (s,
2H), 4.58 (in, 4H), 4.40 (m 1H), 4.06 (d, Jr 7.2 Hz lH) 3.83 (d,
J=11.4 8 (d, 1=10.2 Hz, 1H), 2.47 (s,

M5 (ES1) mijzk%yélg%[z?/l + H. Alternative Synthesis of 11 é‘/{l’]sgoo()ﬁum?z
To a dry, argon purged round bottom flask (100 nL) were added
anhydrous DMSO (6 nL) and anhydrous acetic anhydride (4 nL, 42.4
nmol ) . Corrpound | e (1 0 g 2.3 mpl) was then added and the reaction

m xture sa mte unt i

di sappea\r/\gnce“cﬁ’fn g¥ gltop%r%br%"qg‘?"@legp %‘F@ ash‘%‘ WL‘F@“?B&@E? s
pl aced into gae). CéHWR (30edvisiat COMRKGEE A 6, BB 1tbowas @ddad, 55 (s, 1H),
neutralize the reaction. The organic material was then extracted

usi ng Et 0Ac (30480, 4nd-4 A2 p5l FDohBi fed =ct&HA ch)l R etk /v ®Hdr i ed
using MgSHA. ven defc L ssure and the
crude materi a %a@qguf. 4 ’tﬂs?’n' a#ﬂ %ﬁr %@’fg ag]w (hexanes /

Et OAc). 955 ng (96% of the desi red material 13 was isolated. LC/ M =
433. 2 (Mlg H+) . NVR (300 MHz, CDCI3): 5 7.33 (m 15H), 4.80 (d, 111),
4.64 (m 4.06 (d, 1H), 3.79 (dd, 1H), 3.64 (dd, 1H), 1.54 (s,
3H). 30 V\D 2009/ 132123PCT/ U82009/ 041432 SMe NN Br N SNI20,1IH

11\ 17- KSMe New

Bn, \ N\Nf/’]\ BCl, NN 2

NH
0= 0 2 HO— O N™ “NH,

CHCly

O“.
i
(@l
oY
i

Bn” Bn H
3a 3

To a solution of 3a (61 mg, 0.11 mmol) in CH>Cl; (1 mL) at -78 °C was added

boren trichloride (1 M in CH,Cly, 1.5 mL, 1.5 mmol). The reaction mixture was

15 stirred at -78 °C for 3 h, and then quenched by addition of pyridine / MeOH (1: 2, 14
mL). The mixture was then allowed to warm up to room temperature. The mixture
was concentrated to remove all the solvents. The residue was then co-evaporated with
MeOH (5 mL x 3), and then with 27% agueous NH4CI (5 mL x 3). The crude was
purified by RP-HPLC (MeCN-H>0 gradient) to give Compound 3 as a white solid

20 (16.8 mg). 'H NMR (300 MHz, D,0): § 7.31 (s, 1H), 5.20 (s, 1H), 3.82-3.88 (m, 3H),
3.68-3.71 (m, 1H), 0.89 (s, 3H). MS =297.2 (M + H").

Compound 17

s
HN
SMe N %N
ooy
\ N Bn NN A
o} N, 1. MeNH,, THF Y “N” T sMe
Bn/ O N_;( 2 N O 0O
\__[ OH  SMe 5 1esiN, BF,-OFt,
5 0o 5 o.
Br” Bn Bn Bn
25 14 17a
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----( Bu Lib, Bn THF 51314 To a suspension of
7- brono- 2, 4- bi s-rnet hyl sul fanyl -i m dazo[ 2, 1- f][1,2,4]triazine

(prepared to W2008116064, 600 ny, 2.06 mml I darous
TI-1F (6 nﬁ%gi%% rg%pvvl se added BuLi (1.6 Mm hexanes, }PCE}‘@JS%@QM%4 1

10 mmol ) at -78 t. The suspension became red brown sol ution after 5
mm and then 13 (810 ng, 1.87 mnol) in THF (0.6 inL) was added
dropwi se to the m xture. The m xture was then allowed to wann up to

roomtenperature. After 30 mm saturated NHAC1 was added to guench
the reactPon. The TRibSPiHHen gild (179 medll 8 mrobimyHF AR a nty evas wdedor gani ¢

llayer was waghithinhihb beM' ieHENG 46 MG Labed The sééﬁ:glil?ac A%}{'ﬁ@(ﬁ%ﬁéﬁ%&' e

was 15 purified by silica gel col um chr omat ogr ap
hexanes), af hested agsS 14 fersi Saminj TberpviitureriascorentBed/iz 1geuochdfirtivBdred

645.2 (M + 2 200 432
SCompound 1P Bty o 8RO ASIE TR R B adartisg
react or and cobleeide daviyl ¢theraté §136. uﬂ,ll(@ﬂﬁﬁrﬁiﬁmﬂltﬂetﬁyl&&nkmﬂ)ﬁlm\@$ 086
collecte

t -7 dde The. bonb react or
was ti gh?Pa %ﬁéﬁ%ﬁa&%% fe}bal@’ egé%ﬁrﬁ&ﬁf?e'roatcuﬁ%s BnSatpred aqeeoved
at 50C for 2(afCOihesheaalsicny Waieta %@;oﬁﬁ&ﬁeﬁd‘}ﬂ cgél&amed/ﬁﬁt ed,

the residue was purified by silica gel colum c hr omat ogr aphy
10( Et 0Act heXHp&dhe mixtrer themgeans: layer avap aagheg etithduing erd epncantagdgy

949 . To the d
trifluoride 5?%?hqﬁg 5 ggg’ta %’u f{e&%ygk)c ?é) Cﬁﬁlﬁmc%]%}ﬁ@%%% 'ﬁ{/’?gf? ane
(2.8 m, 17. 4h¢m0¢5) affﬁhiengﬂhtaalae-fIWasoltdﬁ(éﬂnm b deatert Dstets). r "EANMR (30010C
for 3 h.,Sat s, .ad ow n t he
reaction, 15 nﬁh‘?ﬁ%ﬁb%&ﬁgg? \%Nzﬁggﬁse%\é%at @d??g‘? St(ﬁ‘e){?#)xtsgfgzs (H%PT ¢.80-
organi c I ay ed.9nam, 2H), 4.57-4.72 (m, 4H), 4.42 (d, /= 8.4 Hz, 1H), 4.08 (d,./= 8.4 Hz, 1H),
3.93 (d, J=10.5Hz, 1H), 3.72 (d, = 11.1 Hz, 1H), 2.50 (s, 3H), 1.15 (s, 3H), MS =
612.3 (M +H".

20
/s
HN/ HN
NSy NH\‘,KAN
B, \ N A Bn, N\ N A
0 0 N" “SMe Raney Ni o o N
-, E{OH \
5 ¢C 6 O.
Bn’o O~gn Bn” Bn
17a 17b

To compound 17a (180 mg, 0.29 mmol) in ethanol {10 mL) was added Raney

Ni (~500 mg) which was neutralized by washing with water. The mixturc was then

25  heated at 80 °C for 4 h. The catalyst was removed by filtration and rinsed with MeOH
(5 mL x 6). The filtrate was concentrated in vacuo. The residue was purified by
silica gel column chromatography (~50% EtOAc / hexanes), affording 17b as a white
solid (118 m g, 71%). 'H NMR (300 MHz, CD;0D): 6 8.10 (s, 1H), 7.63 (s, 1H),
7.20-7.45 (m, 15H), 5.69 (s, 1H), 4.54-4.80 (m, 6H), 4.27-4.32 (m, 1H), 4.15 (d,J =

30 8.1 Hz, 1H), 3.84-3.89 (m, 1H), 3.70-3.76 (m, 1H), 3.11 (s, 3H), 1.09 (s, 3H). MS =
566.3 (M + H).
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15 washed with brine and concentrated in vacuo. The residue was
purified by silica gel colum chromatography (-50% Et 0Ac / hexanes),

af fordi ng ite solid (0.81 g, 479 . 11-1NMR ( _
CDC13) : 5‘%{?)6230%(1231\9%&, 7.20-7.45 (in, 15H), 5.77 (s, %&)q{dgg&g/ﬁ‘-lﬁ%z
(m 2H), 4.57-4.72 (in, 4H), 4.43 (d, J= 7.8 Hz, 114), 4.08 (d, J =
8.7 Hz, 1H), 3.95 (d, j= 10.8 Hz, 1H), 3.74 (d,J = 10.8 Hz, | H),
2.48 (s, 3H), 1.16 (s, 2031-1). M5 =598.3 (M1-r). 2511 (707 nyg,
1.18 mmol ¥ in DCM (20 nL) was treated with nCPBA (460 ng, 2.66 nmol)
and the mxture stirred for 16 h. Additional inCPBA (203 ng, 1.18
mmol ) was added and the m xtungWas stirred for 8 h. The ”111 ure was
treated with saturated Nqu\(IB 0 nit), and the solution vap
-~

extracted with Et0Ac (250 ~ “INe organic |ayer was th
saturated NaHCO8 (8O . nl) a Nor he (1Q4rL) and dried overn30/MySO4.
The sol vent was renoved\} acuo i r et orfate¥ to 40 g
Sith Conbiflash colum c tographyc(_‘gbleO% Et OAc-Yexanes gradi ent)

to afford lin (571 ny, 77%, as a mxture of isoners fdata for major
13-isoner): white solBa” 3I78n WO 20091132123PCT/ USED0$D41432 5NVR
(CDC13, 300 MHz) 7.77 (s,1mH), 7.26 (br m 15H), 5.637(s, 1H), 4.59
(m 6H), 4.35 (br m 1H), 4.00 (d, J= 7.2 Hz, 1H), 3.83 (d, J= 8.7
Hz, 1H), 3.70 (d, J= 10.8 Hz, 1H), 3.06 (s, 3H), 1.05 (s, 3H; M
(EST) Ink 630 | M 1o Keotuddh of 17b (1 74, 2607 W ol inXOHITTD ) m it Lisle

MeOH- CHC13 (18 nth) was treat eé. vvit% NaBH4 c(’gle»n ngzr@T%é énm)nrdolg acn‘élast he
m xture sti rpédgd peionrighlorimgdi M inrfdi-Glia BRML, B7Dmmy)). Ahs renchia hixvas
added anggt hg, nixture. St a8 uf.or it | NaBl-.14 :
ng, 9.0 mmol) “was a&deﬁagngg'téfeaﬁ %mfﬁﬂlr)%m\?\%is&g |d§t{r°§%?f’3?|\£ cfh]%eqﬁzﬁoz’
m xture was 2&6nily).edhedixirt vakihen all@vadrib warmng td tvemsiempiératore. \ihs

extracted with Et0Ac (100 . The o nic | was, washed with
saturated Na ( nL ( T
oS ettt ot e DIRGsTnfy The KRna s ren e
MySO4. The setapentedwath MeOH\EBinik Magidahantdith iey, Bindous RENeS1 hat §d
to 40 g Si 02 _Conbifl ash ,%ol g hr omat o&ga}%h (0-100% Et OAc- hexanes
gradi ent) tol8%fBfaVETPYEd }TS‘P (MeCh- &S’fﬂﬁi’é“%fo gisohempounhisn

f Ot 1 3ad SR At ook |
10y, "7 B (SRR i b Tobl B i MEMiERE oD P AT 1. 30
4.62 (m 6H) 1HY 536 (¢.BH)MB.90-4.0§ (m BHIO3.783.83my7 1H),BA3 (4 HF), BOBE, TH)
1H, 3.63 (ifhg Lhhs; uQhghs. 3H: M5 (ESI) ink 552 [M+ H

Compound 4
20
NH, o
Nj/( Nv/l(
YN =

\ N 5\1 Adenosine \ N NH

HO o = deaminase HO o =t

N _ O I‘K

NH, N N,
HG  OH HO OH
3 4

A solution of 3 (220 mg) in about 1000 mL of water was treated with bovin
spleen type IX adenosine deaminase (0.125 units/mL, Sigma} at 37 °C for 4 hours.
25  The mixture was concentrated and the residue purified by RP-HPLC to give
Compound 4 (152 mg). 'H NMR (300 MHz, D20): § 7.34 (s, 1H), 5.21 (s, 1H),
3.82-3.87 (m, 3H), 3.70 {d, TH), 0.93 (s, 3H), 1.00 (s, 3H). MS=298.1 (M+H"),
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Inl 25 In (144 ng, 0.26 nmol) in DCM (5.2 nL) was cooled to -78 C and
treated with B3r3 (1.0 Min DCM 1.3 nL, 1.3 mmol) and the m xture
stirred f . 106 5 mxture was treated with 4:

MeOB- pyr i gf"gé0§b§6§9§AL) and the sol ution was war nmed tOchgéq%2009/041432
tenperature. The sol vent was renoved in vacuo and the m xture was
treated with concentrated NHACH (2 nL) foll owed by renoval of sol vent
(x3). The mxture was treated to reverse phase HPLC (0-95% MeCN- H20
gradient) to afford 1 (21 ng, 30%: white solid; |IFINVR (1320, 300
Miz) 7.853(sCopleungsSss (s, | H), 5.26 (s, 1H), 103.82 (m 2H), 3.78
(m 1H), 3.68 (dd,J= 12.6, 4.5 Hz, 1H), 0.81 (s, 3H); Ms (ES1) 777k
282 [M+ H. Conmpound 3 20To a solution of 11(0.81 g, 1.36 mml) in
CH2C12 (7 inL) at 0§ was added MCPBA (610 ng, 2.92 rnnol) The m xture

was stirred at OC f . ol y
quench the reactj AfteX st @
the organic |aye s aashed w ( jugou

2), brine, dri SO4yrOand

then transferred t st eel f reactor and
Li quid ammonia (-10 was colhggted at -78 C
reactor. The bomb feactor Mas rightty sealed and warmeg up to room
tenperature. The m xture was then heated at 110C for 48 h. The
reacti on was conplete. The residue was purified by silica gel colum
WO 2009/ 132123PCT/ US2009/ 041432 5chr omat ogr aphy (100%0 Et OAc /
hexanes), affording 3a as 2%white solid (0.63 g, 740§d. 1H NWVR (300

r
N

Mz, CDCI3): 67.55 (BNHMA),N.J.20-7.45 (m 15H), 5H —qH)
4.50-4.82 (m 6H), 4.38-4]42M(m 1Ho . A@5 (d J= 8Nk naH), 3.87
(d, J 9.9 Hz, 1H), 3.71hy _N@2‘4H%4z‘,’” ), 1. 1‘;‘2’is,'§3H). M5 = 567. 3
(M 1-1"). 10 H Q

0—~ 0

THF, 0 °C
0 N z 9]
0 O
5d

To a solution of 5a (1.27 g, 2.32 mmol, prepared according to the procedures

10 similar to those described in Synthetic Communications, 1992, 2815) in
dichloromethane (30 mi) at 0 °C was dropwise added oxalyl chloride (275 ub),
followed by addition of 3 drops of DMF. The mixture was left stirring at room
temperature for 1.5 h. The solvents were then removed in vacuo. The residue was
co-evaporated with toluene. The crude Sb was dissolved in anhydrous THF (43 mL)

15  and added dropwise to a cooled (0-5 °C ) solution of 5S¢ in water (4.3 mL) coniaining
polassium hydroxide (278 mg, 4.2 mmol) over a period of 30 min with stirring.
Chloroform was added to extract the mixture. The organic layer was concentrated in
vacuo. The residue was purified by RP HPLC (actonitrile/water), affording 5d (0.41
g, 34%) as a white solid. MS =671.5 (M + H").

