5 CARBA- NUCLEGCSI DE ANALOGS FOR ANTI VI RAL TREATMENT FI ELD OF THE | NVENTI ON
The invention relates generally to conpounds with antiviral activity, nore
10parti cuverbyw/msemseosi des active agai nst Fl aviviridae ycrus20mwfessts ons.

BACKGROUND OF THE | NVENTI ON Viruses conprising the Flaviviridae
famly conprise at |east three distinguishable genera
i ncl udi ngpestiviruses, flaviviruses, and hepaciviruses (Calisher, et al., J.

Gen. Virol., 1993, 70, 37-43). Wile pestiviruses cause nmany 15
econonkcal Iy inportant animal diseases such as bovine viral diarrhea virus
(BVDV), classical sw ne fever Vi rus CSFV ho chol era ‘and bor der di sease
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characterized (Mennig, V., et al., Adv Vir. Res. 1992, 48 53-98).

Fl avi viruses are responsi ble for inportant human dlseases such as dengue
fever and yellow fever whil e hepaciviruses cause hepatitis C virus

20i nfections in humans. i nfections caused by the
Flaviviridae fam |y incl udE%th%Mﬂ Japanese encephalitis
virus (JEV), tick-borne encephalitis virus, Junjin virus, Mirray Valley
encephal itis, She intﬂ)ﬂbﬁlm@ammmﬁ)smnmﬂs weanthvirabacdviewere vi rus and Zi ka
Vi rus., rtﬁ@ I |on§ romttﬁt] L c}é' \{l! rlI ag virus famly cause

si gni f! call?fi : ?‘tbé'lnic GRS A dnd econovmuﬁ B&8¥s 25t hr oughout t he
worl d. Therefore, there is a need to develop effective treatnents for
Fl avi viri dae virus infect BA@GKGROUND DRSIIREEVENTEOG virus (HCV) is the
| eadi ng cause of chroni c Iiver di sease worl dwi de (Boyer, N. et al. J
Hepat ol . 32: 98y, ent antiviral
research is di ré%st%séd%q a%”g%{ %%22%0&@?&%%%%%%%5 nmet hods of

30t r eat rredtstmrfuls(bhbiogmmrahmyudmg eotivionss, flanhumen snd BpoBescegl i e, A M and

oy o S o bR s P Ry s RS 1 o0,

I\/Br ad p@ur ecdﬁm,moetly akportaiNahimaReiscasdd soclogs HRODT yird (dGshed 8iB:s4BIPVIA nunber of

HCV treatnents, ar.e revi ewe n,. Ant i vi ral stry &
Chenot her & ?lcaﬁﬁwlﬁa fe‘f@ gh* %Oﬁggqmlfe“s Eﬁ&"ra%f s s ﬁ%@gﬁ]ﬁ nerase (RdRp)
i s one of Mehemb@&mccsmuﬂmeﬂdtswsgetlmfwen chalmmieme{mwiaigt Vokr aiowal. HCV
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such as dengue fever and yellow fever while hepaciviruses cause hepatitis C virus

20 infections in humans. Other important viral infections caused by the Flaviviridae
family include West Nile virus (WNV) Japanese encephalitis virus (JEV), tick-borne
encephalitis virus, Junjin virus, Murray Valley encephalitis, St. Louis encephalitis,
Omsk hemorrhagic fever virus and Zika virus. Combined, infections from the
Flaviviridae virus family cause significant mortality, morbidity and economic losses

25 throughout the world. Therefore, there is a need to develop effective treatments for
Flavivividae virus infections.

The hepatitis C virus (HCV) is the leading cause of chronic liver disease
worldwide (Boyer, N. et al. ] Hepatol. 32:98-112, 2000} so a significant focus of
current antiviral research is directed toward the development of improved methods of

30 treatment of chronic HCV infections in humans (Di Besceglie, A.M. and Bacon, B.
R., Scientific American, Oct.: 80-85, (1999); Gordon, C. P, et al., J Med. Chem.



2004/ 0006002 Al ). These enzynes have been extensively characterized at the
bi ochem cal and structural level, with screening assays for identifying

sel ecti vewonhiozsgs@ss (De Clercq, E. (2001) J. Phannacol pCEAS20ilo®R3586
297:1-10; De Cdench E. (2001) J. din. Viral. 22:73-89). Biochem cal
targets such as NS5B are inportant in 15devel opi ng HCV therapies since HCV
does not replicate in the | aboratory and there are difficulties in
devel opi ng cel | -based assays and preclinical animl systens.

il easi 5Tl a7t S gl AR Mo B PR s hea  or the

treat menty@fhep Bf(‘j H@i\/ctréd@}(eﬂtlé‘&%%{l'ilgﬂéd }35}‘ BYHHIRR §¢ al RinbemiviiaNCabARGyIgs not

effective in reducing viral RNA levels, 20 has significant toxicity, and
i s known Gheniatlhreny, Ah8nT %95 AHWOLonbi nation of I FN and ribavirin has been

L9 et ar T hgEPhs: 10 e RRERR il RN IRPR bk ont s

gi ven t hitge t&RaipiRit oSW BCREhSiapt8RtagheBeThe NSOBhRIyhatastt aappéd cati ons
di scl osing the use of nucl eosi de anal ogs to treat heBatl tis Cvirus include

VO 01032 18sinhihorin ety Bumanschigira 2igs rppmnadassioby BEY 987013408824/ 932920, WO
02/ 18404, Y04 QAOSRL 11 0020084,08940% and WHR0RBLAAAOL0, duf yddi t | onal

treat ment’'s for ections’’have not ye I'e"Tor patients.
Vi r ol 0gi Gicdhesscadindaticanildew twitlchureming HH6Asifoif deitifpmgackecid ficult to
achi eve hecause of the prodi gous arr[)u(rnﬂir of ﬂail Vi rus_ production in
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chr oni calTkibiter e &dersp a3 ¥he & Byem tlahSdsCIRdabi ity of HoV

virus ( , .1, i ; ; =1l . b AOt; .
o MO0 o 50 10 288 O 84 Rl
Mart di5l , develaping HICV Yherglies shig@2 C8 6lpe3@RFedicatexip ¢rd lnbmb@ky amt theier al

nucl eosi de | Qgs .have _been wn.to induce viable nmutations in the HCV
VT s boUHE ARG AL APIOF EGOTRI gRAEEIGoreda ST SSGR chem 200,
926, Carroll, @lr3ag! there%?bt}bﬁﬂa&’i]g%@lanm%tc@m SR HRLARY, a3RPR0si@26; Brown,
A. B., Expert Opin. WO 2010/ 093608PCT/ US2010/ 023586 5l nvestig. Drugs 2009,

18, 709- #25slpg, Fhlanefforos;alphaugs (a)i thgt irapsalied theritdatmendof prropiet(€és,
particul arly.enhanced act.ivi.t ai.nst resistant, strai.n virus; inproved
bral b odiH IS Pipans dibiviihaBYE e Bt UHIRSA B ef oot ve
hal f2bi f ek 8 phieAn (PRI cfy, 308 &SIERwWo ifluclanerh 2003 HRbinstibAbLS [Resgar ch
58:1-16) are urgently needed. Certain 7-ribosyl-thieno[3, 4-d]pyrimdines

have beenitdivetl losdden (vbsitelio beteffecare in thamenaggmicohel chioue hetativs CCancer

1997, 72, 4-190; Qite t.,a | epsi des ucl eot i des 1996, p
703 807, (BRI P i Dhie§ 200 £ sarans sPTHERRL MR e Mooyt 853 2™ o0y
et al., NugheeskBes afeMiitnebédcteSOLRIPate HPhcHPB; dRAGsingthedlseof Tet r ahedr on

Letters 1988, p 3537-3540; Hamann, et al., Collection Synposium Series
2008, 10,nuglegside aurdegstip frgfrhepaitisgf Vl,mb@blfi@W@@dm@ﬁérw%é@Oﬁli;, P

LAY k5, 00,101 R0 A9 S AR BTS2 1301l (o
W0O2008/089105 and WO2008/141079 but additional treatments for HCV infections
have not yet become available for patients.
Virologic cures of patients with chronic HCV infection are difficult to achieve

because of the prodigous amount of daily virus production in chronically infected

30  patients and the high spontaneous mutability of HCV virus (Neumann, et al., Science
1998, 282, 103-7; Fukimoto, et al., Hepatology, 1996, 24, 1351-4; Domingo, et al.,
Gene, 1985, 40, 1-8; Martell, et al., J. Virol. 1992, 66, 3225-9. Experimental anti-
viral nucleoside analogs have been shown to induce viable mutations in the HCV

virus both in vivo and in vitro (Migliaccio, et al., J. Biol. Chem. 2003, 926; Carroll, et
35  al, Antimicrobial Agents Chemotherapy 2009, 926; Brown, A. B., Expert Opin.



SUMVARY OF THE | NVENTI ON 20The instant invention provides conpounds that
inhibit viruses of the Flaviviridae famly. The invention also conprises
conpoundswohato/issdesbi t viral nucleic acid pol ynerases, partusemoaeisge HCV
RNA- dependent RNA pol ynmerase (RdRp), rather than cellular nucleic acid

pol ymerases. Therefore, the conpounds of the instant invention are useful
for treating Flaviviridae infections in humans and 25other aninmals. In one
aspect, this invention provides a conpound of Fornmula I: R8 R4 R2 Formul a

I WD_2010/ 093608P S 0 8 50r har maceuti cal.l y.acceptabl e salt
br eSPar IR dares AP Aot Bhercibe. S T e gt 85 heoondent | y
H, N(Ra) 2,5 D3+ &4  ac@ P9 st (elst B @diKYbS virus; |

( Ca- cz)cé’ﬁ‘%%?i/%i’\%ﬁ al k?/ﬁifél?%f}%%cgub}gtl tut od Al kyl (ng‘?rc%si enyl

( C2- C8) s whd hilqavnidabilityk ek undesizatdyide kfagts and egeraly stlsstivethalfeéfe 10al kyny! |
or aryl (C

o o (A G VBB R B ghughgeert ooroor
Certain 7-ribosyl-thieno[3,4-d]pyrimidines have been disclosed (Moscow, et
10 al.; International Journal of Cancer 1997, 72, p 184-190; Otter, et al., Nucleosides &
Nucleotides 1996, p 793-807; Patil, et al., J. Heferocyclic Chemistry 1993, p 509-515,
Patil, et al., Nucleosides & Nucleotides 1990, p 937-956; Rao, et al.; Tetrahedron
Letters 1988, p 3537-3540; Hamann, et al., Collection Symposium Series 2008, 10, p
347.349; Hamann, et al., Bioorg. Med. Chem. 2009, 17, p 2321-2326), but there is no

15 indication that such compounds are useful for the treatment of Flaviviridae virus

infections.
SUMMARY OF THE INVENTION

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

25  other animals.

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

Formula 1



each Ra is independently H, (Cl1-C8)al kyl, (C2-C8)alkenyl, (C2-C8)alkynyl,
aryl (C -C8)al kyl, (C4-C8)carbocyclylalkyl, -C(---0)RL I, -C(O)OR |

- C(=0) N( Rt0)2810/05606=0) SR11, -S(0)R1, -S(0)2R11, -S(0)(ORCTIUS20108¢533&2( ORL ),
or -SN( R 1)2; R7 is H -C(=0)R I, -C(----0)0RI -C(=0)N(12.1 1) 2,
-C(=0)SRI -S(O)RL I , S(0)2R11, -S(0)(OR11), -S(0)2(0OR11), -SX2N( RI 52, or
each Y or Yl is, independently, 0, S, NR *N(O)(R), N(OR), -N(0O)(OR), or 20
N NR2; W and W2, when taken together, are -Y3(C(RY)2)3Y3-; or one of
W or_W2 together. with either R3 or R4 is -Y3- and the other of W or W2 is
Formfa la; off Whaéﬁlﬁc“v\‘%cgh]}éac@ﬁ%tﬁ}%eis??&l%’ifégﬁﬁe 76399’ a group of the Fornul a

| a: Mg hélehprmul a | a wherein: WD 2010/ 093608PCT/ US2010/ 023586 5each Y2

i s independently a bond, 0, CR2, NR +N(0)(R), NQCRB Y N(O)éOR), N-NR2, S,
S-S, S(0), oreshd3 2R dHcR W rRiintdpesndently 1. OR.SNTok, NRCNNOs 0,1 or 2;

each e i) RAgReNdentl Yo R Ar (& N8 LI &taticyl, (C1-Cy)substituted alkyl,
(Cr-Cg)alkenyl, (C,—Cs)substituted alkenyl, (Co—~Cg)alkynyl, (Co—Cy)substituted
10 alkynyl, or aryl(C;-Cg)alkyl or any two R, R* R, R*, R’ or R® on adjacent carbon
atoms together are ~-Q(CQO)O-;
each n 1s independently 0, 1, or 2;
each R® is independently H, (C;-Cy)alkyl, {C;-Cylalkenyl, (C2-Cglalkynyl,
ary}(C,-Cy)alkyl, (C4~Cg)earbocyclylalkyl, -C(=0)R"", -C(=0)OR"!, -C(=O)N(R'"),, -
15 C(=0)SR', -S(O)R", -S(O)R", -S(O)NOR"), -S(O)(OR"), or ~SON(R' )y
R’ is H, -C(=O)R"!, -C(=0)OR"", -C(=0)N(R'"),, -C(=0)SR"", -S(O)R ", -
S(0)R', -S(ONOR'™), -8(0)(OR™), ~=SO,N(R™),, or

i
-

W2

W‘E

each Y or Y' is, independently, O, S, NR, "N(O)(R), N(OR), "N(O){OR), or
20 N-NRy;
W' and W2, when taken together, are =Y (C(R*)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'

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

LN
|

Y2

R*
M2

25 Formula la

wherein:



whe
3,
1

erein:. each M a, M ¢, and Md is independently O or 1; M2c is 0, 1, 2,
4, 5 6, 7, 8 9, 10, 11 or 12; each RY is independently H F, d, Br,

, OH, RWwWoGMIpPB0s- C(=Y1)OR, - 15C(----YI)N(R) 2, -N R)2cTANERDB23586R,
S(0)R, -S(0)2R, -S(0)(0OR), -S(0)2(0R), - 0C(=Y1)R -0C(=Y1l)O0R

-0C( YI)(N(R)2), -SC(=YI)R, -SC(=Y1)0R, - SC(=Y1)(N(R2), -N(R C(=VYl)R,
-N(RC(,----Y1)OR, -N(R C(Y1)N(R) 2, -SO2NR2, -CN, -N3, -NO2, -OR or WB; or
when taken together, two RY on the sane carbon atomforma car bocycl icring

of 3 to 7 car bon a ons; ach R |s |ndependent Cl- (Cl C8)
subst Pt ut ed alel'i‘ (Seg epee?%thz érfpnd, @ oRGaY dﬁlﬂwé@lh ¥(c2

al kynyl , t al kynyl Co6- C20 aryl, C6-C20 substltut ed aryI,
C2- CZoheteroc%icI yl gltgs(b)tg%g) ‘substituted heterocycl yl; W is WM

or Wo; Wi is I%ach@(\éh)l&pen&‘dn\ﬂbf)(y,\g, or SB2RY, or -S2WS5; and Wb is 25a
carbocycl e or a heterocycle wherein Wb is independently substituted with O
to 3 RY groups%vI edbt K2 s i ndependently 0, S, S(0), or S(0)2; each R3, RO

% N Ty A MRS e

-C(=0)NR I | R2, -C(=S)NRIFRI 2, -C(]=0)0RI I, ORI | -or SRl |; WO
2010/ 093608PCT/ SZOI{O/ 023586 geachyRll or R12 |s\11ndepen ently H,

(G -C8)al kyl, (¢2- al kenyl, -C8)ca bocyel yl al kyl ,
optionally subs it d ar d hete y

- C(=0) (C1-C8) al 2 R11 and R12
t aken toget h& thanlt [ ogen to are both attldhHed forma 3 to

7 menbered heterocyclic 5129 wherein any onédvitar bon at om of said
het erl@cyclic ring ;

wherein:

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

cach R is independently H, F, C1, Br, I, OH, R, -C(=Y"R, -C(=Y"OR, -

15 C(=Y'IN(R)s, -N(R),, -"N(R)3, -SR, -S(O)R, -S(O):R, -S(O}OR), -S(0)»(OR), -
OC(=YHR, -OC(EY HOR, -OCE=YH(INR),), -SC=Y R, -SC(=YOR, -
SC=YHN(R)), -N(R)C(=YNR, -N(R)C(=Y)OR, -N(R)C(=Y"N(R)5, —SO-NR,,
~CN, N3, =NO,, —OR, or W?; or when taken together, two RY on the same carbon
atom form a carbocyclic ring of 3 to 7 carbon atoms;

20 each R is independently H, (C;-Cy} alkyl, (C;-Cy) substituted alkyl, (C;-
Cs)alkenyl, (C.-Cs) substituted alkenyl, (C,-Cs) alkynyl, (C2-Csg) substituted alkynyl,
Cs~Cyy aryl, C—Cyy substituted aryl, Co—Cyy heterocyelyl, or C,—Cyy substituted
heterocyclyl;

W’ is W or W2 WHis R, -C(YHRY, -C(YHW?, -SO,RY, or -SO,W’; and W* is

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

each X* is independently O, S, S(0), or S(O).;
each R®, R” or R'" is independently H, halogen, NR''R"?, N(R')OR'',
NR''NRR'? N3, NO, NO,, CHO, CN, -CH(=NR'"), -CH=NHNR'!, -CH=N(OR'"),
30 -CH(OR'"),, -C(=0)NR''R", -C(=SNR''R?, -C(=0)OR'", R", OR"! or SR



10can optionally be replaced with -0-, -S- or -NRa-; and wherei n each
(G -cC8)al kyl, (C7-C8)al kenyl, (C2-C8)al kynyl or aryl (C 3-C8)al kyl of each
Rl, R2, RSO 20988 R6, R11 or R12 is, independently, opCrasadiop23586
substituted with one or nore hal o, hydroxy, CN, N3, N(Ra)2 or ORa; and
wherein one or nore of the non-term nal carbon atons of each said

(C1-C8)al kyl may be optionally replaced with 15-0-, -S- or --Ne-; provided
t hat vvhen X2 is S, each of RO and RL is Hand R8 is NH2, OH, SH or SCH3,

S B el ogair Qeiﬁoawwndeega%ébgﬂ&ﬁ&é@%%ﬂ6 &8} subeti tut ed

| kyl I | kynYil
oL, (SR e Sl e (e

1)0( O)Sg(QRﬂlﬂs)tﬁuwé tep SR, ~C(€DHﬁRCsIaJk}4ﬁGO@ERL G:s)a&ﬂ@)a(rm&&a)alkysw) 2(ORL
, - n. anot her entlon

i ncl udes ﬁ% aéieafto?&!’@i%wﬁwmgﬁaelbwawgéﬁwaa:f'a‘mtﬁ ﬁ%ﬂ@sﬁ?fa gfm ts
thereof angdeabdred ﬁ&&%@}&ﬁ,n@@%b@m? roﬁe cABoll bR @FS%W&OCMHHA

pol ynmor phs, pseudopol ynor phs and anor phous forns thereof. I'n ano her

asped®, tGhEOpfn@@meerer@qﬂmﬁlﬁ} o«ﬁ desNRovehd conpounds of Forrmula | with

activity against infect hout to be
bound by t heorirerihe Bt TACH SRR L E T ] S-SR

RNA- depengend IRNA” 30pal yih, &F aslé oaRéF it NgepleAtiintivt ofth@all e Rlbseatddaptof the
virus. They are useful for treati n&‘ human patients infected with a human

Vi rus suchicasmepkale.thivdragy, CHoN20i & o3 658 Per wiszeinome 28586 & the anot her
aspect, the té&lvgﬁt)%l%gn E{)O(r?lyrrgu cfjfgeﬁf}?sa%r:g(g un@%‘l‘ﬁ%i gal bg 8&? lecih& yel eﬁ%ﬁ TR sing an

ef fective anmbun ra phatnmace y acceptabl e
sal t 16her-@of-s- mmm@"hj)i nation with a phar ITB.CEUtI cally acceptable diluent or
carrier. anot her enbodi ngnt , PErese I—Fl)pl i catl on provides

for combi nati @Wﬂ@?ﬁﬁh@tﬁﬂﬁé‘lﬁl isar e%@é}fR @Bﬁ%‘r i @“d RPN .05t
Phar mcouti cal ) oeeasrapl Boaar R, Kok, & SomRed & Cﬁﬁrerw{%lf’)?(o Rfér -
halogen, (C,-Cyg)alkyl, (Cs—Cg)carbocyclylalkyl, (Ci~Cs)substituted alkyl,
(Co—Cylalkenyl, (Co—Cg)substituted alkenyl, (Co—Cygalkynyl, (Co—Cg)substituted
20 alkynyl or aryl(C,-Cg)alkyl or R7 is -C(=0)OR"", -C(=0)N(R""),, -C(=0)SR", -

S(O)R", -S(O)RR", -S(O)OR), -S(O)(OR™), =SON(R'),, or

In another aspect, the present invention includes compounds of Formula I and
pharmaceutically acceptable salts thereof and all racemates, enantiomers,
25  diastereomers, tautomers, polymorphs, pseudopolymorphs and amorphous forms

thereof.

In another aspect, the present invention provides novel compounds of Formula
[ with activity against infectious Flaviviridae viruses. Without wishing to be bound
by theory, the compounds of the invention may inhibit viral RNA-dependent RNA
30  polymerase and thus inhibit the replication of the virus. They are useful for treating

human patients infected with a human virus such as hepatitis C.



b) a second pharnmaceutical conposition conprising at |east one additional
t herapeutic agent selected fromthe group consisting of interferons,

15ri bavi rwo 2arvei9eqs, NS3 protease inhibitors, NS5a inhi PCTars2010/023586

al pha- gl ucosidase 1 inhibitors, hepatoprotectants, non-nucl eoside

i nhibitors of HCV, and other drugs for treating HCV. I n anot her

enbodi nent, the present application provides for a nethod of inhibiting HCV
pol ynmerase, conprising contacting a cell infected with HCV with an
20effective anmount of a conmpound of Formula I; or a pharmaceutically

accepfabl e sallb gnothg aypsce thamyreionsgpees yphaprocutical compesigapt her

enbodi ne : I | I r i,nhi biting HCV
pol yrmer acgT TS B B | PR R TR RGP

ef f ecti veacespntbid sabtfthaccdimpauritdnafonFatinuplaarhiacaricall piaepmile utlueslok y
acceptabl e salts, 25solvate, and/or ester thereof; and at |east one

addi t i on&F"t%her apeuti c agent. | n anot her enbodi ment, the present
appl i cation prphdgs diodfindRI RO HrEnitahFatatiBg pRNSHQ ToliBUERMHRY @ di sease
caused by a viral infection wherein the viral "infection is caused by a

vi r udOselpbetmagtefit@hegdanecgrpiggonsi sti ng of dengue virus, yellow fever
virus, West NiBe vir S Ja anefelence hal itis virus tick-b?%ne I
30encephal i ti $'vird 3‘"5111;1%[‘19?-?6%} 193 SORRP VA AT EE THEMEIRC O e P us, st
Loui s engephaptiathgecvtiEs, acC¥RsoI A UM EsRAG] & dsRY Blerdtifi 448, bovi ne viral

di sarrhea virus, Zika virus and Hepatitis C virus; by admnistering a

t her apeuti cal Ity ef fageedndeharmnnguticn cempeHpOUHENIBTSIROY Aefstone, or a

phar maceuti,cal |,y r X .Subhj ' ed thereof WO
D010/ 093a0BBRH RSHTEN: 38uE 0B b BB Relrouhs RS AThelBieECe ¢

appl insat irvavpmamaldes NS pratca®d ibibitofs, NSeainhigtdrd, Gipharphecopi@tseeint , conpri si ng
adm nistering to said patient a therapeutically effective anount of a
conpound BHbIFE RFPAOPEOtgEangs, BHWH%EE%%& iBBbrtgrsE FHpY adeoties drugs 4y vat e,

and/ or eq%ﬁgn%ggﬁgof. I n anot her enbodi nent, the present application

provi des for met hod of 10 treating HCV in a patient, conprising

adm ni st er i ng Ih anstherckngatlirentt, the pheedpeplidatiah pyoveddsdat 4 methadotint of a

conpound ,of . For |, or a pharmaceut|cal l cept abl , .50l vat e,
ond o " edtEPTEAReD PO iRy PSRBT eaGaes § PR AorIp Ry tiigans

Anot hgr asReste Modnh8r 4 BYERIUINANDFLANEIEeSora pRENAZuli Nyt Reediitalaent or
prevention of the synptons or effects of an HCV infection’in an infected

ani mal 15whiatehamberpsstes @erendi ni stering to, i.e. treating, said animal with
a phai maceuti cal conbi nation c ositiaon.or. formilation c ri.sing an

of fective ampUnETSroSTRoPHETY T eRRpb R e P LE N BEMSRShd havi ng

anti - HCV iﬂ;i@i@@%m@ polymerase,| ddn@fiRidpedonASRBES cell fi€ediddeiti HOIV aftBanprovi des a
met hod of inhibiting HCV, conprising adm nistering to a mamral infected

Wi th Hev chigctivimeung pf 3 cqapgugidpf Formula I; or a pharmaceutically acceptabie salts,

25  solvate, and/or ester thereof; and at least one additional therapeutic agent.

In another embodiment, the present application provides for a method of
treating and/or preventing a disease caused by a viral infection wherein the viral
infection is caused by a virus selected from the group consisting of dengue virus,
vellow fever virus, West Nile virus, Japanese encephalitis virus, tick-borne

30  encephalitis virus, Junjin virus, Murray Valley encephalitis virus, St Louis
encephalitis virus, Omsk hemorrhagic fever virus, bovine viral disarrhea virus, Zika
virus and Hepatitis C virus; by administering a therapeutically effective amount of a
compound of Formula 1, or a pharmaceutically acceptable salt thereof; to a subject in

need thereof.



20 conpound, effective to inhibit the gromh of said HCV infected cells.
I n anot her aspect, the invention also provides processes and novel

i nt er mediwoeasiodiosemBosed herein which are useful for prepariusgoilboe3ses a
conmpounds of the invention. I n other aspects, novel nethods for
synt hesis, analysis, separation, isolation, 25purification,
characterization, and testing of the conpounds of this invention are
provi ded. DETAI LED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS 30Ref erence wil |

nom1be made in det to certain enbodi nents of the jnventiqgn, exanples of
whi chare il U8ep ‘gébemb?dﬂlﬂﬁ‘lta@éﬁ%ﬁﬁﬁpﬂbca&@é@quﬁ‘ﬂqséﬂra%’t‘fﬂ’ﬁgtolﬁres and

fornul as. ti{f%%ﬂg\h& d}';h\f%?tt b&ﬂPmihé adifin §' Begd] A& Riehd PR th the

enuner at e ment’s be understood th hey are not “intended to
limt theffentredmamt bba thropaingéntd Gdimelntlsor airhatthecepberllvarcygptéatiesdlnvent i on i s
I ntended tp cov al | 010/ 093608PCT/ US2010/ 023586 5al ternati ves,

modi f i catSPoRE: 2 %ﬂ@‘?&ﬁﬂy§? nts, which may be included within the scope of

the present iny %ﬁ&m%msdamﬁaﬁttm@ bre@&ﬁ%@fahca@@ﬂ'@m 6f a frefidbloa | are
represented by Fornula I
10 treating HCVin a patlent compnsmg adm1n1ster1ng to said patient a therapeutically
effective amount of a compound of Formula [; 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

15 which comprises administering to, i.e. treating, said animal with a pharmaceutical
combination composition or formulation comprising an effective amount of a Formula
I compound, and a second compound having anti-HCV properties.

In another aspect, the invention also provides a method of inhibiting HCV,

comprising administering to a mammal infected with HCV an amount of a Formula |
20  compound, effective to inhibit the growth of said HCV infected cells.

In another aspect, the invention also provides processes and novel
intermediates disclosed herein which are useful for preparing Formula I compounds
of the invention.

In other aspects, novel methods for synthesis, analysis, separation, isolation,

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

provided.
DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

30 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 1s intended to cover all



R2 Formula Il 10or a pharmaceutically acceptable salt or ester, thereof;
wherein all variables are defined as in Formula I. I n one enbodi nent
of For nulwol2bio/d®B6oss ( Cl- C8) al kyl, (C2-C8) al kenyl or (€2TC8p@lolyssgs. |n
anot her enmbodinent, Rl is (C-C8)al kyl. In another enbodinment, R is

met hyl, ethenyl, or ethynyl. In a preferred enbodinent, Rl is nethyl. In
15anot her preferred enbodinent, R is H I n one enbodi nent of Fornula
1, R is H ORa, N(Ra)2, N3, CN, N2, S(0),Ra, halogen, (Cl-C8)alkyl,

1- C8) substi tut edal kyl , (C2-C8)al ken I C8) substituted al kenyl,

(C2- CB) a|a§9milveSom0€@awswsqqptva teg aqhw%wy %q nelyded w&hmatéﬁéﬂweof this
enbodlnew%ﬂ%ﬁﬁ% tﬁaeﬁ:nanother aspect of this enbodinent, R is
20(CI-C8)a1k e? g)alkenyl or (C2-C8)al kynyl. In anot her aspect of

t hi s enbodi nent andRher sspengtdoyipousdshdpimular] aet teprogbnted by Enotdiefl: aspect of
this enbodinent, R2 is H ORa, N(Ra),, N3, CN, ng or hal ogen. In another
aspect of this enbodinent R2 is H OH NH2, N3, RCN, or hal ogen. I n anot her
aspect of this enbodinent, R2 is CORa orRMangen and Rl is (Cl-C8)al kyl,
(C2-C8) al kenyl or 25(C7-C8)al kynyl. 1n anothe spect of this enbodi nent,
R2 is ORa or F and Rl isgnethyl, ethenyt, . In a preferred aspect
of this enbodinent, R2 is\OH and Rl iszmethyl, ethenyl, or ethynyl. In

anot her preferred aspect
2010/ 093608PCT/ US2010/ 023586 5\s QR and [ n her preferred
aspect of this enbodinent, R2 i is Hand at |east one of R3, R5,

or R6 is not H In another gref ispect of this enbodinent, R2 is F. In
anot her preferred aspect of thj né%t, R2 is Fand Rl is nethyl,

puey

ethenyl, or ethynyl. In another preferred aspect of this enbodi nent, R2 IS
Oe and Rl is nethyl. In a partu@ulqply preferred aspect of this
enbodi nent, R2 is OH 10and Rl is nethyl. I n one enbodi nent of Fornula

|| R3is H ORa, N(Ra)9, N3, CN, SREpriwahdlgen, (CLl-C8)al kyl,

) al kenyl or not her ct of this enbodi nent, R
L5 HI0) A ano RER PYFREEHsAIY Hrehahisdal RERS BIRTRE. ( o1 - By al Kyl (CT- O8]
al kenyl %mé&?a@hﬁiﬂwwé—deﬁﬂ&d%@mh@&mﬁ&pect of this enbodiment, R is
15net hyl, ethenyl, or ethynyl. In another aspect of this enbodlnent R3 is

Hor F. In a @neﬁ@mnbdhm@meﬁﬁb@ﬁuhﬁléieﬂﬁbﬂ{hhﬁnd(RB(&éamﬁanﬁanother

f d h nb d R
AR o S S S @;Qm;ﬁ%wn PGPS pect  of
this enmbadiigRathy1 Radh$), bt ctfn1S fFBrPorrdd @Mbdifert, R' is methyl. In

15 another preferred embodiment, R' is H.
In one embodiment of Formula II, R%is H, OR? N(R";,, N3, CN, NO,

S(0),R?, halogen, (C~Cg)alkyl, (C,—Cjg)substituted alkyl, (C>—Cglalkenyl,
(Cy—Cy)substituted alkenyl, (Co—Cyglalkynyl, or (C,—Cg)substituted alkynyl. In another
aspect of this embodiment, R'is H. In another aspect of this embodiment, R'is

20 (C~Cgalkyl, (Cy—Cy) alkenyl or (Co—Cylalkynyl. In another aspect of this
embodiment, R is methyl, ethenyl, or ethynyl. 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 of this
embodiment, R” is OR® or halogen and R’ is (C,—Cg)alkyl, (C2—Cy) alkeny! or

25  (Cy—Cglalkynyl. In another aspect of this embodiment, R” is OR® or F and R is
methyl, ethenyl, or ethynyl. In a preferred aspect of this embodiment, R is OH and
R' is methyl, ethenyl, or ethynyl. In another preferred aspect of this embodiment, R?



is nethyl, ethenyl, or ethynyl. In another aspect of this enbodinent, R3 is
H R2is 20 Ae and RI is nethyl. In another enbodinent, R3is H R2is OH
and Rl i swoebtwdezeobn anot her enmbodi ment, R3 and Rl are PFcan$2038/0e880Ra. | n
anot her enmbodi ment, R3 and Rl are H R2 is OR and at |east one of R5 or R6
is not H In one enbodi nent of Fornmula Il1, R4 is H ORa, N(Ra)2, N3,

CN, SR% hal ogen, (G -C8)al kyl, (C2-C8)al kenyl or (C2-C8)al kynyl. |In another
aspect of this 25enbodi nent, Rl is H. I n anot her aspect of this enbodi nent,
R is (G -C8)al kKR C2-C8) al kenyl or (C2-C8)al kynyl. |n another aspect of
thi s énbdeiPiennd RRys | slnr?éi?ﬁ?wreﬁﬁﬁw@ﬁww@’fﬂ@twmel}tn}{aﬂ&%ﬁ Brisddl aspect

of this i nQt of this

enbodi HE%SB%&EQS%B&Eﬁ3£ gﬁ@ “%tﬁ Rﬁ%%g%&g?%gﬁd%g&?%?ﬁ%%) al kyl , (C2-C8)
al kenyl wmb(oeﬁn@,)m%kwuh andathe@ﬂ@ﬁei‘redi agpeef (ﬁ?thﬁdnrﬁ&ﬁﬁﬁdntdf ik ﬁlaﬁdRO

enbodi nent, R4 is or halogen and RI_is H _In angther

pref erreds %B%teﬁﬁm RY %thélﬁﬂo - Applper prefeired egRect qfiéhlﬁ§mb°@18¥3nh§ dyen, R is
H and at | f t of
and a c%ﬁzg{d ;msnf%fmj 01195 pé?ﬁc?igrl%%tgf&edéa aREHSY Cﬂ%c?nﬁéﬁteg %IS@?(S: 0

this enbo ogen [
(Cl- 08) aldi R' i{ G26hgB) al kenyl or (C2-C8)al kynyl. In another pref erred

t of this enbodi ment R4 i
5010/ 093608P P%%%gl’fbg‘ggﬁé%féﬁslﬁé’ﬁ%ﬂ éﬁh’zﬁﬂ% S fﬁ‘eﬁ%yﬁ&k Sf‘| rli‘a]é’ﬁ‘é‘f’her
preferreg ?S@g%lk L@g)%il&g?ﬁg @Frég)zﬁéydﬁ fRinotf bR F. R3 is Hand

Rl is methyl, en , or I'n anot her preferred aspect of this
enbodi ner&nboﬁénmd{REPHrla anbtmdemadexﬂﬁhyemﬁﬂan&nd RRlis {(5—agflkyl,. 1 n anot her
preferred aspect of this enbodinent, R4 and R2 are, independently Oe, R3

i sH and RC2is) gkenyl or (Cn-Goked. b’r@ﬁ)ﬁ}ef éwcﬁbﬁfé@t‘s cfodmat, &Tﬂ@dl msnt one
f R h
gref é‘[r‘j?; 15%11)61&3 %Q@Qa(%r cri é’ ci’gl t%r]fa‘q’pone 0 s Eﬁlbgér"%‘t R 15(& V\/nerel n le is

not H andréfbgedidpet: dFfthiRémbdodiRnt, RIQHT, RB ahehd, praﬁede&hspeSt df&ml@yl I n
another preferred aspect ,of this enbodinent, R4 and R2 are O is H and
R is metampodimentdios bR’ ps ORepr bdograpadR g8 (Gélhﬁs)aé%dgm%aitaikeml @nd R2 are

de, R3Ii d R Ln ano referr Gt. th

Tsembodi oAt mha R lhes e R ot ar R Rk Rt Renbodi ment
of ~ For miligykliyl RhAYH oRaihyh Ak 80 RESLERIt o AIHes emiRIGRKA: R® k1 it her _aspect
of this enbodlrrent R is H In another aspect of this enbodinent, R is

( C1- @8) alGR’A and(R'}gs a8hyal kempithey empaRmesy, & ky Hy R. 19 (ﬁHaztnéﬂ]esma@mbchl of this
enbOdI ment bth%elngf.)(ﬁﬁlentyhgfjg& ﬁegl% aoc{ RE}FS}HIQFV IIn %Onhcfﬁl en{rll)hg @H@Ct Of t hl s 20

enbodi nedl ormula I, R5

and R6 arf,art AdRPeNORNdd/at 1&4&@5@1—"11%@&)"2:;;1&3—1 CN, SRa, hal ogen,
(A -C8)al kyl, (C2-(C8)al keng or (C2- C85) alky é}ﬁﬁ@anot her gspect of this
embodi ment, RIINoge pmbpdimeabeiarmalid s AsneNt SRRhajogen,

(Cl-C8) al EXWE@ )z&?zlr g Cajnhieenyl r9E, l al f:herlals;\pe%pgft E%r aspect of this

25enbod| eny anot héer aspect of this

enbocilsrrer&nboaﬁnérﬁ 1, is (C m%ﬂabmpect(o@an%aa&ﬁmﬁi ROfis ((2e0G@)ked, kynyl and RS
is H de, NR3)2, N3, CN SR halogen, (C-C8) IkyI (Cc2- C8)a|keny| or

(cz 08) a](liiyr@gl alldenylmcﬁChéEs)édprfd;t Inofnother gsrenfmfdhmmbodiﬁ&ntéi Hsand R5 is H,

of th| s éﬂ%ﬁ%}g quyﬁél)n%ﬁ?@&fl 18 emboﬁ?ﬁ/ent li“ ri'{qt t[}? raspect

another preferred aspect of this embodiment, R is OR“, R? is OR® or halogen and R' is
(C1=Cgalkyl, (Co—Cy) alkenyl or (C,—Cg)alkynyl. In another preferred aspect of this
30  embodiment, R*is OR? R” is OR” or halogen and R' is H. In another preferred aspect
of this embodiment, R is OR?, R? is OR® or halogen, R is H and at Jeast one of R’ or
R®is not H. In another preferred aspect of this embodiment, R* is OR?, R” is OR? or
halogen, R is H and R! is (C,~Cy)alkyl, (C,—Cg) alkenyl or (Co—Cglalkynyl. In
another preferred aspect of this embodiment R*is OR% R*is OR*or Fand R is

10



30net hyl, ethenyl or ethynyl, R4 is ORB, and R3 is H In another aspect of
this enbodinent, R6 is H R5is Hor N3, R4 is ORa, RBis H and RZ is F or
ORa. | n awmothmvovampect of this enbodinent, R6 is H R5 PPeETHSo010MR35864 i S
ORa, RBis H R2is ORa and R is nethyl, ethenyl, or ethynyl. In another
aspect of this enbodinent, R3, R5, and R6 are H R2 and R4 are,

i ndependently, Oe, and Rl is nethyl. In another 5aspect of this

enbodi ment, R3, R5, and R6 areR2 and R4 are OH, and Rl is nethyl. In

anot her aspect of this enbodinent, R3, RS, and R6 arel-1, R2,and R4, taken
t oget Aer MRy, etherah)os cthvanly Ipanpdiermelepied appechabihisembadiaent Rofis PRiss
enbodi meniz ; a 4 tH .. and R5 is
N3. In orq% 1§b o |Eb%ﬁtist?fa€%$nﬁl%&ﬁl’, %%@ﬁs&ﬁgygggﬁ@%@?}%f@%,

( Ol - C8) alakpdct oD {sCRr e meiteRindoR” 4EInEPraddaylyyOR” hint Rhitrxehyladpect of this

(C1- Ca) alRYPS reBrEa pHERE) arog o) A hyre. TEPMEPHEOSBest of this

enbodi nert andR? IsSndiBHNYA an@hdgRYrre®hspBEtINk embbdiANAL AL oARPECR2 QT this
enbodi ment, R6 is f?enyl, or ethynyl. In another aspect

) O'e, (%N,@ggthyl, et
of tAPs dMbodidienctherrg R 'or@Rds OEN,. Inemhifier puti¢regdydspecyof thset hynyl and Rl is

H. I n another,. aspect at hi,s. dj nent,..R6 | , . thyl:.ethenyl, or
o5 hynyt " el Sk R b PRSI PO R 5 oA T it i otk oF ReQRa i of o B &
enmbodi MeH, IR6is 1B afdRR, i<GhkethiRtiRhothat fiefeybd affecd hER¥Mb3AMIRE, R*San@et hyl . I n
anot her aspect of ,this enbodinment, R6 is ORa or CN. In another aspect of

this embddisenH, RRe Hsandiy 18madn afemRiher sraferedasaassohids enpediment t hi s
enbodi mengs, i r. i | 1S et et henyl ethynyl. In
anot her ggﬁ'é@?zg c i’?éﬁﬁ%nﬁ%ﬁé‘ a?‘é’ﬂﬁ%f%‘%&é%sgdnaf%%i S rrgt Kyl . In

one e@fbodhiredimef, Fandil’ard OH, R? ivHtaidR 'as@l.both ORa and at | east one of
R, R3, R5, or R6 |js nat | n_anot her_ agpect,of this enbodinent, R2 and R4

H.
are both ORa dhangiheriegnbodynestph Frippula {IgR” g Ridaentogaheraagy |

( C2- C8) alckeqyh. . i ¥ - AV P

(C2- cs)slfgga?j?m %‘g&a f%%ﬁ%gg‘?ftﬂgfﬁ’%@é&g%ﬁﬁ% %Iaﬁ%gﬂoﬁg%{ ABE t of this
enbodi nerinboRM@n®R'RY (Gr-€ldityh, (O,-eCantkeRA drgCL-Al ) IBYmlL kI another
(C1-CB)substituted al kyl, (&2-C8)alkenyl, (C2-C8)substituted al kenyl,

( C2- C8) al*RRAS P thisembegdinaenssk | ksm%%vlaqtmywrﬁhyavﬁﬂle enoteg) aspsyiof this” anot her
aspe of I L Rl R4 are both OR and R5 is ORa, N(Ra)2, N3,
N, %Ec))z %}%@E‘%‘;@Eﬁ?"iﬁ%‘g&%@%) al kyl, (Cl-C8)substituted alkyl,

( C2- C8) al kenylln ofC2nBR)imehistfi Rometh 181K enyt R ® af&2adePyadckiny, OR?,

(C2-C8)substituted al kynyl or aryl (ClC8)alkyl. In another_aspect of this
bbodt ek el AR Sty 6 MR 1o ke RS S RO N

S(0) 11Ra’an8|ﬁ131ozgﬁ&t of §is éﬁi%@ddﬁ%m RS miagﬂgcﬁgf tﬂls%bediment, R

is {C1—Cylalkyl, (C:—Cys) alkenyl or (C,—Cylalkynyl. In another aspect of this

25  embodiment, R' is methyl, ethenyl, or ethynyl. In another aspect of this embodiment,
R®is H, (C,~Cy)alkyl, (Co—Cglalkenyl or (Co—Cg)alkynyl and R’ is H, OR?, N(R),,
N3, CN, SR halogen, (C,—Cg)alkyl, (Co—Cs)alkenyl or (C,—Cylalkynyl. In another
aspect of this embodiment, RisHand R’ isH, Ni, CN, (C—Cyalkyl, (Co—Cglalkenyl
or {Co—Cglalkynyl. In another aspect of this embodiment, R is H, R%is H, N3, CN,

30  methyl, ethenyl or ethynyl, R*is OR? and R’ is H. In another aspect of this
embodiment, R® is H, R’ is H or N3, R*is OR*, R*is H, and R® is F or OR®. In
another aspect of this embodiment, R is H, R” is H or N3, R* is OR*, R*is H, R% is
OR? and R' is methyl, ethenyl, or ethynyl. In another aspect of this embodiment, R’
RS, and R® are H, R? and R? are, independently, OR®, and R'is methyl. In another

11



WO 2010/ 093608PCT/ US2010/ 023586 5( C2-C8) al kenyl, (C2-C8)substituted

al kenyl, (C2-C8)al kynyl, (C2-C8)substituted al kynyl or aryl (G -C8)al kyl.

| n anot hewoentyadsémnt of Forrmula |1, each of RL and R2 ipsThHisand/oesses of R3
or R4 is ORa and the other of R3 or R4 is (Cl1-C8)al kyl, (Cl-C8)substituted
al kyl, (C2-C8)al kenyl, (C2-C8)substituted al kenyl, (C2-C8)alkynyl,
(C2-C8)substituted 10al kynyl or aryl (Cf-C8)al kyl or one of R5 or R6 i s not
H. I n anot her enbodi nent, both Rl and R2 are H, one of R3 or R4 is ORa and
t he ot her a®bct BBtharenBédinten( &1,-FC8) Réyake, H (ﬁlanefsz)“auhs&;j dndtRe ék radtheyt] |

(C2-C8B) al kenyl sub i.tute k -C8).al kynyl ,

(C2- CS)suB*sBc“P’thE“t%B“é%ﬁ;ﬂ“ ?"T‘&Pﬁyﬁ( ﬂ@%&a W%ﬂaﬁz’g\n&%/‘ﬁéﬁogé%fodi ment, both
Rl and RZa@LQE(tD)(D%d(H iRRe@yl. R ahcheOhPeand tonenaddilin &F, Rand 8° ORa, N(Ra) 2,
N3, CN, N2 Ra, hal ogen, (.C1-C8)al kyl, (Cl1-C8)substituted alkyl,

(C2- C8) al R’ér]ﬁyiR a*( %WW&’WIM% and RelifNz: ~ (C2- C8) al kynyl
(C2- CS)SUbS}?'?tIHtoﬁgexﬂll)AﬁYﬂ?éq)t on‘o;ﬁ{uYaH( W%&)a%ééb{'ow )-.CN L, J@gﬁn@ﬂ‘mdi ment  of

Formul a H C(----0 In a
prefend ed((asﬁeuﬂkerryf oxt(hlusﬁsmﬁmldl rieanqtia@ﬁsnest i thip ﬁnmﬁunhﬁrR p# élf étr red as pect

of this enbgdi ment R1 er ferred aspect of this
enmbodi ment"®! ?aﬁpg‘“ O&ﬁ%ﬁf%ﬁqgh ‘S#CRf%)ﬁ?]éy? (%i C& lgﬁéfyf) I n anot her
preferred @so Sky®. Thhshe 'tHfﬂﬁFsemB:?duh%nt R5ishceae caiehadisment of Formul a
1, X2 is 9 Syrgl n anot herpéaéspect of this enbodinent, X2 is S. |n another

aspect of Bt{l}*ﬂ}’é lepetenepRct ofhis cabpdimpnl Rigis PR o Narethylnéthsih Ber  aspect of
th' S enbogwgmm aﬁil)mér%sgéc%fiﬁs emo&ﬂam@ns@%@eém R d§ het§en9mapdl \r/r\ebnt Rl is

H. 1 n anot aspect hi s embodi ment, X2 i's
2010/ @@36@3p@r¢11g3§03_ﬁ/ @2@5@831’ aspect of this embodiment, R is ORa CN methyi

ethenyl, or ethynyl and R' is methyl, ethenyl, or ethynyl. In another aspect of this
embodiment, R® is OR®, CN, methyl, ethenyl, or ethynyl and R'is methyl. In another
aspect of this embodiment, R%is OR" or CN. In another aspect of this embodiment, R®
is OR® or CN and R is H. In another aspect of this embodiment, R® is OR® or CN and

20 Rlis methyl, ethenyi, or ethynyl. In another aspect of this embodiment, R®is OR" or
CNand R' is methyl.

In one embodiment of Formula I1, R? and R? are both OR? and at least one of
Ri, R3, R’ , or R® is not H. In another aspect of this embodiment, R? and R* are both
OR® and R is {C,~Cg)alkyl, (C;—Cg)substituted alkyl, (Co—Cg)alkenyl,

25 (Cy—Cs)substituted alkenyl, (Co—Cylalkynyl, (Co—Csg)substituted alkynyt or aryl(C;-
Cglalkyl. In another aspect of this embodiment, R* and R” are both OR? and R® is
(C—Cylalkyl, (C~Cg)substituted alkyl, (C;—Cslalkenyl, (C,—Cg)substituted alkenyl,
(Cy~Cg)alkynyl, (C2—Cg)substituted alkynyl or aryl(C-Cglalkyl. In another aspect of
this embodiment, R? and R* are both OR® and R’ is OR®, N(R%), N3, CN, NO,,

30 S(O),RE halogen, (Ci—Cglalkyl, (C~Cg)substituted alkyl, (Co—Cg)alkenyl,
(Cs—Cy)substituted alkenyl, (Co—Cglalkynyl, (Co~Cg)substituted alkynyl or aryl(C,-
Cglalkyl. In another aspect of this embodiment, R® and R* are both OR? and R® is
OR®, N(R%)3, N3, CN, NOz, S(0).R?, halogen, (C;—Cg)alkyl, (C,~Cg)substituted alkyl,



5hal ogen, or CN. In another aspect of this enbodinment, X2 is Sand R is H
or F. In another aspect of this enbodinent, X2 is S and RL is H. I n
anot her ewbadiwmsadosof Fornula TlI, each R8 or RO is, indepentsenmbioy3ssé, hal o,
NR' R 2, N(RL11)O0R11, NRIINRIIR12, N3, NO N2, CHO CN, -CH(=NR11),

- CH=ENHNR11, -CH=EN(OR11), -CH(ORI1)2, c(=0)NR1 iR12, _C(=S)NRI |IR12,
10-C(--0)0R11, RI', OR'" or SR'. In another aspect of this enbodi nent, each
R8 or RO is, independently, H NR 1R’2 N(R11)0R11 R11, 0-K11 or SR'. In

a pref erred ct t enbodi C ndently, H,
NR' R19 CS‘S*B%?? l?é?hé?iiuhstﬁﬁ gﬁ ]2?(:%2: E&k Eﬁbt@@bﬁt&ﬂggr red a}s/pect
of this efkqdi %QF@ g NH2 and RO is H In another preferred aspect of
t hi s enbodi'nment (} are NH2. In 15anot her preferred aspect of this

enbodi nent , RSnrasoth eardmdi?ﬁ@entefﬂbmnula 11, eachl of Rorsed &iboHiandvne of RFor nul a H,

R or 21 I, ent (Cl

(C2-C8) a RJI? @R @%‘%8%%089& ffl(glkéj‘ﬁa}%]pmb% S%gt’éi‘fﬁg%{at ed aryl,
optional | I 0] 4( G -C8) al kyl
or aryl (é&&s?Z%&ér{yyt(ggI@ng?%ﬁgt?%{eerﬁ g 1g1((:’iFCrr2e_)r(rﬁ gu?@o?%;%) SIulb%t%)l?l and R1)2 ta{en
t ogetiber alitytlgl ar ary (@ eGnlklyDorvdriealt R°heR ‘& eothbt o abtlec hetodifentrbath3 to 7
menbered heterqgcyclic ring wherein any one carbgn agom of _said heterocyclic

ring can foprdnare ¥ o afdploadeds ARt B @’e"ﬂl@?‘a(’f& ot RRE-(Cr1herlkflore, by way

ﬁ;t g?ggéﬁéa@qm@?ﬂm (i X é;lt ,bgrb%?)fimgngrﬂttﬁtdg)seu%'\ﬁgnedcd “8’? el ﬁﬁaﬁ%ed by t he

R4, R55 RG,-Chal ‘ 1 BIRYE Nl othefdmb&kialky both ((C2mES) al ken I
(C2-CB) a::c)gyn(ill gra%gresla](kg%% dl‘%rl’%’ (Gfegwﬁ(g ein gfm d ?CI -C8 ﬁe{ll ?(tyl y

(C2-C8) aIFkamyH 01@@2“ /' ky@ﬂ ao@ ong 9ﬁ1%;(zrr-K%)‘aQE<yN(&ﬁze 33©Nnhl@pendent ly,
optr al | tute r e. hal.o ydra CN, N3, N(Ra)2 or
%Q@%ﬂ%@ﬁ Wa@ %8)@%{%‘? S GyhgpReY arryﬂzsﬂmﬁ?fﬂﬁﬁﬂm, R3, R4, RS,
R6 RI (Cy—Cy)substituted alkenyl, (C,—Csg)alkynyl, (Co~Cs)substituted alkynyl or aryl(C,-
Cglalkyl.
In one embodiment of Formula II, R” is H, -C(=0)R", -C(=0)OR", -
C(=0)SR" or
O
Ipl
WW/ g
20 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(=0)R"" wherein R' is (C,-Cy)alkyl. In another preferred

aspect of this embodiment, R’ is

I
e
w' /
W2
25 In one embodiment of Formula I, X* is O or 8. In another aspect of this

embodiment, X” is S. In another aspect of this embodiment, R' is H, halogen, or CN.
In another aspect of this embodiment, R' is H or F. In another aspect of this

embodiment, R'Yis H. In another aspect of this embodiment, X~ is S and R'% is H,
!
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or R12 could represent noieties such as -CH(NH2) CH3, - CH(CH) CH2CH3, -

CH( NH2) CH( CH3) 2, -CH2CF3, -(CH2)2CH(N3)CH3, -(CH2)6NH2 and the like. WD
2010/ 093606RCIVM9ED8 10/ 023586 51 n anot her enbodi ment of Pomrmst@olokissKR, R2,
R3, R4, R5, R6, Ra,1 Kor R12 is (Cl-C8)al kyl wherein one or nore of the
non-term nal carbon atons of each said (Cl- C8)al kyl nmay be optionally
replaced with -0-, -S or -NRa-. Therefore, by way of exanple and not
limtation, RlL, R2, R3, R4, R5, R6, -11 K or Rl12 could represent noieties
such as - CH20OCH3, -Cl1+20CH2CH3, CI—IZOCI—I(gI—lS)Z -0 2S 6%(}'2) 600- 13, -
10( CH?) 6rieagy 2 &M ol ok &sportPEAhis embPdimsbaf ria San ConfsdtiAtE BF Formul a |

are repre‘iﬁg{%fgs by &q{lmlgo(ﬁglr eogﬁgv\g%m{htaisﬂ | 150or a pharmaceutically

accept abl e salt or ester erein a remsu ning variabl es are
defi ned as f orinkoothed @anbediment of anmdaél eadhoRl] erdtitis,ahddpendantls, H) balo,R2 is H,

ORa, bl i1 | b d
al kyl N((R%%RC%) aN&WQGO@m% PP R &0 @Lﬂgy L%*) ?L;ﬁyft' or
(C2- C8) subst-iNiptird | atiyn R%”J DCE(@R”?I c@mﬁe@@ of=4)Nirs'fefbodi ment, R2 is

H ORa, N(Ra)?2, 1I}l3 . . n ‘anot her aspect of’ thls
embodPnenC(FIGR R PR SR ’Nsln a@NiCbﬁSph@tlozf@asnembﬂdimt,h@crh Rispekt of this

oo o ek S X RRIRRETSBROL Rty i SRR 2 1 O
For mul a K thiRémbsdithenfBah RNORRY is, iMBperfddhntl SR8, NR' 'R, OR'! or SR,

wherein R'' and R" are H. In another preferred aspect of this embodiment, R® is NH,

and R’ is H. In another preferred aspect of this embodiment, R® and R are NH,. In

15  another preferred aspect of this embodiment, R® is OH and R’ is NH,.

In one embodiment of Formula II, R or R" is independently H, (C,-Cy)alkyl,
{Co-Cy)alkenyl, (C,-Cyglalkynyl, (Cs~Cslcarboceycelylalkyl, optionally substituted aryl,
optionally substituted heteroaryl, -C(=0)(C-Cglalkyl, -S(0),(C;-Cyglalkyl or aryl(C,-
Cg)alkyl.

20 In another embodiment of Formula I, 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:

- :> —Nmo —Nms —N/—\NRa N9 —A a

’s N A N A NS R WA

and the like.

In another embodiment of Formula 11, R', Rz, R3, RY, R’ RE RERY or R s,
independently, (C-Cg)alkyl, (C,-Cg)alkenyl, (C,-Cyg)alkynyl or aryl(C,-Cg)alkyl,
wherein said (Cy-Cg)alkyl, (Co-Cyg)alkenyl, (Co-Cylalkynyl or aryl(C,-Cg)alkyl are,

30  independently, optionally substituted with one or more halo, hydroxy, CN, N3, N(R"),
or OR". Therefore, by way of example and not limitation, R], RE, R.3, R.4, RS, Rﬁ, rR"
or R'? could represent moieties such as -CH(NH,)CH;, -CH(OH)CH2CH3, -
CH(NH>)CH(CHa)», -CH>CF3, -(CHa)»CH(N3)}CH;, -(CH2)eNH; and the like.
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25 hal ogen, (Cl-C8)al kyl, (C2-C8)al kenyl or (C2-C8)alkynyl. In a preferred
aspect of this enbodinent, R4 is ORa. In another preferred aspect of this
enbodi nernwo 2R/193608Ra and R2 is A e or F. In another pretemsedoaspect of
this enbodinment, R4 is ORa and R2 is F. In another preferred aspect of this
enbodi mrent, R4 and R2 are, 5 independently OR |In another preferred aspect
of this enbodinent, one of R4 or R2 is Oe and the other of R4 or R2 is OH
I n anot her preferred aspect of this enbodi ment each of R4 and R2 is OH.

| th di { Formula |11, d R2 ., th i
0( o) 8- 101 n B BALERRER oF Ter IR 11 Reas B O BRI R Rayin o
SRa, hal c{@f )l wiRIR B or th&ré o%eqidﬁqeﬂﬁllmglrcaﬁgl AEN b KRN |sa1d| Q _anot her

aspect of this eénbodinent, R5 is H N3, CN, (Cl-C8)alkyl, (C2- ﬂal kenyl or
(C2- C8) aIG@aﬂyﬁ mdyrberpiohalty la‘sbe@i woh @hu—s @O -mdherefoRs biysvay of N3, CN,

genitagé: ne(ra?%{gen %gnﬂtﬁ?’%f{%ﬂ %4 %?a an% %21 cﬁllﬂg(gL}lgsérjectaelﬁto I(g“EeSaspect of

this enbQdimNCHRTHS (ti{@cHEtHBéCHsoQ{ﬁ?HDd -BR,$6H{-eCH) pO@Ret-her  aspect
of this enbodiment, R5 is H R4 is ORa and is F. I'n another aspect of

t hi s 18mbdEHmENMCHRS apdthaliked R2 and R4 are, |ndependently, A e. In another
aspect of this_ e di er aspect
of this enbodlshrlren?tger m&)d“ﬁg’ héd)%@ug%ﬂo% g?ﬁ% get edlbgg?)g%g( C0) 0-.
201 n one 1gabodi ment of Formula 111, R6 is H OR, N(Ra)2, N3, CN, SRa,

hal ogen, (G -C8)al kyl, (C2-C8)al kenyl or (C2-C8 $I kynyl . I n anot her aspect
of this enbodinent, R6 is H In another aspect this enbodinent, R6 is
ORa. In another aspect of this enbodi ngpt, R6 i | n anot her aspect of
this enbodinment, R6 is Hand R4 is ORa. raspect of this
enbodinment, R6 is H R4 ks ORa and R2 i | "~anot her aspect of this
enbodiment, R6 is H R4 |§ ORa and R2,2s O el I;ﬂo\tjer aspect of this
enbodi mrent, R6 is ORa, R4I$S ORa and . In ot her aspect of this
enbodi nent, R6 is OR and an , P tl RQ‘«’a | n anot her
aspect of this enbodinent, R6 i
aspect of this enbodi nent, Re"i
-0(C0)0-. In another 30aspect odinent, R6 is CN, R4 is ORa and
R2 is F. In another aspect of thi fioodi nent, R6 is CN and R2 and R4 are,
i ndependently, ORa. In another ggpecl: of this enbodinent, R6 is CN and R2
and R4 are OH I n another aspect of this enbodinent, R6 is CN and R2 and
R4, taken together, are -0(C0)O-. FormulaIIIl n one enbodi ment of Formul a
11, RS is Hand R6 is H, ag? SRa hal ogen,

(C1- G8) al kyl , qerbegyanek pfagcpep% S(%t)oélcﬁtﬁ‘gy?ere 4n anot her aspect of WO
2010/ 093608P0Tw§%99aq1%§§@ S GRDRGIE L forRBrsiahl. |n another aspect
of this enbodi nent, R6 C]?g I'n anoth ner aspect of this enbodinent, R6 is
CN. In anot herlna)spembodinmhofsl*"@mtﬁdhlhﬁnns HRBR{ N an:, RN NOORa. | n anot her

aspect enbodi I n anot her
aspect ofS( i ]@E&f& &S_&S)agg'l’i@ leirg)ﬁﬁl?swtgte%yigg %)‘riﬂger@!? I n anot her
aspect of, i F. ot her
Fepect 105 %@ﬁgﬁfe&%&r@z%g@ g 3 (R L B i BB Y
lCRa Zb?haaapédﬂef tll?@@fﬁbf:dﬁméntt 2{)3 Ié,rﬂhRf’dN(ﬁ?)t,,Nﬁ&N SRORr haidgdr2 Eﬁgdot:m are OH.
n another aspect o is enho a
t oget her ,aspg<s of Biscplpdimpny %d&%@?ﬁ%ﬁ&@ﬂ ?ﬂ}@%@ di“ﬁgﬂ‘?’f aSpRgs qfs CN R4
is CRa ar{glsré?n amll:entllip ?@%ﬂr&?ﬁ? fl‘i?&?(?tﬁer%fs échb?th%@?%d‘i?ﬁ@ﬁt RRG 18 ofN and R2

and R4 are, epend’ent I'n angth er aspect of
F. In another aspect of this embodiment, R” is F.

In one embodiment of Formula I, R* is H, OR*, N(R")., N3. CN, SR?,

p :
afd R2 and R4 are "OH. | n anot her
R2 and R4, taken together, are

25 halogen, (C—Cg)alkyl, (Co—Cg)alkenyl or (Cy~Cglalkynyl. In a preferred aspect of
this embodiment, R* is OR™. In another preferred aspect of this embodiment, R*is
OR® and R% is OR? or F. In another preferred aspect of this embodiment, R* is OR®

and R?is F. In another preferred aspect of this embodiment, R* and R are,
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15 this enbodinent, R6 is CN and R2 and R4 are OH. |n another aspect of
this enbodinent, R6 is CN and R2 and R4, taken together, are -0(C0)O-.

I n one emvodnranseoef Fornula 111, R7 is H -C(-0)Rl1l, -E@CFA)NBRLH23586
C(=0) SR11 or . In a preferred aspect of this enbodinent, R7 is H In
anot her 20preferred aspect of this enmbodinment, R7 is -C(=0)Rl1l. In another

prefened aspect of this enbodinent, R7 is -C(=0)Rl1 wherein R11 is
(G -C8)alkyl. In another preferred aspect of this enbodinment, R7 is w2 In

one enbodi nent of FE

| n, anot her as f.this

| I , i
25enbddi Hadfpendestly O qurﬁ gn%%%tméz rréfiﬁé?é@f Oéftfnﬁ KbodimssHiorent | ﬁm 13. § H
hal ogen, 9 {Mnd &hémtmr PO, zﬁfan@)dabls%%m%qldaw of \ls dnsbodiBEntF. 11

anot her aspect of th i S enbodi ment, Rl 1Is

I n anot her aspect of this

enbodi merdagh )R] :mdSRamd)PRl(l is H halogen, or CN. In another aspect of this

enbodi nent , clis t of thi
enbodi nent , X§ Pg‘)tge %’(’% ‘F"I.éf °I£|1L:|° E(I)’l]gu/ %@Tﬁ%@ﬁ&%ﬁo%g& 51 n one
enbodlner@(cqj&c\lfornulalll X2 is S R4|sCRa R5 is Hand R6 is H, OCRa,

N(Ra) 2, N3
(C2- a8) al kyny|1n one embodiment of Formula II R IS H O

15

20

25

30

35

SRa, hal ogen, (G -C8)al &CzN((R);)) aII\IkeCn lSRO“r
2y IN3, »

halogen, (C,—Cjg)alkyl, (Co~Cg)alkenyl or (C-:—Cg)alkynyl. In another aspect of this
embodiment, R’ is H, N3, CN, (C;—Cy)alkyl, (Ca—~Cglalkenyl or (Co~Cg)alkynyl. In
another aspect of this embodiment, R%isH, N3, CN, methyl, ethenyl or ethynyl and R
is OR®. In another aspect of this embodiment, R*isHor N, R*isOR*and R*is F. In
another aspect of this embodiment, R is H or N3, R* is OR® and R*is OR®. In another
aspect of this embodiment, R*is H, R is OR" and R® is F. In another aspect of this
embodiment, R’ is H and R? and R* are, independently, OR®. In another aspect of this
embodiment, R® is H and R* and R* are OH. In another aspect of this embodiment, R’
is H and R? and R”, taken together, are —O(CQ)O-.

In one embodiment of Formula HI, R® is H, OR?, N(R")», N1, CN, SR?,
halogen, (C—Cgalkyl, (C,-Cg)alkenyl or (Co—Cs)alkynyl. In another aspect of this
embodiment, R®is H. In another aspect of this embodiment, R®is OR® In another
aspect of this embodiment, R®is CN. In another aspect of this embodiment, R® is H
and R* is OR®, In another aspect of this embodiment, R%is H, R*is OR* and R*is F.
In another aspect of this embodiment, R®is H, R*is OR? and R* is OR®. In another
aspect of this embodiment, R®is OR* R*is OR" and R is F. In another aspect of this
embodiment, R® is OR? and R? and R” are, independently, OR®. In another aspect of
this embodiment, R® is OR® and R and R are OH. In another aspect of this
embodiment, R® is OR® and R? and R*, taken together, are ~O(CQO)O-. In another
aspect of this embodiment, R%is CN, R%is OR? and R*is F. In another aspect of this
embodiment, R®is CN and R and R* are, independently, OR®. In another aspect of
this embodiment, R® is CN and R and R* are OH. In another aspect of this
embodiment, R® is CN and R? and R?, taken together, are ~O(CO)O-.

In one embodiment of Formula I1I, R” is H and R® is H, OR®, N(R")z, N3, CN,
SR, halogen, (C;—Cy)alkyl, (C;—Cyg)alkenyl or {C,—Cg)alkynyl. In another aspect of

16



I n anot her aspect of this enbodinment, R6 is H In another aspect of this
enbodi nent, R6 is ON In another aspect of this enbodinment, R6 is CN. In
anot her aspeoto/B6oshi s enbodi ment, R6 is H and R2 is F. pcm/ispa@bloesssaspect
of this enmbodinent, R6 is Hand 10 R2 is ORa. In another aspect of this
enbodinment, R6 is OR and R2 is F. In another aspect of this enbodi nent, R6
is ORa and R2 is ORE'. In another aspect of this enbodinent, R6 is ORa and
R2 is OH |In another aspect of this enbodinent, R6 is CNand R is F. In
anot her aspect of this embodiment, R6 is CN and R2 is_ORa. |In another
aspect ofthlﬁm@OélrmdrRremH IR@nr)fber@Sp@ﬁdf dacempRlimagt, R4isQROHn I n a

preferred 1 e ef erred aspect
b “thi o GROTRTRERT oF iyt P @Rt BTN T ph Pl ash e PLRILGPREBEEE of ¢ b &
enmbodi meri®,is H7anki$ COR* 0 IRldo v @Richo Rk dnsbddGhereB) Blsky IR i4 ORARR her

preferred ,aspect of this enbodinent, R7 is O 20| n one,enbodi nent of
For mul a 1811 Fxgn protlgr appechatithreembosients B gistthdt, is SR and 8 9B, IR5 is H and

R6 is H, ) G\ 6 0 G y kenyl or
(C2-CB) al M)F% Ogﬁho%\%eP as 6e %@%H?{?q%% ér msn?sjll(l?ié1 an(}% g%?))najanot her
aspedt ofofttihs Smbdid)@rdnﬂ;rﬁﬁhs ORBamdsR’(Rai Riae and»élja:eﬁeralgrpeaﬁ Dfaﬁokhes enbodi nent,

R6 is CN referred asgect of thi,s enhodi ment, is H In_another
preferrecfsrz%%f@eteﬁeﬁo P Rrs SOt rasAd” "‘-P{f}Rt Sre Qfl=. ie)amtbel ASRCARbimer

preferre 6 mt {/ 0 lis
Pr o Pl of ke SIROURIL FokipaRORIICRERBRLL 15

2010/ 093&@&2@?%&@%@@%83 BIGN,&ids ﬁ)@f‘ aedrﬁﬁda Feht anetheFospreod @ thisl , each RS

or RO is, in nt | NR11 R11)QOR11, NR11NR11 2, N3, NO
NC2,  CHO TR eé%H( CNR a“%%nﬂﬁaﬁ @@1‘1’%‘ Rllﬂcﬂlr(’@iﬁr PPSCLE =) NRI

| RI 2,15- ClmQkLPBddik neanRézks C%dcﬁz a§8R4 ai’@OFin%rh‘ﬁBth@ g&t'@lﬁhs each R8 or R9
i's, independently, 'R 2, N R11)OR11, R11, or SR'. In a

pr ef er r edmiodisnrodt ne@rN auch” ®el By faﬂ?@ﬂ togethﬁndemeihﬂé(hlq y, H NR11R12, OR11
or SR', wherein Rll r eferr nbodi nent, R8 is
NWand R9 is ﬁ-fm’l1e % %ngfﬁlpr é)f“elrlﬁ Ig gnﬁo i @ﬁ?%%‘%ﬁ@ﬁﬁg are NFL. In
anot her mrebssr'édrenbodi ment, R8 is OH and RO is NH, .

O

I

W1/P——~§

w? . In a preferred aspect of this embodiment, R” is H. In another
20 preferred aspect of this embodiment, R” is -C(=0)R'!. In another preferred aspect of
this embodiment, R” is -C(=O)R"" wherein R" is (C-Cg)alkyl. In another preferred

aspect of this embodiment, R” is

In one embodiment of Formula I11, X” is O or S. In another aspect of this
25  embodiment, X* is S. In another aspect of this embodiment, R s H, halogen, or CN.
In another aspect of this embodiment, R™ is H or F. In another aspect of this
embodiment, R is H. In another aspect of this embodiment, X?is S and R'% is H,

halogen, or CN. In another aspect of this embodiment, X* is S and R'"® is H or F. In

another aspect of this embodiment, X?is S and R" is H.
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In one enbodi nent of Formula Ill, R'" or Rl12 is independently H (G -
15C8) al kyl , (C2-C8)al kenyl, (C2-C8)al kynyl, (C4-C8)carbocyclylalkyl,

opt i onal Iwo=otwmadoat ed aryl, optionally substituted het ecoarsyd/o0253860) (C
-C8)al kyl, -S(0)n(C C8)al kyl or aryl(Cl-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 nenbered heterocyclic ring wherein any one carbon at om of
said heterocyclic ring can optionally be replaced with 20-0-, -S- or NRa.

