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application m?lspegﬁxfiékm.!TYJﬁﬂﬁmiié}‘% whg,ygllthh,y 2004lisyaiseg to be incorporated

15 by reference’in Its irety. State o e Art’ Chronic infection with

HCV is a najor {heal LBvéJézOcQ.', 11253 SR ,at»y'ﬁ(;ls%;i_glh liver cirrhosis,

hepat ocel | ul ar "carcinona and liver failure. An estimated 170 mllion

chronic carriggs mg#wﬁ%@zyﬁ%?w&h%ogf4gjgy@)_5)-pi ng liver disease. "2 In

the United Statés alone ion are chronically infected with HCV,

and t hg nunber ;of HGY- el q%ag k. 0 hpat ed bet ween 8, 000
and 10;5:‘000, a rllg'nberﬁ{ohgatsg%lgﬂéxpec’?Z%%%lslg%gr‘%%gtﬁzogﬁr?fi cantly over the

next years. Inf g:cti o B 1 sl Rsh 818K d ﬁ‘lf"-lm%%oBr oportion of
chronically i m‘le'cte a(tancl ' ATecti6US) Carrrers 0 may not experience
clinical synpt f nan ear i J 1081 nultinmately lead to
liver failure. ?Efve?for?%m%aéﬁlazrgfeg@g)éﬁﬁﬁge?%]g%,c Oﬁgni c HCV infection is
now recogni zed.as a ] eadi cause.of liver transplantation. .HCV is a
menber of the Havi ﬁ;’frg\%%gféggf%l f{lﬁf@&a et Iﬁlﬁﬁ oal%‘fbg]c??u%fhi mals and
humans. The genone ¥ 4287 peblished Badwlys£9%nd of RNA, and consists of

one open reading frane that encqdes for ol yprotej n _of . .3000 am no aci ds
fl ankd¥ by 30 dht raﬁlgrrg{le%%r,égqéﬁgteg}.atlggqlﬁ’a%nt é‘ﬁaﬁ%mo@r?d‘ghf%wp and 3' -UTR) .
The pol yprotein ser Wos WiQ 02{0344 Y. published 26 dulys 20®ast 10 separate viral
proteins critical for replication and assenbly 2 WO 2006/ 093987

PCT/ US2006/ 007 28bof the absvsgeshlicarions pajsats; prd pajent ppplieatiganhg deredh of

structural I ' [ | 0 hS as
fol | ows: 8@%@%@ h‘éfgrfé@?ﬂ,{%ﬁé?@@?@aﬁﬁ%ﬁwgﬁﬁgﬁﬁéﬁ?ﬁ’é&%p| icative
cycl e of pPEMichaes ongiplicatal was speyifiohlly amt divedlially éndiceded focbe iuearperaied not
integrated into the host, genone, HCV infection can theoretically be cured.
5 Wil tﬁ&%fﬁﬁ%@@g‘&s%‘fﬂrq%m infection affects mainly the liver, the virus
is found in other cell types in the body including peripheral blood
| ynphocyt g@ate%ﬁﬁw(dgrboresent, the standard treatnent for chronic HCV is

a (IFN

interferon alp . o
Chronic infection with HCV is a major health problem associated with liver

cirrhosis, hepatocellular carcinoma and liver failure. An estimated 170 million chronic
carriers worldwide are at risk of developing liver disease.'” In the United States alone

20 2.7 million are chronically infected with HCV, and the number of HCV-related deaths
in 2000 was estimated between 8,000 and 10,000, a number that is expected to increase
significantly over the next years. Infection by HCV is insidious in a high proportion of
chronically infected (and infectious) carriers who may not experience clinical
symptoms for many years. Liver cirrhosis can ultimately lead to liver failure. Liver

25  failure resulting from chronic HCV infection is now recognized as a leading cause of

liver transplantation.

HCV is a member of the Flaviviridae family of RNA viruses that affect animals
and humans. The genome is a single ~9.6-kilobase strand of RNA, and consists of one
open reading frame that encodes for a polyprotein of ~3000 amino acids flanked by

30  untranslated regions at both 5° and 3’ ends (5°- and 3’-UTR). The polyprotein serves as

the precursor to at least 10 separate viral proteins critical for replication and assembly
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al pha) in conbination with ribavirin and this requires at |east six (6)
nont hs of treatnent. |FNal pha belongs to a famly of naturally occurring
smal | proveines/omdsh 10 characteristic biol ogical effectecsusho@soastiviral,
i mrunor egul atory and antitunoral activities that are produced and secreted
by nost aninmal nucleated cells in response to several diseases in

particul apeyi, @Ay Yitf1 $aficRRSTh &lg'alﬂgﬁm drStrBfulal B A&kl Eé'ins% growt h
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of antise %ﬁﬁ:ﬁﬁ'ah@ﬁﬁ?&érﬁ%b ﬁﬁe&fng@eﬁfi’ﬁ%@ﬁmﬁﬂﬂbaﬁm ihichoi¥e¥cal 30

replicati Furt hernore ow nol ecu wel ght conpounds that directly
i nhi bi t H@mtpﬂoTleamsenanﬂHCM with énterfovon has/freqiently pedrcassowatedmithedmeseler ed as

attractive, st t opt r ol ctlo the vi {argets,
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consi der e@sfdneut®stfedd Q{H a%*sdtﬁlaté’d ﬂ@brd@rs%t@iﬁﬁﬁﬁ&%ﬁﬁﬂ@m@ﬁ%ﬂ&@&ﬁdt@@7 132
targets for new dr ug -8 The NS5b RNA-dependent RNA pol ynerase in

part |dcul adispederypanshi mamysﬁ@c@en Rikeyitp) & inbibipne] mﬁﬁn@édn@lqnhﬁﬁrﬁ}aﬁ on.
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11- 14 BesiDigpitd the gettddugtiot dsfaﬁbagﬁngsncﬁa thame% oﬁthapstmantqodd not edindndte dres| at i on

roducts,  antiviral activi can al sQ be ach targeting. host cell
Br ot e?ts VEEF Withdhe e eng st plgAa%d therapy of(i)nterferon- (gFl\l?)yand rE av&rlm y

now, standard therapy of chronic hepatitis C has been changed to the combination of

pegylated IFN-alpha plus ribavirin. However, a number of patients still have
significant side effects, primarily related to ribavirin. Ribavirin causes significant
hemolysis in 10-20% of patients treated at currently recommended doses, and the drug
25  is both teratogenic and embryotoxic. Even with recent improvements, a substantial
fraction of patients do not respond with a sustained reduction in viral load > and there is

a clear need for more effective antiviral therapy of HCV infection.

A number of approaches are being pursuit to combat the virus. They include,
for example, application of antisense oligonucleotides or ribozymes for inhibiting HCV
30  replication. Furthermore, low-molecular weight compounds that directly inhibit HCV
proteins and interfere with viral replication are considered as attractive strategies to
control HCV infection. Among the viral targets, the NS3/4A protease/helicase and the
NS5b RNA-dependent RNA polymerase are considered the most promising viral
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for viral replication. For exanple, Watashi et al. 15 show how antiviral
activity can be achieved by inhibiting host cell cyclophilins.

Al t er nat iwel2yoe/@3930t ent TLR7 agoni st has 10 been shown tornsduec@ots) pl asma
| evel s in humans. 16 However, none of the conpounds described above have
progressed beyond clinical trials.68 In view of the worldw de epidemc

| evel of l!é'%é; renbers of the Flaviviridae famly of viruses, and
further in Fsgfvai/gg?&{aﬁiegsl imted treatnent options, 15 there is a strong

need for new e,ﬁ.{l/ %%¥W4‘#%e fi9k: ]{ﬂ}%%%i}!ﬁgerﬁs@ciﬁ %Eﬁi%ﬂf%r ﬁ%“@e%ng}{?\%' fbe

Vi ruses. Sunmma ntron i's-invention 1s directe 0 novel
conpoundsarh&aiblabentafieholecils itisitivh. /Bdsides séverdl inocisodide mhibitets ' medi at ed at

least in part by a virus in the Flaviyirirdae famly of . viru I n one
of its colepedhmes shosiarisedles ,ha‘fq@eg,dggcg:é?é,i ﬁ&@&thMH{?Mﬁ%é@g Scai@fﬂ?ounds of
Formulag 111Q ZVNHN Tl i iYNNTZ WOR WOXI1 wherein: Ris

sel ected fromthe group consisting of hydrogen and C1-C3 alkyl; 25 X is

sel ected fromgh r . S1SL f . . i's

6l ect ed 11 om PROSEBHEAEEDRM Il mdl BERGABor i dBofiiausil 2 2057
PCT/ USZOgﬁi&g@rﬁlé’&ivitgcgﬁ aBE%e labhievedggr tagketing h«mlst*fceltbp‘.rdééciﬁ"s_| thabarp necngsﬂrsti ng gf
0, S, an . proyvide t hat e i s absgent, and . are both attache
to a CH2 Hroupt repligatiogel @(ﬁxéﬁl\{'we!’ gvﬂt‘is:l?betgﬂt}‘oﬁ fl%ﬁgwﬁlﬁﬁﬂ&ﬁu WHE G Zis
sel ect ed LJhl%oeh %g iﬂﬁiggiﬁ]g%‘agtsdeﬁltc'y@lggmini\.' ARehdevely, a?o@nﬁ’ﬂﬁRﬁag@rﬁﬁ has

i ndependently seltecte romthe’group consisting o hydr ogen, am no,
am not@r bbeepl showatttyddane HEV diasmet leyklam hamazscy| ami no, al koxyam no, - SCBH,

However, none of the compounds described above have progressed beyond

.. . 8
clinical trials.®

In view of the worldwide epidemic level of HCV and other members of the
Flaviviridae family of viruses, and further in view of the limited treatment options,
15  there is a strong need for new effective drugs for treating infections cause by these

viruses.

Summary Of The Invention
This invention is directed to novel compounds that are useful in the viral
infections in marnmais, mediated at least in part by a virus in the Flaviviridae family of
20  viruses. In one of its composition aspects, the present invention encompasses

compounds of Formula I:

Q
P

wio X I
wherein:
R is selected from the group consisting of hydrogen and C;-C; alkyl;
25 X is selected from the group consisting of hydrogen, halo, and oW
Y is selected from the group consisting of a bond, O, and CHy;



- SO2NH2, am nocar bonyl am no, oxycarbonyl am no, HR NCHR'C(O NH, azi do,
cyano, halo, hydroxyam no, and hydrazino where R is hydrogen and R' is a
si de- chaiwo 2066/@Bvsam no acid or where R and R' toget herpcwiushodsiner1sz t r ogen
and carbon bound to 10 each group respectively forma pyrrolidinyl group,
provided that V and Z are not identical; provided that when Vis CGH, Zis
N, T" and T2 a f f

hydr ogen, hydroxyP&%%a%%dg% hp%%%%iﬁ)tcﬁ?%gnﬁgo%@l%ﬁlﬁ ﬁ(ﬁ}ﬁ{ g%\;sltg??ut ed

am no, anthahahen Qandbsem‘s \éatuiﬂ\IHfarv\bot%mtam 2 Gk, grodmpendent |y sel ect ed

fromthe group i st dro Y, and a prodrug group; or
a phar maceutic 1|s§eg %g‘gﬁbtﬁ%g\é ngsq%quﬁ%ﬁ;& 5'(1? a pharmaceutically
acceptabl e salgtis Qéle@edﬁaﬁlQH@gr&ub%ﬁﬁitmgldiwm aspect, the present

i nvention enco asses corrpoun s of formula | 20 represented by formula Ia,

b, andl Ic: @) arz indepgadrpiliceeleqtedifiom the ngIuHEOIISIS\UNg\?th@INgW N N-T2 "Y
NN -T2 "Y N~Tz erein

Q G G, 0 ‘?J?mc\%ﬁ &(an (ﬁpngtr@laprrel?f 08 1Mé)fe | ngaﬁ‘1 of %\?@ﬁul al,
and G fOl’-S(DQﬂHIQ,I biddeaitonglahied, @dyéaﬂﬁnﬁyldmﬁng,rmn‘mmhw(ﬂ)ng afidam no,

am nocar bonyl met hyl am no, d| met hyl am_ no, m no, oxya - SG3H,

- SC2NH2, QISafé)nhﬂBclb}?déQ?W{rﬁ‘Pﬁ:ﬁB B‘i@%laP BHRIA %r}? ﬁ)ﬁ N@g ‘R#La“hm do,
cyano, halyp Pap Y RIVA AR, K280 1Y RIRRLDRI KRy Axﬁlm%%ﬁd%‘d R is a

si de- chai n of "an am no 06/0 3987 PCT/ USZO 6/ 007132 acid or where
R and0 R' ebacigmbiyerespéctivelytfermiatpyogbdinghgtoegr bon bound to each group

respectively forma p In another of its conposition
aspects, the pPE%Né(?ﬁd% \Eﬁ?‘ﬁjzﬁ%ﬂ%ﬁi{@@ compounds of formula Il Q G
/"' NH | N provided that when V is C-H, Z is N;

T' and T? are independently selected from the group consisting of hydrogen,

hydroxyl, C;-C4-alkoxy, C;-Cs-thioalkoxy, amino, substituted amino, and halo; and
15 each of W, W, and W? is independently selected from the group consisting of
hydrogen, C;-C4 alkyl, and a prodrug group; or
a pharmaceutically acceptable salt, a tautomer, or a pharmaceutically acceptable

salt of a tautomer thereof.

In one aspect, the present invention encompasses compounds of formula I

20  represented by formula Ia, Ib, and Ic:

Q

G >//< G Q
VAR QN\H 11&
N N / AN N N
T142/t(k T |
Y N | N¢l\T2 Y N N¢|\T2 )\Tz
R R

WO X Ia, WIO X Ib, Wio X Ic,

wherein Q, G, G’, T, T2, W, W!, X, Y, and R are previously defined for formula I, and
G for formula Ib is selected from the group consisting of amino, aminocarbonyl,
methylamino, dimethylamino, acylamino, alkoxyamino, -SO3H, -SO,NHa,

25  aminocarbonylamino, oxycarbonylamino, HRINCHR"C(O)NH-, azido, cyano, halo,

hydroxyamino, and hydrazino, where R' is hydrogen and R" is a side-chain of an amino



IYNN WOR 5 WOXII wherein: Ris O-C3 alkyl; Xis selected from
the group consisting of hydrogen, halo, and OA; Qis selected fromthe
group consobeemy3ws’ NH, 0, and S; 10 G is sel ected frowrcrhs2@%600m032
consi sting of am no, am nocarbonyl, nethylam no, dinethylam no, acylam no,
- SBH, -SM2NH2, al koxyam no, am nocarbonyl am no, oxycarbonyl am no,
HR' NCHR' donpic ARATAR lyp0, Where R
is hydrog%élﬁla)ée}llrllwdh eI{§R| %ﬂaRs?égg@Swgﬁhggflﬁgﬁé am ﬁo acflg% g{r;d ;[/\qulée(drég%g@oand R'
t oget her redpebtiveheforit a mgedidand goapbon bound to each group respectively form
a 15 pyrrolidinyl group; Y is selected fromthe group consisting of a
bond, 0, and Gh2notBeofdascongiosiibnWpectnthe\Pesest innetjpardentpassesel ect ed from
t he group consi sting of ydrogen, Cl1-C4 alkyl, and a prodrug group; or a
pharnacedpp&&PPQ“éﬂggﬁﬂé e salt, a tautoner, or a pharmaceutically
acceptable 20 salt of a tautoner thereon In one aspect, the present
i nventi on enconpasses conpounds of fornu Il represented by forrmula Ila:
6 WO 2006/ 093987 PCT/ US2006/ 007132 ,Q/G'NH NH / | SIN WONN O CH3
WO O Ila wherein: Q, G, W W, and M2 are previously described for
formula I'l. In another of its conpositdo g}pects, the present invention

N

enconpasses 5 conpounds of fornulva_ I N-
w o

5 Wio X I
wherein:
R is C;-C; alkyl,;
X is selected from the group consisting of hydrogen, halo, and oW
Q' is selected from the group consisting of NH, O, and S;

10 G'is selected from the group consisting of amino, aminocarbonyl, methylamino,
dimethylamino, acylamino, -SOsH, -SO,NH,, alkoxyamino, aminocarbonylamino,
oxycarbonylamino, HRINCHR"C(O)NH-, azido, cyano, halo, hydroxyamino, and
hydrazino, where R'is hydrogen and R" is a side-chain of an amino acid or where R’
and R" together with the nitrogen and carbon bound to each group respectively form a

15  pyrrolidinyl group;

Y is selected from the group consisting of a bond, O, and CHa; and

each of W, W', and W? is independently selected from the group consisting of
hydrogen, C;-C4 alkyl, and a prodrug group; or

a pharmaceutically acceptable salt, a tautomer, or a pharmaceutically acceptable

20  salt of a tautomer thereof.

In one aspect, the present invention encompasses compounds of formula II

represented by formula Ila:



D/A-B, NHN T YNNT2 \NORWoO X Il wherein: A and B are

i ndependently sel ected fromthe group consisting of C=Q NH, and 10

nmet hyl enewopbesoadshy substituted with 1 to 2 hal o groupecTpsestsderdst hat A
and B are not both NH;, Dis NH, or -D-A-B- together forma N=CH NH,
-(CQ-CH2-(C=Q -, -(CQ-NH(CQ-, -(X)=(CX)-(CQ-, or -CH=CH NH
group where X' is halo; each Qis independently selected fromthe group
consisting of 0, S, and NH, 15 R is sel ed fromthe group consisting of
hydrogen and C1-C3 al kyl; X is sel &ted ff'om t he group consisting of
hydrogen, halo, and OAR; T' and T2 areji pendently selected fromthe
group consisting of hydrogen, hydrox ICy C4- al koxy, Cl1-C4-thi oal koxy,
anmino, substituted am no, and hg|-&Y,is del ected fromthe group consisting
of a bond, 0, and Cl-12; and 20 eachto WL, and W2 is independently
selected fromthe group consisting o ﬁYHrogen, Cl-C4 al kyl, and a prodrug
group; or a pharnaceutically accep | &Salt . a tautoner, or a
pharmaceutically acceptable salt of a taut oH%r t hereof. The present

i nvent i on"2F€H enconpasses phar maceutical conpositions 7 WD 2006/ 093987

PCT/ US2006/ 007 £32G° oMl sldn@? aRIAReHBEky éscliBsddr formuld &1, Ib, 1c, 11, Ha,
and 111 and nethods of using these conpounds for treating viral diseases

nmedi ated at le i k N i VIR Ly of
Viruses. Dot ai o EZRHS PERAb el S i Presie KB CRE AR e
appl i cat i oompoinelstof férnruddf Bl:s t o vari ous enbodi nents of the present
conpounds, conpositions, and nethods. The various enbodi nents descri bed
are neant to provide a variety illustrats exanpl es and shoul d not be
construed as descriptions of alternaivel species. Rather it should be
noted that the descriptions of vario ] odi nents provi ded herein may be
of overl apping scope. The enbodi rr$nts N pZ

w” o

N~ T2

R

wio X 111

wherein:
A and B are independently selected from the group consisting of C=Q, NH, and
10  methylene optionally substituted with 1 to 2 halo groups, provided that A and B are not
both NH;
D is NH, or -D-A-B- together form a -N=CH-NH-, -(C=Q)-CH,-(C=Q)-,
-(C=Q)-NH-(C=Q)~, -(CX’)=(CX")-(C=Q)~, or -CH=CH-NH- group where X" is halo;
each Q is independently selected from the group consisting of O, S, and NH;
15 R is selected from the group consisting of hydrogen and C;-Cj3 alkyl;
X is selected from the group consisting of hydrogen, halo, and owW?,
T' and T? are independently selected from the group consisting of hydrogen,
hydroxyl, C;-Cs-alkoxy, C;-Cs-thioalkoxy, amino, substituted amino, and halo;
Y is selected from the group consisting of a bond, O, and CH,; and
20 each of W, W', and W? is independently selected from the group consisting of
hydrogen, C;-C,4 alkyl, and a prodrug group; or
a pharmaceutically acceptable salt, a tautomer, or a pharmaceutically acceptable

salt of a tautomer thereof.

The present invention also encompasses pharmaceutical compositions
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10 discussed herein are nerely illustrative and are not neant to limt the
scope of the present invention. Definitions As used herein, the follow ng
def i ni ti owe 28dwalobosappl y unl ess ot herwi se indicated. "Apkyh/s2e0sfoeris2t o
nonoval ent saturated hydrocarbyl groups having from1l to 6 15 carbon atons
and preferably 1 to 2 carbon atons. This termis exenplified by groups

such as et hy - i - , 13- pentyl and
the li ke%ﬁ%{f’bnsgt% "G.Ogag%ﬁ{épﬂ}ﬁm? eIT %?l;bp %%%%Iaé{hg??f %erorﬂ%mﬁ%%/?@r}lgs'l roml to 3,
and pr ef ethadal apnipoiinds2for seltirg tited dissassemediated 4t taast inlpertgryouyirusandiest i ng of
al koxy, supstituted al kaxy, acyl, acylam no, acyl oxy, oxyacyl, am no,
subst i t ut&¢VaHt a‘&ﬂf'ﬁgé{ ¢S5 aryl, substituted 20 aryl, aryl oxy,
substituted aryl oxy, cyano, hal ogen, hydroxyl, nitro, carboxyl, carboxyl
ester, cycloal kyl, substipéthaed Desdrgiiosydf Thelevendioy! , substituted
heteroaryl, heterocyclic, -and substituted heterocyclic. "Al koxy" refers to
the group "al kyhrogghoushis Apnlisetion dke texiyrelmas togrriennpmbedimepisih#ie) et hoxy,

N- pr opoxy, i SO-propaxy, . n- var by Y5 = hut s Na 25 and
Tho. 1 ke, Db Ry RRTE:c MY sl ) Thd Sl e RERL e 20,

al koxyam fe mdaitioysevide b harssilustratveleaitpbosyadishould hStibs tonstruetiasal koxy"
refers to the group "substituted alkyl-O ", "Acyl'! refers to the groups
al kyl - C Ofescriptionsof elieraativa spgriety %ﬂh?r %%PéIWPQ 1&46} that the fesSHPLORT 0 eq

al kenyl - ; i ' - The ¥aibeaiktks C(O) -,
8 WO 200g&%@s5@%@4@%%%%@%;%%%@5& (t?dfthégmg%% (%l E;llllg O -,

aryl - T O) discissdabhidreintaecimarely illD§iE)tive and arer odmydanOpdimit thessgpps ¢fithe ed
heteroaryl -C(0O), heterocyclic-C(O-, and substituted heterocyclic-C(O)-.

" Ami noacyPTSTRINCRULY,  he group - C(O) NRAR4 where each R4 is independently
selected fromthe group consisting of hydrogen, alkyl, substituted al kyl,
al kenyl, Pefiitiinst ut ed al kenyl, al kynyl, substituted al kynyl, aryl,
substituted aryl, cycloal kyl, substituted cycloal kyl, heteroaryl
substitut ed hefsusetd§greingidedelnwiag ﬂ@ﬁmg%%%haﬁ@%ldun ¢ etheewise Indicgied- wher e
each R4 is joined to formtogether with the nitrogen atoma_heterocyclic
or substit ut ed"AlkyErmefeysio monavalgnt saturpisd badiesprpy! sroupehayingfiremd tgroup

-C(O) N2 and 1 £ f 10, ani oup,. " :
(0 et 35 T Sl By UG it 0
al keny! - ChhGs mathaséthy i haslom] kieguptopdl, @ ktyl, abltyhy-peitDrbH thedikest i t ut ed

"Substituted alkyl" refers to an alkyl group having from 1 to 3, and preferably 1

to 2, substituents selected from the group consisting of alkoxy, substituted alkoxy, acyl,
acylamino, acyloxy, oxyacyl, amino, substituted amino, aminoacyl, aryl, substituted

20  aryl, aryloxy, substituted aryloxy, cyano, halogen, hydroxyl, nitro, carboxyl, carboxyl
ester, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic,

and substituted heterocyclic.

" Alkoxy" refers to the group "alkyl-O-" which includes, by way of example,
methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, t-butoxy, sec-butoxy, n-pentoxy

25  and the like.

“Alkoxyamino” refers to the group “alkyl-O-NH-". Examples of alkoxyamino

include methoxyamino and ethoxyamino.
"Substituted alkoxy" refers to the group "substituted alkyl-O-".

"Acyl" refers to the groups alkyl-C(O)-, substituted alkyl-C(O)-, alkenyl-C(O)-,
30 substituted alkenyl-C(O)-, alkynyl-C(O)-, substituted alkynyl-C(O)-, cycloalkyl-C(O)-,



al kynyl -C(O O, aryl-C(O O, substituted aryl-C(O O, cycloal kyl-C(O O,
substituted cycloalkyl-C(O O, heteroaryl-C(O O, substituted

het er oar YWeQ(6g0@98715 het erocyclic-C(O O, and substit ulred/us2006/007132

het erocyclic-C(O O . "Oxyacyl" refers to the groups al kyl-0OC(O) -,
substituted al kyl -OC(O) - al kenyl -OC(O) -, substituted al kenyl -0OC(O) -

i ittt s e i

het er oar ysub@B1E)d-hetesedrgl- C(Q), hctemydroe@@)l- am(s@mututzd hbtetasy olasr (@)~ OC( O) -
and substituted heterocyclic-0OC(O-. "A kenyl refers to nonoval ent
hydrocar byl gr tAspmoaeyt! Fﬁj‘ex%l’c@the%rm@ &£ (ORER* whéreﬁscla]h‘ﬂlspnMpenckmﬂy 2to 4

bon at d h t | east e of |
(2000 st e g Gk FoR o o1 By GO Ao SRR o1 B hen- 1 y),
:ln:jy![ ,rsag :éu'bggﬁfésdl)a}%é 1 %ﬁﬁi/n f‘@uﬂs‘hﬁﬁed All&ﬁd}}l'dﬁ?l %‘ﬂlﬁsﬁhﬂe& QB chabagr e the cis

xtures of gse 1domers. "Substituted al kenyl "
refers t osubstiusd cygioailcwh hietwvéany), $uh§muledt1®t<30mib§tﬁemfe’nh% Sub%lmiecbr eferably 1

to 2 subsiituen el.ected. f omth ou |st

substi t ut ﬁergp}gél)gfnag@y;re eaﬁ@% éﬁioﬁbe ng%et %ggent ?ecfl ami no,
am noacy| hetel%yéhc oY WiSsinkibd Béie@'b% lic rédgy | oxy, SUbStl tUt ed aryl oxy, cyano,
hal ogen, hydroXxyl, nitro, 30 carboxyl, carboxyl ester, cycloalkyl,

substituted cy d)\ %&Xxlbonﬂletrgfe%Bxﬂle %erSCtémI?zdandh%%fvé@ﬁ%xanﬁﬂé 6f va%d e,

and substitute et eroc proviso that any hydroxyl 9
2006/ DD 398mMirleadyl\dBago6/ 007132 substitution is not attached to a vinyl
(unsaturated) carbon atom Preferred substituted al kenyl groups are
sel ected from "J&u;tloxgdtrefe'rsmotthé groups 2kgli- C((])J)@ pmblstimtdd-q]zkyl - 0)0-,

th th 1- d the | t t t
m;,‘Ubg;(Iy;a u@@&ﬂfd@ﬁ?ﬁgwﬁgﬁtﬁéé eﬁﬂqul(é%( ’c"g IgngO a%%tﬁ%ﬁg) elr ;n oners as
appr opr i aaﬁxn%lr@(o)égﬁffﬁc DeRiued ﬁ%f@())@ SHRRANYIT(0DO-, Ribdhiuited of E

and Z conpone fefers to branched or unbranched nonoval ent,

hydr ocar byyclgalbgdgé(omamemgoam-(:é@m qubstitueddfetereay i CEAIQ- (- C=C-)

unsat yratjon an arb d f bly 2t
2" car bbn heewevclis CHORPotn G sy Ra GebRis S QB ect ed 10 rbm but not 1 m
to ethyn- | -yl ro n- ro r 1 -vyl,
butyn-1-yl. butQwvasylitet %Wﬁe frps BERROC Q) supat i R At ynyl -
refers to ﬂéeﬁ&’mt(@)f %B&nﬁﬁwan&nhremé) { Akpny OO, lsaﬁétﬁutedand preferably 1

to 2 substltuents selected fromt group consisting of alk

subst i t ut etkyayko€(0)-zayl-OCEOY w’asmblteda?@yll- «0)- a%chlﬁlkbét%@)t Lﬂlé-ﬂlt‘étﬁil no,
ami noacyl cycloalkyl-OC(O)-, heteroaryl-OC(O)-, substituted heteroaryl-OC(O)-,

20  heterocyclic-OC(O)-, and substituted heterocyclic-OC(O)-.

