10

15

20

25

30

CARBA- NUCLEQSI DE ANALOGS FOR ANTI VI RAL TREATMENT
10FI ELD OF THE | NVENTI ON The i nvention rel ates

w@emwensdiby to conpounds with antiviral activitBCT/H82089/041432

particul arly nucl eosi des active against Flaviviridae

i nfections and nost particularly to inhibitors of
hepatitis C virus RNA-dependent RNA pol ym erase.
15BACKGROUND OF THE | NVENTI ON Vi ruses conpri sing
the Flaviviridae famly conprise at |east three

di stingui shabl e genera includi ng pesti viruses,

L GRRBRTE (e N B e

cause many econonically inportant ani mal di seases such
as bovine viral diarrhea virus (BVDV), 20cl assica

swi ne fever virus (CSFV, hog chol era) and border

di sease of sheep (BD their inpaortance in human

di sease i s | ess welMELRPERUEINSEN NN g, V. | et
al., Adv. Vir. Res. 1992, 48, 53-98). Flay/viruses are
responsi bl e for inportant human di seases such as

dengue fever and yell ow fever whil e hepaciviruses

cause hepatitis Cvirus infections in humans. O her

i npor tihstinvdntigh r¢latepenictally te aospeungy witheanbl wali aglivityd awore

25fam |y inel ude West Nl I.rus .Janpanes .
SRER R PG 5 el Y B e D RETRRT qarcutany o
MthiiibBors $8REpaitiY O Hfas AWK Idayendaht RY Aglt@pdtadel tis, St

Louis enchaplitis, Orsk henorrhagic fever virus and

Zi ka virus. Conbined, infections fromthe Fl aviviridae
virus fanily caus@ACKSROUAN OFFHE INVENTEON dity

and econom c | osses throughout the world. Therefore,

{her e Vigysas D8RR eV on-Bld Bk @nhiRRLIRRL Sy tor

30Fl avi"iridae virus iInfections. ?he epatitis C virus
(di@iguiskattl b gerdeemidichidingaesiofes inonireses | andrhepideases

.dwi d ) I l,., 32;98-112
JBO0 5" &' YR Y s 0P s bbb PP A e many
rRseahichlly SnfbrfaBCiREal @VRALE shfiadoelORME Blar@a virus (BVDV),
i mproved nethods of treatnment of chronic HCV

i dseigeli syre fereiradS ST B haedoah)i and barder dgadeRB4slmep (BDV),

e LT

Nir Ned, 190208, 2008, FABjvidsdOire Mapashilsit for iBport&it hadhan diseases
Nat. Rev. M.cro. 2007, 5(6), .453-463). A nunber of HCV
tseelhindsnede Ever pdclaedersy "ainderaayirges cquse gnafifis Fayirus

. I i s D - i
b e O O e P RO AP A REEEN e Flaviiride
shmdy @édhider\§yest NifeorirukQWNNE) Hey@icepaerphaditis wave (JENGEMick-borne

t herapeutic agents. The NS5 ol ynerase is. a target . .
fSBFeH%ﬁﬁﬁ“bYlf‘&r g Vé%‘ﬁl.@mﬁ%g A PR g St 4 pgrs enchaplics,
(a8 a8assiric fver IR Qdd 280231 2¢ oMBiRA0AFLA00800Em Mo -

These enzynes have been extensively characterized at
t/Hevipiridohemctimibrrdusst signifieanamotteliol movhidity sl wendmni losses

sa far identifyi elective,inhibito
AUt He wFD TS BRIER bntEil e loh YrSereppnensy for
QGiebiSSidaEvirud fécBOAL) J. Cin. Virol. 22:73-89).
Bi ochem cal targets such as NS5B are |nPortanp in_
devel dpiehgrditiy ¢ Hevsapley isithedeadijmy/cayse st soenie ki dsgase
[ t\or ; i ff4 i €S

Dyt R T S AT S s s o
Syseemmtiviral research is directed toward the development of improved methods of

treatment of chronic HCV infections in humans (Di Besceghie, A.M. and Bacon, B.
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Currently, there are primarily two antivira
conpounds, ribavirin, a nucl eoside anal og, and

w0 nioensaedNn- al pha (a) (I FN), which are used foPCT/082009/041432
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treatment of chronic 20 HCV infections in humans.
Ribavirin alone is not effective in reducing viral RNA

| evel s, has significant toxicity, and is known to
'RdLSEi%n@ﬁ‘@m&nch“Q)c@oé‘@Eg‘a(? &Y. BhrddiN-apdef a;bé}/wed%h m.
has been reported to be effective I n the’ managene of
cHHSn# & lhﬁbaﬁmﬁ@ucmsacﬁt Ndt. R). Mieto. 2007, D(ﬁ),gass32@ﬂ2 A
62 §O7-E?ﬁé b% | ess t han g? t he patients. give

{ H"2OF PE FEa QARG AL Heryrd PERYMRSh&T il In AptRaral EQF%H?EW &
a@]@ém&ﬁ@rhﬂnm@l sglggqgm)%t he use of nucl eosi de

anal ogs to treat atitis Cvirus include WO

01/ 32115?3A memsasﬁﬂsyoiw:@w OBIR4D5s oD T0R¢ BE&T 28 Tied Vilpets for

02/ 0 an d WO 04 b t addj ti t ment s.

e AR B G M AP A e Rl TR N b a targer
pRat ifbititrs harehamen cﬂzﬁluzgsnmvs&ﬂmbﬁﬂ%%pv GW@OIUMZ ah2 Us
and pharnacoklnetlc properties with enhanced act|V|ty

aAHROPO LA o phishe ergymerhavedisis exnewyely phravertredraathe
3‘99&% 1 dﬁ‘cp étHctctjﬁ/raI & %gﬂ e(?%gnn? a&%a safg%;’\{ed]%m? é/%egﬁse 5

S|de cts and extende
1%1bﬁbﬂrﬂbe$ﬁﬁ,cq RE. (pBO1al. Pl(a?xﬁﬁlﬂ)l EXII Tivdrr 247: Re8:83¢ Clercq, E

dﬁoé éﬁﬁ arﬁ% entI need Certain r|b05|des

R hiE1 GotlndBdb 53 rGooterisalrtpeetsauet] #1838 A mportant i
: drﬁvglgélgj% :]l:{(g\jr ]ﬂ%e]r{iﬁzkcsisu? rclt}g(g?ﬁi'ggsenot dephcate in the laboratory and there
[ats 2ifAuifi¢san olevdldpi8e Etdl[ -bas@d 4jstrys amd precliB&al haiven] baedins.

di scl gsed i,n rboh drate Researc 2001, 331(1)
77- 82, NI ol BTRAD up paRYT f@@‘@?ungs%‘ia"sl}n a nucleoside

13310804 Jt%?i"e%eeggi‘ﬂﬁ( oJé) SIEF%\)%! which 984 seq %é(CﬁQ )reat%%igftgo Ahronic

Het erocycl es (1992) 569-74; J
RECXiinfeThiessn hih88s, RiBaead aBag is MDeffective in reducing viral RNA

009/ 32123 CT/ S2009/ 041432 H%Iem Soc. E’erkln ,

PURYS %5 SR G5 30090, 3 B IE 5 9gaeIRAgAAe gombimation of
Lett 8Siba2PRIhas bgc(n@e oreseldo B8 %ffee]twecfﬁ erp m§%f§emg§tr ol cﬂromc
Trans. | 1999, 20, 2829 2936; and].

dgpatitis C F5tt, b. I Mok vngs 1008562 @@ﬁhﬁﬁéhb@ 1tmvlﬁmﬂta!ﬂf thepmentq

038, B L e Bl e B

rthbosl desclebsi iy irapd@[td tr@aﬁfllbﬁialhti% AVirid BB W0l 80D 880
with 10antiviral, anti-HCV, and anti-RdRp activit

SRR B LS el B8 Wt Qb3 T R0mng TeR 02/ 76404 bu
%ﬁ@)}‘fiogﬁ%@ﬁ&%?y?g%(f\h ﬁﬁeﬁ{%m Bl rﬂolt gé"tso%?mgg aédﬂ%ble f81 patients.

15Favi viri dae

C"Eﬁnmﬁmmd&ughbztvun gwmmbtfed\antz airammd Ipea@wa:ehdetﬁm;bmﬁaﬁ%a&h
partic Iar“¥ - dependent  RNA pol yner ase (RdRp)
CREHEP PHEATY 8RN elﬁ%?%@é F{cY deshansheimpsesed oral

%&%ﬁe@ﬁlﬁ %@&eﬁ&ﬁ@ %e@ﬁn&éﬁﬁaﬁl@§1td@%?fe&t@gﬁ@éitﬁ){hﬁg%gfecﬂve

useful fof Treatin aV|V|r|dae infections in
aad-lde h’elrﬂ’(aﬁj)ﬁrrﬁltasws@ﬁll% ebale(2A6pratiivitd iReséanshedtt: 1 -06) are

%&%%hgggaﬁﬁponpound of Forrmula |I: R8

Certain ribosides of the nucleobases pyrrolo[1,2-f][1,2,4]triazine, imidazo[1,5-
f][1,2,4]triazine, imidazo[1,2-f][1,2,4]triazine, and [1,2,4]triazolo[4,3-f][1,2,4]triazine
have been disclosed in Carbohydrate Research 2001, 331(1), 77-82; Nucleosides &
Nucleotides (1996), 15(1-3), 793-807; Tetrahedron Letters (1994), 35(30), 5339-42;
Heterocycles (1992), 34(3), 569-74; J. Chem. Soc. Perkin Trans. 1 1985, 3, 621-30;
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R7 x OCH2 RO R2 Formula 1 or a pharnmaceutically

acceptabl e salt, thereof; wherein: 25at |east one of
WORQIRR12R3, R4, or R5 is N(Ra)2, N3, CN, NO2, PCX/0%20R#041432

hal ogen, (Cl-C8)al kyl, (C4-C8)carbocyclylalkyl,

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

(C2 CB)substituted al kenyl , (C2-C8)al kynyl,

s LS RS R i B TR R

(B@OI)L\B@)S%9 943, . @ohenINDBe, 15600, TRaws. habogem, 2929-2936: and J.
(C1-C8 C4- C8) car bocycl yl al kyl ,

I
3@(»@':1C ﬁ%ﬁg Qg(idﬁ e’@3éfﬂ(ﬁowq\f@g_th§)3§pm@ﬁwds have not been

e

aWWBMG)@?Qaﬂ)SbKo@és-l%)sﬁlekyf patrolafy2- E]VZ\Q.'Z RltriafRRe miBeobbées with
or R5 on adj acent carbon atoms when taken together are

10 _#tepyoantsAlhand eak&s gt ®er with the ring carbon
atons to which they are attached fon-n a doubl e bond;
each n is independently 0, 1, or 2; each Ra

i s i ndependent | y SUMMARGSDE KHE, INVENTBDANLkenyl ,
(C2-C8) al kynyl, 10aryl (C1-C8)al kyl,
(C4-C8) carbocyclylalkyl, -C (-0)R11, -C(-0)SRII,

- S( 0) Rl insttGhvRkidn };1‘(%&*)5 Q:QB éllnds“tl%(t Qﬁlﬁﬁ}%fﬁs)es of the
-SO2NRI' I R12; H, 0) ORI

15 @@vww@z}zmp@mﬁm 2The pventiBRIalo, con@(r@;zﬂnlnpoun@( (h)inR}hlblt viral
i Sl'x(c%c( R&'lglymer (sos) }ngl%cglarly WEH&&:}’JB}}%GM‘%NA polymerase
{RdRp), rather than cellular nucleic acid polymerases. Therefore, the compounds of
the instant invention are useful for treating Flaviviridae infections in humans and
other animals.
20 In one aspect, this invention provides a compound of Formula I:

RS

X1

\ X
O—CH; o N\ N =&

N R?

R1 H

Formuda 1
or a pharmaceutically acceptable salt, thereof;
wherein:

25 at least one of R', R%, R?, R¥, or R is N(R%);, N3, CN, NO,, S(0),R? halogen,
(Cy~Cy)alkyl, (C4—Cg)carboeyelylalkyl, (C—Cy)substituted alkyl, (Co~Cy)alkenyl,
(Co—Cy)substituted alkenyl, (Co—Cglalkynyl, (Co~Cy)substituted alkynyl or aryl(C;-
Cglalkyl and each remaining R', R?, R?, R*, or R’ is, independently, H, OR?, N(R%),,
N3, CN, NO, S(0O),R, halogen, (C,~Cg)alkyl, (C4—Cs)carbocyelylalkyl,

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



w2 15each Y or Yl is, independently, 0, S NR
N(O) (R, N(OR), +N(0)(OR), or N-NR2; W and W2,
wob@n/132daken t oget her, are -Y3(C(RY)2)3Y3-; or PCEUS003¥41432
or W2 together with either R3 or R4 is -Y3- and the
other of WL or W2 is Fornmula la; or W and W are
each, independently a group of the Fornmula |a:
2 ornul a ach Y2 is,
3 &%E@ﬁa@w@ aﬁﬂkwﬁar aldi(%ﬁzmﬁw Ay DY Ry RNRGRY; or R on
kPR sorlN: } ar QIO BD2;
o Clepen den(% ;Mﬁ?wh’éﬁ gar§e§tog§£hg are O(?(%b 81 @ﬂ&hﬁ&%}o cther
| wab plervdientayonRYoros tat Wiich dretywh @attac%btéfoemm demabbatia,
Mc, anthd |ds |rade§) @dle Ey Oor 1, M2c is 0, 1, 2,
3, 4, %chg s pdependgntly or 12 each RY is
i ndepeggrmtliyinkbpchderd HE{G allth (RCofenth)B,-Caticynyt
“C(=YL) OR, 10Ce-~--YL)1 ) N%ﬁ(z I (R, gt 3
10 MﬁRCsM@)(@R—csa@(ﬂ@@c@@ﬁ)a}kﬂsmwal@ﬁ) MC(@oa@Y ) RIZONR''R™,

-0 ma QR‘@féﬁ‘q :gé(%?;%(z? Zg)héo' F@(&EQB“SC(SO I\?RQRRP

-N(R) G =; S@?I\éﬁi%) _ g 1ol

or vvhg% tga entogethe vvogg(onthe Elg%( Oiﬁ% %
f SponR’ e8I ORORE)) e(®)¢([gRBﬁ -3O,RT ' ]C4rdeon at ons; 15each
R is independently H, (Cl-C8) al kyI (C1-C8)

substituted al kyl, (C2- 5|

P

wi /
w? ;
15 cach Y or Y' is, independently, O, S, NR, "N(O)(R), N (OR}), "N(O)OR), or

N-NR:;
W' and W?, when taken together, are -Y3(C(R”)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:

20 M2

Formula la
wherein:
each Y is independently a bond, O, CR2, NR, "N(O)(R), N(OR), "N(O)(OR),
N-NR3, S, S-S5, §(0}, or S(O);
25 each Y is independently O, S, or NR;
M2is(, 1 or2;

each R” is independently R” or the formula:



C8) al kenyl, (C2-C8) substituted al kenyl, (C2-C8)
al kynyl, (C2-C8) substituted al kynyl, C6-C20 aryl,

w@eeogaseisubsti tuted aryl, C2-C2(heterocyclyl, E2FC21009/041432
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substituted heterocyclyl, arylal kyl or substituted
aryl al kyl ; WBis Wor W, Wis R -C(Y1)R,
-C(Y1)Ws, -SO2RY, or -SO2Ws; and Wb is 20a carbocycle
or a heterocycle wherein W is independently
substituted ¥yi1th 0 tjo 3
i ndependent | - Rl or

(
( =S) NRI 1R12M126(-0
(Cl1- C8) al kyl , (CZNEE&) al kenyl , (C2- (@ﬁél kynyl
(C4-C8) car bocycl yl al kyl , opti onal Iy substitut ed ar yl,
opt i onﬁh¢1?in5ubst i tuted heteroaryl, -C(=0)(C -C8)alkyl,

3§(e gz:g % ?dirmgéselﬁg@ﬁqﬁ%ﬂthké’ﬂ)all ogénor Ngizl R12,

N(M1)malswmiwlmﬂ,&@lmlm CHO, CN,
-CH(=NRLL) - OLENHNRLL, - CHEN( OR1 - CH(OR11) 2

" Ol ) ool R eeng DL, L1 GFOLOR. Gy RS (=Y JOR, -

03 ALEST AR 1550 R RIS o

Gaazemmwoq%@m&) @m(wb)ymtw)amw‘mnsgwll)@R -
substltut ed a %q onal |y supstl

e . S R EP R, wmmxpmm SO
S e B B, SRR A B8R ) Gt ST cavon

f@éﬁrf@ﬁﬂglca&oéycmg QTeith 7aBbhoRRRNERr bon atom of said
heterocyclic ring 10can ;)é)tl onal 'y be replaced with

-0-, -@ch Bris independgnidy B H-1eGORIKYEI(C:-63) sbletuted alkyl, (Co-

(%@iﬁ (50t T LI E e A B e v,

apiHapail, X sahsubitisied aWI td-onenddroBRER, QAIY, sy,
CN, N3, (Ra?,, or ORa; and wherein one or nore of the
rlesterpeyoh] rralaliat blowbatttt@tﬂd apflalésleh said (G -C8)al kyl

may be w@E’tw@”f‘lwsy V\F“eg’kaggﬁft I)’I‘,“';C(if \g;,l?gﬁxu S0, ahf wiis

anot her aspec t he pré

CHIRMRER o9k h%@yawu@ Whethif whidb iR &lHeh GRkIHRGEERLABLES3 RY

salts thereof and all racemates, enantioners,
diregitser eoner s, tautorrers pol yrmrphs pseudopol ynor phs

and anor us-,bor. t her eof anot her .aspect he .
ot esorteh fvanti oriTBHOTEES Giver X SREBntdcoT CRopibl & X i
INW th activity against infectious Flaviviridae

viruses. Wthout wi shing to be und by theory, the
conpomﬂélﬁ\l%fs mHepdndethn b ?dﬁngRq?ﬁquJ&R‘\‘/)ﬂRgf NEUNRTR', N,

Ry Sepeoent N PAITELRE L SO
hara) R RENtE= Sn‘ﬁEERéd -WCHOR " hunB G, Wikl $CSUGAI@SYL, (Ca-
hegF)Jalkynyl (CS: Cg)earbocyclylalkyl, optionally substituted aryl, optionally
substituted heteroaryl, ~-C(=0)C,;-Cyg)alkyl, -S{O)n(C;-Cg)alkyl or aryl(C)-Cg)alkyl,
OR' or SR”;

each R’ or R'% is independently H, halogen, NR''R"™, N(R hor',
NR''NR''R'?, N3, NO, NO,, CHO, CN, -CH(=NR'"), -CH=NHNR'!, -CH=N(OR"),

-CH(OR'),, -C(=0)NR''R", -C(=$)NR''R", -C(=0)0R", R"", OR'! or SR'';
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251 n anot her aspect, the invention provides a
phar maceuti cal conposition conprising an effective

wa@pemans2ied a Fornula | conpound, or a phar naceR€T/Us1009/041432

acceptable salt thereof, in conbination with a
pharmaceutically acceptable diluent or carrier.
I n anot her enbodi nent, the present application

onpr  Sepd’ ot R! ARG RARICIRCR R e R, oo
COITRRSH i @—epa@bb@cn@a%?@gmung s@stiRRENM B obtioly @

pharmaceutically accept e salt] solvate, or ester
t fwbptdofed hgdparyl, -C(=0)(6);-G)dked orfdOptGr-Geletkyt ocalyl(C,-Cs)alkyl; or

nosi.ti on_co ising at | east one additjona
tRe s But o ERberSiles P opy B PG gt babalreied fggm 2 3 to
Of miepiberfell Ble@RSeycBOFhDRUERINNnANR QE%Hon Mot BF M ERGEocyclic ring
i nhibitors, NSba inhibitors, al pha-glucosidase 1 Wﬁ

200 9rtigmel b3rcTplusZond) 4148321 5NRitbi t ors, cycl ophilin
b _ ‘ Y
o o 80 8n PR, CCAALACIA Sy R U5 BB o

|of cactoRha¥®, RiFIAR @it or R 'Rés, prdepentenappiptie@tliyonbstituted with one
prOV|d§§ for a method of jnhibiting HCV pol ynerase
COMATE SPRgPrBEa s -Ay B &1 ¢r QR apd adewsin enelowmair oh thgmon-
[ ; 0 Eoi F .

P PR o Qe T BT LB b8 Bty g i -0-
est er-XRér eof . I n anot her enbodi nent, the
present application provides for a nethod of
I nhi biThiangthtiéppa) 316BfaaR O@AR6H FicN@les Bthphind of Porgfild 1 and
infected with HCV with an effectjve ambunt of a

HsatiGRlypessRiabAe faits Hrerept 3pd plkurcstialcs agnpytiomers,

- I e X i
AR i, PP PR Bl AR s
ahathier enbodi nent, the present application provides
for a nethod of treating and/or preventing a di sease

causednhyoievisbadt, thahretdt o onhies piovided Bovd] kahpounds of Formula
infection is caused by a virus selected fromthe group

dotigh ativiy agping aplgeiious iflargvirideq viewses-eWathoys wishing\e be bound
\ r ncenhal iti . ok

hofegtly 8 parGRARESP GERAEANGH bl Inifbf ¥aw RO R

grobepdrade anidshwsi inhibit it repidestion 2Oeroephallhty srevkefubior treating

S?Bk henner@gic feve% virus, bovi ne viral  disarrhea
BFRFE PAGFIRE FHEs R MOBRY T $108 3 PPRAAS by

admi nig taﬁéth@lgasb&t,?%ﬁ HREREIN ﬁeriH@@QFﬁe{}%@l@&ﬁicﬁ com fosition

therapeutically effective amount of a conpound
FRompusiaglan gifectisharavatelsn Foaluly! angepndbire: althaceutically

t her . kn.anot her enbadi nment he present :
AR sl RSl Moo il e GrEE 5T asepacngyent o
icArrerpat i ent conprising admnistering to said patient

a therapeutically effective anount of a conpound of

For nulla apethgremsboditaenieibe ntasenlapylicatior prayides feyalombination

: .t hereof. I n anot her
zﬁ%%%%ﬁgﬁ?@9$%£°§§@§%n- application provides for a
met hod) of  tarfeat phagn &dehtidah c@mpaditi @NEong @B Seddgbound of Formula
zdninisterin to said patient a therapeutically 30
f Perchhapaacepemty aseeritiormbo dtluates orrsichthereol; andr a
phar eut i - SO, £
este?ﬁﬁherg%%%ﬁ%ﬁ%ﬁé?ﬂ%@?%fc@ﬁ%&ﬁn |f¥ ngﬁgﬁﬁgégggﬁtic
agéitivbnal therapeutic agent selected from the group consisting of interferons,

ribavirin analogs, NS3 protease inhibitors, NS35a inhibitors, alpha-glucosidase 1



Anot her aspect of the invention provides a nethod for
the treatnent or prevention of the synptons or effects

wO@Rooan3Hey i nfection in an i nfected ani mal whi P¢IT/US2009/041432
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conprises adm nistering to, i.e. treating, said aninal
with a pharmaceutical 35 conbination conposition or
formul ati on conprising an effective anount of a

Formula I conpound, and a second conpound. having. .
SRR AR ﬁng@}forw@@mmti%%zmus@aéezr%abmszof
SiiovaRt hekr BaRekl el idvention al so provides a
nmet hod of 1 nhibiting conprising admnistering to a

manmal Injanpéet edbadimnti®V pagseatrapphtatoh paoEdesnfot ambthod of

compoun fective to inhibit the replicatian of -
PR Gl b S e PRkl yBpEY withan
t dPeectiy ARG IART alcsH @:ﬁrﬁivdfd%ﬁnﬁlfa%%asﬁl%rﬁﬁ&uﬂ@éé%] ackfbtable salts,
internmedi ates di scFosed herei n which are useful for

prodisie: ppdjoretenihercef. conpounds of the invention. In
ot her ovel t hods for,.synt hesi. nal ysi s,
separ e erpPodtisnt e P Dbl i S B F koo

anibiteStHOY polyridigsccompoiding Sosthetidyl $cdlNveRtddantfAEV with an
provi ded. 15 DETAI LED DESCRI PTI.ON OF EXEMPLARY
Eseny vERmat of a compapndrof foamie|l} orphas@asratealypcgertale salts,

Eﬁh&ﬁ{ bAd/Br Qﬂé'rg&f‘%rﬁil %fieaﬁp&ei a‘?i‘é?t%h?&leraﬁéggﬁglg%t of

Ich are i1llustrate t he acconpanyi ng i on,
st r uctluraesthanemn B@fimemyitha preswiti dpplitdienipnweddsi fona wictHod loé
described in conjunction with the enunerated . .
SHBHRE ARPEPTer TR iS55 AR o h%?ett%\iyhea?lé thioyiral
| intensier hesdiiviidvitRQelcRue RbEOR hRRgsEIAABRN &
(51 t he cgntsrarb’)? ‘{lhe ier?venti on iets}frgjiu%tendsed to gover e
atelloal feer vaub, VW est Nitediifisclpimens en@pbaldguiins] tehtisrne

whi ¢ be i.ncl uded wthi he scope. of .th resent
RS PSSR Vet S e RS b SR &
aerne%pmnﬁ@sieﬁu, € dhelrRiMbgia févler virdObovine viral disarrhea virus, Zika
2009/ 132123PCT/ US2009/ 041432 5at | east one of R, R2,

RarusRyd Hepatitls ¢ girng; iy 2dmpgstening toNcibjest m)need fgreof a

I('][glir? 1’80%1&%?%%/%%#%#&&(# %?@2)@; gflﬁ%ﬁ{ﬁi{ ]a(lJrkayplﬁh’annaceutically

(de2epTy s stdsthieteuf. ed al kenyl , (C2- C8) al kynyl
(C2-C8) substituted al kynyl or arrl (G C8)al kyl and each
r emai NP RGORET corpodipent, fhe presentpppligation prapdirdent mythodof

(Qr%%fin El)\liﬂ %\ga(t&m&ré\%érg?gy éﬂiﬁpﬁw%a‘?@ﬁﬁient a therapeutically

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

In another embodiment, the present application provides for a method of
treating HCV in a patient comprising administering to said patient a therapeutically
effective amount of a compound of Formula I; or a pharmaceutically acceptable salt,
solvate, and/or ester thereof; and at least one additional therapeutic agent.

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

combination composttion or formulation comprising an effective amount of a Formula

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



10(C1l-C8)substituted al kyl, (C2-C8)al kenyl,
(C2-C8)substituted al kenyl, (C2-C8)al kynyl,

w@ agpoa®isubsti tuted al kynyl or aryl (Cl- C8) al KyPCDUSZNY041432
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two RI, R2, R3, R4, or R5 on adjacent carbon atons
when taken together are -0(C0)0- or when taken
together with the ring carbon atons to which they are

oo Ra R R R g s oo kg v
(
(B I e bS] R e QU BN of 0 Formula 1
@wymeffethm@ bty the yGRtaon & BCRL In infG(@) ERs of said
S(0) (PR11), -S(O)Z(ORI ), -SO02NRI 1R12; R7 is
m%% O)RI-C(=0)NRIIRI 2, -C(=0)SRI -S(0)Rl -

S( 0) 2Rnknothe ﬂ;ﬁ)@&%k )invent%rpilg& Qr%%id']e}; pmc@%bﬁé‘d%l% or
20wW2 i ndependently, 0, S. NR

HRtegpedRptes N(S&‘med haeay @@m)h arg psefINRR preparing Formul] @mtbounds
Wﬁ} endaken together, are -Y3(C(RY)2)3Y3-; or one
0 or “together with either R3 or R4 is -Y3- and

t he otlherthedbspbltspfioWBnietioas fitlsdnthasis, Ahal\Wis, 285438 MAR ls@[a@ion
each |ndegendently, roup of the Fornul a

FRFHsA%OD, shappcipiasation, %%?@1@9Pi@@l@swissims#@ﬂu@zare
X2 is independently a bond, 0, CR2, NR

Slﬁ?%)% N(OR), N(O)(OR), NNNR2, S, S-S, S(0), or

each Y3 |s i ndependently 0, S, or NR

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Reference will now be made in detail to certain embodiments of the invention,
examples of which are illustrated in the accompanying description, structures and
formulas. While the invention will be described in conjunction with the enumerated
embodiments, it will be understood that they are not intended to limit the invention to
those embodiments. On the contrary, the invention is intended to cover all
alternatives, modifications, and equivalents, which may be included within the scope
of the present invention.

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

R&

Formula I}
or a pharmaceutically acceptable salt, thereof:

wherein:



M is 0,1 or 2; each le is independently RY or the
fornul a: wherein: each Ma, Me, and Md is
wo pabepsidently O or 1; M2c is 0, 1, 2, 3, 4, BCT/6S2089/041432
8, 9, 10, 11 or 12; each RY is independently H F, C,
Br, I, OH R -C(=Y1)R -C(=Y1)0R, - 15C(Y1)N(R)7,
N(R2 -N(R 3, -SR, -S(0)R, -S(0)2R, -S(0)(0R),

S( 0) Y%)%% {o e(f&{_r,éi gﬁ? R'ch 12?%%( N( &); IX%&)N(S@)%)R halogen,
@gf%&ﬁ-gﬁ—&%&%@k@l? ClMg@ugémufed alk 1J(tl;\l((§b:ﬂkenyl

t aken
t((ﬂgeCnelfhstltu‘ml AREnoh (€h£3$eﬂlnﬁ1yta6bfﬁh)ﬁﬂa@mfedramy@yl or ar yl(C1

carbocyclic ring of 3,to 7,carbon, atons; 20 X
b et Rogs” K L&/wr%cfﬂeéﬂ)eé}é%m BB NG,
(51 % R R o TR (et At o

10 aykCy) ﬁﬁys%@bdsdlﬂbﬁt(ldoutgdlkaﬁ% (C.Rg)GhtingsaIRENE! VI |

C - C20 substituted heterocyclyl, arylalkyl or
séhsChalliyed. &ryCabiptituted aikynyl or g1(Cs-Cithlion o)y b R's R%, R

Fi%rﬂg/&% %%%ﬁcé%%%fene%%l@wh kel g e BEB- LPufeaken

i ﬁ@&ﬁ@%ﬁﬂﬂqb ymg BhSoh itthn@toWHidh Bed GredihArfBHP S :do8RE Bond;
X1 or is independently CG-Rl or N wherein at |east

one ofeaydnn@fr()x:zor%, N, each R8is, independently

5 1, 0 VLB D G R i 2008
(%gl«%g;t%)lh%ﬂ (@é @&&MF&@M@Q Sé@leZC( @ﬂm@’)i ORHOINR'R™,
(-CA=OBR ar-BHRC yS(é))hdSll —Sb@i(oanal 4S3QOM@RHHﬂCbNRarR/I’_
optionglly; c=oR",-CEOIOR", -C=OINR'RY, -C(=0)SR", S(OIR"". -
S(ORR', -S(ONOR'), -S(O)(OR"), =SONR''R™, or

Y

20 w2 :
each Y or Y' is, independently, O, S, NR, "N(O)(R), N(OR), "N(O)}OR), or
N-NRj;
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 la; or W'

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

RX
M2

Formula la

wherem:



WO 2009/ 132123PCT/ US2009/ 041432 5substituted
heteroaryl, -C(=0)(C -C8)al kyl, -S(0), (G -C8)al kyl or

w@eoob(181238) al kyl , OR' or SR'; each R9 or RI iBCT/US2009/041432
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i ndependent |y H, hal ogen, NRL1R12, N(RL1)ORL1, NRI 1NRI
| RL2, N3, NO, NO2, CHO CN, -CH(=NRL1), - CH=EN( ORL1),
- CH(OR11) 2, - O)NR11R12 “C(=S)NRIIRI 2, R", OR' or

SR1 10e 2.is ind dent |

(oL oA mé@%e Méﬁm & B Nhs) uihgiy NOR). "N(O)(OR),
(4NG8) gagjgogg@ ¥l g{cﬁ optionally substituted aryl,
optlonally substitu d’heteroaryl - O)(CI-CS)aIkyI,
-S(0), €4ch- smdkpdndalﬁﬂf)yS(@NIQS) al kyl; or RH and R12
takenéﬁZ bhﬁpraémthamtrogento vvhlchthey are both
attach '3 to 7 nmenbered heterocyclic ring

wher ei g8 i 9R8esanban @t 9m,o% het erocyclic ring
15can 0|§t| or11al I ?/l%%e r{ei/pl ace& vaﬁ%!ad 0-, -S- or

wher ei n each ﬁo C8) [l kyl , - C8) al kenyl

(C2-C8) af kynyl or aryIR(yCLFgB of e CW , RS,
R4, R5, R’ R12 |i s,

substitufed Ath RY
N( Ra) , ORa; ¥f

non-t &rm nal carbgn atons of sdid (C1-C8)al kw1d
may be optional |l yw{_j%pl aced wth™0-,M@-S- or In
one enbodi nent of "Formula Il, R is (Cl-C8)alkyl,

(C2- CB)hakisenyl or (C2-CB)al kynyl. I n anot her
enbodi nrent R1 is (C1-C8)al kyl. In another enbodi nent,
Rl is eashMila, MR, Md:&llﬂzl,ndeﬁehémy]y()mﬂ ethynyl. In a

br of or Vo Btbdut net> &1 & STt 13L2 ZRBLQ?LW of
For mul @ch RY 1d33déiﬁné'éné??fi$ Nﬁ@q), , EN=YNR2 . (=Y YOR
O 1le, hal ogen, al kis@lﬁéa 08 subst i t ut ed

N@@z B} -k]?éf&)lz, SBQQS(@ i&tﬁ(éﬁ(@i)keﬁ{ﬂ)z(OR

G2 e Aokt SR EL SR D S g™

I\WZZ’ )(WRW\N(I%I@“W)Rhaﬁ@%Yg@Ramm%‘asm@m 0B O,NR,,
hi s enbodi nment Ls CN, | ogen
I T@inﬂﬂ h eNCésp@&I or3lforties tah @@gaﬂmttwo@‘” irsth@Ran®carbon

d | k |
(%imgn%?%fh?ﬁydlf ﬁ“‘ Rgﬁ%?‘:g‘g’ﬁgé&% Ctszn 2 eﬁ‘ggdl ?nrent
R2 is @@RQE nﬁe}@dﬁdeﬂﬂy Hs(avet H¥byl, @t‘%@'%j %ted%imqu

or ethynyl. preferred aspect I s enbodi ent,

F@s)@lgem (§Err§38}?\ilﬁbﬁt$fut¢étﬂﬁ§ﬁlﬂy1 m -CORINOR), KC2-6% hemytitniedralkynyl,

not.h ect
oo bt f ot SR Bl B RER S Pl tor Bt
q{etd?&:ycb‘yl r&i’idal'ﬁyl ér&uﬁ&ﬂﬂﬁafa%namﬁef erred aspect of this

enbodi rent, ,R2 i.s F and Rl 'is rrethyl CFl 20H, CH2F
et henyV, 150V et Wy nWi' is Rn-GANO erC(3 BY o PO aspé&, Wt and W' is

S5 EA9 IS S PSELH Y TSI PRIy sopritated with 0 o 3 R

,jg_lcul ar | y preferred aspect of this enbodi nent, R2
and i s nethyl.
eachX or X" 18 mdependenﬂyc R' or N wherein at least one of X' or X7 is

y -

N;

each R 1, independently, halogen, NR''R? N(R] ')OR”, NR''NR! 'R, Ns,
NO, NOz, CHO, CN, -CH(=NR'"), -CH=NHNR "', -CH=N(OR'"), -CH(OR'}}.,
-C(=0)NR''R”, -C(=8)NR''R™, -C(=0)OR ", (C,-Cy)alkyl, (C>-Cy)alkenyl, (Ca-
Cylalkynyl, (Co—Cg)carbocyelylalkyl, optionally substituted aryl, optionally

10



In one enbodi nent of Fornula Il, R3 is H ORa, N(Ra)2,
N3, CN, Sle, halogen, (Cl-C8)alkyl, (C2-C8)al kenyl or

wo gpoa®nad kynyl . In one aspect of this enbodi meet/pSH B9/ 041432
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is Hor F. In a preferred aspect of this enbodi nment,

R3 is H In another preferred 10aspect of this

enbodlnent R3is H Ris ORa or halogen and Rl is

-C8)al kyl, (C2-C8) al ken or SCQ C8)al kynyl. In

aﬁ’é’ﬁﬁ@redde Yo fCERNE drdd ylneﬂ{p +(Re-Gripligy] oreryi(€)1-GRalkyl,
k'Rl is nethyl, CH OH CH2F, ethenyl, or

etﬁ‘nyl I’n anot her aspect of this enbodlnent R3is

H R ésh® er&\tisRidebenderti ¥, halbperg N Piel, Iaa{fé)rch‘bf

t o 1 et
ﬂB? A e N N H G s SR -G NHARY. -GHENOR",
te b lpi2 d it,
Rz n@@rﬁ?@q Biilng‘SRﬁOc B)NR R)zékﬁgﬂ@ "‘?{0 'dT?”ErS)é
hal ogeﬂa,ch(Rél oiJRY ad myepen@mrm)(@,mmgkymrca Cg)alkenyl (Cy-
spect., of th

(ﬁ?@@?ﬁﬁzl éaocrrgoerc &"rf?{ﬁlerrgﬁerfnﬁ rsbbsélflerdr @al agﬁé@eilym

t!ﬂbﬁiﬁ%%@{e@ﬁ C}:EA'O?@%églkar kge(rg)))/'] ﬂf&%@@?{?ﬂ% alkyl or

IR 20d aeﬁ%ataher togetbbewitied na&;gen to wh}chhh@ eobodiamdited fEMn a3 to

h i H d RS
l;‘;mg,%@mgﬁ, ifr%CrORﬁff ap Bfé ara’fonﬂ?ﬁ Oéﬁ‘gg”d PE&%@ ?efrzwcrew ring
Q8. o@)@nél@@r@%@&edﬂ%&i@@ﬂ S %%M*‘H and Rl is

(c Kyl C8) al kenyl or (C2-C8)al kynyl. In
anot hevhgeiafeaelr €d -Gt (Gf Ct)hlﬂcsn)énﬂﬁbdrar)elhrnyl RAatyl C,-Cg)alkyl

St rari R 5 Koty Ry “PiR i mispeRRi g SR feisp et with one

t ¥ rBordBiaRirh Odtho 0 TN, R, N$R@> @1 ORZ 2h8 wWiBRiP6ndor fiFrelo$ tHd non-
and R _is nethyl, CH20H, CH2F, ethené or ethynyl. In
dio

aisBemal caprasr s peel eshert (of-Celally! By nemailympim vRgh -O
are,,, iggependently, ORa and Rl is nmethyl. In another

pr eferred aspect of this enbodi ment, R4 and R2 are,

i ndependaetehibo@nent HBFdrduth AR BlCl]S:gf}ﬁk)hﬂCwC@ alkenyl or
anot her preferred aspect of this enbodi ment, one of R4
oiC-REs)pkkEny. dmanathes cotbedimant RRis (61— Ralksl. Chﬂ anpthgOerhippdiment,

Ihe pect n 1.
B O r B RSy ooy o S G begirpes X i
Qheﬂﬁ’?l 118 abtheRefetretlemdb@inRht RSisrmet hyl CH/ OH, CH2F,
et henyl, or ethynyl. |In another preferred aspect of

this elmarewévﬁérmfmmaﬁmmeia HeR ol G, NeR1p, dCN;LNrOs

el AT e VY A oty Tt QTG b
t(%e@{)%bstrﬁﬁ&i G0 ) O3 Rk rsA] &@@%ﬁ%b%tﬁuﬁ@'ﬁ%yl In another

, et henyl or ethy
2606t mﬁﬂnszeﬁ@ﬁﬁluezoﬁgrsaﬂmh I\ERr)':,d‘ﬁae CohB8doneaioganf In another

(RPRETagod Bty Bk A VB T e BBy by 7 ahfiner aspeo

ad}%@%b@%%t 1Ofis DRF 81 RADAS -
(Cl- C8)al kyl . (C2- C8) al ken%;l dgraq%ész@dsﬁrar{%ﬁ (Pallcenyl or
dﬁ?@%ﬁeﬂlkmﬁeﬁt argfthdr hipecenirbii ovdrotlim s, RSis RN F a@l&lR 1S

t heny| or ethy 4 | ORB, and
TR PG G %’%?S’é(LtOI 5By 9 DT P IR cRbeiment
NS is B B R Sis@behR3CHSOH, CRDE dientB ofF eﬂ%ﬁ:\ym andther &y eferred

anot her aspect of thjs errbodl ‘ment ;
i spORaf thRsemls)dHneiRZRr & @RAR aindl ®id atéeamecofm:wf R @HRéH; not H. In

e%g‘l&f Eer@é pegﬁafe %yn é)d}_i!‘lfp oL giea@ﬁg tgr%teth% é}? IGQH CH,F,
| gisteRE e emivhyl, LOBDth@MefBlrod &p H&tdﬂﬂns efabB@enCH2 ks OR® and R’

et henyl, or ethynyl. I'n anot her aspect of this
enbodi nent, R3 and R5 are H R2 and R4 are OH, and Rl
is methyl, 11
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15 CH2OH, CH, F, ethenyl, or ethynyl. In another aspect
of this enbodinent RI and R3 are H R2 and R4 are

wo pabepsneent |y ORa and R5 is N3. | n another pre¢BEUSMA/041432

aspect of this enbodi ment, R4 and R2, taken together,

are -0(C0)0-, RB3is Hand R is nethyl, CH2OH CH2F,

et henyl, or et hynyI I n one enbodi nent of Foinula II

R2 and 4areb OR d at | east one of 20, Rl

oF MR- T parficulprly aw&rf?@rasg%cbegﬁ lwmbqsia@mén%oﬁ.%ﬁvd R'is
Rietpd R4 are both ORa and R is (Cl-C8)alkyl,
(Cl1-C8)s-abstituted al kyl, (C7-C8)al kenyl, (CZ- C8)

subst i hwnedmabiorept of Ec@zmtésl)laﬂlkyrﬂ/IQR“ N(R"2, N3, CN, SR, halogen,

R R Rl RSk o caehoarsY Hiiserppdiment

?ggis g(;}aﬁféﬂnipﬁe@‘l eﬁﬁéé:u;%# kj:lsut s I(etgﬂotoggﬂ %z' Egﬁ)ﬁ/ I'HJ Bl %n@tlhlélyf)refem red

zsp@z o) ssdrittyriyin ent( E?ﬂ(m)l%“ubématouheldgai IRy is OF ,~Cy)alkyl,
ar Cl C8)al kyl . 1 n anot her aspect of this ;.
) kY ra Carfes) 4y e lpsotheomepesief tRs en@odmpnt R is H, R*

Né?@cég 'di tf{@{\éultn'\% I%f @H @F&%h&%ﬁ ar el h%%y@l)n anot)flet aspect of

(162 <GB ps st Uk eH Ré’\hsk(éRilhnd Rﬁg-n@l)y’:ll Kly ﬁlr}tlther aspect of this
aq%}(oﬁﬁs)su {ituted al kynyl, or ar !(5qu8 )al kyl . 30l n
ot ts BF adiinis mefhy othep ssigRcOmPIsar e
Mol of R3 or R4 is
e R L

(C2- C8p ahk emimdln(e@tzef%)rmubdh R Uit &4 (}ilakﬁffyal)g,, N3, CN, SR, halogen,

57 Cor B G 65 oo D Howatkefy e b oPetfed dspectof this
R HERIR? QIR Of, B?btﬁ’él é}ﬁé‘feﬁéd %EJ&a @tﬁﬁg&g%&ﬁ@@gs OR®. R?

of this enbodi nent,
3¢ @R Rﬂhalaédmhﬂgéns ((C@C-gﬁﬁml (Ky+Cs) @Hen @8rgabstdilysd. In

aI k %:2 ? ) al ken% -C8) supstituted al kenyl,
SyTAIREPAyFPect el ésa%hs)éwrttul%e@% Kinipl ORyyor lialogen, R is H
%‘hﬁ lR(Sg-no%“i 3 Qfét her I'Por eg?@%pég’t%%l%g Q"bb’(ﬁﬁ%?? /52 éﬁlé)ﬁz I@I if OR®

one enbodi ment

ChaEcEaRR’ 1@({4&)%& i (01-0%)allyl, (ca—cg) alkenyl or (mwca)aikynyl In
prefen-ed aspect of this enbodiment, R7,is H
éﬁBﬁhﬁleiPTe é?l?f‘éblo ibseambodimenti B 16 Ao dR msriak cpaf angd R’ is

ngtﬁyl CH%BléHQF rbtﬁ%?f IE;E Eth?‘ﬁ}qf &4 5&&1&%%)9%%&8(958})%&' of this

mbodi ment
(e@bom)@lt Ryhs ORh RirioOR& pr Bné%erﬂ adi A Daspsiol, @qum SH,F,

nme n _one nbod
RO P & Rl 1 Sngli pestsed PROU S RO PBSp BT B 2phRS ae.
enpdhd®mny, 0%1 arldR Ns nlé@hﬁnm RRALADRIEL c(PzispE& o t]}IS embodiment,

enbodi ment, is CR10. I n anot her aspect of
é’rrt?@d Rmere m@féperid@HﬁRDRaﬂ%f iRH angl B, is hattogen awthecprefctmd

ARG en AR i A oo VR BTRO TR i b it o 6es .

(Hrlandtﬁlerfp%f%ﬁe(ﬂ a@&@t&ﬁ“&h@%mbbﬂﬁmﬁ%ﬁg bfRhb; REATUR XheR8H R? is
I n anot her aspect of this enbodiment, Xl is N

é;ﬁHH)@d itke qther ofiRy o5 RGAHEH. gsyelé,ta@fRe; is methyl, CH,OH, CH,F,

ethenyl, or ethynyl. In another preferred aspect of this embodiment, R* and R are
OH, R’ is H, and R' is methyl, CH,OH, CH,F, ethenyl, or ethynyl. In another
preferred aspect of this embodiment, R* and Rz, taken together, are ~O(CO)O-, R*isH
and R' is methyl, CH,OH, CH-F, ethenyl, or ethynyl,

12
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this enbodinent, XI is Nand X2 is CRL wherein Rl is
H, hal ogen, or CN. In another aspect of this

wepdodsareht, X1 is N and X2 is CR wherei n Rt hP@BEUS2009/041432

F. In another aspect of this enbodinent, XI is N and
X2 is CH In another aspect of this enbodinment, X is
N, X2 is CH R is nethyl, CH2OH, CHF, et henyl or

ethynyl; R3is H an each R2 and R4 is
anot hap oge gebpdigrent pi Eoramiold Rrendl O Néerp NazCNsS&Hhalogen

3.6 RN RO ECsibel 1, B LR or fRCT

anstidaaheNDORIHTBOL COf, (Foomalia (T, - @galkénﬂ}\'o@(cac@}}aﬂdyﬁyi In
anot her aspect of this e%odr nment, X2 is N a
Crether pspeetnditine ﬁﬁ@@@e@m it Hi %13,&%0@?%%%@@, r:ther\vl or

ikt 3o B MBS, T o L, oo .

