SUBSTI TUTED NUCLEQGSI DE AND NUCLEOTI DE ANALOGS BACKGROUND Fi el d [ 0001] The
present application relates to the fields of chem stry, biochem stry and
medi ci ne.wbbww/psr4bi cul arly, di sclosed herein are nucl eeCrds2@nabssge Wit h
prot ect ed phosphates, pharmaceutical conpositions that include one or nore
nucl eoti de anal ogs with protected phosphates and net hods of synthesizing
the sanme. Al so disclosed herein are nethods of treating di seases and/ or
conditions with the nucl eotide anal ogs with protected phosphates.

compounds that  havd rUah R O NP E B R B e ot i1y

both in vitro and in vivo, and thus, have been the subject of w despread
research for the treatment of viraAdckGEROUNINS and cancer. Nucl eosi de

anal ogs are _therapeutically inactive conpounds that are converted by host
or viral erfi%k.@ms to their respective active anti-netabolites, which, i n

L, DL PROTPT 2568 pRauelaUfRtas Middlo b SRNoROl ST ORI E
or nore phO’Sfb hrwti@ngr ddps parigulady, distlasedrbémiataronuaidotife amddgs rwitheprateoted ¢
Compound o EOTIG 4 I B BRa RREe Rl a5 e gtanBEsHE vBRsfr ug or
pr odr ug estvafh prheée@bhosﬁuﬁﬁ%nﬁr}ﬁ&tﬁﬁk o@@j&ﬁﬁhsfﬁﬁ@tthdlsz&ﬁd oaBd dhelosddhei@h at es to
a conmpound of Farmrula (I or a pharmaceutically acceptable salt, prodrug
ort Er gdr u? aéf‘s&t}?Fhoflh@if éﬁ?ﬁtmq é@@aﬁfssg%‘;relﬁ:%’&moﬁéﬁ‘?lgl) 816[513%506]%3 E’éarl‘éﬁsz‘gﬁlsl at et to
met hods of SyntbesiogiHagsa conpound of Fornmul a er enbodi nents
di scl osed ﬁ)zrel n ré)I%testo nmet hods of synthesizing a conpound of Formula
(I'1). [0007] An enbodi ment di scl osed herein relates to pharnmaceuti cal

E:lolrr;)osgl oq§esct:rpp 1 CaR el ude, one or nore conpounds of Fornulae (1) and

[0002] Nucleoside analogs are a class of compounds that have been shown to
exert antiviral and anticancer activity both in vitro and in vivo, and thus, have been the
subject of widespread research for the treatment of viral infections and cancer. Nucleoside
analogs are therapeutically inactive compounds that are converted by host or viral
enzymes to their respective active anti-metabolites, which, in turn, inhibit polymerases
involved in viral or cell proliferation. The activation occurs by a variety of mechanisms,
such as the addition of one or more phosphate groups and, or in combination with, other

metabolic processes.

SUMMARY

[0003] An embodiment disclosed herein relates to a compound of Formula (I),
or a pharmaceutically acceptable salt, prodrug or prodrug ester thereof.

[0004] Another embodiment disclosed herein relates to a compound of
Formula (1), or a pharmaceutically acceptable salt, prodrug or prodrug ester thereof.

[0005] Some embodiments disclosed herein relate to methods of synthesizing
a compound of Formula (I).

[0006] Other embodiments disclosed herein relate to methods of synthesizing
a compound of Formula (II).

[0007] An embodiment disclosed herein relates to pharmaceutical

compositions that can include one or more compounds of Formulae (I) and (II), or a



pharmaceutically acceptable carrier, diluent, excipient or conbination

t hereof. The pharnaceuti cal conpositions of the conpounds of Formulae (I)
and (11) werotverossied i n the manufacture of a nedi canent PCoUSLo10ARE0RE an

i ndi vidual suffering froma neoplastic disease, a viral infection, or a
parasitic disease. The pharnmaceutical conpositions of the conpounds of
Formulae (1) and (Il) can be used for treating a neoplastic disease, a
viral infeghhomcewically paepablei earndhrs ddsat, §RG08} Son®neidaadn neeresf. diThel osed

herein relate to nethods of aneliorating or_treati eop] asti c di sease
Thas! anl dorptrce darmaanBegiona i <amopnrsor Fatrre D T AP SRy b hbubt st o
di sease a thansRew ofdl hydiefhaettby BreAHR Uit irfafvi&lﬁ_ﬁ sﬁ)ﬂfer{i@rﬁorﬁm@éﬁmac of

Formulae (1) and (H), or a pharmaceutical conposition that includes one or

nmor e conpouhigaseod VITgrinigrtian. o1 § pAUNiq dipgase. Thiee eherpesgniersl edmmmsitiend afethe | ) and
I b I f act i : i
(11) can %gt@?wgudk 3¢ FP&JI%”(‘I‘) AGLHY Eae %eﬁ“?cqj t?qu%!}é nEdMashil g%%elsg,]?a ﬁ_\gl} Ul ae

i ndi vi dual ring from a ‘neoplastic di sease. conpoun
(1) and (I lidfectaom, tven pasmdicfdineaser eat i ng a neopl asti ¢ di sease. [0009] O her

enbodi nents dis d herein relate to nmethods qf inhibiting the growth of
o umor that calMPRE LABTS aREEaRBEITE ST Bt RETPI UG
therapeut i Galukeirfd RoblaMe @8R hatQan HRfudead AR RerfiRND ALGKSctQhffiaidnae (1)
and (11), or a pharmaceutical conposition that includes one or nore

conpounds dhe mopkstiadisgasy aghgrageptigally [effodtoF Smount eft ¢isrorangye gPmepisls @f scl osed
h i | t hod f I L p i i j i t hat
erein re %ﬁaﬁﬁe _’@t lg{rl’ii Eﬂg)? or %hér&{a@éu'ﬂ@g %U rﬁlﬁﬁﬁ | ﬁclt‘éhésalmé le- ?1?#&0” a

can include adm ni to a subject su ing fromthe vira ection a
t her apeut i cahpyurelf b€Edrmugaedhmudtll)ofThe nempeundoofel cmnjae (hdsd @ ckobamsede (1)

and (11), or _a pharmaceutical. conppsition that. includes e or re
compounts gf TEAPRITHBI b4 SRticR for fhe et B ohE e ting e tha (1)
can be usediieisel MEher@Mpbasds W Fodthulae (B dhE amEdh HeQlsed F@atdatigy ancdphdtivi dual
suffering froma viral infection. The conpounds of Fornmulae (1) and (I1)

can be usedifdi treating a viral infection. [0011] Yet still other

enbodi nent's di sgdgpgpd Qﬁﬁe‘?ieﬁlbmkﬁhég dﬁs@lgge‘%itﬂéi)e‘?ﬁre?ite RITRLch Qs 1 hhi @k t}% eating
clude a g J u

a parasitic disease that can in mnistering to a subject ering
from t he parastht ofc adivseagkatacanheckhge utlingrastenyngetd acsubyeet dwoogta ofmaone or

nore conpoynds of Forpulae (1) and (I or a pharmaceuti cal osition
hat § nol udegushisaly < EE b iae’ ot hesrsmpaler ¢y Tttt )8 e SEbrpounds
of For mul aghfdmacaitidal(domposibn Bt ikBded Bnd HEMBRNIHhOLATsEofHor@uREd) Gagent f or

treating an individual suffering froma parasitic disease. The conpounds
of Formul adllf'1) and (11) can be used for treating a parasitic disease.

BRI EF DESCRI PTI _161: T@Ell%\é\éol\éﬁﬁ[i%& %IISQBF& ]he ﬁpvi.@la%m:t‘o gﬁ&:ﬂﬁ& fo?r

preparing 2',5 -dinethyl n es and nucleotides I n whi e base is
uraci | or guoehpmneng P00z gwirl highionshanennetlhdd adromispriapapi ngubject
2', 5" -dinet hé%l .nu Ieotii deslar}d nucl eot i dets fgn %itch t he pase is cytosine,
uraci |, adeHi' & FOGulini e "IH0Pa) FIHHPE S 2 Sh SHE Shd e Ofl%rpré’aloéﬁari ng
2', 5" - di metdaphpo@ide 0OBorRR1RMND a8 0! & StatRaceliTh dnlfdsidESEHRt MEiu@N one or

[ 0015] Unl ess defined otherwi se, all technical and scientific terns used
her ei n more compounds of Formulae (I) and (I). The compounds of Formulae (I) and (II) can be

used in the manufacture of a medicament for treating an individual suffering from a viral
infection. The compounds of Formulae (I) and (II) can be used for treating a viral
infection.

[0011] Yet still other embodiments disclosed herein relate to methods of
ameliorating or treating a parasitic disease that can include administering to a subject
suffering from the parasitic disease a therapeutically effective amount of one or more
compounds of Formulae (I) and (II), or a pharmaceutical composition that includes one or
more compounds of Formulae (I) and (II). The compounds of Formulae (I) and (II) can be

used in the manufacture of a medicament for treating an individual suffering from a



have the sanme neaning as is comonly understood by one of ordinary skill in
the art. Al patents, applications, published applications and ot her

publ i cat iwogoroefogr4enced herein are incorporated by refePemas2em/osoaé r
entirety unless stated otherwise. In the event that there are a plurality
of definitions for a termherein, those in this section prevail unless
stated otherw se. [0016] As used herein, any "R' group(s) such as, wthout

| i mtation,pafdkitic ia@ndThd ympoapdsesteRdrmsiltb S1)i dnde(dl ai batusehfor heatiig ached to
the indicated at A non-limting list of R groups include, but are not
limted to,PAHy gﬁgﬁe al kyl , al kenyl, al kynyl, cycloal kyl, cycl oal kenyl,
cycl oal kynyl , aryl heteroaryl heteroalicyclyl, aral kyl , heteroaral kyl,

(heteroalicyclyealkyl, dr ox rot ect ed hydroxy, alkoxy, aryl oxy, acyl,
"haigsbkst

ester, mercapto, cyano, RETOR QOAYE DRAWANGANY| , N-car banyl ,
0-t hi ocar banyl , ul.f AAm

N- sul f onam do, &hkrbox LB%?%%%%%%%ykggggg%a@]&gmga %ogb‘ilsog§§ﬁ§w%
thiocyanatomdh&ﬂ&hﬁamyaﬂamahehhehnumﬁuhghmnmulfenyI sul finyl, sulfonyl,

hal oal kyl, hal o y, A rihal onet hanes trihalo anes | f opam do,
hal oal kyl . hal ogh iy, e thal et haneault gyl ot halome ianssul fope
protected dga hﬁ(@édtﬂd@ﬁnt\)&hﬁd}ﬁﬁé bas&\b dRtBineURadiBYdcRfhe DY ideut ed or
unsubstituted. If two "R' groups are covalently bonded to the sane at om or

to adj acent at off¥¥14} heXigurey shaysmemethet feropfepding "2’ s diedfthyadengaingi n t o

forma cyclﬂﬁ Egann&gcloalkenyl cycl oal kynyl, aryl, heteroaryl or

het eroal i cyc group. For exanple W t hout Iinitation, if R and R' of an
NR R' group are indicated to be "taken together”, it neans that they are
coval ently bonded to one anoth atons to forma ring

that i ncl udes the nitrogen: @%??hﬂ%ﬂﬁ%@?kﬁHgbgﬁp is described as being
“optionally subgsgispt edjnlésbaéflrﬂﬂ%ﬁﬁr\ﬁ%/ alecHRisMRRY kditHd s Sk dint ed

with one or nore of the indicated substituents. Likew se, when a group is
descri bed @8vHEE AP PN it ceagory usdsyeqd ki angof ofdingp il inhedrt. Ahe
substi t uent ityents. If
no substltJE%?§ %ﬁhéﬁ ggghté%?9?@9?§“%é§ﬁ?5@ﬁ%$ﬁt %Q%ﬁggcategaéoﬁt#gnally

substi t ut edﬂeoqrrorétedrb)merfdwtcedﬁ thgireuprerpaynldse sateld Siherwitse dn wWiet dvemrrbatahereror e

g_[ E;ﬁglls) L;‘;tgei %Igﬁjﬁaj X%%:gd Blgl?lg %ntgcirerri? th!n%in? Ehogec t[net 1sfsle}:)tlno1naplre\>éul un?ess setgtgd

cycl oal kynytheak e, heteroaryl het eroal i cycl yl, aral kyl heteroaralkyl
(heteroallcyclylaatkyl h droxy, protected hydroxyl al koxy, é»O&X acyl ,

ester, nercaptol(Hﬁkylﬁhﬂéeda@?mtwnb cyranRss) tah @yerithophiimiatiaso Ry

0- carbanyl er%g%¥ , I m do,
S—sulfonam(l:]ﬁ‘l-gfI &ﬁgﬁf%ﬂhgg oé?m%%%g?g%?%gﬁ%¥%g?ﬁ%%ﬁk% H%EP oxy,

i socyanat o,list lof At yeames dpcliidgothue cm:eyarnaﬂlmltedn tbr bydregehny lalkyk wlfeaply | alkyawl, f i nyl ,

sul fonyl, hal oal kyl al,oal kox al onet hanesul f | .

11 hal ot REHEIETY of RSt I | ek udERG N ey uBElT ut ed
am no gr oupgseraaitfiyl h@eRrdligely@dikde miyiiak, Vg stettBE€ ho@bxy, BaGRy OfryloRE SRy,
substituents can Bg furthe?ﬁgﬁﬁggltgtedy]ﬁ0018]A§ﬁu52d he?eﬁh ?Cayto Cb"

in which " &stenmeredto, syauo; hqegarthiopapemliQreahenyluMserbapyl. Oxthisarbamghs i n an

al kyl', al kaqyl; cgtfbaﬂtkr ;&?’E %O‘J&Lan‘ﬁﬁot sl fdoc’f NCAIDRMiaS, 0"@ chiodyne ring

of a cycloalk enyl , cycl oal kyny aryl, heteroaryl or
het er oal i cymtydtecgl(bwmowhél carlsap(yt Imeqaihktyl thledylwmgrl tsothikaanydO, nitingilpl, t he

cycl oal kyl cycl al ken e cy I ing of the
aryl, ringSB&rW e ﬁ5]8¥oar 1&Hrlr|ﬁﬂb%# theiié@ ?3alﬁ85@ %ﬂ%gﬁﬂ%ggtain
from"a" tarihdomethdhebul®hiBidoC &h@Ozﬁniﬁb,O ﬁEﬁ:ludTIngSHOHf)Oranﬂxdtf@bﬁltutad 'dalinto0 C4

al kyl " group refers to all aIkyI havin from1l to 4 carbons, that

is, CH3-, GrBesppand @%MW S2 eof. AR CRDETPBICIRAY, brryslestittsd ©3) - and
(CH3) 3C-. u%s&@tltuéd EH‘Qvo QB%SOL‘?&&%E&%HH&E‘ td &‘19%5& Eéanﬁ& 8laliphkent

al kenyl , al kynyl, cycl oal kyl I oal kenyl”, cycloal kynyl, ‘aryl, heteroaryl

or heter oalamnyscltbretn gregupay the“tztkeoatde%herr atng@flde‘sdnpnebled) rfcmrt hecsrelod&fyll nitions
Is to be ass ?en . ¢ loa%g'%/ 19r8 Otle)rc(:)-glkJ deJf 1c c éu ?:: exa edlt}?oer ein,

"al kyl " ref Yh SRRk branched hy Bon Fe hdli A atwconprlses a
fully sat uﬂﬂtil&doﬁ,ﬂDRdﬂmbR’EOﬂHn NRtRD’I g@o@melﬁ])hdatedrt@eaﬂbm togettiep:, itlhe@nal kyl
group may have 1 to 20 carbon atons (whenever it appears herein, a
nunmerical range such as "1 to 20" refers to each integer in the given
range; e.g., "1 to 20 carbon atons" neahs that the al kyl group may consi st
of 1 carbon atom 2 carbon atons, 3 carbon atons, etc., up to and including
20 car bon atons, aIthough the present definition also covers the occurrence
of the term"al kyl" where no nunerical range is designated). The al kyl
group nay also be a nedluntslze aIkyI havrng 1 to 10 carbon atons The
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doubl e or triple bonds) nono- or multi- cyclic hydrocarbon ring system
When conposed of two or nore rings, the rings may be joined together in a
fused faswpDan10/@yuboal kyl groups can contain 3 to 10 at @eg/usromloesoné ng(s)
or 3to 8 atons in the ring(s). A cycloal kyl group may be unsubstituted or
substituted. Typical cycloal kyl groups include, but are in no way limted
to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and the |ike.

[0023] As us®dhdyerrecavalehdybormad kemel dhothef @rtseit @rminaini@ns orfomihtring teycl i ¢
hydrocarbon h% system that contains one or nore double bonds in at |east
one ring; 1§9ePhere is nore than one, the doubl e bonds cannot form
a fully delocallzed pi -el ectron syst nlthhoughout all the rings (otherw se
the group would be "aryl,"” as defin reln) When conposed of two or nore
rings, the rings may be connect ed t ether'in a fused fashion. A
cycloalkenyl group may be unsubstituted or substituted. [0024] As used

her ei n, cycloaﬂmvﬁyl"\Vb$@W@%ﬂ@DaahnmmmﬂmdaHMEmg‘bmyEMHﬁSMydwﬁﬂéMbmn ring
systen1that contalns one .or nore triple bonds in a 0 ng. |f
Chere 1 s Ot han OHBM T S L iR PP dls Rt reC B FaMRty ui 1y
del ocal i zed.ijiwi®l), @Bt ©prosy stdmaribbd @ugahﬁgftunaitismh{@a of bubgstutethgrusargased of
two or nore rings, the rings joined together in a fused fashion. A
cycl oal ky nyhe gHalieragapde wﬁlgatsé th%tOé%i oM Ike iindigatsd. subevatsas fuged
herein, arSMl!)Stltlfeﬁ‘fSe£I‘§ ﬂl@mﬁecf' ag QQ %(e%! @ha( Qflé 1rﬁﬁéa@an)oﬂﬁgﬂﬂﬁrygbktﬁugﬁ or
nultlcycllc aromatic ring system (including fused ring systenms where two
car bocycl i ¢'sutishgsedsS haew mag Hendubatitutsd ndith tohator hasreagrbuﬂ(ﬂs)ymdem@@w iaped

pi - electron &%Skﬁghthr&%gﬂ &m9||aﬁﬁptﬁ&m§i ﬁip% nug%(ml L E%%%&ET%tOWB in

an aryl group can or exanple ’ can aryl

group, a Caey&bakaiyy!l gagup, ﬁete@a@ﬁ ar y&telgmmyplyl Exaaﬂalk@s of hé@érghralgyloups
include, but are not Ilimted to, benzene, naphthal ene and azul ene. An aryl
group may eetergpicyelyalied: d‘rydli?ﬁgubsﬁr‘i’tf:‘ﬂ?(bcpyd{%ﬁlzGillﬁ%xyusgé"ﬁloﬁ%r Gk, ester,

"het er oar y|mer£a‘foﬁoera‘§kﬁtﬁ1oa AFRMRE YGhids Hloghhll thideX®bhyt, BLQAMRMYE KicR®apysStem (a
ring systemwth f delocali zed pi-€l ectron system that contain(s) one

or nore hetCéﬂmmamfrmyl tNahlowgbaHah Eramdnt Nomride, 8halforeardson-silfglmdiong but
not i m te% cath Xm L & gﬁet\ed <):(a¥l%exn %qc(:jar ol“>|<|yf Woe z;II_theo turorpy%r atg, is3 h?orcT:Banlao the
ring(s) of a heter daryl group can vary. ~For exampl e, t he h&teroaryl > group
can cont ai rmtéo t@lynékuatﬁyﬂrssulﬂ’nyﬂ h@lﬁonﬂgmalbalkﬁ th@loﬂ.l(lloﬂ;t, CIfIBalbrﬂethiit&sﬁlfdilgl( s) or 5
to 6 atons in the Gkﬁg& .. Furthernore, the term' heteroaryl i ncl udes
fused ring fdyAlemasRe g, ane, qaming, ipludings imqngy, nd oigsubiztyted | HHNa NG at

| east one r%%@'é OffdYthe E)fo'ﬂéltedeenaﬁtlvla@@}r%Feof WRadhebRhQR MbstiflcA@%an SBFuehcRt | €ast
one chemical bond. Exanples of heteroaryl rings include, but are not
limted to,substfeed. furazan, thiophene, benzothi ophene, phthala2|ne

pyrrol e, oxazol nzoxa xadi l.e, 4- QX

thi azole, 1,2, B%WHggdlazéﬁghﬁTe%’ 1%“%6%@2%%% %bgﬁgo h?gz% %}%ﬁ% %zole
benzinidazohemHMnﬂofemmmnﬂﬁmnhanamyramaheprhEﬁamgyn@zmﬂenum®axﬁZQMGn

benzoi soxazol e, |sothlazog tri nzotrlag§¥ th| azol e,

tetrazol e, aﬂ’)?’i‘ﬁ & B g P &lcﬁ‘%oaq]ﬂifrr F}‘ﬁ%ﬁlf?éy gyF Hel, eéeroi%’]erofdl ne,
qui nol i ne, }k&ﬁﬁﬁh&%h@ﬂ%, Ot NRAZOL a1 aﬁ&hﬁOMﬁ%ﬁ@Qn1Qfmﬂp&kRﬁl Andgtori azi ne.
A heteroaryl grouF ge substltuted un sub stltuted %7 As used
herein, "hdheeyskh kelysd,l ting'of ghe cypleplsyyh| rmgybé thetaryly e gepfdhe ]@ﬁt‘trhfrfé@f TR ®fr -
five-, six £N- . kP ke yelic,
blcycllc éﬁaﬁa%ﬁg%Qbﬁ?ggifﬁgﬁégg?%n%mﬁ%rguH“@gP%%n atoﬁé&ﬂdge{ﬁg ﬁ’\%\nth
from1l to =xheplero&t owsC.cangt pitoup ecfsritdalt bikgl syspsdnwinA flvet entod yalbensyay

e LT T e

t hroughout aali lchgc ings «a”Tha “BehRreabi® Wilerdghdaependeyt hikese! S6hed from
oxygen, sulfur, and nitrogen. A heterocycle may further contain one or nore

carbony!l orcyelpdld aeysinaikentlyseelpakay]. t 4reks | hetgsoasd o1 hatsrealieysty! deseymi ¢ on

i ncl ude ox i , lactones, cyclic

i m des, cyg)?%géﬁﬁ%ea&‘%%Q1g§c¥$%§%§}gg%g%ggaﬁﬁﬁé ‘the like. Wen conposed
of two or nore rings, the rings may be joined together in a fused fashion.
Additionally, any nitrogens in a heteroalicyclic may be quaternized.

Het eroal i cyclyl or heteroalicyclic groups nay be unsubstituted or
substituted. Exanples of such "heteroalicyclic" or "heteroalicyclyl"” groups
include but are not limted to, 1,3-diekin, 1,3-dioxane, 1,4-dioxane,

1, 2- di oxol ane, 1, 3-di oxol ane, 1, 4-di oxol ane, 1, 3-oxathi ane, 1, 4-oxathiin,

1, 3-oxat hi ol ane, 1,3-dithiole, 1,3-dithiolane, 1,4-oxathiane,

tetrahydro-1, 4-thi azi ne, 2H 1, 2- oxazi ne, nual ei m de, succinimde, barbituric
acid thlobarblturlc aci d, dloxoplpera2|ne hydant0|n d|hydroura0|

o a ~ -~ a1 o o



het erocyclic or a heterocyclyl of a (heteroalicyclyl)al kyl may be
substituted or unsubstituted. Exanples include but are not |limted

t et r ahydrwo2bitopssan- 4- yl ) met hyl , (pi peri di n-4-yl) et hyl, PCT/US2010/028046
(pi peridin-4-yl)propyl, (tetrahydro-2Hthiopyran-4-yl)nethyl, and

(1, 3-thiazinan-4-yl)nmethyl. [0031]"Lower al kyl ene groups" are

strai ght-chai ned tethering groups, form ng bonds to connect nol ecul ar
fragments via tp@i®]t erAx wad heein)Galkat’ aafers tExasplighs or bednuikel l’iydtocanben not

Ilmtedto | ene CH ropyl ene (- 2 CH2-

, and but fgglﬂgly @P@éﬁﬁ%ﬁ\ﬂ@?@at J(% &aéﬁleaﬁ%f&adﬁbx%%v $E' B ubSti t ut ed
or un sub st UtRd. mi0RRR] AR 96 eabBehRhi, (whehdeOX ' ap{ae%iseﬁe?elhoa thh&efil mul a
-OR wherein i's an al kyl, al kenyl, al kynyl, cycloa cycl oal kenyl ,
cycl oal kynymngeaush as Rletoe?Eaefers toragle frseser ey&lmgllvenetmekyk brto 20 carbon
(heteroali I b i e hoxy,
(hecer ool | SUhYSBLY o A PEA A3, 000N R SRTBAER iy NEL Y IRLDS
secbut oxy, ctuboh atoatsoxy., up lemakiyicladidg Qbeaﬂbbketonﬂnalaiokgixme rlmserbeleﬁnnhsml tuted
or unsubstit uted. ein refers to a
hydr ogen, a?tt‘ﬁ?ﬁovefélﬂ!?e‘?ﬁ‘ll”i“ﬁ? Qg ItembraléﬁlyWE‘%rSr?ﬁé’é’f“é jcal gansg dheesiggett s, via
a carbonyl eauRl olb¥RIRY 880 bO& édRinf QrdMikyl haees Yko 1mé@mmhs rm%I and
acryl . An acyl i/ be substituted or unsubstituted. 0034] used
herein, "hyaoupxspaldalio be afeyae allyl haviag kye Ogadiop aqtmna;\h?%albﬂegr@w pfohe of the
hydrogen at ok, yl
groups i nclcgglg ]%{I égtﬁgf&q lﬁﬁﬁd{%d (%))o@(’ %f(ﬁygﬁ S%%ﬁ%@&n%fo[qg xg% Sgy
2- hydr oxypre&maplp oalyd“Q;;Cr dkiy drdaxiee thay thereArdiyiatr toxyal dagplon lamynsbe theulbsd i t ut ed
or unsubstituted sed ei.n, "haloal kyl" refers to an
o Kyt ot ous TR Ui BRI v e S R gk praibbae e BBREL &g by
hal ogen (e.t@tyl, sa@B@yhah@abilyl ,Byivaat @ahisyl ondctCt- Qaik@i”qadlkatés)thatsh@a groups
i nclude but are not limted to, chloronethyl, fluoroneth di fl uoronet hyl ,
trifl uor omEhgie ta s catbop Rigps-im thejalloF et Hiapicabalkyl g %lvi%&‘? ARut ag i ge oal kyl

may be sub t r b u I xy"
refers to 3{/1& a‘#&%%yg)gr ou% aﬂ%\hp }oﬁgoﬁ%gg)?@hnﬁﬁtgﬂg?&t ﬂ}g ﬁft%poalgz* % t?rlg are
repl aced byekd] ogelr lile. Ghe almtgmuparhaydvbls@@wut@idwhwbtmw and tri -

AL oa KO SRR YR REI, 52l Ll ST 0

f1 uoronet hcmylght%rfbkamelﬁaal I58RJLBY chath d1lod @lokoOdaubEEnbe Sulikéyl sbesimay
unsubsti t ut ed. [ 0037] A "sul fenyl™ group refers to an "-SR' group in

which R car?eb‘ésqﬁ’ﬁf&?@ééhs“béqltk?ﬂ al kenyl , al kynyl, cycloal kyl, cycloal kenyl,
cycl oal kynyl (%ﬂZt[LhetA%rd%@d’ %relnhaillﬁglgfa rkﬁ%ctlaﬁh’all@[ ?glﬁ% that 95nta1 s in the

(heteroal i cycl yl yl . A sul fenyl be substitut r un su stituted.
[0038] A " sutrhightydr"bragichedphydedcarben tlmimnne' orS(er® xR bordsuphni alkynlyl ghufRmean be
t he sane as def |bntedt th rtespgct to sulfenyl. A sul finyl may be substituted
or un sub sti'f'th é&ue?nﬁ KUSul fonyl " group refers to an "SRR’ group in

whi ch R can be IGMZFa”B\saﬁsedeﬁdrélﬁd ‘WeloblkyeSRes! ¥ Q sshfledyl santacel honyl may
be substituted or unsubstituted. 0040] An " O carboxy" group

refers to dowReetipte bongs)gupnor AT Wiltic Kyqicdyfropuben drotyaem. A heyicompesRény | |
al kynyl, cyg¢l@aldtYHore Qﬂﬁgé Qad Eﬁ%&y ﬁla ﬁélH@ci Qt}{«l-:t’ 1naa{ Yilsed BEREBH Oé‘ﬂ;c)f(galk

het eroal i cycl yl, aral ky eteroa Icyclyl)al kyl, as defined he e| n. An
0- car boxy gneps be subst 3 toul0eecﬂorm muhrsmlﬁi)mr att@&latotrﬁﬁmm]:ﬁhg(s} eknpldadigi er* and

det i ned w R POEpetPu U oy AP STkl B e S Rax ey TETE S
subst i t ut edhoGFaylingited $é,ichalb@apyl, cyclobutyl, cyclopentyl, cyclohexyl, and the like.
[0023] As used herein, “cycloalkenyl” refers to a mono- or multi- cyclic
hydrocarbon ring system that contains one or more double bonds in at least one ring;
although, if there is more than one, the double bonds cannot form a fully delocalized pi-

electron system throughout all the rings (otherwise the group would be “aryl,” as defined



[0042] A "thi ocarbonyl™ group refers to a "-C(=S)R' group in which R can be
the sanme as defined with respect to O-carboxy. A thiocarbonyl nay be
substi t utwo 20r0/w8148ub stituted. [0043] A "tri hal omet hanegalrfusegio/o2gpre© up
refers to an "X3CS02-" group wherein X is a hal ogen. [0044] A

"trihal onet hanesul f onam do" group refers to an "X3CS(0)2RN-" group wherein
X is a halogen and R defined with respect to 0-carboxy. [0045] The term
"am no" as hgsid. Weee comp@bdpstwoooranedlridgg ticeings [M34E] cdanatsddogrgtieeiima t he

term "hydr " refers t - roup.. [0047].A "cyano’. group refers to a
"-CN' grougﬁ%ﬁéﬁﬁ@ﬁ‘aéyﬁ@iﬁn%g‘@omgya@[% l i rﬁ‘ﬂ?ﬁg?“ s to a -N3 group.
[0049] An "i socypmaup” OsobRdrites s éloﬁk§nyNCQfer9rtQLhOmoh@-oélohﬁlt'i'-t Hjcpeyanat o”
group refers to a "-CNS" group. [0051] An" "i sot hi ocyanato" group refers to

an " - NCS' lgﬁmfgbgr{ 0052 s Hak 6o o eupoicefiglesbonds nat lesHong ringdf

010/ 108140keT B2 7000 Te") BekiarRa PE SR Snaan'lln gy gereiadpto

" - SO2NRARB'elegtrom pysiem thitiugouRAll dtaadirig ®dren bempdved s @sndre degd, redings t h

espect (o 0.0 8oy o 8. S ST o B SYSSLLL A Y or dagESL) Lt e
substituted.

[0025] As used herein, “aryl” refers to a carbocyclic (all carbon) monocyclic
or multicyclic aromatic ring system (including fused ring systems where two carbocyclic
rings share a chemical bond) that has a fully delocalized pi-electron system throughout all
the rings. The number of carbon atoms in an aryl group can vary. For example, the aryl
group can be a Cs-Ci4 aryl group, a Cs-Cio aryl group, or a Cs aryl group. Examples of
aryl groups include, but are not limited to, benzene, naphthalene and azulene. An aryl
group may be substituted or unsubstituted.

[0026] As used herein, “heteroaryl” refers to a monocyclic or multicyclic
aromatic ring system (a ring system with fully delocalized pi-electron system) that
contain(s) one or more heteroatoms, that is, an element other than carbon, including but
not limited to, nitrogen, oxygen and sulfur. The number of atoms in the ring(s) of a
heteroaryl group can vary. For example, the heteroaryl group can contain 4 to 14 atoms in
the ring(s), 5 to 10 atoms in the ring(s) or 5 to 6 atoms in the ring(s). Furthermore, the
term “heteroaryl” includes fused ring systems where two rings, such as at least one aryl
ring and at least one heteroaryl ring, or at least two heteroaryl rings, share at least one
chemical bond. Examples of heteroaryl rings include, but are not limited to, furan,
furazan, thiophene, benzothiophene, phthalazine, pyrrole, oxazole, benzoxazole, 1,2,3-
oxadiazole, 1,2,4-oxadiazole, thiazole, 1,2,3-thiadiazole, 1,2,4-thiadiazole, benzothiazole,
imidazole, benzimidazole, indole, indazole, pyrazole, benzopyrazole, isoxazole,
benzoisoxazole, isothiazole, triazole, benzotriazole, thiadiazole, tetrazole, pyridine,
pyridazine, pyrimidine, pyrazine, purine, pteridine, quinoline, isoquinoline, quinazoline,
quinoxaline, cinnoline, and triazine. A heteroaryl group may be substituted or
unsubstituted.

[0027] As used herein, “heteroalicyclic” or “heteroalicyclyl” refers to three-,

four-, five-, six-, seven-, eight-, nine-, ten-, up to 18-membered monocyclic, bicyclic, and

-6-



RA and RB can be the sane as R defined with respect to 0O-carboxy. A

N-sul fonam do may be substituted or unsubstituted. [0056] An "O-carbanyl"
group refwo0t00108140- OC( =0) NRARB" group in which RA and RBTamsmolom280he sane
as R defined with respect to 0-carboxy. An O-carbanyl may be substituted or
unsubstituted. [0057] An "N-carbanyl™ group refers to an "RBOC(=0) NRA -"
group in which RA and RB can be the sane as R defined with respect to

0- car boxy. tﬁa:ycl‘ib aagbaryem WhyrefmGC%ﬁ‘bdﬂBTaiomst odetber with Ubsh i t td Sdhet¢rO6@} An
"0-t hiocarba grougﬂ@ref ers to OC% %“6 NRARB" rou in which RA and RB
can be the “§4 “t%\ssa £i WEG™wi th eéf‘sr% ke Yooi’é]ﬁ?% x§OIAHR Yt AT GRAF bany |

may be subsikduh@d bohdsUeHRE tih kithed wal ORARLAN thalNa trhiloaasamad pi-icabp refers
to an "RBOC(=S)NRA-" group in which RA and RB can be the sane as R defined

wi th respecystem dvegarh ORI thypughqupjad ctie bangy! Thenpetseoatomss et indepgndsntly
bsti t ut, " \
unsubsti tu glgﬁ%(i RQIQQJSQ; ; Csu%} dfd mglro%ﬁo Arlﬁte? d:%fdst: a9 Furttek C@Wé él?cLQ up in

whi ch RA an can he sdne as define respect oxy. A
C-am do rra;caxtbenﬁwloﬁtibdaﬂioeyl fonctmnsuias,tsptautcenﬂake[tﬁeﬁaﬂn@tlron"lhlslaalﬁ ok@" syteIDEI P
refers to a " NRA- " in which RA and .RB ca the sane .as R
o ned wi £ rBSpacEnt Gugh 5 0Ny, efoRea RS0, TG b6 Sish B PaEB G GHe
unsubst i t utcg@amh@06Rl Afe UEEWHRE LEMPosed OF 8RNV HakRRRY | the ﬁ@%s&ﬁz%f BeQjomher OUP Of
the formula - C(—O)R' wherein R can be al kyl, al kenyl, alkynyl,

cycl oal kyI t%@j;l@relalak@ﬁ%ﬂ faskign| oddiamlly. aawylitrogras éf gaiearoalisitlisrsay beycl yl |
aral kyl, Qéaffﬁ Oalﬂ{&%&%ﬁ’clyhgf k¥ h éfgalw ggn&fbr bany! b&ﬂjhhl?o%u&wasfoy ut ed

or unsubstl ute [0063] T rm"a xy as” used herein refers to
a group of subeitiftot nEkmpl@(ofOs)ﬂR“haMmahemheR‘or éhﬂterbéw&ﬁ@l”g@r@s asclglefbuned wit h

inabbet i ¢ uedaror Hoad R Yk e ter FONRE SEmvaft loRdirgact P apsr e o
group of thes-fiokshen 13 sAIHNReRY 4vdxeihahn1 RoxambldRe, ¢ari@Re) 1bedimeependent |y

sel ected fromthe o ) o o
,4-oxathiane, tetrahydro-1,4-thiazine, 2H-1,2-oxazine, maleimide, succinimide,

barbituric acid, thiobarbituric acid, dioxopiperazine, hydantoin, dihydrouracil, trioxane,
hexahydro-1,3,5-triazine, imidazoline, imidazolidine, isoxazoline, isoxazolidine,
oxazoline, oxazolidine, oxazolidinone, thiazoline, thiazolidine, morpholine, oxirane,
piperidine N-Oxide, piperidine, piperazine, pyrrolidine, pyrrolidone, pyrrolidione, 4-
piperidone, pyrazoline, pyrazolidine, 2-oxopyrrolidine, tetrahydropyran, 4H-pyran,
tetrahydrothiopyran, thiamorpholine, thiamorpholine sulfoxide, thiamorpholine sulfone,
and their benzo-fused analogs (e.g., benzimidazolidinone, tetrahydroquinoline, 3.4-
methylenedioxyphenyl).

[0028] An “aralkyl” is an aryl group connected, as a substituent, via a lower
alkylene group. The lower alkylene and aryl group of an aralkyl may be substituted or
unsubstituted. Examples include but are not limited to benzyl, substituted benzyl, 2-
phenylalkyl, 3-phenylalkyl, and naphtylalkyl.

[0029] A “heteroaralkyl” is heteroaryl group connected, as a substituent, via a
lower alkylene group. The lower alkylene and heteroaryl group of heteroaralkyl may be
substituted or unsubstituted. Examples include but are not limited to 2-thienylalkyl, 3-
thienylalkyl, furylalkyl, thienylalkyl, pyrrolylalkyl, pyridylalkyl, isoxazolylalkyl, and
imidazolylalkyl, and their substituted as well as benzo-fused analogs.

[0030] A “(heteroalicyclyl)alkyl” is a heterocyclic or a heteroalicyclylic group

connected, as a substituent, via a lower alkylene group. The lower alkylene and

-



same substituents as defined with respect to organyl carbonyl. An

or ganyl am nocar bonyl can be substituted or unsubstituted. [0065]As used
her ei n, twe 2osvmsidevul i noyl" refers to a C(=0) CH2CH2C( 20YTIN2019/0280p6

[ 0066] The term "hal ogen atom " as used herein, nmeans any one of the radio-
stable atonms of colum 7 of the Periodic Table of the Elenents, i.e.,
fluorine, chlorine, bromne, or iodine, with fluorine and chlorine being
preferred. I{e@&ﬁyc}liAhe)r eatttt&rmyniyhrcﬁ“ af (t&wb(ﬂlbyd]mml@dimaytdie spedivtddedr (€. g.

haloalk I ere re subs e For exanpl e
har ol oyt ke B pfias Pt o U e S R s S HAF et As
anot her GXQ{?@éﬁdm 491)eﬁ%§1 adpiiﬁﬁ&ﬁhﬁﬂyﬂropyﬂameﬂrmhl@dm My RIh-MRBeR], tihe sarre
n

or differe al koxy ‘ﬂy containing one, two or three atons. [0068] As
used herei il.3tthiazinayr Dlﬁa@ﬂeom de" refers to a conpound corrposed of any
pent ose or nodi pent 9 ; i

het erocyclic bald(gq aut %rr‘t%% We%ééf tb%‘taal(}%]/ggdt hgfﬂgaé elaggdé rin%ﬁ&{ﬁs tg posi t| on
of a puri néondstpesitecomoloéular fgrients diandeir rmanl eopinvadenExpaplet inolidof  a

het erocyclic base derivative es_incl , but are no it to, a
bonuc! codtge dorrre BgrdiSisd e bne PO Febeprr b e e

conpri sing )aaﬂﬁﬁﬁtxffeh@thﬂiszlz@HyCHJ ) S0y NSkyAHE GFoup By HeCBQRLEE o£an be a
nucl e05| de drug anal og. [0069] As used herein, the term "nucl eosi de drug
anal og" reﬂ’@ﬁ@s‘tﬂ@t@é conpound conposed of a nucl eosi de that has ther apeutic
activity, such t|vr in [ a d

anti bacterial a t AS '%B%}?%@ u%g(%!yﬁ%ﬂgﬁ%nm%%gr@glﬁmﬁ%% %gltllagg M efers
to a nucl ecmﬁiyﬁe alti@:uylngalayrryho&pﬂaﬁlkﬂest;etoa&mhgdt |ctyuloeltiy1@rh tdnd, Shet@osilt i on or

Phe tor v TteaR Rt b Bl PG BRSS! e & e e i B gL ' ™

derivati vesmetﬂlft&'ye@ﬂhoxyT meplt)gcs muéthﬁahmtyetlgﬁpﬁoﬂosay)a nSBilRsdy! Gddliebxpubdcne, Its
taut omers and anal ogs thereo Simlarly, the term"pyrimdine" refers to a

subst i t ut ecPufsyyi (itaniesy. pheroxy aud Badke Ahakanyanayds subrarusstor UERBAPIES. of
purines include ar i.ed» niy d

hypoxant hi ne, x n‘?gf ne,AeStLﬁe érr!c:)lm naggl H&Fltse?ﬁe%m?& g&kpglke%a?%}gl {Janl ne.
Exanpl es ofaquohmﬁcdﬂn&substubmmse Vvidatcarhogyl rgodupl Erarhjdes tnolude yorowi, mectylt hy mi ne,

uracil, and derivatives ther npl f an anagl og of a purine is
S ¢ rt et BeiSE shdirHe An ) Song B e DRI 026046
[ 0072] QG her non{do3a] ti ng t@mmaélﬁs‘hga&omu@t 0eed tb@n BR§BSohIE ke one or

di am nopuri ne, 8-o0xo0-N6-net hyl adeni ne, 7-deazaxanthi ne, 7-deazaguani ne,

N4, N4- et hmwf &si hydrogen Nemétarpawalagedﬁbydil}almxmﬂéw reanplegef iydeyyadsi ne,

5- quorour h i t uani ne,
and ot her et & (1)%31/1151 leg gégtgﬁ é%d2[§%ﬂgi éﬁ%ﬁ%@% gltoék@&%’sfﬁ%{}%gf,@ 2 and
7,125, 855],c atg@izardﬂa@_rdeomyﬂgglr [zbhﬂlr?d;lﬂmlrreayrbeb?abstmibtei enoeutsoutedhe | i m t_?_ﬁ t
purpose of disc g [ nal heterocyclic bas . e term
P T o am ndSTS Aaikd B0l SRIGHSTY Rkt 10 Bh AR woug inahieh b of he

i ndi cated rmcbr@wtnél@dfotgén atatn@aeét@pmcéaawmgenf(elgcmoaahgtb@tuﬁ dMfigsnikyine am no
acid is attached, the hydrogen that is part of the -OH portion of the

carboxyl f @A i-BHogkBuSusiseapRs ipfladsdt gt tnmse%tﬁh ﬂ%ora@is@tyt ﬂu%tptna@tﬂed vi a
the remai nifigR%Yg ARusrBmbmiK &fa 2T AR RS £ RIALRGIRIyRL
nitrogen grouﬁ“ﬁg ﬁSlﬂl st plrl%rsrélnt 910n t he camrno agll% ‘ or exarrp%0 ,tygn -0 i nked
am no aci d hakmlkglomtyabesubsiitaad dewnsrbsaituedr bamat e group. Suitabl e am no acid

protecting grou i.hcl ude ut .ar, ed to, carbobenzyl ox Cbz),

D et hoxybenzy| TRIFDony pimbe RalBkors SHeSto e My dangT Crert

9- f | uor enylmat hyfl %YB@E@HYAtOﬁlEM)repI%HZW h&iBBdn (Rg. n'&ﬁchﬁ&ﬁéhﬁlkbyi {iPVB) ,

3, 4-di met hoxybenzyl (DVPM, and tos (Ts) groups. The term"-N-1inked

am no aci dh a%étke% g & dHoaboRD; oglwhagrqugs Apeludhdut 1 ge pe TiRdRe ated

Toi ety Vi a dhicforfRhdkyC MloRoAMhAY, Wi fBOR:AHRST bR Ot Qutiohien the
amno acid 1s attacﬁ/ed In an I'Tnked am rio acid, one of the hydrogens
that is parftuom‘rnettttnaytmﬂmroﬂadmumxamﬂﬂﬂm@ﬂkmmaybelbtiistlmwﬂ@dummbﬂmutgd oup i s not
present and the Lho acid . Ls attache via thenitro I|n ed am no
acid can be pr o!@gpﬂd % %ﬁ]iﬁ? }ﬁ]yoﬁr%l?y & Rathox: %I t‘ﬁﬁ‘fh Pt Eent on
the am no agi@gerd; QlkyEXBeRYCalk @1, -(:N:lbzil?‘{e@cfbmk&iyl %fbﬁal@i@{yl Y1t Hdté}ozﬁr |, ester
or an ether group. Suitable amno acid protecting groups include, but are
not limted to, nethyl esters, ethyl esters, propyl esters, benzyl esters,
tert-butyl esters, silyl esters, orthoesters, and oxazoline. As used
herein, the term"amno acid" refers to any am no acid (both standard and
nonst andard ami no acids), including, but limted to, a-am no acids 13-am no

acids, 7-am no acids and &am no aci ds. Exanpl es of suitable am no acids,
| ncI ude but are not limted to, alanine, asparagine, aspartate, cysteine,

. o, e



[0074] The terns "derivative," "variant," or other simlar terns refer to a
conpound that is an anal og of the other conmpound. WO

2010/ 108™ORCIV1082010/ 028046 [0075] The terns "protecti n@CHrUsSaELo/o2svdo
"protecting groups” as used herein refer to any atomor group of atons that
is added to a nolecule in order to prevent existing groups in the nolecule
from under goi ng unwanted chem cal reactions. Exanples of protecting group
noi et i es arheteg@dicyciybedraikyl, Tor MetdBvaiendylatid/.PA Gifddyl Wiysbe Robdtieeéd we G oups
in Organic lrtl{shesis, 3. Ed. John Wley & Sons (1999), and in J.F. W
MO e, Protet¥iV€dG oups in Organic Chenmistry Plenum Press (1973), both of
whi ch are her ebygg38for ROFRUBAT DYl L TES RS an FA=OPR" lsidiblif v HRM RREE bof

di scl osing suitable protecting groups. The protecting group noiety may be
chosen in dhgeame wisy defingdt withepspgele tatsabipwylt & calfingli may ebe tsplotitwtesh@i t i ons
and readilxwgﬁﬂgmgg at a conveni ent stage using met hodol ogy known fromthe
art. Anon-Timting |ist of protecting groups include benzyl; substituted
benzyl ; al kyl caf(38y| s A &utfonylt ghup aefycas horf§O.RK'BEGY) in ahich® kapl leathbony| s

(e.g., benzyl oxycarbony|, benzoy|); subsiituted nmeihyl ether (e.g.

ot Boxy et R Ay Ga S Ebspet Gt Lbt oy PSS b Shgb s E O SEH et ner

t et rahydr opyr anydo4ef heran <o-kdbogt 85 kRrOio.a tHAEBYOY| Sbpyih wHitH RIAY! si |yl ,
triisopropylsilyl, t-butyldinethylsilyl, or t- butyldiphenylsilyl);
esters(e. g.te hzfégz@esatﬂéﬂ,) alkgpo r@ﬁ@éﬁl( ecygloalipl HWW%@W,I @wl%h@vé) aryl,

sul fonat es t te); [ I - Let hyl ~acetal ) ;
cyclic ket5%%“%8@@35&%?§§§?gggﬁéﬁbﬁ)??%@%ﬁgkﬁﬂgﬁégf?(ﬁﬁﬁgiﬂ§g§¢2¥h : cycl?c
acet al ; acyatbogy meybaadttithted oyadsilostinesd. acet al ; and cyclic dithioketals

(e.g., 1,3-dithi or .1, 3-dithiolane),.[0076]"Leavi ng grqup” as used
b o n Terers. {0 OF b terms M@ S LS safr e BF-ePiiRuEReb ied by
anot her  at GiRigy Rk 8k Yhd @ 26 RBMHRAiH Ra5ki ONO-MBES). FPESGid heRLLrbok) SOME

enbodi nents, "leaving group” refers to the atomor noiety that is displaced
in a nucl edpyibejsebssitised orgsybsiitutedact i on. 1 n some enbodi nents, "l eaving

groups" are any i elies, r.e. conj £ s of. str aci ds.
Exanpl es of suipgﬁggslgéJg%§£E¢§€ r&%%%ﬁﬁﬁgflbGFggéegﬁgﬁgﬁvﬁ¥%§dm?§?
tosyl at es aindsdnad egeaefimed Narh tesprct in@-altaxacA ehiosirbay! ang texabpitesd of

| eavi ng grou $.5an be found, for exanple in Organic Chem stry, 2d ed.,
Franci s Caﬁ@51€T@§§), pages 328-331; Introduction to Organic Chemistry, 2d
ed., Andrew Streif4s] eseN aifidaheathenifbipat 1dfd88ib) an PBYES0169%bid; h
ed., and O anLgDC%Lnistry, 5t John Négﬁfr3§?§%00), pagesq%QSO%hdg40 ;al

of whi ch areeraedripohadeged herein by reference for the linited purpose of

di scl osi ng char I Sty GS. N ' roups . 5,, used
herein, the abb?@@?gtié%s&#%Eﬂgﬁéggpgﬁgg@?be§g¥ E%Eg %n@ﬁoxg%ggéhéﬁd ot her
conpounds, gasup, whendieXds b hdbgataad Ratehieedwslierespaat @c@-oartoxgl. t h t hei r conmon
usage, recognizE@Mg brgmjatiqps, Qr thg IUPA%;IUB C@?QiSSion on Bi ochem ca
Normencl at ure ( SE®4SE; o REIH™ 189" 14 ugd BergiAyiers g 78HA S WPodr ug” refers to
an agent that i $00a8nVerdsqded ranltheteRAFRREoxIP Hderk b &1 grdipodr ugs are often
useful because, in sonme situations, they may be easier to adm nister than

t he parent drugl00fiby raycyaddsgrupgeiaridea B8V tiroevai | abl e by ora

adm ni stration as 4t h arent. s npt. ..Th odr may al so have

i nproved solubiﬁ?P§FinT%ﬁ%?%a%@ﬁ%i%aSﬂ@%ﬁ%%gﬁ?ggﬁgqgag?mghe parent drug.
Exanpl es of pro@#049F i nal ‘tideymawp grongsefbivad a NI gieupor nore bi ol ogical ly

| abil e groups attached to the parent drug (ng. ,a conpound of Formnula I
and/ or a conpou38} FdY riosyanay” ieyp refra kA «CNSRE™YP- nore bi ol ogi cal |y
l'abile groups cmshe atdAchatdodyanfof RG] RREL BFoNeSOE e parent drug (for
exanpl e, by attaching one or nore biologically |abile groups to a

phosphat ). Whel0058l e tAhamercapeo tgralpogfecsab by “I1S&liigrapgr oups i s attached, the
bi ol ogi cal ly | abj groups .can,be the sanme.or different. The biologically

| abil e group(s)ﬁggﬁ]begﬁf:ﬁ@ﬂa(ﬁ%wpgggﬁgT%?_@ﬁF%Wgh a coval ent bond), to an
oxygen or a heteroatom such as a phosphorus of a nonophosphate,

di phosphate, triphosphate, and/or a stabilized phosphate anal og cont ai ni ng
carbon, nitrogen or sulfur (referred to hereinafter in the present
paragraph as "phosphate”). In instances where the prodrug is form by
attaching one or nore biologically labile groups to the phosphate, renoval
of the biologically labile group in the host produces a phosphate. The
removal of the biologically labile grotp(s) that fornms the prodrug can be
acconplished by a variety of nethods, including, but not limted to,

oxi dation, reduction, am nation, deam nation, hydroxylation,
dehydr oxyl ati on, hydrolysis, dehydrolysis, alkylation, dealkylation,

acyl ation, deacyl ati on, phosphoryl ation, dephosphoryl ation, hydration

e 1 o



| i nked am no acid, an -0-linked am no acid, a peptide and a chol esterol.
The prodrug can be a carbonate. The carbonate can be a cyclic carbonate.
The cycl iwocardossbe can contain a carbonyl group betwe®aTtuso1lpeloexy |
groups that results in the formation of a five or six nenebered ring.
Conventional procedures for the selection and preparation of suitable
prodrug derivatives are described, for exanple, in Design of Prodrugs, (ed.
H. Bundgaard, E[@05d] er  AnlSB8&)jifonwhidoh gicsip hefieslty d NSOsNRLR egtolieinewhicly

reference for t i mited purpose of describin rocedures an reparation
of suitabl é‘ﬁp?“éﬁ?%ﬁa“dléer &‘9&?@%&%. acfhed WltFé@?@‘itqerﬂ)écaEW% gbrsos-“g‘f)gag&mg%t er"
refers to defyveatbyigReddr thi®sg@rpOUNds di scl osed herein formed by the
addition of any of several ester-form ng groups that are hydrol yzed under

physi ol ogi cal ctM§bl i o “Neslfpphmislon Broyp aetelis (ig 2 €B s ¥PNyRelperopn &1 whigh
pi val oyl ox , |y, e [ ] wr AN 0 hyl, as
R e L L
(5- R- 2- 0x0-bt sBbstiiuvedairensubstithiedet hyl group. O her exanpl es of pro-drug ester

groups can be f in, for example, T. Hguchi and V. Stella, . in .
"Pro-drugs as Ng‘y)gg] Deﬁ‘\/éiﬁarg%fgﬁeﬁ’é"@ f S‘isgo f4; O&(%@R“é% N84 Vg es,
Arer i can Crenifaat;, aAWeqhd/satrb%l R defRRE witBir&HeM €6 Bl x(ak K Dfafbahi}] Hapd

Design: Theory and Application", edited by E. B. Roche, Perganon Press: New
York, 14-2becugguyed gyrawibditigdexanpl es of esters useful as prodrugs for

conpounds cont aidj cay by L fopt ¥ - I

references is hé@g?ﬁ i%:no%%%r% e’g gléh‘?{ae%g?gnagle%gr%(fa@% gg{%l()j%gﬁ?lﬁ%se of
di scl osi ng ResindrRg @inrbeny gheupR ddiatd odah répeant@ Dadrivgy .St Brcarbah08@y The
term "pharg)gceut_i cally a ceFt ble salt” refers to a salt of a conpound that
does not cAGSEOSEIE FUBHRE i tation to an organismto which it is

adm ni stered angy3gps A “@RKiOGA Ly erolp QLegl ead “ast(yj-Nr R RLPREI ti es
of the compound. In some enbodi ment's, the salt is an acid addlglon salt of

t he conpourrdlictPRar pasc But favabe dbd same s Bedadipediwithd rdspect dacPicagosy. cdPpound
with i norg@khqocgﬁgaglzh@?ﬁ% %%gge(tgﬁgm shl?stiﬁﬁédd (e.g., hydrochloric acid or

hydr obr om ¢ aci ric acid, phosphoric acid and the
| i ke. Phar maceuf{0058] sain SNcldocagbasgyl'bgrooptrefenad dny Ry©@atL$ R & gonpdund with

an organi c aci.d _such as aliphatic or ar tic carboxylic or sulfonjc acids,
for exanpl é”q‘é‘é‘eﬁAc?“ds cFi Be, %ﬁt‘ﬁ‘aéi‘%,a'ﬁnﬁrﬁ%&m‘i é‘f%%ﬁ%‘?“ dPt -.Cer?"% ? bi c,

ni cotini c, NEfi@ASY hePbLsubfithamesulshiftfed. p- t ol uensul fonic, salicylic or
napht hal enesul foni ¢ acid. Pharmaceutical salts can al so be obtai ned by

reacting a conpb¥eldl wi th"Gamiios sraupidfeimtaa SAIGORNRARsasroan imwiishiRundal t, an
al kali et g} é?r)htoe tﬁé’l%!ﬁn?sasaRchﬂhWﬁq 1%5&‘8{ ﬁ?ﬂ-&ﬂ}%o%&! tﬁ C@ﬂ?i% Kaly pe earth
uc t, a'salt o

nmetal salt, s as a calciumor a rmagnesi um sa organi ¢ bases
such as di cykdtiohekylvambaguteNk met hyl - D- gl ucam ne,

tris(hydroxynet hyl t hyl am ne, .G C7 al] kyl am_ne ohexyl am ne,
triethanol am _ne?%é%ﬁl @%’eﬁ?&ﬁfqﬁ’e,grﬁﬁdeéﬁy t_t"s‘?l v&?ﬁ{:@ﬁ% é&%luﬂsm_gﬂﬂw R

ar gi ni ne, l§iM}€sanaRAns Bend bk R. ddiQEB1hthtredpsctUD ERESHSIH ANUamiddImaN Ye
conpound descri bed herein having one or nore chiral centers, if an absolute

st er eochenisgestijut¢dorppsubstityicdss| y i ndi cat ed, then each center may

i ndependently b - [ 0 - fi I,0 r ' e
t hereof. Thus, m@ﬁl:om%%% %H%?%l\’/i%é%{yhcgrrbégﬂ rﬁ’%glrsgéa 4 |%frar%1€1ifcalﬂl?ay pure or
be stereoi SHEOIR’C wihexdinr BS. cdnn taddildyl, onlkiebyl] salkymglier sgcbmatkyt, hayglodlkenginy

conmpound descri ped. herein having one or re doubl e bond(s ener ati ng
GOt i caloTUREDS Eha: FudRErh TR e BB 3 R BB nay
i ndependentdrganbiBarboBll céh B sibstittéCol hiRBfutckl kewi se, all tautoneric forms
are also intended to be included. [0082] An enbodi nent discl osed herein

relates to a colff¢dhd dhe premitlioxycarbomsi” as predr heacie ueferatol 4/ Sewp et @dl e sal t
or a prodryg.ffe r—%?f:(:))(%’ |3V’E1Qrf//in R&R: Ry "ve e shife %sRietthed with respect to

organylcarbonyl. An alkoxycarbonyl can be substituted or unsubstituted.
[0064] As used herein, ‘“organylaminocarbonyl” refers to a group of the

formula C(=O)NR’R” wherein R’ and R” can each be independently selected from the
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R5A1 41 R8 I R6 R7 (1) [0083]wherein: Al can be selected fromC
(carbon), 0 (oxygen) and S (sulfur); 131 can be an optionally substituted
het er ocycWocotvzrwel4or a derivative thereof; D can be selPeTiusdomoosmc=CH2,
CH2, O (oxygen), S (sulfur), CHF, and CF2; 121 can be hydrogen, an
optionally substituted al kyl, an optionally substituted cycloal kyl, an
optionally substituted aral kyl, dial kyl am noal kyl ene, al kyl - C(=0) -

aryl - C(=0) -samalsiﬂﬂ;liymhtk)al; dmﬁeﬁ)with especoyakiylca@ord) An oagdny]lamuiof:arbgﬂy;l
arylsulf Ony can bg gu%lstll(t};tea or unsugstltuted

[0065] As used herein, the term “levulinoyl” refers to a -
C(=0)CH,CH,C(=0)CHj; group.

[0066] The term “halogen atom,” as used herein, means any one of the radio-
stable atoms of column 7 of the Periodic Table of the Elements, i.e., fluorine, chlorine,
bromine, or iodine, with fluorine and chlorine being preferred.

[0067] Where the numbers of substituents is not specified (e.g. haloalkyl),
there may be one or more substituents present. For example “haloalkyl” may include one
or more of the same or different halogens. As another example, “C;-C; alkoxyphenyl”
may include one or more of the same or different alkoxy groups containing one, two or
three atoms.

[0068] As used herein, the term “nucleoside’ refers to a compound composed
of any pentose or modified pentose moiety attached to a specific portion of a heterocyclic
base, tautomer, or derivative thereof such as the 9-position of a purine, 1-position of a
pyrimidine, or an equivalent position of a heterocyclic base derivative. Examples include,
but are not limited to, a ribonucleoside comprising a ribose moiety and a
deoxyribonucleoside comprising a deoxyribose moiety. In some instances, the nucleoside
can be a nucleoside drug analog.

[0069] As used herein, the term ‘“nucleoside drug analog” refers to a
compound composed of a nucleoside that has therapeutic activity, such as antiviral, anti-
neoplastic, anti-parasitic and/or antibacterial activity.

[0070] As used herein, the term “nucleotide” refers to a nucleoside having a
phosphate ester substituted on the 5’-position or an equivalent position of a nucleoside
derivative.

[0071] As used herein, the term ‘“heterocyclic base” refers to a purine, a
pyrimidine and derivatives thereof. The term “purine” refers to a substituted purine, its
tautomers and analogs thereof. Similarly, the term “pyrimidine” refers to a substituted
pyrimidine, its tautomers and analogs thereof. Examples of purines include, but are not
limited to, purine, adenine, guanine, hypoxanthine, xanthine, theobromine, caffeine, uric
acid and isoguanine. Examples of pyrimidines include, but are not limited to, cytosine,
thymine, uracil, and derivatives thereof. An example of an analog of a purine is 1,2,4-

triazole-3-carboxamide.
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I n VR, up_RL11 , an -0-linked am no acid, diphosphate, triphosphate or
derivatives thereof; R2 and R3 can be each independently selected from
hydr ogen,warromptosnal |y substituted CL_6 al kyl, an opti eqausgoeobsté t ut ed
C2_6 al kenyl, an optionally substituted C2_6 al kynyl and an optionally
substituted C1_6 hal oal kyl, provided that at |east one of R2 and R3 is not
hydrogen; or R2 and R3 are taken together to forma group selected from
anmong C3_6 cycl ¢a7yl , (EB&GxamdhmmhgenyhmpNI Gfamyknmgmﬁ abds3- 6inkkider oar yl ;

R4, R7 and .can be e S cte 0 dr ogen, hal,
CNH2, - NHRAHAMIRpRIY iR 8- 119’ R&S’%ﬂfg@\ﬁ/ X leazagan NOQJ] Xwﬁ%mm%@
KN( Rel ) - OR%Ithano o%Bal N N%El@ﬂ&kedlmgﬁoﬁhggalimethﬁ%g 1{\4Ra5-ﬁhbrouracﬂ 5-

0- (C=0) Ral , 0) ORal’, - 0- C(=0) NRai Rbl , - N(Rel ) NRai Rbi , 0) Rai, s(
KO- S( 0) 2N|ﬂea¢rmra > -PeUSIOTBRCYfOSIE = IAPONIRANRIA$OZURHNG i o rllyﬂt@myglth mced Cl_6

al kyl, Q#Eén%@@ SSPQ%? 'ﬁoﬂtﬁg%l 22 eg' k1%'§>éE5 AlRE A }a(ec@%bdaﬁwt ed

C2_6 alkyn an optionally su aral and an -
acid; R5 and&ﬁﬁaﬁbnmbenumdpm@nﬂ&ﬁﬁhﬂoabgemmummlmmke@tbdb$ewn1hydrogen

hal ogen, - NH2, -[Mlaﬂéx’fll ' (BaiLr%bl“ O IR%Jed amlnol aglld)’ re ersl t%belm arlylgnRoCllgld 0tha{i1 is
attached to the indicated moiety via its main-chain carboxyl function group. When the
amino acid is attached, the hydrogen that is part of the —OH portion of the carboxyl
function group is not present and the amino acid is attached via the remaining oxygen.
An —O-linked amino acid can be protected at any nitrogen group that is present on the
amino acid. For example, an —O-linked amino acid can contain an amide or a carbamate
group.  Suitable amino acid protecting groups include, but are not limited to,
carbobenzyloxy (Cbz), p-methoxybenzyl carbonyl (Moz or MeOZ), tert-butyloxycarbonyl
(BOC), 9-fluorenylmethyloxycarbonyl (FMOC), benzyl (Bn), p-methoxybenzyl (PMB),
3,4-dimethoxybenzyl (DMPM), and tosyl (Ts) groups. The term “~N-linked amino acid”
refers to an amino acid that is attached to the indicated moiety via its main-chain amino or
mono-substituted amino group. When the amino acid is attached in an —-N-linked amino
acid, one of the hydrogens that is part of the main-chain amino or mono-substituted amino
group is not present and the amino acid is attached via the nitrogen. An —N-linked amino
acid can be protected at any hydroxyl or carboxyl group that is present on the amino acid.
For example, an -N-linked amino acid can contain an ester or an ether group. Suitable
amino acid protecting groups include, but are not limited to, methyl esters, ethyl esters,
propyl esters, benzyl esters, tert-butyl esters, silyl esters, orthoesters, and oxazoline. As
used herein, the term “amino acid” refers to any amino acid (both standard and non-
standard amino acids), including, but limited to, (-amino acids B-amino acids, y-amino
acids and 8-amino acids. Examples of suitable amino acids, include, but are not limited
to, alanine, asparagine, aspartate, cysteine, glutamate, glutamine, glycine, proline, serine,
tyrosine, arginine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine,
threonine, tryptophan and valine.
[0074] The terms “derivative,” “variant,” or other similar terms refer to a

compound that is an analog of the other compound.
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NI (CN, -NC, -N3, -N®2, -N(RI, S-SRal, - C(=0)Ral, -C(=0)O0ORal,
_c(=0)NRalRbl, -0-C(=0)ORal, -0-C(=0)NRai Rbl, -N(Rel)- C(=0)NRal Rbl, s(

0) Ral , s(wBQo®(e8MBENRal Rbl , N1K ci s PCT/US2010/028046

) S(=0)2NRai Rbl, an optionally substituted C1_6 al kyl, an optionally
substituted C2_6 al kenyl, an optionally substituted C2_6 al kynyl and an
-0-linked am no acid; or R6 and R7 taken together form-0-C(=0)-0-; R8 can
be hal ogen, - 0Ri[ﬂ(175]51n dpt itenal pyottibs widupt acd GlroGctadgkgrbypsamns mpetdj}&mjhl y
substituted C2 al kenyl , an oFtionaII ,sulag(}itute 6 al and an

k
optional ly rgfajbg)[ ia.]%yufltglal @1gr8ufh 8 61téﬂrrksy al to a molecule1n ordely to prevent

Rbi and Rclexgang g%uﬁ%aiﬁhhé ﬁ@l@&ﬁ@%ﬂﬂtdn}z{e gﬁh?ﬁﬁ\eﬁlt&f &@n&\éﬂfe@&%ﬁs E%Bm?]é&l onal l'y
substituted al ky an optionally substituted al kenyl, opti onal

subst i t ut edf &IdkseHYE grogn rr@mtlﬁmfaldwrlbwgtﬂ t\’ﬂt@derﬁraydP QnMo qtiaﬁ’acvtrcywe
substitute e t ti onal I
substi t ut egyrﬁe‘% e?lgz;r Jf 8R ﬁjg%l %&tssgfge% %Iﬂgyr om%g ﬁ@o%% Y
optionally Bruia&tuet@rbepjv zaré}lrtgomy Gaemarry lP-leﬁiul;n Pressa(IBBD\J-Hothe\dmatmmmeabyd Rl 1
can be sel ected f%(?g;co-, - OH, %1@2[9 onaIIy ubstitut ec{ S-.CH2CH2- 0- and
an - N-1 i nkédroRmH fefrensa & € E WREH CRESCIRNTE PUARR BTSRRI - O N or
an opti onalihy psatising lphuBnSisth Sdyld@Rbsel @l Ochdydy] @il Gy &reQtBRY lceRGIRONY |,
C1_8 al koxycar bonyl and C18 organyl am nocar bonyl; each Rl4 can be hydrogen

or an opt i geRsHPY cendiions et eadiiremoxgdda|a; congagit HRgsatinsemethrslofandenyly 1 or
2, and if Mt R:Ialrtar!&i nmugﬁm}g lgﬁkfpr@{egtﬁgg%ﬁjs 11?(919(@ ‘t%llgyl s%@&ﬂut&genzﬁa(:h R14

and each mcan be the same o er ent
alkylcarbonyls  (e.g.,  t-butoxycarbonyl  (BOC));  arylalkylcarbonyls  (e.g.,

benzyloxycarbonyl, benzoyl); substituted methyl ether (e.g. methoxymethyl ether);
substituted ethyl ether; a substituted benzyl ether; tetrahydropyranyl ether; silyl ethers
(e.g., trimethylsilyl, triethylsilyl, triisopropylsilyl, t-butyldimethylsilyl, or t-
butyldiphenylsilyl); esters (e.g. benzoate  ester); carbonates (e.g.
methoxymethylcarbonate);  sulfonates (e.g. tosylate, mesylate); acyclic ketal (e.g.
dimethyl acetal); cyclic ketals (e.g., 1,3-dioxane or 1,3-dioxolanes); acyclic acetal; cyclic
acetal; acyclic hemiacetal; cyclic hemiacetal; and cyclic dithioketals (e.g., 1,3-dithiane or
1,3-dithiolane).

[0076] “Leaving group” as used herein refers to any atom or moiety that is
capable of being displaced by another atom or moiety in a chemical reaction. More
specifically, in some embodiments, “leaving group” refers to the atom or moiety that is
displaced in a nucleophilic substitution reaction. In some embodiments, “leaving groups”
are any atoms or moieties that are conjugate bases of strong acids. Examples of suitable
leaving groups include, but are not limited to, tosylates and halogens. Non-limiting
characteristics and examples of leaving groups can be found, for example in Organic
Chemistry, 2d ed., Francis Carey (1992), pages 328-331; Introduction to Organic
Chemistry, 2d ed., Andrew Streitwieser and Clayton Heathcock (1981), pages 169-171;
and Organic Chemistry, 5% ed., John McMurry (2000), pages 398 and 408; all of which
are incorporated herein by reference for the limited purpose of disclosing characteristics
and examples of leaving groups.

[0077] As used herein, the abbreviations for any protective groups, amino

acids and other compounds, are, unless indicated otherwise, in accord with their common
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[0084] I n an enbodi nent, mcan be 1. In another enbodi nent, mcan be 2. In
sone enbodi nents, Al can be carbon. In sone enbodi nents, Dl can be oxygen.
I n an enbwoi2oiogi4dl can be carbon and D1 can be oxygenPCIrusotiomeso46
enbodi nents, Al can be carbon, D1 can be oxygen and mcan be 1. In an
enbodi nent, Al can be carbon, D1 can be oxygen and mcan be 2. [0085]In
sone enbodi nents, the optionally substituted C1_6 al kyl can be sel ected

f r om met hylusaget hydognizedrabpagliatiomso pr ofhy | TURAGIUE | Comsisstout yh , Bibetreimidalit y1 |

pentyl, and_hexyl. In an, enbod] , optionally substituted C1_6 al kyl

can be met ﬂ@enF]ﬁtué%&Sﬁ'g%%ﬁ ﬁ‘ﬁniﬁi%%’éfﬁiﬁe methyl and R3 can be hydrogen.

In some enbodi Mpgi78) R%%}er% etk tl%%ﬁ%@& iR idbhverled iROMR Rrdedhgsats, the
a

optional ly substituted CI_6 al koxy can be sel ected from methoxy, ethoxy,
n- propoxy, ‘iwopPmdory,arn-oben axsful bereuisutinxgmeantuations. theoxyry bencagisr to
enbodi nment,_ .tk i I it Y
trifluor omeatd ﬁhﬁ%t&m}{aggﬁ% p\eérr%gcbﬁl?& %n@?gé%ggﬂp%g%?%f4%%&%‘(#\3@%@byarcl)gﬂ R3 can
be hydr ogendminstsane waatoadtherpatis,is Ra. dhalbeodivg hiyudscoimet yproacisoRBilean be
met hyl . _ %86},}3 In sone enbodi pents, ﬁmco ound of Focq mul a &Ig can be
a nucl eosi d& PBPTRGRISYsTAPOFEPIY, QYT VRS PRFNGH IS of pRArug, GRd
hydrogen. hbm$enis R AN BR S mdte %QM%M]‘} 16¥ile Fsedupbl la@achbd toC@B pR@n@drug

e. hi

nucl eoti de or nucl eoti de derivativ an enbodi nent, Rl can be
nmonophosphde-&. alcamaprddé Foamtda dirnit a carapogah obBoranuli Ihh ddpisateple. | ane St | | |

RITR: RiDA: Dolgicsth A0 eRSipl cd bR, rflbiohiorSh bf BRI be
0. I n sone (brbsdnpte itysittathing @eidrintcat Biotgiaalty labile g@upsetola, phbkphaehaWwhen on t he

phosphate of the nucleotid .hucl eoti de derjvatjve n be neutralized
e hn apghab s hersesfly i€ BoHEnh it e by Sblotia SRR Rt o aci
such as t hage salfs oF idpagedier BiaNbiold3R8ITY l4bils OFBupRIThQd tEENAIRd @r ¢@aple, One of
Rl and R' can 0 R14 beR12R13. The sub stitutents on vary. In sone

enbodi ment ghropaipa capaled bond), 1o AAPRID ehA NSETAFPHPTYFaIY phospliests efuked C1_

8 al koxycar = O = o] haoent e -C1\1
and R13ycar#P %g}ﬁlzlionsﬁ %hgét]i g%&?%mggjggﬁsﬂlé%d %iilﬂ;(gg %ﬁ%ﬁgﬁ% @8@@% %o%@??gf or
exanpl e, - cOft=@)iyHEHREHGItragah orGUHE) NHOHRD2piamftr in the prdstit patagewph as
et LA TGR  Lak o R R T
yet still ofidiegicihadic Besips to A bhosplde, aHoR1LSf tBaBiongicaly RPilé Sdap inythe
substituted Cl1_8 al koxycarbonyl. In an enbodi nent, both R12 and R13 can be
- C(=0) 0CH3 hgpt Presueey) DRAPRAAT: f/hﬁ reRosHBhWE RoteicaliplabilRgpupisithptiformshe be an
opt i onal |y s} Lltbe el RliKa N GRRBOME! mechOs, SERMRE buChOMARER S, and

m can be 2. I'n Some enbodiments,” i ncluding those in this paragraph, R14 can
be an opti onalatign, sedostion. amedti@l déanainktydn, hydnoxgytatieondxtetydrentationngldedysisg t hose

in this pard%%d?&géis,Rlﬁkﬁa ﬂ)npe dgzﬁﬁﬁé{tllonﬁjr a%ﬁgtgo_npmd%ildylation, phosphorylation,

dephosphorylation, hydration and/or dehydration. An example, without limitation, of a

prodrug would be a compound which is administered as an ester (the “prodrug”) to
facilitate transmittal across a cell membrane where water solubility is detrimental to
mobility but which then is metabolically hydrolyzed to the carboxylic acid, the active
entity, once inside the cell where water-solubility is beneficial. A further example of a
prodrug might comprise a short peptide (polyaminoacid) bonded to an acid group where
the peptide is metabolized or cleaved to reveal the active moiety. Additional examples of
prodrug moieties include the following: R’, R'C(=0)OCH,—, R'C(=0)SCH,CH,—,
R*C(:O)SCHR’NH—, phenyl—O—, N-linked amino acids, O-linked amino acids,
peptides, carbohydrates, and lipids, wherein each R” can be independently selected from

an alkyl, an alkenyl, an alkynyl, an aryl, an aralkyl, acyl, sulfonate ester, a lipid, an -N-
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sanme or different.In sone enbodi nents, when both Rl1 and RH are R14 both
R16 and RH are [0091] I n an enbodi nent, at |east one of RL and RH can
be an - NWOnkwdossono aci d. Vari ous am no aci ds can be ®CIltiS2@d/02894@
substituent for RL or RH. In sone hydrogen or an optionally substituted
Cl _4-alkyl; R16 can be selected from hydrogen, an optionally substituted
Cl 6-al kyl, an optionally substituted aryl, an optionally substituted

aryl (C1_6 ajnkgd amlan dcib adno-@l-lnyKedl afkind acalna beptidy dndg etmlmenﬂn Thppnodnglclaty
substltute% Cl_6:al k IT and R18 can, be selected fro ?ptl nal
substitute edi"%b%ﬂa 71 The SUBRAD A Py 2Bt FAbenats- %F%ﬁ AFPOBYE | CB‘iHal ly

subst i t ut edofAR) aaéa\ﬂkonya%d d@BetQ/Béﬂ QA iHox§LDBE s A8k B3 iBehe Ysiaabkyt a | N an

enbodi nent, R15 can be rogen. I n sone enbodi nents, R16 can be an
opti onal |y fivales @mtmﬁr@el@,i rigg aCRly\rentw@i pregeshfss or th%@ﬂ&gﬁlon piisl Ryppasationdf nent |

R17 can be nlégﬁeoﬁr%am%ldgﬁ()at%%hﬁ%ur%eéUi%?Ha £ Phsn o Iﬁ’éld %&;Fﬁg;‘fl met hy! .

In sone enbo e an optiona substit _ In an
enmbodi nent Bdﬁﬂl&aﬁarﬂba'lenel%ﬁ} .wirte i kaetp mcm‘boﬁteﬂl%ﬁeﬂ bp18RreRde RirGtha

suitable F ou c but are not limte in sone

embodi mont A R G e e O R TEETBA P BRI PO ERP S ReY

enbodi nents, Ol {00788 The term “pro-drug ester” refers to derivatives of the compounds
disclosed herein formed by the addition of any of several ester-forming groups that are
hydrolyzed under physiological conditions. Examples of pro-drug ester groups include
pivaloyloxymethyl, acetoxymethyl, phthalidyl, indanyl and methoxymethyl, as well as
other such groups known in the art, including a (5-R-2-oxo0-1,3-dioxolen-4-yl)methyl
group. Other examples of pro-drug ester groups can be found in, for example, T. Higuchi
and V. Stella, in "Pro-drugs as Novel Delivery Systems”, Vol. 14, A.C.S. Symposium
Series, American Chemical Society (1975); and "Bioreversible Carriers in Drug Design:
Theory and Application”, edited by E. B. Roche, Pergamon Press: New York, 14-21
(1987) (providing examples of esters useful as prodrugs for compounds containing
carboxyl groups). Each of the above-mentioned references is herein incorporated by
reference for the limited purpose of disclosing ester-forming groups that can form prodrug
esters.

[0080] The term “pharmaceutically acceptable salt” refers to a salt of a
compound that does not cause significant irritation to an organism to which it is
administered and does not abrogate the biological activity and properties of the
compound. In some embodiments, the salt is an acid addition salt of the compound.
Pharmaceutical salts can be obtained by reacting a compound with inorganic acids such as
hydrohalic acid (e.g., hydrochloric acid or hydrobromic acid), sulfuric acid, nitric acid,
phosphoric acid and the like. Pharmaceutical salts can also be obtained by reacting a
compound with an organic acid such as aliphatic or aromatic carboxylic or sulfonic acids,
for example acetic, succinic, lactic, malic, tartaric, citric, ascorbic, nicotinic,
methanesulfonic, ethanesulfonic, p-toluensulfonic, salicylic or naphthalenesulfonic acid.
Pharmaceutical salts can also be obtained by reacting a compound with a base to form a
salt such as an ammonium salt, an alkali metal salt, such as a sodium or a potassium salt,

an alkaline earth metal salt, such as a calcium or a magnesium salt, a salt of organic bases
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[ , the amno acid can be in the D configuration. For exanple, R180 R, ,,
R16 can be O\/11\IR16 R180) A 0> 1-1 R16 , such as H300 41.. AAP NH .:"c
HCH3. Addwoi2oralossini t abl e ami no aci ds that can be usedPCh/useiodesoeét s

di scl osed herein are described in Cahard et al., Mni-Reviews in Medicinal
Chem stry, 2004, 4:371-381 and McGQuigan et al., J. Med. Chem, 2008,
51(18):5807-5812, which hereby incorporated by reference for the limted

pur pose of sd@ssrdidyclgeatiaiihé, MakethglDigilthmiririntyaok gaeth{l (R dmins,de
N E TN T I
hO be . | ncfat heh «8hRAGITBAMS, andkhe 18@St one of R16 and RH can be an -N-
[0081] It is understood that, in any compound described herein having one or
more chiral centers, if an absolute stereochemistry is not expressly indicated, then each
center may independently be of R-configuration or S-configuration or a mixture thereof.
Thus, the compounds provided herein may be enatiomerically pure or be stereoisomeric
mixtures. In addition it is understood that, in any compound described herein having one
or more double bond(s) generating geometrical isomers that can be defined as E or Z,
each double bond may independently be E or Z a mixture thereof. Likewise, all
tautomeric forms are also intended to be included.
[0082] An embodiment disclosed herein relates to a compound of Formula (I),

or a pharmaceutically acceptable salt or a prodrug thereof:

R2
R3
R'O B!
1
R ° R®
RS_ A1 RS
R R

[0083] wherein:  A' can be selected from C (carbon), O (oxygen) and S
(sulfur); B' can be an optionally substituted heterocyclic base or a derivative thereof; D'
can be selected from C=CH,, CH,, O (oxygen), S (sulfur), CHF, and CF;; R! can be
hydrogen, an optionally substituted alkyl, an optionally substituted cycloalkyl, an
optionally substituted aralkyl, dialkylaminoalkylene, alkyl—C(=0)—, aryl—C(=0)—,
alkoxyalkyl—C(=0)—, aryloxyalkyl—C(=O)—, alkylsulfonyl, arylsulfonyl, aralkylsulfonyl,

O
R”’—IU’—%

R , an —O-linked amino acid, diphosphate, triphosphate or derivatives thereof;
R? and R’ can be each independently selected from hydrogen, an optionally substituted
C16alkyl, an optionally substituted C, ¢ alkenyl, an optionally substituted C, ¢ alkynyl and
an optionally substituted C;.¢ haloalkyl, provided that at least one of R’ and R’ is not
hydrogen; or R* and R’ are taken together to form a group selected from among Cs.g

cycloalkyl, Cs cycloalkenyl, Cs¢ aryl, and a Cs heteroaryl; R4, R’ and R’ can be
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| i nked am no acid, such as those described herein, and the other of at

| east one of R and some enbodi nents, at |east one of Rmand R' can be an

-N- i nkedwearzorolosd. 1 n an acid. [0093] The substituent PBI/Usanoaksoas vary.