"Alkenyl" refers to monovalent hydrocarbyl groups having from 2 to 6 carbon
atoms and preferably 2 to 4 carbon atoms and having at least 1 and preferably from 1-2
sites of vinyl (*C=C<) unsaturation. Such groups are exemplified by vinyl (ethen-1-
yl), allyl, but-3-en-1-yl, and the like. Included within this term are the cis and #rans

25  isomers or mixtures of these isomers.

"Substitu‘ted alkenyl" refers to alkenyl groups having from 1 to 3 substituents,
and preferably 1 to 2 substituents, selected from the group consisting of alkoxy,
substituted alkoxy, acyl, acylamino, acyloxy, amino, substituted amino, aminoacyl,
aryl, substituted aryl, aryloxy, substituted aryloxy, cyano, halogen, hydroxyl, nitro,

30  carboxyl, carboxyl ester, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted
heteroaryl, heterocyclic, and substituted heterocyclic with the proviso that any hydroxyl



15 aryl, substituted aryl, aryloxy, substituted aryl oxy, cyano, hal ogen,
hydroxyl, nitro, carboxyl, carboxyl ester, cycloal kyl, substituted

cycl oal kywo 2besv@sasar yl , substituted heteroaryl, heteroegzhiseoosaods2
substituted heterocyclic with the proviso that any hydroxyl substitution
is not attached to an acetylenic carbon atom Preferred substituted al kynyl

groups ar ﬁb%ﬁhﬁ%h%in&raa%ma&o A9iny! (Bshtutafedd chitdRBREL MR tdrredl substituted
3,3,3-trifluoropropyn-1-yl, 20 3-am nopropyn- :d;:g‘}/l , 3- hydroxypropyn-1-yl,
and the | alkenyl groupisrare selestash fsorn cbut met imitip, 2, Ndifluot Rl 1ylitZed ami no" refers

to the group -NR R er .and R' are independently selected fromthe
group cong}egloﬁﬁghﬁ'lﬁaﬂgdgﬁlﬁeal kyl, substituted alkyl, alkenyl,

substituted al kenyl, al kyny substifuyted kynyl., .aryl, sti t d aryl,
25 cycl oal kyl , @ﬁé@‘iqrftﬂ?‘iﬁ’a{:%lt% ks)‘}f’s,thtﬁt@@ gh‘ﬁéﬁyl“@‘é‘%??ﬂfﬁ?@@ al’ilg roaryl,
het er ogy cljfns) isoHiaed dstapbRAprilRl AHRGRAdrE cAh W€ IBnfRric RBApBunddfc@ | 0i ned,
together with"the nitrogen bound thereto to forma heterocyclic or
subst i t ut edxthessef dioand| 4 eongpaneptspr ovi ded that R and R' are both not
hydrogen. Wen R is hydrogen and R' is alkyl, the substituted am no group
is sonetimes réAkyngl referstte beinchedominbydnahedmmoniVeadent fiydaoartiy! gequgs al kyl , 30

th bstjtuted anno, i.S . ti f d .herein

di a1 ky| ahRUIE SEEY { LR ARG A Sup SO ILaR L RYPEHDH: P 0FER%) and

di met hyl apj R dnd NS TR Ehb] momﬁ&ﬂﬂt&ﬂ§9ﬁ%f&§wéﬂgﬁ@@gf&?3 d%eclecig@y! am no”
refers to the groups -NRSCEIO)aI kKyl, -NR5C(O) substituted al kyl,

- NRSCL®) c fromoautingt limitnREthya) Isylbstopyutled, prppywatiyl-methyisop Gy wi-kehy | |

“NR5C{ O) subst it ut ed_alkenyl . -NRS e e O o bo et o ai kynyl
TNRoot O e B e B i A R R ot erparyt ol ALY

- NRSC( O) subst i t,yt aryl . -NR5C(O) het K d - NR5C( O
substr it ed_ het Siepird Slanar it o S oG FaRt SRt 163 Subeis)
" Ami nocar Rnylcahmg " thefabstithantd, Rele@E® HBmNRE clot) MRERIMheT LkdkyRa, Rb, and

R are independent lﬁ sel ected fromthe group conSisting of hydrogen and
Cl-C6 al kybstituted alkexy, acyy acylgming efcgloxys amigongbstitaied aming.c¥inpacybar bocycl i c

group,of from6 to .14 .carbon a [ [n | . phenyl) or
mul tiple g{yﬁ’d%l §tét8tefl iaWd’sar(fe%.X&’. %u%gt@tﬁﬁ'%&%’dr%y%ﬂﬁf ﬁlrﬂé fg§d’ \%ﬂ?@%yg (r)l%ognsed ri ngs
may or neyamekylbearBsemasies cidodkyl, sutstnzaixazalkyhieteroaryl, substituted
2H 1, 4- benzoxazi n- 3( 4H) - one- 7- él ., and the lIjke) provided  that }tﬁge ploi nt of
at t achmenteteroanyl, baieraeybig: and hraied detsreyphievah thgpravisp that gay hydroxyls
phenyl and,naRRAML not attached to an acetylenic carbon atom. Preferred substituted alkynyl

groups are selected from but not limit to 2-fluoroethyn-1-yl, 3,3,3-trifluoropropyn-1-yl,

20  3-aminopropyn-1-yl, 3-hydroxypropyn-1-yl, and the like.
“Amino” refers to the group —NH,.

“Substituted amino” refers to the group -NR'R" where R’ and R" are
independently selected from the group consisting of hydrogen, alkyl, substituted alkyl,
alkenyl, substituted alkenyl, alkynyl, substituted alkynyl, aryl, substituted aryl,

25  cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic,
substituted heterocyclic and where R’ and R" are joined, together with the nitrogen
bound thereto to form a heterocyclic or substituted heterocyclic group provided that R
and R" are both not hydrogen. When R' is hydrogen and R" is alkyl, the substituted
amino group is sometimes referred to herein as alkylamino. When R’ and R" are alkyl,

30 the substituted amino group is sometimes referred to herein as dialkylamino.
Substituted amino groups include methylamino (-NHCH3) and dimethylamino (-
N(CHzs)y).
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"Substituted aryl", including "substituted phenyl" refers to aryl groups or
phenyl groups which are substituted with from1l to 3 substituents, and

pr ef er ablwohotdem92es7substi tuents, selected fromthe groupctassesioongz of

hydr oxyl, acyl, acylam no, acyloxy, alkyl, substituted al kyl, al koxy,
substituted al koxy, al kenyl, substituted al kenyl, 20 al kynyl, substituted

al kynyl, am noyasubstrot Wief 18 M ReuRNRO Gy alkydl - WRCPOREbititutegdikyar yI ,
aryl oxy, subsstl tuted aryl oxy, cycl oal koxy, substi % ut ed cycl oal koxy,
car boxyl , -NRAHEOssseloadisgtl eNR €y @)sgbstitiied cycloalklatNg 1 C(O3alsetsilt ut ed t hi oal kyl ,

t hi oaryl, ftuted thioar Vlnosh/H r y/ i t

t hi ohetero 3‘?(6)?%@%@1 agléﬁnﬁf I'l,LIRsélﬂj(gjs)?fli‘L ? %ﬁégﬁt%og%uy%gﬁ@g dﬁ%‘?ﬁ‘yl’

t hi ohet er QR ([(garys UNRECLONsashtitiédirel, eNBREG@)heteroayd] O KYO)substitatetit ut ed 25
cycloal kyl, halo, nitro, hetergaryl, substituted heteroaryl, he#grocycl ic,
subst i ut Beferopstl eNEE (P heteroichie.gad yNBxG (O)stiséifytedheteropyalisriarg Rolsy
heterocycbyaégé%{%o i isubstituted heterocyclyloxy. "Aryloxy" refers to the
group aryl= at I'ncludes, by way of exanple, phenoxy, naphthoxy, and

the like. 30 "Suhstitut LY 10X Y. 0- ¥ = oups.
“hgi do et ors oaeettbRSaRE e EhobhuboaIeRT Rk BBk 5%

" Car boxyl andR° areafidepsydentleiselested GomGaORrcup coabisiing dfiydedgen A h@xy| ester”
or "carboxy ester" refers to the groups -C(0)0-al kyl, -C(0)0-substituted
al kyl, -cplsyb-aryl, and -C(0)0-substituted aryl wherein alkyl, substituted
al kyl, aryl and substituted aryl are as defined herein. 5 "Cyano" refers to
t he gtbup - CN. "AG) LK yefersite panenovalentaspmatiarahpcyghio gsref oméis to 10

b i . aNADS i i / . 0o :
gl o. ShERURY ofbths Lol FHE L4 By BRaBldr SulilipSohdinp Pl it TRV O
t he |ike. naphibd toir bithed) siith@ahdenked fiedsansy domay aytdecabiuytic having from 1 to

5 substituents 10 selected fromthe grou onsi_sting. of oxo (=0), thioxo
(=S), al k{a-g> 2hpagoxazalingng) 3 »,4-beéll‘k?@zgn:3@Eﬁwﬁuﬂe@ﬁa‘i%ﬁ61%5, prawided

acyl am nofha?fﬂélp%)ﬁ of Aithdithent 128 bl Lidhefc ABHOR atorR PRGN aryBidludeS Ubst i t ut ed

aryl, aryloxy, "substituted aryl oxy, cyano, halogen, hydroxyl, nitro,

car boky| , pharybexd haphsliydr , cycl oal kyl , substituted cycl oal kyl, heteroaryl,
substituted heteroaryl, heterocyclic, and substituted heterocyclic. 15

" Cycl oal koxy" rgiigsisuttdaryl?; tehidie teubstuted phenyl’Stelfat td atybgrooycoroal koxy”
5?25;_8 t Opflgn_y? lé?osutpls Ezvlﬁc darg gl?l:!s%‘%ltekdy\!viﬂg E’r%ynpf to 3 suﬁgag}e/nlats, a{n%fp%fsératb?y i ’rc]er -AOH
substituents, selected from the group consisting of hydroxyl, acyl, acylamino, acyloxy,
alkyl, substituted alkyl, alkoxy, substituted alkoxy, alkenyl, substituted alkenyl,
20  alkynyl, substituted alkynyl, amino, substituted amino, aminoacyl, aryl, substituted
aryl, aryloxy, substituted aryloxy, cycloalkoxy, substituted cycloalkoxy, carboxyl,
carboxyl ester, cyano, thiol, thioalkyl, substituted thioalkyl, thioaryl, substituted
thioaryl, thioheteroaryl, substituted thioheteroaryl, thiocycloalkyl, substituted
thiocycloalkyl, thioheterocyclic, substituted thioheterocyclic, cycloalkyl, substituted
25  cycloalkyl, halo, nitro, heteroaryl, substituted heteroaryl, heterocyclic, substituted

heterocyclic, heteroaryloxy, substituted heteroaryloxy, heterocyclyloxy, and substituted

heterocyclyloxy.

"Aryloxy" refers to the group aryl-O- that includes, by way of example,
phenoxy, naphthoxy, and the like.

30 "Substituted aryloxy" refers to substituted aryl-O- groups.

“Azido” refers to the group —Ns.
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"Hal 0" or "hal ogen" refers to fluoro, chloro, brono and iodo and preferably
is fluoro or chloro. 20 "Heteroaryl" refers to an aromatic group of from1l
to 10 carwonoawsm7and 1 to 4 heteroatons sel ected fromrcrhs2@600m32

consi sting of oxygen, nitrogen, sulfur in the ring. The sulfur and
nitrogen heteroatons atons may al so be present in their oxidized forns,

such as N(O, %ﬂo)@}qﬂoﬁeég}%xyﬁ;%&sl@@L@ogﬁ{yﬂsagg%@&fpan have a single ring
(e.g., pyridyl or furyl) or hultiple condensed rings (e.g., indolizinyl or

benzot hi enyl) i A e d Lo I e aromatic
and/ or cont ai ny&;ﬁhg’%}gf %tg{ o(;r% S%ggg}gg%& tréhigftgg? F\H(F%S%St W)gﬁlg}?hmnt IS

t hr ough arC(@X)Orsubftittited abiryb Y O30 -aestl emdaiCG(0) GrsubgitutePanfl evhersin hlkykr oar yl s

i ncl ude pyridyl, rrolyl, thienyl,, indoly t hj ophenyl, and furyl.

" Subst | tu%/‘g’éu’%‘&deaﬁ%ﬁrﬁwklm}dﬂlg?t@%g aﬁ’éta"eer%?aciﬁ;}fle(gb‘?fglﬁ’s that are substituted
with from1l to 3 substituents selected fromthe same group of substituents
defined for 3&%@83#%@%"@@%&@1&? ‘@ﬁ- WD 2006/ 093987 PCT/ US2006/ 007132

"Het eroaryl oxy" refers to the group -0-heteroaryl and "substi tﬂt ed
het er oar yl oxy" "Cedlealkylt sefetsdo gydigpikd gxawps of frametitonkdt erbesy 3fpms heydigr ocycl e”

or "hetergcyclic" or " er ! ﬁi‘%ﬂ?a

unsat ur at ézlagléro(ggbulﬁgﬁtcyﬁ%tﬁlf%%{%ér@%#éﬁy v?ni&;f%ﬁgﬁ%’ %% er lhgﬁgor& ﬁ?ﬁlii pl e
condensedcydlstsyl, cyeldgeatyl,lcytoodiyl amt thotikat ons and from 1 to 4 hetero atomns
selected fromthe group consisting of nitrogen, oxygen, sulfur, S(O, and
S(0)2 within theysiifBedRIRII" feferf toseehcldallyd haviag €ivm 1 e sebistitienss t he
rings can be cycloal kyl, aryl or heteroaryl provided that the paint of

at t ach@rentelgated fipmihn St cRBTEEGIOKP ¢, Hgoxo Szuﬁis%lh’]uﬁ‘gﬁuﬂ’éﬁdé’rl yclic" or
"substitutgd heter I vl t . Qups that are
subst it ut & Wt g?ﬁ%%ﬁf@%’f CXIF aéﬂ%hglgh%c su é?l:;ﬂ ﬁjog%%hgg&{ efi hed for

subst i t ut egimeylpalyk wlibstifixadrplyd siryibxih etlestinayd hydoxgndyanes kalogany| s i ncl ude,
but are not limted to i

tidi , le, imd | | i di ,
pyr azi ne, hpdrerrh Hil'niﬁ’e,Carb%ﬁczi%fl!i’(ﬁg@?gstqrgé(rfﬁ(?azll?yaestu%%%tﬁfeﬁa%{:lg%ﬂgagliegd’ar}a}/rI I ne
ch hydr of ndgl il aeiazehen, Mk Geic Gl BaEBenebeguicnol T ne, 16 qui nol i ne.

pht hal azi ne, I ne,” qui noxal i ne, quinazoline, cinnoline,

pteri ?'gne, CSE 251841&0}(}9'%@94 {On@i%m]%mgggu?gl ne, acridine, phenanthroline,

isogh foge, azine,” 1soxazo azi ne, phenot hi azi ne,
;Y0 i di ne, i . ¢ L di ne. ¢ . ; " ne. phthal i ni de.
105 At et r aby ST BEG P RRS S 250 P RAS LMol ISRbMRS: PR ne | €

t hi azol e, thiazglidipe,. thigph benzo[ b] t hi ophene, 20 nor pholinyl,
t hi onor phol i nyllg?%éof ‘érlsé?ﬁgd‘%&@)%??%'amr phol i nyl), piperidinyl,

"Halo" or "halogen" refers to fluoro, chloro, bromo and iodo and preferably is

fluoro or chloro.

20 "Heteroaryl" 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 as N(O), S(O) and S(O),. Such heteroaryl groups can have a single ring (e.g.,
pyridyl or furyl) or multiple condensed rings (e.g., indolizinyl or benzothienyl) wherein

25  the condensed rings may or may not be aromatic and/or contain a heteroatom provided
that the point of attachment is through an atom of the aromatic heteroaryl group.

Preferred heteroaryls include pyridyl, pyrrolyl, thienyl, indolyl, thiophenyl, and furyl.

"Substituted heteroaryl" refers to heteroaryl groups that are substituted with
from 1 to 3 substituents selected from the same group of substituents defined for

30 substituted aryl.
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pyrrolidine, tetrahydrofuranyl, and the |ike. "Heterocyclyloxy" refers to
the group -0-heterocyclic and "substituted heterocyclyloxy" refers to the

group - O-wobsdd/dosdsed het erocyclic. "Hydroxyam no" refepsTius2606@008DUP
-NHOH. 25 "Hydrazino" refers to the group - NHNH2. " Oxycarbonyl am no" refers
to NRa(C=0 -O Rd wherein R and Rd are independently selected fromthe

g oup cons! ot bl DS ORRl: A Ghough Phltkloary nfy gy refer's to 2

saturated five menbe ring e ring trogen atom The

het er ocy detegodriylogy'bfeférh o thmignmpaO-shibstituiadrietdareargh exanpl e of a pyrroli di nyl
30 group. "Prodrug", "prodrugs", and "pharmaceutically acceptabl e prodrugs”
refer to a 13HdRreORE" 09388 oBNeTicUSR2 OO Otk yl teufers ad b sewatedaor acti ve
conpound (drug) that undergoes a ]:ran,sfornatli Qn undei. he conditions of
use, sucHnsatuigtechgraup (it Beidietereyyh dpeinge sielapng Oemy, tlpéf’ gRndgpsed Hngde

met abgl i tf?orﬁhecf)ﬁgfcarbgﬁg%ﬁﬁ%d%ﬁ i REaYRRLS MonkRUblcBRl RACASIAGIY V-

phar macologi ca i'nactive unt converted into the active drug or an
active nejoabieling ef fitregempbxygenouhl fugsS(6).aand H(Op wihinyhotinghewitbin fseki ng one

f ti I in the d bel i d [ : ired f
act i vi Ly R WSy ok e R gy By o OFbrtEroaB PRI 27

whi ch Pndtﬁégﬁﬁ%ﬁaﬁa"cﬁiﬁ@ﬁt%f@éﬁ%ﬂheﬁé’t@fﬁcﬁ'@li&ﬂi@Vage, under the specified
condi tions use to rel ease the functional group, and hence the active

drug. The cl a%fg&%%@ &%@@@Ef?@*&%ﬂhﬁké’d R0y Q64 sdteRti@neousl y, such

as by way of a reaction, or it nmay be catal yzed or induced by
anot higr agenteycsaigloupsthblyarasubstititgthwith fisom 1 ghd of the sawe qubstituesis a8 change of

or exposure tqQ._.a sical qr vironmental paraneter, such as a change of
t enper at uﬁlf‘é‘lnﬁgf‘ﬁfﬁgggltﬁ‘étegﬁﬁﬁ?al be endogenous to the conditions of use,

such as an enzynme present in the lls tq whic e praodrug J4.s adm ni stered
or the acidic &%ﬁﬂ?ﬁ %ﬂ.?t%?cxcﬁf‘é @gg‘ﬁtﬁwﬁﬁp‘zﬁl’t&gnﬁ@ aﬁgné%ﬂwqueta, 15
exOgenouséz)étigiﬁegb}qﬁ)l%%ﬁlgcﬁzéﬂ Oﬁyrgid?éj, rp?ﬂgﬁh'é%&_iné}%linﬁliJiiné-,Spyﬁd@zihé,SU| t ant

prodrug noieties,” sUi eeTor masking furctional groups in active
conpoundsindolizihe isbiyptode indyde, aliteydvaindole kndamole, putites qinclizipgriseuinpbing, a

hydr oxyl function r.oup e .tasked as;a. sulf . r .carbonat e
prodrily n@iaeyne, Rﬁt:hé]grmﬁ%&lag&%ﬂ&¥ Flg}a z%‘ﬂn?WhW’tqrutl)natZgﬁ% %%’ngfleg & te?{?é&ﬁy dr oxyl
group. Anfzﬁﬂaza%, £ aB6kihe PR naa R R die, Fﬁ?&ﬂ%&m@ﬁn@ isodtithzide, phémizie,

phosphi ny phosphonyl , “phosphoryl or sulfenyl pronpiety, which may be
hydr ol yzei$okarold, phenosazing pheeothinzing.imidazglidins, imadazape FeridiiSup may be

masked aspi%grazine, indoline, phthalimide, 1,2,3,4-tetrahydroisoquinoline, 4,5,6,7-
tetrahydrobenzo[b]thiophene, thiazole, thiazolidine, thiophene, benzo[b]thiophene,
20  morpholinyl, thiomorpholinyl (also referred to as thiamorpholinyl), piperidinyl,
pyrrolidine, tetrahydrofuranyl, and the like.

"Heterocyclyloxy" refers to the group -O-heterocyclic and "substituted
heterocyclyloxy" refers to the group -O-substituted heterocyclic.

“Hydroxyamino” refers to the group -NHOH.
25 “Hydrazino” refers to the group ~NHNHo,.
“Oxycarbonylamino” refers to ~NR*C=0)-0-R® wherein R* and R are
independently selected from the group consisting of hydrogen and C;-Cs alkyl.
“Pyrrolidinyl” refers to a saturated five membered ring having one ring nitrogen
atom. The heterocyclic ring of the amino acid proline is an example of a pyrrolidinyl
30  group.
"Prodrug", “prodrugs”, and “pharmaceutically acceptable prodrugs” refer to a
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ester (including silyl esters and thioesters), amde or hydrazide prodrug
noi ety, which may be hydrolyzed in vivo to provide the carboxyl group.

Q her spewohna/@3a@mpl es of 25 suitable prodrug groups amrdTiUseéos/onASpective
prodrug noieties will be apparent to those of skill in the art. "Prodrug
group” refers to a type of protecting group that, when used to nask a

Funct ] onadeGEBPo ! 0o BSlAGi (Bl Uit LAIASLr AL AU TTRIRE e CONVErtS

the drug 1n rodrug. odr oups are typically attached to the
f unct i onadongitiounp obfiset heehchs wgthin the20djpdn deleasaan aatiee diugay abheiivgnder

specified copditi . Th ' h '
Spe o Rk e s dF Heiedel PSP ol BRa O o 2
speci fi ecﬁnﬁ&ﬂ@'ﬁ'ﬁpﬁfm@foted*'ﬁﬁo tHAScBvSMREIof be aGiaIRbiebolas RRPDEREE Ug NDi ety

of the formula -N CH3 conprises the prodrug group -C(O) CH3. 14 WO
2006/ 393987 typimliyStoiss asking ey phere dungtiepalrgiowns in ke dps bpkevedty o) (oH) 2

(nonophosphat e _or ph ho).,. ..- ORLO) ' Lph h
nd - op( 63 Ty CPRE) G EySr TNk et ded PRI RS E R b P e
thereof jnBRkypEhicd wdédgod a S@lstaniatieneath ad tleavageinddesthoepkcifidd cour se, t hat

the initial oxygen of the 5 nono-, di- and triphogphate (phospho, di phospho
a][]d L ri phessdiisns iof asa faaelerssdhoipgienal grogm and bengs the,achys é‘?“gt ﬁ]ge 5- pos!ot i olr[:
of the ri [ g 1 7 h- and

i - phospraraeg U5 e profg AL TRk Eled shtblcBull ADRaTBRAZY ofhe hydroxy

gr oups) i shydeplysis eehctiyn,an itahikohey cajalyrgl or itdived pii@nathet'ageet, eneh asdytdte gr oups

-OP(O (Ro6 -OP(O) (R ' 1 | L ' '
Sal {5t hevuame RhEEE: RIS & B ApaHeEr SPesre it LaFicahy” SUP R ai kyl
and subst %ﬁr%@@r,‘%ﬁm by a BDE 6T tehpeldhEle RE PHEThE Yot hR§bednis@mbudtpdhegen,

al kyl, substitut'ed alkyl, carboxylic acid, and carboxyl ester. It is
under st oochnditifns @fuss sycht dsan enpme piasendiin theyagn towhichdhaprediBdhat e i ncl udes

M R

each R/ nByodefodshe sane or different and each is hydrogen, alkyl,
substituted al kyl, cycloal kyl, or substituted cycloal kyl. A particularly

preferred A wide variety of prodrug groups, as well as the resultant prodrug moieties,

suitable for masking functional groups in active compounds to yield prodrugs are well-
known in the art. For example, a hydroxyl functional group may be masked as a
sulfonate, ester or carbonate prodrug moiety, which may be hydrolyzed in vitro to

20  provide the hydroxyl group. An amino functional group may be masked as an amide,
imine, phosphinyl, phosphonyl, phosphoryl or sulfenyl promoiety, which may be
hydrolyzed in vivo to provide the amino group. A carboxyl group may be masked as an
ester (including silyl esters and thioesters), amide or hydrazide prodrug moiety, which
may be hydrolyzed in vivo to provide the carboxyl group. Other specific examples of

25  suitable prodrug groups and their respective prodrug moieties will be apparent to those

of skill in the art.

"Prodrug group" refers to a type of protecting group that, when used to mask a
functional group within an active drug to form a prodrug moiety, converts the drug into
a prodrug. Prodrug groups are typically attached to the functional group of the drug via
30  bonds that are cleavable under specified conditions of use. Thus, a prodrug group is that
portion of a prodrug moiety that cleaves to release the functional group under the
specified conditions of use. As a specific example, an amide prodrug moiety of the

formula -NH-C(O)CHj comprises the prodrug group -C(O)CHs.
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phosphorodi am date is the following group: 0 n H2N PH 20 NH2

"Phosphoram dat e nonoester” refers to the group below, where R3 is selected
from t he woauew/mesnsi sting of hydrogen, alkyl, substitutedraiskylsooasy!
substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclic and substituted heterocyclic and a

si de- chain of “ﬁﬂo%ﬂtﬁor ‘jfg?é(’) %%rahgo,ffﬁ J@(by@%Qﬁo%%%ﬂﬁeRo@oF@%pr eferred

enbodi nent R3 is derive - am no” ac
Phos phor-@R{ GO OPER)(O), (dftmsphatoot dipheppbo)rrdel ow, where R10 is sel ected

from 15 WD 2006/ 8 / 6/.0 . i St i

substit ut®f (9)(%)8%2(8%6}8@5@?&?& éﬂ%&gﬁa}w %@@1@5{?&@? fc:)?snai%?)@%rl u'? Iadal ot
cycl oal k%ﬂu&lﬁ%?éﬁﬁ[ Wits tRUGSH Tt LRGrRBb @@ Mse, thatiRs et bkggeand the
substitute erocyclic, and R3 and R8 are as_ defined above. In a

gr g{m a/dm?mia;xﬂt] mhﬁiphesphate (deosphedliphosphapnd trighpspboniiclidesiie ogygen 0 O H- P
" i C osphorani date'..re . t bel ow, wh [

3 o I DS og b S 715 17l e 0 12 1o

phosphor odi am‘%%ggpha{eegs’grss’ rtePerst t%‘?h%%ﬂé’-, HF—'a%WTri-\i\)Aﬂgsrp%a{é érgup]s deScrfbedO" ©

above wherein one or more of the hydroxyl groups is replaced by an alkoxy group.

“Phosphonate” refers to the groups ~OP(O)R®)(OH) or -OP(0)(R®)(OR®) or
10  salts thereof including partial salts thereof, wherein R® is independently selected from
hydrogen, alkyl, and substituted alkyl, and R® is independently selected from
hydrogen, alkyl, substituted alkyl, carboxylic acid, and carboxyl ester. It is understood,
of course, that the initial oxygen of the phosphonate includes the oxygen atom at, for

example, the 5-position of the ribose sugar.

