5 10 ANTI VI RAL NUCLEGCSI DE ANALOGS 15 Priority of Invention Thi s
application clains priority to United States Provisional Application Nunber
60/ 880278WOhaes/osasfi | ed on 12 January 2007. 20Backgr ourdTafS200805092%ent i on
Viral diseases are a nmjor cause of death and economic loss in the world.
The Flaviviridae famly of viruses consists of three genera: the
flaviviruses (including dengue, West N le, and yellow fever viruses),
hepatitis virus (HCV), and the pestiviruses (including bovine viral

di arrhea virus, BVDV). The disease states 25 and conditions caused by
menbers of this famly include yellow fever, dengue, Japanese encephalitis,
St. Louis encephalitis, Hepatitis B and C, West N |l e di sease, and Al DS.
Currently, human inmunodeficiency virus (HV), hepatitis B virus (HBV) and
hepatitis C virus (11 CV) infections are responsible for the |argest nunber
of viral5rel ated deaths worl dw de. Al though there are sone drugs useful for
30 treating H'V, there are only a few drugs useful for treating HBV, and no
drugs that are broadly useful for treating HCV. Ri bavirin

(1-0-D-ri bofuranosyl-1-1, 2,4-triazol e-3-carboxam de) is a synthetic,

non-i nterferon-induci ng, broad spectrumantiviral nucleoside. R bavirinis
structurally simlar to guanosine, and has in vitro activity agai nst

several DNA and RNA viruses including Flaviviridae (Davis. Gastroenterol ogy
118: S104- S114, 5 2000). Ribavirin reduces serumam no transferase levels to
normal in 40% of patients, but it does not |ower serumlevels of FICV-RNA
(Davi s., Gastroenterol ogy 118: S104-S114, 2000). Thus, ribavirin alone is not
effectife in reducing viral RNA | evels. Additionally, ribavirin has
significant toxicity a?ngﬁéﬁ t jge LA terferons (IFNs)
are conpounds whi ch ha ﬁ@%ﬂ%&ﬁ%? ﬁgﬁgaggggﬁﬁéﬁggf the treatnent of
chronic hepatitis for nearly a decade. | FNs are gl ycoproteins produced by
immune cells in response to viral infection. IFNs inhibit viral replication
of many viruses, including HCV. Wen used as the sole treatnent for
hepatitis C infection, |IFN suppresses serum HCV-RNA t o undet ectabl e | evel s.
15Additionally, IFN normalizes serum am no transferase |evels.
Unfortumately, the

Priority of Invention
This application claims priority to United States Provisional Application
Number 60/880278 that was filed on 12 January 2007.

20 Background of the Invention
Viral diseases are a major cause of death and economic loss in the world.
The Flaviviridae family of viruses consists of three genera: the flaviviruses
(including dengue, West Nile, and yellow fever viruses), hepatitis virus (HCV), and
the pestiviruses (including bovine viral diarrhea virus, BVDV). The disease states
25  and conditions caused by members of this family include yellow fever, dengue,
Japanese encephalitis, St. Louis encephalitis, Hepatitis B and C, West Nile disease,
and AIDS. Currently, human immunodeficiency virus (HIV), hepatitis B virus
(HBV) and hepatitis C virus (HCV) infections are responsible for the largest
number of viral related deaths worldwide. Although there are some drugs useful for
30 treating HIV, there are only a few drugs useful for treating HBV, and no drugs that
are broadly useful for treating HCV. |



effects of IFN are tenporary and a sustai ned response occurs in only 8% 9%
of patients chronically infected with HCV (Davis. Gastroenterol ogy

118: S104-W02408/@BOMS) . HCV is a positive stranded ss RNAPCITA$2008i05(928 wel |
characterized RNA- 20 dependent RNA pol ynerase (RdRp) and a wel |

characterized diRpasginR1 PIDGRR@AnosF-Y- INBS-thidHoRCE RerBRakRle) f¥aL ed 170
mllion people worldw de, leading t0O a najor health crisis as a result of

t he. di seasesynthetieawn-idigriernp-intecing broddspegtanm gntivieal nuetbesideo Rikbeirithis f r om
HCV-rel ated_liver, di.sease and hepat ocel.l ul ar carci na ma rnt ake those
caused by AECFIRTAE BSIRRRACER i eBladRYS rROR TR RARE 2503
of the popuREAIBuseSincRaiRd15avRas avdws. r@sﬁb&té&brog§;118\.ﬁseoms 14, n the USA
the preval ence of chronic infections has recently been determ ned to be

around P. 872002 Ribawitin reshicesescsim spincHicnsfanise devebite nowodria 46%refni ¢ in about
50% of Caseraéifegsh%.{iﬁtfffdﬁa %ﬁtglggvterz soeor/l(])lﬁ?vv%soﬁ ﬁévfﬁNR' (f)ra\rf]fg.s Ggstlto?;ﬁ&tgr n lead to

liver fail ocel'lurar” carci nona. B region

of HCV encorigsS 465l 11CPB00RIRs! Aseiai alofe Behot efeaivsiibtedutiag virtay RNAgenone
replication,. Rdﬁ)s function as the_ catal %/ti c.subunit of the viral replicase
required fofvelheiddaimally: sibayirgs hag)signydeant foxecityapd pknawn iedaducehe NS5B
protein has, heen wel |l characterized, shown to possess the conserved GDD 5
motif of RdRps and in vitro assay systens have been reported. Cellular

| ocal i Z&t i on st utteeferom\VHN Y drd duatipdNBE8whiRhanbbaneoasis@ciaAy echilablet he

dopl asni ticul um | ike NSBA, ti hat those t tei
el n a0sder DedtFReH OB RBORRJERBR NPT B Bteealcy T e GRCSBIARIS Addi 1] onal
evi dence sugggsled b&hﬁ&hﬂ%%ené\lﬁ‘}@sp%g& D8] IR GLACIFNYiAIbRIFH Ot her to form

a conplex that funCtions as part "of the 10 replication nachinery of HCV.
The X-ray cepkeation of maoy wiresesf ind8BBgdHO¥EN Winn Usad abthesolddteatmimdat and t hr ee

very recent, publications cribe the un I e of the nol.ecule. This
uni que shaplbe%flgtr‘s g_l S?W@é?PW%%WIHW ﬁ@g?‘gﬁﬁ*%?eé’%ab&sl_eﬁ?l?_ri buted to
ext ensinse | AddifiadllyOIrIN REinYB©BEs $hen bifSS faffGadeevils. DHSQIRLD, that such a

way that the 15active site is conpletely encircled, formng a cavity 15 A

across and eftecix of dEY.arvisewiorary aed & dussaineshisspanse heaurs inonkSBR-p@énzyne can
accommodat e_t. t I at.e-nrimer ..\ |.arge. movenent af,. domai ns,
Saggeer ng s RGNS IRERET WO bovs R ERE, D A S on

reaction. TX®ORARp pol ypeptides from various nmenbers of the Flaviviridae
famly and other_viral famlies have been 20shown to be conserved (J. A
Bruenn, Nucl ei ¢ AEVdS apesitixe strandeed ps RANG, viggs, wish g well tharaqtggged RNA-

O Ty, A ARSI 0 SO U IGP ARyt e, o
agents and HO¥rtmpénfected aeedtoiged WA mitien pewlleivofidwider keading ¢ ¥ itajdr
I nfections, health Qrisalg asH a%\/re’suﬁ‘lo}/‘[heZd?se{cjllsne(.j Ig@é’d, during the next few years the number

of deaths from HCV-related liver disease and hepatocellular carcinoma may

overtake those caused by AIDS. Egypt is the hardest hit country in the world, with

25 23% of the population estimated to be carrying the virus; whereas, in the USA the

prevalence of chronic infections has recently been determined to be around 1.87%

(2.7 million persons). HCV infections become chronic in about 50% of cases. Of

these, about 20% develop liver cirrhosis that can lead to liver failure, including

hepatocellular carcinoma.



In addition, there is also a current need for therapeutic agents and
t herapeutic nmethods that are useful for treating cancer. Even though
si gni fi cawoO 20episp®8s have occurred in the treatnent of ®amase(08ios0922i | |
remains a major health concern. It has been reported that cancer is the

cause of death th@ﬁ?éﬁfrgglﬁgn8%H@Veér%8ﬁe§;5[]6efﬁ§5i %Z%O? Nopi t hstandi ng the

advances in treatnen cancer an I sea ereis still a need

for novel dresgssibiwfor &iral ghbmeréplzation. tRERps Rac®Tas theicarEitic sfbuhhef
I nvention The present inventiqgn provides conBoun.d.s that are inhibitors of
a

viral RNA at¥g vBRiaeplsasersaaued fqrdhgrephieationof a @esiivensiranshoaruses- sIs, hepatiti's
AR : 4 . ; . : mopat
sl pox " SRoP AR MR Een Wit PharkdtilRd. SRIE bR AOCoRend Ay SONO:

HCV, as Snel noaBofRdRys andriabitrondsesit systems (have beehi raportedr @ellubk dchlionmp, and
cancer. Accardingly, the ] ntion provides a novel coppound .of Formula |
as descri beﬁ‘.“ﬂgsr %Béarl%‘i/\},hab&ggﬁ %@FWB%@G?F%?&W@ 1&6{&%‘}3@85 aémécaﬂefl.c‘%}l"mpr odrug
thereof ThelildNGoA! Giaedhing ubkt Miose' 8o BroliAl A Rildif sobABARHE d@n cOMPri sing
a 10 conpound of Fornula I, or a phatmaceutically acceptable salt or

prodr ug t hesnsgier afiercprateplytic peevessing ah dditionad epitdamdessuggests that NSheNS4posi ti on

can optionall i se one o r ddi ti onal nti-viral or anti-cancer
coonts. O CandhESH iRt T etb ot & R cotmigen fat rortoRastrngt e v al
infectimn iRpB&tidAMERhineBNGIHISYNg adm ni stering to the animal an effective

anmount of a conpound 150f Formula I, or a pharmaceutically acceptable salt
or prodrug ther eblte Xtay rryvtehstiustire oS ISpBawpeteymg hae beeyddeteymingdtandi ti ng a

" | . ! tomibeding] ti ng
o o vi voy PRt ReE- PR ER B R e SRUMAL MRS ot IR ARHIRCTF For it 0 1

or a phar nemtigiid $hapd foragobpiciBecres@hbliny a AHPherd, i ArFib@bd Z0hhensivevent i on
al so provides a nethod for treating cancer in an _animal conprising

admi ni st er i W§TaEons betwgem e fingersrand shymbesubdpmains ér syeheowpoibatther Fornul a 1,
O o2 Ay TR Rkl RRRAD AR et el o A LOA LBRLERIq FR debyont | on 2l 50

provi des a conpoun ) armaceuticalTy acceptable salt
or prodrug Modelagfstudiershosed ithat thedV$3 apdearapy cdreacgomafidate thse i n treating

aviral infection or for use in treating canger).. X
templlate-prlmer mthout?arge movement ot the su%dor)nams, suggesting that the

structure is preserved during the polymerization reaction. The RdRp polypeptides
from various members of the Flaviviridae family and other viral families have been

20  shown to be conserved (J.A. Bruenn, Nucleic Acids Research, Vol. 19, No. 2 p.
217, 1991).

Currently, there are no safe and effective therapeutic agents on the market
that target HCV polymerase. There is currently a need for therapeutic agents and
therapeutic methods that are useful for treating viral infections, such as HCV, HIV,

25 and HBV.

In addition, there is also a current need for therapeutic agents and therapeutic
methods that are useful for treating cancer. Even though significant advances have
occurred in the treatment of cancer, it still remains a major health concern. It has been
reported that cancer is the cause of death of up to one of every four Americans.

30  Notwithstanding the advances in treatments for cancer and other diseases there is still

a need for novel drugs that are effective to treat cancer.



The invention al so provides the use of a conpound of Formula I, or a
phar maceutical ly acceptable salt or prodrug thereof, to prepare a
medi canerwousesfogb1oor treating a viral infection in an ROTABRIEASYW29 a

human). The invention also provides the use of a conpound of Fornula I, or
a 30 pharmaceutically accept abélf,lnﬁl%l oP{he%%jx{Hﬁ thereof, to prepare a

medi canent useful for treating cancef 1n an animal (e.g. a human). The

invention al so pTwprdssit iveafiorsyrotided compdiinds tRdhRtAEbANE of yiHAIINAC net hods
that are disc]osed herein as being useful for prepari ng, conpounds of
Formula I, %ﬂ‘d%Néd?qu%?rafﬁséégrR@Y@lﬁﬁa@@ffmn&;@?@t’é’é%é‘ﬁ?ﬂi is¢}, hpgapul a | may be
useful as syntheldeficil R r kN heky £ fi, Formul a
Dot a1 od R R TR, POl o Bleid £ B3 R B QRSO T .

" phar maceut amclaWest Nitcepisy bhdthasdre isefal fos edathgr I@CN, aeivell as dtheaviezdmpound of

t he present. di scl osure derived from pharmaceutically acceptabl e bases,
i nor gani c o‘tngecg lalésnﬁsec,g' yiyyal ‘Ege&%"llsésap“gfcag“tﬁrt abl e acids include, but are not

linmted to, hydrgehh@hbs, thlaxme%wgmiade%wr{ok;éli&mﬂahh bEFomffiSPALT i C,
glycollic

fumaric, maleic, 10phosphori c, , lactic, salicyclic, succinic,
t ol uene- p- sdgs¢mbredherebgiova or @ phammetcewtically hedeptabieetattam sadragthiecsoff or mi ¢,

benzoi c, mnal oni napht hal ene- 2-.qul fani ¢, tr.ifl uoroacetic and
benzenesul f oni cc'gléei g ?n@gla?sé’ HI%Y@%%&WH?%?%BP}P&P@OBgg%lgﬂ?lﬁg Fude, but

are not1d i nédn@sbuh@ of Bbi@llh 1,54 @phankealidaly 3BEL IO 5’T £f¥peor! reat”,

"treating"” and "treatnment" as used herein include 15 adm niStering a

conpound pransra pharmpceutipabrace¢ptettle parciat. Eyegomepesition can dpéermdly
stat e/ condi t | on. ent. any. .s tom as well as administering a
conpound af‘%dg?& %Sﬁgngﬁrs%ltg reg%d%gtfolnﬁ} %ng%lvg%%%tﬁfﬁaﬁer 4% %5ease statel/condition

so as to reduce Dhe dhértionalw Royidsyspeodt faspethe avighmfagbaid st i ¢ of the
di sease state/conditjon. Such treating need not %e absolute to be useful.

20The t er m *MAhRIMPrIg pdBUNIKIEFiBE f thepaiaal g cHgu et of femprurd manmal s,
such asys bygs Fb?ﬁm{a' 1Mbi ghzﬁﬂla%éﬂti%ﬁ%y 5&%@%@5&?%& ér%gﬁ%ttﬁere{)éb bits, dogs,
S and prinates.

cats, swine, cattle ep, horses, one specific
enbodi ment of t hEhd invemionaisotprevides amkthiod for ihhibsiting alvieal R&FAor DNA

"t herapeuti cei effective anount", in reference to treating a 25di sease

| |
st at e/ condi 9 gﬁ¥”§%‘f°é‘i’@“ﬂ‘l¥ comtagpg e Rofymera VG &i'% KEp) ‘éﬂ%ﬁ% or as

effective inhibitory amount of a compound of Formula I, or a pharmaceutically
acceptable salt or prodrug thereof.

20 The invention also provides a method for treating cancer in an animal
comprising administering to the animal an effective amount of a compound of
Formula I, or a pharmaceutically acceptable salt or prodrug thereof.

The invention also provides a compound of Formula I, or a
pharmaceutically acceptable salt or prodrug thereof, for use in medical therapy (e.g.

25  for use in treating a viral infection or for use in treating cancer).

The invention also provides the use of a compound of Formula I, or a
pharmaceutically acceptable salt or prodrug thereof, to prepare a medicament useful
for treating a viral infection in an animal (e.g. a human).

The invention also provides the use of a compound of Formula I, or a

30  pharmaceutically acceptable salt or prodrug thereof, to prepare a medicament useful
for treating cancer in an animal (e.g. a human).

The invention also provides novel synthetic intermediates and synthetic

methods that are disclosed herein as being useful for preparing compounds of



contained in a pharnmaceutical conposition that is capable of having any
detectabl e, positive effect on any synptom aspect, or characteristics of a
di sease sweatedsosadst i on when admi ni stered as a single des&/useoosmsedti pl e
doses. Such effect need not be absolute to be beneficial. 30The term

"al kyl " ' ' 6 b
atomy. Tt o it 'oPh Salt 6 Sbfrd WBLEYSorle RBuAY bEBord i hal 8° [ DOF
i so- propyl , usefilas yynthdticinteythediste pntpydpasing othee cdp@unds of Borspdai.f i C

enbodi ment, the al kyl groups have from 1-4 carbon atons and are referred to
as | ower al kyl . The term "substituted al kyl" as used herein refers

to an al kyl group having fﬁgml;dmsgfljﬁﬁpﬁ“&gqﬂfﬁmﬁai d substituents being
al koxy, "a

selected fromthe group consisting o oxyal kyl ,
tri (G -G al Refiigphsyl , substituted al koxy, acyl, substituted acyl,

acyl am no, acylo oxy, |, am no, subsiituted am no, .am.noacyl, aryl,
Ssubstituted ar yTl}‘/é PRyl g%f"%%@%ﬁf ﬁ‘icéﬂtaé]lﬁfﬁ X%US89§HW}H 1818 €h, hydroxyl,
nitro, N3, gmipsnlbof tedr@@uYdis@8iRE SerivelitfRim phdthfaldtithily sadptableut ed

thioallcyl, thioaryl, substituted thioaryl, thioheteroaryl, substituted
t hi ohet er oabages, indigany et erghikiy keids uBsamplas efsuitable @yids daeludey byt are not

eycloal kyl MRl o, BB I ptct SRS SHEBREpyFe. prtblors. hrarie Ay, |
10substio ut gibspiedriey, ¥ 6llic Clactid) sl csR 8Gedini6, BRApHaTbnief tafthige, laBMRNL i ON,

the term"substituted alkyl" refers to an al kyl group substituted with 1 to
3 subst i t ueitris, metagessfionic farmin, Sevwih adenieqephthpiener2tsuorieoup consi sti ng
of al koxy, _@irt@yalitylng thidLL ity Rl 19this o8 8 Kb ATHAG pAGY! OV,
oxyacyl, amno, am noacyl, arylf , aryloxy. <cyan, halogen, yar oxyl, nitro,
N3, car boxyincluderbuoxi¢lnoe fitréted to, tatidatil such i @alivey bnd Adiddnar yl |

t hi oheteroaryl, %hi ocycloal |l cyl, thioheterocyclic, cycl Qallléjyl , heteroaryl,
and het er ocycl i cl© terms “treghe "frggting" and [“weatpent” g used heggpinciudeysed her ei n

refers i I f : . havi ng at
cact 170 {apIsay OB Oto ORISR ORI A TR B 170y
vi nyl (et henstdte/cgdditiombd 3 to poesenBamyrsyimprdm, asnwlelt ieadniikisterin@ alventpennd

"substituted. al kenyl " used herein.refers to al kenyl groups having from1l
to 3 subst i PHLMRCOTSEL!AIBALIMAIENE Sf B SEFCanGI O thBSECHR cr | be

above for aelaningdeiahiisAHpRIK¥bpect or charalBRisti€ bMhe Jidc¥dd)kate/Bondi@dk ¥0en as used
herein refers to an al kynyl group having from 2-10 carbon atons and havi ng

at | east 1 &eatiagopedndtybaypbsalntsde be asdfaln. 25Such groups are exenplified by,
but not dim’ted

1- met hyl pr op- 2- y’ir“ﬁq t-eriffl hxrgﬁllta%gﬁ u%{i%@%;ﬁh {?ﬁéﬁi xcilgr{yoﬁ%@élﬁ Héh{filmg AT 1 ke.
such as, but not limited to, mice, rats, other rodents, rabbits, dogs, cats, swine,
cattle, sheep, horses, and primates. In one specific embodiment of the invention the
animal is a human.

The term “therapeutically effective amount”, in reference to treating a
25 disease state/condition, refers to an amount of a compound either alone or as
contained in a pharmaceutical composition that is capable of having any detectable,
positive effect on any symptom, aspect, or characteristics of a disease
state/condition when administered as a single dose or in multiple doses. Such effect
need not be absolute to be beneficial.
30 The term “alkyl” as used herein refers to alkyl groups having from 1 to 6
carbon atoms. This term is exemplified by groups such as methyl, ethyl, n-propyl,
iso-propyl, n-butyl, t-butyl, n-pentyl and the like. In a specific embodiment, the

alkyl groups have from 1-4 carbon atoms and are referred to as lower alkyl.



The term "substituted al kynyl" as used herein refers to allcynyl groups
having from1l to 3 substituents, said substituents being sel ected those
descri be BO2bes9fodr a substituted al kyl. The term "al keXFUSL@BOHBE22 0 t he
group alkyl-O. The term"substituted al koxy" as used herein refers to the
group substi tut efhelBfn t‘ﬁfb@%ltu?éﬂ)’dlkyl’aﬁs U8 Pehsd Fc'féfs E@ir?ﬁlﬁylt%oﬁﬁ"ﬁaVQﬁQU ps
al kyl -C(0) -, alkenyl- C(0) -, al’kynyl-C(0) cycl oal kyl - C(O) -,
het er oaryl f@élﬂ)l to 3 sabsiithents saidpubstitueBfsOheingriedectasl fnom mup g@@tﬁtlagyl as

ai keny! - o O)f ekl ralbadul R st ieh Shisbufsdikon: bty Bl ooy -
substi t ut eohcgr nglﬁn(rﬁ)), aglyks;gb@kyatcyt QA sEbsPiRktYd afkird) amiiddeyauagL i t ut ed

het er ocycl i c- he term "acyl am no" as used herein refers to the
gr oup- CP0) NEbstituigd erya, @a@ﬁyzsubmtezgrm@, |cwépbai§gm Ihyd@é}’]eétt@dNﬁar om t he

group consi gt lh%gl %{nb%%?l e%%? thil Iﬁ}ﬁo i §u%§s{1t§j|'tj d]etﬂlog kIth %Jyk( it

’hé'su te(%l t uent s

substi t ut ed kyny and

descri bed ahivasyl) tnlohberdﬁu mHstlﬁfbdelloi‘abﬂaﬁiarjilUﬂhﬁﬁyabKll{M subz€itdt&r m " acyl oxy"
as used herel n refers to the groups al kyl-C(0)O, 155ubsti tuted al kyl -
C(0) 0-, al KBipgrcleglpyh thioketerocyelig: éltbsatumfw mcyclic aw@ﬁw C(0) 0-,

bsti t t I 0-,
(Szyclsoial Ey?dse? %)t?%{&i °§§§g‘%?l% B%tgf(?\é b}guoaﬁtﬂ@%%%%ﬁuhﬁet gg’ oar %&))C( 0) 0-,
subst i tlt ecsubstiteted detekodgt). Okn, onhepﬁnﬁcymbd)dmﬁﬁﬂofﬁhe 1rananhcm,1 dsttetnut ed
h I I h
Al kgl - G ) SSBRIRER FIkS dalea o A0 G0 APRGHGS OB Y SBEBeERE G
al keny1- Oqﬁbstﬁh&}wﬁémg Qg fromstﬁpgm&a‘é%ﬁﬁstﬁig@f%x?qlﬁaxy’all@'l WA 0) -
substituted aryl-0C(0)-, cycloal kyl substituted cycl oal kyl - OC(O)

het er oar y 1-Q@llQ))silyl, suybsicylantieg ahﬂb&y,myd;ﬂ,&@élﬁy an;unhwéraoy:ly@rbflow, OC( 0) -
X o Premtre Tt op e e Y B
t he gr oup- Nhighéa, thioheteroaryl, thiocycloalkyl, thioheterocyclic, cycloalkyl, heteroaryl, and
’ heterocyclic.
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-yl), allyl, but-3-en-1-yl, and the like.
20 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 a substituted alkyl.
The term “alkynyl” or “alkyne” as used herein refers to an alkynyl group
having from 2-10 carbon atoms and having at least 1 site of alkynyl unsaturation.
25 Such groups are exemplified by, but not limited to, ethyn-1-yl, propyn-1-yl,
propyn-2-yl, 1-methylprop-2-yn-1-yl, butyn-1-yl, butyn-2-yl, butyn-3-yl, and the
like.
The term “substituted alkynyl” as used herein refers to alkynyl groups
having from 1 to 3 substituents, said substituents being selected those describe
30 above for a substituted alkyl.
The term “alkoxy” refers to the group alkyl-O-.



where Z1 and Z2 are as described above in the definition of acyl am no,

provided that Z1 and Z2 are both not hydrogen. The term "am noacyl "
as used heoepis/asefodrs to the groups -NzZ3C(0)al kyl, - NZBCra)ssusssiseut ed
al kyl , -Nz3C(0)cycl oal kyl . -NzZ3C(0)substituted cycloal kyl, - 30

NZ3C( 0) al kenyl , Tl'l\ézt%gﬁ%ﬁiéﬁﬁﬁédtﬂf{(ﬁgf”% &M Herein NABGO MR ¢ 1[1}%’ éubsﬁtuted
NZ3C(0) substi tuted al kynyl, -NZ3 Yaryl, -NZ3C(0)substituted aryl, -

NZ3C( 0) het ealkgr@4., - NZSC( 0) substl tuted heter oaryl - NZ3C( 0) het er ocycl ic,

d - Nz3C(0 tituted het wh Z3 | kyl .
'?'Re term Cgr;FUbi}élﬁgﬂ ?%ﬁelgf% égr&réretf Sg)r ﬁfﬂ?ﬁéﬁ%’fjg?@ taﬁi‘? g]yc?/i c group
of from6 todx, Qlﬁyi@ﬂm@)on@cl@myﬁ@(@%s'm@(d)l nHetéx%a@l-C(Ob‘erh\AH) or

mul tiple condensed’ rin (e , nNapht or anthry whi ch’ condensed ri ngs
may or reay serogweligr@@At i c. Exerrpl ary aryls i ncl ude but are not limted

to, phenyl and L. "substitute ' as _us inrefers
to aryl groups \?\,ﬁlghtﬁnér 3“§Su 'gtf‘ﬁﬁ e?is\ﬁe &?e’fe% e_fs (}/tlhﬁggwgf? S&E’ﬁ? sel ected
from al kyl , alkybG(O)t, tsnssimk:&wlkenﬁl% @)Y subStitafeldialiingCeO ke Ribstinabkynyl and
substltuted aIIcynyI and those substituents described above in the

defini ti on OrlalydG(Our.eudbsitrpd aryl-C (O)-, substityted hetgrasrylls(@osad as used

herein refe 0- that includes, 10 by way of exanple but
not lim tatslr%%ttltat Eglgge)%c%ﬁ%g@hoxy, and the |ike. The term "substituted

aryl oxyl0 as usedTireesh fadyddreing” h@usedthstehﬁ tﬂfﬁdtcamylgr@:p -Q(@INYS Z, Wheret er m
"car boxyl" as ed herein refers - or salts thereof. The term

" car boxyl ek s andy s s dnflependsnily ﬁ%lf:@?% frop the graypsepustnefdudraggn, 15-C
(0) 0-substi a{lk'ileﬂlb@ﬁﬂﬁl@d’ alk ﬁk&ly‘? rs)it%tltﬁt@&] afl;(:g})loalﬁg}%g bh Wiktnadd! The

term "cycl oal as use erern refers to a sat ted or unsaturated
cyclic hydrajkmylb,camdrthmglbsgrmemsrdescﬂbed\amwmds:eieﬁnntoalorﬂ isaloptitutedalByl i ngs and
rqups. i ncl.ude but limted to

3 to 7 carbons ring. enpl ar ar.e
cycl opropyl , cy?ﬁbebtﬁ{l?ll acKeYR 6’}38?\ Telp fefetsHa A gro@?(ﬁ“@ﬁ&)@ﬁ > and
adamantps . ﬁl@?ﬁlﬁteﬁ%lk’?l @G@)@J élk@r@ﬂ@{@?d)-o%ﬂsﬁﬁlted ARegONOL, %ll@lnflﬁf ers to a

cycl oal kyl haV| ng from1l substituents selected from the group
consi sting © Mﬁubmytedtaﬂinibe(QE) aryl-kY0)Os ammm ayl-e(@QD-, and t hose

Subst | e S SR ST P SRR B bl L
"substi t ut eh‘bt&y@ﬂyp@tdﬁ}'(}«y hetafcYSRACIBICR] a{hdrsﬁbﬁ[tﬁteﬂ(he@r gbmcta))@d cycl oal kyl
groups. The term ef tgll:mnyoxyagil”%g ?l(sjedhl?el;gh rr]efreresft:)a I;hse érgupsqlkyl 0C(0) -,
20  substituted alkyl-OC(O)-, alkenyl-OC(O)-, substituted alkenyl-OC(O) -, alkynyl-
OC(O) -, substituted alkynyl-OC(O)-, aryl-OC(O)-, substituted aryl-OC(O)-,
cycloalkyl-OC(O)-, substituted cycloalkyl-OC(O)-, heteroaryl-OC(O) -, substituted
heteroaryl-OC(O) -, heterocyclic- OC(O)-, and substituted heterocyclic-OC(O)-.
The term “amino” as used herein refers to the group -NH,.
25 The term “substituted amino” as used herein refers to the group-N Z,Z,
where Z; and Z, are as described above in the definition of acylamino, provided that
Z1 and Z; are both not hydrogen.
The term “aminoacyl” as used herein refers to the groups -NZ;C(O)alkyl, -
NZ3;C(O)substituted alkyl, -NZ3;C(O)cycloalkyl, -NZ3C(O)substituted cycloalkyl, -
30 NZ3C(O)alkenyl, -NZ;C(O)substituted alkenyl, -NZ;C(O)alkynyl, -
NZ3;C(O)substituted alkynyl, -NZ3;C(O)aryl, -NZ3C(O)substituted aryl, -
NZ3C(O)heteroaryl, - NZ;C(O)substituted heteroaryl, -NZ3;C(O)heterocyclic, and -
NZ;C(O)substituted heterocyclic, where Z; is hydrogen or alkyl.



The term "hal ogen" as used herein refers to fluoro, chloro, brono and i odo.
The term "heteroaryl" as used herein refers to an aromatic group of from1l
30 to 10 wearbkewmnsatosns and 1 to 4 heteroatons sel ected f PORUSR@SHSOAD

consi sting of oxygen, nitrogen, sulfur in the ring. The sulfur and nitrogen
het eroat oms at OMBhdWR¥n &hS/P> R&usPd REEIH refels foEhbnVal it ZRthatie cP8ic BEN

het eroaryl groups can have a single ring (e. g. , pyridyl of furyl) or

mul ti pl e covlidesns édo i wgrbof etongg, havirigredohgle ring l(e.@s phanyboirmdtiple) wherein t he

condensed rings . or may n e ar tic and/or .contain a heteroatom
ol ary hEPORURR ey (Ca ARt St R e B e Ehec ks Bl sT BB ar y1 5

i ncl ude pyrpdybmay."Ex@inplary GRIER¥ ude, il @eot lildHie@RE GR¥hy] a8 daptihp! -

The term "substituted héteroaryl"™ as used herein refers to heteroaryl
groups that are EBubisrh substitupicaryl ras el heseis refatsge nryl gnaups sdiichcared from t he
same group > t.i.t nent.s defined for substituted aryl. The term

"het eroaryl %%éﬁggsas‘ﬁ%heﬁg értggnsu:b%r}fetg?lgs fecge#%dzﬁﬁlpgl}ﬁ?’-%g’#@tggSg{lyyl . The term

"subst i t ut edlkéisll aubattie@¥ikenAdsalused ahe kaistitnef Akenyll CanldiRosg sQbituddts
substituted heteroaryl, The term "heterocycle" or "heterocyclic" or

"het er ocyc| $ari8ed abeve isthe definition ehsubstiueed adlylunsat ur at ed group (but not
het eroaryl ) havi P | t 1A ngs.,: 1to 10
car bon a1 o and P Sy P8 BkeP il R R0 IRF BRI RO AR g LR

consi stilng bf way bf egeiple butyge imitatibd, phenory! haphtidxg, andte Vikerein, in fused
ring systens, one or nopre the rings can be cycloal kyl, aryl or heteroaryl
provi ded t hat thEhgEIRt S'ﬁwstla%ftda?éﬁlﬁém ag @eghﬁr@tqurﬁé wosaptsdpelt Q- ring. " The
sul fur 15 aé;guﬁg‘trogen het eroat ons atons may al so be present in their

oxi di zed forns. The term "substituted heterocycle" or "substituted
het erocyclic" orThehsttiarboxad” hetsed hesetd médrk 1d “CO@Hear saltsathbrevfr ocycl e

roups that are substituted with from1 to.3 of the sane s ituents as
gefi ﬁed f or subsf]ijettﬁflgdc g&}’fyweﬁﬁ%ffrﬁﬁ B%ejd(;’lﬁr%%f ?rﬁé‘ﬂlﬁﬁe&(’%ﬂ%&@b@lg‘gryl s
i ncl udeys buic @)@-amsﬁ!uitéaiaﬂlgdh 190)Ba¢1eAAHCG)0-Bisfifth& arym dazol e, pyrazol e,

pyridine, pyrazine, pyrimdine, pyridazine, indolizine, isoindole, indole,
di hydroi ndol e, i herateonécyqbealkyldas uwidierein fefiess td & safuriated|dr masatefatedol i ne,

ht hal azi ht hyl i.di i |.i ne, qui | i ine,
rer d e, OsPBENBEB BL N SR b caMBRE Ll FneS S BELIA T he of i ne,
I sot hi azol ecarbdiBPRE AL Exefiptdy etdps RIMARIRMAT hirGrot RRRIE tditRIdpr6pyl,

i m dazol i di ne, 25i m dazoline, piperidine, piperazine, indoline,
pht hal i mi deSyclobtylgeyelopersyl shiglahaxybsaciohentylnand adamantyl7.- t et r ahydr obenzo [ b]

t hi oph , thiaz faj ] i O 0, i ne,

nmor pholezlrbﬁyl , thi ?‘rf%”r%ﬁo%‘?ﬁ@“@a‘ﬁ'?&’#@ e%?%gg?%lgglg% %ﬁ% tg)]naoéP%LO% "nyl ),

pi peri di nyl haviyg framildiodesubitithembyadecnddfiran the grangp codisting € oxo (=0),
thioxo (=S), alkyl, substituted alkyl, and those substituents described in the

definition of substituted alkyl.
The term “cycloalkoxy” as used herein refers to -O-cycloalkyl groups.
25 The term “substituted cycloalkoxy” as used herein refers to-O-substituted
cycloalkyl groups.
The term “formyl” as used herein refers to HC(O)-.
The term “halogen” as used herein refers to fluoro, chloro, bromo and iodo.
The term “heteroaryl” as used herein refers to an aromatic group of from 1
30  to 10 carbon atoms and 1 to 4 heteroatoms selected from the group consisting of
oxygen, nitrogen, sulfur in the ring. The sulfur and nitrogen heteroatoms atoms may
also be present in their oxidized forms. Such heteroaryl groups can have a single
ring (e. g. , pyridyl or furyl) or multiple condensed rings (e. g. , indolizinyl or

benzothienyl) wherein the condensed rings may or may not be aromatic and/or



30The termtheterocycl yl oxy" as used herein refers to the group -0-

het erocycl i c.

The term "substituted heterocyclyl oxy” as used herein

refers tovohReosysewy- 0- substituted heterocyclic. The t@CHUSRISOHHIAL " as
used herein refers to the groups- OP(0)(01-02 (nonophosphate or phospho),

-0P(0 %W
- OPg Og g 8-D—|) gfng%n% %%r:c%ag(%n? l? hgf?r%lﬁﬂ;%? 215}%? t ra?épj)r?g[s%rﬁom hmltg%} ts thereof
i ncl udi ng plaﬂtttrbadylssiad:luée pyredydafyriolyli thiemy emdsat yothidphabylf éel funylt i al oxygen of

the 5 nobno-

The tern1"phosph£?

and tri i ncl yde t he_.oxygen aton1of a sugar.
ot o R E siRed Bl O S reng 2rotes” and

tri phosphat @atre Hlﬁ)o%,uﬂﬁ&ﬁvitﬁ ednPP QY sWRBRRIR selREte froftPthe s@he tgFtﬁJ hprdr oxyl
groups is replaced

groups -0P( bRtk fimed- fm@ytlm&(dmyl( 0Z4) or salts ther eof i ncl udi ng

partial salts th r eof er el
hydrogen. al kyl,

by an al koxy group. The term "phosphonate" refers to the

tedfrom

TRt Bl IoR S vl hedsih PPERIE O o “CARBAGIY coter . 11

i's understood t hake fehtf “bubistiivadd lwsefeﬁmo%” hb@seah@&@@wf@%@o ff@gm@ﬂ@de t he
oxygen of a sugar.

15The t er m subs@atedyeteroaryt: al kyl t hi oet her” or "thi oal koxy refers to the
" The tﬂrmTﬂ§T 1{0%5«%” (?utfl%&#c}(cgft £ &%8%&%%&!:1%%1” r%fétl)ssttol {uted

group- S-al kyl.
al kyl t hi oet her

The term"thiol" as used herein refers to the group -SH.

subs hi'e Xy refers

-S-subst@ t m*.aﬁd-al@ﬂ l@y lnsaturated grouplButti®t heteidahydyplinod Kple rag dismduialer ein

refers to the

group

-S-cycl oal kyl . 20The tern1"subst|tuted thloc ycl oal kyl "

as used her @nﬁe?séfl @,ngs,tfgpng hdo &P S%Fbon afoms, e oy { &4 bgleraaipmyse eqtﬁd; term
"thioaryl™ AsmUReHrolfTEhsisting' ?'hﬁr&g@ntcl}&ggﬁ QRur, WitkitYthe ring wherein, in

fused ring systems, one or more the rings can be cycloalkyl, aryl or heteroaryl

provided that the point of attachment is through the heterocyclic ring. The sulfur

15  and nitrogen heteroatoms atoms may also be present in their oxidized forms.

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

“substituted heterocycloalkyl” refers to heterocycle groups that are substituted with

from 1 to 3 of the same substituents as defined for substituted aryl.

Examples of heterocycles and heteroaryls include, but are not limited to,

20  azetidine, pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrimidine, pyridazine,

indolizine, isoindole, indole, dihydroindole, indazole, purine, quinolizine,

isoquinoline, quinoline, phthalazine, naphthylpyridine, quinoxaline, quinazoline,

cinnoline, pteridine, carbazole, carboline, phenanthridine, acridine, phenanthroline,

isothiazole, phenazine, isoxazole, phenoxazine, phenothiazine, imidazolidine,

25  imidazoline, piperidine, piperazine, indoline, phthalimide, 1,2, 3,4-

tetrahydroisoquinoline, 4.5, 6,7-tetrahydrobenzo [b] thiophene, thiazole,

thiazolidine, thiophene, benzo [b] thiophene, morpholinyl, thiomorpholinyl (also

referred to as thiamorpholinyl), piperidinyl, pyrrolidine, tetrahydrofuranyl, and the

like.

30

The term “heterocyclyloxy” as used herein refers to the group -O-

heterocyclic.

The term “substituted heterocyclyloxy” as used herein refers to the group-O-

substituted heterocyclic.