I n some enbodi nents, Bl can be selected from 0 < and wherein: RAl can be
hydr ogen or hal ogen; RBI can be hydrogen, an optionally substituted

Cl 6al kyl, or an optionally substituted C3_8 cycloalkyl; Rd | can be

hydr ogen 0rlndfiplamlantlﬁiélecfbdrfrctmehj’lt;tdgenghﬂ’logehaﬂ\ﬂ@eFNHRﬂ Nﬂflelnaﬂ)IW -§Rblst| tut ed

Cl1_6 al kyl ly sli%;l ?\H g al k o] 1Iy
substi tut eoC%ZNg:DaN%(;)ﬁé? N%Eg R, gz? &e fﬁé Oﬁ%n giﬂ@@ Ty
substit ut edcCoypoRI'KY| , an- (QQ@)R}haJ I Y- @pl@thtﬂut ed _6) RRKRRY| ark-an
optional ly substltluted C2 al kynyl ; and Y1 cap be znltro % qr CRF1,
wher ei n RF].C(EQH\I%eRsef%EQ@%f f$@|‘ﬁ):t%/dr SyrO) AR dyenNBn - §£ﬁ@>§ﬂé Ry, an
SUDST 1 t Ut b fidnedly Aulslue rto%]fl ﬁ'l%to%gf? SLidheeh B2 afefl ht&ﬁﬂ
optionally 3 ?tutecﬁ %(g 6= % 4 A s%me e RENt eal A L ONH2 <
| N . In otshestiteedbOdiaeynylsan é;ﬁmndmubﬂmmary]kyl antlIaH:lLO Enkeélammdxamin , 31
can be and R° can be independently absent or selected from hydrogen, halogen, -NH,, -NHR®',
NR*'R", -OR?, -SR?¥, -CN, -NC, -N3, -NO,, -N(R“)-NR*R"!, -N(R*")-OR?, -S-SR?!, -
C(=0)R", -C(=0)OR*, -C(=0)NR*R", -O-C(=0)OR", -O-C(=0)NR*'R”, -N(R*")-
C(=O)NR*'R®, -$(=O)R*, S(=0),R*, -O-S(=0),NR*R™, -N(R*)-S(=0),NR*'R"!, an
optionally substituted Ci.¢ alkyl, an optionally substituted C,¢ alkenyl, an optionally
substituted C,_¢ alkynyl and an —O-linked amino acid; or R® and R’ taken together form
—O0—C(=0)—0—; R® can be halogen, —ORal, an optionally substituted C,¢ alkyl, an
optionally substituted C,_¢ alkenyl, an optionally substituted C,_¢ alkynyl and an optionally
substituted C, haloalkyl; R*, R" and R can be each independently selected from
hydrogen, an optionally substituted alkyl, an optionally substituted alkenyl, an optionally
substituted alkynyl, an optionally substituted aryl, an optionally substituted heteroaryl, an
optionally substituted aralkyl and an optionally substituted heteroaryl(C s alkyl); R'® can

be selected from O7, -OH, an optionally substituted aryloxy or aryl-O-,

R14
3 O Om

Rz R™ , alkyl-C(=0)-0-CH,—O-, alkyl-C(=0)-S-CH,CH,-O- and
an —N-linked amino acid; R can be selected from O, —OH, an optionally substituted
Q

R14
e A 7\

aryloxy or aryl-O-, Rz R® , alkyl-C(=0)-0O-CH,-O-, alkyl-C(=0)-
S-CH,CH,—O- and an —N-linked amino acid; each R!? and each R"® can be independently

-C=N or an optionally substituted substituent selected from C;_s organylcarbonyl, C;.g
alkoxycarbonyl and C; g organylaminocarbonyl; each R'* can be hydrogen or an optionally

substituted C; ¢-alkyl;
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I n an enbodi nent, RE can be hydrogen. In NHRB1 < NNRAl yet still other
enbodi nents, 131 can be 'AAA's. In an enbodi nent Y1 can be nitrogen; RAl
can be hywopagenmosrad R81 can be hydrogen. In anot her enbedirmsnelo/oXgp4€an be
CRF1, wherein RF1 can be sel ected from hydrogen, hal ogen, an optionally
substituted C, 6-al kyl, an optionally substituted C2_6-al kenyl and an
optionally substitut ed C2_6-al kynyl ; RAl can be hydrogen and R81 can be
hydrogen. \8hén Bi icsn arg oﬁldéﬂeedeaﬂprehemh hecndoi i€t itesh sROhn aadboRe! i n
sonme enbodi nents, Al can Re carbon. In an enbodi nent, Bl can be any of the
af orenmenti oned noi eti es shgwn above Al can be carbon and DL can be oxygen.
[0094]In so enbodl nts, Rfan be selected from hydr ogen, hal ogen, -
Rai, -CN, - nally substituted C1_6 alkyl. In sone

enbodi nent s, R5 can e abs‘ént or selected from hydrogen, hal ogen, -ORai and
an opti onalayé/ subgtd t t'ed C1_6 aleky] R @ac'ﬁo[qﬂé @Cm;gqgﬂ BN esoh Rocandde e absent
or selected from hydrogen, hal ogen, -NH2, - ORal, -N3, an optionally

substi t ut edm@i%dléty eyl and an -0-l1inked am no acid. In some enbodi mnents, R7
can be absent of ect al 0 n
optionally subsllq({%gi ed h%:% ’H&m%(nq ggakr)le ?Oﬂnlalgﬁtgerdg mq’Rﬁlment %\Ic nbe% 1@

enbodi nment ,sof6 emhldlbﬁntsORada,n Wtarlﬁjnn IiRadme SmhqdinnagerD dan barmygmr In an

enbodi nent, R6 can be an, -0- o acid. In_sone epbodi ngnts, R7 can
be -ORal, M@Pwnhﬁi cpR b T\%{’%@}?Dlﬁng’f’r?é?fgeé‘n%8f%ﬁfﬂ%° 1%%&1 Bedbe c1 6
al koxy SUCI‘&aﬁ)%nn@lt&(ﬁ)b% oxbfenshlilnh catrer. prbagivveMct, ARlak 88 chBoRD!-Hn ! | nked
am no acid. In sone enbodi nents, both R6 and R7 can be hydroxy groups. In
ot her enbodaemémeganm@aheae a hydroxyl group and R6 can be -0-linked anino
aci d. . A. non-1i (?1(’8@?0' III? tsm% ?‘%ﬁohﬁ]?en?s t]Qe ogtm%%ﬂ%%l%sﬁ&m%c béf aﬁ'&f EI be but are

not limted to | I'ow ng ani ne aspart el ne,

gl ut amat e, sglletté@.ﬁbﬁ&nettﬁl;/ﬂhﬁﬁm pRopell, nsngr,opglembn@l itoytuog] eg;busyl, gjemynend
SI ne, nethio

hi stidine, /is uci ne euci ne, ne, phenyl al

b sont me HeR{ln T oh ARbafifeoh 5, aptmalhg s menkyiEHe SeoRephn S i no
aci d can benrdhinket, RJEarﬁ&rFﬁetﬁmﬁ@iRﬁsﬂlt&,hyH*@)%eﬁ Oml sbxﬂk@ﬁb@dﬂn@ﬂs JCidd gén be
selected fromO-1inked a-am no acid, -0 13-am no acid, -0-linked

y-ani no acican hetll begndthyhk driscaneserhngimesitd the) aptiapallyrsblbstitniedh€ s alkexy-@n b¢ nked
am no acid an be
sel ected frgl?h&ﬁggrrogpgltﬁ%ﬁalegﬁ%& ngﬁgsﬁ}pgs?p#%bnzﬁnﬁbgﬁg}gﬁ%ﬁ%}é}g @gﬁ;al kyl .
[0095] I n SOJm[E)X@rTbOIIiI man'embodﬂmentmﬂ’mouptcbnalﬂy Fsmbstulhtad (€)s dah)ahxgl annahbhti -

neopl asti c 2 ent her enbodi nent s, und of can be
et o PR S e R S SFED i a
(1) can be mwarogé. iln Reh@shbdEmads R canf tﬁﬁ&&bﬂq@@}%ﬁ?@k&%@&%w%

[ 0096] An enbodl nment di scl osed herein relates to a conpound of Forrmula (11),
or a pharmaceut 10086] y drcep apbasimety, aspmgowdad Fagmyelneh evf be RwslRiide /| R21

B2 or npaedgﬁi% denw{twe. I Aﬁ%ﬁﬂ%ﬁﬁn&lﬁ% can be Prydr%ﬁ. In some embodiments,

a compound of Formula (I) can be a nucleotide or nucleotide derivative. In an
embodiment, R' can be monophosphate. In another embodiment, R' can be a

diphosphate. In still another embodiment, R' can be a triphosphate. In yet still another

embodiment, R' can be R'" . When R is R'" R and R can both be
O". In some embodiments, to facilitate entry into a cell, the charge on the phosphate of

the nucleotide or nucleotide derivative can be neutralized with an appropriate moiety. In
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|1 R4 R25 wherein: eachcan be independently a double or single bond; A2
can be selected fromC (carbon), 0 (oxygen) and S (sulfur); B2 can be an
opt i onal Iwo=ottstsot ed het erocyclic base or a derivati vecrhse@of280D2 can be
sel ected C=CH2, CH2, O (oxygen), S (sulfur), CHF, and CF2; R19 can be
hydrogen, an optionally substituted al kyl, an optionally substituted

cycl oal kyl, an optionally substituted aral kyl, dial kyl am noal kyl ene,

al kyl -C(=0)-, aryl-C(=0)-, alkoxyal kyl-C(=0)-, aryloxyal kyl-C=0)-, (1:11
R28_p_ 1 al kylsul fonyl, arylsulfonyl, aralKkyl suI fonyl, R29 , rl4 nked
am no acid, diphosphate, tri phosphate or dexisat idves o R2 and R21
can be each independently sel ected 1;% @Zh 0 substituted
Cl 6 alkyl, an o%tl,onal |¥1 substi t ut 6 Znyl , I:;GQnaI |y

subst i t ut edO® CBOAFIRGAGH e APIhCBRG onal Ty STbst t ut e “C1.6 hal oal kyl ,

provi ded th—@—nﬁ’ﬂhtﬂo@@ﬁ/e@iﬁe—l\o—ﬁml&l a%ﬁﬁloﬁgcﬂ-shél dé‘%os@ﬁé!s@ﬁ’%rhereg{ R2 and R21 are
taken together to forma group sel ected from anong C3 cycl oal kyI C3 6
cycl oal kenyl, CBO087hrylln aerde ae@BodiBeiat ext odnast ; OHRZZDfaer Re®™ cRn lsen
independently sel ected frd)m hydr ogen, hal ogen, -NH2 - NHRaZ, NRa2Rb2

ORa2, sRa2, CN, -NC, - NO% -N(Rc2) - NRa2Rb2, N( Re2) oRa gbRaZ

-C(=0) Ra2, -¢(=0)0Raz, ??aZRbZ -0-C(=0) 9Ra2, -0-

N( Rc2) - C(=0) : Ra2, S( 0)2Ra2 -0-S(=

S(=0) 2NRa2Rb2, an gfXi onal“1 y substituted Cl 6 alkyl, opt i onal ly
substitut edeC2_6 Ia1I2keRy3I an opt imealbsyinsenpssdi t ut edR€2_&"al kynyl aafl an
-0-1inked am no acid; R23 R24 jand R25 can be i ndependent |y absent or

sel ected frém Ihwmscatbedisisasi Bt icaybo fCRY Mdesan bratipeanally sppitutedFiRa2,

S oRae, - Ry B N 05 oCE S M e, L PR s

0- C(=0) NRazBRb?2 be - Nﬁ ROﬁt)on@IlFOBINMEBZ C13 Sordh RaRino Sy £ Radt, example -

- 0- S(=0) 2N 0 aII subst i d,Cl_6
al kyl( ) ggt‘ Bﬁﬁgﬁﬂﬁg pg%ﬁggaéﬁgﬁfnkyi Etlﬂa?ltﬂ?fpet RoaRgngs- gﬁ%i&l t ut ed
C2_6 al kynydhd RN cPibd anaghe o&ﬁal%ué%&dlthéé&@q @fgahiﬂydrb&ﬁd #arr eflbddikRdbaim NO
aci d; or R24_ and R25 taken toglgt her form -0-C(=0)-0-; R26,can ge absent or

sel ect ed frl%)nﬁmfyﬂr sgehe - BEQGER, In rauptill ofpRebodNReRboth R ORedR camhe - CN,

s Sre o %ﬁllwg‘@?a%%g‘: R%X{J}(‘l%?ﬁ ﬂﬁ%ﬁ@cdgnat L) Ry gnd R can be

-0-C( 0) NR&ZI@@Q)OQ\H; 3) —€(=0)OCHICHY) NRad RihodinGs0hdRaR ' Sﬁ¢w3zam2be af-

S( 0) 2NRa2Rb2, 2NRa2Rb2, an
oot oanl 1o et SRR Ce dbyrrba gt ol T RGeS G B keny
an opt i onald, yin s6iS tehibaligfns2 i lualnsyihyde, inddRisOflrdgapal RY* S44bBd b lébﬁ‘&lall

hal oal kyl , an optionally substituted hydroxyal Kyl and an -0-1inked am no
aci d, or whebstittied GonekYlo TR28 cmbgilimenedndyding thescaindbistiaamesohdR AR AC R25 i s

a C2 6 al k%ﬁét@%ﬁteﬁ% 6 is absent; Ra2,

an op nal

Rb2 and R6 e each i ndependent I y sel ected from hydr ogen, an optionally
substituted al kyl, an optionally substituted al k |, an optionally
substituted al kynyl, an optionally substituted aryp—@n optionally

substituted heteroaryl, an optionall gfaral kyl and an optionally
substituted heteroaryl (C1_6 al kyl); selsected fromO-, -OH an

optionally SUbSt[dotsgf ed E?;Q%Ll% Ye Ot 8Lyl -0 gl Ngio groups, include but

are not limited to, the following:
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an -N-linked am no acid; R29 can be selected fromO-, -OH an optionally
substituted S-CH2CH2-0- and an -N-linked am no acid; each R3 and each
R31 can bwoindeperndent|y -CINl or an optionally substit eCedssubstiodaient

sel ected from C18 organyl carbonyl, C18 al koxycarbonyl and Cl1_8

or ganyl am nocar bonyl ; each R32 can be hydrogen or an optionally substituted
Cl 6-al kyl; and each n can be independently 1 or 2, and if both R28 and R29
or different. WD 2010/ 8140PCT/ US2010/ 02046 [0097] I n an enbodi nent, n
can be 1. In another enb nt, ng pnsonme enbodi nents, A2 can be
carbon. Ing&so nts, D2 caﬁ be o I n an enbodi nent, eachcan be
a single bond. odi nent , E n, D2 can be oxygen and
eachcan be a ELD In o&gg A2 can be carbon, D2 can be
oxygen, eachc e bo ang, n caﬁobe 1. In an enbodlnent A2 can
be carbon, D2 can e oxygen, each Ocan be a single bond and n can be 2.

N=C. o) CHa

Q Q
%“O CHs -%—o OCHs
O CHs O OCH,
o) H30_§ o)
0 . O ;
Q Q
2—0 OCH2CH3 2—0 OCH2CHs
0 OCH2CH3 0 OCH,CHj3
H3C_< 0O % 0O
0 , O and
Q
S
E—O>§:OCHZCH3
0 OCH,CHj3
o—~ o}
H3C_<
0
[0089] In an embodiment, R'" and/or R!! can be
2
2 O OCH2CHs
O OCH,CHs;
e 4
@) . In another embodiment, R' and/or R!' can be
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[0098] I n sone enbodi nents, the optionally substituted C1_6 al kyl can be
selected fromnethyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl,

t ert - but yWo 2psvitogidoand hexyl. In an enbodi nent, the optipomaiskgrosedesé i t ut ed
Cl 6 alkyl can be nethyl. For exanple, in an enbodi nent, R2 can be nethyl
and R21 can be hydrogen. In sone enbodi nents, the optionally substituted
Cl 6 al koxy can be selected from net hoxy, ethoxy, n-propoxy, isopropoxy,

n- but oxy, iso-butoxy ang, tert-butoxy. In some enbodi nents, the optionally
substituted Cl_ ean be trifluoromethyl. In an enbodi ment, R2 can
be trifl uoronethyl 1 can be hydrogen. [0099]1n sonme enbodi nents, a
conpound of gube a nucl eoside or nucl eoside derivative. In
hyg?ogen. In some enbodi ments, a compound of
Formul a (I11) fan\pe a nHcl eotide or nucl eotide derivative. In an

embodi nent , 9 cén be a nonophoBpkit enother anddireenteRbodidfenR,' RiObean be a
di phosphate. In yet anonher enbodinment, R19 can be a triphosphate. In stil
yet another 00 egnbodi ne R 9can beR29 . Wen R19 isR29 , -28

K and R29 can bgtPbeNQ./ThnOsbftsenbodi ments, neutralizing the charge on

| eotide or nucleotide derivative may facilitate the
OCHyGHseot | des anal ogs in enbodi nents, at | east

one of R28 In an enbodi ment,
0) . In yet still another embodiment, R'® and/or R'' can
Q
% OCH,CH4
O OCH,CH4
o— O
H30_<
be O . In an embodiment, R' and/or R'! can be
Q
2—0 CH3
0 CHs
H30_< o]
@]
[0090] In some embodiments, both R and R" can be
Q
?;RM
e
R'2  R® wherein each R'?, each R'?, each R!* and each m can be the
same or different. In some embodiments, when both R and RY are
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R28 can be

In sone enbodi nents, at | east one of R28 and R29 can be

an -N-linked amno acid. In an enbodi nent, R28 can be and R29 can
an -N-|i kecoswvmiosaoaci d, such as those descri bed herei npPCrusamooksduc

enmbodi nent ,

when R28 is
, R'* and R can be the same. In other embodiments, when

Q
R14
%——o——\>K%r——o
R12 R13
Q
R14
3—0%0

both R!® and R!! are R'2 R™ , R and R'! can be different.
[0091] In an embodiment, at least one of R'® and R'' can be an —N-linked

. . . . . . . 10 11
amino acid. Various amino acids can be utilized as a substituent for R™ or R"". In some

[VaVa VvVl

Q NR'®

embodiments, R'% or R can have the structure R'®0 R'" R'® wherein: R'5 can be
hydrogen or an optionally substituted C,4-alkyl; R'® can be selected from hydrogen, an
optionally substituted C;¢-alkyl, an optionally substituted aryl, an optionally substituted
aryl(C,.¢ alkyl) and haloalkyl; R' can be hydrogen or an optionally substituted C,_s-alkyl;
and R'® can be selected from an optionally substituted C, alkyl, an optionally substituted
Cs aryl, an optionally substituted Cjo aryl, and an optionally substituted Cs¢ cycloalkyl.
In an embodiment, R'® can be hydrogen. In some embodiments, R'® can be an optionally
substituted C)_¢-alkyl, for example, methyl. In an embodiment, R'’ can be hydrogen or an
optionally substituted C;¢-alkyl such as methyl. In some embodiment, R'® can be an

optionally substituted C¢-alkyl. In an embodiment, R'® can be methyl. One example of

|
[VaVaVaval
5 |
Q NR Q NH
a suitable R0 R' R'® oroup includes, but are not limited to, HsCO CHs, In

some embodiments, the amino acid can be in the [.-configuration. In other embodiments,

ununn

Q NR'®

the amino acid can be in the D-configuration. For example,R'®0 R R'  can be

22
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ho , R29 cannot be an -N-linked am no acid. vary. In sone enbodi nents, R3
can be -CaN and R31 can be an optionally substituted Cl1_ 8 al koxycar bonyl
such as -v20=20000@830 | n ot her enbodi ments, R3 can be - Cl PCTarsdoi®®1s0s&n be an
optionally substituted Cl1_8 organyl am nocarbonyl, for exanple, -

C(=0) NHCH2CH3 and - C(=0) NHCH2CH2phenyl. In still other enbodi nents, both R3

and R31 can be an optionally substituted Cl1_8 organyl carbonyl. In an
enbodi ment, both nd R31 can be =[{C(=0)CH3. In yet still other
enbodi nent s, (Poth 1=and R31 cgn be pgn optionally substituted C1_8

al koxycar bony | / an enbodi meny, th R3 and R31 can be -C(=0)0CH3 or

- C(=0) OCH2CH3. /Ti¥\an enbodi nent /' ko R3 and R31 can be an optionally
substitut edr'@l_87 aRKox yeardongd, I or Cox anplligonLemRbRAMR LS RidAnst dan 6an be 2.
I n sone enbodi ments, including those in this paragraph, R32 can be an

opt i onal | y "¢thit srbadégenty disclasedyherein greadesgifisddn rfefird §tidt ddrirfrviensde in

thi s paragrgph.; B’y h t =hut vl e limted
to the fol l'ow ﬁ%ﬁs@h%ﬂ?ﬁ%f??nﬂgng%g% nl\gén(%u,lgie{lt é!tl Eélég ajgiﬁclé g?”@égmgﬁd R29
can be b3t i 1 2whvdivh RR@banidcdR@9atad dRIBRBDce RE8thariohiRa Pucame o€
different. Ol.gZ%I n .@g eg@odi nment S1 at | east one of R28 and R29 can be an
“N-1inked &M RETEACGUOR FYIBIEAMING ¥4 5aci ds i ncl ude t hose described her ei n.

In some enbodi MpsE] | In some embodiments, at least one of R'® and R'' can be an —N-linked

amino acid, such as those described herein, and the other of at least one of R and R can

%—o—< >
be . In other embodiments, at least one of R!% and R can be an -N—

linked amino acid, such as those described herein, and the other of at least one of R'%and

Q
?;RM
2
s—0 0]
3 > << m
R'! can be R'2 R® . In
é—O{ > E—O{ >
R can be . In an embodiment, R'" can be . In

some embodiments, at least one of R'% and R'! can be an —N-linked amino acid. In an

acid.

some embodiments, at least one of R and

[0093] The substituent B! can also vary. In some embodiments, B! can be

selected from:
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0% R33 an -N-linked am no acid can have the structure R, 7

"0 R35 hydrogen or an optionally substituted Cl _4-al kyl; R34 can be

sel ect ed woamonsirsogen, an optional ly substituted Cl_6- &CHyus201an2s9pé i onal | y
substituted aryl, an optionally substituted aryl (Cl1_6 al kyl) and an
optionally substituted hal oal kyl; R35 can be hydrogen or an optionally
substituted Cl_6-al kyl; and R36 can be selected froman optionally
substituted ClL_6 gi#%!, an optionally substitutedN® aryl, an @ptionally
substituted C10 afyl, and an optionally substi.tut C3_6 cyclogl kyl. In an
embodi nent , e hydrogeny_| me enb R34 n

optionally<§hbs i tutjed C1_6-al ¥yl , methyl. In gdinent,
R35 can be

f or NExanpl e,

e r an optiwanallly %ﬂbstltute l/g§alkyl I n
enbodinent,ﬂEiS cin be&Rtrethyl. Nn s di ment N R36Ccan be ?n optional 'y
substituted~st_6-al kyl . One example of a sugtabIeJan -N- i nkegi~am no acid
is ONH )( H3COCH3 . In sone enbodinents, the amno acid can be in the
L-configuration. In otler enbodinents, the anino acid can be in the
D-configuration. For 17 fV.W 0%\ R330N R33 / exanple, R360 R3 R34 can be
R3601 4" R34 , s [ 0103] Vari ous optionally substituted
het erocycl i ¢ bas®s d optionally substituted heterocyclic base derivatives
can be present inNa conmpound of Formula (I1). Exanples of suitable

optionally substiduted het er ocycl i ¢ bases and optionally substituted
het er ocycl iaadbase~deri vati ves are shown bel ow. 0 I REINH NO

wherein: R*' can be hydrogen or halogen; R® can be hydrogen, an optionally substituted
Ci-salkyl, or an optionally substituted Cs_g cycloalkyl; R can be hydrogen or amino; R
can be hydrogen, halogen, an optionally substituted C, alkyl, an optionally substituted
C,.6 alkenyl and an optionally substituted C,. alkynyl; R* can be hydrogen, halogen, an
optionally substituted C;ealkyl, an optionally substituted C,.¢ alkenyl and an optionally
substituted C, ¢ alkynyl; and Y! can be N (nitrogen) or CRFI, wherein R™! can be selected
from hydrogen, halogen, an optionally substituted C,s-alkyl, an optionally substituted C,.

s-alkenyl and an optionally substituted Cy6-alkynyl. In some embodiments, B' can be

Q NH,
N RD!
</ | NH, l \N
jl 1
| e
wannae . In other embodiments, B! can be wane . In yet other
0
REd
L
I|\l @)
embodiments, B! can be e . In an embodiment, RY can be hydrogen. In
NHRP!
</ DY
RA1
yet still other embodiments, B! can be NW‘ . In an embodiment Y' can
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and O wherein: RA-2 can be hydrogen or hal ogen; RB2 can be hydrogen, an
optionally substituted Cl1_6al kyl, or an optionally substituted C3_8

cycl oal kywo 2Ro02108&n be hydrogen or ami no; RD2 can be hy@&cogsagiohatdoegen, an
optionally substituted C1_6 alkyl, an optionally substituted C2_6 al kenyl
and an optionally substituted C2_6 al kynyl; RE2 can be hydrogen, hal ogen,
an optionally substituted G _6alkyl, an optionally substituted C2_6 al kenyl
and an opt ibemékdggn;sRiYshin berhedto£E aﬁida{Bl%y:mybe hyainekel2 Iic amvtiize eiNbédimentoyen) or

CRB2, wherein RB gan be selgcted fr og hal an optionally
Subot i tut gl By IR B o [IEUY ot i drmeins TG Rey. i PPOSTLS an”
optional |y sgeasittéd @}@Qk%za@o;ﬁiohmwydubsduﬂ‘te& @%alﬁ&%@dﬁd@%;ﬁ}onﬁ% &BRitked 0 NH
NO enbodi ments, B2 c ev In yet still other "enbodi nent B2 can be an

enbodi ment Gr2- 8@@#‘1}%8 nlctﬂr égémdroma@aﬁ b@nHlemﬂgéﬁn aihemeB " esagnybef hydr ogen.
I n anot her in , N bg ,Sel d
g@g@l&ﬁﬁé& mo%aescs%m{d WL Q%B' éﬁn%rﬁ? ‘% 32! &b rh [dﬁ?l v

hydr ogen, an opti onal stitute an optiona
substit ut e(ﬂil’lﬁﬁdlﬁ}eat H?éngaln laanahyaqsf thptalfcomaédtgonemh&udtlbmlﬁdv@bcﬁreahkymy b¢e R be
hydrogen and RBZ n drogen. When B2 is any of the aforenentioned
noi eti es sHEWA"& Can %?55’?3 enbodi ments, A2 can be carbon. In an

enbodi nent, B2 m4pe Qlﬁ])s(orﬁé einB&iREME mﬁ&hl&r@ﬁcmlfﬁiﬂ BrdrshaMlgkayve, A2
can be car bon and can be oxiggen I'n sone embodi nents, B2 can be any of

the af or enéMt -ohdd hhﬁnétaiﬂé’ﬁtl ymubs b, ClAzlkdhran@méamb%mem R ean be oxygen

and each 4] hiais

sel ected frag%rﬁh%re geét?ri]ﬁghﬁ? %Qn hlaﬁ%%‘ OR Cﬁ%n?\)lgg an ;é)%%el 063%?(81

substi t ut edn Gémé eaibbgrﬂmenﬂsnRgoa\rebemb@dt nresﬁie;tedl%‘z(ﬁndladrogel dbkeat, NHz,seI ect ed
from hydro IIy stituted .C1 al kyl. In
ISR VR o RN R SR A R e A
NHZ, - ORa2,enbb@imead, RPEdn®aabint SiREticl lﬂlbﬁﬂl}@ﬂeg@n alalogén, 20R*'2NCNONC, Ak ed
amno acid. In sonme enbodi ments, R24 can be -ORa2, wherein Ra2 is hydrogen.

In other erfbteiafksnilstiturelCigatyhandam erlmkq%%nwlﬁohw enbodimegs e can
embodi ment 5, RES1 can., SR% c%eflr aﬁé(tﬁér k agel, 50 ﬁﬂed NC, an

optionally substitute an -0- ed amno acid. I'n sone
enbodi ment smikP&i¢ah M@@R@El,mmtheRépzrn RaZORY, \hlyeuimm@élms hiydrog¢rheln other

enbodi nent s 5 n be kox uch as ne ti,ll other
enbodi rrentshlb%é“ n Rpgany eagnglLﬁ a%gleg‘é?ﬂi iﬁ%)ig%tﬂg é’ﬂ’S r?gs P bot h
R24 and R2%af 88 aieOhyithe@Xbhi@ QU Sin sbﬂﬁe embedimenbasbiiRNhifd RR2D eaRdey a
hydroxyl group and R24 can be an -0-linked am no acid. Suitable -0-1inked

am no aci d<ieHPe de 8T BERodiEeRER’ i RombYdRbY i RRow bearOninked| ect ed

from hydroggn,, had. Og@ Hon- ﬁﬂltﬁl@tﬁs@ BaklibRURS ket SHinGhell @bikY, buRReQRE T ONal Iy
substituted hal oal'kyl, an optionally substituted hydroxyal kyl, and the bond

to R25 i ndllmateédoblye ﬁollpwna dmmdlee afyoragine Rapaitate, as:y@@nﬁ, ahthmntyl glandnrRZG is
absent . halogen and

%? cin I 10 ng,. t OSl anrgp? seg C(El 1soPeuc é/d hQeg: ly
an opti onal 5 Ub%? 1ht‘ut ed1 &1 Pfk i "[16310 enbodi Tefts, VAt | east
one of R25 nuikioRA8 phadyldignic, t}aécmgent ryptdphah Aed Vz&i’ﬂibOG[h aredihisodi ok, hhe26-and R26
can be a hal ogen. WD 2010/ 108140PCT/ US2010/ 028046
linked amino acid can be valine. In some embodiments, the —O-linked amino acid can be
selected from—O-linked o-amino acid, —O-linked B-amino acid, —-O-linked y-amino acid
and —O-linked &-amino acid. In an embodiment, the —O—linked amino acid can be in the
L-configuration. In some embodiments, R’ can be selected from hydrogen, halogen and
an optionally substituted C, ¢ alkyl.
[0095] In some embodiments, the compound of Formula (I) can be an anti-
neoplastic agent. In other embodiments, the compound of Formula (I) can be an anti-viral

agent. In still other embodiments, the compound of Formula (I) can be an anti-parasitic

agent.
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[ 0106] Exanpl es of conpounds of Fornmula (H) are shown bel ow. NH2NH2NH2 OH
FOH FandOH [ 0107] I n sone enbodi nents, Bl and B2 cannot be an optionally
substi t utwo 2pyriosii4nyl group, an optionally substituted PCIrapednm28046

het erocyclic group, an optionally substituted piperizinyl, an optionally
substituted pyrrol o-pyrimdinone, a triazole substituted wth an am di ne,
an optionally substituted pyrido-pyrimdine. In sone enbodi nents, Bl and B2
cannot be any o0f0096] et i/aserabddrabie dlidctosed@erdin- st tb ancah@ohd 9€ dFoimuld). S.
Appl i cation_Nos. 2006-0229265 (fjled March 30, 2006), 2005-0203044 (filed
Jan. 26, 2085PTaR “?‘6‘6’*’7‘%‘3‘%8@? takﬂFisqéﬂr %@P?ﬁ“gﬁtﬁfeogom); U.S. Patent Nos.
7,268,119 (filed Feb. 14, 2007), 6,845,542 (filed Dec. 13, 2002), 6,495,677
(filed June 16, 2000), 7,081,449 (f|le#'July 3, 2001), 6,130,326 (filed
April 14, 1999), 6,552,183 (fiH'%—Ang. 7,82000) 6,573,248 (Dec. 31, 2001)

6, 642,206 (April 9, 2002), 5,767,09f (filed Jan. 23 1996); International
Publication Nos. WO 2004/ 106356p64 | 27 2004), WD 2004/ 080466 (filed
March 7, 2003), WO 03/039523 (fI Les WNov.. 002); and Canadi an Patent No.
02252144 (filed Oct. 26, 1998). 108] As|istated previously, in sone

enbodi ments, neutralizing the chargeRgn ‘he phosghate group may facilitate
the penetration of the cell nenbrane by onpoun@ of Fornulae (1) and (11)
by making t D nd-1yor, i Il F vhanli- AS

bel i evedt hgpﬁﬁ%‘g% substit hét’ e ?ﬁgélblﬁlzxay%"ﬁ‘k’ﬂﬁf5?%%&5?21% hord B551°°%t t ached
to the phoﬁbMaKé(ﬂnpaﬁiClnwwgaﬁedmpSa@nﬁmgtB%khnﬂy to cptopdiy nabstohtedor nmul ae

(1) and (11), by inhibiting the degradapi on of t > QIIpO ) ce i.nsi de the
el 1 2"tne Pesrbytliiest bl S aiy G GaRk Y b CRIB L PREh S sphat
can be easi(kyfuieTeWweghdayr,eRt’@h@bESBydvdgan enZytiadalle sitysdfu@ldysiys aafoptidiaiacyl
group. The renminjng portions of the group on the phoZPhate can then be

e 1

removed by SEPsiftethat FsiPalkthe 3§eritianalye atiPstistfed c releli slidkhdaminpakydns: n
Scherme |a. fghepgd)a, aryl—-C(=0)—,  alkoxyalkyl—-C(=0)—,  aryloxyalkyl—C(=0)—,
0
ol
I
alkylsulfonyl, arylsulfonyl, aralkylsulfonyl, R , an —O-linked amino acid,

diphosphate, triphosphate or derivatives thereof; R* and R*! can be each independently
selected from hydrogen, an optionally substituted C;_s alkyl, an optionally substituted C;.¢
alkenyl, an optionally substituted C, alkynyl and an optionally substituted C;_¢ haloalkyl,
provided that at least one of R*® and R* is not hydrogen; or R* and R*' are taken together
to form a group selected from among Cs.¢ cycloalkyl, Cs¢ cycloalkenyl, Cs¢aryl, and a Cs.
¢ heteroaryl; R** and R” can be independently selected from hydrogen, halogen, -NHo, -
NHR*, NR**R", -OR®, -SR¥, -CN, -NC, -Nj3, -NO,, -N(R®)-NR*R"*, -N(R**)-OR*, -S-
SR¥, -C(=0)R¥, -C(=0)OR¥, -C(=0)NR*R", -O-C(=0)OR*, -O-C(=O)NR*R", -
N(R)-C(=O)NR¥R™,  -S(=0)R*,  S(=0),R*?,  -O-S(=0),NR“R™, -N(R*)-
S(=0)%LNR*R", an optionally substituted C;¢ alkyl, an optionally substituted Cs.¢ alkenyl,
an optionally substituted C, alkynyl and an —O-linked amino acid; R*,R* and R® can
be independently absent or selected from the group consisting of hydrogen, halogen, -
NH,, -NHR*, NR*R", -OR%, -SR*, -CN, -NC, -N3, -NO,, -N(R})-NR“R", -N(R*%)-
OR¥, -S-SR™, -C(=0)R™, -C(=0)OR*, -C(=0)NR*R", -O-C(=0)R*, -O-C(=0)OR™, -
O-C(=0)NR*R™, -N(R®)-C(=0)NR*R"?, -§(=0)R*, S(=0),R*™, -0-S(=0),NR*R", -
N(R™)-S(=0),NR*R™, an optionally substituted Cy.¢ alkyl, an optionally substituted Cy.s
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el i mnation), 00- %/ / N -0 [O109]A further advantage of the

2, 2-di substituted-acyl (oxyal kyl ) groups described herein is the rate of

el i mi nat iwo 20fo/toBE0r ermai ni ng portion of the 2, 2- PCT/US2010/028046

di substi tut ed-acyl (oxyal kyl) group is nodifiable. Depending upon the
identity of the substituents on the 2-carbon, shown in Schenme |la as Ra and
R13, the rate of elimnation may be adjusted from several seconds to
several houtkenylAsn apticaslly tubstithed Braikghylpin dfi@nilgnaibstitigd paildyl oml of -t he

2,2-di substituted-acyl (oxyalkyl 0 can be retarded, if necgssary, to

enhance. ool MK HBEREEDTE R ratidtT B FEET Gy pB R RP T o Rt cel |

Upon rendvabsdf of @0 FopShitodehenafp¥fieNa! WARDINEHE’ porshhate, cNpe

resul ti ng nucl eoti de anal og 0ssesses a mohophosphat e. us, the necessity
5-

at
of an initiNF e riCel MYRAP-Nhddphd¥ atGRon SsSho HERGER -a-PreV@RQui site to
obt ai ni ng the,bielegl cal Vv Tk a of prr hegi a2

[0110] m?rpodl}ﬁggmgf ﬁ%’o?@nhq%gﬁﬁ % g)ngk‘é(tﬁ)ﬂ?? %ﬁd’ﬁ\ﬁﬁo;s'gf‘@@g?ﬁe’d@ﬁ?)& A may be
prepar ed i rB(x@REUSOWHEYQ),NBERET, aN(RYRS HENINRFRIGL @5 opdortale sobstinoeth (5. of

comounds. I EGPRIHERANT Rt BT AP SEteeS AR G co-

1-3. The r Qptiesall§ RV t@IdEnaldal Ky 8 tah biiMRI1P MIBsti AR BH®x ROkl lahd 8ndedinke@r are
they to be construed, to limt the ,scope of the clains in any manner
what soever .aMRhHacd, ok whe gheibend ke Rar indigpted bpe=aht & a drublsdwgi then R™ is a

pased on tREdree OB I ar BRI TR R e R e A e
rout es ar e fwint tiydrogdre aacopendiy tubstiwledi atbyl. aMOpRQklY 10BIAGRCHKISA0 20/ 028046
Scheme 2 o[p?figrllalljl(ffOs%gsti(t)ﬁteclQ gﬁyg}ll,ua?ﬁ jdptionally substituted aryl, an optionally substituted
heteroaryl, an optionally substituted aralkyl and an optionally substituted heteroaryl(Ci.¢
alkyl);

R*® can be selected from O, —OH, an optionally substituted aryloxy or aryl-O-,

Q
?—R”
2
0 0
3 > << n
R30 R31

an —N-linked amino acid; R? can be selected from O7, —OH, an optionally substituted

o)

R32
0]
n

aryloxy or aryl-O—, R¥® RY , alkyl-C(=0)-0O-CH,—-0-, alkyl-C(=0)-
S-CH,CH,—O- and an —N-linked amino acid; each R*® and each R*' can be independently

, alkyl-C(=0)-0-CH,-0O-, alkyl-C(=0)-S-CH,CH,—O- and

w
O

-C=N or an optionally substituted substituent selected from C, g organylcarbonyl, C,;g
alkoxycarbonyl and C,_s organylaminocarbonyl; each R* can be hydrogen or an optionally

substituted C; ¢-alkyl; and each n can be independently 1 or 2, and if both R*® and R%

30 31 30 31 32
are R R ,each R™", each R, each R™ and each n can be the same

or different.
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Rba RL R2 R3 la a Rea 9 R_ a ao Rda Rbalia_ff R6aR7a

WO 2010/108140 PCT/US2010/028046

[0097] In an embodiment, n can be 1. In another embodiment, n can be 2. In

. 2 . 2
some embodiments, A” can be carbon. In some embodiments, D” can be oxygen. In an

embodiment, each can be a single bond. In an embodiment, A? can be carbon, D’

can be oxygen and each can be a single bond. In other embodiments, A” can be

carbon, D can be oxygen, each can be a single bond and n can be 1. In an

embodiment, A* can be carbon, D* can be oxygen, each can be a single bond and n
can be 2.

[0098] In some embodiments, the optionally substituted C;¢ alkyl can be
selected from methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl, tert-butyl, pentyl and
hexyl. In an embodiment, the optionally substituted C;s alkyl can be methyl. For
example, in an embodiment, R* can be methyl and R*' can be hydrogen. In some
embodiments, the optionally substituted C;.s alkoxy can be selected from methoxy,
ethoxy, n-propoxy, isopropoxy, n-butoxy, iso-butoxy and tert-butoxy. In some
embodiments, the optionally substituted C, haloalkyl can be trifluoromethyl. In an
embodiment, R*° can be trifluoromethyl and R*' can be hydrogen.

[0099] In some embodiments, a compound of Formula (II) can be a nucleoside
or nucleoside derivative. In an embodiment, R can be hydrogen. In some embodiments,
a compound of Formula (II) can be a nucleotide or nucleotide derivative. In an

embodiment, R" can be a monophosphate., In another embodiment, R can be a

diphosphate. In yet another embodiment, R' can be a triphosphate. In still yet another

Ay el
I

embodiment, R"can be R2° . When R" is R2° , R*® and R* can both be
O". In some embodiments, neutralizing the charge on the phosphate of the nucleotide or

nucleotide derivative may facilitate the entry of the nucleotides and nucleotides analogs in

%—o—< >
a cell. In some embodiments, R*® and R* can each be independently

El

R® R , —O-naphthol and/or an —-N-linked amino acid. In some
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di acet one- al phaal | of uranose 1:15a f R7a

WO 2010/108140 PCT/US2010/028046

be an —N-linked amino acid, such as those described herein. In another embodiment,

é—o—< >
when R® is , R* cannot be an —N-linked amino acid.

[0100] In an embodiment, at least one of R*® and R* can

Q
R32 R32
be R3O R31

. The substitutents on R R¥ can

vary. In some embodiments, R can be -C=N and R*' can be an optionally substituted C,.
s alkoxycarbonyl such as —-C(=0)OCH3;. In other embodiments, R* can be -C=N and R*!
can be an optionally substituted C;g organylaminocarbonyl, for example, -
C(=0)NHCH,CHj3 and —~C(=O)NHCH,CH,phenyl. In still other embodiments, both R*
and R” can be an optionally substituted C,.g organylcarbonyl. In an embodiment, both
R’ and R* can be —C(=0)CHj;. In yet still other embodiments, both R*° and R*! can be
an optionally substituted C;_g alkoxycarbonyl. In an embodiment, both R and R*! can be
-C(=0)OCH; or —-C(=0)OCH,CH;. In an embodiment, both R* and R*! can be an
optionally substituted C;_g alkoxycarbonyl, for example —C(=0O)OCH,CH3, and n can be
2. In some embodiments, including those in this paragraph, R** can be an optionally

substituted Cj¢-alkyl. In an embodiment, including those in this paragraph, R** can be

Q

?—R”
e
g O%O n

methyl or tert-butyl. Examples of R R groups, include but are

not limited to the following:

9.



[0111] One net hod for form ng a conpound of Forrmula (1) is shown in Scheme 2
in which R2, R3, R4, R5, R6, R7, R8, RO, A, B and a u can be the sane as
di scl osedwbepw/mgi4and R a can be hydrogen or a protecti rRgTgrsoup/o2¢anpl es
of suitable protecting groups include, but are not limted to, an
optionally substituted benzoyl and silyl ethers such as trinethylsilyl
(TMS), tert-butyldinethylsilyl (TBDMS), triisopropylsilyl (TIPS) and

tert-butyl di phenylsilyl Q TBDPS). Al so, in Qchene 2, Rda, R5a, R6a, R7a,
R9a, Bia and -la 1J can gg_ngssaneiaag nand D1, respectively, or
can be eaclta tec ver si on of3R4, R R6, R7, R9, A, Bl and DI
respectiveldy. By ot ect ed versions, .t

o ';uents |isted herein for
R4, R5, R6, R/, __ Al, ered to include one or nore

and be al
protecting gr%ﬁﬁ . or(%génplefggheggydroq%n of a hydroxy group may be
exchanged for a prétecting group, twd hydroxy groups may be cyclized to
forman acetal or an ortho-ester, the hydrogen on a NH group :jznZE

exchanged for a protecting group and/ or one or both hydrogens gn a - NH2
group may be replaced for one or nore protecting gmnespes. ¢
Schenme 2, LGL can be a quitable |eaving group, such as ose descri bed
herein. [0112] A five ne %g3heterocyclic ring cap, med_vi a an
addition/c%ngzation reaction from D-glucose. | n _some Wwnbodi rests, the
five-nenber&d hetggdcyclic ring can be an.ptionally substituted ribose

sugar. |In other dinments, the five neffberged can be an optionally
bsertigdie. Al t er nat i /)
et

ronghly, in

<

substituted d@ﬁﬁ@ri di acet one- al pha- al | of ur anose,
a comercially avaid abl e reagent can be tsed. WO

2010/ 108140PCT/ US2010/ 028046 [ 0113] The 5'-OH group can be o
al dehyde using et plo those skilled in the, Sui
oxi di zi ng agents incl ” but are not linited to, De8sMart perio&inane,
TPAP/ NMO (tetrapropyl ngéﬂlperruthenate/NnethyInorp ol i oxli.de),
Swer n oxi dat Non reagent,/PCC pyri di ni um chl or ochr ona , angf or
(pyridiniun1§?cﬁ§onate)o sodi um peri odat e, Col i H:Cs eagentQ ceric
ammonium nitfate N, Na2Cr207 in water, Ag2C0O3 on cel®@te, hot HNG3,in
aqueous glyne,§02-pyri  ne Cud, Pb(0Ac)4-pyridine agd benzoyl

per oxi de-Ni Br2.e [ 4] A jonal ly substitu 6 optionally
substituted C236 al kényl, aan%%ionally subsgfﬂﬁte _6bgﬁﬁﬁﬁyl or an
optionally substitut 1 6(£§éoalkyl can be added th§85'-carbon usi ng

met hods known t o Y 19 Hen the art\ For‘%xanpl Héﬁkionally
substitut ed€I & al kyl Cor an optional | y Sybstit ut ed

di zed fo an

1 6 hal oal kyl can be
added to the 5'-@arbon using al kyl ation thods are known to thosengkilled
in the art, such as throughqQt he use of an organonetallic nmoiety. A
non-limting |ist oE_QyitabI Obgﬁ tallic noieties include

or ganonmagnesi um congounds, ganol 7t Ri um conmpounds, organotin compounds,

or ganocupr at es conpounds, géi and organopal | adi um conpounds, net al
carbonyls, netall oce , car Ugﬁﬁlexes, and organonetal loids (e.g.,

or ganobor anes angd®organosil@nes). |In some enbodi ments, the organonetallic
noi ety can Hx€ or ganomagnesi um conpound. I n an enbodi nent, the

or ganomagnesi um gpnpound can be an optionally substituted C1_6 al kyl or an
opti onal Ty subsfifes} ed 1fLed babaahion! - NO-1631 Cond Ofr Geamphe: RNENGRY v
[0115]1f not already present, addition of an optionally substituted Cl1_6
al kyl to the 2'-positi can al so be acconplished using nmethods known to a

an

person of ordi V3 il oHbeH.art. When a hydroxy group is present on the
2' -position, im sone odi nent, the hydroxy group can be oxidized to a

ket one usi ng one i 9@%@ nmet hods. For exanpl e, the hydroxy group
can be oxidized £0 a kefone uSing one or nore oxidizing agents. Suitable
oxi di zi ng adem:Qrmﬂudé{ but are not Iimted to, acid dichromates, KwO04,

Br2, Mh02, ruthe® um tetraoxide, . Jonestheeagbotime:@ohtl least oge peBFemt R°Cor ey’ s
reagent, pyridniumdichromate, Swern oxidation reagent, DVSO and
trifluoroacetic anhydride (TFAA), and those previously described herein. In
an enbodi nent, the oxidizing agent can be Dess-Martin periodi nane or DVSO
and TFAA. [0116] An optionally substituted C1_6 al kyl can be added to the
2' -carbon using nethods known to those skilled in the art. In sone
enbodi nents, the 2'-carbon can be
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al kyl ated using a suitable organonetallic noiety such as those descri bed
herein. In an enbodi nent, the organonetallic noiety can be MeMyBr.

[0117] Theweubrriosuupent at the |'-position can be conver PEU/USE018/028046
appropriate | eaving group, for exanple a nucl eofuge, using nethods known to
those skilled in the art. For exanple, the 1'-position can be converted to
an appropriate leaving group via an hydrolysis reaction foll owed by
acetylation using a suitabl &reagent such as acetic anhydride. As another
exanpl e, the 1'-posilL &@pnverted to an appropriate |eaving group
by transform ng the fcet al a hem acetal under acid conditions followed
by acetylation with an_a iq%g reagent (e.g., acetic anhydride).
[ 0118] An optional%y sgﬁstitu ed héterocyclic base or an optionally
substituted hetergcyc\i c base derivative can be added to the 1'-Position
usi ng a catcah st ./ Sui t@bl e cat al yst $n stilanorhewembalimére, Aftdast ong ofR™ and

enbodi ment, the catalysts can be trinethylsilyl trifluoronmethanesul fonate.
To facilitate the reactdon, in {Jone enbodi nents, the addition of the
optional 'y substituted fiePer OGSk or the optionally substituted

het erocycl i ¢ base derivative take place in the presence of a base.
Exanpl es of suitable bases— @0H.08- based bases such as triethyl am ne,
1, 8-di azabi cycl o[ 54 dec-7-£ne (DBU) and

1, 5-di azabigycl o] 4. 3. 0] ndn-5-ene (DBN). Affer addition of t.he optionally
substitute&ghg?bg%cyclic ase or the optro%bY¥§%gﬁ5¥F?Fﬁ%8%Hﬁ@fg?%%?clic
base derivative, a conmpound of Fornula (I) in whi R is H can be obtained
after renoval of any protecting groups that_ SBRMH, [0119] I f needed
and/ or desired, any hydroxy groups presents on th 3" "and 4' -positions
can be protected with one or nore suitable prot hQﬁPS' The hydr oxy
groups can be protected wth an individual p otect'ngcgré p. Alternatively,
two adj acent hydroxy groups can be cyc)Pzed to foPm an acetal or an ortho
ester. In sonme enbodi nents, sone '&C hydr oxy groups can be protected

wi th indivigeabs j2ot @@t IRAY @h osps and her hydroxy groups canmpbgofé ot ect ed
through the formation of an acetal or an ortho ester. [0120] Alternatively,
if an optionally substituted heterocyclic base or an o ionally substituted
het erocyclic base derivative is already presentyo0
het erocyclic ring, an optionally substituted Cl1 6 alk
substituted C1_6 hal oal kyl (e.g., CF3) can be addg
shown bel ow in Schene 3. The substituents R3cRY R4, , R6, R7, R8, R9,
Al, - 1 bi and DI can be the saje as.discl osed herein, and R4a, R5a, RG6a,
R7a, Roa, Arkodigeny. afrfgast opeof R ak Roecanle same &% R4, R5, R6; IRPOMR9, AL,
Bl and D1, respectively, or can be each a protectegl version of R4, R5, R,
R7, R9, Al, Bl and D1, respectively. R a can be hydtogepn or a protecting
group, including those described heregn. Sche 3 0121] As descri bed
herein, the hydroxy group at the 5'-p6§ﬁ?|o n Be oxidized to al dehyde
using a suitabl e oxidizing reagent such as thqQse described herein. An

opti onal | y esbgitnientst bath @ GndlRkY tanobe an opR T on&’| y subst whertiecta@l RE,

ot hod. ApRROb e 8 KNG bh BB e b et BEat Rt eyt "

enbodi nent, the 5 -position can Qe al kyl ated using an organonetallic

or an optionally
3,- position as

reagent, for exanple, an organo S Um conpound.
e
s—O O
S n
and R? are R¥* R , R*™ and R® can be the same. In another
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[0122]1f an optionally substituted C1_6 alkyl is not already present on the
2' - position, the optionally substituted C1 6 al kyl can be added using
known t o wbasw/®kidl ed in the art. For exanple, when a IrgEUS2YI0HLI4E | S
present on the 2'-position, in sone enbodi nent, the hydroxy group can be
oxidized to a ketone using one or nore suitable nethods. In an enbodi nent,
the hydroxy group can be oxidized to a ketone using one or nore oxidizing
agents di scl osed herein. An optionally substituQd C1L 6 al kyl can then be
added to the 2'-carbon using nethods known to t mskilled in the art. In
some enbodi ments, the 2'-carbon canghe using a suitable
organonetal | ic moiety such as thoseddescr] herhein. I n an enbodi nent, the
organonetal | i c noiety cangbe Br. 6 123] 1 f needgd andfor desired,

t he option§P¢9d@%ﬁgﬂﬂFHﬂgéaH%E%%%@&CIic'%asegor t he optﬁ%ﬁ%ﬂﬂgé§ﬁ%§?ituted
het erocycl igrrhage derivative can be protected with one or nore suitable
protecting groups during the formation of a conpound of Forrmula (1). For
exanpl e, one or [k am songerobaséments, acked onoofR T andyRArvdn be ama-Llinketl gr oups
present in a.ring,of . optional.l stituted heterocyclic base and/or
ot onal |y Qs v iR BRI e BRI R GBSl it
one or nore suitable protecting groups. In an enb nt, the optionally
substituted heterocyclic base and/or optionak}y sulysiskt ut ed heterocyclic
base derivative can be protected with one or re griarylmethyl protecting

groups. A non-limting list of triaryl nethyl cting groups are trityl,
monomet hoxytrityl (MMIr), 4,4'-dimethoxytrLtyd (LML), 3
4,4, 4" -tri RYadrantine aqid pprhave e, sgructyre. £y s - behzoyrhsssfy: Rriceybe (TBTr)

4,4",4"" -1 rﬂy?/so&éh ér' %1 G%I{P@%I%%l;bmuemég%a%{yi'ﬁw Ica %D;FI; lc)cted4froé}lll ’rlllg(}lrl,ogént 'ar?

(l'evul i nyl ox trit p- ani sy napht enyl net
di - 0- ani sy bplienwdip stibsyikutet Oyd-alky- srobpticdniheapkteteyalyl, an optionally substituted

3- (i mdazol yl peth -4, 4' - dinmethoxytrityl,  9-phepyl xant hen-9-y1 (Pixyl),
o pr et noopRamy 1591k i e SRR e iR s eiyhe Bfdrogehof &
hexadecyl om?btibﬁaulylsubgﬁnﬂéd di eakadeay RIrdah Yk ,seRetbdt frofCirasi@yhi BXyup eyl )
xant hen-9-yl , 1,1'-bis;(4-nethoxypheny1)-1'-.yrenylnethyl, 4,4 4"-tris-
(t ert - but ylSpheHpl) anertiopally sbytitpted fer Aylqran @ptignally spbsiiidehoxdiyls fRg/RD Any
protecting Qf - - e - i &3
pr ot ect ed ﬁ??ﬁ&@zéﬁ§#dﬁﬁié§%§ﬂa?§§$éqﬁ?§%§@9?ﬁ5h6§06%5$6%2@?%%?ﬁagﬁﬁ%se
descri bed hereilimen{sORZ 4} he apppicmetly nipstined gs.ccbhyl, be axenpiecdetayld Iotmer
protecting groups sbe agdded at different tjnes ri th ener al
Peactt on st BRah R T B HinBber ok, SPiqrslY SRaRied et e
formation eintohigneat, detiyda @t nlehg1.5' mpasid e@bBodidbheR’t kén aekyd abiiemalpf t he
5' -position, before the oxidation of the 2'-position, after alkyl ation of
the 2' - postbstighed Kefdtelt hOngderafipén obfa tsHikphtanond-ligked ypainpt g ds
het er ocyclic base~a§:optionally substituted heterocyclic base derivative
a

and/ or after bhe ition of the optionally substituted heterocyclic base

or optionall y™gubsyituted heterocyclic base derivative. Renoval and
repl acenent of otecting group may be useful because of the reactions
e pr

condi tions. ctin ro . m ssi stant..in preventi ng.unwant ed si de
Concti on ey e e Ha S Pl ARG ofh B AR AR A 55 A
phosphat e gt ougherc asmtodingaide dthe 0 alinopasidt icon &S is hawen D-configh@tien. 4. Fohe
substituents R2, R3, R4, \RR, R6, R7, R8, R9,.Al, -1 B and D1 can be the
same as di scl osed herein,|and R4a, Rba, RGq, R7a, R9a, Ala,gfvla and - la D
i
g

can be the sanme as ®4, R5NRRS, R7, R®, Al, \NBf3and D1, respe vely, or can
be each a protected ;ers<on of R4, RO\ R6,/ R7, RO, Al, Rl a D

respectively. Sche 4 [ 0126] A var, el of methods camnm} used to add a
phosphat e g:E(Q[lee:[FGB@h@SQ R*  canbeR®0 H R*  suchas HCO H Chs

[0103] Various optionally substituted heterocyclic bases and optionally

substituted heterocyclic base derivatives can be present in a compound of Formula (II).
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position. Suitable nethods are described in Current Protocals in Nucleic
Acid Chem stry. Donald E. Bergstrom Nucl eosi de Phosphoryl ati on and Rel at ed
Modi fi catwonsioms@arrent Protocals in Nucleic Acid ChemPstrrugoiCioapier 1,
(2008) John Wley & Sons, Inc. For exanple, a phosphate at the 5'-position
can be forned via a phosphoam dite and oxi dati on nethods. [0127] To add a
group wherein one of RL and RHis and the other of R19 and RHis an
-N-li nked dixampleaof eyitable(dptipinglyshibtihitakederatyichio bases di)d phieaghosudsitcethal | de
can be rea%ted vvitq)thcf: .5'¢\positi'lon of a R2 R 3 Bla HO

e lic base derivative own below.

terocyc s are s
NHRB2 0 NH>
RD2
N \\\N
NH
aPs m
N N// RC2 N 0
0 0
RE2 N
I NH </ | NH;
/K —N
N No T
mJnr and WV VYV

wherein: R** can be hydrogen or halogen; R™ can be hydrogen, an optionally substituted
Ci6alkyl, or an optionally substituted Cs_s cycloalkyl; R“* can be hydrogen or amino; R™
can be hydrogen, halogen, an optionally substituted C, alkyl, an optionally substituted
Cy.6 alkenyl and an optionally substituted C,.¢ alkynyl; R" can be hydrogen, halogen, an
optionally substituted C;alkyl, an optionally substituted C,¢ alkenyl and an optionally
substituted C,.¢ alkynyl; and Y? can be N (nitrogen) or CR", wherein R™ can be selected
from hydrogen, halogen, an optionally substituted C,¢-alkyl, an optionally substituted C,.

¢-alkenyl and an optionally substituted C,¢-alkynyl. In some embodiments, B* can be

Q NH
N RD2
1 ]
il IS
T o
wanann . In other embodiments, B> can be anne . In yet other
0
REZ
I /t
T 0
embodiments, B? can be VPV . In yet still other embodiments, B? can be
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D a)

R4da R5a R9a | a Al R8 nucl eosi de or a nucl eosi de derivati ve,

as R6aR7a where R2, R3 and R8 can be the sane as previously defined

her ei n,

R4, R5, R6, R7, R9, A, Bl and u-1, respectively, or can be each a

. In an embodiment Y* can be nitrogen; R** can be hydrogen and
R®* can be hydrogen. In another embodiment, Y? can be CR™, wherein R™ can be
selected from hydrogen, halogen, an optionally substituted C;¢-alkyl, an optionally
substituted C, ¢-alkenyl and an optionally substituted C, ¢-alkynyl; R can be hydrogen
and R®* can be hydrogen. When B” is any of the aforementioned moieties shown above,
in some embodiments, A? can be carbon. In an embodiment, B? can be any of the
aforementioned moieties shown above, A* can be carbon and D can be oxygen. In some

embodiments, B? can be any of the aforementioned moieties shown above, A’ can be

carbon, D* can be oxygen and each can be a single bond.

[0104] In some embodiments, R** can be selected from hydrogen, halogen, -
ORaZ, -CN, -N3 and an optionally substituted C;¢ alkyl. In some embodiments, R* can
be absent or selected from hydrogen, halogen, -OR* and an optionally substituted C, ¢
alkyl. In some embodiments, R* can be absent or selected from hydrogen, halogen, -
NH,, —ORaz, -N3;, an optionally substituted C; ¢ alkyl and an —O-linked amino acid. In
some embodiments, R* can be —ORaz, wherein R* is hydrogen. In other embodiments,
R** can be an —O-linked amino acid. In some embodiments, R* can be selected from
hydrogen, halogen, -OR™, -CN, -NC, an optionally substituted Ci¢ alkyl and an —O-
linked amino acid. In some embodiments, R% can be —ORaz, wherein R* is hydrogen. In
other embodiments, R* can be a Ci6 alkoxy such as methoxy. In still other
embodiments, R? can be an ~O-linked amino acid. In some embodiments, both R** and
R* can be hydroxy groups. In other embodiments, R* can be a hydroxyl group and R**
can be an —O-linked amino acid. Suitable —O-linked amino acids are described herein.
In some embodiments, R*® can be selected from hydrogen, halogen, an optionally

substituted C;¢ alkyl, an optionally substituted haloalkyl, an optionally substituted
hydroxyalkyl, and the bond to R* indicated by ====== is a double bond, R* is a Cy¢

alkenyl and R’ is absent. In some embodiments, R*" can be selected from hydrogen,
halogen and an optionally substituted C,.¢ alkyl.
[0105] In some embodiments, at least one of R*> and R*® can be a halogen. In

other embodiments, both R* and R can be a halogen.
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protected version of R4, R5, R6, R7, R9, Al, Bl and D1, respectively. A
variety of amno acids can be used to formthe -N-linked amno acid. In
sonme enmbodpDrERI®SI4Dhe am no Ri 8a can be the sanme asPRIAS2R06280RL7 and
R18, as described herein with respect to Fornula (1). If needed and/or
desired, any hydroxy groups present on the 5-nenbered heterocyclic ring
can be protected with one or nore protecting groups such as those descri bed
herein. I n sone[@opdi Meamsles aiyonippdiidsy Fomailkpdl) are shben Belowand 3' - positi ons
can be protected with one or nore protg&}ing groups. Forh%éanple, when t he
5' -nenbered heterocyclichid ng has hydrjoXy groups at the - and

3' -positions, cetal or an ortho

respectively, ri i _ utedtacyl(gxyalkﬁlé
se descri be
erlkin Trans. 2, 2001

inthe followrg grt cles! Ora
6: 881-5; Poija . et al., 859-76; Poijarvi,
P. et al., Lett. . Chem, 2004, |1: 183-88; and Poi jlar P. et al.

Bi oconj ugate Chéii ,F 2005 16(6): 1562H7F, all ahdwhi chOdr & her eby

i ncorporated by reference in their entireties. [0129] Exanpl es of hydroxy

i de .the fol M ng: . di | ph hite. b ted
B SeUr S Can LGRHI 4 Rl B w L EUBIIZE 55D BT

pyridinyl group, an optionally substituted tricyclic heterocyclic group, an optionally

substituted piperizinyl, an optionally substituted pyrrolo-pyrimidinone, a triazole
substituted with an amidine, an optionally substituted pyrido-pyrimidine. In some
embodiments, B and B cannot be any of moieties attached to the 1°-position disclosed in
U.S. Application Nos. 2006-0229265 (filed March 30, 2006), 2005-0203044 (filed Jan.
26, 2005) and 2007-0258921 (filed April 30, 2007); U.S. Patent Nos. 7,268,119 (filed
Feb. 14, 2007), 6,815,542 (filed Dec. 13, 2002), 6,495,677 (filed June 16, 2000),
7,081,449 (filed July 3, 2001), 6,130,326 (filed April 14, 1999), 6,552,183 (filed Aug. 7,
2000) 6,573,248 (Dec. 31, 2001) 6,642,206 (April 9, 2002), 5,767,097 (filed Jan. 23
1996); International Publication Nos. WO 2004/106356 (filed May 27, 2004), WO
2004/080466 (filed March 7, 2003), WO 03/039523 (filed Nov. 5, 2002); and Canadian
Patent No. 02252144 (filed Oct. 26, 1998).

[0108] As stated previously, in some embodiments, neutralizing the charge on
the phosphate group may facilitate the penetration of the cell membrane by compounds of
Formulae (I) and (II) by making the compound more lipophilic. Furthermore, it is

believed that the 2,2-disubstituted-acyl(oxyalkyl) groups, such as

Q 0,
R14 R32
BN e \% ;
m n
R12 R13 and RSO R31

impart increased plasma stability to compounds of Formulae (I) and (II) by inhibiting the

, attached to the phosphate
degradation of the compound. Once inside the cell, the 2,2-disubstituted-acyl(oxyalkyl)

group attached to the phosphate can be easily removed by esterases via enzymatic

hydrolysis of the acyl group. The remaining portions of the group on the phosphate can
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R2, R3 and R8 can be the sane as previously defined herein, and Rd4a, R5a,
R6a, R7a, R9a, Ala, Bla and Dia can be the sane as R4, R5, R6, R7, RO, A,
Bi and Diworespwsts#vel y, or can be each a protected ver PCOUSI10BZ28046R5, R6,
R7, RO, A, Bl and D, respectively), an am no acid, and a suitable

oxi di zing agent to forma conpound of Fornmula (1). As previously discussed,
various am no acids can be used, including those described herein.

Li kew se, amn teuthatddeyekindnaziong Thggmerat seactiva suls@tk. is kiovarbetvbamdidhene , t he
oxi di zi ng %ent can be carbon tetrachloride (CCl4). In sone enbodi nents,

t he oxi di zi'fig agent, such as CCl4, oxidizes the phosphorus from (H) to
(V). [ 013thafd i pus net hods can also be used to add ai, 1)1 R, , , p_
11=111 group wherein 0 \ Rl14 R and RH areRI2R13. In some enbodi rrents

di phenyl phosphite can befeacted with one or more of the hydr oxy precursors

described herein, a e05| de R2 HOBla Rda_ cD| a?.)R9a
o) O
N Ny / NS
/P\ § esterase | / \ % elimination., /P\O%
O T O

[0109] A further advantage of the 2,2-disubstituted-acyl(oxyalkyl) groups
described herein is the rate of elimination of the remaining portion of the 2,2-
disubstituted-acyl(oxyalkyl) group is modifiable. Depending upon the identity of the
substituents on the 2-carbon, shown in Scheme 1a as R* and RB, the rate of elimination
may be adjusted from several seconds to several hours. As a result, the removal of the
remaining portion of the 2,2-disubstituted-acyl(oxyalkyl) group can be retarded, if
necessary, to enhance cellular uptake but, readily eliminated upon entry into the cell.
Upon removal of the groups on the oxygen atoms of the phosphate, the resulting
nucleotide analog possesses a monophosphate. Thus, the necessity of an initial
intracellular phosphorylation is no longer a prerequisite to obtaining the biologically

active phosphorylated form.

Synthesis
[0110] Compounds of Formulae (I) and (II), and those described herein may

be prepared in various ways. General synthetic routes to the compounds of Formulae (I)
and (II), and the starting materials used to synthesize the compounds of Formulae (I) and
(ID) are shown in Schemes 1-3 and Figures 1-3. The routes shown are illustrative only and
are not intended, nor are they to be construed, to limit the scope of the claims in any
manner whatsoever. Those skilled in the art will be able to recognize modifications of the
disclosed synthesis and to devise alternate routes based on the disclosures herein; all such

modifications and alternate routes are within the scope of the claims.
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R5a Al aR8 | R6a R7awhere R2, R3 and R8 can be the - sane as previously
defined herein, and R4a, R5a, R6a, R7a, R9a, Ala, Bla and Dia can be the
sanme as RHQ2RB/10889) R7, RO, Al, Bl and DI, respectivelypcorisean/oksieach a
protected version of R4, R5, R6, R7, RO, Al, Bl and DI, respectively) and a
sui t abl e oxi di zi ng agent. [0132] If desired and/or needed, one or
nore suitable protecting groups, including those described herein, can be
used to prdkchate?2he optionally substituted heterocyclic base, the
optionally substituted heterocyclic base derlyatlve and/ or y hydroxy
groups presented on the 5-nenbered heterocycllﬁsrlng For exapmpke, any

hydr oxy groups can be pr ted wi t h i ndRVodyal protectlnﬁ
acetal s and/gr, as ortho est la Slnllarly,4o e nore am no
attached to agrlng:ﬁﬁd/oF M Bt &N gt r1%rdﬂtngRg
optlonalIy(§gg§g$$u__6'heterpcy I|c base and/ g ptlonéTT? Subﬁtl t ed
het er ocycl isoflyase deri vati vesscatie be protectedR%nhh one or norerssui tabl e
protecting groups, for exanple, one or nore triaryl nethyl protecEing

groups. As discussed herein, the protecting groups can be renovgd, replaced
and exchanged at different times during the formation of a conp@und of
Formula (1). For exanple ,a variety of protecting groups can he used to
protect the optionally s %giltuted heterocyclkic O R o_ ilH !TI ks base
and/ or optionally subst+i#Ut ed het er ocyrFo ase_gerivati we n the' noiety

is added to the 5'- pOSItIOQp U|%abLe_prot_cn$n grpgggrargak opn_fto éhose

skilled in the art, if TV
groups present on the &pt Ry substitlite té?ocycllc bAse and/ Br

ion
optionally substituted heéer yclic base degdavgki ve can be rermpveag: and
ot her protecting groups can be added at different tinmes during the addition
of the phosphate qroups Li kew se, any protecting groups present on the

optional Iy subs{9tldf ed Onenirthed dor Framineos rempeund pig FermlnéD rie mBows iand/ or
changed 0 @cﬁemé blin wildh 2,88, ﬂ”fﬁEﬁ?“F”RW qurging, it e, %dﬁé Ik QBmOTag

the{noiety. In sone |nstances renoval ‘and repl’acenent o protectlng
group may bisclesef bereibewauR'@ cafi be hpdmgacdri mpmtecmrgjgmumnEXaIﬂWes i witelde i ng

groups can al so. assi st an revent want e r tlon and/ or nake
Phe " Separ avireing eoe Rl BRGS0 Bet PAGF ogtorfs Suf-F RHRTERE wher o
the optionalilly abbst isthed eds haimsR@YBA | ¢THMSNG @) Radyimethylsilyl (TBDMS),
triisopropylsilyl (TIPS) and tert-butyldiphenylsilyl (TBDPS). Also, in Scheme 2, R* R™
R% R’ R% A!? B! and D' can be the same as R*, R>, R®, R7, R°, A!, B! and D',

respectively, or can be each a protected version of R4, Rs, R6, R7, R9, Al, B' and Dl,
respectively. By “protected versions, the substituents listed herein for R4, RS, Rs, R7, R9,
A', B! and D! may be altered to include one or more protecting groups. For example, the
hydrogen of a hydroxy group may be exchanged for a protecting group, two hydroxy
groups may be cyclized to form an acetal or an ortho-ester, the hydrogen on a NH group
may be exchanged for a protecting group and/or one or both hydrogens on a —-NH; group
may be replaced for one or more protecting groups. Additionally, in Scheme 2, LG' can
be a suitable leaving group, such as those described herein.

[0112] A five membered heterocyclic ring can be formed via an
addition/cyclization reaction from D-glucose. In some embodiments, the five-membered
heterocyclic ring can be an optionally substituted ribose sugar. In other embodiments, the
five membered can be an optionally substituted deoxyribose sugar. Alternatively,

diacetone-alpha-allofuranose, a commercially available reagent can be used.
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R22au --...... R20a_A2a ---- . R23a -1v-R 23a Al a----4(

[0113] The 5°-OH group can be oxidized to an aldehyde using methods known
to those skilled in the art. Suitable oxidizing agents include, but are not limited to, Dess-
Martin periodinane, TPAP/NMO (tetrapropylammonium perruthenate/N-
methylmorpholine N-oxide), Swern oxidation reagent, PCC (pyridinium chlorochromate),
and/or PDC (pyridinium dichromate), sodium periodate, Collin’s reagent, ceric
ammonium nitrate CAN, Na,Cr,0O7 in water, Ag,CO5 on celite, hot HNOs in aqueous
glyme, Os-pyridine CuCl, Pb(OAc),-pyridine and benzoyl peroxide-NiBr».

[0114] An optionally substituted C; alkyl, an optionally substituted C,¢
alkenyl, an optionally substituted C.6 alkynyl or an optionally substituted C;. haloalkyl
can be added to the 5’-carbon using methods known to those skilled in the art. For
example, an optionally substituted Ci.¢ alkyl or an optionally substituted C.s haloalkyl
can be added to the 5’-carbon using alkylation methods are known to those skilled in the
art, such as through the use of an organometallic moiety. A non-limiting list of suitable
organometallic moieties include organomagnesium compounds, organolithium
compounds, organotin compounds, organocuprates compounds, organozinc, and
organopalladium compounds, metal carbonyls, metallocenes, carbine complexes, and
organometalloids (e.g., organoboranes and organosilanes). In some embodiments, the
organometallic moiety can be an organomagnesium compound. In an embodiment, the
organomagnesium compound can be an optionally substituted C;_¢ alkyl or an optionally
substituted C, ¢ haloalkyl-Mg-halo, for example, MeMgBr.

[0115] If not already present, addition of an optionally substituted C,.¢ alkyl to
the 2’-position can also be accomplished using methods known to a person of ordinary
skill in the art. When a hydroxy group is present on the 2’-position, in some embodiment,
the hydroxy group can be oxidized to a ketone using one or more suitable methods. For
example, the hydroxy group can be oxidized to a ketone using one or more oxidizing
agents. Suitable oxidizing agent include, but are not limited to, acid dichromates,
KMnQ,, Br, MnQO,, ruthenium tetraoxide, Jones reagent, Collin’s reagent, Corey’s
reagent, pyridnium dichromate, Swern oxidation reagent, DMSO and trifluoroacetic
anhydride (TFAA), and those previously described herein. In an embodiment, the
oxidizing agent can be Dess-Martin periodinane or DMSO and TFAA.

[0116] An optionally substituted C;_¢ alkyl can be added to the 2’-carbon using

methods known to those skilled in the art. In some embodiments, the 2’-carbon can be
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has an optionally substituted Cl-6 alkyl at the 2' -position, the steps
needed to add an optionally substituted C1_6 al kyl
be om tt w0 28805 R20 D-glucose -Jim R21 0-9a LG RC2/US2@0A280a6 R27a
Riga c---
R21 a R22aR24 R25a R2 R21 R1 9a0-'Bl a ny

at the 2'-position may
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'.' R27a (11) liR23a A2R2. R26a R24a R2 R22_(-D2*R27 R23_
A2R26 Rza R26
WO 2010/108140 PCT/US2010/028046

alkylated using a suitable organometallic moiety such as those described herein. In an
embodiment, the organometallic moiety can be MeMgBr.

[0117] The substitutent at the 1’-position can be converted to an appropriate
leaving group, for example a nucleofuge, using methods known to those skilled in the art.
For example, the 1’-position can be converted to an appropriate leaving group via an
hydrolysis reaction followed by acetylation using a suitable reagent such as acetic
anhydride. As another example, the 1’-position can be converted to an appropriate
leaving group by transforming the acetal to a hemiacetal under acid conditions followed
by acetylation with an appropriate reagent (e.g., acetic anhydride).

[0118] An optionally substituted heterocyclic base or an optionally substituted
heterocyclic base derivative can be added to the 1’-position using a catalyst. Suitable
catalysts are known in the art. In an embodiment, the catalysts can be trimethylsilyl
trifluoromethanesulfonate. To facilitate the reaction, in some embodiments, the addition
of the optionally substituted heterocyclic base or the optionally substituted heterocyclic
base derivative can take place in the presence of a base. Examples of suitable bases
include amine-based bases such as triethylamine, 1,8-diazabicyclo[5.4.0Jundec-7-ene
(DBU) and 1,5-diazabicyclo[4.3.0]non-5-ene (DBN). After addition of the optionally
substituted heterocyclic base or the optionally substituted heterocyclic base derivative, a
compound of Formula (I) in which R' is H can be obtained after removal of any
protecting groups that may be present.

[0119] If needed and/or desired, any hydroxy groups present on the 2°, 3" and
4’-positions can be protected with one or more suitable protecting groups. The hydroxy
groups can be protected with an individual protecting group. Alternatively, two adjacent
hydroxy groups can be cyclized to form an acetal or an ortho ester. In some
embodiments, some of the hydroxy groups can be protected with individual protecting
groups and other hydroxy groups can be protected through the formation of an acetal or an
ortho ester.

[0120] Alternatively, if an optionally substituted heterocyclic base or an
optionally substituted heterocyclic base derivative is already present on the 5-membered
heterocyclic ring, an optionally substituted C, alkyl or an optionally substituted C,.¢
haloalkyl (e.g., CF3) can be added to the 5’-position as shown below in Scheme 3. The
substituents Rz, R3, R4, RS, R6, R7, RS, R9, Al, B! and D' can be the same as disclosed

herein, and R*, R*, R®, R, R™, A'®, B!* and D'® can be the same as R*, R°>, R®, R’, R’,
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R23a2/' A2a- - - - R26a R24a R25a n 2a R22a c-R27a R23 a_ A2aR26a
R24a 1425a (11) [0134] Conmpounds of Fornula (Il1) can be formed using

met hods swoi2bev108@0t hose as descri bed herein w th respe®CTiUS2010828046
preparation of conpounds of Fornmula (1). As shown above in Schene 5, an
optionally substituted C1_6 alkyl, an optionally substituted C2_6 al kenyl,
an optionally substituted C2_6 alkynyl or an optionally substituted Cl1_6
hal oal kyl ofdanencaﬂﬂeekptmw'ellyeofScaﬂFbe&acth oproaticd veistoa oHiRﬁpleSinlR)nRﬁa& been
oxi di zed t %dgyde usin Eg or nnre sui tabl e reagents. The substituents
R22, R23, an TefRSg!Ive BSOS FRECIPT AaliOY5E & Ul EC SN REF s ed
her ei n, an@eﬁ%gaimﬁaga R24a, R25a, R26a, R27a, A2a, B2a and A-.2a u can be
the sane as R22, R23, R24, R25, R26, R27, A2, B2 and D2, respectively, or
can be eachchere dt ect ed version of R D2, respectively. The substituent Rl9a
can be hydrogen or a protecting group, and L& can be a SU|tabIe | eavi ng
group. Exanples of suitable protecting groups include, /ﬁﬁare not limted
to, an optio subspid t ut ed berzeyl 181 1yl et IS
trimethylsilyl ( hﬁam ert-butyl di mgt hyl.sj |yl (TBDVS), ftri
(TIPS) and t eme—Kat yTIgh éh¥L5iI@?-xq/ —RM135] | fRE (T?

substituted heserabtyefic base—or BH— nal | y=sdbst i Rt & terocyclic
base derivative i t already prese t on t he 5- nenbered heterocycllc ring,
the optionally suB%tiRuted heterocycﬁlchase or an opti oR&l IR subst it ut ed
het erocycl i ¢ base can added usi ng net hods known to those s%|||6d in the

ﬁopropyIS|IyI
R™y

art. For exanple, the substitutent at the |'-position can converted to
an appropriate |eaving group, for exanple a nucl eofuge, usjyng net hods known
to those skilled i.n the art. As an exgnple the 1'-position can be

converted to an appgopriate |eaving OMp Vvia an hydrolﬁzlﬁsreactlon
fol |l oned by asme atiopy using a¢$wg e reagent sughpastacetig anhydri de.
As anot her exanpl . 0 -p03|t|o cag e converted tp qa ppropriate

| eavi ng group ra g t hgtea ahen1a¢ei_§/ ati d

condi tions fol | Rwea =t i ong -EEE§§ I at eot (e.g.,
acetic anhydride). |[0 36]An optlonallﬂ supstituted heterobycl(§ base or an
optionally subst i tRft eB’ Réa R™ Re2

[0121] As described herein, the hydroxy group at the 5’-position can be
oxidized to aldehyde using a suitable oxidizing reagent such as those described herein.
An optionally substituted C; alkyl or an optionally substituted C;¢ haloalkyl can be
added the 5’-position using an appropriate alkylation method. Appropriate alkylation
methods are described herein. In an embodiment, the 5’-position can be alkylated using
an organometallic reagent, for example, an organomagnesium compound.

[0122] If an optionally substituted C, alkyl is not already present on the 2’-
position, the optionally substituted C,_¢ alkyl can be added using known to those skilled in
the art. For example, when a hydroxy group is present on the 2’-position, in some
embodiment, the hydroxy group can be oxidized to a ketone using one or more suitable
methods. In an embodiment, the hydroxy group can be oxidized to a ketone using one or
more oxidizing agents disclosed herein. An optionally substituted C,.¢ alkyl can then be
added to the 2’-carbon using methods known to those skilled in the art. In some
embodiments, the 2’-carbon can be alkylated using a suitable organometallic moiety such
as those described herein. In an embodiment, the organometallic moiety can be MeMgBr.

[0123] If needed and/or desired, the optionally substituted heterocyclic base or

the optionally substituted heterocyclic base derivative can be protected with one or more
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het erocyclic base derivative can be added to the 1'-position using a
catalyst. Suitable catalysts are known in the art. In an enbodi nent, the
cat al yst swoaniogest4ni net hyl silyl trifl uoronet hanesul f onaPeT/UseotAciolé t at e
the reaction, in sonme enbodinents, the addition of the optionally
substituted heterocyclic base or the optionally substituted heterocyclic
base derivative can take place in the presence of a base. Exanples of

sui t abl e basesld poitardeg @rdupedbﬁsgdlebﬂﬁmsticmucﬂﬁa asmpourelt bfy Famuhe(I). For

1, 8-di azabic cIo 5. 4. 0] undec- 7- en %é g)

1, 5- di azabi¢ PS{%"*@r Hoh2'82 &ipePy %B t%ﬁ“&% e 1Y SN Hos o spttibhal |y

SUbStltUtedm@ebﬁHﬂ&Mﬁkbﬁm@ﬁ§ﬁmﬁﬁmﬁh%m@ﬁk%@@abéﬁ §Mﬂ&Ib%M&ﬁﬂyh§b§&&§&C||C
base derivative, a conpound of Fornul a in which R19 is" H can be

obt ai ned afhetsrocheiediag desiv tawapb@p@éqcrfﬁgwglr%@@s MoKatuitAkly PrstecHRR S1ORRS: 0
R28 1F1_ | [ 0137 he sane
R n (1)l }L e h@@&%wg?h]%yq&ﬁmmﬁ?&g&%ﬁﬂai mg?—glC Bgés% egﬁkggg%n. When

one of R28 sabﬂdltmhet@roamhe bhdeidakieadivarhmbe amitatfedi Wnt}sormeorerntnadﬁm]mmylt he
am no acid can have the struct.ure, 6a0 R35a R34a

. wherein REZECUIRIAGUPS RIS 10y Ei”t%ﬂ“c%fntrﬁ'ﬁy?’?ﬁt ViRl Clee ROYPS @54 a5 and

R36, as de&ﬁdﬂob@&ohﬁﬁ@ﬂ N (MMTY),r espeihethexya@gymuimmEh! ) 4,41 4v- tﬁﬁleamaytﬂtﬁrent
when one of 0\ r oxy Eﬁecursor can have the R31, R32 and
respect i velyMTak dést rtrlbe@eﬁ@fy n. tExlatidi ey bt st &bP élCh{PmPéaswhmldo)

trityl (CPTr), 4,4',4"-tris (levulinyloxy) trityl (TLTr), p-anisyl-1- naphthylphenylmethyl,
di-o-anisyl-1-naphthylmethyl, p-tolyldipheylmethyl, 3-(imidazolylmethyl)-4,4'-
dimethoxytrityl, 9-phenylxanthen-9-yl (Pixyl), 9-(p-methoxyphenyl) xanthen-9-yl (Mox),
4-decyloxytrityl, 4- hexadecyloxytrityl, 4,4'-dioctadecyltrityl, 9-(4- octadecyloxyphenyl)
xanthen-9-yl, 1,1'-bis-(4-methoxyphenyl)-1'-pyrenylmethyl, 4,4',4"-tris- (tert-butylphenyl)
methyl (TTTr) and 4,4-di-3, 5-hexadienoxytrityl. Any protecting groups on the 5-
membered heterocyclic ring can also be protected with one or more suitable protecting
groups, including those described herein.

[0124] The protecting groups can be removed and other protecting groups can
be added at different times during the general reaction schemes shown in Schemes 2 and
3, for example, before the formation of the aldehyde at the 5’-position, after the alkylation
of the 5’-position, before the oxidation of the 2’-position, after alkylation of the 2’-
position, before the addition of the optionally substituted heterocyclic base or optionally
substituted heterocyclic base derivative and/or after the addition of the optionally
substituted heterocyclic base or optionally substituted heterocyclic base derivative.
Removal and replacement of a protecting group may be useful because of the reactions
conditions. The protecting groups may assistant in preventing unwanted side reaction
and/or make the separation of the desired product simpler

[0125] A phosphate group can be added to 5’-position as shown in Scheme 4.
The substituents R2, R’ , R4, Rs, R6, R7, RS, R9, Al, B! and D! can be the same as disclosed
herein, and R**, R**, R®, R™®, R”, A'®, B!* and D'® can be the same as R*, R°>, R®, R, R’,
Al, B! and Dl, respectively, or can be each a protected version of R4, RS, R6, R7, R9, Al,

B! and D', respectively.
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precursors having the structureR30a. R31 aand nethod of obtaining the sane
are previously described herein. [0138]1f desired and/or needed, one or
nor e sui twibl2e1opost4ect i ng groups, including those descri lped/useseiozgo4€an be
used to protect the optionally substituted heterocyclic base, the
optionally substituted heterocyclic base derivative, and/or any hydroxy
groups presented on the 5-nenbered heterocyclic ring during the synthesis
of a conpowbernd 4 Formula (11). For exanple, any hydroxy groups can be
protected with |nd|V|dugI protecting groups, as acefals and/or as ortho
esters. Simlarly, on "or pdTOr € am no groups tachedgto a ring and/or any
-NH groups present rlng Qf the opti opaHpyr—s ituted heterocyclic

base and/or optionally SUb%;EtUted heterocycch ba eégeﬁivatlve can be

protected with one qm« pable_quLectlﬁb g rexanpl e, one or
nore triaryl met hyl Kjr oupS—AIei scusseE- R the protecting
groups can be rennved rlepl aced and exchanged at differlent tines during the
formation of a conpoundrfn)R@QS p_ | of Formula (11§ #6r exanple, during
the addition of gr0 I It 2439

enbodi nment dest?@%ﬁ he}g?ﬁtrela e@ﬁg%hgég<§3§§§§u§%§§§Me§9 %g%fgﬁn t hat
can incIudedﬁbme&apbmnnmmﬁkyﬁﬂﬁﬁﬁﬁkdueCmﬁmuHmummsmnHUﬂmcmmmeﬂemnpqunds

For mul a (1 17974 e SHAPTGR TS ab Ut i el Medieior Lo ci pi ent

or CO”blnaHh&Baﬂ@ﬁ%N@ﬂmcDQ%ﬂ@%&H@U&QHﬁb cPNABSLHhh Ofl1eyc @MPAS] Ik OFor I ef er s
to a mxture of a conpound disclosed herein with ot her chem cal conponents,

such as di I°s@npls. 8rphoaphatcepls theTRepqsiiennetdebr iferaled corpbohespbeantidis 1and at es
adm ni stratj on:of ntigqcompound to an organism Miltiple techniques of
adm ni stering a conpound exist in the art including, but not Iimted to,

oral, intranuscular, intraocular, tranasal, intravenous, injection,
aerosol parenteral, and toplcal i stration. Pharmaceutical
conp05|t|ons can also be obt ai nad / reacting conpounds mﬁth i norgani c or

organic acids s s h dr hIorlc ¢Id hydr obrom ¢ acid,,,sul furjc acid,
nitric acid, phﬁ@gﬁ 2 et hdhesul #8% VK&, m@tﬁ%dgguwpoﬁfcléC|d

p- tquenesquonlc aen\d, sallcyllc acid and the |ike. Pharmaceutica
conposi tio raIIy be tallored to the specific intended route of

adm ni str at LOAAHE of RNy Y &1L R0 SRl 9 A GERLARL Srenflef  nes

carrier, dlluent or excl prent that es not abrogate t og ca
activity ar]‘ﬂhp]{ddpantnbeslcb)‘phbsfphommmmm. can be reacted with the 5’-position of a

:t R9a
R5a_A1 a#

nucleoside or a nucleoside derivative, such as Ga R7@ where Rz, R’ and R®
can be the same as previously defined herein, and R®, R R% R R™ A!? B! and D
can be the same as R4, RS, R6, R7, R9, Al, B' and Dl, respectively, or can be each a
protected version of R4, R5, R6, R7, R9, Al, B! and Dl, respectively. A variety of amino
acids can be used to form the —N-linked amino acid. In some embodiments, the amino

Q NHR'5®

acid can have the following structure R0 R'7® R wherein R'® R'®* R'™ and
R'® can be the same as R15, RIG, R' and RIS, as described herein with respect to Formula

(D). If needed and/or desired, any hydroxy groups present on the 5-membered heterocyclic

4)-



[0142] As used herein, a "carrier" refers to a conpound that facilitates
the incorporation of a conpound into cells or tissues. For exanple, wthout
limtati onp 2diomestagl sul f oxi de (DVSO is a comonly uti PCTad2@anesoes t hat
facilitates the uptake of many organi c conpounds into cells or tissues of a
subject. [0143]As used herein, a "diluent” refers to an ingredient in a
phar maceuti cal conposition that |acks pharmacol ogi cal activity but nay be
pharnaceuthﬁ@khybapﬁﬁ&&ﬂnm&QdeESNﬂabkﬂxuﬁpgnemﬂnmhasﬂmaﬂmﬁuﬂmﬂhmmm,be used

to increase the bulk of a t dru e S too sm

rmnuf act oy 47 o SepG PSS RS RSP bR 1 § SRAHORD A PSSl ut i on
of a drug t@aaPeneasithre QMg tg)‘odpl’slj &6} bQihpld, WERA tthOB -AEMbRORhALLRIIC A
conmon formof diluent in thé art is a buffered aqueous sol ution such as,
wi t hout i rﬁntgahars dwdropl gspwane thsud 't apéd’ @aﬂlﬁl% the 2axy RN 88 be HEotedehBEi t i on
of human bI &p&%% @anﬁﬁg ﬂg:eln an "excipient" refers to an inert
subst ance t to a pharnmaceutical conposition to provide, wthout
limtation, bqu, consi stency, stability, binding ility, lubrication,
disintegrating ability etc., to the conposition Huprent” is a type of
exci pient. [0145] The pharnaceutlcal co cribed herein can be
adm ni stered to a human patient per se, eutical conpositions

where they are m wi.th.other active ingredlents, as in co hon

t her apy, or carﬁhésﬁ, J%F&% P8y PERYP Pt ent s %r cOnbi nati ons ?ngﬂgg% *Pr oper
formul ati orR'F*srUepRNEEHE tHeRame kORI RUL R @hd AClrdspicE{dlAtak @bscERQISRIN, of
Techni ques for formul ation and admi ni stration of the conpounds descri bed
herein are RKhowrflitdstnsdacyienyilod) gipupheampe sypberist 'Fﬁ‘é’f%lﬁarl?rﬁ‘c@ﬁ@rleéal
conposi { | 0inifirS6 RS dellFEd  FRYoRE RBNHIAR! UORD of B 3. THRRCKod N2hiih S

itself known, e.g., by neans of conventional m xing i ssol vi ng

granul ati nd,; rargy égZﬁQ-l e R8 oy, Pdigwildatet nlg,Hebmdlhgi ff}qtm@%k&i;awcﬂ(aﬂ’pngw
entrappi ng pr tabl et s dgdj.ti onal. | the active in dients are
cont ai ned ﬁﬂ HR" 2%3 h@géﬁ?gbt @%ikgﬁ @Eop?i P téﬂd@&”ﬁ@V ggﬁ’ﬁhny of

t he conpourpdes used1ica-1ihal omlﬂemewteb;eﬁlco@@ﬁt@ulﬂgufmedn gelres@difer ei n may
be provided as salts with pharmaceutically conpatible counterions.

[0147] Sui t abl e [Y3Pks &xamples pf rdroay ipsuivery carf peluds @aprliowingicl ude oral ,
rectal, topical transgnucosal, or intestinal adm nistgation; parenteral
delivery, including i i pous,

i nt ranmedul | g yrect intraventricular,

i ntraperitoneal )i ntranasal, intg ns or as an aerosol

i nhal ant. [ geRy alsg; m ni st Hetcld | ocal rather than
system ¢ manner, 4§t or exanpl e, a injection of t#e conpound directly into
the infected area, often in a depot or sustained rel ease fornul ation.

