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genera: the THERAPBEEKC FURDPYRIMOENES ANBSTHRENOP YRIMIPINGS
fever viruses), hepacivirus (HCV), and the pestiviruses 10 (i ncl uding
bovine viral diarrhea virus, BVDV). The di sease states and conditions
caused by nenbers of this famly include yellow fever, dengue,
Japanese encephalitis, St. Louis encéphahh;is, Hepatitis B and C,
West Nile disease, and AIDS. Currently, human i mmunodeficiency virus
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reducing viral RNA | evels. _Additionall 25 ribavirin has significant
toxicity auﬁszjiﬁﬁsvﬁng%lhﬁ#&e@@aﬁm%!i%. est?il;;fmsw%iga% @Pzzqély’ are
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chronic hepatitis for nea%l y a _dsgca e.epI%FNs are gl ycc?pr o%ﬁgi ns
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viral repki cabiigRidel ARG YididlaESomd &ﬁgmbﬁwﬁ%ﬁn&%ﬁm thsR%rSsy he

sole treatnment for hepatitis C infection, LEN suppresses serum
HCV- RNA t o ufrdiedregs usplubfor gpating HEAG @nd hedaigs that arehyopdy neelfil fergreatingr um
am no transf e levels. Unfortunately, the effects of IFN are

tenporary and a sustained response occurs in only 8% 9% of patients
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of reduces serum amino transferase levels to normal in40% of patients, but it does not
lower serum levels of HCV-RNA (Davis. Gastroenterology 118:5104-S114, 2000).
Thus, ribavirin alone is not effective in reducing viral RNA levels, Additionally,
25  ribavirin has significant toxicity and is known fo induce anemia.

Interferons (IFNs) are compounds which have been commercially available for
the treatment of chronic hepatitis for nearly a decade. IFNs are glycoproteins produced
by immune cells in response to viral infection. IFN's inhibit viral replication of many
viruses, including HCV. When used as the sole treatment for hepatitis C infection, IFN

30  suppresses serum HCV-RNA to undetectable levels. Additionally, IFN normalizes



deaths from HCV-rel ated liver disease and hepatocel |l ul ar carci noma
may overtake those caused by AIDS. Egypt is the hardest hit country
in the worY@20%%#62305 of the 10 popul ati on estimated tRETHES2005(08307hg
the virus; whereas, in the USA the preval ence of chronic infections
has recently been determ ned to be around 1.87% (2.7 mllion
persons). HCV infections becone chronic in about 50% of cases. O

t hese, about 20% develop liver cirrhosis that can lead to |iver
failure, i ncheunmgninepasiost laytlarUnderhmarbythe clhas NITR areginporadf and@V

encodes o0 iR ! G0, S8 RIBRLL fepgFERO™
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studi es sho a n C acc dat e t .
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reaction,:Th d ol ypept i.de omp various nenbers_of the

Fl avi vir F%aeﬁ)f %?%H%%%Bﬁ%&n‘%%srﬂ%ﬁﬁ F‘%tzleﬁ @%%’Qﬁmgﬁhd%wf% be
conser ved ' ( JreplicaBs requined kit edptication dfalResaneshandatuses] The NG5B 2rdein
217, 1991). rrentlﬁl th?r.e re no safe gnd effective therapeutic
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for treatin iral infections, s . NW and )
there is al g@gﬁ BUPFRbTAnGRssQfiategn PW@PQ%%?PF‘&TGH%WM*&Nﬁ%@E&%@ﬁi c
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t he advances in treatnments f'or cancer and ot her eases ther
still a need®€¥r noVel drugs that are effective to treat cancer.

The X-ray crystal structure of NS5B apoenzyme has been determined and three

25 very recent publications describe the unusual shape of the molecule. This unique shape
for a polymerase, resembling a flat sphere, is attributed to extensive interactions
between the fingers and thumb subdomains in such a way that the active site is
completely encircled, forming a cavity 15 A across and 20 A deep. Modeling studies
showed that the NS5B apoenzyme can accommodate the template-primer without large

30  movement of the subdomains, suggesting that the structure is preserved during the

polymerization reaction. The RdRp polypeptides from various members of the



Sunmmary of the Invention The present invention provides conpounds
that are inhibitors of viral RNA and 15 DNA pol yrrerasesééry %

pol ymer ase¥OPWM&patitis B, hepatitis C human i mundddi¥erEResp72
virus, Polio, Coxsackie A and B, Rhino, Echo, small pox, Ebola, and
Vest Nile virus) and that are useful for treating HCV, as well as
other viral infections (e.g. flaviviral infections), and cancer.
Accordi ngly, the inventjon provides novel conpounds of fornulae I,
11, and I'l1 Fmigrideedenilpen oerabel familicohavs botrashown éaibd wabdryed (T.A.

accept abl e S%rﬁen%Nﬁ’JlQ@'RHﬁsk@s%ﬁl%ﬂfVolebeN'o ng 50@3 so provi des a

phar maceut i cal comnposition conprising nd"of“formula I, I, O
11, or a phar nacEutréntliy ﬂlyream&tﬂné EEaittve drerqpeﬂﬁlzragguti trethe afarkeaihgh a

phar maceuti c I er 0S tion.can optionally
conpri se one%‘{o%&rmr eség%%&%’l of@*ﬁ‘ “a umn&}( %Pee ?rflpeélg?\%fﬂséﬁ‘int s.
25The invént ﬂmﬁpailtsnnqzlh@ksrtbﬂaesrealsefelﬂnﬂ’deafnﬁg viraﬂ@:&écttia»gs 3udh ds MCV, HI9C4dqon
in an ani nmal rising admnistering to the ani mal an ef fect’i ve
anount of a (I:-%Bund of formula I, Il, or Ill, or a pharmaceutically
accept abl e salt ol addidck, ﬂg:rdlbelﬁ@@émreﬁhﬁed ﬂb‘z‘ﬂi@iab&iﬁc@ée%% aBll MaPGsic @

met hod for inhibit Vv or DNA pol ynerase conpri sing
contacting tﬁ”@h'ﬁ Tb%gf %é“{gﬁtr??i“{‘gﬁ?nﬁﬁ‘ EWWQPB?SW@PP%;E’@W?@W?W 30
i nhi bitory apemfitd Bfthareaonposmandef itfsen fE'rHaﬁas lamajo‘r hea@lﬁ cbrickm. Wha@b[%en
phar maceﬁbl cal I% acce tahl e salt orﬁtﬁro rug thereo

i nvent i on’ al EBOPGUAt gaserds the ease of ds Pfﬁhloloﬁgoﬁeé(ﬁwéfpurﬂml@nmam nal
conpri si ng a@tmvmh%ﬁﬂcrtge A@aﬁc@&n%hmhts%}cﬁfcfneaﬁh'oﬁﬁr &{Eﬁéé@be%fl dilla,

conmpound of formula I, I, 111, a pharmaceuti ca accep
salt or pr odfl‘if»‘&f?ﬂ?@?‘?léﬂﬁﬂ’ﬁ@ﬁ?ﬁ%ﬁﬁ@ﬁﬂﬁib%ﬁpr ovides a corrpound of

formula I, 11, or IIl, or a5 pgﬁ'ﬂlffﬂﬁﬁb’ttthgﬁlv(ﬂn%ccem able salt or

prochug thereof for use in medrca era for use in treating
a viral infectionThsoresent lmhd)mprpwdatqongomahdm are inhibitors offvéral RIN&Rhd on

al so proyide [11, or a
phar maceﬁ%l c%ﬁ%{}ﬁo Icceg?)st%g%ageﬁ&ﬁ%&g% if)c% {émstgé?% Cfg‘mﬁﬂ“epare a
medi canent ubeherdodéfiniency v, thtaOoxsaa}be ArﬁnécH, Rato) E:ha[br@ﬂllpﬁﬁj EHof, 0. @
human) . 10Thg i |.s ovid nd of
fornula I, T%fd wgs(?ﬁllegﬂus ?Iﬁﬁﬁgatf?rgﬁ? e%@&e?ﬁ o Fyiray

pr odr ug thermﬁcnonsdegn‘hvmmlmfaaﬁﬁhsg;aﬁaaﬁ&ncusefuI for treating cancer
in an ani mal

(e. gAccgrdE]nl'éligfa, me' invention provides novel compounds of formulae I, I, and IIT
20  as described herebelow, or a pharmaceutically acceptable salt or prodrug thereof.

The invention also provides a pharmaceutical composition comprising a
compound of formula I, II, or III, or a pharmaceutically acceptable salt or prodrug
thereof, and a pharmaceutically acceptable carrier. The composition can optionally
comprise one or more additional anti-viral or anti-cancer agents.

25 The invention also provides a method for treating a viral infection in an animal
comprising administering to the animal an effective amount of a compound of formula
L, I, or I1, or a pharmaceutically acceptable salt or prodrug thereof.

The invention also provides a method for inhibiting a viral RNA or DNA

polymerase comprising contacting the polymerase (i vitro or in vivo) with an effective
30  inhibitory amount of a compound of formula I, I, or ITL, or a pharmaceutically

acceptable salt or prodrug thereof.



The invention al so provides novel synthetic internedi ates and
synthetic nmethods that are disclosed herein as being useful for

prepari ng WORpWMt$1of fornula 15 1, 11, or 111. Sone RSTHSIMIHIWF2
formula I, 11, and I'll may be useful as synthetic. intermedi ates for
prepari ng ot her conpounds of forrmula I, Il, and Ill. Detailed

Description of the Invention Definitions 20The term
"pharmaceutically acceptable salt” as used herein refers to a
conpound of the pthksientntidn slsd pouides amethvdlbr beaimephaenmeeuhingdl | y

accept abl e bases. .i nargani ¢ ar .organi.c_agi ds. Exanples of suitabl

aci ds i ncl udg?m iynes r%gc}%n’?gﬁﬂi S fginpa) an @ﬁ%&%%&%@%awﬁﬁ 1ula
sul furic, ni LI eor IhersphambantifdiyacdeptabldBhlebcorodth@feiref.i ¢, gl ycollic,
lactic, salicyclig, succinic, toluene-p-sulfonic, tartaric, acetic,
citric, 25 met han@éei}FY P%?IS?HPWES,aWé‘ﬁ’?B‘F ?PH#F&F%L& or I, or a

napht hal efe- ghambintdly abdehhble@sl0aGRbd g ABROD %&@@ﬁ%ﬁ%dﬁdaml&aﬁﬁe% for
Salts derived from approp{l ate bases include, but are not Iimted to,

al kal i such %% 1BEGMEIH2IHA! BieaHM of for vse in trepling eampey)-" t reat ", "treati ng"
and "treatment” aspdiafeiBeEIsd Probiasd e BscRR TLOhSERE 0P By @,rfegwﬁ dRLi or
to the onset of clinical sy ons of a disease 30 state/coriditi’on so
as to prevenbhagmgcestically avaepgble walf or raedregithersps taprepage amedingrowmhusead far
the onset Ofnﬁtﬁl@ia%ﬁjaliﬁﬂegﬁﬁn%%imﬁlgig?ﬁﬁﬁﬁa tate/condition so as to
reduce or elimnate any synptom aspect or characteristic of the

di sease &% at e/ conbhetipgmitiorsyetprovides thevgsernd e dompdunt of floeolh Gt ot OLea

usef ul . e anl " rein refers ta any ani.nmal,
el udi ng. o ade A AR ol 56 BEEE B fripeEd S m ey Pt o
rodent s, rabtredting cdwgsip ag atisal @w. abymaattl e, 5 sheep, horses, and
primates. I n one .specifl.c enbodi.nent of the. i.nvention the ani.mal is a
human. The t @%ﬁmetnh%l} agf)oe‘ff? Ylg?'iﬁ qoyaéﬁtggtlci ’P/tgméfﬁﬁ'?ﬁ'? ta“ir SYOieHet er ence
to treating metibédchstaradial@tdkidnhs being tisefit F& pteparil @IPYIidsOF fodmula

har 15 Kapahieobit KaytitgRang<nar berdshal b rrey b bl et et any

synpt om  aspiseimedisteCRApREArRIgiofHet 6EmMunds dHfe@R%E, 5] alagiicondi tion when
adm nistered as a single dose or in nultiple doses. Such effect need
not be absolute to be beneficial. The term"al kyl" as used herein

refers to alkyl groups havi pgtafie®BeseripfioR of e @Ven@bfs. This termis

exenplified py_groups such as nethyl, ethyl, n-propyl, iso-
Definttions

20 The term “pharmaceutically acceptable salt” as used herein refers to a
compound of the present disclosure derived from pharmaceutically acceptable bases,
inorganic' or organic acids. Examples of suitable acids include, but are not limited to,
hydrochloric, hydrobromic, sulfuric, nitric, perchloric, fumaric, maleic, phosphoric,
glycollic, lactic, salicyclic, succinic, toluene-p-sulfonic, tartaric, acetic, citric,

25  methanesulfonic, formic, benzoic, malonic, naphthalene-2-sulfonic, trifluoroacetic and
benzenesulfonic acids. Salts derived from appropriate bases include, but are not
limited to, alkali such as sodium and ammonia.

Te terms “ireat”, "treating” and “treatment™ as used herein include
administering a compound prior to the onset of clinical symptoms of a disease

30  state/condition so as to prevent any symptom, as well as administering a compound

after the onset of clinical symptoms of a disease state/condition so as to reduce or



propyl, n-butyl, t-butyl, n-pentyl and the like. In a specific

enbodi nent .t a | 15 groups have from 1-4 carbon atg and are
referred t%’oﬁg&(%%? al kyl . The term "substituted al kyIBC%Z 29105@%9072

herein refers to an allcyl group having from1 to 3 substituents,
sai d substituents being selected fromthe group consisting of alkoxy,
substituted al koxy, acyl, substituted acyl, acylam no, acyloxy,

oxyacyl , substituted am no, .am noacy sti tut ed aryl
aryl oxy, subgff)lp’c“ﬁ {CETY SYURtERy Aspesh e chATCeHSHC R gﬁaag%ﬁrsfﬁ‘?z‘l

car boxyl , caﬁbamgh]easﬁc@bgabsbm&bbehéyﬁﬂal I cyl, substituted thl Oal | Cyl
thioaryl, substituted thioaryl, thiohet eroaryl substi tuted

t hi ohet eroaryl , tHfesel @&P?lcﬁ used hpisin "eirsda aphidaglc meling yiammels,

t hi ohet er ocy GldhGs, bRt tintitdl &6 fidd PRELBECOY&, SHYE, Aok Qscfaﬁ%ut ed
cycl oal kyl, heteroaryl, substitufed heteroaryl, héter ocyéf

subst it ut &d PREEBMGEFS 2P PrimETh dn pae sRscifis erberimentof thedivcanet thasnimslid
herein refergpifaafn al kenyl group having from2 to 10 carbon atons
and having at least 1 site of al kenyl unsaturation. Such groups are
exenplified by viTHydttwn fberageutiaajly effedtive ambunt”Enwerbncytq traﬁdghhisedsé ke.
The term "su | . " d rs o9 al

groups havi ng&%}r %ﬁngﬁgl’ ?éf%@ JE? t% ﬂteoﬁ‘t%sc oﬁ?&&g eltfl gehtsn g:]e%&a

sel ect ed fr opharinasgtich s@npdsmoaﬂmt/rs chmble3d aaﬁt@myl dettbﬁﬂleﬁidﬁﬁlve effect on
The ter Mo al k sed

" herein re to .an al kynyl
gr oup hat? ng” %WP?—H?L@SP 5 % ﬁ"ara?f’ Sﬂ%ﬁcﬁﬁﬁa %ﬁ?ﬁs?\am £o4 ét%f&w]?ﬂé&wy%%ed
ia! I cy nél u nsaaetaﬁsi@sf dcnsle oSSimatuitiple me.w@hmmzbwnoeﬂe Ssolubdiib bOBneficial.

Iimted to, et = -yl, . pr n-1-vyl, propyn-2-yl
met hyl pr op- 2- ynyl t mbLPﬂVﬁp%/ dﬁleﬁ‘?}'f%qerg ucylﬁ[?fl%haé'mﬁlfmnhh@q he
li ke. 5The t eifison mtmismér@pts a:tdnﬁﬂiﬁh‘dl by gouptsch Heh&h d;n éﬂ%fl‘%{?rof)ﬁ iso-

al kynyl grou stituents, said substituents

being sel ectg'i‘ip}['1 bgghégﬁﬂ B@G%W@t likesIng fpe¢ific eradimentythe alie t er m
" al koxy" 15 ef chgpst}ﬁvé BEmAL Db Aobhs £3d-are referred to as IGWerfifyn " substi tut ed

al koxy" as used herein refers to the group substituted i0al kyl -O-.

. The term “substituted alkyl” as used herein refers to an alkyl group having from
1 to 3 substituents, said substituents being selected from the group consisting of
alkoxy, substituted alkoxy, acyl, substituted acyl, acylamino, acyloxy, oxyacyl, amino,
substituted amino, aminoacyl, aryl, substimtéd aryl, aryloxy, substituted aryloxy,

20 cyano, halogen, hydroxyl, nitro, N, carboxyl, carboxyl esters, thiol, thicalkyl,
substituted thioalkyl, thioaryl, substituted thioaryl, thioheteroaryl, substituted
thioheteroaryl, thiocycloalkyl, substituted thiocycloalleyl, thicheterocyclic, substituted
thioheterocycliccycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyelic.

25 The terms “alkenyl” or “alkene” as used herein refers to an alkenyl group
having from 2 to 10 carbon atoms and having at least 1 site of alkenyl unsaturation.
Such groups are exemplified by vinyl(ethen-1-y1), allyl, but-3-en-1-yl, and the like.

The term “substituted alkenyl” as used herein refers to alkenyl groups having
from 1 to 3 substituents, said substituents being selected from those describe above for

30  asubstituted alkyl.



The term "acyl"™ as used herein refers to the groups al kyl-C(0) -,

al kenyl nyl - C(0) cycloal kyl -C(0) -, aryl- C(O)
heteroarylg’é@@ 6’Foié(,”%?amd het erocyclic-C(0). The term" s ST YS20R5030072
acyl" as used herein refers to the groups substituted 15 al kyl -C(0) -
substituted al kenyl -C(0) -, substituted al kynyl-C(0) -, substituted
cycl oal kyl -C(0) -, substituted aryl-C (0)- substi tuted

heteroaryl C(0), and substituted heterocycl ic-C( The term

"acyl ami no" as us®&be s8R salkynyter alkyns” ?h@seéﬂl%’&-f@e@tﬁl@ gkynyherosp each
Z1 and Z2 ar %amggpﬁrzdﬁma&%n%%ﬁmﬁmﬁﬁgomga Q¥ Wﬁﬁsﬁ@mﬁﬁ%uc

hydr ogen, al kyl,” 20 substituted al , al keny ute eny
al l cynyl and grupsare exanedifisfl hY»r’P}dF not ém‘dte@ e et@mmtyﬂ,mynd ~gsopynksl, 1-

above in the T he acyl oxy" as -
used herein rrﬁeé:%’!rﬂgbé%%tﬁ&% Pﬁ@?zgg%%m3gﬂﬁﬁdﬁﬁ%ﬁulféd al kyl -

C(0) 0-, abkenyl - CTR)t@em “ssxhtitﬁtuted alkﬁdzl”adslneﬂiyherem@ fb)feﬁs to aditymglgryhpShaying |
US4t O PG B0 SR R SR s o
substit ut ed hlé:ts'eﬂutmdraydy}C(O) 0- het er ocycl i c- C(O) 0-, and substituted
neter ocyol 16 CLO) s aom PR AP RS M3 U5 nor o e or 0
Slulbstl tlllt eg( gl kerfvﬁe—tl%g (és(hg?itﬁtedfﬂ%é}éﬁé@ﬁseg her%ﬁiFSﬁgi&s:Etg?@dmu substituted

al |l cyny -, ary substituted ary -

cycl oal kQB Q, substituted cycloallcyl-0C(0)-, heteroar yl 0C(0)

-, substituted herlﬁrt@@i%yﬁ@éQaedhereﬂefbﬁfsqswﬁ%xﬂ@g% L@o’oa L C(0) -

substi t ut ed het er ocyclic q%ﬁ . WD 2006/ 05

The term "am EWY%TQ %eﬁy (Pt 8y C(Q) -+ hrtergprgbp(QNHd heterocyclfphe
term "substi t;@z)ed am no" as used herein refers to the group-N Z172
where Z1 and are as descri bed above in the definition of

acyl ami no, provi ey temn{ substityied agyy” asrusedblesr¢in rfers bn/thie grgaps substeed er m

"am noac U@(gg r 0
NZ3C( 0) sﬁ%st?ltﬁﬂt aP‘E‘{S h&da e I?@cﬁggﬁﬁw )gsuﬁ%)‘t%{ ?ut ed
cycloal | cyl , 03{01@‘12&3@(3@)% mwmtedamm) subistituiet itecbandl-KED) bnd substituted
-NZ3C( 0) al | cy yelic- O)substituted al kynyl, -Nz3C(0)aryl,
-NZBC(O)substl Jeroevelio L vl . - NZ3C(0)heteroaryl, - NZ3C(0)substituted
het eroaryl, -NZ3 C(la)tbmt ‘Greplemoiol’ a5 umhHereini&efsﬂ@fﬁ(e@cmplﬁ(oi)lﬂmmdrhere

heterocyclic eacme L ﬁ‘lzrl’ise fnaepr%}{&lenag dlectla ﬁ)m Mle group consisting of hydrogen, alkyl,
20  substituted alkyl, alkenyl, substituted alkenyl, alkynyl and substituted alkynyl, and the
substituents described above in the definition of substituted alkyl.

The term “acyloxy” as used herein refers to the groups alkyl-C(0)O-,
substituted alkyl- C(0)O-, alkenyl-C(Q)O-, substituted alkenyl-C(0)O-, alkynyl- .
C(O)O-, substituted alkynyl-C(O)O-, aryl-C(O)O-~, substituted aryl-C(O)O-,
25  cycloalkyl-C(O)O0-, substituted cycloalkyl-C(O)O-, heteroaryl-C(0)O-, substituted
heteroaryl-C(O)O-, heterocyclic-C(0)O-, and substituted heterocyclic-C(0)O-,
The term “oxyacyl” as used herein refers to the groups alkyl-OC(O) -,
substituted alkyl-OC(0)-, alkenyl-OC(Q)-, substituted alkenyl-QC(O) -, alkynyl-
'OC(O) -, substituted alkynyl-OC(0)-, aryl-OC(Q)-, substituted aryl-OC(0)-,
30 cycloalkyl-OC(O)-, substituted cycloalkyl-OC(O)-, heteroaryl-OC(Q) -, substituted
heteroaryl-OC(0O) -, heterocyclic- OC(O)-, and substituted heterocyclic-OC(O)-.



The term"aryl" as used herein refers to a nonoval ent aromatic cyclic

group of from6 to 14 carbon atons having a single rin e.g.
phenyl ) or MY BPE! condensed rings (e.g., naphthyl org'%ﬁ(ﬁl[l’ﬁ%?/qsﬁmwmch

condensed rings nay or nay not be aromatic. Exenplary aryls include,
but are not limted to, phenyl and naphthyl. 15The term "substituted
aryl" as used herein refers to aryl groups which are substituted with
froml to 3 substituents selected fromal kyl, substituted alkyl,

al kenyl, subst it ulBelteHPKERPP, assRy herein gefers sutbs gioupt®Hz.al | cynyl , and

t hose substi tuent Fef b gt f s tjtuted
al kyl. TheRpE IR " b LA Nl Bl S e 7 e
group aryl - OZ1end¥: draed deseibed Ryove n (e defifitiexelapyleminos provitied that?, ahd By,

phenoxy, naphthoxy e like. The term "substituted aryl oxy" as
used herein refer snottg&(gﬂ%%fi tuted aryl-O groups. The term :

"carboxyl 5 as use@htierel'aminedost s hised-heSHe s ahd grodReNBal(0)alkg, t er m
"car boxyl es i er el er oups- C(0)0-al kyl, -C
25°(0) 0 subst P QBRGNP bbb et
The term " cy NZa(dlelkenyl,aNZyS@)substittied alkedyg-NZL(Balkpiurat ed or
unsat ur at ed j dr ocar bo ' ystens, such as those containi ng
1to 3 ri ngs%étcgs'{%uwegé S%E( FW@;.‘NMQ&“&FW“@ #ths i ncl ude
but are not NZT{®Hettroasl ¢ NIRC@DYiIbstithdse hOBhMA, -NEWFONREDS Kb _

cycl ohexyl,, %&%e t ?@Mﬁnd agg.naﬁtyl. BQThﬁeﬂtIgr}rgRbsubs%%’tma%g

cycl oal | ﬁbl " é‘g’s‘gﬂe@' fterogydicswhege NZpisdydmesaor alali ng from 1 to 5
substituents sel ethadmt rLA kH&ah L st -=Q) 1 [.OX
(=S), alkyl, substitut eégwal Kk © gﬁﬁrgﬁggg§y§gg¥ﬁ@{n6§é%§&%§ég? H;)%’gofn

| ’a » .
the definiti dRmdrtodfigarn ﬁp@aﬁa‘rlwa single ringfeee. t phemyl) aryniltple kandytiseds
used herein fefaes. b - m.'substitut.ed
cycl oal koxy" aésﬁeﬁgedgpﬁgﬁé?%%@?g@y%hgg%@g%gﬁnggﬁltagg{%%%ql{g%ful?ma ¢
groups. The Essmplaygryinclude butaseindtdimdied to, pheybarttdomapihfl) - . The term

"hal ogenjsas use ' . chloro, bronpo and iodo.
The term® het er Qgﬁ;}ﬁ%ﬂagu%%gﬁéﬁaer&g iaélh#g% gfrelsn 't %‘rsa{[ﬂ “’%’E%ﬁ?ﬁ?ﬁ @“g‘f Bip of
from1 to 10sWafithisA wathdrom hieB substuehisreteetcd Sbmmiliysahititesl faonmitag,

group consis Edbgtgtul%& a%gﬂ,eaﬁ'k}myl and substituted alkynyl, and those substituents described
above in the definition of substituted alkyl.

The term “aryloxy” as used herein refers to the group aryl-O- that includes, by
20  way of example but not limitation, phenoxy, naphthoxy, and the like,
The term “substituted aryloxy” as used herein refers to substituted aryl-O-
groups.
The term “carboxyl” as used herein refers to ~-COOH or salts thereof,
The term “carboxyl esters™ as used herein refers to the groups-C(0)0O-alkyl, -C
25 (0)O-substituted alkyl, -C(O)O-aryl, and-C(O)O-substituted aryl
The term “cycloalkyl™ as used herein refers to a saturated or unsaturated cyclic
hydrocarbon ring systems, such as those containing 1 to 3 rings and 3 to 7 carbons per
ring, Exemplary groups include but are not limited to cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, and adamantyl.
30 The term “substituted cycloalkyl” as used herein refers to a cycloalkyl having
from 1 to 5 substituents selected from the group consisting of oxo (=0), thioxo (=8),



10 nitrogen, sulfur in the ring. The sul fur and nitrogen heteroatons
atonms may al so l?e ]gresent in their oxidized fornms. Such heteroaryl
groups canRH¥ B ngle ring (e. g., pyridyl or furyl )PCFUSASOY %
condensed rings (e. g. , indolizinyl or benzothienyl) wherein the
condensed rings nmay or nay not be aromatic and/or contain a

het eroat om Exenpl ary heteroaryl groups include, but are not limted
to, heteroaryls include 15Fyridyl, pyrrolyl, thienyl, indolyl,

t hi ophenyl , allkgl, subsjtited alkyl, anthibosesnbatitusots Stedctibedad theatefnitian yf substtuted ed
herein referg,t0 heteroaryl groups that are substituted with from1
to 3 substituents selected fromthe sane group of substituents
defined for substThettmd“cgelpilkoxy” as used hlweintrefersn td h@tcecledkyl lctvaps. as used

herein refers to .4h roup . 4)-heterparyl . 20The.term "substi.t uted
het er oar yl oxy" asﬁﬂ%%% ﬁﬁ?%’ﬁ#&é’f’@? 015% a?ﬁ%e%gﬂﬁ’i?ﬂbrefeﬁg-togcﬁ'f)@??? ed
het er oary$ . cycloalkihgrotygt m "het erocycl e" or "heterocyclic" or

"het erocycl oal kyl. refers to,a sajurated or turated group (but
not heteroaryl) haitg 4oLy g‘?séls?‘{%elﬁfe(%‘?fﬁfocﬁgﬁﬁ“condensed rings,

from1 to 10 car brye i@kOHRlogae b Sud hbreiPrefor WBIROR, M1HEBLeRb &Ad Rhof oM
25 the group consjsting_of nitrogen, oxygen, sulfur, wWithin the ri ng

wherein, in fused 5t SFerspg, asd’r‘igd bgreifdRters toan qromgjls geeup g dtom 1 to
cycloal kyl, a5 sthbdlatdisd #0936 ¥ heRfoalntdadiet E@ﬁoﬁlmge PR HonQEind Lk nt

' t
is through the heterocyclic ring. The sulfur and nitrogen heterdat’ons
at oms mai? al BiFoEad; piagBrthe ring. The syl fus apdpizegentheierpgtoms atoms magtadsotter m

"substitute RN Sdiz A For i ?ﬁ;ﬁ ic" .
"substitut egplg%hﬁ%lt er o(%:}&;/délz%afﬂn%?ﬁrﬂg#%rﬁgﬂ 0 %%gﬁl%k%/%f%ﬁ élr‘%%gég't’hat
are subst i t upwiylenthrybros multipleocadertsed tirgsarge, inddiEinyt erdrbztidenytlef i ned

for substit : 0 2005/ Q72 . . EX | es
of heter ocy:ﬁv g%elgﬁ]ﬁ’ ﬁ?g?%}goar Qé-ﬁ?%%&égg&/bgﬁ Oglgr%(%g%g?r ﬁofltr?%ntael%?tetr%a?o '
azeti di ne, phxamgilary heteroakyk grivays ipgludez bltere nuy timdledie, hqdsroayls eslude

pyrim di pe, ' 1€, «k ndpkizi . 1,s0i.ndal i ndol e, di hydroi ndol e,
i ndazol e,{ljepM&?%%@ﬁofhfe??ggdoiygglgo hr?gylf ?f%ﬁa'bl nol i ne, phthal azi ne,
napht hyl pyri di ne, Thguérmd'sabistitutsd Igpteronapdhs wbed hareinhefbis fehetdrodryiasrwbs feat
S0t hi azal o, “ERERIOTAE TR B St SRRl BonT e ot ofe.

i m dazol i di nepstiténtedeihédfer substitetet diyhe, pi per azi ne, indoline,
phthalimde, 1,2, .3, 4-tetrahydrojsoquinoline, 4,5 6,7-

t et rahydr obenzo [Bf ' g‘ﬁtﬁ@ﬁé'?oxtyhf‘%ﬂ%ﬁfl g?re‘flﬁFfﬁrf(’j‘? g‘ﬂigﬁé‘? “Prhctsprsie,
benzo [ bj0 t hi opherne terntiseh¥afupAtetertkyld:8" 29 uded heteinaefetsQo &% group -O-

t hi anor phol is%l ), &i%%)eri dj nyl, 10 pyrrolidine, tetrahydrofuranyl, and
the |ike. gitvted feterargh ocycl yl oxy" as used herein refers to the
group - 0- het er oCykitém oL RN or SHRSbEcHEEst RaLSERFAALY 02 103 Used
herein refers to the gr oup]E Ofdlsuogsti tut%d het er ocycl i géy The St gr m

"phosphat e" #8mafeker werterid gonp (Wt nef heiseoagibhaying aegtyriragr ultiple

condensed rings, from 1 to 10 carbon atoms and from 1 to 4 hetero atoms selected from

25  the group consisting of nifrogen, oxygen, sulfur, within the ring wherein, in fused ring
systems, one or more the rings can be cycloalkyl, aryl or heteroaryl provided that the
point of aftachment is throngh the heterocyclic ring. The sulfur and nitrogen
heteroatoms atoms may also be present in their oxidized forms. p

The term “substituted heterocycle” or “substituted heterocyclic” or “substituted

30 heterocycloalkyl” refers to heterocycle groups that are substituted with from 1 to 3 of

the same substituents as defined for substituted aryl.



15 (nmonophosphate or phospho), -0P(0)(OH OP(0)(OH) 2 (di phosphate or

di phospho) and -0P(0) (OH) OP(0) (OH) OP(0) (OH) 2 (triphosphate or

t ri phosphoYVOFP030168 t her eof including partial salts tHGREET005/08%07%
understood that the initial oxygen of the nono-, di-, and

tri phosphate may i nclude the oxygen atom of a sugar. The term
"phosphate esters" as used herein refers to the nono-, di-and tri 20
phosphat e groups descri bed above wherein one or nore of the hydroxyl
groups is repl aced*#ypighoideiesneycleyand peteroaryls iltlade, butnrd phdisphonat

e S B B TR
i ndependent | yrdobipBeisdndote indhlp iiluglerindadd, kndazols phiitd, thihelhim), K¥duinoline,
carboxylic agj : est.er. It i.s understood that the
initial oxygglhﬁ%(%wglgg%ﬁ%g%ﬁ%ﬁé{yg’m 7 aopime, Fnaggingetineaiing sugar .
The term 5t hptridingsatseds,verbeline, pisheithridioe, kBaligy, fhPantBidlind M@ HiSHT

"thioallcyl" hoether" or "thjoal koxy' refers to the group-
8- al kyl . 30?&‘@"‘?@%’ Emy“g‘é%% Pf‘?“ﬁf%&’et Thep pe, iggidazalidine; imidazakine,
al kyl t hi oet hpiperidine, ‘bipeheine] indetite tfhitaBinkRxy >, 7.£fah 0 -
-S-substitutgd al kyl . .Tge t I:Irl‘lm "t hj ocycl oal kﬁ%d&&qé&sqnﬁlggﬁ ’ﬁ’g’r%?n
refers to the gryou%bep@- D] tiopheneyt .laquﬁ’éh’ta%?hﬁl\mesﬁhwg¢ ulpessgo [b] thiophene,
t hi ocycl oal | etphokisyl UsRehofi@ioRA (A& Bfcfred B atsrf'lﬁalﬂ&?h'(?m_ §_ 1%% htuted

' efersd ¥

cycloallcyl. _The term"thioaryl™ as used herein ’gr oup
-Saryl . %Th@yrfoilfifﬂe"@ﬁﬂg’gf"tﬁﬁf‘% fthedikgs * as used herein refers to

t he group- S- substTHeubBIRFYdcve 1 hi t aryl~.as used

herein refers to the group - -If‘;lgiiﬂe;t%g%ﬁ{@%%lf%ggntﬁ égr%%ﬁ"{l%?r&ww'

t hi ohet eroaryl " 2o ey sHestidtiod hegerenyelylony’t dsasert lougin sefers sths piotiproed

het er oaryl . &@g’tn@teaggtggog}gﬁg_ohet erocyclic" as used herein refers to

the group -S-heterocyclic. The term "substituted

t hi ohet er ocycl i c 48 terge@hawhe hasrgédhiesein witrh® the gopps- HP(GHOEY, t ut ed

het er ocy¢d i g hosphzfCorl 8L Mo 2 P } i Ln' refers to the Z7
substi t uent %1%01181% am no Itapcf)%go)g;a %@%@35@@@@%@@%&@%@% 4
i SbS ;9! fCE eg EAEW@@WQ)(@E@E?X@%Qgipﬂ@phatdbﬂﬁ?ﬁbs?lﬁi) l@)’bqltts rt]he%?f g
substituted gl i en or . together w ~an
the nitrogen an%}h%g%}ggﬁsﬁﬁg{ﬂ&%g bGUnNt a?rﬁtéf"i&‘gt tﬂ% PEXEER 9T the meper, di-,
het er ocycl i enditrighosphateonwey iesthdedhereyigen iths oflagiano aci d si dechain is
the sidechain an‘hgfterﬁlh%hés\ﬁ\ﬁa% gStﬂQ&Ea’ talél Iilgéldlﬁlere?rfl% BI;Z'Sr tlor‘llge HIEOI?OT drll-ci)inc? g’;-ds '

20  phosphate groups described above wherein one or more of the hydroxyl groups is

replaced by an alkoxy group.

The term “phosphonate" refers to the groups ~OF(0)(Z4)(OH) or-OP(0)
(Z4)(OZy)-or salts thereof including partial salts thereof, wherein each Zyis
independently selected from hydrogen, alkyl, substituted alkyl, carboxylic acid, and
25  carboxyl ester. It is understood that the initial oxygen of the phosphonate may include
the oxygen of a sugar,

The term “thiol” as used herein refers to the group -SH.
The term “thioalkyl” or “alkylthioether” or “thioalkoxy” refers to the group- S-
alkyl,
30 The term “substituted thioalkyl” or “substituted alkylthioether” or “substituted
thioalkoxy” refers to the group -S-substituted alkyl.



Sugars described herein may either be in D or L configuration. 20
Compounds of fornula | Conpounds of the invention include conpounds
of fornul aW¥P:20§5050161) 25 wherein: Y is 0 or S RGTUSPB/03-R3,
NR3R4, NR3NR4R5, al kyl, substituted al kyl, al kenyl, substituted

al kenyl, allcynyl, substituted al kynyl, aryl, substituted aryl,
(CH2).-CH(NHR3) CO8R4, ClI, F, Br, |, CN, COOR3, CONR3124,

NHC( =NR3) NHR4, NR30R4, NR3NO, NHCONHR3, NR3N- NR4, NR3N=CHR4,

NR3C( 0) NR4R5, NR3EedpmRRARgcyaoalint g pesiereinyqlos orbe smmsaeiqpio R3,
NR3C( 0) NRANRSRG,  Prd36/0 Rabstitb@ihideFloali s Csl fréth kotlrs to%&&%‘ Q.aryl,
ONR3R4, SNR3R4, S-ONR3R4, or SC2NR3R4; 'n is 0-5; ["i1s H,
NR3R4, O, FsubsfistedspioalsboR3, NHSC2R3, NHCONHR3, CN, 10 al kyl, aryl,
ONR3R4, or NR3C( : PNRSE ' wp.and R3, R4,
R5, and R6 are i?epéﬁ%ﬁ?ﬁl?es{ag%t}%ﬁ%%rrn%%@g%?ﬁdﬁ?%%lhsi sting of H,
al kyl, substi t ut etheakdoyfsubsiitkedihioaryddssiséd herauirefidrk tortiié groap-Seybyyibyted
substituted grlLi,Lcynyl , cycloallcyl, heterocyclic, aryl, substituted
aryl, acyl, substituted acyl, S02-alkyl and 15 NG or R3 and R4
toget her with t hellritemofbiohdterondy] el usdd dyrear refeat tb alede ol -SriEtetoaryl.

pyrrolidino, piperid]no, pipe i.no. azetidin nor phol i no, or

t hi onor phol i no ri Ebe {GB:P ﬁﬁ’sgﬂ%&%&}e%@fﬁe?s W?ﬁﬂ?lﬂéghﬁﬁsf? @‘QEW“PGSW(H ch
t hey are att adbudtell heteroaryhynol i di no, pi peridi no, piperazino,

azetidi ng, mor phq{,ﬁ no ‘tﬁioﬁhi OWD{-E.P()' [

1 pENARE -
¢ term elerocyclic” as used herein refers to the group -S-heterocyclic.

The term “substituted thicheterocyclic as used herein refers to the group -S-
substituted heterocyclic.
The term "amino acid sidechain" refers to the Z; substituent of o-amino acids of
the formula ZgNHCH(Z7)COOH where Z7 is selected from the group consisting of
15  hydrogen, alkyl, substituted alkyl and aryl and Z¢ is hydrogen or together with Z; and
the nitrogen and carbon atoms bound thereto respectively form a heterocyclic ring. In
one embodiment, the a-amino acid sidechain is the sidechain one of the twenty
naturally occurring L amino acids.
Sugars described herein may either be in D or L configuration.
20

Compounds of formula I
Compounds of the invention include compounds of formula I:

25  wherein:
YisQorS;

10



or a pharmaceutically acceptable salt or prodrug thereof; 20United
States Patent 4,584,369 relates to certain specific nucl eosi des.
Accor di ngl YO 2006/656%¢1 enbodi ment, the invention excl udes REOHFBUHIA39033
formula | wherein Yis S5 when Ris -NH2, -OH, -SH, or -SCH3; Rl is
hydr ogen; and R2 i s nonphosphoryl ated ri bose; as well as conpounds of
formula | wherein Yis O0; when Ris -NH2; R is hydrogen; and R? is
non- phosphoryl ated ri bose. 251 n anot her enbodi nent the invention

excl udes conpoundB iHPRs; SReni¥BeRy. NiRd¥RaRe alkyl, substitupedjalicyl, qiigenyl, sobptitutggdy,
or -SCH3; Rl ,j : %ﬁh i : | _C{EW f
fornmula | mgirké?ﬁny%}?lgﬁglbsgﬁfég - I-g &gl’)glﬁjgmﬁ%g%é?{%gnd R2 i's RS
ri bose. | n akdtther. IeaNdOPRIBACONRR NUEHMNRINBR G NRdOB4,00p6lnds of

formula | wh i i Sy Rl N | eyl R4; R3
and R4 are e%ﬁdﬁ orhmgl_l;%kﬁa%gn}]d hlg])s(g(%(% ?O:S%Crggngs fful a:

wher ei n:  6ne NBsCRBORa (CHRSOR ] NRFC{ENH)NRR soONREZ (OISR RR s HC(BFQ2 | S
OH, al kyl-O — 5 I - al =0) a5 | H
and 7300 | s aﬁbgpbm%(gpﬁ?ﬁ%i’:C%%Q@)QT@%&?%§§§?PR§?@Q%%S§F
5 n anot her &OBWRiRyent, the invention excludes conpounds of formula I

wherein R2 has the.follow ng formula: wherei n, one of R 30 and
R304 is Hand the®Bt%dr is Hor OH R32 is OH, alkyl-O, 10

a: ||<C|y18( :0)|0i< ?I kRIOiSsSf,mla%,lﬂl,gyb%sSRal;ﬁHck | éd(ﬁé,g)ﬁﬂ'ss@znatmml , R, OH,
al kyl-O, a = al kyl-S- . or al kyl C(=0)-S-. n one
enbodi nedf t%%%&ﬁ%%%’ﬁw39@%bomound of formula | as

descri bed above, whBhL@hfleokideSufhr pfiupfadhar maceuti cal ly acceptabl e
salt or prodrug thereof 15l n one enbodinment the invention provides a

conpound of f or miRa R Besanddiears Bdependsaile selogtas feqmn thy erogip gonsiting of H,
sharaceut|CELLY stiesplahlz 88l bR SR i i
descri bed abeyoalighdeterasysiic ylordstitated agRoylnrbRituted ey RIS andr  a

15 NO; or R3 and R4 together with the nitrogen to which they are attached form a
pyrrolidino, piperidino, piperazino, azetidino, morpholino, or thiomorpholino ring; or
R4and R;s together with the nitrogen to which they are attached form a pyrrolidino,
piperidino, piperazino, azetidino, morpholino, or thiomorpholino ring;

or a pharmaceutically acceptable salt or prodrug thereof;

20 United States Patent 4,584,369 relates to certain specific nuclecosides.
Accordingly, in one embodiment, the invention excludes compounds of formula I
wherein Y is S; when R is -NHa, -OH, -SH, or —SCH;; R is hydrogen; and R%is non-
phosphorylated ribose; as well as compounds of formula I wherein Y is O; when R is
-NH;; R! is hydrogen; and R? is non-phosphorylated ribose.

25 In another embodiment the invention excludes compounds of formula I wherein
Y is 8; R is -NH,, -OH, -SH, or —SCH3; R! is hydrogen; and R? is ribose; as well as
compounds of formula I wherein Y is O; R is -NHj; Rlis hydrogen; and R? is ribose.

In another embodiment, the invention excludes compounds of formula I
wherein R is —SH, -OH, -S-alkyl, -O-alkyl, or NR3R4; Rj and R4 are each H or alkyl;

30  and R? has the following formula:

11



20 pharnmaceutically acceptable salt or prodrug thereof In one

enbodi nent the invention provides a conpound of formula | as

descri bed WOM/05Merein Ris NR3R4; R3 is sel ected fr MGHUR3ILGH08AG72
consisting of H alkyl, substituted allcyl, alkenyl, substituted

al kenyl, allcynyl, substituted allcynyl, cycloal kyl, heterocyclic,
aryl, substituted aryl, acyl, substituted acyl, S02-al kyl and 25 NG
and R4 is selected fromthe group consisting of H, alkyl, substituted
al kyl , al kenyl, substituted alkeﬁ?P, al |, substituted al kynyl,
cycloal Il cyl, heterocyclic, aryl, substy aryl, acyl, substituted
acyl, SOT-al kyl and NO or R3 and 2gpds R& with the nitrogen to
mhlch they are attached forma pyrrolidi ng, piperidino, piperazino,
azetidi no, norpholino, or thlontorphoF?% ring; or R4 and Rs together
with the nitrogen 5 to which they are attached forma pyrrolidino,

i peridino, i I 020
Fiba. In oo LAEEEEhOSer TRal el A e 0l B o SRR SRR it
| as descri baikiylé?(f@)@, : alhé-tSelomaRy](E—WNRﬁﬁsHainH@W is GHjadityl04] ed
al kyl, al ken d al IIc nyl, substituted allcynyl,
aryy subst|¥%$g@qg$§1ﬁkﬁ%%i 7([%4y10 a, F Br, I, CNy d
COOR3, CONR3R4, m@ﬁammmmnt R IRAtionNR IS oNiﬂgsdes BBronhiR3N=NL24,

NR3N=CHR4, N NR R5, NR3C(0) OR4, CH=N-OR3,
NR3C( =NH) NR4 %Iﬁ%‘ge%)ihﬁ?mg 0 0) R3, OC(0) - ORB,
ONH- C(0) 0- al kyl , ONHC(0) O- aryl, O\IR3R4 SNR3R4, S- ONR3R4, or
S2NR3R4- 151 n one enbodi nent the gpventlon provides a conpound of
fornmula | as described above, wheferr Rlg H or NR3124; or a
pharmaceutically acceptable salt or prodrigéthereof. In one

embodi ment the invention provides ag® B%f formula | as

descri bed above, wherein 2.2 is a nucl 20 sdde sugar group of G oup A
B, C D E or F 20 described her ei nBET ow, or a pharmaceutically

acceptabl e salt or prodrug thereof. I n anot her enbodi nent the
i nvention prondgesos &Rmm“qéﬂfaﬁ&fﬁebﬁeﬂlsﬂ%r S QPP Qﬁ%%ﬁgv@
wherein R2 is ribose, 2-deoxyribose; 2-deoxy-2- uoror

ar abi nosH)  2lGAGRNO. AlkkSr, onalkBCFDS-: B 3 By ahd Y is Bdicyl-O-,
2,3-did d 3-fl b
i deoxy- ﬁkyé&%ﬁ or|gaﬁﬁcéﬁﬁ§gl eoxy- uor ori bose;

2, 3-di deoxy- 2 0se,
In one embodlment the invention provides a compound of formula I as

described above, wherein Y is O; or a pharmaceutically acceptable salt or prodrug
thereof.

15 In one embodiment the invention provides a compound of formula I as
described above, wherein Y is S; or a pharmaceutically acceptable salt or prodrug
thereof.

In onie embodiment the invention provides a compound of formula I as
described above, wherein R is ORj, Cl, SR3, NRsRy, or NRsNR4Rs; or a

20  pharmaceutically acceptable salt or prodrug thereof.

In one embodiment the invention provides a compound of formula I as
described above, wherein R is NRaR4; Rj is selected from the group consisting of H,
alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl,
cycloalkyl, heterocyclic, aryl, substituted aryl, acyl, substituted acyl, SO;-alkyl and

25 NO; and Ryis selected from the group consisting of H, alkyl, substituted alkyl, alkenyl,

12



25di deoxy- 3- azi dori bose; 2, 3-di deoxy-3-thiari bose; or

2, 3-di deoxy- 3-oxari bose; or a pharmaceutically acceptable salt or
prodrug th¥0e20¢6/050161 | n anot her enbodi ment the i nvent iBA/ER2005{080952 a
conmpound of forrmula | as described above, wherein 2.2 is ribose,
2-met hyl ri bose, 2-deoxyribose; 2-deoxy-2- fluororibose; arabinose;
2- deoxy- 2-fl uor oar abi nose; 2, 3-di deoxyri bose; 2, 3-di deoxy-2- 30

fl uor oar abi nose; 2, 3-di deoxy-3-fl uorori bose;

2, 3- di deoxy- ybBtittied etkgnlyl calknyt eybsiuged allgindeeyeloalkyh hétdorydiioseyl,

2, 3-di deoxy- 3+t r|b S - di b
pharnaceut|c§T¥€m%bc %mgéF%d8@$§$%§@§%%$ﬁ@?€%§%a”8k4%ﬁﬁh%H%Fher
enbodi nent tﬂrenntmgemtd mclpﬂzeyhnéeﬁacaed:ﬂmpaqmn‘olmdmd @iperidiao,Ipifsazino,
descri bed abov wher ej t hi ori bose y ri bas

o deoxy. 2- SRR B Bogaior s s KY oot il ie nitrogen

2- deoxy- 25f | woxktiihepazttadse ford, aqaydbmﬁngptﬁanam R4 zino, azetidino,
2, 3-di deoxy- 2- fluorothloarablnose 2, 3-di deoxy- 3-fl uorothiori bose;

2, 3-di deoxy- §w§’°HWHBH§H¥%FH@%F?BB%e or

2, 3- di deoxy- 3- azi LB tAbbRNER: theihvehtiBRovRELHEInGRhY o PR PR e sal t
or prodrug thereof. In. another enbodi nent the_ invention provides a

conpound of fesERkAdEbLPVE,WhegingeisdYRNBER = Blkvlesubsfifaied PWY]Rali‘eli}gs substituted

4- hydr oxynet hat Sl kol -
hydr oxynet hy%k@%ﬁl@ﬁ?ﬁﬁu‘%ﬁﬁﬁﬁa&ﬁnﬁ A éﬁ@ 14, (CHh) s

I 0X h drox clopen ane
5 by g bR Ny RO BE SR Bnd H(-NRNHR,, NRSORY, NG,

2-f1 uor o- 3- hygh ?q?%ﬁ
2, 3-di hydr oxy- 6xyrneNﬁg?h§ met y1en2%yg$%%ehta%ésﬂﬁhR&
hydroxynethyNByeﬂﬁﬁﬁmﬂaﬁéqCEQSNEﬂKyHH@X&d%fﬁ&dﬂﬁ%ﬁ&@ﬂh@ké&@ﬁdﬁ@ntane;

g L e A e R T S

i nvention pr8opdR&R,a conpound of fornmula l as described above

wher ei n i's 4-hydrox rroli.dine: di h
hydr oxyneRg hyl pyr ?%‘Ioﬂlﬁl %geél?lx'%ﬁ%yla?’%j}?on H“’W?&?% uﬂ;’é% ?nl"“g? i ne;
2-fl uoro- 3- hgsdﬁmd)abévdn ywikereyRyES Hyok PRER.O bt dphmnac&ntlcally acceptable salt or

3-fluoro-2-h drogy ydroxynet hyl - 20 pyrrolidine; or a
phar maceutic Fﬁ?l @? tabl e salt or prodrug thereof I n anot her

SnbOdl ge St L he i nment emaoaﬁ@ﬂﬂtd@av@uaﬂpmgmwa &fmﬁoﬁﬁrgvffarnhulﬁliells

escri bed abqve, rein R3 R5, and R6 are | ndependent

sel ected fr o%*ﬂ@%ﬁﬁ%@&%’t%tlﬁ ?\5‘1“2‘?" ‘aF SRS %‘lrfgmgggsg 8 é"d or F
al kyl ;  onoR33a8sbhddhetRRINNE br wpﬁahnida@ndam E&gﬁﬂblé SalvMH pedirid Bdedt ©
attached forma pKrrolldlrto %grldlno erazi no, azetidino, 25

mor phol i no, or t ihetraphodinsaf thy invehtionprowides psomBYBARE forplef 2 he
nitrogen to Wl.GhkdtBEVe, %aeﬁitmghage fzoéeﬁkﬁqb%é rzqiebﬂ.muon%pa@ di no,

pi perazi no, azetidino, E ol ino, or |onnrgv§ i o _ring. Conpounds
of fornula |ara13mtrwe2fimﬁefr&- moaﬁwspr?@w@e@im 12,3difsouhdts of
formula I1:

fluoroarabinose; 2,3-dideoxy-3-fluororibose; 2,3-dideoxy-2,3-didehydroribose; 2,3-
25  dideoxy-3-azidoribose; 2,3-dideoxy-3-thiaribose; or 2,3-dideoxy-3-oxaribose; or a
pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of formula I as
described above, wherein R is ribose, 2-methylribose, 2-deoxyribose; 2-deoxy-2-
fluororibose; arabinose; 2-deoxy-2-fluoroarabinose; 2,3-dideoxyribose; 2,3-dideoxy-2-

30  fluoroarabinose; 2,3-dideoxy-3-fluororibose; 2,3-dideoxy-2,3-didehydroribose; 2,3-
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R wherein: R100 is awm (1-4 carbon atonm), alkenyl, or alkynyl,
whi ch Rw may be unsubstituted or substituted; 5R101 is H, alkyl,
-C(0) al ky| WOgpOGsYI61 C(=0)-; Rw2 is H, OH -Qal kyl, -OCHETAISY15/039072
aryl-C(=0) -0, -CH2OH, CH2NH2, N3) di2N3, or NHZ; R13 is H,
OH, or NH2; provided both Run and 1213 cannot be the same group
except hydrogen; 10R104 is NR110R111, NR110 NR111R112,

NR110N, NR111, . NR11ON=cHR111, NR 110N=0, NR110gqcoNR111RI12,

NR110c( s) NR1 ditlraxys3-aziqeriboess 2:Q-digaqry-3 4Raripose; GRZ o d@rxRioranise, 2R 1.3,

o1 10 11, s e et e e BBk D273 Ve ogen, b,

NHC( C) Rl 6, NR110Rhkhpthéirdnhodiid6the MivenoNiaRME:S 2 @B NBi@Bnla I as
CHRNR! 06, N Qb 1 b 8 i e ac BB 12 1116

is Hor alk
5 fluorothioribose; thioarabinose; 2-deoxy-2-fluorothioarabinose; 2,3-dideoxythioribose;

2,3-dideoxy-2-fluorothioarabinose; 2,3-dideoxy-3-fluorothioribose; 2,3-dideoxy-2,3-
didehydrothioribose; or 2,3-dideoxy-3-azidothioribose; or a pharmaceutically
acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of formula I as

10 described above, wherein R?*is 4-hydr0xymeﬂ1ylcyclopent~2-ené; 2,3-dihydroxy-4-
hydroxymethylcyclopent-4-ene; 3-hydroxy-4-hydroxymethylcyclopentane; 2-hydroxy-
4-hydroxymethylcyclopentene; 2-fluoro-3-hydroxy-4-hydroxymethyleyclopentane;
2,3-dihydroxy-4-hydroxymethyl-5-methylenecyclopentane; 4-
hydroxymethylcyclopentane, 2,3-dihydroxy-4-hydroxymethylcyclopentane; or 2,3-

15  dihydroxymethylcyclobutane; or a pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of formula I as
described above, wherein R? is 4-hydroxymethylpyrrolidine; 2,3-dihydroxy-4-
hydroxymethylpyrrolidine; 2/3-hydroxy-4-hydroxymethylpyrrolidine; 2-fluoro-3-
hydroxy-4-hydroxymethylpyrrolidine; or 3-fluoro-2-hydroxy-4-hydroxymethyl-

20  pyrrolidine; or a pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of formula I as
described above, wherein Rs, R4, Rs, and Rg are independently selected from the group
consisting of H, alkyl, and substituted alkyl; or R3 and R4 together with the nitrogen to
which they are attached form a pyrrolidino, piperidino, piperazino, azetidino,

25  morpholino, or thiomorpholino ring; or R4and Rs together with the nitrogen to which
they are attached form a pyrmrolidino, piperidino, piperazino, azetidino, morpholino, or

thiomorpholino ring.

Compounds of formula IT
30 The invention also provides novel compounds of formula II:

14



Z100 is OK -0-[P(=0) (OH) 04rH, -CH2-[13(=0)(CH)04rH,

0. p(=0)(3.107)Rt08, CH2 p(=0)(R c)R os, _01P(=0)(R109)0-1,-H, or 20
- CH2- [ P( =0WP2R20609&¥5D- 1, - H; Rwl2 and 12.18 in phodj§iTdifizepsagdoa or
phosphoric acid i ndependently represent a protected or unprotected
substituted or unsubstituted hydroxyl group to be deconposed under
physi ol ogi cal conditions; 121" is a hydroxyl group that may
be protected or substltuted wth a group to be 25 deconposed under
physi ol ogi cal conditions; WD 2006/ 050161PCJ’ US2005/ 039072 RHO,, ni111l
x R112 and R113 are independently H, alkyl isubstituted allcyl,
cycloallcyl, heterocyclic, alkoxy, any1 ituted aryl, acyl,
substituted acyl, S02-al kyl, Rn4 is n allcyl,
substituted al kyl, C(0)R19, aryl, k¥l , or 5 heterocycle;
nis 0-3; Xis 0, S, NH, or CHZ; Ht114, N, or CHhalo; Y is O,
S, or NRI14; and 10or a pharnma Y} acceptable salt or prodrug

t her eof . I n one enbodi nent tlhefinvention provides a conpound of
formula Il as described above, whereert Y is O or S; or a
pharmaceutical |y acceptable salt oryprodrug thereof. hi another

enbodi nent the invention provides a conpound of formula Il as 15
descri bed abwhsginmwherein RUMis H, alkyl, C(O)alkyl or benzoyl; and
RI2is H OH QGaljl ) Ot 160HZ N2, 1\13
CH2N3, or NH2; o lﬁﬂjéﬁgég ﬁ'ilbf%gqofr@ g&%‘é II%} & prsdfug

t her eof . unmmﬂkmﬁmwbﬂﬁuﬁ&ﬁpdlnent t he |nvent|on provi des a

compound, o1 1oL AL, 3 IeaGIBetAbpLRGUIeT S 1 Y 15 8 or 8 oL
-0C(0) al kyl, be nZ20%ks B; OH; CRAGH.-OCHBMIR, alNB.CEHRO3 CHSOMHPHL NI, Ws,
pharnaceutlcal%ﬁsgﬁﬁﬁgtable salt or prodrug thereof.

R%isH, OH, or NH,; provided both R and R'™ cannot be the same group
except hydrogen;

10 R104 is N-RHDRl 11, NRHO-NRulRHZ, NRI 10N=N-R11 1,'NR“0N=CHR111,
NRI IGN':O, NRI IOC(O)NRIIIRI 12, NRI IOC(S)NRIIIRI 12’ NRI mC(zNH)NRu lRIIZ’
NR‘! IOC (O)NRIIINRl 12RI 13’ NRIIOORI 1 l’ O_C(O)Rl 10: OC(O)—ORI 10, O-NH-
C(0)Oalkyl, ONHC(0)Oaryl, ONR'R"!, S-NR"R!!, S.ONR''°R'", or
SOzNRl IORIII;

15 R!% is H, halogen, N3, NHC(O)R'%, NR'*R""!, NHSO,R %, NHCONHR'®,
NH-C(S)NHR'’, CH,NHR'%, NHNH,, CN, alkyl, alkynyl, CHzaryl, OH, or SR'%;

R js H or alkyl;

7% {5 OH, -O-[P(=0)(OH)O-]x-H, -CH 2-[P(=0)(OH)O-]»-H,
-0-PEOYRR'E, -CH ,-P(=0)(R"R'S, -O-[P=0)R'*)O-1,-H, or

20  -CHy-PEO)R')0-1-H;

R!%7 and R'® in phosphonic acid or phosphoric acid independently represent a
protected or unprotected substituted or unsubstituted hydroxyl group to be decomposed
under physiological conditions;

R is a hydroxyl group that may be protected or substituted with a group to be

25  decomposed under physiological conditions;

15



I n anot her enbodi nent the invention provides a conpound of formula I
as descri bed above, wherein Yis 0 or S; and Wis CR114, N, or

C- hal o; orwe 2plsaxsemaceutical |y acceptable salt or prodr FgETIURS089025] n
anot her enbodi nent the invention provides a conmpound of forrmula Il as
descri bed above wherein Yis O or S; ZI0O0 is OH -0-[P(=0)(CH) 041-11,
-CH2- o pc.,0)(Rot. los, _07)R 08, _o p:,(=0)(R 09)03, _

[ P(=0) (OH) 0-11-H,tc. CH 2- P(=0) g 12.1 H, or -CH2-[PNOXR102)0-1,-H and
12.12 and Rws ar eR'¥hgh! R %aend &''phrinkpedeiital) gkyhccktited] dkdal t or

prodrug thereo 0 anot her _enbodi.nent . t i nvention. provi a
Conpound of - PoIHIvA SFERRe TGPy SeRETaelar YOTEREe it Dot o
OH, -041) (- OxfHd@odioH, -CH r [P(=0) (OH) 0-1,-H _o_pe, oxR107) R108,
_CH2- pezexR107) RLQ8, .- 0. [ pe, 0xR109)0-].0-. ki or )

~CHe- [ P(=0) (R19) d%l ]Q ‘?}S H, aligyh Efbéﬁﬁitfg ﬂﬂfﬂl ng)Rc-ghaéino?“baiﬁEfe‘#&Pﬂ’ 8hd R108
are each 4 guegeyRitar maceutically acceptable salt or prodrug thereof.
I n anot her enbodi'nent the invention provides a conpound of formula Il
as 5 described abb$&-3iherein ernis alkyl; RI1 is H Rjel2 is OH
R103 is H R104 i)@iw@@@éllcgg; NeO_NRI |1 R112; R15 is Hor NH2; Rua;
R111; R112 and RI13 aré jndependently H, allcyl, substituted alkyl,

or cycloal kyl : anW ig€HR'}' N,@ECHEplo;a” conpound of formula I, a
specific val ue foy: i kyl . +For a conpound of fornmula li, a
speci fic val ue fg%%’lg’i%gﬁjﬁ ’ ?—“or a conpound of fornula Il, a

speci fi cl¥al ue f cor aRh@miaseuBehllyFocepéablsoatb ouprddmg tepsofful a 11, a

specific value f R.13 i . .FQ .CO f

speci fic val ue f%oﬂiﬁrﬁb?dzmﬁ% ﬁﬁﬁeﬁhgl}%gﬂ%%l%%ﬁfﬁwgﬁ%a Ig%?rpound
of formul a |dgscidbedpbevef whersialYuis Of @rS; Rl OphansadduticallNeteptaBle Bt orgprodrug
conpound of fornmula Il, a specific value for R17 is OH For a
conmpound of 1ihSFf’ﬁ’ll:‘:l all, aspecific value for RI8 is OH For a

conmpound of f or mihandther etbspiaeht the invaltise pfeideRd tompinhd of Rihdladigd R113
are | ndeE)Se ndgegggil}{sdgbov%l, vl%fgér’einiu@ Swt f-I,t aﬁy?,qc%)léﬁ(lyl, 019 ‘tr)en(_:zx::r:l,l a%%llbwié H, OH,
Oalkyl, -OC(O)alkyl, benzoyl-O-, -CH,0H, CH;NH>, N3, CHaN3, or NHp; or a
pharmaceutically acceptable salt or prodrug thereof.
In another embodiment the invention provides a compound of formula IT as
described above, wherein Y is O or S; R'%! is H, alkyl, -C(O)alkyl, or benzoyl; and R'*®

20  is H, OH, Oalkyl, -OC(0O)alkyl, benzoyl-O-, -CH,OH, CH;NH,, N3, CH;N3, or NH;; or
a pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of formula II as
described above, wherein Y is O or S; and W is CRM. N, or C-halo; or a
pharmaceutically acceptable salt or prodrug thereof.

