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WD 2008/ 089105 PCT/ US2008/ 050929 5 10 ANTI VI RAL
NUCLECSI DE ANALOGS 15 Priority of Invention This

wa@ppkiogabi on clains priority to United States PCT/US2008/050929

Provi sional Application Nunber 60/880278 that was
filed on 12 January 2007. 20 Background of the

I nvention Viral diseases are a major cause of death
and econonmic loss in the world. The Flaviviridae
famly of viruses consists of three genera: the
flaviviruses (including dengue, West Nile, and yell ow
fever viruses), hepatitis virus (HCV), and the
pestiviruses (including bovine viral diarrhea virus,
BVDV). The di sease states 25 and conditions caused by
menbers of this famly include yellow fever, dengue,
Japanese encephalitis, St. Louis encephalitis,
Hepatitis B and C, West Ni|l e disease, and AlDS.
Currently, human inmunodeficiency virus (H V),
hepatitis B virus (HBV) and hepatitis C virus (HCV)
infections are responsible for the |largest nunber of
viral related deaths worl dw de. Although there are
some 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. WO 2008/ 089105
PCT/ US2008/ 050929 Ri bavirin

(1-0-D-ri bof yr M - A ?t A 6xam’de)
is a synthet?@?ﬁﬁg’- iﬂ%giJ%SSi@ -3ﬁ§$ig§ d
spectrum antiviral nucleoside. Ribavirinis
structurally simlar to guanosine, and has in vitro
activity agai nst several DNA and RNA viruses
including Flaviviridae (Davis. Gastroenterology 1 18:
S 104-S 114, 5 2000). Ribavirin reduces serum amno
transferase levels to normal in 40% of patients, but
it does not |ower serumlevels of HCV-RNA (Davis.
Gastroenterol ogy 118Psiority 8f Idventid@00) . Thus,

ri bavi-hi.n al.one i s .not effective | reducin i,ral. RNA
ooy SPHiar R claiR orfRpk oy el e BHR4shehal W bBlicaon
N 6dr 160/880978 thakwayilel @nl llzdluﬁ&r? negr.a. 10

Interferons (I FNs) are conmpounds whi ch have been

comercially available for the treatnent of chronic

nepatt s et i Al und g o YorP o1
I nf ectVied) didekd¥s atedunbjok caise @lf 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
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
treating HIV, there are only a few drugs useful for treating HBV, and no drugs that
are broadly useful for treating HCV. |
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replication of many viruses, including HCV. Wen used
as the sole treatnent for hepatitis Cinfection, IFN

WGEappogdses serum HCV- RNA t o- undet ect abl e | eveP&T/UIH08/050929

Additionally, IFN normalizes serum am no transferase

| evel Ribdfi@ (L-PIREBbHrardodfl-1-80f LIS oRI3-Ldrhb:@ifide) is a

tenporary and a sustained response occurs in only .
89stbeti o hon-pateifenansndivingn bat syectmireattivitalwtckeoside. Ribavirin is

SESR S S Bhiogng g Hiin Giep dei i péeinsy el DNK i
RIGA FELQSSAQ IR Pav A ARNERIRNG a FNRNRAIY SR BB ST d@ﬂﬁ)és

and a wel | characterized di sease progression.
2R @ Reévirin redugesmeranh ammido rivansferane [paels ite nowral dwf@fé of

| eadi.n a mjor heal t risi sult.of the
GO dul P el e RaCliak H B L8 iaelraflpiosy
afi 8:8e 64189 14 12000} 1CVus, elbatRE 4160686 nbli SRRGGe BNEducing viral RNA
hepat ocel | ul ar carci nona nma overtake those caused by

Agveks. Addijienallys ribgeirindes significant toxigity pyd isknowa touisiduge
hifia2d 23% of the popul ation estinmated to be carrying
the virus; whereas, in the USA the preval ence of

c hr onilntetfedoas (IFdI3F are @smpeadstwhiclh e tdeh esminefdallyoaviaiiable
round 1.87% (2.7 mllion persons). HCV infections .
derci ireatineshptohionis Beraitis dognsnriy a desade G Nstapglacontpisins
%98@119&}’ 69 ARmpihe &11sGh EJS Gk %o %{Eﬁtinfe@@oﬂ. ¢Rls Ifhibit \\/ig%
al lure,” 1 ncludl ng epat ocel ['ul'ar carcinoma. 2
2q08ABDA0HaBCTUISR 00B3udibY BRY. When NSSBasrtbe)sale trodtmd@\for

O e XU NN

atditiofall¢, IFNOWHNhLSs sefufarindodtans RRIsk EASR. Uﬁﬂiﬁuﬁ%lg‘: He

the replication of all positive-strand viruses.
KEfEEs pf Bideare terpotaseandgedustaitted respoase gogurs is holyr8%-9% of

possess the conserved. tif,.of R and, i.n

A5 Gub S SRS UTHO R, Gftaibief g Bossins
Roo@.i zation studies revealed that NS5B is

menbr ane- associ ated in the endoplasmc reticulum 1ike

NS5A, FuY dfeaposiféyve sianded s FNAwirup mathen wiell rlwéqt@imd RNA-
SSAABLAIS A RS, 3881 DR L ShRLBKERLHLs prgresion.

Mlhamhcm&_}ﬁ éstitrﬁteddﬂOMﬂllﬁbr@&@?le&t;}dtﬂwiﬂa léalmlirlg #® a major

0 ex.that nctions as part of the 10 replication
%‘ﬁ% SIS A reﬂ@&ﬁft éPﬁ lss@SPaind&Pépsc{uamg dhe nrt gﬁ%yws fhempmber
%Pemﬂ&nﬁ?évg%&dqﬁkﬁﬁﬂéﬁsqnéﬂgpaé cAfi&Gr %’e&%iﬁ%ﬁlﬁ‘ﬁ%t

publ 1 cati ons describe the unusua ape o
wytrakeltkose Thisd by iipte Edyaps thohardesp hityoentasim, the world, with

rese in flat .sphere, is attributed o extensiye
PRIhe PonenortiBReES by PAERE et eEn oS BDR L2 the
ipfevaleabe f MRYit NFtctidAS 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.
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15 active site is conpletely encircled, formng a
cavity 15 A across and 20 A deep. Mbddeling studies

W@ basegbivhat t he NS5B apoenzyne can acconmodat BCT/082008/050929

tenpl ate-prinmer wthout |arge novenent of the
subdonrgj Std that.th r ure |
prese Wee [jﬁs c? l}3rS #é%g)%t%ﬂeﬁ@g\é Ieill?r(\)edrelg 4 §t5 i@%a #éfég f[Iiloélﬁ.Flt t?hbg RdRp
pedppnsiblei foesiral igeouth e aepliatfonMRERYSs Furithioh e tHel cawdl o sublait of
fam ]y and other viral famlies have been 20 shown to
ke g senlicase required foF themepliortien ef @l pesiiine-steasd xirases. The

: : e
315D rdieillfip R wellchiracs IR, shdh [Fsioks plcRhEerplPald
tnhatif of RdBepk ahiCi Wob vssey 3gtemd herecbee réporte@NCeNular loesltkation

for.. therapeuti ents and therapeutic nethods, that
éF"éh‘iﬁéé‘fe@%dftE?ﬁYéjﬁ%tsi%nk’}”r‘?%tf‘sspﬂf‘ din gendeplagmiggetigaipm

; Lo : ' 4k I ent
NS AR SRR hal Bloft icirOlling R oy 2568 (ibIGRR
tanathenafter pswéalitid processmat iAniglitocmatevrideniee sugdebts tintt NS3, NS4A
si gnjfi.cant advances have . occurred ip the treatnent

38 Bkl SRR RS for & caymlex B e ionh Bupt Of e
h@@icaﬁ&pmaagﬁa?t&qqawat cancer is the cause of death

of up to one of every four Americans. 30

Not wi tThetdarali argstelrsérucitveaofddSSB apaenzpnerbas lseeh deteained and

h di h Al il f [
S TSk b, B SR8
200Qfh QBLEGDr PEIyASZL0 LIRS a i SPRTY, iPhttritifed to extensive

I.nvention The present invention provides conpounds

tipfsractions hehmeen) theyfisgess and thumbrmadomzias ineach a wayahaidhes

0L - i t] L n
Gt R0) RRRRSS oL A BRE Sy SPPRHH g o Rl
Riiodeding stidies skomedd thpotke NSSB dpoeizyaitceanéstonminbéaty theus)
and that. are . sefill for treating HCV, as well as other
\F?‘Pﬁlﬁte'RfH’P%fc‘ﬂﬂ&% arge Hovepen) of Hieaubdomaies seeassting gt the

- . o VI .

GGG 1 RO e ok pB Y B PRARICRY TR o Dl Feptides
phoen maEroe manaberyoftbe Eptvabitidacstatilyemd pitleed virgl famdliesdfave been

The invention a ovi d .phar maceuti.c
B & B St P PR e o R e ett Sl 19 No. 2.
@m,hp}gqﬁceuti cally acceptable salt or prodrug thereof,

and a pharnmaceutically acceptable carrier. The
conpodiurteaty.dhere opst nwsedt and efastipe therapeniac agentsmmghe market

it i - Vi I .anti - ts. h
L AR v BB gt e 8 ircr i o BB Rieia Sgppeg pn
itidrgtutio Mmetlidda that aRk U¥elul EQMRALISE Migalaalfetidrs! fichRgHAV, HIV,

the_ani mal an effective anmount of a conpound
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.
Notwithstanding the advances in treatments for cancer and other diseases there is still

a need for novel drugs that are effective to treat cancer.
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15 of Fornmula I, or a pharmaceutically acceptable salt
or prodrug thereof. The invention also provides a

woredokogb1dor i nhibiting a viral RNA or DNA pol BEEUSXE8/050929

conprising contacting the polynerase (in vitro or in
vivo) with an effective inhibitory.amunt of a
conpound of Formul a “,mlg?rya&]ﬁﬁ%ﬁlﬁﬁ%gﬁ?i cally .
acceptlielpeesead ihvaitioppeshidd dofifoaads thaiChrd ihibitdreot viedd RNA

al smrovi des a nethod for treating cancer in an
Sl AEYA pelymsrasss (fy2- pehimarases fiopyhepstitinB. hepatitis Cahuman

R . For:mil @l ,
ImnfaLUATEHEY i To1, CORROMEY S . TR 1Rab: rBliL By, Ebola.
Bné WmNﬁlhims)adrﬂaha{awﬁséﬁs for tgelmning tBT(UV Ods virdY atc’jﬁl.dtlﬁ?eﬂv,iral
or_a. pharnpceutically acceptable salt or prodrug
thng%Qﬂ%, e'ggaa‘ﬁ‘é}éalil e?rtéﬂisb&}‘g?ﬁ@%py (e.g. 25 for use

L et . . . . .
e
clesmpibad derebelbwor ond pharmacgutiaallypdvaepmile salt omphoyrug thereof.

acceptabl.e salt or ro&:lru t her eof., toBre are a . .
med c;@tsﬁ?vee}ga?aso plegides adiprReseatidl ambrsifatsonhrising o
RBmPBIRRST Ktmilla B oP PRéhnacd MR ally¥&epiabR as@ﬂé %Ppﬂﬁﬁig #ERof,

the use of a conpound of Formula I,” or '
[#hd phemacetinally aeesptabieatainiers dhe comppsition can erftoneldy |

t . e a nmedi,cament useful for treating cancer in
SRR G qrdn e gaindRal apt=Fbor BT FEIED provi des
novel Tyntnatibs alsd pRIvidiaah@Bo@ff tRMMEVirsl infeBfidiPR%n
that are disclosed herein as being useful for

PR CPOmgrisagpenigemg togheymimebar efertivs amount of a compound

5

R 8 I sal [ progrug
e N T R R T
synt hdthednventien alsd paivides faahicthoEforinhibitiag A &iraCRNPOGHTONA
of Formula |I. _ Detailed Description of the Invention 5

BOPHI#Se SRPTIRES CORArtingAP RALYEISEASE Al i@ OF Bt e vdth an
I} K 1 o .
Sy ARG R O { Rt O o A i) biically

acepprblbdals or lpasirsg thervof.gani ¢ or or gani ¢ aci ds.

Exanpl.es.of suitabl e acids include, but are .not .
i ¢ AR agyenfipBR Ricuees 2 b iE GRQHE i g animal
RbinptiSing B@MENtEHiALo the!FRafan SEiVE ambUniUTARRIPoud of
g:l ycollic, lactic, salicyclic, succinic,
ormelad. ¢r-aspharmadesticallyracaentahle saleer mrodrugitharga,
met ha A fonic.. form benzoi ¢ | oni ¢
napht ha Ellhvé’fﬁﬁ?% ?thvgfes atcanPPEll?Jq’ %fgﬁ'go ula Iaﬂﬁa
paazekesitaflp at@padledalt oBptddsugitetcwe dof fiseih aRBIcAPIheRHS (e.g.
ases. include, but are not limted to, alkali such as
JHse AR Beatingyoral 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
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
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Te terns "treat", "treating"” and "treatnent" as used
herein include 15 adm nistering a conpound prior to

wao bhesosdes of clinical synptons of a di sease PCT/US2008/050929

state/condition so as to prevent any synptom as well
inj ' ft f
AR IO Sl B SUsEE TREMHS Sonfd ool AP 1aman e
tusefiubakyatietic irtérmadivadsefoppiepayigodtaen coagioaads ef Formula L.
characteristic of the disease state/condition. Such
treati ng need not be absolute to be useful. 20 The
term"ani mal " SPD L r any ani mal ,
i ncl udi ng rram’ralqze,t%s uc%%gﬁ’?ﬂgu%?gﬁéo?m%emﬁﬁ?ed to, mce,
fmitimsher rodents, rabbits, dogs, cats, sw ne,

cattl sheep, horses, and primates. In one specific
enbodﬁbsﬁ?mb"fgphaﬁaaqeﬂ%ﬁ%@i AR éajﬁiweqo reinfightEyo 2
EompbeRdf thh BfRPR WidcfRltedetl EE ﬁ{)invﬁﬂaﬁﬁﬁ’ééﬂfigall# d;{&tc?pg%ble

reference to treating a 25 disease state/co
rbesesy inorganigror amgamidt acads. Exaopboofduititiharidsinclide,dt as not

IR Bk i R e Rliah e BB sperryerieimetic Jrplec.
PSSR A7R0IRE MRS, saliEydfRafReHnt, kSllérieSp- Sl fdhidl itHBARSacetic,

state/condi tion mhen.adn1njstered as a single dose or
icHrigamethpnesulderde fornggchenapicemnlonite saphtlentse2-aiéulicit e

fiel 0. Jhe term."al kyl " as _used herein
EpEOREREhEbrspeH ISR g Sedives B0t Ao bltes
dhclode, bilihirs nbEliittGtog ARAP biidhi £ EodYinDAEISMERIEN as
methyl, ethyl, n-propyl —iso-propyl, n-butyl,
t - but yie ey dreal) tagsting hand ftreatmany” as ussd dpreprpinclude

SHAAATER o 1 SRR A R BB

3008¢ e idsoRETd hISRONNY SORRHM, Bl evellass adinsnifisting ait@dpound

al.kyl" as used .herein refers _to an al kyl group having
'faﬁse;ﬁhi P e1 tr

opgrt ot chipealisymatnms olgdiseass Hae{condiHPs spas ipgeduce or

AhBEHE dny SAMPrORCaPEAWR AAASEREWE thOflissK Oh¥rcondition. Such
al koxyal Kyl’, tri {CG -C4al kyl)silyl, substituted al koxy,
arepling weedgrok beialsdlutatybe usafifl ami no, acyl oxy, oxyacyl,
am no,substituted, am n am npacyl , aryl, 5 .
Subst | TR arymal” 5 el hercin per g antid) Bslyding puppgmals.
Radiogse But by tibved Ito, rhiict rlts, MBer roB&tH Fxdbits, &ﬁ%’s b&ty, lswine,
esters, thiol, thioalkyl, substituted thioalkyl, )
tCAitlseshprp, borssstand prismptes; in one specificgnabnsimensnf yhe invention the
Sy r§'1ii{é‘{m§rgaﬁhi oheteroaryl, thiocycloal kyl,
substituted thiocycloallcyl, thioheterocyclic,
subst iThettereth tthérapaitieIdeyfEddtive agypahtgink¥ferencs wbgédtingtaed
ﬁf\é{él oal kyl, heteroaryl, substituted heteroaryl,

aiectare/rondition, gefers te ap amopni @ gominonad gidher @long or ahe
PRl B ool oplgt it o R, Phnpleof Hh b ny detectable
pobisive it dnwany kyrhiptom, aspeut) o chatesieristics af aldisease

state/condition when administered as a single dose or in multiple doses. Such effect
need not be absolute to be beneficial.

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.
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substituents being selected fromthe group consisting
of al koxy, al koxyal kyl, tri(C - C4al kyl)silyl, acyl,

wa@eosasain®, acyl oxy, oxyacyl, am no, ani noacyl PCHD$1008/050929

aryl oxy, cyano, hal ogen, hydroxyl, nitro, N3,
carb O)ﬁlﬁls ’terﬁf*rsggg%ﬁﬁteg §fk§[ 5as Jst Réremtrgfe?it!ol%hl alkyl group having

t hi oaryl hi ohet er oar yl hi ocycl oal
oo hét ésuhsynments saad/ suhs‘atulcms beimgtseleotad ﬁom thagroup consisting

d
REp PR Al g b ik S R g S g T eatnoabat i
%@ilbﬁ}lzﬁﬁlﬁﬂsaﬁﬁﬁyh@yyaﬁ‘ﬁ &hlﬂoeﬁ%tltllte%ﬂ Jnﬁn@fanﬁh&ﬁz@l/ laryl,
unsat urati on. Such groups are exerrp i f
wibsjityted arh-arylgxy), substityted atyloxy 3cyano) ha}¢gena oxpd, MifrRelNs,

SawibaL. (b8 g#yqs”&g 3ut§§°aﬁ?¥i\? ﬁs&ﬂpp@ 3SR MBI, substituted

shibad/l, thiehdteroaS A substithied kiibRAéroaly e ithigc yetd e ehibbtitamed
t hose descri be above for a substituted al kyl. The

tlipeyclanliRyln thiohegrrooysiirysubstitaied tlieketeropglis, exefaallkylt o an
AL B R R IR, R o,

Sulcﬁmugecbhasroaycﬂlce AR oné sﬁdcﬁii dmybodhuéntmmel mmrttred the term
% lﬂé@{ C%arﬂgﬂp el I%;r‘lo %n %l}q’yl 542;85 %ypstlruteci,wlth B yrsubstippents, said

Hlﬁéﬁﬁleﬁfsyﬂemgaé%%g{éa%orh 'tﬁ%eger? e&@oﬂsfsﬁ o?&@?i}; LR Yalkyl, tri(C;-

as used hereinr rs to a Kynyl “group

Iﬁhalikmljsﬁyﬂ Lyl atdaBiey bsiioxy, exyasyl, aniimb, aninmialcyluenyﬂ siryloxy,
bei n el ec t hose describe .30 above f . )
STHRE PRGEEE by i Kb o on B bt i, tigalky,

%iqlgbi?l @lhltsuétex@aryl tﬁm\é@lé’&ﬁﬁ/ DEhERR0 &t %@QQ%D%@%%I and

erm "substi tuted al koxy" as used hérein'refers 1
thhteragyolig substltuted alkyl -O-. The term"acyl" as

used |n r‘ ,,to“ e_groups,.al kyl - -

ai Kenyjie s SIKERT o8 < Reneda? WhSH Rt refFRsh ap eyt group
abying Eod) 2 10 l(bleztrﬁélﬂé’tbﬁisaﬁﬂ Ghving aﬁl@@stﬁ site of alkenyl unsaturatlon
het erocycl i c-C(Oi. The term" substituted acyl”

Pyl roape i exemplifed by vinsl(gthenrpyls abek b‘ﬂtcﬁ'é@}{ -yl, and the like.
al kyl “ al I t

al ky T%g%r& S%HB% |kt%g 1e & 5 ﬁgé)écl}egé%%/fﬁs g% ﬁ§71 gllj 6&@
&amg iftont & do asybsﬂﬁleh&) said subkdtuetitstbethgheleeted diroyl thogYescribe

and ubstjtute eterocyclic-C(O -. 10 The term
g%‘iﬂ %ﬁ?ﬁ‘é St‘&ge‘gélg}ﬂl herein refers to the

ndepandent yem e RS e BrshereRietto an alioms ] roup
tereimg dewm 2-10 carbon atoms and having at least 1 site of alkynyl unsaturation.
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

above for a substituted alkyl.
The term “alkoxy” refers to the group alkyl-O-.
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al kyl, substituted al kyl, al kenyl, substituted
al kenyl, al kynyl and substituted al kynyl, and the

wenspssient s descri bed above in the defi ni ti oPCO1S2008/050929

substituted al kyl. The term "acyl oxy" as used herein

f
rale k§ Ir ST H&‘(?eﬁrh%uggtﬁ Péog SlsQ(sz gﬁ%tfegy Rtk L ubstituted

alkydi®yl - C(0) 0-, al kynyl C(O)O substituted
| k yl - b tituted
?yclygﬁlﬁ%"%( s s b et toyq SRIRS ARG Alkeriy-
0-
Ho oci}/cl Q) ocgzl%wﬁmcw}bggfytuggwt GRtrbar 816y -, and

theteepcye @C(@)C(O)O The term "oxyacyl" as used herein

;le{(;{ ! h‘e Lﬁ{ ﬁgﬁfiﬁ ac, oA _u(xg lg%sféﬂ(rfa%o tégﬁ)es éﬁoﬁﬁs? seu%stituted
eall&smxbjoﬁﬂﬂmned ﬁkéﬁymd(o O%@muted allt ?ﬁﬁL@(l@)edsubsmuted

al ky , Substituted ar

@Y@lpé]ib’kg%m@@shtutgiﬁ%ict(@e Qut@?mt@bhqtgl‘pa ) an d
&ﬁ,ﬂ@j}{ tergg'%ﬁ((‘dsO)SUbSt ituted heteroaryl-0(O -,

er ocycC and substituted

het er dtig adrc“ddatdine” akhiged Bérbin raférd e’ th@group@id)NZﬁlzl’iwhere
refers tothe %rou -NH2. 25 The term "substituted
SRSt anksZo pseindpesndenily whested from tﬂPf‘egTQPIb a@sratlzg pphydrogen,

PR g S SRR PR BPRIB S Dy s yeg,

latktyinyh ehd ﬂyed;ub@ﬁmsnts'l’ dtaecmlﬁdmbbamMa dylﬁfu‘ua]s oﬂsﬂ:dtiﬂumdeilkyl.

f th - O al kyl , -
Késcezz sd” Jo7at raculosy & WNS%CI(G&%&%}%% ieppg lkyl-C(O)O-,

| -
‘s{}gs@igt% glﬁzlézol(f)zﬂt)ggu%lﬁ @@b)@t substnﬁ%dgl%ﬁe%%?d)j@nmkynyl
ISP Opubrtisuted @M{gniyla@(l@bﬁ)yl aryl.m)q Qubsmuted aryl-C(0)O-,

Iﬁ%&%‘%}%é@ﬁ @t%ﬁgt%fslggwi\%?gf@ Bfetgorﬁ&?éﬁbég)mspbsntuted

aBtroarM3@)0)- snéaebwcm;@t Ot ah8 Sistihied WR&ILEyT3-C
hydrogen or al kyl. 7 WO 2008/ 089105 PCT/ US2008/ 05 29

The t tergy yaxyaesd” asesgd heved referetasths graypa alkyh©HOent
%ﬁgmﬂ:& al‘f(%}f:ngO?- glﬂgrzyl QSC(fd) ﬁﬁlelgstthﬁe&‘ ﬁk%;??{l%’@ (@t-ogﬁkynyl—

havi ng
&Mﬂ(gmnsmsﬁm@&llﬁ&ygocmﬁphﬁyhﬂcw) aﬁﬁshh%téd afyhochO)
co aro iC.

G U Rk RONk RGO Peeropmeryf indibsttiied
neRREMLo é) TH@tefo%g{ﬂ @tgég V# ?ﬁ;ﬂd&d helotREH-0C(0)-.

herein re rsto ar are substituted
wi t h flihenerin ‘tannﬁo’éausbsbd hententmfasatoethé gnbubr—bmzal kyI

| | k | Kk
o Rynyibeasitn Sttt Ao ae g horanacierde dhe otp-N 212,
SiHesd 7.1 ant Cfsare Q@(&%Eﬂl%@b@p@ﬂﬁhé Befififoll6f édﬂ/lattﬁlﬁa Rbvided that

substituted al kyl. The term ‘aryl oxy" as Used herein
rzeﬁedgzar@bpﬁen@rh@dmgamyl - that includes,

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, -
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.
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10 by way of exanple but not limtation, phenoxy,
napht hoxy, and the |like. The term "substituted

wW@eooBosHds as used herein refers to substitut edPEr/y52008/050929

groups. The term "carboxyl"” as used herein refers to

- COCH &S f AR, ey
o ) R AN OB S
(P Yidms6bst4 tarbadataink hhying @siigle Iamg/(e, g phenyl) or multiple

and 0-substi t ar rm " cycl aal k
SEBFE P P apbhdRs) & iyl s Srogiedfesiay of may not
B GkdrRatfty Qk&ﬁ?la{%pﬁyfs ildude/ %h@a[f@ noﬁl%ﬁecﬁﬁ) Héi‘ﬁfﬁand naphthyl.
contai nin 3 fings and 3 to 7 carbons per ring.

ExenplEleyet'gt ‘Gubstitiried Iaqd’é asbuﬁted &ewimusfers tanty}egtougs which are

Sy BRES Ry o d e SMholityn > ST T SUBLRI b

GYEnPR kibstitut@balkesA ANBMS1 Bnd @ibStithitedAldnGY, Gh® 8ldsy bubstituents
having from1 to 5 substituents selected fromthe

Jlessijped @h@\regnutlaﬁgderfrrntm&pf(sw»tltuted alksko (=S), al kyl,

subst i »3 e r

i he {" | nl LIEfY(lx%y gsetdh-t in géf%%% Fh% g?{)]%) %g?% lpcl? ﬂlchlnies
hywzalyo@ eb’(@mple s nuﬂﬁﬂlthﬁfnephbmgﬁ @faphthoxy, Qndyhé liiad. kyl
groups. 25 The term "substituted cycloal koxy" as used
her ei rI hedera} subgiteied gpdexytas aged lae;r%lpégﬁer@ytp Sg?%l&ﬁ%d aryk)-

1§E “fornmyl" as used herein refers to HC(O-. The
ter "hal ogen” as used herein refers to quoro,
chl or dheberantragbickyl " cdaised Hdreintrefers tbhEOOD ar §dlts tixseafs ed

herein. refers to a romati c group f fr ml 3
car borTHaie catp ! eirs fokeed Bt eanioubt awupr DRtk
QCQ@OCS%Bﬁit&‘éH AkyPf - CRINYER, aﬁautd(@gétbubaﬁhfearamn the

ring. The sul fur “and nitrogen hetéroatons atonms nay
al so H"élericrers eqyplqalrkyi’ml usedRérdinzefirs toramafur@ed hr unsaturated

het h L . g,
SR RS v ieR aF g Flitniotiy Lo inghant 3 10 7
Icﬁﬂﬁhs pmrrydg E&emﬁl@.ﬁzg%ﬁpseﬁi}ﬂu}ie BhEIre hot ﬁrﬁﬁecp@m;vera)@ﬁq)yl

rings not be aromatic and/or 8 WD

Zy 9181’@89 fl@omrylLEMEKWS ogdcheptsdrangiadamanist er oat om
Exenpl GXCIQFLSEIB%E{‘I%(]. cg{l%igglg: uglgelﬂdl?e’relgllj fefd 8 an lo?lkyl

limte eroar

tHatvﬁg)ﬂqm il m@i6|sulbstltdehts(lilal'eeﬁyl|fronaﬂﬂ gfrwpydonsfﬁﬁﬁg bie@m (=0),
bst Iaé)yiﬂ d heteroaryl" as used herein refers to

P 63 ¥ Sihyatutedalkylaand hosesubstitpes deserbsd grha t o
%eﬁH%B'oth@J’shgnéﬁ Eﬁéﬂ ed fromthe sane group of 5
I ne

substituents for substituted aryl. The term
"het e ﬂﬂﬂrtgﬂrromybloa&omg’éah Used demrin efes ®© Oscydiealkyl @ugups.
-0- hetﬁm gm}/ ‘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
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
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The term "substituted heteroaryl oxy" as used herein
refers to the group -0- substituted heteroaryl. The

W(b eosio8d1e3 er ocycl e” or "heterocyclic" or PCT/US2008/050929

"heterocycl oal kyl" refers to a 10 saturated or

%Bﬁéid% ﬁét@x% 1%10 ‘I‘J%e&g}ég;éﬁés}érggﬁﬁ E{o%ﬁ ?r{ciudéagﬁt%gelgotsﬂnﬁgédeto,

ring or mult romlto
dieteneargls ahdlmdmrpyhdyb prrbist,¢hienyl mﬁely&&hmphemjrl and dunyl.he
group onS| sj; of ni trogen, oxyge syl fur, wthin

the ri whHitiied heterradl” as WY i FRders &9, he gFoap Zgoups
the afd :ﬁﬂﬁtltﬁ%ﬁ Wigh £¥4! 1 %lﬂ‘%’bs’tltﬁéﬁfﬁ sé?Ect&Pﬁ@ﬁlQﬁé Ydme group of

provi ded that the point of attachnent 1s through
sebsitaycddfimed forgubstivated atylur 15 and n| t rogen

het er oat Qs at ons al so I the

oxi di 248 g} et b ped e it fheifpspshegerogpyl
“su bSt’FHeltéﬁﬂ“sﬂ%tﬁﬁ@ﬁ%@ieké‘aryl@ﬁ » as4BS hérbid rfbrs to the group -O-

heterocgcloalk " refers to heterocycle groups that

avbstigbd beterpasd. with from 1 to 3 of the sane

of  netdt QUVEIBLr AT cPShrSY IR ok heroRiafpat Mg 1 o
|shitirdtedlort hsatuZed@olp thud @ot IRErbaly, haVﬁﬂg‘iasZ@l@rlng or multiple

pyrazol e, pyridine, pyrazine, pyrimdin yridazi ne,
|Cﬁaéqq5§4 Fags. fresi higol (gcarbcmspl@s ag o lotOr#dl@frt%ro atoms selected

qu| no l%ie Ip&{%fsﬁ 8{%&}8@& épgf%e)lllf Elﬁﬁﬂ%ﬂfﬁh'tﬂeenn% Freln in

&2 ne, pyridine, quin
dusedairgl dystems, @ieror@hare dle mtge rcaﬁi baeycledkylaagl e heteroaryl

car hgl j ne, phenant hri ne, phenant hrol
ooy rdie bt PRRE AL mentis q1et he brierecxel Tae The sulfur
Riae ARt YA AL RRvatddN HB/S &ﬂa@' beﬁ%eéeﬂhﬁiﬁﬁfﬁ bﬁglzed forms.

pi peri di ne, piperazine, |n
3, 4- ﬂ%hertahy thubstgogd |hntekoqyele” 4r *Ssubmtiltetiéleteadrqydhdbﬁrn y4o)

B AP R it PrRPEYIE RTies kB ot tuted with

(fﬁhﬁ@ to B @F &’ @fhetsBbABudn AMREREPIrRibstitutbd RELI di nyl
pyrrolidine, tetrahydrofuranyl, and the 1like. 30 The

t er m "Hrempleseyf beiprasygles and heterdatyls iatlde. e prs noplimpted to,
het liC. Tetem substltut
HePine JortE B8 oo Ropufdi. ol bl gypicepive

Siﬂ&tﬂizﬁﬁeu isethdbRf Bﬂ@léydlﬂly@rmrﬁlom&QQ@é Qe 5qu1nohzlne
PCT/ U82008/ 050929 The term " hosphat e"  as used her e| n
Aegapinolipg, quanolige piykalaziyg, opphthylpyidine syinexahing. gupazoline,

RFRRE B A DA BRIy i

(1$0‘[h1|amis,mhanazu&r isokazolg phér)xazine, phkhcthiaziney iedflazolidine,

Itqrz}lg azg 11{11qg R p%éh%ém%%{aél?lﬁtégg rhen%f phtLetllirLi%e upg ei{ E—t ood that

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.

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.
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5 nmono-, di-, and triphosphate may include the oxygen
atom of a sugar. The term "phosphate esters" as used

whegogiospinefers to the nono-, di-and tri- phospP@Er/Es2008/050929

groups descri bed above wherein one or nore of the

hyd ' o™ | |
tor m 55 S350 ARt BB AF RSt AL B RO
ggrft@aﬁm)sphai@ox(Msﬂ@@omogg@m(m@mf(dlpn@dphduerco@ diphospho)

Ad {a@r@éﬁﬂb@g@r@eeewqxeﬁmwwgmw af Fiphospho) or salt
Shhsds 1f1<':ﬁ1&ﬂ l salfs %@293@/ 1l 1&%&‘%0@&% thg %{}g@ﬁg@? %f e‘rhe

ester. ersto t hat I'niti
prlrmmp,hhn anda trrmr;ospham:mm enchide tiexyg@en afonaofaiganr. The

termélthlgrol ed her.ei n r(ﬂ%ers tQ the grou -
15 Th AT "TRFRIHAGHOR oS usa Rgteinetsat Ko mopo- dPand tr-
p‘h Rtk SNps d’e@cfrﬁ:fea at)Qvet \Qﬁergﬁl% or §1(§$ Bf" the hYB®x{EEBUps is

substituted thioal y or "substit
atmwedrhy@atdﬂemy gooup. " subst i t ut ed th| oaI koxy" refers to
the gr

t I k
U hi SCETesa sipnhl Eeferies iererpdre PR P ZaNOHY o5 gP©)
(&) VZ]) @2 kil theredOindin8ink Paffial Sa1RShérkdt ®herein each Zy is

t hi ocycl oal kyl " as used herein refers to the group -S-
dudspendently gelegted Famidpidrogenealkly sbstitwtesiealkyl caaboxyzhe dcid, and
!}gﬂ.‘)%k JS%% glg%t%(agéslrb)% e&lﬂ?e 11‘1%51?8%}[% o??léefpglospl%o&a%eﬁgay

glﬁa:butte-tﬁe osyg@atdfhtshgﬁ aryl 25 The term
"t hi orﬁlperoar " as used herein refers to the group
- S- hetlde dary [thiolasaised pereinsighsss forthe gepuprtHhet er oar ylI "

as us%e'@%‘?‘fﬁ 105 prosr Iaﬁ(yitﬁﬁ)eﬁ’lr PUB “iﬁoa,lﬁb%gﬁ rlefegst Ghe oup-

het er oary eterocycllc use ere
rSezilhyls to the group -S- heterocyclic. 30 The term

"substituted,thioheterocyclic, as use n refers to
t he gtf&aﬁems su ﬂﬁgtﬁétﬂﬂ%léylhé‘lf etubetiutsda Yrﬁéo

“iBsARACIbafld§t Raid 1o fh%fg‘f' 10l t'tuent of
a-amno acids of the fornu ZB6NHCH( Z7) where Z7

i s sellbetteyth ‘fthwnyctlm:lk:glr’ esipseddengn s¢fersdo dfe drgwy Sgeyrloalkyl.