20
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To a solution of 3a (61 ng, 0.11 mml) in CH2C12 (1 nlL) at -78 C was
added boron trichloride (1 Min CHCl2, 1.5 m_ 1.5 mol ). The
reaction 15stirred at -78 C for and t by
addition o pyrlalﬂggl MeOH (1: 2, 14 ). The mxturet}%gé&#@gﬁuﬁgz
allowed to warmup to roomtenperature. The m xture was concentrated
to renove all the solvents. The residue was then co-evaporated with
MeOH (5 nL x 3), and then with 27% aqueous NH4Cl (5 nmL x 3). The
crude was purified by RP-HPLC (MeCN-H20 gradient) to give Conmpound 3
as a white solid 20(16.8 njg). NVR (300 Mz, D20): 57.831 (s, 1H), 5.20
(s, 1H), 3.82-3.88 (m 371(|n1,089 3H. M5 =
297.2 (M + H). Conmpound 17)Q 009/ 132123PCT/ US 9/ 2 5To a
solution of 14 (120 ﬂr@Ng%NlréIGV\ﬁT%I) Plﬁ ? gr Zﬁ?

methyl aminc (2 Min QHE, 0.46/ni, 0. 95“’ . Tgé seal ed| reaction

m xture was heated ap- 15 mmThe m?tur yas ¢o centrated in
I igh vacuum T

m.) at -78 C was ladged
1.086 mmol ) and [
was then all owed to

added to dilute th mxture.
and conceftrated in vacuéd The residue was purifped by silica gel

col utm chr omat ogr gp % AG ane r 17a .as a ite
solid (74 ny, 670 Sgétrlé d @Q ]ﬁhﬁ{% 'B)ﬂ%ﬁ@ ?:%F%)b gé‘ﬂg °¢
g.H) 7. 63 ( Sickédy ave?ul:ib(lval‘ sdBjcltcdio ivtdwavdat 720006 forl2ls 1) Thé’rmﬁ&(@aalc‘ha928
in J= 4
e 10y 3, odinig! Wik MEDrEuAgpurineb) P HFLCacnbieplany s S G0 (.
31-1), 1.15 {ug, 4135 as aMite 6L RMRM360 MHz, CD;0D): 5 7.95 (d, J = 7.8 Hz, 2H),
10 7.92(d,J=7.8 Hz, 2H), 7.79 (4, /= 8.1 Hz, 2H), 7.26 (d, /= 7.8 Hz, 2H), 7.21 (d, J

=8.1 Hz, 2H), 7.14 (d, J = 7.5 Hz, 2H), 6.01 (s, 1H), 5.97 (d, J = 4.8 Hz, 1H), 4.72-

4.84 (m, 2H), 4.60-4.68 (m, 1H), 2.40 (s, 3H), 2.37 (s, 3H), 2.36 (s, 3H), 1.74 (s, 3H).

MS = 653.5 (M + H).

O
O
HN N
'\ ~N N HN N
\- N N
NaOMe
—_—
O MeOH
G B
]
15 Se

To a solution of Se (80 mg, 0.12 mmol) in anhydrous methanol (4 mL) was
added 1 M sodium methoxide solution in methanol (150 pl), and stirred for 18 h at
room temperature. 1.0 N HCI aqueous solution was added to adjust pH to 7. The

20 mixture was purified by RP HPLC (actonitrile/water), affording 5 (30 mg, 84%) as a

12



20 zz | EnO,BnSWO0O 0,Bn 17al7b To compound 17a (180 ny, 0.29
mnol) in ethanol (10 nL) was added Raney Ni (-500 ng) which was
neutraliz ing wwth water. The m xture was the ed..at
80 C for z‘g’r?%n”\fq%ﬁ?%t al yst was renoved by filtration a%@#@%ﬁg\ﬁh
MeOH (5 nmL x 6). The filtrate was concentrated in vacua. The residue
was purified by silica gel colum chromatography (-50% Et OAc /
hexanes), affording 17b as a white solid (118 mg, 719%.NVR (300 MHz,

CD30D): 8.8.10.(s,. 11 S 7 -7.45 ( 15H), 5.69 (s
Ty sasa 367 MM P05 ooy 3 s 180 B4 oy 3 03k
3.84-3.89 (nbslmz,lﬁ),km%isﬁ(iﬁ,m 163 5s3311)11x§§==2§¢‘.%£1\43+1@9,(5- 3H . M
-- 566.3 (M+ Ht). WD 2009/ 132123PCT) US2009/ 041432 5 To a
solution of 176 (117 ngy, 0.207 rnnol) in CHCl2 (4 nL) at -78 C was
added boron tro;,gﬁlug{l%de (1 Min CH2C12, 3.2 nL, 3.2 mmol). The
reaction mxture 10 was stirred at -78C for 3 h, and then quenched by
addition of pyridine / MeOH (1: 2, 20 nL). The m xture was then
allowed to warmup 4o roomtgnrBeraPure. The m'xtube was concentrat ed

to renmove all the slplvents, he; i due was then §>—w{’th
MeOH (10 ml x an@ theén i t B 27Mlagugous N 4T X~N8) . NFhe
crude was purj by RP-HE NEEN: H2G ¥ ' i el sepd 17

= =

15as a white solid (4 , 04 )
7.62 (s, 1H), 5.44 1H), 3)8Q-4.00 (Th,> : . H),
3.13 (s, 3H), 1.004(sy) 3H. M

10 Se

To a dry, argon purged round bottom flask (100 mL}) were added Se (220 mg,

0.34 mmol) and anhydrous dioxane (20 mL). P»Ss (200 mg, 0.44 mmol) and DMAP

15 (28 mg, 0.23 mmol) were then added and the reaction mixture was heated to a gentle
reflux for 25 min. Another portion of P,S;5 (200 mg, 0.44 mmol) was added and the
reaction refluxed for an additional 45 min. The reaction was then cooled to room
temp and poured into an Erlenmeyer flask containing ice water (10 mL). The organic
material was extracted with chloroform after saturating the agueous solution with

20 NaCl. The combined organic layers were dried using MgSO, and the solvent
removed under reduced pressure. The crude materia] was purified using flash
chromatography (Hexanes / EtOAc). 200 mg (88 %) of the desired material 6a was
isolated. LC/MS = 669.2 (M -+ H"). 'HNMR (300 MHz, CDClz): & 7.99 (m, 2H),
7.89 (m, 4H), 7.19 (m, 2H), 7.16 (1, 4H), 6.31 (s, 1H), 5.11 (m, 1H), 4.92 (m, 1H),

25 476 (m, 2H), 2.45 (s, 3H), 2.40 (s, 3H), 2.37 (s, 3H), 2.01 (s, 2HD), 1.74 (s, 3H).

Q : O Q 0
0z NH, NaH Tz NH
O 0O 2 - . 6 O 2
DMF VAR
6a &b —
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20 Ho OH3 .:: HO CH 4 A solution of 3 (220 ng) in about
1000 nmL of water was treated with bovin spleen type | X adenosi ne

deam nase 2 pyts/m., Sigma) at 37C for 4 hours. S0 Xdisy €
was concengvr%at(g'zlsglnd the residue purified by RP-HPLC téégﬁ\k}eo%nﬁound

4 (152 ng). 1H NWR (300 MHz, D20): 67.34 (s, 1H, 5.21 (s, IH,
3.82-3.87 (m 3H, 3.70 (d, 111), 0.93 (s, 31-1), 1.00 (s, 3H). M =
298.1 (M WD 2009/ 132123PCT/ US2009/ 041432 5 Conpound 5 5c Ilin H20 w
KCH 0 Nr” %‘ He 0 To a dry, argon purged round bottom flask (50 mL) were added 6a (200 mg,
0.30 mmol}, anhydrous DMF (4 mL), and anhydrous CHaCl» (4 mL). NaH (20 mg,
0.50 mmol, 60% in mineral cil} was then added and the heterogeneous mixture stirred
at room temp for 30 min. Mel (60 mg, 0.42 mmol) was added to the flask and the
reaction mixfure continued to stir at room temp for 2hr. The flask was then placed in
10 anice bath and the pH was adjusted to 5 using 1M HCI. The organics were exiracted
with EtOAc and the combined layers were dried using MgSOy4. The solvent was
removed under reduced pressure and the crude material was purified using a Gilson
Preparatory HPLC system (acetonitrile/water). 150 mg (74 %) of the desired material
6b was isolated. LC/MS = 683.2 (M+ H"). 'H NMR (300 MHz, CDCl3): 6 7.99 (m,
15 2H), 7.89 (m, 4H), 7.19 (m, 2H), 7.16 {(t, 4H), 6.31 (s, 1H), 5.13 (m, 1H), 4.92 (m,

1H), 4.76 (m, 2H), 2.69 (s, 3H), 2.44 (s, 3H), 2.40 (s, 3H), 2.37 (s, 3H), 2.01 (s, 2HD),

1.74 (s, 3H).
,-N S_ S_
2 NS o NN
IL‘ \ D
O/\/O N N o s N \N
N:< ‘N—_—/
Ad & /2 WNHy rBuOND Q i = P
6 0 - 6 O
o THF
N\ /
6b 6c

20

To a dry, argon purged round bottom flask (100 mL} were added 6b (225 mg,

0.33 mmol) and anhydrous THF (21 mL). iert-Butyl nitrite (0.30 mL, 2.32 mmol)

25 was then added and the flask was placed into a pre-heated oil bath set at 50 °C. After
2.5 h of stirring, the reaction mixture was cooled to room temp and the solvent was
removed under reduced pressure. The flask was then placed under high vacuum
overnight and the crude material was purified using a Gilson Preparatory HPLC
system (acetonitrile/water). 190 mg (86 %) of the desired material 6¢ was isolated.

30  LC/MS=668.2 (M+H"), 'HNMR (300 MHz, CDCl3): 8 7.99 (m, 3H), 7.89 (mm,
41), 7.19 (m, 2H), 7.16 (t, 4H), 6.31 (s, 1H), 5.13 (m, 1H), 4.92 (m, 1H), 4.76 (m,
2H), 2.69 (s, 3H), 2.44 (s, 3H), 2.40 (s, 3H), 2.37 (s, 3H), 1.76 (s, 3H).
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THF, C 5d To a solution of 5a (1.27 g, 2.32 mml, prepared
according to the procedures 10simlar to those described in Synthetic
Cbnnunicat 2815) in dichl oronmethane (30 nft

dr opwi se a 9”%%32 chloride (275 ,ul), followed by gﬁ@h{l%hmggi%
dr ops of DNF The m xture was |eft stlrrlng at roomtenperature for
1.5 h. The solvents were then renoved in vacua. The residue was
co-evaporated with toluene. The crude 5b was dissol ved i n anhydrous
THF (43 ) 15and added dropwi se to a cooled (0-5) solution of 5c in
water (4.3 nlL) containing potassium hydroxide (278 ng, 4.2 nmol) over
a period of 30 min with stirring. Chloroformwas added to extract the

m xture. The organic Iayer was c nt;Ated i n vacua. The residue was
purified by RP HPLC fac r|¢e/ affordlng 5d Q6N41 Bz 34%
as a white solid. 670 5 P)_j‘b —

2009/ 132123PCT/ US 041482 55¢35e0 wasoHQtu 0 5B g__z'éo ny,
0.30 mmol ) in ethylene glygoP (8% m) kh—asseal ed T:Ccr owave tube was

5 h. The m »Qr&Hwvas dil uted
onltrlle/mater) af fordi ng 5e

subj ected to m crowave 00C for
with MeOH and purified P HPLC

(80 ng, 41% as a white | i d.6cNVMRTT300 MHz, CD30D): ®37. 95 (d, J=17.8
Hz, 2H), 107 92 (d = 7.8 Hz, 2H), 7.79(d, J= 8.1 Hz, 2H), 7.26 (d, J
= 7.8 Hz, 7 21 (d, J =8.1 Hz, 2H), 7.14 (d, | = 7. 5 Ft 2H) ,
6.01 (s 4.60-4. 68

, - 4,84
(m 18, '“% 40 (s, [ohfin bupypinged By pods vied s g o Dot 9 25mmp. v

= 653.5 (M +Ni:MeOH (60mL, 7M solution) was then added and the bomb was placed in a pre-
heated oil bath set at 80 °C. After 18h, the bomb was cooled to room temp and the
solvent was removed under reduced pressure. The crude material was purified using a
Gilson Preparatory HPLC system (acetonitrile/water), isolating 56 mg (70 %) of the
15 desired product 6. LC/MS =283.1 (M-+H"). 'H NMR (300 MHz, D-0): 5 8.09 s,

1H), 5.54 (s, 1H), 4.19 (m, 1H), 4.11 (m, 1H), 3.9 (m, 1H), 3.85 (m, 1H), 1.01 (s,
3H).

Compound 7
20

0 0 Q
e
Q. —* 8]
g © o 0
s~
“ > NH

H
7a Hot Ny
7b
TEA, DMF
O O O
O
0o 0O 2
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To a solution of 5e (80 ng, 0.12 mmol) in anhydrous nethanol (4 nl)
was added 1 M sodi um net hoxi de solution in nmethanol (150 gl), and

stirred f roomtenperature. 1.0 N HCl aqueou QN Was
2%0%09%3%{53 ?@@#M@ﬂ-tw

added to ust pHto 7. The 20 mi xture was purified b
(actonitrile/water), affording 5 (30 ng, 84% as a WO

2009/ 132123PCT/ US2009/ 041432 5white solid. Ili NVR (300 MHz, CD30D):
55.28 (s, 1H), 3.9-4.0 (in, 2H), 3.86 (d,J = 8.7Hz, 1H), 3.72-3.78
(m 1H), 9.93(3, 3H). M5 = 299.0 (M + Conpound 6 To a dry,
argon purged roung bottom.f | ask éé inL) were added Se 5&%230 rrg 0.34
mol ) and anhydr ouf #SFELERR PE§Hed 72 (bo'sh 2(CFaemelyandy’nd. THee 3-9 hpenol,

DVAP 15 (28 REkpai@d 3eobiRY b tMEpr8cddiRs daddedh mydididse .éﬁ&&,%sg‘g&@?goo

was heated to ab&entle reflux for 25 mm Another portion o

ng, O0.44 ol D¥ES(18adedvasaddediE s @a6bitod 61 afmalk sthefregulting raiduird wanal
45 nun. The ggagtdo lLe -and, polred into an
Erl enneyer flask coérhn‘z{i\?rﬁﬁptﬁ%ﬁ?%gﬁ\?\/gf @F h ?HW& g%%m%]?bgnﬁée RTEPI al

was extr aet edhiytinehwashiiloted fwathreitad s@talsatdurahedwith tveten qlieaygansoihdtd Wi

with 20 Nad ., .The ¢ ined. organj c | ayer re dried usj MySO4 and
the sol vent & EWD?/V@HWﬁ%gé‘rfﬂ}eé%lu%’édamﬁ?eé%‘g’ﬁﬁ‘e%erﬁéﬁﬁ?Yﬁ’ﬁsep“r?égg?’?al was
purified usi pigoinhRghpENo0RALOG], &AM Kide XN @fetanbit heetABth ATbrd 88 %)
of the desired material 6a was isolated. LGNS = 669, 2 1(71|+v| +1-14).