The term "substituted thioaryl"” as used herein refers to the

group- Ssubstituted aryl. 25The term "t hi oheteroaryl"” as used herein refers
to the grwOopoes@shwser oaryl . The term "substit ut e#CrRisetss9%ar yl " as
used herein refers to the group -S-substituted heteroaryl. The term

i onet er ocycl | fie R UARAPAEECLERYELS: Lfer 10 OLMMRS: Sp(BORIOCYC Lo

30Theterm"subst|tuted eterocyclic as use Inr 10 the group
-S- substi t(lmncﬁnbphmphate«nyphésphoj[h@P@@)(@H’)@M@])@Oqu (dqﬂ]lociﬂmt‘eacbrrmpl'\(l\cﬁf)leaV)s to the
Z7 substituent 0. a of the forpula Z6NHCH(Z7) COOH where Z7 is
sel ected fr H%éow&ég?@}gﬁl’ﬁa)(w)h%p ate gr %}Hhoslél}%% paltst ed al kyl
and aryl angle£8f in%hﬂﬁ‘%’&gﬁﬂ slks thEx%QPtl{ﬁgﬁjflwérEtlaog aftfid 1111'&% & Eﬁ)gffheand

carbon atons bound thereto respective orma eterocyc I n one
enbodi mént , mphe, di-zanidrioplspbiats rrdugohxaude the okpgensitaln ol aisagaf one of t he

twenty naturally occurrin am no, aci d Sugar.s described herein may
either be in Do hel_t %n?ﬁ“%ﬁbﬁ??ﬂﬁrs 8S B85t Eﬁ’r‘ggef?ﬁs -Hempene- ’Ig'aégﬁﬁbounds of

the inventl;ﬁmt&l bide W&Bﬁw&iﬁoo%wlﬁefeﬁ%&épma%%fﬁ%mﬁyﬂa sRis CRa,
SRa, NRab RaNRbRe, aI kyl, substituted al kyl, al kenyl”, substi ut ed

al kenyl , alll@phyfrdb}svb%lkoxsugl@dpal kynyl, aryl, substituted aryl, (CHZ) 11-

CH( NHRa) CO2Rb. ' CHR) 11- |

CC](\lRaRg) NHCer - ( e(c%\lét ‘?\F?M(QQE@R@%“‘ N:CHRb
NR, C( 0)INRO, (&N@Zﬂcﬁ)s&ﬁ@ﬂi@moﬁﬁﬁﬂcﬁ)ﬁ%mlm £, WRaGh=ND ARRI t e,

NR. C{ 0) NRoNRai, 0- C(0)R' OC(0) - ORa, ONHC(0) O- al Kyl , ONHC(0)O0-aryl, ONRab,

SNRab, . S- ONRegPendextly selestsyiNrama Rydrogen. plkyl, chipstiretpDmlkyl, sarbecdivrReib andnd 123
;ls | ?S/ nﬂ\{ & ox‘% Es%féer’d It;%'ﬁi%k{/t%f%ﬁmal%égm J)f the Bgc?stphsﬁﬁttee ga?' kenyl,
include the oxygen of a sugar.
The term “thiol” as used herein refers to the group -SH.
15 The term “thioalkyl” or “alkylthioether” or “thioalkoxy” refers to the group-
S-alkyl.
The term “substituted thioalkyl” or “substituted alkylthioether” or
“substituted thioalkoxy” refers to the group -S-substituted alkyl.
The term “thiocycloalkyl” as used herein refers to the group -S-cycloalkyl.
20 The term “substituted thiocycloalkyl” as used herein refers to the group -S-
substituted cycloalkyl.
The term “thioaryl” as used herein refers to the group -S-aryl.
The term “substituted thioaryl” as used herein refers to the group-S-
substituted aryl.
25 The term “thioheteroaryl” as used herein refers to the group -S-heteroaryl.
The term “substituted thioheteroaryl” as used herein refers to the group -S-
substituted heteroaryl.
The term “thioheterocyclic" as used herein refers to the group -S-
heterocyclic.
30 The term “substituted thioheterocyclic as used herein refers to the group -S-
substituted heterocyclic.
The term "amino acid sidechain" refers to the Z- substituent of a-amino
acids of the formula Z{NHCH(Z;)COOH where Z; is selected from the group
consisting of hydrogen, alkyl, substituted alkyl and aryl and Zg is hydrogen or

10



20 CH(=NRa) ORb, CHO, CH=CH OCH3, NHCONH2, NHCSNH2, CONItab, CSNRab, CO2Ra,
al koxy, al kyl am no, di al kyl am no, hal ogen, (1, 3-oxazol-2- yl),

(1, 3- oxaAwD-2868y08Y105( 1, 3-t hi azol - 2- y1) , (imdazol -2-y1l), PCT/US2008/050929
(2-oxo0[1,3]clithiol-4-34), (furan-2-yl), (211[1,2,3]triazol-4-yl),

%NH)RQ%“&&EW %‘% Wﬁ%gﬁﬁﬁe{%§%§hhé %t@%e&fﬁu%% fo NRa) Rb,

(Cl1-12). - S-aghietdrocyBic2ing: T dhe-eahbodimer(t GHe xlam B0 Ok rdaviddchaif Ak lsi&ea{a@ﬁ) al kyl,
(CH2) " - S(02) aryl, (CH2).-SO2NRaRb, or (CH2).-ORa; or R and R3 together

with atons Q@W@fﬂWtW@V@ﬂEaléX@%ﬁmwlﬁmea cycl oal kyl, substituted
cycl oal kyl, aryl b d_ar bstltuted
Sugats d%géntb'éa ﬁerem r}{asvu%p ?u ind d e er (%J%'atﬁﬁ

heterocycloalkyl eteroary 30n is 0-5;
Rl is H5 NRaRb, CI, F, ORa, SR', NHCOR', NHSQ2R,,, NHCO\IHRa CN, al kyl .

aryl, ONRaRb, or NRagiO)Oltb; R2 is a nucl eoside sugar group; Ra, Rh, Ic,
and Rd are 3 ected fromthe group consisting of 5H, allcyl,

substituted al kyh, T%Lﬁeglghheﬁﬂ,?ﬁ%&}igé@%@dgﬁgﬂ%{&sofqﬂoﬁ}{ [» Substituted

al kynyl , cycl oal teroc Irtute ary] acyl,
substituted acyl, 802-al kyl, am no, gubstRtuted am no, and NO, or Ra and Rb
together with the nitrogen to which t ey re attached forma pyrrolidino,

pi peri di no, piperazino, azetidino, rp oI|no or thionorpholino ring; or
Rb and it, together with the nitrogenytd hgh they are l1lOattached forma
pyrrolidino, piperidino, piperazino,gazetidi no, norpholino, or

t hi onor pholino ring; and Re, and Rd are independently selected from
the group consisting of H, alkyl, substit@ed alkyl, cycloalkyl,
substlt%tedw&¥&loalkyl aryl, substituted aryl, heteroaryl, and substituted
heteroaryl Ptc and Rd together with N atomto which 15they are

attached may formmngtmapmbomﬂgmbl{é WS, istbstieged g1kl @n&ﬁylpal kyl,
het eroaryl, or substituted heteroaryl; or a pharnaceutlcal ﬁ acceptable

salt or proubstifuieAalksayl, alkynyl, S‘%hﬁtl‘i‘}ﬁ‘él adlppyliapd ntubstitutedaryln((ddni-on  conpounds
of the invesii@ari)tel,RIQCERTPOUAYE (Of,)FX- Yl 1! F, B2, COOR,,

CONRgRp, NHC(=NR,;)NHR;, NR,OR}, NR,NO, NHCONHR,, NR,N=NR,,

15 NR.N=CHRj, NR,C(O)NRyR,, NR,C(S)NRyR,, NR,C(O)ORp, CH=N-OR,,
NR,C(=NH)NRpR, NR,C(O)NR,NR R4, O-C(O)R,, OC(0)-OR,, ONH-
C(0)0O-alkyl, ONHC(O)O-aryl, ONR, Ry, SNR R}, S-ONR,Ry, CHO, C(=S)N
RaRy, nitro, CH(NR,)OR}, or SO,NRRy; and R%is H, CN, NO,, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, CH=CF»,

20  CH(=NR,)OR;, CHO, CH=CH-OCHj;, NHCONH,, NHCSNH,, CONR,Ry,
CSNR.Ry, COzR,, alkoxy, NH,, alkylamino, dialkylamino, halogen, (1,3-oxazol-2-
yD), (1,3-0xazol-5-yl), (1,3-thiazol-2-yl), (imidazol-2-yl), (2-oxo[1,3]dithiol-4-yl),
(furan-2-yl), (2H[1,2,3}triazol-4-yl), C(=NH)NH,, C(=NH)NHOH, C(=NOH)NH,,
acyl, substituted acyl, OR,, C(=NR,)Rp, CH=NNR_,R;, CH=NOR,, CH(OR,),,

25 B(ORy)z, C=C-C(=0)NR, Ry, (CH;),~S-alkyl, (CHy),-S-aryl, (CHy),-S(O)-alkyl,
(CH2)y-8(0O)-aryl, (CH2)u-S(02)-alkyl, (CHz)n-S(O2)-aryl, (CH2)n-SO2NRaRy, or
(CH,),-OR,; or R and R® together with atoms to which they are attached may form

a cycloalkyl, substituted cycloalkyl, aryl, substituted aryl, heterocycloalkyl,
substituted heterocycloalkyl, heteroaryl, or substituted heteroaryl;
30 nis 0-5;

11



wherein: Ris ORa, SRa, NRaRb, NRaNR, , Re, al kyl, substituted al kyl,

al kenyl , substituted al kenyl, allcynyl, substituted al kynyl, aryl,
substi t utwo 20080189106 CH2) , , - 25CH( NHRa) CO2Rb, (CH2) 11- S- alPK§¥IUS2008/050929
(CH2),,-Saryl, d, F, Br, I, CN NHC( =NRONHRb, NRaORb,

, COORa,
G ORa. MR RTINS, ChEe ) o MR BT e E T ROk
C( 0) 0- al ky! alk@NHS(, NR R,y br NRINRDFOR, SNRaRb, S- ONRaRb, CHO, C(=S)N 30 RaRb,

nitro, CH(NRa)ORb, or SO2NRaRb; and le is H CN, NO2, alkyl, substituted
al kyl, al kenyl, Bubstnuclgoside s¥gaE8yup; al kynyl , substituted al kynyl, CH=CF2,

CH(=NRa) ORb, CHG; Eﬁ)ﬁﬁ R T CO2Ra,

al koxy, al kyl ani no® " di a’l%y a mﬁ(?ﬂ%%lgy?g?wgﬁ&@g%@p c&ﬁ%\ﬁm

E 1, 3- OE(éZOi I-;Sal}r(]jﬂ) sul:(sﬂitlﬁ?e;d dl](q?zﬂker@d,yshbgtitﬁﬂ(edhl[laﬁﬂl al%lyiyyll) sublstituted a)lkyngf:l(, )
2-oxo[ 1, 3]dithiol-4-y1), (furan-2-y1), (2H 1, 2,3]triazol-4-yl =NH) NH2,

C( =NH) NHOH, © @h@]})mfﬁ%w%ﬁwh substtied At agylyubsteted agyl=RRxpMEl. CH=NNRaRb,

CH=NORa, CH(fRo) & {33 Ano. Gna 70 FrFOLNRR = -0r R and

R3 t oget her mﬁ?% g?%ﬁ% to a%%%ﬁTﬁﬁgngre a??gﬁﬁ%éaﬁggﬁg%ﬁ%%gt%b%?gglkyI,

subst i t ut edthey etecdtaklydd. fomn wlpyrslidiad] piperédting mpyperadingt, azaicind, asdrpdydlino,

substituted terocycl oal kyl , _heteroaryl, or substituted heteroaryl; 10n is

0-5; a1 CHQPQ{agape’ of Regad .g&%@%ﬁe@mg@mﬁs@ﬁ hRNHEONHR,  CN,

al kyl, 7y yl attdehiefdbm 2QfyrfIRdfo0)PBRdinEpip&aAnf et HARd dorpHiRo, 8F OUp; Ra, Rh.

Rc, and Rd are independently se ected fromthe group consisting of 15H,

al kyl , substhiamereholgioayng; asd kenyl , substituted al kenyl, al kynyl,

substituted al kypyl ycl aal kyl eterocyclic, aryl, substitute ryl, |
2oyl s substi ¢ut okt o R SiGBadpaentS sEREY Font v Mdrs i MRG0 Ra
and Rh t ogedubetituiidtaliyl g clvalkyGaBstinste by ohlk 1S3y Rk fosEtiaEAigd form a
pyrrolidino, piperidino, piperazino, azetidino, norpholino,

. . Or .
t hi omor phol hetgropnyhgnd spbstifutechprierreryl; o & rand Ry togetheravith Nragaeto whichhi ch t hey
are 20 t f i_di { paerh di L perazi eti di no,
mor phol 1|%tno:aﬁlo grteha?%%?ﬁﬁ%{{og% aﬁieﬁeg?cygko% yll’ Sugﬁﬁlét,ed g‘%tg%ﬁﬁag?né% ndependent |y
sel ect ed frimerbhel, or suigtianabhaérongl;of H al kyl, substituted al kyl,
cycl oal kyl, substituyted cyclal kyl, aryl, substituted aryl, heteroaryl, and
substitut ed het e?'Gapiprmacsiticglly askeptaile salprrmadrugitheiead at om t o whi ch 25t hey

are attached maypf e Udollittei! AUEIA N comPHRARE of He Gl RELECHRRYE! 0al kyl,

compounds of Formula I:

R3 R
" N
\ N\N)\

20 R?

Rl

@
wherein:
R is OR,, SR, NR Ry, NR,NRR, alkyl, substituted alkyl, alkenyl,

substituted alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, (CHa),-
25 CH(NHR,)COsRs, (CH,),-S-alkyl, (CHy),-S-aryl, Cl, F, Br, I, CN, COOR,,

CONR.Rp, NHC(=NR,)NHR;, NR,OR;, NR,NO, NHCONHR,, NR,N=NR},

NR N=CHRj, NR,C(O)NRpR,, NR,C(S)NRyR., NR,C(O)OR;,, CH=N-OR,,

NR,C(=NH)NRyR,, NR,C(O)NRpNR R4, O-C(O)R,, OC(0)-OR,, ONH-

C(0)O-alkyl, ONHC(O)O-aryl, ONR R}, SNR R}, S-ONR,R,, CHO, C(=S)N
30  RgRy, nitro, CH(NR,)ORy, or SO,NR,Ry; and R’is H, CN, NO,, alkyl, substituted

alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, CH=CF,,

12



heteroaryl, or substituted heteroaryl; or a pharnmaceutically acceptable
salt or prodrug thereof I n one enbodi nent of the invention, the
conpound WO 2Pgyaseioa (1) is not a conmpound of formula (1RCT/USR008/0MO20H (12).
I n one enbodi nent the invention provides a conmpound of Formula | as

descri bed ENR I e b8 AR/ IH?@THI{Z\' r HWRa; or a

phar maceut ?§§¥| y Q@&’S“Fggﬁg%a OoCrI%I}f)ro rug ’@ggy}gr% oné &nbodi nent the
i nvention pCBNRgRs CO,RQralaxydNDh, dHoylaming, diahs1aeia6 Hade@dnpldBeexazoherein R is
NRaRb; Ra is l.ected from.the group cgnsistin substituted

s? f NS g.of H al kX,I .
al kyl, al kel(1-3s30lr 3-dbed - 3athigzalr -y a (i dazol- 23l 63-pxeli Sddighiglry),

cycl oal kyl er i : S L /1 IBSEi d acyl,
S02- al kyl a(rfgl%h N%rﬁgﬁghkﬁzéghgieqléyzy(f w&ﬁ?ﬁ’:ég%}lu\p cdgﬁléléglt%ﬁ &r?glt )o *H, al kyl,
subst i t Ut edacyl, lsybstitdtbd hégg YR, EeNRE IR, UCHENNRBRYCEH=HDRyNgH(ORPhst i t ut ed

al kynyl, cy | kyl, ot cycli I ituted aryl, acyl,

substi t ut edﬁ&a@gﬁ)%’ >éj'S’(Slzeg"rciw%{a normzmﬁgﬁ\iéﬁﬁr i{c?é’é‘ﬁﬁéf)g‘?}ﬁ?rﬁ“fhﬂe ni t rogen
to which th # Ll [ - j azi no,

et i o, | R B o e e

i nventi on parsl selstithedanh batetboytlomly huhtstitutebhat&rodedoalkydehkteadoanyd orwher ei n R
i s NRaNRbRa L kyl., §ubst ituted al kyl, al kenyl, substituted al kenyl, '

al kynyl , su ?%"f’%flé]ﬁ eé‘i’q{%yl , aryl, substituted aryl, (CH2)CH NHROCO2Rb,

d, F, B, |, C\iis@Ra, CONRaRb, NI IC(=NRONIIRt), NRaORb, NRaNO, NHCONHRa,
NRaN=NRb, NRaN=CHRb, NRaC(0) NRbR' NRaC(S) NRbRa, NRaC(0) ORt" CH=N-ORa,

NR, C( =NH) NRbRc, RoistiR NRBpNRb KR@Re, SR (B, NS @R 0RHCODHRCN.0- al kyl

ONHC( 0) O- ar%ik%lﬂ B%%RRSNM&O(EOEO@R&‘% or SO2NRaRb. I n one

enbodi nment vent i bi’ prov a®conpound of Formula | as described
above, wherein Rt?isa dcRosiiRaiar gisupa phar maceutical |y acceptabl e salt or
IF;{)(r)(roLiJg T h:; eof I%S lRT,, 1({);1 ?mde Ir{? 2%' igge%%néer;l%ylsgl\éggé Ifr%?n tFl)llé %\r/(;u%ecsongist(i:r?gngfou nd: of
15 H, alkyl, substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl,
cycloalkyl, heterocyclic, aryl, substituted aryl, acyl, substituted acyl, SO,-alkyl,
amino, substituted amino, and NO; or R, and R, together with the nitrogen to which
they are attached form a pyrrolidino, piperidino, piperazino, azetidino, morpholino,
or thiomorpholino ring; or Ry and R, together with the nitrogen to which they are
20  attached form a pyrrolidino, piperidino, piperazino, azetidino, morpholino, or
thiomorpholino ring; and
R¢, and Ry are independently selected from the group consisting of H, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, and substituted heteroaryl; or R, and R4 together with N atom to which
25  they are attached may form a heterocycloalkyl, substituted heterocycloalkyl,
heteroaryl, or substituted heteroaryl,;
or a pharmaceutically acceptable salt or prodrug thereof.
In one embodiment of the invention, the compound of Formula (I) is not a
compound of formula (12):
30
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descri bed above, wherein R2 is a nucl eoside sugar group of Goup A B, C
D, E, or F described hereinbelow, or a pharmaceutically acceptable salt or
prodrug tWoree08910s I n anot her enbodi nent the inventi @OTAISOMSHS2A
conpound of Forrmula | as described above, wherein R2 is ribose,
2-met hyl ri bose, 2-deoxyribose; 2-deoxy-2- 30fjuororibose; arabinose;

2- deoxy- 2-fl uoroar abi nose; 2, 3-dideoxyri 2,

di deoxy- 2-f 1 uor oar abi nose; 2, 3-di deoxy- “Hru Norlbose 2, 3- di deoxy- 2, 3-

di dehydr ori bose; 2,3-dideoxy-3-&iﬁ rg bps¥; 2/ 3-di deoxy-3-thiaribose; or
2, 3- di deoxy-3-oxaribose; or a phariac uti chlly acceptable salt or prodrug
t hereof I n another enbodi nent the i tion provides a conpound of Formula
| as 5described above, wherein R2 4§ tHHori bose, 2-deoxyt hiori bose;

2- deoxy-2- fluorothioribose; thioarabinose; 2-depxy-2-fluorothioarabinose;
2, 3- dideoxythioribose; 2,3-di deoxy-2-fl uorothi oarabinose; 2, 3 di deoxy- 3-
f1 uor ot hi or i bosel ope gmbpdisey the IBY%T@éﬂ?er‘éﬁSm@mH%@@OfE‘PH@ BLaF deoxy- 3-
azi dot hi ori AGGRRE t rodrug thereof
10l n anothé?géﬁgg%&ﬂg%?h%ﬁgﬁgﬁggL iOﬁgR?OVI §8g95§6k% %f Formula | as
descri bed qﬂmmammwhaﬂbumcﬁ&ﬂMSsﬂ%@yﬂb@ﬁgmﬁﬁhﬁ1cyclopent 2- ene;

2. 3-di hydr oxy-4-_ hydr ox t hyl cycl opent - 4- ene;

3- hydr o%y 4- Kydr%&ﬁ@?ﬁ%&%ﬁ'@}/ )é/m'eé],%@n provides a' compound of Formula I as

hydr oxy- 4- hydEmBeamBbiy l\&%é&ln?Rq W Rif Eé’l 11 RomMtHE ?1;96 %onsmtmg of H,

hydr oxynet hyl cycl opent’ ane; droxy 4 ydr oxyne R

met hyl enecydkﬁpmbﬁ@ﬂu@d allkyh,yadkwy rmbshlytlltcoj' alkemdnalhyrefl @bﬁitdiedytﬂqynx}y 4-

hydr oxymet h tane di hydr ax th | cycl.obyt ane; ..o

phar maceut |°§'§ﬁé§(y§@‘8 1ol l‘é i%“% B’l%@@f ué“mtf H?{eiiﬁc ng{aﬁ@lrky{—:-?f%jodi nent
t he inventiO; MORY id8sle@ded REROMBGrdibh ORYISHRH ﬂHaa‘}kﬂesiﬁgﬁtB@q aBfpve, wherein
R2 is 4- hydroxyneth I'pyrrolidine; 2,3-di hydroxy-4-

hydr oxyl®et ratkenyt. rsubstmtnféalkm&aikmyé,wbsmhtpd ralkmrbpmlbqiwlr hetengcymdic,

2-fl 3-
S o o S I R TR AL LSO IS BT NOs e Reand Re |t
accept abl e tsgétherﬁﬁlt}pﬁﬁdlﬁtbtﬁgehh@mﬁﬁﬂl they are altiictRAT6MAes p RdheBiiperidive,

i nvention provides a conpound of Forrmula | as descrl ed above, wherein R3
is ON, 140B'PHRRYP: azglifine.imerpheling Ry thiomenebpno i substituted al kenyl

| kynyl bsti tytd
NHOONE. iﬁic%N'Hz‘“ %&Eb%mé&wﬁ&%% ‘&\ééﬁi%%“ﬂ@ﬁ ﬁ‘ﬁ%ﬁm no,
?Ih al ky:lém ndescritedabevs, whirdda BXaNR, NRBRJ,)alky( ésu?fﬁmm?dglky%au&hyl (1, 3-2 1)
| azo | | an-
(211[1, 2, 3] Ft&%&?? ﬂ‘ewl) al%(&%@r\ﬁlo d@%‘%}% u% F@éﬁfﬁﬂ) @gz)n -acyl | Y
bsti t ut = RARYNRKE 2, B ORoz
Sclaic-scl( 3) ﬁRa le)ll{i%Sl-g\lr@i) B%@S%?‘g?‘“aik W‘?@z)%(g%” ar§/I
(CH2) 11- &( dﬁB\aQRﬂ;wRaNmmmNﬁ(mzlﬂRmWNRb,dﬂRMRm SERNRRIRHRLCH2) n- ORa.

NR,C(S)NRyR,, NR,C(O)OR;, CH=N-OR,, NR,C(=NH)NR;R,
20  NR,C(O)NRpNR.Rg, O-C(O)R,, OC(0)-OR,, ONH-C(0)O-alkyl, ONHC(O)O-aryl,
ONR,Ry, SNR,Ry, S-ONR,Ry, or SO;NR,Rs.

In one embodiment the invention provides a compound of Formula I as
described above, wherein R' is H or NR,Ry; or a pharmaceutically acceptable salt
or prodrug thereof.

25 In one embodiment the invention provides a compound of Formula I as
described above, wherein R? is a nucleoside sugar group of Group A, B, C, D, E, or
F described hereinbelow; 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-

30  fluororibose; arabinose; 2-deoxy-2-fluoroarabinose; 2,3-dideoxyribose; 2,3-
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I n anot her enbodi nent the invention provides a conpound of Formula | as
descri bed above, wherein R3 is CN, substituted al kyl, al kenyl, CONRaRb,
CO2Ra, hawoges/ 08erosC(=NH) NH2. | n anot her enbodi ment t hePCHUS20080809RY ovi-des
a conmpound of Formula | as 5descri bed above, wherein R3 is CN,

hydr oxy e theord 2 INEALHETDY kel 1o IRGESL RAMKbxy. L hOXYcar DOnY!

carboxy, fluor, “brono n anot di nrent the
i nvention pdldwh)tdammsuzcﬁfpdlﬂedxpﬂ aE@ionibbse; D 3ahdetegfe3-tmm'daoahmré 3-wherein Ra,

Rh, R' and ‘ga ar e, i ndependent sel ect ed fromg group, co |st|ng of H,
al kyl , and UHBREYTI-0¥APOSE: Gy 12 Phgrmassutical]y prcePtble FEOTRedTuE e nitrogen to

which they ar € altntz@ﬁ’ﬂﬁideﬁl%dlhfénpﬂﬁé ﬁlﬁjehﬂbl{'ﬁ‘povﬂiepﬁrcbﬁll Béhd M IREMAR IR,
azetidi no. rphol i no, or thi om)rphol I no ring; or and Re together with

t he ni trSOgefilﬁSclmbe\mb@he tHheyeinRé isithicrihose) %dﬁomlqmyhos@m@howa pi peri di no,

hol |
bt hor - emBRT bR FRHBRRCNA oDy aol RS SR A e - Bor mut a 1, 15 whi ch
is a CO”DOLkﬂde&JytHl&%cfs@'i %d&ﬁ%@tﬂﬂﬂr&h(&ﬂ&bmosk@,%hc{e&@ -30r - a

pharmaceutical |l y accep tabl e sa rodrug t hereof I n anot her

enbodi ment fuofhi ém«r,@sﬁ -Bidgoxytes- chd@wdpmnub@ﬁe, glo2.Adlideoxy- nhich is a
compound. ol AL b8 s PRI byl el N 1 2 20,
al kyl . 1on one enhmﬂlbtlieﬂémbédlhf&ﬁt the wBrhiiemprovitRl @gempoinsd dEorfalula Iais F
described above, wherein R? is 4-hydroxymethylcyclopent-2-ene; 2,3-dihydroxy-4-
hydroxymethylcyclopent-4-ene; 3-hydroxy-4-hydroxymethylcyclopentane; 2-
hydroxy-4-hydroxymethylcyclopentene; 2-fluoro-3-hydroxy-4-
hydroxymethylcyclopentane; 2,3-dihydroxy-4-hydroxymethyl-5-

15  methylenecyclopentane; 4-hydroxymethylcyclopentane, 2,3-dihydroxy-4-
hydroxymethylcyclopentane; or 2,3-dihydroxymethylcyclobutane; or a
pharméceutically 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-

20 hydroxymethylpyrrolidine; 2/3-hydroxy-4-hydroxymethylpyrrolidine; 2-fluoro-3-
hydroxy-4-hydroxymethylpyrrolidine; or 3-fluoro-2-hydroxy-4-hydroxymethyl-
pyrrolidine; 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 CN, NO», alkyl, substituted alkyl, alkenyl,

25  substituted alkenyl, alkynyl, substituted alkynyl, CH=CF,, CH(=N R,)OR;, CHO,
CH=CH-OCHj3, NHCONH,, NHCSNH,, CONR,R;,, CSNR Ry, COzR,, alkoxy,

NH,, alkylamino, dialkylamino, halogen, (1,3-oxazol-2-yl), (1,3-oxazol-5-yl), (1,3-
thiazol-2-yl), (imidazol-2-yl), (2-oxo[1,3]dithiol-4-yl), (furan-2-yl),
(2H[1,2,3]triazol-4-yl), C(=NH)NH,, C(=NH)NHOH, C(=NOH)NH,, acyl,

30  substituted acyl, OR,, C(=NR,)R,, CH=NNR,R,, CH=NOR,, CH(OR,),, B(OR,),,
C=C-C(=O)NRgRs, (CHz)n-S-alkyl, (CH;),-S-aryl, (CH,),-S(0)-alkyl, (CH;),-S(O)-
aryl, (CH,)p-S(Oy)-alkyl, (CH,),-S(0Oy)-aryl, or (CH;),-SO;NR Ry, (CH;),-OR,.
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Pr odr ugs The term "prodrug” as used herein refers to a conpound that
can be netabolized in vivo to provide a conmpound of Fornmula |I. Thus

pr odr ugs wocehesdsIwsnpounds that can be prepared by nodi PEITAG2@885@29 nor e
functional groups in a 5 conmpound of Formula Ito provide a correspondi ng
conpound that cap P tABIREnE Tvehith bRVRIRUicHmoBuAPIRRANIA o5 Or MUl 2
. Such nodifications are known In Rp , one or

hydr oxy gro&gsnbmlamwaewgﬂmnmé13ﬁNamﬂmﬁnmuhﬂkﬂfMEﬂmMnmﬁmHQR@ﬁKhR%acylated

wi th al kyl with residues fromamno acids to provide a
prodrug. Al ]E‘aé?gf)ﬂt 8‘/@19%{%’& or nore pendent 10 hydroxyl groups froma
mono-, di-, or tyy an%hfé? BRABbGinfcNEE '1%{1515 grdvmegaggmgﬁf&joﬁorﬁﬂfanﬂﬁsa | can

be converted to an al koxy, substltute Xy, or substituted
aryl oxy 3r odgscribed abowe, oviizoein Reng CN hsadrbleymretbylo dir2ughydrokmih3é wdnyglonmpound

wherein one_or no I r,ou C S|des p (e.g. a 2",
3, or 5 h%%&%ﬁ"ﬂ@g 8@8};’-‘/‘?%5??89@8@50%%%‘8 PPy Oéwgmﬁﬁzat can be
net abol i zed i n VinvghotiRr BMBYHHRNAHE FXRAHSE pRIvided arw}n@oﬂmd fForpNIse, the
i nvention provides a conmpound wherein one or nore %y/yrox y groups on a

nucl eosi de @%glabedgab@m vherein Ra, By, Re3ind Ryrargindg Wm@frmme been

converted to an ac c m_Ro .or. u

carboxy-1lin ed g(r)rlllSYn%mg ya %?ﬁngﬁ'ébsg%%(g?lgghf)% %@e%betf)ﬁ?t Fod ‘htghﬂ ncl udes a
conmpount) Wheitrepéh ©Nehick tHEp e AeBkeorm udyewYiding! pippsdihs Ytp&asiBslo- . di -, or
tri-phosphate functionality in a conpound of Fornula | is converted to a
group Ry- 0-azetifimpemarpbglino. s thismprpheian dagitaryRoand Re togetiepithdheinched or

unbr anched, t r r (e.g. 1, 2,
3, or 4) of thgé{{cg)rvglgﬁﬂghte %@%t%cgéfgonglaqﬁoﬁﬁ?éﬁp grécgg&vé?{)?{%gg or -S- and
wher ei n oneazetidimol @orfholihe o aiibmorphbtin® ring. opti onal |y substituted with oxo
(=0) or thioxo ( ebvre et al d. Chem 1 3941-50).
I n anot her errbod‘r‘ngéﬁ‘?g er?‘iﬁ‘g éIQﬁH%FWHBOIPH@VUggécam@Bﬁ%ﬁ%g’W% in one or
mor e pepglenty, Y QY QXhpRAWIhd A I or tii-phosphate
functionality 30 In a corrpoundfo g@ﬂﬁua( |)s converted to a group R7-N-;
wherein each R, is a residue of an am no acid. THis, in the met hods of
treatment of the present invention, the ter ! n| stering” includes

adm ni stration of a conmpound of For I, J Nas administration of a
prodni g which converts to a conpound of |a’N=or a salt thereof in
vivo. Conventional procedures for the selecfron and preparati on of prodiug

derivatives are described, for exanple, in ZDesign of Prodrugs", ed. H
Bundgaard, Elsevier, 1985: and in Interf@ti8Hal Pat D) Application

Publ i cati on rodrugs are al so descri bed
in Inter natl on Sﬁﬁgﬁ%&g%ﬁggﬁmg&%@%ﬁz004/ 013063, which 5 was

publ i shed as | nt bramatlieo ambodutzht thatinventidi plogide¥\@ c3PsifbaRemula 1, I n
anot her errboglJc Sngc(t)rplgm&rd %rﬂlljegfoﬁgvr&)r{é es lgraﬁl of nmore groups of formnula:

(I
20  or a pharmaceutically acceptable salt or prodrug thereof; wherein X is H or alkyl.

In one embodiment of the invention, “halogen” is Br, Cl, or F.
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wher ei n: R15 is H, alkyl, substituted al kyl, aryl, substituted
aryl, cycloal kyl, substituted cycloal kyl, heteroaryl, substituted

het er oar YW 2h@8psycl i c, substituted heterocyclic, andPam/Ha008056e? d;
20R16 is H, optionally substituted nonocyclic aryl, or optionally

substi t ut edplrga@%gycl Ic heteroaryl; and R17 is H, halogen, CN, -CO R20,
-CON(R21) 2, - 0, -S02R20, -SM2N(R202, -0R21, -SR21, -R21, -N(R202,
-0- 00R20, -0- 0O2R2dterm “BOARIE” as Bs@I R refelSHE@RD I pouid] tHat 2k,

-(0-12) p-OR22, .or. -(CH2)p-SR22; or R16 and _R17 are_connected, via an

addi ti onal Betbalizdin t"(y"ft%P%"éf{ec%/‘amR?“@ﬁi 885‘?“‘2‘53 bpthesrapspge Bistudeni ng one
het er oat om ' t . . osition
o the 0 at fmpanlp el B (ReBRereY modli PR oA oL My PP AR o
descri bed bednpeund of FormulRl & proslidRESoaespoadmly dompepedithantdnybeH, al kyl, aryl,

het erocycl oal kyl .. ar.al kyl ., optjonally substitute nocyclic. aryl or
optionally %gﬁ?]ﬁe ﬂ{é&i{%‘?@@&ﬁ%%@t}y%@]efgmﬁl? Eo umgﬁﬁaatm U e
connect ed VkbvalinaBelit| PoRdxaspk, 3hOBBmbR ligmésa}agrsuﬁsl drGnfhORupORid Onal Iy
containing 0-2 heteroatons; or RL/ and R18 aré connected via an additi onal

3-5 at ons termpaund of Eguhyla [ gambgacytated with blkyl-€6r@remwiupgoowih hesidvesat om and
R19 is H, I, l... het er.qcycl oal k aral l.cyl , optionally substituted
m)nolcflcl i cagé%llai%f% é% ?%rpéPY@eégﬁ%cﬁFg’%gﬁn%W&égF iOEB"r?é? E‘T‘“(Slﬁ%yl . and 35R20
i s al kylo akiydroxyhetcne Gived aloky!, di-Obr @LpHodpiatd funBidnalisy i a &n¥pdund 3FY!

het erocycl oal kyl, or arylalkyl; R22 is Hor |ower acyl; n is an integer
from 2-5; Fojuda bean;bercoguertedite gn atkozp, substifuisd iabkoxy, drplospear sibssitited 3.

aryloxy group.

In one embodiment, the term prodrug includes a compound wherein one or

more hydroxy groups on a nucleoside sugar group (e.g. a 2°, 3°, or 5° hydroxy

15  group) have been converted to a group that can be metabolized in vivo to provide a
compound of Formula I. For example, the invention provides a compound wherein
one or more hydroxy groups on a nucleoside sugar group (e.g.a2’, 3, or 5’
hydroxy group) have been converted to an acyloxy, acylamino or R-O group,
wherein R is a carboxy-linled amino acid.

20 In one embodiment, the term prodrug includes a compound wherein one or
more pendent hydroxyl groups from a mono-, di-, or tri-phosphate functionality in a
compound of Formula I is converted to a group Ry-O-; wherein each Ry is
independently a 1-20 carbon branched or unbranched, saturated or unsaturated
chain, wherein one or more (e.g. 1, 2, 3, or 4) of the carbon atoms is optionally

25  replaced with —O- or —S- and wherein one or more of the carbon atoms is optionally
substituted with oxo (=O) or thioxo (=S) (See Lefebvre et al., J. Med. Chem. 1995,
38, 3941-50).

In another embodiment, the term prodrug includes a compound wherein one
or more pendent hydroxyl groups from a mono-, di-, or tri-phosphate functionality

30  in a compound of Formula 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, as well as administration of a prodrug which converts to a compound of

Formula I or a salt thereof in vivo. Conventional procedures for the selection and
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Prodrug forns of a conpound bearing various nitrogen functions (am no,
hydr oxyam no, am de, etc.) nmay include the follow ng types of derivatives
wher e S5eawb 2008180198 i ndi vi dual |y may be hydrogen, subst iPCHtuSd008/050929
unsubstituted al kyl, aryl, al kenyl, al kynyl, heterocycle, alkylaryl,

aral kyl, ar . r el ps as defined
earlier. (é@£é§%%5§gﬁ¥§%§¥Q%%%?@éé%%2%§%§w8NW?%%%@%%Hﬁb?eﬁgéggnates,

r epr esent edPadrughlbied O OByndb@4rd) ERevitnA 935 lakt lin a¢rhaicriabBatetitepr esent ed as
NHC( 0) OROC( 0) .d) _Enami nes, represented as - NHCR(=CHCO2Rp) or

- NHCR( =CH R‘a§101e Rybligatipn Nupbep 30 2001/08H 2 e dt vastetnpiamadmics o109 ch Bases
(from car boxd.picle ; p . ﬁ@ﬁﬁﬁgﬁ% I ations
of such prdﬁ%ﬁg&géﬁgggﬁﬁggéﬂgﬁ%ﬁgég@ggéggbﬁﬁﬂégr|ous i%@?g?%ggﬁgggrces
(exanpl &s awas pllllishahmddnteatatiahal , Publicded. Nuzhieen W 02884/094286318; Al i gas- Martin

et al., PCT WO0041531, p.30).. Prodrug forns of carboxyl-bearing conpounds

i ncl ude esters (I-n(?@?é%ef g’?go‘\qziﬂk?%t?‘? REOURUS EHIBRMCE BPG RSB JEORS 0gny al cohol
whose rel eaggnmia: t he body through enzymatic or hydrolytic processes would
be at pharmaceutically acceptable | evels. Another prodrug derived froma
carboxylic acid formof the QJSC|OSUFE may be a(pugter ary salt type of
structure descri bed by Bodor etoal .~ J. Med. Chelyr 1623, 469. 25
RC(=0)0Ca | \ Nucl eosi de Sﬁﬁﬁr R.. or Theéter Hnucl eosi de sugar
group” as used herein included.c and acycli ¢ uBs t hat can be

i ncluded as the sugar portion of a nucl eoside aR %t Fornula I. Many
exanpl e of such groups are known in the field of n &1 eosi de chem stry (See
for exanplewﬁgg'viral Drugs by John S. Driscoll (2002) published by Ashgate
Publ i shi ng .?& The term nucl eosi de sugar group includes substituted

and unsubst i t ut eRljstieHs allkyl sgstifuacydlk Angrytlisiysitetd agidycloaigpunds i ncl udi ng

those set forth in group (A) bel ow, substituted and unsubsti tuted
t et r ahydr ot Wbé%@ﬁfyclgﬁ]@yl, heteroaryl, substituted heteroaryl, heterocyclic, substituted

heterocyclic, and an amino acid;

20 Ris is H, optionally substituted monocyclic aryl, or optionally substituted
monocyclic heteroaryl; and R;7 is H, halogen, CN, -CO-Ryj, -CON(R3;)2, -CO2R 2,
-SO2R29, -SO:N(R21)2, -OR21, -SR21, -Ra1, -N(R31)2, ~O-CORyg, -O-CO,R g, -
SCORy, -S-CO2R 9, -NHCOR31, -NHCO,R 31, -(CH,),-OR23, or —(CHz)p-SRzi; or
Ri¢ and R;7 are connected via an additional 3-5 atoms to form a cyclic group,

25  optionally containing one heteroatom, that is fused to an aryl group at the beta and
gamma position to the O attached to the phosphorus; or Ry7 and Ry are connected
as described below; ’

Rjg and R, are each independently H, alkyl, aryl, heterocycloalkyl, aralkyl,
optionally substituted monocyclic aryl or optionally substituted monocyclic

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

35 Ry is alkyl, aryl, heterocycloalkyl, or arylalkyl;

Ry 1s H, alkyl, aryl, heterocycloalkyl, or arylalkyl;
Ry, is H or lower acyl;

n is an integer from 2-5;
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10 di hydr ot hi ophenyl conpounds including those set forth in group (B)
bel ow, substituted and unsubstituted al kyl conpounds including those set
forth in gocogs/edosbel ow, substituted and unsubsti t ut ed PCyalse@isiogio2zand
cycl oal kenyl conpounds including those set forth in group (D) bel ow,

substituted and pyrrolidinyl and
tetrahydropyrroI];d my?&écgte?rphgglngjs I’nc udi ng 15 those set forth in group (E)

bel ow, and substp isuinddtegerdram@edst i t ut ed di oxol ane, substituted and
unsubstituted thjioxol %ne, g&d substl tut ed and unsubstituted dithiol ane
conmpounds inclu rﬁé"”tg gaBs et cqmpqurd bragfeASIOPENIERR INCHPR (3110, 20 Ex anpl es

of substit ﬁ%rfp ose
conmpounds %ﬁ%ﬁeﬁ%ﬁ%@q{ %{el geér??ﬁg ugéﬁeﬂfg%?’e géé%gﬁf O%%Q%E%7 Speci fic

exanpl e i neech®g gravptindivetually maly roe thydrogen, substithed Ioounsm@smmmﬂmlkydis Thscoi H
Gt a o 2P HoERD ki taterxat gt anno alisapt ket Subst 1 uted.
t et rahydr ot KicRpE MYt ¢ J@Mnggnpy%gﬁfms%@ggygarﬁeponpounds i ncI ude those
conpounds represente the general structures: Ry
(a) Car oxamldes represented as -NHC(O)R,,
(b) Carbamates, represented as -NHC(O)OR,,
10 () (Acyloxy)alkyl Carbamates, represented as NHC(O)OROC(O)R,,
(d) Enamines, represented as -NHCR(=CHCO;R,,) or
-NHCR(=CHCONRR},)
(e) Schiff Bases, represented as -N=CR,R,
® Mannich Bases (from carboximide compounds), represented as
15 'RCONHCH;NRR,,
Preparations of such prodrug derivatives are discussed in various literature sources
(examples are: Alexander et al., J. Med. Chem. 1988, 31, 318; Aligas-Martin et al.,
PCT WO0041531, p.30). |
Prodrug forms of carboxyl-bearing compounds include esters (-CORy,)
20  where the Ry, group corresponds to any alcohol whose release in the body through
enzymatic or hydrolytic processes would be at pharmaceutically acceptable levels.
Another prodrug derived from a carboxylic acid form of the disclosure may be a
quaternary salt type of structure described by Bodor et al., J. Med. Chem. 1980, 23,
469.
25

RC(=O)OCI§Q< x®

R
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W' Rg R7 Specific exanples include, but are not limted to, the foll ow ng
conpounds: sv 140-\ sy HO \ syHO sy HO bHHd}id Goup C Exanpl es
of substiwoOt2ees/@biogl conpounds i ncl ude those conpounds PEpSI@RE2DY: 0 O
1l HC-p-ORio ORM 0T4n Il O HLi_ 0 Aft-C. R10 ORI |

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. Many examples of such groups are known in the field of nucleoside

5 chemistry (See for example Antiviral Drugs by John S. Driscoll (2002) published
by Ashgate Publishing Ltd.).