Furt hernore, one may adnini?LEé the conpound in a targeted drug delivery
system for exanple, in a li one coated with a tissue-specific antibody.
The |i posones w || Bb getfed ¥6 and taken up sel ect®vely by the organ.
[0149] The conpositi ¢ oh f desired, be presen i Hpack or di spenser
devi ce whi ch may, ntaNp one or nore unit dosage for cont ai ni ng the
active ingret¢ht. The pack may for exanpl e\conp sor plastic foil
such as a er pack. The pack or dispen i y be acconpani ed by
i nstructions~¥0r adm nistration. The pack o may al so be |
acconpanied with a notice associated with the container in form prescribed
by a governnental agency regul ating the nmanufacture, use, or sale of
pharmaceuticals, which notice is reflective of approval by the agency of
the formof the drug for human or veterinary adm nistration. Such notice,
for exanple, may be the | abeling approved by the U S. Food and Drug

Adm ni stration for prescription drugs, or the approved product insert.
Conmpositions that include a conpound disclosed herein formulated in a
conpati bl e pharmaceutical carrier may al so be prepared, placed in an
appropriate container, and | abeled for treatnment of an indicated condition.
Met hods of Use [0150] One enbodi nent di scl osed herein relates to a nethod
of treating and/or aneliorating a disease or condition that can include
adm nistering to a subject a therapeutically effective anount of one or
nore conpounds descri bed herein, such as a conpound of Forrmula (I) and/or a
conpound of Forrmula (I1), or a pharmaceutical conposition that includes a
conpound descri bed herein. -43-
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WO 2010/ 108140PCT/ US2010/ 028046 [ 0151] Sorme enbodi ments di scl osed herein
relate to a nmethod of aneliorating or treating a neoplastic disease that
can i ncl uae 2admiogi48t eri ng to a subject suffering from treTnS@bAZKUE

di sease a therapeutically effective anmount of one or nore conpounds
described herein (e.g., a conpound of Formula (1) and/or a conpound of
Formula (11)) or a pharmaceutical conposition that includes one or nore
conmpounds descri bed rein. In an enbod nent, the neoplasti® di sease can be
cancer. In soneH prrents, t he 'ouduﬁease C v
a solid tunor. I n apXenbodi nent, the opl astic di sease capkbe | eukem a.
Exanpl es of |eu inefhde, bu 0 O¢H:¢Hst ed t O, iwolbl asti c
| eukem a ( ALE), acute>nyeI0|dh¢e§£ﬁnla AM.) and%%hnﬁﬁle el onmonocyti c

| eukem a (JMW) .0 [ 0152] An epbodi i i

of inhibiting the growth of ja tunmor that can include administering to a
subj ect having the tunor at era eutically effective anount of one or nore
conmpounds descri bed hel e naceutlcal conposition that includes
one or nore conpounds q§sc I ed ? [0153] O her enbodi nments

di scl osed herein relates to F{ﬁod of aneliorating or treating a viral

i nfection tham __%glnclude &dnmini stering to a subject suffering fromthe

vi ral |nfect|on herapeutlcally ef fective anmount of one or nore conpounds
descri bed H8fein of a phar maceuti cal - conposition that includes one or nore
conpounds described herein. In an ewybodi ment, the viral infection can be
caused by a virus sel ected fron1an|er;§OV|rus, an Al phaviridae, an

Arbovirus, an Astrovirus, a BungQviR: , a Coronaviridae, a Filoviridae, a
FIaV|V|r|dae a FbpadnaV|r|dae a Fbrp sviridae, an AlphaherpeSV|r|nae a
Bet aher pesvi ri n&#30h Galomatierpesvi M hae, graufNovheadik ofier of , R'3nandis R bk r i dae,
a Caliciviridae, an Othonyxoviridae, a Paranyxoviridae, a Paramyxoviruses,

a Rubul avi rus, a Nbrbil virus, a Papovaviridae, a Parvoviridae, a
PlcornaV|r|dae ht V|F|dae a Cardioviridae, an Enteroviridae, a
Coxsacki e as; Virus, a Rhinoviridae, a Phycodnaviridae, a

Poxviridae, a ReoyKridae) a Rotavirus, a Retroviridae, an A-Type
Retrovirus, an [Rfuriglefi ci encyndvineustherar el ertt as Wh r-06 giskedaimiii R0, Sar coma
Viruses, a Rhabdoviruses, a Rubiviridae and/or  a Togaviridae. In an

enbodi ment dirhsaYylphasplrite; G3p derrasted WO APPEioS e RidFA Aroreess Giriopsh

anot her enbodlnent the viral infection is a HV infegkion. [0154] One
embodi ment di scl osed herein relates to a nethod of anell it ating or treating
a parasitic disease that can include adm nisteringi®oja subgect suffering
fromthe parasitic disease a therapeutically effective agpunt of one or
nore conpounds described herein or a pharnaceutlcﬁf‘cﬁﬁPo i Wﬁﬁ t hat

i ncl udes one or nore conpounds described herein. |nRaTA fRfent, the
parasite di sease can be Chagas' di sease. [ 0155] he ed hereln a
"subj ect" refdl < nuslegrdnpr regleosida deriative &fopsrasatle.of ¢ r dht nBnt, oBB¥Evation
or experi t R l I ek yer eb Saand
|nvertebrg$§s suﬁﬂkas]#?%ﬁﬁ Hﬂgﬁ P %uﬂ?@%?%ﬁé%ﬁ?%%ﬂg?h gar$icu R

mamal s. " Mafr dnd DIE cardessthe windo R, RTL W% RE RG0A ', B e DF, atswctlrvallybcvrtcsl;l gui nea
pi gs, dogs,_ cats she oat rse tes, such. as nonkeys,

b npans cobe At RRRERE yodRR oo R RR R oo G REN S ™HEY of .

the terns "a'E:i’d@@ﬁd :lﬂgm't'abletd’x&ﬁilﬁ@ Bgen't' to fdﬂ[ﬁraa@@rqfohﬂ‘d of Bérmulah@y. apy predidupt
necessarily mean total cure or abolition of the disease or condition. Any
al | evi at i orfliGPssghyatitkieRip@acidy g dediseds jiahtdinssthate desdibed hseing Lkt t i on,

to any extehl (Gal\cRiGARS hEG! Bfh b BBLTRn ARURherk NRE BAN:zirBUSLIGLIBE
treatment may include acts that nay worsen the patient's overall feeling of
melI-belngC@ﬂmap@eeh@n@e«KP@15mr$hefm@mdmkmneﬂ@p@m@m@&h@gﬁeﬁmb@s(ﬁe¢annunt"
is used toc;ﬁﬁes & pan, amunt ¢ ?%fctlve conpound, or pharmaceuti cal
agent, t hat™*el'% é)Pﬂb %ﬁolog af nmedi ci nal response indicated. For
exanpl e, a therapeutically effective anount of conpound can be the anount
need to prevent, alleviate or aneliorate synptons of di sease or prolong the
survival of the subject being treated This response may occur in a tissue,
system aninmal or human and includes alleviation of the synptons of the

di sease being treated. Determ nation of a therapeutically effective anount
is well wthin the capability of those skilled in the art, especially in

| ight of the detailed disclosure providéd herein. The therapeutically

ef fecti ve anount of the conpounds disclosed herein required as a dose w |
depend on the route of admi nistration, the type of aninmal, including human,
bei ng treated, and the physical characteristics of the specific anim

under consideration. The dose can be tallored to achleve a de5|red effect
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to Ch. 1, P. 1). The determ nation of effective dosage levels, that is the
dosage | evel s necessary to achieve the desired result, can be acconplished
by one skwbl2eth/iosi4bhe art using routine pharnacol ogi cal Pogtuseds/0280yei cal |y,
human clinical applications of products are comenced at | ower dosage

| evel s, with dosage |evel being increased until the desired effect is
achieved. Alternatively, acceptable in vitro studies can be used to

est abl i sh useful doses and routes of administration ofOthe conpositions
identified by the present nethods using established1ghﬁr col ogi cal

met hods. [0159] Al t hough the exact dosage will be d&erfinéd on a
drug-by-drug basis, in_nost cases, sone generalizationéﬁregarding t he
dosage can be nﬂﬂéllThémﬂﬁPﬁ@w%ﬂgﬁﬁéakéﬁFH§ﬂ¢?6¢i%n addl t FECHAIVIESR ent may
be, for exanple, an oral dose of petween 0.01 ng and 3000 ng of each active
ingredient, preferably between 1 ang, 700 ng, e.g. 5 to 200 ny. The
dosage nmay be a single gne or{a sefies of two or nore given in the course
of one or nore days, 59 s e dedDQy the patient. In sonme enbodi nents, the
conpounds wi |l be adm niste for a period of continuous therapy, for
exanpl e forR'aankBK ¢ nmor & orR'for nmont hslnoompearbsdinjeptsediphenyimhstraite es
where hunma f d v e e LS St sone
ondi 1 on. oS HER R SEETRRUIE iR Bk ER0A el B o, Byt 830 o o
500% nore preferably between about 2B% and 250% of the established human

dosage wi Il be used. Were no human Rige is established, as will be the
case for new y-di scovered pharnaé@ﬁtical cBfrposi tions, a suitable human
dosage can be inferred from ED50 of ||D50%al uges, or other appropriate

val ues derived fromin vitro or iﬁR&L_qas .S, as qualified by toxicity
studies and efficacy studies in aninaI%. Of%l]ln cases of adm nistration
of a pharmaceut,ically .acceptabl e salt, sdosages e gcal culat e t he
free base.CK§“%FFI¢6§“&%H€#§¥§&H by tﬁ%se of sk?ﬁ%egw]gh%K%rt?mﬂﬁ%%%rtain
si tuat i ons shine BRYrebiOude dEERa hyretnd aDRT MR ¥ Y, RTAR G orth@ihasl Dff sal ese her ei n
in amounts that exceged, or geven far gxceed, the above-stated, Ereferred
dosage rangdMf A’ BrderRe& &t é‘p’tPr VB difePeelgiGhe 8553 OF yadhy ARt pters teeatarly
aggress'V?c@kSﬁﬂ?ﬁSj@!Ri@Pﬁﬁ”ﬁﬁ@ﬁufgmahwboE&i@%ﬁm@@%@ﬂ%ﬂﬁ?&%ﬂi and interva
may be adj usted |nd|V|duaIIy to provide plasnma | evels of the active noiety
whi ch are suffi ¢018a1 t df dedired sdnd/or meedndd Whatdr ngoref fudtebls | protectingnuvrbs,
effective concentratio ). The wil] vary far each co ut can
be. o5t | mat ST Bin e TR Cestatie it b leles) W REETRBHESREC Wi )
depend on ihediackéeitabasehaicagiti@nalBt sutstimed Hedabscld badnidiivativeatanopr aHipwever,
HPLC assays or bioassays can be used to determ ne plasnme_concentrations.
WO 2010/ 1oélyﬁ@ptﬂmd%ﬁﬁ@tsé@%thfofmw%ﬁ@id@twﬁyeﬁ&% cE %ﬂa@@{%é‘ny

det er m ned 148&ioRQ Mabs ¥al BeprofeRlR Qi in@RRILANSBIetiRE BN A fLRIeMHIT N a
regi men mhﬁghongﬁntg%ns plggna Ievelg'abgvgﬁgﬁen%g% for 10- 90% of  t he tine,
pr ef er abl y onépweters. 3Dmlady. sond onprare gmefcegiabpsyatigchadetors 80g aBher 4ny ddLes of

| ocal adm nj strati ol I i ve. .t h i I I tration
of the. drug iy Phettalt BE P & SEionRh Bk ibibErt ¥ BB PEIEREL 3 be
not ed t hat stibwinaéd aediongliphyese ceavatinewan Henpistehew witch anel onhesret mithtge m nat e,

interrupt, or adjust adninistr%tion due to toxaciéﬁlor organ dysfunctions.
Conver sel y, P/UFENE: 88 AG SKYER'Gi 97 RoUTYe alfiayiR PItes s, SOt eaf'frent t o

hi gher | eveligudstd th@l%itﬁ'thé"pﬁﬁéctihg??@}% EcalBeCrell e AR CaddPERBALLEH NG
toxicity). The magnitude of an adm nistrated dose in the management of the
di sor der ofdifferensrtargs dyring theyfgrmafiom of Becosweurd ol Fofmulh D) .c dipdickimplet & be
treated and_t 1 ni t] ; Q2 ition
may, for e% g}ﬁ% tg?sgge%tei{lé?%g e ,Wbig rﬁ%{ﬁjt}{r&%} t@t@ﬁ%ﬁ%?%&%ﬁ%&%%ggoﬁgguati on
nmet hods. Further, the dose and perhaps dose frequency, will alsd®vary
according to the age, body weight, and response of the indivigudl tient.
A program conparabl e to that di scussed above nmay be used in Nefdfinary
medi ci ne. [0165] ] n non- human ani mal studi es, gﬁplications of poh%mtlal

product s arP8scatfnaRtignally pbghuted distearaclie hRe Leriatts WidalBe bei iy decr eased
until the dgsidedaRtd RFthe 58pHRidnONIRLiLIAGRIRUEH o RUpLLY RhSEL B tHS&kIIRET S

di sappear. The  dosage nmay range broadly, depenélng upon the desired effects
and the therapeutic indication. Alternatively dosages may be based and
cal cul ated upon the surface area of the patient, as understood by those of
skill in the art. [0166] Conpounds di sc46sed herein can be eval uated for
efficacy and toxicity using known nethods. For exanple, the toxicology of a
particul ar conmpound, or of a subset of the conpounds, sharing certain

chem cal noieties, my be established by determning in vitro toxicity
towards a cell line, such as a mammalian, and preferably human, cell I|ine.
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EXAMPLES [ 0167] Addi tional enbodi ments are disclosed in further detail in
the foll owi ng exanples, which are not in any way intended to limt the
scope of wheon/@msrs. EXAMPLES [0167] Additional enbodi mnerC3/ise@0aesas osed i n
further detail in the foll ow ng exanples, which are not in any way intended
tolimt the scope of the clains. Exanple 1 1-METHYL

3- ACETOXY- 2- CYANO 2- ( HYDROXYMETHYL) PROPANOATE (1) NC OH ( Et 0) 3CMve/ NCVCEtL NC
H2SO4, THF |ik@he a(ta(iﬁch@nfgl\/ﬂﬂ@-ldbﬂ\ibﬁed Berein01 68} l\ﬁd)tbgdng groups present on the

2- cyano- 3- h dro met h 0 ate. rral deh 66. 7. nmol ,

9 “nas add MRS SR HED IERGHE RIGyEd ishg NoRua s aetr o e

i ce-bath. Matihive QK@B@@&E&\%H%nﬂ 3thes ploiRting 2rokds B b Adlektad WirfeRon® Lm0l |
0.61 nL of 1 nol L-1 solution in THE wer e added and the m xture was
stirred fordugdpg theadditien Rethe phetpheta g(‘ﬁfuPEt I%Newe &1y mﬁftS‘FC}mﬁvﬁsouﬁ%jﬁ@éPn&ﬁ@i t he
i ce-bath

t enper at u\rNg}.? %‘ﬁ%é{]ﬁgsugg%&\?\gé%ﬁénr [ ﬁ%gécﬁﬁgg g%lt%eré?%%{ rid%qan extract ed
wi th benzene (3 x 50 nL) to renove side prod ts The aqueous phase was
evapor ated under reduced pressure at 30 C o fourth of the original

vol une and extracted 5 tines W|th et hyl aRBerz e The conbi ned extracts were
dr| ed over and evaporate a ear qih. The yield was 72% (4. 82
The coﬁb%%&%@%é@&nwﬂf% @S %& ori I3t ] oMt B SARK tIn$3nEe:

[ 0169] Vet hytbm&vaf YA RepPac8h 8RO 225 BRENY srdupd nfd| B¥ 3REUPb&AEL Vf ¥heafeBetidNet hy |
2- cyano- 3- hydr oxy- 2- hydr oxynet hyI pro anoat e (23.3 mol, 3.7 g) was
di ssol ved qudjﬁgns The protecting groups can also assistant 1n preventing unwanted side reaction

and/or make the separate of the desired product more facile.

[0133] In situations where the optionally substituted heterocyclic ring already
has an optionally substituted C;¢ alkyl at the 2’-position, the steps needed to add an
optionally substituted C; alkyl at the 2’-position may be omitted.

Scheme 5

R23a_A1 a4

19a,
0= R0 | G2
2 2
R1ga D 2 R22a—(D%R27a
e e
D-glucose — 20a_Pp 2az==z 232 —» - 26a

R21a R22& R24a RI25a
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THF (8 nL) and triethyl orthoacetate (34.9 mmol, 6.55 nL) was added. A
catalytic anount of concentrated sulfuric acid (0.70 mmol, 37 [iL) was
added andwOhelomiostsor e was stirred over night at room t erp@Enstanm2soihe
m xture was poured into a stirred ice-cold ag. NaHC®3 (5% 50 nlL). The
product was extracted into Et20 (2 x 50 nL) and the extracts were washed
wth saturated ag. NaCl and dried over Na2SO4. The sol vent was evapor at ed
and purified by Silica gel chromatography applying a stephi se gradient from
5% et hyl acetéte in dichloronethane to pure ethyl aggtat ngzllhe product was
obtained in 42% i el dB{5. 33 @) asﬁ)%ear i | that 'stdrtpd tosErystallize
(
RY:

1H NMR for t ggrr%y@F er eomer 4.34 (d, J Evz\a? 2'2L7a CH20-),
4.03 (d, J = 8,p%Hz.-

i
cHzR- )R ¥ L0 /IR 7.2 He,
2H, - CH2CH3), Ff":%H mﬁ RI“= 7.2, 3% _A%:H B

for the major di gete 'soner (CDC13) 164,8 ng-O) 117. 0 ( CNJ2sa
62.3 (C4 and ©8), 59.1 (-CH2CH3), 53.%9 (F0CH3), 42.4 (C9),

CH3) . 13C NWR
31,4 (C2),
.3 (2-CH3),

15.0 (CH2CH3). [0170] Met hyl
3-acet yl oxy- 2- cyano- 2- (hydr oxynet hyl ) pr opanoat e. Mt hyl gﬂu
cyano- 2- et hoxy- 2- et hy1- 1, 3- di oxane- S- car boxyl ate (2.18 |, 0.50 g) was
dissolved in a mxture of acetic acid and water (4:1, v/v, 20 nlL) and the
m xture was stirred for 2 h at roomtenperature, after whi @0 the mixture
was evaporated {@3d] YN&senpaistst dTerdr@siadue cipbe ¢RRVARSMA RIS lsini®s M t h
wat er. The E@oduct was purified by Silica gel chromatography, eluting with
di chl or onetthesaes é%m@ﬁrhpwgﬂs%mmcmﬁmrwaéat@nwégowg oofZRrmgyla (.HANMR

Groond, - (a5 et Hiipo SN0 W okl Kl

6.5 Hz, - O &kehfl, (a3, o;ﬁidnall}Céﬂ)sﬁld&ﬁ Ci@ﬁlkbdMR qrCChB)ondh Y .sdbfiCx&) C,.166. O
(2(?_ (6)) ég' 8)}6%@? %Paﬁ?)lag(geéi to t %O_Q —p051t10n agterC't_I'lzeoé 12051t101£11 h]és (begnlvg?udue&' 0 (),

2- CYANO 3- (aEd-E Ire?or(dr&@ls@z%i&% Js- %&@Eﬁ@m w@Eﬁ%TEM R2OR,
2- CYANO 3 HgLAM NO) - 2- ( HYDROXYMETHYL) - F< YL Ag;ETAgE( 2b)
[0171] 2- cy ap%@nya@bhweaﬁm@ydﬁcw@ﬂdb%@wr@m% )R “dopRopyR acet at e

was prepar gg-ageorgdi o egev be 2P q7a x/| Maki ,
Tonperﬁ? gt [ e Rgc oo ey o
2002 85: 1868:pt@irely, Wmanlbe ieschivepretoyted meremopof szeﬂ PR E%SeR@nR%S A%nB tahe

R K T R N

Exanpl e 3 %e/h@fﬂaﬁle ?eaﬁ'l’ﬂ?,(mY"ﬁﬂﬂiﬂei DBSLQ%QIB@TOY&UA%IAFEH(CEMQ but are not
limited to, an optionally substituted benzoyl and silyl ethers such as trimethylsilyl (TMS),
tert-butyldimethylsilyl (TBDMS), triisopropylsilyl (TIPS) and tert-butyldiphenylsilyl
(TBDPS).

[0135] If an optionally substituted heterocyclic base or an optionally
substituted heterocyclic base derivative is not already present on the S5-membered
heterocyclic ring, the optionally substituted heterocyclic base or an optionally substituted
heterocyclic base can added using methods known to those skilled in the art. For example,
the substitutent at the 1’-position can be converted to an appropriate leaving group, for
example a nucleofuge, using methods known to those skilled in the art. As an example,
the 1’-position can be converted to an appropriate leaving group via an hydrolysis reaction
followed by acetylation using a suitable reagent such as acetic anhydride. As another

example, the 1’-position can be converted to an appropriate leaving group by
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Exanpl e 4 2- ACETYL- 2- ( HYDROXYMETHYL) - 3- OXOBUTYL PI VALATE (4) Exanpl e 5
2- ACETYL- 2- HYDROXYMETHYL- 3- OXOBUTYL ACETATE (5)

[0172] D ewbybR/wshoxy- 2- net hyl 1, 3- di oxane- 5, 5- di car boxyparaiS2@oesené r at ed
H2SO4 (1.3 mmol ; 71 [tL) was added to a m xture of diethyl 2,2-

bi s(hydr oxymet hyl ) mal onate (43.5 mmmol, 9.6 g) and triethyl orthoacetate
(65.2 mol; 11.9 nm) in dry THF (15 nL). The reaction was allowed to
proceed overanifghtingathd atdta tok ktmiaeetlamdértreidpondiaons follovalbyi acaylatbdwilol ut i on
of 5 % NaHCO3 éSO.rrL%?. Th roduct 3@ extracted with diethyl ether (2 x 50
n), washed™APR'RPEUT (FAERD ci’ﬁ%tlﬁ?él )-(2 x 50 mL) and dried over Na2SO#4.
The sol vent was |@sgpor @Ine(q)tléﬁéfhytsﬁl@stf@ﬁt&ﬂﬁ‘et&()&féﬁ&t)as%ﬁ aiPHtlohhi@duBRitdedi | 1 Ca
gel colum eluting with a m xture of dichloronethane and net’hanol (95:5,

v/ v). The pesosetliofpse dpivtinedambe eddsgdrtodhq 11-posgmu,uping| aicqtalyst3 Syjtablg H NVR

1520 Wy koo I 38 ) i L BP0 BRI, I

3H, 2-CH3) tnﬂudi@méthaneéulfenitcl(l“ oHizGilidHd, tthe@Eﬂbel\/hl) sonik. édbofliments=theé .adldikian 3H,

5- COOCH2Me) ,. 1. 26 1.Hz 3H, MHz, ..CDC13) :
= 168.0 and’f i%oﬁlo%%llycﬁﬂéé?t)md ilftfmfy‘(l’(‘iéjase 8’”2?*'6 CP:RH&“%X Sgg/s(?‘é*;‘ SRS 61. 6
(C4 and C6)basd&erikalive &aHAME blacd @ the(f nce2c2f ® bhse: MeYampldd. ok sﬁﬁatﬁ@lﬁ&@kB)
14.0 and 13.9 (5- COOCH2CH3). [0173] hyl

2- (acet yl o hminedagady brses et H%/Itl)l‘ﬁbﬂ@mﬁlﬁel Spiggahigyclols.4.0Jundec-7-ene

et hoxy- 2- :

di ssol ved | n% ?%ggluggﬁéa%a Cl% 45321'(1:1:5135( %XP%Wa %f&fr 8fC1Hn]1fall quhga?&r\gg%

t enper at ur enbsfingedslndterbéyohic hm oe Viapaptiahdly dubstdutyd betsroayutic tbhe degisatdirtea was
coevaporated three s . w.th water. i fhe product was rifie silica gel
ol ehr SHpBYFSph bTERA TR bRh T Hhest 1 cteaith siimal R (o o
viv). The pr&edeb gaps @Q{ﬁhﬁw&)@&nﬁ/el | om sh oil in 75%vyield (3.6 g). 1H
NVR gf f (500 MHz, CDC13): 4.76 (s, 2H, CH20Ac ), 4.26 (q, J = 7.10 Hz, 4H,
oCH2Me), 4.05 (d, J = 7.10 , 2H, CH2OH), 2.72 (t, J = 7.1 Hz, 1H CH2COH),
2.08 (s, 3H Ac), 1.27 (igesdp= ’g 10 Hz, 6H, OCH2CH3). 13C NMR (500 Mz,
CDC13): o = 170.9 (C=0 AcC 6831 (2xC=0 nml onate), 62.3 and 62.2 (CH2OH

and CH20Ac), 61 x0 2CHS);2959 - | I 0 . CH3.. AC) .

(2xOCH2CHB) | \/\Bﬁz"gﬁm %8140PCT/ ﬁ%b%ig%“o@es??fgd églrzrpjl( gg%“‘eﬁ bsing! the Qame

2, 2- Bl S( ETHOXYCARBONYL) - 3- HYDROXYPROPYL PI VALATE ( 6)

[0174] 2, 2- Bi s(et hoxycar bonyl ) - 3- § g41§di met hoxytri tyl oxy) propyl pi val at e.

Di et hyl 2, 2-bi s(hydroxymet hyl)r'?a was reacted with 1 equiv. of

4, 4" - di met hoxytri tyI chloride in 1| i oxane contajning 1 eqguival egnt of
pyri di ne. BI'é][HHW H?h@ﬂs jpr adding described herein. When one of R™ and R

di met hoxyt rgt y_ %Méﬁ%‘ﬁ% 11013 fanYRhE QUTB TN )@i@laﬁ% &id gan3l5avg thedstRBupdol ) Wwas
acylated wi th pival o chloride (0.83 nL, 6.75 nmol) dry MeCN (10 nl)

containing 3 equivale nt pyridine (1.09 ni, 13.5 mml) After 3 days at room
tenperature, tde redB®t on was quenched with MeOH (20 nmL) and a conventi onal
CH2C12/ aq HCOB- kup was carried out. Silica gel chronmatography

( Et OAc/ hexane '35a v/ v) gave 2.47 % ( % of the desired product aS%_
yel | owi sh sYrER " 1HRRVR Yiemdr R ™28 I\Iﬁz"‘) andR{%3cqn Bo termame s ROMED). R Tr ] ;

Goroas); 348 9 3%{6968&% L%f el R YN g R, g o B

7.1, 6H, OCH2CH3): 1.02 [s, c:cx}cnis)s]

R*™ and R® is , the hydroxy precursor can have the
0]
R32a
HOYO
na
structure, R3ta 'Rdfa , wherein R*®, R*?, R*** and n® are the same as R,
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[ 0175] 2, 2- Bi s( et hoxycar bonyl ) - 3- hydr oxypr opyl pi val ate. 2, 2-
Bi s(et hoxycar bonyl)-3-(4,4'-di net hoxytrityl oxy)propyl pivalate (2.47 g,

4. 07 mmolwoin101084140 m xture of CH2C1l2 and MeOH (20 nlL) was/usec@atesd4é or 4 h

at roomtenperature with TFA (2.00 nL, 26.0 mmol ) to renove the

di met hoxytrityl
28.6 mmol ), sub

group. The m xture was neutralized wth pyridine (2.30 ni,

%ect ed to CH2C12/aq workup and purified by silica gel

chr onmat ogr @&phyR{’EaBAG, hespacteveR;, As dosu)beti cheodih.ai Axdmples @f (sABatk) hyfirokhe
desired product. 1H NVR (CDC13, 200 MHz): 59 (s, 2H, CH2OPRiv); 4.25 (q,
= 7.1, 4H, OCH2CH3); 4.01 (s, 2H, CH2OH); 28 (t, J = 7.1, 6H, OCH2CH3);

1.18 rs, 9H, COC(CH3)3]. ESI-
343.5 ([MK]). Ex
2- ACETYLOXYMETHYL- 2- HYDROXYMETHYL VAL

Et OOTBDVE B Qlisofd aOAG tHE strehROH E

327.6 ([ MNar),

MB: m z /305. RVEL+), 322.6 ([ MNH4] +),
HYL
E (7) 0 EtOOTBDVS Et 00, 0 -SMe 7b

, B%3-0AC 7 and method of obtaining the

same are previously described herein.

[0138] If desired and/or needed, one or more suitable protecting groups,

including those described herein, can be used to protect the optionally substituted

heterocyclic base, the optionally substituted heterocyclic base derivative, and/or any

hydroxy groups presented on the 5-membered heterocyclic ring during the synthesis of a

compound of Formula (II). For example, any hydroxy groups can be protected with

individual protecting groups, as acetals and/or as ortho esters. Similarly, one or more

amino groups attached to a ring and/or any -NH groups present in a ring of the optionally

substituted heterocyclic base and/or optionally substituted heterocyclic base derivative can

be protected with one or more suitable protecting groups, for example, one or more

triarylmethyl protecting groups. As discussed herein, the protecting groups can be

removed, replaced and exchanged at different times during the formation of a compound

of Formula (II), for example, during the addition of a R%° group.

Pharmaceutical Compositions

[0139] An embodiment described herein relates to a pharmaceutical

composition, that can include a therapeutically effective amount of one or more

compounds described herein (e.g., a compound of Formula (I) and/or a compound of

Formula (II)) and a pharmaceutically acceptable carrier, diluent, excipient or combination

thereof.

[0140] The term “pharmaceutical composition” refers to a mixture of a

compound disclosed herein with other chemical components, such as diluents or carriers.

The pharmaceutical composition facilitates administration of the compound to an

organism. Multiple techniques of administering a compound exist in the art including,

but not limited to, oral, intramuscular, intraocular, intranasal, intravenous, injection,

-49-
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[0176] Di et hyl 2-(tert-butyldinmethylsilyloxymethyl)-2-hydroxynet hyl nmal onat e
(7a). Diethyl 2,2-bis(hydroxynethyl)malonate (28.3 mol; 6.23 g) was
coevapor aveaotowiosof rom dry pyri di ne and di ssol ved in treTama®one8vent (20
m.). tertButyldinethylsilyl chloride (25.5 mmol; 3.85 g) in dry pyridine
(10 nL) was added portionw se. The reaction was allowed to proceed for 4
days. The m xture was evaporated to a solid foam which was then

equi | i br at edrobat perenemiatuat to()ﬂﬁ)Khdlfﬂlmsmranﬂv’hMXMGalrdojnpoﬁmS@alga]rao be phase
was dried o Oﬁ @5/04. The produc urified by silica g chr oymt.ogr aphy
el uting wi tR%4 TS COMRORNSS WIBCHCTERRIS Sfi WRIIGHATIS BYd 8] ¢HC13) 6
4.18-4.25 (a4, ﬂﬂro%?el\&)d sﬁhfulc{é a(:iiL, m%H; adidr] Ss onéla&@ Iﬁéthar%h'ﬂfo%zagﬂ) 2.63
(hr s, 1H, C]—I) 6 (t, J Hz, (s, 9H, Sl-SIVES)
0.05 (s, 6+qthawul$m)lc aglécpmﬂer(e@[bﬁgmg) aoed 156@03’210 (aeéoand '@3 hfge( Phpopentiad. 8

14, 0 (oo Py el ERAPTEap R Rl B Ry, 100

Na] obsd. 357.6]01d4] cd Th85€r112 ‘physiologically acceptable” defines a carrier, diluent or

et Iyl £ o RFIHEMGRE Bt (BT G S (L ST RAS o€ DB otss

di ssol ved into g1kt urg @bd acRtd, & %ﬁﬁﬁéﬁi’f fe@e@s (A4Q BlapourRCARI faciieddd thd2. 5 L)
and DMSO (61 nlL) and the m xture was stirred overnight. The reacti on was

st opped by ieHOrRAEdtoR & 2 Komprundagto sedb cortisspso her qw%ph wigehytimgaorand t he
roduct wa ni c
Bhase was glrl I ehﬁaﬁfﬁég‘é @Igﬂs??]e pr%ﬁg{ﬂ \/\l}gﬁsﬁ%dg?a%%eﬂclia-[g%ﬂgl tIgp ea\% ¥*

chr omat ogr ayny oughicgoDEMras irmn cals wetigsuesldfa sybjedtd vvas 91% 1H NWR (CDC13) 6

4.61 (s, 2H, 14-4 CH20Si ), 4. 00
(s, 2|(4S 0420835@% fsd%e‘%é‘t&?é) %E‘ﬁmgfgfsj&ﬂnﬁn “”6%13'11 ' 0 83

(s, 9H Si &&Qﬁ&@ﬁlﬂ m;tgu K RicdBBaRes5Qt, 75.6
(C29), C§P'{?CH%OCJCI%Siat/le phelai&@&zogv)? NM? eqﬁ%‘%)c%) N @}Bn o (OGH2Me)

25.6 [ C( a@slablelsfoeexaapl%:wééyent Ay be pedip oesyse th%bllﬂk e@m@ynt drag Whosss - OHB) .
[Ng 15?] E_] 2{ hy#gqsa Eogtgy agleogrfrgltlagqu %9@ 012 adI{nMstratll\Jﬂll Rt}ﬁ% allslc;l‘%e@l ll(ﬁﬁ& (f(q th&17. 2.
but ylI di rnetdm,zblsndnybﬁn(ojmglei lbtyzicyrmmlstawdtb@ ifjécion, Bgerpon ndinffdat{ch7 . D commbn 7. 08

g) was di ssol ve r. nder nit Sul furyl chloride (21.5
ol 17 TR S eyt i R 12 et e MBS it VAR PBRGGE £ | ons
and the ni ?Uiﬁat\%ﬁff&’edl 5d1i@€ tHabindi@s {He QoM Pél@ionrdif hi@@eMood he sol vent was

renoved under reduced pressure and the residue was dissolved into dry DCM
(53 rrL) Pot aslell‘Ff'hcetAétl@ed(}B@elg» FpreKeipignty Sfeyy taduinglt payEbeerBatdy ¢igad 6 (13. 5

4. 85 IJEQM d n £ i for one
hour and a aIftha th“{ﬂ@gaic%%ﬁlf §4% Er%gld\%aglgig g“T?(t Eﬁ% oﬁr(%lgn?%:nms & was
washed wit htahﬂitﬁrbmcﬁxgwlﬁilnyl_)ub@nahan dsdltqgmtmlgzﬁﬂi@ effheo plneodumposmr;. purified
by silica g chro tog)gﬁp SI ng DCM as an eluent. The yield was 71% 1H
NVR (CDC13) zlﬁn?@e 20) 4.15-4.22 (m 4H, OCH2Me), 4.13 (s, 2H,
CH20Si ), 4.08 (5E0143]'| @'ﬂggﬁﬁ)rbacéﬁtl@ﬁ coB9sitichs d6scfibed hbrem Sanlbetddmirfidtered
OCH2CH3), 0.85 (s, 9H, Si-Sme3), O. Es, 6H, Me-Si). 13C NWMR (CDC1l3) 6
170. 2 (Ac) ,to 2dgmgn @@_*@) pergs, @fl(l@tmmyeu 67 gmperpgAdyheratheviare onrgveh  61. 1

a . INgre: nts (§) ther: T TS, t Cl T
g%gg'm) %5e27£ SI{ %/% 1&9(@&%)010% %(cé%)e 31 e:h(g( §)o 14.0
[ 0179] D et krpmbiaaasttidreoty rPe@ﬁw for@wlkayidm @x@evpeideyd mmalthmame c(f7a)imn@ﬁmpomnd 7c
(7.2 mol S ed indry THE (23 andtrlethla
trihydr ogeﬁﬁ?% i #C“?]@uf‘éf ﬁ@“qﬁf%%zﬂ%d%@&aﬁwagﬁ oS el BT 1 v e
for one weekreiMge khdvefohydsaommed mimeaget ate (13 nlh of 2.0 nol L 1 sol ution)
was added. The ni xture was evaporated to dryness and the residue was
purified by sill@46hel Toar ghategreishy cRTRRYIOEM dbRlosdni Rgein- 59MVedH as an
el uent. The, yi el MeS 7ﬁli{ﬁnelr 't:ﬂat %e(f%@vﬁe_g P %5ea(1§ of gdﬂwemﬁ@loﬂnxm 16-4. 29
(m 6H, OCH2Me and CH20 0—6' 0 (Ac), 1.81 (bf s, 1H,
OH), 1.26 ( &so mgOgranuhzing 6ddag vigBtifgvemu mg @bwsu 3irg, Sytrappihgd.

dissoly lﬂb;t 6(111 e@XﬂﬂQ@ﬁB)@i@ INEY 1 m@

315.1. W2 /.108140PCT/ 10/.028046  .Ex
30 LEVUL KO- FERET ORPHRI 01 | 9 6 MR VORI an amoun

effective to achieve its intended purpose. Many of the compounds used in the
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LevOOWVELevOOWE 8cl1l8e [0180]5 '-0-(tert-Butyldinethylsilyl)-2
"-0-nethylcytidine(8b).-0- nethylcytidine (8a; 18.4 nmmol; 4.74 g) was
coevapor aveaotowiosof rom dry pyridine, dried over P205 (P¢Th)S2@ma2sbitcsol ved
indry pyridine (20 nL). tert-Butyldinmethylsilyl chloride (TBDVSCl; 20.2
mol ; 3.05 g) was added and the m xture was agitated at roomtenperature
overni ght. The unreacted TBDMSCL was quenched with MeOH, the m xture was
evapor at ed pharntesiniesls camdhinatiensr elsdcthy@l Weeseis Ubjag c be dpiooided| ar ahbs nyvaly.

NaHCO3 wor K- U%PaFThe |eI d of the crude product dried on Na2SO4 was nearly

quantitat i Pharmjaceyfigally compatible counfgtioftx vt rityl ati on of the amino group

wi t hout further gy fi @@Ithlﬂ@rou%k'o%&%&)mz?ﬁfog e)lé}nlﬂg include ofaldrebigl, 1H,
H6), 6.00 (d, J = 1.1 Hz; 1H, H1'), 6.82 (d, Hz, 1H, H5), 4.22 (dd,
J= 8.0 and tepigal Hransppicosab’ Pr - ipteyanal dédmipistrationg aafantiraB dgfiveryH in¢jgdipg 3, 97

(m 1H H4'". 7 and 1.0
e, 1H H' ?trangj g.éar( g%t:lé#_[leo%g‘ rgwgg% é Igt f%llﬁl&%@é %sgvgg%s %t at}?ec';]rl

Me-Si), O. ﬁ&e(t&ntr&dntr}lbblaﬁln)trap[eﬁﬂ)ﬁéa] Sintrar@sd]1 @rrbedBlat yhjelitions hy hsad yér§>sol1\l4

- (4- et hoxyt 1)-2 '"-0-nethylcytidine (Sc). Conpound 8b (18.4 mmol; 6.84
g) was coe\}%ltlﬁ“};t ed twice fromdry pyridine and dissolved in the sane
sol vent (20 niL) jorag]Vet fusmeMhdyl 136 adeatihiokt G cdhSorthd MR IGcabraf@r Ghhn WR%nAdded and
the m xture was agitated at 45 Co for 24 h. OH (20 nL) was added, the
m Xt ure washaelp & KEEPle.ovig iyereien ohig compoynasdigady wgnsths iifpded aga. offen
chl or of or ni; i I
cont ai ni ng gqls dé}%‘(‘%&ﬁué@i\ﬁ}gd qglga}?goﬂﬁhgﬁ tgo‘?las %ftﬂé@%%gfogggx?%%g b ove tP al |
yield star tcbmgotirrdamﬁtapgetedmlwgydlmymwman ﬂ)HeM\@lé Gﬁ)@]lii))ascﬁne?(:c&ﬂcd(\dth d = 7.7

|('|fn, ]Z.E H6) 15 ue- s@ecgéc %ﬁ@éd}( r;lﬁ'leémos%%’ vsjlﬁ 'b% ta-ygfte(%ﬁp (cllq%takwp%g eg, ]@, gtﬁ% 7. 15

H1'),5000§r J= 7.7 Hz, 1H, H5), 4.12 (m 1H, H3'), 4.02 (dd, J—119and
1.2 Hz, "), 3.86-3.88 (m 1H H4'), 3.81 (dd, J= 11.9 and 1.2 Hz, 1H,
H5"), 3. 81 (s, #149\e0 -Tirppmposgiops nmy7id desed 4 pm@nteén@ia?ad@wec)lspegses3 (br

s, 1H 3 c 'CO uni a n C 3H,
Me-Si ). 13%%6@8413 bty o g‘qZ‘%Y)) :“tfg%%%fm?‘?? Heue ?Ez?l,ggﬁz?ﬁ%
(MVITr), 1441h8 padidvihay) for mwe ¢oBPrise 1BG] Or (MMM If)il, sdcBCus @ b{idedTrayk. TiRGpabk ( MMTT ) ,
128. 3 M\/ITr 127.5 M\/ITr 113. 6

(c2'), ( -ﬁ (léaer)ser 1cg n( rafcor%gujgy?;&ds}mctg)@s (a&m)lstraggng C}]e%f)acg%) 55 2
(MMIT ), 25 (ﬁspéﬂém ,als@%e %c«(o-ﬁm withSa ﬁot(c}-a%)ated'vﬁthnhé MR in[BA82] 5
--0-(tert-Butyldinmethylsilyl)-3 '-0-I|evulinoyl - 4- et hoxytrityl)-2 ' -

0- met hyl cytArFiked( BY)2 epesiiinemiilcageasy repatise n%ma@ TRy UikaLrdidSs Gf ved i n
dry di oxan I r ed

po?/t i Lni/(vi ngh%l{}% %Jgtm{lg hMgtgﬁ(%&%@ 1?%%6%W>?%Er éﬂl%V% W%v%eﬁcfgf %rfé’ni?i%ﬂgg reduce
i ts vi scosidryg &mchuntanwarsvetdyanaryf adnin@trgebnt oSechsodtigt ton eshimplenpeurtd tBe (8. 46

Cvapor ot og 1#1ipd gRtisdintint BEs kit ahd Bt Al lfRn 0 SR Gl Bhr k- up.

The or gani chhgsevedasodlict @del@n MNadfelifionLiapairided dotmpduyd@sslogdcheidie
residue was. purified by Silica gel chromat ograph){ usi ng DCM cont ai ni ng 1%
18

MeOH as an femipgsied inyp cPapgids PhatmAgoRti¢abmetisy Mgy Alsggbe erep%fe% pjaced iy an 1
H6) , 7.27- pgf% 1(15{& c&ﬁm%ﬁ)labe?ed%gr tFea%n(Hﬁan%ndlm <)0nd1?1011-4 7.15 (m 2H,
NMIT), 6.8476. 86 H, 7 (d, J= 1.5 Hz,
1H, H1'), 499(d J-77Hz 1H H5) 497(dd J-79and50Hz 1H,
H3'), 4.21 2'), 399401(m 2H, H4' and H5'), 3.81 (s, 3H,

MEO- NMTT ) | MJ_ 12.0 and 1.3 Hz, 1H, H5"), 3.57 (s, 3H, 2'-O0Me),
2.63- 2.83 (m 'ﬂ(HJSO]_eV)One%nﬁﬂ;dl(rfént cB&d,losb@Héreerthés 0%, m&ibd cMh%ﬁiﬂ@ and/or 0. 05
(s, 3H, Me-Si -0.07 (s, Si). 13C NWR (CDC13) 6 206.1 (Lev), 172.0
(Lev), 165. asle%lmsmg P5diseasg Wrr?()ndltlf%th&t cap)includesadmipivering  to 19 41ty ) |
140.7 (C) ’th&%ﬁugcaﬁ ()tIVC ]aﬁgugt SAVMETO) ’m&ggmﬁ &M Héscrll;f%%e@en( WE-H 218 al27.5
(MVITr), 113.6 (MMIT , 88.4 (C1") 82 3 (&), 70.6
(MMTT), 69. cmm@mid) of E@m@ﬂ( CG E)Hd/@& Qor(1120un©|\té) Forﬁﬁlaz(l()MWra) phma®u(1¢_aév)
29.8 (Lev), 27.8 ) TBDVB), -5.7 (TBDMB), -5.8
(roovsy 1 5288 Soo G g AR Rkesclfeduttifiy 1 1 yay-2 - 0

-nmet hyl cytidi ne(8e). Conpound 8d (3.40 mml; 2.52 g) was dissolved into a
m xture THF (48 nlL) and AcOH (9 nL) contai ni ng tetrabutyl amoni um fl uoride
(6.85 mMmmol; 1.79 g). The m xture was agitated for 2 days and then
evaporated to dryness. The residue was-5di ssol ved into Et0Ac (50 nL), washed
with water, agq. NaHCO3 and brine, and dried on Na2SO4. The conpound 8e was
obtained as a white foamin virtually quantitative yield. 1H NVR (CDCl3) 6
7.22-7.34 (m 11H, H6 and MMIr), 7.12-7.15 (m 2H, MMIr), 6.89 (hr. s, 1H,
NH) 6 83 6 85 (m 2H MVITr) 5 41 (d, J= 5.0 Hz, 1H H1'), 5.31 (dd, J=

— N\



m.) was added and the reaction was allowed to proceed for 70 mn. Volatiles
were renoved under reduced pressure and the residue was purified by silica
gel chr omsbagroagBioi ncr easi ng the MeOH content of DCM f PORIUB2410/016096 i N a
st epwi se manner. Conpound 8f was obtained as a white foamin 70%vyield. 1H
NVMR (CDC13) mixture of Rp and Sp diastereoners 6 7.02-7.35 (m 17H, NMMIr
and Ph), 6.80-6.85 (m 3H, MMIT and NdH), 5.99 and 6.02 (2xd, J = 3.2 Hz,
1H, H1'), 4.90- p0130] ( mSoRkl,entddinend dHéIo);e;d 1288 refatd & a(nm;thdd-bf ddeliotdfihg H5'
H5"), 3.80 (rs 3H, M\/ITr 68- 3. 75 Ha- Al a, 63 and_3, 64 (2xs, 3H,
MeO- Al @), Y HEAUSA AFoRlsst t%fz%ﬁa “ﬁ“ 1y ad@mr%terzngéi a(SH'EJCGZlﬁi“ff?_fE\%)fro
2.59-2.64 (18 n@dp'lasl-}@‘d}seasg Q—%eﬁ{?@ut&aﬁ@ efféctive adtdunl 8V bne br %&)ré Rbmpountith

NH-P), 1.27 and 31 (2xd, J Ala). [0185]2' - O-Methyl cytidi ne5

‘- [O- phenﬂesqmbecshezmﬁé@ a@ﬁyormpowmépﬁﬁpmzﬂa Gk@@icﬁyu cypppms%qﬂf@rlama&ﬁi)@r(8)

ydrate. (7.2 RaeegheqroRloRlnal ARk g o il Bl HiFriy e 9 0,
reacti on was ahbmivechti thepneupbade fdisease ban Wel @hedredn weme ¢ratmolvechtynter

reduced pressyre nd the resjdue s dissolved in .50 washed
with water, %Iaa“ eS8 CHhEE HIMTVE SUPHE 40P YARIMET JR4R & %8“6‘?? N2 s,

evapor at ed diRafdr 4A®sSekdphid NExdn@idsdirted@mifUnlhde Bubyre St liGRed®, acute
chr omat ography usi ng DCM cont ai ni ng 4- 6% MeOH as an el uent. [0186] The

purified pr ﬂaﬂ@blamcs lgilscsigp vé@Ug)@%l%véF myedpid( deykemizanehMhe #dxtivyeailgas
aIIowedto éf%el% Miyh and additionally at 65 C for 4.5 h. The
m xt ure was evapor e r@(/l and the resi due was coevaporated tw ce
fromwater and {0162] purAnf ¢relebdbyers idisclosedgelreit Il aasatoagmathhy ofimihibdtingr theli ent
elution from7 to 20% MeQH in The overall yield from8 was 50 % 1H
NMVR ( CDC13)S" By Rt Ur & WPO% \%c? t §rhdis g?d&o?fg?lgls@“‘?g 62 anIert é‘é“(l%iﬁ‘l’a UL & 4 1H,
H6) , 7. 26- thddpeliallgbbifebiNe atiodl- ot 3de M mekEl coBipbundé- derlbedbhdidh dtha Ph)
6.32 (br s, 2H, NH2 5.90 and 5.94 (2xs, 1 H H1'), 5.69 and 5.82 (2xd, J

= 7.4, 1H Hblstynacwtlssu@rr%ﬂ'(l?ﬂ thatipclygss gpgiomory compoppdydepgritehherepy, 13 and
H4 3.98-4.08 2H, 3 A2: 3. .[6- Boit0 3.67
and) 3.68 (2xs, gf—]( 9 é%g%g@gtnd dggg%)ed 31 feai ﬁmf r{%)I\/é) m 51 35 S,
1H, NH P), aineBdraamgl ofl t139tu(g2;( ovjirall infecfioR thiz, caﬁH,nclN@ Adlradnistel3C tNM?Sl(@ClS)
6174.2 (C=0 Al a), .166.0 155. 9 Ph), 140, 129. 8
(Ph). 155, TP FER0E iy DR (AR PBRITY ateq o gmoln ebofe OB (o )

1 (') ,cofPedndt GascribedReréin (02 aqﬁh@&eﬁﬁal&on{pwﬁﬁoﬂ}ﬁa incRl@esdoreG@re) , 20. 7
(I\/E Ala). 31P NVMR 6 3.1 and 3.3. HRVS [ MM+ obsd. 499. 1590, cal cd.

499. 1583; [MPRE}ndslereribgbhergingh agnbadimgp.the 208! infagtieg cupasicausaizbyia 49,
537.1147. %mlﬂ%ctgd from an adenovirus, an Alphaviridae, an Arbovirus, an Astrovirus, a

Bunyaviridae, a Coronaviridae, a Filoviridae, a Flaviviridae, a Hepadnaviridae, a
Herpesviridae, an Alphaherpesvirinae, a Betaherpesvirinae, a Gammaherpesvirinae, a
Norwalk  Virus, an Astroviridae, a Caliciviridae, an Orthomyxoviridae, a
Paramyxoviridae, a Paramyxoviruses, a Rubulavirus, a Morbillivirus, a Papovaviridae, a
Parvoviridae, a Picornaviridae, an Aphthoviridae, a Cardioviridae, an Enteroviridae, a
Coxsackie virus, a Polio Virus, a Rhinoviridae, a Phycodnaviridae, a Poxviridae, a
Reoviridae, a Rotavirus, a Retroviridae, an A-Type Retrovirus, an Immunodeficiency
Virus, a Leukemia Viruses, an Avian Sarcoma Viruses, a Rhabdoviruses, a Rubiviridae
and/or a Togaviridae. In an embodiment, the viral infection is a hepatitis C viral
infection. In another embodiment, the viral infection is a HIV infection.

[0154] One embodiment disclosed herein relates to a method of ameliorating
or treating a parasitic disease that can include administering to a subject suffering from

the parasitic disease a therapeutically effective amount of one or more compounds
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Preparation of 2, 5'-C-dinethyladenosine (9) NNH2 Hd -OH 101871Step 1.
Preparation of 5-0-benzoyl-1, 2-0-isopropylidene-5-C nethyl -
3- 0- naphtwal2eryiosidor i bof uranose \/0-_, /\0-\n. "0BzO HdPCTXS2010/028D86 a
solution of dried 1,2 5,6-0-di(isopropylidene)-alpha-D-allofuranose (23.83
g, 91.55 mmol ) in anhydrous THF (62 nlL) was added powdered KOH (36 g,
642.86 nmmol ), and stirred at roomtenperature for 30-40 mm then followed
by addi t i onlegfib@d hérbimnamanmihinydcyutaphddngloginien (121 ing)udeant: @trhore @dmpowches
ni trogen at yrosphere f 4-6_h, The reaction mxture s ,t hen quenched with
wat er and. SRITRES Bl 1 TROHImEic i P BTG DY RS IBFREd or gani o
phase was driedyfiss) SQgi 448y hkleflrRtae sAB)6LC BIEE NS aAtBfindl MR i dfef si5j&t loesi due
(43.38 g), which was treated with a mxture of acetic acid (187 nqkl)g and
wat er (84 reptment, r Juphvetiaiper grparisnohpr JApimal” Tineludesa eqld-o andyi wargrtdoadad
concent rat e undel o i HOAHLMAS WA RAANIRGG Tl Ufa 3o SLHAG.. Galdhg, whi ch
e t y

was applied to a colum of silica ge uted éxanes-eth acetate
(4:1) and diMxninoal’oimetudes) e4thedthianatiof, biicd yats, oatdity.eeuineppige, dogs, cats, sheep,

3-0-napht hal eny1-1, 2; 5, 6-0-di (i sopropyl i dene) - al pha-D-al | of uranose as syrup
(36,57 . pobgeows:orsdpripuiist wEB B SPYishs ShT iR SrEuRaRtHAPBRG R 2

5, 6-0-di (i spRpiepy! i dene) - al phaD- al | of uranose (36.57 g, 101.3 mmol) in a

m xture of 1,4-dioxane (214 nL) and water (534 nL) cooled with ice-bath was
added sodi um pel§1§6ht e AsNacd4erqiB2the termyg iGaep| j Ureayae{| Hhasgpegtc.t e sane

t enper at ur e 5 1 ~ i ] » Wi et hyl
acetate (4xg%9arr%) g" gzr)ltgI e%%%?%%%g%{n%%?g%%?%:O%Lt)l\ﬁggfe&?\gg e%)réitogg&{vc\]nﬁ '?qﬁl ' é% ydr ous
sodi um sul fafitwaticand acpuaiesitadaighed or syhptanscofudisenesir dorelitionhiociy wasntadan ed
under a go%g vac un(][for a COLéP| ehof hogr gﬁand used in the g@ét reaction

wi t hout fur hcé’P“g‘ﬁ? PRUBER YO Ao B ESTTVF oRHP N HRYaoVE” a7F &6 cr ude
resi due (33na38v&senkbblpdieEts)ovemll Ny E60MS1-BliNesr aﬂ)g&remeé. cooled with dry

i ce-acetone to -78 C was sl owy added net hyl magni um brom de (100 nL) (3M
sol ution in et h&7] n goettedhstherpnentisally edertiye ampgnC is grspd dinindieniie Pt ur e
over ni ght i : ' 1 Xt ur S hed

W Th sar. Ameh L AR gl Gl R ShAha L Bl bt DR ShO TR e
x 60 nL). Thwligoibespedseoinganicd. phas exavepde, dr | €dtrapeitivaliyn leffeeton sansoai W
sulfate and the filtr t%‘was concentrat ed inho.a% crude .regei due of

1, 2- 0- i soprr8PYPWeffd- Be EndPRYE 55D \p RPN Hal 8ngt Do | 1 GRS LD %5 g,

83. 21 ol ,diBdse Wproldfpl 6O sRSaldifiRIsubRIEseir ©ARd YIRS WiPdse mag véeud i d
treated with benzoyl chloride (12.87 g, 91.53 mmL) in the presence of DVAP
(1.01 g, 8.tizsuendisteln, ppinghpy peaisangdyinglades allgdgioned tha symptomoefrthe ekprse at ur e
over ni ght. ti Ve I | NG ntrated
into a cr ué%-ﬁgetg‘% gé@\%ﬁ@&ﬁ&%? %?%Pgﬁdelf#%%og? E@g?&@bgﬁfgg (ra]tﬁ gq.

sol uti on ardpabdity aCthest skiltehl irethiaalt, espetiatyan (igiktx thel Jetailfth disclosdué pdided gani ¢

h t ed and,,coz.ey. ted . wth tol 3x50nL) int d
phase s Sonee b AT 2rEROLA t BrSLHERfSE R s O Ve

hexanes- et hyh daeatiait@pdotiQf: the robd: of ad@nthtdiidy, tedtyfH ofannddUh&@uding human,
5-0-benzoyl- 1, 2-0- isqopropylidene-5-C- nethyl-3-0-napht hal enyl -D-ri bofurano
se (22.58 ¢eingdresigdmpg|the pysiggl chpinqtgastiss ephthe spesifisoaiimpl wergfonsideration.

5_' 0- benzoy 2-fosle -1 dibfyvd Ecpé(ﬂﬁlee A-desired effect, but will depend on such factors as

di net hy1l- 3- 0- napht hal enyl - D-ri1 bofurano se To a solution of dried

5- 0- benzoy welghk-deti sagniopy InicdeneerbanG- gtherHyctor8 -vihich those skilled in the medical

napht hal enyl - D-ri bof ur anose (13.58 g, 30.37 nmmol) in anhydrous nethanol
(100 ni) was® &35‘8"%%& in 1,4-di oxane (4.9 nL) and stirred at room
tenperature for [(138h. TewilleRGEADIY aFpatntlt€ on@skimelinriad arz &hk Wetfdd in vivo
triethylamne to pH = 7,0 and concentrated into a crude residue, and poured
to 10% sodidgrashite B pbmiatseerespnddhn parigiar anpyle ok edabissation vHl e ArsPgR®t hane

(4 x 20 M) TR £RMRLDRD 1M J80iF oP IRSRINASH, CRISERIFALR dpald kIegV@Por at ed
with toluene intoa crude residue, which was applied to a colum of silica
gel particular compounds employed, and the specific use for which these compounds are

employed. (See e.g., Fingl er al. 1975, in “The Pharmacological Basis of Therapeutics”,

which is hereby incorporated herein by reference in its entirety, with particular reference
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eluted with hexanes-ethyl acetate (4:1) to give a pure

5-0- benzoyl- 1-0, 5- C-di net hy1- 3- 0- napht hal enyl - D-ri bof uranose (12.60 g,

29. 93 MoWO 208/18884. To a cold solution of DVSO (12.72 mCT/UBZ@08280m610l ) in
anhydr ous di chl oronmet hane (50 mL.) cooled with dry ice-acetone to -75 C was
added trifluoroacetic anhydride (TFAA) (7.6 nL, 53.87 mmol) and stirred at
the sanme tenperature for 30 mMm 5-0-Benzoyl- 1-0, 5-C di net hyl- 3-0-

napht hal enyb b 11 p.of)ur Breodseernin2ti 6 ogeffa:ﬁwgﬂosmg@ﬂe)velis nthatnllayhkr aasage levels

di chl oronet hane (10 | added in onpe porti| t hen rre to -20 to -15
G “ana ot b tnbeleiE gD ub el wbSoHI AN 75 HRAM By Suiinei on o
triethyl amr&ﬁm‘:%ﬂmﬂl&@loﬁﬁﬂ f@kded T cﬁ[&; h@fish &fnidal %h@zttlohé)%rbmr@t ure
for 1h. The reaction m xture was t guenched with water, and extracted

wi th dichl (?P@lﬁ‘té’tl?ﬂﬁlnﬂé 1@3@%@5@6&9‘)618 T\h@ dosesi Inesl being drgreaseshurtd thmdesired ed wi t h
sodi um sul {6 is anfletdie ALREALS, URRpEBREANLF G Do 18 EEHHP pLaTHUe,

whi ch was app toas ort co 8 silica gel eluted wth Rexanes- et hyl
acetate ( ZGJ:SéfuthdieS]. aﬂ@ raues gif \aémlmstration of the compositions identified by the present

5- 0- benzoy1- C-di thyl 3- 0- napht hal enyl - Dri bof ur ano
se as anor ;511% é’ﬁﬂl% Wtﬂ’il%%()%m&‘ac‘?@gl% 80 % . [0190] Step 3.
Preparation of £0139p- OAmqbg,@nzl@y)aac&d&a& BillGet delcnminey bn Bunfal (30 iuE Bnase.

To a cold solution of dried ' '

5- 0- benzoy 10 Mogt @sq. Hingfestpeipbzations weandigp Hhetdpyagegan be made. The daily dosage

0- napht hal f
anhygrous ?g%{ [Ef(%ra {1]1?2 ? I%Igélgn é%ynf)faﬁe)%&gir?%%)r}%{gmg?ﬂ%%%g)'% & cool ed
with dry i cmdé@@ﬁmgef ¢aoh aaﬁfeumgrecﬂéjlt (prc/f/atsblslbeweyn hddedd Med mg| aradrtb AAY br om de
( CH3MyBr) 3.0 Min et and sti %red at sane te er at ur.e _under

ni trogen at ﬁ#eo ag%?ayé’er? o d° CIYeR S|S0 i‘%o?ff{l%re BOEM T Brpar i eac

over ni ght. ofh@ré 88614s00ndBd¥d bY the\Wagent.aledoulcl smbduRNGRe the WokBoSalk wilBEDNI UM
chloride aq. solution, and extracted with ethyl acetate (4 x 60 nL The

conbi ned orgEiH¥eIBh iy RS 06 Rt Pt Beragh dorcraeplagor aiveek M TRt o gne (3 x
20 nL) int Qnﬂ-ltﬁ?srdfg&r! esi due, which was applied to colum of silica gel
eluted with hexanes-ethyl acetate (20:1) dichloronethane-nethanol (10:1) to
give a pure 5-0{0WéAkoyIn 3inftances where human dosages for compounds have been

napht hal eny1- 5-C-trimeth D-ri bofurangse as ru 5 16.12
ol 87 OB 3 ot 1RO YO SBBAE T o R0 e 31 HEBER dr e
5-0- benzoyJabath%@n&ism,»&ﬂmpsef&ably between about 25% and 250% of the established

napht hal enyl-1-0, 2, 5-C-tri nmet -D-ribofuranose (10.03 g, 30.39 nmol) and
DVAP (1 g, '8M2p daspge il e aﬁﬂﬁlyo\?ﬁbferg ngymgn 4esage & etaplishsd; %d’d@d’%@f‘n%w

chl OI‘! de (]fgr ﬁévﬁ*dls%oﬁge%har%céﬁcm oﬁﬂgnsSta' glflt%gleaﬁun{agoﬁlasﬁgermﬁ{ @E ure
overni ght under nitrogen. The reaction mxture was then quenched with

met hanol ahnifen’w&emtfﬂab edIDsnvdues, or etble appopdue valwes @Imvw‘aﬁoqnom vigih arnt o 10%
sodi um bi car. bon n eth acetate (3 x 20
") The oo AR gt Ral B Rl b & Bhalaporaced w th
toluene into a ¢ol6dp reasidus bhatimhisraadpldfed J&@m@ac&hﬁﬁﬂly @edepii®leotalsi | i ca
gel eluted with hexanesethyl acetate (50:1 give a pure

2, 5- 0- di berfPeRREs Ba0bhepk i HEd @rm frge '@ﬁsez B8 Wél P"rPWéfSFﬂPId bmtli*qsaef thilhHdse as
amor phous %Pcl Inefein LifuBion &R m be [19:13%%5’1;8 a@mﬁl‘?bjtéilttl'leo&nﬁt)unds disclosed herein

2, 5-0-di benzoy1- 3- 0- napht hal eny1-1 -C trinmethyl-D-ribofuranose (9.17
g, 17.04 nmmolanoipts ghafriexdeed. eor gferdfac lekaedntbt hizave-s(ad, pieferzddlovwgt eangé innl) was
added DDQ d s oom t erature .for 6h. The
Feact i on mith st ety O L b S Bt kRO B S b8l nio 20
sodi um bi car bon@1s2Rg. FRAdet dntdunt B RIRIrcal Phaste: y@&te&leuaalwamel@!y fnghovat er
phase was extracted with di chloronethane (3 x 50 nlL). The conbi ned organic

phase was VRASHdENAStH theactivesmaictyny Bicar 5‘5%1&1?@ ta gaingn fheingpslulaging Fifesty t he
DDQ was r erHPYxﬁ%maT@ﬁeéﬁQQ%@ﬁc@ntPﬂl%ﬁ VMRS, GARASAE vl %erafﬂﬁea‘éﬁ c@?ﬁ%&ﬁ{d%u?d with
toluene into a crude residue, which was further treated wth .88 g,
34 69 mmol )can he timnamdefma:revm d@MAI‘Dt(S@@@ nncg:}sarmtoean}mytﬁﬁmmeﬂildmn@ 20 i)
roomte 1n 1V1 el[ Vegcprl t1 s and roue gfc ci 1n1 {rgltf(otnurﬁomvsertﬁﬁﬂan ensC%ed Wi th
rret hanol and Concent rate o'a crude FESiaue pour 8d"i ito sat.
sodi um bi C&;ﬁcﬁh@ﬂ’i@{@n&ﬁ@s&b&bﬁ&@ﬁﬁdepﬂaidﬁﬁﬁinh@ﬁtraﬁ@&t ate (4 X 50 m.). The
conbi ned organi ¢ phase was dried over anhydrous sodium sul fate and the
filtrate was concentrated into a crude residue, which was applied to a
short colum of silica gel eluted w th5hexanes-ethyl acetate (30:1, and
10:1) to give a pure 2,3,5-0-tribenzoyl-1-0,2,5-Crinethyl-Dribofuranose
as anorphous solid (4.21 g, 8.38 mmol, 49. 20%. [0193] Step 4: Preparation
of 2,3,5-0-tribenzoyl-1-0,2,5-Ctrinethyl- ri bof uranose To a cold
solution of dried 2,3,5-0-tribenzoyl- 1-0 2 5 C—tr| rret hyI D-I’I bofuranose

T



HJHO OH To a cold solution of 1V6-benzoyl adenine (99 ng, 0.415mol)
and 1-0-acetyl--2,5- CGdinethyl-2,3,5-0-tribenzoyl-D-ribofuranose (220 ny,
0. 415 mowd 20r/@saydr ous ACN (5 nl) cool ed with ice-bat RCras2adaesd4d MSOTT
(165 uL) and stirred at the sane tenperature for 1 h. The reaction m xture
was then neutralized with triethylam ne and concentrated into a crude

resi due, which was further treated with nethanol -amonia (7N) at room
tenmperature for [0168Rys Dokl riachisoran didrie: wesrinired asing eMBGt edueand
co-evaporated with toluene into.a crude resi.due, i ch. was lied to a
short col uﬁf?n&os@f"i‘% %‘&“E‘eﬁ’e é‘i“ﬁ’t“é“&’r‘?/d P%n%ﬁéﬁglwlbﬁ‘éilm%aﬁ%@ﬁﬁsha%a FX@? 1 and
6:1) to gi 8o RYMERTord0-909 HEthdVhRASERELNE ASecRBOIPOMR H&: pfbferdpignpl € 10
Preparation of 2', 5'-di Methylcytidine (10) [0207] A stirred
suspensi on bgftwera S808fy | larasss ohocgisHaingration pesaieetivg vptple- (Rsdieotsedoqpo ng)
in freshly djsti ISl (30 nmL) was heated at
refl ux overcgil%httr!ltk)ﬁg)é#em%a el;llo?tg? %%ﬁ%%%s%%ﬁ%ﬁ%%{?nsol ution was

evapor at ed undef0NdE uuri shanlid bamhted ot shetagtkntkpeph(yRidiantwoultasoadwbedo and
subsequently distilled off. The crude bis(trinmethylsilyl) derivative

bt ned el Bb TR n ST Sud b BTN (45 () Ox iy or orgdh

1- 0- acet yl ~dydufctionéli OBvEM by 2hd at@n@m?gih?ﬁﬁMbulﬁ)afsb RAGWE etréatmbntdo 1. 88

mol ) was added. The m xture was cold in an ice-water bath under an

ni trogen ath@sphoel, ifathe dinepl TMBOW Weie Borrkgeausis @ereladingropifitele Whe h
vigorous stirring. (The : I I j S
stirred ovedrlir#dgt%. OfT%Cac{snﬁgﬁgé@E%%gﬂggeg?l ?ﬁ%% g@gcg t%{r%ﬁdr?tg wglfsgﬂn%%ééérgpg)lﬁ The
m Xt ur e wasragowltiethe sevaity iof éhewahditiobad be araedinad tvethe baite bf edmihiB@idn. (0. 5
m) was added dropwi se, The resultant m xture was, stirred overnjght

Ful ther . - The SO R e aubRb R d Bl By SR bhouf BonRtieos (20
) and st igiég@dsticadvambtidOsibthb®N afurher, B dRE afle paBids d0RsSédubhds @4l aRe t he

filtrate was extracted with DCM (60nmLx2). The conbi ned organi ¢ phase was
washed wit Yapriceadiaade e g badieveighthrdreipenieed dodndingvd pagaps pd PEIF PR of t he

solvent, t ' i fl [ : : tography eluting with
PE: EA=2: 1 Fgmg?%félgﬁithgggg%ceﬁ%%%@gyﬁ?ﬁgiu%]éyﬁﬁﬁgg{llg?%@gﬁgenzoyl cytidine (660
ng, 56.1% as f d@EEBkol ibd.non-human animal studies, applications of potential products are

1V4- Acetyl-2,5-C-dinmethyl-2,3,5-0-tri benzoyl cytidi ne (660 .1.05 mmol)
wms A ssol RIS ORr i RAEe b e YT BrE s Ur e vas
heated to0 GOnd ®bngeichRvE&PHSIdSEERALIAS bifédtd MigappBard TSE@ALEGe Trﬂh?&a%@"br&d@éiys- The
sol vent was renpved under vacuum and the residue was purified by prep-HPLC

to give 2, sleesndingatRy theydepigdriicets 204 fhy, therapey8oqdngingtion nflterpatipoly dogageNVR of
2, 5- C-di WEW lfeﬁ)akéji' 19 LALASHSLECTR sukdce MR épaaiznt7§s'l]ndz1§to%ggy‘zh0:se8' 0 Hz,
1H), 6.04 (s, 1H), 5.64-5.66 (d, J = 8.0 Hz, 1H), 4. 05~ 4.07 (dd; JI = 2.4
Hz, .12 = &f8kiMy thglt, 3.93-3.99 (m 1H), 3.90 (d, J = 2.4 Hz, 1H), 1.23-

L2a (0 9= 0 il 06 il VR ARLAATAAORCY pLplgee0ie
using known methods. For example, the toxicology of a particular compound, or of a
subset of the compounds, sharing certain chemical moieties, may be established by
determining in vitro toxicity towards a cell line, such as a mammalian, and preferably
human, cell line. The results of such studies are often predictive of toxicity in animals,
such as mammals, or more specifically, humans. Alternatively, the toxicity of particular
compounds in an animal model, such as mice, rats, rabbits, or monkeys, may be
determined using known methods. The efficacy of a particular compound may be
established using several recognized methods, such as in vitro methods, animal models, or
human clinical trials. Recognized in vitro models exist for nearly every class of
condition, including but not limited to cancer, cardiovascular disease, and various

immune dysfunction. Similarly, acceptable animal models may be used to establish
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HOO OACHON / "N r,\ NNH2 N=: HO OH By a simlar procedure as described in
exanpl e 10, 2,5-C-dinethyluridine was prepared. 1H NWVR of
2, 5- C- di reohlioumosdbne (di astereonmer 2): (MeOD): 7.73-7. PET(Uu$2019/028086 0 Hz,
1H), 6.01 (s, 1H), 5.63-5.65 (d, J = 8.0 Hz,1H), 4.08-4.10 (dd, J1 = 2.0
Hz, J2 = 5.6 Hz, 1H), 4.06 (d, J = 2.0 Hz, 1H), 3.96-4.00 (m 1H),
1.21-1.22 (d, J =6.4 Hz, 3H 0 1.18 (s, 3H). Exanple 12 Preparation of

- deoxy 2' effiidatyp 06 cbémiCl sed hyeitasdem@sﬁdinéaon@ 12When sdl@209]aSheqre] o dBeapiae ati on

2

Ceoxy. 2 ATUbH BN ROn RN e el g TRGD W ORI o

A mxture Ghoddl, agsegaﬂd]fogtemﬁﬂllni%tra@oﬁ depyme. Of LolRi0RERNOGINRE! triNREN ( 244
ng, 2.0 mmol) and TBDVB- C nol , 181 ‘a_ﬁ% in anhydrous pyridine (15 nL)

was stirr edlsatbeugrsite detgisapet neéﬁcwe?fmcgmpo nhpapsat 30 C for 8 hours.
DMIr-C1 (1.0 g, 3 mmol) was added and the m xture stirred at 56C for 3
days, cooled to OC and quenched with water (1.5 nL). The resulting m xture
was stirred at roomtenperature forEXAMRUES, dil uted vvith et hyl acetate,

RERALR AT MR TR BV SN R

examples, which are not in any way intended to limit the scope of the claims.

EXAMPLES
[0167] Additional embodiments are disclosed in further detail in the following

examples, which are not in any way intended to limit the scope of the claims.

Example 1
1-METHYL 3-ACETOXY-2-CYANO-2-(HYDROXYMETHYL)PROPANOATE (1)

(0]

N

NC H,CHO/Et;N OH (EtO)sCMef NG Q Ot NG,
_dioxane,THF,_ sto4 THF >< HOAG (aq)
MeO fef MeO OH
Me o
o)

0]

[0168] Methyl 2-cyano-3-hydroxy-2-hydroxymethylpropanoate. Formaldehyde
(66.7 mmol, 2.0 g) was added as 20% aq solution (10 g) to 1,4-dioxane (30 mL) on an
ice-bath. Methyl cyanoacetate (30.3 mmol, 2.12 mL) and Et:N (0.61 mmol, 0.61 mL of 1
mol L' solution in THF) were added and the mixture was stirred for 20 min. Another
portion of EtsN (0.61 mmol) was added and the ice-bath was removed. The mixture was
stirred for 1.5 h at room temperature. The mixture was then diluted with water (200 mL)
and extracted with benzene (3 x 50 mL) to remove side products. The aqueous phase was
evaporated under reduced pressure at 30 °C to one fourth of the original volume and
extracted 5 times with ethyl acetate. The combined extracts were dried over Na>SO4 and
evaporated to a clear oil. The yield was 72% (4.82 g). The compound was used without
characterization to the next step.

[0169] Methyl 5-cyano-2-ethoxy-2-methyl-1,3-dioxane-5-carboxylate. Methyl
2-cyano-3-hydroxy-2-hydroxymethylpropanoate (23.3 mmol, 3.7 g) was dissolved in dry
THF (8 mL) and triethyl orthoacetate (34.9 mmol, 6.55 mL) was added. A catalytic
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WO 2010/ 108140PCT/ US2010/ 028046 bis(4,4" -dimethoxytrityl)-5'
-0-(t-butyldinmethylsilyl)-2' -deoxy-2'-fluoroadeno sineas white foam

[ 0210] St ewo2010A0€@ar at i on of 3', N6- bi s(4, 4' - di met hoxyt r PCYA)S2&0/0esdhe dr 0- 2" -
deoxy-2' - f| uor oadenosi ne. A solution of 3" , N6-bis(4,4

-di met hoxytrityl)-5 -0-(t-butyldinethylsilyl)-2" -

deoxy-2' -fl uoroadenosine (0.73 g, 0.74 mmol) and TBAF (1.0 Min THF, 1.5
m.) in THE agpundgf coheadatad sxﬂfmmatnﬁrmé@ anlﬁbmerwusglhﬂedaamd thdhmixtweonaent r at ed

at roomte ture,  Chronat ogr n silica th acet gne- hexane (2: 3)
ARl 1% e s G R M s e b i
anhydr ous NMMdG-Z59-50 nfty ! TH pa6ducPw éﬂ&hot@d‘ﬂlt@é@'@/&r@'rﬂm@%ﬂ't&d&ﬁ@&@ (0.39

g) were added. The reaction m xture under argon was stirred at 25 C for 2
hours, di | ureseiwiihed wisovptugéesiiadNofh ad doee Nee2 SREH2The spbeentives dyepeiated ti me.
Chr omat ogr I X : 606 ng
of 3 o pnpulflad by SAR B8] MbbRBaR,RIIRRIED kS ey for) s )

_f | uor oadenwoetste e dichiORihidtiBihe oo Bure Sthiyt fmeties Toé pﬂ)dudemsy)b&meﬂhméi% -y%ld R and
S) - G- net hyl si ne. sol uti

U et hoxyt o ShE 5 et o 3t B, °f R, Ka o St Ssroms o, e6
nmol ) in THEDCT,) w3k @t/ 070 py)dar c&nzgnm\(mdqﬂﬂs@ HE MIBICH,b- )43Pg’tu(§1 3R, 2
m.). The reaction m xture was stirred at C under argl:;on overnig

Addi ti onal NEsyBr4((€. 4 =} HtadHadded - Bmdl- ﬁ-‘néS PBactlon 4 Xt dre7\8a§Hst| rred

at 0C for 1 t e,

cool i ng to%ﬁ@fh?gygﬁ?g?\e Hr%‘alﬁ%%%%&was ' uggg?]ﬁgi'ig/g%/ ngfmficmﬁ?LF%O%
anmoni um sulC2ated,3 @4 andech)wb?.h (-@HL¥s), 26 &t @DEH A AviE'Shed. 32t GHAD0%.@nmoni um
sulfate 2t Fie(ﬁ esnd 10% sodi um bi carbonate 1 tinme. Chronmatography on silica
gel with ac(g Whexane (1:3 to 2;3) gave 315 ng of

3", N6- bi s(4, 4" - gor78] hOM&ﬁyztﬂéc)eryZ’oxy@ec%ya Z(hﬁvmmahﬁ)préﬁnam  Methyl 5-

S) - Cret hyl adenosi ne (216 upper isoner on TLC an of the
s Ry

t he
m xture of ¥H®-% %O’F%%ﬁ"éﬂg}:’15(5{1%3&%5\&%@@1%‘6@ tf mnpp P2 eddm, 4
- di met hoxytr 0 g upper
i soner onyTLdé&M&é Ogﬁzﬁgléjg&&(xﬁggﬁ(i/gdwﬁné%m%ﬁ )lgl'gHﬁllgftﬁ%t‘V% o) gd&%%%mzdﬁ( gprrL
of wat er. Thenswhpetaton, all@s which thregdixatre 88s @apmated@ thyuess andcibacentue ataed t o
dryness and co-ev rat ed th toluen on silica
W h 20- TogereBrr e ik gulth et The Rt gy BRSres B SORP R g RS
S) - G net hWeﬁﬂﬁ@Q&tm&cﬁlSrdMﬁtﬁaﬁe $Ghthﬁ1ng15% WR)I(IDmleBi Jas 5@%)((0 23%)="1§. 4 Hz,
1H), 3.79-3.858 Z]H (ddd, JaH= 6.4 and 3.2 Hz, flu=
16.4 Hz, 1AMRg PC1%425é (M \111@HG H£H29ﬁ0> éAp (-5 2! HadlH-T6k>2A8). 0 and
3.2 Hz fil 5 . X . - dd,
3.2t 1L 4@4-(d B %5‘:121152148 ch'?o}){) 3@1?@ 3(d OMer2®oQtZZééN§rH% @87'})1%@6%? (
H8) , 8 41 (34, CEHD)(]%I%) 13{3012M3] IIIDCNGJEQ é((@-@? l@tmé@#@xyltlwt(m); 83.1- (deoxy 2'

over 1+ sombSED 72 FERPRE oS ETUNE: SR LHAPPRIQIRRIGE T ™S T of Acar

and 3 nL of vvater was stirred at roomtenperature overnight. THF was
renoved on a rotary evaporator and the renmi ning solution was heated at 45
C for 45 ninutes, concentrated, co-d¥amleed with tol uene 3x.

Chr ont ogr apiy AN 3L LR NN ChO>. & 29 RBRI NI BTIPEM. Sy @foreL AlCE A1de0xy - 2' -
fluoro-5" (R and S)-C nethyl adenosi ne. Exanple 13

2

0
o )k
NC Q  OFt NG NC o)
>< EtNH./MeCN HOAG (aq)
—
MeO d EtHN d EtHN OH
o) o) 0
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Preparation of 2'-deoxy-2'-fluoro-5'-Cnethyleytidine (13)

[0214] St epl. Preparation of 3-0-,N4 -bis(4-nmethoxytrityl)-5"-0-(t-

but yl di r r&OlzgiegioBysd) - 2' - deoxy-2' - fl uor ocyti di ne. NH @CTNZ20i0628000N O

rj - NHVMrr TBSO'c MMIT d A solution of 2' -deoxy-2'-fluorocytidine
(20.0 g, 81.6 nmmol) and TBDVS-C (14.8 g, 97.9 mmol) in anhydrous pyridine
(200 nm.) was stirred at room tenperature overni ght and then concentrated.
The resi due2-WaANID3uR A EM Y IDE B Vi A VAN ©)-At(HY DR EMBUHYL) - OKOPRAOPYEd over

anhydrous Na2SO4 and concentrat ed t% g: :jg éé g (82% of 5
-0-(tbutyl dinethylsilyl)-2'-deoxy- ytidine as a white solid.
O

PR

=cC, o CHs
H
N‘gCOH

[0171] 2-cyano-3-(2-phenylethylamino)-2-(hydroxymethyl)-3-oxopropyl

acetate was prepared according to the procedure described in Poijdrvi, P.; Miki, E.;
Tomperi, J.; Ora, M.; Oivanen, M.; Lonnberg, H., Helve. Chim. Acta. 2002 85:1869-1876,
which is hereby incorporated by reference for the limited purpose of describing the
method  of  synthesizing and  purifying  2-cyano-3-(2-phenylethylamino)-2-
(hydroxymethyl)-3-oxopropyl acetate.
Example 3
2-ACETYL-2-(HYDROXYMETHYIL)-3-OXOBUTYL ACETATE (3)

O 0

HCHO/EtN OH DMTrCY OH
__dioxane _ _dioxane/Py _ Ac,O/dioxane/Py
D ——————
OH ODMTr
(o] 0]
(o]
0 )k
O
HOAc (aq)
ODMTr OH
@]
Example 4

2-ACETYL-2-(HYDROXYMETHYL)-3-OXOBUTYL PIVALATE (4)

o}
OH Piv, 0/
MMTrC\/Py dloxane/Py HOAG ( aq
OMMTr OMMTr

O

Example 5
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[0215] Silver nitrate (7 g, 41.7 mol) was added to a solution of MMIT-Cl
(13 g, 41.7 mol), 5 -0-(t-butyldinmethylsilyl)-2'-deoxy-2' -fluorocytidine
(5 g, 13.wormw/ipsand col lidine (19 g, 153 mmol) i n anhy#Cous20C0R05€ ni) .
The reaction mxture was stirred at roomtenperature overnight, filtered,
and washed wth saturated NaHCO3 and brine. The organic |ayer was dried
over Na2SO4 and concentrated. Chronmatography on silica gel with ethyl

acet at e- pet r ol eunm2t¢ErYI(-2-HY DROXYMETIAYE-310X QBTN ACETATE(8)- , N4-

bi s(4-methoxytrityl)-5" - 0-(t-butyldinethylsilyl)-2" -deoxy-2' o
-fluorocytidine.
3-0-, M4- bi sddn o
di dehydro 2' - deoxy HEPdEist i ' sr-N 0O
MMTT MMIr d €CHsGH:0 ] cal
solution of 3'-0-,
met hoxytrityl)-5-0-(t- butyl di net hyl silyl)-2'-deoxy- 2' -fI uorocytidine (11

g, 12 mol) in (100 ni S sst rred at
room t enper at ur ovgr nllbsffz; and t hen é(ﬁ?’\%’hg TiRH P?é ?lxélﬁe 92 Célcaé]ﬂ%cygfe room
t enper at ur &:onIéaﬁrafeESHgﬂm v\m rdmssonvgqi) iwasehdtitll @@Cetaixeure vASHietlyweh wat er
and brine, dried over concentrated. Chronmatograp h%zon silica

gel with a@é%(bﬁévxgékeﬂl@m@amaﬁ ftek g @ma) 9§aplears Ficthybogtheseetae (692 mmol;

, NA-bi s(4- ngthexytd b YiRr (B ngeﬂ%%e%tloﬁ lWOLAGYLd @i Iﬁ‘@ceem%rﬁ‘f Beaddbnel, 15
eq) and DessMartin périodinane (2.6 g, 6 nmol) was added to a solution of

3' - 0-, N4- bimgikrue wet thopptueil intd pa 1@-cotiegytion’ ofﬁf%MK@t(ﬁﬂmdé T grod®:t mol )
in anhydrous t ctlo mxtur tirred
at room ter}x’paesEgg{vlrztlf&%0 & h’fﬁﬁ%ﬁtpg &cip ?ﬂgﬁneé WaSF%d W{EE% turﬁ%éltaaltleous a?ﬁ@f wth
10% NaZSZOSOtmL)caldadﬁ&dtdwemmsm Difie M\;endﬁvhﬁdva@mat’ed add iyeddrodes prdiSe¥hs and
concentrated. Chromat ograp g on silica gel wt h acet one- petr ol eum et her

(1:3 to 2: 371“8 gn 8 siga ealapyung elgtingyvithya migfueg of HeRlpgripthiang yod) methanel 5.
d' dehydr o- %95 ?e\%yﬂ?ﬁ pchliﬁéQ{;v9§é’l§télgéd’lﬁ cldat 3 i %Z/ieﬁ @mn. 3% @fﬁp}'ﬁ ai(tsb@” Of
- deoxy-2'-fluoro- S)-C nethylcytidine:

MHz, CDCl): 4. 30 4 36 (m, 6H, 4-CH,, 6-CH, and 5- COOCHzMe) 4,18 (q, J 7.1 Hz,
5-COOCH,Me), 3.54 (q, J = 7.10 Hz, 2H, 2-OCH,Me), 1.46 (s, 3H, 2-CH;), 1.32 (t, J =
7.10 Hz, 3H, 2-OCH,Me), 1.27 (t, J = 7.1 Hz 3H, 5-COOCH,Me), 1.26 (t, J = 7.1 Hz 3H,
5-COOCH,Me). *C NMR (500 MHz, CDCls): é = 168.0 and 167.0 (5-COOEY), 111.1
(C2), 62.0 and 61.9 (5-COOCH,Me), 61.6 (C4 and C6), 58.7 (2-OCH>Me), 52.3 (C5),
22.5 (2-Me), 15.1 (2-OCH,CHj3), 14.0 and 13.9 (5-COOCH,CH).

[0173] Diethyl 2-(acetyloxymethyl)-2-(hydroxymethyl)malonate. Diethyl 2-

ethoxy-2-methyl-1,3-dioxane-5,5-dicarboxylate (17.9 mmol; 5.2 g) was dissolved in 80%
aqueous acetic acid (30 mL) and left for 2h at room temperature. The solution was
evaporated to dryness and the residue was coevaporated three times with water. The
product was purified by silica gel column chromatography eluting with ethyl acetate in
dichloromethane (8:92, v/v). The product was obtained as yellowish oil in 75% yield (3.6
g). '"H NMR &; (500 MHz, CDCls): 4.76 (s, 2H, CH,OAc ), 4.26 (q, J = 7.10 Hz, 4H,
OCH>Me), 4.05 (d, J =7.10 Hz, 2H, CH:OH), 2.72 (t, J = 7.1 Hz, 1H, CH,OH), 2.08 (s,
3H, Ac), 1.27 (t, J = 7.10 Hz, 6H, OCH,CH3). °C NMR (500 MHz, CDCls): 6 = 170.9
(C=0 Ac), 168.1 (2xC=0 malonate), 62.3 and 62.2 (CH,OH and CH,;OAc), 619
(2xOCH,CH3) 59.6 (spiro C), 20.7 (CH;3 Ac), 14.0 (2xOCH,CHs).
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0O N, 04-c HO MVIr 6H6 MeMgBr (3.0 Min ether, 15.2 mml) was added
dropwi se to a solution of 3-0-

, Nd- bi s( awoebtoomgtani t yl) -5' - C, 5' - 0- di dehydr o- 2' - deoxy- 2 P€friusesiomysoisei ne (3
g, 3.8 mmol) in anhydrous THF (50 nlL) in an ice-EtOH bath under N2. The
reaction mxture was stirred at roomtenperature for 5 hours, quenched with
sat. NH4Cl, diluted with ethyl acetate, washed with brine, dried over
anhydrous Na2SO4 and concentrated t Exampde 6 he crude product. Chromatography

on <i1ica gel v, Reet ARgARen o) WL SO 7 AL GG g ® © (58% ©f

S)-Cnet hyl cytidin [0218] A soI ut| on ofo 0

3- 0-, 1V4- bi si(ch: brityl) - 2, =PHuoro-5' (R or 0

S) - G- met hyl cyti di ne (600 DAl 0. 75 mmol ) i n AcOH H20 (mtmo44, mL s
stirred at SeHC IR SHICHOT ogorcetirat ed, di Xuted wi't h
wat er, extracted wth ethyl acetate twi®e and concentfHi" 0 ness.