I'1i NMR (300 Rﬂﬂal?‘)”@g&f -‘.1352%?@98%&?10%45,5011#-@956@70@@% 9 (m 2H),
7.16 (t, 4H), 6.31 (s, 1H), 5.11 (m 1H), 4.92 (m 1H), 254.76 (m
2H), 2.4%s5(s, 3H), 2.40 (s, 3H), 2.37 (s, 3H, 2.01 (s, 211), 1.74
(s, 3H). WD 2009/ 132123PCT/ US2009/ 041432 5To a dry, argon purged
round bottom flask (50 inL) were added 6a (200 ng, 0.30 nmol),
anhydrous DMF (4 nly), and anBydrous,CHLC12 (4 inL). Nal-1 (20 ng,
0.50 mmol, 60% in njneral 5o0i k) was ffhen added and the heterogeneous

m xture stirr ro e 0T iHn. Mel (60 ng, 0.42 nmol) was
added to the angl @ttinn A xture continued to stir at room
tenp for 2hr. The fl adkdwg-téen plthcetin 10 an ice bath and the pH
was adjusted to 5 usi The organics were extracted with

' e dried 09Fhg MgSH4. The sol vent was
removed under redu pre sure=gnd tha gydenpmterial was purified
using a G |son Preparatory®HPLC Systemacetohitrile/water). 150 ny
(74% of the desired material 6b was8d%o :
Fe) . NVR (300 MHz, CDC13): 57.99 (in, 15 1.4 (s,

Td

20 To a suspension of 7¢ (0.45 g, 0.67 mmol) in 1,2-dichloroethane (50 mL) was
added POCI; (0.56 g, 3.6 mmol). The reaction mixture was stirred at 82 °C for § h.
After cooling down to room temperature, the reaction mixture was treated with
NaHCQ; (5 g) and water (0.5 mL) for 3 h, and concentrated. The residue was
partitioned between ethyl acetate and water. The organic phase was separated, dried

25 over MgSOs, filtered and concentrated. The residue was purified by chrom atography
on silica gel, eluted with ethyl acetate to afford compound 8d (0.26 g, 59%). 'H
NMR (300 MHz, DMSO-dg): 8 11.0 (s 1H}, 7.95 (d, ] = 7.8 Hz, 2H), 7.85 (in, 4H),
7.77 (s, 1H), 7.36 (d, ] = 7.8 Hz, 2H), 7.27 (m, 4H), 6.33 (s, 2H), 6.20 (d, } = 6.9 Hz,
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20 To a dry, argon purged round bottom flask (100 nL) were
added 6b (225 ng, 0.33 mmol) and anhydrous THF (21 nmL), ten-Butyl
nitrite (Ow3d 32 nunol) 25was then added and the

pl aced |nto a prezl}%tzséat ed oil bath set at 50 C. After 1@1@&)0%?1432
stirring, the reaction m xture was cooled to roomtenp and the

sol vent was renoved under reduced pressure. The flask was then placed
under hi gh vacuum overni ght and the crude material was purified using

a Glson Pre tQr L S e il el wat ( of
the desi rod tadriidh 60 s B5r b EEs 85 e e %%%@glﬁw%‘%m%%
NMR (300 M—lesCIJ@gg_S)g M& )99 (in, 3H), 7.89 (in, 4.76 (in,

2009/ 132123PCT/ US200 /041432 5 10To a dry, argon purged Parr bonb
vessel was added 6¢ (190 ng, 0.28 rnnol). NH3/MeOH (60nL, 7M
solution) was then added and the bonb was placed in a preheated oil
bath set at 80C After 1811, the bomb was cooled to roomtenp and the
sol vent was renoveg, under req ressure. The crude material was

purified using G saon Ppepdlr HPLC system (acetonitril giwater),
i sol ating 56 W 5 Hﬁgoggoduct 6. LC/X/E’H% 1
(MrH4) . Ni VI Fok:] ﬁ(g, u), %mﬁi H9 (in,
1H), 4.11 (in, 1H), 3. Mo

Conpound 7 5 To a pensi on ) turefWWTeﬁF(l 7 Qs 4 minaly, and
7b (0.516 g, 2.91 , prepaaccordl ng to the Brog dures
described in J. Het ycl ;£hen={1984, 21, 697) in DMF (40 nL) was
added TEN) (0.365 g’ 3. 61 mml) he resulting m xture vvas stirred at
room tenperature for%é at 45 C for_additional 1

reaction 10 mi xt uF®? §RleicH quf‘éB26\&913%%%%1)&%%9%(1%&)@@H@J (AP th-)

water. The oggpqi @asr;taa&ew@meqﬁuett Q\eqr%'\/b&%untﬂd th&hBEwa@lflred a1 0 °C
concentrated. The residue was purified by chromatography on silica

gel , eluted frf nsnd then fanop-teppiatugdet . eThayeadipn mixwrpounded to 0
(0.45 g, 126%c 3Rufn5& Aih 873 (PAL 65 NYRrar 4P a0t d, bRy, and then

concentrated, The residue was purified by C-18 HPLC to afford compound 7 (0.1 g,
84%). "H NMR (300 MHz, D,0): 8 7.63 (s, 1H), 5.31 (s, 1H), 3.70-3.95 (m, 4H),
0.88 (s, 3H). MS = 298.0 (M + H").

20 Compound 11

NHz DMAP
dioxane
7d reflux 11a
25 To a dry, argon purged, round bottom flask (50 mL) were added 7d (40 mg,

0.067 mmol) and anhydrous dioxane (4 mL). P2Ss (68.2 mg, 0.15 mmol) and DMAP
(6.1 mg, 0.05 mmol) were then added and the reaction mixture was heated to a gentle
reflux for 25 min. Another portion of P2Ss (50 mg) was added and the reaction
refluxed for an additional 45 min. The reaction was then cooled to room temp and

30  poured into an Erlenmeyer flask containing ice water (3.0 mL). The organic material
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15 20To a suspension of 7e (0.45 g, 0.67 nmol) in 1, 2-dichl oroethane
(50 nm.) was added POCI3 (0.56 g, 3.6 mmol ). The reaction m xture was

stirred atwglofe;hokhs; 8 h. Mer cooling down to roomte ot
B0 8 TSy

reaction mxture was treated with NaHCO3 (5 g) and wa

3 h, and concentrated. The residue was partitioned between et hyl
acetate and water. The organi c phase was separated, dried 75over
MpSH, filtered and concentrated. The residue was purified by
chronatograph on silicg | ,.eluted with ethyI acetate to afford
corpound 8 (‘%‘S sgragted %ébcgﬁ’iﬁoﬂﬂ/ﬁé? Sefyraing thepureyug gglution vrith Nagls TilF{)
7.95 (d, J = ogmgmkgm i) Egis %re(drfkd u@ﬁ'EDMgSCZ; anll %he s%ﬁ)smt rzmg@aﬁgu(hir 16

7.8 Hz, 2H), 27 (in, 4
VO 2009/ 13212@@%‘2@99 améems@mi (E@mglw(asusemm)s forthénitn, 311),

2.40 31 62 3 M5 =652.1 (M
NaOI\/e(SHQN I%\Erla?%% %ﬁ?ﬁNst %6835’?(@11{ |c_)ll)utl on o1gs7d |(_?) 26 g, 0.399(

nmmol) in MeOH (10 nL) and THF (10 n.) at 0 C. was added NaOMe (0.1
m., 4.3 W. The resulting mxture was stirred at 0 C for 0.5 h, and
t hen at roomterrperature for 2 h. The reaction m xture was cooled to

0 g—
O N
0 ‘M
NH 0 N N
CHl ¢
O - B
aH 3 NHZ

2N iz
S 11b

To a dry, argon purged, round bottom flask (5 mL) were added the thione
15 adduct 11a (20 mg, 0.03 mmol), anhydrous DMF (0.25 mL), and anhydrous CH,Cl;
(0.25 mL). NaH (1.4mg, 0.035 mmol, 60% in mineral oil) was then added and the
heterogeneous mixture stirred at room temp for 40 min, Mel (4.69 mg, 0.033 mmol)
was added to the flask and the reaction mixture continued to stir at room temp for 2hr.
The flask was then placed in an ice bath and the pH was adjusted to 5 using 1M HCL
20 The solvent was removed under reduced pressure and the crude product 11b (10 mg)

was used as is for the next transformation. LC/MS = 682.2 (M +H").

N

NHz t-BuONO

11c¢

To a dry, argon purged, round bottom flask (5 mL) were added the methyvi
sulfide adduct 11h (10 mg, 0.0147 mmol) and anhydrous THF (1 mL). tert-Butyl
nitrite (0.012 mL, 0.10 mmol) was then added and the tlask was placed into a pre-

30 heated oil bath set at 50 °C. After 3 h of stirring, the reaction mixture was cooled to
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15 C, neutralized with HO (1 m., 0.5 N), treated with NaHCO3 (0.1 g),
and then concentrated. The residue was purified by C18 HPLC to
afford COWB‘QMZ 9.1 9, 84%. Ili NWR (300 MHz, D20): Sy 2ol
H), 5.31 (S 1,21% 70-3.95 (in, 4H), 0.88 (s, 3H). NBPE%SS%@W
H). 20 Conmpound 11 O N--k) NH N=-1(P2Ss NH2 DVAP di oxane ref | ux
25To a dry, argon purged, round bottomflask (50 nL) were added 7d
(40 ng, 0.067 mmol) and anhydrous dioxane (4 nL). P1S5 (68.2 ng, 0.15
Mol ) ands DVAR of B a1l theQoiQBh: W kdmWRE Snd 88305 0ksRR o
M xture was heat erclf%tao aeg%n?lre re%uilux ?gr g@um‘n %ﬁo?hgﬁpg%%sf%ﬁlﬂhe%f
P2S5 (50 ny) plaes! wmderddgardutrh everaighbt indrthe efidameatdridldic 89 ragldidsivonials 45
mm The react.l was .then c 1 t and 30poured into an
Er | enneyer f}Safgﬂth?:%%t5?%?%@%@%@?@9@@%6?%). The organic materi al
WO 2009/ 132123PCT/ US2009/ 041432 5 was extracted with chloroform after
saturating the aqueous solution with NaC . The conbi ned organic

| ayers were dried using MgSOH4 a t he ssel vent renoved under reduced
erial £2 [ {as used as is for the next

pressure. The crude nm
t ransf or mati on. R

NAi )N 10 To a dry, argrRmypur, ,
round bottom fl as rnk) wer agdlé‘d/t t hi one_45 ad (20 nmg,
0.03 mol ), anhydrous DVMR.(§. 25_inL), and “anhyfPous 2C1§N Y25 ).

NaH (1. 4ng, 0.035 inmmol g neral oi was thenzadded and the

het er ogeneous ni xture red at #odmtenp for 40HE nCHVEl (4.69 fig,
0.033 mml) was added pofthe ,filask=and the reaction mxture continued
to stir B8 roomtenp flor 2hr. The flask was then placed in an ice

bath and the pH was adjusted to 5 using IMHG@. 20 The sol vent was
renoved under redlxedrypargwspurgedaRear bbmeb eessdevasraddudatudbbducdOmaty)] was

used as 1's T 0faddIGal e HoMS bAoTREAN nETNEE (S82-An (htide) Whs then

added and the bomb was placed in a pre-heated oil bath set at 80 °C. After 18h, the

15 bomb was cooled to room temp and the solvent was removed under reduced pressure.

" The crude material was purified using a Gilson Preparatory HPLC

(acetonitrile/water), isolating 2 mg (50 %) of the desired product 11. LC/MS = 282,1
(M + H). 'H NMR (300 MHz, D20): 5 7.99 (s, 1H), 7.34 (s, 1H}, 5.45 (s, 1H), 4.01
(s, 1H), 3.90 (m, 1H), 3.79 (m, 1H), 3.69 (m, 1H), 0.91 (s, 3H) .

20

Phosphate Prodrugs

Non-limiting examples of phosphate prodrugs comprising the instant invention

25  may be prepared according to general Scheme 1,

Scheme 1
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25 To a dry, argon purged, round bottomflask (5 nL) were added
the nethyl sulfide adduct |Ilb (10 ng, 0.0147 nunol) and anhydrous THF
(1 m). t - itrite (0.012 nm., 0.10 mmol) was t (o

t he flaskeév‘\]/gsz%gflé%:%g into a pre- 30heated oil bath set t}g{}/@g&gﬁuiﬁder
3 h of stirring, the reaction m xture was cooled to WO

2009/ 132123PCT/ US2009/ 041432 5 room tenp and the sol vent was renoved

under reduced pressure. The flask was then placed under high vacuum

overnight and the crude material lie (10 ng) was used as is for the
next reaction. LC/MS = 667.2 (M+ 111). S Nn N "NNH2 ICSe-71
ONH3HO N 1t/ G To a dry, argog purged, Parr bowi—vesdel was

added crude recm@a}i!_ngt hyly sul fizbdg /adduct 11c (30 ng, O. 1(#41, mol ) .
NH3/ MeOH (5nL, 7Mlsol ution) was thensadged and the bongy, was pl aced
in a pre-heated oi F'bath set af” 80RC. After 18h, the 15 b

cooled to roomtenp and the solvent was renoved under réfucéd
pressure. The crude material was purified using a Gl son Pr@paratory
HPLC (acetonitril @awater), isolatingg2 ng (509 of the desig.ed
product 11. LC/MS = 282.1 (Mt FI+). 1H NWMR (300 MHz, D20): 87.99 (s,
1H), 7.34 (s, 1H), 5.45 (s, 11-1), 4.01 (s, IH), 3.90 (ni, 1H), 3.79
(m 1H, 3.69 (m 1H), 0.91 (s, 3H .

R8 R®

Xt .
A %N X
P~
HO N / O N
KL)' WNe 2w o/ NN
R3 R /Sﬁ
Ré Re

5 2d 2e

The general procedure comprises the reaction of an amino acid ester salt 2b,
e.g., HCI salt, with an aryl dichlorophosphate 2a in the presence of about two to ten
equivalents of a suitable base to give the phosphoramidate 2¢. 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 18 used directly in the subsequent steps without recrystallization or
chromatography. Specific, but non-limiting, examples of 2a, 2b, and 2¢ can be found
15 in WO 2006/121820 that is hereby incorporated by reference in its entirety, A
nucleoside base 2d reacts with the phosphoramidate 2¢ in the presence of a suitable
base. Suitable bases include, but are not limited to, imidazoles, pyridines such as
Jutidine and DMAP, tertiary amines such as triethylamine and DABCO, and
substituted amidines such as DBN and DBU. The product 2e may be isolated by

20 recrysiallization and/or chromatography.

Additional examples of types of phosphate prodrugs are disclosed in J. Med,
Chem. 2007, 50(16) 3891-96 which is incorporated by reference in its entirety.