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

10  dihydrothiophenyl compounds including those set forth in group (B) below,
substituted and unsubstituted alkyl compounds including those set forth in
group (C) below, substituted and unsubstituted cycloalkyl and cycloalkenyl
compounds including those set forth in group (D) below, substituted and
unsubstituted dihydropyrrolidinyl and tetrahydropyrrolidinyl compounds including
15  those set forth in group (E) below, and substituted and unsubstituted dioxolane,
substituted and unsubstituted thioxolane, and substituted and unsubstituted '

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

Group A
20 Examples of substituted tetrahydro and dihydrofuranyl compounds include

those compounds represented by the general structures:

R'9 () R'9 O
25 Ry and Ry \—
R,

R Re R
8 7

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

HO o HO 0 HO 0 HO 0
HO
HO OH  HO HO  F HO
HO‘\@/ HO _/’1 0] : :\\ HO‘W HO —'/1‘ 0 ;\\
(d ® (d ®

20



ft-C ORI O H2I1l 0-C-p-CRio R12 00 H2C-p-OR10 R12 Specific
exanpl es include, but are not limted to, the foll ow ng conpounds:
h...... , 'W0.28080891050 O , |, HOO Illand OH O O PCT/US2008/050929

YT T

‘@_’ ‘@’ "‘Cz’
o —5=CH,0H
HO OH

HOH,C

Group B
Examples of substituted tetrahydrothiophenyl and dihydrothiophenyl

5 compounds include those compounds represented by the general structures:

R'9 S R'9 S
R9ﬁ and R9)(—_\//
R'g R’y

R; R,

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

WWWW

2
’/

20
/Li CF, /\—i CH; LZ CH,F 5
HO OH HO OH HO OH OH
k 1’ ‘d s XY
o —=CH,0H
30 HOH,C HO OH :
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11 H2C P- OHH2C- P- OHH2C-P-OH O 00 R1 11 OH011 H2C-P-OH 011 Group D
20Exanpl es of substituted cycloal kyl and cycl oal kenyl conpounds i ncl ude

t hose corigounessP®Pr esent ed by the general structures: PEPASRIBHSERAND] es

i nclude, but are not limted to, the follow ng conpounds: cH2 Goup E
Exanpl es OfGi?‘dﬁB%i tuted di hydropyrrolidinyl and tetrahydropyrrolidinyl
conpounds include those conpounds represented by the general structures:
Speci fi ¢ exanpl elsxdm@évafesubiiituted nbkyhcimpaumids atltde thdasheofmpbhimisi ng conpounds:

35H011, ," HO-1 [, 7.HOH /| 7
represéﬂteci by:
\\R7" t
K‘ Q RB)\ H, §
00 \ 0-C -P~ORy
-p- H; |y OR
HC=P0Ry 0—C -P—ORy, !
Ok (l)Rll
R" L
RB)\ Hy 1y "7 ad O
O0—-C -]‘;,_ORIO ? (I? H
R12 Hzc—?‘ORIO O O
R [
12 H,C~P=ORy
Rz :
5

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

T
and

Q Q9 OH ¢ O
|
OH HZC_iI;_OH OH OH
OH
Group D
20 Examples of substituted cycloalkyl and cycloalkenyl compounds include

those compounds represented by the general structures:

CH,
RY R R R
R, Ry R; X R ,

R’S R RVS R
g Ry Rg R; g K7
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KcF3 HO OH a CH3 FTO OH , ACH2ZF HO- OH Ny HO 1.1,/ HO/ and HO HOH2C onHo
OHHO G oup F Exanples of substituted di oxol ane, substituted thioxol ane
and substwOupeds910s dit hi ol ane conpounds i ncl ude thosePCHASWRHS0929
represented by the general 50structures: Specific exanples include, but

are not [i r@ﬂe@ﬂicte‘%ambﬂg iﬁc%cie?%trbge H&WR&W& the following compounds:

T Y YT
LY v

OH HOH,C

HO
—=CF, s T3 § %
HG OH HO F HO F

15

Group E
Examples of substituted dihydropyrrolidinyl and tetrahydropyrrolidinyl

compounds include those compounds represented by the general structures:

+ R + R
an

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

H H H
35 Hole,Hole, Ho—\NI,
—5=CF; —4=CH; —L=CH,F
HO  ©OH HO  ©OH HO ©OH

45 “OH HOH,C O

Group F

Examples of substituted dioxolane, substituted thioxolane and substituted

dithiolane compounds include those compounds represented by the general

50  structures:

Ro 0 Ry 0 Ro s
)gj/ &)gj/ and Rﬁsf
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For the structures in Goups A-F, the follow ng definitions apply: R7 is H,
R14. N3, NI42, or F;, and W is H, F, OH O0-alkyl, alkyl, substituted

10al kyl , vsibkeosyis910substituted al kenyl, al kynyl, or subs®PCTaiSe@sasiognyl ; or
R7 and R7 together may be =CH2, =CHF; wherein both R7 and RI 7 are not OH;

and when ong, Al oAkl b%n%ﬂﬁnﬁwﬁr ey %G opthaphen one of K7

andR7|s theo of F;, and R s

is H F OH, 0 al kyl osu stH d (J)Sa kHIQ | kenyl,, substituted
al kenyl ,_ al kynyl ;, or subst¥tfuted al kyn ogether may be
=CH2, éHF wher ein bot:“ﬁ%;_1 Rg are ; and en/one of R8 and R g
is NI-12, the other is not and when one of R8 R g is N3, the other
is not OH or R7 and Rg together can form|l Ow 25 too wherein: RL00 is

Cl-12 al kyl C3. 8Faryth¢ stmidtyks inaGroupon-hehefolamig defitieismpplyy Cl. 12 al kyI

and C3-8 cycl oal kyl _of u bstit ut bst

substituents sel FJ% qlslg[ughﬁ%@ 19 @?FOQ oQ?H(YZr?'(]Jk 15‘13“&}1793 and
wher ei n30ag1iylas¥bnyd! suB§ittBicaaleh PBI Ood s%bk't’i't%’cé‘&%tlk}fn% ed RQrandl R SUbSt' tuted
with 1-5 substl tuents i ndepend en%, ected fromRu each R101 is

i ndependent together oay 31=GHal #GHF'; ‘@llerdmdllok&oRyanct?li:# apgl 110;1 QHhiangd v@Ensne

i1 vor onetRs R 3 B Ao oo cie whR AR Y it N Benoy i

35al kanoy! oxtler i9hot@H4 al kyl oxycarbonyl; R9 is H CH3, C21-15, or N3;

R 9 is CH20R14, CH2F, CH2SH, CHFCH, CF2C]-| Cl- 12-di phosphat e,
CH2- t r i phosphat eRs B, OR14, N3, NHy, or F; and R's is H, F, OH, O alkyl, alkyl, substituted

15 alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Rg and R's
together may be =CH,, =CHF; wherein both Rg and R's are not OH; and when one
of Rg and R's is NH,, the other is not OH; and when one of Rg and R'g is N3, the
other is not OH;

or R7 and Ry together can form

25 Y

RIOO
wherein: Ry is Cy.12 alkyl Cs.g cycloalkyl, aryl or heteroaryl; wherein any Cy.p;

alkyl and Cs._g cycloalkyl of Rjqq is unsubstituted or is substituted with 1-3
substituents selected from halogen, hydroxy, carboxy, and C;.4 alkoxy; and wherein
30  any aryl or heteroaryl of R g is unsubstituted or is substituted with 1-5 substituents
independently selected from Rg;;
each Rjo; is independently halo, C,.4 alkyl, Cy4 alkoxy, C;.4 alkylthio, C;4
alkylsulfoyl, cyano, nitro, amino, phenyl, carboxy, trifluoromethyl,
trifluoromethoxy, C;.4 alkylamino, di(C14 alkyl) amino, C14 alkanoyl, C;.4
35  alkanoyloxy, or C;.4 alkyloxycarbonyl;
Ry is H, CH3, C;Hs, or N3;
R’y is CH,OR 14, CH,F, CH,SH, CHFOH, CF,OH, CH,-diphosphate,
CH,-triphosphate,
40 H O H, § H Y _
—C-0=P=ORo > —O-C-P=OR;o > —C -O—P—OR,, OF —O- - P—OR,, :
ORy; OR, R, Ris

Rip and Ry; are each independently H, alkyl, aryl, substituted aryl,
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H2n41, H2I1 0 H2? 10-13-0R10 7 -0-C -P-ORI 0 1 -C 1011-ORR O, O -0-CO
OR (I)R'R1, R12 R10 and R11 are each independently H, alkyl, aryl,

subst i t utwo 2808y8910sacyl oxyal kyl, or (OH2) 11-0- ( CF12) 91aP8T/US2008/0509BL2 i s an
N-linked ami no acid residue (e.g. -NH CH(CH3)CQ2al kyl or

- NHCH( i soprpl)a1R2 8} '-Oa@ﬂ- IFQJ(lei.s H, 5n is 2-5; and mis 10-20. In one
specific enbgdi %ngof@@d ‘nventTon’for the structures in G oups A- F. R7
is H OR14, N3, RNbi2samN-lkedanhid® atid ssidue Fe.g. GNH-CH{CKy)JGOalkyy by -Nddbst i t ut ed
10al kyl, al |, substituted gl kenyl, alkynyl, or substituted allcynyl; or
R7 and W t(lé@@%/%é?wﬁbaébgaéﬁﬂwa =CHF; wherein both R7 and W are not OH;
and when one of R/ignd R 7 is NH2, the other is not OH and when one of R7
and R7 is N3, the other is not OH R7" is alkyl or substituted alkyl. R8
is H ORI 4, N3, MNs2-5emdF; and Rs is H F, OH 0 alkyl, alkyl, substituted
15al kyl, al kenylm.sy(p%i tuted al kenyl, al kynyl, or substituted al kynyl; or
Rg and W 18 11=20.

In one specific embodiment of the invention for the structures in Groups A-

R7is H, ORy4, N3, NHy, or F; and R'; is H, F, OH, O-alkyl, alkyl, substituted
10 alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Ry and R'5
together may be =CH,, =CHF; wherein both R; and R's are not OH; and when one
of R7 and R'; is NH,, the other is not OH; and when one of R; and R'; is N3, the
other is not OH; R7" is alkyl or substituted alkyl.
Rs is H, ORy4, N3, NH,, or F; and R'g is H, F, OH, O alkyl, alkyl, substituted
15 alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Rg and R'g
together may be =CH,, =CHF; wherein both Rg and R's are not OH; and when one
of Rg and R's is NH,, the other is not OH; and when one of Rg and R's is N3, the

other is not OH;
R9 is H, CH3, C2H5, or N3;
20 R'g is CH,OR 4, CH,F, CH,SH, CHFOH, CF,0H,
H, ¢ H, § H, H,
—C0=P—ORy, > —0-C "P~ORyo > —C -O=P—ORyo, Of —O—C -P—ORy, ;
ORy, OR(; Ry Ry,

Ry and Ry are each independently H, alkyl, aryl, substituted aryl,
acyloxyalkyl, or (CH;),-O-(CH;),,CHj;

Ry, is an N-linked amino acid residue (e.g. -NH-CH(CH3)COsalkyl or -NH-

30  CH(sopropyl)-COsalkyl);

Ry is H, CH;, C,Hs, CH,F, CH,OH, CH,CH,F, CH,CH,OH, CH;,N3,
CH,CH,N3;, CH,NH,, or CH,CH,NH,;

Rysis H;

nis 2-5; and

35 m is 10-20.
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t oget her may be =CH2, =CHF; wherein both Rg and R s are not OH, and when
one of Rs and R 8 is NH2, the other is not OH4 and when one of R8 and R s
is N3, thwWOoanesas9ios not OH RO is H CH3, C2H5, or N3; PORUS2008/08429R14,

CH2F. CHZSH CHFO—I CF20H, Liti 211..2 HH2H OOH2 0 " O-P-OR10 , -0-C -c

-0-P-ORN OIncotreF%hgadmg%t c&rﬁ?&%ﬁ'&' Formula IFﬁP 1§%lﬂ&t@foﬁn%a0h

|ndependently H alkyl, aryl, substituted aryl, acyloxyal kyl, or
(CH2), - 0- (Onlzl)fma¢®tlcally acceptable pradt@e, ifer @mrrmld i prestiug selentedaizom thesi due (e.qg.

- NH CH( CH3) CRal | cyl . 30 | H,
CHg, C(2H5 )%ﬂﬂﬁ g Fap e %E@ﬁ%%‘@&i}/ %‘a%ﬁ%ﬂ?ﬁﬁ esters 2|\|:42I Cor
CH2CH2NHZ; ﬁl%pl‘?oﬂamldite '})hbéiah%ro'illalﬁlﬂgte?’}l'a;lm %1 Rord@ida& mono ester, cydlicone

enbodi ment, for a corrpound of Formul a 4 is replaced to forma

phar maceut i nlwsmora@c:brﬁ, andlis pradmm@ilamdateenlmmh@amadqﬁ digstery C£@) ect ed from
the group C@ﬂ% 4 ng of : acyl, oxyacyl, phosphonate, phosphate, phosphate
esters, phosphoham’ date, phosphorodi am' date, phosphoram date nmono ester,
cyclic 5 phosphoram date, cyclic phosphor odi euj\n date, phosphoram date

di ester, C(0) CHRI5N142, Q\ 0 —b Ew
R Rig'

wherein:
Ris is H, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl,

10 substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic, substituted
heterocyclic, or an amino acid;

Ri¢ is H, optionally substituted monocyclic aryl, or optionally substituted
monocyclic heteroaryl; and R;7 is H, halogen, CN, -CO-Ryg, -CON(R31)2, -CO2R 3,
-SO2R20, -SO;N(R21)2, “ORy1, -SR21, -Rag, -N(Ray)2, -O-CORyg, -O-CO2Ry, -

15 SCORjy, -S-CO,R39, -NHCOR31, -NHCO;R 1, -(CH2)p-OR2,, or -(CHa),-SR2; or
Ry6 and Ry7 are connected via an additional 3-5 atoms to form a cyclic group,
optionally containing one heteroatom, that is fused to an aryl group at the beta and
gamma position to the O attached to the phosphorus; or Rj7 and R g are connected
as described below;

20 Rig and Ry are each independently H, alkyl, aryl, heterocycloalkyl, aralkyl,
optionally substituted monocyclic aryl or optionally substituted monocyclic
heteroaryl; or Rig and Ry are connected via an additional 2-5 atoms to form a
cyclic group, optionally containing 0-2 heteroatoms; or R;7 and R are connected
via an additional 3-5 atoms to form a cyclic group, optionally containing one

25  heteroatom and Ry is H, alkyl, aryl, heterocycloalkyl, aralkyl, optionally
substituted monocyclic aryl or optionally substituted monocyclic heteroaryl; and

Ry 1s alkyl, aryl, heterocycloalkyl, or arylalkyl;
Ry1 1s H, alkyl, aryl, heterocycloalkyl, or arylalkyl;
Ry, is H or lower acyl; and

30 p is an integer from 2-3.
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wherein: R15 is H alkyl, substituted al kyl, aryl, substituted aryl,
cycl oal kyl , 10substituted cycl oal kyl, heteroaryl, substituted heteroaryl,
het er ocycWoepos#sbsi t ut ed heterocyclic, or an am no aci @#CT/US2008/0509B16 is H,
optionally substituted nonocyclic aryl, or optionally substituted
rmnocyclicég@ 1‘8%4' nd R17 is H, hal ogen, CN, -CO R20, -CON(R21) 2,
-02R20, - R21)2, -O0R21, -SR21, -R21, -1?KR21/2, -0-00R20,
-0-02R20, - 155R1abessesrfnr frtparingohipohiRds of ForhdlﬁlaﬁOBF&ﬂ:harm(a&ﬂRﬂcpHﬁRZZ or

- (CH2) p- SR22; or and 7 are C nnecf ed via an_additi.onal 3-5 atons to
forma cycle}"&elﬁ?‘tﬂﬁﬁatsd’ﬁﬂ’if B3 Yeregh AR MG ﬁﬁjpﬁﬂ‘féssﬁ%foéﬂ?é’taﬁﬂg “’ct?f&tediaée fused to
an aryl Or Qndmd{aliehdeanth GATEPOShbd AR bPFOMARuLT B tached to the
phosphor us; Ri 7 and R18 are connecte descr el ow; 20R18 and R19
are each i r;d‘epamstamal}y aielpemzibiykaltsa)mpfqdnmtthe:recﬁmé ordvideld, as durtheky | |

otlonallysbstlt monocy.cl i r. otlo ally suybstituted nonocyclic
hgteroaryl emfodimen ﬁﬂ the-fryegtign g‘?fr?é%{né’& CRe &/ B@W{epfﬂ’r‘?zﬂve’?lgnatom to

forma CyC|prévﬁé@é)ﬁheﬂféﬁtfb%@bdr%g%ﬁaﬁhﬁﬁeﬂﬁc&y%c@@ﬁt%l@@élp@ﬁoonﬁfoul%lZf and R18
are connected via an additional 3-5 atonms to’forma cyclic group,

optional | y ksmuld Incergpisiag e@hettmgratorespondingl@mpubil obFéyiula Atoythe

het er ocycl oal kyl, aralkyl, optionally substituted nonocyclic aryl or

optionally Sl}bst ituted m)nocycl ic heteroaryl; and R20 is al kyl, aryl,

het er oaycl oal kylIn agbthar thBbdidbknt the Inviestidh p@biﬁyé a nRENOd, fof"ﬁﬂ'eﬁﬁrﬂ?g\/&' oal kyl, or
arylalkyl; R22 is Hor lower acyl; and 30p is an integer from 2-3.
prodrug of a compound of Formula I comprising converting a corresponding

compound of Formula I to the prodrug.
In another embodiment the invention provides a method for preparing a
compound of Formula I comprising deprotecting a corresponding compound of
15 Formula I that comprises one or more protecting groups to provide the compound
of Formula L.

Svynthetic Intermediates

The invention also provides synthetic intermediates that are useful for
preparing compounds of Formula I or a salt or prodrug thereof. For example, the
20  invention provides novel synthetic intermediates such as those described in the
Examples herein.

Isomers and Physical Forms

It will be appreciated by those skilled in the art that compounds of the
invention having a chiral center may exist in and be isolated in optically active and
25 racemic forms. Some compounds may exhibit polymorphism. It is to be
understood that the present invention encompasses any racemic, optically-active,
polymorphic, tautomeric, or stereoisomeric form, or mixtures thereof, of a
compound of the invention (e.g. a compound of Formula I, which possess the useful
properties described herein, it being well known in the art how to prepare optically
30  active forms (for example, by resolution of the racemic form by recrystallization
techniques, by synthesis from optically-active starting materials, by chiral synthesis,
or by chromatographic 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
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Synt hetic Processes Processes for preparing conpounds of Formula I,
or a pharmaceutically acceptable salts or prodrugs thereof, as well as

pr ocesseswOenognsewar i ng i nt er medi at e conpounds t hat canPB@&/Uss@d/05@29r epar e
compounds of Fornula | or S5Spharnmaceutically acceptable salts or prodrugs
thereof ar ejnpR,g¥d ﬂ?ﬂoﬁ%né i OF iR Hﬁ&g&saflthetdgﬁ iR VSR 3k & ofXarmpl e

i n one enbodi ment the i1 nvention prOVI a for preparing a

phar maceut i thalinventicr ppvalek eompbdunds haviagimuabdolafe d’e‘ﬂemﬂemldtr}odnpmtedsmn g
converting t?l Eorre%%ndl conmpound of Fornmula Ito the salt. 10l n another
embodi ment PREXPRPERPESINEGINN i des a nmethod for preparing a prodrug of a
conpound of Fornula | conprising converting a correspondi ng conpound of
Formula Ito the prodrug In another enbodlnent the |nvent|on prOV|des a

met hod for PhasmaedutigalLampnsitions, MbddsayfAdna \ ]
correspondi ng ¢ ound rnul t hat rises e or

prot ecti ng grouggﬁetgei)epgs]is 8sltrﬁ8r°"6 SBWQOBIFCFSI@ eéleta %?h‘tlﬁgg

| nt er medi at @#ailed abovér%ﬁlch%i/eeﬂhitfi’tﬂrsadﬁﬂ\mraﬁ&'ogRN&%ﬁ&lﬁﬁﬂhﬁeﬂa&%ﬂem ates
that are useful for preparing conpounds of Fornula | 'or" a salt or prodrug

t her eof Forandieanasr agents eV Zoius femtsi o A auil RS¥A mivelapolyyerasastareinhibited medi at es

% 11 be S SREbERS A dRE ST ol i o B RRbs cBt bmas ot the

i nvent ilcm hevnprgnds 6fithe pfesaﬁmtt@tosﬂwha&fo‘ié have Wilidy hetrdasiap ah@er i n optically
active and 25 racemc forns. Some conpounds may exhi bit pol ynor phi sm It is

to be underREWHHngyiel infrstipnsiaariost mﬂelﬁttteawwéﬁée#%ﬁ@é@t@w viegewf c
optical ly- a&igéa\!@stat@?hﬂdmlr Rldftio élg @?ﬁs gl!of;relaﬁ d/i &l ﬁgirgﬂﬁf‘erchffnsf !

m Xt ures thereof a conmpoun e |nven 1 on . a conpoun of
Formul a I, Mbqﬂmnpusﬂessnmbmdsm mdefq:lnmﬂ&rdbnes@eﬁmedh&duh@mi/@r it being

wel | knownlnthe r r e o cally 30 active rm;(for
exanpl e, byP" F‘éeélgpﬁﬁi” g‘fmgﬁ “lagg&r dfplgi\lr% WYIP%T@FVS%‘&QH Yisah RIS t echni ques,
by syntizesi cluti®Bup peifotliln¥ed &, h¥Fatitis &, thhﬂegltﬁ@ %ﬁhﬁh%mnﬁﬁﬁo&éﬁc‘ié}cysym hesis,

or by chromat ographl c separation using a chiral’ stationary phase) and how
to det er mi nérusnPolioiGoabackic Annd BcRhiner Ectut, smatlpou,sﬁlbt@a tahé Vé¢salalar d t est s

g?ts CL\: ,E) ﬁgugﬁ;lt%h@’ a[ }?_'%ﬂﬁ%lrg t?c;[d?rgént Q‘c'afi"s%u%ee ggte%t Y)\p tlhe Vlrglrmfewfaiont known in-the

flavivirus.

The present disclosure provides for a compound of the general Formula I

20 and a pharmaceutical composition comprising a pharmaceutically effective amount
of at least one compound of general Formula I as described herein. Such
compounds and/or pharmaceutical compositions may be used in the manufacture of
a medicament for treating and/or preventing a disease or condition in which it is
desirable to inhibit a viral RNA and DNA polymerases. Such pharmaceutical

25 compositions may also comprise a pharmaceutically acceptable carrier and other
ingredients known in the art, or may comprise solely a compound of the general

Formula I.
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includes all isoneric forns of the conpounds described herein, one

enbodi nent of the invention provides conpounds having the absol ute

st er eochawD208y088pi ct ed i n t he Exanpl es herei nbel ow. 5PPHAISA#886192L al
Conposi tions Modes of Adm nistration and Met hods of Treat nment The
present discl osurge ' ; % f @S tail ed
above which are i nh?fﬁfiﬁgg?ﬁg@% and/lgrc a%%gs gg@g?@dpg?%%ﬁ#ggggmg,ngﬁ’@

anti cancer rgdmited twaréeliclss,fadiuventsf expiperds chrRiltentsy b wedlHgnoemaoahoser e

i nhi bited by, t he compoun di scl ose uch as but. not limied ta viral
RiRps.  The TBGTHSRTRS Brine 5" eveiy. MeceiblaruterB: arisPebRavten 1 1y i n
treating angleaficaliyeienttb Nle \ikfivd chpOaids QR Hal B HQRMmeARH side dffedRt srent
and/ or preventing a variety of disease states and/or conditions caused by

or rel ated fosicifyamdes thglcongitiens pbuse. Tha rhaenasehidcillymsteptatie camiepocands ar e

useful int 0N reating and/or preventing by inhibiting a
viral RNA a%glu%x%ﬁ%da@z}gm&éﬂ% “Urr al agents 15i ncl ude, but are not
limted to, hepalThd t@mpoundedaidribes ikthe k@At difETUsRE ehn B administered by Pol i o,
Coxsackie A and B, Rhino, Echo, snmll pox, Ebola, and West Nile virus. In a
parti cul ar EWbeRvRainal mrghedailablpelondgisatin soniunetion Math pharmeequgrals a
flavivi rus'eiaﬁ?ésofnﬂﬁﬁ(ﬁﬁal ﬂiefa?eﬂﬁéjégenpg ‘éh%§§1bfn%o§“%%8ﬁi&ﬂalot&e& Sutd€ner al
Formula | 20 and a pharnmaceut cal®conposition conprising a pharfraceutically
ef fectiMe aapeutst of at | east one conmpound of general Formula | as descri bed
herei n. Such conpounds and/ or phaynmaceutical conpositions pmay _be used in

t he manufacture e@%{l&%&@ﬁ{l&({ﬁe@ watistergd ama pharmseaticaly pliedtivai sease or
condi ti on | iinfH Chhe phatriad8ALAIBRI R AR oF 1R hBlnd By

pol ynmerases. Such phﬁa_rarra%euti cgl 2% corrp@g?toitfonsc m@ al so @ggﬁ%é’fa

phar maceut i thalphgrmacew pa béxinepasitioni adminisgtrestt widly of cuprsed v anytdepdmiingupon t he art,

or may conprise sol el C und of, the. general. For al.. The
phar naceum%“ﬂ/é {OFa P : Sgg‘%ﬁl?ar”in@‘f%qy&%@lf’rq B torehes ‘{P‘HW PEHeIrAEE Ut not
limitedst o, andghihbdSandadine\v@BlMinif¥dioR! BB hSe, HehltfhdUeaLEy ofdhe Wel | - known to
those who are skilled in the art. Typically, the pharmaceutically

accept abl e %eaipiangthe severiemndatagy of Hwrdisease state oacondidons dhpliodds and has no

detrinental . Si ) toxicity under the.conditjons of use. The
phar naceut i%oéfﬁ?engg%gﬁeéﬁﬁfée catriey gy%%%m]eﬂtc F"ﬂl‘g@eﬁg@%{k??%nd pol yner
matrices. Alleily dogage oflsctilesagrediest dafl beRepédhat Bbe aBbwA.OHWHE can be
adm ni stered by any conventional nethod availl aBI e for use in conjunction

wi t h phar mat30imitligrams @nghist kilograpyikg) alibadyt weighirenday Tagant s or in
conbi nafgj o it djit.i : i.C oynd
COTD! N0 OB OREkn OFSCREULL o APOTI i st 10 TR
phar maceut i txalylweiglitfpec day én amsitrhate bmbbéinzanpeuseh sbudt t langbgage of the

phar maceut i cal npqsitjon adm nistered will, of course, vary dependi ng
upon known 30t B WK R pod Mot pReava o) ARheE aRmasceretadirs of ¢ he
particul ar ®g®&dn 0.1 mg/kg and about 30 mg/kg of body weight per day. The above

described amounts may be administered as a series of smaller doses over a period of

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

30 The total amount of the compound administered will also be determined by
the route, timing and frequency of administration as well as the existence, nature,
and extent of any adverse side effects that might accompany the administration of
the compound and the desired physiological effect. It will be appreciated by one

skilled in the art that various conditions or disease states, in particular chronic
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15and its node and route of adm nistration; the age, health and wei ght of
the recipient; the severity and stage of the disease state or condition;
t he ki nd w0 20es180105ent treatnent, the frequency of treaP@EAS2008/08092Ne

ef fect desired. A daily dosage of active ingredient can be expected

0 be aboutcdhdihs bPAORDsllch! gl ARpisk BRDRH ukhiea ARLKEY maiphody vei ght

per day. In one 20 enbodi nent, e total amount is between about 0.1 ng/kg
and about I@nimgfrkigorsf body wei ght per day; in an alternate enbodi nent

bet ween about 1. / and .abqut 50 ng/ kg of .body, wei er day: in yet
anot her al ter natéoggﬁgwﬁheﬂgf%%??“ggﬁ cﬁﬁlpﬁﬁg‘&?%deé%%p%%lﬁggﬂés of body
wei ght per glale pilHhadhifivg @afiokitioaésaaBleTbsadmiishatiedbontafi #6@Gbast a Series
of smaller doses over a period of 25 tinme if desired. The pharmaceutically

ef fective afvbug tockaub00ang of activel ingzedient die. threcomniagnds disclosed) perr ent
conpound to | | . 1f. t;h al.t. or ..porodr Vi in
COTRPE Y, ol 1f Rekd e acduc i B Britiaty, uB{ Rl he b Wifl REMALEY (0

usi ng the vgeght iradn doheuns af 4bsuk 03IV Weight bade oatthelotdlevight knthan to those
skilled in the art. The dosage of active ingredient rg;é be .given other than

daily if dexmprogitionoMhatiplsidapagsfomms may be pdmingsigred AP, f¥i8glered wil | al so
be determ t d{r. . 1 tion as well

as the exi ';t? %rtf?:gr,lt' ?gﬁf {ljc(r?félte ?%(Ejdlé%(t'?gat O?Jnglﬁ{;%g%\clt\éragfeneg?g%eﬁéﬁ %éggat s that m ght
acconpaty tdumcadrationsdf tht hctivedhgrietientcalifipan abowdd toliz) |ddsor feain pbygi ol ogi cal

effect. It i/)vill Qe%{gppreci ated by one skilled in the art that various

condi ti ons bP !Ry1QeNse st at es, in particular chronic conditions or disease

states, may requi d i i R sy rat i ons.
Dosage forns of U%“l%egaogiﬁgﬁ %gﬁ%titcglglgé %&ésté}g‘?gﬂwg%g%ﬁ%%g&her ei’;yu?l? ornms of

t he phar nacasuwapasés, tabhgo and powders,uirtia bilpgidfdosagadininm, suehatsiebimirs,spntpai n f r om
about 50.1 t o _about 3000 of, actjve ingredient (i.e. t conmpounds
i s61 osed) PErUERAmEIos | SARaE headerRilatid BT Colip oL SRl it RS8R L  ve
i ngredignt b, ™HedicH¢ ingyedRit BAEASNbe hd}nﬁiﬁte%éﬂ)ﬁﬂtan&fallﬁg&ﬂé dfbpay &% wei ght
based on the total weight of the conmposition. Miltiple dosage fornms may be

adni ni st er ey wbalgtien viefthapWmoeghmy systemt sushtas by peonstianthasedigeigtidedose nay be

nor oai ent DRGSR e SRAFR R B FehRGiE Ly

The active pagibeciuehts e@flinieratlgnirahsdbi AN, Ofagdatch rhéthafiking oflomagentf or ns,
such as capsules, tablets, and powders, or in |iquid dosage fornms, such as

0
elixirs, syrups Eerauations puitablssior pral adminsgteagion samimeludr §)diasidl par enteral 1y,

i sterid e Liaui _ . . . o
Iad mrs ni sitder e%ﬂlﬁwtnrgh%gg g?ﬁ}&a?{r.\n%ééemﬁ? %-%gsf&g{r\k ‘é&o};ﬁtﬁ%ﬁﬁ% ?%ﬁnp (\glilﬁlg d?%ﬁgﬂlf){ijl nonary
system sucin dlueiny, suchpeivhentsaligs et onmgejuiet; (hapsuldsasaehats,anbldtsy powder s

i nhal ati on devices. O her dosage forns are potentjally possible such as
adni ni st r at I8FEEH 4R Forhs: ,ﬁcgmal%%& R reAsiehamed csﬁmﬁaéw{fecﬂve

amount of the active ingredient, as solids or granules; (c) powders; (d) suspensions
in an appropriate liquid; and (e) suitable emulsions. Liquid formulations may

25  include diluents, such as water and alcohols, for example, ethanol, benzyl alcohol,
propylene glycol, glycerin, and the polyethylene alcohols, either with or without the
addition of a pharmaceutically acceptable surfactant, suspending agent, or
emulsifying agent. Capsule forms can be of the ordinary hard- or soft-shelled
gelatin type containing, for example, surfactants, lubricants, and inert fillers, such

30  as lactose, sucrose, calcium phosphate, and corn starch. Tablet forms can include
one or more of the following: lactose, sucrose, mannitol, corn starch, potato starch,
alginic acid, microcrystalline cellulose, acacia, gelatin, guar gum, colloidal silicon
dioxide, croscarmellose sodium, talc, magnesium stearate, calcium stearate, zinc

stearate, stearic acid, and other excipients, colorants, diluents, buffering agents,
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Formul ati ons suitable for oral adm nistration can include (a) liquid 20

sol utions, such as a pharnmaceutically effective anmount of the conpound

di ssol veawprzogh/asg®at s, such as water, saline, or orangePCuHitSeq08(050)929
capsul es, sachets, tablets, |ozenges, and troches, each containing a

predet er m nﬁ@hn&'g@a&iﬁgggéﬁtg,%imniﬁgfagé}{tg FesBRRHLS ﬂav&r{}% ehis adi ngredi ent,
as solids or granul és® (C) powdefs: (d) suspensfions I n appropriate

| i qui d; andphiaehalivgicitilyecosrpatiblieeagierd. Lguéngeffommdaatcompsisertog ag6vencl ude

di l uents, such astwatﬁr and ah,cohols, (Bor exanpl e, thanoh, ben}i%l al cohol ,
propyl ene ggtEgfent {3 tayorpisuallysucrpse gpdl geackigrdtagacanti AL VS 28 PRI wi t h or
W t hout t hecoagiftistigOe @étivd iRBRARRCIA Wik bate BGCR RS 20htth Sidf élz@etrﬁlnbr

suspendi ng agent, or enulsifying agent. Capsule forns can be of the

or di nary hasugrose and agadias el seuhs casidzgel srcontapring, an eddifipm tp, the eetiwxanpl e,
surfactants, lubricants, .and inert fi.llers, such 30 as |actose, sucrose,
cal ci um pho%l eg{eél?’%g%ld(:@é?rﬁa%?rgﬁ?ﬂmf%meeT{'form; can include one or nore of
the fol |l owi ng- | Perruions bitaBEefor Fﬁ@ﬁtieia@hdmﬁ‘@s&fati@ﬁ aictilile ag0¢Ak@ngt ar ch,
alginic acid, mcrocrystalline cellulose, acacia, gelatin, guar gum

col | oi dal sPA-RAROWH, RIS stetile dwjastionesolusions. sdtchuean qoatain antrexidantsim

stearate, cgjm é’%‘a&[aﬁ@s&%&eand%@%es%ﬁaﬁﬁén Fthe%&%ﬂ[lét‘r‘onaig&tgmc%ﬂl t%{eher
exci pients, coldrants, di’luents, bufféring agents, i sSintegrating agents,
nmoi st ening klgedidbBthe patarandtaquesis ahd aveaqutgua gerilesuspensiophithanemol ogi cal |y
conpatible carrier s.wjéozenge forns can conprise the active ingredient in a
flavor, usuBfivge serprrsine agrts, solubilizers. thickeping Agants. glabigers. s pastil | es
conpri si ng ﬁr@?er@eﬁi:vieé’.e ingredient in an inert base, such as gelatin and

gl ycerin, or bsucrose and acadi a, enul sions, and gels containing, in

addi tion to the Hutdongpound catbeadminsstertd ar physicddogcallyraecdmabindiluent he art .
Fornul ati ons suitable .‘fséﬁr parenteral. adm ni strati Pn J.ncl ude agqueous and
non- aqueous™ 3 srenticqllyacreptably eattiet, suchids & St He ayifiog IKEFF ont ai n

ant i - oxisdant§uidd wichfiSs WQ@EE@EI%_GOﬁ 1Rbofis ddsS MdHeBRed Hdhr SRMRE, dhe

formul ation isotonic with the 10 bl ood of the patient, and aqueous and
non- aqueousaleehst,isteh auethanediisnpsopanal, or hexadeqyll altehaluglyerisisugh agent s,

sol ubi l'i zers, t:hi ckeni,ng _agent stabjlizers d .preser ihves. The
Sommount caoBURhEASRILR pRRERYReng a0 LIsH B Pl BleEREPH A Fssdhs | 1 -
phar maceut i leadlb, suéte §£NL Ah ethgRI BldsxolfiéChAmthadols bkts| #h bil, GUatly 8¢idd xt ur e of

15l i quids, including water, saline, aqueous dextrose and rel ated sugar
sol uti ons, #aHYaridesisr or glyestidgsoraanasaiylated By eeid ghvseride withex ydteyt thal cohol |

gl ycol s,q sugdait?oﬁylcc%’{a)%%%aﬁé%%%fﬂg&aet{?é;%%ﬁtc%k S0 & ¥&3b of 4 Gbreftent,

pol y(ethyl eneg , SuCh as
2, 2- di met hysusperiding apent, aundr 24-pretih) @mbomesy, hettsyicelinlose,l , a fatty acid, a

o w t hout DB HBRRTEYGH B 125 Mt ROO T EAF A P ot ST & SRS ant |- such
as a soap Ofnda RS kutical adjuvants.
Oils, which can be used in parenteral formulations, include petroleum,

25  animal, vegetable, or synthetic oils. Specific examples of oils include peanut,
soybean, sesame, cottonseed, corn, olive, petrolatum, and mineral. Suitable fatty
acids for use in parenteral formulations include oleic acid, stearic acid, and
isostearic acid. Ethyl oleate and isopropyl myristate are examples of suitable fatty
acid esters. Suitable soaps for use in parenteral formulations include fatty alkali

30  metal, ammonium, and triethanolamine salts, and suitable detergents include (a)
cationic detergents such as, for example, dimethyldialkylammonium halides, and
alkylpyridinium halides, (b) anionic detergents such as, for example, alkyl, aryl, and
olefin sulfonates, alkyl, olefin, ether, and monoglyceride sulfates, and

sulfosuccinates, (c¢) nonionic detergents such as, for example, fatty amine oxides,
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suspendi ng agent, such as pectin, carboners, nethylcellul ose,

hydr oxypr opyl net hyl cel | ul ose, or carboxynet hyl cel | ul ose, or emnul sifying
agent s armoanisasdwhliar naceuti cal adjuvants. QG ls, which ®am/USR085H8W929 n
parenteral fornulations, include petroleum 25aninal, vegetable, or

synthetic og . LG I i [ yhgan, sesane,
cott onseed,Ofad(::tZF1 %1?82%{)/%@1%% @?%%&eak%ﬁﬁkﬁgkg%@%g?%%éga y acids for
use in par entgrondricf deterpérad suehas,i focéxmeplaladliyt .1eed. dmisdpeapibaates; and 2and

i sostearic id. Ethyl oleate and isopropyl nyristate are exanples of

sui tabl e fa"‘lahth/l idp qé’gﬁ@ﬁfgm@om@sp@% {s<a0ddp) mbdusen thseroént er al

formul ations in Eé%hr ! AR o} fd anm ne
salts, and sui tgit;l e diﬁ%g%%gﬁ#lh%ﬁgggﬁﬁo cati orlll?J ?:Boélgp gr/g{edniﬁ;song%%% as, for
exanpl e,5 di bewkightofzh& pdtamrmgredientialsoldten. Santdblalpkgseptivel andumflesd dades, (b)
ani oni ¢ detergents such as,.for _exanple, alkyl, aryl, .and.olefin.
Sul f onat es, DAY P17 SERIPTHIAG I Ordi do FIRGYFS s iTRhate iFaHoRar e ite

sul f osucci nettigRetidi budhdnidsioHe ey I6MhH R nfte nbRbnid %@ Mtents f at ty am ne
oxi des, fatty acid al kanol am des, " and pol yoxyet hyl ene pol ypropyl ene

copol yrer s, having amystienhaleiliopbilebajanveSHER) lof from dhout EX tongdlowt 171 Thg|

.bet a. - ani i gnat d 2-. al kyl.im dazoli i Its,
and (o) m oRapal ERBESm Rt i RS A R A G A T B e a1
from about Reiphb SQitﬂb@ﬂhfa%ﬁ?ﬁsﬁhMu&@b@géthﬁEné 8RbRET faM§ abid@sel, Gith dsn

sol ution. Suitable preservatives and buffers can be used in such,
f or mul at i on'rbifan reprneteaterngithe highandeculariwaighiaddugty pf ethylepe exide withsi te of

having a hyonSA e T o e ABAR R BhoTRiE R BroBbEheT °17°

The quanti tglyadl. surfactant in such fornul ations ranges from about 5% to
about 15% by 10 éﬁai ght . g{ﬂ tabl e surfactants include pol yethyl ene sorbitan
fatty acid esterShar@geayticlysageentabln exaipignls skt dsanallknewnitg HhossWae ul ar

wei ght gddugt $iiAtd & MY RN PhOAISE nfinGPRGar{iy/ fied by the
condensati on of1 pr opy?ene ox‘f’H g‘%ﬁﬂe&g%?%g‘)yoﬂfeﬁ%@ﬁ%@% . gﬁar tgguti cally
accept abl e Erxéyhirecipoand aalmet asbly [thkpearticuliranéthod esadito admaristesthel | ed i n t he

art. The choice of excipient wll, be .detetrmned.in part by th articul ar
compound, _ SSHRIoRsARPREN ptiets is dvufe HgoR Al sBRle B e t he
Conposi t i ONphafasRuttA)@bdpodiiER 8f the pres¥htdByven@bh eine BlowiHolA&hsds Admul at i ons
of the pharmaceutical conposition of the present invention. The follow ng

met hods andexskusmns anameerely exemplelyanshagerpl sy yaplithigng The pharmeggutically t i ng. The

phar macgut i cal |.v,.20accept abl ci pi ent s .pref.erabl y.do t iLnterfere with
t he act%ﬁ on ot t%téle PV tsipﬁegfgrggﬁeﬁ%&érﬁﬁrf%S Vﬁﬁitﬁs 5%%0@ (gl(]@ee?cglé'esi de- ef f ect s.
Sui t abl e caihptealentsand dotot Piuss héverdttdidbderfeee. Baititse Satfibrsand WRtiplentsal cohol
and propyl ene glycol, solid absorbants and diluents, surface active agents,

suspendi ng 18glee solvenss sichiag weiarcrleadiol. jand prenykans glyaokielid abserkangsainds i ng
agents. 2 5Tcﬂﬁ1eﬁﬁ%ﬂ99 gctgffe a%@tﬁs,%h?}%%ﬁﬁlg' a@gﬁp{a'bf%ﬂng %1n(21@1%, erl)ril:'ghtg orbi nat i on

wi th ot her
flavors, and coloring agents.