Thereor e, BY . oo SHaTE! Sl T A S e TR 2, o
Ri2 1o S0 ARObdn ARy SRE BT ‘?’sﬁal?ﬁr e ARy or
aryl (Cl - @B)aﬁ(btk@ﬂa,spa&hefﬁwmﬁi&ldﬂméﬁlR )Rl kyanoﬂ(e@as;@st)mksmmbod(m c8) al kynyl
mor 6 bl & iRl ofyanobe st AR Tl K TRGRG BR80Ty S G Texampl o and
not 1imt 08{3835& Bﬁzaldlagf ke, 1&@&&@&9?&3@5 éﬁ%&%@;ﬁ%m}m@s such as

- CH( NH2)
(CHZDZCHKhBD@HShlmﬁﬂhﬁhﬁk&mﬁﬁhmdmﬂhénmmkdi is OR* anfl R anbt hesnosrbodi ment  of

Formula I11 5, Ra.s R
of e nGPRELPRRRARTOAEEI Bt b GPIdainOBS: I parie eaal oy bo.

opti onal |%Ho@9ﬁ@1@@@ WRR an@ R is S1. Ofn ad¥idfer-asJ@te bEMHY @abdm¥ayRrdfs exanpl e
and not Ilnltatlon R2, R4, R5, Ra, Rl11 or 2 could represent noieties

such as N aGHROGHB, In-a@hthEOMPEHf tlne:mbml(r@ﬂg)@ is CBHpeEH3s OR( chp) 60CH3, -
(CH2) 6N(CH3) 2 and ;t ot ) t . ndQripl ound
sel ect ed FPHE FREC é)? ﬁru%elgg%{glms P{a %g @(I Ht():a&] REDie RTRGH. ﬁl aspr%fe%%ﬁp
15  aspect of this embodiment, R” is H. In another preferred aspect of this embodiment,
R is -C(=OR'. In another preferred aspect of this embodiment, R’ is -C(=O)R"
wherein R'! is (C,-Cg)alkyl. In another preferred aspect of this embodiment, R is
O
i
W] :

WZ

20 Tn one embodiment of Formula TI1, X* is S, R? and R”, taken together, are —
O(COYO-, R is H and R® is H, OR®, N(R"),, N3, CN, SR, halogen, (C,—Cyg)alkyl,
(Cy-Cglalkenyl or (C;—Cg)alkynyl. In another aspect of this embodiment, R®isH. In
another aspect of this embodiment, R is OR® In another aspect of this embodiment,
R® is CN. In a preferred aspect of this embodiment, R is H. In another preferred

25 aspect of this embodiment, R” is -C(=0)R"". In another preferred aspect of this
embodiment, R is -C(=0)R'! wherein R'' is (C,-Cg)alkyl. In another preferred aspect

of this embodiment, R’ is

18



JOHo OHHO OH WO 2010/ 093608PCT/ US2010/ 023586 WD

2010/ 093608PCT/ US2010/ 023586 5a pharmaceutically acceptable salt or ester

t her eof . Woaviod®ssoss a nmet hod for preparing a conpound PEpruss@nivestsdy
Formula 1V: RB R4 R2 Forrmula IV 10or an acceptable salt or ester, thereof;
wher ei n: Rl is H (Cl1-C8)al kyl, (C4-C8)carbocyclylalkyl,
(C1-C8)substituted al kyl, (C2-C8)al kenyl, (C2-C8)substituted al kenyl,
(C2-C8)al kynyl, (C2-C8)substituted al kynyl, or aryl (Cl-C8)al kyl; 15each R2
or R4_is independently H, .F or

"8y Al kyl, ( Of Seerdmiiet o ARy }11@9@8%2}3%‘? PGBt ¢ Ut ed

aryl, C24{GR0 1\{1@&@9@%@'%&“,%@@”@@%! [0 N_d)n,heHQ)“,@\Y,CbYﬂ(:Nﬁi‘ﬂj,CZO

aryl al kyl', C7-C20 substitut'ed arylalkyl', (Cl-CB) alkoxy, or (CI-C8)

subst i t ut-E8=a/HSRY; -CH=N(OR""), -CH(OR ")z, -C(=O)NR"'R", -C(=8)NR 'R,

—C(ﬁO)ORl P RY, OR" or SR'. In another embodiment, each R or R? 18,
independently, H, NR''R', N(R“)ORH, R, ORY or SR". Ina preferred

10 embodiment each R® or R’ is, independently, H, NR''R™, OR'" or SR", wherein R
and R* are H. In another preferred embodiment, R® is NH, and R’ is H. In another
preferred embodiment, R® and R’ are NH,. In another preferred embodiment, R® is
OH and R’ is NH,.

In one embodiment of Formula 111, R'" or R is independently H, (C;-

15 Cyalkyl, (C-Cg)alkenyl, (Co-Cy)alkynyl, (C4—Cs)ecarbocyclylalkyl, optionally
substituted aryl, optionally substituted heteroaryl, -C(=0O}C,;-Cg)alkyl, -5(O)n(C-
Cg)alkyl 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

20 -O-, -S- or -NR"-, Therefore, by way of example and not limitation, the moiety —
NR''R" can be represented by the heterocycles:

- C> , %NCO’ —NCS | ‘“‘NCNRQ ’ ——N/\j | _NK/NRQ
and the like.
In another embodiment of Formula IIL, R%, R*, R®, R%, R" or R" is,

25  independently, (C-Cg)alkyl, (C2-Cy)alkenyl, (C2-Cy)alkynyl or aryl{C;-Cg)alkyl,
wherein said (C-Cg)alkyl, {Co-Cglalkenyl, (C,-Cs)alkynyl 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, RZ, R4, R®, R, RY orR"
could represent moieties such as -CH(NH,)CH;, -CH(OH)CH2CH3, -

30 CH(NH,)CH(CHj),, -CHCFs, -(CH),CH(N3)CH3, -(CH2)sNH> and the like.

In another embodiment of Formula 11, R?, R%, R%, R®, R" or R is (C)-

Cs)alkyl wherein one or more of the non-terminal carbon atoms of each said (C-

Cyg)alkyl may be optionally replaced with -O-, -S- or -NR™. Therefore, by way of

S 2 : i 12 _
example and not limitation, R”, R“, RS, R% R or R~ could represent moieties such as
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each R44 or R47 is independently -C(R45)2R46, Si(R43)3, C(0)R45, C(0)O0R45,
20(C(R45) 2) - R55 or  ( CHAT, or any two of R44 or R47 when taken

t oget her woe0t0@oR®8) 2-, -C(0)- or Si(R43)2(x42)nsi ( R43) 2CcearskoiRb2s586

i ndependently -0-C(R45)2R46, -Si (R43)3, -0C(0)0R45, -0C(0)R45 250r (CH2)m
5 50 each R45, R58 or R59 is independently H, (C1-C8) alkyl, (C -Cqg)
substituted al kyl, (C2-C8)al kenyl, (C2-C8) substituted al kenyl, (C2-C8)

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

S 20 Lot RS Pl DB RSO e 20 oy oty

C6- C20 subsgt, i Ni©d;)2dnglthe ie. Optional |y substituted heteroaryl; each
le is |ndependently H, (Cl-C8)al kyl C2- C8) al ken (CZC8aIkynyI
aryl (C, -C8)al #ypnotheeam Ieaﬂb“dweiaﬁ 1@%90@(@%@#& § fronhie goup 0) pRL

- C(=0) NRI 1R ds1inp&=0) SR11, -S(0)R11, -S(0)2R11, - 0)(0R11) -S(0) 2(0R11),
or -S2NR11R12; 15each X42 is 0 or CH,; each inis 1 or 2; each nis

i ndependently 0, 1 or ZH,eachoR8, RO O Rl is inde ently H, hal ogen,
NR11R12, N(Rll)OR%

20



NR 41NR1 1742, N3, NO, N2, CHO, CN, -CH(=NR11), -CH=NHNRL1, - CH=N(OR11),
20-CH(OR11)2, -C(-0)NR11R12, -C(=S)NR11R12, -C(-0)OR11, R', OR' or SR';
each R' owoRdfiscosndependently H, (C, -C8)al kyl, (C2-C8palrimsoyilo/02158; , -

C8) al kynyl, (C3-C8)carbocyclyl, (C4-C8)carbocyclylal kyl, optionally
substituted aryl, optionally substituted heteroaryl, -C(=0)(Cl-C8)alkyl,
-S(0)n(Cl-Cg)al kyl, aryl (G C8)alkyl or Si(R3)3; or R" and R12 taken
together with a nitrogen to which they are 25 both attached forma 3 to 7
menber ed heterocyclic ring wherein any one carbon atom of said heterocyclic

ring can ept® ly be replaced with -0-, -S(0)"- or -NRa-; @r R' and R12

t aken together; afe S (R43) Z-*42) ,0Si (R43) 2-; whey. et ach

(Cl-C8) al kyl \-P&)a C8) al kynyl or aryl )alNkyl of each
RL, R43, R45, R5g ° Rat y substi tut ed

12 NFs, \i ndependent
with 30 one O==fore hal ¢4 drd)\k‘y< CN\I\B N 1Q® or ; and rein one or
more of the fonyterni mal carHbon aths of gachysaids( CiC8)al kyl is
optional | y.repfaced with -0-, - S(0),,- & -NRal, WO
2010/ 693608PCT/ US2010/ 023586 5sai d met hod conprising : (a) provirding a
conpound of Forrmula V R10 R47 R2 Fornula V whergin R56 is OH, -0C(0)OR58 or
-0C(0)R58; 10(b) treating the conpound of E a Vwith a cyani de reagent

and a Lewis acid; thereby formng the co d olHFormul a | V. The
corrpoundsHQf gornul a | sef ul ation of the anti-viral
conpounds OTF.F pne e of "t hEHgret hod, the conmpound of

Formul a | ¥4 s Sor

-~ -~
NH,

=T YN s N N

SE N BZ\ s . J Bz S / /[

S 0o N O™\ o N

- .
HO 0 N OH
R /O F je, F

10 HO F , B2 . Bz ,
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1'V]) t he conmpound of Formula V is Formula Vb: R8 5 Typically, the
nmet hod of preparing conpounds of Fornula 1Vb from Formula Vb are preforned
in a suitwbl2e10a9868i c sol vent at about -78 to 80 C for pabasto12®2386n nut es
to 24 hours. Non-limting exanples of suitable aprotic solvents include
CH2C12, acetonitrile, CH2CLCl-12Cl or other hal ocarbon solvents. Mire
typically, the nmethod is perfotined at about -10 to about 65 C for about 10
mnutes to 4 hours. The nole ratio of the conpound of Foilnula Vb to

cyani de reagent is about 1:1 to 1:10, nore typically about 1:2 to 1:6. The
nole ratio of the conpgind of Formula Vb to 15Lewis aci@ is about 1:0.1 to
about 1:10, nore typically about 1:0.7N#0 about 1:6. Tyjpical, but
non-limtgng, cyagi réagents co i s& (R43) 3Si CNy 5 CN, and

R43C(0) CN . ref err ed cyani de

ei.n d R45 aregdelindd agy
reagent is ( 5) ;I,{%I.N AnoOH cyani ent is R43C(0) CN
wherein R43 is Z al koxy (A C8) substi

\(C wut/edal koxy. 20The
conversion of &he-conpounds of ‘Ferwula Vb to a gormpound of Formula 1Vb is
pronot.ed by d-éw s aci ds. Manyqygewks aci ds maygpronote this conversion
i ncluding many that are commercially available. Non-limting exanpl es of
Lewi s acids conprising boron that are sgitable for pronoting this
conversion are boron orifluoride etherates of nethyl, enhyl, propyl, and

butyl ethers;

10
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25butyl nethyl etherate; boron trifluoride and boron trifluoride nethyl

sul fide conplex. Non-limting exanples of Lewis acids conprising

trial kyl swbybiogosweps t hat are suitable for pronoting thiPpeTaSRMONIIS8AO ar e
trimethylsilyl trifluoronethanesul fonate, other trimethylsilyl

pol yfl uoroal kyl sul fonates, tert-butyldi nethylsilyl
trifluoronmethanesul fonate and triethylsilyl trifluoronethanesul fonate.
Addi ti onal non- WD 2010/ 093608PCT/ US2010/ 023586 5l imting exanpl es of
Lew s acids suitable for pronmoting this conversion are Ti Cl4, Al1Cl13, ZnCl7,
Zn12, 5 Sn@rhampasertiallgaceaptal st onssimahesal f onat e) 3, sil ver

trifluoroneth f. i ! gﬁ}@ ROREST um
trifluoronet hﬁg\gg%dflgﬁﬁ%?mfﬁgﬁe&%ﬁ% érﬂ?(hq e, QPQ%%{%%%U Form '
trifluorornethanesul fonate, indiun(l11) trifluoromethanesul fonate,
ceriun(lV) trifluoromethanesu_lfonate, 10erbiun(|II)
trifluoronethanesul fonate, gadoliniun(ll1) triffuoronethanesul fonate,
lutetium(I11) trifluoromethanesul fonat egioneodymiun(I11)
trifluoronethanesul fonate, praseodym um £l uor onet hanesul f onat e,
samarium (111) trifluoropget hanesul f onat

)
trifluoromethanesul fonate) dysprosiun(g’) tri Iuorozithanesulfonate,
0

anesul f onat e,
yttriunm(I11) trifluoronmethanesul tifl uoronet hanesul fonic acid nickel
salt, hafniumtrifluoronmehtga bi smuth(111)
trifluoronethanesul fonate, gali\un(ll/lg t¢Nf | uor onet hanesul f onat e,
ceriun(ll1) trifluoromethanesul , ytterbiunm(I11)
trifluoronethanesul fonate, tell ugd unkd V) trifl uoronet hanesul f onate,
zirconiunm(1V) 20trifl uoronethanesul fonate, bisnmuth
trifluoronethanesul fonate, iron(ll) Femfdlaib¥ onet hanesul f onat e,
Sn(trifluoronethanesul fonate)2, InBr3, AuCl3, nontnorilite clays,

Cu('t MPf | uor oY HRARSAIPERIEY SSter. P5FRdy | tri f1 uor omet hanesul f onate, and

sal en COWH&%%S? of Ti and Vn (Bel okon, et al., Tetrahedron 2001, 771). In a
preferred enbodi nent, the Lewis acid is trirnethylsilyl

trifl uor omet hadsHl fOR&LRIk N CanGitebo@Eyiakdr (GdCemdotimeshalkyl he Lew s
acid is trineth%%siIKF trifluoromethanesul fonate and the yield of the

compound (68— Foplkenyvh (CvCgubsaorcdralignghier-Capnkanbe her W@F@P?ﬁgd enbodi nent ,

t he Lemﬁgﬂ

i.d i i silyl trifluoronmethanesul fonate and the yield of
t he conpodﬁé&gpkég&gaﬁg&¥%%’is 70% or greater. In another preferred
enbodisment , t hach R%WsR Bisiisidpsndenilyret, Ryl €% tri f | uor omet hanesul fonat e and

the yield of the 30 conpound of Formula IVb is 90% or %E?a er,
each R™ is independently (C-Cy) alkyl, (C1-Cg) substituted alkyl, Cs—Cyq aryl,

Cs—Cay substituted aryl, Co—Cyp heterocyclyl, Co—Cyq substituted heterocyclyl, C7-Cag
arylatkyl, C7-Cyp substituted arylalkyl, (C;-Cy) alkoxy, or (C-Cy) substituted alkoxy;
each R* or R¥ is independently ~C(R**),R*, Si(R*);, C(O)R™, C(O)OR™, -

20 (C(R™))m-R¥ or
(CHz)m
A

O .
or any two of R* or RY when taken together are WC(RS M-, -C(O)- or -

SiR* )X SHR P )-;
cach R* is independently ~O-C(R**),R¥, -Si(R*)s, -OC(Q)OR™, -OC(O)RY

25 or
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I n anot her enbodi nent of the nethod of preparing a conpound of Fornula I Vb,
R56 of Foluiula Vb is OH Additional independent aspects of this enbodi nent
are: (a) Wo20m/d9B60R is CH3. 35(b) R8 is NRI1R12. R8 i sPORUS288/e8B86R'. WO
2010/ 093608PCT/ US2010/ 023586 5(c) RO is H R9 is NR11R12. RO is SRI'. (d)
R2is OR44. R2 is F. Each R4 and R2 is independently OR44. R2 is OR44 and
Ris F. RAis OR44, RRis Fand R44 is C(O)R45. R4 is OR44, R21' is F and
R44 is C(0)R45 wherein R 45 is phenyl or substituted phenyl. R2 is OR44
wherein R44 is C(R45)2R46d R4 anis phenyl or substituted phenyl. R2 s OR44
wherein R44 s CH2R46 6hisi 1 Oand R46 | Byl . R2 is OR44 wherein R44 is
CH2R46 and R46 is substituted phenyl. /Each R4 and R2 is OR44 wherein each
R44 is independently C(R45)2R46 and R46 is phenyl or substituted phenyl.
Each R4 and R2 i s OR44 wherein each®R4a~j CH1IR46 and R46 is phenyl. Each
R4 and R2 is OR44 wherein each R44 is CHPR46 and each R46 is i ndependent |y
substituted phgayR®, EACGH fR¥%isaRdkpBddnly GRAG \enRiIN (¢ bey)lubkiRtdd t aken 15
together are - C(R59)2-. Each R4p§g‘nij R i’[séébggﬁ V\%’e(réi ng)t he tV\ng44 t aken

t oget her & (Ce(BHERyl, (Eath) Ripstinigd Rikeny, Rads) wahlemet, iCt-he) wheiitRed t aken

together are - R59),- ch,R4 an i s.OR44 wher ei he R44 t aken

toget her BrEvL GrrRBaP Grdrerierad Al b arg oS BaE IR e BHENST . Rt 1o

Or44 V\her@{égocl%ﬁg i@,_gz()é[%@ﬂ 46 .0, RAQ sivstiRIGMMY 18y, subst i tut ed phenyl and R2

is F. R4 is H R47 is CCR45)2R4E and R46 is phenyl or substituted phenyl .

20(e)l0R47 is ©pd) R4Ss inkeFenidsntGla2RA6 arh € REG, ubstphtedytyl, R4ptibsalBH2R46 and

R46 is sub tjtuqtl‘ﬁd henyl . R47 is C(R45)2R46 and each R45 and R46 is

i ndepend&HPAME ﬁ?‘l%a » substituted phenyl. R47 is Si(R43)3. R47 is

Si (R43) 1(t - buteydy R1MIGKRIHBrRARD }Fﬂél-ﬁ@a@rﬂk%@zﬁ% améﬁﬁl(égé%h%hyiput yl)
p .

wherein each R43 is independently phenyl or substitute eny RA7 is

t et r ahy draoy @H-C8lfyl 6042 ydarborRad yliabkyORES) RRE6 OHRIGR 1, -€4e®NRISRENd RA6 i S
e Pen i LR B AL SRS BRETY s SRR A o OF vhereln

15 each X*is O or CH»:

eachmis 1 or?2;
each n is independently 0, 1 or 2;
each R®, R® or R is independently H, halogen, NR! lRm, N(Rl })OR“,
NR''NR''R", N3, NO, NO,, CHO, CN, -CH(=NR'"), -CH=NHNR!', -CH=N(OR !},
20  -CH(OR'), -C(=0)NR''R", -C(=$)NR''R", -C(=0)OR'!, R", OR" or SR'";
each R or R" is independently H, (C,-Cs)alkyl, (C2-Cglatkenyl, (Co-
Cg)alkynyl, (Cs—Csg)carboceyelyl, (C4—Cg)earbocyclylalkyl, optionally substituted aryi,
optionally substituted heteroaryl, -C(=0)(C-Cg)alkyl, -S{O)(C1-Cy)alkyl, aryl(C,-
Cglalkyl or Si(RB)g; or R' and R'* taken together with a nitrogen to which they are
25 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(O),- or —=NR*-; or R"!
and R' taken together are -Si(R*)y(X ™) nSi(R¥),-;
wherein each (C;-Cg)alkyl, (Co-Cylalkenyl, (Co-Cylalkynyl or aryl{C,;-Cyglalkyl
of each Rl, R* , R* , R’ 8, R’ 9, RY orRY is, independently, optionally substituted with
30  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 is optionally replaced with -O-, -

S(O)y- or -NR"-;
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-C(CH3)2-. R47 is Si(R43)3 and each R4 and R2 is OR44 wherein the two R44
taken together are -C(CH3)2-. R47 is Si(R43)2(t-butyl) wherein each R43 is
CH3 and ewohofMoased R2 is OR44 wherein the two R44 takemrCrapedlome3sas e
-C(CH3)2-. RA7 is Si (R43)2(t- 30 butyl) wherein each R4 independently
phenyl or substituted phenyl and each R4 and R2 is OR44 wherein the two R44
taken together are -C(CH3)2-. R47 is tetrahydro2H pyran-2-yl and each R4
and R2 is OR44 wherein the two R44 taken together are - C(CH3)2-. R47 is
C(0)R45 and each R4 and R2 is OR44 wherein the two R44 taken together are
-C(CH3) 2-. R4ansnﬁbﬁmayﬂﬁwﬁm%herein each R45 and R46 is independently 35
phenyl or substjtut phenyl and.each 4 and R2 is OR44 wherein the two R44
taken WO 2016093 @' E%PBE 48t ogether are -CH(R59)- wherein R59
i s phenyl or substituted phenyl. R47 is Si(R4&® 3 and each R4 and R2 is OR
wherein the two R44 taken together are -CH(R59)- wherein R59 is phenyl or
substituted phenyl. R47 is Sl(R43)2(ﬁ1%utyI) erein each R43 is CH3 and

| oget her are - CH(R59) -
RI7

Ni's Si (R43) 2(t-butyl)
or substituted phenyl and each
r are -CH(R59)- wherein

it r ahythk®- 2H pyran-2-yl1 and

wherein R59 is phenyl R§f substituted pﬁ“h .
wherein each R43 is 10 § ndependent | ¥ phen
Rdand R2 i s OR44 wherei 0—theHtwo R44 Y aker
R59 is phenyl or substituted d )
each R4 and R2 is OR44 wherei
wherein R59 is phenyl or FSubsi ¢d “phenyl . R47 is C(0)R45 and each R4 and
R2 is OR44 wherein the two R4d_takef together are -CH(R59)- wherein 15R59
is phenyl or substituted phenyl. R47 is C(0)R45 wherein R45 is phenyl or
substituted phenyl and R2 is R* R? (f) The cyani de reagent is
(R43) 3Si CN. The cyani de reagent sﬁééﬁﬁ% Si CN. The cyani de reagent is
R4A5C(0) CN. The cyani de reagent is CN. The cyani de reagent is
R4A3C(0) CN whergtidieiR&3® is 1 CH(CB) ongﬁxeg)c@@)f(%l C8) substituted al koxy.
20(g) The Lewis acid conp rlses oron. The Lewi s acid conprises BF3 or BCl13.
The Léwi s aci dbl @ea@pgﬂcﬁ(mmnd BEBogfs ) with peymudgersay angi LBEE3- S(R53) 2
wher ei n ea%p R53 is independently (Cr-C8) al kyl, (Cl1-C8) substituted al kyl,
(Cc2- CB)aI ehyl (C2-C8) substituted al kenyl, (C2 C8) al kynyl, (C2-C8)
substituted ahkyﬂmfbnﬁﬁ@ﬁﬁac@hyhmdﬁdPﬁﬁﬁuﬁubst|tuted aryl, Co- C20
het er ocycl yl , -C20 substituted heterocyclyl, C7-C20 25ary|alky| or
C7- C20 substi tﬂ’(eéfﬁmé?PWdéIfopmméVeﬁrﬁ ugsa oy @EP&?&Y‘W (of theatiogiah| keny! |
(C2- C8) al Joymvlin o f¥okhiuGl- C8) al kyl of each RS3 is, independently,
optionally

15 In one embodiment of the method, the compound of Formula IV is Formula

IVb

and

Formula IVb

20
the compound of Formula V is Formula Vb:
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substituted with one or nore hal ogens and wherein one or nore of the
non-term nal carbon atons of each said (Cl-C8)alkyl is optionally repl aced
with -0- wo208(@®}q08; or two R53 when taken together w tRCTIES2@xp2E586 t O

whi ch they are both attached forma 3 30 to 7 nenbered heterocyclic ring
wherei n one carbon atom of said heterocyclic ring can optionally be
replaced with -0- or -S(0),-. The Lewis acid is BF3-0(R53)2 and R53 is
(C1-C8) alkyl. The Lewis acid conprises R57S(0)90Si (R43)3 wherein R57 is
substituted with two or nore hal ogens and is (G -C8)al kyl or substituted
(Cl-C8)alkyl. The Lewis acid is R57S(0)20Si (GH3)3 and R57 is (Cl-C8)al kyl
substituted with three or 35nore flu%d nes. The Lewis acid is
trimethylsilylniflate. The Lewis acidico
2010/ 093608PCT/ US2010/023586 5t ransi ti Ofy salt thereof. The Lew s
acid conprises titani ur%or a salt thereof.

The Léwi s acid conprises Ti Cl4.
The Lewis acid conprises a ﬂnt hani p salt_thereof. The Lewis acid
a

conpri ses scandium or a“sal %hg eof . € be d conprises vanadi um or
a salt thereof. The Lewis acid-conprises tinhbr a salt thereof. The Lew s

i conprises zinc or a salt thereof. 10
LeRrr®s acid conprises samariumor a salt
t hereof. The Lewis acid co -ses*hickel or a salt thereof. The Lewi s acid
conpri.ses copper or a salt théﬁeo;;g The Lewi s acid conprises alum numor a
salt Phereof. The Lewi s acid conprises gold or a salt-thereof. The Lew s
acid conprises zinc trifluoronethanesul fonate. The Lewis acid conprises
indiunm(I11) 15trifl-uoromethanesul fonate, The Lewis acid conprises

scandi un( 1| 1) TEyprdallyohemethvend pudplaong tempdines béWpisnde i 'db donpfarsmda

ttrium(ILI) trifluorometh | f.onat e. ' nbodi nent of th
Tet hod oY bHEEEHPHESGS SR APBHE P vt T FraOE IRbRRN SOVD 11
- 0C( Q) R58nRiites @&Q@h&Bé8Nommi£ihgaedm(§B@sd&?§?QﬂRgﬁpx%aag%qle@ﬁ@ iRfugkhi s

enbodi nent are: (a) R is H R is is NRITR12. RBis OR'. R8
is SRI' ((xR0 apgommilRICIHLINUL R or otRgr Hadpegiion solvdyis R¥Mdre ypRally, tR2 i s F.

Each R4 an .1.s i ndependent 44 .S 44 25and R2 .i,s F. .R4 i s OR44,
ol's £ gy RebREPEABSINLY il 65 b PR GREMe TS 1 50uF 01 Ris wher et n
RA5 is phesyhkaty ofshbsdmpditn@df Phaayk VIR dysni@RA4A gl es font R440 it s 0C( RA5%

,-.X46 )7and R46 .
more typically about 1:2 to 1:6. The mole ratio of the compound of Formula Vb to

15  Lewis acid is about 1:0.1 to about 1:10, more typically about 1:0.7 to about 1:6.
Typical, but non-limiting, cyanide reagents comprise (R*);SiCN, R¥C(O)CN,
and R®C(OYCN wherein R* and R*® are defined as above. A preferred cyanide
reagent is (CH3);SiCN. Another preferred cyanide reagent is R¥C(O)CN wherein R
1s {C1-Cs) alkoxy or (C-Cg) substituted alkoxy.

20 The conversion of the compounds of Formula Vb to a compound of Formula
IVb is promoted by Lewis acids. Many Lewis acids may promote this conversion
including many that are commercially available. Non-limiting examples of Lewis
acids comprising boron that are suitable for promoting this conversion are boron
trifluoride etherates of methyl, ethyl, propyl, and butyl ethers; boron trifluoride-tert-

25  butyl methyl etherate; boron trifluoride and boron trifluoride methyl sulfide complex.
Non-limiting examples of Lewis acids comprising trialkylsilyl groups that are suitable
for promoting this conversion are trimethylsilyl trifluoromethanesulfonate, other
trimethylsilyl polyfluoroalkylsulfonates, ferr-butyldimethylsilyl

trifluoromethanesulfonate and triethylsilyl trifluoromethanesulfonate. Additional non-
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i s phenyl or substituted phenyl. R2 is OR44 wherein R44 is CH2R46 and R46
is phenyl. R2 is OR44 wherein R Each R4 and R2 is OR44 wherein each R44 is
i ndependewol291000848) 2- 46 x and R46 is 30 phenyl or substrraiseaopbsssyl . Each
R4 and R2 is OR44 wherein each R44 is CH2R46 and -,-.46 x is phenyl. Each
R4 and R2 is OR44 wherein each R44 is CH2R46 and each R46 is independently
substituted phenyl. Each R4 and R2 is OR44 wherein the two R44 taken
together are -C(R59)2-. Each R4 and R2 is OR44 wherein the two R44 taken
together are -C(CH3)2-. Each R4 and R2 is OR44 wherein the two R44 taken

t oget her lamiging e85 QHERSAewis EadhsuR4bieridr RRmiosinORhisvb@veisiont dre Tille, R44 t aken

t oget her 201 08PCT/ US2Q010/ 023586 S5wherein R59 is
pheny! rﬁggbéf‘cﬁf 52%% %}é@}?&éﬁ?ﬁr‘? 4‘216"(%%?‘8%% ﬁiﬂ ’?s "C(RA45) 2R46 , R46 is
phenyl 0rmﬁu%me%h&m@Hﬁ@%n@fﬁﬂua%me'ihalﬁesmnh@ 1Hagr(e§1)er47 is C(0)R45. R47
is C(R45)2R46 and R46 is or substituted phenyl. R47 is CH2R46 and

R46 is pﬁ@ﬁwmnﬁthan@utfpmahdﬁ@nFmﬂatg, louthanym i I@n@thg«mesumt@s C( R45) 2R46

and each .R 5 6.is ind ntI o henyl . R47 is
108 ¢ gy apg 0 otk Bl A RRRRTED e RIS Qo RUASIL SR PREAVT -
Si (R48) 2(&blbmml))mﬂﬁt&bﬂema@@mfmﬁ4é glaﬁoihﬁﬁiﬁgﬁ!}l&eﬂ[lidryxnwn@tﬁasmf@ﬁat@ubst i tuted

phenyl. R47 is tetrahydro-2H pyran-2- 3/I. R47 is C(R45 ) 2R46 wherei n each
R45 and Pastina(ih getheneraeihpyesplienss. needyanpe(iD bt deprpmeiypnestandach R4 and

R2 is C(CH3)2-. RAT is

Si (R43) 3%?‘%@@% H‘I&Hh Q Bﬁﬁm&%ﬁ‘ggv\%g%g#ﬁﬁ?ngﬁ?m R44 t aken 15t oget her
are -C( CItBﬂﬁereréhﬁnessdfSnz(tEiét&))ﬁ(nﬁ(-I]Hl}mrﬂu))rmﬂimhz&lesulﬁmah: RAEProassn@iH3) and each R4
and R2 is %]?4 ein the two R44 aken are 2-. RAT7 is

Si (Ra43) 2B ?ry}rac}\m R G LD BLGTE ?We e subst i t ut ed
pgt(':‘nylls a?ﬂﬂ%%‘%ﬁ}@gﬁé{li%ﬁ?g‘%e 'r;[}ﬁui%ﬁl(‘ffllmﬁfu%fd?nétﬂeﬁlegl.\ﬂﬁ)n%y&ﬁ!ﬁﬁmlﬁ ogether are

trifluoromethanesulfonate, trifluoromethanesulfonic acid nickel salt, hafnium
trifluoromehtanesulfonate, bismuth(IIl) trifluoromethanesulfonate, gallinm(1il)
trifluoromethanesulfonate, cerium(l1ll) trifluoromethanesulfonate, ytterbium(II)
trifluoromethanesulfonate, tellurium(IV) trifluoromethanesulfonate, zircontum(IV)

20 trifluoromethanesulfonate, bismuth trifluoromethanesulfonate, iron(il)
trifluoromethanesulfonate, Sn(trifluoromethanesulfonate),, InBrs, AuCls, montmorilite
clays, Cu(trifluoromethanesulfonate),, vanadyl trifluoromethanesulfonate, and salen
complexes of Ti and Vn (Belokon, et al., Tetrahedron 2001, 771). In a preferred
embodiment, the Lewis acid is trimethylsilyl trifluoromethanesulfonate. In another

25  preferred embodiment, the Lewis acid is trimethylsilyl trifluoromethanesulfonate and
the vield of the compound of Formula 1Vb is 50% or greater. In another preferred
embodiment, the Lewis acid is trimethylsilyl trifluoromethanesulfonate and the yield
of the compound of Formula IVb is 70% or greater. In another preferred embodiment,
the Lewis acid is trimethylsilyl triflaoromethanesulfonate and the yield of the

30  compound of Formula IVb is 90% or greater.

In another embodiment of the method of preparing a compound of Formula
Vb, R*® of Formula Vb is OH. Additional independent aspects of this embodiment
are:
(@R'isH. R'is CH;.
35 b R¥isNR''R”. R*is ORY. R¥is SR
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2H pyran-2-yl and each R4 and R2 is OR44 wherein the two R44 taken together
are - 20 C(CH3)2-. R47 is C(0)R45 and each R4 and R2 is OR44 wherein the
two R44 twbeniciog@sher are - C(CH3)2-. R47 is C(R45) 2R46 pamarseso/oemssh R4S
and R46 is independently phenyl or substituted phenyl and each R4 and R2 is
OR44 wherein the two R44 taken together are -CH(R59)- wherein R59 is phenyl
or substituted phenyl. R47 is Si(R43)3 and each R4 and R2 is ORthe two R44
taken together are -CH(R59)- wherein 25R59 is phenyl or substituted phenyl.
R47 is Si (R43),(t-buty|3 wherleizn gach R43 is CH3 and each R4 and R2 is CR44
wher eisn t he t o) I4i¢ i.aRen NRGREh& iw$R'' - CH(R59) - wherein R59 is phenyl or

ndependent | v (BhEniiOr - Buit Eevdl Branyt "Hs- et Rland  Fo s CRa4
wher ei n thg uor R4 id okENRE pgetdiet & e 0 R RROk-ORMa @i BRPRT'ss phenyl or

substituted ppsenyl .. 30,R47 is tetrahydro-2H pyran-2;yl and each R4 and R2
i s OR44 WHEDB{ rwhdreintRidisrbany ak ewbstinies phenvhr & iR R5g)ereiRer i n R59 i s

phenyl or.suhsiat ut ee .phenyl. R47.1 0).R45,2 F m jss ORA4
wher ei n tqﬁ@‘ 5&% ﬁﬁ(ilﬁt a{ggﬁe l(l)(dlést %gt%th%?{g%g i %53%]6}{\?.%?%% %58q (:E%Z%henyl or
substiiot uted RINBMHenyIRA7isi GR Cord)R4eGRKNe CaLR“R4R 'S iphemithtedphaubst i t ut ed
phenyl and R2,is F., W0,2010/093608RCT/ US2010/ 023586 5(f) The cyanide
reagent ikachR43pd8’ ONORTHehasinsrdeR  dngeppendenticrd) IskAdnd fheiscyani de
reagent i 5 T j ar, R s - AT .de reagent
is R4A3C( d?)%figé %%‘?%ﬁgght%@?ﬁngyz%fﬂ&)aﬁg?féigkor‘ﬁ?%%%gguﬁgf@ i}%'g?ﬁgééaqal koxy.
(g) The LEMisptaaid RehR'iasé’” hobRH. wikien kevi B*as CH,R GrpdicsdsR BE8 or BC13.

The Lewis acid. is BF3-0(R53)2, BF3-S(R53)2, BQk3- 0(R53)2 or.BCL3- S(R53)2
wher ei n 10&PERIGREY SP@“E“HB‘ZB%W@IE né:qcfﬁgéfa(%)ls Eﬁiy}”}m%@fg%ﬁyo éﬁ btéqffi“t ut ed

al kyl, 2 Kenyd sy - 8td Bt ; ynyl ,

(2 &) Sl At )fé/ %ﬁc%ﬁaé%gwa(?& %cﬁcg’lfﬁézz%gw?f Rl aﬂr%yl Y -0
het er ocy ciry HC(Q2:)£2 BasuBE kird BT B M Evdrudy Hetivo R/ 1820 tagefhieniteyl , or C7- C20

(s ) al T ot e B b E R st i i o stk SRR AR BRI -
opt i onal | yhek&s wWists gk AGr Wilsln@&EpHeny MO 6s It ‘' g@esiart iwbier Bj,r*one or nore

of the non&)t_erm nal” carbon atons of gach said (Cl-C8)alkyl is optionally
repl aced R’ tishphepy! @rsubstigtey phenyl gird Rw FRS® whkn t aken together with the

oxyg to which, the boL v . & fargm ber erocyclic
ring erein o(ﬁzeﬁcaiér‘(gggr%ﬁ?‘;t'o% 5$E£§iﬁgﬁheatngr%mé% _ |eé9rqzﬁg§%§§£§glﬁﬁ§%al ly be
repl aced RWENCHOR* @nd RE(1 phenyThR*/LieGiHE R&cind 1S isBBstQ (kB PhenydnH* 20R53 i s
(C1-C8) alkyl. ,Jhe Lew s,.acid,conmprises R57S(0)20S| (R43) 3 wherepn R57 is
subst i tut%@g‘/‘éw%aﬂ@«ﬁa@rwﬁﬁm@ﬁaﬁ Bependanidy placny 1?(‘%5“&}1‘199!13}16‘%3’?5 Sfi t ut ed
(C1- C8) al &yl Ther IRS336kh G . i ) 34and: R37%_ i 1- C8) al kyl
Subst 1t SHowPt et o T AR S X O Ry Ty But

tri met hylwhdryihtenélf REtie indtpendeivi sheagi @ substisnied @berylt Ranis kdtiabpdrs &l or sal t

ther 6205f ' gﬁ%—%—e W ﬁ“aiglC Q%W&ge?’ginteg}:haﬁkuamdq{% ?s irsigﬁl:ptenéerx]a%gf%ggnyl or

substituted phenyl and each R* and R? is OR™ wherein the two R** taken together are
~C(CH3)p-. R* is Si(R43)3 and each R* and R? is OR* wherein the two R* taken
together are —C(CHj)o-. RY is Si(R*)a(r-butyl) wherein each R* is CH; and each R*
and R® is OR™ wherein the two R* taken together are -C(CH;)»-. R¥ is Si(R*™)(r-

30 butyl) wherein cach R* is independently phenyl or substituted pheny! and each R*
and R? is OR™ wherein the two R™ taken together are —~C(CH3),-. RY is tetrahydro-
2H-pyran-2-yl and each R* and R® is OR™ wherein the two R* taken together are —
C(CHj)s-. R is C(O)R45 and each R* and R* is OR™ wherein the two R* taken
together are ~C{CHz),-. R is C(R45)2R46 wherein each R* and R* is independently

35  phenyl or substituted phenyl and each R* and R? is OR* wherein the two R** taken
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25The Lew s acid conprises TiCl4. The Lewis acid conprises a |anthanide or
a salt thereof The Lewi s acid conprises scandiumor a salt thereof The

Lewi s aciwocompms®es vanadi um or a salt thereof The LewPsTASR2E@0023FR6 i Ses
tin or a salt thereof. The Lewis acid conprises SnCl4. The Lewi s acid
conprises zinc or a salt thereof The Lewis acid conprises ZnCl2. The Lew s
acid conprises samariumor a salt 30thereof. The Lew s acid conprises
nickel or a salt thereof The Lewis acid conprises copper or a salt thereof.
The Lewis acid conprises alum numor a salt thereof The Lew s aC| d

conpr issesogaited any-CHERANE wikeieRf” ﬂ'bbedyEW subatiutbdqemyli BESs &i(RE);

trifl th | f t The L
L1111 o BRI S o A ’ﬂli»greﬁg Bval bRt Becre ORI Uk Thrsin wo
2010/ 093@98?({)—?{6 %st 591%;% ['IMT%)SW?? t)”ufhgfb;ﬁ{ &ch Ri€islegi s aci d

conpri ses yttrlu tr| orrethanesu onae (1) R58|s (C-Cg)al k_yl
or subst |a1ndtcaﬂ}I§ ialOR/ th‘e& fhs R Oglerl logbthelRﬁfs—Cﬁ(Reﬂ hyherein

T o 2 e R BB SRS i LM Bl ewn, o0 1< -
conpqund 19&6&%%}/%]1&1’@1‘@9%&hﬁ1t eh§l datilea@R*and R* is OR*( @herkimnané i ng the
conmpound of wherei n 6is OHwith YC(0)R58 or YC(0)OR58 wherein

Y is sel éwpe?& fakomidgatheyen —Cdryand wherkidd¥ olis phenylior sphystiated phenyl.sy| |

-0-C(0) R R58 e ar. mul a Vb
wheroi n e tgn’gﬁfgf%% NG ) R B g ROTORY Gy GOTRONALL l?fhéﬁ%ét hod of
prepar i Ngogetled M{fd?) lamemmh 8 \b pubist ei ﬁb@ﬁﬁtddqaheﬂ}@( ®'Re&(anRBC( 0) OR58,
the nole ratio of the conpgund of Formul,a 20Vb wherein R56.,is OH to

VO(0) R56 a7 () GBS, i ORpaberon the o B oukem osgnarrer HART - WBOUE 1 1 to

ot S L R eloFer ML e S 15 o 1
limted tsabsthyed ghagl adHR arF.et her at about -30 to about 125 C for about 30
{f) The cyanide reagent is (R™);8iCN. The cyanide reagent is (CH3)3SiCN.

The cyanide reagent is R*¥C(0)CN. The cyanide reagent is R¥C(O)CN. The cyanide
reagent is R”C(O)CN wherein R is (C-Cy) alkoxy or (C;-Cy) substituted alkoxy.

20 {(g) The Lewis acid comprises boron. The Lewis acid comprises BF; or BCls.
The Lewis acid is BF3-O(R™),, BF5-S(R*),, BCl3- O(R™), or BCli- S(R™), wherein
each R* is independently (C;-Cg) atkyl, (C;-Cg) substituted alkyl, (C,-Cy)alkenyl,
(C2-Cy) substituted alkenyl, (C,-Cs) alkynyl, (C2-Cy) substituted alkynyl, C4—Ca aryl,
Ce—Cyp substituted aryl, C,—Cy heterocycelyl, C2—Cyg substituted heterocyclyl, C7-Cyg

25 arylalkyl, or C;-Cyp substituted arylalkyl; wherein each (C;-Cy)alkyl, (C2-Cg)alkenyl,
(C,-Cylatkynyl or aryl(C,-Cg)alkyl of ecach R* is, independently, optionally
substituted with one or more halogens and wherein one or more of the non-terminal
carbon atoms of each said (C,-Cg)alkyl is optionally replaced with -O- or —S(O),-; or
two R*® when taken together with the oxygen to which they are both attached form a 3

30  to 7 membered heterocyclic ring wherein one carbon atom of said heterocyclic ring
can optionally be replaced with -O- or =S(0),-. The Lewis acid is BF3-O(R**) and

33 is (C1-Cs) alkyl. The Lewis acid comprises R”7S(0),08i(R*); wherein R is

substituted with two or more halogens and is (C-Cg)alkyl or substituted (C;-Cy)alkyl.
The Lewis acid is R*7S$(0).08i(CHa); and R is (C,-Cg)alkyl substituted with three or

35  more fluorines. The Lewis acid is trimethylsilyltriflate. The Lewis acitd comprises a
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P~gi eparing @ co

rmul a VI (f) treating the conpound of Formula VI wt
tthgreafe The hswismr b eormyises Rk el qra spig tlg_geof The Lewis acid comprises

copper or a salt thereof. The Lewis acid comprises aluminum or a salt thereof. The
Lewis acid comprises gold or a salt thereof. The Lewis acid comprises zinc
trifluoromethanesulfonate. The Lewis acid comprises indium(IH)
trifluoromethanesulfonate, The Lewis acid comprises scandium(I1I)
trifluoromethanesulfonate. The Lewis acid comprises yttrium(ill)
trifluoromethanesulfonate.

In another embodiment of the method of preparing a compound of Formula
IVh, R!® of Formula Vb is -OC(O)R*® or -OC(O)YOR*®. Additional independent
aspects of this embodiment are:

(@) R'is H. R'is CHa.

) R¥isNR''R". R¥is OR'. R¥is SR,

(©)R%isH. R”is NR''R™. R”is SR'".

(d) R?is OR*™. R®is F. Each R* and R? is independently OR*, R is OR™
and R?is F. R*is OR™ R?is F and R* is C(O)R®. R*is OR™, R® is F and R* is
C(O)R* wherein R* is phenyl or substituted phenyl. R’ is OR™ wherein R* is
C(R*),R* and R* is pheny! or substituted phenyl. R” is OR™ wherein R* is CH,R*
and R* is phenyl. R? is OR* wherein R* is CH.R* and R™ is substituted phenyl.
Each R* and R? is OR* wherein cach R* is independently C(R*),R* and R* is
phenyl or substituted phenyl. Each R* and R* is OR* wherein each R* is CH,R* and
R* is phenyl. Each R* and R? is OR* wherein each R* is CH,R* and each R*®
independently substituted phenyl. Each R* and R? is OR™ wherein the two R™ taken
together are ~C(R**)z-. Each R*and R” is OR* wherein the two R* taken together
are ~C(CH;),-. Each R* and R? is OR* wherein the two R* taken together are —
CH(R*)-. Each R* and R? is OR* wherein the two R* taken together are ~CH(R™)-

30
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Formula VI1 wherein Mis MgX3 or Li and X3 is hal ogen; thereby formng a
conpound of Fornmula V wherein R56 is OH. I n anot her enbodi nent of
t he met howoabiopmwemari ng a conmpound of Formula V 20 wher ecm/uR2@0i03358%, t he
conmpound of Formula Vis Formula Vb wherein R56 is OH and the conmpound of
Formula VI is a conpound of Fornmula VIb: 0-CH2 5R2 Fointula V113
Addi ti onal independent aspects of this enbodinment are: (a) Rl is H R is
CH3. (b) RBis NRIIR12. RBis OR'. RBis SR'. 10(c) RO is H RO is NR'R12.
RO is SR'. (d) Ris OR'. R is F. Each R4 and R2 is independently
OR44. 5R2 wherEiRAF” anthefRA or SulbstinkRéd pl&n@?‘ﬂﬁ is RR T svhereaH “R44(RE),R(V) RA5. R4 i's
OR44, R2b j.s F and R=14 is Clg ) RAS wherein R45 is phenyl or substituted
phenyl . F& s pleorylprepbstituted ahenyl @4@5}311?4% 4hH R46 is phenyl or substituted

henyl. R2 4n S 0R44
\I?mer)él n R44I ?s(g?élzéy\g%ﬁi F§64i§ E%Ru sﬁggﬁgg% %}gldr%gp ﬁﬁ%phﬁﬁll is Or44
wher ei n e&llis GURY and ﬁé‘fepphdgmt RY iS(RARJ*2RAGR *AickuRdGuics phleny R 0k

bst it ut | OR44 wh h R44 PR46 and
SRZGSils B@&@W é&%eﬁgﬁg %%Qﬂ‘%dﬁﬁé‘&%‘?%g @éﬁb%ﬁteﬂéﬂhm'é;&?jénd each
RAG g i r@tg@”éﬂd@\m s i (RODSE- bwl)%e?aﬁ@xéh R‘E%:bHR 804, FQZR%)A(%&@JMHG' n the

two R44 taken 20 to%et her aré - 59)2-. Each R4 and wherein the
two R44 twkaenteogeRhes nﬁmezcndemtﬁl-ﬁ)ezﬁ orBaldtitiRgd @hchlezm Sis GRAlvahelei n t he

v Bt okt POBEE e T ER oy BN 0 AL 5, Ot uber el Che
i s OR44 whssgifed Bﬂéhgll anECLRAR2RER 1 RAR @h@%ﬁb{é v RSURSdni thpdiied ophenyl and
R is F. R4 is H RA7 is C(O)RA5., RA7 C(R45) 7RA6 and R46 is phenyl
or subst I‘t(ﬂgéﬂ)zph%nyfﬁ SI(R ); and ecach R” and R* is OR™ whelem the two R* taken
15 together are —C{CHs)-. RY is Si(R*)a(i-butyl) wherein each R* is CH; and each R*
and R* is OR* wherein the two R* taken together are —C(CHj)o-. R¥ is Si(R*),(+-
butyl) wherein each R* is independently phenyl or substituted phenyl and each R*
and R” is OR* wherein the two R* taken together are ~C(CHs)y-. R* is tetrahydro-
2H-pyran-2-yl and each R* and R? is OR™ wherein the two R* taken together are —
20 C(CHi)-. R*7is C(O)R™ and each R* and R? is OR* wherein the two R* taken
together are ~C(CHs)-. R is C(R"),R™ wherein each R* and R* is independently
phenyl or substituted pheny! and each R* and R* is OR* wherein the two R* taken
together are —CH(R**)- wherein R* is phenyl or substituted phenyl. R is Si(R*),
and each R and R? is OR* wherein the two R* taken together are —CH(R™)- wherein
25 R is phenyl or substituted phenyl. R* is Si(R*)a(z-butyl) wherein each R*® is CHj,
and each R* and R* is OR* wherein the two R* taken together are ~CH(R*")- wherein
R™ is phenyl or substituted phenyl. R* is Si(R*)s(r-butyl) wherein cach R¥ is
independently phenyl or substituted phenyl and each R*and R* is OR™ wherein the
two R* taken together are ~CH(R™")- wherein R™ is phenyl or substituted phenyl.
30 RY is tetrahydro-2H-pyran-2-yl and each R* and R is OR™ wherein the two R* taken
together are ~CH(R™)- wherein R is phenyl or substituted phenyl. R is C(O)R*
and each R* and R” is OR™ wherein the two R™ taken together are —CH(R**)- wherein
R¥ is phenyl or substituted phenyl. R*” is C(O)R* wherein R® is phenyl or
substituted phenyl and R? is F,
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R47 is CH2R46 and R46 is phenyl. R47 is CH/R46 and R46 is substituted
phenyl. R47 is C(R" Si(R43)3. RA7 is SIi(R43)2(t-butyl) wherein each R43
is CH3. R0 208/088¢0R43) 4t - butyl) wherein each R43 is i ndepentsenmbioy3sphienyl or
substituted phenyl. R47 is tetrahydro-2H30pyran-2-yl. R47 is C(R45)2R46
wherein each R45 and R46 is independently phenyl or 5substituted phenyl
and each R4 and R2 is ORthe two R44 taken together are -C(CH3)2-, R47 is

Si (R43)3 and each R4 and R2 is OR44 wherein the two R44 taken together are
-C(CH3)2-. R47 is Si(R43)2(t- butyl) wherein each R43 is CH3 and each R4 and
R2 i s50R44 whéfeite dylede wagddds tRIKe$iCiNo gBtchamnide ecag@iGHBT s ):SIRN. i s

Si (R43) 7(t but vyl wh 43 d d b. d
Shorgl e dhedsmedagen R BB O onkhs s s CRFEN. s SRR her Car e
- Q(CL13) ZengeRRAid R*‘S(:(tﬁtmmy&lél@1{42451(09w8§51k8x3yar ﬁ@&’d‘ﬁm%cﬁd}ﬂox%; s Or44

ey
wherein the two R44 taken together are - @ R4a7 is C(0) and each
R4 and R2 is GB)tl"ﬂhG/\h@WeaﬂdtCh@pnm weﬂnt”‘éh@efpﬁm@g@ﬂhempm@ Blg(ccl$)l2-. R47 is

C(R')Ze ereln eag 45 b N¥%l 0 ituted
phenyl JAEHS %?4 E 8{}% %’&ﬁ%érgﬁﬁ Rﬁ@i}t%\é E@i’ )féka%ej:’l “%%?eolé]et her are
- CH( l'1169) -ea¥IR Pk Mhd db@thpd@r(vg) aldyl,gabstj subtedidahany) (C, RaTalkayBi (R43) 3 and
each R4 and R2 is 44 wherein the two R44 taken together are - CH(R59) -

wher ei n R69-Gsssyblétuad abrengly Bst-CruallemybHem{s) suRgtituted aliismmd 83 2C1o-abylt y1 )

wh
AR crd R - ety ol W i M M TR S o
RA7 i's S'a@%&k%} c?%ydu))stm&%malﬁ%m% £2h20 -coperendertyabeny!l or

substitute and each R4and wherein the two R44'taken

t oget he(r]I (@ﬁfg)ﬂﬂ@%@)a{ymeﬂe)a}kyl?éﬁemh Pp%@nmﬂemldsfubsppmmaéﬁ phenyl . R47 is
tetrghydro- 2H 1 and ch R4 thetwo Ra4

t aken ot ogePREP L Pa Be Ry nRETs A RBG T Col e 8f PRI F e pheny!
RA7 is C(éa}ﬂ%ﬁ%t&ﬂﬂof%@}hsm(@pdgaﬁc mo@%ﬁal latdd wie -Over R4 talken
together are -CH( R59) - wherein 25R59 is n or substituted phenyl R47
is C(0) R45fovﬁqeméaﬁm tahmstqggthph*@rtb theopx ygab &t wb éwym@hgﬁh agfpchepdonsa

anot her od| t he,net I Vb

wher ei n Eng me eroc cr}rlﬁéaugd% %&E(%Elgn{g?f%@?ﬁO%c(g%?ﬂﬁ%O%hg% guosvi ng

:diependemh o@ﬁ@ﬁ%tg,/lsfoe ra;ﬂm)i VRal 4(5 di:lRSMBZﬂ,Z T}%Ld:\&s a@RY.is RB; CER@R and (b)
'S

i ndeﬁ@ndéﬁat%[l%/(%@&) @%ﬂ)ﬂm 5% Lew1é:@@lé)°@@@ﬂé%)%| %&@7031(%( b)Wlteﬁm é’}s) 8l ky1,
L Rl 9 RSB sk aen e iy - ooen
or 4) 2( x4)inesldwRd 3cid is R*'S(0),081(CHs)z and R* is (C;-Cg)alkyl substituted with three or

more fluorines. The Lewis acid is trimethylsilyltriflate. The Lewis acid comprises a

transition metal or salt thereof. The Lewis acid comprises titantum or a salt thereof.

25  The Lewis acid comprises TiCl;. The Lewis acid comprises a lanthanide or a salt
thereof. The Lewis acid comprises scandium or a salt thereof. The Lewis acid
comprises vanadium or a salt thereof. The Lewis acid comprises tin or a salt thercof.
The Lewis acid comprises SnCls. The Lewis acid comprises zinc or a salt thereof.

The Lewis acid comprises ZnCl,. The Lewis acid comprises samarium or a salt

30  thereof. The Lewis acid comprises nickel or a salt thereof. The Lewis acid comprises
copper or a salt thereof. The Lewis acid comprises aluminum or a salt thereof. The
Lewis acid comprises gold or a salt thereof. The Lewis acid comprises zinc

trifluoromethanesulfonate. The Lewis acid comprises indium(I11)

trifluoromethanesulfonate, The Lewis acid comprises scandium(IiI)
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35R11 and R12 taken together are _si(R)2-, Each R' or R12 is WO

2010/ 093608PCT/ US2010/ 023586 5i ndependently (C -Cg)al kyl. Each R11 or R12

i s i ndepemdentiop3éds( R43) 3. Each R11 or R12 is independerCiryusSipRisya
wherein at |least two of R43 are CH3 or phenyl. Each R11 or R12 is

i ndependently Si (CH3)3. Each R11 and R12 of NR11R12 is independently
selected fromSi (R43)3 or R11 and R12 of NR 'R 2taken together are -
Si(R43 )2 (x42., m ) Si(R43),-. Each R11 and R12 of NR 1R2is

i ndepende R4 n 12 of NR1 1- 12 t( taken
t oget hgﬁl grgé{gr fﬁ%@%‘gf ;n{%‘éé?&ié%&‘gp“sS%‘%@ﬁ‘qﬁﬁs is methyl. (d) Mis
MyX3. M |$uﬂumomemamwmﬁmmmally the method of preparing a conpound of
Formul a Vb mher for Bl ssC sol vent at
Sbout 100 1o abdbn roroar s e B AETE B et BT d hurs.
hbn-linithﬁghﬁxanples of suitable aprotic solvents include THF, di oxane and
ether. Mre typjca tabl.e sol vent THF @ferred
tenperature is abd ‘S%§e§8§B#meﬁﬂ%aﬁ%?%“WQPf% a?ﬂ%wﬁ ﬁ of Formul a
VI toid heoc@yrbundabydiofmula Vib is about 1:2 to 2:1; preferably about

1:1. 20PrOV|ded IS ﬁ%g?thod of preparing a conpound of Foinmula VIl wherein
Mis MyX3 or Lith&gf YYREE0gen, the nethod conprising: (9)

providing a conpQunedifs a EhgBsh@oMidrhmilaR® wherein R* is OH; and
(d) treating the compound of Formula Vb wherein R is OH with YC(O)R*
or YC(O)YOR®® wherein Y is selected from halogen, cyano, imidazol-1-yl; pyrazol-1-
15 yl, ~0-C(O)R*® or —O-C(O)OR™,;
thereby forming a compound of Formula Vb wherein R*® is -OC(OR*® or
OC(OYOR™.
In one embodiment of the method of preparing a compound of Formula Vb
wherein R*® is -OC(O)R™ or OC(O)OR™, the mole ratio of the compound of Formula
20 Vb wherein R*® is OH to YC(O)R®® or YC(O)OR® is about 1:1 to about 1:10,
preferably about 1:1 to about 1:6.5. Typically, the compound of Formula Vb wherein
R is OH is treated with YC(O)RS ¥ or YC(O)OR™ in an aprotic solvent such as, but
not limited to, pyridine, THF or ether at about -30 to about 125 °C for about 30
minutes to about 24 hours. In one aspect of this embodiment, Y is halogen. In another
25  aspect of this embodiment, Y is Cl. In another aspect of this embodiment, Y is cyano.
In another aspect of this embodiment, Y is imidazol-1-yl. In another aspect of this
embodiment, Y is pyrazol-1-yl. In another aspect of this embodiment, Y is ~O-
C(OYR™®. In another aspect of this embodiment, Y is —O-C(Q)OR®. In another
aspect of this embodiment, R*is C,-Cg alkyl. In another aspect of this embodiment,
30 R*®isCHs. In another aspect of this embodiment, R*® is C;-Cs alkyl and Y is —O-
C(O)R*®. In another aspect of this embodiment, R*® is CH; and Y is ~O-C(O)R®.
The reaction of the compound of Formula Vb wherein R*® is OH with
YC(OR™ or YC(O)OR™ may be catalyzed or accelerated in the presence of a

suitable base. Non-limiting examples of suitable bases include triethylamine, di-
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25Fornmula VII1 wherein X3 is C, Br or I and (h) treating the
conpound of Fornmula VIII with an organornetallic reagent conprising an

or ganonagwe=1wm9ssosor ganol i t hi um conmpound; t hereby f or nmrPog/s2@onpsseand of
Formula VII1. WD 2010/ 093608PCT/ US2010/ 023586 51 n anot her enbodi ment, the
met hod of preparing a conpound of Formula VII froma conpound of Fornul a
VIIl conprises the follow ng i ndependent aspects. (a) R8 is NRI1R12. R8 is
OR'. RBISSR'. (b) RORis H RO is NRL1IR12. RO is SR1l1. (c) Each RR12 is

i ndependently (Cl-C8)al kyl ,- 10S(0), (Cl-C8) al kyl ryl (G - al kyl or

Si (R43)3; eraRyictiipre pydinn 4@6@@%“%?“’6\?%%‘”&’ ReL %@%ﬁmﬁj KHoen they are
bot h attaqﬂ@slraftf@romg)ﬂsbowmaﬂe@lbmmm@m db6utlt: N@;1:9r R11 and R12
taken together are -Si (R43)2(X42).Si (R43)2-. Each R11 or R1Z is

i ndependent | y Perideg)st wythod gapepamma e epmmend pFarmypenbertly si (R43) 3. Each
R11 or Rl1Zyjs independently Si(R43)3 wherein at 15l east two of R43 are CH3
or phenyl. Each R' or R12 is independently Si(CH3)3. Each R11 and Rl12 of
NRLI R12 is i ndépandibtqoppsisihgct ed from Si (R43)3 or R11 and R12 of NR ,t(

t aken ﬁpgether@yﬁ%ﬁéaég@@g&ﬁ%&%ﬁ%%%§5«ﬁn3)2-. Each R11 and R12 of NR11R12
is independently selected fromSi (R43)3 or R11 and R12 of NR11R12 taken
together are -Si (R43), (x42),RSi (R43)2-; and each R43 is 20nethyl. (d) X3
isd. X3is Br. X3is |I. I n anot her enbodi nent, the met hod of
preparing a conpound of Fornmul &-V-CHby treating a conmpound of Fornula VIII
wi th an organonetllic reagent conpris t he use of an organomagnesi um
conpound. Typically, the transne i &ction is 25 perforned in a
suitabl e aprotic solvent at abo out to abut 50 C for about 5

m nutes to 24 hours. Non-limting of suitable aprotic solvents

i nclude THF, dioxane and ether. In ong epbodi ment, the nole ratio of the
conpound of Fornmula VIII to organonagnesi um conpound is about 1:1 to about
1: 3, preferably about 1:2. |In oneFenbxdilment, the organomagnesi um conpound
Lol ﬁ'@ﬁ%@gg&%ﬁgﬁ%@'ﬁ%u%w RIR T 9Bl soudlo@not her

Formula VII:
RB
R‘IO
RNy \ N
3

— /

N R?
15 M

Formula VI
wherein M is MgX® or Li and X? is halogen;
thereby forming a compound of Formula V wherein R*® is OH.
In another embodiment of the method of preparing a compound of Formula V
20  wherein R*® is OH, the compound of Formuia V is Formuia Vb wherein R* is OH

and the compound of Formula VI is a compound of Formula Vib:
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conpound conprises 2-propyl magnesi um chloride. In one enbodi nent, the

or ganomagnesi um conpound conpri ses an al kyl magnesi um chl ori de, brom de, or

i odi de amwtol2otonioseeschl ori de. |1 n anot her enbodi nent, thePorgsp@OBEI8si UM
conmpound conprises 2-propyl magnesi um chloride and lithiumchloride. In

anot her 35 enbodi nent, the organomagnesi urn conpound i s 2-propyl magnesi um
choride and WD 2010/ 093608PCT/ US2010/ 023586 5l ithi um choride in about a
1:1 nole ratio. In a prefen-ed enbodi nent, the organornagnesi um conpound
conprises 2-propyl magnesi um chloride and lithiumchloride in a 1:1 nole
ratio and the X3 of Forrmula VIIIg4ts Br or |I. I n anot her enbodi ment,
the method of preparing a conpound of Fornmula VII by treating a conpound of
Fonriula VIIl with an organonetl | c.reagent, the conpound 10 of Foinula
VIIl may be treated with nore than ong organonmagnesi um conpound. This
procedure woul d be preferable when the of Formula VIII conprises a
substituent with an acidic hydrogem" i ng exanpl es of the
substituents with acidic hydrogens arg SH, NH(C1-C6 al kyl) and the
like. One skilled in the art will recognize™—that the acidic hydrogen group
of thg substituent of the conmpound 15 ok*Foigaula VIII w Il consune one nole
equi vdl ent of the organomagnesi um conpound. The or ganomagnesi um conpound
consunmed may be different fromthe @ogan@me@nesi um conpound that produces
the transnetal ati on reaction. For example, but not by way of limtation,
treating Additierspuiapendspt eGP IHhIEmbodii Nt 45out one nol e equi val ent of

nmet hyl rragne5| %h q{) E v&gﬂl d neutralize an acidic 20 hydrogen of NH( G - C6
al kyl), OH, or su tuent by form ng a magnesium salt and the X3 group
(C, Br, or I @yRbp)NRIRUh& dodPOuUrRf ieBRFornula VI 11 nmay be transnetal at ed
W|th anot her organonmagnesi [0} c;un guch as 2- propyl magnesi um chl ori de
or 2- @r opy!l mag(ﬁgg@ cﬁ?@r#}r&neﬁ iumchloride. Simlarly, if

addi ti onal aC'(ﬂ}R°Q@R‘59W§sﬁrﬁac@f}@"sﬁﬁtﬁ‘1@%&9%&h@§'@|R4‘atl@ufs(ﬁg‘@i val ent 25
anmount of organomagnesi um conpound be required o neutralize each
addi t i onadndatiislFc yﬂ@ﬁéeﬁ, iself g}d R a&:ﬁ(@)&?ﬁl tRorsa@RN-R subsed Ruelﬁt woul d

require a Fi . ui.v of . or,gan esi s€Qnpound.

Typi cal | yg&ﬁh‘é ‘%I’\ﬁ%\ Ig‘te gﬁ) ts'él%??]ﬁ%% m&P’l ?ﬁ & @gﬁg% g 32 pErfoined in a
sui tabl e aote aﬁ@k«e@tphéﬁyl abamktimied ﬁh@nﬁbq{jtls O‘l{4‘h@HéreﬁQ{4€1§ OH,RHout 5
mnutes to 24 hours. Non-limiting 3exa | es of suitable aprotic solvents

i ncl ude TR R'Gisphand. Bhth @R hevherein R™ Bneanshibodi wbaitutedipbersdnpound of

For mul a ar s aat. el 4V 1 Wi th about
one nol ev%hu aﬁgg{j &9‘ % rsﬁ%ta&gg ég%r‘%égér@g}f%c@{nggua% or each acidic
hydr ogen piiendl &4isdrikted gRdnyt. OEzldIinmb)R tig ORI Tehércin dabh R*Sie €BHR™ and

or ganomagirgm um conpound to transpetallate the 1F§ﬁgg up 350f _Eornula VIII.

I n anot helk~ aspieay!- drachil} snd fpouP ke nWher‘F‘H &2¢bRe AR Ri st 5
organor ”%ﬂ?&%h&én@lly%ﬂ%ﬁﬁ@g gﬂ&;gg 3E£’bh6}‘€“' Aafrdg Qﬁ?%ﬂh@reﬁl tfﬁE' Bss kiugpd, of a

nol ecul e 0o ornu lto about 1:1.4 and the nole ratio of
t he S¥condgahganor@desi. ubach ®ipodRd it ORE hehfcrannhmww K"f“ thenrugesther] |1 i s

about 1:0.8 to _abou ¢ | ]Lgﬁ as t of enbodi ment, the first
or ganomaghiest (il bﬂ%@ﬁhé éB r?S(é éweéqp’ﬂ&}entﬁv@ s CHISHYT 8¢, broni de, or
i odi de. |@yAref.heteh RY and R? is OR* wherein the two R** taken together are ~CH(R™)-

wherein R is phenyl or substituted phenyl. R*is OR* wherein R* is C(R*)LR*,

—

R* is phenyl or substituted phenyl and R*isF. R*isH.

25 (&) R is C(O)R™. R¥ is C(R*);R™ and R* is phenyl or substituted phenyl.
R* is CH,R* and R* is phenyl. R* is CH;R* and R™ is substituted phenyl. R is
C(R"),R* and each R* and R* is independently phenyl or substituted phenyl. R* is
Si(R*™). RY is Si(R¥),(-butyl) wherein each R* is CH;. R is Si(R*),(z-butyl)
wherein each R* is independently phenyl or substituted pheny!. RY is tetrahydro-2H-

30 pyran-2-yl. RY is C(R¥):R* wherein each R* and R* is independently phenyl or
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10 aspect of this enbodi nent, the first organonmagnesi um conpound conpri ses
nmet hyl magnesi um chl ori de. I n another aspect of this enbodi nent, the second
or ganonagwe=wwms@apound conpri ses an al kyl magnesi um chlpamiu$e)1oloessss de, or
i odi de. I n another aspect of this enbodi nent, the second al kyl nagnesi um
conpound conprises 2-propyl magnesi um chloride. In another aspect of this
enbodi nent, the 15 second organonmagnesi um conpound conpri ses an

al kyl magnesi um chl ori de, brom de, or iodide and lithiumchloride. In

anot her aspect of this errbodi4rrent the 4s4econd or ganontnesi um conpound is
2- pr opy! rasigsed phalyl ard deh Rdnd R b QR chbaseindlee fwe B Takkendegetharatd 0. I n a

et hy | agiaCrin- okl o iR Srdacre Lol 56T5r GABARRae am Eobound
conpr i ses Ly ARy.Laragngsi /i s i@t deputln vanpdiheschr fiecHeahdspa®’ of this

enbodi ment " the first organomagngsi um conpound is nethyljmagnesi um chl ori de
and the s‘a@d@gds @Rﬁan@mgﬁb%i%%d?ﬂﬁ@d@@m% a@*%ﬁﬁ“«é&ﬁggﬂ(@%)dhl ori de and

i thi um chl arjde i al 1O d he f t of thi
R e e R S SO

chl oripde, anti € isORENGH @ Eig ARONRIRE bkt (6 Q0 Whe-C (1), - PRODY ket pési um
chloride and l'ithiumchlorjde in abqut 1.1 nole ratio, and the X3 of
For nul a \A{-pyias-2gy! agd epch Rnanghigt HER praesit g 18 Fectaket OgaEr Bhbodi ment t he

first of GARQRIngs iya@gi?gyggmwy@ﬁa WLIBEResh UG RFd B8 lde second

or ganomagnesi’irm conpoun propyl magnesi um chloride and |ithiumchloride
i n 30aboubgethet armt@ Al OR‘TRE(KE) K wherainl aclRM aridsk Bis independendlyR8 i s NH, .

The magnesium salts of_ the substituents_of mul a VI di sgussed above nmay
be converli“théﬁlylt%S‘z’ﬁ'tbsﬁF"(Sffdel%ftf’é‘éi1351‘”(‘)’#eﬁ"F}E)iL‘i f‘WZRsifbg { i PRsEip ¢ (‘P’ﬁ’R:gt it not

limted tQecierSid wyd:HﬁP@}- SheRbh REDS LB subSHRERpHERYI K37 it BRRXS, group (O,
Br, or | g%oup) of the ‘conpound of Formﬂa VIIl may be trapsnetal ated with
the same md eactdRt frelrRnis (85 ohgremotagre i Uekeoipgoibatars tEH(BS)- wherein

2- propyl magnesi um chloride,or 2- M0 0 08PCT/ US201Q/4623586

5pr opy| n;%ﬁé%@ﬁﬂﬁ’r?c% PER e RS B d?ng’% é??”.g%“gy%‘% ‘il%?%%%?,%i %53(.3%%” ti onal
aci di ¢ hygyQaanR* ader Pk e tuhorih ALHb ROhakenkoutheone -€TURVRl ehdreiamount of
or ganomagnesi um conpound woul d be requi rﬁd to neutralize each additional

aci di ¢ hyRi dgehenyleorgubstissted peendi.t Ronabi(RIE):(sbieh vhgerin cagbl} dis equi re about
t wo di t.i gnal , equi val en of.. or i esultin
monadt L SRPAEH LT O SRl AREIRAN SaL R TR IR R oot Lt "o

linmited t@uo /BT kakkn RicatheetienCHIROYpsherdlork T igplicnpigorexbstiphtes pbényl.he resul ting
protected substituents would be COSi gRA](B)B 2SSI(RA3)3,. NISi (R43)3][Cl-C6
al kyl 1, NKSiyragysrcrdymra-¢ragydeachid R & (R 3ybercin the YRR | #t®r nedi at es

o) PO BALG AURELSarah  ghi Ehessine sl ket neent o0
and each R* and R? is OR™ wherein the two R™ taken together are ~CH(R™)- wherein
25 R is pheny! or substituted phenyl. R* is C{(OR™ wherein R*® is phenyl or
substituted phenyl and R*is F.
In another embodiment of the method of preparing a compound of Formula
Vb wherein R*® is OH, the compound of Formula VII comprises the following
independent aspects:
30 (a) R¥is NR'"R"?, R*is OR'". R*is SR'.
(b)R”is H. R?is NR'R™. R%is SR'.
(c) Each R'! or R" is independently (C;-Cg)alkyl, -C(=0)(C;-Cy)alkyl, -
S(O)(C-Cy)alkyl, aryl(C,-Cy)alkyl or Si(R43)3; or R'" and R'"? taken together with a
nitrogen to which they are both attached form a 3 to 7 membered heterocyclic ring; or

35 R'"and R" taken together are -Si(R*)(X*H)uSi(R*)2-. Each R* or R is
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15magnesi um salt of the substituents to protected substituents include
X3Si (R43) 3, X3Si (R43)2(CH2) 2Si (R43) 2X3 and R57S(0) 20Si (R43) 3, nore

speci fi cavbyo@SBqR43) 3, C1Si (R43) 2( CH2) 2Si (R43) 2C1 and PCFASe@p20SBE R43) 3;
and nost specifically d8i (CH3)3, C1Si (CH3)2(CH2)2 Si (CH3)2Cl and

CF3S(0) 20Si (CH3) 3. These silylating reagents may be present before the
addition of the initial organonetallic agent if the 20tenperature of the
reaction is sufficiently controlled or they nay be added after conversion
of the substituent to the magnesiumsalt. Typically, the conversion of
subst ist ueAdepeadenfigroutaaltyl.| Exiith’ ae Al g idiegepans SR, atREREUor
substituents are performed,in a suitable aprofic solvent at about,, -78 to
about t o Bbigingepeadengly Saoue wherainatleasst twe oR haig SHs Rophanyhi K4chd exanpl es

of suitabl_e1apr.of.i v i n 1iTHR, » 254 e.a I n one
erbodi mont X { pATs BRI SHE AT HAR o “sP MRS OO e
conpound sefected firmkl Si(RA°);lor @0 hpad RIPrd NRUBR' ke ndathet tde -aci di ¢ hydrogens with
about one_, e ui_valent of a,first,organonpgnesi um conpound for each

aci di c hy%&g‘ééﬁfﬁnséi{f@bs ErehRarind K2 SR RuRc. Wikdeghsisaty ragciod %alai val ent s

of pnat ecs; U B4 i b 2 aqreatyment with
P .%1 09, 9F R pdntﬁ@@%ma %Waﬁ?ﬁ&%etﬁ&’ﬂe Fmgggg 0 2R ealy

1-2 equiva s of the sane or a rent org nesi um conpound to

t r ansmet aatlaRE is methx3 group of Formula VIII. In another enbodi nent, the
conpound of Far, a . Vlls; i.s.prepared by treating a m xture of conmpound of
Formula VI I éﬂ%ﬁéﬁf&?} 1-@.1§£bqui val ents of protecting group reagent per
aci di ¢ hydr ogeRpidalifahéWetholldflpraMatife aReMbodndlorFR@uianal RAERIOR g 35 i r st
or ganomagnesi urn conpound for each acid hydrogen in a substitutent,

f ol | owed OB ipgerformad mensuigpiernpioti sebjighiailaentts 106 ta shousmbuo?0 & &irf f er ent

or ganemagnesi um conpound to transnetal | ate the X3. group. of K Formula VIII.
o aat nePSE LTRERS A Bab . e B ot B R R Bie 3 by et ng
a m xt ur en@hd€OAPOMBLnR fanfF et | Blow tybicang tRbautablk-sblvinedUilrRdInhs of

protecting reaégent per acidic hydr %?Jgn in Formula VI1l with about 1-1.4
equi val enrefeged wmpgragig el niddp Onfe dhisourig ratisrofdhe porapduadiey dr ogen in a
sub stit i1 - i t fy.0r j um conpound
o transierariears e B bR ok O b R 2 B B R oy
enbodi nment]. the X3 of Formula VIIl is Br or I and R8 of Formula VIII is

NH, . I n anot her enbodi nent, the nmethod of preparing._a conpound of Foinmula
Vi1 £8 whereid™ IH%O B2 g ?glé'&P%"%“éaﬁ‘ioﬁﬁo n&Bﬁ’ﬁ%‘ﬁHﬁaX&I THHA ™I T with
an or ganalibkhjum £aPquistoedypi cal ly, the transnetal ation reaction is
performed rn a suitable aprotic solvent at about -100 to about to abut 20 C
for about 5 nithumethod go@prifiogrs. Non-linmiting exanples of suitable aprotic
sol vents incluyde TH.F and et her.. fH’] or]egz?épect of this enbodi nent, the nole
ratio of the ¢BHYSUMEESERWRELEHFTHE ¥ Boor ganol it hi um conpound i's about
1:1 to about 1:3, preferably about 1:1:84. In another aspect of this

enbodi ment, the organolithi um conpound| conprises an al kyllithium conpound.