QR is\urer RT 13 IRland R Ebr BR*l fn aﬂ(&h&e:{spaﬁ € €iis ﬁﬁbdd‘lﬂnﬁnt RisH

nmbod h
GBBARIB IR FotinR] & OR Sngdars SN  Hatedeetynyl, or

NI Ml S Ny W el 4

- iHG@RIdNYIR, ORE(zn0 )RR inRtbzf CGHGOES)NRIF, tRE2y1, orhynyl. In another
2009/ 1? 123PCT us2009/ 0 %5432

(%Recég 1skc§ﬂl ocipsn )aleK n§E }?(Rczm%qaﬁrekgﬁypndl{ is methyl,

(&4;68) @ﬁrrb %méﬁ&{ry by yl. W&ﬂo%&%'akﬁécﬁ&ﬂﬁis‘eﬁﬂﬂo@gné?ﬁ R'E and R
opti onal ubsti tuted heteroary -C(=0) (C1- C8) al kyl,

ai‘SHOR @I@l R nquplendfaﬁy QRS anCY a$ Ny In a@Rthdr p;pfesad asplent of

agoth 8@51‘1@1?% 2 g%% Sogkment Q@ﬁ)@ogf’sﬁ&mdf{ is methyl,

I\@Hmmﬁﬁﬂeg%n 106r SRk, 10 anot her aspect of this
errbodl ment , eacr,r R8 |s |ndepe.ndentJy 10hal ogen, NR

"R 2, INeRs spdrdimenhiRagruiRl R a R ore bth %oanriﬁt legst one of
t | ;
a“% pg\g ; %19_5!21}?‘(—'}{ qu%ggmg@?@éf of i R4 ﬁgwmr o eng%w%%th OR

f@ﬁqge@(cleﬁ%l (Nm%@ﬁﬁﬂe{i al‘lBiL ](NRl@Biigen}mﬂ~@@s@'§’ﬂtuted

and RO is H, halogen, or NR® R 2. In another aspect of

tHkaybtbodismhinyl, d@dﬁmbststutedmﬂewh@rewll(% Chialkoy elm another
NRI | R ORL1 NRI r nd

P i By RARY T Roe T Cr e,

Cifﬂzt g)ﬁlblgﬁfga/égl Al &ihwmm 1”@” b sn&rtﬁf AL&ef aspect

I's e R8I's al ogen.
I (&%Qﬁlhﬁﬁyip@(ﬁef—eg)r;ﬁﬁnaﬁ@ieﬂkm ot chermmrmrem anoRB:r aspect of
NH and is Hor halogen and Rl i

@msmb@@mm RY ko Rty o R nd e B ity Ned Sekot

S rerreﬁ”?‘%%g@é?%rlryﬁ (aF ST s e
qacheMbsaebdRlkdnS!1, r(retJegbarkﬁlpIB@ﬂv~@ﬂu%stltateH%n&yhm Saryl(Cy-

et hynyl . In anot her preferred aspect of th
erddlilent, R8 is OH and R9 is NH . In anot her

preferred spect pf thi | S ~and .y

i s NHZm é’lﬁ%lt eml%()cﬁ@f:%t ﬁﬂ%o nbl@_# g‘éﬁlzlll_ an t%eeﬁoﬁ 016?0@ or R*is

ecbmmal he biheRAHOR h@r R EFpodicTRnty1.qlC, Fof)saysa lréd, meach Rl
|ndte%engently Ff—| ha{jjo en, 25NR1’?R1?§ tuEN Rall)ORll

NRH(N%MM (Q\BCS)N(DS'HNCM all@tﬁ@ (@&Cg}ﬂeﬁquRC)—Cg)substimted

%L% R R Esﬁh@?l( %%ﬁg@ RS Gyt bR e of R or R i

anQt meinABReShec@bf thiy énr%tahﬁ@ﬂtnr@wq OEasiRRL N,sCcH NO') S(O)n ,
hal ogen, CN or optionally substituted heteroary

dm@%nﬁ@d'f“@@ﬂm@bﬁc Foékppubsitited alRyl, oF Rk Rtkatyl, (C9 —C g)substltuted
i ndepe ent ( yl C8)a keny
(aéé?n@%?‘g iy ég t%%@ﬁ @@ﬁw %ﬁrﬂ(%p?r)arled ly

substituted ar yI optionally substituted heteroaryl,
-C(:O)(C,-CS)aIkyI -S(0) (d - é8)a|ky| or

aryl (G C8)al kyl. In another enbodi nent, R' and R12
taken together with a nitrogen to which they are both
attached forma 3 to 7 menber ed heterocyclrc rrng

Y . T .



35 NRa-. Therefore, by way of exanple and not
l[imtation, the noiety -NR' R 2 can be represented by

wao b@ohsties ocycles: -N/ \\/ \ -N O -N S - N NRaCF/Ng20®)/041432

10

15

25

-N,\/\/\/, and the like. , , R3 -4, In another
enmbodi nrent of Formula I, Rl, R2,or Rl12 is,
i ndependently, (Ci-C8)alkyl, (C2-C8)alkenyl,
(C2-C8)al kynyl or aryl (G -C8 %kyl wher ei n sai d .
(c1 csgnacm@ﬂnb%i@e@@f Epwarly i, R{ 62H C8Y 20K nyC(eP)OR ',
Q) al kyl are, 10i ndependently, optionally
su stltut ed Wi th one or nore hal o, hydroxy, CN, N3,
N( Ra) 2 @Tr O e. Therefore, by way of exanple and not
linitatjlon, .RI, R2, R3, R4, R5, RI1 or R12 coul d
r?@:‘e&e’ﬁf‘—ieties such as - CH(NH2) CH3, - CH( OH) CH2CH3,
(N ) CH( CH3) 2, - CH2CF3, - (CH2) 2CH( N3) CH3,

NI, th t
For nul all, ggg' tlsgeefel%&%ﬁﬁét%@po od1me&§gi7|”§ﬁ( &5‘ amﬂleg
Cﬁl)eﬁfirfeﬁlaslydm?@iédbm dm‘lﬁ)dﬂheﬂ”(m e;s of (=thi& ' hollﬁ afnafhﬁi praterred aspect of

| k
gglgﬁb%g@%tpggqﬁe%{ Iégééb(wsf’t hWhgr_em Rl)é?s ((?, rC&) In another preferred

T!;g%&& Qtﬂgg erggomnpﬁge@(anpl e and not linmitation, Ri,

5, RH or R12 coul d represent noieties

such as -CHZOCI—B - CH20C1- 12 , - CH2OCH( CH3) 2,

- CH2SCHS3, (CH2)60CH3 - (CH2) N(CH3)2 and the like.
201 n anot her aspect, ormula | are
represented by Forrrula CH3 R2 Formula I11

In one embodiment of Formula IT, X' is N or CR'". In another aspect of this

10
. In another

embodiment, X! is N. In another aspect of this embodiment, X' is CR
aspect of this embodiment, X' is CR'’ and R' is H, halogen, or CN. In another aspect
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, each X' and X° is N.

In another aspect of this embodiment, X' is N and X7 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. 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, CH.F, ethenyl, or ethynyl; each R® and R’ is H; and each
R* and R*is OR".

In another embodiment of Formula T1, 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. Tn another aspect of this
embodiment, X?is N and X' is CH.

In another embodiment of Formula II, each R® is independently halogen,
NR''R”, N(R'HOR'!, NR''NR!'R'?, N3, NO, NO,, CHO, CN, -CH(=NR'},

-CH=NHNR'', -CH=N(OR'"), -CH(OR "), -C(=O)NR''R"?, -.C(=S)NR''R %,
14



or a phannaceu ically acceptable salt, thereof wherein
all variables are defined as for Fornmula |. 25In one

weepodsarent of Fornmula H, R2 is H ORa, N(Ra)RCT/NS2009/041432

10

I5

20

25

30

CN, N2, S(0)"Ra, halogen, (Cl1-C8)alkyl, (C
-C8)substituted al kyl, (C2-C8)al kenyl,
(C2-C8) substituted al kenyl (C2-C8) al kynyl, or

(C2- C8%%Hbst ituted al k . I n another aspect of this
erﬁio@r) nt (C F@s)ﬁikyHCz&daikmﬂ@(ﬁrCﬁ@Mkm} (SheCaoparbocyclylalkyl,
h t t.af nbod
PBMBRER o A o BRASE B LSRR E o B .-

vgmg@grcg RAE2, ?d?ﬁ'ﬁl‘ LUG2R091, Qm‘ct 32SROf 1hhheheardepeti rremﬁs

ORa or hal ogen. In a preferred aspect, of {hi

e%%‘lﬂ“ﬁelﬁt eacb@ ii% I@A?Pefrqﬁnﬁﬁd’rai@enpmgf &r'r &iRadpRct N&J NR''RY,
taRs grdpodi H%Btheﬁgslp%& Prhialgl Q&In{eﬁ?%ac}?ﬁeﬁolfrld%%n%nt@S

I's not H. anot pre erre

eindogtinmRt 'R'RA(RS)GR'| NRAeR HRP, ORé‘f er$Rd aasRestmahyl,

t nt I n another referred .
@B@%ﬁn@% i o L ThbOEr GPEC pERHS gRBsdment, cach R s,
Y [, 1P | ig n i\ and R ;

e%&%ﬂeﬁry foloé:é?l’r m&a{ CS%I(RI E}@)lR' (Ngké @g R kg)rﬁ%’v/ll) 8posr1b3 dR’is
(T@Zh@&@al M}&FR 1 dn @nefhatsqeemt obfhis WBOCbmbmdﬁznﬁrﬁ is,R3

b pheRfiprty helaBpP R B E AR ARREL NG R PROCOMER and R i

enbegdbgBants NIRS R sapkd mnglﬁ&yr TIRY @H{W'@Qﬂﬁﬂ ml éihynyi In
and

anot her aspect of this embodi nen R3 is
arogher prefgrredagpech ef thasgekadipent) Bt mI*éHemﬁo%n xﬁéh@r hak&ens In

%1%?1%1‘ E?eféﬁéed%i%ct B%q%‘%ﬁgo?r’% ggmgs per: dI g 1t(se ?ozqqaqr?gen and R

elﬁ’ﬁlﬁﬁlhmﬁh()ﬂﬁ%ﬂﬂ: BheR?!, bSetbhvinth Kthes pﬂfﬂh‘réﬂ ashéct @R ehis
enbodi nment ofmula 111, R4 is H ORa, N02, N3, CN,

wgﬁent(@ ar@l} aqrﬁyrpch IHH;Q Wﬁfh@é ﬁsﬂfertﬁd aspect of this
(%bo?&é{tkﬁmﬂd R eﬁe @adﬁrﬁﬁeﬁr‘icﬁﬁ‘ %%R&H 31, efy @gt &HaF E, Sthenyl, or

I'n” anot her preferf
tdthym}énhmdlloﬁwnpx;efd%@dl espcﬁERaf thlmjelﬁﬂ)dlmeﬁﬂ:@. mr@ﬂaah@gém\rm In

noth referr ect of thi t 4,
e r Bt OF i SR s, R A0 Kot TH Hot He Faethyl
p(CHﬁ@Hf@HaEa%ﬂ%ﬁM @ifethﬁrya embodiment, R4 is OR, R2is
ORa or halogen and R3"i's H. In anot h%r preferred

as pectinghothht enlavivoditrd Form @4 11, sadR Angl iR pemde@Ra Mrhalogen,

A h ref. el e f At R4
TR 2R "o Gy koM R 38R0 Mot BT TR Ve .
pm{ﬂmzew ‘as:preaeN(@}ﬁi ‘§ hTsi(erbodi o) NRRR 'And (RANR' R 2,
i ndependent |,y I,p anot her prefened aspect of thI}%
ORI KR Sri SR am@norh@u@w@mﬁrws gmepdimnt orh R is H,

t this enmbodi nent, one
F#al(%% a@ﬁﬁg%P %&%ﬁ}%ﬁ?ﬁ of R4 or R is C]—| In
anot heIn opeeﬁxbbdheténasﬁéﬁ‘tnud}éf nnh mﬁr‘r’or@dmdazpmcien@yrﬂ of ,-Ralkyl,
einle is not 301-1 and the other of

Fé&i &s)qﬂize% (@:ﬁa)ﬁ&msl (@ﬁq s)opppogydy RbkyL. wpBeratly ibstituted aryl,

R A e T
angalRY, It akeherteagedheent, =\g eme[ ®(‘Qaxar togatlerRBith 5 nitkogkmto which

one e o I ment of Forrrul 11 Is H ORa, N(R3)2,
oY ER,OSRALACH ) e 3 tOo?1 o balfréjretelqcaghmyewﬂaeﬁw argpone

(G dh ISYE‘aXJi hetbfRcPARIAE cAPaEhaIR beliBhiBced with -O-, -S- or —

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

represented by the heterocycles:

15



35enbodi ment, R5 is H N3, CN, (Ci1l-C8)alkyl,
(C2-C8) al kenyl or (C2-C8)al kynyl. In anot her aspect of

wao biog/1gatddi ment, R5 is H N3, CN, nethyl, ClIDOFUS2009/041432

10

15

20

25

ethenyl or ethynyl, R4 is Ae, and R3is H In another
aspect of this enbodinent, R5 is Hor N3, 17 WO
2009/ 132123PCT/ US2009/ 041432 5R4 is ORa, R3 is H, and
R2 is F or ORB. In another aspect of this enbodi nent,
RS is H , R4 jsnORa, R3-{s HanthR2 is ORa,_ In
anot her—aspett ofNthi & e di fent-NR3 @RU R5nar ¢ H—and
R2 and R4 are, 'ind ndent 'y ORa. Yn’anot her Spect
ofand bhedlilenbodi ment, R3 and R5 are H and R2 and R4 are

CH. I n_anot her ect of _thi odi, ment is Il
and R4Ina?“é’ﬂ}eﬁ8‘é‘§%‘ﬁ8’é’ﬁ‘?{ﬁ Bl o R Rk i

1
et g o, Lpn AR ot Y gy
ewb@'@mﬁ@rd (CoszEfaikﬂu(lCa @d):ﬂkf:ﬂ??, (B s Rk yauy ooy I0C ORY ) aRntare,

t H h )
oipaeuRn Saronally s M Rsh¥idh Ok o moRBRIY TN gt NN (R,
a@p@m pﬁeléf’afe%fmﬁ?@fmple Bed ARdinRthtRR SR DRE R Oe and !
R3,.,s (G -C8)al substituted al kyl,
(RS -cogiarrissipr moee@zs @giww mﬂthmd&é«@lﬂ)(ﬁmcm -

(%;%)@g}&ﬁlﬂw (i3 g\‘r'% AR LOnd the tike.

enmbodi HmbtheR&nB(b‘tﬂmBAt camembﬁram (ﬂieR%md RS PSR OB R is (C-
Né@Ra}& N3,  CN, N2, S(O)R', hal ogen, (CI-C8)alkyl,
WS AN OE B1OKF RhIhe npieierogyah caces ktoms of eachi said (C)-

(@algg h’%g% Ib}%tt&%ng v pf{pta%gg lwﬂh(-gz §8%s1a| I@( Zoé‘gfzrelﬁf(re,l by way of

I ¢Kaam1)€t felrnoe ﬂrbntdtmter?ti Hf FF’oR'?‘n.‘Iiis;’;\REII lok R ?Rﬂ)uIIcSrebh es@hendifties

el G el e FaPEH GF iy -CHSCTE, {CH),0CH; -

, C8) substitnted al kenyl
@{W(gﬁégﬁ}ﬁm&% C8) substituted al kynyl or
ar yl ( n@?@lﬁkgﬂpectl eonaroniee! Bspebt] wé raphéssntedrbe Fomeutt T11:
one of R3 or R4 is OH In another aspect,of this
embodi ment, R5 is OR', N(Ra)2, N3, CN, R, s(o)r',
hal ogen, (Cl-C8)al kyl, (Cl1-C8)substituted al kyl,
(C2-C8) al kenyl, (C2- CS)substltutgd al k ,
(C2-C8) al kynyl, RC2-C8)substiture ym NOT
aryl (C1- C8) al kyl . I n one¢enbodi nent of Fornmul a

NR?

11, R7 is H - - =0) S 1orvv|
30\/\/2In a preferred asp ct of thigs enbod] is H
In another preferred a f/thi s enbodi rrent R7 is

-C(=0)R1l. In anot l&rpkeferrgdyaspect of this
enbodi ment, R7 is -C(s\0) RLLovherein R11 is

(G -C8)al kyI . In another: préferred aspect of this
enbodi ment, R7 is WO 2089/ 132123PCT/ US2009/ 041432

Formula III

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

In one embodiment of Formula 111, R” is H, OR?, N(R™)», N3, CN, NO,,
S(0),RY, halogen, (C,—Cg)alkyl, (C;~Cg)substituted alkyl, (C>—Cg)alkenyl,
(Co—Cy)substituted alkenyl, (Co—Cg)alkynyl, or (C2—~Cg)substituted alkynyl. In another
aspect of this embodiment, R?is H, OR®, N(R",, N3, CN, SR® or halogen. In another

aspect of this embodiment, R’ is H, OH, NH,, N3, CN, or halogen. In another aspect
16



(11 5w2 In one enbodi ment of Fornmula Ill, X is
Nor CRI1. In another aspect of this enbodinment, Xl is

wonRoobn3Aamdt her aspect of this enbodi nent, X iBCIZR52009/641432
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20

30

35

anot her aspect of this enmbodinent, X1 is CRI and Rl is
H, hal ogen, or CN. In another aspect of this
enbodi nent, X1 is CRL and Rl is Hor F. In another

afpect of this 10 enmpodi ment, XI is CH. In another
QidbistemPrdingng Rerip O ﬁéh@log@aéﬁ ayprefgrgd yepeptefithis prbodiment,

aﬁblts@q Ao RReer Bieféﬁ%dsasg{wgghh C?S(l%\ﬂ}]t RNisa(ﬁl% Xg N%ast one of

I'n anot her “aspect

a]h%:lor)@s iis soCH Invd'meﬁler preRreld aispdct hﬁtlh@g@xﬁbodﬁmerﬁj\l{ ile In another
ano her, aspe hi.s enhodi Xl jis Nand X2 is

e PRt ‘ﬁt fhisseﬂ ogimept. %t i pnogags prgfersed %SﬁP%* of this
egﬂglgg;ugg}g}t;@;gl s N and X2 |s CH In another aspect of
this 15errbod|rrent XLis N X2is CH R3is H and
each Hzcmnanmdnimnmoﬂmleaﬂbﬂ%es HaOBAAX (F3h., NRiGN, SR,

PSR TS s oD s i
Rt ambd R %31 beF. N0l pyefEH ak&c@gpmeém RRAGH ®f isthi &

enbodi ment, X2 is N and X er’ aspect
ofnother pr @rmﬁmsmpfth)@emtmdzﬁmah&sm amdsR%:R OR éfaé]gﬁn In

R1 h f thi

St Rttt RSB RieatRy i3 B SRR IRRREP R o frotiet gipect of

FthiS'dﬁﬂﬁ)ﬂﬁﬁé}ﬁ rR&§ PRSI I is NS e ARARBRct o Pis e?nlmdﬁﬁ‘glt R?is
I n anot her enbodi nent” of For rru a

e%@ihd ﬁg;'i@H} A epshe aspdcy o faisogermdingit, RhSZ{ FN(IM)H)EGRR is
glgjtm\i\rmz N3, NO, NO2, CHO, CN, -CH(=NR11),

NHNR11, -CH=EN(OR1'), -CH(ORI1)2, -C(=0)NRI Rl 2,
C( - ShNRE eﬁbadnneﬁf 6cher)a0ﬁ{lR4 i{ Gl OREHN@KYN,, CN, SR?,

(C2-C8) al keny al k
(I@mg@s)@arﬁéé%l §,¢qu keng lu(Qmaiﬂd)ylkmSﬂn t prefetredragpeet of

R Bt esd SR IR B e PO o R o O i

G(DET herRas gaCtor (hﬁlog&ﬁ Sln%ﬂb@@t prRftircd@dsddt Bhisembodiment, R* is
I ndependent |y, hal oge NRI 1R12, N(R1I1)OR ', NRI

|RR1 R $99R oDkypgenofnadl i iy got Bl pinzgnethepr c&g@é@tspe@f of thiss
enho ) by, hal
N 1%15‘{215%]? = @?oﬁgislﬁ REET %‘%h e B B9 proferned aspect

RY this ebofialcog®i is OR” MR R1 RIB?. dlrF aIﬂ@hh'@F:r }ﬂé&ﬁﬁfi raq,dsct of this

aﬁ%ﬁ% gﬂgrft II#?%&?& ;@ bﬁf}é]&’r egqﬂl %Slﬁ E%Hslnglfnlgtﬂigyg }grlegerlléld aspect of this
el ABRIR BB M. RAALRIRAE, rbIN'V In alnath@f]@‘feﬁ%red a dpeﬁbof this

preferred aspect, of this enbodi ment, R8I
.@maumem\m z@@lcg/am;mmmmwszxmgmwimﬂ i Anchetpheferred

ﬁSp??gP éshem cme %Riﬁ&hm qlleg—@nlg‘entﬁ N@)OH In

M%the@‘l@fer@ﬁ' as &f&ﬂh@kﬁ)b@dﬂ%%%k‘t or RFIENGIRTAdrein R? is not
CCH(ORl 1)2, ~C(--z-- NRLIRLZ2, - C(=S)NRI |RL2,

) -
-TEpadihg Rl OﬁeRl%r l&mp AncsR1 i H | }nmeherefm@h@pec@ﬁ)f this

oRGRRR SRR FEPR Aot B B RnOFE o lhe avmsste b
gig%%ﬁﬁnﬁﬂt &fl gznﬂéisg?takaf to@éﬂieﬂ Erel mte:m;gmd and Ryish. (C -

a
( C4- cég e\ B@E%mﬁmf@mu@;ﬂ& 8n§| K wépﬁ\% Je-d¥ ae&fNarS%

SRR AR SRR TR g R
erbodin@niR’ iRH, NandNRLZ -t akesl, g@g&tgb‘e@}fenw 61*’(6@—@&)51'1(9193@”1}1

to which they are both attac forma
retther sgeHef Sriveypbodiment Rgis H, N3, CN, methyl, CHaOH ethenyl or

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



15wherein any one carbon atom of said heterocyclic
ring can optionally be replaced with -0-, -S- or

wo NRaAa321Ther ef ore, by way of exanple and not PCT/US2009/041432

10

15

20

30

limtation, the noiety - NR [|2can be represented by
the heterocycles: ) O -NS-NNRa -N/ \/ \ \/ \/ \/,
and the Iike 20I n anot her enbodi nent of Fornula IIl,

Ri R1l or R12 is, independently,
(13;115@% alkRkip H, @@i{ @By ar anyﬁn ap@be@pgqt@ﬂw empodiment, R” is H

al sa

a@\l (g a%}e{ ﬁﬁ% ](—légﬁg yniyddn(g)ﬁ% g’g;f ?Jcé%%g)erqbﬁdulment R’ and

Bare hnthaldﬂpe%wglrﬂ #e, 1memﬁy 3{')3;1 glsqtanbtélgﬁﬁlspmihdﬁ ﬂﬁ?e or
m)re al o, hydroxy, e or E' . Therefore,
LFoRpmE %Q%rmﬁarsﬁ'dmﬂ&i qnﬁrﬁ"taa?%h Ingpothrpaspes of g

21t 4 al

f@nﬁﬁ@d)ﬁt }@5& R %ﬁg}g z{lgﬁ}{(ﬁﬁ&%nﬁkﬁi 6&?5—%& 3% another 3
1@1%&@5& aspe(:ﬂbﬂ)xﬁ(éhl(bhﬂ)d@is R*-apCHZ) BNRVtogaitict, he -10(K€)OF and R’

her enbodi nent of Formula 111, Rl, R2, R3, R4, R5,

‘or R12 is (C- C8)alkyl vvherein one or nore of t he

non- t ey rEnB @hb@%&&%@&ﬁﬁwﬁz Ra%ﬁd g K&%o@h@hm&g one of
may be optionally replaced with -0-, -S

Thieordt gk aot 1By Inanptie: am&dﬁbm@rrémdm@tt, R andtl?atar@hqth RIR". In

S o B A S PAET ¥ e
@@%sﬁfu(e@'ﬁﬁﬁo(@'ﬁcgalkém ?gﬁn%ésﬁkgga i like.

I 'stil1 anot her’ enbodi men F’or mul a
| (CoFO1) atktayl) qu—Gg)SﬁﬂtlmmdaﬂHnyabﬁaﬂyﬁmghﬁ{wV\/Iri aihothel aspect of
tabul ar format, (Tabl e as ,conpaunds of general

FBpsrean g R’ %&@@@MQ@&@P@;& USO8 @RI E4d2 CN. XD
S(0),R", halogen, (C;—Cs)alkyl, (C,—Cg)substituted alkyl, (Co—Cg)alkenyl,
(C,—Cg)substituted alkenyl, (C,—Cg)alkynyl, (C,—Cy)substituted alkynyl or aryl{(C-
Cy)alkyl.

In another embodiment of Formula 111, R?is H: one of R® or R*is OR and the
other of R? or R is (C,-Cg)alkyl, (C-Cg)substituted alkyl, (Co—Cg)alkenyl,
(Co—Cy)substituted alkenyl, (Co—Cglalkynyl, (Co—Cg)substituted alkynyl or aryl(C,-
Cylalkyl. 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(0),R?, halogen,
(C—Cglalkyl, (C;—Cg)substituted alkyl, (C;~Cy)alkenyl, (C.—Cs)substituted alkenyl,
(Co—Cy)alkynyl, (Co—Cy)substituted alkynyl or aryl{C;-Cy)alkyl,

In one embodiment of Formula IT1, R is H, -C(=0)R", -C(=0)OR", -
C(=0)SR'" or

O

Wq/ng

w2 . 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(:())Ri1 wherein R'" is (Ci-Cyglalkyl. In another preferred

aspect of this embodiment, R"is

18



Formula I'V wherein X1 and X2, represent substituents
attached to the tetrahydrofuranyl ring as defined in

waawba32113 2, below, B is a purine defined in Tedl/esS2009/041432

10

15

20

25

bel ow; and X3 represents a ring elenent of the purine
base B as described in Table 3, below. 10 The point of
attachnment of the core structure ribose is indicated
in each of the structures of X, X2, and B. The point
of attachnent of the core strugture patine is

indi cated in each of the strucfiures X3. Each structure
in Tables 1-4 is represep@edfﬁ§ an%alphanuneric
"code". Each structure of a cgnpound of Forrmula IV can
thus be designated in tabul a4 orm by conbining the
"code" representing each structural 15npiety using the
f ol | owinngresyriodimenXiof Fx@nut811B.X Thdsor ERI. dxamph@.aspect of this

L N R A

N&p&biht G Ehbodihehad’ @s ER'XAd R ok WaBSten, or CN. In another aspect
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, each X' and X7 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
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 H; and cach R? and R* is OR®. In another aspect
of this embodiment, X' is N; X*is CH; each R* and R is H; and each R* and R* is
OR™.

In another embodiment of Formula III, 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" whercin R'" is H or F. In another aspect of this
embodiment, X~ is N and X' is CH.

In another embodiment of Formula 111, each R® is independently halogen,
NRY'R™ NR™MOR™, NR'NRTR'"?, N3, NO, NO,, CHO, CN, -CH(=NR'"),
-CH=NHNR"!, -CH=N(OR"", -CH(OR'"}, -C(=O)NR''R*, -.C(=S)NR''R 2,
-C(=0)OR"", (C;-Cy)alkyl, (Cr-Cylalkenyl, (Ca-Cg)alkynyl, (C4—Cs)carbocyclylalkyl,
optionally substituted aryl, optionally substituted heteroaryl, -C(=0)(C-Cy)alkyl, -
S(O)a(C1-Cy)alkyl, aryl(C)-Cglalkyl, OR" or SR'. In another aspect of this
embodiment, each R¥ is, independently, halogen, NR''R™ N(R! Hor!, NR''NR'R",
OR" or SR'". In another aspect of this embodiment, each R is, independently,
halogen, NR''R*?, N(R'"HOR'', NR''NR''R", OR*! or SR and R is H, halogen, or
NR''R'™. 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,. In

another preferred aspect of this embodiment, R*is OH and R’ is NH,.
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WO 2009/ 132123PCT/ US2009/ 041432 Code Structure X2a H
X2b CH3 X2c - H 5 Table 3: X3 Structures Code

wo@Rooaasaee X3a - N= X3b - CH= X3c PCT/US2009/041432

10

15

20

25

30

35

In another embodiment of Formula 111, each R'° 1, independently, H, halogen,
NR''R™, NRMOR'', 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(mO)ORi ’, R! ', OR!" or SR'". In another aspect of this embodiment, each R"Y is H,
halogen, CN or optionally substituted heteroaryl.

In one embodiment of Formula ITI, R* or R is independently H, (C;-
Cslalkyl, (C2-Cy)alkenyl, (C:-Cglalkynyl, (C4—Cs)carbocyelylalkyl, optionally
substituted aryl, optionally substituted heteroaryl, -C(=O)C,-Cg)alkyl, -S(0),(C;-
Cglalkyl or aryl(C,-Cg)alkyl. In another embodiment, R'' and R'* taken together with
a nitrogen to which they are both attached, form a 3 to 7 membered heterocyclic ring
wherein any one carbon atom of said heterocyclic ring can optionally be replaced with
-O-, -S- or ~NR"-. Therefore, by way of example and not limitation, the moiety —
NR''R™ can be represented by the heterocycles:

() A s 0w 9 A e

and the like.

In another embodiment of Formula I, R, Rz, R’ JRE R R or R s,
independently, (C-Cyalkyl, (C,-Cgalkenyl, (Cao-Cg)alkynyl or arvi(C;-Cyglalkyl,
wherein said (C,-Cg)alkyl, (C,-Cy)alkenyl, (C2-Cslalkynyl or aryl(C;-Cy)alkyl are,
independently, optionally substituted with one or more halo, hydroxy, CN, N3, N(R%),
or OR". Therefore, by way of example and not limitation, Ri, Rz, RS, RY R R" or
R ™ could represent moieties such as -CH(NH,)CHs, -CH(OH)CH2CH3, -
CH(NH,)CH(CH3)s, ~-CH.CF3, -(CH,),CH{N;)CH3, -(CH;)sNH, and the like.

In another embodiment of Formula I1I, R', R* R®, R* R® R" or R™is (Cs-
Cgjalkyl 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], Rz, R’ ,RE R, RY or R could represent moieties
such as -CH,OCH3, -CH,OCH.CHj, ~-CH,OCH(CH;),, -CH,SCHa, ~(CH2)sOCHs, -
{CH1)¢N(CH3); and the like.

In still another embodiment, the compounds of Formula I, Formula II, or
Formula I are named below in tabular format (Table 6) as compounds of general

Formula IV:

20



-CF= 10Table 4: B Structures Code Structure B 1 r-_

X3 NH2 Noi--- -oeo-- NB2 /[ ----emm-n- X3 \
WOR0KAHSN2OH ' ' --N H2 B3 X3\ NH2 N PCT/US2009/041432
HO

10

15

20

OH 6H

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.

The point of attachiment 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
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

Xle Ns

X1d CH-OH

Table 2: X2 Structures
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"--"N H2 WO 2009/ 132123PCT/ US2009/ 041432 Tabl e 6:

Li st of Conpounds of Fornula IV Xi a. X2b. X3a. B1,

wok@moX2h23X3a. B2, Xi a. X2b. X3a. B3, Xl a. X2b. X3a. BACT/E$2009/041432
Xl a. X2b. X3b. B2, Xi a. X2b. X3b. B3, Xl

a. X2b. X3b. B 1,

a. X2b. X3b. B4, 10 Xi a. X2b. X3c. B1, Xl a. X2b. X3c. B2,
Xl a. X2b. X3c. B3, Xl a. X2b. X3c. B4, Xl a. X2c. X3a. B1, X1

a.-X2c..X3a.-B2,

X1 _a. X2c. X3a. B3

Xi__a.X2c.X3a_ B4

xCadeoc. X3b. B1, Xl a. X2c. X3b. B2 Stxxicturex2c. X3b. B3,

ND s

LA AVZ)

NLD) N L DA
R2CTTRS0 B4,

c. X3c. B3, Xl

Kt—aX2cX3c

a. X2c. X3c. B4,

N/] AVia) AVia) no
AT~ ARZCTASCDZ;

| b. X2b. X3a. B1,

AL

X2b. X3a. B2,

Xi b. X2b. X3a. B!

3, Xib.X2b. X3a. B4, 15

X
a.
§%&?X2b.x3b.81, Xl b. X2b. X3b. BZH;Xl b. X2b. X3b. B3,

Xi-b..X2b. X3h. B4,
XKBC X2b. X3c. B3,
Xl b. X2c. X3a. B2,

XL b. X2b. X3¢ Xibh. X2b. X3c_ B2,

R
Xi b. X2b. X3c. B4 —Xi=b-X2c. X3a. B,
Xi h. X2c. X3a. B3, Xl h. X2c. X3a. B4,

3 Xl b. X2c. X3b. B1, Xl b. X2c. X3b. Xi b. X2c. X3b. B3,
Xi b. X2c. X3b. B4, Xl b. X2c. X3c. Xi b. X2c. X3c. B2,

Xl b. X2c. X3c. B3, Xi b. X2c. X3c. 20 XI c. X2a. X3a. B1,
X hle@ax X8auBdies XI €. X2a. X3a. B3, Xl c. X2a. X3a. B4,

Xl.c.X2a.X3h Bl X1 ¢ X2a_X3h B2 X1 c.X2a.X3h. B3, Xi

B2,
B1,
B41

cC9@fa X3b, B4, Xl c.X2a. X3c. Bl SKiustutRa. X3c. B2,

d. /\JL DJ Xi D oWl XI N9 DA A

C. /\Ld. NAOoU. " U. NLV. /\OG. DJ., \L
b X3a. B2, X1 c.X2b. X3a.B3; "Xi c.X2b. X3a. B4, Xl

cxgq;b. X3b. BI, X c. X2b. X3b. BZ,

Xl.c.X2h X3h B4 25 Xic. X2h X3

XE=X2b. X3b. B3,
- B1, Xlc.X2h. X3c. B2

XKE¢ X2b. X3c. B3, Xl c.X2b. X3c. B4:CH c. X2c.X3a.B | Xl
c X2 X3a-B2 - Xic-X2e—X3a—B3— - Xi—e—X2e-X3aB4;
Xl c. X2c. X3b. B1, Xl c.X2c. X3b.B2, Xl c.X2c. X3b.B3, Xi
C. X2c. X3b. B4, Xl c.X2c. X3c.B1, X1 c. X2c. X3c. B2,
Xl c. X2c. X3c. BS Xl c. X2c. X3c. B4 Xi d. X2a. X3a. Bl
10 XT@i%?aBﬁB'aCfB@q Xl d. X2a. X3a. B3, Xid.X2a.X3a.B4, 5 X1

33 . X3 Bt Xt—d-X2a:-X3b: ﬁﬁr %uu X2a—X3bB3——X%
a. X3b. B4, X1 d. X2a. X3c. B |1, "% x2a. X3c. 32, X1
&X2a. X3 ¢. B3, X1 d.X2a. X3 ¢. B4. NHL, anot her
enbodi ment, Formula 1411 is a conpound skl ected from
t he group conS|st|ng of WO
2009/ 132123PCT/ US2009/ 041432 /9{\\9 ﬁ>p-01-0 CH
OH CH
xs\ )
N _~
T
B2 OH
N
YARSSTNY
xs\ )
YN\ 7 SNH,
N
B3 NH,
N
/=y NN
xa\ /l\
YN\N/ N
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NH2 9 9 9N OH OH OH_ andHd OH 10or a pharnmaceutically
acceptabl e salt thereof. DEFIN TIONS Unl ess stated

wotdvensiise, the follow ng teius and phrases asPUBEE82009/041432

10

15

20

25

herein are 15intended to have the foll ow ng neanings:
WO 2009/ 132123PCT/ US2009/ 041432 5When trade nanes are
used herein, applicants intend to independently
include the tradenane product and the active

pBederaceuti cal ingredient(s) o8traktaré radenanme product .

Ac...aead.-har n "a  ecaoanpnornd f the in\lgn+| on'..or..".n
tsea--hRer-et-f; a—-CUHpPoOTHU | B e & A oy | V-1t Tt Ot ct

ﬁpound of Formula |I" neans |a conpound romul a |
or a pharmaceutically acceptable salt, thereof. 10
Simlarly, wth respect to ispol atabl e i r medi at es

t he phrase "a conpound of Forjmula = “Nmeans a
conpound of that formula and |pRar mac utiéi;ﬂy

accept abl e salts, thereof. " Al /;s
hydr ocar bon cont ai ni ng nor mal ondé?y ertiary or

cyclic carbon atons. For exanple an aIkyI group can

hrave—1—to—20—carbon—atons—{ie;CrC20—atkyt)—15+t08
carbon atons (i.e., Cl-Cs alkyl), or I to 6 carbon

aromes6:( Liseof Cohp&mdabkyhomulExanpl es of suitabl e al kyl
groups include, but are not |limted to, nethyl (M,

ethyl (Et, -CH2CH3), 1-propyl (n-Pr, n-propyl,

1%%%?%)}%["8(1@ i ?a(EZ %&%ﬁg%)m%%a@t

2xmemy DC3b-BI, Oﬁwxz(bjxmm 1t a/K 2b XGHACHKXTRN2B) X32B kUt v

23] Bﬁ%@ﬂeﬁﬁk}ﬁ ﬁéﬁéé%cﬁ%gﬁeﬁ & eéhB{ﬁc‘ﬁ’J

XlaXZcXBbBl XlaX20X3bBQ XlaX7cX3bB3 XlaX20X3bB4
X1a.X2c¢.X3c.Bl, X1a.X2c.X3¢.B2, X1a.X2¢.X3¢.B3, X1a.X2¢.X3c.B4,
X1b.X2b.X3a.B1, X1b.X2b.X3a.B2, X1b.X2b.X3a.B3, X1b.X2b.X3a.B4,
X1b.X2b.X3b.B1, X1b.X2b.X3b.B2, X1b.X2b.X3b.B3, X1b.X2b.X3b.B4,
X1b.X2b.X3e.B1, X1b.X2b.X3c.B2, X1b.X2b.X3¢.B3, X1h.X2b.X3c.B4,
X1b.X2¢.X3a.B1, X1b.X2¢.X32.B2, X1b.X2¢.X32.B3, X1b.X2¢.X32.B4,
X10.X2¢.X3b.B1, X1b.X2¢.X3b.B2, X1b.X2¢.X3b.B3, X1b.X2¢.X3b.B4,
X1b.X2¢.X3c.B1, X1b.X2¢.X3¢.B2, X1b.X2¢.X3¢.B3, X1b.X2¢.X3c.B4,
KleX2a.X3a.B1, X1¢.X2a.X3a.B2, X1¢c.X2a.X3a.B3, X1c.X28.X3a.B4,
X1¢.X2a.X3b.B1, X1¢.X2a.X3b.B2, X1¢.X2a.X3b.B3, X1c.X2a.X3b.B4,
XleX2a.X3c¢.Bl, X1¢.X2a.X3e.B2, X1¢.X2a.X3¢.B3, Xlc.X2a.X3c¢c.B4,
Xi1ce.X2b.X3a.Bl, X1c.X2b.X3a.B2, X1¢.X2b.X3a.B3, X1c.X2b.X3a.B4,
X1, X2b.X3b.B1, X1¢.X2b.X3b.B2, X1¢.X2b.X3b.B3, X1¢.X2b.X3b.B4,
X1eX2b.X3c.B1, X1¢.X2b.X3¢.B2, X1¢.X2b.X3¢.B3, X1¢.X2b.X3c.B4,
XleX2ce.X3a.B1, X1c.X2c.X3a.B2, X1c.X2c.X3a.B3, X1c.X2c.X3a.B4,
X1e.X2¢.X3b.BI1, X1¢.X2¢.X3b.B2, X1¢.X2¢.X3b.B3, X1c.X2¢.X3b.B4,
X1e.X2¢.X3¢.Bl, X1e.X2¢.X3¢.B2, X1¢.X2¢.X3¢.B3, X1c.X2c.X3c.B4,
X1d.X2a.X3a.B1, X1d.X2a.X32.B2, X1d.X2a.X3a.B3, X1d.X2a.X3a.B4,
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(- C(CH3) 2CH2CH3), 3-rmethyl -2-butyl
(- CH( CH3) CH(CH3) 2), 3-nethyl -1 -butyl

W@ 20pR2EH2CH( CH3) 2), 2- net hyl -1 - but yl PCT/US2009/041432

10

(- CH2CH( CH3) CH2CH3) , 1- hexyl (-CH2CH2CHICH2CH2CH3),
2- hexyl (-CH(CH3) CH2CH2CH2CH3), 3-hexyl (-

25CH( CH2CH3) (CH/CH2CH3) ), 2- net hyl - 2- pent yl

(- C(CH3) 2CH2CH2CH3), 3-net hyl-2- pentyl

( XOHXCRIZ)3GHR CARNICKRAM3Y. Bmxmmm:aymmw X2a.X3b.B4,

Rk A I ek eky O I %ﬁﬁ,gqﬂcj% K1a.x20 x30.84

CH( CH, CHB)CH(CHB)Z) 2, 3-di met hy1l- 2- but yl

(- CXC}B)ZC}KC}B 3, 3-di methyl-2- butyl

(- CH( GH3in odlawut Gomydla {-1if GHRyatOkBInd s8IBLAl Koxythe group
oup haV|ng the fornmula -0-al kyl, in which an

gﬁ%@ﬁ“@%%ﬁp, as defined above, is attached to the

parent nole e via an oxygen atom The aIkyINportlon

of an al kox group can havg™?l to 20 carbogsiﬁggf
~J

Nnal koxY), N nL2 carbon atg

_fkbon atoms(i .. . Cﬁ-bﬁ
f osii t abl eNap k roufs iMcl ude,
met hoxy (-0-

), t- butoxy (-f
-Oﬂﬁ&) aﬁH t he, I|H@ "Rl oal kyl ", is &® aldkyl group, as

defi ned above, in which gne or nDre 27 WO
2009/132123PCT/U82009/04§432 5hydrogen atons of the

al kyl group is repl aceq hal ogen atom The al kyl
portion of hanaIky[)gr p gan have 1 to 20 carbon

at ons (iN C20HMal orell , 1 to 12 carbon
a%gns I Q€. - Cl, hal oal kyl

, or 1 to 6 gaNponNH:

a : 148, al kd npl es of QU|iab
hal o groups |nclude ar%ono 8 tU
_CF3,\-GRH2, - CH2CF3, and-t#€ Iike. enWﬂ/ is a

hy t®carbien cont ai ni ng MY MEDH secopﬂaryﬁ4tert|ary or
cyclic carbon atoms with at |edst one site of

unsaturation, i.e carbon sp2 double bond.
For exanple an aIke\j/a g an have v @ car bon
atons (i . mOaW to & caflb tom
(i.e., ?2- enyI) or ZCIOCSAbagggEn\W Hi .

Q20 nylN) . Bxanpl e sui t abl keﬁﬁ roups

i ncl ud t Hrégnot i d to, Het hyicene 15'@h vi nyl
(- al | yl Nz , cycl opentenyl (-05H7),
ang}E@igxenyl - ‘gnngQCHQCH CH2). "Alkynyl" its a

hydr ocar bon contalnl secondary, tertiary or
cyclic carbon atons mn E Ieast one sj i of 4

unsaturatlon H a car, cé?bon %P t |@}e<bond. For
exanple ny group c cawion
QME\igif%TNCQ 0 20al ), 2 to car%ﬁﬁ at ors
- C8 miKyne,), to 6 QFLatonsN%g.e.,
C2 C65alk nyl). Exanpl sui t abl e al kynyl groups
i ncl t are not Finmted to, acet yl eni cpropar gyl
(- C@;C 5 CH), and the liKke.

\( H n-N NH,
iN\ /p O i H
e N N
O N=—=/
Q HO  ©H

Cl
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10

"Al kyl ene" refers to a saturated, branched or straight
chain or cyclic hydrocarbon radical having two
worerwonadient radi cal centers derived by the remeeEUSINI/041432
two hydrogen 25 atons fromthe sane or two different
carbon atons of a parent al kane. For exanple, an
al kyl ene group can have 1 to 20 carbon atons, 1 to 10
carbon atons, or 1 to 6 carbon atons. Typlcal al kyl ene
radi cal s include, but areNHet limted to, methylene
1-12-), 1, 1-ethyl -13)-), 1, 2-ethyl
- CH2CH3)-), 1, 2- pnpyl
&&m’ \PH2CH2CH2- ), 1, 4- but yl
( CH2CH2CH2 -), the 30l i ke. " Al kenyl ene"
refefs tg an unsatt d, branched or straight chain
or clfic hydrocq&@onmqadlcal havi ng two nonoval ent
radi caP centers derived by the renoval of two hydrogen
atonms fromthe sanme or two different carbon atons of a

parent al kene. For ex?gggﬁi and al kenyl ene group can
plcéf

ha e 1 to 20 carbon at & to 10 carbon atons, 3500
§aqun(atons T al kenyleneyradical s Nsr)(
|ncI b U - oé ~&d {§EWI;%6d§(2 | ene § NH
el 1) 5O 132123PCT/¥S 0 N

5" ynygéﬁé“ refe an unsaturated; bra c NH;
strai gfit chain oré§ |c hydr ocar adlcqé W$V|ng
two noooval ent centers der Bnova

of tmo hydrogen atons fromthe same or tmo di fferent

oms of a parent al kyne. For exanpl é¥fan
nyie@e ve fHto 20 carb to

1
ypﬁ%w
alkynyle |nﬁludé, but a Nt ed to,

10ac ene ( NFopar gyl (-CHZe& ----C), and
4- p:ﬁiﬁﬁ&l (- QkQCAT;QCHZC----C-) 8. b "Amno" refers
gen y to a nitrogen radical mh[;hgcan be

cofisi dered a derivative of amonia,” h ving the.fornmula
-N(X) 7, where each "X" is independently H, substitut
or unsubstituted al kyl, gupstituted unsubstltwte

carbocy , substityted;oF u sti t uPed Y
etegocycl ¥ : 7ﬁ@wlwz£|o o '@ i trofen.)
éiggbro i —N.SNonl i I ng types O i noN

de -NM/ - N{al kKy1) 1IN"- NH(al kyl ), -N(car bocyclyl) 2,
NH( car bocycl yLy7==N(het erocycl y1) 2, 0.0
-NH(heterocycIym) OHN(aryI)Z -NH(aryl), - ;x&

N(aIkyI)(aryl) -N(al kyl ) (heterocycl y1),
-N(carbocycl yl) (lIieteroc 2y1) - N(aryl) (heteroaryl),
kyl) (tet er oar y &Y "al kyl am no"

rdigis _gn 9 /§hbst|tu eH wht h™ at | east ond¥H:
a groué No ti ng~exanpl 0 \ﬁﬁl 20
i ncl ude --NH2, - ), -N(CH3)2, -oKH{
N(CH, CH3) 2, - (p@enyl), - N( phefiyit) 2, - NH(.betfr
-N(benzyl) 2, etc)Substituted a am no hef er@H
generally to al kyd am no groupgy” as defi ned above, in
whi ch at | east one substituted al kyl, as defined :
herein, is attached to NHwe am no nitrogen aton1
Non-limting exanp substituted alk%
i ncl udes - NH(al kylNeng- C(") - OH)g

8 1 Nc:(j

Q

H(alkylene- - 1), HB5-Ng k¥)e e OH) 2,
kyleng= C( al kyl) 2, et means an
aronﬁk*ir ﬁﬁ?n radi cal derive the renoval of
one ydrog ato roma single caH@on tomof a

par ent aronatlc ring system For exanp e an aryl

group can have 6 to 20 carbon atons, 6 to 14 carbon
atons, or 6 to 12 carbon atonmns. Typical aryl groups
include, but are not linmted2b0, radicals derived from
30benzene (e.g., phenyl), substituted benzene,
napht hal ene, ant hracene, bi phenyl, and the



10

15

l'ike. "Arylal kyl" refers to an acyclic al kyl
radi cal in which one of the hydrogen atons bonded to a

w@20boseiat om typically a terminal or sp3 car bPCT/HS2909/041432

is replaced with an aryl radical. Typical arylalkyl
groups include, but are not limted to, benzyl,

352- phenyl et han-1 -yl , napht hyl net hyl ,

2- napht hyl et han- 1-yl, napht hobenzyl ,

2 nap hophenylethari-l-yliﬂﬂﬁ the like. Tne aNit al kyl

n co rise 6t SN
2 /U82009/04 SCarbon at o ,Ne.gN, t he
8 n e Nag

aIkyI nnletylls 1 atons

mnaylsﬁﬂol4 m r1Mom " yl" refers
% clic aI adi cal |mb¥$uqﬁ ﬁ of the
hydr t ons b &) 0 a carbon Atom Ttypically a

tern1na| or sp3 carbon atom but also an sp2 carbon
atom is replaced with amvaryl radical. The aryl
portion of the 10 ayNd enyl can include, for
Eebple any of thear g¥oups di scl osed herein, and

nyl porti® aryl al kenyl can incl ude,
for npl e, gany he al kenyl groups discl osed
herein.OThQ}QLyBalkenyl group can conprise 6 to 20
car bon atonBJ'e.g.F) he al kenyl noiety is 1 to 6
carbon atons and the aryl noiety is 6 to 14 carbon
atons. "Arylal kynyl" refers to an acyclic al kynyl

radi ol ig which one of tqiﬁeggifrogen at ons bonded to

a carbojp atom typically nal or sp3 carbon
Nat is replaced with an
aryl radical. Thg ar rei gt he arylal kynyl can
i nclude, for exanple,: of the aryl groups disclosed
herein, and theé_al kywyl @ertion of the arylal kynyl can
i ncl ude, for @ pl e, any of the al kynyl groups

gi.A. The aryl al kynyl group can conprise 6
to 20 carbon atons, e.g., the 20al Kynyl noiety is 1 to

6 carbon atons and the aryl iety is 6 to 14 carbon N~
at.gns. = The tern1"§ubs tuted" in reference to,
a Oalkyl éhe, aryl L kyl . al koxy, =" N

{;bocycbyl oetco , for N\-N. A
exanpl e, "substit alkyﬁ "ﬁgbsLoLbL@d”ab ,
"substi tuped aryl " bsti t ut ed ahyl abky! Ay

"substit hetemgcngyl", and "substltuted
carbocycl y*¥ neans al kyl, alkylene, aryl, aryléFkypH
25heterocyc|y| carbocyclyl resHﬁctlvely i n which one
or nor g hy@roggn atons arfe I'hdependent |y repl aced
W t A pnenthydkog, nen Typi cal substituents

|nclud b a not li/mted=t0, -X -Rb, -0-, =0,
ﬁﬁb % NE?%b o-NRB,, CX3, -ON, -OCN, - SON

oo UNCS, - NO, MONCePTENg, N8, ¢ - NHC( =0) Rb,

B h%@eutld&h%c&w@%an%@@aﬂZOH - 5(=0) 2Rb,

DEFINITIONS

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

intended to have the following meanings:
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30- S(=0) 2NRb2, - S(=0) Rb, - OP(=0) (ORb)2, - P(=0) (ORb)?2,
-P(=0) (0-)2, -P(=0)(0OH) 2, -P(0)(0Rb)(0-),-C(=0)X,

W0 goghR123 - C(0)OR", -C(0)0-, -C(S)OR', (C(0) SRPCT/US2009/041432
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-C(S)SR', -C(0)NRb2, -C(S)NR, -C(=NRb)NRb2, where each

X is independently a halogen: F, d, Br, or 1; and

each Rb is independently H alkyl, aryl, arylalkyl, a

het erocycl e, or a protecting group or prodrug noiety.