G SRS T NE MR

Zubstinged bﬁldsuuty[ogen and carbon atons bound thereto
respectively for
The term ¢ thloaryl” as used herein refers to the group -S-aryl.

The term “substituted thioaryl” as used herein refers to the group-S-
substituted aryl.

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.

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
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a heterocyclic ring. In one enbodi nent, the a-am no
acid sidechain is the sidechain of one of the twenty

wmaiosnsdihy occurring L am no acids. Sugars desE(rT'/UEIIJOS/050929

herei n may elther be in D or L configuration.

f d
OUEREY DA 7 Y Peca o REBS Of%bﬁnﬁﬁhﬁ\é%épﬁ?"dﬁ fprm
wheteebdycliErihg. IﬁBﬂe eﬁB@dm{‘éﬁﬂﬂ% alﬂﬁﬁm sidettay is the sidechain

substituted al kyl, alkenyl, substituted al kenyl,
af QW?IT the é\wm' natyradly astwying|L, aramylamds ubstituted aryl,

GRET L M e

NRa(Rb NRaI\IO NHCONHRa, NRaN=NRb, 15 NRaN=CHRb,
NRaC( O) NRbRe, NRaC(S) NRbRc, NRaC(O) ORb, CH=N- ORa,
;mmmwwmuhrqqmmmm O C(ORa, OO -ORa,

S mm%&@pg&%w&e ‘W&’%ﬁfe% ?PWK@W or

S2NRaRb; and s H CNRgrNO2R al kyl, substituted

al kyl , alkenyl, substi tut ed_al kenyl , aIkynyI,
substituted al kynyl, CHECRZ,SJ20 ¥H(=NRa) ORb, CHO
CH=CH OCH3, NHCONH2, NHCSNN2;N. Rb, CSNRaRb,
CO2Ra, al koxy, NH2, al kyl agsi no, dial kyl am no, hal ogen,
(1, 3-oxazol -2- yl), (1, 3-oxazol-5-yl),

(1, 3-thiazol-2-yl), (imdazol-ZDyl),

xo[1,3]dithiol-4-yl), (furan-2-yl),
%éﬁfeinz 3)triazol -4-yl), C(=NH) NH2, C(=NH) NHOH,
C( =NOR) iR ,, SRGWNR.RS UNRLNR,}RceﬂkﬂC yilbstifaiRal, all =AkenyRD,
CH:NR RRb, CH=

e‘ijlkﬂb?hbalki(@ﬂizs}lgst@f&d a&klynylg gm)szﬂbsglmél prylL(EH2)nn

) 2
?%Eaﬁkﬁ%%%m&ryf LS8 (el B 0,
AIONRR AydNRE (=NReINTER ,, MR ORa | NRQ\I(DQNH@QNHRQ &R =Ry,
3@%$§2ﬁﬂ§f§%% m_a cycl oal k substituted
?&P)N%ﬁbs %Waﬁ@%c%‘l—%@ﬁw
LUHYGR, KIENR,E g(»ﬂm ORIV 0)-FH
sub§¥|tu§edlﬂétero r @ﬁ%ﬁd(?gﬁoﬂi C% %D 008/ 689105
RLD) U8B0 3PN EIEIO- aryl ONR;Rs, SNR,Ry, S-ONR,R,, 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»,
CH(=NR,)ORy, 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,),,
B(OR,),, C=C-C(=0O)NR Ry, (CH;),-S-alkyl, (CH,),-S-aryl, (CH,)p-S(O)-alkyl,
(CH2)s-S(O)-aryl, (CHy)p-S(02)-alkyl, (CH;),-S(O,)-aryl, (CH,)p-SO2NR Ry, 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;
nis 0-5;

11
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R is H NRaRb, C, F, ORa, SRa, NHCORa, NHSOZ2Ra,
NHCONHRa, CN, alkyl, aryl, ONRaRb, or NRaC(O ORb; R2

WO 2008/0881¢3 eosi de sugar group; Ra, Rb, Rc, and RUI/E§®08/050929

i ndependently selected fromthe group consisting of 5

ol kenyt i R FiR SR ACERE RstRE o RR. o
faﬂt}ﬁra??h{dNIcaRb,&fr LCPOBOR{;t uted aryl, acyl,

substltut ed acyl, S02-al kyl, am no, substituted
am no, dﬁénP@eO%de FREALIAURD t oget her with the nitrogen

to Vm!l%,Pngfl{lechfglgdaargtlﬁc%%}ufz{l{loréﬁc&}eé) i (Hll dloﬂg cons1st1ng of

pI peri Zl no, "~ aze I no

tHh) adiydr substituea aIklyIILgllke(ﬁ&l Eﬁbsﬁﬁﬂed@lk&r@@,@ﬂhﬁfyl \M,lbd’dltﬁtb@ alkynyl,
mtrg&ento which they are 10 attached for

syfFloalkyhy Pﬁf@rocml&e ATy Shlbstltbﬁeé erazacyb Sulaszléltw a% S$0,-alkyl,
%{19@ Q bﬁﬁut & 5m I{Oh Elﬁ)crﬂ o BP k' Al ﬁl{ ﬁgetharkgltm rﬁ't?%elﬁcni% which

are i'ndependentT cted fro roup CONSI
ciheyH;re attéohked forﬁud)pj?rlrdihdn&d pidekidino, ptpeiambkadetldmo morpholino,

| oal kyl | d yl
R PRATRPO G e SR Be dgeiiet B Pirogsn 1 whifthey ar
taﬁﬁﬁ‘feh%rrﬂ“aﬂa?rr&hﬁh@ 'Blﬁ&ld‘{% g)g)eilélﬂoh Yetiiro, %&?ﬁg‘ﬁ?’kyl

form a heterocycl oal Kyl, titut e het eroc
hblpmoqeho}ahormg, agbst it ut ed het er oaryl or a

P RS H AR il o e e o

isabgRitt®BlkiyN ey 41688k 1C§Lm§ﬁﬂmisc f I 18sub: ttﬁ?ed N,
NNR1L 20 RZ & erein: R Iygoaﬁ@ rg? NF Bry

NIRRT R anch#%ﬂltutesldwmrm etiRalak§ Rq tegekhen wlth N atom to which

e e

(h@’rel?&)arylSelaédbyﬂltuteﬁ(Hd%}roar}ﬁ* aryl, ., F, Br

COORa, CONRaRb, NHC(=NRa) NHRb NRaO?b NRaNb
NHCONIR& Phagsacenigsily ammbm or jFRsice

Nl NbRpRigl e o i Q@bﬁ& %%Vmﬁ%ﬁde

Copumisiof Forn@MHE( O) O aryl, ONRaRb, SNRaRb, S- ONRaRb,
CHO, C(=S)N 30 RaRb, nitro, CH(NRa) ORb, or SO2NRaRb;
and R3 is H CN, N2, alkyR’ sibstituted

@
wherein:

R is OR,, SR, NR Ry, NR,NRR, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl, (CHa),-
CH(NHR;)CO;Rs, (CHy),-S-alkyl, (CH,),-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
RaRy, 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
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al kyl, al kenyl, substituted al kenyl, al kynyl,
substituted al kynyl, CH=CF2, 12 WO 2008/ 089105

wWEMBBAMD8/ 050929 CH(=NRa) ORb, CHO, CH=CH OQr31/US2008/050929

NHCONH2, NHCSNH2, CONRaRb, CSNRaRb, CO2Ra, al koxy,

- 1ne, ~dL ' | : . 3s -2-
SHENRSRETAS, CALCHBCHT RIS R gin, TONRER,
(@SNWQ‘EO@@Y hlkoxﬁ M%@[k%llaﬁﬂlﬂb tdlalﬁ&laﬂnr)d halogen (1 3-oxazol-2-
(furan yI) 3]tr|azol FL

D=k 151 l(lb[ir;t ol ﬂsylac(ymldaéfe}b%m)x @r@@ 3]dithicbrtayl),

e e

taogletlktsnumd atcyl ﬂR;!TQ(#MRgbRL,(ﬂH%NER Iar e:Ha:thaRn eﬁd{(nmy,)z,

r y substituted cycl oal

IR B G LGN R R pe o BN RYIREEZort ahd B idgether with
ASHEY VBB Yo arERELARE Jim PoycI QHAT bHER cyclogli
BRd, sulibiloRd arﬂmayclmﬁm\maﬁtu@&,hetead)dyylo,all@i,)ﬂeteroaryl, or
(]\Ea O ORb; R2 is a nucl eosi de sugar group;
Ostigyed ﬁeteré’ﬁEY Rd are independently selected fromthe

groupnqgosastlng of 15 H, alkyl, substituted al kyl,
al kenyl,, substi t ut ed al kenyl , alkynyl substituted
al kyn)R is Hg )R.Ba| Ry ¥, ORe SR, dﬂ;IGQP@ NHS%Ra NHSONHR.AN,

, ubs cy S02- al kyl, am no,
%E g .‘@u%ﬁl“ﬁ‘g‘m"ﬁyﬁ%ﬁﬁﬁﬁ?\% or Ra and Rb together with
the nlﬁzngggﬁcm@glm]_\gb)rgrbﬂpy are attached form a
pyrroI|d|no pi peri di no, piperazino, azetidino,

m)r ph&tsi Re Re. #1d Renre rsiepensienthy sel¢diesl frem thygrenpl cpnsisting of
PR SO pRe BRSOy g Sulppgatkom

azebalityh beteroayeing btylh,(lsubﬂftuteﬂ hryb rael D Babstinaed hdyg, S@ralk iR,
and Rd are independe sel ected fromthe group
AHHEG- Sp 1éut $ apynog ; o5 Rpand Ry fogethen \wgr,lp the mtro gen to which

QH@%J R8kb#adhed 83Rs4 b}}r%lgﬂrécﬁ %)?telﬁta Lrlft6yié1pﬁ 42 A5hb; azeH B!o {nU{Pﬁglmo,

aryl het er oar yl e eroary
an dllﬂdotphthMHng,\Mrﬂh ahtl Bt topethor withehe @fropdretp welrieh they are

Al e Tt B REDH S it piperigincl st e mogphotino, o

hﬁbg{oqg{oﬁho riak; #hdohar maceuti cal 'y acceptable salt or
prodrug thereéf In one enbodi ment of the invention,

the cdwpendRu ase indgpendently soledted from the grovppoustingfof H, alkyl,
fs%ﬂi‘ﬁ!ltgd gﬂi%l), cycglgalkyl, substituted cycloalkyl, aryl, substituted aryl,
heteroaryl, and substituted heteroaryl; or R, and R4 together with N atom to which
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):
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13 WO 2008/ 089105 PCT/ US2008/ 050929 NH2 N HO O\ N,
J N HO OH (12). In one enbodi nent the invention

w@e@sioglass a conpound of Fornula | as descri bePCHDS2008/050929

wherein Ris ORa, O, SRa, NRaRb, or NRaNRbRc; or a
pharmaceutical l'y acceptable salt qgyprodrug thereof 5
I n one enbodi nent the inventi prO\fl des a conpound of
Formula | as described abov ehein Ris NRaRb; Ra
is selected fromthe gooypcopsiisti/ng of H,  al kyl,
substituted al kyl, alken ubstN tut ed al kenyl,

al kynyl , substltuted al kymy, cycl oal kyl,

heterocycllc aryl, subsidt@ed aryl, acyl

substituted acyl, 802 al kyl and I\IO(mgnd Rb is

sel ect ed fromthe group consisting of H, al

k
subst il greembediguent the lrmen@myprovgiqbgppmmw @fy |Heamyla, I as
ub { k
%%?%& ab MOk R % BRiXYSR, RUER {‘;{ W%Nl}bkc ora

$)hhmtacémﬂoaﬂy amebtabﬁ&%}tawlr ydragntheOr. or Ra and Rb
together with the nitrogen to which they are attached
for m & BYs $1BPOHMSHE they fr}yéml%n PFSVldebF‘ penRRyrnf Formula L as

%l%ﬁ:trfbgﬂ BoveRhORA 1R 'iLONRq{b g@aquéﬂn'gg: L%{ng% ?drﬂlsﬂﬁg of H,

nbodi nent t he i nventi oh
Ié&thubstitutaé alkyb alkeny:ll; stnm:aknlhﬁ;nyNaﬁmiyh sebstisuted alkynyl,

SHRRER T pefrosYeiongioh SubiGH ALt ibr B0z alky and
N o and%ﬁlﬂéléd&gﬁ%rﬁ fibyd R%ro(l%s‘fh’tm%d@ W%ma@?ﬁu’[@ alk¥,
ﬁﬁ@%@; substbomdRAkenyRaENR Summwmtgflmﬁ(a@yﬂqgg@tsmcychc
By RS a5 e SR el O P Oy

@t cOWhahy hitrogNRARRich S¥RaRDattashéINRARY pyefolid dlno,

In one enbodi ment the invention provides a conpoun of
PiRterAAnY, pzedidinoy epephobiag, ribipgorplivdineiringR1 is H or

P S, pBAPIESY I SR pBGHERL A ol Bl o
peswyibad sbavec whpein Rl mlf\IRHé]Rgml alkil, aﬂasudmi:atlkﬂdedkat;we
Whbs@tut%l %g?nyﬁ aallk}?nl'I lexgss"[{tgtgd ﬁﬁ%ﬁ{zl grryl sgbstftuted aryl? (CHz)n
CH(NHR,)CO3Rs, CL, F, Br, I, CN, COOR,, CONR, Ry, NHC(=NR,)NHR},
NR,ORj, NR.NO, NHCONHR,, NR,N=NR},, NR,N=CHRp, NR,C(O)NRyR,,
NR.C(S)NRyR,, NR,C(O)OR;, CH=N-OR,, NR,C(=NH)NRyR.,
NR:C(O)NRpNR(R¢4, O-C(O)R,, OC(0)-OR,, ONH-C(0)0O-alkyl, ONHC(O)O-aryl,
ONRgRp, SNRyR;, S-ONR Ry, or SO,NR, R,

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.

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-

fluororibose; arabinose; 2-deoxy-2-fluoroarabinose; 2,3-dideoxyribose; 2,3-

14
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F descri bed hereinbel ow, or a pharnmaceutically
acceptabl e salt or prodrug thereof. In another

wepedvsgsgrent the invention provides a conpound BET/US2008/050929

Formula | as descri bed above, wherein R2 is ribose,
X

%?uorg lgggﬁggpg |%%ééa&ggzgﬂu&nggg%%z%dggg yﬁ%%e

Zl;dbhgldmbﬁb&ger R3edideox?; BaﬂléoNESBOZJSJdQ&BiQB thlanbose or 2,3-

PCT/ US2008/.050929 di deoxy- 2-f | uor o nos
AISORY desgiibases P PRATIERKicay accap gfﬁ t9r prodrug thercof.
di dehygd ﬁﬂétha%?@ood%n tQhéjﬁlgéﬁ’no% p?é‘{u und of Formula I as

2, 3-di deoxy- 3-thi ar] bose; 2, ox -oxari bose;
(dlescaubpﬂl abcvmac B/ihbne(raRf 38 thmubp&eamdeo&)ahlbnbosepﬁﬂidoxbg2

t r tion ovi des a
i AR IR b S W L B
Ia?ddo§yt‘hl'Ur%b@ Qsﬁdldgc})@ﬁg’)fﬂlbmtﬁlﬁhﬁgﬁl%se B-Hgaxyxy2s3-

fl uorot hi ori bose: thi'oar abi nose;

lelﬁéﬁﬁhly)rlboffel; 3rdidénxyad 2didebydrothdoribosei méothdhox:»r -Bbose;
2-f1 t hj bi
%8?16?% og%qggg;éféﬁ%&g tlc!ﬁa $ o n S@é %ﬁﬁ%lﬁ%‘%ﬁ%ﬂ% T bose

or 2, 3ndhétherembbdinéitdrd ih'v@ﬁtidh%@vﬂ@i a @mpound of Formula I as
harnaceutlcally acceptabl e salt or prodrug thereof.

ﬁesqrweéﬁm\f?ew elieioR] wénhyckrwmqﬁbﬁqulmnbﬂwm%é dahydroxy -4-
R G R T R e e
fhydroay%n‘bjtdwimelhﬂpﬁﬂbpeﬁt@lﬂ fluoro-3- hydroxy 4-

-E%Frox ﬁproxynethglc cl opent ane; )

ﬁv SXPEh IRy alonSRtARS: Hyd-Eip¥ gszéﬁrlaﬁiéoxynllethyl -5
T
iy 14 Sk e are
?h?mgpﬁ ﬁ%%ﬁﬁ?ﬁ@%%ﬁ@“% ‘gﬁ%%% g phar naceutical | y

acceptigRh&hSrdnbdlim i RE Heediltpr C}ﬁ@i‘udé@a SRRPRH of Formula I as
enbodi nent the |nvept|on rovi des a conpound of

mesaribed abomwh@@ggm iseldhythoxpamethpyeolidime 2i3sdihydroxy-4-
Z}lyg%)o %yme Bﬁ%rr ?)a hdglélnoexy- - ydro%qblx ffy).{'frd'li(%%e' 2-fluoro-3-

HyaroRydr- lnydto Hﬁpy&@Iﬁilﬁé"o@B[ﬂtﬁird)-QLHyﬂroy& 4-hy@roRyethyl-
hydroxy 4- hydr ox ynet pyrro i di ne;
Pyrpliding- or-anhg %fuﬂc lycacesyahie pajt or Ri?ﬁmlélﬂﬂf‘d?ﬁe or a

phar myg H&h@éﬁ%dﬁﬁ&?e@ﬁmm o e QEHATF S ula 12

In anot e rnvertion provi
destpibad dbafe, Fhemid R is G, NOgsitkyll, b;aﬁsta{md alkyWatieayly R3
keny

st CRited e A oRrteyied et CHAGH SR Raffi CHO.
%Hﬁcis%amo%mm NRaRb, Wx NERLRE 5@?_ w alkoxy,
M&ybﬁcmaumno dilalkklyinam hmlpgd:ral(h@mxazc(lﬂ 53‘9 C()lézco)iaz@l-@'b’b)s (1,3-
(51949 Lrmadalz-y 10, 12 Bxo[ 1 3]dithiol-4-yl), (furan-2-y1).
(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,Rs, CH=NOR,, CH(OR,)s, B(OR,),
C=C-C(=0)NRRs, (CH,)x-S-alkyl, (CHy)n-S-aryl, (CHy),-S(O)-alkyl, (CHy)y-S(O)-
aryl, (CHz)n-S(Oy)-alkyl, (CH,),-S(Oy)-aryl, or (CH;)4-SO;NRzRy, (CHz)p-OR,.

15



t hi azol -2-yl), (imdazol-2-yl),
(2-oxo[1,3]dithiol-4-yl), (furan-2-yl),
WQ 2065@352053] triazol-4-yl), C(=NH) NH2, C(=NH) NHOPT/US2008/050929
acyl, 30 substituted acyl, ORa, C(=NRa)Rb,

C=C- O?ﬂ %qﬂaa%wéﬁ%ﬁkorﬂ%r%% qonépound of Formula I as

(cEH&)bedSb@e alhleeiin R{ SHOYL" suS§thted iyl alkenyl, CONR,Ry, COR,,
5%_ |yl (CH2),,-S(02)-aryl, or
n=-(§ 2(CH2) "- ORa. 15 WD 2008/ 089105 _
PCT I'Ugg %%95&?&% rg!aﬁl tﬂ@ﬂfvgﬁroneﬂfBQQEﬁ%mé(Eﬁg'o@E@HﬁﬁlQ'T as

provi des a conpoun For mu as descr ove

Whmrfhed alR3ve, wheldin BUBIEN} mdmymdﬂwl 1 ydmdycbxyemmm

| th
CREDSAtRetl - G THELY Ak go HRFOQ PROFE AL AT
descr ifhafoBBi0MFbodiEktRhdinRentich &ijldgsy Qé&ﬁlyé{ﬁlﬁrb\ﬂl?ormula I as

1, 2-di hydroxyethyl, vinyl, am'nocarbonyl

rsstithed abevso mhlerelrc&f, %x&c ahd Ropr, lndwmndﬁntbrse@teellﬂ)om

| th

D59 PorntlFe ind bR MInEbrae 16 Toerwitne
Ritroddn teMthidRthey freiafB@RaTe@n h byrrsRdias i fperidimipigeeazino,
group consisting of H alkyl, and substltuted alk%/Fhe

GetiRinG morRholingg ef tigmephelinaing: or Rb @nd;@ei@g@tbewnt

t r f

Ipt?éé%eg ztlg I}]&gltlcthatﬁg)? ?rl g%mea ggﬁrﬁ% %§%$1£80 ﬁ%ﬂﬁ% :pg%r zmo
ralzagim@,rmcﬁbhaﬁd) Belthicig@phelinoniidl the nitrogen to

whi ch they are attached forma pyrrolidino,

pi per i'Bi2ARhergmbqdimentdhe nyswiqnaprAvidespeqspptynd of Fgpmula 1,
t r odi nent the
|V%gg?|agér¢%pﬁog§?g£ggaf0%@n%gun é?aggr mula I, 15 which
is a conpound of the following forrmulaNH21); NH2 N
HO O JN,NJ HO CH (11) or a phar i
acceptabl e salt or prodrug 6hereo \
enbodi nent the invention prOV| @s/a cqfpound of
Formula I, which is a conpoun the foll ow ng

formula (I11); HZNN. X N "N N&R
HO OH 1)

or a pharmaceutically acceptable salt or prodrug thereof.
In another embodiment the invention provides a compound of Formula I,

which is a compound of the following formula (III);

(I
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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R2 (IIn 20 or a pharnmaceutically acceptable salt or
prodrug thereof; wherein Xis Hor alkyl. 1In one

wepmedsarent of the invention, "hal ogen" is Br, P@/pSm08/050929

F. 16 WD 2008/ 089105 PCT/ US2008/ 050929 Prodrugs The
rodrug" as used herein refers to a conpound
Téﬁﬁ%gn be netabolized in vivo to provide a conpound

of ForTheltarm protiuug” ps osbdu@tein freférd dea cerappaidibs dahde
be, prepared by nodi fying one or nore functjonal
grejepelioh

izpd, Wawso torFevidR 8 cempriidell Eormuln I 1w geodgugs include
T £ BN sh bl 0% o DRI drbupsin.
reodipbiedof Kormude Eto provddma ictmt‘rdfslpenchng corpourexasquiag be one
r re hydr.ox ro. s or am roups i ound
SremBifet 1 Yo EWPQP@W ey %eﬁao Glpas are
QdilOWlltIH tHeBH. qtb?%xaﬁlf)l@ rr@)rﬂ:"ﬂrrfﬁ’or@@lzgl%x& &\E}Q\f)& Q['ﬁlrﬁ groups in a

prodrug. Alternatively, one or ent 10

tepehpoyd off wunua ¥ canrbeacyloted-witldalkyl-©FQ)rgrowisag phittt esidues

RS PRk g R ot BB R s SOy,

My dfoxpBiiotipd B6m Ah¥ARX¥i-, B epho éﬂhaférfﬁnéiiﬂﬂﬁﬂﬂyf{ﬁ BlcombpBend of
term rodrug includes a conpound wherein oné or nore

Bha\ cgn ba s@n\@ﬁeétmmalkw debstiged alljoxsuprylexyg or suttituted
IE) hydroxy 15 group) have been converted to a
grou%;% A0 can be netabolized in vivo to provi de a

conpoundnetmbedifi¢he the. tefr praxaBbRides H€orhpotpidtwiRiein one or
provi des a conpound wherern one or nore roxgl/ryd
roxy

gma&g '9WY 410HBE PB 3G B Ry RIS EOUP (5.8, %7 - 427 5
o ﬂgﬁg&é)ﬁ%énglgﬂmedq@%{ %r&mﬂat%gﬂ%gﬁﬁe?ﬁohge Y 40%%/

m no or erern a car
aompoutofF or@ld In Rm exanpleﬁnhmﬂmentlbmﬁrotlﬁfem pomgougl wherein
i ncl udes @)f(&ggpound wherein one or nore pendent

I8 PHBore SOPBHITHE AHeRsidedugar gouR (G- giroshhel &

[ ed
O BES) hbv Fech oAU RIS, B cF FEOMMASEA. 2
wireein Bris @ sathoapdingd aoring adadanched saturated or
unsat yr at ed b%cga' n erein one o

or ) HPhE Fmo it HhIEHE ORI AR §prbio b ytieedih o or

\WhdrB peftenOhydréxyl aR6LipiIneh hoRBE d! of B FhdRphdtd RineB6 Ry in a
atons is o tionally substituted with oxo (=0 or

cAmpRend ofdjormalad ip eprsisiied taea grpup RyJ0-; MbgreitpasinR, 1995,
%@depé%@lﬂ? g)l =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
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
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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In anot her enbodi nent, the term prodrug includes a
conpound wherein one or nore pendent hydroxyl groups

WO c@s08910dno-, di-, or tri-phosphate functi onaPCT/yS2088050929

in a conpound of Fornula | is converted to a group Rz

Mira BBl a5 et 51 A T, b
iPRydrogd"oed. H. ﬂ}tmﬂgztaml "Elchviidt] BISSE hiidin Inieeddtidasl Patent
adm. ni stration of a co of Fornula I, as well as

Atpnlisatiqny Bubl @ﬁl%thnbtror@WQﬁm%ﬁ% of\wiariely af progdrugs are also
%&Hﬂ%&ﬁh Hft mgt%nqpi’ eﬂt (l)l?atitﬂ'l P&r I%f US@OM/?%% which

Avent i onal proce ures ection and
ZQQ&MBBQEGQSBﬁﬁhﬂﬁﬂﬁmBm&ﬁﬁﬂaﬂNhnﬁepﬁﬂ320@ﬂ0@£mﬁrodrug
derivatives are described, for exanple, in "Design of
Pr odr dfanotherembqdiren faepredrugmompyises one f gapre gm}lpﬁ ﬁ?
lptsnpat i onal Patent Application Publication Nunber
WO 2005/ 084192. A variety of prodrugs are al so
described in InterBatlonaI Pat ent I C tl%g Nurber
PCT U82004/013063,\ww@ch mas publlsﬁpd§ 16
I nternational PubT‘catl MO q94/096286. In
anot her enbodi ment ahe rud5conpr|se Riof nore
groups of formula: 0O 0 "O Rl6 O RIK40 U R17 15 R19
R18 wherein: R15 is H alkyl, substi t ut edf al kyl ,

substituted aryl, cycloalkyl substituted
cyé?oalkyl het er oaryl , substituted het er oaryl ,

het er aqy & H Calk)il Udiﬁ)bmthtéti%ﬁ(yl heylesushiflddCaryld eyabl@dtkﬁm no
acid; 20 is H optionally substituted nonocyclic
ép‘wumtgqi cypé@ql]@ﬂahqtgfogrgb substigted| hetpioapd yhetgrecyclic, substituted

H hal ogen, CN, -CO R20,
h’%&%% %ﬁ{fﬂd%‘i‘%’ add S02R20. - S2N(R21) 2, - OR21,
- SR21 R;s RAL, opthﬁﬂBlléuBstltu@d(ﬁmﬂﬁycthrﬁOBfﬂﬁlonall)‘sﬁiﬂ?ﬂﬁlted
- S- CO2R? CH2) p- OR22. . or
RS eSioArg: andRe 1541 TR BT L RBex DB kr-CORRan,
ad 0 [@il’ﬁ
o%??%%é@@§N§§ﬁ%ainlngggﬁiqﬁeter @i'@(&?ﬁgpﬁ)%?%%%% to
QR ! -Sg£ OpRro aNHE@R het MHENIR 1 g« R, fOR 1,1 9100CHp)p1SRe;; @r

t dtoth h 7 d 8 .
B AL R smge R Biont] > Ry fifse &y Sicctiom:
|d@ﬁ6ﬂ£l|§f¢%ﬁiahlﬁné'bn@ﬂléf%atoﬁf Wat i RERY 0@ G at the beta and

ar al k
gamma posmon to the O attached to the phosphorus; or Rj7 and R are connected

as described below;

Rjg and R, 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 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

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;

18
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optionally substituted nonocyclic aryl or optionally
substituted nonocyclic 30 heteroaryl; or R18 and R19

wa@e@sosyinect ed via an additional 2-5 atons to POT/ISZ08/050929

cycl [ c gr oup, optionally containing 0-2 heteroatons;

or ngelaﬁ&n(i@ &ﬁc?d via an additional 3-5

atorrB to a cyclic group, optionally containing
one Ipet;annﬁégblmfmﬁdzﬂm is H alkyl, aryl,

het er Qcy I kyI aral kyl ; optional I y substltut ed
rm n oc%é?‘f"t‘g 2? b2 copPPBRhPajing YBEPYS RitregemiyResaps (mino,
I
?%?‘o%i} O%II?E%I eo’tg’g 51242 1h<ﬁu?&lkdﬁF follc%@é& ’t}épeis_'Of Trkvﬁl,ves where
aagh R, peupimbyidhadbl keyy be hydragqﬂ ahibsyituted dt2ihsulsstitlited alkyl,
ac an in r.fromg2-5; 18
St 5 toPek PeRsosloRbuDL ke aﬁﬁfqli‘gf@@lkﬁnﬁ’bm

1396189ky13(9¢y9105ﬁ<e§551 gr lﬁsgl@ defihHRafticd: Prodrug fornms of

a" conpound bearin ous nitrogen functions (am no,
hydr o>(§')am rﬁhrb(aqms Epr.eséntahgs -INHC(LQi)th he fol | owi ng

t es ivatives where I ou
v Blar e raenedas SAC Rk ea b
unsubgg) t u t(Adylaka)mkyl Cﬁl'b)ﬂnate§| ﬂéﬁf&)!éntecﬁé@HEkO)OROC(O%

heterocycl e, al kylaryl, ara ar al ken ar al kynyl,

cycl odfkyl Eéllamél}ﬁél rspieRentisd 2 Sg'l\éi@g(-«fsﬂ@@ﬁ%ﬂ@d earlier.

(a) Car boxa iﬁf&ﬁﬁ ed as -NHC(O Rp (b)

Car banat es, repr esen Bs”’- NHC(O ORp 10 (c)

(Acyl gxy) al%hiff%eb&ﬁﬁ%@é&ned&pmgkgd as

NHC( O d) Enam ne represented as

i NI—ICR(%%‘}CI’O ases\orm. GFI@QNRE fp) compoundyy; frepresented as
Bases, repj ﬁwl\hCRpRp (f) Mannich Bases (from

car bOXI m de conpound represented as 15
R@ﬁmwﬁdﬁNRbR@h Prajrag derivanisedre dischsspd advaripud Hedratatel soasces

R SR R

Adowddan s31 pefoyal - PCT W0041531, p.30). Prodrug
forns of carboxy? bearlng conpounds i ncl ude esters

(-C02 Rrodr)lg f@mated carboiid-tRaring geropgunds nrroéuq@cm@&e 6 0aky)
al.cohol -‘whose rel ease in th thro

YR B B @ hnSREHs A\ FaoH oo PR CHE PERY frjoveh
ngepiRIreyiRRicSprocesses 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.

RC(=0)OC}%9i x®

N

R
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Anot her prodrug derived froma carboxylic acid form of
the disclosure.may be a quaternary salt type of

w@reososune descri bed by Bodor et al., J. Med. EIEDS2008/050929

1980, 23, 469. 25 RC(=0O OCHN XO R 19 WO 2008/ 089105

Eﬁgé%g%ggglggfﬁl%%ﬁs Nucl eosi de Sugar G oups The term

' ' group" as used herein includes

cycl i dhanetm Gaiobide guiga Rsouphat uesdrhelbsin invtudesl evcl@antihe

sugar portion of a nucleoside anal og of . Formula I.

l@ﬁ%?jlce&]é’ﬁm t%@ueﬂumﬁge SHEBT RATGIAR Of A PRFEOTdearilogror
cl engi . i '

I[T;rl(l’u ggﬁgy Jo n&%ﬁlﬁlﬂ%%@éﬁh&%%%g publ %@ﬁé@%ldb%ﬁr%gﬁaggz

Rherhissgyi(Bep for dxdmpld AmtiverainDrugs by dshrd®. Buigratl (Z002) published

i.nc] udes . s titpted and unsubstituted

tbé’t‘*si‘ﬁrtﬂrpb'gﬁ;’a\?%/ﬁtd;nd di hydr of uranyl conpounds

| ncl udiRGeriRRgecifle sﬁgir_t%i‘oﬁﬂ‘ingﬁﬁébosubgﬁﬁ)neg%@\ﬁhsubstituted

substituted and unsubStituted tetrahydrothi ophenyl and

1radiydspdiaranyliang ldényyirofommpbenmumundsingliiding thosssset foeth in group

f ' B), bel fi d
(Ribmsht e atRed R PSR E H by ane ser
faetyldRothidph&y® 8P &rnde ShPWinS tHOSE §dt Ydreidine6up (B) below,
unsupstituted cycl oal kyl and cycl oal ken conpounds
isHegtitietechand wesybstiated plyl pompougds inslydiyg thesesgt forth in

ti . . , i v and
RO (OBl 0in O RIS e LY MONOR ARG Q) LGHIRY)
seinpbadshinélndigp thie 6&)fohk irogroup (d) Belbw] substitattdand
unsuybsti t ut.ed. di oxol ane, substituted and

wRsehsEtuted dibydropyraalidingd @nd isiahydpopytreliftiny camgounds including
R RS o S Erou B E Pl @SRRI 3l D B 0o
subssitited wediutsebstitied tioxolaned ai sirbsfitutearankd unswhsttutals
RN o MR T

Specific exanples include, but are not limted to, the
fol |l owm ng conpounds:
Group A

Examples of substituted tetrahydro and dihydrofuranyl compounds include

those compounds represented by the general structures:

R'9 () R'9 o)
R‘j—z, e
R Re R K

8 7

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

HO—\ o HO— o HO—\ o HO— o
HO
HO OH  HO HO  F HO
HO‘\@/ HO _/’1 0] : :\\ HO‘W HO —'/1‘ 0 ;\\
(d ® (d ®
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HO- N~f1 HO HO HO-~\~ HO-~\n ' HO pH HO HO F HO HO- 0
OHO: 0 HO OHO, 0 HO y (d) (1) (d) (1) 20 WO

(d) (
wWQQ®8/NEe105 PCT/ US2008/ 050929 HO O HO - W HO ECHAGS 10084850929

F HOF HOCHF HO OHO OZ HO O HO V¥ CF CH3 CHZF HO
O 41Q OH HO Qi HO, O 0 < W HO, O _- CH3, an , CHZOH
HO F H oup B Akafipl es stituted

t et r ahydr ot hi ophehyl/ and di h mi opheRyl/ 5
conpounds i ncl ude;those congeunds reprgsen by the
general® structures: R 9 SR9 Sand 9 RO R 8 R8

Rio Sp@cifiﬂo ar@l i preud ut Ha ngt imted

to, tye Ilowwounds: NCy HO ,, V HO

HO OH HOMFF 2 =>EHHO S HO-&d#rCF -\-CH - ,\CH F
OH [

HO G#D3 HOHOH HBDOH BHOH  HO OH

HO o HO 0 HO o
-and
o -CHj — —=CH,0H
"HO § OH HO  ©OH

HOH,C

Group B
Examples of substituted tetrahydrothiophenyl and dihydrothiophenyl

compounds include those compounds represented by the general structures:

R'9 S R'9 S

R9ﬁ and R9)(—_\//

R'g R’y :
Rg Ry

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

HO  OH HO HO  F
/Li CF, /\—z CH; LZ CH,F 5
HO OH HO OH HO OH

OH
HO S HO S
d
S 7=CHs o CH,OH
HO F HO  OH '

HO S

an
HOH,C  ©OH

21



HOS HO-NV HO S and CH CHZOH 30 HO F 3 HOH2C OH HO
OH 21 WD 2008/ 089105 PCT/ US2008/ 050929 G oup C

waEx@spsass of substituted al kyl
represented by: R7

compounds

compounds i ncl UPET/UR98&050929
0O RL3HO 2n OO0 OOC

-@b@%o | ~ HHGCP-ORI0 O C2-P-OR OR11 OR11 10 OR11
~ 3 0Oand )-]~OH2 ii

OC-P-ORI0O OO R12 H2CGP

OR10 Gxa@miRlkR ofiddbsBEtuidldkylRbipobndpacludé thosxemppemds

i ncl ude,, but are not

COBBIRADY: 10

limted to,
~O~,IIXH3 and OOOOOH OO

the foll ow ng

H2C-P-OH O O H2C-P-OH H2CG-P-OH OH H2G-P-OH OH OH OH

G oup

QQ \
HyC~P—ORy

O
ORy;

D 20 Exanpl es of substituted cycl oal kyl
cycl oal ken& clgmaoungs i ncl ude
o 7 O

Hz?
—C-

and

Rg/Lj

P~OR,

e U

and O

0 9 N
Hzc—?‘ORIO O

R12 1
HZC—ll)_ORIO
Rpz '

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

10 Lj l\o

(\“\\\\CH:}, H\
and

QR 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:

R's
Ry
R'7

Rl
® Rg Ry

CH,
9

R's R’y R' 2
! 7
R'g 7 R .