I n anot her aspect of this enb he organol it hi um conpound conpri ses
n-butyllithium In another asp s enbodi nent, the organolithium

25 Formula VIII
wherein X® is Cl, Br or [ and
(h) treating the compound of Formula VII with an organometallic reagent
comprising an organomagnesium or organolithium compound;

thereby forming a compound of Formula VIL
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conpound conprises iso-butyllithium In another aspect of this enbodi nent,
t he 25organolithi um conpound conprises tert-butyllithium In a preferred
aspect ofwohow/madedi ment, the organolithium conpound cEOPNISIES/023586

al kyl I'i t hi um conpound and the X3 of Forrmula VIII is Br or I. In

anot her enbodi nent wherein the conmpound of Foiniula VII is prepared by
treating a conmpound of Fornmula VIII with an organolithium conpound, the 30
conmpound of Forrmula VIII nay be treated with nore than one nol e equival ent

of organolithium conpound. This procedure woul d be preferable when the

conmpoynd of FahnMb@eerhiSodeaem! theeskiRdd & mefasini ausiipouhd Bf Butmatd dilc
hydrogen. Non-limting exan‘PI es of the substituents with acidic hydrogens

are Nfli,frapa cgppond di-aopulay B somenigs thedollowise iefrpeadant ppgetin the art
will recogni z ma}sﬁ\;@eﬂiackﬁdllgogydrmgg gr85 group of the substituent of the

conpound of Fo onsune one mole WD
2010/ 093608PC‘I(b§JB?Q;J}®/R?&5~&B”Bé“qu s8Nt of the organolithium comrpound. For

| but t t at ti d of F la V
W T about  ondChBRE Fqur G ieHOBISGRHoI S DR CopOana ABEl A neut ral | ze
an agigdi ¢ hydr, #ﬁ?t&lﬁé@a&’ﬁ@; )gﬂﬁfp or Sg'Fh“BIOISfﬂ HPR! tﬁk@ﬂbg&ﬂerf ormng a

lithiumsalt an group) of the conpound of
Formula VI nwmigh bmtxtoqgemmhlahdteedirmbd;th a&a@mﬂémlrmmBeo TOsophevad ent of organo

i thi um conmpouynd. Siml.arl 1 t|o CIdI r K resent, an
L 11 oner aod ey e R s d bk e B i R A SRS P e
required to n%ﬁ@i iéﬂé%ﬁdéﬁéﬁﬁkﬁtml -AGINIC HayerOg&@R? @ 9., each

addi ti onal NH2 substituent }%/o require about two addit] onal equi val ent's
Y-

of organolit hlludﬁmemdurﬁid(R pE@QilIRy,Ol Rhelsmdﬁngﬂf@ﬂtﬂ&(f{o% wveeremiabns of this

aspe are perfor 3 1C 2\ t -100 to about
to aggt 20 C fES?Sth%ﬁ IQ4 rﬁlﬁﬁ &sP eny&4 gfj}irs %o § rr?%nld%ét?exarrpl es of

sui tabl e aprotgigcEgl. VMS{‘FﬂﬁthFeafT\HE’ Rﬂllpmepena&m)egdl&ted ftamone aspect of
this enbodinment, the nple ratio of, the organolithiurn,conpound, to the each

aci d hydrogen $ifR a)3é’EIBstﬁintdLFen?fhﬁR R n’@k@b@l&@tb@‘famﬁiﬁ%l VNSRS about 1: 1

to about 1:1. it i l¢.. 3,0 rganol i t hi um
70conpound todl?%gc%co%ﬁioll{ﬁ(??(ﬁ@%r %d&@ﬁ??ﬂ?&i %ﬁtﬁ{?qgﬂg o&a out 1:1.4.
I n anot her aspedtR’d6f NRi 'R embediogethtr, art Ha(R'Y gaxio).iSi(ri* Um aahmoRd sonpri ses

an al kyll'i thium conpound. I n another aspect of this enbodi nent, the
orgar?(gl ithium®@® und conprises n-butyllithium In another aspect of this

enbodi nent, h@)?ﬁ garolstibigumyeenpound conpri ses iso-butyllithium In
anot her aspect of this enbodiment, the 25organolithium conpound conprises

tert-butyl it hiniamothenerabgstie by ﬁi@dmals(prb@&prqfarmgiaszommdl pEhermutdgll
o 9200l 4 U c9TROU, SPIBN S55, Of Cg CA  TLR RGBS A0, 29
Fonnul a skl gh sFidasBE:RBAMEOMBOuRE. TORvAnt et ti‘zﬁlsﬁieﬁla@ﬁ)ﬁ@é&dmfx armof the
substituent such as, but not limted to, a silyl

performed in a suitable aprotic solvent at about -78 to about to abut 50 °C for about 5

minutes to 24 hours. Non-limiting examples of suitable aprotic solvents include THF,

dioxane and ether. In one embodiment, the mole ratio of the compound of Formula

VIII to organomagnesium compound is about 1:1 to about 1:3, preferably about 1:2.

In one embodiment, the organomagnesium compound comprises an alkylmagnesium

30  chloride, bromide, or icdide. In another embodiment, the organomagnesium

compound comprises 2-propylmagnesium chloride. In one embodiment, the

organomagnesium compound comprises an alkylmagnesium chloride, bromide, or

iodide and lithium chloride. In another embodiment, the organomagnesium

compound comprises 2-propylmagnesium chloride and lithium chloride. In another

35  embodiment, the organomagnesium compound is 2-propylmagnesium choride and
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30protected substituent. Subsequently, the X3 group (O, Br, or | group) of
the conmpound of Formula VIII nay be transnetalated with the sane or a

di ff er entworgemo3sdost hi um conpound. Simlarly, if additi ecalUusacio®e3sse
hydrogens are present, an additional about one equival ent anount of
organol i t hi um conpound woul d be required to neutralize each additional

aci di ¢ hydrogen, e.g., each additional NH2 35substituent would require
about two additional equivalents of organolithium WO

2010/ 093608PCT/ US2010/ 023586 5conpound and the resulting lithiumsalts

coul d sbe 1pBivEsHoBde 0alIuOL €Atibig r@iQURS, prefiéebd ambbdiineAgthd i mi ted to, silyl
protecting groups. Non-limting exanples of the resulting protected
subst i t USHEGOMSER P B COBPRMFPAIPTISE) {-RIPPYEnagyesppRpYyEieaed lidsum ky |,

(S| (R43) 26 R 2 ()l e SRR Ak TnAL by Sen | el modi ates it

protecte stituents are withint scope o e instant invention.
Non-limting li@exathpt @sboaimsit) tﬁahmdt}ngi qumqmmﬂug atcompoumesf Fdarheld Yitler medi at e
l[ithiumsalt of the subsiituent tected substituents includ

X3Si ( R43)0Y, reRYRg & gampoyne ik ?“BP](SHIQZI%) with an qreapeme(liey ragENt RIS FAmPoHEKe

Specnfo' YRR By b G SédRA RN ArERRE oRk b {:ién% c@ﬁ% iRy 20Si (R43) 3,
nost specifically CSi(C1l13)3, C S (CH3)Z(CH2)2 Si(CH3)2Cl and

CF3 S( 0) 20Bii{ DB Bire Faakldegir d:fyn‘ahta \M]@mtéag@np@m}mf Flomlphaéélémonb&fsosr e the

addi tion 150f the.jniti ano al ent | ure of the
react i on SESHERTH d{hé'?l?tﬁcﬁad ”2\510 ﬂlm{tﬁﬁg% 658%513(% ‘&lonver si on
of the S%ﬁﬁé%ylﬁaéenrs%etmﬁo,'@}qm}@nﬂlﬁ@t% Jli(?il)ﬁﬁ{ﬂ {he, hkt:h@n‘é@,}al\l@ﬂ%ﬂié of sub
stituents of nila VII| with acid hydrogens to protected substituents are

per f or mediri willlresegnizeshat th?)wﬂipéyér@m@moumof Hisoubstitug@ of tegpswourd abut 20 C
for qlgomof‘?’ormnl%t\?ﬁl \%rﬁ)l dcét)%&t%ﬁé’&?ﬁ m(l}i% uw &H oﬁthg Iag”nggg es;u%nosw tabl e

aproti’c solven S 1 nc xan one enbodi nent,

t he conpawithoohd. F@ﬁé@ﬁg&ldﬁhdgnbﬁmﬁkﬁﬁ@bﬁﬂl Mshﬁa@@hia@@aetdﬁ‘@ereﬂrﬂiﬁmﬂﬁ of Formul a
VI1I conprising substituents with acid _hydrogens with about 1- 1.4 nole

equi val erfifSBPIRZBIGHASPIPAIIT e oSSR hedrngReRaHer 2Ry ofn in a sub
stitut ent &EE:Z‘ Hﬁ‘ﬂ) Ho@ﬁ&%ﬂ&n Jtr %tn? ﬁ'}'e‘é@!n Bﬁrﬁi &‘f FO?IE[ %Iae‘gifﬂ @/ﬂhgr oup

r eagent FOF ydr ogen, eat ne 4 equi val ents of
t he sarre abbuta)nénﬁélele@mfalemtgﬂmﬂt}n}ﬂmagmnsemﬁﬂdunde WOulﬂmmsaﬂtheeahllaatdoc t he X3

grou Formula VL] l. |n_ano r iment, the conmpound.of Formula VII
is p parfafélwnpf éﬁ(Fﬁé&“ﬁsﬁBxbﬁf &r gﬁbsegﬁ%%aw?ﬂ%g% GHP sdhd about
1-1. 4 equizaheRt oqg (@I%e&rtl pgro@%l{?: Joﬁﬁ‘ﬁ@ﬂ& opﬁérrrﬁx@d g phiydrogen in
Founula VITI w t qU| val ents of

transmetalated Wlth another organomagnesium compound such as 2-
propyimagnesium chloride or 2-propylmagnesium chloride and lithium chloride.
Similarly, if additional acidic hydrogens are present, an additional about equivalent

25  amount of organomagnesium compound would be required to neutralize each
additional acidic hydrogen, e.g., each additional NH: substituent would require about
two additional equivalents of organomagnesium compound. Typically, the
transmetalation reactions of this aspect are performed in a suitable aprotic solvent at
about -78 to about to abut 50 °C for about 5 minutes to 24 hours. Non-limiting

30  examples of suitable aprotic solvents include THF, dioxane and ether.

In one embodiment, the compound of Formula VII is prepared by treating the
compound of Formula VIII with about one mole equivalent of a first
organomagnesium compound for each acidic hydrogen in a substitutent followed by
treatment with a second organomagnesium compound to transmetallate the X® group

35  of Formula VIII. In another aspect of this embodiment, the mole ratio of the first
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30 first organolithium conpound for each acid hydrogen in a substitutent,
followed by treatnent with 1-1.4 equivalents of the same or a different

or ganol i twoumoes@eund to transnetal | ate the X3 group ofcFarsoubom23gBe . In
anot her enbodi ment, the conpound of Foinmula VII is prepared by treating
a mxture of conpound of Formula VIII and about 1-1.4 equivalents of

protecting 35reagent per acidic hydrogen in Fornmula VIII with about 1-1.4
equi valents of a 5 organolithium conpound for each acid hydrogen in a sub

stitutent and an additional 1- | A equival ents of organolithium conmpound to
t r ansrset alrbaiogndohesings cgfn@bhﬁhcﬂf) ekt #0id BydbEdn mlensuagmtl&iﬁ bf aspeedlodf this
enbodi nent, the X3 of Formula VIII is Br or and R8 of Formula VIII is

NH2. | n dismner VHSisedeutol | frabeubhbdandehe mom?éﬂ@f)éﬁﬁéquﬁ| um corrpound
conpri ses rg&r%ﬁlchéélﬁlﬁgb}ﬁgb&%%&; din f&%ﬁﬁﬁuﬁ%ﬂ%%@ g

organol it npoun nprises n-buty I|t Ium er enbodlnent t he
organoliumnumi@ohpmumee@mmW¢&@scmﬁmdhmkyhheﬁhnuqyn@nagnﬂmher enbodlnent,

t he organol it hi ym conmpound, c ri ses rt butylllthl referred
embodi merfomiHed BYGRIASE AP ﬁlkdﬁ%‘ S EHirpPriogdds g7 ( ecésl &Wg?ﬂ i t hi um

conpoynd Apd G Xdn QddifesiMik iy Iolr anbfaBhestim kom @ur@%ﬁ se€Nbodi ment,  the
protecting group reagent is a 15siTylating reagent. not her enbodlnent,

t he pr ot evtthplgragneispn cbingdnt I Esaomsas(n@l@t)ﬁihxsren%ﬁ@@l) Z@Sﬁf(CM) 1 In another

enbodi nrent, the protectin 0 rea e Cl Si (R43). r
Craa ) saepEReti Sl s Ay g b AR R o ilEo% cagent i s
G Si (CH3)iddiae. kit 20kl &HBik3mbodiment, the secBh@YikdRthgn8sidm compeund usef ul

for the synthesis of an anti-viral conpound of 20 Foiinula | b represented
by For mulcgmpxises $§mﬁrlnaagnxsw1 chivridec &pandihe aspgot OBﬁnsm@xdnnWetﬂl@of
25wherei n;

CO " S s dsemdreeiyugeRoiibm o ohsed Sl S AR RO ShLAESY L)

( C2- C8) aldsymie, of i0ardeBh8 UliBirh tchilogide alkativyier a@fectsthis Glnbo8inadnk e, WO
2010/093608PCT/U82010/023586 5each R2 or R4 is |ndependenugg H F or OR44;
each R43 eeoidmisHwitene iy (cejnpem is PRFPPYImeguesipim shipads angd i kyl | 06- C20

oY o SRR 20 S PPN oy w0t
al koxy, Gﬂg&ﬁiﬁ&%ksmbsbn@umﬁﬁsakﬁqmma@&amhaHﬂén@emﬁmﬁeBamn@dependentIy
A R%%) 2%&5&1}0% 5?8? m 001%302115 compc(sog 9 §§0%y11n3@881u111 chloride. In another
preferred aspect of this embodiment the first organomagnesium compound is
methylmagnesium chloride and the second organomagnesium compound is 2-
propvimagnesium chioride and lithium chloride in a 1:1 mole ratio. In another
preferred aspect of this embodiment the first organomagnesium compound is
25  methylmagnesium chloride, the second organomagnesium compound is 2-
propylmagnesium chloride and lithium chloride in about 1:1 mole ratio, and the X° of
Formula VIII is Br or 1. In another preferred aspect of this embodiment the first
organomagnesium compound is methylmagnesium chloride, the second
organomagnesium compound is 2-propylmagnesium chloride and lithium chloride in
30 about 1:1 mole ratio, the X* of Formula VIIT is Br or I and R® is NH..
The magnesium salts of the substituents of Formula VHI discussed above may
be converted to a pfotected form of the substituent such as, but not himited to, a silyl
protected substituent. Subsequently, the x? group (Cl, Br, or I group} of the
compound of Formula VIII may be transmetalated with the same or a different

35  organomagnesium compound such as 2-propylmagnesium chloride or 2-

40



10( C(R45) 2) m R55 or or any two of R44 or R47 when taken together are
-C(R59)2-, -C(0)- or Si(R43)2(X42)nti (R43)2-; each R55 is independently

- 0- C( R45)WwB84610/093606 R4 3 3), -0C(0)OR45, -0C(0)R' 150r (edHZ)use€r0/023586 each
R45, R58 or R59 is independently H (Cl1-C8) alkyl, (Cl-C8) substituted

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

(C2-C8) substituted al kynyl, C6-C20 aryl, C6-C20 substituted aryl, C2-C70
het er ocyel yl , C2-C20 substituted 20heterocyclyl, C7-C20 aryl al kyl or C7-C20
substituted arylal kyl; each R46 is independently Co-C20 aryl, C6-C20

subst ist ut&@lp@&lﬂgnes@ﬁn anbli@hald vhrubaiibidd edmgiierioaddiionagaghicRa i s
i ndependently H (Cl-Cs)al kyl, (C2-C8)alkenyl, (C2-C8)alkynyl, aryl(C
- C8) al kylhyd{a@enG8¥ deasboic §ic haditgrey phout gre-gyuRialgnt amopai)foR1 1,

-C(----0)NR11R12. 25-C(=0)SR11, .- S(0)R11, -S R1L, . - S(. R1.

" 50) 2 R pne B R nE Vaud B B R RPNl 5 o
n is i ndepengentd.y, éch hd@itiodal N¥esuktituent would reqilre biSoutiwé 6ddii8)aal Ky 1,
(CA-CB)caerC{clylalkyl, (G -C8)substituted alkyl, (C2-C8) al kenyl ,

( C2- C8) sulsytialentsed oxgdeamppnespuop cappankying the eapliogmagmsiyn salsgoildkynyl , or

aryl (1%’ 'b@&oﬁbéﬂ@d;to 8?09&’(5% g%up|§,45ui<:§ a4 HeleRe Nk Itc}f sh‘yl ﬁot%Eti%éﬁps.

Non-limiting examples of the resulting protected substituents would be OSi(R*)s,
SSI(R*)s, N[SH(R¥)1][C1-Cs alkyl], N[SHR")(CHa ) Si(R™),] and N[Si(R*™);]5. All
such intermediates with protected substituents are within the scope of the instant
invention. Non-limiting examples of silylating reagents to convert the intermediate

15 magnesium salt of the substituents to protected substituents include X Si(R*);,
XSHR*)(CH,)S1(RP)X? and R77S(0),081(R*);3. more specifically CISi(R*)s,
CISIHR™)H(CH2)2SHR"),Cl and CF38(0),081(R*)4; and most specifically CISi(CH;)s,
CISi(CHz)o(CHa)a Si(CH3)2Cl and CF38(0);081(CHs)s. These silylating reagents
may be present before the addition of the initial organometallic agent if the

20 temperature of the reaction 1s sufficiently controlled or they may be added after
conversion of the substituent to the magnesium salt. Typically, the conversion of
substituents of Formula VIII with acidic hydrogens to protected substituents are
performed in a suitable aprotic solvent at about -78 to about to abut 50 °C for about 3
minutes to 24 hours. Non-limiting examples of suitable aprotic solvents mclude THF,

25  dioxane and ether.

In one embodiment, the compound of Formula VII 1s prepared by treating the
compound of Formula VIII comprising substituents with acidic hydrogens with about
one mole equivalent of a first organomagnesium compound for each acidic hydrogen
in a substitutent, treatment with about 1-1.4 equivalents of protecting group reagent

30 for each acid hydrogen, and treatment with 1-2 equivalents of the same or a different
organomagnesium compound to transmetallate the X group of Formula VIIL

In another embodiment, the compound of Formula VIl is prepared by treating
a mixture of compound of Formula VIII and about 1-1.4 equivalents of protecting
group reagent per acidic hydrogen in Formula VIII with about 1-1.4 equivalents of a

35  first organomagnesium compound for each acid hydrogen in a substitutent, followed
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each R43 is independently (Cl1-C8) al kyl, (Cl-C8) substituted al kyl, C6-C20
aryl, 10C6-C20 substituted aryl, C2-C20 hetcrocyclyl, C2-C20 substituted
het er ocycWwl2010083608( ) aryl al kyl , C7-C20 substituted arylralrkisko10(0835868)

al koxy, or (Cl1-C8) substituted al koxy; each R44 or RA7 is

i ndependent |y - C(R45) 2R46, Si (R43)3, C(0)R45, C(0)O0R45, - (C(R45)2),,-R55
or 15or any two of R44 or R47 when taken together are -C(R59) , -C(0)- or
- Si(R43)2(X42)1, Si (R43)2-; each R55 is independently -0-C(R45)2R46,

-Si (R43)3, C(0)OR45, -0C(0)R45 or (CH2), O each R45, R58 or R59 is

I ndepend (G- £8) - ;

(25 B) ol Roron Ty cGHLETeaf b B SRR SIS BB RN (- o)
subst i tut@xﬂnmjukgbrwirgns%tm&thcﬁgrcm-o@fﬁrrsuﬂlaéﬂillt uted aryl, C2-C20

het er ocycl yl 0 subs |tut het er C20 aryl. al or Cr7-C20
Cubst Lt ured ariiag Sbodmetty ficompau Lo e Py bk BI6UTE oo o0
substi t ut.eghiatiélof c@&p&m &%hhi{lasﬂl@ﬁéddta%@tdl me@t&iﬁ%feyﬁs, ofPP&8Gthgl € 1S

i ndependently H, (G -C8)al kyl, (C2-C8)alkenyl, (CZ C8) al kKynyl aryI (cd

- C8) al kyl reagamtip@sic Efafrbsair gyl h@om la VIG(wg) #iout 1-1Ct e@icients ¢f 2 - C(O) NR R12,

cocn Wy e RRh i CSQ%H ‘ﬁ%fs&ﬁh %d) %%R%%féaaﬁsﬁb%ﬂi Aibanos - SO2NR | RL2

2; WD 204Q493608RGTA bIS2Q bR 0L23580ReRENCIRBpouR? @ fraf¥mdtflat@ependent |y H,
hal ogen, NR1I R12, N Rll} OR11, ;
group of Formula VIIT. In another aspect of this embodiment, the X° of Formula V1II

is Br or I and R® of Formula VIII is NH,.
In another embodiment, the method of preparing a compound of Formula VII

15 wherein M is Li comprises treating a compound of Formula VIII with an
organolithium compound. Typically, the transmetalation reaction is performed in a
suitable aprotic solvent at about -100 to about to abut 20 °C for about 5 minutes to 24
hours. Non-limiting examples of suitable aprotic solvents include THF and ether. In
one aspect of this embodiment, the mole ratio of the compound of Formula VHI to

20 organolithium compound is about 1:1 to about 1:3, preferably about 1:1.4. In another
aspect of this embodiment, the organolithitum compound comprises an alkyllithium
compound. In another aspect of this embodiment, the organolithium compound
comprises n-butyllithium. In another aspect of this embodiment, the organolithium
compound comprises iso-butyllithium. In another aspect of this embodiment, the

25  organolithium compound comprises fert-butyllithium. In a preferred aspect of this
embodiment, the organolithium compound comprises an alkylithium compound and
the X’ of Formula VIITis Bror I.

In another embodiment wherein the compound of Formula VI is prepared by

treating a compound of Formula VIII with an organolithium compound, the

30 compound of Formula VIII may be treated with more than one mole equivalent of
organolithium compound. This procedure would be preferable when the compound of
Formula V is comprised of a substituent with an acidic hydrogen. Non-limiting
examples of the substituents with acidic hydrogens are NHa, OH, SH, NH(C;-C;
alkyl) and the like. One skilled in the art will recognize that the acidic hydrogen

35  group of the substituent of the compound of Formula VIII will consume one mole
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NR1I NRi i R12, N3, NO, NO2, CHO, CN, -CH(=NR11),1, -CH=N(ORI 1), -CH(ORI11)2,
-C(--0)NR11R12, -C(=S)NR1 I R12, _g=0)0OR11, R31, ORIl or SRl 1; each Rl11l or
R12 is i wepervdmadoBy H, (C, -C8)al kyl, (C2-C8)al kenyl, (€21/US8)1alok3sayl
(C3-C8) carbocyclyl, (C4-C8)carbocyclylalkyl, optionally substituted aryl,
10optional ly substituted heteroaryl, -C(=0)(C)-C8)al kyl, -S(0)"(C
j-C8)alkyl, aryl (G- C8)alkyl or Si(R3)3; or Rl and R12 taken together
with a nitrogen to which they are both attached forma 3 to 7 nenbered

het erocyclic ring wherein any one carbon atom of said heterocyclic ring can

opt i onal lequbaidhepf e eekawblithiundcomp®n@) For ampiR-but n6rbyREdy @hd R12 t aken
t oget her are -Si (R43)€}8i‘; 2(x42)m3| R43,2 : and 15wherein each (C, -C8)al kyl,
( C2- C8) allicaitgtion. repingghegopnepnd 8 Fermylf & wiglspequt gpe gl f'e%g@hvarr@nwhm R45,

R58, R59, tad W th one or
nor e hal oor%dod?%%?,jc&al@ﬂ%\wﬁ?Ea?tgmzle)é&%gmd ]Wvéf%r@?ﬁﬁo tgjo‘rﬂg re of the
non- t er m@®A| orcEH bdntiateonisy fmhnegchhthamdw(lﬁﬂ@éﬁ?@;dum(@l apt exdn@bhp) repl aced
with -0-, or 20Ad onal e dent e nts of Formula | X are:

(a) R | fihe wml?%m%ﬁ%i%@m lgﬂy R cta ?@éﬂﬁﬂ@otﬁf%ﬂ?l& SR'. (c) RO is
H. R9gi s NRVIREZof &RRarotitidin-compound. Smnlﬁtl?}) 1%&1@0%&1&:% dl%%eﬁssarm R8 is
SRII.25(C)R9|S . RO is NR11IR129 R is %2 s F.
Each R4 gmekeRR an sddihdzmbebmwmyaiammomoff tsrg@mnhlandcdﬁaaqusd Iﬁ/oulﬁ4ba S CR44,
R2 is F and is F and. le i 0) R45 wherein
RA5 is pHg‘ﬁ\VTeﬁ p Pt *ﬁgﬁwgﬁ&ﬂ%w%gﬁawm%} difoaing )C(R45) 2R
and R46 isbaheditwolld Syt ddout 8h Rlemtal cdivdlgntEdghgrain R4 1s CH2RA6

compound. Typically, the transmetalation reactions of this aspect are performed in a

I5  suitable aprotic solvent at about -100 to about to abut 20 UC for about 5 minutes to 24
hours. Non-limiting examples of suitable aprotic solvents include THF, dioxane and
ether. In one aspect of this embodiment, the mole ratio of the organolithium
compound to the each acid hydrogen in a substituent of a molecule of Formula VIII is
about 1:1 to about 1:1.4 and the mole ratio of the additional amount of organolithium

20 compound to the compound of Formula VIII is about 1:0.8 to about 1:1.4, In another
aspect of this embodiment, the organolithium compound comprises an alkyllithium
compound. In another aspect of this embodiment, the organolithium compound
comprises n-butyllithium. In another aspect of this embodiment, the organolithium
compound comprises iso-butyllithium. In another aspect of this embodiment, the

25  organolithium compound comprises fert-butyllithium. In a preferred aspect of this
embodiment, the organolithium compound comprises a (C-Cg)alkyllithium
compound and the X> of Formula VIII is Bror L.

The lithium salts of the substituents of Formula VIII discussed above may be

converted to a protected form of the substituent such as, but not limited to, a silyl

30 protected substituent. Subsequently, the X? group (C1, Br, or [ group) of the
compound of Formula VIII may be transmetalated with the same or a different
organolithtum compound. Similarly, if additional acidic hydrogens are present, an
additional about one equivalent amount of organolithium compound would be
required to neutralize each additional acidic hydrogen, e.g., each additional NH;

35  substituent would require about two additional equivalents of organolithium
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30and R46 is phenyl. R2 is OR44 wherein RCH2R46 and R46 is substituted
phenyl. Each R4 and R2 is OR44 wherein each R44 is independently C(R45)2R46
and R46 iwophemBeosr substituted phenyl. Each R4 and R2prReGIst@iopbssay| . Each
R4 and R2 is OR44 wherein each R44 is CH2R46 and each R' is independently
substituted phenyl. Each R4 and R2 is OR44 wherein the two R44 taken
35together are -C(R59)2-. Each R4 and R2 is OR44 wherein the two R44 taken
t oget her WD 2010/ 093608PCT/ US2010/ 023586 5are -C(CH3)2-. Each R4 and R2 is
OR44 wherein the two R44 taken together are - CH(R59)-. Each R4 and R2 is
OR44 Bherceinpotikbardibe Rédlting kignutoght barld he eonverERBEYrotentreg gionpR59 i s phenyl

bstitut h |.. R4 i.s.OR44 whe TRA6, RA6 | h I
chbi?i)fu'tsgéw Briahyrt dpieds- H Bt e oy R es ety Rise B 1)
R45) 2R n@ﬁ}% cle SimtBg gehe R4 PRA6 and R46
i s phenyl 455 R4 Al ﬂ ggﬁ%ﬁgﬁgtggﬁ%@??gb% ??ut ep)l:ég elﬁglQ 37I%]C( R?;) 2R46a2nd
it

each R45 aind], MSI(RS)J((GHQp(SﬂBeM]IaydM&@ )ibr Al ﬂ@ﬁé@diﬁﬁ%mﬁh RA7 is

i (Ra3) 200 Py aT e LR ol OO MRS NG SRS L2, 1t e

phenyly. Rédmbkes betilyaRiEr0agthts t@}tb@&rﬁhyinter%&atéﬂﬁﬁ(tﬂﬂ@l&ﬂltﬁe wher ei n each

R45 and R46 |s i ndependent |y enyl or substitute each R4 and
R i o CREbNITESRES 1 Hf%féctﬁwwgleﬂﬁk’éﬁ%“‘ieo}él%ﬁ@g%%aﬁ% ot SATHL R e

Si (R43) 3 e th

o or) 7 e M T e e ana
52( :? Z ; )Oz?z@t%mpesm{ﬁ)g an&«mORﬁ@engmly @ﬁg@hgé css:lgzﬁgﬂcm)a &(cmfus .

| u e 1.S I'n enae ti1tut
henyl . arMi SN ROSBaHA R bT “CReGHEEET e e Pl CROR ARt her ar e

- O CHi3) 2-¢ R4 zutia'f Gﬁg%h&ﬂ@tﬁﬁll{c%gen?twwpzéﬂp&atﬁge (ﬁﬂﬁie fa&kLIRE seMdickdyi s OR44

V\/nereln the t taken together are - C(CH3)2-. R47 is C(0)R45 and each
R4 and RZ:ontroklRt dreh¢ywnaRid addel efiet crgwﬁtsmn cdrtlae S\@é@l@)tzo theRiurSal R45) 2R46

\gg_?}:]ele SﬁgthRfAf ){51%{? d g\%ﬂlév%éﬁli?r_}ldg f%é‘}%aﬁ? JE%‘?] O 34 Sa%{dtlyy}d?odgegg enyl and
to protected substituents are performed in a suitable aprotic solvent at about -100 to
about to abut 20 °C for about 5 minutes to 24 hours. Non-limiting examples of

20  suitable aprotic solvents include THF, dioxane and ether.
In one embodiment, the compound of Formula VII is prepared by treating the
compound of Formula VIII comprising substituents with acid hydrogens with about 1-
1.4 mole equivalent of a organolithium compound for each acid hydrogen in a
substitutent, treatment with about 1-1.4 equivalents of protecting group reagent for
25  each acid hydrogen, and treatment with 1-1.4 equivalents of the same or a different
organolithium compound to transmetallate the X* group of Formula VIIL
In another embodiment, the compound of Formula VII is prepared by treating
a mixture of compound of Formula VIII and about 1-1.4 equivalents of protecting
group reagent per acidic hydrogen in Formula VIII with about 1-1.4 equivalents of a
30  first organolithium compound for each acid hydrogen in a substitutent, followed by
treatment with 1-1.4 equivalents of the same or a different organolithium compound
to transmetallate the X° group of Formula VIIL.
In another embodiment, the compound of Formula VII is prepared by treating
a mixture of compound of Formula VIII and about 1-1.4 equivalents of protecting

35  reagent per acidic hydrogen in Formula VI with about 1-1.4 equivalents of'a
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25t oget her are -CH(R59)- wherein R59 is phenyl or substituted phenyl. R47
is Si(R43)3 and each R4 and R2 is OR44 wherein the two R44 taken toget her
are - CH(RO)o1odesdoei N R59 is phenyl or substituted phenplcT/uR4d0i023586

Si (R43) 2(i-butyl) wherein each R43 is CH3 and each R4 and R2 is OR44
wherein the two R44 taken together are -CH(R59)- wherein R59 is phenyl or
substituted phenyl. R47 is Si(R43)2(t-butyl) wherein each R43 is

30i ndependent |y phenyl or substituted phenyl and each Rdand R2 is COR44
wherein the two R44 taken together are -CH(R59)- wherein R59 is phenyl or
subst ist ut sda RS- coﬁ%?)uh@fotr ehdnadRydit RirS4dnny ra%abs%nmémaaag aR388itiBdaiand R2 is
OR44 wherelrn the two taken toget'her” are - CH(R59) - mhereln R59 i s phenyl
or subst|Iﬁt@dVﬂmanpfm@RmﬁHmSmGKQNRHEdahﬁmgaﬁhﬂEMﬂhﬁH BovpfGRaqulgher ei n

h k h
D020/ 09300 bcH DRshS Brsasir it Erbarerntis S SRt e dad ra7 1 s

C( 0) RAS 1@ B1aRABT is NN aR ¥hoREr & Hymwtm dbhigey, thaniledRélithsurr. (0
Rl is Hand R8 is NR11RI2. Rl is is NH2. R is CH3 and R8 is

NR11R12. qzamnoyn@:rs@naws alkg!jpinm mpogngy kneghotsr embpfimepRie R1 is H and

RO is, NH2 n | S . i and RO is
H. Riml S ml? mﬁﬂ% 57 %tylﬁth@ﬁg f ﬁ&@ cl§|5|&ﬁi—’l§]enk?[h%-|s CH3 and RO
is SR'. R;rgmﬁ)h@lﬂam&i@dlﬂaﬁnd So;ﬁitﬂ;seRﬂ;oﬂ:ﬁn)ﬁlTBm&ﬂdlﬂ%olﬂﬁ:r knbodiment, thg) Rl is H

and RBis OR'. RLis Hand R8 is R8is OR'. R._.is CH3 and
R8 i s OH, organolithium compopyd F&nwewgﬂaﬂﬁéﬂhlgmsf-mpreﬁfrefimhoaﬁ%ﬁrﬁgh? s SH Rl

o ana o 1 & A TRES o FEhoRg T LENE AR IR sqppovg b B 9267 V) o

R8 i s NRIARM2Ia WRII isSB1GH3, hRﬂldt}Erldmé;DﬂiIhdﬁa thepiNHRtinREroug rédgeRAisins NR' R12

and s | 1R12. Rl jis RO .is NRI1R12 and. R8 is IS GH3, RO is
NR11 ! BEreALRE Iﬂ?f?yh?rse“ I imgad, th ‘§pﬂié?“f‘|§§§“§ﬁ’ore?&€n g%ﬁlﬁ?(R 20(j) Rll is
H and R8 &Wﬁ%&%@g(mﬁﬁeﬂ%@%ﬁ &Mb@;ﬁ%&m Rt drétebiiz: ife CJ%% o@iG RO are

i ndependent | y R nbodi ment , onpound of Fornmula IX
is sel ect@kﬂu(ﬁ%r onoit %sgcah@fsi(ao nsi Istanq@emmbodnnent the protecting group

reagent is C1Si{CH;); or CF5S{O),0Si1(CH3s)s.
Provided is a compound useful for the synthesis of an anti-viral compound of

20 Formula Ib represented by Formula 1X:

Formula IX

or an acceptable salt or ester, thereof;
25  wheremn:
R'isH, (C;~Cylalkyl, (C4—-Cy)carboeyclylalkyl, (C,—Cy)substituted alkyl,
(Cr~Cyalkenyl, (C,—Cg)substituted alkenyl, (Co—Cilalkynyl, (Co—Cg)substituted
alkynyl, or aryl(C,-Cyg)alkyl;
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25 WO 2010/ 093608PCT/ US2010/ 023586 e5 6 randor a salt or ester thereof.
Provided is a nmethod for preparing a conpound of Forrmula X2 R8 R2 Formul a
X WO 201M0Q9BE08FET/ US2010/ 023586 5o0r an accept abl e salPCTars2@sessse
t hereof; wherein: Rl is H (Cl1-C8)al kyl, (C4-C8)carbocyclylalkyl,
(Cl-C8)substituted al kyl, (C2-C8)al kenyl, (C2-C8)substituted al kenyl,
(C2-C8)al kynyl, (C2-C8)substituted al kynyl, or aryl (Cl-C8)al kyl; 10each R2
or R4 is independently H F or OR44; each R43 is independently (Cl-CO
al kyl, (C1-C8) substituted al kyl, C6-C20 aryl, C6-C20 substituted aryl,
C2- C2@ het er ogyel B or €2 G2 &u&ﬁﬂ HupQgcheWerocyclyl C7 C20 aryl al kyl,
C7-C20 substitut ed aryl al kyF (Cl C8) al koxy or (C substituted
al koxy; each Rad B 1Rﬂlﬁ€p@dﬁmféteiﬁérﬁémﬂdyy (C@@anm&d 8@{)@%@@&@(0) R45,
<(0) OR45, C(,~C%05 s(u stﬁﬁt%%i %%yrp gmcgo Irleterocyclyl C,—Cyp substituted heterocyclyl, Co-Cap
arylalkyl, C7-Coq substituted arylalkyl, (C-Cg) alkoxy, or (C;-Cy) substituted alkoxy;

each R* or R* is independently —C(R*),R*, Si(R*):, C(O)RY, C(O)ORY, -

10 (CR¥))u-R* or
(CHz)m
‘m[ )

@] .
or any two of R* or R*" when taken together are —C(RSQ)T, ~C(O)- or -
SiR¥)(XP)mSi(RF)o-;

each R* is independently —O-C(R*1LR*, -Si(R*™);, -OC(O)OR™, -OC(O)RY

(CHz)m
e’

O

15 or

each R*, R® or R” is independently H, (C-Cs) alkyl, (C,-Cs) substituted
alkyl, (C,-Cg)alkenyl, (C2-Cg) substituted alkenyl, (C2-Cs) alkynyl, (C,-Cy) substituted
alkynyl, Cs—Cap aryl, Ce—Cyp substituted aryl, Co—Cog heterocyelyl, Co—Cy substituted
20 heterocyclyl, C7-Cop arylalkyl or C7-Cyp substituted arylalkyl;
each R* is independently Cg—Cng aryl, C¢—Cop substituted aryl, or optionally
substituted heteroaryl;
each R*is independently H, (C,-Cy)alkyl, (C2-Cg)alkenyl, (C2-Cy)alkynyl,
aryl(C;-Cy)alkyl, (C4—Cg)carboeyelylalkyl, -C(=0)R'!, -C(=0)OR", -C(=0)NR''R",
25 -C=0)SR'!, -S(OR', -S(O)R", -S(ONORM), -S(O)(OR"), or —SO,NR''R™;
each X* is O or CHy;
cachmis 1 or2;
cach n is independently 0, 1 or 2;

wherein:

46



or any two of R44 or R47 when taken together are -C(R59)2-, -C(0)-

Si (R43)2(X42),1Si (R43) 2-; each R55 is independently -0-C(R45) 2R46,

- Si (R43) 3y020(@3@R45, -0C(0)R45 20 or (cH2),, O eaTuskuib/02388 or R59
is independently H, (Cl-C8) alkyl, (G -C8) substituted al kyl,

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

het erocyclyl, C2-C20 substituted 25heterocyclyl, C7-C20 arylalkyl or C7-C20
substituted aryl al kyl ; each R46 is |ndependently C6- C20 aryl, C6-C20

subst ist ut ed arBzhs }b(Cmﬁtgbedian dCymég)ba*bmtymtyéa:lkhle(@P@}sylbsmuted alkyleach Ra is
i ndependentl C8) al ky o (C2 C8) al kynyl, aryl (C

Cl-
-c8) al kyl(€ édalkﬁ)xéa(ﬁbo g)éqbwalrtq@qlkm@g 10)dR {@ﬂ ifpted30- O =0) SR11,

-S(0)R11 OR11 -S(0)2(0R1 1 or -SC2NR11R12; WO
20(103 093%%%%%%?0/%5%@%3 5ea2:h X4(2 |)s(0 or )CH) each mis 1 or 2; each

n is i ndependenth R*6; R"isondependadh HRE,or RR by RI |s i ndependent ly H,
hal ogen, NR 1R12 (N(RL1)ORIL, NRIINRI R12, N, - CH(=NR]
1) ~ CHENHNRL %@EN@@P@E})@H 0 x:(%@fﬁ@li)@l (C@(CzbytrHIWzalkﬂ@@—ﬂz@mmllz12

( Cl %F%l S(“Eﬁt%% gf)ﬁ,e CQ() eégrocycjfylob %12% S{lgstlltuqd(¥ ﬁ’&é‘rg%? tlyl C7 Cay
arylalkyl, C;-Cy substltuted aryialkyl, (C1-Cy) alkoxy, or (C,-C;) substituted alkoxy;
each R* or R*" is independently ~C(R**},R*, Si(R*);, C(O)R™, C(O)OR®, -

(CR*))m-R” or
{CHa)m
A

© ;
I5 or any two of R* or R* when taken together are ~C(R*),-, -C(O)- or -
SiR™)2(X)mSi(R )

each R™ is independently —O-C(R*),R*, -Si(R*);, C(O)OR®, -OC(O)R™ or

(CHz)r
sio[ )

o i

each R, R*® or R* is independently H, (C,-Cg) alkyl, (C;-Cs) substituted

20 alkyl, (Cy-Cy)alkenyl, (C,-Cg) substituted alkenyl, (C,-Cs) alkynyl, (C,-Cg) substituted
alkynyl, C¢—Cy aryl, Ce—Cq substituted aryl, C;—Cyq heterocycelyl, Co—Coq substituted
heterocyelyl, Cs-Cyp arylalkyl or C5-Cy substituted arylalkyl;

cach R* is independently Cs—Cag aryl, Cs—Ca substituted aryl, or optionally
substituted heteroaryl;

25 each R” is independently H, (C-Cg)alkyl, (C,-Cy)alkenyl, (C2-Cg)alkynyl,
aryl(C;-Cy)alkyl, (Ca—Cy)earbocyclylalkyl, -C(=0)R"', -C(=0)OR !, -C(=0)NR'R"?,
-C(=0)SR™, -S(O)R"", -S(0)R", -S(ONOR™), -S(0O),(OR"), or ~SO,NR''R'%

each X*is O or CH;;
eachmis T or2;

30 each n is independently 0, 1 or 2;
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C8) al kynyl, (C3-C8)carbocyclyl, (C4-C8)carbocyclylalkyl, optionally
substituted aryl, optionally substituted heteroaryl, -C(=0)(Cl-C8)alkyl,
-S(0) " (CwOopnldeydos aryl (Cl- CB8)al kyl or Si(R3)3; or Rllpcanu$2030@2358a&ken
together with a nitrogen to which they are 15 both attached forma 3 to 7
menbered heterocyclic ring wherein any one carbon atom of said heterocyclic
ring can optionally be replaced with -0-, -S(0)- or -Ne-; or Rl1 and R12
taken together are -Si (R43)2(X42)1Si (R43) 2-; wherei n each

(C1-C8)al kyl, (C2-C8)al kenyl, (C2-C8)al kynyl or aryl (Cl-C8)al kyI of each
RL, R43, R45, RoBr®RB9Y: Rk IH&eﬂSAé’erﬂ@ H, 'h@%%@ﬁﬁ@'ﬁ“k“%’ix}(ﬁ&d)l@“a'

substltut ed”vm t”h 20 one or nore yd or de; and
wher ei n OWB''diR rﬁ)ré\lsoNQ N0 EIHIQ, chNn ﬁ?&i(%ﬁr‘bmﬁ&ﬂ@ﬁﬁ%k @H@N(@Ei‘d,

(C1-C8)al ?ﬁ( $1,0 iﬁiiy rze%a kh RIO i said met hod
conprisin (Q;R gro gﬁ\ﬁ{% (S:r(n{ﬂjg 8%5@ Formula V
wherei n R56 '%a@HR” HH'0) ORI Rt QLRI alk MAC,-Cy)alkenyl, (Co-

2010/ 093608PCT/ US2010/ 023586 5( b) 1’?r egt Fﬁg)t }\et\qcénﬁ%undyof( Formula V with a

Lewi s aci@h)ahpmd (Cedugtargoaghmt(Cuhas)carsodiSiviaiad) Gticnhldy sibptifubadrarply t he

or epalat | BB PRI A ERona ot < 2 nGor U BHBo mont of

t he net hadyalkfierr SHMBRURAR Blanf R Midkéh WgbiBier ORI harofen R2RARN 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-, -$(0),- or -NR*; or R"!
and R taken together are -Si(R™)2(X*)mSi(R*),-; and

15 wherein each (C,-Cslalkyl, (C,-Cs)alkenyl, (Co-Cyg)alkynyl or aryl(C;-Cg)alkyl
of each R', R43, R® R 8, ng, R" orR"™ is, independently, optionally substituted with
one or more halo, hydroxy, CN, N3, N(R"), or OR?; and wherein one or more of the
non-terminal carbon atoms of each said (C;-Cg)alkyl is optionally replaced with -O-, -
S(O),- or —-NR -

20 Additional independent embodiments of Formula IX are:

(a)R'is H. R'is CH..

(byR¥is NR''R"™. R*is OR". R*is SR'.

(©)R7isH. R7is NR'R"? R’ is SR".

) R*is NR'"R"”. R*is OR". R*is SR'".

25 (©)R%isH. R”is NR''R"™. R”is SR".

(d) R is OR™. R*¥is F. Each R* and R” is independently OR*™. R”is OR™
and R?is F. R*is OR™ R?is F and R* is C(O)R®. R*is OR*™, R is F and R* is
C(O)R™ wherein R* is pheny! or substituted phenyl. R?is OR* wherein R* is
C(R"),R* and R* is phenyl or substituted phenyl. R is OR™ wherein R* is CH,R*®

30  and R* is phenyl. R is OR* wherein R* is CH,R* and R*® is substituted phenyl.
Each R* and R? is OR™ wherein each R* is independently C(R*),R* and R* is
phenyl or substituted phenyl. Each R* and R? is OR* wherein each R* is CH,R* and
R* is phenyl. Each R* and R is OR* wherein each R* is CH,R™ and each R* is
independently substituted phenyl. Each R* and R? is OR™ wherein the two R* taken

35  together are ~C(R>),-. Each R* and R? is OR™ wherein the two R* taken together
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Formula Xb 15 the conmpound of Fornmula V is Fornula Vb: R8 Typi cal ly,
the nmet hod of preparing conpounds of Formula Xb fromFornula Vb is

pr ef or mredwonrom/®sdosabl e aprotic sol vent at about -78 toP8@/US2610028BeOUt 10
20 mnutes to 7 days. Non-limting exanples of suitable aprotic solvents

i nclude CH2d 2, acetonitrile, Cf2C1CH2C1 or other hal ocarbon solvents. Mre
typically, the nmethod is perfornmed at about -78 to about 25 C for about 3
hours to 7 days. The nole ratio of W) 2010/ 093608PCT/ US2010/ 023586 5t he
conmpound of Formula Vb to HSIi (R43)3 is about 1:1 to 1:10, nore typically

about s 1:z?reL@(éHg2- e 0L RAL OROTwidlen UL cflon R arcVD Lo Lewi o

acid is about to about 1: 10, nore typi caIIy about™1:1 to about 1:6.
Typi cal | yYCHRRpolEeck Bt mui %TlSLQR\A svhasiinthedwbiSi | RE3) Bigsthabout-CBI(R")-L to about

2 compounthgrrgty g e BRETEG ) D denn e b kaly e o aci ds

nmay pronogR# i ﬂhélyp&fh‘ﬂ%t&ht@ﬁlphélﬁh uglt RGNy’ fshat are commercial Iy avail abl e.
Non-1imting examples of Lew s acids conprising boron that are suitable for

pronoting thi s (@dhvisr&CoR arPe tﬁ(ﬁ(@n )ik T ppdBY idehanher swbsttust pheeyly| , et hyl |
propYl apd DH kUGl RIS ROrONAT L Lhigai et Ll FELYL gir ai e

borontr | dori'de an uor|
15Non- | i rE@R“Ft)gR"é&aﬂrpdtcelsz“éﬁnd,RW is uairepdﬁieﬁwpﬁd@; @@ubgtﬁta{elﬁ)plhsm)hyt{“gieoups t hat
are suitabl e, .for ;oronmoting this conversiop

f

tri met hyf SRyt &'t Iseoonei-handsthaen e RDtiRBH:t R s SHR 911ty

ol yfl uor I o
!torl %‘/I uoro‘srerg% Elén%% f(r)l%glt%gp%}tg }?%ﬁ {E‘fﬂ?&{ﬁl :pwrgﬁl)rone ﬁ%ﬁggdrpf onat e.
Addi t i onapyrmed-yll Riiis Cl(l@“S}aRéﬁrmhcﬁ&n@fac}Lﬁw a&dd&f’? tsndapichddnltle pﬁleﬂiyl pronot i ng
t hi s onv si.on .a o 2ZNCl2, Znl2, SnCl4,, 1 nCl3
Sc(t A 6%%&5?@&1@?%%3 Wéﬂ? t FRTEUGh et Rarfdss Pisthrare 2i ne

trifl uor ore(chanes HIMiQRARE), HRAESRUT] R? ISIW%}J;@&%%WW%@M thallium
triflate, lanthanumtritl uor onet hanesul f onat e, i ndi urr( )

trifluor dng@thamsquﬁlﬁi eR ceﬁl(di“ni)b(\o‘}autyﬂ)l Whaicn eaet Ra%ne&ﬂzfamha&oé R?

b | | aif f dol
Cr T vor offbthdn SRt BE R 55 by deRirprtRs s relonomy hs&iiGnat e,
neody m ungutdih whireld 4R RONBERERPESIENTIOPAES] o PEASEREINTHAT dnb)each R

trifl uoromet @anes %fonate sanarium (1| I? trifl uor or net, anesul fonat e,
terbﬂlﬁ’rn(ﬂrnldIB is A Wb?i‘ﬁwéhﬁ‘afﬂégultﬁb‘?mtpéeti‘a‘y%@r@sﬂéﬂ%(I K"} is tetrahydro-

1 1 vor o aesyt L anab BHLAPLYR A LLAPHTELIeOSE Lampheghol o111
yttriun(1@¢IQH).-. RY is C(O)R45 and each R* and R” is OR™ wherein the two R* taken
together are —C(CHs)a-. R* is C(R*),R* wherein each R* and R*® is independently
pheny! or substituted pheny! and each R and R? is OR* wherein the two R* taken
25  together are ~CH(R™)- wherein R* is phenyl or substituted phenyl. R* is Si(R*);
and each R* and R is OR™ wherein the two R* taken together are ~CH(R)- wherein
R* is phenyl or substituted phenyl. R’ is Si(R**),(z-butyl) wherein each R* is CHs
and each R* and R” is OR* wherein the two R* taken together are —CH(R™")- wherein
R is phenyl or substituted phenyl. R is Si(R*)(¢-butyl) wherein each R* is
30  independently phenyl or substituted phenyl and each R*and R is OR* wherein the
two R* taken together are <CH(R™)- wherein R* is phenyl or substituted phenyl.
RY is tetrahydro-2H-pyran-2-yl and each R* and R? is OR™ wherein the two R* taken
together are ~CH(R")- wherein R is phenyl or substituted phenyl. RY is C(O)R®
and each R* and R” is OR™ wherein the two R* taken together are ~CH(R’?)- wherein
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30trifluoronethanesul fonate, trifluoronethanesul fonic acid nickel salt,
hafniumtrifl uoroneht anesul fonate, bismuth(l11) trifluorornethanesul fonate,
gal | i unm( Iwb)20tord9Bdosor omet hanesul fonate, ceriun(lI1) PCT/US2010/023586
trifluoronethanesul fonate, ytterbiun(I11) trifluoronethanesul fonate,
telluriun(IV) trifluoronethanesul fonate, zirconiun(lV)
trifluoronethanesul fonate, bismuth trifluoronethanesul fonate, iron(ll)
35trifluoromet hanesul fonate, Sn(trifl uoronmethanesul fonate), I1nBr3, AuCl3,
nmontnorilite WD 2010/ 093608PCT/ US2010/ 023586 5cl ays,

Cu(t risf | udY enplicngnesubdtomad pheyl VRHAdGIORT mmmnfétmmmumr onate, and

sal en conp| exes %é Ti %ﬂggv (Bel okon, et al., Tetrahedron 2001, 771). In a
pr ef er r edUBFHEBGH PEERY! WhB 1Sdi s acid is boron trifluoride etherate. In

anot her pr ef errffﬂ‘%nmmm@mmzzt‘h@.h@%ﬁ;ﬁﬁir@&w oo b, Lhyeride etherate
and the yield of the conpound of Fornula Xb is 50% or gréater. |In another

pr ef er r edNRITBGWiRiERCHstahe RI (6kb-sRatsiF arRbisrR' 'R fR "ok aid Rétiker at e and

br ot or e BB deREe Rt RSN bk o ab it Keisist oR o pflSRsE B heive and t ne
yi el dgof dhbRcormottd Rrf iskaanaRXbNis. 0% oH, areal ey SR nRanather

enbodi nent of, the Egphod of Eseparing a conpound of Fornmula Xb, R56 of
For nul a \Wdiks 1oBH. Adds EHonad Ri kdépendent aspects of this enbodi ment 15are:

(a) RlLis H Ri,igs: .gg). Hi S, INR é\f i S, ORI . s Se,n(c) RO is
L o 6 R 1R Kt i s .Bﬁ( AR b H St o or Rem, i peigghn () RO
i ndependentik Y 1ORndR? i§ SHOR44 20and R2 is F. R4 is44, 0-2 KR is F and R44
is C(O)R45. R4 is OR44, . . . . o
(h) R'isHandR*is SR*". R'is Hand R"is SH. R is CH; and R"is SR"".
15  R'is CH; and R* is SH.
(1)R'isH, R’ is H and R*is NR''R". R'is H, R”is H and R® is NHz. R'is
CHs, R%is Hand R¥ is NR''R*. R'is CH3, R® is Hand R* is NH,. R'isH, R%is
an 18 - 1S i1, 18 T an 18 2. 18 3, K718
NR'R? and R¥*is NR''R"%. R'is H, R’ is NR''R" and R® is NH,. R'is CH3, R’ i
NR'R' and R®is NR"'R™. R'is CHs, R” is NR''R" and R® is NH.
20 (j)) R" is H and R® and R’ are independently SR'". R is CH; and R* and R’ are
independently SR

In another embodiment, the compound of Formula 1X is selected from the

group consisting of




C(0) R45 wherein R45 is phenyl or substituted phenyl. R2 is OR44 wherein R44
is, C(R45 )2R46 and R46 is phenyl or substituted phenyl. R2 is OR44

wherei n REG 208/08880%27. 46 and R46 is phenyl. R2 is OR44 wiremaispoieddssse CH2R4A6
and R46 is substituted phenyl. Each R4 and R2 is OR44 wherein each R44 is

i ndependently C(R45)2R46 and e is 25 phenyl or substituted phenyl. Each R4
and R2 is OR44 wherein each R44 is CH2R46 and R46 is phenyl. Each R4 and R2
is OR44 wherein each R44 is CH2R46 and each R46 is independently
substituted phenyl. Each R4 and R2 is OR44 wherein the two R44 taken
together are -C(R59)2-. Each R4 and R2 ig~OR44 wherein the two R44 taken
together are -C(CH3)2-s " Each R4 and R2 i OR44 wherein the fwo R44 taken
toget her are - 30 i two R44
taken together arg’ - tituted phenyl. R
4 is OR44 wbenei §C(R¢k§3 - ) f} stiW¥uted phenyl and
R is F. Bl i s\H %1 47 1 s5C(O)\R4AL.OmRA7 i s\ C(RA5) 2R46 "aHd R46 i s phenyl
or substituted _n§7 ) R47R§S CH2R46 an 46 i ‘p%enyl. R47 is CH2R46
and R46 is substiguted phenyl. Z(ﬁ s 35C( R45) 1R46 %each R45 and R46 is
i ndependent |y phenyn or substi tut phenyl. R47 is

2010/ 093608PCT/ US2010/ 023586 5Si (R43)3. R47 is Si (R43)2(t-butyl) wherein
each R43 is CH3. R47 is Si(R43)2(t-butyl) wherein each R43 is i ndependent!y
phenyl or substituted ghenyl. R47 is tetrghydro-2H pyrap-2:-y§1. R47 is
C(RA5) 2R46 wherein each R45 and R46 is independently phgny] off substituted
phenyl and each i t weoRG4 get her are
-C(CH3) 2-. RA47 is™SiHR43) 3 and, ndJR2 T8 OR erein the two R44
taken 10tpget e -NC(CH3)-2f ' i (t- butyl erein each R43
is CH3 and eac ePhh the t R445t aken together are

-C(CH3)2-. RA7:is:Si(R43)2(1t utylg v\%er ein each R43 iKﬁpendent | y phenyl

or substitut ed® 8ny| and each R4 R2 is OR44 wherei e two R44 taken
together are - )2-. RA7 is tet ydro- 2H pyran-2-y d each R4 and Rz
is OR'" wherein the two R44 taken together are -

s NH,

and or
a salt or ester thereof.
Provided is a method for preparing a compound of Formula X:

10

Formula X
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15 C(CH3)2-. R47 is C(O)R45 and each R4 and R2 is OR' wherein the two R44
taken together are -C(CH3)2-. R47 is C(R45)2R46 wherein each R45 and R46 is
i ndependewol2g1opiessegl or substituted phenyl and each R4 aou/uR201092338%14
wherein the two R44 taken together are -CH(R59)- wherein R59 is phenyl or
substituted phenyl. R47 is Si (R43)3 and each R4 and R2 is OR' wherein the
two R44 taken together are -CH(R59)- wherein 20R59 is phenyl or substituted
phenyl. R47 is Si (R43)2(t-butyl) wherein each R43 is CH3 and each R4 and R2
is OR44 wherein the two R44 taken together are -CH(R59)- wherein R59 is
phenyld or substiangeesttabhresaitior epg7 theseod ( R43) 2(t-butyl) wherein each R43 is
independer‘itl%(i phenyl or substituted phenyl and each Rdand R2 is OR44

wherei n the tWwo R44 taken toget her are -CH(R59)- wherein R59 is phenyl or

substituted phenyH, (@@L, ethahystyehMtkayf@nedswtktianel gargh R4 and R2
is OR44 wherein the two R44 taken together are -CH(R59)- wherein R59 is
phenyl or(Cstbstlkent.d€-phgsmpstituRd alenyIC(O)RaRllgmd1.d@cH fRaibalrtdteR2 i s OR44

wherein the t R44 t.oget her are -CH(R59)- wherein R59 is phenyl or
substituta@améfwé)’ﬁﬁliﬁ@%ﬂ%%ﬂq 0) R45 wherein R45 is phenyl or substituted
phenyily and R2 dagh R? o3 &)inddpendegBiiel poragent is (R43)3Si H  The reducing

agent is (R43)3Si H43wher ein R43 is (CL-C8) al kyl or substituted (Cl-C8)
al kyl . The reduach R§ iageleperident Y43 EFH2 pBSI, KC1-Cy) substitufey)alkheCd-€ &yhei d

conprises_bgron. The Lew id conprises BF3 or. BCl3. The Lewi s acid is
BF3- 0( R5§562,Czc5ﬁiﬂ§5t§m§31)'v\§: 88{3‘?%@?@@@%@128@? %&@iltﬁcéﬁﬁf?cw@r&%%%ach R53

i's i ndep (€Ll 68k CB) . I € g -(3) al kenyl ,
VO 2010/ %@%&L&/ﬁgiﬁ%yg@%&m&g%ﬁSu b %tﬁ%&%ﬁ%ﬁ Qg?% c8)

al kynyl , (C2- Gayh BithstRY itiedepahdantly -C(KB):830 SaiRy);, CORRIOCEMER T t-ut ed aryl ,
Cc2- %g heb gcic yd, C2-C20 substituted heterocyclyl, C7-C20 aryl al kyl, or
C7- sub&Ri i 8d Ur yl al kyl ; wherein each (Cl1-C8)al kyl, (C2-C8)al kenyl,
(C2-C8)al kynyl or aryl (Cl-C8)al ky,
optionally substituted with one
t he non-term nal 10carbon at ons jof eac
replaced with -0- or -S(0)n-; 53 when taken together with the
oxygen to which they are both attached farma 3 to 7 nmenbered heterocyclic

ring wherein one carbop,at Qm0f i.d h cyvel p-Chrtein 1 gptionally be
replaced with q‘é‘?yg‘?’o 82?0)(’?? ‘therﬁ%g% @g‘é?ld%’?s%sho?ﬁ@?éggnd R53 is
(C1-C8) aikyfnL.heskels; aci d conprises R57S(0)20Si (R43)3 wherein R57 is
15substituted with.two or npre hal ogens and is, (G - C8? alkyl or substituted
(Cl- C8) al kyl . <THERLShindependgnils- )R 0SSR 305HI G 72 AP -"¢C8) al ky!
substit uted with three or nmore fluorines. The Lewis acid is
trimethylsilyltriflate. The Lewis acid conprises a transition netal or salt
t hereof. The Lewis acid conprises titapi beima salt thereof.

<
o

O

crHeach R53 is, independently,
e hal ogens and wherein one or nore of
said (Cl-C8)al kyl is optionally

each R*, R® or R* is independently H, (C;-Cy) alkyl, (C,-Cs) substituted
alkyl, (Co-Cglalkenyl, (Co-Cs) substituted alkenyl, (C,-Cyg) alkynyl, (C2-Cy) substituted
alkynyl, Cs—Cyg aryl, Cs—Coy substituted aryl, Ca—Cyy heterocyclyl, Co—Cay substituted
25  heterocyelyl, C7-Cog arylalkyl or C7-Cpg substituted arylalkyl;
each R* is independently Cg~Cop aryl, Cs—Cop substituted aryl, or optionally
substituted heteroaryl;
each R® is independently H, (C;-Cyg)alkyl, (C,-Cslalkenyl, (Co-Cg)alkynyl,
aryl(C -Cg)alkyl, (Cs—Cs)carboeyelylalkyl, -C(=O)R" | -C(=0)OR "', -C(=O)NR''R",
30 -C(=0)SRY, -S(OR', -S(0O)R", -S(O)OR), -S(0)2(OR™), or —SO-NR''R"%;
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The Lewis acid conprises TiCl4. The Lewi s acid conprises a |anthanide or a
salt 20thereof. The Lewi s acid conprises scandiumor a salt thereof. The
Lewi s aciwocompms@es vanadi um or a salt thereof. The Lewcs/imedd/ oei38pri ses
tin or a salt thereof. The Lewis acid conprises SnCl4. The Lewi s acid
conprises zinc or a salt thereof. The Lew s acid conprises ZnCl2. The Lew s
acid conprises samariumor a salt thereof. The Lewi s acid conprises nickel
or a salt thereof. The Lewis acid conprises 25copper or a salt thereof. The
Lewis acid conprises alumnumor a salt thereof. The Lew s acid conprises
gold gr a sal teth&reQln o/dg..LeEW S acid conprises zinc

trifluoromet hanesul fonatc. The Lewis acid conprises indiun(lI1l)

trifluoronet handsmlifdmatle, The Lewi s acid conprises scandiun(l11l)
trifluoromethanesulfonate. ewi.s acid conprises yttriun(lIl)

30trifl uor omt%@ﬁ@éﬁ%ﬁg?tg&bl%ﬂl ONS Unl ess stated ot herwise, the
foll owi ng terngcard Phiraels iage éjéﬁwﬁﬂpﬁ @l ek NR' 'RIFARER VpEve the

foll owi ng nganings: WO 2010/ 093608PCT/ US2 10/ 023586 Wen trade names are
used her &R, NROE T.0%nNE, N2e HQ.EN nEEENBe N {GHFMENBd e -€ HaN(@Bddnane
product a enac ugy hpizngre ti(sh it h madenarre

pr odﬁg)t %‘i’{(b'& &ge(gﬂ\ﬁgr el ’n(a gl\ggrrpougf g?éghéﬁl h\e})ftla{ntl gSnI}‘ "a conpound
of Formula I" dmaR§ c&I«C’éfmﬁﬂlé}!én@énﬂEQ{ rul-agalion, (&mmmgglqu-cal ly
acceptable salt, thereof. 10 Similarly, with respect to isolatable

i nt er medi Godkynt.HE 3&&)@%@0@&1%&@@&@@?‘&@#&%@1 @f(on@lﬁﬁ)@b)mmtﬁ@mh a

corrpound of. t t ab| t t her eof .

"Alkyl " i€ t]ﬁ g?yoséléﬁ 3tr?d%8% i inénég@ﬁaqggﬁi{g Osﬁ@;&@ %bj H(tf v?%r cyclic

car bon at@gﬁkyuv‘;@rsl(@?arr@i R aad RA faén QEaLE \ﬁﬁlmahaﬁ%eﬂtdahﬁﬁ tkarhen at ons

(i.e, G-C20 alklg, 15/ to 8 carbon atons (i 108alkyl) or 1to 6
O

car bdi atWwsattached forpr o Gmrybyred Eﬁ@wv@gp PRE !é’b?lieéb@f’é' oxk legrbop b s
i ncl ude, Mgllc_i)% fér&:g/ghé hﬁé Eﬁ?ﬁ)@%ﬁ?@{%blﬁ@@mﬂ}%) S@t h IJ I&}g ?r‘@'-IZCI_B)

1- propyl

- CH( CH3) 2a)m:1 R*Z bﬂkérytog(eﬂheﬁmﬁ -8R X“),Mﬁ;ﬂZG—lZG—B) 2- rret hyI -| - pr opyI
i -Bu, butyl CR) CH 2 - CH( CH3)

ot hy 1) b GEAFFUIB 6 (oLl o R et 65O T RE b

-mzmzu@@g@,q{ﬁs I 8 V9 (! CH3) 2
2-met hyl - 2- butylk %{;d?g))zﬁmg{c%@qgg %&Eiliaézkiéi% OP%OHQB@QF%(%‘@(%) 23 .