15 “Phosphorodiamidate” refers to the group:

i
RN ——
(R7),N
where each R” may be the same or different and each is hydrogen, alkyl,
substituted alkyl, cycloalkyl, or substituted cycloalkyl. A particularly preferred

phosphorodiamidate is the following group:

20
“Phosphoramidate monoester” refers to the group below, where R?is selected

from the group consisting of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl,
cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and
substituted heterocyclic and a side-chain of an amino acid; and R® is hydrogen or alkyl.

25 Inapreferred embodiment R3 is derived from an L-amino acid.

O/ R3
gl
0 H—P—%
| i
OH

“Phosphoramidate diester” refers to the group below, where R is selected from

15



10 preferably nis 1 to 2. .0 HIlI NP/~ NH n "Phosphonam date" refers
to the group below, where R11 is hydrogen, al kyl, substituted al kyl,

cycl oal kywo 2006/m8435t i t ut ed cycloalkyl. O Il H2NP-; - pCT/USERRDA71345
"Thiol" refers to the group -SH "Thioal kyl"™ or "allcylthioether” or
"t hi oal koxy" refers to the group -S-al kyI "Substituted thi oaI kyl" or

"substltu I x rstothe
group - S—tt % }%ggﬁsﬁiﬁhg P%l"fﬁ?%%@% lk%&%ubét{e%lrl%&t 1 gloar i

-S-cycl oalsklydtmaedic cswmsyu hetérearyl, %ﬁbsttilﬂmted: hctbmafyll,cbeltéroa&;&he twsd E@stlhmecgr oup
-S-substituted c cIo "eThi oar fer to the gro and
substltuttl’@H’rQ%(F K raéﬂé%sarw@%J ?Iggrﬁg 58@%@1 1516 WO
2006/ 0939%&@@&%%9@65&9@&& " Thi oheteroaryl " refers to the group

-S-heteroaryl and "substituted thioheteroaryl™ refers to the group
-S-substituted heteroaryl. "Thioheterg@cyclic" ref ers to the group
-S-heterocyclic and "substituted th|0het grocyclic" refers to the group
-S-substituted heterocyclic. 5 The t & m Yamgio acid side-chain" refers to
the R3 substituent of a-am no acids el For mul a RL3NHCH( R3) COOH wher e
R3 is selected fromthe group consi sPi ng af | Q(ydrogen al kyl , substituted
al kyl and aryl and R13 is hydrogen or togetf?@r with R3 and the nitrogen
and carbon at org 5 i Cylq i ng.
Preferably, the é/@l‘?ﬁﬂ% g@?ﬁgdsﬁt{i?% al %M? ou %%%é‘h‘?ﬁa. % lo%ej 0 Orrét: he twenty
nat ur al | y pt€femblyur silnig 2. ami no aci ds. Such si de chai ns incl ude hydrogen
(glycine), nethyl (alanine), isopropyl (valine), sec-butyl (Ieucine),

1- et hyl prop-1-yl (isol eucine), benzy|, Q(phenylal anine), 4-hydroxybenzyl
(tyrosine), indol-3-ylnethylene (t ryPNUﬁJh-an) 2-

g0

“Cyclic phosphorodiamidate” refers to the group below, where nis 1 to 3, more '

10 preferablynis 1to 2.

0
[l
o
~N

3
._..l
l

H

(
[~

n
“Phosphonamidate” refers to the group below, where R is hydrogen, alkyl,
substituted alkyl, cycloalkyl, or substituted cycloalkyl.

15 "Thiol" refers to the group -SH.
"Thioalkyl" or “alkylthioether” or “thioalkoxy” refers to the group -S-alkyl.

"Substituted thioalkyl" or “substituted alkylthioether” or “substituted
thioalkoxy” refers to the group -S-substituted alkyl.

"Thiocycloalkyl" refers to the groups -S-cycloalkyl and "substituted
20  thiocycloalkyl" refers to the group -S-substituted cycloalkyl.

"Thioaryl" refers to the group -S-aryl and "substituted thioaryl" refers to the
group -S-substituted aryl.
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(methylthio)eth- | -yl (nethionine), hydroxynethyl (serine),

1- hydroxyeth-1-yl (threonine), thionethyl (cysteine), H2ZNC(O CH2-

(aspar agiwe poddddsiO) CH2CH2 15 (gl ut ami ne), HOOCCH2- (apparist@eaciig)
HOOCCH2CH2- (gl utam c acid), 4-amno-n- but-Il-yl (lysine),

3- guanadi noprop-1-yl (arginine), imdazol-4-ylnethyl (histidine) and where

R13 and R3 fonfighHRictd-0y1" dranslto e iodpIShétrhryl AhE "dudktiuteahar maceut i cal |y
acceptable salt” refers to pharmaceutically acceptable salts of a

conpound, thishetetpasgl refera tethggroued-fubstituted\igtarearyl. of organic and 20
i norgani c counter ions well known in the art and include, by way of exanple
only, sodium 'Hiicesrenyclic'aketirsin thegyesBtheferesyebe aud|subgtitnigdl kyl - ammoni um

and the |[|jke, and.,when the nolecule caontali a basic functionality, salts
of or ganitglog‘f“‘tef(}%f’ V\,&?{ém tggh%l%r,oug ¥ 'ﬁu]%isgmﬁf/ddﬂ%[%rﬁf’%cﬁﬁcde, hydr obr omi de,
tartrate, nesylate, acefate, | eatg, oxal ate sand the like. .25 The term
" phar Raceut i calg/teHp capgrci sg&rf’ aét‘F% g r§g>.th?§f3 &t U%Lt?ntc B2 Ravi ng a

substi { ueiing ARARIER ONHIH(RACOOSABER ANRIGHARorh Bderdug dbisishlg of ess_than

t he maxi num anount such groups act ual l1§’- forma sa or exgnhple, a
di phosphohygiregsn, alkglnsbstitated gkylraatiiatyt and Rsaisthydepgen of fogetheywib R jaad | y

lonized, the, resultin roup i,s metines referyred t - 0. a parti al
salt. 30 ¢ Tl papdh T boped A FSPrdvep féf‘%&r?%toeg%gifﬁ% Zgitter in
the posi tpp fly, the Rladlifd acid Yidl-cAsing 8 He-sidd-chadhd dfithetvesnayhaterallaut oner s,
or the tautoneric forns of het.eroar,yl.grougls containing a ring atom

at t aclfed ocsutrotetl aminorpgidsniSuchside chaiaminchide hygrogen (glyJeR)emed3687

PCT/ US2006/ 007132 = i a Wy ;

oo qoBi ), TF9RI9RY, ﬁ@?‘%ﬁ%&pg@ (2udie); F%?g‘ﬁ"é%rg 1R R0RReine), bonzyl

t aut oner s(phénylakhide)Adgtdraxgbemdyl (ordine), dmioldrdmefityéene (&yptopldny, 3-avor s one

of the isoners (acetone, for exanple, is.9 .999%E t8 tautﬁ?o1 r ). Evenin
such one- gneibyithiopgthr 14} ,th@vm&égep'ér%mefhéf (85F18%)e %é{ BEYY 'erz??rk nor taut oner
> comes f{ﬁ%@%@?apm&gi (PSRERY], NI, CRIRRAG), IAC@YBH,CIRAUT | [ bri a
are catalyze race acids “or 'bases that are generally present in
nost thenighathmimd H0O€ CHso (rspaniampidy OO CCALChhre talutemiq 2rsd)p AE5EAR-NF nvent i on

%:e Hsohg\:m@?jﬁ-ml@% -guan%di}llgprlj)%-f\—lyf_grgl\llrlﬁneyiljnldazNolM—}Mrf}eth}N (ﬂist]dihg an‘ll OH Ho4

where R" and R® form a pyrrolidinyl ring (proline).
The term "pharmaceutically acceptable salt" refers to pharmaceutically
acceptable salts of a compound, which salts are derived from a variety of organic and
20  inorganic counter ions well known in the art and include, by way of example only,
sodium, potassium, calcium, magnesium, ammonium, tetraalkyl-ammonium, and the
like; and when the molecule contains a basic functionality, salts of organic or inorganic

acids, such as hydrochloride, hydrobromide, tartrate, mesylate, acetate, maleate, oxalate

and the like.

25 The term “pharmaceutically acceptable partial salts” refers to compounds
having a substituent capable of having more than one group form a salt but less than the
maximum amount of such groups actually form a salt. For example, a diphospho group
can form a plurality of salts and, if only partially ionized, the resulting group is

sometimes referred to herein as a partial salt.

30 “Tautomer” refer to alternate forms of a compound that differ in the position of
a proton, such as enol-keto and imine-enamine tautomers, or the tautomeric forms of

heteroaryl groups containing a ring atom attached to both a ring -NH- moiety and a ring
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It is understood that in all substituted groups defined above, polyners
arrived at 10 by defining substituents with further substituents to

t hensel vewo(2e806gpo39ssubstituted aryl having a substitut esdcaruskoognoupz as a
substituent which is itself substituted with a substituted aryl group,
which is further substituted by a substituted aryl group etc.) are not

i ntended fgr._ | [ o0 imidhz8 146 Nbeh 2inB dazoldiCir BN ESNARY RiaBsles. of such
substi t ut ilgn]%mlgfsf}L %‘%Pceégpp%?fegel’fgndéze, ’seeri gﬁ 2ézl(}bs’t irt utions of substituted
aryl groups w 15.& i ar BedRidnk Ghd Sfed ©
-substituted aﬁ}%g %lts}\gg{ni?P%ﬁ%ﬁ%ﬁéy%ggltaiut\lltt}?lgﬂc?(}%rgy? : S% mhl ar | y? it is
under st 00grdn@Bt fatbie oabof thedafnians (dcetoae,dbrexaniple, it 98890 tketol tagtoude).

i nperm ssible substitution patferns (e.g., nethyl bstituted with 5 fluoro
groups) . Ewuch spekperesided W@%%EY@?W%‘?@B&%%&F@%‘?WIt‘a”g%% to the
skill ' ' _TRYBRkHO B EnBRIRASSES a
comoﬁd%%%%@e%?%ﬁgﬂéﬁggﬁﬁoffh% REARRHE. THMS! TY'NNP WORWO X |
wher ei n:  dBalWRAAHOBA089 BOEKTIRE HakiSABO GO OBy Redent wahest cbemicrlom t he group
consi sting of hydrogen and - al kyl.: X is selected f,rom group

consi st i ngiméﬂleﬁh y%%’%%"éﬁmﬂi%‘?l og %aﬁaerﬁﬂ% ,%He ppesent glé’?lg%qneaﬁe ?}?Og’vrﬁl ﬁ’ﬁﬁgw'g roup
consisting of a bond, Q, and Cl12; Qis ahgent or is selected fromthe

group consisting of Q. 4S, and NH, provided 5 that when Qi g absent, V and
NH are both attach@¥tol'a CH2 group; " s )sel ected fronfthe Mjr oup

consisting of Nand &G Z Ls selecteq fTdmthe group c T5ting of N and
CG; Gand G are jifdependent|y sel egtied™ romthe group on@i sting of
hydr ogen, am nd° Bno car bonyl , .am no, dinet no, acyl am no,

al koxyami no, - SOBH, 518 - S2NH2, ani nogafbonyl ani no, oxy&arbonyl ani no,
HR NCHR'C(O) NH-, azido, cyano, halo, hydroxyam no, and hydrazi no, where R

I's hydrogen ang ;R icistBoPindemGNuBstituted groups defined above, polymers arrived at

10 by defining substituents with further substituents to themselves (e.g., substituted aryl
having a substituted aryl group as a substituent which is itself substituted with a
substituted aryl group, which is further substituted by a substituted aryl group etc.) are
not intended for inclusion herein. In such cases, the maximum number of such
substitutions is three. For example, serial substitutions of substituted aryl groups with

15  two other substituted aryl groups are limited to -substituted aryl-(substituted aryl)-
substituted aryl.

Similarly, it is understood that the above definitions are not intended to include
impermissible substitution patterns (e.g., methyl substituted with 5 fluoro groups).

Such impermissible substitution patterns are well known to the skilled artisan.

20 Accordingly, the present invention encompasses a compound represented by

formula I

Q
P

WO X I

wherein:
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of an amno acid or where R and R' together with the nitrogen and carbon
bound to each group respectively forma pyrrolidinyl group; provided that
V and Z awe 2neso9ssdentical; 15 provided that when V is @ciusZodsmoiy32 T1 and
T2 are independently selected fromthe group consisting of hydrogen,

hydr oxyl, Cl1-C4-al koxy, Cl-C4-thi oal koxy, am no, substituted am no, and

hal o; and eac 1§’§elé/(\!te&/ﬂ'omacﬂéjg136% 'cénélsﬁ Rﬁ'ﬁ? géﬁ(aﬁﬁtfi@'gﬁﬂtyfromthe group
consi sting of hydrogen, Cl-C4 E , a pro

rug group; a
phar maceut i cal Kyis sdleapd ﬁbindhsgtotup canilﬁmgmféﬂb’dragﬁn,dl ghandx@é%ut ically

acceptable sa uto r _thereof, nts of the
conpounds of f 1%718&?&ﬁ geﬁ’é)tuﬁff’nﬂ?tﬂl gr?é""”gsﬁ %}%dé 2is O In other
aspects X i s Offs absdn¥s is WectadehodiBhe pRub)dhagaly ofl0) S3tahd NH, pidvédedaspect s
T and T2 are hydrogen. In sone aspects %ls O_ 25 In sone enbodi ments of

t he co‘-'rrpoﬁml‘é’h@ifolé)ﬂbﬁ@an andNHerg pofh aached toa EHurgsoinent , a conpound of
formula | isr T NN~TZ WAY O R WO x
la 19 WO 2006?’8‘53%3&%%&%@6@9@% dv?h]\id;éngQ G T, T2 Y, W W,
X, and (I?arfe ?zldedfedtfcb&dmftMglfoﬁlpMmting of iN sreh@-@prbodi ments of the
conmpounds o ormula | a aor nat | th any of, the formula la
enbodi nents, GGiahd a%aa%mdswﬁnﬁsnt?ya%?% RBP C‘?vﬂf&ﬁlageﬁhy O8fY halo. In
SOme aspeg§q a+1ﬁ10|8¥1%69§1 et ng'ecflm@ Rﬁﬁﬁlﬁo a@y]aﬁnﬁ@laﬁcoxkl&nﬁﬁ”@@wem S,

Gis fluorine’ I'n sone ‘efbodi"nments e conpounds of formula’ la or in
conbi b@t i SONHS) amanogadbnylhmirc lowydaabdnalaenb@,dﬂw&}ﬁ%"@(l)ﬁuh azi¢p,sone

enbodi nents of oundso formula Ja qgr. i.n.conbi nati,on w,th, .10 an
of the foPYﬁfi’PahEh%’et@’ﬁB%& éaﬁyla%s%l?ﬁreg ﬁhélg’f?@e%ﬁ% g’l Fehide-shaifp e Y
conpounds opfn HAMIHCR drdwiRie anﬁﬂﬂ‘bto@@ﬁlb@%tmﬂtﬁdhltrogen and carbon bound to

each group respectively form a pyrrolidinyl group;

provided that V and Z are not identical;
15 provided that when V is C-H, Z is N;
T! and T? are independently selected from the group consisting of hydrogen,
hydroxyl, C;-C4-alkoxy, Ci-Cs-thioalkoxy, amino, substituted amino, and halo; and
each of W, W', and W? is independently selected from the group consisting of
hydrogen, C;-C4 alkyl, and a prodrug group; or
20 a pharmaceutically acceptable salt, a tautomer, or a pharmaceutically acceptable

salt of a tautomer thereof.

In some embodiments of the compounds of formula I, R is methyl. In some
aspects Y is O. In other aspects X is OW?and W', W and W? are hydrogen. In still

other aspects T and T? are hydrogen. In some aspects Q is O.
25 In some embodiments of the compounds of formula I, X is fluoro.

In one embodiment, a compound of formula I is represented by formula Ia:

ifx

W0 X Ia

T2
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any of the fornula |a enbodinents, Ris nmethyl. In sonme aspects Yis O In
other aspects Xis OR and W, W2, and WB are hydrogen. In still other
aspect s TWoaneb/ob2s7ar e hydrogen. 15 In sonme enbodi nent s pofr/usb@soenpounds of
formula la or in conbination with any of the formula Ia enbodi nents, X is
fluoro. In sonme enbodi nents of the conpounds of fornmula la or in

conbi nat i er%‘fnth any of the fornmula la enbodi nents, one of W or W is a
prodrug group. I n another enbodi nent, a conpound of formula I is

represent ed byQfGyHYITE, YHW, W'QX, andR afd asNleswibedMomormvlad. R 20 WO X | b
wherein: Gis selected fromthe group consisting of am no, am nocarbonyl,
met hyl anmi no,  EliseBichyttRdiments afthk asinpoundalok foryraibd Tacyr in SEBBiNati SONKL

am nocar bonyl am no, . oxycar honyl am no,, HR NCHR' C( O .NH , aZihdﬁ cyano, hal o,
hydr oxyan#tPf tharmslads gmbedisent @20, raIng, ALY WIIRO AN IYIEO8E i Go_ chai n
of an am | i . X 30064 dpectsand R’

t oget hsgr %}mﬂt}%ﬁ%ﬂlg%ﬁpgaggée‘cﬁ%ﬁ%g@#%eo@nqg%}%gaiﬁgzghgﬁé 1ajiﬁoup respi%ti vely form
a pyrrol Gds fiyérigr oup; and Q TI, T2, Y, W W, X and R are as descri bed
for formula I. In sone enbodi ments of the conpounds of formula Ib or in
combi nati on W Inhsonfe enbodirherth of fhercomipaunds of fidromtilarEndrsn c@nbination with ami no,
acyl am no, cyano, and halq. |n s spects Gis. halo. In sone aspects, G
is fl uoriﬁéfoﬁthe@ﬁ%?alémgn@%gf% 'no. In sone enbodi nents of the
conmpounds of formula Ib or in conbination wth any af th%,forrrul. b
enbodi ment's, Qi sonE embpdimppts ehsgrmpATRAS S f‘?wl%@#ﬂfdﬁﬁa@ BRUPRWY a 1 b or

in copbinatio kL a |b enbodinents, Qis absent. In
some o%‘?yn%ﬁpé\%ﬁu%%%econg%%rgg%%)is%?(%ﬁrtful alb or in conbination with any

of the fornula_lb enbodi pgent.s [ I hSif In
ot her - aspect s/B&E ﬁ@’dﬁanwf %%mﬁ%féfé@nﬂ%g %Iggﬁsﬁﬂh"ﬁlag? {1 I%il ot her
aspects Tanypétthd formula Ia embodiments, R is methyl. In some aspects Y is O. In other

aspects X is OW?and W*, W2, and W* are hydrogen. In still other aspects T! and T?

are hydrogen.

15 In some embodiments of the compounds of formula Ia or in combination with

any of the formula Ia embodiments, X is fluoro.

In some embodiments of the compounds of formula Ia or in combination with

any of the formula Ia embodiments, one of W! or W2 is a prodrug group.

In another embodiment, a compound of formula I is represented by formula Ib

G Q
/  "NH
N
J N
T |
Y N N/)\TZ
W 0
R
20 wio X Ib

wherein:

G is selected from the group consisting of amino, aminocarbonyl, methylamino,
dimethylamino, acylamino, alkoxyamino, -SO3H, -SO,NH,, aminocarbonylamino,
oxycarbonylamino, HR'NCHR"C(O)NH-, azido, cyano, halo, hydroxyamino, and

25  hydrazino, where R' is hydrogen and R" is a side-chain of an amino acid or where R
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are hydrogen. 15 In sonme enbodi nents of the conpounds of formula Ib or in
conbination with any of the fornmula | b enbodinents, X is fluoro. In sone
enbodi nenyve 20de/dobw7conpounds of formula Ib or in conbi neciras2eusiobri3any of
the formula | b enbodi nents, one of W or W2 is a prodrug group. |In another

enbodi ment, a conpound of fornmula I is represented by formula Ic: Q N ~
G/ NH TJanM\ﬁY tbpeitiel 4vifd tKQnWe@eﬁ(aﬁ&carM?B&lﬂa to hc%;mrlgiles Jc%fvel forh aW ., X
and R are as described for formula I. In sone en% g he corrpounds

of formul @yrrelidinyi groveirabinat i on W|th any of the fornula Ic embodi nents, Q

conbi nat i on w Ry o e &wﬁ?areaé MR R Sosent | 21 o

2006/ 093987 P / US2006 713 sone e Plgtl f?ﬁ of t he QO ounds of
formula Ic or SQUBHHH 3 lfnt?ﬁ pgr FIECCBWHB HWWER G s

sel ect gd fah?BfEHé%ﬁﬁtQ&'lPo @rﬁB@dﬁ{ehﬁ?G% aﬁécb Ghino aaewaﬁmn@@ym aﬁcPRﬂM | i
acyl am no, al koxyam no, cyano, roxyam no, hydfrogen, and

hydr azi no Some aspestsri@ isdralo dinrrentesspéets, Kkisdhepoadd othst aspectn( & anginor i n
conbination with any of the fornula Ic enbodinents, G is selected from
t he group consiIBsq)mg embodizieds, of tmtamapovady biformola Ibpahocomlyidathgsmi,th and

hal 0. In sone f.the c unds of formula Ic or in conbination
with any® Ofﬁlg ‘ﬂgﬂé EOCEWBBEI ﬁéng is selected fromthe group
SR i T ST .
aspecyg Gmkl%{%lfgﬁﬁlﬁgm érﬁ%&lﬁﬁgﬁre%abs%ﬂ@s' sting of fluoro, chloro, iodo,

- NH( CO H , am no cyano. In sone enbodi nents of the

conpounds of T qf Ql,8 ehBo@inehft FHPLANduRBs ¥ fobmula Ib or in combination with

any of the formula Ib embodiments, R is methyl. In some aspects Y is O, In other
aspects X is OW?and W', W2, and W? are hydrogen. In still other aspects T' and T
are hydrogen.

15 In some embodiments of the compounds of formula Ib or in combination with

any of the formula Ib embodiments, X is fluoro.

In some embodiments of the compounds of formula Ib or in combination with

any of the formula Ib embodiments, one of W!orW?isa prodrug group.

In another embodiment, a compound of formula I is represented by formula Ic:

1ﬁ

20 wio X Ic
wherein:

Q, G, TL T2, Y, W, Wl, X, and R are as described for formula I.

T2

In some embodiments of the compounds of formula Ic or in combination with ’

any of the formula Ic embodiments, Q is O.

25 In some embodiments of the compounds of formula Ic or in combination with

any of the formula Ic embodiments, Q is absent.
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any of the fornmula Ic enbodinents, Ris nmethyl. In some aspects Yis O In
ot her 15 aspects X is O and W, W2, and WB are hydrogen. In still other
aspect s TWoaneb/ob2s7ar e hydrogen. I n some enbodi nents of pCrascaspouszs of
formula Ic or in conbination with any of the formula Ic enbodi nents, Xis
fluoro. In sonme enbodi nents of the conpounds of formula Ic or in

conbi nati on Wi By @mBB¥inRhtstdtehd @nipduads 6f foraadilTenirSconghigatioh With or W2 i s
a prodrug group. The present invention al so enconpasses a_ conpound of

fornul a lahy of @e foxBulaie ¢mbodimenty, ¢ iy selppier frop Bre,group coppisting p 'Ris

Cl-C3 al kyl.: X i.s selected .from f Sgﬁ'i | ogen, hal o, and
oe: Q i%‘“@%|a81%{‘%°&re?°|’18£ha?¥11%mgnr°o%%8}é g, ¢ Ag ’ﬁtdmﬂ,gdrg?y%%%()s? 22 WO
2006/ 09398 drdged/ #43200020007/132 G is selected fromthe group consisting of
am no, am nocarbonyl’, nethylanino, dinethylamno, acylam no, -SO3H,

- SC2NKR, al koxy 5B embalinkaersRYdrptads odfoymaradony kegmisination with

HR NCHR' C( O) NH, azi do, l;}éan.o, hal 0, hydroxyam no, and hydrazino, where R
![s h%/gr ogap Oﬁﬂwhfm‘miﬂg laewpadmentsi & &fseéﬁteé ofp the e eonfifERe O R 20 and R
oget her wi.th t nitrogen I ound to each group respectively form
8 py{jr g@rﬁfl?fﬁgygﬁﬁ%;c?%%gﬁs@g%rgtaggﬂ?lr%bmthe group consi sti ng of a b)c/)nd,

, an ;a eac ) nd W s I : act So

group consi st {}HQOW e“ﬁ?é%ed'x%?ft 9&P%%§P?%§ﬁ‘§&gﬁ%%%?ﬁg&§%up; {tfé(r)mlz)h:

phar maceutyi ¢kl foRaERAL BRbEdisnts, G2 id sldcpuEfam die gopflesbstiegof fadloy
acceptable” salt of a tautoner th

f. i
Cowdends:hixﬁo;iod?gun@thoxyamimp,myéwﬁggrggﬁ d}l%ﬁ(/é@}%e ﬁﬁgg)bg?gélsy 1d0f .tr:: |
,egbgg'nb”}?%f@gh i S%acr)bor{ﬁ, a%ﬁ@?am%bﬂﬁ%ﬁec%f@t RQe1cOmR eAtighe @forfper mul a I or

consisting of fluoro, chloro, iodo, -NH(CO)H, -NH(CO)CHj, amino, and cyano.

In some embodiments of the compounds of formula Ic or in combination with
any of the formula Ic embodiments, R is methyl. In some aspects Y is O. In other

15 aspects X is OW?and W', W2, and W? are hydrogen. In still other aspects T! and T

are hydrogen.

In some embodiments of the compounds of formula Ic or in combination with

any of the formula Ic embodiments, X is fluoro.

In some embodiments of the compounds of formula Ic or in combination with

20  any of the formula Ic embodiments, one of W! or W? is a prodrug group.

The present invention also encompasses a compound of formula II:

Ql

a— NH

Zan

Y N | N/)

w~ 0
R
Wwio X I
wherein:
25 Ris Cl-C3 alkyl;

X is selected from the group consisting of hydrogen, halo, and owW?;
Q' is selected from the group consisting of NH, O, and S;
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15 any of the formula Il enbodinments, G is selected fromthe group

consi sting of azido, amno, am nocarbonyl, acylam no, alkoxyam no, cyano,
hal o, hydwoxyemosesy and hydrazino. In some enbodi ment s pofr/ush@soonppunds of
formula Il or in conbination with any of the formula Il enbodinents, G is
sel ected fromthe group consisting of azido, 20 am no, acylam no, cyano,

and hal o. @S@@é@?&pﬁ%@ﬁ@%&ﬁp theistiapo unis, afifeaBehdl, tettgiarhino,

conblnatlon W|th any of the fornula |l enbodiments, G _Iis selected from

t he gr ouplimethgiastinngeplmine o$Q:H, -SRpiHe alkqafaém%@wwawp RYAMRY Y oxyarm no,

- NH( CO H, R0 AeC [

sel ect ed W%ﬁ?ﬁ?ﬂ?ﬁm‘aﬁn&%&%ﬁm s? Q“Paﬁﬂm" Q%}Tl ac&gn&ég Ag% 1 000, R N}—ECS) HI, >

- NH( CO) Cl‘f@dra@monw:ne@rw iSHpdiogen andFonie asideadizimeoftan an’hnd) b«ad@omhomws of
formula I or in conmbi nation with romul a |1 rrents Ris
ot hy B 14nd Sutepesbpoetuiby i omon o cobHe poulip et ERup s PBNERAME * v, and
WB are h?/PS'ET% ?Hlty}mé till other aspects Tl and T2 are hydrogen. 30 In sone

enbodi e hpounds of formula Il or in conmbination with any of
the fornmula I |mea1efmmthexgmsp tonsistiog oﬁabv@l eed (FBoar

PCT/ US2006/ 007132 pne odi [
com(:j)l nation wi%eRt Sﬁ{x’n’o @H@%Mﬁ cfentg}% ?‘fgﬁ%%e glsougfw{}égtﬂ%%l [ sO; N
prodrug n I d of f

Fepr esented By %}%Qﬁ@ﬁaﬁﬁ%ﬂ?@ﬁpw{m&”f‘e NN Wo SGB Wo O I1a
mngr S]J_On: ? @ phanhasstiticallsdaopgpiable sals adelderieh e aﬁ?b?“#%?%ﬂably IaFcePFag’l%orre
enbodi nmen ds of for la |1l nbi

¢ thefoﬁaﬁlﬂ? t?u? rrﬁlg o Imsjzca) a or in conbination with 10 any

In some embodiments of the compounds of formula II or in combination with

any of the formula II embodiments, Q’ is O.