R'g
Rg R, Rg R,

22
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those conpounds represented by the general structures:
CH2 R9Rg/ R9R9RI RI/~/v~/ and RR R RRR7Y

WOR00R039105 R8 R7 8 R8 R7 8 R8 R7 22 WD 2008/ 08BADES2008/050929

PCT/ US2008/ 050929  Speci fic exanples include, but are
ﬁ%@ciﬁb PRIt el s R L B e S
~ CH3CHZF/V|rri ~/ v~/ 15 HObHHObeHcHQ—|ZC
bH "HO HO N Q_F
G oup E Exanpl T subst di h pyrroI| I
and tetrahydro -0l 1 di ny corrpoun tncl ude x
conpounds repf8senPBd by the generB stQHict urks H3
RB R R3 and 30 RO RO R Rl18 R8 RY SpeC|f|c

exanpl es i pglyde, ut H'H not |i r’ﬁ'? d to,
foll owi ng conp MZCF
F ch = CHyF

HO OH HOH,C OH

m }@ S

Group E
Examples of substituted dihydropyrrolidinyl and tetrahydropyrrolidinyl

compounds include those compounds represented by the general structures:

+ R
9 N Ro N,
A

Rg Ry

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

H H H
HO N HO N HO N
Lz CF; ;Z CH; Lz CH,F
HO OH HO OH HO OH

HOH,C

Group F
Examples of substituted dioxolane, substituted thioxolane and substituted

dithiolane compounds include those compounds represented by the general

Ro 0 Ry 0 Ro s
)gj/ &)gj/ and Rﬁsf

23
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V HOOH3 HOOH3 HOOH2 HON HOH HOHHON and
45 OH HOH2C bH HO OH HO F G oup F Exanpl es of

wesnsaios ed di oxol ane, substituted thioxol anePemTsS2008/050929

substituted dithiolane conpounds i ncl ude those

SHRETEHanaee @ﬁﬁ%ﬂ i lﬁm%%q%”% f@%%’% %ﬁ%ﬁ@ﬁ@slos

PCT/ US2008/106 o C|HI® but are
not Ilmtedto fllo co oun HOOHO
S -N~ 5 and Fgr the struct reS|n oups.

the foll ow ng depnltlons apply: R7 is H, CRl4 N3
NH2, or F;, and R7 is H F, OH O0-alkyl, alkyl,
subst iRoutledtrutral ik Grouml A-dhHe, foHoNoRig defihidng hlb;ﬂyuy I,

| k . bst i d I k l; RY 7 i
¥ oggtn ﬁ% %@g@ﬁéﬁf orgyend R B . Dbk ?n%ﬁaﬁléwhsvbsﬂmd
W e R A L T s el Sy G
dogegher nmayrhet==CHy, =R31H; svhidreiDRath, R7I‘€Bl,d R¥Hre not OH; amhehen 8ne
i s H, \ | k | k t ut 15. 3| kyl.,
aF Reutgn RrduE Pecthes eSS ismyine SoR- 3 ei et
Ditkey Whot 3H; R8 and R 8 together may be =CH2, CHF

wherein both R8 and R 8 are not OH and when one
RS andisms B ORiNDD, Ntheordt; land Risdis Hof, OH, Qaalkiylwalépl, emi:estltuted

Ao Taueis Sl ed bl Th s Sydba Rl Sk

@geller addg\de @-123 =CHH; edleleih botAR4 and/R'ét @600HY had when one
wher ei n_any 12

of Rgand R's 15 NHz, the other 1s not OH; and when one of Rgand R's is N3, the
other is not OH;

or R7 and Ry together can form

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
any aryl or heteroaryl of Rjg¢ 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
alkanoyloxy, or Cy.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,

H, H, { H, Q H, Q
—C“0~P—OR;y + —O0=C -P=ORys - —C -O~P=ORy;,0r —O~C "P=OR,;
ORy, OR;, R;» Rpp

Rip and Ry; are each independently H, alkyl, aryl, substituted aryl,

24



al kyl and C3.8 cycl oal kyl of R100 is unsubstituted or
is substituted with 1-3 substituents selected from
wh 2008981195 hydr oxy, carboxy, and Cl-4 al koxy; aPcI/usS2008/050929
vvherei n 30 any aryl or heteroaryl of R100 is
i ftuted with 1-5 substituents
g%%glgﬁéﬁrﬁ@}gélggtcglgﬁﬁ%m Rio,; each R101 is
| ndep&iﬂsrathl-lithJamlﬁﬂ) _adidatdighe (e(gl -MHaCKGHI;)CObalkkyl or -NH-
lthio al kyl sul foyl, cyano, nitro, am no,
ﬁ’rﬁﬁﬂypmpw (t%%@ﬁ‘y%ﬁl | uor orret hyI trifluoromet hoxy,
Cl_4 @l ki }@.m no, di (Cl-4 alkyl) am no, Cl4 al kanoyl,
Cl 4 35" al Kanoyl oxy, or G _4 al kyl oxycarbonyl; R9 is
5 H, CHBisZZladd, or N3; RO is CH2OR14, CH2F, CH2SH,
CHF(]—| lé CH2- di phosphate, CH2-tri phosphate, 40
o B 11 2O -C -OP-OR10 > -0-C -P-OR 0 , -C
- 0 P @RdRe spelffic-@nbodied?FPhe Aehtidaor ghe@li%cﬁile% iRtfoups A-
and R 1 are each i ndependently H, al kyl, aryl
Eubstituted aryl, 24 V\D 2008/ 089105 PCT/ US2008/ 050929

I I
o) OBy bg, O (SR 1S b RE I Pl Braitn; g pupfiuted
10 alkyt, Miten @it aptapakdmyCaBaly lo} sutdaet LAk Syl Hor 1 dhdiRe;
2-5: and mis 10-20. Inonesggcn‘lc enmbodi nent of

tagsthenapitr 51 HoorCHE o whereinc bath B and Riraseipet QI:I nd wiren ene

RERAf s g S e G

atHeemyiox(m Rl alkyjror smﬁmtutédﬂlleﬂ al kynyl or R7 and

R 7 ﬁzggsﬁ)éhgr rral\é HF, wherein both

R7 a t OBy nHHN%rF é%Rsét’r He, %Hdoﬁll?haékwbsﬂwted
15 Eﬁ@l QIKRRY1, EbsARke e’:rﬂfg%]‘l&?lgﬂ g? El?cisﬂ{utéﬁ g@ﬂil R da'i“ldl}@g

othef is not or su tut
a}gcgher nR§ be sOH,, EBHF,; whareil\bizth Ry ranER'geuncdndR’ @Hj andHvhdn, one

Stbs trf bl Srubiltomer By b abdmnenott Ll SF Ry he
etheR& IR 8 together may be =CH2, =CHF; wherein

both R8 and R 8 are not OH and when one
R9 1S H, CH3, C2H5, or N3;

20 R'g is CH,OR 4, CH,F, CH,SH, CHFOH, CF,0H,
H, T H, (II) H, (I? H, (I?
—C“0=P—ORyo » —0=C P~ORy » —C "O~P—ORy,, O —O~C P~ORy ;
ORy; ORy; Ryz Rypp

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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30

of RB and R8 is NH2, the other is not OH and when
one of RB and R8 is N3, the other is not OH RO is

wWOR008B10C2HS, or N3; 20 R 9 is CH2OR14, CH2F, PCHESHN8/050929
CHFOH, CF20H, H2 101 2 ~ H2 Il H2 1 -C-OP-CRI O,

-0-C 4 o%r@b@dlmgnf % CRldund ‘Bf ofmfla 1 R{I%I rQ{)l%éd to form a
OR11 R12 R12 RIO and R11 are eac i ndependent H,

ahkspacentioally asedpsabla produhgafoy kexampleyd pnosiaig‘sytle,cted rfrom the
nCH3i R12 is N-|ipked am no
SR EIARESFROEOT SRy DpEY oy RsBaTRA: DB PG Prgpiie Sters,
bshRRAA i ' anfidste ntediddsteEHKE
ot RRIARNL phoIHlahiidat Mbfiratdate sotiegeigtlic |
OhesiRNaRdatRI ey clis phipsphotiodiapaidate grhdspl®Bamidiats digte20C(QB
ﬁOﬁ?%OSQlOS PCT/ US2008/ 050929 I n one enbodi nent,
for hpound of Fornmula I, R14 is replaced to forma
pharmaceutically acceptable prodrug, for exanple, a
prodrug sel ecte féom he gr oup cdpg(P thg of : acyl,
oxyacyl , phosphoPlat hate phosph ¢ esters,
phosphonam dat e,opha r san"dat €9 Rpor am dat e
nono ester, cyclic”5 phosphoram daf{ cyclic
phosphor odi am dat e, phosphoram date' leé%ter C(O
CHR1I5NH2, 0 P-0 R16 O O Rl15 and O H R17 RL9 R18
%Ee;&h.n: R15 is H, alkyl, substituted al kyl, aryl,
stituted aryl, cycloal kyl, 10 substituted
cycl od; ksl H, dileﬁl;es"ubanit)ated aﬂtybsdrylt sibstitupet 210 ayalbalkyl,

erocycli.c, ubst itu heterocyclic, or an amin
é%ﬂutr:geyql%alw Rseroary |Spyst%l&5§h?tﬂ9@% Betrrpeyrlr, fubstituted

E‘E%‘Jé? Y PR ABHAEE N ' hal ogen, oML~ 00, R0,

- CON( @a_)sj;l cpfioaRPOsubstituted monocyclic aryl, or optlonally substituted
monocyclic heteroaryl; and R;7 is H, halogen, CN, -CO-Ryg, -CON(R31)2, -CO2R 3,
-SO2R20, -SO2N(R21)2, -ORy1, -SSRy, -Ra1, -N(R321), -O-COR g, -O-CO,3R, -
SCORyp, -S-CO2R 29, -NHCOR1, -NHCO,R 31, -(CH,),-ORy2, or -(CHz)p-SRo;; 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;

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
heteroatom and R, 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

p is an integer from 2-3.
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-S02R20, - SCPN(R21)2, -OR21, -SR21, -R21, -N(R21)?2,
-0- COR20, -O C02R20, 15 SCOR20, -S- CO2R20, - NHCOR21,

WO MNHGORRAY, - (CH2) p- OR22, or - (CH2)P SR22; or PEUESHNG050929

R17 are connected via an additional 3-5 atonms to form
|- i , optionally containing one heteroatom
Syletié Prodes Pt o an aryl group at the beta and gamm
posi t iPoscebses fdreprépating @ch@duids of Fermtias pdier plarmadeutdally
and g&g are connected as described bel ow, 20, R18 and .
RYLP 8Yfs pr Prﬁ)&% theseat] 3p well gy p@pqsseérfg){ preparing intermediate
Rek, I ' |t uted
mnggwﬁgﬁg%& gsrezac}gltp F%h{fl ﬁogﬂ}g h@%é%%@ggﬁtodﬁ ocyclic
ipbararaoewtidally acceRbBleasatls Blgrodrugs dmnerd ategetovidad anfurther
addi tional 2-5 atops to forma, cyclic group, . )
SB‘?’F’@WQ“F%P%]&NUHFWF% Ror SX47aplg i greosrRPodmenitthe yantians
%E&ri&&%ﬂﬁ&h@@for‘b‘rébaﬁﬂg a9HhdlRB@ cafly AcRpRBR: daft JrebMpBund of
cyclic group, optionally contalning one 25 heteroatom
&oonWad Gosnpissingl dophverting glcorrbspoading yompatmnd/df, Faamalakiytb the
oa&i onally substituted nonocyclic aryl or optionally
Stibsti t ut ed monocyclic heteroaryl; and R20 is alkyl,
aryl, IeiRhaeYHoadhdi khe @Verion pRbliids a 1Rétholl Sor'prepina,
aryl, heterocycloal kyl, or arylalkyl; R22 is Hor
Perdeve alcs compayad 36 Fermela 3 goinntisine eofveginga @rrezponding
%88@68{%%&%&%/H§%%0%%0929 Synt heti c Processes
rocesses for preparl%g cghpounds of Formula I, or a

phar mag endth@aimbodira&t amiabéxﬁioﬁ?ir@\sd@ra REBOd GgtSpreparing a
thereof, as well as processes for preparing
cAmBPHRskriatEmuldmosmrigngdsaiotesng Beouswendise spapayed of

C A
S R T 8P CompALATRE of mt= BroIRBFBRAHL Ifclite the compound
foliFommerla l.enbodi nents of the invention. For exanple in

ne enbodi nent the invention provides a nethod for
&Mﬁg‘—e&%ﬁénﬁceuti cal ly acceptable salt of
conpoymd iRfenti&iPA88 bR vides YRR AR OMYRS tHaPBreiseful for
correspondi ng conpound of” Fornula Ito the salt. 10 In

arepatieg cemponidsehfomnda I ovesali @rprodrog tlesofa Foeeteoolé, dhe

' f . d of E I .
PR Py tes RS Sifnctle B RERRn oy sk daSatre in the
Exbiles hbfeth.t he prodrug. In another enbodi ment the

invention provides a nethod for preparing a conpound
domesy ared Bhyisicabliermssi ng deprot ecting a correspondi ng

conpo Wﬂﬂfe 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
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
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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15 Forrmula | that conprises one or nore protecting
groups to provide the conpound of Fornula I

wEyoushgtidT | nternedi ates The invention al so prpwvi/ugm08/050929

synthetic internediates that are useful for preparing
GRARRY %ﬂ%f&ﬁerﬁ%fﬂfé@f the QBm?mﬂﬁfs tde?crribgﬁ RAHY OPQ Eh68diment of
For exanple, the I nvention provi des nove

shainverdtion providenetiminads kavidy ths absuvdste sescherbisdy idepicted in
Eéagg%ﬁa‘hereig. | somers and Physical Forns It will be
Py ELlerpYbelA¥se skilled in the art that compounds

of the invention having a chiral center may exist in
and be isolated in optically active and 25 racemc
fbarrgace@aga positions Mades ek Aidbiinistoaioprand Netbods dfiTregment
to be.uynderstopd.that th resent .inyention

enconmpAE SRR 5 Rt proVidgparapirings G e ggneral Formula Las
Rietay18® BV Grhit bk QAR bitérs 0@ DNA 846 RRIABY it phBh{Brases and

m xtures thereof, of a conpound of the invention
(@atigancer ageniso Yiariows fopms pliDAA andRNAhvipad polyserasee are inhibited

orti . in it . X
55 ComP RS G R A eIt o RBP I v
fcompBuids@If tiRxmegtine disBysure BRkefbiediave utilien tREEHE gnd/@r M
by recrystallization techniques, by synthesis from

FpTvcREng yiral defectéonsimp hpstqnddn Begtarest andjorqieveating a variety of
SHOLLESLS, gl DYoL LR SEB L L s on
a&ntbiodinand| th© compduinds arragefuh i the abyveusémtipned erestirg o

tests.de&y&%ﬁfd her ei.n or using other simlar tests
WRTVERLRg BY (Rbritng s Wil kN Ared AINA Palsseigh Sueh viral agents
RMER bAhrd Ao # QPS8! R giﬁéBPgéBa {22 PORIARP AR unodeficienc
includes all isoneric fornms of 'the conpounds aescrlbeJ’
e, Boliophiexsanitio di areinB, Rifino,tHvhoj swa hpoxg EEbplapandi®&st Nile

co unds hayi ng,t he abspl ute stereochem str. epi ct ed
B A Tt S oh iR 8 Hiisarteagnt il ok 4l ypiction i &
ettt i ons, Mddes of Admi nistration and Met hods of

Treatnent The present disclosure provides conpounds
of t hdhg@reseril digcdesurd providas for deomipourr eftbe gendraldrormuka I

T Sl Blea P AR5 PR Rk DR apoun

6 bylerst € SorapcundiTighhdrgIcF orkyild NG desdrited Mdeeidli Satwsed,
such as_but not Iimted to viral RdRps. The 10

EOmpBIRSne/or pharmgeaticak comnesitions ey DRaset igrtae mayefacture of
. r . . . . . o, .

S RSB P e YL i o v

pesrabi torghibit waira ERWA0ind DINAqadEmerhsdse Sueln ghdrmaceutical

condi t.jons caysed by or related tq such viral .

CAMBRSIHIQGTINAY 3{sQ pmprise a pharmaceutically acceptable carrier and other

RN

ingredients known in the art, or may comprise solely a compound of the general

Formula I.
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enbodi nent, the conpounds are useful in the above
mentioned treating and/or preventing by inhibiting a

wao2alosRWA and DNA pol ynerases. Such viral agePtBUIH08/050929

i nclude, but are not limted to, hepatitis B,

hepat irfeSpHarmBtiRBail | GIrRBSYdesVkBdSherBa! bfiudi
Coxs.a(;kiezp Angnd B, 2 mﬁ QE%h%{,rﬁg&naﬁsy%%ég, heégigl i’lilf&hglrl]%g’ but
Wos limiifietl ¢o, wehrales, adjovantpaxtipemtsaor diltwous, mentvellkinewn to those
ce}g{sati\iﬁaen of t e.viﬁal in ection.iaﬁa ..
VIR, PRF; FRec h dhep s d Wpicefis e gseukigaligsaceeptable carrier is
caERRANY ifdrt (1 en8RReaontu¥d 8nd hadBoaRkthifental side effects or
phar maceuti cal conposition conprising a

pereieitn vedarithe condivdriseaft usee Thgrpbarmaceftically heaptabtnearriers can
Formul a | as descri bed herein.

f I
gﬁ%ﬁ&u@og}’gglgﬁ%g@%rgﬁ'g)e&p%%smceuti cal conpositions may

be usefthei ddntpdandPdestAbddnethe finstaht MBI SEARES BeOidministered by
treating and/ or preventing a disease or condition in

WY cemyentiosal wetiodaaydatle Thnksoin canjynetion WA phaumaoRicals,
%ﬁh&%‘%ﬁﬁ‘&i@ﬁmﬁﬂ&ﬂlﬁ&ﬁﬁr ﬁt?% Iirf ?J)mgi%at(i:oor{ LadiR0Sa1 l‘ﬁ%‘léfapeutic
al so conprise a pharmaceuti call'y acceptable carrier
agehtat her i ngredients known in the art, or may

con‘pri,[%g sol el y a conmpaound of the general For,rrula . .

28 WO sempguidssiepemhedarnasbnipistayedin appharmaceutically effective

RRRAREARY bhiC YRS BBl LRADL BF de LRBOUIAAIMR 8 of

gheplpirmatssiticdrcodipbsiéint admiri sterad il kof@onrst ovatrh dspendinf aipon
re skilled ipn the art. Typically, the . .

3‘”3 R s Pyais@?%?%ﬁ@n@af ehigactstiog REHearticplar agent

208 its nidde W@ réfd bV SuntiAlRANNEShEsd . Radnnad 96k st T Al

side effects or 5 toxicity under the conditions of

uewpierth thephveritn ond stagad] the discaptstdtd er caditionr thedamd of

[ I d I tri T d

SR YRR BBt TR oLt 655y T SETRAL

adm nissilyedbshye ofHYive Ripy&idit @iabe 8BjcbRd taBahbaR b0l @6
se in _conjunction wth pharmaceuticals, either as

iulIéIeI) Hilgeams Qﬂ@é’ﬁélﬁﬂ@&ra@gkgﬂt@ body ivweight pii deat Iropnewi t h
N .

S8 ol SRR pe AR ARANS, ) PGSRBS0 mete o

dbleetighe peralm®yintan alfefaphanbamtineht kealvéen Bbliekl imigkg and

t of th und d the d f th .
SR aBe/ke CLPoTEEE RerGAY:dB AF SN alierpteembgiment
GRMFERE 0. mgmg%%g el k) HERY ofB@Weifggfﬁeqrdﬁy. FHE Do

t he pharmaco m c char eristics the particul ar
sgeemibed aBonmts nay deradoenistertdras atseries ofatmillat ddsesdvarn;period of

5 S P P B et o
tiewkiphitofQhe 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.
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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concurrent treatnent; the frequency of treatnent; and
the effect desired. A daily dosage of active

WO pgseglitent can be expected to be about 0.001 pEI/UID0L050929

mlligrams (ng) per kilogram (kg) of body wei ght per

g@%clij%lb%'s. %Qﬁ@e/%%gﬁ%fﬁ% %z{?’%@@mret O[%l‘%lotng%< ﬁeaﬁ‘ﬁﬁ@ﬂt‘(}g\&élagllggﬁﬂlﬁﬁl@
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initself, the pharmaceutical [y effective anmount can
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t he compound administered will also be determ ned by
t1kt ol tini ng and frequency of adm nistration as

vel | e lhfvERbRIIRAE B dﬁ{lﬁﬁter&ﬂqa Inegbtthifos@@Wonns such

adverse side e ectst at m ght acconpany t
asl apsuks s ablenamf povidees, ooimploguidi desade fdmusdsmh g dlixirs, syrups

si ol oqgical effec ILt.will be a cliate
3R PrDTTi Heanapo ki Pd SoraRID: Sricte Hip duiseee
$5RMEThe h&l\ﬁ:"’lﬁ% te@iehAanGNoMR! AmiSisad2RRR{98R 1 Q8se drops) or
PCT/ UsS2008/ 05092 conditions or disease states,

rbefqulnal@th@r\oa dwgm&momae:asm suply a¢ by prpelldnt baded metered dose

RGP PSR RRiRln AR, Pihst HEsRER0ERER boréitaly

ﬁb@ﬁﬂl@@ﬁcﬂi dsCellimi iSRS ﬁrdn@ﬁl&rrﬁll%t\ﬁb b&ch ﬁfechamsms or ointment.
adm ni stration) contain from about ng to about

3000 Agroplagiensy spitablgdereerpleadmipistration we 1@@14%@% quid
SLREk87 500 7yl Qb RS 0105 R DSlppoupd et
pn dﬂ&eﬁtts Isﬁclﬁzﬁ; watexy sdlinef oﬂbmge JQLCE" ®% %psl&leg,fshcl’m &dblefm

the total ght of the . conpositian.
flepenges ayd & Becharfenh g@f&%@@%&%ﬁ%ﬁi@ﬂrﬁw h@mwe@ﬂcg “elftciive
LERALBIthe adfiR i Hl%ﬁt h@ 1R6E }anﬂﬁél (gf%(ﬁg(;gr@(é)t S5 31ons

to achi eve peak l"asma 1 conc nt rati t'he ac
iimgn epbrepﬂatohqﬁldom(b(bb) sititableZnwdsidns. Miquid fdrrrmiatmhsmay

a?fgvﬁ%dlil%n o140 295 anY BFHED >0k Frarmple cUpacy Beryf HEShol
aS eyl@ffr% rl}';’d%ﬂj gﬂéﬁﬁf nd 186 pbRethlyRHé d1cIRIIRhEOKTE or @Hﬁ@ut the
addition of a pharmaceutlcally 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
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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wW@ewswgo1dhgr edi ent can al so be adm ni stered

and suspensions. It can al so be adm ni stered
parenterally, in sterile liquid dosage 15 forns. The
PCT/US2008/050929
intranasally (nose drops) or by inhalation via the

d
ameEAle PSS Hoi ANk BSnl pRIGRENCR HaRE e Ghe
@hlvenacdlvgagly Compatitde earpets ehtbzeagda formp @s1s tdrhprisuthhacse
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ek R, B TR B0 b B S0 e
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%cer and the pol yethyl ene al cohols, either with
dnclyda sprndingeagengaiolyblizess, thicksmineragentst stebilizeys. and
@ @R}ta?pése surfactant, suspendi ng agent, or

I'sitying agent. Capsul e forms can be of the

or di ndity chaupdundeandefddntifieleteddn aghlysiblogicalipacceptable diluent
contai ning,.for exa surfactants, Iubr cants, and
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RRARR hﬁEﬁdlr@%‘t&o Ezﬂm@ t eﬁ‘fh@@us dEaRb&d anfd%lﬁﬁzd%ﬁ%ar BRAHUAE an

one of nore of the l'ow ng: [ actose, sucr
rabaohpl sich a@@thansk, aaopto,paqmit atlexadegybalgohodl gyculs sadh a,

[ [l ul | ati
BB bt BBt SRE SRS S @in b Plyedl g, ¥ Perol
tkatals, sUBROR OS] -HimcihB Al RHRxoRAE-ALHEMEIR XS, anDilN§ fatty acid, a
stearate, stearic acid, and ot her exci pi ent S,

defhorcahesser atiglyrsride, or b peasylaied faigennid glygeridgovith or without the

%98%/09 %? g: gﬁaxg‘gg l}&%ﬁ? §éc%?%%%, urfglctg n gt?c%ragtal SQ%@@%? @eftgr’gent,

stenin ese avor ng

anq)enmhgmgmodwg s pédtm mﬁm&mnhetht}aenmlsges Lozenge
forms can conprise the active redient in a flavor,

@géﬁaxmmgﬁl&%@éceéh@ss&aaﬁméymﬁm E‘élﬁﬁ% or grulgifymg agents
&ﬁ&%{ﬂetgﬁ mggém {ge active ingredient in an

i nert suc as ge atin and glycerin, or 5 sucrose
and adath whlohrcah bk oresl, m@ari:ng:ezilsfonmﬂntmns; inglude petroleum,
addi |ontBtheat|ve [ di ent suhcarrlers as

APEalSkRiapls. oy DIt Ot SRIFIEFSHEPEL Pt ik l8cipgs peanit

R8YIAh Meddm AP MseLd, @bin0B1ive) pE SIS WO Hin R Suitable fatty
non- aqueous |SOt0n|C Sferl e |nJeCt|0n SOlUtlonS

wihids forowse i parerteral formiulationsimatusle oldieiddidrsesaric acid, and
TESLHH el A SO PSR S S AR B0
ABK SRRKs. SAHENE Soaph Eoridse iBpEBRESI Himuldfidhs felude fatty alkali
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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i ncl ude suspendi ng agents, solubilizers, thickening
agents, stabilizers, and preservatives. The conpound

weanshgoiezim ni stered in a physiol ogi cal |y acceptEbEm08/050929

diluent in a pharnmaceutically acceptable carrier,
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Ihy@mgﬂdehilmphghlbéialamboﬁéLBmf from about 12 to about 17. The
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Jalat -
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det er ents su for e

GPmeP 9%.%69541 D TE i mpﬁ@gletya%ﬂmtﬁblﬁ Sarpyatiens ofithe
tﬂ)ﬁhﬁ&a%@utlcfapéorﬁ‘ﬁﬁsﬁmn%fqﬁ‘é FeeeP et ’Ifﬁé foﬁd:wlng $RMR)d8 and
al kyl, aryl, and ol efin sulfonates, efin,
@threntsm@jmm‘nhy) erteprbayced std hakoexgy ]gmdmg The pharmaceutlcally

SR St el 3P B inteste R B G g R v
E%Fédﬂ&%@@ﬁd as Q@t?o%usef avedse §i€l’e@fﬁbﬂ§ a5@ataB cheSors afblexcipients

yoxyeth | ene pol yprop | ene copol yners, (d)
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o) [ Iawl -

i ARG s ot ML A5 e
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about 0.5%to about 25% 5 by weight of the actjv
i ngr edibg§PmpauRds|of @hedﬁesesmnfvgm%n ploe aF maqomké@at@ﬁdmh other
Riid e éoxﬁﬁd}]en§ Ccahfedndd? ifitdClardsOf Bk afal 18ﬁ‘s3to He%dﬁifiﬁ@{eretd%a
mnimze or elimnate irritation at t site o
iimjadettonofihess actbscdcfnnmﬂatﬂom R8N baplacelhinm pressueized agroptable
noniﬂnic suh g ﬁ
propellants, suc 1c orodlﬂuoromethane propane, and nitrogen. Such aerosol

formulations may be administered by metered dose inhalers. They also may be

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

nebulizer or an atomizer.
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havi ng a hydrophile-1ipophile balance (HLB) of from
about 12 to about 17. The quantity of surfactant in

W@ eB/osansrul ati ons ranges from about 5% to aborCT/LUS2N$§50929

10 weight. Suitable surfactants include pol yethyl ene
sor bi taR ff)l%‘iﬁlthcﬁﬁ'cgn §§ Efers&teéﬁlclﬁntaéoﬁ QF Buid IElose sealed
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present invention. The follow ng nethods and
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si de- fecfs Sui.tabl e carrjers and.excipients

i ncl ude@r@Blahent Witable for{gpigal adminisiralipioincluds pasitlss geraprasing
Ghy/&ive i8R2Edithi3R SR RAY-Se %ﬂ%b?sd%élé{ﬁ{%ﬁl ngé?éé‘i‘lfrla&esu@ﬁ;sé Yfd

agents, suspendi ng agent, I ng ers
laginid, @amied, as ctdamsocrsulsmnd, and|golsicogtagnges) tis addiGom teethe active

GO unds of the present inventio al one or

R P cairtehs Bt e Rhownm 96 e Eiiomere Jentdimajgatches
[¥8AlBe bfébﬁreﬁ%%fﬁ%%etﬁ&ﬂs%b%'lﬁﬁ% drf be adm ni stered via

i nhal ati on. These aerosol fornul ati ons can be pl aced

into pﬁr@%@%ﬁllzﬁf@m@b@msmm@ble peropetr] admigistratiehmay be

h
B O e S B B g BRSO et B i ime
dass or MatdraobRibleThgys. #bsRulaBonsheitdble favadinal &inidstration may

harnaceutlcals for non-pressured preparations, such
é’§ prosented ad BeRSATIAST 1ABYPORM CEABI $F. Pasies. DD 08 S8y fggulas

Pg{ahﬁ%é) %?é&ﬁ@&gt% tPJ B&ive c}f %gi]é!h@fl églﬂ:glocn ?rﬂ:rp & 41k %ﬁ% %gtshe art

In unit=dose or nu 0sé”sea al ners,
dopehpmopridevi al s, and can be stored in a freeze dri ed

{ o SR shleti dhechrbsel aameiare g sl Bodh ghadmini ring
laoRfpobRNSF the %gﬁt‘sﬁl@énﬁoﬁ kb QE g&tﬁzn‘c‘&% avEdbRTRAL HNE | more

injection 5 solutions and pensi ons can be prepa
fthmr@treutle Icen poustdrts ﬁdgumstalt &pgrtiauwlar ¢comiioaind, a fdrgcular route

R R e P o
tot hQ%@ﬁﬂfen@bdﬂrﬂ@[syofﬁthhhadeﬁtléam Bogdtlct foreRor 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

mg of lactose, 50 mg of cellulose and 6 mg of magnesium stearate.
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Phar maceuti cs and Pharnmacy Practice, J.B. Lippincott
Co., Phil adel phia, Pa., Banker and Chal ners, Eds.,

wWQ3®smas8M00% 1982) and ASHP Handbook on | nj ect abl BCT/0S2008/050929

Drugs, Toissel, 4th ed., 622-630 (1986). Fornul ations
sui t ah| g: 3 LSt g:atdan, d: | Ly es
conpr 1 natte 8B KAhe AT ISl fRtaiB Sl aE AREM 1.
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r 2 tainkn in diti,on to,fhe
B Rl eatfle 23 e BlRrotr BB Rt 1B ofisarch.
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aprse R inctase Relaigbidide Ampraveeingpage and stabilyior delay absorption.
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used to adm nister a parP| Cular conpoundg, a particul 3r
conMeati@ial andingved prodessas. Mihese unitvadd aiken avatly motheut water for

effective reaction than anot her_ raout Usef ul L.
gﬁﬁls@%%ﬁisgfwn d Apltyezy, Pf @ﬁ |mf‘616°§'§§%-e?}t?r%§v? pygredient is
Mgk Shling A SR SEaE A0
baegienensyy Mibese lofuidreard salithifitd inapsuidasblets @r papdgtabg drebze drying

filli t andar.d -. pie ard gel atine capsul es .
a0t SOERHGn bt o 8o dBie scliboR Har B pomEgged with
$ficoastit ahdetePHBelast siHarRfhand gblyﬁieﬁﬁ& cFfedyBcdhl cOhponents to
magnesi um stearate. 33 WO 2008/ 089105

PCTNLSPOOBY B8 TeYintendad ferimencdiatarddaye Withpubthcared phwager.
di gesi\}[cg%x?veg’,l tile 2ot 01131%8 3P Mm%ﬁ)?enseﬁtl il v%nqgﬁtcgnn BE g?m%ljsltergcrl in
olive oIl 1S prepared and 1'nj écte y means of a

pesfotrh \6€ nodi s oEARREeddbIP ahd h Badibbi Bk cglehRdlém The drug is

form soft gelatin capsules caontaining 100 ng of the
delfyeped %r%@raéaﬁ%wluﬂw @s 8 A9s ggor AFomn dAeWEer asFg agiosely .