25 In another embodiment the invention provides a compound of formula II as
described above wherein Y is O or S; Z'” is OH, -O-[P(=O)(OH)0-},-H, -CH -
[P(=O)OH)O-1r-H, -O-PO)R ™)R'™, -CHoP(FO)R ™R, -O-[P(=0)R*)O-]r-
H, or -CH,-[P(=0)R'®)0-],-H; and R and R'® are each H; or a pharmaceutically
acceptable salt or prodrug thereof.

30 In another embodiment the invention provides a compound of formula II as
described above wherein Y is O or 8; ' is OH, -O-[P(=0)(OH)0-1,-H, ~CH ;-
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For a compound of formula Il, a specific value for Z100 is OH 20For
a conmpound of formula Il, a specific value for Z100 is

-0-[ 13(=0)WoHpw/080161 H, -0-P(-0)(R10)Ri 08; or .0 _[p(r.O)HCREs)0B/0390F
"For a conpound of formula Il, a specific value for Zwis 25
Conpounds of fornula ifi The invention also provides novel conpounds
of formula Ill: R202 wherein: Xis Nor CH Yis 0, S or NR204;
R2" is OR205, OH, NBR204, NR204R205, NH1' THR204, NR204NHR205, sR205,
sH, al kyl, aiB¢-0)OH)NRE40R2EB)RRBRUA-CH - P(-0IR SHRNECONBRROR ' 533 o

3, MR b S oS0t R SO R RS
noi ety from & stigpttarmadehtidalie aprepabls salt draptodmiyether¥sf. NH or S and R20 is
ieacs BT PO A A 1A I TR T SN
hydroxyl 30 gdedasibddtabeowkereih @Y koamgs; R '®ris Hy dFdx)OH.RIPSE Hy ri‘ed
5-pyrrolidi n%ﬂﬂﬂkﬁ? ‘Lres' NO:NRIVR Y2 R1% i 1 or NE; R, R, R and R'™ are
independently H, alkyl, substituted alkyl, or cycloalkyl; and Z'% is OH.
For a compound of formula II, a specific value for R'% is alkyl.
For a compound of formula II, a specific value for R is H.
10 Fora cdmpound of formula II, a specific value for R is OH.
For a compound of formula II, a specific value for R'® is H.
For a compound of formula IT, a specific value for‘R104 is NRMOR! or
SNRUCNRUIRMZ
For a compound of formula II, a specific value for R'® is H or NH,.
15 For a compound of formula IT, a specific value for R is OH.
For a compound of formula II, a specific value for R'® is OH.
For a compound of formula II, a specific value for RO R! ”, RY2 and R are
independently H, alkyl, substituted alkyl, or cycloalkyl.
For a compound of formula I, a specific vatue for Z!°° is OH.
20 For a compound of formula II, a specific value for Z'*? is -O-[P(=0)(OH)O-],-
H, -O-P(=0)(R¥R!%, or -O-[P(EO0)R'O-],-H.
* For a compound of formula II, a specific value for Z'% is
-CHy-[P=0)(R'™)O-], 1L

25  Compounds of formula I

The invention also provides novel compounds of formula IIT:

R2UD
R ¥ | SN
;2 X)\Rm
R

ey

wherein;
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R2" is H, alkyl, aryl, F, d, CN, CO2H or NHZ; Rzod4 is H,
OH, al kyl, aryl, -COO al kyl, CONH2, CONH al kyl, 0-C(0)-al kyl,

0- C(0) - ar ywoanosdlskawxy; and R205 is ai kyi, aryl, OH or atdmosgoosdHiand
pharmaceutically acceptable salts thereof and prodrugs thereof.

I n one enbodi ment the invention provides a conpound of forrmula Il as
descri bed above, wherein Yis 0 or S; or a pharmaceutically
acceptabl e salt or prodrug thereof. I n one enbodi nent the

i nvention provi ¢&8 Neordlfkpound of fornula DI as 20 descri bed above,
wherein R20 is %5 N%QQ, NR204R205, NHNHR204, NR204NBR205,
5R205, al kyl a%, 8T SR 040R205, NR204N- U or NHCONHR204. In
one enbodi nent t hR®? pveR®, @H, ERTH e 24 RED MuaNHE Y] NREHMRE® iSRS asH,
descri bed aboye, wherein, i s _a.nucl eosi de sygar group; or a

"ol S
pharnaceuticé&?&mabééﬁpébﬂggngB~ggoﬁyaﬂﬁagﬂﬁﬁeﬁeof. 251 n anot her

enbodi meng the i ny@ht jsom PYRIES (A, COMEAEMD 9R” OINEIBERM, | MESO,R2Y, .
described above, whepein R202 is ribgse, 2-deoxyribose;

2-deoxy- 2- f | DEKSENHERS e CNa plkish Avd@r NR GROYy - 2- f | uor oar abi nose:

2, 3- di deoxyri boseg2;3- lhdRaxy ais), Hottes 83hALBASEin the provi -
2,3-dideoxy-3-f|uoro?%&qse; 2,3%gf§%o§§12,%-3%ge ydrSPFEggé?ufﬁng
di deoxy- 3- azN&beri sk ™ ds Bl @fld o5,-aleylaning, elkylowy, agelkylthio, the sugar moiety

2, 3-di deoxy- 3-.0 ' B01.n_aRpc . ' e, iqvent|o
provi des a cgﬁﬁgﬂagp%®ﬁ¥g§%%lgagﬁ&gg&%ggggﬁﬁgﬁggg%@e?t %eQ%%h%ﬁgmxﬂs
ri bose, 20nesubptimicd ogdoaliRmds oxhydrizgs enbsiuidé dxyyr@lidink Imedeties;i bose;

ar abi nose; 2- deoxyzz- r.oarabi ; ~A, - dideoxyri bose;

2, 3- di deoxy- 2- ff%of%gé%gﬂh%gg?’gggﬁ%FéégggﬁﬁhﬁIuororibose;

2, 3- di deoxy- 2, 3- dR¥tia ] O, btk eryl,2CR0-kyd dCOlyHS -CONKatikiyh @5 €(0)-alkyl,
2,3-dideoxy-ﬁ;é&haribo%ﬁé or 2, 3-di deoxy-3-oxari bose. |In another
embodi ment  t RESKRPBACT 8% 8% des a conpound of formula 111 as 5
descri bed above, mifekeaiknl, BRODH sr dlkoxgf i bose, 2-deoxyt hiori bose;
2-deoxy-2- fluorothioribose; _thioaragbinose, .

2- deoxy- 22f I uor otﬁgaﬁ?fa’m%ga@? a%ee@@métaﬁwﬂf B prgEigs thereof.

2, 3- di deoxy- 2- f | umloat BinBETiABA RSB VentoBpdtidePxsmpolhdler et A1 Rose;

2, 3-di deoxy- 2, 3-. di dehydr ot hi_ori bose; or )

2, 3- di deoxy- 9essEbdsPRT OV REERE 151Ghofi 5 P BRarBATsEH kR Atcopableisit &rprodsee
provides a cgppegnd of formula 111 as 10 descri bed above, wherein R22
i s 4-hydroxynet hyl cycl opent - 2-ene; 2, 3-di hydr oxy- 4-

hydr oxynet hyl cyci @sanemaedpment the igyeptigy proyides agosppred effomyds Bbent ane;
2- hydr oxygd- hyge@eaBidly bE%EMIPENE BRE? NHR?* NRXR2S, NFNHR™,

2-fl uoro-3-hydroxy-4-h oxynet hyl cycl gpent ane;
2, 3-di hydr oxgmi"?mﬁa?%ﬁﬁ%i a%arasylnet @58@5@\11’2%45& anNHCPNHR?,

ggdrzog_ynet hyl cycl QREOLADG mént Tt orHbLEYwiAed WL PN LN S IPRE Nt ane;

described above, wherein R** is a nucleoside sugar group; or a pharmaceutically
acceptable salt or prodrug thereof.

25 In another embodiment the invention provides a compound of formula IIf as
described above, wherein R**? is ribose, 2-deoxyribose; 2-deoxy-2-fluororibose;
arabinose; 2-deoxy-2-fluoroarabinose; 2,3-dideoxyribose; 2,3-dideoxy-2-
fluoroarabinose; 2,3-dideoxy-3-fluororibose; 2,3-dideoxy-2,3-didehydroribose; 2,3-
dideoxy-3-azidoribose; 2,3-dideoxy—3-fhiaﬁbose; or 2,3-dideoxy-3-oxaribose.

30 In another embodiment the invention provides a compound of formula III as

described above, wherein R** is ribose, 2-methylribose, 2-deoxyribose; 2-dedxy—2—
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15 di hydr oxynet hyl cycl obut ane. In anot her enbodi nent the invention
provi des a conmpound of formula Il as described above, wherein R202
IS 4-hydr owyreaswge1syrr ol i di ne; 2, 3-di hydr oxy- 4- PCT/US2005/039072
hydr oxynet hyl pyrrol i di ne; 2/3-hydroxy-4-hydroxymet hyl pyrralidi ne;
2-fluoro-3- hydroxy-4-hydroxynet hyl pyrrolidine; or
3-fluoro-2- hydroxy- 4- hydr oxymet hyl - 20 pyrrolidine. I n anot her
enbodi nent the invention provides a conpound of fornmula H as

descri bed abfiv@oribdseraeibimoie; Qsiebky—%ﬂiusrohﬂabhl%ﬁ)z Bsﬁdﬁb@ﬁbmz, 3i-cﬁdddxy-and

ot v oBsBrARRRERE R MuREEFBL LSRRl SRt o

111 as 25 degigedxpedazidasivese; xyhatcebxy-xthlaste ¥r 2,3- dMElox;R?—meﬁ:oﬁ}l R201

is H and R3is H tlcall acceptabl e s dru
t her eof i A5G ORGP AR F GRPTRaN PLEEMR IS fbound

of for nul & | fdsordsed d8&@! Whaein RV EthioMdedee2-Beokythforose; 2-dt=,@q,sz- R 200 is
NH2; r.201 is H and R203 is H or. a phar maceut i cal lé .cept abl e salt -

or pr odr ug t Hegrethoribose; thioarabinqses Aulesrar2-BHeFEHqREAbInos% &3 iibose;

provides a cg m%eﬁﬁfﬂumﬁﬁwrﬁm{dsé, z?ﬁdlé@oégrzt@&%tﬁéaﬁy&e, zméla{d%bfy X3is
N, Yis O; H, H, or a

phar maceut i célldﬂgb'dmtbelphoa@Ioé2§ail<ﬂcol§]f-3rﬁ@§§§hu§jlb??ﬁer eof . In another
enbodi ment t he '%%H&th&%uﬁﬁ@iﬁieﬂﬁﬁ%ﬁw%ﬁﬂ‘ﬁmgie c@aﬁ;ﬁg @ffohhuﬁ%]%éf

descri bed above, wherern H or
R201 i s H) adeciRd3bie, Wheron Re ph‘&h?rk%mthwlypmfﬂn@,éﬁ—élhg@bw-éf

Comound of TRrvarRpRP Ry E R R e AR RSB B oy

R200 i s Cl; Ri@iokpndthylantbpRRas:; 2-$lubto-Bhydaoyyahyiaecoutethyliytlppentane;

accept abl e sal,t...or. prodr t he . 10J n_anot her enbodi ment the

i nvention pr%édélg@ "%H@&}Hﬁ‘e e10$ eﬁ’lﬂege%%g?%ﬁetfggcri bed above,

wherein Xis hydrakyh&t}@kyaoperntdﬁbi 2, RalhyisxehthyfoxgidhyleycNp2atamendr B203 i s

H or a utlc table salt or prodrug thereof."’

I n anot hgg Hﬁ% Xl‘ﬁ’élaﬁ %‘htl on provides a conpound of formula

1l as described Ialaﬁ&tﬁer eibodiaient e inSeion YrdvidePa cémpountiblf folA0la IT as
described above, wherein R?* is 4-hydroxymethylpyrrolidine; 2,3-dihydroxy-4-

hydroxymethylpyrrolidine; 2/3-hydroxy-4-hydroxymethylpyrrolidine; 2-fluoro-3-
hydroxy-4-hydroxymethylpyrrolidine; or 3-flnoro-2-hydroxy-4-hydroxymethyl-
20  pyrrolidine.

In another embodiment the invention provides a compound of formula III as
described above, wherein X is N; Y is NH; R0 is NHz; R ig H; and R*™ isH; ora
pharmaceutically acceptable salt or prodrug thereof,

In another embodiment the invention provides a compound of formula III as

25  described above, wherein X is N; Y is NH; R* is OH; R* is H; and R® is H; or
pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of formula IIT as
deseribed above, wherein X is N; Y is S; R* ig NH;; R¥™isH; and R* is H; ora
pharmaceutically acceptable salt or prodrug thereof.
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15 NR2040R205, NR204NF/ R205, NHNBRzo4, ses or oRzos; X-201 is H, and
R203 is H, or a pharnmaceutically acceptable salt or prodrug thereof.

| n anot herwertb@ghisowent t he i nvention provi des a conpoundarfuskessdoze
1l as described above, wherein Xis CH, Yis O, NHor S; R0 is O,
aryl, NHR204, NRzoaRzos, oRzos, ses, NHNBR204, NR204NBR205, or
NR2040R205; Kn201 is H and R203 20 is H, or a pharmaceutically

acceptabl e salt or prodrug thereof. I n anot her enbodi nent the
i nvention provideg, aﬁo&&rwaﬂwﬁithé Riveatiod ptdvhdeas c6@Sduntl BEfbralia 18 as
wherein Xis N Yis O, or NH, R20 is,h QolrlsH R202 is any

al kyl group EBREREdIPAE: W‘i}ﬁF‘éQ‘EASN é’rfaqié‘o 1%1¥HH ois 1 A% mis’iftiacal | y

acceptabl e Sﬁlﬁa&mﬁ’d’euﬁéaﬁ?Bé&pﬁﬂgﬁﬁﬁrpr&ﬁﬁﬁh&@% her embodi ment the
i nvention provides a conpound formula I'll as descri bed above,

wherein: Xis N; \Jnlagotbercﬁmbsdmmt the Fveyipp ProvidenpRopRounARD fymRIIRI 85
ses, or &; Egsgnmﬁ%ﬁﬁreo%hykﬁ%#éﬁ%ﬁ(@ 15%%} g&gﬁ,ﬁ‘i&zﬂhéﬁj rigmt y

froma sugar wt e proviso that whén Y=
OH, SH, al kyiSeHnon@phmnh@}mmﬂyaC@Ptabllekgltfonr@imgﬂneresf,lgar nmoi ety can not

be fromribose or | Pc S ;
hydr oxyl substit If]%go cy%ﬁ%gﬁggﬁggim&%h%&y e];% ﬁ%ﬁl& ffo{rH%QhI as
5-pyrroli d| néesmiiiedtabes; wE&&BXsNﬂXIRQIDR " & @; RO isd; leyd R*%Aisd;R205 i s
al kyl ; or har mac i cal aIt or prodrug thereof. In
anot her errbo aﬁ%acteuﬁﬁgy%c%tﬁl % %% onpound of formula |11
as descrifed abovie anwﬂ’l&re&ibﬂdm‘j?én&hé\[nvéﬁtioﬁ pfovirdes Spoizdding sf foRAMa 111 as

NB- R204, NR2 0 Y 04ANHR2 SiR20 bp O R20! _Jys. H
or Norood.  rBgoTed SO ERERE R N A0 b N B G R (NI g B
when Y= NH OH; & aydronReuticaliNideept4Bitt sabildr prokikigltaeredtd, al kyl oxy, or

al kyl t hi o, thes moi ety is not ribose or, 2-deoxyrib R203|sH
R204 is H, »J%anota\?{&fqhzéi@e}ﬁsth%m@nmnBFOV&iebﬁa?%@ﬁPE %aml

acceptabl e seés&nm aB& RN Bateih ek 89T is O, S or NH; R is NHR™™, NR2°4R2°5,

15 NR™OR’”, NR™NHR™, NHNHR?, SR**” or OR*®; R* is H, and R*® is H; or a
pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of formula III as
described above, wherein X is CH; Y is O, NH or S; R* g Cl, aryl, NHR2#
NR2#R2%5, OR, SR2%, NHNHR?*, NRZ*NHR?, or NRZOR?; R?! is H, and R%®

20  is H; or a pharmaceutically acceptable salt or prodrug thereof.

In another embodiment the invention provides a compound of formula IIT as
described above, wherein X is N; Y is O, S or NH; R ig NHa; R¥1 g H, R*® jg any
alkyl group containing hydroxyl; and R*® is H; or a pharmaceutically acceptable salt or
prodrug thereof.

25 In another embodiment the invention provides a compound of formula III as
described above, wherein: X is N; Y is O or §; R?® is OR?®, NHR?", NR*R?®,
NENHR?™, NR*™NHR?*®”, SR*®, or C; R s Hor NHR?™; R™ i a substituted
alkyl, moiety from a sugar with the proviso that when Y=NH or S and R** is NI,
OH, SH, alkylamino, alkyloxy, or alkylthio, the sugar moiety can not be from ribose or

30  2-deoxyribose; a moiety from a thio sugar; hydroxyl substituted cycloalkanes; or

20



10For a conmpound of forrmula Ill, a specific value for Xis N For a
conmpound of forrmula Ill, a specific value for Yis O or S. For a
conmpound oWwof2oeamibiai | |1, a specific value for R20 i s oRTToS20050207%,
NR204R205, nr\THR204, NR204NER205, sR205, d . or For a conpound of
formula DI, a specific value for R20' is H or NHR204 . 15For a‘
conpound of forrmula Ill, a specific value for R202 is a substituted
al kyl, noiety froma sugar. For a conmpound of fornula DI, a
speci fic val bghboi sBRARtedSS-pyrraliding moietey B2 HORX! €N, oRYY; ard R¥s 20

Pr odr ags The term "prqdrug” as ysed herein refers to a
compound t hafl¥haAF HRPAFRICSH aﬁ%éﬁgﬁ’tﬁﬁ%#@r EP%&‘ 8%~ a conmpound of

formula I, 11, ormlethdidshoRmRGAf e SnvieitionHeeiden AROMPEM IR BmeRNITRe
prepared by nodifying one or nmore functiaonal, groynps in,a cqgggg)gnd of
form a I, 11 desgribadabotey Whetgin Hds N ¥ ay @ €& Bdhdi REEc ori¥8Bnd Nak can be

25 met aboki z RENHRM ¥R*FQHRPO\GRIE, & (G ORI AIch BIHH0% Kmﬁdnucl'e&side%'hga{r"'-
Such nodifications are known ’in the art. For gxa fe, one or nore
hydr oxy gr oug®upwithhersoygsathpisviien Ya‘*l@Hr?pS@WHRo?m][ﬁﬂmQ%SH; alkylamigp, | H,
can be acyl a ] - Q)L =\ Ies) . h ROAO
acids to pr o%iﬁglgﬁe%tog?%glﬁ&’.tﬁgﬁﬁu aerrrgi(gt' ve Ogﬁb%gﬁtgp%rdg%gg%’efﬁdgg%ﬁﬁn

hydr oxyl gr oisg& of rlss; andiTivis alkl; or a prannadeutisatiz pévapteble salteripoedatg ty i n
a conpound OEF%gffornula I, Il, or ifi can be converted to an al koxy,
substituted al'’koXy, aryloxy, or substituted aryl oxy group. In
one enboddnent, tIe atcempoprdedferguiaidl agesifia valoefoodind Naher ei n one or

nore hydroxy groups on_a nucl.eosi sugar..gr ou ~al2 , 3, or b5
hydr oxy group) ha 8 25ERRC no\ﬁg(fr[r%g“‘elpba%’e&'ﬁgﬁéué)ﬁog%%&)nor € met abol i zed
in vivo to provi déora comppaidnd fefufadilnispacific vhlue foo R*F id ORI NERY DI €,
the inventi ow 4 peve) Q%mg @hsn one 5 or nore hydroxy
groups on a | eosi ga r ( Rg%f ‘*, 3", or 5 hydroxy
group) have been ERRABHbehdod famuRql] Hpecifiaomuator RS arH & NHBHbUP,
wherein R.is a carboxy-Ilinl egéi ‘am ho_.aci d. . | n,gne enbodi ment,
the termiprodrug F¥ecoueend of Hpgdl: 3erilr felsn@r sy i BoHEMebHyL
hydr oxyl gr ogRfetf idfiedug®no-, di-, or tri-phosphate functionality in
a 10 conpound of formula I, |1, or 11l is converted.to a group Ry-O-
wherei n each Ry iEoriasaepandedfompule I pepeeifie selne B &nchel. @yl aryl, F, Cl,
unbranched, gt goateene;, unsaturated chain, wherein one or nore (e.g.
1, 2, 3, or 4) of the carbon atons is optionally replaced with -0- or
-S- and wherein one or nore of the carbon atons is optionally

substitubgd Bidifhes

The term “prodrug” as used herein refers to a compound that can be

metabolized ir vive to provide a compound of formula I, IT, or IIT. Thus prodrugs
include compounds that can be prepared by modifying one or more functional groups
in a compound of formula I, I, or II, to provide a corresponding cornpound that can be

25  metabolized iz vivo o provide a compound of formula I, II, or II. Such modifications
are known in the art. For éxample, one or more hydroxy groups or amine groups in a
compound of formula I, I1, or III, can be acylated with alkyl-C(=0)-groups or with
residues from amino acids to provide a prodrg. Alternatively, one or more pendent
hydroxyl groups from a mono-, di-, or tri-phosphate functionality in a compound of

30 formula I, II, or III can be converted to an alkoxy, substituted alkoxy, aryloxy, or
substituted aryloxy group.
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oxo (=0) or thioxo (=S) (See Lefebvre et al., J. Med. Chem 1995, 38,
3941-50). 15 I n another enbodi nent, the term prodrug includes a
conpound wwereisrnsaae or nore pendent hydroxyl groups f rrmEs2006/089072
di-, or tri-phosphate functionality in a conpound of formula I, 11,
or Il is converted to a group RN-; wherein each R, is a residue of
an amino acid. Thus, in the nethods of treatnent of the present
invention, the term"adm nistering” includes adm nistration of a
conpound of for mihant pmbédiment, thé term peodag nebdes asompoindivdiereat érerorof a
prodrug which canverts to a conpound of formula L, .11 r 111 or
Balt ther eof MofF IHGY By Bt RUTRFOR PR PR S 8 ohs* Sy giPuha
preparati ?n Bivepeatdongerttdio ¥ gloty Gt @h&gﬂml blidea o vib®o Iﬁéﬁxﬂmd@nnﬂoﬂnd
"Design of Prodrugs.'. e . Bun ard, Elsevier, 1985; and in

I nt er nat | onaPt gaﬂ@ﬁb %bﬁ%[-cg;’ﬁ’&’r?llg‘%%ﬁ RSPPERPIRUM B CORBOIRDEIER 132 A
variety of pbobldt§ddkeodlssndefelcbS@ubit dré\ipqE.Bad 2°08aby 2hyBakent
Application Nunber§PC'IﬁfJ82004/013063, wEi céﬁ \/?gs@ ubl i shed gs ¥

| nt er nat i onaBropRiayebach SRR RWEY LoD A traeD® B RChergi, fetein R is 2

embodi ment t hey, RLAGI LRRPsESes one of nore groups of fornula: 0 0 H
0 1O 0,nRi 7 RI9"R18 wherein: R15 is H alkyl, substituted
al kyl, aryl, subshiongembodimeit, thetesh perdryg included g cpmpauad vhreinaieloy| |

het eroaryl, ' T QLY Gl i1 .

ot or goyal | cishaht Eftncifl BloRRY dim s BShE! NS i ProcBRe hint iy ins
monocycl il¢ aegmpound ofotrdalIll, gr Hlissonveredid appoupdRyedq; wheetnemadaRyls; and
R12 is H, ha 1™ - - R2 - S0 Vg

- SO2N( R202, J—“@%@?"’“ﬁgﬂéi, a%ﬁ ,’“”a-“ﬁ%%’gﬁ%gr%ﬁ%“g%ﬁaggﬁ ‘(‘)‘iﬁﬁé%e% chain,

- SCO:\’2R16O, ;j SwhEaRIRDe orzﬁalbi@((R@.d 11, _2,—3}|Id0®2ﬂ2ﬁf:,d_ tqarb(oﬁ:aﬂ)gﬂgﬁﬁf%ﬁonﬂlyr(eﬂ?&)i%ﬁ&
or an are connect.ed via an itjon - 0 o.form,
cyclic gr oug,_lg b‘iﬁ"ﬁéﬁ'&f‘i@@“%% AL PG Ogtg‘gc Borhag?rg? ﬁng?ﬁaH? ﬁ'ajfmi‘l%df“ﬁ@ed
tﬁ anharyl geauE-0dbr ﬁﬁhgobﬁga(%gﬂe@mﬁat dhpjsil\ltdélochéxﬁ 119952_32, mtll;’sloj]ed to
t he osppor us; R. and, Rl re connecte s descri be el ow,
Ri5 hnd BAo. are dAAROMHIBIEHMER: My e BPES MO L CORRPRROEYEr AN
arallcyl, opibfirhdent Byddciyl bleturdidi B ame., I, Rty bh@phAPLunewbaklity in a

substi t ut ed m)nocyé;lllc heteroarfﬂ; . )
compouid of formula I, II, or I is converted to a group R,-N-; wherein each R, is a

residue of an amino acid. Thus, in the methods of treatment of the present invention,
the term "administering” includes administration of a compound of formula I, I, or III,

20  as well as administration of a prodrug which converts to a compound of formula I, TI,
or 1II or a salt thereof in vivo. Conventional procedures for the selection and
preparation of prodrug derivatives are described, for example, in "Design of Prodrugs",
ed. H. Bundgaard, Elsevier, 1985; and in International Patent Application Publication
Number WO 2005/084192. A variety of prodrugs are also described in International

25  Patent Application Number PCT US2004/013063, which was published as
International Publication-Number WO 2004/096286.

In another embodiment the prodrug comprises one of more groups of formula:

Q
_(e%,/o '_'%’/O 11_1116
(I)\/\©—R15 * 0 \ Ry
35 R85 Ryg
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or RI8 and R19 are connected via an additional 2-5 atonms to forma
cyclic group, 15 optionally containing 0-2 heteroatons; or Rl2 and
R12 are cowpeots®dowlia an additional 3-5 atons to form @CIYES2e08/08p0TUD,
optionally containing one heteroatomand R19 is H, alkyl, aryl,

het erocycl oal kyl , aral kyl, optionally substituted nonocyclic aryl or
optionally substituted nonocyclic heteroaryl; and R20 is al kyl, aryl,
het erocycl oal kyl, or arylal kyl; 20R21 is H, al kyl, aryl,

het er ocycl oakfyiein: or aryIaIIcyI R22 is Hor |ower acyl; n is an

i nteger from 2-5; n 0-
from 2-3. 25Prodrug I?%’r i@’l S%g‘ﬁ ]1 bt ﬁ?ﬂhrl‘utﬁ %‘A’ir?f’% SP%S%’E“‘
functions (anycﬁmlkyﬁ;yﬂremaygammmimtammoarﬁt Tetgrody@lic, isutetinkekd Heﬁﬁ)cychc

following ty of .deri.yatives where each R2 group individually may
be hydrogen, Q%‘ﬁad’sat“i“?‘b?"é% or unsubstituted alkyl, aryl, alkenyl,

al | cynyl, 5het er ocyghsH, @nlsﬂdn@rswsum@erdahéxﬁwchc af}aldfeﬁﬁ&nau;ambﬁtﬁtwyl
cycl oal | cyI or cyc]I oal kenyl| oups as, defined earlie

30( a) Car boxafiP Ry lic hetrreardnldRia s -:jﬂaﬂeg@}% zc%z)zca?%@m)@scoz&os
d 6
Ei@;?ii;; o ks@zkzl}'H%Qs‘l@ 3% 01¥¥P AR @g%@%ﬁg&b%dé@@m

T esent e
Enam nes, re (fo2s- K|

Schi ff BasesgoheRELHE Qﬁ Qdiht?o?lal'j\b gl@ﬁ’l&b QE%OWH g‘g{l ngﬁl%ﬁalf); dofifiining one

car boxi m de conpounds), represented
10  heteroatom, that is fused to an aryl group at the beta and gamma position to the QO

attached to the phosphorus; or Ry7 and Rz are connected as described below;

Ryg and Ryy are each independently H, alkyl, aryl, heterocycloalkyl, aralkyl,
optionally substituted monocyclic aryl or optionally substituted monocyclic heteroaryl;
or Ryg and Ry are connected via an additional 2-5 atoms to form a cyclic group,

15  optionally containing 0-2 heteroatoms; or R;7 and Rz are connected via an additional
3-5 atoms to form a cyclic group, optionally containing one heteroatom and Ryo is H,
alkyl, aryl, heterocycloalkyl, aralkyl, optionally substituted monocyclic aryl or
optionally substituted monocyclic heteroaryl; and

Rop s alkyl, aryl, heterocycloalkyl, or arylalkyl;

20 Ry is H, alkyl, aryl, heterocycloalkyl, or arylalkyl;

Ry; is H or lower acyl;

n is an integer from 2-3;

m is an integer from 10-20; and

P is an integer from 2-3,

25 . Prodrug forms of a compound bearing various nitrogen functions (amino,
hydroxyamino, amide, etc.) may include the following types of derivatives where each
R, group individually may be hydrogen, substituted or unsubstituted alkyl, aryl,
alkenyl, alkynyl, heterocyele, alkylaryl, aralkyl, aralkenyl, aralkynyl, cycloalkyl or
cycloalkenyl groups as defined earlier.

30 (a)  Carboxamides, represented as -NHC(O)R,

(b)  Carbamates, represented as -NHC(O)OR,,
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Preparations of such prodrug derivatives are discussed in various
literature sources (exanples are: Al exander et al. J. Med. Chem
1988, 31, WON06Asghs- Martin et al. PCT W0041531, p. 3MCT/IOMsHEHTY
forms of carboxyl -bearing conpounds include esters (-0212. m
where the Rm group corresponds-to any al cohol whose release in the
body through enzymatic or hydrolytic processes would be at

phar maceutically acceptable | evels. Another prodrug derived froma

carboxylic acid f@E m dAcylhey)dkgldlaosamaes rayredsoted ag NEICEOYGRQCEJR) t ype
of structure descyi be . Bodor et. al . IV Chem 1980, 23
469. 20 e, RC(:O)@E:BNG]E-H i e dramepdt g[éjééﬁﬁé°6ups The
term "nucl eosi de sugar-NgiGR{pCHEONRsR( herein incl udes cyclic and

acyclic groups th C i ncl uded t he ar portion of a
nucl eosi de anal og(%i)f %Pﬁﬁ?aéeﬁ’ TePgEeTi .aSr\'ﬁﬁ(y’f‘ npl es of such groups
are knownsin the ¢ el dviginidhu B8 i(#6mC heBbhinide JHdmpSaRlsS, OtepRXai® as

Antiviral Drugs by John. S iscall (2002) published by Ashgate
Publ i shing Ltd.). The%@%ﬁ{gﬁgﬂ]é‘&i de sugar group includes

substit ut ed pREarisHEBBSich BrFhg REGARY IO BUERRN in 3shud iRYALL E4ARY |
conpounds inc¢cluding those set forth in grou el ow, substituted

A b
and unsubst i tetwpies Ber Alsrandst sliabph et Chemy 15@29&%5%%%111%

conpounds i nptesiBg4s bosp.sapt forth in group (B) below, substituted
and unsubsti t ut ecl
10 Prodrug forms of carboxyl-bearing compounds include esters

(-CO2R,) where the R, group corresponds to any alcohol whose release in the
body through enzymatic or hydrolytic processes would be at pharmaceutically
acceptable levels. Another prodmg derived from a carboxylic acid form of the
disclosure may be a quatemary salt type of structure described by Bodor et al., J. Med.

15 Chem. 1980, 23, 469.

- _
20 RC(=0)OCEN=_  x°

N

R
25

Nucleoside Sugar Groups

The term “nucleoside sugar group™ as used herein includes cyclic and acyclic
groups that can be included as the sugar portion of a nucleoside analog of formula I, II,
or [II. Many examples of such groups are known in the field of nucleoside chemistry

30  (See for example Antiviral Drugs by John S. Driscoll (2002) published by Ashgate
Publishing Lid.).

The term nucleoside sugar group includes substituted and unsubstituted
tetrahydrofuranyl and dihydrofuranyl compounds including those set forth in group (A)
below, substituted and unsubstituted tetrahydrothiophenyl and dihydrothiophenyl

35  compounds including those set forth in group (B) below, substituted and unsubstituted
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al I cyl compounds including those set forth in group (C) bel ow,
substituted and unsubstituted cycl oal kyl and cycl oal kenyl conpounds
I ncl udi ng Wecg&/Sewiforth in group (D) bel ow, substi t utred/Emes039072
unsubsti tuted di hydropyrrolidinyl and tetrahydropyrrolidinyl
conmpounds including those set forth in group (E) below, and 5
substituted and unsubstituted di oxol ane, substituted and
unsubstituted thioxol ane, and substituted and unsubstituted

di t hi ol ane cekpbwnpeuidsdndnfingthedscstdosliein g’rampt(b?) belowy sobigitfted ardde| ow.

compounds. | ne Aot R aRAR b RobEr b Lo R B

structures: groupRrbheldve sebstimpddend unabititated ﬂuhydra;ﬁﬁromhyl.mm ted to, the

fol |l owi ng conpo S: - 0 bH _HO . HO- \coy HO v
14-3 HO- \g/y H@ﬁ%@gpﬁ@@%o%%ds Eglg‘g@g those Yt fo(rgl)m group (E) ];/elow and Y
5  substituted and unsubstituted dioxolane, substituted and unsubstituted thioxolane, and

substituted and unsubstituted dithiolane compounds including those set forth in group
(F) below.

Group A
10 Examples of substituted tetrahydro and dihydrofuranyl compounds include

those compounds represented by the general structures:

R'g 0 ng 0
15 :
Rg and
. :5;;1;3 Rg

8 Rg Ry

Specific examples include, but are not limited to, the following compounds:

20
HO HO HO HO
O [®)
HO on HG 0 HO

’o

HOH,C ol
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HOyy HOyy HOO (d) HO Nc. Ho: CHF y HO Ncoy FicH2 "tilibH Goup B
Exanpl es of substituted tetrahydrotbi ophenyl and di hydrothi ophenyl
conpounds wachesdsoimshose conpounds represented by the geaarzslo05/039072
structures: 10 Specific exanples include, but are not limted to,
the foll owi ng compounds: HO vy HO vy 110-yy HO Ncsy |ig \ OHHgHO ' 3F
HO L HO
Group B
Examples of substituted tetrahydrothiophenyl and dihydrothiophenyl

compounds include those compounds represented by the general structures:

R’9 g R'Q g
RI R7

10  Specific examples include, but are not limited to, the following compounds:

o0 bm HO HO F
HO— g HO— g HO—, g HO—~ g
20 Ao oM o/
S =CF; S CHy S CHF 2
HG OH HO ©oH HO ©oH ©OH
HO S HO S Ho g
e CH,OH
P Py CH. ~ . o ., 2
ol HOH,C  OH HO OH
Group C
30 Examples of substituted alkyl compounds include those compounds represented
by:
l\"“Rf Lo R /H q
13 H j
H 0 O_C 'II:—OR]O
D H
H,C ERORID O“Cz':III:L—ORlo OR;;
11 OR“

0-C 'P'—ORm (Ij (I:]) H
R-12 HzC_II,_ OR]Q
R12 1 1)
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20y HO-'\ (- HOA, S HO oHHO F3 1 cH3 OHHd\' bi cHH2F OH HO - HO 7HO- Ns,
s." 5013 and (4 HOR2dand Ho: c¢SCHH2OH HO-P G oup C 30Exanpl es of
subst i t ut eYOUASY S ounds i ncl ude those conpounds r edICdSERREH3M2 0
O ii H2C1-0R10

Specific examples include, but are not limited to, the following compounds:

00 o) and

LI L‘ i (:? OH ? 9

OH Hzé_il,_OH OH OH
OH )
Group D
15 Examples of substituted cycloalkyl and cycloalkenyl compounds include those

compounds represented by the general structures:

Rl9 l
Y &Jﬁz
R Ry

R’
Ry Ry Ry Rg R-, FRy R

Specific examples include, but are not limited to, the following compounds:

X)’“@"@’W

ol B0  om

Ny ‘Q’ ‘@’ b’

30 R CH3 R CH2F .,
HO © HO H HOEC O
_\QCF;; -.' .r

20

Ol.r; Q

Group E
40 Examples of substituted dihydropyrrolidinyl and tetrahydropyrrolidinyl

compounds include those compounds represented by the general structures:
R ' R.
R, 3 R. Rs
Rg ' Ry \—
Rl R 7
8 B
Ry Ry
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OR13n 0 11 H l) -ORM 0 H2 1101241 0-C -P-ORI0O OR1 1 127" R1--.
ic' ) TTO 112 Iland0 O-C -P-OR400 0 H 1ill R12112011- (C) RI O 00
R12111_H2d”9-2@?§1‘l§01|1?12. PCT/US2005/039072

Specific examples include, but are not limited to, the following compounds:

H H H
HO I HO B HO R
5 \/—Z CF, :*—Z CH, = CH,F
HO D HO ©H HO OH
H
Ho—, H Ho—, H Ho—~ § HO—~ ¥

and

oH HOH,C  OH g6 OH BG F

15 GroupF
Examples of substituted dioxolane, substituted thioxolane and substituted

dithiolane compounds include those compounds represented by the general structures:

YA Y
and
S 0O S
Specific examples include, but are not limited to, the following compounds:

. HO—\gOJ/ HO_YSOJ/ I;Ii_\gsj/

For the structures in Groups A-F, the following definitions apply:
R71s H, OR14, N3, NHy, or F; and R'; is H, F, OH, O-alkyl, alkyl, substituted
35 alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or R; and RY
together may be =CHj, =CHF; wherein both Ry and R'; are not OH; and when one of
Ry and R'; is NHp, the other is not OHj; and when one of Ry and R'; is N, the other is
not OH; R7" is alkyl or substituted alkyl.
Rg is H, ORy4, N3, NHy, or F; and R's is H, F, OH, O alkyl, alkyl, substituted
40 alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Rg and R’
together may be =CHa, =CHF; wherein both Rg and R's are not OH; and when one of
Rgand R's is NI—I;;, the other is not OH; and when one of Rgand R's is N3, the other is
not OH;
Ry is H, CH3, CoHs, or Na;

25
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Specific exanples include, but are not limted to, the follow ng

conmpounds: G oup D 15Exanpl es of substituted cycl oal kyl and
cycl oal kenwio 20esaends i ncl ude those conpounds repr esemteausayostoBe72
general structures: G oup E 40Exanpl es of substituted

di hydropyrrolidinyl and tetrahydropyrrolidinyl conpounds include
those conpounds represented by the general structures: Specific
exanpl es include, but are not limted to, the foll ow ng conpounds:
Ti nH HO- NNH. . " HQRAts GC¥O¥y4, S°H-F, CH,SH, CHFOH, CF,OH,

5 H HQ H: 1 H, §
—C 'O_$"0Rm sy —O—C 'I[""OR]D r —C 'OHIF—ORw yOr —0-C '%_OR“} N
ORyy ORyy Ry Ryz

Rjg and Ry; are each independently H, alkyl, aryl, substituted aryl,
acyloxyalkyl, or (CHz),-O-(CHa)CHs;

10 Ry2 is an N-linked amino acid residue (e.g. -NH-CH(CH;)COsalkyl or -NH-
CH({isopropyl)-COsalkyl);

Rys is H, CHs, C;Hs, CHyF, CH;0H, CH,CH,F, CH,CH,OH, CH;N3,
CH,CH:N3, CHaNH,, or CH2CHpNH,; and
Rygis H.

15 In one embodiment; for a compound of formula I, R4 is replaced to form a
pharmaceutically acceptable prodrug, for example, a prodrug selected from the group
consisting of: acyl, oxyacyl, phosphonate, phosphate, phosphate esters,
phosphonamidate, phosphorodiamidate, phosphoramidate mono ester, cyclic

phosphoramidate, cyclic phosphorodiamidate, phosphoramidate diester, C(O)

20 CHR;sNH,,
0]
_(;‘})/O ; . _"'\]\i’/o EIG
— d
Cl)\;© Ris O Ry7
Rig Ry
wherein:

Ris is H, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, substituted heterocyclic, or
25  anamino acid;
Ri6 is H, optionally substituted monocyclic aryl, or optionally substituted
monocyclic heteroaryl; and R is H, halogen, CN, -CO-Rzq, ~CON(R21)z2, -CO2R2, -
SO2Rz20, -SO2N(R21)2, -ORa1, -SRa1, -Rai, -N(R21)z, -0-CORz0, -0-CO2Rz0, -SCORyg, -

30

S-CO2Rz0, -NHCOR;1, -NHCO2Ra1, -(CHa)y-ORzz, or -(CHz)p-SRay; or Ryg and Ry are

connected via an additional 3-5 atoms to form a cyclic group, optionally containing one
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{-0F3 CH3 HO It' OCHH2F HO-'OH 011 HOHHO H --NNy HOH HO H/ and
HOH2C: tOH HO OH116 15 Goup F Exanpl es of substituted

di oxol ane, WOMY459161 ed t hi oxol ane and substituted dit hiP§ITA3005/039072
conmpounds i ncl ude those conpounds represented by the general
structures: 25 Specific exanples include, but are not limted to,
the foll ow ng compounds: 30HO coy HO yy HO and- YSY

heteroatom, that is fused to an aryl group at the beta and gamma position to the O
attached to the phosphorus; or Ry7 and R;g are connected as described below;
Rig and Ry are each independently H, alkyl, aryl, heterocycloalkyl, aralkyl,
optionally substituted monocyclic aryl or optionally substituted monocyclic heteroaryl;
5 orR;gand Ry are connected via an additional 2-5 atoms to form 2 cyclic group,
optionally containing 0-2 heteroatoms; or Ry7 and R;g are connected via an additional
3-5 atoms to form a cyclic group, optionally containing one hetercatom and Ry9 is H, -
alkyl, aryl, heterocycloalkyl, aralkyl, optionally substituted monocyclic aryl or
optionally substituted monocyelic heteroaryl; and
10 Ry 1s alkyl, aryl, heterocycloalkyl, or arylalkyl;
Ry 1s H, altkyl, aryl, heterocycloalkyl, or arylalkyl;
Ry is H or lower acyl;
n is an integer from 2-5;
m is an integer from 10-20; and
15 p is an integer from 2-3.

In one embodiment of the invention, R* has the following formula:

ZSOU X L'Lli

R303 R300
R0z OR
wherein:
20 R js alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, or
substituted alkynyl;

R is H, alkyl, -C(O)alkyl, or aryl-C{=0)-;
R** is H, OH, -Oalkyl, -OC(O)alkyl, benzoyloxy, -CH,0H, CH,NH,, Na,
CH;N3, or NHj;
25 R*® is H, OH, or NHj; provided both R** and R** cannot be the same group
except hydrogen;
Xis O, S, NH or CHy;
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0S For the structures in Goups A-F, the follow ng definitions appl y:
R7 is H ORL4, N3, NH2, or F;, and R7 is H F, OH, al alkg,
subst i t ut eOBYYORNIST o) kenyl . substituted al kenyl . aI I gyﬁwszooep 9072
substituted al kynyl; or R7 and R 7 t oget her may be =CH2, =CH

wherein both R7 and R 7 are not OH, and when one of R7 and R' 7 s
N} 12, the other is not OH and when one of R7 and R7 is N3, the

other is not OH " is alk substi tuted al kyl R8 is H,
01244, N3, NH2, I%Z"Fls G- fio- Fe R, oer oA ROt

substituted 40al Kb R@bi&‘?ﬂ&ég AR C) A U@@Od 1l L cynyl, or
substituted al kynyl; Rg)é cn and R 8 tog%t her )akﬁ =CH2, =CHF;

wherein both R8 asadh isdndepensenttoH, @ﬁ&%@@)@iﬁﬂa@iﬁ RS and RS is
NH2, the ot her 'thg%tl brg;md when one of 128 and 11.18 is N3, the

other is not OH CH3, C2H5i or N3; R19 is CH7/0R145 CH2F,
CH2SH, CHFOH, CFZiBidne Euibdiiehpr fidiamantibil, RS has th@folewiRg Grib8laORL0 - C
-0-P-OR14 or -0--C, OtilRIL2RI 2 1210 and R11 are each

i ndependently H, al kyl, aryl, substituted aryl, acyl oxyal kyl, or
(CH2) 0-0-(CH2).CH3; 10R12 is an NzfPnpke Yno acid residue (e.qg.
-NH- CH( CH3) CQ2al I cyl or -NH CH(i sopr Qal | cyl); R13 is

H CH3, C2113, CH2F, CH2OH, CHZCHZF 2 Rk CH2N3, CH2CH2NS,

CH2NH2, or CH2CH2NH2; and
R3z OR3!

wherein: R*® is H or methyl; R* is H; R** is OH; R*® is H; X is O, 8, NH or CHy; Z°%
is -O-[PEO)R¥ 01~ R*®, or -CHy-[PEO)R*™O-]o- R™; each R*Y is OH; each R*®
10 isH;andnis0,1,2,0r3.

In another embodiment of the invention, R? has the following formuta:

ZSDD X "LL/L
R303 R300
piz2 OR®!
wherein: R*® is H or alkyl; R* is H, alkyl, or benzoyl; R*® is OH, or benzoyloxy, R*®®
15 isH; Xis O, S, NH or CHy; Z*% is -O-[PE0)R*M0-1- R*®, or -CH-PEO)R0-]r-
R¥%. each R¥ is OH; each R**® is H; and nis 0, 1, 2, or 3.

In another embodiment of the invention, R? has the following formula:

7300 « ‘,LL/L
R303 R300
. Ravz OR3

20  wherein: R*™ is H or methyl; R*' is H, methyl, or benzoyl; R** is OH, or benzoyloxy,
R is H; X is O, S, NH or CHy; Z*® is -O-[P(=0)R**")O-1,- R*®, or
-CHg-[P(=O)(R3°7)O-]n- RmS; each R* is OH; each R*® is H; andnis 0, 1, 2, or 3.
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R14 is H 15l n one enbodi nent, for a conmpound of formula I, Rl4 is
replaced to forma pharmaceutically acceptable prodrug, for exanple,
a prodrug wel2eatosaiéi rom t he group consisting of: acyl, rAyanys039072
phosphonat e, phosphate, phosphate esters, phosphonani date,
phosphor odi am dat e, phosphorani date nono ester, cyclic

phosphoram date, cyclic phosphorodi am date, phosphoram date diester,
C(0) 20 CHRI5NH2, OR16 -P A-P 0 | 1112)-Ris and R17 19 Ra wherein:
R13 is H, alkyl, Budnsthetenibedimahtof the iaventian, Riles thetfoltogdngaiosthula;

cycl oal I cyl, substltuted cycl oal kyl, heteroaryl, substituted
heteroaryl, heterocyclic, substituted heterocyclic or 25 an am no
aci d; R16 is H optionally stlt ed nmonocyclic aryl, or
optlonally substituted nonocyclic het and R17 is H, halogen
CN, -00-12.20, -CO\(R21)2, -002R20 - 02% - SO2N( R202, -0R21,
-SR21, -R21, -N(R21)2, -0-COR20, s SCOR20, - S- 0OZR20,

- NHCOR21, - NHCO2R21, -(C112)p- CR22 EF p SR22; or R16 and R17
are 30 connected via an additional 3-5 atonB to forma cyclic group,
optionally c N3y { 950D n ry roup
at the beta gﬂgdﬂnar%zm 1%%??? Rt oﬁt 5{1% 6}{1 éb};ﬁ%@ﬁ%&’b ho% Satel %’

or Ri7 andl R&QO@ﬂ@bQIIdnKe&:QB% NE§ ol 7 tstEiB[im(R”ﬁO-]n RB1& and Ri 9

are each i ndgpengent|ysot- -al eyl yd7 t wel |,
optional |y sstg%t ﬁﬁ}?% +r)-rlgrt-lfﬁci;;cl’f’ac(::ﬁlzﬁ;t{ry @olr% eac}?l onl'f%? ‘gﬁ&%q toéé
nmonocyclic het er dmragbthersmbpdif@f ofithd ifkE@iony ha@thﬁﬁﬁtnali. via an

addi ti onal - a cyclic group, optionally containing
0-2 heteroatoms2 563[1}% éﬁ@ 18 are connected via an additional 3-5
atons to forma cyclic group, optionally containing one heteroatom
and R19 is H, aIk |, aryl, hetero cIoaI kyl, aral kyl, optionally
substituted m)nocy%(? ar o‘r{oﬁ'ﬁ/ u&ft Bt d rm&og%/izl iC

het eroaryl ; and

CH,
BrnO OBn HO OH BnG OBn
HO 0 HO
O v H 0 ._,Z{ o) ‘71/
*CHzCH3 CHjy
HO OH HO OH HO OCH;
HO
f's) "L’; HO ,
HO
A, S, &/
— or
10 CH, .
Synthetic Processes

Processes for preparing compounds of formula I, II, and III or pharmaceutically
acceptable salts or prodrugs thereof, as well as processes for preparing intermediate
15 compounds that can be used to prepare compounds of formula I, II, or IT or
pharmaceutically acceptable salis or prodrugs thereof are provided as further

embodiments of the invention. For example in one embodiment the invention provides
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10R20 is al kyl, aryl, heterocycloal kyl, or arylallcyl; R21 is H,

al kyl, aryl, heterocycloal kyl, or arylalkyl; Rnis Hor |ower acyl; n
I S an i nt egoeroGefosdmeR-5; mis an integer from 10-20; an®CIB[$2008/030072

i nteger from2-3. In one enbodi nent of the invention, R2 has the
followi ng formula: wherein: 20R300 is al kyl, substituted al kyl,

al kenyl, substituted al kenyl, allcynyl, or substituted al kynyl; R30'
Is H alkyl, -C(0)al kyl, or aryl-C(=0)- R 302 is H OH,

- Gal kyl, - OG(Rrad &kt regcﬁﬂxé Q@ﬁiﬁcetrh@l‘l@%e (NG of Sy oﬁﬂ?d}ﬁomﬁlla NH2;
25R303 is H_ OH, or ]ID\I p?%)ﬂ\}/ll ded both R 1

02 and I'?’)EQ nﬂt ?ﬁ' t he
same group dkeeBl cAYEFERGENVSHES pcorsspayAfng comppund al I, or Il to
-0- [ P(=0) (R3{)42.9- 1- R308, or -CH2-[P(=0)(r)O b- R308; each R307 is
i ndependent |y , -Calkyl, or -0C(0)al kyl; each R308 is independently
H alkyl, or -C(®)arofyr embedimentithe ipvention provides ametBedfop FEPERSARIoRETS

of the | iy er %Qmp(ﬁ%d%‘??orhﬂﬁ If ﬂ,l dr?ﬁf daﬂlpﬁ%gwrﬁremng a corresponding
compound of formula L, II, or III to the prodrug.
In another émbodiment the invention provides a method for preparing a
compound of formula I, TI, or IIT, comprising deprotecting a corresponding compound
of formula I, II, or ITI that comprises one or more protecting groups to provide the

10  compound of formula I, I, or IIL.

Synthetic Intermediates
The invention also provides synthetic intermediates that are useful for preparing

compounds of formula T, II, or ITl. For example, the invention provides novel synthetic
15 intermediates such as those described in the Examples herein.

In one embodiment the invention provides a compound of formula:

20

30 @R?

wherein: R is chloro or bromo; R! and Y have any of the values defined herein; and
(P)R? is a nucleoside sugar group bearing one or more protecting groups.
In one embodiment, the invention provides the compound: 2-(3,4-
Bis(benzyloxy)-5-(benzyloxymethyl)-tetrahydrofuran-2-yl)acetonitrile;
35 2-(6-((tert-Butyldiphenylsilyloxy)methyl)-2,2,3a-trimethyl-tetrahydrofuro[ 3,4~
d|[1,3]dioxol-4-yl)acetonitrile; 2-(3,4-Bis(benzyloxy)-5-(benzyloxymethyl)-3-methyl-
tetrahydrofuran-2-yl)acetonitrile;
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wherein: |e* is Hor rrethyl R301 is H 12302 is OH, R303 is H Xis
0, S, NH or Z30 is -0 [PECKRBO?)O 10- Am or

- CH2- [ R( o‘jVPé‘?%b‘ilfl R305; cache.' is OH each R308 10i"CTAS2EHT%

0, 1, 2, or 3. In another enbodi nent of the invention, R2 has the
foll owi ng fornul a: wherein: It.3 is Hor aIIcyl; 12.301 is H,
al kyl, or benzoyl R302 is OH, or benzoyloxy, R 303 15 is H Xis O,

S, NH or [ P 0-10- R308, or B.308: each each |e07
is OH each %ég Pilgg?qz %ﬁ@@ xymethyl)-3gpethyl-tetrpbydrefmar2e nbodi nent

of the invenyhfeionitle R SN BB : H
v ik Vi svraclie b\é{’?]zo§llt>9ﬁﬁ@£ﬁﬁ 55 ARG AleRyach firch -

benzoyl oxy, ¥Rystopirley 7% @ Methyl-5-Grityigrysiethghes; - @.I}B?bofuﬁaﬂ-a?-}’l)acetommle 2-
-0-P(=0)(12. <Bse % AF h
. 30(7 | ?5( & é%cg%) B &zg‘lo;lﬁ@ﬂbe&ﬂdo ﬁh@h)ﬁlgﬁ e%ﬁ%&é%@o%r}nﬁ Iano ﬁf%c
enmbodi men? oEﬂwh%amméln@ﬂoMS(mes) 3- ﬂ:@nzmﬂymmlwb-temmmmmn-memmm

0 o 5 o 2o et 6 bl MR T B i
[ P(=0) ( R3n0- 2D fuRaB2-caboniigig BBl 3@in{rR30 1) Obik(dendRBRS)-5 ¢rnbylBoATetliys)- OH
coc s, S e S0 i SRS 50
Processes Plecabsgsethgh-3pnethylricrahydrofaparmgfuedh-I-cirboditeild; 3-Arhino-and
1 o P e oLk PR e 80 BESaA R ASh o
carbonitrile; 3-Amino-4-(3,4-bis(benzyloxy)-5-(benzyloxymethyl)-3-ethyl-
tetrahydrofuran-2-yl)furan-2-carbonitrile; 3-Amino-4-(3,4-bis(benzyloxy)-5-
(benzyloxymethyl)-3-(hydroxymethyl)-tetrahydrofuran-2-yl)furan-2-carbonitrile; 3-
Amino-4-(3-methyl-5-(trityloxymethyl)-2,5-dihydrofuran-2-yl)furan-2-carbonitrile; 3-

15 Amino-4-(3,4-bis(benzyloxy)-5-(benzyloxymethyl)-2,5-dihydrofuran-2-yl)thiophene-
2-carbonitrile; 3-Amino-4-(3,4-bis(benzyloxy)-5-(benzyloxymethyl)-3-methyl-
tetrahydrofuran-2-yl)thiophene-2-carbonitrile; 3-Amino-4-(4-(benzyloxy)-5-
(benzyloxymethyl)-3-methoxy-tetrahydrofuran-2-yl)furan-2-carbonitrile; 3-Amino-4-
(3,4-bis(benzyloxy)-5-(benzyloxymethyl)-3-methyl-tetrahydrofuran-2-yl)furan-2-

20 carboxamide; 3-Amino-4-(3,4-bis(benzyloxy)-5-(benzyloxymethyl)-tetrahydrofuran-2-
yDfuran-2~carboxamide; 3-Amino-4-(3 ,4-bis(benzyloxy)-5-(benzyloxymethyl)-3-
methyl-tetrahydrofuran-2-yl)furan-2-carbothioamide; 3-Amino-4-(3,4-bis(benzyloxy)-
5-(benzyloxymethyl)-tetrahydrofuran-2-yl)furan-2-carbothicamide; 3-Amino-4-(4-
(trityloxymethyl)cyclopent-2-enyl)furan-2-carbonitrile; 3-Amino-4-(5-

25 (trityloxymethyl)-tetrahydrothiophen-2-yl)furan-2-carbonitrile; 3-Amino-4-(2-
(trityloxy)ethyl)furan-2-carbonitrile; 2-Amino-7-(3,4-dihydroxy-5-(hydroxymethyl)-
tetrahydrofuran-2-yl)furo]3,2-d]pyrimidin-4(3H)-one; or
7-(3,4-Dihydroxy-5-(hydroxymethyl)-3-methyl-tetrahydrofuran-2-yl)furo[3,2-
d]pyrimidin-4(3H)-one; 7-6-(2',3",5"-Tri-O-benzyl-D-ribofuranosyl)-furo[3,2-

30 dlpyrimidin-4(3#)-one; 4-Chloro-7--(2',3',5"tri-O-benzyl-D-ribofuranosyl)-furo[3,2-
d)pyrimidine; 7-8-(2',3",5"-Tri-O-benzyl-2'-C-methyl-D-ribofuranosyl)-furo[ 3,2-
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15 conpounds that can be used to prepare conpounds of formula I, 11,
or DI or pharmaceutically acceptable salts or prodrugs thereof are
provi ded awofosidsersr enbodi nents of the invention. For exanghesifoone
enbodi ment the invention provides W) 2006/ 050161PCT/ US2005/ 039072 a
met hod for preparing a pharmaceutically acceptable salt of conpound
of formula I, Il, or IIl, conprising converting a correspondi ng
conpound of forrmula I, Il, or Ill to the salt. I n anot her

e][Tbodi ment t g@yﬁﬁ?ﬁﬁﬂfm@3m0?é;@}fdfldeﬁ-ﬁﬁﬂlfﬁ3M@!&enﬂjﬁl%zh&ﬁyl@pr odrug 5
of a conpound, of fornul a .. Ol conprising converting a_
cor r espondi nab%%%w%@ﬁ?hdl%ww\?s of {-(2- H%PXX)@%W@Y%?:%@HRYQBMIR-‘?-

anot her enboghient the invention provides a nethod for preparing a

conmpound of forrmula I, Il, or Ill, conprising deprotecting a
correspondi ng conpound of formula I, 11, or IIl that conprises one or
mor e protfctka&ﬂg@ﬁyggﬁwﬂﬁgﬁmide the 10 conmpound of fornula I, II,
or IIl. Synthetic I'nternedrates The i nvention al so provides

synt heti ¢ i nt er neldvéll essappreaiated by these sldlledfio theprighat compowndsmpdiia ks erofon
formula I, | . : . i Nt i en.provi des novel
synt hetic 15ﬁafvhr%reztrérlrlh§gll caeltjiglgmgﬁ%{{Rgrga%ﬁ%gsed%%@gropg‘@g F‘?\hvteﬁgg BYERSI es
herein. | n ofvemsnBuk sompourds enayrpykibit ipolymprphisid dsis a0 bowdetsvdd Gat the

formul a: 20 ) ) in. Ris chloro or brono, R and Y have, any
of the.val U B Pay R EiSitessg 1Y it P RAE Bl TRt AP P Bisp
bearing the arstararienpriofent omgixgraihaeot, of a compbur@ng HeTheatiseRlg. at he
i nvention provides.,t C nd: 243, 4- . . ,
Bi s(benzyl ox{yEY %ﬁ%@%%?m)‘%ﬁ POsRSE s et propenties descEbesierain| e
; 35 it being well known in the art how to prepare optically active forms (rf10r example, b
2-(6-((tert- But1 | dlogi]%nxl'su I oxg;) met hq¥|' )-2,2,3a-trinethyl-tetr af¥ydr o]
furo[ 3, 4- d]Fi° é?(?i |TAc£Ig %y%g &SYEYSE 1'2@'51011 techniques, by synthesis fro.m
|2) (3, f- Bi ts( _hfmﬁa!llyﬂaeﬁ);e BartiBepaiekions Yoyeshindl oynBesi e bivy e AGHANS i ran- 2-y
acetonjtrile; . . X .
{5 separation using a chiral stationary phase) and how to determine anti-viral or anti-
cancer activity using the standard tests described herein, or using other similar tests
which are well known in the art. Although the invention includes all isomeric forms of
the compounds described herein, one embodiment of the invention provides
compounds having the absolute stereochemistry depicted in the Examples hereinbelow.
20 For example, it would be known in the field of chemistry that a compound of

formula I:

@

wherein R is OH would form a tautomer of the following f.ormula:
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, 4- Bi s(benzyl oxy) - 5- (benzyl oxynet hyl ) - 3- met hyl -t et r ahydr of ur an- 2-
cetonitrile;

3

fla
4- ( BenzYP3UHY5EE henzyl oxynet hyl) - 3- met hoxy- t et r ahy BCHTEPU032072
a

2-(

yfl

2- (

yl)acetonitrile;

2-(3-Methyl-5-(trityl oxymet hyl) -2, 5-di hydr of uran-2-ypacetonitrile; 2-
(3, 4- Bi s(benzyl oxy) - 5- (benzyl oxyrret hyl) - 3-et hyl -t etrahydrofizan-2-ypa
cetonitrile; 5 Ethyl

3-am no- 4-( 3, 4- bi s(benzyl oxy) 5- (benzyl oxy
1) f ur an2- car boxyl at e;

3- Ami no- 4- (3, 4- bi s(benzyl oxy) - 5- (ben
furan-2-carbonitrile; Ethyl
3-am no- 4- (3, 4- bi s(benzyl oxy) - 5- (ben
3-net hyl -t et rahydr of uran- 2-yl ) f ur an-
3- Ami no- 4- ( 3, 4- bi s(benzyl oxy) - 5- R2

(benzyl oxynet hyl ) - 3- et hyl -t et rahydr of uran-2-yl ) furan-2-carbonitrile;
3- Ani no- 4- lZDccordingly, the invention includes all tautometric forms of the compounds of

(3, 4-bis(be XYY 1122 zyl oxynet hyl ) - 3-vi nyl -t et rahydr of ur an- 2-yl )
furan- 2- capiz%‘ﬁq? Psm-gdt}ﬁn

3- Ami noI ?f ( Ehérnlnice ﬁthﬁhtZM’n _i,ﬁbl néSMddemﬂyAdiﬂm ttoml gh% g&eﬁ{oﬂ?/bﬂ'ﬁbdtﬂlaﬁ‘tdr of u
ran-2-y uran-2-.carbonitrile; 3-Am no-4-(3, 4- senyox -
(benzyi oymet hyl ) P’(?ﬁ%h’é?é?%‘??f? cst"@f”lpﬁ PB‘?@@S‘?‘?@ (%’rnaﬁmb- car
bonitrile; 3i)as detaﬂed above which are inhibitors of DNA and/or RNA v1ra1 golymerases and

Am no- 4- ( 3- rreth gtrltyIOX}(meth%/lzI 5-di hydr of ur an- t hran-2-c
albonitrile: angc gag nts. Various forms of DNA and RNA viral polymerases are 1nh1b1tedby

AN N0- 4- (3, 4hdécHigRRRdiRINId, Sachhe BEHoPIATES BT Rl o dhBbalaaps 2- V1

) t hi ophene2- car bonitrile

3- Ami no- 4- ( 3heprpsest @éﬁ%wedkvyﬁ&m%wwwwﬁm mdroyp@vmwiralet rahydr 0
furart- 2y ptlﬂﬁe&ﬂﬁ'l@ s Rost AR Rhdihnbdi@nd/ds 4} &b E
an- -yI3 an- -car on| ile

(benzyl oxynet hyl ) - 3- met hoxy-t et r ahydr of
* 3- Ani no- 4-conditions caused by or related to such viral infections. In one embodiment, the

(3, 4-bi s( be%%gs@a); aéuggﬁmxﬁe%x%ame@uaﬁwXrldy&%}e@%mﬁg e Y1

)finan-2- 20 ¢ am
3- Ami no- 4- (amthT@tﬁéldmfbnwm&aQMh oadyagenss ngludle, bet aredwt dindedtgn- 2-

yOf ur an- 2- cg3f,
20 an no-a. ( JeRRERE ffutiss G, e inunodefiviensyyi Ppliey Coxsackie A and B,
ge:tb\hyl - tlft E Rnjd, Bﬁhn’ amamfwd, Ebala,and HastiNbotinisomm deicular embodiment, the
m no- OXY)m o o .
5- (benzyl oxfrar% ﬁy“i E)(g P )r(haeh@%%lﬁeﬁ%gﬁf&%’l)‘?%’ an- 2- car bot hi oani de;
g ﬁm no- 21 Eg (t Mhe pleseny diedlbute) mydia ot cotnpatyd Jffthy gunerdt foaklle (i iy i | e;
m no- . o . . :
(trityl oxy @ﬂ@a@étpbgwa?“&fﬂ ORGP comprtiRmPbmaeRtily pifpcve
3- Anmi no- 4- ( Zmo(xﬁﬁdfhyﬂewwﬂeeéoh‘mbl)ﬁcﬁdf@@n&alﬁ'&hbﬂﬁm TN, iok BT} as described herein.