25 The compounds of the present invention, alone or 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 dichlorodifluoromethane, propane, and nitrogen. Such aerosol
formulations may be administered by metered dose inhalers. They also may be

30  formulated as pharmaceuticals for non-pressured preparations, such as in a

nebulizer or an atomizer.
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sui t abl e conmponents, can be made into aerosol fornulations to be

adm ni stered via inhal ation. These aerosol fornulations can be placed into
pressuri 220 20@5¢8ptoabl e propel | ants, such as di chl or odi f PGBAISAWSIANRI
propane, and nitrogen. Such aerosol formulations nay be adm ni stered by
met ered dose i nhphefosmulbfibys @R frEvnke iPHnit-ab843h 88 -R3e BddaCeuUt i cal s
for non-pressured preparations, such as in a nebulizer or an atom zer.

The for nul atdngeersshclbes pnpdesanddvials, andican Yo storesrinmfraeze-ddsé seal ed

cont ai ners, 4,such. as, a | es and vi al and.can. be stored.in a .freeze-dried
(Pyophi 11 2 BSORR0iAR AR BaRRrRg oBivitye FRES SR BF SR il Sfupte B Ui &
exci pi ent, &@inphx aiirefor W§E@Ions,lifimddMtEl§ et use NPREMPbALYoWRIhjeEtidO USe.

Ext enpor aneous i njection 5 solutions and suspensions can be prepared from
st eri | e Jpovipditions gpd sifpersionsiean ba prepered fime steslppavedesn ggnplss. aadf ect i ve

phar maceut i y I ok ef r1L0j are wel |
known to th%gg{stﬁ%{r:eglﬂfﬁgl?éﬁg E‘?rlelrffe?{lléet he ngirl%u%g%@p%ﬁ%égn’%gg%ﬁetsgagnd Phar macy
Practice, JinfctablepmimeitionCare, webhitdoadetophdse of BadinarBakiklen tikoalt. Seal ners,

Eds., 238-250 (1982) and ASHP Handbook on_Injectable 10Drugs, Toissel, 4th
ed. . 622- 630hqrmaeayyics and PharmagyPiagliceohd. Sinpingoftd . Fhiladeiphi@s Padni ni strati on
i ncl ude pasgi Y t e i i Ngr eeh I j se, such
as gelatin %%rgéeg?%/&cgg?ﬁegéggéhgr%o@ dal\r?gzja%’gc[?%lﬁﬁg_fsanmg? (ﬁ(rbe{isﬂge?:{eag%c?,

emul si as, RngsgbBdisset @t ed.nb2A29630 (1986)di ti on to the active ingredient, such

carriers as are known jn the arf. Furtherpore, transder pat ches 15 can
be prepared usi n%“rﬁ’\é\ﬁaﬁ’é’&é S of FPPE%ia‘iP’cn}S“atlon mcﬁﬂf?iﬂaﬁ }‘FélcPVIPﬂsmg

formul ati onge abtiveaRbRdfeR! in'8Ghét bALMRh 4 @é‘ltaiiﬁ Qnd@l&c%, B S&escemdas
suppositories by mxing wwth a variety of "bases such as enul sifying bases

or wat er - soloablaeaspuelbas creamsnemalsiansaslgd adringaifing, madditiah tatheiagtivg r at i on
may be presented as pessaries, tanpons,, Cr el s, pastes, fqans, or
spray for wlpggeﬁfﬁggﬂaﬁ?arﬁlﬂé as pre knganIp ghe ?ﬁ%ﬁ&e&%\%ﬁ?%%hi’% ® such
carri erss ascaalt® prepte hisind Methadd kddvibR APRROPri at e. One skilled in
the art will appreciate that suitable nethods of adm nistering a conpound

of the present ifddtipnally. famalptions puitebledforresisd pdmistigratignanaydiet hough nor e

barti outar PeSRR ARG AR SIED B dr i S MR d
reaction t hesseamovdter-sdlablé BaseblSRirmlulgichosliitabRrRt for vdgiph adiadatition aaydosage

forms for adm nistration of the conpounds according to the present
i nventi on cEhPIE¥NIadasPessaTIey RPN JTeRmS, gels, pastes, foamgeorsprydPrBlahar d- shel |

capsul eg) ar &RLisRa 8dBYioh kb tHeGti tWor Y [ apsul es
each with 106l rlrg g’fl pomdlgr g%{ﬂggtgtllgéeﬁg%ggégl&isgﬁ% Pdrﬁg% ag%feﬂggg\#n%ggf%rge, 50 ny
of cel | ul ost® rrgp®pngteof nagnesi um st ear at e. A m xture of active

ingredient in a digestiple oil suych as soybean oil, cottonseed oil or olive
oil is prepared @ﬂ%sel?hfcg@tt@ﬂa%y‘/" lﬁr_éﬁli’@c%‘ﬁe t atﬁl'}g‘i‘tﬁ? 9’é’ﬂlﬂ §B?$%@Wbﬁtﬁ“n§urrp into
mol ten gel af édinpdunt OF MeSREdendRialtidh ARDHIGR afkCN bR Mhd 18 hoTBh Rlord NE
active ingredient. The capsul es are washed and dried. The active
than one route can be used to administer a particular compound, a particular route
25  can provide a more immediate and more effective reaction than another route.
Useful embodiments of pharmaceutical dosage forms for administration of
the compounds according to the present invention can be illustrated as follows.
A large number of hard-shell capsules are prepared by filling standard two-
piece hard gelatine capsules each with 100 mg of powdered active ingredient, 150

30 mg of lactose, 50 mg of cellulose and 6 mg of magnesium stearate.
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Singredient can be dissolved in a mxture of polyethylene glycol, glycerin
and sorbitol to prepare a water m sci bl e nedicine mx. A Iarge nunber
of tabl etwoapes/g8p®Wpar ed by conventional procedures so tRaT/GSk@ssdwage unit
is 100 ng of active ingredient, 0.2 ng of colloidal silicon dioxide, 5 ng
of magnesi um st e@hﬁ&ﬁ:‘lre gfz«étl@l ied@rﬁﬁ@&ﬁ%é&tﬁhé bilSudSls!sHl B8R 0ill 1 MY of
starch, 10 and 98.8 of Appropri ate aqueous and non- agueous
coati ngs nwpttbmeaqbpilloedllw)oﬂl Wameiqmilmjeatedlhytwaans opa pestied egance and

stability o el a absor el ease tabl et s/ capsul es are
S0 14 or ol SR BepCRREP PiEbsn edheln oR a0 SRR GOBISS O BLEHS Dirhese

units are trﬁé@f‘th@ra@ﬂv&éﬁn@teﬁﬁ%ﬂl‘h‘é@hﬁulés%ie WwHiHRd1aAd Qrield. Slﬁfé'ak'ﬁ{'é)n and delivery
of the medication. The active ingredient is 15mxed in a liquid containing

i ngredi ént 1§gréﬂlleafscagdlgahSSOb'edmamlxtpmﬁmlse?ﬂd’lmrmglﬁcermheée liquids are

solidified jnt tabl ets or. t.s by freeze drying and solid state
extraction Sf){rabcﬁ)l ?oq%rggareﬂ%a ‘Hrrﬁlém(@%rfﬁ%cﬁﬂﬂgnﬁ%y be conpressed with

vi scoel astic anda {dies MBAbaf itdbl&y §Rprephinél BOtonvefitsoral probédiraadarat
conponents to produce porous natrices intended for inmnediate re|ease,

wi t hout t héhheesagornifis 0. meof asive dnasedienth@ 2cegplnalioidabsilicoredipridscht
t d d
| dentl on_ SA8oPRaBSA SLERACH b SRS E dheR s oA o0 o5

as a filfe nindt98@mp bﬁlﬁcﬁ)saoﬂﬁﬁbpr@e&e adquedty akbion-aqueous doatingemeytbodi ment, the
t eachi ngs of f pr esent %éacl osure prqvide for the use of such
phar maceut %8 le rfB%?ﬁ%Rﬁ baliy, mpapvestesange ard sfabilitgdlely abpIRtiohg a

25viral i nfect| iyt RALISDALR L ARARCaR'BHE oRldbGlec SRMIMIQBaUSEd Y or

1
related to such viral ection onee nbodi ment e treat is the
result of tdoevémtiondli mdmvdfpreceemsaThdRNAnms arE)I‘uﬁcep@k@llyamlwt VaLET lﬁoras but not
nt or. inhihition eed not canpl ete to be

IlmtedtoaR%% treat
useful . Thé %Idlé?o 't“r‘%? Ivery b thesns lfﬁé’ns{r HECHYE: mng;le’i“déntl fying a
pati entisi n miged irPd 1ig4a RohtaRRidTBBledicht §uch3Q s géa‘?vgeqidtﬂlgp%ﬁlrhnﬁhar maceuti cal

conposi tion containing at |east one conpoun the Tnvention; and (iii)
adm ni st er istgetsners. hese ha@lé&lalle(salldkﬁ@dpns isolicbtablets er caplets by frttenedazpwt ically

ef fective totr vi. ral ctlonlna ient in n of such
reat ment aPoeald el Rt Ecnid R T bRapheRal peiian B ghEiace
patient in m@aélagtic z&idctheﬁﬂd%&tsﬁ@Mgarsl dhd%@rﬂéfb@ﬂbﬂf&%sceﬁth@nﬁp@ﬁ&hs fags of the
present disclosure provide for the 5 use of such pharmaceuti cal

conposi t i orf5Odtee PRECIS exatiers dnterded fapinmpediale releespenithoty thy needpbmatsi ng a
viral pfecti Ond\qg reBV &Y BRLL 8&Eds o‘f@lﬁ’e{fr%?én'? gwgn 6ns<§éiso% a%lfn%@te?eﬁ%or

condltlon caused Dby or rela 0 such vira n one enbodi nment,
the pr eventth@formrofsmp@dmps,lommdtﬁecﬂ Heseramg w asalfor bhecal hblet.tTherired isa vi r al
h as but pot |[imted to a RdRp. Such preventi on,

RNA or r.ase,
10 suppressqp gﬁzrgs 0 BAS%] SRS 2te TBist SROWIST BN AEIH, * The met hod
of preventing orp,$HPRLBSSin Mt Qmegaﬁfhgm'tﬁey QP bis 1%%23?0@1 ?t}i%f' (.)

identifying a patient in need of suc preve tion, rovi di ng such
phar maceut msa bf sushppbsinidcenticd ndraposithgpsand ed&tment it o mmmlntrdjofafeatmga gener al

o 0t R o L L0 RSB PRESY LR £ STRRSLE L T 2
such viral infection. In one embodiment, the treatment is the result of the inhibition
of a viral RNA or DNA polymerase, such as but not limited to a RdRp. Such
treatment or inhibition need not be complete to be useful. The method of treatment
comprises the steps of: (i) identifying a patient in need of such treatment; (ii)
30  providing such pharmaceutical composition containing at least one compound of

the invention; and (iii) administering such pharmaceutical composition in a
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15suppress the viral infection in a patient in need of such treatnment or to
inhibit the activity of a viral RNA and DNA pol ynerase in a patient in need
of such twoea008889105The net hods of the treating and prev@aTitusgood/ oxoeal
infection or a disease state and/or condition caused by or related to said
viral infection [ 1.0 | . igally

ef fective amuntﬂgr%péalﬂ{:cgl éﬁf«?}cﬁﬁgfa hl?ﬁgﬁgg} e%#@%?%ﬁ@ﬁ%‘g%{?%%ﬁ?ﬁ%%m nation
with a thermpeduof bwhl theatradiit ec td wnbibitnthel ndtivady odiaofitaERNaAndr DNMArmdllyragrasst  whi ch,
in particular, may be active agai nst HCV. Agents active agai nst HCV

i ncl ude, bufahate df‘nF?qi?fisé‘thrg?m}ePbavi rin, levovirin, viranidine, thynosin

al pha- 1, an | nhi idrtenfbbaikots N cABihACOMROHRTR disdlostrdrlyibOfor ffe | NOSI ne

nonophosphat edehydr ognease, interferon-a, pegylated intérferon-a
(pegi nt ér f ewsorpf s@digpharmacsotitil kampositiofs andmesdi@nentsanamiethobeaf/i rin, a
conbi nati on_of r@ﬁ i nt erferon-a.apd ribavirin, a conbination of interferon-a
and | evovi riTRYEIRAE O SYRRRET NG Yo BYCqhOnof P PRGOS UBRIGSSRS H(HSFasH

I nt er f er on-qatk ARd/BHEditRIA cabifed B orlrélatel 86 st vifa® GFEdioR R oreNt er f er on- a2a,
interferon-a2b, a consensus intérferon, and a purified interferon-a
product,  embodimfethe prgysunersommgpIshtemisdheresela bl dhenplubitioh ofig vishl t he

present di sSur an,be adm nistered to .patie t event..and/ or treat
a nunber o?ﬁlggncge[?[\slg pegﬁ%eer?’sse’ P pﬁ%@?mhhngfeg tﬂ&?&ﬁ}pm%l% p{eov,enﬁl%rhkem as and
| ynphonds  sgi@PBreasiom6tinhibitysHied Yibt be ¢cniewitabe agafile Themhathghecyt i ¢

| eukem as, chronic |ynmphocytic 5 | eukem a, chronic nyel ogenous | eukem a,
Hodgki n' s DRTSEAMIAE OR SHRPERSSIHRICAN ePtignalk 6pmeTisasiibe steps ofp(ibidsyélydigd chi | dhood
solid tunors,suc ' : S (F S ' I . W ns
Tamor . bond i ga O Al plRich: (AR P E A Brark LR AR 11 0
such as | ungncameg at leasdloaa camgoursaifile gt Fornile &sdndcii) @dminigtedsg at e
cancer, uri na%y cancers, uteripe cancers, QéﬁL\’ c{ancers, 10 pancreatic
cancer, nel SBRBAERACHIcAL onaRgsHionap @ dhesapeytieatiygitec KT FROUE Ja PIeX i lincer

brai n tl‘Sm)rs%g)gfeisé’@lE Vi e &ictioh & grﬁ&fe%k inCRRE BF su%hyga%&t %gfbcﬁhibitqﬁé’p hageal

cancer, and sti1 cul ar cancer. e cancer nmay be related to a viral

i nfection oactizity ata viralt RN Afand DN A gbolybiAaserin RIgatig liy nesdadsuchrtieatmenthods  of
the treating an reventing, cancer y al so conpr.i.ses..15f urt.her
i i ser | b of T5F BHON R BETEca uHEn e ORI REEIGhOW TRCSRy of ¢ he

conpounds  OtatB BAd/BRESHdItichAausANI QY IrklaRA %o 9id V16! IRfRESNmadifa@hesur e. Any
sui t abl e chenot herapeuti c agent "can be enpl oyed for this purpose. The

chenot her apmrise adaptisterng § fietapentjcalizlcfectod dmanmt ohecempapdedihs sting of

al kyl at4ng nti.metabol i.tes...natural produects. hornon nts, and

i seel 12 oot e AR ARLbS SR R E el ARl TR R nB8EE s &

i ncl ude carangistird) @gertt Wio¢ha N paitlcunlag, BH) B8 adtive bRAHSHE, Agted apRespham de,

mel phal an, nechl or et ham ne, procarbazine, thjotepa, uracil, nustard,

triet hyl encif@inshife inglydey) truj are noit Hamted e mibairinelsvovisn; viramidess ani de,

dacar bazin . ti Q, ;a6 am ne, 3 .

chomot hor apSUE P RRaRAc, By el S HERY N TR b 0feare A E PR Blosine
monophosphatedehydrognease, interferon-a, pegylated interferon-a (peginterferon-

25 ), a combination of interferon-o and ribavirin, a combination of peginterferon-o.
and ribavirin, a combination of interferon-o and levovirin, and a combination of
peginterferon-a and levovirin. Interferon-o includes, but is not limited to,
recombinant interferon-o2a, interferon-o2b, a consensus interferon, and a purified

interferon-a product.
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cytosi ne arabi noside, fluorouracil, gentitabine, hydroxyurea,

nmer capt opuri ne, nethotrexate, azaserine, thioguanine, floxuridine,

f I udar abiwie20ed/@grosbi ne and Lasparagi nase. Exanpl es of eh@fseévsioapeut i c
agents that are natural products include 30 actinonycin D, bl eonycin,

canpt ot heci ns, r I TAXOLTm
(paclitaxel), taxot er<=1vf%lupeniﬂl 595 \9?%aér%|£)1§01§8§{10n30 ‘?’%rle e%glsgﬂﬂrﬁrarrym n,
i dar ubi ci n, canbEHRAGhiNER t6 phﬂleﬁﬁﬁmq}rmem ailordeAKY 60hBEMWaticers.

exanpl e of @ hor rmnal chenot her apeuti ¢ agent includes tanoxifen. Exarrpl es

of the af ore¥urt IRl Prbsre saklimpehio: lrukeampiag end lyapphomss syeh 56 Uie t ot ane,

m t oxantro i ound to
Monibie i rareibiieaaiichf, B doRNAE SO edRiiR chichi npRogREPOTH

abi | ity Sof laukeonp.oiinchit myelolgemius lé-d(Ee’mINSEBdgbinSsrmsme rmaeri@kﬁvgal uat ed using

thefollovvln assa Y NS5B, Pol vier as ay Ant|V|raI activity of the
t est corrpoule sy a&ia&@@aefr@mg@ ghi 3A?ﬂé$&}li%$ sygh@s b m@m% 23- 34)

in the st amdu&métmr&ﬁmbia%&ﬂanwlﬁﬁé erInbp%oPé Y&%nd qgﬁ

transfection of the human hepat 6bl ast oma Cel I ne, Huhv/ ght et at, Sci .
2000, 290, sbgpmas, @onpousdsl tweos cfddels $1mhdshmg|qagcarukﬂmasi weowem dai ly for

t hree days. Medi s chan esg w th each addition of conpound. Cultures
general |y sPEFE @re\'\ﬁgar}fggﬁ qte SHCEHIFBHN RS SEIHG CRRECH SR CaMficTuence

during 1tohe paasicatiedanRér, teBRbiRNhd ofHet Elﬁﬁ%hﬁd&k@%toh@ch EARel, @V &l and
cytotoxicity were assessed 1524 hours after the |ast dosé of conmpound.

Tripl i cat e ‘@oferubral thmorsiiverRancdr chasingedl sances- timiclid @amdelgasqpbageabl ates) and
cytotoxicit n wer e x..unt r eat ed
control cul‘tyauéegsan%ﬁte C%] raﬁrg%rfcgﬁf%eé’ﬂli“ieﬁp’é"%/ errég{ gcﬁo ﬁnvfrﬁl 13% CHORPEF & on and
ribavirin seeviedofs vipg DAL RN ipylyidrasend t oxicity control s.

20l ntracel lular HCV RNA | evel s were neasured using a conventional bl ot

hybri di zati on nettoBethadsfitherextingRRA preveating eangerfary@lse eemptssst he | evel s

of B-agsin ghl%aa@%nh mﬁéﬁ%th& n%éulﬁc%gén H%ﬁ%ﬁgaﬁ&& ra{%# eia{hgyReS

2005, 65, 2 totoxicity was e upt ake
assay ( Kor bangodndiest pharmdaveiidal coer@mudxﬁQ)the];ﬁeseﬁBahsclb@{eMét&tables in the

treated cuI ure are ex resse a percentage of the nean | evels of RNA
detected irf aﬁpéaﬂ% ¢ eemp qudef'ﬁr BaepHIBeSey dhe: apeYHCFor mul a |

denonst r at ec%eﬁt' 19%621‘1‘1?@5&@@35‘6&&%& A.{pmoﬁm 3 nt%@w gynthesis

Compound of "For mil'a can be prepared using ermedi at es and
antlmetabohtes natural products, hormonal agents, and miscellaneous agents.

20 Examples of alkylating chemotherapeutic agents include carmustine,
chlorambucil, cisplatin, lomustine, cyclophosphamide, melphalan,
mechlorethamine, procarbazine, thiotepa, uracil mustard, triethylenemelamine,
busulfan, pipobroman, streptozocin, ifosfamide, dacarbazine, carboplatin, and
hexamethylmelamine.

25 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

30 actinomycin D, bleomycin, camptothecins, daunomycin, doxorubicin, etoposide,
mitomycin C, TAXOL™ (paclitaxel), taxotere, teniposide, vincristine, vinorelbine,

mithramycin, idarubicin, MITHRACIN™, (plicamycin), and deoxycoformycin.
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30 synthetic procedures that are known, or they can be prepared using the
synthetic internedi ates and synthetic procedures described herein, for
exanpl e, WO 20e8089106ed i n the foll owi ng Schenes. The f olPCHRISRS/050929
abbrevi ations are used herein. Tr:trityl Bn:benzyl

TBDPS: tert-butyl gh Ekﬁﬁplab %f!a}ﬁbn%a@a%otﬁerﬁﬁélﬁ'&%ﬁ@ﬂt‘?ﬂéﬂ?@éﬁﬁhé}x@&' d TFA

:trifluoroacetic aci

BDMSCL : tert-butyldi nethylsil chl ori de

DVF: di net hyﬁxmmfdbe aﬁelFeSaldtmlam}k&ncﬁusrchathbfapemud atgentmmhlumprtoqayé am ne
TEAB: trieth H ni um. HC? on ée MTr. Cl : nononet hoxytrityl chloride
MVITr O : nonontet HERYPEi TSR3 IHF’C?THI% &VaBNEE-di et hyl ami nopyri di ne 15DEAE
- di et hyl am noet ke gembar asenGMhe) inBlial 81Eas RAH b BalhlEH : 2 CVA-50
: Chl orof orm 50: MeOH 40: NRIOH : 10 Bz: benzoyl

10

15

20

25

30

using known assays. The ablhty of a compound to inhibit HCV NS5B polymerase
can be evaluated using the following assay.

HCV NS5B Polymerase Assay

Antiviral activity of the test compounds was assessed (Okuse e al.,
Antiviral Res. 2005, 65, 23-34) in the stably HCV RNA-replicating cell line,
AVADS5, derived by transfection of the human hepatoblastoma cell line, Huh7 (Blight
et 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 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 triplicate cultures treated with a-interferon 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).
Cytotoxicity was measured using a neutral red dye uptake assay (Korba and Gerin,
Antivir. Res. 1992, 19, 55). HCV RNA levels in the treated cultures are expressed
as a percentage of the mean levels of RNA detected in untreated cultures.

Representative compounds of Formula I demonstrated significant activity in

this assay.

Compound Synthesis

Compound of Formula I can be prepared using synthetic intermediates and
synthetic procedures that are known, or they can be prepared using the synthetic
intermediates and synthetic procedures described herein, for example, as described

in the following Schemes.
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BnBr: benzyl brom de 20Li HVDS : | it hi um hexanet hyl di sal azane

TBDPSCI : tert - butyl di phenyl silyl chloride DVBSQO di net hyl sul f oxi de RWyBr: al kyl
magnesi urivdr2oos/0ge108l BAL: di i sobut yl al um num hydri de PCT/US2008/050929

25DBN: 1, 5- di azabi cycl o[ 4. 3. 0] non- 5-ene DBU: 1 4

. 8-di azabi cycl o - : t hyl magnesi um brom de

P: Representg a Eﬁ’ie ?%%@“%?ﬁ?rézf?f’%\%?gﬁ%‘ et R LT/ US2008/ 050929

- N- Met hyl pyrrol i done Tfol uene 4@rifCe : - no OHor DMFBno OBnBnO OBn Schene
A- 2. Bn: benzyl

TBDPS: tert-butyldiphenylsilyl
5 m-CPBA :  3-chloroperoxybenzoic acid

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

10 LDA: lithium diisopropylamine
TEAB: triethylammonium bicarbonate

MmTrCl: monomethoxytrityl chloride
MMTCl: monomethoxytrityl chloride
DMAP: dimethylaminopyridine
15 DEAE : diethylaminoethyl-sepharose
CMA-80 : Chloroform 80:MeOH 18: NH,OH :2
CMA-50: Chloroform 50:MeOH 40: NH4OH :10

Bz: benzoyl
BnBr: benzyl bromide

20 LiHMDS :  lithium hexamethyldisalazane
TBDPSCI: tert-butyldiphenylsilyl chloride
DMSO: dimethylsulfoxide
RMgBr: alkyl magnesium bromide
DIBAL: diisobutylaluminum hydride

25 DBN: 1,5-diazabicyclo[4.3.0]non-5-ene
DBU: 1,8-diazabicyclo[5.4.0]Jundec-7-ene
MeMgBr:  methylmagnesium bromide
P: Represents a suitable protecting group

30
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Conpounds w t hout 2'-C-net hyl
Schene A-1 starting fromribonol actone or

are prepared in the sane way as given in

ri bose with mnor nodifications.

10 Schenswf-2808/089105

Conmpounds with S in the ring amRGTRISRINSNSIRDUL

2'-CH3 are prepared in the 15 sane way as given in Schenme A-1 with m nor

nodi fi cati ons. its7

cycl opent anone deri

V e.Nakj&Br

H CH3, Conmpounds with

elSehemoAgNe A- 4.

ONy/

PO Vitride

cycl opentane ringp-gre pyepared sgarting from sui tﬁbWhect ed

N-Methylpyrrolidone N

Toluene -40 °C N
BnO OBn

HO OH or DMF BnO OBn
HN Y
II;II MgBr Dichoromethane  BnO OH —
EtMgBr N _— ol
| y/ | B0y o OH
THF Y, U B
BnO OBn

BnO OBn

HCYTFA ~ BnO

Dichloromethane
0to5°C

NH,CL NH,0H BnO

Aliquat 336
Bleach, MTBE
water

BnO OBn

39

O
i) H,N-O-SO;H,
dioxane, water BnO
ii) KOH, dioxane,
water

NH,



HO OHPO OPPo OP PO Schene A-1 PO

WO 2008/089105 PCT/US2008/050929

Scheme A-2.

Compounds without 2°-C-methyl are prepared in the same way as given in

Scheme A-1 starting from ribonolactone or ribose with minor modifications.

Scheme A-1

Y

10

Scheme A-3.

Compounds with S in the ring and with/without 2'-CHj are prepared in the

15  same way as given in Scheme A-1 with minor modifications.

H A o sl oo
—_—
LR’y A R’z BnBr, =R,

) CH,OH, : Ly
HO OH H* HO OH NaH  ByO OBn
\L=R', Scheme A-1 BnO

BnO OBn

R';=H, CH;, etc.

20
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PO OP Schenme A-5. Op Conpounds with pyrrolidine ring systemare
prepared by the follow ng 15route. The im ne can be prepared using standard
procedur esoqeesasp9ed in the literature. W 2008/ 08911) PRUNSUBBDIBY 050929

Schene A-6. Conpounds with al kyl side chain are also prepared the
same way as given in Scheme A-1 st g&chdR@Al4.0m the correspondi ng al dehyde.

Compounds with cyclopentane ring are prepared starting from suitably

protected cyclopentanone derivative.

5
4\ S
N \
HO o PO o I PO NH .
-\<i79 — MgBr OHI%&HH*
HO OH PO OP PG OP
CN
=~ ~=
PO*&H Scheme A-1 P()~\§N(‘NH2
PG OP PG OP
Scheme A-S.
10
¢\ = ~
N N\ _NH P \
PO I PO H ‘ | NH
CN
~
P \
Scheme A-1 | N,
PO N NH,
PO OP
Compounds with pyrrolidine ring system are prepared by the following
15  route.

The imine can be prepared using standard procedures described in the literature.
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The conpounds with nodified ribose (such as 2-deoxyribose, 2-fl uoro-2-
deoxyri bose, arabinose, 2,2'-difluoro-2-deoxyribose, 3-deoxyribose, 2.3-
10di deoxyWw0l2oes£089 ™5 3- di deoxydi dehydrori bose, 4-azi dori b@S&/USea08/050929

t hi ari bose, pyrrolidine, cyclopentane ring systens are prepared from wel |
known procedures in the literature gad arec.converted to the desired
precursor with am no and cyano group I'n the pyrrole ring according to

Schene A-1. WD 2008/0891Q5 PCT/ US20081050929 -R2 P-R2 R2 Deprotection
R2 Pr ot ectPREOYS dﬁ%ﬁ%&@ cgaﬁ@r%lﬁo B{ﬁpﬁ%:ﬁée BESUBANAS EFekan be

depr ot ect edinKHBHEA-D faffg AR dRRSpMdiHHERhE eCt i ng ot her groups in the
nnlecul% or the molecule itself 10

1.{} ® \\\CN
CHO N, NH N,
| MgBr H,C Scheme A-1 H,C NH,
(alkyl) . - -
(I)P 2. Deoxygenation (T ¥ (leyl)
OP oP

The compounds with modified ribose (such as 2-deoxyribose, 2-fluoro-2-
deoxyribose, arabinose, 2,2'-difluoro-2-deoxyribose, 3-deoxyribose, 2,3-
10 dideoxyribose, 2,3-dideoxydidehydroribose, 4-azidoribose, etc.), thiaribose,
pyrrolidine, cyclopentane ring systems are prepared from well known procedures in
the literature and are converted to the desired precursor with amino and cyano

group in the pyrrole ring according to Scheme A-1.
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WO 20081089105PCT1US20081050929 Schene B- 2. Conpounds with R
substituent in structure (lI) are prepared by the foll ow ng Schene. Sone
exanpl es WO 2008808g106ups are given in this Schenme. Ar S5ReROTVAIS2@B/0p1922 ect i ng

groups 'P" provides conpounds of the invention Schenme B-3.

i ) NaOMENH i i)

NaOHNL42 P-R 2 WD 2008/ 089105PCT/d /52008950929 Schene 11-4. 5 10Schene

B-5. NH, Cl-1(OE t)3N! Deproteeti guNH

P—R P—R? 2 P—R?

~NH
HC, « AcOH POCl

Deprotection

NH,

" N
NN
L

RZ

O

CN
H,0 NH.
<\j( 202 <\j(\\\ 2 HC(OEY, \\ )NH
N, N N., =
¢ °NH, NHOH NH TFA N

Deprotection

Cl O
= \)N =" N = NH
\ N ~ \ ~ \ s
N kL X
P—R? R?

Protecting group (P) could be any suitable group which can be deprotected

5 under normal conditions without affecting other groups in the molecule or the

molecule itself,

10
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N, -.*1 P-R2 15 20 WD 20081089105PCT/ US2008/ 050929 Schene B-6.

Conmpounds with R3 substituent in structure (lI) are prepared by the
f ol | owi ngwBche8s105 WO 20081089105PCT/ US2008/ 050929 Sch@ga/UB2008/05092NH- MMITr

Deprol ection (1) 03
Scheme B-2.

Compounds with R substituent in structure (I) are prepared by the following

Scheme. Some examples of the groups are given in this Scheme.
Ar

NR,OR Q

" N

T =
N

\_N.

N P_R2
P—R?
N g
‘Aryl-B(OH
cl yI-B(OH), NHR,/NR R,
~N

NR,NHR,
S HNR NHR, = N R,NH, SN
- — —
\ N, N N\N/) or HNR R, \ N\N/)
P—R2 N P—R?2 P—R?

NHzNHy ‘RaSNa wONa
OR

NHNHR, SR ~ Ny

a

5 Removal of protecting groups "P" provides compounds of the invention

Scheme B-3.

10
CO,Et

CN CO,Et
\\ C,H,OH C/ 7" MeS-C(=NCO,Me)NHCO,Me /==
N ol N g NCO,Me
NHZ HgCl2, Et3N N\NH"<

P-R? 2 —-R2
P~R P—R? NHCO,Me

i) NaOMe ~ NH Deprotection = NH
o S S

ii) NaOH N\N/ N. //k
RZ

NH,

44



(2) NaBH4 NH2 NHACOH, H202 Scheme B-8. HN NH2 N H2 R2 CNHNNHOH NH2 NH,
(1) Raney Ni, H2 \ N NH2ZOHN. \ Nlic P-R2(2) Deprotection

WO 2008/089105 PCT/US2008/050929
Scheme B-4.
O Cl
7" "NH POCI, =" N
P \ S\
N~ °NH, N~ "NH,
P—R2 P—R2
NH, NH,
NH; 7" N Deprotection >~ N
\ N. = \ N. =
N )\NHZ N /,\NHz
P—R2 R2
5
10 Scheme B-5.
. < .
1
N CN C .
\ Et;N, H,S AN \-NHZ CH(OEt), == NH Deprotection /== NH
; N, —= \ N —— \ N\N/) \ N\N/)
P—R - .
NH, P-R?  'NH, p—R2 R
15
20
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N7. --/ 7.,--1 P-R2tT WD 2008/ 089105PCT/ US20081050929 Scheme B-9.
n- BuLi, Me3SnCl Schene C-1. 10 Preparation of phosphates, phosphonates
and tri phyopRhes(83105 PCT/US2008/050929

Scheme B-6.

Compounds with R? substituent in structure (I) are prepared by the
following Schemes.

5
\ NH-MMTr Br NH, NH,
MMTCl N—4 NBS N—4
N \ N \ N
N‘ J Ns ,J
P—R2 N= P—R?
Deprotectic& Br
N\ NH,
BF;K | Pd(PPh;),Cl, N
\ N
N, _/
R, N
NH-MMTr X
\ NH,
A
A\
N, ’ Deprotection ) N N
RN
\ 0s0,
CliHZOH CH,OH
CH(OH) CH(OH)
NHMMTr NH,
X N
\ \) \ N
N, /JN Deprotection N, ,JN
P—R? N R? N
10
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Deprotection O I I HOP-0 OH

2008/ 089105PCT/ US2008/ 050929 Scheme C 2.

WO 2008/089105
Os_H
NH-MMTr
N { Dess-Martin
\ N JN
P-R? N=
(1) NH,0SO;H
(2) KOH
NH,
\\ \N Deprotection
N, -/
P—R2 N
NH,OH, H,0,
Oy -NH,
N
N & .
\ N Deprotection
N
p-rZ N
5
10
CN NH2 HN
é/\( NH,OH
N N
P—R2 ‘N/J
P—R?
15

B= 2 =Hor alkyl WO
0
PCT/US2008/050929
Scheme B-7.
HO
NH-MMTr NH-MMTr
( N { (1) 04 ( {
N 2) NaBH, N
p—r? = @ ) P—R? N‘NJ
Deprotcmo NH,
\ N h
N
R2 N‘N’J
NH,
N
\ o N
R2 ‘N;/
Oy NH,
N
\ N N ;
N
R2 N‘N’J
Scheme B-8.
NHOH HNy,-NH,
NH, (1) Raney Ni, H, N NH,
N
\ N YN (2) Deprotection \ N N
N= R2 N
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P- 1) Bu3N- pyrophosphate, HOP-OP-O-P-O,0 B OH OH OHcy" d t12.'7 (nBt) 3N,
12 NHAOHHO OH Hi ) DEAE columm iv) HPLC B and R 7 are the sane as in Schene
C- 1 SchermgoQo@/08B(OP) (al kyl) OH NaH B(P) | (al kyl) |0 HPOTTIH2008080929

Scheme B-9.

o Br o Br cl

N X AN
\ NH _ NBS WNH POCI, NS
N~/ N o — N/

P—R? N P—R? N P—R2 N
n-BuLi, Me;SnCl

Y NHOMe Fooa SnMes

A MeONH,, AN Selectfluor AN

A\ 2 A\

Q/( N T ) N N T ) N N
p—r? N p—rY N p—rY N

Pd/C, H, and
Deprotection

F

O
AN

\ N
N\ J

R2 N=
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0 TsOH2C-P(0)-(0-1-Pr)2 Prodrugs of such phosphonates can be prepared
by literature procedures. WD 2008/ 089105PCT/ US2008/ 050929 Schenmes D-1 and
D-2 il |l uswoares/shwspr epar ati on of prodrugs of the invenPCBAS20B81081929 D- 1.

POC13 + At-OH 00 Et3NnEt3NIl Ch-P-CArCl-P-OAr |1 R . HC R
Scheme B-10.
H
0 NEMMTr COMH i COMH
\ S é/é ﬁ/\(
N — \ N ———— N
P N‘N _/ Oxidation g N\N _j  Deprotection R2 N‘N -/
R,OH, H'
CORenaMMTY COZRaNH2
N { AN
\ N N Deprotection \ N N
1 N R N
5
Scheme C-1.

10 Preparation of phosphates, phosphonates and triphosphates.

HO 9
0,2  DI(CH,CH,NP©OBn), BnO~-P-07y 4 B
1 . OBn ]
- R, ii) 1H-tetrazole, m-CPBA R';

PO OP PO OP

9
HO—-P—-0O o ,B
Deprotection (|)H
! R';

HO OH
B ) @A\/Nk
N. =
N R,
R'; =H or akyl
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HO 0C -Pr-OAr R 0 A0 -P-0 R N- Me

i m dazol e HO OH

WO 2008/089105 PCT/US2008/050929

Scheme C-2.

o)
0 O O ©

HO

10 0 D P~ HO—b—0—b—0-P-0
R, o~ ¢ i a | o_ B
OH OH OH "

oz i) Bu,N-pyrophosphate,

7 PO Op (mBu)yN, I, R
ii) NH,OH HO OH
iii) DEAE column
20 iv) HPLC
B and R'; are the same as in Scheme C-1
Scheme C-3.
B(P)
B(P) (alkyl) o
NaH | i TMSI
(leyl) TOH,C-POM(O-iPy, 2 1O T
OH sOH,C-P(0)-(0-i-Pr), /o\
P I
(alkyT) alkyl
9 Deprotection (alky] O
—_—
O—CH,~P—OH O—CH,~P-OH
OH OH
30

Prodrugs of such phosphonates can be prepared by literature procedures.
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B and W are the sane as in schene G1 R = anmi noacid ester Schene D 2.

/11 CH2CH20H/ /  SHDBUSCH2CH2OH C12- PN(i Pr) 2, Et3N HO SH2CH2CQ,
P-N(i Pr) 2veREGHBCOSR \c/ 0 O PCT/US2008/050929

Schemes D-1 and D-2 illustrate the preparation of prodrugs of the invention.

Scheme D-1.
0
Et,N Il
POCL, + ArOH S9N Cl—p-0Ar —2, Cl—[l’—OAr
I 1
& R'. HCI &
0

I
—_p— Il
Ci—P—OAr B

HO o. B I|{ ' ArO —ll’\O 0
Rl7 P R R’7

N N-Me imidazole -
HO OH HO OH

B and R', are the same as in scheme C-1
R' = aminoacid ester

5
Scheme D-2.
o) o .
I ICH,CH,0H /] CL-PN(iPr),, Et;N
R—C_ R—C__ _
SH DBU SCH,CH,OH
o)
Rl
SH,CH,CO_
P=N(Pr),
SH,CH,CO
Rl
O J
0 0
HO B o-1_
_\Og >~ RvJ'I—S/\/ dP 0 O B
\ R, tetrazole, m-CPBA . /__/ LR,
HO OH R o” HO OH

B and R'; are the same as in scheme C-1
R'=CH;, C(CH;),
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R R, tetrazole, mCPBA/ ' Ho CHV-M5 0 B and W are the sane as in
schene G1 R = Cl 13, C(Cf13)3 WD 2008/ 089105PCT/ US2008/ 050929 Schene
BnOBn0O - WBrn0og@Bes( Schene 8-9) NE12 NC N - X H N N, PRT/US2008/050929

Scheme E-1.
Me,;Sn Cl
N CN NH,-NHX
BnO N. /J
N Ry
BnO OBn
(Scheme B-9)
N
HCI, EtOH Deprotection

:

The invention will now be illustrated by the following non-limiting
Examples. '
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HOOHW =H CH3 X =H CH3 The invention will now be illustrated
by the followi ng non-limting Exanples. WD 2008/ 089105PCT/ US2008/ 050929

Exanpl e IWO 2008/089105 PCT/US2008/050929
(2S, 3R 4R, 5R) - 2- (4- Ami nopyrrol ol 1, 21][ 1, 2, 4] tri azin-7-y1)-5-(hydroxynet hyl)
- 3-net hyl tet rahydr of uran-3, 4-di ol hydrochl oride (1k). Bad OBnld le
Find oBn if Formam di ne acetate B O

Example 1

5
(28,3R,4R,5R)-2-(4-Aminopyrrolo[1,2-f][1,2,4]triazin-7-yl)-5-(hydroxymethyl)-
3-methyltetrahydrofuran-3,4-diol hydrochloride (1k).

dichoromethane N
S MgBr 4o, 72 hrs HN
D EtMgBr N BnO OH =
% EtherTHE I/ Ba0 o. OH OH
— BnO OBn
BnO OBn 1d
ic
OHC
NS
TFA/HCI POCl,, DMF BnO + BnO 0. &
Dichloromethane
BnO0 OBn
o-isomer of 1f
NaH, THF,
02
CHO
HNo:S N i) H,N-0-SO;H,
1g BnO . dioxane, water BnO
ot NH; 5)KOH, dioxane,
NH,OH, NH,C], b water
aliquat 336, bleach, =
MTBE, H,0 BnO “?B“
Formamidine acetate
Dimethy! acetamide/A cOH
10

a. To a stirred solution of freshly distilled pyrrole (6.79 g, 100.89 mmol) in
diethyl ether (100 mL) was added ethyl magnesium bromide (33.6 mL, 100.89
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HO BCl, ,

CH202 or H2/Pd-C HCI, MeOH D met hyt acet am de/ Ac011 HO OH

| k ADO OBn

10

15

20

25

30

WO 2008/089105 PCT/US2008/050929

mmol, 3M solution in ether) slowly at 20 °C. The reaction mixture was further
stirred at 20 °C for 1 h and the solvent was removed under vacuum to give 1b. To
1b in dichloromethane (500 mL) at 0 OC was added a solution of (3R,4R,5R)-3,4-
bis(benzyloxy)-5-(benzyloxymethyl)-3-methyltetrahydrofuran-2-ol (1e, WO
2006/050161, 10.96 g, 25.22 mmol) in dichloromethane (100 mL) and further
stirred at 4 °C for 72 h. The reaction mixture was quenched by adding saturated
solution of ammonium chloride (200 mL) and organic layer was separated. The
aqueous layer was further extracted with dichloromethane (2 x 200 mL). The
combined organic extracts were washed with water (2 x 50 mL) and brine (1 x 50
mL) and dried over MgSOy_ After filtration, the filtrate containing 1d was treated
with trifluoroacetic acid (4.14 g, 36.34 mmol) at 20 °C and stirred for 14 h. The
reaction mixture was washed with water (2 x 100 mL) and brine (1 x 50 mL) and
dried (MgSO,). After filtration, the filtrate was concentrated to give 12.5g of crude
le.