120



20 Phosphat e Prodrugs Non-limting exanpl es of phosphate
prodrugs conprising the instant invention 25 may be prepared

accordi ng Schene 1. Schenme 1 WO

D000, 1507 NRAPNER o T Taa2 T 0 Sasbc The T§aneral o432
procedure conprises the reaction of an am no acid ester salt 2b,

e.g., HCl salt, with an aryl dichl orophosphate 2a in the presence of
about two to ten equivalents of a suitable base to give the
phosphoragld e |table bases include, 10but are not limted to,
i m dazol e q;?ﬁ such as lutidine and DVAP, tertiary am nes such
as niethyl am ne and DABCO, and substituted anticlines such as DBN and
DBU. Tertiary amnes are particularly preferred. Preferably, the
product of each step is used directly in the subsequent steps w thout

recrystallization or mag-ogr aphy. Specific, but non-limting,

exanpl es of 2a, b()a ¢ can be found 15in WD 2006/ 121820 that is
her eby |ncordﬁ?at y refe ceinits entirety. A nucl eoside base
2d reacts with thepimosphor ﬁidate 2e in the presence of a suitable

base. Suitabl e baSesOHNcl ude,2but are not limted to, imdazoles,
pyridi nes such as lutidine and DVAP, tertiary am nes such as

triethyl am ne and DABGO, and 0.0 =N _-C
\T/ o )
Jg;'\,o X
N c

1-Methylimidazole, THF, rt 8a

\’/O 0
H O
jm P <
Py

Cl
10- Compound 7 was treated with the phosphorochloridate 8a (prepared according
to McGuigan et al, J. Med. Chem. 1993, 36, 10481052} according to the general
protocol using t-methylimidazole as base to give compound 8 (20 mg, 50% yield).
'"H NMR (300 MHz, CD;0D): 6 7.61 (s, 1H), 7.20-7.32 (m, 4H), 5.47 (s, 1H), 4.9 (m,
1H}, 4.5 (m, 2H), 4.18 (brs, 2H), 3.9 (m, 1H), 1.3 (m, 3H), 1.15 (m, 6H), 0.99 (brs,
15 3H).°'P NMR (300 MHz, CD;OD): 4.04, 4.09. MS = 601.0 (M -+ H*).

Compound 9
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substituted am di nes such as DBN and DBU. The product 2e may be

i sol ated by 20recrystallization and/or chromat ography.

Addi ti onal of types of phosphate prodrugs arei;;.hrﬁ' & g,

J. Med. Ch‘g%)%%ggﬁs 5006) 3891-96 which is incorporated by ?@?@%é%{:le
inits entirety. 8 10Conmpound 7 was treated with the

phosphorochl ori date 8a (prepared according to McGuigan et al, .1 Med.
Chem 1993, 36, 1048-1052) according to the general protocol using
1-nethyl i m dazole as base tg giye conmpound 8 (20 ng, 50%yield).

| FI NMR (300 MHz, CD30D): HB7. s, 1H), 7.20-7.32 (m 4H), 5.47 (s,
1H), 4.9 (m 11;_‘%23 N2H) 4. 18 (brs, 2H), 3.9 (m 1H), 1.3 (
3H), 1.15 (m 6H),” 0.99/(brsy=t5 3H). 31P NMR (300 MHz, CD30D): 4.0
4.09. M5 = 601.0 (Mt Lohpound Gyn,WO 2009/ 132123PCI NS2009/ 041432

Conpound 5 was treat®d Wth the phosg%lo(socgl ni dat e.8a_( pr epar ed
e .’

m
4

according to McGuigan et al, J. M 1993, —4048- 1052)
according to the general protocol usi{ng rre;'@\-r@/ Mm-tdazol e as a base
to give compound 9. 1H NWR (300 MHz, OCDBﬂD) Cl8 7.14-7.27 (in, 4H),
5.37 (s, 1H), 4.9 (m 21MethyimigazplamHF2H)\ 4. 28 (brs, 2H), 3.9 (m 1H),
1.3 (m 3H, 1.14 (m 6H), 1.02 (brs, 3 31P NMR (300 MHz, CD30D):
4.00, 4.06; 19F NWR (CDI OD, 282 MHz) -78 (s, 3F); M5 = 601.9 (M H+).
Compound 12 15 Conmpound 12 wa red according to the sane
procedure described for the preparatio ﬁ?%r;pounds 8 n%}%*g{oll-l NVR
(300 MHz, CD30D): 8 8.08 (2s, 1H), 7.1-774 AR, & Sy 3L
4.75 (m 1H, overl apped with sol vent peak%, 4. 59(m 'N#NH

HG  OH NH,
cl 9

5

Compound 5 was treated with the phosphorochloridate 8a (prepared according
to McGuigan et al, J. Med, Chem, 1993, 36, 1048-1052) according to the general
protocol using 1-methylimidazole as a base to give compound 9. "H NMR (300 MHz,

10 CDs0OD): 8 7.14-7.27 (m, 4H), 5.37 (s, IH), 4.9 (m, 1H), 4.5 (m, 2H), 4.20 (brs, 2H),
3.9 (m, 1H), 1.3 (m, 3H), 1.14 (m, 6H), 1.02 (brs, 3H). *’P NMR (300 MHz, CD;0D):
4,00, 4.06; °F NMR (CDs0OD, 282 MHz) ~78 (s, 3F); MS =601.9 M+ H").

Compound 12
I5
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1011-f), 4.45 (in, 1H), 4.25 (nn, 2H), 3.85 (n, 1H, 1.3 (m 3H), 1.2
Om 6H), 1.02 (brs, 3H). 31P NWR (300 MHz, CD30D): 3.91, 4.02; M =
586.3 (M + ound 16 WO 2009/ 132123PO M52009/ Q4443 H
01-1 3 NH%Oj]Zﬂlfegf%%iggg- 1-0' N ANH2 HO 0 16 R i T
Compound 3 (13 ng, 0.044 mmol) in trimethyl phosphate (0.4 nlL) were
added /Htetrazole (9.5 ng, 0.132 nmol) followed by addition of 2, 2-
di met hyl -t hi opropi onic acid

S-(2-{diisopropyl am no-[2-(2, 25di ng;hyl propi onyl sulf anyl) - et hoxykphos
phanyloxy)-ethyl) ester (40 Ag,50.088 mml) at 0 C. 10 After stirring
for 213, 30% hydrogep, Oxjden nY20 (60 uL) was added to the

m xture. The m xture was\then aktgwed to warm up to room t enperat ure.
After 30 min stirring, 1:M:Na2S203 in_1420 rH_) was_added to quench

the reaction The or gani*?:olfﬁfér was was tb sa &H aqueous
Na2CO3 (10nmL x 2) and brine gnd congentira d,i’s’@ov . The residue
was purified by RP-HPLC ( MeCN-H20 gradi ent) ﬁLSOclo gi ve Conpound 16 as
a white solid (6 ng). 11-1 NWVR (300 , CDClgy): 8 7.45 (s, | H),

5.29 , 114), 4.40-4.5 [N , . 284. 40 1H), 4.10-4.25
oy orar ) QakdiBrmidabbb if 234 40 (m 1H) (

Compound 12 was prepared according to the same procedure described for the
preparation of comapounds 8 and 9. 'H NMR (300 MHz, CD3;0D): 8 8.08 (2s, 1H),
7.1-7.4 (m, 4H), 5.58 (s, LH), 4.75 (m, 1H, overlapped with solvent peak), 4.5 (m,

10 1H), 4.45 (m, 1H), 4.25 (m, 2H), 3.85 (m, 1H), 1.3 (m, 3H), 1.2 (m, 6H), 1.02 (brs,
3H). *'P NMR (300 MHz, CD;0D): 3.91, 4.02; MS = 586.3 (M + H".

Compound 16



3.21 (m 4H), 1.237 (s, 914), 1.227 (s, 914), 1.06 (s, 3H; 31P NM R
(121.4 Mz, CDC13): 5 -1.322. M5 = 665.0 (M + El+). 20 Conpound 18
518 ion of 17 (12 ng, 0.04 mml) in ac 5,k L)
and DVF (0. ?2@{§9§2%e added trimethylorthoformate (36 Ekﬁﬂggégmg%%$)
and p-tol uenesul fonic acid nonohydrate (8 ng, 0.04 mmol). The m xture
was heated to reflux for 1 h. 28% 10 NRI OH was added to neutralize
the m xture and the m xture was concentrated to dryness. The product
was i solated by a short be@ of silica gel plug (10% MeOB in CH2C12).
The white solid was dle%guged in CH3CN (0.4 m ), added /1l-tetrazole

foll owed by addition @gr= Ndlnethyl-thloproplonlc acid
S-(2-{diisopro Ianln\»hz-/k

(2, 2-di net hyl - B% suﬁfaﬂvﬁ) et ho hosphanyl yl -ethyl) ester
(41 ng, 0.09 15 i.n CH3CN (0 2 £~0-6.. Aft stifling for 40
mn., the m xture was:zcooled to - NCPBA (ib, 0.09 nunol) in
CH2C11 was added %6 tRE8 nixture: The g%xmuﬁe“mag t n allowed to warm
up to roomtenperatuge. After 10 ifring, 1 MNa.2S203 in |-120
(2 nmL) was added to quench the reactibon, ~Theargasiceplayg), was washed
w th saturated aqueous Na2CO3 (10nL x 2)™and brine and concentrated
in 20 vacuo. The residue was purified by P2 &% Me@N- 1- 110
gradient) to give the coupled product as a white solid. The Nslol i d was

di ssol ved in cooled 75% TFA in |-120. The m Xture was alm to stir
at 0 to 10 "C for 3h. The resulting Pewas Qi | ut eddwi, JE&&
washed wth saturated Nali CO3 and conceotrate@kﬁn ¢ due

was purified by RP-HPLC (MeCN- H20 gradient) i ve pr oduct
Conpound 18 as a white solid (12 ny, Wstep /41- 1TNVR (300
MHz, CDC13): 68.17 (s, 1H), 7.52 (s, 1 7.24 (b, 46),56.38 (s, 1H),
4.57 (b, |H, 4.34- 4 45 (m 2H), 4. 11-4.95 (in, 5|4) 3.97 (d, J=5.4
Hz, 1H), 3.88 (b, 1H), 3.21 (d, J= 4.8 Hz, 3H), 1€ (t, J= 6.6 H,
4H), 1.234 (s, GI-?qaéolﬁﬁﬁc(fﬂonﬁJﬂ)md3(221?1&((504451&’1')11,01)111Qﬁnf{tﬁylp}%lﬁﬂhateslp
NVR (121. 4 % %>c13) 347. NE%

15About 3.1 Hihw Frcﬁ‘ﬁé?ﬁiy‘iﬁ YRR Qﬁaqﬂﬁz Iaﬁ@Bprﬂb?“EférW@fdihaam ef 2,2-

(prepared acggehyehid ﬁ\@@h&@e elsqad la¥ith- (Dot 898, 36,
1048- 1052) |H abgﬂiuég ( is aOPQ%yd Eﬁ?ﬁu#i ? of about 0.5

mol of Conpefﬁn’@ﬂ)d&df@aylérﬁ@@ﬁﬂaﬂesnhwlomf qﬁhﬁb@smv K4t gelz@R8amingl) afbiit. 3
L T AT S0 P, 2 U ki gL o
reverse- phasmim CT h@mgilwre w@e fipo ahov@0o wGonpeumchoRilteGperdfml After 30

min stirring, 1 M Na»S:03 in HyO (2 mL) was added to quench the reaction. The

organic layer was washed with saturated aqueous NayCO; (10mL x 2) and brine and

concentrated in vacuo. The residue was purified by RP-HPLC (MeCN-H,O gradient)

15  to give Compound 16 as a white solid (6 mg). 'H NMR (300 MHz, CDCl;): 6 745

(s, 1H}), 5.29 (s, 1H), 4.40-4.50 (mn, 1H), 4.28-4.40 (m, 1H), 4.10-4.25 (m, 6H), 3.14-

3.21 (m, 4H), 1.237 (s, 9H), 1.227 (s, 9H), 1.06 (s, 3H); *'P NMR (121.4 MHz,

CDCly): 6-1.322. MS =665.0 (M + H).

20 Compounnd 18
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About 3.1 ranol of 4-chlorophenyl 2-propyl oxyal ani nyl

phosphorochl ori date (prepared according to McCGuigan et al, J. Med.
Chem 199 -1052) in about 3 nL of THF is add L5t ur e
of of aboﬁ?ogzs?”%gﬂﬁfg! of Conpound 1 and about 3.8 mol 91%{1‘5[%2&)9)311&52“‘
N-net hyl i m dazole in about 3 nmL THF. The reaction is stirred for
about WO 2009/ 132123PCT/ US2009/ 041432 524 hours and the solvent is
rencts. ed under reduced pressure. The residue is pthified by
rever se- phase HPLC to give Conpound. 21. Conpound 22 FIO (5)<5 1022
A m xture of about 0.52 prol of npound 1 and about 12 ni dry
acetone, about 0.7 nL of 2 2,-di foxypropane and about 1.28 mmol of
di - pni tr ophenyl phosph c dtidhip sti rradaf Qeoadout (ditx hours to about
seven days. The_react Noh. |y i i ] t 20 nL of
0.1 N NaHCO3 a'ﬁﬁ?\metone i 8 15evaporated. The desired material is
partitioned into chl form the gof orm solvution is dried, and
the solvent is evggoﬁ ed. Conpound 22\T§\pupLﬁ|ed fromthe residue
by conventional neans. Conpound 2 A 5blg}Lon of about 0.53
nun& of Conpound 22 % n about 5 ni IS tréated with about 1 ni
of a 1 Msolution of t-butyl mawt esiug chloride in THF. After about 30
mn to about 5 hours, a sol utiom@pkyaBRUtH.EN65 Mol of trans-4-[(9)-

—

-

HN
3 -4
0~P-0 Nen
3) MCPBA, CH,Cly o ] o)
S - b
HO OH
0

5 18

To a solution of 17 (12 mg, 0.04 mmol) in acetone (0.5 mL) and DMF (0.1

mL) were added trimethylorthoformate (36 uL, 0.32 mmol) and p-toluenesulfonic
acid monohydrate (8 mg, 0.04 mmol). The mixture was heated to reflux for 1 h. 28%

10 NH4OH was added to neutralize the mixture and the mixture was concentrated to
dryness. The product was isolated by a short bed of silica gel plug (10% MeOH in
CHaCl). The white solid was dissolved in CH3CN (0.4 ml), added 7 H-tetrazole
followed by addition of 2,2-dimethyl-thiopropionic acid S-(2-{diisopropylamino-[2-
{2.2-dimethyl-propionylsulfanyl)-ethoxy]-phosphanyloxy} -ethyl) ester (41 mg, 0.09

15  mmol) in CH;CN (0.2 mL) at 0 "C. After stirring for 40 min., the mixture was cooled
to -40 °C. MCPBA (40 mg, 0.09 mmol) in CH2Cl, was added to the mixture. The
mixture was then allowed to warm up to room temperature. After 10 min stirring, 1
M Na»8,03 in HO (2 mL) was added to quench the reaction. The organic layer was
washed with saturated aqueous NayCO; (10mL x 2) and brine and concentrated in

20 vacwo. The residue was purified by RP-HPLC (MeCN—H,O gradient) to give the
coupled product as a whife solid. The solid was dissolved in cooled 75% TFA in
H,0. The mixiure was allowed to stir at 0 to 10 °C for 3h. The resulting mixture was
diluted with EtOAc, washed with saturated NaldCOj5 and concentrated in vacuo. The
residue was purified by RP-HPLC (MeCN-H;O gradient) to give the product
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25pyri di n-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 stin-e é% ?1991% one to about 24 hours. The sol uti %I’/UQS2009/041432
concentrated 1Tn a vacuum and the residue is purified by

chromat ography to gi ve Conpound 23. 5 Conpound 24 He3 OH 24 A

sol ution of about 70% aqueous trifiuoroacetic acid is cooled to O C
and is treated with about 0.32 mmol of Conpound 23 for about one to

24 hours. _The_ 10sol tlon i trated and the residue is urified
by chromafogrtRPHY Hizsa %Bﬁﬁg 2 51, %ﬁﬁﬁ&fﬂemb H NKR (300

o L oS 5502 ot o, A o, 1o

treated with abolit
hours, the sdldddnt ZHS 4eMahdy @, S8)ahe7 (dhé=rSebHeuél)j 38Hy; il Hj, e:ijzbw J=

chr omat ogr aphy, {0 5 ey RMPOURG: 25 COIRQUREh 26 o0 MW2 Ny (¢ e

dCYO- - . 41/ 2" 17
1.03 (s, 3H); °'P NMR (121.4 MHz, CDCls): 8 -1.347. MS = 664.0 (M + H™).