Al ky| eWéen B5d¢ hemesl semeseddrectial dpphiydnenetegd cupslepmyedlysiaciude

| arl S ut ed nl ess ot herw se i ndi_cat ed,
e e e R B B e e el o P B pao OF B e
gh@uR&. such as WO 2009/132123PCT/U82009/O41432

Saryl al kyl, which have two or nore noieties capable of
subst i Mm@@m dihea §omp@1mdt afghe rvestivni@r &4 t@oprenidtod Foheula 1"

e e ETCIAR—

\A&ﬁﬁlaal@rnw% &is@é@@b is@Iaﬁith iatep@kbdiales Sy bR IaNLLALE8d bhe
drug substance, i.e., active |ngred|ent as a result

oFOTERGHAALST S MeRrsn eampaued of theh fasulacandynirereaent ared
%ﬁg&g@%sgg@gkkgp(s) 10photonS|s and/ or netabolic

reaction(s). A prodrug is thus a covalently

modi f i ‘edlkgivas h)girﬁxrazibcﬁltcemtaﬁlﬁg fvefial Gsebhieiang edHihgdr |cychc carbon
active_conp One skilled in the art will

rgéefa@nFQFe@&aWézF & by} sroemean bavg 1gp REcarhon aiamess(i6fC the alkyl),
CompPuRgsh abmEerandt ac) aldih, o%hquladc nsa%l{‘? g%d d fl; Oa[ugﬁf

to provide a conp jound whi ¢h i's su |ent
plexonides & sphfahimlkghgmqal ihgiuds, émuhrecmnbmuacdjtmed’ryl Clele, -CHa),

AT EE D Lo P DA B s ot ariar (-Pr provy

\Mm}qtsmwef mmn%ﬁmu&ﬁy @AILIEeN,em i@t}ﬁ%@ﬁ St A%, i-

wi thin the scope O]a present i nven

"y le KgAd GRAICH 2éfzelP1§}’1t(@-E&h sk -CFHO ) Oifhgite:) Ghmetinyl-2-propyl

r.bon av been I
T, B AR R eS, LGy RER TR fLLl e, 2-pewy
qa@ﬁ(x‘nﬁgcencﬁtcagt h@eﬁbfkcﬁCHQCHMDHW;W chndtBylat bashed to
@CgParent nol ecule is replaced wmth a heteroat om

3)153Hﬁﬂsbr3 lsyfhvh%rbﬂ (iGH (Rl Held €l k3 rmegirdd gattyl

| |
SRR S 4 AL e By TRy
t(FﬁHﬁEHiﬂH_@‘}Q?ﬁzCHag l.'Z;]"ui‘l)cﬁG}BH(CH\;IVIf1 Cﬂﬂﬁ @BIHCHGEH})D@Jhexyi (
C ‘ u |1 C IS not attac
AL AL TRO B Lhenth 35Ratl Dok CPheli Bt Simethyl-2-
grﬁg@l ( (ecg{ég%k%(%ﬁc%)@m?m%w 'rﬁéﬁﬂg 2%%!1?%1@6}{3?@19 [OYRHS),),
SoMptpi3 emiib(- Céffﬁ;)lcﬂﬁﬁﬂi)k%m@hﬂirﬁepc(n@lq - CH2NHCH3,

) t hi :

(PR ERIA GG 3 F By RV o
aiuk;yl( cgtrzﬁ1 )(E(@H;,%phﬁ?&ﬂylm@{ %d}ﬂ) eroatom (e.g., 0, N

e resulting heteroal groups are,
r es pe_ct‘kaeky meank pdraxylavind thg rf@umie( 0@k vl - ORGP Oty
?ﬁn%qa}ag] a,%] g(? all% labg/re? yspatt(aaie%'tb tlie%_alzrel}llﬁ%z&ec%ﬁe \?ig ag lozaléyglenta?(lm(l)l The
alkyl portion of an alkoxy group can have 1 to 20 carbon atoms (i.c., C;-Cag alkoxy),
1 to 12 carbon atoms(i.e., Ci-Cy 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;
or —-OMe), ethoxy (-OCH2CHj3 or -OEt), t-butoxy (~O-C{(CH;); or —OtBu) and the
like.

“Haloalkyl” is an alkyl group, as defined above, in which one or more
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30- CH2CH2- SH) . A heteroal kyl group can have, for
exanple, 1 to 20 carbon atons, 1 to 10 carbon atons,

wo@ro0¥/18112% carbon atons. A Cl-C6 heteroal kyl grOUIPS2009/041432
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nmeans a heteroal kyl group having 1 to 6 carbon atons.

"Het erocycl e" or "heterocyclyl" as used herein

i ncl udes by way of exanple and not limtation those

het er ocycl es described in Paguette, Leo A.; Principles
ome@wmdﬁmnsb%meaﬂgygbuphﬁhghtaiwﬁmvmﬂmgaempmnﬁheah@hpmﬁon

o oo SV LT R 8585 ForhnaGio taoafiop 1 12
OfarDNABNEPLS T, (cqoﬂglommﬂer& tS@NArbNeWQr K, cLERA1L.

present), In partlcular
2bosiievaxeRait bepabs) mmaaclsd@lbum@ nBlimit4d tol 6CF1 9CHE,

a 8 em Soc. (1960) 82 5566. I n one
sgg%rfﬁggqﬂ%bﬁﬁﬁ%%fpof the invention "heterocycle"
i ncl Ud‘e&lk&lyi’cﬁrab@f@mbl%on asntdigfd gnedmhE k&loRdardh@HEI N o PBRic

or nore (e.g 3, o0r _4) carbon atons have bee
@pitp%é@ilnwwqh aa q%ttoeﬂrs ote BhTTSELERti0D, 7.2 cerbog)carbpesp” double

| |
t 1&nidB ¥ oh %a%;ﬁg Y& a@ken?lr %PF@ Ea%r}?a%é O 0 gkur%lgh ég)?f?’sa% 8 , Ca-Cyg

saturated rings, unsatura
atlberad), & t¢ B m@@oﬂ.@’(olms(-i{z ¢., OeUenbkandimiri2ao bi c@.ﬂﬁ))‘l atoms (Z.e., Co-Ce

HﬁEStlt ed he&%rogégﬁﬁks i ncl ude, for exanp
Yé)cj%a}n@ Igsioh guit sl EdPinchidgRpt gre ltqﬁélmited to, ethylene
systir St(q%@ Sudl é@?iﬁ@' cielsiy. éﬁ@pg&gggég%ﬁg Q¥H 5-hexenyl

grou non- tin exawm

S@@EECHH&HdHHﬁHﬁﬂQ@MCIyI is: fl N NFi Exanples of
heterocycl es include by way of exanple and not
li mitat IlﬁmdSwrhYéwcarbanﬁy@ﬁwwmrw secondary, tertiary or cyclic

tcea }Soq{]]é{gl}: 9 RXtﬁn'ag ast b Q% {)f&ls%t’urz}tgl azp l %[atbonmcaibon sp triple

othlo ur oxi

tlﬁinﬁalfy)d Exztnliple,mheﬁmhlyl @y&tqb ErardhmIZtonOroafby)h atdnfd @By Cp-Cag
i m dazol tetrazoly

I I :
ki %2a<h$|c2r%§§@ Bhe b é%wﬁwn%d%ﬂywqamb@m (i.e., Cp-Co

| y4
S?%gﬂdl%%pi%ﬁﬁ gfliﬁ'édg)?% (Pg%l{y yl ,gpﬁl;i}% E%E:hg% QLlltA“e not limited to,

2acptptandd {-Aey), prpyaredl (FORHC=QIE}Y, aach;lﬂriﬁ&ur anyl
20tetrah%d oqui pol i nyl tetrah¥dr0|squ|noI|nI
decahy dtBYerndeierye 2 S@Eﬁa&ﬁy*aﬁw $6 QUG ARAIN oizeshs Rydrocarbon

t;‘éﬂf@él' H.’ang t\%"‘ n]c)’ngw rﬁ pdd é’é’ (1161 vgtlf’b hi'e]rexﬁoga'l of two hydrogen

hi azi nyl, |eny ant reny
u@mheﬁzmﬁh¢amyhnﬁ&hddﬁmmembmaﬁbMenﬁépmph@ﬁ@matmnmymuph an

2 P can b Pl o SOXEOL Y Lan@HNEEL W o 6 carbon
Mibihd dﬁﬁ%ﬂ alkPlléﬁé mcam%m Bt Khnite BPRAAE A,

ui noxal i nyl, qui nazol i nyl

by «2'9%'(3 t)ér L-@ictiyl (-CHRPF: 0k Caeits CHEGIS R y1.2-propy!
hélﬁ;‘?ﬁ P PRRdiaT o B D gipncncr. and e
ﬂn@azanyl, phenoxa2|nyl I sochr omanyl ,

“Alkenylene” refers to an unsaturated, 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,
or 1 to 6 carbon atoms. Typical alkenylene radicals include, but are not limited to, 1,2-

ethylene (-CH=CH-).

28



chromanyl , im dazolidinyl, imdazolinyl,
pyrazol idinyl, pyrazolinyl, piperazinyl, indolinyl,

wo swonsaki nyl , qui nuclidi nyl, norpholinyl, PCT/US2009/041432
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oxazol i di nyl, benzotriazolyl, 30benzi soxazolyl,

oxi ndol yl , benzoxazolinyl, isatinoyl, and

bi s-tetrahydrofuranyl: By way of exanple and not

limtation, carbon bonded heterocycles are bonded WO

2009/ 1‘8@]}:)’2@%3{57’ Lﬁ&@%ﬁﬂﬁﬁdﬁ&tﬁﬂabrap&%ﬁtoh @i’a@lt cBaln 4y cylic
ine, positio

of, a
p%rlfdif%?é%oﬁ égﬂy g?‘f%woznowa nt raiilcel C@Fwﬁ dﬁrzwﬁ Byt thgremoval of
pﬂ\%‘ Hl)}d%e% atol?hfs from Bk sénObr & Qﬂf é’éﬁtrkﬁrboﬁ s 1 parentalkyne.

uran, tetrahy ro uran uran,

t ﬁm @:fahmpie, an@kmyleee group egir lavg drio B9 carbbe atoms,sﬁ toi I0reathon atoms,
si.tion

5 ol e azol e or thla ol e,
30r 190 oG Gorgi, TR Bt eRE S im0 s w0
Lidi
PRt iyl FOCRACELS) B POt RRACHICHREC)
a gui NntAmme” oﬂﬁpg@uﬂdbﬁoannﬁgmﬂawﬁmlﬁhmﬂpmnm:@mmﬂma@a
qui. nol i ne. r carbon nde

PR RS e B Sy OB watere don RS RS tpaydenty 1.
SquByfti @y br ur@u@éﬁrtdtgd’:!ﬁkyi Ssub¥ikthd@ sl BydubstftaiBY EdrBaZ LY kubsReuted or

yrlda2|g¥ 6- pyri dazi nyl, 2-pyrimdinyl,
4urpybatimt }m}‘ﬂmcﬁ ybyetd. rﬁlmhmbmcimz@}onp)f themﬂmgw fis approximately sp

S ST 1 O S Bg1  My.

VIRH(@fboeyayip Br(mmlo@@tyl)k | NH(?étd:r@Hycl)ﬂ} m @?
an aziridine,

het er ocycl es are bonded ﬁOSItlon

alﬁ@ikyaj)i(%l b?&%ihd)(betergwcm), 3 {qa@oczdﬂwlﬁt@roméyl) 3-
aézjcgtiolal g" %@ﬁg@@leﬂefgag@ azoﬁlﬁlﬁ ge l{gr]ag %o,l refé;es )0 an

33115)&6 aaabistastiapedoeith shilast onai aﬂlﬁﬂ gﬁju[)e Nohﬁﬂiﬂn(g examples of amino
i ndoli.n ﬁ 1H 20i ndazol e on 2 of a isoindol e,

oFORRsgneied W -NE Yo N(@ﬁ@k E%ﬁg‘ﬁ@p)p nd(Chatdls):, -

ar I| .
f@g@g@b ?Ngjlfh{:n‘;i’%ﬁe rﬁgg%&dz@ ) ﬁu;(g,glrz P}I @, sﬂsstmﬁ 4 dlkyzﬂaafr% refers
lgeaznaﬂy dydlkyi&mm@‘@l}by las difpdrabovey hn wlhch fi ldast oﬂlq/dubstituted alkyl,

i RRE D, 1SRG OB Apind Higosst Top. WA GRE SH Rl f

Zsihmﬁﬁte& @mymnmnm@ééemm@m@zeﬁa@@emoa{)omﬂ(tamﬁleﬁ@b(@) -®-alkyl),

term nal or 8 carbon atom is replaced

hé{(ékzdélgﬁc(? {P)-OH Celkplkylene C(OaOmdkdiodycl yI - al kyI ene

gglt e;?/)e ' Cal hgltnt% 1C @(}?%c%éab&%/ &p %Falgﬂ e%%é( tp e removai of one

(heteee ﬁty{)ﬁd ﬁd)l)l atsh@[e caibonyitom aflzdpd'rbrﬁ akdrk@ic riMaRLREN. Fhe

"het erocycl y1" portion includes any of the

| Femglcopl &Y 0‘@? %?alﬁ@"@@é%%q sa;rémabt@% 6 foridi dhon glontogied to 12

[

R

theaterntheg. hph@ybp@abttyme@b@uma: amphitelak! axirednt bigHeayl, and the

3lkyl portion of the heterocyclyl alkyl by nmeans of a
%€bon- carbon bond or a car bon- het er oat om bond, with

t he pﬁQ\%% QcyiN@kert Read RSMEL a‘dﬁ‘? rSiOMAn ki GG F @{é H/ydro en

stabl e he "het erocycly kyl group conprlses é%
@b@hmakdﬁsac@bgnamnhe%amwymtpmnnMGmsp uthnlammlahmymﬂd

ARy oLl TR P TR P Ml dRoR: BRGNS, beney.

hrepiednQreyithnyil- i, hxﬁrﬁhm@{wﬂ@ Ry hiteYetodn- EXBRRAIRhEHREZ 0t
[imtation 5-nenbered sul fur and/or nitrogen
Comri AR BT bey elbe S The BT GFgPReR gRprise 6 (o 20

2-thi azol yl et han-1-yl,
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WO 2009/ 132123PCT/ US2009/ 041432 5i m dazol yl net hyl ,
oxazol yl net hyl, thiadi azolyl nethyl, etc., 6-nenbered

w@iobasz12oxygen, and/ or nitrogen containing  PCT/US2009/041432
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het er ocycl es such as pi peri di nyl met hyl ,

pi perazi nyl net hyl , norphol i nyl net hyl, pyridi nyl nethyl,
pyridi zyl met hyl, pyrimdyltnethyl, pyrazinylinethyl,

etc. "Heterocyclylalkenyl" refers to an acyclic
mak@mwtomadlg:ahe Aikrylvmowhy vrigo 6fcattiva at@mhydt thgeryl atodag is 6 to

b d to a carbon atom typically a termnal or sp3
g?%@ﬁ éﬁgﬂ? but al so a sp2 carbon atom is replaced

W th aheleleaglahitds tbat@“a@ﬁéhc(aﬁke%y} ra@i AEhSVIAGY ShYdfthe
al kenyl ene- noi ety) eterocyclyl portion of t he
hlétdeqmwn}a boaidré iya cp@UPoNNEPidEs aamumsﬁ of hle carbon atom, but

d
UL SRR K PR L R 081 i D5 8 155

Chelaikehylyean amﬂucteh &)t@lxkrﬁﬁw ar@off&m@ﬁrypgmhﬁsedlsc}oqed herein, and the
15heterocyc| al kenyl group includes any of th
Pora%eﬁgwdtr%@ike@é&afh@ﬁwﬁ fopmeanaiip. 4o @f ﬂw allpay] groups

YN L U L .

méltcmwbmymltyyis latb Iéeamy&onmjomean&heﬁrga nGAEY 0N6 earderbdonens.
or a c atona bond, wth the proviso that
the r e Hﬁé@y{é G%E)S tognapuicalinmy! wdiosl w whiplpone of the
& ﬁmlnysl bo%hg@fbval AbAUR
gﬁghéﬁ .g., the 20ackeny m% F%%fgggnﬁgﬂ%gﬁg?%§§gﬁﬁﬂlbut
aﬂisk)eamgﬂp cgrh@upttcns i§ r¢pdaced @aiﬁlkmmr)altladnsaiaﬁhie ifykportion of the

h t I t 1 b
FLERSEY e 1eTley bk EpBlecsy SRR BBy Rhe Extpseg grein, and the
f@l@m@%oman Mth%@rﬁﬂi@?/@il gallp §1cmd@rﬁ>g%ﬁdlﬁ151@ Ty RO IR Broups

carbon atom i cal a termnal or sp3 carbon atom
biscloged beraﬁl élﬁle@é}‘ib}éibfn?ét@@ﬁp Gag prma@édo ) tarben atoms, e.g., the

%@Eﬁ&?}%}ﬁf s 1 t%cg a?b(}n atq:ﬁ éllh('ﬁ%‘]g %} C;gcgt%ly é} E)o { i %aﬁbod]r atoms.

t he héﬂfﬁﬁﬁﬁy CbuydstlaitWHﬂhef@rfeMOIaﬂqﬂ Udies crad yir g@fariilﬂl@yi alkoxy,
het er oc groups_descri bed herein, inclu t hose

&@gfé?qyséf hel;?lwwn ealbpagc%sfet% dererap@lcer Biymicd alkyi
k: 4 h ¢} pet.
S AR MBS RS IRRE s DRSS B R
diestdaysbtl’, hed BubstitGre caRiokydd” |rneztﬂseﬂlqntam§ﬂéﬂe alyk @rylalkyl,
nderst at .the heterocyclyl group ca e attached
BSOS RD Cales o SE G OF el e mests Brgibes Koy foe cach

bddpeARS 10 feRacariang - NHb&luéht. Typical substi
caf%gn he?é?%%ton1bond afﬂcgﬁhe prOV|soy¥ﬁ%€ut%guaus

riegdude brigrg notipmited oh &% -Bal-Dy <9,abIRE, -SRAe SheN&Foey 61y =NR",

ety ROP BT Mo ar 2d R CaPbayahy P el ey YT Y

-8 mmmbaw(a@)mﬁ’png:@)d Isjnﬁoh@ffr Q@—%@LB(‘TL -ODE=eHORS

5 to 14 carbon %tons 35" Fbteroar refers to an

a%ﬁ%ltN% st By SIRTONGR théfto)l(‘éBs)t BN er BEHRL:,

%’?’S %(22 ﬁ?“’@ﬁ*“' I, R L o ORGPk g
|ﬁ(xb RS, -@)NRrs, @(ISGINRH FOERIR"YIRTY; Where ehdhgX is
132123PCT/ US2009/ 041432

npl es of 09
%%Pé‘?%ﬁﬂw F‘]ioﬁﬁ%%vﬁﬁi%rdél Liepd ggche Ry gis dndependently H. pliel, aryl,
t g i di
R A e o R E e crond DR, Al
failwayiyrtxe andwalbmianethw aby Ib;e sirehazlgtshihstiphahnyUnless otherwise

({]C&? w%eri thie tel%a’%;gbs%tutec{’ I?sl &d ry C()ll]i)l.l‘]%t?{))(na\%% éll'o’ups such as
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pyrazol yl, isothiazolyl, quinolyl, isoquinolyl,
pyridazyl, pyrimdyl, pyrazyl, etc. "Carbocycle" or

wO caphsayxl y1" refers to a saturated (i.e., PCT/US2009/041432

cycloal kyl), partially 10 unsaturated (e.g.,

cycl oakenyl , cycl oal kadi enyl, etc.) or aromatic ring
having 3 to 7 carbon atons as a nonocycle, 7 to 12

carbon atons as a bicycle, and up to about 20 carbon
arrpladyh svhechel § bycorenovbrodies birebard basyitkies, thawdstBudnts can

LR et bt R T AR BT e ot ore % 5™

ar r angegk tasn Gor @drﬁ%’%%s&fﬂhéhn réfers 3 an)[ nloud th[aﬁwﬁén

system or 9 or ring atons arranged I5as a bicyclo
[ zgln'gyn st@fed (62 Biclagyest sysienpgensyatas thef drse S*ih%iﬂngfg 1.e., active ingredient,

i & g] 1e%1e y@%&aﬁlrecgupsy%em&c?&eg%ﬁp %n:@%%&? cgaéag chm:cal reaction(s),
1p1‘©ytﬂj/sﬂp et/ orl metgvyik chémﬁyl&bﬂﬁaﬂts} 24 efydkug is thus a covalently
¢l opent - 3-enyl, cycl ohexyl ¥c|ohex l-enyl, 1-
q¥ i§prbgnananjatent forgyf aoth@rﬁp@sm@ﬂw aclighePIIosng:| .
Non li I
| RS SRR 9L P FRRIRY Bl NS
adoy poriadbiod &brohuda Il Slkbudlhbe @fectelién hr)ﬂélr 1ogeryidd aodsmn;imn@le/dich is

: %rbo atomis repl aced carbocycl

it 3Piada Bl o iBreaicrtor w&% coggeud wilich can be
n@ﬂnﬁia@a tﬂt@sh ao%é}%%f @t%bi% h&ﬁ{a@a@égﬂ aeh@b&gbﬂ_ I QHPSunds of
i ncl ude cycl opropyl et hyl', cycl opropyl et hyl,
cremoladt Y wietcthldve scg}rﬁtaiplsmagﬁl qcrn@tripjdtedfmcfaiﬁyg wthimxlyd svope of
eéh¥l. %5" ylheteroalkyl refers to a heteroal kyl as
dBF PREE PR in which a hydrogen atom (which may
be at tgrheshigiit Res {PaudIBALRRAP viHeR R or ﬁaoh@&e@mpét&m have

has been replaced with an ar group as defi ned
Héﬁ@ﬁmkm¢h%ﬁ%ﬁVﬁE@mﬁmp§uﬁhv N forid dir exanaple af the parberoatom of
ﬁé% Eéi?g ﬁ@(&{ﬂ W, na,h }{(s){a a%:e%\ltllclp fhe g gare { Pgl{:%u% }%é‘gpu%e éf% a he?eroatom

eyl eteoosy tkwes@mﬁgl PetproaNdyI0e Supi acmﬁ})@@lkzh}y &t calaix@ group (e.g.,
noi ety 30For exanple an aryl hetero

?k can
Hadl o). g‘@ﬁ@ﬁ%ﬁ (eeor MICHE. Nyl or a thioalkyl group (e.z.,

r
-@btﬁq gﬂgn& é ﬂ%fnlafe r eoqlaa\r((l))/ P of ﬁg lég(l)}/rgr%e}g\lgh%ﬁf% not attached to the
pat’dnymeheuls-lsatklyt&dn/e{m krd:temﬂbm (elegn Cadidbt §the raalyin@heteroalkyl

t he al kyl ene et neral formul ae ahove
D Y PR et o L P -gr Clingte ) a1 Smin

dbstetipents, d f{L 2 ! )
g(SgHeteroaryf e Ngtﬁh@ e@%%thlt)hzﬁgéﬂ?efr%é 8-CHS-CHy). Ifa

al kyl réfers to an a kyl group,
demiingddarhen efom, ofithe alkyl group ihyedhogkwitht batclvasnbeen O, N, or S),

d t h het def d h
Gt MOl RS B ol AR R o
CHnCH}LUHjl delnoeﬁk}@@'&% (@éaZ@ﬂiWHo) or an alkyI thiol gloup (e. F
-1 ndol y purinyl, -CH2-furanyl, - hi eny

: @Hzcﬁeﬁkiéf farhsmnaikyl PP sahbBEHPD o 20 carbon atoms, 1 to

: g:%fb?»gogagr%g:{)ry o6 c%npa}%ngsgo%ly&g he%g‘lk@%tuﬂxp mngnS Iahetemaikyi

gad@&mumgdhyﬁcm%ﬁh@xmsqu|nonI - CH2- pyri dazyl ,
- rimdy razy yridiny 1
- CH( CI—%I)“%%YF]& g, hetfepre

a%&sggglqewn mcﬁldes by way of example
I I [

a%'l(lgﬁ)ﬁ‘tégg)?ll tg(lglsIé he‘fe]-&: Q@E%}P%{Eﬁly]fbﬂ%% ZJ% Principles of
Bl ihemigtry (WON( BE3)m lne heot Yo p Hassy,| partzculally

(83%%% C%‘ gﬂy bt bé,?é Iﬁh@%&é{%&m@mmﬁw

%%s Py bRL Wllély & SQI%_B kS PH 41 t%%%s\éht), in particular
qui nol yI , -1 soqui noly

CH(CHB) pyrldazyl CH(CH8)3pyr|n1dyI
15-C}KC}B)-pyrazyI, etc. The tern1"optiona||y
substituted" in reference to a particular noiety of
t he




conpound of Forrmula I-111 (e.g., an optionally
substituted aryl group) refers to a noiety wherein al

w@aipsti3aeent s are hydrogen or wherein one or nMRCEUST009/041432
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t he hydrogens of the noiety nay be replaced by
substituents such as those Iisted under the definition
200f "substituted". The tem "optionally replaced" in
reference to a partlcular noi ety of the conpound of
Fephancs 13, 14.116( ¥, gnd 28:meddadizofiZat.ofve. AR68RSTS5566. In one

t | d.b
PR RS BhOD et By SE IR rgitonte” s
gfienihed hefeid, Rt ond &)yt g”ﬁ)@ @eorrﬁ F%Ln%%ﬁ Qto@ls }Qwe %ecn

2, or nore of the groups speéecif
SiPLRpRW]th a heteroatoph e £ dp iy i Tbe mrmal“h@ianobmie” or

Nl Ik al ke al k .
SR el SRR P P PSS i s
t(he @aWebmmlﬁzttmn‘Elgb)’l Subetineidateerddialyld MtREY,GoLhatpeen
the first carbon atom of the nnletz and the | ast

HFHERYHE SRes prbsRtadovigh yny ofifbe erbshimentsglisglpgedhercin including

SRS 00 "5 AL A 0k Bl VAR P Sttt

-CH2(C) H2(C) H2CH2- the C* atong;mbﬁgd be considered to
be the non-term nal carbon ato rtain Y and Y1
alternatives are nitrogen OXHg Weh as ' N(0) (R) or
+N(0) (OR). These nitrogen oxi STsas shown here
attached to a carbon atom can aso -0 N+N+ be

V0 20081 T3 A PET RBlsD I D132 B GERBED 1B Fo! Uil
| iyl eehldeo porieqUicnak RRdp iyl b AagN e iTRAk, 0N ed
d

repr esentations for pur poses of escri bi ng this
|tﬁwﬁvtdirf5hmphenyl sulbfyy cmx@zed tgtraltidrethiopheahpyanotiem, dahnyl,

RIcHeY SRR pBPB RIS 2005 PRy plingPhBTEi,
pobylet, ydobmeD Mino PG, 1s@@1ﬂﬂﬁiyh)ﬂeﬁﬁﬁﬁd(&blﬁqﬂpéﬂdkﬁl)h aqri no

(e.q, polyethylenean1no Jeffam nem; and 10di aci d
gdpeidoal Pume akayl frevaaiidngyh @wph@tleteh ahsleofeamvbe,

gtggix}g}%%cﬁﬁxﬁvhngfa cﬁms@?%n&lﬁ& %%E%%ﬁ{oqﬂﬁ%hﬁﬁ', ns such

xygen- | en
Cﬁmfllydmiédanleﬂﬁyl éz@uﬂnfyl,l ltndznrr}kefd{ 1,208-thiadiazinyl, 2H, 6H 1 5 2-

PN T RV A
FIHRAY L iy MR §h¥rolyi NER NG VD AR AP B azinyi, pyridazinyl,
indolizinyl, isoindolyl, 3H-indolyl, 1H-indazoly, purinyl, 4H-quinolizinyl,
phthalazinyl, naphthyridinyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl, 4aH-
carbazolyl, carbazolyl, B-carbolinyl, phenanthridinyl, acridinyl, pyrimidinyl,
phenanthrolinyl, phenazinyl, phenothiazinyl, furazanyl, phenoxazinyl, isochromanyl,
chromanyl, imidazolidinyl, imidazolinyl, pyrazolidinyl, pyrazolinyl, piperazinyl,
indolinyl, isoindolinyl, quinuclidinyl, morpholinyl, oxazolidinyl, benzotriazolyl,

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

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

Clin
k\\\\\
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15 between the noieties is through the atom specifi ed.
For exanple, a nitrogen-linked am no acid woul d be

whemwdaskiehr ough a nitrogen atom of the am no arCTUS2009/041432

HY;
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rat her than through an oxygen or carbon atom of the

am no acid. Unless otherw se specified, the carbon

atons of this invention are intended to have a val ence

of four. In sone chem cal structure representations
q:meztmarzb’e‘),m 90at Oofsa shaidingd, phéven 3, 43l b @bﬁ@?yﬁﬂhﬁﬁ@r position
vari a s att ched to produce a vaI ence of four

t%‘r 3 ﬂ H’c?np%sﬁfwt%ttﬁéﬁt%ﬂ HedEeans, gopkew de 4aor 5

vat f?ﬁ‘l?&ﬁl %ftraﬁ?&‘rﬁﬁﬁ'ﬁp %@fupa% ‘ﬁﬁé}lﬂ{gﬁg opeeoﬂéltgz{h flbyrio R
gr oup rgfgedni’ {0 a

exanpl e, "Protecti

medseton ibﬂ a1 igfqmwmolt,handmhﬂ@ thinzak tressiohBe4, or 5 of an
properties oﬁ nal grogpﬁg t he propertjes of

t R EBifp IR %:sf’l %40 ¢ PHEOR h AR CAAT S4B PFRASHIE 2of: or 4 of

aamiz@ﬁ@ﬁbllﬂﬁltﬁhQUQ,M@réeﬁol‘\%@?la)éum@lﬁe EURGIdRAN 8T 43 6.7, or g
1 rotecting group is to serve as an internediate in

11sl§¢ftﬂﬁéémg 8fill pivee paiceHy adartdmigndeblsttemcg:lesGhenile 2

péﬁiﬁ@@?l B R SN PL IR ko i g mapigasimy. 5

S@eldazzﬁypﬁqghﬁvﬂnﬁ DYPSmidin %%ﬁn@ﬁﬁ%%@ﬁ%ﬂlnyl 6-
Theodora, W G eene_(John Wley & Sons, In New Yor K,

1R Yh R Ry | gF -oEwssingh § T tanylug- pmazr@di 2ghiraelxl. Bhe

r [ rtain functional groups, to assist in
t%gd%éli}?/lo}:lxetglgf/& of desired chem cal reactions, e.qg.

maki ngBandy bf eakimgaehenilieatatbandsogan kﬁ)lﬂldélf E@mdyca?ct‘re
Ia d fashiaon.. Protection of functiona roups of a
8‘5 APOSIOB O op perdpiey &1egidine ph - tvEs! ligiae; Hp¥reling. 3-

r | { t (0] )., as
A 090 BRI it g

dt}/h@thtﬁ ébbﬁﬁl(é@ev%pymzcdmﬁ, pieendias pijgdaiye, el mdoline, 1H-

I rotected i r medi, at.e
M’Léﬁ@% ?Pe% i"’elsﬁ’é‘gg%?%g‘?%‘ﬁg Rpeqpositinn Jg?fe Iﬁaa%hic’i}%e and
Fffo@ﬁmw&cf CAFROsIBAS B b@AIRO Semhh Bty RtdRr %%o o808l ddd
sSone cases, O tlﬁlzed rop erties in Vvitro and in VI VO,

disesioasles arcdugyel -endylg az;@@-dyw lapymetb il amédazabydl 1-w@azolyl, and
d]O ?)/%{fﬁg 23PCT/ US2009/ 041432 Sresi stance to enzymatic
g oOn or sequestration. In this role, protected

“Heterocyclylalkyl” refers to an acyclic alkyl radical in which one of the
hydrogen atoms bonded to a carbon atom, typically a terminal or sp® carbon atom, is
replaced with a heterocyclyl radical (i.¢., a heterocyclyl-alkylene- moiety). Typical
heterocyclyl alkyl groups include, but are not limited to heterocyclyl-CHo-, 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

Modem Heterocvelic Chemistry. 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 heterocyclyl alkyl group comprises 6 to
20 carbon atoms, e.g., the alkyl portion of the arylalkyl group is 1 to 6 carbon atoms
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

nitrogen containing heterocycles such as thiazolylmethyl, 2-thiazolylethan-1-vyl,

33



conmpounds with intended therapeutic effects may be
referred to as prodrugs. Another function of a

wW@e@basxiphg group is to convert the parental drCmUSDD041432
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a prodrug, whereby the parental drug is rel eased upon
conversion of the prodng in vivo. Because active
prodrugs nay be absorbed nore effectively than the
parental drug, prodngs may 1lOpossess greater potency

i mnidaaody] iy, tolﬁ&zop)ﬁmﬁtyaIthld&tagoly]aﬁ@hﬁpétc NG-ngcheps] Qilfar,
r enoved ﬁlther in vitro, .in the instance of chem ca

| NOSEHERIAY BUTOZER CoRfaigINgeteroryeles seelisas Riperigindmeigal,
Wib B sienigiah, ﬁq&%ﬁblﬁﬁﬁ%éﬁa% yh&mgﬁna% g}%mﬁb%

important that the resul t|n products a
depimotigletdtion, pyeagnylaktohels, be physi ol ogical |y

71 “the prouper o RAR T HREEE yelhSnatdm S bhER one of the

" RS G s Bred FEARSbEh diBhi b%xcfaﬂ?%tté&ﬂﬁil oeglsﬂtualw&al &, but
separates fromthe active i nhi bi toréécon'pound duri ng

nascab il i cevhon g deephickd with ndiethsoeychdradicabyi.e., a heterocyclyl-

[ z ic cl
o ReBAARt B PR Bk S B Bon AT B B PG o
Rnoldaegsy dfthellexébokyl @fodps dgscbBsd Béremn theRive] @BfERIREcribed in
( 1991) , P. 20 Krogsgaard-Larsen and H. Bundgaard, Eds.

e Adadem Hefaragvicia bhemishy, andiBe alkgnyl, pogﬁgwfé}ge
wtuﬁsf;fa%yﬁc i ﬁéﬂ%@?@@r@%ﬁg gd?@%%%ga% gyo%;g pﬁcﬁs&d}@e%ﬁ Mone

i skilaadtin ohe amwilhaieq ulbl¢tstardehaahe hétaiot pelylt @oupeandas@ached to

m cropi al enz phosphol i pases,
tﬁ ﬁ%@tpé’rt L f‘a%lfdefam’i@e ¥ bypmsas arrrhopicaoadimd or a
SE Y- ﬂé?m@@teﬁﬁn&ﬁds\glty B! ﬂr&xyiso ﬁl@?@l%%éu@c '??gup is chemically
25l 1 pophilicity to optimze drug delive
bitdde al helpit¢rpeycld ntkesfif droaryompises 6de 09 cabbetitpmypy 2., the

i ncl dr.ug .i I f.

15T B Do Pbte G e ae T B ot f e SRt s e
sieRsbcle niieth a5 te1 PGy BmE Nyl esters - CH2OC(-0) R3

and acyl oxynet hyl carbonates - OC& -0) OR3 where R3

is C ffmcrapwylalk@)dbsﬁf%ﬁsm w{cb@ kalllad1@€4m®10éar<ylb of the
V\d’dﬁ’&%q &%%QS 1§on%§é{ ! uéa%g n at%{m fi)/p)f olly a¥el 1¥a61‘ or %p 8‘% L atom but

I~ car oxyI|

afigh dnhepreagtopl at(ﬁﬂ 1ts @epﬁﬁd:@& Phidht Sisct@d el o esh 0 Nad. ecﬁhebéi ocyclyl-
Far quhar et _al Phann. Sci. 72: 324; also US

1983) J.
e 0B o 0 s b e
B BB R U BR80T S Bt
niainchgesusedodaon teldwerlipibsphoy) mdabe dkydFaortansited |
TR R o e B PR s ioxd B85 One
afhRNYE a{mlipmy@ﬁﬁaé¥sta@ﬁttﬁat tlﬁéﬂt%e@zﬁ)glo ana;le%ﬁac ed to

enhance oral bioavail ity as a prodny ety in
dbmlbmdswdfont dféhtthm@wnaﬂylea&i@na¥ by tigai3Pf a'&arhwemtbomrbond ora

gﬁh;@ﬁ%@}%goxx n%ta%;(ovzaéaale res& @@WS chemically

e;xaemal Bieyhcha Y @xy AR hyI glﬁ@}f s%s BhOAD USHEPEBY, &8, the

p| val oyl oxynet hyl ear bonat e
pportied of d@%@%gcxdyi alkynyigh@lpplﬁ ddpRapdogrbus andyhe
%%te?ocﬁf& Bbei‘ét Ebdlrz; W £5fs. The prodrug roiety may
be se |ve ysi's, such as, but not limted
tot hO@“b:tarﬁm‘p]”lrSfefBgo an llﬂ)nmt}\b&iewy‘d)@myyﬂrﬁhhyg aclasidpona@h&eroatom

or POM . group. Alternatively, the prodrug noiety
éﬂg}vlwélgt e&ﬁ*@ﬁ%ﬁ HE?‘F‘EabHeé‘H?%@é &heghean 26 énciuded in
ggggugﬁan@nhgm&a% A3kél gag%raapmhosgggr ugm&glgg%%m%%gﬁqpms of
especi ally phenyl esters, are4reported to enhance oral

bi oavai l ability (DeLarrbert et al (1994)J. Med. Chem
37: 498). Phenyl
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15esters containing a carboxylic ester ortho to the
phosphat e have al so been descri bed (Khammei and

waerwasmes (1996) Med. Chem 39: 4109, - 4115). Beeizyb2009/041432

esters are reported to generate the parent phosphonic
acid. In sone cases, substituents at the ortho-or
para-position may accel erate the hydrol ysis. Benzyl
anal ogs with an acyl ated phenol or an al kyl ated pheno
neyergepenagsentlhée ghefibbsedisewinp ohundefinhif @uehh2@tdegciyl”,

action of enzynes,. e.q. ter s, .oxi dases, etc., )
WP RV R et GasealylcgaRe sindald. BERR vt ghicos,
binds fingE BERAKIS b IRE v RASRRMI ﬁnigsio@'yl% zggﬁg igogda%ipf?

met hi de internmediate. Exanpl'es of this c
pnoeolidsisethazde’s grinoéd, isyquiddd dheyrideeyl, ahrifildQByrakyl, etc,

Chem . . Perkin,Trans., 12345;: Brook et .al )
91/ 10732 G T VD HER BUNZYFIeR 'BrOURE: <Y DagkyD partially
desgiiked e e f&ﬁ&bﬁkéﬁgl,@y@i@ﬂb&ﬁéﬂy‘] Cet€$behiomahd Ahdhibng 3 to 7
group 25attached to the benzgélc met hyl ene (d azier et
flarbpp atoms) grpppnocykico 7 ¢oht edrpemeops aal e by cler andrgpiorabed 20

t I e 4 s | ar deliv f. ,
SRR AR 1o g B SO ARyl s stoms. s
ehdgltyhicalygt euprihatotiisC BidyHce thrbotycisidpe 7 %o €2 tiRghtoms, ¢.g.,
esterified with an acgl group or conbi ned wi th anot her
t%ﬁaaﬂeﬂgar‘*&mcx%o For b 25l S0l iled) sytmatas i ol @ atnigstoney arranged

r i ) ' i .qe : t . t hi

BRI RS LESIRRELHAS, Wby RaBpies of

ﬂm!ﬁdfﬁ C@ga@'bfdeﬁgﬂhfp i;ﬁ?_‘;lﬂfbﬂﬁa ¢ﬂh@iﬂyie¢yca1peﬁt%fg g g(;ycfopenb 1-
tjvir es. ; -174; Benzarja et a e

n?é'af.» YﬂglﬁPe‘%gZ'e%é%%ﬂ"?‘@fﬂ"?“éngh&é st é-%@%lrﬁ% 1-

alysiehbeenRnge s i - r fNon-limiti i

p osphor32?%zﬁ?ggﬁgzgﬁﬁg%ggﬁﬁgéy%éﬁ?ﬁgnggn%ﬁ%mﬁﬁgsOfbwydo

Ratbenyclpjoncledanephihyl.351t is to be noted that all

enant i.oners, -di ast.ereoner.s, and.racem e. m xt yr.es,
¢ aut onsraeesar bt oS Bl nn SRon b prdigih ooty the
ViytiRigen hidehseapel @fa Eadiotiéin s repRIcBHvRh lalcartREydrAIAMLA as
Il and pharmaceutically acceptable salts thereof 5
seerbge ey bipicahdup pes Eimitings geneplenot carfocpiixtalirvé gropps

e ' n i [ r.e wW.thin the
A R o B B S B BBl B oBnyimetny
fead owtlalanxgimdtByiphar maceut i cal |y acceptabl e salts may
exi st _as ?iffe[eng ol ynmor phs or pseud;golynorphs. As
used hergnFero@tyliefars e rdergaiby i dshnebging Hevhich a
Aoty 2 (@Vlﬁ&yﬁtagiok LRShCPPRRYR, LOLE LR c%rrlt heteroatom) has
different crystal 10structures. The crystéﬁ i ne
petyreplaptd with mayryl esuiptasfdefmddid-éier dhe es/l isroups yal dk bonded

BaE kG BRRTELR PR Froud ik of blerestors R T ieroaliyl group,
ek @gdd! tRat(tEORE QAR b INALr o RRVYIBEP Hio$ ks a %eﬂ&?ﬁﬁ)festabie moiety.

herein, crystalline pseudopol ynorphi sm nmeans
abr pranyplofangriyeemalkybgrosp kymayedhe gereoipoundact-olkelenst

[ j f t stal structures,, Ih eudopal y hs
Pt SLERLCESLALaRhy B RS SurFE SRSRRRRL MBIy,
dilkfleneheed, lalkyteness-alkyRackiyng:td, PRCddRBn, any of the alkylene
pseudopol ynor phj s or due to differences in packin

m .