2- Am no#-(%ﬂéﬁdl h xy- - ((hydr oxynet hyl)
tetrahy, Ig)lﬂ SPI?I"&TW%‘E&MQ&‘FH?-SW(’@E% Ryrised gythe manufacture
7-(3,4-Di hy(ﬂ)f@iﬁédﬁaﬁlaﬁ%ﬁ%!ﬁ@ﬂ}ﬂo} pvéRihB Y ik RE bAMEHBA H Wi Ysl) f ur o

[3,2- d] pyrim.din-4( 311‘?
743 (23" 5 Seirabls.th kit & vof R0 BRUs polymerases{ Such pharmacentioa

O

t hyl ) -tetrahydrofuran-2-y

Y | ) -t et r ahydr of ur an2-y0

| ) -
car bokyl at'®;

30d] pyri m dighm 653&()%)511& @iso co h tical tbl d
4-Chl oro-7- 13- ? 5} tr |C 'C nsgfal%)y aceul B%Prlacce naose Sne¥ tro ﬂéer2-
d] pyri m di néngredlents knovm in the art, or may comprise solely a compound of the general

7-0-(2' 23", Jormliid | -2' -G nethyl-D-ribofitranosyl)-furo[ 3, 2-
dlpyrlmdln%S%gQ{%&ﬁb4 Chloro-7-,6-(2',31,51-tri-Ob

enzyl - T- G- net hyl The pharmacﬁuﬁwilara@c@jalb)er famiaps ﬁ&cﬂbeddl}qngm i intludihg eut aot
7-(2-(Trit o m_di
ryai cal - For i i Wit st SR B b g Riberananr

36



20For exanple, it would be known in the field of chem stry that a

conmpound of forrmula I: (1) wherein Ris OH would forma tautomer of
t he fol |l owwoQodeasnmd a: Accordingly, the invention i nacaggsooabboor:
tautometric forns of the conmpounds of fornulae I, |1, and BI.

Phar maceuti cal Conpositions, Mdes of Adm nistration and Met hods of
Treatment 5The present disclosure provides conpounds of the general
formula (I, Il, and Ill1) as detail ed above which are inhibitors of
DNA and/ or * Riyofiih @le ROYBBARSER piftshaltbibARE S ARERk b iV AEkRUSy fulf ™
of DNA and Rl\lAﬁwlrae pol ymr§:es areal nhi b%dpby he C(I)S oungﬁ)y "

di scl osed, sWcthe@stitucompsundy prid bas nmdsmmamtalR@i%gﬁfectmer Mmmdsr oe

Lhe Bresent s ol 6 S fe DN MUY A SRR B0 o

preventing apcxlumrenqm@s di sease states and/or conditions caused by or
rel ated tf such \lf.hl’ i_nf ct on
€ C

odi nment . t
are useful in the ab8]\'?130ners1fif338 ecﬁilflnlé fetﬁ"gggsﬁg)ﬁ%ﬁ@ a4 g?/%cﬁlflﬁppegyw any
i nhi biting aconvermiondRMethrtiavaiiidble fir e innsafme e Wit iphﬁina&@fiﬁﬂl@ either as

i ncl ude, but 0 human

i munodefi ci lgﬁrwuglltf]ﬁgpe@%?g%sowg fﬂaé" W’Erf‘nﬁ‘?‘%g {Stth?iﬁl?etlmc g,
smal | pox, Ebol a, Tharempésids Bksb@bedlafahﬁmuhgtezadﬂﬂiphaeméc@ﬁncﬁnia@@dcﬁwt

t he causatlveéllggﬁ t he V|raI nfection i %aflawwrus

present di sciB¥GF lﬁp{mﬂa@h%laf S AADANR obF EPH’@P‘Q’@Hé‘P%ThefiB?a%PféhTI
I, and {d|)piafdacButtAPEimpositibh S@hinERAAN]1! dfRBursE) ¥Rty dehdAding upon known
phar maceutically effective anount of at | 'east one conpoun of gener al

formula (I, feptorsgyuch a9 the pharmacqdynamig chgactristics of Sy patiicHlatagsplud s
and/ or phar nRg@uicake SOImARiEt SR ShdERY, ﬁyam&laﬂﬂwélgmto?ﬁwrf@&wé@%w e of

a medi canent for treating and/or preventi ng a di Sease or condition in
which it is ety apd sagee!iherlispse sitadr cenditRmathgkindmfconsutronieatment;

Such phar mc&gméﬁhc}p ‘Eﬂén{ ARSI BM-2hs@.g0MPri se a pharmaceutically
acceptable carrier an ingredients known in the art, or may

conpriselsolely & d@iirvp@nsmt offactiteeingredientaan b6 ctpeted iabg #hout 0.00Tatedi 000 | )

The phar nac r re di.ng,
but not Ii mlltﬂmégr?lhé Ym@%gﬁ%@@a&d&i@\f/ ‘foscﬁ vgeg@}? Pﬁ% tir? é uen‘f’n'!E tlhgre
wel | - known tiotal roemt weieteges about 0.1 mg/kg and about 100 mg/kg of body we1ght per day;

in an altemnate embodiment between about 1.1 mg/kg and about 50 mg/kg of body

weight per day; in yet another alternate embodiment between 0.1 mg/kg and about 30

20  mg/kg of body weight per day. The above described amounts may be administered as

a series of smaller doses over a period of time if desired. The pharmaceutically

effective amount can be calculated based on the weight of the parent compound to be

delivered. If the salt or prodrug exhibits activity in itself, the pharmaceutically effective

amount can be estimated as above using the weight of the salt or prodrug, or by other

25 means known to those skilled in the art. The dosage of active ingredient may be given
other than daily if desired.

The total amount of the compound adminis‘;ered will also be determined by the

route, timing and frequency of adminisiration as well as the existence, nature, and

extent of any adverse side effects that might accompany the administration of the

30 compound and the desired physiological effect. It will be appreciated by one skilled in
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skilled in the art. Typically, the pharmaceutically acceptable
carrier is chemcally inert to the active conpounds and has no

det ri ment aVOIUWIMt ect s or toxicity under the conditi S/ EROGEFO72Mhe
pharmaceutically acceptable carriers can include polyners and pol yner
matri ces. 5The conpounds described in the instant disclosure can be
adm ni stered by any conventional nethod available for use in
conjunction wi th pharmaceuticals, either as individual therapeutic
agents or i ntheowrbilshvagams gopditienden dissasd stathw rin petiichler shpenicsconditions dihe
conpounds de i I ﬁq}u@ i dcally.effective
anount. The gﬁgdrsgraggtgﬁtn%gg y E’?C%lgl{ég ?Eéﬁ%@n%%fo Eléb%%%%éélﬁ“nﬁa ahd the
dosage of the 10 Pbhugerfwwatof dhe phrompestidal compaditions d¢seriieed hwidin (fonfis of

course, vary ndi.ng. f act.or such, as_{ he . .

phar macody na#gﬁlg'%cac cgf (|9s é&g@‘é@ Sut%ﬁéle r@r 'i‘dng-a’ﬁ%%“’%% &pRtein from pkouh Ode
and rout e5 of ngdriabowt3068 mpof dcties mgedichio@b the antdpovailg bifscloded) F& unit. In
reci pient, the severity.and stage of. the disease, state or._condition;
the kind of CONc apgal;..ctethcrag%qrﬂpeoRlﬁonﬁ, e ?ng?qU@Ff%VnBW Prinerlynbe st ¥he
effect desir edambih afaibbiyr QloVaYeweibhieldstd/ 6n itigfod iveftht GRMhed Sorfpeleh.ed
to be about 0 0 1000 mlligrans . per kjlogram (kg) of body
wei gt per AN OGRE R o T FEParh S LR SreEre di 50N
0.1 g/ kg anghgpddimt miPBe MBmkGstad B9 dohid8ipahlt plRGha SdhtenttRof otht SEHRL €
enbodi rrenit) bet ween about 1.1 rrgc{Jé(pg and about 50 ng/ kg of body wei ght
per day; ¥ n {etedibtiiErm dored Ak @ s diomeboubl . 1 ny/ kg and
about 30 20 nu/ korifackadiicleBiettidan Be 'éd:gﬁa}éterréﬁ(}ﬁal?}bﬂvs%ﬁ&iﬁéﬁ 4 Redls

0 | ‘ PBUAL S
may be administered as a Series of smaller doses over a period o
time if desiFapgulesTiablath apdraewdars, alip Jiqud desegt Fermgnewhtas chxirsheyrups and
cal cul at ed basgdhsifs, i eanAIBE a@ifink ' -
delivered. If hg_ ssal_t or prod?ugmes%ﬁ? t%ﬂéé’%lﬁg\%?%ﬂgnﬁq%%&;g?sﬁge ]tcoﬁ%ls'
phar maceut i c&h¢ yotistef Egradieat gamalo baradivénistered rairandsally @bsy érops) ng byhe
wei ght ofsth : W s_kno t hose
ki [1ed a1 Randed A baRioly el A% el M 10 el Gl BG
ot her than detdry ppwdaeimhalaibn dEmises. ddthér dasage fidrme fare gotentialigymssitile such as
adm ni stered, W ridn by .the route, timng and
frequency of adgﬁ n#“ﬁ%ls? %a sf\dgﬁl%g ,{\;AE‘% ?tgha%lg‘fhﬁlém%(?rs({né%é‘ nature, and
extent of any advirsalagémieuidtie éirsordldminiitiglion anchrhdaYa)tlhRid solutions,

adm ni stratign,of the 30 conpound.and th sired physi ol ogi cal.

S Tect -1t it 3 8 SRR S Attt of 3 forpobd dsfr g diuents,

vari ous 2®ndsuch aasvar, dilmeasconhgd Ritce; () dapdulldsC sdcBéts,CABIRR] Tozenges, and

condi tions O{r C?‘i sease stat.es, maﬁ requi r% rol onged treat nent

i nvol ving muft9Hb & fr‘?l}lﬁlg’flngtPrS S ed p TRHERYEHH PHECUP Ampunt of the

phar maceut i cative igRasent, a9 Bdlidd @s elahbled (§)@oeisrs;(dpsu¥peRfont REan appropriate

phar maceut i cal ,(i:_ongzél tl%ﬁ% suj tabl e for adm nistration) contain from

about 0.1 5 %1 > FAY D e HigoBY Lated femplatemdphincuic dilugise such as

conpounds di ﬁﬁbﬁaﬁﬂ@lcdﬁ@{s1 fRiekanpl8) dIRaSE ARSI £I@%HFﬂr5ﬁ?,hen@%%91? 'g%{g&ﬂﬁ’
un

the active ingredient will ordinarily be present in an a

about 0.% 9suphies refvethylene glophpls, igiher atith or Witheyt thegtddition of o pirowideidrally
Multi* dosa Eal i
[ %céﬁbﬁ@su%ﬁ%uﬁﬁ%ﬁ%ﬁﬁ%g exgl 13{?%}1% ;Eigetlpg Slaﬁétﬂgfoﬁms can be of

treatnent. The active Ingre m 0 achi eve peak
pl asma concethe oxdinasy dags or iseftghelied eeeladn itypgr exitairing, obr txample orfactfit

to 70 AM Orluﬁﬂo%ms?%&’hellt'@ﬂetrg sJth |a§ IMciﬁose, sucrose, calcium phosphate, and com

starch. Tablet forms can include one or more of the following: lactose, sucrose,

30  mannito], comn starch, potato starch, alginic acid, microcrystalline cellulose, acacia,

gelatin, guar gum, colloidal silicon dioxide, croscarmellose sodium, tale, magnesium
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The active ingredient can be adm nistered orally in solid dosage
forms, such as capsules, tablets, and powders, or in liquid dosage
fornms, sucwWoasis#kérsirs, syrups and suspensions. |t can rRITss2E/039072
adm ni stered parenterally, in sterile liquid dosage forns. The active
i ngredi ent can al so be adm nistered intranasally (nose drops) or by
15 inhal ation via the pul nonary system such as by propellant based
net ered dose inhalers or dry powders inhal ati on devices. O her dosage

forns are pottemtieatdlgluiasatan, eiuedras et Rkl fall biRG dpnnie Eaaiaheé
via patch rre ani s or._ oi nt meny, For nul ati ons suitabl e for

oral admi ni s Uiy gﬁ‘ﬁ“ﬁ ﬁ%ﬁlnff’déhse%ﬁgriﬂi‘r{?u?%?n?o PSIEHRE 28T Péﬁﬁelé[atlves

phar maceut i cahoringf iRk WR1 PARUALISE AL &ﬁﬁﬂﬁ%n&rﬁéﬁsﬂbé’eﬂge s _can
di luents, 20 such as water, saline, or orange juice, (b) capsules,

sachets, tabPURRsse s acHyempredicnt inragdaves useady sucrenstzail apastp o tragacanth, as
pr edet er m negeMhApARBEUSdniRikinY 1 48GL

i ngredi ent, ase soP| ds or gran% | es; ¢ gn\é?ed\?ﬁpﬂmn ]?dr)ttogsgsa%fﬁé%(gelaﬁn and
appropri at e Bivegsing or émos(ee%ﬂds@iﬂ@l&bﬁeulelm sndresls dontiniing, fin radditiat itotis
may i nclude gid.y ngl's, for exanple,

et hanol , benztiV %éiﬁnfg&%rc%gjf ng&glﬁﬂg’gﬁj!l&gl §cer| n, 25 and the

pol yet hyI ene aI c ofrginglatiesist sniablevifaripaoamtent]t ddomiisttation adﬂhdhlaqnednfs afid non-

phar maceutic a C uspendi n

enul si fyi ng gdgeen]%s %al% Iasgéﬁ? L%la%fﬁ%hdng’f ﬁiﬁlé %ﬂgﬁél%nr}hg’flgam%rb“ﬂm
sof t - shel® edbagadnasmm arylpwlmc:snﬂhal nenatsg thé ﬁmnmaaaip E@tonﬁ:uwftﬁ(tﬁaaﬁlbﬁd of the
| ubricants, aglent nert uel e&s such l.act ose, crose, calcium
phosphat e, afd Cofn STarer™ ?8%"?%'{601’%’? Frle é'égﬂ?e’i‘si‘?(‘?]s c@hizclgde sspending
the foll ow nggentspedidiskzerss wlﬁdikéﬁﬁg g EWE NyBdbi1ders, ST PreSorHiiGEs. TR teBinBound

starch, al gini d, .mcrocrystalline cellul ogse, acacia, gelatin,
guar gum co‘falncl?edﬁ‘i!l“ o ?ilp siefasically acoaptalde | diyent s Bhgmeeguically

nmagnesi um  siceéitelecaria] Sick! B S4OAL AhBid of teuR e ﬁ&@mcﬁldﬁ?gdwé’c&‘ Simand
ot her exgapl ents, coI Orggigei di luents, bufferi

| en
di si nt eghat i #yegeTEose e g sqRitipns, %F@@@i\ﬁﬁ‘é %Geﬂjhanpl éppropangl,
agents, and gRkamRedaRahsIakl6lS QRonas] p%wﬁ@gfybﬁf gﬂ% %1‘3,951§§ch0a§n
y su

conprise the active ingredient in a flavor, usua

acaci a or t refydeRKereetel) 54Q0e| glyepsolp etels) such @8 rﬁ)i-rdymt@dﬂtﬁedlamﬂamefi

i ngredi ent i fBefhol,RHes, BAN, a%}fﬁ(hacﬂ? agﬁi‘l‘_ﬁ%l@ e@@td%f%l%{&%ﬁé br cg ﬁl{eﬁse
and acadi a, emul sions, and gels contai ni tg

i ngredi ent, 8ty oidaglysesife viS err witkonsvibe |af1|d1t1¢re oaatpharmaceuucﬁkby mdeaﬂab]ens
sui t abl exd org,paLER t u

non- aqueous, Mrsot onﬁﬁ%ﬁéi %r (rablr ?rﬁf e%} 5 Sﬁ%&}dﬁ?ﬁ &%gt Eﬁﬁ Rec W ORIBITRELS
anti - oxi dantmethyosliulose,, h}(drdxamowlmﬁwmeﬂulownd 0B O lcarbasyridiaticellebsler drhe
formul ati on t i ent, and aqueous and
non- agqueous ésntﬁgérlf}plga é\fgg %ﬁsoﬁlgeﬁghﬁgfeu%gar%a JH@? E(Jde suspendi ng agents,

sol ubilizers, t hiQilsewhnlg cagmmssd mspzahntbm]zﬁhﬁulamﬁ 1ﬁ61&dsee§56t1@wum§5nmf£he

Cn 5 phar Can e ARG Sl PetaE Mettefes Pl aS5GR Ty sobom tee. o
m xture ¥ |dotonsesl, dong! Mﬁrbﬁgetm&t&m, afi@|thineral. ISuiabldeRHS MRt PSR aRd
hexadecy ! oieERT RyrpRpS il Plae spRonsreAs g dosiewtc 51 Janhokng
gl ycol such sad igptapie I[wétﬁeaw ééﬁﬂlﬁies‘l@(%mt&ievﬁ&y Qbid kGl SuitapHCafSfor

2,2-dimethyl-1, 3-di oxo ne-4- nethanol, ethers, an oil, a fatty acid,
a fatty aci ot s oy P Gty depdtiony inglyde Bty alkel mstaly sonapium, and

gl yceri de witiéihafolapihd Qitk, drdesuftell tberpemt n%hf&ggﬁ ﬁ@fﬂ&'d‘é@ié%}{ts SUC
accept abl e 20 surfactant, such as a s0ap or a de€tergent spen
agent, sifch fas epanle.ndimehykislefammezinmy halides, \andselkylpyridinium  halides, (b)
hydr oxypr op 1Y, I

AL TRRIY P ExIOAAITELA ah?ﬁ:&gﬁt ittt oyl clefip,

enul si fying agents and ot her phar

an
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use in parenteral formulations include fatty alkali netal,
arrunonium and triethanolam ne salts, and suitable detergents

i ncl ude (ayOc8¥6{086Ht det ergents such as, 30 for exanpl €CT/US2005/039072
di et hyl di al kyl anmoni um hal i des, and al kyl pyri di ni um hal i des, (b)

ani oni c detergents such as, for exanple, alkyl, aryl, and olefin

sul fonates, allcyl, olefin, ether, and nonoglyceride sulfates, and
sul fosucci nates, (c) nonionic detergents such as, for exanple, fatty
am ne oxi des¢théraandmemighycerdideanifitesraumtbnilfonmdingted, Yo xynibhiy detaents such as,

pol ypropyl eng, _c I hoteri c detergent.s such as, fa
exanmpl e, al ky 8%%?%.’ - a%{ r?‘é%?%%’.‘qg%satfg‘%y, a%%dal%’&%@ﬁﬁsmaﬂgﬂﬁﬁoﬁﬁetﬁy}em
quat er nary apwipmropyiersatdpslymeen (e ympharrid detegeithendobs, for exdhfle, alkyl
par ent er al f%retrml ations. t%%i %ﬁégké Cﬁntd%-ifﬁ' from about 0.5%to about
25% by wei ght*6r PREPSREPRIE: Fittyr Sty Smareiing SUARmAN 2oy, salts, and (o)
pr eser vat$ vemixines thafebr s can be used in such formulations. In order
to mnimze or eljmnate irritation at the site of injection, such
conposi ti ons may Wﬁr%ﬁ%“ﬁ@u%r@lﬁlﬁ'ic%‘?@f&ﬁ?%i ftedo pbapit Ao RY10
hydr ophi | e- | waighhifl e Batvans@edith Bl sifiidd. STtANOHosehRativ R ﬁf&%felj:;?%%u}@e
olO

quantity of surfactant in such fornul ations ranges from about 5
about 15% byUSidiRyRich fepylafigme L arderde aminisnizaen elineingfo iyisation|ag i site of

bi f at fn)ecas siti a | ; hi gh
sorbitan f at koS, du@SIRd n&%ﬁ;ﬂlﬁéoﬁﬁﬁhhé%nﬁﬁéhg&hy rgg%g@?tgaggg%g

nol ecul ar wei ght adducts of et ene oxide wt
formed bift H&ﬁeﬁﬁﬂ%hﬁfa%hﬂarbabm | efrfzoo eboet 18 tohaboro pY:| Breequantity of

15gl ycol . surfa ' 561 Rlent s, 2 | :
01750l SRR AR SHTRL e 05 B0 Bl AP v

wel | -known to those _ he choi Ce"o
exci pi ent wi$vitable sydpaiants instide polysthyletry sarhidanpfatty iacidl eaterss enghoasngdrbing

well as by t [ h 0 _.adni ni st e he conppsit]on.
Accor di ngl y,ﬂ?rhog%[él{ei ngaEH\;ﬁ @hvglﬁl%?@go‘%’m lﬁti %‘E‘f% ?%Fm%?i‘g&% Sft Ae
phar maceut i- didrapBotie rhpsss iforined tof the hendmesiont ofl prusylreosxideT Weth fRbgyisnk ng
met hods ?Sndhéggc%'?]pi ents are nmerely exenplary and are in no way
limting. The” phiarmaceutically acceptabl e excipients preferably do

not int gr fere w ghamﬁa?emalipmcqﬁattécf}exoa{ﬁéﬂwerei mrgai-m t@ﬂﬂo@q’vﬁb?érg
cause adverse.side-effects.. Suit £e.carrjers and excipients include
sol vent's suc‘%@g et Crh? oael ?f%éﬁaleﬁfr?fﬂ P frterginpd g park By ity particular
absorbant s antpdind)antw]l £ @he padicily HehYe He& to2RRHRREN HHeNSnPIGHMn,
tabl eting bifgde]f[éis, 'Lsiﬁri cants, flavors, and col oring agents. ~ The
conpounds of *SREIELJAHE 1 AVEfe VEFEY QT swibhy formulatinmsiof ke sharmpesntical

ot her sui(t altogipoAIROSTRIE SrescRfifvaiBoABIR fbIlwin SREBSA an QEdTbLAL L;@%ﬁaél?
be adm nistered via inhalation. These aerosol fornulations can be

pl aced into rraRtanyy ?@eﬂedEd@pW@bii@itﬁﬁoﬁF IPhprmpcewsiorlly apseptable excipients
di chl or odi f Igisre@pBtdean intBFP 38 thERGioR o HROEBve ﬁ%&ﬂie rad n%@caulse o
5

formul ati ons may be administered by netered dose nhalers. They a
my be WO 20vBs0Ste et SuthisiEeend crdpimmts dchue aslvpitaswhcauviteal s
for non- presidh&d o ?%5@1&6 {1Rol, §61ﬁ1ak%§rb'aﬁ'ts aan@%géﬂtsz &heeRle Bllve apents
atom zer. The orfrul at"fons can be presented I'n uni - GoLe2gPs
mul ti-dde Sewerdingegent iableting bindeh helgicenty flawss,and colbahsagennd can be

stored in a fr €eqfie g&'ﬂﬁcq_mﬁé XP&Qiﬂrésé&%v&%B&i glti)n%nor in combination with other

suitable components, can be made into aerosol formulations to be administered via
inhalation. These aerosol formulations can be placed into pressurized acceptable
propellants, such as dichlorodiftuoromethane, propane, and nitrogen. Such aerosol

30 formulations may be administered by metered dose inhalers. They also may be
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5 requiring only the addition of the sterile |iquid excipient, for
exanple, water, for injections, imediately prior to use.

Ext enpor angousosiodgect i on sol uti ons and suspensi ons can feg/LaBRA5Re:
fromsterile powlers, granules, and tablets. The requirenents for
effective pharnmaceutically acceptable carriers for injectable
conpositions are well known to those of ordinary skill in the art.
See Phannaceutics 10 and Pharmacy Practice, J.B. Lippincott Co.

Phi | adel phi aforffalatedBa phimadditlcd D HP
Handbook on | nject ablg Dr ugs, To%sggrlr 5485%3 wp%%ﬁcé‘% &gg%?%@ﬁg@%ﬁ
For mul at i ons 28 &P¥4AsT-e for topical adni ni stration incl ude pastl Il es
conpri sing the acpv uch as tin
and gl ycerin, or E%ecfr%gglggtgﬁlg 'cg{(:%c rEvefild h{‘l‘é{nt dcﬁ?%grém@rde:g?r%eﬂeg nﬂlﬁglfl%rﬁs
and gel s confughres ﬁgtpulﬁﬁaraimals; and clambt hferedon iavieeezerdpisddiyephilizeal edhdition

carriers as r Eu nore, iransdermal  patche
can be prepar élg“ﬁg 3 Itlrr{ln%t %fﬁ?}ls %ké]fo% S:ie#i‘? kguldrétxmplenp %ﬁ}fﬁni‘ﬂlg NEATPLy tor
f or mul at i onsimgestionsbl lalnﬁﬁdlaterlyecpwdr adnsai ﬂctmtpomﬁemy iljetiph esshitiond ﬁﬂ
suppositorie th a variety of bas such _as enul sj fying
bases or WatgurB éﬁﬁgh ﬁg b%‘me pﬁ%’%’éé rfr %tﬁﬁ‘]ﬁt PoOH r%u%’f"%}ﬂ?se gy tablgts e
adm ni strati mqummlgentse fior eﬁ‘&nﬁﬁd ;ﬂlﬁmﬂe&ﬁﬁﬁll)esaccélﬁdﬂ@ﬂﬁme@:{ SR BinjdBbR:
pastes, foang rrmul as contajning, in addition to the

active ingredi n@%‘mo S[l%% erf"l"gp? s& POtk 1 the 2kt Beq Bhappaceutics

appropri &0 e. and Pharm40gePradtick,! X8l Elﬁplhd’b@t @d. tPl\ﬂ’laHél?lﬁﬁ) P Q?F%Iscgrnattnaft?]h\?g?ﬁr? on

sui tabl e net hod ster a conpound o

to an pati en‘?& ?zég)&é@ﬁgég) Hﬁ!“%bﬁ%%hﬁﬁﬂ*@l%]ﬂ%saéf@lséﬁéthﬁdﬁ 62%kan
be used to aehui(nosgher a partl cuI ar conpound, a particular route can
provide a nore I mrediate and nore effective reaction than anot her

rout e. Usef dioraiiparns suitrble for topisel edminisiratiominclude pagéllésaomprifing the
admi ni strat i gfivégteiR ﬁ%ﬁ%&?ﬁﬁ @%ﬁf t VL ion
can be illustrat egieasnfol A Tar Sghéni%[ é}ldg@% Iﬁé?’?}lg{sl %F ARl Es

are prepht edVel 2§ prepms gl‘fglﬂs&%ail@ geloconginipg,do exdfitinl tg dieatcnmmgaﬁ&:u{ es
g of cel | ul unes BPCRARe, Al 4 PR e FRbn canE pRBRea >
2006/ 050161@%@@@5@%?1’@8&& A mixture of active ingredient in
b epared: and i nj AabEndly. THXRRAG bt R CORCRE il A et
nol t en gel atasrruppysitaiesby mlxmg elithtai vanetgrof thses swwhnt anilsifgngd 0808 Wited he

nar edi o canlcbagte 2iBERtaR SuREE BF 5 e SR sBon g e st o
gl yceri n andesserity, ttahpdns, preepsr gl paﬁé@rfomlg;%rbélﬁawﬁﬂmmaa%oﬂwﬁmg, in
A | arge nu”b%ﬁmgﬁtot Qlac I@ﬁ;@gégg@éﬁwé%s%%%gntl onal rtgor];))ﬁ(;aedures SO
that the dosage uni Ve iy theg pgfopnate.
col | oi dal sili COI(DndIsEinEcﬁiﬁl e aifgwﬂlfap &B@&h&i@hﬁé‘t@@fr@&@ds 3f7a'ixﬂﬁﬂst91fm
m crocrystal | ine I |.ul ose, starch, and rri;;tlil I act

B

Appropr i at e “QGHE fberrsht '88?.?88%50 PPIHETH ge %’ﬁl}/ﬁbﬂﬁza@@ qgh mrellthan

i ncr easespal cait abitk Ichry,beldi&i QY 8drRinREARCS @ar%ﬁ;?bﬁﬂdt ¥ {hc‘HfE}- Wnte ca
absorption. mredi ate rel ease tabl ets/capsul es e SO ora

dosage for TR IBV%’BH\?@HF@B‘F@OI%P{#@CW@CHM Bersmder olikese units

are taken oral | yushh@Hodhadiy of M JTBRA deldyery
of the nedication. The 6?Ct| ve c|}ngr edi ent hllaﬁso‘é?# ﬁ%}?& f&h‘%mls q}f’

cont ai ni ng |Gﬁ§1f’@ﬂlid pricordingro he presgairinveyédratan e llhen:atedlasa"n]dbm\eet eners.
These A large number of hard-shell capsules are prepared by filling standard two-

30 piece hard gelatine capsules each with 100 mg of powdered active ingredient, 150 mg

of lactose, 50 mg of cellulose and 6 mg of magnesium stearate.
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15 liquids are solidified into solid tablets or caplets by freeze
drying and_solid state extraction techni ques. The drug conpounds nay
be” conpr esWOF'UWPH Vi scoel astic and t hernoel astic sugarfET 0%’8?%971%5
or effervescent conponents to produce porous natrices intended for

i mredi ate rel ease, wi thout the need of water. Moreover, the conpounds
of the present invention can be adm nistered in the 20 form of nose
drops, or netered dose and a nasal or buccal inhaler. The drug is
delivered from a Aasiaturseflagtivedngredient if & digestibltoilaticH 4sa0ViRap 6MEBHomsedan
aer osol . t... th teachl s of the present

di scl osure pr 8\% é‘%foglr&?% ar%segd je Hﬁ%@?ﬁqVEQSP@BWPWR)W@
and medi canemntcdten gelmnrtmfdmﬂsoftfge]hﬁﬁadplsmlgs @nté[rﬁ@é 1007AE61 thORLHOE m%feﬁﬁh% ng
a di sease stzﬁle and/ or co%letl é}mfcia,gh A related to such vira
25 infection. T FPHE Brbid ‘Iilr@fft etaFE‘éﬂclPr%fﬁ@wli@aﬁ redipsolierl in mixtire

i nhi bi tion obfpolydtiiydne BVoIDE1yEIMNA 4n@kIBREIS Brepit! d
to a RdRp. Such tl’?)g.%[ nment O%yllfr’ihl bition neglgpnofg%fggglgér%b é;l?édléﬂé%%

useful . The met hot 58° TymRhst HfRblets grpprerated by senventiqral prpecdpiiey so thatthe
i denti fying aofaad k8t 100'mB 8L4LH0E ingh@lint b%%if@f}%nm(iél' sliicBh 8*6%1‘&

phar maceut i cal conposition_containing at | east one conp
i nvention; aR@sERsIuM S5ayate,dis mE of Bxiqrengystaliine %Hdpmbbmglotahrch@nﬁ)eastl on

in a ther apewipiofalchove. %{ﬁ:ﬁﬁﬁ%@ uelé‘Q A Q64 9%9;?59&? g&#%%&%ﬂo g%

anount to treat the viral Infectron in a Daten th

t r eat ment O or incrsasemglagability, frapraes elogange al s@bility mdeEMAbMptiB&iA pol yrer ase
in a patient in ngetydle $ %jgzﬂe tﬁlﬂgﬁﬂ?ﬂ!{ﬂes f:u'es%)h(i1 %e enbodi ment , ,the

teachi ngs of the present di SCl OSUr'e “provi dofage dprms ppde by
phar maceut i c%ﬂnV@lﬁwpaismdl wivsl arvdesvesdiThesventiss are takeAEdrhBd withow! eMeNtdrng

or 5 suppr es&lmq&l Eﬁggoﬂ:!ﬁ 11 (?&etll Oné)gg]epr %B)P %Q'g?gc&vgu ressing a

di sease state and/ or-con oI can ti§mpggd in

i nfection. |&ligmd centatmhmmgtedlehhmmrasmgaﬂ gélaﬁ}:f p%btﬁpﬁﬁﬁ%%nbr% Th&e
RNA or ymerase, such as

result of:thg i.nhibit f a vi

but not II mhl?cgll t%reasokﬁﬁ%)cpmghéﬂh%?@ letsh P5 Sarplet%ﬁ?ﬁp#eéé%idﬁﬁ“%ﬁnq pHidbstete on
need not be eumpicattechhiuée THe &zfuglcomﬁbnﬁldﬁﬁiab%@ cBinpfRERM Shth VskoBhstic and
suppressi ng %O co r| ses th eps of: (i) identifying a patient

need of such Brevénts S8 )P WB?}F " rf3LeE Fedsh RAPRATE RIS ttP crapduce porous

conposi tion mm&ﬁbcﬁmitbﬁtgdadr inBREhteQMast AMRRUNE: Alealohg@eneral formul a
(r, 11, or I11); i admnlsterlng such pharnaceuti cal

conmposition in a ‘?f@? %béllﬁ‘iowwfiﬂsé’f the presend inyawipntcan be grineivisteteddm the

suppr ess2¢ hefowh bthosk i %tfh@t bl BR8] Lieat ment
or to inhi blrf{? t he c)asct |0\9/|t j a vfra aRNA&: b{bdaga?%h%% %F;I@rn%rgse in a

patient in rfsbyersd Somp ng ﬁ‘é)chi’r@ﬁtas afinemifs phidets a@DW(lﬁtrelsameaOsohg and
preventing a Vir g o on
ond Hn@eliinRt, Ae tgﬂcﬁfnﬁf oLt Ilgr &En?dl rov@ ffﬁ)ﬁh use

caused by or related to said vir
admi ni steri %ﬁﬂb@ﬂ‘é‘ﬁ@@?ﬂ@ampwmendm@cmum anfeﬂmd@ﬁﬁ‘mugd vl t he

present i NVaRkLAR drfeGR rapeuti cal | ffec
amount of another anti - gig dpﬁ%éfg&e\%g%r lhr?n c:?useé %?’irﬁ%[?ﬁgﬁ Sucf‘rﬁﬁyﬁbe
active &Jai risfectiqg\in ong embediment) ﬂnetrea;mentssthbl@dult aﬁhuﬂm:blﬁumtofaﬁrﬁalnm
limted to, I LN no, ha-1, an
i nhi bi t or ofRrIlI M%@%oﬁ ex%’g’psﬁl bs?ke O%E]IH“ ﬁﬁq%#%}%? %f“ﬂlt"ﬁ CRr
monophosph atlddbahy:dmug meddme:pmphteetb foe nefirl C Tho@EHbAb Rk atrikn® b RirRBs @e
(peglnterfer af) ad t&?;,lelnatto dnfterferonaa,nd ribavirin, a
conbi nati on o s of 57 1SPETYEE A Reten gw&ee such treatment; (11) providing such
pharmaceutical composition containing at least one compound of the invention; and

30  (iii) administering such pharmaceutical composition in a therapeutically effective
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25 ribavirin, a conbination of interferon-a and |levovirin, and a
conbi nati on _of peginterferon-a and levovirin. Interferqon-a includes,
but is not Pi?M%%BH% o, reconbinant interferon-a2a, intdrTEFBHILHNT2 5
consensus interferon, and a purified interferon-a product.

The conpounds and pharmaceuti cal conpositions of the present

di scl osure can 30 be admi nistered to patients to prevent and/or treat
a nunmber of cancers. ncers include, put are not limted to,

| eukeni as and™{ C@G?EP&FP%@O&&% BAELIB REE AL sech tigggment or to inhibit the

2006/ 050161 P4STik4P3Q0G D RNA 2 DreAl kE1indrasdin dlpaiéHe H Hea® BOSYE tratment.
| eukem as, chronic | ynphocytic | eukem a, chronic nyel ogenous

| eukeni a, Hodgki % &nEpakogERent, {fterebingr phithg Preyenp istlasre prRdderirtiepise
nyel oma, chi f&ReOs aﬁﬂcbﬂicﬁ%p%siﬁ%&n@&e@ﬁﬁh%tg iﬂ;ar%éhodrtﬁg{'&glllﬂl tLena,
retinobl astoma, WIns Tupor, bone tunors, and soft-tissue sarconas,
comon sol i FUPRIRHINg aofirabiaifctien & psesehtingsor|suprgessiag e disgasc slhteranddod r ect um

cancer, breaghdGeheRked t% ASUAEE 1SRN HLa) hﬂécjﬁigﬁrﬂ o&eaéh?t?o{gf%%rﬁtef: [Ine

cancers, oral cancers, ncreatic cancer, anoma an € skin
cancers, st dienehtiomercappressipn iy theiresulheihe inbibition of B nipsl RNA bvyBPNAcancer ,

| aryngeal c | - eal .cancer, and testicul ar

cancer . Thea@gﬁgﬁsg’%gl%%u?gﬁgﬁtgd?%ggﬁ@gr AN PR SO P BRESSI Sct i vi ty

of a viral Ditbition RN npobsvaphdeto bEOT al. mbhﬁdmdofpﬂeh@tmgeﬂmp?@ssﬂ{gd
a

preventi cancer al s comprises further .admnisterjng.o ‘
chenot he@peﬂfn ﬁgsegglagynﬁtcpf ﬁgéﬁﬁ‘%ﬁ rigc?rPa%rttI’fl%eﬁg/ Og%u"ﬁﬁ%?“'%r&?ﬁb@}hds or
phar maceut i qabvidiogpehiphiransentital thep@iteseohtamimet RebSe codousdbAd! €
chet hor apaiitrre: a5He o e o)y B v Saritats itosrr<gicslpmposis
chenot her apeutt i ’ @ugpmpositton
consi sting ah adlekapbaicalPefR@an Snoabiol fre@htRhi&S the V@it in a
product s, horﬁmnal a&e ts, and m scel] aneous ‘agents. Exanpl es of
al | cyl ati ng PRR&YBt ¥F& ag%’ﬁféﬁea“&agm? inhigit theectvpyad amiAIRN AR PAMbuci | |
cispl atim, |yolumisaem 2 saiehtoR PRIRRaBdRamTR). Phal an, mechl or et hani ne,
procar bazi né),g t hi gt ep%l;gﬁﬁur aci | nustar d? triethyl enenel am ne,

busul fan, pi pobr dRametheds o Shegsgtngiand merenting aonital tikstipbersd disease state

car bopl at i n,agnand.dagxareilyd ' OEXAR Eﬁ:ﬁg ‘apeutic
agents t hat a%r,e,%nti gﬁabolﬁfiﬂggfou%e cy?}éﬁg‘?ﬁgﬁgﬁg I noé‘{ag{é’%ge

f | uor our aci [F¢mgeTirmeatheepeupcally 6igaiive amoynt pEagimaund afthe presdndt r exat e,
azaserine. UiNCAEARIcHfbinbt A HBEpedibdRARM AGmof ATk dhdl 2@ 0EL

L- aspara inasgIit bicha Exanpl es o chenot erapeut 1 C agents FRAYViple
nat ur al 49r o A8 hjcn g Ktiphal e, ichveDygainbted 60y .cA gentsatiqet aphih e IS
daunonyei . AR M bl 1SRG 20 hE R THEL B o TAXGLINE
(paclitaxel ). taxotare.  tenipos de I haritTAmding fhymoypiphe-1, an
m t hr amyci n,jnhikitor aBHEVIVSMeiiihdRAGIChE] ari inhibidbri of awyige n) , and

deoxycof or i A | e of a harnonal chenotherapeutic agent
[ ncl Udes t atasphskPhefEdgirobncasy, Splente 5 heaind i an o st itron-o),
chenot her apesbmbinatipetfntenfednid endriibaviran e coibihwa Bt peterfotbibhast i ne,

and | evagl s % gﬁﬂn,\{l\%ox% 1912 '8150 &%r?ecr:yl—gsaﬁg %%333,%5 a combination of

peginterferon-t and levovirin. Interferon-a includes, but is not limited to, recombinant
interferon-c2a, interferon-o2b, a consensus interferon, and a purified interferon-¢
product.
The compounds and pharmaceutical compositions of the present disclosure can
30 be administered to patients to prevent and/or treat a number of cancers. Carncers

include, but are not limited to, leukemias and Iymphomas such as acute lymphocytic
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The ability of a conmpound to inhibit viral polynmerases can be

eval uat ed usi ng known assays. The ability of a conmpound to inhibit
HCV NS5B p@byomrodsier can be eval uated using the foll ow ngrags&kosdizy
NS5B Pol ynerase Assay 5Antiviral activity of the test conpounds was
assessed (OCkuse et at, Antiviral Res. 2005, 65, 23-34) in the stably
HCV RNA-replicating cell line, AVA5, derived by transfection of the
human hepat obl astona cell line, Huh7 (Blight et at, Sci. 2000, 290,
1972) . Conpownfsminedc I nce.daily for three
days. Media was changg%ggmﬁglﬁﬁ&gg ttéh%élﬂ ?S g]}rllijmr(%flLJ ﬁﬁ%’ 8’5}?&“ 2 ghrawic
general |y st Bpelegrmonelenkay, Pktdglmsmwm@emdgmmmﬂmﬂqae%mﬁﬂh le
confl uence d t I ntrac I | ul ar HCV

level s and ¢ glt'a %)% |A(Tﬁ]|ﬁ'f1 ﬂflé%%tes?lg@%?giesssé%h Sﬂmﬁh‘lﬁ%s’ éﬁﬂlr@}? aflpraa, rgmeblggemaa, of
conpound. Tr ﬁblms&an@r;hsm tlmm:s bod soficiidsiRNArdofi; le6mindR sdhfit MBbls o238hilts

96- wel | at | at es) were used
total of p§S| xgﬁiﬁt ?@g g cC)n dég‘i(%?tﬂl"%‘?er g’f?ﬁgf@m?’iﬁpﬁ’ﬁﬁaW@%UMWes

treated wit hcaalca:rsltulmhe nmenamalrcmhmsn, panareswwgbrafﬁelmatén}i%ﬂépélw iral
and toxicity, cont ntracel l ul ar HCV RNA | evel s were

measured usifg & 583@8’%?ﬂ“B?Ta‘Fvan“b?a“ﬁVbl?rﬁﬁlt‘i‘ﬁ?‘”ﬁdﬁ’eh@@lmdamgmcamherHCV

RNA | evel s atﬂlgrolttxraﬁadr,l &eshaf@l tdheer] MbsSicRllr Bnel® A%g@n
i ndi vi dual Wilure Ckuse et at, E"rAnt|V|r': Resc lt'He'Ea H‘%%ee%%%dt%ﬁ

Oyt ot oxi ci t y** ﬁ‘raé’cfcﬂ‘élmfgad’ﬂﬁwﬁﬁRMdefeemm ake assay (Korba
and Geri10 Anti Vi IThe Re#hodd 888e trddding 2m) reér?! cér%a?a%so Dbl éﬁﬁlat ed

cultures are ex ressed as a percent age of mean | ever s ot
detected in 1§ierngpfa mhemeiaerapeutio ag%gme@mmmmdmmpeﬁnds

formul ae I, dripharfaskukibdl o ﬂ&ﬂ%&@fﬁ%ﬁk&?%&&&m A%Ct' f’a;b{ey in this

assay. 25 Corrpound Synt hesi s ormul a and Il can
be prepared °t1}§1Pﬂ‘§‘3f§Wﬁéﬁqnécﬁnrheémbﬂﬁthfoeﬁnmdpcsy rmheherﬁotﬁérﬁﬁead@ﬁgﬁt
that are kng Qv {NWaGRN u the synthetic

i nt er medj at ei\@glr?d synt het ¢ %fgggﬁgg%gg? éf E’]“é‘ﬁ ag%ms&lﬁ@%f-‘é%bc’htfs D2,
and the lécc&ﬂﬁﬁinngCfE%anmmbagwsﬂndmlﬁaﬁearfeauhsﬂagmmg abbrevi ations are

used herein. 30TEX£1£}5]E§/Af aﬁ&‘latﬁﬁg %l¥emotherapeut1c agents include carmustine,
chlorambucil, cisplatin, lomustine, cyclophosphamide, melphalan, mechlorethamine,

procarbazine, thiotepa, uracil mustard, triethylenemelamine, busulfan, pipobroman,

streptozocin, ifosfamide, dacarbazine, carboplatin, and hexamethylmelamine.

20 Examples of chemotherapeutic agents that are antimetabolites include cytosine
arabinoside, fluorouracil, gemcitabine, hydroxyurea, mercaptopurine, methotrexate,
azaserine, thioguanine, floxuridine, fludarabine, cladribine and L-asparaginase.

Examples of chemotherapeutic agents that are natural products include
actinomycin D, bleomycin, camptothecins, daunomycin, doxorubicin, etoposide,

25  mitomycin C, TAXOL™ (paclitaxel), taxotere, teniposide, vincristine, vinorelbine,
mithramycin, idarubicin, MITHRACIN™, (plicamycin), and deoxycoformycin.

An example of a hormonal chemotherapeutic agent includes tamoxifen.

Examples of the aforesaid miscellaneous chemotherapeutic agents include mitotane,

mitoxantrone, vinblastine, and levamisole.
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WD 2006/ 050161PCT/ US2005/ 039072  TBDPS: m CPBA : TFA ; TBDNBQIB..515
DVF: THE LDA: TEAB: rnMIrd: 10 DVAP:. DEAE : CNMVA-80 : C!\éA—SO . 3920'72
BnBr: Li HMY8200668H65C1: DVSO RwgBr: 20 DIBAL: DBN: DBU: Wt:
tert-butyldi phenylsilyl 3-chl oroperoxybenzoic acid trifluoroacetic
acid tert-butyldinmethylsilyl chloride dinethylfornan de
tetrahydrofuran |ithiumdiisopropylamne triethylamoni um

di ne
bi car bonat e nononet hoxytrityl chloride di nethylam nopyri
di et hyl am noet hyl T%%abﬁl&feéecmO@mmmbmrﬂ@em&seNaﬂ%va&ated using

de l'ithium
Chl or of or m 5@aNRPH. Mgﬁ ¥ 1{,@ Zyl-pram de thium
hexanet hyl di sal azan Qh% %% ﬁy g %k% ﬁ‘ dapolym
di met hyl sul f 6%aheeed usmc the followmg assay
HCV NS5B Polymerase Assa

To

5 Antivira] activity of the test compounds was assessed (Okuse et al., Antiviral
Res. 2003, 65, 23-34) in the stably HCV RNA-replicating cell line, AVAS, derived by
transfection of the human hepatoblastoma cell line, Huh7 (Blight ef al., Sci. 2000, 290,
1972). Compounds were added to dividing cultures once daily for three days. Media
was changed with each addition of compound. Cultures generally started the assay at

10 30-50% confluence and reached confluence during the last day of treatment.
Intracellular HCV RNA levels and cytotoxicity were assessed 24 hours after the last
dose of compound.

Triplicate cultures for HCV RNA levels (on 48-well and 96-well plates) and
cytotoxicity (on 96-well plates) were used. A total of six untreated control cultures, and

15 triplicate cultures treated with crinterferon and ribavirin served as positive antiviral and
toxicity controls. .

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 ef al., Antivir. Res. 2005, 65, 23-34).

20  Cytotoxicity was measured using a nevtral red dye uptake assay (Korba and Gerin,
Antivir. Res. 7992, 19, 55). HCV RNA levels in the treated cultures are expressed as a
percentage of the mean levels of RNA detected in unireated cultures.

Representative compounds of formulae I, 11, and IIT demonstrated significant

activity in this assay.

25  Compound Synthesis
Compound of formula I, IT, and III can be prepared using synthetic

intermediates and synthetic procedures that are known, or they can be prepared using
the synthetic intermediates and synthetic procedures identified in Schemes Al1-D2, and
the accompanying Examples herein. The following abbreviations are used herein.

30 Tr: trityl
Bn: benzyl
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al kyl ‘magnesi um brom de diisobutyl al um num hydri de

1, 5-di a72bi cyclo[ 4. 3. 01non- 5- ene 1,8-d|azablcyclo[5.4.01undec-7-ene
et hyl magngsi-bggosse de 25 PREPARATI ON OF R2- C112CN C@vhdhleSiosoom2
Schenme A-1. CN Tritylchloride 30 45 WO

2006/ 050161PCT/ US2005/ 039072 Scherne A— 2. NaHr CH2CN

(OEO2P(0) CH2CN. 3 CH

10

15.
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TBDPS: tert-butyldiphenylsilyl
m-CPBA :  3-chloroperoxybenzoic acid

TFA : trifluoroacetic acid
TBDMSCI:  tert-butyldimethylsilyl chloride
DMF: dimethylformamide

THE: tetrahydroforan

LDA: lithium diisopropylamine
TEAB: triethylammonium bicarbonate
mMTrCL monomethoxytrityl chloride
DMAP: dimethylaminopyridine

DEAE : diethylaminoethyl-sepharose

CMA-80: Chloroform 80:MeOH 18: NH,0H :2
CMA-50: Chloroform 50:MeOH 40: NH,0H ;10
Bz: benzoyl

BnBr: benzyl bromide

LiHMDS :  lithium hexamethyldisalazane
TBDPSCIL:  tert-butyldiphenylsilyl chloride

DMSO: dimethylsulfoxide

RMgBr: alkyl magnesinm bromide

DIBAL: diisobutylaluminum hydride

DBN: 1,5-diazabicyclo[4.3.0]non-5-ene
DBU: 1,8-diazabicyclo[35.4.0lundec-7-ene

MeMgBr:  methylmagnesium bromide

PREPARATION OF RZ—CH2CN COMPOUNDS:
Scheme A-1.

HO/\/\CN Tritylchloride TrO/\/\CN

HO—y HO—y o BiO—y g
bOH MeOH, H bocm BnPBr, NaHl bMOCH;
——— ———

HO OH HO OH Bnd OBn
BnO o BnO o
HCl ‘bWOH LiHMDS _‘QNCHZCN
Dioxane Ft (OE),P(O)CH,CN Fat
Bn® OBn Bn0 OBn
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5< R = tert-butyldi phenylsilyl 5Schene A-3.

CH2CN CH3 z OR OBn 20 (OEO2P(0) CH, CN
WO 2006/050161

Li HMDS RO t,

PCT/US2005/039072

Scheme A-2.
BzO
o RO
) o RO
—\g'é%Bz 1) NaOMe boﬂ 2,2-dimethoxypropane -YEZ,OH
=% i) TeDPSCI S=C pton i CH,
B0 OBz HO ©OH 5 :E)
RO
—— NeH CH,CN
(OEf),P(O)CH,CN +—=CH,
R = terz-butyldiphenylsilyl
5 Scheme A-3.
RO RO
o 0 RO
10 bnOCH:; BDBI', NaH —UHOCH:; 3MH2504/ACOH o
\__L«CH; CH. — o
Iz Iz ? +—=CH;
RO OH RO OBn RO OBn
RO—y
LHMDS UCHZCN
20 (OEf);P(O)CH,CN +—tCh;
OR OBn

R =24-dichlorobenzy]
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12= 2, 4-di chl or obenzyl Schene A-4. Li HVDS (0B02P(0) CH2CN BnO
CH2CN Bno orin R= CH3, CQH5, CH=C11225 Schenme A-5. Bn01,

WO 2006/050161 PCT/US2005/039072
Scheme A-4.
BnO BnO
O 0 BnO
O
5 boc}{a SHC]4 bl ||OC:[_I3 DMSO bl ) IOCH3
s . Fant Oxlayl chloride :
BnO OBn : BnO® OH Bad ©
BnO o BnO 0
RMgBr k Z"'OCH3 NaH, BnBr k Z"’OCH3 HCl/Dioxane
- LR R -
15 Bn0 OH Bnd E)Bn
BHO 0 BDO O
ROH LiHMDS _\@NCHZCN
L R
= OE),P(O)CH : %
Brd opn  (CUD2POCHCN BnO OBn
R = CHa, GHs, CH=CH, 25
Scheme A-5,
BnO BnO
‘\(_7” OCH, NaH, CHyl b_.,oCHB 3M H;80,/AcOH “Cj‘OH
> _—
Bn® OH B0 OCH, Bud 5(:}13
40
LiHMDS B“OW
e CH,CN
(OEt);P(0)CH,CN \ _/
BnO OCH;
45
Scheme A-6.
TrO Tro
o 0 TrO
DIBAL 0
_\(:2:0 oAl ~yroH NaH _\(_Z%:HZCN
i, i, (OEt),P(O)CH,CN cH,

48



)*,ocll, BnO OH Bn01, 0 )..10CH3 - z BnO OCH3 LiHVDSO CH2CN 'inu
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Scheme A- 7wo0 2006/050161 PCT/US2005/039072

Scheme A-7,

- HO OH  ovlchlonde 1O O req

e e

5 Pyridine Pyridine
e ]

15 Scheme A-8.

TBDPSO— ¢ TBDPSO—y o
_\QMOH NaH bMCchN
(OEt),P(0)CH,CN

PREPARATION OF COMPOUNDS OF THE INVENTION FROM R*CH,CN
INTERMEDIATES

25 In the following schemes, R? is a nucleoside sugar group (e.g. a substituted
tetrahydro or dihydrofuranyl; a substituted tetraltydro or dihydrothiophenyl; a

substituted alkyl, substituted cycloalkyl or cycloalkenyl; a substituted pyrrolidinyl; or
a substituted dioxolanyl, thioxolanyl or dithiolanyl). (P)R? is a nucleoside sugar group

bearing one or more protecting groups,
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Tr0/-0Ts NaCN Tr O vy-CN

15Schenme A- 8.

PREPARATI ON OF COVPOUNDS

OF THE | NVENTI ON FROM R2CH2CN | NTERMVEDI ATES 25In the fol |l owi ng

schenes,

RY0;280645HGt| eosi de sugar group (e.g. a substi tPGTEE2005/039072

a substituted tetrahydro or

tetrahydro or di hydrofuranyl;

or

di hydr ot hi ophenyl ;

a substituted al kyl,

substituted cycl oal kyl

cycl oal kenyl ;

a substituted pyrrolidinyl;

di oxol anyl , thioxol anyl
group beating one or

or dithiolanyl).

nor e prot ect i NngSdheme BS].

or a substituted
(P)R2 is a nucl eosi de sugar
Schene B-1.

TFA/H,O/CHCl5, or
+BoOC -NMe ;i 5
(PR, CH,CN 2OCH(NMe;), HC 2 AcOH/H,O/THF _ )t OH
(P)R,~»C—CN ' (P)RZW(IJI-CN
O—CH(CO,Et ;
BrCH(CO,Ef), e (COqEL), DBN or \0/ CO,Et
. . ——
NaH Ao (e
s (P)Ry~C—CN DbBU (P)R; NH,
(isomers separated)
0 0]
HCENH)NH, AcCH 0 NH Deprotection
O NH
(L) = | )
N N
25 (P)R, R,
Naf{ OH
(P)R;-CH,CN "G
Ethyl formate I
(P)RyC—CN
(P) = Protecting group 35
Scheme B-2.
0 Cl
o] \ SIH Bn(C,Hy)sNCI o) \ “‘3‘
A\ Y - &
45 N N(Me),, POCH NN
(PR, (PR,
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0- CH( CO2EO02 Br CH(CO2E0211CDEN or | | Nall (P)RenC-CNDBU 0 CO2Et

(P)R2ZNH2 (isoners separated) O Schenme B-2. 0d
WO 2006/050161 PCT/US2005/039072
Scheme B-3.
v 0 AI
s ) NR,OR; o | Ay
Wil N,,l N/J

NR,NER; NHR,/NRRs
O~y HNRNHR; O~ N _RNH, O~y
15 U YA AL
N or HNRyR; N
(PIR; (P)Rz (P)R;
NH2 l RS SNa RSONEI
ORs
25 [ ¥ o N -
\ L \ N
N N/J ®)R;
(P)R; (P)R;
Deprotection of protecting groups in R, gives the target molecules
NR R = Azetidine, pyrrolidine
3 5 R4, Rs H, CH3, Csz, n-C3H7, 1-C3H7,\q N CHchon, CHchzNHg, NHz(CHz)nNHZ
Scheme B-4.
40 CO,Et '
O
T ° MeS-CENCOMINHCO,Me O~ COEL
\ A NCO,Me
o NH HgCl, BtyN NH—4
(P)R; : (P)Rp NHCO,Me
0 O
50 i) NaOMe f’ [ Deprotection o B
i) NaOH = \ Sy
N° "NH
P)R; - 2 g N
55
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WD 2006/ 050161PCT/ US2005/ 039072 Schene B-3. Deprotection of

protecting groups in R2 gives the target nol ecul es NRARS= Azeti di ne,
pyrrolidi neo3bibsoledb = H CH3, C2H5,i-C3117,, CH2CH2OHpcGHRGHd2MES072
N132(CH2) "NH2 Schene 13-4. 400"."--0Q2EtO0, - 0O2Et

MeS- C( =NCO2Me) NHCO2Me NCO2Me M sH(P) R2gCl12, Et 3NNH-7( (P) R2 NHCO2Me
0 50i) NaOMe NHDeprotecti on NaOH - PLNH2

Scheme B-5,
0 Cl
5 O 0
I iH Bn(C,H;)sNCI T N
N° “NH, PHN(Me);, POCI, N'J\NH
®)R; PR, ?
NH, NH;
15 NHy O ' N Deprotection O NN
TS y AL
®)R; 2 N N
20 Scheme B-6.
~OH +O—CH,CN
I KF, 18-C6, CICH,CN Hﬂ LDA \O p N
(P)RyC—CN (P)Ry v C—~CN
(P)Rg NH,
(isomers separated)
30 ' NH, ' NH,
HC(=NH)NH; - AcOH O | ~N  Deprotection O~y
\ N) — Ol
PR, Ry N
ONa OCH,CN
o . 2
40 HC Hﬁf
e
(P)Ry»+C~CN (P)Ry~C—CN
45 Scheme B-7.
g i 8
O CN 0 1
S—Z/ EtyN, H,S /(\—Z/C\NHZ CH{(OEY), mbﬂ{ Deprotection  /© [ N
®R; NH, ®RrR; NH N > N/J
5 A @R, R
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(P)RN 55 Schene B-S. 20 Schene B- 6. ' OH HC (P) R2CI - CN KF,
| 8-C6, Cl CH2CN HCtr. O CH2CN

WO 2006/050161 PCT/US2005/039072
Scheme B-8.
OH 0S0,CH.
HC a0 S _CN
Il CH;50,Cl, Et;N Il H;C-C(0)S-CH,CN, Na,CO, N/
(P)Ry"C—CN (PRp~C-CN "
()R] NH,
(isomers separated)
NH, NH,
HC(=NH).NH, AcOH S =y  Deprotection S =N
WA J AL
15 (P)R, : Ry

PREPARATION OF MONOPHOSPHATES AND TRIPHOSPHATES OF
NUCLEOSIDES (represented by Examples C-1 to C-6)

20 The following Schemes illustrate the preparation of compounds of formula I, I,
and IT that have one or more phosphate groups. In these Schemes, B represents the
furopyrimidine or thienopyrimidine base of formula 1, and B(P) represents the
furopyrimidine or thienopyrimidine base of formula I, bearing one or more protecting
groups. |

25
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| ILDA (P) RRwwC- CN eN (P) R2NH2 (i somers separ at ed) 40 ONa

C) CH2ON HQHG e rsb 161 PCT/US2005/035072
Scheme C-1.
O
HO B : B O—i:l“‘O
‘@ i) [(CH;),CH];NP(OBn), =1 e o B
\_LR i) iH-tetrazole, m-CPBA " O\LR
PO 0P PG 0P
9
HO-P-0 o. B
Deprotection OH —U
? R
HO OH
Ry
O
N
B= \ '
-
N/LRZ
R=Horalkyl

R1 = OH, NH;, NHCHg, OCH3; Rz‘ = H, N-Hz

P = Protecting group
m-CPBA = m-chloropetbenzoic acid

Scheme C-2.
0
HO B(P) : 0 0 0 o
10 © ) -P~cl  HO-B-0-P-0-P-0 '
R Y] - ] [ 1|) o B
= Bu;N-pyrophosphate, OH OH OH R
PO QP H_BHNHZ’ 12 ;: .:
1) NH,OH O O
iif) DEAE column
iv) HPLC

B and R are the same as in Scheme C-1
20
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(F)R2' G- CN(P) RRAWC- N 45Schere B-7. WD 2006/ 050161PCT/ US2005/ 039072
PREPARATI ON OF | VI ONOPHOSPHATES AND TRI PHOSPHATES OF NUCLECSI DES
(represent W@ H05/45¢%kpl es C- 1 to C6) 20The fol | owi ng SAKAHS3005/039072

illustrate the preparation of conmpounds of formula I, Il, and D that
have one or nore phosphate groups. In these Schenes, B represents the
furopyrimdine or thienopyrimdine base of fornula I, and B(P)

represents the furopyrimdine or thienopyrimdine base of formula I,
bearing one or nore protecting groupshemsC-3gchene C 1.
Depr ot ecti on

B(P) B(P}
5 NaHl . HH 0 TMSI
OB TOMCHONOHE)  o-c-0—
S
B(P) B
. o Deprotection
15 H o H,
o-C —E’—OH O—-C —P—-0CH
OH OH
PREPARATION OF PRODRUGS
20 The following Schemes illustrate the preparation of prodrugs of the invention.
Scheme D-1.
EizN g i
POCl, + AIOH —3> Cl—P-0OAr —2 —P—Or
(IZI R. HCI |
R|
30
O
1] ’III‘MS
HO—\ ¢ B CImP=0Ar  p0-P-0— , B
o x £y
— R
L N-Me imidazole bt
HO OH HO OH
40

B and R are the same as in scheme C-1
R' = aminoacid ester
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0 BOHMNMRHY :OH Scheme 0-2. 0 00 O O IIIIIl O--

I
aHO-P-O-P-O P-0 1|11 Bu3N pyrophosphate, OH OH OH n-BuNH2, 12 i
NI - 140H | n}g"éﬁ‘}ﬂ?:’%‘éfum iv) I1PLC Berfiabishsr2
Scheme D-2.
0 0
i ICH,CH,0H 7 ClL-PN(Pr),, BtsN
5 R—C._ R—C._
SH DBU SCH,CH,0H
0
RI
SH,CH,CO,
P—N(Pr),
SH,CH,CO

15 | R'——\{
>

6]
0] 1
HO B O~p_
/R tetrazole, n-CPBA — 0 R
HO OH R'/([)[_S HO ©oH
25
B and R are the same as in scheme C-1
R'=CHjs, C(CHj),
30

The invention will now be illustrated by the following non-limiting Examples.
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B and Rare the same as in Scheme C1 WO 2006/ 050161PCT/ US2005/ 039072
Schene C- 3. B(P) 1)112Deprotection 0 ril/2 O C -P-OHO C -P-OH OHOH
PREPARATI GMo@boshRQPRUGS 20The fol | owi ng Schenes i || ust reatrasskéndiozeor2
preparation of prodrugs of the invention. Schenme D 1.