Tn some embodiments of the compounds of formula II or in combination with
15 any of the formula IT embodiments, G’ is selected from the group consisting of azido,
amino, aminocarbonyl, acylamino, alkoxyamino, cyano, halo, hydroxyamino, and

hydrazino.

In some embodiments of the compounds of formula I or in combination with
any of the formula IT embodiments, G’ is selected from the group consisting of azido,

20  amino, acylamino, cyano, and halo.

In some embodiments of the compounds of formula II or in combination with
any of the formula IT embodiments, G is selected from the group consisting of fluoro,
chloro, iodo, methoxyamino, hydroxyamino, -NH(CO)H, -NH(CO)CHs, hydrazino,
amino, and cyano. In some aspects G’ is selected from the group consisting of fluoro,

25  chloro, iodo, -NH(CO)H, -NH(CO)CHjs, amino, and cyano.

In some embodiments of the compounds of formula II or in combination with
any of the formula IT embodiments, R is methyl. In some aspects Y is O. In other

aspects X is OW?and W, W2, and W? are hydrogen. In still other aspects T! and T?

are hydrogen.

30 In some embodiments of the compounds of formula II or in combination with

any of the formula Il embodiments, X is fluoro.
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In sonme enbodi nents of the conpounds of formula Ila or in conbination with
any of the fornula Ila enbodinents, G is selected fromthe group

consi st i ngoehosawaee, ani no, am nocarbonyl, acyl am no, achasy@siooms2 cyano,
hal o, hydroxyam no, and hydrazino. 15 In sone enbodi nents of the conpounds
of formula Ila or in conbination wwth any of the formula Ila enbodi nents,
G is selected [ St | 1. GQ, \m . 1, N0,
cyano, and hal (I)ﬁ E(ﬁﬁ% é@ﬁ%&@%{(ﬁ)&@?@%@ﬂgpﬂ ?ﬁgeﬂ%éhn%%&ln%@g'&p 8?6@%#%1 aorin
conbi nat i eny of thh forama Hfentbuelithentsiina of Me @isdiiamotisig ghbup. s sel ected from
the group consisting of fluoro, 20 chloro, iodo, nethoxyam no,

hydr oxyam no, IMNH{dEdrdmbolitig &) Ltbmpdund bl Zdrila BN RPresafifedBg &sraaiy | , and
cyano. Inigone aspects G is selected fromthe group consisting of fluoro,
chlorog iodo, -NH(COH, -NH(CO CH3, am no, and cyano. |In sone enbodi nents
of the compounds of formula Ila or in conpination with any of the formula
Ila enbodinents, Yis O 25 In sone e nments of the conpounds of formula
Ila or in conmbination with any of 7t orfful a I1a enbodi ments, W W, and
W2 are hydrogen. In sonme enbodi nents o nconmpounds of formula Ila or in
conbination with 24 WO 2006/ 093987 PCJ/ |Sgb06/ 007132 any of the formula
Ha enbodi nents, one of WL or W2 ,j.&° |Nodr"hg group. The present invention
al so enconpasses a conpound of for a IC l: D/AB, NHN Tl1i '-Y NNTa
WO RWO x Il 5 wherein: A and B I'ndependently selected fromthe
group consisting of C=Q NH, and ngthylene ﬂgti onal ly substituted with 1
to 2 halo groups, provided that A and B are t both NH, Dis NH, or
-D-A-B t ter forma N=CH-NH, -(CQ-CH2-(CQ-, 10 -(CQ-N+H(COQ -,

- (X ) =(CX) - (@ Qy, WOW'; SRRt @BLQHRd MSbEnNa 1S hal o;

In some embodiments of the compounds of formula IIa or in combination with

10 any of the formula Ila embodiments, Q’ is O.

In some embodiments of the compounds of formula Ila or in combination with
any of the formula Ila embodiments, G’ is selected from the group consisting of azido,
amino, aminocarbonyl, acylamino, alkoxyamino, cyano, halo, hydroxyamino, and

hydrazino.

15 In some embodiments of the compounds of formula IIa or in combination with
any of the formula ITa embodiments, G’ is selected from the group consisting of azido,

amino, acylamino, cyano, and halo.

In some embodiments of the compounds of formula IIa or in combination with
any of the formula ITa embodiments, G’ is selected from the group consisting of fluoro,
20  chloro, iodo, methoxyamino, hydroxyamino, -NH(CO)H, -NH(CO)CH3, hydrazino,
amino, aminocarbonyl, and cyano. In some aspects G’ is selected from the group
consisting of fluoro, chloro, iodo, -NH(CO)H, -NH(CO)CH3s, amino, and cyano.

In some embodiments of the compounds of formula Ia or in combination with

any of the formula ITa embodiments, Y is O.

25 In some embodiments of the compounds of formula Ila or in combination with

any of the formula Ila embodiments, W, W', and W? are hydrogen.

In some embodiments of the compounds of formula Ila or in combination with

24



each Qis independently selected fromthe group consisting of 0, S, and NH;
Ris selected fromthe group consisting of hydrogen and C1-C3 al kyl; X is
sel ect ed woamddegesgr oup consi sting of hydrogen, hal o, amrdT@820060071a0d T2
are independently selected fromthe group consisting of hydrogen, 15

hydr oxyI Cl- C4- al koxy, Cl-CA-thioal koxy, amino, substituted am no, and

hal o; t nd CH2; and each of W
W, §%ﬁ1% elgrélfr% entHB &qfeggﬁfgfn #%%r&ﬁ% Ig%lgg?ué)tl ng of
hydrogen a .and_.a prodru up, nac caIIy

accept abl e salwrheé’r Sﬁ%ﬁlg‘ﬁeéﬂtlonglsoa?nﬁ‘ﬂﬂ ‘%?&‘EOPEPéﬁng ﬁ aa 20 salt of a
tautoner thereof. In some enbodi ments of, the conpounds of forrrul alll or in
conbi nation with any of the fornula I[,/II “ebodi ments, Ais C=0O In sone
enbodi nents of the conmpounds of formul\a LAl or in conbi nation with any of
the formula |11 enbodi nents, Bis yI|en . 25 In sone enbodi nents of the
conpounds of forrmula 11l or in coghin kfh any of the fornmula 111
enbodi ments, Yis O In sone en¥odi s of the compounds of fornmula Il or
in combination with any of the fornul/a®l 11 enbodinents, Ris methyl. 25 WO
2006/ 093987 PCT/ US2006/ 007132 In s enbodi ments of the conpounds of
formula |11 or in conbination with¥Pafly of thélfornmula Il enbodi nents, T
and T2 are hydrogen. In sonme enbodi nents of the conpounds of formula Il or
i n conpi naileedinw th any of the fornmula 111 enbodi nents, -D A-B- together
forma N=CH NH, C=0- 5 CR-(C0O (C=0 - NH (C=0), CE (C=0O -
or a - CH=CH NHA sl gre mﬁe@@ﬁ@tévn%&rq#émtlﬁr%f@%cww&a&ﬁﬁé Slél\ﬁg%raﬁm alll

Coget her  Pisribil iy ABifled i ) 3 IWA drogos SFROMCLRRICH B Bechor | |
Sone fn?ﬁdelm‘;}?:lﬂs of the corrpounds of for rru: a lll Ior in cogbl (r)\a_tlngzt\é\ngp tﬁg
2gxrlrpgunds of f ‘Prl ‘Iang Wg%%ﬁ"ﬂa &=¢ti?'ﬁﬁq" '@ziﬁfr@ﬁh'ga?§ ula 111
embodi gent &= V@X EECRY) DorLOH&@PFNﬂf%Q&fW Rérs X0fis hale;

conpounds of orrru in conbination with an he formula I11

enmbodi ments, orseclo® IW\}IldGPeﬂdznﬁl}s Sﬁéeomclfd@mghfggr@up 0011$t1nﬁ b &b SeatrbtiHrent t he
conmpounds of 1 ¥ ¥ sef%cted fro%i the g’roup cOnEmtlngI J)fahyd%]g%nlahh ’C1>&3' eﬁkyl

X is selected from the group consisting of hydrogen, halo, and oW
T! and T? are independently selected from the group consisting of hydrogen,
15 hydroxyl, C;-Cy-alkoxy, C;-Cs-thioalkoxy, amino, substituted amino, and halo;
Y is selected from the group consisting of O and CHy; and
each of W, W', and W? is independently selected from the group consisting of
hydrogen, C;-C4 alkyl, and a prodrug group; or
a pharmaceutically acceptable salt, a tautomer, or a pharmaceutically acceptable

20  salt of a tautomer thereof.

In some embodiments of the compounds of formula III or in combination with

any of the formula III embodiments, A is C=0.

In some embodiments of the compounds of formula III or in combination with

any of the formula III embodiments, B is methylene.

25 In some embodiments of the compounds of formula III or in combination with

any of the formula III embodiments, Y is O.

In some embodiments of the compounds of formula III or in combination with

any of the formula III embodiments, R is methyl.
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O W2 and each of W W, and W2 is independently hydrogen or a

phar maceutically acceptable prodrug group selected fromthe group

consi st i ngoahosaydsy oxyacyl, phosphonate, phosphate estreras:peosnbat e,
phosphonam dat e, phosphor odi am date, phosphoram date nonoester, cyclic
phosphoram date, cyclic phosphorodi am date, 20 phosphoram date diester, and

- C( O) CHR3NHR13, | 0 .S | ected fromthe group
consi sting of rI}r;/ ro%g%&%ﬁ?@?%%%%%Oﬁgg%%wylﬁgﬁIlr,l corpigayey Wﬁgd aryl ,
cycl oal kylany sfithetfotmitle fI esnbbdiatekys, T et € @ahylirogsnbst i tuted heteroaryl,
het erocyclic and substituted heterocyclic and a side-chain of an am no

acid; or R3 andn sdfiSeinbodiifars ofithdcdniubdd HoRramd 11T dr i eGAbRLGsBwhrUNd
thereto respe ely forma 25 heterocyclic ring. Preferably, Wis

hydr ogen, a@h@ﬁ%%‘,’“‘%ﬂ%ﬂ%@h@@in@ﬂwﬁ riPgnBs presther forarmtNetHe O’(@V’é@l- ; f
| ¢ |l der and one o
WL, gﬁ?i\ﬁz@?wi'y'@?%%)éﬁ?l'ﬁ"@ﬁdﬁ%@%@%%%‘%ﬁﬁ%a \ﬁ@iﬁ@{{}ﬁ}‘zﬁ%@?w or Wanc
. ! ment : , an
Ve s hyar ogen ™ §5% Phadifiehls o e GmBRRA S RAdhgE ™ eiRfaten Wi Vb,

lc, 11, | bayofihd fodntula KI embo@méBtsaiIol AMBL fogkttief fizRrd ed=0p-ifte formul a: 26 WO
2006/ 093987 _PCT/ usgntgoa/ 007132. RBRQ RE O OHP_ ORI0O wherein RBis a

si de- chai K& )3E% 65 Qe Po-CHECHNHy@osgen or al kyl: and RLO is sel ect ed
fromthe group consisting of al kyl, substituted alkyl, aryl, substituted
aryl, cycl oal kysomeembedimgnis @f Siecdomyionyds oftferranle Ay jn surbbinatiornt with

het er gary QG ' . ubst it ut ed heterocyclic. Preferably one of
W ang@V\Zh?ysgﬁ@lgrrfogen%t%@gg%@wzsrgﬁf%lluor\ﬁl and W2 are hydrogen. |In another

enmbodi nrent conpounds of f.orrnula,.l, la, | , Il 1la, and Il1, is OW
and WL is repr %%]E‘%%m%?/llmﬁtspgmﬁﬁoﬁ?poﬁﬁ% ?ﬁf%lalg O @ pgat o it

si de- chai anybf @B fafulPlIRembodifleaiseWaNY 2880 0dre W@dged/2 | s hydrogen. Mre
preferably Wand W2 are hydrogen.

In some embodiments of the compounds of formula III or in combination with

any of the formula ITI embodiments, one of W' or W? is a prodrug group.

15 In one embodiment the compounds of formula I, Ia, Ib, Ic, II, Ila, and III, X is
O-WZA and each of W, W', and W? is independently hydrogen or a pharmaceutically
acceptable prodrug group selected from the group consisting of acyl, oxyacyl,
phosphonate, phosphate esters, phosphate, phosphonamidate, phosphorodiamidate,
phosphoramidate monoester, cyclic phosphoramidate, cyclic phosphorodiamidate,

20  phosphoramidate diester, and -C(O)CHR’NHR'?, where R is hydrogen and R is
selected from the group consisting of hydrogen, alkyl, substituted alkyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic and a side-chain of an amino acid; or R* and
R" together with the carbon and nitrogen atoms bound thereto respectively form a

25  heterocyclic ring. Preferably, W is hydrogen, phospho, diphospho, or triphospho.

In another embodiment compounds of formula I, Ia, Ib, Ic, II, ITa, and III, X is
O-W? and one of W, W', and W2 is hydrogen. In another embodiment, W and W' are
H, or W and W? are H, or W? and W' are H. In yet another embodiment each of W,
W', and W? is hydrogen.

30 ~ In another embodiment compounds of formula I, Ia, Ib, I¢, II, IIa, and III, X is

O-W? and W is represented by the formula:
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I n one enbodi nent | n anot her enbodi nent conpounds of formula I, la, |Ib, Ic,
1, and Ill, X is halo, preferably fluoro, and each of Wand W is

i ndependenbl2gos/dvymdrogen or a pharnmaceutical |y accept abl ecprusdsss@onspup
selected fromthe group 15 consisting of acyl, oxyacyl, phosphonate,
phosphat e esters, phosphate, phosphonam date, phosphorodi am dat e,
phosphor am dat e nonoester, cyclic phesphoram date, cyclic

phosphor odi am dat e, phosphor ani dat e di esffér, and -C(O CHR3NHR13, where R13
is hydrogen and R3 is selected fromt r§up consisting of hydrogen,

al kyl, substituted al kyl, aryl, subsbtitutedaryl, cycloal kyl, substituted
20 cycl oal kyl, heteroaryl, substituted het &R8aryl, heterocyclic and

substituted heterocyclicg .a de-chad. 1o, achgoar R3 and R13
t oget her ‘(Xﬂ?rﬂntIﬁéS 8%1’%6%3%%%@%(8%%&!%lgrlrlgarggg%%lﬁglf %%gq{r eis%pect ively
form a hedeicR@ydrh €hd ¢roGp cosisting o€hlky B blbstityett dReinaryl sabstitited adilphospho, or
tri phospho. In another enbodinment In anot Eer egi%gdi megi COTTEOLfndS of

formul a |cyclaalkylsubstigted gyclpalkyls hgferopyyl, substiuied hgterqaryd; hetemeye i didr o, and w
IS rewes : 64589 S [REFéLBR R8 O
R3 O %rml%%t\?ﬁqteelraée%&%icﬁémfrgﬁer é-yyc aioﬁng an a?ng%ﬁéc%ﬂd;m% 1DiQs hydr ogen or
al kyl ; anW'Rhdivé arsdlyéoped fromthe group consisting of alkyl, substituted
al kyl, aryl, substituted aryl, cycloalkyl, substituted cycl oal kyl,

het eroaryl, suhsdnother eaibbéinenoesnipouniedefonnyllli b, Endc,31,dld snd it Bds
heterocyclic, Preferably W is hydrogen. In another enbodi ment |In another
enbodi men®-WoapdUhds rereseateby dhg forpglal | ¢ 11, and 111, X is halo,
preferably fluoro, and WL is represented by the fornula: R3 H2N O where
R3 is a side-chain of an amino acid. P¥eferably, Wis hydrogen. 10 In one
enbodi nent I n anot her enbodi rent conpgunds of formula I, la, Ib, Ic, II,
lla, and IlIl, Xis OW, W is CL.YNkyN[ preferably nethyl, and each of W
and W is independently hydrogen or a gnharnaceutically acceptabl e prodrug
group selected from the group consisting of acyl, oxyacyl, phosphonate,
phosphat ewhstedt’sis aphiesyhhbnt & ,anmmjsquamﬁaﬁi@%a@@y opR e P é@%&%&ﬁhﬂ%’%‘?n-

phosphor aﬂo?cg {oreefer}gb (3)' ta(ralgl wrg lhiy&rogen.
In one embodiment In another embodiment compounds of formula I, Ia, Ib, Ic,

I, and I1I, X is halo, preferably fluoro, and each of W and W!is independently
hydrogen or a pharmaceutically acceptable prodrug group selected from the group

15  consisting of acyl, oxyacyl, phosphonate, phosphate esters, phosphate,
phosphonamidate, phosphorodiamidate, phosphoramidate monoester, cyclic
phosphoramidate, cyclic phosphorodiamidate, phosphoramidate diester, and
-C(O)CHR:*NHR13 , where R? is hydrogen and R? is selected from the group consisting
of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted

20  cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic
and a side-chain of an amino acid; or R> and R" together with the carbon and nitrogen
atoms bound thereto respectively form a heterocyclic ring. W is preferably hydrogen,

phospho, diphospho, or triphospho.

In another embodiment In another embodiment compounds of formula I, Ia, Ib,

25 Ic,II and I, X is halo, preferably fluoro, and W is represented by the formula:

27



15 phosphoram date, cyclic phosphorodi am date, phosphoram date di ester, and
-C( O CHR3NHR13, where R13 is hydrogen and R3 is selected fromthe group
consi st i ngoahodmpsusogen, all cyl, substituted al kyl, aryl pcsussdostootier aryl,
cycl oal kyl, substituted cycloal kyl, heteroaryl, substituted heteroaryl,

het erocyclic and substituted heterocyclic and a side-chain of an am no
acid; or R3 and R13 together with thegrgarbon and nitrogen 20 atons bound
thereto respectively forma heterocygfic rRing. Preferably Wis hydrogen,
phospho, di phospho, or triphospho. M reperably, one of Wand W is
hydrogen. Even nore preferably Wang’W @L%_hydr ogen. I n one enbodinment In
anot her enbodi ment conpounds of formula IY fap Ib, Ic, 11, lla, and I, X
is OW, W is Cl 4dallcyl, preferably maléhyl, and each Wand W is 25

-

i ndependemteseimRiiscéde-chaimofarammoeoid; BA IS ydaegeapr atiiys rdR’ig gr oup

selected fr.o he .group_consi.sti of acyl xyacyl Q nat.e,

Shosphat e “deties bR ft Sie RSN, st MO E b, BIRRNAIRLS

phosphor agi¢ladlRylmaibeamiteal cyclonlkdyl, hetepht@glp Subsaititalitistsrostyt; lherocyclic and

phosphor odi anmi dat e, phosphoram date diester, and 28 WO 2006/ 093987

PCT/ US2006prtitutgbheteropyglicHrIREgrabty Wiie bedrpgen.i s hydrogen and R3 is sel ect ed
fromthe group i St : i I ryl,
substituted ar %%@%Ie(&)l{ﬁ%}ﬁ%m?{u sﬁ%&?&gh%ﬁtSaﬁgéﬁ&%g?%@é%glla}’ I8,

subst i t ut &g Ihehéilbakyit haloepefashly fiuoroamt Billis teprastred bgtler fooyiclai ¢ and a
side-chain of an amno acid; or R3 and R13 together with the carbon and
nitrogen 5 atons bound thereto respecRively forma heterocyclic ring.
Preferably Wis hydrogen, phospho, diphospho, or triphospho. Mre
preferably, one of Wand W2 i s hydyggény Even nore preferably Wand W2 are
hydrogen. I n one enbodi nent In another odi ment conpounds of forrmula I,
la, Ib, Ic, 1I, Ila, and Ill, Xis OW, Wis Cl4al kyl, preferably nethyl,

and each qfheMIRBRA sW-dtain dhnl sisiap acide Prdyrablydmogeydesged. phar maceuti cal |y
accept abl e prodrug group selected from the group consisting of_ acyl,

oxyacy?, phosphoaat enbesimsphlataaotst enbodimgpiomposndyeideprpiadmadt &.

phosphor ogj am ] ram. dat i i/dat e,

Cyai | o phos it R a0peW A e Eh AR FRkEh, mEHEh i RPN RS

wher e R13indepbiydinttgandrapeh 63 pimrsedaadtaty foceptatlb eragirogipronp selesttd figml5 of

hydr ogen, al kyl, substityted al kyl, aryl, subﬁtihuted aryl , ﬁ cl oal kyl ,

subst i t ut &8 SIEYR FURISHPE Of AGH e?’@&%f}i phog fo BEQH W@Fé@ﬁaﬁl}qs}’ %ﬁ’t erocyclic

and subst th%gnJ&Eiﬁﬁ{eP@if&gh&odﬁﬁﬁd@e,?hgég)h%%iﬂat@ﬁn&ﬁeﬁgﬂ, Bgclci d; or R3 and
e h the ca ogen

R13 t oget her “'wt roon and nit atons bound thereto respectively
f or m &5 hetphosphyrniidate, ayglic Mhosphpnodiagriddse.\phosphorashidete digsted, Al i s hydr ogen.

Even nore -8E&f(ﬁ‘h?3?\h‘¥RM\,lW er}g Rwis%ry%roh ggﬁ)@ﬁm is selected from the group consisting

of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted

cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic
and a side-chain of an amino acid; or R® and R" together with the carbon and nitrogen

20  atoms bound thereto respectively form a heterocyclic ring. Preferably W is hydrogen,
phospho, diphospho, or triphospho. More preferably, one of W and W! is hydrogen.
Even more preferably W and W' are hydrogen.

In one embodiment In another embodiment compounds of formula I, Ia, Ib, Ic,
IL, ITa, and III, X is O-W2, W!is Ci.4alkyl, preferably methyl, and each W and W2 is
25  independently hydrogen or a pharmaceutically acceptable prodrug group selected from
the group consisting of acyl, oxyacyl, phosphonate, phosphate esters, phosphate,
phosphonamidate, phosphorodiamidate, phosphoramidate monoester, cyclic

phosphoramidate, cyclic phosphorodiamidate, phosphoramidate diester, and
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20 I'n anot her enbodi nent In anot her enbodi nent conpounds of fornmula I, Ia,
b, 1c, Il, Ila, and I1l, Xis OW and Wis represented by the formula:
R8 O R3 W0 2@¢9siRte wherein R3 is a side-chain of an arcmwsamicdp7iB8 i s
hydrogen or alkyl; and R10 is selected fromthe group consisting of alkyl,
substituted al kyl, aryl, substituted aryl, 25 cycloal kyl, substituted

| oal kyl 1 113
gﬁgs? ?t u%/ %( %?_ﬁiocy%ﬁi cﬁ&Pﬁ ;lhoﬁrﬁl%rgg?ér%dga{swe ec{‘/l\gtﬁ%ng)ﬁ%cérr&gjeﬁdhgﬁgn% s Cl
al kyl,  poéhgpiragdny atket, hylbsututed ylkyl afmtduba:tlteuasﬁml,r@moamﬂﬂ isabftitatedgen and W

is Cl 4al kyl,, ferab ot her enpodi ment., conpounds _of
formula | C%laalk?lbﬁetpr@arﬂ |Suﬁ}tafyed éﬁf&rqarﬁ heferogyc lﬁ@n@}sv@sualﬁ nﬁatgliogych%
represent ey byidk REaiQJraH |aﬁnn@§:1&’@ra@%é@98@)§3th€g{ty§ﬁeo Fetro HZN e
0 where R3is a side-chain of an amno acid.” I n anot her enbodi nent Wi s

hydr ogen atedhs ba@nd sheretp m%pectiwl)sﬁonhla Iatm:ochehc einpofiafenablyW is bydrpgemgen and
Wis nethyl. In nt r t he ent nt.i . enconpasses a
compound Bhoswhd. FREHG S EETY MebarabraDshs of W Fo R argRR,

phar rraceu@vglahioyl\g&g:@mlywgn@w%ar@fly@ogé@utorrer ther eof selected from Tabl e
|. Table I Structure Conpound Name 0O HZN NH