The a Bﬂeeexﬁbddﬁ%@sﬂh%%ac& s Qiethqip‘?ésghtvcﬁgcl%s%r%?rm/f&te Y5:Ethe
of polyethylene glycol, glycerin-an sorbit to
pseqpiauch phavataecutivhlsminyositivas id medicament\in amgthod wiftreating a
of t.aplets are prepared by conventional praogedures so
vhaliniceen ‘arofgéfé@ga Lseasecstit Analgr GndHAR PSSy ap Blee o

Quch VB RifeRh! B HRlentHoldirka, HE @¥AtHRnt R 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)
providing such pharmaceutical composition containing at least one compound of

the invention; and (iii) administering such pharmaceutical composition in a
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ng of magnesium stearate, 275 ng of mcrocrystalline
cellulose, 11 ng of starch, 10 and 98.8 ng of | actose.
WOREBOgHAL e aqueous and non- aqueous coati ngs PEEUR®08/050929
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doggeaih ¢t iftabion YeePhA TR colmpldd & be ukBRil dTHYmlethod of
delivered froma nasal solution as a fine mst or from
RIYYSNRS OraBIPRIesHRE enodptionplloeranprifss dierptaps of t(hddentifying a

i s} e t..di . r i . .
VRS P RL SRR R 8B BHHEALOD cfosin
rentatddpeatticast onecomgonad odthetgefdrhl Pgmiuila B and (ifiphdministering
i nfection or, treating a_ di sease state _and/ or condition
Suehseirrggeeyticsl spmpasitipp insy, therappytigally gffeetivegouphtogygvent or
RUPAESSHTRG il el P T if bR SH kalent 0 inpivit the
factivityodf d viral R&NA tnd BNRAplymStasé in 4 pahhimmeedof such treatment.

i nhi bi tion need not be conplete to be yseful. The,

et ho&ﬁ%fn%tﬁ%ﬁt i treaelaﬁﬁﬁ BREERIE g %?t!on(qr)a disease
Isthendrdior BEdiioR @hhsed by bP rdda88 tPai BHiEd i QRITREY furthil )
30 providing such pharnmaceutical conposition

sompashiadminsteringastherapenticalip effiertive imotihicofiarppeypoind of the

TR LT T

taheraabaientwhicy , o pAGENINE nRYDRLtivOadaiRBRHOWI & géhisaktive
infection.in a Batlent in need of such treatnment or to
iag#ingi HCY Reclade, by arg nef limited foaribawign.devamiin, yiapmdings e

i ' i N 0 t I ) .
PufoRRibhit, oinBfRd, Of HEVORS} LERTEkase) & Bifbitor ofinosine
i anophesphateddhydrogheass sintdrfesancdl, feaglateddetetfboala (peginterferon-
conposi tions %nd nedi canents in a nethod of .

ARG iRggiogof dnfptizreny 4y rbayirp, p cpmpmatipn af prginterferon-o
REEYiBNitiA% %mﬁgﬁgfnecﬁth@ﬂ"FI%HQi ﬁﬁﬁé@oviﬁﬁ,%ﬁ a3 ¥ ation of
condi t1 on cause y or related to such vira
ipagiaterfecom-o hnd vevirieningaferemnt. indlines pre vemdtilionitedrto,

suppr.ession i.s the result of the inhibitiaqn of Vi r
rec%%lblnant 1nterfer0n-a§a, 1nteﬁleron-a2b, a consensus interferon, and a puritied

interferon-a product.
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RNA or DNA pol ynerase, such as but not limted to a
RdRp. Such prevention, 10 suppression or inhibition

woemd/osads be conplete to be useful. The net hodP@f/US2008/050929

preventing or suppressing can optionally conprises the

steps [ at i ent ed of c

ot v ertte saopdd Sl phiinfitg Rical Fraiiinad ol A ufbentdiosure
canpeadminiviered Qﬂﬁeﬁieﬁts g prfveht@@dlor @egt LAY M cacetshe
&%geral Formula I; and (iii) admnistering such

PR dnslidecht aEurydisnitadds, lenkemniahanddyephomas sugh as acute

{ r

Trp By HEIRRBHIL ace ROMSRBofe HotuSHRR! Ehuib MimidsPtic
ileutkietiid, chivmic gdloydnows Rikémial Hat gkRNADasedsd hbn-Hodgkin's
%q‘g rrerase n a %nl ent in need of . such treatnment.

hamasosnd mpltipleamyslame; shildhorr solid\remersrigclas brai tumors,
nBiu@blal@haClerAothSERA3 WL FurRfibeHe GABK hiPDaLae
by or rel afed1 to said viral 1ntéction may
saepmas eomdmnrsobd eurmory ofl aduisrsaplesd luagkinces fcbkmtamd @ectum
armun&)éof a conpound of the 20 present invention i

COMST-PETAShIANGFT Rrosiafa fanesTe HRAEY FRRPEES HIGHRS GACEISoRat cageers,
PRAGrERIC caflllr] m¥lah@ha 3L he\Rif bancl, Q@lﬁﬁélf:ééln@ér’ oVH4nbe

active agai nst HCV. Agents active agal nst
icpiden cdhegin blmlmar lavem gandef, haryegkat cancet, I&momcancdr,easophagmi

m di,ne nosi n i i tar .of NS3
giéljéc% L ean% che Pglggr é/ang?{ ?R%F%\C?roqm%se feﬁzggcﬁﬁ) a viral infection or an
Ao RTsPRAl mnwﬂkmgﬁmerag@t erferon-a, pegyl ated
interferon-a (peginterferon 25 a), a conbination of

i nt er flée sethodsfthe tirating pad P@V@Emﬁlcﬂmqr areygilso comprises
?l%?{ee? %%onﬁgtgﬁhﬁ Of aég%{)noh%?v I’e{l iC %ge%t Fnoc@rggn&bqu%dogln gl} any of the

pembairelsfoe pharnacanital @npositions of th @rdseritaisclosufts Angegitable
th i?l not Jimted to, reconbinant interferon-a2a,
¢raotheraputig agentcan ba smplaysd ffor thismurrase. Eisehsmetherappute

SR B SBRADsliB8 i o b SR R Mt gene

enm)atsbwhtes; Ratofal ptmiuptseh;c&ntondll apehtsandanisegilaheous agents.

adm n ter ts t revent and/or treat a
hunbe > ff’é ﬁ@ @l.kglah ¢ afmothe PrRYtiG ggenty inelude sampystine.
'chl@SHnﬂﬂacﬂoelsﬂl%&k ¢Sthasting r@cldﬁﬂ@:ﬂfﬁﬁﬁ%es Helhrappacut e

I¥t| c |l eukem a, acute nonl ynphocytic | eukeni as,
Wmm@%rbazn&, ﬂe@kmnue@cﬂomms@axd,ctrlnﬂleleogmnkausne

an%‘v‘f%ﬁ} RrpRitshie SR Gt B et trrarollbn 40

begdntethyfilelagine. neur obl ast omm, retinobl astoma, WIns
Tunor . bone tunors, and soft-tissue sarconmas, common
sol i d Exaimples obeheaniherapestie hgenis hahaye ealimelebolites imaludad

fﬁglﬂ%aﬁ%gﬁg ﬂﬁ?&?}ﬁ& %%%ﬁgbmep rh%\hto@ﬁn? e %gr%éptoq}gme

I nary cancer’s Oora cafncer
pettteahte Cazasefine) thiogahrdng foxatidine} Melarabide) cladfibiae and L-

ggp%rrgag%ﬁasgancer , ovarian

Examples of chemotherapeutic agents that are natural products include
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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cancer, brain tunors, liver cancer, |aryngeal cancer,
thyroid cancer, esophageal cancer, and testicul ar

W@ 2008089105The cancer may be related to a viral PCf/ES1009050929

or an activity of a viral DNA or RNA pol ynerase. The

met hodg, Sandpheof 4 RéthioRdl (Ql@ﬂloﬁfe?éﬁ%ﬁﬁ% ?gﬂeg? HefRles BRYoxHeR O

conprises 15 further adm nistering
dhxempldyef Hpaforiesaid gesvellaneous olxmethérapeutic tageras inchide tniéotane,

compounds or . pharmaceuti cal . conpositions of the
61}1@&3}3#01&3, ¥’6’Ibg‘§ﬂ?ee.a‘n agifolespl e chenot her apeuti c

agent GRRbARY SMPLEMESnRb ifHbiS vRM PR’ erastl @an be evaluated
chenot herapeutic agent is typically selected fromthe

@sivg Knewn ghsays. n Gheodbihtyloflazompguadyterinbibit HCV NS5B polymerase
ntimetaboljtes, . .natural products, hornonal agents,

%ﬁ%b?mg\éag%a}q?da'ﬁs %%@63%@%‘1’@8 459V Exanpl es of al kyl ati ng

HEVNIH Bilembiace AgaRt s 1 ncl ude carnusti ne,

chl oranbucil, cisplatin, l|onustine, cycl ophosphan de,

el pha{mawviral 48861} O BlehercHR polidl Sk hgsel @ Okl g a.
uracil nustard, triethyl enenel amne, busulfan,

gipiyabRes 20@%, 68 p2 b3bdn the statdy FHIGN BNA-depdinatiagzéatidine,

rop i n hexanpet hyl mel.am n 25 EX I .
LRSI by Bt B AT R R R PaBrenBruais TP oiu eiignt
lenal \8ie 200912981 17291 ebinpoahdiowert hidddabddgGiing cultures once

enci t abi ne, hydroxyurea, nercaptopurine,

%étllﬁ fartlres days. g/késaew%‘él,angqﬁ Wil sarhrpdditianpf gpmppyed. Cultures

f, j i, i - [ X

SFP R RS R0 SPGB0 A p e RE AR AL AR fonslnt AR Fihe the

ilast Haydef trea@meantt ]ntrag@llmilem HZTV RN ﬁegels%d@&tmﬁéit}ewéﬂ'e&ssessed
nomyci n oxqQrubicin, etoposide, mtomnmycin C,

%Z;éﬁfﬁr\ﬂ%fbg‘éﬁ?sf%@‘)f,cf’mb‘?‘%re, teniposide,

vi ncr i ; Ryell HArgét :

M TERA R e R Ly RN a0 B el el Pl and

2008080106 IPSTWILISZROBVAS B9RD A tarnl eX sinpinereattd eontrol cultures,

ho al chenot her apeuti c. nt includes tanoxifen..
AR R Bt GRS B R S i Pt SV otve
aheviedl Bed aneiityl ongeRNt S i ncl ude mitot ane,

m t oxantrone, vinblastine, and | evani sole. The ability

of a defraseliviar HE'Vi RNAdevely ver meashyedaisingescanaientismal blot

. ' n . he ability of. a
SYBAPAER o34 P BRI VR B s BBty et o
avtil RAVef dash dividel talakre\(OReseas sBYAntGY RN¥SSH0S, 65, 23-34).
Pol ymer ase Assay Antiviral activity of the test )
SHHPOXIRS Wik meawekusing ¢ mpykabregidygjuptake apsay (Kpeha ard Lerin,

%Qﬁ%ir ﬁés. 1 §§Z, 31@2 5 ﬁl)nHWRﬁtAalQLéﬁs h'lcﬁ{e Lﬁ’é’@feﬁ %Hit&r%?!nie%gpressed
celT line,

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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WQOD8/08AD, 1972).

10 AVA5, derived by transfection of the human
hepat obl astonma cell line, Huh? (Blight et al., Sci.

cultures once daily for three days. Media was changed

wi th 111 : ; tures generally

st artzggfbﬁgqgﬁs%%%?%\?&éogggg%%g% uénce and reached

confl uenceTduri ng theityl ast day of treatnent.

Intracel l uBay HCV RNbedzgvel s and cytotoxicity were

assessed 1ppPpshour Syaf g 1d§ﬂ]ﬁn§,1§§§1 dose of compound.

Triplicat emcgpggr es §af chfyel§q(on 48-wel | and
!on 96- vveII pl at es)

[ d
agr\geused S) an %ygg{lgﬁ nglcg cul tures,

and tripli ) tures terferon and
rlbaV|r|ng ed as Sviral and toxicity
controls fntrace el“&“‘éf*ro RNA | evel s were
nmeasured uk a conlithinm dregprepydaminky br i di zat i on

met hod in iKE 1 HCV ®idthylanmlbosiuay kicarbomait i zed to the

| evel s of BmBEili n RiMAnomethagyirityidhlorideal cul ture

(kuse et MMTr@nt i vinonomethoxAdi®d chobide 23- 34) .

Cyt ot oxi Ci DMARS NMeaguict 1m1ﬂégy@dlﬂ@utral red dye

upt ake asspyAf<r ba apgh ihBeth lés'ébhé&b% Res. 1992,

19, 55). HENIRNH | evehﬁ)raﬂanme £ 1%dmﬁ bipnes are

expressed &gpras,a peE 1%%5@ M ﬁﬁbﬁ/ s of RNA
epr ese

det ect ed | untreate res i've
conpounds nBFor mul a é)r ated significant
activity i Ehis asg%ﬂ?y fund _Synt hesi s Conpound
of For mul abiHMES ‘he B Péﬁ‘%hﬂ 1589 et i c

i nt er nedi aiFBPP§§é 3(2”?5 Kenhepylpidcalpuides t hat are
known, or PMSOcan bdinmtlsdsulfeidesi ng t he synthetic

i nt er medi aRdfgBand syalkhlehagnesiuockedorids descri bed
herein, fobDIBXxanpl e, ddsbdsdttmbreh hydridehe fol | owi ng
Schenes. 3DBWY 2008/ 03%fidabRGIOMUS20(RNODOR29  The
fol I owi ng pir.evi ati @rssm@za% él%fis h@}&ﬂdee 7hhe: trityl

gnchIbglrr]?))r/)lelfﬁ)xy%enz0|t ﬁ{e{h Tg t ﬁl AR F(F:)Bgm d
TBDVSCl : tert-but yI yﬁa LﬁaPleéH) ﬁ{g{z&%
di met hyl f or mam de
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THF: tetrahydrofuran 10 LDA: |ithium diisopropyl am ne

TEAB: triethyl amoni um bi carbonate MlrCl:
worsngtiboxytrityl chloride MMITCl: nononet hoRGT/DE109$/050929

chloride DMAP: dinethyl am nopyridi ne 15 DEAE :

di et hyl am noet hyl - sepharg méA¥,80: Chloroform

80: I\/de NHAOH : 2 50 ChI or of oRy-SP: Mg 40:

NHhCH : 1 : Renzay| en\zlyllde brom d Li HVDS

: lithiu fﬁl?s’alaa
tert-butyd dlogheng,d)éi' P@Ol“eﬁ\/@(f BnO OBn

di met hyl sul f oxi de RI\/gBr aI ky magnesi um brom de

DI BAL: diisobutylal um num hydrl de 25 DBN:

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

-di azabj cyclo [ 5.4.0] unq)lc J-ene M Bril

met hy gneskggu@glbr ogﬁ t € a\sei abl e

pr ot e 8. @89105

PCT/ U82008/ 050929 O O BnO p_.BnO p CH
_, NaH,BnBr ANitride -11// B}}b Mgs:hy! pyPTol ’ddne

Tol uene -40 C HO OH or DMF BnO OBn BnO OBn HN ~ H

MyBr Di choromet hane BnO ACH N Et MgBf- N BnO OH Q-

HCYTFA ~ BnO

Dichloromethane
0to5°C

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

Aliquat 336
Bleach, MTBE
water
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THE Bnp OBn BnO OBn OHC OHC HN HN HN~ POC131 DMF

BhO O+ BnO-r, v HCO/TFA Bnp O D chloromth ne O to
W®H20@08/082165 0 to 5 C BnO OBn BnO OBn BnO OBn COHECTOOHH00ED$0929

HN NHAC1 NH4AOH BnO i 1 7~Tdi oxane, water BnO N BnO

Aliquat 336 ONHZ ii) K | oxane, O O NHZ Bl each,
MIBE wat er water BnO CB%%%% BhO Bn 5 39 WO
2008/ 089105 PCT/ 08/ 050929 Schene A-2. Compounds .
o b ool 2L CRRR P oR AR iy s R Ao Ven in

Siché&e AN st@ing TR nfribosdladtbie @ rfo9dhvith BRINSY A6 iFIEtIHs.
ri bose wwth mnor nodifications. 5 CN Schene A-1 HO

5 PONNH OO2 HO OH PO OP 10 Scheme A-3. Conpounds
with Sin the ring and with/w thout 2'-CH3 are

prepared in the ~CN
Scheme A-1 \ N.
HO OH PO OP
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.

_—
—L=R', N R BnBr, LR

CH,OH, : Ry
HO OH H* HO OH NaH  ByO OBn
CN
l=R';  Scheme A-1 BnO NH,

BnO OBn
R',

BnO OBn
R';=H, CH;, etc.

20
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15 sane way as given in Scheme A-1 with m nor
nodi fications. HOS OH HO S CCH3 Bn0O S CCH3 -~ ~R

WO BY08/089R05 7 CH3COH7 7 BnBr, 7 HO OH H+ HO OH NarCBOS0@B50929
CN BnO LSOH AR 7 R 7 Schene A-1 BnO N NHZ H BnO OBn
BhnOBn R 7 =H CH3, e{GenrOA40 WO 2008/ 089105
PCT/ US2008/ 050929 Scheme A-4. Conpounds with

| d f
o7 ot e E PR bRl heRleRE R Grh Sl o B 2B
P cRd\yBlopBdafdheRieBivi(ivd . HO OH PO Op PO OP gN CN

PO HScheme A-1 PO gN NHZ PO OP PO OP Schene A-5. 10
5 PONI PONNHPON NH PO OP PO OP PO Op CN Schene

A-1 POP N NNHZ P6 OP Conmpgunds with py [idine
ring system are prepared by t ol I ow ng& Hroute
HO PO
HG O PG OP
CN
~ ~
p()‘@jILH Scheme A-1 PO N N\NH2
PO OP PO OP
Scheme A-S.
10
I\ =~ ~
N N\ __NH P N\
H . NH
Po\<i\7 M r PO\ R PO\ §
PO OP PG OP 6 Op
CN
~
P\
Scheme A-1 N.
cneme PO II\] 5
PG 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.

41



10

The im ne can be prepared using standard procedures
described in the literature. 41 WO 2008/ 089105

weEMBBAMD8/ 050929 Schenme A-6. Conpounds wi t hPEil/ky1008/050929

side chain are also prepared the same way as given in
Schene A-1 starting fro ti}'néa c%:_gespondi ng al dehyde. 5
CN \\ QNH CHO N (a | |E§F Wy > H2C | Schenme A-1 H2C

i NH2 2. oxygenation (aryl) (alkyl) OP OF OP The

c onpo&lﬂﬂ%p%%ﬁﬁwﬁg &M gide Fhaip 3k Also prppated the sapsk yyay ie g&ven
_ 2r i i

%nfgkh%??ulo?t%%géﬁogggl}%sggg{ﬁ Hglﬁ gégdfw(ilebose, 2,3 10

di deoxyri bose, 2, 3-di deoxydi dehydrori bose,

4-azi dori bosg, c.), thiariBgse, pyrrolidingn  cn
cycl opent ane 'ri@systerrs a@ﬁrepared from | /known
proceddi®s in t%ﬁwl .t er atuf e andsgkfe k9NVept }{\][9 t he
desi r agkypr ecu.r_sn.r_ﬁgt_h ami'mo and_cyano__groufy in fe
pyrrolle ring,ase@lehag to Séne A-1. 42 WO (aky)
2008/ 689105 PCT/ US2008/ 050 Scheme B-1. OO OCN
H202 NH2 HC(OE03 NH 2 N,NHZ NHaOH \ N, NH TFAY N N
P-RP-R2 2 P-R2 HCI NH AcOH POC13 Deprotection NH2

NH2  CITHO comlYotihdls! ith mbldiftéd ribbsd\Nbudh MND-deoxyribose, 2-fluoro-2-
deoxyribose, arabinose, 2,2'-difluoro-2-deoxyribose, 3-deoxyribose, 2,3-
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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10

w@2m8logo10kepr ot ected 5 under nor mal

P-R2 P-R2 R2 Deprotection NH2 SIN N.N) R2
Protecting group (P) could be any suitable group which

affecting other groups in the nolecule or the

nol ecul e itself. 10 43 089105
VRReIE

PCT/ US2008/ 050929 Sche mpounds with R,
substitugQt in structure are prepared by th

fol | Gwfhg Schidafk. So amPles I-R'f(OﬁtEe gro
gi veRiN1 this nme. N NRa PN\

P, R2{HNRIORS N ng_ AiNH,- B( OH) PEANHRa/ NF N3 b
I-fNRa HRb | NI RaNHz Nl Ne\N ) or HNRa 2 NN P
R2 P- P-R2 / RaSNa RaONa /~/ ORa NHN S - IN
SIN e\N, Ny N, NN.NP-R2 p-R2 P-R2 epoval of :
protecti r oWp®H' P' provi des corf;ggR ds of thg Deprotection
i nvent | on hene B- 3.
NH, cl 0
SN @*N <ij NH
\ P \ P
N\N) \ N\N/) N\N)
P-R? P—R? R2
Deprotection
NH,
" N
\ P
LJ
R2

Protecting group (P) could be any suitable group which can be deprotected
under normal conditions without affecting other groups in the molecule or the

molecule itself,

43
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10 CN C2H50H CO2Et MeS- C( =NCO2Me) NHCO2Me CO2Et N NH HCA

N, NH HgCl2, Et3N ~N NCO2Me P -R2 2 P-R2 2 P-R2 N | -
wazehsmsieeeMe 0 O i) NaOve NH Deprotection_ NeCT/US2088/050929

ii) NaOH e\N,NH N N~NH P-R2 z R2 z 44 WD 2008/ 089105

PCT/ US2008/ 050929 SchengcRnfe B2.C0 [INH POC1 N 3

P R2 NH2 P-R2 N NH2 N -12 NH2 I't, NH3 N Deprotection

5 1 W B R By RGO A R

Behine. [SdzheRxBRpN6df heFfolpsRrdNeiRen kbth20S chem®O

2008/ 089105 PCT/ US2008/ 050929 Schene B- 6. Ar

NR,OR RN

" N \N\/)
N

\ _
N\N/,
W4OR
Aryl-B(OH),

P—R2
NRaN I_mb NI-IRa/N RaRb
SN HNR NHR, /~y SN R,NH, \\ SN
\ N\N/) /l or HNR R, N\N//I

P—R2 P—R?2 P—R?

NHzNHy ‘RaSNa wONa
OR

NHNHR, SR, ~ Ny

" N N \ N\N//,
\ N\N/) \_n N) P-R?

a

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

Scheme B-3.
10

CO,Et

CO,Et
\\ C,H,OH \\ 7" MeS-C(=NCO,Me)NHCO,Me /==
N. NCO,Me
NH, HCl N\NHZ HgCly, Et;N gNH g

P—R? NHCO,Me

O 0]

i) NaOMe ~ NH Deprotection = NH

—_—
ii) NaOH N\ N\N//'\NH \_n.
- , NN,
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Conpounds wth R3 substituent in structure (1) are

prepared by the follow ng Schenes. 5 Br NH MMIr Br
wWORDSAsIIDS MMTrCl \ NBS \ \ \N p-R2 NNJ \ N N PCRURD$N50929

J p-R2 N Deprotection Br BF3K Pd(PPh3)2C122 NN 2 N

NH- MMTr NH2 2\N, N P-RZS QJection N R2 NNJ

0sO4 CH2OH CH2C0H  CH( OH) ‘NHMMIr NH2 6\ N N

Deprotection NJ P-R2Z NJ R2 N 10 46 WD 2008/ 089105

PCT/ US2008/ 050929 Schene B-7. O H HO NH r NH MMITr

NH MMIT  Dess-Mftin N (1) 03 N\N N \N (2)NaBH4 N \ N

N

7" "NH POCI, =" N
BN NN A
N "NH, N~ "NH,
P—R2 P—R2
NH, NH,
NH; =N Deprotection SN
N\ N \_N._ =
'N” "NH, ‘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
2N, ) — N\ N\N/) \ N\N/)
P—R - .
NH, P-R?  'NH, p—R2 R
15
20
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P-R2 NJ J P-R2Z NJ P-R2 NJ (1) NH2OSO3H Depr ot ecti on
HO NH2 (2) KOH AN R2 NJ CNCN NH2 NH2 N, I-N N
woepsnsEeiion \N P-R2 N

i R2 NJ NHAOH, H202 OPCWARSIINS/050929
NH2 NH2 NH2 Deprotection 2ZN NN N P-R2Z NJ R2 NJ 5
Schene B-8. 10 CN NH HN Weﬁ_ NH2 2 NH NH2OH NH2
(1):::inzN2\NN(§f IN P-RR NP-R2 ,NR2
355 ,089105 PCT/ US2008/ 050929 wskc?:h%e
%? Oéilpct‘jn \Substigent In\jiFuciiEe \y,assdrEqpar
ligswing @nm I\U n-BuLi, Me3SnClL F NHOW F O
5 Snl\/teSCl MeONH2 \ Sel ect f | uor

Br
\ NH-MMTr Br NH, NH,
\ N MMTrCl N NBS Ny
N \ \N \ N
p—RZ  N= N, N
= N

Deprotection Br
N NH,
BF;K | Pd(PPh;),Cl, N
\ N \N

R; N
X
NH-MMTr N
XN NH,
\ \N N
N, , AR
’ Deprotection N
R2 N=
\ 0s0,
CHZOH CH,OH
CH(OH) CH(OH)
NHMMTr NH,
N
- \ N
Deprotection N, /JN
R? N

10

46



NNNNN P-R'N]

Deprotection F NHz NNRz 48 WO 2008/ 089105
weEansBAND8/ 050929 Schenme B- 10 H O NHWMITr Qe HS2008/050929
NHVMIr CO2H NH2 \ NN()udt N N Deprotection N

\ NP-RR NJ P-RN_R2
COZRaZ NNDeprotectlon

G 1, 10 Preparation of pposphates, phosphonates and
tripfiosphathgs. 0 11 -O RV 1)
[( | 2NR( @BrY#inBnO- P ~I 7 ips1Htetraz 2
n R2 PO OP PO O 1 (2) NaBH
P—R? ‘NEB el ’/m ) ) P—R?
DeprotcNo
(1) NH,0S0;H N N
(2) KOH \ N
N N
R2 N
NH, NH,
XN . X
\ N \N Deprotection \ o \N
p-RZ N R? N
NH,OH, H,0,
Oy _NH, Oy_NH,
NH, NH,
;%/\( Deprotection g\/\(
N N N N
P—R? N= R? N
5
Scheme B-8.
10
HN._ NH
N \H NHOH 2
2 NH, (1) Raney Ni, H NH,
LS N\ _NHOH { 2 ¢ N
N \ i N
_ N N  (2) Deprotection N
P-R? N _— N~N —/ R ONF
15

P-Rz NJ P-R2 NJ
.NJ 5

Pd/C, H 2 and

hﬁﬁ%%-lgl-HC@Ra MMT r

R2 NJ R2 NJ
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HO P-O O-B Deprotection OH R Hd OH R3 RL B "-

>NR R7 H or al kyl 49 WD 2008/ 089105
weEMsBAD8/ 050929 Scheme CG-2. 0 HO O Bp i

N

CPC/0s08/050929

-'R / O-PACL HOP-OP-OP-OOB OH 7 POOCP i)

Bu3N- pyr ophosphate, OH OH R 7 (nBu) 3N,

CH |||)DEAEcqurm20 P
same as in Scheme C-1 S%m%g B( P)
(alkyl) NaH 1 TwMsl O CHZ P-O -<.
TSORGP(@-(0Oi-Pr)2 0 BE) opal kyl) O Depr ot
(al ky 111 11 O CH2, O CH2- P- OH
\ N NH NBS g hm_ POCl
N p-r? N P—R?
¥ NHOMe Cl
N ‘
Q/\(N MeONH, \ ; W Selectfluor
P—R? N= P—R? N P—R?

Pd/C,H, and
Deprotection

F NH,
N
N —/

—

R2

48
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12 ii) NHAOH HO
B and R 7 are the
B(P) (al kyl)

etti on

A
N =/

n-BuLi, Me;SnCl

SnMe3C1
N
N N
N



OH OH 30 Prodrugs of such phosphonates can be
prepared by literature procedures. 50 WO 2008/ 089105
weEansBAND8/ 050929 Schenmes D1 and D2 .i | | ust PEL/ES100050929
preparati on of prodrugs of the invention. Schene D-1.
0 0 POC13 + ArCH Et 3N - ta Cl-P-OAr O R.
HO O I1 0 I—DOBCI-chg]rngESEPll -O0OB R R R7Y
r %7 N-Me imdazole HOOH HOOH B and R 7 are

t_heO e as in scheme G1 R = oacid ester 5 CO.H
Sche HMMTG 0 | CH2CH20H C1 HAMT2, Et 3N 27 NH
R -- -C SH DBU SCH2 SH2CH2CO, ﬁ/\(
P- N( 2 NSH2CHGR:B, ©O 11 0 N : N
P—R(z N —/ tion PR’ N\N _/  Deprotection R2 N‘N _J
R,OH, H'
CORanmvme COZRaNH2
N Deprotection \ \N
N P 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

0
HO—-P—-0O o ,B
Deprotection (|)H
—_— R'7

HO OH
R, R,
B ) @A\/Nk
N. =
N R,
R'; =H or akyl
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HO OB RO SOP-O OB Rtetrazole, mCPBA OR 7 HO OHR
'"--FS HOCOH B and R 7 are the sane as in scheme C |
wWOR2008/08H85 C(CH3) 3 51 WD 2008/ 089105 PCT/ US200B¢DE8829050929

Schenme E-1. Me3Sn CI NC C N CN IN NH2-NHX BnO ON N
BnhOONNAR~ R 7 BnO Bn (Scheme B-9) NH2

H2ZN N, X mNXM/JN(ﬁg’&HgtC%INDeprotection BnO
\' N " N JONBNOON R7R7 BnOOBn BhO OBh H2N
N,NI-X SIN HOO\ NNR & OH R 7=H CH3 X=HCH3 5

The invention wll now Db sfrated by the follow ng
non- | i i Ag o EREMIDI es ;) O 2008/ 08910580 ¢ @
10 pCT/ Us2008/ §50929 ot HO-I,’-O—I;—O—I;—O—@B
—t . OH OH OH
N i) Bu,N-pyrophosphate, R’
7 PO OP (B, T 7
iy NH,OH HO OH
iii) DEAE column
20 iv) HPLC

B and R'; are the same as in Scheme C-1

Scheme C-3.
1l3(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\
[ I
(alkyl) akyl
9 Deprotection (alkyD 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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Exanple 1 NH2 HGI N HOON J N HO OH S5

(2S, 3R, 4R, 5R) - 2- (4- Ami nopyrrol o[ 1,2 f]

W 2908/08910% | azi n- 7-yl ) -5- (hydr oxynet hyl ) - PCT/US2008/050929
3- et hyl t et rahydr of u 3,4-diol hydrochloride (1k).

5-

ran-
B0 POEATS T ol fp Hpsfia %ﬁh%ﬁfeﬁ{lﬁ“m‘? probEL B i ntion.
BhO OBn Id |c CHC OHC - HNN TFA/HC BnO O
POC13, DMF BnO O + BnOA> °he qsl'flrl'or onmet hane BnO OBn

BnO OBn Bn5 OBn le if (x-isomer of if NaH, THF OHC

HZN. Q.32 ( CHO i) H2N-O-SOBH, Bn@ N CN g / Bfjoo
N di oxane, w8P€s § CArOINN @1=-PO10AN i )Cl-Kﬁ’_HpAr
di oxane, 2 1

I 0o

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

Scheme D-2.
@) O ;
1l ICH,CH,OH /] Cl-PN(iPr),, Et;N
R'-—-—- C ~ Rv_ C - -
SH DBU SCH,CH,0OH
O
Rl
SH2CH2CO\
/P —N(iPr),
SH,CH,CO
Rl

o O

1 I
HO B O~
—\iflf . s
[aR', tetrazole, m-CPBA . /__/

HO OH o” HO OH

O\"U o
O
E?
= w
e

B and R'; are the same as in scheme C-1
R'=CH;, C(CH;),
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NHACH, NH4Cl, water aliquat 336, bleach, BnO OBn BnO

oBn MIBE, H2Olh i i BnOOBn if N2 HA NH2 \ HO
WONR2003/08H0Nr , N N For mam di ne acetate BnO N BCIBCT/Cs@LE50929

ONOJ or Dinethyl acetam de/ AcOH H/Pd-C HO, MeOH

HOOH BnOOBn |k ij 10 a. To a stirred solution of

freshly distilled pyrrole (6.79 g, 100.89 mmol) in

di et hyl ether (100 nlL) was added et hyl magnesi um

brom de (33.6 niL, 100.89_ 53 WO 2008/ 089105

PCT/ US2008/ 050929 mmol , Sem&tdei on in ether) slowy

at 20 C. The,reaction mxture was further ciStirred at

oR 1 and the solvent was re d under vacuum

8 | b iondichl oronet hane L) at NOL-8HX
a_shl ution of (3R 4R 5R) -3, & N
yl o%y) -5- (benzyl oxymetqﬁ‘gﬂ ) t hy¥t et r ahydr of
urany 2/9l, (lc, WO 5 2006/050161, 10.9 R9 25.22 nmol )
i n dichl of onet hane (100 nL) and fur r’ stirred at 4
C Bnér PBoh. The reaction m xtureBu@s Qﬁjenched by
addi thghemaBt® at ed sol uti on of ammoni um chl oride (200
nm.) and organic | ayer was separated. The aqueous
| ayer was f her extracted wi th dichl oronethane (2 x
200 nL). The 2conbi ned organi c ext r;ggtsm/er/e; washed
with wacer {2* 50 nL) and brine (1 x B0 Y0 nL) and

dried oy §O4 @H elofiltration, t r teDeRmtr?ction
contaln\n%\él was—t+eated—w th trifl{orloacetie—ac+d
BA@—{4,9, 2 nmol) at 20 C & t(l)rr d“k6r 14 h. The
reacti m xture was washed with t (2 x 100 nL)

and “nB7(1 x 50 nL) and dried ( ). After

fipid atggan, the filtrate was cowtr@%ed to give
12.5g of crude

The invention will now be illustrated by the following non-limiting
Examples.
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1l e e 15 NOTE: THE was al so used to nmake Gignard
reagent instead of diethyl ether. THE was renoved by

wale@siosdies i on and the traces by azeotropi ng w PEIT/US2008/050929

tol uene. b. Phosphorousoxy chloride (19.33 g, 126.1
mol ) was added to N, N 20 di net hyl f or mam de (100 ni)
at 0 Cand stirred for 30 mn. To this solution was
added le (12.1 g, 25.22 Dl ) 4 n di chl oronet hane (50
m.) slowy over a periodﬁg—éh¥§inln. at 0 C and
stirring was continued for | h. The reaction m xture
was quenched by addi ng saturated somﬂbr of sodi um
acetate (100 nL) and stirred for/X n. The reaction
m xture was concentratedH eN | or onet hane and
the 25 residue was dilute 1LOR fet hyl= acet ate (200
m.). The organic | ayer was sep and washed wth
water (2 x 100 nL) and brines(LX x 50 nL) and dried
(MgSO4).  After filtrationHhéPHiltrate was
concentrated and the residue was purified by flash

ngyepwl Za(Hét2a4]terlmnﬁeydkﬁe(by(lmxwmethyl)
f dar k
T T e T N T

was al so used as solvent there was no need of
di chl oronet hane. For wor kidgrom2NadNaOH was use d
pl ace @sodl um acet atMebr 544 440, 2008/ 089105 HN

0

PCT/ Usp0pe/ 05882 ¢ a—stirred.solBiP;]
obtai neg i f (BF%H, 8 Bty oi °H t et r ahydr g an (50
m.) was ‘added sodlunthydrlde“kgjg; g, 9.77: mool, 60%
di spersion in nineral oil) at:0:C Aft erB%t i PPY ng for
30 ninat 0 C, O- (nES|tyIs@W? n§W)hydroxyI3ntne (1 g,
1.15 g, 5.37 mol, prepared by the met hod of 5 Krause,
J.G Synthesis, 1972 140) was added @ic 0 C and

further stirred for . The reaction xture was
guenched by addi ng™at/er (20nmL) and ewtr cted withm™

et hyl rraget at 50 _PAY. DMh&n@0 ot g B =
ext ra@loemiehe Wash with water (2\x L) angkggbne
(1 x 25 nl) ang(grh (MySO4) . After filtration e
filtrate was congen?rated to gi V02 9% g of | Wr@s OBn
dark syrup. M5 (ES*): 527.43 (M + H)+. 10 The bsotiAd
I h can al so be prepared as follows. d. Al dehyde if
(5.2 Kg, 10. ﬂ@HnﬁHES) was di ssol ved i n nethyl