Frtichse i Hicrgeasrahtorablae abatisrcan e further sulebinvigsl wilipiey of the
CERALRLIRLGANRL: AREHIARPLUMRI Phi M. The i nstant

i nvention conprises a pol ynor phs and

ps eud8Heteyrmoylplisl "otfetre aoatipyd grods, of ddbaedrhidrain| il dhicaad
%h irﬂﬁharqacguticallg acge%table sal ts. A
éS?efﬁ% gowshagBeenicrteped With 3 Raterqasy prarmasdsined greip. Non-
AREER] ARhHIGA 1S 1FRYIANSQ RN R LCRS RPN i d.
As uxgéed hgjr ein, an a}r{rgar%ﬁg%?d?olc?% Pﬁgdgggo?ﬁgﬁﬁﬁ%i ch
there is no | ong-range order3®f the positions of the
atons in the solid. This definition applies as well
when the crystal size is two nanoneters or |ess.
Addi tives, including solvents, may be used to create

o o o o s r - o " o,



25i nvention. The instant invention conprises al
anor phous forns of the conpounds of Formula I-I11 and

wo b@on3ybar naceuti cal ly acceptabl e salts. Sel er€BUS2009/041432
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substituents conprising the conpounds of Fornul aare
present to a recursive degree. In this context,
‘recursive substituent” nmeans that a substituent nmay
recite another instance of itself. Because of the

r EE:H{ Si&t@]yh&CHB&ncﬁflyiSL@% 30ipubist,i 1ebEinyl, -C Homfuranyi

I AN R A
R
WL LA 00 BB 0 W

can be e R or uent s
ceérpr-qeinnigl, CHOreqoiho b, dChlapyridkiyl | -OHa-yhienidylt -@H,-pyrazyl,

of e P dol v Bb oAy Pt Pk S (ChBr ol

dm(@g)w&%w %’ﬁH(@fH B@mg@mﬂa;% %Qﬁﬁn@ﬁﬂcp@yaﬁmﬂ

pr erties include, by way ‘of exanpl e and not
(ICéiszﬁnmﬁh?lsylcéIH(ﬁﬁbp}émmésol@wohl aféH(ﬁiﬂﬂﬁ:atbamlyl

| ubi.ljt P t t
suc%@@ FRHOH, Rt R GRS guer T
malpym@lpsrCH@@Hgwg&hﬁgolgﬁng@é@y@ﬁm?u s. WO
2009/ 132123PCT/ US2009/ 041432 of exanpl e and

ndtH(GHsseapivalyL W G H Ryvrigeayly &I@@éﬂa}@mmm i tuents

i ments. Typically, each recursive
sgg%?ﬁizgﬂ?‘ é%glndependently occur 20, 19, 18, 17,

16, 15Theltérm t3ptickally iﬂhstlﬂ.@ed”% rdferefice 0,a }ﬁmdﬂarfﬁnm&y ol the
s in.a i ment. More typicall

e%}?ﬁ%é nfg?%l 3 Er%'%ﬁ 2 u@h@mwﬁﬂy HeRsHBYRAEHY! §rowRdi Herstp a
oﬁlofe%y‘@flean'E%Ssubghxﬁerﬂé ¥en %B&g&gbmﬂémm%ﬁ%% TREEof the hydrogens

typl cal y, each recursive stituent can
i pidbpawdténtnlay be cauaced byrsubetventst sunk as thosaligéd/enler the definition

enhodi nt ., For exanple, WB will occur O to 8 tines,
F??(‘h\ﬁldlfsl $etur 0 to 6 tines in a given enbodi ment. Even
nore tyRieah FyptiohBlWdplace@Ci 't ci@rén@e ® 4 paBsuandofY ythe
occur 0 to 4 times 1n a given enbodi nent. Recursi've

supsund abhersnudg bl £ nthevadbdn a@p@mf sofd (e shatind miaydre.,

|1
TRy OB ERHERLYQRGE P ber B )BT o! the methylene

Sgbabd dfURNicS \-CgTﬂkylhﬁa)dEcglfe@ﬁcéd'w 0 EQUBSIYR: of the groups specified
substltuents are present In an enbodi ment of the
ertd-orn #héRokal nunber will be determined as set

f orth ﬂ%‘%&% “nchn termfﬁlale%a?? ' Ji&rﬁ{sl)]’(’:ﬁibl%%"encg? ?rhilﬂgglf a]tken

connection with a quan y 1S usive o
vakyeyl afid/ ldnasalk re/lereand dkyrdiak at @etybyfetdte tieodigod atoms in the
e of 20en-or. _associ at ed w th

%E'aé%mtg'w@ﬁ{ﬂ?%?? P%fgv%ﬁgeﬁer@m rbog etk iof {he maigly 488 dhsolaigarbon
oaftc’)rffl\?ﬁt}%%mﬂya T:l‘léljf:%r)a s r\ﬁgytmni‘; f%xé{%p?e ARORRDAEHES, thePTkyl
moiety -CH»(C )H')(C JH2CHj or alkylene mowty -CHL(CHa(CYH,CH,- 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 oxides, as shown here attached to a carbon atom, can also

be represented by charge separated groups such as Ror
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W w2 wherein each Y or Y is, independently, 0, S,
NR, -"N(0)(R), N(OR), +N(0)(OR), or N-NR2; W and W2,

wob@n/132daken t oget her, are -Y3(C(RY)2)3Y3-; or PCEUS003M41432

10

15

or W2 together with either 25R3or R4 is -Y3- and the
other of WL or W2 is Fornmula la; or W and W2 arc
each, independently, a group of Fornula Ia: Rx
wherein: WD 2009/ 132123PCT/ US2009/ 041432 5each Y2 is

i m@l;e&méndg,rﬁnki)areajnhQﬂdd tdhe dgfdBsaldNRfo théd alNGO{eRiond¥(r&FEsentations

i g%?(e‘gg%ﬁ ?rtl\lfgzc@m%glﬁ\m"ewnr SOB eicgrYg IZach RY is
i ndependgntd ¥ dinich o Ghs a Blomilal ni¥ervRom alent bond or a
5 e a Higmifs) oSty Romifbh Fogigne g

10C(=Y1)N(R) 2, -N(R
- $e) ¢OR)ms.- S @rﬁ@@@de rep@OREVLRT SOGESHDBolyethyentons,

S%&Mi][vﬂf%\l&%) ?eoxy_ - Y}glﬁql}rpq (e _gsqggi%@g;pﬁ:mnoo]@ffammem), and
- NRY %te VAR mcl§%§"§gcc1%e’suc m1dy%%ltyﬁ @alonﬁ& and

protecting group or n taken tog
oreptdumidane car bon atom form a carbocyclic rlng of 3

:)?Ot?eg qu’]) EQ@?%IEEES Céilxsyleg%g Ellflgx z ]’S'Igtl Qge%peq(d Sm‘ carb hnl%ed”
“sulfur-linked”, or “phosphorous-linked” mean that if a bond between two moieties
can be formed by using more than one type of atom in a moiety, then the bond formed
between the moieties is through the atom specified. For example, a nitrogen-linked
amino acid would be bonded through a nitrogen atom of the amino acid rather than
through an oxygen or carbon atom of the amino acid.

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

assumed to be hydrogen. For example,
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wherein: Ma, Mc, and Md are independently 0 or 1;
ML 2¢c is O, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12

wQowaase1B3 i s H, hal ogen, (C1-C8) al kyl, (Cl-C3pCT/US2009/041432

substituted al kyl, (C2-C8) al kenyl, (C2-C8)
substituted al kenyl, (C2-C8) al kynyl, (C2-C8)
substituted al kynyk C6-C20 aryl, Co-Cm substituted
aryl, C2-C20 heterocycle, C2-C20 substituted

het erocycl yl, aryl al kyl, R&ubstituted arylal kyl or a
protecting group; W is W or W, W is R
-C(YD) R, -C(Yl) W, or -S02Ws; and Wb is 25a
carbocycle or a erein Wb is

i ndependent | y ggz uted with O to 3 RY groups. W
canrlbocycl es an

subd ted with ups. Wb may be a

sat ur at ed, -4 rated oN"aromaRic ring conprising a

[ c carbocycle or heterocycle. Wo may
grttons, e.g., 3 30to 7 ring atons.

¥ &t e saturated when containing 3 ring

at ons, Sﬁ%yratgd or nono-unsaturated when containing 4
ring atons, dAturated, or nono- drasdhe snsahemated when
containing 5 ring atons,_gand saturated, nono- or

di -unsaturated, or WD 2009/132123PCT/ US2009/ 041432
5aromati c when containing 6 ring atons. A Wb
heterocycl e may he_a cle having 3 to 7 ring
nmepbers (2 to 6 € and 1 to 3 heteroatons

ato

selected fromM2 O, R, and $) or a bicycle having 7 to
10 g-lngyrenbers t@ 9 carbon atons and 1 to 3
het er oa onsosele ed fire , OygeP, and S). W

ocycles may have 3 to 6 ring atons (2
to ®°carbon 1Qatans and 1 to 2 heteroatons sel ected
from NgzsQ, R'or 5 or 6 ring atoms (3 to 5 carbon
atons and 1 t:0 2 heteroatons selected fromN and S).
Wb het er gr¥yclrzc bicycles have 7 to 10 ring atons (6 to
9 carbon atons and 1 to 2 heteroatons selected fromN,

0, and“Bptatingapgeg” adera tdh ayidtp of 4 c&hpodnd, thdtmdsks 6] alters the
or_ﬁg%g%ﬁ§yﬁten1 or 9 to 10 ring atons (8 to 9 carbon
HBNTUERY Aupgi2ahgpep 87 Re Shep st thsrormemdrahghayp. The
19RM an e uasuR ¥ 'acii('é?'tlcgtil{(%5 Bl Okrids Qwi@ély.s YAk eMcidh 6 YB
het er ocycl e may be bonde 0 Y2
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
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
biologically 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
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t

hrough a carbon, nitrogen, sulfur or other atom by a

stabl e coval ent bond. W5 heterocycles include for
we@x@opsa?23 pyri dyl, di hydropyridyl isomers, pipRCT/UE009/041432
pyridazinyl, pyrimdinyl, pyrazinyl, s-triazinyl,

oxazol yl, imdazolyl, thiazolyl, isoxazolyl,

pyrazolyl, isothiazolyl, furanyl, thiofuranyl,

f
I

i nenyl, and 20pyn-olyl. W al so includes, but is not
iepistanct toenzenamiegsadstichorasguestagon. Nndhid role, protectad

BRIt B encS (554 BaThb B -EFRER Biluss. Another

\

M ceoedml Iﬁote@tﬂll%‘i%r'/bﬁylsqg Wby 5 et B BEXEIALErub M0b WdRodrug, Whereby

IfF1( , NHN _ _
the parental drug is released upon conversion of the prodrug in vive. Because active

prodrugs may be absorbed more effectively than the parental drug, prodrugs may
possess greater potency in vivo than the parental drug. Protecting groups are removed
either in vitro, in the instance of chemical intermediates, or in vivo, in the case of
prodrugs. With chemical intermediates, it is not particularly important that the
resulting products after deprotection, e.g. alcohols, be physiologically acceptable,
although in general it is more desirable if the products are pharmacologically
INNOCuous.

“Prodrug moiety” means a labile functional group which separates from the
active inhibitory compound during metabolism, systemically, inside a cell, by
hydrolysis, enzymatic cleavage, or by some other process (Bundgaard, Hans, “Design

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

Krogsgaard-Larsen and H. Bundgaard, Eds. Harwood Academic Publishers, pp. 113-
191). Enzymes which are capable of an enzymatic activation mechanism with the
phosphonate prodrug compounds of the invention include, but are not limited to,
amidases, esterases, microbial enzymes, phospholipases, cholinesterases, and
phosphases. Prodrug moieties can serve to enhance solubility, absorption and
lipophilicity to optimize drug delivery, bioavailability and efficacy.

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

Exemplary prodrug moieties include the hydrolytically sensitive or labile
acyloxymethyl esters -CH,OC(=0)R™ and acyloxymethyl carbonates
~CH,0C(=0)OR™ where R is C,—Cy alkyl, C,—Cs substituted alkyl, C¢—Cyq aryl or
Cs—Coy substituted aryl. The acyloxyalkyl ester was used as a prodrug strategy for
carboxylic acids and then applied to phosphates and phosphonates by Farquhar et al
{1983} J. Pharm. Sci. 72: 324; also US Patent Nos. 4816570, 4968788, 5663159 and
5792756. In certain compounds of the invention, a prodrug moiety is part of a
phosphate group. The acyloxyalkyl ester may be used to deliver phosphoric acids
across cell membranes and to enhance oral bioavailability. A close variant of the
acyloxyalkyl ester, the alkoxycarbonyloxyalkyl ester {carbonate), may also enhance

oral bioavailability as a prodrug moiety in the compounds of the combinations of the
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2009/ 132123PCT/ US2009/ 041432 5substructures such as:

invention. An exemplary acyloxymethyl ester is pivaloyloxymethoxy, (POM)
—CH,OC(=0)C(CH;);. An exemplary acyloxymethyl carbonate prodrug moiety is
pivaloyloxymethylcarbonate (POC) —-CH,OC(=0)OC(CHs);.

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

Aryl esters of phosphorus groups, especially phenyl esters, are reported to
enhance oral bioavailability (DeLambert et al (1994} J. Med. Chem. 37: 498). Phenyl
esters containing a carboxylic ester ortho to the phosphate have also been described
{Khamnei and Torrence, (1996} J. Med. Chem. 39:4109-4115). Benzyl esters are
reported to generate the parent phosphonic acid. In some cases, substituents at the
ortho-or para-position may accelerate the hydrolysis. Benzyl analogs with an
acylated phenol or an alkylated phenol may generate the phenolic compound through
the action of enzymes, e.g. esterases, oxidases, etc., which in turn undergoes cleavage
at the benzylic C—O bond to generate the phosphoric acid and the quinone methide
intermediate. Examples of this class of prodrugs are described by Mitchell et al
(1992) J. Chem. Soc. Perkin Trans. I 2345; Brook et al WO 91/19721. Still other
benzylic prodrugs have been described containing a carboxylic ester-containing group
attached to the benzylic methylene (Glazier et al WO 91/19721). Thio-containing
prodrugs are reported to be useful for the intracellular delivery of phosphonate drugs.
These proesters contain an ethylthio group in which the thiol group is either esterified
with an acy! group or combined with another thiol group to form a disulfide.
Deesterification or reduction of the disulfide generates the free thio intermediate
which subsequently breaks down to the phosphoric acid and episulfide (Puech et al
(1993) Antiviral Res., 22: 155-174; Benzaria et al (1996) J. Med. Chem. 39: 4958).
Cyclic phosphonate esters have also been described as prodrugs of phosphorus-

containing compounds (Erion et al, US Patent No. 6312662).

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

Formula [, Formula I1, or Formula III and pharmaceutically acceptable salts thereof
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i ndependently: RVR M 2c 10wherein Ml2e is 1, 2 or 3
and each Y2 is independently a bond, 0, CR?, or S. 1In
anot her preferred aspect of this enbodi nent, one

Y2b-1-e is NH(R) and the other Y2ble is 0-1e wherein

| &cletbrdvB @By the preveer @iventivlh2 e\l @ixdurch Bf arbleh@itiomers and
pref erred aspect. of this enbodi nent, each Y2b is 0 and
19igxterepmers apswithigdberraenpf (e presen ingantigher ei n ML2c i s

.
whast @k diffdikée polymbrgisdr Y2eudop@ylnonshs, Gys wsed mam W stalline
polymorphism means the ability of a crystalline compound to exist in different crystal
structures. The crystalline polymorphism may result from differences in crystal
packing (packing polymorphism) or differences in packing between different
conformers of the same molecule (conformational polymorphism). As used herein,
crystalline pseudopolymorphism means the ability of a hydrate or solvate of a
compound to exist in different crystal structures. The pseudopolymorphs of the
instant invention may exist due to differences in crystal packing (packing
pseudopolymorphism) or due to differences in packing between different conformers
of the same molecule (conformational pseudopolymorphism). The instant invention
comprises all polymorphs and pseudopolymorphs of the compounds of Formula I-111
and their pharmaceutically acceptable salts,

A compound of Formula I-1II and its pharmaceutically acceptable salts may
also extst as an amorphous solid. As used herein, an amorphous solid is a solid in
which there is no long-range order of the positions of the atoms in the solid. This
definition applies as well when the crystal size is two nanometers or less. Additives,
including solvents, may be used to create the amorphous forms of the instant
invention. The instant invention comprises all amorphous forms of the compounds of
Formula I-1II and their pharmaceutically acceptable salts.

Selected substituents comprising the compounds of Formula [-11] are present
to a recursive degree. In this context, “recursive substituent” means that a substituent
may recite another instance of itself. Because of the recursive nature of such
substituents, theoretically, a large number of compounds may be present in any given
embodiment. For example, R* comprises a RY substituent. R can be R. 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
intended. 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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w0 p@epsaident |y,

O her enbodi ments of w2of Formulas I-111 conpounds

i ncl ude substructures such as: 10wherein each Y3 is,

0 or N(R. In a preferred aspepCT/U$2009/041432
each Y3 is 0. In another preferred

aspect of this enbodi nent, the substructure is:

wherein RY is Wo as defined herein. is W 2 Anot her

enbodi ment of Wf Fornmula |-TIT conpounds includes the
subst rge twy 85 cxesie bid Anainditatibh, WP B RY ﬁ%ﬁﬁﬁrv%&ﬂ%tltuems in
either R3 or R4 is - Y3- and the other of W or 'S
PeTi enbrgimeies hT wrcdlp edhrensive Slrképh@sfeqwemdpyn@nﬂy oceur

23007 1021 ST U0 £ St B P inog0: times ina given

peshelimed. aspeeipiafilyt eheshedid®ibktibntan mMde ?eﬂd@ntl}e@é‘chhr 12
In anot her preferred aspect o

Y d Y3 is O.
?P?fg PIEAes 18R FruirRmppdimentwEves mppe fygicgdp-qagh resarsivey,

this enbodi nent,

10 Yélbgtﬂgenx%s’h{ e&enﬂ iy Sechif3 or fewldk 180G Q/rex? LG %16
1, or %’ 2 enP %

15

20

25

eac 'S I ndepen
Ofrxa&pld NV W]H occur 0 to 8 times, R” will occur 0 to 6 t1mes ina glven

embodiment. Even more typically, W* will occur 0 to 6 times and RY will occur Oto 4
times in a given embodiment,.

Recursive substituents are an intended aspect of the invention. One of
ordiary skill in the art of medicinal chemistry understands the versatility of such
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
error associated with measurement of the particular quantity).

The compounds of the Formula I-I1I may comprise a phosphate group as R’,

I
Wi P%g
wherein each Y or Y' is,
independently, O, S, NR, "N(O)(R), N(OR), "N(O)(OR), or N-NR»; W' and w2,
when taken together, are mY3(C(Ry_)2_)3Y3 -; or one of W' or W? together with either

which may be a prodrug moiety w?

Ror R*is —Y*- and the other of W' or W is Formula fa; or W' and W are each,

independently, a group of Formula la:

RX Yi—p \&

M2

wherein:
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b, W or W is y2b Rx; each Y, Y3 and Y2b is 0 and Rx

WO 2009/184122¢c 15wherein M 2c is 2. In another pre¢EUS®A9/041432
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25
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aspect of the enbodiment of Formula |b, WL or W2 is
Y2b-Rx; each Y, Y3 and Y2b is 0 and Rx is: M 2c
wherein ML2c is 1 and Y2 is a bond, 0, or CR, .

Anot her enbodi ment of includes a substructure: 0 y2

W5y 2eath ¥ Wit edcndMhlyi Shands ar breyaRe I\‘E(Ql)d’R)aN((DH? Nk O)(OR),
or substituted phenyl. In another aspect of

eNbOBenefS. 8Ky, euVructure is: 0 La2z,y2 RY
each Y’ is independently O, S, or NR;

M2is0, 1 or2;

each R is independently H, F, Cl, Br, I, OH, R, ~C(:Y1)R, —C(EYI)OR, -
C=Y IN(R)a, -N(R)z, - 'N(R)3, -SR, -S(O)R, -S(O)R, -S(O)ORY), -S(0)2(OR), -
OC(=Y"R, -OC(=Y"OR, -OC(=YY(N(R),), -SC(=YR, -SC(=YHOR, -
SCE=Y HNR)), -NR)CEY DR, -NR)YC(=Y")OR, or -N(R)C(=YN(R)2, —SO.NR,,
—CN, ~N3, =NO,, ~OR, a protecting group or WS; or when taken together, two R” on
the same carbon atom form a carbocyclic ring of 3 to 7 carbon atoms;

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

RIS

M12c¢ Milc

wherein:

Mila, Mlc, and M1d are independently 0 or 1;

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

each R is H, halogen, (C;-Cy) alkyl, (C,-Cy) substituted alkyl, (C»-Cs) alkenyl,
(C2-Cg) substituted alkenyl, (Co-Cg) alkynyl, (C;-Cy) substituted alkynyl, C¢—Coy aryl,
Cs~Cyg substituted aryl, C;—Cyq heterocycle, Co—Coyq substituted heterocyclyl,
arylalkyl, substituted arylalkyl or a protecting group;

W’ is WHor W Wis R, -C(Y)RY, -C(YYW?, -SO,R?, or -SO,W?; and W’ is
a carbocyele 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 ring comprising a
mono- or bicyclic carbocycle or heterocycle. W may have 3 to 10 ring atoms, e.g., 3
to 7 ring atoms. The W” rings are saturated when containing 3 ring atoms, saturated
or mono-unsaturated when containing 4 ring atoms, saturated, or mono- or di-

unsaturated when containing 5 ring atoms, and saturated, mono- or di-unsaturated, or
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OR O wherein Y2b is 0 or N(R) and the phenyl
carbocycle is substituted with 0 to 3 R 10groups. In
wa@pwbhari2aspect of this enbodi ment of the subspeTUS2008041432
Rx is: M 2c wherein Ml2c is I, 2 or 3 and each Y2
I's independently a bond, 0, CR2, or S.
Anot her enbodi nent of 15substructures:
of Formula I-I111 includes
5  aromatic when containing 6 ring atoms.,

A W’ heterocycle may be a monocycle having 3 to 7 ring members (2 to 6
carbon atoms and 1 to 3 heteroatoms selected from N, O, P, and S) or a bicycle having
7 to 10 ring members (4 to 9 carbon atoms and 1 to 3 heteroatoms selected from N, O,
P, and S). W heterocyelic monocycles may have 3 to 6 ring atoms (2 to 5 carbon
10 atoms and | to 2 heteroatoms selected from N, O, and 8); or 5 or 6 ring atoms (3 to 5
carbon atoms and 1 to 2 heteroatoms selected from N and S). ' W* heterocyclic
bicycles have 7 to 10 ring atoms (6 to 9 carbon atoms and 1 to 2 heteroatoms selected
from N, O, and S) arranged as a bicyclo {4,5], [5,5], [5,6], or [6,6] system; or 9 to 10
ring atoms (8 to 9 carbon atoms and [ to 2 hetero atoms selected from N and S)
15  arranged as a bicyclo [5,6] or [6,6] system. The W* heterocycle may be bonded to Y*
through a carbon, nitrogen, sulfur or other atom by a stable covalent bond.
W heterocycles include for example, pyridyl, dihydropyridyl isomers,
piperidine, pyridazinyl, pyrimidinyl, pyrazinyl, s-triazinyl, oxazolyl, imidazolyl,
thiazolyl, isoxazolyl, pyrazolyl, isothiazolyl, furanyl, thiofuranyl, thienyl, and

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

N N
Q , Qf ) @f ;
N7 X

3 N
A e
N

N
RS L O
\ J W
N , S , and S .
W carbocycles and heterocycles may be independently substituted with 0 to 3

R groups, as defined above. For example, substituted W’ carbocycles include:
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O CH30 CH3 0 and 5 The chiral carbon of the am no

acid and | actate noieties may be either the Ror S
w@embiispieint i on or the racem c m xture. 0 y2RYT/0S2009/041432

wherein each Y2 is, independently, --0- or -NH. In

anot her preferred aspect of this 10enbodi nment, RY is

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

al kenyl, (C2-C8) substituted al kenyl, (C2-C8) al kynyl

or (C2-C8) substituted al kynyl. In amether preferred

aspect of this enbodinment, RY is -C8) al kyl,

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

substituted or (C2-C8

substit ut ed ) /N anotp-r

preferr A\ 1T podi ment ,OHRY i s (CI Y 15
al kyl , (CL- i t Uty _ (C2-C8) al keny

(C2- CB) subsgti t ut ed alkenyl (C2-C8) al kynyl or CI

(C2-C8) substituted alkynyl; Ris CH3; and each Y2 is
-NH. In a preferred aspect of tMhis\enbodinent, W and
W2 are, independéntly, nitrogemlinked, naturally
occurring a aci ds or

occur ri ng S
acid estg | n gnot rred aspect {6

embodi nent ;
natural |l y-occurnN ng 2- 20hydroxy carboxylic acids or
natural |l y-occurring 2-hydroxy carboxylic acid esters

wherein the acid or ester is linked to P through the

2- hydroxy grou V(w2
0 OO
/N

S\ /N
!—N 0O {—N  SH ! —N 50,

Examples of substituted phenyl carbocycles include:

HN HN O
A—>—NH2 —>'NM92 _>‘NH2
e O 0O
A

o) O
\ \ N
I
Wa//P :
Embodiments of w? of Formula [-I1l compounds include
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Anot her enbodi nent of 111 is substructure:
of Formula 1, Fornula 11, or Fornul a 5 In one

wee@basriesl aspect of this enbodi ment, each Rx PGT/US2009/041432

i ndependently, (Cl-C8) alkyl. In another preferred
aspect of this enbodi ment, each Rx is, independently,
C6- C20 aryl or C6-C20 substituted aryl. wherein W and
W2 are independently selected fromone of the formulas
I subdaltess hks20. 37 and Table 30.1 bel ow. The

vari abl es used in Tables 20.1-20.37 (e.g., W3, R21,
etc.) pertain only to Tabl s 20. 1 20 3 x unl ess

ot herw se i ndi cat ed. ri ables used in
Tabl es 20.1 to 20.37 hav wi ng definitions:
15each R21 is indep rydx/ntévly (Cl C8) al kyl ;

each R22 is independently H, 1 R23 or R24 vvherei n
each R24 is independently subs uted with 0 to 3 R23;
each R23 is independently R23a, x R23c or R23d,

provi ded that when R23 is bound to heteroatom t hen

Raserma eeaﬁe”bqa ﬁa’s’iﬁmﬁenage@@h NIRR$am zﬁ%ﬂef&i%ﬂﬁ ot tisF,

a, -NQ2; each i s independentl|y
ﬁllt,*od@a%rﬁs w@ @@ﬁ@%ﬁ?@h&emnﬁepqnésznﬂy N(R2x) (- K )
SR2N, -S(0)R2x, -S(0)R2y, - S(0)(0R2x), -9S(0)2(0R2x),
-0C(=Y21 ) R2x, |-0C(-=Y21) OR2x, -0C(=¥21) (N(R2x) (R2x)),
-SC(=Y2l) R2x, 4{SCR= Y1) 0R2x, -SC(=y21) (N(R2x) (R2x)),

_N) R2x,
YZ/R

M12c
wherein M12cis 1, 2 or 3 and each Y~ is independently a bond, O, CR;, or S. In

another preferred aspect of this embodiment, one Y*°-R* is NH(R) and the other Y-
R* is O-R" wherein R” is:

g CR
M12¢c

wherein M12cis 2. In another preferred aspect of this embodiment, each Y is O and

each R” is independently:

R R /ﬁ\
S CR

M12c

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

each R” is independently:



25N( R2x) C( =Y21) OR2x, or - N(R2x) C(=y2 1) (N(R2X) (R2X)) ;
WD 2009/ 132123PCT/ US2009/ 041432 Seach R23d is

wo paepsdent |y (=y21) R2x, C(=Y21) OR2x or - c(=RQi/Us09041432

10

I5

R2x is independently H (G -C8)alkyl, (C2-C8)alkenyl,
(C2-C8)al kynyl, aryl, heteroaryl; or two R2x taken
together with a nitrogen to which they are both
attached folut a 3 to 7 nmenbered heterocyclic ring
whigreinM 8lyis anadcaribamoad, @noeRL0sai d het erocyclic
ring can optionally be replaced with -0-, -S- or
---NR21-; and wherein one or nore of the non-term na
carbon atoms of each said (¢1-C8)al kyl may be
optional Iy replaced with -0}, -S- or each R24 is

i ndependently (G - C8)a|k PééQ—CB)alkenyl or

(C2-C8) al kynyl ; each NQ |nd pendently R24 wher ei n
each R24 i s substituted MA 0Oto R23 15groups; each
R25' Qth Fh%%h@éﬁtﬁ |o§ (O V&g) al kyqafeﬁpémulasl I compounds include

ne, or (C2- C8)al kynyl ene any one of
mﬁ%mﬁﬁ%gkgﬁ%%EQCB)alkylene (C2-C8) al kenyl ene, or (C, -
C8) al kynyl ene is substituted with g3 R23 groups; each
W23 is independently w24 m25 20edch W24 is
i ndependent |y R25, -C(Y23) “CTEydd) W25; - SO1R25,
or - SO W5; each |s i ndependent |y
car bocycl e or heterogXQL wherein iR | ndependent |y
substituted with O groups yeach Y21 is
i ndependently 0 or Sn 25 Tabf 341\

RY

RY

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

substructure is:

|5/
N\,

RY
wherein R” is W’ as defined herein.
I
P
W1
Another embodiment of w? of Formula I-1IT 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 Ja. Such an embodiment is represented by a

compound of Formula Ib selected from:
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910 CH3 H3 11 CH3 CH3 O
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R25 R24 0 O 13 14 CH3 CH3 (21- 1-1

WO 2009/132123 PCT/US2009/041432

5 Formula Ib
In a preferred aspect of the embodiment of Formula Ib, each Y and Y is O. In
another preferred aspect of the embodiment of Formula Ib, W' or W” is YZb-R"; each

Y, Y* and Y** is O and R*is:

10 wherein M12cis I, 2 or 3 and ecach Y is independently a bond, O, CR,, or S. In
another preferred aspect of the embodiment of Formula b, W' or W? is Y?*-R*; each

Y, Y and Y**is O and R¥is:

S CR3

M12¢
15 wherein M12¢ is 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:

Another embodiment of w2 of Formula I-1TT compounds

mcludes a substructure:
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WO 2009/132123 PCT/US2009/041432

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

this embodiment, the substructure is:

=
i P (Ro-3
\\ 0 R
T \
%71 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:

0

R R
)L Yz/R

YZ
M12¢c
wherein M12cis 1, 2 or 3 and each Y~ is independently 2 bond, O, CR, or S.

Y
w—

Another embodiment of w2 of Formula I-11l inchides

*f ol

50

15 substructures:
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10

15

20

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

configuration or the racemic mixture.

I
W*’/7P_—§
Another embodiment of w2 of Formula I-11] is substructure
R

O 0]

§| 2/%}/ \Ry

P—-Y

L o

_ 42

wherein each Y? is, independently, ~O- or -NH-. In another preferred aspect of this
embodiment, R” is (C,-Cs) alkyl, (C;-Cs) substituted alkyl, (C»-Cy) alkenyl, (C»-Cs)
substituted alkenyl, (C»-Cg) alkynyl or (C5-Cs) substituted alkynyl. In another
preferred aspect of this embodiment, R” is (C;-Cs) alkyl, (C,-Cs) substituted alkyl,
(C2-Cy) alkenyl, {C,-Cy) substituted alkenyl, (C,-Cs) alkynyl or (C>-Cy) substituted
alkynyl; and R is CHj. In another preferred aspect of this embodiment, R” is (C;-Cy)
alkyl, (C;-Cy) substituted alkyl, {C;-Cy) alkenyl, (C2-Cy) substituted alkenyl, {Ca-Cy)
alkynyl or (C5-Cyg) substituted alkynyl; R is CHj: and each Y is—NH-. Ina preferred
aspect of this embodiment, W' and W? are, independently, nitrogen-linked, naturally
occurring amino acids or naturally occurring amino acid esters. In another preferred
aspect of this embodiment, W' and W” are, independently, naturally-occurring 2-
hydroxy carboxylic acids or naturally-occurring 2-hydroxy carboxylic acid esters

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

Another embodiment of w? of Formula [, Formula 11, or Formula

HI is substructure:

51



0 2930 WD 2009/ 132123PCT/ US2009/ 041432 5Tabl e 20.6
H3C, .,.., |., -,H3 0 H3C_..", e'..

WO 2009132123 C.. . . . . .. 0. .. LT CH3 0 oOBEBUSHBR041432

10

15

20

25

In one preferred aspect of this embodiment, each R” is, independently, {C,-Cy) alkyl.
In another preferred aspect of this embodiment, each R* is, independently, Cg-Cag aryl

or Cy-Cyg substituted aryl.

Another embodiment of W2 of Formulas I-111 is

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, etc.) pertain only to Tables 20.1-20.37, unless otherwise indicated.

The vartables used in Tables 20.1 to 20.37 have the following definitions:

each R?' is independently H or (Cy-Cy)alkyl;

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

each R™ is independently R™*, R™* R%* or R, provided that when R is
bound to a heteroatom, then R*® is R*° or R*,

cach R is independently F, CL, Br, I, -CN, N; or -NO»;

each R*" is independently Y*';

each R* is independently - R™, -N(R™)(R?), -SR¥, -S(O)R®, -S(O),R, -
S{O)(OR™), -S(O)(OR™), -OC(=Y )R, -OC(=Y>YOR*, -OC(=Y> ) (N(R™)R™)),
-SCEYHR™, -SC(=Y NOR™, -SC=Y ) NR*IR™)), -NR™IC=YRY, -
NR)CEYHOR™, or -NR™ICEYHNR™HR™) ;
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cach R*? is independently -C(=Y*"R*, -C(=Y>YOR™ or -
CEYHINR™R™));

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

cach R* is independently (Ci-Csjalkyl, (C,-Cs)alkenyl, or (C,-Cg)alkynyl,

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

each R is independently (C;-Cg)alkylene, (C,-Cg)alkenylene, or (Ca-
Cylalkynylene any one of which said (C;-Cg)alkylene, (C,-Cg)alkenylene, or {Cs-
Cg)alkynylene is substituted with 0-3 R* groups;

each W is independently W?* or W%,

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

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.

Table 20.1
/
H\O/\[roxwzg R\G/YO\RZS \O/\l_ro\R24
O O O
3 2 3
’ o ¢ o} ’ 0
\O/w'l/ ~R21 \O/\I_r ~H \O/\l_r \CHB
O 0 0
4 5 8
s O. _CH; ¢
~ 3 0
O/\”/ S \O/\”/ \/\CHS
o O
7 8
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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-III may be represented by the general formula “MBF™:
)

S p
’ I\Pd2

pa!
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Each embodiment of MBF is depicted as a substituted nucleus (Sc). Scis described in
formulae A-G of Table 1.1 below, wherein Sc is a generic formula for a compound of
Formula I, Formula I, or Formula III and the point of attachment to —P(O)Pd'Pd° is
indicated with a wavy line.

10
Table 1.1
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Combinations of “Sc” and Pd' and Pd*, independently selected from Table
30.1, can be expressed in the form of Sc.Pd' Pd*, where Scis 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-

ITL.

Table 7: List of Compounds of MBF

A254.67, A254.68, A.254.69, A.254.70, A.254.71, A.254.258, A.254.248,
A254.249, A254.250, A.254.251, A.254.252, A.254.253, B.254.67, B.254.68,
B.254.69, B.254.70, B.254.71, B.254.258, B.254.248, B.254.249, B.254.250,
B.254.251, B.254.252, B.254.253, C.254.67, C.254.68, C.254.69, C.254.70, C.254.71,
C.254.258, C.254.248, C.254.249, C.254.250, C.254.251, C.254.252, C.254.253,
D.254.67,D.254.68, D.254.69, D.254.70, D.254.71, D.254.258, D.254.248,
D.254.249, D.254.250, D.254.251, D.254.252, 12.254.253, E.254.67, E.254.68,
E.254.69, E.254.70, E.254.71, E.254.258, E.254.248, £.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, ¥.254.251, F.254.252 F 254253,
G.254.67, 5.254.68, G.254.69, G.254.70, G.254.71, (G.254.258, (G.254.248,
(G.254.249, G.254.250, 3.254.251, G.254.252, G.254.253, A.255.67, A.255.68,
A255.69, A.255.70, A255.71, A255.258, A.255.248, A.255.249, A.255.250,
A255.251, A.255.252, A.255.253, B.255.67, B.255.68, B.255.69, B.255.70,
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B.255.71, B.255.258, B.255.248, B.255.249, B.255.250, B.255.251, B.255.252,
B.255.253, C.255.67, C.255.68, C.255.09, C.255.70, C.255.71, C.255.258, C.255.248,
(.255.249, C.255.250, C.255.251, C.255.252, C.255.253, D.255.67, D.255.68,
D.255.69, 1.255.70, D.255.71, D.255.258, D.255.248, D.255.249, D.255.250,
1.255.251,D.255.252, D.255.253, E.255.67, E.255.68, E.255.69, E.255.70, E.255.71,
E.255.258, E.255.248, E.255.249, E.255.250, E.255.251, E.255.252, E.255.253,
F.255.67, F.255.68, F.255.69, F.255.70, F.255.71, F.255.258, F.255.248, F.255.249,
F.255.250, F¥.255.251, F.255.252, F.255.253, 3.255.67, G.255.68, (G.255.69,
(3.255.70, G.255.71, 3.255.258, (G.255.248, (.255.249, G.255.250, G.255.251,
(.255.252, G.255.253, A.67.67, A.68.68, A.09.69, A.70.70, A.71.71, A.258.258,
A248.248, 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, D.251.251, D252.252, D.253.253, E.67.67, E.68.68, E.69.69, E.70.70,
E.71.71, E258.258, F.248.248, E.249.249, E.250.250, E.251.251, E252.252,
E.253.253, F.67.67, F.68.68, F.69.69, F.70.70, F.71.71, F.258.258, F.248.248,
F.249.249, F.250.250, F.251.251, F252.252, F.253.253, G.67.67, (3.68.68, (G.69.69,
(G.70.70, G.71.71, G.258.258, (3.248.248, G.249.249, G.250.250, G.251.251,
(G252.252, G.253.253, A.256.257, B.256.257, C.256.257, D.256.257, E.256.257,
F.256.257, G.256.257, A.256.254, B.256.254, C.256.254, D.256.254, E.256.254,
F.256.254, 3.256.254, 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, ¥.256.71, (3.256.71,
A.256.255,B.256.255, C.256.255, D.256.255, E.256.255, F.256.255, G.256.255.,

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

thioamides, and urea groups:
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Y and M12a

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

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

example, Na™, LiT, K™ Ca™2 and Mg*z), ammonium and NX4~ (wherein X is C,—Cy
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
like; (b} salts formed with organic acids such as, for example, acetic acid, oxalic acid,
tartaric acid, succinic acid, maleic acid, fumaric acid, gluconic acid, citric acid, malic
acid, ascorbic acid, benzoic acid, isethionic acid, lactobionic acid, tannic acid,
palmitic acid, alginic acid, polyglutamic acid, naphthalenesulfonic acid,
methanesulfonic acid, p-toluenesulfonic acid, benzenesulfonic acid,
naphthalenedisulfonic acid, polygalacturonic acid, malonic acid, sulfosalicylic acid,
glycolic acid, 2-hydroxy-3-naphthoate, pamoate, salicylic acid, stearic acid, phthalic
acid, mandelic acid, lactic acid, ethanesulfonic acid, lysine, arginine, glutamic acid,
glycine, serine, threonine, alanine, isoleucine, leucine and the like; and (c) salts
formed from elemental anions for example, chiorine, bromine, and iodine.
Physiologically acceptable salts of a compound of a hydroxy group include the anion
of said compound in combination with a suitable cation such as Na' and NX,*
(wherein X 1s independently selected from H or a C—C,4 alkyl group).

For therapeutic use, salts of active ingredients of the compounds of the
invention will be physiologically acceptable, i.e. they will be salts derived from a
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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derived form a physiologically acceptable acid or base, are within the scope of the
present invention.

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

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

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

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

"Diastereomer” refers to a stereoisomer with two or more centers of chirality
and whose molecules are not mirror images of one another. Diastereomers have
different physical properties, e.g. melting points, boiling points, spectral properties,
and reactivities. Mixtures of diastereomers may separate under high resolution
analytical procedures such as electrophoresis and chromatography.

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

superimposable mirror images of one another.
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Stereochemical definitions and conventions used herein generally follow S. P.

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

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

Compounds (1994) John Wiley & Sons, Inc., New York. Many organic compounds
exist in optically active forms, i.e., they have the ability to rotate the plane of plane-
polarized light. In describing an optically active compound, the prefixes D and L or R
and S are used to denote the absolute configuration of the molecule about its chiral
center(s). The prefixes d and 1, D and L, or (+) and (-) are employed to designate the
sign of rotation of plane-polarized light by the compound, with S, {-), or I meaning
that the compound is levorotatory while a compound prefixed with R, (+), or d is
dextrorotatory. For a given chemical structure, these stereoisomers are identical
except that they are mirror images of one another. A specific stereoisomer may also
be referred to as an enantiomer, and a mixture of such isomers is often called an
enantiomeric mixture. A 50:50 mixture of enantiomers is referred to as a racemic
mixture or a racemate, which may occur where there has been no stercoselection or
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 is substituted with more than one of
the same designated group, e.g., "R" or "R'", then it will be understood that the

groups may be the same or different, i.e., each group is independently selected. Wavy

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

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

One skilled in the art will recognize that the imidazo[1,5-f][1,2,4]triazine,
[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 tautomeric forms as shown below:
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All possible tautomeric forms of the heterocycles in all of the embodiments are within

the scope of the invention.

Methods of Inhibition of HCV polymerase

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

Compositions of the invention may act as inhibitors of HCV polymerase , as
intermediates for such inhibitors or have other utilities as described below. The
inhibitors will bind to locations on the surface or in a cavity of HCV polymerase
having a geometry unique to HCV polymerase . Compositions binding HCV
polymerase may bind with varying degrees of reversibility. Those compounds
binding substantially irreversibly are ideal candidates for use in this method of the
invention. Once labeled, the substantially irreversibly binding compositions are
useful as probes for the detection of HCV polymerase . Accordingly, the invention
relates to methods of detecting HCV polymerase in a sample suspected of containing

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

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

Samples can be contained in any medium including water and organic solvent\water
mixtures. Samples include living organisms such as humans, and man made materials
such as cell cultures.

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

If desired, the activity of HCV polymerase after application of the composition
can be observed by any method including direct and indirect methods of detecting
HCV polymerase activity. Quantitative, qualitative, and semiquantitative methods of
determining HCV polymerase activity are all contemplated. Typically one of the
screening methods described above are applied, however, any other method such as
observation of the physiological properties of a living organism are also applicable.

Organisms that contain HCV polymerase include the HCV virus. The
compounds of this invention are useful in the treatment or prophylaxis of HCV
infections in animals or in man.

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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represented by the general fornula "MBF': 0 Sc Pd2 Pd
1 15MBF Each enbodi nent of MBF is depicted as a
substituted nucleus (Sc), Sc is described in fornul ae
A-G of Table 1.1 below, wherein Sc is a generic
F&qlﬁwygcwgﬁmgt&@npound of Formula I, Forrmula Il, or
rmula 111 and the point of attachment to -P(O) Pd1Pd2

is indicated wwith a wavy |i ne. 10 OH N NNH2
Screens for HCV polymerase [nhibitors.

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

activity are then screened for activity in vivo. Compositions having in vitro Ki
(inhibitory constants}) of less then about 5 X 106 M, typically less than about I X 10~

7M and preferably less than about 5 X 108 M are preferred for in vive use.
Useful in vitro screens have been described in detail and will not be elaborated

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

Pharmaceutical Formulations

The compounds of this invention are formulated with conventional carriers
and excipients, which will be selected in accord with ordinary practice. Tablets will
contain excipients, glidants, fillers, binders and the like. Aqueous formulations are
prepared in sterile form, and when intended for delivery by other than oral
admimistration 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,
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 pharmaceutical formulations. The formulations, both
for veterinary and for human use, of the invention comprise at least one active
ingredient, as above defined, together with one or more acceptable carriers therefor
and optionally other therapeutic ingredients. The carrier(s) must be "acceptable" in
the sense of being compatible with the other ingredients of the formulation and
physiologically innocuous to the recipient thereof.

The formulations include those suitable for the foregoing administration

routes. The formulations may conveniently be presented in unit dosage form and may
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where Sc is represented by the respective letter A-G
fromTable 1.1 and Pdi and Pd2 are represented by the
respective nunber from Table 30.1. Thus, A 256.256
represents the follow ng conpound: Thereby, Table 7
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Béu%tglaslé %sa%:hing 'thzesasc'ti%g izn’gredient in a free-flowing form such as a powder or
granules, optionally mixed with a binder, lubricant, inert diluent, preservative, surface
active or dispersing agent. Molded tablets may be made by molding in a suitable
machine a mixture of the powdered active ingredient moistened with an inert liquid
diluent. The tablets may optionally be coated or scored and optionally are formulated
so as to provide slow or controlled release of the active ingredient therefrom.

For infections of the eye or other external tissues e.g. mouth and skin, the
tormulations are preferably applied as a topical ointment or cream containing the
active ingredient(s) in an amount of, for example, 0.075 to 20% w/w (including active
ingredient(s) in a range between 0.1% and 20% in increments of 0.1% w/w such as
0.6% w/w, 0.7% w/w, etc.), preferably 0.2 to 15% w/w and most preferably 0.5 to
10% w/w. When formulated in an ointment, the active ingredients may be employed
with either a paraffinic or a water-miscible ointment base. Alternatively, the active
ingredients may be formulated in a cream with an oil-in-water cream base.

If desired, the aqueous phase of the cream base may include, for example, at
least 30% w/w of a polyhydric alcohol, i.e. an alcohol having two or more hydroxyl
groups such as propylene glycol, butane 1,3-diol, mannitol, sorbitol, glycerol and

polyethylene glycol (including PEG 400) and mixtures thereof. The topical
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505 s 3o St acandhe (ST Ry R wax, and

Fth@ %aRYogethef KithQhe bil 4dd Bl make 4P 8hc2Ssallbd &ﬁﬁlsﬁ'ﬂﬁ omtment base
F. 249. 249. F. 250. 250, F.251.251, F252.252,

owlirh 6rmstheeilvgispasasphes: ofthg grezp, fomnvlatwpf

2500577 05° ﬁa%%?ﬁﬁ%@ﬂ%ﬁ%@%@%ﬂ%@g@3@%90%%%%the

%é@m%%lu&% 2wben®0dp, S a@@@%&s@&ré%@m&éﬁ bedZA0o1kR/
56. 254, B. 256. 254, C. 254, D.256. 254, E.256. 254,

szﬁﬁ}f%dahoﬁ) gﬁ'&:@rﬂﬁtppo#st@ffﬁe Qlﬁbsodmxﬁ%HﬂSOIfate 256. 250,

[B) ggg 0011@? é)gesgéﬁ%?e[jng gté %()Sr%hﬁ ggnggatl%g%zl%ag‘e%@n a&1év1ng the

GedR8d 8Rmofic %ﬁ%e?tﬂes Bhe 51@&171]51’101@61 @fm?a% @- a21§§1— réac;g non-
E. 256. 71, 71, G 256.71, 30A 256. 55

GlHBHL286 Wasiae@%p@é@t withXBEalls SongStans, tfz S‘Bmi @ea&%: fpm5 tubes
Carqglgéﬁg?&taﬁle?ﬁf" ﬁa sgthlt nxcﬂwlﬁgc%eg%h%ﬁsxﬁoﬁgroqgﬁfsﬁ &d es‘cerasl such as

ers

adidspslipate, isocetyl s%h)faté girepeanari @l dhetet oNpeunaSaof adide
i nventi on described heerein also includes a reference

tisoropHyRyritasgidearlojeatic éoptony| ralapte, Eﬂﬁélr derrate.Beathpihesyl
gahﬂ ¥R '095%%1’19 Al k)yan Eﬁl sFe: Sc‘}%lbcév% rgﬁgl nGATRP lﬁ{h?sbe used,
e i nvention |nc esa erive rom an
aphp iaspﬁurm}mmsefensdl ehelas Thnseahk;abe usrB taltine @r iragpmbination
al kal i.ne ear th
epen mgont e pro1 emes required. Alternatively, high melting point lipids such as
white soft paraffin and/or liquid paraffin or other mineral oils are used.
Pharmaceutical formulations according to the present invention comprise a
combination according to the 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

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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exanpl e, Na+, Li+, K+, Ca+2 and My+2), anmoni um and
NX4+ (wherein X is C-Cl alkyl). Physiologically
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include (a) acid addition salts forned with inorganic
acids, for exanple, hydrochloric acid, hydrobromc

acid, sulfuric acid, sulfamc acids, phosphoric acid,
nitric acid and the 15like; (b) salts formed with

OC G Pb$iti M3 iARnSUCHBr B2 udeQha e ARpSed 368 difg ﬁﬁéngrzmethod known
oxallc acid, tartaric acid,” succinic acid, I C

alithe art lfﬁrl‘rihfr ngnefertre @m@mﬁceutaraﬂ dompositians aad kuth cotn‘pesitions
aci scorbi ¢ ac i set hioni c aci

e PR RErER fucnRTRAGHTe S lpnind Fictis Masoregients
agilehingdpleyglanl @fﬂsérvﬂfg Sbent9an M‘(ﬁﬁl i Pﬁﬁrkﬂefd}fﬁlfﬁakﬁg piparation.

met hanesul foni ¢ aci d, p-toluenesulfonic acid

bEASER eAiRipB the ativg Ingretiensn AdinBadivgtl ifcmnﬁowcavéxamaceutwaﬂy
PRRRPELU O SBE L 0N P 90 LU

pHrmeat@piesamazyel ﬁ)ragétrﬂpie,slhaaﬂﬂﬁexﬁszlsdch ghdahalr or ﬁfdnﬁn
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e P

|§ﬁ§?%@fe LRI U PLE esPhategopplaine awdisategrating

t [ i~S ol , t

HCRONE o BB ST P MSEHC e oI EHE L heE B8t 11kt Betac or
e@cawp,l and lcﬂutcmmg egenlty, e!mhrﬁa m@ndsmm(ﬁtfmmte %&anc amd or tale.
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caftRienads QM tvh Ed"d@aﬁ&i!ﬂhﬁ:@a@loﬁ @eﬁ(ﬂ Qﬁ‘soﬁﬂﬁﬁ 1ﬁ§hc—!\laalstfr01ﬁ&gtmal tract

NX4+ (wherein X is independently selected f romH or a

@nd@jaergkp}{@mvglp@@pytamed actionRyer 2 apeiokc Fos exangdd, tagime

e Y T

hnﬁmnmybée@pk@a&ts derived froma 30 physiologically
acceptable acid or base. However, salts of acids or
bas es fpnektigreionstal yisspePogse ardsgnted s ‘éﬁﬂéflfhaigpsules
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ur| I cation SI o oglcal Y- accept abr & Conpou
Aihlosp}atd&r kanletdnes saﬁft geloin cdphles wherein the actwe ingredient is mixed
0 9/132123PCT/U§2009/§H1432 5der|ved form

VBChE Eail fredsk stdsdeant g1l P%Q@éraff&? faf QMprﬂn
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is to be understood that the conpositions here
@drmﬁﬂ@em(ﬂ@ mpmnis seifabichier thevemiuifanture of hdyeons suspensmns Such

tt f
Bk ronC R theu et e oo dadetiuse.
lrﬁthMQélﬁlﬂ(%‘é hdRTher GRMRRUNASE 106 st §tﬁhﬂnﬁ\ér§lﬁdt@n
exenplified by Formula I-I'll may have chiral centers,
@obyviptinrelidens rym Graphids pibgws agacimend tispersioppounting
%f eﬁtp g.léhrﬁ et ku?& r‘?g P&gmjx ncﬂh%d el}atlgn,g 2 % ﬁea{ﬁlégi gz:cggﬁfﬁ%t%n

er eol soners,

qmﬁuat st eSbﬂEﬂieSoxﬂimwahi duﬁmm;d e, 1&99@3@@@@@@%&%&) a

i nvention |n | ude enriched or_ resolved optical isoners
&P“ ton pap u%@@?ﬁﬁﬁlﬁ?ff exide Witk allong ¢ivgn alinhase ephol (e.g.,

VRS eth | RRe sk E@hot '
epl decae ng a?de;&:gr ang jégg:%ﬁﬂélsﬁﬁﬁgﬁ tt)f“ &%ngxxde with a partial
resiceddroedifvonue ésty dBat etndradmermimnaydim@h (asca,t globan®ethglene sorbitan
m xt U{ as the. individual optical isoners

PSRRI SRR OB L SO OFF emB FEFTtives
@ﬁ‘@fﬁs‘ AR Ok -6 A RIS BIBE defee, RAE LP&IoPe c@bShPddents, one or

hin the scope of the invention. The racem<
m@t@ Ureyingragenigpad aneo matcowehienin giagdityisddaks sucrose or
ggQﬁ&aptlally optically pure 20 isoners through

nown techni ques such as, for exanple, the

separation of diastereoneric §alts formed with
optically active adjuncts, e.g., acids or bases
foll owed by conversion back to the optically active
substances In ~nost |nstances the deS|red optlca
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superinposability of the mrror image partner, while
the term"achiral"” refers to nol ecul es which are

wa@epensampdsabl e on their mrror inmage partner.PCT/US2009/041432
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The term "stereoisoniers" refers to conmpounds which

have identical chem cal constitution, but differ with
regard to the arrangenent of the atons or groups in
space. 30"Di astereoner” refers to a stereoi soner with
tWo Or ONMBipeR8HiOhSy B foehuladd ByYsusAdindhas SctR i S&GHkieSt in a
are not mrror i es of one anot her. astereorners
hesestabieroile puahtas @ngsm ohropb rsgsag‘ga 01b01gcocm;4tp;1ncg‘ i a mineral

i n ectral rties, .and.
P2l Qo PR PR, ThEonT REPLERn BREREHES rudfiinggent suen
umsxiiumharﬁq;&fdfﬂﬁ bP et ANMNbI. O e USRS s RHED e set forth
el ect rophoresi s and chronato%raphy 35" Enant i oners"

r @1o¥e, 48 Hovipring ageatsinsr betddedio prorwkpaakibiheiehpraparation.