Chr omat ogr aphy on a reverse-phase HPLC and then on a chiral HPLC gave
-deoxy-2'-fluoro-5 (R or S)-C nethylcytidine (30 ng, 16% H NWVR

(CD30D): 5 8.16 (d, J = 7.6 Hz, 1H H6), 5.99 (dd, J = 17. D iok: 20 HZ,

H1'), 5.92 (d, J= 7.6 Hz, 1H H5), 5.06-4.92 (m 1H H2'), 4 g (e, JHH:

8.4, 4.4 Hz, Ji4F = 21.6 Hz, 1H, H3"), 4.02 (dg, J= 4.0, 28

3.87 (dd, J= 8.0, 2.0 Hz, 1H, H4'), 1.38 (d, J= 6.4 Hz, 3H /M) E?glem
Preparation of 2'-deoxy-2',2 -difluoro-5'(S)-C methyF&HtPd] 22) 219]
Step 1. Preparation of

3-0-, Nd-bi s(4-nethoxytrityl)-5"-0-(t- butyldlnethyIS|Iy1) 2' deoxy 2 '
-di fluorocytidine \i-NHWIr TBDMS-C1 (10.5 g, 69.3 nnDI) was added
to a solution of 2' -deoxy-2',2'- difluorocytidine hydrochloride (17.0 g,
57.7 mmol ) in aﬂﬂVd]ouQ:b@mkdwmﬁuamﬁﬂ)du¥4aMm@m€mmnd@wwN@pﬂThepwea&tion

m xture wa ir room rature overn concentr.a ut ed
e o iR A 25 RS P R & iR ULk cafmt PP ibdng
concent r at @dicki@e girv el H'dioxane containing 1 equivalent of pyridine. Diethyl 2-(4,4"-

-0-(t- butyl di met hyl silyl)-2'-deoxy-2',2' -difluorocytidine 42 g, 96% as a

white soli dilmftb?z’é}}tw}‘m@ll‘/ll Fhyglroxgmethypmalonate (.33 HhmewDms acdardit i on of
5 -0-(t- » i 13.5
nmol ) i(n aﬁﬂ :‘p ous D%i\{}lb?aéoy(%g %ﬂf ??%V\)%Bg% ﬁcgglli/[%:(glﬁr@? yﬁ&%ﬂfgﬁ?gﬁﬁgs
nmol ) and cethlvaldmtrwrl(lmé (g09 db.31Hhdroinol). Rier B dactat ormmieriper@rasds rsdckion ed at

t t filt t t ed NaHCG3
ot hon it reaes M Ao B A7 i 2y ehEipr STl G P VS

coRcenE r1 ag Qdme?’(bg&) Sﬁic@@él&ihfbfn@@gr@hbl(E&)Agﬂiexﬁet h1.80hghveaL et a1 PRbT @E eum
et her to gave
3- 0-, Nd- bi sdeﬂreﬁlenrﬁ@ssw ivelomyists syrpp. (L NHR I(GPGd e rRPAOSMBpY) 1.53-7 42 dy 95 | o' -

difl UOVOCW(M% erlll @, d83.3@ {NE@}ZZ%J)S?L% &; 28" epabeLh.on19fq, = 7.1, 4,
3-0-, 1?71~ bi s(4- thoxy rityl)-5-C’5' -0-
OCH-CHas); 3.78 [s, 6H, (CH30)2Tr]; 3.67 (s, 2H, CH.ODMTr); 1.27 (t, J = 7.1, 6H,
OCH,CH3); 1.02 [s, 9H, COC(CH3)s].
[0175] 2,2-Bis(ethoxycarbonyl)-3-hydroxypropyl pivalate. 2,2-
Bis(ethoxycarbonyl)-3-(4,4'-dimethoxytrityloxy)propyl pivalate (2.47 g, 4.07 mmol) in a
4:1 mixture of CH,C1, and MeOH (20 mL) was treated for 4 h at room temperature with
TFA (2.00 mL, 26.0 mmol) to remove the dimethoxytrityl group. The mixture was
neutralized with pyridine (2.30 mL, 28.6 mmol), subjected to CH,Cl,/aq workup and
purified by silica gel chromatography (EtOAc/hexane 3:7, v/v) to obtain 1.15 g (93 %) of
the desired product. 'H NMR (CDCl3, 200 MHz): 4.59 (s, 2H, CH,OPiv); 4.25 (q, J =

7.1, 4H, OCH,CHs); 4.01 (s, 2H, CH;OH); 1.28 (t, J = 7.1, 6H, OCH,CH3); 1.18 [s, 9H,
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di dehydro-2' -deoxy-2',2"'-difluorocytidine. 0O NON O MMVIre TBAF (1 M
in THF 21.6 nL) was added dropwi se to a solution of 3-0-, Nd-bis(4-

met hoxyt rwoee)e/®8140- (t - but yl di met hyl silyl)-2'-deoxy-2', PCTdiskéwoeseyt i di ne
(10.0 g, 10.8 mmol) in anhydrous THF (40 nL) at 0 C. The resulting
solution was stirred at roomtenperature overnight, concentrated, diluted
with ethyl acetate, washed with brine, dried over anhydrous Na2SO4 and
concentr at @DC(OIEQHTBESIQ M hy/0B054 [(IME] ged22w6 (MNHLNY) 320et[dex] DCBAT1: 10 to
1:5) gave 1\% gd bi s(4-nmet hoxytrityl)- 2' -deoxy-2' ,2' - difluorocytidine
(4.4 q, 0% Kﬂ 222] TFA (460 uL, 6 nmol) was added to a stirred sol ution

of anhydrous pyridine (960 uL, 12 mmol) in anhydrous DMSO (10 ni) cool ed
with cold water under N2, After addition, the TFA/ pyridine solution was
warned to R T. and added to a stlrr&&wﬂlon of 3-0-

under N2. The r@action m xture stirred at RT. ernight. Cooled with
col d water, B§u @d with wat®@P MBPMINd sti re ®BPMSfor_1 h and
diluted wtho ieci pi t at e mas<f™MHoered and wasd idh EA. The conbi ned

EA sol ution Wasowashed with brine® dried over anhydreus Na®8O4 and
concentrated to give a residue whi @ was purified by #hlica gel colum (
PE/EA=1/1 to 1/3) to glv

3-0-, 1V4- b| s(4- et hop_qys d¥eomis- C, 5' 43- di dehpd " oH
deoxy 2',2' -difl uoroc ne (6.2 g, +6%. [Olzztg 98 3. Preparation of

3-0-, N4- b| s(4- nmet hox r| yl \JSOACdehydro 2' - deoxyo2' \R.egi fl uorocytidine.
HWITrrj - NHMWMIr N -- FF-,ll/lMTrd MMTT e MeMgBr (3.0Min ether, 10 ni,
30 nmmmol ) was added dropwi se to a solution of the crude

3-0-, N4- bi s( 4- mi6kyt rDittﬁ)ll) 2-Bterichhydimerhdsihydewxygh)- Znydidixjmﬂﬂ@ﬂdedldi ne
(6.0 g, F ) Et OH bat h under N2

The r oact | SOt Y o2 SRS VaaHaubilge Lt BB A b o P iy G P chex
Wi th saturaied NodCldry dphridied adt Riseéibed iac@teatseme Waahed ot by i Re, dried
over anhydrous Na2SO4 and concentrated. Chromatography on silica gel with

ethyl acet dtsvfigethylstuinthiends: (200 mmos 1:87)2) davisy Pygdige §}0 mL) was added

3-0- N4 bi ?oﬁlomslaoi(%t&écrtl}ﬁxvag al'lcg%g)w pl%cec% fordk Eliy’s' Of iR mixtule \F&%JM)&X&H di ne
(59°/c) 3] Step 4. Preparation of

2' . deoxy 2'to 2'solild fdame mbich' WaS)thdD- qpmilpydtas/ete¢enevater (200 mL) and DCM (4x100
mL). The organic phase was dried on Na;SO.. The product was purified by silica gel
chromatography eluting with 10% ethyl acetate in DCM. The yield was 78%. 'H NMR
(CDCl3) 6 4.18-4.25 (m, 4H, OCH,Me), 4.10 (s, 2H, CH,0S1), 4.06 (s, 2H, CH,OH), 2.63
(br s, 1H, OH), 1.26 (t, J = 7.0 Hz, 6H, OCH,CH>), 0.85 (s, 9H, Si-SMe3), 0.05 (s, 6H,
Me-Si). *C NMR (CDCl3) § 169.2 (C=0), 63.3 (CH,OH), 62.8 (CH,081), 61.6 (spiro C),
61.4 (OCH,Me), 25.6 [C(CH3)3], 18.0 (Si-CMes), 14.0 (OCH,CHs), -3.6 (Si-CHs). MS
[M + HJ" obsd. 335.7, calcd. 335.2; [M + Na] obsd. 357.6, caled. 357.2.

[0177] Diethyl 2-(tert-butyldimethylsilyloxymethyl )-2-
methylthiomethylmalonate (7b). Compound 7a (19.7 mmol; 6.59 g) was dissolved into a
mixture of acetic anhydride (40 mL), acetic acid (12.5 mL) and DMSO (61 mL) and the
mixture was stirred overnight. The reaction was stopped by dilution with cold aq. Na>CO3
(290 ml 10% aq. solution) and the product was extracted in diethyl ether (4x120 mL). The
combined organic phase was dried on Na,SO,. The product was purified by silica gel
chromatography using DCM as an eluent. The yield was 91%. '"H NMR (CDCls) 3 4.61
(s, 2H, OCH,S), 4.14-4.19 (m, 4H, OCH,Me), 4.06 (s, 2H, CH,0OSi), 4.00 (s, 2H,
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[ 0224] A sol ution of
3-0-, Nd-bi s(4-nmet hoxytrityl)-2'-deoxy-2',2"-difluoro-5 (R and S)-
C- et hyl cwoOi2diom®s(48 g, 3.65 mMmmol) in AcOH H20 (20 nL, vPCTAISY)10M46t 1 rred
at 50C overnight. After renoval of solvents the residue was diluted with
water, extracted with ethyl acetate tw ce and concentrated. Chromatography
on a reverse-phase HPLC gave 0.3 g (30% of

- deoxy- 2'CRZO(H{ZSM¢mr2cﬂ65('SCB);} C20%t, iy I:(yHIzdemEO(éHQGMD,t%&Q(@I GHSi-SMIehVR

i
5 06 (0, o W 6D ety T s (b m et o Rty 17 1h )

H3. ) 411 g; mgogﬁ%l%e)om 3. (@H%Sl)g .2 HBird C)36(791((()QH2MJ)—2§6"[C(@H§3 01H,
y a
Dok 3 SN PR Ry @WEfBELtﬁﬁD’aSN@H(s RIS I8 eHY obsiel¥rdat i on of

3 0, N4- bi SQQTC%?/«%@'%Q"S% 417%??@(& %172 -difluoro-5 (R - me thylcy

tidine nm., 3.6 mvl) was added dropw se
to a sol ution of0178E chJeteyl 2-acetyloxymethyl-2-(tert-

3-0-, 1V4-bi s r|t 5' -de ros:2' d|f| rocyti di ne

(580 g, 0. DY LGN SHI B ey 5 Choste GbCaarelr goff. Srives

reaction madseived Wedy @OM (OHmBH uhdP Melo8M SuEhYIcBIoHAE (3. Shmnfé9q| ﬂdrnmﬂoth i ce,

guenched with a S%A?OUS (NH4) 2SS4, diluted with ethyl acetate, washed with
0.1

aqueous ( NHH sQntinn s uwas 1dded ingthepe pREiensiidHhe Fivere vepsisdreiper
anhydrous Ng %Fggr%d@&%éﬁe% S%V%Qt w%*l{egqgéd%g{dgﬁaxuc%@ okl E ARt i et hyl

acet at e- hexane gave
3- 0-, N4- bi s{4-dissohed \ihtoi dry 1IPEM 253 mL). Potassium acetate (30.9 mmol; 3.03 g) and

et hoyt | )2 FREGRSR G2 1 P gy SR T GYER dr e REpe 2
Pr epf'ir at | oRyRfstided fol @RX Moud'and a hellf f ErtHAr0etrd iR 40Cm B By Adeyd, itk &¥8anic Phase NHVMTT
B -wl\zllﬁzwaﬁlgdl\lwﬂ-l ;Jv-ater (2x190 mL) and dried on Na,SO,. The product was purified by
silica gel chromatography using DCM as an eluent. The yield was 71%. 'H NMR
(CDCly) 6 5.24 (s, 2H, OCH,0), 4.15-4.22 (m, 4H, OCH,Me), 4.13 (s, 2H, CH,0Si), 4.08
(s, 2H, CH>OACc), 2.08 (Ac), 1.26 (t, J = 8.0 Hz, 6H, OCH>CH3), 0.85 (s, 9H, Si-SMes),
0.04 (s, 6H, Me-Si). °C NMR (CDCl;) 3 170.2 (Ac), 168.0 (C=0), 89.3 (OCH,0), 67.5
(CH,OAc), 61.4 (OCH:Me), 61.1 (CH,OSi), 60.2 (spiro C), 25.6 [C(CH3)3], 21.0 (Ac),
18.1 (Si-CMes), 14.0 (OCH,CH3), -5.7 (Si-CHz). MS [M + Na]" obsd. 429.6, caled.
429.2.

[0179] Diethyl 2-acetyloxymethyl-2-hydroxymethylmalonate (7). Compound
7¢ (7.2 mmol; 2.93 g) was dissolved in dry THF (23 mL) and triethylamine
trihydrogenfluoride (8.64 mmol; 1.42 mL) was added. The mixture was stirred for one
week. Aq. triethylammonium acetate (13 mL of 2.0 mol L™ solution) was added. The
mixture was evaporated to dryness and the residue was purified by silica gel
chromatography using DCM containing 2-5% MeOH as an eluent. The yield was 74%.
'H NMR (CDCls) § 525 (s, 2H, OCH,0), 4.16-4.29 (m, 6H, OCH,Me and CH,OAc),
4.13 (s, 2H, CH,OH), 2.10 (Ac), 1.81 (br s, 1H, OH), 1.26 (t, /= 9.0 Hz, 6H, OCH,CH).
MS [M + Na]* obsd. 315.3, calcd. 315.1.
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HO ' [0224] A solution of
3-0-, Nd-bi s(4-nethoxytrityl)-2'-deoxy-2',2"-difluoro-5"(R)-Crethylcytidine
(44 nmg 0.0 20mlo¥140n AcOH H20 (3 nmlL, v/v 4:1) was stirr @dTAS2e10/028046
overnight. After renoval of solvents the residue was co-evaporated with
toluene two times. Chromatography on silica gel with 10-15% MeOH i n DCM
gave 9 ng of 2' -deoxy2' ,2' -difluoro-5(R)-Cnethylcytidine as white
solid; Exanple 16 Prepar atl on of 2' -Eaax}e®' -fluoro-5' (S)-C nethyl adenosi ne
pa f

féG%t '\'Eﬁt yl dish \ 4 ME] )-METHYLCYTIDINE (8e)
di met hoxytrityl)- ZNH | uor oadenosi ne. Ny N------ L- N A Nnawdar e of 0. 27

g (1.0 mmol ) of 2'Adeoxy-2'-fluoroadepgsi ne, DVAP (244 ny, N0 nmol ) and
TBDMS-C (1 1 |,é'\%81 ng) in anhydrfoud pyridine (15 nl) Iwa%:tirred at RT

over ni ght t hennato30i C freovSd . €1 (L. OTRpMS® | TN addied and
the m xture sty+Q at 56-C for 3 cooled>to O C;%;?benched—wi"th
water (1.5 ni) e resulting m xt was stirred at 2 h, diluted

with ethyl ack®ate@Mewashed with bBid ne B, and dried over s&dfeum sul f ate.
Chr omat ogr aphy @n silica gel with 28 35% et hyl acetate g&n hexane gave 746
mg of 5° -0-(t-butyldinethylsilyl)-2'-deoxy-3"-0,N6-bis(4,4" -
di met hoxytrityl)-2'-fInmivaadenosi ne Step N2|MMI?,r eparation of

-deoxy-5'-C, 5 -0-di hydro 3' - 0, N6- bi s -di met hoxytrityl)-

| .
TBDMSO N/Ko v HO )%

LevO OMe LevO OMe
8d 8e

[0180] 5-O-(tert-Butyldimethylsilyl)-2 "-O-methylcytidine (8h). 27-0-
methylcytidine (8a; 18.4 mmol; 4.74 g) was coevaporated twice from dry pyridine, dried
over P,Os (24 h) and dissolved in dry pyridine (20 mL). tert-Butyldimethylsilyl chloride
(TBDMSCI; 20.2 mmol; 3.05 g) was added and the mixture was agitated at room
temperature overnight. The unreacted TBDMSCI was quenched with MeOH, the mixture
was evaporated to dryness and the residue was subjected to chloroform/aq. NaHCO3
work-up. The yield of the crude product dried on Na,SO, was nearly quantitative. It was
used for 4-methoxytritylation of the amino group without further purification. '"H NMR
(CDCl3): 6 8.14 (d, J = 7.5 Hz, 1H, H6), 6.00 (d, /= 1.1 Hz; 1H, H1"), 6.82 (d, J =7.5
Hz, 1H, H5), 4.22 (dd, /= 8.0 and 5.1 Hz, 1H, H3"), 4.09 (dd, /= 11.8 and 1.8 Hz, 1H,
H57), 3.97 (m, 1H, H4"), 3.87 (dd, /= 11.8 and 1.6, 1H, H57), 3.73 (dd, / = 5.1 and 1.0
Hz, 1H, H2"), 3.67 (s, 3H, 2-OMe), 0.94 (s, 9H, MesC-Si), 0.13 (s, 3H, Me-Si), 0.13 (s,
3H, Me-Si).

[0181] 57-O-(tert-Butyldimethylsilyl)-N*-(4-methoxytrityl)-2 *-O-methylcytidine
(8¢). Compound 8b (18.4 mmol; 6.84 g) was coevaporated twice from dry pyridine and
dissolved in the same solvent (20 mL). 4-Methoxytrityl chloride (18.4 mmol; 5.69 g) was
added and the mixture was agitated at 45 “o for 24 h. MeOH (20 mL) was added, the
mixture was evaporated to dryness and the residue was subjected to chloroform/aq.

NaHCO; work-up. Silica gel chromatography with DCM containing 2-5 % MeOH gave
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2" -fluoroadenosine NHDMIr N N---. --..- TBSO-NcO,1 N DMIrC -F NHDMTr
N1---LN N ..j DMrrel-F A sol ution of

5'-0-(t-buoyboyvwetshyl silyl)-2'-deoxy-3", N6-di (4, 4" - di merhdsRoi0098DI6

2' -fluoroadenosine (0.73 g, 0.74 mmol) and TBAF (1.0 Min THF, 1.5 nL) in
THF (6 nL) stood at RT overnight and then concentrated at RT.

Chr omat ography on silica gel with acetone-hexane (2:3) gave the 5'-hydroxy
product as camipbendssal dsd, solibhifeim e %l besal yield stantirgninytal 26 OsmENE ftizhenir) .

Cact on mIABERGIS oF gon st it 11y 8. 33035 cint 1 3T G 2SR @ 1 pow

vashed wi t N QAkiNB29203 13?(maapi BINITIS. 4,806 BAML ARARNY. 796 e gl Wi t ch

acet one- hexanes . gave 6 ﬁg
2"~ deoxy- 5'29, & _I{ﬂ,};éw(ja,olg7_7 Hz, 1H, H3), 4.12 (m, 1H, H3"), 4.02 (dd, /= 11.9 and

0, N6-bi (3,1 i ARYAONNLET e 210 HLUO8 SRARN0SI 19 A 1oyt apm Siep 2

Preparation’o hosi ne
a sol ution (af3ER' Me(dMMSFr)SB 72:,35‘4 (mO4H|, tehywdr 2-GMe), 2.63 (br s, 1H, 3-OH), 0.75

THE (7 ) (b MEGraer o0y Gor e e hERgerCEr 4 MR fepcRy By e

reaction m(@ﬂ}”l@SV)HGMMIIr)V r1@9 1aic29, Gandemips, gmpmmrrghmdvm@ MediyBr (1.4
m.) was added and the reaction m xture was stirred at C for h and t hen

at RT for 38Mim. 13&fQ@4ME@oﬂ2&1@(MMT@) @28€>NMM“érac1t2|7ér(MMIt)uHé GA%MJﬂ)enched
| ow % I t t d

\\//v:g%ez \C/)\A t%? ?0/0 am]@rb@n um’ fat gzgai §14dngg/o(s i um&ifé nggﬁgg )e§8 an

Chr omat ogr aph9Mehn 55i2l (MMTQBZS thBDM&)eﬂ&ﬁéTBEMSDeS@ITBDMS)Z S53)(THRMS)315 ng

of 3'-0"N6- '(R.and,

S) - C- et hyl adeni@%ﬁ% (%ll é%zyél ’(’%ﬁ@’é@nﬁﬂﬁﬁz@ﬁl%}) t?ﬁ‘é’”ﬁ?@(’?ur e of

the 5' (9)- '@%&lcﬁﬁlﬂné(%ﬁ)&'\fﬁlﬂﬁ@ heid l@ﬂt@m%ﬁ)l whi £ g {8adksolved in dry difkah- bi s
(4,4 -dinethoxytrityl)-2' -deoxy-2' -fluoro-5 (S)- G nethyladeno sine

(upper spotanéﬁlcr@@elefafbﬁ@)mdaélldh 986l vetd 9)nvas agded ppripppiseguipg bh apg 0H and
5 nL of Wato@r TheTIQS(tlﬁ'Q L’VH& %e‘ﬁ@éwﬁ ﬁé}ﬁ)qr @l}ceégvgcgsg%ar}cﬁlt G/as ﬁlgﬁﬁﬁll[a}edqgﬂ ed to
dryness and co- evaporate wth tolue 5 romat ography on silica with
10- 12% MeOH sdointioCMf gamegolbid 8ry(8aifo rﬁfnot;léo%yg)Zh pfyhdnoe QI%m@)TI@-mmmV aslenosi ne

as white SO|Id 1H N m 2H,
H4' and Ho'2pitatyd %ﬂtl%{z?de(vaa%{#dm%wsa%@ the ?sﬂye Wﬁﬁ %&Jeﬂt'g%o ﬁC@szi (

5.26 (d, J vworkup. Ti?eorédﬁ,l }gﬂﬂ)se was &%d(ﬁﬂdaﬁ@@'évapﬁat@i@) nes@artdZthe Jd‘ﬁuc- 53 2
Hz, 1H, H2'), 5.68 (d, 6.0 Hz, 1H, OH), 6.23 (dd, HN = 3.2 Hz, JII,F =

15.6 Hz, 1hyasHified ys%lhe% gelrompipyrapty, ugng OCM gonyagyng 8%4MeQ8l aspp 1) |
eluent. Yield 86%. "H NMR (CDCly) & 7.81 (d, J = 7.7 Hz, 1H, H6), 7.27-7.34 (m, 6H,
MMTr), 7.22-7.23 (m, 4, MMTr), 7.14-7.15 (m, 2H, MMTr), 6.84-6.86 (m, 2H, MMTr),
6.80 (br. s, 1H, NH), 6.07 (d, /= 1.5 Hz, 1H, H1"), 4.99 (d, J = 7.7 Hz, 1H, HS), 4.97 (dd,
J=7.9 and 5.0 Hz, 1H, H3"), 4.21 (m, 1H, H2"), 3.99-4.01 (m, 2H, H4" and H5"), 3.81 (s,
3H, MeO-MMTr), 3.70 (dd, J = 12.0 and 1.3 Hz, 1H, H57), 3.57 (s, 3H, 2-OMe), 2.63-
2.83 (m, 4H, Lev), 2.21 (s, 3H, Lev), 0.74 (s, 9H, MesC-Si), -0.05 (s, 3H, Me-Si), -0.07
(s, 3H, Me-Si). °C NMR (CDCls) & 206.1 (Lev), 172.0 (Lev), 165.5 (C4), 158.7 (MMTr),
155.1 (C2), 144.4 (MMTr), 1443 (MMTr), 140.7 (C6), 136.0 (MMTr), 130.0 (MMTr),
128.6 (MMTr), 128.3 (MMTr), 127.5 (MMTr), 113.6 (MMTr), 94.4 (CS5), 88.4 (C1),
82.5 (C29), 81,3 (C4"), 70.6 (MMTr), 69.1 (C3"), 60.8 (C57), 58.9 (2-OMe), 55.2
(MMTr), 37.8 (Lev), 29.8 (Lev), 27.8 (Lev), 25.7 (TBDMS), 18.2 (TBDMS), -5.7
(TBDMS), -5.8 (TBDMS).

[0183] 37-O-Levulinoyl-N*-(4-methoxytrityl)-2 -O-methylcytidine (8e).
Compound 8d (3.40 mmol; 2.52 g) was dissolved into a mixture THF (48 mL) and AcOH

To
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2' -Deoxy-3' ,1V6-di (4,4 -dinmethoxytrityl)-2' -fluoro-5 (R and

S) - G- net hyl adenosi ne (the upper isoner as the najor and | ower isoner as the
m nor, 9owogpiomsi4di ssolved in 3 nL of THF, 3 nL of AcOPFCaru$2@0/m28086 wat er
was stirred at RT overnight. THF was renpoved on a rotary evaporator and the
remai ni ng solution was heated at 45 C for 45 mn, concentrated,
co-evaporated with toluene 3x. Chromatography on silica with 10-12% MeOH in
DCM gave 229 rmL)oa‘on&nm@mryb@ylarhinuminm- Bidride 46.85 S)mcﬂ:, (18737 rgylmern‘ﬁsjrﬂevaas white

solid. Exanp d} t|on of 2'- 2' -fluoro-5'- thl | di ne
(17) rj- NHzlggsat% Gy T Bynd ey s The g e i 91F ﬁ&ﬂ%&?%@ﬁm) 2
- deoxy 3-0, ﬁw -l Ao d¥BIN QXKL Wwhied Laq rZaHech URd aint, BhdQriedNdh) XalNE),2 THe HO- 0" - N
NHVWITr TBSOrt **--0"-- MMIrd |

compound 8e was obtained as a white foam in virtually quantitative yield. 'H NMR

(CDCls) 6 7.22-7.34 (m, 11H, H6 and MMTr), 7.12-7.15 (m, 2H, MMTr), 6.89 (br. s, 1H,

NH), 6.83-6.85 (m, 2H, MMTr), 5.41 (d, /= 5.0 Hz, 1H, H1"), 5.31 (dd, J = 4.6 and 4.7,

1H, H4"), 5.07 (d, J = 7.6 Hz, 1H, HS5), 4.58 (dd, J = 5.0 and 5.0 Hz, 1H, H3"), 4.18 (m,

1H, H2"), 3.90 (d, J = 12.7 Hz, 1H, H5"), 3.81 (s, 3H, MeO-MMTr), 3.71 (dd, J = 12.7

and 4.7 Hz, 1H, H57), 3.45 (s, 3H, 2”-OMe), 2.75-2.80 (m, 2H, Lev), 2.63-2.66 (m, 2H,

lev), 2.20 (s, 3H, Lev).

2-O-METHYLCYTIDINE 5°-[O-PHENYIL-N-(5-2-METHOXY-1-METHYI -2-
OXOETHYL)|]PHOSPHORAMIDATE (8)

NHMMTr NHMMTr
SN 0 2 SN
| I H |
N/gO PhO=P=OPh MeQ 1 Me o N/&O
HO < > O—P—0O
o /
Q NH
LevO OMe Mer H::Me LevO OMe
8e
NH»
C
. Db T
- . O—P—0O
/ o
0] NH
MeO H Me HO OMe
8
[0184] 37-0-Levulinoyl-N*-(4-methoxytrityl)-2 -O-methylcytidine 5%-[0-

phenyl-N-(§-2-methoxy-1-methyl-2-oxoethyl) [phosphoramidate (8f). Compound 8e (2.58
mmol; 1.62 g) dried on P05 for 2 days was dissolved in dry pyridine (5 mL) and
diphenylphosphite (3.09 mmol; 595 pL) was added under nitrogen. After half an hour,
carefully dried L-alanine methyl ester (3.94 mmol; 0.55 g) in a mixture of dry pyridine (1
mL) and MeCN (6 mL) was added. CCl, (15 mL) and triethylamine (18.1 mmol; 2.54
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A solution of 2'-deoxy-2' -fluorocytidine (20.0 g, 81.6 nmmol) and TBDVS-d
(14.8 g, 98.2 mml) in anhydrous pyridine (200 nL) was stirred at RT

over ni ghtweardiogtegraoconcent rat ed. The resi due was di | ut edCritskoiewksol6
acetate, washed with brine, dried over anhydrous Na2SO4 and concentrated to
give 24 g (82% of 5 -0-(t-butyldinethylsilyl)-2'- deoxy-2'-fluorocytidine
as a white solid. Silver nitrate (7 g, 41.2 mmol) was added to a

sol uti on ofmiMMias &ddefl llddghe 4éc@ommat )allm@ed to proceed for 70 min. Volatiles were

-0-(t- butyI d| rrethyl ilyl)-2'-deo uoroc tidine ) and
ol 1 i e (8050 TBErihoa Pt arbhbOBD. ey Purisds BEcHTGh S Xt r e
was stirr ed:hﬁ)tma%%r@‘}’l? liAdr&iRing thé |M&ﬂ@@ont§1ﬂdoﬂ/©€1\]@ﬂrow 1 o 98% mI\Bklggals@-nd
brine. The organic |ayer was dried over Na2SO4 and conceptrat ed.

Chr onat ogr apiiicio fogippinskh8igeps ohteinedahy [white doae én petra¢ld.u éﬂ\fﬂér@@@s? to

1:1 ave 1 f d

0-, 3 Vg di ( r)%gltr ‘%Ot(g E@dt %ﬂlgéqreoq?e%%??gﬂ %ydﬁ?i HS’%M¥%gndéptgb§r§g¥l on C)f 2'

- deoxy 5' - GHB'MMU+ dncthf‘H):lﬁ@Bm@6 OM26d, (J4: Bétﬂiizox’lﬁ H1t)y 2)005.00- (of, 2B H3Cyt i di ne

T 10 M ) SRAS Edaed aPoptle <5t s s i S GH e s s G ih, (24

but yl di met h{ﬂt§la| ¥.43 arkd 3.64 (2xs, 3H, MeO- Ala) 3.46 and 3.52 (2xs, 3H 27 OMe) 274 2.81
- deoxy- 3' - N4d|84 nEthOXtrI%'ﬁ:ﬁe(g -quorocytldlne 2 mol) in

anhydr ous 'IfHFﬂ(ilb@/ m:-39-364 gnH ol Wandg20xasys. s M@dléﬁ%ms 8leNHr ght and
t hen sol ve dql tA The residue was di ssolved in ethyl
acet at e, rith’ne ﬁh%vgt%rﬂazd%%%e 5-(;-“ ed over Na2SO4, and concentr at ed.
Chr omat ogr aphy t[)(ii8§] i @&Cgﬂletthyﬁdzmet ones p-pldneluMi(8Lhedrhdxd-I3yetpde 9 g

(6 ) “and BEGENRP I BBk Roons 86| &) Toidfol 7 Ve e s
sol ution ofmiZture SERYEYazihe Wdsab¥¢7ch ﬁﬁhdrressbgm Jl'rIdYﬁle)(lis rhiygidosydidzpe (4 g,
5.0 mml ) in anhydrous DCM (30 nl) at O under N2. The reaction m xture

was stirrednlgt amdTthe geacipn v |allpwer §f preceadhipr SalbeYelatdes washismoysd Knde0%
Na2S203 tW| Y

concentr at e Ghis IRt RiNEn, HLbRE AEENRONER QS iR Yty .,
(1:3 to 2: 3). Ya€O3akd grn(eBM ocg‘amz phaszl:e\@asydr&d-dﬁ 184,SO0- ed’apimttyttl toodi3nd3s , N4-

di (4- rrethox r|t -fI t|d|n e Pre |on of

0\ doony. o e ety bt Rl g Gladhy wind AR iR +o%

MeMyBr (3. Q\/[M)Hrasg{a@gm 5 1 rrL) was added dropw se to a solution of

2' -deoxy5' -C, 5 -0-didehydro-3-0-, Nd-di (4-nmet hoxytrityl)-2'-fluorocytidine
(3 g, 3.8 mmol) [¥1§6hnhyhe wgﬁqﬂ-{m@s@ \ﬁq_S) dipselvad 30CeaEt BIPHAB Mlunddrthdn . The
reaction m r HENE

diluted w trﬁg{ fw%\@%?z{egtt%ﬁgc shﬁ§5 152b$;arr1]<g r%hggy %evéeibczi%hﬂrgrous Na2SO4
and concentmiztued who _ega!pvmted to rdnxjesspmddhc tres{don evas s:ompoms tdocm fmarn twater
g_:hrSOgaE gg%% 8¥he?1npusr{f{eldcba sc'lﬁl:a gel cﬁroma cgg(r)zil}) y ues}nggograe ent M&%E orn t02()%/. 3) gave

2' | dfoxy 3f1\@eom~l4n MM TRE fveartt yiélt Yibhr 8'wak 15006 O4PNMR (E@bOY) Sytthdioh@wo A
solutron o

2' - deoxy- 3-dinstergpnygrs &7 o taRdXW8r(xds ¥) = 3:4. {HuHpL 756- 3vep-mAH- B+ d4hé2¢ 600 ny,
0.75 mmol) |- Acky H49.4(; §/(}hdl‘ff11ph)2@3 r s"‘@ﬁ RHLY 596 il 529 (50Y&] Mgt . The

sol ution vvas concentrate wat er, “éxtracted wth ethyl acetate
twi ce and éoﬁ?a@dtSrE@t(édd t/o= diyied®), @ﬁéﬁﬁl(mgﬂarﬁﬁ/ aphHA "y, i@rs B (phasle HPLC

and t hen b ,
o deony- 513 s FEPRS Dl B AR LRy oy it e 1A o Wim . 210WR: 160800 - 6
(8(116‘J (_CI7 é-a;_lg 3658|'(|sz $I=L M'd@}Ala5 9%3 L3, 60] (=2x3;73}6 MHoMma), 2. 45‘|Zbr sl_lli:IPHINN%I ])é),, 45 224
Hz, Jiff, 3161 1—1%9 (3144 JI—137 Ha: ﬂ*g 1a)J CJ’MR éC@qui SIE (¢E0)Alag g7
(dd, J= 8. 0166.% (%45‘,'2155.19"&(:25',‘4152).5 (¥h§3,814().‘é (c%x 1894 (P7), 13511 MB) 120 (Ph), 95.1

(C5), 88.4 (C1°), 83.4 (C27), 81.4 (C4"), 68.1 (C37), 65.1 (C57), 58.6 (2-OMe), 52.5

(MeO-Ala), 50.3 (C*-Ala), 20.7 (Me-Ala). >'P NMR & 3.1 and 3.3. HRMS [M+H]" obsd.
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Exanpl e 18 Preparation of 2'-deoxy-2'-fluoro-5'-C- nethyl arabi nocyti di ne
(18) O HOO j-N H2 He(18) Step 1. Preparation of 5

- 0- (t- butwbadoretoBmbsi | y1) - 2' - deoxy-3" -0, N4-di (4- nmet hoPgrniste10)28026

-fl uor oar abi nocyti di ne HOTBSO HeMMre  0.---\ 12...)...L --NHWIr N
TBSC1 (738 ng, 4.9 mmol) was added into a solution of 2' -deoxy-2'-

fl uoroarabi nocytidine (1.0 g, 4.08 nmol) in anhydrous pyridine (10 nL) at
0C under N299aRD, sthictr ¢2D. BI83RTMMeNe) nobgdt 52 1TI4GS s budade G521 1408, B |Dbwias

conpl et ed. 'ggq %,9{237 |d| ne was evaporated under reduced pressure. The
resi due WasS 5 4'h EA, washed with water and followed by brine, dried
over anhydrous Na2SO4 and concentrated in vacuo to give 5'
-0-(t-butyldinmethylsilyl)-2'-deoxy-2'-fluoroarabinocytidine (1.3 g, 89% as
a white solid. MMIT C1 (3.38 g, Example®p| ) was added into a sol ution of

5" -0-(tbutyldinethylsily 2 gytidine (1.3 g, 3.6
nml ) in anhydrous DCM (1 %}’rr{a)tmﬂi?ﬁldﬁ ?1 ‘g‘gﬂ‘gﬁﬁ%@%&%n and col | idine
(5.4 mM, 39.6 nmvl) was added t hergeto. action mixture was stirred at
RT overnight under N2 and TLC sjevedot (BI Zacyion was wel | . Then the
reaction mxture was filtered and shied wnt&d sat. NaHCOB8 sol uti on and
foll owed by brine. The organic Iaﬁe\ s dried over Na2SO4 and concentrated
in vacuo to give the residue whi cAOwas®Burified by silica gel

(hexane/ EA=2/1 to 1/1) to give 5 -0-(t-butyldi nethylsil yl)-2' - deoxy-3' -0,
N4-di (4- methoxytrityl)-2'-fluoroarabi nocytidine (2.3 g, 719 Step 2.
Preparati on of %ﬂlsaboxﬁf@ Ic Paepapatgindd ryeibenyl- DZNHISQPYGFMWG@% methyly 1) - 2' -
fl uor oar abi3%%5}5@41&%1@3%%%&10%‘ INHWITr :1,-c :FN MMIre O 7D - NHMMTr

* lﬁ — {OX

NAPG

To a solution of dried 1,2 5,6-O-di(isopropylidene)-alpha-D-allofuranose (23.83 g,
91.55 mmol) in anhydrous THF (62 mL) was added powdered KOH (36 g, 642.86 mmol),
and stirred at room temperature for 30-40 min, then followed by addition of 2-
(bromomethyl)naphthalene (21 g), and stirred under nitrogen atmosphere for 4-6 h. The
reaction mixture was then quenched with water and extracted with ethyl acetate (3x60
mL). The combined organic phase was dried with sodium sulfate and concentrated into a
crude residue (43.38 g), which was treated with a mixture of acetic acid (187 mL) and
water (84 mL) at room temperature for 14 h. The reaction mixture was concentrated under
a good vacuum below 35 °C to give a crude residue, which was applied to a column of
silica gel eluted with hexanes-ethyl acetate (4:1) and dichloromethane-methanol (10:1) to
give a pure 3-O-naphthalenyl-1,2;5,6-O-di(isopropylidene)-alpha-D-allofuranose as syrup
(36.57 g, 100%).

To a cold solution of dried 3-O-naphthalenyl-1,2:5,6-O-di(isopropylidene)-alpha-
D-allofuranose (36.57 g, 101.3 mmol) in a mixture of 1,4-dioxane (214 mL) and water
(534 mL) cooled with ice-bath was added sodium periodate (NalO,4) (32 g, 149.61mmol)
and stirred at the same temperature for 50 min. The reaction mixture was then extracted

with ethyl acetate (4x50 mL), and the combined organic phase was dried with anhydrous
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MMTT e TBAF (5.08 mM, 1Min THF, 5.08 mml) was added dropwi se into a
solution of 5 - 0-(t-butyl d| rrethyIS|Iy1) 2' -deoxy-3 ' - 0,

N4- di (4- 'wOohouymosispyl1)-2' - fl uoroarabi nocyti dine (2.3 gPCIZ/UB401000280%6 i N
anhydrous THF (20 nL) at OC and stirred at RT overnight. TLC showed the
reaction was conpl eted. Then the solvent was renoved in vacuo at RT. EA was
added to the residue and washed with water, followed by brine, dried over
anhydr ous Nadigasudfiag, amhcmémtmteeldm'tma\ca(dacreﬁldnegivxxhe:ht Wiss digesli chder whgooth was

urified by silica gel axne/
RI4 di (4- ne%/VﬁWf ge pl% O?%PIIII‘EI SP%H§Cng rt%:cwf aﬁéon Tthf)ub%r%g]b /gun?lcatlon

Pyridine (2Zroo®céll, soﬁaoﬁ)’ of Rl abo@é"ﬂlrléae&ﬁdé\/ﬁﬁlﬁh@ (A3B81g, 9401 ot aMBarcadded

into a solution of 2 -deoxg

N4- di (4- rreteﬁtskﬁor iy ¢9aled with gy @aﬁ%m?deyﬁ df mes elpwly glded meghybmegnjun n
anhydr ous %@gj nge t irred
at RT for and (%_%%n{fh Hs SLQ‘F(']; (le %a%t?%ﬁn &aﬁlo{l?aﬁlp SQIH h?a%ﬁ% ﬁ%i%%ch on
m xt ur e waserdpdrattuedoveiright EAder'lfh@ogangm mad:tamermmtms wuashﬁeldslwltymuiﬁx%di\IaZ S203

twi ce, follawed by water and, bri ne dri ed over. anh rous

concent r at €4 {4 6”%da?’i’ﬂ§ P é‘o? SO G VR 1 ?)Cﬁfafefd\laé‘uéﬁu@ms[}gf’ca gel
( hexane/ EA=bmBined %r@hiéeph%se waeaxyt Fitk, aﬁhyd‘r&rs ﬁﬂﬂﬁﬁ%ﬂfaﬂr ahd-le filtrate was

N4- di (4-met hoxytrityl)-2'-fluoroarabinocytidine gl 15 68% . Step 3

Pr epar at i orfopgengated g gruge resiqye 061 8- O-ieprapy igangr a%nﬁéwyﬁwnmthalenﬂ-
MeMgBr (4. . gp|,) O

2" - deoxy5- ggm}fbl{agl %g%ydr g,_ 833}’?1311@1@9%91%), ﬁ@/aé TS Lﬁldéloi égoh%cﬁh for

N4- di (4- met2hdRynd fréaged) with befnlzuyircbb)riddz)(lmﬁdﬁ ptibhenfdl.) 15thg prekemtd offfMAP 1 eq)

i n anhydro i.ch was e- Et OH bat h unde

oactton kPl Ees AR it SRR GRS b P PR s
conpl et ed. Thagectiiemi-@@e twa0 quétickdd i Bh Wthafill RE betemtdidd if@dta criMddedidudzA was
added to the mxture for extracting. The organic | ayer was washed Wi t h

water and PYHToWaY PeRredinted 0%qrqdistn Sirarbomin e WlEIoREPSOEratiel WERCEM r at ed
i n vacuo to.ghy %4;556%@%ﬁ%&b‘fﬁ%ﬁ%ﬁ’gaﬂﬁ}h@é\éﬂ% c@ﬁicemfat&i édd% eggﬂorated with
(hexanes/ EA=1/ Ive 2' oxy-3' -

met hoxytri ttylméne%xf’r(]mld rigo B' cn@e mesi dwy | \almalbwn@mpﬂlﬁctltorvecoawmloofgﬁ}h@@% gluted

Asol utionof 2'. - deox y rit 0-5'-GC

rethyl ar abiBL ORGSR A0 06 SA0 Tt ik Ay Ry TGP RT 0
was sti rr edsoptopylidenerser-fiegyl-3- rhiphahengidD ribefuraaed (IXBAS5ESpiedledl The
sol vent was evaporated in vacuo and the residue was diluted with water,
extracted Wth EA twice to renove sone inpurity. The water |ayer was
concentrated in vacuo to give the residue which was purified by

Chr omat ography on silica with 5-12% MeOH i n DCM gave give 2' -deoxy-2'-
fluoro-5' -C- net hy089hbi oy pdivae!ipe 2N Y)-behkbyNRAT 2 OMEGeg8)o-1-0.5t4- (d, J =
8.0 Hz, 3H), 3.53 (t, J 5 s, 1H), 4114.35(m 1H),
4.79-5.00 (m 2H), 5.71- l%eég%l'?ofﬁéﬂthaée‘ﬁzﬁ Bt d, J = 3.6 H, 1H).
7.57 & 7.74 (each dd, J= 1 6, 7.6 Hz, 1H). Exanple 19 Preparation of

2' -deoxy-2',2"-difl ugr o= (OS) C— met hyI cytidi ne 9) o0 HO (19)

)( “"OMe
NAPG O NAPG O

To a solution of dried 5-0-benzoyl-1,2-O-isopropylidene-5-C-methyl-3-O-
naphthalenyl-D-ribofuranose (13.58 g, 30.37 mmol) in anhydrous methanol (100 mL) was
added 4N HCI in 1,4-dioxane (4.9 mL) and stirred at room temperature for 12 h. The
reaction mixture was neutralized with triethylamine to pH = 7.0 and concentrated into a
crude residue, and poured to 10% sodium bicarbonate aq. solution and extracted with
dichloromethane (4 x 20 mL). The combined organic phase was concentrated and co-

evaporated with toluene into a crude residue, which was applied to a column of silica gel
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Step 1. Preparation of 5 -0-(t-butyldinmethylsilyl)-2

-deoxy-2',2' -difluoro-3 -0-,N4-di (4- nethoxytrityl)cytidine To an

i ce-col d wolaotomsi4of 2' - deoxy-2', 2" -di fluorocytidi ne (5PCO/U$2010/088046 nmol )

i n anhydrous pyridine (500 nL) was added TBSCl1 (32 g, 208 nmol) in small
portions under N2. The reaction m xture was stirred at RT overnight. The
sol vent was renoved under vacuum and the residue was diluted with EA (1000
m.), washedhwed hitwadxanesaatid/] beekaned: Ihe gioe gamieS-D-byeoylwas),5 Epamathed3-Odr | ed

over anhydrous, Na2 filtrate once ed in vacuum
to give crdd thaleny, gg%bogwwsa,(ﬁégﬁﬁ gp%; 11}1rng{ %Sdse%y % _solution orf]
di f I uor ocytpMioe1£.63n, 1ﬁ>6%mac@1)an Mﬁyﬁﬁu§ Qﬂchl@rdMBtl?aﬁle uﬁ&@e\ﬂn\mqu

further purification. To a m xture of

- 0- (t - but yligf-arBtoRg fosi7pyQ was addpdgsiflugroacete anhd’iilﬁqlelﬁfé@ﬁ finHe 5060 nymoll 60

Ayt ous. COLB5b AL s SaneatIT O Pb6 gt PReg R iR

portions undpiithdihyl Dh:ebctfmannse an2.60 gt Q|9 23 wasol};un amlsrdroas dR]ﬂowmt}mngHﬂO The
reaction m ure filtered th ou aBu\(,:\g E{Jﬂf dand he filtrate was
washed wi t H'sa ORE PR B Eh g Sr 6 CNEN e g 8y GaniEe | ayer
was separ at@dp erﬂﬁﬂeefdr PHE En@fINYHEDBE adladsYr @iBlhyfahide@R@GL) TR Vidhleaas e was
concentrat ed |n vacuumto give the residue which was purified by silica gel
col um ( PE/RdA ard gtimediag r@;rg_yenypgragqrq,@r éh.uldwe reaction mixture was then quenched with
5'-0-(t-but i |t ﬁ%?é

di fluoro-3' Vy%g Jl\@eg%%&éd ;%%]%1)%(})1/1?{3;' ty 5‘%@’?%? rr%) (Téh(%(go bl.ned Ot‘gamC I.laSI%?VgE)ar ation
of 2'-deoxydhisd -wﬁl;hﬁod@ndslﬂibtwdmcbme f],ltzate chiaf komentrd@éd Do Néride $c(s4:1ue which

et hoxytrit I)ct|d|ne F

To an Y ce- cHpbtlorERar ok of FHCLEY Stk pRanr e st g e

-di fl uoro-3:1)- - gNé GO be iRy NDXYL-Oldiddhy €3t Ii-AiSne-d(nR&IRy1 B, O-2afhtRadHy)-Di n
anhydrous THF (322 nlL) was added TBAF ésl M solution in THF, 330 mmol)

dr opwi se unthefuragese @ rphous s (08 ¢r €3 Hemeli3P%d at RT overni ght. The
sol vent was renoved and the residue was dissolved in EA (800 nL). The

sol ution was washed with water and brine. The organic |ayer was separated,
dried over anhyd80b N&#2p04. afdplidiver ed.2.IHe-fibbizroglt b e (etonednt-Pat ed in
vacuumto %yb a reS| due which was purified by silica gel colum (CH2C12/ EA
= 10/1 to f? "¥68°9i ve the 2' -deoxy-2'

,2' -difluoro-3"'-0-, N4-di (4-nethoxytrityl)cytidine (128 g, 73%; 1H NWVR (400
M—Iz) (CDC13): 6 7. 45- Bz8 4H), 7.35-6.91 (mg:@ 06.76 (dd, J = 8.8
Hz, 2.4 Hz, 4H), 6.24 (t, =/ 801 Hz,—1H) 4. 93 (d, &Mk Hz, 1H), 4.20
(dd,J=152Hz 92I—|ﬁP$_‘ZH) 3.72 (d, J—40qu§ 327(d J =13.2
Hz, 1H), 2.84 (d, J —1271 Toasolut[3 fyridine (2.85 g,
36 nmol) i n anhydrous DVMSO (30 m_) at 10 C was added dropvvl se TFA (2.05 g,
18 mmol ). The mstauddd Y@stick dif drRd 5a0-b&Izoynt-id 2-8- &&&%ospblgt@ Gﬁné‘tl%flJEEd The
sol ution was added dropwi se into a solution of 2' -deoxy-2',?2'

di f | uor o- 3'Q-paphshgleayl R-ribefuigneye r(i7 {791 3.cyBiddi maolp4n 2 gmxswe rﬁfoPI)hYdWGS
18.6 g, t RT
(16°9,0, S9MBbLgd, A4 P ol Qs I8 A0 LA 20

m.) and st ito F3dtof-0F °(E vaasu slowty dtidedCmethiginagni@oi qnpmatee(%MgBer(ﬁi'm) 103.0 M
filtration, an?‘ﬁé trate was extracted by EtOAc é g ;fﬁ% gﬁe conbi ned
organi c | ay®ft §n‘%\ét§FFé1(ft B BEMRE S0 ALY 8% PPy dhhyat 8158 *Na2s04.
The ‘sol uti OB “0as rédM eRicrAlre vanihi Mhe FQBHAIURINES WA LinbfuBd qBdhch@l wim
(silica gel, EtOAc: Petro ether = 1/1 to 2/1) to give 2'-deoxy-5 -C5 -0-
di dehydr o- 2at. apmony ¢hieyids-ag. selgionnandyexragtesw il prette Y4 §t60dnke The1 g,
889 whi ch 1 rehfi n. Step
3. Pr epar ot opinsg oGl fHAE B onS kR p L Gk KRBT 5 AERhS" S SP
an ice-Et Ohhtbatdnuctﬁabsid@owmchmms @pplkd to dgomy -0b silic) 5éleﬁ}tcd1| \dldhlyfzkams%fthyl 2' -

anhy G ous TR ot CTEE R AR |GV o OR e d0 AP BYOS .

78. 23 ol JnagkRpMyse-AINGAT- tresthyT TR iBEFaghbse s @wﬂs W3R a6, 18 hinkd1 8 B, RT
overnight. The m xture was quenched by sat. NH4Cl and extracted with EA

(500 mMLx3). The conbi ned organic | ayer was dried over anhydrous Na2SO4 and
concentrated. The resulting residue was purified by silica gel colum (EA:
PE =10/1 to 3/2) to give the 2' -deoxy-2',2'-difluoro-3"-0-,N4-di (4-

met hoxytrityl)-5"-C-nethylcytidine (1368, 61% mjor : mnor = 93:7); 1H
NVR (400 MHz) (CDC13): 6 7.41-7.05 (m 27H), 6.77-6.74 (m 4H), 6.22 (t, J
= 8.8 Hz, 1H), 4.91 (d, J = 7.6 Hz, 1H), 4.20-4.15 (m 1H), 3.74-3.69 (m
6H), 3.03-3.00 (m 1H), 0.98 (d, J =7.2 Hz, 3H). 2' -Deoxy-2' ,2'
-dlfluoro 3 0 N4 d|(4 rrethoxytrltyl) 5 -C—rrethyl cyt|d| ne (4. 1 9, 5 mml)
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Preparation of 2'-deoxy-2',2'-difluoro-5"(R)-C nethyleytidine (20) 0

MMITT e 0 )..-NHWIr F To an ice-EtOH bath cold solution of 2

- deoxy- 5'wQ@,2610/008dbdehydr o- 2" , 2" - PCT/US2010/028046

di fluoro-3'-0-,/V4-di (4-nmet hoxytrityl)cytidine (6.0 g, 7.4 mvol) in
anhydrous THF (30 nmL) was added MeMgBr (3M solution in ether) (10 nmL, 30
nmol ) dropwi se under N2. After addition, the reaction mxture was stirred
at RT over ni ght {Ol’Dm}an tlhe # eaockitionm WAS drigdericOednbyyl-3at,2-ONHA€BY droThe- m xt ur e

was extracte The. conb r cI e ried over
anflyd;(ous N&g@ H?‘%gﬁa@m@%@@ {1E fﬁ’ia{}‘éseléibg% dqgggl X%d;]gw%} ﬁfs' ed b;
Sl lica gel gl MARLS iPHH %-oﬁé il)yﬁéi’nel(z%)mltpwﬁﬂ ¥Rled ber@%? 1&1de%11 @5 gl oi@s 0- 3" -

, I V4-di (4- met hoxytrity (Rand S)- Cnethylcytidine (3.6 g, 58.8%.

1H NVR ( 400nIME2; 88@9@913)and 8lrwd@8ropnesnmmat%wemlshtamd@ goge Thmyactlen 28 (t,

3 8.5 ity s % gy Sgffinorkfcofh e A (T thyqd: B 79 (m

2' - Deoxy- 2'wad'podiefl lintorl 6%3Fodim, lﬁ:ldartim(atb—aa{etdimoptandtey&z)cteﬁ' wifRethg Syetle (3

met hyl cytidine (3.9, 3.65 s dissolved in n. Ac 0 v/v
4:1). The i f‘)a 13%%0 pipg %réa‘é‘f (’Sa%{%‘&“ﬁ?tb”ﬁﬁ‘td an r‘f8‘6¥?ﬂ°€ﬂé ‘%ﬁ? YEhoved
under vacuUffoansudeh€sidiRchdURavvepplict doit Bet WhlumnWtsBica edIQ1Hdd wRlHextAs&hed Wi th
EA (10 nlx2). The aqueous Iaﬁer was | yophilized and the residue was

purified byt asstatsEo: k endgli k) o gige 8xyre?.59-dibenzpylubPgraghthyley-1-0.2,5-
C- net hyl cyt -difluoro-5 (R- C -
nmet hyl %:/y ¥i%$r¥g@?%?9bm9n%% Z%{%OT?JEQHS?SO QX% ?I d? 5 (R)-isoner: (1?—| NVR

(400 Hz, CD30D) {0182F. 8To( da Jolutidh 6ofz 2,51(91)d;1beﬁzo]§/93(0 naphtialefylsl-B2,5-TH) , 5. 91

o vo, o grpgirpyiooigdid gl T kgl sl el fleiloecdisg TR 1y

278 [M+ |'|]ahd E)é&:m@i L2 WaPh@Ramadd QAHM)F 19.60 mmol) and stirred at room temperature
-deoxy-2',2'-di fluoro-5'(S)-C nethyluridine ( 21) A solution of

2' deoxy- 2' f0126h dite| radstign Fixue) wascdlﬂ\*é%wtbﬂqhénr%e%lanegﬁlg 3 BLimkppyd into

10% sodium bicarbonate aq. solution, organic phase was separated and water phase was

extracted with dichloromethane (3 x 50 mL). The combined organic phase was washed
with sat. sodium bicarbonate aq. solution until all the DDQ was removed. The organic
phase was concentrated and co-evaporated with toluene into a crude residue, which was
further treated with BzCl (4.88 g, 34.69 mmol) in the presence of DMAP (650 mg) in
anhydrous pyridine (20 mL) at room temperature overnight. The reaction mixture was
then quenched with methanol and concentrated into a crude residue, which was poured
into sat. sodium bicarbonate and extracted with ethyl acetate (4 x 50 mL). The combined
organic phase was dried over anhydrous sodium sulfate and the filtrate was concentrated
into a crude residue, which was applied to a short column of silica gel eluted with
hexanes-ethyl acetate (30:1, and 10:1) to give a pure 2,3,5-O-tribenzoyl-1-0,2,5-C-
trimethyl-D-ribofuranose as amorphous solid (4.21 g, 8.38 mmol, 49.20%).

[0193] Step 4: Preparation of 2,3,5-O-tribenzoyl-1-0,2,5-C-trimethyl-D-

ribofuranose
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acetic anhydride (2.2 g, 21.6 mmol), 4-(dinethylam no) pyridine (DVAP, 12
ng, 0.1 mmol), and pyridine (20 nL) was stirred until disappearance of the
starti ng waterw@Bl40The m xture was quenched w t h sat ur aPeu/tsqueoes)4iNaHCO3
solution. The aqueous | ayer was extracted with EA and the organic | ayer was
washed with brine dried over MgpSO4, and concentrated under vacuum The
crude product was purified by flash chromatography to give 1.35 g of

- deoxy- 3", 5' - dbacetdsbhution 8f drihdfd, D6t ibenAoH) t-OC2, Fret thiyHetiyt-Deliitioduranos® 3%

ield. f "o ) ) L
ooy 5 @2 %é o8 tep insacetic pphydrds G0 ) cookdorigh g5 PRI WS dedp ool 4g
mmol ) in Dl\ﬁx(uiié)oﬂ”r&e)eu@aﬁhyhlﬁ@e (120m}-IndesnchiR@te@duifivi@as@ A D, f (BSIg &#9r 9 h

at 125 C. Volatiles were evaporated, and chromatography of the residue
gave 600 ij@} up) and stirred at the same ternperature for 1h. The reaction mixture was then

deoxy-3',5' G Qr h 70/()
col or | ess spo}lreg H%)égn P%Odlum b?farsbgo %g %Ofu%ﬁgtn{eé It{ﬂ%hl[&g&f\ﬂ%?q d?—ﬁl ?uti on.
The m xt ur e:xmmecB\t/itlﬁ edgll @tta (€ x03®mi).dite.comibies @tg&&mtphms\rvzfsejmmdatamder
vacuum Purlfl cation b fl ash chronmt ography on silica ave, 440

(95% of 2'and gagiapomed ‘?“h EP?‘FP%}’& 13 L% DTG ITETT G B gﬂ.m%efl&b't‘) Hz)
gu(\)/go( ?6) ] c@lu;r{]n @ﬁﬁcalﬁ")eluégd %ﬁ%%exa]nes e&yl%ﬁtza 27|£)|) 16ar%51(§ (ﬂ) to) %IVC 4. 180HZ 1H),
3.85-3. 81 (amtylﬁzl;s CgiraBhylded.5-9- Shaayip: -ribpfuganpe (1744 Siop H1f801(@2 0 =6 & Hz,
3H). Exanple 22 Preparation of

2' -deoxy-2',2"'-di fluoro-5-ethynyl -5 (S)-C nethylcytidine (22)

St epl. Prepar at i Snpfs: Rrepad@ox yf B,5°-(5dimethyladenosine

-0-diacetyl-2',2" -difluoro-5-iodo-5 (S)-C nethylcyti d| ne

O._.0A r
. N—/

To a cold solution of N° -benzoyladenine (99 mg, 0.415mmol) and 1-O-acetyl--2,5-
C-dimethyl-2,3,5-O-tribenzoyl-D-ribofuranose (220 mg, 0.415 mmol) in anhydrous ACN
(5 mL) cooled with ice-bath was added TMSOTf (165 pL) and stirred at the same

temperature for 1 h. The reaction mixture was then neutralized with triethylamine and
concentrated into a crude residue, which was further treated with methanol-ammonia (7N)
at room temperature for 4 days. The reaction mixture was then concentrated and co-
evaporated with toluene into a crude residue, which was applied to a short column of
silica gel eluted with dichloromethane-methanol (10:1 and 6:1) to give a pure 2°,5’-C-

dimethyladenosine as amorphous solid.

Example 10

Preparation of 27, 5’-diMethylcytidine (10)
[0207]
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A solution of 2' -deoxy-2',2" -difluoro-5 (S)-Cnethylcytidine (1 g, 3.6
nmml ), acetic anhydride (2.2 g, 21.6 mmol), 4-(dinmethylam no) pyridine

( DVAP,  12woup100ogi4omol ), and pyridine (20 nL) was stirr @dTorsee1/028046

di sappearance of the starting material. The m xture was quenched with a

sat urated agqueous NaHCO3 sol ution. The aqueous | ayer was extracted with

di ethyl ether and the organic |ayers were washed with water, dried over
MySO4, and concentrated under vacuum The crude prodyct was purified by
fl'ash chr omat ograph g(bve 1 35 g of 2' -dg xy 2'F

;2" -difluoro-5'(S)- & I 5 -0, Ng- Ho ¢i dhne in 93%yi el d.

2' - Deoxy-2', 2' dlfluoro ~=S) - C-rrethy13 5' 0 -thl—e(cetyIcytldlne(15
g, 3.7 mol) was di ssoh@ed Gto a sol ution oi;_l 4243 g, 11.8 mmol) in

met hanol (300 nlL). The reaction was refluxed Bnd nitored by TLC. Upon
conpletion, a small quantity of sodiumthiosulfate was added to quench the
reaction. The sol vent was renoved and the residue was purified by col um
chr omat ogr aphy @nstgiddi ssepegeibn 106 l\éiav@YEﬂ@Smm(ﬁﬁ g, &Tﬁemny)@' and5NH,),50,

-0-di acety S in 7‘V eId Step
2. Prepar atjtlz(grﬁlgi*n %Sﬂla%lstlﬂe(glllg %u%nregly ile anei%d Sh A I cy I'di ne
Asol ut i onofaerntgie oxder 31tro,g5n at-nfrbsphe&ﬁ dthy Ltedr soZuttdill \f/dsuﬁﬁl@ar&edl Oﬁlﬂ:r Fadubm, G

met hyl cyti di ne (500 m;1 1.03 mol ), acetic anhydrlde 648 gl% 6.1 mol), 4-
(di met hyl arfPhEYIgyRE & e (BRmb) Wad addpd apd gubsagienty élﬁ%ll eShatf- R &rude disi ) * was

stirred untidmdihyieRDERAANGEE oBaidel Qa8 URLSIVQGInMBE RO ARl acetbMEI1A I MLE N@S
quenched wnth a ‘saf urat ed aqueous NaHCO3 sol ution. The aqueous | ayer was

extracted i @thQtyle{Zﬁyq? dendteyl-Zahdt O Wée@py%r@()fua?)ﬂeﬁfs (nree Iviss sebiviviak vvat er,
dried over IX?? xqur% ag %Ql ﬁgn gze Wageef %&%Hélr an ngtrq;elcf‘ at'ﬂlogplpereo%yf Ehe

purified by roma ograp
deoxy-2', 2 TMIS(DTﬂo(DQS— 5nE)OanS5aﬂcﬁ)i @fdmﬁsieym& v;@rousOst,mﬁ?lg tTheaestydneyt i di ne

in 92%y|eld Toantro en degassed sol.uti tr thyla ne (303
T, seq) i OBRSTRPEIRGYlo ghtign SBFFfﬁﬂ‘jﬂ“tlgl?trTﬁJﬁ)?{‘%‘?’?‘faﬁ%@e(Slsé‘ #ge " 2eq)
2" - deoxy- Znoumf 8P ¥redial. The midtuld WA @odled in an ice-water bath and another batch of

iodo-5(S)-Cnethyl-3',5 -0-,/V4-triacetylcytidine (500 ng, |eg), Pd
(PPh3) 2 CLINSOKE (S ) 04 @qls:d dgavaviu [The zre%ﬂtniy mG“UiZWéqﬁ)ﬂffeérﬂj’etﬂlf@t m xt ur e

it tored, - dimiesneredon 3o bl GIP Ko O0LEPRPEKY, ORIORR Ca® oot~

el uting w tshirrBEfdetad Aclditidndl) 15t @ing H\he délb'l@lt rvgas (fA284d amfl (R filtrate was extracted

?te Xy hyfsWIﬁyfﬁ@‘ﬁ{?ﬁvi%ﬁfb PR e RS s O s AR PGB (i n 20

L sat ur at edhPrR(sMROED S Alridt bBoratififofh tdiedt, WasSresithhd W& uatiedy Quer g ght .
The sol vent was renpved under vacuum Purifi CaN‘! on b¥5flash chr omat ogr aphy

on silica garomyngsaphy oclpipg ovitdy PEFEA=2:1 deogiye 2V -acptyl-2,5-C-dimethyl-2,3,5-0-

-di f | uor o- H NVR (400 Hz MeOD-d4): 6 8.34
(s, 1H), Qﬁg&?yﬁ%ﬁ%&m%f%%% So}f&lg (m(lH), 4?08-3. 08 (2n 1H),
3.84 (s, 1H), 3.72 (dd, J = 8.4 Hz, 2.8 Hz, 1H), 1.34 (d, J =6.8 Hz, 3H).

Exanpl e 23 PreparatceQno 8ic-dimethyl-2,3,5-0-tribenzoyleytidine (660 mg, 1.05 mmol) was
2' -deoxy-2',2' -difluoro-5-ethyl-5"(S)-C -mst% I 'cytidi ne (23) To a

sol uti on ofdlszolyd@wgrﬂlzdm@s MgPH wbich v5s e@twwilysﬂféﬁ)Thennfe@rwwwlnda@ﬁ ne (50
mg) in EA (50 f? was added PcUC (50 ng C. Then the m xture was
stirred und®r7OH 3{11%@%%% SHEing igfpegl tulpe ﬁor THeyss &hes enYenhdes Faved under
vacuum Purification flash chromat o%raphy on silica gel gave 40 ng of

2' - deoxy- 2' uchr-Vdptfqnu@nd)éh%reéxdh‘y vaspurgipd oy prapyil Pl fregiye 394C-dimathyigtidiag 0 Hz)

1033 o5 (VTR BN PSR S e iR 1

J = 6.8 H, N@U)D 37% 7(151 dJJ =8 G- HA ), %'@4 (s, FXB6L5, gé(ﬁel%adﬁkhﬁﬁl 49fs-
2' -deoxy-2' ifluoro-5 (S)-C nmethylthynidine (24) 24)

4.07 (dd, J1 =2.4 Hz, J, = 4.8 Hz, 1H), 3.93-3.99 (m, 1H), 3.90 (d, J =2.4 Hz, 1H), 1.23-
1.24(d, J = 6.4 Hz, 3H)1.16 (s, 3H).

O
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Step 1. Preparation of

2' -deoxy-3',5"-diacetyl-2', 2" -difluoro-5-iodo-5"-C nethyluridine A
sol uti on wb 2810/W@eEIRY- 2' , 2' -di fl uoro-5' (S)-C net hyl uri di RET(UBR@L0/253046. 72

mmol ), acetic anhydride (466 nmg, 4.3 mmol), 4-(dinethylam no) pyridine
(DVAP, 12 ng, 0.1 mml), and pyridine (20 nL) was stirred until

di sappearance of the starting material. The m xture was quenched with a

sat urat ed agueous NaHCO3 sol ution. Eksmpkrudous | ayer was extracted with

di et hyl ether and the organic | aye re she wat er, dried over
MySO4, and concentrat ed uﬁ ?}H’}étﬂﬁ% \gﬁ'ﬂgn?,‘ H’r“c@ s purified by

flash chromatography t¢ give 236 ng of 2' -de xy 3( tetyl-2',62" -
di fl uoro-5' (S)-C netha Pdi®&c i n 91%y|eIH% i Xy ure of 230 ny
(0.64 muol ) of 2' -deoxy 3/.5" -dracetyi=2", uorp=-5(9S) -

C-net hyl uri di ne, 210 Wﬁ%(o’ @3 nmmol ) of 12, and ng of CANin 25 nL of
MeCN was stirred at anbient tenperature. Wheie i o@iinati on was conplete (as
nonitored by TLC), solvent was evaporated under reduced pressure. The
resulting residue was treated with a cold m xture of ethyl acetate (15 ni)
, 5% NaHS03/ H20 B{5: Bibnilar Rkdedad WY atedbdial dxbidgle( f, M3 dihanhAusd@né Gak ayer
was separ at ed and t he aqueous | ayer was extracted with Et OAc. The crude
product s weidagedr iH NR b2, 5id-diaethgriidmel(disneredhnarmat @pQihy St7o73di ve(d2#45 ng of
2' -deoxy-3' ,5 -diacetyl-2',2" -difluoro-5-iodo-5(S)-Cnethyluridine in
80% yi el d. =, e;plz21HP6@pqg 611H)05]633f5 65 (d J = 8.0 Hz,1H), 4.08-4. 10 (dd J,=2.0Hz,J,=
2' -deoxy-2' di fluoro-5 tureof 2' -deoxy-3
.5 -di acetfyﬁ_LHz 18, 4.04 fCI Jor@%IiZoaH éﬁ‘ﬂ%(mnéﬁw a ila?r{é {24540 0.5
nnnl) and a@D@eq@§ggﬁg (40 nmg) in anhydrous THF (30 nlL) was refluxed under
Ar atnosphere for 10 min. Then ALMe3 was added dropwi se by a syringe
t hrough septum and the solution was refluxed overnight. After cooled to RT
water (20 nmL) was added to the reaction and the mi xture was extracted with
DCM The extract was dried and evapﬂzﬂnﬁﬂjﬁnder reduced pressure. The
resi due was purif| L ' iacetyl-2
2" -difluoro-5(S)" elgcjfeﬁeraﬁ"‘[‘ Bﬁi feakf2 t'%‘b“’ é‘%"?hz‘é%}’%“"s“ll%mg >
- Deoxy-3' ,5" -diacetyl- 2' 2' -dlfluorowﬁ f C—nethylthynldlne (50 nmg,
mmol ) was di ssolved in 20 m. of saturat QI§E§/NEOH solution. The m xture
was stirred at 0 C overnight. The ég(q}z removed under vacuum
Purification by flash chromatograp nysilica gel gave 30 ng of 2'
-deoxy-2',2" -difluoro-5 (S)- C—neth% ¥g1d|ne (77%; 1H NWMR (400 Hz)
(DNBC)dG): 67.57(s, 1H), 6.11 (t, J 4.30-4.22 (m 1H), 4.02-

3.96 (m 1H), 3.70 (dd, J = 8.4 Hz, 28Hz lH) 1.87 (s, 3H), 1.33 (d, J
—6 4 Hz, 3H). Exqr(r)Ble 25 Preparatlon of

_deoxy-2' , Lior ofeB- v{. nyflf@a(@)OﬂC-QfetﬁWc@li(ﬁﬁl Agne(rpmytringps)0-(- To a
soI ution of nyl-5'-C-nethylcytidine (30 ng, 1
eq) in EA (bg ldrlrﬁ)gt%\%?g)a%l eegngL?rﬂB dp%%%)(; ng) at 25 C. Then the m xture
was stirred under H2 atnosphere at H%sttmfor 4 h. D@BI vent was renoved
under vacuum Purification by fl r omat ograp hNSI lica gel gave 22 ngy
of 2'-deoxy-2',2'-difluoro5-vin ) C-neth ne (73% . 1H NWR (400
Hz) (MeOD-d4): 6 8.24 (s, 11, 1(m_l'l-6330 = 14.5 Hz, 1H),
5.61 (dd, J = 17.2 Hz, 1.2 Hz : 27(dd 108Hz 1.2 Hz, 1H),

4.32-4.24 (m 1H), 404400EIO H) , 374( J—88HZ 2.8 Hz, 1H),
1.35(d, J = 6. 8AHnjxt@Hpf 0.27 g (1.0 mmol) of 2°- deoxy—2’—ﬂuoroadenosme DMAP (244 mg,

2.0 mmol) and TBDMS-CI (1.1 mmol, 181 mg) in anhydrous pyridine (15 mL) was
stirred at room temperature overnight and then at 30 °C for 8 hours. DMTr-Cl (1.0 g, 3
mmol) was added and the mixture stirred at 56 °C for 3 days, cooled to 0 °C and quenched
with water (1.5 mL). The resulting mixture was stirred at room temperature for 2 hours,
diluted with ethyl acetate, washed with brine 3 times, and dried over sodium sulfate.

Chromatography on silica gel with 20-35% ethyl acetate in hexane gave 746 mg of 3" N°-
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Exanpl e 26 Preparation of
2' -deoxy-2',2" -difluoro-5 (S)-C nethyl-5-vinyluridine (26) NH2 AcO HO
Ac6 (26)wWO0 2010/1D8148 sol uti on of PdCl2(PPh3)2 (15.8 ng, @COAR20m01028046 n
acetonitrile (10 nm.) was added 2' -deoxy-3'" ,5 -0-diacetyl-2', 2
-difluoro-5-i0do-5(S)-C nethyluridine (110 ng, 0.23 mmol) and
et henyl tri butyl stannane (143 ng, 0.45 mmol) . The m xture was heated up to
refl ux and bed(4,ur-dichetoeytrityihd’; O ithityddied thyhilglirg hdealyi2t €luaddeavdpor at @d under
reduced pressure to renove solvent. The oily residue was purified by silica
gel col um V@Hﬁeé??é‘?'ogr aphy to give 50 ng of
2' -deoxy-3',5" -0-diacetyl-2',2"-difluoro-5-vinyl-5 (S)- Gnethyluridine in
50% yi el d, which was dissolved in 20 nLof saturated NH3/ MeOH sol uti on. The
mxture was sti 10481 at SErC-obepaiaghn of THA Sé14€rdimpheryénbvedehdde? - vacuum
Purificatio f I tography on silica gel gave 20 ng of product,
whi ch was fd&?%%lfiug?r&fl?@él gﬁy flash chromat ography on silica gel to give 7
ng 2' -deoxy-2',2'- difluoro-5'(S)-CNH#{Thyl-5-vinyl ubitfime (18% ; 1H NWR
(400 Hz) (DMSO-d6): 68.17(s, 1H),/Nl6ﬁf§&(dd, J = 1}4f§1ﬁz, 11.2 Hz, 1H), 6.16
(t, 3=7H, 1H, 6.16 (t, J = AE,AH, 5.97Ydl J =17.6 Hz, 1H, 5.20
(d, J = 11.2 Hz, 1H), 4.35T807R AP EIH),—ArOQf . (m 1H), 3.75 (d, J =
8.8 Hz, 1H), 1.34 (d, J =6.4 Hzp—3H). Exanple 2¥Preparation of
2' -deoxy-2',2' -difluoro-5-et®a5'{S)-C met WM"@ri di ne (27) N 0 AcOHO Ac d
FSi He F [/ \ (27)

A solution of 3’ N%bis(4,4’-dimethoxytrityl)-5’-O-(s-butyldimethylsilyl)-2’-

deoxy-2’-fluoroadenosine (0.73 g, 0.74 mmol) and TBAF (1.0 M in THF, 1.5 mL) in THF
(6 mL) stood at room temperature overnight and then concentrated at room temperature.
Chromatography on silica gel with acetone-hexane (2:3) gave the 5’-hydroxy product as
white solid, which was dissolved in anhydrous DCM (12 mL). Pyridine (0.9 mL) and
Dess-Martin periodinane (0.39 g) were added. The reaction mixture under argon was
stirred at 25 °C for 2 hours, diluted with DCM, washed with 10% Na,S,0; 2 times and
brine 1 time. Chromatography on silica gel with acetone-hexanes (1:3 to 2:3) gave 606

mg of 3’ NC-bis(4,4’ -dimethoxytrityl)-5’-dehydro-2’-deoxy-2’-fluoroadenosine.

[0211]  Step 3. Synthesis of 2’-deoxy-2’-fluoro-5’(R and S)-C-methyladenosine.

NHDMTr NH,

N <N N x>

N

<’N L (’N L
pMTId F Ho  F

To a solution of 3’,Né—bis(4,4’—dimethoxytrityl)—S’—dehydro—2’—deoxy—2’—
fluoroadenosine (600 mg, 0.686 mmol) in THF (7 mL) at 0 °C under argon was added
MeMgBr (1.4 M in THF, 2 mL). The reaction mixture was stirred at 0 °C under argon
overnight. Additional MeMgBr (1.4 mL) was added and the reaction mixture was stirred
at 0 °C for 2 hours and then at room temperature for 30 minutes. After cooling to 0 °C, the

reaction mixture was quenched very slowly with 10% ammonium sulfate, diluted with
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2' -Deoxy-3',5 -0-diacetyl-2' ,2

-difluoro-5-(trinmethylsilylethynyl)-5 (S)-Cnhethyluridine (79 ng, 0.18 nmol)
was di ssowvoediorsSat . NH3/ MeOH (20 nli). The m xture wasPsTiuse@d/0280425 C f or
20 h. The sol vent was renoved and the crude di ssolved in MeOH (10 nL).
Pcl/C (5% 10 ng) was added and the m xture was stirred at 25 C under H2 (1
atm for 30 h. Then the catalyst was renoved by filtration and the filtrate
was evapor&t}@d:l atelatdr yine seashebhevith e §i% uenmasurp usuilfhieel thiyesc aidud®@nsalidm ca gel
(DCM MeOH = % 88 @

2' - deoxy- 2' bl“é‘fboﬂ 1 fETS -Brars ey ) skcangst miP aFsaneerongle %88%80er 2
steps); 1HNWR (F006HZ,3° RRQ)s(4,H cﬁm@tlloﬁy‘&ntyﬂ)@ de@xgﬂi—" fldoro-§(F 8Baddz, sLd),
4.15-4.23 (m_ 1H), 3.93 (dd, J1 = 4.4 J2 = 6.4 Hz, 1H), 3.68 (dd, J1 =
4.4 Hz, J2 neetigylagleppsine](@j6 mp ofghq yppey 18ﬁm'¢r on [LC 2pf)99 mg of7the gnixtyre-ofgthg Hz
3H), 091( 7 CMS (ESI): 307 [M+ 1-1]+. Exanple 28
Prepar at i or%$v8fl§2)5]'ers b&hg‘bzghl%g% met hyl -2',2",5-trifluorouridine (28)

(28) 2 Deoxy mm] - 02,0 Bt y’ldlaiethozytmmz ldgoxy02 5ﬂuc1ml6 (R or 8)-C-

-5'(9)- C—rret |d|ne 20 Id| 1.32
ooty b S RS uEh B b ToG: T e s W agt b i S
and 1, 4- di ox@1e akd29 mMof WiRdreTIRd dolutiBe wak st%QedCatfsch;’orhls HdpANcSHRERHaRUItON, t he
sol vent was renoved at 45C under reduced pressure and the resi due was

purified orirmespamiiac-avapqsred Wid taugenytines. S'hreyeatoayardy og'silga diitickr 2o 2' | 2 -
di fluoro-5 To a
dried r ouna\ﬁ%(?)%l'?g%gﬁ)[ %fvg? E%%fsl %%Xyoz r@}ooxy*eébgg 6A eg}y;%déé%%/%l% gwime

di f | uor o- 5-splid;i' HENMRI (DMS DA ) 16(d, $=-0C Het )| 2179-8i8A em( 24, H4tgnd B15374.4501 ) |

MeCN (15 nl) and Sel ectf|uor (177 0,51 |) were added. Th ture
was sti rredd%fﬁji‘é% &5y 3173% Hdﬁr}%r‘g% }iﬂﬂtm%%r(ﬂﬁéélg 1tq1é)kﬁe§é ion was
fol I oned bxdﬂ%gwmhn&mfﬁt%u o eRt BT R) hasd Reen xR UrEdH); 493 h) . The
sol vent was renoved and the crude m xture was purified by col um

chr onmat ogr dfhy st bzw &0 75 -6Hz, 1H, H1"), 7.38 (s, 2H, NH,), 8.15 (s, 1H, H8), 8.41 (s,

2' -deoxy-3' }ﬁ 9d|acety15(S) Cret hy1-2',2' ,5-trifluorouridine (30%.

2' Deoxyé‘ Hg -0-di acetyl-5'(9S)- C-rrethy12 2',5-trifluorouridine (50
ng, nmol ) was di[éx18] ved’ NﬁBZs(QéL Hl-dismthoxk gttied)- NH&bM@’kﬂmd) -at(RonandT hé) i Xt ure

was stirred 0 C ov @Tﬁ‘g’r&’ﬁ The sol vent wag remapved un%@r vac

Purificati %&Madrﬁ}l%%‘l‘? %Bawgpﬁv b aiqriand Lo YRI5 YHY &9 ‘ﬂﬁlobf

-deoxy-5" (wak-disso®Etdnls AL onTHF53- i) 6l MasI9Whd didie of ¢404 waétkhrNM%t(r&QlQ Hz)
(MeOD-d4): 68.25(d, J = 6.8 Hle),610(t,J—68Hz1,431422(m

1H), 4. 02- 3emperitpie PMprnight. 7PHK deps rgmevegl, an pAotagy gvapprator [ gpd the 3angiging J =6. 4

Hz, 3H); %Elf&lwgzlﬂ&t éé&@%p' 4@ ﬁmutgs }%rgcer’llt%@d’, COJ—evapé %tea \7\;_1@1’ tol%@e’ 3x.

6- 169. 89(s reparati on
2' -deoxy-2' Clﬁbmatbgrhphyrm Silie wiithot 3% We(SH(iS)Dthﬂzcmgicﬂi21e1e(>>2y9;’- (29)

Toamxtu -di fluoro-3" -0, Nd-di (4
- met hoxytr| 5§R€‘§§1§5%ﬁva§§/‘ﬁs’&?ne (1.64 g, 2 mml), isobutyric acid
(211 ny, 24mm|) and DVAP (0.12 g, 1 mmol) in DCM (20 nL) was added EDCI

(1.15 g, 6 mol). The m xture was stirred at RTfor 16 hours under N2 as
checked by TLC. Then the nixture wa¥xe@pltdd with Sat. NaHCO3 aq. sol ution

and fol | owed by bri J)aw&mpafgmes v" Q’Yt?&%%ﬁ gdlﬁlle&?/ cfgi{&i"ne SOt and

concentrated. The so nt was renoved and t e was purified by

col um (PE:
N
Y Sy NH;
© N\j/
Ho)‘Q' =~
e

<
~

HO

[0214] Step 1. Preparation of 3-0-N* -bis(4-methoxytrityl)-5’-O-(t-
buryldimethylsilyl)-2’-deoxy-2’-fluorocytidine.
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WO 2010/ 108140PCT/ US2010/ 028046 EA = 1:1) to give 2' -deoxy-2' ,2'

-di fluoro-3' -nmethoxytrityl)-5" -0-isobutyryl- 5 (S)-Cnethylcytidine (1.2
g, 67% . WO 200802 |, 2" -difluoro-3' -nethoxytrityl)-5PCT/US2010/028046
-0-isobutyryl-5 (S)- G nethylcytidine (900 ng) was dissolved in 80% HOAc
(20 nL). The m xture was stirred at 60 C overnight as checked by TLC. The
sol vent was renoved under reduced pressure and the residue was purified by
prep. HPLC (HCOCH systemnm t |Nve 2' -deoxy-2',2' N

di fl uoro-5'-0-isobutyryl-5 ij hyl cyti di neoasy WMBl i ds (120 ng,

35%: 1H NMR (D20, 4@,@ 46 {e> JBSO7 N . 6.24 (t, J = 8.0
H, 1H), 6.15 (d, J = 7.8 528(o|MTr . 6.4 H, J2 = 11.2 Hy,
1H), 4.31 (dt. J1 = 8 I—E 32 = 12 8 Hz, T (dd, J1 = 4.4 Hz, J2 =

8.0 Hz, 1H), 267274(m1H) 142(dJ 68HZ 3H), 1.18-1.21 (m
6H) ; ESI -LOMVB: I} 20136k BM"‘dJolxl/’E ﬂ?f(?IQC)[thnJé (@@b g,78]176 EI%MU" aNRrBpNEcafpl e 30

Prepar ation of

- deoxy- 2'(198 gdi97 Pupmel)5h (asbly@mmyﬁnes(ﬁo@n(m -weal stiprgdl Jpe yaoind fempe (a8 0y
----). - NH2 Iélel_lr%l\'/ht Qn Iellllc ncgn-[rae remd s c!_? dw19? cthyl acctate, washed wit
(N-t-But oxycarbgonye 1 e {8 % %p% ulte) ]@fgl ?ﬁ.’S‘ﬁ g, ?5{1% nmol )
wer e susperdiaéel dlrﬁhdacnhydnlqusouﬂ-ﬂﬁzsmﬁ aﬁd_):onc&htmtem oot gme 2uas (Rd)rofedl-@- RT for
1 hour and then warmed to. 50 C Stirring was_contjnued for 30 mns. Then

t he mi xt ur @UREEMEHEIS Y odaeFy-antieRetidpr 3t f sHtHeRlidadded into a sol ution of

2' -deoxy-2', 2" - T’Oil_rEAr Q‘s‘il5el(l§bratmtgh¥1 & Whrh &l RGis Q@de%omgv soRutidR JIMPMIre-CPVAP (37
ng, 0.3 mml) and in anhydrous DVF ( m.) dropw se at RT After

addi tion t Hé3 rd, xtlif ém%alé» ét Or(r betyldimddylfikyh)- Q@eWya%dlmrLEmtl@omdérﬂ r&t.2d under
reduced pr nd..TEA.. Then Hen d|l ted in EA
and washed H\?\AI%%S%& QOIhﬁnerﬁg go%alﬁpgl)lllé%h I Dg!ﬁéﬁpove Rlae\%% ué{gsol vent
was concentWaats&decamdrobﬂnetemparatdteeomﬁgmuﬂiltefretcedn(byVamﬂum]n dapiated EI&I)ICO@ afford
3' -O(N-t b rbonye-L-valinyl)-2' -deqgxy-2'

-di fl uo%gg’flﬁé%@ﬁ’é%%fﬂ% i Vs wégvaar NibPe arﬁfﬁ&%ﬂra@&l Ghrogirigeraplihi ch was
d' ssol ved gy sica Qb0 BthOf ackieb-peolefin (theMN(1:3 801 : m-éave-“ﬂ%ém% jore Ve stirred

at RT for 10 hrs.” The solvent was renoved to afford crude product which was
further purhﬁ@r -authoyytHolt ¥ «0-(phueyddimapyBilyly 2afi¢asyd Ftuorocytidine.
deoxy- 2' -difluoro-5 (S)-Cnmethyl-3 -0-(L-valinyl)cytidine as white
solids (410 ng, 50%; 1H NWR (400MHz, D20) 6 7.80 (d, J = 7.6 Hz, 1H), 6.29
(t, J 8.8 Hz, [GHp] 6.51p Zd Pikparafio® of, 310 N'-GisAmdhd®iriyn)- 5’1(1,1])5 -0-
424427( %92407-2](%3 m.,.1H), 2.40-2.48 (m 1H), 1.31 (d, J = 6.4
Hz, 3H), 1 A2 o 2 ORgeYIdRY- = 11 2 Hz, 6H): ESI-MS: 753 [2M + H|,
377 [M+ Hr. Exarrpl e 31 Pr epar%/ n of
2' -deoxy-2',2'-difluoro-5' (9 Mm5B - O- (L v&“Wﬂl\mne
TBS
O ~ v ‘Y
MMTIO  F MMTFO" ’F
TBAF (24 mL, 1.0 M in THF) was added dropwise to a solution of 3-0-N' -bis(4-
methoxytrityl)-5’-0-(¢-butyldimethylsilyl)-2’-deoxy-2’-fluorocytidine (11 g, 12 mmol) in
anhydrous THF (100 mL) at 0 °C. The solution was stirred at room temperature overnight
and then solvent was removed in vacuo at room temperature. The residue was dissolved
in ethyl acetate, washed with water and brine, dried over Na,SO., and concentrated.
Chromatography on silica gel with acetone/petroleum ether (1:3) gave 9 g (93%) of 3’-0-
N -bis(4-methoxytrityl)- 2’-deoxy-2’-fluorocytidine. Pyridine (6 mL, 15 eq) and Dess-
Martin periodinane (2.6 g, 6 mmol) was added to a solution of 3’—0-,N4 -bis(4-
methoxytrityl)- 2’-deoxy-2’-fluorocytidine (4 g, 5 mmol) in anhydrous DCM (30 mL) at 0
°C under N,. The reaction mixture was stirred at room temperature for 2 hours, diluted

with ethyl acetate, washed with 10% Na,S,0; twice and then with brine, dried over
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(31) (31) To a m xture of

2' -deoxy-2',2"-difluoro-3"-0, Nd-di (4-net hoxytrityl)-5"(S)-Cnrethyl cytidine
(2.0 g, 2vo20rmmoBip EDCI (933 ng, 4.86 mmol) and DVAP ( PZ3/Usgo10/28086 nmol )

i n anhydrous DCM (20 nmL) was added N-Boc-L-Val (529 ng, 2.43 mmol) under
N2. The reaction m xture was stirred at RT for 2h. The reaction m xture was
washed with sat. NaHCO3 solution and followed by brine. The organic |ayer
was separ ataghlydrelrsi dd,S0enndrbydnoatsd. NaRS@4tograghy idnt eitied.geThetlf iabdtorgt e was

ncentr inv iV resi il I
ol ﬁﬁnt(?,gep%gdgy@aef “@é)?o 23) gziu%;zfg GGUE 20! 5D, ms, Db L Gis Y sl Tea ge
-0-(N-(t- btg,&%ymrzbg%;)y%y@wtmﬁe) 2' -deoxy-2',2"'-difluoro-3"-0, Nd-di (4-ne
thoxytrityl)-5" (S)- C—rrethyl cytidine (1.4 g, 6% To a solution of 5
-0-(N-(t-butoxycarbonyl)-L-valinyl)-2'-deoxy-2',2"-difluoro3
-0, Md-di (4-met hoxytrityl)-5'(S)- C—rrethglf’?:ytldl ne (1.1 g, 1.08 mmol) in EA
(5 nL) was added 4_N HCl/EA (15 ni). The reaction mxture was stlrred at RT
over ni ght, concé%Ith ecf"ipnt% Lrendsigas whi ehdsgae 2 plivarrird® by 9pf ep)-CHPLC

( HCOOH syst,ﬁg;r;) "é{

Hd
2' -deoxy-2', 2 quoroS(S) C-methyl-5"-0-(L-valinyl)cytidine (55 ng,

13. 6% asawhlte sol i d; 1H ) (D20) 68 0.8H), 7.47 (d,
J =7.6 H, 1H), 5.99 ( Jﬁ@w“ﬂi Q;?;JTHZ’M
5.32-5.25 (m 1H), 4. -4 1 1H) 3—98>3H9 2.25-2.17 (m 1H),
1.29 (t, J = 6.4 Hz, gm\0§8(d J = 6.8 Hz, ,‘vFO.85(d, J = 6.8 Hz,

1H) . Exarrpl e 32 Preparation of

2' - deoxy-2 2 d| fluoro-3',5 -0-di(isobutyryl)-5'(S)-C nethylcytidine (32)

) 2' 2 2" _dif|uoro-3 -0- N4- di ( t hoxytrit ,-5'

- C net hyl cyt i d| CIYISBQB T R %\B‘?Oéﬁ %%g&d&%fgg OHWBSB o S%‘fl e H20 (v/v
= 4:1) . Thenmpxthande&in-b - CSLAYidENafPE - RPxy- U B0 QNERE S3.8emmyigd under

vacuum and t he (tr4tejlg| dAl(JXZ i/\t)/zys purifi eldB;;y sili c)g gte}ﬁwc éy% EA=1/ 1?t o 1/5)

to give 2' indekydyorp' TEF (Y] mlydn gn ip4EQH hethhodgt Ne. t%) reactlon mixture was

762 (a3 "RGF Y T Epiperadfle (57 g W‘“’% B gy 19

6. 25 (d, J acetdte Swhihed Bilith, brﬁwl&le(djove.ﬂ aHh}ﬂrcﬁls M, SAHINd &ndntiated td giveBthd HZ
1H), 5.05-5.03 408 3|_|)
3.51 (dd, [fmde %ﬂu% %‘r%awgpﬁ y 9o gl égla( %el Vﬁltmacgtoge-lg%troléqlﬁ etjhl_Q (1: ? tel-g 3;

m xture of odye @%C@(VSS%) of ‘pufdl $-OUAF Bis(4-methoxytrityl)-2’-deoxy-2’-fluoro-5° (R or $)-C-
1V4- (4- methox%lltrlt y1) S) - Cret hyl cyti di ne 8,2 0 g 3.64 nmol), EDC (1.4

g, 7.28 nmonst ﬁ%@dmp (270 ng, 2.18 mmwl) in anhydrous DCM (20 ni) was

added i sobutyri E?Olﬁﬂ)(rj (? Eé]lu 0f1§)O9R,4 rm@{ ke&ggﬁﬁ\xg gﬁ,e%e%%%gxg R i xture

was stirred at e reaction m xture NaHCO3
sol ution art-G-mbthglgtitlitey(600 mge0.73 hendr gane@HHAYEr/ WA, 3@ pa) azlaeshrredralt ed over

anhydr ous 294 and fj Ite ed. The filtr . Wa ncentrated in vacuumto
oy bas SRR R e ressSh B i Eencsyd, Tutley wfi nGr e BEd EALSAR 0 51 1)
to give 2' -}dadXYwide akd cdﬂbéﬂtﬂd&ﬂ@ogr &s. @rrﬂﬂnﬁt’ofn@ o é/r%)ferse hase HPLC and

Kyi

1V4- (4- met hoxytrityl)-5' ](55 OTethyI cyti di ne ‘%r 7% , which was
di ssol ved ithenen g chixalHPHE 0zag s 2y deoxy: 2] fluorphe (Fyi it Grlwa@l@tlflmﬁ éé0 &12.50 C

ht
pur1 11 0q by Cprep, NUBTCORYE SEANRE LRIRTIEIELD. I (3 L PEOHE LA
di (i sobut yriyll Ha") S})Q@l et ﬁﬁleyﬂHdHﬂ)eS()dg(mrfgn, LHSHRR’), 4.8 (NR [4G08.Hz).4 ( I\/EOD)

6 1. 8;1 (d: éfzng ?ﬁjl ki P ((%‘?nf] zgﬁs‘%qgéﬁ)s )J%Jfgdcfﬂ é'g ,

2 75 2.67 (HB, 111;%914)213?{5(112]5@4(}@3 3HHMe) 1. 33 (d, J = 6.8 Hz, 1.21- 1 15
(m 12H). A'ternative nethod.