9-am no- 2- ( ( 3- by Bh@%%cﬁﬁ@%)ahgth@f er3 O HEMN ORI EE OfodmBla T, 1B; Itgld, aaza-
~~~/J benzo[ cd] azul en-7-0on
II, IIa, and III, X is O-W*, W is Gy 4alkyl preferably methyl, and each of W' and W2 is
10  independently hydrogen or a pharmaceutically acceptable prodrug group selected from
the group consisting of acyl, oxyacyl, phosphonate, phosphate esters, phosphate,
phosphonamidate, phosphorodiamidate, phosphoramidate monoester, cyclic
phosphoramidate, cyclic phosphorodiamidate, phosphoramidate diester, and
-C(O)CHR>NHR"?, where RYis hydrogen and R? is selected from the group consisting
15  of hydrogen, alkyl, substituted alkyl, aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and substituted heterocyclic
and a side-chain of an amino acid; or R? and R* together with the carbon and nitrogen

atoms bound thereto respectively form a heterocyclic ring. More preferably, one of w!

and W2 is hydrogen. Even more preferably W' and W are hydrogen.

20 In another embodiment In another embodiment compounds of formula I, Ia, Ib,

Ic, 11, Ila, and III, X is O-W? and W is represented by the formula:

o}
9
o) N— P—L
H OR1°

wherein R is a side-chain of an amino acid; R® is hydrogen or alkyl; and R s
selected from the group consisting of alkyl, substituted alkyl, aryl, substituted aryl,
25  cycloalkyl, substituted cycloalkyl, heteroaryl, substituted heteroaryl, heterocyclic and
substituted heterocyclic. In another embodiment W! is hydrogen and W? is Cj4alkyl,
preferably methyl. In yet another embodiment W?is hydrogen and W' is Cpalkyl,
preferably methyl.
In another embodiment compounds of formula I, Ia, Ib, Ic, I, ITa, and III, X is

30  O-W?and W! is represented by the formula:

29



O NNHHN2-(2"-nethyl-(3-Dribofuranosyl )-9- 307 N N

nmet hyl am no- 2, 6-di hydro-2, 3,5,6- HO tetraaza-benzo[cd]azul en-7-one OH OH
O H NNH wWo2e¢ci9398et hyl - (3- D-ri bof uranosyl)- 1 308 N N PCT/US2006/007132
2,6,7,9-tetrahydro-2, 3,5, 6,9- pentaaza-benzo[ cd] azul en-8-one OH HO OH 30
WO 2006/ 093987 PCT/ US2006/ 007132 O NH H 9-acetam do-2-(2'-nmethyl-[i-D N
309 N ~NJ ri bofuranosyl )-2,6-dihydro-gs; 3,5, 6-

tetraaza- benzo[ cd] azul en-7-one OH HO QO HZN-H NH

9- hydrazi no-2-(2' -nethyl - (3-D- 310 4N [bof ur anosyl ) - 2, 6-di hydro-2, 3, 5, 6-
N N HO tetraaza-benzo [cd]azul en-7-8ne H O

where R? is a side-chain of an amino acid. In another embodiment W is hydrogen and
W? is methyl. In still another embodiment W? is hydro gen and W is methyl.
In another embodiment, the present invention encompasses a compound or a

5  pharmaceutically acceptable salt, a tautomer, or a pharmaceutically acceptable salt of a

tautomer thereof selected from Table I.

Table I
Cmpd No. Structure Compound Name
O
HN—” NH . .
2 q 9-amino-2-(B-D-ribofuranosyl)-2,6-
N
306 1) dihydro-2,3,5,6-tetraaza-
HO—y o N™N
—U benzo[cd]azulen-7-one
HO OH
o)
\H 7/ "NH _
I~ 2-(2’-methyl-B-D-ribofuranosyl )-9-
307 NSy ! methylamino-2,6-dihydro-2,3,5,6-
HO\/@ tetraaza-benzo[cd]azulen-7-one
y " OH
OH
o
HN NH
S~ N 2-(2’-methyl-B-D-ribofuranosyl)-
308 N 2,6,7,9-tetrahydro-2,3,5,6,9-
0 pentaaza-benzo[cd]azulen-8-one
/""" OH
Ho OH
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F NH 9-fluoro-2-(2

-methyl - (3-D- ~ 311 N

ri bof uranosyl)-2, 6-di hydro-2,3,5,6- N N Ho tetraaza-benzo[cd]azul en-7-one
OH OH 0 woQodd/g9s7NH H 9-f or mam do- 2- ( 2'

ri bof uranosyl

- met hyl - ( 3- D- pRTAK2008/008k32
)-2,6-di hydro-2, 3,5, 6- tetraaza-benzo[cd] azul en-7-one

OHO O-N1I NH 9-nethoxyam no-2-(2'-nethyl-P-D 313 J ri bofuranosyl
2,6-di hydro=2,73,5,6- N N t§t raaza- bénzof|cd] azul en- 7-one HO OH OCH
2006/ 093987 PCT/ Us2006/ 0 2 H2ZN / NH / N 9-am no-2-(2'-nethyl -
314 N NJ|ribofuraposyl )-2:6-gh hygyo-2, 3,[5,6- HO O
t etraaza{benzo[ cdj azul en- 7-tbn g OH 0 9-acetamido-2-(2’-methyl-B-D-
/ N )
309 S g ribofuranosyl )-2,6-dihydro-2,3,5,6-
1% tetraaza-benzo[cd]azulen-7-one
" OH
HO  &H
o)
HN—N W 9-hydrazino-2-(2’-methyl-B-D-
310 2@ ribofuranosyl)-2,6-dihydro-2,3,5,6-
N
HO \/@ tetraaza-benzo[cd]azulen-7-one
“'OH
OH
0
NH
F 9-fluoro-2-(2’-methyl-p-D-
4
311 g ribofuranosyl)-2,6-dihydro-2,3,5,6-
N
Ho \/@ tetraaza-benzo[cd]azulen-7-one
"OH
OH
H \(O (0]
N—¢ NH i
H 9-formamido-2-(2’-methyl-B-D-
|
312 4 S\ ! ribofuranosyl )-2,6-dihydro-2,3,5,6-
o tetraaza-benzo[cd]azulen-7-one
/" OH
HO  &H
(o}
/o—u hiH 9-methoxyamino-2-(2’-methyl-B-D-
313 ~) ribofuranosyl)- 2,6-dihydro-2,3,5,6-
N
HO \/@ tetraaza-benzo[cd]azulen-7-one
Y “oH

OH HO

31 WO
3-D
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HO- N_ NH 9- hydr oxyam no-2-(2'-nmethyl - (3-D- 315 N NJ ri bofuranosyl) -

2, 6-di hydro-2, 3,5, 6- HO tetraaza-benzo[cd]azul en-7-one

OHOH 0 F NH

8- f | uor o-weo(2Bd6/09pmrhyl - J3-D- / N 316 N NJ PCT/US2006/007132
ri bofuranosyl)-2, 6-di hydro-2, 3,5,6- HO tetraaza-benzo[cd]azul en-7-one CH
OHO NH2N/ NH 9-am no-2-(2'-nmethyl-(3-D- 317 N
ri bof ur anpsyt =2, 6Fdi hydro= HO 0 IN"NJ—2.3715, 6, 8=pentaaza-benzofcdfazyl en
7-one OHOHO NH O 9-chloro-22(2 -methyl-3-D 318 N J
ri bof uranpsyl) -2, 6f di hydr o-g2y , Bgy Ho tetraaza- benzo[ cd] azul en-7-onhe OH
OH 32 WD R006/ 093987 PCT/ USZ008§/ 00//132 0 |NH 99.lapiRo-2-(L 2nret®BA-pyD- (3- P~ 319
J ribofuranos3\{l)-2,6-dihydro- 7315, 8- NN| . o
4 NSy ribofuranosyl )-2,6-dihydro-2,3,5,6-
HO\/@, tetraaza-benzo[cd]azulen-7-one
" OH
OH
0
Ho—n—{  NH -
9-hydroxyamino-2-(2’-methyl-p-D-
Z N
315 /N < ribofuranosyl)- 2,6-dihydro-2,3,5,6-
N
HO v&é tetraaza-benzo[cd]azulen-7-one
"OH
OH
0
F
7 NH
J 8-fluoro-2-(2’-methyl-p-D-
2 N
316 N, J ribofuranosyl)-2,6-dihydro-2,3,5,6-
HO\/@ tetraaza-benzo[cd]azulen-7-one
Y “on
OH
0
N .
HN—”  NH 9-amino-2-(2’-methyl-p-D-
317 ancd JN ribofuranosyl)-2,6-dihydro-
HO_@ SN 2.,3,5,6,8-pentaaza-benzo[cd]azulen-
WY 7-one
OH OH
Q
| N
cl 9-chloro-2-(2’-methyl-B-D-
ZN
318 /N g ribofuranosyl)-2,6-dihydro-2,3,5,6-
N
Ho ﬂ tetraaza-benzo[cd]azulen-7-one
“OH
OH
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0 tetraaza-benzo[cd] azul en-7-one HO OH OH O HZN NH 9- am no- 2- (2’
-Onethyl-(3-D ribofuranosyl)-2,6-di hydro-2,3,5,6- 320 N N HOV

t et r aaza-wena@josgsazul en-7-one H CD 6 0 YN~ NH 2-(2' PCT/US2006/007132

-met hyl - (3-D-ri bofurano syl)- ~N 321 HO N J 2, 6-di hydro-2, 3, 5, 6, 8- pent aaza-
~~ N - benzo[ cd] azul en-7-one HO OH OH N_ HN _NH 2- (2

-met hyl - (3=D-ribofuranosyl)- ~ 322 HON NJ 2,6, 7,9-tetrahydro-2, 3,5,i6, 7, 9-
hexaaza- henzo[ cd] azul en- 8- one OH O O HN NH
2-(2' -nmet|hY1l- p- D- i bof ur anosyl I>II 323 HO N NJ
2, 9-di hydro-6H2, 3, 5, 6, 9- pe benzo[ ¢d] azHietve2-2’anethphp-D-HO Off 33 WO
(¢ <
2006/ 093987 3I?ng'I'/ U$2006/ 007132/N 4 |N ribofuranosyl)-2,6-dihydro-2,3,5,6-
N
HO \/@ tetraaza-benzo[cd]azulen-7-one
"'OH
OH
0
H.N 4 NH .
2 9-amino-2-(2’-O-methyl-B-D-
N
320 o {q W ribofuranosyl)-2,6-dihydro-2,3,5,6-
N
-ko_\/' tetraaza-benzo[cd]azulen-7-one
HO O—
o]
N—/<NH
/ 2-(2-methyl-B-D-ribofuranosyl)-
SN
321 o {q | 2,6-dihydro-2,3,5,6.8-pentaaza-
N
—‘\/ij benzo[cd]azulen-7-one
HO OH
O, H
>/N\NH
HN 2-(2’-methyl-B-D-ribofuranosyl)-
SN
322 1) 2,6,7.9-tetrahydro-2,3,5,6,7,9-
HO— o NTON .
U hexaaza-benzo[cd]azulen-8-one
HO OH
OM
HN NH 2-(2’-methyl-B-D-ribofuranosyl)-
~N
323 . /N ) 2,9-dihydro-6H-2,3,5,6,9-pentaaza-
0 N
—@ benzo[cd]azulene-7,8-dione
HO GH
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NC f NH 9-cyano-2-(2' -nethyl-(3-D 324 N J

ri bof uranosyl)-2, 6-di hydro-2,3,5,6- HO I p ~"N N tetraaza-benzo

[ cd] azul ewoBeesne39sHO OH F O HaN NH 9- am no- | uor o- 2- pe'rAusedoapb7182 - D- ~N
325 J ribofuranosyl )-2,6-dihydro-2, 3,5, 6-

tetraaza-benzo[ cd] azul en-7-one HO OH F /

8-f

HO N N

NH N 9-fluoro-2-(2' -nmethyl-(3-D
5,6

326 Hp p N NJTibgfuranosyt )-0o, 7-di nydro- 2, 3, b, 6- tetraaza- benzo[ cdJlazul ene
HO OH S |H2ZN NH 9-iam no- 2- ( 2' hyl - (3-D 327 HO N J
ri bofuranosyl) -2, §-di hydro- 2, 7 - N t et raaza- benzo[ cd] azul ene- 7-t hi one
HO OH H2N 0 NH 8-lani no- 2- M8\ meghyl - (3- - 9-cyano-2-(2’-methyl-B-D-
ri bof uranjosyl) -2, §-di hydr o- 2, 65N 328 N|N _HO ON )
t et raaza- ben3ét cd]|azul er]_lg on N/t]-i 34 \\oiboysmosddd:p-Ebidrogsddér 007132
U tetraaza-benzo[cd]azulen-7-one
HO OH
F 0]
HN &y 9-amino-8-fluoro-2-(2’-methyl-B-D-
N
N
325 1) ribofuranosyl )-2,6-dihydro-2,3,5,6-
HO o NN
U tetraaza-benzo[cd]azulen-7-one
HO OH
F 7/ 'NH
I~ SN 9-fluoro-2-(2’-methyl-p-D-
326 HO—y o N |N//, ribofuranosyl)-6,7-dihydro-2,3,5,6-
U tetraaza-benzo[cd]azulene
HO GOH
S
NH
AN 9-amino-2-(2*-methyl-p-D-
N
N
327 o {\l @ ribofuranosyl)-2,6-dihydro-2,3,5,6-
N
—@ tetraaza-benzo[cd]azulene-7-thione
H(ED 6H
HN O
7/ NH ,
8-amino-2-(2’-methyl-B-D-
~
N
328 o {q P ribofuranosyl)-2,6-dihydro-2,3,5,6-
N
_@ tetraaza-benzo[cd]azulen-7-one
HO OH
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0O H 2N 9-carbamoyl -2-(2'" -nmethyl-(3-D- ZN N 329 J

| bof uranosyl) -2, 6-di hydro- 2, 3, 5, 6- O N N tetraaza- benzo[ cd] azul en-7-one
CH NC\Oozblbﬁ/(Esqsyan 2-(2" -methyl-fi-D330 N/ | J PCT/US2006/007132

I bof uranosyl ) -2, 6-di hydro-2,3,5,6 HO O N N tetraaza- benzo[ cd] azul en-7-one
HO OH 0 O HzZN NH 8- car bamoyl -2-(2' -methyl - (3-D- 331 J

ri bofura osyl ) Z, ;tl dirnydro- 2, 3,5, 6- HO O N tetraaza-benzo[ cd] azul en-7- one
"l HO OH N, NH N 2-(2" _-nmethyl-p-Dripofuranosyl)- / 332 HO O NiNJ
6, 7- Di hycro 2,3,5|6, 7- pent aaz Qpzo[ cd] pzulene HO OH H NH rN N
HLN 9-carbamoyl-2-(2’-methyl-B-D-
2 \N
329 o {q L ribofuranosyl)-2,6-dihydro-2,3,5,6-
N
‘@ tetraaza-benzo[cd]azulen-7-one
HO OH
NC o)
7 8-cyano-2-(2’-methyl-p-D-
N
330 2. ribofuranosyl)-2,6-dihydro-2,3,5,6-
HO 0 NN
U tetraaza-benzo[cd]azulen-7-one
H(E) (E)H
o
0o
H,N
/7 NH 8-carbamoyl-2-(2’-methyl-B-D-
331 am ribofuranosyl)-2,6-dihydro-2,3,5,6-
I PR tetraaza-benzo[cd]azulen-7-one
HO OH
N
7/ "NH .
Sy 2-(2’-methyl-B-D-ribofuranosyl)-
332 HO {\l |N/) 6,7-Dihydro-2,3,5,6,7-pentaaza-
_k_oj benzo[cd]azulene
HO OH
N
Nr “NH .
SN 2-(2’-methyl-B-D-ribofuranosyl)-
333 HO {\] IN/) 6,7-Dihydro-2,3,5,6,7,9-hexaaza-
—@ benzo[cd]azulene
HO OH
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2-(2" -methyl-3-Dribofuranosyl)- / N 333 HO O N NJ

6, 7- D hydro-2, 3,5, 6, 7, 9- hexaaza- benzo[cd] azul ene HO OH 35 WD 2006/ 093987
PCT/ US2000Q0061082987F O O NH I N 8-fl uoro-2-(2' - net hyl - p- PeT334008/007132

ri bof uranosyl)-2, 6-di hydro-2,3,5,6,- HO trtraaza-benzo[ cd] azul ene-7, 9-di one
OHOHO ONMNH IN 2- (2" - nethyl (3-D-ribofuranosyl)- 33 5 N

2, 6-di hydro=2,3,5,6,=trtraaza=HO O benzojcdjazutene-7,9-drone  O4A gH F O
F NH 8,9-d|fluoro-2 (2" -nethy -D 336|1 N
ri bofurarosyl)-2, 6-di hydro-2, 3 HO N N tetraaza- benzo[cd]azulen-?-one
HOOHH |0 NHIN 2-(2'- nethy D-ri bof uranosy. %OH) B
2, 6-di hydro-2, 3,5,/6, 8-pentaazg=~33"W N 0 benzo[cd]azu dlone OH
334 ] y ribofuranosyl)-2, 6. d1hydro-2 3,5,6,-
Ho \/@ trtraaza-benzo[cd]azulene-7,9-dione
y “ OH
oH :
(0]
e} NH
I~ 2-(2’-methyl-B-D-ribofuranosyl)-
335 S, y 2,6-dihydro-2,3,5,6,-trtraaza-
Ho \/é benzo[cd]azulene-7,9-dione
H ”’”OH A
oH
F 0]
Py’ A 8,9-difluoro-2-(2’-methyl-p-D-
N
336 7] /)N | ribofuranosyl)-2,6-dihydro-2,3,5,6-
HO N
_@ N tetraaza-benzo[cd]azulen-7-one
HO OH
o]
1
(e} NH
2-(2’-methyl-B-D-ribofuranosyl)-
/ ZY
337 S, y 2,6-dihydro-2,3,5,6,8-pentaaza-
"o Vé benzo[cd]azulene-7,9-dione
" oH
6H
0
N—4 ,
F—/ NH 9-fluoro-2-(2’-methyl-B-D-
Y | SN ribofuranosyl)-2,6-dihydro-
338 HO—y o N N//l 2,3,5,6,8-pentaaza-benzo[cd]azulen-
U 7-one
HO OH
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6H O F-
338 Ho o
2006/ 093

OH In ot
and tri
nonophos

- phospho-

benzo [c
)-9-neth
2-(2
pent aaza

- met hyl33% - phospho-

NNH 9-fluoro-2-(2'-methyl-(3-D- / | N ribofuranosyl)-2, 6-di hydro-

N N 2, 3,5, 6, 8-pentaaza- benzo[ cd] azul en- 7-one HO OH 36 WD

( 980 2RST9RIBZ006/ 007132 F NH 9-fl uoro-2-(2' - net mgirA(s3e0e08892 NI
ri bofuranosyl)-6, 7-di hydro-2, 3,5,6- HO ON NJ tetraaza-benzo[ cd]azul ene HO

her enbodi ments, present invention econpasses the 5 nono-,

phat es arg sel ected
(3 -D-rib ofurano s
d] azul eny7-one; 2-(
yl am no- 2| 6- di hydro-

4 yl -5'- phospkfﬁ:oE&ZEQQr-hiwfyﬂHBalhosyl
NO-tetrpaza-benzo [ cd] azul en-7-

f yanosy! ) TofuranasyDes, f-aHYdEd<3;

jbenzo [cd] az uf" 5” one\ tetraaza-belilzo [cd]azulene

9- acet am|do- 2- (2' { net hyl - 5'\- ppospho- ( 3- D- 1 i bof ur anosy

)-2, 6-di
- met hyl
tetraaza

-5 -phospho- [3 Drh‘cbcﬁ*branosyl) 2| 6- d| hydro-2,3, 5,6- 15

haoanzaol nrl |||||

phosphat eg of the coppounds of Taple 1. Tn one enbodi nent, f{
3] omthe group 5 consisting of 9 -am ng
%, 6 -dyhydro-2, 3, 5, 6 -tetrad

hydr o- 2, 35, 6- tetraa;za benzo [cd] azul en-7-o0ne; 9-hydrazi no-

DEHLOTCO azuten—r ofe; =ftuoro=2= \L =—et Ilyl =5 p”pr”O'

p- D-ri bof urano syI) 2

tetraaza-

benz eéfmb@a n%gresent 1n\§entlgn egompasses the 5° mono-, di-, and

D-
AZ a-

).

di -,
he 5'
2-(5'

10
5,6, 9-

2-(2'

9-fori nanj; Ho% Q@%@Er&%ﬁlggunﬁ@qgg@ 1(3-D-ri bof uranosyl )-2, 6-di hydro-

2,3,5, 6-te

10

15

20

25

azul en-7-one;
In one embodiment, the 5° monophosphates are selected from the group

consisting of
9-amino-2-(5’-phospho-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-tetraaza-
benzo[cd]azulen-7-one;
2-(2’-methyl-5’-phospho-B-D-ribofuranosyl )-9-methylamino-2,6-dihydro-
2,3,5,6-tetraaza-benzo[cd]azulen-7-one;
2-(2’—methyl—S’-phospho—B-D-ribofuranosyl)-2,6,7,9-tetrahydro-2,3,5,6,9—
pentaaza-benzo[cd]azulen-8-one;
9-acetamido-2-(2’-methyl-5’-phospho-B-D-ribofuranosyl )-2,6-dihydro-2,3,5,6-
tetraaza-benzo[cd]azulen-7-one;
9-hydrazino-2—(2’—methyl-S’-phospho-B-D-ribofuranosyl)-Z,6-dihydro-2,3,5,6-
tetraaza-benzo[cd]azulen-7-one;
9-fluoro-2-(2’-methyl-5’-phospho-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-
tetraaza-benzo[cd]azulen-7-one;
9-formamido-2-(2’-methyl-5’-phospho-B-D-ribofuranosyl )-2,6-dihydro-
2.3,5,6-tetraaza-benzo[cd]azulen-7-one;
9-methoxyamino-2-(2’-methyl-5’-phospho-B-D-ribofuranosyl)- 2,6-dihydro-
2.3,5,6-tetraaza-benzo[cd]azulen-7-one;
9-amino-2-(2’-methyl-5’-phospho-p-D-ribofuranosyl )-2,6-dihydro-2,3,5,6-
tetraaza-benzo[cd]azulen-7-one;
9-hydroxyamino-2-(2’-methyl-5’-phospho-B-D-ribofuranosyl)- 2,6-dihydro-
2,3,5,6-tetraaza-benzo[cd]azulen-7-one;
8-fluoro-2-(2’-methyl-5’-phospho-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-

tetraaza-benzo[cd]azulen-7-one;
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20 9- net hoxyam no-2-(2' - met hyl -5' - phospho- (3-D-ri bof uranosyl )- 2, 6-di hydr o-
2,3,5,6-tetraaza-benzo [cd] azul en-7-one;

9- ami no- 220643yl - 5' - phospho- ( 3- D-ri bof uranosyl ) -2, @caiusyawoeA38, 5, 6-

t etraaza- benzo[ cd] azul en- 7- one;

9- hydr oxyam no- 2- (2' - net hyl - 5' - phospho- 3-D-ri bof uranosyl ) - 2, 6-di hydro- 25

23,5 L Ao e L e AR s 8 TR 5
tetraaza- meman[aemm[u&]anulenﬂnme 37 WD 2006/ 093987 PCT/ uszooes/h 087132

9-ami no-2-(2' -methyl - f 2,3, 5,6,
5 “pent aaza. be AR CH TR prbo o bR RSy R g 2.4.5.6-

- phospho- Qe’ifalgngg%[gd%&yﬁ oke;0- di hydro-2,3, 5,6- tetraaza- benzo [ cd]
azul en-7-one,

9-i0d052-(2'- nﬁtlhsitb-QE(Q’ pretyidd-phaspboi-Daihofanansesyl)y 2,8 dbhydirdv2 8 562, 3, 5, 6-

tetraaza-benzo ens /-
9- am no- 2?% Jcﬁ?d;pﬁ@\hazgle ’ﬁ%%ho (3-D-ri bofuranosyl) -2, 6-di hydro-2, 3,5, 6-

t et r aaza- benzocghiagy-@n-OlnRig/l-5apHosphb Drﬁwfwho -2,6-dihydro-2,3,5,6-
- phospho- D-rlbofuraﬁzsyL;ﬂg: g@dlﬁﬁdﬁ% 2, 3, 5@8 “trtraazal 10

benzo[ cd] Wéﬁwbenzo -Pre;@A¢ enbodi rrent the 5' di phosphates are

selected from

_di phospho- ( 3- Be- Bl 5o @%2[{]%39‘{@%% Gﬁﬁér?%t3r%g’zt§“aa§8nzo [cd]
azul e 7- bewzo[ddjazdHdne- 79ﬁﬂid11¢l -5' -di phospho- (3 D-ri bof uranosyl

) - 9- et hyl am no- 2, 6-di hydro- 2, 3,5, 6-tetraaza-benzo [cd] azul en-7-one;

2-(2 In one embodiment, the 5 dlphosphates are selected from the group cons1st1n§
-nmet hyl -5' - di phospho- (3- D-ri bof ur anosyl ) - , 7,9-tetrahydro-2

pent aaza- BEnzo[cd]azuIen 8- one;
L S Gy ot sl AR A g
- di phosphbemzb{dd]aziuﬂmf%aaosyl) 2, 6-dihydro- 2,3,5,6-tetraaza- benzo [ cd]
o e o0 LU E st PenistolS SRR e S ThaanosY )2
9- f or mam Q&§5Q&raag@5%0[@]aﬂ!&bﬁggg!o (3-D-ri bofuranosyl )-2,6-di hydro-
2-(2’-methyl-5’-diphospho-B-D-ribofuranosyl)-2,6,7,9-tetrahydro-2,3,5,6,9-
pentaaza-benzo[cd]azulen-8-one;
9-acetamido-2-(2’-methyl-5’-diphospho-B-D-ribofuranosyl )-2,6-dihydro-
20 2,3,5,6-tetraaza-benzo[cd]azulen-7-one;
9-hydrazino-2-(2’-methyl-5’-diphospho-f-D-ribofuranosyl)-2,6-dihydro-
2,3,5,6-tetraaza-benzo[cd]azulen-7-one;
9-fluoro-2-(2’-methyl-5’-diphospho-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-
tetraaza-benzo[cd]azulen-7-one;
25 9-formamido-2-(2’-methyl-5’-diphospho-B-D-ribofuranosyl )-2,6-dihydro-
2,3,5,6-tetraaza-benzo[cd]azulen-7-one;
9-methoxyamino-2-(2’-methyl-5’-diphospho-B-D-ribofuranosyl)- 2,6-dihydro-
2,3,5,6-tetraaza-benzo[cd]azulen-7-one;
9-amino-2-(2’-methyl-5’-diphospho-B-D-ribofuranosyl )-2,6-dihydro-2,3,5,6-
30 tetraaza-benzo[cd]azulen-7-one;
9-hydroxyamino-2-(2’-methyl-5’-diphospho-B-D-ribofuranosyl)- 2,6-dihydro-

2,3,5,6-tetraaza-benzo[cd]azulen-7-one;
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,3,5,6-tetraaza-benzo [cd] azul en-7-one;

nmet hoxyam no- 2- (2' - net hyl -5' - di phospho- (3-D-ri bof uranosyl )- 2, 6-di hydr o-
3, 5, 6- twbhna@z@3d3enzo [ cd] azul en-7- one; PCT/US2006/007132

am no- 2- (2' - et hyl -5' - di phospho- (i -D-ri bof uranosyl )-2, 6-di hydro-2, 3,5, 6-
0 tetraaza-benzo[ cd] azul en-7-one;

9- hydr oxyam na.gdn§4-2-f! =] 1 \ W aansito-2,33,6- di hydro-
2,3, 5 6-t giﬁ%(érﬁaz_ ?ﬁ%ﬂﬁﬁb@%ﬁ?ﬁﬁ%ﬁ%ggﬁ%?% 200 /0939%”7

PCT/ US20G6tt4a7-bazzo[@Lliulen-6-08ey 2' - et hyl - 5'

- di phospho-(3-D-rib ,anosyil ). - di Qn2 YT g .

t et raaza- benz %1118%%@%?%15% d (%Bﬁ%ﬁlh%éq}n(bfféaé rr%s? Ry%’§ g;hydro 2.3,5.6.8

- di phosp%n{agzpoéﬂzggmb[zamsybﬂeﬂ, 6-di hydro-2,3, 5,6, 8- pentaaza-benzo [cd]
azul en-7-one; 5 . ) .

9- chl &r o- 2- ( 2' -ehlptey2(Z-methyhe'spinbosphexfrPrdrofiraneyhr3.6 sl dge-Ryet-8- 2, 3, 5, 6-
tetraaza-h - 79one; 9-iodo-2-(2'

- et hyl - &&%ﬁ%%gg%qﬁé %%ﬁ Z?%g’f ur anosyl ) -2, 6-di hydro- 2, 3, 5, 6-

t et r aaza- benz ®-{gdd}2- uhethyl?5 ediphosphafiroibpfignosyl)-2,6-dihydro-2,3,5,6-

- O net hyl -5' - di phospho- (3-D-ri bof uranosyl) - 2, 6-di hydro-2, 3,5, 6- 10

t et r aaza- BBpzaERTASURBHEY /9B, and 2- (2' - net hyl - 5'

- di phospho- [ i - i hof -2 = 2. EpBishiEIBD 2ib3furdndiy iz, 6-dadda-2 3gne-0 [ cd]
azul en-7, 9-di %@_ﬁ&%'{%?g%ﬁ%@d?nﬁ%t ,Sbt hg 5' 1 tr ir- phgs)phat gg are ?e?ect ed

f romithe gtrearp-beonscdlazuign-7afmelsd

9-am no-2-(5'-tri,pho - (3 D-ri -l 1h Q- 24 2 stet -
benzo [ cd] (az ué'é%?r?‘?tg‘ggg '%P?%Splhbﬁg]{)%%%%og%é%'pigzﬁﬁgg{;}}%@?gf%@’ﬁnﬁ% ar :n(r)gslza
)2- (92rret hW%ﬁﬁli)ﬂ%g]a%uﬁném!W&ibﬁe. 2,3,5,6-tetraaza-benzo [cd] azul en-7-o0ne;
- - n‘e -
-triphospho-( 3lin[2)'(ﬁei BHAAGRSHE b* &i-BhospRatbLire 3BEete® fdnBthd glouprcodbisting
c

pent aaza- benzo azul en- 8- one;
9- acet am adb- 2- (2' - net hyl -5' -t ri phospho- (3-D-ri bof uranosyl )-2, 6-di hydro-

2,3,5 6-tetraaza-hen dlazul enz7- . 9- Lazi o= - 2 «= | -5

-tri p]n%spho- ( 3W’?‘Hzga{ﬁﬁ?%lgW%O@Dgl%r}ﬁgagrgwgﬁ %ﬁg}?}g?i%é%’%gat% a- g%zo

0T ot o BERRABARET NS, ospho- p- D11 bof 2, §-di 2

et oo beno P B b - Kinbhaec D-Hbofuranosy! )-sEmetylanife 3 ey oo 2> 5 S &

2,3,5,6-tetraaza-benzo[cd]azulen-7-one;
2-(2’-methy1—5’-triphospho-ﬁ-D-ribofuranosyl)-2,6,7,9-tetrahydro-2,3,5,6,9-

2
9-
2,
9-
3

20  pentaaza-benzo[cd]azulen-8-one;
9-acetamido-2-(2’-methyl-5’-triphospho-B-D-ribofuranosyl )-2,6-dihydro-
2,3,5,6-tetraaza-benzo[cd]azulen-7-one;
9-hydrazino-2-(2’-methyl-5’ -triphospho-B-D-ribofuranosyl)-2,6-dihydro-
2,3,5,6-tetraaza-benzo[cd]azulen-7-one;
25 9-fluoro-2-(2’-methyl-5°-triphospho-B-D-ribofuranosyl)-2,6-dihydro-2,3,5 ,0-
tetraaza-benzo[cd]azulen-7-one;
9-formamido-2-(2°-methyl-5’-triphospho-B-D-ribofuranosyl )-2,6-dihydro-
2.3,5,6-tetraaza-benzo[cd]azulen-7-one;
9-methoxyamino-2-(2’-methyl-5’-triphospho-B-D-ribofuranosyl)- 2,6-dihydro-
30  2,3,5,6-tetraaza-benzo[cd]azulen-7-one;
9-amino-2-(2’-methyl-5’-triphospho-p-D-ribofuranosyl )-2,6-dihydro-2,3,5,6-

tetraaza-benzo[cd]azulen-7-one;
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9-formam do-2-(2' -nethyl-5" -triphospho-(3-D-ribofuranosyl )-2,6-dihydro-
2,3,5,6-tetraaza-benzo [cd] azul en-7-one;

9- met hoxywoi2na/@34s2' - met hyl -5' -t ri phospho- ( 3- D-ri bof ur amosyispeos@of3zi hydr o-
30 2,3,5, 6-tetraaza-benzo[ cd] azul en- 7-one; 9-am no-2-(2' -nethyl-5'

-tri phospho- (3-D-ri bofuranosyl )-2,6-dihydro-2, 3,5, 6-

Lot 1 aaza: benzof Gk AL i 7 0 A N ANDRSIO S SITHISAO0BLARGHSZ nyaro
2, 3, 5, 26-5§6°,tetraazaayelnzqm}az1[ﬂed-]7 @rxll en-7-one; 8-fluoro-2-(2' -nethyl-

~tri phospho- (3-D-ri bof ur anos - -
[ cd] gzul gn 7( ofrdluorp-2-(2°-methyl-5 -tr1phosp%oﬂ%l-gr-8bo r3an055y1)62 6th Itl}tcﬁrgé% ? 620

9- am no- Zf{ 2nzal h%y[g ]QzulEIFWFHHéSphO 3-D-ribofuranosyl) - 2 6 d| hydro-2,3,5,6, 8
- pent aaza- enzo ? azul en-7-one; 9-chloro-2-(2'-mnet

-tri ptospho- (39mnmd3@f(2|’rmnﬁlsdﬂ-l5)~trmh©8m110h@'@r -GbuBnes¥d)-2 1ha@9£,béﬁz&3 [ cd]

azul en-7-one; nmet hyl -5

-tri phospﬂ@?aéaﬁ-elf‘%o&fﬁféi%&?ﬁ 2, 6-di hydro-2, 3,5, 6- 10

tetraaza- benZOb%ﬁio?@gl(gnm%t ?-PpREHIR-D- ﬁBofuranosyl) 2,6-dihydro-2,3,5,6-
-O-nethyl -5 -triphospho- ( 3- |bofuranosyl) 2, 6-di hydro 2,3,5, 6-
tetraﬁza tﬁ@ﬁ%@{-bﬁ@i}l@fzdﬂagﬁﬂﬂm; and 2- (2 -net hyl -

-tri phospho- (3 | ] L yd t nzo [cd
azul ene-7, 9- dlgé% ?%%%g%t%g& g)%ao%?ﬁ(rjr{éﬁ faraﬁﬂéllg%gsdel% Cﬁ?ﬁz\%a??on Led
enCOfTIIﬁSS%&a@zaﬁ&b@k@[&d}%ﬁlleﬁmonecorrpos| tion corrprl sing a pharmaceutically

acceptable carrier and_a therapeuticall f,