B BRSO S04 TRER L 8 AP R

datorbiddecahhs and conventions used herein generally
follow.S. P, Parker d., GawHi Il Dictignary of
Chenmi 1SP@F@P}?§’0€T§§4§DE%@”¥%% the IngeRsiencyHpaaior Pr@wration of
Yor ko E=Tole AA hen,
o o S ey T WSS PRt
Y&;ﬁmxtumwyh ) rdwmsmgwrvp?@mmeeu ﬂ$tlspendmgtag@'ﬂl,| dnyl ome ot wmre
forns e the a to rotat t he pl ane
o?reiﬁ“’a?ﬁlées %ﬂ‘&gfe@l%%&*a ?rdth ing %%&M.Sﬁm?a ip agents arc

akiky b edoky 8is61050AABAe. AduRidHaPElXS8ntD BNckamp sv%etemng,

and are used to denote the absolute configuration of
t%@mﬁﬁgé@%P@O%%bﬂﬁmms@dﬁﬁhp@BPGéQWEr(s) The preflxes

d nd
d egln gnﬂ} é)lgtaﬁiégceuflca? c?lgngs# r}s é)% t}} mv néxr(])e aay zsro ’t}c | the form of

| diphit-wiyr érhel sa@ﬁﬂp@hﬂ‘l@ﬁly Wakdmby bé 'a)weg&ﬁblb offEaRh RYoliMadil or
t he conPound is levorotatory while a conpound prefixed

vireisRll @ pyinergh ol sugh askieid PYRBIRObR JixtEErofdhegey Spitable

C I

SHRTLR LG ISF SLELEPLERATRAN X Bl e

stpeacdnitic nstuerl Beo o peyphatiss, behrafeyboad ldetthas estrs or
xture of such isoners is often

enan one
ST SR e ety £ifh S R LBy ats gk g srpitan

SR QE RS EshdeRd8bh @defu@ts 38 (Hasd ﬁ&-ﬁ@i‘ &ted %ﬁl&‘ E@yRhe Bxide,
racemat e, which may occur where t has been no

stuelr @&)B(é}’fe@ﬁﬂb'iﬁﬂe rSOIé}tltem emp@catté i &€he ymihica mwitestsealntain
eaction Qqr .orocess. te racem c, n.xtu d
FAEEhER S0 BT Beay Satiarar ey o B e A
eRablch REREESs, SREE hESycdely Qrfit@for @Rdrbsal SuaB bt llMions may also
Whenever a conpound descri bed herein is substituted

vﬁoﬂﬁl%ﬁ@mﬂlﬁ%ﬁ DFESBTt e Bavpsindes iagaleriog ag«rrﬁup e.g.
The%haﬁn%@ﬁt?ﬁ Eo smokﬁg 8&"?7%81{1‘% %g r&ah 1% g}:ehfoml ofa

259roups may er ent
gt@ilpinjstabhdeppaden, Isyclﬁaalaeﬁérﬂdmjwa&ﬂe hquﬁ:eﬁs oroleaginous

i ndi cate %Qe site of co¥ﬁlent bond attachnments to the
SHFRSTHP g | Bi§ISetneneion rey bederamyaed agopding ), the knewp pg using

TG COMMPLBLSer §’£§1 bR eltf%e ?Eﬂt?@nocﬁfg éﬂd%%t %?éht%twlﬂ have been
tautoneric | SOFTE s in¢c aln caseg. ugh on one
detndicatd deder Eosanenstnbletpuparatiay nlwey depbect ﬁd‘,‘dealhjlectable
Ss%ﬁlrtllon or suspension in a non-toxic parenterally acceptable diluent or solvent, such
as a solution in 1,3-butane-diol or prepared as a lyophilized powder. Among the
acceptable vehicles and solvents that may be employed are water, Ringer's solution

and isotonic sodrum chloride solution. In addition, sterile fixed oils may
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30foul -is are contenplated within the scope of the
i nvention. For exanple, ene-am ne tautoners can exi st
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and tetrazole systens and all their possible
tautoneric forns are within the scope of the
invention. One skilled in the art will recognize that
the i mdazop ,5-f1[1, 2,4]triazine,

3§{nlaegti(ﬂwlﬁiff b@é@bﬁ@éﬂ g’S' § Ididerd ofbdshbfh HRc@fh. For this Purpose any

i mdazo[1,24][1 triazine heterocycles can exis
t bland freed @1 fﬂ©V h‘s GmF %m&qﬂm@ syithetin monbyomgiyocmdes In

t%{ﬁl%fzge ﬁ %,?f)d \1};(69\)1 a0 \gllet,ble yeh%%'t;ﬁﬂ%f

amjd&dbldgosm bI e tautorrerl C forrrs of the heterocycles
in all_of the enbodinents are within the scope of the

i nvent Temmaumt pEedivd sngedipribaingyde wmbied we (mcerisse
R LR e

t hrel tat eprtiofilat medd o MginaniSaRpine fs)usmﬁpleph @;ﬁqe@aeasalfmmgauon

HCV with onposition of the invention. Conpositions

OISR EA [ OE G BHTIFER OB AT A S ABIOTRATELY 1 6 1000 me

POt MBE RS Rerial &mnpounded with an appropriate and convenient amount of carrier
material which may vary from about 5 to about 95% of the total compositions
(weight:weight). The pharmaceutical composition can be prepared to provide easily
measurable amounts for administration. For example, an aqueous solution intended
for intravenous infusion may contain from about 3 to 500 pg of the active ingredient
per milliliter of solution in order that infusion of a suitable volume at a rate of about
30 mL/hr can occur.

Formulations suitable for topical administration to the eye also include eye
drops wherein the active ingredient is dissolved or suspended in a suitable carrier,
especially an aqueous solvent for the active ingredient. The active ingredient is
preferably present in such formulations in a concentration of 0.5 to 20%,
advantageously 0.5 to 10%, and particularly about 1.5% w/w.

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

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

Formulations suitable for intrapulmonary or nasal administration have a
particle size for example in the range of 0.1 to 500 microns, such as 0.5, 1, 30, 35 etc.,
which is administered by rapid inhalation through the nasal passage or by inhalation
through the mouth so as to reach the alveolar sacs. Suitable formulations include
aqueous or oily solutions of the active ingredient. Formulations suitable for aerosol or
dry powder administration may be prepared according to conventional methods and
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15i nternedi ates for such inhibitors or have ot her
utilities as descri bed below. The inhibitors will bind

W0 e00basAR3 ons on the surface or in a cavity of PEIUS2009/041432
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pol ymerase having a geonetry unique to HCV pol ynerase
Conposi tions binding HCV pol ynerase may bind with

varyi ng degrees of reversibility. Those conpounds

bi ndi ng substantially irreversibly are idea

caagbeldtibgrddorithisBerd thetaBédi b Gud astddgipd QhBMRRH R used in

Once | abel ed, the substantially irreversibly binding
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OSSP dPEatopuet T shRad e P RS en
AP stAR Ané BEINP SANS: red i@ IKORRALRALS) RBIBIWRK ®ie blood of the

| abel ed i n conventional fashion using functional
disuped rEopisak 284 agadrd ayd norcarusoRs/sterils ghsoydend wisch may

] . W1thin € ntext of the invention,
S fe sspendinateetlspt BBk EMe Ry pol yr ner ase
I ncl udehdvatriilatiorB ard e sdntelicin Mt &lok@bsSmalCios@ SohtaMe RO for
organi sns; tissue or_cell cultures; biological sanples
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A& i, pal ' Sput N < for
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sYMPEEPL IR D Tedcy Bt sfapulcs Ape taReety ¢idhe kind

DN i6RdIY YedeRBed aTRkA bt 408 o8 USBRELRHs e tﬁgéatc%hﬁmﬁg% a daily

an organi sm whi ch produces Hév pol ymerase , frequently

alogaphwyediily subgasd, shheainrabase HEVed, Saap hgsopate braction thereof,

Q)ttaiQEd~in(9§% medi um i ncl udi ng water and organic

SOI'VERt " WatRY 20 ni xt ur es. Sanpl es include |iving

Or gani s gious s undiSrsFoqBRS in afdltiSRRD WBAS SBERE patisulgueh

as cell cultures. _ The treating step of the
i AYEIPRPORPAYS Mt fostaulatieni ¢f dhis ey coberpBigl incdrleafthar gents

[ y 1ot | r it i se ddi n :
SPUEORLAD P AR e SRR o, o
agtainbleahosstseftabto fip oks admanytraveh hed iefluadhvirsiragbhton

as des rLbed_25§g?ve. ) If desired, the activity

of HOVH5dNyAREr SBthet proyidep NEleBBary SAMBPsitions BIFSEIRtE hast
GAR 1PEvORSRANE: | Glihdi ' i
N S b e O S e
Quant i Yatrinzey cauaks iateanptesals apduisternitgyanidst af kdreinistering the
net hods of determ ni pol ynerase activity are all
COMPERBPRERIm ST e P 6 BT B RBEEBu H5 oHist Hbader
dRasdphBf ia v e@iBreRPhiEste DAPBVAE wilie R4REL, HEliBAd
such as observation of the physiol ogical properties of

& hebey ¥ atigyingr yyemi pasitione ey S adpyistemdlosalYOpgrantiesally or batany
%%Q%%Egrﬁggt@plynerase include the HCV virus. The
conpoun&% of "this invention are useful in the

t r eat MEMipcRhdPsAROIHvaxic 9t ukidVo iphdedd dansilbdrddkenl s

or in man._ 35However, in screening conpounds capabl e
Fhampasewical ﬁ)@mH@ﬁﬁlﬁs 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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I mmunodefici ency viruses, it should be kept in m nd
that the results of enzyne assays may not correl ate

wowao/183b3 cul ture assays. Thus, a cell based PCHHF2009/041432
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shoul d be the WD 2009/ 132123PCT/ US2009/ 041432

Sprimary screening tool. Screens for HCV pol ym erase

I nhi bitors. Conpositions of the invention are
screened for inhibitory activity against FICV

PRkARNEER Birand Al r&éi@at@cpﬁV:ﬁ]aM REAfeduefhNAHRS O tmpmve
eval uating enzyme activity. Wthin the context of th
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11 cont ai ci.pi.ent dapt s ers, binder
i’ R8s TG HBLAE Fign oS TRt bl hSBE erpmpeaely 70
s;téemddyaxélgmtrmnamgem 1 it @MABd oh© rpr@f@;labwem&yl PhB&hd 500
than oral adm nistration generally will be isotonic.
Aﬂgﬁﬁ@ﬂﬂﬂd%¥¢6ﬁ§bﬁwPfﬁwﬁﬁpbﬁ@kﬂyeé@wﬁaln exci pi ents
such as those set forth in the "Handbook of

Roal: Aﬁﬂl%@Uagﬁgipients" (1986). Exci pients include
ascorpic ac and ot her anti oxidants, chelating agents
S uc h a@neEﬁTn@«;)reG:ampohn}dircﬁtimnsmimnaﬁexdﬁp@fear&d to as the active

el.l.ul o 25h droxyalkylnethylcellulose
%lg i€ ‘Sgé%&%%%}“ﬁ #a B iRE T ‘*FﬁéplﬁPP%?tef%@eF%%?%M Rsrfieated.

r@ﬁ&@@%ﬁ@m@ﬂ%;é &&aﬁam tgﬁcalkﬁ}htclddgrrggd'u?g@%?%gl}{bhnguai),

about I't 1S possi
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pr r ab nt..th p ceuti cal

R PR St an Shirlr paR R M P E o Bpmeipd et e
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one active 30ingredient, as above defined, together

vildy ptagreoTghe prirrouade eithisineentian is testhenercardly binebailable and
qﬁk%ggg%gfngdber therapeutlc i ngredients. The

carrie t be "acceptable” in

Combination Therapy

Compositions of the invention are also used in combination with other active
ingredients. Preferably, the other active therapeutic ingredients or agents are
interferons, ribavirin analogs, NS3 protease inhibitors, NS5a inhibitors, alpha-
glucosidase 1 inhibitors, hepatoprotectants, non-nucleoside inhibitors of HCV, and
other drugs for treating HCV.

Combinations of the compounds of Formula I-IIl are typically selected based
on the condition to be treated, cross-reactivities of ingredients and pharmaco-

properties of the combination. For example, when treating an infection (e.g., HCV),
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the sense of being conpatible with the other
ingredients of the fornulation and physiologically

wo pvoasaes to the reci pient thereof. The for muP@Er/US2989/041432

i nclude those suitable for the foregoing

adm ni stration 35routes. The fornul ati ons may
conveniently be presented in unit dosage form and may

5 be prepared by any of the methods well known in the
athé c@ﬁp@i’ﬁ&inﬁioﬁ@h& in@tion iatp@snbaund] § 10k NbleAidti®@n $herapeutic agents
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'd%ﬁﬁ&xgﬁseﬂFfN Whbd) ihfoih, dfes;a%a;t@lroﬁ AV 1ios e G hittHR Degylated
solid carriers or both, and then, if necessary,

Jhdiphaty Omientmfwu@ipha%rm cﬁaéﬁromnsteuﬁan #iphar-dE¥teta, infergen +

ent | 2 |tab e |str tion ma
SR PR R Fib FURO8 A R L B o gy sbet
Qopt@ak| exsz;se@@ﬁu cihidin (ReibaviBh R oes RIiALBRG s ATRUALE T A-689
the active ingredient: as a powder or ranul es; as a

S RV 0965 @d@b@pﬁﬁs@ﬁnhl 1teys, eagtu 8rvalopicitabine, R1626,
-0 PRYESe). eV S060B 118 1951 ‘Rhﬂ( AR o7 RDE verrso.
or enu h

emul si 0 mate -in-oil SI1 On € ’'ac
|R1?986ﬂ559;1¢381¢625@|3$m<h1§1“hdmzﬁ1|NS:@pﬁxﬂeaas;r&ﬂbmlrs,ls g, SCH 503034

J5h 5k B o Roo Preliratinig Mo B 2t bl bretysopdase
a}ﬁﬁﬁﬁ&@ré/%l N@(@%?(&%@om@%ﬁ@?%lhz"%ﬁ‘@a allﬂs G IDN-

prepar ed ressing in a 20suita
&0 MdEi ﬁ@ﬁebﬂilte@t anchLB- Sﬁr‘iéie nﬁ)howchgmﬂ@nmmmfzﬁ@d e.g.,
wder. . or . granul.es, I.Qn n1xe wWth a der
RBe Frse R B B fordldar b e pine
Qiendht%@ T Sldngha deds foMpdtied Heab| £, Sza{@fﬁ%nbﬁtaﬁﬁ%lw(almea)
nDIdlngbln a suitable machine a m xture of

rﬁﬂ)@%ﬁ (WiaweDﬂ%@éﬁﬁeﬂﬁXﬁl@f ddd- Wt hvéﬁ%ﬁq dryituximab,
| pat ed.
Sl SR s PR SR R LD, BRE g0 Fhioi o

moosmdms@mvxqm %0, NOIA o7, Neheass, ﬁf’vabﬁheEHU-IS/%nd NIMS811.
i ngredi ent therefrom For infections of the eye

or ot Hepeleaprtich smbedigsne sheamgrenitiRatiaralisglesss phavmaceutical
oRi.C
SRS SO L UL YRR Pl 00 Sy
iancegmbinlin koioﬁteﬁ dhdfor e%mtbémof th &tbbih a0 tWAMeast one
in a ran bet ween

%hncluﬂ p active in redlent(sé
GioBHID S oo it BT STBICoB R RGP CRE IO 6 X Bt
W w, gxc%(ﬁd‘(\ﬁ%ﬁo 1Bl ﬁi ehent H{\%B%rgmeythgrgﬁedtg a#u u‘é’éﬂn%‘f’nbmaﬁon

most prefera to 10% w' w. ated in an
ovitht thre womporel <af"o:h¢ yresqnn gredtientas breyy beere ipyioy edhankpidatic

ei er, a affl i.c _or a ter SC oi nt nent bas

R AR B8 B orfSain Da' P Shuly B & e fehil Tentat Sor
fe@iiplleathe thdripeati€ kRAMWALR caibRbtiod FiWAELonfIRATLPASSresent
| f desired, the aqueous phase of the cream base may

|1W1U%cawbﬂlnw&msellbaafmrs@aém«tNS@%Waﬂﬁ othitdtors, NS5a
Qﬁld‘éﬁ%grajl&agé}ﬁ(?&?das%i 1n%1b1%95 %%f&ﬁ}gh 111 1%‘% hf’% %pro{m {ants,

hpﬁ-ﬂdbl@bsldmmmzﬁoﬁd of }S(OVbadintherngg%&bﬂfremg HCV.
pol yet hyl ene gl ycol (including PEG 400) and m xtures
t her et aqq{geltegﬁoégpen the present application provides pharmaceutical

compositions comprising a compound of the present invention, or a pharmaceutically
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5 fornul ati ons may desirably include a conpound which
enhances absorption or penetration of the active

wo pgpasiient t hrough the skin or other affectedPer/E@am9/041432

Exanpl es of such dermal penetration enhancers include
di met hyl sul phoxi de and rel ated anal ogs. The oily

phase of the enul sions of this invention may be
constituted from 10 known ingredients in a known
ngsaRible Wi, b6l vida Candna SeeNBi <66 AP tbSBinABHE With Ahleast one
emul sifjer (otherw se known as an enulgent), it
o@éliltr%! therappriic agert saleqios figreths ferep omaistingelepegylated rIFN-

T A B e S0 (AR Bhe o6 JAL DO, A

i mlsmi&sdIFﬁ\bgphzt; emfer@ehheaf,l Ebae;p)hg Aiva-0asuPBGHinRrgenhpapRlated
g@%ﬁ as a st H_inzafr. t is | so preferred tq_include

WD BRIINEHEFR afRde, Teregy stapn. inkEmasalphardFRrheig, sr)fergen +
WickihnPine WMEN19ME §$vﬁp|{jw[z@§ (aglﬁuf@i%lﬁe e%@toﬁ he gg‘tﬁﬁc‘@k! éﬁdf,
emul si fyi ng max and the wax togef er i th e oil and
fatanmdice (napb:t\hen)s B- 24, AedB % MM 8By valgpicitabime Rl 6 PEI-6130

R PR TR URERETRR, Ehuab FFL 8 ersosssa

suskabiesfrrLuses) scm@mm }P-Wb qmc@fsog’ﬁaapl evir), ITMN-191,
i nvention i ncl ude Tweet ) gan r) cet ost ear y|

A GHON -2 Hen M- 38\5%&6}@081‘/’2@)@? 24t k] ILBY-68hoIME g3t eineQ, and

SRR £ B G SO 3P A BRI L PR s GRS

qﬂﬁnﬁulaﬁgeuhﬁvams fﬁ&bx@ﬂ&ﬁf@idx@ni@%@ﬂﬁfe&] SIVNIE (Gr[rﬁﬁﬁﬂ),

r efe %\ME non reasy nonst ai ni n(f:]
R0 B S GOl 20 el ey st o oy ol s BYN-17,

r e
1EBHRARI 6O HP RSP G109 NEKRSLASR), RS, BF SR9R 0075 xT1.
XD - ASGHﬂMpBKB/ZDSGmeh@h EH@&BahﬁiNﬁ%@pymﬁhﬁp@hMQ&thmgf

di ester of coconut fatty acids, isopropyl nyristate,
d%@??q%?gﬁ?@‘mﬁgﬁﬁﬁgpyl palmtate, butyl stearate,

2-eth
2 LR oy gy G, LS
tiwsradseiiagagmetenpedngst ers. These nay be used al one

or in conbinatiqn depending on the roperties

reqwrg ﬁhﬂ %Wg Wﬁ@ﬂﬁﬂ@?? '%Wgﬁ°®WﬁW@°fme
sm@slanﬂavé’z@m &€ sRbhadeatiadify ReanslfOtall, s@vhd, RakRf fHefeof: and
or other mneral oils are used. Phar maceut i cal

f or nultat i osscadatdpependcal h@np@se%@mommwelm dtdnst one
- t t h
SRR AT LSRR UG GO0 P

dakibitegsompoexdi Hie Iﬁbﬁ«nﬁﬂdo@cl}:tmﬁiﬁﬂbi Yo feERede transcriptase, HIV
theg@Feutlc agents. Pharmaceutical formulations
1

A W&ﬂ%lﬁ’és Adey e FHgeRirentl hayclsatidambibyioref severse

i

TRER AR P il e ERAR B Lty GRCR iRl 2 20
linlzibiigres CRY irdokisorannterftrosy sipensinamslogsliNiiepsicabeinhibitors,

e nules si.ons, hard or. saoft. capsules,
AR R ke SRRV AT A e TR e
'H%{aﬁ@ﬁ%ﬂacfa‘ﬁfs REAhudSRi dBYhiBRORLE PRNE Gin@ GaRE gh#ég AN
met hod known to the art for the manufacture o
pHa¥ nadenenibedtiogoieesit i ons and such conpositions may

cont ai agent s | udi.n weet

agent <orfiiy i TEHE BRI Rus P E bty d B ARE oGO acive
REQSRAME BZerAORAY Be sdlect@l @afeat PatiRh@MhR6ted vidl 1BE @8 other
preparation. Tablets containing the active ingredient

iCANGiE Apsaugh as WY hnfﬁ@twmo%ceolém}mﬁwmmn@w ormula I-ITT may
%Q%S?\%R}%szﬁl ¥1\€6Lﬁ1las aLé gltlteegplllgeﬂf\@, for example HIV

manuf act'ure tab e acce



These excipients may be, for exanple, inert diluents,
such as cal cium or sodium carbonate, | actose, cal cium

w@eoogashiesn phosphat e; granul ati ng and di Si nt egPEL/URZP09/041432
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agents, such as maize starch, or alginic acid; binding
agents, such as starch, gelatin or acacia; and

| ubricating agents, such as nmagnesi um st ear at e,

stearic acid or talc. 15 Tablets may be uncoated or
nayptebe iohidttag doyplnedsn Hi € obningulesside thitdiongof reverse

m croencapsul ation . to delay disintegration )
RS 1 e HEO IS Er Rlset e Y faattr Al hepdsgtde
PIAWiEER & ralakalnedintati 191V Q¥&haR hPBass, Ben Iimﬂbn&efcxcm
exanple, a tine delay material” such as glycery
mohibsosagEi?e mribigiryderif idilstea natedemnandapirinvintlogs, NS3
wax, may. be. e ed, ..20Foryul ati ons far. pral use .
R PG T B r e AR R B Rorn SFuTR
aighibters m?m@tcﬁéutamg;, nohX4Rdlcwdil indibiiores tHE V! bl other drugs for
di | uent or exanpl e cal ci um phosphate or kaolin, or
alscasipg 1@Jél at i n capsul es wherein the active ingredient

is m . er (o] iU ch as peanut
I e e ak et e
ofontbised wiletid @in @erbAiptuidiscirell R nMe @k du ®nbibting of 1) HIV
25adm xture with excipients suitahle for the

HRIARIEAPRIPEOISS ¢ G RO BIFE 2 4 SHE AV En O SapEeRa WL, dngip®ft, dopinavir,

LRSS BN RRE A0S 308 ey SHE RS SO, brecanavic
bt TeTMGo 26, TG [0 mbginazt €)MPok30) IR by (ki dene,

w46 PRE Rl 2 Bt WD ATREL Fogrd 0 SEGR R8s, ana

phoskbassderd er, epL-108ch] ﬂHw %noﬁnge;@gsgéﬁ%k%r 3PREaduct

of an al kylene oxide with a fatty acid (e.g.,
poingoRyehy L ecrprationg, ameyiring debndehsatelfomreps, odvictpind, (+)

et hyl ene, oxi de. wi 0 i poal i phat)
(oA AT by Fon OB EHR, Ref O i o SERC . and
praducio, ohiebhy rapriexd) dgavidn, BIIRas4I BE, €RKey10deT, ited
fi-oma fatty acid and a hexitol anhydride (e.g.,
p‘bﬁ3My%Pﬁﬁ‘lgéﬁe3)é‘dﬂW Pamicasisis deliidere)f revme trmpeeasse, e.g..

i.on . : Al r . pr rvatives .
SRR PR, SADLAL RGO R LA 5y
et ddx6 0k ARGl ge il GudtReMIV-IT0! eacfJiaMOoFTOg Dagert,s and
one or nore sweetening agents, such as sucrose or
SERB R, Phayphzods fazpabsrcpkisitogyndag ddoxib apricitibine

[ - Qep f ngi the_active .
TSP AR 3 1 O CHL G SRR STt 19 fifLuke -
olidoveddic) zideedare- birlivialing dCOHIY mikleotidf inhibitar 6 Resad
oil such as liqujid paraffin, The_oral suspensions may _ .
CHREGINASE ¢Hhi CR]VHCE Kt diseper il femgEds (aRrigEp e, tehofovir

i r L . |+ Y eni >

e P T AR P OV Bl
adidedont ogprovinde:, depadtaeabl @romaln, prieparatd, darivdBes of

These ca itians jmy.be.preserved the additjion o
SR foa D SR nR b BT oY deRerpmeR vl
REWERTCEHBRE ] AN Wk@8SatRies bNRurinBY@RLQNc aMliit 3eR {cf phenethyl
preparati on of an aqueous suspension by the addition

shtenaieBratpes of ehélciheeiaphingdy] extgredidostii,nicavati ves of tyrphostin,
i i LN [ tei agent. n

e PR EE DO LR o8 9950 SRR an L

H76pHY, SMINY508 (rakédrhvig), BOENTSTBOAVELSBENW ALY ] RBMB S8 $R,

exenplified by those disclosed above. Additiona
G TS, O R e xanpies. s ke erenri. Sruisic RB0GM, TRI-1144,

QA g6 AGRAL $pa MoV, 300 REPR, 95 8B CR4 inhibitor, .., AMD-070,
91



The pharmaceutical conpositions of the invention may

also be in the foul' of oil-in-water enulsions. The
woRlog/1ptiase may be a vegetable oil, such as ol P&BUSI009/041432
or 20arachis oil, a mneral oil, such as liquid
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paraffin, or a mxture of these. Suitable enulsifying
agents include naturally-occurring gums, such as gum
acaci a and gumtragacanth, naturally-occurring

phosphatyiiglgbitorstgh SRe1 Aombxa:rssl erh R0, insHEY, 8 gQBMS-488043
partial esters derived fromfatty acids and heXi t ol

ﬁh&%ﬁ@ﬂﬁ@ée/%éﬂ) {568 By andtNMDRoproetss antibitaingg., immunitin, 10) a
| oSt

CORISIARbAGT " UGS, Sl NSE eSS oso. o

rmm@B BERSmADEOE Ml sicavirsay] Ialaﬁonteﬁ&bm mg spaos/uaem NPN-alpha

d fl d
r 8w %ﬂg@éaetrﬁ PagRF ki X4, JF)cHPh 20
S&fn@éﬁsﬁé TP alBHE 28 ren 461, H0%F0)! QNIW ififeP %é poelgylated

contal n a denhul’'cent, a preservative, avor i
pﬁﬂbbbata,g)rdQBWtfcroﬁfa@meh&n mraa:afemnahtaunmpaﬂsha ird ANl b:dta tilfergen -+

ention m of 30sterile injectable
b R e Wl R DT i ies kb oSistrsaG e &
oJesag @Q}S‘%ﬂ§&$§@@9$'éi’ﬁV}fﬁ'ﬂiﬁméHﬁﬁ@%ﬁl@)m3m5g@nhlb1tms e.g., A-
f or nul’at accor di ng%to the known art using those

st It ApbE @d@éﬁsﬂ‘é’ﬁg rl AWBIESOb pglyarpesse sntabithrs esp M- B,
T
“SR0ELCR ALFSPSED [EDSLERRY 300 T NAPARCbIAS v

I m7e(&t7ab8 WGI@?GQIWSGSSSQUSBKB%% i HTDON260KI)NS3 rotease
par ent er al | table diluent or solvent, such 3

amé@lltﬁfsb o8 A IS GBI SR T B 950 (Fiekprat TAN% 191, and BILN-
|
A
sb])litepampramdtansoct pniloNsFd6 URiECH3Er Mde Qs @ﬂdeLBQﬁASl ,A8) non-

addition, sterile fixed oils w .
SHOTES IPIPTT B0 F 64 PABSMSEEASREF BivSF- Wﬂ%l 2,4-
epliRyad d%ﬁvéfhv%@'a\’;@%eﬁ(}ﬁaiéﬂﬁﬁ@ﬁ&%a@geﬁ?ﬁi J Irn fomréatmg

purpose any bl and fixe | udi ng
skifivhe i, cadrmno nitgroxangh yaeei)d BQVNF%ldddoitatmrDEBm -035, VGX

R FRE AT L S Pl Ebrne B Y Ry BobSton

| REtediceat-161as, Kray- 180 catdin e 5003 A BaKTLess6s1ANA 971,
material to produce a single dosage formw Il vary

A& n @ﬁl"l{ﬁ?ﬁh Hi{elhowd N led?amgrmrokpatic ehaneers, e.g.,

Qr e arrpl e, .t )
184, 00 AL SRS F BhaIACIL e o GAREE o o
neguyi - Hﬁﬂh@nﬂs appNaV R Pal-¥5 71 bt oirid 00 atiBli @, ARG ME, cytolin,

mat eri al g)ounded W th an Egr oq%gl ate and conveni ent
aRPéHHFn of G % 10 BP 20t AMIZI 0200 €& G997 A2y HT¥nBAR0U-4508,
t t;at I 5

(WBI ght: (\Be%ﬁ}{%]%fb @éighg?ggg&gﬁgéﬁ ?glﬁo)%%y tion can be
pr eparled dm ppsavicde cenabmle;anyreempm&idl o tlanmuait®nfvath one or more
ad{ln' ni st rt%ti on.. For exa gn aq uEO sol t| on )

THIBHE Peienrcr o S0 Sy S eeoaay R st eF sequential
aauhisSattd 8 QQ}&E@Q Qe tcbl%bﬁlﬁhbﬁ/ ﬁiei"aﬁ}?rn?g/' %%nﬁl%rstered as a
mlliliter of solution in order that infusion of
sazmtlbmeeuw1 sefrecnginl l’agma‘flne henadslouinisg0eddeimnticln, tbfc; cur.

atio UIt r topic ni.stration to
Che L S R R ah o bR A R e
| ngr edl @ Mdminsteltiss 6f ¥ s sundTReNEechtion vathSdHet R Be other
carrier, especially an aqueous solvent for the active

i a5 Hiewmputicrapents cenarally Fripre 8t Smultireops ef wangitipl administration

Q{f%s %@tpo{ng% flg gr}éfg%tq{xﬁ ?I&f cg‘f%t '1@6%0&§ﬂ%p%§g rt}?& Cpeimg f %/egl’ts, such

about 1.5% w' w. 25Formul ationg suitable for topical
adm nistration in the nmouth include | ozenges



conprising the active ingredient in a flavored basis,
usual Iy sucrose and acacia or tragacanth; pastilles

w@ommpnsdeng the active ingredient in an inert PEBUS2009/041432
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such as gelatin and glycerin, or sucrose and acaci a;

and nout hwashes conprising the active ingredient in a
suitable liquid carrier. 30Formnul ations for rectal

admi ni stration may be presented as a suppository with
athstuthtaphdichas ef@onp s g of He cem@mn{cbofabe gaeitint &% @E or
a salicylate. For nul ati ons suitable for

lﬁ@w&ﬁhﬁi [REHET Pergpeutisagpnts avs hotls presdit shthg 2ody af Bappiiaite
size f

size Teg 88%%&%% ﬂlcgg%s LR Rliof ofuliPd R0 0fypounds
rc&“phﬁimvﬁ;hta:lrﬂiﬁfm of hlft@u@mlmlhteatmsﬁ hnp desageoboneay more other

i nhal ati on 35t hr ough t he h so as to, reach the
1S S e TeHiQAS ) (oA Rty AT B T 4/ Efa%p%aﬁ%sﬁ@e

Ohv@ltot witdidtdOng, ﬁfmﬁt&e oPR&rY B iR AHBEH §Rttion of one or more other

Fornul ations suitable for aerosol or dry powder

aabhiiv e ltiEtmtlingthy Fbe eprgparsetiasoptli ntgnp@nd of the invention

con ent.i on del [

R e S B REL vl BB NG SR atblniyrgrian ofa

Usiedids of bfe S Bak B a8lveRh@RPathid%kentOf AEMativli € Gludnise of

as descri bed bel ow. Fornul ati ons suitable for

Ve aratora @ich thstapagticotgeniaypanbe péléglé%@ré@j figsd, fQH@,\g@?} bes,

fa%ﬁ% Sﬁ‘?h(():t{ (%%n@m (ﬂ)% Bfa Q&ﬁf)oq%g %%va{tlto
or mut-ati ons con ai ning addition to e ac

| Mgl enborBelCies aihaebsdagalsie & kdinimstdr unitelods bf 4 comygound
10agpropr|ate For mul at.i ons, suitable for

tBR PRIl ﬁqlmeét i 3 nFEPY Eh AR Eois] -Andours), by
NOR:ARNEQMSoBE Gl dBe bPhRC R8te SH e biARIn b &l é’nts In other

contal n anti -oxi dant s, uffers, bacteriostats a
s@ksed, @snavhbecdesirgnie er adnhigisteor nult dbscmf dns et o e::omelt frtivhe

bl ood of the inte ent ; eo
o PRI T R R At A M
SHERERILAG KOERiSIARES § BhRK&HNING tl?@l%%xﬁmn The

folinulations are presented in unit-dose or nmulti-dose
contaﬂheﬁgmbm©hme&®wvyeﬂ@&ﬁ¢@deaﬂ$@&Wesmhﬁﬂm@E§M§’E&N&e

reeze-dri ed 0
CaaT B o SO e B e St (B SRR ey e of
| fheeFfdcts 8lak fe@iilts fr@h vema iy @nyyaiueds fe‘@ﬁratdlljf eﬁtsb/ﬁkﬂglstlc effect may
i mredi ately prior to use. Extenporaneous injection

st fettaincﬂdéﬂs@ﬁdh%“éwg wﬁ@dl@ﬁg argy @) ﬁ@é@@?%reql ﬁ%ﬁﬁ@ﬁl@rsrtq@ or
gé)ew\g/%f H’Qﬁi@?@?@ﬁy AN ARk ti%m%la#l Mvgcﬁ%g%ﬂélln&lon or in
escri erred unit osage a i ons

t frosite] @o Bdpatdasd fogmaladend; yr CBQ@@ sOslhe lmr.het’ rapinby Biben delered in
as herein above recited, or P gJ ﬁte fraction
tﬁan@élpn ﬂéﬁfa}tyhé YRV $GH BT BREILEIPEd WhG g cpEPounds are

1
S S Ak AU e AL S cprt, or by
tdhlf%rannuwmmnrsayawtﬁ @ymsoimwe@mg@bmemn ?bnlalkay, an

the art ha ing regard to e, .type of for

st Aot Bl el bR phstBobiresaPaeRy segielanl L ek,
@Rt RhShRbaRifRhetdpS| sttt AVQALENES tdg@NLfore ARR7e ingredients
i nvention further prOV|des veterinary conpositions

c«'@ rpfingiisfgredtodedgst Achecrastiy vri-vigraticedmotes aglsatyaral effect

ed togethe

SO0hEr pars rn e tbdledy BEIERTAALK SRELL RGBT
pespasadobf ddobmbishtdd. ng t he

It1 seconds or
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conposition and nmay be solid, liquid or gaseous
materials which are otherwi se inert or acceptable in

w0 b@ousties i nary art and are conpati ble with t heCHUB1008041432
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i ngredi ent. These veterinary conpositions nmay be
adm nistered orally, parenterally or by any other
desired route. 35Conpounds of the invention are used
to provide controlled rel ease pharmaceutica

f or nul Bidtilingt eIkdicRibaindmt, a8 péSent AFFIRAHSDPro9Rs RIr methods
nore conpounds of the invention ("controlled rel ease

f of iInbHinedASV)polinerpiedh 2 chlb qoBiPsiale: efntadiag asell infectpypwith

2: ' ient e .
i et R ——
doskmgblesalt,aoivar aidortder phadofacidtnel CY ity @%Cik iyhibited.

profile of a given active ingredient. Ef fective

dose oﬁ S&E:‘tﬂ%%“qﬂ?f‘@re@g’f)%‘ﬂﬁe“&é epigecna epplisaden pigvidge for methods
NGt ih®iRs HE® It d ' SALE b GlebY | i
b R e T O
(HoWewithas eSyctior amganingta campachd vEFarirudd I-1Thfoe atphemaceutically

t he t.nod. of. 10del j very, .and_.th ar naceyt.i.cal .
(PRI iS%ﬁ Solypls- Fd/qr it H]éfeé’ﬁrﬁnﬁégr%y PR égéfFlP?ﬁl APAYF
UbRgaGRMEeA WABAby Hiesepasaalal sannskili es. 1t can be
expected to be from about 0.0001 to about 100 ny/kg

body waisgHtyeparotigagmbegipicoalthepresant apraisetinn Brovitles tor methods

a o ody wei ght,, per day; nore..typicall
bR o RE BT #5505 Peg B, TR ® s nigea win
NBSY wiphe afftdtive hmotmaiaubmplbnd 6f Bhakila 0HE ofa/pkembReVically
wei ght per 15 day. For exanple, the daily candi date

dRssertal)e salh salyatet and{prepicothemppraodiahisesiope Fddikgnd oelyve
' ' r to 1 f erabl

ARG e B8R AL oy’ Dol o R i in anatogs
SNRY bevt@se mhlitiiopd, &ISde sigsbitdra ulga-@ficoddiazdi shikaforQn One

r nore conpounds of the jnvention (herein referred to
%éepﬁﬁ?@r%ﬁ% nORHE Pt R ®yom ol HidYy aad otlasr dargsfortigating
rgui,e appropriate to the condition to be treated.
Sui tabl e routes include oral, rectal, nasal, topica
(i ncl udishy vouowoédier ambodiishi, tiguakjent sgdicaain @nddes for methods

ent.eral..(incl udi ng subcut aneous, .i ntranmuscul ar,, ,
PR B e e R o 1 e R Ha e rf A BTl Hiepapeutially
ad¥tbctif@arhbik of b tombbilndRd FRRRGAGLIAL 86 f)}'ﬂﬁhaééﬂl%cally acceptable

preferred route may vary with for exanple the
celdiotyash apd/ot pigerrtbafi ent . An 25advant age of the

conmpoyy Qﬁg Sffet etzél:](])it}lser 'er%g%g}ngg{] thic?spgthga%f ﬁp%%}%ﬁﬁ'g\t%rd%sln%o}{ methods

bi oavai l'ablée can ose

Tdfereapys HCV in {QRmpes tdrhgiksn® bhdibhesteventthOpathea Blebpeutically
used in conmbination wth other active ingredients.

PirEreYaBNgunt Oh compdd Foyaule hd Hapletiphaempergiied ] versceptable
%'élt,a&)?\%es, affd/Br ester thereof, and at least one additional active therapeutic agent,
whereby HCV polymerase is inhibited.

In still yet another embodiment, the present application provides for methods
of treating HCV in a patient, comprising: administering to the patient a therapeutically
effective amount of a compound of Formula -1 or a pharmaceutically acceptable
salt, solvate, and/or ester thereof, and at least one additional active therapeutic agent
selected from the group consisting of interferons, ribavirin analogs, NS3 protease

inhibitors, NS5a inhibitors, alpha-glucosidase 1 inhibitors, cyclophilin inhibitors,
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i nhibitors of HCV, and other drugs for treating HCV
Combi nations of the conmpounds of Fornmula 1-111 are
typically selected based on the condition to be
treated, cross-reactivities of ingredients and
p]r@lam@mecté&ﬁ@ m@peimbﬂe@d@ﬂhhitii’tersccmﬂ)@ﬁﬁiﬂ(ﬂﬁher%s for trv\%ttmg

é%gp when treating an infection (e.qg.,
2 132123PCT/U82009/O41432 5t he conpositions of the

i nvent
agent S]!n%gg?{%:?arﬁ) gglg)g%?g{seglp iﬂgi}gk%ﬁeen?gﬁ%li/csmgxhgo@%y%r%he use of
Sutarasiuad ad theyeedchemageioh] @ agenhscaricilhgiceditght salt, solvate,
whi ch can_ be g Lned wt.h tpe conmpounds of Fornul a
| SGTOT KA {hREhdE" RPEPREHGRS! & BegoamsaLipr Heaipe an HCV
rinENgah phendlknt. pegyl ated r 1FN-al pha 2a, rl FN-al pha 2b,
| FN al pha- %b XL, rlFN-al pha 2a, 10consensus 1FN al pha,
|nfergen reblf | oct eron, AVT-005, PEG i nfergen,

glabalites 105 leﬂ@Qhwﬁmﬁﬁkon alpha feron,

;g?f %ﬁg félf%\kw”tﬁﬁx R PR3 B o E@{g G ap ﬁl‘?f ’é?ld’ﬁ metabolic

r produdty daﬂ"tha&ahp@ﬁmd Ge@ribed JRhEhOlo, th@ epeftisch MWid&d arcdfddel and
V|ran1d|ne taribavirin NS5a i nhi bitors, e.qg.