14
NOTE: THF was also used to make Grignard reagent instead of diethyl ether. THF

was removed by distillation and the traces by azeotroping with toluene.

b. Phosphorousoxy chloride (19.33 g, 126.1 mmol) was added to N,N-
dimethylformamide (100 mL) at 0 °C and stirred for 30 min. To this solution was
added 1e (12.1 g, 25.22 mmol) in dichloromethane (50 mL) slowly over a period of
15 min. at 0 °C and stirring was continued for 1h. The reaction mixture was
quenched by adding saturated solution of sodium acetate (100 mL) and stirred for
30 min. The reaction mixture was concentrated to remove dichloromethane and the
residue was diluted with ethyl acetate (200 mL). The organic layer was separated
and washed with water (2 x 100 mL) and brine (1 x 50 mL) and dried (MgSOy).
After filtration, the filtrate was concentrated and the residue was purified by flash
chromatography using ethyl acetate in hexanes (0 to 12%) to give 2.92g (22.6%
from 1c) of 1f as dark brown syrup. MS (ES"): 510.2 (M - H)".

NOTE: Only DMF was also used as solvent; there was no need of dichloromethane.

For workup, 2N NaOH was used in place of sodium acetate.
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lj a.To a stirred solution of freshly distilled pyrrole (6.79 g. 100.89
nmmol ) in diethyl ether (100 nmL) was added ethyl nagnesium brom de (33.6 ni.
100. 89 rmwol2p0838bSI ution in ether) slowy at 20 C. ThePC&AS2I08/05(9%t ur e
was further stirred at 20C for 1 h and the solvent was renoved under vacuum

to give | b.¢To |9 hbRtided IR bR Tk 0k, L83 WASoipAded a sol ution of
(3R 4R 5R) - 3, 4-

bi s( benzyl oteyrrhBlr¢fuemAp D oxyyrmasaddyd Sodiwh fnytitidd (0392l 96T Umarl, 5086 (1 e, WD 5
2006/ 050161,. 10..96.9, .25.,2 b), i p dichlofonet hane (100 nmL) and further
stirred at %‘SR?ITIB? lr’??lrﬁral?ﬁé%a%tﬁkﬁﬁ W‘E%ﬁoéqﬁé%m&ﬁgnéhg)d_ by addi ng
saturated s@hdsityRaIf&TyIHN yLAE’ﬁiﬁé"?%[ 19§ o 286 nithdl, pRYarRH BPMMECmERYE bf Was
separated. The aqueous [ayer was further extracted wth dichloromethane (2

x 200 rrL) Kreasedifbivathess.oldiRcl 400 waa eddedms 06 Grarshiocthevi stitreddorsth. Thex 50 i)
d bri . 5010 m. ied oy S ter, filtrati. h
Flerat o copiotmt g wos B0ERCRED BYaGHiRE v bR bt GE MBI L5 36 34

nol ) at 204Seautsl(2st 50 . Tiy colrbibled dragnit RGAtOReiwdsHEEWHA Wa@ghecdswi t h
water (2 x 100 nL%,and brine (1 x 50 nL) and dried (I\/gSOélgt. Af ter
1]1

filtration, ™hang pring dre2ivemd.) anddeed Mot Aftgi fikration Bhe Bitragg wale 1 e. 4. 15

NOTE: THF I r e +.Nn f, gi+et hyl et her.
THF was re"‘ﬁ%}\?/lg?t%@edéﬁ%%@ﬁ?%??‘éﬁ1%%95&&59{.{?35@52 Syb’agieg r@giJrnlgj\'Ni th tol uene.
b. Phospifor ousoxy chl oride (19.33 g, 126.1 nmol) was added to N, N- 20

di met hyl f om am d&hd dddboitall 18tcah) also d6 PreplatddrBdoli®ns. 30 m n To this sol ution
was added le (12.1 g, 25 22 mml) in dichloronethane (50 nL) slowy over a

peri od of 1§, M nachyd ff @uokst 16,16 BRINGSC ALLIONPS 0yl e 4fget | on

m xture was quenched by addi ng saturated solution odi um acetate (100
nm.) and sti(72&dLf and drgidninthe cleanS mactor k600r k). wdguoodde (.25 Ked 0160 r enove

di chl orqnet ha and the.25 sid i ed with ethyl acetate (200 niL)
The or gani cmf)% 8?‘51\%51?0&&5%5{90@&6Xﬁ-é%ﬂ@é%we%‘w? alf]ée@tolée e and
brine (1 x & shotichNdixdiideO¥asl dbR@Ho 0-AfdceTAhiohlal hfroxideq 160kl alze Was
concentrated and the residue was purified by flash Chromatography using
et hyl acet abelep.n28%e selutien (10 water) weq addsdgit Ped 2C Jollpwabyeadditiamef ¢poldf 11 as

dark brown (%)Yff b@) so%%mg %%Eh)o:xidsels%lu%iogll\(ll 5.55')Kg 1:%1066 L water, 414.75 moles) at the
same temperature over a period of 3 h. Sodium hypochlorite (251 L, 222.58 moles,

20 6% solution) addition was started at 0 °C and during the addition the temperature
was allowed to rise to 15 °C. The reaction mixture was further stirred at RT for 2 h.
TLC showed completion of the reaction. Ethyl acetate (104 L) was added to the
reaction mixture and layers were separated. The aqueous layer was re-extracted
with ethyl acetate (2 X 104 L). The combined organic layers were washed with
25 water (52 L), sodium thiosulfate (2 X 156 L, 10% solution), water (52 L) and brine
(70 L) and dried over sodium sulfate (10.4 Kg). After filtration, the filtrate was
concentrated under vacuum below 40 °C to afford crude compound 1h (4.4 kg) as

dark syrup.

30 e To a stirred solution of 1h (2.56 g, 4.88 mmol) in dioxane (50 mL) was
added water (15 mL) and cooled to 0 °C. To this cooled solution at 0 °C was added
hydroxylamine-O-sulfonic acid (1.93g, 17.10 mmol). After stirring for 1h, a cold
solution of potassium hydroxide (2.19 g, 39.0 mmol) in water and dioxane (20 mL
+20 mL) was added and further stirred at 0 °C for 1h. The reaction mixture was

35  diluted with ethyl acetate (100 mL), the organic layer was separated and washed

55



NOTE: Only DVF was al so used as solvent; there was no need of

di chl oronet hane. For wor kup, 2N NaOH was used in place of sodium acet ate.
WO 2008/ 0802008FBAMSUS21108/ 050929 c¢. To a stirred sol uPCoUSed0sabe
obtained if (2.5 g, 4 88 mmol) in tetrahydrofuran (50 nL) was added sodi um
hydride (0. 38hatd (7% 5001y arldb3di (B R@O%Er%ﬂdrhrfgdr{ﬁlf |O48'Aﬁe_r§'ﬂtr§i09; Al t er
stirring for 30 mn at 0 C, O0- (nesitylsul tonyl)hydroxylamne (1g, 1.15 g,
5.37 mol , tbeéibzate svabgondentrated toaffad 2 @afH, which waSysedhasiush f&rai@, 140) was
added at 0 C and further stirred for 2h. The reaction m xture was quenched
by addi ng \A%letxgﬁtel(’“ZOrrL) and extracted with ethyl acetate (2 x 50 nL) The
conbi ned organic extracts were washed with water (2 x 25 nL) and brine (1 x
25 nL) and dried (MgSO4). After filtration, the filtrate was concentrated
to giveR. 76 g ofophtized stdwtionsgfrli (2.5 4.E& Mm@ pin MN-dimethypcetapdidahe

compound | h.-6a | so be.prepared as . foll.ows. Al deh if (5.2 Kg, 10.16
ol ooy " (3P RETRRERe AfertiBl 5085 anps OGRS Bestadin, (69" oo
clean SS reaitare WBQHArrkd at 40 WS 383M0Mobb2he KN-din&ihyliSetimide)wand anmoni um

chloride (6.53 Kg, 122.07 noles) were added to the reactor and reaction
mi xt ur e wasteEWEPEHndes vacsmcandahadrsidne wasdrepended intoaterd 100 midywhishes, 28%

solution i f . L5l f d (0-5
C) sodium W roxgllra tgﬁgﬁ}hu ﬁ}g%c%&tgqgg( 2%8 Iﬁllﬁj 3??‘”@%&“%&%&@%@“%%@% at the
same t effperwadheé wathewater (56 mIochndfbride 150 S0y abdritisdQIES Of)i Afted Rbhtibn, 222. 58
nmol es, 20 6%06?‘3 ution) addition was started at. 0 C and during the addition
t he tenpera I3t ¥as consrBiated and the resydupsvas purified by dlash ehyoma Ywas
further stige : [ j fioBh& kgaction. Ethyl
noctate (105750 B (ainFaltdkid HOMER GAT FLLAG Aoslmicer,

separ at ed. fiveidagmpogsoinpyend (1635 g)eFeanther patiBcativntty cdhrdwatographyade (2 X 104

Ehi osul t at eotior 561 g (a8a GG frapt Lol ThAr @S S IR Sk B IeRe 5% o) and.
dried omer §-@'6gnﬂy"fb§yﬂ1étﬁSfE—3ér1ﬂ1|9t-h§lt§8ﬂhgdr%ffﬁlﬁﬁ-2@1&&%‘16&@,’2-t] f1iReafidAd-aL € was

concentrated under vacuum bel ow to afford crude conmpound Ih (4.4 kg)
as dark syramine36e. light Arostri solidd'F DIMR i(CPChs): BH.&7As50H)y7.43-B31 mpl ) in

di oxane (50 |d t ) C d C__.To. this cool ed
sol ut 1 on ar 90 (88 ke yanEhyt S ekl S S & SRt gsdo: 5 10 mol
After stirrpRyekanbdibled £83 §1d§91=13t1l80@2.9f}1£9rﬁ,5@.6 LN SPYHY, QK A€40-4.339 g 390
mmol) in water and di oxane (20 mL + 20 nL) wa$ added and fdrther stirred at
0 C for | h. (upHél)r ¢88(d.drr 88zl H)\ia88 GBI FUOSH 218 i 1&)h3.69 édbt &t1d.(,100 nl),

t he or iC e S p ) h i.th water (2 x 50 nL) and
brine (T x %Eﬁrﬁ;mgﬁldoozgi g%?%@s g%’fs‘#gﬁ\dfﬁﬁrati on, the filtrate was
concentrated to afford 2.6 g of |li, which was used as such for the next
step. 5f.To a stirred solution of Ii (2.55 g, 4.88 mml) in_

N, N- di met hyNQd&t Aepiireaqid andm-Pubd capprleibs meaﬂmm implacaoledimethyds g, 48. 88
mmol) and the,reaction mxture was stirred at 140 C for 3h. Mst of the

N, N- di et hyl acet anm de was renoved under vacuum and the resi due was
suspended in water (100 nL), which was extracted with ethyl acetate (2 x
250 mL),_ The comhi ned organic extracts were with water (50 ni)

| ] 10 washed
and brine (%0 ni)o antrrer sodgrqogdieg-27 g Q-484 mmal)} widigoromethape (3ymEe was
concentr at ! i g r; sing a
mxture of  mepated BoronTAUEN AT,  Ehptet, NSl if AEhRAGGRInaST "0
provi de i npatr-40 26 mapd trednixturg Svag furtteu stihet atpdd PEifen30 min nd téwlymat ogr aphy on

?I_ l( I( (2:% ggl 4 %é%tg%ﬁﬁ%ﬁég%%:@%%gszm% atlé ®C for 20 min. The reaction was

quenched by adding ethyl alcohol (50 mL) and concentrated under reduced

30  pressure. Again, ethyl alcohol (50 mL) was added and concentrated. This operation
was repeated 4 times. After concentration, the residue was dissolved in mixture of
isopropyl alcohol and methanol (20 and 2 mL) and methanol was removed by
concentration under vacuum. Solid separated out, which was collected by filtration

and dried at 60 °C under vacuum to provide 39mg (25%) of 1Kk, (2S,3R,4R,5R)-2-
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155- (benzyl oxynet hyl ) - 3- et hyl t et rahydr of uran-2-yl)pyrrolo[1,2-f][1,2,4]tri
azin-4- amne, as a |light brown solid. 11-INWR (CDC13): .5 7.87 (s, 111),
7.43-7.21W()rzp081ﬂ§3211)§ 6.88 (d, J = 4.5 Hz, 1H), 6.50 (d, P(ITT)EUSZIO(B/OHE)29 1H),
5.87 (s, 5.36 (b, 211, D20 exchangeabl e), 4.83 (dd, J 31.8, 12.2 Hz,

211 4, 68 8 8 Hz, 111),

3. 8)8 (dd, Jé 5%8@'"j&@)wﬁl’%’gﬂtﬁaéﬁggl%éﬁy%“’ﬁ?%ﬂ{ﬁ%203 6 Hz, 1H), 1.2)0
(s, 3H). Mométh@hketrabSdrofiran8l4:dit), bs aN6IbHessAD LI CHANE @MSO-BYFHsan al so be
used as sol vent ngﬁl ace of dinethyl acetam de. 25¢g.To a stirred solution

of 1j (0. 27bg, 1k DxEhexphangeablg), <§+ oridtdhRsrehpmsable), Svdds.ddded 4bor on
trichlorid . L t -40 C
anldct hg“mi g?e%/a}?r‘ﬂjﬁig? rétriyzaﬂ{ytl?oﬁgTor)dégghj'anﬁwgghﬁr@)/vl3 br ought

to 0 C in adxehingstbls), 5. 8aF815(Stm,r4I(Ia)dOHB (6, 3BDf BI1S @3 )i 281.47¢M +ct i on was

guenched by, K addi.ng_et hyl al cohol and concentrated under reduced 30
pressure. AQRHKSIS: e€ﬁ1§|f0ra¢@8w$i4065‘r(§cht§ %5&20 dHac): Mad768ntkAtrldi ed. This

operation vgsiereaked. 4 §ises. 1794.87, ﬁlopy:ent ration, the residue was

di ssol ved in m xture of i sopropyl dlco and net hanol (20 and 2 nL) and
met hanol was rermved by concentration under vacuum Solid separated out,

whi ch was col | ec Itr n and d at 60 C under vacuumto provide
39ny (25% of Ik 01(19 51&%0 _prepare as ollows

(4-am ngpyrr ol o[l 24][1 2 4ftr| azin-7-yl)-5-(hydroxynet hyl) - 3-

met hyl t et r ahydr of ur an- 3, 4. di ol , as a colorless solid. 11-1NVR (DVSO-do): 8
9.71 (bs, 1111 DP@a exlotiemglehmund 8j d28( sy methanol (DAL eratvabigddbitk) 8 16

, 1 d 0
Sn b (b adied ngi g i s (1 nd e ipdudevastilipegediats D g
) 281. 6 (Mo*pdﬂ)for Malsyﬁde&heéah ufnar r&éﬁﬁi&lw&ft}ﬁ%luu@n waeb@0OH, 5.40; N.
17.68; O, 11.19; Found: 17.93; O, 11.17. Conpound

|k can al sombgwigs @b@ﬁé@t@gthmheaI@ﬁ@&cafog@quwdw@fﬁlmﬁo@mm i (128
g) in nBt h L:ht(a:ba(? 'J!"l)e cdrd ad‘lir'% }e} %as?%?%sglglgcﬁq %6& %%E% Wl x? % Pd/ C

(12 g) and e M xXt'ure was ydrog
conmpound pr @O0 mlt)ain€ tnedkinod{400heL paldiichrd at @@ for(4bo0t Nh indvagaiwdded to the

mxture andﬁlterg‘é ﬁgogh (Else(%itec.: Ifh(i)sr opaetr)é?cilg)tn vgf'asr}egeggedflinltitl ‘?hresedwgshrrloogognrl]pound
left un-dissolved. The combined filtrates were concentrated under vacuum and
recrystallized from water and ethanol (1:20) to afford 32.5 g of the desired product
20 1k as pale yellow crystals. The mother liquor was concentrated and recrystallized

again to afford another crop of 5.6 g.
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15 a Celite pad. The Celite pad wth palladiumwas re-suspended in a

m xture of water (400 nmL) and nethanol (400 nL) and heated at 60 C for
about 1 hweandosagaion filtered through Celite. This oper aPCBUSAMS/08@REat ed
until there was no conpound | eft un-dissolved. The conbined filtrates were
concentrated under vacuum and recry Zed fromwater and ethanol (1:20)
to afford 32.5 g of the desired pro%‘#‘p%?k as pale yellow crystals. The
not her |iquor was concentrated and recrystallized again to afford anot her
crop of 5.6 g. Exanple 2 Ho \

(2S, 3R 4R, 5R) - 2- (4- (Di net hyl am no) pyrrol 011, 2-§ 114, 2, 41tri azin-7-y1)-5- 5
(hydr oxynet hyl ) - 3- et hyl t et r ahydr of ur an- 3, 4-i e). CG' NI12 HC(01:03
BnO :- 08n 2a 10 a. A solution of |iHG5QQ N95 /ol , preparation given
under Exanple 1) in EtOH (25 nL) was tr i ™h conc. NH4OH (28-30% 9 5
m.) and hydrogen peroxide (30%in water,:0z3 nL) followed by stirring at RT
for 20 h. Additional hydrogen peroxi deHC308in water, 0 1 tnL) was added
and stirring was continued for 4 h. The reaction m xture was concentrated

to dryness-gbma&ge,;mrtﬁmmmuwﬁﬂm;ﬁy%k £hl[2pofAuBd 5G1ps) and vashed

w th water e aqueous phasé ‘was extracted again“wth chl orof orm
(50 nlL) SThe(bydnexymeethy)-8rmethyltetraby dvadimeo-HiidiolRene (50 L), dried over
MySHA, filtered, and concentrated to give yel jow syrup (2a, 0.51 g). MS

(ES"): 540.1 04-Hy. THeyeenide 2a (0.48 g) s¢di ssolved in triethyl,
ort hof or mat ego1Q_nb. i treated \évith TF\(N.OWHm_, 0.91 mmol) | ljowed 20
by stirring at 80 C/for M5 i Jif trafg.o ess.. T r eiHdue
vv)e/ls J LR NH,OH Me A, OIS o N

Me

S R TFA
BnO OBn Bl’ld (—)Bn ) -
1i 2a BnO OBn
b
POCl,
\
\ sl
N \ TN cl
\ N N\ BnO O N, =/ AN
HO 0 N ) PICH, Me Me,NH ) N
N —— \—LaMe Me, BnO 0 N _y
e Me Bn0 OBn Me N
H N
O OH 2d BnO OBn
2e
2¢
10 a. A solution of 1i (500 mg, 0.95 mmol, preparation given under Example 1) in

EtOH (25 mL) was treated with conc. NH4OH (28-30%, 9.5 mL) and hydrogen
peroxide (30% in water, 0.3 mL) followed by stirring at RT for 20 h. Additional
hydrogen peroxide (30% in water, 0.1 mL) was added and stirring was continued
for 4 h. The reaction mixture was concentrated to dryness. The residue was treated
15 with chloroform (50 mL) and washed with water (50 mL). The aqueous phase was
extracted again with chloroform (50 mL). The combined extracts were washed with
brine (50 mL), dried over MgSOy, filtered, and concentrated to give yellow syrup
(2a, 0.51 g). MS (ES"): 540.1 (M-H)". The crude 2a (0.48 g) was dissolved in
triethyl orthoformate (10 mL) and treated with TFA (0.07 mL, 0.91 mmol) followed
20 by stirring at 80 °C for 45 min and concentration to dryness. The residue was

purified by column chromatography on silica gel (hexanes/EtOAc, 1:0 to 1:1) to
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purified by colum chromatography on silica gel (hexanes/EtOAc, 1:0 to 1:1)
to give 2b (375 ng, 76% for 2 steps, Rf = 0.33, hexanes/Et0Ac = 1:0) as a
| i ght br owio 2888/08p1051 HNVR (DMSO-d6): 8 11.70 (bs, 1H), 7Pe0/USdyos®s0939 1 Hz,
1H), 7.43-7.20 (m 15H), 6.84 (d, J= 4.4 Hz, 111), 6.67 (d. J= 4.4 Hz, 1H),
5.56 (s, 1Hive4p (37%m 37d)mf15ﬂt R’Z_D2 1 h 2 He,
1H), 3.85- F¥ive ? H% o T hepd RESTH ﬁ?’%@; (A - g(%l%r%q’f)gm%

sol uti on of syzip. (HNMR @MSOEL&) rﬁm] YO (b3, R 7A0 (H[Jlke ( BO, 1) 7w3s7.20' eat ed

wi th benzyliriethyl ium chl oride 98% 12.39 mol ) and N,

Nt et byt anki LD 83 ()~ §437 fii o 6 e ks LiRnelo5 el ldh 45803 C and
treated 10 éHpﬁlQQQth I @ride 5{\/ ovved by
stirring atm1 8 or 45 Qrzlljsl 'gb((l?ojna 21%2(5 o%ggé "gx"{%%rfgié (15 m) was
added arfid t Bid); M (ES hpS5at6 (M}Hf was cont i nued for 2.5 h. The third portion
of phosphorous oxychloride (10 nmL) was added and the stirring at 80 C was
continued for another 3 h. The reaction m xture was concentrated to
dryness. Thg, r eSA@eetm%fdb 35. ahyg% wnﬁmlgfnoicefomtﬁfe%o HoL) s tRBftgwashed

w th 1M NaHCG3 (200 nl), water rine (10 , ‘and dried over
MySO4. Aft erthubbmzyétnﬁthwlamm@nﬁml chiaaide (MQ 2cB8ibe . B%ttrenbl)imﬂ FuNified by

(2.67'q, 7o dRic ™ Rl hidabrpalinigs vl Buodio i Tt d V° =

(DMSO-dB) :  With pﬁ@sgﬁ-@rou@ H);ych?oﬁ’d% (3:528L{ . 8§-ﬁﬂd)) foﬁo@gd g&jstlrﬂin% atl S(WC fokH) , 5. 74
(s, 1H), 4.79-4 29-4.21 (m Hz, 1H),

H)
3.89-3.70 (M mmAddltlca@ plgosphcmpus oxychirride (18 méawas aQ@ed(@dahfr@umgg 36 ol )

R L e T e R i O L e

fol | owed bym&) iwas h&gadatndmcstfrﬁﬁg AB0°C Wbecdmaédﬂﬂaﬁmhéwﬁ Tsres@ivaent r at ed
and purified by colum chromat ographi_ on silica gel (hexanes/ EtOAc, 1:0 to
1:1) to gi VBISHe(WaSSOReENITgtseio dfymess. Ahe ragidus s dessolxed i chlarpfogm @0 ght

el | ow gyrupg ) HHENVE 8 91 (d,
)< 46 ﬁz/ 1I—8 6. 78}{6? g,iﬁ%ﬂ\qﬁ\fﬂéﬁ% szH)S”,‘L%@?6“?%@?@’,2"%?831.%%?@’%@(m gSH)
4.23-4.15 (dniedl(H)er MpSUR. After filtratiBn, Shéifiltratdfvas &)rﬁ&lat&tﬁl?ar(drgurié‘]d)i,by3 36 (S0 "
6H), 1.03 579.. 1( ution of, ,
m|:rl)ol) in M(e?sﬂ—}l 7 ghyom at%’éélzhtyr%%ﬂé%? R%IT H{?XWSH@@ 8-0 19 4gld t?rﬁavegﬁ&%ﬁ /C (10%
50 foll 810} t
ms”??ltire%@%@%ﬂﬁﬁ??gﬁgﬁ%é PuBTalay élgiWEﬁr“??N. B (ORREHigem Xt ure
chr omat ogr apHY (9nH3) 7.443.2gdm, ( 6H), er?f(an#@NAH&QlH)],SGM(@, ]1{)1)1.7994 % ve the

desire conmpo form 80 = 1:1) as a
whi t e HP kl%g ‘1§§ 4851 (ﬂn%ﬂb\/izé% ESS{S’G %g) z, 1713 g?'gﬂ%ﬂl&%. ]9& (e, J2 54.5
Hz, 1H), 6§ﬁ)(d J= 4.5 Hz, 5.42 (s, 1H), 4.89 (d, J= 7.0 Hz, 111),
4.80 (t, J=5.4 Hz, 1H), 4.70 (s 111), 3.80-3.54 (m 411), 3.35 (s, 611),
0.77 (s, 3H); M (ES) 309 5 (MFH)I ; IR (KBr): 3477, 3382, 2913, 1593,

1559, 1416, 1054,cn

18. 17. Fourd: C, Aéﬂiu}‘]}gn 0 O§a g? gﬁéﬂ%@%@%%l@ rr?L) and c%%ro%rmfs(l %4; N

mlL) was treated with tnethylamme (0.92 mL, 6.6 mmol) and then dimethylamine

25 (40% in water, 0.44 mL, 3.51 mmol) followed by stirring at 50°C for 12 h. The
reaction mixture was concentrated and purified by column chromatography on
silica gel (hexanes/EtOAc, 1:0 to 1:1) to give 2d (189 mg, 93%, R¢= 0.42,
hexanes/EtOAc = 1:1) as a light yellow syrup. "H NMR (DMSO-dj): & 7.87 (s, 1H),
7.42-7.25 (m, 15H), 6.91 (d, J=4.6 Hz, 1H), 6.78 (d, /= 4.6 Hz, 1H), 5.70 (s, 1H),

30  4.80-4.54 (m, 6H), 4.23-4.15 (m, 1H), 3.99 (d, J = 8.5 Hz, 1H), 3.87-3.67 (m, 2H),
3.36 (s, 6H), 1.03 (s, 3H); MS (ES™): 579.1(M+H)".

d. A solution of 2d (109 mg, 0.19 mmol) in MeOH (15 mL) was treated with
IN HCI (ag. 0.69 mL) and Pd/C (10%, 50 mg) followed by hydrogenation (60 psi)
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10 Exanpl e)

(2S, 3R, 4R, 5R) - 2- (4- Am no- 5- bronopyrrol 011, 21111, 2, 41triazin-7-yl)-5-

(hydr oxy mEOizge8j083tofet hyl t et r ahydr of uran- 3, 4-di ol (3b). RCATS0805@R29 of | |
(100 nmg, 0.18 mmol, preparation given under Exanple 1) in CH2Cl12 (9 nlL) was

cool ed W t hfoy Q%\A@h@fea@@mnmewa%ﬂ@fkd%aQoﬁ&%tm@dsm&reﬁhue&aportI ons (32
mg, 0.18 mmol) followed by stirring at RT for . The reaction m xture was

concentr at eIdlIEﬁﬁd l{ymOﬂlﬁmedlrbylammnhﬁ mhrlwb@hmfpmﬁl‘ém §0g &:0gell:1)

hl or of 0t 2 909% 0. 53,
Gl or of o i BkigHs L ggsizef uinduilioels? Bt b Hir R oiiee B M 8355,
1H), 7.42-7;. 2§as(§wh&§bé)hd ﬁ/lﬁle(SC %Mlﬁgﬁl@lg(ﬁdalﬁ)h%‘ts 714{)§§93%1
4.66-4.52 (m 4H), 954.22-4.16 (m 1H) 1H), 3.90- 3. 68

(m 2H) 5 1.®5stlH3+@77 (s €253 HZ6BH) 34(2WHH) 4\8@(d J= 70Hz '1H), 4.80 (t,

ai ohl or omethane (5 Binty0fad oupta P A8 aR T OPE ERou Tk T o opwi se

(IMin di CNWP%DBGQF HL IR (RBr)f 77ovsgd, by15t693,i11389 at416.78)5¢ dnpf. 2 h and
at -25 C for 2. he reaction mxture was treated wth CH2Cl2/ MeOH (1:1,

1.5 m) andAsali Caled fortCrlly NaQuof, B4.83:H1, 6.94;Whd 89 7t Reyndn€ub4-4bilded with
conc. NRI d stirred at roomtenperature for 15 mn foll owed by
concentrati Ghunder’ vacuum The resi due was treated with MeOH (25 nmL) and
AM HC1 in 1. 4-di oxane (12.5 nlL) and stirred at roomtenperature for 1 h
foll owed by concentration. The resi qb*gwg, purified on a silica gel colum
using chloroform CMA 80(1:0 to 1:1, .24, chloroformCVA 80 = 1:1) as
10 eluent. It was further purified by HPLC ( 3
CH3CN, nonitoring at 244 nm. Fractions cont i
(tR =305 mn) were concentrated to give a
31% purity checked by HPLC. 98. 4%9HO -d6. D20 exchange): 8
7.85 (s, 1H), 6.94 (s. 1H, 5.36 (s, 1H .50 (m 4H), 0.79 (s. 3H);
M5 (ES): 357.2 (MH-; IR (KBr): 15346%5 1%%16 1473, 1065 cm 1. Exanple 4

20, 0-40 mm O0-30%
the desired product, 3h
edgolid (15.7 ng, yield:

(25,3R,4R,SR)-2-(4-Amino-5-bromopyrrolo[1,2-f][1,2,4]triazin-7-yl)-5-
(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol (3b).
15

BnO

a. A solution of 1j (100 mg, 0.18 mmol, preparation given under Example 1)
in CH,Cl; (9 mL) was cooled with ice/water bath and treated with NBS in several

20  portions (32 mg, 0.18 mmol) followed by stirring at RT for 1 h. The reaction
mixture was concentrated and purified by column chromatography on silica gel
(chloroform/methanol, 1:0 to 20:1) to give 3a (102 mg, 90%, R¢=0.53,
chloroform/MeOH = 95:5) as a yellow solid. '"H NMR (DMSO-ds): & 7.89 (s, 1H),
7.42-7.25 (m, 15H), 6.91 (s, 1H), 5.64 (s, 1H), 4.74 (s, 2H), 4.66-4.52 (m, 4H),

25 4.22-4.16 (m, 1H), 4.03 (d, J = 8.7 Hz, 1H), 3.90-3.68 (m, 2H), 1.05 (s, 3H); MS
(ES™): 631.3 M+H)".
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20(2S, 3R 4R, 5R) - 2- (4- Ami no-5-vinyl pyrrol o[ 1, 241[ 1, 2, 4] tri azi n-7- 370- 5-
(hydr oxynet hy0- 3- net hyl t et rahydr of uran-3, 4-diol (40. 5 a. A suspension of

| kK MCl (500 2n9$/0821059 ol ) in DMF (15 nl) and acet one ( PETISR00SASO9RY eat ed
with 2,2-di met hoxypropane (3.5 nmL, 98% 27 96 mmml) and p-TsOH (440 nyg,
98.5% 2. 28bm|)stR11tlbﬁ‘%§aP8’71ﬁg'(§[4%&%? HGfonrtihne [ @%rﬁ)%ts' on mxture
was neutralized with 2N %y concentrati to dryness.
The resi duecosds tpu7$ fC entd tyglatcrbwuhlBthdmpMsaqiMphﬁmrhomniethaae det mL)

10( chl fo | 5 99% .R1= 0. 33
chl(gr o?g?m{?\@f’ﬂ’ﬁag?ggﬂ% %%Sa(%é 921) %V‘%dfor P&%N%hg%ﬁ?éﬁ’ﬂ%)lxu@ 7.83 (s,
111), 7.68 @Qs%rea%’éeﬂa)vﬁh@l—ﬁ@lﬂﬂeOllF(l‘ll @5"1'?11) ailxh'llstlrrgi @calﬁebfc;ﬁ’) 51h61t|d?as 1H),
5.54 (s, 111), 4.97 (t, 7(d, 3= 2. 4 W, 111),

4.03-3. 96 (When nautyalizel wahsom) meomatl() C ancaﬁlr(eﬁ at Bidn temBBNTS, forsh@ 1.15

s, 311 F. 15 WO 2008/ 08911) 5PCT, 8/.050929 b.
N sorut) on Bt HOpsa B ek ib inevadinl TR 1 Hefteq st Mg w t n
DVAP (46 nmg25981% arld- 4 HOTGh )| ,4adidxdnel (136 nglh) i séered ﬁﬁ%oﬁﬂem§e1%&1rml)
fol |l oned by Stll‘l‘lng at RT for 16 h. Addltlonal trityl chloride (900 ny,

3.16 mmol ) WA Vapdceation  Thei rﬁgdu?awammﬁqdm slicagel om0 h.  The

reacti on m he h water (2
x 100 nl) an r| ne O(r%ogﬁ\hn% (1j\r61|té Ovér%@%o%%ﬁgﬁde)g%anglﬂste filtrate
was conkent ¢lagredt wﬁhﬁlrt}espduﬁed/\@sHBuO(CmdNsz@m 40ig - 309 ICHCARhY on

si | i ca gel (hexanes/Et0OAc/MeOH, 1:1:0 to 1: ive 4b (682 ng 83%
Rf = 0. 48, W@%‘M&@/%@C‘)&WPFM% cqntgining the das'lvémﬁ»cgﬁb (tRfizlg Riymn)

(oS0 d) 1y g Bl gy Wiy Tyiy i d 4T Bithend 1 03 (4, 9=

1H), 4. 20 4HRBC(%4%D+) H SMIS(IDMIS Okeks DROxchadig ): 517. 854(s( BH), Bt94, (sllH)J. (s, 3H)),

1.08 (s, 3 S): 585. ution of 4b (6 1 08
nmol) in Cll:%aﬁﬁs (“ESI@ %rl% 3\?/%%%89 éﬁ';%stw&%ﬂ%éﬂ%@é? 26(%195&% th NBS i n
sever al{or3{@nsed84479MG 06349, Mol ) followed by stirring at RT for 1 h.
The reaction nmixtufe wds concentrated and purified by colum chromat ogr aphy
on silica gel (hexanes/EtOAc/MeOH, 1:1:0 to 1:1:0.1) to give 4c (626 ng.
90% Rs= 0.62, hexanes/Et OAc/ MeOH =EXathple 4) as a white solid. Il NWR
(DMBO-d6): 8 7.87 (s, 1H), 7.50-7.25 (m 17 6.64 (s, 1H), 5.53 20(s,

1H), 4.26 (d. 1=3.1 Hz, 1H), 4.23-4.16 (m T 323(d 1=5.5 Hz, 2H),
1.53 (s, 3H), 1.31 (s, 3H), 1.03 (s, H663.1 (1 +Na)

HO

20 (25,3R,4R,5R)-2-(4-Amino-5-vinylpyrrolo[1,2-f][1,2,4]triazin-7-yl)-5-
(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol (4f).
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d. A solution of 4c (15.45 g, 24 08 mml) in pyridine (260 nL.) was treated
w th 4-nmet hoxytriphenyl methyl chloride (38 g, 97% 119.36 tmol) foll owed
by 25 stiw0i20¢p/@p1030 t for 37 h. The reaction m xture WRETAISRWBASS t h

Et OAc (800 niL) and washed with water (2 x 500 nL) and brine (300 nL), dried
over My504, filtered, and concentrated. The residue was purified by colum
chromat ography on silica gl (hexanes/ Et OAc, 1I\Q{to 8:1) to give 4d (31 g,
used as such for next X = 0. 56, hexane 4:1) as a light yellow

solid. 1H NVRmo dey~. 307. 94 (s, 1), (‘51 1H) 7.50-7.16 (\xm, 27H),
6.89 (d, J= 9.0 H ) N6, . amp( sTOTMN N8 40 €6, TITH) . 2.8 Hz.
111), 4.22-4.14 (m 111), 3. 731w 3H) %93 (d, J=" 1N49 (s,

3E1), 1.28 (s. 3H° 905 (s, 31-1); MSO(ES): 937.3 (MNa)X. dy\o
2008/ 08911) 5PCT/ US21188/ 050929 e. A so}@tl on of the above (31g fromthe
previous step) in DME (500 nL) was treatedaw th potassi un®
vinyltrifluoroborate (7.8 g, 58.23 nmmol ), NaHCO3 (5.9 g, 72{23 nmol )
Pd(PPh3) 2C12 (1.2 g, 98% 1.68 nmol), and H20 (55 i) follgq nEEd by refl ux
for 6 h. The reaction mxture was treated with water (500 ) and 5
extracted with EtO & (1.0 L and 0.5 L). The conbi ned extra(r:\Jj]B re washed
with brine (500 rrL) andyflii,fd over MgSat, filtgphef and concentrated. The

resi due was purifi col um chr omat ogr n si fi ca gel (hexanes/ Et OAc,
1:0 to 8:1) to giva de NLl%’Zg 55% for twg/ steps, Rf = 0.22, NH,
hexanes/ Et ) R 8™ (ﬂﬂi‘da): 8 74 6, lH)
7.48-7.20 (m 28+HyMe7. 13 (d’ngPh;l);Cbl? 4, 20M1. 0 Hz, 1H,-6. &b

oH), 6.76 (s, DO 5.55 (dd, J= 17.4, 4.3 Hz, 1H). 5.80 ( M%N?TZQ(dd
J=11.0, 1.4 Hz, AH), 4.24 (d, J30Hz)<1H) 418412(m- ), 3.71 (s,

3H), 3.22 (d, J—53Hz 2H), 1.48 (s, 3H), 1.27 (s, 3H), ®7 (s, 3H. f.
A sol ution of 4¢ (205 mg 0 23 mol ) in %t’cetonltrlle (25 nmLY\was treated 15
with 1IN HCL (ag. ) followed by stirring at RT for 23 . The reaction
m xture was con Iratq % dryness and purified by col utm chromat ography
on silica gel (chlordgfo 80, 1:0to 1:1) to give 4f (36 ng, 51% R =
0.12, chl oro#Ho 1) as a yellow solid. np: 128-131 C, 1H NWMR
(DVBQd6) : 57.78 ( ﬂ,qH) 732(s 2H), 7.23 (dd, J=16.9, 10.8 Hz, 1H), 7.03
(s, 1H, 5 58 2Q,4ddz,=16.9, 1.5 Hz, 111), 5.35 (s, 1H), 5.12 (dd, J= 10. 8,
1.5 Hz, dHJ64Hz 1H), 4.83 (t, .1=5.5 Hz, 111). 4.69 (s,
111), 3. 80 3. 52 (m"ﬁH) 0.79 (s, 3H; M5 (ES): 307.1 (IVI+H)+, HPLC
purity: 98.9% (270 rim tft = 10.6 mn; solvent A: 0.1 M amoni um acet at e,
solvent B: acetonitrile; 0-5 nm 0%B; 5-15 mn, 0-45%B; 15-20 mn, 45-90%
B, 20-25 mn, 90-0%B.); IR (neat): 3323, 1621, 1592, 1377 25cn* Anal.

Cal cd for Cl141418 N408.0.5 H20.0.5 MeOH: C, 52.56; H, 6.39; N, 16.91.
Found: C, 52.51; H 6.00; N, 16.61. Exanple 5

7-02S, 3R, 4R, 5R) - 3, 4- Di hydr oxy- 5- ( hydr oxynet hyl ) - 3- et hyl t et r ahydr of ur an2- yf

I pyrrol of 1,#- Al1aZugpbhsibA8f Tk 31304 £B1.69mol) in DMF (15 mL) and acetone
(15 mL) was treated with 2,2-dimethoxypropane (3.5 mL, 98%, 27.96 mmol) and
p-TsOH (440 mg, 98.5%, 2.28 mmol) followed by stirring at RT for 5 h. The

reaction mixture was neutralized with 2N NaOH (aq.) followed by concentration to

dryness. The residue was purified by column chromatography on silica gel

10 (chloroform/methanol, 1:0 to 95:5) to give 4a (504 mg, 99%, R¢= 0.33,
chloroform/methanol = 95:5) as a yellow solid. '"H NMR (DMSO-ds): & 7.83 (s,
1H), 7.68 (bs, 2H), 6.87 (d, J= 4.6 Hz, 1H), 6.63 (d, J=4.6 Hz, 1H), 5.54 (s, 1H),
4.97 (t,J= 5.8 Hz, 1H), 4.37 (d, J = 2.4 Hz, 1H), 4.03-3.96 (m, 1H), 3.65-3.50 (m,
2H), 1.55 (s, 3H), 1.33 (s, 3H), 1.15 (s, 3H); MS (ES™): 321.2 (M+H)".