OHC

t ent - bugpd qt]t;er \ CHO
i) H,N-0-SO,H,
N Y lg dioxane, water B1O

BnO — NH2 ii) KOH, dioxane,

0 NH40H NH,ClL, water I -
aliquat 336, bleach, BnO OBn
= MTBE, H,0 B10 OB“ 1i
BnO OBn

1f
* HCI]

N N HO
BCl,,CH,C
Formamidine acetate BNO N‘Nﬂ/ —_3—m——3—12>
Dimethyl acetamide/A ¢cOH H,/Pd-C N
Rt HCLMeOH HO OH
BnO OBn 1k

1j

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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(72.8 L) and charged into a clean SS reactor (600 L).
Aliquot 336 (0.25 Kg, 0.61 15 nole) and anmoni um

w@hdosnosdes (6. 53 Kg, 122.07 nol es) were added tPCT/082008/050929

reactor and reaction m xture was cooled to 0-5 C.

oXi . 28% sol
AATHBE pATSORAREH e ol b 2 o Vs TRes By nGHS Pomhiss,
ctitrad af 1) %C ﬁ)r 1810dmdllllib Ryldefvsigiaemob et afRr (d@uSokdvd Ih. To
66 .L water, 75 noles) at the sane tenperature

dben dgh&fgpms@lam (5@0 wL)SE @i ¢nway prstediageutien 0f SR 4R ,5R)-3,4-

TR B S 020, DAL BL BRp  F

2006601 G1o 1@ 96 €, 25022 hnfol) iﬂtﬁchhleﬂﬁtdtlmmli (gl O(Id yur| amt:aﬁlrther
further irr RT for 2 TLC s ovve conmpl eti on
afn‘f?ﬂ at4 2@3&“ 72’2‘1 afté@ ASACtigR syxiuEe Wapauensheghy addingsaysated
h

SOrouioh 8Pl YA (300 o B Loy PO P Blmel e
Xqus lyer Wae fwrthebextedtedrgigindichloaymetbanae? o M&hb)j Thet h

52 L sodi um t.hi os. I fate 10%
ERmATe oydenipiiacR s Jashid B water (3650 yilsdad hringdl x 50
QVIEY and Qicl r@b@ﬂM@@b@ Al ﬁ‘ﬂtra{fﬂl}l thé«fﬂlﬁﬁte fcbﬁthﬁﬁ{g Rﬁwa§ Hé‘ated

filtrate was concentrated under vaguum bel ow 40
afithotrifluerogeticoasid@ulriae, 130.3¢4nmok g 28 sC and rskrrsuy farg 4 180“ he

G Bl S et Vil el 3D g Ot 000 )

aned (NigSOh). 2\ fee alteios Otht il tedie Mas @o&eme@&dgde 12.5g of crude
hydr oxyl am ne- O sul fonic acid (1.93g, 17.10 mmol).

fter stirring,for Ih, a cold solution of potassium
hydr oxi de (2. 1§ g, 39.0 mol) in water and di oxane (20
m. + 20 nL) was added and further stirred at 0 C for
INOTHHEHF eas talsomsed or?tmlzﬂ& @\ﬁgna&iﬁ religénttitgdead df Hl@lﬁ)ﬁ)éekher dTHF
acetate (.100 the organic |ayer was separate an
NES ﬁ%ovegé’wrg%sr 6nb RodrapesT PO EPIO8 09FIOlugRe

water (2 x 50 nL) and brine (1 x 50 nL) and dried

(MgSH4). After filtration, the filtrate was
(bo ncenthaaplatorsoxgichloride 21963 3g,0f261 i mmwk) wds added ts¥MN-as

th t sol t on of
aiiefy Bamighige BESEN % O redexirendonyd it taifissolfipn s
mided/\ﬁs(léqcf a5 00rARBl) Gh BRhREShethend (56 0P8 Q@Wl@%\ﬁg?’a p%lod of

e reaction m xture was stirred at
f18 rmlahat andpstirtipg wis ferdinved Kyl @c@h@mad@ommgtummved

0EGhe 7 UThERe S SERPEAT sl iSRRI BO mid el bies

360niAl The fEhﬁ'l(ﬁlQﬁbdtlﬁe had CaIthated td Relcve \¥dhfordRe@bd &l the
with water é and brine n.) and dried

Eaviisienyas dilp eélrWIFh Ftlwla%cmrﬁ (209 I(%L)f The prgapicayer was separated
Gl %%Eﬁefd%ﬁ{jw%ﬁ (2 0506 £3) IHE LIRS (IPY5H TS AnB¥intd BRs0,).

romat ogr a
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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using a m xture of ethyl acetate and nethanol (9:1) in
hexanes (0 to 30% to provide inmpure conpound (1.25

wa@ooslsaivher purification by chromat ography onPCHUE1008050929

gel gave 0.48g (17.8% fromIf) of 1j,
(2 SEABRE
8 Sr%tﬂ%d%)ut%n%gghet hyl t}e{%dr)ig%g/é ]%f4u8r8arﬁm5 fl) pyrro

5- (benzyl oxynet hyl )
[tetiahydrofifan (30 @il Maaadahedélsodﬂm hpdrideqd029I gl, §177 ninolve0%

lid. /.87 43 1
f@%lr')em%*llggnwara AP % v%ﬂerf (ns fost) it frin aty) b5 o
J(hl)esnﬁsﬁ%ng@hy&w;ylaén%e(lé by, 152§ \5, 3'/{1%911& X]ﬁ@%‘d?&?@}b{h%)}{ﬁxethod of
4<r4@se4J §5Syr(th¢s151 1952, 140Dwag @dded at-0 §C&n&|;furt11er Bgu;rechcﬁ 28. The

gg%’uﬂ% mliﬁl_.Bfe w_aLs %ﬁnf:glzd @’I—ﬁﬂfﬁv?tﬁrs(g)% ‘1@ d 26trztcmd W&B gthyl
MCHtkte (A&e30GLRATHE comBired %‘ﬂgﬂl&éﬂm@is%r@ Wablfeﬁdmﬂﬁwater 2x25
solvent in EI ace of dinet hﬁd;g acetam de. 25 g. To a

gk} gndbrigg (4xi25rmby an dr(e@l( S§4)- 0\ g filiratisiny therfiltrate was

CRTEARART BRSSP ol pe AR SRS BB 37 M

at -40 C and the m xture vvasfurther stirred at -40 C

for 30heicompoand iR vAyalks Baiglpark@ afdllows, about 30 min
and stirred at O C for 20 mn. The reacti on was

quenchadeR¥e q(i‘gS B 9(§ tlgylI rgl)%%h\g s i E) 1&3@?%}’71 t(él{t-ﬁ);/lfyl ether

concentrated u der uce ressure.
472.8H0l and5harge)l imasa eldate §S avatt@aisoe rﬁ)r Aligaot 386i ©.25 Kg, 0.61

BRe i HumORier GRGSHT (htp e TT0limsTes) Wers gieggithe feactor
ahg QE&hoﬁ“’ﬂﬁxffﬁé RaR boledQo A4 o2 Wrﬁm@ﬁlan@t &g@é (W88 1, 137

renmoved by concentration under  vacuum
mﬁeﬁ, aB¥dsadution W@ihr)v\m added ech-6d (iollomled batadditionarfch cold

i{)( 56%2%%@%914 é S\élgl 1 %8%%@0\“ 39{“1:’ 41%5;? mgfes) at the
Bﬁiié m&&mg peﬁéd 3B MO BYAiiRY l@j[polthl%nfe] (261 1, 222.58 moles,
24]tr|a2|n7yl) (hydroxymeth

) -
% RYiRtieradditinoves startesl a Qi 6|andachmag cﬂ@ﬁ additers thegkingerature

R PR 2, S . ORISR 21

(IA,C Showedl. &dapletldt) of €heOréadtibn. Ethylhcdtatdz(104 H)), whs addedSto the
4.8-4.0 3H, D20 5 exchangeable), 3.81-3.56
(chhglN)mlxglre/gn éang@bwerq\/ge;(a@qq Tl@ggqtg:opm’layef_bwas re-extracted

'Wiﬁi é(tﬁ%lsace% (¢ f)@ N 8&3114%F0u%|§914181r'é§’|50rg%110 éﬁf %ngﬁrel mgsh%g with
lV?lt@f{§2 0, sodﬂ.lml.ﬂlloﬁifatec(ﬁr}d 15&Lc a@%alohmwb)a thcﬁ'r(&I @0l aad brine

T(ﬂd hg}%sﬂgmjég c?_vea-ls-%h?uniglh te 8@1%) fi@g A er ?‘?trat on ;[Ihe ﬁl(%rate was
concentrated under vacuum below 40 °C to afford crude compound 1h (4.4 kg) as

dark syrup.

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
diluted with ethyl acetate (100 mL), the organic layer was separated and washed
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m.) was added foll owed by 10% Pd/C (12 g) and the
m xture was hydrogenated at 70 psi for 10 h. Since

wo b@sogamdund preci pitated out of the sol uti onPCTHEHSBD8/050929

(500 nL.) was added to the m xture and heated at 60 C

fQth @Q@P? ®€ 50 ')(En{i] |b1‘11:1€ 1£6 56 |1 aﬁlﬁgﬁ drid® (ﬁgg‘@d)'eg?tepﬂﬂratlon

The Cel | epa adlum S re-sus
rthefilirage wés cmbartrate(d4t6 @ffiotd 2.arecbfhitwiziciovag 46 asishclafod the
heabﬁd at 60 C for about 1 h and again filtered

gh Celite. This operation was repeated until
there was no conpound |eft un-dissolved. The conbi ned
filtrates were concentrated under vacuum and
decr yshoed $tirrddolutiomofidi @r5 5% @ .88 hanod) in NLNADinethylagttaorde

&g B il RO HRE (2l et Y iR ey lrion
gk ture Wak btirkCht 1208 Yof 9h. AR bfit@wt\h&ﬁme@m&e&&n@e E%go

57 WO 2008/ 089105 PCT/ US2008/ 050929 Exanpl e 2
\rerovesl undenacupm apg; the residue was suspended in water (100 mL) which

(vfa? f%ﬁﬂ(i% ?Jiﬁg ZeI ﬁ' z}cegz%: @t Béb m'ﬂ) nﬂ)xéo é/ rrﬁbq}lé)c{ orgamc extracts were

(mﬁécbwyhastakarl(se yehd pHhe{30any Parf d:rear(wf?gs@4§i i Afker (F2@Ation,
CNit N' NHZ BnO O NHz H202- BnOO N C. NH M
NP!F ajgewag-goneentrated) andgheyestdpa wapphrife b flashrrhrgmategraphy

ldl\ﬁin%aa X OBR etlﬂyp%%e an\d methhnom(%lﬁnﬂgx%es (& gc{ 55)3?9) O
provide impure compound (1.25 g). Further purification by chromatography on
silica gel gave 0.48¢g (17.8% from 1f) of 1j, 7-((2S,3S,4R,5R)-3,4-bis(benzyloxy)-
5-(benzyloxymethyl)-3-methyltetrahydrofuran-2-yl)pyrrolo[ 1,2-f][1,2,4]triazin-4-
amine, as a light brown solid. '"H NMR (CDCl;): & 7.87 (s, 1H), 7.43-7.21 (m,
15H), 6.88 (d, ] =4.5 Hz, 1H), 6.50 (d, J = 4.5 Hz, 1H), 5.87 (s, 1H), 5.36 (b, 2H,
D,O exchangeable), 4.83 (dd, J = 31.8, 12.2 Hz, 2H), 4.68-4.52 (m, 4H), 4.40-4.35
(m, 1H), 4.04 (d, J = 8.8 Hz, 1H), 3.88 (dd, J = 10.9, 2.3 Hz, 1H), 3.69 (dd, J = 11.1,
3.6 Hz, 1H), 1.00 (s, 3H). MS (ES™): 551.40 M + H)".

NOTE: Acetic acid and n-BuOH can also be used as solvent in place of dimethyl

acetamide.

g. To a stirred solution of 1j (0.27 g, 0.484 mmol) in dichloromethane (25 mL)
was added boron trichloride (4.84 mL, 4.84 mmol, 1M solution in dichloromethane)
at -40 °C and the mixture was further stirred at -40 °C for 30 min and slowly
brought to 0 °C in about 30 min and stirred at 0 °C for 20 min. The reaction was
quenched by adding ethyl alcohol (50 mL) and concentrated under reduced
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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HO O %J Me Me2NH BnO ONJ N M Bnd OBn M N HO OH

2d BnO OBn 2e 2c 10 a. A solution of 1i (500 ng, 0.95
wor@B/osqnEpar ati on gi ven under Exanple 1) in BCTES10885050929

nm.) was treated with conc. NH40H (28-30% 9.5 nlL) and

szt{%pl? aﬁﬁgﬁ;j@%ég&é{ﬂ gﬁa{c}’ cF%()'ii‘fle[ﬁ{‘?)logglnl g\gfgx%e

(AR liefralpdrefurar3, :u didl) agvasoladele dola ' IBNMR | I(]DMS@%) §9.71
continued for 4 h. The reaction m xture

dbsadHnDa@teéehmeahl@)n&QQ (bsTRH, De@uead@nga@lq)r &éﬁéﬁ 11, 7.41
t {
R R 7 B S 4 s A A o 3P P
(eﬁalamgéabléﬁhksmm (ﬁf;dHQ)(ﬂJ V@lcst, SH\)\I&VIS (BEShed1 ¢ M+ HY i ne
dried over tered, and concentrated

tﬁela@f% Gade f%\K;lSIS}KNpO“ @Eél Ce4éﬁog§{ 5. %185157 §8; Gabl-1%;
h di ssolved in triethyl
Y e PR RN TR BLIIAT TR oA (0. 07
O 91 nmol ) foIIovved 20 by stirring at 80 Cfor 45 mn
and cqncentr on to dryness e resi due was
pur i f|Cg>aﬂmm@Ai‘&ﬁﬂaléﬁgswa§fié§E?}% silica gel
(hexanes/EtOAc, 1:0 to 1:1) to 58 WD 2008/ 089105
PCT/ US2008/ 050929 give 2b (375 ng, 76% for 2 steps,
. = (Lo3Bsolitmnafesmpb@itlj(118 @) inapethandl gh#t Ly amn. HC1 (130

%Yffp“&as DA RYRD 980 ol (disfud Bignhe v Rl a

i 108107, SFhce die b oﬁKd p1|ec1?)tate5 ouabof(the sélluﬁ)n water (500
7 4.53 (m 6H), 11),

8n12) Wwis, addedjo, the ngBuE: e&l t(emedMO °a@ f@f?abpgt I h ag ﬂtews through
A Llution of 2b (,3.413
(a":CSéilgt pa nd5 g%g t(%ﬁet'_}?aldlv&élth( %agl%ﬁ)'_u}n WaLTerspispen élad ma {n%xmre ojf%vater
hzemozmm ancemlauiaa@rrmom D) ahdl Gedteeat(6d. %Bfog ab&ﬁ%h andl. 83Qin
dimethylaniline (1.2 ni, 9.37 mmol).
ﬁ%@r% ti&qylgb Cabts- Rbtropaaiion Bos nafiad Srinber Wiy ngjeomBound

IOPPAR S G ol aphe Ok

peagpiltirali§omwatéd and iedandl@ :20) Yo uﬁﬁdéd(ﬁegloﬂhd dedieed product
Stirri t 80 s continued for 2. The thir
d&%paﬂ?%&ﬁ X Esfclrﬂuef W&%C((nfsntram a%@ceaf&ﬂ&ed
%gglmttggf@;da{n&ﬂggc@bo@@&gms continued for another 3

. The reaction mxture was concentrated to dryness.
The resi due was di ssolved in chloroform (400 15 ni)

and washed with 1M NaHCO3 (200 niL), water (200 ni),
brine (100 nL), and
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dried over MpSO4. After filtration, the filtrate was
concentrated and purified by columm chromatography on

w@rioBose1gel (hexanes/ EtOAc, 1:0 to 4:1) to gi VECRUS2008/050929

(2.67 g, 76% Rf = 0.45, hexanes/EtOAc = 4:1) as a
yellow oil. 1H NVR (DMBO-gf). R2 8.49 (s, 1H),
7.44-7.22 (m 16H), 7.07%2&'3—-4 7 Hz, 1H), 5.74 (s,
1H), 4.79-4.55 20 (m 6H), 4.29-4.21 (m 1H), 4.05 (d,
J=8.0 Hz, 1H), 3.89-3.70 (m 2H), s, 3H). c. A
solution of 2c (200 ng, 0.35 mmol) i OH (6 nL) and
chloroform (1.5 nl) was treated W tx | et hyl am ne
(0.92 nL, 6.6 nmol) and Hber di anyne 25 (40%in
water, 0.44 nL, 3.51 mml) fol\lo bY stirring at 50C
for 12 h. The reaction m xture was concentrated and
purified by colum chromat ogfdphydon silica gel
(hexanes/EtOAc, 1:0 to 1:1) to give 2d (189 ng, 93%

i, e
?%5 Eg%ﬁ@m %;g@}fﬂﬂﬁéﬁgﬁ)%ﬁ%)py}%o;l[(laﬁj]ﬁ%,hﬁﬁaz% 1. 5;9
(hydro3yinetly1p3-n{athyljetrahygirbfurai+3)4-dol (&)(d, J= 4.6 Hz,
1H), 5.70(s, 1H), 30 4.80-4.54 (m,6H), 423415(m
1H), 3.99 IN 8.5 Hz, 1H), _;SN67(m 2H, 3.36

( S0 01 (s, 3H; 0I\/B(Es+\FI NB(MEH) +. d. A A
sol uti ZMHM@QL‘@“ . Nul nubREK (15 i NH
treat ecL W &F} I N MEPH( ag. o) ng—ﬂﬁg#ds%ol b SN‘N’J
my) 80 oW by hydr ogenatiborbs60 psi) 59 WO Me

2008/ 089105 PCT/ US2008/ 0509292, for 20 h. The r@agt |0©m
m xture was filtered and concentrated. The residug,was
purified by colum chromatography on silica gel
(chloroform CVA 80, 1:0 to 1: 1) to gi ve the desi nnedcy
conmpound, 2e (52 ng, 89% Rf = chl or of or mt 80
= 1:1) as a y\,hlte sol id. I\/p 1811\(5‘ 1H NVR ( DMSO'd6) :
8 7.83 (s, 1HN~ 6.93 (d, . \Hz, 111), 6.77 (d,
J= 4.5 Hz , 5. 4ot (d J—70Hz,

4080%, _J2I6 14 Hz, (1. 4N7o 3. 80- 3. N
(m 2K) )3 (s, 6H), .77, 3H); ‘?v%‘(Eg‘-}%: A N
(MHE R (KBr): 3477, °3 8972913, 1593, 1559, 14LeMe
1054 cmf Anal . Calcd for ®14H20 NAO4: C, 54.153; n
6.54; N,°18.17. Found: C, 54.45: H, 6.72: N, 17.20.

10 Exanple 3 Br NH2 HO O NJ

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
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
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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Me HO OH (2S, 3R, 4R, 5R) - 2- (4- Ami no- 5- bromopyrrol o[ 1, 2
f1[1,2,4jtriazin-7-yl)-5-

w@ bopdiogmysret hyl ) - 3- net hyl t et r ahydr of ur an- 3, 4- dP@T/USBD§/050929

15 NHz Br NHz Br NHz BnO O N J NBS BnO ON\N BC N N

%14/\& p gﬂ 5’?% Qebrd 2‘]ste 9?8 %e@ﬂeg%@z&gan Jd?aglhgﬂt‘]orown

ol ution o

pyapaliaNMR (@Mm déﬁdaﬂ ’E(BE[DHHE) 1)90 (d n1=€:5~121@122 1H§ m:; 7 20
was _cool ed w treated wit

4By dpH). 6. %(dpérﬁ ‘bH@ tlé)z Grﬁj (dof Té 4l HHx él%d@»e@ﬂb@ 71:4.53
T

3%‘%[32??%?2 nd?%%’r | %b (ed s z{? Uﬁﬁ?gﬁsﬁ%ﬁ% graf ap)r13}'007n(s’

SiH) MBS @S): S§@bi(ei-Hi or m mat hanol , 1:0 to 20:1) to give

3a (102 ng, 90% Rf= 0.53, chloroform MeOH = 95:5) as

a yellow solid. "HNW (DVSO-d6): 8 7.89 (s, 1H),

(7b 42271'_3 Solufidh otifﬁ'g& 418 gg %'_})(9Smml)ﬁ)m Séetgnd‘ltr I z&%ﬁiﬁ)w%s ?r%abt%d

(vith benzgltﬁethtlammuulﬁ chloride 683K gy 98%4)12.30, Bfmol)sand MEHN-

Soneabiar 5gale 9 IaiclbHE FHRER Was oG 150 °6,apd treated
R phdsPhdtb&b:8/cRITRIIE a318 n{12-37.9%Lho h}l‘j\@(ﬁlov%cﬂ veirdib at %9 °€ for

and treated wi th BC13 drop W se é di chl"or onet hane,
1454n1m_ﬁddﬂ@nalmb@eplmmquwhlngda 15- n?B) Was asided ahd thedtizring at

00l Honfpiettor 3, TRE St Porth bt isp iRt pS R Brge 10

frﬁJIL) Wasadded hind WRStiEridd R BONEUVdsadloh#Rttdof Aot G. h. Nid e¥dction
at. 0 C and stirred at roomtenperature for 15

WF%W@S ponceninrtachio dyness. Theossidyawandissotyrsd m@b{%@f@m (400
4
1R HOGTRe t IVRRHCG, (ot 0t b e 0 i and

fdmed o¥etrMEBO). et fﬂyamn denfiltratei vads. condentiatediagd @uﬁlﬁsd by
|f|§10rl onasllca | um using chl or of orm

9laatfgﬁap FOB Sty zel ST e Mk ik 1)-tojgiyg 2%1(52 67
g, 76%, Ry = 0.45, hexanes/EtOAc = 4:1 ) as a yellow oil. 'H NMR (DMSO-dj): &

8.49 (s, 1H), 7.44-7.22 (m, 16H), 7.07 (d, J= 4.7 Hz, 1H), 5.74 (s, 1H), 4.79-4.55
(m, 6H), 4.29-4.21 (m, 1H), 4.05 (d, J = 8.0 Hz, 1H), 3.89-3.70 (m, 2H), 1.03 (s,
3H).

c. A solution of 2¢ (200 mg, 0.35 mmol) in EtOH (6 mL) and chloroform (1.5
mL) was treated with triethylamine (0.92 mL, 6.6 mmol) and then dimethylamine
(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),
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 eluent. It was further purified by HPLC ( CH3CN H20,
0-40 mn, 0-30% CH3CN, nonitoring at 244 nnj.

woe@sn8uns contai ning the desired product, 3b BCTRUS2008/050929

30.5 mn) were concentrated to give a white solid

(fél52(7 h. n%)e r}féc%loﬁ m1§‘éla{& wQé‘ﬁltEer Ghe E&ﬁ;@nﬁ)&fﬁ(:d Hﬁ)lli gesuﬂﬁ \ﬁ’a@

exchange) :
(mmﬁid-ljt)y colﬁnﬁlﬁtht(xnatmgi)aphjaoﬂ 8iliga 56 (thpméﬁh)n/CMN QO,(EO to 1:1)

by edesiied bomBaisl A 1 2m ke 4955 450 RorR GG 0 =
ag)l[)gaggvzﬁ%efs?ggﬁkl ;;f/ﬂ“c_’\ﬂhfl@mi(\ﬂmb%5 101.8% &, 2H), 6.93 (d, J =

@y He oMyt TRY(H).F 3 4rfeilnyilF)es A2ky dEDf 48R, I,=47.81F 5, 1EIAF480 (t,

e85 ohe o) B 40512 P RS HO D 0726 T, S
ﬁég 3093? (MJ’HX gR\J(KE&S Qéi%@g@ 2“'\5'@3’;‘f5%§5598141\&+1%ﬂm

PrERREr) 01 £ Vo NAOTIO, 56.35; N, K540NOL £ RFound: CVd 45; e
%2. N, 17.70.

Example 3

(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).

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
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),
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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4 HO NHZ 4c HOONJ Me HO OH 4f 5 a. A suspension
of 1k HO (504 ng, 1.59 mol) in DVF (15 nl) and

wW@e@Bosm|Eos (15 nl) was treated with 2, 2-di met horRgpPUSa$ES0929

(3.5 nm., 98% 27.96 nmol) and p-TsOH (440 ng, 98.5%

28 ta Lr
ot Popoinicrbt BT i 0514 dloDdn BlchfEFoly it {3 L pes
fcobledwe e 8b°ﬁ3 andriceatedrvaith B@13tdropwhs@' (ledsn dehR)rasmsthahte IWHBL)

efipvsEcrtiiReetner oot b apgagBats 1ot g Sha Hapudimiggure
%@tre%edw@) @ﬁiCIZM@(ﬁq gl\/Br 9r {15 ) Q&f‘ﬁ rreﬂ a95}55°)C ﬁﬁ 0% h. It was

yel | ow solid O-'d6)
(tb@ neppiplized, vgith ¢anc. N&@H&t 174 C ams)xrre@ aﬁ@o(nd@m@eraunﬁ for 15

(Hélh fjﬂllc})_\%éd b}i_&oncgr%atlogl)uageréfa@%m%rﬂ‘ helr'gﬁlgu%w8%‘fr%,a]f%w t eOH
20H mL’b ah® 4MSHC3H) 1,44i33né gLZ §ﬁDL& and #orrdPat ré6th tererature for
IglES+ 321.2 M+H) . 15 6 08/ 089105

dﬁqlsmé &y gsuspyation. The sesidueivens pufifiad op a6ilicagel qolumn

FRteyblo B MR a1 Ror b gt beh AR -5 Do

reiozh). If whe foveéaek pd@meattiyrfmmg (@M, EN/H,0r, 04D thin, 63D CHREN,
tri t_% chl oride (900 ng, 3.16 nnol) was added and t he
SEGTHOTIRG al gt mphTactiens eantaunng dhe dﬁ@ﬂ?ﬂ PrpﬁéCtr 3 g Fot-5 min)

o R B 5,

(HEH[C NISSI04). HlNIMRr(BMS@nﬂ Df@eidﬂahg@t&ﬂ&af(s 1H), 6.94 (s, 1H),

concent rat ed ue was urified col um
GrHGRalIdy By Som A 010 ga TPRbIRESSY B BACHRE IR (KB):
1; 410 give 4b (682 ngy, 83% Rf= 0.48,
ﬁé‘ﬁ%g‘gg?é“g&t (&g = 1:1:0.1) as a yellowoil. "H NWMR
(DMSO-d6): 8 7.83 (s, 1H), 7.70 (s, 2H), 7.50-7.24 (m
15H), 10 6.89 (d, J= 4.3 ¥kam id)4, 6.55 (d, J= 4.3 Hz,
1H), 5.57 (s, 1H), 4.26 ( .0 Hz, 1H) 4.20-4.12
(m 1H), 3.23 (d, 352Hz 2H) 1\4(3 3H), 1.31
(s, 3H), 1.08 (s, 3H); I\/S(ES+) 5.
solution of 4b (606 g, 1.08 mmol)
was cooled with 15 ice/wa
several portions (627 ng, 3.4 .) ¥ol | owed by
stirring at RT for 1 h. The reacllon m xt ure was
concentrated and purified byHO OH

(28,3R,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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TN @9% Tg=

col um chromat ogr aphy on silica gel
(hexanes/ Et OAc/ MeCH, 1:1:0 to 1:1:0.1) to give 4c

WQ ee/08m95 90% Rf = 0. 62, hexanes/ Et OAc/ MeOH =PAT/LSDNLD50929

as a white solid. 1H NWVR (DMSO-d6): 6 7.87 (s, 1H),
7.50-7.25 (m 17H), 6.64 (s, 1H), 5.53 20 (s, 1H),
4.26 (d, J = 3. ez, 111), 4.23-4.16,(m H, 3.23
(d, = —\2H), 1.53 (s, 3 .31 (s 3H), 1.03
: S+ 663. 1 (M+I\Ia).\11t solution of 4c  NH,
(15. 45 4. 0B mmobe | A%y dirfe (280 n) was tre
wi th 4- metthoxytri pheayf met hyl Meorlde_('38
119. 36Hﬁ1m‘?}3 followed by 2&sbirring at 70 C
h. The reattion m xture was luted with Et OAc 3
m.) and washed with water (2'x &00 nlL) and bri 300
m.), dried over MgSO4, filtered, and concentrat/ed.
The residue was purified by colum chromatography,
silica gel (hexanes/EtQAc, 1:0 to 8:1) to give 4db(31
g, used a@s such for next step, Rf= 0.56,

hexanes/ B OAquzdy 1) as a |ight yBeII lid. 1HJ
N ?&) 750716

30 7.94 (s, 1H)

- ' N
M—3NE3 (s, 3PEPh3CR3 (d,\—Md¥ 5.5 Hz, 2
3H), 01,28 (s, 3H), 1.05 (s, 63H); M (ES+) 937.
(I\/H\Ia)<+ 63 WD 2008/ 089105 / US2008/ 050929 e
sol ution of the above 4d (31 g fromthe previ ou@xél ep)
in DV (500 nL) was treated 4di th potassium
roborate (7.8 g, 58.23 mml), NaHCCB (5.9
)y NHPd(PPh3) 2C12 (1.2 g, 98% 1.68 mml)
and O (5 N Ol lowed by reflux for 6 h. The
r ' FX¥ure was treated with water (500 nL) and 5
extracted wi t N Et OAc (1.0 L and 0.5 L). The conbi ned
extra re washed with brine (500 nL) and dried
over E}BS filtered, and concentrated. The residue
was purift |ed by col um chr omat ography on silica gel
(hexanes/EtOAc, 1:0 to 8:1) to give 4e (11.32 g, 55%
for two steps, Rf= 0.22, hexanes/EtOAc = 8:1) as a
yellow solid. 1H NVR (DVBO-d6): 6 7.54 (s, 1H),
7.48-7.20 (m 28H), 7.13 (dd, J= 17.4, 10 11.0 Hz,
1H), 6.85 (d, J=8.8Hz, 2H), 6.76 (s, | H), 5.55 (dd,
J=17.4, 1.4 Hz, 114), 5.50 (s, 1H), 5.29 (dd, J=1

. 0, spénsi 5 me, 1 i and acetone
5 0 A g T 8 g
(33 nBhiwas 1reated (ath BPHdimdhGFypfepangky.5 mlf,.98%, 23196 tmmnl)ahd
4 0 [ to t |
A g 0 St ) FRL Ry ek g 540 e

Stdckibh Rfxtate Wis Adralzd Wit DR Nﬁﬁ@ Yé o[[b%&&' b§ co¥@atration to
concentrated to dryness and puri f by col um

chyneantldyg Fm w mitified By gelumn( Qimmt@gmphﬂ' onpiligagell: 0
tGidrotdml/Refiat, 10 1685578 oivd 4 ($Famg: 9%, Re=0.33,

chloroform/methanol = 95:5) as a yellow solid. '"H NMR (DMSO-dy): & 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, /= 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)".

vinyltrifl
g, 70.)2%!
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chloroformi CVA 80 = 1:1) as a yellow solid. np:
128-131 C; 1H NWR (DVMSO- d6): 6 7.78 (s, 1H), 7.32 (s,

wQ@RkHog/089128 (dd, J=16.9, 10.8 Hz IH), 7.03 (s PAFAS2008/050929

5.58 20 dd, J=16.9, 1.5 Hz, 1H), 5.35 (s, 5.12

| Ellijgs %s&%@&gﬂaﬁ@@ M I1'|)42 rélggg i Blﬁgkne gléfHBt%wg%E%ated with

AWIAPQ4E Ing, 99%3 B3 miBl) @hStrjtyl GlGride ©BB g, 2,21 hﬁ’ﬂn@l) followed

B s R ok e AddiiopEiiobehizeids BioTRe) SI6 wmsl) i
Qt%f@l& arﬁ the sﬁ'ﬁi)ﬁg v 4effinddd a1 RTZ0r 70 A, T2 WhBnixgle gv%s

R (neat): 3323, 1621, 1592, 1377
shluned mﬂaEtOfca@@a nilgranGwash&l With 8OItS (ma@ommmd brm,e (100

%%L)g %.‘ie(l_| g(eg g}gggseo%' ﬁg%r%g@négl tEf? %l !}(rjatef\lvcs:/’%gg 2 ‘raj‘e}_% é[%gg;g%Ne’ was
%ﬂﬁﬁé@gﬁ l&ﬁmﬁi@ﬂdﬂ%ﬁ@&%ﬁ%%&ﬁca %el (hexanes/EtOAc/MeOH 1: 1 O to

({)28 3R 4R, 5R droxg} dr oxynet hﬁl
A IS oy k. BB st OO 1370 Ty as

ey 8 I N P G 8715 R gt (BaronesSext s o,

A5.800duy =arB B, ﬂg)e gx% 4G ﬁ? 1105 5714, Smgfwiﬁ(ditﬁ&@o Hz,

i's descrlbed un in MeOH

tiFBed-8et4vii2t(m, |1H),|—l:23 (dae{ 512 Hg, 2H)) 13dds.RdDCl.31 (9%H) 1508 (s,

I enation (60 psi) for 18 h. The
WQ@W (#%\:fg%g ‘filtered and concentrated. The
resi due was purlfled by col um chr omat ography on

silica gel (chloroform CVA 80, 1:0 to 1:1) to give 5
€48 e Sciptign qir4b=(606 g61.08 mreel) it SHoF b ThmLg vas Cooled waith

FoeY Rhte LSOt W ith RIBS il Gk ;}oW?org' (@?} fﬁrg,eQL@ ?rﬁgcgl% 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
(s, 1H), 4.26 (d, J= 3.1 Hz, 1H), 4.23-4.16 (m, 1H), 3.23 (d, /= 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
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): &
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)".
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ratio = 2:1). IH NVR (DMBO-d6): 6 11.61 (bs, 1H), 7.84
(s) & 7.81 (s) (1H), 6.852 (d, J= 4.3 Hz) & 6.846 (d,

wa20080®10k) (1H), 6.65 (d, J= 4.3 Hz) & 6.63 (BCT/IS2048/850929

Hz) (1H), 5.28 (s) & 5.23 (s) (1H), 4.96 (d, J= 6.6

& . = 4.
9 o 40 sfidifor i aby® JFB 1L g e Brdifn s iy LAY 500 mL)
z@@ tlzeath Wit pdyassivAneinylt@Bihardbdrate (CB2L58.2BB0HAL). 282005 (5.9

& 2073 Remnalb PP Pl Gy Do e i ompict) wed BoB 55 dollowed

%&Q@ﬂ?ﬁﬁfo@ 6@, Iﬂi@ reaM'gn mitktufdQvdd lalld Wi Ghter (500 mL) and
4 Am no- 7- ((2S, 3R, 4R, 5R) - 3, 4- di hydr oxy- 5- ( hydr oxynet hy

lextrastedwit EHOAL éi b dhardr b5 L. aFheoyi bipgraxtiets Wepe washed with

REPRAR0 R A ] i RlaSR s 0 cepeciig 6, R rysidue was
gdﬁﬁ@dﬂ 5} Z@ﬁ&n@h&)r@tb%ﬂgh n Mic Mh@@ne%@@ﬂ (Bl@Q; B
O OBn 3a 6a 6b (1 H HO r

rgHM\ﬁpr(ll Riiz. éi%l\ﬁpfztysompsg é) RA2, hwa@eggtqm f|8nl)\aNa yetow

ot MRRRDMER%,S 8V 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, J=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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15