AINGBYIOUA0E fa!ﬁamsﬁs Srglo pmEuctNgSEY 1oL on pPxaseple from the

i ] L
S Bl Bndhvan e B B A RO BE IR i o
Féﬁirﬁ&,stekﬁﬁl—éoﬁﬁ:@pncﬂ’@rﬁﬁﬁﬁﬁdue Wﬁ%&%pmmdesxmcaﬂcﬂ@ly, the

rOtWﬂ |nh|b| .e.g., SCH 503034 gSCH-7

*chﬁs PaYgL A oy us $9MPQRRAsErpucod g5 a process

3&0@!&1‘591' %ﬁébﬁi@f@ céIm]BZ(ﬁHB B HRE fvefidh withMXupAnsal for a period of
(ceIgOS|V|r) B; hepatoprotectants, e.g.
ItDhg s &Nt twlﬁd’ 3@ etd¥iotio GrodacidherBeB4%Eh products typlcally are

non- nucl eosi de i nhi bitors of ag 20
péetitiv @y perrerias eirydiplebdied (pan s ar 2H yeanmoanil af theenvention,

%Hn\{;@%h}{& 18 a?a%&?cﬁﬁgmﬁg\?l ee.%ghl.b[%edzogg éé ?:{?ér'ezyca%sthan erib gg mg/kg) to

F'\

rugs Mt azoX Al
(el anﬁea)sucli-ﬂls\é‘-aﬂ; @douksw,i guo&h atg) mdokBl®r @2man \@Xﬂﬂ-@@fﬁm ent time
ng @é AVI 4065 bavj t uxi mab, ogl ufani de, PYN- 17,
PEFSEBBWE o AT (tocAlpbotoTbrrondeins§ owrs) gnd iselpting its
Gonvl8en pfl¥eR fRm ek
ta?va0|%p EE&-18 1and1REgg?¥ﬁwggﬁé%¢g5§§%§Qﬁgk& These
ewhxﬂ}rsttsrmmrasﬂvh@lzgc@sem theppleildad ¢dofotitrsat dsbsed by the use of

ph ceutl osi tions conprisjin oynd of
R PECaRESIE o ARG PR 3B AP LA TGPy The meabolit
%ﬁﬁ@tﬁ?e@@@d&@ﬂmeﬁﬁ'c&ﬂ&tm% WHBloreeleChy MEHAMUR ddd]ysis. In
conbi nation with at | east one addltlonal therapeutlc
agesel, a@ﬂiﬁﬁi%@bﬂéﬁﬁh@iém idoeg Whgs:mwab hecowentianal dug
%ﬁét%o? o, Stu%g k v%no tot tpgseps&(?l?éﬁ ap Itlrbe nan§ nfl%ﬁo({g)ﬁv?rﬂgn products,

erapeutic agen used i n CO

congeuRdhef art Aot haseswt fouVanii Breoasfd e @BYnAREERdsays for
havi ng a therapeutic effect when used in conbination

\KlilftfP'Pf’t‘lH% eONpOLRE comPeEs oY Bapyentiny exen Gheymepsess no HCV
t used in conbination

iﬁth t %%ﬁn$ﬁﬁﬁﬁﬁﬁygﬁgwg?§£%nt i nvention can be

i nter ﬁ?eampns and mbtedy fon demﬁ]ln@gg stztkiﬂ&& oficompaatis in surrogdte

|nh|b|tors NS5a i nhi bitor gl ucosi dase

CANTBTES e SERIOBH I PRAVE; n?ﬁpg},ppwil(gg ar, g gtegd}eﬁﬁﬂéé% ##ftlg in the
QR B H PRSI Al é“l'@ésb[hérpﬂ‘%upgo ﬁri% p@@&t 8? EorAEUEP groups

or treating HCV. In another embodinent e 'presen
appldpedtdtehinpuovide sutgitianineesttic gake upon mcubat]on for 1 hour at
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i nvention, or a pharmaceutically WO

WQO®9/1332323PCT/ US2009/ 041432 5accept abl e sal t PCT/US2009/041432

sol vate, and/or ester thereof, in conbination with at
| east one additional therapeutic agent selected from
the group consisting of pegylated rlFNal pha 2b,
pegyl ated rl FN-al pha 2a, rlFN-al pha 2b, | FN al pha-2b

X7°Cr ISEin@I tebaus2 dhe @onsendusge kfableab phagasirof k@R tract does not
 ebi f gcteron AVI - 005, PEG i nfergen, @gglated_ )
IRREpEREheGFRN] b idrdyei arphRa, Theereiuiey dhempption typically
[ t ' e
R e L e
\Derd@al drvg mahe digagivetiamehdivier mﬁ@thcrAn&%ﬂqhderc&Q or within cells in
NNL%%g, val opi ci t abi ne, R1626, PSI-6130 (R1656),

6, BILB 1941, MK-0608, NM 107, R7128, VCH 759,

PF- 868554, GSK625433, XTL-2125, SCH 503034 (SCH 7),
VX-950 (Tel aprevir), |TM\ d BI LN- 2065, MX-3253
(eel gosivir), UT-231B, DI\F?)%’EE&’QNE 3738, MtoQ and
15LB- 84451 nzim dazol e deriva S, " .
bonso- gt RR S RS Gab A R bt udeseribinm e svasimenta
dxdid At e sgh madaXiliuse Rioh R AR o %Adaa@a,me@llﬁ/ﬂ}e%@clz‘able 1
(virost at) DEB10- 025, VGX-410C, EMZ-702, AVI 406
R R BT mewy of Bsrcbbraviationyand@EGROOB002, acti | on
(CPG 10101), KRN-7000, civacir, d-5005, ANA-975,
XTL6865, ANA 971, NOV- 205, tarvaein EHC- 18, and
NrduBilll kischfabphatareae brid amiariythZOaccept able carrier or
exi-pi-ent———n—yet—anot-her enbodinent ..the present
APPIEEatatonMErYE des a conbi nati on phar maceutijca
Yy ATo MY }i o [ I TSt pharmaceutcat—conposi ti on

coﬁnrisinq a conp of the present invention, or a
phiENraceut i 1,2l haoba@mm}@mleplsﬁinﬁ],e)sol vate, or jester
hor enf - nd econd--pharns 10Si ti on

dﬁhprising %@EY%ast one addi ti onal therapeutlc agent
[fected H%\Z e gLoup tonst stTng-of ~H-V-prot ease

nhibiting c ounds, H V non-nucl eosi de i nhi bitors of
rRSser se traﬁs(nﬁmahgsﬂyi)édbﬁdml eosi de inhibitors of
reverse tr HL\..nucl eotide inhibitors of

anseriptase,
Badr se trdﬁ@é?ﬂﬁ@ﬁ%@e HIV integTase inhibitors, gp4l

: T bt or S:ca%&@f‘@hﬁi&ak’é}%”' s, gp120-30imhibitors, CCR5

nhi bi tors erons rlbaV|r|n anal ogs, N$3
raBease i nhididzabisyclNIBR ostdi tors,

a}ﬁﬁa_ glucesi-dase-1 inhibitors  cycl nnhl Lin
iR bi tor s, 1%@&5@@9%6?@6&@ﬁ@§m@ﬁbn nucl eosi de

Hibirtors T her f treating HCV,
and “conbi nat fgﬁs(Fﬂg#gg 2 h%Pﬁ§‘¥%H%H8f t he

dmppounds 0ﬁ5EQ&thﬁjbﬁhﬂmu@ﬁﬂ@ﬁﬁﬂltiOnal active

35therapeutic agents nmay he. selected to treat patients

iDMidct ed vﬂhﬁmwgw%m@Kbther condi ti ons such as HV

C A

lljtlf((rsul ongy: dlé—\};é%oﬁ%lg%i %IbXdI%I conpounds—of-—Fornul a

one or nore COﬂ"pOUHdS

aeEul |n tdigadlon@ttdhy, for exanple HV

DMAP 4-dimethylaminopyridine
DME I,2-dimethoxyethane
DMTCI dimethoxytrityl chloride
DMSO dimethylsulfoxide

DMTr 4, 4’ -dimethoxytrityl
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and Bl ockAi de/CR, 10) a G6PD and NADH oxi dase
inhibitor, e.g., irnmunitin, 10) a CCR5 inhibitor,

we2@9/,13aps avi roc, vicriviroc, |NCB9471, PRO 14PCT/US2009/041432
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20

I NCB15050, PF232798, CCR5mAb004, and nmaraviroc, 11) an
interferon, e.g., pegylated rlFN al pha 2b, pegyl ated
ri FN-al pha 2a, rlIFN-al pha 2b, TEN al pha-2b XL,

ri FN-al pha 2a, 10consensus | FN al pha, infergen, rebif,
| octeron, AVI-005, PEGinfergen, pegylated |FN beta,
oral interferon al pha, feron, reaferon, intennax

al pha, r-1FN-beta, iRfguagation-obCompounds | FN- onega

wi th DURGCS, and al buferon, 12) ribavirin anal ogs,
e.g., rebetol, copegus, VX-497, and viram di ne
(E@pigeaniri n) 13) NS5a inhibitors, e.g., A831, A-689
and BMs5-790052, 14) NS5b pol ynerasg.inhibitors, e.g.,
NM 283, 15 val opicitabine, R1626, PSI - 6130 (R1656) ,
HCV- 796, BI LB 1941, M- 0608, 07N R7128, VCH 759,
PF- 868554, GSK625433, ampg. XTL- 5,)15) NS3 prot ease
inhibitors, e.g., SCH 5030340 CHﬁgi, VX- 950
(Telaprevir), ITMN-191, and, BI/LN2065, 16)

al pha- gl ucosi dase 1 inhibjtors, e.g., MX-3253

(cel gosivir) and UT-231B,HQ7) ﬁ%batoprotectants, e.g.,
| DN- 6556, ME 3738, MtoQ and _ LB-84451, 18) non-
20nucl eosi de i nhi bitors of , e.g., benzim dazole
derivatives, benzo-1,2,4- thiadiazine derivatives, and
phenyl al ani ne derivatives, 19) other drugs for

treatifAgyHC\; e.g., zadaxin, nitazoxanigdg Galigea),
Bl VN- 4 ¢rostat), DEB10-025, VGX- 410 MZ- 702,

AVl 406 bayld uxi rnab, ogl ufani de, PYN-1

! O
KTE02003002, ab PH CPG 10P6TF, KRN 7000, civ%ox
d - 5005, ANA-975, [X%TL- 6865, émgy;/l, 25NOV- 205,

t ar vaci - 18, ;and NI MB11; phannaeakfngtics =
enhanc:;@%.]éf3 SAE 100 and’ SPI 450, 20) O CH
i nhibitors, e.g., ODN-93 and ODN-112, 21) other g

anti-H'V agents, e.g., VGV-1, PA-457 (bevirimt),

arnpl i gen, HR®14, cytolin, polymn, VGX-410, K47,

AMZ 0026, CYT 99007, A-221 H'V, BAY 50-4798, MDX010

(i pl i miorakylutiBBSLD22 ALEGE8D, madll privaldin04idin 30 ke procedures
al so possible to conbi nhe an ound of the invention

WHESRITRREN O fo 2806t Her) Wde @50:1) dpeutpedimgeiresdiied geetyl

. ¥ :
;@h&ﬁ&é’(gé AAIE 0 @-rlfﬁnfo%rdéw %@%@P&%?ﬁg@&@ @ and then

mnistration to a patie € co on therapy
netirrddent adm tehgksted fas! teh. sThambameous concenaguednieiddsolved in

regi men. m ni stered se ially, the

c msﬁare??ﬁ@r@?ﬂb‘@asbam- éi“‘é?@éﬁﬁlméﬁé RRjtegntrated to dryness,
A Bing th AL 90S eth3PERe ARSI Al ey £ ) avergpound of

the invention with one or nore other active

t herapeutic agents generally refers to sinultaneous or
sequential adm nistration of a conmpound of the

i nventiop/and @ne or nore other active therapeutic

agents, such- b that therapeutically effective anounts

of the compoung_Qf the invention and one OHORRI g other
active therapeuf%%i%%iggs ar e \hgfh,, pr esent iﬁQS2§ZEddy
of the patient. -admini’stTation i ncl udes—

adm ni st rUni:H dosagegnghrt he conpound§ obwt he
i nvention Jgiy e_Or er administration of unit
dosages of ofne ofy nore other active therapeutic
agents, for exanple, administration of the conpoypds
of the 10i nventitbn within seconds, m nutes, or hours
of the administration of one or nore other active

t herapeutic agents. For exanple, a unit dose of a
conmpound of the invention can be adm nistered first,
foll owed within seconds or mgutes by adm ni stration
of a unit dose of one or nore€ other active therapeutic
agents. Alternatively, a unit dose of one or nore

ot her therapeutic agents can be adm nistered first,
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mnutes. In sone cases, it may be desirable to
adm ni ster a unit dose of a conpound of the invention

wo poost13218®l | owed, after a period of hours (e.gPCT/LSZR9/041432

hours), by adm nistration of a unit dose of one or
nore other active therapeutic agents. In other cases,
it may be desirable to adm nister a unit dose of one
or nore other active 20t herapeutic agents first,

fol | oved, s@hiti&y 0@!}8@6’[&%{1%0&? %}ﬁe\(@usgstep)ln iln%tﬂé%‘}r(%))@ mL)
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i Wisteatided .5 M sodmmTheth@mib selatipom mebaEpy2 ey, p¢ owidr and
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e | v cdgemnt 1l yy gk s I
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i HthiARi /thedaneb)) affbidide e metindeher leﬁbﬁdb:mEZEO g/ 89% in three steps).
present application provides_ for nethods 100f

i AVBIR (395 MKk GaFiiney Bd emi FSHA)- 481149 tanpilh 4i3Rgm. 1H), 3.87 (¢,
t h HCV with ffect
a%QUnggégggﬁ%gﬁgéu:gi%?4§g a I-IIY{ orag effective

pharmaceutically acceptable salt, sol vate, and/ or
ester thereof, and at | east one additional active

t her apeuti c agent, whereby HCV pol yrnerase i s
inhﬁ In still yet another errbnt t he

pre application provides for Frgds 50f
inhibitinéP Opaloyrer ase BMP&S@QII conpri
contacting a ‘cel/l InfeCted—Mk%h—+{A#WMt|1 an tlve

amount ot a conpound 6f\, Fopeatbacid- 111, a
phar na | yY~acédgpt/abl e salt, sol ‘d/
ester : , and at~Teast one addit| active

t herapeutic agent selected fromthe group consisting
of interferongyg ribavirin anal ogs, NS3 proteage

i nhibitors, NSba inhibitors, alpha-glucosidase 1

i nhi bitors, 20hepatoprotectants, non-nucl eoside

i nhi bitteot sol@fonHEVd (aNJ iMool asadeBE atideatl nY) WeYadded ~ 3
In still yet another enbodi ment, the present

ap rifiet @% (PR LIRS MPORE At renemtnpied spifvree aqis/with 24 mL of
patient, conprising: admnistering to the patient a
therapeutically effective amggnt of a conpound of

Formula I-111, or a pharnaceutically acceptable



25salt, solvate, and/or ester thereof. In still
yet anot her enbodi nent, the present application

w@e@9iaag3 f or net hods of treating HCV in a patPENUS2009/041432
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conprising: admnistering to the patient a

t herapeutically effective amobunt of a conpound of
Formul aor a pharmaceutically acceptable salt, solvate,
and/ or ester thereof, and at |east one additiona

2% ﬂe;é%na 5&&@@%@ ® faggrﬂt THIhEL &Y oS P@é&w‘%ﬁﬁé 8 ~20
in yet anot her erb I ment, the
pmésant pz’alp)fpd)nedéxe’[vmﬁ:n pth}/i/ a@b@aﬁe fued iceebRICLS N(aDH r'Bat dting acetate

in a atlent co nlster to the
et R e e DT i B B GHOTGHORgEPhY (-35%
Cmﬂ%{%esf%cf&khﬁ% Le hd dn 0iP{178) PHARIRGRYLI 1! (W1+Na™.
acceptabl e salt, solvate, and/or estéer thereof, and at
| east one additional active therapeutic agent
35sel ected § ron1the group conS|st|n%k8f i nterferons,
hi

ri bavirin ana Bl Q¥€a8@, i N INSSa
i nhi bitors, alph g Hrnc dase ] Inhlbltor T CO,E

cyclophllln in ors, MefiS, u-wave
2009/132123PCT/U§2B09/04@4§21§h@g@top8m®ecteams

non- nucl eosi de inhibitors of HCV, and other drugs for
treating HCV. 1e In still yet another dfibodi nent,

the present application provides for the use of a
conmpound of the present invention, or a

phai t I . t e r -

Cater Tiariar, O ARGARNE MEabaY b MREN G, S piupgy was
t treafred tan nHeM-dictbiec Tho nubcrva qhaitg'e&n\hth I\/Et abol it es

0 he Conp ds of the Inventiagn allin
&Cﬁ#ﬁwmee@&@s@t%heﬁ phosphorant (o &rd- %W@lqi}ﬁw. %‘ed Under
Rt amehlicr L %yﬁbaec&fd th Hﬁcl%qml'm:gﬁngﬁsl% "’@efg hﬁr ﬁlé']solvent
to the extent such products are nove uno Vi ous

ow &y retiogedmi \arcuanid thSumhtum waugirssdmayh EeOubd nfloror 15 min. The

exa le fromt 1 OXId educ ol ysi s,
TR P s Pt Ol e T D). g hgeroten? s

a&lmO%@ 1B R0 COmRAMARe whE ir8@Ed oyl ULESTN ARG Slumn

processes. Accordingly, the invention includes novel

afidomaopply §)-68 heyaogugedichy t@aﬁ@iddéé%w g, 76%) as a
C nt f 1§ 1 nvention
Wﬁpﬁ&g%ﬁgﬁﬁé% %%}gpgésﬁgﬁﬁp? ggkgwsu ficient to yi el d
a netabolic product thereof Such products typically

are 20|dent|f|ed by preparing a radlolabelled (e.q.

14C or 3 ound of t N t nistering it
parenteralfsgiﬁlf“dﬁjgptgﬁ?A %gﬂ%ﬁge g. nlﬁﬂiﬁi\@h@n
about 0.5 ny to an ankget 1suekp,as rat e,

gui nea pi gnomonksys, or to man, allomnnggﬁyfflggﬁnt
time for netabolismto occur (typlcally about 30

seconds to 30 htfurs) and isolating its convegsion
products fromthe urine, blood or other biologica
sanpl es. These 25products are easily isolated since

they alrf?&{)?? %! Iead7 &%‘oﬂ% %héfﬂl? (%ﬁ)oilnﬂs ﬁrgis pé’olécﬂ% Lrles afnd treated

with DIBAL-H (1.0 M in hexanes, 151 mL, 151 mmol). The solution was stirred for 1

h, MeOH (500 m1.) was added, and the solution was warmed to room temperature.
The mixture was filtered through Celite and the solids were washed with Et;O (3
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 Si0O, Combiflash column

chromatography (0-30% EtOAc-hexanes gradient) to afford 1g (35.46 g, 56%) as a
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ant i bodi es capabl e of binding epitopes surviving in
the netabolite). The netabolite structures are

waledoensdiaed i n conventional fashion, e.g. by MXDUSIN41432

analysis. In general, analysis of netabolites is done
in the sane way as conventional drug netabolism
studies well-known to those skilled in the art. The
conversion products, 30 so long as they are not

Ol @lirwio$ Bof@tidataFoMbotRisoRlet) US&fWil; Tl NWRYODSY], 800 MHz)
assaﬁf for therapeutic dosing of the conmpounds of the

i vkl HehDekéh(s, flfzt}ﬂeil%ﬁssléslsﬁ}ﬁo‘* B plot Yk Has 2H), 4 50 (m,

b f .t r e n

e Hore P Lo, n g L P o0 Shonae 2 250 (m,
su{xogaqg3ga$;na9qmeﬁmmpal secretions are known.
Conpounds are defined herein as stable in the
35gastrointestinal tract where | ess than about 50 nole
percentgpf_the protected groups are dgpgotected in
surrogate ifnes i\nal ORcgARLTD.LMedNCe upoy @ ncubatdgn
for 1 hour &t G50 9+132423PEFH-US2009/ 0414 7C.
Si nply becat he conpdefliys!Gdy é7°%table to
gastr0|n€%9t|né?f%ract does not mean t HEO t heé§Breannot
be hydrolyzed in vivo. The prodtugs of the invention
typically wi 1 be stable in the di gestive syé?en1but
may be substantially hydrolyzed to the parental drug
in the digestive lunen, liver or other netabolic
or gan,lgdROWig, HB A mlabl)sm Me(@eenahl) & toaripl@is K.CO, (24.0 g,

b d
GEBFPE AT O SRt BILE g ARG refux fo
t 1*5@?‘ Thauk i b&ad Elgﬁ&ﬁz{n‘aqgtepéﬁ B )p%ﬁ idy Ln%g ﬁjxtﬂadt s Hider and the

le 1 15contains a list of
aﬂ@bdsevﬂﬁipd ont MagNA3 rolfymb ). Tﬁabbb/eﬂt Wﬁs mmoméd in vacuo and the

ablg{%l}ei‘% Iwgtﬁ !ﬁ\gsgglil(%g %WT}/&F mL')A\b ({ F l\{itli}:% Ith?(r)]ug 02 metli1 gmpf%tted glass
Zil%r " BeQRix{ré wiB X EPPIONE LT, ¢ dihbiflash 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) 7.30 (br m, 15H), 5.44
(m, 1H), 4.99 (br m, 1H), 4.60 (m, 7TH), 4.21 (m, 1H), 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 BrQ Br
XQEA\WOAC NBS, H,0, DMSO Eﬂs\
CHO
L ri., 16 h, 33% -,
BnO  ©OBn BnC  OBn

1h 1i

Ih (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 NaHCO; (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 MgSQy. The solvent was removed in vacuo and the mixture was

was treated to 330 g SiO; Combiflash column chromatography (0-25% EtOAc—
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Bn benzyl BnBr benzyl brom de BSA
bi s(trinmethylsilyl)acetam de BzC benzoyl chloride CDI
w@ a00b0asik3 di i m dazol e DABCO 1" 4-di azabi cycl o[ 2PCT/R$2009/041432
oct ane DBN 1, 5-di azabi cycl o[ 4. 3. 0] nonene-5 DDQ
2, 3-di chl oro-5, 6-di cyano- 1, 4- benzoqui none DBU
1, 5-di azabi cycl o[ 5. 4. 0j undecene-5 DCA
di chl or oacet am de DCC di cycl ohexyl car bodiirni de

5 hexanes gradient) to afford 1i (4.53 g, 33%) as a mixture of isomers (data for all
isomers). yellow oil; 'H NMR (CDCly, 300 MHz) 9.35 (d, /= 5.1 Hz, 1/2H), 9.33 (d,
J=6.0Hz, 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).

SMe
HoN . SMe
Br : l iji K N\r)\
BnO AN
N. = = N
© g\CHQ N SMe BnO NN, éi\
'e) N SMe
R B KzCOg, PhCH3, reflux
BnO OBn
~H,0 18 h, 19% R
’ BnO 0OBn
10 1i 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,
2629-2936) and K,COs (1.4 g, 10 mmol) and the mixture stirred at reflux with

I5  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 SiO, 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 (CDCl;,

200 300 MHz) 7.78 (s, TH), 7.26 (br m, 153H), 5.71 (s, 1H), 4.74 (s, 2H), 4.59 (m, 4H),
4.35 (br m, 1H), 4.00 (d, J = 8.1 Hz, 1H), 3.83 (d, /= 8.7 Hz, 1H), 3.66 (d, /= 10.8
Hz, 1H), 2.63 (s, 3H), 2.45 (s, 3H), 1.05 (s, 3H); MS (ESI) m/z 629 [M + H]".

SMe NH,
NH,, 80 °C
Bro— N\ N Zh. : Bno—  N\CN. 2l
e} N SMe e N SMe
18 h, 74%
BiO  ©OBn BnG  OBn
1k 1l

25
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DCM di ehl or onet hane DVAP 4-di met hyl am nopyri di ne DMVE
1,2-dimetho xyethane DMICl di net hoxytrityl chloride

wOr@o1sti1aet hyl sul f oxi de DMIr 4, 4'-di met hoxyt rPC€YIUS2009/041432
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DMF di net hyl f or mam de Et OAc et hyl acetate EST
el ectrospray ionization HVDS hexanet hyl di sil azane

1k (1.0 g, 1.59 mmol) was treated with liquid NH3 (20 mL) and the mixture
was stirred at 80 °C for 16 h in a steel bomb. The mixture was cooled, NH; was
removed, and the mixture was freated to 120 g Si0O; Combiflash column
chromatography (0-70% EtOAc-hexanes gradient) to afford 11 (707 mg, 74%) as a
mixture of isomers (data for major B-isomer): pale yellow solid; "H NMR (CDCl;,
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]".

Alternative Synthesis of 11

Bn’o \ O ;OH DMSO ano \ O o

I - ACzo o o
0 0 L0

Bn Bn Bn Bn
1e 13

To a dry, argon purged round bottom flask (100 mL) were added anhydrous
DMSO (6 mL) and anhydrous acetic anhydride (4 mL, 42.4 mmol). Compound e
(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 FtOAc (3 x 10 mL) and the
combined organic layers were dried using MgSO, 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 =
433.2 (M +H"). 'H NMR (300 MHz, CDCls): § 7.33 (m, 15H), 4.80 (d, 1H), 4.64
{m, 6H), 4.06 (d, 1H), 3.79 (dd, 1H), 3.64 (dd, 1H), 1.54 (s, 3H).
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HPLC Hi gh pressure |iquid chromatography LDA Iithium

di i sopropyl am de LRVS | ow resol uti on nass spectrum
wO/BRBA321e3 a- chl or oper benzoi ¢ aci d MeCN acet oni P€T/US2009/041432

MeOH net hanol MMIC nono net hoxytrityl chloride mz or

me mass to charge ratio MH nmass plus | MET nmass m nus

I MsOH net hanesul fonic acid

SMe

O N
Bn/ O O N\ j{ Bn/ O \N;{
Br N Shie OH SMe

To a suspension of 7-bromo-2,4-bis-methylsulfanyl-imidazo[2,1-
f]{1,2,4)trazine (prepared according to W0O2008116064, 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. Afier 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".

N\\//L\EHZ
0 o \ N N
Ve R
NH; Bn OH N/kSMe
o o
Bn/ Bn
15
NHz TESiH, BF;-OFEt,
N\ \N
Bn N\ N. =
o o N*SMe
Bn/o “Bn

20
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M5 or nms mass spectrum NBS N-bronosuccinimde rt or
r.t. roomtenperature TBAF tetrabutyl amonium fl uoride
wake@i3nks orotri met hyl sil ane TVMSBr bronot ri met hgi/gbioaes1432
TVSI iodotrinethylsilane TEA triethylam ne TBA
tributyl am ne TBAP tributyl ammoni um pyrophosphate
TBSC1 t-butyldinmethylsilyl chloride
5 Compound 14 (2.0 g, 3.10 mmol) was transferred to a steel bomb reactor and
cooled down to -78 °C. Liquid ammonia (~20 mL) was collected at -78 °C and added
to the bomb reactor. The bomb reactor was tightly sealed and warmed up to room
temperature and then heated at 50 °C for 20 h. The reaction was complete. After the
gas was vented, the residue was purified by silica gel column chromatography
10 (EtOAc / hexanes), affording 15 as a pale vellow solid (1.78 g, 94%). To the product
in CH>Cly (15 mL) at -78 °C was added boron trifluoride diethyl etherate (2.2 mL,
17.4 mmol) and triethylsilane (2.8 mL, 17.4 mmol). The mixture was then allowed to
stir at 0 to 10 °C for 3 h. Saturated aqueous NaHCO; was added slowly to quench the
reaction, and then CH,Cl; was added to dilute the mixture. The organic layer was
15 washed with brine and concentrated in vacuo. The residue was purified by silica gel
column chromatography (~50% EtOAc / hexanes), affording 11 as a white solid (0.81
g, 47%). 'H NMR (300 MHz, CDCl): § 7.67 (s, 1H), 7.20-7.45 (m, 15H), 5.77 (s,
IH), 4.80-4.92 (m, 2H), 4.57-4.72 (m, 4H), 4.43 (d, J= 7.8 Hz, 1H), 4.08 (d, /= 8.7
Hz, 1H), 3.95 (d, /= 10.8 Hz, 1H), 3.74 (d, /= 10.8 Hz, 1H), 2.48 (s, 3H), 1.16 (s,
20 3H). MS=5983 (M +H".

NH, NH;
BnO \ N‘N/J\SM mCPBA BnO \ N‘N//l\so Me
o ® bcm,rt, 24h © ?
St 77%
BnO  ©OBn BnO  ©OBn
11 m
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
NaHCO; (10 mL), and the solution was extracted with EtOAc (250 mL). The organic
layer was washed with saturated NaHCOs (10 mL) and brine (10 mL) and dried over

30 MgSOy. The solvent was removed in vacuo and the mixture was treated to 40 g Si0O»
Combiflash column chromatography (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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TEAB tri et hyl ammoni um bi carbonate TFA tfifl uoroacetic
acid TLC or tlc thin layer chronmatography Tr

wao eoophsa1gd net hyl Tol 4-nethyl benzoyl 6 parts pRCT/US2009/041432
mllion down field fromtetranethylsilane Preparation
of Conpounds Conpound 1 To a solution of la (22.0
g, 54.9 mmol, prepared according to the procedures
15described in 1.0. C, 2004, 6257) in methanol (300

5 TRMR (@cgrm advd%d 189614 (&%OFSI—QGS G?-gs rm) @59 Qn%H)
usi ng a drop unnel over a period
théh tnil,reréd‘l QQ %¢ ooy £dimpéHatiufe(d dr SL%Hz 1HRé. ’m (xderlO 8

25 SORSRRL Sl ot B UPAT R ate PO U BB cancr e e

to dryness, affording the crude nethyl ether Ib as an

oil. M5 = 437.2 l&ll\lmNaT)' NH
2 2

\ N\N/)\SO e NBBH4, CHC'g _ BnO \ NJ
Q 2 MeOH, r.t. O
8 h, 29%

BnG  ©OBn BnG  ©OBn

BnO

im in

10
Im (565 mg, 0.90 mmol) in 1:1 MeOH-CHC]I; (18 mL) was treated with

NaBHj (68 mg, 1.8 mmol) and the mixture stirred for 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 treated with H,O (10 mL), and the solution was extracted with EtOAc (100 mL). The
organic layer was washed with saturated NaHCO; (10 mL) and brine (2 x 10 mL) and
dried over MgSOy. 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 (CDCls, 300 MHz) 8.08 (s, 1H), 7.87 (s, 1H), 7.26 (br m, 15H), 5.63
(s, 1H), 4.76 (m, 2H), 4.62 (m, 6H), 4.36 (br m, 1H), 4.00 (d, /= 7.2 Hz, 1H), 3.81
{(m, 1H), 3.63 (m, 1H), 1.07 (s, 3H); MS (ESI) m/z 552 [M + HT".

NH, NH;
BBr,, DCM, ~78 °C
BnO \ N\N/) rs, DCM HO \ N\N/)
O 2 h, 30% 0
BnO OBn HO  ©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 m1,, 1.3 mmol) and the mixture stirred for 2 h. The
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20 b 1 ¢ WD 2009/132123PCT/ US2009/ 041432 5To a
solution of |Ib (obtained fromthe previous step) in

woredobasabks (300 nL) was added 0.5 M sodi um net hp&T/U82009/041432
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solution in nmethanol (20 nmL, 10 mmol), and stirred for
16 h at roomtenperature. The reaction was quenched
wth 4.0 NHClL solution in dioxane (2.5 nL, 10 nmol).
The m xture was then concentrated, affording the crude

| -

&iﬁt&%t“aﬁsﬁlceé [ g r om\!? )éw%@g %‘lﬁ%nes(tsgo ByL) 194 ﬁre 33%‘&%5@8 warmed
( i0Q%oinempdrture. GhO s@entSKor &bl dd iR WakEind 8BS nBiute was treated
tol uene (500 nl) was heated to reflux with a

DX Hh cgogpiated 4Qﬁ Eankdiolinped pyirgmewil oéeeliveng (xD5Thd mixture
S

ks SRl IR EE IR0 28y 26 BIRL P340 e

rﬁﬁ%h ménitwaslid; Hamm{mm ane M)t1.83 ened), betsv@emps hgls, 1H),

4 er (300mL). The organic
g£ @as Q\?@igt(ﬂ) \}\gg,esr\é\? (rhg)6 425%@%%@@%@ Ksaﬁé‘d %f‘ﬁr{ESD
rgsiguenmagpurified by silica gel colum .
chromat ography (-20% Et OAc / hexanes), affording the
nmet hyl ether 1d as an oil (22.0 g, 89% in three
steps). 201H NMR (300 MHz, CDCI3): 6 7.3 (m 15H), 4.5
-Cdm9ogmd 37H), 4.37 (in, 1H), 3.87 (d, 1H), 3.56 (m
2H), 3.52 (s, 3H), 1.40 (s, 3H).

NH,
N =N
HO NN
o N)\NHZ
HO  OH
3
NH, NH,
Bn, NN 2k Bn YN
o~ O N” “SMe 1, MCPBA, CH,Cl, 0— 0 N "NH,
_ 2. NH,
/(5 "‘ > ;
Bn Bn ano O\Bn
11 3a

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 for 3 h. 1 M Na,S,0;
in H>O (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; (10mlL. x 2),
brine, dried (Na,SO,) and concentrated in vacuo. The residue was then transferred to
a steel bomb reactor and cooled at -78 °C. Liquid ammonia (~10 mL) was collected at
-78 °C and added to the bomb reactor. The bomb reactor was tightly scaled 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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ldl e 25 To a solution of Id (22.0 g, 49.0 nmol)
in acetic acid (110 inL) was added - 3 Msulfuric acid

w@ proepariesl by m xing 4.8 g of concentrated sul POF/iU82009/041432
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acid with 24 inL of 5 water) and stirred at 70 C for
8 h. The m xture was concentrated to a vol une of-20
m., and partitioned between ethyl acetate and ice-cold
2N NaOH. The ethyl acetate | ayer was concentrated, and

pé}frblfnht%glabh(y BIO0VEBH(BRY / Kbl LT ANRERYS Q(WPJYte @013:58@ 63 g,

Et OAc / hexanes), affording [e as an oil
80%p). I\IEI\EB/IB,53’0(TQM(H\2L\I§DC13) o 718I($, 1H), 7.20-1.45 (. 158).05.65 (s, 1H),

sopeahale Bhpdivein o R o Shu Eha s - 0.9 e

t e swagdchagged, Wirhhi 17 (s, 3H). MS = 567.3 (M + H).
(carbethoxynethylencﬁtr|phenylphosphorane (7.33 g,

21.2 mmol ) and seal ed under 15Ar. The m xture was
subjected to mcro-wave heating at 180 C for 1 h. The
sol vent was renoved in vacuo and the m xture was
stirred with Et20NE50 nL) for 15 mn. The result|Q%
solid was fllgpre washed with Et20 (3 x 10 nd
t he sol vent renmpved in vacuo, The nixtur

treattd to 12 @\ mbi f B&sh col um chro gnﬁgh
(0- 30% 9 exanes F%gdrenﬁrmto—affbﬂ i fo(f. 04Ng, N%
76% as a Lxture of isoméits€lcl ear oil; (ESl)
mz 527 I fi L
[Ngh&g] ) HG OH
3a 3

To a solution of 3a (61 mg, 0.11 mmotl) in CH,Cl, (1 mL) at -78 °C was added
boron trichloride (1 M in CH,Cl,, 1.5 mL, 1.5 mmol). The reaction mixture was
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% aqueous NH4Cl (5 mL x 3). The crude was
purified by RP-HPLC (MeCN-H,0 gradient) to give Compound 3 as a white solid
(16.8 mg). 'H NMR (300 MHz, D,0): 8 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

v
HN
SMe N‘T/QN
RN
N Bn NN
Bn/o 0 ) N\N/ 1. MeNH,, THF 0 o N NJ\SMe
\ OH SMe 5 TESiH, BF,-OFt, .
o 0O 6 b
Br}/ Bn Bn Bn
14 17a
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if (69.18 g, 137 mmol) in PhCH3 (540 nL) was cooled to
-78 C and treated 25with DIBAL-H (1.0 Min hexanes,

wa®oms212351 nmol ). The solution was stirred fPBPCT/LS1909/041432
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MeOH (500 nmL) was added, and the sol ution was war ned
to roomtenperature. The m xture was filtered through
Celite and the solids were washed with Et20 (3 x 100
m.). The solvent was renoved in vacuo and the m xture

 xt ur S0 SRSt DL L PN 8 0 I8 b B TR Sk LRl td0
Chzreﬂiy&tnﬂgdé @pklyin (I(HIS @%63106@-2hﬁmalje§ he E%Cﬁl&&émﬁ}mnxtux e was

%ford géSS 46 569, as a 5 mxture of isoners
( i

eted #6F Hdeh! 3 @a}re?@)m%rré Has gproeny i e yacpepnd fugthgr dried
1 /
%i)ex ﬁ&gﬁgg&?ﬁn \]71‘% g_ﬁle)lom'_(% e 7,%174 ]151%@ at »?% a’@il)u(ap %dc%e% b(oron
3tfluo8d88icfiy] etherat (Q34ipL., H,B% Hﬁlcﬁl)ar(drtrleﬂ'xlybsﬂaﬂa (134 (i 1.086

Ciost T g M s i Ao S aeca bl HLTC BB3 1oy Gighagd squeous

WNBRCKZ B ali @t SovBly td §Ser®Bh e)reQ&QJnA&?fpthQﬁ- @}ﬂmeas]aééed 10

mol ) and the m xture was stirred at refl ux
Tﬁ@tﬁtb@tlw@rmghqm@a@d lagdwhs aged d\fltli'bmwgindaomtrsfed in

i 8 SRRl DALy R &S veen ol oo

t hlﬁaxﬁh@@) Wrerdias 1 sspenpiedsdia (REM 509 ¢vle) 2 afds)f | 11 /nvad (300
throug:gDa mediumfitted glass filter. The m xture was

{lp: @2@3éb,9|}®27©érﬁhliﬁ)a’éﬁ06o’15dnn 16Hp.cnEt Bgt AP HyBO-

0% ne ng) (
9% BT AU PL T Soaa € F oI Baf e g 4y 1)
ch egu(d QHm\INRz( 0132 (300= Mﬂa)HzZ @? ;ébo (g BH)1151'9 . DHAAMS =
20(in I—l|)_l499(brmll-|)4 , ((
1623 872H0m 1H). 3.62 (m 1H), 2.11 s, 3H), 203
(2, 3H, 1.31 (s, 3H), 1.26 (s, 3H; M5 (ES1) nmfz 501
[M - ihli 25ih (12.6 g, 25.1 mmol) in DVSO (100 nl)
was treated with .1420 (904 lit, 50.2 nmol) and
recrystallized NBS (8 93 g, 50. 2 mmol ), and the
m Xt ure was stlrrgg for 16 h. The m xture was treatﬂed
with saturatedw (50 inL), and the sol utl%%
extracted wth AN (250 nmL). The organic |ay
washednwi t h H2® (3 xJ\SO m.) and dried 8ver MyS NTIQeJ
sol vent vell i PMfacudRaamgNt he mi x(4F
was treatedit 30 g Si 02 Comgpfyl ash col umm
chr omat ogrég Vv (0-25% Et OAc- WO it
2009/ 132323PCTH452009/ 041432 gn°  “gn

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 mixture was then
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): § 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, /=
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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5hexanes gradient) to afford ii (4.53 g, 33% as a
m xture of isonmers (data for all isoners): yellow oil;

wa RbobiVER216CDC13, 300 MHz) 9.35 (d,1 5.1 Hz, 1/2P)T/US2088041432

10

15

20

25

(d, J 6.0 Hz, 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). 10k 11(4.5 g, 8.3
nmmol) in PhCH3 (250 nL) was treated with ij (1.6 g,
8.3 Mol ; prepared according to the procedure found in
J. Chem Soc., Perkin Trans. | 1999, 2929-2936) and
K2C®B (1.4 g, 10 )/andthe m xture stirred atyny™
reflux with 15 rgm)% of water for 16 h. The um xtlure
was cool ed and fj I{er throughanedlumfllt'\g%y)g?ss
filter Bhd the s 'Nq{washegcwth Et OAc (3 x N’:b,bg
The sol verit @ f enoved-in—vacua—and tHe % S
treated to 12( i 07 Conbi &4 {1 col utm chro
(0-40% EtOAo-C?e‘ nes gradi ent?ﬁ o afford Ik (1.0 g,
19% as a BirXtureBof isoners (data for naji®r ©H
13-isoner): paltegbyell ow solid; 1H NVR (CDCl4, 20 300
MHz) 7.78 (s, 1H), 7.26 (br m 15H), 5.71 (s 114),
474(s 214), 4.59 (in, 4H), 4.35 (br rn, 4. 00

(2 el Sty el e Ao

Sddiipd Moo BSthlomdez( 162 9 CHM,Cly, 1R mM3.2 mmol). The reactmn mixture
2009/ _13é 23P(ga USZ?OQ/ 041432 51k (1.0.g,
WHSS tiedebd Swt T f RgEnddhriHaaqusbed i gddigiin ‘%fli’émﬁ%@t/ M@_OH (1:2,

WSS Y | eI hredhsthdnOfilodRd o Wi v tt(??d gp% eraTl!ﬂ% The

m xture was cool ed, NH3 was rem)ve m Xt ure
vmsctmmesaatsedncteotr&t%tcgw&o@@? awmmoweam ”lﬁmlremaiue was then co-

A ROk 0 i S WP F Mo Eomarblp g wL x 3
fDie &FBEOWad ;Lurif&ar@rﬁp f@@@%&rﬁ%@gllaufént)l&lgwi‘:ompound 17
(CDC13, 10300 MHz) (s

Saszawiits, solif(45 mgﬂA%o 5 JH2RYIR (aoas/ﬁ(lz,rﬁ;Damﬂ)), 54, 140(s(1fﬁ) 7.62 (s,

b0 8 o S ot 3 Fe Bl 15 fuSugg s

MES(ESl.1 W1z 898 {M Al ternative Synthesis of 11 15

Compound 4
NHz O
N N
\ \7/&'\] Adenosine \ ﬁ//{NH
HO N, 9( deaminase HO N, ;k
O
NNk, © N NH,
HO 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.
The mixture was concentrated and the residue purified by RP-HPLC to give
Compound 4 (152 mg). '"H NMR (300 MHz, D,0): § 7.34 (s, 1H), 5.21 (s, 1H),
3.82-3.87 {m, 3H), 3.70 (d, 1H), 0.93 (s, 3H), 1.00 (s, 3H). MS =298.1 (M + H").
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To a dry, argon purged round bottom flask (100 ni)
wer e added anhydrous 20 DMSO (6 nL) and anhydrous

wa@e@viiz2ianhydride (4 ni, 42.4 mol). Conpound PET/[$2009/041432

g, 2.3 mmol) was then added and the reaction mxture
was allowed to stir at roomtenperature until conplete
di sappearance of the starting material. After 17 h,
the flask was placed into an ice bath and sat. NaHCO3
( added to neutralize the reaction. The
o?ﬁgk%gﬂﬁéterial was then extracted using EtOAc (3 X
10 mL) and the 25 conbined organic | ayers were dried
usi ng MgSM. The sol vent was renoved under reduced
pressur egand the crude material was puP'fled usin
flash chr @Hthexanes / Et OA

“3@
of t sired maf eri al Igm wﬂ@hl(
433. HHp, L og—wggé—égs

6?’3 (m 0O
15H){ 4. 80 (eO1Hp:; 64 @mClzapﬁC 4.06
1.54 (s, SFD

1432 SMe 5 --\ Bn

(dd, 1H) 64 (dd,
N-- -\ Me S\g , BuLi/

2009/ 132 CT/ US200
5¢ Q
HoNHN LN, HNJLTET_NH

1
I /”\ in HoO w/ KOH HEN/L\\N’N NH

07N NH o
O 0
THF, 0 °C
O = 0
6o O
5d

To a solution of 5a (1.27 g, 2.32 mmol, prepared according to the procedures
similar to those described in Synthetic Communications, 1992, 2815) in
dichloromethane (30 ml) at 0 °C was dropwise added oxalyl chloride (275 ul),
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)
and added dropwise to a cooled (0-3 °C } solution of 5¢ in water (4.3 mL) containing
potassium 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").
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(SO, BnBn THF 51314 To a suspensi on of
7-brono- 2, 4- bi s- net hyl s-ul fanyl -i m dazo[ 2, 1-

warq1i1atri azi ne (prepared accordi ng to W20PSL LSO (41432

600 ng, 2.06 mmol) in anhydrous THF (6 ni) was

dropw se added BuLi (1.6 Min hexancs, 1.75 nL, 2.81
10 mnol) at -78 C. The suspensi on becane red brown
solution after 5 mn, and then 13 (810 ny, 1.87 rnnol)
in THF (0.6 nmL)y; was added dropw se to the nmixture. The
m xture was thdn allowed to waini up to ro

t enper at ur e. HN&f t PHm n, saturated N S aIQded
to quench theJQr ealy ion. Th&hJEnéthc& was |Iu ed—with

ethyl acet'at'e. NrheYor ganic hAYR caS Warg brine
and conceénatrated in vacuo. The residug was 15 purified
by silica g chr omat ogr aphy (404 /

hexane [ 14 as an isone rri Xt 0.77 g,

2009/43712 PCTr 952006/ 041432 5Co 5043 10
nmol ) vva @ st eel borrb ctor and
cool ed downsto -78 C. N.igui d anmoni a m.) was
collected at -78 C and added to the reactor.

bonb reactor Wds tightly seal ed and vvarSBred up to room

t enper at ulre an hen heat ed at 50C for 20 h,

r eact iORCHMALY o (0ane, ArY0gpmphdn gggfiqnﬁ@lx;:@h@e%mi)uﬁ@ sealed
rﬁ&k&%em \%Eréu%j(e%%dk?é( b 4o0ce! QMM h The mixture was
chromat ogr aphy 10(Et OAc / hexanes) ordi ng as a
phlugedyeith MeQdd kndprificd®yR P HRUL. (a&mntt}hb/vmtm)i,lﬂffordlmg 5e (80

ey st ligs B TR R A8 2 b5 & 2 598 2,

tT@?E&M'ﬁéﬂQevﬁ? 7879r(ratf 304, B%@'?%@%’m@atura OP21 (d ]

hen allowed to stir at" 0 to
aﬂ&écms 2Na,Hc:tz8(d4vaIs: hﬁitﬂhdZE] SWly(st FIgaSRch, fhd.8 Hz, 1H), 4.72-

ST 20 o i I Doy 8 a8 58 bt W er By e s 00

and =concenyragd in vacua. The residue was purified by
silica gel colum chromatography (-50% Et OAc /
hexanes), affording 11 as a white solid (0.81 g, 47%.
1H NMR (300 MHz, CDGL3): 6 7.67 (s, 1H), 7.20-7.45
(in, 15H), 577(s 1H), 4.80-4,92 (m 2H), 4.57-4,72

(m 4H), 4,43 (dHN=¥8—hz, 1H), 4.08 (d, [J= 8.7 H,
1H), 3.95 (d, J = 110. 1,374d 8\ Hz,
TH 5 a5 §s %ﬁ e 1) G RoaT (W ).
NH2NH2

m xture
the solution weg
organi c | ayer \
and brine (107nL aq% dri ed ove

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 ul), and stirred for 18 h at
room temperature. 1.0 N HCI aqueous solution was added to adjust pH to 7. The

mixture was purified by RP HPLC (actonitrile/water), affording 5 (30 mg, 84%) as a
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30 MySH. The sol vent was renoved in vacuo and the
m xture was treated to 40 g Si 07 Conbiflash col umm

wa@ booorrsxiegyr aphy (0- 100% Et OAc- hexanes gr adi ent PCT/0S2009/041432

afford I'in (571 ng, 77% as a mxture of isoners (data
for major 13-isoner): white solid; 1H WO

2009/ 132123PCT/ US2009/ 041432 5NMR (CDC13, 300 MHz)
7.77 (s, 1H), 7.26 (br m 15H), 5.61 (s, 1H), 4.59 (m

6§h,; 351 A4 s J5 1H) ; 3
(it o gt MR b 600009 38 G s 470 e 3 g0 @
3HB,7HE, 08), 3s72-BF) (mM3), BSB)(s,AtD). B#E0=PM.6 (M + HY.n 10

Im (565 nmg, 0.90 mol) in 1:1 MeOH CHC13 (18 nalL) was
treated with NaBH4 (68 ng, 1.8 mml) and the m xture
Stbip8And @ 1 h. Additional NaBH4 (170 ng, 4.5 nmol)

was added and the m xture was stirred for 2 h.

Addi ti onal NaBH4 (340 ng, 9.0 nmmol) was added and the

m xture yas stirrggNor 2 h. The m'xtur%vvas 15 N-N S
treated jMth (10> , and the sol utijon was P

i AN (1 n};gs The

rturat AN NaHCOB  (°10 nd byine ><%
50vE SONH, TREAE o was Rerpved j NH
he m xt was tTeated to 40 g &

ol um t ogiiaxpiey ( 0- 1009 OAc- hexg
gr adi ent o affor (144 pmx 2999 as i
i somers/(data 8r major 13-isoner): whife 20soféd; H
NVMR (CDC13, 300 MHz) 8.08 (s, 1H), 7.87 (s, 1H), 7.26
(br m 15H), 5.63 (s, 1H), 4.76 (m 2H), 4.62 (m 6H),

4.36 . A ;
19 (e s ngfy R 0L AR (2
Bhett mpRilt au@@ahydrous dioxader(20 144. ®gSs (@02 Gugyfiad)minnl) BGMDMAP

E(?S é} %5?2%% %%r% : : %d%_e?ig&n einxj%aé%gla%ﬁ%ur\%% J}E’Egé‘g to a gentle
Stefltix e 26 @in2 AothERBorkOB of PS5 (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 aqueous solution with
NaCl. The combined organic layers were dried using MgSQy and the solvent
removed under reduced pressure. The crude material was purified using flash
chromatography (Hexanes / EtOAc). 200 mg (88 %) of the desired material 6a was
isolated. LC/MS =669.2 (M+H"). "H NMR (300 MHz, CDCls): § 7.99 (m, 2H),
7.89 (m, 4H), 7.19 (m, 2H), 7.16 (t, 4H), 6.31 (s, 1H), 5.11 (m, 1H), 4.92 (m, 1H),
4.76 (m, 2H), 2.45 (s, 3H), 2.40 (s, 3H), 2.37 (s, 3H), 2.01 (s, 2H), 1.74 (s, 3H).