Examples

Example A-1

O 07"
g

4-(Trityloxy)butanenitrile (Scheme A-1).
15
To a solution of 3-cyano-1-n-propanol (16.85 g, 198 mmol, prepared by method of
Blicke, et al., J. Org. Chem.. 1961, 26, 3685) in dichloromethane (250 mL) were added
triethylamine (80.1 g, 792 mmol) and trityl chloride (82.8 g, 297 mmol) at room
temperature and the mixture was stirred for 16 h. To the reaction mixture was added
20 methanol (25 mL) and stirred for 1 h. After concentration, the residue was purified on a
column of silica gel using ethyl acetate and hexanes as eluent to give 40 g (61.7%) of
the desired product.
"HNMR (DMSO-dg). & 7.15-7.40 (m, 15H), 3.01-3.12 (m, 2H), 2.51-2.64 (m, 2H),
1.75-1.90 (m, 2H).

25
Example A-2
BnO CH,CN
Bn(S :C-)Bn

35 2-(3,4-Bis(benzyloxy)—S-(heuzyloxymethyl)-tetrahydrofuran—Z—yl)acetonitrile
(Scheme A-1).

Step 1: To a solution of D-ribose (61 g, 406.66 mmol) in methanol (1 L) was added

conc. sulfuric acid (6.1 mL) and stirred at 4 °C for 16 h . The reaction mixture was
40 neutralized using triethylamine (40 mL), concentrated to dryness and co-distilled twice
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SHDBUSCH2 CH2 OH

with 200 mL of toluene to remove trace amount of water. This furnished 72 g of crude

O-methyl-D-ribofuranose, which was used as such for next step.

Step 2: To a slury of NaH (65 g, 60%, 1.626 mol) in DMF (200 mL) was added crude
compound from Step 1 (72 g, 406.66 mmol) in DMF (800 mL) over a period of 0.5 h,
maintaining the temperature below 5 °C. The anion formed was stirred at room
temperature for 30 min. Benzyl bromide (219.1 g, 1280.9 mmol) was added dropwise
over a period of 1 h maintaining temperature between 0-5 °C. The reaction was stirred
at room temperature for 12 h (TLC analysis in 30% ethyl acctate/hexane showed
complete disappearance of starting material), was diluted with water (500 mL} and
extracted with ethyl acetate (2 x 1 L). The combined organic extracts were washed
twice with water (1 L), brine (500 mi,), and dried over MgSO, and filtered. The filtrate
was concentrated under vacuum to furnish crude residue. The crude residue was
purified by flash chromatography (sitica gel 1 kg), eluting with ethyl acetate in hexanes
to furnish 112 g (63.3%) of desired product as an oil. '

TH NMR (DMSO-dg): 6 7.36-7.27 (m, 15H), 4.92 (s, 1H), 4.66-4.44 (m, 6H), 4.12-4.07
(m, 1H), 3.97 (dd, /= 6.78 and 4.5 Hz, 1H), 3.91 (d, J= 4.5 Hz, 1H), 3.55 (dd, J=
10.73 and 3.4 Hz, 1H), 3.42 (dd, /= 10.7 and 6.0 Hz, 1H), 3.21 (s, 3H).

Step 3: To a solution of produet from Step 2 (114 g, 262.35 mmol) in dioxane (250
mL) was added 4 N HCI (250 mL) and heated at reflux for 4 h. The reaction mixture
was allowed fo attain room temperature and diluted with ethyl acetate (1.5 L). The
aqueous layer was separated and extracted with ethyl acetate (3 x 1 L). The organic.
layers were combined, washed with water (2 x 500 mL), saturated aqueous NaHCO4
(250 mL), water (500 mL), and brine (250 mL), and dried over MgSO, and filtered.
The filtrate was concentrated under vacuum to furnish crude product. The crude
product was purified by flash chromatography (silica gel 1.5 kg, eluting with ethyl
acetate in hexanes 0 to 30%) to furnish starting material (9.9 g,) and 85.3 g (45%) of
desired product (mixture of isomers) as an oil.

"HNMR (DMSO-dy): § 7.32-7.25 (m, 15H), 6.57 (d, J= 4.8 Hz, 0.7H, D,0
exchangeable), 5.82 (d, /= 7.7 Hz, 0.3H), 5.26 (dd, J = 7.7,3.5Hz, 0.3H), 5.21 (dd, J
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= 4.8, 1.3 Hz, 0.7H), 4.70-4.43 (m, 6H), 4.16 (q, /= 4.1 Hz, 0.3H), 4.06-3.96 (m,
1.3H), 3.93-3.87 (m, 0.7H), 3.80 (dd, J= 4.3, 1.5 Hz, 0.7H), 3.58-3.41 (m, 2H);

Step 4: To a stirred solution of product from Step 3 (15 g, 35.67 mumol) in THF (150
mL) was added diethyl (cyanomethyl)phosphonate (6.95 g, 39.23 mmol) at room
temperature followed by lithium bis(trimethylsilyl)amide (39.2 mI, 1M solution in
THF) addition at -78 °C. The reaction mixture was stirred at -78 °C for about 20 min
and at 0 °C for 1.5 h and then was quenched by adding water (50 mL). The reaction
was exiracted with ether (2 x 200 mL), washed with water (2 x 50 mL), brine (1 x 50
mL), and dried over Mg SOy. After filtration, the filtrate was concentrated and purified
by flash chromatography using 0 to 30% ethyl acetate in hexanes to give 10.79 g
(68.2%) of desired compound as a mixture of isomers as an oil.

MS (ES™) 444.33 (M+1).

Example A-3

TBDPSO—‘ o CH,CN
T CHs
6.0

<
2-(6-((zer+-Butyldiphenylsilyloxy)methyl)-2,2,3a-trimethyl-tetrahydrofuro[3,4-
d][1,3}dioxol-4-yl)acetonitrile (Scheme A-2).

Step 1: A solution of 2’-C-methyi—l,3,5-hibenzoyhiboﬁ1ranose (15.1 g, 40.09 mmol,
prepared according to literature procedures (a) Harry-O’kuru et. al., J. Org. Chem.
1997, 62, 1754-1759 and (b) Du, J. et. al. Nucleosides & Nucleotides, 7999, 18, 187-
195) in MeOH (850 mL) was treated with NaOMe (25 wt % in MeOH, 55 mL, 240.35
mmol) followed by stirring at room temperature for 2.5 h. The reaction mixture was
neutralized with conc. HCI until pﬂ reached between 7 and 8 and concentrated to
dryness. The residue was treated with MeOH (300 mL); stirred, filtrated to remove
insolubles, and the filtrate was concentrated. The residue was treated with water (400

mL) and exiracted with EtOAc (2 x 200 mL). The aqueous phase was concentrated to
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dryness to give 11.64 g of yellow syrup. Part of the syrup (474 mg) was treated with
DMF (6 mL), imidazole (325 mg, 4.77 mmol), and TBDPSCI (0.50 mL, 1.92 mmol)
followed by stirring at room temperature for 22 h. The reaction mixture was diluted
with BtOAc (100 mL) and washed with water (2 x 50 mL), brine (50 mL), and dried
over MgSO,. After filtration, the filtrate was concenirated and the residue was purified
on a silica gel column using hexanes:ethyl acetate (1:0 to 1:1) as eluent to give 293 mg
(45%, two steps) of product as a colorless oil.

'H NMR (a mixture of anomeric isomers, ratio = 1:3, CDCls): 8 7.70-7.62 (m, 4H),
7.45-7.34 (m, 6H), 5.07, 5.03 (s, s, 1H), 4.15-3.69 (m, 4H), 1.36, 1.31 (s, s, 3H), 1.07,
1.05 (s, s, 9H). MS (BS™) 425.41 (M+Na).

Step 2: A mixture of compound from Step 1 (7.2 g, 17.89 mmol), dimethoxypropane
(27 mL, 98%, 0.22 mol), p-TsOH (160 mg, .84 mﬁml) in acetone (80 mL) was stirred
at room temperature for 1 h. The reaction mixture was treated with EtOAc (800 ml),
water (500 mL), saturated NaHCO3 (30 mL), and the organic layer was separated. The
aqueous phase was further extracted with EtOAc (500 mL). The combined organic
extracts were washed with water (2 x 300 mL), brine (300 mL), and dried over MgSO;.
After filtration, the filtrate was concentrated and the residue was purified on a silica gel
column using hexanes:ethyl acetate (1:0 to 10:1) as eluent to give 6.16 g (58%) of
desired product with some inseparable undesired compound as a colorless oil which

was used as such for the next step.

Step 3: A suspension of NaH (60%, 760 mg, 19 mmol) in DME (65 mL) was cooled to
0 °C and treated with diethyl cyanomethylphoshonate (3.1 mL, 19 mmol) dropwise.
After stirring for 10 min at about 0 °C, the mixture was treated dropwise with a
solution of product from Step 2 (4.2 g, 9.49 mmol) in DME (25 mL) followed by
stirring at room temperature for 2 h. The reaction mixture was treated with ether (500
mL) and water (250 mL) and organic layer was separated. The aqueous phase was
further extracied with ether (250 mlL) and the combined organic extracts were washed
with water (2 x 250 mL), and dried over MgSO,4. After filtration, the filtrate was

concentrated and the residue was purified on a silica gel column using hexanes:ethyl
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acetate (1:0 to 10:1) as eluent to give 2.84 g (50%, two steps) of 2-(6-((tert-
butyldiphenylsilyloxy)methyl)-2,2,3a-trimethyl-tetrahydrofuro[3,4-d][ 1,3]dioxol-4- -
yl)acetonitrile as a colorless oil. .

'H NMR (CDCL): § 7.76-7.60 (m, 4H), 7.59-7.49 (m, 6H), 4.59 (bs, 1H), 4.15-4.03
(m, 2H), 3.84-3.73 (m, 2H), 2.93 (dd, J= 16.8, 4.5 Hz, 1H), 2.70 (dd, J= 16.7, 8.1 Hz,
1H), 1.46 (s, 3H), 1.4 (s, 3H), 1.42 (s, 3H), 1.08 (s, 9H). MS (ES*) 488.35 (M+Na).

Example A-4

24-d-CIBrO—y CH,CN
CH,

24-di-CIBnG  OBn
2—(3-(Benzyloxy)—4-(2,4-dichlorobenzyloxy)-S-((2,4—dichlorobenzyloxy)methyl)—S-

methyl-tetrahydrofuran-2-yl)acetonitrile (Scheme A-3).

Step 1: A solution of 3,5-bis-0-(2,4-dichlorophenylmethyl)-2-C-B-methyl-1-O-methyl-
a-D-ribofuranose (20.11 g, 40.53 mmol, prepared according to literature procedures a)
Martin, P., Helvetica Chimica Acta, 7995, 78, 486-504 and b) Eldrup et al., J. Med.
Chem. 2004, 47, 5284-5297) in THF (500 mL) was treated with NaH (60%, 6.45 g,
161.25 mmol) and stirred at room temperature for 0.5 h followed by addition of BnBr
(14.6 mL, 122,74 mmol) over 10 min. The reaction mixture was stirred at 70 °C
overnight and diluted with EtOAc (2 L), washed with water (2 X) and brine, and dried
over MgSO;. After filtration, the filtrate was concentrated and the residue was purified
on a silica gel column using hexanes:ethyl acetate (1:0 to 4:1) as eluent to give 16.2 g
(68%) of desired product as a yellow oil.

'H NMR (DMSO-ds): & 7.70-7.25 (m, 11H), 4.85-4.50 (m, 7H), 4.20-4.13 (m, 1H),
3.76-3.67 (m, 3H), 3.37 (s, 3H), 1.40 (s, 3H); IR (neat, cm'l) 2904, 1591, 1472, 1199,
1102; Anal. Caled for CosHpsClLOs: C, 57.36; H, 4.81; Cl, 24.19. Found: C, 57.23; H,
4.65; Cl, 24.32; MS (BS") 609.07 (M+Na).

Step 2: A mixture of product from Step 1 (15.19 g, 25.91 mmol) and 3M H,SO~/HOAc
(1:4, 150 mL) was heated at 70 °C for 9 h. The reaction mixture was diluted with
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The invention will now be illustrated by the foll ow ng nonl-l imting
Exanpl es. VO 2006/ 050161PCT/ US2005/ 039072 Exanpl es Exanple A-1 5
4-(Trityl OXY)Q)ZBQP?GQW@H trile (Scheme A-1). 15 To a sol ut |P§HP[E§F°°°/O39°72
3-cyano- 1- n- propanol (16.85 g, 198 mmol, prepared by nethod of
Blicke, et al., J. Og. Chem. 1961, 26, 3685) in dichloronethane

(250 nL) were added triethylamne (80.1 g, 792 mmol) and trityl
chloride (82.8 297 roomtenperature and the m xture was

| t
stirred for %flg\fm?&sqomﬁ@%r%ég‘faﬁ?ﬁ Yithoyaierd2 #hd MatiafddO2 ovatrs: #nddoied 0 ves
InL) and stinged,. fafer ﬁlt!&tlorlﬁ‘ftﬁeeﬁltrﬁ@%@ !EBﬁc@ﬁd‘aﬁé?li anli Mo {eﬁﬁﬁéidx’% %@iﬁed on a

purified on a colum of silica gel using ethyl acetate an xanes as
el uent to gisHicasl ¢plyran using hegpnesipthyliessiateed:Opp del) @s slugBXIVEIvE Bl)ﬁ@ess%)):
8 7.15-7. 40 {ffecidkrbRuctds VipiviBodk By, 211) . 2. 51-2.64 (m 211),
1.75-1.90 (m 2H). 1’25‘“Ex2mrp?e st Wy
5 'H NMR (a mixture of anomeric isomers, ratio = 5:4, DMSO-ds): 6 7.80-7.40 (m,
11H), 6.86 and 6.23 (2d, /= 4.8 and 6.3 Hz, 1H), 6.23 (/= 6.3 Hz) (24, 1H), 5.25-5.19
(m, 1H), 4.95-4.70 (m, 6H), 4.42-3.75 (m, 4H), 1.55, 1.53 (2s, 3H); IR: (neat, cm™)
3435, 2916, 2873, 1591, 1472, 1384, 1095; MS (ES*) 593.03 (M+Na); Anal. Caled for

CatlsCLOs: C, 56.66; H, 4.58; Cl, 24.78. Found: C, 56.44; H, 4.48; Cl, 24.76.

10
Step 3. A solution of product from Step 2 (4.25 g, 7.43 mmol) in THF (35 mL) was
cooled to -78 °C and treated with diethyl cyanomethylphoshonate (3.6 ml, 22.25
mmol) followed by addition of IM lithium bis(trimethylsilyl)amide (9 mL). The
reaction mixture was warmed to room temperature and stirred for 21 h. It was diluted
15 with ether (400 mL) and water (200 mL}) and the organic layer was separated. The
aqueous phase was further extracted with ether (200 mL). The combined organic
cxtracts were washed with water (2 x)} and dred over MgSQ,. After filtration, the
filtrate was concentrated and the residue was purified on a silica gel column using
hexanes:ethyl acetate (1:0 to 4:1) as eluent to give 3.9 g (88%) of desired product as a
20 colorless oil.
'H NMR (2 mixture of anomeric isomers, ratio = 3:2, DMSO-dg): 8 7.53-7.10 (m,
11H), 4.71-4.43 (m, 7H), 4.07-3.75 (m, 2H), 3.62-3.48 (m, 2H), 2.77-2.54 (m, 2H),
1.35, 1.21 (2s, 3H); IR (neat, cm™) 2879, 2252, 1591, 1472, 1383, 1095; MS (ESH
618.13 (M-+Na) Anal. Calcd for CoH;CLNOg: C, 58.51; H, 4.57; N, 2.35. Found: C,
25 5831 H,449; N, 2.27.
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BnOA z Bno 35

2- (3, 4- Bi s(benzyl oxy) - 5- (benzyl oxynet hyl ) -t et r ahydr of ur an- 2- ypacet oni
trile (SchepeodsodlistStep 1: To a solution of D-ribose (fhngo002RHee0
nunol) in methanol (1 L) was added conc. sulfuric acid (6.1 nm.) and
stirred at 4 Cfor 16 h. The reaction m xture was 40 neutralized
using triethylamne (40 nL), concentrated to dryness and co-distilled
twice WD 2006/ 050161PCT/ US2005/ 039072 with 200 nL of toluene to
remove trace anmount of water. This furmiishes 72 g of crude

O- et hyl - D-ri bof uranose, which was used as such for next step. Step
2: To a slurry of NaH (65 g, 60% Bntﬁ??(j’rii){zdzqn DMF (200 niL) was
added crude 5 compound from Step 1 (72%Q, y406 66 nmol ) in DWVF (800
m.) over a period of 0.5 h, naintaini ng—+aewenperature below 5 C.
The anion formed was stirred at roommss@énpépature for 30 mn. Benzyl

R A e S SR A o
room t enper a?ﬂ)acetomtmlex&chhn(e'ﬂ_a anal ysis in 30% ethyl acetate/hexane

showed 119) conpl ete di sappearance of starting material), was diluted
with water (500 tnL) and extracted with ethyl acetate (2 x 1 L). The

conbi ned or gep & Bxh selaticn wthe comphiad ftoth SRpVI SHEMBIA AlZL(11) g, b5s B
(500 nL), and ‘ﬂiil eg%azﬁu{?%@rnim and flltered The filtrate was

concent r at ed"ON4EY ) et PG rag adsied dpopwisg aolutivreofstandie chlesidelue
was puri fi edadnod dnas Inve SimRtAGT AR 2660 'n‘ﬁﬂolggb%]% Egiod i re§9w¥}ilé h

ethyl acetate in hexanes 15to furnish 112
product as afrpe|and mamEnnPNEO te®pratuge Tﬂet@@eﬂ 21’)7an(imlO IGJ—IMteﬂﬂl@%o](uaon

111 6- 6 0 9 6.78

s 3y Wl el W 0 SO S Sichefioh Miidbs ienched Senal il S08en,
1H), 3.42 (@ﬂ saturated Oa B CIR doktih HZL) dvké) 10%1112 beric. T8 hlts %@regéﬁ&re% wJ 0
I N | OXxane

a solution ct f 1 262. 35 nmol )

(250 ni) vva%fl% 31“ ugh {lf%? %‘8&8{55%5%&1%%&{8&“%0 Phess was peppratpdnTherhe
reaction ni uiueoss uaer as}als Qémdcté(p witht &HiGtofo@NT1bETRAT)AtIHE ecoﬂme@'clrggtn?@
with ethyl acetate % The aqueous | ayer was seBarate and

extract ed wetTRECKSP ™ &Wé‘e("?}thxw"i‘eq_@oo 2p¢ §eing 0P aglar andydried over
combi nedp waasgwj Amérfﬁma;toﬂr thé Zil¥at® Rds I(?En)centﬁd@éd% %&:ﬁfég%ﬂfd@%ﬁ%’@g@&%

(250 n), ? % %FI nL) and brine ried over
and filter eéfel oFhRiL £ PF“&F gil s pedhirddtiiagh élyomﬁaaﬁplwe(ememﬂgqld Kguelntingh

crude produght, Jiag GEdsle Hrﬁéiddﬁés VB SR f7iged b¥s9fih@)5(9fccﬂ“(bgﬁ$ (’)ﬁ%f) aphy

(silica gel 1.5 kg, eluting wth ethy acet at anes

to furnish Seapiexrehved-mgthoxpteaydyofumn388 agapil. 45% of desi r ed
product  (m xf yer AHMSBRER 6329281 0m), 4.77 (, 7= 4.3 Hz, 1H), 4.56 (ad, J=
25  42.8 and 12.4 Hz, 2H), 4.46 (bs, 2H), 4.06 (dd, J= 8.3 and 4.3 Hz, 1H), 3.98 (dd, J =
6.6 and 4.7 Hz, 1H), 3.68 (dd, J = 6.6 and 3.8 Hz, 1H), 3.44 (d, J= 4.5 Hz, 2H), 3.30
(bs, 3H); IR (neat) 3554.8, 3030.7, 2926.0, 2012.0, 2863 .2, 1957.1, 1732.1, 1650 4,
1494.8, 1452.4, 1414.7, 1362.0, 1323.2, 1269.2, 1187.7, 1124.5, 1095.7, 1040.0, 914.4,
853.3, 738.8 and 698.5 cm ~'; MS (ES*) 367.38 (M+Na); Anal. Caled for CyHp4Os: C
30 69.74; H, 7.02. Found: C, 69.84; H, 7.00.

Step 2: A solution of DMSO (45.05 g, 576.66 mmol) in anhydrous CH,Cl, (150 mL)
was added dropwise to a solution of oxalylchloride (36.88 g, 290.5 mmol) at -78 °C

with stirring over a period of 30 min (maintaining the internal temperature below -65
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30 1HNWVR (DVMBO46): 57.32-7.25 (m 1511), 6.57 (d, J= 4.8 Hz, 0.7H,
D20 exchangeabl e), 5.82 (d, J= 7.7 Hz, 0.311), 5.26 (dd, J=7.7, 3.5
Hz, 0.3H),wo24ds/056d1 J WO 2006/ 050161PCTI US2005/ 039073,(3-”[@2@,5,0;90%
Hz, 0.711), 4.70-4.43 (m 611), 4.16 (q, J= 4.1 Hz, 0.3H), 4.

(m 1.311), 3.93-3.87 (m 0.711), 3.80 (dd, J= 4.3, 1.5 Hz, 07H)
3.58-3.41 (m 211); Step 4: To a stirred solution of product from
Step 3 (15 g, 35.67 mol) in THF (150 5 nt h) was added di et hyl

t hyl _ omt rature
o Lowed by 1 T umﬁgtgaff?t@?ﬁ%rs 3 SonR, doyRonich PR ciRE B
in THF) addi m.ca@(ga(lsq ovﬁihagparmdc;fBOmuﬂWeue&hmmmﬁfr@@hﬁéd at7~30C

t O C.f 5 . then was _quenched by addi ng
water (50 i nG O 8 Shpihedhy diskers AR oL I aring 2119 0800 1.1ht§

washed wi th m#bBrat (2 XC2Red 0-Inin. Prie8ackidn ¥niv@relPadtin O’WG v%tﬂ't é)(yn?r

SHA. After filtration, the filtrate was concentrate
2’3 f1 ash thri5Hg rﬁateaﬁﬂ@ydlhﬁqdn@t@ vietsr §80% wipyTheamgrnit hyernwdmesepmﬁted taBd

of [ S 23S
005 1% 1 feiSle e S S GUIRBNER G £ Dk Sl
2-(6-((tert IB(WS,/W@tepweﬁw s\wlymtcy)(trelt)ﬂ?m)e g L)%?ﬁle gnééﬁtwlM%ﬁt atméelr 0
fsglr 8'£ .30?11 o?@gl&éneﬁéﬁﬁ]ﬁég%% é/tnF| (Erggr?goy 11%5‘?3 ANGS éjn("iéé‘ier ac'ﬂ'@“ 6‘9
ol |, pr eparfg@]sgg@@@ﬁmgpmtuenasarl@uyeelomm@dmtues:ompaunalawsméﬁ aEIet -
al ., VARTYS 7 175 and (b) Du, J. et. al.
Nucl e03| vﬁﬁac eoltlé%% %B@éo %1 30 195) in MeOH (850 nL) was
treated W|th NaOMe (25 W % in I\/EOH 55 m., 240.35
Step 3: A solution of MeMgBr (3M in ether, 263.5 mL, 790.5 mmol) was added
dropwise to a solution of compound from Step 2 (76.4 g, 223.5 mmol) in anhydrous
diethyl ether at ~70°C over a period of 2 h (maintaining the inside temperature around -
15 70 °C). The reaction was stirred at the same temperature for 2.5 h (TLC analysis using
30% ethyl acetate in hexanes of an aliquot showed completion of reaction). The
reaction mixture was quenched by pouring into ice cold water (3 L) and neutralized
with IN HCI (750 mL) to pH 6-7. The aqueous layer was separated and extracted once
with ethyl acetate (2 L). The combined organic layers were washed with water 2x1
20 L), saturated NaHCO3 (2 x 200 mL) and brine (250 mL), and dried over MgSOy, After
filtration, the filtrate was concentrated and the residue was purified on a silica gel
column (1 kg silica gel) and eluted with ethyl acetate in hexanes (0 to 25%) to furnish
41 g (50%) of desired product which was used in the next reaction without further
purification.
25
Step 4: To a solution of compound from Step 3 (40 g, 111.6 mmol) in DMF (250 mL)
at 0 °C was added 60% NaH (17.85 g, 446.4 mmol) and the mixture was stirred at 20
°C for 30 min. To this mixture at 0 °C was added benzyl bromide (23.86 g, 139.5
mmol) dropwise over a period of 30 min and was heated at 70 °C for 19 h. Afier
30 cooling to room temperature, the reaction mixture was diluted with water (100 mL) and

acidified with acetic acid to pH 7-8. The reaction mixture was extracted with ethyl
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mol ) followed by stirring at roomtenperature for 2.5 h. The
reaction m xture was neutralized with conc. HC1 until pH reached

bet ween 7. WRFIHIHNG! concentrated to dryness. The resi dFETHRROBPPYT%ed
with MeOH (300 nlL), stirred, filtrated to renove insol ubles, and the
filtrate was concentrated. The residue was treated with water (400 35
m.) and extracted with Et0OAc (2 x 200 nlL). The aqueous phase was
concentrated to WO 2006/ 050161PCT/ US2005/ 039072 dryness to give

11. 64 g of y#ef&2syQWomLpend the Fombisedsyreanic lagats wer) washsd tite atatedl (LY, h
DMVF (6 nl), 4 lye : . ngd -ITBRRPSCI (Q.5Q. nilL,
1.92 nmol) fglﬁeg%gd)b;ﬁ %t%%ergg %e%alt&@%béoeﬁgeggﬁr%imgﬁl’ %? %.Itmf‘cﬁé”as
reaction m xeercentiated ail lthe weiduwd was Bl fyl O&hrdbjormitskraphy (e dgWilida gel,

t 2 59,4 . ' Jed I Sd. After .
frltration, Chatyi Byt Bekncfllh AHER it A6 4wt Seoiea
purified Dn prodidt azm oglel col unm usi ng hexanes:ethyl acetate (1:0 to

; I ' 9 f d
col or | s of 11 NMR ntiprges Faot oy 130 T3 ek (B s e 1 6=
1: 3, CDCL3) : Ha 2H),/M)55/4 .62 (th, M) 209 ¢dd (7 45z : ,
L %y S g e aghoit 3 Bl 5
911). M (ESS ¥Ds!- %S(%%Q(ﬂ%@é@m%&,m%@s%ﬁoé, B52cH9p.0M448, 1BEBM280.ep
1 (7.2 9, 171189, | ' ] 989 I .
- Te0H (160 oy 0 B e S e ISR e g R A, Calgl Py
t enper atift e ‘g%ﬂ-% H: 7.5 Eopnsda & 7HH7: 4. {28r e was treated with Et 0Ac (800
m.), 15 water (500 nl), saturated NaTICO3 (30 nlL), and the organic

| ayer was separated. The aqueous phase was further extracted with
Et OAc (500 r&;@:ﬂw sebyioh abproducy GnincStepd (Bastes 7087 amud)Sh dibxiet(RSVRLPT

(2 x 300 rn i (ﬁ@p( -vand, dri.e ver After .
filtration, L‘%aﬁeala?% : frate Zgas-)n%%%%(glrlﬁa?egtag56%%504\%}%5 f@gRen ture was
purified on adlowkd fxattajietoogoiemprratiss mgl diaxainerh ety heettetial. PardlorBari®
10: 1) asjzel ' 16 589% of 20 desired product with sone
i nsepar zlbsﬁeq?r%géa ?F %EX%%?%@& B §§5§ef:8’f’% TLxFpsted itk fihyhecetsdd Tas
such for thélheepmbimtdargaft ByerS wek SashpEwsh aated{2 Nodd (6O YrurhRl alffboud 9
nmol ) in DM (raf%a sgﬂe%@oﬁng%&reated with diethyl .
cyanonet hyl pioshon e"@g’.ﬁ’i ne {3 b %W%‘é@%- Affiep filmtion, theg
for 10 min ditrabeut clictrated anditstresidicWas pliSAIR0ELR O '

sol ution of product  om. 5 42 8 49 m) ?%wa%%gﬁ%%h%kg

romsStep.2 (4.2 g,
fol | owed by S8YF &3 B{%wﬂﬁﬁﬁﬁ'ﬁ éﬂ%@? & fhto Dmsh Fhe2 gd4) efndesired
m Xt ur e 26as prodagy e,@i-mwdﬁzﬂbf%-@a&%os@ﬂaﬁﬁﬂam-te(t?aﬁ%raﬂru}an@i!&, as an

organi c | ayert .Separated, The aqueous ase vas
9 y oil v‘\ﬁﬁ& is agx?xtureo 1S0mers. g P

'H NMR (OMSO-dg): & 7.38-7.24 (m, 15H), 6.60 (bs, 1H, D,0 exchangeable), 5.00 (s,
0.7H), 4.99 (s, 0.3H), 4.73-4.47 (m, 6H), 4.19-4.14 (m, 0.3H), 4.06-4.00 (m, 0.7H),
3.79 (d, 7=7.5 Hz, 0.7H), 3.67 (d, J= 6.2 Hz, 0.3H), 3.61-3.49 (m, 2H), 1.34 (s, 2H),

25 1.32(s, 1H); ); IR (neat): 3425, 3064, 3031, 2926, 2870, 1954, 1878, 1812, 1735, 1603,
1497, 1454, 1364, 1311, 1252, 1202, 1094, 1028, 910, 855, 814, 737, 698 em™; MS
(ES") 457.38 (100% M+Na).

Step 6: To a stirred solution of compound from Step 5 (14.06 g, 32.37 mmol) in THF

30 (150 mL) was added diethyl (cyanomethyl)phosphonate (6.30 g, 35.60 mmol) and
cooled to -78 °C. To this cooled solution, lithium bis(irimethylsilyl)amide (35.60 mL,
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further extracted with ether (250 nL) and the conbi ned organic

extracts were washed 30 with water (2 x 250 nmL), and dried over
MySO4. Af t BP Y045 on, the filtrate was concentr at ed BGTPHE/039072

residue was purified on a silica gel colum using hexanes: et hyl
acetate (1:0 to 10:1) as eluent to give 2.84 g (50% two steps) of
2-(6-((tertbutyl di phenyl silyloxy)methyl)-2,2,3a-trinethyl-tetrahydrof
uro[ 3,4-4 [1, 3] dioxol-4- yl)acetonitrile as a colorless oil.

11-1 NVR ( CDE8Y mmgl, AMyglitiondn THF) whf addgd 6@x 7 padod(afi15 G, The 168pdrirsee
111), 4.15-4, - . 2.9 . J= 16.8, 4.5
H, ) 111), 2. 7%&:( %?8051 %té’.r%‘f'%é’@gﬁgf"(if’]l 5)20%13 Eﬁ‘;m% ,M glﬁﬁl‘g ﬁlf‘.}iﬁrztg%‘(@‘? for
i 1 le) 10 % jZd( moﬂﬁl-% 6 hizl'gi\ii&eécﬁpn &ﬁiﬁ;ge. xméla%ﬁgtbcgg@% 38 °CMudR thisE¥@ERIRA

- , 4-dl s. Z , 4-dl - n . n
2- (3- (Senzyl %%&4%@%6&&? BBAEy | B§) -54( 4822 diempRr otz yithiwey) m
et hyl) - 3-5 MesibtiméthylsiBMAIGRT(16. 20 YPAS Sl INVisdRtibSENEHE) AaDirredhEP

1: A solution of )
3, 5- bi s- 0- ( 2248 & 201G Fbp Frasfioneasiapenched o addingevdier(5Q ) nitred for 326uin

a-D-ri bof ur ] p ed according to
literature ?}gﬁgi‘ﬁ%s&% g%\%ﬁ%e%?e g?h?-%)l I%/Eef ﬁi‘%c ﬁlﬁ? 8rgﬂ‘g? gxraclgwere
78, 486- 504 wrhedyvith| wiatemp(lex 580 .mL)) brivedl xCsOMLR 00, dridd ,(VER®Y). YA07)
in THF (500 ' % 4 61, 25 ). and
stirred at ri"(ﬁ)ﬂgﬁﬁﬁnﬁﬁ%ﬁlﬁ%ﬁ&@% %ﬁc %T%\%}o%gf%&o 67OIg Z?/Sg%?dﬁ?f{lﬁh% Hr"gg"DtBWhlﬁ
(14.6 ntH 193.updd assodh fooweat sidg® min. The reaction mixture was stirred
at 70 C 25 overnight and diluted with EtOAc (2 L), washed with water
(2 x) and brine, and dried over MpSO4. After filtration, the filtrate
was concentrated and the residue wagx bfALged on a silica gel colum
usi ng hexanes:ethyl acetate (1:0 to 4:1) as eluent to give 16.2 g
(68% of desired product as a yel Im ié). Cﬂ%;Nl NVR (DVbO-d6): 8
7.70-7.25 (m 1113), 4.85-4.50 (m 7HY ™4 20-4.13 (m 111), 30
3.76-3.67 (m 311), 3.37 (s, 311), 1.49s, 311); IR (neat, cni)
2904, 1591, 1472, 1199, 1102; Anal. %8 cdcipr C23H280406: C, 57.36;

H, 4.81;20C 2- B mERvDBem ; - M5 (ES+
609. 07 (|\/++Nz§12 em&yldé?)el qge_lﬁ%\lorﬁnfxtgtﬁ?:gﬁaf &Bg’g}ﬁtﬁ%h’r{%ﬁmﬁé?ézp 12 15. )19 9,

25.91 nmol ) ¥ getanifrils (e merc )35 (1:4, 150 nil) was heated at 70 C
for 9 h. The reaction m xture was diluted with

Step 1: A solution of compound from Example A-5, Step 1 (4 g, 11.61 mmol) in DMF
(95 mL) was treated with NaH (60%, 1.86 g, 46.5 mmol) and stired at room

25  temperature for 1 h followed by addition of Mel (0.87 mL, 13.84 mmol) in DMF (15
mlL). The reaction mixture was stirred at room temperature for 23 h and was diluted
with EtOAc (600 mL), neutralized with HOAc, washed with water (2 x 300 mL) and
brine (200 mL), and dried over MgSOy. After filtration and concentration of the filtrate,
the residue (5.8 g, light yellow oil) was used as such for next step.

30  MS (ES") 381.46 (M+Na).

Step 2: A solution of product from Step 1 (5.8 g crude) in a mixture of 3M
H,SO#/HOAc (1:4, 60 mL) was heated at 70 °C for 2 h. The reaction mixture was
diluted with chloroform (300 mL) and washed with water (2 x 200 mL), 1M NaHCO;
35 (200 mL), water again (200 mL), and dried over MgSO, After filtration and
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chl orof orm (500 InL) and washed with water (2 x), 1M NaHCC3, water,
and dried over MgSO4. After filtration, the filtrate was concentrated
and the re¥OIWRSL purified on a silica gel colum usiBEg/US2005/039072
hexanes: et hyl acetate (1:0 to 4:1) as eluent to give 8.6 g (58% of
desired product as a light yellowoil. 5 1H NVR (a m xture of
anoneric isoners, ratio = 5:4, DVMsO-d6): 5 7.80-7.40 (m 11H), 6.86
and 6.23 (2d, J= 4.8 and 6.3 Hz, 1H), 6.23 (J= 6.3 Hz) (2d, 114),
5.25-5.19 ( ngonggdffration ofthe fifentq, ithe regidue) (4.54g,42H8w 78) (a3 uskd)as stclbor ndxt53
(2s, 311); asépneat, cm ) 3435, 2916, 2873, 1591, 1472, 1384, 1095;
M5 (ES) 593.(5 "(M¢Na); Anal. Calcd for C27H26C1405: C, 56.66; H,
4.58; C, 24M3EESHAGHES OC-NB6. 44; H, 4.48; O, 24.76. 10 Step 3. A
solution of product fromStep 2 (4.25 g, 7.43 mmol) in THF (35 )
was cooled to -78 C and treated with diethyl cyanonethyl phoshonate

(3.6 i, 22 58 srokolution drgvsadctBougidh 2iDR P TrM fabtiiyUis cooted to -78 °C
(0]

bi s(trinmethylsil yl%ar_géde 9 nm.). The reaction m Xxturée was war nmed
r oom t enper AGHEAtEhAIE disthd (eypipmephyDphosphonated4 2ithiut 2596 1Bmol) fdilosth by

(400 nlL) andiawgber ] b r ated. . The
aqueous phase was 0{ S%ﬁ%%ﬁ%ﬁe@?s\ﬁﬂf@%ﬂ %f#e?ﬁ%@@%a%ﬁg%@nﬁ@ﬁed
organi c ext rrEReien prtere\yiEs aamed totvooma tempefaRirk ndastitred faral@ hoandrwavVigBddd
After filtrag t ifht.rat d and the resid S
our 11 ed on-arenper (30 T b edt00d BTN BhERireduth e ot
4:1) | asI 1) uefﬁthl qtleer §20PemB). Thg c8Biagd azrfgardesfme@ weroshtd #8h avater (2 x 200
20col or |l ess _of l1 ) Xt ure.of. anoperic.i so ,.patio = 3:2,
DVBO- d6): 5 i) agd 9};(1%@4(%‘ %&S?i'ﬁéé’:‘%ﬁ?‘aﬁ? 1 %"nf‘?ﬂtfa‘}’%w‘?fr‘ﬁ‘? ratg, tg?sreeﬂ}le
TR Lneat . o 2o o2 o0t dAr g aas e (s 2 lidls
t, : ' ) ) ; .

(Moo anal e €8 BB ar iR Jomess, B do thigq o) gh2 U{Benryinis) >
Found: C, 2%58z@bsynidthyl)-SietiNxy-2etdlydroMan2005650%0] RGTIWER005( 039072

Exanmpl e A-5 ] Bnd OBn \
2-(3, 4- B"E%s( @@%%%‘@ﬁ@yl oxynet hyl ) - 3- nmet hyl -t et r ahydr of ur ao- 2-

ypacetonitrile (Schene A-4). 10 Step 1: To a solution of the conpound
fromStep 2 of Exanple A-2 (111 g, 255.45 mml) in CH2C12 (800 ni) at
-20 C was added dropwi se a sol uti orF*3#mme Arfni ¢ chl ori de (280.99 ni,

1M solution in C112C 2, 280.99 mmgl)_over. o eriod of 30 min while

stirring and mai ntai ning the tenperat en -20 and -10 C. After

the solution 15 was kept at 0 C for 2 hh , reaction m xture was
b

L '€ .
hed A , t 1L
Quenched canabuloiyby ioRfichiings dhniabtltal 2dnhaliiBus ltbaln fr 1

Celite(r), and fromthe filtrate the organi c phase was separated. The
aqUeOUS 25y §fepAToCX bAIAKIESE Pl oh) 000l [P Sombl 0G0
organic extr ABTS Wer mshe#&ﬂgﬁ@%@{%%ﬁ‘ gfrﬁnnknf?e gﬂ% %ﬁgbr’ﬂ%n‘ﬁeoo
n.), and dr pegaredies thometpSefil.opat-temers et 4lr, AtCatbvohydrie Chérl 198%,83yV26) in
concentrate I rud roduct dar ellow oi].. The crude
oi | was puri / 1|Ie§%f2g>;ﬂ‘f)ﬁ)§csl% c?ﬁrg%%gﬁ%%?té%@ 18 qlélj%da‘l"wsel%m@}&@lﬁﬁ&
with ethyl HdehBtl® rmolhEMaskEdn inGolieHeN THE addtioh e G maMlai®H to keep the
4- (benzyl OX}Q—;{ 5'nébefntﬁé/| oxﬁynebt hyl )7 2- met hoxy-t et rahydrofi nan- 3- gl as
an oil . perature o reaction below -70 °C. The reacfion was stirred at -78 °C for 2 h and

30 quenched with ethyl acetate (4 mL) at that temperature. The reaction mixture was allowed

to wamm to room temperature and concentrated under vacuum to dryness. The residue
obtained was purified by flash chromatography on silica gel eluting with 20% ethyl
acetate m hexanes to fimish 1.65 g (88%) of 3-methyl-5-trityloxymethyl-2,5-dihydro-
furan-2-ol (a mixture of isomers) as a white solid; mp 100-102 °C.
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NVR (DMVBO-do): 5 7.35- 7.26 (m 1013), 4.77 (d, J= 4.3 Hz, 1H), 4.56
(dd, J= 25 42.8 and 12.4 Hz, 2H), 4.46 (bs, 211), 4.06 (dd, J= 8.3

and 4.3 HzwolbdsosdeP8 (dd, J= 6.6 and 4.7 Hz, 1H), 3. 6@chfm00dfzdesH
and 3.8 Hz, 111), 3.44 (d, J= 4.5 Hz, 211), 3.30 (bs, 313);: IR (neat)
3554. 8, 3030.7, 2926.0, 2912.0, 2863.2, 1957.1, 1732.1, 1650. 4,
1494.8, 1452.4, 1414.7, 1362.0, 1323.2, 1269.2, 1187.7, 1124.5,
1095.7, 1040.0, 914.4, 853.3, 738.8 and 698.5 cm; MS (ES+) 367.38

MrNa) ;  Anal g sl -d028% k3403 (mCi 5180, ; r.Hp o7 = e,
50, 84) H 7. 00 ey Sl T 1t (i s nd 3RS g
anhydr ous CHIGEZID, (485004 Hhad 65 theccH); 31964 &k /6. Rarsid. LEZoMGID, 2,95-2.83

|yl chl ori . . - ' PAY
pori bl of a0l G HE- X8, e G2 e IR S 3098 g8 PRSI 5L B0
2006/ 050161 PEBPUSAR0BLDINOF 2 083,986, g, HddintT; dmpl. CTod G HRG,: algdee!;

dr opw se sQl f ( romStep 1 in CH2C1l2 (150 nL) over a
peri od of5a30ﬁ’n¢$1q9(%lﬁg'$’§gg$10%’rf%ré‘xture was stirred at -70 Cfor 3.5 h

and quenched by dropw se addition of triethylamne (113.08 g, 1117.5
mmol ) at -70,C over 30 m eacfion mxture was allowed to warm
to room5 teﬁ%@ﬁ&rshﬁé%ﬁkﬁﬂé&ﬁmww mBYE (34 L) ededde §8Gives

| ayer was 'sedaéntopwinedi Sorh@MBphdBRonkt ! HIG! | rolerm
(2 x 500 nL),. The conbi ne S@ga?l_i C Iayf\é?s mr(g@%rglgﬁ’egngvﬁg?lﬁhfml}%tsé’ruf
L), brine (1Pepame homgoenopsen pwietng staddition srirwasistiredat D 68 fort3henih.iTotihiat e

was con tr rgsi ried under yacu tg furnjsh 79
g of t hgﬁ)gr osgﬁlgfh ngﬂag‘ﬁﬁgh%%b‘g#?oﬁ% ap. ° Tﬁfogucé oﬁffBu Eg’]pvxg’s 3 ﬁ'és
such 10 w t Hotoxymethyl@sS-gibydré-fiwat-2-oh(185rg, memelpit DBIBERS ni¥l)eTheXeacion
aropui 6 +o "aran sl ek K (P, St e el 8 e

i n anhydr ou5@mé) hyd wet extmeted with @Genitex SRS Tiktofbindd brehABiIAERI VNI
the sane. t e e antdia 5 W Erittad B pd FEc afongiastv Abonyiasonriae o
in hexarlés ditranwad bepoetiratt e dhe RIRNE o Burfied T Ash QbbmabBSplE RSt 4 On
m xture was Sﬂ%enéﬂ%%%%@%i %%ait nt Q ice tcol d water (§ L) 2ng .
neutralized "Wt # | e 19 Diignes. tg gl 1 86,6 €800 dof 3f@mefads-
separ at ed amﬁtybxﬁm&ﬁﬁl%-&mgﬁomﬁah-z%ﬂﬁydmaﬁgl@a538 Iﬁj)g{mllg .ole&%m%%ib Ngﬂg%g .

organic Iayerls werig washed with water (2 x 1 saturate
(2 x 200 I nCYOde%r i ne (250 nl), and dried over My504. After

filtration, '‘ahaut (dtHegt 8 7vwes £ d '

bur 1 1 req_on SR/l (COCRY 57200 AR T} 735510 9 ol 3408 oG, 45,04,

ethyl aéBt afd0i, RéhASE-4 (mo 125Dy 3. 20(duF iSHHand D. 7L, S0M9), Ris-designed

BL???ftca;"’lni)g%H%@S3%?ﬁ(rﬁ D)7 G 3ehERE BN s Mot B 24! SR 2363, 2049,
1967, 1735, 1491, 1445, 1242, 1074, 993, 748, 704 cm™’; Anal. Caled for CyEsNOy: C,

81.07; H, 6.43; N, 3.50. Found: C, 81.37; H, 6.25; N, 3.49.
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Step 4: To a solution of conmpound fromStep 3 (40 g, 111.6 mol) in
DM F (250 0) at 0 C was added 60% NaH (17.85 g, 446.4 nunolg and the
mi xt ure waO2M¥PU4Lat 20 C for 30 min. To this m xtur &AUBEIFIZ

added benzyl brom de (23.86 g, 139.5 mml) dropwi se over a period of
30 min and was heated at 70 C for 19 h. After 30 cooling to room
tenperature, the reaction mxture was diluted with water (100 nL) and
acidified with acetic acid to pH 7-8. The reaction m xture was
extracted with ethyl WD 2006/ 05016ERanplede®05/ 039072 acetate (2 x
500 nmL) and the conbi ned organic |ayers were washed with water (1 L),

brine (1 L), and dried over My504 ( gh. Geer filtration, the
filtrate 3vas concentrated and the residge s purified by flash

chronat ography (1 kg silica gel, eluting—wréisethyl acetate in
hexanes 0 to 20% to furnish 33.78 g B68Y. 4% of desired 5 product as

an oil. | H Nv@.4-BisBRasyloxy35- (Bgnz?lo&@n(et‘hyl)ﬂ(iéth}l;—teﬁ‘;ﬂ?ﬁirﬁﬁ}raﬁé) , 4.64
(dd, J= 15.4 OH) . 4.55-4.44 (m 411), 4.06 (dd, 3=9.4
and 4.9 Hz, i%cgt"%ff%@@%fwﬁ#) 311), 3.30 (s, 311), 1.32 (s, 311): IX-
(neat) 34p7, 3063, 3030, 2901, 1952 1495, 1453, 1369, 1200, 1103,
1028, 736 angd 698, cm 1. NB 8 Anal . cal cd for
C28113205: rlg%!i—iﬁ?‘g]‘?}"nﬁf"’?al}ilgﬁz’ %a& @(0471291 was addedrdropwisasiogysoltion o

a sol ution off pvisdyst iﬂLo B3R i
(250 inL) was addeg ’ mo%gigl)élmn_g and uﬁecgtzgl zloorﬁg‘%u@ﬁ(g{rvﬁég&ﬁng

The reacti orPv&i pgriod Oﬁég nEp. | Waé aéieﬂalrw“ﬁ@@md@npef mbduct framdStep 1
The aqueous | oy el (0@ Lo bl GEONTGH ul) OB E o Pyl ThE,
conbi nedlSor geastion haxteresvasstivedves e iC bt 35 lmandaque@&e& by@opwige addition of
NGSOL Af t erPRRVRPRE AL el 16 b D eSS R eaipHdo warm
resi due was tp bu’dni teﬂ@eﬂ@tﬁré drASdNutel AR QSR ML Irnd 04%91115 'Ielylap@asgs‘%zarated

eluting with acetateln hexanes% tofurnls .
desired 20 ﬁflg us layer was extracted with chloroform (2 x 200 mL). The combmed organic

3, 4- bi S(benawewwkre%ishwmhwmmmﬁbm ?ﬁb rﬁl\l/%t Mﬂécpi,%e} p@stZ 0

|, as an oil which is a m xture of isoners. DVSO- d

7.38-7. 28 (iter fidfyatipn, the Birateryeas copgentppte @déhmwgélaﬂo‘lv@)dlssal\f@@m(t& -butyl
0.711), 4.9 4 6

0.711 21 o (%Jrﬁ&h%loetﬁéﬂ)(w(ﬂnﬁ? éhd o%ofe@to 4§->% ﬁ ﬁ é}%o}%éo?ac}mg é:)djélec}_t’
0.311), 3. 6 fropwise ! pqiutloglo_]_f)ethyj_n@gne(sglm bromjde (43.5 mL, 1M in THF, 0.043 mol).

The reaction was further stirred at -78 °C for.2.5 h and poured into ice cold water (200
mL) and neutralized with 1N HCI (300 mL) to pH 6-7. The organic layer was collected
25 and the aqueous layer was extracted with ethyl acetate (200 mL). The combined
organic layers were washed with water (2 x 200 mL}, saturated NaHCOs (2 x 200 mL),
- ‘water (100 mL) and brine (200 mL), and dried over MgSO,, After filiration, the filtrate
was concentrated and the residue was purified on silica gel column using gradient 0 to
25% EtOAc in hexanes to give 3.0 g (30%) of desired product.
30

Step 2: To a solution of the product from Step 1 (3 g, 8 mmol) in THF (100 mL) at 0
°C was added NaH (0.5 g, 12 mmol) and the mixture was stirred at 20 °C for 30 min.
After cooling to 0 °C, benzyl bromide (1.5 mL, 12 mmol) was added dropwise and
heated to 70 °C for 16 h. After cooling, the reaction mixture was diluted with water
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25 (ES') 457.38 (100% MtNa). Step 6: To a stirred solution of
conmpound from Step 5 (14.06 g, 32.37 nanol) in THF 30 (150 inL) was

added di etyyplodsi¥g@pnet hyl ) phosphonate (6.30 g, 35.60 RpEaishoddshor2
cooled to -78 C. To this cooled solution, lithium

bis(trinmethylsilyl)arnide (35.60 rat, WO
2006/ 050161PCT/ U52005/ 039072 35.60 mmol, 1M solution in THF) was
added over a period of 15 min. The tenperature of the reaction

m xture was (qo@ﬂﬂbltacfdﬁie%%ﬂ; AU acfl tB‘f:Hi Pl aft wik J}trgﬁgq \;vgﬁ %tﬂ}e’i %El'f aﬁd

f or anot her he reaction m xtufe was agali n coo

to this wer e20e9cm|@d Taf= eathBined erganiolaperh el wisbebiih atter (B06nk), btk @50
nmol ) and i hy 8 m., 16 1 I
sol u% ion in rhljlr:“f) aﬁjéﬁg'?jl("% %@QP rAé‘!'Z %IB%@%%%E? fe ™ e R %’f‘?g%n%rﬁ the
quenched by taddierpspatibed ?éﬁﬂashig)rpnmtogmpmd(gtmenﬂu tmwammmmamaq to
th eth a 2 00 ed .0 racts wer e
vaas hed WXS![ h e%efrg % x()ég%g )"B}S-Eﬁgzy? '%5“53’1 ﬁnrhlé}ﬁc} Y-dgmethoxy-
(MgSt4) . Af ttarah[yﬂﬂotfuahj on, the filtrate was concentrated to afford

étAfe; gégﬁp%@j%%i&?%jam \g{]:jcgaag \évgs used as such for next

2- (4- (Benzyl oxy) 5- (benzylox ymet hyl) 3- net hoxy-t et rahydr of ur an- 2-
yQacet oni tr| A sol ution of conmpound from

Exampl e A- 5 o {‘rﬁm@ ﬁw@’i :9m PieP BNE-2(2 §-rmyl) jipdioxane £10L)

with NaHo(6G%s addd¥e2 o, HEHB(50 AR he @B aiSkil b re
for 1 h fol | gwed. by e A Vi (0" 87 Hﬁﬂlz@.h mﬁﬁgﬁéﬁﬁ gﬁ%‘rm@g‘%w

m). The redtPVeh tqrﬁsala rreoraégmgqretwee@dadﬂumomtbeqﬂp@raawp e(wcb mI)3The
and was di | Wegicald , r

wth water ( S 030% ﬁsocg?gétgc??%cfe@)e agﬂ&iﬁg IQ}LCE Zzgig (ﬁﬂﬂ%g eg%?ed“}g%%&%%
After filtraesten(HQ ﬁh@mmlqumgfmc I@mas Wﬁﬂemraahed withtveatere(@ lxd[@énﬂ‘a 8

g, |ight yelsﬁtﬁﬂteﬁ'aﬁﬁeo‘ﬂ@ﬁa}m S%Smﬁ)"'gjate; @rgu %nr om 503 m&ﬂ/s%é%‘x over

381.46 (M+Na) . UAEZ AsoIU|on
crude) ilA a l\ﬁgS@; ergflirglign, the filtrate was concentrated and the remdue was purified by

flash chromatography (gradient 0 to 20% EtOAc in hexanes) to furnish 1.2 £ (30%) of
3,4-bis-benzyloxy-5-benzyloxymethyl-3 -ethyl-tetrahydro-furan-2-ol, as an oil.

Step 4: To a stirred solution of sodium hydride (0.18 g, 5.4 mmol) and diethyl
20 (cyanomethyl)-phosphonate (0.85 mL, 5.4 mmol) in DME (20 mL) was added product
from Step 3 (2.7 mmol, 1.2 g) and the reaction was stirred at room temperature for 16
h. The reaction was then diluted with diethyl ether (100 mL), washed with water (100
mL) and brine (100 mL). The organic layer was collected, dried over MgS0y, filtered
and the filtrate was concentrated to give 1.5 g of crude 3,4-bis-benzyloxy-5-
25 benzyloxymethyl-3-ethyl-tetrahydro-furan-2-yl)-acetonitrile, as an oil, which was used

as such for the next step.
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H2SO4/ HOAc (1:4, 60 nlL) was heated at 70 C for 2 h. The reaction

m xture was diluted with chloroform (300 nL) and washed with water (2
X 200 nl) , WONDMASDGB 35 (200 L), water again (200 nl) ,PCIAB20N5i08%872
over MgSO4. After filtration and WD 2006/ 050161PCT/ US2005/ 039072
concentration of the filtrate, the residue (4.5 g, yellow oil) was
used as such for next step. M5 (ES+) 367.48 (MtNa). 5 Step 3: A
solution of product fromStep 2(3.5 g) in THE (42 nL) was cooled to
-78 C and treated with diethyl (cyanonethyl)phosphonate (4.2 ni,
25.96 Mol ) foll owed by addition of 1M Ilith' um

bi s(trinmethylsilypamde in THF (10.@1'“‘?%1'5,”a -5 nunol). The reaction
m xture was warned to roomtenperaty and stirred for 18 h and was
diluted with ether (400 inL) and wa (200 inL). The aqueous phase
was extracted further 10 with ethe The conbi ned organic
extracts were washed with water i dried over MgSO4.
After fiHration and concentratio t he trate, the residue was
purifiedon a silica gel columm usi Fres: et hyl acetate (1:0 to
2:1) as eluent to give 2.4 g (a m xt&we of anoneric isoners, 72%for
three steps),. of 2-(4-(benzyl oxy) - 5-

( benzyl oxymerifTyitdornanstbylicyclopentri enybrentenitrile (SchaweteBi tril e as a
colorless oil. 15 M5 (ES+): 390.43 (M:tNa). Exanple A-7 TrOv" cii2cN
\-icH3

2- ( 3- Metiy| -SeR 1T 3stissegdreeluion pf Gisdriximp ol ayelane2-2ydny Bamtionbl (15 Be,
Sethyl -5 t] ey ol pard Pl ol of St o al, Tegpabegrop; Asvmpory 1092,
by the net hdd4dh) m mgdylenieehlenide (800 ma) was aidedayrisiney(ds 4tge1 BEMMmIY 4d
dr opwi oe w (HObHIAREEROL b1 S95RRo0 6 BB B i Aufayiivas s
tol uene). THer &8di tifton additien \wéisvatei (A0 ail)e thet @adtdAPMiARe WRETRKRE UG, Of
and 30 lench R HORiR1O0IELl SRahe RS Tuft Vi epra el e e
reaction ni wesfigthensctabicdwil thahyleterthiofide QODISNTRS @nmbifdaRshnic layers
concentrated _unde acuumt ryness. e resnlﬂgue obt ai ned was Y
or T 1ed by Heratiet Pt b Rie ¢ B o braMasO & &hesobatsnny|
acetate in hexEnes vas conveirdtd dndGhe @sii8SWs Mirified on a silica gel column using
Csoners) as vl R 2 BAYEeR 0 1R Dlg Weieh afioricd 1835 £ (45.7%) of desired
2006/ 05(23561@ﬁﬂb&ﬂf@ﬁﬁﬁﬂ&39@&1&1-&%1%1.%%@@0;37. 43-7.23 (m 1511),
6.31 (dd, J3. 2.8 and 7 3 %Egj( 5.74-5.65 (m 211), 4.85 (bs,

d Hz, 1
0.4H), 4.65 XHMR @MIQyds): § 756-1 Ha(m, J5HE 55718 @, 2HA, 530(L6H 5.4 He, 1H,

o1, 25eo. Pabsitl 3007 o ditheoh MR 0 25

702 cm | :  AAHD, 1.124.08(nf, dH);d5 B0 393.47 (MR3B1

30  Step 2: To a stirred solution of product from Step 1 (18 g, 48.45 mmol) in pyridine (50
mL) was added p-toluenesulfonyl chloride at toom temperature and the mixture was
stirred for 48 h. After concentration, the residue was dissolved in ethylacetate (200
mL), washed with water (2 x 100 mL), brine (50 mL), and dried (MgSOy). After
filtration, the filtrate was concentrated and the residue was purified on silica gel

35 column using ethyl acetate in hexanes (0 to 30%), which afforded 21.45 g (84.4%) of
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5H, 6.50. Found: C, 80.15; H 6.39. Step 2: To a slurry of NaH (0.19
g, 4.8 nunol, 60% in DVE (24 nlL) cooled to 0OC was added dropw se

di et hyl (c‘g}’Qr?B‘?ﬁé)c I)phosphonate (0.96 ni, 6 mmol). Th@ETHIPG5H#P072
becanme honbgenous on conpl etion of addition and was stilted at 0 C
for 30 mMmm To this 10 solution was added dropw se a sol ution of
product from St ep 6, 3-nethyl-5-

trityl oxynmethyl-2, 5-di hydro-furan-2-ol (1.85 g, 5 nmol) in DME (15
m.). The rea@ﬁﬂiréﬂfl ‘maoduetr elugasd-atifenie cotdo 4viityinxtymethybeyclopanted-atyitnethyl
stirred over |t diluted with water (50 nL) and was extracted with
ether (2 x 5 The conbi ned organic | ayers were washed with water

(50 ni), brihmmqmﬂg d)add. 6Gr(ti,eﬂ =VRHZMISOH40 Ad,tex 83 1L, rah| pRs-7hhe
15 filtrate slgg%sdd?tgd I_bheremdue was purified by flash
chr onat ogr ap(gi\@ ¢ { b P MY V\n-?ﬁHéth@] 38d S Gt @ 2D, 2.94-
hexanes tp f21831(1§h1H;} 067 @, 3(1-90%3941‘98%11( ﬁ{ﬁﬁbbéo

trityl oxymethy172, 5-di hydro-furan-2-yl1)-acetonitri Ilg)(a m xt ure of
i soners), as a colorless oil. ITHNW (CDC13): 7.47-7.41 (m 611),
7-33.7.19 (tep 311 2 Bl dofuiof] GlcblrpoinBRoh e 2t ]
0.411), 4.96-4.83 (m T 011} 3. %6 (Ga. =8 o2 d@e’%‘eﬁz@“ﬁ%&gﬁ?}“
3.18-3. 05 ( rifitvioymeihyl-gyclppent-Senylmethyl1 1 psterl . 1213 m 2,31 #;59] Rn(nK:B}) in

1074, 383? ARy R Ol R R G e (i o 2 o Ao

6. 43; N,103. gemperaiurechnd dre ®actRA ;was) sti@ed#; 70NC Br 49h. Affxampling, AeSreaction

BnOCH2CN 5 . o
2n( 3, 4-Bi s( benzy? gf@f’%ﬁ%?ﬂ% acet?ﬁﬁ)x- -Oe |“ia€‘é“tdr‘§‘1%’?‘8f é?rﬁnw%
yl I acet oni t ril) b{iSe (f@nmel.Yand) drieﬂ((l\@Sé)@) KiteAfilntion, i thafitfateonal oohedhhated de

4 m., 0.04 ed .dropwi se to asolutlono DVSQ (6. 18 ,
(() 087 nol) |aﬁ%§% r\yégé%usas(ﬂlfgégn ’gﬁa #l polian u?'§g€'h9(£ ol 1p ﬁiF’faHE'f @\L;%r
a period of M)mwhlchT(affbﬂﬂe& Wads ad e %y QlﬁV\desﬁeda pEsdutt i (@Arigfoxphediyct
from St in CHZCIZ(25n1_ over a

period o (fyﬁlloﬂen %@ﬁiﬁcﬁ?@&yﬁgﬁa?ﬂl%ﬁﬁ?@ ifas stirred at -70 C for
3.5 h and quenmmedDMBOLPBW.5672d i 1 Sm), @fs4t(a,lﬁ£h>1lﬂiﬂl!@ﬁ £6 g&)f—a&zﬁ,

-70 C over 30 mm _The reaction m xture was to warmto’ room

t enper at ur e T dHeid q.?ﬂe%p Ui DviE B, ¢ Zoeh 1’@)2}1)121%0 62@61111 BH), &yl611.0%e(m,
separat ed angpaqueous |ayer was extracted with chloroform (2 x 200
inL). The conbl ned organic | ayers were washed with water (200 inL),
brine (200 nL), and dried over MgSO4. 20 After filtration, the
filtrate was concentrated and the residue, wgs di ssol ved intert-butyl
di met hyl ether (150 nlL), and cooled fo ﬁ\i@ To this cool ed sol ution
was added dropw se a solution of et hpl magnesi um brom de (43.5 nL, 1M
in THF, ;3. 043 nol). The reach@ further stirred at -78 Cfor 2.5
h and poured into ice cold wat S a&g eutralized with 1N
HC1 (300 nL) to pH 6-7. The organi 6l ected 25 and the
aqueous | ayer was extracted with e acetate (200 nL). The conbi ned
organic | ayers were washed with water (2 x 200 nlL), saturated NaHCO3
(2 x 2000n R (SweereButAdiphedylsilylutynéthf)- (el yditothiopie- ) £ tcayeile
My504. After filtration, the filtrate was concentrated and t he

resi due was (%‘EW’ i on silica gel columm using gradient 0 to 25%

Et 0OAc in hexanes to give 3.0 g (309 of desired product

It was prepared from 5-O-(tert-butyldiphenylsilyl)-2,3-dideoxy-4-thioribofuranose
(Secrist ITT et al., J. Med. Chem. 7992, 35, 533) by followmg the same method used in
35  Example A-3, Step 3.
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30 Step 2: To a solution of the product fromStep 1 (3 g, 8 ranol)
in THE (100 nL) at 0 C was added NaH (0.5 g, 12 mmol) and the m xture
was stirred020060080161 f or 30 min. After cooling to 0 C, RETAER0USHMGTe
(1 5n, 12 mnol) was added dropwi se and heated to 70 C for 16 h.
After cooling, the reaction mxture was diluted with water (100
inL), acidified with acetic acid to pH 7-8 and was extracted with
ethyl acetatge (2 x 200 nlL). The conbi ned organic |ayers were washed

with water (2bDDMRJCDGE) hn rpr0D 7RI (e dOMy, U0 (my EH), BEESQh, 35,1360 (m,

filtration, e~ fLl1rate o d and the residue was
purified by %}pa%ﬁbbh?%p&'ggf%%’ fg%gg.’ t 0 to 20% Et OAc i n hexanes)
to 5 give 1.3 g (86% of

3, 4- bi s- henzyl oxy- 5- benzyl oxyr net hyl- 3- et hyl - 2- net hoxyt et rahydr o-f ura
n. M5 (ES+) 463.25 (M+l). Step 3: %ﬁé‘a&'@b‘i‘t}tli on of the product from
Step 2 (3.2 g, 6.9 mvl) in dioxane (50 ipL) 10 was added 2 N HCl (50
m.) and heated at reflux for 20 h. The rehction m xture was all owed
to attain roomtenperature and diluted wi$h ethyl acetate (100 ni).
The organic | ayer was coll ected e dgtfeous | ayer was further
extracted with ethyl acetate (108.BBME§)]. CESfbi ned or gani c | ayers
were washed with water (2 x 100 nL), sat t ed aqueous NaHCO3 (50
inL), watser (50 inL) and brine (50 nL), zant ki ed over 15 MySO4.
After filtration, the filtrate was concept{ated and the residue was
purified by flash chromat ography (gradient 0 to 20% Et OAc i n hexanes)

to furnish : .