3- met2y| -dnelumore (alGHRAGHRGHCTHBY: 2N (R E—mﬁﬁi‘yhnd whiyainydne (or GH2CH BEI3) CH2 C|—|3) ,
1-hexyl (nog_t%r%_ll%a ca%g%%lﬂl)zrl%i) éacg saqg >(((¥ -C )al%Hg 18 opluc):lll_la l?_r%p ace %I{?th 8 hexyl i
S(0),- or —=NR"-;
said method comprising :

(a) providing a compound of Formula V

25

Formula V

wherein R™ is OH, -OC{O)OR® or -OC(O)R™*;
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25CH( CH2CH3) (CH2CH2CH3) ), 2- net hyl - 2- pentyl (
3-net hyl -2- pentyl (-CH(CH3)CH(CH3) CH2CH3), 4 t hyl - 2- pentyl

(- CH( CH3)wbi2GH(as&dB2) , 3- net hyl- 3- pentyl (- C(CH3) ( CH2CHBL2)US2010/023586
2-met hyl - 3-pentyl (- CH(CH2CH3) CH(CH3)2), 2, 3-di met hyl-2-butyl
(-C(CH3)2CH(CH3) 2), 3,3-dinmethyl-2- butyl (-CH(CH3)C(CH3)3, and octyl
(-(CH2) 7CF13). 30" Al koxy" nmeans a group having the formula -0-alkyl, in
whi ch an al kyl group, as defined above, is attached to the parent nol ecul e
via an oxygen atom The al kyl portion of an al koxy group can have 1 to 20

car bory at ons (Gbg eatin!th A de@ Y Fordhulh @ ¥2h GarRQN 84 Q8B4 kedGeing@l koxy), or

C( CH3) 2CH2CH2CHB) |
ne

1 to 6 carbon a.ons(|h§., -C6 al koxy). Exanples of suitable al koxy groups
i ncl ude, 4n¢nt hates HGI(R Dri ted to, methoxy (-0-CH3 35or -O0Me), ethoxy
(- 0CH2CH3 or

- OEt t - but ox - 0- 3 or,-0tBu) and the WO
5010/ 093608PCI Db FEPGHBE Lo BRI RE TRETBE o1+ 15 an al Kyl group, as
defi ned above, ThdtoMpoGhdsUTE oRiuliDX @rd\efP @hebRPBra@bn bhaialikyy! group is
replaced with a hal ogen atom The al kyl portion of a hal oal kyl group can
have 1 tocopmpopadvdfdoansls. (i.e., C-C20 haloalkyl), 1 to 12 carbon
ato j.e., CL . car ' - al kyl') .
10E§§ﬁ%les of.%S%§§E®é$§§$géﬁ%@ﬁﬁgﬁg%g?qfﬁlogﬁg?ﬁﬁﬁpﬁééég%g &%¥%?Ped to,
-CF3, -CHF?, -CFR), -CH2CF3, and the liKke. "Al kenyl" is a hydrocarbon
cont ai ning normal, secondary, tertiary or cyggic carbon atons with at | east
one site of unsaturation, i.e. a carbon-carbpn, sp2 double bond. For
exanpl e, an al kenyl group can have %40 20 carbon atoms (i.e., C2-C20
15al kenyl ), 2 to 8 carbon atons (i.e. | kenyl), or 2 to 6 carbon
atons (i.e., C2-C6 alg¢enyl). Exanpl ui t'able al kenyl groups incl ude,
but are not limted tg, ethylene og vinyl (-C=CH2), allyl (-CH2CH=CH2),
cycl opent enyl (-05H7),Ogﬂgcﬁ-hexeny -CH2CH2CH2C112CH=CH2) . "Al kynyl" is a
hydr ocar bon cont ai ni ng-nor rfaf cgecon riiar r cyclic 20carbon atons

with at | east one site of u a carbon-carbon, sp triple
bond. For exanple, an alkynyl gro can have 2 to 20 carbon atons (i.e.,
C2-000 al kynyl), 2 to 8 cahb n atops (li.e., C2-C8 alkyne,), or 2 to 6

carbon atons (i.e., C2-C6 alk 7). Exanples of suitable al kynyl groups
i nclude, but are not Iinitedﬁﬁo,éacetylenicpropargylag&CHZC-:-CH), and the
ke Formula Xb

15  the compound of Formula V is Formula Vb:

Typically, the method of preparing compounds of Formula Xb from Formula
Vb is preformed in a suitable aprotic solvent at about -78 to 80 °C for about 10
20 minutes to 7 days. Non-limiting examples of suitable aprotic solvents include CH>Cl,,
acetonitrile, CH>CICH,Cl or other halocarbon solvents. More typically, the method is

performed at about -78 to about 25 °C for about 3 hours to 7 days. The mole ratio of
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25" Al kyl ene" refers to a saturated, branched or straight chain or cyclic
hydr ocar bon radi cal having two nonoval ent radical centers derived by the
renoval oWotem/dyadsogen atons fromthe sane or two diff @eceriS2@ankssss at ons
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 Ito 6 carbon atons. Typical alkylene

radi cal s include, but are not limted to, nethylene (-CH2-), 30 1, 1-ethyl
(-CH(CH3)-), 1,2-ethyl (-CH2CH2-), 1,1-propyl (-CH(CH2CH3)-), 1, 2-propyl
(-CH2CH(CH3)-), 1,3-propyl (-CH2CH2CH2-), 1, 4-butyl (-CH2CH2CH2CH2-), and
the liske. e compound dqdﬁ&ﬁﬂﬁfilaeﬂﬁtorﬁgl?ﬁg i@ alftut li'qst@tluf@hﬁﬁic t)%éc%ﬁg heshor .
straight chain or cyclic hydrocarbon *radi cal havi ng t wo noval ent radi cal
centers dbiitwéd. biretnde ratiomf e afmBendo! Ryundg & tatlemss fadmabhe same or two

di fferent r ar,en |.kene 2010/ 09360 / US2010/ 023586
SFor Cexania  SReitdr RonyreReRals fho @ an Raveal o 150 eehy e ok BRB 0T o 10
carbon at ks a6 td HSARE \Ciakbom (af:an® -abdwtil; Ralpr@tﬂﬁswyalb%mel .fadi cal s incl ude,
but are not linmted to, 1,2- et erne% Cl-1,---CH). "Al'kynyl ene" refers
to an unsatur aTwonﬁerawel@é&lemowadgﬁ Olﬁhiéfiﬁbd@ a@ympplé:n diosmalabon r adi cal
havi t cgni e erlved emval .of 10 two
hydrgg)envk? rg)#g%gr% e%%&hlée%g%fgm or %ngg 81rd5r11 %d’“tg C%V%?’O% par ent

al kyne. HRatluéxamMe, thanraddayylcRille aghidibi:. Cash- hﬁl\ﬂ@ngle)iaﬁlp?& Faehon atons, 1
to 10 carbon atons, or 1 to 6 carbon_ atons. Typical alkynylene radicals

i ncl ude, IS CAPWTINEE bOTow thkdre snitabiceloy Pomting ghis em)ver%%ﬁﬁrbggﬂn
CH2C- - - = |
Lo o m ¢ iiubria 8B drR SR, ok oot g el clrers Bl MGG 2000 Y

haV| ng trtmtﬂonasthjzlaethehd(tx)&);romhﬁhendaem Botdn mﬂumﬁkpmhiﬁmnlfgde}dpm@tdastl t ut ed
nlssubs ted alk f#iﬂtltm d or unsubsti ted car?oc ycly

subst t ut &GP 1’ Vet TSRS tegl Y}S ﬂ&ﬂ%rt %haf“ai“inéweof t he
ni trogen fo8, mt%lﬂﬁ%&méﬁ&ﬁare M%Hhmsnymmxmﬁneﬁmoﬂgml agkude - NH2,
-N(al kyl)2, -NH(a , -N(carbocycl yp2; - NH(carbocyclyl),

- N( het er ctuytﬁdw)ﬂzd P@ibdﬂl(ubretﬁéyiscl;f@ta]@) ter t—bu(tahdthtﬂymmH( aryl),

NCar 1) { HEEEPEREntn it ho T aa S o B B MO aiR no?

refers t qnﬁﬂmgr&atﬁp@g SRS RSIE bbitBtk W bRindtink 8RS LoNesiad kelTigr,oup.
Nonlimtin exagl es of am no groups include -N1-12, -NH(CH3), “N(CHR) 2,

- NH( @42 13, épB) 2nCly, Inﬁtspﬁ@(ﬁyﬁlqmOIanmnliqr)aze)s,sMrbenzyl ),
Nbenzylyg el SUOSLLUL S0, ldidam o LakGLS. gRasngral |y o al kyl amino

groups one’su ituted al kyl, as
defi ned hﬁﬂabﬂ‘mmdﬂ&n&iﬂlﬁﬁi&eCthhl(huirhtelﬂafﬂ, mattﬂanﬁmagﬂﬂoramman&@[fohzum ting
exanpl es of substituted al kyl am no includes -NH(al kyl ene-C(0)-0H),

- NH( al ky|lgﬁi,l@mél(lﬁ)tmﬁugpw]:h)anesuﬁeaqitgwegﬁ@_(W)Gyﬂg(ﬂ))glethancsulfonate
- N(al kyl eé?ﬁfug(gi) tgﬂgix%}ﬁje)l%nesﬁf%n?te’a% bhmgﬁnﬁg? tﬁﬂucﬁ%ﬂl@ﬁﬁ?@suﬂ%gﬁ@ carbon

radi cal derive e renova ogen atomftrom a single carbon
at om2of duteanmnﬁl)amﬁmmbmalmhmg}fslyae enndﬁmunﬁﬁb)rtpﬂeommt}mnyslulf@nma,p can have

6 to 20 carbon ato a.to 14 carb at ons to 10 carbon atons.
Typi cal P §COGYBIHY Pﬁ&iﬂaa@mﬂweﬁﬁﬁ)nﬁt&t Samaﬁ‘luf”éﬁl) radi cal s derived from

B?Bﬁgzgl (tﬁfalggpo%r%gﬁdlﬂk’éu)fonﬁb' sl s txﬁﬁﬁ%{ﬁﬂ@abaﬂb@ﬂ%ﬂl@é @9&05@1&1‘5@ fipcene,
trifluoromethanesulfonate, europium trifluoromethanesulfonate, holmium(III)
trifluoromethanesulfonate, thulium(III) trifluoromethanesulfonate, yttrium(I17)

30 trifluoromethanesulfonate, trifluoromethanesulfonic acid nickel salt, hafnium
trifluoromehtanesulfonate, bismuth(I1I) trifluoromethanesulfonate, gallium(l1ll)
trifluoromethanesulfonate, certum(1I) trifluoromethanesulfonate, ytterbium(Iil)
trifluoromethanesulfonate, tellurium(IV) trifluoromethanesulfonate, zirconium(fV)

trifluoromethanesulfonate, bismuth trifluoromethanesulfonate, iron(1l)

35  trifluoromethanesulfonate, Sn(trifluoromethanesul fonate),, InBr;, AuCl;, montmorilite
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WD 2010/ 093608PCT/ US2010/ 023586 5- Arylal kyl" refers to an acyclic alkyl

radi cal in which one of the hydrogen atons bonded to a carbon atom

typi cal | ywe 208voy8eeal or sp3 carbon atom is replaced w PhTas2@0pbk3ssadi cal .
Typi cal aryl al kyl groups include, but are not limted to, benzyl, 2-phenyl
ethan-1-yl, naphthylrn ethyl, 2-naphthylethan-I-yl, naphthobenzyl,

2- napht hophenyl et han-1-y1 and the |ike. The arylal kyl group can conprise 7
to 20 10carbon atons, e.g., the alkyl noiety is 1 to 6 carbon atons and the
aryl noiety is 6 to 14 carbon atons. "Aryl al kenyl" refers to an

acycl ¢ alldenghb(trfdireakthameswiireie)n venaiyl tﬂfhl(ﬂltyldctbgmuléwmtﬂs ahdsded to a

carbon atom . typi I 1 nal ) but an sp2

car bon atBWWkVéEPgﬁLﬁ%ggl&ﬁ%ﬂkﬂndéﬁdeﬁgﬁﬁ Qﬁﬁ%h’ﬂg}91 BS? gn of the 15
aryl al kenyibo@aferdt NGL 08&is LR is BYAMN BuoddtetRératehen Bkdther@rauRad di scl osed
herein, and the al kenyl portion of the arylal kenyl can include, for

exanple faﬁwdaﬁmﬁhbeéEWéﬁythb@ﬁw§ﬂﬂu®mkbﬁbﬂmﬁ@ﬂéﬁw)ﬂﬁﬁ@féﬁylaIkenyl group
can conprise 8 aIk t 2 to 6

car bon aBipoRhS R GRURE R IF e, 1 AR SRS, L0 0
refers tqens aqy e heodrikiioyilic t@adia6dnd the yﬂaa:dsr the eopodnief 20rhyldrigen at ons
bonded to a carbon atom typically a termnal or sp3 carbon atom but also

an sp caribo®odr grgatdrs I apitie el ¢herabodment, Fhﬁdr%i’r aciqeoseRy| portion of
the aryl %ﬂéﬁﬁl (!e € ?&%aﬁe Qﬁé ché:eylelzl %?th?e@%ﬁ%logﬁd ?f‘ﬁy(& Qluid ﬁﬁ maé(y% OPE%E,@?T glr scl osed

her ei n, portion o ynyl can 1nc
exanple any dﬁahh@mathﬂmhmgmﬁﬂﬁﬁndhs@bﬁpeﬂmhgg&ﬂdm@dﬁhéoﬁthaﬂkynyl group

can conprjse o 20 carhbon atons, e,g., the 25a noiety is 2 to 6
carbon atdhk af ?fﬁ%ﬂaa}’@ s ﬁ{s‘ &‘{E"i‘@%“‘l‘i&p@ge’&t&% E mboa%nem The term
"subski tugged" in reference to alkyl, alkylene, aryl, aryIaIkyI, al koxy,

heterocyclyl heteroaryl carbocyclyl etc. , for exanple, "substituted
al kyl " "subsKal&ksdiaR ¥K§ﬁ£" "subst i t ut ed aryl", "substituted

arylalkyl bsi ed;xh & YC and "substltuted car bocycl y1" neans
al kyl , aIkerﬁE)ﬁ' bﬁé gryl 1%@%‘ §%H§§§ncyclyl carbocyclyl respectively,

in which one qg) Rbgq;huﬁﬁqqemgﬁtgﬁgsggé each |ndependently replaced with a
non- hydrogen subs |tu £|cal substituents include, b t ar not limted

to -X, -Rb, (@)R E@R SEach-RReg, R inierdspendeniRhOR™ ¢ ' ooN

-NHC(‘-O) ﬁg%% ‘Sgcﬁo)wz&% %N%ﬂf"’“% ﬂNHglsgjé?bogz%%ag%gbé {=0) 2NRIL' 2,

-S(=0) Rb,C {ﬁﬂsﬂﬁlif(r&i@)@w'ph):ﬁylm s@s(ERE) ghenyP( RO)(ORY 2vherRh ROV 0H) 2, WO
2010/ 0936(30(%5)%144931%? 1]5\9(/18}2)}?31?/1601 substituted phenyl. R* is OR* wherein R* is CH.R™
and R* is phenyl. R” is OR™ wherein R* is CH,R* and R* is substituted phenyl.
Each R* and R” is OR* wherein each R is independently C(R¥).R" and R* is
25 phenyl or substituted phenyl. Each R* and R is OR* wherein each R* is CH,R* and
R* is phenyl. Each R* and R? is OR* wherein each R* is CH,R* and each R* is
independently substituted phenyl. Each R* and R? is OR™ wherein the two R* taken
together are <C(R™);-. Each R and R”* is OR™ wherein the two R* taken together
are —~C(CHj),-. Each R and R? is OR™ wherein the two R* taken together are —
30 CH(R™)-. Each R* and R* is OR* wherein the two R* taken together are -CH(R)-
wherein R” is phenyl or substituted phenyl. R* is OR* wherein R* is C(R¥),R%,
R* is phenyl or substituted phenyl and R* is F. R*is H.
(e) R is C(OR". RY is C(R™):R* and R* is phenyl or substituted phenyl.
R*" is CH,R* and R* is phenyl. R*" is CH,R* and R* is substituted phenyl. R* is
35 C(R™),R™ and each R* and R*® is independently phenyl or substituted phenyl. R is
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5-P(0) (ORb) (0-), -C(=0)Rb, -C(=0)X, -C(S)Rb, -C(0)ORb, -C(0)0-, -C(S)ORb,
..C(0)SR", -C(S)SRb, -C(0)NRb2, -C(S)NRb2, -C(=NR b)NRb2, where each X is
i ndependewol2g1009b@Bogen: F, C, Br, or |; and each Rb i #Crndeqpencsas |y H,
al kyl, aryl, arylalkyl, a heterocycle, or a protecting group or prodrug

nmoi ety. Al kyl ene, al kenyl ene, and al kynyl ene groups may also be simlarly
substituted. Unless otherw se 10i ndi cated, when the term "substituted"” is
used in conjunction with groups such as arylal kyl, which have two or nore
noi eti es capable of substitution, the substituents can be attached to the
aryl moi edigR*t hR*ak KyR hui-blityl) viferddotdth R*” is CHThRtie SR pioblityly” as used

herein refers to any conmpound that when administered {0 a bL)(é)A ogi cal system
gener at esVharan gadhgR s ipigdapradent]y phenylprspistititad phevbnR | 19 5ahylrpwdly ¢ of

spont anequs, chen al; RO kein SRAVET® JGaRA Haesl ehenlic Bhedypaet i on(s),
phot ol ysﬁ)?ana?ngpolg rlrsegjggﬁ‘%{c cyﬁe)éerﬁfcgl%yr egct?{gni)(és? PR pr og?ﬁ% 3?5 thus a
coval ent |sybsrivatied bechyamad egh®* shaRé it ORErwhaéinahd tver R ealtencagdthyeract i ve

conmpound. _ e . skilled int art will gmecognize that,substituents and
ot her m)i‘&(p@_éhbf tH%@%rﬁWﬁ&_@cﬁf MMSQR;WS’F%%@EWO@%‘L Fected in
or derot 0 {PERYI-AR BC@APQURE i@@&.(&kw\)\%ﬁb%@i)%ﬁefééiﬁ RN RY iSEADLE tRnAOVI de a

ic

phar naceut ca2I l'y g‘isefu'l conpound can be fornul ated intog an accept ably
stabl e phadRaceOR’ cahercmrthobid RoriakeSdngrtumdse of (b RAWNISER hae such

stabilit rne conte ted.as falljing w thin,the scope .of .th esent
i nventi oﬁ’.u?ﬁmﬁ%ﬁgﬂlaﬁi%gé%" lrsélf%Pgn eﬂ%l%ﬁh%’ly Wl S@P%Wbe%\ﬁﬁg?% anllga‘%‘rfwrmr e carbon
at ons havgd28heer*t @Rtrerare Wid R*aakates@ind am —cWah)as R *Uis tdkahodroS. For
example, if the carbon atom of 2thihe al, kél group which is attached to the

§ wae

par ent noifépriae-2ryl andshetcBdand R his &hetdesa Gmive Ry, taken togethgr argy- ¢ he

resul.t:in r oghk s ect hyel ! 44 p (e.g.,
CI:HétS egg:(. ,3E§nﬁaﬁ1¥?ég§fgé§$(} %Cﬁlﬁdﬁgaﬁﬁé%)%hmg@éﬁ% K)‘(IB(;%( gE}?eP‘r]{i oal kyl group
(e.g., - S6Eer atd -GNt &F s TR 521 Deheratnonarci R *T gl R kyihdgrentigntivhi ch i's

not attached to the 30parent nplecule is,replaced with a heteroatom (e.g.,
0, N, or PSpnylie splessignied ppopbansressh Ry pagRotsddRarghersipdisdoiRefdkenan al kyl

et her (e. B C C 59); ggﬁ:@ i AOR Y7 5z ¢ CH3,

- CH2IN( Oﬂ?f?%ﬁftheé?gg )%Hgggg;g efeg%}ikﬁ pet ebkﬁgsgm&%g%ﬁgg%i gﬂiﬁm a term nal
car bon ataarheadh RhendalkkiglORJY edpreirsthe ewb REbaikom togethchat eCOHROM Cergin, 0, N,

o o LB U SL BT grohacarc, eshselivel Ly e yarowal
al kyl t high QPRPa{ER Bis OR VWRINREOHE 936 RBPGITLUS20HEY HE3BBHRY)- wherein

R™ is phenyl or substituted phenyl. R* is Si(R"™),(s-butyl) wherein each R is

independently phenyl or substituted phenyl and each R*and R* is OR* wherein the

two R* taken together are -CH(R’ *). wherein R* is phenyl or substituted phenyl.

25 RY is tetrahydro-2H-pyran-2-yl and each R* and R? is OR* wherein the two R* taken
together are —CH(R>%)- wherein R™ is phenyl or substituted phenyl. R is C(O)R¥
and each R* and R? is OR™ wherein the two R* taken together are <CH(R’®)- wherein
R* is phenyl or substituted phenyl. R*" is C(O)R™ wherein R® is phenyl or
substituted phenyl and R?isF.

30 (f) The reducing agent 1s (R*);SiH. The reducing agent is (R*™);SiH wherein
R* is (C-Cs) alkyl or substituted (C,-Cg) alkyl. The reducing agent is
(CH3CH,);SiH.

(g) The Lewis acid comprises boron. The Lewis acid comprises BF; or BCls.
The Lewis acid is BF3-O(R™), BF3-S(R*),, BCly- O(R™), or BCl3- S(R™), wherein
35  each R* is independently (C,-Cy) alkyl, (C)-Cy) substituted alkyl, (C»-Cg)alkenyl,
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5- CH2CH2- SH) . A heteroal kyl group can have, for exanple, 1 to 20 carbon
atons, 1 to 10 carbon atons, or 1 to 6 carbon atons. A Cl-C6heteroal kyl
group neawe 2a10meB@soal kyl winp having 1 to 6 carbon at omsT/USklemeessesycl e” or
"hct erocycl yl1" as used herein includes by way of exanple and not limtation
t hose heterocycl es described in Paquette, Leo A.; Principles of 10 Mddern
Heterocyclic Chem stry (WA. Benjamn, New York, 1968), particularly
Chapters 1, 3, 4, 6, 7, and 9; The Chem stry of Heterocyclic Conpounds, A
Series of Mnographs” (John Wley & Sons, New York, 1950 to present), in

parti aul a1, Yol YIRS alﬂe%gl 16,. C%-)galkﬁ{g/? (é&cgﬁaﬁbsﬁmwﬁ@ik&g?'@é—§%%r 1( 1960)

82 5566. 1n one specific erbodi nment the invention ” terocycle i ncl udes

"car boaygekey suasut&&daf'ym(egdz@hﬁemcyMﬂeClemzo@tﬂl@tﬁtedfheﬁ&oéﬁ;lﬂ, CECo2, 3 or
4) carbon atons have been replaced with a heteroatom N, or The

terns "herBplkeler 61-Corsubpiitisd geylelkyl whigsdn easbd Cokisla é&zﬂs}@@n%am aI |y
unsaturat 0 Gi @ﬂﬁﬁ rings).
Substltutedcﬁepgagc§2#§?§ |ﬁclﬁﬂgfaggﬁ‘e?éﬁ%ﬁ%ﬁhﬁgggp cycP?c ri ngs

subst i t utsalstithted wathyonefor hfvee balbgsik iahdiehes:idoscorosed offidreaion-temahaldi ng
20car honyl groups. on- | i | e of bony stituted

het erldcy c@gfonjagm ‘ﬁghSmd(g%&@ﬁ%WE@‘@10%%5@?@&?%{ (hdF %QBBV‘Way of
exanpl e aQd otk kaE;"f‘Edg@ﬂ}ePWfth(i'kYé @x}%bﬁWH%HY}EéydaYé both %&5&1&& %&pysl dyl
(pipet-idyl), thiazolyl,” tetrahydrothi ophenyl, Sulfur oxidized

tetr ahydrtot7hn@p!bteq:ry]1¢telpyyqlmrdlgrwhe,rcm wnapgtbon 2Bnhdfenaid hetgyeyrchk yllng pyrazol yl ,

i mdazolyl, tet an t hi ht hal Q i ndol enyl
qU|nolln§phopgﬁﬁﬁwﬁ8¥ﬁﬂ?F% gh%? yggg ?h % ?Fﬁ§ﬁ§EF3gﬂﬂ } fi dony! | Y
pyrrolidipyls (czmyﬁvkg)l | HRNYdwis Ry &;@anﬂyés,ﬁ %matbls&(wé)} W HRRMH R‘” is
tetrahydrqu|noéh@%tﬁytetrah dr oi soqui nolin decahydr og- ui nol i ny

[

oct ahydr ciubgituiic lor mpre Bilagens apd ilfe(ﬁ @ alk ﬁrqrfulzstislt@dq'i(édha\qlkﬂy|
2H, 6H 1, 30 ; hre |
cobenzor I Lot TR ROML AN o %&%ﬁ%@%@ﬁ%ﬁ it trssior

i sot hi azahyie, ﬂubﬁ@é@aZIQieyIle,wwyc&&Zsl t[‘lydethyFDyFyitdﬂZtenWh,e Deﬂ/ﬁh)zldui bdﬁj}bmseb soi ndol yI ,

3Hindolyl, 1Hindazoly, purinyl, 4H quinolizinyl,
2010/ 093808 SET! USKD 20 FELBSEST. 5%1111% hwrafwﬁfpmpﬁa%ﬂwr‘mrwplt thrasHoxal i nyl ,

qui nazol "fﬁél ev\% Qlcbxjﬂé{zsespftl@ﬁ q"h ile Is%rc‘f %@é Iny hamde_or a 5'@1‘{

carbazol yl,1 olin henant |ny pyri mdinyl,
phen@@thnbﬁaﬁyHheﬁh@namnﬁybmpnhmmomﬁnamnnykmtmawaﬁaﬁWdmehemdxa2|nyI,
i sochronan

e | SR W G A

nor phol i nptle, 1. %8484 'chhﬁﬁées 591@1‘42 Oltlfe' 12404 ¥did cd9BERZ 'Z%W%QEN lﬂlﬁl&?f I ndoI yl,
benzoxazol inyl, isatinoyl, and bis-tetrahydrofiiranyl
The Lewis acid comprises ZnClh. The Lewis acid comprises samarium or a salt

thereof. The Lewis acid comprises nickel or a salt thereof. The Lewis acid comprises
25  copper or a salt thereof. The Lewis acid comprises aluminum or a salt thereof. The
Lewis acid comprises gold or a salt thereof. The Lewis acid comprises zinc
trifluoromethanesulfonate. The Lewis acid comprises indinm(1I1)
trifluoromethanesulfonate, The Lewis acid comprises scandium(IIT}
trifluoromethanesulfonate. The Lewis acid comprises yttrium(1H)

30  trifluoromethanesulfonate.

DEFINITIONS

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

intended to have the following meanings:
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By way of exanple and not |[imtation, carbon bonded heterocycles are bonded
at position 2, 3, 4, 5 or 6 of a pyridine, position 3, 4, 5 or 6 of a
pyri dazi ngo pomaiséosn 2, 4, 5, or 6 of a pyrimdine, posiPCrars2@0/023586, or 6
of a pyrazine, position 2, 3, 4, or 5 150f a furan, tetrahydrofuran,

t hi of uran, thiophene, pyrrole or tetrahydropyrrole, position 2, 4, or 5 of
an oxazol e, imdazole or thiazole, position 3, 4, or 5 of an isoxazol e,
pyrazol e, or isothiazole, position 2 or 3 of an aziridine, position 2, 3,

or 4 of an azetidine, position 2, 3, 4, 5, 6, 7, or 8 of a quinoline or

posi tison 1, 3,When Radcthambs aff usBd @red) apHRAbisIehAD R in&ﬂehﬂenﬂ@ﬁ@:iﬁ&dﬂ cally,
car bon bonded heteroe&;les i ncl ude 2- 20pyri dyl ridyl,5-pyridyl,

3-
6- pyri dylthe Sagspping 2padygt andghp petivgpppmgdceutal m@d&a&f %91” the gaggpeingazi nyl
2- pyrlnldlqgl 4-pyrimdinyl, 5-pyrimdinyl, 6- pyrimdinyl, 2-pyrazinyl,
3- pyra2|ﬂ§P %-pyrazinyl, 6-pyraziny|, 2-thiazo|y|, 4- thiazonI, or
S-thiazolyl. Bysway hefirgXaomhpoarc it ink¢rtichabt tnconfpdund geFomonaed
het er ocycl es are 25bonded at p05|t|on 1 of an a2|r|bgEé azeti di ne,
pyrrol e, P§AFsIcPEPAEd o fingmuy | |9¥@P1§m%§§%‘?a§%ﬁé‘°°%ﬁ %E‘k fereofi dazol i di ne,

2-1mdaz Céﬂnnlgﬂ%%l't}me ?{ 1'§§latamglﬁt%ﬂ‘h§ilat9§’ Ql@@ﬁ{rh&e'a AmPYLAZS 1 ne,

3-pyrazoline perazi ne, inddle, indoline, 1H ndazole,
p05|t|onl?nmhmanm&bmmdmbmmzoumuxmnmdﬁﬂmﬂ@nnpbsmﬂmbmnnmeﬂuaﬁﬂorphoI|ne, and
position 9 of carbazol e, or B-carboline. Still nore typically, nitrogen
bonded SGﬁgﬂgﬁgiVﬁptgﬂﬁﬂglude 1-aziridyl, 1-azetedyl, | -prTolyl,

1-im dazol yl, “1‘\193\4"’?szlﬂjd)‘éoaﬂﬂﬁdco%taﬂil%ﬁd)rﬂiam)é%condﬁ@ eerr%y%k Yif@lﬂc'{:ﬂbonr efers to
an acyclic aIkyI radi cal in which one of

2010/ 093&@8@6@@32%9%0@85@61 Shypleadune étt@#ﬁ cm’ma @t!mtso(l & Carbakydk om

Lyl
2 a3 (B ot g FRURN B0 b oSG St ocyer ya By

groups i nelatss cﬁ‘@ﬁﬁéﬂi@alﬁ?ﬁgrbtqm ihaddd, ouhat ebokyaby to, Gldaryl (e, -CHs),
(heterocyclyl)ethan-1-yl, and the li ke, wherein the ' heterocyclyl portion

i ncl udes g} (6% -CHL ot biveapel (ot Py naupryl té SEGHE L ABovepyli(hRT. UdFdRy 1t hose

descri bed li skilled in
the art (%ﬂc}{?%ﬁ ﬁ@ﬁgﬁéagkgfR?%éﬁﬁggggg%ﬁgﬂgﬁggfghp a%Jﬁg?attached to
E) hedal Ky Ibupdr ISM}QFHng zliﬂattglr(@g;m babtlthﬂ,lt HW{(CEM)(MM 2) 4 o{-n?ﬁqaﬂml}?ar bon

ond or a carbon-het eroat om bon W e pr e resultin rou
is cREm daBuyt-tyhrel h@?@VU@VEFQ@ &ﬁk9ﬁi§ éﬁ‘é%ﬁp%??@g 3to Zogcgrbog

o Sytcrytisceiolons el el ihagimmie |08 carbon

het er ocy dFG{EH HNI1$CHy), 3-methyl- 2—’outyi ( CH(CH3)CH(CH3)v), 3-methyl-1-butyl
(-CH,CH,CH(CHa)z), 2-methyl-1-butyl (-CH,CH(CH3)CH,CHj), 1-hexyl
(-CH,CH,CH,CH,CH,CHj), 2-hexyl (-CH(CH3)CH,CH>CH,CH3), 3-hexyl (-

25  CH{CH,CH;){CH,CH,CHjs)), 2-methyl-2-pentyl (-C{CH1),CH,CH,CHj3), 3-methyl-2-
pentyl (-CH(CH3)CH(CH;)CH>CHzs), 4-methyl-2-pentyl (-CH{CH;)CH,CH(CH3)2),
3-methyl-3-pentyl (-C(CH3}(CH2CHj),), 2-methyl-3-pentyl (-
CH(CH,CH3)CH(CH3),), 2,3-dimethyl-2-butyl (-C{CH3)»CH(CH;),), 3,3-dimethyl-2-
butyl (-CH(CH3)C(CHa)s, and octyl (-(CH;)7CHs),

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

I to 12 carbon atoms(i.e., C;-C» alkoxy), or 1 to 6 carbon atoms(i.e., C;-Cs alkoxy).
Examples of suitable alkoxy groups include, but are not limited to, methoxy (-O-CHj;

35 or-OMe), ethoxy (-OCH,CH; or -OEt), t-butoxy (-O-C(CH3)s or —OtBu) and the
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i ncl ude by way of exanple and not limtation 5-nmenbered sul fur, oxygen,
and/ or nitrogen containing heterocycles such as thiazolyl nethyl,

2-t hi azolwbeabtvamsdosyl , i m dazol yl met hyl , oxazol yl net hyl PCT/US2010/023586

t hi adi azol yl methyl, etc., 6-nmenbered sulfur, oxygen, and/or nitrogen
cont ai ni ng heterocycl es such as piperidinyl methyl, 20pi perazinyl net hyl,

nor phol i nyl met hyl , pyridinyl methyl, pyridizylnmethyl, pyrimdylnethyl,
pyrazi nyl met hyl , etc. "Het erocycl yl al kenyr refers to an acyclic

al kenyl radical in which one of the hydrogen atons bonded to a carbon atom
typi cal | ike. t erni nal or sp3 carbon atom but also a sp2 carbon atom is
replaced with, et.erocycl yl ;radical ; (4 .e, eter c - 25al kenyl ene-
noi ety). The hi{&@%""i 01“&’)?In %S/r1 £1 0t ’%Sfdetﬁﬁlggﬁrécf%r %c\&lglf:@ﬁx%%’%lgﬁvl group

i ncl udes 1BAYogRh afdhe dTehesRAyEby) isgesltRe vigsehilbgsh henelins alkyiglougbng t hose
described in Principles of Mbdern Heterocyclic Chem stry, and the al kenyl
portion off athsboafiet eronpyenr haveal et garbnalipns H(ﬂa&jegzoéﬁﬁl)?a&ﬁ’l)t h& B kenyl
groups di ) eln i | i i | | ~aks derstand t hat
t he het er%@f%a?‘ﬁ“g?%u%‘ gé%%aﬁgli’ggﬁé%@f %)l%gﬁtg {ﬁ)ténsgff "e(;lly 6%15 ion of the

het erlécy di yampadskenRyitabyhadedkg ghus icdudohuicac honlithoattoorCR, -CHE»,

car bon- het eroat om bond, with the proviso that the resulting group is

chem cal I§F§2a‘@}é€.CF$Wé‘dﬁ}éﬁc]élf%cycl yl al kenyl group conprises 4 to 20 carbon
atoms, e.g., thgahlanyhyBeeibhon Kbl lAghar 9&;\5&&9%%, @B cyghioup is 2 to
6 carbon atons and"the heterocyclyl noiety is 2 to 14 carbgn’atons.

35" Het er omyteinydt@ahkyitly lat' lepstfoae site of wmatacayioh, ioe. alckspayicarbadi padoitde whi ch one

of the hydr.ogen atons honded to a .carhon,ato typi call term nal or

2p3 car b B SBIPGRE 8T o wtpBdiadaneD etbapllisdfenteh

het ergcy cfiydnyhadifbarbbn Somsd HeCLOPaNeh M), vr 2l BRYIBAGton; 81 ¥)-C;The

het erocycl yl "portion of the heterocyclyl al kynyl group includes any of the
ngnyB ﬁ

het er ocydd r dupmplie o€ suilable dlleangl groupniarlnderyt efegws Lageted ¢, sy lang

Princi pl es of rn . He oy m str a al I rtion of the
10het er oc i Ik/‘g:lqg‘y%il)’ %ﬁ%g'%#g“ﬁg Cgﬁvpgqte?ﬂg"éé%bﬁ#g%}%ﬁg’ di scl osed
herein. neysiildiedr, tiileg,grt wil also understand that the heterocyclyl
group can be attached to the al kynyl portion of the heterocyclyl alkynyl by
neans of a cartdkynyliribemyborebon cantemntyorihet, eccvadom teurdy oméschict he provi so
D e A% gh S ek LD STk MR TREa BRI o 7" he
ol ety o B o K T e o at omat |

het er ocy dllyymnyha? im§ caibon efasts (baeChét ebaat.bor 2rio Orserbop ggpmNGA- Lot | ng

exanpl es @f suitabl e, het.er. 0 whi ch can i ncluded i.pn.the aromatic ring
i ncl ude oXSyden: EE‘&P’P%JQP,O ah %?ﬁ %Eﬁgéﬁ?o%lﬁ}-ch%% lf‘fqr%e%oiglr%%‘eistg’of 20het er oaryl

rings incice@nd! {-CotHY hRsHra QREHIC=CH g8 fHesiked in the definition of

25 “Alkylene” refers to a saturated, branched or straight chain or cyclic 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 alkane. For example, an
alkylene group can have 1 to 20 carbon atoms, | to 10 carbon atoms, or 1 to 6 carbon
atoms. Typical alkylene radicals include, but are not limited to, methylene (-CHz-),

30 1,1-ethyl (-=CH(CH;)-), 1,2-ethyl (-CH2CH,-), 1,1-propyl (-CH(CH2CH3;)-), 1,2-propyl
(-CH2CH{(CH;)-), 1,3-propyl (-CH>CH>CHz-}, 1,4-butyl (-CH,CH>CH>CH>-), and the
like.

“Alkenylene” refers to an unsaturated, branched or straight chain or cyclic
hydrocarbon radical having two monovalent radical centers derived by the removal of

35  two hydrogen atoms from the same or two different carbon atoms of a parent alkene.
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"heterocyclyl", including pyridinyl, pyrrolyl, oxazolyl, indolyl,

i soi ndolyl, purinyl, furanyl, thienyl, benzofuranyl, benzothi ophenyl,

car bazol yWwo 20mvdaeael yl , thiazolyl, isoxazolyl, pyrazol ylpcTitsedtnioazsss vyl ,

qui nol yl, isoquinolyl, ppidazyl, pyrimdyl, pyrazyl, etc. 25"Carbocycle" or
"carbocyclyl" refers to a saturated (i.e., cycloalkyl), partially
unsaturated (e.g., cycloakenyl, cycloal kadienyl, etc.) or aromatic ring
having 3 to 7 carbon atons as a nonocycle, 7 to 12 carbon atons as a

bi cycle, and up to about 20 carbon atons as a pol ycycle. Mnocyclic

car bogyclgs efiaiife, 3nd AlkényidnR@raipQas hasd 1 {ol Qomaﬂ:emtamm akd YO &arlen forhdé,ng at ons.
Bi cyclic carbocycles have 7 to 12 ring atons 30ar.r an s a bicyclo

[4,5], [®rito 6carbep aigms] @}fi@fai§9<§{lﬂﬁ§1@1@ii1°§‘561d‘@6 ‘?Wfﬁ@ﬂié)ﬁbﬁlﬁe Wéﬁged as a

bicyclo [ 6,.6], system or spiro-fused rings. Non-limting exanples
of nnnocﬁ%??%m’5§¢T%ﬁ%1es i ncl ude cycl opropyl, cyclobutyl, cycl opentyl,

1-cycl opent - | -“Aewﬂylena, 3! (P8 s i@l brarkh6y 6f m%mt cliemydyclicycl ohexyl
1-cycl ohex-1-enyl, 1- cycl ohex-2-enyl, 1-cyclohex-3-enyl, and p?enyl

Non- 1 i ni thYdQJfJ@faﬁrrﬂdeC@i wllmurwyewos%@r%@eﬁé@fs deréveddadhsrspey Hy
t t t P 23586
etr ;;%p%&%ﬁo% 5{81"115 8¢ {%ﬂ{é JHwo d}@%%{? 3%13@?‘9?13 .@%i;%’@?tﬂdﬁ%g

efers 0 an acyc I ch one of
the hydrqgﬁex@iﬂaﬁmbﬂﬁdﬂémigm@peamhmalaimm@mhm1£QMQdedEmmmbommoa%bocyclyI

radi cal as described herein. Typical, hut non i ng, ..exanpl es of

car bocycl9yildp Rypibgr aaps. i eiral dlvaylenorsiisal 1 ‘%Wg%*%@@¥5 n§1ethyl,
cyclobutyl _BYC v/l gt +C=CH-

10" Aryl heat feH%LC £ )l’ E%@ﬁght(oég (Fugét roal‘/"rﬁaéfl yggﬁg%#lf@aﬂegmﬁgr gﬁl) in which a
hydr ogen aton1Qmﬂmﬁhmﬁﬁyghemﬁphaah@mgeq@h@m\mﬁdaumamhmnmaﬂahmor a

het er cat om), has been repl aced wi.th oup geti ed herejn. The
aryl1érodﬁ@vﬁﬁTfﬁémﬁﬁﬁﬁbﬁﬂpﬁﬂﬁe8§W8§n}iﬁﬁhﬂ’ @Fﬁ&??VEné¥ up, or to
b 0%8%&@ bR RREARAI | suBlibey op&r@%s@aﬂe& &asocw?n Gbulddng

aryl het eroa group provides a chemcally stable noie 15For, exanpl e,
an aryl hathhsahk@d hegar@lyplybaw H‘avéaylmhhzajpenef Ekﬂe nftorgen h%@pmairk@tﬂeﬁi& 0-aryl,

31t encvaipifie Spg i oy AN aRY, @S LS Gtlene o
al kyl ene @i &idoggcliin Nh{%mﬁ&@@l&ﬁ% K mﬂéra@c%owe(fa@a}a Bbaydant her substituted

wi th any of the substituentsS defined or exe i'ed herein.
20" H&er ddfaidyaldyl). -N(aéksé}(lsetmcmlhrmgmrbgmlqd (hetgrogediylhed herein, in which a

hydr ogen 0 s be ed mn ar i ned herein.
Non- | i mi tﬁ%&%@%?@@ B‘@E@ FERAD k?ﬁé SR u%‘a%ﬂe% tglgr‘]w

CH2- oxazoluyihe gro%:%aﬁsﬂd@édy\hth at%dgt @Mﬂl@d @ioydj Noﬁ]ﬂﬁrtmlgrekmyﬁles oi@)mtﬁ uranyl ,

- CH2-t hi enyl benzofitrany zot hi oph - CH2- car bazol yl ,

25- CHe- uﬁrmonglude N -NH G ol WCHQMH@HX%HQI yN(Cé/:@hé)zpyrazm yl

- CH2-1i sot n ,

- CH2- ijr Iﬁnﬁgﬁf@ M % atng@()b%?edz ?qglcn;?luﬂtl:tmecgdg 1)9%%5)??%}%' ,
-CH(QH3)ggmaznyyidkﬁﬁhﬁﬁhﬁﬁ@snﬂdbﬁMﬂz&ﬁh&G}mahsdemdohq$ﬂmumkﬂﬁﬁ@& purinyl,
_ ag %g %%g&ﬂi%ﬁﬁéﬁ%“&d@(@@ﬁmﬁ a}t@g%qltwgu%(? iim%ﬁgtaﬁxﬂp%&y of’

substituted alkylamino includes -NH(alkylene-C(0)-OH), -NH(alkylene-C(O)-O-alkyl),
-N(alkylene-C(O)-OH),, -N{alkylene-C(O)-O-alkyl),, etc.
“Aryl” means an aromatic hydrocarbon radical derived by the removal of one
30  hydrogen atom from a single carbon atom of a parent aromatic ring system. For
example, an aryl group can have 6 to 20 carbon atoms, 6 to 14 carbon atoms, or 6 to 10
carbon atoms. Typical aryl groups include, but are not limited to, radicals derived from
benzene (e.g., phenyl), substituted benzene, naphthalene, anthracene, biphenyl, and the

like.
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30-CH(CH3) -i m dazolyl, -CH(CH3)-thiazolyl, -CH(CH3)-isoxazolyl,
-CH(CH3) - pyrazol yl, -CH(CH3)-isothiazolyl, -CH(CH3)-quinolyl,

CH( CH3) - iwoquinoBeos, - Cl ACH3) - pyri dazyl, - CH(CH3) - pyri nmpaylus2010/023586
-CH(CH3) - pyrazyl, etc. The term "optionally substituted” in
reference to a particular noiety of the 35conmpound of Formula 1-H (e.g.,
an optionally substituted aryl group) refers to a 5 noiety wherein all
substiutents are hydrogen or wherein one or nore of the hydrogens of the
noi ety may be replaced by substituents such as those |isted under the

definisti on of «xgyRA&At kR an RSN rRAEAIGA M dreRifacad drégdens ef erence to
a particular noiety of the conpound of Fornula 1-111 (e.g., the carbon

atons of agandbqndied €83 adrkyr atamy bipecally adpmiindalrisy” saglpingder. syeplgeed -S| or
-Nle-) means that qne re o he et hyl.ene qrou of - C8) al kyl
my b 1 ophae by 1op e il AR E AW Raen et T
-S-, or -ﬁﬁﬁmmetham-yh Thshtiyemehyn andpbihiidiain- CaT, heshtaseagd) " in reference
to an al kyl, al kenyl, alkynyl, al kylene, al kenyl ene, or al kynyl ene noi ety
refers to-nanbthoahepethanohy! i hrdke Bhomatafkylizun i sPveRes bit sien t he
first, car f th i ef: i iety.
Ther efor oy R e RCARRLRLEARE b BRalt 8RR AT AT R ey

- CH2( C*) H2(dafo2€i3s.or al kyl ene noiety -CH2(C) H2(C) H2CH2- the C* atons

woul d be considered to be the non-tenpinal carbon atons. rtain Y and Y1
al ternatives, aﬁfé]aHﬁePY]oﬁ%fﬁrst?Hé%YCi‘ﬁé eﬁgrﬁﬁlc‘(‘]o‘)l(”f%‘c}b?“%t (0) (OR). These

nitrogen i t hed; : 3 I 00 t\ff
pere rep}&gg%%? ggﬁésyﬁmwmm%@b& haahedichBy 3 (&R POBr §7°Whos ARl e

_ € charge separated groups such asR orOR respectively,
and ar e ialoeamchpd carbotbetos ik replaemlt witlp at eyl sddorad ffdwetard pedicnepitesent at i ons f or
the pi%r poa?‘y gikgrfxyi%gg ?Jcilecf-e?g)r tngm?plie,na\ilg%tf itl?eneiryi groups disclosed herein, and the

alkenyl portion of the arylalkenyl can include, for example, any of the alkenyl groups

disclosed herein. The arylalkenyl group can comprise 8 to 20 carbon atoms, e.g., the
alkenyl moiety is 2 to 6 carbon atoms and the aryl moiety is 6 to 14 carbon atoms.
“Arylalkynyl” refers to an acyclic alkynyl radical in which one of the

20  hydrogen atoms bonded to a carbon atom, typically a terminal or sp’ carbon atom, but
also an sp carbon atom, is replaced with an aryl radical. The aryl portion of the
arylalkynyl can include, for example, any of the aryl groups disclosed herein, and the
alkynyl portion of the arylalkynyl can include, for example, any of the alkynyl groups
disclosed herein. The arylalkynyl group can comprise 8 to 20 carbon atoms, e.g., the

25  alkynyl moiety is 2 to 6 carbon atoms and the aryl moiety is 6 to 14 carbon atoms.

The term “‘substituted” in reference to alkyl, alkylene, aryl, arylalkyl, alkoxy,
heterocyclvl, heteroaryl, carbocyelyl, etc. , for example, “substituted alkyl”,

“substituted alkylene”, “substituted aryl”, “substituted arylalkyl”, “substituted

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

30 heterocyclyl, carbocyelyl respectively, in which one or more hydrogen atoms are each
independently replaced with a non-hydrogen substituent. Typical substituents
include, but are not limited to, -X, -R”, -0", =0, -OR", -SR”, -§", -NR",, -N'R"s, =NR’,
-CX3, -CN, -OCN, -SCN, -N=C=0, -NCS, -NO, -NO,, =N3, -N3, -NHC(=O)R",
_OC(=0)R®, -NHC(=0)NR",, -8(=0)s-, -S(=0),0H, -S(=0):R", -08(=0),0R",

35 -S(=0pNR", -S(=O)R", -OP(=0)(OR ")z, -P(=0)(OR ")z, -P(=0)(O"), -P(=O)(OH),
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"Linker" or "link" neans a chem cal npoiety conprising a covalent bond or a
25chain of atons. Linkers include repeating units of alkyloxy (e.g.

pol yet hylwoeomyno3dEG, pol ynet hyl eneoxy) and al kyl am no (PeTgiS2010/023586

pol yet hyl eneam no, Jeffam neTn); and diacid ester and am des incl uding
sucei nate, suceinarnide, diglycolate, nmalonate, and caproatnide. The terns
such as "oxygen-Ilinked", "nitrogen-I|inked", "carbon-I|inked",

30"sul fur-1linked", or "phosphorous-linked" nean that if a bond between two
noi eties can be formed by using nore than one type of atomin a nvoiety,

t hen tshe d.cheh X tesci r t m speci fi ed.
For e>?arrp:i)e ﬂgkg{(g?ogcgn ‘Ilﬂ@kenc(gﬁﬁ nqgtr)]}g a%(?dﬁ" Qﬂg%) B%nsggg through a

ni trogen -S(OMRY -SSR GO R d -ERNES s, tEENR'A NBu;gh/haw e@xwes. or carbon

t f th th f t f
This | nvantsohidy Ky CoPhet s B garbhes errrbian’ th 2 herShem cal
structur eaiffﬁ%ﬁ%%&%dy@&soﬂ@ﬁ{oﬁecﬁﬁé gfbﬂp%'ﬁ' Qﬂﬁh’@g)m@i@iy bﬂ}(ﬁe@e sufficient

uc

nunber of Vvariables attached to pro e a val ence of 10four, the remaining
car bon suidisinvicoe.end glkméd@cgr@@spmwlwéleanmléarbmbstwm o@h@h@tﬁwﬂvlﬁé assumed
to be hydr For sexanpl. & Jhas nPLotecting

S0 re]flgg%eq 1§n§0 rTP SllPStItu ed"88sc 1? Fij‘t%wggks %?0 ?? tsuch

gr oup A conpound mas ers the

15pr oper t4rgsikof, wandhuiacé thﬂ@Hm@‘é alfcties cipablcRif oEBtituties, thf subkeuannpaund as a
whol e. The chem cal substructure of a protecting group varies wdely. One

funct i on Wfattgchsd & Bearigastoupe ‘i‘%yit%m%f‘?}é’ogﬁ an intermediate in the
synthesis of UAR BH GRbale UUBHRSHAER 1« MPMARNPIAL &l NO_Oroups and

strategies for pr deprote lon are nown 1n the art. See:
" Pr ot ect i adeniftetedso ahm@g&hsﬁte@@ﬁn&ta&zyﬁq dripeddane, V., 20 epnelidndohn W ey
& Sons, Inc. \%\/York 1. Protecting groups ar gft.egl .

15 asaresulto spontaneous emica 1'6:&(1101’1(85| enZyme catalyzed chemical reaction(s),

photolysis, and/or metabolic chemical reaction(s). A prodrug is thus a covalently
modified analog or latent form of a therapeutically active compound.
One skilled in the art will recognize that substituents and other moieties of the

compounds of Formula I-HI should be selected in order to provide a compound which is

20 sufficiently stable to provide a pharmaceutically useful compound which can be
formulated into an acceptably stable pharmaceutical composition. Compounds of
Formula I-I1T which have such stability are contemplated as falling within the scope of
the present invention.

“Heteroalkyl” refers to an alkyl group where one or more carbon atoms have

25  been replaced with a heteroatom, such as, O, N, or S. For example, if the carbon atom of
the alkyl group which is attached to the parent molecule is replaced with a heteroatom
(e.g., O, N, or 8) the resulting heteroalkyl groups are, respectively, an alkoxy group {(e.g.,
-OCHj;, eic.), an amine (e.g., -NHCH3, -N(CH3),, etc.), or a thioalkyl group {e.g.,
-SCHa). If a non-terminal carbon atom of the alkyl group which is not attached to the

30  parent molecule is replaced with a heteroatom (é. g., O, N, or S) the resulting heteroalkyl
groups are, respectively, an alkyl ether (e.g., -CH:CH,-O-CHj, etc.), an alkyl amine
{e.g., -CH,NHCH;3, -CH,N(CHs)e, ete.), or a thioatkyl ether (e.g.,-CH,-S-CHy). Ifa
terminal carbon atom of the alkyl group is replaced with a heteroatom (e.g., O, N, or ),
the resulting heteroalkyl groups are, respectively, a hydroxyalkyl group (e.g.,

35  -CH,CH;-OH), an aminoalkyl group {e.g., -CH2NH>), or an alkyl thiol group (c.g.,
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WO 2010/ 093608PCT/ US2010/ 023586 5utilized to mask the reactivity of certain
functional groups, to assist in the efficiency of desired chem cal

react i onswoeogroos@ki ng and breaki ng chem cal bonds in arcoruiesied2zae

pl anned fashion. Protection of functional groups of a conpound alters other
physi cal properties besides the reactivity of the protected functional
group, such as the polarity, lipophilicity (hydrophobicity), and other
properties which can be nmeasured 10by conmon anal ytical tools. Chenmically
protected internedi ates may thensel ves be biologically active or inactive.

Pr ot egt edC¢ROPRYPYS AMRYerédlIS? pftBichh havdl fof ELfnplantoi20 cEMBR aaSESio Opti M zed
properties in vitro and in vivo, such as passage through cellular menbranes
and resi stlmathonttpmsnonhin§ eulppgteriaty OnCohetewaliskereen ingms ahgteralieyl r ol e,

pr ot ect ed %?qﬁ_ %qd%(%hkp hﬂ&gnded t herapeutic effects may be referred to
as prodr %I’ P fUnction of a protecting group is to convert the

parental drug ‘IHH@O@CKH @ Fhigerovhayie by uidieepan arhales 8y wayios cxahglased upon
conversion of the p rodr%glln vi vo. Because active prodrugs nay_ be absorbed

more ef f eadingblipitptaamhesehasuperdcaidesrnibgd ipPateligd el Boauplssofr eat er
t tal Ad d
Doe tiny Mol A IBAHIEBALEY . A BH L NS VLAY 6O PRABIE BT TET, Lo

in the Cé@ietp&frs p,r3odr G Jgs andWt Theetlemiead of Hetermmpdiaf @spourds| & Smes of

parti cul y i npor at_the resultin oducts after deprotection, e.g.
alcohols%ﬂﬁﬁﬁ%%§§ @PgﬁvégﬂrysﬁﬁﬁégWé% qgggﬁﬂﬁﬁﬁm)nnégﬁﬁwgg it is nore
desi rabl evélfxmleé"% HHO%'QESaxﬁL@S QH@JW%M a3k 1 9bFHACIKRHS 1n g Prodrug

noi ety" nmeans a I’abi | € functional group which separates fromthe active
i nhi bi t orspedbopobodmeor éfiihe mptathol ih@tﬁrocwa’emnim lay‘catbpsyiche 2a cel |, by

hydr I Si e nati c cl eavage b roce und aard Hans,
A Al oA IV el b T P A W e ?tOBS?f@V%E fgn and
Devel Op bladclO9itn ahBerdéfdﬂg @d&b@&;‘eﬂh@f&@nﬁ“h@é&@@m@T& Eds. Harwood

Academ ¢ Publi shers, : 30191). Enzynes which are capable of an
enzymat i cha@tqcvdtvi” ncfnéﬁzﬁrsamr@ﬂd mnmp@tﬁeﬂphwﬁrt@tﬁéﬂégwé@lﬁwmmands of
the inventio st er ases,
ﬁleObIaR ﬂﬁa@%%ﬂ%%bﬂ%%@r%ﬂéggg&d%'%] §9g§gP§§§%Qg¢ §m$§03phases Pr odr ug
noi eti es k@wﬂo@elﬁuﬁng@m@dﬁaﬂﬁmls@é@bﬁltﬁd Yubsadn stk fistiosedideih ipud@hnd i city to
optim ze drug deliver bi oavailability and efficacy. 35A prodrug noiety
may i4dc w@éaoaﬁ @f@ﬁmeX ARR-ABYIing exagipl fd?fflpgcal?wl F“bSﬁV‘@d heterocyclyl is:

2010/ 093608PCT/ US2010/ 023586

OU;N\”/ NH
O
Examples of heterocycles include by way of example and not limitation

pyridyl, dihydroypyridyl, tetrahydropyridyl (piperidyl), thiazolyl,

tetrahydrothiophenyl, sulfur oxidized tetrahydrothiophenyl, pyrimidinyl, furanyl,
25  thienyl, pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl, benzofuranyl, thianaphthalenyl,

indolyl, indolenyl, quinolinyl, isoquinolinyl, benzimidazolyl, piperidinyl, 4-

piperidonyl, pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl,

tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydroquinolinyl,

octahydroisoquinolinyl, azocinyl, triazinyl, 6H-1,2 5-thiadiazinyl, 2H,6H-1,5,2-
30  dithiazinyl, thienyl, thianthrenyl, pyranyl, isobenzofuranyl, chromenyl, xanthenyl,

phenoxathinyl, 2H-pyrrolyl, isothiazolyl, isoxazolyl, pyrazinyl, pyridazinyl,

indolizinyl, isoindolyl, 3H-indolyl, 1H-indazoly, purinyl, 4H-quinolizinyl,
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5Exenpl ary prodrug noieties include the hydrolytically sensitive or labile
acyl oxynet hyl esters -Cl-170C(=0) R3 and acyl oxynet hyl carbonates

- CH20C( =OwORB10mess0e R3 i s Cl-C6 al kyl, C1-C6 substit ut edcalusgd1o/o238C20 ar vyl
or C6-C20 substituted aryl. The acyl oxyal kyl ester was used as a prodrug
strategy for carboxylic acids and then applied to phosphates and
phosphonat es by Farquhar et al 10(1983) J. Pharm Sci, 72: 324; also US
Pat ent Nos. 4816570, 4968788, 5663159 and 5792756. In certain conpounds of
the invention, a prodrug noiety is part of a phosphate group. The

acyl ox¥yal phthalest@rnaphyybéinys gdinbraldsl,iquarazplwog plisdd @ yvh piclisimdr4asls cel |
menbranes and t o enhance_oral bioavailability. A c]ose variant of the
acyl oxyal ¥yPa4 @ﬁé@?a%_@ﬂgfﬁgwyegrg@ﬁ?P%%gﬁDiiW?@@? PYT@-iﬁﬂnate), may al so
enhance 13ahalmRliRavAidnaRhli kﬂerﬁﬁxi@ziﬂl?ﬂ?éﬂnﬂ?b@nﬁxéé?n% Fo&%m&mgs of the

conmbi nations of the 1nvention. An exenplary acyl oxymet'hyl ester

pi val oyl oshyeretrybxnidazPi@Eihyl: CHACEImyL pPa@pIEHBYI3 pyranclewe mipeaaamidcy| oxymet hyl
carbonate prodrug.npiety is pival,oylo t.hyl car.bonat e oC

00c; - R AR R o ity o Y RS T bt b odr ug moi ety.
The poodriigzZOaRbEL, Yox YIRS 8 2nGLbliMe, ikRinBydhed Mi%h&rah@ﬁfb‘?ur@%ﬂ: but not
limted to those conprising a pival oyl oxynet hyl carbonate (POC) or POV
group. Alternatively, the prodrug I ey nay be sensitive to enzynmatic
potenti ated cl eavage, such as a |ab{atéd ester or a phosphonani dat e- est er
group. Aryl esters of phosphorus groupsy especially phenyl esters, are
reported to 25enhance oral bioavail%pil”’y (DeLanbert et al (1994) J. Med.
Chem 37: 498). Phenyl esters containirg.a carboxylic ester ortho to the

hosphat e have. al so peen descri hed .( Khamei nd .Torrence 1996) 1., Med.
Pon s 406 Bt way o Bemds S el M0 o o d SR e REMGBA, ot
phosphoni g pa&iien 231 45918 GRS ridSileDpdhtidHENYS 5841 ¢ b¥en BridRSnerHedfidnPOSi tion

may accel erate the hyerLysis._Benzgl anal ogs with an 30 acyl ated phenol or
an al kyl atdd5phdérdle prajpidgieparoatientZhé, bive Ao 2@ yowimsonerdtiarht.dudtertthe action

of enzynes, . ] , I.das C. ich i urn_under goes
cIeagégecéfj?ﬁ%’%gaég%ﬁgﬁ%ﬁgﬁg%%%’@%ﬁggﬁénge fﬁgﬁgﬁgéﬁﬁggg%’acid and the
qui none meihicde, ik ndrérafadioatmle, Boadpbeor @fiaddid, pocitias s, Aforproddrugs are

described by Mtchell et al (1992)1. Che Soc. Perkin Trans. 12345; Brook
et al WO &WRIYypyrazals, pisgihpazple. peyitam brooSbUBEOTIISYL6r0 23588 45Henzyl i ¢

prodrugs fave;AeeR.dasscs Padscomt 8l 8PP AnGRELHPMsitEnaSE &L, scNt aL i ng group

of an isoquinoline. Still more typically, carbon bonded heterocycles include 2-

20 pyndyl, 3-pyndyl, 4-pynidyl, 5-pyridyl, 6-pyridyl, 3-pyridazinyl, 4-pyridazinyl, 5-
pyridazinyl, 6-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 5-pyrimidinyl, 6-
pyrimidinyl, 2-pyrazinyl, 3-pyrazinyl, S-pyrazinyl, 6-pyrazinyl, 2-thiazolyl, 4-
thiazolyl, or 5-thiazolyl.

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

25  bonded at position 1 of an aziridine, azetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-
pyrroline, imidazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyrazole,
pyrazoline, 2-pyrazoline, 3-pyrazoline, piperidine, piperazine, indole, indoline, 1H-
indazole, position 2 of a isoindole, or isoindoline, position 4 of a morpholine, and
position 9 of a carbazole, or B-carboline. Still more typically, nitrogen bonded

30 heterocycles include 1-aziridyl, 1-azetedyl, 1-pyrrolyl, 1-imidazolyl, 1-pyrazolyl, and
I-pipenidinyl.

“Heterocyclylalkyl” refers to an acyclic alkyl radical in which one of the
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attached to the benzylic nethylene (dazier et al WD 91/19721).

Thi o-contai ning prodrugs are reported to be useful for the intracellular
del i very wO 2ptoompdesnat e drugs. These proesters contai n aoTaisbyloobises gr oup
in which the thiol group is either esterified with an acyl group or
conbined with another thiol group to forma disulfide. 10Deesterification
or reduction of the disulfide generates the free thio inten-nediate which
subsequent |y breaks down to the phosphoric acid and episul fide (Puech et al
(1993) Antiviral Res., 22: 155-174; Benzaria et al (1996)J. Med. Chem 39:
4958) 5 OyigldrsecRh@sRhmAtetsERbsh famendlany Reamislg o sp’Rashorstdn adr ugs of
phosphor us-contai ni ng conpounds (Erion et al, US Patent No. 6312662). 15It
is to be mpleed! wilae heferocgelshniisael.s, adetesicaelbakiyeneandickydc dwpigalm xt ur es,

t aut oner ol rphs, pseudopol,ynor phs,.of. s .w t.hi n,t he scope of
For mul a ??f’t S%Wgﬁﬁyf%?"g}?’s Eggiﬁﬁ’l%ﬁ FIIE“FI)“OEHHMS g&ﬁr@%@%k’?@éﬁ%” %fccept able salts
t her eof ameteapelaD e aby-yi e dphekled) tvhicfane el @bteroblytlyIm poktivreis claliessdagh
enantionmers and di astereoners are within the scope of the present

i nvent i orPf thoketeisryrdyiroys dessribg abeve inclugding these dsrerited deditipeinles of

bl t [ di : I hs. As
s Hor aa R Pl R Lol 1 e

conpound Hetereasicht! groupdiah be nenthed tydiealkys potionh vl €. hefdhecyely atkal by ne

pol ynor phism may result fromdifferences in crystal . packing. (packing

ol yrmor pRTEHY O6F CHPPREHRRE 91#? iF DR EERREL RO W@f‘%mg@g@aﬁﬁf ormers of
the sanme #qp ¥&EHﬂn§ g&ﬁﬂﬂﬁ %éﬁﬁﬁcﬁl%&bl@oﬁbf@&&%bfﬁlfﬂéﬁ MABLREARE ¢

crystal line pseuddpol ynor phi sm nmeans t he abi of "a hydrate or 0soI vat e of
a conpoundy tasbexdtsns,ieg. dhé fllyemirtion gEthalardalkyiggraves.! Tlfecapzsmudops! ynor phs

of t i nstanpt. invention .may exi due to differences in crystal packing

Cpaching BUalihssBrs o SRERs 250 Hhethe HopPer bt S defihitBus haen

di ff er entingi0bé By BRY 8f 3hnle hltBndt AT AL SCHEBDEEO BEIA NG yigeM &nd/or

pseudopol ynmorphi sm). The instant invention confrlses all pol ynot phs and
v

pseudopol yifroggpreentsininh beteroppdentish o$ thrgohilingthyl, Rrthiagelglethsar iyl
phar maceut j.cal cept a : Q - la - and its
phar maceutica ng@égg%‘%zgt@%%[ﬂ zh}%@f}%oq%e“ﬂg’l e22(;)" ée:%r S egesd S&Lﬂlgmr phous

solid. Asoxyged ahébehirogancanhiphoetrsatict such 88 pyiridchyimetBoMhi ch there is no
| ong-range order of the positions of the atons in the solid. This W

h
2010/2§93 60ppernyiszind eosiesiasnyhpyighy Byl edridizigrthiylvnen the crystal

size is twa r : itives, including solvents, nay be used
1fneth U ’ ( g S, may

to cr eateﬂti'r?gag]rromrﬂﬁg%’éﬁg%%,rm Sk gt:ﬁe instant invention. The instant

i nventi on conptHsescalalbeni preders td ar aeycld alkbrey] cohpd undbdicofonFofthel a |- 11 |

and their, pharmaceut.i cal acceptabl e salts. Recursive Sybstitu.ents 10
2o et o TSRBGED LB RSB T GG . BBREDE ALSTURALoh 8 SHBRASH Wil e pr osent

to a recufigl ¥§ de@b8aionl, s tBiaded Ath @¥eterodye Eﬁiiéﬁ?%i%{th%étérbl@&ly}b means t hat
a substituent may recite another instance of itsel Because of the

recu2si veallarylame- wbictic Ahs bbtewciyelyeprrson phibe rhete'rwapll'yi/alkaiyl &ge nunber of
conpound Smc%éfesba%y%rfﬁ%%% eré)c@c%frll ér(gllp\s{ @scribed herein, including those described in

Principles of Modern Heterocvelic Chemistry, and the alkenyl portion of the

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

30  the alkenyl portion of the heterocyelyl alkenyl by means of a carbon-carbon bond or a
carbon-heteroatom bond, with the proviso that the resulting group is chemically
stable. The heterocyclyl alkenyl group comprises 4 to 20 carbon atoms, e.g., the
alkenyl portion of the heterocyclyl alkenyl group 1s 2 to 6 carbon atoms and the
heterocyclyl moiety is 2 to 14 carbon atoms.

35 “Heterocyclylalkynyl” refers to an acyclic alkynyl radical in which one of the
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15 enbodi nent. For exanple, le conprises a RY substituent. RY can be R R
can be WB. WB can be W and Wl can be R or conprise substituents conprising
R One ofwonrdiowmsgosskill in the art of nedicinal chem stcy/uspaensisands t hat
the total nunber of such substituents is reasonably limted by the desired
properties of the conpound intended. Such properties include, by way of
exanple and not [imtation, physical 20properties such as nol ecul ar wei ght,
solubility or log P, application properties such as activity agai nst the

i ntended target, and practical properties such as ease of synthesis.

By way ofy@ lafondbna8d tol d Bl 4t68, tyWRaBNE tdRYiral Br &£ Clfbdh wns MRSt i t uent s
in certain enbodi nents. Typically, each recursive substituent can

i ndependeﬁﬁq%ﬂ&@G@Lhonﬁ@mnﬂifepi@ed g/ithg heperogclyg radical g e..2 heferogyeld- times in a

given emb TRt cal | I t can
i ndependezlf eggcrﬁ’91 iyg tr%g%’%t\%reorcﬁl ﬁé}%gaogt%éﬂm% e n%ygkﬁlglﬁp%%bre typically
yet, WB \ﬁhélhd&%yl’ofﬁleﬂﬁt@odwp@grouRydWChbechi:@bih ﬁclfudm@ thogerlesdribed igi ven

enbodi rrent Even nore t will occur tines and RY wi ||
occur 0 th3 ? INIsE R an Iﬁ%‘%ﬂﬂkﬁx}é’ﬂgﬁﬁﬁfﬂﬁ%ents are an

nt ended t art of
Imedl (r:l:énalh%&ﬁg%ﬁfﬂkwﬁo%%% g& %gﬁetggsag Ig{dﬁg Mlssgllé dh és'l'?l tbﬁlents To

t he degr ekillcdat t}reexruwﬂ] ale widesstanti uleatttlse ]&ﬁﬁop}l’(ﬂ?ﬁ@mup qandve aﬁadmdiment of the
i nvention e total nber wll he. determ ned forth abqve.

e e i Esor a6 Botetoieha GG B THOS o d4rtonsEaron B GE ve of t he

stated valpuenans.-Basmidied W{'ih@gﬂ@h% abedle Rl 1@%]71611(11%&1% i ncl udes

t he degree of 3berror associate measur enent t he part’ cul ar
quantl t y )stabls THee Imterpaehd sllohyl dreufFormprisséyo é@ngbﬂ@@toalsphgsmate group as

ich,my, be a dr.u erein or Y1l is, .independently,

" PN R b BR i B Y6 Sl RS B O bty phn L aen
toget her ,hetdhr&e Iﬁ(ﬁg ) B3 darlthh #akes.of W or W2 together with either R3or
R4 is -Y3- and the other of WL or W is Fornmula la; or W and W2 are each,

10i ndependent |“{Hetgogybuptestto aparmaic heterocyclyl having at least one heteroatom

in the ring. Non-limiting examples of suitable heteroatoms which can be included in

the aromatic ring include oxygen, sulfur, and nitrogen. Non-limiting examples of

20 heteroaryl rings include all of those aromatic rings listed in the definition of
“heterocyelyl”, including pyridinyl, pyrrolyl, oxazolyl, indolyl, 1soindolyl, purinyl,
furanyl, thienyl, benzofuranyl, benzothiophenyl, carbazolyl, imidazolyl, thiazolyl,
isoxazolyl, pyrazolyl, isothiazolyl, quinolyl, isoquinolyl, pyridazyl, pyrimidyl,
pyrazyl, etc.

25 “Carbocycle” or “carbocyclyl” refers to a saturated (i.e., cycloalkyl), partially
unsaturated (e.g., cycloakenyl, cycloalkadienyl, etc.) or aromatic ring having 3 to 7
carbon atoms as a monocycle, 7 to 12 carbon atoms as a bicycle, and up to about 20
carbon atoms as a polycycle. Monocyclic carbocycles have 3 to 7 ring atoms, still
more typically 5 or 6 ring atoms. Bicyclic carbocycles have 7 to 12 ring atoms, e.g.,

30  arranged as a bicyclo [4,5], [5.5], {5,6] or [6,6] system, or 9 or 10 ring atoms arranged
as a bicyclo [5,6] or [6,6] system, or spiro-fused rings. Non-limiting examples of
monocyclic carbocycles include cyclopropyl, cyclobutyl, cyclopentyl, 1-cyclopent-1-
enyl, 1-cyclopent-2-enyl, 1-cyclopent-3-enyl, cyclohexyl, 1-cyclohex-1-enyl, 1-
cyclohex-2-enyl, 1-cyclohex-3-enyl, and phenyl. Non-limiting examples of bicyclo

35  carbocycles includes naphthyl, tetrahydronapthalene, and decaline.
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M2 wher ei n: each Y2 is independently a bond, 0, CR2, NR 4N(0)(R),
N(OR), 4N(O)(OR), N-NR2, S, S-S, S(0), or S(0)2; 15each Y3 is independently
0, S, or W8 20MdB®s0, 1 or 2; each RY is independeatrius2040/08358€C , Br,
1, H R -C(-Y1 )R -C(Y1)0R - C(=Y1)N(R 2, -N(R 2, -+N(R 3, -SR, -S(0)R
-S(0)2R, -S(0)(0OR), -S(0)2(0R), - 0C(=Y1)R -0C(=Y1)OR -0C(=Y1)(N(R) 2),
-SC(=Y1)R, -SC(=Y1)OR, 20 SC(=Y1)(N(R2), -N(RC(=Y1)R -N(R C(=Y1)0R, or
-N(R C(=Y1)N(R) 2, -SO2NR2, -CN, -N3, -NO2, -OR, a protecting group or W;

o AR ke 1O, R, LS, ST SRR 81T Sl g car ooyl
group, orpifRfseh QRN nded to a carbon atéRY isteplaced with a calbocyclyl radical as

described herein. Typical, but non-limiting, examples of carbocyclylalkyl groups

include cyclopropylmethyl, cyclopropylethyl, cyclobutylmethyl, cyclopentylmethyl

and cyclohexylmethyl.

10 “Arylheteroalkyl” refers to a heteroalkyl as defined herein, in which a
hvdrogen atom (which may be attached either to a carbon atom or a heteroatom) has
been replaced with an aryl group as defined herein. The aryl groups may be bonded
to a carbon atom of the heteroalkyl group, or to a heteroatom of the heteroalkyl group,
provided that the resulting arylheteroalkyl group provides a chemically stable moiety.

15 For examplie, an arylheteroalkyl group can have the general formulae -alkylene-
O-arvl, -alkylene-O-alkylene-aryl, -alkylene-NH-aryl, -alkylene-NH-alkylene-aryl,
-alkylene-S-aryl, -alkylene-S-alkylene-aryl, etc. In addition, any of the alkylene
moieties in the general formulae above can be further substituted with any of the
substituents defined or exemplified herein.

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

25  -CH,-imidazolyl, -CH,-thiazolyl, -CH»-isoxazolyl, -CH,-pyrazolyl, ~-CH:-isothiazolyl,
-CHz-quinolyl, -CHs-isoquinolyl, -CH,-pyridazyl, -CHz-pyrimidyl, -CH-pyrazyl,
-CH(CHs)-pyridinyl, ~<CH(CHs)-pyrrolyl, -CH(CHj3)-oxazolyl, -CH(CHj3)-indolyl,
-CH(CHj3)-isoindolyl, -CH{CH;)-purinyl, -CH(CH,)-furanyl, -CH(CH3;)-thienyl,
-CH(CHs;)-benzofuranyl, -CH(CH;)-benzothiophenyl, -CH(CHj)-carbazolyl,

30  -CH(CHj)-imidazolyl, -<CH(CHs)-thiazolyl, -CH{(CH;)-isoxazolyl,
-CH(CH;)-pyrazolyl, -CH(CHzs)-isothiazolyl, -CH(CH;)-quinolyl,
-CH(CHs;)-isoguinolyl, -CH(CHj;)-pyridazyl, -CH(CHj3)-pyrimidyl,
-CH(CHs;)}-pyrazyl, etc.

The term “optionally substituted” in reference to a particular moiety of the

35  compound of Formula I-HI (e.g., an optionally substituted aryl group) refers to a
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2 Md wherein: Ma, Mc, and Md are independently O or 1; MZ2c is 0, 1,
, 3, 4, 5, 6, 7, 8 9, 10, 11 or 12; each Ris H, halogen, (C1-C8) alkyl,
Cl- C8) swb=bionoese@d al kyl, (C2-C8) al kenyl, 10(C2-C8) swrhItistammessas kenyl ,
(C2-C8) al kynyl, (C2-C8) substituted al kynyl, C6-C20 aryl, C6-C20
substituted aryl, C2-C20 heterocycle, C2-C20 substituted heterocyclyl,

aryl al kyl, substituted arylal kyl or a protecting group; W is W
or W; W is R -C(Y1)R, -C(YlI)W, -SO2RY, or -S02Ws; and Wb is a
carbocycl e or a heterocycle wherein Wo is independently substituted with O

to 3 RY 130/, f @;\g}]

|ndepe%ndent1’$ su %§1F|3%13F2 t&ﬁigg %ﬂog& r%ﬁﬁ)‘g’% 9](;:g}lfic/l)l‘ba‘%‘ g?%rg Ur at ed,
unsat ur at ddhomostyomay be replavgd be nprstigicny sachmmﬁmsmlustd:ﬂ et the defintioaycl e or
het erocycl g, Wb rra%, have 3 to 10 ring atons, e.g., 3 to 7 ring atons. The
W5 rings r sushifiv St ed when cont ai ni ng 3 ring atons, saturated 20 or

nono- unsat ur at'gek Whe Ry RRALR RibDPed® ih irO8redLOMFa éﬁ&&éﬁh@i@ty STthdTONO-  Or

di -unsat urated when containing 5 ring atons, and saturated, nono- or

di - unsat woatmedpd of Fanohal- IIJ:(m@eﬂheambpammg)f@aldl(ﬁg(éla@mé maybe A W
heter cycl be, a ycle h ng 3 to ring nmenbers t.o 6 carbon
ot ol tandi P Rlabed TR e <o EXk elmipbiind g W pTEREER IS Ccl e
havi ng 250ty &f@hd@@@ﬂﬁﬁiﬂ%@ﬁ&epmc&awhoa &t 196% Ak drohs speligb@r oat or ns
selected fromN, O, W5 het erocyclic nonocycles may have 3 to 6
ring atonﬁ?g(ZQo*SB Qfaﬂ\%rﬂ atoms and 1 to 2 heteroatonms selected fromN, O,
and S); or a”%ﬁ“ﬁ fs et er oat ons
sel ected from e%ﬂé# %?m e{%f%ogjyac?lﬁg b]?lcr} eﬁeﬁ%@@ﬁ@%algﬂé glk%f)yri ng atons (6

to 9 car bakymi, Qﬂ@]cﬁ!&ﬂalkeﬁﬂerﬁ: &e&lbgh@%emlstglrei@tﬁd t30Earleon MpmOin ted S)
arranged as a bicyclo [4, LS 5], [5, 61 [6,6] systemy or 9 to 10 WO
2010/ ]%9 3ggglp@~¢b@32@g§@pgggtg@6n he'first carbon atom of the moicty and the last carbon

atom in the moiety. Therefore, by way of example and not limitation, in the alkyl

moiety -CHo(CYHo(CYH.CH; or alkylene moiety ~CHa(CHH(CHH,CH,- the C

~N<

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

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

L]
N, N
be represented by charge separated groups such as / \R or / \OR
respectively, and are intended to be equivalent to the aforementioned representations
for the purposes of describing this invention.
"Linker" or “link” means a chemical moiety comprising a covalent bond or a
25  chain of atoms. Linkers include repeating units of alkyloxy (e.g. polyethyleneoxy,
PEG, polymethyleneoxy) and alkylamino {e.g. polyethyleneamino, Jeffamine™); and
diacid ester and amides mcluding succinate, succinamide, diglycolate, malonate, and
caproamide.
The terms such as “oxygen-linked”, “nitrogen-linked”, “carbon-linked”,
30 “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
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5ring atons (8 to 9 carbon atons and 1 to 2 hetero atons selected fromN
and S) arranged as a bicyclo [5,6] or [6,6] system The W heterocycle nmay
be bondedwoaoiidsdesough a carbon, nitrogen, sulfur or otrhenssatiomeizge a
stabl e coval ent bond. W» heterocycl es include for exanple, pyridyl,

di hydropyridyl isoners, piperidine, pyridazinyl, pyrimdinyl,

pyrazinyl, oxazolyl, imdazolyl, 10thiazolyl, isoxazolyl, pyrazolyl,
i sot hi azol yl, furanyl, thiofuranyl, thienyl, and pyrrolyl. W al so
i ncludes, but is not limted to, exanples such as: cse N, and

Wb carboGtihescidhdultdsaye tesudibynib8gdnndepeTdeiirhio ablashihbithesd W th O to
3 15R groups, as defined above. For exanple, substituted Wb carbocycl es
i ncl ude: tlgugh 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
10 four, the remaining carbon substitutents needed to provide a valence of four should be

assumed to be hydrogen. For exampie,

has the same meaning as

“Protecting group” refers to a moiety of a compound that masks or alters the
1.5 properties of a functional group or the properties of the compound as a whole. The
chemical substructure of a protecting group varies widely. One function of a
protecting group is to serve as an intermediate in the synthesis of the parental drug
substance. Chemical protecting groups and strategies for protection/deprotection are
well known 1n the art. See: "Protective Groups in Organic Chemistry”, Theodora W.