? N i S
A\
N:< 3 N:<
Q & = P Q i = O W
0O © 0 © &

NH, Nak

—_—

DMF

6a sh
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5 mxture was treated with 4:1 MeOH pyridine (500 ul)
and the solution was warnmed to roomtenperature. The

w@odo9asdizsnas renoved i n vacuo and the m xture MEEUS2009/041432
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treated with concentrated NH40H (2 nlL) foll owed by
renoval of solvent (x3). The m xture was treated to
reverse phase HPLC (0-95% MeCN-H20 gradient) to afford
1 (21 ng, 30%: white solid; IHNWR (D20, 300 MHz) 7.85

(3 5781(%3 A grg%ﬁ %)gﬂy_i(ég 5o 5&321 ﬂ%s@éﬁ?_érﬁ?} vﬁb% Q%&g 16%'(%0 meg,

36456 vl EShgdrmssz4[1MHand Goydound I3,CLLE @), SNaH (20 mg,

13y RE0: 535 30 0 e B fis

’rogmzan I3 nn;l;hg/l 55@ H{fe()\ﬂ@%nﬁgi') RS da@dd 8 e fLRK a3d the
.1 MNa2S903 in 1T1 nm.) was added to quench the

r eacitqnomxmd\f: t:@rtnmt:d tor st gt atonr ‘@om fbeMperitedtagk faas te0 placed in

itiss bt cd SR yaRShs 8T SRRRETMIIE] PR BBk Gy s pytracted

CRNE B ABEEHheRoMBMed TAR Y R&ledied Waisg NIEID L rmsst)%ﬁﬁ@las
to 25a steel bomb reactor and cooled at -78 C. Liquid

ammwpféwqdel oedtgd massuroinddbe egdamatergl gagnerifaeidesing pGilson
prgpara{m n%gﬁﬁgtslystemggget m{id?e/wecl% ¢l olrSO.Inﬁ%(?t«fi ‘%P % ‘Xlesdemre% material

era

thieRabpated. QIC/NZISGCéSpQ (141& A, TH@W&@@@UMH%@D%) §7.99 (m,
conplete. The residue was purified by silica ge

cﬂlﬂjﬁ’ﬁ‘? (WOAERORIL B2 ZIBPTTS Us2H09Y. D4 8), 5.13 (m, 1H) 4.92 (m,

SETL ST SBBY 4O S Ly ornesly, 24501949 57 o,

CDEA3) 365, 7.55 (s, 1H), 7.20-7.45 (in, 15H), 5.65 (s,
1H), 4.50-4.82 (in, 6H), 4.38-4.42 (m 1H), 4.05 (d,
J= 7.8 Hz, 1H), 3.87 (d, J= 9.9 Hz, 1H), 3.71 (d, J=
8.4 He, 1H) 117(;J 3@_ —5673(|\/|10

NHz tBuONO

CFEE

To a dry, argon purged round bottom flask (100 mL) were added 6b (225 mg,
0.33 mmol) and anhydrous THF (21 mL). fert-Butyl nitrite (0.30 m1, 2.32 mmol)
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 1solated.
LC/MS = 668.2 (M+H"). "HNMR (300 MHz, CDCls): 8 7.99 (m, 3H), 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), 1.76 (s, 3H).
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To a solution of 3a (61 ng, 0.11 mmol) in CR2C12 (1
m.) at -78 C was added boron trichloride (1 Min

weRiei2123.5 L, 1.5 mml). The reaction m Xt UPET/MER09/041432

15stirred at -78 C for 3 h, and then quenched by
addition of pyridine / MeOH (1: 2, 14 inL). The

m xture was then allowed to warmup to room
tenperature. The mixture 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 mL x 3). The crude wag purd fied by RP-HPLC

(MeCN- H20 gr &di ent) toNgive npound 3 as a white
solid 20046, 8 (800 MHz, DR0): 6W.%14'¥’,‘2
1H) - \88 (m 3H), X 68 31/(m
1H), O = 97.2 (NHs+ . oung-17" /
HN WO 52009/ 641432 5To @ sorution of
14 (120 ny, i THE (0.5 mBOwaeGHadded

nmet hyl am ne in THF 46 m, 0.92 mml%. The
seal ed reacti m xéare was heated at 45 Cfor 15 mm

The m xture was concentrated in vacuo and further

dried under high vacuum To the crude in CH2C12 (1 nl)

at -78 C was added boron trifiuoride diethyl etherate
(136 ul© a drypgwop mamey Pardomb sty el hadrd (X720 wig, 0.28 mmol).

1,88 : ) . i Xt t | Lowed to,sti,r.
RS T AR A U e
aded ol el yet bo8fitenehet 188, the@oiiboRas @bIkdttd erdnCHAGLEd the

was added to dilute the m xture. The organic |ayer was
VROSTFEH W TR BT HR A FrfuceBisntirat Bhe fHds/ el wirepurified using a
r : (0] o
PR L LS (ROl Mg g o
atesaedubriotiect $0ILIMST4 28%) 1 (K410 €H RVER €08)MHZ,13, NWRS .09 (s,

(7132.)8.5-%.34“{@2 %QE% E%l 11;9,>.= ;é% ?@( 9&11713)1-?13 ﬁné}é?fa-.%g’:zmgl QA"),W, (s,

4yp7-4.72 (m 4H), 4.42 (d, J= 8.4 Hz, 1H), 4.08 (d,
J=8.4 Hz, 1H), 3.93 (d, J = 10.5 Hz, 111), 3.72 (d, J
= 11.1 Hz, 111), 2.50 (s, 311), 1.15 (s, 3H). M =

Wadobdl )+ 20

O

0 o S
it
o =0

6 © ©

o
7a HC N~N/)\NH2
b
TEA, DMF

7c
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,0 0 Bn,Bn 17a Bn'0 0,Bn 17b To conpound 17a
(180 ng, 0.29 mmol) in ethanol (10 nL) was added Raney
WOR000AZNA3 ng) whi ch was neutralized by washi ngP@i/Uk2009/041432
water. The m xture was then 25 heated at 80 C for 4 h.
The catal yst was renoved by filtration and rinsed with
MeOH (5 nL x 6). The filtrate was concentrated in maw.
The residue was purified by silica gel colum
5 chromat ography (-50% Et 0Ac / hexanes), affording 17b

Sooon) T© bkt gl 'R 8y, 7D g BT B M 201 mimol,

1ﬁ’cba,re<5 a&iﬁrc(lﬁg toillh& pl(ﬁe&ﬂcﬂdsﬁ&ﬂﬁd@ in @H}'a%ﬁ%g%? ?4613219(8'41, 21, 697)
In

31117[@}\4@ (a,% m(lr}]wegﬁ ﬂ)ldEdsTE_& (Q 365 3,12@1 mmqy Tl regilging ]v;)tule was
5GFred ot Mot dd eraiu¥@ {%01019/ tﬂ'éiz%t%f%ggilof@f&@c%{a??%?% ?iaf on

Bn O 0, nHo 0O a so Ion O
10 mgixtﬁe@@?s‘ diil nmilvylth ah {DHREAR ad wikhedawith ¥@ter. CThasrgasidetase was

Cl2, 3.2 nm, 12 nrno
%nog%{:@fggb?;nf ?é ém(li\/l ccl)ncenn atec’} The residue was purified b§?
chromatography on silica gel, eluted with 15% methanol-ethyl acetate to afford

compound 7e (0.45 g, 26%) as a colorless solid. MS = 670.0 (M+ H™).

15
S
POCI,
CH,CICH,CI
80 °C
5
Ql /\CﬁN
0 ! NH
AL : C)N~<®H
O O
7d
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 8 h.
After cooling down to room temperature, the reaction mixture was treated with
NaHCO; (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 MgSO,, filtered and concentrated. The residue was purified by chromatography
on silica gel, eluted with ethyl acetate to afford compound 8d (0.26 g, 59%). 'H
NMR (300 MHz, DMSO-dq): 8 11.0 (s 1H), 7.95 (d, ] = 7.8 Hz, 2H), 7.85 (m, 4H),
7.77 (s, IH), 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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10was stirred at -78 C for 3 h, and then quenched by
addition of pyridine / MeOH (1: 2, 20 nL). The m xture

woa®tbmEms al | owed to warm up to room t enper at UPET/UTIDE9/041432

10

15

20

25

30

m xture was concentrated to renove all the solvents.

The residue was then co-evaporated wth MeOH (10 nL x
3), and then with 27% aqueous NH4Cl (10 inL x 3). The
crude was purified by RP-HPLC (MeCN---H20 gradient) to

giwye d [ i 5

T s e A i Sl SRt LA 1T Gl
5\4&4:Q$Z,IQN§I)+H3 90- 4. OO (m 3H), 3.73-3.84 (m 1H),

3.13 (s, 3H), 1.00 (s, 3H. M5 = 296.1 (M H+).

Conpound 4 20 Ha OHHO OH 34 A solution of 3 (220

ng) in about 1000 nL of water was treated with bovin

spl een type I X adenosi ne deam nase (0.125 units/nm.,
Sigma) g 37 C f oy S. 25 The m xture was

concent rjat e the r i due purified by RP-HPL

S 1 (a0 W 700

ng) YHe0 (s, 3H. KB =\ 298 1 K

09 132 | US2060HG41432 5 Commound 5w,
" N N | @ 0 NNH2 H20 w K&OF |
7d 7

To a solution of 7d (0.26 g, 0.399 mmol) in MeOH (10 mL) and THF (10 mL)
at 0 °C was added NaOMe (0.1 mL, 4.3 M). The resulting mixture was stirred at 0 °C
for 0.5 h, and then at room temperature for 2 h. The reaction mixture was cooled to
°C, neutralized with HCI (1 mL, 0.5 N), treated with NaHCO; (0.1 g), 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): § 7.63 (s, 1H), 5.31 (s, 1H), 3.70-3.95 (m, 4H),
0.88 (s, 3H). MS =298.0 (M + H").

Compound 11

@A“&f stggk“ﬁfﬁ

NHz DMAP

dioxane

7d reflux 11a

To a dry, argon purged, round bottom flask (50 mL) were added 7d (40 mg,
0.667 mmol) and anhydrous dioxane (4 mL). P2S; (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 P»Ss (50 mg) 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 (3.0 mL). The organic material
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HN  NH H2NNNH 5d To a solution of 5a (1.27 g, 2.32
mmol , prepared according to the procedures 10sim | ar

W eoovhae3 descri bed in Synthetic Conmuni cat i onBCT/LISHR9/041432

10

15

20

25

30

2815) in dichloronmethane (30 M) at 0 C was dropw se
added oxalyl chloride (275 ul.), followed by addition
of 3 drops of DMF. The m xture was left stirring at
roomtenperature for 1.5 h. The solvents mere then

evapo
¢ SOl Ao IR BT ANl DGt R BRI et The
( é@niihyd &panid laetaderd ﬂﬁ@&\hﬁﬁg S0,60altRdsdi @mPremoved under
solution of 5e in water (4.3 nL contalnln? pot assi um
06

hirdpestiriessyre7 § hgruds meterad (30 Bebwagugsdras dbfostheagxii n
V“g&rﬁfoﬂn‘aﬁ%”@(}/@ 6%“201\@‘@@%2 added to extract the

ture e organic [5; s concentrated in vacuo.
The residue was purified by RP HPLC
(actonitrile/water), affording 5d (0.41 g, 34% as a
white solid. M5 = 671.5 (M H+). 20 WO

2009/ 132123PCT/ USZOO / 043432 A solution of 5d o
(200 ny, ©0. 30 nnDI [ hyl ene gl ycol [

seal eth. & wa Hsughgcte.

200 : Thex(m xt

and DAf i 2 ,«. ast okt

Se (80 nmg, 3 mhlte solid.

CD30D) : Y. 8 HzptH),

Hz, 2H), I Hz, 2H), 7.26

211) 7. Ya= 8. I\Hz, 2H), 7.14 (d

211). 6.01 (s, 1H), 5.97 (d, | = 4.8 Hz, 1H), 4. 72-
4.84 (m 211), 4.60-4.68 (m 1H), 2.40 (s, 3H), 2.37
(s, 3Hyqary36rghs puid), roind Botfen 136D (5 WB) wetBdEd (hMt}hone

soJ. ut of 80 0..12 nmol
O A BT O D (o ReR MTalibes LG o CHCl
n@LAsaxi denSP( Ulihgno.03s feidiadel n(x%%i%ré!'oh) waBthed LHEIEA the
for 18 h at roomtenperature. 1. HC1” aqueous
slotterp gepRousaBl xhd sdmedatadpm semp F4>rt49 in. THel (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
The solvent was removed under reduced pressure and the crude product 11b (10 mg)

was used as is for the next transformation. LC/MS = 6822 (M+H").

” )g‘*xr

NHz t BUONO

,Z

11c

To a dry, argon purged, round bottom flask (5 mL) were added the methyl
sulfide adduct 11b (10 mg, 0.0147 mmol) and anhydrous THF (1 mL). tert-Butyl
nitrite (0.012 mL, 0.10 mmol) was then added and the flask was placed into a pre-

heated oil bath set at 50 °C. After 3 h of stirring, the reaction mixture was cooled to
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15

20

25

20m xture was purified by RP HPLC (actonitrile/water),
affording 5 (30 ng, 84% as a WO

WQO®9/1332323PCT/ US2009/ 041432 5white solid. 1HCIWVBSI0890+1432

MHz, CD30D): 6 5.28 (s, 1H), 3.9-4.0 (m 2H), 3.86 (d,

J =8.7Hz, 1H), 3.72-3.78 (in, 1H), 0.93 (s, 3H. M

----299.0 (Mt Conpound 6 To a dry, argon

purged round bottom flask (100 niL) were added 5e (220

NGomGedf afill (1Rl shlv@fthw &Rt o Sndb exRIBE] fré6kuid.) TheR2%BR was then

(200 ng, 0.44 mmol) and DVAP 15(28 ng, 0.23 mol) were

tmé??dé@é@d’lﬁhﬁacﬂlh@ PeEEETORd oqrudematssaHdat b me was used as
portion of P2S5 (200

%?géﬁtgeﬁ%tﬁ%ﬁ %gédgb % ?ﬁ% reaction refl uxed

for an additional 45 mn. The reaction was then cool ed

to roomtenp and poured into an Erlennmeyer flask

contai ning jce water rrL — The organic material was

extract ed th chlogro fter saturating the aqueous
sol ut i orixw mhe gonbi ned organic |

were d usl ng angt he sol vent em@ve

r educéd™pr esstk e\T ude mi’ﬂ**éa'lali‘f@a f| N

using flash c graphy (FHexanes™/ Et 04 20

(88 % of t eS|red rial 6a was |s,qzﬁat@1d LC/I\/S
= 669.2 (MXNWR (300 CDC13): 5 7.99 (in,

113 WD 2008/ 13212%8%cT 009/ 041432 5To a d’r1y ar gon

purged round bottom fl ask (50 int) were added 6a (200

mg, O. r ’

04201218(?31%&0“ El‘lh%g’o%b&%ﬁ %ésgem’%s ad e RN Kt erny
Gsiulf)de\nﬂﬂunttﬂén(ﬁddgm abitmitvd). et €Mdefer € tms., i?[ﬂ./f)(stolhrtﬁm) was then

Y SHLEC RORBT s IR T ¢ BT Rt SRat e RS, the

OQIMH HHEIQ 18 rbdm &mp SRME 8 e _
then pl [aced |tn 10an n|H§:e bat hmg%o? taﬁéggwﬁa@d%%ﬁg%&?%wum

t Theseruds mefed i was purifiee uamg artiiben Wegreratoxyrdiit@d wi t h

e R0 SO e TGP ot B Setir rotiBh T8 tiER 282

ﬁmﬁd eI EHEVR 3WBMRPEIid)ed 7@@&@9@@3&%@%&’@@@(’5&&9@3@ 01

PLC system (acetonitrile/ wate
deslitfed Shhmet Hal3. Boimwdsl)i 369 atlebl“l) IQ(%WE 33:"1)683 2 ( M+
Fr). 1H NVR (300 M4z, CDC13): 8 7.99 (m 15

Phosphate Prodrugs

Non-limiting examples of phosphate prodrugs comprising the instant invention

may be prepared according to general Scheme 1.

Scheme 1
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I5

20

1.74 (s, 3H. 20 To a dry, argon purged round
bottom flask (100 nL) were added 6b (225 ng, 0.33

woneb)i3Aaesl anhydrous THF (21 nl). tert-Butyl nPCT/UBE09/041432

(0.30 rnL, 2.32 mml) 25was 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 m xture was
cooled to roomtenp and the solvent was renoved under
reduced pressure. The flask was then placed undeg high
vacuun1overn|ght and the crude material was purlfled

usi ng aHG | son Preparat ory ¢giPLC system ArO WP Cl
(acetenpbt-rdl e/ wat er )H (86% of the deS|r@9
materi all, 6¢c was isqlqted. LRIMS = 668.2 (Mg, 1-1)

1H NMVR £300 MHz, CDCL3) R*6 %399 (m 3H), 7.89 Pon

(m WD 2009/ 132123PCT/ US2009/ 041432 5 10To a Ty,
argon purged Parr bonb vessel was added 6c¢ (190 ng,
0.28 npgl ). NH3/ MeOH (60l 7M sol ution) was then
added and the bonb was placed in a preheated oil %ath
set at 80 C. After 18h, the bonb was cooled to room
tenp and the sol vent was renoved under reduced
pressure. The crude material was purified using a

G I son Preparatorg8HPLC systen1(acetonitriIe/mater) R®
i sol ati ng 56. Xy 0 %9 of the 15 deS|red product 6.

LC/ M5 =283. igi?g. 1HNMR (300 MAg 2 \ Ny
(5 1H), s, , 4.19 (in, 1H), 4P4 m 1H) N
3?‘5’9 ' % (i, 1HZ2¢ 1. 01 ngs NI-BH)&} 7‘\N¢j\
20 5 s spen5|6h m xture—of—7a 2.\64 1)

and 7 : g, 2.91 mml, prepar ed”ax c dﬁ gt he
procqure sdescribed in J. FbterocycL \&9 2,

697) in (10 nL) was added TEA (O. @65 3. 61
mol ). Theggesulting m xture was stirred at r om
tenperature for 1 h, then at 45 C for additional 1 h.
The reaction 10 m xture was diluted with ethyl acetate
and washed with water. The organi c phase was dried

\(/)v\a/gr E’?ﬁﬁ%’e@gﬁa@bﬁo@&ﬁ@e c@fHiRNREBLRh &% an TRhd K5 &UE 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,

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 1s used directly in the subsequent steps without recrystallization or

chromatography. Specific, but non-limiting, examples of 2a, 2b, and 2¢ can be found

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
lutidine and DMAP, tertiary amines such as triethylamine and DABCO, and
substituted amidines such as DBN and DBU. The product 2e may be isolated by

recrystallization 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.
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15

chromat ography on silica gel, eluted with 15%
nmet hanol - et hyl acetate to afford conpound 7c¢ (0.45 g,

wQoMp/13328 col orl ess solid. M5 = 670.0 (M 15 2PADUS2009/041432

suspension of 7c (0.45 g, 0.67 nunol) in
1, 2-di chl oroet hane (50 nlL) was added POC13 (0.56 g,
3.6 mol ). The reaction m xture was stirred at 82 C
for 8 h. After cooling dowmn to roomtenperature, the

ﬁ{ﬂo?@d? xture was treated with NaHCO3 (5 g) and

m.) for 3 h, and concentrated. The residue

was partitioned between ethyl acetate and water. The
organi ¢ phase was separated, dried 25over MySOH4,
filtered and concentrated The residue was purified by
chronatogr silica gel, eluted with ethyl

acet tedo ffor conpound 8d (0.26 g, 59% . 1H NWR
HGllO(slH) 7.95 (d, J = 7.8
Hz 2H)5 7.77 (s, 1H), 7.36 (d, J -----

7.8 Hip 2@% 7 2?J 2m "4H), 6.33 (s, 2H), 6.20 (d, J =
6.9 Hz, 116 WD 2009/ 132123PCT/ US2009/ 041432 51H),

6.11 (s, 1H), 4.6 (i 0240( 2.37 (s,
3H), 2.35 (s, 3 1% ,@ 2.1 (Mr H¥).
To a solution of (0 99 ) in MeOH (10
rrL) and THF (10 nL)Nat 0 C Was dded NaOMe (0.1 nmi,
’\% %he resul tings\m xturgg was stirred at 0 for 0.5
h, angMeREidazolp gbtR Fetper at ure for 2 h. The reaction
m xture was cooled to O C, neutralized with HCL (1
m., 0.5 N), treated with NaHCO3 (0.1 g), and then
concentrated. The resi due was purified by CG18 HPLC to
af ford conpound 7 . 84% 1H NMR (300 MHz, D20):
5 7.63 (s, 1H), ( 3.70- 3. (m (§LH), 0. 88
(s, 3H). M5 298. O ( 9 Conpgoun 13 To a dry,
argon purged, round bottorq1 N wene added 7d
(40 ng, 0.067 nmol) ane ydr ous\_di/axan§=(4 niL). P2S5
(68.2 ng, 0.15 mmol) DMAP (851 r@, O.O05NHpol) were
t hen added and the re on m xture was heated to a
gentle reflux for 25" min. Anot her portion of 13,,Sb

(50 nyYompeunddiesk tedaetdtvien ﬁ]@%bé}ﬂﬁrdcﬁfdrﬁé@%af(ﬁfep%d according
additional 45 mn. The reaction was then cool ed

e AT R erid Bdfsdue ber.i1903, Hn 1 843-d Afdyascodingsk f:he general
Cﬁ?@&)@bimsﬁ% Il—ﬁl%th%&%azgl% ag ’ogl‘e)tb g-lrvheeco%&%gcli § (g(? 1tneg,r 5@% yield).

'HNMR (300 MHz, CD;0D): § 7.61 (s, [H), 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,
3H). >'P NMR (300 MHz, CD;0D): 4.04, 4.09. MS = 601.0 (M + H").

Compound 9
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10

15

WO 2009/ 132123PCT/ US2009/ 041432 5was extracted with
chloroform after saturating the agueous solution with

wOa@b/133ibe conbi ned organic | ayers were dried BPGSI/N§2009/041432

MySO4 and the sol vent renoved under reduced pressure.
The crude material (20 ng) was used as is for the next
transformation. LC/MS = 668.2 (Mt Ht+). 10 To a dry,
argon purged, round bottomflask (5 nL) were added the
t hi one 15 adductyHa 20 ng, 0.03 mmol ), anhydrous DVF
(0.25 nL), andMan ous CH2C12 (0.25 nl). NaH (1.4ny,
0. 035y O NN peral oil) was then added and the
het er ogenepug i xhete stirred at roomtenp for 40 nin.
Mel (4.69 1mg,: 0.033 mpl) was added to the flask and
the reacti®n @ xture continued tp stir at_roomtenp
for 2hr. The flask was tenyp edoin @ &'path and
the pH was adjusted to 5 usin MﬂHGl The sol vent
was renoved under reduced eSsuPle &hd the crude
product || b1{Mdhymgliamms THE @O ™as 1ssdf or the next
transformation. LC/ M5 = 682. 2 + fr). 25 To a dry,
argon purged, round bottomflask (5 nL) were added the
met hyl sul fide adduct lib ( i:I;éO 0147 nmol ) and

anhydrous THF (1 nL). tert-Butyl nitritep-0, 0120
mL, 0.10 nmmol) was then added NJBQ flask rrP]‘“'a%ed
into a pre-30heated oil bath set af 50’“6{93%?L" Q_FH
of stirring, the reaction m xt was cooled—t o

2009/ 132123PCT/ US2009/ 041432 m t enggandptihe NH,
sol vent was renoved under r pressure. The fl ask
was then placed under high cuum over ni ght? and the
crude material lie (10 ng) was used as is for the next

r eact ICCxﬁndeﬁiﬂ 5w & t6tedAvifiMhe pﬁbs)phoﬂ&hlondate 8a (fRpavedh¥sording
n_purged, Pan bonb vessel was added crude reduced

uigay §tisdie. Aduehem 189431, hed8-4 O3 07ckprging, to ipgageneral

7 th
V\'\ég%c{lg{in u %a%%ﬁﬁé_laﬁg?& Lq %a&%“&%aéﬂgo%gqo%ﬂ? oL oR Sﬂﬁgﬁgg(? MHz,
J@mgomhé 154~ bamnwas),csoam (€dI Hp 4150@Mm I8R5 @nplzﬂm 20 (brs, 2H),
so| vent was rennved under reduced gﬁe sure, The crude

raf 8ri H- hasopdHs | éﬁ(@s@%lé’z@ﬂss )- Py ¥Hat3 0P WM HRLE;0D):
9 Q

(BEEUA R RSO R AL @ T AR o

MHz, D20): 6 7.99 (s, 1H), 7.34 (s, 1H), 5.45 (s,

111 1H), 3.90 1H), 3.79 1H), 3.69
lz’ﬂ?—ﬂmi)#gl (SH)SH). (m 1H (m 1H
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10

20 Phosphat e Prodrugs Non-limting exanples
of phosphate prodrugs conprising the instant invention
wWQmag21be prepared according to general ScheneCWUS2009/041432

Schene |I. WD 2009/ 132123PCT/ US2009/ 041432 ORY O 1 |
ArO-P-Cl CCHO\OR 0 ArOP -C NH The
general procedure conprises the reaction of an am no

acid ester salt 2b, e.g., HC salt, with an aryl

di chl orophosphate 2ain fde presence of about two to

ten equival ents ofN% adsu{tabl e base to give the
phosphor ag .NBui thabl e bases i ncl ude,
\Nﬁ
HO  OH YO ° 45 cl
6 j PO

N ™
H Ci
8a

1-Methylimidazole, THF, rt

Compound 12 was prepared according to the same procedure described for the
preparation of compounds 8 and 9. '"H NMR (300 MHz, CD;0D): 8 8.08 (2s, 1H),
7.1-74 (m, 4H), 5.58 (s, 1H), 4.75 (m, 1H, overlapped with solvent peak), 4.5 (m,
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+OD): 3.91, 4.02; MS = 586.3 (M+H".

Compound 16
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20

10but are not limted to, imdazoles, pyridines such
as lutidine and DVAP, tertiary am nes such as

W0 pdoet1baibmr ni ne and DABCO, and substituted am PICTES2009/041432

such as DBN and DBU. Tertiary am nes are particularly
preferred. Preferably, the product of each step is
used directly in the subsequent steps w thout
recrystallization or chromatography. Specific, but
non-limting, exanples of 2a, 2b, and 2c can be found
15in WO 20qgl1 820 that is hereby incorporated by

reference } ts Nentirety. A nucl eoside base 2d reacts
with. the jdate 2e i § the presence of a

Sui se. Suitable baﬁ?ejxgclude bd&rgre not
Iinited t oL m dazol es, pyridi nes-sugh as/Tutidine and

Eg ry am nes such S trlethyI§h1 e and DABCO
and su ted antic nesmgyeg/§§ﬂfxﬁe DBU. The
product 2¢ nmay be isol at y Z20recrystallization
and/ or chr omat ogr aphy. Aﬁdnyugn@a@eyaq@bgﬂ%of
types of phosphate prodrugs are.disclosed in | d.
Chem 2007, 50(16) 3891-96 whi ch g 2.rowrpogated by
reference inits entirety. 8 10Conpound 7 was treaHed

with the phosphorochlorldat 8a (prepared accopgd to
McQui gan et al, .1. Med. 1048- Q 2)/L
according to t he gener al prot co

1-met hyl i m dazol e as base to glve co und 0 ng,
50%vyield). I'HNWVR (300 N+h 6 7.61

7.20-7.32 (m 4H), 5.47 (s 4.9 (nR%;H%

(m 2H), 4.18 (brs, 2H), 3. (rn: 1H), 1.3 éh)

1.15 (m 6H), 0.99 (brs, 15 3H). 31P NVR 1800 Mz,
CD30D).;

Corpofie s b 5175 e Wb SorP o e

(gfﬁﬁﬁf fercagagt ?‘Hﬂgtréz‘éle'\@%g am mﬁio,n RiloVefby (RN 0f2.2-
1993, 36, 1048- 105d%baccord|n to the ‘general Pprotocol
7

Lﬁbmﬁ@]y}tmmrhglbmmad [ {dissoproprlemine | J{A2-dowethdund 9.

TR s TRODR AN

(Mfterlkiiringlfod 2 TBO%%h‘Brdroéelﬂﬁer&MG B0 d6004) (WPsdd@iHb-the
31P NMR (300 MHz, CD30D): 4.00, 4.06; 19F NVR ( CD30D,
ABXWR Yhe maxtpsg wzesn;len veedgQ vagn (upta raom tegmeprdened Ader 30

gt RS RO R BEGR B8 o
Erggaiﬁ?lfgi&) \Basf;nﬁkhgd wltH isFﬁtté(B@ﬁletM‘leNaQGD%Q D)L & 8.488 brine and
S )

4H), 5.58 e 4. 75 .
TCEHFSIA dp pesdowi Tt re@t&?é%)s YEERY bﬁ@sﬁ{mﬁ (ML (Hm@ gradient)

(tmgl\é:j;()mq %gj {({)QF sfg%‘rﬁ §oi§5(g%1§)§ggklﬁgé %@cm % 7.45

Is9H), 820, M5 £4686.03m VH),FLI8-4.40 (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,
CDCL): §-1.322. MS = 665.0 (M + H").

Compound 18
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Compound 16 To a solution of Conpound 3 (13
ng, 0.044 ntnol) in trinmethyl phosphate (0.4 nL) were

w@oaed32iks t etrazole (9.5 ng, 0.132 mmol ) fol | oneTdUR009/041432

10

15

20

addi tion of 2,2- dinethyl-thiopropionic acid S-(2-
fdiisopropyl am no-[ 2-(2, 2-di et hyl propi onyl sul fanyl)-e
t hoxy] - phosphanyl oxy} -ethyl) ester (40 ng, 0.088
mmol) at 0 C 10 After stirring for 2h, 30% hydrogen
peroxide in H20 (60 uL) was added to the m xture. The
m xture was then allowed to warmup to room
tenmperaturg, Afifer 30pmmestiffing, 1 M Na2S203 in H/70
(2 nL) was¢ agdedt oTquench t peskeasthanMF TBRXOr gani c

| ayer was d’]WI 5 10mL x
2) d e and coRtentrated in vacuyo. The residue

was pur ifi by RP- HPL &N H20 gradient) 15 to give
Conpound 1‘3Has a white Solid (6 0gp_p1H NVR (300 Mz,
CDC13):~6 7.45 (s, 1H),\5.29 . &H), 40-4.50 (m

1H), 4.2874.40 (m 1H) 41024, (m/ 6H), 3.14- 3.21

(m 4H), 1.237 (s, 9H ’1.227 (s, 9H), 1.06 (s, 3H):
31P NMVR (121.4 Mz, CDC13)e. 6 ~L.322. M5 = 665 0 (M
Fr). 20 Conpound 18 Ve Skel BT8Pt Dsz000) 041452
0O 1H-tetrazole, CH3CN Ho -OH 18 NCe

%—rs O NQ.))QN
\/\ \ P
a K] N N)

0-P-0

3) MCPBA, CH,Cl,

4) 75% TFA in H,0 j;L\ﬂ/ O
S N -
HO OH

0O
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 ulL., 0.32 mmol) and p-toluenesulfonic
acid monohydrate (8 mg, 0.04 mmol). The mixture was heated to reflux for | h. 28%
NH40OH 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
CH-Cl). The white solid was dissolved in CH;CN (0.4 ml), added / H-tetrazole
followed by addition of 2,2-dimethyl-thiopropionic acid S-(2-{diisopropylamino-|2-
(2.,2-dimethyl-propionylsulfanyl)-ethoxy]-phosphanyloxy}-ethvl) ester (41 mg, 0.09
mmol) in CH3CN (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»$,03 in H»O (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-0O gradient) to give the
coupled product as a white solid. The solid was dissolved in cooled 75% TFA in
H,O. The mixture was allowed to stir at 0 to 10 °C for 3h. The resulting mixture was
diluted with EtOAc, washed with saturated NalHCO;5 and concentrated in vacuo. The
residue was purified by RP-HPLC (MeCN~-H,O gradient) to give the product
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To a solution of 17 (12 ng, 0.04 mvol) in acetone (0.5
m.) and DMF (0.1 nL) were added trinethyl orthoformte

W@ 3@9082129. 32 mMmol ) and p-t ol uenesul f oni ¢ aci dPCT/US2009/041432
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nonohydrate (8 ng, 0.04 mmol ). The m xture was heated
to reflux for 1 h. 28% 10 NH4AOH was added to
neutralize the mxture and the m xture was

concentr at ed to dryness. The product was isolated by a

SRS 93 b RS 1 G

[ Chet & 8401 zmj‘r@&vesdlny vt 1A 5038 (s, 1H), 4.57 (b, 1H), 4.34-
2, 2-di methyl -thi opropionic acid S-

dfiﬁgé@,y@u%%s (12-5H), 3.97 (d, /= 5.4 Hz, 1}{) 3.88 (b, 1H), 3.21(d, J=

( et 50 I h p | o
&S P PR A L3N BBy TR TS
at.0® (CIHAf ?@TNISIR fiei agufiercnoLMs 11.3476 MIS tgaue) Was 4.
cooled to -40 C. MCPBA (40 ng, 0.09 nmol) in C17

was added to the m xture. The m xture was then all owed
t [ to roomtenperature. After 10 mn stirring,
1{%%%@% in 1120 (2 nL) was added to quench the
reacti on. The organic Iayer was washed ov t h saturated
aqueous Na2CO3 (1 X 2} and bri n concentr at ed

in 20 vacuo. The r e LW pur i byNHRP- HPLC

(MeCN- H20 gr adi ent)Oto giive tYe© roduct as a
white solid. The solli #s di ssol/wed in d¥H ed 75% TFA
in ROD. The nmixture IloweiJI to stir at 0 to 10 C
for 3h. The resul ti nghm¥/xt ur &ad il uted with Et OAc,
washed with saturated NaHCO3 and concentrated in

vacuo. The residue was purifizs,od by RP-HPLC ( MeCN- H20
gradient) to give the product 5 Conpound 18 as a
white solid (12 ng, 44% over 4 steps). 1H NVR (300

MHz, CBB18)3:1 8u®l oi7pkemy! mefhox Fal&inylphogiHprochl@idlateliprepared

5. 38 b, 1 4-
e{é)fg_rd?gztg @ﬁ?mg% &t a@ J,5 ;4 %i Chgfnl:l) %93 iffz 1041%%%5%) 188&%%!)5 3mL of
IH)F iBadlika &(ﬂa miztufk 0|f|ébou°? Ieh)5 rnﬁ}ol 6f Cbmp&nnﬁ 46anE|7ab01ﬁ|'j)8 mmol
1.234 (s, 1.230 gg : 227 (s, 6H), 3 (s
gﬁ)qugeﬁpylmNFhaZ(oi@p a,}pomi'zm 3jl“he gactionmy ';stlrrwgf()f 'dB@It 2@ hours
(Ma thd Qol%gpsoﬁé&%vg(p uer ped/ug' d pressure "Iqw resxdll}._el:ols punﬁet? by

reverse-phase HPLC to give Compound 20.

Compound 21

21
About 3.1 mmol of 4-chlorophenyl 2-propyloxyalaninyl phosphorochloridate
(prepared according to McGuigan et al, J. Med. Chem. 1993, 36, 1048-1052) in about
3 mL of THF is added to a mixture of of about 0.5 mmol of Compound 1 and about

3.8 mmol of N-methylimidazole in about 3 mL THF. The reaction is stirred for about
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15About 3.1 nmmol of phenyl et hoxyal ani nyl
phosphorochl ori date (prepared according to McQui gan et

w@bkgo9a321bed. Chem 1993, 36, 1048-1052) in aborCT/BS2009/041432

of THF is added to a m xture of of about 0.5 mmol of

Conpound 4 and about 3.8 mmol of N-nethylimdazole in

about 3 nL THF. The reaction is stirred for about 24

hours and the solvent is renoved under reduced

PrERY Srd HHOSIVERE sdﬂéﬁlolvéd Pillek ?éd%@ecp%regﬁré e r%ﬁd@é‘@%%nﬁed

HPLC to gi ve Conpound . Compound 21

Ab@@?ﬁ@?Rhmmﬁﬁﬂibﬁ)%ﬂ%ﬁbmpephéﬁyl 2- propyloxyalanlnyl

phosphorochl ori date (prepared according to MCGui gan et

al, 1. Med. Chem 1993, 36, 1048-1052) in about 3 nL

afomhpbund2dded to a m xture of of about 0.5 mmol of

Conmpound 1 and about 3.8 nmol of N-nethyllnldazole in

about 3 nL TI-1F. The reaction is shffxred for about

WO 2009/ 132123PCT/ US2009/ 0414 hours and the

solvent is renoved undg: NPressure. The residue

is purified by reverse-ph

Compound 22 HO oxb 1022 A mxture of about 0.52

mmol of Conpound 1 and abqytgiz mL dry acetone, about

0.7 triL of 2,2, dlnethox'ﬁkgpane and about 1.28 mmol

of di- pnltrophenylphosphorlc acid is stirred for about

24 hours to about seven days.»aThe reaction mxture is

neutralized with about 20 nL of 0.1 N NaHCO3 and t he

ac et onenistunsehahpeirhdeamotieé C@emwd Ivadebpu] 12ingL dry acetone,
430 t ' g{tegfi ﬁ‘t(%m%&oggé opAnL ang agouthll of 0538”15%0'” 'on

and™t evapora dlind 22

Irﬁtr@t}fehfflpﬁ@sphbﬁm&@% st doleatiodt TZORWES id o0al sehBaiys. The
Compound 23 20 ) ) _
reaction mixture is neutralized with about 20 mL of 0.1 N NaHCO; and the acetone is

evaporated. The desired material is partitioned into chloroform, the chloroform
solution is dried, and the solvent is evaporated. Compound 22 is purified from the

residue by conventional means.

Compound 23
NH-
(\O Ns A
Jf e ‘D{ |O \ N
N oY o) N, _f

23
A solution of about 0.53 mmol of Compound 22 in about 5 mL of DMF is
treated with about 1 mL of a I 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)-
pyridin-4-y1]-2-(4-nitrophenoxy)-2-oxo-1,3,2-dioxaphosphorinane (Reddy,
Tetrahedron Letters 2005, 4321-4324) is added and the reaction is stirred for about
one to about 24 hours. The solution is concentrated in a vacuum and the residue is

purified by chromatography to give Compound 23.
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23 A solution of about 0.53 rnrnol of Conmpound 22 in
about 5 nL of DMF is treated with about | nL of al M
wa@odoatidams of t-butyl magnesi um chl ori de i n THF. P&F/US2009/041432
about 30 min to about 5 hours, a solution of about
0.65 mmol of trans-4-[(S)-
25pyridi n-4-yl1l1-2-(4-nitrophenoxy)-2-o0xo-1, 3, 2-di oxaph
osphorinane (Reddy, Tetrahedron Letters 2005,
5 41s added and the reaction is stirred for
abouP one to about 24 hours. The solution is
concentrated in a vacuum.and the resi dueNiits purified

by chr omat ography gijve @bnpound Compound 24
Ho 0424Aso|ut®vﬁ S

trifluoroacetic i s Ccepl ed IS treated
wi th about 0.32 mmpl of Conpoun for about one to

24 hours. The 10solution is copperfgfated and the
residue is purified by chromatography to give Cbnpound
24 Cbnpound 25 dyb 25 2A sol ution of about 56

ﬁp gg 0n about m. of THE.i s treat
Wi t h afbé pLion § T0%paggeps t ‘{Oé?acﬁ%?ﬁid sl t3&90&&*’“1‘1‘1 15
%aﬁfa%ﬁm a0 %Q'n’ﬁﬁ@ltoﬂc%n?ﬂ(ﬁﬂﬂr 2 £d 604 oh@% i@ﬁdnﬁy eThS

purified by chromatography to give Conpound
10 Gompioundc@@entrated and the residue is purified by chromatography to give

Compound 24,
Compound 25

NH,

N
(\ P . ‘Y]\\N
N o-F'0 0 N
GYE)
15 0

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 26
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26 WO 2009/ 132123PCT/ US2009/ 041432 5About 3.1 mmol of
4- chl orophenyl 2-ethoxyal ani nyl phosphor oehl ori date

w@ proepaaiesl according to McGuigan et al, J. MedpCTZOBS2009/041432

10

15

20

30

1993, 36, 1048-1052) in about 3 Il-1L of THF is added
to a mxture of about 0.5 mmol of Conpound 1 and about
3.8 mol of N-nethylimdazole in about 3 niL THF. The

reaction is stirred for about 24 hours and the sol vent

|s rempy 3“1 flo] B?Q%ﬁ}%ﬂ’ 3%1 thio y‘éﬁ‘aﬁur[ % fioloShlordate
purified reverse-p PLC 10 oun %[Eg
q;ﬂmmtﬂdmcé’&dlng to Md?[)dlgdikbéﬂ aQ JZMBEWMIIBBBQTH 6)048 1052) in about

ou d 26 in DMSO is treated with about 3 nol
e’am ok & addediormmasttumnal 2pert O BET 6F Capweandd apigbout 3.8

tfﬁzr%‘i‘ om%ahyﬂ}ﬁﬁiaécﬁé% é‘&ﬁt B $oIGHRRC *’{%@ r¥\Acth i*sNtzH‘éh & Mbout 24
Conmpound 27 is 1solated by reverse-phase
Compoamicth@ 8ol 10 emoved under reduced pressure. The res1due is purified by

reverse-phase HPLC to give Compound 26.

Compound 27

27
A solution of Compound 26 in DMSO is treated with about 3 mole
equivalents of potassium f-butoxide for about 15 min to 24 hours. The reaction is

quenched with 1N HCI and Compound 27 is isolated by reverse-phase HPLC.

Compound 28

28
A mixture of about 0.05 mmol of Compeund 1 and about 0.5 mL of
trimethylphosphate 1s sealed in a container for about one to about 48 hours. The
mixture is cooled to about -10 to about 10 °C and about 0.075 mmol of phosphorous
oxychloride is added. After about one to about 24 hours, the reaction is quenched
with about 0.5 mL of 1M tetracthylammonium bicarbonate and the desired fraction
are isolated by anion exchange chromatography. The appropriate fractions are then

desalted by reverse-phase chromatography to give Compound 28.

Compound 29
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HO- P-0 OH 20Ho OH 28 A m xture of about 0.05 nmol of
Conmpound 1 and about 0.5 niL of trinethyl phosphate is

w@eambaskieh a contai ner for about one to about BESI/HRME041432

The m xture 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 rnL of 1M
tetraethylanunoniunmbicarbonate and the dggjred
fraction are isaqla gﬁ‘by a on exchange
chr omat ogr aphy. 3TH% {.i ons~mre t hen
desal ted by reverse- phas Nt Ography to give
Conpound 28. 30 Conpoun _2/93 NH2 O.P-0Y,0 5)0H6 --OH
29 Conpound 28 (a ut/%Efg mol ) -T's. dried over

[

phosphor ous pent oxjdé& a vacuifn f@ about overni ght.
The dried nmaterial” is suspended in about 4 nlL of
anhydrous DVF and about 4.92 ygrol DI PEA. About 7.34

mol of iso-propyl 10ehl oronethyl carbonate (Antivira

( hem @wyowlft%&?@@h@} é%ymsoisléﬂyn(ei 99q) phopphoselaynipiie in a

Edl{lﬂ'l?%lugr‘%%ﬁ{ c?v dfh%%n%& %&erl?a tsgsﬁe*?ﬁés' in a%o& ﬁ{ I’L of

ours I's reane for
adnhyﬂroomé)mbaxabmm 4.82 Innmls)mm t Neout e@@nmmﬁ ﬂﬁﬂlkd pfo@@ll
T filtr tels diluted with wa
pfg\?@mwe@ﬁ e [dpotita’ Chandstsy ﬁﬁc&%’&% %ﬁST d 98?)) dgadded

apd Ry ﬁi@}gﬁ@t@geatﬂ"tg abb& 1588 'ag&ﬁ 6'08] CRYE ﬁgdal‘te g% 91\{1600 about 24

reverse-phase 15 HPLC to isolate Conp
3®urs. Heating is 1emoved for about one to about 48 hou"rs and the 1eact10n ﬁitered.

The filtrate is diluted with water, Compouand 29 is partitioned into CH,Cl, the
organic solution is dried and evaporated, and the residue is purified by reverse-phase

HPLC to isolate Compound 29.

Compound 30
NH,

A
N
0 \N\/

N
o] -

4 s -
HO-F—0  oH
o)

30
Compound 30 1s 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.

Compound 31
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30 20Conpound 30 is prepared by treating Conpound 28
W th about one to about five equivalents of DCC in

w@yeovdsaies and heating the reaction to reflux fPCT/EROY/041432

one to about 24 hours. Conpound 30 is isolated by
conventional ion exchange and reverse-phase HPLC. 25
Compound 31 0 /<.0 0-P-6 0 31 A sol ution of
about 0.4 nunol of Conpound 30 in about 10 ni of DW
is treated with about 0.8 mml of DI PEA gpd about 0.8
nmol of chl oronet hyl i sopropyl carbongrgk

(WD2007/ 027248) . e reaction is he@t & about 25 to
about 80 C for ,/gbouj 15 mn t
solvent is renoved gnder va
purified by HPLC to gi @ npoun 31. Conpound 34

NHOMTr  HON, NNHDMTr  150H 3 Qﬁnpound 3 (about

0.22 nmol) is dissolved in %nhydrous pyri di ne (about

2 mL) and chlorotrinethylsilajge (about 0.17 nL) is
added. The m xture is stirred at about O to about 25 C
f or abduytlusne of @oabddtmmdl Hdiwmpowrtt3q ingbalit 10 mL of DMF is

treated with about (0.8 mmol of DIPEA and about 0.8 mmol of chloromethyl isopropyl
carbonate (W(2007/027248). The reaction is heated to about 25 to about 80 °C for

hours. The
thé“re5|due is

about 15 min to about 24 hours. The solvent is removed under vacuum and the

residue is purified by HPLC to give Compound 31.

Compound 34
NHDMTr
N.___ \N
HO N\
o N“N/J\NHDMTr
HO  OH
34

Compound 3 (about 0.22 mmmol) is dissolved in anhydrous pyridine (about 2
mL) and chlorotrimethylsilane (about 0.17 mL) 1s added. The mixture is stirred at
about 0 to about 25 °C for about one to about 24 hours. Additional
chlorotrimethylsilane (about 0.1 mL) 1s 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
partitioned between ethyl acetate and water. The ethyl acetate layer 1s dried and
concentrated. The residue 1s purified chromatography to afford Compound 34 which

may be a mixture of mono and di tritylated compounds.

Compound 35
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20chl orotrirnethyl silane (about 0.1 nlL) is added and
the reaction is stirred for about one to about 24

whowwwa32143 4' - Di met hoxytrityl chloride (about OPGBURIOD$/P41432

10

I5

20

25

and DVAP (about 0.11 to about 0.22 miol) is
sequentially added. The m xture is stirred for about
one to about 24 hours. A solution of TBAF (1.0 M
about 0.22 nL) in THF is added and the reaction is

stirred foryghout one to about 24 hours. The m xture
i's 25partitioney/between ethyl acetate afbiDiMdf er. The
yar

ethyl acetate | drl©d and co ted. The
residue is purifieéed chr eg p naf f d Cbnpound
34 which may be a mixture §f no d dN™ Aated

conmpounds. Conpound 35 5Ho CH A n1xture of
about 1.25 mmol of Conpound 34H@ndogbout 1.9 mmol of
triethyl ammoni um

2-(2,2-dinmethyl-3-(trityl oxy)3r opanoyl t hi o) et hyl

e Rtttk P08 e ol ot R sPeig Fpiaat R e of
rtﬁg@}b)arﬂlﬁorﬂﬁhﬂ@d@m@l%@@&a(&n@ pmﬁ&oy@hlamﬁn pRoshonate

he solution is stirred or about 30 mmto

a@’é@?o%@fﬁ%wss diyioéveddmerhygrouspyaidingt(aepunil f mineivalehe
%ﬁdleg[ﬁb abou n%gé%ﬁe‘?‘ (gp%%]gl%%géteg Ior Bmﬁgggﬂlms

aaoapmnaﬁ etttraing féridotiteX) ldhﬁolaSOﬁirﬂd&e}d)ufm dr he&ezp:wlbhﬁs @ithtby/with

chromato aphy to give Conpound 35 which nmay be a
nmﬁ%#ege loridhend 13 BeHEged With agYS0NE SBMBIHED ew@§de (about

g %\%t en%q Q) Rz!ts@tlé %giﬁe{at%ﬂtt Qreé% Q}EQ:L e‘afand 18

I'n an s car tetrach ori
n;lu)nﬁed b@[d:ﬂadnadogrpyhyste gk)\eir(iqlham'lm 3% athottm2y Wba mmm)e of mMOno-
h Hﬁea_ctlon m xture is stirred for about one to about
uridylatet comppupdie s evaporated and the residue is

purified by chromatography to gi ve Conpound 36 which
may be a mi xture of nono and di tritylated conpounds.
26o@pnpod 36 37 A sol ution of about 2 mmol of
Conmpound 36 nethylene chloride (about 10 L) is
treated mnth “>é%geous solution of trifNig™Macetic

acid (90% about : Nﬁr/QN
o- P o} o ) N,
NH N NHDMTT

36
To a solution of about 0.49 mmol of Compound 33 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 1s purified by chromatography to give Compound 36 which may be a

mixture of mono and di tritylated compounds.