Example 14
Preparation of 2’-deoxy-2’,2’-difluoro-5’(S)-C-methylcytidine (14)
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2' -Deoxy-2' ,2' -difluoro-5 (S)-Cnethylcytidine (0.8 g, 2.89 mml) was

di ssolved in 20 nL of DVF-DVMA. The m xture was stirred at RT for 2h. The
sol vent wa® 208mmo8Rrd under vacuumto give the crude 2' - @#€oB2@0/028046

-di fl uor o- \d- (N, Ndi net hyl am nonet hyl ene) -5' - C- et hyl cyti di ne (998 ng) which
was used for next step with no further purification. To a m xture of
2' -deoxy-2' ,2

-di fl uoro- Nd- (N, N-di met hyl am nonet hyl ene) -5' - Cret hyl cyti di ne (950 ng, 2.86
mml ), EDCl (1.1 g, 5.72 mol) and DVAP (210 mg, 1.72 mmol) in anhydrous
DMF (10 nL) was added isobutyricyacid W 8.58 mmol ) under N2. The
reaction m xture was stirred at £ N5h 8 reaction was conpl ex. Then
EDCl (1.1 g, 5.72 mmol), DVAP |'&10_ 2 mmol ) and isobutyric acid (756
ng, 8.58 mmol) was added into theos Lﬁlon and stirred at RT overnight. The
reaction mxture was diluted with EA washed wif water and brine. The
organi c | ayer was separated, dried over anhydr Na2SO4 and filtered. The
filtrate wd82Whseent Paéped:mtoo ofj BB, N - Mﬂd@th?)xymdzee‘}(w d-bun2limedyiilyip?'o- 3' |, 5'
- 0-di (i sobu i met hyl am nomet hyl ene) -5' (S)- Cmet hyl cyti di ne
(750 nm) er{éﬁy%/v& y&@‘é’é?c’/l ”"the next step with no further purification.

2' -Deoxy- ,

-di fl uoro- 3 5 - 0-di (i sobut y@yl &N(&N Ndi et IamR;QFNHWWene) 5 (9)-C net
hyl cyti di ne (700 ng, 148’?@3@ s dissol &g’ | AcOH H20 (v/ Vv =
4:1). The m xture was sti ng\eF at 50C overni giro” Th€ sol vent was renoved
under vacuum and the residue was purified by prep. HPLC to give the 2'-
deoxy-2', 2" - di f higpngs 31, (505%169(3 %‘Prf?éiéXx?a)f]z)ddéd Qos)a lehhcyé E’Y&éoQ{éQez(Zzo ny,
35.6% . 1H NMVR (400 Hz) (Me

8.8 Hz, 1H)d1ﬂ®r®6thlde hﬂdrech‘xoreiereﬂ 03Hy7. 7511@@) B @thyqrnvs psrfpdlnes(lamm) zt70 (m

1H), 4.25 (dd 2. 73- (m 1H),
T (o g B ynder e g Tededd§: e Sl Tppa O, iy ahee Bpsafemian Tor

2' - deoxy- 2'cpientitéd, Wt@d 5\/111113)hy(:a@'tdff¥ |W(hy’ﬁeldd7hﬂﬂjr(n33drled over anhydro@ WNi,8€; Et OH
bath col d solution of 2'-

di f | uor o- 3'ang _congentraied ko E@F h?o@ft huﬂgﬁfllylegw sﬁwlh% féeogy& iﬁlﬂwr%ﬁw (Rl
anhydrous THie4 1R Waiewdfigadded EtMyBr (3 M solution in ether) (5 nL, 15
mol ) dropw se under N2. The reaction mxture was stirred at RT overnight.
The m xture was [Q%Z@hchédiMEyCéé.B g.NH4@mnol, 'I3weq)pva§ohsid¢d (vas saxtiqnaft Bd)Wt h EA
(50 mx2). . ofgani,c, hy and
concent r at ed py?dlmeth il F%e(il g%\h‘?é r\?\/%vyg 615r(| ed bym‘glph%“élygfé’f“'\l@@gm

( PE/ EA=3/ 1 (5@mL), ]f))lld\@edngaeldﬁlhﬁ ozAchmq)xg -2 m&o})dndi balndiae agg) 15Ndmetil ), 4-

met hoxytrityl)-5' (S)-C-ethylcytidine (1

- Deoxy- 2", Zhegsactiopibtuge wes stgedgf {Omfseﬁeﬁvferqwisht sn%@si\béﬂ@f%ywe@w di ne
(1.3 g, L. AR e REHHE SAl VRS With %énmhé\vogd/nlzﬂl@y&%a% drie#t oter N&RS, M xture
was stirred at 50 C overnight. The solvent was renbved under vacuum and the
resi due wasgindiconeeedhted. thmmwapéls oprbifica gedtwithcetled acaitathpERIqUN ¢theeZ} 3t r enove

sone i mpurijt The wa t 0 separ gti.on to
give 2' " deox gai(ﬁ f{Dljorol%g4 %@?‘ ’8%@% g b fyﬁc{eu% tH%H%ﬁS%ﬁxy%} NVR (400
Hz) (MeOD) dﬁ&o?oc@ﬂid1(1d(11\lg,83%).6 Hz, 1H), 6.18 (t, J =8.0 Hz, 1H, 5.90 (d,
J =7.6 Hz, 1H), 4.28-4.22 (m 1H), 3.78 (dd, J = 8.4 Hz, 2.4 Hz, 1H),
3.69- 3.66 (m 1H), 1.70-1.64 (m 2H), 1.03 (t, J = 7.2 Hz, 3H . Exanple 34
Preparation of 2y224poxyre’ .2’ Fi;*e &M%ﬁ) %ﬂ@)o@v‘%:hﬁhﬁé{ﬁ&%@ﬁ%b -0 34)

To an ice-cold suspension of 4.79 mmol) in anhydrous DCM (15
nm) was addédiafiyZddens- Zpy?lrdlﬂVW@CJ(t@lWiY m_, 9. 57 mol ) and Ac20 (0.45 mi,
4.79 mmol ) under N2. The m xtupe was stirred at RT Bor about 10 nm until
the m xture becane hom)geneogs NHvXitur e was cgol \ijQMQ and a

sol ution of 2'-deoxy- 2igsgd”™ N /\;!'v;l(
di fluoro-3'-0-,/V4-di (4- mett trityl)- 5(S) | rcytidine (1.0 g, 1.2
nmol ) in anhydrous DCM b"@’; mf was added Thé F85Lﬂtant mxture was stirred

at RT overni ght r det ect, The, rgaction
mi xture was dil Ui egﬁ(\m i Ek%?fgaomhf‘jvgg) rdpmsfh (ftil Lf ﬂt’&gh Wi ce and
brine. The metigagirityl)-ayor(-vasldargmyldtydd - ddasx;e@l ,m&luomhu@iﬁ@@o.magﬁm and
filtered. The filtrate was concentrated in vacuumto give a residue which
was purified by silica gel colum (EAPE= 1/2) to give the desired 2
-deoxy-5'" -C/ 5" -0-didehydo-2',2"-difluoro-3

-0-, Nd-bi s(4-nmet hoxytrityl)-5 - CethyBeytidine (505 ng, 50.6% . To
an ice-cold solution of 2' -deoxy-5'" -C 5 -0-didehydo-2',2"-difluoro-3
-0- ,Nd - bis(4-nmethoxytrityl)-5" -Cethylcytidine (505 ng, 0.605 mmol) in
95% Et OH (10 nL) was added NaBH4 (46 ng, 1.21 mmol) under N2. The reaction
mxture was stl rred at RT for 7 h The sol vent was evaporat ed The re5| due

N — A S NN . o




To an ice-EtOH bath cold solution of 2'-deoxy-5"-C, 5 -0-di dehydro-2', 2" -
difluoro-3"'-0-,A 4-di (4-nmethoxytrityl)cytidine (3 g, 3.72 mmol) in

anhydr ouswOEB10(108140L) was added Al |l y1IMgBr (1M sol uti on POTHSE)1002846, 15
mol ) dropw se under N2. The reaction m xture was stirred at RT overnight.
The m xture was quenched by sat. NH4Cl. The product was extracted with EA
(50 mLx2). The conbi ned organic |ayer was dried over anhydrous Na2SO4 and
concent r at enimdldp igianteydeous SHA O mh) ah0 WasThrurekdliigg sdiyticgi Wascairgelat codnum
(PE/EA=3/1 to 1/1) to give . ) . . .

5 -Call y1-t?“PeﬂaéBg‘?f-V%m??é,t’@Qﬁpﬁ?ta% iy ted 2vithosthgiap gty 2s8ed With REinGi9Figd met hoxy
tritypcyti djvBe akblydboud Na3909 %hd Wah&huies. dhr@ﬁfa{o\gﬁg%rbnlmmgacm HaQ1(v/v =
4:1). The mxture was stirred at 50 C overnight. e sol vent was renoved
under vacuusstatadPMe Hdi dge Mdls ﬁﬁVPut%@"b(ﬁblﬁ(“vm%tmﬂ’(fgylﬁt) 2’-¢egry-dcted with
EA (2 mLx2), LRpurity. The aqueous | ayer was subjected to SFC
separati on C%%&écgc\?gagggﬁfggogq‘lpyl 2' -deoxy-2',2"-difluorocytidine (5 ng,
1.3%; 1H NOMR2( 4T\ Ho) ulD2 6ol Bwak. adBed td ,a sfirred Fol@ionaf adiyfrous p@ddifd (960 = 7. 6

Hz, 1H), 5.81 (d, J = 7. , ~70-5.5 m 1 4.98-4, ( 2H) ,
4.17- 4. 08 ("31’ 1%%@@%.@@%%@5(1#\@59@,0 %&893%( %th(ﬁd ier &H%Ff%%’ Alter
3' - 0-, M4- biag{ifioMRhTPRNplidiNd Jotdrtidn s Gradhb /- T: RQ¥Ned%0 atirred solution of

di fl uorocyti diﬁg (5 my, 1.3%. Exanple 36 Preparation of
2' - deoxy- 2'3-9+-Vdbp(4upetaostitg)- L-dspopy | € yhiflupreratidiag§8. b gNLO mmol) and DCC

.---..--NH r N 1 F, an
e Ei OH buph &ardmish in ot DD @bl LN Gultold Wik anger 1y, e

di f1 uor o- 3'reddtion Wdxtdic( Wasneirteday RrT.t gveIntght.i Coalel ¢Bh gpld3wakd, quaiched with
anhydrous TH

i opwi se ity FprTrind FRBEr ST g QA S st o egind e

m xt ure wasyAreNGHAdERY 198t con¥iktGl EATBSufsnOds twakBsd evithr BEhC st beEA (50
m.x2). The conbined organic | ayer was dried over anhydrous Na2SO4 and
concent r at eghydsousi NaSQs ped pengentipredcty siesa periduevatcipyas piitied Byetilicdoselim
(PE/EA=3/ 1 _Qi v ANTI AN 0| =357 Proy NAS L 4= 5

met hoxytri tc;%%fyé%ﬁ%pg’? Xcg%/lg)dtlo e ( 1?3%?1S@%W¥ar§ylgjmgkjt Ef %z?bzl{yéro 2

- Deoxy- 2", 2eadi ¥ 1200 boBcy@ilindNg-2d, (4%ivet hoxytrityl)-5" -propylcytidine (1.3
g, 1.53 mmol) was dissolved in 15 nL AcOH/ H20 (v/v = 4:1). The m xture was
stirred at 50 C overnight. The sol vent was renoved under vacuum and the

residue was di | ORZBIW tshepWat @irefadarifla) of SXOYRELRA-Mbthbxyieftyl)3 -atid)o-2'0 enpve
some inpurity. The water |ayer was subjected to SEC separation to give 2'

- deoxy- 2' , Zeogi 1 difHorcyadingr opyl cyti dine (30 ny, 6% was obtained after
HPLC separation. 1H NVR (4000Hz) (MeOD): 6 7.58 (dg, J = 7.6 Hz, 3.6Hz,

1H), 6.04-5.99 (m 1H), 5.89 Sfﬂ NHMMIT7. 6 Hz, | 3. WMM#. 23-4.15 (m
1H), 3.75-3.73 (m 2H) X4 (m 6H), @ T& m 3H) and 3

-0-, N4- bi s(4- net hoxy KA;%Z' - deoxy-27,2' Mﬁ?‘gg—%&oﬁ' (R) - propyl cytidine
(5 my, 1% . Exanple 37 Preparation of ™ F
5'-0-acetyl-2'-deoxy-2',2"'-difluoro-5"(S)-C nethylcytidine (37)

1/--\, .. NHWITr MeMgBr (3.0M in ether, 10 mL, 30 mmol) was added )dropwi&6to-a- ©hiti80 oHHOF Ny N

0 the crude 3-O-,N* -bis(4-methoxytrityl)-5’-dehydro-2’-deoxy-2",2’-difluorocytidine (6.0 g,
7.4 mmol) in anhydrous THF (30 mL) in an ice-EtOH bath under N,. The reaction
mixture was stirred at room temperature overnight, quenched with saturated NH4CI,
diluted with ethyl acetate, washed with brine, dried over anhydrous Na,SO. and
concentrated. Chromatography on silica gel with ethyl acetate-petroleum ether (1:3 to 1:1)
gave 3.6 g of 3-0-N* -bis(4-methoxytrityl)-2’-deoxy-2’,2’-difluoro-5’-C-methylcytidine
(59%).

[0223] Step 4. Preparation of 2’-deoxy-2",2’-difluoro-5'(S)-C-methylcytidine.
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MMIrd FHd NH2 (37 2' -Deoxy-2' ,2'

-difluoro-3' -0-,Nd-di (4-nethoxytrityl)-5 (S)-Cethylcytidine (1 g, 1.2
nmol ), EDED 20W/®8146. 2 nmol ) and DVAP (1 g, 8.2 mmol) i nPDCNISEAI00280g was
added acetic acid (0.5 g, 83 mmol) in portions at 0 C under ice-water,
then stirred at roomtenperature about 10 C for 1 hour. Then the reaction
m xture was washed with water (100 nL) and extracted with DCM (50 ni)

twi ce. The organic | ayer was concentrated to afford the crude desired 5
-Oacetyl -2' -deoxy-2' ,2' -djfluoro-3' o

di (4-met hoxytrityl)-5' -G I jdi ne whi ¢gh was or next-ste
di ghout y y1) H(o )-C mt/HN\jﬁmﬁmd "8 R\iﬂi\%mz p
purification.5 -0-Acetyl- 2 oxy-2',2'=difl uor023/<0-, 1V4-di (4- met hoxytrit

y1)-5' (S)- Cnet hyl cyti HYAE was di ssol ved in AcOHOH20 (50 ml, 80%. The
reaction mxture was stirred at 60 C overnight. Then concentrated and
purified by0224epA siRi@ bH3-Chbi\dibis(4methoxytetybt3) dedxy-2’ déaliuops-5°(R' adi ) uor o- 5'

(S)-Crnethylcytidin 0 as, whi t | id: 1HN CD30D, .. 400 )~ 6ppm
(). DY 0 0,35 ML DiGA) iy AV (TR0 AQOtECorD
1H), 5.22 (oRernidh., Affer @Onméval ofl Klvends @0 rétthe Wik diluéedSwitlz watde) extrictet Wah 1H) ,
2.08 (s, 3H), 1.37 (d, J = 6.4 Hz, 3H. ESI-LCM5: mz 320 1[]M+ H, 639 [2M
+H] . Exanp|e§1yggcepﬁee%gea%qd(§ﬁn@ptrated. Chromatography on a reverse-phase HPLC gave 0.3

2' - deoxy-3',, gsa%%&' QG&‘éoX}-zi’,'z’Lcﬁ'ﬂa&stb(@?t%éhy(@tfdﬁfem?&shwhi@ey Ghigh ngr (@ NH2 0
HO HOFF r O 38) To  a stirred solution of 2

- deoxy-2' , ZCDdOP) 6Gr98-(8,  S)/-cCVikket hiyll At ba# e J¢A1=@§,0 Bz.6lHnkbl') 5i9% (OM~= (10 nl)
was added < The m e was L , fo rs as
checked w %@%ﬁgﬁ@%éﬁ%h H%ésfat Zé{fl’l?_e}r%%/y ’ ﬁfé )’gceb&gg%c{rb%g}sgﬁre to
give 2' Hz, 1H, H5’), 3.74 (dd, /= 8.4, 2.8 Hz, 1H, H4’), 1.37 (d, ] =6.4 MHz, 3H).

-deoxy-2', 2" -di fl uoro- Nd- (N, N- di net hyl am nonet hyl ene) -5' ( S) - Cnet hyl cyti di ne
(1.1 g). Toastirredsol utionof?2' -deoxy-2',2"'-difluoro-N4-(N, N-

di met hyl am nonet hyl ene) - 5' (S) - G net gyhapiei1@ ne (0.5 g crude) in pyridine
(20 m.) were added DVAP (122 ng, 1 mmo and acetyl anhydride (1.02 g, 10
mol ). The m xt ur e2WAEOX{Yi-2’ 22 DIHLUQR O T RIAC MEFRY BEYEHHNEA@S\Wi t h LCVS. Then
t he sol vent was renoved under reduced pressure to give 2' -deoxy-3 ,5
-0-di acetyl-2' ,2'

-di f 1 uor o- d- (N, Ndi net hyl am nonet hyl erig%/a@' (S)-Cnethylcytidine (1.8 g),

whi ch was di ssolved in 50 nL 80% HOAC \JS{N"bred at 50 C for 4 hours as
checking with LCVS. The sol vertowas§ r d and the residue was purified by
prep. HPLC (HCOCH systen) to give oxy3' ,5'

-0-diacetyl-2',2" -difluoro-5' (S)-He-nﬁat hyl cytidine as white solid (280 ng,
43% for 3 steps); 1H NVR (CD30D, 400 M Hz) 6 7(18% (d, J = 7.6 Hz, 1H), 6.32

t, J = 8.8 Hz, . 2,98 (d, = A. 6. Hz, 1H) . 5..23-5. 1H) 25 p. 18- 5. 22
(m 11, 420 (SHPh Peodudhop3-ENEoqfeopiiung A ded™ il ap 100
1.34 (d, J metbyldtidihe. 3H); ESI-LCMS: mz 362 [M+ F1], 723 [2M + H. Exanpl e
39 Preparation of

2' -deoxy-2',2'-difluoro-5 SS)OWMHF 3,5 -9, Ng-?\};ﬁg%wﬁyti di ne
— N —

N\
o//\(_ZN HO/\(_Z
A —_—
MMTrQ F F

¢ MMTrO |/

MeMgBr (1.4 M in THF, 2.6 mL, 3.6 mmol) was added dropwise to a solution of
the crude 3-O-,N* -bis(4-methoxytrityl)-5’-dehydro-2’-deoxy-2",2’-difluorocytidine (580
mg, 0.72 mmol) in anhydrous THF (8 mL) at O °C under argon. The reaction mixture was
stirred at room temperature for 3 h, cooled with ice, quenched with aqueous (NH4)2SO.,
diluted with ethyl acetate, washed with aqueous (NH,4),SO4 solution four times and then
with brine, dried over anhydrous Na>SO4 and concentrated. Chromatography on silica gel

with ethyl acetate-hexanes (55:45 to 70:30) gave 317 mg of 3-0-,N* -bis(4-methoxytrityl)-
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(39) Oy NH2 HOO He (39) To a stirred solution of 2

-deoxy-2',2' -difluoro-5 (S)-C nethylcytidine (100 ng, 0.36 mml) in

pyri di ne Wb 2moy108:we added Ac20 (153 ng, 1.44 mmol) andPDWAR2¢10H2808¢ 0. 12

mmol ). The m xture was stirred at RT for 3 hours as checked with LCMS. The
m xture was then diluted with EA and washed with brine. The organic |ayer

was dried over Na2SO4 and concentrated. The residue was purified by prep.

TLC (PE: EAZ"'dEOX]y)Z po-diffubar-ff (S)-C-methylcytidine and 44 mg of  3-O-N'-bis(4-

- deoxy- 2' -diflu S 3,5 V4-triacetyl cytidine as
V\:hl te sol i AEOYHED gS%OXy%H&N%ﬁu‘(r@%é%éo%@yWﬁiﬁ '8 9.41 (br s, 1H), 7.90
(dd, Ti :20Hz J2 = 753(d J =7.2 H, 1H), 6.46(dd, Ti =
6 Hz, J2 = 10.4 Hz, 1H),517524 m 4.14 (dd, Ti = 4.0 Hz, J2 = 5.6
Hz, 1H), 2.28 (Sler3rfreporatign p&2’ c@pﬁﬂz?ml upo-5 R C-metiggy(idine.] = 6.8 He,

3H); ESI-Ms: mz 40411M + H +, 807 112M + Exanpl e 40 Preparation of

2' -deoxy-2'", 2' -di fluoro-5"(S)-C nethyl-5"-0-propionyl cytidine (40)

2' -Deoxy-2',2"-difl uoro-:3' 0%;\44 di 4 rret hoxytrity®-p' (S)-C nethylcytidin

e(lg,12mml) EDCI b%/ ¥ and h;g z2nmol ) in DCM
(100 nlL) was added prdi'ﬁlo i (0.5 g—6. gg@més_? ortions at 0 C,
then stirred at room tvmeeratiure (about 10 O for & Fhour. Then the reaction
m xture was washed with water (100 nL) and extracted with DCM (50 ni)

tw ce. The é@iﬂ?“AC sbRUES YRS 3%)—0@‘%&& MRl Ried)- i’oc[e@x§ Bez 2d1f1uoro 5 (R1C:

- deoxy- 2' di fluoro-3"-0-, di (4-nmethoxytrityl)-5 (S)- hyl-5'-0-

pr opi onyl cymthisd%@dmhl(éh m@a&ﬁjsmbl)f mrAcr(&i/Ha@t(éanM\t/hdUi) o atlfmedat HOrC

(ZS) g_e(r)ré%/hiqvérg;ghbdA%?roremovzﬁ ofystolv’grl}{d' tge gesuféllrlg tsvgagsf( Voteeéflaﬁgc}}gﬁ%\d a-ithl-ffBleE% 6W0

80% . The rtaas!Ciadmatoxiapliyonilscasll witle t0-as % le(CH aVBCN ght 9 nid&?’ donse ntrat ed
and purified by Prep. HPLC to obtain the desired 2'

- deoxy-2', 224 ﬂ“%r%(@*%gﬁeth@lc%@ﬂ?fs white $9ligi opi onyl cyti dine (180 ng) as
white SO|IdS 1FI NMR (CD30D, 400 MHz) 6 ppm 7.65 (d, J = 7.6 Hz, 1H), 6.23
(t, J =84 H, 1H, 5094 (d, J =7.6 H, 1H, 5.19-5 25 (m 1H), 4.04-4.12
(m 1H), 3.91 (dd, J1 = 4.8 Hz, J2 = 7.6 Hz, 1H), 2.39 (q, J = 7.6 Hz, 2H),
1.36 (d, J = 6.4 Hz, 3H) 1.13 (m #XmlquHz 3H). ESI-LCM5: mz 334 [M+
H, 667 [2M +H]t Exanpl e 41 Preparati8RP

-deoxy-2', 2' - di fPi¢partation ob2>deody21-Apomry 15) I -frivjhyladenddiyd Ayl | di ne (41)
NH, NH2 NH
N A
<1 )
HO’(&\I N
O F (16)

Step 1. Preparation of 5’ —O—(t—butyldimethylsilyl)—2’—deoxy—?;’—O,N6 -bis(4.4’-

dimethoxytrityl)-2’-fluoroadenosine.

NH, NHDMTr
N N X
N
4 4
<, ) ¢
HO/\@ - TBSO’\<i7I N
HO  F oMt S F

A mixture of 0.27 g (1.0 mmol) of 2’-deoxy-2’-fluoroadenosine, DMAP (244 mg,
2.0 mmol) and TBDMS-CI (1.1 mmol, 181 mg) in anhydrous pyridine (15 mL) was
stirred at RT overnight and then at 30 °C for 8 h. DMTr-ClI (1.0 g, 3 mmol) was added and
the mixture stirred at 56 °C for 3 days, cooled to 0 °C and quenched with water (1.5 mL).
The resulting mixture was stirred at RT for 2 h, diluted with ethyl acetate, washed with

brine 3x, and dried over sodium sulfate. Chromatography on silica gel with 20-35% ethyl
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N,NHO F O HCfd F _y0(41) To a stirred solution of

2' -deoxy-2',2"'-difluoro-5 (S)-Cnethylcytidine (1 g, 3.6 mmol) in DVF (10
m.) was awsioedioDNE4DVA (10 nl). The mixture was stirred aCTABG2@0/028042 hour s
as checked with LCMS. The sol vent was then renoved under reduced pressure
to give crude 2' -deoxy-2',2'

-di fl uoro- Nd- (N, N- di net hyl am nonet hyl ene)-5'(S)- G nethylcytidine (1.1 g).
Toast i r r edsobtatt iiohefade gaeoiip-RE o5~k ({-butgiklondidd (iN]) X -deoxy-3"-0,N®-bis(4,4'-

di et hyl a | e S)-C-nethylcytidine (0.5 g crude) in pyridine
(20 ni) WE%“%E@@%“MP%?% oS 1 mmol ) and propi onyl anhydride (1.3 g,
10 nmmol ). The m xture was stirred at RT for 4 hours as checked with LCVS.
Then the sol vent was renpved under reduced pressure to give crude 2'

- deoxy-2', Step. @i Pregyriéennat ¢ Ndaay ey i(aaidpbider ﬁy@é\ﬁé))s(% “-gjmethoxytrityl)-
-0-di pr op| %mﬂé {bﬁde(n§ p& methylcytidine (1.9 g). Crude 2'

- deoxy-2', uor o- Nd- (N, N-di et hyl am nonet hyl ene)-3',5' - 0-

di propi onyl 5'(S)-C nethyl cytidi né@'HpeTr9 g) was di §88fved in 50 nlL 80% HOAc
and stirred at 50 C for 4 hourg\ g sol vent ved and the residue
was purified by prep. HPLC (H sten) to g -deoxy-2', 2’

-difluoro-3',5' -O-dipr(TE)‘iﬂ5§_$3 -—c ytldlne as white SO|Id(205
ng, 29%for 3 steps); 1H NWR 0D, 400 M 8 7.65 (d, J =7.6 Hz, 1H),
6.31 (t, J = 8.8 Hz, 1H), OH¥TQ7 (d J-7WTF‘& F1I—I) 5.25-5.31 (m 1H),
5.19-5.24 (m 1H), 4.23 (dd, Ti = 4Hz, J2 = 6.8 Hz, 1H), 2.48 (q, J = 7.
Hz, 2H), 2.40 (q, solution fof &’ szgt batglldlméth%ﬂﬂ;iz’-dleoﬁy-é’. Né-lﬂu 43<h1|)neth2bxﬂtﬁty()t J
7.6 Hz, 3H), 13 (t, J =7.6 ESI-LCMB: nlz 390 M+|—11‘ 412 [ M
+Nal +, 779 Zrﬂvptpaqlq]nomg(% & Q@Af @rgltT%F(ﬁo M in THF, 1.5 mL) in THF (6

5 (9)-C mtrﬂﬁl)l ﬁ&ﬁlbétq@f:ﬁférgﬂ Hteat{dAt?lén cc(n%gt)tra%deaq R, d?ﬁ(?rﬁﬁ{)lﬁgﬂlﬁrbnoglh% el
,3'-0, Nd-tri ("4- rrethoxytrltyparabl nocyti di ne 0 an ice-co

sol ution ofwitlr a@tmdymndl 263) (20¢ Chg 5’-Bdrexympidycti msawhyed sdids voyeh chasle (200

m.) was add TBSC1 (1 r nder N2. The
reaction md;istwlly dsm whygrops egl\}?flﬁmé%ﬁ}nﬁ “i']IF?egngollg?/sén IR EIENBEIEd under

vacuum and (p.be gi)aﬁdrdu@dewaS“hdlréaUﬁ(ﬁﬂrrﬁbttﬁﬂa tnfiex( a@@n wla} stiveds e W ttbr Dt er and
brine. The or ani.c Ialé'er was separated, dried aver aphydrous Na2SO4 and

filtered. TRECAMIPDEN. paded sHedRT N i3 VA L0 t &hgimagoggaphy on silica

-0-(t- bUtyCQeﬂ?vﬁtHﬁé&éédeyﬂe)cﬁ{eéﬂél :BQE Y ) ghxﬂa%(%%ﬁg &f & dBRy- 47, 2D &dWates-sol i d
whi ch was used w thout further purification yI'o a mxturée of 5

- 0- ('t - but yd?-NebivA& dippheatimoeylugionden¢sit: © vhite4dan®s nmmol ), AgNCB (43.5 g,
252 mmol ) and collidine (61 g, 503.5 mmol) in anhydrous DCM (300 ni) was
added MMITCl (77.7 g, 252 mmol) in small portion under N2. The reaction

m Xt ur e wasSt§t 3. Prepdradion &2’ fdeox t-2eflibay S’ (RRAES)-CiZnetiit@leidaet i on m xture was
filtered through a Buchner Funnel NHOIE filtrate vvas washed with sat. NaHCGO3
solution and followed by brine. T )& organl C Iay% S separated, dried over

6

anhydrous Na2SO4 and filtered.¢ eNiltrate wa entrated in vacuumto

gi ve the residue which V\B.S,Ql%ilj dJ
— HO

~

DMTO  F HO  F

To a solution of 2’-deoxy-5’-C,5 ’—O—didehydro—?)’—O,N6 -bis(4,4’-dimethoxytrityl)-
2’-fluoroadenosine (600 mg, 0.686 mmol) in THF (7 mL) at O °C under argon was added
MeMgBr (1.4 M in THF, 2 mL). The reaction mixture was stirred at 0 °C under argon
overnight. More MeMgBr (1.4 mL) was added and the reaction mixture was stirred at 0
°C for 2 h and then at RT for 30 min. After cooling to 0 °C, the reaction mixture was
quenched very slowly with 10% ammonium sulfate, diluted with ethyl acetate, and
washed with 10% ammonium sulfate 2x and 10% sodium bicarbonate 1x.

Chromatography on silica gel with acetone-hexane (1:3 to 2:3) gave 315 mg of 3’-0,,N"
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by silica gel colum (PE/EA= 2/1) to give 5 -0-(t-butydinmethylsilyl)- 2

, 3" -0,/V4A-tri(4- methoxytrityparabinocytidine (33.5 g, 67.9%. To an
i ce-col d wolaotomsi4of 5' -0- (t-butydinmethylsilyl)- 2' |3 POTNS2010i0£8046

met hoxytrityl)arabi nocytidine (12.0 g, 10.2 nmol) in anhydrous THF (80 mni)
was added TBAF (1 Msolution in THE) (20.5 nL, 20.5 mmol) dropw se under
N2. The reaction m xture was stirred at RT overnight. The sol vent was
renoved t o bi(4,¢ -dinfedokgtigy])-Thieoxed'Hthwweo-BaR il $5-al-wmettlyladenbsing 206 md of and
washed with,water and i ne. . The organi.c, | r. was sep ted, dried over
Ahyarous. MABSeImsna P ks e erRBURE o o XSRS Rdn P g b ehum 1 o
give a resiyhie thhch was purified by silica gel colum (PE/EA= 6/1 to 2/1)
to give 2° ,3'-0,/VA:tri (4-methoxytrityl)arabinocytidine (9.8 g, 90.59%.
Step 2. Prepar abBi —éﬁqNﬁo-blsgllA’—d1rneth0xytr1ty1)—2 -deoxy-2’-fluoro-5’(§)-C-methyladenosine
-dehydro-2', 3 - =tk I ( Vi L rahi i di --0
OVMTT MM ds(upgp ef Hpol i ETr%J: a%T 5{1@@*\%&&%&%&%{%@%@?%&% bt A???? %dnﬁeﬁ{?g? 0 n)
and Dess- Mardtiérn ThS.s@lugon FvasSstinmla) 30n°Cafdry tir dusordoGMrai@i0tontjynsvasanddaed a

solution of 2',3 -0, Nd-tri (4-_nmethoxytrityparahinocyti di , 3.77
oty n S6varordlshyie S Gter ok e BRY ML ROt & at
RT over ni ghys. md be2 1 @&a&§-20Nudrbst (95-€-Mesyltichtdigdaswiiike fohd( HOAMIL )DMsBs hed
wi th 10% Na25203 solution twice and brine. The organic | ayer was separated,

dried over %hHyds bad - Ne250H. 4Re 3185 (e PHdH4 Tad HY' ). thdat dddvelg v ednt et Fat ed in
vacuum to qiye 5 5%, 1H, H3), 5.26 (d, J = 6.0 Hz, 1H 40 (ddd, J; ;= 4.0 and 3.2

- 0- di dehydr 0 ZHF 3 -BO,P?Z\’M- tr |3()’45- rr%% ﬁéxyt r ﬁzypa’r% ?’r?ogy C|1diJ1F11[é (3(.) g g3, 95%
whi ch was u$eduaw thdllz, TlorHYers.qeud f + 6@tiniH, SiHep. 33 (dBy bpatr AL iFomJ/of =

5' - C net hyl ar abi j.di r t] i er) (3.2 m, 9.43
mrol ) dr opﬁgs@ﬁﬁg@rﬁ&g{/ggﬁez%%i%?%%ﬁ%@’ %N%Q(ss&[’reégd at RT for 5h. The
reacti on was conpbebs-sievesed-dayethiBlytitylThe fifdrststireandass-CpeihRdémdside C and
guenched by sat. NH4Cl. The product was extracted with EA (100 anZ%. The
conbi ned or(G&RPEET|IHST RS T PTid (RAET IRAIY aY BaingipBoRe hve donbEhitated to
give the f:rrHIg%f §IHF§ @kﬁLC_'ofrgE@M]a'naI3 mﬁlo'fgva’t\é%'&ars's(iééd at RT overnight. THF was

nmet hoxytri typarabi nocytidine (1.4 g, 68.99%. 5

- C- Met hyl - 2em@ved ®nNd satary (edappettdrosngt the raphaizing belntdoy vadheaed(d7 @6 “Aifor 85 65
mmol ) was dissolved in 10 nl of . Ac H20 ,(viv = 4:1).. The.m x e Was
Srirted a MY enilh st Tt SREIIERRL ClinBodirvAr S I ERE e

resi due wasMebIuh epCMI gdve ViRt B df D’ Medxy-Exfluods b €R antl t9)- (EAethallatdnosihe ta® r enove
sonme inpurity. The water |ayer was subjected to prep-HPLC separation. 5
(S) - C- Met hyVHEaBihocyt i di ne” (40 mg, 23.5% was obtained after HPLC
separation. 1H NWMR (400 Hz) (MeOD): 6 7.96 (d, J = 7.6 Hz, 1H), 6.20 (d, J
= 4.0 Hz, 1H), 5.91 (d, J =7.2 Hz, 1H), 4.20 (dd, J = 4.0 Hz, 2.4 Hz, 1H),
4.10 (t, J = 2.8 Hz, 1H), 4.01-4.07EgampleHy, 3.75 (dd, J = 4.0 Hz, 3.2 Hz,

.0
1H), 1.33 (d, J =6.4 Hz. 3H). 543 P i on..of
SR o wet hyl ar abi ReEB e of FHRIRE Aibrb!sPREARRIifhe 17)

o}
o T}NHz
N
HO —
HO' "’F

a7
Step 1. Preparation of 5’-O-(s-butyldimethylsilyl)-2’-deoxy-3-O,N"-di(4-methoxytrityl)-

2’-fluorocytidine

NH,

0
o TE/NHMMTr
_ TBso/\(_?'N =
F

MMTO

0
H O/\g N \77/
HO F
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(43) Stepl.Preparationof5 -C 5 -0-didehydro-5 -C nethyl-
,3'"-0,Nd-tri(4- nethoxytrityparabinocytidine OnilO\ _..1', HON ---
.= . = J- NH\WVDr200v108140" y- NHMMTr N - - - OVMTT QVMT PCTNST0 10 0R8DR €
To an ice-cold suspension of Cr03 (279 nmg, 2.79 mol) in anhydrous DCM (5
m.) was added anhydrous pyridine (0.45 nL, 5.59 nmmol) and Ac20 (0.28 ni,
2.79 mmol) under N2. The mi xture was stirred at RT for about 10 mn until
t he m xt ure becarsoliimogededusy-2Fieomeytidinee20@sg,c0d edndlp afd CBEMIS-&'1
sol ution of

3 0, Na- 018 bt BRI ey Syt COQ A Yo S8 at R Tepyeigitnd hen

an hydrous ReMcaRattd)THAGSsi@RARSE. dillR@ RS bihl/Pdtbatdl Waél{eﬁ Wisbidel Bh@dowt RT
overnight. The reaction was conpl ete as detected HPLC. The reaction

m xture wa§nbﬁ'erRSé‘éﬁzS@zt ndpangengetedrto) givendes & € o of ﬁ Qa@‘-i@@ﬁl%ﬁbrlﬁlb’rh) #'wi ce and
brine. The 'f‘fuo&&é&&m&@ssa&ﬁ%oﬁheo' dried over anhydrous Na2SO4 and
filtered. |'trate was concentrated in vacuumto give a residue which
was purifled by silica gel colum (acetone/PE= 1/2) to give 5 -C/5 -0-
di dehydro-5' -Csneérhﬂéat@a g311.2 BdoYohd Adafa WRL Baxydd dtMMBI@RIAigeyt 5 di ne
(548 ng, 55% . Step 2. Preparation of

- dehydr o- r@anR) 5COrfébe]dan%tbylﬂbfé)y2 idgpxpe2’-fluorocytidind g 5am, i188- owal) sod uti on

o oyt 11 €3 PRGBS TR PV ML Beignaergia 1485t s

added NaBHA&t RIDvampighd,. fﬂﬂzreﬂnnid)washﬂiemﬂh\@at N4HC O eadtbrion. Thexdrgihe: wgs wak i rred

at RT for 7 The tion was conpl ete detected b The sol vent was

evapor at ed. & e VP06 RSO GREY Cﬁ}f?fﬂat@xalz@oowflca %‘stri&u ey ey

NaHCO3 and p@frbl@@m eEE'@ﬁ(lOZ Qqnl)Cga%aMes“ g VA, g%@@aba([r Bk 1dﬂﬁétﬁl3€is19yl/)ez d%B:k}blﬁit OUS

Na2SO4 and concentrat ed ive the crude 5' {y

,3'-0, 1V4- tQ N@Wﬂpﬁb&wmwlt)g [ flaprapytisoeyt i di ne (480 mg 889%) . 5'

-C—rrethyl 3'-0,Nd-tri(4-methoxytrityl)arabinocytidine (480 0. 45

mol ) was oﬁt%ézl VBIgParRfion0 of 2’ Aleexy- %/-i2@5 (Ordidehydro1d-O- Fhéi(drimethoxarids2 st i r r ed

at 50 C oveFLmog?&mehe sol vent was renoved under vacuum and the residue was
t

diluted w (3 m), extracted with EA (2 rer2) to renpbve sone
inmpurity. The water Iayer Nsent to prep. HPLC s Kation. 5'

(R) - G net hyl ar abi nocy WMT?G% was abta ngg I‘ﬂ*@/\l"'Trl—IPLC
separation. 11-1 M\EIRO 4 o MeOD) : —6—7. 840%Q(_§’ "6 Hz, 1H), 6.18 (d,
J = 3.6 Hz, 1H), SQIEATrbﬁ = 7.6 Hz, 1H, #vad (s J =20 Hz, 1H), 4.17

(dd, J = 3.6 Hz, 1.6 Hz, 1H) 4.03-4.09 (m 1H), 3.75 (dd, J =5.2 Hz, 2.4

bz, 1H, 1.32 (q‘BA‘lz (=29.'44m}j,z’1.031{71') in 'ﬁzﬁ%n@allseadddg’d dropwise to a solution of 5’-O-(r-
butyldimethylsilyl)—Z’—deoxy—3’—0—,N4 -di(4-methoxytrityl)-2’-fluorocytidine (11 g, 12.2
mmol) in anhydrous THF (100 mL) at O °C. The solution was stirred at RT overnight and
then solvent was removed in vacuo at RT. The residue was dissolved in ethyl acetate,
washed with water and brine, dried over Na,SO4, and concentrated. Chromatography on
silica gel with acetone/petroleum ether (1:3) gave 9 g (93%) of 2’—deoxy—3’—0-,N4 -di(4-
methoxytrityl)-2’-fluorocytidine.
Pyridine (6 mL) and Dess-Martin periodinane (2.6 g, 6.1 mmol) was added to a solution
of 2’—deoxy—3’—0—,N4 -di(4-methoxytrityl)-2’-fluorocytidine (4 g, 5.0 mmol) in anhydrous
DCM (30 mL) at 0 °C under N,. The reaction mixture was stirred at RT for 2h, diluted
with ethyl acetate, washed with 10% Na»S,0; twice and then with brine, dried over
anhydrous Na,SO, and concentrated. Chromatography on silica gel with acetone-
petroleum ether (1:3 to 2:3) gave 3.5 g (87%) of 2’—deoxy—5’—C,5’—0—didehydro—3—0—,N4—
di(4-methoxytrityl)-2’-fluorocytidine.
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Preparation of

1-0-acetyl-2,5(S)-Cdinmethyl-2,3,5-0-tri benzoyl - D-ri bof uranose (44) BzdOBz
(44) Stepvo.20fwwpawati on of 1(a)-0, 2- Cdi et hyl - D-ri bof ecarnuss@00280ké’DS, 0
HO bH To a sol ution of

2-C, 2-0-di dehydro-1(a)-0-nethyl1-3,5-0-(1, 1, 3, 3-tetrai sopropyl-

1, 3-di sil oxanedi yl1) - D-ri bof uransone (prepared according to a published
procedure, M@EPg:palﬂamBn@fmb;)y-i FﬂﬁBHFS((B@ﬂde;(Y neolgll@ddinet h dry i ce was
added CH3MgBr in ether (3.0 113.9 m, 341.6 mml) dropw se under N2. The
m xture was warnmed to RT anq) stirred for 2 h. The mxture was quenched by

saturated NH4Cl. The product @Mﬂmﬂct ed Eé . The conbi ned
organi c | ayer was drigﬁxﬁ\i?;Nnydrous Na g&gﬁ% ered The filtrate
was concentrated in vacu to give 1(a)-0,5-C y1350(1 1,3, 3-

tetrai sopropyl -1, 3- dMMTOox anedi y1)-D-ri bof uradsofe as syrup (42.1 g, 88.0%
whi ch was used without further purification. Toasolution ofl(a)-
0, 2- C-di net hy1- 3/dgl-(30,M i3 ¢Bett, Stlrral sopy @idydldrbpBise to a solution of 2’-deoxy-

di si | oxanedi, .- D-rj pbof ur 42 1 0. anhydr ou THF 200

1) ves. addel -SERAERAE PTGt SR PR BhE Te T O e was

stirred at aRlyd®MRrTHIGIBD milhia o8 Gte/BIUH WAE uh@IWM ETheaRsttbh tik @ xdé:!;%tﬁ‘t@&

purified by silica gel colum. (EA/ MeOH = 100/1) to give

1(a) - 0, 2- C-aReefony I pugrichgsk vith s oNELGls déwwylt(lfélysa@tatﬁazvaa%d WithHRR.
400MHz 3.52

E 4. J _) 6( Ol\ﬁlg_g%vé%nﬁgi{é& lg’éll_iﬁk%z; antt &)zlfértt%pc:d(tmglv%@cm& &rg%%g ?og‘léa ﬁ%%r]neg Iﬁ])as

2, 3- 0- di benpoyriant)( @hroMag@pbly nmsihyzh g-witthatwnapasde® e&):r 0 teQ:Bl gave HO sbH

62, 5 ol ) rht SRR SaeBy P en ReT e e e eSO g 74 2 &

mol ) in small pogdhition dﬂadeéoxm OTREdi£ 8@ thoRytrify )X UBrdsssC slektylgddiat RT for
4h. The m xture was_ coo in an ice bath and Bzd (17.4 g, 124 mmol) was

added. The ﬁ@%&r%ﬁ@@@tm e/ 0 v &v]e?f%.nﬁﬁtwasm%e%%sﬁ()e oveEehiThet ed
with EA (3QQfTb) \ARCoREREE il BlirAkad ox NRIEPin bl AUARDLGict UET Vs
separated, dried over anhydrous Na2SO4 and filtered. The ltrate was
concent r at edndentrated tru ldryln@ssg Chenetagdwhy yonup reviye phase étPLzQ/ lamb theabypdkG f i ed by
flash chronat ogr aph 0/ 10,1). to

5 0 benz oy LBt e yICmRel RSt 5 192010 ) N0 8- Ak E e YL Boritensone
521. 4 g, 875024%1H I\IMIRI\(IQHg@mMB)m (@DC—:L% }&81H5H6);I,5 99 (&d 71217-15 ,Hz2H)2 Hz(. 56 (t,
(s

: 4.58
: 1H) % Ink 5??4)@ J3: Z}éﬂf} é@ I(ISW 0@14)92(31 4171 %’%> 41?—6 (ddé JJ{{]{F(%A“I_%H 1. 47
(s, 3H, 0}921@(1?: 29'zi)Hz01Hl(i’13(ﬂ4oi(dq21 4UZ28?H'2') 1H, HSZ 797 ady, ices 603 ¢

m xture of TEA 0 mmol’) in anhydrous
DCI\/I (200 mBz, \l\HsHéddle%B (EZU=6(4115321 Me) 108 0 rrm)l) fol | oned by 3-0-
benzoyl-5-0-(t-butyldinmethylsilyl)-1(a)-0,2-C dinethyl-D-ribofuransone
(21.4 g, 54.0 mmol ). The reaction mxture was stirred at RT for 2 days. The
m xture was diluted with DCM (200 mExa@apr 18hen washed wi th water and
saturated NaHCO3. The organic |ayer was separated, dried over anhydrous
Na2SO4 and fil ter%‘&l’a"F‘H@nf’fFf‘?%éz\ﬂggo@o%c‘gmeﬂb}tl@& bingextiding 8t o gi ve crude
syrup. The cured syrup was purified by flash chromat ography (PE/ EA= 50/ 1 to

20/1) to give N\y—NH,
5-0-(t-butyl dinethylsilyl)-2, % ~aB m%%fl(a)-o,Z-CdinethyI-Dribofuranso
ne as syrup (24.5 g, 90.7%; 1PN ) (CDCL3):68.11 (m 2H),
7.75-7.77 (m 2H) 7.54-7.57 (deH) 7.38-7. 45(13 3H) 7.13-7. 15 (m,1H),
5.35 (d, J = 2.8 Hz, 1H), 5.28 (s, I—%427 M@95397 m 1H)
3.40 (s, 1Hep h Prepagagon gy’ Cb(f@zty dfmethHyilylH2’4 0(<3d3 -9, A-gi(pmeghox gHgyD-

2’-fluoroarabinocytidine
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To an ice-cold solution of
5-0-(t-butyldinethylsilyl)-2, 3-0-di benzoyl-1(a)-0, 2- Cdi net hyl - D-ri bof uranso
ne (24.5 w0 248/08m0ol ) in THE (200 nL) was added a 1 M golraszan/oefo4d BAF i n
THF ( 58.8 niL, 58.8 mml) dropwi se. The mixture was stirred at this
tenperature for 2h. HOAc was added to the m xture to neutralize the
solution to light acid. After that, the solvent was renoved and the residue
was purified by flashoﬁ/ omat ography (PE/EA= 20/1 to @\%P}I to give

S

2, 3-0-di benzoyl1- 1( 1H) Ndk et hyl - Dri bof ur anoseoa NI(IMITrZ g,

80. 4% ; 1HNVRyg4 13) : 6844_8+13 (tisko = 7.2 Hz,
2H), 7.79-7.82 (dd; = 0.8 Hz, J2 = 8.0 Hz, 2H), %7761(tJ:7.2
Hz, 1H), 7417@6(m 3H) 7.17-7.21(t, J :M"!BTFOHZ 2H), 5.30 (s, 1H),

5.28 (d, J = 4.4 Hz, 1H), 4.34 (q, J = 4.0 Hz, 1H), 3.94-4.04 (m 2H), 3.43
(s, 3H), 2.29 (w, 1H), 1.79 (s,3H). Step 3. Preparation of

2, 3- 0- di benzoy11BSCl nE@BHhyingl @) -0meb Cveli rdtldwly lintD- pi fditionandsB-deyy-2’-

2010/ 10814QpCT/ US2010/ 02

suspensi on [BF BELOORRIE o P agent e as 7 geray Ryrie 0 P S St bom ( 200
mL) cool ed anl kfirré@ati CE o Wi phtWVBBC ablshedd] @e s@ktidn Wik @impleted. Then the pyridine

2, 3-0-di benzoyl-1(a)-0, 2-Cdi net hyl - D-ri bof uranose_(11.0 gsﬁ28.5 nml| ) in
anhydr ous me(vmrmfb ungly gadusgsl Prfrﬁﬁwérer Ehctepighe ﬂia%fiﬁ‘it%d Wil B jwashed with Ry
overni ght. Jhe .l )f(;l}b"\x}%d‘ﬁ%rl?lk |d1'fe§@v¥i‘ atnhycﬁgﬂelﬁazééggnmgncé}ﬂﬁte\ﬂ@§ h&Gows th

saturated Na2S203 (22.517g, . The organic |ayer was separ at ed,
dried over ga\rvhﬁdﬁdmbuqy@ismhﬂﬁbflﬂ Hteemea’ ﬂﬁldii@ar#hlrllqcs’fatlee was goll@ntasated in
vacuum underhl %ﬁ,\cgperat ure lower than 30 Cto give 2, 3-0-di benzoyl-5-C, 5-0-
di dehydro-1 % C-di met hyl - D-ri bof uranose as a white foam (9.5 g, 96.4
9 . Ti Cl14 (10.85 nm, 18.75 g, 98.86 mmmol ) was added dropw se to
anhydr ous et her t s T, e I yet | her at e
was sl owy addetlj\i %%%tl%%ﬂ%h/gB?@lang{lﬁ :%&H(SIE(!Pﬂ_m[oeSE%J StOﬂl%? Bt %éb ?[teactl on
m xt ur e wadutyhdmetlylsoyled -devxwai- ﬁwoar@blnmtldipe vihér gu ié@nmal0$)oinuamhy|dromﬁ

2, 3-0-di be -C, 5: Q-di ydro-1(a urapose (9.5
o, 24 7 oGS AN AR 05 SRt I S8 Mipd Briclina AAGES 12 3,
C, TLC analtyséts. Bliroeadios aifpduf! waCRiiée bRV dyeralzdt iiter Neagd ThO sM@SedStﬁ@ar ated
and the aqueous phase extracted with 3x150 nL of ether. The conbi ned
organi ¢ | ay&tigRanashethenithreqgtioarmixepg wap Bliwsed andhyerhed ¥ ithvigaAaHEDs ¢ er ed
and concentpRligd 1@ BIdWEdPoy bhige SYhaPorse el F&daRYa vkl ¢@,.98) /! UM
(PE/EA=20/1 to 10/1) to give

2, 3-0-di bewpwmtratéqh)mo VAcUs- @ t giiverethhy Iresbue | bbichr anespurdgda bf osirs odell d (7.

9. 71.7%: 4 ) ( 68, 7409 (d, J

A 4 Hz, 2H) I\@ég 9@7W/1) %C“f)fl ‘tjf%“f%%’lmith@“ﬁ&))z'%bﬁ 52@ N4‘9(44 0 Hz,
1H), 5.28 (rﬁlatha}(yt%ltﬁ) &4 - ﬁﬁoroalhﬁlnocﬂrtl&ﬁc@.ﬂéﬂ%) 2H), 3.42 (s, 3H), 2.36 (w,

1H, 1.77 (s, 3H, 1.27 (d, J = 8.4 Hz, 3H. Step 4. Preparation of

1- 0- acet y 1-S2¢3, 5- Orephiabi@n zay 22-dedey G- distrek diidhy Bror 3 Vi A asenokd@riBa02’s/ . . . . . .
Bzds--0BzBzC- - 0B To an ice-cold solution of

2, 3-0-di be%wraé(“&?ﬂ@l@ 5-C-trinethyl-D-ribofuranose (2.0 g, 5.0 mol) in

IIl—‘

anhydrous pyridine (20 was added a BzA (1.05 g , 7.5 mmol) under N2.
The m xture was stirr aj nHaarmai ght . The sol vent v‘yaé‘ repoved and the
resi due was purqigkb W.tca gel colum PE/%J%/ 1).

2,3,5-0-Tri benzoyl- [ F0,2,5-C-trinethyl-D-ribo 0Se was obtained as a

white foam sol i dM'S g, 60 % ; 1HNVR (400MHYMTGDCL3): 68.18 (d, J = 7.2
Hz, 2H), 8.06 (d, J = 7.2 Hz, 2H), 7.36- 7.71 (m 9H), 7.11 (t, J = 7.6 Hz,
2H), 5.60 (m 1HpAdsIfR rﬁﬁ INI]m_TﬁFZS b_gmnw was 4 f4éd Glto'pwi]se Fnd- aSSoh%on ), 3.43
(s, 1H), 1.79 (s, I—f) To a sol ution of
2,3,5-0- trlﬂbéh(ztdyﬂylcml(naﬂlylfsﬂﬂ)z ®0t<y Bhfé’t hyI D—I‘I bofur AhdgénethoBytity 32’0 ol )

0 Hoe (1 bR R L erd SRS B TPt 0 R B ur s

was pour ed RMb@miga- T\lantelﬁowaaﬁdhet ﬂ&&:ti@h@@h pbmpl&edvnﬁnml JoBehBdastymbiddtifi at i on.
The solid cake was dissolved in and washed with saturated NaHCG3

(30 mix2). VeHhe Yrijhrke Waafééedv@sth%éfﬁaquataéél Waaquewﬂb\v/véfer dAlgiolis ez sos and
filtered. Hﬁ%d foldyt Jnﬂ&cﬁoﬂ@ﬁaz‘é@n%ﬁ@%é&%ﬁ%té&"ﬂe&ac&ﬁwgl% R Bli¥& which was
1-0-acetyl-2,5(S)-C-dineth é 3,5-0-tri1 benzoyl - DrT bof uranose as white foam
solid (1.4 g, 88.6%; 1HNI\/R (400M—Iz) (CDC13):67.87-8.02 (m 5H), 7.06-7.63
(m 10H), 6.73+6.55 (s, 1H), 5.84 (d, 86= 8.0 Hz, 0.5 H), 5.64 (d, J = 3.6
Hz, 0.5 H, 5.30-5.51 (m 1H), 4.41-4.50 (m 1H), 1.94+1.86 (s, 3 H),
1.76+1.71 (s, 3H), 1.41+1.33 (d, J = 6.8 Hz, 3H). Exanple 45



Preparation of
1-0-acetyl-2,5(R)-Cdinethyl-2,3,5-0-tri benzoyl - D-ri bof uranose (45) : _-
\ PNBO - bBxB2di0/08Ba ( 45) To an ice-cold sol uti on ®CT/US2010/028046

2, 3-0-di benzoyl-1(a)-0,2,5-Ctrinmethyl-D-ribofuranose (2.0 g, 5.0 mmol),
PNBA (3.3 g, 19.9 mol) and Ph3P (5.2 g, 19.9 mmol) in anhydrous THF (50
m.) was added DEAD (3.48 g, 19.9 nmmol) dropw se under N2. The resultant

m Xt ur e wagusfied byedliat geRThawed/ HAGHt3) toTfiee 2odevep’ -Gas -t tmeedx pinicy1 - 2ie
residue was, purified by silic el colum (PE/EA= 30/1 to 20/1).

2, 3-0- di bemﬁfa%t“&fﬁﬁl¥‘§,(%'jét BiHibt hy1- 5-0- (4- ni t robenzoyl) - D-ri bof ur anose
was obtai ned as paridhé gzess‘ RS9 lnikbl{ ddAD&s-Moakii PN, 1 o 1HNVR §AOQNER ined £DCL3) :
6 8.13-8.21 (m 4H), 8.11-8.13 (dd, Ji = 0.8 Hz, J§ = 8.0 Hz, 2H)
7.70-7.73 (akationiof 2’ gegyry-0, )8 -di(gmpthppytriap2 -fipoparapinocyidine 717 gz2.13H) |

7.38- 7.45 , t = 8. , : . 1H) ,
5 27 (d. J n(é‘%‘) M?‘ﬁoﬁf&% e “Z'f%,an b"“iu%‘?egkﬁz, e?%c,(lg%@ﬁnrf é‘?‘s %ﬁ{e,(dsai. 80 (s,
3H), 1.51- RBE6rtidnd JLC=stowéd He, red@ior wh2 c8mpleted3H)en the reactiom mixwat eas col d
solution of, 2, 3-0-djibenzoyl-1(3)-0,2,5-C-tri. - 55 0- (4
nitrobenzoi@?@gﬁppbggu5§%§$ m%?)ﬁfa?s?@%ﬁﬂﬁﬂﬂ?i$%*ﬁ%ﬁgkgwﬁenE$°ﬁﬁabxczo (1
M) was add@@erOind tHneC @M ovd2 IeKydE6RNM, SO, add@omBeXidtet & Watso b igiveetle at RT
for 3 h. The m xture was poured into ice-water and the precipitate was

col | ect ed H§sidye| vhigh iwsn pumfied &y |siliga gk ehenprs/A=ddstoosived -flepxER-¢500m.) and
OrSed over RSO BB S S e Lk ves oo 1

dried over a iTtered. a S concentrated
under vacuumto give 1-0-acetyl-2, 3-0-di benzoyl-2,5 (R)- C-dinethyl-5-0-
(4- ni t r oberitay® Prrpriabod off Arisee-Asflwine-b eCiradiylarahinety(iding g, 89.6%; 1HNWR
(400MHz) (CDC13):67.91-8.20 (m 7H), 7.12-7.67 (m 7H), 6.75+6.56 (s, 1H),
5.75 (d, J = 8.4 Hz, 0.5H), 5.57 (m 0.5 H), 537 (m 1H), 4.43-4.50 (m
1H), 2.16+1.97 (s, 3 H) , O, K8+1. 73 (s, 3H), 1.48+1. 38Q§LNJ N:H6' 8 Hz, 3H).
Exanpl e 46 Preparaj oo of [ ~NHMMT o_N 2
1- 0- acet yl - 5- G maw’hyX - 213, -tri benzoyt=p»ri bef urangse \&#6) , r. oAc OBz
(46) Step 1. Preparation of 1- 0 ,5- S
C—dinethy1-2,3-de98propylidene-D—ribofuranose dﬂﬁmz,,,o \' 0
MeMgBr (4.17 mL, 5.84 mmol) was added dropwise into a solution of 2’-deoxy-

5-C,5’-O-didehydro-3’-0, N*-di(4-methoxytrityl)-2’-fluoroarabinocytidine (1.15 g, 1.46

mmol, 1 eq) in anhydrous THF (25 mL) which was cooled by ice-EtOH bath under N..

The reaction mixture was stirred at RT for 5h and TLC showed the reaction was

completed. Then the reaction mixture was quenched with sat. NH4Cl. EA was added to

the mixture for extracting. The organic layer was washed with water and followed by

brine, dried over anhydrous Na,SO, and concentrated in vacuo to give the residue which

was purified by silica gel (hexanes/EA=1/1 to 1/3) to give 2’-deoxy-3’-0, N'-di(4-

methoxytrityl)-2’-fluoro-5’-C-methylarabinocytidine (1.0 g, 85%).

A solution of 2’-deoxy-3’-0,N*-di(4-methoxytrityl)-2’-fluoro-5-C-

methylarabinocytidine (200 mg, 0.24 mmol) in AcOH/H,O (v/v = 4:1, 10 mL) was stirred

at 50 °C overnight. TLC showed the reaction was completed. The solvent was evaporated

in vacuo and the residue was diluted with water, extracted with EA twice to remove some

impurity. The water layer was concentrated in vacuo to give the residue which was

purified by Chromatography on silica with 5-12% MeOH in DCM gave give 2’-deoxy-2’-
fluoro-5’-C-methylarabinocytidine (61mg). 'H NMR (DMSO-dg): 1.14 (d, J = 8.0 Hz,
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HO 64-k\' 71.' Ha OHdxO To D-ribose (200 g, 1.33 nol) in acetone (760
m.) and MeOH (760 nlL) was added concentrated HClL (20 nL), and the solution
was al | owso 20/10efsbux for 18h. The reaction was cool ed, PogiSe@liozsdds Wi t h
pyridine, poured into H20 (2 L), and extracted with Et20 (3x400 niL). The
conbi ned organic |ayers were washed with saturated aqueous CuSO4 (300 ni),
dried with MgSO4 and then evaporated. The residue was distilled to afford

2, 3- 0- i sopr3dhyd.bilene= 3 20H2y8Hh)A. 740br §,06H 4. BRo.S& (ras1 ol 6915689 mo2H),(51780. 5 g,

0. 115 moiyS @byl baBeinchao 17 findlh o G0 arfcigh . = 99 F1E, (4573

2, 3-0-isopriepyl i dene- 1- 0- net hyl - Dri bof uranose (180.5 g, 883.85 mmmol) in
anhydrous DCM (200 nl) dropw se under N2. The resultant m xture was stirred
at RT overnight and then diluted with Et20 (2 L). The m xture was washed
wi th saturated aqueous Na2S03 (SXGO%X%}) e19N€ organic |ayer was separated,
dried over anhydrous MySO4 and filtere e filtrate was concentrated in
vacuumto give Preparation of 2’-deoxy-2’,2’-difluoro-5’(S)-C-methylcytidine (19)
5- C, 5- 0- di dehydr o- 2, 3-0-i sopropyl i dengy 1- 0- net hyl - D-ri bof uranose as syrup
whi ch was used for the next step vvrtho@t/ Rther purification (161.7 g,
90. 48%) . To a solution of 4
5- C, 5- 0- di dehydr o- 2, 3- 0-i sopropyl i ¢ -1 Z0- net hyl - Dri bof uranose (161.7 g,
799.70 nmmol ) in anhydrous THF (3t@ Ly was addeggd9p 3M sol ution of MeMyBr in
ether (800 nmL, 2.40 nol) at 50 C under N2. After the addition, the reaction
m xture wastiRal mREPagion & Uur{iytddimethylsdyl-dadeonpa Ai-diflupie- s -Nyuhitic hed
vvlth sat ur xg,ghr@)cgﬁ diN#¥CL and the product was extracted with EA (2x2.0
The conbl ne nic |ayer was dried over anhydrous MgSO4 and filtered.
The filtrate was concentrated in vacuumto give a syrup whi ch was purified
by silica gel colum (PE EAZ 1 to 10/1) to gi
1-0,5-C-di methyl-2, 3-0-.4 gﬁ’l"ﬂ*éne D{g \j’as col or | ess syrup
(120.3 g, 69.4%. Stetﬁ";sﬁgfe ar at i on”of : @F
5- 0- benzoy1- 1- 0, 5- G- di med hyl - D-ri bof ur anod@To ¢ To an ice-cold
solution of 1-0,5-Cdinethyl-2, 3-0-isopropylidene-D-ribofuranose (20.0 g,
92.06 mml) and DVAP (1.12 g, 9.21 mol) in anhydrous pyridine (150 nL) was
added BzO (19. 4] oficel3f élolﬁﬂmlo}2dﬂ&ﬁw23§ -4Rd8HeNine (B0 LeR®L7 @MolTixt ure
was stirred at RT overnight. EA (300 fé‘%ﬁms added to the m xture and then
washed wi t inbggreys pygdioe (0P r@lrtdwaltl@ﬁdaT 138 8ci08 nNa¢Co3 afiportipny undphe
organi c | ayer r d. The
filtrate wé\iz gﬁ%ﬁ?ﬁ? #%%Srgnwzg\gasg%g?ng 0 90%12‘){% resr%fiﬁ g[1\/(\;/2%(l %134 ?fr ed by
col um ( PE/BARSOAA the r&iﬂuﬂ:)watsafhlgtevlemﬁ} EA (1000 mL), washed with water and brine.

0- benzoyl 0, 5- C- i net hyl-2, 3- propy] i den an rup
(20.7 g, Géf 7%rgamc ayer w se@zge ﬁ]fls PVef_ angydgousg\laiﬁﬁ.éfl%{#ft%ecgSﬁ@%ﬁtratg
sopropyl i deng-ddnkdnp@fcdrian@csien (tacwe Biud® 5> DA HIBAdim¥@sisaddedidory-a, 50l uti on
of TFA (180 nL) and H20 (20 mL) at C. The resultant mxture was stirred

at 0 C for dBffporonytidiag (hied 9¢16) eﬂtaawltlrérﬁghdratlehw@@rs upedriitheetfurtipieougrasient was
renoved under vaccum at OC. The residue was di ssol ved |n DCM (200 nlL) and
washed wi th saturated aqueous NaHCCB ani c | ayer was

The
separated, dried°dvBRWH H@dr@déb‘ﬁﬁ@%&hyaﬁﬁ]dl)ﬂ 1#@%%1 > ‘?1 ofqeyi¢ing ©0\gas

concent r at §@oifinMRCANDI @7% ¥ & 18¥EHM) and collidine (159.8 g, 1.32 mol hyd
5-0-benzoyl-1-0, 5§C-d| rrefta/hylg-/[}rl bofl)erzl;tn((:)osel m?/vh ch %vas urgg()jn\l/\nalt ﬁ,oﬁ)tu further

pur ificati (DCM]@OQ)m@) Wa&c@pd MMW&M oH @fnol) in small portions under N,. The

1-0-acetyl- 20 D-r.1 bof ur. , \B O Ho
- OHBz0 0Bz ' réacton ‘P%““re Ut %g%atg%jﬁ%ﬁn{ B}}esf-et‘f S ml’t?‘hyer Wﬁ%gﬁé&‘ﬁt"ﬁ%se (12.0

g, 42.51 mmiclnnanmimdﬂ ﬁﬁd)thrt&"dtr;ltél wamn dereduethpsytr INAHEED ;a0 th 60 @hde thlnived ban
i ce-bat h. 0.52, 4.25 mmol) and Bzd (14.9 6,27 mml) was added
to the m xtie W%%WWWW%%W@%M%M&%Mm

the m xt ur 18016 wahebnMaeR&binWabiuiad Bfve (R0Rsilke whRH wadhififdesl g
NaHCO3 (200 nmL). The org/lnl c layer was separated, dried over "anhy ous

Na2SO4 and cPlunnetPEdEA Th ft|0|Zt/i)atOeglvraﬁméericéhttrbatyehmﬁthyl\?léﬁdh&ndepéy gi-¥e a

resi due whig Uk £ 0/1 to 10/1) to give
1-0,5-Cdi t]'tI‘th\P@?’283’}’\['15CHCSLWFF’ 6@92’85%@@1?‘% E&_ﬁr anose as syrup (15.5 g,
74.34%) . To an water-cold (10C) m xture of

1-0,5-Cdi net hyl-2, 3,5-0-tri benzoyl - Dri bofuranose (15.5 g, 31.6 mmmol) in
HOAc (50 nlL) and Ac20 (5 nL) was added88oncentrated H2SO4 (2.5 nl)

dropwi se. The resultant m xture was stirred at RT for 5h and then poured in
ice-water. The precipitate was collected by filtration. The collected solid

was di ssolved in EA (100nL) and washed with saturated aqueous NaHCO3 (100
rrt__) The or ganr c Iayer was separ at ed, dr| ed over anhydr ous Na2804 and _
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Preparation of 5'(S)-C nethyl adenosi ne (47) To an ice-cold
solution of 1-0-acetyl-5(S)-C nethyl-2,3,5-0-tribenzoyl-Dribofuranose (8.0
g, 15.43 woubjo/msdoadeni ne (3.13 g, 23.14 mmol) in anhpdrassommpesds¢ 100 i)
was added a 1 Msolution of SnCl4 in anhydrous MeCN (38.6 niL, 38.6 mmol)
dropwi se under N2. The m xture was stirred at RT overnight and then
quenched by aqueous NaHCO3. The product was extracted by EA (2x100 nlL). The
conbi ned orSygni z |Pagparatioas ofir 2’edboy-81-CanHnydideiydroNa 230 and3 t D) vebied- The
filtrate was concquaﬁtl.ed in vacuumto give a residue which was purified by
silica gel RYPUHYSYGIVE 8.0 g of 2,3, 5 0-

tribenzoyl-5' - C net hyl adenosi ne, which was di ssolved in nethanol (100 niL)
and saturated with NH3 for It gf O C, and then stdgyned at RT overnight. The
sol vent was renoved undgr_sedicedNtWeEsure apd dhel r dsMdd¥ was re-di ssol ved
in 400 nL saturat ed TB®fueous 2 The mioet ur@ Was/st¥fred at RT overni ght
and the solvent was rg@pyed. FThe resi due wagrgulified by prep-HPLC to give
5'(S)-C nethyl adenosine (1.5 g, 34.5% . Exanple 48 Preparation of

ar Goh at mospher 40 SUE AT RS S04 P GUETTHA o 03 Gy 2 BrABHORD - dry
pyridine (&9 nJi-dado VIS )dahe 200 W1 0h@aioBdint@hydbisURHE 08222min) t@s obt ai n
a clear solution. The solvent was renoved carefully under vacuum and the

resi due wasdeid BRAL AL satigh w AEGuMR% Bl diopwis wer N1 dEk reskrran g
persi | yl at ggh N7 @€ et ¥t QUENAL. N§e W8S eRAORJe ANMALA YR Lahktenss §ildRaly) and
1-0-acetyl-5(S)-C nethyl-2,"3,5-0-tri benzoyl - Dri bofuranose (10.5 g, 20.25
mol ). To thHfe (3¥smll.i Fg wiwtionrvesweshaddeld WGATH Hihg. Ohyorga@e 1Q6r masl )
slowy with_ vigorous.stifling at t rafure.. After stiffing under
2r gon at roSPHEREL HEL PPt TR Mg, Enatah e Ho S et e dred 1o
room t enpenatuihetoadite § sl adichivwd paatied By dcaagll esiumn NaHIOZEATheo/01tgani ¢
| ayer was separated, and the agueous | ayer&%va_s extracted wi.th DCM (2x150
m). The cofibi Ked 6r §énf clqoayers HaLoRastred” Wit rnashaaiiolepddiar i @4 dver
anhydrous M3&@4y NR&R JMB§%{£’)@_@DEH3}):F89{fﬂ7.9i§ lfm, and7 508 o3 Qv ed1), g@g deqoved by
e g g

evaporation under vacuumto give lig y ow foam (13.1 g). 8. of the
foam sol i d &8 Houdi Hzet b (.28 (e p=19rLIEz.t 16D gt 9(d4] 4 8¢ MR 5 HYH4p20 (de.yd)= bF.2

N2acet yl - 5° - C- 2.3, 5-0-tribe U: ine, i A i.ssol ved

in met hanoIHzg %0‘% ﬁtq?’s’g%tzu@a? éd%'(\?\nH% ’hd}ﬁl-gﬁg@dgs,_ﬁ%%géeﬁ)%fEdv\ej\??uz'gh “ The

sol vent wasihenoved under reduced pressure and the residue was re-dissol ved

and the sol vent iSO BHREEHF A b sabourohstimatom B Ehetoar b fae " O

an e sol ven . . I S

(9] - Ot by g e o o B LY R Y e 5B o R LI (500 )
- yl guaonosi ne as a white soli 50 ny, .79,

(MeOD) : 6 Poggoy dormply) The sqlgtigny wag addel grppwisq jyto afs@apiqnt of J-deogy-0LE; 1H),

g- 2&2( d éHS] M %E%g'lz-g-,&?ﬁﬁégﬁf&%ﬁi@#cgtﬁﬁinel@412 3: 90 nlrfol) 1l Dk 2549 o =

1-0- aé:et yl -i2m3H Ga dhlberae YAMSOR) -10- it tThy | misebe (As Riitr¢deRE dyrl)2 Bours as

ri bofuranose (4
c%ec(keé9 %y II?EIEQ[he mixture was quenched with water (200 mL) and stirred for 1hour at

10 °C. The precipitate was removed by filtration and the filtrate was extracted by EtOAc
(1000 ml). The combined organic layer was washed by brine (200 mL) and dried by
anhydrous Na;SO.. The solution was concentrated and the residue was purified by
column (silica gel, EtOAc: Petro ether = 1/1 to 2/1) to give 2’-deoxy-5’-C.5’-O-
didehydro—2’,2’—diﬂuor0—3’—0—,N4 -bis(4-methoxytrityl)cytidine (21 g, 88%) which was
used in the next step without any further purification.

Step 3. Preparation of 2’-deoxy-2,2’-difluoro-5’-C-methylcytidine
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(49) Step 1. Preparation of

1-0, 5-Cdi net hyl-5-0-(4-nitrobenzoye-D-ri bofuranose HO 7,4.0 \ ).- PNBO
5coHO OH WO 2010088 i ce-col d sol uti on of PCT/US2010/028046
1-0,5-C-di met hyl- 2, 3-0-i sopropyl i dene-D-ri bof uranose (25.0 g, 114.55 mmol),
PNBA (76.57 g, 458.19 mmol) and Ph3P (120.18 g, 458.19 mmol) in anhydrous
THF (600 nm.) was added DEAD (79.79 g, 458.19 mmol) dropw se under N2. The
reaction mixture was stirred®aty RT overnight. The %Qolvent was renoved and
the residue was purifi ﬁl\ A" colu -25@7'21 to 20/1) to give
1- 0, 5- Cdi et hy1- 2, 3- 0-9 so P dene- 5_0;(4'9n|t y1) - D-ri bof uranose as

a light yeIIowsyrupMnBrlo3g 50. 629% . ,5- C-Dnethyl-2,3- 0-i s
opropyl i dene-5- 0- (4- nltrobenzoyl) Dri bofurano s e (16.3 g, 44 37 mmol )

was added to a soluti.on_g and 0 esul t ant
m xture was stirPed” dfe'gélﬁ #’:ﬁl@h‘“’?dr “élﬁ%\/\%tj_% S‘g ;"{Z?%Q(S emai ned.

The sol ventyiftaso- Beaﬁowédl(wﬁ@afox @GS WicAke O@F.g, 30168 Ml dH @nNRsoud mrqlzm@d in
DCM (150 nl) and washed with sgtﬁ}ga?&éd aquegous NaHCO3 (2x150 nlL). The

organi c | ayel) Wigesiddedbledted (3 & pelutianiarcthenidy Blis 7N SO latiaP ¥ist pedegd. The
filtrate vag ‘iﬂé‘&ﬁfty %E%gu &fél’?tt&g&dg} %@r Mot T HR M LA RSy shi. €d by

silica gel col um
1- 0, 5- C di meiey hn&eﬁre(ctbdn)i/iﬂr BAah@bydxBy. rThb@bmband samadayebivas dedl asr syr up

(7.0 g, 48.29 Pr epar at i on of . . . s
00 gt y 1 DR B o4 B eh, Mesrepuiting smsidns s Ayified & P Fhnose 0
PNBO  PNBQolubb IEA: PE _10/1 to 3/2) to give the 2’-deoxy-2’.2’-difluoro-3’-0-,N*-di(4-
1-0, 5- G- Di met hy1- 5- 0- (4- ni trobenzoyl) - Drlbofuranose (9\%”73 gl,é 21. 39 nmol )
h

was di ssol \i%f‘dhqwfﬁﬂWd%%Féhbéwlﬂ@Fr( 3 €561 HLAlRE : coBPed MY Re“Ht h.
DVAP (0. 26, Ijmql e

m xture ancivlﬁﬁ)]@ st rnga E(QISI':II %f/%%ﬁ?é%tﬂqﬁl ﬂ%ﬁﬁﬁﬁ]ﬁ%ﬁggﬁgf tg%) ({1he

m xture and = ﬁéervvaHhédZOvﬁ 1:5n(nwd1fbr3 14869 ) 6Fnd.03-6t00r(at et), &P dus=NaHCO3
(100 ni). %Z 3ﬁ gani c |l ayer was separated, dried over anhydrous Na2SO4 and
filtered. e Ti'ltrate was concentrated in vacuumto give a residue which

was purified by2cDkonpn’ (QP-E-{fEAf@@’/ Q- Nﬁdlw&lﬂlokﬁrlgfl)vﬂi‘ C-methylcytidine (4.1 g,

2 O Dz O o Vs gsoToed SO TV R0 mhtine Wab Srsed ot 30 5 °

syrup (9.2 59tnrn8 vglg%ssolved in 50 mL AcOH 20 ( )
overnight. The solvent was removed under vacuum and the residue was diluted with water
(30 mL), extracted with EA (20 mLx2) to remove some impurity. 2’-Deoxy-2’,2’-
difluoro-5°(8)-C-methylcytidine (1.2 g, 87%) was obtained after column separation. 'H
NMR (400 Hz) (MeOD): 6 7.93 (d, ] =7.6 Hz, 1H), 6.24 (t,] =7.6 Hz, 1H), 595 (d, J =
7.6 Hz, 1H), 4.30-4.22 (m, 1H), 4.05-4.00 (m, 1H), 3.74 (dd, J = 8.4 Hz, 2.8 Hz, 1H),
1.37 (d, J =6.4 Hz, 3H).

Example 20

Preparation of 2’-de0xy-2’,2’-diflu0r0-5’(R)-C-methylcytidine 20)
(@)

o YN NHMMTr NH,
O//\(INJ /\(I \/7/
vt [T

To an ice-EtOH bath cold solution of 2’-deoxy-5’-C.,5’-O-didehydro-2’,2’-
diﬂuoro—3’—O—,N4—di(4—methoxytrityl)cytidine (6.0 g, 7.4 mmol) in anhydrous THF (30
mL) was added MeMgBr (3M solution in ether) (10 mL, 30 mmol) dropwise under N,.

After addition, the reaction mixture was stirred at RT overnight. Then the reaction was
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To a sol ution of

2, 3-0-di benzoy1-1-0, 5- C-di net hyl-5-0-(4-nitrobenzoyl)-Dri bofuranose (9.2 g,
17.18 mowd 2010/18€40 (30 nL) and Ac20 (3 nl) cool ed w t hpraattseoloatdvieas
added 1.5 nlL of concentrated H2SO4 dropwi se. The m xture was stirred at RT
for 3 h. The m xture was poured into ice-water and the precipitate was
collected by filtration. The solid cake was re dissolved in EA (50 nL) and
washed wi t usathed by ed NNEHCOR q3Qirertya2dxtradiae wothdan {100 Indye). Thegosbipad at ed,
dri ed over anhydrous 2SO4a f||t Theflltr%te was cancen }?ted
under vacudhs¥ gye‘gévai da%vgffr% ér s é’ﬁ Bwentrate to give a residue whic

5(R) - G net hryalp‘énﬁedliy Qlidar D%Z@M%PE@AH@MMW)&@%?%@S d!%}dytzi of gamorodid (8.1
g, 83.7% . 1H NWR (400 CDC13 g .05-7.96 (m
2H) 7. 86- 1089 ctlwrmghgxytmy é R gg %)nﬁ? negpyleytidige (3 @5%%)2 NMR480F 40 (m

6.75 , 67 2. 0
s 770" (m i CPeE A Dot pPynd e i oy BB I - 16
(s, 1H), 1. J5747 6(Hz JHS, 628#20 (thH) L 349-3 't (nd, 7463 4Hs, 3HB-J)3 IBQTTII‘HEHHSD
P t (R hyl ad [ 50 A m xt f
16- benzoyl dgeiost 8 U208 g, 20 mrol ) and N o- e o

bi s(trimet hyl si bybraget amdgaiotd378- ALdi(AReoRitin)° @nhydr aus acetspaitril e
(50 mL) under argon was heated under reflux for 1 h and cooled to rt. A
sol uti on ofmethydeyhidiseyf3-gp 35gnmol) was dissolved in 20 mL AcOH/H;O (v/v = 4:1). The

di benzoy1l Iy he 2- 89
mmol) in agﬁ%reg‘gg?%{g}eéglgﬁls?rlé%v%%%lpﬁﬁg%vé%)ta 3 ch?JeH ? Lﬁ’y a d| ti on of
t ri met hyl sirksyduet wasf dilmedomight hatee 14 mbham@wéshe&@v@ EX (8 minR). Th¥hgueossul ti ng

rrixturewa heat e f ver ni ed with
Cthyl scor dPB S RBRTE bl WP B EE L R 2 sb R Byt ous
Na2SO4 and &w@st(sm%thmlmat(@m AR Y2IT%)Sinldi gadegei 2V’ tdiﬂ&braS%mthyl
acetate in DCM gave 3 of 3" -0-di benzo%‘l 5 (R-Cne

-0-(4-nitr dbf‘é%ﬂ@g&lrlynadé%n&ﬂn%%> both agwhitg'solidy. T ey -1 R (a0 1z

(R - C et hydp o5 05(7‘%9%W0b/961ﬁ9>’%d8ﬁ9%! @e&hﬁ%ﬁ ), 5.1 (rae;]haﬁ@hz AP0 n)

and 28% aqueous anmoni a was stirfred at RT overni The’ sol vent
was renoved- BrE23 he ItEs? 6Zré %?/6(31 n8), c&@s(dﬂvbd814ri{728%lelqdéﬁuls3NHBJ( 250 i) .

The m xt ur d a or,.2 t he sol vent was renoved.