10
Compound 20
. O
0 B N,
-~
) N™ N,
o o
20
15 About 3.1 mmol of phenyl methoxyalaninyl phosphorochloridate (prepared

according to McGuigan et al, J. Med. Chem. 1993, 36, 1048-1052) in about 3 mL of

'THF is added to a mixture of of about 0.5 mmo! 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

20  reverse-phase HPLC to give Compound 20.

Compound 21
\ro;/Eo
H N NH;
8] A\

N\F{/ O l >\\<
O’ \O N\ N

B J - N:/

/Q/ HO  ©H
Cl
25 21

About 3.1 mmol of 4-chlorophenyl 2-propyloxyalaninyl phospharochloridate
(prepared according to McGuigan et al, J. Med. Chem. 1993, 36, 1048-1052) in about
3 mL of THF is added to a mixture of of about 0.5 mmol of Compound 1 and about

3.8 mmol of N-methylimidazole in about 3 mL THF. The reaction is stirred for about
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Hd toH 26 WD 2009/ 132123PCT/ US2009/ 041432 5About 3.1 nmol of
4- chl or ophenyl 2-et hoxyal ani nyl phosphorochl oridate (prepared

accordi ng ﬁgfzwﬁéj]ggn et al, J. Med. Chem 1993, 36, 1@&7&%4;4&
0 0

about 3 niL I's added to a m xture of about 0.5 nmo npound
1 and about 3.8 mml of N-nethylimdazole in about 3 nL THF. The
reaction is stirnmd for about 24 hours and the solvent is renoved
under reduced pressure. The residue is purified by 10 reverse-phase

HPLC to give i 27 15A sol ution. of .Co nd
% i n oveb t 2 RSB E Ry BROHOG e edirdairuits o MBiBkeciRRY

t - but oxi de f by reabeerphkd HPILG tb @iva4 dagriusmd 2Ihe reaction i s quenched
with IN HCl and Conpound 27 is isolated by reverse-phase HPLC

Conmpound 28 z 20HO OH
Compound 22

10 22
A mixture of about 0.52 mmol of Compound 1 and about 12 mL dry acetone,
about 0.7 mL of 2,2,-dimethoxypropane and about 1.28 mmol of di-p-
nitrophenylphosphoric acid is stirred for about 24 hours to about seven days. The
reaction mixture is neutralized with about 20 mL of 0.1 N NaHCO- and the acetone is
15  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.

Compound 23
NHo
N
g (\ 90 \\Y&N
N,/ o 0 N, _J
0 N
5_b
2 o\
23

A solution of about 0.53 mmol of Compound 22 in about 5 mL of DMF is
treated with about I mL of a 1 M solution of /-butylmagnesium chloride in THF.
After about 30 min to about 5 hours, a solution of about 0.65 mmol of frans-4-{(S)-
25 pyridin-4-y1]-2-(4-nitrophenoxy)-2-oxo-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.
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28 A m xture of about 0 05 mmol of Conmpound 1 and about 0.5 ni
of trinmethyl phosphate is sealed in a container for about one to about
48 hours. ) e is cooled to about -10 to about

0. 075 mmlwtt)}?ﬂ?ﬁ%islg%orous oxychloride is added. After ;P%(q);ﬂ%a@rgl@pl?%g
about 24 hours, the reaction is quenched with about 0.5 nL of 1M

t et raet hyl ammoni um bi carbonate and the desired fraction are isol ated
by ani on exchange chronmat ography. The appropriate fractions are then

desal ted by rses phase chromat ography to gi ve Conpound 28. 30
3 CoYBpISLEF

Compound OP-00 z HOOH 5 29 Conmpound 28 (about 1.19
nunol) is dried over phosphorous pentoxide in a vaggum for about
overnight. The dried material _js iﬁs\@ended in 4 mL of anhydrous
DMF and about 4.92 nmol DI PE@% te. 34 no f i™o-propyl 10

chl oronet hyl carbonate (Antf\’ /al lem s 9 ®ffot her apy 8: 557
(1997)) is added and the m xture is heated._tie« about 25 to about 60 C

for about 30 mn to about 24 hours. Heatjdg @ renoved for about one
to about 48 hours and the reaction filtered. The filtrate is diluted
with water, Conpound 29 is partitioned 24nto CH2C11, the organic

solution is driedag.ev [ ,-an he residue.is r'%)idja%b .
reverse- phase 15 1{3‘-5 ‘F’ E?fl oa%lmgtgﬁg‘i %%@g]ﬁ%%tgur? 0af5€° %Arrlpsggﬁﬁé and is
treated with about 0.32 mmol of Compound 23 for about one to 24 hours. The
10 solution is concentrated and the residue is purified by chromatography to give

Compound 24,

Compound 25

NH,
o N
/ \""k p’..o \ N N
N_/ © i N\ © =
SY'b
15 o
25

A solution of about 1.56 mmol of Compound 24 in about 15 mL of THF is
treated with about 4.32 mmol of CDI. After about one to about 24 hours, the solvent

is evaporated and the residue is purified by chromatography to give Compound 25.

20
Compound 20
~_O 0
H o N\ NH;
N..\ / 1
,P\O o] N \N
- N/
\ HO  OH
Cl
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9 HO-P---OOH 0 30 20Compound 30 is prepared by treating Conpound 28
wi th about one to about five equivalents of DCC in pyridine and

heating thgqnLeaGkiQp to reflux for about one to about TRYS 041
Conpound g% isaﬁgglated by conventional ion exchange an n% 041432

rever se- phase HPLC. 25 Conpound 31 5 31 A solution of about
0.4 mmol of Conpound 30 in about 10 nL of DWMF is treated w th about
0.8 mum of DI PEA and about 0.8 innol of chlorotnethyl isopropyl

car bonat e_(W2007/027248). The, reaction js,heated to agput 5 to
Sbout 80 & Tor 10206a0 Bl PUSERST DETRSHC SR B hEidre
renmoved undegprégesiiteaitle thRIcGasiag ueali B ARU! Chinedoby, sHPLdst @50 Mebout
Conmpound 31. Conpound 34 15Hd. 10H
3 mL of THF is added to a mixture of about 0.5 mmol of Compound 1 and about 3.8
mmol of N-methylimidazole in about 3 mL THF. The reaction is stirred [or 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
NH,
N?f/Q
b N
O N
o foo "
h 1 § =
g N~ i =0 BH
27
15 A solution of Compound 26 in DMSQO is treated with about 3 mole

equivalents of potassium ¢-butoxide for about 15 min to 24 hours. The reaction is

quenched with IN HCI and Compound 27 is isolated by reverse-phase HPLC.

Compound 28
NH»
9 \N\\J/QN
HO"FI)_O e} N. ’/_f
OH N
30 HO: -E)H

28
A mixture of about 0.05 mmol of Compound 1 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
25  oxychloride is added. After about one to about 24 hours, the reaction is quenched
with about 0.5 mL of IM tetraethylammonium bicarbonate and the desired fraction
are isolated by anion exchange chromatography. The appropriate fractions are then

desalted by reverse-phase chromatography to give Compound 28.

30 Compound 29



34 Compound 3 (about 0.22 mmmol) is dissolved in anhydrous pyridine
(about 2 nL) and chlorotrimethylsilane (about 0.17 nlL) is added. The
m xture i | t about O to about 25 C for about ( 24
hour s. AdZW?itzgél% EII22(§)lchl orotrirnethyl silane (about 0.1 ?}5‘%‘/[?52002@%@%2
and the reaction is stirred for about one to about 24 hours.

4.4' - Di met hoxyhityl chloride (about 0.66 nmol) and DVAP (about 0. 11
to about 0.22 rnnol) is sequentially added. The m xture is stin-ed
for about one to about 24 hourg, A solution of TBAR,(1.0 M about
0.22 nL) in THF is added aRd tlie reaction is stm%%;gﬁ%or about one to
about 24 hours. The nixtur?hﬂs opart fiti oned bgt

and water. The ethyl acetafe |ayer PsFdPiwd
residue is purified chromatography_toOaffokd np&hnd 34 which may be
a mxture of nono and di trityl ated conpoun Compound 35 5HO CH 35
A mxture_of about 1.25 nmol 0C§gpound 32 a¥d about 1.9 mmol of
triethylaﬁnnniun12-(2,2-dinethy1-3-(trityloxy)propanoylthio)ethyl
phosphonat e (W2008082601) is dissol ved29 n anhydrous pyridi ne (about

19 nth). Pival oyl .10chl or] ahout 2.5. |.) is ,added dropw se at
2bout 30 t o abouCoBeouiet eoRdr Hm G et oyt Osorys PAROTRS 96 i n
to about 24 Rgduas foldRul QRESERNThE dskd itathl W dubpiBid i l6a8 4Gk gF i de
and is neutralized with agueous amoni um chl oride (about 0.5M. The

met hyl ene chpgpdees Bk end aboed AYommobB I Y Abrut 7 84inguel af dsodnonsdl and
. SHe o .
I'S purrty Qli’lm%meﬁ{gg%ﬁ?%{n quzeﬁgrﬂ'd%nmoéﬂ So%g)é@%ﬁ%@%@ﬁa ?dded

m xture of nono- 15 - tritylated conmpoun Ion
of about 0. 48nditiomivhreGohgatedric 238t 2 toeabowtdi0d Gforatmbtd) mit toabdut 04 i de
(about 5 nm).is & ropw sehenz m.n t 2.45. mol ). e
reacti on ni xture nga%gggsrrrgéav?dgfr& %b%t?neot & ‘{("gggﬁ%‘ﬂfa LR Efpion B Fféed'
solvent is eVhphhatedddidned ¥hiewarsiChispiund 2914 paregbndy imth Cop@bagy aphy
oo e P hulth € Bl aordled: b8 e RsidiR i By révetse ncte

15 HPLC to isolate Compound 29.

eryet hyl acetate

Yongentrated. The

Compound 30
NH,
Nﬁr/k
\ N
0 ‘N;J
Q M
HO-P—~C  bH
O
30
20 Compound 30 is prepared by treating Compound 28 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-
phase HPLC.

25 Compound 31
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25 Compound 37 A solution of about 2 nmol of Compound 36 in
met hyl ene chloride (about 10 nL) is treated with an aqueous sol ution
of triflu i cid (90% about 10 nL). 10 The reagid e

is sti rregwgfzggﬁ)lgﬁltﬁ% to about 60 C for about one to ?ggﬁgkzgﬂgiﬁ %%Jz(ras.
The reaction mxture is diluted with ethanol, the volatiles are
evaporated and the residue is purified by chromatography to give
Compound 37. Conpound 38 About 90 mM Conpound | in THF is cool ed
to about -78 C and about 2.2 to about 4.4 equival egts of

t - but yl mapei sum chloride (about 1 Min THF) isyad . 20 The m xture
is warnmed to about OC for a;)%t;t 30 nmm and i s @gdi nygool ed to about -

78 C. A solution of (2S)-2-{[ichl gfo(1-phen Ngosphor yl | am no} pr opyl
pi val oat e (W2008085508) (1 d_a(THF, 0 eqlﬁ\f val ents) is added
dropwi se. The cooling is renoved @nd _the reaction is stirred for
about one to about 24 hours. The reaStor’ | s@duenched with water and
the mixtute is extracted with ethyl ac8tate. The extracts are 25
dried and evaporated and the residue pugjfied by chromatography to

gi ve Compound 38. Tr)ihlghos hat es of nucl eosides Non-limting
exampl es of the tfisphgaphizabeyt Gt maipt peoempewndhigabeytd§ mihef PMEtiant

i nvention na r.Gh
To o 11 ack (Boqe BIERRLEY S aR60 A Lo and RARL O 8 il ST g Eppy
Tri met hyl pheubbrate(0287020248)) Thercadipeds hefted te oyt 2ot dbsutd®dCeidr

w th icejynat h. 40- s added and stirred at 0 C
int 11 nalr o BhaeP B i bt 2 A, e Siflent B PRORE RIS B BBE D
noni t or ed byrds@ne exahigadky HPLC o givalCpipopahd Sanpl es are prepared by
taking 3 uL of the reaction mxture and diluting it with 1.0M

Et SNH2CO3 (30-50 uL)). A solution of pyrophosphate-Bu3N (250 ng) and
Bu3N (90- 105 oud ¥BECN or DVF (1-1.5 nL) is then added. The m xture
is stirred at 0C for 03 to 2.5

NHDMTr
N.\_ e N
MO N\
o N‘N’)\NHDMTr
15 HG  ©OH
34

Compound 3 (about 0.22 mmmol) is dissolved in anhydrous pyridine (about 2

mL) and chlorotrimethylsilane (about 0.17 mL) is added. The mixture is stirred at
about 0 to about 25 °C for about one to about 24 hours. Additional

20 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 one to about 24 hours. The mixture is

25  partitioned between ethyl acetate and water. The 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 tritylated compounds.

Compound 35
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20 h, and then the reaction is quenched with 1.0 M Et3NHICO3 (-5 ).
The resulting mxture is stirred for an additional 0.5-1 h while
var nng Upwlgoobp@m.tenperature. The mixture is concent @k ,bd 041432
dryness, re-dissolved in water (4 nL), and purified by ion exchange
HPLC. The fractions containing the desired product are concentrated
to WO 2009/132123PCT/ US2009/ 041432 5dryness and co-evaporated with
water. The residue is dissolved in water (-5 nL). Nal 1CO3 (- 30 np)

i s added and the m xtukg is evaporated to dryness. The residue is

di ssol ved in water and evapoérated again. The resi dEDMIr subj ected to
C- 18 HPLC purification, af 3 the desired B’ ct as the sodium
salts. 10 Conpound 10 15The Drlm 10, ( e‘Eetra sodi um
salts, 35% was prepared according té the edum ggéﬁ bed
starting from corrpound 1. 11-1 NWR (300 / E , 7.68
(s, 1H, 5.40 (s, 1I-1), 4.07-4.30 (n, 418 , o0 91(s 3H) . 31PNNR
(300 MHz, "D20): -56(d J 48 Hz), -10.6 (d, J 48 Hz), -21.5 (t,
S =48 Hz). M5 = 521.8 (M+1 1). 20 Conpound 19 R99 HO 17-0-17- 0- p 0
CH OH O HO OH 19, M\ 20004 JAALAIRET R0 M HAIR4 SORIRO AL

prepared starting from 17 according to t stan ar proce

t ri phosphat e syt dnasomum 242, Mwﬁe@BBD(Wstmzcopanoﬁltmo)@ﬂlytﬁ;osﬂlﬂpatﬁ 60

, 1 4. 0] 41 y/ 3
CHENEE e vitar e e
18. 7 Hz) 10- 5chlofif (aBaRQ.5Imina)) is AHAcdirbbwise af abbat-BE kd 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 neufralized 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-

15 and di- tritylated compounds.