3, 4-bi s- ben%?l%%?fl g eﬁ?’& é?(lilnr?lta r'%‘i‘-"ﬁ)é'fﬁ%‘&‘(‘l‘?"é‘fyf‘aﬁ?ff%u#&r%‘ﬁ- 2-ol, as
an oil. St eprimethyd-tetraltyidro-HeB)diokelbjdfaclpfrsec-curbbystte.de (0. 18 g, 5.4
mrol ) ang diethyl 20 (cyanonethyl)-phosphonate (0.85 m,, 5.4 mmol)
in DVE (20 nL) was added product from Step 3 (2.7 mnol, 1.2 g) and
the reacti ofhigawaspripared by dtllomhgrtht aifhed edpofted inpplifution STNRo! act i on
was then dil ' dieth er (100 nm.), washed with water (100
mL) and bri %Z}I??’gﬁ’ﬁ@??nﬁg}%’r@?ﬁi c layer was collected, dried over
MSO4, filtered and the filtrate waxaggesatrated to give 1.5 g of
crude 3,4-bis-benzyl oxy-5- 25

benzyl oxynet hyl- 3- et hyl -t etrahydro-furan-2-yg{)-acetonitrile, as an
oil, which was used as such for the next N WO

2006/ 050161PCT/ US2005/ 039072 Exanpl e A- P

2- (4- (Trityl oxynet hypcycl opent - 2-B8RyNacefoni¥ril e (Schene A-7).

Bnd E‘)Bn .
7—6—(2',3',5'-Tri-0-benzyl-D-ribofuranosyl)-furo[3,2-d]pyrimjdin-4(3H)-one
35  (Scheme B-1).

Step 1: To a stirred solution of compound from Step 4 of example A-2 , (35,4R,5R)-
(3,4-bis—benzyloxy—5-benzyloxymethyl—teu*ahydro—ﬁlran-2—yl)—acetonih‘ile (10.7 g,
24.12 mmol) in DMF (150 mL) was added tert-butoxybis(dimethylamino)methane
40 (21.02 g, 120.62 mmol) at room temperature and stirred for 12 h. The reaction mixture
was diluted with toluene (700 mL) and washed with water (2 x 250 mL), brine (1 x 50
mL) and dried (MgSO4). After filtration, the filtrate was concentrated to give (13.8 g)

of desired product, which was used as such for next step.
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15 Step 1: To a stirred solution of

(4- hydr oxymnet hyl -cycl opent - 2- enyl) - nret hanol (13.8 g, 107.81 mmol,
prepared byoreishesispf Mekram et al., Tetrahedron: Asymsggigsyoos89d72 3
431) in nethylene chloride (100 nL) was added pyridine (25.5 g,
118.59 nal) and trityl chloride (33.06 g, 118.59 mml) at room
tenperature and the m xture was stirred for 18 h. After addition of
water (50 nmL), the reaction mxture was diluted with 20 net hyl ene
chloride (100 nL) and the organic | ayer was separated. The aqueous

| ayer was further extracted with nethylene chloride (100 nmL) The
conbi ned or g'itﬁﬁ_%. lefemov@rfeormé@édl%tgmw pmol)1eB didshlvedini dhidrdfofin

and dri r the
concent rate I‘ué)gl géut% E\I/c\;/gds ‘Hga%’f SR 3“# Ve (%fréﬁfw (Fhroom
usi ng et hyl tempttrafue amd stigodafioe &8 1. Cl“hb orgaﬁ%ﬁayen\ﬂvampaﬁtémﬁmae dfhedds 1gyer

g jSt I’7:)/?[ yI%I)xSVﬁet% F“E@B‘F %‘pg‘ﬁ‘tmfﬁmér% % 2Penfrknbie. CWWW“{WWT@G’FIG 3

7. 3ﬁ 7. 22b|( mrasﬂsgllgr)th ;&t&?(fﬁx zgo (nil), ghiige3(14x51:ﬂ0(ﬂ),~?1)md51ngd s@?g
exchangea m 11), -2.84 (m . 2. m
1H), 2.10 (ﬁ‘?flﬁi‘tsrf fip Bty cet%%tfaﬁ% fo 306 Cf %%9 ggﬁ'?&mdmr t. fgemali ep
2: To a sti rahfnisehutiken ot -pd QlHEsd bh QS RP chiuknkBudng 4ByF Rcd@iDlag I N
pyridine (5Q nL) was added p-tol uenesul fonyl chloride at foom

t enper at ur e "&8¥he mixture was stirred for 48 h. After

concent rigt i g (t4'$ 46850 ?M@zsgf?sﬁjhﬁé ok Yl?dlg‘ ﬂn@t YL RS tc?‘tgf ﬁ(ﬁ%@é@ﬁ

washed with water I& brine and r

After filtrd&ki7d80; Mie3% N, 288t Eoundi€, bALdhiaA H28Bd t he resi due was
purified on silica gel 35 colum using ethyl acetate in hexanes (0 to
3099, which afforded 21.45 g (84.4% of desired product,

t ol uene- 4- s 8tdpohi T 'raeiiildedélsoimionyofpvoylmtﬂwﬂ Sty A, (X365t g, 3964 yhirsl) hy DMF

ter. 11-T d 03 211)., 7.40 (d, J=
o5 T, ory A IRE AR cofiufs B g ¢ 6Bl B mfprl) sy i Potegy
J= 56 Hzt,5 1rm)qve18aﬁehoaon J ifolld¥dqd by Zb&ﬂnocﬁ&hﬁﬁal()ﬁﬂte %), g 4087 n(n§ot)
3H), 2.09-1.98 (m 1111)’ 1.08-0.99 (m_ 111). Step 3. To a stirred

sol ution of S¥@ARsEAG of Pominstdy Cand stresn saom temppishire foxd? 8. After diluting
trityl oxymetail whdah ent h%&]u. n
di et hyl f or mam“éle If(ll %I\Aeggyéggllge 5 u%héécger]%%ﬂg @%&éﬁe@g%@
mmol ) at rodHR10he f@mb@reétowaem@maetmrp erashed onthvweeter €2 Kriﬂ@ﬁjmh), bﬂﬁ)e @ or

48 h. After 4 acted

rcetate (2 2oumfs 08 (UEROH R Tikhithy iRk Eiated b 8
and dri ( gg@qupde Apsived product, awhicin was hsed iin tthieahext wasction rvithottr Airthelr
and t he resh -85 purified on a silica gel colum using ethyl
acetate in hexanes (0 to 3099, which afforded 14.96 g (97.1% of
desired product, (4-trityl oxyrret hyl -

15cycl opent gg. 6f o) BESLOMY i 585 33506, SRUaY RS Rdo%ir) was added 1.5-
d1azab1cyclo[4.3.0]non—5-ene (58.9 g, 474.48 mmol) at room temperature and stirred
25 for 18 h. The reaction mixture was concentrated and the residue was dissolved in ethyl
acetate (4000 mL), washed with water (2 x 1000 mL), brine (2 x 500 mL), and dried
(MgS04). After filiration, the filtrate was concentrated and the crude residue was
purified by flash chromatography on silica gel using ethyl acetate and hexanes to afford
29 g, (13.1%) of the desired product as light brown oil.
30
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11INIVR (DMSO-do): 5 7.40-7.23 (m 15111 5.84 (d, J= 5.1 Hz, 111),

5. 69 (d,(J= 5.4 Hz, 111), 3.00-2.90 (m 411), 2.53 (d, J= 6.4 Hz,

2H), 2. 30-wo20oc{uavicdill), 1.16-1.07 (m 1H). Exanple A- BErus2@B/039072
2-(5-((tert-Butyl di phenyl silyl oxy) net hyl)-tetrahydrot hi ophen-2-yl)ace
tonitrile (Scheme A-8). It was prepared from _
5-0-(tert-butyl di phenylsilyl)-2, 3-di deoxy-4-thioribofuranose (Secri st
la et al., J. Med. Chem 1992, 35, 533) by follow ng the sanme net hod

used in 35 Esieps] Eo é\—sﬁmc&oﬁmoﬁ of &99%/ 95%_?45( ?ngﬂgag%n%%ﬁmﬁiw
s O 21 1660B T iyt aded Sormn dllo celite 1301 mo0Dsy redilipmpibemmal e
3.60 (m 211§ W%ﬁ?é@n&wem(mlg a1 mero)sit Pp &
A-11 TBDMRGled Qut $etflix for four days and the solid material was removed by filtration and
filirate was concentrated. The residue was dissolved in chloroform (400 mL), washed
5  with water (2 x 100 mL), brine (1 x 100 niL), and dried (MgSOy4). The crude residue
was purified by flash chromatography on silica gel using CMA-80 in chloroform (0 to
20%) to afford 12 g (42.8%) of the desired product (12 g, 42.8%) as a colorless
crystalline solid; mp 88-100 °C,
'H NMR (DMSO-dq): 8 12.66 (bs, 1H, D,0 exchangeable), 8.11 (s, 1H), 8.05 (d, J =
10 2.8 Hz, 1H), 7.33-7.25 (m, 15H), 5.11 (4, J = 4.8 Hz, 1H), 4.61 (s, 2H), 4.58-4.48 (m,
4H), 4.4 (t, J= 4.7 Hz, 1H), 4.19-4.12 (m, 2H), 3.63 (ddd, J= 23.3,10.7. 3.2 Hz, 2H);
MS (BS¥) 539.43 (M+1), 561.42 (M+23), (BS) 537.44 (M-1); Anal. Caled for
C32H3oN206: C, 71.36; H, 5.61; N, 5.20. Found: C, 71.30; H, 5.54; N, 5.10.

15 Example B-2
Cl
.
BnO o N/

25 Bl OBn

4-Chlor0—7—ﬁ-(2',3',5'-tri-O-benzy]-D-ribofuranosyl)-furo[3,2-d]pyrimidine
(Scheme B-2).

To a stirred solution of compound from Example B-1, Step 5, (6.26 g, 11.62 mmol),
30  benzyltriethylammonium chloride (5.29 g, 23.24 mmol), N,N-dimethylaniline (2.12 g,
_ 17.43 mmol) in acetonitrile (50 mL) was added phosphorous oxychloride (10.69 g,
69.74 mmol) at 80 °C and further stirred at 80 °C for 30 min. Then the reaction was
concentrated to dryness, dissolved in chloroform (100 mL) and quenched with water
(50 mL). The oxganic layer was separated and aqueous layer was further extracted with
35 chloroform (2 x 50 mL). The combined chloroform extracts were washed with water (2
x 100 mL}, sat. NaHCO;3 (1 x 50 mL), water (1 x 100 mL), and brine (1 x 50 mL), and
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N CH2CM a b tert-Butyl

6- ((tert-butyldi net hyl si lyloxy) nethyl)-4-(cyanonethyl)-2,2,3atrinethy
| -t et r ahydWO-2R)633¢licbx ol o[ 4, 5- e] pyrrol e-5-car boxyl at e. THGTIUS26(5/039072
prepared by followi ng the method reported in Application Ser. No.

11/ 157,867 filed on June 22, 2005. Eno oBn _
7-,3-(21,3" ,5*-Tri - O benzyl - D-ri bof uranosyl ) - fur oP, 241pyri m di n- 4( 3H)
-one 35 (Schene B-1). Step 1: To a stirred solution of conmpound from
(St ep gf of bex@@J |@M)-,Aﬁ@?ﬁlﬂrﬂi&5ﬁ%ﬁh7 filtrate was é;once?trated and the) residue was
3, 4-bi s-be -3-henz X t ~tetrahydro-furan-2-yl)-acetonjtr
ot D077 e MRy Radhrrobn SRRy DY 5 b0 SN Sip SN stethioln Réxanes Lo
tert-but oxybb26%) medfford 362 BEEE% Neiesifd plaikci®] aGoloddl cBRtalTRsdlidt
roomterrperalhtjlg]lglin(g@)gvI %{ d for 12 h. The reaction m xture was
diluted with 5 A7 &R d el @ s R3%ati8(my DS, 580 (did)= 5.1
brine (1sx 5§, , P64 AT (18! f fdcl t;LON, Lhirate
was concentr at gt&]) tﬁm? v—yeﬁ???fp Bw%&%lfg @é?iﬁ;’ gﬁéﬁ%@ﬂc?ﬁ I\Mt%pghé\%vaﬁsz ?J@ed
as such for H&ktC r Ca2Bpoctp] 2,05 1h €8 98nobtd Glr ©36; St, SP21 FatidBCH69.12;
24.12 nunol )H,VB‘?@'@'!%%%W‘@QOJ.” chloroform (250 nm), trifluoroacetic
acid (4.59 g, 40’29 mmol) and water (137 inL) at roomtenperature and
stirred for 18 h. The organic | ayer was separated and the aqueous

| ayer 5 yas extracted with chi orofo]g:rgug% gioo mL). The conbi ned
organi c extracts were washed with wa%epf ~x 200 nL), brine (1 x 100
m.), and dried (MySO4). After filtration, BKE filtrate was
concentrated to afford 12.59 g of desir oduct. A small anpbunt was
taken out and purified on silica gel c ing ethyl acetate and
hexanes. 10 M5 (ES+) 494.20 (Mt , 728 (M1); Anal. Calcd
for C29H29N000. 75 H20: C, 71.80; H, %.33; N, 2.88. Found: C, 71.95;

H 6.04; N, 2.88. Step 3: To a stirrgdisolution of product from Step
2, (18628 g, 395.4 nmol) in DVF (158D my was added sodi um hydri de

(19.7 g, 60% 4%4 3,mmlﬁ) in four portions at O
4-Methylamine-7- -(D-ribofuranosyl)-furo[3,2-d]pyrimidine (Scheme B-3),

Step 1: To a stired solution of product from Example B-2 (0.5 g, 0.897 mmol),

methylamine hydrochloride (0.36 g, 538 mmol) in EtOH (10 ml) was added
25  triethylamine (1.815 g, 17.94 mmol) at room temperature and stirred at 45 °C for 5 h

and at room temperature for 12 h. The reaction mixture was concentrated to dryness,

dissolved in chloroform (100 mL), washed with water ( 2 x 25 mL), brine ( 1 x 20 mL),

and dried (MgSO4). After filtration, the filtrate was concentrated and the residue was

purified on silica gel column using ethyl acetate in hexanes (0 to 50%) which afforded
30 0.266 g (53.7%) of desired product as a colorless solid.

© MS (BS") 574.42 (M+23), (ES") 550.72 (M-1).

Step 2: To a stirred solution of product from Step 1 (0.258 g, 0.468 mmol) in
methylene chloride (20 mL) was added boron trichloride (4.68 mL, 4.68 mmol, 1M
35 solution in methylene chloride) at -78 °C and stirred at the same temperature for 1 h.
Then the reaction was brought to -30 °C over a period of 30 min, and quenched by

adding a mixture of methanol:chloroform ( 2:1, 5 mL). After the reaction mixture
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15 C over a period of 1.5 h foll owed by 2-bronodi et hyl mal onate (118.1
g, 494.3 mmol ) over a period of 30 mn at 0 C and stirred at room

t enper at urwof20e6/03@6h. After diluting with water (1000 rHOT/US2005/039072
reaction mxture was extracted with ethyl acetate (3 x 2000 inL). The
conbi ned organic extracts were washed with water (2 x 1000 nil),
brine (1 x 200 nL), and dried (MgSO4). After filtration, the filtrate:
was concentrated to give 296 20 g of crude desired product, which was
used in the moﬁed teeabhd Rfip mmmwwa‘sufeﬁtiwﬁecpuﬁmfag Gedtid AL, uﬁmgrﬂ(m%%a
conpound fro 296 crude) in EtQH 0 nmL) was added 1,

di azabi cycl %S‘T?? neeniy 5§y Tha 5ot W‘y%éﬁspﬁmm MeOH (15

t enperat ure @D}jarﬁiMN Henl inkiotAE (ZlﬁLj"wasT fiRed B&Cich@dn Wittt WasScentrated.
concentrated_and the residue was dissolved in ethyl acetate (4000

m.), washed Wit ¥Fsifis afes eprfed by dlash Fhroppicawply ox 5B el psing 6MASD &
(MISOHA) . Af t @llorbfolrh [(Blib Qm%{)ﬁﬁicﬁ lpfbia8d 1985 gg '39ﬁ iR &4, r@cp ohl.tﬁ? as a

crude residue was purif | ash chronmatography on St
usi ng et hyl @é@%eé%@Y%ﬁhﬂWké;mg&—bo%ﬂ ord 29 g, (13.1% of the

gost red oo IBE CARRLAAL Sl %ol 1 7 Gt 47y . 0

](c:orrpoung f r onriBnggeble)( 2890 @dg/ =52, 04 Hu;nﬁl Dzﬂ)mx&h%aéléﬂ@ o1E, .ﬂﬁ%hﬁ@eg
or mam di ne 135 eratyre_an eat e
at reflux for ’%0235’&%\7 3@8)%% r?g‘%éﬁ%r v?gg@'rérm dd gy 1H, D20
filtratitn asxdhdniztabledt£3539 «;mnmmroam (nér hl%l%r £89 gdaef\ea§4d2 §§19|

100 ) andhtt b T WScH] FTHD. 8 SbddEs THae 9. ﬁuﬁs%{é&%;ﬁfé@m

cp; orrgt (igr amyc;e,n 2831.8 ca649e|1 1@57 ngl% 8&42& qbdmpg Oisgfz@ (1921.9, 209,10
af f or g (

col orl ess cr%}gl A 1@89(-:1 é%ll%l 95% @3 82@@1 6. 781 ]743%&4:\53(66!\@@—5@6)6 cng'; 148 66
1557, 17 33 Fos 2 FRACRADDEhoad Chlg (for Chif N, ﬁ@ SRR

4.58-4. 49 (rh438Hyound: G 4%41; B=5.46; N, l.06111) , 4.19-4.12 (m 211), 3.63
(ddd, J= 23.3, 10.7. 3.2 Hz, 2H); M5 (ES+) 539.43 (I\/H), 561. 42
(Mt23), (ES-) 537.44 (M1); Anal. Calcd for C321130N206: C, 71.36; H,
5.61; N, 5.20. Found: C, 71.30; H, BxampleR45.10. 15Exanple 8-2 C |
25Bud : (5Bn

4-Chloro-7-13-(2', 3 ,5'-tri-ObenzyI-Dribofur/{anosyl)-furoP, 2-d] pyrim .
idine (Schenme 8-2). To a stirred solution officonpound from Exanpl e

B-1, Step 5, (6.26 g, 11.62 nrnol), 30 b i et hyl anunoni um
chloride (5.29 g, 23.24 nunol), N_N-dine any line (2.12 g,
25 ' HO N
HO  OH

30  4-Ethylamine-7-3-(D-ribofuranosyl)-furo{3,2-dlpyrimidine (Scheme B-3).

This was prepared according to the procedure used for Example B-3, and using

ethylamine instead of methylamine, mp 76-88 °C, yield 32% in two steps.

'H NMR (DMSO-dg): § 8.27 {s, 1H), 8.21 (s, 1H), é.OO (t, /= 5.8 Hz, 1H, D,0O
35  exchangeable), 5.81 (d, /= 10.1 Hz, 1H, D>0 exchangeable), 5.04 (d, J= 7.62 Hz, 1H,

D;0 exchangeable), 4.68 (d, J = 6.2 Hz, 1H, D,0 exchangeable), 4.76 {d, /=7.3 Hgz,

1H), 4.35-4.29 (m, 1H), 4.04-4.00 (m, 1H), 3.89 (dd, J= 5.4, 2.8 Hz, 1H), 3.63 (d, /=
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17.43 tnnol) in acetonitrile (50 nL) was added phosphorous
oxychloride (10.69 g, 69.74 nunol) at 80 C and further stirred at 80
C for 30 nWP2lwédi0he reacti on was concentrated to dryrreggiS2ese30ryed
in chloroform (100 nL) and quenched with water (50 nlL). The organic

| ayer was separated and aqueous | ayer was further extracted with 35
chloroform (2 x 50 nL). The conbi ned chl orof orm extracts were washed
wth water (2 x 100 nL), sat. NaHCO3 (1 x 50 nL), water (1 x 100 nL),

and brine (11Xl %R, M), 35&@46@1“3%1; (MJ@Q"#?' ﬁﬂ@@ﬂ)}ﬁ@(@rﬁ 9@275 @9494

d d
chr omat oot aphyitan PP S 3 UEh KB Ao letng B inyIoHbdet S5 | 0BG IS, 0

to 259 to afj3©r9d1545652 ¢} QQG S S I
crysta/?l ine solid. 111 Nl%/R E)ﬁl\/fg%3 Zﬁlgjg s2s, %’61‘1@%0% %ﬁﬁ%@s §§'%

7.33-7.19 (n§>31513§83 sandy §47.8 pme’; )1M83 S 12,%)52 AMBR); 4 A7l (eplcclmﬂc)r
204 18 Ly o6l BN BBk iiGa oy ds %y e g 08 s

Found: C, 69Ni1Z.8011, 5.19; d, 6.30;N, 5.04. 10Exanple B-3 EN

4- Met hyl ami no- 7- 13- (D-ri bolur anosyl ) -furo[ 3, 2-4pyri m di ne (Schene
B-3). Step 1: To a stirred solution of product from Exanple B-2 (0.5
g, 0.897 mmol), nethyl am ne hydrochiExamgr K8. 36 g, 5.38 mmol) in EtOH
(10 ) YRS added

Ho 7

20 HO dm

4-Isopropylamino-7-3-(D-ribofuranosyl)-furo[3,2-d]pyrimidine (Scheme B-3).

This was prepared according to the procedure used for Example B-3, and using
isopropylamine instead of methylamine, mp 58-80 °C, yield 32% in two steps.

25  H NMR (DMSO-ds): & 8.27 (s, 1H), 8.21 (s, 1H), 7.84 (4, J = 8.1 Hz, 1H, D,O
exchangeable), 5.83 (bs, 1H, D,O exchangeable), 5.03 (d, J = 6.4 Hz, 1H, D,0
exchangeable), 4.88 (d, J = 4.3 Hz, 1H, D0 exchangeable), 4.76 (d, J = 7.3 Hz, 1H),
4.45-4.29 (m, 2H), 4.04-4.00 (m, 1H), 3.89 (dd, J = 5.2, 2.6 Hz, 1H), 3.63 (dd, J =
12.0, 2.6 Hz, 1H), 3.53-3.44 (m, 1H), 1.21 (d, J = 6.5 Hz, 6H); IR (KBr) 3300.2,

30 2973.9, 2928.4, 1637.7, 15574, 1502.5, 1450.5, 1423.5, 13324, 1217.8, 1176.6,
1120.7, 1086.5, 1020.8, 892.4, 821.7, 700.4, 588.3 and 537.6 cm™’; MS (ES’) 308 (M-
1); Anal. Caled for C14H1sN30500.8 H20: C, 51.94; H, 6.41; N, 12.98. Found: C, 52.24,
H, 6.41; N, 12.50.
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25 triethylamne (1.815 g, 17.94 mol) at room tenperature and
stirred at 45 Cfor 5 h and at roomtenperature for 12 h. The

reacti on nwetzodesgwas concentrated to dryness, dissol veddmuseisosofonr m
(100 nL), washed with water ( 2 x 25 nL), brine ( 1 x 20 nL), and
dried (MgSOH4). After filtration, the filtrate was concentrated and
the residue was purified on silica gel columm using ethyl acetate in
hexanes (0 to 50% which afforded 300.266 g (53.7% of desired
product as a colorless solid. M5 (EBkxahgeBle (M23), (ES) 550.72
(MA). Step 2: To a stirred solution of produgt from Step 1 (0.258 g,
0.468 mml) in nmethylene chloride (20 tril) 5—added boron
tdchloride (4.68 inL, 4.68 mol, 1M 35 sol 0tj Nin net hyl ene
chloride) at -78 C and stirred at e sa rature for 1 h. ‘Then
the reaction was brought to -30 C ried of 30 nm and
quencheddy adding a m xture of nethangl:ghloroform( 2:1, 5 nl).
After the reaction mxture reached tos0oomtenperature, it was
neutralized with aqueous NH3 in MeOH @@09@H5 m.) and was concentrated

}-loo ?Lyglezianebﬁﬂ&ﬂk@lﬁgz%la dlq %eﬁg?ﬁ?% @cha %X&ﬁ?‘g é\éghem‘)‘]gafd o

concentrated. The residue was purified by fl ash chromat ography on

ili f 00%_ whi ff or ded
116 vy OB, ohbF SeSHe . feoBedfil B fleobiliculiel Sied Mor bl ) b S0
solid; drer88d1ﬂ16ﬂlyEm1ne md‘k&dgog M@-ﬁdﬁie, mgl2803© , yidld 45-%11) twoBst&;];( S, lllLZ
7.93 XC eabl e
1H, D(20 excﬁ%@g@g@f&g@’bé RCYIX: 2834@)11419 76521% %X@Haﬁdé%llg) D,0
4.88 (d, J =exfhad 1 = 220 extha H
exchaggeabl = h4gb§algle2f 5;4193 %d”f 1%@&; 14, Ed x’oh %}abl&) 4 8628 ﬁ—04€d%z 5,

ds (&~ Tf?’OHZ 31H) H§5 4291, 1 )5120‘84 A0 (o] H),

5.4, 2.6 Hz ﬁzﬂ&}jcha@eé%e)(
111), 2.4y (3189 &, f=5.858.0 131 1, 3 é&@ﬁr izﬁ%%ﬂ? fé,g?%z §”1"ié?4]§943 33

1557.1, 1520.0, 1442.4. ~1403.8, 1
1080. 1, 1021s:06Hp g8, &Braad36igs, 382(157297297 2230 §,42866.,1, 36%7.5 15595 P408F,

cml: MS (E 282 ( fo H

30,35 1, 5 Bt AR AR, 1A Ul G L TR TRy 2, iR Sooa,

Exanpl e B- 4 8483{{#83and 593.3 em™; MS (ES) 296.51 (M+l) Anal. Caled for Cy5H;;N30s: C,
52.87; H, 5.80; N, 14.23, Found: C, 52.80; H, 5.87; N, 14.07.

25
Example B-7
HN™ N
30 B
N
\ I
HO o N”
HO om

4—n—Propylamiﬁo-7-6-(D~ribofuranosyl)-furo [3,2-d]pyrimidine (Scheme B-3).

This was prepared according to the procedure used for Example B-3, and using

40  propylamine instead of methylamine, mp 58-80 °C, yield 21% in two steps.

"H NMR (DMSO-dq): & 8.27 (s, 1H), 8.21 (s, LH), 8.03 (bs, 1H, D0 exchangeable),
5.81 (4d, J = 9.8, 3.4 Hz, 1H, D;0 exchangeable), 5.04 (d, J = 6.4 Hz, 1H, Dy0O
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30 4-Ethyl am no-7-13-(D-ri bof uranosyl)-furo[ 3, 2-d] pyri m di ne (Schene
B-3). This was prepared according to the procedure used for Exanple

B-3, and ugion@esalshixk am ne instead of nethylam ne, np 7@;&%5@003)05@71:1
32%in tw steps. 111 NWMR (DMBO-d6): 5 8.27 (s, 1H), 8.21 (s, 1

8.00 (t, J = 5.8 Hz, 111, D20 35 exchangeable), 5.81 (d, J= 10. 1 Hz
1H, D20 exchangeable), 5.04 (d, J= 7.62 Hz, 1H, D20 exchangeabl e)
4.68 (d, J= 6.2 Hz, 1H, D20 exchangeable), 4.76 (d, J= 7.3 Hz, ,

ili? 3223(?& Xc%ﬂg&bl B30 Joo T MR B gy 430 o giﬁ% 15),

3.54.3. 46 (36429 (m, 18),(4.04-4.06 (m, 1), AR @8).] =157, (21 Br) 1184 3555,60 (tm,
25260 12130 237300 3805 61 708 0. 608 T2 e 0 gon a0,
1118.7, 10822%51.810247.8, 19115, 16407, 1557.6, 1510.3, 1422.2, 1333.6, 1304. 4, 12383,
5 1170.5, 1116.8, 1082.1, 1020.2, 891.1, 821.7, 746.4 and 586.4 cm™; MS (ESY) 310
(M+1), (ES’) 308.48 (M-1); Anal. Caled for C14H19N;0580.75 H,0: C, 52.08; H, 6.40;
N, 13.01. Found: C, 52.10; H, 6.08; N, 12.62.

Example B-8
15 0 N

HO  om

4-Cyclopropylamino-7-8-(D-ribofuranesyl)-furof3,2-d]pyrimidine (Scheme B-3).

This was prepared according to the procedure used for Example B-3, and using
25  cyclopropylamine instead of methylamine, mp 88-100 °C, yield 44% in two steps.
'H NMR (DMSO-dy): § 8.31 (s, 1H), 8.23 (s, 1H), 8.14 (d, J = 3.5 Hz, 1H, D,0
exchangeable), 5.77 (dd, J= 9.4, 3.4 Hz, 1H, D,0 exchangeable), 5.05 (d, J= 6.4 Hz,
1H, D70 exchangeable), 4.88 (d, /= 4.3 Hz, 1H, D,0 exchangeable), 4.77 (d, J = 7.3
Hz, 1H), 4.36-4.29 (m, 1H), 4.04-4.00 (m, 1H), 3.89 (dd, J = 5.8, 3.2 Hz, 1H), 3.63-
30 344 (m, 2H), 3.01-2.92 (m, 1H), 0.79-0.73 (m, 2H), 0.62-0.57 (m, 2H); IR (KBr)
3295.5, 2924.1, 2189.0, 1640.2, 1557.4, 1502.5, 1425.4, 1354.4, 1300.6, 12274,
1120.1, 1086.2, 1022.1, 892.7, 824.1, 787.0, 744.3, 702.1, 589.2 and 534.3 cm™; MS
(ES*) 308.52 (M+1), (ES") 306.46 (M-1); Anal. Caled for Ci4H;7N;3;050H,0: C, 51.68;
H, 5.88; N, 12.91. Found: C, 51.89; H, 5.80; N, 12.59.
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900. 8, 853.2, 749.5, 653.9, 653.6, 588.3and547.8cm 1; M5 (ES+) 296.52
(MF1); Anal . Cal cdfor 5 C131-117N305. 14200.25 CH3OH: C, 49.52; H,
6.27; N, L%0Qdessosednd: C, 49.83; H 5.99; N, 12.80. Examiws26shshér 20
4- | sopropyl am no-7-j 3. (D-ri boluranosyl)-furoP, 2-4pyri m di ne (Schene
B-3). This was prepared according to the procedure used for Exanple
B-3, and using isopropylam ne instead of nethylamne, np 58-80 C
yield 32%in two steps. 25 |1l NVR (DMSO-do): 5 8.27 (s, 1H), 8.21
(s, 1H), 7.84 (d, J = 8.1 Hz, 1H, pgeabl e), 5.83 (bs, 1H,
D20 exchangeable), 5.03 (d, J = 6.2%%?,%%$§'D20 exchangeabl e), 4. 88
(d, f = 4.3 Hz, 1H, D20 exchangeable), 4.76 ( J =7.3 Hz, 1H),
4.45-4.29;(in, 2H), 4.04-4.00 (m 1H), 3.89 (Yy¢, J= 5.2, 2.6 Hz, 1H),
3.63 (dd, J= 12.0, 2.6 Hz, 1H), 3.53-3.44 (m [1H, 1.21 (d, J = 6.5
Hz, 611); IR (KBr) 3300.2, 30 2973.9, 29287%, “¥637.7, 1557. 4,

1502. 5, 1450.5, 1423.5, 1332.4, 12%6- . gg/’ 1120.7, 1086.5,
1020.8, 892.4, 821.7, 700.4, 588.3 an cl; M5 (ES) 308 (M);
Anal . Cal cd for Cl141i0N3000.8 H20: C, 51./94; H, 6.41; N, 12.98.
Found: C, 52.24; H, 6.41; N, 12.50. HO ‘g

4-Azetidino-’?—ﬁ-(D-ribofuranosyl)—furo[3,2—d]pyrimidine (Scheme B-3).
15
This was prepared according to the procedure used for Example B-3, and using
azetidine instead of methylamine, mp 192 °C, yield 56% in two steps.
'H NMR (DMSO-dq): 5 8.28 (s, 1H), 8.23 (s, 1H), 5.72 (dd, J = 9.2, 3.2 Hz, 1H, D,0
exchangeable), 5.04 (d, J = 6.4 Hz, 1H, D;O exchangeable), 4.88 (d, J = 4.5 Hz, 1H,
20 D20 exchangeable), 4.77 (4, J = 7.3 Hz, 1H), 4.35-4.28 (m, 5H), 4.03-3.99 (m, 1H),
3.88 (dd, J= 5.8, 3.0 Hz, 1H), 3.65-3.44 (m, 2H), 2.49-2.40 (m, 2H); IR (KBr) 3413.0,
3211.5, 3062.0, 2943.4, 2879.7, 2650.0, 1896.7, 1633.2, 1592.4, 1547.5, 1508.3,
1440.8, 1401.7, 1340.3, 1296.8, 1244.1, 1213.4, 1171.9, 1118.7, 1082.1, 1013.0, 974.1,
904.6, 866.0, 818.3, 787.4, 748.4, 687.9, 663.5 and 590.1 cm™; MS (ES") 308.52
25 (M+1); Anal. Caled for Ci4H 7N30500.15 HyO: C, 54.24; H, 5.62; N, 13.55. Found: C,
54.27; H, 5.56; N, 13.41.

Example B-10

30

40 HO  ‘om

4-Pyrrolidino-7-5-(D-ribofuranosyl)-furo[3,2-d]pyrimidine (Scheme B-3).
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Exanpl e 8-6
4- Di net hyl am no- 74P-ri bof ur anosyl ) - furoP, 2-dl pyri tai di ne (Schene

8-3). 15 TWosowsoi epared according to the procedure Ug§fysh&isosonrz
Exanpl e 8-3, and using dinmethyl am ne i nstead of nethylam ne, np 210

C, yield 45%in two steps. NVR (DMb0O-d6): 5 8.29 (s, 111), 8.24 (s,
111), 5.76 (dd, J= 9.4, 3.4 Hz, 11, D20 exchangeable) 5.05 (d, J =
6.2 Hz, 1H, D20 exchangeable) 4, 88 (d, J 4.5 Hz, 111, D20

exchangeab s ket acco%d"?%‘f@ﬂri@oﬁ%esﬁa@ﬁ B0 i, %
Hz, 111), 3. Bﬂxc@dmmsmadmﬂ_mythylamae 1108 1980, Jyield Ri% KBwo &p6.1. 4, 3120. 5,
297291 29%0ubn R0 455055 T8 5o 4388 S ERTEE .05t

869. 3, 848. 35.1748, 7 ansh 393. ﬁicmd),exmngEaSﬂe)FZ% calJ(M*&)s H;;A”?ﬂ{ Dgekd
oun

for G 3HUN305: N, 1423 52. 80
NOr 14, 07 258@%55%6)53&4%? ﬁv% Hey {1 Hf-4.35 (m, IPD:410~4 01 (m, lH),396
4-n-Propyl a dﬂszﬁg-Q@Hz! Iprf, BroArOE N fim, 5}1?@05833 3r gh i)l Abelh e (gﬂssﬁﬁ?'iﬁ

8-3). S ared accordln o the procedure use

Bl e 8- 3, (SRS TGih o 0ich B Bty PRS- AT St 1816 00F 194k PO 6,6, A4S,
58-80 G, 1 5 827
yi eisﬁn%é%slﬁ@ ﬁm $1905: 1395 N b% Q;\@Q%d@? 7 dgﬁﬁ} 16135 §§01,2

8.21 (s, H D20 éxchangea
Hz, 1H, D20 Wleha&f 8aB$7e5 748404334, 53T agl 4439 cmI HMDPES") MR 54 (M+1),

2006/ 05046 1Pk:Th SAQPRE B320080500.25 1,0: €, 55.29; H, 6.03; N, 12.89. Found: C, 55.53;
H, 6.01; N, 12.72.

Example B-11

20

Bné %)Bn

25 7-p-(2',3',5'-Tri-O-benzyl-2'-C-methyl-D-ribofuranesyl)-faro[3,2-d|pyrimidin-
4(3H)-one (Scheme B-1).

This was prepared according to the procedure used for Example B-1, starting from
Example A-5 instead of A-2.

30 'H NMR (DMSO-dg): § 12.67 (bs, 1H, D,0 exchangeable), 8.14 (s, 1H), 8.09 (s, 1H),
7.38-7.25 (m, 15H), 5.21 (s, 1H), 4.75-4.52 (m, 6H), 4.2-4.15 (m, 1H), 4.05 (d, J =
7.72 Hz, 1H), 3.78-3.68 (m, 2H), 1.21 (s, 3H); MS (ES”) 553.37 (M+1); Anal. Calcd
for C33H3N20s: C, 71.72; H, 5.84; N, 5.07. Found: C, 71.51; H, 5.89; N, 5.07.
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exchangeable), 4.88 (d, J= 4.3 Hz, 1H, 020 exchangeable), 4.76 (d, J=
7.3 Hz, 111), 4.36-4.29 (in, 111), 4.04-4.00 (m 1H), 3.89 (dd, J =
5.4, 2.6 Hgo 28ddos0181 65-3.60 (in, 111), 3.52-3.40 (in, IkDus:desfmd 54
(in, 211), 0.90 (t, J= 7.3 Hz, 311); ZR (KBr) 3310.5, 2931.8, 2207.9,
1911.5, 1640.7, 1557.6, 1510.3, 1422.2, 1333.6, 1304.4, 1238.3, 5
1170.5, 1116.8, 1082.1, 1020.2, 891.1, 821.7, 746.4 and 586.4 cm1,
M5 (ES) 310 (M+l1l), (ES) 308.48 (M1); Anal. Calcd for

C1411 19N30500. 75 H20: C, 52.08; 11, M&B_I\i,z 13.01. Found: C, 52.10;
H 6.08; N, 12.62. Exanple E-8
4- Cycl opropyl am no-74- (D-ri bof ur anosyl ) furolcB, 2- Apyri m di ne (Schene
B-3). This was prepared according to the Bro edure used for Exanple
B-3, and using 25 cycl opropyl am ne inste f t hyl am ne, np 88-100
C, vyield 44%in two steps. NVR 6 O d6)- .31 (s, 111), 8.23 (s,
1H), 8.14 (d, J = 3.5 Hz, 111, 020 ex gea e) 5.77 (dd, J= 9.4,
3.4 Hz, 111, 020 exchangeable), 5.05 (\d~gg,6.4 Hz, 1H 020
exchangeabl e), 4.88 (d, J= 4.3 Hz, Bdd, &R0 exchangeabl e), 4.77 (d,

5.8 3.5 btk I S pal - Sipetig Do Ry st g 2
0.79-0. 73 ( MpRidjdind(SORenid B2).(M 211); IR (KBr) 3295.5, 29241,

2189. 0, 1640.2, 1557.4, 1502.5, 1425.4, 1354.4, 1300.6, 1227.4,
1120.1, 1086.2, 1022.1, 892.7, 824.1, 787.0, 744.3, 702.1, 589.2 and

gﬁl ?13%05 6@'2% &8 p &gﬁeéac&%ﬂ%m &g%}oc%@!ﬁ‘e %éed(igg l%(gnﬁg%g &g@caﬁmg

5.80; N, 12 mgerial ﬁﬁ@rﬁﬂa@mhﬁali mstlﬂr@i' of@-il yleld 92%.

4- Azet i di noENGR(BMIBRRHYS RO08Y oy, 5145 9017 4 A 204188, 6SGNE TRy B-3) -
4.70 (dd, J= 16.7, 11.6 Hz, 2H), 4.67-4.53 (m, 4H), 4.24-4.19 (m, 1H), 4.10 (d, J= 7.5
Hz, 1H), 3.75 (ddd, J = 21.8, 10.9, 3.2 Hz, 2H), 1.21 (s, 3H); Anal. Caled for

20 CssHnCIN2Os: C, 69.40; H, 5.47; N, 4.90. Found: C, 69.65; H, 5.48; N, 4.92,

Example B-13

o
ST
HO o N/
30
s % CH3
HO OH
4-Methoxy-7-8-(2'-C-methyl-D-ribofuranosyl)-furo[3,2-4|pyrimidine (Scheme B-
3).
35

Step 1: To a stirred solution of freshly prepared sodium methoxide {prepared from Na
(0.022 g, 3.27 mmol) in MeOH (5 mL)} was added compound from Example B-12
(0.187 g, 0.327 mmol) in methanol (5 mL) at room temperature and further stirred for 2
h. After concentrating the reaction mixture, the residue was suspended in water (15
40 mL) and extracted with ethylacetate (2 x 50 mL). The combined organic exiracts were
washed with water (2 x 20 mL), brine (20 mL), and dried (MgSOy). After filtration, the

&3



15 This was prepared according to the procedure used for Exanple B-3,
and usi ng ef | |ne instead of nethylamne, np 192 C, yield 56%in
two steps. %1 {DMBO-d6): 5 8.28 (s, 111), 8.23 (s,PqfUS2BISP3073q,
J=9.2, 3 2 Hz, 1H, D20 exchangeable), 5.04 (d, J= 6.4 Hz, 1H, D20
exchangeable), 4.88 (d, J= 4.5 Hz, 1H, 20 D20 exchangeabl e), 4.77 (d,
J = 7.3 H, 111) 435428(m 5H) 4.03-3.99 (m 111), 3.88 (dd, J=
5.8, 3.0 Hz (m_ 2H), 2.49-2,.40 (m 2H); IR (KBr)
3413.0, 32117 il ‘6@0@03%% a&d ﬂz%fﬁgldﬂﬁ wesBwifipd orgueiliva gd ealmR, which
1592. 4, 1547 @e 15508 (84% 1 62Rsi8d phdthd 1244. 1,

1515 4 139150° 5 pask Qe dedeitta pdilea e ol ooty 0204 518, 5
787. 4, 748. 4Hé@’ﬁR§DN%33da AF®SHS0ED, 89 (4,M5~ OBSHz30B, 5202%5((Mt 151D

U b NP i R B et S
Tl 2 WS pronatad SBCREd Do Lo L ho propafi e ke o Exant o g 410
and usi ngppy ‘ﬁdé 38érfstg%%%#ﬁﬁeﬁhy$zﬂﬁﬁ§f n];e?dpﬁéé@ WWEHPG@Em
two steps. MISMRS BeBaED @d)-1), 8858373(3{4(23) 111), 8.29 (s, 111), 5.91 (bs,

1H, D20 exchangeable), 5.11 (d, J 6.2 Hz, 111, D20 exchangeabl e),
4.95 (d, J = 4.3 Hz, 111, D20 5 exchangeabl e), 4.84 (d, J= 7.3 Hz,

111), 4. 41- 45352 (mas'hﬁﬁe)nsmﬂoﬂﬂ)%l)@t (()ms ;Lﬁﬂﬁlethélo?@ xﬁﬁfkvas%ddeg ol ﬂiﬁ?
Hz, 111), 3.94-3 (lfr BH) niz ?
IR (KBr)!%B45% CﬂmP%%‘ R t:?&iéo 15 g»z%ﬁénzm Me@H (msml) bllowat@hw BY HCI

2629.6, 1624069 AEAd
1229. 2. 118g(039 11177%“%08%;{11 gm%%gv %h98 ﬁa?edg%tis%ip&g’i P?%H%I}erfd

748. 4, 633. fhroggiga smalh gadsofCdite.gpdithe fisatemRs)cop2atr@ad (oMetess. The Anihe

ga| g g ngr gl@is' péa%h@cﬁ@n 0 caﬁmﬁ %?thacgel §§ng2@MA_|SO B c%)’droiNhn a(?foal%%) fijinlg
afforded 65 mg (83 1%) of desired product as a colorless solid.

15 '"HNMR (DMSO-dy): & 8.64 (s, 1H), 8.37 (d, /= 0.8 Hz, 1H), 5.02 (4, J=0.8 Hz, 1H),
5.01 (4, 1H, D20 exchangeable), 4.88 (dd, J = 6.0, 4.7 Hz, 1H, D,0O exchangeable),
4.78 (s, 1H, D,0O exchangeable), 4.10 (s, 3H), 3.88-3.83 (m, 1H), 3.81-3.72 (m, 2H),
3.64-3.57 (m, 1H), 0.90 (s, 3H); IR (KBr): 3399.7, 2926.2, 1623.4, 1552.7, 1486.2,
1444.1, 1371.7, 1321.0, 1226.8, 1184.9, 1154.3, 1105.2, 1076.1, 1045.8, 925.4, 870.1,

20 835.2, 796.6, 698.3, 642.4 and 591.1 cm-1; MS (ES") 297.44 (M+1); Anal. Caled for
C13H1gN20490.25 F0: C, 51.91; H, 5.52; N, 9.31. Found: C, 52.09; H, 5.65; N, 9.09.

Example B-14

25
H?_N.. N/\/OH

Iy
-
HO o N

L CH,
HO OH
35 4-[(v-1 -Hydroxyethyl)hydrazmo]-7-3-(2'-C-methyl—D-rxbofuranosyl) furo[3,2-

dlpyrimidine (Scheme B-3).
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Exanpl e B-11 20Bn0- - Nce C:—B Bng GBnh2|5 5 11 bof Y-t ur op, 2-di p
7-13-(2',3.,5 -Tri - Obenzy - met hy ri bof uranosy

rimi di(n4( 3‘1?@209)%5 ¥&chene B-1). This was prepared accor {TgS2P /09?9@2
procedure used for Exanple B-1, starting from Exanple A-5 instead of
A-2. 30111 NWR (DVBO-d6): 8 12.67 (bs, 1H, D20 exchangeable), 8.14
(s, 111), 8.09 (s, 111), 7.38-7.25 (m 1511), 5.21 (s, 111),
4.75-4.52 611), 4.2-4.15 (m _111), 4.05 (d, J= 7.72 Hz, 111),
3.78-3.68 (rr:%fe pHj To ¢ spirred golutiom gf comomﬁszgmﬁanﬂenmmz gﬁmsnmﬁa &d

5780 N, 5 0o hencl H0xfEs 8 chithomnl S bl Dt TR e et 0w &
51 , CH3 BndlB8Bmmol) at room temperature and stirred for 48 h. After concentrating the reaction
?303' O oy 1 Hie et Ba QAN S an TR ) B DR LR B b
the procediur20 udadr Heoa:oflﬁ:»i:aerdpcbrgazﬁe ?;traumme &ﬁaﬂfeﬂlvﬁﬂb‘ﬂ%%ee(fm%%)f 4rdMried
)T 6. 57 (SR g, e Biate lor ponocnhajed g he sopine wasariied on) -

16.7, 11.6 I—‘aahca2gd)coluﬁmﬁismfg f3thénol uﬂlmbmfcﬂm%ﬂ 5% g\ﬁﬁichléé&deﬁ%s%Omgd

?),11)7 SAE;I 1@)16“3 °F‘g‘?s‘f d"%é%ﬁ%isl g:|1N20510c:9’ 69. 40 H 5 47; N, 4.90.
Found: C, 69ESEMIADISA,): ™ 8.99 82 11), 8.13 (s, 1H), 7.39-7.25 (m, 15H), 5.26 (s, 1H),
10 5.13 (s, 2H, DO exchangeable), 4.75 (t, J= 5.4 Hz, 1H, D0 exchangeable), 4.73-4.53
(m, 6H), 4.20-4.11 (m, 2H), 3.88 (t, J = 6.4 Hz, 2H), 3.78 (dd, J = 10.9, 2.6 Hz, 1H),
3.72-3.67 (m, 3H), 1.20 (s, 3H); MS, (ES’) 609.28 (M-1).

Step 2: To a stired solution of compound from Step 1 (180 mg, 0.29 mmol) in
15 methylene chloride ( 20 mL) was added 1M solution of boron trichloride in
dichloromethane (2.95 mL, 2.95 mmol) at -78 °C and stirred further at this temperature
for 1.5 h. After the temperature became 0 °C, it was quenched by adding chloroform (2
mL) and methanol (3 mL). To the mixture was added aqueous saturated ammonia (5
mL) and it was stirred for 30 min at room temperature. After conceniration, the residue
20  was dissolved in methanol (10 mL), treated with 1M dry HCI in methanol (2 mL) and
stirred for 1 h. The resultant suspension was concentrated to dryness and the residue
was purified on a silica gel column using CMA-80 in chloroform (0 to 10%), which
afforded 68 mg (68.8%) of desired product as a colorless solid; mp 84-92 °C.,
'"H NMR (DMSO-dy): & 8.25 (s, 1H), 8.17 (s, 1H), 5.16 (bs, 3H, D,0O exchangeable),
25  4.99-495 (m, 2H, D,O exchangeable), 4.80 (s, 1H), 4.77-4.73 (m, 1H, D0
exchangeable), 3.92-3.86 (m, 3H), 3.80-3.66 (m, 4H), 3.63-3.55 (m, 1H), 0.89 (s, 3H);
IR (KBr) 3412.8, 2926.0, 1612.5, 1577.1, 1539.9, 1487.4, 1437.0, 1352.1, 1305.8,
1072.4, 1045.4, 830.3, 788.9, 634.6 and 588.3 cm™'; MS (ES") 341.39 (M+1), 363.37
(M-+23), (ES’) 339.36 (M-1); Anal. Calcd for C14HagN4O4e0.25 H,0: C, 48.76; H, 5.99;
30 N, 16.24. Found: C, 49.01; H, 6.08; N, 15.71.
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Exanpl e 8-13 3HO OA HO OH3

4- Met hoxy-7-13-(2' -G et hyl -D-ri befuranosyl)-furo[ 3, 2-dl pyri m di ne
(Schene B-WP20&H3G6Ep 1: To a stirred solution of fresHAGI/USRESABWER
sodi um net hoxi de {prepared fromNa (0.022 g, 3.27 mol) in MeOH (5
m.)} was added conpound from Exanple 8-12 (0.187 g, 0.327 mmol) in
met hanol (5 nL) at roomtenperature and further stirred for 2 h.
After concentrating the reaction m xture, the residue was suspended
in water (15 40 inL) and extract ed ExavpleBH\S| acetate (2 x 50 inL).
The conbi ned organic extracts were washed with water (2 x 20 rnL),
brine (20 nmL), and dried (MJSO4). After fiPyEE on, the filtrate
was concentrated and the residue was purjfi id on a silica gel colum,
whi ch gave 157 ng (84% of desired prodyct |asNa col orl ess sticky
material. 1H NVR (DMBO- do): 6 8.8#5 s 8.30 (d, J = 0.5 Hz,
1H), 7.40-7.25 (m 15H),  5.29 (d, W&0.5 ., 1H), 4.71 (dd, J=
15.6, 11.6 Hz, 2H), 4.63 (dd, J= 15. / Hz, 52H), 4.57 (dd,J=
16.4, 11.8 Hz, 2H), 4.23-4.18 (m 4, 3xl2 (d, J= 7.9 Hz, 1H), 4.10
(s, 3H), 3.78 MeliyiYdithzind]2-4-8-ClidkthyRD fukPi3h. 4.5 Hz,
1H), 1.19 (s [(gldéi)ﬂ; _I\E’%g&) 5({)7.% (MF1) ?ﬁIS)B%?J?fgltiﬁ/séﬂféf)uw%?ep 2: To a
suspensi on ofIPYGTdie GchemdB-3) in met hanol (3 ml) was added a

sol utiongs

Step-1: This was prepared according to the procedure used for Example B-14 (Step 1),

using N-methylhydrazine instead of N-hydroxyethylhydrazine, yield 89%.

'H NMR (DMSO-dy): & 8.29 (s, 1H), 8.12 (d, J = 0.7 Hz, 1H), 7.38-7.25 (m, 15H),

5.25 (s, 1H), 5.20 (s, 2H, D,0O exchangeable), 4.72 (s, 2H), 4.68-4.53 (m, 4H), 4.20-
20 4.10 (m, 2H), 3.74 (ddd, J = 23.7, 10.7, 2.6 Hz, 2H), 3.37 (s, 3H), 1.19 (s, 3H); MS

(ES) 581.36 (M+1), 603.31 (M+23).

Step 2: This was prepared according to the procedure used for Example B-2 (Step 2),
using product from Step 1; mp 70-84 °C, yield 87%.

25 'H NMR (DMSO-ds): & 8.25 (d, J = 0.56 Hz, 1H), 8.16 (s, 1H), 5.23 (s, 2H, D;0O
exchangeable), 5.06 (dd, J= 6.7, 4.7 Hz, 1H, D,0 exchangeable), 4.96 (d, J= 7.5 Hz,
2H, D,0 exchangeable), 4.80 (s, 1H), 3.90 (dd, J = 8.66, 6.9 Hz, 1H), 3.80-3.71 (m,
2H), 3.64-3.56 (m, 1H), 3.37 (s, 3H), 0.88 (s, 3H); IR (KBr): 3821.1, 2926.6, 1663.4,
1615.1, 1581.2, 1537.3, 14974, 1441.6, 1413.8, 1355.9, 1306.4, 1109.1, 1074.3,

30 1041.6, 957.8, 868.0, 835.2, 790.1, 636.5 and 589.0 cm™; M; MS (ES™) 311.49 I+,
333.45 (M+23), (ES’) 309.45 (M-1); Anal. Calcd for Cy3H1sN4Os10.25 H,0: C, 49.59;
H, 5.92; N, 17.79. Found: C, 49.76; H, 6.13; N, 16.97.
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10 of compound from Step 1 (0.15 g, 0.264 mmol) in MeOH (10 i)
followed by 1IN HC1L (0.79 nmL, 0.79 mmol). The m xture was hydrogenat ed
at 60 psi WOr20®/0htiahd filtered through a small pad of @€ITES@00&#43P0THe
filtrate was concentrated to dryness. The residue was purified on a
colum of silica gel using CMA-80 in chloroform (0 to 10%, which
afforded 65 ng (83.1% of desired product as a colorless solid. 15 1H
NVR (DMSO-4): 8 8.64 (s, 1H), 8.37 (d, J= 0.8 Hz, 111), 5.02 (d, J=
0.8 Hz, 1H), 5.01 (d, 1H, D20 exchamngeghtB)ic 4.88 (dd, J = 6.0, 4.7
Hz, 1H, D20 exchangeable), 4.78 (s, 1H D20 exchangeable), 4.10 (s,
3H), 3.88-3.83 (m 111), 3.81-3.72 (m 2H), “§y64-3.57 (m 1H), 0.90
(s, 3H; 3R (KBr): 3399.7, 2926.2, 1623.4, 15b2.7, 1486.2, 1444.1,
1371.7, 1321.0, 1226.8, 1184.9, 1154.3, . 2N 1076. 1, 1045. 8,

925.4, 870.1, 20 835.2, 796.6, 698y 591.1 cm1; MS (ES+)
297.44 (Mtl); Anal. Calcd for C131-11 H20: C, 51.91; H,

5.52; N, 9.31. Found: C, 52.09; H, 56 g, 9. 09. Exanple B-14 25 HO
H6 oil 35

4- [ (N-1- Hydr. X - é‘. osyl)-fur
op, 2- di pyr Ifﬂﬁgﬁﬁgﬂhﬁﬂﬁm%ﬁf@.}mﬁﬂﬂ\g 21(5)8 gﬁ%%ﬂg@ﬁ %J%ﬁﬂ% 072
Step 1. To dS¢hemeRd).sol uti on of conpound from Exanple B-12 (0.2 g,
0.35 mmol) in ethanol (10 nL) and chloroform (5 nL) was added

N- hydr oxyet drazine (0.079 g, 1.05 nunol) at roomtenperature and
stirred ﬁ@.ﬁ“ﬁfmd sdwipant catpovgd fios E:aa@ld B2 (0. Xt #0619 thikl6l) was

id 1 d th chl f

(3 x Eezgaﬁﬂqh‘i#‘?@’ 8fich B0 S ased B e Oy D 8 bt e e e
(10 ) and(;mhmsgdecﬁ &f@ﬁ@ﬁf}cénpé{fatﬁé fdrillgth: arfﬂeﬂfbncéﬂilﬁtlﬁg the ﬁ‘]ﬁbﬁoﬂl’\ﬁﬁmn’e the
concentrated_and .the ue ied an silica gel  colum usin
met hanol i n Chioror Pﬂﬁ?‘% I&%C@%m gt:)ﬂ 2L P91BS efay af@St%ﬁﬁd{‘@‘?nff%uxﬂlFe °
desired prodselentidafforbIifs HENEBEHIE debirdd pe&ius, 1H), 8.13 (s, 111),
7.39-7. 2 111 2H, D20 h bl
a7 (1 B NRoM Al &@hﬁ%ééﬁﬁ%ﬂm& 553 @ 16H, 6B, 1,
4,20-4.11 24l v

(m72 §2) m %}ﬁ& 1(9t4 1}]? , 85, ﬁsg {'4 10.3; 2@%@@%0%6%9(/& T

Hz, 111), 3.72-
Step 2: To d%ﬁ?ﬁéd %b?é@ﬂtﬁnﬁfé}’1@8&%6%@@@3%3%%&(%(115&02#@ 0. 29

mml) in 15 e

boron tri chlag??%}\lﬁﬂ g?%%%ﬁ%ﬁa&e&% %@é‘ri@%ﬂgé él ? 2. 42’8H’C
and stirred®3GiNnét7.at this tenperature for 1.5 h. After the
tenperabyre becane 0 C, it was quenched by adding chloroform (2 niL)
and nethanol (3 nL). To the m xture was added aqueous saturated

ammoni a (5 Btan)2: And svspensim of tl 0YorRdeC {20rmE)Gn miethaad] (3 mmgemaiedi aksllion

o) trent oo m USROS €0 Rt 3ol Bntatloped oy an Ho,

The resul t afit mEyus pems). b'?he mﬁuremshyﬂm@hﬁiﬁdh@?&ifsyms% a0 ditbRe treshaue
was purlfled 0to

Sk| 4 I cal.u usin 0 in chloroform
10%, which a"fcdp 8?%85 c%@%n% %@qg%‘qn(ﬁ‘fas g?etngﬂte D FREsSad by resiusr Wass s
solid; AP 8dis&dvdd mma(navemﬁ) and trfudfed (With dthd ¢ 2 & 4 AIHSThel lid wasl 6
(bs, 311, D20 ex?i %Eﬁl %)
Separate ected’ by filtration to afford 40 mg (83.4%) of desired product as a
colorless solid,
'H NMR (DMSO-ds-D;0): 8 8.57 (s, 1H), 8. 41 (s, LH), 4.99 (s, 1H), 3.84-3.60 (m,
4H), 3.45 (bs, 6H), 0.87 (s, 3H); MS (ES") 31038 (M+1); Anal. Calcd for
35 CuaHsN3Ose3 HClel.5 H;0e0.15 Et,O: C, 38.38; H, 5.84; N, 9.19. Found: C, 38.29;
H, 5.50; N, 8.95.

0.
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25 4.99-4.95 (m 2H, D20 exchangeable), 4.80 (s, 111), 4.77-4.73 (m

111, D20 exchangeable), 3.92-3.86 (m 311), 3.80-3.66 (m 411),

3.63-3.55 Y"Wﬂﬁﬁ%ﬂ’lﬁlo 89 (s, 311): IR (1CBr) 3412.8, 29AB/ES200563MT5,

1577.1, 1539.9, 1487.4, 1437.0, 1352.1, 1305.8, 1072.4, 1045. 4,

830.3, 788.9, 634.6 and 588.3 cm1; M5 (ES+) 341.39 (M+l), 363.37

(M+23), (ES) 339.36 (M1); Anal. Calcd for G 4H20N40600. 25 H20: C,

48.76; H, 5.99; 30N, 16.24. Found: C, 49.01; 11,6.08; N, 15.71.

Exanpl e B-15 Th?l" N -12 50N Hci OnExample B-17

4-[ (N-1- Met hyl ) hydrazi no] - 74(2' - G- net hyl - D-ri bof ur anosyl ) - fur o[ 3, 2-

d] pyri mdine (Scheme B-3). 15 Step-1: This prepared according to

the procedure used for Exanple B-14 (StepP ~Ksing N-net hyl hydrazi ne

i nst ead of N-hydroxyet hyl hydr azi ngo—yi el NVR (DVbO-d6): 8

8.29 (s, 110, 8.12 (d, J= 0.7 Hz, 1H 25 (m 1510, 5.25 (s,

111), 5.20 (s, 211 D20 exchangeabl e)\ (s 211), 4.68-4.53 (m

411), 4.20- 204.10 (m 211), 3.74 (d‘g? é%ll *23.7, 10.7, 2.6 Hz, 211),

3.37 (s, 311), 1.19 (s, 311); M5 (ESt 36 (I\/H) 603. 31 (I\/Hr23)

St ep 2:  Thi si-eshyhareina+7eH(ZAT-aietiyMp-£iBofiF i obyt Ie
2 (St epDﬁ% usi ng product frorﬁngt ep 1; n%m;gg’g @B?ﬂﬂmfgégs';ﬁ

111 NMVR. ( 8)d6) 8 8.25 (d, J-056Hz 1H), 8.16 (s, 111), 523

(s, 2H, D20 exchangeable), 5.06 (dd J=6.7, 4.7 Hz, 111, D20
exchang%gsb e%]és 4. 96 g d]— 7.5 , 2H, D20 exchangeabl e), 4.80 (s,
111) BeRC ec@rqlﬁg o 1thy procegpre3nged fon Bme B164u8nb6
(in, 111), 3né5171a(z§m istlead OF BBchi51 o 821.1, 2926.6,
1663.4, 1615 1 VHeine itlead OF diichegtamt ol Boop itk gt 5 13m0 o

1306. 4, 1109TNMROMBO-dB@ 8.8% (s, 6H),I576(8, IEB58.89 (d,8B8. 1,0 #R0Bankeafi3f. 5

o559, o e V8 5503 Bt i 20 o5

17. 79. Foun@xchangeqdloy 8961, 161),4877 (b, 1EL 0,0 xchaable), 3.92 (dd, J = 8.4, 6.9 Hz,
2006/ 050461 RG] |1 5eP0 0P Q34! 2 65 MRS 155, 595 (4, v = 4.5 1z, 31), 0.8 (s, 3H); MS

(BS) 296.51 (M+1), 318.45 (M+23), (BS) 294.47 (M-1).

Example B-18
25 NHCH,CH,NH,
HOH,C, 0O > N/)
M CHS
HG OH
4-Aminoethylamino-7—ﬁ-(2'-C-methyl—D-ribofuranosyl)—furo[3,2-d]pyrimidine
35 (Scheme B-3).