a phar maceut i 0813P31n%r3t§%ppalﬁls@ygél 'Erlp Qsﬂh)éuﬁ@ﬁ%eg %?\égﬁ’%rg’ﬁaél%%gafg pand or
accept abI trﬁ@iabéﬁ%?[%dla HlRRsne Bt eof , represented by formula I, Ia, Ib

I c a mxture of two or nore of such corrpounds 20 In
anot her enbodl m{m-metlibebﬁqﬁmaphq-h%nbmhmmﬁﬁdbﬂﬁa@bwoez FeORBHARr treating
or preyenb f&fectl on in a mamual nediated at least in part by a
virus in dQ‘é’nweam |y of viruses, conprising adm nisteri ng to

sai d mamal h |
phar mhteut i C:| i@%@%@@ﬁﬁe@éﬁé Iq%g"'ergth‘i}’%gh? CO g%ﬁiﬂ%q'egglpﬁﬁqchztic?a ve anount
of a conpgun g?ﬁ‘?t;i/o %?bﬁdrﬁl%édw%@ &%@ﬁ%l@%ﬁlé alhd a tiRrdpRutiegr, or a

phar maceutlc alt of atautoner thereof represented by .
formula | pffécawelamouh‘cof d ¢ompuagd oop phirmageuticalty reaspablst salty PO & B such

conpounds
i pharmaceutically acceptable salt of a tautomer thereof, represented by formula I, Ia, Tb,

Ic, IL, 1Ia, or IIT or a mixture of two or more of such compounds.

20 In another embodiment, the present invention encompasses a method for treating
or preventing a viral infection in a mammal mediated at least in part by a virus in the
Flaviviridae family of viruses, comprising administering to said mammal a
encompasses a pharmaceutical composition comprising a pharmaceutically acceptable
carrier and a therapeutically effective amount of a compound or a pharmaceutically

25  acceptable salt, a tautomer, or a pharmaceutically acceptable salt of a tautomer thereof,

represented by formula I, Ia, Ib, Ic, II, IIa, or I1I or a mixture of two or more of such

compounds.

In other embodiments, the present invention encompasses use of a compound or

a pharmaceutically acceptable salt, a tautomer, or a pharmaceutically acceptable salt of
30 atautomer thereof, represented by formula I, Ia, Ib, Ic, II, Ila, or III in the preparation
of a medicament for treating or preventing a viral infection in a mammal mediated at

least in part by a virus in the Flaviviridae family of viruses.
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I n other enmbodi nents, the present invention enconpasses use of a conpound
or a pharnmaceutically acceptable salt, a tautoner, or a pharmaceutically
accept ablwo=adeiosds7 30 a tautomer thereof, represented lpgTfuseengloaribz | a,
Ib, Ic, I'l, Ila, or Ill in the preparation of a nedicanment for treating or
preventing a viral infection in a manmal nediated at least in part by a

virus in the %%?aneidéi)&%etﬁeqﬁ%&}ﬁagfs a%’}LJrfrb%‘?S' 40 WO 2006/ 093987

PCT/ US2006/ 00 I'h sone aspect e mamual is a human. In sone aspects,
the viral infection is e htis C i AVA . 1nf i . l.n ot her
aspects, the :@rﬁ"mes%s?%%» @?ﬁe[)\g#al gﬂt?ﬁéop ;{%g:l}ag aglglls?Gy]‘lhg#hf'l{eegtvﬁléieing%gﬁht of the
conpounds of the jnvention are.used.in conbinatio .t h. one or e agents
active 5 agai _ng’_t(’th%rr?ﬁ?‘?cﬁ’ _e@dmllr“ﬁg?t_lqnn‘)f%o 4 ﬂggaﬂ%gv%f?g{ve%ugbéﬁbe active
agai nst  hepatduhil$ ofh¥ ifwatib® a@fisédit ddnitifiatidh withdheUrahQd98ents hitive

pol ymer ase, HCV helicase, HCV NS4B protein, HCV entry, HCV assenbly, HCV

egress, HRwinEbepapitie Cevitus. or i nosi ne 5' - nonophosphate dehydr ogenase. 10 In
ot her enbodiments, the active agent against HCV is Ribavirin, levovirin,
vi rani di ne, thimosicemnbqlimertts, thnaganhadiiveagaiost INSRitéet ivires psraptivhibior efn

i nhi bi tor i Nosi n ngphosph ehydr interf -al pha, or
pegyl at edHﬁ% @Pfe@?ﬁnﬁ%(ggmﬁ@%’ﬁ@%ﬁﬁyﬁﬁﬂﬁgﬁ’ﬁﬁ %&%ﬁtﬁ@g{]@n&ﬁposi tion
I n generajcyt ﬁeﬁ@?PH@W@gr@Js, HOVSNEBX §RbteRN oMinbkin® §'-@ddAdphospiened in a 15
therapeutically effective anmount by any of the accepted nodes of

adm ni st r deliydrogenase. agents that serve simlar utilities. The actual anount
of the conpound of this invention, 1i.e., the active ingredient, wll
depentd upon nuhesthersenfitasliroeys, sheactive agens againsiHICY ipRibavein, devoshte to be

treated, the age gnd rel ative health of subj e t he. - of the
conpound ﬁg%%%fen y%{%ﬁ%ﬁfa@rﬁubf Ora%fr%%%egetnlngtﬂr%%a}seaaﬁl ngﬁtggwact ors. The
drug can ir%@in@%&féfih&ﬁ{pﬁ&t@ deKly FFBERatd) aflerBR6R albhd 2ot pepy iedriatet fyropradpheaor t wi ce
a day. Therapeutically effective anmounts of conpounds of this invention
may range from approximately 0.01 to 50 rTg[ per kil ogram body wei ght of the
reci pi ent AdarinisgrationangsRhragpiagentical Comppsition ny/ kg/ day, nore preferably

bout 0.01-10 i 4 . 0.01to 5
abou f@ée&ﬁ%ﬁa‘i&éﬁ] c?}rl}l{g{)dnds PHifTs ﬂl'i/@ﬂt%ﬁ%élybe; Jgﬁﬁhﬁﬁ?é& in®% Y

ng/ kg/ day. Thus, ration to a person, the dosage range
woul d1310s thepapefigratlyl effebivecdioaint By Zangb0thegcpteddnydeslofi agmimastedtiondonpounds  of

this invention will be adm nistered as pharnaceuti cal omppsi-tions by any
one of thasi thatehe $ f‘re%tﬂlt@ﬁafrﬁe %%Ei‘l@mo ”F%f.eté.e ?O?P%W’s%laog{r%ﬁlﬁllr,wen '3 anasal
or by suppeSir-Qtive ingRldfmt, Vil dep&hdPuponi lnfedslsFaetbR such B tha ¢eVee oPthe

disease to be treated, the age and relative health of the subject, the potency of the

compound used, the route and form of administration, and other factors. The drug can

20  be administered more than once a day, preferably once or twice a day.

Therapeutically effective amounts of compounds of this invention may range
from approximately 0.01 to 50 mg per kilogram body weight of the recipient per day;
preferably about 0.01-25 mg/kg/day, more preferably about 0.01-10 mg/kg/day, still
more preferably from about 0.01 to 5 mg/kg/day. Thus, for administration to a 70 kg

25  person, the dosage range would most preferably be about 0.7-350 mg per day.

In general, compounds of this invention will be administered as pharmaceutical
compositions by any one of the following routes: oral, systemic (e.g., transdermal,
intranasal or by suppository), parenteral (e.g., intramuscular, intravenous or
subcutaneous), or intrathecal administration. The preferred manner of administration is

30  oral using a convenient daily dosage regimen that can be adjusted according to the

degree of affliction. Compositions can take the form of tablets, pills, capsules,
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subcut aneous), or intrathecal adm nistration. The preferred manner of
admnistration is 30 oral using a convenient daily dosage reginen that can
be adj ustwo 2a@pes®rng to the degree of affliction. Conpogiuscemsonan take
the formof tablets, pills, capsules, 41 WO 2006/ 093987 PCT/ US2006/ 007132
sem sol ids, powders, sustained release formulations, solutions,

SUSPENsi 0fgnis fld Xpdwiders, QRGBROL Foleadd fRMNAIBLRE SoRABALRAIRAGoHOBRAR, L i Ons.
Anot her nanner for adm nister ng compounds of thig imvention Is

i nhal at i omerosbhs oc i atbedppiapriatd @ipesitivep eAdsthermesner fersadisisisrisgsuch as
the node of dru adm ni str.ation.and bioavailability of the drug
substance‘.’orﬂﬂung%? @é?@v?ﬂt’é’nilﬁﬂéﬁg{lf’%n the conmpound can be formul ated as

| i quid solution, suspensjons, .aero0so ropel lants or dry owdef. ,and | oaded
into a suitabl hgiPhgs Pm@ﬁtl%ﬂ?ﬂqp&ﬁ‘g’a‘(qe@ﬁ? ?aﬂtfgﬁ guchyas t@"e&’@&%&@%es of
phar mageuy jcalsy bi ' | %8 5tahddNalop USliv P L RIiRRkISRS AL Nhal er s
( VDI ;mg:an%:ld r;k/StﬂSg%bel?& Pﬁ%ﬁ%ﬂﬁfé&qﬂ)g% %ﬁlgtiag%r EIzlél)evi (I:Xéé?p%olduce a stream of
hi gh vel ocompowmdread e foratulatad selsquith soluihesr, apwensiensagernsd ptawellents of dry

formulated in a Liguid.form..t pra a, mst .that.is_carri into the
pati ent' qu\gieﬁiapgh%gmtg@g?lltq\% algp?%%r?fﬁaﬁqumﬁrgu?%r Tafton Verg‘g%?ggged Wi th
a_conpr esggshagdgeeutibfliniagitibht deftes-héhldeVinhdes] BeladddRse mhakas@ViDW) anount
of therapeutic agent by corﬁg}r essed gas, thus affording a_ reliable nethod of

adni ni st ertichdryposwler halers (DR, elizemsiovices sndheea strerdt abiigh velogieaits in

the form gf | .Hﬁ{m i: i atient's
i nspi f(git oﬁlﬁt ga}ugsc?sst@% g’%ﬁ%ﬂ&ﬁﬁ% ﬁ%e ﬁﬁ&@g{%%rggé y tﬁgﬁldé(gf\yi({:lgT‘f tg?%% %%(R) achi eve
a free fl pwdtnigat povdaeed intdéetpademdpaadpimtoragact NIBI’s oypiedltaed forirutntion

exci pi ent such as, | actose. nmeasur ed anpunt e%[ t he,, }:\hera eutic agent is
stored i npackaggskvith acompressed gas. Hipeparivaienieieyicetisehpigst p girasedent | v,

phar maceuti6al: Jrofdriloalit aps B umbRE R AhaoatiaRRARLALIY nlcdioddtt dr ugs

t hat show poor upon the principle that
bi oavai | abdthinisteriregra $5¢ amonot daged. BPidispeasss thegapehtic sgantsivdhafourm of ae. |

decreagsin rticle size. For, exanple,. U S. Pat. No. 4 107 288 scribes a
phar ngieu?rfegaf’f’vf%w ﬁ@ﬁcﬂh@? ﬁépr%%fﬁtlfl&}fee%atﬁeﬂt 1 PPyt gnﬁh%gnr% 10 to

1,000 nNm pRaMEDy tHRRledeh] HEolBE Rldchievé & fisl PRMiREEbvader Xhe Giedgruiinked matri x
of macronol ecules. U. S. Patent No. 5,145,684 describes the 25 production of

a phar macegant taforhulated| veith amexcipiontiseeh aslactasa g sipastradhamonat fihs erj zed to
nanoparti gl es verage parkic j 4 : i . D f
P pleé ¢ agengts oerﬁa i %geg)rﬁ{élégo&g ancpg.dgs[]ﬁ}ﬂaéenev%):ﬂ?eagﬁ%éﬁgﬁ&.o a

surface 3 inali umto give a
pnarceutt cal oL M) kLD LB R AR S LR 011 L
conbi p@t i @R sEéw pE@SioARBabilie! tleEUbdcak biindplkapitdibaitatiliy @ntbe
Acceptabl ?ncreased by increasing the surface area i.e., decreasing particle size. For example,

U.S. Pat. No. 4,107,288 describes a pharmaceutical formulation having particles in the

size range from 10 to 1,000 nm in which the active material is supported on a

crosslinked matrix of macromolecules. U.S. Patent No. 5,145,684 describes the

25  production of a pharmaceutical formulation in which the drug substance is pulverized
to nanoparticles (average particle size of 400 nm) in the presence of a surface modifier

and then dispersed in a liquid medium to give a pharmaceutical formulation that

exhibits remarkably high bioavailability.

The compositions may be comprised of a compound of this invention in
30 combination with at least one pharmaceutically acceptable excipient. Acceptable
excipients are non-toxic, aid administration, and do not adversely affect the therapeutic

benefit of the compound of this invention. Such excipient may be any solid, liquid,
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excipients are non-toxic, aid adm nistration, and do not adversely affect
the therapeutic benefit of the conmpound of this invention. Such excipient
may be anyo0béd@zoshi qui d, 42 WO 2006/ 093987 PCT/ US2006/ @0TAZ2006meT32 sol i d
or, in the case of an aerosol conposition, gaseous excipient that is

generally available to one of skill in the art. Solid pharmaceutical
exci pi ent SerhiDeliHQE, if R Glle of & AdtbQ3 %@m?@sliﬁon, %héé%%@xciﬁiéﬁtttﬁét% gerpglyose,
gelatin, malt, rice, flour, chalk, silica gel, nagnesium stearate, "sodi um

st ear at e, avédlableyc enobf skithostheartat e, sodi um chl oride, dried skimmnlk and
the like. Liquid and sem solid excipients may be sel ected from gl ycerol,
propyl ene gl yc8blid pldraacewichloaxolpieranihclnde starch, oélludose] tald, ghlicosg, taotwse, of

petrol eum ani nal_,  vegetabl e or thetic.origin, e.g., peanut. oil
soybean oP¥eosf &e_é‘?‘té% ngai_?‘ﬁ flcgg@élﬁé:?%ﬁq Siligq f"ee?l’ @P&eé%ﬂegﬁﬁugﬁ?%ﬁeﬁ@f% for
i nj ectabl lgzgljo}’ﬁl'oﬁli‘s?earét@céo‘dﬁﬁn%bﬁﬂe skl sKigh mARUBL R 1HIeXIligsi@ an@nd gl ycol s.

10 Conpre gases may be used to di sperse a conmpound of this invention in
aerosol f eemisolichexrcipigrts emydaistlabted fifoor glyearsl, prapylene ghicel. aterogfbanolcar bon

di oxide, et¢. .Qxher .suit.abl.e phan eutical .excipients . '

formul at i 8‘?1‘@"%{}%‘5 8§§’6P?L18‘i18g thiosB ﬁiﬁ?qﬁoé%‘ﬁ" “B?ala?feir%?gaé”ﬁ"t %’rcsé(ﬁa’%l‘:‘it' gﬁ%@s edi t ed
by E. W Var ek MACHyBed] oif hhiferal émpame oill 8t Peeferred 90, catrfersfer amount
of the conpound in a T),ornul ation can vary within the full range enployed
by those #Heqtatdeisqlptienseinghude Wajgs; wading aqueays destonss atd gwceld1 | contain, on a
wei ght percent (wt% basis, fromabout 0.01-99.99 wm % of a conpound of this
i nvenl®on base§oowreshed gasesuimay be wsgddpidinperspiachmprndef hisdavediondl one or

nore suitabl e har.maceut i cal ,exei pi Pr y. . dis
present ataeréfsqlé@%l?' IB?rgg?)sgﬁfmlta?ge %—r gﬂg%ﬁfg Se@&%%ﬁ%ﬁ%%&% l‘g’ag%?;nt

i nvent i onOter@uitalé phhrindcéutiohiodxafiain artlaheie Gorpaddtions are deseniieddinng a
therapeutically effective anmpunt of a conpound_of the prﬁﬁ&%ii nvention in

conbi nat i Bemingten'aPhaeespisicel Seencgs, edited by e WaMartin (Mecly Ngactive agent
agai nst t virus and, in particular, against HCV. Agents
CUBHRE IR 1909

active agal N nclude, but are not limted to, Ribavirin,

| evovigin, viramdine,  thyopsin al - i nhi_hj f serine

or ot ke, or anth AR GNP Bl b B Gl B M

i nt erf er ogmployeé By hiadse dkillled &1 theraen-Typlcpkgithé erfratapionayill cantimybhaat i on of
interferon-a and Ribavirin, a conbination ofwt:g);gi nterfer OCﬂ(é‘f? and Ri bavirin,
a conbi nAtaig bercent{PaYe) Sadn fomakput 8P4 IH WA 06 2 SorBrt A n of

pegi nterf o et ] t L BEInY s or Bidhe siftaBRt i m ted
to, recongéﬁgﬁgl?%g%%g#@é?%g éﬁicoﬁ’ %e{atfsl%ﬁ%%%&%%i rrllgerfggon eavaial able from
Hof f man- L pRaetweeutNat éxeypiets.) Prefertlelyf the ommpound is present at a level of about

20 1-80 wt%.

Additionally, the present invention is directed to a pharmaceutical composition
comprising a therapeutically effective amount of a compound of the present invention
in combination with a therapeutically effective amount of another active agent against
RNA-dependent RNA virus and, in particular, against HCV. Agents active against

25  HCV include, but are not limited to, Ribavirin, levovirin, viramidine, thymosin alpha-1,
an inhibitor of HCV NS3 serine protease, or an inhibitor of inosine monophosphate
dehydrogenase, interferon-a, pegylated interferon-o, (peginterferon-a), a combination of
interferon-o and Ribavirin, a combination of peginterferon-o and Ribavirin, a
combination of interferon-o and levovirin, and a combination of peginterferon-o and

30 levovirin. Interferon-o includes, but is not limited to, recombinant interferon-o2a (such
as ROFERON interferon available from Hoffman-LaRoche, Nutley, NJ), interferon-

02b (such as Intron-A interferon available from Schering Corp., Kenilworth, New

43



a2b (such as Intron-A interferon available from Schering Corp., Kenilworth,
New 43 WO 2006/ 093987 PCT/ US2006/ 007132 Jersey, USA), a consensus

i nterferomp2aswbozespurified interferon-a product. For a pdirase@sioonspf
Ribavirin and its activity against HCV, see J. O Saunders and S. A
Raybuck, "Il nosine Monophosphate Dehydrogenase: Consideration of Structure,

Kinetics gadeyl W@ps%ﬁ&nﬁgtﬁeﬁeﬁh{ and ¥ PurifiAnteMefbn-EPRAAct. Fpa201-210

(2000). 5 The ‘agents active against hepatitis C virus also include agents
t hat | nhi ldiscusd®dwn oftibadtis end itHanivityl agawsiadeV, HeV. PeSawatees andS/ANS4B

protein, ent ty, .H assenbl y, eqress, HCV NS5A protein, and

i nosi ne 5%‘#}0@(}3 h%lg Blﬁ%aonogg%%P%&eﬁﬁw@ggﬂsﬁ'&mﬁ%ﬁ?@q %ﬁ@ﬁ@x‘?’lucl eosi de
anal ogs f ®inéths ahd GatmapalticTotéiaiCnr RER Aled) Themt,iIsk20atTier (200mpounds

i ncl ude those disclosed in WD 2004/0 1 43 1 3 and WO 10 2004/014852 and in

the references Tqtagehts A&VRIaBaindt R pREELOViIAPRLS SRIIRIS NP hL HidWiPi¢IA3 and
WO 2004/ 014852 are hereby incorporated by references in their entirety.

Speci fi c @mipases,dlCYgehmerasscHGdehativassa SBBaveiging 686 entng HCVBI LN- 2061

(Boehringer_ I (Ma¥=Y) Endo Phar maceyti cal | di ngs Inc.),
ot or on A HEY Thtess HEY N ol o B0 P ple B e |
Pegasys/ Riderydividhakd:. Oftef gean-iheluRosiddosideainhiogpior tire tréd@hmbnedf-ahdI®pche) ,
Vel | feron (d axoSmithKline), Albuferagn-a ( one Sciences 1lnc

H Ge ),
oot L i Eesormr o b e irasds nFe Tgse oo TReIAS Lareh Wa b 501
| nd tJ , j.m t ) ..lnf A
L o SOOI A SerafEiodc Qiedhot il AHHRRA! Afptkagdd GLOSH A -

(Japan Toka64/61438. and WOGAOGAY1 ERF am delehbiuicvrfiraiedrby eefetenadssip thdbepl ene
(Maxi m Phar paceutical s), G vacir (Nabi Bi opharmaceuticals Inc.), Intron

A Zadaxi nem(‘rﬁg’geneRx), Levovirin (R bapharminc.), Viram dine(R bapharm

Inc.), Heptazyne (R bozyne Pharnamceuti cal s# Intron, A (Scherl n&- Pl ough),
PEG | ntron ( Sch®esifigantpyighgasnts mehde QpegadENdBioMedicings nc,), RilgNw061 n

(Se1 ongyPoR AR WRERSRD, SORERRCTUAR Sl AT HAD) KRR ™ o,
(Tul adbk I(RcHYffmed aRochd)ePegasys @hafoffucatla Ratle)] Pagajys/Rika@shy/ (EY- 5703 10
b1 ophar G B EL& Focas 987t 47 FRBRT e Bt blg NeLLerps KGR FHBR ARG | 1 s
R s e
Phar maceuttb6a(ldyn Pharnsoewicalsihdi+ 08 (islevedhannbcenticage Actiagainest hepatitis C
virus is ipt et eedis), Mrergen A (InterMune Inc.), ISIS 14803 (SIS Pharamceuticals Inc.),
20  JTK-003 (Japan Tobacco Inc.), Pegasys/Ceplene (Maxim Pharmaceuticals), Ceplene
(Maxim Pharmaceuticals), Civacir (Nabi Biopharmaceuticals Inc.), Intron A/Zadaxin
(RegeneRx), Levovirin (Ribapharm Inc.), Viramidine(Ribapharm Inc.), Heptazyme
(Ribozyme Pharmaceuticals), Intron A (Schering-Plough), PEG-Intron (Schering-
Plough), Rebetron (Schering-Plough), Ribavirin (Schering-Plough), PEG-
25  Intron/Ribavirin (Schering-Plough), Zadazim (SciClone), Rebif (Serono), IFN-
B/EMZ701 (Transition Therapeutics), T67 (Tularik Inc.), VX-497 (Vertex
Pharmaceuticals Inc.), VX-950/LY-570310 (Vertex Pharmaceuticals Inc.), Omniferon
(Viragen Inc.), XTL-002 (XTL Biopharmaceuticals), SCH 503034 (Schering-Plough),
isatoribine and its prodrugs ANA971 and ANA975 (Anadys), R1479 (Roche
30 Biosciences), Valopicitabine (Idenix), NIM811 (Novartis), and Actilon (Coley

Pharmaceuticals).

In some embodiments, the active agent against hepatitis C virus is interferon. In
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44 WD 2006/ 093987 PCT/ US2006/ 007132 sone aspects, the interferon is

sel ected fromthe group consisting of interferon al pha 2B, pegyl ated

i nt erferomoab@mazosconsensus interferon, interferon al phac2Aaseedo7132

| ynphobl astiod interferon tau. In other enbodinents the active agent

agai nst hepatitis Cvirus is a conmpound 5 having anti-HCV activity is

sel ected bG8 0810 HeFOIDR i $4dddeedrorh RREELEY Kbiisting Jf THt&féreH Kipha 6

i nterl eukin 12}ﬁ§ gghpound tﬁat enhaﬁzes t%eﬁgeveﬂo%%ent of a t}%g 1

hel per T @B\ pegydsspbinterferpmalphd, eonsegsiRiiaterfarnmi inderfieren Aiha 2Asigd nod,

ribavirin, a I NOSk N ' nonophospat e dehydr ogenase i nhi bitor, amantadi ne,
FuiPheblestied g

and ri man "rm’é% heti ¢ Methods 10 The conpounds of this

invention can be prepared fromreadily available starting. materials using
the Tol Lowi ng deABFEPTRGLHSES o5 aten dRuus Epetis s Vises SAFPETRHTSA t hat
wher e §yphgihg QhtiBIET LA BA688S oANHE Ffdﬁ@%oﬁéistﬁlg of iRRALHIGA 2t enper at ur es,
tinmes, nole ratios of redctants, solvenis, pressures, etc.) are given,

ot her pr odgsdeukimbli intevlnskind2na edrspound thet ethanskeths dovdlepmeieolsttgpeed. Opti num
reaction conditi ons may vary.wt t he parti.qular .react.ants or sol vent
used.  but PEREhT B FrsPPact Bicki ol Rl ol oo B B Rl bR RN e art by
routine opidsiiezAhbidphRbEeaihyafogenbe ifHibif] Atantadindiahl rid@néid@y, ent to those
skilled in the art, conventional protecting groups may be necessary to
prevent certain functional(%%oups from undergoing undesired reactions.

Sui tabl e fSreveediSymghesicdsthodsy various functional 20 groups as well as

sui tappe condi t’['hlg%m Bﬁnd%ro?ttlﬁgﬁﬂv@ﬂt&ﬁ{‘&n%ﬁ%% & 109 Lafify &4l Me sthifppt | onal
groups are well known In the art. For exampl®e, nunerous protecting groups

ar e descr netialnusing the fdlering gamatal@ethbds\iintd prodedotesc it wifl W@rapppsiated Or gani ¢

Synthesis,, Thiird Edition, WIley, New York 999 nd, references cited
Cher oi n. _ Eift YEISHSPISal SHECEBRBBIANES SOROE RS Rn PO IS RS or mor o
chiral 25pe80}8108 oPRACRHENTRIRO PRESuER BicDRrd R BRI hbr ProdeSPEHdathnaS PUr e
stereoi soners, i.e., as 1ndividual enantioners or di astereoners, or as

st er eoi soner alea bt psrsoini¢ss wtheewise Alated. ptimun egaciBom ennslitéons arry aty Wethed

R Lt

prepar ed ykillegin fherartebyaontise optiza®d proasduiede starting materials or
stereosel ective 30 reagents well-known in the art. Alternatively, racemc
m xtures of suGHJIGRIARAAYHESHillGRApPRSED WAL SRIIIVE itthe aftOForR%Aidae, chiral

col um chromat ogr aphy, “chiral resolving agents and the like. 45
protecting groups may be necessary to prevent certain functional groups from

undergoing undesired reactions. Suitable protecting groups for various functional

20  groups as well as suitable conditions for protecting and deprotecting particular
functional groups are well known in the art. For example, numerous protecting groups
are described in T. W. Greene and G. M. Wuts, Protecting Groups in Organic
Synthesis, Third Edition, Wiley, New York, 1999, and references cited therein.

Furthermore, the compounds of this invention contain one or more chiral
25  centers and such compounds can be prepared or isolated as pure stereoisomers, i.e., as
individual enantiomers or diastereomers, or as stereoisomer-enriched mixtures. All
such stereoisomers (and enriched mixtures) are included within the scope of this
invention, unless otherwise indicated. Pure stereoisomers (or enriched mixtures) may
be prepared using, for example, optically active starting materials or stereoselective
30 reagents well-known in the art. Alternatively, racemic mixtures of such compounds
can be separated using, for example, chiral column chromatography, chiral resolving

agents and the like.
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WO 2006/ 093987 PCT/ US2006/ 007132 The starting materials for the follow ng