Preci pi tat ﬁ%m@ﬁ %&M%ﬁ)/ﬁéﬁ Qﬁé% 5%%5?/10*?@‘ (R) - G net hyl adenosi ne as a
white solid. The filtrate was concentrated and chronmat ographed on silica
gel with 10-14% MeOH in DCMto give 0.68 of 5" (R)-C nethyl adenosi ne as a
white solid. Total yield was 1.27 gE X&IHPN%& (CD30D): 6 8.31 (s, 1H), 8.18
(s, 1H), 5.95 (d, PPepa@at‘%n'#’Z’ 13} 27€llf(1ﬂ)r0 %'(S)‘Cﬁn&hﬂﬁrldﬁ% 71)6- 8 Hz, 1H),
427(dd 31 =2 22 2,01 (t. 3 Fz, 1H).
3.97-3.91 (m 1H), 1 25 ( g\— 6. 4Hz 3H) Exanpb H1 Preparatlon of

2',3 - rret hoxymet hyl i deng-5 NHE' - met hoxyt r A\t yd) - 5" (R net hyl adenosi ne
(51) NH2 (51) HE i x t f 5 R—6& netthyladégnos¥ne (890 ng, 3. 17
nmol ), trinmethyl orth%fo te (9 nmL) and p-tqgudnésul fonic acid nonohydrate
(904 ngy, 4.75 mmol) in 1", 4- di oxane (11.2 nmL) was stirred a}% rt for 24 h,
cooled with ice and quenched by adding triethylamne (1 ni) 'and

concentr at ed. CIAr@dstaﬁcﬁgbﬂphyecﬁ@ 230l1-diclaoged’ (IM(-tethylo§adviROH igh 3BCMngalve 716
ng of 2 3 met hox t hy ne5( - C- met hyl adenagsi ne. A sol ution
of 2' | @Cmfﬂ@x@f "ﬁﬁ r@ml Edén YIAIngy enedns EOMAFs Lagne. Db ol )
and 4- m3t haxbIB,| dndt |pyﬁéllh@(20QﬁL)(\il‘asoa%ngd u&il%%alfﬁ‘;@afa}lcé ¥ (RY Ethl@ih@%la(e;ﬂl mhd Was
stirred at 50 C f luted with eth acetate, washed with brine
three ti megnixSed wemue\nd@dwdp@ﬂmte@amquqNaﬁ@@sw&u@nmﬁ@ @qmp@wﬂ@ﬁgmphed on
silica gel t t i

5 -0, 1V6- di %Miécj?edzgﬁ %d[%!i) ?g%ﬁlfcg&_%r kx/gs O\Sél%ﬁ%ﬁth BYind cﬂ%d%@gr @884, and

met hoxynet hghdedemned ﬁnc(eR)&fadmh]hyhadﬁlﬂ®$iddectam ;ﬁlﬁﬁech'gy ﬁiﬁshZ:hrqnﬂitography to

- et hoxy_rre tg?\)éi(]aﬁigg %fs ?eoxyl\? 5( dlacetr}ﬁei @Q)Eﬁ/f]il{olr(;[ gj(g') -me hy cy{‘{-&tnfr;‘I th 9%g/e§r71181%1| ne as

foam solid
A solution of 2’-deoxy-3’,5’-diacetyl-2’,2’-difluoro-5’(S)-C-methylcytidine (1 g,

2.48 mmol) in DME (30 mL) and H>O (20 mL) was heated in a sealed flask for 9 h at 125
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Preparation of 2',3' -nmethoxynmethylidene-5 -0 -(4'-methoxytrityl)-5"(S)-

nmet hyl adenosi ne (52) 0(52) By a simlar procedure as described for
exanpl e 4802010808140y of 5' -0 -di (4'- PCT/US2010/028046

met hoxytrityl)-2', 3" -nmet hoxynet hyl i dene-5' ( S) - net hyl adenosi ne and 750 ng of
2' ,3" - nethoxynethylidene-5'

-0, 1V6- (4' -nmet hoxytrityl)-5"'(S)-net hyl adenosi ne as foam solid were prepared
from5' (S)-"C: rmblhmbsadeneo&hmate&mmh@nﬁﬁagﬁtphpaf dtel mandm:f ga’&e 650 (n@ afn! -

S)-C—dirrethlad sme ,3), 2 ( 1-1(5 tjon of
5' -0-(t-bd¥/9’fyd APty Ey%)dl O,r%‘ls\l(gﬂeﬁgqu z%ﬂ nét 32'C° ‘Pal enosi ne
TBSON which W& d@ssdBkedbid mefsaﬁfdt&ﬁNﬁyh@O@@dMioﬂdﬁMixﬁﬁe (42 Qarf&at 2.56
mol ) and trinethyl orthoformate (7.22 nL) in anhydrous 1, 4-di oxane (9 miL)

was added g t'6l aeneisift fBi eolapitawes Tamengy, ueged wichyme Pusificationnby disler at ur e
W th ot hanai Y N Ryel B N8 TE (BAACH S0 db s Sallifo 30 Che 2"
rezl d;J_e, whiathylwiner, e HANSIRO(40€ dHaM(DNM S tGlanol 1-58i s A Har be@thhres f2; {]H) 10 m)
Irre (0] a \Y oV ure was
Then: concentHeiefomn 7a ror bt fr B T i T 0RL Zpplifelitn & T3 P Scoram

of silica gel), k31880 (i fH, sies (oY arget Bane MRLRBNOIS @10=d.} H-0319).ve a pure
compound 2' , 3" -0- (nmethoxymethylene)-2' -C nethyl adenosi ne as anor phous
solid (720 ng, 87%. Two- isomer: 11-1- NI\/R (DVBO d6, 500MHz): 6 8.36 (s, 1
H, 8.20 (s, 1 H), 8.15 (s, 1 H), 7EZample22> y Np), 6.41 (s, 1 H), 6.22

s. 0.3 6.15 (s 1), 4.64 (d. 0.3 H),
51. 59 (d H?a 93 Plrﬁpafaﬁw &&Qﬂowz% d(l%'aomgn -ghy ﬂg% @ ?Jne@éfcybdlse F%ZSJ 3. 80- K
3.76 (dt, 1.1 H), 3.72- 67(dt 108 339(s 2.7 H 0CH3), 3.23 (s,
0.6

H, 1.14 (s, 0.4 H, 2" - )\1&\/\(@4 , 2'-CH3).

(22)
Step 1. Preparation of 2’-deoxy-3’,5’-O-diacetyl-2’,2’-difluoro-5-iodo-5’(S)-C-
methylcytidine

0] O

N N
HO = AcO =
R R |

F

A solution of 2’-deoxy-2’,2’-difluoro-5’(§)-C-methylcytidine (1 g, 3.6 mmol),
acetic anhydride (2.2 g, 21.6 mmol), 4-(dimethylamino) pyridine (DMAP, 12 mg, 0.1
mmol), and pyridine (20 mL) was stirred until disappearance of the starting material. The
mixture was quenched with a saturated aqueous NaHCOj; solution. The aqueous layer was
extracted with diethyl ether and the organic layers were washed with water, dried over
MgSO4, and concentrated under vacuum. The crude product was purified by flash
chromatography to give 1.35 g of 2’-deoxy-2’,2’-difluoro-5’(S)-C-methyl-3’,5’-O,N -
triacetylcytidine in 93% yield.

2’-Deoxy-2’,2’-difluoro-5 ’(S)—C—methy1—3’,5’—O,N4 -triacetylcytidine (1.5 g, 3.7
mmol) was dissolved into a solution of I, (3 g, 11.8 mmol) in methanol (300 mL). The

reaction was refluxed and monitored by TLC. Upon completion, a small quantity of

92



To a solution of dried 2', 3" -0-(nethoxynet hyl ene)-2' - C net hyl adenosi ne (720
ng, 2.22 nmmol) and imdazole (348 ny, 5.12 mmol) in anhydrous DVMF (5 nli)
was addedwoento/tost4yl di net hyl silyl chloride (579 ng, 3.84pPamaiSploaesd4stirred
at room tenperature under nitrogen atnosphere overnight. The reaction

m xture was then concentrated into a crude residue, and co-evaporated with
tol uene. The above crude residue was applied to a short colum of silica
gel eluted sw'ii'uim tiosiifany oneidilades qeinhiadel re{ction.1Yhet Wivghveasarepiov&l and the

5'-0-(t-but i meth met hoxy t hy] ene Cnet hyl adenosi ne
as anor phod i 1% P rifs?fggyg‘g"l%bé%mmg’ %{ t8r$1‘2‘}f5%0 mg of 2’-deoxy-
2", 3" - 0- (mep BayydkeRy be@’edlﬂﬂd{@'5(16ddr§t(beX—YﬁeEHy‘lc\§f&a1ng111'ﬁ% peidhy| adenosi ne

To a sol ution of dried

5' - 0- (t - butgedt, wRdphMtish biyt)deexy-3'2° Qiif{ubRd-Femy ARt TN -RB@) fedidine

C- et hyl adenosine (1.09 g, i@ nnDI) triethylamne (703 [iL), and DVAP
(290 ng) in anhydrous dlchloronethane (5 m.) was added MMIrCl (1.15 g, 3.74
nmol ), and stirred at 45- r nitrogen atnmspher nerni ght. Anot her
portion of MVITCl added after stir aty 45y59E& for 16 h, and
continued to be @%ﬁrr d at same tenperat ure f ot of 48 h. The
reaction m xture gt h concentrated into a crpyde Bsi dudy and
co-evaporated wth toldbne The above crude reS| uefwas applied to a short

column of sl cq gel, gluted with,hexanessel iyl A8Lale (4 by glye @ pure
-0- (t - but ylgUméyauing] | 4580 - g, 3:030mbdsBy fh@&mﬁﬁm}ﬁ@%ﬁ\l@ngﬁé [ﬂ%ﬂ@bywl tyl)-2

- C- net hyl adenosi ne as am)rphous solid (1.1 To a solution

of dried 5'(digmethylasning)| pyridime KPMAR.1F)mg'0. Bnﬂ@l)( ﬁ@% hﬂ)@l}«nﬁe@ﬂyme)néz)s stirred

N6- (4-met h
t et rahydr oﬁféggﬁlls%# %ﬁfﬁl&e(ogtﬁge%tﬂﬁhg qsg;glﬁfd &fﬁ%%ﬁ ya%ﬂe?"yv?sl?mgm um ghl %J%rullr e hydrate
(349 ny), anoeost NaHEWD ablutionTieenperatiuyee wan detracridt widgdiethgt nbepielr e
overnight. The.reaction m X ure. vwas t hen conce ted nt o %rdee resi due,
whi ch was appii© E‘Y‘fré I PR STl e Aot o y&% Je&"%e‘i} ffited under
di chl or omet\aan@r, ek Rae | prédide dis fRifidd v§ ﬂashpaﬁamaogra hy to give 500 mg of 2’-

, 3' - 0- (met hoxynet hyI ene) - N6- (4- et hoxytrit %\;4 C? nmet hyl adenosi ne as an
am)r phous sl§Pxyg2’ (26 q@go 5@51955 ($)-C-methyl-3",5’- -triacetylcytidine in 92% yield.
St ep3. Prepar ati onof 2', 5" - G- di net hyl- 2', 3' - 0- (et hoxynet hyl ene) - N6- ( 4-
met hoxytrit yead%gﬁﬁtﬁ%en degassed sd1ftiéh @Qﬁé{fl}&lﬁ}ﬁln@ti’)(ﬂrﬂl%%g ) i 1n CN (30 mL)
2', 3" -0-(net hoxynet hyl'ene)™- N6- ( 4- met hoxytTri t % denosi ne (610
rrg, 1. 02 mysiy addedacthynyltamethgisilanehil@e cog anéhi cﬂe@me%@n@éy (215 d'tﬂyoraﬁd
anhydr ous (9 ) [
155 o) G Pyl I e T At P R BIIE ( BhE C% o,
h. The reacﬁx(ilara:qniaxd GﬁE(2\Baﬁg q]maehpdncwhh Imlﬁtum wdsutigredft 258C. folsrmu.lﬂfter

bi car bonat e a tion and 10% Na2S20 The or gani hase wa
separated &f3° ahé’?égﬁé%}i%m SIS Wéﬁtfﬁ%geaowwﬁt%xa &E&ﬁﬁf ﬁ’an@aﬂes x 20
m). The CQM&%r@hQ%H'sﬂlc@@élsﬁut\ﬂ’%Swﬂﬁ pg%m& ha: apta,ygwm) mediany sup-fate and

concentrated into crude resid s applied to a short colum of

silica gel deputZd’ \mﬂq@rmé@)n@gleéwhﬁﬁa@ attigcqtyl:5t and 1:2), then
di chl t
I3C Oor?gt(ﬁg%?@w&@ﬁgé%%gé%& met \d%l/(?r"?#{/h(lay% d&&%ed ng? nﬁ‘enolgrl ne as an

amor phous sNﬂI;i/MeOH(hBlumgn B ixtuferyad SORE fat RTbvami‘glhRTthé:E)ﬁIi&t vaOoMdzpd 6 9. 5
(s, 1H, CH=O 3.79 s 20

1.14 (s, i Va’é““ Pyficgio 85 (B Shrindipgrhy Gged det Bivengb3ie @i 81 ut on
of dried 5 2 dbaxy -2’ 20481 RNY-8thOn Jits @m&h&leﬁ{dmxml(mMz)/(WOD d4y: &
(4-met hoxytrit % 2 -C matgy enosi ne na %ﬁél n anh dr ous

t et rahydr of&ﬁr“aé . 61814 J ede? Ha Wbt h2&h- 19&@% Hﬁ@ﬁh%ﬁﬁ(@h i.-20 C
was added 100 8$4,U 0 Q Min ether) and sti rred at
-20 to RT %&ﬁégﬁtgg degkg{zf ?%g§3ﬁ9dl’ﬁe6;§£cf3pgn m xture was then quenched
wi th sat ammoni um chl ori de and concentrated to renoval of tetrahydrofuran,
and extracted with ethyl acetate (3gxahfie®™). The conbined organi c phase
was concentrated and co-evaporated with toluene into a crude residue. The
above crude regpi S0 RRled:892°120. disidro 5t et R AL S (Ofne fiiyl ﬁa, derzel ut ed with
hexanes- et hyl acéeﬂtéz?e (01 2) t§0g| ve a puree Zf1 @ dleﬁieyté%' . @:g;

(et hoxynet hyl ene) - N6- (4- net hoxytrityeadenosi ne as anor phous solid (170 ny,
47% . Step 4. Preparation of 2',5' -C di98et hyl adenosi ne




A solution of 2',5 -Cdinethyl-2', 3 -0-(nmethoxynet hyl ene) - N6- ( 4-

met hoxytrityeadenosine (110 ng, 0.181 mmol) in a m xture of nethanol (6
m.), acetwoawi@s(8 nL), and water (1 nL) was stirred aPCPOUSD0oL80d6 h, The
reaction m xture was then concentrated and co-evaporated with toluene into
a crude residue, which was applied to a short colum of silica gel eluted
wi t h di chl or onet hane-net hanol (10:1 and 6:1) to give a pure

2',5' -Cdinethyla enos %(40 ng, 75% as anor phous O%/l\,ld Two-i somer A and
B, ratio of A vs T2 1- NVR ( CD30D, 50 'B“'?(s 1 H,

i soner-A), 8.55%(s,\ erer B), 8.20 (s, " H /50 ), 8.19 (s, 1 H,

i soner-B), 6.09 (s¢ 12 Fl H\ i soner-A), 6. 07Ho(s 1 H H-1, isomer-B),
4.58 (s, 0.8 H, 4.30-4.28 (m 4 H, 4.19 (d, 1 H), 4.08-4. 0728dq, 1 H)
3.97 (dd, 1 H), 3.88 (dd, 1 H), 1.36 (d, 3 H 5 -CH3, isoner-A J = 6.

Hz), 1.33 (d, 3THla sbluti@Haf 2’tdsoxe? s B;difludo-9- eHW)lyl 50(39@ ihsthyl8ytidineX50 @ig3,

i soner-A), 9 B ositive

I 516 iR OO Bt o fs G BEBrsek Tonehy Bt Bl ol SHERBa  ne
(54) atm&pﬁmtauneat@ffoﬂvar lT@B 26t de3asmd fed(dndéd vauul. Mnﬂmmba band N, O-
bis(trinmethylsilyl)acetamde (2.95 nl, 12.24 mmol) in anhydrou

acetonitri |fﬁﬁs It giyommptoeiankie pn siligh Belviize HRARSal Undfery-et rdiftudey- 6415/11% &-and
cooled to

(S~ & et hy TR0 D N YRR MDD 5 780 (5 10 621 TS AE e
(1.63 g, 3. I(BB mﬂ)lll(m &Iﬁhﬂ‘@ﬁél,% (e étlp3i7Aln(dd, d 8L Hrl).8 Wasl Faddadg. 2. | owed
by additio tr| y. i £l t hanesul fonate (0.86 nm., 4.59

nmol ) . Theqr§e3 ul tltgghhix ure f f74k—|]? ﬁnder refl ux overnight, cooled with
ice, diluted with ethyl acet ate washed wi th aqueous sodi um bi car bonat e,
dried over anhydrous Na2SO4 and conEemnpkt2dd. Chr omat ogr aphy on silica gel
W t h10-15% et hyl acetate in DCM gave 1.60 g of 5 (S)-Cnethyl-2' ,3 ,5 -
0- tribenzoyl adeRoeparativm of 2’-deoxy-23,2’ {1 B)uoCe-HES R mahyltig midine (24)
,5'-0-tribenzoyl adenosine (1.58 g) in npetphanol (150 nL) and 28% aqueous
ammoni a (50 nL) was stirred at RT jover ni}?i»{o The sol vent was renoved and
the residue was re-dissolved in g 8ous NH3 (130 nlL). The m xture was
stirred at rt for 3 days and the sol wa rem)ved Chr omat ogr aphy on
silica gel with 12-14% MeOH i n DCM%ave 619 rrg

2' ,5' (S)-C di net hyl adenosi ne as a V\/mte sol i d#$11-1 NMR (CD30OD): 6 8.55 (s,
1H) 8.19 . 1H),
3.97 (dd. (SQ%P ﬂ:'fj}epaﬁatlgr? oi(f de&@?: 54 d%r%et@ﬂz »: dll‘Fxglllo l)’ﬁodold"{)c m%t}%%)m(ime 89 (s.
3H). Exarrpl e 55 Preparatl o@ oﬁ 2 5 (R) C—d| met hyl adeg/o@ ne (55)

A nmixture of N6-benzo denw (1.75 g, 7.3
bi s(trinmethylsilyl)#d€et 6 niL, 14.6 nrel) rous acetonitrile
(18 mL) under argon wag hedted under refl ux forAC§5 n and cooled to rt. A

solution of 1-0-acetyl-5(S)-
C-met hyl - 5-0- (4-ni trobenzoyl) -2, 3,5-0-tri benzoyl - D-ri bofuranose (2.11 g,

3.65 mmol ) in anhy, '3 e wal . f oyed
addition of tri %et f?lgrﬁl ezt (ralg 7{ylrjio’r Oﬁg@ﬁgﬂ%‘?&ﬁ%ﬁgﬁgﬁ%@ogﬁ&?@%_ sz

The resul t ingolixi acktikr mhyasdmelaﬁedg,m]ﬁmmdlgfzu @inakgiminghpyridieo(ldAR 1h i ce,
diluted with ethyl acetate,. washed th aqueous. sqQdi um bicarbonate, dried
over anhydr®ud ﬂlél?@%h aaﬂoPY@&wee@S fﬁﬁeﬁas éﬁﬂTedln’é‘T B gissperragre of ifiec a%

Wi t h10- 15%fkhal. AREhaltere! WasLidVhaRY Qvith 8Laraedd élue&LB)Nﬁi@@; Em;ﬁo'i Th944‘

ni trobenzoyl)- 2' ,3" ,5'-0-tribenzoyl adenosi ne. (R

thyl - 5 - @Gqpepup ﬂaryﬁwéw@wtyd wath diethy'ethgr ppd ﬁlémzwlcda@ﬁwpwewa(smcbmﬂg) i n
met hanol ( u r

over ni ght . %%Qeern?%)lf(\egg?z s%?efgrrbgddg(f?c ﬂéﬁgﬁggs%uﬁggéﬁgd%&ggﬁkv% in 28%
aqueous NHaauflﬁékD bgLﬁiashTﬂEomtxgmplw vagiwt 286 adg aff 2’tdcbry-325 dhiystyhBd2’t he

sol vent was é%g Preci at.e9 s .washed with 20% MeOH in DCM and t hen
with MeOH t bo g™y i c 18 \(f%)yl i met hyl adenosi ne as white solid.

Chr omat ography on silica gel with 10-14% MeOH i n DCM gave 397 ng of

VR (CDB0D) 5. S8 ITL 0 TR L 2 Ubfler Bobiogfd £ fﬁ‘??ﬂ W 6 ke

1H), 4.06 (deethiHyidind, B1® rigld).83 thiel)®f 8, ki, 76b2mg af @ANZn Iﬁ-l)nLdfl\B&P(IdzasJ- 6.8
Hz, 3H), 0.90 (s, 3H). Exanple 56

04-



Preparation of 5 (R)-C nethyl guanosine (56) 0 OAc PNBO'ri. Bzo- bBz (56)
To a sol ution of

1- 0- acet WoO208/08dbbenzoyl- 5(R) - C- et hyl- 5- 0- (4- ni t r obeMZONEPO10/028046

D-ri bofuranose (969 ng, 1.72 mmol), 2-am no-6-chloropurine (0,32 g, 1.87
mmol ) and DBU (0.77 nL, 5.10 mmol) in anhydrous acetonitrile (20 nL) was
added dropwi se trinethylsilyl trifluoronmethanesul fonate (1.25 nlL, 6.88

nmol ). The stigsdiht ilrnlgerlrtaampérmtnrem\Wteurledlm&ns\t/dsrdoemm (a@&n@it@mﬂrbyi "gIl:rL‘)

cool ed, dil u](tyed with et hé{l %%et e, vvashed_g}/fyn t hllo% sqdi um bi car bonat e and
dried over SSOERUMSSHo4R t ‘t‘e&gﬁr%éﬁ‘t‘ff/ 54 “tgafeﬁ Y Wst‘ﬁeai W'5Y6 et hyl
acetate in BDAVhBar€obiba a&ié (15-12- 39 N%@@QHL@;%B} lafd MArddd NACBH,O

0- di benzoy1-5(R) - G- net hy1- 5-0- ( 4- nltrobenzoyl) | -D-ribofuranose as a white
solid, whi dhnilasThi ggwiclaxrvas yepmakHang thepgrqua HaersyassatraatedrTithbE . ght and

concentr at o rap gave
260 ng of ?ql amp%g%?t?% hfr%lﬁn%lﬂglcg% ?‘%m%h Jlgtﬁ%@){% PéE%u\fib'iso ranose as
a white sol¥ {(leoxy 3’,5’-dihoetgl- ZhZX{:hﬂuemGj iodo-5’(S)-C-methyluridine in 80% yield.

1- (2- am no- 6-chl oropuri n-1V9-y1)-5(R)-C net hyl -fi-D-ri bof uranose (253 ny,
0.8 nmol ) &iep hrPrapaptioeditialebxy-Z . 248liftdoro-&'(8)-GampkHylthymieeH (5 nlL) was added
0.5 M NaOMe in MeOH (8 n1_ 4.0 mmol ). The resulting mxture was refl uxed
overni ght, cool ed, neutr H7_ed with AcOH Reverse phase OHPI,_,C W th

acetonitril e/ water gave Cp met hyl guanosi ne as|a Whl bl d (167 ng);
6.8 Hz, 3H), .3.16,4 1H) 3.7
|9(m 1H) 4. 06- 410 4.34 (m

1H NVR (DVBO: d6)ﬁ§)
5.68 (d, J= 5.6 Hz, 47(brs 2H) ,

(t, J =3.2 H ,

1H), 5. 34 (d, J= 5A®

7.95 (s, 1H), 10.72 (br s 1H) Exarrple 57 Preparatlon of

5' (R) -G net hyl cytidi ne (57) PNBO /?c' -:.:10),, OAcHQO ) .., NH2 BzO

OBzHO OH(57) 1V4- Benzoyl cy 0si ne d

N, 0- bi s(tri met hyPsi 1y e & Ehi t ¥ ? (%60 19%( ﬁtélaggﬂ %F@gﬁ%hﬁ Jarels

acet oni t ri Imgethyduridige (2as n{get)lsumdl) fand P&BOPm)mga(md nfgtm{ adlydIAuwHBt(B@ﬂlL@f

1- 0- acetyl- 2, 3-0-di benzoyl1-5 E% 4 - nitr ob enzo
yl) - D - rvasgelduedgndeg batgl(’éplxezes@r ?ﬁrélﬂylea. wasd Blrepviifeedy & i)

vvas added, M?I'lé Oeﬂﬁﬁgf?%elﬁﬁ'ﬁ' dnldOfe %luﬁbr{‘ w%?tréfﬁ&m %Qérﬁ:%ht( et cHE'_ﬂed o ROl )

The resulting Teaction mxture was refluxed overni cooled, dilufed with

et hyl acet avager (Q\%sﬂédvawaﬂdlﬁdlto%esmmtumabd deribohae waaﬂﬁradtedefdtth@M godi um

;.L” f gt eo 1\%8 agrn Zrl(c):y gev %Até:da @fﬁr re}ﬁiuc %gssgrg%l“ﬁé rr]cysiduzg‘%veats a}‘)turelfle(i1 bDCNI gave

'-0-(4-ni trmé;emz@y{o) g di-d@dxyBhiCiacss- 2d25&ﬂhmec5($)nc7m&h9ﬂﬂyhﬁdlheq50 and

stood at for 3 h, The solution was concentrated and the residue

di ssol ved im®2H3p ééﬂﬁ‘@ous anmoni a and stood at RT for 3 days. Volatile was

evaporated and the residue was subjected to reverse-phase HPLC purification

Lo S 22 T 2 bR PR o ¥ Ol fnym B B0 mmno

5% phenyhnmetR @xyolkedih@20inny bARRSEQNEHEYMeDB) solution. The mixture was stirred at 0 °C

overnight. The solvent was removed under vacuum. Purification by flash chromatography

on silica gel gave 30 mg of 2’-deoxy-2’,2’-difluoro-5’(S)-C-methylthymidine (77%); 'H
NMR (400 Hz) (DMSO-d6): §7.57(s, 1H), 6.11 (t, J = 8 Hz, 1H), 4.30-4.22 (m, 1H), 4.02-
3.96 (m, 1H), 3.70 (dd, ] = 8.4 Hz, 2.8 Hz, 1H), 1.87 (s, 3H), 1.33 (d, ] =6.4 Hz, 3H).

Example 25

Preparation of 2’-deoxy-2’,2’-difluoroe-5-vinyl-5’(S)-C-methylcytidine (25)

-05-



To a solution of 2',3'-0-nmethoxynet hyl ene- N6- (4-nmet hoxytrityl)-5 (S)-

nmet hyl adenosine (60 ng, 0.1 mmol) in THF (1 nL) under argon was added 1.0 M
t BuMgBr iWOTbHIR/1081485 nli, 0.25 nmol). The resulting sol uPCoMUSAES/038046 r ed at
RT for 30 m n and phenyl (et hoxy- L-al ani nyl) phosphorochl ori date (85 ng,
0.3 nmol ). The reaction mxture was stirred at RT for 3 days, cooled with
i ce, quenched with water, diluted with ethyl acetate, washed with brine
three tines. Chronat ogr%g?(hy on silica gel with eth gcet at e/ hexanes (1:1
to 2:1) gave a m Xt ure Q H2i somers as a Wi t @ sol i &—Nfhe product was
di ssol ved in 80%T ofm #Fd (5 mb—and—sto a N night. Sol vent was
evaporated at RT ar Fevapyated with IVEOI—VIFBJ'U e three tinmes.

Chr omat ogr aphy on silfca gel with 10-15% MeOH I'n DCM f ol | owed..by
re-purification by reverse-phase HPLC with acetonitril e/ wat er(, )gave 9.5 ngy

of 5 (S)-C -ne | adenosi.ge ' 5' - enyl xy: L- al ani nyl.)] hat e as
whi t e gol)i d; 1H¥|%K9ﬁ°?‘%656§? ‘%eof.y‘[fg’g (%ﬁugfg%%&g,%k & ef&‘yi‘?lﬂﬁll“%?(? S
3H), 3.65 (e§) in3tA (SBmBYwas &led MindlrPd (30 ALY 4. B4 Mhenl iy midtudbwdb. sfirred m  1H),
4.70 (t, J =6.0 Hz, 1H), 4.58-5.98 (d, J=6.8 Hz, 1H), 7.12-7.33 (m 6H),
8.19 (s, 1F¥}lfier8H313tf(1%§Ph€1era}t bf‘F‘nl\ﬁQR“( éDér@E))SO el 9os rﬁ?‘é‘f?ﬁl‘@d% VE'epar at i on
of 5" (R) - CrgkbMoads R &ﬁorﬁﬁt@@%ﬂ%‘”ﬁﬁ%ﬁﬁ@?ﬁ davabaonyrbf hpgsehaygfr?) To a
solution of 2' ,3 -0-methoxynethyl ene-N6-(4-nethoxytrityl)-5 (R t hyl
adeno si ne X60ylig(S)-O-hethpoytidinen(7FHF. ](HL NMLR (4eiElr) avlgoR-dAziso 8dded 1HO Mt -

B uMgB r in, THF ) _ ) e11, e in | Wil tirred
at RT for 1@’&%’3’ %%e%ﬁ"(r%%‘% ﬁ%@g E’-Sa 1a(rl'%lg’nJ;’/T ?H%#(%S%'%ggr)zogm’gspﬁé@?’eﬁ( 85 ny,
0.3 Mol ) was AddedHz T, 4.8R¢Li an, TH)XH O .00a8, $Hi, r3raEddat) R 8fir 2.3 Hiays,
cooled with jce,_ quenched wth water, diluted with ethyl acetate, washed

wi th brine 1tPHr]e%5(f1’iJrf%§8 Fentdhat ography on silica gel wth ethyl

acetate/ hexanes (1:1 to 2:1) gave a m xture of four isoners as a white
solid. The product was dissolved in 80%formc acid (5 nL) and stood at RT
overni ght. Solvent was evaporated at RT and co-evaporated with MeOH t ol uene
three tinmes. Chromatography on siliEZagele2§ith 10-15% MeOH in DCM fol | owed
by re-purification by reverse-phase HPLC wth acetonitrile/water, gave 12
ng of 5'(R) - C EepArrbeRpiok idsaxs2’.3 hdusnohey Komethyl-aiviHilwiding Aodsphat e as
white solid; 1H NWVR (CD30D) 6 1.24 (d, J= 6.8 Hz, 3H), 1.52 (d, J= 6.4 Hz,
3H), 3.66 (s, 3H), 3.91-3.97 (m 1H), 4.05-4.08 (m 1H), 4.35 (t, J = 4.4
Hz, 1H), 4.52 (t, =4 1HC &. 04 (d, J= 5.6 Hz,

w 1H), 4.82-4.85 (
1H), 7.10-7.31 (m g\r\?éfé“ﬁzm, 8.29 (s, p 31P (CD30D) 6 3.72.
Exanpl e 60 Prepdr@ti qn /of ' (S)=C-dimet hylfdehodi n enyhnet hoxy- L-
F

al ani nyl Aphosphat e, (60] ~F St epI 1. Preparation ofy

o)
2', 3" -0-nmet hoxynet hyl i dene- N6- (4" -nmet hoxytrityl) -5 (S)- net r&/é)adeno si ne
HO HO

To a solution of PAC1,(PPhs), (15.8 mg, 0.022 mmol) in acetonitrile (10 mL) was

added 2’-deoxy-3’,5’-O-diacetyl-2’,2’-difluoro-5-iodo-5’(S)-C-methyluridine (110 mg,
0.23 mmol) and ethenyltributylstannane (143 mg, 0.45 mmol) . The mixture was heated
up to reflux and stirred overnight, filtered through celite and evaporated under reduced
pressure to remove solvent. The oily residue was purified by silica gel column
chromatography to give 50 mg of 2’-deoxy-3’,5’-0O-diacetyl-2’,2’-difluoro-5-vinyl-5°(5)-
C-methyluridine in 50% yield, which was dissolved in 20 mLof saturated NH3:/MeOH
solution. The mixture was stirred at 0 °C overnight. The solvent was removed under
vacuum. Purification by flash chromatography on silica gel gave 20 mg of product, which
was further purified by flash chromatography on silica gel to give 7 mg 2’-deoxy-2’,2’-
difluoro-5’(S§)-C-methyl-3-vinyluridine (18%); "H NMR (400 Hz) (DMSO-d6): 8.17(s,
1H), 6.50 (dd, J = 17.6 Hz, 11.2 Hz, 1H), 6.16 (t, ] =7 Hz, 1H), 6.16 (t, ] = 7 Hz, 1H),
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Hd bH A mxture of 2,5 (S)-C-dinmethyl adeno sine (585 ng, 1.98
mml ), trinmethyl orthoformate (5.6 nL) and p-tol uenesul fonic acid
nonohydr awe 2086881y, 2.97 mol ) in 1, 4-dioxane (7 nmL) waeTAiSeemwoe8oa¢é 30 C
for 24 h, cooled with ice and quenched by adding triethylamne (1 nm) and
concentrated. Chromatography on silica gel with 5-7% MeOH in DCM gave 716
nmg of 2',3' -0-nethoxynethylidene-2,5" (S)-Cdinethyl adenosi ne. A

sol ution of5.% (d, 3'= 1106 Het hdy\boet (dy) =ddreH2, BiX 8356291 metlil)) adead8gmpe (575

ng, 1.71 ) 0 ri h de (714 nmg, 2.32 mol) in pyridine
(16 M) wa t%?$ghj Eﬁiﬁ §%$ Siﬁgyg é%ﬁ%lﬁ?onal 4- et hoxytrityl chloride
(72 ng) was added and the m xture was heated at 40 C for 24 h. Additional
144 ng of 4-nmethoxytrityl was added the m xture was heated at 50 C for 24
h, diluted with ethyl acetate, washed with _brine three tinmes. Solvent was
evaporated and the residue was chroﬁﬁ@@gkéﬂhed on S|I|ca gel with 25-60%
ethyl acetate in hexanes to give 1 4' - met hgx trltyl)

2' '3 -0- met ho RFRRATAYPR lchdenxy- é}Z rﬁéﬂ%‘}ﬂ“eﬁi@%‘ %iSﬁeC 2k uridipg s AR
met hoxynet hyl i dene- 1V6- (4" -nmethoxytrityl)-5'(S)-nethyl adeno sine as
anophous solid. Step 2. grqparation of 22 ,5 (9)- C—dlnehhyladeno sine 5' -

[ phenyl (et hoxy-L- \al anlw hosphat e Toasol uti opof yN o
2', 5" (9)-Cdinmet hyts -Q- met hyoret-hyl-enre- N6 § ytrityeadenosine
(60 mrg, 0.1 nmmol) F (M) under argon was d 1l Mt-BuMgBr in

THF (0.25 nL, O. 25A°|“?rrcﬂ) Thesresul ting sol ution 9\/a§ stirred at RT for 30
m n and phenyl (met hoxy- L- al anf nyl ) phosphor ochl ori date (85 n@z) 0.3 mmol ).
The reaction mxture was stirred at RT for 3 days, cooled with ice,
guenched with water, diluted with ethyl acetate, washed with brine three

tines. Chromat ogr- @Bdwy B D-tiacoayl gep’ mmhroei-hﬁmetagﬁuﬁ&teﬁﬁax‘am (1:1 to 2:1)
gave a mixture of four isoners as a solid. The oduct was di ssol ved

in 80% f or MChERiHng 579n111ﬁ d smebdvat dWPIWéPn$ﬁhNH3@6q%r@0\K%@ d¥apor at ed

at RT and GPxRYARAY sttl%%@ at st YRR, tl@!e‘é@l’%@nttw rs?&n&de&@@ thERRQEBLQIARRY on
silica gel wth 10-15% MeOH in DCM | owed by re-purification by

r ever se- phadeOHPLIOn . tRd/ Q0. 0 mg)|W@/avlmdein,cl theavixtige Fasrgfirged at 25 °C under

2" 5'(S)- Cdi net | (met h | hat

Gl Do ooy TG e AT ARE, Bferding BIREWal BRGNS Bl Sl RASIPNALS 59

Z ngfs llii)liebvapbrzﬁ&i (oddyne&s— The 8@51(%@21\/ds|4mnﬂ1k1ﬂ by &olﬁﬁmﬁrd dhca]gel IDSMA{MS?HZE 111I(—|)m

TR . wmg{vsécﬂew-%z ditolces bl it meilvbgete 59 iy 34Tpove? 10 &

6.13 (2 X Ste §-)H)HN_M 78'“941 ﬂ#}) &08-d9 <(Fux 199, zill'ﬁ42§(1%911¥9 8.31 (2
31P N CDE 43 LS

X S,
393 (dd 11 —44Hz 12 =6.4Hz, lH) 368(dd J1=4.4Hz,J2=8.4Hz, 1H), 2.15(q, ]
=7.2Hz, 2H), 1.17 (d, J = 6.4 Hz, 3H), 0.91 (t, ] = 7.2 Hz, 3H); LCMS (ESD): 307 [M +
H]*.

Example 28

Preparation of 2’-deoxy-5’(S)-C-methyl-2’,2’ 5-trifluorouridine (28)

o. H o  H
N N
AcO = HO =
. | 8 F
N F N F
AcO F HO F

2’-Deoxy-3’,5’-O-diacetyl-2’,2’-difluoro-5-iodo -5°($)-C-methyluridine (320 mg,

(28)

0.66 mmol), hexamethylditin (429 mg, 1.32 mmol), bis(triphenylphosphine)palladium
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Exanpl e 61 Preparation of 2',5" (R)-C-di met hyl adenosi ne 54phenyhmnet hoxy- L-

al ani nyl f1 phosphate (61) Step 1. Preparation of

2' , 3" - 0- nwolzomymoetdny| i dene- N6- (4' - met hoxytrityl) -5 (R) PCrashyloackenesi ne HO
HO Hd bH

dichloride (46 mg, 0.066 mmol), and 1,4-dioxane (20 mL) were stirred at 80 °C for 2 h.
Upon completion, the solvent was removed at 45°C under reduced pressure and the
residue was purified on Prep-TLC to provide 245 mg of 2’-deoxy-3’,5’-O-diacetyl-2’,2’-
difluoro-5-(trimethylstannyl)-5’(5)- C-methyluridine in 71% yield.

To a dried round-bottomed flask (25 mL), 2’-deoxy-3’,5-O-diacetyl-2’,2’-
difluoro-5-(trimethylstannyl)-5’(S)- C-methyluridine (245 mg, 0.47 mmol), MeCN (15
mL) and Selectfluor (177 mg, 0.51 mmol) were added. The mixture was stirred at 55 °C
for 10 h, during which the progress of the reaction was followed by TLC, until the starting
material had been consumed (~10 h). The solvent was removed and the crude mixture was
purified by column chromatography to give 50 mg of 2’-deoxy-3’,5’-0-diacetyl-5°($)-C-
methyl-2’,2° 5-trifluorouridine (30%).

2’-Deoxy-3’,5’-O-diacetyl-5’(5)-C-methyl-2’,2’, 5-trifluorouridine (50 mg, mmol)
was dissolved in 20 mL saturated NH3/MeOH solution. The mixture was stirred at 0 °C
overnight. The solvent was removed under vacuum. Purification by flash chromatography
on silica gel gave 30 mg of 2’-deoxy-5"(S)-C-methyl-2’,2’,5-trifluorouridine (77%); 'H
NMR (400 Hz) (MeOD-d4): 38.25(d, ] = 6.8 Hz 1H), 6.10 (t, J = 6.8 Hz, 1H), 4.31-4.22
(m, 1H), 4.02-3.97 (m, 1H), 3.72 (dd, J = 8.4 Hz, 2.4 Hz, 1H), 1.33 (d, ] =6.4 Hz, 3H); "°F
NMR (400 Hz) (MeOD-d4): 8-121.15(t, J = 44.7 Hz, 2F), 6-169.89(s, 1F).

Example 29

Preparation of 2’-deoxy-2’,2’-difluoro-5’-0-isobutyryl-5°(S)-C-methylcytidine (29)

N -NHMMTY =N~ NH;
O._.N / 0 O N

J
N - N
LY T
N 0] § (0]
MMTrO F HO F
(29)

To a mixture of 2’—deoxy—2’,2’—diﬂuoro—3’—0,N4 -di(4’ -methoxytrityl)-5°(§)-C-
methylcytidine (1.64 g, 2 mmol), isobutyric acid (211 mg, 2.4 mmol) and DMAP (0.12 g,
1 mmol) in DCM (20 ml.) was added EDCI (1.15 g, 6 mmol). The mixture was stirred at
RTfor 16 hours under N; as checked by TLC. Then the mixture was washed with Sat.
NaHCO; aq. solution and followed by brine. The organic layer was dried over Na SO,

and concentrated. The solvent was removed and the residue was purified by column (PE:
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A mxture of 2,5 (R)-C-dinethyladenosine (395 ng, 1.34 mol ), trinethyl
orthoformate (3.8 nL) and p-tol uenesul fonic acid nonohydrate (382 ng, 2.01
nmol ) i n wo2ediviogame (4.8 nL) was stirred at 30 C for 22Chjusecaoloesd4avi t h i ce
and quenched by adding triethylamne (1 nL) and concentrated.

Chr omat ogr aphy on silica gel with 5-7% MeOH in DCM gave 360 ng of 2' ,3'

- 0- et hoxynet hyl i dene-2,5" (R) - C- dime thyl adeno s in e . A

soI uti on ofEAR'= B1) & giet Iimdgnmtmyl tiflene-2;EN{-BY4’ Gnethomtiityl) a0€nisotsityre- ( 357

ng, 1.06 nmet hox chloride (444 ng, 1.44 mol) in pyridine
(10 m) wan?@ W@Hﬁﬁﬁldﬂe(ﬂﬁ é%yd)ay Addi tional 222 ng of 4-methoxytrityl
was added the nMxbise.-mas.diffatest- @tz\ﬂmztcmfeﬁ%xﬁﬂtyb 5 - isabﬁﬁymsfgky et hyl
acetate, washed with brine three times. Solvent was evaporated and the

resi due wasnathyloitdingd?@pnebwendisiolved an g I@@M@Hﬂ%ﬁ@@l@ﬂhwrea\zf@tsaﬂédu n
h t d
exanes 10 F(y & %é&g}%ﬂt %)ch§ckedg ?C rhé sol iRt QQQ(%B‘%)B%&' an%cfeggfedgqe,d%rfis&re T th

nethoxynethy dene adeno sine an
ox yne thy ahd thiaereetdmﬁw(as 4hr1ﬁ<m3b)hpney1 HPLY IHCOOH Rystamet toydieed2rdeosy-A62’as

h . Pr i f 2 5 R -G di et hyl '
a””Fpﬁ:iyf° iy OnsnrT o SRy ihe o SUEs T e S5 AN NRIE S
5" (R) - C‘(@E(UEIO‘O)M‘H?Z) 53 %anjel hysamet by | e N6- ééﬂmﬁihwt(m tyegdenosi ne

(61 ng, 0.1 in THF (1 nL) under argon was ad 1.0 Mt-BuMyBr in THF
(0.25 ni, deé Y1 =TheHew ti-hHzsldbu Bb(dtvxléf &le,rlﬂedl?aﬁ HrTHot.130 nin
and phenyl tho a ) h 8 The
reaction m(( d?ewvxé/raig S?I :%r(ggﬂ %}%Rg%fa%tgﬁldg%f éd%vm ?139_1331 {gagg%]ched

wi t h wat er ,(mdoHyESHLAMS$N ne't BY8 [Medi]atiz) [MB:SN&H, W7t[IZMbr Nag. t hree tines.

Chr omat ogr aphy on silica gel with ethyl acetate/hexanes (1:1 to 2:1) gave a
m xture of four isomers as a white I|d he product was dissolved in 80%
formc acid (5 nL) and stood at RT Sol vent was evaporated at RT

acetoni tr 1| SPuBAYSD @%Xy %%ef?uﬂzﬂ'hﬁﬁar”%yh?@ﬁ ApARSRgTG

[ phenyl (met hoxy- L- aI aninyl) ] phosphate as white sol] d r A 1H NNR
(CD30D) 6 0.89 (s,[3H), A 27Vedd, J= 1.2, 7.2 Nl 61(d J= 6.4,
3H), 2.32 (s, 2H)Ho 3. 96@ ® (m ZFI),—4—'09(d J— ~RoHz, 1H), 4.96-5.00
(m 1H), 3.65 (s, 3;?3) 4402(m 2H) , 409 8':‘]—92Hz 1H), 4.96 (m
1H), 7.09-7.32 (m 8. 20 (s, 1H), 8.25 (&N //H) 31P NNR(CDBOD) (53.73;
| somer B: 1H NWR (CD30D) (50 94 & 0. 98 ( each s 3H), 1.25 (3) J= 10.4 Hz,
3H), 1.50 (d, J= 6. (Is I% 3.92-4.01(n5 2H) ,
4.26 (d, J= 9. 2(1¥&Bum‘/0aﬂ6®n@§lc ling (.78 2, é@ mn@@f(nﬁl BH{0.58%88.036 mmolj 1y g 2

(s, 1H . 31R NYR{ERBADMA r§u8613HF ?15719L) %@Mtﬁe Qs Eﬁmt R fgpl Bbur and
2'-0-(t-butyldinmethysilyl)-3'-deoxy->5’ - 0- net hyl - Nd- (4-

met hoxyt ri tthdn) warmieditg 80 (G DtirHG was Nnt@ﬂéggowmns Then the mixture was cooled
to RT and the solution was added into a solution of 2’-deoxy-2’,2’-difluoro-5’(S)-C-

methylcytidine (0.90 g, 3.25 mmol), DMAP (37 mg, 0.3 mmol) and TEA (10 mL) in
anhydrous DMF (20 mL) dropwise at RT After addition the mixture was stirred at RT for
20 h and then concentrated under reduced pressure to remove THF and TEA. Then the
solution was diluted in EA and washed with brine. The organic layer was dried over
Na,SO.. The solvent was concentrated and the residue was purified by column (pure EA)
to afford 3’-O-(N-t-butoxycarbonyl)-L-valinyl)-2’-deoxy-2’,2’-difluoro-5’(S)- C-
methylcytidine as a white foam (1.04 g, 67%), which was dissolved in a solution of HCI
in EA (4 N, 150 mL). The mixture was stirred at RT for 10 hrs. The solvent was removed
to afford crude product which was further purified by neutral prep. HPLC to afford 2’-
deoxy-2’,2’-difluoro-5°(S)-C-methyl-3’-O-(L-valinyl)cytidine as white solids (410 mg,
50%); 1H NMR (400MHz, D,0) 6 7.80 (d, J = 7.6 Hz, 1H), 6.29 (t, ] = 8.8 Hz, 1H), 6.13
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(62) Stepl.Preparationof Nd-acetyl-2'-0-(t-butyldinmethylsilyl)-5-0-(4,4"-
di met hoxytrityl)cytidine Cytidine (100.0g, 0.41 nol) was

di ssol vedwDrook681(4800 ml ), acetic anhydride (42.5 m, 4BCI/Uu$2010/028460| ) was
added and the whole was left for 24 h. Solvent was evaporated, the residue
boiled with nethanol (40 m) and cooled. Crystals were filtered and dried
to furnish N4-acetylcytidine (102 g, 87.0%. To a solution of

1V4- acet yl| qyttd di7eeds, 8%51)05.¢9- 5(5621&81HDI4)24§L4123(111|,>&ZH)04|.§7{4lei(d1' ne),(BO0ALS cool ed

in an ice bath (84. dd Th xture
was sti rredmallH?%(gé gﬂgﬁgg) J\/@S(ﬁflgﬁ 71?%15 ﬁe ?g%ﬁzr glﬂ) %@Mﬁ?@ﬂm ed
with an |cq21b1a1t1q+ 3’-}-}F[M6QQ m) and AgN®B (58.1 g, 0.342 nmmol ) were added.
Then TBSC1 (51.5 g, 0.342 mmol) was added, and the reaction m xture was
stirred at roomtenperature overnight. The reaction mxture was filtered,
sol vent was renoved under vacuumto give a residue which was diluted with
Et OAc (500 nL) and washed with water ﬂxgﬁgléﬂl) and brine (200 ml). The
organi c | ayer was separated and dried over anhydrous Na2SO4 and t he
filtrate was cBreparationtofd’-tepxa- 2é9f dﬁlum B S waangshyli ¥ i&(L-pylinyheptidinogr aphy

on silica gel (eluted with PE : (]31503: 1) to give
N4- acetyl-2'-0-(t-butyl dinmethyl S|Iy1) 5 di nmet hoxytrityl)cyti di ne as
yeIIowsoI|d(809, 50% 1HN|\/R(CDClS)6839(d J-76Hz 7.34

, 1
4.26 - 4.32 ( ZI//O(ddﬂ-l—l—Qﬁz 400-40
(m 1H), 3. 74w F—016Hz 6 H, 3.43 /3\53+(an2 : 232(d J = 0.
Hz, 1H), 2.18 (s, 3H), 0.86 (s, 9H), 0.22 (s, 3H), 0.11 (s, 3H). (ﬁdepZ
Preparation of 1V4-acetyl-2'-0-(t-butyldi nmethyl S|Iy1) 3' -deoxy-5' 4, 4" -
di met hoxytri tyl Yoyti diixtereo of r ¥’ydedAe’, 2 -di0udDMB -6 N 'sdif-meDMTuae 1§’ (HGCOTBSOTBS

e e R ST o e P L

(2000 m), mne) EH%?,@MBD@WQOJ&Q) Vadauakd NV - @@dﬁ@zdh@owsemﬁagiaﬁdem trogen
at nosphere at roomtenperature, then the reaction mxture was stirred at

r oom t enperet Bhereactionanighire wandied 8t BEher Jhashe @ﬁ‘iﬁ\?’édﬂlﬁ‘h@e‘fms\/‘&@hw{% give a
residue whi Qp N?’%S:g%’ SJ)I)HE&p IW f%hov@&@cqrﬁng%%réar@qﬂ cpdf'f@& &ler (200

m ) and brine he or gani ayer wasS sep rate dr| ed over
anhydr ous Naﬁ@hsaN@bSOh] enflifilterealt hee8trao s rdonegngdted on a/aSLymu (o \ghiecthe was

fied b to ! | d, wit . EA5 5:1.to 3 :
b o IR ST 9Bt Yy B SRl S Pl 458 500
- di m(;st hoxy toutdxydalbohyh) @-vAipien0xydxki2on0digybiod> NENAE: (Y-aletowytEighist (H2ATL. 0 g,
45.2%. methyleytidine (1.4 g, 56%).

(dd, J1=1.6H(b'|2 . 721- 27(m N@Z(d J=72
Hz, 1H), 6.80 f/—\%ﬁOHz 6. 8, Hz, 1H),
2
6

To a solution of 5’-O-(N-(t-butoxycarbonyl)-L-valinyl)-2’-deoxy-2’,2’-difluoro-
3’—O,N4—di(4—methoxytrityl)—5 '(§)-C-methyleytidine (1.1 g, 1.08 mmol) in EA (5 mL) was
added 4 N HCI/EA (15 mL). The reaction mixture was stirred at RT overnight,
concentrated into a residue which was purified by prep. HPLC (HCOOH system) to give
2’-deoxy-2’,2’-difluoro-5°(S)-C-methyl-5’-O-(L-valinyl)cytidine (55 mg, 13.6%) as a
white solid; 'H NMR (400 Hz) (D,0): & 8.29 (S, 0.8H), 7.47 (d, ] = 7.6 Hz, 1H), 5.99 (t, J
= 8.0 Hz, 1H), 592 (d, J = 7.6 Hz, 1H), 5.32-5.25 (m, 1H), 4.25-4.17 (m, 1H), 3.98-3.93
(m, 2H), 2.25-2.17 (m, 1H), 1.29 (t, ] = 6.4 Hz, 3H), 0.88 (d, ] = 6.8 Hz, 1H), 0.85 (d, J =
6.8 Hz, 1H).

Example 32
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To a solution of N-acetyl-2' -0-(t-butyldinmethylsilyl)-5-0-(4,4

-di net hoxytrityl)- 3' -0-(phenoxythiono)cytidine (24.0 g, 28.7 mml) and
Al BN (5. Iwg@,2081108140mol ) in anhydrous tol uene (1000 m), PCBAS2B0RL016. 7 0,
57.3 mml ) was added dropwi se under nitrogen atnosphere at room
tenperature, then the reaction mxture was refluxed at 120 C for 10 h. The
sol vent was renoved under vacuumto give a residue which was diluted with
Et OAc (500 Piepasatidnwi2hdebxyi2t 2’ -difluero-320 @ -di(jsobuntgryly-51e)-C-didhyldytidind e
organi c | ayer was separated and driedwﬁ¥er anhydrous Na2SO4 and t he
filtrate was concentrated to a syrup fth was purified by silica gel
chromat ography (eluted with PEE EA = 8:1 to 5. 1) to give
1V4-acetyl-2'-0-(t-butyl di nethylsilyl)-3"-deoxyp' -

-0-(4,4' - NH
di met hoxytrit I)%ytl e-M8IMFel | ow solid (16.0 St/epé
Preparation, 4 \e\o 77/
2'-0-(t-butyldi ﬁlglyl) 3' -deoxy-5"'-0-(4, 4 dlmeého Ig,!t@ltyl)-
N4- (4- et hoMWthyF)cytldl ne _N .-NHWIr DMIr0"46. - 0.~y DMIT O OTBS. 1) TBS
Asol uti onof Nd-acetyl-2'-0-(t-butyldinmethylsilyl)-3 eoxy-5' -0-(4,4 -
di met hoxytrityl)cytidine (11.0 g, 16.0 rmmol) in NH3/ MeOH (300 ni) ($s
stirred at roomtenperature overnight. The solvent was renoved under vacuum
to give a residue which was purified by) silica gel chromatography (el uted
with PE: EA=1:1to0 1. 3) to give 2'-

0- (t-butyl di met ByPeptwX)2 ifhdenXyO5N-0il4- meﬂloxyirlt)’ﬁtﬂ’ldkylemtcyﬂlélc%/t(iSdlme as

el l ow soli 8. 4

(00 S0 G 8L A0 OO COOUED ) PR [ 2
J2 = 8.8 HRT #irlph. "ﬁle7selv(31$t wakh&mo@dlﬁdc(r@,acu}mranﬁ tBe Hzidud s putifeQ by sfhc51 (m
1H),433dJ_ (s 355(ddN,]1=20HZ =
11.2 Hz, 18l coupg (PEGEAUlil é/% tﬂzglVeJ% deomzaz pifliorpy N {4-grpthogytrityl)y 1 94
(s, 1H, 1.563). tdlqethgrwéytmuée 4. 1?26079)21HN1?R€40U%)%1|5MSCB 88.56%s, 12h) 7.60¢dL4 (s,
3H), 0.04 (s, 3H). a sol ution of

-0- (- but I iy 11601 JX)1 (rdeb¥y 650 40434 il et 45t § 36 Yoy i ne

[ anhyar oot oM T£80 eyt e pFere sl i fogal g ™)

dr opwi se ursdeEr3.m toi,agbrs. 68@;)3}@}1615&3 (&, ] egoiRaipeHaturgd, Thes HAeHy.eact i on
m xture was refluxed at 50 C for 12 h. The reaction m xture was filtered,
sol vent was renoved under vacuumto give a residue which was purified by
silica gel chroffat ogr apikipre elofit ed-dapxyR?’ REdiﬂlEﬁo = B'-@-methGxytrity)-5t &)-Gt ve

2'-0-(t-but | 0 4' - di et riotyl)-Nas (4-

net ho§<yt ri t‘%tﬁi&% é aé ]j{/%\z'in&ﬁﬁsg?scz(](%g 5 H@?lh%dwyﬁh@%%’féoﬁg

( CDC13) 67.0840l) A6l anklydFous. lmMZ(QO}nlﬁ) HZS ad]dEBl 1so@ut§ﬁc -acﬂ (2@1 (8113 laﬁt‘bmm@) 20 (d,

J 4.8 Hz, 1H), 4.57 (dd, Ji = 7. 1H), 4.40 (d, J = 8.8
HZ, 1H), 4. u?ger( 182 "l:;he_regct]gn p@lxtu}‘_eH)was gtng%i at §T6f8r énli "@}q)reaqglog 1m1xtuge A58 (m

1H), 3.23 (vgaqged 'JVlﬂ‘_l S’%lt ZNEHCO%]SO%UBK’&H&%HO\%‘C@%% brflneg]fhé rHrga:hw 1ay &r 3R~ 1. 61
(m 1H), 1.19 (s, Preparatlon of

2" -0-(t- bwtgdrrdedreh‘lhsﬂosrﬁﬂ gml)yd@ils dHadhQu- BidGilEredd Tauecfdtwtdrvmsmnéwrated in
met hoxytri tx¥1c1) & {ol g%que residue Whlci}lwas purlf%-cli%y silih ngumn%E%A =3/1to 2/1) to
give 2’-deoxy-2’,2’-difluoro-3’,5’- O-di(isobutyryl)- N -(4-methoxytrityl)-5°($)-C-
methylcytidine (1.8 g, 71.7%), which was dissolved in 20 mL. AcOH/H,O (v/v = 4:1). The

mixture was stirred at 50 °C overnight. The solvent was removed under vacuum and the
residue was purified by prep. HPLC to give the 2’-deoxy-2’,2’-difluoro-3’,5"-O-
di(isobutyryl-5'(S)-C-methylcytidine (480 mg, 48%). "H NMR (400 Hz) (MeOD): 5 7.84
(d,J =7.6 Hz, 1H), 6.27 (t, ] = 8.8 Hz, 1H), 6.15 (d, J = 7.6 Hz, 1H), 5.36-5.28 (m, 1H),
5.25-5.18 (m, 1H), 4.30 (dd, J = 6.8, 4.4 Hz, 1H), 2.75-2.67 (m, 1H), 2.65-2.54 (m, 1H),
1.33(d, J =6.8 Hz, 1H), 1.21-1.15 (m, 12H).
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A solution of 2' -0-(t-butyldinethylsilyl)-3 -deoxy-5"-0-(4,4'
-di net hoxytrityl)- N4-(4-nmethoxytrityl)cytidine (6.0 g, 6.6 mml) in 80%
AcOH (200woi2p1ovmasi4st irred at roomtenperature for 7 h. TPha/use@oopsyne m xt ure
was neutralized with NaHCO3 to pH = 7, then was diluted with Et0OAc (100 ni)
and washed with water (100 m) and brine (100 m ). The organic |ayer was
separated and dried over anhydrous Na2SO4 and the filtrate was concentrated
to a syrup Alkernétiveasethod.i fi ed by silica gel chromatography (eluted with PE
EA=3:1to2: 1) to give 2° -0-(t-butyldinmethylsilyl)-3 -deoxy-N4-(4-
rrethoxytrltyl)cytldl ne (2.9 g, 72.5%; 1FINMR (400MHz) (CDC13) 6 7.29 (d, J
7.6 Hz, 1H),7.15 - 7 M 10H), 7.12(do]-24|—|2/ﬁF)}<N"6.75(d,J:

.8 Hz, 2H), 5. 8()d 0 #2.4 Hz, 1H), 499( o © 1H), 4.59 -

62 (m 1H) H ),4 (m THT3-88~( ddh 2.\ T12.0 Hz, 1H), 3.73
s 3H),354(p|§} 2 Hz, 12.0 Hz, 1H), 20@-26’3(m 1H), 1.70 -
(m 8(s 9H) 0.02 (s, 3H), 0.01 (@ﬂ) A mixture of

X

NI—V'\AOOII
g

6
0- (t-butyl di met hyl silyl)-3"-deoxy- N4- (4-net ho rityl)cytidine (2.9 g,
4.7 mol), pyridine (1. 9g, 23.8 mol ), anhydrous (20 m), aktPa

3,3'5“2532(1"&533?55%%# AeBuShOd msdieaidor Toak - P vohen e

reaction mijxbpng, &@MFIDM[Aeﬁih@&MtﬁQWaE SRS ARUT 81 B ahRkEint whb&niSagt i on
m xture was filtered, and filtrate was washed wi th saturated Na25203

sol ution (20ded). VERBmOF géml c givgyer theasheddev t 2 waeer2' By idifiofe -V V; dri ed

vas puri 11 SR R O Bl AP R G A sh %&%59@“‘"%22

PE: EA = 1: w1ﬂh)notf0rtlj}ir\pﬁrlﬁcatloﬁ) (t-butyldinmethylsilyl)-3" -deoxy-5'C, 5

B i e
L_DZ?» Sf m811]fl|fgthyl<§4ﬁ§16 (950 nélg,"z &rﬁmblé Elﬁtﬁ(l 15, 5772?§mol§-ﬁﬁd DM@(Zﬁ@r{ﬁJl ?% 77 g I(-IZ
: S,

3H), 2.05 (r@aol) n &therUﬂ-EMFta(lQH#@ Wam} ed 1somtyrlc aciq §7/50 g, 1P mmolgpndes |
901 g—t ( E Ut i:ﬁ}&l rrg@t %?ﬁtfé)lﬁlng}%@ 3w§[ g@ggl( Etr é&ll {Ctll\ﬂ W("lS complex. Then EDCI
&et hoxyt r |1 t('j'/p_(lz_gggi 'Lg_r nmﬂ)fr)DMANHI?/Mtrmg Nl 72. mﬂNHI\MHr 1sd}utyr}c}jac|1d t(7-56| mgilcg ?B n3l

---- 0 - o.a solutio 1 e SI -
- deoxy 5' C, %mog &2y F‘g’gﬁ;’f&? 6hel\i8 Iygign a %‘H’E?Q;i'f F{Ft‘i}’é‘ﬁﬁ?‘f gﬁ‘ﬁéea(c%o 1"@““%" %6 ol )
i ndan hyd{ OuﬁluEEH":v;'l(h]-EALﬂV)ashe : 20at%:12 aléilhﬂi‘me tTﬁe 5%21%11@63 WS sgaﬁlﬁlzﬁé’h diriepw se
unaer nitrogen atnospnere at - ) en |1 was warnmed up to room
t enper at ur @VENENNS LRy B Xketd fiffrred. e THEHR tVap FOPRCRY AP I0EIS® 81 B¥iey2 quenched

W th satur t The
conbi ned o?%a i %J%ggls%%\gsi 39 (ﬁ%tﬁrﬂﬁawgﬁyé\ﬁ ousﬁﬁagﬂg@n &%ES'T? ?t rate was
concentr at enietlmcwdsly (U mgi vathchwaiss tpcxt fofr thechelotystepi withciap @eherqalunﬁcmubmgr aphy

(eluted wth PE EA—51then PE: EA=3: 1) to give 2'
-0-(t- butyldlrreh |I ) Y, .= Ce
met hoxytritypcyfti %;2 ﬁgfuloow%g%lq I(I(SB‘? %Wégl 6% whi ch was subj ect ed

to SFC Sepaﬁméthﬂﬁlmtrﬁ)rrﬁfhf}@h@ Q(S) C-methylcytidine (700 mg, 1.48 mrnol) was dissolved in
;Tgt é‘lt)xf/)'ltjf’ ?/![ Idgﬁhh (i%%{ = 4 1)eQF)i1>é n?mt(urs Wgs- sr{Fr}e at 525 °C overmght The solvent

2" - 0- ('t - butyds QérﬂﬁxtehMJnaéﬂ Yadhurd andl 8% Ysidie (WRs-farifiBd BY breDAHEAC (0 give the 2’-

rrethoxytrlt%pcytldl ne. The isomer with shorter retention tine in SFC was

desi gnat ed dasxB2 (SHiflupemdry - - (RS DONSEf -aindasiyling (220 sne, 37659 (in 109,
T $950” byirgudb B o fidb), 6783 ol 78 T 368 403 58301 9f Spetes 2,

4 05 - 4 07..4 Hy. 1) 5.38-588 ((hriH)13)4-5.37 78, (1), 426i)(dd,2.46.8; 4am5uam27BH) 1.72

b oo (M B3 A B B kb T - B de e oy s o

- Isomer; 1H NVR (400M) (CDCI3) 6 7.15 - 7.26 (m 10H, 7.07 (d, J =
.8 Hz, 2H), 6.25 (d, J = 8.8 Hz, 3Hy 5 31.(d, J = 2.4 Hz, 1H), 4.93 (d, J
6.8 Hz, 1H), 4.57 - 4.59 (m 1H), St 216 (m 1H), 3.72 (s, 3H), 3.63
3

1 II m/\/—\ 1
I

66 (m 1H), 1. 7&eparhtiSh of 2-debkly-2’,2’-difluerols’{H-C-eihyloydiding (3B (d, J = 6.4
3H), 0.79 (s, 9H), 0.02 (s, 3H), 0.00 (s, 3H). Exanple 63 Preparation
of 3'-deoxy-5'(R)-C nethylcytidi ne 5% phenyhnet hoxy-L- al ani nye] phosphate
(63) HO 0. / bTBS -102-



NHVMT T NH2 (63)

Toasol utionof 2' - (t-butyldi nethysilyl)-3' -deoxy-5" (R)-nethyl-N-(4-

met hoxyt rwoybiocysiddi ne (63 mmg, 0.1 mmol) in THF (1 nl) POMASR01Q028946 Was
added 1.0 Mt-BuMgBr in THF (0.25 nlL). The resulting solution was stirred
at RT for 30 mn and phenyl (et hoxy-L-al ani nyl ) phosphorochl oridate (0.34
g, 1.2 mmol) was added. The reaction mxture was stirred at RT overnight,

cooled with ice, quenc dyw th water, diluted yith e yml acet ate, washed
with brine three tings. Jﬁ%’@’@raphy on silijca gel zsNHihyl

acet at e/ hexanes of1: =4) gave a mxtFr €HO ou rs as a white
solid. The product ¢ rdi ssol ved in 80% form c att (5 m.) and stood at RT

over ni ght. Sol VBHTC wetts evaporated at RT and cd*Qevaporat ed w tg fé{bOH/toI uene
three tines. Reverse-phase HPLC purification with 1% formc a ?

VeoH in DoM gaug 15 i oot il JARHRY &7 el 3G G denih2 22" 157

[ pheny! ( metdituoye-3=at Bzﬁumzyln)e}mhgslgkmaytmlﬁ( \M‘g t3e725mh10<11) mldﬂhwals( DNBQ@106) 6
1.17-1.39 (m_7H) (each s,

3H), 3.82- sm@lwisr?fld?ﬂﬁtMgEr 1321\”% %ullutgm Hmjler) P @é i @@Oprﬁropz’me unﬂ@%ﬁz Ahgg (m
(150 J§ ?76 réac?lﬁn (ﬁi)f‘?(tulgwa]s @Eﬂ‘&d i|t5_DR’9 6v&in 4& (ﬁ‘itl)lcr: Jﬂrg%turlel_\f)v u%%&gﬂ/gm(s%bg?%c%)? 22
3 9, 4.08. Theanipdust 62 Prtepiad aYltholﬁAdﬁO 81l>@p obhg-ombBed Qrgmpichigyes ywas diriné
- phenyhrg%lh gtffﬁ}dIJGus Na,SO, and concentrated to give a residue which was purified by silica
gel column (PE/EA=3/1 to 1/1) to give the 2’—deoxy—2’,2’—diﬂuoro—3’—0—,N4 -di(4-
methoxytrityl)-5°(5)-C-ethylcytidine (1.7 g, 54.6%).
2’—Deoxy—2’,2’—diﬂuoro—3’—0—,N4 -di(4-methoxytrityl)-5’(§)-C-ethylcytidine (1.3 g,
1.56 mmol) was dissolved in 15 mL AcOH/H,0 (v/v = 4:1). The mixture was stirred at 50
°C overnight. The solvent was removed under vacuum and the residue was diluted with
water (3 mL), extracted with EA (2 mLx2) to remove some impurity. The water layer was
subjected to prep. HPLC separation to give 2’-deoxy-2’,2’-difluoro-5’(5)-C-ethylcytidine
(42 mg, 5%); "H NMR (400 Hz) (MeOD): 8 7.91 (d, J = 7.6 Hz, 1H), 6.18 (t, ] = 8.0 Hz,
1H), 5.90 (d, J = 7.6 Hz, 1H), 4.28-4.22 (m, 1H), 3.78 (dd, J = 8.4 Hz, 2.4 Hz, 1H), 3.69-
3.66 (m, 1H), 1.70-1.64 (m, 2H), 1.03 (t, J = 7.2 Hz, 3H).

Example 34
Preparation of 2’-deoxy-2’,2’-difluoro-5’(R)-C-ethylcytidine (34)

0 2 0!
o $:E\7/NHMMTr T 5 TE/NHz
HO M= - - HO =
. F R F
> F HO  F

To an ice-cold suspension of CrO; (478 mg, 4.79 mmol) in anhydrous DCM (15
mL) was added anhydrous pyridine (0.77 mL, 9.57 mmol) and Ac,O (0.45 mL, 4.79

(34)

mmol) under N,. The mixture was stirred at RT for about 10 min until the mixture
became homogeneous. The mixture was cooled to 0 °C and a solution of 2’-deoxy-2’,2’-

difluoro-3’-0-,N* -di(4-methoxytrityl)-5°(S)-C-ethylcytidine (1.0 g, 1.2 mmol) in
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al ani nyl f| phosphate (64) (64) Toasol utionof 2'

-(t-butyldinethylsilyl)-3" -deoxy-5'(S)-nethyl-N-(4-

met hoxyt rwoybiocysiddi ne (94 mmg, 0.1 mmol) in THE (1 nl) POMASR01Q0L89A6 Was
added 1.0 Mt-BuMgBr in THF (0.38 nlL). The resulting solution was stirred
at RT for 30 m n and phenyl (et hoxy-L-al ani nyl) phosphorochl oridate (0.51
g, 1.8 mmol). The reaction m xture was stirred at RT overnight, cooled with
i ce, quenchablydnutshDBsI (érmL}jwhmcmddvvrlteheeﬂdayd maoaet atae stinasteRIT widrhightt | ne

A e oy

di ssol ved imo@B@do)f ratica *th NAHRCOL koladéh $kROhnat briRE. AWErdrh it 1ay§0kx>é§nt was
evapor at ed at RT and co-evaportaed with MeOH tol uene three tines.

Rever se- pha&searagel, drigt raves aapilions WapdP-1amdf Bliteied Thei fdtrta vers eqoperntiptefl én wat er
];T'gl L?V\gd b g%{(ﬁ%&%Qgé@@Gm%hy: \(l&éa;l/sf;% (l.lbsthQa %8 cq)lf-ﬁéhi “‘%ﬂ’]‘i L 1% glgélve 12
- [ phenyl (theddsoxd/ 2 Ldekati-o\ Y- mkieisphélf é ~difluavoi X ©-9\6 Hid4-nieHokiMRty( EVSO- d6) 6
120dJ—60 d J=7.2 H, 3 1.77-1.93 (m 2 2.29
(s, 2I(-|) %%h(%yudgﬁ)m%mﬂgg%ﬁ b5 (m 1H), 4. 12H21 15 (m 2H), (4 64H21 67 (m
%H)l’z F; gg (br i gﬁ)]alﬂ)lce 5016(%0@13160{&1 -debly-5’ @50593 gugelln\l '\% ?é?\-/%gﬂoﬂdz?) clhl)“ 32
m , .

3 65. Exanpi#t-e5tporepsial’ r%ﬁth@kytyillees)(ﬁﬁi e r@ﬁoérralﬁplhom?@%dliﬁ%} (10 mL)

henyl I on of
S (S5 et hy 3 NgBELRT Y 2 RABRRNE Rt P mactin v iR B8 0" O
mmol ) in THer TA. ﬁhsa)sqlMtawasacxgporaMSTlaaddsduelw& dlutedBuity BA 30 milbiFwhed5 nl) .

The resultin sI ti stirred at

pheny! (et gy S NAAABATRS Bkt Biop St dreaaes seerded gficg qteransrass
added. The N£sO! arﬁlfboﬁléﬁtrbké@td/@Se ﬁltelrésﬁ@e watlichR¥asfakifidd tdyay&p Tamtedvarth ice,
guenched with water, diluted acetate, washed with brine three

times. Chrdlﬁa%oigr?aﬂﬁyl% st NW @S(j‘emetb\x)%ymtél@ﬁyﬂ f‘é]%)é‘fyé.‘fié‘Ph(é%%ﬁ%% Bkt o 3:1)
gave a m xtiyig ofs cﬁlg’sldfveh%PﬁT@hri z@éoﬁ/ﬂf"@' &8 sal, drh%lé’i%tu@u)vas sTﬂl%dI%E g6yt was

dissolved in 80% formc acid (5 and stood at 40-50 C for h. Sol vent
was evapor aveaight. TRT selmeht ees emmodt amdedvzwutlm au@ﬂievr@muae\me dthlrtccémth WIS .

R - ph PL f t i t trilelwat f ol d b

chr omat ogr api or e GE B riEE. GoRRuee s Tt oS R ey

5 (S)-C mtr&yd&rvabtmwwﬁurﬁiemey 5111c;£ @éleamhﬁlrmath@wtma{jmm@l{):} phosphiat e as
white solid. Isomer A 29-1.33 (m 5H), 1.51 (d, J= 6.4
Hz, 3H), tlzezpreﬁlict ﬁﬁ_q)mg 3S %6_ ?(%) 6%pbg Wag sgbjgctghtO(S,ﬁC Sfpﬁrathgl tg@ive QOﬁe?Xﬁlf 2H)

‘71 i—g ‘71 é?l §2rn22 %1|ﬂ)mro55 gg d- gthyl‘éytlenee(lb{%ng %"ﬁ ')69%81}( ﬂIMl@ '('403) I@z)"('MeOB)')

(CD30D) (53 @(cu ko fgrHB0. OEHN\m ((dCDGGD)Hﬁ 111)3@20103@ smHzapfpi 535963 J(s 3H)

3 73 g ;g E Ha"i)ﬂ) %3%2@1 11&}“35%"3')73(%5}?% 1666h351(@1)2m1(114(t77 ggﬁfm 5H) |
7 99 (d, J3Hj. 2 He, 8 24 (br s, 1H); 31P NVR (CD30D) (54.07. Exanple

66 Preparation of 5' (S) C- et hyl adenosi n- 5' -yl bis(S-pival oyl-2-thioethyl)
phosphat e (66)

Example 35

Preparation of 5°(S)-C-allyl-2’-deoxy-2’,2’-difluorocytidine (35)

UNHMMTr
MM/T;(T_Z?:

(33)
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Toasol utionof2' , 3" -0-nmethyonet hyl ene-5' (S)-net hyl - N6- ( 4-

nmet hoxytrityeadenosine (120 ng, 0.2 nmol) in acetonitrile (0 4 nL) under

ar gon waswaaddwdobi4s( S- pi val oyl- 2-t hi oet hyl ) N, N-di i sopr epylyshaspbsonam dite
(136 ng, 0.3 mmol ), 0.25 mol ), followed by addition of 0.45 Mtetrazole in
acetonitrile (1.5 m, 0.66 mml). The resulting solution was stirred at RT
for 1.5 h, cooled to -40 C and a solution of nCPBA (69 ng, 0.4 mmol) in DCM
(0.75 n) was addedn iE&HEOH Xbal ecotddssohgivmee apdéaxyT- Caﬁebsltdehycedzfm 10

mn, diluted wt cetate,. % S203. t
Tached i t riE O g R RRER e 32 mien ngnnis EOF tafor at o
i n DOM gavendyfasradef Apy{Mngreﬂw%Qﬂumn T 0B S sUhSEn iR ACCH (8

m.) and the solution was heated at 50 C for 24 h. Sol vent was evapor at ed
and the reslihgueacias reikushies girashetdR broveinight alhgemixire tvaz -quenghg dM shth DCM t o

give () GTRPHLASIRRLR Sucybbe G BpHpLeA I g RylcaigRiat e (61

3H) 3. 02- 3lrizd ofen antiidrousSNSB04 afF cémpntakd, tofivkta dsitiBe (vinch s, pudifib@ by . 75 (m

( S 1|5_|) 91 (gbca ! C% ?@ﬁ@pﬁg :%);1/& g)pg?eég’lg)ﬁug?z’odéaxfslg s giSenydd - 8- 07

5' (R)-C nmethyl aﬂlﬁa@,s:l -N=yl- @btﬁéz@ﬂﬁlw@mmé(ﬂi %hszo@%hwhl):h RRO&RéMA if 67)
Toasol uti onof 2 - met hyonet hyTI ene-5' (R) - net hyl - N6- (4-

met hoxytri tlélryﬂaeﬁé%gﬁz% (‘(/23‘84 fy The nixtiippw s stlﬁreé@te%rﬁ pmmleht( Ohgshyont under
argon was i I i I mdite
(292 g 06 pem 8 KA R D R T 3 BRaRNeTA
acetonitri B (3.0Lx4), tolreﬁibvmmin): 1m'13luatyr é&lﬂletquﬂglsslej/antwunsthegtuorSﬁa at RT

(2 ) s SRS WL WU KRE Y Red TP v B RA"Era i TEd TDRMB i
diluted w t(th(eHB)y(lDzemtﬁs(B(d m&ﬂwﬂzmmhsb@% D\I&Zﬁeﬁﬁ 1A 518l rmSJ -and mashed
W th brine Chromao %53/ on silica with 25-35% et hyl acetate in DCM

gave 326 PBfSESQnﬁﬁP defliet 0 o072 46? Al @ s a3 58 (pe et r22§0% Ac CH
(12 nL) an e Iut n h e n

evapor at eddzé%]% t(ﬁg rgS| du\éﬁ(?;vas?gﬂrg‘}ngﬁts(gg{r}%%} dﬁ}élﬁés(?? F?gllygg oo h 5 7% MeOH
in DCM t o giilwr&y(idihe Cmg.hlyl%denosi n-5' -yl bi s(S-pi val oyl- 2- th| oet hyl)
phosphate (105 ng) as a white solid; 1H NMR (CDC13) o 1.17 (s, 9H), 1.23
(s, 9H, 1.51 (d, J= 6.4 Hz, 3H), 3.04-3.13 (m 4H), 4.02-4.10 (m 4H),
4.21-4.22 (m 1H), 4.46 (t, J= 3 6 I—%X 1|—qe 64 62 (t, J=5.2 Hz, 1H),
4.74-4.78 (m 1H), 600(brs 3 J-48Hz 1H) 8.17 (s, 1H),
8.26 (s, 1H). Exa p S enosin-5" -yl
bi s( S pi val oy1- 2- elp a?%n p) ﬁé&g ,? 8!{%:%0?(&) é‘p?o;gylmldl e 81)

Toasol uti onof 2', 3' - 0- net hyorret hyl ene-2',5"' (S)-di net hyl - N6- ( 4-
rrethoxytrltyeaden03| neo (122 mg, 0.2 rrm)l) in acetonitrile (0 4 nL) under
argon was added bis(S-p }’ rthioethyl) N &-dii 8 Nopwphosphor amdite
(136 ngy, 0.3 d by addition of O, gfr Zol®e in
acetonitrile (1.5 f 0.66 mol )~ The resul ti%g sojfut¥on was stirred at RT
for 3 h, cool e¥M{'8 -40 C and a sol ution of mCARA (/86 ny, 0.5 nmmol) in DCM
(1 nL) was added. The m xture was warmed up to RT and stirred {Qﬁfj 10 mn,
diluted with ethyl acetate, washed with 10% Na2S203 two ti nmes washed

ith b | 5-35% | DCM
Ghve a puri 1 edprodbernrch i alenl Ved g b i Che
sol ution walsﬂltw@.seo At dﬁ@n@ﬂfo@frtn%ﬁﬂ)cljhduﬁp 3 enB.79a8meN ap thajeeusanHF t(he

resi due was chromatte;gér hed on SI|IC&% Wi th 4-7% MeOH in DCM to give

2', 5" (S) - ClinBsHgH 142 solptiop ing TRE) Banlyf- @nlpﬂudmwu)ndﬁ%sahate (68
T "5, AT G 1 Rt 08 gy epiinig =,
1H), 4.12- 4Th203rfédrl;ct § extrc@ WABA (59 mLHR). The £@mbined orgabid)layes v88-ddic@8 ( m

P arat | ool NESH b pofebbindLRrets phihe plict vyl my el vy SEEDL S O

gel column (PE/EA=3/1 to 1/1) to give 2’—deoxy—2’,2’—diﬂuoro—3’—0—,N4—di(4—

methoxytrityl)-5’-propylcytidine (1.3 g, 41.1%) as a mixture.
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phosphat e (69) Toasol utionof2' |3 -0-nmethyonet hyl ene- 2’

, 5" (R) -di net hyl - N6- (4- net hoxytrityeadenosine (183 ng, 0.3 mmol) in

acet oni t rwDeo(o@o8140l) under argon was added bi s(S-pi val egTAB2a10i0288601y| )

N, N- di i sopropyl phosphoram dite (204 ng, 0.45 mmol), followed by addition of
0.45 Mtetrazole in acetonitrile (2.2 nL, 0.99 mvl). The resulting
solution was stirred at RT for 3 h, cooled to -40 C and a solution of nCPBA

(129 ng, 0.75 mabDpoxiy2’ DONIf(ubrd3 rl) Nidisd-addetytrifhes’ progyloyedinas (War ned up to
RT and stirred for 10 mn, diluted, w t hyl etate, washed . with_10%

a28203 t v e afia o ieain s i AN Bl i B SRS By e R g rirredial 381 o ¢
25- 35% et hyl @egligi eTHeoReM 9avemdvatiddel eulhofl Gle re¥bCRad@surdli $501 ved in

80% AcOH (10 mL) and the solution was heated at 50 C for 24 h. Sol vent was
evapor at ed v&Rf (@ el s extragisd Wiis EQHE aplet20 gfoaishede 69me impugisy. glde wijterHayer 796 MeOH

s Comt val b Syfiectecdiol SR SlliBt Ve QIEARBIII0p aillloro-s:§)-propyievidiye G e

(CDC13) 6 In®Bb%)svyas 8bipined afd® HPLskpgrtion. 1 NAER MDHYzZ) (MeOB):(3d7.58(d6, B= Hz,

2 o e S P hy, S5 u8ad 4T By 9GRSl S dyRtaC0 T

Gener al praepdars-3ior (syotfiesisiof (B, cahkyheled aucipsidesSo-t-bp@osphat es
1,2,3-Triazol (41 ng, 0.6 nmol) was dissolved in the mxture of 1 m of dry
CH3CN and thxmﬂﬁaydwv@f,ﬁﬁlﬂmrﬁé’G&%—pmmlcwdle%ﬁtm&fll?@e tube. The

sol ution was cooled dowmm to 0 C and POCC13 (19 ul, 0.2 mml) was added. The
mxture was vortexed and left at 5 gihgpledd M n. The white precipitate was
centrifugated and supernatant was added to 0.1 nmol of dry nucleoside in 10
m flask. Reapleh@rhtidhet Bf-e-ﬂé@t%l-ke&éoﬁlz’,zﬁdi@ubﬁf-sﬁsgt@lﬂﬁeihylé Ritne (37
tris(tetrabutyl ammoni un) pyrophosphate was added (360 ng, 0.4 rrrml%. The
reaction was left for bQUuGTOre at roomtenperature a okMgnts were
evapor at ed. e roesi@/vvas di ssol ved in 80% anrg Imor 2 hours
nore at an‘gj1 teyfpeyatiure. Fornic acid was %_82‘, yht residue

di stributed bety Feon of water and 3 M of G i ¢ fraction was
separ at ed aMiTtthe dqueous fraction was extracted wi®h DCOM (2 x 3 nl).
Aqueous fraction containing target NTP was | oaded on ion-exchange @6l um

Hi Load 16/ 10 Q Sepharose Hi gh Performance. Target NTP was el uted by
gradient of NaCl fromO to 1 Min 50 | TRIS-buffer (pH 8). Corresponding

fractions were coll ected and desalted by RP Chromat ography on Synergi 4u
Hydr o- RP 80A 10@’-)@6@9}'-2’ri’1difh@a3r-3’g@aﬁf-éih%-ﬁmfhomtityb)n‘iiﬁ)iGﬁeﬂTEAdebuf flerg, (pH
8.5) from 40% ti nt.al ni et JNTP ilized from
water (3 x015i ?FIH}O?)’%dal%?fhgﬁg%ﬁlgb%ngg@éggg%é%v%a%mﬁﬁgg 4%%?% Zévia% of
fol | owi ng nddddemsticdacid'(0.5tg; Bpheansphatpertions a0 ,’6" upHyr-iCe-DarBtthsd adenasi ne
5'-triphosphate N 9 9 9<N c0--0-F1)-0 OH OH O HO OH M5: 534.1 (M1).
fil NVR (DZBY™ t@?@éat?@,abgﬁ% 71ty houy. Hhen the rogghion midige ywspyashefl wigh 1. 37
(d, 3H netdhyl) €_1|0§ BBy In@&xti9ded 34t DENS l'jﬁ@ aht) stwite 903 -Fn{dMaydiHwad' - H)
4.20-4.22 (d, 1H, 5 -H);, 4.60-4.63 (m 1H, H3'); 6.10 (s, 1H 'H1'); 8.10
and 8.31 (soncehpratedigmiafield the1PudqvresiBR Gy -O-a@ty73 -(lepxy DR i-diftuaross-Q-dV™- 1P) ,
-22.48(t, jcllio()étlmetlgolx’yélitg'lgz—)j ’_(5_—9%%%&&%@1%@”%50@6 was~ LddaP hgs prﬁ%—ﬁepg Rlitfbut

purification.5’-O-Acetyl-2’-deoxy-2",2’-difluoro-3’-O- ,N4 -di(4-methoxytrityl)-5’(S)-C-

methylcytidine was dissolved in AcOH:H>O (50 mL, 80%). The reaction mixture was
stirred at 60 °C overnight. Then concentrated and purified by Prep. HPLC to obtain 5°-O-
acetyl-2’-deoxy-2’,2’-difluoro-5’($)-C-methylcytidine (210 mg) as white solid; 'HNMR
(CDs0D, 400MHz) éppm: 7.65 (d, J = 7.6 Hz, 1H), 6.23 (t, J = 8.4 Hz, 1H), 595 (d, J =
7.6 Hz, 1H), 5.22 (m, 1H), 4.09 (m, 1H), 3.90 (dd, J1 = 4.8 Hz, J2 = 6.4 Hz, 1H), 2.08 (s,
3H), 1.37 (d, ] = 6.4 Hz, 3H). ESI-LCMS: m/z 320 [M + H], 639 [2M +H]".
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HO- p-0-p-0-F)-0 OH OH OH HO OH Ms: 534.4 (M1). HL NWR (D20): 0.85 (s, 3H,
methyl); 1.15 (t, 29H, Et3N-salt); 1.39- 1.40 (s, 3H nethyl); 3.04-3.10
(dd, 18Hwatsi/®sal4); 3.92-3.94 (m 1H, 4'-H), 4.29-4.2PCctaiS2dieio2€4e H, J=
9.2 Hz); 6.04 (s, 1H, H1); 8.12 and 8.46 (s, 1H, adenine). 31P NWR (D20):
-8.58 (bs, 1P); -11.09 (d, 1P), -22.15 (t, 1P).

2' -Deoxy-2'2"-difluoro-5"(S)-ethynylcytidine 5 -triphosphate 000

HO P-O-P-0-P-0 OH OH OH M5 526. 2EgAmjde.38HL NVR (D20): 1.15 (t, 16H,
Et3N-salt); 2.89-3.05 (dd, 10H, Et3Nsalt); 4.10-4.12 (d, 1H, 4'-H),
4.68-4. 90 (Preparatid oft2’-déoxyd3°5’ H-Hliacétyt 2’; 3-difbfudrd;S’ BHC-éthylcy6diag(38) 05 (d,
1H, H5); 6.16-6.20 (t, 1H H1'); 7.74-7.76 (d, 1H_ & 6) 31P NMR (D20):
-9.58 (bs, 1P); -11.65 (d7 M. -21.92 (bs, 1P) Y

2' - Deoxy-2' 2' -difl 2Ne sy - et hyl cyti di ned 5'=¢3yphosphate 9 9 9
HO 17-0-17-0-p-0 OH o M. 529.9 (M 19 H (D20): 0.84-0.88 (t,

3H, CH2CH3): 1.14 (t, 16H, Et3N-salt): 1.71-1.840(m 2H, CH2CH3): 3.03-3.09
(dd, 12H, Et3N-salt): 3.97-4.00 (d, 1H, 4'-H), /4.30-4.36 (@8) 1H, 5 -H);

PR D i e MR SRR A e
-22.45 (t, AR ibDV c1vahbywar alabd osyt-DIi N1 (Pmi f. ring hoisekates Q0Rd at 60
°C for 2 hours as checked with LCMS. The solvent was then removed under reduced
pressure to give 2’—deoxy—2’,2’—diﬂuoro—N4 -(N,N-dimethylaminomethylene)-5°($)-C-
methyleytidine (1.1 g).

To a stirred solution of 2’—deoxy—2’,2’—diﬂuor0—N4 -(N,N-
dimethylaminomethylene)-5’(S5)-C-methylcytidine (0.5 g crude) in pyridine (20 mL) were
added DMAP (122 mg, 1 mmol) and acetyl anhydride (1.02 g, 10 mmol). The mixture
was stirred at RT for 4 hours as checked with LCMS. Then the solvent was removed
under reduced pressure to give 2’-deoxy-3’,5’-O-diacetyl-2’,2’-difluoro-N*-(N,N-
dimethylaminomethylene)-5’($)-C-methylcytidine (1.8 g), which was dissolved in 50 mL
80% HOAc and stirred at 50 °C for 4 hours as checking with LCMS. The solvent was
removed and the residue was purified by prep. HPLC (HCOOH system) to give 2’-deoxy-
3°.,5’-0O-diacetyl-2’,2’-difluoro-5’(5)-C-methylcytidine as white solid (280 mg, 43% for 3
steps); 1H NMR (CD;OD, 400 M Hz) & 7.65 (d, J = 7.6 Hz, 1H), 6.32 (t, J = 8.8 Hz, 1H),
598 (d, J =7.6 Hz, 1H), 5.23-5.31 (m, 1H), 5.18-5.22 (m, 1H), 4.22 (dd, J1 =4Hz, J2 =
6.4 Hz, 1H), 2.16 (s, 3H), 2.09 (s, 3H), 1.34 (d, J = 6.4 Hz, 3H); ESI-LCMS: m/z 362 [M
+H]%, 723 [2M + H]".