Step 1: A solution of compound from Example B-12 (212 mg, 0.37 mmol) in ethanol
(15 mL) and chloroform (15 mL) was treated with ethane-1,2-diamine (0.5 mL, 7.4
mmol) followed by stirring at room temperature for 16 h. Additional ethane-1,2-
40  diamine (0.25 mL, 3.7 mmol) was added and stirring was continued for 6 h. The

reaction mixture was concentrated and purified on a silica gel colummn using
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5 HO* CHBHOO—I

4- Di met hyl am no- 7- 13- (2' - G- et hyl - D-ri bef uranosyl) -furo rimd
i ne (Schen®OBY004E Step 1: To a stirred sol ution of CJ&?‘J{J&?P]GB¥

Exanple B-12 (0.11 g, 0.19 ntnol) was added 40% sol uti on of

N, N-di met hyl arnine in water (5 nlL) at roomtenperature and was
stirred at sane tenperature for 18 h. After concentrating the
reaction m xture, the residue was purified on a colum of silica gel

usi ng et hyl ehlernfore/ Aa4-0dk:Arie §: ix eluens tegive | Heng (1186)afffdesivkd pO@inptps

96.3% of d t. 20111 NVR (DMBO-d6): 8 8.32 111
3(3. 14 (/?s,olllfﬁél{}?%]f%&ggc(m 1511), 5. (25 (s, 1)11) 4.72- 21852 (m)

611), 4.19- 4 HEMR{MeQH-1)); 6 8.3T8s, (HYL,8.054d,10= U.7 K2, 5[-1);|Z.4411L’50)(m,3513)?66d
(ML) 602, 46> (PRI TRt 70 B 08 (B At (s 280t 37 g el
N, 7.24. Founds (&7 7294%; 1H), 36835336(){1&1 271{)1565 gt5JSt@PH% 21?32@3 t,J=62
suspensi on o t hano rriﬁ;ﬂ

sol ution of %6#%uﬁg9 qsr#ﬁr élgk?atlf’@ b§3@ 2§ﬁ71$@5 7y 1999; WSJ')ZSW#L)

fol | owed by @IEH: I r t 70
psi for 3 h %ﬁﬂﬁ I'ter eddtf%rr oug éog.brrg IIE('?(t('uo’l 6gf6g\aclg1 Plxiei Iggrg\%%?r@qn@tc

filtrate wasttthEehdtdf.dL% o0 dryness. The residue was 30 dissolved in
met hanol (2 nL) and triturated with ether ( 2 x 3 nL). The solid was
separated and collected by filtration to afford 40 ng (83.4% of
desired pProdStep 204 salutioh of pedsctsipim Step 1110120, ORNEGNAD -DARhtordndBhand

iy Gl b s s e O
35C14Ht 91\ 13@8Borbkadthare, 2.5300) dlowbdE) stiming3R -AB:C For 25 &b atNs & 422 1
Found: C, 38.29; H, 5.50; N, 8.95. WD 2006/ 050161PCT/ US2005/ 039072
Exanpl e 8- 17TbrfNeactlon mixture was treated with CH,Cl;:MeOH (1:1, 2.2 mL) and stirred at -15
°C for 0.5 h. It was then neutralized with conc. NHLOH at 0 °C and stirred at room
15  temperature for 15 min followed by concentration under vacuum, The residue was
treated with MeOH (12 mL) and 20% HCl in MeOH (15 mL) and stirred at room
temperature for 1 h followed by concentration. The residue was purified on a silica gel
column using CMA-80:CMA-50 (1:0 to 1:1) as eluent to give 62 mg (96%) of desired
product as a yellow solid.
20 'HNMR (MeOH-d): § 8.39 (s, 1H), 8.09 (d, /= 0.9 Hz, iH), 5.12 (d, J= 0.9 Hz, 1H),
4.04-3.78 (m, 4H), 3.91 (t, /= 5.8 Hz, 2H), 3.28 (t, /= 5.8 Hz, 2H), 1.02 (s, 3H); IR
(KBr, cm™) 3367, 1642, 1507, 1410, 1075; MS (ES") 325.46 (M),
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4- Met hyl am no- 74- (21- G- net hyl - D-ri bef uranosyl ) - furop, 2-dl pyri m di 11e
(Schene B-3). 15 This was prepared according to the procedure_used
for Exanpl w0g0@@301G8i ng net hyl am ne i nstead of di nmet hylraryusegospsmerxl
63%in two steps. 111 NVR (DMb0O-d6): 5 8.30 (s, 111), 8.16(s, 1H)
7.84 (d, 1H, D20 exchangeable), 5.07 (dd, J = 6.5, 4.5 Hz, 1H, D20
exchangeable), 4.97 (d, J = 6.5 Hz, 1H D20 exchangeable), 4.96 (s,
1H), 4.77 (s, 1H, D20 exchangeable), 3.92 (dd, J= 8.4, 6.9 Hz,
20111), 3.80-3.72 (m 2H), 3.64-3. S56xdniple B, 2.95 (d, J= 4.5 Hz,
311), 0.89 (s, 3H); Ms (ES') 296.51 (M+l), 318.45 (M+23), (ES-)
294.47 (M 1). Exanple 8-18 25 HOH2S70 . CH3
4- Am noetfiyl arai no- 7- 13- (2LC-nmet hyl - D-ri
dine 35 (Schenme 11-3). Step 1: A sol uti
11-12 (212 ng, 0.37 mmol) in et hB@&EC, (@
was treated with ethane-1, 2-diam ne (9.
stirring at roomtenperature for 16135 A

osyl)-furoP, 2-dl pyrim
gonpound from Exanpl e
“and chl oroform (15 ni)
n., 7.4 mmol) followed by
6%%ional et hane- 1, 2-

f

4—Hydrazino-7-ﬁ-(2’-C—methyl—D-ribofuranosyl)-furo[3,2-d]py1fimidine (Scheme
B-3).

15  Step 1: A solution of compound from Example B-12 (219 mg, 0.38 mmol) in ethanol
(15 mL) and chloroform (15 mL) was treated with hydrazine (98%, 0.05 mL, 1.56
mmol) followed by stirring at room temperature for 16 h. Additional hydrazine (0.10
mL, 3.12 mmol) was added and stirring was continued for 23 h. The reaction mixture
was concentrated and purified on a silica gel column using chloroform/CMA-80 (1:0 to

20 2:1)as eluent to give 129 mg (60%) of desired product as an off-white solid.

'H NMR (MeOH-d,): & 8.37 (s, 1H), 8.07 (d, J= 0.9 Hz, 1H), 7.45-7.20 (m, 15H), 5.39

(d, 7=0.9 Hz, 1H), 4.81 (s, 2H), 4.70-4.54 (m, 4H), 4.34-4.27 (m, 1H), 4.17 (d, J=7.9

Hz, 1H), 3.90-3.71 (m, 2H), 1.21 (s, 3H); IR (neat, cm™) 3316, 3030, 2895, 1624,1453,

1088; MS (ES") 567.44 (M+H)"; Anal. Caled for C33HzNsOs: C, 69.95; 1, 6.05; N,
25 9.89. Found: C, 69.86; H, 6.02; N, 9.69.

Step 2: A solution of compound from Step 1 (98 mg, 0.17 mmol) in dichloromethane
(3.1 mL) was cooled to -78 °C and treated with BCl3 (1M in dichloromethane, 1.7 mL)
dropwise followed by further stirring at -78 °C for 2 h and at -25 °C for 2 h. The
30 reaction mixture was treated with CH,ClyMeOH (1:1, 1.9 mL) and stirred at ~15 °C for
0.5 h. It was then neuiralized with conc. NH,OH at 0 °C and stirred at room
temperature for 15 min followed by concentration under vacuum. The residue was
treated with MeOH (10 mL}) and 20% HCI in MeOH (12.5 mL) and stirred at room
temperature for 1 h followed by concentration. The residue was purified on a silica gel
35 column using chloroform/CMA-80 (1:0 to 0:1) as eluent to give 32 mg (64%) of

desired product as a light brown solid.
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40 diamne (0.25 nL, 3.7 mmol) was added and stirring was conti nued
for 6 h. The reaction m xture was concentrated and purified on a
silica gelWoaPemougsi ng chl orof onn/ CVA-80 (1: 0 to 0: 1)PCIFIS200588072 O
give 157 mg (719% of desired product as a light yellow oil. 111 NWR
(MeOH-d4): 5 831 (s, 111), 8.05 (d, J= 0.7 Hz, 111), 7.44-7.20 (m
1511), 5.37 (d, J=0.7 Hz, 111), 4.79 (s, 211), 4.64 (s, 211),
4.64-4.50 (m 2H), 434426(m 111) 54.15 (d, J= 7.9 Hz, 111),

3.88-3.60 ( nj BMR) (MEBZ,X 8 8.04%, BHE, 7H0.(s, 21112)4942(3 3%3;54%24%0'\/%

2H), 1.19 (s (ne cml) : 3363

(ES) 595. 46 C&ﬁ?ﬂ%& orm s P, ?%% t@%@é’ﬂm%dﬁ%*)@m? E+%b. 63: H,
6.51; N, 9.28. Found: C, 69.59; H 6.46; N 9.22. 10 Step 2: A
solution of product fromStep 1 (120 ng, 0.20 mMmol) in

di chl oronsgt hane (3.7 nL) was cool edExagple/B2€ and treated with BC13
dropwi se (1M in dichloronethane, 2.0 nm) fol¥mwed by stirring at -78
Cfor 2 h and at -25 Cfor 2 h. The reachlo mxture was treated with
CH2C12: Me011 (21:1, 2.2 m.) and stirred |15 NC for 0.5 h. It was
then neutralized with conc. NRI OHST “tirred at room 15
tenperature for 15 min followed by concéntration under vacuum The

residue was treated with MeOH (12 rrL) an CIZQ% HC1L in MeOH (15 nli) and

stirred at b entration. The
resi'due was (guh\t‘] g:g‘?é%hg&?ﬁ[gaad}%f 6‘fu Eﬁy%?%%yﬂwrefma% (1: 0
to 1:1) las e¢Duwthanob(Sghemse By (96% of desired product as a yellow

solid. 20 111 NMR (MeOH-4): 8 8.39 (s, 111), 8.09 (d, J= 09 Hz, 111),
5.12 (d, J= 0.9 Hz, 111), 4.04-3.78 (m 411), 3.91 (t, J= 5.8 Hz,

211), 3.28 @tep VT o5 Silition o tdppouhd Q‘Z\n'(Exan%llflAﬁ ds% K g, (pfglg)mlﬁél%

1642, 1507, 325, 4
2006/ 050161% %’s"fdﬁé)/ U%%%?ég %‘?’rﬁ?’%’bﬁ di‘geﬂmmnp}@t@nﬂﬁ%commmﬂe

HO 611 and heated at 60 °C for 6 h. After evaporatin t of
4- Hydr aal no-7-13-(2' - G-net hyl - D-ri bol upr ano'c’r 111 S41‘.;1)r 0 3505’63* undrﬂlr rrne’d Ffr’lde
( Scheme B- 3ypressure, the residue was suspended in water (500 mL) ‘and extracted w1th EtO (3 x

350 mL). Combined organic extracts were washed with water (2 x 250 mL), dried over

MgSQ;, filtered and the filirate was concentrated to give 72 g of desired product,
dimpthyl-[2~(3-methyl-S—trityloxymethyl-z,5—dihydro—ﬁxran—Z-yl)-pmpenyl]-amine,
which was used as such for the next step.
25
Step 2: To a solution of compound from Step 1 (70 g crude) in CHCI; (1200 mL), was
added water (750 mL) followed by trifluoroacetic acid (17 mL). The reaction mixture
was stirred at room temperature for 17 h and the organic layer was separated. The
aqueous layer was further extracted with CHCl, (200 mL) and the combined organic
30 layers were washed with water (500 mL), sat. NaHCOs (200 mL), and dried over
MgSO;. After filtration, the filtrate was concentrated to give 48 g of the corresponding

enol. This was used as such in the next step.
Step 3: To a stirring suspension of the compound obtained from Step 2 (47 g crude),

35 DMF (1000 mL), KF (12.8 g, 0.22 mol) and 18-crown-6 (23 g, 0.088 mol) was added
chloroacetonitrile (25 g, 0.333 mol) and the reaction mixture was stirred for 24 h at
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15 Step 1: A solution of conpound from Exanple 8-12 (219 ny, 0.38
mmol ) in ethanol (15 nlL) and chloroform (15 nL) was treated with
hydr azi ne V980864080165 i, 1.56 mmol) fol | owed by stirri RETAIS20058#072
tenperature for 16 h. Additional hydrazine (0.10 nL, 3.12 nunol) was
added and stirring was continued for 23 h. The reaction m xture was
concentrated and purified on a silica gel columm using

chloroforro/ CVA-80 (1:0 to 20 2:1) as eluent to give 129 ng (60% of
desi red prod{fOP HRPHAMEF FALigh ramoving ekt of FdwRlvetNmdet rliuced plesfife, (vauter

111), 8.07 w19 R 45: 7,20 (11 1f f 39 (d, . J0.9
He, : 111), 4?%20(? o gz‘%f?;a df?%‘%?é‘}fﬁ?‘ﬂ% W%ﬁ%“,%i&gﬂ{hﬁ%?% r’f’)”ﬁPH}ﬂ:)- g7
(d, J7.9 Hz,comyynedprgpgicsxpncts mereihshedlwith wasr (BkRS0 i) (didtoverCMz S0,
3316, 3030, : 8: E 567.44 (MrH) +; Anal .

Cal o for. oA aNDs: to el el Whend Rl e Sidiced it on eootonie;
H 6.02; lf;\l, Yiggel @66 Qsirrl]gb\l@mlﬁl?!j)% Em)mﬁnalemeyfl@c%xfermg %%&iﬂltm(é%eﬁg,
0.17 nmo i i . an . was cooled to - an

treat ed vvithd}ﬁgflfgsg{ni é%%%‘ﬁfﬁ%ﬁ{ﬂﬁ ne, 1.7 nL) dropw se foll owed
by further SMB{ESHEg8a2l @8N.for 2 h and at -25 C for 2 h. The 30

reaction m xture was treated wth CH2C12/MeOH (1:1, 1.9 inL) and
stirred at -15 Cfor 0.5 h. It was then neutralized with conc. NH40H

at 0 C and Stéy4:a% adold sz;quﬂohg@@t:%ﬂh@cén%uﬁcﬁomiﬂec{ ﬁ&&%ﬁ&%&%ﬁ}{pﬁs%)

concent rﬁti on under _vacuum The residue was treated wt
and 20% Yic1 T KsaddedibDA (R in FHEF, 66 mlp) atisush amato bt dreredcaibuitempbatrd N

fol | oned by [ Ihe i due was purified on a silica gel
2! oned oY sEacpt el LAt T0oct 85I UBaH Bl LELSE e oG Lhe CBofS,
8061 030101 ACH SR aN RIO0TZ  HhD. CNEOTs e o g Goon (amperaurs
(s, 1H), 4. g‘ﬁ g@gg%%?g 8’%.58]2’9% E‘E "'(’ﬁiﬁs“%‘ﬁf)l? ' ?é?ﬂ(a'sf;ﬂi@(lﬂ% Polmzl’((l@ g)
om ﬁ)z ; 3316iusi292cr,t016®4, BTN ;in MxhifeB) as 2Biéntd Frvidtitdrt - s2E%a0P! 81820
-V .
02S, SR) - (5- fﬁ‘%’ﬂﬁ%"ﬁ%@l&iﬁ Ssrenegss\ o iPHiey; the orpmound 2pd ogive 3.08 sl Hid pHIur a
e om Exanpl e A7 L Step T (Be o gy 2, eI Py oD
rom anpl e - £ e 2 0, . mol In Wwas
added tert- B%}?%‘}%‘gi{% » &Y 5?"’;@? WP 18§ Gl iTehé I 3039 Bt QA it hexamed))  and
?ggh ggdat 60 NNIRI(DAID-aff 785 (SMBNT. 2. 19 P B4m)°5 sk1%s3Q) YEH!ts fnger
1H), 2.96 (m, 2H), 1.62 (s, 3H). ); IR (KBr):3357, 2864, 2203, 1635,1444, 1071, 704
20 om’; MS (BS") 485.34 (M+Na); Anal. Caled for CsoHzeN;Os: C, 77.90; H, 5.66; N,
6.05. Found: C, 77.59; H, 5.75; N, 5.85.

Further elution provided 217 g (11%) of 3-amino-4-((2R)-3-methyl-5-
. (trityloxymethyl)-2,5-dihydrofuran-2-yl)furan-2-carbonitrile as a white solid, mp 138-
25 144 °C (R¢=0.48 in 30% EtOAc in hexanes).
"H NMR (DMSO-dg): 7.20-7.40 (m, .16H), 5.87 (br, 2I1), 5.65 (m, 1H), 5.53 (m, 1H),
4.86 (m, 1H), 3.06 (dd, J= 9.6 and 6.7 Hz, 1H), 2.9 (dd, /= 9.6 and 3.0 Hz, 1H) 1.66
(s, 3H); IR (KBr):3361, 2868, 2201, 1637,1444, 1085, 700 cm™; MS (BS") 485.28
(M+Na); Anal. Caled for C3gHz6N20s: C, 77.90; H, 5.66; N, 6.05. Found: C, 77.72; H,
30 5.75;N, 5.93.
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20 pressure, the residue was suspended in water (500 niL) and
extracted with Et20 (3 x 350 nL). Conbined organic extracts were
washed wi twowateasoig? x 250 nl), dried over My504, filt exavsasdosdor
filtrate was concentrated to give 72 g of desired product,

di met hy142- (3-net hyl-5-trityl oxynet hyl - 2, 5-di hydro-furan-2-yl)-propen
yl kam ne, which was used as such for the next step. 25 Step 2: To a
sol ution of conpound fromStep 1 (70 g crude) in CHCI 3 (1200 nit),

was added waSiep §750 midtref of | @wpduky ﬁdmftmprmaqeémﬁoaq( %@Hﬁtﬁ}lls_
The reactlon ture gﬁg e‘{if" at rgomtenperature for 1

organi c | ayef™ §y1§‘8 ¢ yd%?fﬂ”ﬁ&oﬂf’&@“‘@%"%% # 3Pt Bep 13 xmelomdd
wi th CHCL3 (20Qamidineabdatt (@5 gosmionasonk B0nt,

with water (]%308;{11, ) saz':t i NaFcos 2089 ng)EfUIg%d dr%ﬁg%séeéﬁ%ﬁ}gﬁg’gﬁg%

After filtra “‘%‘%f‘ﬂnﬁlﬁlfﬂé@%a Cotcenth-3t smnollowes eddedging whtitied
cor r esporgi Ngea@ROkor ke 4085 Més%%fftﬁe Shedhe s %ﬁ@g&?r | &?gmo;m?zyaé

To a stirring suspension of the conpound obtai
crude), 35 DOigided amioihe miyture pEs egtraeta with BI2R (God 15 mb)l The-combingd brebAia

g, 0.088 ol dyuas wRHIHED WRkhAREE! ”%%gtxﬁﬁv\gééd Her W5, T Andnd hhe

reaction mxture was stirred for 2
2006/ 050161 FdirateSpE 357 Ga007R and the readnpewast puridied A taegilicacgad coRgnn@s tg) of

t he sol vent r r (1 ed an
the mxture Wi on B0 FRAMTH G0 ot e A at PR o >
|C\)/E; % gz ic Té}ét ;(aFVbXMIM&;«lwdmfmfmﬁ@ﬂ)ﬂm[@ a@pﬁﬁfﬁdgm aI(Ijlﬁlfz ﬁed wWaiHe golld
an | e fi centrated an e residue
was purlflecfn%!-l F‘%Ictfﬂﬁ 8f617 ﬁf%s% &(Ig g) using 10 to 40%
Et 0Ac in heX#RMR (DMBOI,R ktm Bﬂ?SW@?t(Brﬁ% $t181©83)7(9{ 1@&2V§W§ngfﬂ

cyanonet hyl

sol ution 7%61425’ lg!b h‘fefr’)l@(@o Gﬁ’@ (Bbtlﬁi)néﬁs fmoHgt. @8(833H91 H?I-FKHTBWS:LO
m) was addel@ctb%aéZMzﬂ & THS &‘53%)23? aﬁ%ﬁgf AnhR 1cdh§¥ ggh 2§hen

t enper at ure never exceeded above - 70 anot
at -78 G35 t HEO: Eadt- ST AL Fi6kt Ny S nFourgu Enthedd HB 5B; Nt 25, (50 nl) and
allowed to attain roomtenperature. After renoving the solvent, the
residue was purified on a silica gel colum (450 g) using 0 to 20%
Et OAc i n hex¥gpss Tag selutiemef. cofipoumnioken Step 63’86(2&p3-ﬁﬂtliyﬁﬂ-(&ﬁyloxymethy g
2

((:ggoo/gnat ?ggaﬁrﬁld%c{lgﬁﬁ%-ezqﬁ%u%o% ! '?ﬁply];:l}{u&llq G-atmng (gbl mg, & 892 III\l/ 310:33@116

gm no- 34( 2S)4 Bllhmal hydied 4I\Ttaquetoyi|; Hﬁ:y(mlzhyrhl)) ﬁr&nﬁfbﬁ%&%@f&T%&gﬁgfp\ ur an-
- carbopi tr] i.te soli in t OAC in
hexanes %Ia %ﬁ}ﬁf (V%\/é%r\g%t Ioofn f”?mri%f 96 ’7’“2%‘ Fhepuxtyrg way S‘TOEWated

5.56-5. 68 ( medistdlidd inMETH (mlmneauaﬁe& With 83N NadHOPhd Sludhidvas ) ;. | R

KBr): 3357, 2864, 2203, 1444, 1071, 704 20 cm 1. NS 485, 34
EMH\I?’;I) Anaf™ %%ﬂ%l&s%b"ragémi g to O%ﬁl\@qﬁ)ﬂmc%cb@gmél%l)ngsﬂ%)

Found: C, 73f5&ued-targét, ?@s 5Rb-5-'§4 %moﬁlrﬁglﬁtdjﬁhnﬁhﬁlw An4nhahged 2. 17 g

(119 of 3@{&{ nmet hyl -

(trityloxy 5‘1 r@ yamﬁt}‘@%%%?@ifﬁkzmlyl)furan 2-carbonitrile as a

whi te sobi d/rmi $8Msha.f 4% 6%, (1R, 509 (A 8u), B.738%oRE0 1), 151 easiae i,
4.90-4.96 (m, 1H), 3.87 (dd, J = 12.4 and 2.0 Hz, 1H), 3.70 (dd, J = 12.4 and 2.8 Hz,
1H) and 1.58 (s, 3H); MS (ES*) 248.45 (M+H).

he
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11-1 NWR (DMSO-d6): 7.20-7.40 (m 16H), 5.87 (br, 211), 5.65 (m 1H),
5.53 (m 111), 4.86 (m 111), 3.06 (dd, J= 9.6 and 6.7 Hz, 1H), 2.9
(dd, J= 9.WO2A¥030161 1z 1H) 1.66 (s, 311); |R (KBr): 33@CT/URRHB/039701
1637, 1444, 1085, 700 cm1l; MS (ES) 485.28 (M+Na); Anal. Calcd for
C301126N203: C, 77.90; H, 5.66; N, 6.05. Found: C, 77.72; H, 305.75;
N, 5.93. WO 2006/ 050161PCT/ US2005/ 039072 Step 5: A m xture of
conpound from Step 4, 3-am no-44(2R)- 3-net hyl-5-

(trityl oxymethyl) -2, 5-di hydr of ur an-Exapiplé Bs#dn- 2- carbonitrile (1.45 g,
3.13 nol) and formam di ne acetate (6.5 g, 62.69 mMmmol) in EtOH (25 nl)
was heated at reflux for 24 h. Additional fibrmamni dine acetate (3.25
g, 31.34 hunol) was added and conti nued© ffzing for further 40 h.
Most of the solvent was evapor at wafer |(yQO m.) was added and the
m xture was extracted with EtOAc . NFae conbi ned organic
extracts were washed with water (2 X &15) dried over MgSHM and
filtered. The filtrate was concenthgteEHa d the residue was purified
on a silica gel colum (40 g) using 0 0 10% Et 0OAc i n hexanes as

el uent to giMAnkn®R7H-C78%etaf1-F43Bmans®hHle -dh%rn' idi i
(trityl oxyrres(gwe{?z -}%%5(?& hydrgf uran-2-yl f)urlg)o[[g’,zz- ] p‘ﬁ‘/‘rdf“rh"‘@f”%-"ﬂ‘fam ne
as a white <offepel)-128-132 C (Rf= 0.67 in 10% MeOH in CHC13). 1H
NVR (DVbO-d6): 8.06 (s, 111), 7.97 (s, 111), 7.16-7.37 (m 1711),
5.77 (m, 11), 5.64(s, 111), 4.96 (m 114), 3.30 (m Ill), 2.98 (m
111), 1. 66 ( Stepgyyythrongh ¢ wysfe) cagslgput thg 48me WARBSS inZdmphe Bl sMBirEHR) A-5
512. 32 ( MtNapsieap@lh.2 Cal cd for C311122143030.5 15H20: C, 74.67; H,
5.66; N, 8.42. Found: 1C, 74.53; H 5.53; N, 8.25. Step 6: To a

sol ution of Stenpbpiedert! FoNMBt @ME0-ds): 5 7.50 (d, J = 0.8 Hz, 1H), 7.39-7.25 (m, 15H),

74(2R) - 3-ne ENSRSY |, )5

2, (5 di) hydr oh%%@gg@i %?%ﬁgﬁﬁg&%ﬁ? ﬁ”n?]iﬂ’ 384 e 3@:03%(‘1 d. o83z

{Tm)l ) in di dXan®b73-4.6Wih, Mk lé?d_CIE?PF},N-Bﬂ(t?@ltal_ﬁ Hﬂ@gB&{B%@,&@) 26, I?B,m
enper at,ur e. e f,eacti.o s stirred at roomtenperature

for 50 20 a{ﬁzﬂthf’rgsmﬁ%lﬂﬁé\g?vag%viég%gﬁé&, 11 1926 g M @SOHS (231

inL) and ne@ital); z2adl Waldd 6 54N, NERHT, 7ihe; $068bI QN W8 Sond! ¢t 199, B2

silica gel %glpglg{uzbugl ng O to 10% of MeOH in CHC13 to give 12 ngy {23%

of de dt o

((15, EIR; -65-(4- am nof uro[ 3, 2-dj pyri m di n-7-y1)-4-net hyl - 2, 5-

di hydr of urarg— 2- é)met anol as a thick oil. 251H NMR (DMb0O-d6): 8.16

(s, 111), 8.—53—5%/ ?afdjl?OTS‘?fHQ@PW@OI{I FeP #1QP &, b4aumal) B ytidine (M)mL) was

4.90-4. 98 (Added}d ogl )= , =
1500 and 2 g il (99mL)T kol et OB Waicd e 6 Kt 1
2006/ 050161 BeFPerobosHd35twb 2 thispmedoura2(0.58 g, 2.8 mmol) and the reaction

mixture was stirred at room temperature overnight. Solvent was removed under

vacuum and the residue was triturated with ethyl acetate (100 mL) and filtered through

a pad of Celite® to remove insoluble impurities. The filtrate was concentrated under
30 vacuum and the residue obtained was purified by column chromato graphy (silica gel

40 g, eluting with 0-75% ethyl acetate in hexanes) to furnish 0.44 g (10%) of desired

product as yellow oil.

'HNMR (DMSO-dg): 8 11.20 (s, 1H), 9.82 (s, 1H), 7.78 (d, J= 0.9 Hz, 1H), 7.35-7.22

(m, 15H), 5.25 (s, 1H), 4.60-4.35 (m, 7H), 4.22-4.11 (m, 2H), 3.79 (d, J=4.5 Hz, 1H),
35 3.64 (m, 2H), 3.60 (s, 3H), 3.49 (s, 3H), 1.20 (t, 3H), 1.07 (s, 3H); IR (KBr) 3439,

3285, 3152, 2951, 2363, 1810, 1734, 1629, 1449, 1409, 1271, 1225, 1184, 1111, 1067,
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0 5 HOAI N NH2 zCH3 HO' OH o

2- Amine-7-13-(2' -C-methyl - D-ri befuranosyl ) -furo[ 3, 2- Apyri m d(313) - one
(Schene B-Wp.200@s86eps 1 through 4 were carried out theCIarR0ANF02S
in Exanple B-1 starting fromA-5 instead. of A-2. Step 4 product: 111
NWVR (DV60-d6): 5 7.50 (d, J=.0.8 Hz, 111), 7.39-7.25 (m 1511), 5.29
(bs, 211), 4.88 (1, 111), 4.64-4.53 (in, GH, 4.30-4.15 (m 311),
3.92 (d, J =5 Hz, 111) 3.73-3.67 (m 211), 1.24 (t, 311), 1.15 (s,

311); | R ( KBYY, 895an ;339 858 28042 (VEQT, A Cefilidor @QIQ%N&a An%c?&? ol od

ES) 572. 31 (M
%grSSC?:élll?-)lggl\IO H%ﬂzﬁg 51%%8“’%{20%042&%) 94 C, 71.15 H, 6. 50;

N, 2.26. Step5 To a solution of product from Step 4 (0.8 g, 1.4

di 14 nl) was 25 added triethylamne (0.98 nm, 7
oDy o oYt B o S S abosict Gog Sisp § (hrabise el i methanol (6 L)

di car bomeg howts a8 bhiin ndhARSUIAR YRR ( ABdho) 2 HITRY La B A0S
S

reaction mxture was stirred F'oom t enper ature Gvermi g
was renoved raﬂwewma@moam@hem@s%ae afldisional | godiuat edaﬂmidb @éttmylm

acetate (10qn5ﬁignoﬁrtﬂ12f6'rhﬁ)e\?r§s|da&dgﬁ 0048 ﬁt?lgel | teﬁ é@g@

I nsol ubl e |npur|t|es trate was conce
and the resigksial @betisi W(W@smﬁuﬁﬁfmmdl)tmd ccoﬁaamt&hﬁﬁ&atvmﬁﬂ]ptbydryness

% t exa
Forni on o ad R oSl Sl A dnfid B ShiY e B ey (o1 i g
( DVBO- d6)0 Bmﬂrlo -20%( GMALA0 Jn, clBorB@rrh)to fhifdsh, 0.70478 (4094 ﬁzg:ze‘a 1ucﬂ-%
AT N X CRTINN o A
311), 1.fRGnEky)-3A SudiBd-bhe, a8 Relld6Bei), 3439, 3285, 3152,
(23231, 2%%63, 1815)2,@)173?9[1%2281,@?429, 14?)5, %271,1 1225, 1184, 1111,

1067,
Step 7: To the product from Step 6 (0.3 g, 0.49 mmol) in methanol (2.5 mL) was added

15 INNaOH (2.5 mL, 2.5 mmol) and heated at 50 °C for 3 h. Additional IN NaOH (2.5
mL, 2.5 mmol) was added and continued heating at 50 °C for 3 h. The reaction mixture
was cooled 10 room temperature and pH adjusted to 6 using glacial acetic acid (0.3
mL). The reaction mixture was concentrated under vacuum to remove methanol and
the yellow solid obtained was collected by filtration, washed with water and hexane to
20 furnish 0.25 g (90%) of desired product as a yellow solid; mp 80-84 °C.
"H NMR (DMSO-dp): 8 11.11 (bs, 1H), 7.89 (s, 1H), 7.38-7.25 (m, 15H), 6.38 (bs,
2H), 5.04 (s, 1H), 4.75-4.52 (m, 6H), 4.16-4.11 (m, 1H), 4.05 (d, J=7.5 Hz, 111), 3.80-
3.67 (m, 2H), 1.22 (s, 3H); IR (KBr) 3324, 3144, 3030, 2897, 2869, 1696, 1643, 1532,
1496, 1453, 1364, 1317, 1099, 1026, cm™; MS (ES*) 568.38 (MH1), (ES): 566.22 (M-
25 1); Anal. Caled for Csy3HasN30400.5 H;O: C, 68.72; H, 5.95; N, 7.29. Found: C, 68. 94;
H, 5.75; N, 7.21.

Step 8: A mixture of compound from Step 7 (0.2 g, 0.35 mmol) in ethanol (5 mL)
containing Pd-C (10%, 40 mg) and 1N HCI (1.75 mL) was hydrogenated at 70 psi for
30 12 h. The reaction mixture was filtered through Celite to remove catalyst and the

filtrate was concentrated under vacuum to dryness. The residue was purified by column
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WO 2006/ 050161PCT/ 1JS2005/ 039072 737, 698 cm|; M5 (ES+) 730.42
(Mtl); Anal. Caled for C391143N301100.5 1120: d, 63.39; H, 6.01; N,
5.69. Foun®oO:2@6/06®604; H, 5.94; N, 5.97. Step 6: To a FEITULS2@/ 08072
product fromStep 5 (0.4 g, 0.55 mmol) in nethanol (6 nm.) 5 was added
sodi um et hoxi de (5.4M solution in nmethanol, 0.126 nL) and stirred at
room tenperature overnight. After 24 h, additional sodi um nethoxide
(5.4Min methanol, 0.126 nL) was added and stirred for 6 h. The

reaction wasclyomsaiopephy/silioa gélalcd, alutiag &ith ©-25% i@t Bltoroform)
and concentragggﬁﬁé}ﬁ ﬁ%ﬁg m t o dryness.  The resi due obtai ne
purified by ¢ PEAENS Pré?ﬂwaf%ﬂ?ff@@t@@ id10g, eluting 10 W|th
0- 25% CMA- solfmmmmgs)ﬁb 11218, S D8 308hneab RS 9.0Pla, 98505 58, 1),

duct
Pnre? hg%yg ar Poﬁé? Q:r;. #3-52Q quhamﬁ;sb]@eﬁiﬁﬂc&y(nﬁQHeﬁhQ Iemohaﬂ@abllﬁ?,ﬂa}lr(aulw -
tetra r u r ow oil,
Step 7 To the o é%t)étﬁﬁ AR AL TR Sl L A 6 5, 30 vt
(2.5 L) waslHd88d (s 3H;N M@R(DMS)WD;@) 8 1535,)14218, mésbeﬂu% YL

f 3 h. Ad 2 | dded
Cgll:ltl nued hg*aéu?(r)\ggl%? ?bi\%g?g& éﬁ?ft??ﬁé E%gggﬂé?\gaﬁgx?%% @\ggg@oéf‘é@ﬁ to

room t enper at538 4, aa.QH32aIB,UEI7ed, 1 P18G7, UD 5, W48Qi 8k, 61039}2'(9 7§Phd67(304
The regfg?ﬁo g}f)ﬁ)ur . ncentrat ed under vaciumto re
rret hanol Fug Pso %?SﬁgéMﬂiéb (BD) 16656 -by fi | tratl on,
washed wi% h water and hexane to 20 furnish 0.25 g (90% of desired
product as a yellow solid; np 80-84 C. 1H NVR (DMb0O-d6): 8 11.11 (bs,
1H), 7.89 (s, 111), 7.38-7.25 (m BxampleR238 (bs, 2H), 5.04 (s,
111), 4.75-4.52 (m 6H), 4.16-4.11 (m 111)Nm,4.05 (d, J= 7.5 Hz, 1H),
3.80- 3.67 (m 2H), 1.22 (s, 3H); IR (Kpgr) 3324, 3144, 3030, 2897
2869, 1696, 1643, 1532, 1496, 1453, 13@&4,][13¥7, 1099, 1026, cm|; M5
(ES+) 568.38 (Mrl), (ES): 566.23 j Cal cd for
C33H33N30600.5 1120: C, 68.72; H, 53 N, 7.297 Found: C, 68.94; H,
5.75; N207.21. Step 8: A mxture of ¢ dund from Step 7 (0.2 g, 0.35
rnnol) in ethanol (5 nlL) contai ni n@OPdOE (10% 40 ng) and 1N HC1
(1.75 m) was hydrogenated at 70 psi for 30 12 h. The reaction
m xture was 2#4-1){&61!@‘&71)61{%@@11eiﬁgl—l){rﬁ)dfm-anesmwarqa,tzai]g?& mdisk (SBFeme B-
filtrate wagyconcentrated under vacuumto dryness. The residue was
purified by colum WD 2006/ 0501611"' CT/ U82005/ 039072 chr omat ogr aphy
(S|I|ca2§el 4 g, eluting with 0- 25%nethano| in chloroform to
furnish 0. 0%¢ q(I‘(é? @olu%']:m %F gcl)nrlpeoclim&) gi:?)gl xamp e]%—gloét];p %V%tSeg, 8?3|5 In?mol) in
CH5CN (5 mL) was added benzy! triethylammonium chloride (0.38 g, 1.7 mmol) and
NN dimethylaniline (0.16 mL, 1.28 mmol). After the reaction mixture was heated to

80°C, phosphorus oxychloride (0.5 mL, 5.1 mmol) was added and maintained at this

30  temperature for 1 h. The reaction mixture was concentrated, ice cold water (20 mL)
was added to it and was extracted with CHCl, (50 mL). The organic layer was
separated, washed with aqueous sodium’ bicarbonate solution (2 x 20 mL) and dried
over MgSO4, After filtration, the filtrate was concentrated and the residue was purified

on a silica gel column using 0 to 10% MeOH in CHCI; to give 0.41 g (81%) of the
35  desired product.

MS (ES’) 585.20 (M-1).
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1IHNVR. (DMVBS0-45): 5 11.02 (bs, 111, D20 exchangeable), 7.93 (d, J =
0.7 Hz, 111), 6.39 (bs, 211, D20 exchangeable), 4.96-4.82 (m 211,
1) 20 exchaw@easiosyie1 4. 81 (d, J=5 0.7 Hz, 111), 4. 77- £0300Seens/03d672
1) 20 exchangeable), 3.76-3.66 (m 311), 3.61-3.53 (m 111), 0.94 (s,
3H); 13CNVR (DMBO d6/ D20): 5 153.75, 147.28, 132.59, 121.66, 82.45,
80.57, 78.23, 74.27, 73.92, 61.22, 22.07; IR (KBr) 3381.5, 2926.8
1699. 64, 1645.5, 1533.4, 1490.0, 1373.3, 1179.2, 1118.7, 1075.0,
1040. 3, 881. Btep 82CoMpouRd fio@, StEVB(0BS gazgmgﬂw@@keluﬁmpre&suré\/{z‘esééi&m

bt aut e ehmiol st St irdonia Dot TR B vt B hented o 190 o6 s 12

(Scheme B- 5).AfBh cGipefatidn othae @1&@{ el r@éidlﬁfwz@; QBRI YefvRieh EXRAP(s6 mL)
B-21, Step 7 (0. in CH3CN m_ was added benzyl

5
tri et hyl ammoffi %ﬁ Q)’F‘Pg érh(’ Grg%lc Fyenwas ct?ﬁﬁqt‘)d Q‘ﬁ‘ﬂi NeNVEF Qe tilipted and thae
(0.16 nL,51. ﬁﬁams)oonééhﬁﬁéd t’I'h@ résﬁﬂaetv&ae ﬂlsgalﬁdﬁh%t@gs(zbgﬁ%gaﬁd 4603 c
an

phosphor us ogischl oride nmol ) was I nt al ned at
this 30 te ey e bN IiCIh(C’ r FTEL) r%&talﬂ@fﬁi 191 3¢t hee regetionc W elrekera odky

| ce col d vatiudgth ohiilsbn 8 PHIPR 18 1 bnch hr@ghe o3
(50 m,). Thlg organi ayer sgpar at edﬂﬂ?/\r/ag%ﬁ“% e Ghleﬁl% g I&F um
bi car bonat e @@pquwgﬁ apg the Iggdlm_\)vammﬁydmgch colunmn of silica gel using 0 to 50%
CMA-50 in CMA- 80 to give 81 mg (61%) of the desired target.
10 "HNMR (CD;OD) é in ppm 7.60 (s, 1H), 4.80 (s, 1H), 3.85 (m, 1H), 3.75 (m, 2H),

3.60 (m, 1H), 0.80 (s, 3H); MS (ES*) 297.50 (M+H)".

Example B-23

15 NH,
0 i
HO™ o ) N/)

S oE

Ho OH

4—Amino-7—ﬁ'-(2'-C-ethyl—D—ribofuranosyl)—furo [3,2-d]pyrimidine (Scheme B-6).

25
This compound was prepared from the product of Example A-8 according to the
procedures used for Example B-20 except at the last step of deprotection. The last step
of deprotection was achieved through catalytic hydrogenation in the presence of 10%
Pd-C in ethanol containing two equivalents of HC].

30 '"H NMR (DMSO-d,) & 8.30 (s, 1H), 8.25 (s, 1H), 7.45 (brs, 2H), 5.1 (m, J = 5.0 Hz,
1H), 5.00 (m, 1H), 4.50 (m, 1H), 4.12 (m, 3H), 8.80-3.60 (m, 3H), 3.10 (m, 1H), 1.20
(m, 2H), 0.70 (t, 7 = 7.1 Hz, 1H); MS (BS) 296.49 (M+H)": Anal. Caled for
C1aH17N;05eHCIeH,0: C, 44.68; H, 5.77; N, 12.0. Found: C, 44.78; H, 5.44; N, 11.34.
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over MgSO4. After filtration, the filtrate was concentrated and the
residue was purified on a silica gel colum using O to 10% MeOH in
CHCI 3 to gwoeo@/oslicy (81% of the 35desired product. MPGTESP0585620
(M1). WD 2006/ 050161PCT/ US2005/ 039072 Step 2: Conpound from Step 1
(0.35 g, 0.59 nmol) was taken in a pressure vessel w th nethanol
saturated with anmonia (20 rola) and the vessel was heated to 100 C
for 12 h. After evaporation of the solvent, the residue was
partitioned between CHCI 3 (50 nlL) amghnist 8L24(50 ). The organic

| ayer was collected, dried over MgSO4, filtered and the 5 filtrate
was concentrated. The residue was di ssol ved iNm,Et OH (20 nlL) and 10%
Pd-C (50 sig) and IN HQ (0.2 nl) were addgd tlg it. The reaction was
shaken under hydrogen at nosphere (70 psi)X fpr ¥8 h and filtered
through Celite. The filtrate was @oRgeRyr “and the residue was
purified on a colum of silica gel uskhg/O to 50% CVA-50 in CVA- 80
to give 81 ng (61% of the desired tariget=Cci0111 NVR (CD30D) 5 in ppm
7.60 (s, 111), 4.80 (s, 111), 3.85 (mp 13d4), 3.75 (m 211), 3.60 (m

111), 0.80 116 94. 50 ( MtH) +. I -23 15 %t Ho:
G 4" A no- 1 PR LR B b g B e (Phrmnec-o)
(Schenme 8-6). 25 This conpound was prepared fromthe product of

Exanpl e A-8 rdi to the procedures used for Example B-20 except
ot Uhe 1 ast SPED S bR of HEeBid it BRatile g Sor SllRco BB o
achi eved® hrMEH4E afla s ireatéd/elito gBIGCHEMLS), (tm.% %R/@Rﬁ%ﬁw%&g%%% 9%5{9488%% g

in ethanol containing tw eguival ents of  HC . | I
(s, 111), 8.r2%‘“?es‘?1’°£%i‘)°,°"?l?l f-@?&?acml)l}’my? Yrag glutgd- with golpgie (800111
5.00 (m 114nd whst=d vwith wakdr 400 i3, z , 10
() L s oy o 8 ot (i)
(MeH) +;  Anal™Tgsgndhe filffateyas copoangaisiity sivp §:01cy ofathe @epiredipragngt zzs aNjght
12.0. Found:yellow 68, Wiich Was ted4s subh fol Ihe3fxt step.

20

Step 2: The product from Step 1 (4.98 g) was dissolved in chloroform (150 mL) and
treated with a solution of TFA (2.25 mL) in water (100 mL) and stirred vigorously at
room temperature for 17 h. The organic layer was separated and washed with water (2
x), and dried over MgSO,. After filtration, the filirate was concentrated to give 4.26 g

25  of the desired product as light yellow oil, and was used as such for next step.

Step 3: A mixture of compound from Step 2 (1.55 g), 18-crown-6 (0.66 g, 2.5 mmol)
and KF (365 mg, 6.28 mmol) in DMF (30 ml) was treated dropwise with
chloroacetonitrile (709 mg, 9.39 mmol) followed by stirring at room temperature for 14
30 h (TLC showed that TBDPS group was lost). After concentration, the residue was
taken in pyridine (10 mL) and treated with trityl chloride (1.35 g, 4.75 mmol) followed
by stirring at 70 °C for 19 h. The reaction mixture was diluted with FtOAc (150 mL)
and washed with water (2 x 70 mL) and brine (70 mL), then dried over MgS0,4. After
filtration and concentration of the filtrate, the residue was purified on a silica gel

35 column using hexanes:ethyl acetate (1:0 to 2:1) as eluent to give 727 mg (43%, three
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WD 2006/ 050161PCT/ US2005/ 039072 Exanpl e 8-24 51?1112 HOThcl , Cl113 )
Ho OH 4- Ami no-7-#-(2'-C nmet hyl-D-ri bofuranosyl).furo

[ 3, 2- dl pyrwoizisneoigbchene B-6). Step 1: A sol ution of a@TaGInNdHkdHEIM
Exanple A-3, Step 3 (4.02 g, 8.63 mmpl) in 15 DVF (45 nth) was
treated with t-BuOCH(NMe2)2 (12.07 g, 69.25 nmmol) and stirred at room
tenperature overnight. The reaction mxture was diluted with toluene
(800 m.) and washed with water (2 x 400 nL) and brine (300 inL), and

dried ; ' tion t td Ltrate concentrated,t

i ve 501 g et bR prodll &8l 8% A b e PN e i

used as suchwisomed csupiefar tletrept stp0 St ep 2: ;I'he 8roduct Lro_mt ﬁt ep 1

4.98 wa i I ' oroform (150 nL) and treated w a

gol uti g% of %Aﬁ@sﬁ%@%§+ﬁ$‘mt er (100 InL) and stirred vigorously

at roomtenperature for 17 h. The organic IsgierA}Nas sfepﬂat ted andth
hed wit h water X), d drjed gver . ter filtration, e

(it at e e BbE el rBta s Spatoa merbS fusiol Ao as

light yell owysi | coddil Was usedcas schefiaf REM § -(ag}pg.gsegi(zﬁz{%in ’

m xture of conpound fromStep 2 (1.55 g), 18-crown-6 (
nunol ) and KR{/Basang(gthytbenagenai hed il H9 Dol Hloweddy sixsng atead i for 2 h.

d | it tonitril 709 .3 |) foll owed by
e S o S LA R CL JRE e R R R I M
was | ost). Aftéfierconwentatioh o, rdstite rvesi guehiatasn takaR, i %‘é)lpc%b(!)dlnﬁio\',ﬁ\gggég

InL) and, treated with trityl chloride (1.35 4.750rrrm )
stn i Zri ngw;t Ba’tﬁs%?’f]%‘ra .dﬁgﬁegfﬁ&%ﬂ? igixe g$ B84 S7iof desngd wrodpet as
Et OAc (150 mndljght yellow syrup.

"H NMR (CDCL): § 7.50-7.18 (m, 16H), 4.71 (s, 1H), 4.35-4.25 (m, 2H), 3.42-3.30

(0, 2H), 1.59 (s, 3H), 1.39 (s, 3H), 1.22 (s, 3H); MS (BS*) 559.26 (M+Na)*,

15 Step 5: A mixture of compound from Step 4 (23 mg, 0.043 mmol) and formamidine
acetate (45 mg, 0.43 mmol) in EtOH (5 mL) was refluxed for 23 h. It was then refluxed
for five additional days with addition of formamidine acetate (total of 300 mg added,
2.88 mmol, 100 mg every day for first three days). The reaction mixture was
concentrated and purified on a silica gel column using chloroform:methanol (1:0 to

20 95:5) as cluent to give 14 mg (58%) of desired product as a colorless oil.

'H NMR (MeOH-d,): & 8.14 (s, 1H), 7.78 (s, 1H), 7.45-7.37 (m, 6H), 7.28-7.10 (m,
9H), 5.07 (s, 1H), 4.20 (d, /= 3.0 Hz, 1H), 4.17-4.11 (m, 1H), 3.27 (d, J= 5.0 Hz, 2H),
1.53 (s, 3H), 1.27 (s, 3H), 1.06 (s, 3H); MS (ES") 586.39 (M-+Na)*.

25  Step 6: A solution of compound from Step 5 (14 mg, 0.025 mmol) in MeOH (2 mL)
was treated with 20% HC] in MeOH (2.5 mL) and stirred at room temperature for 1 h
followed by concentration. The residue was redissolved in a small amount of MeOH
and treated with ether to precipitate the desired compound, which was collected by
filtration to give 3 mg (43%) of desired product as hydrochloride.

30 'HNMR (MeOH-d,): § 8.45 (s, 1H), 8.25 (s, 1H), 5.03 (s, 1H), 4.05-3.81 (m, 3H), 3.76
(d, /=173 Hz, 1H), 0.96 (s, 3H); MS (ES") 282.41 (M-+H)".
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and washed with water (2 x 70 nth) and brine (70 nth), then dried
over Mg504. After filtration and concentration of the filtrate, the
resi due wawopusdiseed on a silica gel 35 colum using hexansssiiwh:
acetate (1:0 to 2:1) as eluent to give 727 ny (43% three WO

2006/ 050161PCT/ US2005/ 039072 steps) of desired product as a m xture
of Z, E, a, and 13 isoners, as a white foam which was used as such
for the next step. M5 (ES4) 559.30 (MtNa)+. 5 Step 4: A solution of
above m xture fromStep 3 (520 ng, 0.97 mmol) in THF (15 L) was
cooled to -78 C and treated with LDA dropwi se (2Min

THF/ hept andethgrHesmtisais: 1. 95 inL, 3.9 nunol) followed by stirring at
-78 C for 2 {mis T ty QN A e

stirred at r%}(l)l?n %bglﬁgg%gt%a?eal}égfpﬁgﬁ f[ih e%%:?ﬁ%té%ﬁ%ﬁ, éb )Fauhe"% ?(%%Iialc’lue
was purifi eddesi¥ativesi | i ca gel col um using 10 hexanes: ethyl acetate
(1:0to X 1) as eluent to give 15 ng (2.9% of desired product as a
light yellow syrup. 111 NWR (CDC13): 8 7.50-7.18 (in, 1611), 4.71 (s,
111), 4. 35- 43tgpl:(Arpoldtion)of c@madung 3 ExampRH)-4, Siep9 (8.8 g, BBY mmdol)39 TNEF

3H), 1.22 ( ) . +.. 15 5;, A m xture of
conpound fr oY ﬁ%p‘)ﬁ aﬁ%@%ﬁ%ﬁﬁ@@%ﬁ%@%&%@ﬁﬂm) fad sizedataoqms
nmg, 0.43 mrokfpérauit GeknjghtnThe magion ahiktixedad dituteBwith tihensa30od BEN and
refluxedfor'f'hé/ smt%ddition of formam di ne

ddi tianal,.d
acetate (total o W%‘btﬁa%&gd*&édﬁez?%%" fise WAS xR tes T iR tplgpmer (P9 st
three days) .mlhdrieacdritidxihits &cwasasBNWRR Waktt E0xPRd RiA oléade 8, 2
silica gel C@%Uﬁ Si ntg‘%’ul oroformnethanol (1;0 to 20 95:5) as
el uent to gi'ver mlE’tj“’( YTl WaFLORIeBHRtE} WRiY 3-8 € of theglesiradepsadust whicl 11
NVR ( MBOH- d4yds uSedths bdch(fSs thd Adwt stef- 78 (S, 1H), 7.45-7.37 (m 611),

7.28-7.10 (m 911), 5.07 (s, 111), 4.20 (d, J= 3.0 Hz, 111),
4.17-4.11 (m 111), 3.27 (d, J= 5.0 Hz, 211), 1.53 (s, 311), 1.27 (s,

311), 1.06 (Sgsp B ; o t 1o { f
corr%)ound fr %%h gm'(g%f(ﬁ%g S%ﬁﬁﬁéggfw*@f daﬁh}éloﬁﬁ%%hggnffrﬁﬁmj{ 91@%6)

ng, 0.025 nuno In was treated
wi t h 2093 HCK1iH RRORE) gndsstired) at gpem demparaiareaior Bdo il icanpwiontmirard pas 1

h fol |l oned Rue@NGRNERE 1 sidu edi-Ss din a sml]l
anount of I\/EOﬁ and treat efga?vw(%iyg!tiﬁedrnqt‘ga%fglcqop%z't Zrh%lﬁoégaﬂlecsﬁ Eq e
conpound, wirRARiRapdvshescwiddwaipr €1i¥)1 a8 NaBICQ: @2 §), werted (1g), eAB&icdafver

desired pro a : L Cl4), ~.88. (S,
111), 8.25 %ggé%&ﬂ@gﬁg@%?%%ﬁﬁ?atg%g‘g%gﬁy%%ﬁt £79)%:085¢ ‘?g%ted‘?éslﬁd
7.3 Hz, 111)prodycigghich wagask)l as wch fEEext B92. 41 (MrH)+. Alternate

synt hesisg: This conmpound was al so prepared fromthe benzyl protected
tetrahydrofuran derivative:

Step 3: A mixture of product from Step 2 (3.0 g), 18-crown-6 (1.02 g, 3.86 mmol) and
KF (0.56 g, 4.83 mmol) in DMF (40 mL) was treated dropwise with chloroacetonitrile
(1.1 g, 14.49 mmol) followed by stirring at room temperature for 18 h. After
concentration, the residue was taken in EtOAc and filtered throngh Celite. The filirate
25 was concentrated and the residue was purified on a silica gel columm using
hexanes:ethyl acetate (1:0 to 2:1) as eluent to give 1.41 g (33%, three steps) of desired
product (2 mixture of Z, E, o, and P isomers) as a light colorless oil, which was used as
such for the next step.
MS (ES") 685.25 (M-+Na)".
30
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5 Step 1: A solution of conpound from Exanple A-4, Step 3 (3.8 g,
6.38 mmol) in DM (50 nL) was treated with t-BuOCH(NMe2)2 (4.33 g,
24. 86 mmol Woemeb/soiétr ed at room tenperature overni ght. PiTalS2@&am890an
m xture was diluted with toluene (100 nL) and washed with water (75
m.). The aqueous phase was extracted further with toluene (50 10 nlL)
and the conbi ned extracts were washed with water (2 x) and dried over
MSH. After filtration, the filtrate was concentrated to give 5.0 g

of the desirsg pgmdouaﬁoma@bvmmus&dm@epsy@w@cmhgqmyﬁln{re@g m)ep
2: The product from Step treated wth a sol ution of

1
THE/ Honc/ HO0SSES 0 18 Pogniitosted ithaA ogwie (MR TEB RS mig el 3

h. The react ﬁn’% dil t f J d
wat er (100 ni B]? A or agr(ﬁizg gfgltrfgvays}ﬁes%acgl?g% qg%hé\dé&%@a{# pﬁ@v{‘blt)er
(1 x), sat NedG@GBred 2t sopm tempemntufelfox ) h. afidr coricerdrativm rthdvigSidde wad pietfied

filtratio hate wascncentr ted to e of the
desi red p$od%’1c?SIilvﬁ1’%el o USing hexaneygihy] apgpte &gtﬁ %‘?2&?’5 eyt g gy &
m xt ure of Wdﬁsﬁmﬂpﬁﬂ&ﬂagab@n@e@wsﬁﬁp crovvn 6 (1.02g. 3.86

| d dd
R o e T2 h 04 e, 25 6 7 ST M DS ?%ﬁrsp.(%g%’é“z °¢

room t enper ai.87-2.26 o, 1), B.o5.Aldsqm, $9)¢2DYY, 3i1h,Ms (NP was taken
in EtO0Ac and fllte?&eldﬁ?ﬁrough ge S’Hj;- T;(le f? trgEte)%ZS (ﬁyﬁ)

concentrated and the residue was purified on a silica gel col um

usi ng hexgn shyl 2

(33% 1 e SeLoON mBRE 8 Gutpoutt oSl 4175 fley 8103 PN el

i soners) as &eelafeg 0@@:&3%@@@ in, EGBT €10 wdd wes edilesd Soc Rl hoAdditienal
next step. f abgv
mxture [ one B Bngeatd® (AMHEY o il SheRadssaty hbal s M lbeli D0 o
-78 C and t rlvakhsdeagitivh HLiDArEdW@WILsmHMmdeﬁedaoﬁ)ﬁ smltc)a debbdlome aisiny
further stir The acti

water (405 gricidioBhrieing (B 8o eq Aienl Bl & pl op FAGGIET prdch
concent r B i onlight pellomesiigue was pur i f| ed 5 on a silica gel colum
usi ng hexane; t.at 20,10 3: S, € ent to. give 79

(9.7% of de?ﬁ@@?ﬁ@f iﬁ%(ﬁ’ 3153113%39% 5P Jiﬁ“%ﬁ&(@cﬂ@sﬁse
7.42-7.14 (g, X2107 #4970, d.1507 nZeiﬂa) 43$ﬂ)¢,49‘tm7@H§1

)
RRuwD oty daw e il el

nunol ) and formam di ne acetate (300 ng, 2.85 mmol) in EtOH (10 nl)
was refluxed for 21 h, Additional formanidine acetate (200 ng, 1.90

mol ) wedd c&au_a%aolwowmomew@@w atgnﬁ 5§ g, qg%mnmﬁen dishlotdngsthane
m xt ure vvas t fiogd, I C
chl orof orm tha RA?& goo?%pécg : ag e uent §E’fio give dr%p%mgn

desired pr ooﬂadﬂoramethﬁlwom g’:ﬁ) fylkiv&eﬁWy&;&fﬂmg at TBAONMR2 (MR bt -d4 FC 18 85 45

s, 1 8.29.(d, J= 0.7 1 4 11 58 (d, J =
((). H) 111)2h Tﬁ} %“’1210“7@“‘(%? vgg %‘S’Qté%wgkéfégb’%ﬁﬁ%ﬁ i’eiL Q9 Hﬁﬂ?@aﬂ Sh\(rwd?’f 6
Hz, 1H) 4. 18-°f BP0.6M, ItAdab)thenlnedital{z8d Wl?thh:ond\'ﬁmgﬁ)at 61’@,‘ a%g sﬁ%‘&l\ﬁ)foom 20
Step 6: A solution of conpound from Step 5 ng, 0.0

di chl or ofvet Hemeergturesfopl$ miasfodewedkby p@merrt@tl@n awdert Yaeam:edl"hq tehlde
dropwi se (1Medafld with MeOH (6 mL) and 20% HC] in MeOH (7.5 mL) and stirred at room

temperature for 1 h followed by concentration. The residue was purified on a silica gel

colunm using chloroform:methanol (1:0 to 3:1) as eluent to give the product, which
was treated with MeOH (5 mL) and 20% HCI in MeOH (0.5 mL), then stirred for 10

30  min. After concentration, the residue was re-dissolved in a small amount of MeOH and
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di chl oronet hane, 0.84 rnL) followed by stirring at -78 C for 2 h and
at -25 Cfor 2.5 h. The reaction mxture was treated with CH2C12/ MeOH
(1:1, 0.9 whoedostirred at - 15 Cfor 0.5 h. It was tHES2005/039072
neutralized with conc. NI -140H at 0 C and stirred at room 25
tenperature for 15 nmfollowed by concentrati on under vacuum The
residue was treated with MeOH (6 inL) and 20% HC1 in MeOH (7.5 L)
and stirred at roomtenperature for 1 h followed by concentration.

The resi due MaSedPiiih Eﬂl&dto%et%uﬁte' thé e ek c&ﬁ%éiﬂiﬁ A HAGalt. The ﬁltrahon d
chl orof orm met hanol_ (1:0 to as _eluent to give the product, v&?

was treated WrhmavEdrethas pravided ABmed95 %t derireNmondugin. 5 i), t hen
tirred for t : 1 ,
stirred for GPNRfR Fﬂaﬂ:h ke ﬁle%agjsﬁ/ﬁe%ﬁk% R frc;rﬂﬂuerpgéﬁ%ﬂgﬁi@@?%érm (KB,

re-dissolved in a smal| anmount treated

precipi tate ¢he ﬁé@alfﬂéﬁ 269 6T/ d6Hls 10K MSHIES)) 3m86(MHRXt i on and
washing wth ether provided 20 nmg (75% of desired product. 1H NMR
mat ched wth the conpound obtai ned fromthe previ ous approach; IR
(KBr, cm1) 3380, 3113, 2693, 1678, Exdamiple B2379; M5 (ES+) 304. 36
(MtNa) +. Exanmpl e B-25 NE

4- Am no-7-a-(2' -G nmethyl -D-ril nfuranosyl )-furof3, 2-d] pyri mdine
(Schenme B-6). 20 Step 1: Wen Exanple B- & SNpr epared from Exanpl e

A-3, at Step 4 in the first approgag noY A somer was isol ated
during chromat ography, which correSpo to'the al pha i somer (86. ny,
179%. 15 11-1 NMR (CDC13): 5 7.48- #-20dun 16H), 4.71 (s, 111),

4.47 (d, J= 1.2 Hz, 1H), 4.33- 4.26 {f 34, 3.36-3.22 (m 2H), 1.48
(s, 3H), 1.42 (s, 311), 1.42 (s, 31-1); M5 (ES+) 25 559.94 (MNa) +.

4-Amino-7-o-(2'-C-methyl-D-ribofuranosyl)-furo [3,2-d]pyrimidine (Scheme B-6).

20  Step l: When Example B-24 was prepared from Example A-3, at Step 4 in the first
approach, another isomer was isolated during chromatography, which corresponded to
the alpha isomer (86 mg, 17%).
"H NMR (CDCls): 6 7.48-7.20 (m, 16H), 4.71 (s, 1H), 4.47 (d, /= 1.2 Hz, 1H), 4.33-
4.26 (m, 1H), 3.36-3.22 (m, 2H), 1.48 (s, 3H), 1.42 (s, 3H), 1.42 (s, 3H); MS (ES))
25  559.94 (M+Na)".

Step 2: A mixture of compound from Step 1 (65 mg, 0.12 mmol) and formamidine
acetate (130 mg, 99%, 1.24 mmol) in FtOH (5 mL) was refluxed for 22 h. Additional
formamidine acetate (100 mg) was added and the reaction mixture was refluxed for 7 h
30 followed by concentration. The residue was purified on a silica gel column using
chloroform:methanol (1:0 to 95:5) as eluent to give 60 mg (89%) of désired compound,
as a light yellow oil.
IH_ NMR (CDCls): & 8.43 (s, 1H), 7.94 (s, 1H), 7.51-7.20 (m, 15H), 5.68 (bs, 2H), 5.17
(s, 1H), 4.49 (s, 1H), 4.35 (t, J = 6.3 Hz, 1H), 3.38-3.22 (m, 2H), 1.52 (5, 350), 1.49 (s,
35 3H), 1.39 (s, 3H); MS (ES"): 564.49 (M+H)".
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Step 2: A mxture of conpound from Step 1 (65 ng, 0.12 mol ) and
formam di ne acetate (130 ng, 99% 1.24 mmol) in EtOH (5 rnL) was

refl uxed fwop22@/0ko16Addi tional formam di ne acetate (100 pogjusaas/ozdbed
and the reaction mxture was refluxed for 7 h 30 foll owed by :
concentration. The residue was purified on a silica gel columm using
chl orof orm nethanol (1:0 to 95:5) as eluent to give 60 ng (89% of
desired conpound, as a light yellow oil. 111 NWMR (CDCI 3): 5 8.43
(s, 114), 7. §:5a sdifibion Jf-céﬁapc?una%o(ﬂ@te};@ %S]S)mgﬁ}. ﬁﬁnﬁlpﬁ in LMD (2 g’hl.? GrakS:
111), 4.49 (s,  1IH), 4.35 (t, J= 6.3 Hz, 111); 3.38-3722 (m 211},
1.52 (s, 31ityeated with £8% BEhm MeOH (g md.) apd Bjirredva YoBS fempesreifr 1 h

(MF11) +. St - . : .
ol )1 Weok e By Bl e STRRUAG Rl S Syl ol ot Moo
stirred at rasdnireatedpeithitether td precipitite fliod Hesived By wbnwhivhredsi ablectdhby

resi due S I Y in a f OH.and treated with
ciher to b et ginp e Eite v GaRTR deef Rl ERERRE B RRGF R, s
filtr ialt i on t'® yMRe(MEOHH, % 5471 (af 1}?;3&55 el Jpr @d Bt 11 sgyc(g,qc(bg,l n45-487
as yellow so] i 11- H : 71 , 8.55 J=0.4
Hz,  111), 5@‘7%@ ‘}?Lii)(‘!‘\"\ﬂ}%bﬁzs%( ﬁﬁgﬁi)(fn&%}g‘l-%%,(ss FE) R KR, CIEE})',
4.12-3. 87 (m402H132,11.643, 1036; M Esﬂfbﬂﬁ%&r@ﬁ)i 3409, 3132, 1677,
1036; MS (ES) 304.37 (M+Na)t 10Exanple B-26 111-12 ON HO HO Owe
4- Am no-7-13-(2'-0-net hyl - D-ri befuranosyl ) -furo[ 3, 2-d] pyri m di ne
(Scheme £ 6). Step 1: A solution ofgagpieshe i somers from Exanpl e
A-6, Step 3 (3.07 g, 8.36 nmol) in DMF (48 nL) was treated with
t- BuOCH(NMe2) 2 (10 mi,, 48.43 mmol) and stirmgg 25 at room
tenperature for 15 h. The reaction mxturg diluted with tol uene
(300 m), washed with water (2 x 150 niL)¢{anld ine (150 n.), and
dried over My504. After filtratiomp—he f e was concentrated to
give 3.75 g of desired product as yel oil, which was used as such
for next step. M5 (ES) 445.48 (MtNa). — '
20 HO OMe

4-Amino-7-8-(2'-O-methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine (Scheme B-6).