20 Greene (John Wiley & Sons, Ine., New York, 1991. Protecting groups are often



[\ t'"NH/NH) -NNH\ / -NO -NSH / -N SO Exanpl es of substituted

phenyl

10

15

20

25

30

35

ear bocycl es i ncl ude:

WO 2010/093608 PCT/US2010/023586

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 vitro and in vive, such as passage through cellular membranes and
resistance to enzymatic degradation or sequestration. In this role, protected
compounds with intended therapeutic effects may be referred to as prodrugs. Another
function of a protecting group is to convert the parental drug into a prodrug, whereby
the parental drug 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 1s 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
lipophtlicity to optimize drug delivery, bioavailability and efficacy.

A prodrug moiety may include an active metabolite or drug itself.
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substructures such as: Rx wherein each Y2b is, independently, 0 or
N(R). In a preferred enbodi nent, each Y2b 15is 0 and each Rx is

I ndependewl2910/09%¥08 2010/ 093608PCT/ US2010/ 023586 ML2c 5 waEruskenonk3ste is 1,
2 or 3 and each Y2 is independently a bond, 0, CR, or S. In another
preferred enbodi nent, one Y2b-le is NH(R) and the other Y2b-le is 0-R
wherein le is: M 2c 10 wherein ML2c is 2. In another preferred enbodi nent,
each Y2b is 0 and each Rx is independently: M 2c wherein M2c is 2. In
anot her preferred enbodi ment, each Y2b is 0 and each le is independently:

M 2c 5 whereing u%%?rddg@“ﬂo%%eé fhefadR AN ydPolyRELaliFRRusif R odi ment s

of w2 substruct
acyloxymethyl esters —CH,OC(=0)R™ and acyloxymethyl carbonates

—CH,OC(=0)OR* where R* is C,—C, alkyl, C1—Cj substituted alkyl, Ce—Cap aryl or
Cg~Cap 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

10 (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

15  oral bioavailability as a prodrug moiety in the compounds of the combinations of the
invention. An exemplary acyloxymethyl ester is pivaloyloxymethoxy, (POM)
—CH,OC(=0)C(CHa1);. An exemplary acyloxymethyl carbonate prodrug moiety 1s
pivaloyloxymethylcarbonate (POC) —CH>OC(=0)OC(CHs)s.

The phosphate group may be a phosphate prodrug moiety. The prodrug

20  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

25  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

30  acylated phenol or an alkylated phenol may generate the phenolic compound through
the action of enzymes, ¢.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. 12345; Brook et al WO 91/19721. Still other
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of Fornmulas I-111 conpounds include 5RY wherein each Y3 is, independently,
O or N(R. In a preferred enbodi nent, each Y3 is 0. In another preferred
enbodi nenwotzhm/msdast ruct ure is: wherein RY is Wb as defcmams20ieneissc

Anot her enbodi nent of w2of Fornul a 1411 i ncl udes the substructures:
15wherein each Ye is, independently, 0, N(R) or S. Another enbodi ment of w2
of Foinmula I-111 conpounds includes the substructures wherein one of W or
W2 together with either R3 or R4 is - 5 Y3- and the other of W or W is
Forrmula la. Such an enbodinent is represented by a conpound of Fornula Ib

sel ectsed Yeh@¥Tc prodrugs have been described containing a carboxylic ester-containing group
attached to the benzylic methylene (Glazier et al WO 91/19721). Thio-containing
prodrugs are reported to be useful for the intracellular delivery of phosphonate drugs.
These proesters contain an ethylthio group in which the thiol group is either esterified
with an acyl group or combined with another thiol group to form a disulfide.

10 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).

15 It is to be noted that all enantiomers, diastereomers, and racemic mixtures,
tautomers, polymorphs, pseudopolymorphs of compounds within the scope of
Formula I, Formula II, or Formula I1I and pharmaceutically acceptable salts thereof
are embraced by the present invention. All mixtures of such enantiomers and
diastercomers are within the scope of the present invention.

20 A compound of Formula I-IIl and its pharmaceutically acceptable salts may
exist as different polymorphs or pseudopolymorphs. As used herein, crystalline
polymorphism means the ability of a crystalline compound to exist in different crystal
structures. The crystalline polymorphism may result from differences in crystal
packing {packing polymorphism) or differences in packing between different

25  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

30 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 [-1II and its pharmaceutically acceptable salts may
also exist as an amorphous solid. As used herein, an amorphous solid is a solid in

35  which there is no long-range order of the positions of the atoms in the solid. This
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R8 or R8 5 Formula Ib In a preferred enbodi nent of Formula I b, each
Y and Y3 is 0. In another preferred enbodi nent of Formula |b, Wl or w2 is

r2b_ Y | evoeaon¥qsY3 and Y2b is O and le is: PCT/US2010/023586

M 2c 10wherein ML2c is 1, 2 or 3 and each Y2 is independently a bond, O,

CR2, or S. In another preferred enbodi nent of Fornula | bor W2 is y2b_Rx; ,
Weach Y, Y3 and Y2b is 0 and 17.' is:

5  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-11 and their pharmaceutically acceptable salts.

Recursive Substituents

10
Selected substituents comprising the compounds of the invention 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
15  embodiment. For example, R* comprises a R 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
20 properties such as molecular weight, solubility or log P, application properties such as
activity against the intended target, and practical properties such as ease of synthesis.
By way of example and not limitation, W* and RY are recursive substituents in
certain embodiments. Typically, each recursive substituent can independently occur
12,11,10,9,8,7,6,5,4,3,2,1, or 0, times 10 a given embodiment. More typically,
25  each recursive substituent can independently occur 10 or fewer times in a given
embodiment. More typically yet, W will occur 0 to 8 times, RY will occur 0 to 6
times in a given embodiment. Even more typically, W? will oceur 0 to 6 times and R”
will occur 0 to 4 times in a given embodiment.
Recursive substituents are an intended aspect of the invention. One of
30  ordinary 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

35  error associated with measurement of the particular quantity).
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M 2C 15 wherein MI 2c is 2. In another preferred enbodi nent of Formula Ib,
Wor W is Y2'-R: each Y, Y3 and Y2b is O and leis: RYR M 2c 5 wherein

ML2c is Iwendiox®34s a bond, 0, or CR2. Anot hercerdsoaiomessse of
i ncl udes a substructure: of Formula 1411 conpounds Wb y27
5 The compounds of the Formula I-11I may comprise a phosphate group as R’
|
W*///ng
which may be a prodrug motety w? wherein each Y or Y' is,

independently, O, S, NR, "N(O)(R), N(OR), "N(O}(OR), or N-NR»; W' and W?,
when taken together, are —Y3(C(]E{y_)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,

10 independently, a group of Formula la:

wherein:
each Y? is independently a bond, O, CRy, NR, "N(O)(R), N(OR), "N(0O)(OR),
N-NR,, §, 8-8, S(0), or S(O)z;
15 each Y is independently O, S, or NR;
M2is G, 1 or2;
each RY is independently H, F, Cl, Br, I, OH, R, -C(=Y")R, -C(=YOR, -
C=Y INR), -N(R)a, - N(R)3, -SR, -S(O)R, -S(O):R, -S(O)(OR), -S(0)2(OR), -
OC(=YR, -OC(=Y)OR, -OC(=Y)(N(R),), -SC(=YHR, -SC(=Y"OR, -
20 SCEYHIN(R),), -NRICEYHR, -NR)C(=Y"YOR, or -N(R)C(=Y")N(R)s, ~SO.NR,,
~CN, =N3, —=NO,, —OR, a protecting group or W3; or when taken together, two R” on
the same carbon atom form a carbocyelic ring of 3 to 7 carbon atoms;

each R" is independently R, a protecting group, or the formula:
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10 wherein Wb is a carbocycle such as phenyl or substituted phenyl. In

anot her enbodi nent, the substructure is: 0 RY \P\ y2h 0 wherein Y2b is O
or N(R) awd 20tweopdeenyl carbocycle is substituted with OPCo/UB203009e33890s. |In
anot her enbodi ment of the substructure, Rx is: wherein M2c is 1, 2 or 3
and each Y2 is independently a bond, 0, CR, or S. substructures: 0

".-0 CH3 PPNCR O

Y' vy RY '
2 2 R’
Y y? Y
\
M1d

R
5 M1a M12c M1c .

wherein:
Mla, Mlc, and M1d are independently 0 or 1;
Ml2¢is0,1,2,3,4,5,6,7,8,9,10, 11 or 12;
each R is H, halogen, (C;-Cy) alkyl, (C,-Cy) substituted alkyl, (C,-Cy) alkenyl,
10 (C;-Cy) substituted alkenyl, (C2-Cy) alkynyl, (C,-Cs) substituted alkynyl, Ce—Coy aryl,
C¢—Cyp substituted aryl, C,—Cxg heterocycle, Co—Cap substituted heterocyclyl,
arylalkyl, substituted arylalkyl or a protecting group;
W is W! or WY W is R, -C(YNRY, -C(Y)W?, -SO,R?, or -SO,W*; and W’ is
a carbocycle or a heterocycle wherein W* is independently substituted with 0 to 3 RY
15 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
20 or mono-unsaturated when containing 4 ring atoms, saturated, or mono- or di-
unsaturated when containing 5 ring atoms, and saturated, mono- or di-unsaturated, or
aromatic when 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
25 7 to 10 ring members (4 to 9 carbon atoms and 1 to 3 heteroatoms selected from N, O,
P, and S). W’ heterocyclic monocycles may have 3 to 6 ring atoms (2 to 5 carbon
atoms and 1 to 2 heteroatoms selected from N, O, and S); 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 I to 2 heteroatoms selected

30  from N, O, and S} arranged as a bicyclo [4,5], [5,5], [5,6], or [6,0] system; or 9 to 10
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CH3 P\OOR 0OandO The chiral carbon of the amno acid and | actate noieties
may be either the Ror S configuration or the racem c m xture. RY y2 0O
- 2 wher eiwoeamnoYedsi s, i ndependently, -0- or -NH. |n amatrhmseolpnesses r ed
enbodi nent, RY is (Cl1-C8) al kyl, (Cl1-C8) substituted al kyl, (C2-C8)

al kenyl, (C2-C8) substituted al kenyl, (C2-C8) al kynyl or (C2-C8)
substituted al kynyl. In another preferred 15 enbodinent, RY is (C3-C8)

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

| k I C2-C8 | k I tituted Ik I R CH3. |
gnote E)ér ﬁ%%&?é?m)é&ﬁa@r%%w%&?&swmf 3@53@§R gcw{%mc%gg abs'tlstut ed "

al kyl, (g%[ﬁ@%déé eﬁgyéi?&f{@%r%)ﬁi Svsh | i OFF 1Rld6: ¥ eméﬁge Foac@tdynyl or

(C2-CB) I'tut s CH3; and each is ™ . Ina preferred
enbodinenhun@%aaadmmanaogﬂxsMﬁkZ@mﬂkﬂaﬁﬁﬂaRGﬁMﬂSZGmﬂﬁﬁ2@5&6 5|ndependently,

ni trogen-1|ink nat ur currin m no uraII occurrin
aninogacid es?@ﬁéewIWy %ﬁ@ﬁ §F '%Pg idi&%h gﬁ@‘W% are, °
i ndepende@f,éryam@@wa&myy ﬁgﬁﬁ&%g{‘%y%zwﬂ KAXYZiRRT Q%Miy'l Gz 681,07

natural | y-occurring ic acid esters wherein'the acid or
est erl0i s thiaalet 1soaamiyihma@1ﬁyit Hethméd,rfgwﬂg tloafpranyl, (thienyl, and

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

SN N
QA‘ /f' O\f
N7 X

H _N
- Cg/\ , ;J/X

s N 5
X_‘E)S , gj)\ , and N\\:?/ :

W carboeycles and heterocycles may be independently substitated with 0 to 3

15 R groups, as defined above. For example, substituted W* carbocycles include:
OH

=
1@ 1{5‘\‘\»} ’
N/—\O CENH
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10Anot her enbodi nent of w2of Fornula |, Fornula H, or Forrmula IIl is
substructure: 0 Rx In one preferred enbodi nent each Rx is, independently,
(C1-C8) awbybio/dissoanot her preferred enbodi nent each Rx ipsl/uspaepessdent |y,
C6-C70 aryl or C6-C20 substituted 15aryl. In a preferred enbodinment, is
selected from Another enbodiment of of Formulas 1- | is substructure 10
wherein W and W2 are independently selected fromone of the forrmulas in
Tabl es 20. 1-20. 37 and Table 30.1 below. The vari abl es used in Tabl es
20.1-20.37 (e.g., W3, R21, etc.) pertain only to Tables 20 1-20. 37, unl ess

ot herw se i ndi cat ed. T ari ables u in Tabl es 20. 20 37 have the
fol l owing definiti eac HR21 ndep ppently?tL_ ( )al kyl; 15each
R22 is independently or erein eachnR24/ 1 s |ndependently

substituted with 0 to 3 R23 V\D 2010/ 093608PCT/ US2010/ 023586 5each R23 is
i ndependently R23a, R23b, R23c or R23d, provided that when R23 is bound to
a heteroatom then R23 is R23c or R23d,;
}]—N © {—N SH } —N S0,
5 __/ N/ \__/

Examples of substituted phenyl carbocycles include:

HN HN o
S L
0 0 ©
N\

N N
0 0 0 O\
_\_< _\——o NH
NH, }‘NHz ) NHz
o O
\ \ N
10
Y
i
WP/,/P——~€
Embodiments of W2 of Formula I-11I compounds mclude

substructures such as:

RX
wherein cach Y is, independently, O or N(R). In a preferred embodiment, each Y

15  is O and each R"is independently:
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each R23a is independently F, A, Br, I, -CN, N3 or -NO2; each R23b is

i ndependently Y21; each R23" is independently -R2x, -N(R2x)(R2x), - SR2x,

- S(0) R2x,woS(Dy@sds, 10S(0) (0R2x), -S(0)2(0R2x), -O0C(=YPLYRA2010/023586
-0C(=Y21) OR2x, -0C(-Y21) (N(R2x) (R2x)), -SC(=Y21)R2x, SC(-Y21)0R2x,
-SC(=Y21) (N(R2x) (R2x)), N(R2X)C()R2X, _------ Y2/ N(R2x) C(=Y21) OR2x, or
-N(R2x) c(_y21) (N(R2.) (R2x)) ; each R23d is independently -C(=Y21)R2.,
c"21)0R2x or a C(---Y2')(N(R2)(R2x)),; 15each R2x is independently H,

(C -C8)al kyl, (C2-C8)al kenyl, (C2-C8)al kynyl, aryl, heteroaryl; or two R2x
taken together with a nitrogen-to which they are both attached forma 3 to
7 menbered heterocycli rein any onecearbon atom of said

het erocyclic ring can be repl aced th -0-, -S- or -NR21-; and
ermnal carb at ons of g&h said
Wi th ﬂ@rr’fgffgr -NR21-; each R24

wherein one or nore of |the
(C1-C8)al kyl may

C2- C8) al kenyl, or (C2-C8)al kynyl; each R25
i s independently R24 wherein ealli2R24 is substituted with 0 to 3 R23

i s independently (

gro each R25a ndependen Cl1- C8).al C8).al kenyl ene, or
(Czup§508713ﬂf¢é9ﬁ§/1?élri§ 13%91 ﬁ@%ﬁchm\zﬂéw §%"rﬂ3€ie’e@1/ g%‘)dapkﬁ{é %1) S

(C2-C8) a'éﬁ%ﬂ%@?@re‘arﬂ Gdim &) fhle PR QDR HIR) ME bind} 98 Rt @3 R23

groups; eac I'sin epen ently w24 w25; each W24 is independently R25,
-c(=y21) RXerein® ¥y 21) W25 7 SO02R25, or -

S CR
M12¢

10 wherein M12cis 2. In another preferred embodiment, each Y? is O and each R* is

S CR

M12c

independently:

wherein M12c¢ is 2. In another preferred embodiment, each Y is O and each R* is

independently:

15 M12c
wherein M12¢ is 1 and Y?is a bond, O, or CR..

I
P
W1
Other embodiments of w? of Formulas I-1TI compounds include

substructures such as:
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SO2W25; 30each W25 is independently carbocycle or heterocycle wherein W25

I s i ndependently substituted with 0 to 3 R22 groups; and each Y21 is
i ndependewl2g100098608S. WD 2010/ 093608PCT/ US2010/ 023586 PTahiseo18023586
R214\ 0C H3 000 456 H3 H3 0 78 Table 20.2 OH30CH 3

RY
3
2/ "
7 P\

Lll'-L YS RY

y
5 SR
wherein each Y is, independently, O or N(R). In a preferred embodiment, each Y” is

O. In another preferred embodiment the substructure is:
0
O
e
v N

RY
wherein RY is W° as defined herein.
10
Y
||
W1/7P %
Another embodiment of w2 of Formula I-11] includes the

substructures:

R

0 YE_
¥
Iﬁ—*‘{Zc/H{ A
-« \ 0
YAT—yys

15  wherein cach Y™ is, independently, O, N(R) or S.
Y

|

W

Another embodiment of w? of Formula I-111 compounds

includes the substructures wherein one of W' or W together with either R® or R* is —
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0 9 CH3 CH300O0CHS 10 10 11 WO 2010/093608PCT/ US2010/ 023586 5Tabl e
20.3 CH3 / W CH3CH3
WO 2010/093608 PCT/US2010/023586

5 Y’- and the other of W' or W” is Formula la. Such an embodiment is represented by a

compound of Formula Ib selected from:
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0 RS ?..". ,....)--.0...,RR4 0 o000 121314 CH3CH3CH3 _..",,,0..,?
--..0.------- e R210HO- - CH3 000 151617 CH3CH3 0 00 1819 Table 20.4
CH3 ? 0 owdQo(or433608 PCT/US2010/023586

Formula Ib

In a preferred embodiment of Formula Ib, each Y and Y? is O. In another preferred

embodiment of Formula Ib, W' or W2 is Y"-R*; each Y, Y° and Y**is O and R is:

10 wherein M12cis 1, 2 or 3 and each Y7 is independently a bond, O, CR,, or S. In
another preferred embodiment of Formula Ib, W' or W is YwaR"; each Y, Y3 and Y

is O and R*is:
S CRs

M12¢c

15 wherein M12¢is 2. In another preferred embodiment of Formula Ib, W’ or W is Y-

R*: each Y, Y’ and Y? is O and R* is:
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@ ' - L eeeoo- ---0 0 0 22 CH3 ?--,0.---0--. ./ CH3 0CH3 21

CH3 CH3 WD 20107 093608PCT/ US2010/ 023586 5Tabl e 20.5 H3C, , H 3C RR 25
262728 HW8OHoBDLHS" PCT/US2010/023586

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

|
W1/'/P :
Another embodiment of W2 of Formula I-H1 compounds
mcludes a substructure:
0O
[ =
i Y2
W5
YZ

10 wherein W’ is a carbocycle such as phenyl or substituted phenyl. In another

embodiment, the substructure is:

N
‘ ~ (Rlo-s
\\ o R
— \
“ or

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

groups. In another embodiment of the substructure, R is:

R R
/LLYZ/R

wherein M12cis 1, 2 or 3 and each Y? is independently a bond, O, CR,, or S.
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" 3 0 2930 Table 20.6 H3C,,H 3C CH3 0 31 H3C,, 0OCH3 32 10 O 33

WO 2010/093608 PCT/US2010/023586
Y
1
W‘i/(/P g
5 Another embodiment of w2 of Formula I-IIT includes
substructures:
N
(R)p- e
P
O CHs Q0 CH,
'771/ \ ‘71L/ P\
E{ OR O OR
O and Q

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

configuration or the racemic mixture.

I

-

w! /

10 Another embodiment of w2 of Formula I-I11 is substructure
R
8] O
i 2 /ﬁ( ~Ry
P—-Y
e 0
L )

wherein each Y? is, independently, ~O- or -NH-. In another preferred embodiment,
R” is (C;-Cy) alkyl, (C-Cy) substituted alkyl, (C>-Cs) alkenyl, (C,-Cy) substituted
alkenyl, (Cs-Cy) alkynyl or (C,-Cy) substituted alkynyl. In another preferred

15  embodiment, R is (C;-Cg) alkyl, {C;-Cs) substituted alkyl, {C»-Cy) alkenyl, (Co-Cs)
substituted alkenyl, (C2-Cs) alkyny! or (C2-Cy) substituted alkynyl; and R is CHj. In
another preferred embodiment, RY is (C;-Cy) alkyl, (C,-Cs) substituted alkyl, {Cy-Cy)
alkenyl, (C,-Cy) substituted alkenyl, (C5-Cy) alkynyl or (C,-Cy) substituted alkynyl; R
is CHs; and each Y*is-NH-. Ina preferred embodiment, W' and W* are,

34



WD 2010/ 093608PCT/ US2010/ 023586 5Table 20.7 w23 W23 0 34

3536 W23R25R25 R21vv23R25 0 0 373839

10

15

WO 2010/093608 PCT/US2010/023586

independently, nitrogen-linked, naturally occurring amino acids or naturally occurring
amino acid esters. In another preferred 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-hvdroxy

group.

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

[11 is substructure:

[ )
%""‘FI’\O/"*

O

™~

RX

In one preferred embodiment each R™ is, independently, (C,-Cs) alkyl. In another
preferred embodiment each R” is, independently, Cq-Caq aryl or Cy-Cy substituted
aryl.

In a preferred embodiment,
—F—

is selected from
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R25R25 0 4041 Table 20.8 R24R24R24 w23"".?R25" R24 00 424344 R24R21R21 ORc
1IW230R25 000 454647 R21R21 -0-R25 00 4849 Table 20.9 ?"----..

N ------- wO0.2010/@3608V23ea"--. Na-.. R25 |1l HOHOH O PCT/US201.0/023586
0 o
IF!/NHR !J/o SYC(R):’
5 s
\ \ AR S
o) o) 2
R, >_‘C(R)3 RIS >—'C(R)3
o 0
l ﬂ ~ R O
g/P/ o “
\ CHs /F’/O
e :
N \
| 0
N
(R)n or W5
Y
—
W*//
Another embodiment of W2 of Formulas I-IIT is substructure
o)
I
w1//P——§
WZ

10 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 variables used in Tables 20.1 to 20.37 have the following definitions:
each R*' is independently H or (C;-Cs)alkyl;
15 each R* is independently H, R*', R or R* wherein cach R™ is independently

substituted with 0 to 3 R%;
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50Si52 Rz H H OOH 0 535455 41 H3 H OH 0 5657 Table 20.10 HOH OCH3 5859 CH3
CH3 HO 60 WO 2010/093608PCT/ US2010/ 023586
WO 2010/093608 PCT/US2010/023586

5 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, N3 or -NO,;
each R™ is independently Y*';
each R* is independently ~R”, -N(R™}(R™), -SR”, -S(O)R™, -$(0),R™, -

10 S(O)OR™), -S(0)(OR™), -OC(=Y*"R™, -OC(=Y*HOR™, -OC(=YH(NR™)R™)),
SCE=YRY, -SC=Y2HOR, -SCEYYNRP)R™), -NRZ¥IC(=Y? R, -
NR™C(=Y*HOR™, or NR®ICEYHNR™R™)) ;

each R™ is independently -C(=Y*"R”, -C(=Y*")OR™ or -
CEYHINR™IR));

15 cach R™ is independently H, (C,-Cy)alkyl, (C,-Cg)alkenyl, (C,-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

20 optionally replaced with -O-, -S- or -NR™'-;

each R* is independently (C,-Cg)alkyl, (C»-Cg)alkenyl, or (Co-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:-Cy)alkenylene, or (Cs-

25  Cg)alkynylene any one of which said (C;-Cy)alkylene, (C2-Cy)alkenylene, or (Ca-

Cs)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* W™, -SO,R™, or -
SO,W*;

30 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.
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616263 CH3 03 HO 67 Table 20.12 CH3 H3 HO 69 CH3 NCH3 0 68 CH3
HOCH3 70
WO 2010/093608 PCT/US2010/023586

5 Table 20.1

/
‘)\ O/\“/O\ W23 /\ O/\”/O\ R25 ~ O/YO\ R24
O O O
1 3

2

I 0 ’ 'e) 14 0
\0/\ﬂ/ SR2t \O/Y ~H \O/Y \CHa
0 0 0O

4 5 5]
’ O. _CH p
~ 3 O
O/\ﬂ/ S~ \O/ﬁ]/ \/\CH3
0 O
7 8
Table 20.2
K\O/ﬁ}/o\/\/mﬁ R\O/YOYCHB
0 O  CHs
9 10
CH;
/

10
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C H3CH3 oCH3 HO 71 WO 2010/ 093608PCT/ US2010/ 023586 5Tabl e 20. 13 727374
CH3 rCH3 HO 78

WO 2010/093608 PCT/US2010/023586
5  Table20.3
CH;z CHs CHa
/\OJ\WO\WZS (\O O\R25 /\O O\R24
O O O
12 13 14
CH, CH3 CHj
/ 0 ’ o] /
\o)\’( “R2 \0)\,( “H \0)\"/0\0;.;3
) O O
15 16 17
CH, CH;
’ O._ _CH ¢ 0
\o)\n/ ~_ s \O \/\CH3
0 0
18 19
Table 20.4
CHs CHg
')\O/JYO\/\/C"% /\O)\“/OYCHS
o] O CHgy
20 21
CH; CH3
’ o
\O/kH/ CH,
O

22
10
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CH3 79 Table 20.14 8081 CH3CH3 30 HO 82 10 WO
2010/ 093608PCT/ US2010/ 023586 83 w23 N

WO 2010/093608 PCT/US2010/023586
5  Table20.5
H3C HBC H3C
/ P
“~o Oz o Onges g O s
0 0 0
23 24 25
H,C H,C HC
’ 0 I 0O / 0
e SR g SHO o “CH,
o) 0 o)
26 27 28
H,C H,C
< O CH ’
\O ~ 13 \O \/\CH3
s O
29 30
Table 20.6
H,C HaC
o) 0 CH;
31 32
H,C
° CH,
’ o)
o CH,
0
33

16

90



2 Rl N8 R5 1 1)-1 HO 0 86 87

WO 2010/093608 PCT/US2010/023586
5  Table 20.7
W23 WZB W23
’ 7z
\OJ\H/O\Wza 'J\O O\R25 \O*’(O\RZZ;
O O O
34 35 36
W23 R25 RZS
I 7
\O)YO\ qu /\O O\ W23 \O O\RZS
O O @]
37 38 39
RZS RZS
/
z\O/H'/O\RM \O/H/O\Rm
O O
40 41
Table 20.8
R24 R24 R24
/\ O ?\\ O\ (\ O\
0 w2 0 R O R#4
0 18] O
42 43 44
R24 R21 R2‘E
’ ’ i
\O/J\H/O\Rz.i \O/kn/o\wzs \O/l\u/O\R%
O 0 O
45 46 47
RZ‘I RZ‘I
7’ ’
O 0
48 49
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R25 0 89 Tabl e 20. 16 R24

/\N/\[(O\ R25 /\N/\H/O\ R24
I !
H O H O

51 52
‘¢ 0 ¢ 0
\'F/Y ~y \T/\’_r \CHg
H O H O
54 a9

¢ 0 CH ¢ 0
\T/Y ~_ s \iTk/Y \/\CH3
H O H O

57

Z\N O\/\/CHB ')\N O CH;
| /\[( I /\H/ Y
H O H

WO 2010/093608
)
Table 20.9
/\ N/W/O\Wz'g
|
B 0
50
/\N/\H/O\R%
I
= 0
53
56
Table 20.10
58
7z
o
H
10

O  CHj
59

CH,

oL
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R24 HO ['12 0 91 92 R24 R21 N R21
WO 2010/093608 PCT/US2010/023586
5 Table20.11
CHaq CH, CHj
/
\?l O\WZS #\]Tl O\st (\?] O\‘R24
O H H 0
61 62 63
CHs CHs, CHs
/ / 0 4 0
\N/}\“/ ~R2t \T*ﬂ/ ~H \%\' \CH3
H O H O H O
64 65 66
CHs, CHj
¢ O._ _CH ¢ o
\T/Jﬁ‘/ ~_ 3 \T/H‘/ \/\CHa
H o H O
67 68
Table 20.12
CH, CHs
/\N)ﬁ‘/o\/\/CHs ?\N/l\]ro CHs
| | h
H 0 H 0 CH;
69 70
CHg CHgy
‘ O\)\
\N)\n/ CHq
§
H 0
71
10
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094 95 R21 ' ()R24

WO 2010/093608

5 Table 20.13

CH CH CH
HeC | HiC ] HyC |
~ SN N Osgss O~ O 24
ITI w23 f? R TJ R
H O H o H O
72 73 74
CH H
2H3C CH3 /HSC 3 ?H3C 8 o
0O H o
75 76 77
CHy 2
/HSC o oH szc o
\i?f ~_ e \IEJ \/\CH3
H 8] @]
78 79
Table 20.14
H.O CHj; HC CH;
3
H\N*H/O\/\/CHB 3\N>H(O CHj
| h
b H O CH,
80 81
CH CH
ZHsc 3 X 3
\r?: CH,
H O
82

10

94

PCT/US2010/023586



WD 2010/ 093608PCT/ US2010/ 023586 5 Tabl e 20.20 CH3CH3 R23 OR23 0C H3 118119
CH3C H3 CH3 R23 0 120

WO 2010/093608 PCT/US2010/023586

5  Table20.15

W23 W23 W23
’ ’ ’
\T/K"/O\WZB \T/%(O\RES \T/I\H/O\RM
H O H 8] H O
83 84 85
W23 R25 RZS
/\gl\l/H‘/o\Rm /\T/Jﬁ]/oxwm ')\IF)YO\RQS
H O H 8] H O
86 87 88
R25 R25
P
H O H O
89 g0
Table 20.16
R24 R24 R24
¢ ¢ ¢
\rl\f)\rO\WZB \I?E)\H/O\RQS \T)W/O\R24
H O H 9] H O
91 az 93
R24 R21 RZ‘E
’ 7 Z
\T/K’(O\Rm \T/K“/O\Wm \T)W(O\st
H O H O H O
94 95 96
R21 R21
’
R\ITI/}\H/O\RE \II\I)W/O\RN
6] O
97 98

10
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121122123124 125126127128 Table 20.22 CH3 H3Q ...., CH3H3CCH3H3CCH3 N NN-C
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5
Embodiments of R" include esters, carbamates, carbonates, thioesters, amides,
thioamides, and urea groups:
R R R R .
Y
Y2 )k RY
\ SR ~ yv2 v~
M12a U1 and M12a
10 Any reference fo the compounds of the invention described heerein also

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

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

example, Na™, LiT, KT Ca™2 and Mg+2), ammonium and NRy" (wherein R is

15  defined herein). Physiologically acceptable salts of a nitrogen atom or an amino
group include (a) acid addition salts formed with inorganic acids, for example,
hydrochloric acid, hydrobromic acid, sulfuric acid, sulfamic acids, phosphoric acid,
nitric acid and the like; (b} salts formed with organic acids such as, for example,
acetic acid, oxalic acid, tartaric acid, succinic acid, maleic acid, fumaric acid, gluconic

20 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

25  acid, mandelic acid, lactic acid, ethancsulfonic acid, lysine, arginine, ghutamic acid,
glyeine, serine, threonine, alanine, isoleucine, leucine and the like; and (¢) salts
formed from elemental anions for example, chlorine, bromine, and iodine.
Physiologically acceptable salts of a compound of a hydroxy group include the anion
of said compound in combination with a suitable cation such as Na” and NR,".

30 For therapeutic use, salts of active ingredients of the compounds of the

invention will be physiologically acceptable, 1.e. they will be salts derived from a
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5  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
derived form a physiologically acceptable acid or base, are within the scope of the
present invention.

10 Finally, it is to be understood that the compositions herein comprise
compounds of the invention in their un-ionized, as well as zwitterionic form, and
combinations with stoichiometric amounts of water as in hydrates.

The compounds of the invention, exemplified by Formula I-IlI may have
chiral centers, e.g. chiral carbon or phosphorus atoms. The compounds of the

15  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 1somers 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

20 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

25  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

30  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

35  different physical properties, e.g. melting points, boiling points, spectral properties,
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5  and reactivities. Mixtures of diastereomers may separate under high resolution
analytical procedures such as electrophoresis and chromatography.
"Enantiomers” refer to two stereoisomers of a compound which are non-
superimposable mirror images of one another.
Stereochemical definitions and conventions used herein generally follow S. P.

10 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 deseribing an optically active compound, the prefixes D and L. or R

15  and S are used to denote the absolute configuration of the molecule about its chiral
center(s). The prefixes d and |, D and L, or (+) and (~) are employed to designate the
sign of rotation of plane-polarized light by the compound, with S, (-), or 1 meaning
that the compound is levorotatory while a compound prefixed with R, (+), or d is
dextrorotatory. For a given chemical structure, these stercoisomers are identical

20 except that they are mirror images of one another. A specific stereoisomer may also
be referred to as an enantiomer, and a mixture of such isomers is often called an
enantiomeric mixture. A 50:50 mixture of enantiomers is referred to as a racemic
mixture or a racemate, which may occur where there has been no stereoselection or
stereospecificity in a chemical reaction or process. The terms "racemic mixture” and

25  "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 1s independently selected. Wavy

30  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

35  tautomers can exist for purine, pyrimidine, intidazole, guanidine, amidine, and
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5 tetrazole systems and all their possible tautomeric forms are within the scope of the

10

15

20

invention.

One skilled in the art will recognize that the thieno[3,4-d]pyrimidinyl and
furo[3,4-d]pyrimidinyl 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:

OH O
=" "N RS NH
X2 W X2
— %L — <
N R® N R®
'-’llw “'\:\r\‘_
RE R
S SN
e P — i
N OH N O
Mian, Yn, H
NH, NH
— //I\ = ~
N R? N R®
A, ViAn,
a b

All possible tautomeric forms of the heterocycles in all of the embodiments disclosed

herein are within the scope of the invention.

Methods of Inhibition of HCV polymerase

Another aspect of the invention relates to methods of inhibiting the activity of
HCV polymerase comprising the step of treating a sample suspected of containing
HCV with a composition of the invention.

Compositions of the invention may act as inhibitors of HCV polymerase , as

intermediates for such inhibitors or have other utilities as described below. The
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5 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

10 aseful as probes for the detection of HCV polymerase . Accordingly, the invention
relates to methods of detecting HCV polymerase in a sample suspected of containing
HCV polymerase comprising the steps of: treating a sample suspected of containing
HCV polymerase with a composition comprising a compound of the invention bound
to a label; and observing the effect of the sample on the activity of the label. Suitable

15  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

20 polymerase include natural or man-made materials such as living organisms; tissue or
cell cultures; biological samples such as biological material samples (blood, serum,
urine, cerebrospinal fluid, tears, sputum, saliva, tissue samples, and the like);
laboratory samples; food, water, or air samples; bioproduct samples such as extracts
of cells, particularly recombinant cells synthesizing a desired glycoprotein; and the

25  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.

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

If desired, the activity of HCV polymerase after application of the composition

35  can be observed by any method including direct and indirect methods of detecting
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5 HCV polymerase activity. Quantitative, qualitative, and semiguantitative 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
10 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

15 primary screening tool.

Screens for HCV polymerase Inhibitors.

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

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

7M and preferably less than about 5 X 10-8 M are preferred for in vivo use.
Useful in vitro screens have been described in detail and will not be elaborated

25  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

30  prepared in sterile form, and when intended for delivery by other than oral
administration generally will be isotonic. All formulations will optionally contain
excipients such as those set forth in the "Handbook of Pharmaceutical Excipients"

(1986). Excipients include ascorbic acid and other antioxidants, chelating agents such
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5 as EDTA, carbohydrates such as dextran, hydroxyalkylcellulose,
hydroxyalkylmethylcellulose, stearic acid and the like. The pH of the formulations
ranges from about 3 to about 11, but is ordinarily about 7 to 10.

While it is possible for the active ingredients to be administered alone 1t may
be preferable to present them as pharmaceutical formulations. The formulations, both

10 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.

15 The formulations include those suitable for the foregoing administration
routes. The formulations may conveniently be presented in unit dosage form and may
be prepared by any of the methods well known in the art of pharmacy. Techniques
and formulations generally are found in Remington's Pharmaceutical Sciences (Mack
Publishing Co., Easton, PA). Such methods include the step of bringing into

20 association the active ingredient with the carrier which constitutes one or more
accessory ingredients. In general the formulations are prepared by uniformly and
intimately bringing into association the active ingredient with liquid carriers or finely
divided solid carriers or both, and then, if necessary, shaping the product.

Formulations of the present invention suitable for oral administration may be

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

30 A tablet is made by compression or molding, optionally with one or more
accessory ingredients. Compressed tablets may be prepared by compressing in a
suitable machine the active ingredient in a free-flowing form such as a powder or
granules, optionally mixed with a binder, lubricant, inert diluent, preservative, surface
active or dispersing agent. Molded tablets may be made by molding in a suitable

35  machine a mixture of the powdered active ingredient moistened with an inert liquid
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For infections of the eye or other external tissues ¢.g. mouth and skin, the
formulations are preferably applied as a topical ointment or cream containing the
active ingredient(s) in an amount of, for example, 0.075 to 20% w/w (including active

10 ingredient(s) in a range between 0.1% and 20% in increments of 0.1% w/w such as
0.6% wiw, 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 etther 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.

15 If desired, the aqueous phase of the cream base may include, for example, at
least 30% w/w of a polyhydric alcohol, i.e. an alcohol having two or more hydroxyl
groups such as propylene glycol, butane 1,3-diol, mannitol, sorbitol, glycerol and
polyethylene glycol (including PEG 400) and mixtures thereof. The topical
formulations may desirably include a compound which enhances absorption or

20 penetration of the active ingredient through the skin or other affected areas. Examples
of such dermal penetration enhancers include dimethyl sulphoxide and related
analogs.

The oily phase of the emulsions of this invention may be constituted from
known ingredients in a known manner. While the phase may comprise merely an

25 emulsifier (otherwise known as an emulgent), it desirably comprises a mixture of at
least one emulsifier with a fat or an oil or with both a fat and an oil. Preferably, a
hydrophilic emulsifier is included together with a lipophilic emulsifier which acts as a
stabilizer. It is also preferred to include both an oil and a fat. Together, the
emulsifier(s} with or without stabilizer(s) make up the so-called emulsifying wax, and

30 the wax together with the oil and fat make up the so-called emulsifving ointment base
which forms the oily dispersed phase of the cream formulations,

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

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

35 The choice of suitable otls or fats for the formulation is based on achieving the
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t he ani on of said ¢ u n, conbi nat i uit.a n such as
Nae and ngProBBEe AR A ol e BRI DG h-Oile! Hlufh SN GyFRREE" 210N

conpaundspabhititb@r b Blead bf Branyiddchbig d@ﬁy§mh@@s®bha¢n@1®&pﬁﬁblkﬁ,used,e. t hey
will be salts derived froma WD 2010/ 093608PCT/ US2010/ 023586

5physi ol d§f &4l theedwinggralsired axiers dhessdray, bawsre alone o5 1) Q%nmat@@i ds or bases
whi ch ar edeggﬁd&g&? bl &%e?@els ré Lﬂl%ﬁep-‘;[i% a%v yhlgh ]%Wnlﬂtsl 1d 'éh g§<arrpl e In
t he preparation”or ritication of a I ca acce e conpound.
Al sal tswh]vdmtﬁhmrafﬁﬁ and/br klatid padf&mmtherpﬂmy;snabbrbgamabédy accept abl e acid or

base, are wit 0 the scope of the present |nventiagn. 10Finally, is to be
under st ood t hat 3PH@£HBW§ *6W§SﬁgpéﬁﬁgEﬂhﬁPﬁ§@“d%ﬁﬁ88ﬁ8@nﬁ$“¥he i nvention

intheir %Hl%foﬁ%gcor@lﬁ Yelk i A%ndWh E&g%{h'ef)@kﬁ 0‘1195%0%@1&1%%9@5 1},0NS Wi th

stoi chionetric anounts of wat er as in hydrates. he conpounds of the
i nvent i omccept@dniprarfipmar b)ymﬁ@mmahé optidrally wther Hevapeutié a@ntsc enters, e.g.

chiral c on or rus at ons. onpoun of the 15invention thus
ol ude. RaRR R SRR SRS BB ine Dot I R ORI BT DHATET of ner s

di ast er eaiiRASle f@NHe RidndBd HRIMEDS aliniAdehibh OWhdhRe® RTRONNES fRf the
invention include enriched or resolved optical isonmers at any or al

asymret r i xameki taéietSatr@de pﬂ@l@?h@ﬁuwagoﬂﬁu@eewimaﬁlsn@'ﬁttbéer}:smémﬁar ent from
the dgpicti dﬁﬂ & Sk ‘i%%% N Egsﬁﬁ‘ésré‘yr (%n%xgbﬁﬁlg%a%gepa&gm xtures. Both

racemc an I"aSt ef eoneri ¢ m x ual opti cal
i soners iGahpdseithn@fintsydat fﬁ@ﬁdri}&@e nsaylistpreiakal do¢ofdigetothynihdd known
to the art for the manufacture of pharmaceutical compositions and such compositions
may contain one or more agents including sweetening agents, flavoring agents,
coloring agents and preserving agents, in order to provide a palatable preparation.
25  Tablets containing the active ingredient in admixture with non-toxic pharmaceutically
acceptable excipient which are suitable for manufacture of tablets are acceptable.
These excipients may be, for example, inert diluents, such as calcium or sodium
carbonate, lactose, calcium or sodium phosphate; granulating and disintegrating
agents, such as maize starch, or alginic acid; binding agents, such as starch, gelatin or
30 acacia; and lubricating agents, such as magnesium stearate, stearic acid or talc.
Tablets may be uncoated or may be coated by known techniques including
microencapsulation to delay disintegration and adsorption in the gastrointestinal tract
and thereby provide a sustained action over a longer period. For example, a time

delay material such as glyceryl monostearate or glyceryl distearate alone or with a

35  wax may be employed.
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enantionmeric or diastereoneric partners, are all within the scope of the
invention. The racemic m xtures are separated into their individual,

subst ant ivabl2g100pBéosal | y pure isoners through well - knownPrcealsaeigwesssuch as,
for exanple, the separation of diastereoneric salts forned with optically
active adjuncts, e.g., acids or bases 25 foll owed by conversion back to the
optically active substances. In nost instances, the desired optical isoner
is synthesized by neans of stereospecific reactions, beginning with the
appropri ate stereoisomer of the desired starting nmaterial. The
term Schiral " femgtagionplonsrabesq B8y ihrlen pressred aehysd splatin gansples

nonsuper i ity af - M iy [l "achiral "
ot ors. 1 oV R0c by iRttt AR Ol I Wihuen i b L 200

part ner. phosphateldrekabln,mr'as bt gahihoiapenlss whekar the baheanpediedsis wikaeh have

i dentical chem cal copstitution, but differ with _regard to the arrangenent
of the at'§ifs"alr gt 3l Q miefiug, g as peanut olpjiguid ppraffiperoligdr s to a

stereoi somer WA &Roh¥sPénsiBRL f B RMSIoR borftlth AL Adie 3MerfiOse nol ecules are
not mrror images of one another. Diastereonmers have 35different physical

pr opeft i eslmiztuge witk kxdipigntp elitabés, fob did mmy fpwimof aqepec susptnsproepéntli es, WO
2010/ 093608PCT/ US2010/ 023586 5and reﬁgtivities. hAxtu$§slg@%diastereoners
may separACE WHIEFUAT oA PELBRS e Bh SUAAI AR SBPoDaiPdccllins: as

el ect r ophp&BslcsnAnE, BIHTONREQSN s celluose, sodinanidiefer s” refer to two

stereoi soners of a conpound which are non-superinposable mrror inmages of
one anot hetyvistpyredideasisw trastinih andaem aseris and drpromg cnsedinger ei n

general ly foll P Par ker d. aw: HiJ.l.Dictignary of Chenica
Terms (1585 o S Tt MBS e piciora ¥ F B0 lelebdny F EhgREE L G W1 e
S., Ster gpchenbsid Mkebndd:ganivah Qaapoanidse. £ 1894dxkaiendstaymtd, Sons, Inc.,
New Yor k. Many organic coqgounds_exist in optically active forns, i.e.,
they haveon@sainm preduat of plhylsneoxide wihaeng eham aidiageplepholdggli ght . I'n
descri bi [ ' : L% ‘R 15and S
ar o used BRISABE ALK Bk CATBRUAG nblIEART EhIEE a8 BEuT 1T
chiral centeedérsyed fidne apatef ickkandh baxdtol anhpdade (dg., wilydxhpthdhaic Gorpitan

enpl oyed to dﬁ;ign ke t he sk%g of rotation of plane-polarized |ight by the
conpound, MR- ?—7 aqugpuys %ﬂ'ﬂc}?gm%j%}ﬁo EHEAE SR BUMATS RFEFEVA 6t at ory” whi | e
a compoungdcipredihyed n%r%ﬂyl%hfd?éxy—@énzgatb,son‘é%ﬁﬁ&é eLiBhiRE X%en'fs‘? bn&od! VEN

chem cal structure, these steredi soners are identical™ 20except that they
are mnirr onotefayesnpigcotseind vot hemorgsvegsaning agestsoebassmersemay al so be
referred to,as an enantionmer, and a m xture of such isoners is often called
an enant i8FEA™ mixture. A 50:50 mixture of enantiomers is refen-ed to as a

racem ¢ i Xt Ur@] Qiispensi @S SRBLER, forhilated B8 Yuffeading Wheddive hesaiibias: heen no
stereosel ection or stereospecificity in a chemcal reaction or process. The
terms "raceetrlle gilxsughas amalis 28; olaeenhseame eflay coenahodquitmp otiasraki xt ure of

two %@antoiiios%ﬁ 'a? ii&lﬂg f)%u%%ﬁn dﬁYeOArgl S%Epﬁ?lglto-hg ﬁllay%gltltia%ii gt%ickening agent, such
as beeswax, hard paraffin or cetyl alcohol. Sweetening agents, such as those set forth
above, and flavoring agents may be added to provide a palatable oral preparation.
These compositions may be preserved by the addition of an antioxidant such as
ascorbic acid.

30 Dispersible powders and granules of the invention suitable for preparation of
an aqueous suspension by the addition of water provide the active ingredient in
admixture with a dispersing or wetting agent, a suspending agent, and one or more
preservatives. Suitable dispersing or wetting agents and suspending agents are
exemplified by those disclosed above. Additional excipients, for example sweetening,

35  flavoring and coloring agents, may also be present.
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Whenever a conpound described herein is substituted with nore than one of

the sane designated group, e.g., "R'" or "RI", then it will be understood
that the woaopsis@y be the same or different, i.e., eacRCyUs@o/033586
i ndependent|ly sel ected. Wavy 30lines, - , indicate the site of coval ent

bond attachnments to the adjoi ning substructures, groups, noieties, or
atons. The conmpounds of the invention can also exist as tautomeric isoners
in certain cases. Although only one del ocalized resonance structure nay be
depicted, all such fornms are contenplated within the scope of th

i nvenfi on. ForThephmplascutiogbeqamiostsioss phike orengor g1y ale de 1n Hie fpp Pﬁe,

pyr i mi di 6. 11 0228 Gon OUAN s ATLILOE vodihle 51 SLERZOLR SSGems and al |

t heir possi utornerie foni's are scope the 1 nventi on.
One ski | lag@hisvilt heniagrbl i, lshel 8dioghi @eaffinasdr 4 héxttkiofiesa, Suidbpyri m di nyl and
furo[3,4-<§}yﬁ)yri_mdi nyl. heterocycles can exist in tautoneric forns. For
exanpl e, CBUHSIYEE a8 Gdyclede Aty ap PR NS LTS U 249 *BA P6)E"®an have

equi val eRfoh A AL, | REMRing Br&DhHARNRE LYy HOEPIKRR, csterfGRE  NH2NH N

10  partial esters derived from fatty acids and hexitol anhydrides, such as sorbitan
monooleate, and condensation products of these partial esters with ethylene oxide,
such as polyoxyethylene sorbitan monooleate. The emulsion may also contain
sweetening and flavoring agents. Syrups and elixirs may be formulated with
sweetening agents, such as glycerol, sorbitol or sucrose. Such formulations may also

15  contain a demulcent, a preservative, a flavoring or a coloring agent.

The pharmaceutical compositions of the invention may be in the form of a
sterile injectable preparation, such as a sterile injectable aqueous or oleaginous
suspension. This suspension may be formulated according to the known art using
those suitable dispersing or wetting agents and suspending agents which have been

20  mentioned above. The sterile injectable preparation may also be a sterile injectable
solution or suspension in a non-toxic parenterally acceptable diluent or solvent, such
as a solution in 1,3-butane-diol or prepared as a lyophilized powder. Among the
acceptable vehicles and solvents that may be employed are water, Ringer's solution
and isotonic sodium chloride solution. In addition, sterile fixed oils may

25  conventionally be employed as a solvent or suspending medium. For this purpose any
bland fixed oil may be employed inctuding synthetic mono- or diglycerides. In
addition, fatty acids such as oleic acid may likewise be used in the preparation of
injectables.

The amount of active ingredient that may be combined with the carrier

30  material to produce a single dosage form will vary depending upon the host treated
and the particular mode of administration. For example, a time-release formulation
intended for oral administration to humans may contain approximately 1 to 1000 mg
of active material compounded with an appropriate and convenient amount of carrier
material which may vary from about 5 to about 95% of the total compositions

35  (weight:weight). The pharmaceutical composition can be prepared to provide easily
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ROR9 a Al'l possible tautoneric fornms of the heterocycles in all of the
enbodi nents di scl osed 15herein are within the scope of the invention.

Met hods oWol2ntwdesdoson of HCV pol yner ase Anot her agpEaS2@ib/ 023786
invention relates to nmethods of inhibiting the activity of HCV pol yrnerase
conprising the step of treating a sanple suspected of containing HCV with a
conposition of the invention. 20Conpositions of the invention may act as

i nhibitors of HCV polynerase , as intermnediates for such inhibitors or have
other utilities as described below. The W) 2010/093608PCT/ US2010/ 023586

5i nhi Bi t grgeswiable agionatstier adeiatsiahen. vt chamBler fheicps ﬁowt@neavn@%d of HCV

pol y.fmrai%}n?r‘é IDuirdESIP céﬂgé %%o'd?ytgggéf g& LIBE o uve Peschebl f).ntsy

bi ndi ng pol yIer ase’” may varying QeSS eVErs

Those Corﬁéﬁﬂﬂm&tdﬂbﬂ%mﬂo;ﬂmﬁ&@ﬂﬁzﬁ alfuyioh b SVEESIOVNuBE &t 4 Seabf Handi dates for
use in this method of the invention. Once | abel ed, the substantially

i rrever si¥WpLbr gl erguBonposi ti ons are 10 useful as probes for the detection
of HCV poly Q;%%%Praué?sc&ﬁt%i@fr%ryto%]m%dlnnéﬁgt@ ‘%%8 tl‘ﬁlf %Ie% oLiRcITRL E&&ds of

detecting FI cont al ni ng

pol yrier aseemnwre;ﬁmgactﬂve 1@ﬁbmea‘dls§oﬂ\e:atdr mgspansarﬁplaauﬁalﬂaemhed of
cont ai ni ng HCV pol yner ase MA%P a conp 03|t|on conprising a.conpound of the
i nvent i orfSPRSIAMG aﬁl&qaeq%elven ﬁathsagféwwa e B ative gigredigtdanpl e on the

act | Vity Bl heRAl i sth kaRhfbnl ARl CAlEuitR ok 0ls18WAy4 N the di agnostics

field an |ncI ree radicals, fluorophores, radioisotopes,
enzynmes, mhmgmmlmésicterm"/graadlpmzamidﬂyhiva)rlrdgiéhsv/wThe conmpounds herein are

| abel ed i n conventj anal hlon usi.ng functiona roups su as hydroxyl,
carboxyl st MgRGRoG RS P s B B ISR  oanpi s
suspgat e%oﬁfpm@ﬁ@&ﬁ"é 68 Aidh P PR ERBAsId, RSN uBREAR] acakiaRN- made
materials such as |iving organisns; tissue or cell cultures; biological

sanpl es Staghcaath; prllisy p@apl‘lm éﬂaaﬂlvsszag@ﬁ@slt {thirooert besy smdl aggelaen
erebrospl éif uid, tear C%:a nb'nmlhwa tlégu%;s fg S, and the |ike);

| abor at orY¢& nﬁ?@é“SP%Bﬂsa pia: agd mguthvgashey CmpTEME P ATNG sanpl es such as
extractsIQ@EQQMhﬁﬁsﬁgﬂﬂhﬁqhambymfeconblnant ceIIs synt hesi zing a desired

gl ycoprotein; and the 25like. Typically the sanple will be suspected of
contai ni ng an forgalariers fRrek pADMRBE OMHOEY PEINyereRigs @s 2 SYRMOGIRIHTI a

pat ogen o, AL gaRL D SHER A To EYin RATRL .68 BRa5QRKAI Ned 11 any. medi um

i ncl adi ng wa gan wat er
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
25 aqueous or oily solutions of the active ingredient. Formulations suitable for aerosol or
dry powder administration may be prepared according to conventional methods and
may be delivered with other therapeutic agents such as compounds heretofore used in
the treatment or prophylaxis of HCV infections as described below.
Formulations suitable for vaginal administration may be presented as
30  pessaries, tampons, creams, gels, pastes, foams or spray formulations containing in
addition to the active ingredient such carriers as are known in the art to be
appropriate.
Formulations suitable for parenteral administration include aqueous and non-
aqueous sterile injection solutions which may contain anti-oxidants, buffers,

35  bacteriostats and solutes which render the formulation isotonic with the blood of the
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m xtures. Sanples include [iving organi sns such as humans, and nman nade
materials such as cell cultures. 30The treating step of the invention

conpr i seswaaddiong3doke conposition of the invention to thecyarspdie/nessss t
conprises adding a precursor of the conposition to the sanple. The addition
step conprises any nethod of adm nistration as descri bed above.

If desired, the activity of HCV pol ynerase after application of the
conposition 35can be observed by any nethod including direct and indirect
met hods of detecting WD 2010/ 093608PCT/ US2010/ 023586 5HCV pol yner ase

act i vist y.int@odatrietipienyy end guiebins and va-aquneussserileisgpantivnsavhivlemagt hods of

det er m ni.n ner ase are all contenplated. Typically one of
t he screéﬂgﬁg aﬁﬁﬁgfﬁﬁgéﬁPﬁﬁﬁwﬁﬁéﬁ 28 applied, however, any ot her
met hod such asr}féb@@mmtdn@arequeééﬁeednhylﬁit@b@@mahltm@aebﬁmﬁ&spfora living

organi smare al so applicable. Oganisns that contain HCV nerase i ncl ude
t he HCV \axpugle spHed &mp@éﬁtp@\sln\a@lswdtmmbq shousA R & freggeadripgld 3{5’|P jliged)

t reat ment I
ovover R0 AR b L SEIOIP R e e D30 o
|nﬂuﬂ@dehnﬁm@MQMnﬂkdwﬁﬂﬁpnmﬂoSh@dﬁﬁmbﬂnhﬁ@ﬁmﬁﬂeﬂkmdohhﬂhsmhb results of

enzyne assays may not correl ate th cell cultur say Thus, a ceI
based assHPEREDT §CBEPRIFE MM Fierie R ElcFe SFHADHIS €6 B b leted s e o

pol yr ner gﬁswb TN BlEOBSE Preferred ummab sfdlﬁﬂﬁat%s tan%bgavc%ﬁ%asﬂg éaﬁl}scr eened

for inhibitory activity agai nst HCV pol ynerase by any of the conventi onal
techniquekséowwnw@hMaubmgﬁeazbwenat@vwnxyedv#ahamnbhaﬂcﬁnUHthgtoﬁhe

i nvention, i cal onp05|t|ons are first screened 70 for inhibition of
HCV polyﬁgﬁ%§@uvﬁ”W¥¥ﬁ%land conposi tions showing inhibitory activity are

then jgcreened 1f QlouRIGSd Wdkdstdod tHét‘iﬁ’adcﬁQ@ﬂJQﬁtﬂthﬁg?édlﬁﬁ waﬁc‘uaﬂyl tro Ki
(inhibitory constants) of |ess then about 5 X 10- typically less than

about 1 Xodidionid shide rdreeﬁoemal@tlyns addhis fgntiomn sy 115311)@01@3(8 apPibe preferred for
in vivo use scribed in

detail and HHenHdE H5et lfavbnﬁregaélg t@)g}? ?%esgq-ﬁ)%algfgg%enh‘gu?‘agtwnfrﬁ?res descri be
sui t abl e dxBmyld th@scAeREANS for Bnd AaBRGE kR lIm d50hokdatib@ithg agents.

The invention further provides veterinary compositions comprising at least

20  one active ingredient as above defined together with a veterinary carrier therefor.

Veterinary carriers are materials useful for the purpose of administering the
composition and may be solid, liquid or gaseous materials which are otherwise inert
or acceptable in the veterinary art and are compatible with the active ingredient.
These veterinary compositions may be administered orally, parenterally or by any

25 other desired route.

Compounds of the invention are used to provide controlled release
pharmaceutical formulations containing as active ingredient one or more compounds
of the invention ("controlled release formulations") in which the release of the active
ingredient are controlled and regulated to allow less frequency dosing or to improve

30  the pharmacokinetic or toxicity profile of a given active ingredient.

Effective dose of active ingredient depends at least on the nature of the
condition being treated, toxicity, whether the compound is being used
prophylactically (lower doses) or against an active viral infection, the method of
delivery, and the pharmaceutical formulation, and will be determined by the clinician

35  using conventional dose escalation studies. It can be expected to be from about
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The conpounds of this invention are fornmulated with conventional carriers
and excipients, which will be selected in accord with ordinary practice.
Tabl et s wbl2omems@8n exci pi ents, glidants, fillers, bin#erasand/orises| i ke.
Aqueous formnul ations are 30 prepared in sterile form and when intended for
delivery by other than oral adm nistration generally will be isotonic. Al
formulations will optionally contain excipients such as those set forth in
t he "Handbook of Pharnaceutical Excipients" (1986). Excipients include
ascorbic acid and other antioxidants, chelatingfagents suc

¥

h WO
2010/ 69360HIBETP elant 100 ozdesw dyavcightpar deva tyiral Yy BowsabschOhte ahegt r an,

hydr oxyal 3 FOXY, . i i nd the
RO B R A o S T i
ordi nari lweighiquat dafy; hosfl@pically, fronvabde .05t toiabomas S nlpllex oy wdightaet | ve
ingredients to be adm nistered alone it may.he preferable.to present them
as phar meEEutPEEARE it %%ﬁ9%¥§am? 54 Fﬁ%?@ﬁf%ﬁ%@l%%ﬁﬁ“¥6Fﬁng7 erinary
and for rgggya : [ ' j '

i ngredi ent’, agwgeg%h&gfl%g%i%ﬁg&%ﬁ?%%?ﬁgm%{% %%gﬁgbig?ﬁrﬁrﬁb?egrsgg%gﬁ g%)l e carriers

t her éfor ragdndptayonal thy fothefsindle papeliipiecddsagr edi ents. The carrier(s) nust
be "acceptable"” in the sense of being conpatible with the other ingredients

of the f nQIa%io .an hysi ol ogi cal | y i nnocuous to the recipient thereof.
15The foé§ﬂ¥g¥¥6¥§m¥ﬁ&¢§§% those suitable for the foregoing adm nistration
routes. The fankaudrahdr@BsmpBYhdETVIRNhesATibY (RecRreRavl adad the letive dosage form
and may be prepared by any of the methods well known in the art of

phai ni acyngrediehis) ¢aedmanuctes by gy seute prpreie & thy capditionigrhy tfeateteni ngt on' s
Phar maceut i.cal e ubl i.shi h met hods

i ncl ude tlgﬁg?ééﬁg]%§$?%é%%3%?%%gkggggg%%ﬁ%??gﬁgﬁﬁgaggﬁﬁégﬂﬁg%?%dient W th
t he aar nangival ahl easdrblt (dcslionaibettanarwe, iaceessaly, intrgrveaduents. | n general
the formul ations are prepared by unifornmy and intimately pringing into
associatﬂéﬁmkﬁémaWPPW@“ﬂﬁgﬂéH@@ﬁ%ﬁﬁF{%eg%&u%d”@éﬁﬁWBF§m8ﬂt‘?ﬁ@?y di vi ded
solid cargifhs AludRkDvad Wit RESxarhblc ARERAIRIo o HARLEE ey Pr Oduct

For mul ati‘ons o? the present 1nvention suitable for oral adm nistrati on may
be 25pr esentmecast thié senmueduof ths isuattioass haphay es,ordichetwilabictadl et s each
containingﬁg ﬁrggetqgnined anount of the active ingredient; as a powder or
gr anul es;““BLCE°ES5I U %on or a suspension in an aqueous or non-aqueous
l'iquind;, or as an oil-in-water liquid emulsion or a water-in-oil liquid
enul sion. The active ingredient may al so be adm nistered as a bol us,

el ectuary or paste. 30A tablet is nade by conpression or nolding,

opt i onal |Gompingticanhesmynor e accessory i ngredi ents. Conpressed tablets nmay
be_prepar ed by LOIRIeRS| IR dSH G IRANNR hARAGH Yl DELedi ent in a
free-fl owi ng for such 8s"% powder “or granules, op i onal y mxed with a

bi nder, |lihfkilicant Prifereblly, thelotanbotirtRaepaugiciivgedisuts basgenacire ve or

di spersing agent. M| ded tablets may be nmade by nnldigg in a suitable

interferons, ribavirin or its analogs, HCV NS3 protease inhibitors, alpha-glucosidase |

25  inhibitors, hepatoprotectants, nucleoside or nucleotide inhibitors of HCV NS3B
polymerase, non-nucleoside inhibitors of HCV NS5B polymerase, HCV NS3A
inhibitors, TLR-7 agonists, cyclophilin inhibitors, HCV IRES inhibitors,
pharmacokinetic enhancers, and other drugs for treating HCV, or mixtures thereof.
Combinations of the compounds of Formula I-11l are typically selected based on the

30  condition to be treated, cross-reactivities of ingredients and pharmaco-properties of
the combination. For example, when treating an infection (e.g., HCV), the

compositions of the invention are combined with other active therapeutic agents (such

as those described herein).
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35machine a m xture of the powdered active ingredient noistened with an
inert liquid WD 2010/093608PCT/ US2010/ 023586 5di |l uent. The tablets may
opt i onal lwohkeloatoed or scored and optionally are fornulPatras2610/02386 0

provi de slow or controlled rel ease of the active ingredient therefrom

For infections of the eye or other external tissues e.g. nmouth and skin,
the fornmul ations are preferably applied as a topical ointnent or cream
containing the active ingredient(s) in an anount of, for exanple, 0.075 to
20% W w (including active 10 ingredient(s) in a range between 0,1% and 20%
i n i nérenent s BAtable By therspitiicages e%wwen@ﬁ whichew beganbinegwiherably 0.2

to 15% w g}%@} An an

oi nt ment tK\éf‘ %@%8&%@2@?%{3& 1§01R18%%Qe/% ﬁh%lg@g el ergg paraffinic
or a wat &b; pegtittd HFNLa‘l}bHﬁER’M; rIBa?sﬁphaAl’.li eFNazanMezlbeL,tItnEI\EaaQiha\m i ngredi ents
may be formul at ed inacreamwst, 5If desired,

an oil [ Gream base,
the aquedi@aseREsEN! p%eferrgeaﬁﬁlﬂgéectﬁw M&Omge" Gopfergenmeesiated; | east 30%
ww of a Ipﬁ e/éwto?alqntelfeemipha'fe?on @é&febﬁmehnmbmrqm R/, R eftydr oxyl

groups such as propylene gl'ycol, butane 1, 3-diol, mannitol, sotbitol
gl ycéfol wnnhnpmleymgmegvewgh MO$,|amdlaihjllfmgnl?Hﬁv#ﬁoanah?rgd mxtebetes t her eof .