reactions are generally known conpounds or can be prepared by known

pr ocedur esoaoosadyisous nodi fications thereof. For exanplper/usasug/oofi3t he
starting materials are available fromcomercial suppliers such as A drich
Chem cal Co. (M| waukee, Wsconsin, USA), Bachem (Torrance, 5 California,
USA), Enka- Che VB S L l#?ﬁg may be
prepared by prgg%(}g{tlgg, or 1%%?8%%#16) i |r(§:§°?i|l&oll?‘lgret errggﬁ(ﬂg@zcri bed in

st andar d comfemdnoecdneet mesnehbpkndvreseredmnes dFiobsmus saddiagennstherof. Or gani ¢

Synt hesi's, Vol 1- 15 (John Wley. and Sons . 1991), Rodd' istry of
Chr bon: CoRRAFIELS, VErRb Le S gng s b Ve R AL S Fm TSP,

Publ i sher §ch 19 83dricHEBARIcE ESAMilvRRIRee, YWistiTRE, mﬁ\% BAcHedPtTorMhé€gy and Sons,
1991), March's Advanced Organic Chem stry, (John | e and Sons, 01

Edi ti oh) , CanfdrniardSi), £ heshesnaiSigmaxf Yahpeis,Misaeuro iied ). dathersvagy be
Publ i shers_Inc., 1989),. Specificall .S d.nvention na
be pr epar%r&parﬁé b\y;gr?cgﬁgreﬁ,ec{rﬁégguﬁ Qg&%ﬁ%ﬁ&qﬁgé@gﬁ B%?“@%%?n#%% emstry i ny
gener al apflerBhcd 828 sah asdfiekentind Pietdr'd R eagetOfin ©rgatti¢ Besthesis, Vadanes bul ar .

General reviews of the gﬁgpar ation of 15 nucl eosigde and nu I§o]ti de

anal ogues1? Hlehn J¥éiley andi Rarel K94).Radd's Chemnistyedf ar ?PQPmPRM‘l‘iSe glugnss land

Nucl eot i des, 3 ] : . ' ions. BkSth

Princi pl egap% Sﬁﬁ@?@ﬁ?&tﬁ%&gﬁgg%%ﬁﬁéﬁc}%qﬁm cgsgz%i;%)’ 8r sgd,ﬂlﬁgl\?e?\%lvor\l(sér K, 1%374, vol .
1, Ch102; 1-a0dJ&n Wlgntheé Sons, PPODeNlarchls Advahicer] @rganiadClenGhteyyi(&thnyWileEds.

Zor bach W Ti R W , York, 1973, . 1.& 2., 20
e(rjrtr)ogicnenﬁr}d&,%q’i‘éql» g@%ﬂﬁ@é‘?@“ﬂ#‘%ﬁ 'Wﬁ%@dﬁ@ggﬁg#%ﬁ%%@ﬁ (Xlr(ﬁ{ gpgceeds
via the 7p{dinBRuhy! Ié@}.@pééiﬁ@iﬂj’[ HRQLSMpburkisHTHRG ifreh RSO RMY 'b@E)ﬁ{_parea'

d] pyri m di ne, conpound the synthesis of which is described in Schene 1
bel ow (wheneri®@GBnéthodhi kutoario lemaryof orgardc ckeraisep inigensral Badinp¢leasids  Pat ent

Application, Seri al .10/.861, 090, f.i l.ed . i appligation is

i ncor por a?‘é%m%?@idﬁ ag@()%%e ?yé’ﬁ’eeFlgrll%BarlLﬁmﬁ' sdée{{r%ﬁ ?lﬁee‘flgg/g QQE%P%QZ& / 582987

PCT/ UBR 00 6(,885s1@2andStlReBdd adlogules inclue N ) NMidNelsbNATGL. 11hd CRdmibtrichf DCB
Nucleosides and Nucleotides,” Academic Press, New York, 1963; 2) Goodman L.

“Basic Principles in Nucleic Acid Chemistry,” Academic Press, New York, 1974, vol.
1, Ch. 2; and 3) “Synthetic Procedures in Nucleic Acid Chemistry,” Eds, Zorbach W. &
Tipson R., Wiley, New York, 1973, vol. 1 & 2.

20 In one embodiment, the synthesis of certain compounds of this invention
proceeds via the 7-(2'-methyl-B-D-ribofuranosyl)-4-amino-5-iodopyrrolo[2,3-
d]pyrimidine, compound 1, the synthesis of which is described in Scheme 1 below
(where DCB is dichlorobenzyl) and is also described in U.S. Patent Application Serial
No. 10/861,090, filed June 4, 2004 which application is incorporated herein by

25  reference in its entirety.
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OODCB\ jj I'N iNNJ HONN DCBOOHDCBOOHHOOH 1c 1d le NH, N
HO-0 "N N HO off Specifically, in Schene 1, known

4- chl or o-wbkpywmedse[ 2, 3-d] pyri m dine (Exanpl e 62, StepprDr/uSasosmbiiz2 et

al .18), conmpound la, is converted to the corresponding 5

4-chl oro-5-iodo-1 H pyrrol o[ 2, 3-d] pyri m di ne, conpound | b, by iodination
wi th N iodosuccinimde. Specificallwehéde1reaction is typically conducted
by conbining a slight st0|ch|onetr|c excess (about 1.05 to 1.10

equi val ents) of N'iodsucci Cde with
4- chl or o- 1H pyf o p[2=3=d] y I fi di ne, conpound | a. The reaction is

preferably cof ted under al |ent conditions in the absence of light in a
sui t abl e sol ventta such as 10 N, N¢di net hyl f o ide. The reactionis
continued until suUB ntlaIIy conpl efeg whi gl pccurs in aboggg%wto 24 hours
to produce 4-chl oro- 5 pep- | | o[ @53 i m_di.ne, o Ad 1 b. Upon
reaction conpletion, compound |b is recovédred by conventi |  nmet hods

i ncl udi ng neutrali z@moon evaporation, exggaction, preci tggl on,
chr omat ogr aphy, flltrahpon, and the IF%bﬂdor alternatlve Y, |Smused in the
next reaction 15 without purification and/or isolation. F

4- Chl oro-5-i odo-1 H pyrrol o] 2, 3-d] pyri m di ne, conpound |b, is then coupled

to a protected 2-nmethyl substituted sugar the synthesis of' which is
descri bed, for exanple, by Carroll, et al., 17,18) using condingi ons wel |
known in the art to provide for the 3,5-di- O-protected 7-d | rine

conpound. For exanple, known 1-O-nethyl-3,5-di-(0-2,4 20— N
di chl orobenzyl ) -2- C et hyl - D-ri bof uranosi de, conpound Ilc, {T§ dissolved in a
dry inert solvent, such as dichl oronet hane, chloroforn1 ag bon

tetrachl ori de nd. he |ike, an t hen 't sql ution is cooled to'about OC.
Af t er war ds, an égaglya*n%e > Spoen 4- CBEB? gﬁL’JP}éFF oehiglrinudinescet i ¢ aci d,
i s added gE}gagn% 88, Stam)s C%ﬁéﬁtét‘aﬂls %oﬁ%@hﬂcﬁﬂ ¥s Etfveftdd %Qh@@&@é%@&&ﬁi

PCT/ US2006/ abouf 1 to ab ou ours at tenperature at out-0 t
about 25C4-atorgdtioo-ddibgyraelo[2sd- dlpyrmodqnb,atommsndiébebynodmtlblymﬂmﬁent i onal
t echni ques C u t| t ed m xt.ure (anot shown)

h. IL T.
is isolat é@g‘ﬁcgﬂﬁ{sglﬂef S@gcﬁgfﬂip’g e[rgﬁ %plca?ly conélﬂ:gead’by conbining

slight stoichiometric excess (about 1.05 to 1 10 equivalents) of N-iodsuccinimide with
4-chloro-1H-pyrrolo[2,3-d]pyrimidine, compound 1a. The reaction is preferably
conducted under ambient conditions in the absence of light in a suitable solvent such as
10 N,N-dimethylformamide. The reaction is continued until substantially complete which
occurs in about 2 to 24 hours to produce 4-chloro-5-iodo-1H-pyrrolo[2,3-d]pyrimidine,
compound 1b. Upon reaction completion, compound 1b is recovered by conventional
methods including neutralization, evaporation, extraction, precipitation,
chromatography, filtration, and the like, or, alternatively, is used in the next reaction

15  without purification and/or isolation.

4-Chloro-5-iodo-1H-pyrrolo[2,3-d]pyrimidine, compound 1b, is then coupled to
a protected 2-methyl substituted sugar the synthesis of which is described, for example,

by Carroll, et al,, '8

) using conditions well known in the art to provide for the 3,5-di-
O-protected 7-deazapurine compound. For example, known 1-O-methyl-3,5-di-(0-2,4-

20  dichlorobenzyl)-2-C-methyl-D-ribofuranoside, compound 1¢, is dissolved in a dry inert
solvent, such as dichloromethane, chloroform, carbon tetrachloride and the like, and
then the solution is cooled to about 0°C. Afterwards, an excess of HBr or other

appropriate reagent, in acetic acid, is added drop wise. This reaction is typically run
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techni ques such as chromat ography, precipitation, crystallization,
filtration, and the 5 like. Alternatively this internediate may be isol ated
and used wo 20dvoBmsxt step without further purificati onpcThs2008801182 ng
brom nated sugar mxture is co-evaporated, preferably with dry tol uene,
dissolved in a suitable inert diluent such as dry acetonitrile and stirred
with the godi v sedd 4%bufs a@héxaaeaé.ré 298ohth wafblba{@i & &Qltﬁ%ﬁbslﬂ&rﬂiaﬂ? (not
shown) at roomtenperature over night. The resulting conmpound Id,

7- (2" - met toyhplele a3'deBrminied (o@c@nxzbntipmi rtmhohl@ns:wc)mas TLC. The resultmg

and pury | PO ORRh e St d oL ros e e i Bt Syfagf, ' ° oo e

preci pi t afebRiqudsryehk ad éhramaﬂo?fhpha} grédigitdtion, crausallizhieon, ifikeatio] st that i vel y,
this internedi ate be isolated and used in the next step w thout further
puri f ixat likh. Al'ppr@atg‘(%ﬁthm iatgrmedipte may be isolated and used in the next step without

o oo RirtrBr G b Phlutin e bRhintRe i i RE RS ablhared> An L ner !
at mosphere uspen I'ng CO ry inert solvent such as,
acetonitr pﬂe&raﬂgl withedrly ttcbdeenev\diskolm-inda swiftelsls dwbri diluent suclilae dneaxctqndnla s run

for about 2 to .about 24 hour t erat e of oyt 40C.
The 2, 4- didhstsredowily the spdiy t‘ﬁél %11958' 'IOQ? lgﬁpg?h §1n82 onpound
are regs%g%t wag?t R folvenﬁghtcmlreguﬁnfg &k&fﬂbuﬁ& 1amﬁ%emyn h an

excess of oride 1nh a suitable sol'vent such as
di chl by on®t Hai€O- %#Hdmhtn‘rolvﬂmylaﬁdDtrﬁfe)ﬁllmk@yl)t‘bclpiﬂmrﬁd@iomrrolo [2,3-

7- (2" - et D-I’IbO nos chloro 0 rrol [23d]pyr|md|ne
conpound yrlgB‘el@F’flﬁészQ q"g%;laaxﬁ%nﬁ)ﬁgggﬂngﬁ{apgars %&8%‘6? §/u dhducted at a
tenper at Uélﬂoﬁfatogfrépl’@ plesiyltatibrl @ry@ﬁﬂlﬂaﬂo@@ﬁraﬁﬁﬂ bnd the lﬂ@ae&lteﬁ{atllvsly,

whi ch
substantially conplete occurs in about 2 to 2 haurs produce

conpound fhés mtqmérdxaéﬁ’a@w b‘hlS@@fﬁ@J aadjused mdb%@ﬂﬁtfpzeth%ﬂ f‘gﬂ}eéﬁ Nhy
conventi onal met hods including neutralizati on, é]poratl on, extraction,
pr eci p| tation, Thhsoﬂmm@g}taf)ﬁyc 10fr®45tlpé<t-lﬂrpyrmi@[2t3h pytireding fs, prepared Wat i vel Y,

IS dlnt e nex action w thout f. n ation.
Conve |oﬁn3¥e EF SulsP)enfhrLcho%Q[uﬁéFlb 8%% %%rtt% ug/aeﬁ{essd)?ﬁ%éﬂ ani no- 5-
i odopyrr Ob@e[t&nﬁﬂg by e ke With NePIdssenstd In bB. Tabi@iteh isfron fevabopl Zto by
contacting 30 conpound l'e with an excess of | iquid ammonia. In one

embodi mengbout B4 hoursct p sampesatararfipbped terabaBiAR°CasC at el evat ed pressures
until the reaction is substantially conplete which typically occurs in
about 12 to abdbe 24Bd1hblur®enzy$mﬁmtmggr¢@5tahﬁﬁ3 FRosipIOTEroPeYRy1d

PCT/ US2006/ 007132 ol at e ut.j. f e S such as
chr omat ogPEFRTOVE %%(f ?rﬁleflg o %;cfﬂ%?rgﬂ F@g &%ﬁﬂ W taa?n %f( E%ﬁ%%&gﬁt he |i

Conmpopmd  Ligdstideian slaﬂaBJé aqvaﬁ saclk&ydltlﬂb@hma,t ¢éhlérofdrive asd/thichiksj to of

conmpounds of this invention
provide for 7-(2"-methyl-(3- D-ribofuranosyl)-4-chloro-5-iodopyrrolo[2,3-d]pyrimidine,

compound le. Specifically, the reaction is preferably conducted at a temperature of
from about 0 to about -80°C until the reaction is substantially complete which occurs in
about 0.2 to 2 hours to produce compound 1e. Upon reaction completion, compound
25  1leisrecovered by conventional methods including neutralization, evaporation,
extraction, precipitation, chromatography, filtration, and the like, or, alternatively, is

used in the next reaction without purification and/or isolation.

Conversion of compound 1e to 7-(2'-methyl-B-D-ribofuranosyl)-4-amino-5-
iodopyrrolo[2,3-d]pyrimidine, compound 1 is achieved, for example, by contacting
30 compound le with an excess of liquid ammonia. In one embodiment, the reaction is
conducted at about 85°C at elevated pressures until the reaction is substantially

complete which typically occurs in about 12 to about 48 hours. Compound 1 is then
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Scheme 2

In Scheme 2, compound 1, described above, is converted first to the 7-(2'-C-

methyl-B-D-ribofuranosyl)-4-amino-5-[(2-ethoxycarbonyl)ethyn-1-yl]-pyrrolo[2,3-

10

d]pyrimidine, compound 2, by contacting compound 1 with ethyl propiolate in the

presence of Cul, a Pd(0) catalyst, and tertiary amine base in a suitable solvent such as

DMF. In one embodiment, compound 2 is converted directly to 9-chloro-2-(2'-methyl-

B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-tetraaza-benzo[cd]azulen-7-one, compound 4,

by contact with the lithium chloride in acetic acid at 80°C. Alternatively, the addition
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equi val ences of al koxi de base. Alternatively, when G is a hal ogen group,
conpound 4 can be used as an 5 internedi ate. The hal ogen can be replaced by
cont act i ngowddneasssui t abl e nucl eophile via an additi onpelriusesvatooas:2

reacti on. For exanple conmpounds where G is alkoxy can be made in this
fashi on. I n another enbodi nent, conpound 2 is derivatized to conpound 7, by

reaction omidphopfRicar gm%%&é adripd d@og;l%slﬁteﬁhédlﬂt‘é'cbﬁlpéﬁﬁd/sahdﬁfe el evat ed
tenperatures. I'n turn, 0 conpound is cyclized in the nmanner descri bed

above, f ogyctizaticartoicampennhdueaiirgs hesting ipeuethanplictselujionsovinisrycnl
Compound 8 has_t aut [ ornms, one set of its tautomeric forns has the
fol | owi ng"&t¥ ‘?ﬂ"ﬁ?%@%ﬂﬁﬁ’“gﬁ{’ﬁe' ONHHONI | HOHI NNNN NN HO j v

HO HO OH OH CH, OH OH OH al | .of whi ch d by this invention. 15
i U1 onal |y, CUFRETREE Yo AR BT e gt Bt onpound &

Wi th a5 sujdahleRiat a88 Rhlog@scdd Beushlaaddasy dohtdchiag MiaR keitabiciictsdphiferr t her
conpounds of formula | can be prepared as shown in Schene 3 hel ow.

Conpounds Vg anadgitiepzelistinatipngesatione Foyewanpeampaynds wheresshis pioxy camd 2,
where 4- ¢hl oror 24 hio- 1 Hpyrrolo [2,3 -d]pyrimdine is used in

pl ace of @%%8%1 th%:ffag%‘l’ 000 GNHG NHGNHG NHG / NH NNpNNN
NN ONHS ON H-0_

YN .O HO 1 v.9.' HO O HO 11 ™
12 OH 13 OH @Qt@ﬁe _ Od]f&n@cf:ﬁ Bypguad %bse%ef"fvﬁ%ﬁ i ,COFIEQ%%% %%)Ct@gnver si on
of the 4- gehhydibityQuaReiiy adiests alcohaie 4R entll elevated temperatures. In turn,
10 compound 7 is cyclized in the manner described above, for converting compound 3 to
compound 4, to give compound 8. Compound 8 has tautomeric forms, one set of its

tautomeric forms has the following structures:

o] OH 0

o NH Ho—/ N HO— H
Z "N Z N =

4 J — 4 | [ 4 [N

N\N N _— N,

N
Y” “oH Y” "OH " “oH

OH OH OH
all of which are covered by this invention.
15 Additionally, certain G’ groups of compound 4 can be made from compound 8

with a suitable reagent, as illustrated in the Example section.

Further compounds of formula I can be prepared as shown in Scheme 3 below.
Compounds 9 is prepared in a manner described above in Schemes 1 and 2, where 4-

chloro-2-methylthio-1H-pyrrolo[2,3-d]pyrimidine is used in place of compound 1a.

(o] O [0} o)

(o]

Glﬁ'ﬁ’i G / NH G / NH G / NH G / NH
/7 N Z "N /1 N =N N
NSy A S | A | A N ln)\o’

o}

% %
N N N NTNTs NT>N"S0
H H H
Y "on 9 Y “on 10 Y oH 11 Y Ton 12 Y "on 13
‘OT | OH OHT OH T OH T

20

Scheme 3

Specifically, in Scheme 3, conversion of the 4-methylthio derivative, compound
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WO 2006/ 093987 PCT/ US2006/ 007132 9 to the correspondi ng 4-hydrogen
derivative, conpound 10 proceeds via contact with Raney nickel in boiling
al cohol i cweabssaBtas7Al t er nati vel y, the 4-nethylthio deri vatrivsegososaspound 9
can be converted to the correspondi ng conmpound 11 via contact with a
sui tabl e organic peroxyacid in an appropriate solvent foll owed by treatnent

W th 5 Nald melblpahdilelishydidien GelfRii] ddiRusle b paldokd vigesmauiiiad can be

convert orr espondi ng oxo conpound by contact with a suitable

organic p%armyy)a@qehmu hoiling alaﬂwﬂlopﬁivamfe Psltﬂrméw@lyt el omethybioeaivatieg. i n an

aqueous drOXI sol ution ol ution vent such
R e od: unidrtavs D 5B ok Chlitaiin Ae BirédtanE attho g A Ly RBRlely AT a e,
conpound sl@tabl@&#é@& pekOxyaoiiaua §}ft>rb%r1ata@dlvéﬁt foHywed Bylhe:lﬁﬁ’fehf:withr nms, one set
of its tautoneric forns hasthe Iovvlng structures: é; NHG NH O
NH NI oNeSH Wlemaavelpche danethylthip desivatiecygnamqung 9 Icanbe\Rﬁ?We teteover ed

bythiS| r form ng
a thiocar onyll%n%%&ué&rt%gﬁ) O%H?E%%ygé{lﬂg%ll&%%@y ‘{;\g@%gg}? 09%59%&7lﬁl i

PCT/ USZOOﬁflﬁmﬂaBe?solvént Olbwed by }Saﬂﬁk@nl‘dﬁkqubbusmydfd)x,id@o&uﬁdﬂl $f adlkody v OH 14
| HOO O s]b ution in alcohol solsvent su%h as so ium met{mmde n meN[ anol is useu 1nstea)é of

aqueous hydroxide, compound 13 results.

10 Compounds 11, and 12 have tautomeric forms, one set of its tautomeric forms
has the following structures:

o]

O o
TR~ L R
V4 NH / i | 7 =N
S w LA, — UL
Y “oH Y “oH Y "oH
OH OH OH
all of which are covered by this invention.

Scheme 4 below illustrates synthetic methods for forming a thiocarbonyl group

15  on the lactam ring.
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Compound 14 is prepared in a manner described for compound 2 above in

Schemes 1 and 2, with the exception that 4-chloro-2-methylthio-1H-pyrrolo[2,3-

d]pyrimidine is used in place of compound 1a in scheme 1. Protection of the alcohol

5
moieties of the sugar with appropriate groups then contacting the nucleoside with
Lawesson’s reagent in a suitable solvent at elevated temperature gives compound 15.
Compound 15 is then treated as described for compound 2 in Scheme 2 to yield
compound 17, the thiocarbonyl derivative of compound 4.
10

Alternatively, from compound 9 in Scheme 3, the sugar alcohol moieties and in

some cases G’ as well, are protected with an appropriate group or groups and the

resulting compound is boiled in P,Ss. The removal of the protecting groups provides

for compound 17.

Scheme 5 below illustrates the synthesis of diazepine compounds.
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Scheme 5
Specifically, in Scheme 5, compound 23, is converted to the corresponding
2,3,5-tri-O-protected sugar, compound 24, by contact with acetyl chloride in acetic
5  acid. Inturn, compound 24 is converted to the 5-nitro derivative, compound 25, by
contact with a mixture of nitric and sulfuric acid in a suitable solvent such as DCM.
Conversion of compound 25 to compound 26 is accomplished by contact with glycine
methylester at elevated temperature in a suitable solvent such as EtOH, DMF and the
like. Conversion to compound 27 is accomplished via palladium catalyzed
10  hydrogenation in the presence of a tertiary amine at elevated temperature in a suitable
solvent such as EtOH, DMF and the like. In one embodiment, compound 27 is
deprotected with a nucleophilic base in an appropriate solvent to give compound 28. In
another embodiment, compound 27 is oxidized to give compound 29 which is then

treated with nucleophilic base to liberate compound 30.

15 Alternatively, 2-methylthio compound 23 can be replaced with its 2-hydrogen
analogue. Under similar reaction conditions described for Scheme 5, the corresponding

diazepine compounds without 2-methylthio substituent can be obtained.

Scheme 6 below illustrates further modifications of the compounds prepared in

Scheme 4.
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Scheme 6

Scheme 6 follows the procedures of the synthetic methods described in Scheme

3 above to provide for compounds 32, 33, and 34.

5 Scheme 7 below illustrates the synthesis of additional diazepine compounds.
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In Scheme 7, compound 35 is converted to the corresponding 2,3,5-tri-O-

protected sugar, compound 36, by contact with acetyl chloride in acetic acid. In turn,

10

compound 36 is converted to the 5-nitro derivative, compound 37, by contact with a

mixture of nitric and sulfuric acid in a suitable solvent such as DCM. Hydrogenation in

the presence of ditertbutyldicarbonate at elevated temperature in a suitable solvent such
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Schene 7 In Schene 7, conmpound 35 is converted to the correspondi ng
2,3,5-tri-0O protected sugar, conmpound 36, by contact with acetyl chloride
in aceti cwecbehooss7t urn, 10 conpound 36 is converted tecrhs2&eni116D
derivative, conpound 37, by contact with a mxture of nitric and sulfuric
acid in a suitable solvent such as DCM Hydrogenation in the presence of
di tertbut PR t] BalhRct 6F Bisehipabhewsl vent such
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Scheme 8

10 Examples of compounds which can be made by the procedures set forth above

include the following;:
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The following schemes illustrate methods for preparing the sugars used in the

methods described above.
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Formation of sugar a in Scheme 9 above where Ph is phenyl and X is a suitable
leaving group such as halo, is accomplished as described by Mandal, S.B., ef al., Synth.
Commun., 1993, 9, page 1239, starting from commercial D-ribose. Protection of the

5  hydroxyl groups to form sugar b is described in Witty, D.R., et al., Tet. Lett., 1990, 31,
page 4787. Sugar ¢ and d are prepared using the method of Ning, J. e al., Carbohydr.
Res., 2001, 330, page 165, and methods described herein. Sugar e is prepared by using
a modification of the Grignard reaction with CH3MgBr or other appropriate
organometallic as described herein (with no titanium/cerium needed). Finally the
10  halogenated sugar (X = halo) used in the subsequent coupling reaction is prepared
using the same protection method as used in to make sugar b above. The halogenation

is described in Seela.!®

’Subsequently, any of the described nucleosides can be deprotected by methods
well known to those skilled in the art, as taught by Greene et al. Protective Groups in
15 Organic Synthesis, Jon Wiley and Sons, Second Edition, 1991.

An alternative approach to making protected sugars useful for coupling to

heterocyclic bases is detailed in Scheme 10 below.
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OO0OTOO O HOO-- Ph""" OOPhHh,---10CHa b c Ph--\ Ph-\ Ph--\ O1 OO
OOXeE oE zo\ Ph,- -O0011---,Ph Ph,---OCH Phl-~-O0 f e d Fornation of
sugar a iwoSolwaBesd above where Ph is phenyl and X i s apsuiusaée@o71iBeavi ng
group such as halo, is acconplished as described by Mandal, S.B., et al.,
Synth. Commun., 1993, 9, page 1239, starting from comrercial D-ribose.
Protection of the 5 hydroxyl groups tgdhemaieugar b is described in Wtty,
DR, et al., Tet. Lett., 1990, 31, page 4787. Sugar c and d are prepared
using the nethod of Ning, J. et al., Carbohydr. Res., 2001, 330, page 165,

and met hods described Retein. Sugar e is prepared q% u5|ng a nodification
of the Gignard reacti OWH%NQW °.0f, her appPEpry at e organonetal lic