Step 1: A solution of anomeric isomers from Exanmple A-~6, Step 3 (3.07 g, 8.36 mmol)
in DMF (48 mL) was treated with +-BuOCH(NMe;), (10 mL, 48.43 mmol) and stirred
23  at room temperature for 15 h. The reaction mixture was diluted with toluene (300 mL),
washed with water (2 x 150 mlL) and brine (150 mL), and dried over MgSO;. After
filtration, the filtrate was concentrated to give 3.75 g of desired product as yellow oil,
which was used as such for next step.
MS (ES™) 445.48 (M+Na)".
30
- Step 2: The product from Step 1 (3.7 g crude) was dissolved in chloroform (75 mL)
and treated with a solution of TFA (1.1 mL) in H;O (50 mL) followed by vigorous
stirring at room temperature for 20 h., The reaction mixture was diluted with
chloroform (75 mlL) and was washed with water (75 mL). The organic layer was
35  separated and dried over MgSO,. After filtration, the filtrate was concentrated to give

3.67 g of desired product as a yellow o0il, which was used as such for next step.
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30 Step 2: The product fromStep 1 (3.7 g crude) was dissolved in
chloroform (75 nL) and treated with a solution of TEA (1.1 nL) in H20
(50 nmL) foWbavsasdygl vi gorous stirring at room t enper at woa/dsesosaHore.
The reaction mxture was diluted with chloroform (75 nL) and was
washed with water (75 nlL). The organic |ayer was 35 separated and
dried over My504. After filtration, the filtrate was concentrated to
give 3.67 g of desired product as a yellow oil, which was used as
such for nex 3 ) 396.45 (MrH)+. Step 3: A mxture of
conpound fro%sg?gg 2 l(h%a\g% 18-crown-6 (1.78 g, 6.73 nunol) and KF
(0.97 g, 16.7 mol) in DMF (75 nmL) was treated dropw se vvith 5

Cemper atur o P74 it FeonayiRln st 2 @60 TRhkh G F'oiiy

(200 nl), wastie&Ei@.57 wat &6.7( hmol)l GO DMF &#5d nidr)i mes (E@Eddjopwised with

dried ove ion fi.ltrate S CO centrat o]
gi ve 3. 24§ gw‘%?raaéfﬁpl%@l 61 gdﬁfé’azts BPE@E’WSH ?S&ﬁng\t,‘%@ﬁ%’ gpgraee g’(’j@h
for nex'é fsteln Thi@eabﬂ&r(rﬁﬁﬂ%re%giﬂﬁed%ﬂi\ﬁtbﬁc (S0EPLA: waéheﬁgiqﬂiwaa (gfx C100 g
conmpoun ro i HE C ed to -_7 an
treated wit h %?WF% Fz“f? ﬁ?‘gnﬁﬁ#ﬁe&ﬁ F\%%ﬂ %ﬁr éﬂ e diEphives
fol | owed by GdnidutiaRdtddive 784 G of Bsirdd frodddhes BrERE bil ORhivRFasiens&eh Wit h
wat er (24|nL2 15 and stirred at roomtenperaturefor 1 h After

concent rati off* ¥ifR residue was purified on a silica gel colum using
hexanes: gjhyngEg‘gagqem ANk, 2:1) as eluent to give 863 ng (24% for
four steps, , hexanes/Et0Ac = 2:1) of desired product as a
brown oil. "H NTvIR (DVBO- 4): 8 7.64 (s, 1H), 740728(m 10H),

5.79 (s, 21f &y 44 Wi o ,
o 2(H)S1 2 sﬁr}e%zt AM &&hoflcn é, éld#am%l%ss c%@%%"nglgFg éﬁﬂ%é&tg
(s, 31ff); NB Z(EQK) trﬂ'd.%@l Mh(INMrlXZM 1$the]pta®;’TH§F/nﬂlxﬂJmn®fl4(5cmb})dm;iwfseom

oty i Bt ORECHSR R R 2 KB T g 9o i acpiektd vk vl ot B

concent r gt Edalﬂrsdrrailﬂﬂ tbbRdeperftutel fot ¢ a. gﬁlsr @:ﬁibéﬂ%‘a&ﬁ i{i0reiBue Was unﬁed '
chl oroform neth 1.0 to.96;4) as_eluent to give 317

desired prodftt® gﬁl( Aty v R awsiehy] seeiipk | Qcpeila ps elagnt (’% 8/g?’le&)

7.82 (d, J= @49 fbiZfourlswps R-=36)50] héfantdMEtOMQ H 4:)) of‘ées‘%d Rtuctakh brownddiL,
(dd, J= 3.4, 0.8 Hz 468449% 4111, 28 (m 111),

4.22- 4.15 ( ﬁN?zlﬂ)(Dl\éS%ﬂaB 6654 (8 1 7#9-7.28 (1531({}9; 3 ?,‘i(ss SED), M4 (695 7.3
462. 43 (MrH)fy, 11), 4.60-4.46 (m, 4H), 4.20-3.95 (m, 2H), 3.88 (dd, J = 7.4, 5.1 Hz, 1H), 3.65-
20 3.45 (m, 2H), 3.30 (s, 3H); MS (ES") 435.44 (M-,

Step 5: A mixture of compound from Step 4 (404 mg, 0.93 mmol) and formamidine
acetate (1.96 g, 18.6 mmol) in EtOH (14 mL) was refluxed for 40 h. The reaction
mixture was concentrated and opurified on a silica gel column using
25  chloroform:methanol (1:0 to 96:4) as eluent to give 317 mg (74%) of desired product
as a light brown oil.
"H NMR (CDCls): & 8.40 (s, 1H), 7.82 (d, J = 0.9 Hz, 1H), 7.36-7.26 (m, 10H), 554
(bs, 2H), 5.28 (dd, /= 3.4, 0.8 Hz, 1H), 4.68-4.49 (m, 4H), 4.35-4.28 (m, 1H), 4.22-
4.15 (m, 2H), 3.84-3.60 (m, 2H), 3.53 (s, 3H); MS (ES") 462.43 (M+H)".
30
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30 Step 6: A solution of compound from Step 5 (161 ng, 0.35 mmol) in
MeOH (15 nlL) was treated with 1N aqueous HCl1 (1 niL) and Pd-C (10%

60 nmg) folwowew/obyichydr ogenation (-50 psi) for 6 h. Aftren/ds2dosnabion
and concentration, the residue was purified on a silica gel colum

using chloroform MeOH (1: 0 to 4:1) as eluent to give 5 57 ng (58% of
desired product. 111 NWR (MeOH-d4) 5 8.25 (s, 1H), 8.08 (d, J— 0.4 -
Hz 5.03 (d, J= 8 0 Hz, 443(dd J= 4.9, 2.2 Hz, 4.18

dd, J— 7.9,

(n 2ny . S ff@vﬁ%o@offénﬁeﬁ 350 34381 Pachtf mpkHin %%21%1%%5
VS (ES+ 283va'§4tre(aﬁdﬂl—1)rﬁh 1Nnaqueo@aH6¢| d mmmmmmmwmmm«a 43
}_gzgl CEX égp%gdr%%énf%or} ?é& Bg% %S%F FﬁHﬂﬂm a%’c‘l é)%ce%ané}l tl%a %Zldué\IWas
7-11-(2' - C— Metifisd erDa Bﬂ1baegelrcalmnﬁylls)ngfqhi®@f3rrﬁ’!mm§/(]l.0rtod4 i) o Sdeh) tat givone
Sch 25 T ti i d f Exanpl e B-1,
Step o (37 o7 EEOHE TR ROBRE" (220 ) v added pot aset
fluoride (4.8600R (¥ROPLIHTHH.25 slﬁﬁpsowm 64(743& , 203 6h B0 HY, 1H),

foll owed by chl oroacetonitril.e and the m xture

was stirred 4r(ddeg #8124 Hén%}peérﬂﬁt@t 3r‘e7 9 ’I*If?eH¥ égd’t‘? Brlddat= 4151 &€ &
with ethyl aﬁ@ai .§0- é%ﬂ@ bt am &é’%?)?dRV{’KB? MY eI116 2085 236 Mdhg, Ridone

(1 x 200 ni and drie After filtration, the filtrate wa$
concent r at ed3 ¢EST 28R 44 J(M*S{)g éﬁaldélslpdéqt @nﬂdbh@s'O\R/ﬁleDH&Zijﬁe@ Ch

t he next r f (ES+) 525. 28
(M+1). ?12 '3;@ é?%i §PT§ Fétﬂegns& H?@%’nﬁ?fpggdau%f fromStep 1 (15 g,
28. 62 mml ) in THE (450 nL) was added |ithiundiisopropyl am de (57.2
mmol, 114.5 mmol, 2Msolution in H;EQFQ,P& 2;8 C over a period of 30
mm and stirred further at sane te %‘ or 30 mn. After
quenching the reaction mxture with water m), it was
concentrated and the residue was purified_o colum of silica gel
usi ng ethyl acetate: hexanes ( 0 to 20% Qs|e|§@nt to afford 2.8 g

(18.5% of desired product. HO o N
20 \—iwCH,
HO OH
7-3-(2'-C-Methyl-D-ribofuranosyl)-fure[3,2-d] pyrimidin-4(3H)-thione (Scheme B-
7. '
25

Step 1: To a solution of compound from Example B-1, Step 2 (17 g, 35.01 mmol)} in
DMEF (250 mL) was added potassium fluoride (4.06 g, 70.02 mmol), 18-crown-6 (7.31
g, 27.65 mmol) followed by chloroacetonitrile (7.93 g, 105.03 mmol) and the mixture
was stirred for 18 h at room temperature. The reaction was diluted with ethylacetate (1
30 L) and washed with water (2 x 200 mL), brine (1 x 200 mL) and dried (MgSQO,). After
filtration, the filtrate was concentrated to afford 16.5 g of desired product, which was
used in the next reaction without further purification.
MS (ES™) 525.28 (M+1).

35  Step 2: To a stirred solution of product from Step 1 (15 g, 28.62 mmol) in THF (450
mL) was added lithinmdiisopropylamide (57.2 mmol, 114.5 mmol, 2M solution in
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5 11-1 NWR (DWMbO-d6): 8 7.52 (d, J= 0.9 Hz, 111), 7.38-7.26 (m 15H)
5.63 (bs, 2 xchangeable), 4.83 (d, J= 0.9 Hz

(m 614 4. ‘}’32?‘)6%@‘?47 Hz, 10 (ES): 523.24 (M1): AnalJP %068?98?2
C321132N205: C, 73.26; H, 6.14; N, 5.33. Found: C, 73.67; H, 6.33; N,
4.90. Step 3: To a stirred solution of conpound from Step 2 (2.8 g,
5.34 mmol ) in pyridine 15 (100 nL) was added hiethylam ne (35 niL) and
1125 gas was bubbled for 30 mn. The reaction m xture was transferred
to a steel bBWD) dn?® %Epverr@dneeiod 603@miroand b6irred ﬁﬁmelert sT0e CatpEraaire &9 30

t he residue S a _col um, of Ilca usin t hyl

acet at e: hexa%%sAgts %qeﬁceﬁ?g reac%o\?‘ o 1(65 g%)’ Biva g@%‘}‘ﬁe ted and
product as athy edsidne vios qmﬁﬁs:bbm d. coﬁl&mldrf SR e DGR Et8Y1: acBtafd: Héﬁadc@go & H,

D20 h 1 ch bI 7.43
7.37-e>7(.02§n?i ))ea)sél“&%&%ﬁ’(sf rﬁ%ﬁlgéé%f'éﬁ 5‘@3‘% a eﬁ 89 (s, (ill) 4. 65

6 #.1 4 ,
E(Td, 51)_ 2 7?{1\1@;11@51\/1@?% 43351%11 |0)9Hz31$13 Msv‘%l@ 31115633'1%

311): MS( ES)D:S%QXC!}@%@N#@)) 4.886d, /73 @Mﬂzaéﬁ), 42@ -5 fmAH)ALAT >€tq,uke 4dez,
product fromgft gg93(d(234? Hz4 guég\ |5 (g{g%#g; ?g g%l ﬁ’ﬁt gof gea §g4g(8100

inL) was heated at 100 ter
was puri fi ed38fha38H. @niﬂﬁéfo ﬁOBl 6228516, B87hG, GRS, bﬁﬁét'?atlé?mé,)(a&las!) as

Cni dent 11 od arouatre WoRE: AR (BTEh FpS 0D BIERE e 28R

exchangelbl e)027.8, 3.4, $73.6,18)9.6,F828, 737,7 4rki1§98.37ci38- Mszﬁs“orm?;ssmw),

20061 030161RET DR E Rt el ol 16T oty ) 4 o

(s, 3H); M5 QEHSHY, BER3EMN,491), 591.37 (M+23); Anal. Calcd for
C331- 132N2055: C, 69.69; H, 5.67; N, 4.92. Found: C, 69.94; H, 5.70;
N, 4.88. 58tep5 To a stirred solution of product fromStep 4 (0.1

g, 0.176 nmstdp 3:rTcod mﬂearsembﬂaﬂeorﬁpbanmﬁbmm @@lzisag B84 Bindoly if pFlidind 7
mol, 1 l?éfir‘é?ﬂ in djchl orlgﬁethane t -78 C and further stlrred at
this tenperd ) BPs asierlmietiaming (35anT Yand oS g4 Whe pubbipd om0 e The
reaction V\ﬂ&eﬁﬁ@rﬂﬁfﬁ&drehyas&%bﬂﬂed"@)t z?Eteél:boéLern)i s f’d?cr Wf’ortlghﬁ%g’{&

tenperature over a period of 30 mn. After neutrallzation w't
aqueous NH3 capRenEdionethe aesidig, weheurifisd dJﬁleawanmpumffaﬂe@ gel asieplethyh

of S ca gakeighomnaPliianal @9l 250407 u o AU ARPLUE TGS

afford 10 n(;fj 9% of product
5 14.00 (bs,brawnsobig0 exchangeabl e), 8.39 (s, 1H) 8.26 (s, 1H) 5 00

I(-lgI J_ Oh%S exc(ﬁ%%gea lg%]%%gb%) 3151 D%é g’ES%‘ %‘%}ﬁaﬂ%@i IHJ Dzo

AL T it s s B3 o
cd, for * C,
46.22; H, (@iﬁ) el gmd i (8 - Bck b 1l £85 1 TR S Bagied. 3P e
=10.7, 4.1 Hz, 1H), 3.65 (dd, J = 10.7, 4.3 Hz, 1H), 1.16 (s, 3H); MS (ES") 559.27
(M+1), 581.23 (M+23).

25
Step 4: A mixture of product from Step 3 (2.3 g, 4.12 mmol) and triethylorthoformate -
(100 mL) was heated at 100 °C for 18 h. After concentration, the residue was purified

on a column of silica gel using ethyl acetate:hexanes as eluent to afford 1.32 g (56.5%)

of desired product along with some unidentified products.
30 'HNMR (DMSO-dg). 8 14.10 (bs, 1H, D;0 exchangeable), 8.34 (s, 1H), 8.26 (s, 1H),
7.38-7.25 (m, 15H), 5.21 (s, 1H), 4.73-4.52 (m, 6H), 4.20-4.15 (m, 1H), 4.03 (d, J =
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Exanpl e B-28 HO v .CH3 He) OH 30

4- Am no- 743- (2' - C-net hyl - D-ri bof uranosyl ) -t hi enop, 2-d] pyri m di ne
(Scheme B8YO 284645011 A" sol ution of conpound from Exanpl @TQISQQPQ’O@E’@p 2
(1.23 g, 2.49 mol ) in dichloronethane (10 nL) at 0 C was treated
with triethylamne (0.44 nL) foll owed by 35 addition of methyl

sul fonyl chloride (343 ng, 3.0 mmol ) in dichloronethane (6 nL) over a
period of 10 min. The reaction mxture was stirred at O Cfor 1 h and

diluted with’ &g BleddPhocdm 2. Y288 3%&&&5&*&&6%4 chJolr); 584.372Mée3mnd

dried over Mgsat i f a%g)d o]
gi ve desired %a&é(?{fofbsﬁézﬁﬁg)aé r%)@%g%g?assﬁé&% or i(?%gsgpﬁ Nt
(ES+) 594. 28t MNa)+ 5 Step 2: A mxture of the product fromStep 1

(1.43 g), acetylthioacetonitrile (575 ng, 5.0 mmol ), and anhydrous
Na2CO3 (530 ng, 5.0 nmol) in absolute ethanol (30 inL) -was reflwed

for 6 h &nd Stemcerka at Sﬂ‘reﬂOS(ﬂi[tmﬂeGSpro-ﬂﬁﬂ fregi Stge Mas.1par 0.116 iRsl) in

bet ween chl o orma te The I.C yer separ at ed and
further msh‘{é‘ﬁﬂ%"‘i‘l Q@ Tﬁ‘)a‘ﬂzg’ 6‘%{ ggé]@éedl%l\@%@\f 7 mpedy 1M | splugien dn
the filtrat eil&kﬂ&oﬁemﬁﬁmhﬁﬂsegaﬂdlﬂlrﬂn&%uﬁ@ébﬂﬁﬁ té&\ﬁﬁrawé g1 39niR Andat -30
silica gel colum using hexanes:ether (1:0 to 7:3) as eluent to give

140 my (10% fofortappther hain. gFhegisadtion dvasravdued by addmgwbater (1.5 mRV/&nd
DVBO-c/ 6
o 111) 5. Bl 1o Bpdihe dvef  fert 880 Gty Afs? Sefiizay i
4. 04-3- 99 ( rRqueKdy Nfg B84 ongendatiy, the. wsibizg wad phnifieh. eiDa (cB],unﬁH)f sillcaZdd]

3 0. S+)..5 t
f)fS co ;Dpo und Tr g ﬁ@%fz}l—%‘df %@Bj(f%g ) 80(} ° %éﬂ Aﬁ%élﬁle"gﬁ%aﬁ%$m%gc‘ﬂ%f) % ¢ ‘E’%{cg
(227 ny, 2. BSappioilyssiselidct OH (5 nl) was refluxed for 16 h. Additional
f 1 di t 7 6 dded foll db fl
for 16 . " 20RATYE BRlE AT 36 B s THDI Erareestieh £k T 5 G Do m
and washed \s.00Nd\AE @8 1) GHI D@ x MELeaBiB)DDS4 (L1164, §2 25 hef 1580

filtrate _was nceglﬁrated and the residue was url ({t({on a S|IitI| ca

gel col din §F&FRYRRRhALS (%tlﬁepz@fh@mpgﬁahlem - @Br—’rﬂ),t?oﬁ3g3 §4 (.11 Fy
(9% of desioedDrRguols aEsaN3Nld6 (M+1), (BS) 297.30 (M+35); Anal. Caled for

C12H14N20580.75 H,0: C, 46.22; H, 5.01; N, 8.98. Found: C, 46.85; H, 5.24; N, 8.36.

Example B-28

NH,
25 HO— o Y on
=CH;
HO ©OH

30 4-Amin0-'7—ﬁ—(2'-C-methyl-D—ribofuranosyl)—thieno[3,2-d]pyrimidine (Scheme B-
8).

Step 1: A solution of compound from Example B-24, Step 2 (1.23 g, 2.49 mmol) in
dichloromethane (10 mL) at 0 °C was treated with triethylamine (0.44 mL) followed by
35 addition of methyl sulfonyl chloride (343 mg, 3.0 mmol) in dichloromethane (6 mL)

over a period of 10 min. The reaction mixture was stirred at 0 °C for 1 h and diluted
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114 NMR (CDC13): 38 65 (s, 111), 7.80-7.70 (m 4H), 7.64 (d, J= 1.2
Hz, 111), 7.50- .36 (m 611), 5.56 (s, 1H), 5.38 ( 21@22 4. 51
(d, J= 3.1 Hz”“t’%?‘fl 4.25 (dd, J= 7.2, 3.8 Hz, 111), 51039472

2H), 1.75 (s, 3H), 1.45 (s, 314), 1.12 (s, 311), 1.10 (s 914); Ms
(ES+) 576.49 (M+11).F. Step 4: A'solution of conpound from Step 3 (28
ng, 0.049 mol) in 12%dry 30 HO /MeOH (2 inL) was stirred at room

t enperature d.h Sl

troated w t MOSRIG) pRge M PREECHFLHEE o b End GLEUR B0

t enper at ur e Affier ﬁ]ltfanm rthé flthtewed coyceatatediut giad dasited phodsct [i1.4T gemdwasd
repeat ed once th 1 nmL of dry 12% HC1/ MeOH. The resi due was
washed with %?Lﬁgffomf"%tepand dri ed under vacuumto afford 16 ng (88%
of desired MPESsmshwamaghl oride. 5NVR (1)20): 5 8.45 (s, 111),
8.18 (s, _111), 5.14 (s, 111), 3.98-3.75 (m 411); 0.80 (s, 311); M
(ES") 208, 41 (MtH) +.  Exanple 13-24 10 NIIi 2 SN HO voN . TCH2 H6 611

4- Ami no- 7- asfggl,zcmmn@tul et BASYp) T {1M385)OhbeBithiohRYdnitedis P mg,
(Schene "B20 _8 Step 1: UngeﬂfQ Exanpl e 58 |egr)1 tg)?) anot hecej(lr:S e

product al pA mgﬁﬁeﬁnd/@%%mefoNa&%{ﬁ%m 21 3.0 pomghRin Eiwsb%st angl (30 mL)

7.49-7. 42 (fas Kibked for 8%raha %anfeﬁﬂratgdlt%)dryréssg Iné ?emda;av)m it Bery %ml,ér;t) 5
311), ( 1’ 15 |_D(:gloroform agnd water. The orgamc layer was separated and further was%ed W1th water

10 and dried over MgSQO,. After filtration, the filtrate was concentrated and the residue
was purified on a silica gel column using hexanes:ether (1:0 to 7:3) as eluent to give
- 140 mg (10% for two steps) of desired product as an oil. |
'H NMR (DMSO-dg): §7.54-7.47 (m, 4H), 7.35-7.26 (m, 6H), 7.09 (4, J = 1.2 Hz,
1H), 5.86 (bs, 2H), 4.53 (s, 1H), 4.30 (d, /= 2.3 Hz, 1H), 4.04-3:99 (m, 1H), 3.68 (t,:f
15 =4.4 Hz, 2H), 1.40 (s, 3H), 1.20 (5, 3H), 0.85 (bs, 12H); MS (ES™) 571.37 (M+Na)".

Step 3: A mixture of compound from Step 2 (120 mg, 0.22 mmol) and formamidine
acetate (227 mg, 2.16 mmol) in EtOH (5 mL) was refluxed for 16 h. Additional
formamidine acetate (227 mg, 2.16 mmol) was added followed by reflux for 16 h.
20 After concentration, the residue was taken in chloroform and washed with water and
dried over MgSQ,. After filtration, the filtrate was concentrated and the residue was
. purified on a silica gel column using hexanes:ether (1:0 to 1:1) as eluent to give 11 mg

(9%) of desired product as an oil.
'H NMR (CDCls): 5 8.65 (s, 1H), 7.80-7.70 (m, 4H), 7.64 (d, J = 1.2 Hz, 1H), 7.50-
25  7.36 (m, 6H), 5.56 (s, 1H), 5.38 (bs, 2H), 4.51 (d, /= 3.1 Hz, 1H), 4.25 (dd, J = 7.2,
3.8 Hz, 1H), 4.00-3.92 (m, 2H), 1.75 (s, 3H), 145 (s, 3H), 1.12 (s, 3H), 1.10 (s,

9H); MS (ES") 576.49 (M+H)".

Step 4: A solution of compound from Step 3 (28 mg, 0.049 mmol) in 12% dry
30 HCIMeOH (2 mL) was stirred at room temperature for 0.5 h followed by
concentration. The residue was treated with 12% dry HCI/MeOH (2 mL) again and
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25 311), 1.12 (s, 311), 0.83 (s, 911); IR (neat, cml) 3473, 3359,
2932, 2858, 2198, 1428, 1109; Anal. Calcd for C301136N204Si: C,
65.66; H, WOG4U6/RPISE 10, Found: C, 65.42; H 6.68; N, LTSNS0
571.49 (MtNa)+. Step 2: A mixture of conpound from Step 1 (230 ny,
0.42 mml ) and formam di ne 30 acetate (437 ng, 4.20 nmmol) in EtOH (6
m.) was refluxed for 6 h. Additional formam dine acetate (437 ng,
nunol ) was added followed by reflux for 18 h. The reaction m xture
was concent rstiresd ahmepm frenpegdird for Wamin foklewed hy chiconigdtionnThingeisess wist h
wat er, and

concent r at ecd]Ilr g&%d{)\ﬁgé residue 1\%'5]% S%d.t& :2 &gﬁl@gﬂts ?ﬁ? f:egld‘l%l%gwmﬁm with
usi ng hexaneshdrt @A 4ud: tﬂhetdounlﬂnﬁ)/acmsme(bﬁfmtd 36 (&ﬁ%)eaﬂ@d‘szragp(oﬁﬁa@asof
desired prodhi)%h g%%n oil. 111 NWR (DWVbO- d6): 8.40 (s, 111), 67.99
(s, 111) F m 1011), 5.43 (s, 1H), 4.63 (s, 1111 4.24 (t,
J--= 5.5 4z, 'HifiR BDAN: 6&45& 151)% te (s, B0 s.1a (5&}1()83 983.3) (m 143 088 (s,
3H), 1.33 (s 3118) 1)320 f‘% ); IR (neat, cin-i) 3450, 3337, 2932,
2858, 1636, &S byt H@/s (ES) 598.40 (MNa)+; Anal. Calcd for
CHH371\ 1304SSi ol 120: C, 562.70; H, 6.62; N, 7.08. Found: C, 62.40; H,
6.37; N, 6.99. Step 3: Conpound from Step 2 (90 ng, 0 16 Mol ) was
treated the same way as Step 4 in BeamleBB928 |t gave 43 ng (74%
of desiregg product as hydrochloride. 111 NMR OHd4): 8 9.54 (bs,
210, 8.74 (s, 1H), 8.43 (s, 111), 5.13 (s, 1 , 4.27- 10 4.17 (m
111), 4.00 (d, J 8.0 Hz, 111), 376352% %1), 1.16 (s, 311); IR
(KBr, cm1) 3367, 1661, 1607, 156§IR 1036\ uES+) 298. 41 (M+H) +;
Anal . Cal cd for C12415N304SHC11. 5"H2 £39MN5; H, 5.31; N, 11.65.
Found: C, 40.48; H 5.37; N, 11.24. 1 ExA Ie B- 30
7-(2-(Trityloxy)ethyl)furol 3, 2- cl]pyh a%n 4-am ne (Schenme B-6). It
was prepared by follow ng the nethod ?al rnat e approach, Steps 1-5)
used for COrmﬁuﬁﬂoﬁ-oaék'&-ﬁfethywdﬁbéfﬂ}ﬂ%ﬂpih@enﬁ 32-dpyEinidintNBcheme B-

( DVBO- d6% 8 18 (s 111), 8.02 (s, 111), 7.32-7.22 (m 15H), 3.25
(t, J= 62% 1, 2 87 (t, J=6.6 Hz, 2H).

Step 1: Ugder Example B-28 in Step 2, another product alpha isomer was also isolated.
'H NMR (DMSO-dg): §7.49-7.42 (m, 4H), 7.34-7.20 (m, 7H), 5.99 (s, 2H), 4.61 (s,
1H), 4.25 (s, 1H), 3.92 (t, J = 6..8 Hz, 1H), 3.59-3.53 (m, 2H), 1.19 (s, 3H), 1.15 (s,

25  3H), 1.12 (s, 3H), 0.83 (s, SH); IR (neat, cm™) 3473, 3359, 2932, 2858, 2198, 1428,
1109; Anal. Caled for CapHasN2048i: C, 65.66; H, 6:61; N, 5.10. Found: C, 65.42; H,
6.68; N, 4.94; MS (ES): 571.49 (M+Na)",

Step 2: A mixture of compound from Step 1 (230 mg, 0.42 mmol) and formamidine
30 acetate (437 mg, 4.20 mmol) in BtOH (6 mL) was refluxed for 6 h. Additional
formamidine acetate (437 mg, mmol) was added followed by reflux for 18 h. The
reaction mixture was concenirated and th_e residue was taken in chloroform, washed
with water, and dried over MgSQj4. ‘After filtration, the filtrate was concentrated and the
residue was purified on a silica gel column using hexanes:EtOAc (1:0 to 1:1) as eluent

35 togive 195 mg (81%) of desired product as an oil.
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Exanpl e 8-31 NH2 51 ON HO 10

(cis)(4-(4-Am nofuro[ 3, 2-4pyrimdin-7-yl)cycl opent - 2- enyl ) net hanol
(Schene B6WO2006f058%45 prepared by foll owi ng the net hod PCIAISRENS039072
conpound 8-24 starting from Exanple A-9. 15IH NVR (CDC13): 8 8.42 (s,
1H), 7.58 (s, 114), 5.89 (td, J= 5.4, 2.3 Hz, 113), 5.76 (td, J =
5.4, 2.3 Hz, 111), 5.22 (bs, 2H, D20 exchangeable), 4.54 (bs, 111,
D20 exchangeable), 4.18-4.10 (m 1H), 3.88 (dd, J= 10.9, 3.7 Hz,
%14)13 g 78 gwmgﬁsbfd% 94b‘|§s 1117!)8739?5%?1) s éﬁll)OH)Zsﬁél(s{ﬁﬁ)
254.52 (M23%- 6312@@4%1@%@251%1@23 Q@(dﬂ@ﬁﬂﬂzs@}% 1.55 (s, 3H), 1.43 (s,

(5- (4- Ani nol lrén;rph%?@djfﬁ}’ﬁ'om @i m/gr)efmtr Sl pEdr 943y Qﬁﬁg'}g%séﬁk%ﬁ%%”o

| (Schene 8- are owi ng t he nét
compound 8. 243185 410%; S HESH S9p - MeyL0ATBE CHOMNMY CRRBOBDISHPIROBE,

( o ﬁgg 55 %74 i G%éo]ﬁ o3 ’ﬁ*ﬁt 15{?)4065[ Eg%’(%]’mfll?’ % o5 ( m 1?3)5;
M5 (ES+) 252. 53 .

' Step 3: Compound from Step 2 (90 mg, 0.16 mmol) was treated the same way as Step 4

in Example B-28. It gave 43 mg (74%) of desired product as hydrochloride,
'H NMR (MeOH-d,): & 9.54 (bs, 2H),. 8.74 (s, 1H), 8.43 (s, 1H), 5.13 (s, 1H), 4.27-
10 4.17 (m, 1H), 4.00 (d, J = 8.0 Hz, 1H), 3.76-3.52 (m, 2H), 1.16 (s, 3H); IR (KBr, cm™)
3367, 1661, 1607, 1568, 1036; MS (BS") 29841 (M+H)"; Anal. Caled for
Ci2H1sN3O4SeHCle1.5 H>O: C, 39.95; H, 5.31; N, 11.65. Found: C, 40.48; H, 5.37; N,

11.24.
15 Example B-30
. NE,
N

25

7-(2-(Trityloxy)ethyl)furo[3,2-d]pyrimidin-4-amine {Scheme B-6).

It was prepared by following the method (alternate approach, Steps 1-5) used for
compound B-24 starting from Example A-1.

35 'HNMR (DMSO-ds): 8 8.18 (s, 1H), 8.02 (s, 1H), 7.32-7.22 (m, 15H), 3.25 (t, /= 6.6
Hz, 2H), 2.87 (t, J= 6.6 Hz, 2H).
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atm-. Exanple B-33 NH2 5 HOA cH3 HO OH

2- (4- Am nof uroP, 2-4pyri m di n-7-y1) - 5- (hydr oxynet hyl ) - 3- net hyl pyrrolid
i n<(a3, 4- di OWO(W@%P -6). 15 It was prepared by foll owPﬁaﬂ{Sﬁ@S%é%%d
used for conmpound B-24 starting from Exanple A-11. IH NWVR (D20): 8.58
(s, 1H), 8.53 (s, 1H), 5.05 (s, 1H),4.51 (d, J= 9.2 Hz, 1H), 4.10-
4.12 (in, 2H), 3.80-3.90 (in, 1H), 1.17 (s, 3H); 13C NWR (1320):
152.16, 148.59, 147.63, 143.90, 133.77, 113.80, 78.89, 73.45, 63.16,
60. 67,57.82, 19.51; MS (ES) 20281. 4ixaniplaBgfile B-34 0 30110-\ N*LN132
HO 6H 2- Ami no-74- (D-ri bof uranosyl ) - furop, 2-thHl pyrim di n-4(313) - one
(Scheme B-4). 35 It was prepared from Exanplje”4-2 by follow ng the
sanme prockdure used for Exanple B-21. O~ >N

HO

10 (cis)(4~(4~Aminofure[3,2-d]pyrimidin-7-yl)cyclopent-2-enylymethanol (Scheme B-
6). '

It was prepared by following the method used for compound B-24 starting from
Example A-9.

15 'HNMR (CDCls): 6 8.42 (s, 1H), 7.58 (s, 1H), 5.89 (d, J= 5.4, 2.3 Hz, 1H), 5.76 (id,
J =54, 23 Hz, 1H), 522 (bs, 2H, D;O exchangeable), 4.54 (bs, 1H, D,O
exchangeable), 4.18-4.10 (m, 1H), 3.88 (dd, /= 10.9, 3.7 Hz, 1H), 3.76 (dd, J=10.7,
3.0 Hz, 1H), 3.22-3.13 (m, 1H), 2.64 (td, /= 13.9, 9.7 Hz, 1H), 2.07 (td, /= 13.9, 6.4
Hz, 1H); MS (ES*) 254.52 (M+23).

20

Example B-32

25

30 (5-(4-Aminofuro[3,2-{[]pyriniidin—7—yl)—tetrahydrothiophen-z-yl)methanol
(Scheme B-6).

It was prepared by following the method used for compound B-24 starting from
Example A-10. ’
35 'H NMR (CD;OD): & 8.58 (s, 1H), 8.32 (s, 1H), 4.70 (t, J = 6.4 Hz, 1H), 3.85 (t, J =
6.5 Hz, 1H), 3.65 (m, 2H), 2.50 (m, 1H), 2.20 (m, 2H), 1.95 (m, 1H); MS (ES*) 252.53
(MR
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| HNVR (DVSO-do): 8 8.11 (s, 1H), 4.69 (d, J= 6.9 Hz, 1H), 4.05-4.01
(m 111), 3.97- 3.95 (m 1H), 3.89-3.86 (in, 111), 3.80- 3.63 (m

2H); M5 (BBO20@20181 (M 1). Anal. Calcd for C I Fl 13N303ZTHEINS839920:
C, 34.55; H 4.75; N, 10.99. Found: C, 4034.37; H, 4.98; N, 10.87.
WO 2006/ 050161PCT/ US2005/ 039072 5 Exanple B-35 0 110A CH3 | *I HO OH
7-13-(2'-C Methyl -D-ri bofuranosyl )-furo[ 3, 2-d] pyri m din-4(3.13)-o0ne
(Schenme B-1). It was prepared by deprotection of Exanple B-11 by
hydrogenati on under the same 15 corglabipiB-33sed with Exanple B46. 111
NAI R (DVbO-d6): 8 12.42 (bs, 1H, D20 exchangeable), 8.20 (s, 113),
8.08 (s, 111), 4.98 (d, J= 6.4 Hz, 1H), 4.93\s, 1H), 4.83 (t, J= 5.0
Hz, 1H, B0 exchangeable), 4.73 (s, 1H, hangeabl e), 3.78-3.70
(m 211), 3.64-3.54 (m 1H), 0.93 (s, 3X NG (ES) 281.34 (M1);
Anal . Calcd for C 2H: 4N206CH40: CHO. .HG' HN5.77, N 8.91. 20 Found:
C, 49.63; H, 5.61; N, 8.26. Exanple

2-(4-Aminofur0[3,2-d]pyrimidin-7-yl)—5-(hydroxymethyl)-3-methyipyrrolidine—
3.4-diol (Scheme B-6).

15 It was prepared by following the method used for compound B-24 starting from
Example A-11. ‘
"H NMR (D;0): 8.58 (s, 1H), 8.53 (s, 1H), 5.05 (s, 1H), 4.51 (d, J= 9.2 Hz, 1H), 4.10-
4.12 (m, 2H), 3.80-3.90 (m, 1H), 1.17 (s, 3H); “C NMR (D:0): 152.16, 148.59,
147.63, 143.90, 133.77, 113.80, 78.89, 73.45, 63.16, 60.67,-57.82, 19.51; MS (BS")

20 281.41.
Example B-34
O
O I NH
HO o N’/I\NHz
30

o Od

2-Amino-7-3~(D-ribofuranosyl)-fure[3,2-d]pyrimidin-4(3H)-one (Schéme B-4).

35 It was prepared from Example A-2 by following the same procedure used for Example
B-21.
"H NMR (DMSO-dy): & 8.11 (s, 1H), 4.69 (d, J = 6.9 Hz, 1H), 4.05-4.01 (m, 1H), 3.97-
3.95 (m, 1H), 3.89-3.86 (m, 1H), 3.80- 3.63 (m, 2H); MS (ES") 282.34 (M-1).
Anal. Caled for Cy;HsN3O0se2 HCle1.5 H,O: C, 34.55; I, 4.75; N, 10.99. Found: C,
40  34.37; H, 4.98; N, 10.87.
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HO- P-0 OH z HONH2 ONO :Ca3 -OH

4- Am no-7- 13- 8 -C-nmeth I-Drlbofuranosyl) furo[ 3, 2- dL}Q/I‘Ide ne-5' -
nonophosph¥P¢ ‘(@é?}‘é}m C- 1). 35 Step 1: A solution of BEX&HIRISI¥ATY 50
ng, 0.18 nmol) in Tiff (6 nL) was treated with 1-Htetrazole (39 ny,
98% 0.55 mml) and cooled with ice/water followed by dropw se

addi tion of dibenzyl N, N-diisopropyl phosphoramdite (75 pi, 0.22

[/ mob. The reaction mxture was stirred at O Cfor 1 h and at room
tenperature for 2 h. 40 Additional Bidyeple B35

N, N-di i sopropyl phosphoram dite (25 M., 0.07% mmol) was added and the
m xture was stirred at roomtenperature furtlher for 1 It The reaction
m xture Mas cooled to -40 C, and treat tRHm CPBA (82 ny, nmax.
77% followed by stifling at 0 Cgzh f pbr diluting with
chloroform (100 m.), the m xture wa Nai t h 5% Na2S03 (2 x 30
m), sat. NaHCO3 (2 x 30 niL) and wat ng 30 nL), and dried over
MpSH4. After filtration, the f||traﬁ§ V@é toncentrated and the

7-B-(2'-C-MethyI-D-ribofuranosyl)-furo[3,2-d]pyrimidin—4(3H)—one (Scheme B-1).

It was prepared by deprotection of Example B-11 by hydrogenation under the same
15  conditions used with Example B-16.

'H NMR (DMSO-ds): § 12.42 (bs, 1H, DO exchangeable), 8.20 (s, 1H), 8.08 (s, 1H),

4.98 (d, /= 6.4 Hz, 1H), 4.93 (s, 1H), 4.83 (t, /= 5.0 Hz, 1H, D,0 exchangeable), 4.73

(s, 1H, D20 exchangeable), 3.78-3.70 (m, 2H), 3.64-3.54 (m, 1H), 0.93 (s, 3H); MS

(ES’) 281.34 (M-1); Anal. Caled for CzH1N;0geCH4O: C, 49.66; H, 5.77; N, 8.91.
20  Found: C, 49.63; H, 5.61; N, 8.26.

Example C-1

30

HG OH

4-Amine-7-3-(2'-C-methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine-5'-
monophosphate (Scheme C-1).
35
Step 1: A solution of Example B-24 (50 mg, 0.18 mmol) in THF (6 mL) was treated
with 1-H-tetrazole (39 mg, 98%, 0.55 mmol) and cooled with ice/water followed by
dropwise addition of dibenzyl N,N-diisopropylphosphoramidite (75 uL, 0.22 mmol),
The reaction mixture was stirred at 0 °C for 1 h and at room temperature for 2 h,
40  Additional dibenzyl N,N-diisopropylphosphoramidite (25 plL, 0.075 mmol) was added

and the mixture was stirred at room temperature further for 1 h. The reaction mixture
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5 residue was purified on a silica gel colum using chl orof onn/ MeOH
(1:0 to 10:1) as eluent to give 40 ng (41% of desired product as a
white sol i WO 296405KR (DVS0-4): 8 8.22 (s, 1H), 8.10 (s,PCI{USp00S/p3RDR
(bs, 2H), 7.36-7.27 (m 101), 5.23 (d, Jr- 6.4 Hz, 111), 5.02 (s,
211), 5.00 (s, 211), 4.99 (s, 111), 4.91 (s, 111), 4.34-4.26 (m
211), 4.12-3.96 (m 211), 0.92 (s, 311); M5 (ES+) 542.31 (M+H)+. 10
Step 2. A mxture of product fromStep 1 (35 ng, 0.065 nmmol) and Pd-C
(10% 20 ng) wad cddréi-o( 1 ﬂ)an&\/aﬁath&dﬁmgﬂf@m@ (Dngl &ak. 77%P fiMlwkd by
After renoving the catalyst filtration, the filtrate was

concent r at edStFEE #h@ °9ef§¥ dde % dilpting with whicrefows élroo(nlb), (the) mistere was

washed with ELOAE vk 9%, N,90,b xaﬂfjnﬁb" ‘?\fa?lrdag_l(%e 30_mlL), and walgr (2 x 30

aqueous phase_15 was ‘concentrated to ness
di ssol ved i nmR),rdndodried kver Ma$Oni Afier ﬁhil;atwmnhm fitjeaiee was Ednoéntrd%d and the

g ggg)s ur ed58b %e-;%ﬁ%ﬁwgn%ggdﬁésg é%T ﬂ;ﬁ %%‘grg %g]o@irﬁﬁoéﬁgét%fo ]g) NNW

111), 4.06- auaﬁto(gwe@ng(41@5)&8d¢mdﬁ|d)mctaslammoﬁao) 8 0.83 (bs,

o i no o oo SR s € S B R S0 0% A 739 s2my B3P 91

) - one- S| nonoppdaphatee K5a R0 198), 860 399 L4491
13-21 (48 ny 0@5 nunol Z‘:‘B 2-qdl n}lle)t hox é:)%]g) ane'e?rm% qs %ng
ol ), andp- @ PHrERU P 2P 9 (oltDny B89 11361 R 21 mmol) | n
acetone { nL) and DMF (2 inL) was stirred at roomtenperature of 2 h
foll owed by neutralization with 0.5 N aqueous NaOH The m xture was

concent r at edSER2dk S 059@&%@@%‘3%1;6 g 0.06h amediand Pdep (10845 20 BR)

i dazol o (60 M PR G O TR PR AR A iy 5
m.) and sti rﬁlgdhm the Gdimte wapemgeniratedfapd 18 rhSldLJ&thsttreamdtlwmrwaﬂaz(m ml)

(120,10 oncdSRBRY ORI Iy RG9S bl e

concent rkt i owmast @nd_@frata@/ me@snes?%erressd@umsmolped inf2 ed. czfrHﬁ) sid filegedgel

col um  usi ngw]ﬁléﬂ Séa)% ga; ME Q4 a'measu &d ,?bSy a% O?J[)*j r@é’)s Sf’]iu ﬂlil eofSQesrlTl:gd

(74% for two's eS|red produ
monophosphate,

H NMR (D;0): & 8.13 (bs, 1H), 8.03 (s, 1H), 5.03 (s, 1H), 4.20-4.08 (m, 1H), 4.06-
3.85 (m, 3H), 0.88 (s, 3H); >'P NMR (D;0): 5 0.83 (bs, 1P); MS (ES") 362.42 (M+H)".
20

Example C-2

25

2-Amino-7-3-(2'-C-methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidin-4(3 H)-one-5'-
monophosphate (Scheme C-1).

35  Step 1: A mixture of Example B-21 (48 mg, 0.15 mmol), 2,2-dimethoxypropane (0.34
mL, 98%, 2.72 mmol), and p-toluenesulfonic acid monohydrate (40 mg, 0.21 mmol) in
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1H NVR (MeOH-d4): 37.58 (d, J= 1.0 Hz, 111), 4.91 (s, 1H), 4.29 (d,
J= 2.9 Hz, 1H), 4.02-3.95 (m 1H), 3. 78-3. 66 (m 21), 1.49 (s, 3H),
1.28 (s, 3¥P)2006{059161 (s, 311), 0.81 (s, 15 911), 0.00 (§’CT61§190°/0¥?B72
(ES) 452.44 (MrH)+. Step 3: A mixture of conpound from Step 2 (50 ny,
0.11 mol ) and 4-nethoxytrityl chloride (70 ng, 0.22 nmol) in
pyridine (3 m) was stirred at 70 C for 13 h. The reaction m xture
was diluted with Et0OAc (100 nmL) and washed with water (2 x 50 20 nL),
brine (50 midcetoan @ o) amHBWT(ZMy]SOKtaS stifteé gt fobhnttempéramre dfteh fdl]omedibg

was concentrat |f| on a Si col u
o e how and B ERARS, 1105 05 5P 4t B ik e Sy Borfgnegit H Fopperand
desired prodtsedamdafc@ﬂ{eebkt&s@ film 111 NVR (CDC13): 8 9.91 (bs,

1H), 7.36-7. g(ﬁgpa ] é‘} +9o (bs, 111), 6.68 (d, J= 8.8 Hz, 211),
4.72 (s, 111})QI ég 2 Hz, 111), 4.00-3.94 (m 111), 3.68 (d,
J= 4.0 Hz 25211), 3.66 (s 311) 1.38 (s 311), 1.28 (s, 311), 0.99
(s, 3111 0.82 (s, 911) rﬁ( 611); ES) 74631 (MiNa) + Step
4: A sol uti oHeRg B @tctfrpla t@;:téafaénmﬁsl 1 ipidensie (SRans G8S D) g
) was treatmﬁmerd 5311%% LR e IQLnglmdrﬂﬁ}releﬂllogfﬂqunpéfatﬁlte' #Eing

at room tenperature 30 he reaction m xture

concent r at edh- Aiditiopd imidarle @Zﬁ/é@g) pﬁfi TBPMP @ {9GmeXivere @édegl@md sl reaption

h
(1000 of - denrraq s NEGH diked ahobf sttt o207  RIRRGe e il
7 77 (bsl0 11d1)'nessz 1o ressive wep purvﬁed@ma stig-a (g coimynsm%clﬂaioitocmﬂ\m@om (180

A é4 2 g. %)s o % @5(53 ng gllué-)[ é% gg% ZO (Z!}J_o') fgr %6%%&59%%{?uedlprgﬁ 4s a :%)ﬂess

1.41 (s, 31]1)1;’:1 1.36 (s, 311); , (ES+) 632.28 (M+-Na) +. Step 5. A

03 ) “nas t %@%ﬁﬁd}ﬁg‘ﬁﬁ% 233 ERe 05Tl 8338 At Bntrk ne
suspensi on WRg2-3.95 (m, 1H), 3.78-3.66 (m, 2H), 1.49 (s, 3H), 1.28 (s, 3H), 1.11 (s, 3H), 0.81 (5,
15 9H), 0.00 (s, 6H); MS (ES") 452.44 (M+H)",

Step 3: A mixture of compound from Step 2 (50 mg, 0.11 mmol) and 4-methoxytrityl
chloride (70 mg, 0.22 mmol) in pyridine (3 mL) was stirred at 70 °C for 13 h. The
reaction mixture was diluted with EtOAc (100 mL) and washed with water (2 x 50
20 mL), brine (50 mL), and dried over MgSOs After filtration, the filtrate was
concentrated and the residue was purified on a silica gel column using hexanes/EtQAc
(1:0 to 1:1) as eluent to give 45 mg {57%) of desired product as a colorless film.
'H NMR. (CDCL): § 9.91 (bs, 1H), 7.36-7.00 (m, 13H), 6.90 (bs, 1H), 6.68 (d, /= 8.8
Hz, 2H), 4.72 (s, 1H), 4.23 (d, J = 3.2 Hz, 1H), 4.00-3.94 (m, 1H), 3.68 (d, /= 4.0 Hz,
25 2H), 3.66 (s, 3H), 1.38 (s, 3H), 1.28.(s, 3H), 0.99 (s, 3H), 0.82 (s, 9H), 0.00 (s, 6H);
MS (ES™) 746.31 (M+Na)".

Step 4: A solution of product from Step 3 (45 mg, 0.062 mmol) in THF (3 mL) was

treated with BusNF (1M in THF, 0.12 mL) followed by stirring at room temperature

30 for 2.5 h. The reaction mixture was concentrated and the residue was purified on a
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10 stirred at roomtenperature for 5 mn followed by addition of

di benzyl AcHdi i sopropyl phosphoram clite (35 12L, 0.1 nunol). The
reaction nVRt20¥45H4E stirred at roomtenperature for 3.PCTES2M08688E t o
-40 C, and treated with a solution of mCPBA (30 ng, max. 77% in

di chl oronet hane (1 m.) followed by stirring at 0 C for 2 h. The
reaction m xture was diluted wth chloroform (50 nL) and washed wth
5% Na2503 (2 15 x 15 mL), NaHCO3 (2 x 15 nl), water (2 x 20 nL), and
dried over MiB@4gel pplen usingthexemegBOAdMe@HI (L1l o Wa6.1§ endent tative 39
and the resi ! n i ] ] el columm using :
hexanes/ Et OA%g&dg%S(O?a?ﬁrﬁéﬁrg’d c:tigﬁsoﬁﬂeg%ﬁe'uent to give 38 ng (70%

E (E)lrvet)mge)s : egk’ﬁ“ﬂ%@“ﬁ‘f @Dguggl)?aw(%m,;ﬂ.ﬁ%@ %’112211)’%1 57581
- . S, , S, . - /. .
(d, J= 20 &3 25553 Gé‘i s ,1H%.501€ (siHod-84 ,%dss’f%é-“(%zf 1@1,15?34%%5@(%{)3@.@) :

4.12 (d, §2. _ -6 @5 A1 f 2L
311), (1. 25:]), (@%{f )3 ?@%(é’s%{}()g,@sﬁ’limlé ( )C%Ir_I§ %%:FS? 3?@3@?18 é%‘oé ,%3%%59,

1

1611, 1252, (MIW‘%) ‘M5 (ES+) 870.30 (M+H)+; Anal. Calcd for
C491- 148N3010P0. 75 1120: C, 66.62; H, 5.65; N, 4.76. Found: C, 66.68;
11, 5.64; N, _4.80. 25 Step 6: A mxture of product fromStep 5 (30
my, 0.034 m¥En Sapdgolpgortol nodyct fomnigp # BMeeHD.62 el )pinwdiakloromethane (2
hydr ogenat e (v 5 f Vj t )

(1 tract on. THovp Pt LEPlckacofl (1 Find SERL 020 pki) 81 % iherdion was
treated Wt rstifiEd\ 4t3roptn) tammratie rioed atin riobowede iy exddfftione of dibedzyh N,N-

foll owed by concentrati.on t.q. dryness. . The resi due s stirred with
Et 0Ac (20 m ™ CREgRMRRoFRy™ e Qﬁd”eﬁ'&’sm(“b‘ﬂi&hﬁ,mf%?n SIRSS Vst SO it .
The organi ¢ foay@émp@suRabl £5heeboldde -AHIUS A 1RABS XithaSofudbh BEf-CPBA
extracted with EtOAc (2 x 20 nl) and the conbined organic extracts

wer e concent(amedmes Py iredishiorpmetharasianle) fbewedrtyatimthaw 0 RC KsCHh. (The
m.) and 20% 5%0%%& d}rﬁ%ﬁuﬁ with Suibrdf@ @%%d Walded Wil 3L N%%?ﬂ‘(z

tenperature for 1.2 e reaction mxture wds concentratéd
dryness knd %pf nfl)eNaHGOHER € 16CGBICMatdi(TEA0 ipil),fapd ,driBd pier-M8SQy. AFte?0

gi ve tho deatTenTfis e Py OngalbE e e PR Mgl gR s st e ©

give the desire
cont ai ni ng pobuuctsingehaxapedi@dc/MegEt fel0 &ntki1riel) an stuetiib @fvet 38 @g (10%

with water, i ch . gave. 6..1.mM asured by, UV at 288 nm) sol ution of
desired nono%?%”s{)p%%%e&dwmdpﬂqgﬁe a?@ﬁf@%?. 78 (d, J= 0.7 Hz, 1Hj,

4.91 (d, J= 6 BMRZ(DNED,d-¥ 5119-98. (0, 71H)NT.64 (sl 1 1), 7.44-040 %n,&@srg,rm.si% )=
%(25 |( > ?@?13%8. %I?,lzﬁ){)!\lg\{gé E;,Zgl){), 5%)'38(31, 2&-6,’4.‘} lF?s,; 11—%,84.(12E ?cil,- )J =?é.738}'123 IHS T.-O —ZI’>.95
npl e 3 , 1H),
(m, 3H), 3.69 (s, 3H), 1.24 (s, 3H), 1.23 (s, 3H), 0.81 (s, 3H); IR (KBr, cm™) 3339,
2984, 1699, 1611, 1252, 1017; MS (ES") 870.30 (M+H)"; Anal. Caled for
CioHagN3010P0.75 HyO: C, 66.62; H, 5.65; N, 4.76. Found: C, 66.68; H, 5.64; N,
4.80, .
25
Step 6: A mixture of product from Step 5 (30 mg, 0.034 mmol) and Pd-C (10%, 20 mg)
in MeOH (15 mL) was hydrogenated for 20 h (~50 psi). After removing the catalyst by
filtration, the filirate was concentrated, and the residue was treated with TFA (3 mL)
and stirred at room temperature for 1 h followed by concentration to dryness. The
30  residue was stirred with EtOAc (20 mL), water (20 mL), and TEAB (pH=8.0, 1M, 2

mL) for 30 min. The organic layer was collected, the aqueous phase was further
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201101-0-v OH\ cn3 HO OH 25 4- Met hyl am no-743- (2' - C- et hy
-D-ribofuranosyl)-furo[3, 2-d] pyri mdine-S - nonophosphate (Schene
C1). A soWotzoePselsl Exanpl e B-17 (50 ng, 0.17 mmol) i n PTHRAIS2GS08A0T2
was cooled to O C and to this were added, tetrazole (0.51 mml, 35
ng) and di benzyl 30 diisopropyl phosphoram date (0.17 mol, 61 itl)
and the m xture was stirred for 1 h. Additional 0.2 equival ents of

t he phosphoryl ati ng reagents were added and stirring continued for 2
h at room t eapeciad urgh Biddcr €act 20nmbjpsantihthe combigdl bopanik0 exiracfd dWere

sl | owed TR Dt ThHs A e et e SR oSG BRIy

the additi OnmCI‘frIe@H%?s'SChﬂE))ﬂﬂlo%d $9 Gimp 94 kdont &:n(p%ratdié—k‘or Bnd. thd f&a&@n

W th CHClS(ZOln The organic | ayer was was with water

aqueous sat UFPS{¥E8 §66‘?‘i‘iﬁ‘?tﬁ’it PHBW%?@“%BM@@H@@Q(C@CWWT “@?efsed
over MySO}. #fiteg.0f b-bo hih ®B5%idecN; |2bf2étrﬁn\’\@§6@% , il attéa@
resi due was purlfled on a silica gel colum usin t3 5% Me

chl or of or m a@nkiouEre theslegiraderrodnchifz ot l4dermin efil Shofrestions qumtainipg B@d&lﬁ
was di ssol Vegedk Mol Ho fekier dnll %Eﬂiilsﬁtgtea he ZSQJLUMth\v%@LS%ng% ?av%t % BdaC

(50 ng). The suspension was rogenated for
cat al yst vvas(meémvﬂwwaﬁlfF&Trl%)tﬁObﬁOuhﬁmgﬁdmmqph@phﬂd the r esi due was

taken 5 in vgf ﬁ?ﬂ? t hyl et-at 0 ) =

was renoved, an ﬁg(ﬁqﬁéﬁ(ﬁ@ %yedr37 \A%’sl]?éﬁ?gﬁg’r‘ét Eqdﬁgﬁﬁﬂ% (\115‘43%8@9

HPLC (gr ali elfl), 8.04-3.850B2BEHIAN (sn3Mpt'erNuR [De0Rrisy EhEHeMELBSHA78AD,

tR-7.8 mn). %};rdea red fractions were coll ected and concentrated to
mg (

gi ve 46 of desired phosphate. 1IH NWMR (1)20 5 in ppm
8.05 (s, 111) 8.04 (s, 111), 5.20 (s, 111) 3.90 (m 411), 2.90 (s,

10 311), 0.90 (s, 311). 31P NMWR 47 pom §ES— 1) 376 (M+li)-1, 398
(M:Na) +, MBS (ES) 374.30 *Hy. xample C-
HN/
0] X
O I N
i N\
20 HO-P-0 o N/)
OH
A CH,
HO OH

25  4-Methylamino-7-3-(2'-C-methyl-D-ribofuranesyl)-furo[3,2-d]pyrimidine-5'-
monophosphate (Scheme C-1).

A solution of Example B-17 (50 mg, 0.17 mmol) in THF (5 mL) was cooled to 0 °C
and to this were added, tefrazole (0.51 mmol, 35 mg) and dibenzyl
30 diisopropylphosphoramidate (0.17 mmol, 61 gL} and the mixture was stirred for 1 h.
Additional 0.2 equivalents of the phosphorylating reagents were added and stirring
continued for 2 h at room temperature. The reaction was then cooled to -40 °C and-m-
chioroperbenzoic acid (80 mg, 0.34 mmol) was added and the reaction was allowed to
warm to room temperature. The reaction was quenchéd by the addition of 10% aqueous
35  sodium sulfite (3 mL), and diluted with CHCl; (20 mL). The organic layer was washed
with water (20 mL), aqueous saturated sodium bicarbonate solution (2 x 20 mL), and
dried over MgSO4. After filiration, the filtrate was concenirated and the residue was
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Example G4 15 0 0 0 I1llI HOP-OP-OP-0 111 OH OH OH cH3 HO OH 25
4- Met hyl ami no- 74- (21- G- et hyl - D-ri bef uranosyl ) -furo[ 3, 2-d rim di ne-
5 - tri pho@ﬂﬁ'ﬁ?“@bé]ﬁ:hem C-2). Step 1: A mixture of Exé’r‘?ﬂ]f@%@-:”f?%(’%
ng, 0.32 mml), MMITrCl (550 ng, 98% 1.75 nmol), DMAP (25 ng, O0.20
mmol ), and pyridine (3.2 tnL) in MAY (2 nlL) was stirred 30 at room
tenperature for 19 h followed by addition of triethylamne (2.4 inL,
17 22 mmol ), DVAP (20 _ng, 0.16 mml), and 4-nitrobenzoyl chloride
(1.22 g, 98%puwHicdon gidicy selrsaluam ysinad tai5% WeRTitie allerodararas efugnt tpiging 70

washed i th o oropD PR T DRkt bRt VIR0 okl U ke

After filtrasdlaion wasadddd ¥ aPé-Cide regnTlensuspensidn smas hydregenated fhrd S\viaat

B ol uont 1 0" P i UG By e RESAR SR e B0 e By

111 NMR (£DCh3)atei8shd3@hflsacetbis1(20 il 88ck)s Thd dikhmic Sayel whs 26méved, 2¢Hl ik,

6.85 (d, J=9.0 211), 5 .95 (d, .J=.4. 1).. 5.65 =.0..8 Hz,
111), 4. 27 (%iﬂ‘?"‘{fHﬁ“@r 8?3 Gonge Fe%fo‘L}’?“é‘:‘dgé’%&%%%@e‘gog% 1{5’%% c?%?% in
?. 66- % . 62 (1 n‘vvatgrédﬁ revérgedf?laéﬁ Cl;Bﬂ'.t_il)lmn,StR-‘Stmirgg '{‘1& c’zb?igdﬂn%agtﬁoﬁkfw@é Qﬁilll&{ded
rom Step Mo i etonitrile was treate
with 0.2 N & gg@%dt@@@ﬁryg&ﬁ%ﬁg&&sp@ Phosphffomn t enperature for 2
h. The react IDNMR 3,0 Ein\Wpa) 898Y(E, alki) zesh @ 1h, 926 (NiByYeoYs, Nkl dhes pPH
= 5 fol l owed_ b diﬂtiog\?\?\jt)h vvgte@&f)%o Gér7;1|,~§mand ((:oplg}e;ntrgthn to Q_
renove nbbt i) AR i ¥ ¥MRrfid pREu d6UES SA0UME Hias 98 (Nt eMS(ESH
chl orof orm (#405R-Ak) and EtO0Ac (2 x 25 mL). 10 The conbi ned organic
extracts were dried over MgSO4. After filtration, the filtrate was
concentrated and the residue was purified on a silica gel colum

usi ng hexanes/ Et 0Ac/ MeOH (1:0:0 to Ekﬁﬁple?Aas eluent to give 600 ng
(819 of desired product as a yellow sofid. NVR ( DMBO-d6): 8
9.13 (s,1511), 8.46 (d, J= 0.8 Hz, 111), 8.41-7.66 4m 1211), 15 5.72
(d, J= 32 Hz, H), 5.60 (s, 1El), 5.18 (t, J=6.0 , 111), 4.25 (dd,
J=6.8, 3.6 Hz, 1H), 3.85-3.79 (m 211), 3.66 L), 1.37 (s,

311); MsS (ES+): 743.26 (MtH) +. Stefl 3:9A susp si’on,)of product from
Step 2 (50 ngy, 0.067 nunol)qoﬁggo_éé?ﬁ?"eoo N

25  4-Methylamine-7-6-(2'-C-methyl-D-ribofuranesyl)-furo{3,2-d]pyrimidine-5'-
triphosphate (Scheme C-2).

Step 1: A mixture of Example B-17 (95 mg, 0.32 mmol), MMTrCl (550 mg, 98%, 1.75
mmol}, DMAP (25 mg, 0.20 mmol), and pyridine (3.2 mL) in DMF (2 mL) was stirred

30  at room temperature for 19 h followed by addition of triethylamine (2.4 mL, 17.22
mmol), DMAP (20 mg, 0.16 mmol), and 4-nitrobenzoyl chloride (1.22 g, 98%, 6.44
mmol) and stirred at room temperature for five days. The reaction mixture was diluted
with ethyl acetate (100 mL), washed with water (2 x 50 mL), brine (50 mL), and dried
over MgSO,. After filiration, the filtrate was concentrated and the residue was purified

35 on a silica gel column using hexanes/EtOAc (1:0 to 1:1) as eluent to give 110 mg
(34%) of desired product as a brown syrup.