The topical for 0 ma desj conpoun enhances
absor pt i SfPBF!S2 ?E’ff'i’l igied 1%5%‘%{‘ ﬁsﬁdﬁl@gﬁt@ﬁt %h%\d%}ﬁh ¢ skin or
ot her af fa%ﬁt}ﬁﬂsﬁ?@@@ﬁ N8Rl @sere ifMbRodes, gakwe@ﬂvraﬁi}mebeeh@mrs i ncl ude
di m et hyl sul phoxi de and rel’ated anal ogs. The oil hase of the enul sions

of this BRIt OR] Gy, Hd-788hsH 31t 178 dHE Vo TR0 bR iﬂﬁbrMHrWSNM1&7 known

nown as St BER TP ARE Ty b Pede AT ur bt b BHEEL" one

emul g5t i &g VE&CH- @31‘)@4 (STH-an \oX19501 TeapvipUhvial-{ @, and B 11N-206E; alffief er abl y,
a hydrophl%lc emul sifier is included together with a | i pophi lic emul sifier

whi ch actsueesidasest bjhitorer-2. MXr@55|(e%g<ﬁwéﬁ)@fl¢éH L4 B hepyerosstRtsan oi | and
fat. Toget b, )
2 fal. Togetavsbhs el ek () uk A o0 00U & ARbAGEGRY Take up

ying wax the wax tog &th er Wt e oll and fat
make up tee, soztaihed érvhevdsybagodi, nnnlﬁadlahaséemIebs, bd s the oily

di spersed_phase of the cream f | ati.ons. Enul gents and .enul sion
st abi | i zdthenyalpigderyaiy et ead Pﬁlefmli@gﬁ SHsPERE B Voo & Hadaxin,

20  nitazoxanide (alinea), BIVN-401 (virostat), DEBI0O-025, VGX-410C, EMZ-702, AVI
40635, bavituximab, oglufanide, PYN-17, KPE02003002, actilon (CPG-10101), KRN-
7000, civacir, GI-5005, ANA-975, XTL-6865, ANA 971, NOV-205, tarvacin, EHC-
18, and NIMS811.
In yet another embodiment, the present application discloses pharmaceutical
25  compositions comprising a compound of the present invention, or a pharmaceutically
acceptable salt, solvate, and/or ester thereof, in combination with at least one
additional therapeutic agent, and a pharmaceutically acceptable carrier or exipient.
According to the present invention, the therapeutic agent used in combination
with the compound of the present invention can be any agent having a therapeutic
30  effect when used in combination with the compound of the present invention. For
example, the therapeutic agent used in combination with the compound of the present
invention can be interferons, ribavirin or its analogs, HCV NS3 protease inhibitors,
alpha-glucosidase 1 inhibitors, hepatoprotectants, nucleoside or nucleotide inhibitors

of HCV NS5B polymerase, non-nucleoside inhibitors of HCV NS5B polymerase,
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i nvention include Tween 60, Span(r) 80, cetostearyl alcohol, benzyl

al cohol, rnyristyl alcohol, glyeeryl nono-stearate and sodi um | auxyl

sul fate. 86Ehm/ob@msce of suitable oils or fats for the Pormsb@biozsssé s based
on achieving the WD 2010/093608PCT/ US2010/ 023586 5desired cosnetic
properties. The cream should preferably be a non-greasy, non- staining and
washabl e product with suitable consistency to avoid | eakage fromtubes or
ot her containers. Straight or branched chain, nono- or dibasic al kyl esters
such as di-isoadipate, isocetyl stearate, propylene glycol diester of
coconudt fREVNSGA ddibijossglBpY keanysts, syelophilid edy ltqrs,éég&mﬁé‘;owmbwﬁ
palmtate, butyl.stearate 2-ethylhexyl. 10 pal pi-tate or a bl end. of branched
Chai n oo cPBMRREE R Gurn ot KRR b e e fe b€t ng
preferred est ghsmothBeasbdiyedietht pateml @pReadion ipfovc@iphaatdcomicgependi ng on
the properties required. Alternatively, high nelting point lipids such as
whi t e sofCOMPRPIAPRS sPaRTEHnE 2 ¢angpgd phMEMressionvetieay O H@#ﬂaﬁceﬁﬁp@yar e used.
Phar maceyl |Gl { OhITULiRkE: ORI REGEr LN b0 SMEiREEPSTA of lRYEBRLON Comprise a
15conbi nat'1on according to the rnventr'on together wth one or nore

phar riéc e uidditahblythaapepicalpte selacted om the gexp phnaning dpdgoptedo@-l y ot her

t herapeutic agents. Pharmceutjca ar atjons containin e active

i ngr edi erﬁiplﬁs@% B%gbiifﬁe%ﬂ?NfagPl?ﬂ %"uﬂ% %%?le@%‘?ﬁfwé?ﬁw?gﬁkdﬂﬁgr%g@ B

adni ni st r@hiQBus PREAHLS Gtedolh, (B8ifllodE®n! Qﬂ/}%i@%@@n%%%%e% latdgoches,

| ozenges, aqueous or ol'l suspensions, dispersible powders gor gr anul es,

enul si ondFNhatal coal istefferoo ajpdal femon, spfarps iclermedy dphs riBl-Hee, priegan éd.
Conpositions inte d for I be epared ac di.ng to any nethod
cnown o EHETE FOromke: wilh DR AO S A eropEPRRE stkyeiV &ofidosi i ons and
such 160NMPY&LTiliAB $taABMIGONAaE T, ADERYNMDKE, EigablRCRUGRA @ SEYERS eni ng
agents, flavorlngiagents, colorin ggg;%;ﬂan reserving agents, in order

to provi dB1&5paPat-ab1lePpl-épar HGVon? %t sMEohERS, MMNd OFhR7 St i ve

i ngredie j (ofag! ' - [ [ a bl e
excipienF6%HP€%’gtﬁ%géﬁ%g%%gzsgg’égﬁﬁgggggggﬁg t%gsépgnagéggﬁgeptable.
These exqirpiapfth§), TaNNE91 f08 BEKEMUGE, MX8233 @elgyaniry UBOsIB dpNeal ci um or
sodi um carbonate, | actose, cal cium or sodi um phosphate; granul ati ng and

di si nt egra¥ePr Fatfés MitoSy end bB-84d» hdeaimmidrrolegioriypigiasi kengeil 4 bi ndi ng
agenty,  SHGRSfhe bRl filbes, 364 ?Béd}ia%n‘ﬁ”é)é’&%}i%s, ?[&% !n”ﬁﬁéz%@&%@@(aﬁﬂ@agt s, such
as magnesi um stearate, stearic acid or talc. fablets may be uncoated or may
be coat e BIMN-KADWirdsech DIERISH2SNTIRGH] YC IEMEZr 2N AP 906 A thacinxtimablel ay

pr ovi do SEISRAF A gt KORUSbaP0 elgar el d1a: Reos- blipree it i me. del ay
mat eri al sya6haA RS\ -979/68MY b3dD AR, 641 AI@VU0sItayeLly EHd-$8 eanali®@hone or with
a 35 wax may be enpl oyed.

and a pharmaceutically acceptable carrier or exipient.
25 In yet another embodiment, the present application provides a combination
pharmaceutical agent comprising:
a) a first pharmaceutical composition comprising a compound of the
present invention, or a pharmaceutically acceptable salt, solvate, or ester thereof; and
b) a second pharmaceutical composition comprising at least one
30  additional therapeutic agent selected from the group consisting of HIV protease
inhibiting compounds, HIV non-nucleoside mhibitors of reverse transcriptase, HIV
nucleoside inhibitors of reverse transcriptase, HIV nucleotide inhibitors of reverse
transcriptase, HIV integrase inhibitors, gp41 inhibitors, CXCR4 inhibitors, gp120

inhibitors, CCRS inhibitors, interferons, ribavirin analogs, NS3 protease inhibitors,
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WO 2010/ 093608PCT/ US2010/ 023586 5Formul ati ons for oral use may be al so
presented as hard gelatin capsul es where the active ingredient is m xed
wi th an iwenbimmwBdéod di | uent, for exanpl e cal ci um phosphatce/useolkaedsse, or as
soft gelatin capsules wherein the active ingredient is mxed wth water or
an oil medium such as peanut oil, liquid paraffin or olive oil. Agueous
suspensions of the invention contain the active materials in 10 adm xture
with excipients suitable for the manufacture of aqueous suspensions. Such
exci pients include a suspending agent, such as sodi um

I

car boRy me¥ i igkbiters odpha-glyestdase b mhibigse hepyiapioispbngppim-redegadsel | uose,
sodi um ali%i&%r@o{ﬁw\é}l@ﬂl}%ﬁ@g% oq(?rtg:gﬁnggﬁw,ra a5aphLR;ARdnQue acaci a, and

di spersing or wetting agen as a nhaturally-occurring phosphatide
(e.g., |ecithiGuyygbisativandémsabmpouddmf 6dictiladflllandabidyibedeckxd de with a
fatty acid (e.qg., polyoxyethylene stearate), a condensation product of

et hyi ene ﬂé@&'ﬁﬁf@%&ﬁg%%}nﬁﬁﬁ@ SQF%WE”&W%P%HEPE iafeewﬁa‘fl&(%ég and other _ _
hept adec%%ﬁmbﬁ@%emﬁﬁ@p%zﬁo@ AQBSANZAS, NI H&éoi‘ﬁoxﬁhh&’ﬂ-ﬁﬁﬁa??' de with

a partial ester derived froma fatty aci'd and hexi tol anhydride (e.qg.,
pol ydRy etheybmbecs ovithi dreerpr moro obrepdue)s uidiel iaduetus HiVisioe asingric MBY al so

contain one or . e preservati 20such as e | or. n-propyl
S hyar xRy sy ainaf camgpuis MRS pRRr e R ot eRior s f1 avori ng

agents anghnQiptRE, B fudUWReIaThiBEoR G Riverse T8 rptass UPINOFE 1 Qftigeacchar i n.
O | suspensions may be formul ated by suspending the active ingredient in a

veget abl énlobitors glitsverss transgeiptage, ¢11V, intsigrage irgiibifors epd hnhahitore CeGBbnut  oi |,

or in a nneral 25qil .such i qui,d _paraffin. The .oral .sus si ons may
Cont i n SRRt 20 il Rk A GRELRLIL By, HRSh FpeiBp ROV

al cohgl . phvestefiiBighraderisSinhibtieR, dshd-flosesisst 1fighibioraieyaopansttditavori ng
agents nmay be added to ,g)r ovide a pal atable oral preparation. These
conposi t ilgAGUREgsiBRingiiwET i Byandehgdengs fntertingdi@Ht i oxi dant such as
ascorbi ¢ aci d.(30Q é&ﬁésﬁl‘gb&?e &9%(‘6%@%&@5‘&%%@ e&ésgg{ inbBGidaENEd on sui tabl e
for preparation of*an aguéous suspension by t addi ti on of er provide
t he act i wembigtdediletnte drin@drbxpoures welbdicdfrdivsthe paivpgongistuetdfi Ingilsigent , a
suspendi ng agent, and one or nore preservatives. Suitable dispersing or
wetting é’@%tﬁ%% ‘@Hﬁlt%rﬁr_sep%n%m?@“%@‘eﬁ AV, @HB‘IE’P‘F‘%&P Y 8ﬁf?rscl osed
aboveg AQEhAd AR BX PSRk, nfe&fnaﬁ%(,%%ﬁa@%ﬁ&ﬁ@h’?,%reéﬁ%i@vOr' ng and
coloring agents, nmay al so be present. 2010/ 093608PCT/ US2010/ 023586

darunavir, TMC-126, TMC-114, mozenavir (DMP-450), JE-2147 (AG1776),

AG1859, DG35, L-756423, RO0334649, KNI-272, DPC-681, DPC-684, and

GW640385X, DG17, PPL-100, 2) a HIV non-nucleoside inhibitor of reverse

transcriptase, e.g., capravirine, emivirine, delaviridine, efavirenz, nevirapine, (+)

25  calanolide A, etravirine, GW5634, DPC-083, DPC-961, DPC-963, MIV-150, and

TMC-120, TMC-278 (rilpivirine), efavirenz, BILR 355 BS, VRX 840773, UK-

453,061, RDEABO6, 3) a HIV nucleoside inhibitor of reverse transcriptase, e.g.,

zidovudine, emtricitabine, didanosine, stavudine, zalcitabine, lamivudine, abacavir,

amdoxovir, elvucitabine, alovudine, MIV-210, racivir (£-FTC), D-d4FC,

30  emtricitabine, phosphazide, fozivudine tidoxil, fosalvudine tidoxil, apricitibine

(AVX754), amdoxovir, KP-1461, abacavir + lamivudine, abacavir + lamivudine +

zidovudine, zidovudine + lamivudine, 4) a HIV nucleotide inhibitor of reverse

transcriptase, e.g., tenofovir, tenofovir disoproxil fumarate + emtricitabine, tenofovir

disoproxil fumarate + emtricitabine + efavirenz, and adefovir, 5) a HIV integrase

35  inhibitor, e.g., curcumin, derivatives of curcumin, chicoric acid, derivatives of
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5The pharmaceutical conpositions of the invention may also be in the form
of oil-in-water enul sions. The oily phase may be a vegetable oil, such as

ol i ve oi lwonosvmsdss oil, a mneral oil, such as |iquidprpansbéion23ses a

m xture of these. Suitable emulsifying agents include naturally-occurring

guns, such as gum acacia and gumtragacanth, naturally-occurring

phosphati des, such as soybean lecithin, esters or 10partial esters derived
fromfatty acids and hexitol anhydrides, such as sorbitan nonool eate, and

condensation products of these partial esters with ethylene oxide, such as
pol yoRyetdhidosnecidot. bidicehtcanoolcid demrsiveraf $dohcatiyylghsi auht ai n

sweet eni ng._. | avori ng .agents, rups._and elixi,rs .r be for ated with
cweet ont Har P EMRIARE RAERL 2 o PN B e PR RE L a1 one

may al so ckheARiiditivedodeMbicand phaelBeRErY BlrbMRtin alekiv@nas o grfiiosdncol ori ng
agent . The phar maceut i ca_F conpositions of the invention may be in the
form of Useln|deriyajves phaiscqinepdPatizoHevis (eR-14d).d- 8182 adilmj ect abl e
aqueous i I ENS| TR S = SUSPBRASE | f O at ed

Racor di g OS GRS (AHERENEL Bls- D SRR IR P TP S et ¢ g
agentl® ar@SIsiEFeNd] g gpgenitlabindi eh., bafveirtide ROt FROEMaDRIE144The sterile

i nj ect abl i I b terile injectabl | ut i
SUbpenei O dnDEHoreun 2Pal aronea AEFy- S6B Sttt Bhhbert: SMAGTbent , such
as a sol LBt)'aﬁ’@nt‘r@in%_ib?t‘oﬁ%ﬁﬂ??ﬂ'&|T@E-3@5,@3%@@§@%ﬂﬁbﬂ&f@8€% kAEedgqayder . Among

the acceptabl e vehicles "and solvents that e enp d are water,
Ri nger' s asdBlodkdnde@d, 1@t GOPIR asdtiAdml ohldase dditsok,ut g ommimtiaddi &i on,

sterile fi . 0ll.s may 25conventi.anal vent or
suspendi i NeamPr - TRRSRpurpocRamc B PR RBPEE e ol oy
i ncl ydi N3 y9H, LR Fon ABOX; at! mek@r¥€an femertoRdd tiQardiatty.aghhds such as
oleic acid may |ikew se be used in thkgélpl{{e aration of injectables. The

@

amount of2bapegyiased HIGN edipharia, tlHRtalpfa/2 HardddX i N ahhadar ri er 30
material § .0 singl e dosage..for i | . endi n on t he host
chfBhE K s R B ORISR Yl R Bl it

&n )
treated an par ar “no i"on:
ti me-r el aaNe e brallmtifadn aipheded, faaferé, ateddi Apisd, F-AEN ORtal iflige@ns nmay
contain approximtely 1 to 1000 of active material conpounded with an
appr opr i &f«'gmawaeaclng@ﬁ?%\wﬂawﬁ@ ond glyfgren. I CBAYIED apfpehegay vary from

aboutp5 0 o%8/8f G it 3 @Ak wei.ghty . The
phar ngcehrfg?eg(gl &)tcp(e) 627?{ ﬁ%ﬂ%cngg}rg’é}%re %@ggif?@%f%?@ﬁ%@. 36/3%5 &rreasurabl e
anount s f33il, addbnné BMVT760052F04) ¥XEnplieneane adiltus e$oINNIAR3, | nt ended f or

| mgr ed enElopRaBRF TP Sot DARIbr e eh b aBs Pk NG aSr LS o suttabl e
{opi cal e L P e e C0dT B aar oi n t he.
active i AgeadiSenS3ipsotdissdoliibidersorg. sHsPeWded4 ( FCE-SUV XS0 Telapreiv ey, ,
25  ITMN-191, and BILN-2065, 16) alpha-glucosidase 1 inhibitors, e.g., MX-3253
(celgosivir) and UT-231B, 17) hepatoprotectants, e.g., IDN-6556, ME 3738, MitoQ,
and LB-84451, 18) non-nucleoside inhibitors of HCV, e.g., benzimidazole
derivatives, benzo-1,2,4-thiadiazine derivatives, and phenylalanine derivatives, 19)
other drugs for treating HCV, e.g., zadaxin, nitazoxanide (alinea), BIVN-401
30 (virostat), DEBIO-025, VGX-410C, EMZ-702, AVI 40635, bavituximab, oglufanide,
PYN-17, KPE02003002, actilon (CPG-10101), KRN-7000, civacir, GI-5005, ANA-
975, XTL-6865, ANA 971, NOV-205, tarvacin, EHC-18, and NIMS811, 19)
pharmacokinetic enhancers, e.g., BAS-100 and SP1452, 20)RNAse H inhibitors, e.g.,
ODN-93 and ODN-112, 21) other anti-HIV agents, e.g., VGV-1, PA-457 (bevirimat),

35  ampligen, HRG214, cytolin, polymun, VGX-410, KDD247, AMZ 0026, CYT 99007,
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especi ally an aqueous solvent for the active ingredient. The active
ingredient is preferably present in such forrmulations in a concentration of
0.5 to 2089 2anivasdoageously 0.5 to 10% and parti cul arl ypalbaisto1b/o288ev w.
Forrmul ati ons suitable for topical adm nistration in the nouth include

| ozenges 15conprising the active ingredient in a flavored basis, usually
sucrose and acacia or tragacanth; pastilles conprising the active
ingredient in an inert basis such as gelatin and glycerin, or sucrose and
acaci a; and nout hwashes conprising the active ingredient in a suitable
liqui d cake&HIV, BAY 50-4798, MIgKH) tipiiionmalp o’ Blé &Y.aA LG8, angPAat i on may be
presentedﬂga@ﬁ)suppository with 20a suitable base conprising for exanple
cocoa butter or a salicylate. Forrmul ati ons suitable for

i ntrapul nonar \it RraldageadiblRrANtathbink ahy eimfama o tRaihtétlod witlzénd @meyanpl e in
the range of 0.1 to 500 mcrons, such as 0.5, 1, 30, 35 etc., which is

adni ni st et apiv o hpRBCYUS AR Lbh LRI deface Femhips simprseayer spusytidinhal at i on
t hrough the. . rx . : . i l.e formul ations

i ncl ude f@ga%ggﬁgnggagﬁ?%ﬂsgﬁggggﬁgg%ﬁi%ﬁ%&g%Fﬁeg%PgéﬁggﬁgﬁgéFornulations
sui t abl e sironltmesws@lseqrendilyrepiawe Waandniisisteadd equermiglipghpr epar ed accor di ng

to convent#%paL met hods ,and may, .be delivered with other therapeutic agents

d
such as COMPHIREER Hﬁé{%@tﬂé%?léte{f‘ééawwlﬁefq%d@a?ﬁ&rﬁfforﬁr prophyl axi s of HCV

i nfections as @esfhinRedi e OVeoFR Y0R8 iHARSertidh LA Gl Rimotaginaal
adm ni stration may be presented as 30pessaries, tanpons, creans, gels,

past es, faotinstherapsypicaagefitozamdrally eies conmaltmiangs Pnseguditial admingtiatien act i ve

i ngredient, such carriers as.are known in the art to be ropriate.

For mul at 1ACOGUPERLT et P 2BAPLMAPR sk PG Pt Shresre PR aE B teSs and
non- agueans Hdr@pduliBall yUREt L OMnS@ItHbS BB SoMPh Gl dTaNe FOBLRINTn@RkE vPXi dant s,
buffers, 35bacteriostats and sol utes which render the fornulation isotonic

wi th t he mvreothes potivigdhergysurio po¢9 3BHRPOTLSLONDE bodbsBhs priieshded reci pi ent ;

and aq ueous ar‘tfiq[_gl Mk tlé{ T Sncﬁfd%sr, gdlgimss?r%ggnng% o dﬁ\g\s@éc}cs%f %aﬁy coltn{]p%lurl{(gse
suspendi ng agents an i ckeni ng agent s. g=for mul atons are

pr esent edfitie iwnddtiod ®eforobr Mitdrtaimelasestion BE ahit doSiged OF orRX2MRIreosenl ed
anpoul es and vials, and may be stored . in a freeze-dried (lyophilized)
condi t i ortcHegrETaPRYIcorryist o cxaplei Ry siratios of flg sanepqupdtipidhear ri er, for
examibe V@%é?)]'ﬁofl Withilrpée@b tfn?xﬂlteé, H;Tﬁ}cq}r?&iethé{ alhinRd ra?ign U8 Ene g)ﬁ SR gNeous
injection solutions and suspensions are prepare rom sterile powders,
gr anul es aatide thabipetis: apbnts h€okéxuthpe, ewintushey otlesonpdmad of Breefhresntiod uni t

dosage formyl ati ons are those c nt?injng a dai.l dﬁse or . unit daily
Sub- dose, SHBEe ABPEReran v PRENECH Bl cahds gprptpSPEsdmizitiation hr cof . of
the acti VgidJd9f 864:RWr more other active therapeutic agents. Alternatively, a unit dose of
one or more other therapeutic agents can be administered first, followed by
25  administration of a unit dose of a compound of the invention within seconds or
minutes. In some cases, it may be desirable to administer a unit dose of a compound
of the invention first, followed, after a pertod of hours (e.g., 1-12 hours), by
administration of a unit dose of one or more other active therapeutic agents. In other
cases, it may be desirable to administer a unit dose of one or more other active
30 therapeutic agents first, followed, after a period of hours (e.g., 1-12 hours), by
administration of a unit dose of a compound of the invention.
The combination therapy may provide “synergy” and “synergistic”, i.e. the
effect achieved when the active ingredients used together is greater than the sum of
the effects that results from using the compounds separately. A synergistic effect may

35  be attained when the active ingredients are: (1) co-formulated and administered or
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151t shoul d be understood that in addition to the ingredients particularly
nment i oned above the foinfulations of this invention may include other
agents cowmoento/oes@8 in the art having regard to the typecofustanmedsasi on in
guestion, for exanple those suitable for oral adm nistration may include
flavoring agents. The invention further provides veterinary conpositions
conprising at |east 20one active ingredient as above defined together with
a veterinary carrier therefor. Veterinary carriers are materials useful for
t he purpose of adm nistering the conposition and may be solid, liquid or
gaseous risligeied sunulisheduslrie aspnditiddermyetian; 63) debivepd appéernpiohe et eri nary
art and are i i .1 he i i j T i.nary
corpos t 1 Branay st daiEafG) b FohC BERENEIbey BT AYFEROEY: her

desired rouietion therapyCoEpRiidR: dfect ey bawenhédnhar @ewspgdodmsprovi de
controll ed rel ease phatinaceutical formulations containing as active
i ngr edi errdgpsterrd argeaveEshisgusRllys - gHB serER ta0bHs. PUIEORIFBIU SO ease

formul ati v 1.G I f i Lngr edk e controlled
and regufgﬁgﬁkg%&gﬁggﬁﬁﬁgggﬁ§r%q%%%cga%%ggkg&%bg?g&?%%§g§ggg%?ﬁe

phan-lfac aktaaetd dosage dioeetic adtivepngbdicet i0bdmingitered sapkentvadlyi ngrsediibnt .

Effective dose of active ingredient depends at |east on the nature of the
condi t | orBEFIgH CPRBIaKEn BERPY SFCTYRUAAES AEARC OB REGL AV SBEIHY® used
prophyl acti ﬁ@h!rﬂstérlec?i’é%&thgl‘?sﬁ§%n&éis@@%tﬂ%ﬁd%@fe@icdehgﬁz_s ¥h kbt EGGLT on, the
met hod of delivery, and the pharfaceutical formulation, and will be

det er mi nedhibly ist dveaterd thmi bk areddSedpuglyoddvienteiiotalk! thegediglvall ati on st udi es.

It can be %ﬁﬁpc%eq,%g bqﬂfgon1about WD 2010/ 093608PCT/ US2010/ 023586

50. 0001 t%HBEUES Ade° FFREE8dy wei ght per day: typically, from about 0.01

to ahgut 10 nuhkeiiRedihonRi Bbodeient e proRhLaiRhE prisvides DA - 01 to
about 5 ng/ kg bod¥ﬁ§$|ght per day; nost typically, fromabout .05 to about
i

0.5 ny/ kgihelditing pplamery in Feell. sgmppiag: qontactng pyelt irielitebvdh dose for an
adult hu f. [OXl.: ly .7 ' ' [ r to 1000
o, prof arany papHEEHVEL Ry £ o B O Y bl of RO Y (P o

or mul ti plceeplgigesalt, Raluvitesandfor Astet thiesbof, athiefdby HCV polyangaris mhildtedonpounds  of
the invention (herein referred to as the active ingredjients) are

admi ni st ered b§ syeragtisr sppediprepaths rresephePbisadn prordepiop@athodat ed.

20 of inhibiting HCV polymerase in a cell, comprising: contacting a cell infected with
HCV with an effective amount of a compound of Formula I-1II, or a pharmaceutically
acceptable salt, solvate, and/or ester thereof, and at least one additional active
therapeutic agent, whereby HCV polymerase 1s inhibited.

In still yet another embodiment, the present application provides for methods

25  ofinhibiting HCV polymerase in a cell, comprising: contacting a cell infected with
HCV with an effective amount of a compound of Formula I-III, 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 or its
analogs, HCV NS3 protease inhibitors, alpha-glucosidase 1 inhibitors,

30  hepatoprotectants, nucleoside or nucleotide inhibitors of HCV NS5B polymerase,
non-nucleoside inhibitors of HCV NS5B polymerase, HCV NS5A inhibitors, TLR-7
agonists, cyclophilin inhibitors, HCV IRES inhibitors, pharmacokinetic enhancers,
and other drugs for treating HCV, or mixtures thereof.

In still yet another embodiment, the present application provides for methods

35  oftreating HCV in a patient, comprising: administering to the patient a therapeutically
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Suitabl e routes include oral, rectal, nasal, topical (including buccal and
subl i ngual ), 15vagi nal and parenteral (including subcutaneous,

i nt ramuscwbanio/dasdosavenous, intradermal, intrathecal anecepisdawablysge and the
like. It will be appreciated that the preferred route may vary with for
exanple the condition of the recipient. An advantage of the conpounds of
this invention is that they are orally bioavailable and can be dosed
orally. 20 Conbination Therapy Conpositions of the invention are al so
used in conbination with other active ingredients. Preferably, the other
activé t lesfeaipenamaeunt ptp exheang ob Forpdatdlapre pharapgeationly aceeidlerin or its
anal ogs, rote i.nhicbi tors, al pha-glucosidase 1 25i nhibitors,
hepat oprosfrljgzzlst()g% es?n(ﬁ%%%gegéll&eg%fbr nucl eotide inhibitors of HCV NS5B

pol yrmer ase, ndn-sfillgtensihdeehbiiibicho it @ésehQppNSEBnpobyider fas methd@y NS5A
inhibitors, TLR-7 agonists, cyclophilin inhibitors, HCV @E}S i nhj bitors,
phar mac ok Heeiine BRNAR @drE ent ot a@FPU@%e’?‘&tottg“’eB%‘ieﬁba APEGCAtY xt ur es

t her eof . i i { e Lcally

Sel cot o Tauny Th BT Qb Rng PR R ESR LAl SO e AL Ela Pes o

i ngr édi entl, sahchtq had/bneco tprafeatd « $easf ortehad dt @il avtiv ¢ trerapPaiic azeainpl e, when
treating an inf io e.g..,. ,, the conpositions of the invention are
combi ned ef‘?byﬁﬁgrpog’ﬂ’é‘?r?ﬁglfﬁg%guti c agents (such as those descri bed
herein). WO 2Q1Q/49936R8RCT LR AMAA0ERIB RS iBR B B6titverot hrarRsUt i C
agents or ingredients which can be conbined with the conpounds of Fornula
1- 111 canfitretingldCVrivarrftemneomising: agagysteniwptorthdpatignphhepipeutpady| at ed

ri FN-al pha.2a, rlFN-alpha 2b, .1 EN al pha-gb XL., rl FN-al pha 2a.. .consensus |FN
o pha | it Qs amonh A Pogtine g PRI o RrS el st e

| FN- hat a,5a0r @bvatd) bed/bessan tadr@ifaand L1818t odclaltiRIoRRl, actiné Siermsudd s
r-1FN-beta, infergen 10 actimune, |FN onega wi th DURGCS, and al buferon;

h
ri bavi ri rekeatgt Sigsn the gpup qoayaling of ipigHegys, nbaxripor itsaRalogs. i ¥ViNdi3ne
taribavirin). . i nhi.hi , - - 2; NS5b
s oo T L b TR, USRS,

(R1656) , R8lcoil&5ilhibRSts-of IHTY NHIGE- /@ GmeBbd, Bod-9ddicodilic BIEDBorsMHIOV, R7128,
VCH 759, PF-868554, GSK625433, and XTL-2125; NS3 pr.ot efﬁlse i.nhi bi tors,
15e.g., SXPBpgomersssdty ¥ NSSOxngrutorstdLapr agqmiss. cpaippiihin Inhiliiys-B1 L N- 2065;
al phay 0l WEQSReR5EniitdRNiHakh R RincBe Snhantdls 3T e @hARThMidalin2RET- 231B;
hepa’? }))prol_tlfgg'fi gﬁt@’ 2&%&%&?@%@%@8,&%&3&3% M%ttoQ h%ﬁd lLB- §2§51; '

non- nucl eosnidawrésthétbof ors of HCV, e.g., benzi m dazol e derivati ves,
benzo-1, 2, 4-t hi adj. azi ne_deri vat.i ves,, and enyl al ani ne .deri yatives; and
othar druge f Op Sbl SE R FeboEmERe w SRl SR R Bt Fheay
BI VN- 401 (agn{Reh@bt the é&-i%zioh/,@ﬁ-aﬂﬁﬁ%ac%h&aﬁg%ccdb‘eﬁbzél&@@solbmi t uxi mab,
ogl uf ani de, PYN-17, KPE02003002, actilon (CPG 10101), KRN7000, civacir,

G - 5005, aaar 9ts: thTpf 6@6Be pisnadgn of NowdizgBenttiar yepting anElG18, and NI MB11.

In yezt5 ar}g%;egggn Elng)}% inent, the present application discloses pharnaceuti cal

Metabolites of the Compounds of the Invention

Also falling within the scope of this invention are the in vivo metabolic
products of the compounds described herein, to the extent such products are novel and
unobvious over the prior art. Such products may result for example from the

30  oxidation, reduction, hydrolysis, amidation, esterification and the like of the
administered compound, primarily due to enzymatic processes. Accordingly, the
invention includes novel and unobvious compounds produced by a process
comprising contacting a compound of this invention with a mammal for a period of

time sufficient to vield a metabolic product thereof. Such products typically are
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25conpositions conprising a conpound of the present invention, or a

phar maceutically acceptable salt, solvate, and/or ester thereof, in

conbi nat iwo 20d0ide3@s | east one additional therapeutic ageatr/usand/023586
pharmaceutically acceptable carrier or exipient. According to the present

i nvention, the therapeutic agent used in conbination with the conpound of
the present invention can be any agent having a therapeutic 30 effect when
used in conbination with the conpound of the present invention. For

exanpl e, the therapeutic agent used in conbination with the conpound of the
presest iidagificd bR peaparibe a rntidnbdticdns g FibandH) eongrouid sf dieahagson, HOV NS3

prot ease inhibitors, al pha-glucosidase, 1 inhibitors, hepalqprofectants,
nucl eosi dEMGHSHTRS Edera rfﬁhﬁfl@idﬁfﬁga%@ﬂrdqsw-&ﬁ@t%ﬁ%%OBF Q-géf}gfﬁg to

non- nucl ' (W) sToY oY S6n. alM&ine sufficient time
e e ?%%%Ffo?‘%’,a %ﬁ?—%maé{gﬁ??t%‘f

cycl ophi lfonmptaboliint tr eccuHEPidARESbbwh (bictords, to phdprwmpaokiseletiigcitenhancer s,
and other drugs for, treati HCV,. .or. m xt ures t.her eof I n anot her
enbodi merftVTHE" BFosusly %E‘%H@&ﬁbéﬂodp?fo%%ﬁé’@ﬁﬁé?qr?ﬁ%{?ﬁ ggfsecorr_posi tions
conpripsi RgodhcGORPEMNY iRlatbh@n®y BEEe 1AHRNbIR ar@isoRutdd B hBGSUSS cal |y
acceptabl'e salt, solvate, and/or ester thereof, in conbination wth at

| east onentibetel wapaiab! bindingFeiiones sugeving sethe aadbohirgmlbhegabolils consi sting
of pegylated rlEN .al pha 2b, | £l FN- a 2 | E l.p 2b, 1FN
al pha- 2b S&Efqmrrels PR 49 énefgl,g cgg‘ﬁeg}e/lﬂ@%ggﬁhm’ 51%%’2% Oﬁ%%eann!&}r%iesb? , locteron,

AVI - 005, dRkémi, Bhaygest mpagyied 8dohd NN Betane aaahs taiventi@nbarugl pha, feron,
reaf eron, internmax al ph r-1FN-beta, infergen actimmune, |FN-onmega with

DURCS, almtifkalism SW@%W%F}@%%@&E}@%E sidledgn thejast. \ Phegonyersien preductsavi ri n)

bt 3377 S SO Hp PG AL a3 s Rl R (R Bhror 02 S S0,
GSK625433herXiuti2 §35ng SCHcT0R3dnds SCHherhyenién@5eh (fTedyamissees nd HAVIMN- 191, and

Bl LN- 2065, A MX- 3253 _(cel gosj vir UT-231B, | DN6556, ME 3738, MtoQ and
LB- 84451 PObERFRSH Hl&%%if)ébg efélr"il%?% MFEOWIhenz0-1. 2. 4- 20 t hi adi azi ne

derivatives, g0d;RUeRY LN ﬁﬁd@%ﬁhﬂﬁﬁ%&ﬁﬁhtﬁ@@ﬁaﬂund@iiﬁ a&oxaRl de (alinea),
Bl VN-401 (virostat), DEB10-025, VGX-410C, EMZ-702, AVI 4065, bavit uxi mab,
ogl uf ani destrdivissting] s¢REDRO 63002 wna Eton pprnd CRGA¢ i@ HereikKRNstZEIO My thei vaci r,
A -5005, ANA-975 L-6865,, A 971 -205, tarvacin HC- 18, and NI MB1l1
and %%phdiaﬁé%gﬁﬁﬁl}?ﬁﬁg e&%lﬁﬁsg@%a%déﬂi %0%%@18?}6%8;{@’1%9@5%? EPEPS anot her
embodi NNk ddphecREe HLRirroRRRIiheRIPEr RO jHRS upol BRI AidhifeN] Rharaceut i cal
agent conpri si ng: a) a first pharmaceutical composition conprising a
conpound IfCt Remplydsesse thevcemposrds ¢ stablsfia hesasiipineglina ragicept ¥l e sal t,
sol vate, 11(1)eranet§z£t%ﬁe3} c%%ﬁgtqofe’hy%poqyzed in vivo. The prodrugs of the invention typically
will be stable in the digestive system but may be substantially hydrolyzed to the
25  parental drug in the digestive lumen, liver or other metabolic organ, or within cells in

general.

Examples

30 Certain abbreviations and acronyms are used in describing the experimental
details. Although most of these would be understood by one skilled in the art, Table 1

contains a list of many of these abbreviations and acronyms.

Table 1. List of abbreviations and acronyms.

Abbreviation | Meaning
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1) HV g
i ndi navitt,
saqui nay

nﬂﬁ@ase in

i, th@cwéo §:4. Oﬁaﬁrﬁtﬂ:@rﬁain r,

at azana

vir, fosanprenavir

iC

+T1t0

a(i}f;l}lorog?elé ﬁIIdVI | I U1 IId.VI |

vir, darunavir,

TMC- 12¢

\avir, nel finavir,
5, TMC-114, npbzenavir

0,

( DMP- 45
DPC- 681,
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del avirirg
GN\b634,

(rilpivi
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BheosRT .
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A, etravirine,
20, TMC-278

mNe), efa

vllggﬂgeth@[)leaa;?,@S BS, VRX 840773, UK
nhi bi tor of reverse transcriptase,

453, 061, RDEA806, 3)
2. 9., zidovudine,

dﬁﬂﬁ@l did

ahm&ﬁweyﬁmﬂahhmﬂﬁe zaIC|tab|ne

Ianivudine,

abacavir,

S g

api-1 télw re—MV=210,—r actvit
TR
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f 0S¢
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T IIU LUIIUI UVI I UI DU}JI U)\I I I UIIC{I d
efawrerfEO d adef%@IFwa%$ a HV integrase 35inhibitor, e.g., curcunin,
derivati of CcuriCyHds &gh&f?idn%nac' d, derivatives of WO
2010/093608PCT/U82010/02%5 6

HMDS hexamethyldisilazane

HPLC High pressure liquid chromatography
LDA lithium diisopropylamide

LRMS low resolution mass spectrum
mCPBA meta-chloroperbenzoic acid

MeCN acetonitrile

MeOH methanol

MMTC mono methoxytrityl chloride

m/z or m/e mass to charge ratio
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15t hat therapeutically effective amounts of the conmpound of the invention
and one or nore other active therapeutic agents are both present in the
body of twWe 2pawdssds. Co-adm ni stration includes asgrnisséwatissan of
unit dosages of the conmpounds of the invention before or after

adm nistration of unit dosages of one or nore other active therapeutic
agents, for exanple, adm nistration of the conpounds of the 20i nvention

wi thin seconds, mnutes, or hours of the admi nistration of one or nore

ot her active therapeutic agents. For exanple, a unit dose of a conpound of

the inventi --@ be adm nistered first, foll itlon seconds or m nutes
by adm ni stratdion—d¢f a unit dose of one or nore active therapeutic

agents. Alternativet unph dose o (gne or nore ot hey-{ hg ragputlc agents
can be administered ¥PR§:Z;‘M | owed y 25adm ni stration untt dose of a

compound of the inventi thin se Qﬁ% m nutes, _In s ases, it may
be desirable two éd \nlgtebHa uni t d&gg a conpoufd Hf Qﬁe(ypventlon
first, followed,=aftef a period of hours (e.g., 1-%&2 howrs), by

adm nistration of a ugmit dose of one or nore other actiw@ t her apeutic
agents. In other case it my be desirable to adm nister a unit dose of

one oP nore ot her actlve 30t herapeutic agents first, f P owed, after a
period of hours (e.g., 1-12 hours), by administration of a unit dose of a
conpound of t he & sldimida (22.0g, Sérﬁéma@lsrﬁieﬁaltefi@ﬁcqrﬁl@géwlerm@ceéwr@v| de
"synergy" I 9 ctive
|ngredleﬁ%%agggéyggégf%6¢F6 SffggFggﬁ?ﬁé ?%La§%%ﬁ0$9§§h fec g t hat
results hmhnxmgimgﬂbbeo&Dumﬂgad&ngﬁnﬁﬁmhakw@rwwﬁyﬁﬂﬁ@msthmﬁﬁhact may 35be
attained when the active |ng)6 gﬁt#és ar e: co- forq&lated and

adni di'st SFEEd 8 TOORGFBRTE D RIS BCTINOLR G P @?38%338@@ VEHEROIPHN t aneous! y
(n a cominedediat ML ﬁ@ AR VRPN 2Ol BAL AR biarpRLal el - as
separate formul ations; 5 %y some ot regi men. réd in
aIternatnﬁﬁﬂﬁhgﬂapyxhan@yﬂeﬂgn§buﬁaebﬂe@dsﬁﬁ@?@dkéﬂﬂa)ned when t he
conpounds are adm ni stered or delivered sequentially, e.g. in separate
tablets, pills or capsules, or by different injections in separate
syringes. In general, during alternation therapy, an 10effective dosage of
each active i ngr€dijentoi s adm ni stered sequentially, i.e. serially, whereas
i n conbi nati on therapy, effectlve dosages of two or_nore actlve i ngredi ents

are adm ni stered togetd ¥nerg|st|c anti - vi r JIOe\f t alenotes an
antiviral effect which is) ar er thanabbg, predi cted pur additive

effects of the individual ‘eefpounds—of—theconbi nation; I5In still yet
anot her enbodi ne e ppesent appl i €ddtbon provi des Hor @Rt hods of
i nhi biting HCV pol inacell, conprising: contacting a cell infected
with HCV with an effectigpe anount of a conpound of Formula 1-11l, or a
pharmaceutical ly 1b 1c

15

To a solution of 1b {obtained from the previous step) in methanol (300 mL)
was added 0.5 M sodiom methoxide solution in methanol (20 mL, 10 mmol), and
stirred for 16 h at room temperature. The reaction was quenched with 4.0 N HC1

20 solution in dioxane (2.5 mL, 10 mmol). The mixture was then concentrated, affording

the crude Ie. MS =201.0 (M+Na").
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acceptabl e salt, solvate, and/or ester thereof, whereby HCV polyna erase is
inhibited. In still yet another enbodi nent, the present application

provi des wororewbeds 200f i nhi biting HCV pol ynerase i n a&ctalsko10023%p6é i Si ng:
contacting a cell infected with HCV with an effective anbunt of a conpound
of Formula I-111, or a pharmaceutically acceptable salt, solvate, and/or
ester thereof, and at | east one additional active therapeutic agent,
whereby HCV polynerase is inhibited. In still yet another enbodi nent, the
present application provides for nmethods 25of inhibiting HCV polynerase in
a cell, conprising: contacting a cell in ed with HCV with an effective
anount of a conpound of Formula I-II11, o phar maceut i cal ly accept abl e
salt, sol vate,Hany/ ter thereof, and at le ope ditional active

t her apeutic agen;%d f r oB¢h&OYr oup consi st Vg i\nt erferons,
ribavirin or its apal:dgs, HCV NS3 protease inhibit - gl ucosi dase 1
i nhi bitors, 30 hep@t opriot ect ant&eniutPeosi de nu@l qgtl d hi bitors of
HCV NS5B pol ynerase, non-nucl eosiuvdes | nhi bi t @ HCV NS5B. pol yner ase, HCV
NS5A inhibitors, TLR-7 agonists, cyclophilin i nh| bi tors, HCV TRES

i nhi bitors, pharrnacaki neti c enhancers, and other drugs for treating HCV,
or m %tures thereof. In still yet anothed enbodi nent, the
present appl i catiiomrgridei(desinkdfromethk pds/i@Safep).riedtanng-4bICV7(% im pat i ent,

conprisin ni to the atlen eutical ly

5076/ 00300Per P OHO KIS 6ag s L8t B sl o S BASBIREETBR For mul a
=111, Oryigh Qb%aﬂgﬁagyilhmkdcxe@cmat Bblglesald -2 550l \atRierangdlQr ester

t her eof . In still yet another enbodi ment, the present application

provi des Cﬁlbmdﬁéﬁh@,o%%ﬂmp})mlad@ed@d dontizpegdp irefhex Wkﬂ@ﬂﬁprmg ifergt6 h.

Compaiing DI sl i MAS R bS8 o bUREPRE b gl Sh i YELFEHBLac ©

sol vat e, vedneld (Q00EES. erhd&gﬁrﬁ@tayelawas ahsHe@asth waer @ddintlional active
t her apeutic agent wher eby HCV pal %rrer ase is inhibited. In still yet

anot her eérpediedt The ﬁ@i%eé’éeétﬂmﬁlﬁ by sdics 6¢l R desmpeLrapby kol of
treating cl /gae%x%é){ LD BRI Bher RER 11 515 012 0Q 4% IRrdAtdpENt 2

t her apeutica
"H NMR (300 MHz, CDCl3): 8 7.3 (m, 15H), 4.5 - 4.9 (m, 7H), 4.37 (m, 1H), 3.87 (d,

15 1H), 3.56 (m, 2H), 3.52 (s, 3H), 1.40 (s, 3H).

O O

acetic acid sz
s vO Qs o0
1d 1e

To a solution of 1d (22.0 g, 49.0 mmol) in acetic acid (110 mL) was added ~ 3
20 M sulfuric acid (prepared by mixing 4.8 g of concentrated sulfuric acid with 24 mL of
water) and stirred at 70 °C for 8 h. The mixture was concentrated to a volume of ~20
mL, and partitioned between ethyl acetate and ice-cold 2N NaOH. The ethyl acetate
layer was concentrated, and purified by silica gel column chromatography (~35%
EtOAc / hexanes), affording Ie as an oil (17.0 g, 80%). MS =457.2 (M + Na").
25
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effective anount of a conpound of Formula I-111, or a pharmaceutically
acceptable 15 salt, solvate, and/or ester thereof, and at |east one

addi t i onavoaotoosssosher apeuti ¢ agent sel ected fromthe groupsecansesss ng of
interferons, ribavirin or its anal ogs, HCV NS3 protease inhibitors,

al pha- gl ucosidase | inhibitors, hepatoprotectants, nucl eoside or nucleotide
i nhi bitors of HCV NS5B pol ynerase, non-nucl eosi de inhibitors of HCV NS5B
pol ymerase, HCV NS5A inhibitors, TLR- 7 agonists, cyclophilin inhibitors, 20
HCV : RFS inhi bitors, pharmacokinetic enhancers, and ot her drugs for
treating HC\V,_ or mxtures thereof. In still nother enfodi nent, the

pr esent aon provi des for the use of awcofipqund of pr esent

i nvention, phar maceutical |y acceptable salt, sobtxats nd/ or ester

t hereof, for theOpnepmaragijon of QC{@ degapmpp for tre%gﬁn HCV
25infection in a Eja\@zi. Met abol it €s of the Conpounds he vent| on

Al so falling wihin the scope. of thlﬁ%nventlon th@l{) Vi jet abol i c
products of .@ onﬁou@ri bed h¥Fein, to -- ent suc oducts are
novel and unobwxi'ous over the—prior art. Such products nmay result for
exanple fromthe 30oxi dation, reduction, hydrolysis, anidation,
esteriSfication and the |ike of the adm ni stered corrpounh‘ primarily due to
enzymati c processes. Accordingly, the invention includes novel and

unobvi ous conpounds produced by a process conprising contacting a conpound
of this inventToansditidn & Ivgdhilg, fda nanplégrli)bbkfbﬂ%m‘iiéﬁflﬁmol)anﬂ toyield a

010, 003d0BER kLB d) Bos ks e B aT P gt Pt Bom AL S e st arstiser 1 ed (e, g

14C or 3Hhhe@tmows Lf, Thembieato en, mc}eam@ﬁmﬂg v tRa fifeBhal |y in a
detectabl e dose (e.g. greater than about 0.5 ng/kg) to an ani mal such as

rat, lfousepmdanneatup: for 1bnkéy miskure wamceﬁrat@imngcmmd B egstduei me f or

PO L T L LR R s M ek e

These 10prReUsk If ad & a2l Y, i990))anes! s1199@qwae% are labeled (others are
i sol ated by the use of anti%odi es capabl e of binding epitopes surviving in
the netabolite). The netabolite structures are determ ned in conventi onal
fashion, e.g. by M5 or NMWR anal ysi s. dn general anal ysis of netabolites is
done in thessane way as conventi onal =i oI i sm studi es "‘- | -known to
t hose skil in the ar©, The ¢ ém@n pr g 15 so

not otherw S fownd in VR// are ul in dlgno '
t her apeuti c dosing § Ot b corrpounds gf Nt he invention\e |f N-hegy possess
no HCV pol ynerase i nhi i« ory act r own. p&€s and

nmet hods for @ m ra ng) st @ ty OEF ound@i;rd' ogftte
gastrointesti eCr et® e known’ npoun def™ ei n as
stable in the 20gastroi ntestinal trQE‘ﬁN%ere | ess than about g nol e
percent of the prot edt ed groups are deprotected in surtdgate intestinal or
gastri.c juice upon incubation for 1 hour at 37C. Sinply because the
corrp(}gnds are stable to the gastrointestinal tract does not nean that they
cannot be hydrn} yz@ghiémofvify0.70 Ehe spaaaslygsd «wa(NIﬂi@nﬁﬁmﬁml}thQi@hénepi-cal ly will
be stable in the digestive system but nmay be substantially drolyzed to
the 25pare@ntoanliereg ﬂiﬂﬂlﬁiﬁéeﬁég@%il\?é mmﬁéﬁn avlpxﬂé?uwtr@flﬁéﬁn%é abel i ¢ organ,

or wi thi QNaCsee!ddgd b&ton trifluoride diethyl ether complex (1.30 mL, 10.4 mmol) and stirred

at room temperature for 16 h. The resulting mixture was poured into ice / saturated
20 sodium bicarbonate. Ethyl acetate was added. The diphasic solution was stirred until

the ice was melted completely. The ethyl acetate layer was then taken and

concentrated in vacuo. The residue was purified by silica gel column chromatography

{(~40% EtOAc / hexanes), affording 1g as an oil (0.39 g, 18%). MS = 600.2 (M - H").
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general . Exanples 30Certain abbreviations and acronyns are used in
descri bing the experinental details. Al though nost of these would be
under st oostolzg1oomssoski | 1 ed in the art, Table 1 contains aciritstoiof2smeey of
t hese abbreviati ons and acronyns. Table 1. List of abbreviations and
acronyns. Abbreviation Meaning AIBN 2,2'-azobis(2-nmethyl propionitrile)

13n benzyl BnBr

benzyl brom de BSA bis(trinethylsilyl)acetam de BzCl benzoyl

chl oride CDI carbonyl diim dazole DABCO

10

15

20

25

To a suspension of 1g (390 mg, 0.65 mmol) in methanol (26 mL) was

dropwise added concentrated HC1 (4.5 mL) while stirring. The mixture was stirred at
room temperature for 1 h. The resulting solution was concentrated in vacuo and
dried. The residue was then dissolved in ethanol (20 mL). Formamidine acetate (680
mg, 6.5 mmol) and triethylamine (0.09 mL, 0.65 mmol) were added, and the mixture
was stirred at reflux for 11 h. After cooling, the mixture was concentrated and
partitioned between ethyl acetate and water. The ethyl acetate layer was concentrated
and the residue was purified by silica gel column chromatography (~70% EtOAc/
hexanes), affording 1h as an oil (0.16 g, 43%). MS = 567.2 (M- HY. 'HNMR (300
MHz, CDCl3): 8 8.21 (s, 1H), 7.71 (s, 1H), 7.2-7.4 (m, 15H), 6.00 (s, 1H), 4.81 (ABq,
2H), 4.65 (m, 4H), 4.39 (m, 1H), 3.93 (d, 1H), 3.77 (ABdq, 2H}), 1.10 (s, 3H).

O_\/d O : pyridine

th 1

A mixture of 1h (160 mg, 0.28 mmol) and P»S;5 (137 mg, 0.31 mmol) in
pyridine (2 mL) was heated to reflux for 30 min. The resulting mixture was
concentrated and treated with 5% ammonium hydroxide (25 mL). The mixture was
stirred for 30 min., and extracted with ethyl acetate. The ethyl acetate extract was

concentrated, and the residue was purified by silica gel column chromatography
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| ,4-diazabicyclo[2.2.2loctane DBN 1 ,5 -diazabicyclo[4.3 . Q nonene-5 Ac20
acetic anhydride DBU 1, 5-di azabi cyclo[ 5. 4. 0] undecene-5 DCA

di chl or oawetami@ssoRCC di cycl ohexyl car bodi i m de DCM di chipararsediomanss©OVAP
4- di met hyl am nopyri dine DME 1 , 2-di net hoxyet hane DMICL di m et hoxytrityl

chl ori de DVBO dirnet hyl sul f oxi de

10

15

20

25

(~40% EtOAc / hexanes), affording 1i as an oil (100 mg, 61%). MS =585.1 (M +
H). "H NMR (300 MHz, CDCL): § 8.40 (s, 1H), 7.66 (s, 1H), 7.2-7.4 (m, 15H), 5.99
(s, 1H), 4.82 (ABq, 2H), 4.66 (m, 4H), 4.40 (m, 1H), 3.93 (d, 1H), 3.77 (ABdq, 2H),
1.08 (s, 3H).

To a solution of 1i (218 mg, 0.37 mmol) and diisopropylethylamine (0.13 mL,
0.75 mmol) in dichloromethane (3 mL) was added methyl iodide (0.035 mL, 0.56
mmol), and stirred at room temperature for 3 days. The mixture was concentrated,
and the residue was purified by silica gel column chromatography {EtOAc / hexanes),
affording 1j as a yellow solid (221 mg, 99%). "H NMR (300 MHz, CDCl3): § 8.62 (s,
1H), 7.91 (s, 1H), 7.2-7.5 (m, 15H), 6.22 (s, 1H), 4.92 {ABq, 2H), 4.70 {m, 4H), 4.45
(m, 1H), 3.98 (d, 1H), 3.83 (ABdq, 2H}, 2.71 (s, 3H), 1.06 (s, 3H).

A mixture of 1j (89 mg, 0.15 mmol) and ammonia in a bomb reactor was

stirred at 40 °C for 16 h. After removal of ammonia, the residue was purified by
silica gel column chromatography (EtOAc / hexanes), affording 1Kk as a bright yellow
solid (54 mg, 66%). MS = 5683 (M+ H"). 'H NMR (300 MHz, CDCIL): 8 8.30 (s,
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DMIr 4, 4'-dinmethoxytrityl DVF di nethylforniam de Et0Ac ethyl acetate ESI

el ectrospray ionization HVDS hexanet hyl di sil azane HPLC H gh pressure liquid
chr omat ogwephio/deB¥s| i t hi um di i sopropyl anmi de LRVS | ow r egalraiseann/0nsEss

spect rum nmCPBA net a- chl or oper benzoi ¢ acid MeCN acetonitrile MeOH

5 1H), 7.71 (s, 1H), 7.2-7.4 (m, 15H), 6.18 (s, IH), 5.55 (brs, 2H), 4.86 (ABq, 2H), 4.64
(m, 4H), 4.43 (m, 1H), 3.98 (d, 1H), 3.83 (ABdq, 2H), 1.09 (s, 3H).

HO OH

Compound 1

10 To a cooled (-78 "C) solution of 1k (179 mg, 0.315 mmol) in dichloromethane
(6 mL) was added 1.0 M solution of BCl; in dichloromethane (6 mL) and stirred for 1
h at the same temperature. A mixture of pyridine and methanol (1:2, 9 mL) was then
added to quench the reaction. The resulting mixture was slowly warmed up to room
temperature and concentrated. The residue was suspended in 27% ammonium

15 hydroxide (30 mL) and concentrated. This process was repeated twice. The residue
was re-dissolved in methanol (60 mL) and concentrated. This process was repeated
once. The residue was purified by RP-HPLC (acetonitrile / water), affording
Compound 1 (75 mg, 80%) as an off-white solid. MS =298.1 (M+H"). 'H NMR
(300 MHz, CD3;OD): 6 8.55 (s, 1H), 8.20 (s, 1H), 5.48 (s, 1H), 3.8-4.1 (m, 4H), 0.96

20 (s, 3H).

Compound 1m

Iz DMSO I
s o) s o)

e im
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net hanol

10

15

20

25

30

MMIC nmono net hoxytrityl chloride mlz or mle nmass to charge ratio
M+ mass plus 1 M-1- mass mnus 1 MsOH net hanesul fonic acid M or
spect r umwBS3oN/dB@soOsucci nim de rt or r.t. room tenper ararasiBnb23586
t et rabut yl ammoni um f |l uori de

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 le
(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 mixture. 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 silica gel
chromatography (hexanes / EtOAc). 955 mg (96 %) of the desired material 1m was
isolated. LC/MS =433.2 (M +H"). "HNMR (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).

Compound 28: 7-bromo-4-(methylthio)thieno[3,4-d]pyrimidine

Br
27 28

To a dry, argon purged round bottom flask (250 mL) were added 4-
methylsulfanyl-thieno[3,4-d|pyrimidine (compound 27, obtained according to .J.
Heterocyclic Chem., 1993, 30, 509; 3.9 ¢, 21.4 mmol) and anhydrous DMF (30 mL)
The flask was then placed into an ice/brine bath (~ -20 °C) and allowed to stir for 15
min. 1,3-Dibromo-5,5-dimethylhydantoin (3.06 g, 10.7 mmol) was added in portions
and the reaction mixture was allowed to stir until complete disappearance of the
starting material. After 1.5 h, the flask was quenched with saturated aqueous
NayS,0;, and the organic material was extracted using ethyl acetate (3 x 10 mL). The
combined organic layers were dried using MgSO,. The solvent was removed under
reduced pressure and the crude material was purified using flash chromatography
{ethy! acetate). 2.8 g (50 %) of the desired material 28 was isolated. L.C/MS = 260.9
(M + H"). "HNMR (400 MHz, CD;0D): 8 9.02 (s, 1H), 7.09 (s, 1H), 2.47 (s, 3H).

137

B MmMass



TMBCL chlorotrinethylsilane TVMSBr bronotrinet hyl sil ane TMS1

I odotrinmethylsilane TEA triethylam ne TBA tributylam ne TBAP

tri butyl avoeniounys@gr ophosphat e TBSC1 t - but yl di met hyl si | ycTaisb@wioesssd EAB
triethyl ammoni um bi carbonate TFA trifluoroacetic acid TLC or tic thin |ayer
chr omat ogr aphy Tr

Compound In

O\ o. o compound 28 / BuLi S e’ N
aVx¥y Or

im 1n
To a dry, argon purged round bottom flask were added 7-bromo-4-

methylsulfanyl-thieno[ 3,4-dpyrimidine (compound 28 shown above, 2.0 g, 7.66

10 mmol) and anhydrous THF (20 mL). The flask was then placed into a dry ice/acetone
bath (-78 °C) and allowed to stir for 15 min. A solution of Buli (6.56 mL, 10.5
mmol, 1.6 M in hexanes) was added dropwise. After 15 min, a solution of Im (3.02
g, 7.0 mmol) in THF (5 mL) was added to the flask at -78 °C via cannula. After 2 h of
stirring at -78 °C, the flask was warmed to 0 °C. Saturated NH4C1 (50 mL) was added

15 to quench the reaction. The mixture was extracted using ethyl acetate (3 x 50 mL),
and the combined organic layers were dried using MgSO, The solvent was removed
under reduced pressure and the residue was purified using flash silica gel
chromatography (hexanes / ethyl acetate). 2.0 g (47 %) of the desired material In was
isolated. LC/MS =615.2 (M + H"). 'H NMR (400 MHz, CD3;0D): § 8.51 (s, 1H),

20 8.21 (s, 1H), 7.29 (m, 10H), 7.13 {m, 3H), 6.97 (m, 2H), 4.82 (d, 1H), 4.71 {t, 2H),
4.58 (g, 2H), 4.42 (m, 1H), 4.43 (d, 1H), 4.29 (m, 2H), 4.27 (d, 1H), 3.70 (m, 2H),
2.69 (s, 3H), 1.57 (s, 3H).

Compound lo
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triphenyl methyl Tol 4-nethylbenzoyl 6 parts per mllion down field from
tetranet hyl silane Preparation of Conpounds Conpound 1 WO

2010/ 093696RCIV19ED8 10/ 023586 To a solution of PCa/US2R0023586 54. 9
mol , prepared according to the procedures described in J.O C, 2004, 6257)
in nmethanol (300 nL) was dropwi se added acetyl chloride (22 nL) at 0 C
using a dropping funnel over a period of 30 mn. and then 10stirred at room
tenperature for 16 h. The m xture was concentrated, re-dissolved in ethyl
acetate (400 nL), washed with ice-cold 2 N NaOH, and concentrated to

dryness, affording the crudé nethyl ether Ib as an oil. M5 = 48%.2 (M:Na').
To a sol utd of I'b (obtai fromthe previ step) in | (300 nm.)
was added @ Vhsodi uns de solution in ol (26 mrol ), and

stirred for 16 ho
HG

er at e,/ MER® reaction with 4.0 N

To a dry, argon purged round bottom flask were added 3,4-bis-benzyloxy-5-
benzyloxymethyl-3-methyl-2-(4-methylsulfanyl-thieno[3,4-d]pyrimidin-7-y1)-
tetrahydro-furan-2-ol (In, 1.80 g, 2.93 mmol) and 7 N NH; in methanol (160 mL)}.
The flask was then placed into a heating apparatus set at 45 °C and allowed to stir for

10 16 h. The solvent was then removed under reduced pressure, and the crude material
was purified using flash silica gel chromatography (10 % methanol / ethyl acetate).
950 mg (56 %) of the desired material 1o was isolated. LC/MS = 584.2 (M + HY. 'H
NMR (400 MHz, CDCl3): 8 8.19 (s, 1H), 7.62 (s, 1H), 7.1 — 7.4 (m, 15H), 5.62 (brs,
2H), 5.04 (4, 1H), 4.64 (ABq, 2H), 4.57 (ABqg, 2H), 4.43 (m, 2H), 4.28 (d, 1H), 3.67
15 (d, 2H), 1.44 (s, 3H).

Alternative Synthesis of Compound 1k

NH,
Q\ s \/*,“ Et;SiH
O o N BF ;-OEt,
OH
s o
1o 1k
20 To a solution of compound 1o (950 mg, 1.63 mmol) in dichloromethane (13

mL) at -78 °C were added BF3-OFEf; (0.61 mL, 4.88 mimol) and Et;SiH (0.78 mL, 4.88
mmol). The reaction mixture was warmed to 0 °C and allowed to stir for 1.5 h. The

reaction was quenched with saturated aqueous sodium bicarbonate at 0 °C, and diluted
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20sol ution in dioxane (2.5 nL, 10 mml ). The m xture was then concentrated,
affording the crude 1c. M5 = 201.0 (MtNa). WD 2010/ 093608PCT/ US2010/ 023586
c 5d A mwounm/B6ose (obtai ned fromthe previous step), PCriuSe@0/0235405 (70%
in water, 6.0 g), 50% KOH (in water, 85 g) in toluene (500 nL) was heated
toreflux with a Dean-Stark trap attached. After | h collecting -25 inL of
wat er, benzyl chloride (33 g, 260 mml) was added and continued to refl ux
with stirring for 16 h. 10The m xture was then cool ed and partitioned

bet ween et hyl acetate (400 niL) and water (300nmL). The organic |ayer was
washed wivwith ethylexceta®0 0 helorgananphase wee rapaetesd wadtlted widsbrhee dviedopuri fi ed by

silica I chr onat ogr a -20% Et 0Ac /..hexanes affording the

oot hor outies O el S ERYY The Egude i 6 oS BE et et 300 Mz,
CDC13) . &ilicaZel klted®it) cthdl Reetatd(190 € to Bide 7645-13% of the dédied Bufpbuhd, 151H),
3.56 (n, 2H), 3.52 (s, 3H), 1.040(5, 3H) . |dl'e To a solution of id (22.0
g, 49.0 rikoisy singlagercosomer ¢2(“loMAD) S6as Mddded. - HINMGMOMIdei ¢ aci d

‘ 1% 4. ted. sul furig [ it i nL of
wator) ancReleae 1 Gy% s B RN TRt B T R DaE R o o
vol ume of(yr, 38),M41 @nd Has birti,aneds betaeenet.byts, aagt ate and ice-cold 2N
NaCH. The ethyl acetate

Compound 2

1. TMSCI, pyridine

HG  BH 2. DMTC), DMAP

3. TBAF
Compound 1 2a

15
Compound 1 (65 mg, 0.22 mmmol) was dissolved in anhydrous pyridine (2

mL) and chlorofrimethylsilane (0.17 mL) was added. The mixture was stirred at room
temperature for 2 h. An additional chlorotrimethylsilane (0.1 mL) was added and
stirred for 16 h. 4.4’-Dimethoxytrityl chloride (112 mg, 0.33 mmol) and DMAP (14

20 mg, 0.11 mmol) were sequentially added. The mixture was stirred overnight. A
solution of TBAF (1.0 M, 0.22 mL) in THF was added and stirred at room
temperature for 1 h. The mixture was partitioned between ethyl acetate and water.
The ethyl acetate layer was taken and concentrated. The residue was purified by
silica gel column chromatography (MeOH / dichloromethane), affording 2a as a pale

25 yellow solid (39 mg, 30%). MS =600.1 (M+H"). 'H NMR (300 MHz, DMSO-d}:
0 8.81 (s, IH), 8.62 (s, 1H, NH), 7.76 (s, 1H), 7.1-7.4 (m, 9H), 6.83 (d, 4H), 5.53 (s,
1H), 5.02 (s, 1H, OH), 4.92 (d, 1H, OH), 4.81 (t, IH, OH), 3.5-3.8 (m, 10H), 0.80 (s,
3H).
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| ayer was concentrated, and purified by silica gel colum chromatography
(-35% Et OAc / hexanes), affording le as an oil (17.0 g, 80%. M 457.2 (M +
Nat). 25 wo@onbed893608PCT/ US2010/ 023586 To aPswlU$R010023586 | €
(21.0 g, 48.4 mmol), DVAP (790 ng, 4.84 nrnol) and triethylamne (21.0 ni,
145 mmol ) i n di met hoxyet hane (200 nL) was added acetic anhydride (6.85 ni,
72.5 mmol) at 0 C The resulting m xture was then stirred at 10 room
tenperature for 16 h. The m xture was concentrated in vacuo and the residue
was purified by silica gel colum chromatography (-10% Et 0OAc / hexanes),
affording if as an oil (22.8 g, 99%. M5 = 499.WN{HNT Nat). Ifig 15

To a solution of if (1.7Q3j9, 3.57gmol) an & fornyl am no) t hi ophene- 3-
carboxylic acid nethyl ( ) 14. 3 I) Nn anhydrous nitronethane
(12 nL) was added boron tq3fluor| e di xrh complex (1.30 m,, 10.4
trunol) and stirred at roo at ur e\ f 16 h. The resulting m xture was
poured into ice / satura 2050diun1Q1caE§?nate. Et hyl acetate was added.
The di phasic solution was”stirred unt ice was nelted conpletely. The
et hyl _.acetate | ayer was then taken d concentrated in vacuo. The residue
was pérified by silica gel columm chfomatography (-40% Et 0OAc / hexanes),
affording ig as an oil (0.39 g, 18%. Ms ---- 600.2 (M- H+). WO

2010/ 093608PCT/ US2010/ 023586, 5l 8| h
To a solution of 2a (32 mg, 0.053 mmol) and 1 H-tetrazole (7.4 mg, 0.11

mmol) in anhydrous acetonitrile (5 mL) was added a solution of bis(S-pivaloyl-2-
thioethyl) N, N-diisopropylphosphoramidite (29 mg, 0.064 mmol, prepared according

10 to the procedure described in J. Med. Chem., 1995, 3941) in acetonitrile (0.2 m1L) at 0
°C and allowed to warm to room temperature for 30 min. After stirring for 1.5 h,
additional 1H-tetrazole (7 mg) and bis(S-pivaloyl-2-thioethyl) N N-
diisopropylphosphoramidite (15 mg) were added. The mixture was stirred for 5 min.
at the same temperature and then stored in the freezer (-20 °C) overnight. The

15 mixture was cooled to -40 °C. A solution of MCPBA (18 mg, 0.11 mmol) in
dichloromethane (0.2 mL) was added and allowed to warm to room temperature for
30 min. Aqueous sodium sulfite (10%, 5 mL) and dichloromethane (~20 ml.) were
added while stirring. The organic layer was concentrated and the residue was purified

by RP-HPLC (acetonitrile / water) to give 2b as an oil (32 mg, 62%). MS = 968.2 (M

20 +HD.
o NH,
TN il S N
s _p_
:j/ﬂ; 0 g o\ o _J
s \
HO OH
Compound 2

Compound 2b (32 mg, 0.033 mmol) was dissolved in acetic acid (1.6 mL) and
25  water (0.4 mL), and stirred at room temperature overnight. The mixture was then

stirred at 35 °C for 4 additional hours to complete the reaction. The mixture was
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To a suspension of 11 (390 ng, 0.65 mmol) in nmethanol (26 nL) was dropw se
added concentrated HC1 (4.5 nL) while stirring. The m xture was stirred at
room t enpwoabuwm3ider 1 h. The resulting solution was corceEruscabaeBssan yam
and 10 dried. The residue was then dissolved in ethanol (20 ni).
For mam di ne acetate (680 ng, 6.5 nmmol) and triethylamne (0.09 nL, O0.65
nmol ) were added, and the m xture was stirred at reflux for 11 h. After
cooling, the m xture was concentrated and partitioned between ethyl acetate
and water. The ethyl acetate |ayer was concentrated and the residue was

puri f Ped dopcasitdaied andyphriiesl binkP it ldrtaceiynipley watapostiordng Gommurdyanes) ,

cocis): gsg i iy mb-278. O 4395%60@@3@ a Tahagtgo MEREIYED™] )™, 1

(A131, 2H)): 5%@@31-5 Izmg @58 (s, 4H$93 (s, 1H), 5.3 §31}(Iﬂ5 31#(1);1,3 81{773 S(ABcdﬂh, 2H)
1.10 (s, § A m xture of ny, 28 mmol ) and P2S5
(137 ng 'D{)336ﬁ1ﬁblibi) i3nl Iplywi4dDnb 16 2s, RED, M,h%(Sh@Hﬂ dB2 6. $Ié)‘l ux for 30 nm The
resulting m xture was concentrated and treated wi th 5% amoni um hydr oxi de
(25 mL). The m xture was stirred for 30 min., and extracted with ethyl

acet gpe. démpeliltys acetate extract was 2500ncentrated and the residue was
purified by S|I|ca gel colum chromat ography WO

2010/ 093608PCT/ US2010/ 023586 5 (-40% Et OAc / hexanes), affording Ii as an

oil (100 pg, 61%. M5 = 5851 (MEr). 114 NYR-(300 Mz, CDCI3)5 5 8.40 (s,

1H), 7.611), (in, 15H), 5.99@\1%1), . . 2H), 4.66

(m 4H), 440 |n 7930(d. 1H), 3.77 agn 2H) , 87(sBH). To a
8 . '

solution of i 7 _mol )1 a8 dii sopropyPe QQ\ls m., 0.75
mol ) in dlchloro ) was_added net hyl |od|de 0.035 Wy, 0.56
mmol ), and s red :at”room t enper at.ung, for3 d mxtme mm

concent r at eﬁd Due was |I caOyel

chronatograo~- (Et0Ac / he pes), il dlng |j a yeIIOM/sa (221 ny,
99% . 1H NWR (300 MHz, CDC13) : 6 8.62 (s, 1H), 7.91 (3? .5 (m
15H), 6.22 (s, 1H), 4.%92 (ABg, 2H), 4.70 (n, 4H), lH) 3 98 (d,
1H), 3.83 (ABdgq, 2H), 2.71 (s, 3H), 1.06 (s, 3H). 2011k

To a suspension of 1g (400 mg, 0.66 mmol) in methanol (26 mL) was

15  dropwise added concentrated HC1 (4.5 mL) while stirring. The mixtore was stirred at
room temperature for 1 h. The resulting solution was concentrated in vacuo and
dried. The residue was then mixed with methyl sulfone (6 g) and chloroamidine
hydrochloride (113 mg, 0.99 mmol) in a microwave vial, and heated at 150 °C for 1 h.
While cooling to room temperature, the mixture was treated with 1N ammonium

20 hydroxide (5 mL} and ethyl acetate (5 mL) with vigorous stirring. The organic layer
was concentrated and the residue was purified by silica gel column chromatography
(EtOAc / hexanes), affording 3a as an oil (0.05 g, 13%). MS =3584.0 M+ H"). 'H
NMR (300 MHz, CDCl3): 6 8.09 (s, 1H), 7.2-7.4 (m, 15H), 5.33 (s, 1H), 4.4-4.8 (m,
7H), 3.96 (m, 1H), 3.86 (m, 2H), 1.16 (s, 3H).

25
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A mxture of Ij (89 ng, 0.15 nmmol) and amonia in a bonb reactor was
stirred at 40 C for 16 h. After renoval of ammonia, the residue was
purified wosiddss@sgel col utm chromat ogr aphy (Et OAc / hexanmss)ip/oadster di ng

| k as a bright yellow 25 solid (54 ng, 669%9. M5 = 568.3 (MH).NWVR (300 MHz,
CDC13): 6 8.30 (s, WD 2010/093608PCT/ US2010/023586 51H), 7.71 (s, 1H),
7.2-7.4 (in, 15H), 6.18 (s, 1H), 5.55 (brs, 2H), 4.86 (AN, 2H), 4.64 (m
4H), 4.43 (m 1H), 3.98 (d, 1H), 3.83 (ABdgq, 2H), 1.09 (s, 3H. |kConmpound
10To a cooled (-78 C) solution @f 1k (179 ng, 0.315 mmol) in

di chl or or net ha (6 nL) was addgd 1.0 Msolution of BCl3 pn dichloronet hane
(6 nmL) and st ethf or ane tenperature. ure of pyridine
and net hanol (1:2, © added to quench t reactiHon. The
resulting nixture was y Wrnggy up BElsr ot % eland
concentrated. The_resid S suspended in 27% a Lum I5hyid oxi de (30

m L) and concenoThDs pr s was repeated fwce. The residue was
re-di ssol ved i n \sepfiariol (E?O—r@nd concentrat 8. PHis process was
repeated once. The residue was purified by RP- HPLg %acet ni tr| le / water),
af f or i ng Conpound 1 (7@ ng, 80% as an of f - whit e~%3P 298.1 (Mmr+
H+). 1H NWMR (300 MHz, CD30D): 8.55 (s, 1H), 8.20 (s, 1H), 5.48 (s, 1H,
3.8-4.1 (m 4H), 0.96 20(s, 311). Conpound Im lel m WO

2010/ 093608 PCK ayspang) D 2358@ainsd in asigrilay mangonicpuitgd donrtbengpetioom f | ask

(100 m) Mvers addsq, anavdrots: with 3a. MS =313.9 (M+H'). 'H NMR (300 MHz,
D,0): & 8.20 (s, 1H), 5.24 (s, 1H), 3.7-3.9 (m, 4H), 0.88 (s, 3H).

10
Compound 62

o]

SN
O
7278/\/

Compound 62 was prepared in the same manner as Compound 2 starting
with Compound 3. MS = 6822 (M + H"). "HNMR (300 MHz, DMSO-dq): & §.36
15 (s, 1H), 7.4 (brs, 2H), 5.26 (s, 1H), 4.27 (m, 1H), 4.13 (m, 1H), 4.04 (m, 4H), 3.96 (m,
1H), 3.61 (d. 1H), 3.11 (t, 4H), 1.16 (s, 9H), 1.15 (s, 9H), 0.88 (s, 3H). *'P NMR
(121.4 MHz, DMSO-dq): & -1.58 (s).

20 General procedure for preparation of a nucleoside triphosphate:

To a pear-shaped flask (5-15 mL) was charged with a nucleoside (~20 mg).
Trimethyl phosphate (0.5-1.0 mL) was added. The solution was cooled with ice-
water bath. POCI; (40-45 mg) was added and stirred at 0 °C until the reaction was
25  complete (1 to 4 h; the reaction progress was monitored by ion-exchange HPLC;

analytical samples were prepared by taking ~3 ul of the reaction mixture and diluting
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DMSO (6 nmL) and anhydrous acetic anhydride (4 nL, 42.4 mol). Conpound le
(1.0 g, 2.3 mol) was then added and the reaction mxture was allowed to
stir at rwormtenyp@sat ure until conpl ete di sappearance ofctrhms2eiaeisseg
material. After 17 h, the flask was placed into an ice bath and sat.
NaHCO3(6 nlL) was added to neutralize the 10reaction m xture. The organic
mat erial was then extracted using EtOAc (3 x 10 nL) and the conbi ned
organic layers were dried using MgSO4. The sol vent was renoved under
reduced pressure and the crude material was purified using flash silica gel

chr omat ogk aphy- QMelﬁfaNHsC% E06A L)) 9850hgi00 96 p¥opbdsphhle- Bisdi (28dmgat erial im
| 0 7.33 15H),
152,80 (0 Q205 oo MM B e S 1y

1.54 (s, midure GospouaatdSC {%r bBagD: 54h (R il thdicadtidd ®ROGRadnddl wiyy | m di ne

2728 To a d% ahgon pur ged round bot'tom fl ask (250 m_(; wer e added 4-
20net hyl s MakipNFeROe o] BLA- ET?)WFW?@W@“(%U%%W foraddifiamal héd ccor di ng

to J. Het i aphydr ous
Ve (30 T 1o i L Popmd ey, PhEndd e Slectp i pRARTR 50°0
and dbl owbﬂotv@dﬁt vatef GfmlG ami@unﬁeﬁbﬁdnraanba@;a?ﬁlmcrreﬂhwﬁﬂyﬁamt oin (3.06 g,
10. 7 mmol gFed i pq@%ions and t he %Egctlon m xture was allowed to
stir unti n@BWEﬁ éleﬁf%éﬁ%) F yae eonsenirpied oodyngse figgolnse ér valer (A ter 1.5 h,
the flas o ani c
R A e e o S S R T IR IS

organi c Ilag/)ev& adéacéalmwcmderusalterdgolﬂgﬁ@as THe: ssillvents daslvenowederunder reduced

d d t fied fl h t h
ety acehapiipeadd dEpTTulh, T Rethbn et ieeriae SR s e nra: 0.

LC M3s5= Z2héh s%b?&(d&lté C11€§LH)>LC ﬁ“%@at((ﬂiogfbﬂ?ﬂn DAy cﬁmp% dodiumd H) , 7. 09
(s, 1H, 2.47 : 0/ 093608PCT/ L%SZOlO/
salts. Alternatwely, the crude reaction mixture was purified by C- 18 HPLC first and

then by ion exchange HPLC.

Compound 4
20
(?:l) 11
HO-P—O—FIJ-O—-P—O
OH OH OH
HO OH
Compound 4

Compound 4 was prepared according to the procedure described above,
starting with Compound 1.
25 '"H NMR (300 MHz, D,0): 6 8.20 (s, 1H), 7.92 (s, 1H), 5.69 (s, 1H), 4.00-4.30 (m,
4H), 0.83 (s, 3H). *'P NMR (121.4 MHz, D,0): -5.7 (d, J = 20.2 Hz), -10.7 (d, J =
19.4 Hz), -21.6 (dd, J=20.2, 19.4 Hz).

Compound 63
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5 Conpound in lmMn To a dry, argon purged round bottom fl ask were added
7-brono-4- net hyl sul fanyl -thi eno[ 3, 4-d] pyri m di ne (conpound 28 shown above,
2.0 g, 7.w620/m8@B) and anhydrous THF (20 niL). The fl| azkTamsomioesssel aced
into a dry ice/acetone bath (-78 C) and allowed to stir for 15 mn. A
solution of BuLi (6.56 nL, 10.5 nmmol, 1.6 Min hexanes) was added dropw se.
After 15 mn, a solution of Im(3.02 g, 7.0 nmol) in THF (5 nmL.) was added
to the flask at -78 C via cannula. After 2 h of stirring at -78 C, the
flask was warmed to 0 C. Saturated NR4CL (50 was added 15to quench the
reaction. The m xture was extract ed using ethyf acetate (3 x 50 nL), and

t he conbi ned organic I%ﬁus V\%re; r| ed us$ n@ &4 The sol vent was renoved
under reduced pressure I(Ij—,(i ed using flash silica gel
chr omat ogr aphy (hexanes /Oé't h9'ﬁ a{EJet at'e)/ 2.0°g Wy % of the desired
material in was isolated. LO/MS = 615.2 ¢Mfl+). 1H NVR (400 MHz, CD30D): 6
8.51 (§, 1H), 20 Conpound |0 WO 2016%098508PCT/ US2010/ 023586 51 n10

Compound 63 was prepared according to the procedure described above, starting

with Compound 3 and was isolated as a triethylamine salt. MS =551.9 (M-H". 'H
NMR (300 MHz, D;0): 8 8.03 (s, 1H), 4.99 (s, 1H), 4.1-4.3 (m, 2H), 3.9 (brs, [H),
3.85 (d, 1H), 3.04 (m, NCHy), 1.12 (m, CH>CHs), 0.87 (s, 3H). *'P NMR (121 4

10 MHz, D,0): -10.4 (d), -10.7 (d), -22.9 (1).

Compound 5

HO OH

A mixture of about 0.05 mmol of Compound 1 and about 0.5 mL of
15 trimethylphosphate is sealed in a container. 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 IM
tetracthylammonium bicarbonate and the desired fractions are isolated by anion
exchange chromatography. The appropriate fractions are then desalted by reverse-

20 phase chromatography to give Compound 5.