N NN M M M BnO OBn BnO OBn BnO OBn 6e 6d 6¢C
NHAOH, H202 ONH2 NHO NH2 2 NH2 ~ \N\ BnO O N. NJ

wWEWogsHEs HO O N\N M NJ M BnO OBn HO OPCBHISH08/050929

10 66 WD 2008/ 089105 PCT/ US2008/ 050929 a. A solution

of. g‘iﬁsk?ﬂe) SR %4p]§i?i @@@@Wéﬁglﬁ"g&t&%&h&{ﬁ%ﬁhfumn
éB—yimiywulp{IZ-ﬁﬂhaﬂ]mhyh(ﬁ{)Lmel(G)e (56.74 g, 178.24
mmol) followed by stirring at 70 C for 16 h. The
reaction mxture was diluted wwth EtCAc (1.5 L) and
washed with water 00 mL) and brine (500 5 nL), o
dried over ed, and the filtrate was

concent rg@ab [ was urified by col ym ) NH
chr omat ogr aph [ INEE@geI _('iﬁgganes/ Et GAc, % 0 NNJ
8.38 g, 71%CIRf= 0. 49,

4:1) to give:ba
hexanes/ Et ORgO= QBnl) as a light yellow soli dHoll'bH NVR
(DMBO-d6): 6 7281 (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 10 (d,
J= 8.5

(s, 38y SSigionda GPf s 345465111@?&95 Preparajﬁﬁé 1%%3%%%

Pi¥anphOD) intMeOE$46 frﬂt@tvﬁg t\hiel w1fh01tl‘@§l@l @ﬂi 1.85 mL) and Pd/C
V|n0yltr|fluoroborate Na (7.2

¢10%51 Stomeivisilpwed by @p&]@gyna;gm 26(( p_sﬂlfog 1 8 g:g%w feagifon mixture.

| f ol d f
e e R e
ancilRatge BChRlofotrh ONEAGG 1:0(tb.181)so 2Rd F(48 nho, 32TNR = 0.6,

%[Tbl ned extracts were washed with brine (500 rrL) and
chloroform/CMA 80 = 1:1) as a yellow solid (a mixture of two diasteredisomers,

ratio = 2:1). "H NMR (DMSO-dy): & 11.61 (bs, 1H), 7.84 (s) & 7.81 (s) (1H), 6.852
(d,J=4.3Hz) & 6.846 (d, J=4.3 Hz) (1H), 6.65 (d,/J=4.3 Hz) & 6.63 (d, /J=4.3
Hz) (1H), 5.28 (s) & 5.23 (s) (1H), 4.96 (d, /= 6.6 Hz) & 4.93 (d, J = 6.6 Hz) (1H),
4.83-4.62 (m, 2H), 3.86-3.50 (m, 4H), 1.09 (s) & 0.79 (s) (3H); MS (ES"): 280.4
(M-H)". Anal. Calcd for C;pH;5 N3Ose1.75 H,O: C, 46.08; H, 5.96; N, 13.43;
Found: C, 4591;H, 5.54; N, 13.21.
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10

dried over MpSHA, filtered, and the filtrate was
concentrated. The residue was purified by colum

wa@e koosmsgieyr aphy on silica gel (hexanes/ Et OAc, BCTDUS1908/050929

6:1) to give 6b (18.3 g, 74% K 0.39) as a light
yell ow solid. 1H NWR ( 6620756 (s, 1H),
7.44-7.12 (m 28H), 7.01 TO0, 9=17.2, 11.0 Hz, 1H),
6.93 (s, 1H), 6.84 (d, J =8.8 Hz,02}-%H 5.57 (s, 1 H),
5.31 (d, J = 17.2 Hz, 1 H), 5.16 (

1H), 4.76-4.52 (m 6H), 4.22-4.13 2> 4.04 (d, J
= 8.4 Hz, 1H), 3.88-3.70 (m s, 3H), 1.05
(s, 3H); M5 (ES+): 849.5H N_A/sol ution of 6b
(8 g, 9.42 mml) in dichloro e (.?IBJO m.) and MeOH
(40 m.) was cooled to -78C and: bubbled wth 03 until a
bl ue col or appeared The redtti 8 m xture was treated

with NaB(é@( 46. 63 mol ) at -78C, warmed up,
éhéﬂﬁw-ﬁr a%BARﬁIf)o?rA'ﬂghxdron-Sv(hsdtmm%d) -3al i zed

e oy P R LE Y BTk S g Bhialow)
m.) and washed with water (2 x 400 nmL). The aqueous

layer was eXtragted again w gh Et OAc (300 ni).
conbi ned o] C extracts wer i

si | i cg,g0€ls, (hexanes/ Et QAc;—¥0 to 3:1) to give
(3.987g,,,50% Rf= 0.46) 2% P white solid. 1HB‘IQI\/F?B“
(DVMSO-d6): 6 9.77 (s, 1H) ,%67 WD 2008/ 089105 %(1)03
PCT/ US2008/ 050929 7.49 (s, | H, 7.40-7.12 (m QPHfBEH
6.81 (d, J= 9.0 Hz, 2H), 6.66,(s, | H, 6.27 (t, Js

5.0 Hz, 1K), 5.57 (s, 1H), 4. -4N§Q4M(r,m 8H)
4.20- 4. 12 ( mMaH)nuds@d (d ,

(m 2 N(SSYZ)—KQE)’!Bn —

(FR dx=A sol ution of ng,

oroet hane (40 nL) wgs »ffeated with Dessg;dvexd,in
readdnt %¢"15% ww, 2.8 nL, 1. 33 mol) foll owed by
stirriffgnajonRJo,for 4 h. The reaction m xture was
dilutedwith EtQAc (20 nL), treated with alittle
MySH4, c trated, and purlfledb col um
chr omat ogr aphyton silica gel (he EtOAc, 1:0 to
(621 ng, 87% RfF=30./48) as a 10 white
( DVB@vd8) : 610,89 s,\NlH) 9.28 (s,
1H), (s, 1H),” 7. 247 ?s, FZ44-7.10 (m 27H),
6. 84B(d,08=8. 9 Hz, 2H), 5.56:(8, 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). 15 e.

I

1

H

A solution of 6d (220 ng, 0.26 nmol) in 1, 4-di oxane
(3.4 nm) was treated with water (1.0 nL) and then
hydr oxyl am ne- O-sul fonic acid (106 ng, 97% 0.91

66



10

15

20

25

30

mmol) followed by stirring at RT for 45 mn.
Addi ti onal hydroxylam ne-O sulfonic acid (318 ny,

wOZH/021783 Mol ) was added and stirring was coPCT/DSz®d8/050929

for 2 h. The reaction mxture was cooled with
/ I
(5700 e Rafol SAATRS Lo Tufih frepHaRGRENER plerikaliht 5
fio pyndmd (490 mL) was tmeptadt w1tR1F-1ﬁeih0)2ythphdntylmﬁhyloﬁhlmtdec{56 74 g,
d t .
s el e P e RN it s R et ke s
'Hﬂhtedmﬁa E@I@é eﬁ'L%ﬂdr Radhed Wil Rat O%Lﬁ‘aﬂ%ﬂe ((5@@

nm.) and brine (500 nL), dried over filtered
anld), doed ever Mg, fi Tchedrm;ll te ﬁltvaaswpucmtfcemdatby leolrcmdue was

FUREE b7 S s n o R I e LR ABETE AL e id B
izqvema .38 4, 790t RO 00, BelancdHOAR- (UDMBONTBh vl o
, 7.45-7.25 (m 16H), 5.63 (s, 1H), 4.74 (s

(msom@ TN (s4B), 746306 VDL 7.45r.12 fip, 2TH)04.96 s, 13D

s sgd e i S G « 2t &@oﬁzéﬂ’l@z%?wﬂoz

d0ﬁ58mi)lH n3.BY Qb4 rzik% 3as (4 B tleolsw 8h). conc.
HAOH (28- 30 1.8 nL t hen 2dropvv|se(30%|n

H2O, 0.011 rrL was taken and added into O 2 nmL of

t OH) t | r t he .
Heact bR W & G A 2Rl PSR ool tgeed vitn
qmtasﬁnmahnﬂﬁﬁlmmﬂm ('DEI $3.75 eandR |N2£H(€®5’:\(ﬂ’ezié Fascmcmmol)

to 1:1. then hexanes/Et OAc/ MeCH 1: to

SR iS5 oo 98 Fest emblo s BB 765 T8 Felicvodchy BV for

&, e Peagiion RENERSRsFRS By bspbi o Bl Eroac
(( N8 114itd) 0.5 5.).7The( ombilidd, ex4raé’t§ werdhaghed with-hrine4 506 nd.) had
i Oygp Mgi@ ﬁ1§9§d( m?ne IHgate fv]é% kﬁvﬁeﬁtrgéd oexeighe tpon
‘Hlmﬁted ()%Igol'ﬁﬁm &r&ﬁg‘wgﬁgh}) l;; MR (hdanblaoNRs 1t(f ﬁ)aé ko

and Pd/ C (10%
fng Gh/\(elcs g, 7:4%1 Rzgtdhm)lasla l{ghOyegikivy solfdotH NMR (DM&O -dg): ©

I S e
8

T 2pgR o057 LPASAGREL B s 1

flél)| 6Red. B(nHIBLL, 4.2 18i (ovtl HY. QOB ON §-2 61z, OHLG.88-3.70 (m,

%Sﬁ?%?g%@?gﬁ Q@iiigﬁh'ﬁﬁﬁﬁ§§§§@ﬁ@&§“0/ g:ﬁ/lAugB, 1:0 to

1:1) to give 6g (3.3 ng, colorless film 60%. 1H NVR
(MeOHd4): 6 8.06 (s, 2H), 7.89 (s, 1H), 7.30 (s,
TH), 9 sdtuiien ofighy (8 o1 902 rBmaD i dichiiymetbagn(259 mizrnd NEOH

((E(§ rr)L) Wa%%ogled to -78°C and bubbled with Os 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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15 (MrH) +; IR (neat): 3550, 3020, 2917, 1674, 1334 cm
1. Exanple 7 HONH2 N\N HOOJ N M HO 6H

W@ 2888814R, 5R) - 2- ( 4- Arri no 5 (hydr oxymet hyl ) pyrroi/of20pR2050929

f1[1,2,4]triazin-7-

t of . a -
e ) e R IR -
19.0 HAQ 1D, BLSN (s,NET)( 2)74+50Men, |\8-H) 80040BN(nx, lHjIOL 014(d 6’0— 274
69 VO 2008/ 089105 PCT/ US2008/ 050929 A sol ution
(2 0t 83 08 (B, rpadllildl @i 3k M@]ﬂé‘i )ééér?p@éﬂé)
in MeOH (15 nL) was treated with IN HCl(ag. 0.69 nl)
and Pd/C (10% 50 ng) followed by hydrogenation (60

pki ) fAosoladorhof 6E:I‘(€17 ﬁ%@f)iS@ﬂmﬁb]& titu dehlwo?méthhﬂee(me @nla)nchas
concent.r he residue was treated w

GRRRa AT Dra Vi resennt] P vt LA qntal 55 mmeal) Felgped ik
Mimile & RS 8. e FAbidEmurety iRl UADiE BRORE IS
giehied av@ed little IngS@a‘ oomﬂemwte&,oancﬂptmﬁerd Wy cbjums chrgimaegraphy
17 U Ilo
e hepss B A L0037 68 68 @51 pd k20 4b R o
, 3 6 ,
3l soltd SEL AR fDIS0-4)5914.89 (£ T 93.2’% #9054 1 rar
(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
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10 Exanple 8 FNH2 HOO1 NJ N M HO OH
(2S, 3R, 4R, 5R) - 2- (4- Am no-5-f | uoropyrrol o[ 1, 2

W(b Pqog/og1dj tri azin-7-yl)-5- 15 PCT/US2008/050929
(hydr oxymet hyl ) - 3- net hyl t et rahydr of uran- 3, 4-di ol (8f).

B R RIS R R REMORT ) R e gl o
OBIRNBIGH- ) SBngY @BIHBWQOOBOO (Iﬁalﬁb) 3. 70«(BUlH), 4. %ﬂm

F k\N HOVe SnMe3Cl BnO N M Sel ect'fl uor BnO O
HN 4.26-4. B, HYL N9N(¢ J7= 8.0z, EH(D B3 108 (B PB4 Ge3H);

RAO 8. 811 Rt Gy Hz 8d F N2 HO O N NJ

g. A solution of 6f (10 mg, 0.017 mmol) in MeOH (15 mL) was treated with
IN HCI (aq., 0.69 mL) and Pd/C (10%, 50 mg) followed by hydrogenation (60 psi)
for 15 h. The reaction mixture was filtered and concentrated. The residue was
purified by column chromatography on silica gel (chloroform/CMA 80, 1:0 to 0:1,

10 then CMA80/CMA 50 1:1, R¢= 0.55, CMA 80/CMA 50 = 1:1) followed by HPLC
purification (CH;CN/H,0, 0-40 min, 0-35% CH;3CN, monitoring at 244 nm) and
column purification again on silica gel (CMA80/CMA 50, 1:0 to 1:1) to give 6g
(3.3 mg, colorless film, 60%). '"H NMR (MeOH-d,): & 8.06 (s, 2H), 7.89 (s, 1H),
7.30 (s, 1H), 5.57 (s, 1H), 4.02-3.80 (m, 4H), 0.99 (s, 3H); MS (ES™): 324.2

15 (M+H)+; IR (neat): 3550, 3020, 2917, 1674, 1334 em’

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).

NH-MMTr

BnO (1) Pd/C,H,

e .

(@ H"

BnO 6Bn
6¢
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M HOOH 8f 5 a. A solution of 2b (200 ng, 0.36 nmol,
preparation given under Exanple 2) in dichloronethane

W@ 1®s80t)10snvas cooled with ice/water and treat edP@i/URbEBG0929

(65 ng, 0.36 nnDI) in several portions followed by

stirri he e actio m xt S
concers SoiftiaTdreetiad fa o FaGmbE BiinnSiap Bhkh ShferdRGmale ©
sh MeGH g8 mLf Imxae@fad Eﬁt@w HE1 Gadt 01691 RindPIC $80%, 50 mg)
hexanes/ EtOAc = 1:1 ive 8a (155 ng, 10 colorl ess,

JPHtowGRbwyaragsmmies (GONSO TGS b Tomsioq sixEs wag fbared and

i et S R 4P i o
J=5 B9 fcbltnwe’ﬂHl)y stﬁnﬂg)aﬁ{”ﬁ 6or(161h. HHyas therD&or(cSntraﬁi‘é@ to d¥¥mess and

ES-) ., 628 | f 8a 3. 84
BB PR e P’B@P&Ch(%atﬁﬁl)apb\)é@f? glalb‘é eddciiprodgmeOMs ok Oio 1)

AT 20 0 (5 S s9Then LARRLIE WM A0 -0,

(D;SDexchangeWai 280 (s1.3H),r8.63 (sbtiyN&.I71Q01 H, #.69a P H)JB 843 .40
over sS4, After filtration and concentration, the

Bs HHR-$ls: HikiMS 885 i3 1 lebMiH) e hr onat ogr aphy on
S|I|ca gel (hexanes/EtOAc, 1:0 to 8:1, K 0. 53,
hexanes/ Et QAc = 6:1) to ve SP 1.68 g, 68 % as a
yel l ow syrup. Ms (ESt): (MrNa) +. 71 WO
2008/ 089105 PCT/ US2008/ 050929 c. A solution of 8b
(2.2g, 3.39 nmmol) in THE (24 nl) wad comhgd to -78C

and treated with n-BuLi dropw se (& i n hexane,
2.95 n., 7.38 mmol ). The react(gon i Xtu¥e was stirred
at -78C for 0.5 h and tr&Ste tr"NméthyItin

chloride 5 dropwise (1IMin TH&=3 nl, 3.4 mmol) at
-78C foll owed by warm ng up wg Rhgand stirring at RT
for 19 h. It was then treated with sat. NH4Cl(ag. 200
rm SRR, SRYQI(@NIEQOVE-I]HO%?A%]& A j] El094]"ﬂ-.hzmT'h§1) -5-

nbi ned extracts were was
&hY@@thhYIl)gSmthYlmtr%h}@doaln'dn-ﬁhbdml (8f.at e was
concentrated. The residue was purified by colum
chromat ography on silica gel (hexanes/EtOAc, 1:0 to
6:1, 10 Rf= 0.59, hexanes/EtQAc = 6:1) to give 8c (386
ng, still not pure, used as such for next step) as a
yellow oil. M5 (ES+): 733.4 (MtH)+. d. A solution of
t he above product 8c (351 ng) in acetonitrile (7 L)
was treated with SelectfluorTM (180 ng, 95% O.48
mmol) followed by stirring at RT for 15 17 h. The
reaction mxture was filtered, the filtrate was
concentrated, and the
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resi due was purified by columm chromatography on
silica gel (hexanes/EtQAc, 1:0 to 6:1, Rf= 0.25,

wheooangdgiEt OAc = 6: 1) to give 8d (120 ng, usedPE@BUS200$1050929

for next step) as a yellowoil. M5 (ES+): 610.0
(MtNa) +. 20 e. A solution of the above product 8d (114
mg) in EEOH (3 nd) and chloroform (0.75 nL) was
treated wt rijet hyl am ne (0.%7 , 4.09 mmol) andr
t hen net m e hydr ochl orj 172 ng, 98% 2.
By Wednby stirring d BOygfor 14 h. The)
react i on—r Mt ur e NBESrE0 at ge-/andOf Pre7
col unmrdc Hreamat ography on\siMeca gel (hexanes/Et
1:0 to 224, Rf = 0.42, B% hédwanes/ Et OAc = 2:Ehp tQ‘Bngl ve

8e (13.5 ng, used as such {,0r next step) as a g

colorless film M (ES+): 599.1 (MrH) +. f. A sol Ut-B@M Me,snCi
of the aboverroduct 8e (6.5 nmg) in MeCOH (10 nl)
treated with | NV (agq. 0.46 nl) and Pd/C (10% 35
ng) follo Qydrogenation (60 ¢130 psi) for 22 h. \

SnMe3Cl

Thano it weeNipas filt -\ .okt g n -
puri fi ed_lyecol umm chbs \ jh silica gel N
(chl oppf okbgl CVA 80, 1:0 t L ke = 0.39, CMA 8c§)) 5Bn

fol | owed by HPLC purifigapi gy, (CH3CN HZO, 0- 40°

0- 35% noni toring at A4 nm and col umm 8°
purifica ct#hHagaln (chl orof*drmf OMA 80, 1:0 to 0:1) to

give 8f (2F0 0.5 %for 4 steps) as a white solid.
1H NMVR ( 4): 8 72 WD 2008/ 089105
PCT/ US%OO/ 50929 7.70 (s, 1H), 6.62 (s, 1H), 5.55

€ N4.0Q=8.60 (m 4H), 0.97 (s, 3H); 19F NMWR

Me g -160.93 (s, 1F); Ms (ES+): 299.1 (MHH) +;
IR (Heatf)H 3296, 2919, 1620, 1530 cm 1. 5 Exanple 9
CN NHZgHO O1 N J NM HO O

4- Ami no-7- ((2S, 3R, 4R, 5R) - 3, 4- di hydr oxy- 5- ( hydr oxynet hy
)-3- nmethyltetrahydrofuran-2-yl)pyrrolo[1,2 .A
[1,2,ﬂtr|a2|ne5carbonltrlle(9d) 10 O H HO NHwWMIT
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,
colorless, oil, 68 %). "H NMR (DMSO-dj): 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
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
(M+Na)".
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NHVWMIr NHWIr A\ rJ NNTrON, J TrO OM NJ (1r0O
"N J Dess-Martin M N6 0 OX O (2) NaBH4 6 M Xx 4e

W@2009/089103 NHZOSBH (2) KOH CN CN NHZ NHZ HOC/NS2008/050929

H+ Tro ONJ NN M M HOOHO O 9d 9¢c 15 a. A
solution of 4e (2 g, 2.32 muol, preparation given
under Exanple 4) in dichloronmethane (60 n) and MeOH
(9.6 mL}oluﬁxm of8ll @Rg 3.39 tEob) il THEFLDH mL) wastdooRd toiH18°C

A el it REBE o Visa 6o gt S RXAOE oA filad 38 FomoD. The
WedciBA miRture Rk sstﬁ‘fe'ara? d78@€ 57105 @la gQrg ?qst | Wltl@ghlonde

NaBH4 (500 ny, nmol ) was a
dtlmlwmméd/l at THF, iB érmI:L 3¥ moTd patr-g8ict forblnwnd Yo wraemivegsup to RT

] t fall d .by.

st Rt [ hefies Bendtd Mo At hCide ehoionpnd
Ek%ﬁec( with Bibhc a0d Mm%dTﬂg’cM&l%Q@&t%%]\Qée washed with brine
PCT/ US2008/ 0509 9 with water (2 m.) and brine

(1¥bmfy).)dried overMg SO, fltgBandithe ﬁétr@@waamncentrated The residue

d i f b |
R ERAPETPLn LR ST Sn BlEd e e g0 g 61
Rf1=)0 59} hgka\tﬁs/@&)(ﬁ% Moo EZ\@%c BB6 m) séi nofyr¥&nLed & L6k for
as a white solid. 'HNWR (DVBO-d6): 6 9.80

%Xt%wasaysl@WOﬂzl\’f(SrﬁEsz)eﬂﬁ 44MsHRD. (d, J= 8.9 Hz,

2H), 6.49 (s, | H), 6.31 (t, J= 5.1 Hz, | H), 5.50 (s,
| H, 4.81 (d, J=5. | Hz, 2H), 4.22 (d, J= 3.0 Hz, |
i), 4.Al€oldtid@iBof(the alidve pr&iutD8¢ €51 3f),in Acd@niBild 27 mluywas

%ﬁ?@’_esl ]\3\’1@1&9(1%’[1‘%1%?},}6 (1_]8'02n?g,(935%,%|._4?8’ mr]ﬁo%gfolglg\’zved3 IBI)), ;stirll\“/igg at RT for
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)".

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,
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
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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b. A solution of 9a (487 ng, 0.56 mMml) in
di chl oronet hane (25 nL) was 10 treated with

wOe®sO8Hns i n reagent (15% ww, 1.9 nL, 0.9 nmmed1/US2008/050929

fol | oned by stirring at RT for 3 h. The reaction

a I|(1t§tr | € of%2%g ?SJS f%:)g@3(6hwpg 7@35?{5{ "t MR

QMe(:)éhtz’f)aS F60.98nd, OOl MSn(BSJ} |299 aaM-€H)’ { IRe¢nam:sI2A06 FX19,
:0tg 3:1),to give 9b (448 ngy, 93% Rf = 0.64) as a
\Aﬁ{lQelSéBlcmd 1H NMR (DMBO-d6): 6 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 ( 1 ,9426(d J= 2.8 Hz,
1H), 4.22 4.14 (m 1H), ﬁ%ﬂlﬁ'@ , 334316(m
2H), 1.49 (s, 3H), 1.28 (s, 3H), &ﬁ c. A
sol ution of 9b (244 ny, 0.28 mmol) 1Nﬁ dloxane (4.4
nm.) was treated 20 with water (1. andthen
hydr oxyl ani ne- O sul foni ¢_aci d (460 WY 3.95
mmol ) fol | owed by stirri@a or =% h. Additional
hydr oxyl am ne- O-sul fonic aci {238 ng, 97% 1.97
mmol ) was added and stirringpgdaspgonti nued for 2 h.
The reaction mxture was cooled wth ice/water and
718 4 (11.51
AR ) 3 S AR ok
ﬂnﬂthmdamrgfumm%g)mrrﬂﬁ[I,Z):V'] [R,21#] tridzivea$-carbamitrile (9d).
with EtOQAc (100 nmL), washed with water (60 niL). The
aqueous | ayer was extracted again with Et OAc (80 nli).
The conbi ned extracts were washed with water (60 nlL)
and brine (60 nL), dried over MgSO™4, filtered, and
concentrat\d The residue was_purified by col umoyH

(76 ng, 46 %

—12 1) acle
1I-1=|), (1)b§%§7 d }
5. 51 R”F—l) Wagﬂlz LYoy 3.34-3.12 (g O2H)

1.53 3H) 1. 30 (s, 01 00 (s, 3H); M %S—

586. 1 H) 74 WD 2008/ 08 05 PCT/ US2008/ 0509

solutiof of 9c (63 ny, O. mml) in acetonitrpHje )(NHgoso3H
m.) was treated with IN HO® (aq., 1.2 nL) fol |l owed HBH
stirring at RT for 19 h. Jhe reaction mxture Was
concentrated and purifi ed _byNéol um chrorrat ogr
silica gel (chlorof ornm

CVA 80) to gi ven N7 as a 3 OOl g~ 1H
NMVR ( DMSO- d6) : 6 8. $e JIH), 7736 (s, 1H-SM3S6 (s,
1H), 4.97 (d, Q@? , 4.89 (t, J=65,2 Hz,

1H), 4.83 (s, 8 356(m 4H), 0.81 [, 3H) :

M5 (ES+): 328. 1 ( I\/H\Ia) +2 HPLC purity: 99.5% (270 nm
tR=09.7 nin; solvent A. 0.1 M anmmoni um acéfate,

sol vent B: acetonltrlle 0-5 mn, 0%B; 5-15

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
NaBH; (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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mn, 0-45%B; 15-20 mn, 45-90% B; 20-25 mn, 90-0%
B.); IR (neat): 3374, 3257, 10 2215, 1657, 1517, 1034

w@eoog/osEsmnpl e 10 HN NH2 NH2 HO O N, J N MeP¢XQUStd08/050929

15

I%S" Q@n%ﬁ])g ﬁt et rE y(glr)éo@ Q 4,&]9) P%ip r roﬁ%gﬁ%ﬁ t?l)&inﬁ}dhy
[ctn@ntrhtedi "ﬁlza mreeidbe oas paxfied islacolaten chrbfiatograpiyrdd dﬂlrd@-gel
hEaBHEP A AlOE BEMEde (SPRmE BO D" Dk, besnselfighc

o AW Ry 49 Moy

6.82 (d, J= 8.9 Hz, 2H), 6.49 (s, 1H), 6.31 (t, J = 5.1 Hz, 1H), 5.50 (s, 111), 4.81 (d,
J=5.1Hz, 2H), 4.22 (d, J=3.0 Hz, 1H), 4.16-4.08 (m, 1H), 3.70 (s, 3H), 3.32-3.12
(m, 2H), 1.47 (s, 3H), 1.26 (s, 3H), 1.09 9s, 3H); MS (ES): 863.2 (M-H)".

b. A solution of 9a (487 mg, 0.56 mmol) in dichloromethane (25 mL) was
treated with Dess-Martin reagent (15%, w/w, 1.9 mL, 0.9 mmol) followed by
sﬁrring at RT for 3 h. The reaction mixture was diluted with EtOAc (10 mL),
treated with a little of MgSOy, 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-
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
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)
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 %,
R¢ = 0.29, hexanes/EtOAc =2:1) as a clear oil. 'H NMR (DMSO-dj): & 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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A solution of 6e (31 ng, 0.054 nmol, preparation given
under Exanple 6) in EtOH (5 nL) was treated with NH2OH

w@ 20808910320, 0.5 ni, 8.16 Mol ) foll owed by PEF/U82008/050929

for 1 h and concentration to give 10a, M5 (ES-): 607.6
(dvt H) -A sSlufib€ of 9@(6‘3%%\@3@1 Iﬁh)%?Qh\éSQOhlﬁlng%(} 5vag‘t:r)eated
ney.

treated with HOAC anount of

Wik N HGl (eowd @ i) w@rwg@ bratiiring at B(T fos19 hf Bhe 2dction mixture

trated.
THE doBR6a8 anl S Y B3y pEEflo RPN, TSR Eflont e
VichiordfntiCMA 0, 1:0Q0 82, Rl-> oasmcMA@oit’bOg’{ve W(zwalg, 77%) as a

fol | oned dr ogenat i on (60 psi) for 22 h.
riehite sobid- %NMRY o)t & &rldds.aidd), &6ﬁé%dﬂ)ai é@(s IHOL497 (d,

TGS ¥, 088 RICia4 B L Sk 658) M (m gD 08 6.

13}1),,1\/fﬁfEESﬁ) 288 1QNA-NE GV G Burityl 99 5% GInms t;ilgb 7(1%1117
/%asallht brown film 1H N 483/
780b6n‘(é 1y ammarurp gcetatey sol@nsB: ac(eéomtxlrlg 0- 53mg12 B65-15

7067 0405 e P bbb 55 ” eenrtd 1T Gpad ialB 2257,

N2NI5, HR7OIN 7, Me34HntH 5 Met hyl

4- ami no- 7- ((2S, 3R, 4R, 5R) - 3, 4- di hydr oxy- 5- (hydr oxymnet hy
) - 3-

net hyl t et r ahydr of ur an- 2 yl)pyrrolo[1,2A[ 1, 2,4]triazine

-5-carboxyl ate (11c) NH- M[’ O OH NH-mMrr BnO O
N NNaClO \N NJ BnOON Me BnO OBn BnO OBn

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

BnO OBn
6e 10a

10a (1) Raney Ni, H,

()Pd/C,H, HO
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6d Ila 1 EDC,MeOH O Ow 0 OV NH2 NH-MMIT N Pd/ C,

Hz2 HOON_J H+ BnOON J N M N M HO CH BnO OBn
wa1®8084105 10 a. A solution of 6d (200 ng, 0.24rPEmDE2008/050929

its preparation is described under exanple 6) in

acetonitrile (5.4 n) and t-BuOH (1.8 nl) mas treated

ith { t
cool ed Sortivd 8165 B BeaIRBE pt SRR pi P L rempae
(if E20HL(5 niL.)B9asniraaked, wiNaNEROM (54% itH, (.04 ﬁﬂIpR J6 n@figl)
glaﬁll (240 80% 2.12 nmmol) foll owed E)éstlrrln
gzreq By replyxfor npan F@wsntrmm@gwe;w@ M3, (ES90667.0 (

nTH?:' r}s1%§w?sg(g§s?)|l\geﬂqn %Rd) I1 By gﬂmgat?edaﬁ%hg ?Rﬂ%ﬁ ﬁi‘-Ll) Qhd small

(aﬁﬁﬁlnl‘mi) Rareg mﬂshﬁﬂﬂowbﬂ hy\h&ﬂl@gelﬁaﬁﬁnm psiYtoe 2adu&helgeaction
er was i;%(trac ed with gdﬁgr (100 ). agai.n. _The
11000 BTl ans comopnpgie OB ot TN e OSE0DBIBHE 65
Faﬁ@%?e‘él\wltﬂ NRiding 2\%5@2%{{ »and'PdRE fU“)@,%d\fggﬁi&ll]pwed by

filtered, and concentr resi ue was i ed

thy dengenationd b9 psifa@Rdp Ahe oracton nmetu@edvas ﬁltered and concentrated.

(B Rt Pigted s b cofhubit b evemphieaiict geid g
)80&@M§A 50, qar to0l: | Rfﬂi) DRIV N 50 & 171 )7t9 gﬁx% 10b5(517H}1g
7.62 (s, 1H), 7.44-7.14 (m 28H), 6.83

23%) 25 adight browhHjlm. hHNMR (SRQHA )65, 964(5211{)4720 (q n‘hH) 5.50

. 4- 7 1.06
%gbl@rﬁ'ggﬁ("]é/_x?“%é‘?{) 98% (soé}é&SiE% )rr323 &@@mml ) in
DVF (2 m.) was treated with 10 MeOH (0.05 ni, 1.23
nmol ), DVAP (14 ngy, 0.113 mmol), and N-( 3-

di met hyl am nopropyl ) - N - et hyl car bodi i m de
hydrochl ori de (240 ng, 1.25 nmol)
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followed by stirring at RT for 16 h. The reaction
m xture was diluted with EtOAc (120 nl), washed with

wowi0e08q12s x 60 nL) and brine (60 nL), dried oveCT/NyBxI050929

filtered, and concentrat ed The resi due was purified
by col umm chr omat ogr aphy ﬂl i ca gel
(hexanes/ Et QAc, 1:0 to 4: "f give Ilb (20 ng, 39 %
Rf = 0.48, hexanes/EtQAc = 4: 2)) a clear oil. 1H NWR
(CHC13-d): 8 11.45 (s, 11- 1) S, 1H) 7.44-7.04
(m 28H), 6.83 (d, J=8.8 Hz, 2 B8 (s, 1H),
4.90-4.46 (m 6H), 4.44-4.32{m : 08 (d, J=8.7
Hz, 1H), 3.96-3,60 (Ap (s 3H), 3.75 (s,
3H), 1.12 (s, 3H. 20 c. thlﬁn of 11b (20 ny,
0.023 nmmol) in MeOH (10 miy @And EtQAc (5 nl) was
treated vmtthHCl(aq HOO@@ n) and Pd/C (10% 50

) followed b dro genatlon at 60 psi for 23 h. The
rﬁa@wi gramneL7 239, dR3R) éﬂeﬁhﬂh@xyﬁk(thwdwtmhyl)ﬁ-

The 4 esidue colunn
IRPBER I o AR-L FPp et SiplP2 Yo i p s e aye 10
1:0 to 1:1, Rf=0.23, chloroformiCvVA 80 = 1:1) to give
11c (3.1 ng, light brown solid, 40%. 1H NWR
(MeOHd4): 6 7.94 (s, 1H), 7.34 (s, 1H), 5.56 (s,
11-1), 4.00-3.70 (m 4H), 3.92 (s, 3H), 0.97 (s, 311);
M5 (ES+): 337! HAH 78 WD 2008/08910
PCT/ US2008/ 0509 MaMipTe 12 O OH NH2

4- 4F2‘15R)\1-d - di hydr oxy- 5§( xymet hy
1) - 3- et ralwydr ofumrﬁ)'?‘z-yﬂq £/
[1,2,4]tri) > 5-carboxylic acid (1R) /@ OO oH

NH- MMTr B¥d ZoBk ~ \ BnO O N N N J PdJC,:HHOONN Ve
H- Me N

6d

11a

l EDC, MeOH

OMe
NH-MMTr

N
=
BnO OBn
e 11b
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-
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

77



10

15

20

25

BnO OBn HO OH 1l1a 12 A solution of 1l1la (77 ng, 0.089
mol, its preparation is described under 10 exanple

wa 1908i08910&OH (15 nmL) was treated with IN HC (BCI/USDOSE0929

rTL) and Pd/C (10% 50 ng) followed by hydrogenati on at

Ser® Beh eyt nithe GBS EAGE PPert s O oS niirlfored. The

tréﬁ@i@ﬂaé@drﬁie‘dﬂiy&i’olurﬁ@%rﬁhhtc@?@h Retawet h Et OAc (2 X

25 nmL). The aqueous phase was concentrated to dryness

a(h@?ia{lﬁiéEﬂ%‘&%@Pbﬁobg d¢e 3(11208)10 ging, 11216§ meePPGwRs50i43)

AR REXR @%‘ M?Z_g?ﬂ 12 %gf@g} a'%%%?éa‘%t T @wﬁ%é&% d76950 s,
11&!1317 6239 1&)}3; 74497, 14gm?> _QSHZ 6. éﬂd,( J& r?)l@ H*z32ﬁ8\0(581 (s 411')1) 4.74-

2‘055%3(/11@@1!)0$2Q’6ﬂ/(l.($20®91 58999, 3B4ahpt En1B1HE 70Hs, FHDNL.06

Nafj HOON e HOOH'S
(( SHR 4R 5R) - 2- (4- Ami no- 5- ( 1, 2- di hydr oxyet hyl ) pyrrol o
[1,2 f] [1,2,4]triazin-7-

oy 3b) AFSTkoOH T i5hmms, OSSMAMPI) GONE(2 T wes Rty Mk
RiC (OB J}E,Qé% YT DVAP (M ol 0?3 Quhbn) Qra R-B-O Me

dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride (240 mg, 1.25 mmol)
followed by stirring at RT for 16 h. The reaction mixture was diluted with EtOAc
(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
silica gel (hexanes/EtOAc, 1:0 to 4:1) to give 11b (20 mg, 39 %, Rr= 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).