Compound 37
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10The reaction m xture is stirred at about 25 to about
60 C for about one to about 24 hours. The reaction

worzoopasx23 s diluted with ethanol, the vol ati | eBRCHIS2009/041432

evaporated and the residue is purified by
chromat ogr aphy to gi ve Conpound 37. Conpound 38

About 90 nM Conpound | in THF is cooled to about -78 C
and about 2.2 to about 4.4 equival ents of

t - but yl magnei chloride (about 1 Min THF) is added.
20 The nixturi@?%gg?gged to about 0C kpr ut 30 mn
and is again cool/ed|t ouf - 78 C. (A= i on of
(2S)-2- {[chl oro(1-$henoxp)ph \'Qg\propyl

pi val oat e (WD2008085508) (1M in abdit g,
equi val ents) is added dropw se. The<eboling i € removed
and the reaction is sti rrfor HaboW one to about 24

opYy!

hours. The reaction is q hed with water and the

m xture is extracted w thsethyl acetate. The extracts

are 25 dried and evaporated and the residue purified

by chromat ography to give Coﬁﬂound 38. Tri phosphat es

of nucl eosi des Non-limting exanples of the

tri phosphat es of nucl eosi des conprising the instant

i nventA evlutiey obebopt 2 pena chf Soogrosmdga io nyeindes chBohdenebout 10

2. 2.. T fl .A5-15 L) i h d

P HRE A Pt usep o B on gy Sitkiels it R bBE 10 mr).
("PreBredotdn MhikturSisadeied at abd8t SOloUboaNsd & fRAb&H ok tdabout 24
i ce-wat er bath. POC13 15(40-45 ny) is added and

shaurs: elhegeactioT mintirg isdheted edd §thanal she volpliles are(cvapayatgd and
: e react| rogress is moni.t ored by i qQp-exchange
e bk B0k R0 R A E R ok B it O Bfpmgimd 321 o5 e

of the reaction m xture and diluting it with 1.0M
Et SNH2CO3_(30-50 uL)). A solution of

dyeepeihitt e- BuBN (250 ng) and Bu3N (90-105 ng) in

MeCN or DVF (1-1.5 nL) is then added. Thengxture is
stirred at 0 Cfdr (533 td %35 20h, ang_thgen“the
reaction is quenchgd wth 170 M Et 3N{- I (-5 ).
The resulting nmixtare isiNtfroey . addi ti ona
0.5-1 h while warming up tdroo yoeré?ure. The

m xture i s concentrated dryness;: re-di ssolved in
water (4 nL), and purif by it eRdhange HPLC. The
fractions containing the desired product are
concentrated to WD 2009/ 132B33PCT/ US2009/ 041432
5dryness and co-evaporated with water. The residue is
di ssolved in water (-5 nL). NaHCO3 (- 30 ng) is added
and t hgbhok 50 HN (i Paiaor B4 (Qoodlaine SBout TNECE 85d 4Rt 2.2 to
is dissolved in water and evaporated again. The

rabaiigtie equ va e ett-edyimpearisgn plogdp Gatiott &M inoRHF) is added.
altﬁe%&hﬂglst\pﬁm%ﬁ% 51?0% Be@ qc%'lcatbof%f%d 1'?11611 gnodd 'is lélge]xig %!)(gl%d to about -
78 °C. A solution of (28)-2-{[chloro(]-phenoxy)phosphoryl]Jamino } propyl pivaloate
(WO2008085508) (1 M in THF, about 2 equivalents) is added dropwise. The cooling

1s removed and the reaction is stirred for about one to about 24 hours. The reaction is
quenched with water and the mixture is extracted with ethyl acetate. The extracts are
dried and evaporated and the residue purified by chromatography to give Compound

38.

Triphosphates of nucleosides
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10 Conpound 10 15The tri phosphate 10 (4 ny,
tetra-sodiumsalts, 35% was prepared according to the

w@e@eashiee descri bed starting from conpound 1.PATES2008/631432

10

15

20

(300 MHz, D20): 6 7.96 (s, 1H), 7.68 (s, 1H), 5.40 (s,
1H), 4.07-4.30 (m 4H), 0.91 (s, 3H). 3IP NWR (300
MHz, D20): -5.6 (d, J =48 Hz), -10.6 (d, .1= 48 Hz),
-21.5 (t, J= 48 Hz). M5 521.8 (M +1-17). 20 Conpound
19 19 WO 2009/ 132123PCT/ US2009/ 041432 5Conpound 19
was pr A1 . . . ..
ot anday o o QLS R e O B ik oy
(1360BntNRzentiD2 O)ay b6 prerdived ®corditfg, to eb@al Schetkl2, 5. 37 (s,
1H), 4.00-4.30 (m 4H), 2.97 (s, 3H), 0.91 (s, 3H; 'P
NVR (121.4 MHz, D20): 6 -21.6 (t, J= 19.4 Hz), -10.6
(Shhede 218- 7 Hz), -5.7 (d, J = 20.1 Hz). 10Antiviral
Activity Anot her aspect of the invention rel ates
to nethods of inhibiting viral infections, conprising
the step of treating agsanple or subject suspected of
needi ng such inhhgiti Wi th a conposition of the
i nvention. Wt hjriy wgont ext of the invention sanples
suspected of coftai/ningha virus 15i nclude natural or
i Ng as living organisns; tissue or
cell cult bi ol dYi cake sanpl es such as bi ol ogi ca
mat eri al g 1(bl ood, serum wurine, cerebrospinal
fluid, tears, :sputum saliva, tissue sanples, and the
like); |a¥ratRry sanples; food, water, or air
sanpl es; bioproduct sanpl ed)BUChH B&)}O¥keiattE of cells,
particularly ré@sonbi nant cells synthesizing a desired
gl ycoprotein; and the |Tke.2)RBooditepiead-By;Nt aeciganpl e
wi |l be suspected of containjng an organi sm which
i nduces a viral infection, frequently a pathogenic
organi smsuch as a tunor virus. g
contained in any nedi um incl uding r and o gani%
sol ventl water m xtures. Sanples include Iivkﬂgﬁgf%b
organi sms such as humans,Q and@ marf made mat erj al/s sush
as cell cultures. 25IfHQk$H01$tOiéﬁD ' N, ;J\
activity of a conpound ofoH heoH N\t i o ro N7 Mg
R3

tI-OVIr

To a flask (5-15 mL) is charged with a nucleoside 2d (~20 mg). Trimethyl
phosphate {0.5-1.0 mL) is added. The solution is cooled with ice-water bath. POCI;
(40-45 mg) is added and stirred at 0 °C until the reaction is complete (1 to 4 h; the
reaction progress is monitored by ion-exchange HPLC; analytical samples are
prepared by taking 3 ul. of the reaction mixture and diluting it with 1.0M Et;NH»CO;
(30-50 uL}). A solution of pyrophosphate-Bu3N (250 mg) and Bu3N (90-105 mg) in
MeCN or DMF (1-1.5 mL) is then added. The mixture is stirred at 0 °C for 0.3 to 2.5
h, and then the reaction is quenched with 1.0 M EtsNH»CO4 (~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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application of the conposition can be observed by any
nmet hod i ncludi ng direct and indirect nethods of

waeledeasiinyy such activity. Quantitative, qualitBCT/VU82009/041432

and sem quantitative nmethods of determ ning such
activity are all contenplated. Typically one of the
screeni ng net hods descri bed above are appli ed,

however, any 30ot her method such as observation of the

Py 8dsQ |aﬁ’(gb&@w!fap6fa@&1e\ﬁrith eat@f T debiMh g &gseﬁ:@a mﬁ(@l @0).
appl i cabl e. The antiviral activity of a conpound

oNallh@s (m¥eme) sraddehatrbtheuaiziire aysparefed taadrfaesd. The residue is

S otocols that are . known,
SRR Ble? O Py Pt aellip T D B REAR b il
t}helffc@ﬁd)@wa@iu@,eme datirddrRbeohsSthe 36&iehl sahased
Fl avi vi rus | nmunodet ecti on assay 136 WO
2009/ 132123PCT/ US2009/ 041432 5BHK21 or A549 cells are
trypsinized, counted and diluted to 2x105 cells/nL in
1 dia (A549 cells) or RPML-1640 nedia
( ﬁ%pﬂingi I s) supplenented with 2% fetal bovine serum
(FBS) and 1@%pen|C|II|n/streptonycin. 2x104 cells are
di spensed i MAr 96-wel| tissue culture plates per
0 %§§;%F 37 C, 5% CO, overnight. On the next
d59, the fcel | e infected with viruses at
mul ti pficfty of 10infection (MJ) of 0.3 in the
presé@ce Bt vari ed cOrERs PERNGIM; 6°Ct est conpounds
for 1 hdur at C and 5% CO, for another 48 hours.
The cel | s are washed2)memhvdphdte BBN, andtN | xed with cold
nmet hanol for 10 m n.>~After washing twice with PBS, the
fixed cells are bl ocke ith PBS containing 1% FBS and
0. 05% Tween-20 for 1 hour roomtenperature. The
primary anti body solution (4 is then added at a
15concentration of 1:20 to 1:100 in PB coqﬁ ining 1%
FBS and 0. 05% Tweeg- 204f or 43 hours. hey are then
washed three tinesiv LB_ 5__% ¥/ ong hour
i ncubation with hors rad er oxi ase( - conj ugat ed
anti-mouse |19G (Sﬂ@ H: 2830 ﬁ¢|Ut After mashing
three tinmes with PBS, '50 micro ter of 3,3,5,5
t et ramet hyl benzi di ne (TMB) substri e solutlon (Slgna)
is added to each well for two 20m nutes. The reaction
i s st oPpedphyspbatdil f i(d mgofeti@-sbdivhssalth LU¥I%6) wad whepaFtieaccording
tes are read.at. 45Q abosor ba | oad
PPPES hri e AT e RRBREnd gheég\é}’ﬁi WHZ D:0): 8
Wﬁ§£ ditihr [ t S lhﬂ&ﬁg on
W't Fsprlggi u(%n@(sjlj\gﬂg(?’or 54rbn9r£1; 4@?%? gpﬁggg adplNMR
a(B%b/&ﬂu,MO)r STMd; éaaiy HE e xidi.4 @it ﬁerr#85f$77) al,5 @nis48 blm). MS =
617 f cell nunmber quantification. Dose response
d%?dgg%gﬁgﬁplotted fromthe 25 nean absorbance versus
the log of the of the concentration of test conpounds.
The EC50 is cal cul ated by non-linear regression
dpempennrd IN positive control such as
Nnonyl - deoxynojirinycin nmay be used. Cell-based
Fl ayi vi rus eytopathic effect assay For E¥sting agai nst
West Nile virus or Japanese encephal Nis~yjrus, BHK21
30cells are tryp3|n|zed and_di | ut ed (oNa concentration
of 4 x 105 cells/nit i nYRPME- 1640 gegi a~suppl enent ed
with 2% FBS and 19 peRi §iPrinfst mycin. For
testing agai nst dengtle ¥HruSH Huh
tryp3|n|zed and diluted to a congentéati on of 4 x 105
cells/nmL in DVEM nedi a suppl enented with 5% FBS and 1%
penicillin/streptonycin. A 50 mcroliter of cel
suspension (2 x 104 cells) is dispensed 35per well in
a 96-well optical bottom PIT pol ynmer-based pl ates
(Nunc). Cells are 135
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grown overnight in culture nediumat 37 C, 5% CO, and
then infeted with West 137 WO

WQO®9/1332323PCT/ US2009/ 041432 5Nl e virus (e.gpCB850809/041432

strain) or Japanese encephalitis virus (e.g. Nakayanma
strain) at MJ = 0.3, or with dengue virus (e.g. DEN-2
NGC strain) at MOT --- 1, in the presence of different
concentrations of test conpounds. The plates

cont ai QoMgoinkd® 1Y ivasifrephdd khaipobReundscatdghio Hehemdard
i ncubated at 37C, 5% CO2 for 72 hours. At the end of
i pecasatd on rivhoephaicoyathicsise rid NOR G200 WiHze P2@):ThP7 (s, 1H), 7.60

reagent. .i ed. i nto ea : ent s..arep,

SRS 09RO GRES Ehh e OERIS L P iR 214
| MBizsD,AN@ -pl 8T =ar%es Hagubat ed /ot 18.001m) t-em@r Aung Hz).
for 10 mnutes to stabilize | un nescent signal.
Lummescence reading is recorded using a plate reader.

A positive control such as Nnonyl -deoxynojirimcin my

bg H&?gl'Aé%n iviral Activity in a Muse Mdel of Dengue
I'ATecti on: Conpounds are tested in viva in a nouse

nodel of dengue vjrus infection (Schul etal. J. .
| nf ectf?wgef@?g@@ 9%%?311"f§€9f6%@é4t8ﬁ4t§> oS RS gklol d
A@e%gorg'a gﬁle&‘%@ tlH@ M9 ﬁjeath{gda sa'ﬁl{]p]r@ OIUDIQ);' Rt &SE%%?&‘ deeding

i ndi vi ventilated cages. Mce are inje
i suth apéritivowehlalcpmpbsibiof oAthelinvVEBWEL dengue virus 2

suspensj.on. . Bl ood s les are taken by retro orbhital .
S Unet BT AE TS P dle B A SE PSS FPe b BEeBbRS P alrus

aheuEOhMEGT 6 A nfHP S G AN KR bOGyiR P dE M kit fi&l. of &1R
final concentration of 0.4% and innediately

ocmibtuirdsf bigledichbyan®levisnolt esbialogB@DAgictiol wbiphisnbjplodsweaum, urine,

Plasma (20 mcroliters) is diluted in 78 ' ljters

RSB At iﬁ’?ﬁsa%t‘%ﬁ)ﬁ‘ﬁﬁ% Rty Sﬁwprﬁsq%%aﬂ%ﬁ@bbﬁwa’m
fQmpRlsafidg, RHSAY%r AP JUNHILS bidHEaIE TRANLNGIcR a8 8BucksSof cells,
reserved for cytokine and 1 protein |evel

detrerudrhaetonbinit celldendiesipingendpgwed ghyerpratei; shdighe like.

| d Ki day 3 t-infection.
PTG ae B P rPRRe e ey e e BRGB AN D pigees
| e HEQRN! BefliefSPh g%o bdhivhbek8 shbhdh g dd vird® Y8amples can

et hanol , 30% PEG 300 and 60% D5W (5% dextrose in
vieet confainedrin 60y medivlinludipe: ieNadiar ¢ sdyans vater roxtures.

Sl PO b 0 Sh i, BRI YAN Bt

deMicflB@re30i Nt o six groups of six mce each. Al mce
are infected with dengue virus as descri bed above (day
0). Glodgsledi the desadupyctiitylol g avmpest oAbOinven trroafter

Wit .2 ng/ kg of a co und of .the inventi.on tw ce
3150 TRy HonRoR SR e o bl Sl R 0o an
ahdiesdnaRfodt ef c_iét&ftﬁ% SGENSARAUY | QRastaYSve hadifthing, o day

O (first dose just before dengue infection). Goups 2,

Feavghaatinfise detdeds ehéctearpingaychyictinity aregliaentsmmegedg
Typically one of the screening methods described above are applied, however, any

other method such as observation of the physiological properties of a living organism

are also applicable.

The antiviral activity of a compound of the invention can be measured using
standard screening protocols that are known. For example, the antiviral activity of a

compound can be measured using the following general protocols.

Cell-based Flavivirus Immunodetection assay
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35and 25 ng/ kg of the conmpound, respectively. A
positive control may be used, such as WO
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5(2R, 3R 4R 5R) - 2- (2- am no- 6- hydr oxy- purin-9-y1)-5- hydr
oxynet hyl- 3-net hyl - tetrahydro-furan-3,4-diol, dosed
by oral gavage of 200 mcroliters/ nouse the sane way
as the previous groups. A further group is treated

with OEHKQY%?'A%L@ cg:lllsl'ﬁig smlze téﬁ@ﬂ/ ar?t} BRRta 10,86 Lf/mL
ood sanpl es

approxi mately 100 mcrol
(mri{dmcbdg unﬂlfaiuaed\imtohll@@d |Rlﬁ’mlb i 64Ganet)ia aBEKRakelts) sugriemented

th 1 C retro-or ct ur under i.sofl

i DB bt SnE PES S e AR iR bt pog~ U fafuere
b&ﬁsﬁeﬂ@édmfattg@ér 08 Ry ANtk s8NARES PIRRR pbwlil Qﬁﬂ 184t 898, 59
for plague assay anal ysis. The corp | ect ed asnma

safpbesnighe @n &wéﬁdayyﬂplca@mreas’@atyd asthdelshsqrﬂ ddahliiplicity of

okjines are
Bl o DR R Bl o e TR 8B o pemgouncs o
ushawg a83 Pl @agd ESTOOKT ok aﬁcﬁh@ﬁ@%&@@ OTied 1k 8&%)wash&d once with
anti-viral effect is indicated by a 15reduction in

cHEDRIhEX YR sold metrmoNST 1Bmaneifter aipghing twigp eI ABE, the
CEREIOIS XS B 5 190 0595 PR 2 1 o

odtradn édnpdrdthred-15@ prigilakg alnithdglasiages (4b2)tihthes adpainds

f th , [ .2
RSBSRH BT L 20 TSRO Bt B Er e mes S Hom gLy sreen-20 for 3
agmebhiRdhy aéqgémas%gd fHcke mkywﬁﬁm ﬂlé&rg(! %&% ért@! .

concentrati on: nmM Tris-HC1 at pH 7.
riveWaGoRe with theEa'ﬁﬁh pl?ﬁ)mddsﬂlﬂ'm)) -ebnpghted aofi-nRNAe IgG (Sigma,

AR SR SR e TR

Pt AR A6 AlE e CONBY YIRS RibE (S{gﬁﬁ?’ atRded@lo cden el % two
10 mi nute before the additi on of of nucleotid

sninstes atl&e ngartiornt & st/ by a@b@qne@f &6 b ewlfuniy asist| Empi@t@ are
0 he. 1§ ree cl eoti des
Tra B0 el P o PRIy AN HERLERRL e

f@tls 92 washed ReacimhensitheBE fol@red by ineltetiolh iOUEBpidium iodide
96-wel | DEAE-81 fil terapl ates_vja vacuum The filter
pPh? 84Ntnd pe Pl réidamad cedealirg kpadaidpiaiption ?&ﬂ i pfaission

VAl oPEel Crufier yhh%ﬁr %erf' \.@%l%at sg)%ﬂge &h-hangl plbRed {101&1 the

I enbve uni ncor por at e were then coun
Onea'ﬁoxbﬁmbamet\@rsas gedsg bheloé viel conterpraddn of testyudhipeahds. The

8% 8 ba : g‘ggﬁ@&gpﬁg%‘%@fg@?g{ég@% yg@,\r/ g;ln{;;'loesltmscontrol such as N-

Fgfogg,le&@gw@mgg QH@ $edescri bed herein inhibited NS5b
pol ynmer aSe "wi t 51 C50" s bel ow 1000 uM nore

pref er ablﬁ bel ow 100 uM and nost preferably bel ow 10
Viglkbeed Flavisapctytopddo¢ifert 462y5] t M Representati ve
exanpl es of the activity of the conpounds of the

vty P0IBTS B B ey
foeDamuk Qryipein20 ahd Mlutad b &bdrleatt&sﬁntof 4an (F 651(135/1@01« ®PRO01640
media supplemented with 2% FBS and 1% penicillin/streptomyein. For testing
against dengue virus, Huhé& 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
per well in a 96-well optical bottom PIT polymer-based plates (Nunc). Cells are

grown overnight in culture medium at 37° C, 5% CO», and then infeted with West
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cells were seeded in 96-wel| plates at a density of 8
x 103 cells per 15well in 100 tL of culture medium
excl udi ng Geneticin. Conpound was serially diluted in
100% DMSO and then added to the cells at a 1:200

i anbieyi T ' . c 0

SR OSLCIIN g, SRR LT NI

MO =d).3,3r aihsdenghie erusyhige RESUR NEF @ stmad] i Ghs 1y entbv poksence
.cells wer

a .ysed..in lysis bufﬁer rovided b .
S oGt e ot cth Pl G A mafhe viros nd e
20rmpduh @Cdrél Fethed idcOB4teHI7a0, 594 QD Por 9 hbis] ALHRSRd of
substrate was added to the lys cells
ncubation, 100 microliteers of CellTiter-Glo ™ reagent is added into each well.
Contents are mixed for 2 minutes on an orbital shaker to induce cell lysis. The plates
are incubated at room temperature for 10 minutes to stabilize luminescent signal.
Lumnescence reading is recorded using a plate reader. A positive control such as N-

nonyl-deoxynojirimycin may be used.
Antiviral Activity in a Mouse Model of Dengue Infection.

Compounds are tested in vivo in 2 mouse model of dengue virus infection
(Schul ef al. 1. Infectious Dis. 2007; 195:665-74). Six to ten week old AG129 mice
(B&K Universal Ltd, HIl, UK) are housed in individually ventilated cages. Mice are
injected intraperitoneally with 0.4 mL TSVO01 dengue virus 2 suspension. Blood
samples are taken by retro orbital puncture under isoflurane anaesthesia. Blood
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) 1s 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 level determination. Mice develop dengue viremia rising

over several days, peaking on day 3 post-infection.

For testing of antiviral activity, a compound of the invention is dissolved in
vehicle fluid, e.g. 10% ethanol, 30% PEG 300 and 60% D5SW (5% dextrose in water(;
or 6N HCI (1.5 eq):IN NaOH (pH adjusted to 3.5): 100 mM citrate buffer pH 3.5
(0.9% v/v:2.5% v/v: 96.6% v/v). Thirty six 6-10 week old AG129 mice are divided
nto six groups of six mice each. All mice are infected with dengue virus as described
above (day 0). Group 1 1s 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 morming and once late in
the afternoon) for three consecutive days starting on day 0 (first dose just before
dengue infection). Groups 2, 3 and 4 are dosed the same way with 1 mg/kg, 5 mg/kg

and 25 mg/kg of the compound, respectively. A positive control may be used, such as
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and luciferase activity was neasured in a TopCount
| um noneter. Preferably, conpounds described herein

whawoEeHE03 s bel ow 1000 p, M nore preferably bePOWUIB09/041432
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i _tM and nost preferably below 10 itM For exanple,

conpounds 1, 17 and 18 had EC50's of |ess than 10 pM
whi |l e conpounds 9 and 3 had EC50's of |ess than 250

pM 25 The cytotoxicity of a conpound of the

| RETH RIFRGAN DALk '&gdpxuﬁi-@ pLhe I3 -
ggner al prgt g(col .1 V\D}gi(r)o /13212%F}CT/ {J(ﬁsrg;({){gg(}%gl%%nfthg}

Optraftygixe-giray-3 @edipl, Gosadlhverrdiguayes @08 muicrditdrgmonse the same
CCh0) ; . The assay.i,s based. on e .eval uat,i.qn of
oty reaipedrodh Rt R s dal fugra Pt Rgdnd
substrate. Assay protocol fiv determ nation of CC50:

1. Mui ©h din3 MistaneelibsapphoiiiMetyl AOm MRt Blood samples (anti-
suppl emented with 5% fetal bovine 10serum and
affeeppise i sodiunprigete) igttakepHeone 819 mick by getep-obitalpuncture

PLisb AP0t ac6hbsid. ”PI%Q\Qa H'ob{ﬁ?rgédaﬁxg %%é‘}n(gég{j%d dé’éﬂ%ﬂalé‘ﬁ'ﬁ

various concentrations of the teste

t eanpifigaioe agd OQappirdzened lijuid hitelged dountgreated 200Rtis Ol he

3. .Incubate the cells for days at 37 C. 154. Prepare
)8?]'13%*8# H]?FI’B?' sz\zr@plﬁ? arg apal pgg%e@ssqy@ség§%bg@ irgSchul et al.
CORERNES At hRY aphly ¥l Al dbddyi t ] |
CopaRRLE LU SN oL RSBt BSRLER S0 AL Ui
nising g\ddteBe | Kit (RibRAd hrebhdrgtople n docmitivviraieffba sulnflahed 05 a

ta/nl) per m . of XTT s tign. . Renove 100 pi
0 Rop B EiBh <eterhds® Rid phdin eyl o and add 100
H. 1 of the 20XTT substrate solution per well. Incubate

at 37 Gpi@ily Abdi@iofinWikenih ofalIR 511MOUBRL Rlbre typRallPI6L60
of 2% Triton X-100 per well to stop

20 pl. ; ( > the
elchiont o el-4f Hd ome strined With R ebiddsmebantibe
' racting off the background at 650
ﬂér%m%%g%ggm%ﬁtvﬁ%%%ér cent age absorbance relative to
untreated control and estimate the CC50 25val ue as
drug concentration resulting in a 50% i nhibition of

t | ..growt h.  Consi der the absorbance being
oé]&g;'t%isglpg?eliﬁ’b‘i‘%t?"&nal to the cell growh. Al
publ i Q@Sﬁ@%toa@ﬁtmbspolﬁﬂg‘aﬁ%w(4@?%?’%@%:%3&'&6% y adding

herei n above are incorporated by re ence herein,

tWaugpelymeiass ehieitey inplconpotrated HymMefrrBat et pEBOTHhe0 mM
'Slgg]gﬁ hPMIRS, RG50 982 CTd RSP 412 SPRR A" Gmp Rl W75
nM HCV A21 NS5b polymerase) to assay plates followed by 4 L of compound
dilution. The polymerase and compound were pre-incubated at 35 °C for 10 minute
before the addition of 8 uL of nucleotide substrate mixture (33P-a-labeled competing
nucleotide at Ky and 0.5 mM of the remaining three nucleotides). The assay plates
were covered and incubated at 35 °C for 90 min. Reactions were then filtered through
96-well DEAE-81 filter plates via vacuum. The filter plates were then washed under
vacuum with multiple volumes of 0.125 M NaHPQy,, water, and ethanol to 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 NS5b polymerase with an

1Cs0’s below 1000 M, more preferably below 100 uM, and most preferably below 10
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preferred enbodi nents and techni ques.
under stand that many
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However ,
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WD 2009/ 132123PCT/ US2009/ 041432 5What

clainmed is 1. A conpound of Formnula I
10or a pharnaceutically acceptable salt,

}Qfﬂﬁr Qld@res&ttatﬁ@%%@[& o®theRctiviRef 18 colfours oREhel 1§\|fent10n are

2, N3, CN

S(0) e,

hal ogen,

is
R2 Formul a |
t her eof ;

G - C8) al k

(834“'@81) &ablb 6@&’clow ‘ahfmin A (PteseB s € b lielive 80 @Mk \B represent an

- | k
ey
15C8) al ky!
|'S,

o1k cod Eaf

and each remaining R,
i ndependently, H N(Ra)2, N3, CN, N2, S(0)"Ra,

)substituted al ken
BIFALS %&Céaabaww@ KM aryl (G
R2, R3, R4,

or RS

haildgéh., Re@esenCBivallkyls fof CphGBhates lbd thedblldbainigydkamples.

(Cl-C8)substituted al
(C2-C8)substituted al

kyl,
kenyl ,

(C2- C8) al kenyl,
(C2-C8)al kYri Y1,

(C2- GB) substi tuted alEynyhicol,. amy( C8) al kyl or any
two R, R2, R3, R4, or R5 on adjacéht carbon atons
when taken together are -0(C0)0- oa when taken
together 20 with thefr —-atoms- to which they
are attached foiln a|doubPe bond; Bachin is

i ndependently 0, 1, or 27 ¢ eaghi Ra is

i ndependently H, (C14C8)alkyl, [(C2-C8)al kenyl,
(C2-C8)al kynyl, aryl (Cl-C8)al kyl, B
(C4-C8)carbocyc|y|allvI -C(=0)3R11_-C{=0)O0R |

JC(=0) NRI 1R12, -C(0)$R -B(0)R11, Cs(0)2Ri1,
-S(0)(OR11), -S(0) 2(()H_LJ_) SO2NRIERT2] 25R7 is H,
-C(=0)R11, -C(=0)0RI |1, -&----omémz - C(=0) SR11,
-S(0)R11, -

HCY ECsg Determination

Replicon cells were seeded in 96-well plates at a density of 8 x 10° cells per

well in 100 pL of culture medium, excluding Geneticin. Compound was serially

diluted in 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

manufacturer’s instruction, 100 gL of luciferase substrate was added to the lysed cells

and luciferase activity was measured in a TopCount luminometer. Preferably,

compounds described herein had EC50’s below 1000 pM, more preferably below 100

itM, and most preferably below 10 uM. For example, compounds 1, 17 and 18 had

ECsy’s of less than 10 uM while compounds 9 and 3 had ECs’s of less than 250 uM,

The cytotoxicity of a compound of the invention can be determined using the

following general protocol.
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+N(0) (OR), or N NR2; W and W2, when taken
together, are -Y3(C(RY)2)3Y3-; or one of WL orW2
together with either R3 or R4 is -Y3- and the other of
W or W is Fornula la; or WL and W2 are each,

| Ogepeadant tly Cubtugd AspyqDetdrmiltisibpCC80):  10M2
Formul a Ia wherein: each Y2 is independently a

bond, Bhe asgey is Rgsed om(t]@t) %\@juaﬂw g&yytotpm(q)gffeg:\iyf tesp(pck“:@npounds using

S Qpyeflt SO Locach V3 15, Independently 0,
ol ssthprdt@tontilr &etermination of CC50:

1. Maintain MT-2 cells in RPMI-1640 medium supplemented with 5% fetal bovine
serum and antibiotics.

2. Distribute the cells into a 96-well plate (20,000 cell in 100 ul media per well) and
add various concentrations of the tested compound in triplicate (100 ul/well).
Include untreated control.

3. Incubate the cells for 5 days at 37 °C.

4. Prepare XTT solution (6 ml per assay plate) in dark at a concentration of 2mg/ml
in a phosphate-buffered saline pH 7.4. Heat the solution in a water-bath at 55°C
for 5 min. Add 50 Wl of N-methylphenazonium methasulfate (5 pg/mi) per 6 ml of
XTT solution.

5. Remove 100 ul media from each well on the assay plate and add 100 ul of the
XTT substrate solution per well. Incubate at 37 °C for 45 to 60 min in a CO;
incubator.

6. Add 20 pl of 2% Triton X-100 per well to stop the metabolic conversion of XTT.

7. Read the absorbance at 450 nm with subtracting off the background at 650 nm.

8. Plot the percentage absorbance relative to untreated control and estimate the CC50
value as drug concentration resulting in a 50% inhibition of the cell growth.

Consider the absorbance being directly proportional to the cell growth.

All publications, patents, and patent documents ctted herein above are
incorporated by reference herein, as though individually incorporated by reference.

The invention has been described with reference to various specific and
preferred embodiments and techniques. However, one skilled in the art will
understand that many variations and modifications may be made while remaining

within the spirit and scope of the invention.
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RYVRY Y2 M2C M C wherei n: 20each Ma, M ¢, and
Md is independently O or 1; M2c is O, 1, 2, 3, 4, 5

wW®2009/13823 9, 10, 11 or 12; each RY is independeait/Ug2009/041432
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F, d, Br, 1, OH R- C(=Y1)N(R 2, -N(R 2, -+N(R) 3,
-SR -S(0)R, -S(0)2R, -S(0)(O0R), -S(0)2(0R), -

OC(=Y1) R, -0C(=Y1)0OR -0C(=Y1)(N(R2), -SC(=YI)R
25SC(----Y1)(N(R 2), -N(RC(=Y1)R, -N(R) C(=Y1)OR

- WEHR) GlehYhEMNR) 2, - SO2NR2, -CN, -N3, -NO2, -OR, or W3;
or when taken together, two RY on the same carbon atom
forma carbocyclic ring of 3 to 7 carbon atons; WO

2009/ 1 P Q 1432 5each Ris i ndependent 'y
HP ﬁ%@ogﬁ%éﬁ%‘%‘é 014C8) substituted al kyl, (C2-
C8) aI kenyl, (C2-C8) substituted al kenyl g&( C2-C8)

al kynyl, (C2-C8) substituted al kynyl, -C70 aryl,

C6- C20 substituted aryl, C2-C20 heteroc clyl, C2-C20
substituted heter ocycl yI aryl 3!!5)2( tituted

aryl al kyl ; RVB is W or ; R, NC(Yl) R,
-C(Y1) W5, - SC2RY, \or - SO2\\; W iis 12;/£ibo cycle

RS

Formula 1

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,
(C1=Cglalkyl, (C4~Cy)carbocyclylalkyl, (C)~Cg)substituted alkyl, (Co—Cg)alkenyl,
(Cr-Cs)substituted alkenyl, (Co—Cglalkynyl, (Co—Cs)substituted alkynyl or arvi(C;-
Cg)alkyl and each remaining Rl, Rz, R3, R4, or R’ is, independently, H, OR?, N(R™),,
N3, CN, NO,, S(0},R%, halogen, (C;—Cg)alkyl, (C4~Cg)carbocyelylalkyl,
(C—Cs)substituted alkyl, (C,—Cyalkenyl, (C,—Cg)substituted alkenyl, (C,—Cglalkynyl,
(Co—Cs)substituted alkynyl or aryl(C;-Cy)alkyl or any two R', R*, R*, RY, or R>on
adjacent carbon atoms when taken together are ~O(CO)YO- or when taken together
with the ring carbon atoms to which they are attached form a double bond,

each n is independently 0, 1, or 2;

each R® is independently H, (C,-Cg)alkyl, (C2-Cy)alkenyl, (C»-Cg)alkynyl,
aryl(C;-Cylalkyl, (Cs—Cg)carboeyclylalkyl, -C(=0)R", -C(=0)OR", -C(=O)NR''R?,
-C(=0)SR", -S(OR', -S(0)R", -S(O)OR'), -8(0),(OR'"), —=SO,NR''R*:

R'is H, -C(=O)R', -C(=0)OR"", -C(=0)NR''R", -C(=0)SR', -S(O)R"", -
S(O)R", -S(O)ORM), -S(0)(OR'"), —=SO,NR!''R?, o
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groups; each X1 or X2 is independently C-R11) or N
wherein at | east one of X1 or X2 is N, each R8is,

wo paepsaident | y, hal ogen, NR31R12, N(R11)OR1  PCT/US2009/041432

NR11INR11R12, N3, 15 NO, NO2, CHO CN, -CH(=NR11),

- CHENHNR11, - CHEN(OR11), -CH(OR11)2, -C(=0)NR11R12,
-C(=S)NR11R12, -C(=0)OR11, (C -C8)al kyl,

(C2-C8) al kenyl, (C2- C8)al kynyl,

( C4- Cohelavhacy' cllsmh@éﬁ@ydienﬂgm)l smkl y\l(s))@at N(@Rngeco)(bR) or
optionally substituted heteroaryl -C(=0) (C -C8)al kyl,
-18(MR;( C1- C8) al kyl or aryl (Cl - C8) al kyl, OR13 or SR11;

20eac vRR' ependent | Jalkagen, N 22
N( Rll;WRﬂ(? Eﬁh%}f Qtﬁﬁr’, aﬁd\ﬁ@ 51%%’—,0 ’e(E?L‘aVR%zW
@%ﬂtﬁ&l%ﬂﬂ eitk@i"RN()QRﬂ-ib)ﬂYz'lMﬁ the @8@} MR Rr 2V is Formula la; or W!
s) NRHR12, R11, OR or SR11; each
RD¢ Vdr areach, sndeﬁﬁé%@ﬂﬂérﬁrp\}p #f the Eorrogy &3 kyI
(C2- C8) al kenyl , C8) al kynyl ,
(C4-C8) car bocycl yl 1kyl, op |onaII
optionally 75 sub tltuted het erbar
-C(=0)(C1-C8)al kyl | -S(0),/ (C1-
aryl (C1- C8) al kyl ; or Rk Yogather with a
nitrogen to which they are both attached fgiiii a 3 to
7 menbered heterocyclic rilng V\,her_ei nf any one carbon
atom of said heteracyclic Ying can dptionallly be
replaced with -0-, -S- or ereiﬁech (C1l-C8) al kyl,
(C2-C8) al kenyl, (C2-C8)al kykyl d&* l\)[/I (C1- C8) al kyl
30of each RI, R2 R3, R4, R5, R11 orR12 js,
i ndependent |y, optionally supgﬁﬁﬁlgqéed with one or nore
hal o, hydroxy, CN, N3, N(Ra)2 or ORa; and wherein one
or norehasint he non-termni nal carbon atons of each said

or 3528 Solp DG, e Rra T e ORs TEDIOR)
haLpger}; Smgg(@2®rg¥@5;11)om1 NRI 1NR11R12, OR11 or
53, A conmpound accor di ng to clains 1 or 2

wher ei qclRy” isinBeEpd Ry IRER or NR; A conpound according to
any ong,o 0cll j”rs 1-3 represented by Fornula Il R8 R7

subst i t uted aryl,

or

each R" is independently R or the formula:

1 RL R Y’
RY
Y2 Y2 Y?
M1d
M12¢ Mic

M1a

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 RY is independently H, F, CI, Br, I, OH, R, -C(=Y")R, -C(=Y")OR, -
C(=Y")N(R)z. -N(R)2, -'N(R)s. -SR, -S(O)R, -S(O):R, -S(O)(OR), -S(0)2(OR), -
OC(=Y"R, -OC(=Y"OR, -OC(=Y" YN(R)), -SC(=Y "R, -SC(=Y"OR, -
SC(=Y " {N(R)), -NR)CEYHR, -NRIC(=YHOR, -NR)CE=Y IN(R)2, —SOsNRs,
—CN, ~Nj, ~NQO,, ~OR, or W?’; or when taken together, two R” on the same carbon
atom form a carbocyclic ring of 3 to 7 carbon atoms;
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R5""'" R3 F-R2 Forrmula Il wherein each Y and Y I is O.
5. A conpound according to any one of clainms 1-4

wob@wasa12R7 is H or 7. A conpound accordi ng PCI/ER3009/041432
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one of clainms 1-6 wherein at |east one of R2 or R4 is
ORa. 20 8.4 i A conpound according to any one of
clains 1-7 wherein each R2 and R s 25 9. A conpound
according to any one of clainms 1-8 wherein X2 is CH

and Rleatis R9ehRiep@dehd o Mgty lalkyGHR Ok, Qﬂaﬁmteatammy(u
or ethynyl. 510.A corgfound according. to an?/ one of
&saﬁlh@lyi @nﬂabﬂ@ﬁﬁ%@é kenp(C:Rgs ) EﬁkHY&r{QZﬁS jubstigted@hkynyl,

A o¥“darﬁg fo 4 r%’?b%lﬁugg% b G r&‘rﬁjykf\%o%grl N %EFSH%Stltuted
Wﬂdmyciyl% Gﬁyp@i“%@btﬁdtea@@%lﬁying to any one of clains

1-9 or } 4erelsn I S
is W or W7, 1s R, C(Y R, -C(YHW?, -SO,R”, or -SO,W’; and W’ is
a carbocycle or a heterocycle wherein W is independently substituted with 0 to 3 RY
groups;
each X' or X* is independently C-R'* or N wherein at least one of X' or X* is
N;
cach R*is, independently, halogen, NRVRZ, NRMOR', NRUNRVR, N,
NO, NO,, CHO, CN, -CH(=NR '), -CH=NHNR"', -CH=N(OR'"), -CH(OR'"),,
CEOINRURE, -CE=NRIRE, -C(=0)0R Y, (C-Colalkyl, (C2-Cg)alkenyl, (Ca-
Cyalkynyl, (C4—Cs)carbocyclylalkyl, optionally substituted aryl, optionally
substituted heteroaryl, -C(=0)(C;-Cg)alkyl, -S(O){C,-Cs)alkyl or aryl{C,-Cg)alkyl,
OR" or SR';
each R or R is independently H, halogen, NR”R”‘, N(Rl ')ORE "
NR''™NR''R", N3, NO, NO,, CHO, CN, -CH(=NR""}, -CH=NHNR'!, -CH=N(OR'"),
-CH(OR™),, -C(=O)NR''R", -C(=$)NR''R"*, -C(=0)OR", R, OR" or SR'";
each R or R" is independently H, (C;-Cyalkyl, (C2-Cs)alkenyl, (Ca-
Cgalkynyl, (Cs4—Cg)carbocyclylalkyl, optionally substituted aryl, optionally
substituted heteroaryl, ~-C(=0)(C,-Cg)alkyl, -S(O),(C;-Cyglalkyl or aryl(C,-Cglalkyl; 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-Cglalkyl, (Cs-Cy)alkenyl, (Cy-Cylalkynyl or aryl{C;-Cg)alkyl
of each R', R% R® R, R° R or R s, independently, optionally substituted with one
or more halo, hydroxy, CN, N3, N(R"); or OR"; and wherein one or more of the non-
terminal carbon atoms of each said (C,-Cy)alkyl may be optionally replaced with -O-,

-S- or =NR"-,

2. A compound according to claim | wherein R® is halogen, NR''R",

NRMORM!, NR'NR'R'™Z, OR' or SR,
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13. A conpound according to any one of clainms 1-12
wherein R2 and R4 are OH 14. A conpound according to

waeyoasE2df clains 1-13 wherein WL and W2 ar e RGPES1009/041432
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i ndependently, a group of the Formula la. 15. A
compound according to any one of clainms 1-13 wherein
R7 is H 16. A conpound according to claim1 that is
OHHO OHHE OH 517. A conpound according to any one
of, cl ah@BmpodRl 48kdinStol dhifds il & M Plerin rP?Q? WR''R"
enanti omer, di astereoner, tautomer, polynorph,
pseudopolynorph or anorphous form 18. A

arna euti cal sition co
Phor apganmeaid<SPRER a8 afi it ity Bp TePmEsHsg gy Fosula
in any one of claims 1 to 17 and a pharmaceutically
acceptable carrier. 19. The pharnaceutilca
conposition of claim18 further conprising at | east
one additional therapeutic agentXx.15 The

pharmaceutical c posi tion of o/a\hT 9, whefein said
addi tional therapeutic agent i \fele ted fromthe
group consisting dd—ingerferonsynr i ri al ogs,

NS3 protease inhibitors I bi torsy” NS5bR?
pol ynaerase i nhibitars,. .
i nhi bitors, cyclopH?Iln tdrs, hepatoprotectants,
non- 20nucl eosi de i nhifbi HCV, and ot her drugs
for treating HCV. 21. A_nethod of inhibiting HCV

pol ymer ase conpri sing t &' ad®fi nistration to a manmal
in need of such treatnent a tlcaIIy ef fective

SREGRIE

anount of a conpound of any | ai ns to 16.

wherein each Y and Y' is O,

5. A compound according to any one of claims 1-4 wherein R’ is H or
0

"

WZ
6. A compound according to any one of claims 1-5 wherein X' is N and R is H.
7. A compound according to any one of claims 1-6 wherein at least one of R” or
R*is OR".
8. A compound according to any one of claims 1-7 wherein each R” and R* is
OR".
9. A compound according to any one of claims 1-8 wherein X- is CH and R’ is

sclected from methyl, CH,OH, CH,F, ethenyl, or ethynyl.
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25 22. A nethod of treating a viral infection caused
by a virus of the Flaviviridae famly conprising the

wadomonsdaey ation to a mammal i n need of such trPREE/TRIWN/G11432

10

15

20

therapeutically effective anmount of a conmpound or

phar maceuti cal conposition of any one of clains Ito
16. 30 23. The nethod of claim 22 wherein the vira
infection is caused by a virus selected fromthe group
coMsi sAico@polfindiengidéngiorads ony 8f lcbinf e\8ewhatin U8, is EER' is H
Nile virus Japanese encephalltls V|rus tick-borne
ﬁ@e}fﬁrﬂal}\%tq:g peviyl CHolhf-istheprk asethmdy ay Val | ey
encephalitis virus, St. Louis encephalitis virus, Onsk
henorrhagi ¢ fever virus, 35bovine viral diarrhea
viirus, AZbkpowid assomint: thlepgioht bEclGme I-Asvherdh2R. Ehaethyl.
nethod of claim23 wherein the viral infection is
caused by Hepatitis C virus. 25. The nethod of any
one of A%aw%d%c%ﬁg&btahg lbn€ BRI NY o@@'[“w‘%l%ﬁr?ﬁ f;l,g{
at | east one additional erapeuti c agent. .
nethod of claim25 wherein said at | east one

itiopnal therapeutic ent sel d. fro 4
oFbup SSREPLU GRS Ip R SpohCe STl MIHIA| BUsR  are OHL
NSS protease inhibitors, NS5b polynerase |nh|b|tors
NS5a i nhi bitors, al pha- qu005|dase 1 inhibitors,
chl ophicPmpounshiceprdstesto ane pae ohelsinsel-Ahwvgerein W' and W’ are
oA NHG! %Réénﬂw g e Rk, HOV: and other drugs
fOr treattn 7. conpound as in any one of
claims 1 to 16 used in the manufacture of a medi canent
for treating a viral infection caused by a viruys
skl ect 2oMPRId aseoTgBp BB RET 8f §lagsor 1 Hehgise %. g,
yell ow fever virus, West N le virus, Japanese
encephal itis 20virus, ti ck-borne encephalitis Vi rus,
Kuj i nAwbmpsyndecodingdMalclay lethetephal itis virus, St.
Loui s encephalitis virus, Owsk henorrhagic fever
virus, bovi Nebviral dlarrhﬁ® virus, Zika vir and

Fbpat|t|@ | rus. 28N A onpound or neth
descrlb d‘her |n 25 \ /L

0

'\ N /N

HO

\rO O
H 0]
a:EiN\ﬁP o %/§>_4f
\O N
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17. A compound according to any one of claims 1-16 that is in a form of a
racemate, enantiomer, diastereomer, tautomer, polymorph, pseudopolymorph or

amorphous form.

18. A pharmaceutical composition comprising a therapeutically effective amount
of a compound as in any one of claims I to 17 and a pharmaceutically acceptable

carrier,

19.  The pharmaceutical composition of claim 18 further comprising at least one

additional therapeutic agent,

20.  The pharmaceutical composition of claim 19, wherein said additional
therapeutic agent is selected from the group consisting of interferons, ribavirin
analogs, NS3 protease inhibitors, NS5a inhibitors, NS5b polymerase inhibitors,
alpha-glucosidase 1 inhibitors, cyclophilin inhibitors, hepatoprotectants, non-

nucleoside inhibitors of HCV, and other drugs for treating HCV.

21. A method of inhibiting HCV polymerase comprising the administration to a
mammal in need of such treatment a therapeutically effective amount of a compound

of any one of claims I to 16.

22, A method of treating a viral infection caused by a virus of the Flaviviridae
family comprising the administration to a mammal in need of such treatment a
therapeutically effective amount of a compound or pharmaceutical composition of any

one of claims 1 to 16.

23, The method of claim 22 wherein the viral infection is caused by a virus
selected from the group consisting of dengue virus, yellow fever virus, West Nile
virus, Japanese encephalitis virus, tick-borne encephalitis virus, Kunjin virus, Murray
Valley encephalitis virus, St. Louis encephalitis virus, Omsk hemorrhagic fever virus,

bovine viral diarrhea virus, Zika virus and Hepatitis C virus.
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24, The method of claim 23 wherein the viral infection is caused by Hepatitis C

virus.

25, The method of any one of claims 22-24 further comprising administering at

least one additional therapeutic agent.

26.  The method of claim 25 wherein said at least one additional therapeutic agent
is selected from the group consisting of interferons, ribavirin analogs, NS3 protease
inhibitors, NS5b polymerase inhibitors, NS5a inhibitors, alpha-glucosidase 1
inhibitors, cyclophilin inhibitors, hepatoprotectants, non-nucleoside inhibitors of

HCV, and other drugs for treating HCV.

27. A compound as in any one of claims 1 to 16 used in the manufacture of a
medicament for treating a viral infection caused by a virus selected from the group
consisting of dengue virus, yellow fever virus, West Nile virus, Japanese encephalitis
virus, tick-borne encephalitis virus, Kunjin virus, Murray Valley encephalitis virus,
St. Louis encephalitis virus, Omsk hemorrhagic fever virus, bovine viral diarrhea

virus, Zika virus and Hepatitis C virus.

28. A compound or method as described herein.
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