Example 39

Preparation of 2°-deoxy-2’,2’-difluoro-5’(S)-C-methyl-3’,5’-0,N*-triacetylcytidine
(39
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HXO 11" 0 14 0 11l OHOH OH 1-10 Ms: 496.0 (M1). HL NWR (D20): 1.14 (t,
15H, Et3N-salt); 1.33 (d, 1H, nethyl), 3.04- 3.10 (dd, 12H Et3N-salt);
3.67-3. 70WOrp10lteg144’ - H), 4.12-4.16 (m 1H, 5 -H); 4.29- 2C3A1S¢omo/028d46 H- 3" ) ;
4.50-4.60 (m 1H, H2'); 6.03-6.05 (d, 1H, H5); 6.10-6.11(d, 1H, H1");
7.90-7.92 (d, 1H, H6). 31P NWR (D20): -10.15 (d, 1P); -11.30 (d, 1P),
-22.54 (t, 1P). 5 (S)-nethyl adenosine 5 -tri phosphate 0 0 0
HO-P-O-P-O-P-0 OH OH OH M5: 520.1 (M1). H1 NI\/R(DZO) -1.24 (s, 3H,
methyl); 1.11 (t, 30H, Et3N-salt); 3.01-3.07 (dd, 18H, sal t); 4.06
(bs, 1H, 4'-H), 4.45-4. Ny, 2H); 6.00 (d, 4H, H-%) and845 (s,
1H, adenine). 31 aD20g): -9.75 (d, 1P) e}\\ , -22.54 (t, 1P).
2' - Deoxy-2' 2' - @t oroF75(S) -t hate 9 9 9
HO-O-O-0 OH O OH: ¥5: 516.0 (M1). HL NWR ( )F1 15 (t, 25H,
Et 3N-salt); 1.36- FEI? 37 (d 3H, CH3); 3.04- 3.10 (dg,—16H, Et3N-salt);
3.83-3.85 (d, 1H, 4' H) 4 35 4.58 (m 2H), 6. 0256. 04 (d, 1H @3B 5);
6.11-6.14 (m 1H 8 d,,1H, H6 -9 50 bs,
1P); - 11. E")O ( d"[dolqgatlrredfgluggn (og 2- ( y—2 % dlﬂuoro)S' () %Pmetmcytlzd2 ne) (100 m (

0.36 mmol) in pyridine (5 mL) were added AcO (153 mg, 1.44 mmol) and DMAP (15

mg, 0.12 mmol). The mixture was stirred at RT for 3 hours as checked with LCMS. The

mixture was then diluted with EA and washed with brine. The organic layer was dried

over Na>SO, and concentrated. The residue was purified by prep. TLC (PE:EA = 2:1) to

afford 2’—deoxy—2’,2’—diﬂuor0—5’(S)—C—methyl—3’,5’—O,N4 -triacetylcytidine as white solid

(80 mg, 55%). 1H NMR (CDCl;, 400 M Hz) 8 9.41 (brs, 1H), 7.90 (dd, J1 =2.0 Hz, J2 =

7.2Hz, 1H), 7.53 (d, J = 7.2 Hz, 1H), 6.46 (dd, J1 = 6 Hz, J2 = 10.4 Hz, 1H), 5.17-5.24

(m, 2H), 4.14 (dd, J1 = 4.0 Hz, J2 = 5.6 Hz, 1H), 2.28 (s, 3H), 2.18 (s, 3H), 2.12 (s, 3H),

1.38 (d, J = 6.8 Hz, 3H); ESI-MS: m/z 404[M + H]", 807 [2M + H]".

Example 40

Preparation of 2’-deoxy-2’,2’-difluore-5’(S)-C-methyl-5’-O-propionylcytidine (40)

NHMMT NH

o m r o o m 2
N N
COY XLy

MMTO  F

(40)

2’—Deoxy—2’,2’—diﬂuoro—3’—0-,N4 -di(4-methoxytrityl)-5°(5)-C-methylcytidine (1 g,
1.2 mmol), EDCI (1 g, 5.2 mmol) and DMAP (1 g, 8.2 mmol) in DCM (100 mL) was
added propionic acid (0.5 g, 6.8 mmol) in portions at 0 °C, then stirred at room
temperature (about 10 °C) for 1 hour. Then the reaction mixture was washed with water
(100 mL) and extracted with DCM (50 mL) twice. The organic layer was concentrated to
afford the 2’-deoxy-2’,2’-difluoro-3’-0-,N*-di(4-methoxytrityl)-5’(S)-C-methyl-5’-O-

propionylcytidine which was used for next-step without purification.
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ADDI TI ONAL EXEMPLARY COVPOUNDS Conmpounds prepared by simlar

protocol s and procedures to the precedi ng exanpl es include, for exanple,

t he conpowondsighewn in Table 1. The conpounds show i n TablraS2018/028046

illustrative only and are not intended, or are they to be construed, to

limt the scope of the clainms in any manner whatsoever. Table 1: Exenplary

Conmpounds Structure Structure Z ///," 0
2’-Deoxy-2’,2’-difluoro-3’-0-,N*-di(4-methoxytrityl)-5’ (S)-C-methyl-5’-O-

propionylcytidine was dissolved in AcOH:H,O (50 mL, 80%). The reaction mixture was
stirred at 60 °C overnight. Then concentrated and purified by Prep. HPLC to obtain the
desired 2’-deoxy-2’,2’-difluoro-5’(§)-C-methyl-5’-O-propionylcytidine (180 mg) as white
solids. "HNMR (CD;0D, 400 MHz) 6 ppm: 7.65 (d, J = 7.6 Hz, 1H), 6.23 (t, ] = 8.4 Hz,
1H), 5.94 (d, J = 7.6 Hz, 1H), 5.19-5.25 (m, 1H), 4.04-4.12 (m, 1H), 3.91 (dd, J1 = 4.8
Hz, J2 =7.6 Hz, 1H), 2.39 (q, 1 = 7.6 Hz, 2H), 1.36 (d, ] = 6.4 Hz, 3H), 1.13 (m, ] = 7.6
Hz, 3H). ESI-LCMS: m/z 334 [M + H]*, 667 [2M +H]".

Example 41

Preparation of 2’-deoxy-2’,2’-difluoro-3’,5’-O-dipropionyl-5°’(5)-C-methylcytidine
(41)

“N_-NH, “ 3

O N {\J o 0sN.__N
STy —— LY
HO F F
(41)

To a stirred solution of 2’-deoxy-2’,2’-difluoro-5’(S)- C-methylcytidine (1 g, 3.6
mmol) in DMF (10 mL) was added DMF-DMA (10 mL). The mixture was stirred at 60
°C for 2 hours as checked with LCMS. The solvent was then removed under reduced
pressure to give crude 2’—deoxy—2’,2’—diﬂu0ro—N4 -(N,N-dimethylaminomethylene)-5’(5)-
C-methylcytidine (1.1 g).

To a stirred solution of 2’—deoxy—2’,2’—diﬂuor0—N4 -(N,N-
dimethylaminomethylene)-5’(S)-C-methylcytidine (0.5 g crude) in pyridine (20 mL) were
added DMAP (12 mg, 0.1 mmol) and propionyl anhydride (1.3 g, 10 mmol). The mixture
was stirred at RT for 4 hours as checked with LCMS. Then the solvent was removed
under reduced  pressure to give crude 2’-deoxy-2’,2’-difluoro-N*-(N,N-
dimethylaminomethylene)-3’,5-O-dipropionyl-5’(§)-C-methylcytidine (1.9 g).

Crude 2’-deoxy-2’,2’-difluoro-N"-(N, N-dimethylaminomethylene)-3’,5’-O-
dipropionyl-5°(S$)-C-methylcytidine (1.9 g) was dissolved in 50 mL 80% HOAc and
stirred at 50 °C for 4 hours. The solvent was removed and the residue was purified by
prep. HPLC (HCOOH system) to give 2’-deoxy-2’,2’-difluoro-3",5"-O-dipropionyl-5°(S$)-
C-methylcytidine as white solid (205 mg, 29% for 3 steps); 1H NMR (CDsOD, 400 M
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Hz) 6 7.65 (d, ] = 7.6 Hz, 1H), 6.31 (t, ] = 8.8 Hz, 1H), 597 (d, ] = 7.6 Hz, 1H), 5.25-5.31
(m, 1H), 5.19-5.24 (m, 1H), 4.23 (dd, J1 = 4Hz, ]2 = 6.8 Hz, 1H), 2.48 (q, J = 7.6 Hz,
2H), 2.40 (q, J =7.6 Hz, 2H), 1.34 (d, J = 6.4 Hz, 3H), 1.15 (t, ] = 7.6 Hz, 3H), 1.13 (t, ]
= 7.6 Hz, 3H); ESI-LCMS: m/z 390 [M + H]*, 412 [M +Na]", 779 [2M + H]".

Example 42

Preparation of 5’(S)-C-methylarabinocytidine (42)

0
N
0 U/NHZ
HO N
= H
HO ©

42)
Step 1. Preparation of 2’3-O,N' -tri(4-methoxytrityl)arabinocytidine

0
N N
o D/NHz o 3\’\ NHMMTr
XL e
HO™ OH

MMTrO" OMMTr

To an ice-cold solution of arabinocytidine (20.0 g, 82.2 mmol) in anhydrous
pyridine (200 mL) was added TBSCI (14.9 g, 98.7 mmol) in small portions under N». The
reaction mixture was stirred at RT overnight. The solvent was removed under vacuum and
the residue was diluted with EA (300 mL), washed with water and brine. The organic
layer was separated, dried over anhydrous Na,SO, and filtered. The filtrate was
concentrated in vacuum to give 5°-O-(t-butydimethylsilyl)arabinocytidine (25.1 g,

85.4%) as a white solid which was used without further purification.

To a mixture of 5°-O-(t-butydimethylsilyl)arabinocytidine (15.0 g, 41.96 mmol),
AgNO; (43.5 g, 252 mmol) and collidine (61 g, 503.5 mmol) in anhydrous DCM (300
mL) was added MMTrCl (77.7 g, 252 mmol) in small portion under N». The reaction
mixture was stitred at RT for two days under N,. The reaction mixture was filtered
through a Buchner Funnel. The filtrate was washed with sat. NaHCO; solution and
followed by brine. The organic layer was separated, dried over anhydrous Na,SO, and

filtered. The filtrate was concentrated in vacuum to give the residue which was purified
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by silica gel column (PE/EA= 2/1) to give 5’-O-(¢-butydimethylsilyl)- 2’,3’-0,N"-tri(4-
methoxytrityl)arabinocytidine (33.5 g, 67.9%).

To an ice-cold solution of 5’-O-(¢-butydimethylsilyl)- 2’,3’-0,N*-tri(4-
methoxytrityl)arabinocytidine (12.0 g, 10.2 mmol) in anhydrous THF (80 mL) was added
TBAF (1 M solution in THF) (20.5 mL, 20.5 mmol) dropwise under N,. The reaction
mixture was stirred at RT overnight. The solvent was removed to give a residue. The
residue was dissolved in EA (200 mL) and washed with water and brine. The organic
layer was separated, dried over anhydrous Na,SO, and filtered. The filtrate was
concentrated in vacuum to give a residue which was purified by silica gel column
(PE/EA= 6/1 to 2/1) to give 2’ 3-O,N* -tri(4-methoxytrityl)arabinocytidine (9.8 g,
90.5%).

Step 2. Preparation of 5’—dehydro—2’,3’—O,N4 -tri(4-methoxytrityl)arabinocytidine

)

0 N

I SNV AO D/NHMMTr
HO/\(INJ O/\(__Z =

_— S

R OMMTr MMTrO OMMTr

MMTrO

To an ice-cold mixture of anhydrous pyridine (2.0 mL) and Dess-Martin (3.2 g,
7.55 mmol) in anhydrous DCM (20 mlL) was added a solution of 2’,3’—0,N4 -tri(4-
methoxytrityl)arabinocytidine (4.0 g, 3.77 mmol) in 10 mL anhydrous DCM under N.
The reaction mixture was stirred at RT overnight. The reaction mixture was diluted with
EA (100 mL), washed with 10% Na;S,03 solution twice and brine. The organic layer was
separated, dried over anhydrous Na,SO, and filtered. The filtrate was concentrated in
vacuum to give 5°-C,5’-0-didehydro-2’,3’-0,N*-tri(4-methoxytrityl)arabinocytidine (3.8
g, 95%) which was used without further purification.

Step 3. Preparation of 5°-C-methylarabinocytidine

o) o)
N
o E\’jNHMMTr o TB/NHZ
O//\Q — . Ho N __
OH
MMTrO OMMTr HO

To an ice-EtOH cold solution of 5°-C.5 ’—O—didehydro—Z’,3’—O,N4 -tri(4-
methoxytrityl)arabinocytidine ( 2.0 g, 1.89 mmol) in anhydrous THF (10 mL) was added
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MeMgBr (3 M solution in ether) (3.2 mL, 9.43 mmol) dropwise under N,. The reaction
mixture was stirred at RT for Sh. The reaction was complete detected by HPLC. The
mixture was cooled to 0 °C and quenched by sat. NH4CI. The product was extracted with
EA (100 mLx2). The combined organic layer was dried over anhydrous Na,SO, and
concentrated to give the crude 5°(§)-C-methyl-2",3’-O,N*-tri(4-
methoxytrityl)arabinocytidine (1.4 g, 68.9%).

5°-C-Methyl-2’,3’-O,N"-tri(4-methoxytrityl)arabinocytidine (700 mg, 0.65 mmol)
was dissolved in 10 mL of AcOH/H,O (v/v = 4:1). The mixture was stirred at 50 °C
overnight. The solvent was removed under vacuum and the residue was diluted with water
(3 mL), extracted with EA (2 mLx2) to remove some impurity. The water layer was
subjected to prep-HPLC separation. 5°(§)-C-Methylarabinocytidine (40 mg, 23.5%) was
obtained after HPLC separation. 'H NMR (400 Hz) (MeOD): 8 7.96 (d, J = 7.6 Hz, 1H),
6.20 (d, J =4.0 Hz, 1H), 591 (d, J = 7.2 Hz, 1H), 4.20 (dd, ] =4.0 Hz, 2.4 Hz, 1H), 4.10
(t, J =2.8 Hz, 1H), 4.01-4.07 (m, 1H), 3.75 (dd, J = 4.0 Hz, 3.2 Hz, 1H), 1.33 (d,J =6.4
Hz, 3H).

Example 43

Preparation of 5’(R)-C-methylarabinocytidine (43)
0

0 TE?/NHZ
HO/\EIN =
o OH
HO 43)

Step 1. Preparation of 5°-C,5’-0-didehydro-5’-C-methyl-2’,3’-O, N*-tri(4-

methoxytrityl)arabinocytidine
o} o)
o YN\ NHMMTr o YN\ NHMMTr
HO N\J 0] NJ
0 —> B
MMTIO oMM MMTO OMMTT

To an ice-cold suspension of CrO; (279 mg, 2.79 mmol) in anhydrous DCM (5
mL) was added anhydrous pyridine (0.45 mL, 5.59 mmol) and Ac,O (0.28 mL, 2.79
mmol) under N,. The mixture was stirred at RT for about 10 min until the mixture

became homogeneous. The mixture was cooled to 0 °C and a solution of 5°(S)-C-methyl-
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2’,3’-O,N' -tri(4-methoxytrityl)arabinocytidine (1.0 g, 0.93 mmol) in anhydrous DCM (5
mL) was added. The resultant mixture was stirred at RT overnight. The reaction was
complete as detected by HPLC. The reaction mixture was diluted with EA (100 mL),
washed with NaHCOs solution twice and brine. The organic layer was separated, dried
over anhydrous Na,SO, and filtered. The filtrate was concentrated in vacuum to give a
residue which was purified by silica gel column (acetone/PE= 1/2) to give 5’-C,5-O-
didehydro-5’-C-methyl-2’,3’-O, N -tri(4-methoxytrityl)arabinocytidine (548 mg, 55%).

Step 2. Preparation of 5’-dehydro-5°(R)-C-methylarabinocytidine

0 o!
HO N
o NG NHMMTE s 5 U/NHZ
o N\j /\QIN e
—_—
& =OMMT OH
MMTrO ' HO

To an ice-cold solution of 5’-C,5’-O-didehydro-5 ’—C—methyl—2’,3’—0,N4 -tri(4-
methoxytrityl)arabinocytidine (540 mg, 0.505 mmol) in 95% EtOH (10 mL) was added
NaBH, (39 mg, 1.01 mmol) under N,. The reaction mixture was stirred at RT for 7h. The
reaction was complete detected by HPLC. The solvent was evaporated. The residue was
diluted with EA (30 mL), washed with sat. NaHCO; and brine. The organic layer was
separated, dried over anhydrous Na,SO, and concentrated to give the crude 5°-C-methyl-
2'.3"-O,N' -tri(4-methoxytrityl)arabinocytidine (480 mg, 88%).

5°-C-methyl-2’,3’-O, N*-tri(4-methoxytrityl)arabinocytidine (480 mg, 0.45 mmol)
was dissolved in 10 mL AcOH/H,O (v/v = 4:1). The mixture was stirred at 50 °C
overnight. The solvent was removed under vacuum and the residue was diluted with water
(3 mL), extracted with EA (2 mLx2) to remove some impurity. The water layer was sent
to prep. HPLC separation. 5’(R)-C-methylarabinocytidine (30 mg, 26%) was obtained
after HPLC separation. 'H NMR (400 Hz) (MeOD): 6 7.84 (d,J =7.6 Hz, 1H), 6.18 (d, ]
=3.6 Hz, 1H), 591 (d, ] =7.6 Hz, 1H), 4.28 (t, ] =2.0 Hz, 1H), 4.17 (dd, J = 3.6 Hz, 1.6
Hz, 1H), 4.03-4.09 (m, 1H), 3.75 (dd, ] =5.2 Hz, 2.4 Hz, 1H), 1.32 (d, J =6.4 Hz, 3H).

Example 44

Preparation of 1-O-acetyl-2,5(S)-C-dimethyl-2,3,5-O-tribenzoyl-D-ribofuranose (44)
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0 OAc
BzO

BzO OBz (44)

Step 1. Preparation of 1(a)-0,2-(C-dimethyl-D-ribofuranose

ClJ 0 o O 0 .\\O\
TIPDS \ /\J—
O -

o}

To a solution of 2-C,2-0-didehydro-1(a)-O-methyl-3,5-0-(1,1,3,3-tetraisopropyl-
1,3-disiloxanediyl)-D-ribofuransone (prepared according to a published procedure, 46.0 g,
113.9 mmol) in THF (300 mL) cooled with dry ice was added CH3sMgBr in ether (3.0 M,
113.9 mL, 341.6 mmol) dropwise under N;. The mixture was warmed to RT and stirred
for 2 h. The mixture was quenched by saturated NH4CI. The product was extracted with
EA (200%2). The combined organic layer was dried over anhydrous Na,SO, and filtered.
The filtrate was concentrated in vacuum to give 1(a)-0,5-C-dimethyl-3,5-0-(1,1,3,3-
tetraisopropyl-1,3-disiloxanediyl)-D-ribofuransone as syrup (42.1 g, 88.0%) which was
used without further purification.

To a solution of 1(a)-0,2-C-dimethyl-3,5-0-(1,1,3,3-tetraisopropyl-1,3-
disiloxanediyl)-D-ribofuransone (42.1 g, 100.2 mmol) in anhydrous THF (200 mL) was
added TBAF (52.6 g, 200.5 mmol) in small portion. The mixture was stirred at RT
overnight. The solvent was removed and the residue was purified by silica gel column.
(EA/MeOH = 100/1) to give 1(a)-O,2-C-dimethyl-D-ribofuransone as syrup (16.5 g,
92.4%); THNMR (400MHz) (MeOD):64.56 (s, 1H), 3.87-3.90 (m, 1H), 3.60-3.77 (m,
2H), 3.52 (d, J = 6.0 Hz), 3.43(s, 3H), 1.25 (s, 3H).

Step 2. Preparation of 2,3-O-dibenzoyl-1(a)-0,2-C-dimethyl-D-ribofuranose

To an ice-cold of solution of 1(a)-0,2-C-dimethyl-D-ribofuransone (11.0 g, 61.8
mmol) in anhydrous pyridine (100 mL) was added TBSCI (11.2 g, 74.2 mmol) in small
portion under N,. The reaction mixture was stirred at RT for 4h. The mixture was cooled
in an ice bath and BzCl (17.4 g, 124 mmol) was added. The mixture was stirred at RT

overnight. The solvent was diluted with EA (300 mL) and washed with saturated
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NaHCO:s. the organic layer was separated, dried over anhydrous Na,SO; and filtered. The
filtrate was concentrated in vacuum to give crude syrup. The cured syrup was purified by
flash chromatography (PE/EA = 20/1 to 10/1) to give 3-O-benzoyl-5-O-(t-
butyldimethylsilyl)-1(a)-O,2-C-dimethyl-D-ribofuransone (214 g, 87.2%); 1HNMR
(400MHz) (CDCl5):88.05 (d, J = 7.2 Hz, 2H), 7.56 (t, ] = 7.2 Hz, 1H), 7.44 (t,J = 6.4 Hz,
2H), 4.98 (d, J = 4.0 Hz, 1H), 4.58 (s, 1H), 4.18 (m, 1H), 3.90-3.93 ( m, 1H), 3.47 (s, 1H),
3.11 (s, 1H), 1.47 (s, 3H), 0.91 (s, 9H), 0.10 (d, J = 2.0 Hz, 3H).

To an ice-cold mixture of TEA (54.6 g, 540 mmol) and DMAP (6.6 g, 54.0 mmol)
in anhydrous DCM (200 mL) was added BzCl ( 15.2 g, 108.0 mmol) followed by 3-O-
benzoyl-5-O-(¢-butyldimethylsilyl)-1(a)-O,2-C-dimethyl-D-ribofuransone (21.4 g, 54.0
mmol). The reaction mixture was stirred at RT for 2 days. The mixture was diluted with
DCM (200 mL) and then washed with water and saturated NaHCO;. The organic layer
was separated, dried over anhydrous Na,;SO, and filtered. The filtrate was concentrated in
vacuum to give crude syrup. The cured syrup was purified by flash chromatography
(PE/EA= 50/1 to 20/1) to give 5-O-(t-butyldimethylsilyl)-2,3-O-dibenzoyl-1(a)-O,2-C-
dimethyl-D-ribofuransone as syrup (24.5 g, 90.7%), 1HNMR (400MHz) (CDCl5):68.11
(m, 2H), 7.75-7.77 (m, 2H), 7.54-7.57 (m, 1H), 7.38-7.45 (m, 3H), 7.13-7.15 (m ,1H),
5.35(d, J =2.8 Hz, 1H), 5.28 (s, 1H), 4.27 (m, 1H), 3.95-3.97 (m, 1H), 3.40 (s, 1H), 1.77
(s, 3H), 0.92 (s, 9H), 0.12 (d, ] =2.0 Hz, 3H).

To an ice-cold solution of 5-O-(t-butyldimethylsilyl)-2,3-0O-dibenzoyl-1(a)-0,2-C-
dimethyl-D-ribofuransone (24.5 g, 49.0 mmol) in THF (200 mL) was added a 1 M
solution of TBAF in THF ( 58.8 mL, 58.8 mmol) dropwise. The mixture was stirred at
this temperature for 2h. HOAc was added to the mixture to neutralize the solution to light
acid. After that, the solvent was removed and the residue was purified by flash
chromatography (PE/EA= 20/1 to 8/1) to give 2,3-O-dibenzoyl-1(a)-0,2-C-dimethyl-D-
ribofuranose as syrup (15.2 g, 80.4%); IHNMR (400MHz) (CDCl5):88.11-8.13 (dd, J; =
5.2 Hz, J» =72 Hz, 2H),7.79-7.82 (dd, J; = 0.8 Hz, J, = 8.0 Hz, 2H), 7.57-7.61 (t, ] =7.2
Hz, 1H), 7.41-7.46 (m, 3H), 7.17-7.21 (t, J = 8.0 Hz, 2H), 5.30 (s, 1H), 528 (d, ] = 4.4
Hz, 1H), 4.34 (q, J = 4.0 Hz, 1H), 3.94-4.04 (m, 2H), 3.43 (s, 3H), 2.29 (w, 1H), 1.79
(s,3H).

Step 3. Preparation of 2,3-O-dibenzoyl-5-C-methyl-1(a)-0,2-C-dimethyl-D-ribofuranose
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To a suspension of Dess-Martin reagent (15.7 g, 37.0 mmol) in anhydrous DCM
(200 mL) cooled with an ice-bath was added a solution of 2,3-O-dibenzoyl-1(a)-0,2-C-
dimethyl-D-ribofuranose (11.0 g, 28.5 mmol) in anhydrous DCM (50 mL) under N,. The
reaction mixture was stirred at RT overnight. The mixture was diluted with ether (500
mL) and washed with saturated Na,S,0; (22.51 g, 142.3 mmol). The organic layer was
separated, dried over anhydrous MgSO, and filtered. The filtrate was concentrated in
vacuum under a temperature lower than 30 °C to give 2,3-0-dibenzoyl-5-C,5-O-
didehydro-1({a)-0,2-C-dimethyl-D-ribofuranose as a white foam (9.5 g, 96.4 %).

TiCl, (10.85 mL, 18.75 g, 98.86 mmol) was added dropwise to anhydrous ether
(310 mL) cooled to -78 °C. To the resultant yellow etherate was slowly added 3.0 M
CH;MgBr in ether (33.0 mL, 32.9 mmol), the reaction mixture was then allowed to
warmed to -30 °C, whereupon a solution of 2,3-0-dibenzoyl-5-C,5-0-didehydro-1{a)-
0,2-C-dimethyl-D-ribofuranose (9.5 g, 24.7 mmol) in 30 mL of ether was added
dropwise. After 4 h at -30 to -10 °C, TLC analysis showed complete conversion, and the
reaction was separated and the aqueous phase extracted with 3x150 mL of ether. The
combined organic layer was washed with water, dried over anhydrous MgSO., filtered
and concentrated to a syrup. The syrup was purified by silica gel column (PE/EA=20/1
to10/1) to give 2,3-O-dibenzoyl-1(w)-0,2,5-C-trimethyl-D-ribofuranose as a foam solid
(7.1 g, 71.7%); 1THNMR (400 MHz) (CDCl;):68.13 (d, J = 4.4 Hz, 2H), 7.09 (d, ] = 4.4
Hz, 2H), 7.36-7.47 (m, 5H), 7.11 (t, J = 1.6 Hz), 5.40 (d, ] = 4.0 Hz, 1H), 5.28 (d, ] = 8.4
Hz, 1H), 4.10-4.15 (m, 2H), 3.42 (s, 3H), 2.36 (w, 1H), 1.77 (s, 3H), 1.27 (d, ] = 8.4 Hz,
3H).

Step 4. Preparation of 1-O-acetyl-2,3,5-O-tribenzoyl-2,5-C-dimethyl-D-ribofuranose

O MO O ~OAc
HO - = BzO
1 Z

BzO' OB BzO 0Bz

To an ice-cold solution of 2,3-0-dibenzoyl-1(a)-0,2,5-C-trimethyl-D-ribofuranose
(2.0 g, 5.0 mmol) in anhydrous pyridine (20 mL) was added a BzCl (1.05 g, 7.5 mmol)

under N,. The mixture was stirred at RT overnight. The solvent was removed and the
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residue was purified by sillca gel column (PE/EA= 50/1 to 30/1). 2,3,5-O-Tribenzoyl-
1(0)-0,2,5-C-trimethyl-D-ribofuranose was obtained as a white foam solid (1.5 g, 60 %);
1HNMR (400MHz) (CDCl;):88.18 (d, J = 7.2 Hz, 2H), 8.06 (d, J = 7.2 Hz, 2H), 7.36-
7.71 (m, 9H), 7.11 (t, J = 7.6 Hz, 2H), 5.60 (m, 1H), 5.56 (d, J = 5.2 Hz, 1H), 4.44 (t, J =
4.8 Hz, 1H), 3.43 (s, 1H), 1.79 (s, 1H), 1.48 (d, ] = 6.4 Hz, 3H).

To a solution of 2,3,5-O-tribenzoyl-1(a)-0,2,5-C-trimethyl-D-ribofuranose (1.5 g,
3.0 mmol) in HOAc (10 mL) and Ac,O (1 mL) cooled with a water bath was added 0.5
mL conc. H;SO. dropwise. The mixtrure was stirred at RT for 3 h. The mixture was
poured into ice-water and the precipitate was collected by filtration. The solid cake was
dissolved in EA (50 mL) and washed with saturated NaHCOj; (30 mLx2). The organic
layer was separated, dried over anhydrous Na>SOs and filtered. The filtrate was
concentrated under vacuum to give 1-O-acetyl-2,5(5)-C-dimethyl-2,3,5-O-tribenzoyl-D-
ribofuranose as white foam solid (1.4 g, 88.6%); IHNMR (400MHz) (CDCI5):67.87-8.02
(m, 5H), 7.06-7.63 (m, 10H), 6.734+6.55 (s, 1H), 5.84 (d, ] =80 Hz, 0.5 H), 5.64 (d, J =
3.6 Hz, 0.5 H), 5.30-5.51 (m, 1H), 4.41-4.50 (m, 1H), 1.94+1.86 (s, 3 H), 1.76+1.71 (s,
3H), 1.41+1.33 (d, J = 6.8 Hz, 3H).

Example 45

Preparation of 1-0O-acetyl-2,5(R)-C-dimethyl-2,3,5-O-tribenzoyl-D-ribofuranose (45)

'\ enec” )
BzO 0Bz

(0]
BzO OBz
45)

To an ice-cold solution of 2,3-0-dibenzoyl-1(a)-0,2,5-C-trimethyl-D-ribofuranose
(2.0 g, 5.0 mmol), PNBA (3.3 g, 19.9 mmol) and Ph;P (5.2 g, 19.9 mmol) in anhydrous
THF (50 mL) was added DEAD (3.48 g, 19.9 mmol) dropwise under N». The resultant
mixture was stirred at RT overnight. The solvent was removed and the residue was
purified by silica gel column (PE/EA= 30/1 to 20/1). 2,3-O-dibenzoyl-1(w)-0,2,5-C-
trimethyl-5-0-(4-nitrobenzoyl)-D-ribofuranose was obtained as a white foam solid (1.4 g,
51.0%); 1THNMR (400MHz) (CDCls): & 8.13-8.21 (m, 4H), 8.11-8.13 (dd, J; = 0.8 Hz, J»
= 8.0 Hz, 2H), 7.70-7.73 (dd, J, = 0.8 Hz, J, = 8.0 Hz, 2H), 7.61 (t, ] = 7.2 Hz, 1H), 7.38-
7.45 (m, 3H), 7.13 (t, J = 8.0 Hz, 2H), 5.59 (m, 1H), 5.33 (s, 1H), 5.27 (d, ] = 5.2 Hz,
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1H), 4.47 (t, ] = 5.2 Hz, 1H), 3.44 (s, 3H), 1.80 (s, 3H), 1.51-1.56 (dd, J; = 6.4 Hz, J, =
12.8 Hz, 3H).

To a water-cold solution of 2,3-O-dibenzoyl-1(n)-0,2,5-C-trimethyl-5-0-(4-
nitrobenzoyl)-D-ribofuranose (1.4 g, 2.5 mmol) in HOAc (10 mL) and Ac,O (1 mL) was
added 0.5 mL conc. H,SO,4 dropwise. The mixtrure was stirred at RT for 3 h. The mixture
was poured into ice-water and the precipitate was collected by filtration. The solid cake
was re-dissolved in EA (50 mL) and washed with saturated NaHCO; (30 mLx2). The
organic layer was separated, dried over anhydrous Na,SO, and filtered. The filtrate was
concentrated under vacuum to give 1-O-acetyl-2,3-O-dibenzoyl-2,5(R)-C-dimethyl-5-O-
(4-nitrobenzoyl)-D-ribofuranose as white foam solid (1.3 g, 89.6%); IHNMR (400MHz)
(CDCl13):07.91-8.20 (m, 7H), 7.12-7.67 (m, 7H), 6.75+6.56 (s, 1H), 5.75 (d, J = 8.4 Hz,
0.5H), 5.57 (m, 0.5 H), 5.37 (m, 1H), 4.43-4.50 (m, 1H), 2.16+1.97 (s, 3 H), 1.78+1.73 (s,
3H), 1.48+1.38 (d, J = 6.8 Hz, 3H).

Example 46

Preparation of 1-0-acetyl-5-C-methyl-2,3,5-O-tribenzoyl-D-ribofuranose (46)

0 OAc
BzO

B20 0Bz  (46)

Step 1. Preparation of 1-0,5-C-dimethyl-2,3-O-isopropylidene-D-ribofuranose

O,
O\ ~OH HO/LQfO\
o )" -

HG O 6){’

To D-ribose (200 g, 1.33 mol) in acetone (760 ml.) and MeOH (760 ml.) was
added concentrated HCl (20 mL), and the solution was allowed to reflux for 18h. The
reaction was cooled, neutralized with pyridine, poured into H,O (2 L), and extracted with
Et;O (3x400 mL). The combined organic layers were washed with saturated aqueous
CuSO, (300 mL), dried with MgSQ, and then evaporated. The residue was distilled to

afford 2,3-O-isopropylidene-1-O-methyl-D-ribofuranose as colorless oil (180.5 g, 56.5%).
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To an ice-cold suspension of Dess-Martin preiodinane (487.3 g, 1.15 mol) in
anhydrous DCM (800 L) was a solution of 2,3-O-isopropylidene-1-O-methyl-D-
ribofuranose (180.5 g, 883.85 mmol) in anhydrous DCM (200 mL) dropwise under N».
The resultant mixture was stirred at RT overnight and then diluted with Et,O (2 L). The
mixture was washed with saturated aqueous Na>SO; (3x600 mL). The organic layer was
separated, dried over anhydrous MgSO, and filtered. The filtrate was concentrated in
vacuum to give 5-C,5-0O-didehydro-2,3-O-isopropylidene-1-O-methyl-D-ribofuranose as
syrup which was used for the next step without further purification (161.7 g, 90.48%).

To a solution of 5-C,5-0O-didehydro-2,3-O-isopropylidene-1-O-methyl-D-
ribofuranose (161.7 g, 799.70 mmol) in anhydrous THF (3.0 L) was added a 3M solution
of MeMgBr in ether (800 mL, 2.40 mol) at 50 °C under N,. After the addition, the
reaction mixture was warmed to 0 °C during a 4 h period. The mixture was quenched with
saturated aqueous NH.Cl and the product was extracted with EA (2x2.0 L). The
combined organic layer was dried over anhydrous MgSO, and filtered. The filtrate was
concentrated in vacuum to give a syrup which was purified by silica gel column
(PE/EA=30/1 to 10/1) to give 1-0,5-C-dimethyl-2,3-O-isopropylidene-D-ribofuranose as
colorless syrup (120.3 g, 69.4%).

Step 2. Preparation of 5-O-benzoyl-1-0,5-C-dimethyl- D-ribofuranose

To an ice-cold solution of 1-0,5-C-dimethyl-2,3-O-isopropylidene-D-ribofuranose
(20.0 g, 92.06 mmol) and DMAP (1.12 g, 9.21 mmol) in anhydrous pyridine (150 mL)
was added BzCl (19.41 g, 138.1 mmol) dropwise under N,. The reaction mixture was
stirred at RT overnight. EA (300 mL) was added to the mixture and then washed with
water (200 mL) and saturated aqueous NaHCO; (200 mL). The organic layer was
separated, dried over anhydrous Na,SO, and filtered. The filtrate was concentrated in
vacuum to give a residue which was purified by column (PE/EA=30/1 to 10/1) to give 5-
0O-benzoyl-1-0,5-C-dimethyl-2,3-O-isopropylidene-D-ribofuranose as syrup (20.7 g,
69.7%).
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5-0-Benzoyl-1-0,5-C-dimethyl-2,3-O-isopropylidene-D-ribofuranose  (20.7 g,
67.14 mmol) was added to a solution of TFA (180 mL) and H,O (20 mL) at 0 °C. The
resultant mixture was stirred at 0 °C for 3h. TLC showed no starting material remained.
The solvent was removed under vaccum at 0°C. The residue was dissolved in DCM (200
mL) and washed with saturated aqueous NaHCO; (2x150 mL). The organic layer was
separated, dried over anhydrous Na,SO, and filtered. The filtrate was concentrated in
vacuum to give syrup 5-O-benzoyl-1-0,5-C-dimethyl-D-ribofuranose, which was used
without further purification (12.0 g).

Step 3. Preparation of 1-O-acetyl-2,3,5-O-tribenzoyl-5-C-methyl-D-ribofuranose

OO O ~OAc
BzO N BzO
—_—

HG OH Bz5 OBz

The crude 5-O-benzoyl-1-0,5-C-dimethyl-D-ribofuranose (12.0 g, 42.51 mmol)
was dissolved in anhydrous pyridine and cooled with an ice-bath. DMAP (0.52, 4.25
mmol) and BzCl (14.9 g, 106.27 mmol) was added to the mixture and then stirred at RT
overnight, EA (300 mL) was added to the mixture and then washed with water (200 mL)
and saturated aqueous NaHCO; (200 mL). The organic layer was separated, dried over
anhydrous Na,SO, and filtered. The filtrate was concentrated in vacuum to give a residue
which was purified by column (PE/EA=30/1 to 10/1) to give 1-0,5-C-dimethyl-2,3,5-0-
tribenzoyl-D-ribofuranose as syrup (15.5 g, 74.34%).

To an water-cold (lOOC) mixture of 1-0,5-C-dimethyl-2,3,5-O-tribenzoyl-D-
ribofuranose (15.5 g, 31.6 mmol) in HOAc (50 mL) and Ac,O (5 mL) was added
concentrated H,SO,4 (2.5 mL) dropwise. The resultant mixture was stirred at RT for Sh
and then poured in ice-water. The precipitate was collected by filtration. The collected
solid was dissolved in EA (100mL) and washed with saturated aqueous NaHCO; (100
mL). The organic layer was separated, dried over anhydrous Na,SQO, and filtered. The
filtrate was concentrated in vacuum to give a residue which was purified by column
(PE/EA=30/1 to 20/1) to give 1-O-acetyl-5-C-methyl-2,3,5-O-tribenzoyl-D-ribofuranose
as foam solid (10.5 g, 64.02%).

Example 47
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Preparation of 5’(S)-C-methyladenosine (47)

*@—»*g

To an ice-cold solution of 1-O-acetyl-5(S)-C-methyl-2,3,5-O-tribenzoyl-D-

7N
\NH

ribofuranose (8.0 g, 15.43 mmol) and adenine (3.13 g, 23.14 mmmol) in anhydrous
MeCN (100 mL) was added a 1 M solution of SnCl, in anhydrous MeCN (38.6 mL, 38.6
mmol) dropwise under N». The mixture was stirred at RT overnight and then quenched by
aqueous NaHCO;. The product was extracted by EA (2x100 mL). The combined organic
layer was dried over anhydrous Na,SO, and filtered. The filtrate was concentrated in
vacuum to give a residue which was purified by silica gel column to give 8.0 g of 2°,3°,5’-
O- tribenzoyl-5’-C-methyladenosine, which was dissolved in methanol (100 mL) and
saturated with NH; for 1h at 0 °C, and then stirred at RT overnight. The solvent was
removed under reduced pressure and the residue was re-dissolved in 400 mL saturated
aqueous NHs. The mixture was stirred at RT overnight and the solvent was removed. The

residue was purified by prep-HPLC to give 5°(S)-C-methyladenosine (1.5 g, 34.5%).

Example 48

Preparation of 5°(S)-C-methylguanosine (48)
>—NH

*@—»*q

(48)

Under an argon atmosphere, a mixture of Nz—acetylguanine (10.65 g, 81.00 mmol),
dry pyridine (50 mL), and HMDS (300 mL) was heated to reflux for 2 h to obtain a clear
solution. The solvent was removed carefully under vacuum, and the residue was dried
under high vacuum for 1 h. To the flask containing persilylated N*-acetylguanosine was
added anhydrous toluene (100 mL) and 1-O-acetyl-5(3)-C-methyl-2,3,5-O-tribenzoyl-D-
ribofuranose (10.5 g, 20.25 mmol). To the resulting mixture was added TMSOTT (18.0 g,
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81.00 mmol) slowly with vigorous stirring at room temperature. After stirring under argon
atmosphere under reflux for 6 h, the reaction mixture was cooled to room temperature and
quenched with saturated aqueous NaHCO;. The organic layer was separated, and the
aqueous layer was extracted with DCM (2x150 mL). The combined organic layers was
washed with brine, and dried over anhydrous MgSO,. The MgSO, was filtered off, and
the solvent was removed by evaporation under vacuum to give light yellow foam (13.1 g).
8.0 g of the foam solid was purified by prep-HPLC to give 4.4 g (95 % purity) of N°-
acetyl-5°(5)-C-methyl-2,3,5-O-tribenzoylguanosine, which was dissolved in methanol
(100 mL) saturated with NH3 and stirred at RT overnight. The solvent was removed under
reduced pressure and the residue was re-dissolved in 400 mL of saturated aqueous NHj.
The mixture was stirred at RT overnight and the solvent was concentrated to about 150
mL. The precipitate was collected by filtration and dried under vacuum to give 5°(S)-C-
methylguaonosine as a white solid (550 mg, 30.7%); 'H NMR (400 MHz) (MeOD): &
7.88 (s, 1H), 5.76 (d, J = 7.2Hz, 1H), 4.64 (t, J = 6.0Hz, 1H), 4.30 (d, J = 4.4Hz, 1H),
4.03-4.01 (m, 1H), 3.93 (s, 1H), 1.24 (d, J = 6.4Hz, 3H).

Example 49

Preparation of 1-O-acetyl-2,3-0O-dibenzoyl-5(R)-C-methyl-5-0-(4-nitrobenzoyl)-D-

ribofuranose (49)

O~ ~OAC

Bz0 OBz (49)

Step 1. Preparation of 1-0,5-C-dimethyl-5-0-(4-nitrobenzoyl)-D-ribofuranose

0 0
o 0

~ - -

5. .0 HO  OH

X

To an ice-cold solution of 1-0,5-C-dimethyl-2,3-O-isopropylidene-D-ribofuranose
(25.0 g, 114.55 mmol), PNBA (76.57 g, 458.19 mmol) and Ph;P (120.18 g, 458.19 mmol)
in anhydrous THF (600 mL) was added DEAD (79.79 g, 458.19 mmol) dropwise under
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N;. The reaction mixture was stirred at RT overnight. The solvent was removed and the
residue was purified by silica gel column (PE/EA= 50/1 to 20/1) to give 1-0O,5-C-
dimethyl-2,3-O-isopropylidene-5-0-(4-nitrobenzoyl)-D-ribofuranose as a light yellow
syrup (21.3 g, 50.62%).
1-0,5-C-Dimethyl-2,3-O-isopropylidene-5-0-(4-nitrobenzoyl)-D-ribofuranose

(16.3 g, 44.37 mmol) was added to a solution of TFA (90 mL) and H,O (10 mL) at 0°C.
The resultant mixture was stirred at 0°C for 3h. TLC showed no starting material
remained. The solvent was removed under vaccum at 0°C. The residue was dissolved in
DCM (150 mL) and washed with saturated aqueous NaHCQO3; (2x150 mL). The organic
layer was separated, dried over anhydrous Na,SO, and filtered. The filtrate was
concentrated in vacuum to give a syrup which was purified by silica gel column (PE/EA=
15/1 to 5/1). 1-0,5-C-dimethyl-5-O-(4-nitrobenzoyl)-D-ribofuranose was obtained as
syrup (7.0 g, 48.2%).

Step 2. Preparation of 1-O-acetyl-2,3-O-dibenzoyl-5-C-methyl-5-O-(4-nitrobenzoyl)-D-

O .0 O\ ~OAC
PNBO N » PNBO

Y >

ribofuranose

OH Bz0 OBz

Oy,

1-0.5-C-Dimethyl-5-0-(4-nitrobenzoyl)-D-ribofuranose (7.0 g, 21.39 mmol) was
dissolved in anhydrous pyridine (50 mL)and cooled with an ice-bath. DMAP (0.26, 2.14
mmol) and BzCl (7.52 g, 53.47 mmol) was added to the mixture and then stirred at RT
overnight. EA (200 mL) was added to the mixture and then washed with water (100 mL)
and saturated aqueous NaHCO; (100 mL). The organic layer was separated, dried over
anhydrous Na,SO, and filtered. The filtrate was concentrated in vacuum to give a residue
which was purified by column (PE/EA=30/1 to 10/1) to give 2,3-0-dibenzoyl-1-0,5-C-
dimethyl-5-O-(4-nitrobenzoyl)- D-ribofuranose as syrup (9.2 g, 80.33%).

To a solution of 2,3-O-dibenzoyl-1-0,5-C-dimethyl-5-0-(4-nitrobenzoyl)-D-
ribofuranose (9.2 g, 17.18 mmol) in HOAc (30 mL) and Ac>O (3 mL) cooled with water
bath was added 1.5 mL of concentrated H,SO, dropwise. The mixture was stirred at RT
for 3 h. The mixture was poured into ice-water and the precipitate was collected by

filtration. The solid cake was re dissolved in EA (50 mL) and washed with saturated
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NaHCO; (30 mLx2). The organic layer was separated, dried over anhydrous Na,SO,4 and
filtered. The filtrate was concentrated under vacuum to give 1-O-acetyl-2,3-0-dibenzoyl-
5(R)-C-methyl-5-O-(4-nitrobenzoyl)- D-ribofuranose as white foam solid (8.1 g, 83.7%).
'H NMR (400 MHz) (CDCls): 3 8.83-8.18 (m, 4H), 8.05-7.96 (m, 2H), 7.86-7.82 (m, 2H),
7.86-7.82 (m, 2H), 7.59-7.49 (m, 2H), 7.45-7.40 (m, 2H), 6.75 (d, ] = 4.4Hz, 0.3H), 6.42
(s, 0.7H), 5.86-5.83 (m, 0.7H), 5.74-70 (m, 1H), 5.54-4.92 (m, 1.3H), 4.64-4.61 (m, 1H),
2.20 (s, 2H), 2.16 (s, 1H), 1.54 (d, ] = 6.8Hz, 1H),1.49 (d, ] = 6.4Hz, 2H).

Example 50
Preparation of 5’(R)-C-methyladenosine (50)

N
- NQ/N H,
0 OAc
Bz

— f N\?N
HO

PNBO

OI:
ov

O
Bz -
HO OH (50)

A mixture of N° -benzoyladenosine (239 g, 20 mmol) and N,O-
bis(trimethylsilyl)acetamide (9.78 mL, 40 mmol) in anhydrous acetonitrile (50 mL) under
argon was heated under reflux for 1 h and cooled to rt. A solution of 1-O-acetyl-2,3-O-
dibenzoyl-5(R)-C-methyl-5-0-(4-nitrobenzoyl)-D-ribofuranose (1.5 g, 2.89 mmol) in
anhydrous acetonitrile (50 mL) was added, followed by addition of trimethylsilyl
trifluoromethanesulfonate (1.36 g, 7.5 mmol). The resulting mixture was heated under
reflux overnight, cooled with ice, diluted with ethyl acetate, washed with aqueous sodium
bicarbonate, dried over anhydrous Na,SO, and concentrated. Chromatography on silica
gel with10-15% ethyl acetate in DCM gave 3.62 g of 2°,3’-0-dibenzoyl-5’(R)-C-methyl-
5°-0-(4-nitrobenzoyl)adenosine.

2’,3’-0-Dibenzoyl-5’(R)-C-methyl-5’-O-(4-nitrobenzoyl)adenosine (3.62 g) in
methanol (300 mL) and 28% aqueous ammonia (30 mL) was stirred at RT overnight. The
solvent was removed and the residue was re-dissolved in 28% aqueous NH3 (250 mL).
The mixture was stirred at rt for 2 days and the solvent was removed. Precipitation from
MeOH/DCM gave 0.59 g of 5°(R)-C-methyladenosine as a white solid. The filtrate was
concentrated and chromatographed on silica gel with 10-14% MeOH in DCM to give 0.68
g of 5’(R)-C-methyladenosine as a white solid. Total yield was 1.27 g. 'H NMR
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(CD;OD): 6 8.31 (s, 1H), 8.18 (s, 1H), 5.95 (d, J = 6.4 Hz, 1H), 4.73 (q, J; =5.2 Hz, J> =
6.8 Hz, 1H), 4.27 (dd, J; = 2.4 Hz, J> = 5.2 Hz, 1H), 4.01 (t, J = 2.4 Hz, 11), 3.97-3.91
(m, 1H), 1.25 (d, J = 6.4Hz, 3H).

Example 51

Preparation of 2’,3’-methoxymethylidene-s’-O,N6 -(4’-methoxytrityl)-5’(R)-
methyladenosine (51)

FN\ N NHMMTr
N

e

=

\

Zﬁ
L

Y
1O

(1)

A mixture of 5’(R)-C-methyladenosine (890 mg, 3.17 mmol), trimethyl
orthoformate (9 mL) and p-toluenesulfonic acid monohydrate (904 mg, 4.75 mmol) in
1,4-dioxane (11.2 mL) was stirred at rt for 24 h, cooled with ice and quenched by adding
triethylamine (1 mL) and concentrated. Chromatography on silica gel with 5-6% MeOH
in DCM gave 716 mg of 2’,3’-O-methoxymethylidene-5’(R)-C-methyladenosine.

A solution of 2’,3’-0O-Methoxymethylidene-5’(R)-C-methyladenosine (715 mg,
2.21 mmol) and 4-methoxytrityl chloride (1.03 g, 3.32 mmol) in pyridine (14 mL) was
stirred at 50 °C for 20 h, diluted with ethyl acetate, washed with brine three times. Solvent
was evaporated and the residue was chromatographed on silica gel with 25-55% ethyl
acetate in hexanes to give 352 mg of 5 -ON° -di(4’-methoxytrityl)-2°,3’-
methoxymethylidene-5’ (R)-methyladenosine and 634 mg of 2°,3’-methoxymethylidene-
5-0,N° -(4”-methoxytrityl)-5’ (R)-methyladenosine as foam solid.

Example 52

Preparation of 2’,3’-methoxymethylidene-5’-O,N6 -(4’-methoxytrityl)-5°(S)-
methyladenosine (52)
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By a similar procedure as described for example 48-2, 377 mg of 5-0,N°-di(4’-
methoxytrityl)-2’,3’-methoxymethylidene-5°(§)-methyladenosine and 750 mg of 2’°.3’-
rnethoxymethylidene—S’—O,N6 -(4’-methoxytrityl)-5’(S)-methyladenosine as foam solid

were prepared from 5°(S)-C-methyladenosine.

Example 53

Preparation of 2°,5’(R and S)-C-dimethyladenosine (53)

r/N NH,
Ho- N\ O N N
N=/

HO  OH (53)

Step 1. Preparation of 5’-O-(¢-butyldimethylsilyl)-2’,3’-O-(methoxymethylene)-2’-C-

methyladenosine
N NHp r/N NH,
HO™\, 0 N\Z/_\<N TBSO™\© N\z/_\< N
LW v
HO o 00
o}

~

To a solution of dried 2’-C-methyladenosine (720 mg, 2.56 mmol) and trimethyl
orthoformate (7.22 mL) in anhydrous 1,4-dioxane (9 mL) was added p-toluenesulfonic
acid (374 mg), and stirred at room temperature under nitrogen atmosphere overnight. The
reaction mixture was neutralized with methanol-ammonia (7N) to pH of 5-6 and
concentrated into a crude residue, which was re-dissolved with methanol-dichloromethane
(2:1, 10 mL) and stirred at room temperature overnight. The above reaction mixture was
then concentrated into a crude residue, which was applied to a short column of silica gel
eluted with dichloromethane-methanol (10:1) to give a pure compound 2°,3’-0-

(methoxymethylene)-2’-C-methyladenosine as amorphous solid (720 mg, 87%). Two-
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isomer: "H-NMR (DMSO-ds, 5S00MHz): 3 8.36 (s, 1 H), 8.20 (s, 1 H), 8.15 (s, 1 H), 7.31
(s, 2 H,NH»), 6.41 (s, 1 H), 6.22 (s, 0.3 H), 6.15 (s, 0.3 H), 5.40-5.37 (m, 1.05 H, H-1"),
4.64 (d, 03 H),4.59 (d, 093 H, J=4.10Hz), 4.28 (dd, 0.93 H), 4.20 (dd, 0.3 H), 3.80-
3.76 (dt, 1.1 H), 3.72-3.67 (dt, 1.08 H), 3.39 (s, 2.7 H, OCHs), 3.23 (s, 0.6 H), 1.14 (s, 0.4
H, 2°-CHz3), 1.03 (s, 2.84 H, 2°-CHa,).

To a solution of dried 2°,3’-O-(methoxymethylene)-2’-C-methyladenosine (720
mg, 2.22 mmol) and imidazole (348 mg, 5.12 mmol) in anhydrous DMF (5 mL) was
added tert-butyldimethylsilylchloride (579 mg, 3.84 mmol), and stirred at room
temperature under nitrogen atmosphere overnight. The reaction mixture was then
concentrated into a crude residue, and co-evaporated with toluene. The above crude
residue was applied to a short column of silica gel eluted with dichloromethane-methanol
(10:1) to give a pure 5°-O-(t-butyldimethylsilyl)-2",3’-O-(methoxymethylene)-2’°-C-
methyladenosine as amorphous solid (1.09 g, 100%).

Step 2. Preparation of 2’,3’—0—(methoxymethylene)—N6 -(4-methoxytrityl)-2’-C-
methyladenosine
NH, _N_ NHMMTT
TBSO \2_< I 4
Xz U S

SN SN

k/

To a solution of dried 5°-O-(s-butyldimethylsilyl)-2’,3’-O-(methoxymethylene)-2’-
C-methyladenosine (1.09 g, 2.49 mmol), triethylamine (703 uL), and DMAP (290 mg) in
anhydrous dichloromethane (5 mL) was added MMTtCl (1.15 g, 3.74 mmol), and stirred
at 45-50 °C under nitrogen atmosphere overnight. Another portion of MMTrCl (1.15 g)
was added after stirring at 45-50 °C for 16 h, and continued to be stirred at the same
temperature for total of 48 h. The reaction mixture was then concentrated into a crude
residue, and co-evaporated with toluene. The above crude residue was applied to a short
column of silica gel eluted with hexanes-ethyl acetate (4:1) to give a pure 5°-O-(¢-
butyldimethylsilyl)-2",3’-O- (methoxymethylene)—N6 -(4-methoxytrityl)-2’-C-
methyladenosine as amorphous solid (1.10 g, 62%).

To a solution of dried 5’-O-(¢-butyldimethylsilyl)-2’,3’-O-(methoxymethylene)-
N° -(4-methoxytrityl)-2’-C-methyladenosine (1.1 g, 1.55 mmol) in tetrahydrofuran (THF)
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(6 mL) was added tetrabutylammonium fluoride hydrate (349 mg), and stirred at room
temperature under nitrogen atmosphere overnight. The reaction mixture was then
concentrated into a crude residue, which was applied to a short column of silica gel eluted
with dichloromethane-methanol (10:1) to give a pure 2’,3’—O—(methoxymethylene)—N6 -(4-
methoxytrityl)-2’-C-methyladenosine as an amorphous solid (610 mg, 66%).

Step 3.  Preparation  of 2’,5’—C—dimethyl—2’,3’—O—(methoxyrnethylene)—N6 -(4-

methoxytrityl)adenosine

N NHMMTr N NHMMTr
r/ =
HO™™\ 0O Nﬁ N ~ HO™\ O NJ/_\< N
0.0 0o
Y Y
O\ O\

To a solution of dried 2’,3’—0—(rnethoxymethylene)—N6 -(4-methoxytrityl)-2’-C-
methyladenosine (610 mg, 1.02 mmol) in a mixture of anhydrous dichloromethane (15
mL) and anhydrous pyridine (1.02 mL) was added Dess-Martin periodinane (647 mg, 1.53
mmol), and stirred at room temperature under nitrogen atmosphere for 2 h. The reaction
mixture was quenched with a mixture of sat. sodium bicarbonate aq. solution and 10%
Na,S->03 aq. The organic phase was separated and the aqueous phase was extracted with
dichloromethane (3 x 20 mL). The combined organic phase was dried with anhydrous
sodium sulfate and concentrated into a crude residue, which was applied to a short
column of silica gel eluted with hexanes-ethyl acetate (1:1 and 1:2), then
dichloromethane-methanol (10:1) to give a pure 5°-C,5’-O-didehysro-2°,3’-O-
(rnethoXymethylene)—N6 -(4-methoxytrityl)-2’-C-methyladenosine as an amorphous solid
(200 mg, 33%). Two-isomer: '"H-NMR (CDCl3, 500MHz): 3 9.5 (s, 1H, CH=0), 9.49 (s, 1
H, CH=0), 3.79 (s, 20CH3), 3.39 (s, 2.7 H, OCH3), 1.14 (s, 0.4 H, 2’-CHj3), 1.03 (s, 2.84
H, 2’-CH3).

To a cold solution of dried 5’-C,5 ’—O—didehysro—Z’,3’—O—(methoxyrnethylene)—N6 -
(4-methoxytrityl)-2’-C-methyladenosine (350 mg, 0.59 mmol) in anhydrous
tetrahydrofuran (3-5 mL) cooled with an ice-sodium chloride bath to -20 °C was added
methylmagnesium bromide (0.80 mL, 3.0 M in ether) and stirred at -20 to RT overnight
under nitrogen. The reaction mixture was then quenched with sat ammonium chloride and

concentrated to removal of tetrahydrofuran, and extracted with ethyl acetate (3 x 20 mL).
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The combined organic phase was concentrated and co-evaporated with toluene into a
crude residue. The above crude residue was applied to a short column of silica gel eluted
with hexanes-ethyl acetate (1:2) to give a pure 2’,5’-C-dimethyl-2",3’-O-
(methoxymethylene)—N6 -(4-methoxytrityl)adenosine as amorphous solid (170 mg, 47%).

Step 4. Preparation of 2’,5’-(C-dimethyladenosine

N NHMMTr

/\Z/_\< N NHp
HO o N N N\
=/ - HO o N~ N
L N="
ol o) Ry
\{ HG  ©OH
O\

A solution of 2°,5 ’—C—dimethyl—Z’,3’—O—(methoxyrnethylene)—N6 -(4-
methoxytrityl)adenosine (110 mg, 0.181 mmol) in a mixture of methanol (6 mL), acetic
acid (3 mL), and water (1 mL) was stirred at 50 °C for 16 h, The reaction mixture was
then concentrated and co-evaporated with toluene into a crude residue, which was applied
to a short column of silica gel eluted with dichloromethane-methanol (10:1 and 6:1) to
give a pure 2’,5’-C-dimethyladenosine (40 mg, 75%) as amorphous solid. Two-isomer A
and B, ratio of Avs Bis 1.77. '"H.NMR (CD;0D, 500MHz): 5 8.57 (s, 1 H, isomer-A),
8.55 (s, 1 H, isomer-B), 8.20 (s, 1 H, isomer-A), 8.19 (s, 1 H, isomer-B), 6.09 (s, 1 H, H’-
1, isomer-A), 6.07 (s, 1 H, H’-1, isomer-B), 4.58 (s, 0.8 H), 4.30-4.28 (m, 4 H), 4.19 (d, 1
H), 4.08-4.07 (dq, 1 H), 3.97 (dd, 1 H), 3.88 (dd, 1 H), 1.36 (d, 3 H, 5’-CH3, isomer-A, J
= 6.6 Hz), 1.33 (d, 3 H, 5°-CHj;, isomer-B, J =6.9 Hz), 0.90 (s, 3 H, 2’-CHj;, isomer-A),
0.89 (s, 3 H, 2’-CH3, isomer-B). ESI-MS (positive mode): 295 [M], 318 [M+Na].

Example 54

Preparation of 2°,5°(5)-C-dimethyladenosine (54)

N NH,
o OAc f A\
N—e
BzO —_— HO O N
M -
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A mixture of N° -benzoyladenosine (1.46 g, 6.12 mmol) and N,O-
bis(trimethylsilyl)acetamide (2.95 mL, 12.24 mmol) in anhydrous acetonitrile (15 mL)
under argon was heated under reflux for 45 min and cooled to rt. A solution of 1-0O-
acetyl-5(5)-C-methyl-5-0-(4-nitrobenzoyl)- 2,3,5-O-tribenzoyl-D-ribofuranose (1.63 g,
3.06 mmol) in anhydrous acetonitrile (15 mL) was added, followed by addition of
trimethylsilyl trifluoromethanesulfonate (0.86 mL, 4.59 mmol). The resulting mixture
was heated under reflux overnight, cooled with ice, diluted with ethyl acetate, washed
with aqueous sodium bicarbonate, dried over anhydrous Na,SO, and concentrated.
Chromatography on silica gel with10-15% ethyl acetate in DCM gave 1.60 g of 5°(S)-C-
methyl-2°,3",5’-O-tribenzoyladenosine.

5°(5)-C-Methyl-2",3’,5’-O-tribenzoyladenosine (1.58 g) in methanol (150 mL) and
28% aqueous ammonia (50 mL) was stirred at RT overnight. The solvent was removed
and the residue was re-dissolved in 28% aqueous NH; (130 mL). The mixture was stirred
at rt for 3 days and the solvent was removed. Chromatography on silica gel with 12-14%
MeOH in DCM gave 619 mg of 27,5’(S)-C-dimethyladenosine as a white solid; 'H NMR
(CDs0OD): 6 8.55 (s, 1H), 8.19 (s, 1H), 6.07 (s, 1H), 4.29 (d, J = 8.4 Hz, 1H), 4.26 (m,
1H), 3.97 (dd, J: = 8.4 Hz, Jo= 2.4 Hz,1H), 1.33 (d, /= 6.8 Hz, 3H), 0.89 (s, 3H).

Example 55

Preparation of 2°,5’(R)-C-dimethyladenosine (55)

NH,

= 0 = r/N
- s N
OAc HO o N
PNBO — =/
BzO' OBz S
HO OH

A mixture of N° -benzoyladenosine (1.75 g, 7.3 mmol) and N,O-
bis(trimethylsilyl)acetamide (3.6 mL., 14.6 mmol) in anhydrous acetonitrile (18 ml) under
argon was heated under reflux for 45 min and cooled to rt. A solution of 1-O-acetyl-5(5)-
C-methyl-5-O-(4-nitrobenzoyl)-2,3,5-O-tribenzoyl-D-ribofuranose (2.11 g, 3.65 mmol) in
anhydrous acetonitrile (18 mL) was added, followed by addition of trimethylsilyl
trifluoromethanesulfonate (1.02 mL, 5.48 mmol). The resulting mixture was heated under

reflux overnight, cooled with ice, diluted with ethyl acetate, washed with aqueous sodium
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bicarbonate, dried over anhydrous Na,SO. and concentrated. Chromatography on silica
gel with10-15% ethyl acetate in DCM gave 1.81 g of 5°(R)-C-methyl-5-0-(4-
nitrobenzoyl)- 2°,3°,5°-O-tribenzoyladenosine.

5’(R)-C-Methyl-5’-0-(4-nitrobenzoyl)- 2°,3’,5’-O-tribenzoyladenosine (2.04 g) in
methanol (200 mL) and 28% aqueous ammonia (65 mL) was stirred at RT overnight. The
solvent was removed and the residue was re-dissolved in 28% aqueous NH3 (240 mL).
The mixture was stirred at rt for 2 days and the solvent was removed. Precipitate was
washed with 20% MeOH in DCM and then with MeOH to give 402 mg of 2°,5’(R)-C-
dimethyladenosine as white solid. Chromatography on silica gel with 10-14% MeOH in
DCM gave 397 mg of 2°,5°(R)-C-dimethyladenosine as a white solid. Total yield was 779
mg. "H NMR (CD;OD): 6 8.59 (s, 1H), 8.19 (s, 1H), 6.09 (s, 1H), 4.19 (d, J = 8.8 Hz,
1H), 4.06 (dq, 1H), 3.88 (dd, J; =8.8 Hz, J,=2.4 Hz,1H), 1.36 (d, /= 6.8 Hz, 3H), 0.90
(s, 3H).

Example 56

Preparation of 5’(R)-C-methylguanosine (56)

NH
= N>/'- o
O ~0Ac z =
PNBO/\QM - . O N _N
3 HO/\Q‘
BzO OBz NS
HO OH (56)

To a solution of 1-O-acetyl-2,3-0-dibenzoyl-5(R)-C-methyl-5-O-(4-nitrobenzoyl)-
D-ribofuranose (969 mg, 1.72 mmol), 2-amino-6-chloropurine (0,32 g, 1.87 mmol) and
DBU (0.77 mL, 5.10 mmol) in anhydrous acetonitrile (20 mL) was added dropwise
trimethylsilyl trifluoromethanesulfonate (1.25 mL, 6.88 mmol). The resulting reaction
mixture was stirred at 65 °C overnight, cooled, diluted with ethyl acetate, washed with
10% sodium bicarbonate and dried over sodium sulfate. Chromatography on silica gel
with 10-15% ethyl acetate in DCM gave 0.62 g of 1—(2—arnino—6—chloropurin—N9 -yl)-2,3-
O-dibenzoyl-5(R)-C-methyl-5-O-(4-nitrobenzoyl)-f-D-ribofuranose as a white solid,

which was dissolved in 7 M NH; in MeOH and stood at RT overnight and concentrated.
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Chromatography on silica gel with 10-15% MeOH in DCM gave 260 mg of 1-(2-amino-
6-chloropurin-N"-y1)-5(R)-C-methyl-S-D-ribofuranose as a white solid.

To a mixture of 1—(2—amino—6—chloropurin—N9 -yl)-5(R)-C-methyl-$-D-ribofuranose
(253 mg, 0.8 mmol) and mercaptoethnaol (2.28 mL, 4.0 mmol) in MeOH (5 mL) was
added 0.5 M NaOMe in MeOH (8 mL, 4.0 mmol). The resulting mixture was refluxed
overnight, cooled, neutralized with AcOH. Reverse phase HPLC with acetonitrile/water
gave 5°(R)-C-methylguanosine as a white solid (167 mg); '"H NMR (DMSO-de) 6 1.08 (d,
J=6.8 Hz, 3H), 3.16 (d, J= 4.8 Hz, 1H), 3.7 (t, ] = 3.2 Hz, 1H), 3.73-3.79 (m, 1H), 4.06-
4.10 (m, 2H), 4.30-4.34 (m, 1H), 5.34 (d, J=5.2 Hz, 1H), 5.68 (d, J=5.6 Hz, 1H), 6.47 (br
s, 2H), 7.95 (s, 1H), 10.72 (br s, 1H).

Example 57

Preparation of 5’(R)-C-methylcytidine (57)

O

B - YN\ NH;
O~ OAC i O LN~
PNBO - . HO/\Q’

BzO OBz HO DH (57)

N -Benzoylcytosine (215 mg, 1.0 mmol) and N, O-bis(trimethylsilyl)acetonitrile
(0.49 mL, 2.0 mmol) in anhydrous acetonitrile (2 mL) was refluxed for 30 min and
cooled. A solution of 1-0O-acetyl-2,3-0-dibenzoyl-5(R)- C-methyl-5-O-(4-nitrobenzoyl)-D-
ribofuranose (289 mg, 0.5 mmol) in acetonitrile (2 mL) was added, followed by addition
of tin tetrachloride (0.24 mL, 2.0 mmol). The resulting reaction mixture was refluxed
overnight, cooled, diluted with ethyl acetate, washed with 10% sodium bicarbonate and
dried over sodium sulfate. Chromatography on silica gel with 10-20% ethyl acetate in
DCM gave 2'3-O,N’ -tribenzoyl-5’ (R)-C-methyl-5’-O-(4-nitrobenzoyl)cytidine, which
was dissolved in 7.0 M NH3/MeOH and stood at RT for 3 h. The solution was
concentrated and the residue dissolved in 29% aqueous ammonia and stood at RT for 3
days. Volatile was evaporated and the residue was subjected to reverse-phase HPLC

purification to give 122 mg of 5’(R)-C-methylcytidine.
Example 58
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Preparation of 5’(S)-C-methyladenosine 5’-[phenyl(methoxy-L-alaninyl)]phosphate
(58)

NHMMTr

Qéo i OJXJV

To a solution of 2’,3’—O—rnethoXyrnethylene—N6 -(4-methoxytrityl)-5°(S)-

JXJ
E/
(58)

methyladenosine (60 mg, 0.1 mmol) in THF (1 mL) under argon was added 1.0 M ¢-
BuMgBr in THF (0.25 mL, 0.25 mmol). The resulting solution was stirred at RT for 30
min and phenyl(methoxy-L-alaninyl) phosphorochloridate (85 mg, 0.3 mmol). The
reaction mixture was stirred at RT for 3 days, cooled with ice, quenched with water,
diluted with ethyl acetate, washed with brine three times. Chromatography on silica gel
with ethyl acetate/hexanes (1:1 to 2:1) gave a mixture of four isomers as a white solid.
The product was dissolved in 80% formic acid (5 mL) and stood at RT overnight. Solvent
was evaporated at RT and co-evaporated with MeOH/toluene three times.
Chromatography on silica gel with 10-15% MeOH in DCM, followed by re-purification
by reverse-phase HPLC with acetonitrile/water, gave 9.5 mg of 5°(§)-C-methyladenosine
5’-[phenyl(methoxy-L-alaninyl)]phosphate as white solid; '"H NMR (CD;OD) ¢ 1.28 (d,
J= 6.8 Hz, 3H), 1.44 (d, J= 6.4 Hz, 3H), 3.65 (s, 3H), 3.89-3.93 (m, 1H), 4.01-4.04 (m,
1H), 4.45-4.47 (m, 1H), 4.70 (t, ] = 6.0 Hz, 1H), 4.58-5.98 (d, J= 6.8 Hz, 1H), 7.12-7.33
(m, 6H), 8.19 (s, 1H), 8.31 (s, 1H); *'P NMR (CD;OD) § 3.39.

Example 59

Preparation of 5’(R)-C-methyladenosine 5’-[phenyl(methoxy-L-alaninyl)|phosphate
(59)
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N NHMMTr
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> (39)

To a solution of 2’,3’—0—rnethoxymethylene—N6 -(4-methoxytrityl)-5°(R)-
methyladenosine (60 mg, 0.1 mmol) in THF (1 mL) under argon was added 1.0 M ¢
BuMgBr in THF (0.25 mL, 0.25 mmol). The resulting solution was stirred at RT for 30
min and phenyl(methoxy-L-alaninyl) phosphorochloridate (85 mg, 0.3 mmol) was added.
The reaction mixture was stirred at RT for 3 days, cooled with ice, quenched with water,
diluted with ethyl acetate, washed with brine three times. Chromatography on silica gel
with ethyl acetate/hexanes (1:1 to 2:1) gave a mixture of four isomers as a white solid.
The product was dissolved in 80% formic acid (5 mL) and stood at RT overnight. Solvent
was evaporated at RT and co-evaporated with MeOH/toluene three times.
Chromatography on silica gel with 10-15% MeOH in DCM, followed by re-purification
by reverse-phase HPLC with acetonitrile/water, gave 12 mg of 5’(R)-C-methyladenosine
5’-[phenyl(methoxy-L-alaninyl)]phosphate as white solid; 'H NMR (CD;OD) ¢ 1.24 (d,
J=6.8 Hz, 3H), 1.52 (d, J= 6.4 Hz, 3H), 3.66 (s, 3H), 3.91-3.97 (m, 1H), 4.05-4.08 (m,
1H), 4.35 (t, J = 4.4 Hz, 1H), 4.52 (t, ] = 4.8 Hz, 1H), 4.82-4.85 (m, 1H), 6.04 (d, J=5.6
Hz, 1H), 7.10-7.31 (m, 6H), 8.2 (s, 1H), 8.29 (s, 1H); *'P NMR (CD;0D) J 3.72.

Example 60

Preparation of 2°,5’°(5)-C-dimethyladenosine 5’-[phenyl(methoxy-L-
alaninyl) [phosphate (60)
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Step 1. Preparation of 2’,3’—O—methoxymethylidene—N6 -(4’-methoxytrityl)-5’(S)-

methyladenosine

N NHMMTr

r,N NH, =

N/
N‘%y_< . PO\ “%?_<N
A .

HO  OH O\{O
O—

A mixture of 2,5°(§)-C-dimethyladenosine (585 mg, 1.98 mmol), trimethyl
orthoformate (5.6 mL) and p-toluenesulfonic acid monohydrate (565 mg, 2.97 mmol) in
1,4-dioxane (7 mL) was stirred at 30 °C for 24 h, cooled with ice and quenched by adding
triethylamine (1 mL) and concentrated. Chromatography on silica gel with 5-7% MeOH
in DCM gave 716 mg of 2°,3’-O-methoxymethylidene-2,5°(§5)-C-dimethyladenosine.

A solution of 2°,3’-O-methoxymethylidene-2,5°(S)-C-dimethyladenosine (575 mg,
1.71 mmol) and 4-methoxytrityl chloride (714 mg, 2.32 mmol) in pyridine (16 mL) was
stirred at rt for 3 days. Additional 4-methoxytrityl chloride (72 mg) was added and the
mixture was heated at 40 °C for 24 h. Additional 144 mg of 4-methoxytrityl was added
the mixture was heated at 50 °C for 24 h, diluted with ethyl acetate, washed with brine
three times. Solvent was evaporated and the residue was chromatographed on silica gel
with 25-60% ethyl acetate in hexanes to give 151 mg of 5-0,N° -di(4’-methox ytrityl)-
2’,3’-O-methoxymethylidene-5’(S)-methyladenosine and 489 mg of 2°,3’-0-
methoxymethylidene—N(’ -(4’-methoxytrityl)-5’(S)-methyladenosine as amophous solid.

Step 2. Preparation of 2’,5'(5)-C-dimethyladenosine  5’-[phenyl(methoxy-L-

alaninyl)]phosphate
_N NHMMTr
A Y k{
N=" oo P-0
o o
o\

To a solution of 2’5 ’(S)—C—dimethyl—2’,3’—O—methyomethylene—N6 -(4-
methoxytrityl)adenosine (60 mmg, 0.1 mmol) in THF (1 mL) under argon was added 1.0
M ¢-BuMgBr in THF (0.25 mL, 0.25 mmol). The resulting solution was stirred at RT for

-135-



0 OP-0 A N

WO 2010/108140 PCT/US2010/028046

30 min and phenyl(methoxy-L-alaninyl) phosphorochloridate (85 mg, 0.3 mmol). The
reaction mixture was stirred at RT for 3 days, cooled with ice, quenched with water,
diluted with ethyl acetate, washed with brine three times. Chromatography on silica gel
with ethyl acetate/hexanes (1:1 to 2:1) gave a mixture of four isomers as a white solid.
The product was dissolved in 80% formic acid (5 mL) and stood at RT overnight. Solvent
was evaporated at RT and co-evaportaed with MeOH/toluene three times.
Chromatography on silica gel with 10-15% MeOH in DCM, followed by re-purification
by reverse-phase HPLC with acetonitrile/water, gave 6.8 mg of 2°,5(5)-C-
dimethyladenosine 5’-[phenyl(methoxy-L-alaninyl)]phosphate as white solid; 'H NMR
(CDsOD) 6 0.95 (d, J= 4.4 Hz, 3H), 1.21 (dd, J= 1.2, 7.2 Hz, 1H), 1.30 (dd, J=0.8, 7.2
Hz, 1H), 1.55 (dd, J= 1.6, 6.8 Hz, 1H), 2.32 (s, 1H), 3.58 (s, 1H), 3.64 (s, 2H), 3.82-3.99
(m, 1H), 4.07-4.11 (m, 1H), 4.27 & 4.36 (each d, J= 8.8, 8.4 Hz, 1H), 4.99-5.05 (m, 1H),
6.10 & 6.13 (2 x s, 1H), 7.1-7.39 (m, 7H), 8.18 & 8.19 (2 x s, 1H), 8.29 & 8.31 (2 x s,
1H); *'P NMR (CD;0D) 6 3.59, 3.74.

Example 61

Preparation of 2°,5’(R)-C-dimethyladenosine 5’-[phenyl(methoxy-L-
alaninyl) [phosphate (61)

Step 1. Preparation of 2’,3’—O—methoxyrnethylidene—N6—(4’—methoxytrityl)—S’(R)—

methyladenosine
N NH N NHMMTr
Cad 2 -
r Ny
HO’%Z ¢ N N=/
HO  OH O\(O
O~

-136-



Structure Structure 2N .t ? . 0

WO 2010/108140 PCT/US2010/028046

A mixture of 2,5°(R)-C-dimethyladenosine (395 mg, 1.34 mmol), trimethyl
orthoformate (3.8 mL) and p-toluenesulfonic acid monohydrate (382 mg, 2.01 mmol) in
1,4-dioxane (4.8 mL) was stirred at 30 °C for 24 h, cooled with ice and quenched by
adding triethylamine (1 mL) and concentrated. Chromatography on silica gel with 5-7%
MeOH in DCM gave 360 mg of 2’3’-0O-methoxymethylidene-2,5(R)-C-
dimethyladenosine.

A solution of 2°,3’-O-methoxymethylidene-2,5’(R)-C-dimethyladenosine (357 mg,
1.06 mmol) and 4-methoxytrityl chloride (444 mg, 1.44 mmol) in pyridine (10 mL) was
stirred at rt for 3 days. Additional 222 mg of 4-methoxytrityl was added the mixture was
heated at 50 °C for 24 h, diluted with ethyl acetate, washed with brine three times. Solvent
was evaporated and the residue was chromatographed on silica gel with 25-60% ethyl
acetate in hexanes to give 142 mg of 5-O,N° -di(4’-methoxytrityl)-2°,3’-O-
methoxymethylidene-5’(R)-methyladenosine and 301 mg of 2°,3°-0-
rnethoxymethylidene—N6 -(4’-methoxytrityl)-5’(R)-methyladenosine as amophous solid.

Step 2. Preparation of 2’,5’(R)-C-dimethyladenosine 5’-[phenyl(methoxy-L-
alaninyl)]phosphate

~ NH

rN NHMMTr NH
N - - _N 2
HON\_O N\g/_\<N Q 9 g r 7 N
v N=/ 00-P-0 o N N
o0 R
Y HO OH

o\

To a solution of 2’,5’(R)—C—dimr::thyl—2’,3’—O—methyomethylene—N6 -(4-
methoxytrityl)adenosine (61 mg, 0.1 mmol) in THF (1 mL) under argon was added 1.0 M
~-BuMgBr in THF (0.25 mL, 0.25 mmol). The resulting solution was stirred at RT for 30
min and phenyl(methoxy-L-alaninyl) phosphorochloridate (85 mg, 0.3 mmol). The
reaction mixture was stirred at RT for 3 days, cooled with ice, quenched with water,
diluted with ethyl acetate, washed with brine three times. Chromatography on silica gel
with ethyl acetate/hexanes (1:1 to 2:1) gave a mixture of four isomers as a white solid.
The product was dissolved in 80% formic acid (5 mL) and stood at RT overnight. Solvent
was evaporated at RT and co-evaportaed with MeOH/toluene three times. Reverse-phase
HPLC with acetonitrile/water gave 16.1 mg of 2’,5’(R)-C-dimethyladenosine 5’-
[phenyl(methoxy-L-alaninyl)]phosphate as white solid. Isomer A: 'H NMR (CD;0D) ¢
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0.89 (s, 3H), 1.27 (dd, J= 1.2, 7.2 Hz, 3H), 1.61 (d, J= 6.4, 3H), 2.32 (s, 2H), 3.96-4.02
(m, 2H), 4.09 (d, J= 9.2 Hz, 1H), 4.96-5.00 (m, 1H), 3.65 (s, 3H), 3.94-4.02 (m, 2H), 4.09
(d, J= 9.2 Hz, 1H), 4.96 (m, 1H), 7.09-7.32 (m, 7H), 8.20 (s, 1H), 8.25 (s, 1H); *'P NMR
(CD5OD) § 3.73: Isomer B: '"H NMR (CD;0D) 6 0.94 & 0.98 ( each s, 3H), 1.25 (d, J=
10.4 Hz, 3H), 1.50 (d, J= 6.8, 3H), 2.32 (s, 1H), 3.55 (s, 3H), 3.92-4.01 (m, 2H), 4.26 (d,
J= 9.2 Hz, 1H), 6.09 (s, 1H), 7.08-7.36 (m, 7H), 8.21 (s, 1H), 8.2 (s, 1H); °'P NMR
(CD;0D) ¢ 3.61, 3.70.

Example 62

Preparation of 2’-O-(¢-butyldimethysilyl)-3’-deoxy-5’(R,S)-O-methyl-N 1(4-
methoxytrityl)cytidine (62)

OpN
NN~ NHMMT
o
HO

“otBS 62)
Step 1. Preparation of N*-acetyl-2’-O-(z-butyldimethylsilyl)-5>-O-(4,4’-
dimethoxytrityl)cytidine

0 0
N
o yN\ NH, o TJ/NHAC
HO/\Q‘NJ — » DMTIO N=
HO  OH HO  oTBS

Cytidine (100.0g, 0.41 mol) was dissolved in DMF (500 ml), acetic anhydride
(42.5 ml, 45.9 g, 0.45 mol) was added and the whole was left for 24 h. Solvent was
evaporated, the residue boiled with methanol (40 ml) and cooled. Crystals were filtered
and dried to furnish N*-acetylcytidine (102 g, 87.0%).

To a solution of N* -acetylcytidine (65.0 g, 0.228 mol) in anhydrous pyridine
(600mL) cooled in an ice bath, DMTrCl (84.7 g, 0.251 mol) was added. The reaction
mixture was stirred at room temperature overnight. To the reaction mixture cooled with
an ice bath, THF (600 ml) and AgNOs (58.1 g, 0.342 mmol) were added. Then TBSCI
(51.5 g, 0.342 mmol) was added, and the reaction mixture was stirred at room temperature
overnight. The reaction mixture was filtered, solvent was removed under vacuum to give
a residue which was diluted with EtOAc (500 mL) and washed with water (200 ml) and

brine (200 ml). The organic layer was separated and dried over anhydrous Na,SO, and the
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filtrate was concentrated to a syrup which was purified by chromatography on silica gel
(cluted with PE : EA = 5:1 to 3 : 1) to give N'-acetyl-2’-O-(t-butyldimethylsilyl)-5’-O-
(4,4’ -dimethoxytrityl)cytidine as yellow solid (80 g, 50%). "H NMR (CDCl;) & 8.39 (d, J
=7.6 Hz, 1H), 7.34 (dd, J1 = 1.6 Hz, J2 = 8.4 Hz, 2H), 7.21 - 7.27 (m, 6H), 7.02 (d, ] =
7.2 Hz, 1H), 6.80 (dd, J1 =2.0 Hz, J2 = 6.8 Hz, 4H), 5.82 (d, ] = 1.2 Hz, 1H), 4.26 - 4.32
(m, 1H), 4.20 (dd, J1 = 1.2 Hz, J2 = 4.4 Hz, 1H), 4.00 - 4.02 (m, 1H), 3.74 (d, J = 1.6 Hz,
6 H), 3.43 - 3.53 (m, 2H), 2.32 (d, ] = 9.6 Hz, 1H), 2.18 (s, 3H), 0.86 (s, 9H), 0.22 (s, 3H),
0.11 (s, 3H).

Step 2. Preparation of N'-acetyl-2’-O-(t-butyldimethylsilyl)-3’-deoxy-5"-O-(4,4’-
dimethoxytrityl)cytidine

0 0
N
o TB/NHAC 0 UNHAC
DMTrO N  — DMTro/\(_?‘ N
HO'  OTBs oTBS

N*-Acetyl-2’-O-(t-butyldimethylsilyl)-5’-O-(4,4’-dimethoxytrityl )cytidine (50.0 g,
71.3 mmol) and DMAP (26.1 g, 213.9 mmol) was dissolved in ACN (2000 ml), and
PTCCI (18.5 g, 106.9 mmol) was added dropwise under nitrogen atmosphere at room
temperature, then the reaction mixture was stirred at room temperature overnight. Then
solvent was removed under vacuum to give a residue which was diluted with EtOAc (500
mL) and washed with water (200 ml) and brine (200 ml). The organic layer was separated
and dried over anhydrous Na,SO,4 and the filtrate was concentrated to a syrup which was
purified by chromatography on silica gel (eluted with PE : EA =5:1to 3 : 1) to give N-
Acetyl-2’-O-(t-butyldimethylsilyl)-5’-0-(4,4’ -dimethoxytrityl )-3’-O-
(phenoxythiono)cytidine as yellow solid (27.0 g, 45.2%).

To a solution of N*-acetyl-2’-O-(i-butyldimethylsilyl)-5’-O-(4,4’-dimethoxytrityl)-
3’-0-(phenoxythiono)cytidine (24.0 g, 28.7 mmol) and AIBN (5.1 g, 31.6 mmol) in
anhydrous toluene (1000 ml), (Bu):SnH (16.7 g, 57.3 mmol) was added dropwise under
nitrogen atmosphere at room temperature, then the reaction mixture was refluxed at 120
°C for 10 h. The solvent was removed under vacuum to give a residue which was diluted
with EtOAc (500 mL) and washed with water (200 ml) and brine (200 ml). The organic
layer was separated and dried over anhydrous Na,SO4 and the filtrate was concentrated to
a syrup which was purified by silica gel chromatography (eluted with PE: EA =8:1to 5:
1) to give N*-acetyl-2’-O-(t-butyldimethylsilyl)-3’-deoxy-5-O-(4,4’-
dimethoxytrityl)cytidine as yellow solid (16.0 g, 81.6%).
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Step 3. Preparation of 2’-O-(t-butyldimethylsilyl)-3’-deoxy-5"-0-(4,4’-dimethoxytrityl)-
N*-(4-methoxytrityl)cytidine

NHAC NHMMTr

N N

DMTroA@‘NJ —_ DMTrOAC)]‘NJ

0TBS 0OTBS
A solution of N -acetyl-2’-O-(¢-butyldimethylsilyl)-3’-deoxy-5"-0-(4,4’-
dimethoxytrityl)cytidine (11.0 g, 16.0 mmol) in NHs/MeOH (300 ml) was stirred at room
temperature overnight. The solvent was removed under vacuum to give a residue which
was purified by silica gel chromatography (eluted with PE : EA =1:1to 1 : 3) to give 2’-
O-(t-butyldimethylsilyl)-3’-deoxy-5’-0-(4,4’ -dimethoxytrityl )cytidine as yellow solid (6.0
g, 58.2%). 1HNMR (400MHz) (CDCls) ¢ 8.09 (d, J = 7.2 Hz, 1H), 7.35 (d, J = 8.8 Hz,
2H), 7.21 - 7.26 (m, 7H), 6.77 (dd, J; = 1.2 Hz, J, = 8.8 Hz, 4H), 5.70 (s, 1H), 5.18 (d, J =
7.2 Hz, 1H), 4.50 - 4.51 (m, 1H), 4.33 (d, J = 3.6 Hz, 1H), 3.72 (s, 6H), 3.55 (dd, J1 =2.0
Hz, J2 = 11.2 Hz, 1H), 3.26 (dd, J1 = 3.6 Hz, J2 = 10.8 Hz, 1H), 1.97 (s, 1H), 1.94 (s,

1H), 1.63 (dd, J1 =4.4 Hz, J2 = 12.4 Hz, 1H), 0.81 (s, 9H), 0.14 (s, 3H), 0.04 (s, 3H).
To a solution of 2’-O-(t-butyldimethylsilyl)-3’-deoxy-5’-0-(4,4’-dimethoxytrityl )cytidine
(6.0 g, 9.3 mmol), AgNO; (4.7 g, 28.0 mmol) and MMTrCI (8.6 g, 28.0 mmol) in
anhydrous DCM (150 ml), collidine (16.9 g, 139.5 mmol) was added dropwise under
nitrogen atmosphere at room temperature. Then the reaction mixture was refluxed at 50
°C for 12 h. The reaction mixture was filtered, solvent was removed under vacuum to give
a residue which was purified by silica gel chromatography (eluted with PE : EA =5:1to 3
1) to give 2’-O-(t-butyldimethylsilyl)-3’-deoxy-5’-0-(4,4’-dimethoxytrityl)-N"-(4-
methoxytrityl)cytidine as yellow solid (8.0 g, 93.7%). IHNMR (400MHz) (CDCl5):67.84
(dd, J =2.8 Hz, 7.6 Hz, 1H), 6.62 - 7.20 (m, 27H), 5.20 (d, ] = 4.8 Hz, 1H), 4.57 (dd, J; =
7.6 Hz, J» = 12.0 Hz, 1H), 4.40 (d, J = 8.8 Hz, 1H), 4.28 (d, J = 2.8 Hz, 1H), 3.64 - 3.68
(m, 9H), 3.41 - 3.45 (m, 1H), 3.23 (ddd, J = 3.2 Hz, 11.2 Hz, 1H), 1.88 - 1.91 (m, 1H),

1.55 - 1.61 (m, 1H), 1.19 (s, 9H), 0.14 (s, 3H), 0.05 (s, 3H).