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
(chloroform/CMA 80, 1:0 to 1:1, Ry = 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)".

78



/\ HO OH 4e 13a 13b a. A solution of 4e (500 ng,
0.58 mmol, its preparation is described under 10

wWe@x@sps\ost) in acetone/water (9:1, 10 nlL) was PCEHHESBOS/050929

wi th 4-net hyl nor pholine N oxide (140 ng, 97% 1.16
nmol ) and then osm umtet ' 4% w v in water, 0.15
m., 0.024 mmol) foll owed %%?&ggg}ging at RT for 12h.
The reaction mxture was diluted with water (10 nlL)
and concentrated to renove ac t one only. The aqueous
residue was treated wth Et CACY200 nL), washed wth
water (2 x 100 nlL) and 15 brine\kloanL), dried over
MySO4, filtered, and the filtr@gte Wwas concentrated.
The residue was purigo-ed lhy oo Ntmll\l:hromat ogr aphy on
silica gel (hexanes/EtQOAc, Qe t¥72:1) to give 13a
(287 ng, a mxture of diastereoi soners, ratio =
1.1/1.0, 55% Rf = 0.46HOhe®Hnes/EtOAc = 2:1) as a
clear oil. 1H NVR (DMSO-d6): 8 10.02 (s) & 9.95 (s)
(1H), 7.28-6.88 (m 28H), 6.60 (d, J= 8.9 Hz, 2H),
61-Adnifo;7-(28,3RBRL5R)- 24 3h Bdi88y (Se(hyd roxymiethigl)-3¢ 1H)

T ovhetrayqrg i 2y G lprplog A 2 fhaeing S arhiisafla a2)

3.93-3.86 (m 1H), 3.49 (s,3H), 3.48-3.31 (m 2H),
3.05-2.91 (o2t 1.26 (s, 3H), 1.05 (s, 3H)
(s) & 0.89 (S) (Hdsm¥® (ES-): 895.3 (MHH) + 8
2008/ 089105 P [
(120 ngy, 0.1
tr88Pe i
stirring\at.®d for 20 h. Tiye reaction mi
concengrét &g, The residue was purified bg col um
chromat ography on silica gel 5 (chlorof@m@n 80, 1:0
to 0:1, then CMABO/CVA 50 1:1, Rf= 0.40,,,CMA 80/ CVA
50 = 1:1) to give 13b (11 ng, a m xture of

di astereoi sonmers, yellow solid, 25%. 'H NWR
(MeOHd4): 0 7.77 (s, 1H), 6.75 (s) & 6.74 (s) (1H),
5.55 (s) &. 5.54 (% (1H), 5.02-4.90 (m_ 1H),

4. 00- 3 s@lutipy ofHya (76 mg 0(089 mmpl. ityprepestipn ideperibed under

10 (%H%)I"e 13 o Ei%lf?h% Iillﬂ:) N tredt Pttt MCT Gaq 0.69 mL) and Pd/C

15

(10%, 50 mg) followed by hydrogenation at 60 psi for 29 h. The reaction mixture
was filtered and the filtrate was concentrated. The residue was treated with water
(50 mL) and washed with EtOAc (2 x 25 mL). The aqueous phase was concentrated
to dryness and the desired product (12, 12 mg, 42%, yellow solid) was crystallized
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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HOP-OP-OP-O0 N~ J
((2R, 3R, 4R, 5S) - 5- (4- Ani n

opyrrolo[1,2
wo kqog/o1dj tri azi n-7-yl) -3, 4-di hydroxy-4- 15  PCT/US2008/050929
met hyl t et r ahydr of uran-2-yl ) met hyl tetrahydrogen
tri phosphate (14d). 81

5

10

15

20

VSRR 0 M o

1k HO OH 14a
HOH2C p N\ /J N
R 14c R

oyl 10 (2) H4P207

PCT/ US2008/ 050929 NH2

MMITCL MITOH2C ON Me \  HO OH
4-ni trobenzoyl chlorid Nﬂ- R NH
MMITOH2ZC N\ HCI N Me Me
4-ni trobenzoyl 14b O R 4-ni

87&

(2S,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)

a. A solution of 4e (500 mg, 0.58 mmol, its preparation is described under
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
brine (100 mL), dried over MgSQy, 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) &
6.39 (d, /= 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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10

15

(3) 12 (4) conc. NHAOH NI-12 OO0 O N \ Il Il 11
HO PO-P-0-P-0 ON OH OH OH Me HO OH 14d a. A

waempesdaidn of 1k HC salt (300 ng, 0.95 mmol ) PCTIUS2008/050929

pyridine (9 nL) was treated with DVAP (99% 30 ng,
0.24 mmol) and MMITC1 (97% 460 ng, 1.44 5 nmmol)
followed by stirring at RT for 15 h. The reaction

rh. xt urfe selagordof 18agd2urigh 0d B inamolf) an aoefckbtdile(1}4, mh}awhsenieated

%{#‘?Pﬁ?f@ka &)‘i&g@eghwﬁ gxsgtﬁ%flgtaﬁ fPTN?Q g‘@e Tefion mixture

rv@fs'c@ﬁ@en‘f@&dppﬁé fesiatle Qs Pﬁtllﬁ'é'ﬂ"b &hﬁlﬂﬁ%h&%a%ﬂ}é(pl@rbn silica gel

silica gel (hexanes/ethyl acetdte, 1:0 t
gchlpwieogEMYB 80050 ROTYL LBE@ @B/IABO’@MA 50N b= 40, CNAA

ve 539. Rf = 0.29, .

Hroer'sh o e e 1304} Fagod piF e ot ifend orgerd villpe sotic
eresgtH NIReMesRLaf)on 1.1e(s, Maxls. B @p& ViR 536s
(M%é Na) +. g . A{c,)ol utlo(n of )(the (ggove 1%5&%)0 T
|5r15‘b§$){1&1)né0@24090n@) WeBs4-09-Sat8e@n. b ho. 9@)&5@\%{)9@%@@ :341.1
gg{) +28 mmol ) and 4-nitrobenzoyl chloride (520 ng,

2.75 mol) followed by stirring at 70 C for 14
h. The reaction m xture was diluted with EtOAc (200
m.), washed with water (2 x 100 nL) and brine (75 niL),
dried over MSH. After Exampleddon and concentration
of the filtrate, the residue was purified by 10 col um
chromat ography on silica gel (hexanes/ethyl acetgate,
1:0 to 1:1) to give 14b (Rf = 0.77, hexanes/ethy
acetate = 1/1, 312 ng, 59% for two steps
solid). 1H NI\/R (DI\@Od@) & 8.44-6.88 {m

(bs, 1H), 5. 81 39, H. 4.5 0 (m/ 1H),
3.75 (s, 3H) (31 %ng . 3H
(ES-): 998. M H 150

((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 (14d).
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c. Asolution of 14b (276 ng, 0.28 mmol) in CH3CN (28

m.) was treated with 0.2 NHO (aq., 1.4 nL) foll owed
whoosnsani ng at RT for 2.5 h. The reacti on m XeTF/ES2008650929

neutralized with 0.5 N NaCOH (ag.) to pH =5 foll owed

by addition of water (40 nL) and concentration under

vacuumto renove CH3CN only. The aqueous residue 20

was extracted with a njN&t ure of CHC13/ MeOH (5:1, 100

m., 50 nmL). The c [ organi c extracts were dried N

over MgSO4. Aft ion and concentration of the | @

filtﬁgﬁl% the r ue s purified by colum

chromat® n st gel hexanes/ et hyl ac

1:0 to 1: give ldc ( M0 58, wilpesAREeS/ Bt hyp—N ¢/

acetate = 150 ng, 74% as a yellow I h/1H NVR

(Dwsc>d6%558.§;-7.80 (m 14H), 25 7.32 (bs,\ 1
.0

(bs, 1H), 6 (bs, 1H), 5.73 (d, J = 3.4 Hz, 1H),
5.26 (t, 1H), 4.32-4.25 (m 1H), 3. 90- 3. &5 (nHu2H) ,

1.52 (s, 3H); M5 (ES+): 728.2 (M+ H)+. Anal. Calcd

for C33H25N70130.25 Et OAc: C, 54.48; H, 3.63;!,

13.08. Found: C, 54.72; H 3.84; N, 12.71. 30 d. A
suspensi on of 14c (50 ng, 0.069 mml) in a mEmeeen@fylchloride
pyridine (70 .iL) and di oxare (210 L) was treated

wth a freshly prepargd sqlution of chloro-4H NH-R
1, 3, 2- benzodi oxaphagph -one (1M in di oxane,
s stirred at room

ri bytyl ammoni um pym opHos e 01, ¢ Bu
: : g1l mmol) in 83 WO 20Q48/ 089105
PCT/ US2008/ 05@929= DMF (220 L) and tri - n- buty--emipe
(70 L) sinmul f8neof8ly. The clear solution For&ed was
stirred at roomisenperature for 30 mn foIRPovveaRby
treatment W Rh42ieShenzth of 1% 12 in Py/H20 (98/R2) .
Excess iodine was reducgd by 5% aqueous Spdi-titidbenzoyl

thi osul phate (290 L) @lﬂot he resulting solution was
concentrated to |drynegsgPdihe 5 residue was treated
with conc. NHAOH (@®BLAPL) and stirred at room
tenperature ovegrniaght foll owed by concentration to
dryness. The regi dugowass giissol ved in H2O (20 nL) and
washed with CH2€12 (2 x 15 rﬂp) The aqueous phase was
concentrat ed under vacuum fgr ?a short period of tine
to renove the trace g 2 and purified by DEAE

I o0 exchapge col um tography with a |inear
Ho-8db-ghto-£00 r (I/M TEAB buffer, pH = 8.0 /
Hoén Qe ta 1: : 5007 ). The fractions

contai ning the nucl eoti de was conbi ned and
concentrated. The :residue was re-dissolved in H20 and
purified furthey byoddPLC (CH3CNV 0.1 M TEAB buffer, pH
= 8.0, 0-20 min, 0-33% CH3CN, nonitoring at 244 nm to
gi ve

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
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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14d (tR = 17.00 m n). Fractions containing 14d were
concentrated and re-di ssolved 15 in 3 nL of H20 and

wao bawsogaieent rati on of 14d was neasured to be 4P(1T/m008/050929

(yield: 18% by W (244 rim s = 35,000 M1 cm'). 1H

g&@é&fg@@cm 780771 ()?ﬁ; 21;)') ’1)%9%%( ‘339ng 6f014ﬁz (R 1029,

zbhmof@rfggzmm 80 ?H;/;l) 8s Wité spli®H} was bﬁrd\lﬁtRm(gDZG)be wBed for the

15 (e 1T 0 MHiieiES )7 810' 1 (M 1) 20 Exmpl e

15 The following illustrate representative
pharmaceuti cal dosage fornms, containing a conmpound of

Ao mul e selution Oﬁtlpwdvpna&fwﬁ&@ahg)ﬂnarymdptea(ﬂﬂ anlslawas eated with

D Bl RS AR AR Yoot IBRRE 4 i e, 275
Gﬂm@g yolowed BP&irfing kOTH O @or7171 i¥ ThE’%/dcﬂ@ﬁl ehitdrdOwa diluted with

Croscarnel | ose sodium 12. M crocr stalline cellul ose

d#0g\c [RAQmds) wlsqdewhwtes @ x30¥) ml) 38d pring (Tapile dried over

b OBl BB compeniafon Bl BRI Tt s wos purtied by

Eﬁlﬁﬁﬁiﬁﬂﬁﬁﬁiaﬁ@&ﬁﬂi‘? onSﬂiﬁalgEl Gieﬁaﬁég/egiyy ﬁﬁét@&: el 050 0:1) to give 14b

t t 5.
%392 2%7;73 {Qéi@g?fﬁ%aﬁacei@ie fol/tb 3@omgo§%f’é| f0§ F‘V‘P é‘@ﬁs aedawaelid).

IEONMRAEHNSD-495 8.44-6.88 (m, 30H), 6.06 (bs, 1H), 5.81 (d, J = 3.9 Hz, 1H),
4.50-4.40 (m, 1H), 3.75 (s, 3H), 3.55-3.48 (m, 2H), 1.56 (s, 3H); MS (ES): 998.8
(M-1).

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
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),
7.32 (bs, 1H), 7.12 (bs, 1H), 6.02 (bs, 1H), 5.73 (d, J = 3.4 Hz, 1H), 5.26 (t, 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.

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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Pregel atini zed starch 120.0 10 Magnesium stearate 3.0
600.0 (iv) Injection 1 (1 nmg/mM) nmm/mM Conpound X=

w@ oosmsEes d form) 1.0 15 Di basi ¢ sodi um phosphedEBEUSD0$050929

Monobasi ¢ sodi um phosphat e0. 7 Sodi um chloride 4.5 1.0

qm?l??dggm\@%ﬁdﬁlﬂi:{rgﬁlb%wel ingn(76 p;ﬁ)agla'}ﬂl?ﬁxﬁﬂglyt §hd -cfeaf ‘sBlution

er 1 on

Ifnjmm m:nstare(dlﬁ rO@h e thpergilud forG@rmmuﬁ@ﬁox)éed 6f meetnewsit evith 2.9
Monobasi ¢ sodi um phosphat €0. 3 25 Di basic

srB%nOé r]fw/?)hd§d1¥éi[flé) ©%2). paFsped ineHas grdyeest bwdY aamgoes sodium
3%8%}%& f@ﬂ{%? gl? rgg.{ltlilﬁ Pté(ﬁl%@?%ﬁ%ﬁﬁﬁ%%tto gJarness The

(rvslmu$%§$@hteﬂ§ﬁlﬂﬁﬁonm&)}m I%m%oarﬁ stide@i & 186inCtedPefdture
Tri chl or ononof | uor onet hane 5, 000
overgt detlewsshby ﬁ@}Cﬁgtﬁ@lopGogfgme@s The residue was dissolved in H,O

%5 hxln?goén%lt Raaafsfléﬂo LA n7e 0(989 95 TIHE% a?ﬁé’ gqueous phase was

f'ormul at1 ons nmay be ob y convefition
Eoacantiidted undex \l'achmﬁ\mr a short ﬂm@loﬁlmamme uémcs@d thattace 0CH,Cl,

atents pat ent do ts .are
.%G@BB%F%@PE%E laneJ?Xé @r&?éOﬁ@%Plﬁomagogf Mgﬂt a linear gradient
Id?@havm bRty ?EA@B&E& %@e §.67¢LON6A: to 176 tbA¥S0D NP, The

been described wt erence to various specific
Mtlant@rtalamgeﬂub msmemnscle(ardd wac bombjined andeaswamtratedt The

SHSHL B AR ELESK Lol Fer L SLLat AR o
SFEA]B toudfefl piFer0,90-28 Afin, 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): 6 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
Hz, 1P), -21.70 (m, 1P); MS (ES"): 519.1 (M-1)

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.

(1) Tablet 1 mg/tablet
Compound X= 100.0
Lactose 71.5
Povidone 15.0
Croscarmellose sodium 12.0
Microcrystalline cellulose  92.5
Magnesium stearate 3.0
300.0
(i) Tablet 2 mg/tablet
Compound X= 20.0
Microcrystalline cellulose  410.0
Starch 50.0
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45 invention. 85 WO 2008/ 089105 PCT/ US2008/ 050929
CLAIMS What is clained: 1. A conpound of Formula I:

WOR0R08MS N, NRL 5 R2 (1) wherein: R is ORaPCBR82008/050929

NRaRb, NRaNRbRc, al kyl, substituted al kyl, al kenyl,

nyl ynyl, substituted al kynyl,
Wg&é%td%l’?éoﬁ% ary?lé((CHZ) "~ 10 CH( NHR3) CC2Rb,
q@%%‘? o (ar)2lsaryl, A, F Br, I, ON
COORa, CONRaRb, NHC( 28D NHRb, NRaORb, NRaNO,
NHCONHRa, NRaN=NRb, NRaN=CHRb, NRaC(O) NRbRO,

Re, NRaC( Ojibapsme=N- ORa, NRaC( =NH) NRbRc,
NRatif@nNRBNRCRd, O C(I0)Ra, OC(O) - ORa, ONH-
@ Dot k#iybn diokde( O) G-.sryl, ONRaRb, SNRaRb, S- ONRaRb,
CHRos&(=S) N 15 RaRb, 45ist5ro, C (=NRa) ORb, or SO2NRaRb;

qi}ggéﬁilﬂlz%dl—sltarg\l NOZ2,1-glkyl, substituted alkyl,

ut ed kenyl al kynyl , substituted
3{45@%#@ %ﬁﬁ%&z CH( =i, Ra) ORb, CHO, CHECH OCHS,
NHC(]\IHZ, NHCSNH2, b, CONRaRb, CCRRa, al koxy,

al kyl no, ijl al kyl am no, hal ogen,
| - 5-yl

(qongpqmﬂa%o(frez ayld)fogr(l) m dazdl - 2-yl 3/ >
(Dibasiofadidh ghhosphete- 4- yl ), 1Rfran-2 20 yl),
(Mébhdbagic 3pdinmadokphited.) , C(=NH) NH2, C(=NH) NHOH,
SodNakNbdde acyl , substitq4 ed acyl, ORa, C(=NRa)Rb,
GHFNNRAREn h%mol Gk ORa) 2, B( ORa) 2,

—ﬁagj— -S—qg (CH2)n S-aryl,

I kyI CH2) n yl, (CH2)n
Q‘%ﬂ fm%&%“’%( cHz) " - ( 02) -kt % )" - SCeNRaRb, or
(( 1 RlandRBtoeher with atons to which
1 ycl oal kyl, 25

&%%unpét)%d(fﬁe)?@@aﬁol%?) arl)WO, substituted aryl,
H\é@mb@@lyéo@mnm%pm ituted heterocycl oal kyl,
Habasiosndjm pbosphatest i t ut ed.heteroaryl; nis 0-5; R is
HolydRaiRne glicol B00 ORa, SRa,20B6CORa, NHSOZRa, NHCONHRa,
@O, N Sodium hydroxide solution

(pH adjustment to 7.0-7.5) q.s.

Water for injection g.s.ad 1 mL
(vi) Aerosol mg/can
Compound X= 20.0

Oleic acid 10.0
Trichloromonofluoromethane 5,000.0
Dichlorodifluoromethane 10,000.0
Dichlorotetrafluoroethane 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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al kyl, aryl, ONRaRb, or NRaC(O ORb; 30 R2 is a
nucl eosi de sugar group; 86 WD 2008/ 089105

wEODSSAMDS/ 050929 Ra, Rb, R, and Rd are PCT/US2008/050929

i ndependently selected fromthe group consisting of H,
al kyl, substituted al kyl, qt%ﬁwg substltuted

al kenyl, al kynyl , substitu kynyl cycl oal kyl ,
Wehatriochithédz, aryl, substituted aryl, acyl,

substituted acyl, S02-al kyl, am no, substituted
am no, and NO or Ra and Rb together with the nitrogen

tj0 “hb@Pmﬁ S RaY%FRLSmi) f.ached form a pyrrolidino,

plperldlno pi perazino, azetidino, morpholino, or

t hi onmor pholino ring; or RobgandRRc together with the

nitrogen to which they are )attrqched forma

pyrrolidino, piperidino, p{péfazlino, azetidino,

mor phol i no, or thionorphol¥ynoing; and & and Rd are

i ndependent |y sel ect ed frogathe group consisting of H,

al kyl, 10 substituted al kyl, cl oal kyl, substituted

cycl oal kyl, aryl, substltuted AQWI heteroaryl, and

§%§§@%Iuted heteroaryl or Rc, and Rd together with N
mto which they are attached may forma

het er ® sadRASRY, NR RIPNRNRERalReL, emﬁuﬁécpakmyhlkenyl
heteroaryl, aqr substituted heteroar o]

SHas e alkeryd) aliynyd cubstipied allamyl, & | aFy mubﬁ;tuf@d R Ed)n-
OGN EORRE CCHERTAM O SR BTabr RAGCFPRy,
BFONR By, NHC(=Nig)NIdRH NRyDRyf NBLMONNHCOHR, /NIRN=-SNK}Ra,

AR TN AT N AR IR A Yo G

rmtlaqumH Nﬁu@cam@c@ﬂmmf@t@d(@pk @C(mqmowm no,

pylan1no et hyl am no, .di meth

@x&)@mll@ﬂwwmwoaarﬂmm;ﬂmw oanmb CHO, C(=S)N
R COIRIORS NG 36 s, ER Ny e
Qe Ak iy RisBstituted Mﬂ%@ﬁﬁj zﬂkﬁyl,' stibdtitated MRSRYL, CH=CF,, CH=N
R.)OR;, CHO, CH=CH-OCH;, 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-
yD), (2H[1,2,3]triazol-4-yl), C(ENH)NH,, C(=NH)NHOH, C(=NOH)NHo, acyl,
substituted acyl, OR,, C(=NR;)Rp, CH=NNR,R;,, CH=NOR,, CH(OR,);, B(OR,),
C=C-C(=O)NRgRs, (CHy),-S-alkyl, (CH,),-S-aryl, (CH,),-S(0)-alkyl, (CH,),-S(O)-
aryl, (CHz)p-S(O2)-alkyl, (CHy),-S(0)-aryl, (CHy),-SO2NR, R, or (CHy),-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;

nis 0-5;

R'is H, NR.Ry, Cl, F, OR,, SR,, NHCOR,, NHSO,R,, NHCONHR,, CN,
alkyl, aryl, ONR,R}, or NR,C(O)ORy,;

2. .
R” is a nucleoside sugar group;
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5. The conmpound of any one of clains 1-4 wherein R2 is

87 WD 2008/ 089105 PCT/ US2008/ 050929 R9 O R9 O R9 or
wWoR008/08%105 , R8 R7 wherein: R7 is H OR14, NBCT/Nb08/050929

or F;, and R7 is H F, O4 O0-alkyl, alkyl,

subst § e , ' lf%@(ij I ot

al kyn lﬁberic % hgg;tdla{eﬁlltn E%PE&%&%@P ﬂ% éﬁ@{gn?wtmg of
Hogleyh embsnayed)aikinHRenﬁﬁﬂEstlmtedraﬁidnyb atkyn{A7 sMﬂtdféd?alkynyl,

0 ne of R7. and R.7.is NH2
tTiON o Xaic, s WG b ey i fedcy s SORGIKyL
&ﬁlﬁ)oohh)@ﬁtu'teil ;ﬂl‘ﬁho Qﬂd I‘E@ &rR JAnd RGeS witlHhe nﬁ‘foggn t(?‘@lﬁlch
H F, kyl o Kyl . substituted Kyl
ﬁlek @mﬁacmﬂlﬁm talnymhdinloeplpbr;ldlab qupqrhzmmrazsmdaﬁm mmpb«zhno

R8 and R 8 10 togeth

O arbi g T B B R oG VR I mO e, ik (i are
Re.caadforn® F\;byﬁ*rdﬂ*d?no bﬁ)%n@inhe éﬁzﬁ@tazg“!ﬂlnénrﬂox\ﬂﬂﬁpn@ e
of R8 and ) R i s not OH R7 and

ﬂ%@m@@b@mﬂwﬁmﬂorm 15 O\/O R100 vvhereln R100 is

Cl. 12,al cI o k het er oar vl :

whver ok 2B Ra ez Skl leoid tom e dEhTEAR e oph. sl
substitosddi kit e@rcwalktﬁ s‘ﬁbhﬁﬁﬂeﬂ dy@daliyit Bryl-sdbstBubs hiyi uent s
sel ected from hal og drox car box and Cl1 4

%?tkr@ﬁsy and qubgtidyted eter@ﬁgy ,asrrﬁc & Retoaether yith dfatmngo which

Uty ety SRR AT

hmdep@hdﬁmubsyltlhedhetelﬁigtl al kyI Cl_4 al koxy, Cl_4

aIkyIthl Cl 4 kIsquoyI cyano, nitro, am no,
phenyft 2 698}‘“"% LX e L ] Prog{qgl tH?rﬁ%ﬁs onmet hoxy,

Cl_4 ﬂo%@e@@ﬁ%&uﬁ&%ﬁﬁnﬂuﬁﬁ}) st QQ@l‘Bgtg]uq o g!g&ﬂﬁé( 12):

Cl-4 = al kanoyl oxy, or oxycar

(12).
2. The compound of claim 1 wherein R is OR,, Cl, SR,, NRRy,, or NRNRyR,.
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-
hydroxyethyl)hydrazino, hydrazino, 1-methylhydrazino, azetidino, or pyrrolidino.

4. The compound of any one of claims 1-3 wherein R'isHor NRRy,.

5. The compound of any one of claims 1-4 wherein R? is
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88 WO 2008/ 089105 PCT/ US2008/ 050929 R9 is H, CHS3,
C21-15, or N3; R9 is CH20R14, CH2F, CH2SH, CHFCH,

WEERSBBI1GH2- di phosphate, CH2-triphosphate, 5 P2I/I5148€150929

10

15

25

30

H2 OH2 011 -C-OP-OR, , -0-C-P-ORlo, -C
-OP-CRlo, or -o0-c -P-ORlo ORS | ORS| R g Rig R10
and R11 are each iRdependently H, Ral kyl, aryl,
substituted aryl cylfoxyal kyl ,

(CH2) " - O(CHz)m}é IS an "X I'Hked ami no acid
residue (e.g. -NH CHs@H3) CO2al kyl or - NH

CH(i sopropyl)-C02alkyl); and R14 is H n is 2-5; and
mijs 10-20. 15 6. The conpound of any one of clains
1Wherm%rein R2 is selected from HO NCO HO - NCOHO

o . B ORG. B . (0 Bt R, D okt ki O

1§1b§tlﬂi@dﬁlkj® dkinyHRubstitiiZd bHRemif AIyyD) ¢ stbtidute CEikyo3iSor R,
SRy 1o %E'QCE%% FO b hergings BBy phor OH: and
P@Ké&@%%ﬁ&%@?@?is NH;, the other is not OH; and when one of Ry and R'; is
N3, the other is not OH;

Rs is 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'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 Rgand R'g is N, the
other is not OH;

or R; and Ry together can form

Rig0
wherein: Ry is Ci.12 alkyl Cs.g cycloalkyl, aryl or heteroaryl; wherein any Ci.1»

alkyl and Cs.g cycloalkyl of R;go 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
independently selected from Rjq;

each Ryg; is indepéndently halo, C;.4 alkyl, C;.4 alkoxy, C.4 alkylthio, C;.4
alkylsulfoyl, cyano, nitro, amino, phenyl, carboxy, trifluoromethyl,
trifluoromethoxy, C,.4 alkylamino, di(C1.4 alkyl) amino, C;.4 alkanoyl, Ci4
alkanoyloxy, or C;.4 alkyloxycarbonyl;

88



10

15

7. The conmpound of any one of clains 1-4 wherein R2
ist: R9SR9S RRor R R7s RBR 10 wherein: R7

WO 200810890884, N3, NH2, or F; and R 7 is H F, Q{T/US2008/050929

0-al kyl, alkyl, substituted al kyl, al kenyl,

substlﬁ%@plcﬁk kynyl, or substituted al kynyl;
or and 'R 7 teg%se’toﬁ%’ may be =CH2, =CHF; wherein

bot h FR?'9 Br@Hf@Hm,a(ﬂlézpr GiH,SH, CAIRDH Ve H (& sdipRysphnid,
% % the other is not CH and when one of RY

2 p%‘OF a°15 N3, the other is not OH R8 is H, ORl4,
N3

H2p or ﬂdoR”S |fﬁ§—| , OH O k<yl al kyl ,
otbt@g, . aJokyT @, ke -o-Bubs] iot e Mdngnyl
aI kynyl ¢r,or substlimt ed al kyngk; or R8 ard, R 8

t oget rein th _R8 an 8
arg ngt?lo @ﬁ& iéélnaﬂe %Célﬁhgwgng%‘lﬂ% a@ﬂ'& Wol‘é; ‘l‘k§§N%ﬁidarY
QichRkyalRyl - EHETH S f R8 d RS N3, th
209 Ké ylnglt(ncgb @;Etd: R7 3223 %8 toggtnher calnsform Zg

OYo R:ewoawéméciechammoa@ud xesidue e2g. aNKly CHEGHE)COalkyl or -NH-
eteroaryl; wherein any Cl.12 30
%Q?&k%ﬁ)&é@a{@gl ogl kyl ofleoo i's unsub)s/t ituted or

is sulistig®ied with 1-3 substituents selected from
hal ogen, hydroxy, carboxy, and Cl_4 al koxy; and

wher eithis 2 a%:')ﬂnﬁryl or heteroaryl of R100 is
unsub%dst ? is substituted with 1-5 substituents
i ndependent 'y sel ected fromRi o,; each RIOl is
|ndependently haI o, Cl4 al kyI Cl_4 al koxy, Cl-4

kyl t i 0, 5 al kyl s cyano,, .nitro, amno,
enyll e&&F’&’BWd {’ VNG sﬁmiﬁ whergipd{ uaﬁ%?ﬁ;%@
Cl 4 aI kyl am no, di (Cl_4 alkyl) am no, Cl-4 al kanoyl

Cl 4 éééanoyl oxy }&Qr Cl 4 aloa/é oxycar bo?}]lé% RO is H,
o\ W—!