Compound 36

Tro NHDMTr
S\—\ % Nﬁ/{\w
O 0-P-0 0 N
. W=
NH NHDMTY

HO OH
36
20 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 tritylated compounds.

25
Compound 37
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Anot her aspect of the invention relates to nethods of inhibiting
viral infections, conprising the step of treating a sanple or subject
suspect ed wt)z@@ggh@g such inhibition with a conpositi opcgfushét8ns1432
invention. Wthin the context of the invention sanples suspected of
containing a virus 15i nclude natural or man-nmade materials such as

l'i ving organisns; tissue or cell cultures; biological sanples such as
bi ol ogi cal material sanples (blood, serum urine, cerebrospinal

fluid, tears, sputum sakldva, tissue sanples, and the like);

| abor at ory sanpl es; food,-ﬁﬁgﬁL or air sanpl es;, bi gpeoduct sanpl es
such as extracts of cells ti arly reconbi

synt hesi zing a desired glyCOppOtml101Hﬂm
sanple will be suspected of cont ai ni nguaN |anﬁﬁmmp i nduces a
viral infection, frequently a pathogégnic or "sm such as a tunor
virus. Sanples can be contained in ar nedmunm»ncluding wat er and
organi c solvent \water m xtures. Sa s include |iving organi sns
such as h@imans, and nan made materi such as cell cultures. 25If
desired, the anti-virus activity of a ound of the invention after
application of the conposition can be observed by any nethod

i ncl udi ng direct and indirect nmethods of detecting such activity

Quantitative, i tative yantitative neth
det er ni ni ng such ‘éé?]iu ‘i”tg’/faﬁ’f’ (iaff“i“nt rRRRsTndAe m ey, geétF F@O’B%(ah‘?u*tlﬂe
screeni ng nemmgmldd@awithb@diqa&wamm oF R R ShcefONRY @0%, At PO
nmet hod sug s observation of the ph S|0Iog|calé§®operties of a
anti

l'iving of Bdeagtion angyres sl plout 25 to abowRd "Srfior ghophpnede ehat % of
a conmpound Ofrd) el‘lie%ﬁ!ﬁbh BiixtGaNs tnﬁumyaﬁgwty %h@%tatxéét@élé& St g&a ng
protocols that are known. For exanple, the antiviral actithy a
conpound canthseesitgsipedicd &y nlgomh@gffaghy oviivgCoapewd 3%r ot ocol s.
35Cel | - based Fl avivirus | nmunodetection assay 136 WO

2009/ 132123PCT/ US2009/ 041432 5BHK21 or A549 cells are trypsinized,
counted and Opmpbedd 3% 2x105 cells/nil, in Hanms F-12 nedia (A549
cells) or RPM-1640 nedia (BH C21 cells) supplenentéﬁ wth 2% fetal
bovi ne serum (FBS) and 1% nigillhn/streptonyckn X104 cells are

di spensed in a clear 96- I'sste cHlture plgt r well and

pal ced at 37 C, 5% CO, overnught aN-fhe W, the cells are
infected with viruses at nultiplicityOof 1 fecthon (MJ) of 0.3 in
the presence of varied concentrati y of test: conpounds for 1 hour at
37C and p% CO, for another 48 hou The @@l I8Hare washed once with
PBS and t1xed with cold nethanol for 10 min. After washing twice with
PBS, the fixed cells are bl ocked with P8S containing 1% FBS and 0. 05%
Tween-20 for 1 hour at roomtenperature. The primary anti body
solution (4&) is then added at a 15concentration of 1:20 to 1:100 in
PBS cont ai ni ng 1%%589@111@/1 Oioﬁﬂs%ﬂ'd\ken'l‘lzﬂ isf @oled thahirus 78 Phand ebdus 2ane

xcells
20 Typically the

t hen washed thre time follome bati mnth
hor ser adi sh pé)igo@?(ii FREEA TR '%E*fﬂ@%%&‘net ]tofl)éﬁg@%thll Ig%‘ 'Tg"giﬁst d‘i 2000
di lutionjo Artteamxmsmm@mte@foe@otﬂtﬁe:smmﬁoht RB9in 2@ i @N0doble S alfut -

3,3 ,5,5 - tetganet hyl benzi di ne ( P substrate solution (Sigm) is
added to each \ﬂ;eﬂ sqligfion ot {25)-2- {[chloro( -phenoxy)phosphoryl}amino } propyl pivaloate

(W02008085508) (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

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

Triphosphates of nucleosides
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20 mnutes. The reaction is stopped by addition of 0.5 Msulfuric
acid. The plates are read at 450 tun abosorbance for viral |oad
quanti fi cafyoofee/ieer nmeasurenent, the cells are washegdpiisefofsiyps
with PBS foll owed by incubation with propi diumiodide for 5 min. The
plate is read in a Tecan Safiren's reader (excitation 537 run,

em ssion 617 nn) for cell nunber quantification. Dose response curves
are plotted fromthe 25 nean absorbance versus the |l og of the of the
concentragion of test compounds. The EC50 is cal cul ated by non-linear

regression anal ysj

Nnonyl - deoxynoj i r#%%@ﬁtﬂﬁifﬁ\h@ég P@E ﬁ%ﬁﬁ{%{g%g}s cﬁ%fiﬁcﬁﬁl nsxn% glgat hi c
ef f ect assay iffant hestibnpagdapreperefesiordiid ® generalsSchemdApanese
encephalitis virus, BHK21 30cells are trypsinized and diluted to a
concentration of 4 x 105 cells/nmL in RPM-1640 nedi a suppl enent ed

W th 2% FBS sekad®.penicillin/streptonycin. For testing against
dengue virus, Huh& cells are trypsinized and diluted to a
concentrdfion of 4 x 105 cells/nL in DVEM nedi a suppl emented with 5%

FES and 1% penicillin/streptonycin. A 50 microliter of cell
suspension (2 x 104 cells) ix3 dispensed 35per well in a 96-well
optical bottom PIT pol yneré¢bas | ates (Nunc). Cells are grown

37;C, 5% CO2, and then infeted with
432 5Nile virus (e.g. B956 stral n)
or Japanese encephall irus (e.® Nakayanm strain) at M 0.3,
or with dengue virug ~RDEN-2 NGC strain) at MOT = 1, in the
presence of dlfferenthco entrations of test conpounds. The plates
containing the virus and the conpoun cubated at 37C,
5% CO2 for 72 hours. At thg end. of ig@P%EEI%(F]B 5%{3 dr:acrollteers of
Cell Titer-AoTmreagent is added™ to,
for 2 mnutes on an orbital shaker
are incubated at roomtenperature for

overnight in culture nediu
West WD 2009/ 1357

nts are m xed
’%Hfat@w eﬁ?%ﬁys:gge The pl ates

m nutes to stabilize

| um nescent signal. Lummescence reading i ecorded using a plate
reader. A positive control such as Nnonyl -de nojiri rryC| n jtay be
used. Antiviral Activity in a Muse Mdel of Dengue | n.
15Conpounds are tested in vivo in agmuse rm)del VI'NUS
infection (Schul et at J. InfectHous-®HE-0 ; =N4) _[{Six to
ten week old AGL29 mice (B& Univergal daid, og—lll are Noused i n
individually ventilated cages. Mce are R3 R

Rf‘ 'E?

2f

To a flask (5-15 mL) is charged with a nuclcoside 2d (~20 mg). Trimethyl
phosphate {0.5-1.0 mL) is added. The solution is cooled with ice-water bath. POCls
15 (40-45 mg) is added and stirred at 0 °C until the reaction is complete (1 to 4 h; the
reaction progress is monitored by ion-exchange HPLC; analytical samples are
prepared by taking 3 uL of the reaction mixture and diluting it with 1.0M Et;NH2COs
(30-50 uL)). A solution of pyrophosphate-Bu3N (250 mg)} and Bu3N (906-105 mg)} in
MeCN or DMF (1-1.5 mL.) is then added. The mixfure is stirred at 0 °C for 0.3 to 2.5
20 h, and then the reaction is quenched with 1.0 M EtsNH,COs (~5 mL). The resulting
mixture is stirred for an 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 are concentrated to
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injected intraperitoneally with 0.4 nL TSVOL dengue virus 2

suspensi on. Bl ood sanples are taken by retro orbital puncture under
i sof | ur anewanaestsiesi a. Bl ood 20sanpl es are col | ect ed iprTiusaes/041432
containing sodiumcitrate to a final concentration of 0.4% and

i mredi ately centrifuged for 3 mnutes at 6000g to obtain plasna.
Plasma (20 mcroliters) is diluted in 780 mcroliters RPM -1640

medi um and snap frozen in liquid nitrogen for plaque assay anal ysis.
The remai fi NAryRkASAR co-SvapRtideith faer. TS %ﬁﬂ@is&ﬁﬁéol%iuﬁ#&éﬁwmtﬁve|
determi nation, M ce gleve op dengue virem a rising 750over severa

d
days, peaki n§'ablrQudy 38mgdistadpect adithemixture 1s evapnspted wsdrynrgs. ofhegptidugiis al
activity, a j i i St di | ! i ui d,
o g, 10% et hano " 300f KR s P Rt B s B PSR R B R e
6N HC1 (1.5 pyyfideNomaterdinghadisired pbdud agtlsodit@GaitnM citrate buffer
pH 3.5 (0.9%v/v:2.5%v/v: 96.6%vVv/v). Thirty six 6-10 week old AG
29 mce are divided 30 into six groups of six mce each. All mce are
infectedi® th dengue virus as described above (day 0). Goup 1 is
dosed by or alCoggmwagé1of 200 nUnouse with 0.2 ng/ kg of a conpound of
the invention twice a day (once early in the norning and once late in
the afternoon) for threg con@_gcutive days starting on day O (first
dose just before dengye \}ﬁ%\(ecti on). Goups 2,3 and 4 are dosed the
sanme way Wty

78 nghNkg 35 and 25 ng/ kg of the conpound,
respectively. A posi4 i veNggnt r ol may be used, such as WO

2009/ 132123PCT/ U2008H041432 4y pocy,, P(O)OMe)s, 0°C

5(2R, 3R, 4R, 5R) - 2- ( 2+ am noz 6- hydr oxy-puri n-9-y1) - 5- hydr oxymet hy1- 3- met
hyl - tetrahydro-furan-3, 4- d~Ql , o al ge of 200

m croliters/ nouse the sane wa é g%ﬁgs%%gtee\cﬁu%ﬁg%g}rﬁgups. A further
group is treated with only vehic fluid. On day 3
post-infection approximately 100 m liter blood sanples
(anti-coagul ated with sodiumcitrate) taken fromthe mce by
retro-orbital puncture 10under isoflurane anaesthesia. Plasma is
obt ai ned from each bl ood san‘%e Qy C ntrifugati‘ an®™enap frozen in
l'iquid nitrogen for pl agur:i_(Ji %ﬁw?%u'@- qxlxg)' @. I Gl ed plasma
sanpl es are anal yzed by pl Cgle §sg)yﬁ’a descr/i bedyin Schul et at
Cytoki nes are al so anal ysed &% afHeSE | Schul . NS1 protein

| evel s are anal ysed using a Plateliann k %B%%Rad Laboratories). An
anti-viral effect is indicated by a 15reduc fon in cyt oki ne | evels
and/or NS1 protein levels. Typically, reductions in virema of about
5-100 fold, nore '{'lm-xglaqsplyatq_ @omn g, tetra-sodium salts, 35%) was prepared according

to the procedure described starting from compound 1. 'H NMR (300 MHz, D,0): 8
7.96 (s, 1H), 7.68 (s, 1H), 5.40 (s, 1H), 4.07-4.30 (m, 4H), 0.91 (s, 3H). 3'P NMR
(300 MHz, D20): -5.6 (d, T = 48 Hz), -10.6 (d, J = 48 Hz), -21.5 (t, ] = 48 Hz). MS =
521.8 (M+HY.

20
Compound 19
HN
N_‘___‘ \N
o 0O O \ N
1 1l I o N
HO—P~0—P~0-P-0
OH OH OH \_J
HO OH
19
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fold, nost typically 20-30 fold, are obtained with 5-50 ng/kg bid
dosages of the conpounds of the invention. 20 HCV | C50 Determ nation
Assay Protwodooy/ i858k pol ynerase assay (40 ILL) was assamda@dodoys1432
adding 28 p.L polynerase mixture (final concentration: 50 nM Tris-HCl
at pH 7.5 10 nMKCL, 5 mM WyC12, 1 rnM DTT, 10 mM EDTA, 4 ng/pL of
RNA tenplate, and 75 ri M HCV A21 NS5b pol ynerase) to assay plates
foll owed by 4 pL of conmpound 25 dilution. The pol ynerase and conpound
wer e pre-$ncubat edonipoidid & fvay prifhred atting Behareactdiding dokht stamdaef 8 M,
of nucleotide substrate m xture (33P-a-|abel ed conpeti n% nucl eoti de
at Km and 0. BrOsff:5¢ f%whpmﬁeﬁmée%r@&MB&?%M%”E}Q):ﬁ & 7dedal. 7.60

pl ates were | } ak L. MhmRe 1 re
Phon 111 tered A odon 06 el T BEAE b1 1T Car Tbrar as WPa daciing 2ihe
filter platedhwDeO):Redl ddsiied Sundar-180 (databd? mz,R5 Mid ti-pke] Ha).unes
of 0.125 M NaHPO4, water, and ethanol to renove unincorporated |abel.
Pl ates were then counted on TopCount to assess the | evel of product
synt hesi s over background controls. The 1050 val ue was determ ned

usi ng Priem AntiviraDA&iHvdgr am Preferably, conpounds

descri bed herein inhibited NS5b pol ynerase with an 35 I C50' s bel ow

1000 pM nore prehgsBé ¥pdeebane hObhtidvirclddioPshod e iRl dvikel ow 10
WO 2009/ 132123PCT/ US2009/ 041432 5g. M Representative exanples of the

activity of iectiepnpoupiirnghe starof trepdng p snme e ShisasubpectPdbf eeeding

bel ow wher ei . . ) - o} M B represent an | C50
from1l0 to Zgbdﬁ\glm gﬁgggﬂrﬁég@g%%%%s%eI%gorgbove 200 gM Tabl e 30.
Represent ati ve | CoOths thecortext phibs pivattés: saihpleh eushedtédomicngtaimigrplims. 10

Exanpl 'l\g) }n(c:ﬁl%é ngtinl'\eﬁ %r r@an5~m§df:6mac‘%eﬁals such as living organisms; tissue or cell
cultures; biological samples such as biological material samples (bloed, serum, urine,
cerebrospinal fluid, tears, sputum, saliva, tissue samples, and the like); laboratory
samiples; food, water, or air samples; bioproduct samples such as extracts of cells,
particularly recombinant cells synthesizing a desired glycoprotein; and the like.