Compound 6
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To a dry, argon purged round bottom fl ask were added 3, 4-bi s-benzyl oxy- 5-
benzyl oxynet hy1- 3- nmet hyl - 2- (4- met hyl sul fanyl -t hi eno[ 3, 4-d] pyri mdin-7-y1) -
t et r ahydrwoforozesa@sol (in, 1.80 g, 2.93 minol) and 7 N Rdas/useowmeisasiol (100
m.). The flask was then placed into a heating apparatus set at 45 C and
allowed to stir for 10 16 h. The solvent was then renoved under reduced
pressure, and the crude material was purified using flash silica gel

chromat ography (10 A nethanol / ethyl acetate). 950 ng (56 A) of the
desired material Jo was isolated. LCOMS = 584.2 (M+ H+). NWR (400 MHz,
CDC13p: 6 8. 1% qmpound)s (apowl.{SmmolHp drigd gver phogphompus PBRpxidE 162 (brs, 2H),

5.04 (d, 64 (ABQ. . 45 oH) . 4. 43 (| C4.28 (d. 1H).
3. 67 (15( %ﬁ”?‘éﬁ‘% O?gi?“éﬁ)b Thi R A efq’%]elsE%?ﬁeﬁ‘é%dﬁg(aé?“tcﬁrﬁ%éﬁnd A

20To a sGhbidrows DMFCAAROUR. ODMERABDIPBA. Wt 7.89@hnol of idi-glp@r omet hane (13
m.) at -78 C were added BF3-0Et2 (0.61 nL, 4.88 mmol) and Et3SiH (0.78 ni,
4. 88 mllororpehyleaconats (siviod & hgméstiet kdamodieore vl @PP Ohvscdded stir f or

L5 . THRGTRARSHAR RS AYSUGARTS Y hibBR U3 SRAINPOLPRdl M bi oar bonat e

at 0 C, an uted acetate. e organi ¢ phase was separat ed,
washad wilibhrsbiHentng dreredvalier atda? 5a¥io dbohit 48 kcirame o neetibk itadd. The

e R T CRASRUED Feb S 1 s
st er eoi SQERFiok Bridl-anYRvaporfifi, 4nd Metdiduelis poRed 800 M -phd&d HPLC to

isolate Compound 6.

15 Example 7

Mono Phosphoramidate Prodrugs

Non-limiting examples of mono-phosphoramidate prodrugs comprising the

20 instant invention may be prepared according to general Scheme 1.

Scheme 1

146



HN-DMIr HO 1. TMSCl, pyridine HO HO OH Conmpound 2. DMIr Ci, DVAP
3. TBAF 4. Ho OH 2a

WO 2010/093608 PCT/US2010/023586
i
0 R O AC—h—Cl
Il
AO—P—Cl ¥ HN ] — NH
Cl HCH & o—R R¥.., o
R* R
0
7a 7b 7c

The general procedure comprises the reaction of an amino acid ester salt 7h,
e.g., HCl salt, with an aryl dichlorophosphate 7a in the presence of about two to ten
equivalents of a suitable base to give the phosphoramidate 7¢. Suitable bases include,
10 but are not limited to, imidazoles, pyridines such as Iutidine and DMAP, tertiary
amines such as triethylamine and DABCO, and substituted amidines such as DBN
and DBU. Tertiary amines are particularly preferred. Preferably, the product of each
step is used directly in the subsequent steps without recrystallization or
chromatography. Specific, but non-limiting, examples of 7a, 7b, and 7¢ can be found
15 in WO 2006/121820 that is hereby incorporated by reference in its entirety. A
nucleoside base 7d reacts with the phosphoramidate 7¢ 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 7e may be isolated by

20 recrystallization and/or chromatography.
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15 Compound 1 (65 ng, 0.22 mmol) was dissol ved i n anhydrous pyridine
(2 mL) and chlorotrinethylsilane (0.17 nL) was added. The m xture was
stirred avonommos@sperature for 2 h. An additional chl oratrniscemioyisseé | ane
(0.1 m) was added and stirred for 16 h. 4.4%b nnethoxytrityl chloride (112
ng, 0.33 mmol) and DVAP (14 20 ng, 0.11 mmol) were sequentially added. The
m xture was stirred overnight. A solution of TBAF (1.0 M 0.22 inL) in THF
was added and stirred at roomtenperature for 1 h. The m xture was
partitioned between ethyl acetate and water. The ethyl acetate |ayer was

t akenSand-ewpewnrt 8at ed. The residue was purified by silica gel colum
chromat ography (MeOH / di chl or onet hane) affordyng 2a as a pale 25 yell ow
solid (39 ng, 30%9. M5 = g00. f ( Fr). 1 (300 MHz, DVMSO-d6): 8 8.81
(s, 1H), 8.62 (s, 1H, N, 7;7—76 |s 1H), §. 17 7.4in, 9H), 6.83 (d, 4H),
5.53 (s, 1H), 5.02 (s, 1H ¢ , ﬁlzlj\ 4.81 (t, 1H, OH), 3.5-3.8
(m 10H), 0.80 (s, 3H. 09 S@ HoO—|2b NH, To a solution of 2a
(32 nmg, 0.053 mmol) and 1Htgtrazole (:774 ng, 0.11 nmol) in anhydrous
acetonitrile (5 nL) was addesol utiPonObf ~ bi s(S- pi val oyl-2- thioethyl)

N, N- di i sopropyl phosphorarnidite (29 ng, 0.064 nmol, prepared according 10to
the procedure described in J. Med. Chem, 1995, 3941) in acetonitrile (0.2

m) at 0C a”%@uh?. 5 590%%12&[@1%&%&5@%E{\@S&)ﬁé}%d&%l&dﬁg (PeBared\f t €7

stirring for It tetraz

bi s( S- pi wat@yihee MuiCasgdmydt al, M, Ndili Glogpr. dp93, piso s{pieor a5d)di teout B5nirgy  wer e
dded. T 1 xt f i t dth

2t orega 'ﬁﬁ‘&xadﬁs@earm@%roré;? 6‘%;)315 H%dwp.gf Oq_lsowiggwie”per dﬁﬁ@ha{] 0 -48n
C. A sol LHf'i\Oﬁes\}IghWQ&e(lﬁﬁbém3 AL el &;%ugtrﬁﬂétﬁ{é@fi&iqhét@.e?(@- 2 InL) was

added and allowed to warmto roomterrpera ure Aqueous sodi um
sul fite (r¢@¥Hpnss itmed)foraamuﬂEQMWs enkthhavleeift-is B@ndvel underedwmdded whi l e

) RGP TGS S e R T 1
968.2 (M

15 Compound 64

To a dry, argon purged round bottom flask (50 mL) were added compound 1

(250 mg, 0.84 mmol) and anhydrous trimethylphosphate (15 mL). N-methyl
imidazole {0.53 mL, 6.7 mmol) was then added and the flask was placed into an ice

20 bath. After stiring for 15 min, phenyl ethoxyalaninyl phosphorochloridate (prepared
according to McGuigan et al, J. Med. Chem. 1993, 36, 1048-1052; 1.6 g, 5.47 mmol)
was added dropwise neat. The ice bath was removed and the reaction mixture
warmed to room temperature, and was allowed to stir until complete disappearance of
the starting material. After 45 min, MeOH (5 mL) was added to the flask and the

25  mixture stirred for an additional 5 min. The solvent was then removed under reduced
pressure, and the crude material was purified by HPLC to give 38 mg of compound
64 (8%) as a mixture of two diasteroisomers. LC/MS =551.2 (M +H"). *'P NMR
(161.9 MHz, CDC1;3) 10.0
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20). O 11\9 SO-P-0 O Conpound 2 Conpound 2b (32 ng, 0.033
nmol ) was dissolved in acetic acid (1.6 nL) and 25water (0.4 ni), and
stirred avoromms@sper ature overnight. The m xture was trhemssdaionessds at 35 C
for 4 additional hours to conplete the reaction. The m xture was WO

2010/ 093608PCT/ US2010/ 023586 5concentrated and purified by RP-HPLC
(acetonitrile / water), affording Conpound 2 as a white solid (18 ng, 82%.
M5 = 666.0 (M+ H). 1H NWR (300 MHz, DMSO- do): 6 8.6 (hrs, 2H), 8.58 (s,
1H), 8.17 (s, 1H), 5.58 (s, 1H, 5.34 (brs, 1H), 3.9-4.4 (m 7H), 3.67 (t,
1H, 3.11 (m 4H, 1.16 (s, 9H), 1.15 (s, 9H), 0.82 (s, 3H. 10 Conpound 3

Compound 9
\rO O
H O
:[N\P//o . S\\
Or \O _ NH
L N
Q/ HO OH NH,

Cl
About 3.1 mmol of 4-chlorophenyl 2-propyloxyalaniny! phosphorochlondate
10 (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 3 and about
3.8 mmol of N-methylimidazole in about 3 mL THF or anhydrous
trimethylphosphate. The reaction is stirred for about 24 hours and the solvent is
removed under reduced pressure. The residue is purified by reverse-phase HPLC to

15 give Compound 9.

Compound 10

A mixture of about 0.52 mmol of Compound 1 and about 12 mL dry acetone,
20 about 0.7 mL of 2,2,-dimethoxypropane and about 1.28 mmol of di-p-
nitrophenylphosphoric acid is stirred for about 24 hours to about seven days. The
reaction mixture is neutralized with about 20 mL of 0.1 N NaHCO; and the acetone is
evaporated. The desired material is partitioned into chloroform, the chloroform
solution is dried, and the solvent is evaporated. Compound 10 is purified from the

25  residue by conventional means.

Compound 11
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ig3a To a suspension of ig (400 ng, 0,66 mmol) in nmethanol (26 nL) was
15dr opw se added concentrated HC1 (4.5 nL) while stirring. The m xture was
stirred avonommos@sperature for 1 h. The resulting sol uPCoNSA@B/023586
concentrated in vacuo and dried. The residue was then m xed with nethyl

sul fone (6 g) and ehl oroam di ne hydrochloride (113 ng, 0.99 nmmol) in a

m crowave vial, and heated at 150 C for 1 h. Wile cooling to room
tenperature, the mxture was treated with I N amoni um 20 hydroxide (5 ni)
and ethyl acetate (5 nL) with vigorous stirring. The organic |ayer was
concentrated and the residue was_purified by sill&a gel col um

chromat ography (EtO0Ac / hexanes), ‘@f fordi ng an oil (0.05 g, 13%. M
= 584.0 (Mr 1). 11-1 NMR {309 "Mizg. . ; P(s, 1H), 7.2-7.4 (m
15H), 5,33 (s, 1H), 4.4-¥.8-Am , , 3.86 (m 2H), 1.16 (s,
3H). 25 WO 2010/ 093608PCT/ US2010/ 023586 L= 3aConpound 3 Conpound 3
was obtained in a sim/lar manner descrig)eq)for t he preparation of
conmpound!, except starting with 3a. M X 313.9 (M+ 1-1). 1FINWR (300 MHz,
D20): %6 8.20 (s, 1H), 5.24 (s, 1H), 3.773.9 (m 4H), 0.88 (s, 3H). Conpound
62 0 >)LS \ 0-Ps@MibiDof about 0.53 mmol of Compound 10 in about 5 mL of DMF is

treated with about 1 mL of a 1 M solution of r-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,

10 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 11.

Compound 12

15 Hé %)H
A solution of about 70% aqueous trifluoroacetic acid is cooled to 0 °C and is
treated with about 0.32 mmol of Compound 11 for about one to 24 hours. The
solution is concentrated and the residue is purified by chromatography to give
Compound 12.
20
Compound 13
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OON \NH2 HO OH Compound 62 was prepared in the same manner as
Compound 2 starting with Conpound 3. M5 = 682.2 (M+ H+). 1H NWR (300 IHz,
DVSO- d6) :w8 2810883dbS(s, 1H), 7.4 (brs, 2H), 5.26 (s, 1H) pcdn®Zoipnop3sssd), 4. 13
(m 1H, 4.04 (m 4H), 3.96 (m 1H), 3.61 (d, 1H), 3.11 (t, 4H), 1.16 (s,
9H), 1.15 (s, 9H), 0.88 (s, 3H). 31P NWR (121.4 Mz, DMSO-d6): 6 -1.58 (s).
20Ceneral procedure for preparation of a nucleoside triphosphate: To a
pear - shaped flask (5-15 nL) was charged with a nucl eoside (-20 ng).

Tri met hyl phosphate (0.5-1.0 nL) was added. The solution was cooled with

i ce-wat er bath. POC13 (40-45 ngy) was added and stined at O C until the

reacti on was reactl itored by
i on- exchange éﬁ‘%‘r@ a;?g)t‘t %?62%}%[0@?0%@?8“&%%5%&9 n%SL‘é‘f’f]}ghgqg uL of the
reacti on y¥hvel Wil 06t AbD uirhslBf COII A AN bkt ode M ﬁtoat\nﬁ?ms (tﬁ@scﬁﬁenltl L)). A

sol ution of pyrophosphate-Bu3N (25 and Bu3N (90-105 nmg) in

acetoni t ri$ ¢\@P@tﬂt€|§l\ﬂﬂd(ﬂlﬁIPSI§UPrLS)PLWé'§dPMéAIOM%aPhWHé giiekepRowRE 13t i rred at O
Cfor 0.3 to 2.5 h, and then the reaction was quenched with 1.0 M Et 3SNH2CO3
(-5 m). The resulting m xture was stirred for additional 0.5-1 h while

war ming WohpodiRoM t enperature. The m xture was concentrated to dryness,
re- 10 dissolved in water (4 nmL), and purified by ion exchange HPLC. The
fracti ons contai ni ng the desi red product was concentrated to dryness,

di ssolved in water (- ci@centrated to dryness, and again dissolved in

water (-5 nmL). Nali CCB ( ) was adde nd cgncentrated to dryness.
The residue was dissol ved i ,P and congen ed to dryness again. This
process was repeated 2-5 tines. ® =V hen subjected to C 18
HPLC purification, affording deS| red od as sodiumsalts.

Al ternatively, the crude @ on m%ure %/as puNHEI ed by G 18 HPLC first
and then by ion exchange H Conmpound 420 9 9\ NHOP-OP-OP-0 OH
OH OH Conpound 4

About 3.1 mmol of 4-chlorophenyl 2-ethoxyalaninyl phosphorochloridate
(prepared according to McGuigan et al, J. Med. Chem. 1993, 36, 1048-1052) in about
15 3 mL of THF is added to a mixture of of about 0.5 mmol of Compound 3 and about
3.8 mmol of N-methylimidazole in about 3 mL THF or anhydrous
trimethylphosphate. The reaction is stirred for about 24 hours and the solvent is
removed under reduced pressure. The residue is purified by reverse-phase HPLC to
give Compound 4.
20
Compound 15

250;3

o N i O OH
A solution of Compound 14 in DMSO is treated with about 3 mole
equivalents of potassium r-butoxide for about 15 min to 24 hours. The reactions is
25  quenched with 1N HCI and Compound 15 is isolated by reverse-phase HPLC.

Compound 16
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Compound 4 was prepared according to the procedure described above,
starting with Conpound 1. 2511-1 NMR (300 MHz, D20): 6 8.20 (s, 1H), 7.92
(s, 1H), woadinm3eogH), 4.00-4.30 (m 4H), 0.83 (s, 3H) . P8TRIShiN®0LHRd. 4 MHz,
1320): -5.7 (d, J = 20.2 Hz), -10.7 (d, 19.4 Hz), -21.6 (dd, J= 20.2, 19.4
Hz). Conpound 63 5Ho OH Conpound 63 was prepared according to the
procedure described above, starting with Conpound 3 and was isolated as a
triethylamne salt. M5 = 551.9 (M- H+). NWR (300 WMHz, D20): a 8.03 (s,

1H, 4.99 (s, 1H, 4.1-4.3 (m 2H), 3.9 (brs, 1H), 3.85 (d, 1H), 3.04
(m NCH?), 1.12 (m CH2CH3), 087 (s, N31IYNWR (121, 4 10MHz, D20):
-10.4 (d), -10.7 (d), -22. §k¥$1 9 HOP-O OH Ha OH A mixture
of about 0.05 nmmol of Conpougd @ a of 15tri net hyl phosphat e
is sealed in a container. The m xture] to about -10 to about 10 C
and about 0.075 nmol of phosphoroﬁ@ ox@ﬁhlorl i s added. After about one

to about 24 hqﬁ %Fg eact383 %%ch§9wyﬁt¢ about b%t&%nOf 1M
tetraet hyl ammo R e dnd™t esire |ons ar e 150l at ed by

ani on ethﬁﬂgﬁnﬁhggﬂﬁﬁg@hgmhyauihe appropriate fractlons are then desalted
by reverse-

Compound 17

HOWEI:I"—O OH
10 O
Compound 17 is prepared by treating Compound 16 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 17 is isolated by conventional ion exchange and reverse-
phase HPLC.

15
Compound 18

A solution of about 0.4 mmol of Compound 17 in about 10 mL of DMF 1s
treated with about 0.8 mmol of DIPEA and about 0.8 mmol of chloromethyl isopropyl
20 carbonate (WO2007/027248). The reaction is heated to about 25 to about 80 °C for
about 15 min to about 24 hours. The solvent is removed under vacuum and the

residue is purified by HPLC to give Compound 18.

Compound 19



20 phase chromat ography to gi ve Conpound 5. Compound 6 WO

2010/ 093608PCT/ US2010/ 023586 5Conmpound 5 (about 1.19 mmol) is dried over
phosphor one 2pensesosde i n a vacuum for about overni ght. Poe/useeied23res eri a

i s suspended in about 4 nL of anhydrous DVF and about 4.92 mmvol DI PEA.
About 7.34 rnnol of iso-propyl chloronethyl carbonate (Antiviral Chem stry
& Chenot herapy 8:557 (1997)) is added and the m xture is heated to about 25
to about 60 C for about 30 min to about 24 10hours. Heating is renoved for
about one to about 48 hours and the reaction filtered. The filtrate is
diluted with water, Conpoudi6 is partitione@ into C12Cl2, the organic
solution is dried and evap ed, and t idue is purified by
rever se- phase HPLC to isol at'e anpl e 7 Mono Phosphoram date
Pr odr ugs Non-limting exa o] N Eglphosphoranidate pr odr ugs
conprising the 20i nst ant inventlon e prepdred according to general
Schene 1. Schene 1 WO 2010/ gT/8820123586 57d7e The
general procedure conprises t edCt i oam no acid ester salt 7b,
e.g., HCl salt, with an aryl olchlorophosph. ¢ 7a in the presence of about
two to ten equi y@h@&wfaﬁa&u@o @yhﬁ@chlo@daﬂ@%um ﬁ'ﬁ{%b&tﬁ% @b%&&%ﬁmsdate 7c.
Sui tabl e bases include, 10but are not limted to, 1 mdazoles, pyridines
such as lugatediwith aoodt Dkaﬁpoltcéﬁmnaﬂ yriethylammonium chloride and about 1.28

mmol of NN dimethylaniline. The reaction is heated to about 80 OC and is treated

with about 5.1 mmol of phosphorus oxychloride for about 30 min to about 24 hours.
10 The reaction is then concentrated, is treated with cold water, and is partitioned into
chloroform. The extracts are dried, the solvent is evaporated, and the residue is

purified by chromatograph to give Compound 19.

Compound 20

15

A mixture of Compound 19 and ammonia in a bomb reactor is stirred at about
40 °C for about one to 24 hours. After removal of ammonia, the residue ts purified
p

20 by chromatography to give Compound 20.

Compound 21




am nes such as triethylam ne and DABCO, and substituted atnidines such as
DBN and DIRT. Tertiary amnes are particularly preferred. Preferably, the
product oWoeaninesdoep i s used directly in the subsequent PETAE30MioLITeaIt
recrystallization or chromatography. Specific, but non-limting, exanples
of 7a, 7b, and 7c can be found 15in WD 2006/ 121820 that is hereby

i ncorporated by reference in its entirety. A nucl eoside base 7d reacts with
t he phosphoram date 7c in the presence of a suitable base. Suitable bases

i nclude, but are not limted to, imdazoles, pyridines such as |utidine and
DVAP, 5tertiary am nes such as triethylam ne and DABCO, and substituted

arni di nes such as, DBN 4z Lhe i s0l d by
20recrystal li ?htﬁ%%’gﬁg?%%up?#rlg%P%ggrf;%ﬁé{?‘ﬂ@ gﬁ]p%ﬁﬁgéﬁ&a&e About 3.1
mol of pghanrbmeBbRoXyaladidyboupmespharabbhid intlatfe 1(PMephites @@ ding to
McGuigan et al, J. Med. Chem 1993, 36, 1048-1052) in about 3 nl of 10 THF
i s added in dichlopemethans inpddsel. Adisnpb@t9neIboYE 2EheId AR BrefPYESHGt 3. 8 Mol
of N net i1 leqi THE @tﬂg’y : osphat e.
The reac{a ?{%lﬁ{emsaq@tz@izﬁgﬁ)g?g%%egﬁ?%?(ﬁot%?fseaan t He%ufg% %%‘%&?gmved under
reduced proedsunencdijetorresideepérstupuiand is edndeytrated.e T Berepidas & dRb@ded gi ve
Conmpound ;8. 15 Conpound 64, To a dry, .Aargo urged round bottom
flask (500 ALy %’F‘ém‘éaé‘éféméﬁgg%@u d-) fug fB’EFeHﬁ?teé gﬁe %%’gllug maf'%aﬂ%?ﬂg(%r ous
trimet hyl. t Yt HPP.Cltommol ) was t hen
added anélp ?ﬁ:gﬁp ﬁa@gﬁgsaﬁg%g%%gg?rﬁ?ok%%ﬁggéggolglar%f%fi%if%r stiring for 15

m n, phempydvidt Qompaltahzhyl phosphorochl ori date (prepared according to

McGQui gan eta!, J. Med. Chem 1993, 36, 1048-1052; 1.6 g, 5.47 mml) was
added dropwi se neat. The ice bath was renoved and the reaction m xture

var mgd t @J@indgesperature, and was allowed to stir until conplete

di sappearance of the starting material. After 45 mn, MOH (5 nL) was added
to the flask and the 25m xture stirred for MiPMUdditional 5 min. The sol vent
was then renoved under reduced pressugé the crude material was
purified by HPLC to give 38 nyg o (8% as a mxture of two

di asteroi soners. LCMs = 551.2 ( M6l 9 Mz, CDC13) 10.0 5

HO OH

Compound 21 (about 0.22 mmmol) is dissolved in anhydrous pyridine ( about

2 mL) and chlorotrimethylsilane (0.17 mL) is added. The mixture is stirred at about 0
to about 25 °C for about one to about 24 hours. Additional chlorotrimethylsilane

20  (about 0.1 mL) is added and the reaction is stirred for about one to about 24 hours.
4.4’-Dimethoxytrityl chloride (about 0.66 mmol) and DMAP (about 0.11 to about
0.22 mmol) is sequentially added. The mixture is stirred for about one to about 24
hours. A solution of TBAF (1.0 M, about 0.22 mL) in THF is added and the reaction
is stirred for about one to about 24 hours. The mixture is partitioned between ethyi

25  acetate and water. The ethyl acetate layer is dried and concentrated. The residue is

purified chromatography to afford Compound 22.

Compound 23
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Conpound 9 CI About 3.1 mmol of 4-ehl orophenyl 2-propyl oxyal ani nyl
phosphorochl ori date 10(prepared according to McGuigan et al, J. Med. Chem
1993, 36,Ww04810103d3 i n about 3 nL of THF is added to a rCIUsSe@00B3586 about
0.5 mmol of Compound 3 and about 3.8 mmol of N-nethylim dazole in about 3
mL THF or anhydrous trinethyl phosphate. The reaction is stirred for about
24 hours and the solvent is renoved under reduced pressure. The residue is
purified by reverse-phase HPLC to 15 gi ve Conpound 9. Conpound 10 HO 6)6 A
m xture of about 0.52 mmol of Conpound 1 and about 12 nL dry acetone, 20
about 0.7 nL of 2, 2T™dr net hoxypr opane and about yLpR§, ol  of

di - pni trophenyl phosphor i gidis stirred fo bout 24 hours to about seven
days. The reaction m xt i SneutiWalized it abgut 20 nL of 0.1 N NaHCCB
and the acetone is evapordted. THe, deésNred gmaterihl is partitioned into
chloroform the chloroformsolutioh is d, aid ‘NHBMIol vent i s
evaporated. Conpound 10 is purified fromthe 25resi due by conventi onal
means5 Conmpound 11 5 HO  OH

A mixture of about 1.25 mmol of Compound 22 and about 1.9 mmol of
triethylammonium 2-(2,2-dimethyl-3-(trityloxy}propanoylthio)ethyl phosphonate
(W02008082601) is dissolved in anhydrous pyridine (about 19 mL). Pivaloyl

10 chloride (about 2.5 mmol) is added dropwise at about -30 to about 0 OC and the
solution is stirred at for about 30 min to about 24 hours. The reaction is diluted with
methylene chloride and is neutralized with agueous ammonium chloride {about
0.5M). The methylene chloride phase is evaporated and the residue is dried and is
purified by chromatography to give Compound 23.

15
Compound 24

'”O‘\yiﬂ/ NHDMTr
S
. ©

1 ={,

To a solution of about 0.49 mmol of Compound 23 in anhydrous carbon
tetrachloride (about 5 mL) is added dropwise benzylamine (about 2.45 mmol). The
20  reaction mixture is stirred for about one to about 24 hours. The solvent is evaporated

and the residue is purified by chromatography to give Compound 24.

Compound 25
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A sol ution of about 0.53 mmol of Conpound 10 in about 5 nL of DWF is
treated with about 1 m. of a 1 Msolution of t-butylmgnesium chloride in
THF. Aft ewo2bmuw3®® min to about 5 hours, a solution of palbaiseo10/08Bsemol of
trans-4-[(S)-

pyridi n-4-yl1]-2-(4-nitrophenoxy)-2-oxo-1, 3, 2-di oxaphosphori nane (Reddy, 10
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 Conpound 11. Conpound
12 HO COH A §6¥u%¥%g of about 70% aqueousnHii fl uoroacetic acid is

cooled to O Cand is tre SWﬂ agout 0. 32 of Conmpound 11 for about
one to 24 hours. The sol ut}i éogcgntrat d Nhe residue is purified
by chronmat ography to give npoun 3{ NH, NN - 0O 150 5

A solution of about 1.56 mmol of CeMpoun in abob#215 nL of THF is
treated with about 4.32 mmol of 1. After about one to about 24 hours, the
solvent is evaporated and the regi i §0 puPﬁfled by chronmat ography to give
Conpognd 13. 10 Conpound 14

A solution of about 2 mmol of Compound 24 in methylene chloride (about 10
ml.) is treated with an agucous solution of trifluoroacetic acid (90%, about 10 mL).
The reaction mixture is stirred at about 25 to about 60 °C for about one to about 24
10 hours. The reaction mixture is diluted with ethanol, the volatiles are evaporated and

the residue is purified by chromatography to give Compound 25.

Compound 26

15
About 90 mM Compound 3 in THF is cooled to about -78 "C and about 2.2 to

about 4.4 equivalents of +-butylmagneisum chloride (about 1 M in THF) is added.
The mixture is warmed to about 0 °C for about 30 min and is again cooled to about -
78 °C. A solution of (25)-2-{[chloro(1-phenoxy)phosphoryljamino }propyl pivaloate

20 (WO2008085508) (1 M in THF, about 2 equivalents) is added dropwise. The cooling
is removed and the reaction is stirred for about one to about 24 hours. The reaction is
quenched with water and the mixture is extracted with ethyl acetate. The extracts are
dried and evaporated and the residue purified by chromatography to give Compound
26.

25
Compound 29
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c About 3.1 mmol of 4-chl orophenyl 2-ethoxyal ani nyl
phosphorochl ori date (prepared according to McGuigan et al, J. Med, Chem
1993, 36,wOQ4By@B@®R) in about 15 3 niL of THF is added toTaSpeiesses of Of
about 0.5 mmol of Conpound 3 and about 3.8 mmol of N-nethylimdazole in
about 3 inL THF or anhydrous trinethyl phosphate. The reaction is stirred
for about 24 hours and the solvent is renoved under reduced pressure. The
residue is purified by reverse-phase HPLC to gi ve Conpound 14. 20 Conpound
15 A sol ution of Conmpound 14 in DVMSO is treated with about 3 nole

equi val ents_.of potassiumt-Mkoxide for about 15 min to 24 hodfs. The
reactions g;:ggpﬂuenche ] 1IN HC1 and Cong d 15 is is ﬂ by

rever se- ph : 6  5TMSCN Genpound 16 i prepared in the
same nmanner as usi ngrfzappound 3 as & i mﬁ?erial

g
Conpound 17 10 '@bnpound 16 with
about one to ahout five equiwal ents of DCC in pyridine: heattng t he
reaction to rr e to about 24 ho@cgﬁrp' s isolated
by conventi onak1 oh exchangeé—and reverse phase - 15

io 29a

LiCN BBT:;
s o
29a

To a solution of compound 1o (400 mg, 0.69 mmol) in dichloromethane (3.0

mL) at -15 °C was added TMSOT{ (0.57 mL, 3.17 mmol) dropwise. Then, TMSCN

29

(0.55 mL, 4.11 mmol) was added dropwise. The reaction mixture was stirred at -15 °C
for 1.5 h, and then warmed to 0 °C for an additional 20 h. The reaction was quenched
10 with saturated aqueous sodium bicarbonate (75 mL) at 0 °C, and diluted with
dichloromethane (20 mL). The organic phase was separated, washed with brine (150
mL), dried over NapSQ,, filtered and concentrated. The residue was purified by
chromatography on silica gel, eluted with hexanes-ethyl acetate (0 to 100 %), to give
the desired compound 29a as a single stereoisomer 120 mg (29 %). MS=3593.2 (M +
15  H.
To a solution of compound 29a (120 mg, 0.20 mmol} in dichloromethane (12
mL) at -78 °C was added BBr; (5 mL, 1M in dichloromethane). The reaction mixture
was stirred at -78 °C for 1 h. The reaction was quenched at -78 °C by reverse
dropwise addition into a flask of methanol (100 mL) at 0 °C. The mixture was
20 allowed to warm up to room temperature, evaporated, and co-evaporated with

methanol several times. The residue was dissolved in water, filtered, concentrated
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Compound 18 A sol ution of about 0.4 mml of Conpound 17 in about
10 inL of DVF is treated with about 0.8 mol of DI PEA and about 0.8 mmol of
ehl or onetwgl2oiosopsospyl 20car bonat e (W2007/027248). Thepceamsto1o23ss6 heat ed
to about 25 to about 80 C for about 15 mn to about 24 flours. The sol vent
is renmoved under vacuum and the residue is purified by HPLC to give
Compound 18. Conpound 19 5 A sol ution of about 0.85 mmol of
Conmpound 3a in about 5 nlL acetonitrile is treated with about 1.7 mml of

benzyl triethyl amoniurn chloride and about 1.28 mmol of NN
di et Ayl anil ipined ThEPEEde teiverd ing o Het desiredocappund 20 (E%and-G/ASFeated with

nours. 1070 Meadt Tont ROTE R DRk & s AP PR d Rt 06 bt or . anc

is partitiygned smt@oehd, op9f orm The extracts are dried, the solvent is
evaporated, and the residue is purified by chromatograph to give Conmpound
19. Conpound 20 15 A m xture of Conmpound 19 and ammonia in a
bonb reaq#gr i S éﬁl'red at about 40 C for about one to 24 hours. After
removal o Pﬁﬂﬂﬁ , the residue is purified 20 by chromatography to give

Conmpqygnd 20.

Sz Ac,O iz
0O 0O 0 O

Bn Bn Bn Bn

30a 30b
Compound 30a (prepared according to J. Org. Chem., 1961, 26, 4605; 10.0 g,
23.8 mmol) was dissolved in anhydrous DMSO (30 mL} and placed under nitrogen.
Acetic anhydride (20 mL) was added, and the mixture was stirred for 48 h at room
15 temperature. When the reaction was complete by LC/MS, it was poured onto 500 mL
ice water and stirred for 20 min. The aqucous layer was extracted with ethyl acetate
(3 x 200 mL). The organic extracts were combined and washed with water (3 x 200
mL). The aqueous layers were discarded and the organic was dried over anhydrous
MgSQOy and evaporated to dryness. The residue was taken up in DCM and loaded
20 onto asilica gel column. The final product 30b was purified by elution with 25%
EtOAc / hexanes; 96% yield. 'H-NMR (CD;CN): § 3.63-3.75 (m, 2H), 4.27 (d, 1H),
4.50-4.57 (m, 3H), 4.65 (s, 3H), 4.69-4.80 (m, 2H), 7.25 (d, 2H), 7.39 (m, 13H).

3Gh 30¢c
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Conpound 21 Ho OH 5 A solution of about 0.315 mml of Conpound 20
in about 6 nL of dichloronethane is cooled to about -78 C and about 6 nL of
a 1.0 M swbuviccms@s BCL3 in dichloronethane is added. APrenssabiowt3seane to
about 24 hours a mxture of pyridine and nethanol (1:2, 9 tril) is added to
guench the reaction. The resulting m xture is 10slowy warnmed up to room
tenperature and is concentrated. The residue is suspended in 27% ammoni um
hydroxi de (30 inL) and concentrated. The residue is re-dissolved in
met hanol (60 nlL) and concentrated. The residue is purified by RP-HPLC to
provi de Conpourempgund 3CGoapbunkiaizgd NHDEFrme mapoer@si Compoundompgund 21
(about 0.2 ). is di | ved.in anhydrous pyridine ( about 2 ni) and
chl orotriWﬁ?tﬂwn%g %3’3@%'&)‘?%@) ﬁqf%:qlgp%lggfe/gﬂ} “Tﬁ]«f rﬁ?‘%’ﬁ‘re is stirred at about O
to about 25 C for about ong-to about 24 hours. Additional H
chl orotri pethyl sil ane 20(ahout 0.1 nL) is a and the reactjién is stirred

! hn

[

for about rs. 4.4'-Di nmet iLtyl chl e~(about 0. 66
s\seguen

nmol ) and DNAP {about tb about, 0. nmo | viadded. The
mxture is stirre Nt one t'ds/ 24 hours. 4 On of TBAF (1.0
M about 0.22 nl) Is added and the reaction is\st/irred for about one
to about 24 kHours. :The m etate and
wat er. The -w' acet r sidue is

30c 30d
Compound 30d may be obtained in the same manner as Compound lo by

substituting Compound 30c¢ for Compound In in the reaction.

10

NH, )
@\ s \/'f Et,SiH ©\ TN

- —
0\ o N BF,-OEt, 0 o NT

OH
o) s>
30d 30

Compound 30 may be obtained in the same manner as Compound 1k by

substituting Compound 30d for Compound 1o in the reaction.

15 Compound 31

BZ/O \ O iO compound 28 / BuLi

0 F

Bz

3a 31b
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purified chromat ography to afford Conpound 22. Conpound 23 HO CH A
m xture of about 1.25 mmol of Conpound 22 and about 1.9 mmol of

triethyl avoenionys@s( 2, 2- di met hyl- 3-(trityl oxy) propanoyl Prhirajsediopb3sse
phosphonat e (W2008082601) is dissolved in anhydrous pyridine (about 19
mL). Pival oyl 10chl oride (about 2.5 mmol) is added dropw se at about -30 to
about 0 C and the solution is stirred at for about 30 nmto about 24 hours.
The reaction is diluted with methylene chloride and is neutralized with
agueous ammoni um chl ori de (about O. 5I\/#q._ The met hyl ene chl ori de phase is
evapofat ed and\ sispetséxi ef febriogrodt-[reethalifo)ticpl fidr ¢ legrimidieh2Satloyt aphy to

gi ve Conmpound 23. d, ] - 0. kAol of
Conpoungqgénli’]ﬁﬁ-éﬂﬁ%]?r(g%gg tgieel)nr%ldﬁé CI&G? é?ggfﬁlwcg%m?g%%fo%oﬁ Lli s added
dropw se (R Yl athIgin(lekends i2adied drwise. The: BB0@asd dtpredrfoxdbone3d s stirred
for about one to about 24 hours. The solvent is evaporated and the residue
i s puri fingig- 9yebeRt Divat be FuphiEmPsTaIe ACoRwamd 33 (Preprpdast@rdBe (oA sol uti on
of about &R, Conpewn j ' Qutel0 ML) s
treated v\v]i%th aﬁsggingéous92’6&&%&%%%%%%%?% %:Sg[%llérggdadglag E2%0% about 10
mL) . 1The ressioh ionirrdd¥ormbeui bhsd abaued last ahbowud78 26. SetuadiedismG0ni@nf or about
one to about 24 10hqurs. The reaction mxture is diluted wth ethanol, the
vol ati | e§h%9r”éleé§/%jé}6$é‘1 ‘é‘éf“ﬁlhgletrﬁ%@tip’é's&Hﬁ@"ftgredﬁﬂ(?‘?céﬁi Byh Ew?’tﬁﬁﬂaﬁegr aphy to
grve Com%lé%@g%?c XRRPRUBSkeARated in vacuo and the residue is purified by

chromatography to give 31b.

s~ s
S EtSiH =
Bz, s J‘ o ot Bz, s /’f
o - __
O o o N o O\ o N7
5 F 5 F
Bz Bz
{5 31b 31c

A solution of 31b (about 1.40 mmeol) in dichloromethane ( about 20 mL) 1s
treated with boron trifluoride etherate { about 2 mL) and triethylsilane (about 2 mL),
and is stirred at about room temperatare for about 1h to about 24h. Additional boron
20  trifluoride etherate and tricthylsilane may be added to complete the reduction. The
mixture is diluted with dichloromethane and saturated sodium bicarbonate. The
organic layer is washed sequentially with water, saturated ammonium chloride and
brine, is dried over magnesium sulfate, and is concentrated. The residue is purified by

chromatography to afford 31c.
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15 About 90 mM Conmpound 3 in THF is cooled to about -78 C and about 2.2 to
about 4.4 equivalents of t-butyl magneistun chloride (about I Min THF) is
added. Thwormwiws@si s warned to about OC for about 30 mPoTAISA0®23g@I N
cooled to about - 78 C. A solution of (2S)-2-

"[chl oro( 1- phenoxy) phosphoryl ] am no} propyl pival oate 20 (W2008085508) (1 M
in THF, about 2 equivalents) is added dropw se. The cooling is renoved and
the reaction is stirred for about one to about 24 hours. The reaction is
guenched with water and the m xture is extracted with ethyl acetate. The
extracts are dried and evapogated and the residue purifi efnby

chromat ography to give Conpaound 26. 25 Conpound 29 WO
2010/ 093608PCT/ Es2010/ 0 6N To a solution of ¢
0.69 mml) in dig (3.0 ) at -15p6 was a
3.17 nmol) dropwi se. n, CN (0.585 nml, 4.11 wast added dr opwi se.
The reaction m xture\wasa.stirred at -15 C for 1.5%\h nd then warned to 0 C
for an additional 203h.:zThe reaction was quencheﬂilogjth sat urat ed agueous
sodi um bi car bonat 932695 m) at 0 C, and diluted w Ph di chl or omet hane (20
m.). The organi c phaseqeas separated, washed with brine (150 nL), dried
over 2S04, filtered and concentrated. The residue was purified by

chr omat ogr aphyCanpsinllidda (apeht 1.&} oed) Wipldved éxanes-tonthyicaderthatie (0 to 100

%, to give the .desired co u a.as,a single.stereoisoner, 120 ng (29
oy w8 2 el SR fupRFR TN I3 RS BB bR 1S h SRR SR (150" o,
0. 20 Mol phixinite  GitcAROERRE NARLAHOLZSOMN] fRlabot8 KM@ uatldedTRBr3 (5 mb, 1Min
di chl oronet hane). The reaction m xture was stirred at -78 C for 1 h. The

reacti on ARHBORAENRABe At ang Giegoby resélpsrisdisgr vpslinsdihadpet Shmbhems! a 1 ask of
met hanol C. 1. X3 | ] Q.. Way to room
terrpzliré at ul(r/%,8 %eg%%%?gf’gd); Sé)-ré %%%b%)%}gégarb\é?i%ﬁ@m“ﬁh a?r(}em@%aér%o 11‘9@;5\%&}'{1 times. The
resi due wad thk sipolnéadstircdmberut 28itd tigreds °C dacaidur Bl @éh to\Wbout 6 h.

2010/ 093608PCT/ US2010/ 023586 5 and purified by HPLC to give 5 ng of the
desired cowgBiiHye Fncugaliged wity A£0H agéﬁpaceem%w:@ (v purifpddy. 8 8.37 (s
1H), 8. 07hfSinardhphroddrokds1 LH . 3.88 (m 3H), 0.97 (s, 3H). Conpound 30 10

ound lo (400 ny,
JNBOTf (0.57 mi,

15 Compound 32

S/

== \N
Bz, S, J TMSCN,
0 o N© TMSOTf

OH
S5 F
Bz
31b

A solution of compound 31b (about 0.1 mmol) and TMSCN (about 0.5 mmol)

in acetonitrile (about 2.0 mL) at about 0 to about 25 °C is treated with TMSOTf

20 (about 0.5 mmol). The reaction mixture is stirred at about room temperature for 1 h,
then at about 65 °C for about 3 days. The reaction is quenched with saturated
NaHCO; and diluted with CH;CO,Et. The organic phase is separated, is washed with
brine, 1s dried over Na,SQOy, is filtered and is concentrated. The residue 1s purified by
chromatography to give 32h.

25
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30a30b Compound 30a (prepared according to 1 Og. Chem, 1961, 26, 4605;
10.0 g, 23.8 nunol) was dissolved in anhydrous DVSO (30 nL) and pl aced
under ni twogern/ovsemeti ¢ anhydride (20 tril) was added, amdTiUseomioxises e was
stirred for 48 h at room 15 tenperature. \Wen the reaction was conpl ete by
LOMS, it was poured onto 500 nL ice water and stirred for 20 mn. The
aqueous | ayer was extracted with ethyl acetate (3 x 200 nlL). The organic
extracts were conbi ned and washed with water (3 x 200 nlL). The aqueous
| ayers were discarded and the organic was dried over anhydrous MySO4 and
evaporated to dryness. The residue was taken up in DCM | oaded 20onto a
silica gel colum. The final product 30b was purifie \ﬁlution with 25%
m
.25 (d, 2H), 7.39

2H), 4.27 (d,
1H), 4.504.57 (m
(in, 13H. WO 2010/ 85
in the sanme manner as‘Capmpound In by substituting—&empound 30b for Conpound
Imin the reaction. & 30c30d Conpound 30donely be obtained in the
sanme manner as Conmpndnd | o by substituting Conpound 30c for Conmpound In in
the rgaction. 10 30d3032b Conpound 30 may be obt# ned in the same
manner as Conpound 1k by substituting Conpound 30d for Conpound lo in the
reaction. 15 Conpound 31

Compound 32 is prepared from 32b by the same procedure that is used to

convert 31¢ to 31.

10 Compound 33

Compound 31b (about 0.04 mmol) and anhydrous MeOH (about 5 mL) is
15 treated with acetic acid (about 5 mL) and the reaction is stirred overnight at about
room temperature. Saturated NaHCO; is added to neutralize the reaction mixture and

the crude material is purified by chromatography to give 33b.

20
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WO 2010/ 093608PCT/ US2010/ 023586 5A suspensi on of
7-brono-4-(nmethylthio)thieno[3,4-d]pyrimdine (28) ( about 10 mmol) in THF
( about 2®orehjosd9seosool ed to about -78 C and a sol uti on eCTBske10f2d380t 11
mmol ) in hexanes is added dropwi se. The m xture is stirred for about 30
mn. to about 4 h at the sane tenperature. A solution of 3la (prepared
according to WO 200631725, about 12 narnol) in THF (about 10 nL) is then
added and the 10reaction is stirred for about 1 h to about 8 h at about -78
C. Saturated ammoniumchloride is added to quench the reaction. The m xture
i s exPBracted WdadpoehthPB isqmepate fromhiBbdryghasanertocatitre that soneknt rated in
vacuo and the e5|3 e is purified by chromatography to give 31b. 31b

Et 3Si H BESIHE - 31c A sol ution of 31b (about 1.40 minol) in

di chl oronet hane ( about 20 nlL) is treated with boron trifluoride etherate (
about 2 nL) and triethylsilane (about 2 nm), and is stirred at about room

t enper at Wrempomdabbut | h to about 24h. Additional boron 20trifluoride
etherate and triethylsilane my be added to conplete the reduction. The

m xture is diluted with dichloronethane and saturated sodi um bi carbonate.
The organic layer is washed sequentially with water, satyrated anmoni um
chloride and brine, is driedjover magnesium sulfate, andjis concentrated.
The residue is %%rlfled y=Cchramat ogr aphy tg%afford
2010/ 093608PCT/ 010/ 0 gbnpound 31c (abput 1 T
steel bonb reactor t i

N;b is placed in a

“ICH,

o F 6 F

k4

v

Bz Bz

10 31b 34b

To a dry, argon purged round bottom flask (50 mL) is added compound 31b
(about 0.39 mmol) and anhydrous dichloromethane (about 10 mL). The flask is
placed into a dry ice/acetone bath (~ -78 °C) and the solution is stirred for about 10
min. BF;-Et,0 (about 0.10 mL) is added dropwise and the reaction is stirred for

15 about 10 min. AlMes (about 1.16 mmol, 2.0 M in toluene) is then added. After a few

minutes, the dry ice/acetone bath is removed and the reaction mixture is stirred at
room temperature to about 45 °C over about 4 h to about 4 d. A solution of pyridine
{about 2 mL) in MeOH (about 10 mL) is added and the solvent is removed under
reduced pressure. The crude material is purified by chromatography to give 34b.

20

Compound 34 is prepared from 34b by the same procedure that is used to

convert 3¢ to 31.
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charged with liquid amonia (-30 nL). The bonb reactor is tightly seal ed
and the mxture is stirred at about 23 to about 80 C for about | h to about
24 h. Thewarmmmioacoss evaporated and the solid residue i cuimssabwessss n THF
(about 10 mL) and 10 MeOH (about 10 nl). Sodi um et hoxi de (about 25% wt .,
about 0.63 nL) is added and the m xture is stirred at about 23 to about 65
C for about 10 mn to about 6 h. The m xture is neutralized with AcOH and
concentrated. The residue is purified by chromatography to afford 31. 15
Conpound 32 /-F BzBz 31b32b A solution of conmpound 31b (about 0.1
mol ) SandCaivpamid 3out 0.5 nmol ) in acetonitrile (about 2.0 nlL) at about O
to about 25 Cis treated wth TMSOTf 20(about 0.5 nmol ). The reaction

m xture is stirred at about roomtenperature for 1 h, then at about 65 C
for about 3 days. Tﬁekéi§;k§on is quenched with sa rq;eanaHCEB and

di luted with CH3BGREt . or gani enghagea is seﬁara?§gégré washed with
brine, is dried over 4, is filtered and is conc ated. The residue
is purified by chromatogr@gphy to gi yge32b. 25 WO 0.

2010/ 093608PCT/ US2010/ 023586 Conmpound 32 is prepaned from 32b by

t he sane procedure thaé is used to convert 31 c to 313510 Conpound 33
Compound 31b (about O. 32 nmol ) and anhydrous MeOH (about 5 nmlL) is 15treated
with acetic acydfl, {RRQMIonD EbdiuANEdHBE (dh8RCE190 Budpingbi i &0 2Q¥ENDI ght  at
about roomtenperature. Saturated NaH Is added to neutralize the

react i on mingl)in &Minthbbtie lonlips addeddioalvises: solutiohiod@Sb{prefurahat ogr aphy to

grve 163b'according to J. Chem. Soc., Perkin Trans 1, 1991, 490, about 2.2 g, 10 mmol) in DMF

(about 10 mL) at about 0 °C. The mixture is then stirred at about room temperature
until the gas evolution ceases. Benzyl bromide (about 1 eq.) is added and the mixture
is stirred for about [ to16 h at about 0 to 100 °C. The mixture is poured into ice-water
(300 mL) and extracted with ethyl acetate. The organic extract may be purified by

15 silica gel chromatography to give 35b.

S ~
= ~ N
- N4j s \:T
0 e} o —
Bﬂ/ O O Br 28 Bn/ O N
OH
B Buli Z
0. .
Bn Bn
35b 35

A suspension of 7-bromo-4-(methylthiolthieno[3,4-dlpyrimidine (28) ( about
10 mmol) in THF ( about 20 mL} is cooled to about -78 °C and a solution of BuLi
20 (about 11 mmol} in hexanes is added dropwise. The mixture is stirred for about 30
min. to about 4 h at the same temperature. A solution of 35b {about 12 mmol) in THF
{about 10 mL) is then added and the reaction is stirred for about 1 h to about 8§ h at
about -78 °C. Saturated ammonium chloride is added to quench the reaction. The
mixture is extracted with ethyl acetate. The organic extract is concentrated in vacuo

25  and the residue is purified by chromatography to give 35.
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Bz 33b33 20 WD 2010/ 093608PCT/ US2010/ 023586 5Conpound 33 is prepared from
33b by the sane procedure that is used to convert 3le to 31. Conpound 34
Bz 1. Al (Wbi2)B/@s6o€H3 , 0,6 BzBz 1031 b34b To a drgr/usegon2ises ged
round bottom flask (50 nlL) is added conpound 31b (about 0.39 mml) and
anhydr ous di chl oromet hane (about 10 nlL). The flask is placed into a dry

i ce/acetone bath (- -78 C) and the solution is stirred for about 10 mm
BF3- Et 20 (about 0.10 nL) is added dropwi se and the reaction is stirred for

5 Compound 36

-
7
g7 N §
O O 0 Br O O = N//I’
ONO o
¢ K<
36a 36

Compound 36 may be synthesized in the same manner as 35 by substituting

Compound 36a (Ogura, et al. J. Org. Chem. 1972, 37, 72-75) for 35b in the reaction.

10 Compound 37

S/

-
S SN
“\.\N S/
o OOS;;(:[ 0P\ 0 N
CTXP o 3 e
N r s
6. 0 28 o o
X BuLi X

37a 37

e

Compound 37 may be synthesized in the same manner as 35 by substituting

Compound 37a (Ogura, et al. J. Org. Chem. 1972, 37, 72-75) for 35b in the reaction.

15  Compound 38

- -~
S
s ] N TN
0 o = N/J O o 5 /J
Tr/ O Br Tr/ N
28 OH
§ BuLi S 5
38a 38
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15about 10 mn. Al1Me3 (about 1.16 mmol, 2.0 Min toluene) is then added.
After a few mnutes, the dry ice/acetone bath is renoved and the reaction
m xt ure iwoviwmeasat roomtenperature to about 45 C ovecTaiseui/ 043586t o
about 4 d. A solution of pyridine (about 2 rtil) in MeOF1l (about 10 nmL) is
added and the solvent is renpved under reduced pressure. The crude materi al

is purified by chromat ography to give 34b. 20 34b34 Conmpound 34
is prepared from 34b by the sanme procedure that is used to convert 31c to
31. WD 2010/ 093608PCT/ US2010/ 023586 5 Conpound 35 35a35b To a

suspefisi on of Goupumditimaylbe §ablmsized 0vthsyspensinoer ds3Sdiylspbsilvatitg 10 nMmol )

in DVF (gbout 20 i s added dropw,se ol Ut 5a, .4 prepared
10accor diryapgmy 5@1@‘?{"% .a?’ g@’r‘ﬁ?‘f‘?%r@ﬁz’ }1‘3’155%12@3?}83%8 ©2.2 g, 10
mmol ) in BPMgsgabout 10 nlL) at about O C. The mixture is then stirred at
about roomtenperature until the gas evolution ceases. Benzyl brom de
(about 1 eq.) is added and the mxture is stirred for about 1 to 16 h at
about 0 to 100 C‘f[ 9'I'he m xture is poured into ice-water (300 m.) and
extract e WPA L %1 “acetate. The organic extract may be purified by

~

S/
s 7 ON
O o, 0O = N//l
~g
TN
5}{) Buki
10 39a 39

Compound 39 may be synthesized in the same manner as 35 by substitating
Compound 39%a {Alessandrini, et al.; J. Carbohydrate Chem. 2008, 27, 322-344) for

35b in the reaction.

15 Compound 40

- -
= \N B
S R
0 =\ Sl
~gf o_o g/ N ~si O N
A7< ™ 28 OH
S ¢ BuLi d 0O

Compound 40 may be synthesized in the same manner as 35 by substituting
Compound 40a (Alessandrini, et al.; J. Carbohydrate Chem. 2008, 27, 322-344) for
35b in the reaction.
20
Compound 41

166



15silica gel chromatography to give 35b. A suspension of
7-brono-4-(nmethylthio)thieno[3,4-d]pyrimdine (28) ( about 10 mmol) in THF
(about 20wolpiom3esol ed to about -78 C and a sol uti on ofcBaiseoiB@tmbeout 11
nunol ) in hexanes is added dropw se. The m xture is stirred for about 30
mn. to about 4 h at the sane tenperature. A solution of 35b (about 12
nmml) in THF (about 10 inL) is then added and the reaction is stirred for
about 1 h to about 8 h at about -78 C. Saturated ammonium chloride is added
to quench the reaction. The mixture is extracted with ethyl acetate. The
organic extract is concentrated in vgua 25and the re5|due is purified by
chromat ography to give 35. WD 2010/093608 5 Conpound 36 8§70

Conpound 36 may be synthesized gn-theNsame manner as substituting

Conpound 36a (Cgura et al. J. : en1 1972, 37, 2-75) Nor 35b in the
reaction. 10 30 35a378r dggndo nthesi zed in the
same manner as Sbﬁ sifbs %p t al. J. Og. Chem
1972, 37, 72- 75)34\ 3 ntheBELe;acuon Bhpouni VO
2010/ 093608PCT/ US2010/ 6235686 é><é

41a 41

Compound 41 may be synthesized in the same manner as 35 by substituting
Compound 41a (Piccirilli, et al.; Helvetica Chimica Acta 1991, 74, 397-406) for 35h

in the reaction.

10 Compound 42

-
>

g /T TMSOTY,

/O o N/ TMSCN
Bn
/ OH DCM
o}
Bn
35

Compound 42 may be synthesized in the same manner as 32b by substituting
Compound 35 for 31b in the reaction. Alternatively, the method for synthesizing
Compound 29a from Compound 1o may be used by substituting 35 for To.
15
Compound 43
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5Conpound 38 may be synthesized in the same manner as 35 by substituting
Conmpound 38a (Canps, et al.; Tetrahedron 1982, 38, 2395-2402) for 35b in

t he reactwornoio@os@eund 39 Conpound 39 may be syntrhedisz@d/ oe3ssé he same
manner as 35 by substituting Conpound 39a (Al essandrini, et al.; J.

Car bohydrate Chem 2008, 27, 322-344) for 35b in the reaction. 15 Conpound
40 Conmpound 40 may be synthesized in the sane manner as 35 by
substituti ng Conmpound 40a (Al essandrini, et al.; J. Carbohydrate Chem

2008, 27, 322-344) for 35b in the reaction. 20 Conpound 41 WO

2010/ 093608PCT/ US2010/ 023586~ Conmpound 41 may ®€ synthesized in the
sanme manner as 35 by substi tiuti ng Conpound 4l1a (Piccirilli, et al.;

Hel vetica Chim ca Ada , 74, 397-406) for 35b § heN eaction. 10
Conpound 42 o el & } be sy ' ipFt he sane manner as
32b by substitTtf ng ound 35 1b Tr{th ctionh. Alternatively, the
nmet hod for synthesiz ound 29a from&onpo ™ may be used by

substituting 35 for § ¢ Conpoun®B 5 b
5 36 43

Compound 43 may be synthesized in the same manner as 32b by substituting
Compound 36 for 31b in the reaction. Alternatively, the method for synthesizing
Compound 29a from Compound 1o may be used by substituting 36 for lo.

i0  Compound 44

TMSOTH, e}
TMSCN Q

DCM

37 44
Compound 44 may be synthesized in the same manner as 32b by substituting
Compound 37 for 31b m the reaction. Alternatively, the method for synthesizing
Compound 29a from Compound 1o may be used by substituting 37 for lo.
15
Compound 45

TMSOTH,
TMSCN

DCM
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WO 2010/ 093608PCT/ US2010/ 023586 Conpound 43 may be synthesized in the sane
manner as 32b by substituting Conpound 36 for 31b in the reaction.

Al t er nat iwel2g10/b@smet hod for synthesizi ng Conpound 29arpCmarse@Gonpssend | o
may be used by substituting 36 for lo. 10 Conpound 44 Conpound 44 nay be
synt hesi zed in the sane manner as 32b by substituting Conpound 37 for 31b
in the reaction. Alternatively, the nmethod for synthesizing Conpound 29a
from Conmpound | o may be used by substituting 37 for |o. 15 Conpound 45 WO
2010/ 093608PCT/ US2010/ 023586 5Conpound 45 may be synt hesized in the sane
manners as 32b {bgmﬁuhauimhyhgsﬁﬂh@mmdn%sﬁm 1ﬂalhein32hé)yr$hﬂtmﬁrrg

Al ternati er hod for nt hesi zi n a from Conpound 10
may be us W“B?“%‘Eggge%ﬁhuhﬁ‘e?ga igp- ferer }%‘E‘déﬂlfﬂp Od or synthesigifignound 46 may

be synt hash s BBuld294 6o TG FRNETo Afy 82Bsdalb5WBShtLlial 39, onpound 39 for
31b in the rgactl on. (,)Al\l ternativel Oy, ¥he Sm&*t yz%& fotr Iggynt hé5| zi ng Conmpound

29a from Conmpound 10 may be used by substituting 39 for 10. Conpound 47

Compound 46
S
g7 N
—g" T\ 0 SN TMsOTY,
7( N o TMSCN
6><b DCM
10 39 46

Compound 46 may be synthesized in the same manner as 32b by substituting
Compound 39 for 31b in the reaction. Alternatively, the method for synthesizing
Compound 29a from Compound 1o may be used by substituting 39 for lo.

15
Compound 47

Compound 47 may be synthesized in the same manner as 32b by substituting
Compound 40 for 31b in the reaction. Alternatively, the method for synthesizing
20 Compound 29a from Compound fo may be used by substituting 40 for lo.

Compound 48
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4047 Compound 47 may be synthesized in the sane manner as 32b by
substituting Conpound 40 for 31b in the reaction. Alternatively, the nethod
for synt hwei2riongy3@® Conpound 29a from Conpound | 0o may becuwamsdolow23586
substituting 40 for | o. Conpound 48 ."0) TVMsOTf,N 00 Ph-Sil Ph-Si z.,K
"Ph. OH "Ph'""CN TMSCN cc,raDCMVG, .../6 / \/ \ 54148 Compound 48
may be synthesized in the same manner as 32b by substituting Conpound 41
for 31b in the reaction. Alternatively, the nmethod for synthesizing
Compound 29a from Conpound 10 may be used by substituting 41 for lo. 10
Compound 50 A mxture of-42 (about 0.15 mmol) and grfmonia in a bonb
reactor is stirred at about 40]/C for about 4 to 16 h. After renoval of
anmoni a, the residue is py by chronatography te gilve ™M9. 15A sol ution
of 49 (about 0.315 1) 1 ebl or onet hane (a |sjcooled t o about

-78 C and 1.0 MPsadlt i 613 |% E@fm of® bout 4 nl) is added.
The mixture is g&(rPed fof @b

Ne same tenperature.

A § b 60
/< /<
5 41 48

Compound 48 may be synthesized in the same manner as 32b by substituting
Compound 41 for 31b in the reaction. Alternatively, the method for synthesizing
Compound 2%a from Compound 1o may be used by substituting 41 for lo.

10 Compound 50

oH
50
A mixture of 42 (about 0.15 mmol) and ammonia in a bomb reactor is stirred
at about 40 °C for about 4 to 16 h.  After removal of ammonia, the residue is purified
by chromatography to give 49.

15 A solution of 49 (about 0.315 mmol) in dichloromethane (about 6 mL) is
cooled to about -78 °C and 1.0 M solution of BCl; in dichloromethane (about 4 mL) is
added. The mixture is stirred for about 1 h to about 24 h at the same temperature. A
mixture of pyridine and methanol (about 1:2, about 9 mL} is added to quench the
reaction. The resulting mixture is slowly warmed up to room temperature and

20 concentrated. The residue is suspended in 27% ammonium hydroxide (about 30 mL)
and concentrated. This latter process may be repeated several times. The residue is

purified by RP-HPLC to give Compound 50.

Compound 51
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m xture of pyridine and nethanol (about 1:2, about 9 nlL) is added to quench
the reaction. The resulting mxture is slowy warnmed up to roomtenperature
and 20 cowmoentwmB@d. The residue is suspended in 27% anmromiusaoiopelssexi de
(about 30 mL) and concentrated. This latter process may be repeated several
times. The residue is purified by RP-HPLC to give Conpound 50. Conpound 51
53051 A solution of 30 (about 0.315 mmol) in dichlorornethane (about
6 rnL) is cooled to about -78 '"C and 1.0 M solution of BCl3 in

di chl oronet hane (about 4 nlL) is added. The m xture is stirred for about 1 h
to about 24 h he same tenpelBture. A mixture of pyid di ne and met hanol

(about 1:2, abg 9 nm) is o quench the 10~ jon. The resulting
m xture i s slowky warmed u rgomtenperature entrated. The
residue i s suspended®i i um hydriRi

concentrated. This latt rocess nay 1e repeated several tinmes. The

residue is purified.by R PLC +® é:orrpou 1. 15 Conpound 53 NHZNH2
435253 A m' e of @L@’t 0.15 motP abd ammonia in a bonb
reactor is stirre 4t “about 40 or about 4 to 16 h. After renoval of

ammoni,a, the residue is pyrified by chromatography to give 52. 20A m xture
of 525(about 0.1 mol) and 1-170 (about | nl) is treated with Dowex 50 W

(1-1+ form abﬂoskﬂuﬁorﬂd.fig)(a'ﬁbﬁlDB150111ﬁq1)i11\/aﬂcﬁln>h§h)etm (bheit Bk uge is stirred
at about 25 to about_80 C for about Bf@n%&o about, 24 hours. The reaction

is filtereplcdheiakamhcehraaddd UGG shipram etbang\fakaRt Ame)dgr aphy t o

g'sve VO 4840/ BRIAOFEET dined HOY £2aPPR 1o aktht 94 Rak intGam¥ idishtirdTa Compound

mixture of pyridine and methanol (about 1:2, about 9 mL) 1s added to quench the

10 reaction. The resulting mixture is slowly warmed up to room temperature and
concentrated. The residue is suspended in 27% ammonium hydroxide (about 30 mL)
and concentrated. This latter process may be repeated several times. The residue is

purified by RP-HPLC to give Compound 51.

15 Compound 53

Dowex 50 W HO  OH

43 52 53
A mixture of 43 (about 0.15 mmol) and ammonia in a bomb reactor is stirred
at about 40 °C for about 4 to 16 h. After removal of ammonia, the residue is purified
by chromatography to give 52.
20 A mixture of 52 (about 0.1 mmol) and H,O (about I mL) is treated with
Dowex 50 W (H' form, about 0.21 g, about 10 equivalents) and the mixture is stirred
at about 25 to about 80 °C for about 30 min. to about 24 hours. The reaction is

filtered and concentrated. The residue is purified by chromatography to give
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Compound 54 is prepared in the same manner as Conpound 52 using 44 as a 10
substrate. A solution of 54 is treated wwth Dowex 50 W(ft form as for the
52 to 53 wonuevms@a to gi ve Conpound 53. Conpound 56 15A&csaisedioomsses 46
(about 0.39 mml) in THF (about 3 nL) is added a sol ution of
tetrabutyl amoniumfluoride (1 M about 0.39 nL). The reaction is stirred
for about 30 mMmmto about 24 h. The solution is concentrated and Conpound 55
is isolated by chromatography. A m xture of 55 (about 0.1 mmol) and aqueous
met hanol (about 1 nlL) is 20 treated with about 0.1 to about 1 N aqueous HCl
(abouf 5 Adtdrnative Symthesix ol empgund f3.red at about 25 to about 80 C for about
30 mn. to about 24 hours. The reaction is filtered and concentrat ed. The
residue is purified by chromatography to gi ve Conpound 56.
2010/ 093608PCT/ US2010/ 023586 Al ternative Synihgses of Corrpo @d 56
Compounds 47 and 48 nmay be converted to npound 56 using r ction
of 46 to 56.
dhgmmni aina
. Mfter renoval of

conditions simlar t j ust descrl

bonb reac I's fed Mt abdtit('40

anmoni a, theiresidu ¢E'$ purl f 15 Heromat ogr ap ‘oclgi ve 57. A
m xture o 7 (a and |~12@(aqﬂ;—g nk) is treated wth Dowex

Compound 58 rryxture 0636

50 W(1-1 form g%g 3 about 1 eqU| val ents')’OanB the mxture is
stirred at about to about 80 C for out 30 min. to about 24 hours. The
reaction is filtered and concentrat ed. The residue is_purified by

chromat ography to ‘Eﬁ ve 20 Conpound 58.54C0rrpound 59 5%1b59 A sol ution of
31b (about 0.51 mmol) in pyridine (about 1.5 nlL) is treated with acetic
anhydride (about 3.08 nmrnol) and is stirred at about 25 to about 120 C for
about 1 h to abfipowfl $4 isArdrRreddpaid Sl’agletrﬁarflﬁﬁ)ﬂ@ Ceﬁipeaﬁﬁ B8R esinglyk aacet at e
and water are added. The organic |layer is wash th djlute HCL foll owed

by safur drbdrainAreitionrEi Bilicasd Wit la‘PW%SQ)“é?H n@&ﬁb@% ortheni%tadd, and is
concent r 34,8 0il % give Compound 53.

Compound 56

46 55 56

15 A solution of 46 (about 0.39 mmol) in THF (about 3 mL) is added a solution
of tetrabutylammonium fluoride (1 M, about 0.39 mL). The reaction is stirred for
about 30 min to about 24 h, The solution is concentrated and Compound 55 is
isolated by chromatography.

A mixture of 55 (about 0.1 mmol} and aqueous methanol (about 1 mL) 1s

20  treated with about 0.1 to about 1 N aqueous HCI (about 5 mL) and the mixture is
stirred at about 25 to about 80 °C for about 30 min. to about 24 hours. The reaction is
filtered and concentrated. The residue is purified by chromatography to give

Compound 56.

172



residue is purified by chromatography to give two stereoi soners of Conpound
59. Conpound 61 15Conmpound 61 may be obtained in the sane nmanner as
Conpound W6 2by/msdast i t uti ng Conpound 60 (obtai ned accor ecmgsc@od23586

Het erocyclic Chem, 1993, 30, 509) for Compound 27 in the reaction.

Al ternative Syntheses of Conmpound 10 WO 2010/ 093608PCT/ US2010/ 023586
Alternative 1 To a dry, argon purged round bottomflask (100 nL) is
added Conpound 61 (about 1.10 mml) and anhydrous THF ( about 1.5 nlL).
TMSCL (276 uL, about 2.2 10mmol) is then added and the reaction mxture
stirréd for about 1 to about 24 h. The flask is placed into a dry

i cel aceto bath (- -78 and Buli..(about 4.0 mmol, 1.6 Min hexancs) was
added drdﬂfﬁf%ﬁ“’eﬁ&“@“&%&?’?@“ﬁl‘ 0 about 2 h, a solution of |m (about
1.0 nmol) in THF is cooleg-to O C and then added to the reactipon flask
dropwi se. After about 30 to about 2 h_of stirring at about }-78 C, the
flask is 15 warned t 60N O C and sat. INH4CL (about 5 i
quench the reagtjon. aggani cs ar aeted using Et
t he combi ned-gpi gt A ayé¥'s are dri Thej sol VéRg; 1 S
pressure ang/the cru enrat er PEMY ri fwed by T ot
20Al ter nati 2 < = To a dry,
Conmpound 61 (abouP 48

3% 10 m) and
fvedNunder reduced
r/affy to give |o.

r goncpur géd rodnd bottom flask is added
Dl ) and anhydrous THF (about ). TMBC1l (about
99 mmol) is then adde d the HEacPton mixture is stirfed for about 1 to
24 h. The flask is pl d into a dry

47 56 48

Compounds 47 and 48 may be converted to Compound 56 using reaction

conditions similar to those just described for the conversion of 46 to 56.

10
Compound 58

S/ 2 NH,
s \,lf\l s N s 7 N

— — —
\«O o N© HO—\ o N HO— o N//’

0 OH OH OH

O><O NH3 O><O Dowex 50 w MO OH
36 57 58

A mixture of 36 (about 0.15 mmol) and ammonia in a bomb reactor is stirred
at about 40 °C for about 4 to 16 h.  After removal of ammonia, the residue is purified
15 by chromatography to give 57.
A mixture of 57 (about 0.1 mmol) and H,O (about 1 mL) is treated with
Dowex 50 W (H" form, about 0.21 g, about 10 equivalents) and the mixture is stirred
at about 25 to about 80 °C for about 30 min. to about 24 hours. The reaction is
filtered and concentrated. The residue is purified by chromatography to give

20  Compound 58.

Compound 59
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25i ce/ acetone bath (- -78 C and BuLi (about 158 mmol, 1.6Min hexanes) is
added dropwi se. After about 30 min to about 2 h, the reaction mxture is
added t o wo=olums@ma of | m (about 30 mml) in THF at abowCTABE010/023586
cannula. After about 30 mn to about 2 h of stirring at about -78 C, the
flask is warmed to about 0 C. Saturated NHAC1L (about 150 nlL) is added to
quench the reaction. The organics are extracted WO

2010/ 093608PCT/ US2010/ 023586 5using Et0Ac (3 x 100 rnL) and the conbi ned
organic layers are dried. The solvent is renoved under reduced pressure and
the crude material is purifiedsBy chromatography to givesfo. Alternative 3
10 To a suspension of Cofrpound 61 (about 10 nmol) jn about 0.5 MLiCl
sol ution of anhydrous THE/(&pouN 20 rnL) is added T about 20 mmol ) and
the reaction is stifled at L,HJ room tenperaguye f Q;Jlt 1 to about 24
h. After coolinggk0 a @“b, about 3.0gM e Aesi um chloride in
di ethyl ether ( about 4 rnL) i irri

m xture is then allomﬁl t:o warm 0 7oom tenperatyre oyer a period of about
30 min to about 4 hg,After coolingPWeR to abgyt - 20°C, Turbo Grignard
(1.3 Min THE) is added in portions until the magnesi um brom ne exchange is
nearly conplete (about B8b5 inL over a period of @out 30 mn to about 4
h). A solution of 1m (about 12 nmo s then added. The resulting m xture

) is .
is 20 al | owed i‘%é"lﬂﬁqqfﬁtiﬂbr(éb?ﬁttoeﬂﬁé}“ébd? BYrgiRE (3904E L P SR8 UgHeh®#HBd wi t h
nmet hanol 1S 1 t ri tyh 5To a
suspensi oa%&gcf &%ggr%%éu%gb%tlﬁ?%a%?u(?ﬁ%géggﬁ%bdﬁ?%yﬁutﬁgllftg (%g@gl}? M‘GEC.:éFOIrZrL) i s added
BuLi (1. Gbhhi Inh heatane?4 habBdigt cdolBgltmtdonatengivoantre; GiByl@cetafetapd valiout 30 mi n.

to about 2 h lution.of 1,2-his-[(C rodi h i | anyf| et hane (about
2 4% ool s o D5 Bt e Sy it Forhed b AL PR s 1o about 3. h,
BuLi 10abotimdnifbmMhaloride, Rdeied ovAfh&hcaimadahic ek caRQHta3® Mhé. to about 2
h, BuLi (about 1.5 nmL) is 30added. After about 30 mn. to about 2 h, a
sol ut i on refiduens pabbed by clegmatagkdphiy o TMF tyabstroiied 9f Cempoend 3ded
dropwi se. The resulting mxture is stiffed at about -78 C for about 30 mn.
to about 2 h under argon. Acetic acid (about 0.7 nL) is added dropwi se to
guench tr‘@oﬁlpa@ﬁd en, followed by addition of saturated ammoni um chl ori de.
The m xture Is extracted with ethyl acetate and the organic extract is
35concentrated in vacuo. The res%due S purified by chromatography to give
lo. WD 2010/ 093608PCT{\IH82010/ 02 NH,

2

A
~ '\N Q A ~ \N
I Br S
o s

(@)

N
Br
60 61
15 Compound 61 may be obtained in the same manner as Compound 28 by

substituting Compound 60 (obtained according to J. Heterocyclic Chem., 1993, 30,
509) for Compound 27 in the reaction.