CFFCH CH2- d| hosphate CH2- tr sphate
HO F HO

HO_W HO—/,, o. 3 HOW HO— o S
(@ O (d) M

e Y v X.\{

k z ‘d ”Cz’
/. +—%=CH,0H
e} HO OH

HOH,C
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H2 11 2 ~H 11 H2 1 -C-OP-OR1I0, -0-C -P-OR10 , -C
-O-P-OR1I0O, or -0-c -P-OR1I0 OR11 OR11 R12 R12 90 WO

wWQQ®8/NEeL05 PCT/ US2008/ 050929 Rio and R11 arBCEHS1908/050929

i ndependently H, alkyl, aryl, substituted aryl,

| . : i
TRl ﬁﬁ%@%ﬁ%%%‘ﬁ%‘g%ﬂé‘%‘) Wﬁ@cﬁ Icnis? coeal kyl
or -NH 5 CH(isopropyl)-CQRalkyl); and R14 is H nis

2-5; and mis 10-20. 10 8. The conpound of any one of
clainms 1-4 wherein R2 Rs gselected fromy HONy HO\ C

" HONe ' HOvV~\ e’ HO v HO-E HO S HO S
HO S CF3 CH3 CH2F , v7O-|HOO-Ii{9 ,\ S HO
--WHO SCH2CH and CbHHOOHHOF 2 91 WO

2008/ 089105 PCT/ US2008/ 050929 9. The conpound of any
one of clains 1-4 wherein RR is: R/™" O RL3 O Hz ii O
whelln© C -P-OR10 | ~ H H2GP-OR10 O C2-P-OR OR11 COR11 ~
10 OR11 RIB3 OR7" or OOC2 -P-CRIO 0 O
R7is 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'y 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 R7 and R'; is
N3, the other is not OH;
Rg is 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'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 Rgand R's is N3, the
other is not OH;

or R; and Rg together can form

RIOO
wherein: Ry is Cy.12 alkyl Cs_g cycloalkyl, aryl or heteroaryl; wherein any Ci.1p

alkyl and Cs.g cycloalkyl of Rygo 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
independently selected from Rjg;;

each Ry is independently halo, C,.4 alkyl, C,4 alkoxy, Cy4 alkylthio, C;.4
alkylsulfoyl, cyano, nitro, amino, phenyl, carboxy, trifluoromethyl,
trifluoromethoxy, C;.4 alkylamino, di(C,.4 alkyl) amino, C;.4 alkanoyl, Ci4

- alkanoyloxy, or C4 alkyloxycarbonyl;

Ry is H, CH;, C,Hs, or Nj;

R’ 1s CH,OR 14, CHyF, CH,SH, CHFOH, CF,0H, CH,-diphosphate,
CH,-triphosphate,

H, 9 H, Q H, 9 H, 9
—C0=P=OR, » —0-C P—ORyo : —C "O=P=ORy;, 0 —0~C-P~OR,q
ORyy ORy, Riz Ry,



R12 H2C-P-OR10 O O R12 H2CG-P-OR1o R12 wherein R7" is
al kyl or substituted alkyl; 5 RLO and R11 are each

wo pabepgmoent |y H al kyl, aryl, substituted aryPCT/US2008/050929

10

acyl oxyal kyl, or (CH2)"-O(CH2),,,CH3; Rl2 is an
N-1inked am no acid residue (e.g. -NH CH(CH3) CQ2al kyl
or -NH CH(isopropyl)-CQ2alkyl); RL3 is H CH3, C2H5,
CI—IZFHZR}dde,R@HE@hﬂFmHZ déﬁaﬁﬂbﬂm4 QI_-}H ﬂkfﬂl\&gl ;ﬁBstfﬁlélB&lerlNS

is H nis 2-5; an mis
1%?3’%‘3""11‘3{ PG(C%ZQT%UQE%M any one of claims 1-4
wher ei 0
00 rotr MR agipd s 9P Co NI GG R PEs g™
20H8isa3001p CPeakI3243@8/ 050929 11. The conpound of any
one of_cl.aj 1-4 wherein R2 is: CH R9R R9RY9
R9R9R14d§ RgR7RgR7RgR7 R8R/ Rg RT Rg
R7 \/\h@[segganla7 is H ORl4, N3, NH2, or F; and R7 is
H F, OH O0-al kyl, alkyl, substituted 5 alkyl,
al kenyIlf1 is 3088t i t ut ed al kenyl al kynyl, or subst i t ut ed

al kynyl; or R7 and R 7 together may be =CH2, =CHF;
wherein both R7 and R 7 are not CH and when one

8. The compound of any one of claims 1-4 wherein R? is selected from:

HO OH HO HO F
/\—Z CF, ;z CH, /\—Z CH,F 5
HO OH HO OH HO OH

’

k 1’ XY w XY
—%=CH,0H
HO OH

HOH,C  OH
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25

of R7 and R 7 is NH2, the other is not OH and when
one of R7 and R7 is N3, the other is not OH R8 is
woR0090R8905 N3, N 12, or F;, and R 8 is H, F, OH POr/ak9s$/050929
al kyl, substituted 10 aIkyI al kenyl , substituted
ken rrgﬁbﬂﬁ 3is0r R8 and
?3'8 %’i(;}glgeeéti\]'h hOfQﬁ Cllatl%lg—lqd4 %%%% lboth R8 and
R 8 are not OH and V\,hen one of R8 and R 8 is NH2,
t he ot her s not OH; and when one R8 and R 8 is N3,
the other|is got , or R7 and together can form
uy'j 20 RlO “Wher ei nORL00 i s CRB @?/(D
cycl oal kyl, caryl or heéteroaryl; whergt ém(yR 1 12
al kyl and g,%_g)_zaﬁ:l oal Kyl up RI00 is unsyp stltut ed or
is substitu W th 1-30- Subs@Rpuents sel ected from
hal ogen, hydroxyl, carboxy, erg Cl 4 al koxy; and
wherein 25 any aryl or heteroaryl of R100 is
unsubstituted or is substituted with 1-5 substituents
i ndependent | y| sel ected from R101; each R101 is

i ndependeng I al 0,, Cl_4 al kyhR/"Clyr4 akkoxy, C _4

al kyl t hi o, Il _y suI foyll, cyano, njtro, am no,
phenyl, car box rn Rior oneton)il tri flktrpr onet hoxy,
Cl 4 aI kyl am no di%cC14 al k}% WRero, C1- -4 @l kanoyl ,
Cl.4 30 al kanoyl oxy, or Cl_4 aIszyI oxycag{b@_q;d@R 93 WD
2008/ 089105 PCT/ US2008/ 050929 R9 is H, C4- 15,

N3;, R 9 is CH20R14, CH2F, CH2SH, CHFOH, 20H,
Ieflphosphat e, CH2-ti phosphate, H2 HZ HZ 5 H2 0 O

OO0 - "E}%&ﬂ%@bs&i‘ﬁdgﬁi: OrR10, -C-OP-CR10 , or

-0-Cc -P- R12 R10 and Rl11l are each
i nde peRnd and lRy1 dile eadbkinlicpeadstitly IS diksylj dryt, @dbstituted aryl,

| k (CH2) nCH3; 10 R12 is an
I\%CM%N laﬁ‘f @%@:b@m@ﬂé (e.g. - NH CH(CH3) Cal kyl
or - NHR , Gid RORIKeE ¥inknd R2@ & (e. RIAH-8HUCH;)CO,alkyl or -NH-
CH(isopropyl)-COsalkyl);
Rj; is H, CH;, C;Hs, CHyF, CH,OH, CH,CH,F, CH,CH,0H, CH,Nj3,

CHZCH2N3, CHzNHz, or CHzCHzNHz;

R14 1s H;

nis 2-5; and

m is 10-20.
10.  The compound of any one of claims 1-4 wherein R? is:

0 9 ~ 00 7 omoo
OH Hz(E—II}—OH OH OH
OH
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nis 2-5;, and mis 10-20. 15 12. The conpound of any
one of clains 1-4 wherein R2 is selected from 20 CH2

wWOoioBlo$4@By HOB ' HO HO )H H6 bH HO OH HO HO HEFAOS2088050929

CI—BCHZFl—IO()—II—IOO—|O—IHO—|2CO—I -~\ and \/v\/ HO HO
~ 3...The conpound
?anJhS%ﬁB?&ﬁfo s © E §PC1 ‘é‘?i?ﬁ%ﬁan %o 8 R R3
or RO R9, -\ RS R8 NR7 2 R wherein: 50 Rfuis H,
OR14, N3 , or F¥ R7FR F, o1}
al kyl, sU i t ut edrs I, alk Sbsksi
al kenyl R ﬁfyl or substit ®s f‘kynyl Reqr rR7 and
R 7 94 V\D 5008/ 089105 PCT/ USZOOé/ 050929 toget her may
be =CH2, =CHF; wherein both R7 and R 7 are not OH and
whereimne of R7 and R 7 i s NH2, the ot her is not O—I
and when one of R and R7 is he other is

o+, R&7isHHORERMN; NR3, orfrpnd By IFH En(aHRO@ﬂkBél 41|1<3'1Fsub®¥4uted
Qlk@l,iﬁmenyl? L@é{ltutwﬁéﬂyﬁ,lﬁtﬂ%%yl, or substituted alkynyl; or R7 and R’

together may be =CH,, =CHF; wherein both R7 and R'; 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;

Rg is H, OR 4, N3, NH,, 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

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'g is N3, the
other is not OH;

or Ry and Rg together can form

RIOO
wherein: Rygo is Ci.12 alkyl Cs.g cycloalkyl, aryl or heteroaryl; wherein any Ci.1»

alkyl and C;._3 cycloalkyl of Ry 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 Rjg is unsubstituted or is substituted with 1-5 substituents
independently selected from Ryg;

each Ry is independently halo, C;.4 alkyl, C;4 alkoxy, Ci_4 alkylthio, Ci4
alkylsulfoyl, cyano, nitro, amino, phenyl, carboxy, trifluoromethyl,
trifluoromethoxy, C;.4 alkylamino, di(C;.4 alkyl) amino, C14 alkanoyl, C;4
alkanoyloxy, or C4 alkyloxycarbonyl;
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5 al kyl, al kenyl, substituted al kenyl, al kynyl, or
substituted al kynyl; or R8 and R 8 together may be

weaR/08@HF; wherein both R8 and R 8 are not QCT/HIZH0S/050929
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when one of R8 and R 8 is NH2, the other is not OH

and whgn;: f R 8 is N3, the other is not

OH; orﬁglfqg’ﬁbdlqﬁggtﬁa’gde}ﬁ?ér can formoo 15 Y R100

wher ei Ry iMH@OR&, CH,L St |ICHIBOH, CYa0aCKy-diphasphatepr

gffzzro wherein any Cl-12 alkyl and C3_8

§ wPh % R100 i s unsubstituted or is substituted
- substi tugnts selgct @d from hal ogen, hydroxy,

car_bm ~aigl. Clo4>alkexy —dnd bwbep airn- 28" Bror, a1yl or

het er oaby), of R1000ks unsubst ikf,uted or ISR1§UbStItUt ed

h 1-5 | d
B bR T 9T
Ceyfoxahik9kbr ()t AldpLohe, Cl_4  al kyl sul f oyl ,

cyano, nitro, amno, phenyl, carboxy, trifluoronethyl,
trifl uBrdsen No&l}ked@mmo adid sivie fo 2. NH-CH(EHR)GQia)ky! or -NH-

nQyl, Cl1 4 25 al kanoyl oxy, or Cl.4
a%‘?%p %ﬁ?@ﬁ%‘a‘ﬁ ROis H CH3, C21-15 or N3; RO is
CH2CRI1R,, i€H2F, CH2SH, CHFOH, CF20H, CH2-di phosphat e,
CH2tr|phosphate H2 1d H 1d H ~ H 1d -C
O P- ORE®-5;a9- C -P-OR10 . -C -O-P-ORL0 , or -0-cC
- P- ORLf) i $ OR11 R12 R12 R10 and R11 are each
mdependen 'y H, alkyl, aryl, substituted aryl, 35
acyl oxyal kyl , or (CH2)" O (CH2) nCH3; R12 is an
N-Iinked amno acid residue (e.qg. -NH-CH(CHS)COZaI kyl
or -NH CH(isopropyl)-CQRalkyl); and Rl14 is H, nis

A2 Tk il Bt 4y &%@?&é@%é’zﬁ%&%ﬁéﬁﬁ; sglected from:

clalrrsl4v\,here|nR2|s CH,

Y e Y
‘Ocz% ww w v

DH HOH,C

an
- B CH3 S “ .
N - CF 3 S ~ Hd K
HO OH HO F F

Q

13. The compound of any one of claims 1-4 wherein R? is:
+ R
Ry N Ry N
Rg
R'g
Rg R7
wherein:

R7is H, ORy4, N3, NHy, or F; and R'; is H, F, OH, O-alkyl, alkyl, substituted
alkyl, alkenyl, substituted alkenyl, alkynyl, or substituted alkynyl; or R and R’
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HOH CF3 CH3 CHRF HO OH HO OH HO OH 10 HO
HO/ H "OH HOH2C OH HO bH HO F 15. The

f any one of clains 1-4 wherein R2 PGr/Um08/050929
R90O0OR9O0RI9S -V11-V RO RO or RO 25 wherein

to%é_tlhé'llv m& e @ﬁ'{%%}‘i’lgpl \&%mg botH R; %R&% o0 anFi: %E:Bne

FOH, CF2CH sphate, phosphat e,
of Rl; add RY; isiNH,, H2 dther@ n@ GHCRIAGvhen dhe©f -H:)-aﬁBRIRG is NsGhe
-O.P-O%Bg or -OC-P-ORIO OR11 OR11 R12 R12 30 R10
othefds PA1OHr e each independently H, al kyl, aryl,

subsg r I
ers )g 4, @k 315143 NHA6YF: Oaff%ﬁg %ﬁé L F P?"OH L O alkyl, alkyl, substituted

5 alkgel@l&@rell,(&gbgltute&llalllcalkyn;dxz@d siuystltgted alsinyl; or Rg and R's

oo BEE I i Histeip FuDReen s reabRioE aBivgsh ot

NIRL thel sthdiis Rotl OH 2ariel widiCbne Bf |R§ an@RE04s N3 Afle

16 The conpound of any one of clains 1-4 wherein R2
othey:is notg@OMD 2008/ 089105 PCT/ US2008/ 050929

or Ry and Ry together can form

s )

RIOO
wherein: R is Cy.12 alkyl Cs. cycloalkyl, aryl or heteroaryl; wherein any Cj.1,

alkyl and C;_g cycloalkyl of R;¢ is unsubstituted or is substituted with 1-3
substituents selected from halogen, hydroxy, carboxy, and C;.4 alkoxy; and wherein
20  any aryl or heteroaryl of Rygo is unsubstituted or is substituted with 1-5 substituents
independently selected from Ro;;
each Ryg; is independently halo, C;.4 alkyl, C1.4 alkoxy, Cj.4 alkylthio, Ci4
alkylsulfoyl, cyano, nitro, amino, phenyl, carboxy, trifluoromethyl,
trifluoromethoxy, C4 alkylamino, di(C;.4 alkyl) amino, C;.4 alkanoyl, Ci.4
25  alkanoyloxy, or C;.4 alkyloxycarbonyl;
Ry is H, CH3, C,Hs, or Nj;
R'g is CH,OR 4, CHyF, CH,SH, CHFOH, CF,OH, CH,-diphosphate,
CH,-triphosphate,

H, il H, n 2 1} 2
—C“0~P=OR;g - —0~C -P=OR, - —C -0~P=ORy;,0F —0—C -P=ORyo :
ORyy ORn Riz Rz

Rjo and Ry; are each independently H, alkyl, aryl, substituted aryl,
35 acyloxyalkyl, or (CHy),-O-(CH;)CHj;
Riz is an N-linked amino acid residue (e.g. -NH-CH(CHj3)CO,alkyl or -NH-
CH(isopropyl)-CO»alkyl); and
R4 is H;
nis 2-5; and

40 m is 10-20
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HO OHOI/ OHO -Wor OS S 17. The conpound of any
one of clains 1-4 wherein R2 is ribose, 2 10
woreaoRpsrivbose, 2-deoxyri bose; 2-deoxy-2-fl uor oPCHUSHNS/050929
ar abi nose; 2-deoxy-2- fluoroarabinose;
2, 34di d - 21 £l rahj.nose;
34 o dgg%{)@%ﬁrfduor o? og&o%??fé}{n&A WREGARRR:
2 3- di deoxy- 2, 3-di dehydrori bose;
2, 3-di deoxy- 3- a2|dor|bose 2, 3- dldeoxy 3-thiaribose;

or 2, 3-di debdRy=x3- I BO r u |caIIy
accept abl e SZ?K;gZ?Lrodfaﬁ;gﬁé?eof The
compound of any OF; cl ai CH3mhere 4Fs

t hi ori bose, 2-HdeoxPHhi or HBoseOH OH
2-deoxy-2-f|uorothlorlbose thloarablnose 2- deoxy- 2-
f1 uor ot hi oar abi nose; g;deox éﬁlorhbose

2, 3-Hi)-cheoxy- -quoréKh HO i
di deoxy-@-fVuorothiorib or
2, 3-di de -2, 3-di deh ¥ lOfIbOS o 3-di deoxy-3-

20 azi dot hi @H bose: ¥PH% ph&Fhaceu |caII acceptdle F
salt or prodrug thereof. 19. The conmpound of any one
of clainms 1-4 wherein R2 i s 4-hydroxynethyl -
gclo ent - 2- ene;
by enmenapnd ofi galy eng/efalaipisdyt Whgrein Raisene:
3- hydr oxy-4- hydroxynet hyl cycl opent ane;
2- hydr oxy- 4- hydr oxynet hyl cygl opent ene; 2- %u%go- 25

hydr oxy- 4- hydr hyl cycl o e;
hydr oxymetg 5- or R)(

2, 3-di hydro
nethylenecyclopé ane; 4-hydr thylcyc?o ane,

2, 3-di hydr oxy-4- hydroxynet hyl cycl opent ane; or

2, 3-di hydr oxynet hyl cycl obut ane; or a pharmaceutically
wherept abl e salt or prodrug thereof. 30 20. The

conpoynd n claims 1-4 wherein R2 is

4- hyd blé}%e‘?ﬁy?é %3&. di ne;

2, 3- dRQ)@CH&‘@RM GYEF Qs otPS T @R OHNEH,-diphosphate,
2/3 hydroxy-4 hydr oxynet hyl pyrrolidi ne;
CHptuphasplatly dr oxy- 4- hydr oxynet hyl pyrrol i di ne; or 3-
fl uor o- 2- hydr oxy- 4- hydr oxynet hyl - pyrrolidi ne; or a
pharnaceutically acceptable salt or prodrug thereof.

35 cmmmmﬁofam@o__ cl ai ik §- 20 wherein
R3 %% S%EQ, alkyl, O&°subst|'u§%& %|é§€ 3 enyl ,

substituted al kenyl, "al kynyl substltuted alkynyl 97
WD 2008/ 089105 PCT/ US2008/ 050929 CH=CF2, CH(=N

Ra) ORR,, 4R |, Seath {HdEondMifyHA Ky INESGBNBstituted aryl,
acyloxyalkyl, or (CH;),-O-(CH;)mCHj;

Ri; 1s an N-linked amino acid residue (e.g. -NH-CH(CH3)COsalkyl or -NH-
CH(isopropyl)-COsalkyl);

Rj; is H, CH3;, C,Hs, CHyF, CH,OH, CH,CH,F, CH,CH,O0H, CH;N3,
CH,CH,Nj3;, CH,NH,, or CH,CH,;NH;;

Risis H;

nis 2-5; and

m is 10-20.

16.  The compound of any one of claims 1-4 wherein R is:
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CONRaRb, CSNRaRb, CO2Ra, al koxy, NH2, al kyl am no,
di al kyl am no, hal ogen, (1, 3-oxazol-2-yl),

w@ 1908408mex ol -5-yl), (1,3-thiazol-2-yl), PCT/US2008/050929

(i mdazol -2-yl), (2- oxo[1,3]dithiol-4-yl),
(furan-2-yl), (2H1,2,3]triazol-4-yl), C(= NH)NH2 5
C( =NH) NHOH, =NOH) NH2, |, substltuted acyl

C( =NRa) Rb, 1
C=C- C(=O NRaRb, {CH2),,-S-al kyl, CHQ),, ;
(CH2),,-S(O-al kY (CH)n S(G~ yI,

S(A2)-al kyl, (CH2)n- S(02)-aryl, or (CH2)n SO2NRaRb,
(CH2)n-ORa. 10 22. The conpound of any one of clains
1-20 vvherei n R3 is CN, substitut ed al kyl, alkenyl,

h H2. The
2 G D9SN B8 afhe o
Waﬁﬁﬁﬁé@t @Xl'eoxyrﬁooge oL éﬂ%@g-@sﬂ rBMi)oseVélngn?Te 2- deoxy 2-

am nocar bonyl , “met hoxycar bony car boxy, uor o,
Bhuomsrabimose) %B\Ifd)ddiderltXxke, I&ehdmxpduﬂmbroztra‘anyseo As- dlﬂeoxy 3-

e RERTcahshdiringe g beifeeBhSaeideows 24
didevky-3aRhridufs b b Bt B8e&yk3Lbxaribdbe; B2 a?ﬁgﬂrﬂéeﬁtﬁﬂﬁﬁf hede t(?ble

with the nitrogen to whi ch they are attached forma
59lt popodrugdhenspher i di no, pi perazino, azeti dino,

nmor phol i no, or thionorpholino ring; or Rb and Rc
together with the nitrogen to which they are attached

f18t m &hepyipoldlbfvny ddieREkiatth$ 0-4 Whdpeih &Ziifthioribose, 2-
azetldlno nmor phol i no, or_ thionorpholino ring. 25.

Heexxthinpbossa 2 seory-difhiorothieribase; ghigarakinpsuddedry-2he
]me](_)gcﬁmogﬂb %gé‘ﬂil 3ad1dg eftll;llg)}lbogé“@ 3- dl%#oxy 2- ﬁ@%r@rhlloar%@ig{, 2,3-

ar ‘maceut | acceptabl é’sa
tdideor pf3-flu@SthiEI RS &), DS%&@I P@dl&lﬁ@ﬂﬂﬁﬁl@ﬁﬂ&%%f 25—d1d]éb&y-3—

NP HRgF O BB e At KRR Prpgpug tereof

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-
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 or prodrug thereof.

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

salt or prodrug thereof.

21. The compound of any one of claims 1-20 wherein R’ is CN, NO,, alkyl,
substituted alkyl, alkenyl, substituted alkenyl, alkynyl, substituted alkynyl,
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(rer)y (rrr): 5 or a pharmaceutically acceptable salt
or prodrug thereof, wherein X is Hor alkyl. 27. The

w@oooposaos of any one of clains 1-26 which is ap@r/os2008/050929

28. The conpound of any one of clains 1-27 which
CQMIE, Sef (L MRy, =T ' Fﬁmt'(mwﬁhMe
gr ouppéi e?&%%ﬁ?%’énpodncﬁgo@;@?{ ,ﬁgng Cc 2é|NrI;IB 1- Zg

WONRRG OR5R S@afaa,callkqxwrdgz,mragkmmhmssiiaﬂdyéangno,dmogems
e _conpo of ¢ erei ne . or e

Db AR o dcioaD: i A bR Ol T35 -
Bkh[1§§]@i%ﬁ@@4-§l)g(fﬁx‘éﬁ-ﬂlﬁ§, (Qﬁ?ﬂz,%ﬁ&%lmeﬁg}@(%)ﬁfmXy,
substi I'ko aryl oxy

tuted al’koxy, , or substituted aryl oxy

G(ONP)NBOH, THeNEpGnacybssubstitiier 28y WO (TNRaRwor
@?Wﬁ%ggﬁ?ﬁcgﬁ% ?ﬁsg%;ﬁ;@ 09%%@%@%8?30&%a1ky1

RYHD;-S-ar$h) @@st@@?glggm (Cﬁzimtepgﬂfﬂ,mﬁzyn-ﬁO&)—aﬂtyg ACHOR-

branched” or unbranc , saturate or unsaturate
Skabrary mbre(din-30eENRRonérld)oPRahe carbon atons is
optionally replaced with -0- or -S and wherein one
or nore of the carbon atons is optionally substituted
Rt h @xe comPdurd oftahly 0% of eims 230 ShereTh R G0ONsubetitafed
cl ai m 28 wherein one or nore pendent hydroxyl groups
fikymatksaylhbrB¥RaRai CORys hplpgery R SEANHENHoUp has been
converted to a group RZ N-; wherein each RZis a

resi due of an amno acid. 99 WD 2008/ 089105

'BET/ USHO08MPERHAPSS an$ dne ShelaimmspaQ nhendin BF & @N3Rydroxymethyl,
wherein the, anmiho acid is a natuyral ino acid. _34.
tred as#sesnﬁaﬁovmahﬁmm iyl MeHoXy ca3 RO RFPXY- 0T,

Br&afs 48 bR RAPri ses one or nore groups of fornul a:
0 0 FiLodF(ue 5%0 Jf1-Ri5 r ORL7 R19 R18 wherei n:

R15 is H, alkyl, substituted al kyl, aryl, substituted

|, .cycloal ky] . 15 substjtut | oalkyl |
B4 or SR Bauikof 0 088 ohEe g HeHSR Bruy Bpiapd R are

$uRpbhdentifdeledted BHRACKE bidup cBhsidThg®THIQLIBL) hd 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 Ryand R, together with the nitrogen to which they are attached form a

pyrrolidino, piperidino, piperazino, azetidino, morpholino, or thiomorpholino ring.

25.  The compound of claim 1 which is a compound of the following formula

(11).

HO OH (11)

or a pharmaceutically acceptable salt or prodrug thereof.
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R16 is H, optionally substituted nonocyclic aryl, or
optionally substituted nonocyclic heteroaryl; and R17
wao g00Blosdied ogen, CN, -CO R20, -CON(R21)2, - CO2R20r/US2008/050929

-S02R20, -SM2N(R21)2, -OR21, -SR21, -R21, -N(R21)2,
-0- COR20, -0O CO2R20, 20 SCOR20, -S-CO02R20, -NHCOR21,
- NHCO2R21, -(CH2)P-OR22, or -(CH2)p SR22; or R16 and
R67 arlhecompeundalf claim hwhidids & icomabwiBl & the toiowing famula
a cyclic group, optionally containing one heteroatom
that is fused to an aryl group at the beta and ganma
position to the 0 attachgdl B phosphorus; or R17
and R18 are connected as dgscrjl bed bel ow; 25 R18 and
R19 are each i ndependently Kyl aryl,

het er ocycl oal kyl, aral kyl, aIIy substltuted
nmonocyclic aryl or optionalfy $Ub R't ut ed nonocyclic
het eroaryl; or R18 and R19,Are connect ed via an

addi tional 2-5 atons to form gy, cyclic group,
gﬁilonally contai ning 0-2 heteroatons; or R17 and R18
re connected via an additional 3-5 atons to forma
cyclic group, optionally containing one 30 heteroatom
and 9is al kyl het erocycl gal kyl , _aral kyl
OpRiP warr%°9ut16§lu»5§t>qept?bieosam EylEns thesrops wisreingX 1sgmar L

substituted nonocyclic heteroaryl; R20 is aI kyl,

2, HESSHARUE] Sobte b | Shiten BByttt 511
| ower acyl; and 35 p is an integer from2-3. 35. The

npound (28 3R4 , 5R) - 2- (4- Am nopyrrol o[ 1,2
[1, h&]Cp}nipglililCi—]O 7any| ope of clalms 1-27 which comprises one or more

SnddY 415 0% yl tetrahydrof uran- 3, 4-di ol ;
100 V‘Dléoogﬂ% 4{))O1 I§%82008/ 050929
(28,3R,4R 5R) - 2 (4- (D met hyl am no) pyrrol o[ 1,2f] [

2,4)triazin-
gzﬁydr r‘EBFWP‘)‘d & @tm (of glaimah | dv gttt fRmprsey opg or more
(Esno3ph E(4 Am no- 5- bronopyrrol o[ 1, 2
fl1[1,2, 4 tr|a2|n7yl) 5-
(hydr oxyrret hyl ) - 3- net hyl t et rahydrof uran-3, 4-diol; 5
vi nyl pyrrol o

%ﬁs’ hg] ?)éund Séclgl}m ﬂgwgerem ARTVARES p[endent hydroxyl groups

(chosel oo NiL, Jor &1 PRbpkte s eEn E@tvered toidlkoxy,
2S, 3R, 4R, 5R) 3@2 % g&&ox - (hydr oxy?ret hyl ) - Oxy

ﬁB‘P#%W%@lkaW@rﬂPm ﬁSlzbsyﬂ)t?swrw [ZToup.
f1[1,2,4]triazin-4(3H)-one; 4-Amno-7-((2S, 3R 4R

5R) - 3, 4-di hydr oxy-5- (hydr oxynet hyl )-3- 10

38t hy The teomipyaticddioiaim 28 whempinr orel o2 [nior@ pendent hydroxyl groups

fl[1,2,4]triazine-5:carboxam de;
f;lo[m the’ m(lno- 1-, or tri-phosphate group has been converted to a group Ry-O-;

wherein each R, is independently a 1-20 carbon branched or unbranched, saturated
or unsaturated chain, wherein one or more of the carbon atoms is optionally
replaced with —O- or —S- and wherein one or more of the carbon atoms is optionally

substituted with oxo (=0) or thioxo (=S).
32.  The compound of claim 28 wherein one or more pendent hydroxyl groups

from the mono-, di-, or tri-phosphate goup has been converted to a group R,-N-;

wherein each R, is a residue of an amino acid.
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WO p@slogdivet r ahydr of ur an- 3, 4-di ol ;

(2S, 3R 4R, 5R) - 2- (4- Am no- 5- (hydroxynet hyl ) pyrrolo[ 1,2
fl] [ 1,2,4]triazin-7 yl)-5 -(hydroxynethyl)-3

(2S, 3R 4R, 5R) - 2- (4- Ami no-5-fl uoropyrrol o[ 1,2

f’ai [1, 344 L&tﬁh@ﬂdrbslea)fﬁl)ﬂg\wherem the amino acid i 1§ a L{@%llraglamh}%acid.

ydroxyne met hyl t et rahydr of uran-
4- Am no-7-((2S, 3R, 4R, 5R) - 3, 4- dlhydroxy 5- (hydr oxynet hy

}3}[ 1, Eﬂg %l N drfg%g (gg{:g (?ﬁnlpgl %/ ve 1E:lr1 ?sl aopr%)drug that comprises
enmra@fe b RS AR5 - 3, 4l hydr oxy- 5
(hydroxynethy
met hyl t et r ahydr of yran- 2-yl ) pyrrol o[ 1, 0. R
[1,2,4]triazine-%-0arbho |n1dan1de__p 16
rrolof 1,2 /[ H

]

2R, 3R 4R, 5S) - 5-
:f ) _(_4) dl dr oXy- R17
r

[1,2,4]triazin-7¢0
nethyltetrahydrofuran- -yI)nethyI rgy rgh§fdr ogen
i phosphat e; Methyl 4-ami no-7-((2S, 3R 4R?

aﬁ%é .4-di hydr oxy- 5- (hydroxynethyl)-3 -
ne %y t et rahydrofuran-2-yl)pyrrolo[1, 2

f111, Rk H, alkl, Rabhitead BIR&M laidfl Ssubstituted a 1, cycloalkyl,
(2S, 3R 4R 5R) 4-di hydr ox (hy drox nethy

l)b_SQ'Lth%{yﬁfﬂaHs’é( ﬁ@m gﬁkgﬁtuged/lpe}cpy@ryz; |hg'{eg_oczchc substltuted
b I d 25
%2E§§§%h ]ggeigﬂﬁié aLooéy(aczag:hyd?gxyethyl)pyrrolo

[1, 2- Rﬁ(,] is H optlonally substltuted monocyclic aryl, or optlonally substituted

&% |a2|n 7-y éh dr oxynet hyl) - 3-net hyl tetrah
BPickf eEiag oA Resds 1. BHasomm boucs ki UGt Ok

%211{26”3@51@@{2@9 DRG] QR 36, ﬁ&ﬁﬂﬁég@ OR. IQI ?e O2Ry, -

conpOsi tion comprisi’ng a comnp i‘n"any
8008ne -HIC@Raj, HNHﬁ(Hﬁ1,&M{@Om@r-(@HQHDRmIdry(CH2)p -SRy,; or

cceptable carrie S|t|o of claim 36
Ria K ‘Eerfé’Pn?fé‘?f{aYlF‘ aaidigng 3 ES 4 ¥l group,
eptidmally EadtaiddRting helePdatf), RI08/FARE %@én aryl group at the beta and
PCT/U82008/05 929 38. The conposition of claim37

giama pasitipe tothe Ohattaghedstothe phaspheifus agdht sndiRe are connected
%{A&gﬁ&%ﬁ# mribavirin, levovirin, viramdine,

nosin a a-1, an |nh|b|tor of a serine proteases,

an i nRhgbinﬁ(Rw @fe daﬁl@ﬁide ﬂa@ﬂq)}phoﬁlk?lab@d,%i’é%@@nﬁﬂ@%,aralkyl,
i nterferon ated interferon-a

PRtgRiY Bt Iapnocysf/@,ml Theptionpbn sibstigitedonorgeyclime
A Bh TR PR SRSl PR AT Ul o OB

mﬂrp gmupl, opncnfallynyntammgcﬁ 2 teromors§-03 R ydcRy g fate ¢dm@écted
or 10 nore protease inhibitors, 41. The

55 ‘PPB ? atomys te frmpg cyqligigreups gpuenallficeptaiming prer
KAQ&BhtoRLad Ry is H, alkyl, aryl, heterocycloalkyl, aralkyl, optionally

substituted monocyclic aryl or optionally substituted monocyclic heteroaryl;
Ry is alkyl, aryl, heterocycloalkyl, or arylalkyl;
Ry1 is H, alkyl, aryl, heterocycloalkyl, or arylalkyl;
Ry, is H or lower acyl; and

p is an integer from 2-3.

35.  The compound (2S,3R,4R,5R)-2-(4-Aminopyrrolo[1,2-f][1,2,4]triazin-7-yl)-
5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol;

100

PCT/US2008/050929
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ribavirin. 15 42. The conposition of any one of clains
36-41 which further conprises interferon-a or

wpegghstiesl i nterferon-a (peginterferon-a). 43.PdmneEs2008/050929

conposi tion of claim 36 which further conprises one or

nhor e @2‘%31? 483 gr mkﬁlylaﬁﬁrﬁ%‘)ﬁgrr E 054 trriaQiB-’Pgl) -5-

cl ai m 43 wher ei he one”or nce agent

ﬁ:}elrommﬂ)ea-mmhuheaiakydraﬁjmgiéghmm s ant i met abolites,

et oy R IR BE R %gglglﬂt%??g?g}%%e?ﬁﬂ# A 2 Ttz )-5-
@Q’Miy&lé’t‘l@yl) %ﬁetnﬂfe&ﬁﬁyd}sﬁfrﬁl 8 hes@ni mal an effective

amount of onpound as described in any one of

cl ai n£2513135R 569 -2 4compros$vinylpyawlelé Sefl [ Redltriazvina iy Debe

146, Th th f cl 45 wh
B PRt Rl GelB 3 Fom the 30 group
consi SL({IHBRER, SR%GILDIHyﬂrc&y-fhgﬁﬂlrdxtyhfeﬂQl) fwman

i mrunodefi ci ency virus, Polio, Coxsackie A and B,

Risthydtetraidsofugwed-ypaxolohlEl 2. 4 Heazie-S3H-one; vi r us.

e oS apoHr B B PR b e he

nethyodtratiy dastirapr®ByDpyredlaf 10057152 47tnmﬂne:5 cﬁﬂfokblﬁfde
conprises admnistering to the aninal one_ or

addi t Comft-4RSp) ﬁdﬁy‘h@rn%%(hmwmeém)pymlo[mdl[rlfétﬂwsz-
m]% rfidjer conprises 5

ggn%agw teﬁl nghy?)loﬁt e ygtﬁfr@' one %Lr*l ?r(g?e pr [)Tease

i nhi b(28;31$4R5@) 21(I43Amatoh:’o}dilu01fop§mylo@hé-j]:§i 2 ] @ianin- 71-'531-)159

(el s o dref e dridhy ane of ol ai ms.
45- 50 4vhk¥h lo- f @Shﬁ%]@%ﬂi nﬁﬁﬁydr ] -'('hy%fr@:[}}nf@hyl) 3-

interferon-a or pegylat’ed interféron-a
(sdyiltatranideotoraned-yDpyrrdie] 1] [ﬂxalZ 4]trigZdne-A-caxbiohvdlef or

to°t hd AnfithEfs R ARoAR: TR T o SRR o
drRas/lihasy drefurny2-ongyedlodl 21 [E2, 1}tﬁ§zm@-5—c@fbo§1mldamlde

conp03|t|on as described in any one of clains 36 and

43- 44((283R, %%ﬁé@l@@p}@ﬁé@%@[wé}mwﬂn@ -&4-dilydsoxy-

i,stered. 20
e Ay B 23 e R B 2 2T 2 e
ani rdetlsylal ATnlife .- ((2&512 4R Smtjwdﬂfydfoxlyrﬂﬂ(}fyﬂfdmwlyl) 3-
I\# DNA pol yner ase conpr ng
methyltetra ydrofuran- —yl)pyrrolo[l 2-A1[1,2 4]tr1az1ne-5 carboxylate;
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-carboxylic acid; or
(25,3R.,4R,5R)-2-(4-Amino-5-(1,2-dihydroxyethyl)pyrrolo[1,2-
[1.2,4]triazin-7-yl)-5-(hydroxymethyl)-3-methyltetrahydrofuran-3,4-diol,;

or a pharmaceutically acceptable salt or prodrug thereof.

36. A pharmaceutical composition comprising a compound as described in any

one of claims 1-35 and a pharmaceutically acceptable carrier.

37.  The composition of claim 36 which further comprises one or more

additional anti-viral agents.
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ROl RGN Roterbn. o theo i HBRLGT 2 compound as

I'n any one-o 35 to prepare a
medi canment useful for treating cancer in an ani mal

4 o . . .
%8 The composition of any one of claims 36-38 which further comprises one or

more additional HCV polymerase inhibitors.

40.  The composition of any one of claims 36-39 which further comprises one or

more protease inhibitors.

41.  The composition of any one of claims 36-40 which further comprises
ribavirin.
42.  The composition of any one of claims 36-41 which further comprises

interferon-a or pegylated interferon-a (peginterferon-a).

43.  The composition of claim 36 which further comprises one or more anti-

cancer agents.

44.  The composition of claim 43 wherein the one or more anti-cancer agents are
selected from alkylating agents, antimetabolites, natural products, and hormonal

agents.

45. A method for treating a viral infection in an animal comprising
administering to the animal an effective amount of a compound as described in any

one of claims 1-35, or a composition as described in any one of claims 36-42.
46. The method of claim 45 wherein the viral infection is selected from the
group consisting of: hepatitis B, hepatitis C, human immunodeficiency virus, Polio,

Coxsackie A and B, Rhino, Echo, small pox, Ebola, and West Nile virus.

47. The method of claim 45 wherein the viral infection is HCV.
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48.  The method of any one of claims 45-47 which further comprises

administering to the animal one or more additional HCV polymerase inhibitors.

49.  The method of any one of claims 45-48 which further comprises

administering to the animal, one or more protease inhibitors.

50.  The method of any one of claims 45-49 which further comprises

administering ribavirin to the animal.

51.  The method of any one of claims 45-50 which further comprises

administering interferon-o or pegylated interferon-o, (peginterferon-a) to the animal.
52. A method for treating cancer in an animal comprising administering to the
animal an effective amount of a compound as described in any one of claims 1-35,

or a composition as described in any one of claims 36 and 43-44.

53. The method of claim 52 wherein one or more additional anti-cancer

compounds are administered.

54.  The method of any one of claims 45-53 wherein the animal is a human.

55. A method for inhibiting a viral RNA or DNA polymerase comprising
contacting the polymerase in vitro or in vivo with an effective inhibitory amount of

a compound as described in any one of claims 1-35.

56.  The method of claim 55 wherein the viral polymerase is an RdRp.

57. A compound as described in any one of claims 1-35 for use in medical
therapy.
58.  The use of a compound as described in any one of claims 1-35 to prepare a

medicament useful for treating a viral infection in an animal.
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59.  The use of a compound as described in any one of claims 1-35 to prepare a

medicament useful for treating cancer in an animal.
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