Step 4. Preparation of 2’-O-(r-butyldimethylsilyl)-3’-deoxy-5’C,5’-O-didehydro-N"-(4-

methoxytrityl)cytidine
O 0, N
o E:E?/NHMMTr O E:/\?/NHMMTr
DMTrO/\(J‘ = . o/\(__?‘ =
.”OTBS ’/OTBS
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A solution of 2’-O-(¢-butyldimethylsilyl)-3’-deoxy-5"-0-(4,4’-dimethoxytrityl)-
N -(4-methoxytrityl)cytidine (6.0 g, 6.6 mmol) in 80% AcOH (200 mL) was stirred at
room temperature for 7 h. The reaction mixture was neutralized with NaHCO; to pH =7,
then was diluted with EtOAc (100 mL) and washed with water (100 ml) and brine (100
ml). The organic layer was separated and dried over anhydrous Na,SO, and the filtrate
was concentrated to a syrup which was purified by silica gel chromatography (eluted with
PE : EA = 3:1 to 2 : 1) to give 2-O-(r-butyldimethylsilyl)-3’-deoxy-N*-(4-
methoxytrityl)cytidine (2.9 g, 72.5%); '"HNMR (400MHz) (CDCls) 8 7.29 (d, J = 7.6 Hz,
1H),7.15 — 7.25 (m, 10H), 7.12 (d, J =24 Hz, 2H), 6.75 (d, J = 8.8 Hz, 2H), 5.28 (d, J =
2.4 Hz, 1H), 4.99 (d, ] = 7.6 Hz, 1H), 4.59 - 4.62 (m, 1H), 4.36 - 4.40 (m, 1H), 3.88 (dd, J
=2.0Hz, 12.0 Hz, 1H), 3.73 (s, 3H), 3.54 (dd, J1 = 3.2 Hz, 12.0 Hz, 1H), 2.00 - 2.03 (m,
1H), 1.70 - 1.76 (m, 1H), 0.78 (s, 9H), 0.02 (s, 3H), 0.01 (s, 3H).

A mixture of 2’-O-(t-butyldimethylsilyl)-3’-deoxy-N"-(4-methoxytrityl)cytidine
(2.9 g, 4.7 mmol), pyridine (1.9g, 23.8 mmol), anhydrous DCM (20 ml), and a solution of
Dess-Martin reagents (3.0 g, 7.2 mmol) in anhydrous DCM (20 ml) was added dropwise
under nitrogen atmosphere in an ice bath. Then the reaction mixture was stirred at room
temperature overnight. The reaction mixture was filtered, and filtrate was washed with
saturated Na,S,0; solution (20 ml). The organic layer washed with water brine (20 ml),
dried over anhydrous Na,SO4 and the filtrate was concentrated to a syrup which was
purified by silica gel chromatography (eluted with PE : EA =3:1 then PE: EA=1:1) to
give 2’-O-(t-butyldimethylsilyl)-3’-deoxy-5"C,5’-O-didehydro-N*-(4-
methoxytrityl)cytidine as yellow solid (1.5 g, 51.9%); "HNMR (400MHz) (CDCls) 6 9.68
(s, 1H), 7.35 (d, J = 7.6 Hz, 1H), 7.06 - 7.23 (m, 11H), 6.75 (d, J = 8.8 Hz, 4H), 5.57 (s,
1H), 4.99 (d, J =7.6 Hz, 1H), 4.81 (dd, J = 6.4 Hz, 10.4 Hz, 1H), 4.53 (d, ] = 2.0 Hz, 1H),
3.73 (s, 3H), 2.05 (dd, J = 2.0 Hz, 5.2 Hz, 1H), 1.71 — 1.78 (m, 1H), 0.82 (s, 9H), 0.11 (s,
3H), 0.05 (s, 3H).
Step 5. Preparation of 2’-O-(t-butyldimethylsilyl)-3’-deoxy-5’-C-methyl-N"-(4-

methoxytrityl)cytidine
o 0
o }:E,NHMMTr o };N\?/NHMMTr
N N
A ——— O
oTBS oTBS

To a solution of 2’-O-(r-butyldimethylsilyl)-3’-deoxy-5’C,5’-O-didehydro-N"-(4-
methoxytrityl)cytidine (0.85 g, 4.66 mmol) in anhydrous THF (10 ml), MeMgBr (2.8 ml,
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8.50 mmol) was added dropwise under nitrogen atmosphere at -20 °C, then it was warmed

up to room temperature and stirred overnight. The reaction mixture was slowly quenched
with saturated NH4Cl solution, and then extracted with EA (20 mLx3). The combined
organic phase was dried with anhydrous Na,SO. and the filtrate was concentrated to a
syrup which was purified by silica gel chromatography (eluted with PE : EA = 5:1 then
PE : EA = 3 : 1) to give 2’-O-(t-butyldimethylsilyl)-3’-deoxy-5’-C-methyl-N"*-(4-
methoxytrityl)cytidine as yellow solid (0.31 g, 35.6%), which was subjected to SFC
separation  to  afford 2’—0—(t—butyldimethylsﬂyl)—3’—deoxy—S’(S)—C—methyl—N4 -(4-
methoxytrityl)cytidine and 2’-O-(r-butyldimethylsilyl)-3’-deoxy-5’(R)-C-methyl-N*-(4-
methoxytrityl)cytidine. The isomer with shorter retention time in SFC was designated as
5°(S)-isomer; '"H NMR (400MHz) (CDCl3) § 7.18 - 7.28 (m, 10H), 7.11 (d, J; = 8.8 Hz,
2H), 6.80, (d, ] = 8.8 Hz, 3H), 5.15 (d, J = 3.6 Hz, 1H), 499 (d, ] = 7.6 Hz, 1H), 4.75 -
4.79 (m, 1H), 4.17 - 4.20 (m, 1H), 4.05 - 4.07 (m, 1H), 3.88 (br, 1H), 3.78 (s, 3H), 2.18 -
225 (m, 1H), 1.72 - 1.78 (m, 1H), 1.09 (d, J = 6.4 Hz, 1H), 0.82 (s, 9H), 0.02 (s, 3H),
0.00 (s, 3H). The isomers with longer retention time in SFC was designated as 5’(R)-
isomer; 'H NMR (400MHz) (CDCl;) & 7.15 - 7.26 (m, 10H), 7.07 (d, J = 8.8 Hz, 2H),
6.25(d, J =8.8 Hz, 3H), 5.31 (d, ] =2.4 Hz, 1H), 4.93 (d, J = 6.8 Hz, 1H), 4.57 - 4.59 (m,
1H), 4.11 - 4.16 (m, 1H), 3.72 (s, 3H), 3.63 - 3.66 (m, 1H), 1.78 - 1.85 (m, 1H), 1.70 -
1.75 (m, 1H), 1.15 (d, J = 6.4 Hz, 3H), 0.79 (s, 9H), 0.02 (s, 3H), 0.00 (s, 3H).

Example 63

Preparation of 3’-deoxy-5’(R)-C-methylcytidine 5’-[phenyl(methoxy-L-
alaninyl)]phosphate (63)

NHMMTr

X;(J .y ] O§J5’J

.”OTBS
(63)

To a solution of 2’-(r-butyldimethysilyl)-3’-deoxy-5’(R)-methyl-N*-(4-
methoxytrityl)cytidine (63 mmg, 0.1 mmol) in THF (1 mL) under argon was added 1.0 M
t-BuMgBr in THF (0.25 mL). The resulting solution was stirred at RT for 30 min and
phenyl(methoxy-L-alaninyl) phosphorochloridate (0.34 g, 1.2 mmol) was added. The
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reaction mixture was stirred at RT overnight, cooled with ice, quenched with water,
diluted with ethyl acetate, washed with brine three times. Chromatography on silica gel
with ethyl acetate/hexanes (1:1 to 2:1) gave a mixture of four isomers as a white solid.
The product was dissolved in 80% formic acid (5 mL) and stood at RT overnight. Solvent
was evaporated at RT and co-evaporated with MeOH/toluene three times. Reverse-phase
HPLC purification with 1% formic acid in acetonitrile/water, followed by
chromatography on silica gel with 10-15% MeOH in DCM, gave 13 mg of 3’-deoxy-
5’(R)-C-methylcytidine 5’-[phenyl(methoxy-L-alaninyl)]phosphate as white solid; 'H
NMR (DMSO-de) 6 1.17-1.39 (m, 7H), 1.72-1.94 (m, 3H), 2.29 (s, 1H), 3.54, 3.59 (each
s, 3H), 3.82-3.91 (m, 1H), 4.12 (br s, 1H), 4.22-4.32 (m, 2H), 4.54-4.59 (m, 1H), 5.57-
5.76 (m, s, 1H4H), 5.97-6.04(m, 1H), 7.14-7.46 (m, 10H), 7.72 (d, J= 7.6 Hz, 1H), 8.13
(s, 1H), 12.84 (br s, 1H); *'P NMR (DMSO-dg) d 3.9, 4.08.

Example 64

Preparation of 3’-deoxy-5’(S)-C-methylcytidine 5’-[phenyl(methoxy-L-
alaninyl)]phosphate (64)

NHMMTr N
: N Qe s N
0 \ON 0'0-p-0
H /v — \OJ\(NH v
(64)

To a solution of 2’-(t-butyldimethylsilyl)-3’-deoxy-5"(S)-methyl-N*-(4-
methoxytrityl)cytidine (94 mmg, 0.1 mmol) in THF (1 mL) under argon was added 1.0 M
-BuMgBr in THF (0.38 mL). The resulting solution was stirred at RT for 30 min and
phenyl(methoxy-L-alaninyl) phosphorochloridate (0.51 g, 1.8 mmol). The reaction
mixture was stirred at RT overnight, cooled with ice, quenched with water, diluted with
ethyl acetate, washed with brine three times. Chromatography on silica gel with ethyl
acetate/hexanes (1:1 to 2:1) gave a mixture of four isomers as a white solid. The product
was dissolved in 80% formic acid (5 mL) and stood at RT overnight. Solvent was
evaporated at RT and co-evaportaed with MeOH/toluene three times. Reverse-phase
HPLC purification with 1% formic acid in acetonitrile/water, followed by

chromatography on silica gel with 10-15% MeOH in DCM, gave 12 mg of 3’-deoxy-
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5°(5)-C-methylcytidine 5’-[phenyl(methoxy-L-alaninyl)]phosphate as white solid; 'H
NMR (DMSO-de) 6 1.20 (d, J= 6.0 Hz, 3H), 1.29 (d, J= 7.2 Hz, 3H), 1.77-1.93 (m, 2H),
2.29 (s, 2H), 3.05 (s, 3H), 3.79-3.86 (m, 1H), 4.12-4.15 (m, 2H), 4.64-4.67 (m, 1H), 5.55
(brs, 1H), 5.62-5.76 (m, 3H), 6.06 (dd, J = 10.4 Hz, 1H), 7.12-7.39 (m, 12H), 7.66 (d, J=
7.2 Hz, 1H); *'P NMR (DMSO-dg) J 3.32, 3.65.

Example 65

Preparation of 5’(S)-C-methylarabinocytidine 5’-[phenyl(methoxy-L-
alaninyl) [phosphate (65)

NHMMTr

k;@ Q. ] ovﬁ

MMTrO

To a solution of 5’(S)—methy1—2’,3’—O,N4 -tris(4-methoxytrityl)arabinocytidine (212
mg, 0.2 mmol) in THF (2 mL) under argon was added 1.0 M -BuMgBr in THF (0.45
mL). The resulting solution was stirred at RT for 15 min and phenyl(methoxy-L-alaninyl)
phosphorochloridate (0.17 g, 0.6 mmol) was added. The reaction mixture was stirred at
RT for 4 days, cooled with ice, quenched with water, diluted with ethyl acetate, washed
with brine three times. Chromatography on silica gel with ethyl acetate/hexanes (1:1 to
3:1) gave a mixture of four isomers as a white solid (132 mg). The product was dissolved
in 80% formic acid (5 mL) and stood at 40-50 °C for 4 h. Solvent was evaporated at RT
and co-evaporated with MeOH/toluene three times. Reverse-phase HPLC purification
with acetonitrile/water, followed by chromatography on silica gel with 15-30% MeOH in
DCM, gave 31 mg of 5°(5)-C-methylarabinocytidine 5’-[phenyl(methoxy-/-
alaninyl)]phosphate as white solid. Isomer A: '"H NMR (CD;0D) 6 1.29-1.33 (m, 5H),
1.51 (d, J= 6.4 Hz, 3H), 3.22 (m, 1H), 3.66 (s, 3H), 3.8-3.82 (m, 1H), 3.98-4.06 (m, 2H),
4.16-4.18 (m, 1H), 5.66 (d, J=7.6 Hz, 1H), 6.18 (d, J= 3.6 Hz, 1H), 7.14-7.34 (m, 6H),
7.93 (d, J= 7.2 Hz, 1H), 8.32 (br s, 1H); *'P NMR (CDsOD) § 3.3; Isomer B: '"H NMR
(CD;0D) d 1.32-1.33 (m, 6H), 3.63 (s, 3H), 3.73-3.79 (m, 1H), 3.97-4.03 (m, 2H), 4.16-
4.17 (m, 1H), 4.77-4.83 (m, 1H), 5.85 (d, J= 7.6 Hz, 1H), 6.21 (d, J= 3.6 Hz, 1H), 7.14-
7.39 (m, 6H), 7.99 (d, J= 7.2 Hz, 1H), 8.24 (br s, 1H); *'P NMR (CD;OD) 6 4.07.
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Example 66

Preparation of 5°(S)-C-methyladenosin-5’-yl bis(S-pivaloyl-2-thioethyl) phosphate
(66)

0
N NH,

N NHMMTr r/
Nr/\g/_\< SK/ (l?/o 0] N\z/_\<N
0 N O~ _
HO N=/ . R N_/
. A O o~ <
d‘}/'@ j HG OH
N e

© (66)

To a solution of 2’,3’-O-methyomethylene-5 ’(S)—methyl—N6 -(4-
methoxytrityl)adenosine (120 mg, 0.2 mmol) in acetonitrile (0.4 mL) under argon was
added bis(S-pivaloyl-2-thioethyl) N,N-diisopropylphosphoramidite (136 mg, 0.3 mmol),
0.25 mmol), followed by addition of 0.45 M tetrazole in acetonitrile (1.5 mL, 0.66 mmol).
The resulting solution was stirred at RT for 1.5 h, cooled to -40 °C and a solution of
mCPBA (69 mg, 0.4 mmol) in DCM (0.75 mL) was added. The mixture was warmed up
to RT and stirred for 10 min, diluted with ethyl acetate, washed with 10% Na,S,0; two
times and washed with brine. Chromatography on silica gel with 15-25% ethyl acetate in
DCM gave 140 mg of purified product, which was dissolved in 80% AcOH (8 mL) and
the solution was heated at 50 °C for 24 h. Solvent was evaporated and the residue was
chromatographed on silica gel with 7-10% MeOH in DCM to give 5°($)-C-
methyladenosin-5’-yl bis(S-pivaloyl-2-thioethyl) phosphate (61 mg) as white solid; 'H
NMR (CDCly) 6 1.21 (s, 18H), 1.45 (d, J= 6.4 Hz, 3H), 3.02-3.11 (m, 4H), 3.94-4.07 (m,
4H), 4.16-4.18 (m, 1H), 4.58-4.75 (m, 3H), 5.91 (br s, 2H), 5.94 (d, J= 6.0 Hz, 1H), 6.05-
6.15 (brs, 1H), 8.07 (s, 1H), 8.26 (s, 1H).

Example 67

Preparation of 5’(R)-C-methyladenosin-5-yl bis(S-pivaloyl-2-thioethyl) phosphate
(67)

N NHMMTr N r/
o 1 .80 N‘g/_‘N
HO N\ N N . Lo-t"\© -/
=/ 5 N

© (67)
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To a solution of 2’,3’-0-methyomethylene-5 ’(R)—methyl—N6 -(4-
methoxytrityl)adenosine (238 mg, 0.4 mmol) in acetonitrile (0.8 mL) under argon was
added bis(S-pivaloyl-2-thioethyl) N,N-diisopropylphosphoramidite (272 mg, 0.6 mmol),
followed by addition of 0.45 M tetrazole in acetonitrile (3.0 mL, 1.32 mmol). The
resulting solution was stirred at RT for 3 h, cooled to -40 °C and a solution of mCPBA
(172 mg, 1.0 mmol) in DCM (2 mL) was added. The mixture was warmed up to RT and
stirred for 10 min, diluted with ethyl acetate, washed with 10% Na»S,0; two times and
washed with brine. Chromatography on silica gel with 25-35% ethyl acetate in DCM gave
326 mg of purified product, 207 mg of which was dissolved in 80% AcOH (12 mL) and
the solution was heated at 50 °C for 24 h. Solvent was evaporated and the residue was
chromatographed on silica gel with 5-7% MeOH in DCM to give 5’(R)-C-
methyladenosin-5’-yl bis(S-pivaloyl-2-thioethyl) phosphate (105 mg) as a white solid; 'H
NMR (CDCl3) 0 1.17 (s, 9H), 1.23 (s, 9H), 1.51 (d, J= 6.4 Hz, 3H), 3.04-3.13 (m, 4H),
4.02-4.10 (m, 4H), 4.21-4.22 (m, 1H), 4.46 (t, J= 3.6 Hz, 1H), 4.62 (t, J= 5.2 Hz, 1H),
4.74-4.78 (m, 1H), 6.00 (br s, 2H), 6.06 (d, J=4.8 Hz, 1H), 8.17 (s, 1H), 8.26 (s, 1H).

Example 68

Preparation of 2°,5°(S)-C-dimethyladenosin-5’-yl bis(S-pivaloyl-2-thioethyl)
phosphate (68)

o
N NHMMTF N N
= { S OO N\g/_\<N
Ho- N\ O N~ N (o-F\° —/
=/ — \ N
3 ~ O N ~
d\(b
0

j HO OH
S
~

© (68)

To a  solution of  2°,3’-O-methyomethylene-2’,5 ’(S)—dirnethyl—N6 -(4-
methoxytrityl)adenosine (122 mg, 0.2 mmol) in acetonitrile (0.4 mL) under argon was
added bis(S-pivaloyl-2-thioethyl) N,N-diisopropylphosphoramidite (136 mg, 0.3 mmol),
followed by addition of 0.45 M tetrazole in acetonitrile (1.5 mL, 0.66 mmol). The
resulting solution was stirred at RT for 3 h, cooled to -40 °C and a solution of mCPBA
(86 mg, 0.5 mmol) in DCM (1 mL) was added. The mixture was warmed up to RT and
stirred for 10 min, diluted with ethyl acetate, washed with 10% Na,S,0; two times and
washed with brine. Chromatography on silica gel with 25-35% ethyl acetate in DCM gave
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a purified product, which was dissolved in 80% AcOH (10 mL) and the solution was
heated at 50 °C for 24 h. Solvent was evaporated and the residue was chromatographed on
silica gel with 4-7% MeOH in DCM to give 2°,5°(S5)-C-dimethyladenosin-5’-yl bis(S-
pivaloyl-2-thioethyl) phosphate (68 mg) as a white solid; 'H NMR (CDCls) ¢ 1.02 (s,
3H), 1.22, 1.24 (2 x s, each 9H), 1.49 (d, J= 6.8 Hz, 3H), 3.14-3.20 (m, 4H), 4.01 (t, J=
5.6 Hz, 1H), 4.12-4.20 (m, 5H), 4.43-4.46 (m, 1H), 4.73 (br s, 1H), 4.83-4.88 (m, 1H),
5.64 (brs, 2H), 5.97 (s, 1H), 7.95 (s, 1H), 8.33 (s, 1H).

Example 69

Preparation of 2’,5’(R)-C-dimethyladenosin-5’-yl  bis(S-pivaloyl-2-thioethyl)

phosphate (69)
N
N NHMMTr R =N NH;

= S B
o) ; 7/ N
\ O N N
Uﬁ —— NN
o) —

© (69)

To a  solution of  2’3’-O-methyomethylene-2’,5’ (R)—dimethyl—N6 -(4-
methoxytrityl)adenosine (183 mg, 0.3 mmol) in acetonitrile (0.6 mL) under argon was
added bis(S-pivaloyl-2-thioethyl) N,N-diisopropylphosphoramidite (204 mg, 0.45 mmol),
followed by addition of 0.45 M tetrazole in acetonitrile (2.2 mL, 0.99 mmol). The
resulting solution was stirred at RT for 3 h, cooled to -40 °C and a solution of mCPBA
(129 mg, 0.75 mmol) in DCM (1.5 mL) was added. The mixture was warmed up to RT
and stirred for 10 min, diluted with ethyl acetate, washed with 10% Na,S20; two times
and washed with brine. Chromatography on silica gel with 25-35% ethyl acetate in DCM
gave a purified product, which was dissolved in 80% AcOH (10 mL) and the solution was
heated at 50 °C for 24 h. Solvent was evaporated and the residue was chromatographed on
silica gel with 4-7% MeOH in DCM to give 2’,5’(R)-C-dimethyladenosin-5’-yl bis(S-
pivaloyl-2-thioethyl) phosphate (85 mg) as a white solid; '"H NMR (CDCls) ¢ 1.01 (s,
3H), 1.20, 1.24 (2 x s, each 9H), 1.56 (d, = 6.8 Hz, 3H), 3.14-3.19 (m, 4H), 4.01-4.19 (m,
7H), 4.36 (s, 1H), 4.79-4.83 (m, 1H), 5.7 (br s, 2H), 6.15 (s, 1H), 8.13 (s, 1H), 8.35 (s,
1H).
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Example 70

General procedure for synthesis of 5’-alkylated nucleoside 5’-triphosphates

1,2,3-Triazol (41 mg, 0.6 mmol) was dissolved in the mixture of 1 ml of dry
CH:CN and 88 ul of dry triethylamine in 1.5 ml centrifuge tube. The solution was cooled
down to 0 °C and POCI; (19 ul, 0.2 mmol) was added. The mixture was vortexed and left
at 5 °C for 20 min. The white precipitate was centrifugated and supernatant was added to
0.1 mmol of dry nucleoside in 10 ml flask. Reaction mixture was kept at +5 °C for 2
hours, then tris(tetrabutylammonium)pyrophosphate was added (360 mg, 0.4 mmol). The
reaction was left for 2 hours more at room temperature and solvents were evaporated. The
residue was dissolved in 80% HCOOH and left for 2 hours more at ambient temperature.
Formic acid was evaporated, the residue distributed between 6 ml of water and 3 ml of
DCM. Organic fraction was separated and the aqueous fraction was extracted with DCM
(2 x 3 ml). Aqueous fraction containing target NTP was loaded on ion-exchange column
HiLoad 16/10 Q Sepharose High Performance. Target NTP was eluted by gradient of
NaCl from 0 to 1 M in 50 mmol TRIS-buffer (pH 8). Corresponding fractions were
collected and desalted by RP Chromatography on Synergi 4u Hydro-RP 80A 100 X 21 in
linear gradient of methanol in TEAB-buffer (pH 8.5) from 0 to 40%. Fraction containing
target NTP was lyophilized from water (3 x 5 ml).

The general procedure was used for synthesis of following nucleoside 5’-

triphosphates.

2°.5°(S)-C-Dimethyladenosine 5’-triphosphate

NH,
N SN
O O O </ | )
I I I P
HO‘E"O‘E"O‘F"‘O o) NN
OH OH OH
HO OH

MS: 534.1 (M-1). H' NMR (D,0): 0.83 (s, 3H, methyl); 1.13 (t, 34H, Et;N-salt); 1.36-
1.37 (d, 3H, methyl); 3.02-3.08 (dd, 22H, Et;N-salt); 3.96-3.99 (m, 1H, 4’-H), 4.20-4.22
(d, 1H, 5°-H); 4.60-4.63 (m, 1H, H-3"); 6.10 (s, 1H, H-1"); 8.10 and 8.31 (s, 1H, adenine).
3IP NMR (D,0): -8.75 (d, 1P); -11.45 (d, 1P), -22.48(t, 1P).
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2’,5’(R)-C-Dimethyladengsine 5’-triphosphate

N SN
0 0 o + 1}
H P
HO-P-0-P-0-P-0— o NN
OH OH OH \g
HG OH
MS: 534.4 (M-1). H' NMR (D,0): 0.85 (s, 3H, methyl); 1.15 (t, 29H, Et;N-salt); 1.39-
1.40 (s, 3H, methyl); 3.04-3.10 (dd, 18H, Et;N-salt); 3.92-3.94 (m, 1H, 4’-H), 4.29-4.27
(d, 1H, 5°-H, J= 9.2 Hz): 6.04 (s, IH, H-1"); 8.12 and 8.46 (s, 1H, adenine). >'P NMR
(D,0): -8.58 (bs, 1P); -11.09 (d, 1P), -22.15 (t, 1P).

2’-Deoxy-2’2’-difluoro-5’(S)-ethynylevtidine 5’-triphosphate

NH,
N
1] 1l 9 / N
HO-P-0-P-0-P-0~ g N’&O
OH OH OH c
HO F

MS: 526.2 (M-1). H' NMR (D,0): 1.15 (t, 16H, Et;N-salt); 2.89-3.05 (dd, 10H, Et;N-
salt); 4.10-4.12 (d, 1H, 4>-H), 4.68-4.90 (m, 1H, 5’-H, J= 9.2 Hz); 5.14-5.16 (d, 1H, H-
3%); 6.03-6.05 (d, 1H, H-5); 6.16-6.20 (t, 1H, H-1"); 7.74-7.76 (d, 1H, H-6) *'P NMR
(D20): -9.58 (bs, 1P); -11.65 (d, 1P), -21.92 (bs, 1P)

2’-Deoxy-2’2’-difluoro-5’(S)-ethylcytidine S’-triphosphate

NH,
N
0 o) / N
] 11 1]
HO-P-0-P-0-P-0—~ o N/&O
OH OH OH .
HO F

MS: 529.9 (M-1). H' NMR (D;0): 0.84-0.88 (t, 3H, CH,CH:); 1.14 (t, 16H, Et;N-salt);
1.71-1.84 (m, 2H, CH,CHs;); 3.03-3.09 (dd, 12H, Et;N-salt); 3.97-4.00 (d, 1H, 4’-H),
4.30-4.36 (m, 1H, 5’-H); 4.45-4.50 (m, 1H, H-3"); 6.05-6.07 (d, 1H, H-5); 6.10-6.14 (m,
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Exanple 71 HCV Replicon Assay [0225] Antiviral activity of test conpounds
was assessed (Okuse, et al., Antivir. Res. 2005 65:23) in the stably HCV
RNA- r epl iwatzorogiossthl |i ne, AVA5 (genotype | b, subgenom ecraskéeiooeso4®l i ght,
et al., Sci. 2000 290:1972). Compounds were added to dividing cultures
daily for three days. Cultures generally start the assay at 30-50%
confl uence and reach confluence during the | ast day of treatnent.
I ntracell ullaI HHCY, RNAT B2k |1 81, HIRG). TP INMRXDED ) yIOwET (@, BYsds20dd,71P)homns af ter
treat nent. 8? 6] Quadruplicate cultures for HCV RNA | evel s and cytoxicity
(on 96- wel 1 tes) were used. A total of 12 untreated control cultures,
and triplicate cultures treated with a-interferon (concentrations of: 10
U, 3.3 1Un, 1.1 IU/m_ and 0.37 1Unl) and 2 C-I\/E C (concentrations
of: 30 p,M 10 p,M 3.3 g (fi-mathviarabingagytidine5’sfriphesphatesay control s.
[0227] I ntracel | ul ar HCV RNA | evel s were neasur ed usi ng a conventional bl ot
hybri di zati on nmethod, in which HCV RNA | evels are nornalized to the levels
of 13- actin RNA in each individual culture ((ir;:e, et al., Antivir. Res.
n

2005 65:23). Cytotoxicity was measused,using anvestablished neutral red dye
upt ake assay (Korba and Gerin,, Angilvi, r_,LL_CR 2 19:55; Ckuse, et al.,
Antivir. Res. 2005 65:23). HCV RNA l,evg] s he“reated cultures are
expressed as a percentage of the mean | evel 1 RNA detected in untreated
cultures. The absorbance of the internaligzed dye at 510 nM (A510) was used
for quanti tagixg @il SE'Ille\/h@a%)@i CppUNSS, Saith $39lyeds | RedAP%W 4l SSUE
cul ture grade DVBO ( 4 , Inc ) gtu %?N ﬁg fs o( t est %%}qrrgounds

suf fici ent 3fk§)r(ddn132}ﬁeﬁtil\ysalt)eh6ﬁ=éﬁ0 (melllel ﬁaﬂb411ﬂ4 i dhal’-Hubed-afd al |
material va% Shoher atse 200w e 44 25 hBS s 0 R BT S S AGpaed

into cul ture nediu roomr{lerrp’er at’ur he cell
cul tures. Gogpnends 1M4efr1es).a?haNy/ﬂed)293pao as ei yP) Al 1tmdgrmup3 5wi(t hPsepar at e
assay controls. The concentrations of the test conpounds were run at
concentrations of 10 pM 3.3 p,M 1.1 jiMand 0.37 pM CC 50, EC50 and EC90

were determ ned using the ggggﬁ@gszpjdie%iﬁegggﬂﬁ@spﬁg{eve. [0229] The results
denonstrate that conpounds™8a an are active an ave an EC50 (p, M
between 1.0 and 10. The antiviral acti vi ty of additional exenplary
conpounds is shown in Table 2, wherein 'A reprq\ﬁgnts an EC50 of |ess than

5 pM represents an EC50 of Iess than 30 pM N’i represents an EC50 of
| ess than 200 pM 0O o0 O < )
HO—P—O—P—O—P—O
OH OH OH
HO OH

MS: 520.1 (M-1). H' NMR (D;0): 1.23-1.24 (s, 3H, methyl); 1.11 (t, 30H, Et;N-salt);
3.01-3.07 (dd, 18H, Et;N-salt); 4.06 (bs, 1H, 4°-H), 4.45-4.53 (m, 2H); 6.00 (d, 1H, H-1°);
8.09 and 8.45 (s, 1H, adenine). *'P NMR (D;0): -9.75 (d, 1P); -11.41 (d, 1P), -22.54 (t,
1P).

2’-Deoxy-2’2’-difluoro -5°(S)-methyleytidine 5’-triphosphate

NH;
N

0O o 0 [ N

HO--0-p-0b-0— o N,
OH OH OH )

HO F
MS: 516.0 (M-1). H' NMR (D,0): 1.15 (t, 25H, Et;N-salt); 1.36-1.37 (d, 3H, CHs); 3.04-
3.10 (dd, 16H, Et;N-salt); 3.83-3.85 (d, 1H, 4’-H), 4.35-4.58 (m, 2H), 6.02-6.04 (d, 1H,
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Table 2: Activity of Exenplary Corrpounds (C< 200 0/1, B< 30 IaM A<5
04) Structure Activity o - - - N?:.</[l . ------ \' N - - - ..
- N NvB 201108149 N PCT/US2010/028046

H-5); 6.11-6.14 (m, 1H, H-1"); 7.81-7.83 (d, 1H, H-6). °'P NMR (D;0): -9.50 (bs, 1P); -
11.30 (d, 1P), -22.33 (¢, 1P).
ADDITIONAL EXEMPLARY COMPOUNDS
Compounds prepared by similar protocols and procedures to the preceding
examples include, for example, the compounds shown in Table 1. The compounds show
in Table 1 are illustrative only and are not intended, or are they to be construed, to limit

the scope of the claims in any manner whatsoever.
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[ 0230] Preparati on of the cel
cells (PC3) are treated with 10 nL of RIPA-buffer

extract.

10 x 106 of human prostate carci noma

[15 mM Tris- HCL pH

7.5,

120 mM Nag0,2088108MDKC1, 2 nM EDTA, 2 mM EGTA, 0, 1% Deoxychalse@iomesod¢ 0, 5%
Triton X100, O, 5% PVSF suppl enented with Conpl ete Protease Inhibitor

Cockt ai |

(Roche Diagnostics GBH, Germany)] at 0 C for

10 m n.

Mbst of the

cells are disrupted by this hypotonic treatnment and the remai ni ng ones are

di srupt ed

mechani cal | Structie cell extra

ct obt ai nedSiractaeant ri f uged (9

DO rpm

10 m n) an
[ 0231] St al
The cell g
a 9-fold V
NaCl). A n
mL of thisg
Al i quots @
SPARTAN 13
i mredi at el
5pm . For

for elutid
gradi ent @
anal ogs tg
anal og (1

are di sso

d the pellet is discarded. T
ility of nucleotides and nuc
xtract is prepared as descri
ol une of HEPES buffer (0.02

ucl eosi de anal og eo

HERES buf@ered ell extract
rawg at ap

apd cooj&d in an
s§!/spectrosc

the first 107 gln .1% aq. f

n and Bﬁen t R&
uring 40 mn.
war ds Porcine Liver
ng) and 3ng (48 units) of S
ved in 3 mL of HEPES buffer

e NbCN cont ent
[0232] Stabilit

Est er ase|

he extract is stored at -20 C.
| eotides analogs in the cell e
bed above (1 nlL), and is dilut
nol L-1, pH 7.5, / = 0.1 nol Lt
tide analog (0.1 ng) is deq
and the mxture is ke

are ana

progriate ingtervafs, fi
eePb&Ph—ﬂ$he—a
opy o(Hypersib RP 1 .6 x 20

ormic acid containi*ng’ A@bNbCN

e ed

y of nucl eoside and nucl eoti de
A nucl eosi de anal og or a nuc
gma Porcine Liver Esterase (66
0.02 nol L-1, pH7.5, / =0.1

s increased to 50% by a |inear

Xt ract.
ed Wi th
1 with
nto 3
1 C
Mt h
yzed
Cm

s used

eoti de
H7075)
nol

L-1 with N&CI).

the cell &
hunman ser (
nmeasur emery
nmol L-1, (
t hose of S
made w t hg
Ther ef or e,
are illust
present di

phar maceut|i

R22 (...--

The stability test is
xtract [0233]StabilityNnests

mare carried out as dgscrib
ts are carrled quit in rum
H7.5 / =0.1 <1 WR
kill in the ar thak nuneriou
ut dqeparting fr SpEFi t

it early Mders
rati are not inte
sOl osure T |'S CLAI MED |
ically ac ble salt or a
D2R27 %

carried out as descri bed above
in human serum Stability tes
ed for the whole cell extract.
diluted 1:1 with HEPES buffer

NaCl). [0234]1t will be der st
d|f|caa(bn$ ca

s and vari ous

ofuthélprésent di scl osure "
tood‘?ﬁat bﬁe fo cl §sed
nded to limt the\sc of° t he

S: 1. A conpound of Fornula (|
prodrug thereof: R20 R21 /| B2

for

s in
The
0.02
ood hy
h be

her ei n

) or a

z
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R26 Il R24 R2 wherein: each - is independently a double or single bond,

A2 is selected fromthe group consisting of C (carbon), 0 (oxygen) and S
(sul fur);wB2oie08roopti onal | y substituted heterocyclic pagasSeriom2sdasi vative
t her eof ; D2 is selected fromthe group consisting of C=CH2, CH2, O
(oxygen), S (sulfur), CHF, and CF2; R19 is selected fromthe group
consi sting of hydrogen, an optionally substituted alkyl, an optionally
substitutgd cycl oal kyStruaireopti onal |y substituted strattayé ,

di al kyl am|rnoal kyl ene, al kyl -C(=0)-, aryf-C(=0)-, al koxyal kyl-C(=0) -

aryl oxyal Kyl - C(=0) -, al kyl sul fonyl, aryl sul fonyl, (:)1 R28/1 p_ |
ar al kyl sul{ffonyl , R29 , an -0-linked am nho acid, diphosphate, triphosphate or
derivativgs thereof; R2 and R21 are |ndependently sel ected fromthe

group congi sti of hydrogen n optionally substituted C1_6 alk (|, an
optionally s [ —al K N an optionally substltu%% _6 al kynyl
and an opt|iondl |y sd N ed Ci 6 haloalkyl provnded ¥ hat Nat le one of
R2 and R21 b R2 and ROT jare faken togat to forma
group sel gcted fr ng 6 cycl oal kyl ,” C3_8 cycl oal k C3_6 atyl,
and a C3_4 hetero oR22 and R27 is |ndependently se ected fromthe
group conS|st|ng'Df hyprogen hal ogen, | - NH2, - NHRa2, NRa2Rb2; ORa2, $Ra2,
CN, -NC, -|N3, - N,
N(Rc2)-NF52Fb2 N(Re2)-0Ra2,-S—SRa2,-C =0) Ra2, - C(=0) ORa2, - C(=0) N eRb2,
-0-C(=0) 01Vv2, -0-C(=0)NRa2Rb2, -N(le)-[C(=0)N V2Rb2, - S(=0)Ra2, S(=0)2Ra2,
-0- S(=0) 2NRa2Rn2, -N(Re2)-S(=0)2NRa2RbpR, an optionally substituted ClL_6

al kyl, an |optionally substituted C2_6 @af kenyl, an optionally substituted
C2_6 al kynyl and an -0-1inked am no acj d; R23, R24 and R25 are
i ndependently absent or selected fromfhe group consisting of hydrogen,
hal ogen, -|NH2,\\- NHRa2, NRa2Rb2, -0Ra2,|-SRa2, -CN, -NC, -N3, -NO2,

-N(I e)-NR42Rb2,) - N(| e) - ORa2, -SRa2, C(=0)Ra2, -C(=0)0Ra2, "

C(=0) NRa2Rb2, ORa2, - 0- C(=0) NRL2Rb2, NQ@

C(=0) NRa2Rb2, - Or S(=0) 2NRa2RRh2, ( RO2)

S( :O)ZNRaZRB sufsti t ut ed—@i—%—%«—yk—%@gs‘m y
substitutgd optional |y substit uted C2_6\al yl, an
optional Iy substit I and an +0-1inked ami no aaid; *or R24 apd R25

t aken togdt her fgrnl Gz O( =0y - 0-

Example 71
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R26 is absent or selected fromthe group consisting of hydrogen, hal ogen, -
NH2, -NHRa2, NRa2Rb2, -0ORa2, -SRa2, -CN, -NC, -N3, -NO2, -N(le)-NRa2Rb2, -
N(I e) - ORaR0 208/188|8, - C(=0) Ra2, -C(=0)0Ra2, -C(=0)N eRbPCTAB2@0H00Ra2, -
0- C(=0) NRa2Rb2, -N(Ie)-C(=0)NRa2Rb2, -S(=0)Ra2, S(=0)2Ra2, -O0-

S(=0) 2NRa2Rb2, -N(Re2)-S(=0)2NRa2Rb2, an optionally substituted C1_6 al kyl,
an optionally substituted C2_6 al kenyl, an optionally substituted C2_6

al kynyl, an optionally substitut H@VthplB:bk)Alssayan optional |y substituted

hydroxyal kyl an | i nked am ng acid, or en the b to R25
i ndi cated by - ?‘%235] domu@lrﬁ ARV (R pteppedmrougdscyag aé?eﬁi?ﬁ @)éﬁ‘fée MFR26 i s

absent; K- 8divir. Res. 2005 63033) @ndhe! s@abﬁfrﬁcqu‘h%lr ﬁﬂﬁ{gdc%ﬁtl n¥, &3%@%&1&){)& omthe
group consisting of hydrogen, an opti ona{wf/zsubstl tuted al kyl,

optional 'y 1§ubé7|g¢11qml@@jﬁpéw¢@r1@rllght ahalarst:q 300 190- B85 Clorppwisafdey agded taun
optionally gyb ﬁg &H@%Q cﬁﬁ%lfﬂry g& S5 Lo r‘ég %F&%&ﬂy é%@ﬁl? tEs%r R 030980

optionally su ituted ar y°s eroaryI(C
1 6 al kyl) coﬁﬁ&nt@arﬁl&hz&htceﬂldehwﬂm‘ﬂﬁg t}g’rlmﬁaﬁﬁtﬁmﬁﬁdnngnmjcelﬂ)ﬂar HOHRN#

optlonally - and an -N-|inked am no acid;
R29 is sel é‘é‘teé“cf‘ngr%tﬁ‘iof‘ﬁ&yé’FE%%SCé%?Hz?g Wﬁétz%?f‘feémenta-l aryl oxy or aryl-0O,
0- and an -N-1i @@ 1J amgiRd@pliie cultures BRHU VR 2R 1€ AL yRR %i@(6h 96-well

i ndependently - or an optionally substituted substituent selected from
the group @b#He) thermlgGe@fA @Ialaafdﬂg@ﬁyat@h@@@ﬁwultueﬁ , SudatriRbbsegecenltyenieataghd C1_8

AR T e R R S Dol ) S
R32 , each JR3@:Cc-pRQN (daaae,ntratlons of: 30 uM, 10 uM, 3.3 uM and 1.1 uM ) served as assay
controls.

[0227] Intracellular HCV RNA levels were measured using a conventional
blot hybridization method, in which HCV RNA levels are normalized to the levels of B-
actin RNA in each individual culture (Okuse, et al., Antivir. Res. 2005 65:23).
Cytotoxicity was measured using an established neutral red dye uptake assay (Korba and
Gerin, Antivir. Res. 1992 19:55; Okuse, et al., Antivir. Res. 2005 65:23). HCV RNA
levels in the treated cultures are expressed as a percentage of the mean levels of RNA
detected in untreated cultures. The absorbance of the internalized dye at 510 nM (As)o)
was used for quantitative analysis.

[0228] Compounds were dissolved in 100% tissue culture grade DMSO
(Sigma, Inc.) at 10 mM. Aliquots of test compounds sufficient for one daily treatment
were made in individual tubes and all material was stored at -20°C. For the test, the
compounds were suspended into culture medium at room temperature, and immediately
added to the cell cultures. Compounds were analyzed separately in two groups with
separate assay controls. The concentrations of the test compounds were run at
concentrations of 10 uM, 3.3 uM, 1.1 uM and 0.37 uM. CC 50, ECs0 and EC90 were
determined using the concentration response curve.

[0229] The results demonstrate that compounds 8a and 9 are active and have
an ECso (WM) between 1.0 and 10. The antiviral activity of additional exemplary
compounds is shown in Table 2, wherein ‘A’ represents an ECsg of less than 5 pM, ‘B’

represents an ECs, of less than 30 uM, and ‘C’ represents an ECs; of less than 200 uM.
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each R32 and each n can be the sane or different. 2. The conmpound of C aim
1, wherein A2 is C (carbon), D2 is 0O (oxygen), and both bonds indicated by
- are si ybeotwansslw 3. The conmpound of any one of C ai ns PCTIUS2@0/0240e6 ei N R22

is selected fromthe group consisting of hydrogen, hal ogen, -0Ra2, -CN,
-N3, and an optionally substituted Cl1_6 al kyl; R23 is absent or
sel ected fromthe group consisting of hydrogen, halogen, -OR 2 and an

R24 is absent or selected from

i.Stjng. of drogen, hal o . - V2, -N3, an optionally
substi t ut egloa%%@: MY ghle ?&EPWH%@&%@<&8®E§4’@;<9&“§f’AFfI2\§“]v§ sel ect ed
fromthe group consi gting of hydrogen, halogen, -QR 2, -CN, -NC, an
optionally substitutdd CL 6 al kyP"8#™&n - 0-1i nked AFHWY aci d; and
R26 is selected fromitthe group consisting of hydr¢gen, halogen, an
optionally substitutgd C1_6 al kyl, an optionally subsPituied hal oal kyl , an
optional 'y substituted hydroxyal kyl. 4.The donpound of any one of Cains 1

optionally substituted C1_6 al kyl;
t he group

to 3, wherein at

to 3, wherein both RZ5
one of Cains 1 to 5,
hydr ogen,

| eagt one of R25
2010/108140PCT/U82010/02804§F

azg_

sel ected frof
hal ogen, ard an opt\ onal/l y substituted (
conpound of any one gf C aing

a 6, wherein R19

jen. W
1d of any

6. The
nthe gr
C1 6 al ky
is sele

D
one of Clains 1
conmpound of any

bup consi sting of
|. 7. The

cted fromthe

and a

group consi sting of Hydrogéeén, a normM@phosphate, a di phosphate,
tri phosphate. 0 R28-I{=
B
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I 8. The compound of any one of Clains 1 to 6, wherein R19 isR29 .

9. The conmpound of Claim8, wherein at |east one of R28 and R29 is R32

10. The cwopowmdswh Claim9, wherein R39 is -C\Il, and RBI/S01@028pé i onal | y
substituted Cl1_8 al koxycarbonyl or an optionally substituted

Cl _gor ganyl am nocar bonyl . 11. The compound of Caim9, wherein both
R39 and R31 are an optionally substituted C1 8 organyl carbonyl or an
optionally substitutgd C1_8 al kog%c rlbonyl &gtmt ¢ conmpound of
Aaim9, wherein nis 2, both R3 hd"R31 are an Ohdl |y substituted
Cl1_8 al koxycarbonyl, [and R32 is an optionally sub<t|t ted|Cl_6-al kyl . 13.
The conpound of any gne of Clains 9 to 12, wherein O 2 R30R31lis sel ected
fromthe group consigting of: 14.The und of |Jany one|of Clains 8 to
13, wherein at |east |one ¢f R28 -0 and’ R29 N
o ——
O N
N—"N
O$ ‘20
| C
N C
N
e
(@]
O —
o N
kﬁr \;N
o\\c 2
(@]
| B
/4\%0
LCIN
N
OBz
OB; 6Bz




15. The conmpound of any one of Clains 8 to 13, wherein at | east one of R28

and R29 is an -N-linked am no acid. 16. The conpound of d ai m 15,
wher ei n twe 20N/108rdked ami no acid has the structure: | OPNTRB301ROZD4R:35 R34
R33 is hydrogen or an optionally substituted G _4-al kyl; R34 is

selected fromthe group consisting of hydrogen, an optionally substituted
Cl 6-alkyl, an optionally substituted aryl, an optionally substituted

aryl (G _6 al kyl) and |an opti onal %% stubstl tuted hallo k J R35 i s hydrogen
or an optionally substituted Cl PRYE . and %t bel ected fromthe
group consisting of dn optionally substituted CL 6 al Kyl an optionally
substituted C6 aryl, |an optionally substituted CL( aryl, and an optionally
substituted C3_6 cyclloal kyl. 17. Theogonpqund of Cfaim 16 wherein R33 is

%{ﬂ
of

hydrogen, and R36 is |an gptionally s NC1]6 alkyl] 1 8 .The
conpound C ai m 16, wher ei 8 and R29 is] NH H300 0 )(
H3COCH3. o

A
<2 e
oo—lj—o ES © N\¢N
LAY
C
T Ny
<, T
e~
LY
\OJ'I\_/N < =
B
O N N
LQ’ \j/
o N
—
O
< =
(@] F
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R 3() R31303132 both; and wherein each R, each R each R and each n can be
. 20. The conpound of C aim 8, wherein when R28
21. The conpound of any onePofi/uSk@i0me30d6t 0 20,

the sane or different
and R29 awve 2buv108130.
wher ei n at

and wherein Ra2 is hydrogen.

| east one of R24 and R25 is -0ORa2 or an -0-1inked am no aci d,
22. The conmpound O aim 21, wherein the

-0-linked amno acid is selected fromthe group consisting of al ani ne,

asparagi ne, aspartatg, cysteine, o gl utamate, gl utam gl ycine, proline,
serine, tyrosine, ardinine. hi st.S%.“h"&re i sol euci ne, i‘n‘gttijvé&np, | ysi ne,
met hi oni ne, phenyl al ani ne, threonine, tryptophan and yalipe. WO
2010/ 108140PCT/ US2010/ 028046 23. TR npoyind aim 21, wherein the
-0-linked amino acid|is selected fromthe grolp consisting of -0-1inked
a-amno acid, -0-linked 13 am no acid, Wnked y-am nojacid and
-0-1inked 8-am no aci|d. 4. The €onpdynd of any ong¢ of Clainms 1 to
23, wherein B2 is sellected™b the gr IEﬁﬁ)\{@nsi stilng of : NHRB20ONH2 y2,,.. _
< 1IN E o
>_o$~ '—’/F
(o]
| A
A
N
4 < X
N
o o N
X
vo\s :—’F
(@]
| A
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NNRA2 |

O ' NHRD2 1IN NNIRc2NO vw Il O

INH\. NO land <N .------ H2
1 wherein: RA2 is hydrogen or hal ogen; Raz
WO 2010/108140 PCT/US2010/028046
Structure Activity
A
N
o} o N
s
%o\‘" *
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| A
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Example 72
STABILITY STUDIES

[0230]

Preparation of the cell extract. 10 x 10° of human prostate carcinoma

cells (PC3) are treated with 10 mL of RIPA-buffer [15 mM Tris-HCI pH 7.5, 120 mM
Na(l, 25 mM KCI, 2 mM EDTA, 2 mM EGTA, 0,1% Deoxycholic acid, 0,5% Triton X-

100, 0,5% PMSF supplemented with Complete Protease Inhibitor Cocktail (Roche

Diagnostics GmBH, Germany)] at O °C for 10 min. Most of the cells are disrupted by this

hypotonic treatment and the remaining ones are disrupted mechanically. The cell extract
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I's hydrogen, an optionally substituted Cl-6 substituted C3_8 cycl oal kyl ;
-C2 Kis hydrogen or am no; al kyl, or an optionally RD2 is sel ected
from t he woaow/wenei sti ng of hydrogen, hal ogen, an opti ecalusgoisobsoué t ut ed
Cl_6 al kyl, an optionally substituted C2_6 al kenyl and an optionally
substituted C2_6 al kynyl ; RE2 is selected fromthe group consisting of
hydr ogen, hal ogen, an optionally substituted C _6al kyl, an optionally
substi t ut ecbbGihed idekieifyded a9 ram, Opminad the pelidase ditaatded. TR Gtradtkynyed and

Y2 is N or 0%520 wherein RF2 can be selected fromthe group consisting of
hydr ogen, ] ggn, an optionally substituted Cl_6-al kyl, an optionally
substituted C2_6-al kenyl and an optionally substituted C2_6-al kynyl .

25. The conpound of any one of Clains 1 to 24, wherein R2 is nethyl or CF3;
and R21 is hydr df3h] Stabilityxd nupleetidesapdunislestides analags in fhregelljextnaple

oo e Ty e B e 04, SRR Y0
volume of HEPES buffer (0.02 mol L, pH 7.5, 1 = 0.1 mol L with NaCl). A nucleoside
analog or a nucleotide analog (0.1 mg) is added into 3 mL of this HEPES buffered cell
extract and the mixture is kept at 22 + 1 °C. Aliquots of 150 uL are withdrawn at
appropriate intervals, filtered with SPARTAN 13A (0.2 um) and cooled in an ice bath.
The aliquots are analyzed immediately by HPLC-ESI mass spectroscopy (Hypersil RP 18,

4.6 x 20 cm, 5um). For the first 10 min, 0.1% aq. formic acid containing 4% MeCN is
used for elution and then the MeCN content is increased to 50% by a linear gradient

during 40 min.

[0232] Stability of nucleoside and nucleotide analogs towards Porcine
Liver Esterase. A nucleoside analog or a nucleotide analog (1 mg) and 3mg (48 units) of
Sigma Porcine Liver Esterase (66H7075) are dissolved in 3 mL of HEPES buffer (0.02
mol L™, pH 7.5, 1 = 0.1 mol L' with NaCl). The stability test is carried out as described

above for the cell extract

[0233] Stability tests in human serum. Stability tests in human serum are
carried out as described for the whole cell extract. The measurements are carried out in

serum diluted 1:1 with HEPES buffer (0.02 mol L'l, pH 7.5,1=0.1 mol L with NaCl).

[0234] It will be understood by those of skill in the art that numerous and
various modifications can be made without departing from the spirit of the present
disclosure. Therefore, it should be clearly understood that the forms disclosed herein are

illustrative only and are not intended to limit the scope of the present disclosure.
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OH FOH F 0 HNNH2 NH2 NH2 NH2 0O CH3

WO 2010/108140 PCT/US2010/028046
WHAT IS CLAIMED I8S:
1. A compound of Formula (II) or a pharmaceutically acceptable salt or a

prodrug thereof:

|y

is independently a double or single bond;

A? is selected from the group consisting of C (carbon), O (oxygen) and S
(sulfur);

B is an optionally substituted heterocyclic base or a derivative thereof;

D? is selected from the group consisting of C=CH,, CH,, O (oxygen), S
(sulfur), CHF, and CF;;

R is selected from the group consisting of hydrogen, an optionally

substituted alkyl, an optionally substituted cycloalkyl, an optionally substituted

aralkyl, dialkylaminoalkylene, alkyl—C(=0)—, aryl—C(=0)—,
alkoxyalkyl—C(=0)—, aryloxyalkyl—C(=0)—, alkylsulfonyl, arylsulfonyl,
0
ol
|
aralkylsulfonyl, R , an —O-linked amino acid, diphosphate, triphosphate

or derivatives thereof;

R* and R* are independently selected from the group consisting of
hydrogen, an optionally substituted C; alkyl, an optionally substituted Co.
alkenyl, an optionally substituted C,¢ alkynyl and an optionally substituted C,_¢
haloalkyl, provided that at least one of R*® and R*' is not hydrogen; or R* and R*!
are taken together to form a group selected from among Cs¢ cycloalkyl, Cse
cycloalkenyl, Csaryl, and a Cs_¢ heteroaryl;

R* and R*' is independently selected from the group consisting of
hydrogen, halogen, -NH,, -NHR*, NR*R", -OR*, -SR*, -CN, -NC, -Ns, -NO,, -
N(R“)-NR“R™, -NR%-OR¥?, -S-SR¥, -C(=O)R“, -C(=0)OR¥, -
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/O O NCH3 CH3 /NO HO NH2 (1) 1CH3< O If O N---r\r/j

WO 2010/108140 PCT/US2010/028046

C(=0)NR*R", -0-C(=0)OR™, -O-C(=O)NR*R™, -N(R*)-C(=O)NR*R"™, -
S(=0)R¥, S(=0),R™, -0-S(=0),NR“R™, -N(R)-S(=0),NR*R", an optionally
substituted Ci alkyl, an optionally substituted C,.s alkenyl, an optionally
substituted C, ¢ alkynyl and an —O-linked amino acid;

R*, R* and R” are independently absent or selected from the group
consisting of hydrogen, halogen, -NH,, -NHR*, NR¥“R™, -OR*, -SR*, -CN, -NC,
N3, -NO,, -N(R)-NR¥R™, -N(R)-OR*, -S-SR*, -C(=0)R*, -C(=0)OR%, -
C(=0)NR*R", -O-(C=O)R¥, -O-C(=0)OR¥, -O-C(=O)NR*R™, -N(R*%)-
C(=0)NR¥R™,  -S(=O0)R¥,  S(=0)R”, -O-S(=0).NR“R",  -N(R%-
S(=O)2NRa2Rb2, an optionally substituted C,4 alkyl, an optionally substituted C;.¢
alkenyl, an optionally substituted C, alkynyl, an optionally substituted aralkyl
and an —O-linked amino acid; or R* and R® taken together form
—O0—C(=0)—0—;

R is absent or selected from the group consisting of hydrogen, halogen, -
NH,, -NHR¥, NR¥R™, -OR¥, -SR”, -CN, -NC, -N3, -NO;, -N(R*)-NR*R", -
N(R)-OR®, -$-SR*, -C(=0)R¥, -C(=0)OR*, -C(=0)NR*R", -O-C(=0)OR%, -
O-C(=0)NR¥R™, -N(R)-C(=0)NR“R”, -S(=O)R”, S(=0)R”, -O-
S(=0),NR“R™, -N(R)-S(=0),NR*“R", an optionally substituted Cy.¢ alkyl, an
optionally substituted C,¢ alkenyl, an optionally substituted C,¢ alkynyl, an
optionally substituted haloalkyl, an optionally substituted hydroxyalkyl and an —

is a double

O-linked amino acid, or when the bond to R* indicated by
bond, then R¥isa C,6 alkylidene and R* is absent;

R*, R" and R* are each independently selected from the group consisting
of hydrogen, an optionally substituted alkyl, an optionally substituted alkenyl, an
optionally substituted alkynyl, an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted aralkyl and an optionally
substituted heteroaryl(C.¢ alkyl);

R*® is selected from the group consisting of O7, —OH, an optionally

substituted aryloxy or aryl-O—, R RY , alkyl-C(=0)-O-
CH,-0-, alkyl-C(=0)-S-CH>CH>-O- and an —N-linked amino acid;
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NH OH OH 27. A conpound of Fornmula (1) or a pharmaceutically acceptable salt
or a prodrug thereof: R2 R3 R0 Bl
WO 2010/108140 PCT/US2010/028046

R* is selected from the group consisting of O~, —OH, aryloxy or aryl-O-,

@)
?;F@Z
e
O 0]
2 % :
RSO R31

O- and an —N-linked amino acid;

, alkyl-C(=0)-O-CH>-O-, alkyl-C(=0)-S-CH,CH>—

each R* and each R*! are independently -C=N or an optionally substituted
substituent selected from the group consisting of C,g organylcarbonyl, C,;
alkoxycarbonyl and C;_g organylaminocarbonyl;

each R* is hydrogen or an optionally substituted C,_¢-alkyl;

each n is independently 1 or 2; and

if both R* and R* are R R , each R, each R,
each R** and each n can be the same or different.
2. The compound of Claim 1, wherein A* is C (carbon), D* is O (oxygen),

and

both bonds indicated by ===== are single bonds.

3. The compound of any one of Claims 1 to 2, wherein R* is selected from
the group consisting of hydrogen, halogen, -OR*, -CN, -N3, and an optionally substituted
Cisalkyl;

R* is absent or selected from the group consisting of hydrogen, halogen, -OR*
and an optionally substituted C;_¢ alkyl;

R**is absent or selected from the group consisting of hydrogen, halogen, -NHo,, -
ORaZ, -Nj3, an optionally substituted C; ¢ alkyl and an —O-linked amino acid;

R” is selected from the group consisting of hydrogen, halogen, -OR*, -CN, -NC,
an optionally substituted C; ¢ alkyl and an —O-linked amino acid; and

R* is selected from the group consisting of hydrogen, halogen, an optionally
substituted C;¢ alkyl, an optionally substituted haloalkyl, an optionally substituted
hydroxyalkyl.

4, The compound of any one of Claims 1 to 3, wherein at least one of R* and

R is halogen.

-176-



R4

R9 R5AI RS

WO 2010/108140 PCT/US2010/028046
5. The compound of any one of Claims 1 to 3, wherein both R* and R*® are

halogen.
6. The compound of any one of Claims 1 to 5, wherein R” is selected from

the group consisting of hydrogen, halogen, and an optionally substituted C,_¢ alkyl.
7. The compound of any one of Claims 1 to 6, wherein R" is selected from

the group consisting of hydrogen, a monophosphate, a diphosphate, and a triphosphate.

0
o
I
8. The compound of any one of Claims 1 to 6, wherein R is R?9
9, The compound of Claim 8, wherein at least one of R*® and R*®
Q.
?—R”
e

10. The compound of Claim 9, wherein R* is -C=N, and R’ is an optionally
substituted C,_g alkoxycarbonyl or an optionally substituted C,_g organylaminocarbonyl.

11. The compound of Claim 9, wherein both R*® and R’ are an optionally
substituted C,_g organylcarbonyl or an optionally substituted C,_g alkoxycarbonyl.

12, The compound of Claim 9, wherein n is 2, both R* and R* are an

optionally substituted C;_g alkoxycarbonyl, and R** is an optionally substituted C_¢-alkyl.

13. The compound of any one of Claims 9 to 12, wherein
Q
%—R”
e
s—O o
3 >\/\< n
R R* is selected from the group consisting of:

-177-



I R6 R7 (1) wherein: Al is selected fromthe group consisting of
C (carbon), 0 (oxygen) and S (sulfur); Bl is an optionally substituted

het er ocycWoOcotvzrwel4or a derivative thereof; D1 i s seCeatSeaofoesoms t he
group consisting of C=CH2, CH2, 0 (oxygen), S (sulfur), CHF, and CF2;

Rl is selected fromthe group consisting of hydrogen, an optionally
substituted al kyl, an optionally substituted cycloal kyl, an optionally
substituted aralkyl di § kyl am noal kyl ene,Qal kyl - C(=0)-, aryl-C(=0)-,
alkoxyalkyl C( =0) - aryﬁ§x¥@hgyl-C€:Qj- al gyl fonyl, arylsulfonyl, R i

0]
3 O CHs
N=C OCHj H30—< &
o) , o) 5
N=C O/JL\CH3
e
3 CHs HN O_c}
E_O O 9]
N=C NHCH2>CHs
O > 2
Q 0,
%“O CHs -%—o OCHs
O CHz O OCH,
o} *hC——Q: o
0 . O ,
Q
g—O OCH2CHs 2_0 OCH2CHs
O OCH,CHs3 O OCH,CHs;
H3C—§ 0 %—< o)
@] , O and

S
TO>§:OCHQCH3
o) OCH,>CHs
O—/
The compound of any one of Claims 8 to 13, wherein at least one of R*®

and R¥ is :

The compound of any one of Claims 8 to 13, wherein at least one of R*®
and R29 is an —N-linked amino acid.
16. The compound of Claim 15, wherein the —N-linked amino acid has the

structure:
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11 aral kyl sul fonyl , R, an -0-linked am no acid, diphosphate, triphosphate or
derivatives thereof; R2 and R3 are each independently selected from

t he groupwoansV®sisng of hydrogen, an optionally substiteCedsaiod2sukyl , an
optionally substituted C2_6 al kenyl, an optionally substituted C2_6 al kynyl
and an optionally substituted C1_6 hal oal kyl, provided that at |east one of
R2 and R3 is not hydrogen; or R2 and R3 are taken together to forma group
sel ected fromanong C3_6 cycl oal kyl, C3- cl oal kenyl, C36 aryl, and a
C3_6 heteroaryl; R4, R7 and RQyis i endently selected fromthe
group consi sting of hydrogen, hal oge , -NHRal , NRai Rbi, -ORal, -SRal,
-CN, -NC, -N3, -NO2, - N(Rci)-NRai Rbi (Rel)-ORal, -S-SR', -C(=0)Ral,
-C(=0)0ORal, - C(=0)NRai Rbi, -0-(Cﬁ99 35 O C(=0) ORal , -0-C(=0) NRai Rbi,
-N(Rci ) - C( =0) NRai Rbi , -S(=0)Ral, "'S(=0)2Ral', -0-8( 0)2NRa| Rbi, -N(Rel)-
8(=0) 2NRal al kenyl, RN 1der6g&abtynsmbﬁﬁll3twbﬂiﬂutéicﬁ4 ﬂkiﬂynyl an opt| onal l'y
substituted aral kyI apnd an -0-1inked am no acid;

i ndependent | y absent Ror iss#lestedetion, Gm sraw ﬁ?‘&&?ﬁn%d)rgsli‘yélfcigﬁ’@ i‘ﬁ OHS’/‘HPHljen

hal ogen, -NH2, ylNdRRked hik allr option iubstﬁaw]:d ar{Nan -dN¥onall ubstl\t'@gd -

N( Ra) - NRai Rbi , - N( Re1) - ggg ek on @ga &N %‘ P & =0) NRa1Rb1,
- 0- C(=0) ORal , -@w@@;@?m@aamnomlmﬂelsybﬂmmmlﬁm S( 0) Ral S(=0) 2Ral ,
-0- S( 0)2NRaIIe - N( ) =0 2NRaI i | | ubst it ut ed Cl 6

al kyl, an optionall yﬁgu%%gd}?%“fl Oﬁlartﬁp hal?ksélﬁﬁtu,lt %ﬁ %Xl%(?lbnéj] |y substituted
2 6 al kynyl and an R&-ikiselkaet aomnie gmuldcorerstﬂ@oﬁﬂdoﬂ%nﬁl@k@rostttmgemgr form
-0-C(=0)-0-; an optionally. su ituted C1 6

al kyl, an opti oﬁ%fwﬁfangaﬁwlhza@éém@% 4y lk ahgption We}w@%ﬁﬁ%a@ 38¢ A% Ut ed

C2_6 al kynyl angp%aﬂfgdb@@tﬁlehf3§gwaﬂﬁﬂlt ed C1_6 hal oal kyl; Re', Rbl and -ci
K are each independently selected fromthe group consisting of 3pydr ogen, an

optional |y substl¥t ut &ae a@mmunda?f Gleimn ohfa Wheres st it bydsdzeal kehyR™ ipan
optionally an optionally substituted aryl, an
optionally iJHEl%{H? '?J%S?g]t%e &ro ryI an optionally substituted aral kyl and an
optional | y substiBt ut &bk chﬁtlmnmaﬁ},air(l% Iwlerah kylkgst oIl RESargle’ et ed from t he
group consisting of 0-, -OH..an optionally CH2- 0-,

al kyl - C(=0) - S- CH2CH2-0- and &n -N-linked anino acid; R 1 is selected from
t he group consisting ofQ0-, NdH, aryloxy or aryl-O

HaCO CHy

19. The compound of Claim 8, wherein both R* and R* are
Q

?;RBQ
e A

both R® R . and wherein each R™, each R’!, each R* and each n

can be the same or different.

20. The compound of Claim 8, wherein when R*® and R* are both O,

21. The compound of any one of Claims 1 to 20, wherein at least one of R*
and R” is -OR* or an —O-linked amino acid, and wherein R** is hydrogen.

22, The compound Claim 21, wherein the —O-linked amino acid is selected
from the group consisting of alanine, asparagine, aspartate, cysteine, glutamate,
glutamine, glycine, proline, serine, tyrosine, arginine, histidine, isoleucine, leucine, lysine,

methionine, phenylalanine, threonine, tryptophan and valine.
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0- and an -N-|inked am no acid; each R12 and each R13 are

i ndependently -Cl1 or an optionally substituted substituent selected from

t he groupwoanmv®sisng of Cl_8 organyl carbonyl, Cl_8 al korgrarshanypbsoasid ClL 8
or ganyl am nocar bonyl; each R14 is hydrogen or an optionally substituted
Cl_6-al kyl; and each mis independently 1 or 2; R13 , each R14 and each
m can be the sane or different. 28. The conpound of Claim27, wherein Al is
C (carbon), and2Bl i $hécdropopge r)laim23l, Wierdo heouddinkéd aminocrel Bfselettad ns 27
to 28, wherein R4 is selected fromthe group consisting of hydrogen,

hal ogen, - GR&H the. gRUP cRpsistiag @f aP-gpkgdoamap b ikes Bmigo afigyrO- R5
i s absent . £irom Hh [e { sting of hydrogen, halogen, -Oe
and an opt?%ﬁ%f %ﬁgggggﬁgﬂlg %%%ﬁg%gvﬁi¥§i R6 i s absent or selected
fromthe group éénsi $hé sgmmfindpfianygemn,of CAdimgdrtp 23 Niaerein BjRabelectedronan
optionallytﬁubstituted Cl_6 alkyl and an -0-1inked am no acid; R7 is
sel ected fronPHRCYPSUE Yonsi sting of hydrogen, hal ogen, -ORal, -CN, -NC
an optionally substituyg@#Cl_6 al kyl and
RO is selected fromthpe group consisting

n -0-1inked gp@ino acid; and
f hydro en, hal ogen, and an

optionally substiyz ¢l 6 al kyl. . The lconpou one of Clains 27
to 29, wherein i cted from r oufHconsi st )| ng hydr ogen, a
nonophosphat e, ate, and trijphosphate. O nl
R" ’i‘ N~ Re2 'l\‘ 0
0 0
RE2 N
| NH <f | NH,
//L§§ -
N o ',“
NLV\ and \nnnnnn
wherein:

R™ is hydrogen or halogen;

R"* is hydrogen, an optionally substituted C alkyl, or an optionally
substituted C;_g cycloalkyl;

R is hydrogen or amino;

R™ is selected from the group consisting of hydrogen, halogen, an
optionally substituted C; alkyl, an optionally substituted C,¢ alkenyl and an
optionally substituted C, ¢ alkynyl;

R™ is selected from the group consisting of hydrogen, halogen, an
optionally substituted C,ealkyl, an optionally substituted C,¢ alkenyl and an
optionally substituted C,. alkynyl; and

Y? is N or CR™, wherein R™ can be selected from the group consisting of
hydrogen, halogen, an optionally substituted C;s-alkyl, an optionally substituted
C,¢-alkenyl and an optionally substituted C, ¢-alkynyl.

25. The compound of any one of Claims 1 to 24, wherein R* is methyl or CFj;
and R*! is hydrogen.
26. The compound of Claim 1, wherein the compound of Formula (II) is

selected from the group consisting of:
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.y-_p_illl 31.The conpound of any one of Clains 27 to 29, wherein Rl
isi. 32. The conpound of Caim31l, wherein at | east one of RMand R' is
33. The cowpaordosfs0Cl ai m 32, wherein R12 is -Cl\1, and RC3/uUSs01a028p¢ i onal | y
substituted C _g al koxycarbonyl or an optionally substituted d g
or ganyl am nocar bonyl . WD 2010/ 108140PCT/ US2010/ 028046 34. The
conpound of Claim 32, wherein both R12 and R13 are an optionally
substituted Cl1_8 organylcamponyl or an optiinal |y substitutedN8i 8

al koxycar bonyl . 35| The conpound of | ai m 32, wherein is 2, both
R12 and R13 are an i y substitut N8 alkoxycarbon , d 1214 IS
an optionally s pst tut d C 6 aIkyI The conpoyn of pny one of
Clains 32 to 35 wh i The co one of ai 3 to 37,
wherein thé*-N—Ilgke am Mo aC|d W%s the S ruct e: 5PNR 5 O
0
F
OH F OH F ,
o)
HN/JL\\ NH,
NH, o SN SN
el A I el
o) AN 0 N 0 o N 0
//l\ mﬁ‘ /J§§ o o)
0 N 0 F F
o O F O F
F \I( /Y
OH F , 0 , o) ,
NH.
o Y ik N
)k CH3| /& 0 \N \N
NI O O
0 3 CHg /J\
F 0 N O HO N ¢}
O F O o
\\W/ i:—ﬁéF OH
0 , OH F , OH , and
NH,
N XN
|| C”3</ )
O0—P—0 N N//

P
I

NH
OH OH

A compound of Formula (I) or a pharmaceutically acceptable salt or a

prodrug thereof:

-181-



R180 R17 R16 R15 is hydrogen or an optionally substituted G _4-al kyl;

R16 is selected fromthe group consisting of hydrogen, an optionally

substi t utwo 20/®8\bkyl , an optionally substituted aryl, pam/usptiooesulé y

substituted aryl (Cl_6 al kyl) and an optionally substituted hal oal kyl; R17

is hydrogen or an optionally substituted Cl_6-al kyl; and R18 is

sel ected fromthe group consisting of an optionally substituted C1_6 alkyl,

an optionally substituted C6 aryl, BRh optl onal |y substituted Cl10 aryI and

an optionally substituted C3_6 cycl (31 39. The compound of C aim 38

wherein R15 is hydrogen, and RB80Orstan opBl onal |y substituted Cl1_6 al kyl.

40. The conpound of Claim38, at |east ppe|of RL and RHis: WD

2010/ 108140PCT/ US2010/ 028046 0Ol L9+ R? bot hR12R13; and wherein each

R12, each R13, each R14 and each an_cgg he sanme or different. 42.

The compound of Caim31, R and RH ;re oth O-. 43. The conpound of
& |

any one of Clains 27 to 42, wherein
wherein:

A' is selected from the group consisting of C (carbon), O (oxygen) and S
(sulfur);

B'isan optionally substituted heterocyclic base or a derivative thereof;

D' is selected from the group consisting of C=CH,, CH,, O (oxygen), S
(sulfur), CHF, and CF;;

R' is selected from the group consisting of hydrogen, an optionally
substituted alkyl, an optionally substituted cycloalkyl, an optionally substituted
aralkyl, dialkylaminoalkylene, alkyl—C(=0)—, aryl—C(=0)—,
alkoxyalkyl—C(=0)—, aryloxyalkyl—C(=O)—, alkylsulfonyl, arylsulfonyl,

aralkylsulfonyl, R , an —O-linked amino acid, diphosphate, triphosphate
or derivatives thereof;

R* and R’ are each independently selected from the group consisting of
hydrogen, an optionally substituted C,;¢ alkyl, an optionally substituted Cs.¢
alkenyl, an optionally substituted C,¢ alkynyl and an optionally substituted C;.¢
haloalkyl, provided that at least one of R* and R* is not hydrogen; or R* and R’ are
taken together to form a group selected from among Css cycloalkyl, Cs
cycloalkenyl, C; ¢ aryl, and a Cj ¢ heteroaryl;

R’, R’ and R’ is independently selected from the group consisting of
hydrogen, halogen, -NH,, -NHR*', NR*R"!, -OR*, -SR*!, -CN, -NC, -N3, -NO,, -
NRH-NRYR™, -NRH-OR*, -S-SR*, -C(=OR*, -C(=O)OR*, -
C(=0)NR*R"', -O-(C=O)R*, -O-C(=0)OR", -O-C(=O)NR*R", -N(R-
C(=O)NRYR",  -S(=O)R*,  S(=O0)RRY, -O-S(=0)L,NR*R”,  -N(R"-
S(=0),NR*'R”", an optionally substituted C,.¢ alkyl, an optionally substituted C,.
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and R7 is -Oe or an -0-linked am no acid, and wherein Rai is hydrogen.

44, The conpound C aim 43, wherein the -0-linked amno acid is sel ected
from t he woaow/wenLi sti ng of al ani ne, asparagi ne, aspar ParasS2ayseiee,

gl utamate, glutam ne, glycine, proline, senile, tyrosine, arginine,

hi stidi ne, isoleucine, |eucine, |ysine, nethionine, phenylal anine,

t hreoni ne, tryptophan and vali ne. 45. The conpound C ai m 43, wherein
the -0-1inked anikaoylagi dptichalekdctietdf Comikyngl, ginoeppiosdlysiubititmgd afalleyd- | i nked
a-am no acid, -O-Ai nk@c{. 11(3& am no .3ci d, -0- linked y-amno acid and
-0-1inked 6-am AY Heitg e AMNOABE The conpound of any one of Cains 27 to

45, wherein 131 is sgP ged RYs iddependB1yHbeHR of @Nited titdAd the fgrouidBRIMNHS of .
wherein: WD 2010/ 108140PCT/ US2010/ 02804 en or_ hal ogen; RBL is

a a ydra a

hydrogen, an opthy&agn YalegessNHoy tNIAR ﬂ%qﬁ 'KyfIR ?oSRén'@thGneNﬂ, WO, -
substituted C3_§ gych@a1@bkyl x 00eNg QK@M N8, yea! RPLA el ected
fromthe group éﬁéﬁsfél%% " of %@%ﬁg{eﬁ, hcsi:&('i}gén, ’E;(no lE)t’i oﬁaeﬁlé%)gkﬁbsti tuted
Cl_6 al kyl, an GstONRIRY, sOMEEDIORE -O2CE0aNRERY] -aHH aa(=PNRSIRL| y

substituted cz_g K- gln L5\ oal é_ ' gl |ct (%“ romthe.,gpoup consjisting of
hydrogen, hal og ﬁ‘?é) ’)cé‘ﬁTQ)é]ﬁm 1@5 ‘Lﬁ?g@?t ted G Eég‘@ ﬁ gn’ B'Etopté‘?{’é‘lb/y
substituted C2_Gumlikeay C, gndikydn aRPéptieRaly Yusuedd Ul edicdedl, Ganaloktishally and

Y1l is Nor CRFl, wherein RF1 can be selected fromthe group consisting of
hydr ogen, hal ogébstititeddprsiabayayliapd 8y hQthinkge agpinoracsl ar Ryand Byrfalggitpesther | y
substituted C2_6;a| kgny_@ndh-an optional ly substituted C2_6-al kynyl.

R® is halogen, -OR*, an optionally substituted C) alkyl, an optionally
substituted C,¢ alkenyl, an optionally substituted C,¢ alkynyl and an optionally
substituted C,.¢ haloalkyl;

R*, R" and R®! are each independently selected from the group consisting
of hydrogen, an optionally substituted alkyl, an optionally substituted alkenyl, an
optionally substituted alkynyl, an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted aralkyl and an optionally
substituted heteroaryl(C; ¢ alkyl);

R' is selected from the group consisting of O7, —OH, an optionally

W|"V"
%O\
@)
§\J<T49
T
E-N

substituted aryloxy or aryl-O-, R'? R , alkyl-C(=0)-0O-
CH,—0-, alkyl-C(=0)-S-CH,CH,—O- and an —N-linked amino acid;
R is selected from the group consisting of O7, —OH, aryloxy or aryl-O—

, R2 R™ , alkyl-C(=0)-0O-CH,—0—, alkyl-C(=0)-S-CH,CH,—
O- and an —N-linked amino acid;

each R'? and each R" are independently -C=N or an optionally substituted
substituent selected from the group consisting of C; organylcarbonyl, Cjg

alkoxycarbonyl and C, g organylaminocarbonyl;
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47. The conpound of any one of Clains 27 to 46, wherein R2 is nethyl or

CF3; and R3 is hydrogen. 48. The conpound of any one of Clains 27 to
47, wher ewo0 2R8/10814net hyl . 49. A pharnmaceuti cal ceCpas2e10028046
conprising a conpound of any one of Clainms 1 to 48, and a pharmaceutically
acceptabl e carrier, diluent, excipient or conbination thereof. 50. A

conpound of any one of Clains 1 to 48 or a pharmaceutical conposition of
Claim49 for use in taxk®'iingydogeophasptionaltl sbsaeted ¢ ¢-alkyldusease, or
parasitic disease. ) 51CI Ttgie fyongognd or conposition of C aimb50,
wherein the use is tFSAOMSAdeRndELhcler 2 52. The conpound or
conposition of Claimb50, wherein the use is treatnmeqt of |eukem a.

53. The conpound or conposition of Caimb50, wherei n\thguuse is treating a

viral infection. 54. The conpourtd or conposi ¥ on of C aim 53,
wherein the viral infection is caused Ry Vi selVgcted fromthe group
consi sting of an adenovirus, an Al phaviridae,; Arbovirus, an Astrovirus,

a Bunyaviridae, a Cotwshiti daeandaRFigroviri flae, B’ Fl avi vi ¢ tiieR “aeach
Hepadnavi ri dae, pas "el%@g‘éh%'eé%ﬁ% ca%%e%@sﬁ%@%&gﬁf%}“n | nhae, a
a Gamma a Nor wa

Bet aher pesvi ri nae,’ erpesvirinae, Virus, an Astroviridae,
a Caliciviridaepsan Thr chapyrndvifr Chae,27a wRereamaXoii € i (akon)aand D' is O

Par anyxovi ruses, a Rubul avirus, a Mrbillivirus, a Papovaviridae, a

Par vovi ri dd&Y8§Vpi cor navi ri dae, an Aphthoviridae, a Cardioviridae, an

Enteroviridae, a9CoX$RC&dnfhovihd USanydnPel TRt DHE 282 wiRBle MO i§ bd@®od Pom
Phycodnavi ri dae, a Poxviridae, a I%eow ridae, a Rotavirus, a Retroviridae,

an A-Type Res groun eansistingofihydiogen dplostre el ViGNisNa. and ayRetipnallngubgiiyeted  an
Avi an Sar coia 1\gaf.uses, a Rhabdoviruses, a Rubiviridae and a Togaviri dae.
n

55. The corrpl'c?tajl ‘or conposition of Caimb53, wherein the use is treatnent

of a hepatitis Rsi,s! abgdnt bmﬂ‘eﬁcteﬂgﬁmnahe grokip Vor}sistiag of hyﬁe:(g.bil,mlalogen, .—ORal ab®é. The
compoun or SOmRSRL LRt M50, wherein the use 1o treating e
wherein the user‘ss ivsetomBatc@f fibRagagrouflics@asifig of hydrogen, halogen, -NH,, -
ORal, -Ns, an optionally substituted C, ¢ alkyl and an —O—linked amino acid;
R’ is selected from the group consisting of hydrogen, halogen, -OR*!, -CN, -NC,
an optionally substituted C, alkyl and an —O-linked amino acid; and
R’ is selected from the group consisting of hydrogen, halogen, and an optionally
substituted C,.¢ alkyl.
30. The compound of any one of Claims 27 to 29, wherein R' is selected from

the group consisting of hydrogen, a monophosphate, a diphosphate, and a triphosphate.

O
ol
|
31. The compound of any one of Claims 27 to 29, wherein R is R
32, The compound of Claim 31, wherein at least one of R'® and R" is
Q
?;RM
&

33. The compound of Claim 32, wherein R' is -C=N, and R" is an optionally

substituted C;_g alkoxycarbonyl or an optionally substituted C,_g organylaminocarbonyl.
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34, The compound of Claim 32, wherein both R'* and R" are an optionally
substituted C,_g organylcarbonyl or an optionally substituted C;_g alkoxycarbonyl.

35. The compound of Claim 32, wherein m is 2, both R and R" are an
optionally substituted C,_g alkoxycarbonyl, and R* is an optionally substituted C,_¢-alkyl.

36. The compound of any one of Claims 32 to 35, wherein

Q
. }—RM
E—OYO -
R'? R is selected from the group consisting of:
Q
O

‘o
O CHs
0] , O )
N= O/ﬁ\CHg
p)
o CHs HN O_§
N=C NHCH,CHs
O 2 2
Q Q
g_O CHs '§—O OCH4
O CH; O OCH;4
o HsC- § o)
@] O
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Q Q
g—O OCH2CHs 2—0 OCH2CHs
0 OCH2CHs : 0 OCHzCHs
0] , @) and
Q
S
g—O OCH,CHs
O OCH,CHs
O 0
H30—§
) .
37. The compound of any one of Claims 31 to 36, wherein at least one of R

é—o—< >
and R!'is .

38. The compound of any one of Claims 27 to 37, wherein the —N-linked

amino acid has the structure:

(VaV,a¥, V)
Q NR'S
R180 R17 R16

R" s hydrogen or an optionally substituted C;4-alkyl;

R'® is selected from the group consisting of hydrogen, an optionally
substituted Cj¢-alkyl, an optionally substituted aryl, an optionally substituted
aryl(C, alkyl) and an optionally substituted haloalkyl;

R" is hydrogen or an optionally substituted C,_¢-alkyl; and

R'® is selected from the group consisting of an optionally substituted C;_¢
alkyl, an optionally substituted Cs aryl, an optionally substituted C;o aryl, and an
optionally substituted Cs_¢ cycloalkyl.

39. The compound of Claim 38, wherein R is hydrogen, and R' is an
optionally substituted C, alkyl.
40. The compound of Claim 38, at least one of R'%and R'is:
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ANN
@) NH
H,CO CH,
41. The compound of Claim 31, wherein when R and R" are
@)
R14
B
m
both R'2 R® . and wherein each R'%, each R", each R and each m

can be the same or different.

42, The compound of Claim 31, R'®and R'' are both O".

43. The compound of any one of Claims 27 to 42, wherein at least one of R®
and R” is -OR* or an —O-linked amino acid, and wherein R*' is hydrogen.

44, The compound Claim 43, wherein the —O-linked amino acid is selected
from the group consisting of alanine, asparagine, aspartate, cysteine, glutamate,
glutamine, glycine, proline, serine, tyrosine, arginine, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, threonine, tryptophan and valine.

45, The compound Claim 43, wherein the —O-linked amino acid is selected
from the group consisting of —O-linked at-amino acid, —-O-linked B-amino acid, -O-
linked y-amino acid and —O-linked &-amino acid.

46. The compound of any one of Claims 27 to 45, wherein B' is selected from

the group consisting of:

0O NH»
RD1
X
g ﬁ
RA1 N N)\R(n N O
@)
RE1 N
I NH </ | NH,
—
N o ”“
J\,l,\p and \wannane
wherein:
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R™ is hydrogen or halogen;

R”! is hydrogen, an optionally substituted C, alkyl, or an optionally
substituted Cs_g cycloalkyl;

R is hydrogen or amino;

R"' is selected from the group consisting of hydrogen, halogen, an
optionally substituted C;.s alkyl, an optionally substituted C,¢ alkenyl and an
optionally substituted C,¢ alkynyl;

R* is selected from the group consisting of hydrogen, halogen, an
optionally substituted Cisalkyl, an optionally substituted C,.s alkenyl and an
optionally substituted C,.¢ alkynyl; and

Y' is N or CR™, wherein R™ can be selected from the group consisting of
hydrogen, halogen, an optionally substituted C;¢-alkyl, an optionally substituted
C,.¢-alkenyl and an optionally substituted C,.¢-alkynyl.

47. The compound of any one of Claims 27 to 46, wherein R is methyl or
CF;; and R? is hydrogen.

48. The compound of any one of Claims 27 to 47, wherein R® is methyl.

49. A pharmaceutical composition comprising a compound of any one of
Claims 1 to 48, and a pharmaceutically acceptable carrier, diluent, excipient or
combination thereof.

50. A compound of any one of Claims 1 to 48 or a pharmaceutical

composition of Claim 49 for use in treating a neoplastic disease, viral disease, or parasitic

disease.

51. The compound or composition of Claim 50, wherein the use is treatment of
cancer.

52, The compound or composition of Claim 50, wherein the use is treatment of
leukemia.

53. The compound or composition of Claim 50, wherein the use is treating a

viral infection.

54, The compound or composition of Claim 53, wherein the viral infection is
caused by a virus selected from the group consisting of an adenovirus, an Alphaviridae, an
Arbovirus, an Astrovirus, a Bunyaviridae, a Coronaviridae, a Filoviridae, a Flaviviridae, a
Hepadnaviridae, a Herpesviridae, an Alphaherpesvirinae, a Betaherpesvirinae, a

Gammaherpesvirinae, a Norwalk Virus, an Astroviridae, a Caliciviridae, an
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Orthomyxoviridae, a Paramyxoviridae, a Paramyxoviruses, a Rubulavirus, a
Morbillivirus, a Papovaviridae, a Parvoviridae, a Picornaviridae, an Aphthoviridae, a
Cardioviridae, an Enteroviridae, a Coxsackie virus, a Polio Virus, a Rhinoviridae, a
Phycodnaviridae, a Poxviridae, a Reoviridae, a Rotavirus, a Retroviridae, an A-Type
Retrovirus, an Immunodeficiency Virus, a Leukemia Viruses, an Avian Sarcoma Viruses,
a Rhabdoviruses, a Rubiviridae and a Togaviridae.

55. The compound or composition of Claim 53, wherein the use is treatment of
a hepatitis C viral infection or a HIV viral infection.

56. The compound or composition of Claim 50, wherein the use is treating a
parasitic disease.

57. The compound or composition of Claim 56, wherein the use is treatment of

Chagas' disease.
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