15
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Me HO CH 5 A solution of 2b (300 ng O 54 mmol, its preparation is
descri bed under Exanple 2) in MeOH (40 nL) was treated with 1IN HC1 (aq. -
1.85 ) woao®dsOos10% 150 ng) foll owed by hydrogenati @6T(UBR008H5)929 or 18
h. The reaction mxture was filtered and concentrated. The residue was

purified bypcol umoﬁma%mgmgﬂg 1045&1&11(4 ) G4 AIGHAI Ty ith 1:0 to
Oflﬁgﬁ orn}}%?/A §o =

1:1) to give 5 (48 ng, 32% 1) as a
yel | ow sol IEMA&P fﬁ6><tng|,r@%;f0 37(/\mnd11)aandetr15<bchlorrde £30rmg,i 02 Emanal) follbibilR

& 6 816 {a, Suditingal Bl tyrigh. AdRiont Bl chiorigenddo el a6 mot vy 57y (b
5.28 (s) & déd aﬁ@ﬁhe(sﬂlﬁﬂnf \Qasg&nﬁﬂuedla:t@{ﬁfokbb Sh&Tﬂe &:%ct(l&] mixt@re8vdsz) (1H),

4.83-4.62 (m 2H) 4H), 1.09 (s) 9 (s) (3H; M (ES"):
280. 4 15( M djuted wﬁhEtO@al(Z;Qﬂ mb) a@l@mdl\d@@s\@aﬂeﬂ@x—lﬂmm@ audbbd®: (19) 5.96: N,

]2- gog?o 852?)%&&%“6@?}@#&ﬁg@@3§ réé,g( gl;lrcbfhg tﬁgfate v%calfentrated The residue was
4- Am no- 74( @i l?f%oﬁﬁﬁn Mnﬁtd@%ﬂih@é)ﬁ'sﬁrcﬁ ?ﬁmxw@w&m&m 1:1:0 to

5nmet hyl t et rahydr ur an- 2- g/ pyrrol o[ 1, triazi ne-5-carboxam de
0.1) to give 4b (682 mg, 83%, R¢= 0. 48 hexanes/EtOAc/MeOH =1:1:0.1)as a
(69).
yellow oil. "H NMR (DMSO-dy): § 7.83 (s, 1H), 7.70 (s, 2H), 7.50-7.24 (m, 15H),
10 6.89(d,J=4.3 Hz, 1H), 6.55 (d, J=4.3 Hz, 1H), 5.57 (s, 1H), 4.26 (d, J= 3.0 Hz,
1H), 4.20-4.12 (m, 1H), 3.23 (d, J=5.2 Hz, 2H), 1.54 (s, 3H), 1.31 (s, 3H), 1.08 (s,

3H); MS (ES™): 585.1 (M+Na)".

c. A solution of 4b (606 g, 1.08 mmol) in CH,Cl, (50 mL) was cooled with

15 ice/water and treated with NBS in several portions (627 mg, 3.49 mmol) followed
by stirring at RT for 1 h. The reaction mixture was concentrated and purified by
column chromatography on silica gel (hexanes/EtOAc/MeOH, 1:1:0 to 1:1:0.1) to
give 4¢ (626 mg, 90%, Ry = 0.62, hexanes/EtOAc/MeOH = 1:1:0.1) as a white
solid. '"H NMR (DMSO-dy): § 7.87 (s, 1H), 7.50-7.25 (m, 17H), 6.64 (s, 1H), 5.53

20 (s, 1H), 4.26 (d, J=3.1 Hz, 1H), 4.23-4.16 (m, 1H), 3.23 (d, J = 5.5 Hz, 2H), 1.53
(s, 3H), 1.31 (s, 3H), 1.03 (s, 3H); MS (ES™): 663.1 (M+Na).

d. A solution of 4¢ (15.45 g, 24.08 mmol) in pyridine (260 mL) was treated
with 4-methoxytriphenylmethyl chloride (38 g, 97%, 119.36 mmol) followed by

25 stirring at 70 °C for 37 h. The reaction mixture was diluted with EtOAc (800 mL)
and washed with water (2 x 500 mL) and brine (300 mL), dried over MgSOy,
filtered, and concentrated. The residue was purified by column chromatography on
silica gel (hexanes/EtOAc, 1:0 to 8:1) to give 4d (31 g, used as such for next step,
R¢=0.56, hexanes/EtOAc = 4:1) as a light yellow solid. "H NMR (DMSO-dj): &

30  7.94 (s, 1H), 7.63 (s, 1H), 7.50-7.16 (m, 27H), 6.89 (d, J= 9.0 Hz, 2H), 6,.72 (s,
1H), 5.49 (s, 1H), 4.24 (d, J = 2.8 Hz, 1H), 4.22-4.14 (m, 1H), 3.73 (s, 3H), 3.23 (d,
J=15.5Hz, 2H), 1.49 (s, 3H), 1.28 (s, 3H), 1.05 (s, 3H); MS (ES"): 937.3 (M+Na)".

63



0 HHON NH MMIr N112 (1 ) NH2030311 (2) KOHDes s-Marlin BnOON Bn 00 Brie;
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e. A solution of the above 4d (31g from the previous step) in DME (500 mL)
was treated with potassium vinyltrifluoroborate (7.8 g, 58.23 mmol), NaHCO; (5.9
g, 70.23 mmol), Pd(PPh;),Cl; (1.2 g, 98%, 1.68 mmol), and H,0 (55 mL) followed
by reflux for 6 h. The reaction mixture was treated with water (500 mL) and
extracted with EtOAc (1.0 L and 0.5 L). The combined extracts were washed with
brine (500 mL) and dried over MgSQy, filtered, and concentrated. The residue was
purified by column chromatography on silica gel (hexanes/EtOAc, 1:0 to 8:1) to
give 4e (11.32 g, 55% for two steps, R¢= 0.22, hexanes/EtOAc = 8:1) as a yellow
solid. '"H NMR (DMSO-dy): & 7.54 (s, 1H), 7.48-7.20 (m, 28H), 7.13 (dd, J=17.4,
11.0 Hz, 1H), 6.85 (d, J =8.8Hz, 2H), 6.76 (s, 1H), 5.55 (dd, /= 17.4, 1.4 Hz, 1H),
5.50 (s, 1H), 5.29 (dd, J=11.0, 1.4 Hz, 1H), 4.24 (d, J=3.0 Hz, 1H), 4.18-4.12 (m,
1H), 3.71 (s, 3H), 3.22 (d, J= 5.3 Hz, 2H), 1.48 (s, 3H), 1.27 (s, 3H), 1.07 (s, 3H).

f. A solution of 4e (205 mg, 0.23 mmol) in acetonitrile (25 mL) was treated
with 1IN HCI (aq. 2.5 mL) followed by stirring at RT for 23 h. The reaction mixture
was concentrated to dryness and purified by column chromatography on silica gel
(chloroform/CMA 80, 1:0 to 1:1) to give 4f (36 mg, 51%, R¢=0.12,
chloroform/CMA 80 = 1:1) as a yellow solid. mp: 128-131 °C; '"H NMR (DMSO-
de): 8 7.78 (s, 1H), 7.32 (s, 2H), 7.23 (dd, J=16.9, 10.8 Hz, 1H), 7.03 (s, 1H), 5.58
dd, J=16.9, 1.5 Hz, 1H), 5.35 (s, 1H), 5.12 (dd, J=10.8, 1.5 Hz, 1H), 4.90 (d, J =
6.4 Hz, 1H), 4.83 (t, J= 5.5 Hz, 1H), 4.69 (s, 1H), 3.80-3.52 (m, 4H), 0.79 (s, 3H);
MS (ES"): 307.1 (M+H) *; HPLC purity: 98.9% (270 nm, tg = 10.6 min; solvent A:
0.1 M ammonium acetate, solvent B: acetonitrile; 0-5 min, 0% B; 5-15 min, 0-45%
B; 15-20 min, 45-90% B; 20-25 min, 90-0% B.); IR (neat): 3323, 1621, 1592, 1377
cm’l. Anal. Calcd for CisHig N4O3ge0.5 H,0¢0.5 MeOH: C, 52.56; H, 6.39; N,
16.91. Found: C, 52.51; H, 6.00; N, 16.61.

Example 5
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N Me H6 6H 68 WD 2008/08911) 5PCT/ US21108/ 050929 a. A solution of
3a (27.85 g, 44.23 mmol, preparation given under Exanple 3) in pyridine
(400 ni) wexoegsatoed wit h 4- met hoxytri phenyl nmet hyl chl oPCBAISE®S8/070929,
178.24 mol) followed by stirring at 70C for 16 h. The reaction m xture was
diluted wt SO \@ﬁhgf gsld)r brine
(500 5 n), hé(ral ed %6/5553[&])%{???532)& otxgglt e ?%tpﬁl'?‘gp 8gﬁggntrat ed.
The resi due2-xBpyrold[12¢8l1iR/4]exiazinv(3H)-onatSHgr aphy on silica gel
(hexanes/Et0OAc, 1:0 to 4:1) to give 6a (28.38 g, 71% Rf = 0.49,

hexanes/ Et0Ac = 4:1) as a |ight yeI | ow solid. 114 NVR (DVMBSO-d6): 6 7.91 (s,
111), 7.63 (s, 1H) 7.45-7.12,(mP27H), 6.96 (s, 111), 6.87 (d, Jo= 8.9 Hz,

2H), 5.56 (s, 1H), 4.74-4.5 : 420412 (m 1H), , J= 8.5
Hz, 1H), 3.87-3. 6484 é/ 05 (s, : (5) ol u¥iion of
6a (26.1g, 28.94 mol) at ed t

vinyltrifluoroborate (7.2 g, e53 75 n’m)l)H NaHCCB (7.2 g,
Pd(PPh3) 2C12 (1.4 g. ggg, 9Bog mol ), and H20 (65 nl) @ | @wed by refl ux
for 6 15 h. The reaction 78 xture was treated with water (500 niL) and

extracted with EtOAc (1.8 L and 0.5 L). The conbi ned extracts were washed
with brine (500 nmL) and dried over I\/gSO4 filtered, and the filtrate was

Concet e T L5 0NFNER PR bR, S G AT D 1T
|7| g?t ( é? | \C])Etieﬁﬁﬁlb Q) 1rﬂMeNm4()|ﬁh\I§Qv£jﬁt}eate@1 @i@?lﬁﬁl@ls(aq 15 mi 4Ad PaA2 (m 38?)7

d
(s, 1H), 5.G9% dSOmg&@ipV@dH;YD h}@H)gGDQEOIB@ cn>s1)jorJ8111(F@16|n&actlgzn+}nlxmre76 4 52

37 (s S @#%%d% cdinudled tpefesichy gl g by Shugit Mo Db )

g 942 mml )on silict g Kl otirha0RIA 260 oo 1:anw g\(%)ﬁ(é(%ﬁglﬂl))‘%)v}efs:@é@l ed to -78C
until a bl ue coI or a eared The reaction m xture was

and bubbled with O
treat ed tﬂi\?ﬂ?@g}%%lid%g% 12B 283 visHpw ol wg@ﬂe\ﬁ&%élaatﬁrw&ﬁales%. rred at

RT f 19 1 I t | t t

r em)\c/)tra m)st o veI%1I hwéeglddﬁgqv%gsl (ltBr ‘ea géfg\% %)%\E%dic) @% @g%i ﬁLI) C)gndo

Erone ( é“oé“r%““:“ (2) & 660 (0L THe) atyeonss dayen 3400 fgicsaLd iaga (500
Wi i

RRR e ATV ot A e TR M o S AR VR A LNAL SRR

oy col um chyeIRiAE! IP)Y3.061330!(hf: AH9S1.0d AT EARIF (S S M3 (B ):288:41) O ol ve
15 (M-H). Anal. Caled for CioHs N;Os1.75 H;O: C, 46.08; H, 5.96; N, 13.43;
Found: C, 45.91; H, 5.54; N, 13.21.
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(3.987g, 50% Rf = 0.46) as a white solid. IIl NVR (DVb0O-d6): 6 9.77 (s,
1H, 7.49 (s, 1H), 7.40-7.12 (m 27H), 6.81 (d, 1= 9.0 Hz, 2H), 6.66 (s,
114), 6. 2¥0(2008/03105. 0 Hz, I H), 5.57 (s, 1H), 4.74-4.50 @OT/US20D8/0509290-4. 12
(m 1H), 4.01 (d, J= 8.4 Hz, 114), 3.86-3.66 (m 2H), 3.70 (s, 314), 1.06
(s, 3H,; M5 (ES): 853.2 (Mrl-1)4 5 ¢ lgtion of 6¢c (717 ny, 0.84 nmmol)

i n dichloronethane (40 nL) was trea Dess-Martin reagent (15% ww,
2.8 m.. 1.33 nmol) followed by stirring at RI f 4 h. The reaction mxture
was diluted with EtOAc (20 nL), treated with e MgSat, concentrated,
and purified by colum chromat ography on sili ’(hexanes/ Et0Ac, 1:0 to
3:1) to give 6d (621 ng, 87% Rf = 0.48) as ite solid. 11-1NWR
(DVBO-d6): 5 10.89 (s, 1H), 9.28 (sHO ABENs,/1H), 7.47 (s, 114),
7.44-7.10 (m 2714), 6.84 (d, J=8.9 Hz, 5.%6 (s, 114) 4.76-4.50 (m
614), 4.24-4.14 (m 114), 4.06 (d, .1= 8:3:Hz, 114), 3.90-3.70 (m 214),
3.71 (s, 3H) 1 09 (s, 314) 15 e. Asollﬂﬂlcﬂﬁof 6d (220 nmy. 0.26 nmmol) in
1, 4- di oxane 2 treated with water 'Pﬁ‘% and t hen

hydr oxyl ani ﬁé\'@n@ﬂ- @ﬁé&%ﬁﬂ)émhwomﬁyshwrw ¥)-3ol | owed by stirring

at RT foy 4 i & o] 97%
273 | ) sasliea kAR 2H B RAATIN. HhARE S ARblyiutldd BB 07

m xture was cool ed vvlth ice/water and reacted with a cold suspension of 20
KOH (7 09 nmmmol) in watfer 2 nL) and 1, 4di oxane (2 ni) foll d bM stirring
at RT for 2 h. It wa uted with Et0A N ) and washed lwi Wet er (60
m.). The aqu I MJ act edoa ai/n th ELIOAC (80 _1nLY The combi ned
extracts were washe Mw’fl water™{6 and b 0 dried over
MpSO4, filter ed,Bn@nanconcentrat ed. fesi due was purifitetMby col um
chromat ography on gilica gel 25( heé®4n8% Et 0Ac, 1:0 to ZB“‘?L) B9 gi ve 6e (86
ng, 57 % Rf 0.25. hexanes/Et0Ac =2 1) as a |light brown®debos | FI NVR
(DVb0O-d6): 5 8 13 (s, 114), 7.45-7.25 (m 16H), 5.63 (s, 1R@N#Hy4 (s, 2H),
4.68-4.53 (m 4H), 4.25-4.17 (m 114), 4 04 (d,J= 8.5 Hz, 114), 3.91-3.70
(in, 2H), 1.06 (s, 3&;{) M5 (ES-): 598.1 Nafamd@ 1. A sol ution ofygigrd 20
nmg, 0.035 mml) in 26 (yHjosv@sS treat ith_conc. NITIOH 30% 1.8
m) and then 14202 Wro6pw s&4980%j,n 1420410, 1129 WA o md}[dded into
0.2 nL of EPOH Iawéd by stirring ah, R for 18 h. the\réactNon nixture
was concentrat ed: purified by co}dnmgchr omat ogr aphy qﬂosbgd ca gel
(hexanes/ Et 0Ac®™1:%"t o 1:1, then hexanes/Et OAc/ MeOH 1:1:0.1) to give 6f
(12 ng, 58% Rf =£¢|0niBd:ubexanes/ Et OAc/ MeOH = 1:1:0.1) as a white solid. 1H
NVR (MeOH-d4): 8 ™87 (s, 1H), 7.40-7.00 (m 1611), 5.70 (s. 111),

4.75-4.42 (m 6H), 426+,4.18 (m 1H), 3.90 ((;Iq,H J= 8.0 Hz, 1H), 3.82-3.64
(m 2H), 1.04 (s, 3H) : (ES) : 5941(|\/Hrl—8 ﬁHgAsqutlon of 6f (10 ny,
0.017 mmol) in MeOH Y ) was treated w ’HC1 (aq., 0.69 nl) and Pd/C
(10% 50 ny)BPoN-Buwesd Ry hydrrogenat i \i:)Nfor 15 h. The reaction
mxture was filteredcand concentr at ed. J€8idue was purified by colum
chr omat ogr aphy o &b ica gel (chM of orjd GYA 80, 1:0 to 0:1,

6f 62
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10 then CVAB0/CMVA 50 1:1, Rf = 0.55, CVA 80/CVA 50 = 1:1) followed by HPLC

purification (CH3CN H20, 0-40 m n,
col um puwpfR20esaBPA agai n on silica gel

69 (3.3 ng,

(s, 111), 7,30 (&

colorless film 60%. 1H NVR (MeOH-d4): 8 8.06 (s, 2H).
11'1%'1%?1 I(:\)’f 3a 07 .2§5.5g, 4493 mhof Trehallioh Bivehinde OE SnA18 13?5?(’

SO
(ES): 324.2 15( MrH) +; (neat): 3550, 3020, 2917, 1674, 1334 cnf

HO NH2 HO

in pyridineN#OMH@L(Dwvas treated with 4-methoxytriphenylmethyl chloride (56.74 g,

250 5 (nyal i pISvR b GEHCE) & it So8aesghon oW 7\ ind

diNRe BReth EeBAC g.S L) and wasHbdS@itt vaRP gpi‘; 766 nd) 28d BBine B50b4 ol ,

BnO--9% .\"

prepar ati on gi ven under
(ag 0 69 niip

a in MeOH (1

7.89
H) ;

anp

0- 35% CH3CN, nonitoring at 244 nn) and
(CMAB0/ CVA 50, PCD/tSe008/030922 0 gi ve

MS

le 7

1 l e 6) m.) was treated with IN HCL
arigiepgrer MgS%,gcercvﬂg)md el fdetd ving chyetntrgiedalheotgsideowpsi ) f or

20 e e " SAStan TALHLSNER LIk S e and) GODERDIBAET o 101} 51 due as

treated wt
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aceton
give 6a (28.38 g, 71%, R¢= 0.49, hexanes/EtOAc = 4:1) as a light yellow solid. 'H

NMR (DMSO-ds): 8 7.91 (s, 1H), 7.63 (s, 1H), 7.45-7.12 (m, 27H), 6.96 (s, 1H),
6.87 (d, J = 8.9 Hz, 2H), 5.56 (s, 1H), 4.74-4.50 (m, 6H), 4.20-4.12 (m, 1H), 4.02
(d, J= 8.5 Hz, 1H), 3.87-3.64 (m, 2H), 3.71 (s, 3H), 1.05 (s, 3H).

b. A solution of 6a (26.1g, 28.94 mmol) in DME (500 mL) was treated with
potassium vinyltrifluoroborate (7.2 g, 53.75 mmol), NaHCO; (7.2 g, 85.70 mmol),
Pd(PPh3),Cl; (1.4 g, 98%, 1.99 mmol), and H,O (65 mL) followed by reflux for 6
h. The reaction mixture was treated with water (500 mL) and extracted with EtOAc
(1.8 L and 0.5 L). The combined extracts were washed with brine (500 mL) and
dried over MgSQy, filtered, and the filtrate was concentrated. The residue was
purified by column chromatography on silica gel (hexanes/EtOAc, 1:0 to 6:1) to
give 6b (18.3 g, 74%, Ry = 0.39) as a light yellow solid. 'H NMR (DMSO-dj): &
7.56 (s, 1H), 7.44-7.12 (m, 28H), 7.01 (dd, J=17.2, 11.0 Hz, 1H), 6.93 (s, 1H), 6.84
(d, J=8.8 Hz, 2H), 5.57 (s, 1H), 5.31 (d, /= 17.2 Hz, 1H), 5.16 (d, ] = 11.0 Hz,
1H), 4.76-4.52 (m, 6H), 4.22-4.13 (m, 1H), 4.04 (d, J = 8.4 Hz, 1H), 3.88-3.70 (m,
2H), 3.71 (s, 3H), 1.05 (s, 3H); MS (ES"): 849.5 (M+H)"

c. A solution of 6b (8 g, 9.42 mmol) in dichloromethane (250 mL) and MeOH
(40 mL) was cooled to -78°C and bubbled with O3 until a blue color appeared. The
reaction mixture was treated with NaBH; (1.8 g, 46.63 mmol) at -78°C, warmed up,
and stirred at RT for 19 h. It was then neutralized with HOAc followed by
concentration to remove most of solvent. The residue was treated with EtOAc (500
mL) and washed with water (2 x 400 mL). The aqueous layer was extracted again
with EtOAc (300 mL). The combined organic extracts were washed with brine (500
mL), dried over MgSOy, filtered, and concentrated. The residue was purified by
column chromatography on silica gel (hexanes/EtOAc, 1:0 to 3:1) to give 6¢
(3.987g, 50%, R¢= 0.46) as a white solid. '"H NMR (DMSO-dy): § 9.77 (s, 1H),
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51.5 nL) followed by stirring at RT for 16 h. It was then concentrated to
dryness and purified by columm chromat ography on silica gel

80, 1:0 tWORNEsPWsgi ve 7 (17 ny, 39% R= 0.33, CMA 80) Pezg/uszgn@msw 0i | .

NVR (DNBO—
4.69 (s,
Exanpl e 8

(hydr oxynet hyl

2008108910
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d6, D20 exchange): .5 7.80 (s, 114), 6.63 (s, 1H), 5.37

(s,

H)

(chl or of onn/ CVA

1H

20 407 B 3 807y, @ %5 - b, 9, 65906, Lo 7 (L 1)+ 10

(2S, 3R, 4R 5R) I QH)FEnim@ 55, Im@pg(mmmmmu(ﬁ H1), moaz(dnl¥-8}41) 5- 15

drofura
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d. A solution of 6¢ (717 mg, 0.84 mmol) in dichloromethane (40 mL) was
treated with Dess-Martin reagent (15%, w/w, 2.8 mL, 1.33 mmol) followed by
stirring at RT for 4 h. The reaction mixture was diluted with EtOAc (20 mL),
treated with a little MgSOy, concentrated, and purified by column chromatography
on silica gel (hexanes/EtOAc, 1:0 to 3:1) to give 6d (621 mg, 87%, R¢=0.48) as a
white solid. '"H NMR (DMSO-dy):  10.89 (s, 1H), 9.28 (s, 1H), 7.84 (s, 1H), 7.47
(s, 1H), 7.44-7.10 (m, 27H), 6.84 (d, J=8.9 Hz, 2H), 5.56 (s, 1H), 4.76-4.50 (m,
6H), 4.24-4.14 (m, 1H), 4.06 (d, J= 8.3 Hz, 1H), 3.90-3.70 (m, 2H), 3.71 (s, 3H),
1.09 (s, 3H).

e. A solution of 6d (220 mg, 0.26 mmol) in 1,4-dioxane (3.4 mL) was treated
with water (1.0 mL) and then hydroxylamine-O-sulfonic acid (106 mg, 97%, 0.91
mmol) followed by stirring at RT for 45 min. Additional hydroxylamine-O-sulfonic
acid (318 mg, 97%, 2.73 mmol) was added and stirring was continued for 2 h. The
reaction mixture was cooled with ice/water and reacted with a cold suspension of
KOH (7.09 mmol) in water (2 mL) and 1,4-dioxane (2 mL) followed by stirring at
RT for 2 h. It was diluted with EtOAc (100 mL) and washed with water (60 mL).
The aqueous layer was extracted again with EtOAc (80 mL). The combined extracts
were washed with water (60 mL) and brine (500 mL), dried over MgSOy, filtered,
and concentrated. The residue was purified by column chromatography on silica gel
(hexanes/EtOAc, 1:0 to 2:1) to give 6e (86 mg, 57 %, Ry= 0.25, hexanes/EtOAc
=2:1) as a light brown gel. '"H NMR (DMSO-dp): 6 8.13 (s, 1H), 7.45-7.25 (m,
16H), 5.63 (s, 1H), 4.74 (s, 2H), 4.68-4.53 (m, 4H), 4.25-4.17 (m, 1H), 4.04 (d, J =
8.5 Hz, 1H), 3.91-3.70 (m, 2H), 1.06 (s, 3H); MS (ES"): 598.1 (M+Na)"

f. A solution of 6e (20 mg, 0.035 mmol) in EtOH (6 mL) was treated with
conc. NH4OH (28-30%, 1.8 mL) and then H,0, dropwise (30% in H,O, 0.011 mL
was taken and added into 0.2 mL of EtOH ) followed by stirring at RT for 18 h. the
reaction mixture was concentrated and purified by column chromatography on

silica gel (hexanes/EtOAc, 1:0 to 1:1, then hexanes/EtOAc/MeOH 1:1:0.1 ) to give

68
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HOO N=1 Me 146 OH 8f 5 a. A solution of 2b (200 ng, O 36 nmol, preparation
gi ven under Exanple 2) in dichlorornethane (16 nL) was cooled with

i ce/ wat erwandosiasesed with NBS (65 ng, 0.36 mmol) in sePETAIS2@8/05192Ns

foll owed by stirring at RT for 22 h. The reaction m xture was concentrated

for: 1 R ooud e, R I QAR RAhARMOAt kO 21 SRR B s i1

68 % . 1HN|\/RMIDNEI@OH16()'4) &731@79}1()57 40-3100,(m{ 188),(5570 GHH), 17454422(2& (m 15H),
6.79 (s, 111} g 1H), 4.77-4.50 (m 6)—%422 § 1H), 4.01
(d, J= 8.9 ¢ 412!4)41% molH), é@O((ﬁqJ’zﬂ)OHz,ld@ 83 M(ml%l)(lzg (s,6828. 5 (M Hy.
b. A sol uti oy S‘;(fE K/{ gyy+3. 84 nmmol) in POCL3 (40 nm.) was stirred at 80C
15 for 4 h an concentra ed) to dryness. The residue was treated with

chl orofdrm (300 nL) and washed with 1M NaHCO3 (150 nmL), water (150 ni),
brine (100 m), and drled over SO4. After filtration and concentration,

tEe resi ;:Iueg Was 61§P1“F1i086’ Bl (10angth Uﬁﬁwlbéﬂmﬁl%mLéW$€ﬁa@émt )
(150 g GorsICIad. b8 MLhanfiparc BLaE: sOUFEPRENE BEFydrolpratioh fehatP ©

2008/ 08911)5>Pdﬂ“hUSBd_ﬂe@8m<ﬁﬁﬁB&ﬂe vaas filtesaal antdiconcenfrafed. Tk 2gidu8wa® mmol ) in
THF (24 nl) ooled to -78C and treated n- Bu W se .5 Min
hexane, Q@ﬂ—?ﬁs_ Qb?' pmategea éP&E‘tsaI %QNA’E’F @M?\iﬁofé&tato .78C for
0.5 h a1rm tﬂh@ﬁtMAg‘ﬂ)/tMArsbrﬁt IRf LG, 55, ENIRrdofeVR 56 QRWHSE1¢WAd byHPLE, 3.4 L,
3 4 mmol) at -78C followed by warmig up to RT and stlrrlng at RT for 19 h.
It was thenpurHation(GH1GNERO, 0+4|9|4mn( 635920 GN) manitoréngtat ¢4 ech)wnd h Et 0Ac (2
x 200 ni). Teconb'ndextract , dried
over MySO4, cc{jmfl{l 18 H’Baﬁﬁlé‘% g@i@&@&%&g tﬂel ﬁ)ﬁgg}vg fdue was
purified by(3¢In NEb1 6419 ilkh OGIFod hMNfNIR a cHyl: 0 to 6: 1,
10 Rf = 0. 5% hgxanes/SEt 0AC —}é toS(NlIv(§eH—§g)el8 8(6@(% Z:ﬁg?%@nﬁl) pure, used
as such for7.peks 1E).ep)7 Gs1H),yied2- bﬁD@mL4HN$S{9|E(S,]3H)ZB/BS€EE{+MB%)4Q d. A

sol uti of +Q ) acetonitrile (7 nL) was
Creat ed W‘%g ﬁ?ﬁe&gr%ﬁé@%&ﬁé@% ]6’3g§nhnol) fol lowed by stirring at
RT for 1517 h. The reaction mxture was filtered, the filtrate was
concentrated, and the

Example 7

(25,3R,4R,5R)-2-(4-Amino-5-(hydroxymethyl)pyrrolo[1,2-f][1,2,4]triazin-7-yl)-
20 S-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol (7).

BnO (1) Pd/C, H,

e .

@) H*

BnO 6Bn
6¢
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resi due was purified by colum chromat ography on silica gel (hexanes/EtOAc,
1:0 to 6:1, Rf= 0.25, hexanes/EtOAc = 6:1) to give 8d (120 ng, used as such
for next wWOep)s/®s10a8 yellow oil. M5 (ES): 610.0 (M-Na). ZPOTAIS2008050929 on of
t he above product 8d (114 rrg) in EtOH (3 nl) and chl oroform (0.75 nL) was

hydrochl ori de. (1550KRTgE8e (D03l Thig fmidd, R0l FRFEMIBEEGTT 16, 14
h. The reaciniMeOHi (15 uile) wasreagdosit NS (aQd.(unL) bedPOY @ 0450 mg)

chr omat ogr Eg)gly on.silica gel hexanes/ EtOAc, 1:0to 2:1, Itf = 0.42,
25hexanes/ EtO0AWed by hysrogenagiop §6Uspsi) tog 24 hefhe reaetapremixiure ivas Silterpshandst ep) as

S (6.5 o) T MR (G R e enllt it acki iy (e 10 JALACRRL D L
(10% 35 ng).5mal) foM/ewed)by hmdmggehﬁtf’onm '\ Gﬂwaﬁ)thaﬁ chndeﬁfrat%& thdryhés3 ahéact i on
m xture was fleﬁ{ed entrate?'ll purjfied by col um chromatography

on silica & chrOBfIBIB eRALogHP IOBSt E?a(gell(CthOfgnB/Cé\éA Sk g0 Pol | owed
By TPLC Bkt oL OB 2o, R, 80k O BEARDAIs 1o ot 244

nm and col unn purification again to give
8f (2.0 ng, DO Bxéhahgs): &73&()6(5;51)H)aé 6a(y;hH),eS 3D(s, dH),|4-66Ms, ZHI13e835B. 4(4) 8 WO

2008/ 08911) 5PCT/.US21108/ 050 6.62 (s, 1H). 5.55 (s, 1H),
4. 00- 3. 60 %&H‘%g%%%%ﬁs 3»(ﬁ)S ) %bl:(ll(Mﬁ)NEOH d4)( 3- 12?). 93 (s, (1F);H)IVB
(ESA): @P9.1 (M+HY ; IR (neat): 3296, 2919, 1620, 1530 cmi. 5Exanple 9 CN

NH2 N HON, .r.rj Me -OH
4- Ani no- 74( 2S, 3R, 4R 5R) 3, 4- di hydr o32mple8  oxymet hyl ) - 3-
nmet hyl t et rahydr of uran- 2-yl ) pyrrol 011, 27/ 111, 2, A1t ri azi ne-5-carbonitrile

(9d).

(28,3R,4R,5R)-2-(4-Amino-5-fluoropyrrolo[1,2-f][1,2,4]triazin-7-yl)-5-
15 (hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol (8f).

20
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10 9c 15 a.A solution of 4e (2 g, 2.32 mml, preparation given under
Exanpl e 4) in dichloronmethane (60 m.) and MeOH (9.6 nlL) was cooled to -78C
and bubblw0 20881893 until a blue col or appeared. The re®RCTIUSA00RI0XNAY € Was
treated with NaBH4 (440 ng, 11.40 nmmol) at -78C, warned up, and stirred at
RT for 20 h. Additional 20 NaBlia (500 ng, 12.95 mmol) was added and
stirring was continued at BT for 1 h. The reaction m xture was neutralized
wi th HOAc fol |l owed by ntration to renove nost of sol ventBr The residue
was treated with Et(g)Ac\ wnL) and wagshedj with water (2 x-450(nL) and

brine (100 m_E)O over='MySo4, gd concentr hénresi due
was purified by co ec hr_oNs, Bryt £l caP%al®"Phe ﬁ’}ﬁﬁc 1:0 to
3:1) to give 9a €£9290htg 26% Rf= 0.\4%Mdhexanes/ Et 0Ac = Meas a white

solid. 1H NVR (DVBQwd6): 89.80 (andH)o,Bn 50-7.12 (m B&L1Ppn 5 6.82 (d, J=
8.9 Hz, 211), 6.49 (s, 1H, 6.31 (1,4 5.1 Hz, 111), 5.50g(s, IH), 4.81 (d,
J =5 1z, 2H), 4.22 (d, J = 3.0 Hz. 1H), 4.16-4.08 (m 111) nBBlees(nsL 3H)
3.32-3.12 (m 2H). 1.4F (s, 311), 1.26 (s, 3H), 1.09 9s, N@nI&Es" :
863.2 (M11)". b. A solluti¥iP™sf 9a (487 ng, 0 56 mmol) in dlchl @t hane

(25 m) was 10 treate ™y Dess-Martin reagéht (15% ww, 1. 9¢ 9
mol ) fol | onew rie/ aicoR, for 3 h{ . 8eetfliton pravi=xt jﬁluted

with EtOAc (10 nmL)\, _Ameated w tdio Nof_ %804 and si Ni eF f ol | owed
by concentrati OmBdn g0l urm purificati m{e(H\éxanes/ Et 0OAc. 1:0 %0 3: 1) to
give 9b (448 my, 93% Rt = 0.64) agdagyglte solid. 1H N ? O d6): 5
10.96 (s, 1H), 9.73 (s, 111), 7. 82?s , 7.50- 157.16 (m*28H), 6.85 (d,
1= 8.9Hz, 211), 5.48¢CdL 1H). 4.26 (d* J = 2.8 Hz, 1H), 4.22- 4.14 (m
111), 3.71 (s, 3H), 3F.34-§ 16 (m 2H), 1 49 (s. 311), 1.28 (s, 311), 1.08
(s, 311). c. A soluty f29b (244 ny, 0.28 mmol) in 1.4-dioxane (4.4 nl)
was treated 20 with erNn (1.1 L) and then hydroxyl am ne- O sul foni ¢ acid
(460 ny, 9756 2 rI\)JfoIIOV\ed by stlrrlng at RT for 1.5 h. Additional
hydr oxyl am ne- O su+Meni ¢ acid (230 ng, 97% 1.97 mmol) was added and
stirring was cditti@aed for 2 h. The reaction m'xture was cool ed with
ice/water and tregted slowly with a cold suspension of KOH (11.51 mml) in
water (3 nmL) and 1.4-dioxane (3 nL)

5 a A solution of 2b (200 mg, 0.36 mmol, preparation given under Example 2)
in dichloromethane (16 mL) was cooled with ice/water and treated with NBS (65
mg, 0.36 mmol) in several portions followed by stirring at RT for 22 h. The reaction
mixture was concentrated and purified by column chromatography on silica gel
(hexanes/EtOAc, 1:0 tol:1, R¢= 0.58, hexanes/EtOAc = 1:1) to give 8a (155 mg,

10 colorless, oil, 68 %). "H NMR (DMSO-dy): 6 11.79 (s, 1H), 7.92 (s, 1H), 7.44-7.20
(m, 15H), 6.79 (s, 1H), 5.53 (s, 1H), 4.77-4.50 (m, 6H), 4.22-4.14 (m, 1H), 4.01 (d,
J= 8.9 Hz, 1H), 3.90-3.66 (m, 2H), 1.08 (s, 3H); MS (ES"): 628.5 (M-H)".

b. A solution of 8a (2.42 g, 3.84 mmol) in POCI; (40 mL) was stirred at 80 °C
15  for 4 h and concentrated to dryness. The residue was treated with chloroform (300

mL) and washed with 1M NaHCOs (150 mL), water (150 mL), brine (100 mL), and

dried over MgSO,. After filtration and concentration, the residue was purified by

column chromatography on silica gel (hexanes/EtOAc, 1:0 to 8:1, R¢=0.53,

hexanes/EtOAc = 6:1) to give 8b (1.68 g, 68 %) as a yellow syrup. MS (ES™): 670.2
20 (M+Na)".
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25 followed by stirring at RT for 2 h. It was diluted wwth Et0Ac (100 n),
washed with water (60 nlL) The aqueous | ayer was extracted again with Et0Ac
(80 L) TWO 0@M8PTe8d extracts were washed with water (6EGCFIS2@8851929 ne (60
m.), dried over MgSat, filtered, and concentrated. The residue was purified
by col um chromat ography on silica gel (hexanes/EtOAc. 1:0 to 2:1) to give
9¢c (76 ny, 46% 30Rf = 0.29, hexanes/Et0Ac =2:1) as a clear oil. 11-1NWR
(DVBO-d6): & 8. 148 spkifiod 2 §b (Z.2503-30 Mol THHLOH, m]Z) 88s (aledltd)-78%: 51 (s

ﬁ)b ?'5283411%%%‘1("@%}% B“é*éémf“tl 2(|2|§5% M%e%?g d%mbzgg%/ 0’50929 d. A

sol ution of ref&idnGRixble vx@s stdereqRl- )’Squ'fo?@%thﬂicft'iéalt&I x(/&lgtriﬂiéth 2 chicgked with
IN HCl(ag., 1.2 mL) followed by stirring at RT for e reaction

m xt ur e Mwasdrepwise it Van dditaddt plys 3 #inedobyt F8/C rﬁmilmwdd)megnag)hytmRTa lica

P00 s o SHRTEIOHRE o1k visveed gl vl by ol SofgbTeal’ 17y 9 5

(s, 1H), 4.&érat@d viith%t@A?c iz 20(1\!)11%4‘ h%%oﬁﬂalne&-exﬁaé%s Were viddhed 4\%11%3)&11% 1H)
3.82-3.56 (m_4H), 0.81 (s, : 328.1 (MtNa)+; HPLC purity:

99. 5% (270 W&P mIR, drial quﬁMgSéDOﬁU@rﬁﬂ apgd tl@'fn!trmemﬁnmtra@ét Bheresidu¢ vent B:

i e 0- 096 S PN Rl ptodioly 855y B dgiglAidac ey 20
Exanpl €1010 RrA0B500he&40ATBR ARG R0 Gvé 86l (Mdﬁg»@yﬂﬁm( Py @yl e bl fpr 3-

met hyl t et rahydrof uran-2-yl ) pyrrol o[l 21111 2,,41tri azi ne-5-ear boxi m dam de
(10b).  HN.DExkdep) aspoyell W%ﬁ& 5 M+HJ".

d. A solution of the above product 8¢ (351 mg) in acetonitrile (7 mL) was
treated with Selectfluor™ (180 mg, 95%, 0.48 mmol) followed by stirring at RT for

15 17 h. The reaction mixture was filtered, the filtrate was concentrated, and the
residue was purified by column chromatography on silica gel (hexanes/EtOAc, 1:0
to 6:1, R¢= 0.25, hexanes/EtOAc = 6:1) to give 8d (120 mg, used as such for next
step) as a yellow oil. MS (ES™): 610.0 (M+Na)".

20 e A solution of the above product 8d (114 mg) in EtOH (3 mL) and
chloroform (0.75 mL) was treated with triethylamine (0.57 mL, 4.09 mmol) and
then methoxylamine hydrochloride (172 mg, 98%, 2.20 mmol) followed by stirring
at 50 °C for 14 h. The reaction mixture was concentrated and purified by column
chromatography on silica gel (hexanes/EtOAc, 1:0 to 2:1, R¢= 0.42,

25  hexanes/EtOAc = 2:1) to give 8e (13.5 mg, used as such for next step) as a colorless
film. MS (ES™): 599.1 (M+H)".

f. A solution of the above product 8e (6.5 mg) in MeOH (10 mL) was treated
with IN HCI (aq. 0.46 mL) and Pd/C (10%, 35 mg) followed by hydrogenation (60
30  psi) for 22 h. The reaction mixture was filtered, concentrated, and purified by
column chromatography on silica gel (chloroform/CMA 80, 1:0 to 0:1, R¢= 0.39,
CMA 80) followed by HPLC purification (CH;CN/H,O, 0-40 min, 0-35% CH;CN,
monitoring at 244 nm) and column purification again (chloroform/CMA 80, 1:0 to

0:1) to give 8f (2.0 mg, 0.5 % for 4 steps) as a white solid. '"H NMR (MeOH-d,): &
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A solution of 6e (31 ng, 0.054 mmol, preparation given under Exanple 6) in
EtOH (5 nL) was treated with NH2OH (50% in H20, 0.5 nm., 8 16 mml) foll owed
by refl uxwpaposioshioand concentration to give 10a, M5 ( ESPLT/UBRISO5(MR® 14)". 5
The residue was dissolved in EtOH (15 nL), treated with HOAc (1 5 nL) and
smal | anmoung, /6 NisC f 0 9fmAD] . Ppi or 21 h.
The reacti %7%S>?F§?’?%dss’ ?I?*’tsesr%le(lg’ %4?&%@1@?’@[ e(’jp 9?’3%’(3?@5 glﬁM \i}/as

di ssol ved i @e@IdHd,): 55160.93 endF); Ma(ES W20l (M+HL1 (Rndd1)92294, 298hd Pd/ C
(10% 60 rrgl) fol owed, by hydrogenation (60 psi) for 22 h. The reaction

m xt ure was! &0} ¢d® and concentrated. 10 The residue was purified tw ce by
col um chr omat ography on silica gel (CVA 80/CVA 50, 1:0 to 1:1. Rf = 0.28,
CVA 80/ 50 = 1:1) to give 10b (5 3% as a light brown filmlFINWR
(MeOH-d4): 57.96 (s. 1H), 7.20 (s, %éfjﬂ%e.—go (s, 1H), 3.92-3.66 (m 4H),
0.88 (s, 3H). M5 (ES'): 323.1 (MtHr. Exanple z: HO OH 5 Met hyl

4-am no-7-42S, 3R, 4R, 5R) - 3, 4- di hydr oxy-5- (hydr oxymaiyl ) - 3-

met hyl t et rahydr of uran-2-yl)pyrrolo[ 1, 21][1,2 fazi ne-5-carboxyl ate (11c)
6d

HO

4-Amino-7-((2S,3R,4R,5R)-3,4-dihydroxy-5-(hydroxymethyl)-3-
methyltetrahydrofuran-2-yl)pyrrolo[1,2-f][1,2,4]triazine-5-carbonitrile (9d).