20 Typically the sample will be suspected of containing an organism which induces a
viral infection, frequently a pathogenic organism such as a tumor virus. Samples can
be contained in any medium including water and organic solvent\water mixtures.
Samples include living organisms such as humans, and man made materials such as
cell cultures.

25 If desired, the anti-virus activity of a compound of the invention after
application of the composition can be observed by any method including direct and
indirect methods of detecting such activity. Quantitative, qualitative, and
semiquantitative methods of determining such activity are all contemplated.
Typically one of the screening methods described above are applied, however, anv

30 other method such as observation of the physiological properties of a living organism

are also applicable.

The antiviral activity of a compound of the invention can be measured using
standard screening protocols that are known. For example, the antiviral activity of a

compound can be measured using the following general protocols.

35  Cell-based Flavivirus Immunodetection assay
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7 B 11 C 17 B HCV EC50 Determination Replicon cells were seeded in
96-wel | plates at a density of 8 x 103 cells per 15well in 100 gL of
cul ture nmediowmeyB¥eBudi ng Geneticin. Conmpound was seri gidyusiodoliRgz i n
100% DMSO and then added to the cells at a 1:200 dilution, achieving
a final concentration of 0.5% DMSO and a total volume of 200 g.L.

Pl ates were incubated at 37C for 3 days, after which culture medi um
was renoved and cells were lysed in |ysis buffer provided by

Promega’ s;sluci f er gggassay4s ¥aiam tr)gpg ok &meeﬁﬁn@%gﬁég%{)%wcslpsnﬁrd

i nstruction, 100 pi, of luciferase bstrate was
cell's and | ués Hamagd 2anedia A9 wells) meRBMI-6 440 media TRIPKD Licdis) aupiplemmhdar

Pr ef bl escl | ] nor e

or of or abl . b }fgegﬁb aﬁe&‘“rrg”% sty %WRE‘?SBPF‘ERJMW’W%S& poct bre

exanpl e, corr;icspmﬂsd ih,a dgara{idvdﬂ&shﬁ:d:u]ﬁ%h@'lﬁezs@gr hﬂﬁﬂ&uﬁzﬂg&@d &%hﬁM wh | e
ds 9 E s of t han e

g;?ﬁ? oxi i ty 0&%‘&%{; §5 ﬁ*ﬁ&ﬁxtt%* A e e S R et e afg

the fol | Qui NgnfeRRARIOIPHTS. PEQhe pley&gmléé8&%&%@3&&6‘%@&9%%%%&%@5

Cytotoxicity Cell Culture Assay (Determ nation of

assay i s basédowintdieC ayhpti0dhr sothey $hes.c Thef deetre Gﬂfﬂslteésmeéd\mﬂl
conmpounds usipg faﬂc&%%%@'@ﬁﬁ b&id §BSESIaEEr0 RS Wad? %fgﬁg lwideith PBS, the

determ nation o
fixed cells are blocked with PBS containing 1% FBS and 0.05% Tween-20 for 1 hour

at room temperature. The primary antibody solution (4G2) is then added at a

15 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
mcubation with horseradish peroxidase(HRP)-conjugated anti-mouse IgG (Sigma,
1:2000 dilution). After washing three times with PBS, 50 microliters of 3,3°,5,5"-
tetramethylbenzidine (TMB) substrate solution (Sigma) is added to each well for two

20 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 limes 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 plotted from the

25  mean absorbance versus the log of the of the concentration of test compounds. The
ECs is caleulated by non-linear regression analysis. A positive control 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
30  cells are trypsinized and diluted to a concentration of 4 x 10° cells/mL in RPMI-1640
media supplemented with 2% FBS and 1% penicillin/streptomycin. For testing
against dengue virus, Huh& cells are trypsinized and diluted to a concentration of 4 x
10% cells/mL in DMEM media supplemented with 5% FBS and 1%
penicillin/streptomycin. A 50 microliter of cell suspension (2 x 10* cells) is dispensed
35  per well in a 96-well optical bottom PIT polymer-based plates (Nunc). Cells are

grown overnight in culture medivm at 37° C, 5% COa,, and then infeted with West
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. Maintain MI-2 cells in RPM-1640 medi um suppl enented with 5% feta
bovi ne 10serum and antibiotics. 2. Distribute the cells into a

96- wel | plwbeofp2621890 cell in 1001.d nedia per well) amndragdevasiinus
concentrations of the tested conmpound in triplicate (100 pl/well).

I ncl ude untreated control. 3. Incubate the cells for 5 days at 37 C
15 4. Prepare XTT solution (6 m per assay plate) in dark at a
concentration of 2ng/nml in a phosphate-buffered saline pH 7.4. Heat

t he sol ut§ onNilB vRuMRLEB SRithid or PRn&OEncephilits vitsitde 2ONRlavBEa strain) at
N- met hyl phenazoni um met hasul fate (5 Eﬂéﬂﬂ er 6 m “of X¥T sol ut’i on.
5. Renpove 10MQ= hddir avithrdspgueadns (ged- 2 asdmhet Y Qltel. amtheakseng0

75 80 i 1 nCARHRR RSBt bpe LR R0
wel | to stopedi@unds abbirfher inarbater st BHCO5% 0T, for 77bovReatt thdwend of

8P ot e peruaRtagl miseBEa REEUI TR IS BgRE FER L0 el ana
esti mat e10 heCaEbis A5vaiketbfond ndiiuie GORGEHital idkero iiibd EdiiNgsis. NTIR pPASS
inhibition of the cell growth. Consider the absorbance being directly
propor t i onal €&t rPoy taverrturaier 1R gHnRento; siakYize aviagreant signy-

patent docUnMeghSesbdrcs fbaBRELG ReFRMRIR 14D CQHA0 rﬁ@]%c%ﬂivg Yokt SEANS |-
herein, as though i ndi vidual Iy i ncorporated by reference. 30The

i nventi on haBomyEeepxge@iui yatmay bduseéf er ence to various specific and
preferred enbodi nents and techni ques. However, one skilled in the art

W 1 under St g 1atce VB9 Y3042k MRS ASkaId il ONS ey be rade

while remaining wt e spirit and scope of the invention. WHAT

IS CLAIMED IS: 1. A conpound of Formula I: or a pharnmaceutically
accept abl® salt, Gomewpasts are tested in vivo in a mouse model of dengue virus infection

(Schul et af. J. Infectious Dis. 2007; 195:665-74). Six to ten week old AG129 mice
(B&K Universal Ltd, Hll, UK} are housed in individually ventilated cages, Mice are
injected infraperitoneally with 0.4 mL TSVO1 dengue virus 2 suspension. Blood
samples are taken by retro orbital puncture under isoflurane anaesthesia, Blood

20 samples are collected in tubes containing sodium citrate to a final concentration of
0.4%, and immediately centrifuged for 3 minutes at 6000g to obtain plasma, Plasma
(20 microliters) is diluted in 780 microliters RPMI-1640 medium and snap frozen in
liquid nitrogen for plaque assay analysis. The remaining plasma is reserved for
cytokine and NS1 protein leve] determination. Mice develop dengue viremia rising

25  over several days, peaking on day 3 post-infection.

For testing of antiviral activity, a compound of the invention is dissolved in
vehicle fluid, e.g. 10% ethanol, 30% PEG 300 and 60% D5W (5% dextrose in water(;
or 6N HCI (1.5 eq):1N NaOH (pH adjusted to 3.5): 100 mM citrate buffer pH 3.5
(0.9% v/v:2.5% v/v: 96.6% v/v). Thirty six 6-10 week old AG129 mice are divided
30 into six groups of six mice each. All mice are infected with dengue virus as described
above (day 0). Group I is dosed by oral gavage of 200 mL/mouse with 0.2 mg/kg of
a compound of the invention twice a day {once early in the morning and once late in
the afternoon) for three consecutive days starting on day 0 (first dose just before
denguc infection). Groups 2, 3 and 4 arc dosed the same way with 1 mg/kg, 5 mg/kg

35  and 25 mg/kg of the compound, respectively. A positive control may be used, such as
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wher ei n: at least one of RI, R2, R3, R4, or R5 is N(Ra)2, N3,
CN, NO2, $(0)"Ra, halogen, (C-C8)alkyl, (CA4-C8)carbocyclylalkyl,

(Cl - C8) subwiteweizal kyl , (C2-C8) al kenyl, (C2-C8) subst igcdtedomlokany! ,
(C2-C8)al kynyl, (C2-C8)substituted al kynyl or aryl (Cl-C8)al kyl and
each remaining R, R2, le, R4, or R5 is, independently, H ORa,
N(r)2, N3, CN, N2, S(0)nRa, hal ogen, (Cl-C8)alkyl,

(C4-C8) carbocycl yl al kyl, (Cl-C8)substituted al kyl, (C2- C8)a|keny|,
(C2-C 0 sgbsi2r sRrEH, m)lo%}’ﬂmm& %y@%){%ﬁﬁx{lﬂy'ng %rg%)n?éﬂm Bih

al kynyl or aryl d -Cs8 or an 4, “or R5 on
adj acent car H%T‘é)‘r%a%vﬁé‘rﬁl?la{l@ﬁd bg@ixﬂéﬁgfaq’fe?{)ﬂ@QIGI@)l@rsflmusv\M@rsamaken

together w th, themti MIO%@E"R)C&E dsé(g\ﬂ:ﬁlel; gr X@ls%&a%eg%ythaoql?y vetluciiel(_:lt}l"u'@ forma

doubl e bond; eac I's | ndep
|ndependently H, CI-C8)aIkyI (C2- C8)a|keny| (C2-C8) al kynyl ,
aryl (Cl - 08) al kyl , Opday @?%ﬂfb@w@pybmnmyeuy IO(D(m@t)Iﬁtr bﬂqod-séi(lﬂ)cf)ﬁilm 1,

] gg Og) )Z?ICR]l?I B &%ulateg(&%é§%iizmtrﬁ%(a% R }gf:n’ frc&\S Ql&rél:ge 'py ret ch)f%l%ﬂg ﬁllril- dre

-C(=0) NREO |  Ridey isoDirafd SREsthesia: B(HBPREs dbxamcﬁxi&)lﬁeéch blcogS(uQﬁ]SQRlll) .
-S(0)2(0ORL | NRI each.Y or is, in epen ently, O,
S, (N)R SrN( 0) (Bt %ﬁ}'a“érf\ﬁta@)ﬁ@é?i) in lignidgitRpgsn fOIPagWWS%ﬁalW Theen
taken toget hesliccRf Blasi(d &k 2) %\é%rzed BY ploie may\% desrm% ﬁlggﬁm Q?Jiz wi th
either R3 or R4 js -Y3- and the other of W o is Formula la; or

W and W2 ar &YEKERS alrsﬁka@ﬁ%q%ﬁéﬁﬁ@sdeépw@%hqoséimltwpmtmleaels atc analysed

|\N/2R Fng ?gl) z | &g Eﬁﬁieﬂim(kds ?Bgﬁ%'ad\izabk]%oh@% %%”%%r%%&&cm”%w?eﬁib T

Y3 is ind pel’?dé‘ﬁtolﬂyn cytolgne lorelNRId/MIN S Ipr@ieih lovel

Typically, reductions in viremia of about 5-100 fold, more typically 10-60
fold, most typically 20-30 fold, are obtained with 5-50 mg/kg bid dosages of the

compounds of the invention.

20 HCV ICs; Determination
Assay Protocol: NS5b polymerase assay (40 pL) was assembled by adding
28 pL polymerase mixture (final concentration: 50 mM Tris-HCI at pH 7.5, 10 mM
KCL, 5 mM MgCl, | mM DTT, 10 mM EDTA, 4 ng/pL of RNA template, and 75
nM HCV A21 NS5b polymerase) to assay plates followed by 4 pL of compound
25  dilution. The polymerase and compound were pre-incubated at 35 °C for 10 minute
before the addition of 8 pL. of nucleotide substrate mixture (33P-o-labeled competing
nucleotide at Ky and 0.5 mM of the remaining three nucleotides). The assay plates
were covered and incubated at 35 °C for 90 min. Reactions were then filtered through
96-well DEAE-81 filter plates via vacuum. The filter plates were then washed under
30 vacuum with multiple volumes of 0.125 M NaHPOQj, water, and ethanol o remove
unincorporated label. Plates were then counted on TopCount to assess the level of
product synthesis over background controls. The IC50 value was determined using
Prism fitting program.
Preferably, compounds described herein inhibited N§5b polymerase with an
35  ICso’s below 1000 pM, more preferably below 100 pM, and most preferably below [0
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each Ir is independently RY or the fornul a: wherein: each Ma, M
c, and Md is independently O or 1; MZ2c is 0, 1, 2, 3, 4, 5 6, 7,
8, 9, 10, Wb wo9b2i23each RY is independently H, F CI ]Rj'T/Udzgggm_BB,
-C(=Y1) R, -C(=Y1)OR, -C(=Y1)N(R 2, -N(R 2, -N(R 3, -SR -S(0) R,
-S(0)2R, - - 143 - S(0)(OR), -3(0)2(0R), -0C(=YI)R -0C(=Y1)0R,
-0C(=Y1)(N(R)2), -SC(=YI)R, - SC(=Y1)0R, -SC(=Yl)(N(R 2),
-N(RC(=YI)R, -N(RIC(=Y1)0R, -N(R) C(=Y5N( R)2, -SO2NR2, -CN, -N3,
-NQ2, -OR5 opMMBRepRdseNhieR dxakBRRs bOE bty of We cRYp&ithds bems ﬂment%rab@n
atomforma carbocyclic ring of 3 to 7 carbon atons; each Ris
i ndependent | yhawn ip@abled) balorywhergimi respsestapst!Chalielaw 1 ki, B represent an

(G- ) substrs Ba EPRIRINE e b cBiedg Ftcsatss 2Ll FIE ed aryl,

C2- C20 het erocyclyl C2- C20 substltut ed het erocyclyl aryl al kyl or
substi t ut ed ar C(Y1)R

- C( Y1) w5, o?éel?‘ﬁ??t%ﬁ Icémd fWP@“@%%P@M@H@“@E examilser ocycl e
wherein ‘M |s |ndependently substituted with 0 to 3 RY groups; each

XI or X2 is independently C-R19 or N wherein at |east one of Xl or X2
is N, 1 each R8 is, independent | pxanid¢ NgelCs\NRM | R12, N(R-) OR
NR11- NR-- N3, NO, NO2, CHO CN, C.'—!(I—NR! !),A