118



pyridine (75 gL) and di oxane (220 AL) was treated with a freshly
prepared solution of 20 chloro-4H 1, 3, 2- benzodi oxaphosphori n-4-one
(1M in di oW&E6/Bo6HL) and was Stirred at room t enper atROTERM5/0397 n
followed by treatnent with a solution of tributylanmoni um
pyrophosphate (1.6 Bu3N-1.0 1141'207, 51 ng, 0.11 mol) in DVF (220
'1'L) and n-butylam ne (701AL) sinultaneously. A clear solution forned
whi ch was stirred at roomtenperature for 30 mn and treated with 2.8

rﬁ;dof 1% 1f2 TENNRI tﬂm@ag%/@lﬁnﬂ@ﬁ s,ﬁlH)p@li(sgggwaﬁ, I%U,L&dw(ﬁbh 9.0 H,
addition o 9 ueQus sodj um t hi ate JAL) and the

resul ting so%iﬁs%ﬁ (aiai;'cd‘d)r%"er}#)’afi-gﬁtlt’% é%e%@s 4@%%4"3’5"7' 8det-adle 1H),
treated w thsgopc3abiders, GRS 386)3.6M6h, WA, 544 (rs,r;q.g_ at room tenperature

overni ght foll owed by concentration to dryness. 'The resi due was
di ssolved in 1120 (20 InL) and washed with CH2Cl12 (2 x 15 nL). The

aqueous paseeYBsAGRRREILE FhaM: ATy PRI R of @6@&%&%@@ ' ggﬂg‘;

time to renove the trace of CH2Cl1Z2 a urifre I on ex
col urm chr onsdgratadwithi.2 B aguidua &7t (66 anefi)emd stinfredTE ARy Leinfperati(rd Kor BRAB

buffer, pH : 0 0 : n} raction
containing t 58‘5%/&3’13%%’“%%(: 5%4%29%%511 @g#{)%qﬁee%m?ﬁ Hctjéﬁjcl:_lfen %cél{og .ﬁb¥he
resi due was dhutips sothvester (201aR0amhconsentiatipedo famdvhenosbyf bfdtd@itrile. The

(CH3CN 0. 1M = 0 -20 .m n,, 0z359 . -
35-100% méﬁﬁ%%ﬁ‘?ﬁ%&a Bt Wi ?310 oferm & %@@%&@3@&%@@%@% 6
m n). ThE deBieropdhbined otganin sxtretsen e dti@ovieONBREOR IA f €l tradi o] itlsslkrsie Gvas
2 mL of water to.gjye 3.3.mM asur ed by at 278 ri sol ution, of
desired triphosp a{eé. 2, W\/EI%EE?)ZW)’S. @‘“'éeg\?/"{‘s,a Simiy g% gAuEL  vsipg
5.11 (s, 11MexanksBOAc/MROM(1:E419 1:14. D2s(Suen? blgive 80®mg(B1% b Hesiéd 98
(s, 311); 31P NVR P20): 8 -#18.20 (d, J217.8 Hz, I1P), -9.86 (d, J=
17.3, 1P), -Pyduspasdveligeseid.g 1) 1p); M5 (ES-) 534.14 (M1). 10

'H NMR (DMSO-dg): 8 9.13 (s, 1H), 8.46 (d, J = 0.8 Hz, 1H), 8.41-7.66 (m, 12H),

15 572 (d, J=3.2 Hz, 1H), 5.60 (s, 1H), 5.18 (t, J = 6.0 Hz, 1H), 4.25 (dd, /= 6.8, 3.6
Hz, 1H), 3.85-3.79 (m, 2H), 3.66 (s, 3H), 1.37 (s, 3H); MS (ES™): 743.26 (M+H)".

Step 3: A suspension of product from Step 2 (50 mg, 0.067 mmol) in a mixture of
pyridine (75 pL) and dioxane (220 uL) was treated with a freshly prepared solution of
20  chloro-4/-1,3,2-benzodioxaphosphorin-4-one (1M in dioxane, 80 uL) and was stirred
at room temperature for 20 min followed by treatment with a solution of
tributylammonium pyrophosphate (1.6 BuzN-1.0 HyP207, 51 mg, 0.11 mmol) in DMF
(220 UL) and n-butylamine (70 pL) simultaneously. A clear solution formed which was
stirred at room temperature for 30 min and treated with 2.8 mL of 1% I in Py/H,0
25 (98/2). Excess iodine was reduced by addition of 5% aqueous sodium thiosulphate (230
UL) and the resulting solution was concentrated to dryness. The residue was treated
with conc. NH4OH (20 mL) and was stirred at room temperature overnight followed by
conceniration to dryness. The residue was dissolved in H,O (20 mL) and washed with
CHxCl; (2 x 15 mL). The aqueous phase was concentrated under vacuum for a short
30  period of time to remove the trace of CH,Cl, and purified by DEAE ion exchange
column chromatography with a lincar gradient of TEAB buffer (1M TEAB buffer, pH
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Example C5

4- Am no-7- 13- (2LC-net hyl - D-ri bof uranosyl ) -furop, 2-dl pyrim dine-Srtrip
hosphat e ( Bhdf03163) 25 Step 1: A mixture of Exanpl e RGVDSRIEIEH 72y,
0.49 mml) and imdazole (175 ng, 2.57 mml) in DMF (5 nL) was
treated with TBDMSClL (130 ng, 0.86 mmol) followed by stirring at room
tenperature for 17 h. To this m xture were added triethylamne (3.2
m.), DMAP (30 mg 0. 25 nunol), 4-nitrobenzoyl chloride (1.66 g, 98%
8.76 mol ), an#0bkP, (230rmn)/24h dmb;s Orlr knd:0hadhe dirciinse dorftaiiing g hizsiredd

h. The reactj i e . iJuted. w Et 0Ac (15Q, ‘s hed
Nttt or (3Rl kLol S bbb iShedl e FUNE pbd Rdicinlsn b
filtration, pidieifuithetty HBEC (CHo@WOrIM &8 AZBNbuffdnepH 58.0Ue200@8in, 0-35%

urified b onm a silica col um usin
Pexancer et hy PR B o SO0 0 O Bofiguind 3 S8 o 58 theprofict (=
g r5 odg ct, 52\,hi 2516 \mia's). _l]Blediea'&dSﬁﬁbﬁoﬁsgﬁrerB §ebled tt@gbihewgré% Eesai)s&f%d#_' I:z(F M(;%C)Sf
tep 2: sol uti of _conpou omSte in
nm) was IOt rea‘fvatar W%‘Wﬁ?&@%‘?ﬁa rec iah?ﬂ%f’l:%o“ﬂ“é@n ?ﬂ‘%ﬁ‘# tyiplposplgiteq
mL). The realdl NMR (D 5)Us 8.148 188, g.64, filn, 599 ,tlﬁ})@ﬁ@l&%%ﬁ 2.0 (%”d
S ol T"owed “By

addi tional tetrabutyl “amonium f]uoeride (1 ni added

stifling af d%%%ﬁ ESTBED. L Y (. TED: *'B NMBRIB Qo fice0 (Gau/-aI1.8 HidPy 9.86{gue
acet ot of et nangl - PA20 P TEP U 06 G 26 80 dok o1 wo. ot eps)

of desir&d product. 1H NVR (DMBO-d6): .5 11.96 (s, 1H), 9.25 (s,
111), 8.60 (s, 111), 8.50-8.17 (rn, 12 C5 78 (d, J = 3.3 Hz, 111),
5.71 (s, 1H), 4.30 (m 111), 3.89-3%%‘“?‘&1 $11), 1.52 (s, 3H): 10 M5
(ES) 727.58 (M1). Step 3: A suspension of productnd,rom Step 2 (37
my, 0.051. nmmol) in a mxture of pyridine (55 gl i
ILL) wastreated with a freshl ¢ pr@par@d sol ut
chl oro-4H 1, 3, 2- benzodi oxaphﬁ%@hbrlrm-énr ( )
The reaction 15 m xture was st DHr eOHatog oong t @nperature for 20 min
followed by treatnent with a solution of trpbgtgH;anmoni um
pyrophosphate (1.6 Bu3N1.0 H4F207, 39 ng, H& 08& mol ) in DVF (165 glL)
and n-butyl a‘{n' ne (55 AL) sinhultaneously. A clear solution forned

whi ch was st4ARIR-4b-@obmetbridrbofirandsyh-fomHtwifyoinidined by

treat ment WtiBhosphate (Scheme C-2).

25 Step 1: A mixture of Example B-24 (138 mg, 0.49 mmol) and imidazole (175 mg, 2.57
mmol} in DMF (5 mL) was treated with TBDMSCI (130 mg, 0.86 mmol) followed by
stirring at room temperature for 17 h. To this mixture were added triethylamine (3.2
mL), DMAP (30 mg, 0.25 mmol), 4-nitrobenzoyl chloride (1.66 g, 98%, 8.76 mmol),
and DMF (3 mL) and stirring was continued for another 24 h. The reaction mixture

30 was diluted with EtOAc (150 mL), washed with water (2 x 75 mL), brine (75 mL), and
dried over MgSQy. After filtration, the filtrate was concentrated and the residue was
purified by column chromatography on a silica gel column using hexanes/ ethyl acetate
(1:0to 1:1) as eluent to give 266 mg of product, which was used as such for next step.
MS (ES’) 841.47 (M-1).

35
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2.1 m, of 1%12 in Py/H20 (98/2). Excess iodine was reduced by

addi ti on of

5% 20 aqueous sodi um thi osul phate (175 M.) and the

resul ting ¥ W9¥®Al8as concentrated to dryness. The resRGRIBSMEF39072

treated with conc. NH4AOH (15 nL) and.was stirred at roomtenperature

' ' i due was
overnight followed by concentration to dryness. The resi
di ssolved in 1120 (20 nL) and washed with CH2C12 (2 x 15 nl). The
aqueous phase was concentrated under vacuumfor a short period of

time to renovEPZad solutiva affcomppatioias Stapdl (260ihg)ed THF QEAFL) @8 treated

exchange col ygg Immumr)}r}a
(1M TEAL buffer,

t he desired
was redi ssol
buffer,

stircidenttroate tevapesaturorfor B édarginallditdaglestabatye dma i) Gubes

D AN (R

noni tor| n@] atesid6d waz) ptmﬁél) by \tﬁuﬂlﬁs bHreﬁatbgﬂaﬂBDSﬂhﬁﬁféa ( geR @e}laﬂles?/ethyl

|n red duct were pool ed together,
?ozzzen;r?gt fe(rj%;nte?rpéh g frs‘zl ﬁ?l_gw(’?f Oergel 1% fogj twe ersB ofiidesired
(measur ed byprolficat 274 nM soI utlon of tri phosphat e. 111 NWR
(1)20): 8 8.

211), 4.02 (

09 (s, 1H), 5.12 (s, 111), 4.29-4.10 (m
ﬁN@’i@%MSé ~dgp &4, 9%@,11@ 220 (JIVED,(319026) 1H)88.58-850 (gl 1215

I L EATs B8Ry duy 1. @ iifh B3 ! Dol B OB 1 5 B

16 8 Hz, 1P):
10

15

20

25

30

MS (ES) 72? 58 (M-1).

Step 3: A suspension of product from Step 2 (37 mg, 0.051 mmol) in a mixture of
pyridine (55 uL) and dioxane (165 uL) was treated with a freshly prepared solution of
chloro-44-1,3,2-benzodioxaphosphorin-4-one (1M in dioxane, 60 uL). The reaction
mixture was stirred at room temperature for 20 min followed by treatment with a
solution of tributylammonium pyrophosphate (1.6 BusN-1.0 H4P,04, 39 mg, 0.082
mmol} in DMF (165 pL) and n-butylamine (55 WUL) simultaneously. A clear solution
formed which was stirred at room temperature for 30 min followed by treatment with
2.1 mL of 1% I in Py/H,O (98/2). Excess iodine was reduced by addition of 5%
aqueous sodium thiosulphate (175 UL) and the resulting solution was concentrated to
dryness. The residue was treated with conc. NH,OH (15 mL) and was stirred at room
temperature overnight followed by concentration to dryness. The residue was dissolved
in H0 (20 mL) and washed with CH,Cl, (2 x 15 mL). The aqueous phase was
concentrated under vacuum for a short period of time to remove the trace of CH:Ch
and purified by DEAE ion exchange column chromato graphy with a linear gradient of
TEAB buffer (1M TEAB buffer, pH = 8.0/H,0, 0:1 to 1:0). The fractions containing
the desired nucleotide were combined and: concentrated and the residue was
redissolved in HO and purified further by HPLC (CHsCN/0.1M TEAB buffer, pH =
8.0, 0-20 min, 0-35% CH3CN; 20-28 min, 35-100% CH,CN, monitoring at 260 nm) to
give desired triphosphate (fz = 14.7 min). The fractions containing desired product
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0 0-Cl12-P-OH OH

(2-(4-Ami nofuro[ 3, 2-d] pyri m di n-7-371) et hoxy) met hyl phosphoni ¢ acid

(Scheme G V89200085016t ep 1: To a stirred solution of conmpowas2obs/essn

Exanple B-30, 7-(2-trityloxyethyl)- fizo[3,2-d]pyrimdin-4-ylam ne

(0.52 g, 1.23 nmmol) in pyridine (20 nL) was added

tri phenyl chl oronet hane (0.68 g, 2.46 mml) at roomtenperature and

the m xture was stirred at 70 C for 16 h. Additional ,

t ri phenyl chl Greonedofsirtegefifr, SogsenRateBanfireldssdRed id2 Addedaand &?\Qali.'ﬂ%
MeOH T‘%

stirred at 70_C for,,4 ) e reactjon mxture was adde
rnL) and sti ?EﬁWSPY?J‘Eﬂ&EE?%S&?MWfM@ﬁRb@Wm xture was

concent r at ed '"HNMR TB, e §isdy B0 [ i
washed with water ?gz x)e5$ nﬁﬁ’\,lmg’r i ?152@( grygﬂ?@s,g%%ﬁgé% " (bs,
After filtrafFolo% @t 1P NRR (Red): & okl v at Sk HadP),he ss a5 /durs.8\as

purified gn Sipyi ofe!| i Ng..e i.n hexanes (0 to
50%., ' 30 ahi o aPrordadd e o ol Sy MY eg 3 St et
trityl-[7-(2-trityloxyethyl)-furo[3,2- d]pyrimdin-4-ylkam ne, as a
colorless solid. 111 NMR (DvsO-d6) ., 8 8 28 (s, 111, D20

exchangeabl €), 8.09 (s, 1H), 7.88 (&xampleC6 70.7 14 (m 3014), 3.22
(t, J= 6.6 Hz, 211), 5.87 (t, J= 6.4 Hz, ;. M5 (ES4) 664.64 (Ml).
35 Step 2: A solution of conpound from $tép 1 (753 ng, 1.13 nrniol)
in acetonitrile (130 nm.) was treated ueous 0.2 N HCl (6.5 inL,

1.3 mol) followed by stifling at roo gpbrature for 8 h. The
aqueous 0.5 N NaOH, diluted

reacti on, i Xxture was neutralized w
with 150 of water, and concentraied undkr vacuumto renove nost 5
of the acetonitrile. The aqueous reSidde Wa$Hextracted with

chloroform (200 nL) and ethyl acetate (20®H1, 100 nl). The conbi ned
organi ¢ ext r GefAMEEBIaI BN dimMySDethoxy eethlphesphoniomcin@cheme C-
concentratiog), the residue was purified on a silica gel colum using
hexanes: et hyl acetate: nethanol (1:1:0 to 1:1:0.1) as eluent to give
394 ny (3693% of desired product as a white solid. 10 1H NWR

150 4. B0 (Lo Te st soliidle S la ey oiirbye b 3o Shtppisegull
Hz, 211); MEUES]-dipypmidin ivigreine 9.6 g31.2A nanblyiid pyriddfe QOGHLCIad 5da8d
Step 2 (345 tﬁphengl'cﬁ%ro%gﬁla}w' td%%t{gmgﬁﬁ af oom temperatore and the mixture was
' stirred at 70 °C for 16 h. Additional triphenylchloromethane (6.8 g, 24.6 mmol) was

25  added and again stirred at 70 °C for 48 h. To the reaction mixture was added MeOH

(0]

(50 mL) and stirred for 1 h at 70 °C. The reaction mixture was concentrated and the
residue was dissolved in chloroform (100 mL), washed with water (2 x 50 mL), brine
(50 mL), and dried (MgSOy). After filiration, the filtrate was concentrated and the
residue was purified on a silica gel column using ethyl acetate in hexanes (0 to 50%),
30  which afforded 0.788 g (96.5%) of desired trityl-[7-(2-trityloxyethyl)-furo[3,2-
dlpyrimidin-4-yI]-amine, as a colorless solid.
'H NMR (DMSO-dg): 8 8.20 (s, 1H, D;0 exchangeable), 8.09 (s, 1H), 7.88 (s, 1H),
7.70-7.14 (m, 30H), 3.22 (t, J = 6.6 Hz, 2H), 5.87 (t, /= 6.4 Hz, 2H); MS (BS") 664.64
(M+1).
35
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15 treated with sodi um hydride (60% 132 ng, 3.3 nmol) at room
tenperature _and the m xture was stirred for 1 h. To this solution was
added a soltR PO di i sopr opoxyphosphono) met hyl t osy| atevs3msom:
0.98 mml) in DWW (1 nL) and the m xture was stirred at room
tenperature for 18 h. The reaction mxture was diluted with ethyl
acetate (100 nL), neutralized with acetic acid and washed with water
(2 x) 20 and brine and the organic |ayer was dried over MgSO4. After

f Iulr ;[ 1[ ?teldogn " mhatoe o d(7amg1§;e{1gst e: heggﬁcees msle (130 anol
1 1 0o 1: T SR i ERiegs 0 Mt o %gmmel)f_@@wegbys@mgef
ies ![ L ed prodoem Empar;@lmé firr 8@ The dehdRon h@;tﬁ%ﬁ@s nBdiide v%%m%% /é

not her co Q e isopro roup, Wwas
i sol at ed agp ;N%\A%I \f%é tg%}”ftﬁiS(ﬁ@Lngﬁﬁeﬁ@g@c%e@g\?‘ﬁﬂ@@ derPagum totremeveofiost
bot 2 c?rrp?undﬁthwa&miﬁ@@ls fraé ac}@&sﬁ@s’f&ue%&a@ thra%%d w;fﬁ%ﬂjoffofoﬁj @@b H}L{a%}d of

roducts fro in
IC[)>|\/F (4.8 ni) n\]@tsﬂ tf*@a(g@ljm&a ﬁ oplp)i “éhm&maﬂ@rgamcmumts)wére Hiel@dr by
trimethyl si | MgSodi dter (8o b conferi Bloke il he%?f%ﬁ | of; i xture

flask was covered with alunminumfoil to protect T é?ﬁ@e
stirred for Y%UTHDYsing BW%S@HWéﬁ@tﬂlﬁ’@ethmol 6: B 1:hen) a élu&tnetﬂ; oMd 94 TEAS

buffer (13 %(g%@degégg%ﬁ%@ t“ﬁ%la form (85 nth) and stirred for
collec

ase wa the aqueous phase was

1 h. The org ni c
re-extratf ed W@M&Oa@rr&ﬁ [B(sx1EHD3. nus, 1d})9.95ghi

extracts werggglfi & er |Itrat|on HEeflltrate S
concentr at ed gﬁ@ thg%\r%éllggg%ass%@h}}ész ReH 768 HacllD:; MSE(ES+)}}Q2WB
(ES) 516.40 QM#HF4-. Steps: A solution of conpound fromStep 4 in

MeOH (21 nlL) was treated with conc. HC1L (21 nlL) and stirred at room
tenperature for 20 h. The reaction m xture was concentrated to

dryness and i@@tﬁesbluﬁdﬂbf Ehdatt fRfn e e¢a4ls i with
15 et hyl 5aceh_ag vét% 4 #1(1{1 The gﬁiegus%%?g?%@%@ﬁ%?g@to
about 5 1 ‘%‘“"t &4 ‘(’6‘}? {,§0%¢ r3r3m@dl)byr0bﬂu&1pﬁﬂﬁ1@%ﬂ)thb M
TEAS buffer mllﬂi'dre-wﬁs Sare@ fodQ HnTBthlpsohﬁﬁn{ glmzmn (I;?LI@ 35-100%
CH3CN, nonltorlngwpﬁjgp%g urn ive the eS|re pro T (tR=14.74
mn). Fracti‘SRER FRFRRYME *8 ate 6445 pre 98 mmad) 'm DB LML) ogahber
concent r at edhigfiek %o Hss M r ive 10.48 inM
(measured 20 ste Uy at 274 g?ﬂté o%&ﬁegﬁlg Lf}%r ngﬁ’ ﬁ‘ffﬁgﬂ“te‘il 1
NVR ( H20- d2) ity agptate ( 10@2@% neptraiiged with adetiy acid aﬂcﬂwéﬂmcddrﬁh@a%ﬁfgz

)
211), 3.283 Gfd b and e orgdud ; hon, The filk
(H20-d2): 17.02 (bs, 1P i a’(%§‘7 S pblagr %%Séf\ﬂ%‘ﬁz‘ﬁm%m“ the flltrate was
concentrated and the residue was purified on a silica gel column using ethyl

acetate:hexanes:methanol (1:1:0 to 1: 1:0.1), then CMA-80 as eluents to give 160 mg
(33%) of desired product as a colorless film.

MS (ES") 622.43 (M+Na)".
25
Another compound with loss of one isopropyl group, 170 mg (37%) was isolated as 2
white solid.
MS (ESY) 558.43 (M+H)".
The mixture of both compounds was used for the next step.
30
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W2006/ 050161PCT/ US2005/ 039072 Exanple D-1 NH2 Met hyl

24(5-(4-am nofurof 3, 2-dl pyrim din-7-yl)-3, 4-di hydr oxy-4- et hyl t etrahy
dr of ur an- 2¥Q 3083088y ) (phenoxy) phosphor yl ami no) - 3- net hyborrusmasaizenr?
(Schene D-1). 15 Step 1: To a solution of POC13 (10 nmi, 107 nunol) in
C112C12 (30 nmL) at -50 C (dry icel/acetone) was added a sol ution of
phenol (2.86 g, 30.3 mmol) and Et3N (4.25 L, 30.4 nmmol) in CH2d 2
(25 nmL) over a period of 15 mn. The tenperature was allowed to go to

10 C over a ptepidodA eblufiorbofpradebtsstrir IS8 32139088 A BMRRGH HE §142 mg, 0.25
over ni ght . Ttﬁﬁn go W%M @% imil)was removed by filtration under
ni trogen atnosphere e | Yt isla it Japkylameg @d2ankhsdlowet by
the residue, tEhIByIGRAoAEY (VESmBOALET @A) Adh8haMRhdRn SAkiul HAE ?g%%%

ed 8.1 g

agai n by filtnt thﬁ%ﬁ' The. concentration of the filtrate provi

of phenyl ph&ﬁﬁ YR APTh 9 RFRtest topmlight sdsstired doré ks atoieofngempératuree Xt
step. 25 St epathed dildted Wit tIENS Bhrde (VR H S5 5t SN+ oLy Eor'de_
(2.4 g, 14.36 nunol ). and phenyl _phos(phortﬁ}ﬁf%ﬁ(gﬂrgggégc lp%)%orgt@ Hfi)
(3.02 g) in &9 T hn%‘e gteanip phase(whrsycoll extgdardt the ejuenas phrde eds ge-
sol ution of &ldMed Fith SnidtoforaBes 425 P, Jrnl el o gDl ) Qver, 2
period of 30 mi n. The react| o(r'?zgn5 xtur'gh%/g%r%?u%%%a&ms ’ﬁﬁla%tﬁ&'e]é?td”-egﬁvetro
-30 C for 4. ¥eROqdfier filiration.dhe filitategvasconveninesbandihe tdidué 86¢ 0440 aVBRD
added Et20 (RPndikdpand the 30 white solid was renpved under
nitrogen. The filtrate was concentrat ed to give 3.0 g (68% of phenyl
met hyl val® neMSHBEDAS6.6¢ ¥bH) dat e, whi ch was used as such for the

Step 5: A solution of compound from Step 4 in MeOH (21 mL} was treated with conc.
HCI (21 mL) and stirred at room temperature for 20 I. The reaction mixture was
concentrated to dryness and treated with 10 mL of water followed by extraction with
15  ethyl acetate (2 x 10 mL). The équeous layer was concentrated to about 5 mL, filtered
(0.2 pm), and purified by HPLC (CH;CN/0.1 M TEAB buffer, pH = 8.0, 0-20 min, 0-
35% CH;CN; 20-28 min, 35-100% CH;CN, monitoring at 260 nm) to give the desired
product (zz = 14.74 min). Fractions containing the desired product were pooled
together, concentrated and re-dissolved in 2 mlL of H,O and give 10.48 mM (measured
20 by UV at 274 nm) solution of the monophosphate.
"H NMR (H,0-d5): § 8.10 (s, 1H), 7.78 (s, 1H), 3.74 (t, J = 6.2 Hz, 2H), 3.53 (d, J =
8.5 Hz, 2H), 2.79 (t, J = 6.2 Hz, 2H); 'P NMR (H20-d2): 17.02 (bs, 1P); MS (ES™):
274.46 (M + H)*.
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Step 3: To a solution of Exanple 11-24 (63 ng, 0.225
P?ﬁ;ofgegnd N—ﬁeth I mdazole 35 (74 mg, 0.9 mml) in THF (1 nL) was
added a soﬂﬁ?@gﬁmégﬁbhosphorochlorldate fromStep 2 (13?cmgmye%§@gn
mmol) in TBF (I nlL) at roomtenperature and the m xture was
2006/ 050161PCT/ US2005/ 039072 stirred for 4 h. Additional I 4
phosphorochl oridate (137 ng, 0.45 mmol) and N-nethyl imdazole (
ng, 0.9 mmol) were added and stirred for 17 h at roon1tenpera;$rea i
The reaction m xture was concentr at elixapile Dbe resi due was purlzge o]
a colum of silica gel using 0 to 5% MeOH in CH%%? to glveNAang
(23% of desired product as a white 5 solid, np 58462 C. 1115 R 00
(DVBO-d6) 5 8.23 (s, 111), 8.08 (s, 1H), 7.00-7. 711),2 '11i)'
(m 111), 5.17 (brs, 1H, DQOL@Qéhangeaﬁle) 4, d) 497 (2s, ,

4.89 (brs, 111, D20 exchangea N¥1¥?—Q. 3N-),23.66 222)3.57
1 3.33-3.68 (m 211), 78 1(?6 0.92 (s, ,

(()230 ?é )J— 6.8 Hz, 3H) and 073 (d J=p16. 8 ; I X (KBr) 10 3341,

3205 2§65 1739, 1653, 1491, cm1;, M (ESHrS) SRI (g/l+gg) Fézﬁld c

10, 90; b 5 70 N Q8 Henbidrorte dibrhitind B Ky el

49.24; H 5 Ze%rahydrofuran-Z-yl)mg[l)mxy)(phenoxy)phosphorylammo)-B—methylbutanoate

(Scheme D-1).
15
Step 1: To a solution of POCI; (10 mL, 107 mmol) in CH;Cl; (30 mL) at -50 °C (dry
ice/acetone) was added a solution of phenol (2.86 g, 30.3 mmol) and Et;N (425 mL,
30.4 mmol) in CH,Cl; (25 mL) over a period of 15 min. The temperature was allowed
0 go to 10 °C over a period of 1.5 h and stirred at room temperature overnight. The
20  white solid was removed by filtration under nitro gen atmosphere and the filtrate was
evaporated to dryness. To the reéidue, Et;0 (20 mL) was added and the white solid was
removed again by filtration. The concentration of the filtrate provided 8.1 g of phenyl

phosphorodichloridate, which was used as such for the next step.

25  Step 2: To a solution of L-valine-methyl ester hydrochloride (24 g, 14.36 mmol) and
phenyl phosphorodichloridates from Step 1 (3.02 g) in CH,CL, (60 mL) at -78 °C (dry
ice/acetone) was added a solution of BizN (4.02 mL, 28.72 mmol) in CH,Cl, (20 mL)
over a period of 30 min. The reaction mixture was further stimred at -50 to -30 °C for
4.5 h and then evaporated to dryness. To the residue was added Et,0 (20 roL) and the

30 white solid was removed under nitrogen. The filtrate was concentrated to give3.0 g
(68%) of phenyl methylvaline phosphorochloridate, which was used as such for the

next step.
Step 3: To a solution of Example B-24 (63 mg, 0.225 mmol) and N-methyl imidazole

35 (74 mg, 0.9 mmol) in THF (1 mL) was added a solution of phosphorochloridate from
Step 2 (137 mg, 0.45 mmol) in THF (1 mL) at room temperature and the mixture was

125




Me O .CH3 Ph HO OH

NEthyIZ (05- é4 Am nof ur o[ 3, 2-4pyl.imdin-7-yl)-3, 4-di hydr oxy- 4- net hyl

- 25 tetrahVAPYEEFYUAL 2- yI ) net hoxy) ( phenoxy) phosphor yl amipoo)RiegeRest €

(Schene D-1). This conpound was prepared the sane way as Exanple 10-1

except that L-al anine- nmet hyl ester hydrochloride was used in

this preparation instead of L-valine-nethyl 30 ester hydrochl oride,

yield (48%. 111@N|\/R (DVb0-d6): 8.24 and 8.23 (2s, 1H, for(both

i soners), 8. OBirgddosd 07 Adaiipnd Hho 61bc]ﬂ61<ili§w 157 H ArH
) RV Y Ey s Q1 z| gyt

d NH2 4 14-5, 20
ﬂl), 4) 90 (gﬂ“"%ﬁ@g (74‘%%]04119%@ grﬂe“?%d ﬂ@m@mdf@z7Mtr®memp&aﬂ18e 3h89

(m 111), 3. 5Bactiotindxtbe wRondhidted dndlfe Ay uf 378 p(@gefl 18%151113 £§§111ca

6.94 Hz, 311).,0.92 311); (KBr): 3335, 32
1213, 935 cr r%'dl “b@sof"Efs/ ﬁ@iﬁlf?‘gﬂcbmgﬁy 28 mgaﬂzg’%ﬂiaf@aﬂlréd)product as a white
%2?571"414g9:b¢1€113nﬁ)553|:%130 cszaigl 20[}? 5. fg N, 10.45. Found: C,

S, S1-2, 21- (((% NMR ARMSS-do'o}. 28 @;Hl)p&ﬂsmmm-"f'boy?mo gzet 505 00 gml}grsy

SRS e Sl

exchangea le), 3.92-4.35 (m, 3H), 3.66 and 3.57 (2s, 3H), 3.33-3.68 (m, 2H), 1.78-1.96

(m, 1H), 0.92 (s, 3H), 0.80 (d, 7= 6.8 Hz, 3H) and 0.73 (d, /= 6.8 Hz, 3H); IR (KBr)

10 3341, 3205, 2965, 1739, 1653, 1491, em™; MS (ES) 573.30 (M+Na); Anal. Caled for
CaqHz51N4O00Pe2 T,0: C, 49.14; H, 6.01; N, 9.55. Found: C, 49.24; H, 5 78; N, 9.33.

Example D-2
15

ud OH
Methyl 2-(((5-(4-Aminofuro[3,2-4) pyrimidjn-'lnyl)-S,4—dihydroxy-4-methyl-

25 tetrahydrofuran—z-yl)methoxy)(phenoxy)phosphorylamino)propanoate (Scheme
D'l)o

This compound was prepared the same way as Example D-1 except that L-alanine-

methyl ester hydrochloride was used in this preparation instead of L-valine-methyl
30 ester hydrochloride, yield (48%)).

"H NMR (DMSO -dg): 8.24 and 8.23 (2s, 1H, for both isomers), 8.08 and 8.07 (2s, 1H,

both isomers), 7.10-7.40 (m, 7H, ArH and NH,), 5.94-6.00 (m, 1H), 5.14-5.20 (m, 1H),

4.96 and 4.99 (25, 1H), 4.90 (s, 1H), 4.14-4.35 (m, 2H), 3.94-4.02 {m, 2H), 3.78-3.89

(m, 1H), 3.52 and 3.56 (2s, 3H), 1.15 and 1.23 (2d, J=17.34 and 6.94 Hz, 3H), 0.92 (s,
35 3H); IR (KBr): 3335, 3201, 1741, 1653,1489, 1213, 935 em™; MS (ES™) 545.28
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To a solution of Exanple B-24 (0.16 g, 0.6 nmmol) in THY (20 nL) at O
C were added 20 tetrazole (f20 rag, 1.8 mml) and

2, 2- di net hyYQ ¢HF8M i oni ¢ aci d PCT/US2005/039072
S{di i sopropyl am no-[ 2- (2, 2-di net hyl - propi onyl sul fany1l) - et hoxy] -
phosphanyl oxynmet hyl } ester (0.51 g, 1.2 nunol) dropw se fol |l owed by
stirring for 2 h at roomtenperature. After the reaction m xture was
cooled to -40 C, 70% m chl oroperbenzoic acid (0.27 g, 0.7 mmol) was

added and t héMridajtAmh Guisl fat CQWSR,0Pe855 WBOTTI B, tzgnpe nd
was quenched %%&tfg %% of aque‘g’us 18!?/?sodf9u:r’r$?3]lsf3?{%’ {@#E?mghd
diluted with e}E’ 79%he organi c | ayer was washed with water
(20 inL), aqueous saturated sodi um bi carbonate solution (2 x 20 nl)
and dried over MgSO4. After filtration, the filtrate was concentrated
and the residue was purified on a siBsapwley43 col um using 0 to 10%
MeOH in chloroformas eluent to give 90 ng 30 (20% of desired
product. 1H NWVR (DVMBO-d6 S in ®pm 8.25 (s, 111), 81,15 (s, 113),
7.40 (br s, 2H), 5.20 (m 113} 90 (m 211), m 213), 4.00
(m 611) 103.10 (m 411), 1.15/I(m 3%, 0.90 ; 31P NMR 0. 68
ppm M (ES-1) 650.32 (MrH) +; Anal. @GaPcoHor, N3010PS2: C,
48.05; H, 6.20; N, 6.47. Fougd: C, 48,62; 37; N, 6.23. 35 WO
0

2006/ 050161 PCT/ US2005/ 0390 &mple D4 5OW-P-0 0
HO OH

15 S,S'-2,2'-(((5-(4-Aminofur0[3,2-d]pyrimidin-7—yl)-3,4—dihydr0xy—4-methyl—
tetrahydrofuran-2-yl)methoxy)p11osphoryl)bis(oxy)bis(ethane—Z,l-diyl) bis(2,2-

dimethylpropanethioate) (Scheme D-2).

To a solution of Example B-24 (0.16 &, 0.6 mmol) in THF (20 mL) at 0 °C were added
20  tetrazole (120 mg, 1.8 mn_lol) and  2,2-dimethyl-thiopropionic  acid §-
{diisopropylamino—[2-(2,2-dimethyl-propionylsulfanyl)—ethoxy]-
phosphanyloxymethyl} ester (0.51 g, 1.2 mmol) dropwise followed by stirring for 2 h
at room temperature. After the reaction mixture was cooled to -40° C, 70% m--
chloroperbenzoic acid (0.27 g, 0.7 mmol) was added and the reaction was allowed to
25  warm to room temperature and was quenched by the addition of aqueous 10% sodium
sulfite (3 mL) and diluted with CHCl; (20 mL). The organic layer was washed with
water (20 mL), aqueous saturated sodium bicarbonate solution (2 x 20 mL) and dried
over MgSOs. After filtration, the filtrate was concentrated and the residue was- purified
on a silica gel column using 0 to 10% MeOH in chloroform as eluent to give 90 mg
30 (20%) of desired product.
'H NMR (DMSO-ds & in ppmy) 8.25 (s, 1H), 8.15 (s, 1H), 7.40 (br s, 2H), 5.20 (m, 1H),
4.90 (m, 2H), 4.20 (m, 2H), 4.00 (m, 6H), 3.10 (m, 4H), 1.15 (m, 18H), 0.90 (s, 3H);
%P NMR 0.68 ppm; MS (BS") 650.32 (MHH)"; Anal. Caled for CogHuN3O10PSs: C,
48.05; H, 6.20; N, 6.47. Found: C, 48,02; H, 6.37; N, 6.23.
35
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S, S1-2, 21- (((5-(4- Ami nof uroP, 2-d] pyrim di n-7-y1) -3, 4-di hydr oxy-4-neth
yl -

t et r ahydr of WP2AWEH61 net hoxy) phosphor yl ) bi s( oxy) bi s( et hml%zgﬁgk%;‘g
di et hanet hi oate (Schene D-2). 15 Exanple D-5 o/

S, St-2,2' -(a3, 4- D hydr oxy- 5- (4- net hoxyf ur op, 2-d] pyrlmdln 7-y1) - 4- et
hyl - '

t et rahydr of ur an- 2- yOnet hoxy) phosphor yl ) bi s(oxy) bi s(et hane-2, 1-dl y1) bi
s(2,2- di nethyl propanet hi oate) (Schep@aphpieb-4 Thi s conpound was
prepared the same way as Exanple D-3 using conpound from 40 Exanple
B-13 and 2, 2-di net hyl -t hi opr opiQoni ¢ acid 5-{dii sopxgpyl am no42- (2, 2-
di net hyl - r5rop| onyl sul f anyl) - etHosy| - phosphanyl Qx thyl} ester, yield
15 my (13%. 111 NWR (CDC13 8 i pny 8 , 7.90 (s, 111),.
5.20 (n, 111), 4.40 (m 3H), 4.25 (sp- 611), 3.90 (m

111), 3.20 (m 411), 1.20 (m 1811) ) 3113 NVR 0.0 ppm
MB (ES) 665.28 (MH)+, MS (ES C) 699. 15—

o HO OH
S,S'-2,2'-(((5~(4-Aminofnro[3,2-d]pyrimjdin—'7-yl)-3,4—dihydroxy—4-—methyl-
tetrahydrofuran-z-yl)methoxy)phosphoryl)bis(oxy)bis(ethane-z,l-diyl)
diethanethioate (Scheme D-2).

15

This compound was prepared the same way as Example D-3 using, compound from
Example B-24 and thioacetic acid S—{2-[(2-acetylsulfanyl-ethoxy)-diisopropy]amino-
phosphanyloxy]-ethyl} ester, yield 8.6 mg (3%). |
"H NMR (DMSO-ds § in ppm) 8.26 (s, 1H), 8.12 (s, 1H), 7.35 (br s, 2H), 5.20 (m, 11),
20 4.95 (m, 2H), 4.30 (m, 2H), 4.00 (m, 6H), 3.20 (m, 4H), 2.30 (m, 6H), 0.90 (s, 3H); *'p
NMR 0.61 ppm; MS (ES*) 566.28 (M-+I)".

Example D-5
0/
>‘J-'— Q =
N
30 ot YA
P (o) N

,0
; . CHB
> ” (0]

35 S,S’-2,2'-(((3,4—Dihy_droxy-5-(4-methoxyfuro[3,2-d]pyrimidin—7—yl)-4—methyl~
tetrahydrofuran-2—yl)metboxy)phosphoryl)bis(oxy)bis(ethane~2,1-diyl) bis(2,2-
dimethylpropanethioate) (Scheme D-2},

This compound was prepared the same way as Example D-3 uéing compound from

40  Example B-13 and 2,2-dimethyl-thiopropionic acid S-{diisopropylamino-[2-(2,2-
dlmethyl-propionylsuIfanyl)—ethoxy]—phOSphanyloxymethyl} ester, yield 15 mg (13%).
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5Exanpl e D 6

8,5 -2,21- Di hydr oxy- 4- net hy1l- 5- (4- (et hyl am no) furo[ 3, 2-d rim
i din-7. 0100610301 1 y Y (4-( Y ) PCl[“/USZOOSIJ.‘iEg;z

- y1) -t et rahydr of uran- 2-yl ) met hoxy) phosphoryl ) bi s(oxy) bi s(et hane- 2, 1-di
y1l) bis(2,2- 20 dinethyl propanethioate) (Schenme D-2). This conpound
was prepared the sane way as Exanple D-3 using conpound from Exanple
B-17 and 2, 2; d| ni et(gﬁ\gl -t hi opropionic acid S-{diisopropyl am no42-(2, 2-
di met hyl - pr op¥ Ehtyn pre H6% (51 L3k 396 i Ayl $aoret, i), 14.495(te BH), iz d

107 ny 25 (4 (V% 0 ,3[
111), 7.80 (bi 0,4 Kfﬁ 5. 20@?31@1 ?HBQ%O@ ﬁ?ﬁ)zé%‘)i é%'ﬁy( |1§)° 3155 ~P
4.90 (m 111NNIB409@pWSZ(H$ 66598 (W) 519 (ES3 (MBCONGOSADL) , 2. 96 (i n,
311), 1.14 (m 18H), 0.91 (s, 311); 31P NWR 0.60 ppm M (ES) 686. 27
(MtNa) +, M5 (ES) (MH 662.30; Anal. Calcd for C271142N3010P52: C,
47.24; H5306.54; N, 6.12. Pound: CExdmplk®-6H 6.27; N, 6.10. Exanple
D7 0\-\ 9 0-p-O-NNH2 ,, .01l s:... ,cHB HO"OH o0

8,81-2, 21- (0- (2- Am no- 4- oxo- 3 - di hydrofuro[3 2-(gpyrimdin-7-y1)-3,4
- di hydroxy 4- et hyl -t et r ahydr uran 2-yl | met hoxy)phosphor yO0-

bi s(oxy) bi s(et hane-2, 1-diyl [ s d met hyl p hi oate) (Schene
D-2). 5 This corrpound was prepared en_s(ﬁme wa .Exarrpl e D3 using
conpound from Exanple B-21 and 2, 2- d| y YoprBpi oni ¢ aci d
5{d||soP opyl ami no-[2-(2, 2- /—/
di met hyl -SE)r opi onyl sul fany1) - x§/I - phosphﬁ@yl @fy? net hyl } ester,

yield 28 ng (33% 111 NI\/R (DIVB@ dé 8 in ppm 10.90 (br s, 111), 7.80
(s, 111), 6. &b{ | 12 (m 111), 4.80 (m 211), 4.20 (m
214), 4.00 ($r§ ?L1()((,3=43D@ad'(W—fizmt)hyl-%(@()n(thylamo)futo[3,2 ~{|pyrimidin-7-

yh)- tetrahydrofuran-z-yl)methoxy)phosphoryl)bls(oxy)bls(ethane-Z,l-dlyl) bis(2,2-
20  dimethylpropanethioate) (Scheme D-2).

This compound was prepared the same way as Example D-3 using compound from
Example B-17 and 2,2-dimethyl-thiopropionic acid S- {diisopropylamino-[2-(2,2-
dimethyl-propionylsulfanyl)-ethoxy]—phosphanyloxymethyl} ester, yield 107 mg
25  (48%).
'H NMR (DMSO-ds 5 in ppm) 8.35 (s, 1H),-8.00 (s, 1H), 7.80 (br s, 1H), 5.20 d,J=
6.5 Hz, 1H), 4.97 (m, 1H), 4.90 (m, 1H), 4.26 (m, 2H), 3.99 (m, 6H), 3.00 (m, 4H),
2.96 (m, 3H), 1.14 (m, 18H), 0.91 (s, 3H); *'P NMR 0.60 ppm; MS (ES") 68627
(M+Na)*, MS (ES) (M-H) 662.30; Anal. Caled for CorHLpN301oPS,: C, 47.24; H,
30 6.54; N, 6.12. Found: C,47.16; H, 6.27; N, 6.10.

Example D-7
0 O
S 0
NH
*L \_\ 0 l
1] \ -~
O~P~0 o N"\NH2
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t
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10 1811), 0.91 (s, 311); 31P NWVR 0.50 ppm Ms (ES) 666.36 (MH)+, M
(ES) (MH)- 664, 33. Exanple D-8 The following illustrate

r epr esent aMOWH I aceut i cal dosage forns, contai ni ng RGI/ES20evASITAA
of formula I, I, or H, or a pharnaceutically acceptable salt or
prodrug thereof ('Conpound X ), for therapeutic or prophylactic use
in humans. (i) Tablet 1 ng/tablet Conpound X= 100.0 Lactose 77.5
Povi done 15.0 Croscarnell ose sodium 12.0 M crocrystalline cellul ose
92. 5 Magnesi 8#'2126(aReA18in0-4-0x0-3,4-dihydrofure[3,2-dlpyrimidin-7-yl)-3,4-

dihydroxy-4-methyl—tetrahydrofuran—2-yl)methoxy)phosphoryl)-
bis(oxy)bis(ethane-2,1-diyl) bis(2,2-dimethylpropanethioate) (Scheme D-2).

5  This compound was prepared the same way as Example D-3 using compound from
Example B-21 and 2,2-dimethyl-thiopropionic acid §- {diisopropylamino-{2-(2,2-
dimethyl-propionylsulfanyl)-ethoxy}-phosphanyloxymethyl} ester, yield 28 mg (33%).
'H NMR (DMSO-ds 6 in ppm) 10.90 (br s, 1H), 7.80 (s, 1H), 6.30 (br s, 2H), 5.12 (m,
1H), 4.80 (m, 2H), 4.20 (m, 2H), 4.00 (m, 4H), 3.80 (m, 2H), 3.00 (m, 4H), 1.12 (m,

10  18H), 0.91 (s, 3H); *'P NMR 0.50 ppm; MS (ES") 666.36 (M+H)", MS (ES) (M-HY
664.33.

Example D-8
The following illustrate representative pharmaceutical dosage forms, containing
15 acompound of formula I, I, or II, or a pharmaceutically acceptable salt or prodrug

thereof ('Compound X), for therapeutic or prophylactic use in humans.

(1) _Tablet 1 mg/tablet
Compound X= 100.0

20  Lactose 77.5
Povidone 15.0
Croscarmellose sodium 12.0
Microcrystalline cellulose  92.5
Magnesium siearate 3.0

25 300.0
(ii) Tablet 2 mg/tablet
Compound X= 20.0
Microcrystalline celiulose  410.0

30  Starch 50.0
Sodium starch glycolate 15.0
Magnesium stearate 5.0

500.0
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i = I l'ine
300.0 (ii) Tablet 2 ng/tablet Conpound X= 20.0 Mcrocrysta
cellulgse)410.0 St arch 50.0 Sodium starch glycolate 15.0 Magnesium
stearat e 5P 2086050861 WD 2006/ 050161 PCT/ US2005/ 039072 (i PCY/US2005/039072

Capsul eng/ capsul e

(iii)} Capsule mg/capsile
Compound X= 10.0
Colloidal silicon dioxide 1.5
Lactose . 465.5

5  Pregelatinized starch 120.0
Magnesium stearate 3.0

600.0

(iv)_Injection 1 (1 mg/m]) mg/ml

10 Compound X= (free acid form) 1.0

Dibasic sodium phosphate 12.0
Monobasic sodium phosphate0.7
Sodium chloride 4.5
1.0 N Sodium hydroxide solution

15  (pH adjustment to 7.0-7.5) q.s.
Water for injection g.s.ad 1 mL
(v) Injection 2 (10 mg/ml) mg/m]
Compound X= (free acid form) 10.0

20 Monobasic sodium phosphate0.3
Dibasic sodium phosphate 1.1

Polyethylene glycol 400 200.0
01 N Sodium hydroxide solution
(pH adjustment to 7.0-7.5) q.s.

25  Water for injection g.s.ad I mL
(vi) Aerosol mg/can
Compound X= 20.0
Oleic acid 10.0

30  Trichloromonofluoromethane 5,000.0
Dichlorodifluoromethane 10,000.0
Dichlorotetrafluoroethane 5,000.0

The above formulations may be obtained by conventional procedures well known in
35  the pharmaceutical art.

All publications, patents, and patent documents are incorporated by reference
herein, as though individually incorporated by reference. The invention has been
described with reference to various specific and preferred embodiments and
techniques. However, it should be understood that Iﬂany variations and modifications

40 may be made while remaining within the spirit and scope of the invention.
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Compound X=10.0 Col l oidal silicon dioxidel.5 Lactose465.5 5
Pregel ati ni zed starch120.0 Magnesium stearate3.0 600.0 (iv) Injection
1 (1 mg/m)mg/mM 10 Conpound X= (free acid form 1.0 Di basic sodium
phosphat e12. 0 Monobasi ¢ sodi um phosphat e0. 7 Sodi um chloride4.5 1.0 N
Sodi um hydr oxi de solution 15 (pH adjustnent to 7.0-7.5)q.s. Water for
injectiong.s. ad 1 inL (v) Injection %é 10 =i npng/ M Conpound X=
(free acid form 10.0 20 Monobasi ¢ sodi phosphat e0. 3 Di basi ¢ sodi um
phosphat el. 1 Pol yet hyl ene gl ycol 400 a_.O

ims
We claim;

1. A compound selected from the group consisting of 4-Cyclopropylamino-7-3-
(D-ribofuranosyl}-furo[3,2-d]pyrimidine; 4-Azetidino-7-8-(D-ribofuranosyl)-furo[3,2-
d]pyrimidine; 4-Pyrrolidino-7-8-(D-ribofuranosyl)-furo[3,2-dJpyrimidine; 4-[(N-1-
MethyDhydrazino]-7-8-(2'-C-methyl-D-ribofuranosyl)-furo[3,2-d]pyrimidine; 4-
Hydrazino-7-3-(2'-C-methyl-D-ribofuranosyl)-furo[ 3,2-d]pyrimidine; ((25,5R)-(5-(4-
Aminofuro[3,2-dpyrimidin-7-yl)-4-methyl-2,5-dihydrofuran-2-yl)methanol; 4-
Amino-7-$-(2"-O-methyl-D-ribofuranosyl)-furo[3,2-dJpyrimidine; 7-8-(2'-C-Methyl-D-
ribofuranosyl)-furo[3,2-dJpyrimidin-4(3H)-thione; (cis)(4-(4-Aminofuro[3,2-
dlpyrimidin-7-yl)cyclopent-2-enyl)methanol; (5-(4-Aminofuro[3,2-dJpyrimidin-7-yI)-
tetrahydrothiophen-2-yl)methanol; 2-(4-Aminofuro[3,2-dlpyrimidin-7-yl)-5-
(hydroxymethyl)-3-methylpyirolidine-3,4-diol; 2-Amino-7-8-(D-ribofuranosyl)-
furo[3,2-d]pyrimidin-4(3H)-one; 7-6-(2"-C-Methyl-D-ribofuranosyl)-furo[3,2-
d]pyrimidin-4(3 H)-one; 4-Amino-7-3-(2'-C-methyl-D-ribofuranosyl)-firo[3,2-
dipyrimidine-5'-monophosphate; 2-Amino-7-8-(2'-C-methyl-D-ribofuranosyl)-
furo[3,2-d]pyrimidin-4(3H)-one-5"-monophosphate; (2-(4-Aminofuro[3,2-
d]pyrimidin-7-yl)ethoxy)methylphosphonic acid; Methyl 2-(((5-(4-aminofuro[3,2-
d]pyrimidin-7-yl)-3,4-dihydroxy-4-methyl-tetrahydrofuran-2-yl)methoxy)(phenoxy)-
phosphorylamino)-3-methylbutanoate; Methyl 2-(((5-(4-aminofuro[3,2-d]pyrimidin-7-
y1)-3,4-dihydroxy-4-methyl-tetrahydrofuran-2-yl )methoxy)(phenoxy)-
phosphorylamino)propanoate; S,8'-2,2"-(((5-(4-Aminofuro[3,2-d}pyrimidin-7-yl)-3,4-
dihydroxy-4-methyl-tetrahydrofuran-2-yl)methoxy)phosphoryl)bis(oxy)bis(ethane-2,1-
diyl) bis(2,2-dimethylpropanethioate); S,S*2,2"-(((5-(4-Aminofuro[3,2-d|pyrimidin-7-
y1)-3,4-dihydroxy-4-methyl-tetrahydrofuran-2-yl)methoxy)phosphoryl)bis(oxy)-
bis(ethane-2,1-diyl) diethanethioate; 8,5'-2,2'-(((3,4-Dihydroxy-5-(4-methoxyfuro[3,2-
dpyrimidin-7-yl)-4-methyl-tetrahydrofuran-2-yl)methoxy)phosphoryl)bis-
(oxy)bis(ethane-2,1-diyl) bis(2,2-dimethylpropanethioate); S,5%-2,2'-( ((3,4-Dihydroxy-



01 N Sodi um hydr oxi de solution (pH adjustnent to 7.0-7.5)qg.s. 25
Water for injectiong.s. ad 1 nL (vi) Aerosol ng/can Conpound X=20.0
A eic acidl0.0 30 Trichl orononof | uor onet hane5, 000. 0

Di chl or odi f| uor onet hanel10, 000. 0 Di chl orot et raf | uor oet hane5, 000. 0

The above formul ati ons nay be obtai ned by conventional procedures
wel | known in 35 the pharnaceuti cal ar Al'l publications, patents,
and patent docunents are |ncorporat ed lby reference herein, as though

v Ul | e LSOy LSS SRS R YRS B
enbodi nent s yb)nmt}to&ja}hhnsghwsl)bmﬂomemmeﬂ]anetz sH hiis(he-duﬂdbyllabpm_dth_tdaaab;
W hin the ST PIE SAH LeBBER R TR LA Dy Imercl W e ol ai m
411 A(:y Clorrpoundﬁ@éioey-ﬂadetﬁylﬂméhh&o@?ﬁ@y@ﬁé’tﬁdx@%phﬁg:[hgfy;)blz(oxy)bls(ethane -2,1-

cl opr opy, ti anos ur.o pyr i m di ne;
4- Azet i di nos d*ibwé&? %t#lf‘%!ﬂ gw DFLLER @Tﬂzceuefﬁlbﬁc?%%eﬁ@t thereof.
4-Pyrrolidino-7-13-(D-ri bofuranosyl) furo[3,2-d]pyrimdine; 4-[(N1-
Met hyl ) hydrazi no] - 7- 13- (2! - G- nret_hyl - D-r.i bof uranosyl ) -fi aro[ 3, 2-d] pyri
i di ne: 4- 2. he compound of dlaim 1, elected from the group consisting of 4- [(N
(H(yggaé A ;10( g%ﬁym?dlaﬁﬁ&]w -8 10-Reh L IBRBEH ah by furb 52 G idThd | 1€
Ami nof ur o[ 3 H(zfda]zwyﬂrﬁr{?dprfn#hxlﬂ? -rigofieapesyl)-foroR3, 2oy miding anf-2-¢+ ) net han

ol; 4- Methyl-D nbofuranosyl) gl;suzr g]ﬁ%lérﬁd;n 46H) fhéonf 3 Ammofarol[F 2-

A 7-i 3- D
7mon02 Ic Néimwrndm?bérixﬂy:iisg;mthﬂf 6m®lmﬂm}1¢pcm4ddlm 2EARHC-Mritiore:
(c75) (4 (o AHBRHHERL 5.80150] BYC Bl o Yha, SV RBAS 2o RURT hanol

(5-(4- Ami not hr
t et r ahydr ot hbofptaaesyd-fpiol hewirgmiolidine-5'-monophosphate; 2-Amino-7-5-(2'-C-methyl-

B e

2- Ami no- 74344- @nmpmo:f[ﬁgﬂaﬂmm;im Tyl)- mﬁm;t@dmmymxmtﬂylnet%ad:ﬂ:iurme

A no- 7 ( 10 ROl B i s B
czi] Kyr im c7i| ]n- gmﬁmﬁnr@{ﬁapﬂpa&bh[}ﬂmé?-yl) -3,4-dihydroxy-4-methyl-tetrahydrofuran-2-

m Nno- ri r an
Fur ol 3. 2- ] BUPPhP O RS PR S O BRI S 20 A A AR OFHs, 2-
gl ?{E |5 m( gl gdﬁxﬁﬁmw)a_wﬂmyhmhpsm StakydcfuMahy|
o RO b3 s sioristsoy Mis(etbinmd L i kR A RSP RAPRAB TR hox
y) (phenoxy) s Spm,qsqqhqwmmmﬁ)[s 3 lhﬂalmtﬁppaldﬂlydmw}&hethyl-
2-(((5-(4- amnofuro][ d] pyri

y1) - 3, 4- di hiFfrRdeiy aw@rmeth‘)évh%wyb?lalf)w(aﬁx)éngﬁft;lm%siw( phenoxy) -

phosphoryl amefhg,)d%@g@w_tz@ 34D1h droxve5-(4-metho 32, o
S, T-2,2"-(((5 4Amnofuroé { Y”x%d(m xff'-‘f%,[ -dJpyrimidin-7-y)-

di hydr oxy- 4“‘!@@6’%&%&5’@{%‘9" ry@mﬁl‘@ﬁy)ﬂhcgﬁ@ﬁéﬂﬂh;& M?ﬁhﬁwﬂl)'fbﬂé( oxy) bi s

h }
(S etT gng i( éb;(sé'%ér;]hg%;@%yagetﬁbﬂﬁ By -@"zﬂ(g@ﬂ%ﬂ&&l%mdmethyl -5-(4-

y1) - 3, 4-di hW’@ﬂﬂ}nmoﬁé‘Pﬁﬁ dbmmdhyﬂwbﬂdm&vdiqﬁdyan)%et hoxy) phosphor yl ) bi

; ( g;(_ Y)2 2b|( ??12&1&?}%8?_@1& ho w%l c%y%e{eﬁga%% " n@%@ :b§£2,2 dimethylpropanethioate);

d] pyri m di nand-§3%2,28-{{FeRhinpctmatbyddibfdofare]22yieintidxy?) yiRddphor yl ) bi s

(Soéy)zb '23( et ?@9(% )é 1‘ m(?h'%é}engfl}?d{'gﬁjran ql ytl)?netthoyiy)%hgs%ﬁ wbgﬁs(%xy)ggs(ethane 2,1-

diyl) bis(2, 2—d1methy1p1opanethmate), or a pharmaceutically acceptable salt thereof.
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4- et hyl -5-(4-(nmethylam no)firro[ 3, 2-cipyrimdin-7-yl)-tetrahydrofura
n- 2- ypnet hoxy) phosphoryl ) bi s(oxy) bi s(et hane-2, 1-di y1)

bi s(2, 2-di met hyl propanet hi oate); and

S, S1-2, 2" 4(5- (2- Ami no- 4- oxo- 3, 4-di hydrofuro[ 3, 2-d] pyrim din-7-y1)-3,4

di hydr oxy- 4- net hyl -t et r ahydr of ur an- 2- y]aﬁet hoxy) phosphor yebi s( oxy) bi s(
et hane-2, 1- diyl) bis(2,2-dinethyl propanethioate); or a
pharmaceutically acceptable salt thereof 2. The conpound of claim1,
sel ected frém t hd phamgpewtbaospodigorodomprifinNa dempound as described in claim 1
(I;/thyl LPydr arlei?rlZ anc{aph(armaceutlcaﬂyacc%tzlabllggafnlilgranOSyl )-furo[3,2-d] pyrim
Hydrazi no- 7-13- (2' - G- net hyl - D-ri bof ur anosyl ) furo[ 3, 2-di ppi m di ne;
7-13-(2' - hyl f | ).- f 4(31 hi

2-( 2_ ,(Am nof :0{3 @éolmbp%mlélc’n? ofo ci:}/un)3 w}%{zl‘?}unher compn;els g]néj (IJrnmor gdd?t)iontal ' one;
di pri m di n- Entydgral2gédiy dr oxynmet hyl ) - 3- met hyl pyrrol i di ne- 3, 4-di ol ;

7-J33- (2LC Met hyl D-ri bof uranosyl ) -furo[ 3, 2-cfl pyri m di n-4(31/) - one;

4- Am no-7-fl -g- C net hyl - Dri bof ur anosyl gur o[ 3, 2-d] pyri m di ne-5' - nonoph
osphat e; 5. The composition of claim 3 or claim 4 which further comprises ribavirin.

2- Ami no-7-0- (T- G- et hyl D-ri bof uranosyl )-furo[ 3, 2-ci pyrimdin-4(311)-o0
ne-5' - nonophosphat e; Methyl 2-(((5-

(4-am nof ure[ 3, 274 plDEﬂ‘lglll S't;]aﬁy)éﬁé 5% zﬂmgg %Xﬁﬁcﬁ?‘ﬁﬂrtﬁ %Eﬁl?%{ es Infedr fe?cp}ecgr of

uran2-yl ) nmet hoxyf (phenoxy) - phosp ory am no) noat e; t hyl
2- (((5- (4- orpegylated interferon-a (peginterferon-a).

am nof uro[ 3, 2-4pyri m di n-7-y1) - 3, 4-di hydr oxy- 4- net hyl - t et r ahydr of t wan
- 2- y1) et hoxy) (phenoxy) - phosphor yl am no) pr opanoat e;

S, S -2, 2" - ({(5- (thegompofitierodf3:lgim 3 which further comprises one or more anti-cancer

al pyri mdin- % snfsl) - 3, 4- di hydr oxy- 4- et hyl -t et r ahydr of ur an- 2-

yl ) met hoxy) p osphor yl ) bi s(oxy) bi s(et hane-2, 1-di y1)

bi s(2, 2-di net hyl pr opanet hi oat e) ;

S, S1-2,2 ((5( Amin uro3 -6 ri d|n7 3,,4-di hydr oxy- 4- net
hyl t et rahydr of urglﬁ Aadvien:: lﬁé&?ﬁfﬁ%eg%}% %‘i"s(%ig?)m& ?(aecf’ﬁlgﬁsé&%’,af- diy
1) di et hanetiéscolxiddn any one of claims 3-6, in the manufacture of a medicament for treating a

S, S1-2, 2" 4( E%t% 32/ %4 rrethoxyfuro[32d]pyr|md|n7y1) 4-
net hyl - t et r%éd‘? ST 9PN Pslet hoxy) phosphor yl ) bi s- (oxy) bi s( et hane- 2,
1-diyl) bis(2,2-dinethylpropanethioate);

S,S1-2,2'-9(3,4-RQi h

(et hyl ani n )furﬁ[‘%’}/s E{%mﬁ gﬁﬂel?]’wyw{ Bfsctimnia sgriigdfiem the group

yQret hoxy) pbsRhas yehdpaliis ihs ﬁ@aﬂﬁ@@ viusl intthablilnmunodeficiency virus,

bi s(2, 2-di r’rgth | .pr opanet hi oat e)

S, S1- 2, 214542 RSy Owa@%‘of-\gl% d?%?%f%YIBFGRJED%TIWr Feogims, pogl porg | 4-
di hydr oxy- 4vm Bid1a Vols AYWEQNIfanu- Y1 ) met hoxy) phosphor yl ) bi s oxy) bi
s(et hane-2, 1- di y1l) bi s(2 2-di met hyl propanet hi oate); or a
pharmaceutically acceptable salt thereof. 134 3. A pharmaceuti cal
CONposi t i onworrpm&sggf@}alm%gﬁ&%Q%&Eh&ﬁghﬁnﬁé ahp,d or claim2
and a pharnaceutically acceptable carrier e conposition of
claim3 which further conprises one or m)re additional anti-viral
agents. 5.;fhe r im ich furthe

conpri ses r| aw?}l&m%%é é#ﬂm%d & O%Eéptb?%ﬁl C(l) gnor c%‘nr}é’ab?r clomPomq\?aé
whi ch f urt héeseiimdpn tlsims 3 on¢lainf 'Emclhe mamofacpegyl za:hecﬁcmrmefof gening aancer
(pegi nt erfe{on a}ml 7. The conposition of claim3 which further
conpri ses one or nore anti-cancer agents. 8. The use of a conpound
as desciibed in claiml or claim2, or a conposition as described in
any one of clains 3-6, in the manuf acture of a nedi cament for
treating a viral infection in an animal. 9. The use of claim8



12. The use of any one of clains 8-11 wherein the animal is a human.
13. A nethod for inhibiting a viral RNA or DNA pol ynerase conpri sing
contacting the polynerase in vitro with an effective inhibitory
anount of a conpound as described in any one of clains 1-3. 14. The
met hod of claim 13 wherein the viral polyrnerase is an RdRp. 15. A
conmpound as described in claim1 or clﬁjsm 2 for use in therapy.

12.  The use of any one of claims 8-11 wherein the animal is a human.

13. A method for inhibiting a viral RNA or DNA polymerase comprising
contacting the polymerase /n vitro with an effective inhibitory amount of a compound
as described in any one of claims 1-3.

14.  The method of claim 13 wherein the viral polymerase is an RdRp.

15. A compound as described in claim 1 or claim 2 for use in therapy.