Alternative Syntheses of Compound 1o
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S5Antiviral Activity Anot her aspect of the invention relates to

nmet hods of inhibiting viral infections, conprising the step of treating a
sanpl e orweubjoessosuspect ed of needi ng such inhibition wcrhisaoioeeEesi tion
of the invention. Wthin the context of the invention sanples suspected of
containing a virus 10i ncl ude natural or man-made materials such as |iving
organi sns; tissue or cell cultures; biological sanples such as bi ol ogi cal
mat eri al sanples (bl ood, serum urine, cerebrospinal fluid, tears, sputum
saliva, tissue sanples, and the |like); |aboratory sanples; food, water, or
air sanpl es; bioproduct sanples suchNids extracts of cellsmﬁgarticularly
recombi nant cel l's synthesizing a.destred ycoprotein; and the |ike.
15Typically the sanple will be sus ectied ORgani sm whi ch

i nduces a viral infection, frequgn a pat’hog ism such as a tunor

Vi rus. Sanplengéh Ot ai nedri ngany medi um i d }$Hter and organic
sol vent | wat er m xtures.,/ Sanpl-es—inetude—+iving org

5 such as humans,

and man made materiaj s-such as @ﬁhlﬂ%&Mturqéi;gﬁﬂji(j'i re he anti-virus

activity of a conga&hdcb the inveption aft 9 c&ior t he
b

conposition can "obserVed by any nethod including direct and indirect

nmet hods of detecting such activity. Quantitative, qualitative, and
seniqyantitative met Awds of deterni ning such activiiby are all contenpl at ed.
Typically one of the screening nethods described above are applied,
however , Algrmatgse her met hod such as observation of the physiol ogica
properties of a living organismare al so applicable. The antiviral
activity of a conpound of the invention can be neasured using standard
screeni ng protbcoths, ddgad parged knovrbottbor{lak ahgll rel) tshddahCompoahd&dti vity of

d b i fol |l qw ot | 30
Cel | - basdab @ ditmpas Ahimunseraett orassayly PGS, REHG 2el s are
trypsipni z661yGOH3E gdaNgd thd fé’égcgmtlﬁix%ﬁé%‘r&?folr ab&de 11th bR 4k B emedi a (AS49

cells) or RPM-1640 nedia (BHK21 cells) supplenmented with 2% fetal bovine
ser um ( FBBisk anpladtbipteni dry idefastone bphdmyds 1) a2k Byd.i Gablohis4. 8 menoWD6 M

2010/ 093608PCT/ US2010/,023586 . 5di spensed ,i.n .a cl ear ,96-wel |. tissue culture
plates péef ?ngﬁﬁ _Q?ﬁ angEBfagtﬁagif _négé?%ﬁéﬁ¥?%gﬂ#?%8§ﬁgxt day, the
cel I's ar qabhfiaat @ehoWih THH K Us6ed & 0 MU Lhd Bleh Gdsd ©fthd Rbetdn aRk(MI ) of 0.3
in the presence of varied concentrations of test conpounds for 1 hour at 37

C and 5%doapwiser Adaotteet 3UBlimesurbout Thef séring ahakouha$héd therfiekwi t h PBS and
Fixedsw 0, G4 % HuPBRC ank Qe AR Diolfs BL) YORALNR JuMh&EmdLRiERS, the
The organics are extracted using EtOAc (3 x 10 mL) and the combined organic layers
are dried. The solvent is removed under reduced pressure and the crude matenal is

purified by chromatography to give 1o.
20 Alternative 2

To a dry, argon purged round bottom flask 1s added Compound 61 (about 45
mmol) and anhydrous THF (about 60 mL). TMSCI (about 99 mmol) is then added
and the reaction mixture is stirred for about 1 to 24 h. The flask is placed into a dry

25  ice/acetone bath (~ -78 °C) and BulLi (about 158 mmol, 1.6M in hexanes) is added
dropwise. After about 30 min to about 2 h, the reaction mixture is added to a solution
of 1m (about 30 mmol) in THF at about -78 °C via cannula. After about 30 min to
about 2 h of stirring at about -78 °C, the flask is warmed to about 0 °C. Saturated

NH4Cl (about 150 mL) is added to quench the reaction. The organics are extracted
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10 fixed cells are blocked wth PBS containing | % FBS and 0. 05% Tween- 20
for 1 hour at roomtenperature. The primary anti body solution (4&) is then
added at wocoromsadtosati on of 1:20 to 1:100 in PBS cont ai mcmgisiémpBSsand

0. 05% Tween-20 for 3 hours. The cells are then washed three tinmes with PBS
foll omed by one hour incubation with horseradi sh peroxi dase( HRP) - conj ugat ed
anti-nouse 1gG (Sigma, 151:2000 dilution). After washing three tines with
PBS, 50 mcroliters of 3,3 ,5,5 - tetramethyl benzidine (TMB) substrate
solution (Sigma) is added to each well for two mnutes. The reaction is

st oppéd byingdtiOricdA xcifO()@nIS) avld g ¢mnbine®migdniCT¢}@rqﬂraﬁésd.a'ﬂ@ sobadt iat 450 nm
absor bance for, viral d uanti fi,cati ter nmeasure the . cells are
anshed 1 iPBEved Y b ped RS g M it pBRE R SRR BHRERY o e
for 5 20nhBiveliRe plate is read in a Tecan Safi reTmreader (excitation 537
nm em ssion 617 nm for cell nunber quantification. Dose response curves
are plotted fromthe nean absorbance versus the | og of the concentration of
t est conp nds Qe EC50 is calculated by non-linear regression analysis. A
positive 1“?‘81’ uch as N-nonyl deoxynojirinycin may be used. 25Cell -based
Fl avijgi rus cytopathic effect assay For testing against West N le

virus or Japanese encephalitis virus, BHI g21 cells are trypsinized and
diluted to a coneRpenaoney (Smppundigis(abeart1mmol) in demt O PeMd-ifkdi a

supplene I'ng

agai nst éﬁ%ﬁﬁnoglg?@éhﬁg @bmﬁggtéﬂtsrag%éﬁ ?@g@??&&g?ﬁ@%{%ar{dgﬁ%

concent r ataodion of stéred aBﬁbeh@B)ometeha)’eratumrfoﬁYzEM hedibaus 2l e\rﬁtent(&ﬂimgn th 5% FBS
and 1% penicillin/strepto in 50 mcr : |l ensi (2 x 104
cel | s)0 do &P@Be#{géﬁ a%@ﬂ%@f Fﬂ?yﬁn@%nwl} ‘i?ecﬁl‘f“ﬁg?l ; AU S8/ er - based
platgg (NDEk ad&:«s%! drd \@{s@wﬂﬂ@%ﬁa\gembgh&mwls%ntﬂro%ea‘%@wml%ro%ﬁq C, 5% CQ2,
and then infected It) Nilevirus (e.g. 3956 strain) or Japanese

encephal |tt1nserviumsve(r ) pgmd\a&fé?pahiap B @i a’m)mia*% h. Bfﬂ’ﬁ?[):ooim@ back wrabpiit-h dengue

virus (e. GC s esence of different

concentr a?t%l gDE (?I igﬁp%ﬁlﬁgﬁ@%ﬁ%&?@@@%?g “ﬁﬁﬁ”ﬁﬂeé“vi'r us and the
conmpoundsyrahithel HERMQE id MaHPabaflicat ﬁa@&@lsfs%lmexf Dperiod TaBb S 30Ahintthe end of
i ncubation, 100 microliters of Cell Titer-d oTmreagent is added into each

wel | . Corfbentshari sefiierof lan (abowt Fumazolbis than asdpd.t Bhe srdkag miguiaiguce cel |
lysis Tha% RLALER akP R @Péﬂgl;ﬂ%%ﬁ% afy,d 1%8@0%‘%93&&%9& %nfl%{eﬂgja%g u{aut es to

st abi P| UM nescen unmescence reading I's recor sing a plate
r eader. Aopgsdoleitat&s@aﬁttﬂb@ﬁ asaeh as Nnonyl - deoxynojirimycin may be used.
Antiviral Activity in a Mouse Mddel of Dengue Infection. Conpounds are
tested in viva in a nouse nodel of dengue virus infection 15(Schul et al.

I nfect] lﬁé{% Q@ 2007; 195:665-74). Six to ten week old AG 129 mce (B&K
Unl ver sal i UK) are housed in individually ventilated cages. M ce
are injected |ntraperitoneally with 0.4 rnL TSVOl dengue virus 2

;sgzﬁa ?:agg ana O"fdﬂ%g? %O%%f%ﬁng‘gfﬁféﬁyar e r )Ealglﬂﬁy{]a%%r(’e%mal ni ng
sodi um cijt h@led Bulid1 gl h&@ﬁ'&?ﬁﬁd@m@ﬁL})& about -78 °C. After about 30 min.

to about 2 h, a solution of 1,2-bis-{(chlorodimethyl)silanyl]ethane (about 2.4 mmol) in

THF (about 1.2 mL) is added. After about 30 min. to about 2 h, Buli (about 1.6 mL}

is added. After an additional about 30 min. to about 2 h, BulLi (about 1.5 mL) is

30  added. After about 30 min. to about 2 h, a solution of Im (about 1.64 mmol} in THF

(about 2 mL) is then added dropwise. The resulting mixture is stirred at about -78 °C

for about 30 min. to about 2 h under argon. Acetic acid (about 0.7 mL) is added

dropwise to quench the reaction, followed by addition of saturated ammonium

chloride. The mixture is extracted with ethyl acetate and the organic extract is

35  concentrated in vacuo. The residue is purified by chromatography to give lo.
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700.4% and imedi ately centrifuged for 3 mnutes at 6000g to obtain

pl asma. Plasma (20 microliters) is diluted in 780 mcroliters RPML.- 1640
medi um amnstonap9Berezen in [iquid nitrogen for plaque asesay/@mpabysisse The
remai ning plasma is reserved for cytokine and NS1 protein |evel

determ nation. Mce devel op dengue virem a rising over several days,

peaki ng on day 3 post-infection. 25For testing of antiviral activity, a
conmpound of the invention is dissolved in vehicle fluid, e.g. 10% et hanol ,
30% PEG 300 and 60% D5W (5% dextrose in water; or 6N HCl (1.5 eq): 1N Na.OH
(pH adj ustmiyinad ABtizity 100 nM citrate buffer pH 3.5 (0.9%vVv/v:2.5%vV/v:
96.6% v/v). Thirty six 6-10 week old AGL29 mce are divided into siXx groups
of six nice eaglvtheAkipeni @ghamecitinnoctaed towvintethodengwdibriingrerads descri bed 30
above (day.0). Goup, 1 i ﬁ doseg _b%/_ or al gev e of 200 nbﬁous with 0.2

my/ kg of 'ACREISOtRPEIng heSEROEREDS & B SHRE GNP t he nor ni ng
and once g &fﬁhib%lc}rf‘»git?gk%gmﬂ $he LLEBCONSecut i ve days starting on day
O (first dose just ore dengue infection). Goups 2, 3 and 4 are dosed
the sane way Withinthewginkayt oﬁtw@tlom@samwmm@nwmwm%S% 5and 25
ng/k of .the conpound, respectively. A positive control may.be used, such
as ( ﬁ 3%“2 egpgyursl v alA e%*a?fr‘yais g‘}??ﬁﬂ}‘fﬂﬁg@_gﬁlfmg e et hy1- 3- net hyl -
tetrahydr Ql’hﬁﬂég Ms13eitadiaRbles 4084 H?Mo@i"c@ilm%ﬂﬁgﬁmﬁfes Qodisehudl, hitige s/ nouse
the same way as th % previ ous groups. further group is treated Wi th only
vehi cl e fekbtebchspial ey, Bapoputiny fselctd, Umuappnpbcs reat! ¢he/likeQOapdratont i t er bl ood

sanpl es (an oagul ated wi odiumcitr are taken fromthe mce by
retro-or EP‘E“ Bics p%fﬂ@t"ﬂ‘%‘ér amg?anf@%ﬁ 5?@0 3?%%9? 25 OBfagie i © f’lgs obt ai ned
from each, bl apd Saomhgndy c&?s'ltyﬁﬂlfeﬂgﬁ%'a%s@étﬂgl?&ﬁﬁot@fnoExﬁf‘th'e Mikki quid nitrogen
for plague assay analysis. Thé collected plasna sanpfes are anal yzed by

pl agué adsmicaly temoplded! bmsuazd\ttﬁld cétcoaﬂammrgnammgmmsmavléclalnﬁgwr&al ysed as as
descri bed, b?/ chul . . NS1 prot eh | evel s .are al’e ay 15usi ag%pa} Pl %tel iaT™M
kit (Bi oRHd PIEEPR Bedquanyy & pgt %%?f“*?f‘é?l}j{?mé?? T ”?Of naftat B By & reducti on
in cytokijaech@uRlisn %@Emm;}clgﬂ@k%dﬂerlaﬁﬂ%k nic solvent\Wht ﬁﬂ-ﬁ{ih%s reductions
in virema of about fold, nore typically 10-60 fold, nost typically
20-30 f olSimpdesandbialivieg owaniyms sBG FrgIaEpnB ar!ldd@@agé@ BAteriple sedrgsounds of

the | nver}:teh CLIltU.l%SO
20 If desired, the anti-virus activity of a compound of the invention after

application of the composition can be observed by any method including direct and
indirect methods of detecting such activity. Quantitative, qualitative, and
semiquantitative methods of determining such activity are all contemplated.
Typically one of the screening methods described above are applied, however, any
25  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.
30  Cell-based Fiavivirus Immunodetection assay

BHEK21 or A549 cells are trypsinized, counted and diluted to 2x10° cells/mL
in Hams F-12 media (A549 cells) or RPMI-1640 media (BHK21 cells) supplemented

with 2% fetal bovine serum (FBS) and 1% penicillin/streptomycin. 2x10% cells are
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HCV | C50 Determ nation Assay Protocol: Either wild type or S282T
(Mgliaccio, et al, J. Biol. Chem 2003, 49164-49170; Kl unpp, et al., J.

Bi ol . Chewo 2800083608793- 3799) nut ant 25 pol ynmer ase enzyneCtas2usmessa t hi s
assay. NS5b pol yrnerase assay (40 ut) was assenbl ed by adding 28 uL

pol ymerase m xture (final concentration: 50 mM TrisHCL at pH 7.5, 10 nM
KCL, 5 inMMWC12, 1 mM DTT, 10 nM EDTA, 4 ng/uL of RNA tenplate, and 75 nM
HCV A21 NS5b pol ynerase) to assay plates followed by 4 UL of conpound

di lution. The pol ynmerase and conpound were pre-incubated at 35 30 C for 10
m nut & beligresddie agtdi §6-oreligfssi@ qulltbregflatasipérend!] ahel milded tat 37°eC. %t ur e

33P- al abel ed ] | eotjde at Kmand. 0.5 oM of the. renmiping th
el eot | dedy overfiEhia bhe Bp, &S e Fest BERCLN Vit at BATAICBROF 1 or 90
M n. ReaGhicefien WO dfeNinfthé bRE@R b QudhoRBeit@tibn AR 8dmbbidds ol ates via

vacuum The filter plates were then 5 washed under vacuumw th nmultiple
vol umes of h@ur 2037 N pedHPOA, Oavar enctherdd hetirsanidle cells mesleedmicnedthpor at ed

| abel . PI re then,counted on,JopCoynt to . assess t vel of product
synt hest S ovad RIS TS DR RL 10 SRE°Bko  Gaf e WUF el Msa sl g

Pri smof i tfied@ely €8 batkedwah @Baoytai GO PAFBIS afles 05 bBdednereion | hohi bi t ed
NS5b pol ynerase with an 101 C50's bel ow 10001,tM nore preferably bel ow 100
MV and rbEeonprestsrapicy The pewanoantibedxpsolmden ésehn iathpyeddedaipl es of the

scLi vy ke GPIPRLn Bl el gl an S S e el o
No. 1050,houdd 4'h@.c8lls &3 then2¥ashtiVrdeGhlleDeitle PBSfalowedl by one hour
incubation with horseradish peroxidase(HRP)-conjugated anti-mouse IgG (Sigma,

15 1:2000 dilution). After washing three times with PBS, 50 microliters of 3,3°,5,5’-
tetramethylbenzidine (TMB) substrate solution (Sigma) is added to each well for two
minutes. The reaction is stopped by addition of 0.5 M sulfuric acid. The plates are
read at 450 nm absorbance for viral load quantification. After measurement, the cells
are washed three times with PBS followed by incubation with propidium iodide for 5

20 min. The plate is read in a Tecan Safire™™ reader (excitation 537 nm, emission 617
nm) for cell number quantification. Dose response curves are plotted from the mean
absorbance versus the log of the concentration of test compounds. The ECs; is

calculated by non-linear regression analysis. A positive control such as N-nonyl-

deoxynojirimycin may be used.
25  Cell-based Flavivirus cytopathic effect assay

For testing against West Nile virus or Japanese encephalitis virus, BHK21
cells are trypsinized and diluted to a concentration of 4 x 10° cells/mL in RPMI-1640
media supplemented with 2% FBS and 1% penicillin/streptomycin. For testing
against dengue virus, Huh7 cells are trypsinized and diluted to a concentration of 4 x

30 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 infected with West

Nile virus (e.g. B956 strain) or Japanese encephalitis virus (e.g. Nakayama strain) at
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Replicon cells were seeded in 96-well plates at a density of 8 x 103 cells
per 20well in 100 jiL of culture nmedium excluding Geneticin. Conpound was
seri al | y wol2otoed3éon 100% DMSO and t hen added to the cel lpsTats2@002380
dilution, achieving a final concentration of 0.5%DWVMSO and a total vol une
of 200 'IL. Plates were incubated at 37C for 3 days, after which culture
medi um was renoved and cells were lysed in lysis buffer provided by
Promega' s | uciferase assay system Follow ng the 25manufacturer’s
instruction, 100 jiL of luciferase substrate was added to the |lysed cells

and | ci MPhs 6 -3t Mith dynass e 42 &N 20N GCTHEE0 #h M QLT B et IESENRF ef er abl y,

conpound ' ' ' 1 ref erably
bel ow 10%@?@%%2%%%9@?%8 rge0 g%ég gg S(')\il.\)‘el {f%yy?l%%/?&&%gr g%en\tqgtgsﬁa\?g ﬂggxanpl es of
t he acti ¢hinpowfdstabefucthapiauidsedaf: 3710e SPin@Gp oo lanes. shidha endofTabl e 31 bel ow.

30 Table 31, Representative ' s _fo exanpl es,of. the jnvention. 5
Conpound Uy batiess 00 mmwlitewfgﬁﬁf%@{% r%@ge‘?,’éaaded 10to ef‘ﬁféw totoxicity of a

g g g{)gggf‘ QUhtdahiCird RYERL PP 1GANDE S4B ReLerYsS it Bg i ok! oWt patdener al

10 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 vive in a mouse model of dengue virus infection

15 (Schul et al J. Infectious Dis. 2007; 195:665-74). Six to ten week old AG129 mice
(B&K Universal Ltd, Hll, UK) are housed in individually ventilated cages. Mice are
injected intraperitoneally with 0.4 mL TSV01 dengue virus 2 saspension. 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

20  0.4%, and immediately centrifuged for 3 minutes at 6000g to obtain plasma. Plasma
(20 microliters) is diluted in 780 microliters RPM1-1640 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.

25 For testing of antiviral activity, a compound of the invention is dissolved m
vehicle fluid, e.g. 10% ethanol, 30% PEG 300 and 60% D5W (5% dextrose in water;
or 6N HC1 (1.5 eq): 1N NaOH (pH adjusted to 3.5): 100 mM citrate buffer pH 3.5
(0.9% v/v:2.5% v/v: 96.6% v/v). Thirty six 6-10 week old AG129 mice are divided
into six groups of six mice each. All mice are infected with dengue virus as described

30 above {day 0). Group 1 is dosed by oral gavage of 200 mL/mouse with 0.2 mg/kg of
a compound of the invention twice a day (once early in the moming 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
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10 Cytotoxieity Cell Culture Assay (Determ nation of CC50): The assay
is based on the evaluation of cytotoxic effect of tested conpounds using a
met abol i cweubswmadoe. Assay protocol for determ nati on ofPCCT50010/023586 1.
Maintain MI-2 cells in RPM-1640 nedi um suppl enented with 5% fetal bovine
15serum and antibiotics. 2. Distribute the cells into a 96-well plate
(20,000 cell in 100 pl nedia per well) and add various concentrations of
the tested conpound in triplicate (100 pd/well). Include untreated control.
3. Incubate the cells for 5 days at 37 C. 20 4. Prepare XIT solution (6 m
per as$sayangiZameg’ke of Gaermpeund. tespecdinelyary B‘Pﬁ%‘fc cmgpﬁmay he nsed, such as

Por B Rtk B8 2 3 R e O S A P T per 6t
of XTT Sﬁhmﬁhyﬁﬂx furan53 A Reapd@ed 80 opdl gaegic afoomigatittrsbliscabe tdee assay pl ate

and add 100 1 of the 25XTT substrate sol ution per | ncubate at 37 C
for 45 towww%pnewoas BOPPY- e BBk eroup igtrealgd) Wl iy %‘rﬁu@@/ﬁtndrton X-100 per

well to stop the nmet abol i ¢ conversion of XTT. 7. Read the absorbance at
450 nmwi th syt %&glrﬁ‘gétlotn p%ﬁﬁﬁé?qm)@ Aicrdind BiBd sa}ﬁgles anti-
2010/ 093608PCT/ US 010/ 023586 5 Pl ot the percentage absor bance relative to

unt r éét ed:oegui&tﬁabmth odiesit difratteart: ek eCEBM thalmiec by r&iroutgbminmaﬁmrfat ion
resultin 0% i nhi bi tion,of t.he,cell rowt h..,Consi der, t he absor bance
e hg! i ey o it B0 i et o bt o ot o,
and pat endenGFetBRLS §abSebzBe tEliduidRRANBeR 8 pliiu eapahalad bye reference
herein, as though individually incorporated by reference.

The
i nvent i orroHegehplesmalzasiod ¢soe anil y4edrbefrdager @esaygis dararibed insyrde] ¢4 and _
pr ef en- eq- rﬁgo‘?s' al Qltséal%h?s %!%EQ&DH&E ﬁed 1\ﬁ?rNS?g?ortr§§ I%Jgﬁﬂaé%gna\t}\ﬂsl%ggrt Wl

under st an var 1 ons an catio

r emaiigi NQisiMg tamlatenﬁé“ mmmmacanﬂacsm@es) ohntdna Y effédt Gnindicdid by a
2010/ 093608PCT/ US2010/ 023586 5What is clained is:

reduction in cytokine levels and/or NS1 protein levels.
Typically, reductions in viremia of about 5-100 fold, more typically 10-60
fold, most typically 20-30 fold, are obtained with 5-50 mg/kg bid dosages of the

compounds of the invention.

20
HCYV ICs; Determination

Assay Protocol: Fither wild type or S282T (Migliaccio, et al, J. Biol. Chem.

2003, 49164-49170; Klumpp, et al., J. Biol. Chem. 2006, 3793-3799) mutant

25 polymerase enzyme was used in this assay. NS5b polymerase assay (40 pulL) was
assembled by adding 28 pl polymerase mixture (final concentration: 50 mM Tris-
HCl at pH 7.5, 10 mM KCL, 5 mM MgCly, 1 mM DTT, 10 mM EDTA, 4 ng/uL of
RNA template, and 75 nM HCV A21 NS5b polymerase) to assay plates followed by 4
uL of compound dilution. The polymerase and compound were pre-incubated at 35

30  °C for 10 minute before the addition of 8 pL 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
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1. A compound of Formula I: R7 R2 Fornmula | 10or a pharmaceutically

acceptable salt or ester, thereof; wherein: each Rl, R2, R3, R4, RS

or R6 is wodepema@at|y H, oRa, N(Ra)2, N3, CN, N2, S(O0pcRais26ialoesses,

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

(C2-C8) alkenyl, (C2-C8)substituted al kenyl, (C2-C8)alkynyl,

(C2-C8)substituted 15al kynyl, or aryl (Cl-C8)al kyl or any two Rl, R2, RS,

R4, R5 or R6 on adjacent carbon atons together are -O(CD)O- each n is

inde ndent eagh It ent | al kyl ,
) alvf?é{ﬁ%j/jl und@@zacg%rjlgyz%w tlpl%Y@]ll(l&“lo I&ﬁlﬁgﬁp&, Wdtéé’ arld e(thanoEB) y

( C4 B) eqy Recnelmtabiblateddabll) BiRkds werCtim) NuREH ohZiopCodhtGh zhkESRR

“S(0)R11, -5(0)2RI1, -S(0) (OR11). -S(0)2(ORL3), or -SCeN( Ril)2: R7
|? ;4 - Cl=@) MTroducCl o GRIaver bagkeoynd Romyals. Tl EOYSRiue is dgenyired | -

S(0) 2R11, -S S(0) 2(OR11), -SC2N( R11) 2, h Y

Viis, ing@ g’h‘)&é‘d‘ﬁﬁ?b@ ,‘)N(R +N%0)(R) §\I(O?)) +N?(r))(0R) or 25egjr\1fr\|R2;Or

WO 2010/ 09360/ ablS2 0 hd5 86scrib¥ilhatid iMBbituNB5E phlemelngaithen, are
-Y3(C(RY)2)3Y3-; or one of WL or W2 together with either R3 or R4 is -Y3-
and the éﬂnesrbezbctwmo%w\/lvmlon@pr@fmhfabplaw 1810 pML, aisomvgt paeferaplydiglow 10

i ndependent | roup of
P ;,LI\}I. &eprese%tatwg examlglgs? 0 t?le actmty o% ‘the compounds of the invention are

shown in Table 30 below.

Table 30. Representative ICsy’s for examples of the invention.

15

Compound No. | ICs, uM
4 0.37
63 0.27

HCYV ECss Determination

Replicon cells were sceded in 96-well plates at a density of 8 x 10° cells per

20 well in 100 uL 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

25  manufacturer’s instruction, 100 pL of Tuciferase substrate was added to the lysed cells
and luciferase activity was measured in a TopCount luminometer. Preferably,
compounds described herein have EC50°s below 1000 pM, more preferably below
100 uM, and most preferably below 10 uM. Representative examples of the activity
of the compounds of the invention are shown in Table 31 below.

30

Table 31. Representative ECsq’s for examples of the invention.
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M2 Formnul a | a 10wherein: each Y2 is independently a bond, 0, CR2, NR
"N(O)(R), N(OR), +N(0)(OR), N-NR2, S, S-S, S(0), or 5(0)2; each Y3 is
i ndependewol2g10093688 or NR; M2 is 0,1 or 2; 15each |e ispcmaspendessséy RY or

the formula: wherein: each M a, M ¢, and Md is independently 0 or 1,
M2eis O, 1, 2, 3, 4 5, 6, 7, 8, 9, 10, 11 or 12; 20each RY is
i ndependently H F, d, Br, I, OH R -C(=Y1)R -C(=Y1)0R, - C(=Y1)N(R) 2,

-N(R 2, -4N(R)3, -SR, -S(0)R, -S(0)2R, -S(0)(OR), -S(0)2(0R, - 0C(=Y1)R
-0C(=Y1)OR, -0C(=Y1)(N(R2), -SC(=Y1)R, -SC(=Y" )OR, - SC(=Y1)(NR 2),
-N(RZ(=Y1)R, -N(R) C(=Y1)OR, -N(R C(=Y1)N(R)2, -S2NR2, -CN, -N3, -NC2,

-OR, or W3; or when taken toggr] d tthe sanme carbon 25atom foiin
a earbocyclic ring of 3 to 7@‘2161?@%% Tg(}to'gngsgo’ 2010/ 093608PCT/ US2010/ 023586
5each R is independently H, | (Cl-GO al kyl , ¢« - QO substituted al kyl, (C2-

2 6.1
62 24
64 2.9

The cytotoxicity of a compound of the invention can be determined using the

following general protocol.

10 Cytotoxicity Cell Culture Assay (Determination of CC50):
The assay is based on the evaluation of cytotoxic effect of tested compounds using
a metabolic substrate.
Assay protocol for determination of CC50:
1. Maintain MT-2 cells in RPMI-1640 medium supplemented with 5% fetal bovine

15 serum and antibiotics.

2. Distribute the cells into a 96-well plate (20,000 cell in 100 pl media per well) and
add various concentrations of the tested compound in triplicate (100 pl/well).
Include untreated control.

3. Incubate the cells for 5 days at 37 °C.

20 4. Prepare XTT solution (6 mi 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 ul of N-methylphenazonium methasulfate (5 pg/ml) per 6 ml of
XTT solution.

5. Remove 100 pl media from each well on the assay plate and add 100 pl of the

25 XTT substrate solution per well. Incubate at 37 °C for 45 to 60 min in a CO;
incubator.

6. Add 20 ul of 2% Triton X-100 per well to stop the metabolic conversion of XTT.

7. Read the absorbance at 450 nm with subtracting off the background at 650 nm.
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C8) al kenyl, (C2-C8) substituted al kenyl, (C2-C8) al kynyl, (C2-C8)
substituted al kynyl, C6-C20 aryl, C6-C20 substituted aryl, C2-C20

het er ocy cWpl20100193408- - C20 substituted heterocyclyl; PCT/U82@0i03358¢ or \\b;
Wis R -C(Y1)RY, -C(Y1)Ws, -SO2RY, or -S02Ws; and Wb is 10a carbo cycle
or a heterocycle wherein Wb is independently substituted wwth 0 to 3 RY
groups; each X2 is independently 0, S, S(0), or S(0)2; each R8, R9 or
R is independently H, hal ogen, NR11R12, N(R11)O0R11, NR11INR11R12, N3, NGO

"0 = 5 N Tt nefcenippabRortpnte TS oo somo ang NI Rl

I ndependent .y, g &%co@ﬁ@dﬂ&)ﬂ |resu(tﬁ% 1@5@%%‘3%&101{ &f“zthe &) olﬁbﬂﬂw
(C4- CB) car boeyel yl al kyl, optionally substituted aryl, opfi onaIIy

subst i t ut edCéreider darapsorbai@eHeIngdireG8y alokyitionalgp e ¢edli era8ihal kyl or

aryl (C1-C8)al kyl; or R and R12 taken together with a nitrogen to which
they are both att@ﬂged forma 3%40 207 rrenberedgﬂéatero clic ring wherein
any one car oA R Ehtcaons R AF e £ BGRH dogup g it %?}Pl ‘4§ be repl aced
Wi thyp0- ! I farence.

(Co By AR Ry Regen@brcin. as AR R e e e re, s
R5, R6, Ril| offhRivenson hasdEpied@enbctcletprf‘ﬁl@n@ﬁ ﬂowasgbsmemlﬁtcel@dw th one or
nore hal o, ; rein nore of the
25non- telpﬁfifﬁ‘i? %ﬁg@é‘ﬁe%t%%tegﬁm% eéh}gjgveaer(’ &Ee é%? 3}13 % opt| onal |y
repl aced u%érﬂan@tbat men %md&bﬁyhﬂﬁﬁo&ﬁi@&tldﬂ@%{hﬁ@% Ih@e%hl%&@ﬁaﬁﬁng@ and Rl is
Hand R8 is 2, S¥—| or then at | east one of Rl, R2, R3, R4, R5
or R6 i S“N@R)Qle SI&B“ a@hscm@gfthscm)enmr}. hal ogen, (Ci-C8)al kyl,

(C4-C8) carbocycl yl al kyl , (Cl1-C8)substituted al kyl, 30 (C2-C8)al kenyl,
(C2-C8)substituted al kenyl, (C2-C8)al kynyl, (C2-C8)substituted al kynyl or
aryl (Cl-C8)alkyl or R7 is -C(=0)0R11, -C(-0)N(R11)2, -C(=0)SW., - S(0)R11,
-S(0) 2R11, -S(0)(OR11), -S(0)2(OR11), -S2N( R11)2, or 5w2 2. The conpound
according to claiml represented by Fornmula Il R8
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Formula 11 wherein each Y and Yi are 0. 3. The conpound according to
claiml1l or 2 wherein X2 is S and R8 is halogen, NR11R12, N(R11l)OR11,
NR11NR13RND,2000RY36m8 SR11. 15 4. The conpound accor di ngPCO/Bay10028580f
claims 1-3 wherein R6 is H Ota, N3, halogen, CN, nethyl, hydroxynaethyl,
substituted nethyl, ethenyl, substituted ethenyl, ethynyl, or substituted
et hynyl. 20 5. The conpound according to any one of clains 1-4 wherein R2 is
F or ORa. 6. The conpound according to any one of clains 1-5 wherein R4 is
ORa and R3 is H 257. The conpound according to any one of clains 1-6

wher ebn RWhasisCH8medB87 5 8. The conpound according to any one of clains
1-7 wherein R6 is CN or ORa. 9. The conpound according to any one of clains
7 wherein R6 is FL 1010. The conmpound according to any one of clainms 1-9

wherein R8 i s AOkb@oulof Fddndil@ conpound according to any one of clains
1-10 wherein RO is H or

Formula i

10 or a pharmaceutically acceptable salt or ester, thereof;,
wherein:
each R', R% R®, R*, R’ or R® is independently H, OR?, N(R%),, N3, CN, NO,,
S(O)R®, halogen, (C,—Cy)alkyl, (C4—Cs)earbocyclylalkyl, (C—Cg)substituted alkyl,
(Cy~Cy)alkenyl, (Co—Cy)substituted alkenyl, (Co~Cjy)alkynyl, (C>—Cs)substituted
15 alkynyl, or aryl{C,-Cy)alkyl or any two R, R? . R’ , R4, R®orR®on adjacent carbon
atoms together are -O(CO)O-;
each n is independently 0, 1, or 2;
each R* is independently H, (C,-Cy)alkyl, (C5-Cylalkenyl, (C,-Cg)alkynyl,
aryl(C-Cy)alkyl, (C4~Cg)carbocyclylalkyl, -C(=0)R", -C(=0)OR", -C(=ONR '), -
20 C(=0)SR'}, -S(O)R", -S(O)R", -S(ONOR'"), -S(0)(OR"), or ~SO,N(R'")y;
R’ is H, -C(=O)R"", -C(=0)OR'", -C(=O)N(R'),, -C(=0)SR"", -S(O)R", -
S(O)R", -S(O)OR™), -S(O)(OR'), ~SON(R'™),, or
Y
|
wi—" Pﬁ—é
w2 ;
each Y or Y' is, independently, O, S, NR, "N(O)(R}, N(OR), 'N(O)OR), or
25  N-NRy;
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NRI'I RI 2 1512. The conpound according to claimany one of clains 1-11 wherein
R7 is Hor W w2 13. The conpound according to any one of clains 1-13
wher ei n Wowg10a08@ssel ect ed from HO 0 0-P-0 NH PCT/US2010/023586

5 W! and W?, when taken together, are Y C(R):Y’-; or one of W or W*
together with either R® or R*is —Y* and the other of W' or Wis Formula Ja; or W'

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

M2
Formuia Ia
10 wherein:
each Y? is independently a bond, O, CRz, NR, "N(O)(R), N(OR), "N(O)(OR),
N-NR3, 8, §-8, S(O), or S{(O)»;
each Y is independently O, S, or NR;

M2is0,1 or2;

15 each R” is independently RY or the formula:
Y’I Ry RY Y'I
RY
Y2 Y2 Y2
\ Mize\ /o M1d
M1a .
wherein:

each M1a, Mlc, and M1d 1s independently 0 or 1;
M12cis0,1,2,3,4,5,6,7,8,9,10, 11 or 12;

20 cach R is independently H, F, Cl, Br, [, OH, R, -C(=Y"R, -C(=YOR, -
CE=Y YNRY, -N(R)2, - N(R)3, -SR, -S(O)R, -S(O)%:R, -S(O)(OR), -S(0)2(OR), -
OC(=YHR, -OC(=Y"OR, -OC(=YH(N(R)2), -SC(=Y"R, -SC(=YOR, -
SCEYNR ), -NR)C(EYHR, -NR)CEYHOR, -NRICEYHN(R),, —SO,NR,,
—CN, —N3, =NO,, —OR, or W?; or when taken together, two R” on the same carbon

25  atom form a carbocyclic ring of 3 to 7 carbon atoms;
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15

20

25

30

HO OH 0 HN-P-0 ONH2 OHO

WO 2010/093608 PCT/US2010/023586

each R is independently H, (C,-Cy) alkyl, (C,-Cy) substituted alkyl, (C»-
Cgatkenyl, (C-Cg) substituted alkenyl, (C,-Cs) alkynyl, (Co-Cy) substituted alkynyl,
Ce—Cyp aryl, Cg~Cyq substituted aryl, C—Cyy heterocyclyl, or Co—Cy substituted
heterocyclyl;

W is W*or W™, W' is R, -C(Y "R, -C(Y)W’, -SO,R?, or -SO,W’; and W’ is
a carboeycle or a heterocycle wherein W is independently substituted with 0 to 3 R”
groups;

each X* is independently O, S, S{0), or S(O)»;

each R®, R? or R" is independently H, halogen, NR''R'"%, N(R'HOR',
NR'NR'R'Z, N;, NO, NO,, CHO, CN, -CH(=NR'!), -CH=NHNR "', -CH=N(OR'"),
_CH(OR'Y,, -C(=0)NR'"'R", -C(=8)NR''R", -C(=0)OR'", R"!, OR" or SR'";

each R'" or R' is independently H, (C,-Cy)alkyl, (Co-Cg)alkenyl, (Co-
Cylalkynyl, (C4~Cg)earboeyclylalkyl, optionally substituted aryl, optionally
substituted heteroaryl, ~-C(=0)(C,-Cg)alkyl, -S{O),(C,-Cs)alkyl or aryl(C,-Cy)alkyl; or
R'" and R taken together with a nitrogen to which they are both attached form a 3 to
7 membered heterocyclic ring wherein any one carbon atom of said heterocyclic ring
can optionally be replaced with -O-, -S- or -NR’-; and

wherein each (C,-Cg)alkyl, (C,-Cylalkenyl, (Co-Cy)alkynyl or aryl(C,-Cyg)alkyl
of each R, Rz, R? , R4, R’ R Rf’, 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;-Cg)alkyl may be optionally replaced with
~-0-, -S- or -NR*-;

provided that when X2 is S, each of R’ and R'” is H and R® is NH,, OH, SH, or
SCHj, then at Jeast one of R, R%, R, R, R” or R® is N(R™)1, N3, CN, NO,, S(O),R?,
halogen, (C1—Cg)alkyl, (C4—Cs)carboceyelylalkyl, (C—Cg)substituted alkyl,
(C;—Cg)alkenyl, (C;—Cs)substituted alkenyl, (C,—Cg)alkynyl, (C,—Cs)substituted
alkynyl or aryl(C)-Cs)alkyl or R’ is -C(=0)OR"!, -C(=0)N(R'),, -C(=0)SR ", -
S(OR', -S(O}R ", -S(ONOR'), -S(0)(OR™), ~=SON(R'"),, or
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S a pharmaceutically acceptable salt or ester thereof. 10 15. A

phar maceuti cal conposition conprising a therapeutically effective anount of
a conpoumaoabioznyesoene of clainms 1-14 and a phar maceuti caciryusaciompisabl e
carrier. 16. The pharmaceutical composition of claim15 further conprising
at | east one 15additional therapeutic agent. 17. The pharnaceuti cal
conposition of claim16 further conprising at |east one additional

t herapeutic agent selected fromthe group consisting of interferons,
ribavirin or its anal ogs, HCV NS3 protease inhibitors, alpha-glucosidase 1
inhibitors, 5 hepatoproteetants, nucleﬁiide or nucl eotide inhibitors of
HCV NS5B pol ynerase, non-nucl eosi de inhiibitoss of HCV NS5B pol ynerase, HCV
NS5A i nhi bitors, TLR-7 agoni sts, CHE |I|n§inhibitors, HCV | RES

i nhi bitors, pharnmacokinetic enhancers, ¢r other drugs for treating HCV or
m xtuges thereof. 1018. A method of treating a viral infection caused by a
Fl aviviridae virus conprising admnistering to a manmal in need thereof a
therapeutically effective amount of a conpound or pharnaceuti cal
conposition of .claim1l1l. 19.The nmethod of claim 18 wherein the virus is

sel ect ed % r om YH&EOFPEHRY a8eEing 4R b@?{?@ﬂ&ﬁﬁ?{,??lﬁ%@a g‘el | ow fever virus,
West Nile virus, Japanese encephalitis virus, tgek-borne encephalitis
virus, Kunjin virus, Miurray Valley encephalitis]|virus, St. Louis

encephal itis virus, Ovsk henorrhagic fe¥8ér virus, bovine viral diaiThea
virus, Zika virus and Hepatitis C virus. 20 met hod of claim19

wherein the viral infectRbn is caused titishc virus. 21. The met hod
of clainms 19 or 20 furthe\ conpri si ng | east one ladditional therapeutic
tat ecferons, ribavirin or its
NGcosi dase 1 inhibitors,

agent selected fromthe g onsistin
0t i de i nhibitors of HCV NS5B

25anal ogs, HCV NS3 protease inki bi®grs,
hepat opr ot ectants, nucl eosi de  of” nucheC
[ qﬁwgcv NS5B pol ynerase, HCV NS5A
M inhibitors, HCV I RES inhibitors,

pol ymer ase, non- nucl eosi de RB°nhi
phannacoki neti ¢ enhancers, and o{perégrugs for treating HCV, or m xtures
R

i nhibitors, TLR-7 agonists, cyws hi

t her eof . R
Formula II

10
wherein each Y and Y' are O.
3. The compound according to claim 1 or 2 wherein X*isSand R is halogen,
NR'R"™Z, NR™MOR', NRUNRPR™, OR™ or SR,

15
4. The compound according to any one of claims 1-3 wherein R%is H, OR?, N3,
halogen, CN, methyl, hydroxymethyl, substituted methyl, ethenyl, substituted ethenyl,
cthynyl, or substituted ethynyl.

20 5. The compound according to any one of claims 1-4 wherein R* is F or OR?.
6. The compound according to any one of claims 1-5 wherein R"is OR" and R is
H.

25 T The compound according to any one of claims 1-6 wherein R’ is CHs.
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30 22. A nethod for preparing a conpound represented by Fornula IV: RS
5R4 R2 Formula IV or an acceptable salt or ester, thereof; wherein:

Rl is H wGhefddpadoryl , (C4-C8)carbocyclylal kyl, (C -C8) pabatseéoestsal kyl ,
10( C2-C8) al kenyl, (C2-C8)substituted al kenyl, (C2-C8)al kynyl,
(C2-C8)substituted al kynyl, or aryl (Cl-C8)al kyl; each R2 or R4 is

i ndependently H, F or OR44; each R43 is independently (Cl-C8) alkyl,
(G -C8) substituted al kyl, C6-C20 aryl, C6-C20 substituted aryl, C2-C20
het er ocycl yl, C2-C20 substituted het erocyclyl C7 C20 15aryl al kyl , C7 C20

subst i3t ut ed ar yI al kyl, (C1- C8) aI koxy, or substituted al kox
each R44 or IS i nde en 5).2R46, ) R C(0)0R45
(O ras)2) 111 }ﬁ'COB}P(’“‘G‘&Tf)) aﬁzlawﬁqﬁ “5}} TR iHen T albn L obet her
are -C(R59)2-, -C(0)- - 208| ( R43) 2( X42) nBi (R43) 2-;
9. The compound according to any one of claims 1-7 wherein R%is H.
10 10.  The compound according to any one of claims 1-9 wherein R® is OH or NH,.
11. The compound according to any one of claims 1-10 wherein R%is H or
NRUR2
15 12, The compound according to claim any one of claims 1-11 wherein R” is H or
@)
—
W*///
W2
13. The compound according to any one of claims 1-13 wherein
O
|
W‘}/waé
W2

20 is selected from
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each R55 is independently -0-C(R45)2R46, -Si (R43)3, oc(0)OR45, _oc(o)R45 or
WO 2010/ 093608PCT/ US2010/ 023586 5each R45, R58 or R59 is independently H,
(C1-C8) aWbybio/o6iosC8) substituted al kyl, (C2-C8)al kenylPCT(US2010823586
substituted al kenyl, (C2-C8) al kynyl, (C2-C8) substituted al kynyl, C6-C20
aryl, C6-C20 substituted aryl, C2-C20 heterocyclyl, C2-C20 substituted

het erocyclyl, C7-C20 aryl al kyl or C7-C20 substituted aryl al kyl;

each R46 is independently C6-C20 aryl, C6-C20 substituted aryl, or

optionally 10substituted heteroaryl; each le is independently H,
(C1-C8)al kyl, (C& C8)al kenyl (C2-C8)al Kynyl, aryl (G -C8) aI kyl

(C4-C8) car bocycl | al O)R -C(=0) QR11 C(= é\IRl R);C( =0) SR1 1,
-S(0)R11, -S£0)2 2711, S(O)(ORl 1) s _-SEO)2 or CPNRL 1R12; each
X42 is 0 or ,; 5each mis 1 or ZEeac\qni ependently 0, 1 or 2;
each R8, RO or |s i ndependently H, haliogen, 'ZR12,~ N(R11) OR11,
NR'NR11R12, N3 NG, NO2, CHO, CN, -CH(=NRA1l), -CH=NHNR11l, - CH=N(ORI11),

- CH(OrR1 1)2 - 1R12 -C(=S)NR1 1 R1 O)CR’ 1 R11, OWN1l or SR
20each R11 or R12 endently H, (Cl C2- C8) al kenyl , (C2-
C8) al kynyl ocy - C8) calr gcl y d;,R optional l'y
substi t ut ed ar yI opt naI subs i tuted heteroar C( 0)(CI - C8) al kyl
-S(0) j(C1-C8)al kyI aryl (€1- c8)al Kyl or Si(R3)3; R11 and R12 taken

together with a nitro n to which they are both attached forma 3 to 7
menber ed heterocyclic wher eith any one carbon atom 25of said

het erocyclic ring can l[) qQ)nally re,pkgced wth -0-, -S(0),- or -Ne-; or
R11 and R12 taken are~<Si (RE3) 2(x42) ", I(R43) 2-; wherein
each (Cl -C8)al kyb, ( 08) al ggyl (C2-C8) aé:Nyr y1-0r.aryl (G -C8)al kyl of

each R3, R43, R45, R58,,R59, or R12 is, ¢ndépendently, optionally
substituted with one or 0o, hydroxy, ) , N(Ra)}7 or ORa; and
wherein one or nore of thelj30non-term nal carbon ons each said

(C1-C8)al kyl is optionally&re ced with -0-, -

(R) or ws

14. A compound that is

10
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or said nethod conprising : (a) providing a conpound of Formula V R8 b5R4
R2 Formula V wherein R56 is OH -0C(0)OR58 or -0C(0)R58; (b) treating the
conmpound wb 2bovoysdoa V with a cyani de reagent and a Lew caaisdoiobedsker eby
form ng the conmpound of Formula IV. 23. The nethod of claim 22 wherein the
compound of Formula IV is Formula Vb R8 N NRO t he compound of Fornula V
I's Formul a Vb:

Oy S
HN-—

0O -0

O-T=0

HO_ P
HO O

190



R8 5 24.The nethod of claim 22 further conprising preparing a conpound of
Formula V wherein R56 is OH, 10the nethod conpri sing: (e)
provi di ngvea 20mvpssd of Fathula VI: R4A7 R4 R2 Fornul a YCT/US2010/023586 ()
treating the conpound of Fornula VI with an organonetallic conpound of
15Formula VI1: Formula VII wherein Mis MgX3 or Li and X3 is hal ogen;
thereby form ng a conpound of Forrmula V wherein R56 is OH WO

2010/ 093608PCT/ US2010/ 023586 5 25. The met hod of claim 24 wherein the
conmpound of Formula V is Formula Vb wherein R56 is OH and the conmpound of
Formul a W04 conpound of Formul a ViNy, R47
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Foimula VI b 26. A conmpound useful for the synthesis of an anti-viral
conpound of Forrnmula | 10 represented by Formula I XX R8 R2 Fornula I X or an
accept ablwo=aloosssosest er, thereat 15wherein: Rl i eCiHUSe@GhHCBRal kyl ,
(C4-C8) carbocycl yl al kyl , (Cl1-C8)substituted al kyl, (C2-C8)al kenyl,
(C2-C8)substituted al kenyl, (C2-C8)al kynyl, (C2-C8)substituted al kynyl, or
aryl (G -C8)al kyl; each R2 or R4 is independently H F or OR44; 20each R43

i s independently (C1-C8) al kyl, (Cl-C8) substituted al kyl, C6-C20 aryl,

C6- C20 substituted aryl, C7-C70 heterocyclyl, C2-C20 substituted

het er ocycl yl , C7-C20 "yl al kyl , C7- C/®=ubstituted arlyl al kyl, (Cl-C8)

al koxy, or (Cl-C8 i WO 2010/ 0 / US2010/ 023586
S5each R44 or RA47S| s|independent| ) 2R46 , C(0)R45, C(0)O0R45,
- (C(R45)29mREL pr “\CHZAYC
together are {C(RG§)2-, -C(0)

5 oH HO OH HO OH

a pharmaceutically acceptable salt or ester thereof.

10
15. A pharmaceutical composition comprising a therapeutically effective amount

of a compound of any one of claims 1-14 and a pharmaceutically acceptable carrier.

16. The pharmaceutical composition of claim 15 further comprising at least one

15  additional therapeutic agent.
17. The pharmaceutical composition of claim 16 further comprising at least one

additional therapeutic agent selected from the group consisting of interferons,

ribavirin or its analogs, HCV NS3 protease inhibitors, alpha-glucosidase | inhibitors,
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10each R55 is independently -0-C(R45)2R46, -Si (R43)3, -0C(0)O0R45, -0C(0)R45
or (CH O each R45, R58 or R59 is independently H (C-CO al kyl, (C-CO
subst i t utwad 2010/093@Bkyl , (C2-C8)al kenyl, (C2-C8) substi t ecedsadikomnske

(C2-C8) al kynyl, (C2-C8) substituted 15al kynyl, C6-C20 aryl, C6-C20
substituted aryl, C2-C20 heterocyclyl, C2-C20 substituted heterocyclyl,
C7-C20 aryl al kyl or C7-C20 substituted aryl al kyl; each R46 is

i ndependently Co-C20 aryl, C6-C20 substituted aryl, or optionally
substituted heteroaryl; each le is independently H (Cl-C8)alkyl,

( C2- C8) alhkpmiyprotecERsOB)Adasidayi nudeetrdel iplgbit@s pAHIGN NSSB polymerase,

(C4-C8) car boeycl yl.al kyl., -C(F - (=0 o w@(:50) NRLAR1

2S(0) R11,‘*OE‘@Pé‘)e?%&i{“%}HR/%?&%Bz?%f"%af‘?’ k%qv?gé%\l%&y‘bﬁfﬁ% TR wa2 is o
or CH?; @a&fist) dy%lo;;yhﬂﬁl iRhibR&CHHOV R BIdRPaBAetidryiakinktiolenRinc@Byier ei n:

R is H (C-C8)al kyl, (C4- 083 car boeycl yl al kyl , (Cl1-C8)substituted al kyl,

( C2- C8) aloken frugs (@2r@gns tissY pt midareathiessny | (C2- C8) al kynyl ,
(C2-C8)substinned al kynyl, or aryl (C -C8)al kyl; each R2 or R4 is

i ndependently H, F or OR44; WD 2010/ 093608PCT/ US2010/ 023586 5each R43 is

i ndependast | y A ietlc@)of akketlg, a (i€l 1KE8)ticmutassddtiut eblaah iydae vB6s C20 aryl, C6- C20
substituted aryl, C2-C20 heterocyc|yl, C2-C20 substituted tJ%gt_erocycl yl,

C7- C20 argmarripe ademigonnsioratrpire 1eg fhersdy i heepenshagiieslye or (C1- o)

substi t ut,ed, al KOXYrmRRAGE oFithrRbcdiall SnipddBBE BASAE, Y. _C(RA5) 2R46, si (R43 3

19.  The method of claim 18 wherein the virus is selected from the group

15 consisting of dengue virus, yeliow 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.

20 20. The method of claim 19 wherein the viral infection is caused by Hepatitis C

Virus.

21.  The method of claims 19 or 20 further comprising at least one additional
therapeutic agent selected from the group consisting of interferons, ribavirin or its
25  analogs, HCV NS3 protease inhibitors, alpha-glucosidase 1 inhibitors,
hepatoprotectants, nucleoside or nucleotide inhibitors of HCV NS5B polymerase,
non-nucleoside inhibitors of HCV NS5B polymerase, HCV NSSA inhibitors, TLR-7
agonists, cyclophilin inhibitors, HCV IRES inhibitors, pharmacokinetic enhancers,
and other drugs for treating HCV, or mixtures thereof.
30
22. A method for preparing a compound represented by Formula IV:
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), C(O)R45, C(O0)OR45, - (C(R45)2)1-R55 or | O or any two of R44 or
R47 when taken together are -C(R59)7-, -C(0)- or - Si(R43)2(X42),Si (R43) 2-;
each R55 we armdep@adent |y - 0- C(R45) 2R46, (-cSHi (2), , RA3P8T/USe@DOBIES¢
-0C(0)R45 or 0 15each R45, R58 or R59 is independently H, (Cl-C8) alkyl,
(C1-C8) substituted al kyl, (C2-C8)al kenyl, (C2-C8) substituted al kenyl,
(C2-C8) al kynyl, (C2-C8) substituted al kynyl, C6-C20 aryl, C6-C20
substituted aryl, C2-C20 heterocyclyl, C2-C20 substituted heterocyclyl,
C7-C20 arylal kyl or C7-C20 substituted aryl al kyl ; each R46 is

i ndependent |y C6-C20 aryl, C6-C20 substituted aRyl, or optionally
20substituted heteroaryl; each Ra is indgpendentily H (Cl-C8)alkyl,

(C2-C8) al kenyl, (C2-C8)al kynyl, aryl
( C4- C8) car boeyel yl al kyl , L2:0( 0) R 11,
I, -S(0)R -S(0)2RL - S(0) ORL 1), C5(
0 or CH,; 25each mis 1 or\ 2; each n i
RO or RI is independently ¥
N3, NO, NO2, CHO, CN, -CH(=NR1\| NCF1=- NRORL1), -CH(OR 1)2,
-C(=0)NRL | RI2, -C(=S)NR11 - , I, ORIl 1 or SRl 1; W
2010/ 093608PCT/ US2010/ 02358'6J 5e ch 1,0fCNR12 is independently H,

(G -C8)al kyl, (C2-C8)al kenyl,

5 R R

=0) NRI 1R12, -C(=0) SR1

, SO2NRH R12; each X42 is
endent|y O, 1 or 2; each RS,

1, NR1 INRI1R12,

Formula IV
or an acceptable salt or ester, thereof;
wherein:
R' is H, (C,—Cgalkyl, (C4—Cs)earbocyelylalkyl, (C;—Cg)substituted alkyl,
10 (Co—Cy)alkenyl, (Co—Cg)substituted alkenyl, (Co—Cglalkynyl, (Co—Cg)substituted
alkynyl, or aryl{C,-Cg)alkyl,
cach R*or R? is independently H, F or OR**;
each R¥ is independently (C,-Cs) alkyl, (C;-Cs) substituted alkyl, Co~Cag aryl,
Cs~Cy substituted aryl, Co—Cyg heterocyclyl, C;—Caq substituted heterocyclyl, C-Cy
15  arylalkyl, C;-Cy substituted arylalkyl, (C)-Cy) alkoxy, or (C,-Cs) substituted alkoxy;
each R* or R" is independently ~C(R¥),R*, Si(R*);, C(O)R¥, C(O)OR™, -

(C(R*))m-R” or
(CHz)m
%[ )

0 .
or any two of R* or RY when taken together are ~C(R),-, -C(O)- or -
20 SIRPRX)nSIR® )

each R” is independently ~O-C(R¥),R*, -Si(R*);, -OC(O)OR™, -OC(O)R®

(CHo)rm
< [ )
e

O

or

E
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wal kynyl ,

(C3-C8) carbocyclyl, (C4-C8)carbocyclylalkyl, optionally

substituted aryl, optionally substituted heteroaryl, -C(=0)(C -C8)al kyl, -S
(0)"(C - G8padimdozeoar yl (Cl- C8)alkyl or Si(R3)3; or Rl1l aou/uRi@ot2dsean
together with a nitrogen to which they are both attached forma 3 to 7

nmenber ed

het erocyclic ring wherein any one carbon atom 10of said

heterocyclic ring can optionally be replaced with -0-, -S(0)11- or
or R11 and R12 taken together are -Si (R43)2(X42)",Si (R43)2-; and
wherei n each (Cl1-C8)al kyl, (C2-C8)alkenyl, (C2-C8)alkynyl or

aryl (€1- C8) al kyth BT, Rioh RRLis iRependraty HRES,-CR58kyIREL-(on swmptuted

i ndependent

[ | 1 bst i i th h ) , ,
NG, N Ry Coli R (et e ot Pl G R B B R e o

atons of

8864, 82Ld,, b1 €88l kibktifugedapfli opat ), heterRlagr e, Rubdituted

- NRa- ;

S(0) 1-

1, / :
or 27.The cogpound"of claim 26 selected fromthe group consisting of WD

2010/ 093688 REINJS2010628858 61 Ca-(aasubsmtadsarghallayher eof .

27. A net hod for

preparing a conpounpd of Formu X, 10 Fo |l a.X or an_.acceptable salt
or ester, t hereg@’fﬂ?‘J M@é@?%ﬁe%g’?g‘"“ﬁé@ ?ﬁy{?%@il?gé%s)“é%%e‘i AryD, or OptiGatly

04_
(&8s

ngﬁﬁ&iwgg%ggﬁy (Ci-C8)substituted al kyl, (C2-C8)alkenyl,

aryl (Cl - C8) al kyd¢lh R* is independently H, (C,-Cy)alkyl, (Co-Cy)alkenyl, (Co-Cylalkynyl,

15

20

25

30

aryl(C;-Cy)alkyl, (C4—Cg)earbocyclylalkyl, -C(=0)R"", -C(=0)OR ", -C(=O)NR''R"?,
-C(=0)SR", -S(O)R', -S(O)R"", -S(O}OR'), -S(O),(OR"), or ~SO,NR''R"?;

each X* is O or CHy;

eachmislor2;

each n is independently 0, 1 or 2;

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

each R" or R is independently H, (C;-Cg)alkyl, (C2-Cg)alkenyl, (Ca-
Cgalkynyl, (C3~Cg)carboeyelyl, (C4—Cg)carboceyclylalkyl, optionally substituted aryl,
optionally substituted heteroaryl, -C(=0)(C,-Csg)alkyl, -S(O)(C;-Cg)alkyl, aryl(C;-
Cglalkyl or Si(R3 )3; 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(0),- or ~NR"-; or R
and R'? taken together are -Si(R*),(X*?)nSi(R*);-;

wherein each (C,-Cy)alkyl, (C»-Cy)alkenyl, (Co-Cg)alkynyl or aryl(C-Cg)alkyl
of each R, R43, R*¥ R’ 8, R59, R orR"% 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;-Cs)alkyl is optionally replaced with -O-, -
S(0),- or ~NR"-;

said method comprising :

(a) providing a compound of Formula V
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WO 2010/ 093608PCT/ US2010/ 023586 5each R2 or R4 is independently H F or
OR44; each R43 is independently (C-C8) al kyl, (Cl-C8) substituted
al kyl , CowG2010209yd08 C6- C20 substituted aryl, C2-C20 het ecoapediplo23s&R- C20
substituted heterocyclyl, C7-C20 aryl al kyl, C7-C20 substituted aryl al kyl,
(C1-C8) al koxy, or (C 1-C8) substituted al koxy; each R44 or RA7 is

i ndependent|y -C(R45) 2R46, Si (R43)3, C(0)R45, C(0)OR45, - 10(C(R45)2)111-R'
or or any two of R44 or R47 when taken together are -C(R59)2-,
-C(0)- or - si(R43)2(x42)nsi (R43)27, each R55 is independently

-0-C(R45) 2R46, -Si (R43)3, _OC(0)O0R45, -0C(0)R45 150r (CH2)rn 0 each R45,
R58 or R59 is independently H, (Cl- C§)0 al kyl ,; (C1-C8) substituted al kyl,
(C2-C8) al kenyl, (C2-C8) substituted akkenyl, (C2-C8) al kynyl, (C2-C8)

substituted al kynyd , C6-C20 aryl/ /€ Rstituted aryl, C2-C20
het er oeyel yl , C2-C20 suybstituted 20k cyclyl, |C7-C20 aryl al kyl or C7-C20
substituted aryl al kyl ; each RAG ndependently C6-C20 aryl, C6-C20
substituted aryl, or op i—(ﬁll"?yosubst he&rbar'%g; each Ra is
i ndependently 11, (Cl-C8)al Kyi. -28) al keny, (Cc2RC8)al kynyl, aryl (C
- C8) al kyl, (C4-C8)carbocy, C(-0OR ,1 1 -C(=0)NR R 2 25-C(=0) SR1
I, -S(O)RI I, -S(0)2R", -S(0){ORl [x; RB(0)2(0RL 1), or -S2NRL IRl 2; each
X42 is 0 or CH2; each in isH :

5 R* R?

Formula V
wherein R* is OH, -OC(0)OR* or -OC(O)R’;

(b) treating the compound of Formula V with a cyanide reagent and a Lewis

acid;
10 thereby forming the compound of Formula I'V.
23.  The method of claim 22 wherein the compound of Formula IV is Formula I'Vb
and
15 Formula IVb

the compound of Formula V is Formula Vb:
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each n is independently O, 1 or 2; WD 2010/093608PCT/ US2010/ 023586 5each
R8, RO or Rth is independently H, hal ogen, NR11R12, N(R11l)O0R11,
NR11INR11RY®,201393d0d®, NO2, CHO, CN, -CH(-NR11l), -CH=NH NRtT/US2@6k0bKs&R11) ,
-CHOW1)2, -C(=0)NR11R12, -C(----S)NR11R12, -C(,---0)011.11, R11, OR 1 or
SR; each R11 or R12 is independently H, (Cl-C8)alkyl, (C2-C8)alkenyl, (C2-
C8) al kynyl, (C3-C8)carbocyclyl, (C4-C8)carbocyclylal kyl, optionally
substituted aryl, 10optionally substituted heteroaryl,-C8)alkyl,
-S(0)"(C1-C8)al kyl, aryKil- C8)alkyl or Si(R3)3; or R 1 and R12 taken
together with a nitrogen to which they are b&h attached forma 3 to 7
nmenber ed heterocyclic ring wherein apy, one ¢ rbon atom of said heterocyclic
ring can optionally be replaced with 40-, -S(Q)1- or -NRa-; or Rl and Rl12
t aken together are -Si(R43)2(X42)Si ( =1 Qrein each (Q C8)al kyl,
(C2-C8) al kenyl , (CZ-C§)\aI kynyl or ag4dl (CL{C8)al kyl of each Rl, R43, R45,
R58, R59, Rl11l or R12 isy independenily, ti onilvié’\substi tuted with one or
nore hal o, hydroxy, CN, N?TC'F'J( €;™an ei;n one or nore of the
non-term nal carbon atons of d (Ci-c8Valkyl §'s optionally repl aced
wth -0-, - or -NRa-; 20§,a\hd‘ met ho onprising : (a) providing a conpound

5 é4 R?

24.  The method of claim 22 further comprising preparing a compound of Formula
V wherein R*® is OH,
10 the method comprising:

(e) providing a compound of Formula VI:

R47
O—“’—CHQ
O
0
H
H R
R' R2
Formula VI

(f) treating the compound of Formula VI with an organometallic compound of

15  Formula VIIL:

RB
R‘l 0
BN
s

— /

N R?
M
Formula VII

wherein M is MgX?® or Li and X° is halogen;

thereby forming a compound of Formula V wherein R is OH.
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wherein R5 is OH -0C(0)OR58 or -0C(0)R58; 25(b) treating the conpound of
Formula Vwith a Lewis acid and a reduci ng agent that is HSIi (R43)3; thereby
form ng twewmmpswad of Fornmula X. 5 28. Use of a conpourus2@0messdé ng t o
any one of clains 1 - 14 for the manufacture of a nedicanment for the
treatment of a Flaviviridae viral infection. 29. A conpound according to
any one of clains 1 - 14 for the use in treating a 10Fl aviviridae viral
infection. 15

5 25 The method of claim 24 wherein the compound of Formula V is Formula Vb
wherein R*® is OH and the compound of Formula V1 is a compound of Formula VIb:

R4T

Formula VIb
26. A compound useful for the synthesis of an anti-viral compound of Formula [

10 represented by Formula IX:

Formula IX

or an acceptable salt or ester, thereof;
15  wherein:

R'is H, (C,-Cglalkyl, (Cs—Cy)carboeyelylalkyl, (C;—Cs)substituted alkyl,
(C,—Cyglalkenyl, (C,—Cg)substituted alkenyl, (C,—Cg)alkynyl, (C;—Cg)substituted
alkynyl, or aryl{C,-Cg)alkyl;

each R*or R* is independently H, F or OR44;

20 each R* is independently (C,-Cy) alkyl, (C-Cs) substituted alkyl, Ce—Cag aryl,
Ces—Cop substituted aryl, Co—Cyy heterocyclyl, C—Cayp substituted heterocyclyl, C7-Cag
arylalkyl, C7-Cyp substituted arylalkyl, (Cy-Cy) alkoxy, or (C-Cs) substituted alkoxy;
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each R* or RV is independently ~C(R¥),R*, Si(R*);, C(O)R™, C(O)OR™, -

(CR¥))m-R™ or
(CH2)m
"a[ )

9] .
or any two of R* or RY when taken together are —C(R™),-, -C(O)- or -
SIRP)(XP)uSi(R™ )
each R is independently ~O-C(R*),R*, -Si(R*);, -OC(0)OR™, -OC(O)R¥
or

(GH2)m

<
0
0

each R, R*® or R* is independently H, (C,-Cy) alkyl, (C;-Cy) substituted
alkyl, (Co-Cglalkenyl, (Ca-Csg) substituted alkenyl, (C»-Cyg) alkynyl, (C»-Cg) substituted
alkynyl, C¢—Cy aryl, Co—Cop substituted aryl, C2—Cyg heterocyelyl, Co—Cayg substituted
heterocyelyl, C-Cag arvlalkyl or C7-Cyg substituted arylalkyl;

each R*® is independently C4—Cap aryl, Ce—Cayp substituted aryl, or optionally
substituted heteroaryl;

each R® is independently H, (C-Csg)alkyl, (C;-Cg)alkenyl, (Co-Cy)altkynyl,
aryl(C-Co)alkyl, (C4~Cy)carbocyclylalkyl, -C(=0)R", -C(=0)OR", -C(=0)NR''R"*,
C(=0)SR'!, -S(O)RY, -S(0):R", -S(O}OR'), -$(0),(OR'"), or —~SO.NR''R™;

each X¥ is O or CH, :

eachmis 1 or2;

each n is independently 0, 1 or 2;
wherein:

R is H, (C1-Cy)alkyl, (C4—Cs)carbocyclylalkyl, (C—Cg)substituted alkyl,
(C—Cy)alkenyl, (Co—Cyg)substituted alkenyl, {Co—Cylalkynyl, (Co—Cg)substituted
alkynyl, or aryli(C;-Cyg)alkyl;

each R*or R is independently H, F or OR™;
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each R* is independently (C;-Cs) alkyl, (C,-Cy) substituted alkyl, C¢—Cyq aryl,
Ce—Cag substituted aryl, C;~Cy heterocyclyl, Co—Cyg substituted heterocyelyl, C1-Cap
arylalkyl, C7-Cyg substituted arylatkyl, (C,-Cs) alkoxy, or (C;-Cy) substituted alkoxy,
each R* or R*" is independently ~C(R*¥),R*, Si(R*);, C(O)R™, C(O)OR™, -
(CR*)2)m-R* or
{CHa)m

"y
18]

or any two of R* or R when taken together are —C(R59}3~, -C(O)-or -
SIR™ (X mSIR Yo~

each R is independently —O-C(R"),R*, -Si(R");, C(O)OR™, -OC(O)R™ or
(CHz),

<
0

O .

each R”, R°® or R* is independently H, (C,-Cy) alkyl, (C-Cs) substituted
alkyl, (C,-Cg)alkenyl, (C»-Cy) substituted alkenyl, (C,-Cs) alkynyl, (C,-Cy) substituted
alkynyl, C¢—Cay aryl, Co—Caq substituted aryl, Co—Cyg heterocyclyl, C2—Cyq substituted
heterocycelyl, C7-Cyg arylalkyl or C5-Cyy substituted arylalkyl;

each R* is independently Ce—Cayg aryl, Ce—Cag substituted aryl, or optionally
substituted heteroaryl;

each R*is independently H, (C;-Cg)alkyl, (C»-Cg)alkenyl, (C»-Cglalkynyl,
aryl(C;-Cyalkyl, (C4—Cs)carboeyelylalkyl, -C(=O)R"!, -C(=0)OR!, -C(=O)NR''R"?,
-C=0)SR', -S(O)R", -S(0)R", -S(OYOR™), -S(O)(OR™), or —SO,NR''R™;

each X* is O or CHy;

cachmis 1 or2;

cach n is independently 0, 1 or 2;

each R®, 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(=O)NR''R", -C(=S)NR''R", -C(=0)OR"", R"!, OR'! or SR";
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5 each R'' or R™ is independently H, (C,-Cg)alkyl, (C2-Cglatkenyl, (Cs-
Cyalkynyl, (Cs—Cg)earboceyclyl, (Cs—Cg)carbocyclylalkyl, optionally substituted arvl,
optionally substituted heteroaryl, -C(=0)(C,-Cs)alkyl, -S(O)(C,-Cg)alkyl, aryl(C;-
Cylalkyl or Si(R*); 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

10 of said heterocyclic ring can optionally be replaced with -O-, -S(Q),- or =NR*-; or R"!
and R'? taken together are -Si(R43)z(X42)mSi(R43)2-; and
wherein each (C,-Cg)alkyl, (C,-Cy)alkenyl, (Co-Cylalkynyl or aryl{C,-Cg)alkyl
of each R’, R43, R45, RSS, ng, R" orR? 18, independently, optionally substituted with
one or more halo, hydroxy, CN, N3, N(R"); or OR?; and wherein one or more of the
15 non-terminal carbon atoms of each said (C;-Cg)alkyl 1s optionally replaced with -O-, -

S(O),- or ~NR"-.

27.  The compound of claim 26 selected from the group consisting of
s7 NH.
@\ ST 0 Q\ s W
o~ o )~ N
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6 o
and >< or
a salt or ester thereof.
27. A method for preparing a compound of Formula X:
10
Formula X
or an acceptable salt or ester, thereof;
wherein:
15 R'is H, (C;—Cy)alkyl, (C4—Cg)carbocyclylalkyl, (C—Cg)substituted alkyl,

(Co—Csalkenyl, (Cr—Cg)substituted alkenyl, {Co—Cglalkynyl, (Co—Cy)substituted
alkynyl, or aryl{C,-Cg)alkyl,
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5 each R or R* is independently H, F or OR*;
each R* is independently (C;-Cs) alkyl, (C;-Cy) substituted alkyl, C¢—Cyp aryl,
C¢—Cyy substituted aryl, C,—Cyy heterocyclyl, Co—Cop substituted heterocyclyl, Cy-Cyg
arylalkyl, C7-Cy substituted arylaltkyl, (C;-Cs) alkoxy, or (C,-Cs) substituted alkoxy;
each R* or RY is independently —~C(R*),R*, Si(R*);, C(O)R¥, C(O)ORY, -
10 (CR*))m-R> or
{CHa)m

g
O

or any two of R* or R when taken together are ~C(R™)s-, -C(O)- or -
Si(R™)(X*)mSi(R™)-;

each R*’ is independently ~O-C(R*),R*, -Si(R*);, -OC(0)OR*’, -OC(O)R*

(CH)m
< [ )
0

O

i5 or

cach R*, R*® or R* is independently H, (C;-Cy) alkyl, (C)-Cy) substituted
alkyl, (C,-Cylalkenyl, (C,-Cs) substituted alkenyl, (C>-Cg) alkynyl, (C»-Cy) substituted
alkynyl, C¢~Cyy aryl, C¢—Cay substituted aryl, Co—Cyy heterocyclyl, Co—-Cyy substituted
20  heterocyelyl, C-Cag arylalkyl or Cy-Cog substituted arylalkyl;
cach R* is independently Cy—Cyy aryl, Ce—Cay substituted aryl, or optionally
substituted heteroaryl;
each R" is independently H, (C;-Cy)alkyl, (Co-Cyglalkenyl, (Co-Cylalkynyl,
aryl(C,-Cg)alkyl, (C4—Cs)carbocyclylalkyl, -C(=0)R'!, -C(=0)OR ", -C(=0)NR''R"?,
25 -C(=0)SR', -S(OR, -S(0),R", -S(O)OR'), -S(O)(OR'), or ~SONR''R'%;
each X* is O or CHy;
eachmis 1 or2;

each n is independently 0, 1 or 2;
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each R®, R® or R"" is independently H, halogen, NR'R'Z, N(R'HOR',
NR''NR''R'2, N3, NO, NO,, CHO, CN, -CH(=NR'"), -CH=NHNR'!, -CH-N(OR "%},
-CH(OR'),, -C(=0)NR''R", -C(=$)NR"'R"?, -C(=0)OR", R"", OR' or SR";

each R'" or R'? is independently H, (C;-Cg)alkyl, (Co-Cglalkenyl, (Ca-
Cg)alkynyl, (Cs—Cg)carbocycelyl, (C4—Cg)carbocyclylalkyl, optionally substituted aryl,
optionally substituted heteroaryl, -C(=0)(C;-Cg)alkyl, -S(O)u(C1-Cg)alkyl, aryl(C;-
Cyalkyl or Si(R™);; 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(O),- or -NR"-; or R
and R'? taken together are -Si(R*¥ ) (X)mSi(RP),-;

wherein each (C;-Cglalkyl, (C,-Cglalkenyl, (C2-Cg)alkynyl or aryl(C;-Cy)alkyl
of each Rl, R¥ , R*, RSS, RS{), R orR"™ is, independently, optionally substituted with
one or more halo, hydroxy, CN, N3, N(R"); or OR"; and wherein one or more of the
non-terminal carbon atoms of each said (C;-Cy)alkyl is optionally replaced with -O-, -
S(O),- or —=NR™-;

said method comprising :

(a) providing a compound of Formula V

Formula V

wherein R is OH, -OC(O)OR* or -OC(O)R*;

(b) treating the compound of Formula V with a Lewis acid and a reducing

agent that 1s HS%(R“)g;

thereby forming the compound of Formuta X.
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28.  Use of a compound according to any one of claims 1 — 14 for the manufacture

of a medicament for the treatment of a Flaviviridae viral infection.

29. A compound according to any one of claims 1 — 14 for the use in treating a

Flaviviridae viral infection.
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