5 B

6 C

7 B

11 C

17 B

HCV ECsq Determination
Replicon cells were seeded in 96-well plates at a density of 8 x 10° cells per
15 wellin 100 pL of culture medium, excluding Geneticin. Compound was serially
diluted in 100% DMSO and then added to the cells at a 1:200 dilution, achieving a
final concentration of 0.5% 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
20 manufacturer’s instruction, 100 pL of luciferase substrate was added to the lysed celis
and luciferase activity was measured in a TopCount luminometer. Preferably,
compounds described herein had EC50’s below 1000 uM, more preferably below 100
uM, and most preferably below 10 pM. For example, compounds 1, 17 and 18 had
ECsy’s of Iess than 10 pM while compounds 9 and 3 had ECs;’s of less than 250 uM.
25
The cytotoxicity of 2 compound of the invention can be determined using the

following general protocol.
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CHENHNRI |, -CHEN(OR | 1), -CH(OR11)2, -C(=0)NRIIR12, -C(=S)NRIIR12,
-C(= ORI I, (Ci1-C8)al kyl, (C2-C8)al kenyl, (C2-C8)alkynyl,

(CA- Cs) carhocyelpbabkyl , optionally substituted aryl, outr/gsadoloy1432
substituted heteroaryl, -C(=0)(C -C8)al kyl, -S(0)n(C,-C8)al kyl,

aryl (C1-C8)al kyl, OR" or SR'; each RO or R19 is independently H,

hal ogen, NR' R 2, NR11)OR1 I, NRI INRIIKn 12, N3, NO N2, CHO CN,
-CH(=NRI 1), -CH=NHNRI |, -CH=N(ORI 1), -CH(ORI 1)2, -C(=0)NRIINR12,
- C(=S) NRSR1Z ytotXii®y OBL Cultitd Ass@R(DaermmRbtibn of CC50):each R' or R12 is

(G1-G3) car botycl y T R S BSEA B bR el e o st ety wing

substituted hetceihoBt Yilbstratél 0)(CI-C8)aI kyI -S(0).(C -C8) alkyl or
aryl (G -C8)al kyl; or R® and R12 taken together with a nitrogen to

whi ch they aﬁé‘%@tﬂo%’ff’a@'ﬁféﬁ’"ﬂ@ﬁ*%Q{@if}o 7 nmenbered heterocycli c r| ng
wherein any enaeALReOTS QN o RFRTG ﬁh%;&&xﬁ%&?gt%@@%w

be replaced with -0-, - rein ea
(C2- C8) altkkenyl Se(U@Qalﬁ&)lablhywyl or aryI (Cl-Cs)al kyl of each RI,

113, R4, R5, R’ i nde nt | i Qpal titut W th
one or nore Ral'y® *“h@ﬁ%‘b%&‘iﬂ % ﬁl@k@%@ogﬁé Eﬁﬂndﬂépiﬁé léPFFW“gaén‘br
more of the noraaa%ﬁeda%n&ﬁﬁmas @ftﬂg&sﬁa c&ﬁﬁé’hnﬁ% %pﬁlgtegi%bgh

be optionally replaced with - ) compou accordl ng

to claim1 \Aherle¢lndmhlest€¢1€ﬂnd)7gbn NR' IRI 2N( Rll)ORl NR 'NR or se. 3.
A conpound agc 2-wherein RO is Hor NRI IR 2 4.
A conpound agcglrl %ﬂ?cccgﬁs’ g‘sr‘nié‘ysoff(3 3gl gi ns 1-3 represented by Formul a
Il R' A# Fe I'?Qépﬂﬁ ETTkoMmf@m ;@amawplat@ﬂm\éhrmaaQon&nnﬁl&]m&'grm
according to any one of clainms 1-4 wherein R7 is 6. A conpound

accordi ng to any?ghespbyte-brisrpgsaling pliet- dlent the Mﬂ%ﬁtm laﬁdmRB bag a5 5°C
for 5 min, Add 50 p of N-methylphenazonium methasulfate (5 pg/ml) per 6 ml of
XTT solution.
5. Remove 100 ul media from each well on the assay plate and add 100 pl of the
20 XTT substrate solution per well. Incubate at 37 °C for 45 to 60 min in a CO»
incubator.
6. Add 20 ul of 2% Triton X-100 per well to stop the metabolic conversion of XTT.
7. Read the absorbance at 450 nm with subtracting off the background at 650 nm.
8. Plot the percentage absorbance relative to unireated control and estimate the CC50
25 value as drug concentration resulting in a 50% inhibition of the cell growth.

Consider the absorbance being directly proportional to the cell growth,

Al 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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7.24 A compound according to any one of clainms 1-6 wherein each R
and R 8. A conpound according to any one of clains 1-7 wherein X is CH
and R1 is selected fromnethyl. CH2OH, CH2F, ethenyl, or ethynyl. -
145 - 9. A conpound according to any one of clains 1-8 wherein Rl
is methyl andwRAT 8 ELAINMED B:conpound according to claiml1 that is
NH2NH2 HO N -J HO N NH2 HAdOHI 1 d ' CH 0 HVI LI

1. A compound of Formula I:

R8
x‘
Ry /= ™~ N
x2
Q N K9
RS
R* gr?
Formula I

or a pharmaceutically acceptable salt, thereof;

wherein:

at least one of R', R% R? R*, or R is N(R),, N3, CN, NO,, S(O).R?,
halogen, (C;-Csg)alkyl, (Cs-Cg)carbocyclylalkyl, (Cy-Cg)substituted alkyl,
(Cs-Cy)alkenyl, (C,-Cg)substituted alkenyl, (C,-Cy)alkynyl, (C,-Cg)substituted
alkynyl or aryl(C;-Csg)alkyl and each remaining R', R%, R>, R¥, or R® is,
independently, H, OR?, N(R*),, N3, CN, NO,, S(O).R? halogen, (C;-Cg)alkyl,
(C4-Cg)carbocyclylalkyl, (Cy-Cg)substituted alkyl, (C,-Csg)alkenyl, (C2-Cs)
substituted alkenyl, (C»-Cy)alkynyl, (C,-Cg)substituted alkynyl or aryl(C,;-Cs)alkyl
or any two R/, RZ, R3, R* orR®on adjacent carbon atoms when taken together
are -O(CO)O- or when taken together with the ring carbon atoms to which they are
attached form a double bond;

each n is independently 0, 1, or 2;

each R? is independently H, (C;-Cg)alkyl, (C2-Cg)alkenyl, (C>-Cg)alkynyl,
aryl(C)-Cyg)alkyl, (C4-Cg)carbocyclylalkyl, -C(=0)R", -C(=0)OR"!, -C(=0)NR!
R", -C(=0)SR'!, -S(O)R", -8(0),R ", -S(O)(OR'), -S(O)(OR),
or -SO.NR''R'%;

R’isH, -C(=0)R", -C(=0)OR", -C(=O)NR!
R2, -C(=0)SR', -S(O)R"", -S(O):R"", - S(O)(OR™), -S(0),(OR!}), -SO,NR!'R'%,
or
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0 HNH -NNH2 2N N N NH2 HO NyON, HO'."-¢5f-N 1,1=./ i HO OH, Ho OH
n Nngo N="( bHNH2 NH2NH2 HOl -d OH

Y
1l
vw”"'/"m_—i
wz s
each Y or Y' is, independently, O, S, NR,"N(O)(R), N(OR), "N(O)(OR), or
N-NR3y;
W! and W?, when taken together, are -Y3(C(Ry)2)3Y3-; 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 Ia:

y! |
RX v? IJ Y?
|
. -
L
M2
Formula Ia

wherein:
each Y? is independently a bond, O, CR,, NR, "N(O)(R), N(OR),
"N(O)(OR), N-NR3, S, S-S, S(0), or S(0)y; each Y3 is independently O, S, or NR;
M2is0,10r2;

each R” is independently RY or the formula:

Y1 RY RY Y‘l
RY
Y2 Yg Y2
M1id
\ 1a M12¢ Mic

wherein:
each M1la, Mlc, and M1d is independently O or 1;
Ml2cis0,1,2,3,4,5,6,7,8,9,10, 11 or 12;
each RY is independently H, F, Cl, Br, I, OH,
R, -C(=YMR, -C(=EY"OR, -C(=Y " IN(R)s, -N(R), -"N(R)3, -SR, -S(O)R, ~S(O)R, -
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999'N) _ ,(tits2 NN OH OH OH HO OH or a pharnaceutically acceptable
salt thereof. 11. A pharmaceutical conposition conprising a
therapeutically effective anmobunt of a conpound as in any one of
claims 1 to 10 and a pharnaceutically acceptable carrier. 12. The

phar maceut i cal(O}@RIP(V)LORYS-Ork(@yMRLDAEVT IR, -CuEy! FNR),RLSCEAS)R, -
one additional ther ' har maceut,i cal _conposi,tion

apeutic agent. 13, Thg . 0 .
of claim 12 SHETIIORsaE BRI R GETE PN R GaariOR s NN
f th St i L i L %
ol bate riilBhc8RRNRE Lo, o, LRDET R A&y ; oF AL Lkdh B3R R03wo NGn he

al pha- gl ucosisamg@arboh atunb fdroy scarbyoytldphing o3 tathtdrbématems;
hepat opr ot ect ants, non-nucl eosi d in&ﬁ;b@hoi's of  HCV, ~and ot her drugs
Hally (o élkst

for treating HCV. 6221_? R IEBW%_B‘“(PHHm_ _ ; (gl‘gs}'r%lbim}l@df@(ﬁor use
[n a et pggeq%gggyeng}g (@,-¥LY BbstltBe SR, EBUESABNYR ()-CSsuBliithids

alkynyl, Ce-Cog aryl, C¢-Cyg substituted aryl, C2-Cyp heterocyclyl, Co-Cay
substituted heterocyclyl, arylalkyl or substituted arylalkyl;

W is W* or W°; W is R, -C(Y)R?, -C(YHW’, -SO;RY, or —SO,, W>; and
W is a carbocycle or a heterocycle wherein W is independently substituted with O
to 3 RY groups;

each X' or X? is independently C-R'® or N wherein at least one of X! or X?
isN;

each R¥ is, independently, halogen, NR''R'?, N(R”)OR”, NR!NRUR',
N3, NO, NO,, CHO, CN, -CH(=NR"),
CH=NHNR", -CH=N(OR'"}, -CH(OR"),, -C(=O)NR''R", -C(=S)NR!'R'?, -C(=
0)ORY, (C;-Cy)alkyl, (C,-Cy)alkenyl, (C,-Cg)alkynyl, (C4-Cg)carbocyclylalkyl,
optionally substituted aryl, optionally substituted
heteroaryl, ~C(=0)(C,-Cg)alkyl, -S(O)n(C,-Cg)alkyl, aryl(C,-Cg)alkyl, OR'' or
SR'': each R? or R' is independently H, halogen, NR''R'"%, N(R')OR!,
NR''WR!MR!2, N;, NO, NO,, CHO,
CN, -CH(=NR'"), -CH=NHNR", -CH=N(OR'"), -CH(OR!"),, -C(=O)NR''NR?, -
CESNR'R, -c(=0)0R", R, OR" or SR';

each R'' or R is independently H, (C-Cg)alkyl, (C2-Cg)alkenyl,
(Cy-Cs)alkynyl, (C4-Cs)carbocyclylalkyl, optionally substituted aryl, optionally
substituted heteroaryl, -C(=O}(C,-Cs)alkyl, -S(O0)u(C1-Cg) alkyl or
aryl(C;-Cs)alkyl; or R" and R'? taken together with a nitrogen to which they are
both attached form a 3 to 7 membered heterocyclic ring wherein any one carbon
atom of said heterocyclic ring can optionally be replaced with -O-, -S- or -NR>-;

wherein each (C;-Cs)alkyl, (Cs-Cg)alkenyl, (C,-Cg)alkynyl or
aryl(C,-Cs)alkyl of each R', Rz, R}, RYR’, RY orR"% s, independently, optionally
substituted with one or more halo, hydroxy, CN, N, N(Rg)z or OR?; and wherein
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one or more of the non-terminal carbon atoms of each said (C;-Cs)alkyl may be

optionaily replaced with -O- -S- or -NR-.

2. A compound according to claim 1 wherein R® is halogen,
NRURPNER'HORY, NR'NRURZ0R! or SR'L

3. A compound according to claims 1 or 2 wherein R’ is H or NR!'R'?
4. A compound according to any one of claims 1-3 represented by Formula II
Re

Formula II
wherein each Y and Y' is O.

5. A compound according to any one of claims 1-4 wherein R” is H or

0

L[

wl""// %
w2

6. A compound according to any one of claims 1-5 wherein X!'isNand R3is
H.
7. A compound according to any one of claims 1-6 wherein each R? and R* is
OR®.
8. A compound according to any one of claims 1-7 wherein X° is CH and R’

is selected from methyl. CH,OH, CH,F, ethenyl, or ethynyi.
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9. A compound according to any one of claims 1-8 wherein R' is methyl and

R’ is H.

10. A compound according to claim 1 that is
-~
NH, NH, RN
e o0 oy
N\ \ N\ _N. 2
HO— O/E:N.N/J HON N'N/)\NHZ HO— o N
WO OH , HO OH . HO OH '
(8]
o HN’H\T:::v
"*1)\/',"\“ 2 M
\Y
Ho L] —J
N=
HO oM , H6 OH HO OH ,
YO (8]
H N Y
o] N, Ipo o |w
N‘ N O,P\O/X—-f\ N NH
Ho’\cr" NH s N_<NH
L. N= HO OH 2
HO OH N2 a ’
0.0
~N 0]
H o NS¢
N<
0O NN ” i
[o N Q HO ©H NH;
HG OH cl :

- 146 -



1]
P, N Q-F-0 o NH,
,@ KO OH 9\(3 HO ©OH
c , o
HN
0
N.___ '\.N
S o o. ¢ N
s W NN ,J - : < NH
0 0-P-0—y o N ] AN-P-0— o J-N. _
%rsh/ ° N
Hé :0H O HO OH
o * 3
0._.0
\r H N NH,
RN
e G Lo o S0
/@ RO  OH \
cl ) HO OH ,
NH;
NG| 0.0
N NH
i " . \ N IH 2
D ofon o, Lo S
e N N
o] N=/
OYO g HO  ©on
, C
NH,
N
O\N‘N’J Hogo S o }"
F e O v,
\-0)—.\ g oH N
N-f—0 OH i =z
© H3 HG OH
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. NH,
6  HN-P-O ) o o o NP
1 .N n 1] 1] 0O N
O HO—F:‘“O"‘F"‘O"E-O
0y o COH OH

or

or a pharmaceutically acceptable salt thereof.

11. A pharmaceutical composition comprising a therapeutically effective
amount of a compound as in any one of claims 1 to 10 and a pharmaceutically

acceptable carrier.

12.  The pharmaceutical composition of claim 11 further comprising at least one

additional therapeutic agent.

13, The pharmaceutical composition of claim 12, wherein said additional
therapeutic agent is selected from the group consisting of interferons, ribavirin

analogs, NS3 protease inhibitors, NS5a inhibitors, NS5b polymerase inhibitors,
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alpha-glucosidase 1 inhibitors, cyclophilin inhibitors, hepatoprotectants,
non-nucleoside inhibitors of HCV, and other drugs for treating HCV.

14. A compound of any one of claims 1 to 10 for use in a method of treating a

viral infection caused by a virus of the Flaviviridae family.
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