10
9bl (1) NH,0S0,H
(2) KOH
9d
9¢
15
a. A solution of 4e (2 g, 2.32 mmol, preparation given under Example 4) in

dichloromethane (60 mL) and MeOH (9.6 mL) was cooled to -78°C and bubbled
with O3 until a blue color appeared. The reaction mixture was treated with NaBH,4
(440 mg, 11.40 mmol) at -78°C, warmed up, and stirred at RT for 20 h. Additional
20  NaBH4 (500 mg, 12.95 mmol) was added and stirring was continued at RT for 1 h.
The reaction mixture was neutralized with HOAc followed by concentration to

remove most of solvent. The residue was treated with EtOAc (300 mL) and washed
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I1e116 10 a. A solution of 6d (200 nmg, O 24 mol, its preparation is

descri bed under exanple 6) in acetonitrile (5.4 nL) and t-BuCH (1 8 nlL) was
treated vWORoesAI82105( 1. 0 I nL) and cooled to about 8 'C Ph#/USe@sad092d| uti on
was treated with 2-nmethyl- 15 2-butene (0.2 ni, 1.89 mmol), NaH2PO4 (48 ny,

0,6 T S5, BEIS% A0,y R o) Wb plisoT bt 0 o

for 23 h. Additional NaClO was added and stirring
was cont i nueshceritraid. fTae resiue . wakiparified by icolnmmi chramaogmphyon siliedigeli t h et her

200 nL) and washed with wa 50 The ous_ |l ayer wa xtracted

\(Ni th et )her @iﬁ@eﬁ@%’g@éﬁﬂro gﬁﬁétog%%%@%%’ 22%3% W%f@&ﬁé%‘ﬁé@ﬁﬁfﬁ brine

50 m.), drq. : 1 I"Illﬁﬁ ang. te@t _ ydue was

éuri fi )ed byi'gglaggnﬁ&hé r%tg{;rap {/mgrslog?l |§cggggﬁq lﬁ’e’gg%g?sﬁ?g%%?/{’ OH, 3:1:0
501°0.08 ) s ool at oLl IITINNR (OMEGLAE) . 8 T IO e Sk Tk (s, 1

- 1: 0. S oil, - . . S, . s, ,
7 aas7 54 (i s3uf 3, €8y Srp MR b A b . D 3 A 6o a2 (51 o' b
Hz, 2H), , . . . (EQN 3, 4.74- 1.06
(s, 3I|:|)I). (é@ A%@o?éﬁ%%ﬁggﬁ%%%g)ﬁg@g%s(gg&’wm%{sg )i %XD%M(S‘?'M) was treated
with 10 MeOH (0.05 m., 1 23 nmmol ), DVAP (14 ng. 0.113 mmol ), and N-(3-

di met hyl am nopropyl) -.N -eth rbodi ) m de hydrochl or,i de 4 1. 25 mol)
fol | owbd byPst i rReAGISE 0_%*“ M RE e Wﬁé’ﬁ‘é‘é’g‘i}ﬁ‘bfﬂnﬁl}mﬁg RV | i ed with
Et OAc (1120 tidaked Wik MREs-Nattih M%@Ht ({126 XwRE 1N8-h1.209 Rhbl)FoliGfed®sy) . dried over
MySH, filtered, and concentrated. The residue was purified by colum

chr omat ogr aptisingat RE4en3 Iy alhgakactivn vy Faodityted withtfi§OAc 110 md.)gi ve |1 b (20
g, 39% thre:ateod \f‘lﬁh a little of MgSQy, and silica gel followed by concentration and column
purification (hexanes/EtOAc, 1:0 to 3:1) to give 9b (448 mg, 93%, Ry=0.64) as a
white solid. "H NMR (DMSO-dy): & 10.96 (s, 1H), 9.73 (s, 1H), 7.82 (s, 1H), 7.50-
15 7.16 (m, 28H), 6.85 (d, J= 8.9Hz, 2H), 5.48 (s, 1H), 4.26 (d, J= 2.8 Hz, 1H), 4.22-

4.14 (m, 1H), 3.71 (s, 3H), 3.34-3.16 (m, 2H), 1.49 (s, 3H), 1.28 (s, 3H), 1.08 (s,

3H).

c. A solution of 9b (244 mg, 0.28 mmol) in 1,4-dioxane (4.4 mL) was treated

20 with water (1.1 mL) and then hydroxylamine-O-sulfonic acid (460 mg, 97%, 3.95
mmol) followed by stirring at RT for 1.5 h. Additional hydroxylamine-O-sulfonic
acid (230 mg, 97%, 1.97 mmol) was added and stirring was continued for 2 h. The
reaction mixture was cooled with ice/water and treated slowly with a cold
suspension of KOH (11.51 mmol) in water (3 mL) and 1,4-dioxane (3 mL)

25  followed by stirring at RT for 2 h. It was diluted with EtOAc (100 mL), washed
with water (60 mL). The aqueous layer was extracted again with EtOAc (80 mL).
The combined extracts were washed with water (60 mL) and brine (60 mL), dried
over MgSOQy, filtered, and concentrated. The residue was purified by column
chromatography on silica gel (hexanes/EtOAc, 1:0 to 2:1) to give 9¢ (76 mg, 46 %,

30 R¢=0.29, hexanes/EtOAc =2:1) as a clear oil. '"H NMR (DMSO-dy): & 8.10 (s, 1H),
7.50-7.74 (m, 15H), 7.00 (s, 1H), 5.51 (s, 1H), 4.28-4.12 (m, 2H), 3.34-3.12 (m,
2H), 1.53 (s, 3H), 1.30 (s, 3H), 1.00 (s, 3H); MS (ES"): 586.1 (M-H)".
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hexanes/ Et0Ae = 4:1) as a clear oil. 111 NVR (CHCE-d): 8 11.45 (s, 1H),
7.86 (s, 1H), 7.44-7.04 (m 2811), 6.83 (d, J=8.8 Hz, 2H), 5.78 (s, 1H),
4.90- 4. 46WOrRposaIsy1054. 44-4.32 (m 1H), 4.08 (d, J = 8.7 PEI/UB2WB/H05®296- 3, 60
(m 2H), 3.80 (s. 3H), 3.75 (s, 3H), 1.12 (s, 3H. 20 c. A solution of |lib

(20 ng, 0.0d3 nmmalsbhitidnMEOL( 6ﬂﬁ§n¢llﬁﬂﬁ’olﬁr%€tohﬁnm-()12\ﬁﬁ? Wwdsaadad Wi th 1IN
HCl1 (aq., 0.69 nL) and Pd/C (10% fol | owed rogenation at 60

psi for 23 WithtAEHEE ek.ilohmia) fellaveed hysstiting atrRokifoxdd h‘ € FeRcBOmmdXture
trat h t h I

gel 25 (oni arof At hERE B! MRS oG roiR RS SRR R P B0 17T
to give 11C(c(hBardfomig/CMiAg8ﬂ, 180 tovon1 SR}H(MSOZEQ%ASOI)% 9(1I\(E@hkgd47% 87294 (s,
IH), 7.34 s g ?g 4.00-3.70 (m 3.92 (s, 0.97 (s,
3H): MBS JESph ltsgthb I(I (DMSQrefe): & 8112 6. T, 73@-62 HEo R 36N, IHD #871d.16 6H 5
4- A 7-02S, S5r d 35 ,

nmet hmyln'?et ra mﬁalﬁﬁﬁ p]3d/—i ?%cﬁf[ iﬁ% ﬁ% %ﬁE?’%{g%Hﬁ'@ %H}:;er&o(ﬁw ic acid

é 12) otc)ﬂdocmj) MA(B@#)uxzmn(M#Nhﬁ HPL.OWhrit- 998% (T nm th S PY @RAr ation is
escri bed under

solvent A: 0.1 M ammonium acetate, solvent B: acetonitrile; 0-5 min, 0% B; 5-15

min, 0-45% B; 15-20 min, 45-90% B; 20-25 min, 90-0% B.); IR (neat): 3374, 3257,

10 2215,1657, 1517, 1034 cm™.

Example 10

15
4-Amino-7-((2S5,3R,4R,5R)-3,4-dihydroxy-5-(hydroxymethyl)-3-
methyltetrahydrofuran-2-yl)pyrrolo[1,2-f][1,2,4]triazine-5-carboximidamide
(10b).
BnO
Bn6 :OBn
be 10a
10a (1) Raney Ni, H,
()Pd/C,H, HO
20
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10 exanple 11) in MeOH (15 nL) was treated wwth 1IN FICl(ag , 0 69 nL) and
Pd/C (10% 50 ng) foll owed by hydrogenation at 60 psi for 29 h. The
reacti on wWoxpeeIwas filtered and the filtrate was conc@®0TABRR@E050PRe
residue was treated with water (50 nL) and washed with EtOAc (2 x 25 niL).
The aqueous phase was concentrated to dryness and the desired pr oduct (12,

(OVBO- d6) - a 13, S8 RonPIFLRY BECAM b hrlpeld ARG Ofipgtsy O, o

(:m 1H), is BIEO8] (Shi)) wds fBateBwi NHROH H)0% th BIO (G5 ndLS, 16MBmoBS) :  325. 0

g( 2S, 3R, 4R, @é)owggfgx rolnor 5 hapd sopsemirationdpesivg 199 M3 Gid): £07 61}\/1 20

yl) 5- (Wdr@wﬁgfaﬁé )Waé’»dﬁ?élbé/d ﬁq%b@hgﬁfrﬂiy t3fed vt @Acg tﬁi 3 it ! on of
e (50 , I'ts preparation 138 escrl exarrp e 4) in

ac et one/ wat anomﬁ oi Raﬂ@z mt&el\ﬁdhodedm}gdlr@gehhtuﬁr (rﬁﬁtphr)) Iford? 1 Alhienreaconxi de (140

ng, 97% 1.16 mMmo n osm umt trox1de(4vav/v'n . .0.15 i,
0. 024 rr(:ml ) PR \/%oj‘z1 dts%q (ORFtEtedryhe fspidyo pas ‘i}(’i?é‘)l?’%g’(‘}tma@e{:ﬁlﬁ ure was
diluted wi tﬂL\)\@ﬁ&free(té@wma)H\ﬁH@l ﬁﬂg@%&ﬁ%%ﬁ BOCI0R 60 RS FARFvAyY - The

aqueous residue was treated wt t OAC 00 nL), washed“with watér (2 x 100
m.) and 15bhydiegenaten (A0)psi)dot Zh. dﬂ@rremsmlxmrct wes Steredand toreehirited.at e was

Gol * (helhnelhetet S5 BHHERaR by boyign °°a%$:%‘$ph%35n°§?$ﬁ°&e ek, 0n ot ea
di ast er eoi SRWEMA 50at:09 F:11R1* 0.08, CRRABORMEA 30-46.1) = 2:1) as

hﬁ%ﬁa@ @@ﬁ%
a clear oil. 11-1NWR ﬂ)DMSOdG) 810 02 (s) & 9.95 9688(m
28H), 6.60 33¥0) ax=a licly . 'HONMIR (MeOB=,B.557.96 §s, &HZ(YGZ(B(@ (M), 559 3.8 Hz)

(1H), 6.32 (d 73- 4. (m 2H), 4.02 (d,
J= 3.0 H) hH}])39]2537‘6§'fm33159928)§(5,1 )Mésl@ssﬁéél((w -1), 3.49 (s, 3H),
3.48-3.31 (m 2H), 3.05-2.91 (m 2H), 1.26 (s, 3H), 1.05 (s, 3H), 0.91 (s)
& 0.89 (s) (3H); M5 (ES): 895.3 (M+H) + WD 2008/08911) 5PCT/ US21108/ 050929
b. A solution of 13a (120 ng, 0.13 mml) in acetonitrile (14 nL) was treated
with INHC (aq., 1.4 nL) followed by stirring at RT for 20 h. The reaction
m xture
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was concentrated. The residue was purified by col um chromat ography on
silica gel 5 (chloroformiCVA 80, 1:0 to 0:1, then CMABO/CVA 50 1:1, Rf =
0.40, CVAVBH@EMBIBY = 1:1) to give 13b (11 ng, a m xtur @CHfUS2008/050929

di ast ereoi soners, yellow solid, 25%. 114 NVR (MeOH-d4): D 7.77 (s. 1H),
6.75 (s) & 6.74 (s) (1H), 5.55 (s)l\@%lgéf“(ls) (1H), 5.02-4.90 (m 1H),
4.00-3.58 (m 6H), 0.95 (s, 311); :7341.1 (1\440. 10 Exanple 14
((2R, 3R, 4R, 5S) - 5- (4- Ami nopyrrol ol 1, 211] ]o 2, é triazin-7-yl)-3,4-di hydroxy- 4-
15 met hyl t etrahydr of uran-2-yl ) net hyl tet ydf ogen triphosphate (14d). 14a
1 4-nitro benzoyl chloride NHR NH2 NH,

HO -/

5 Methyl 4-amino-7-((25,3R,4R,5R)-3,4-dihydroxy-5-(hydroxymethyl)-3-
methyltetrahydrofuran-2-yl)pyrrolo[1,2-f][1,2,4]triazine-5-carboxylate (11c)

BnO

11c

10

a. A solution of 6d (200 mg, 0.24 mmol, its preparation is described under
example 6) in acetonitrile (5.4 mL) and -BuOH (1.8 mL) was treated with water
(1.0 mL) and cooled to about 8 °C. The cooled solution was treated with 2-methyl-
15 2-butene (0.2 mL, 1.89 mmol), NaH,PO, (48 mg, 0.4 mmol), and NaClO, (240 mg,
80%, 2.12 mmol) followed by stirring at RT for 23 h. Additional NaClO, (240 mg,
80%, 2.12 mmol) was added and stirring was continued at RT for 42 h. The reaction
mixture was diluted with ether (200 mL) and washed with water (50 mL). The

aqueous layer was extracted with ether (100 mL) again. The combined extracts
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1-JOOH 14d a. A suspension of |k HC1 salt (300 ng, 0.95 nmmol) in pyridine (9
m.) was treated with DVAP (99% 30 ng, 0.24 mmol) and MMIrCl (97% 460 ng,
1. 44 5 nmwbDRodsgisbded by stirring at RT for 15 h. The r ®@aEUSRIV8/5002Ur € was
diluted with chl oroform(150 m.), washed with water (2 x 60 nL) and dried

over SA. t entr t | trat t-he residue
vas. puri 11 ooyt it B PR GBS SH BebOh Mo Bpd kedeBir By Moacer at o
1:0 to 1:1, re&id&ﬂwa@bhﬂﬁ@f@;ﬂfdlﬁﬂiﬂcﬁfbmalo@ V\% &15111(33)g610 give 539 ng of 14a

(RL = 0.29, chloroform CVA 80 = 2/ 1? ite solid. It was pure enough to

be used for WH@CW@%M@HWI((ESﬁ 9¢§)®glm Ha@Pmg 2571 Rs51043.0n of t he

gbg\éeml'r:)l?)(ﬁ;&g %Qémdt’a?co enzoy élﬁgt)fl%lé %%2%‘ Wﬂl\gQQ%% ?8(590I l?,iwerrg by

stirring at1Hy) 7%2f(@r1}1)47h4 7Ttk98ﬁm)l 683 axt=x09 MRHi 4.58 &d 11,1474t OAc (200
m.), washed with water (2 x and bri ne (75 rnL) drled over MgSO4.
After filt r‘&ﬁ?—é‘ﬁ el 4e?<9n4:éﬁh(maﬂﬂbr3 9% (1Hhe3.$4-B o dme 2H. 167G 6s31dud -Oas

purified by Pl um chr omat ography on silica gel (hexanes/ethyl acetate,
1:0 to 1: 1) 0 give 14b (Rf = 0.77, hexanes/ethyl acetate = 1/1, 312 ny,
59% for two steps yeIIowsoIid) NVR ( DMSO- d6) : 8844688(m 30H),
6.06 (bs, 1H), 5, (t %450440 1H), (s, 3H,
3.55-3.48 (M 2H} SOE“QB"(%“‘ éﬁibmgws()i OIDQ@MF((R/F@)W%HW@&A@& ution of

14D (27, MoMeDrd, I5RE) 108 o HLAD (381 1 AREG el H130- 2 N HCL (2.,

1.4 nL) followed by stirring a R nmixture was
neut r al i zeddiwiethylminoptohplPA” (atlaylyarbadijfhlde h§dioohlbade R40ym@ddi2 3 mtm)l)of wat er

I(, ggi gt)e andfo 8&%3 'th rsgltr{n?gn t ﬂ[%df%r lg ﬁc”i‘lllljen;eg&orneg&\{uﬁe gv;ggNuteH IWlth Et e aqueous
(120 mL), washed with water (2 x 60 mL) and brine (60 mL), dried over MgSOy,
filtered, and concentrated. The residue was purified by column chromatography on

15 silica gel (hexanes/EtOAc, 1:0 to 4:1) to give 11b (20 mg, 39 %, R¢= 0.48,
hexanes/EtOAc = 4:1) as a clear oil. 'H NMR (CHCIs-d): 6 11.45 (s, 1H), 7.86 (s,
1H), 7.44-7.04 (m, 28H), 6.83 (d, J=8.8 Hz, 2H), 5.78 (s, 1H), 4.90-4.46 (m, 6H),
4.44-4.32 (m, 1H), 4.08 (d, J= 8.7 Hz, 1H), 3.96-3,60 (m, 2H), 3.80 (s, 3H), 3.75
(s, 3H), 1.12 (s, 3H).

20
c. A solution of 11b (20 mg, 0.023 mmol) in MeOH (10 mL) and EtOAc (5
mL) was treated with 1N HCI (aq., 0.69 mL) and Pd/C (10%, 50 mg) followed by
hydrogenation at 60 psi for 23 h. The reaction mixture was filtered and filtrate was
concentrated. The residue was purified by column chromatography on silica gel

25 (chloroform/CMA 80, 1:0 to 1:1, R¢= 0.23, chloroform/CMA 80 = 1:1) to give 11c
(3.1 mg, light brown solid, 40%). "H NMR (MeOH-d,): § 7.94 (s, 1H), 7.34 (s, 1H),
5.56 (s, 1H), 4.00-3.70 (m, 4H), 3.92 (s, 3H), 0.97 (s, 3H); MS (ES"): 337.9 (M-H)".
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20 was extracted with a m xture of CHC13/MeOH (5:1, 100 mL, 50 niL). The
conbi ned organic extracts were dried over My504. After filtration and
concent r WPaposai8Itole filtrate, the residue was purifi edPOYF/USR08/F0929
chromat ography on silica gel (hexanes/ethyl acetate, 1:0 to 1:1) to give
14c (Rf = 0.58, hexanes/ethyl acetafg, pibj% 150 ng. 74% as a yellow
solid. 114 NVR (DMSO d6): 8.81-7. 80 ?m 4 25 7.32 (bs, 1H), 7.12 (bs.
1H), 6.02 (bs, 114), 5.73 (d, J = 3.4 Hz, 111). 5.26 (t, 1H), 4.32-4.25 (m
1H), 3.90-3.80 (m 2H). 1.52 (s, 3H), 'V%(E§§ 728.2 (M+ FI)H Anal. Calcd
for C33H25N701300. 25 EtOAc: C, 54.48; H N, 13.08. Found: C, 54.72;
H 3.84; N, 12.71. 30 d. A suspension of 1 ng, 0.069 mmol) in a

m xture of pyridine (70 p.1) and di oxane\(2 .11,) was treated with a
freshly prepared sol ution of chi - 2% bey zod| oxaphosphori n-4-one (1M
i n di oxane, 80 gL). The reaction m xtur Waé‘I stirred at roomtenperature
for 20 mn followed by treatnment with a sol ution of tributyl amoni um
pyrophosphate (1.6 Bu3N-1.0 H4P207 HG0O, 0.11 nmmol) in DWMF (220 nt) and
tri-n-butylamne (70 ttL) sinultaneously. The clear solution forned was
stirred at roomtenperature for 30 mn followed by treatnent with 2.9 nL of
1% 12 i rd Py# ﬂmm%'@-ﬁﬂ@ﬁ&ﬂwkﬁA-(bdhwdeoxyas-(h)ehuxﬁdeﬁhyl)% aqueous sodi um

t hi osul phat e resul o.n wa cent rat

dryness. Th&™ Sgegpaéﬁgr §a‘f 'é'z!)(pé’ﬁr‘aﬂa%@g{n% tRyANBEr ‘i*g i ’?fd‘?gﬁ)rred at
room tenperature overnight followed by concentration to dryness The

resi due was dissolved D 0 (20 nL) and washed with ¢l1 2 (2 x 15 nL).
The agueous phase was cohcentmaivgd under vacuum for a shyf Rﬁrl od of tine
to renmove the trace of 2 and purified by DEAE i on exghange colum

chr omat ograp%l wth al arngr adi ent 10 of TEAB buffer{( YMYEAB buffer, pH
= 8.0/ H0 A, total: 500 WS HaThe freaet| oms A0ONt ai/ni ng t he
desired nucl eoti de wasMeonbi ned and aoncentrat ed. nasi 8ue was
re-dissolved in H2§ aggl, purified further by HPLC (GH3EN 0.1 M TEAB buffer,
pH = 8.0, 0-20 mn, 0-35% CH3CN, nonitoring at 24#%nPHio0 give 14d (tR =
17.00 mn). Fractiongacontaining 14d were concentrgf ed and re-dissolved 15
in 3 nm of 1420 and the concentration of 14d was neasured to be 4.1 nM
(yield: 18% by WV (244 nrn. ¢ = 35,000 M1 cm1). 11-1 NWR (1)20): 6 7.77
(bs, 114). 6.93 (d, J= 4.0 Hz, 1H), 6.85 (d, 111), 5.45 (s, 1H), 4.34-4.10
(m 211). 4.10-3.96 (m 211), 0.78 6 311); 31P NWR (D20): 9.25 (d, J=
17.8 Hz, 1P), -9A789”§‘H’n0§ 11a {77 w24 §.089 mynol, ifspropprgtian is Pyscripgs! (“ESI: 519.1 (
M 1) 201(Exaé5&n?p1ét$mn MeOH 108 nlS ﬁ'xﬂva‘g‘%feggd'v'v&huﬁ%ﬁlg %%é&ﬁ&%ﬁ&?

phar maceuti ca orms taining a conpoun ormul a or a

phar maceut i (:lé)f’/b ﬁOa:ng)e(bﬂaWécébﬁh}rdrogarnapomdtr@lgpsﬁ her29df. ThEoenotom echixtuje, f or

t herapeutic f g %(%ﬂj&tl Cc use in human 5@5 é Tabl etgﬁg{g{gt abl et
Conpound X-Yé‘b iferpl ot e e pisicgpsrBaice: e wphBrAt W St 2. 0
M crocryst a{30HiE) &Rl Wakhes S FROMRAD &SI UL § 18R 28L& s Bhase was concentrated
to dryness and the desired product (12, 12 mg, 42%, yellow solid) was crystallized
15  from MeOH/EtOAc. 'H NMR (DMSO-dy): § 13.28 (s, 1H), 9.59 (s, 1H), 8.49 (s,
1H), 8.07 (s, 1H), 7.30 (s, 1H), 5.37 (s, 1H), 4.10 -3.50 (m, 4H), 0.81 (s, 3H); MS
(ES™): 325.0 M+H)";
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300.0 35(ii) Tablet 2ng/tablet Conmpound X=20.0 M crocrystalline

cel lul 0se410.0 Starch50.0 WO 2008/08911)5PCT/ US21108/ 050929 Sodi um starch
gl ycol at e¥0.20088gr98si um st earate5. 0 500.0 5(iii) Capsul efE/uSapsob@2Conpound
X=10.0 Col l oidal silicon dioxidel.5 Lactose465.5 Pregel atinized starch120.0
10 Magnesi um stearate3.0 600.0 (i V)Ek%gfet ison 1 (1 ng/mlng/mM  Conpound X=
(free acid form 1.0 15D basi ¢ sodi um phosphatel2.0

5  (28,3R,4R,5R)-2-(4-Amino-5-(1,2-dihydroxyethyl)pyrrolo[1,2-f][1,2,4]triazin-7-
yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol (13b)

NH-MMTr
N
O
0s0,, NMO HO
éx'b
4e
13b
a. A solution of 4e (500 mg, 0.58 mmol, its preparation is described under

10 example 4) in acetone/water (9:1, 10 mL) was treated with 4-methylmorpholine N-
oxide (140 mg, 97%, 1.16 mmol) and then osmium tetroxide (4% w/v in water, 0.15
mL, 0.024 mmol) followed by stirring at RT for 12h. The reaction mixture was
diluted with water (10 mL) and concentrated to remove acetone only. The aqueous
residue was treated with EtOAc (200 mL), washed with water (2 x 100 mL) and

15 brine (100 mL), dried over MgSOQy, filtered, and the filtrate was concentrated. The
residue was purified by column chromatography on silica gel (hexanes/EtOAc, 1:0
to 2:1) to give 13a (287 mg, a mixture of diastereoisomers, ratio = 1.1/1.0, 55%, R¢
= 0.46, hexanes/EtOAc = 2:1) as a clear oil. '"H NMR (DMSO-dy): 8 10.02 (s) &
9.95 (s) (1H), 7.28-6.88 (m, 28H), 6.60 (d, J= 8.9 Hz, 2H), 6.46 (d, /=3.5Hz) &

20 6.39(d,J=3.8 Hz) (1H), 6.32 (d, J= 1.3 Hz, 1H), 5.30 (s, 1H), .4.73-4.61 (m, 2H),
4.02 (d,/=3.0 Hz) & 4.00 (d, J= 3.0 Hz) (1H), 3.93-3.86 (m, 1H), 3.49 (s,3H),
3.48-3.31 (m, 2H), 3.05-2.91 (m, 2H), 1.26 (s, 3H), 1.05 (s, 3H), 0.91 (s) & 0.89 (s)
(3H); MS (ES’): 895.3 (M+H)"
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Monobasi ¢ sodi um phosphat e0. 7 Sodi um chl oride4.5 1.0 N Sodi um hydr oxi de
solution (pl-1 adjustnent to 7.0-7.5)qg.s. 20 Water for injectiong.s. ad 1
mL (v) | MvechesasI®s(10 ng/ m)ng/ M Conpound X= (free a®Cd/uySerosii®29
Monobasi ¢ sodi um phosphat e0. 3 25Di basi ¢ sodi um phosphat el. 1 Pol yet hyl ene

gl ycol 400200.0 01 N Sodi um hydroxi de solution (pH adjustnent to
7.0-7.5)gq.s. Water for injectiong.s. ad 1 nL 30 (vi) Aerosol ng/ can Conpound
X=20.0 O eib. aciél_‘sOleioiﬂoifdM 020 mog & 13ummob)en hegtenitie Q1 OmL) was treated

35D chl orod ftLLfR]rlplgF qe41 mL??o%oweR‘b%lu?rEnog} aettl{'laéor 38 O’Hur:] %ggt?onor%?xtgre
was concentrated. The residue was purified by column chromatography on silica gel
5 (chloroform/CMA 80, 1:0 to 0:1, then CMA80/CMA 50 1:1, R¢= 0.40, CMA
80/CMA 50 =1:1) to give 13b (11 mg, a mixture of diastereoisomers, yellow solid,
25%). '"H NMR (MeOH-d,): 0 7.77 (s, 1H), 6.75 (s) & 6.74 (s) (1H), 5.55 (s) &
5.54 (s) (1H), 5.02-4.90 (m, 1H), 4.00-3.58 (m, 6H), 0.95 (s, 3H); MS (ES™): 341.1

(M+H)
10
Example 14
NH,
\ \
o 9 0 \ N
HO—P—O-P—O—IID—O 0 N 2
OH OH OH N
Me
HO OH

((2R,3R,4R ,55)-5-(4-Aminopyrrolo[1,2-f][1,2,4]triazin-7-yl)-3,4-dihydroxy-4-
15  methyltetrahydrofuran-2-yl)methyl tetrahydrogen triphosphate (14d).
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The above formul ati ons may be obtai ned by conventional procedures well
known in the pharmaceutical art. 40Al |l publications, patents, and patent
docunent swaneos/asgwspor at ed by reference herein, as thougkTiusdéosiosesad | y

i ncorporated by reference. The invention has been described with reference
to various specific and preferred enbodi nents and techni ques. However, it
shoul d be understood that many variations and nodifications may be nade
while remaining within the spiritNHand scope of the 45invention. CLAIMS
What is clainmed: |.A conmpo of(Formula I: 5R2 (0 wherein: R isN%a, SRa,
NRaRb, NRaNRbRa, al kyl, al kyl, al kenyl, substituted alkenyl,

al kynyl , substi N aryl/, substituted aryl, E
CH( NHR3) CO2Rb, P%O yl SEH2) - saryl, d, F Br,

CONRaRb, NHC(=NRa) N . NRa T HifD,
NRaC( 0) NRbRa, NRaC(S ® NRaC( 0) ORb, CH=N- ORa,
NRaC( 0) NRbNRaRa, O- ) I%aH OC(0)-0Ra, ONH C(0)O0-al ky HE(0) O-aryl,

ONRaRb, SNRaRb, S- CHO, C(=S)N 15 RaRb, nitro,
SC2NRaRb; and R3 is H, CN NC2, al kyl, substituted aﬁa<yl ol kenyl

substituted al kenyl, a]I kynyl , substltut ed al kynyl, CH=CF2, CH(=N Ra)CRb
CHO, CH=CH OCH3, NHCO\IHZ NHCSNH2 CONRaRb, CSNRaRb CO?‘Ra al koxy, NH2,
al kyl am no, di al kyl am no, hal ogen, (1, 3-oxazol-2-y1), (1,3- oxazol -5- y1)
(1, 3-thiazol -2-y1), (imdazol-2-y1l), (2-oxo[1,3]dithi 01?[4—nyr{;tb)egzo>ﬁhurican- 2-

NH-R
\ NH-R
\ Ty
HOH,Cq O NQ /J
N
Me
RO  OR N
RO OR
14¢
R: 4-nitrobenzoyl 14b
o R: 4-nitrobenzoyl
oe
oPc
(2)H,P,0,

3) 1
(4) conc. NH,OH

NH,
\
o \
Ho—P—o—il—o—P—o N
| | 0] \ —
OH OH OH
Me
HO  OH

a. A suspension of 1k HCI salt (300 mg, 0.95 mmol) in pyridine (9 mL) was
treated with DMAP (99%, 30 mg, 0.24 mmol) and MMTrCl (97%, 460 mg, 1.44
5 mmol) followed by stirring at RT for 15 h. The reaction mixture was diluted with
chloroform (150 mL), washed with water (2 x 60 mL) and dried over MgSOj,. After
filtration and concentration of the filtrate, the residue was purified by column

chromatography on silica gel (hexanes/ethyl acetate, 1:0 to 1:1, then
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20 yl), (2H 1, 2,3]triazol-4-yl), C(=NH) NH2, C(=NH) NHOH, C(=NOH)NH2, acyl,
substituted acyl, ORa, C(=NRa)Rb, CH=NNRaRb, CH=NORa, CH(ORa)2, B(ORa)2, C
- C(=0) NRaWRD 208082008 - S- al kyl, (CH2)n-S-aryl, (CH2)n-S(0)PETRIBRY08(0&I929 n- S( 0) -
aryl, (CH2)n-8(02)-alkyl, (CH2)n-S5(02)-aryl, (CH2).-SO2NRaRb, or

(CH2) n- ORa. cibroforadME é@g@tdﬁ% W hl)alwlz;?‘]é C53‘9hlnf{' dN¢¥a 3{1&2 @.t@g@hed ey

forma cycloal kyl, 25substiituted cycl 6a aryl, substit d ary
het er ocycl o@hlklgﬂlfomdﬂb@t 80Ut @d) e tvericsplido bl wasl purhenemgiatoybq used fsulimt i tuted

het er oaryl ; | I NRaRb, C, F, ORa, SRa, NHCCRa,
NHSO2Ra, - NHH ﬂsﬁBON%NESa) é7?§(%{fr“§w)a\|RaRb or NRaC(0)ORb; 30R2 is a

nucl eosi de sugar group; Ra, Rb, Re, and Rd are independently sel ected
fromthe group consisting of H, alkyl, substituted al kyl, al kenyl,

subst it ut edbal kefysolutigniafiile aboy@tlétu(ﬁ@ﬂ wg) i kylr@me (ymLdsak yreated with
het er ocycl i o, SADSE | eda stitufe . | kyl
am no, gubs@v{ﬁg g%g/a(”myg;o glé ﬁﬂhe J‘&%} gz@n‘% 9fgr<e%h7|%t rggen

to which 5theolpfotioned 8¢ hﬁﬂlﬂg% rmacriw I43h| TheRactidnifixhgt RAs dRueeRad No,
azetidi no, norpholino, or thionorph or. Rband Re together with

|
the nitrogehtQae (#A0RLY. Hegsh é‘ﬁé’l@t‘t’%ﬁgﬂwéggflrgb ng{a) pyirbrigie; @5 wel.). gripéever no,
| d Rd
o e act 10 S0y IR LBk ORI LS AU

10subst 1 ut eduahkjttomatygrhgisl Myhhcﬁgﬂlf{h&ﬁaﬂésédhﬂmbﬁam kylto 1an)yb giveuldbt i t ut ed
eroaryl; or and Rd together with N

at glm, t ge&ﬁ f@ﬁ%@zﬁ%‘?@n%s? iy %E%r?%a?eh@m MNheP¥e Btfmo%ﬁnsyyell%ﬁé@t ut ed
Bﬁ;re;rgggﬁ![ ?gwRa@%{esg? [ élgs%?) S?Kmfﬁe%ﬁyk Psretela 105;118}/ d\‘/]l r% Zl’n‘le Ti on in
15an ani mal 4.504cM0 @edlH)8. 7(50(@})3)1&)](:13.53‘-314&(111,1931),( 1.56 (s 38Dt MBS (KB ®Y8R of
formul a (122M . HO OH
15
c. A solution of 14b (276 mg, 0.28 mmol) in CH3CN (28 mL) was treated with
0.2 N HCl (aq., 1.4 mL) followed by stirring at RT for 2.5 h. The reaction mixture
was neutralized with 0.5 N NaOH (aq.) to pH = 5 followed by addition of water (40
mL) and concentration under vacuum to remove CH3CN only. The aqueous residue
20 was extracted with a mixture of CHCl;/MeOH (5:1, 100 mL,50 mL). The combined
organic extracts were dried over MgSQ,. After filtration and concentration of the
filtrate, the residue was purified by column chromatography on silica gel
(hexanes/ethyl acetate, 1:0 to 1:1) to give 14¢ (R, = 0.58, hexanes/ethyl acetate =
1/1, 150 mg, 74%) as a yellow solid. "H NMR (DMSO-d): 8.81-7.80 (m, 14H),
25 732 (bs, 1H), 7.12 (bs, 1H), 6.02 (bs, 1H), 5.73 (d, J = 3.4 Hz, 1H), 5.26 (1, 1H),
4.32-4.25 (m, 1H), 3.90-3.80 (m, 2H), 1.52 (s, 3H); MS (ES™): 7282 (M + H)".
Anal. Calcd for C33H»5N701300.25 EtOAc: C, 54.48; H, 3.63; N, 13.08. Found: C,
54.72; H, 3.84; N, 12.71.

30 d. A suspension of 14¢ (50 mg, 0.069 mmol) in a mixture of pyridine (70 pL)
and dioxane (210 pL) was treated with a freshly prepared solution of chloro-4H-
1,3,2-benzodioxaphosphorin-4-one (1M in dioxane, 80 pL). The reaction mixture
was stirred at room temperature for 20 min followed by treatment with a solution of

tributylammonium pyrophosphate (1.6 BuzN-1.0 HyP,07, 50 mg, 0.11 mmol) in
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(12).
NRaNRb
chl oro,

et hyl am no,

tc.

di et hyl am no,

25hydroxyetbxh)Qx%%gﬂ)%ﬂd

pyrroli
NRaRb.

R7 is H ORR

subst it ut ed™k
al kynyl ;
R 7 are not

di no

20 2. The conpound of claiml1 wherein Ris Ora, d
3. The conpound of any one of clains 1-2 wherein R is hydroxy,
EOI008y0891981 Ccapt o,

SRa,

NRaRb, or

am no, nethyl am no, i sopropyPawiuseQ08/s@RYy| am no,
cycl opropyl am no, 2- aninpethylaninoz 1-(2-
| THAZ . Of
éﬁﬁ’g&g laﬂﬁ’ne éne o?)é %M fﬂg Tvlﬁeééérgéogﬁl%ns H

5. Tommed @\mp(stmdd a1f ro@ﬂyteﬁrperauire (fd)mmﬁnrlfcﬂld»d’edrl@i theaBAentswith 2.9wher ei n:

OI’

%B % Ia}m%x{lﬂzo @@8&@%@%@1&? R’@NPducﬁg :'§>)f’/

“‘mﬁw AL B8 IR s Y o el

al ky
aqygoug

By RaLIr

I'S no

I
Sodinm ut ed
7 and
OH and

when oné of relduarnths R'rethddSwftB cohch GNHE(bHr(lﬁ SmD))bn(Qstlrred at room F@npeﬁa‘dﬂ;e Cl R14,

N3, NH2,
al kenyl ,

or F; and R18 is

R 8 10 t ogetipermay, P

when one of

Rg a 81s

ﬁ%ﬁ t he? olzh{e:Ze

al kyl ,

al kyl , substitute

d al kyl,

superRighi @Howﬂéﬁfpnce@ﬁmpmro diypessbag recsmléd’vamd@ﬁﬁw I%Hzﬂs and

X ST Ao B

OH and
ﬁgq%S R8 and

R 8 is N3, cdneemtzhmi under nmuuﬁ{or arshdi? pertietl cﬂalm@gﬁtehmwe dartrdco pfMCHCLRI 00

wher ei n: )
any Cl-12 @andpunhe

of TEAB buffer (1M TEAB buffer, pH = 8.0 / H,O, 0:1 to 1:0, total: 500 mL). The

R100, i s.

or

fC :(Il byZDf:iAE ion exc-hangél g(lh?r%lnlé o’matography m})c}?% {ngz?rrgéadlevmer ein

fractions containing the desired nucleotide was combined and concentrated. The
residue was re-dissolved in HyO and purified further by HPLC (CH;CN/0.1 M
TEAB buffer, pH = 8.0, 0-20 min, 0-35% CH;CN; monitoring at 244 nm) to give

14d (¢z = 17.00 min). Fractions containing 14d were concentrated and re-dissolved

in 3 mL of H,O and the concentration of 14d was measured to be 4.1 mM (yield:

18%) by UV (244 nm, ¢ = 35,000 M™! cm™). 'H NMR (D,0): & 7.77 (bs, 1H), 6.93
(d, J = 4.0 Hz, 1H), 6.85 (d, 1H), 5.45 (s, 1H), 4.34-4.10 (m, 2H), 4.10-3.96 (m,
2H), 0.78 (s, 3H); *'P NMR (D,0): § -9.25 (d, J = 17.8 Hz, 1P), -9.78 (d, J = 17.9

10
15
Hz, 1P), -21.70 (m, 1P); MS (ES"): 519.1 (M-1)
20
Example 15
The following illustrate representative pharmaceutical dosage forms,
containing a compound of Formula I, or a pharmaceutically acceptable salt or
prodrug thereof ('Compound X'), for therapeutic or prophylactic use in humans.
25
(1) Tablet 1 mg/tablet
Compound X= 100.0
Lactose 71.5
Povidone 15.0
30  Croscarmellose sodium 12.0
Microcrystalline cellulose  92.5
Magnesium stearate 3.0
300.0
35 (i) Tablet 2 mg/tablet
Compound X= 20.0
Microcrystalline cellulose  410.0
Starch 50.0
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al kyl

and C3.8 cycl oal kyl
1-3 substituents selected from hal ogen,
and wher eve 200808ar0§| or

het er oar yl

of R100 is unsubstituted or

hydr oxy, car boxy,

substituted with 1-5 substituents 25i ndependently selected from R101;

each R101 i o$ﬁ8%B989§®r&¥wha'915614 al kyl, C1_4 al koxy, Cl4 al kylthio, Cl4
al kyl sul f oy r'tro

trifl uoronetiey
al kanoyl oxy,

am

or Cl4 al kyl oxycar

phenyl ,
i (C14 al kyl) am no,

P i hy

trifluoronethyl,
Cl4 al kanoyl ,
N3;

car boxy,

30R9 is H CH3, C2H5, or

RO is CH2OR14, CHF, CH2SH, CHFOH, CF2QH, CH2-di phosphat e,

CH2-tri ph
-0-P-ORi o , Compe@rdX=P-ORi 0 ;
i ndependent Cylldidaladilkdoh,dienigd |
(CH2) n- 0- ( CJto®R13;

15

20

25

30

35

40

45

dihCapsulo00 H2I | H2 | migkkapsude | |

esium stearate 3.0

600.0

(iv) Injection 1 (1 mg/ml)
Compound X= (free acid form)
Dibasic sodium phosphate
Monobasic sodium phosphate0.7
Sodium chloride

1.0 N Sodium hydroxide solution
(pH adjustment to 7.0-7.5)

Water for injection

(v) Injection 2 (10 mg/ml)
Compound X= (free acid form)
Monobasic sodium phosphate0.3
Dibasic sodium phosphate
Polyethylene glycol 400

01 N Sodium hydroxide solution
(pH adjustment to 7.0-7.5)
Water for injection

(vi) Aerosol

Compound X=

Oleic acid
Trichloromonofluoromethane
Dichlorodifluoromethane
Dichlorotetrafluoroethane

R1%63.5

-C-0-P-CRio,

acyl oxyal kyl , or

1.1
200.0

qg.s.
g.s.ad 1 mL

mg/can
20.0

10.0
5,000.0
10,000.0
5,000.0

The above formulations may be obtained by conventional procedures well known in

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 many variations and

modifications may be made while remaining within the spirit and scope of the

invention.
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6. The conpound of any one of clainms 1-4 wherein R2 is selected from
HO Ncoy HO -w HO Ncoy HO- N(Oy Hd -tol | HHHOHd HO- vy HO ---, O . , z-
HO- of (d)(1)(d) HO HO HO. (HO- Ncoy CF3  CH3 CH2F
Eld bHHd bH-011bH 7. The conpound of any one of clainms 1-4 wherein
R2 is: 10 wherei n: CLAIMS

What is claimed:

1. A compound of Formula I:
R3 R
e SN
\ N\N¢L Rl
5 R?
1)
wherein:

R is OR;, SR,, NR Ry, NR.NRyR,, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, (CHa),-
10 CH(NHR;3)CO2Ry, (CHa)p-S-alkyl, (CHa),-S-aryl, Cl, F, Br, I, CN, COOR,,
CONR, Ry, NHC(=NR,)NHRy, NR,ORp, NR,NO, NHCONHR,, NR,N=NRj,
NR N=CHRp, NR;C(O)NRuR¢, NR;C(S)NRR., NR,C(O)ORy,, CH=N-OR,,
NR,C(=NH)NRyR,, NR,C(O)NR,NR R4, O-C(O)R,, OC(0)-OR,, ONH-
C(0)O-alkyl, ONHC(O)O-aryl, ONR Ry, SNR Ry, S-ONR,R,, CHO, C(=S)N
15 R,Ry, nitro, C (=NR,)ORy, or SO:NR,Ry; and R? is H, CN, NO,, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, CH=CF,, CH(=N
R4)OR,, CHO, CH=CH-OCH3, NHCONH,, NHCSNH,, CONR.R}, CSNR,R,,
COsR,, alkoxy, NH,, alkylamino, dialkylamino, halogen, (1,3-oxazol-2-yl), (1,3-
oxazol-5-yl), (1,3-thiazol-2-yl), (imidazol-2-yl}), (2-oxo[ 1,3]dithiol-4-y1), (furan-2-
20 yl), (2H[1,2,3]triazol-4-yl), C(=NH)NH,, C(=NH)NHOH, C(=NOH)NH,, acyl,
substituted acyl, OR,, C(=NR,)Ry,, CH=NNR Ry, CH=NOR,, CH(OR,)>, B(OR,)>,
C=C-C(=O)NR.Ry, (CHa)y-S-alkyl, (CHy),-S-aryl, (CHa),-S(0)-alkyl, (CH,),-S(O)-
aryl, (CH)n-S(O2)-alkyl, (CH2)n-S(O2)-aryl, (CH2)s-SO;NR,Ry, or (CH2),-OR,; or
R and R? together with atoms to which they are attached may form a cycloalkyl,
25  substituted cycloalkyl, aryl, substituted aryl, heterocycloalkyl, substituted
heterocycloalkyl, heteroaryl, or substituted heteroaryl;
nis 0-5;
R'is H, NR.Ry, Cl, F, OR,, SR,, NHCOR,, NHSO-R,, NHCONHR,, CN,
alkyl, aryl, ONR,Ry,, or NR,C(O)ORy,;

30 R? is a nucleoside sugar group;
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R7 is H ORR 1\13, NH2, or F; and W is H, F, OH, O-al kyl, alkyl,
substituted al kyl, al kenyl, substituted al kenyl, al kynyl, or
substituted al kynyl; or R7 and R17 together may be =CH2, =CHF;
wherein both R7 and R 7 are not OH and when one of R7 and W _is NH2,
the other is notRéﬁp,%@%Wempwdmﬂyaﬂwt@ froingthg grong copsigingtier

t OH 0 4 .
ot 0"l oyt Al obilsR L M, D Bl e AOE fh fiedgba oty
al kynyl , OrcyslmbH@l thuteﬁfbyahdgamlj substitufegd aaylﬁad?l Subnigetd atyl r8Y,-dlkyl=CH2,

=CHF; wherel n both Rg and R 8 are not OH when one of R8 and R s
is NH2, théinBP%e?Pb$t§uW6P1n€§‘P aath N Qi9e Ra @?%Rb?ogﬁgelawﬂhw nitgogen, to phictn o

ot her i
Ps" e 15 ool iegRicHBd SAEa PHrSIRGRS biberRld, pino, BARBIEbABIngt 17
30al kyl ancbr%oﬂloqymlinaﬁhg;l ord{, aRd BQ togethen swthghe 111[!1'Dgeh orwhish they are
substi t uted Wltgfl subs tuentsgfel ected, from aI ogen, h.ydroxy,

A% 3Ry1T

carboxy, arftieeRe GOAHRF ISP, RIRFrazing, st SRS R100
i S unsubst i HMinb $in ?ugﬁl tuted with 1-5 substl tuents
i ndependently selected from 12101, each R101 is

i ndependent |y helicoanmarallwwnctemﬂy a¢leaed/ fromgi the gholap lcohdissing©f 4, alkyl,

Cr 11 uaPormst iy AR sl BB Sy e B Ao e ky1 )

ani no, Cl4 aidianay hnd ﬁb@m@té@aﬁ&yé@y%or R], afrd R , 2 e @ XN BN ROBY o wiR8h | S
H, CH3, C2H5, or" N3; i's CH201214, CH2F, CH2SH,

CHFOH, CF2hey areiptiatthed sxayHeme a hagmagclpaliogh sehstitited hetgocycloalkyl,
heteroaryl, or substituted heteroaryl;

or a pharmaceutically acceptable salt thereof for treating a viral infection in
15  ananimal;

provided the compound of formula (I) is not a compound of formula (12):

(12).

20 2. The compound of claim 1 wherein R is OR,, Cl, SR,, NR;Ry, or NR,NRyR.
3. The compound of any one of claims 1-2 wherein R is hydroxy, chloro,
methoxy, mercapto, amino, methylamino, isopropylamino, propylamino,
ethylamino, dimethylamino, cyclopropylamino, 2-aminoethylamino, 1-(2-

25  hydroxyethyl)hydrazino, hydrazino, 1-methylhydrazino, azetidino, or pyrrolidino.

4. The compound of any one of claims 1-3 wherein R’ is H or NR,Rs.

5. The compound of any one of claims 1-4 wherein R? is
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H2ZHO0 2 HH -0-P-OR10 , -0-C -P-01210 -C -0-P-OR10 , or -0-C-P-ORIO
1212 ORi 6RI I R12 R10 and R11 are each independently H, alkyl,
aryl, substituted aryl, acyloxyalkyl, or (CH2)n-0-(CH2).CH3; 5R12 is
an N-linked am no acid residue (e.g. -NH CH(CH3)CQal kyl or -NH

CH(i sopropyl)-0Q2al kyl ); andgR14 is H n isg2-5; and mis 10-20. 10
8. The conpound of any one of i/ms 1-4 wher aifl I's selected from
HO Ncsy HO--\,sy HO -\ sy Hd 'of of f F. 9. The conpound of
any one of clains 1-4 whereRn A 7ip‘s": R13-r."" u 0

wherein:
R71s H, ORy4, N3, NH;, or F; and R'; is H, F, OH, O-alkyl, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or R; and R';

5  together may be =CH,, =CHF; wherein both R; and R'y are not OH; and when one
of R7 and R'7 is NH,, the other is not OH; and when one of R; and R'; is N3, the
other is not OH;

Rgis H, ORy4, N3, NHy, or F; and R'g is H, F, OH, O alkyl, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Rg and R's
10 together may be =CH,, =CHF; wherein both Rg and R's are not OH; and when one
of Rg and R's is NH,, the other is not OH; and when one of Rgand R's is N3, the
other is not OH;
or R7 and R together can form

15

Riog
wherein: Rygg is Cy.j2 alkyl Csg cycloalkyl, aryl or heteroaryl; wherein any C_j2

alkyl and Cs.3 cycloalkyl of R g is unsubstituted or is substituted with 1-3
substituents selected from halogen, hydroxy, carboxy, and C).4 alkoxy; and wherein
any aryl or heteroaryl of Rjgo is unsubstituted or is substituted with 1-5 substituents
25 independently selected from Rgs;
each R, is independently halo, Cy_4 alkyl, C,4 alkoxy, Ci4 alkylthio, C|4
alkylsulfoyl, cyano, nitro, amino, phenyl, carboxy, trifluoromethyi,
trifluoromethoxy, C;4 alkylamino, di(C,.4 alkyl) amino, C,.4 alkanoyl, C,_4
alkanoyloxy, or C;4 alkyloxycarbonyl;
30 Ry is H, CH3, C;Hs, or Ns;
R'y is CH,OR 4, CH,F, CH,SH, CHFOH, CF,0OH, CH,-diphosphate,
CH,-triphosphate,

H H, Q Hy H, i
—C0~F~ORp» —0-C"-P=OR,+ —C "0=P=OR;g, OF —0O~C *P=ORyy :
ORy; OR); Rz Rpp

Rio and Ry; are each independently H, alkyl, aryl, substituted aryl,
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112 11 0 00-C-P-OR 0 1 11HTT , 01 H2C p-01210.... HORIl O-C
-P-OR] 0 ORI1 OR1Y " R7" or 00 H2C-p-011.10 RR2 0 0 0 111
H2C-p-ORIo R12 wherein R2" is alkyl or substituted al kyl ;

acyloxyalkyl, or (CHy),-O-(CHz),CHs;
Rz is an N-linked amino acid residue (e.g. -NH-CH{(CH;3)CO,alkyl or -NH-
CH(isopropyl)-CO»alkyl); and
Risis H;
5 nis 2-5; and
m is 10-20.

6. The compound of any one of claims 1-4 wherein R? is selected from:

HO 0 HO o HO o HO 0
XY X XY XY
HO  OH HO HO T HO
YT TN TS
{d) ) {(d) ()]

TS LY
m “u’ LY

OH

xz U Y
+—5=CH,0H

© HO  ©H

HOH,C

10

&9



5Ri o and R11 are each independently H, alkyl, aryl, substituted aryl,
acyl oxyal kyl, or (C112)"-0-(CH2)1C113; R12 is an N-Iinked
am no acid residue (e.g. -NH CH(CH3) CQal kyl or

- NHCH(i sopr 1)-0Qal kyl); R13 is : : 113, LH2F, Cl1120H,
CHZCH(ZF, c ?:{iz)dti?e @quﬁg?i Oimq#;i@@cfﬁdl%@wﬁ%: or C112CH2N112;
R14 is H nis 2-5; and mis 10-20. 1510. The conpound of any one of
claims 1-4 wherein R2 is: 000 It HRGP-OHOHd L. TACH3 0 O I

H2C- P- OH Ry Ry
Rg ' or Rg _
R'g R'."
Rg Ry

10 wherein:

R7is H, OR 4, N3, NH;, or F; and R'; is H, F, OH, O-alkyl, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Ry
and R'7 together may be =CH,, =CHF; wherein both R; and R'; are not OH; and
when one of R; and R'; is NH,, the other is not OH; and when one of Ry and R% is

15  Nj, the other is not OH;
Rsis H, ORy4, N3, NH,, or F; and R's is H, F, OH, O alkyl, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Rg and R'g
together may be =CH,, =CHF; wherein both R and R's are not OH; and when one
of Rg and R'g is NH>, the other is not OH; and when one of Rgand R'g is N3, the
20 other is not OH;

or R; and Ry together can form

25 o, 0
Rig
wherein: Rygp 15 Ci.j2 alkyl Cs.g cycloalkyl, aryl or heteroaryl; wherein any Cy.)2
30  alkyl and Cs.g cycloalkyl of R;qp is unsubstituted or is substituted with 1-3
substituents selected from halogen, hydroxy, carboxy, and C,4 alkoxy; and wherein
any aryl or heteroaryl of R;qp is unsubstituted or is substituted with 1-5 substituents
independently selected from R gy
each Rjp is independently halo, C;_4 alkyl, C;4 alkoxy, C;4 alkylthio, C;4
35  alkylsulfoyl, cyano, nitro, amino, phenyl, carboxy, trifluoromethyl,
trifluoromethoxy, C;.4 alkylamino, di(C;.4 alkyl) amino, C,4 alkanoyl, C;4
alkanoyloxy, or C;4 alkyloxycarbonyl;
Rg is H, CHj3, C;H;, or Nj;
R’y is CH,OR 14, CH,F, CH,SH, CHFOH, CF,OH, CH,-diphosphate,
40  CH,-triphosphate,
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OHO Ol H2CGPt-OHOH 1 1. The conmpound of any one of clains 1-4
wherein R2 is: wherein: R7 is H OR14, 1\13, NH2, or F;, and R7 is
H F, OH O0-alkyl, alkyl, substituted 5al kyl, al kenyl, substituted

al kenyl , al kynyl, or substltut ed al kynyl; or R7 and R 7 t oget her may
be =CH2, =CHBH; \A%er ein bOtI:hu R7 andHR' 78/ re not OH: and when one of R7
and R17 is N©° g &gt her Ci's Ror o8 ° Ntien Bre loP*R7 and R7 is N3,
the other is not ;Rng%“O?l4 1\13, NH2, or ¥ and Rgis H F,
OH, 0 al kyl, alkyl, substituted 10al kyl, al kenyl substituted

al kenyl , al kynyl or substituted al ky nly or Rg and R g toget her may
be =CH2, =CHF; whiered Riiae Radkgnaenensenylydi cllkds argh-isubsithiedhasil.one of Rg

and R8 is i and when one of Rg and R 8 is
N3, the othe xgﬁlﬂgl 8%%‘?6@&% t oget her can form R oo wherein:
R100 is5C-12 alkylis &3N8inkyd bdéokacid residyit (0f. -Nel-EHPGHYJCOMISET 6 INFRNY

c112 CH(isopropyl)-COsalkyl); and

Ry4is H;

nis 2-5; and

m is 10-20.

10
8. The compound of any one of claims 1-4 wherein R? is selected from:
\/_7’ YUY v
HO HO

Q CF; \/—z LI, /\—Z CH,F 4
HO OH HO OH HO OH

o

\< zf \fj Y
—=CH,OH
HO 0H

HOH,C o

Oﬂ
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al kyl and C3.8 cycloal kyl of R100 is unsubstituted or is substituted
with 1-3 substituents sel ected from hal ogen, hydroxy, carboxy, and
G A al koxy; and wherein 25any aryl or heteroaryl of R100 is
unsubstituted or_is substituted with 1-5_ substituents independently
sel ected frbm Rﬂ?fcompounée W%f@fci%mﬁ Azﬁe\aﬁ a@rﬁ% hal o, G4 al kyl,
Cl A al koxy, C14 alkylthio, C A al kylsulfoyl, cyano, nitro, am no,
phenyl , carboxy, trifluoronethyl, trifluoronethoxy, C A al kylam no,
di (Cl4 al kyl) amino,| CIA al kgﬂgyl Cl A 30al kanoyl oxy, or ClA
al kyl oxycar bony! ; pRTH o C2H5, or N RO is CHZOR14
CH2F, CH2SH, CHFOH, CE2QH, CH2- di phosphate’’ g°g$]§sphate
¢C-P-ORIO; 1

H2H1129H2H1429 -C " 0- |9— 0 -0- -©1210 1 -
ORI | R12R12 R1OT4Md REY are (ea@zhia'J,@j[g ependent I3F1H, al kyl , aryl
substituted aryl, acyl o®fal kyl, or 0-(CH2).CH3; 10R12 is an

N-Iinked am no acid residue (e.qg. -NH- (CH3) CC2al kyl or - NH

CH(i sopropyl)-OQal kyl); R4 is H nis 2-5; and mis 10-20. 15

12. The conpound of any/qle of clains 1-4 wherei nLRZ is selected from
.‘\R';r"

or
Ri3 i, 9 o
O_C ‘?—ORIG ? 9 \
Rpz Hzc“lz_ORm 60
12 H,C—P—ORy,
Rz
" wherein
R7" is alkyl or substituted alkyl;
5 Rio and Ry; are each independently H, alkyl, aryl, substituted aryl,

acyloxyalkyl, or (CH3),-O-(CH3)»CHs;
Rj; is an N-linked amino acid residue (e.g. -NH-CH(CH3)CO,alkyl or -NH-
CH(isopropyl)-CO,alkyl);
R;3 is H, CH3, C;Hs, CH,F, CH,OH, CH,CH,F, CH,CH>0H, CH;N3,
10 CH,CHj,N3, CH,NH», or CH,CH;NH5;

R[4 is H;
nis 2-5; and
m is 10-20.
15 10.  The compound of any one of claims 1-4 wherein R? is:
L i
H O \\.‘“ ’
¢ 9 09 T oHoo
H,C—~P—OH S0 H,C~P—OH H,C-P-OH
T
25 OH H,C-P-0H OH OH
OH
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HO HOHO  HO - OCH112F HOw, and HO (, CH3 HO 13.The conpound of any
one of clains 1-4 wherein R2 is: wher ei n: R7 is H,
01214, N3, NH2, or F;, and R7 is H F, OH O0-alkyl, alkyl,

substit ut ed 50al kyl, al kenyl, substitut ed al kenyl _, al kynyl, or
substi t ut ed lal kyHB# GonB}OUFﬁog‘ﬁH’ qepfickias heh Whg 91116% iIECH2, " =CH

wherein both R7 and R 7 are not OH and when one of Ry, and R7 I S

NH2, the other is Ret X andRWn n,one & R7 and R Fyij t he ot her
is not OH R R9
R R R

Rg Ry R Rg R? , ' RgR

wherein;
R7is H, ORy4, N3, NH», or F; and R'; is H, F, OH, O-alkyl, alkyl, substituted
5  alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or R; and R';
together may be =CH,, =CHF; wherein both R7 and R'y are not OH; and when one
of R7 and R'7 is NH», the other is not OH; and when one of Ry and R'; is N3, the
other is not OH;
Ry is H, OR4, N3, NH,, or F; and R's is H, F, OH, O alkyl, alkyl, substituted
10  alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Rg and R'g
together may be =CH,, =CHF; wherein both Rg and R's are not OH; and when one
of Rg and R'g is NH,, the other is not OH; and when one of Rgand R'g is N3, the
other is not OH,;

or Ry and Rg together can form

20 Y

Rygo
wherein: R g is Cy.12 alkyl Csg cycloalkyl, aryl or heteroaryl; wherein any C,.»

alkyl and Cs;.3 cycloalkyl of Rjqg is unsubstituted or is substituted with 1-3
substituents selected from halogen, hydroxy, carboxy, and C,.4 alkoxy; and wherein
25  any aryl or heteroaryl of R g9 1s unsubstituted or is substituted with 1-5 substituents
independently selected from Rypy;
each Rj¢; is independently halo, C4 alkyl, C;_4 alkoxy, C;.4 alkylthio, C;.4
alkylsulfoyl, cyano, nitro, amino, phenyl, carboxy, trifluoromethyl,
trifluoromethoxy, C,4 alkylamino, di{(C,.4 alkyl) amino, C,4 alkanoyl, C; 4
30  alkanoyloxy, or C;4 alkyloxycarbonyl;
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R8 is H R4, N3, NH2, or F;, and Rs is H F, OH 0 alkyl, alkyl,
substituted al kyl, al kenyl, substituted al kenyl, al kynyl, or
substituted al kynyl; or R8 and R s 5 together may be =CH2, =CHF;
wherein both R8 n.d are not OH and when one of R8 and Rs is
NH2, the other i é&%ﬂqca%%ﬁén one of R8 and R 8 is N3, the other
i's not OH, or R I gen: R100
is O-12 al kyl 70%98%%%‘3% Ca}%?/?l yﬂ%&%&%%@mﬁgmn any Cl-12
al kyl and C3H-tiphospliakey| of RL00 is unsubstituted or is substituted
with 1-3 substituents sel ectgd from hal ggen, hydro , carboxy, and
Cl4 al koxy; arfd wherei n_any: pr Eh@t rqaryl_gtes Q)g |s
unsubstituted or §s "Ybsti tuged’ E substi tueng s

i ndependently sel ected from Run each R1O1 is i ndependent |y

hal o, Cl4 al kyl Ricand Bhiess gachdndepshdaptiyfif.alkydiatylabubgtistddasyl,, cyano,

nitro, am nQg OXY uoronet hyl, trifluoromethoxy, C
14 al kyl amaﬁglogﬁﬁgéiﬂrm §S (gIII-‘f Ffbéﬁ%:m al kanoyl Cl4 al kanoyl oxy, or
Cl4 al kgl oxycar lrpis an R3imRed smito dekd3resiGdéfe. ONHBBH(CH C0,alR9] $rSNH-
CH20R14, CH2F, CH2SH, CHFOH, CF20H, CHz- d| p osphat e, rtri phosphat e,

HoH | Hen28HEopmmefPealkyll;o-C -P-ORio -C, or --0-C -P-ORI0 ; OR
IOR, ,RI 2RI 2 Ry . and R11 are each independently H, alkyl, aryl,
substituted aryI acy’l oxyal kyl, or (CH2)-0-(CH2) nCH3; Rl 2
is an N-linked ank@d;aadd reS|due (e.g. -NH CH(CH3)CQal kyl or
-N|—|-35C:I-|(|sopropy1) chal kyl); and R14 is H nis 2-5; and mis
10-20. 40

15

12.  The compound of any one of claims 1-4 wherein R? is selected from:

“@’ el W W
30 _ow% vcﬂpw w

DH HOH.C °

HO
—==CH ST .
o CF )} = HO 3
HO on HO F F

20

Ol.r
O:,

13.  The compound of any one of claims 1-4 wherein R* is:
. Ry
45 Ry \—
wherein:

R7is H, OR,4, N3, NH;, or F; and R'; is H, F, OH, O-alkyl, alkyl, substituted
50  alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Ry and R%;
together may be =CH,, =CHF; wherein both R; and R'; are not OH; and when one
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14. The conpound of any one of clains 1-4 wherein R2 is: 15. The
conpound of any one of clains 1-4 wherein R2 is: 25 wherein RO is
H, CH3, C21-15, or N3; R 9 is CH20R14, CH2F, CHZSH CHFCOH,
CF20H, CH2-di hosphat CH2-tri phosphate, Otj OOLI H2Hn2 11 H21 I n2
11 -C -0- R-9 F?g Nopthepthends notdld and vignone Oéﬁuaeﬁ]R 11 N2 30
R10 and Ri | rqsﬁ%l ndependently H, alkyl, aryl, substituted aryl,
acyl oxyal ky(f j-0-(CH2) 1CHS; R12 Is an N-linked am no
aci d residue (e.RyisNORGHTHNHORAF kanld Roy is INHCHH, < plikgl wik)yl, Gakaitityd ) ;

alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or Rg and R's
5  together may be =CH,, =CHF; wherein both Rg and R's are not OH; and when one
of Rg and R's is NHj, the other is not OH; and when one of Rg and R'g is N3, the
other 1s not OH;
or R and Rg together can form

10

RIOO
wherein: Rgg 18 Ci-12 alkyl Cs4 cycloalkyl, aryl or heteroaryl; wherein any C;.i;

alkyl and Csg cycloalkyl of R g is unsubstituted or is substituted with 1-3
substituents selected from halogen, hydroxy, carboxy, and C;4 alkoxy; and wherein
any aryl or heteroaryl of Ryg is unsubstituted or is substituted with 1-5 substituents
20  independently selected from Ry;
each Ryg; is independently halo, C;4 alkyl, C;4 alkoxy, C4 alkylthio, Cy4
alkylsulfoyl, cyano, nitro, amino, phenyl, carboxy, trifluoromethyl,
triflnoromethoxy, C;4 alkylamino, di(C|4 alkyl) amino, C;4 alkanoyl, C;.4
alkanoyloxy, or C,4 alkyloxycarbonyl,
25 Rg is H, CH3, CyHs, or Nj;
R'y is CH20R 14, CHoF, CH,SH, CHFOH, CF,0H, CH-diphosphate,
CH,-triphosphate,
—o- P ORyq » —O- - 0 —ORyq » —gz-o—ﬁf?—ORw ,or —o—gz-il)'—ORw ;
ORy, OR, Rz Ry
Rjo and Ry; are each independently H, alkyl, aryl, substituted aryl,
acyloxyalkyl, or (CH;),-O-(CH>),,CHs3;
R}z is an N-linked amino acid residue (e.g. -NH-CH(CH3)CO»alkyl or -NH-
35  CHf(isopropyl)-COsalkyl); and
R4 18 H;
nis 2-5; and
mis 10-20.

40
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35R13 is H, CH3, C21-13, CH2F, CH2OH, CH2CH2F, CH2C1120H, CH21\13,
CH2CH21\ 13, CH2NH2, or CH2CH2NH2; R14 is H, n is 2-5; and mis 10-20.
16. The conpound of any one of clains 1-4 wherein R2 is: 1017. The
conmpound of an% one_of clains 1-4 wherein R2 is ribose, 2-

met hyl ri bose, 13- ded®§ epypewnd of agx 26 obelemyol-6rilseda R &% abi nose;

2- deoxy-2- fluoroarabinose; 2, 3-dideoxyribose;

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

2, 3-di deoxy- 2, 3-di dehyigsogi Hbse; ©@o -d%ge xXy-my-azi dbrpbose; 2, 3-
di deoxy- 3-thi ari bose; or - deoxiBE;ézgribose; a
pharmaceutically accept abl e—1% ,t t hareg CH;8. The 4 pund of any
one of clains 1-4 wherei mdR2 isythi cudbosey 2- debxyfdy ori bose;

2- deoxy- 2-fl uorothiori bose; thioarabinose; 2-deoxy-2-

f 1 uor otlRi oar abi nose; 2, 3-di deoxyt hi ori bose;

2, 3- di deoxy- 2- ffhugr olhi par abi naeey 213-, 2009 oﬁ@- -f1 uonotR ofli hose;
2,3-dideoxy-2,3-gsﬁﬁgzﬂfothioribgggi#y/ 2’3;g§QEg?3-3br t*\g_J?D
azi dot hi ori bose; or\a/pharmaceuticaly acceptabte-.salt thereot—/ 19.
The conpound of any ongpof cl aiHf.d- 4 Bher ei H®R2 i '9HA- hydr oRgmet hyl -
cycl opent - 2-ene; 2, 3-di hydr oxy- 4- hydr oxynet hyl cycl opent - 4- ene;

3- hydroxy-4- 25 hydroxynet hyl cycl opent ane;

2- hydr oxy- 4- hydr oxynet hyl cycl opent ene; 2-fl uoro- 3-

hydr oxy- 4- hydr oxsheebhipoad bopsinene claim31 di Wiysdsi@R/-i¢- hydr oxymet hy1- 5-
met hyl enecycl opent ane; 4-hydr oxymnet hyl cycl opent ane, 2, 3-di hydr oxy- 4-

hydrox?ﬂethylcyclopentagﬁ or 2, 3-di hydroxynet hyl cycl,obutane; or a

pharmaceutically accept t ther B0 ? 8
R o R)(
e ° s

RgS

55 .
wherein
Ry is H, CH3, C;Hs, or Nj;
R’y is CH,0OR 14, CH,F, CH,SH, CHFOH, CF,0H, CH,-diphosphate,
CHj-triphosphate,
—gz-o—icr')—omo , —o—gz-%)—omo , —gz-o—(i?—ORm o —o—gz-%)—onz,o ;
OR,, ORy, Ry, Rz
30
Ryp and Ry, are each independently H, alkyl, aryl, substituted aryl,
acyloxyalkyl, or (CH;),-O-(CH;),,CHs3;
Rz is an N-linked amino acid residue (e.g. -NH-CH(CH3)CO,alkyl or -NH-
CH(isopropyl)-COsalkyl);
35 R,; is H, CHs, C,Hs, CHyF, CH,OH, CH,CH,F, CH,CH,OH, CH;N3,
CH,CH;N;, CH;NH,, or CH;CH,;NH»;
Risis H;
nis 2-5; and
m is 10-20.
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20. The compound of any one of clains 1-4 wherein R2 is
4- hydr oxymet hyl - pyrrolidine;

2, 3-di hydr oxy- 4- hydr oxynet hyl pyrrol i di ne; 2/ 3-hydroxy-4-
hydr oxynet hyl pyrr.oli di ne;

2-1 uor o- 3- My dr okBF PIIRPHRG R Aot oA 9fyrHaiims il oft WherelgR s

fl uoro- 2- hydr oxy-4 hydroxynethyl pyrrolidine; or a pharmaceutical ly

accept abl e 35salt t 21 Th ound of one of cl ains
1-20 wheérein R3 is sub j nyI
substituted al kenyl, Ikyn bstltut yn I CH( N

Ra) ORb, CHO CH=CH-OCHS N H2, NHCSNHS,
al koxy, NH2, al kyl am no, dlalkylanlno, hal ogen, 5(1 3- oxazol 2- yl)
(1, 3-oxazol -5-y1), (1,3-thiazol-2-y1), (imdazol-2-y1), (2-

oxo[ 1, 3]dithi 01-4-y1), (furan-2-yl), (2H[1 2, 3]triazo|-4-y1),

=N NHOH NH2 ed . | , ORa,
CAENDNR: N TN R st RS0 B 2 O
( CH2) - S- al kiidthyltiGbEE) Q—dSoﬁYrVdose (Chedx - ﬁﬁ&bnﬁbééyhrablﬁgﬁﬁr&ékﬁ-ﬁ aryl,

(CH2). S(Of} alkyl (CH2) n- 10S(02)-aryl, or. (CH2)n- SO2NR3RDb,
(CHZ) n- ORa.fluopgarabrpesecdAptidaod yoposgngs S shdeosy-2c %ﬁrﬁﬁahmm, AR IEPORYES i s

CN, substit I gﬁwﬁﬁﬁﬁ'
C( =NH) NH2. %?%ﬁ)ed %gﬂn%éﬁg 30(111 one %?ZBﬁ 5@ %%%lo%ﬁ'sesreé?’r?l’ R3 is
CN, hydr OX)dmolﬁyB thiaribosk; byﬂﬁedﬂyﬁibdyﬁ pxatiboyé; or alphﬁlmellttﬁmuy acceptable
nethOXﬁcarbog carboxy, fluoro, brono, or C(=NH)NH2. 24. The
conpound ofs2 ﬁyﬂ%ﬁé of clains 1-22 wherein Ra, Rb, Rc, and Rd are
20i ndependently sel ected fromthe group consisting of H, alkyl, and
substituted alkyl; or Ra and Ro together with the nltrogen to mhlch
they are atlac hél“dlefconmnancmf'&m*l qndlorﬁolanpa; pé:rwlmhrmo,R p$ theorawise,d-

azeti di no, 0 and t oget her
W th he nidePBBBRPER e RAOEIORP DS EGRe2 G P6P i no,

pi peri di no,fuBtdiRibambRGse; @zaeaidem@moﬁpégéhgBldi@hoxs)rz ﬂlﬁurefnmaﬁaimhéseoz 3-
ring. 25 25. The conpound of claim1 which is a conpound of t he

fol | owAg fdidesny-d-flucrythioribose; 2,3-dideoxy-2,3- dldehydrothlorlbose or 2,3-dideoxy-3-

azidothioribose; or a pharmaceutically acceptable salt thereof.

19. The compound of any one of claims 1-4 wherein R” is 4-hydroxymethyl-
cyclopent-2-ene; 2,3-dihydroxy-4-hydroxymethylcyclopent-4-ene; 3-hydroxy-4-
25  hydroxymethylcyclopentane; 2-hydroxy-4-hydroxymethylcyclopentene; 2-fluoro-3-
hydroxy-4-hydroxymethylcyclopentane; 2,3-dihydroxy-4-hydroxymethyl-5-
methylenecyclopentane; 4-hydroxymethylcyclopentane, 2,3-dihydroxy-4-
hydroxymethylcyclopentane; or 2,3-dihydroxymethylcyclobutane; or a
pharmaceutically acceptable salt thereof.
30
20.  The compound of any one of claims 1-4 wherein R? is 4-hydroxymethyl-
pyrrolidine; 2,3-dihydroxy-4-hydroxymethylpyrrolidine; 2/3-hydroxy-4-
hydroxymethylpyrrolidine; 2-fluoro-3-hydroxy-4-hydroxymethylpyrrolidine; or 3-
fluoro-2-hydroxy-4-hydroxymethyl-pyrrolidine; or a pharmaceutically acceptable
35  salt thereof.
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or a pharmaceutically acceptable salt thereof 26. The conpound of
claiml which is a compound of the followng fornula (111): R2 (110
5 or a pharnmaceutically acceptable salt thereof; wherein Xis H or

al kyl . 27._ The

(2S, 3R, 4R, ) - 2- r%mmag@%yoqnf% cleiips 1:2041hersig R s Gy 2, alkyl,

5-(hydro i
10§2>é 3RXZR%E%HI%G?Wtﬂnﬁ%ﬁgﬁggﬁﬁ%@lgé@gI%@yﬂlS%ﬁ juted il11]k rjlda2| n-7-yl

) - 5-  (hydr sxXyneth¢IH(=8- RpORy,| GOy @HY@IH?Q@H}HNBKK)NHDINHCSNHZ,

{ny i oxy et Fats SOy & Py AR R: g, araShachicd hdlodent ) >
(2S, 3R 4R, RB=cAaldi- ﬁm) 350%126}%5-8/?" (103-@[1&30?1’-2@15 3(1112id4:]c1112Lﬁ¥l(2L 7-y1)-5-
15( hydr oxymet hy E}é})@ met hyl t et r ahydr of ur an-

74(2S, 3R 4Rx8 lthsobﬁnglbl(‘@wl%y YhidH é@ﬁ}@tamlr‘)—yﬁrc(—NH)NHz,
thyl tet 3
2 A no- 7- (SN NI L BB S O GRS - o
et hyl t et r AWEANNRIRGTHENORROH(@R),] BRORDA C=eH=ORIRMG; @HAF g de
20( 2S, 3R, 4KCERp=Sa1yh (R o (0)-HYH{EX Y O Pry o - $(Ce) 2l {CH M t r i a
in-7- 1%1) - th t @jg ahydr of -3,4-diol;
oL D) ot Bl e i é-ﬁ’[‘iTS%]m o -5
- (hydroxynet hyl ) - 3- et hyl t et r ahydr of ur an- 3, 4-di ol ;
4-Am no- 7- (2&.28’ 31%3%51’11%&11({3 (’)t4 a_n?rlorlpé%rfgfz(i}/mSS 1 &Byqlre?é ll\Iz :;u%;stituted

alkyl, alkenyl, CONR,Rp, COsR,, halogen, or C(=NH)NH,.

15 23. The compound of any one of claims 1-20 wherein R? is CN, hydroxymethyl,
1,2-dihydroxyethyl, vinyl, aminocarbonyl, methoxycarbonyl, carboxy, fluoro,
bromo, or C(=NH)NHo,.

24, The compound of any one of claims 1-22 wherein R,, Ry, R, and Ry are
20  independently selected from the group consisting of H, alkyl, and substituted alkyl;
or R, and Ry, together with the nitrogen to which they are attached form a
pyrrolidino, piperidino, piperazino, azetidino, morpholino, or thiomorpholino ring;
or Ry and R, together with the nitrogen to which they are attached form a
pyrrolidino, piperidino, piperazino, azetidino, morpholino, or thiomorpholino ring.
25
25.  The compound of claim 1 which is a compound of the following formula

(11).

HO OH (11)

or a pharmaceutically acceptable salt thereof.
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25met hyl t et rahydrof uran-2-yl)pyrrolo[1,2]][1,2,4]triazine-5-carbonitr
il e; 4-Am no-74(2S, 3R, 4R, 5R) - 3, 4-di hydr oxy- 5- (hydr oxynet hyl ) - 3-

nmet hyl t etrahydrof uran-2-yl)pyrrolo[1,2-f][1,2,4]triazine-5-carboximd
am de, ) o .

R2R, 3R, 4R 5% - 5-1he Rmnogpy PF elrbt 1 Wt 18 azompepndiof e ellppying formyliany dr o
xy4- met hyl t@qﬁahydrof uran-2-yl)net hyl tetrahydrogen triphosphate;

Met hyl 4-am no- 7- a2S, 3R, 4R, 5R) - 3, 4- di hydr oxy- 5- (hydr oxynet hyl ) - 3-

met hyl t et rahydrof uran-2-yl)pyrrolo[1,2-f][1, 2, 41tri azi ne-5-car boxyl at
e; 4-Amno-7-((2S, 3R 4R, 5R) -3, 4- CH ydr,oxysz5- (hydr oxynet hyl ) - 3-

met hyl t et r ahydr of ur an- 2-y1) pyrrol 6] b= Nrf(l 2,4]triazine-5-carboxylic
acid; or 5(2S, 3R 4R, 5R) - 2- (4- Ami no- 5e( 142- di hydr oxyet hyppyrrol o[ 1, 2-
f1[1,2,4]triazin-7-y1)-5-(hydroxymefhyl)-83-net hyl tetrahydrofiran-3, 4-

di ol ; or a pharmaceutically a gisalt thereof for
treating a viral infection in an anijmal :
R._
(I
5

or a pharmaceutically acceptable salt thereof, wherein X is H or alkyl.

27.  The compound (25,3R,4R,5R)-2-(4-Aminopyrrolo[1,2-f][1,2,4]triazin-7-yl)-
5-thydroxymethyl)-3-methyltetrahydrofuran-3,4-diol,;
10 (2S,3R,4R,5R)-2-(4-(Dimethylamino)pyrrolo[1,2-f][1,2,4]triazin-7-yl)-5-
(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol;
(28,3R,4R,5R)-2-(4-Amino-5-bromopyrrolo[1,2-f][1,2,4]triazin-7-y1)-5-
(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol;
(2S,3R,4R,5R)-2-(4-Amino-5-vinylpyrrolo[1,2-/][1,2,4]triazin-7-y1)-5-
15  (hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol;
7-((25,3R,4R,5R)-3,4-Dihydroxy-5-(hydroxymethyl)-3-
methyltetrahydrofuran-2-yl)pyrrolo[1,2-f][1,2,4]triazin-4(3H)-one;
4-Amino-7-((25,3R,4R,5R)-3,4-dihydroxy-5-(hydroxymethyl)-3-
methyltetrahydrofuran-2-yl)pyrrolo[ 1,2-f][ 1,2,4]triazine-5-carboxamide;
20 (28,3R,4R,5R)-2-(4-Amino-5-(hydroxymethyl)pyrrolo[1,2-f][ 1,2,4]triazin-7-
yD)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol;
(2S8,3R,4R,5R)-2-(4-Amino-5-fluoropyrrolo[1,2-f][1,2,4]triazin-7-y1}-5-
(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol;
4-Amino-7-((25,3R,4R,5R)-3,4-dihydroxy-5-(hydroxymethyl)-3-
25  methyltetrahydrofuran-2-yl)pyrrolo[1,2-f][1,2,4]triazine-5-carbonitrile;
4-Amino-7-((28,3R,4R,5R)-3 ,4-dihydroxy-5-(hydroxymethyl}-3-
methyltetrahydrofuran-2-yl)pyrrolo[1,2-f][1,2,4]triazine-5-carboximidamide;
((2R,3R,4R,55)-5-(4-Aminopyrrolo[1,2-f][1,2,4]triazin-7-yl)-3,4-dihydroxy-
4-methyltetrahydrofuran-2-yl)methyl tetrahydrogen triphosphate;
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Methyl 4-amino-7-((25,3R,4R,5R)-3,4-dihydroxy-5-(hydroxymethyl)-3-
methyltetrahydrofuran-2-yl)pyrrolo[ 1,2-/]{ 1,2,4]triazine-5-carboxylate;

4-Amino-7-((25,3R,4R,5R)-3,4-dihydroxy-5-(hydroxymethyl)-3-
methyltetrahydrofuran-2-yhpyrrolo[1,2-f][ 1,2,4]triazine-5-carboxylic acid; or

(28,3R4R,5R)-2-(4-Amino-5-(1,2-dihydroxyethyl)pyrrolo[ 1,2-
f[1,2,4]triazin-7-y1)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol;

or a pharmaceutically acceptable salt thereof for treating a viral infection in

an animal.
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