as described herein (with\.nb titaniun derfUm needed). Py the 10

hal ogenat ed sugar (X = had@) used in th%oﬁubsequent coup |ng reaction is
prepared using the same p¥otection nethod as used i A a™ffhke sugar b
above. The hal ogenation is described in Seela. 13 Subseqﬁently any of the
descri bed nucl eosi des can be deprotected by nmethods werl known to those

skilled in the art, as taught® (%eene et al. ProPE¢tywe Goups in 15
Organic Synthesis, Jon Wley and ove Second Edlthéﬂk;?ng An alternative
approach to maki ng protected sugar usefuk—-f—or—cou lin het erocyclic

bases is detailed in Schene 10 B&PqwW 57 WD 2006/ 093&3@% PCT/ US2006/ 007132
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In Scheme 10, methylation of the hydroxyl group of compound g proceeds via

conventional methodology to provide for compound h. The 2, 3 and 5 hydroxyl groups
of the compound h are each protected with 2,4-dichlorobenzyl groups to provide for

5 compoundi. Selective deprotection of the 2-(2',4'-dichlorobenzyl) group on compound
i proceeds via contact with stannous chloride in a suitable solvent such as methylene
chloride, chloroform, and the like at reduced temperatures, e.g., ~ 0 to 5°C, until
reaction completion, e.g., 24-72 hours, to provide for compound j. Oxidation of the 2-
hydroxyl group of compound j proceeds as described herein to provide for compound k.

10  Methylation also proceeds as described herein to provide for compound 1e.

In an alternative approach, an appropriately substituted nucleoside with a 2°-OH
and 2°-H can be used as the starting material. This nucleoside can be purchased or can
be prepared by any known means including standard coupling techniques. The
nucleoside can be optionally protected with suitable protecting groups, preferably with

15  acyl, substituted alkyl or silyl groups, by methods well known to those skilled in the art,
as taught by Greene et al. Protective Groups in Organic Synthesis, John Wiley and
Sons, Second Edition, 1991.

The hydroxyl group at the 2' position of the sugar of an otherwise appropriately
protected nucleoside can then be oxidized with the appropriate oxidizing agent in a

20  compatible solvent at a suitable temperature to yield the 2'-modified (oxo) sugar.
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Ove DCBO 0 DCBO OH kj DCBO 0 }~Ove DCBO OH 1c In Scheme 10,

nmet hyl ati on of the hydroxyl group of conpound g proceeds via conventional
met hodol ogp 20@5/qB93vi de for compound h. The 2, 3 and 5 hydrmwsgdosgonaps of

t he conpound h are each protected with 2, 4-di chl orobenzyl groups to provide
for 5 conpound i. Selective deprotection of the 2-(2',4'-dichl orobenzyl)

group on egERNYBLididindiRARRES 1Y} abP, Tekss-Wdrtin Eémagéﬂt,%éz@ﬁ in a
sui tabl e solvent such as nethylene chloride, chloroformi and the like at

reduced t EXgeimalPVEE} Sweergoxidation (RMBO, oxaly] dhloridsatietlyharsimepVendson, e. g.

24-72 hours, t r.ovi d [ CcO und. ja...OXi. fon of the. 2. hydroxyl group
of corrpo_uﬁ%?gfmg? Ao YBIS %chaéngl Ter'gt %01ﬁgtd§?l i S BT %%er’%(%ﬂ%d k. 10
Met hyl at i @a(\A) BRide) Osregdseenti@sadinhed chiefchfonife)pporididamt dichoampgund tc.
In an alternative approach, an appropriately substituted nucleoside with a
2' - OH S angcigd dighrempie Rotassiien pymangangtc MnQoyutheniym tefroxids; Rhase bprsédi de can

coupl 1 ng EaeN A daLes R G e R et LR

coupl i ng techni ques. e nu n be opti y pro Wwth
sui t abl e phob-aatmoniurg molpisiate NeBeOaOIAN MWaDCLiR H@xt, copplrsthrdéraitedoppdry|  or

silyl groups, met hods | known t ho killed in th rt., as taught
by & eone CReaRnepigker ER Rt daers Mo B oot sy e Lo R HE ang
Sons, Sec@phxfadiwitiPihotH? Rtond M d WVt GuclhPMBeat the 2' position of the
sugar of an otherw se appropriately protected nucleoside can then be

oxi di zgd with rd 16l zi i Qﬂ%@ I t at
a sui '? gbl e tem@?gwé%odrg@ng&?ﬁ%%%B-gnmﬁg??épélg@’(%)%%;38gug r%fﬂggge\?/l\% vem a
2006/ 09398i oREhLLIBAGAAithiDF]EZl kyRoppdrir €HaSiMezin B Al enthshaketpnd withexanpl e,
Dess-Martin periodine reagent, Ac20+, i n DVBO, . n i.dat i DVSO,
oxal yl oI RRESPT Al TP iP5 36§ AW Ol e oy R G DR POCHRGR ¢ o) o
and sul f uhiGle8Gdd) Isold@dd bithe §p}51%?199£@§80§r§gr BYEdndii8d aiHidebd. oxide, Corey's
reagent (pyridiniumchlorochromate), pyridiniumdichromate, 5 acid

di chronat e, pomgggu%%{@&gﬁgﬁhs caﬁ@@&ﬂr%&@@h’gm&}%&swm&ow&%se

transfer catalyst om c acid or pernanganate supported on a
pol ymk§, @hdk2skijled di the art, #28@shd ydiveenm arof. \Ardztkve RaBpOr CANRIdNaCCl i n

HOAC, ~ COPREE S 30t Gite$ 3RR Sons, Second Edition, 1991,

The present invention is also directed to compounds where X is halo, preferably
fluoro. Preparation of these compounds is accomplished by forming the desired 2°-
fluoro-2’methylribofuranosyl derivative which is subsequently coupled to the desired

20  base. The details for preparing 2’-fluoro-2’methylribofuranosyl derivatives is given in
International Patent application with publication number WO 2005 003147 at least on
pages 73, and 76 to 79.

In one embodiment of the invention, the D-enantiomers are utilized. However,
L-enantiomers are also contemplated to be useful herein. The L-enantiomers
25  corresponding to the compounds of the invention can be prepared following the same
foregoing general methods, beginning with the corresponding L-sugar or nucleoside as
starting material. In a particular embodiment, the 2'-C-branched ribonucleoside is

desired.

Preparation of compounds where W, W' or W? is other than hydrogen, using the
30 compounds prepared above as the starting materials, can be accomplished using the

methods described in the following reviews of prodrug preparation:
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oxi de, Raney ni ckel, palladium acetate, Meerw n-Pondorf-Verley reagent
(alum num t- butoxide wth anot her ketone) and N bronobsuccinimde. 10

Coupl i ng wb 2ae6/@8gganonet al | i ¢ carbon nucl eophi l e, such asTasGicgoasH
reagent, an organolithium [lithiumdialkylcopper or CH3Si Me3 in TBAF with
the ketone with the appropriate non-protic solvent at a suitable
tenperature, ifldkRfodd K. PUDSNiLIbLe alSLEDSHdGoliaRk Aih el the
appropriate isaomer |s conducted ds needed. Subsequently, the nucl éoside can
be depr ot ect ed bﬁhm@&’d&ewmtlAdWammmNuclmedetsc(Q@O%k?Zt 48 in the art, as

and Sons,  Secot ZRan. ‘Ao iodm ErL LIy Sh GO & Fact o Lo

conpounds where X%ggs hal o, preferably fluoro. Preparatl on of these
conpounds is acconplished by form ng the desired

f1 uor & 2' met hyB) i Wegnarahoz ., Medicinal Roseayghi Ravigves @QB@@&Q@M‘IW dupl ed to
the desired 20 ;j}%ele -E?ez‘gﬁt ?6%0(2958 %3'%

2' -fluoro-2' rret Jr anosy V€S Ts given in International

Pat ent appli Canﬂékamﬁlé] cptdrsicabf the snhydrexﬂ\ganaﬂ@ﬁ P&t usitg theast on
pages 73, and 76 to ._In one_enbodi nent of he i nventio
D-enant i oﬁ’*@F@déflﬁscﬂpP in PeW . Hpgshmsen, (Edy Lesay By 8%§?d§%h%$%ﬁ?§b%t enpl at ed

to be usetubuliPhil Propdihis b RUAMATIORo-2Bic ahd 2ABRAGhAES lAd Nigleeqpounds  of

t he i nvention can e prepare ng t é sane regoi ng gener al

met hotl, mgi Giming@ nithdPhdspharyt Resguwey §Chemistrg ofdiuclepsidescinddSudentidlss,
starting teri articular enbodi nent, the 2'-C- branched

ri bonucl e6SHE rgss @g)g?}gd Pr epar at i on of conpounds where W WL or W2 is
ot her than hydr ogen using the .30 c nds . prepared above as the starting
materials, canlbe ‘&E%Q}%I1P§%%TCH%I?W Ollﬁﬁ’ﬂ‘&’o@ TeIRUUHCHEAMPIFSt he

foll ow WO 2006/ 093987
P(C)ZT/ a\gzggggrg%s}%%u%)tﬂécg%{)dggmgfggﬁ%?%é 1.9%11&% ., "Nucl eosi de and Nucl eoti de

prodrugs, " in Ed(s) Chu, C. K Recent Advances in Nucl eosides (2002),
92-147. 2) Zen1icka J et al., Bi E&RMPM?Set Bi ophysi ca Acta (2002),

158(2:3), 276- ner t Vedi i al h _Revi ews
(2002}§ 20(6), § Siipls: bé{\a‘% aﬁ/@\’eélras t%"“gtﬁouéfhe DRI i, B%%@@‘g‘@g( 3),
233-242. BRbre AN IRve BRI WINRMmEindie IHnot My Hheal He igimimvealeipr epar ed
u5| ng the nmethods describe in D.W Hutchinson, (Ed. Leroy B. Townsend)
"The Synt Bewsirally accepfed msaniagH Properti es of Nucl eosi de Mono-, Di-, and
Tri phosphat es, and Nucl eosi des

Acy,O = acetic anhydrlde

ACN = acetonitrile

atm = atmospheres

bs = Broad singlet

CAN = ceric ammonium nitrate

cm = Centimeter

d = doublet

dd = Doublet of doublets

DCC = Dicyclohexylcarbodiimide
DCM = dichloromethane

DMEM = Delbecco’s minimum eagles medium
DMAP = dimethylaminopyridine

DMF = dimethylformamide

DMSO = Dimethylsulfoxide

DTT = Dithiothreitol

EDTA = ethylene diamine tetraacetic acid
g = (Qram

HCV = hepatitis C virus

Hz = hertz

IPTG = Isopropyl p-D-1-thiogalactopyranoside
Iu = international units

m = Multiplet
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10 with Changes in the Phosphoryl Residue, "Chem stry of Nucl eosides and
Nucl eotides, Plenum Press, (1991) 2. The foregoing, in connection with the
f ol | owi ngwoepicaegsrat i ve exanples, further illustrate Poe/vsaslicOUR3ASpPeECtS
of the invention. EXAMPLES 15 The exanpl es bel ow as well|l as throughout the
application, the follow ng abbreviations have the follow ng neanings. If
not defined, the have theit ey meani ngs. Ac20 =
acetic anhydri dei\n/ti %: acetonitri Ingﬁ?l%%#@ég%%ggﬁgges bs = Broad singl et
CAN = ceric amopiumnitrate cm=,¢entineter d = doublet dd = Doubl et of
doubl ets DCC = cl ohexyl car bodi i e DCM = di chl or omet hane DVEM =

Del becco' s mini rﬁ]ﬁﬁ\ eagl es medi um BEIAMi ot hy| ani nopyri di ne DVF =

di met hyl f or mani d8L DVBO = Di net hyl SR de DTT = Dithiothreitol EDTA =
ethyl ene di ani nemMtraacetic acid Milimgeam HCV = hepatitis Cvirus Hz =
hertz | PTG = | sopmaglyl (3-D- 1-t hioddilk@plspyr anoside 1U = international
units in = Miulti Mt 60 WO 2006709888 3pdReGUMUS2006/ 007132 MCPBA =

met a- chl or oper bea#Zoi ¢ aci d m n =niMadseo chdvberdidol ar

ng = Nanograms

nm = Nanometers

nM = Nanomolar

N = Normal

NMR = nuclear magnetic resonance

NTP = nucleoside triphosphate

HATU = (-(7-Azabenzotriazol-1-yl)-1,1,3,3-
tetramethyluronium
hexafluorophosphate

RP- HPLC = reverse phase high performance liquid
chromatography

HPLC ‘ = high performance liquid
chromatography

Lawesson reagent = 2,4-Bis-(4-methoxyphenyl)-1,3-dithia-
2,4-diphosphetane 2,4-disulfide

LC/MS = liquid chromatography mass
spectroscopy

s = Singlet

t = triplet

TBAF = Tetrabutylammonium fluoride

TEA = Triethylamine

TFA = trifluoroacetic acid

THF = Tetrahydrofuran

TLC = thin layer chromatography

T = Melting temperature

T™S = trimethylsilyl

UTP = uridine triphosphate

pL = Microliters

ug = Micrograms

uM = Micromolar

viv = vyolume to volume

wt% = weight percent

In addition, all reaction temperatures are in degrees Celsius unless reported

otherwise.

In the examples below as well as elsewhere throughout this application, the

5  claimed compounds employ the following numbering system:
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ing = MIligram nmL = MIliliter mm= MIlinolar mmol = MIlinole M =
mass spectrummniz = Mass to charge ratio ng = Nanograns nm = Nanoneters
nM = Nanowol2as6/09B987 Nor mal NVR = nucl ear nmagnetic resonaoTas2006/80732

nucl eosi de tri phosphate HATU = O (7- Azabenzotriazol -1-yl)-1,1, 3, 3-
tetramet hyl uroni um hexafl uorophosphate RP- HPLC = reverse phase high
performance |iquid chromat ography HPLC = hi gh perfgrmance |iquid

chr omat ogr aphy Lawesson r8 nt = 2, 4-Bi s-(4-nmethoyxyph )-1, 3-dithia-
2. 4-di phosphet ane 2, 4-digfll fiMes LC NS = liquid ch ma raphy nass

spect roscopy s = Si ngl et riplet TBAF = Tetra ni um fl uori de
TEA = Triethyl am ne TFA f‘ﬁ’oroacetic ae TH N ‘Ke‘grahydrofuran TLC =
thin |ayer chromatographyny = Melting tenpera I\/B3— trimethylsilyl
UTP=ur|d|netringsph L3= Mcroliters g:Mc grans

Y “on
OH OH OH

Throughout the application, the stereochemistry of the sugar can also be
represented in the equivalent Haworth projection. For example, the above compound

on the left is depicted as its Haworth projection on the right.

5
Example 1
Preparation of 2-(2'-methyl-8-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-tetraaza-
benzo[cd]azulen-7-one (Compound 301)
Step 1:
10 4-Chloro-7H-pyrrolo[2,3-d]pyrimidine 10.75g (70 mmol) and N-

iodosuccinimide (16.8g, 75 mmol) were dissolved in 400 mL of dry DMF and left at
ambient temperature in the darkness over night. The solvent was evaporated. The
yellow residue was suspended in hot 10% solution of Na,SOs, filtered, washed twice
with hot water and crystallized from ethanol to yield 14.6 g (74.6%) of the title
15  compound as off-white crystals. The mother liquid was evaporated up to 1/3 volume
and crystallized again from ethanol to give 2.47 g (12.3%) of the target compound.‘ The
total yield is close to 100%;
T 212-214°C (dec);
UV Amax : 307, 266, 230, 227 nm (methanol);
20 MS: 277.93 (M-H), 313 (M+Cl);
'H-NMR (DMSO-de): 12.94 (s, 1H, NH), 8.58 (s, 1H), 7.94 (s, 1H).

Step 2:
The base, obtained as described above (11.2 g, 40 mmol) was suspended in 500
mL of CH5CN, NaH was added (1.6g, 40 mmol 60% in oil) and the reaction mixture
25  was stirred at room temperature until NaH was dissolved (about 2 hour). 1-O-Methyl -
2-methyl-3,5-bis-0-(2,4-dichlorobenzyl)-B-D-ribofuranose (10g, 20 mmol) was
dissolved in 500 mL of DCM and cooled down to 4 °C in ice/water bath. HBr(g) was
bubbled through the solution for about 30 min. The reaction was monitored by TLC
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M= Mcronolar v/iv = volune to volune w % = weight percent In addition,

all reaction tenperatures are in degrees Celsius unless reported

ot her wi sewol2no¢idogesexanpl es bel ow as wel | as el sewher e t lpcongbasinotiBbz s
application, the 5 clainmed conpounds enploy the follow ng nunbering

system 61 WO 2006/ 093987 PCT/ US2006/007132 8 7 8 7 9 7NH6 9 NH6 ~ N5 N

\' i 5 HO,NZ rNBurdi : iR %—tja% ) pplication, the
ster eocher%hgt ry %}lﬁgeﬁaelsa?ggar ggar?t% SO %%%Bé@%g‘g‘é" ?%Q’{ﬁe%éﬁ. val ent
Hawor t h pregcton camplefion, thxsulpdnt wak beappbasdatoherpmpeehtuiemot highbethtit i S

depi cted ot S Hawor t ro.ection on the right. 5 EX | e Prepar.ati on of
20 et 91" Gl Pt o RiRBE Hep o @ai sy Shosrapes of Bk caplation o Ve
benzo[ cd] gZlubeihe DaRas fesRaHRE 2@ e f1H8R wWas a%lged to the s%gr?a c?\f_nponent. The

4-Chl oro-7H-pyrrol o[ 2, 3-d] pyri m di ne 10. 759 ( mol )
i odosueci B¢astige was Be8@yvernEhinbimbigattemperatne.\nedtralived 30tnd. 1 &f Ho$Q4 @ and

| eft at ' t . .04 h arkne over.njaght ., The l.vent was
evapor at e gV eratd AEREGRINE bbb IR TRRRT RO RE b Bb ool mg RS
Na2SCB, f iof trate dOrganisfedtibminas washddhviftotvatert 160 raDy] beihy 8150 thi} edicl bosn

ethanol to yield 14.6 g (74.6% of the title 15 conpound as off-white
cryst al s. NeaROnerd@peatdita sigseny siysialinednigpire.o lalueme (GO0 me) wWasragded

e ey
10 concentrated up to the volume of 50 mL and loaded on the glass filter with silica gel
(10 x 10 cm). The filter was washed with 10% ethyl acetate in toluene collecting 500
mL fractions. Fraction 2-4 contained the target compound; fractions 6-7 contained the
heterocyclic base.
Fractions 2-4 were evaporated, ether was added to the colorless oil and the
15  mixture was sonicated for 5 min. The off-white precipitate was formed, yield 7.4 g
(50%), mother liquid was evaporated and the described procedure was repeated to yield
0.7 g more of the target nucleoside. Total yield is 8.1 g (54.4%);
Tm: 67-70°C;
'H-NMR (DMSO-dq): & 8.66 (s, 1H), 8.07 (s, 1H), 7.62-7.34 (m, 6H), 6.22
20 (s, 1H), 5.64 (s, 1H), 4.78-4.55 (m, 4H), 4.20 (s, 2H), 3.97-3.93 (dd, 1H) and 3.78-3.75
(dd, 1H), 0.92 (s, 3H);
MS: 743.99 (M+H);
Recovered base (total): 4g as off-white crystals;
Tm 228-230°C.

25  Step3:
To the solution of the compound from the previous step (8 g, 10.7 mmol) in
DCM (200 mL) at -78 °C was added boron trichloride (1M in DCM, 88 mL, 88 mmol)
dropwise. The mixture was stirred at -78 °C for 2.5 hours and additionally overnight at
-20 °C. The reaction was quenched by addition of MeOH/DCM (90 mL, 1:1) and the
30  resulting mixture stirred at -20°C for 30 min, then neutralized by aqueous ammonia at
the same temperature. The solid was filtered and washed with methanol/DCM ( 250
mL, 1:1). The filtrates were combined with 50 mL of silica gel and evaporated up to

dryness. Dry silica was loaded on the glass filter with silica gel (10 x 10 cm). The filter
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Tm 212-214C (dec); W Xmax : 307, 266, 230, 227 nm (nethanol); 20 Ms:
277.93 (MH), 313 (Md); "H NWR (DVSO-d6): 12.94 (s, 1H, NH), 8.58 (s,
1H), 7.94w0<p06lddag7 Step 2: The base, obtained as descr ipbedsadmenwer1gil. 2 g,
40 mmol ) was suspended in 500 nL of CH3CN, NaH was added (1.6g, 40 mol
60% in oil) and the reaction m xture 25 was stirred at roomtenperature

unti | Na"bvﬂ@ﬁzaﬁie&&ﬁ’th/ﬁﬁyl(a%b@tﬁcoﬂe&mgr 300 nAE Grabedridy Fraction 2-4 contained the
2- et hyl - - bi s- 0(2 4-di chl orobenzyl)-[i-D-ri bof uranoi q(%.Og, 20 mmol )
was  di ss@rgﬁéaomaowe The selventors shapwed aed Hewesidus ayealined E&fat er bat h,

ront Cor 6d” %t%ﬁ%k%"%‘%%géﬁ@%@%@“ﬁs&#ﬁﬁé@%@% 7132 "and run until che
di sappear ance HI-NMB (SMSOidap S8b(s, (1), 820 kel 6.21:(S, M)y #.0083pah(m,r eact i on

conpl e n]g Ohtf %)nt was evaporated at the tenperature not higher that
20 C ahd k& bt mn in deep vacuumto renove the traces of HBr.

Sol uti on of Napnsabg.ogiMlp; base was fast filtrated and the filtrate was
added to the sugar conponen The 5 reaction was kept overnight at anbient
t enperat ure, né&utl8a+182 . with 0.1 N H2SO4 and evaporated. The residue was
di stributed between 700 nL of ethyl acetate and 700 nL of water. Organic
fracti on B&p ashed with water (150 m), brine (150 nL), dried over Na2SO4

and evapor at ed i.ve,se taI i ne m xture. ) was added
Fotormr et o rhenfiid s €58 ingh) Sfedted b E v AR Svtnid L 4% 200
Filtrage Wasmohfh £88CEYof 24 B6ud R the nhdigl pféﬁsuﬂ@&ewtormftete@@drah@ﬁ@ed on the
glass filter with silica gel (10 x 10 cm. The filter was washed with 10%

ethyl ac ealan@marthc sisidmgavasclisselyed iymsihgnolppd cpfvepapsd withadliGaggel 2- 4
cont ai E?g 3t %(?I?%itSIfi(?anEeq %ng‘inrgabg g%dﬁ?ﬁwgs 071’1 t?lg Qé@hﬁle(? )g {lﬁcmf]% tﬁr ﬁMCl ic

base. evapo er was a e co ess oi |

and the &8 iffla¥dtoicecolR6tisO50 ﬁﬁliﬁtubﬂf Fradiibfs 2-Bheneififedwhé tesiedeci p| tate was
formed, yireld 7.4 g (50%, nother ﬂUI d, was ev pore%t ed and the descri bed
pr ocedur eCQWEROYEp éﬁ?@ﬁe Pgs 9Y3@PH‘W51 a?ldd srssidugcryshdlized A nucl eosi de. Tot al

%”sel dL% %éﬁ’g‘}ﬁ/%ﬁm?‘@ﬂe%gﬂe %57@@%) dﬁ%é‘% 64 &? E|)8 ?167%54 ég)(mB o
4H), 4.20 (s, ZHR20R297C8I@E (dd, 1H) and 3.78-3. 75 (dd, 1H), 0.92 (s,
305 VB 743, 99, (M (DMSO-d): 6 8.20 (s, 1H), 7.80 (s, 1H), 6.80-6.50 (bs, 1H), 6.09 (s,
1H), 5.19 (t, 1H), 5.13-5.11 (m, 2H), 4.00-3.70 (m, 3H), 3.60-3.20 (m, 1H), 0.84 (s,
3H);
20 MS 407.32 (M+H).

Step 5:
To a solution of the product from Example 1, Step 4 (500 mg, 1.232 mmol) was
added Cul (46.8 mg, 0.246 mmol), TEA (0.343 mL, 2.464 mmol) and 35 mL of DMF.
The mixture was degassed with argon under sonication for 2-3 minutes and Pd(PPhs)4
25 (142 mg, 0.123 mmol) was added and the reaction mixture was heated to 55 °C for
20 min. Following the 20 min, ethyl propiolate (0.5 mL, 4.9 mL) was added to the
reaction mixture every 20 minutes until all the starting material had been consumed, as
was monitored by LC/MS. The crude reaction mixture was concentrated and purified
on silica gel with methanol/methylene chloride (1:20) as the eluent to afford 600 mg of
30  the target compound.
'H NMR (CD;OD): § 0.858 (s, 3H), 1.34 (t, 3H), 3.87-4.126 (m, 4H), 4.28 (q,
2H), 6.24 (s, 1H), 8.17 (s, 1H), 8.24 (s, 1H);
MS (M+1): 377.1.
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Recovered base (total): 4g as off-white crystals; Tm 228-230C. 25 Step 3:
To the solution of the conmpound fromthe previous step (8 g, 10.7 mml) in
DCM (200 wD)20@7093988 C was added boron trichloride (1M i pcD@skoodBomsz 88
mmol ) dropwi se. The m xture was stirred at -78 C for 2.5 hours and
additionally overnight at -20 C. The reaction was quenched by addition of
IVEO—VDCM@%%,(SIL, 1:1) and the 30 resulting mxture stirred at -20C for 30
mn, then néutralized by aqueous amonia at the sane tenperature. The
solid was fil tél“rO@ISOémtcbmﬁg}n@plrodmﬂfmmEhanp]lellDSMp(s @50Qng,0L.093kmpl) idhe

filtrat i_ned wi 0 f | t ed t
S A A s bl Al S ESLE o
cm . The fluklierwis LD 3OBAint %@3@9@5%@&1 sWRSn\RSRAM Mgt h et hyl

acetate collecting 500 nL fractions raction 2-4 contal ned the t ar get
conpound. byefecansumedhtaswes deteapinedbed’ 1&1@4th®9r83e§hdpelladm§mtcaﬂalyls1zwab from

acetone/ h f t.he | eosi

(DVEO d6) TR a@ﬁt%! Hﬁrf%‘%a% "%g‘}{?m aﬁflus%‘i By i %%jlmpf? Btep By (m 5
4H), 0.84 Q BH); Ms: 426.26 (MkH); T,,,:182- 185C. St ep 4: The

nucl eosi dg e(pl ‘5 g, 3.5 mvol) prepared above was treated wwth liquid 10
amoni a at 85 Qofthé cride Rl Fond GRS & Step 6%51&%, 0@9%9{1@1) (%faE E&ded

evaporation_of amoni a the residue was di ssol'ved I n net hanol

co- evapor &t184 NOH (20 mlo andéhe reqadion leatod taueflux S § heurgdlhe b@@homg/as he
pr Od”‘f? WeiS R B 1t‘ﬁ%|cé’tﬁ’@"ac(ug c@née%t £ i véc{'uﬁZafnlg'é)glﬁﬁgcg “gg ACRS oneCA&oI | ecti ng

50 nL fractions. ractl ons con al ned et one was
evapor at edevarsd phhe HEECduith £0366%aB Igraid@éiltbﬁfamohﬁlrfmtlbaﬂp/hﬂﬂ@ﬁﬂéhAH le to
give 1.2 lgl §8§%6”% t he tar, gegt nucl eosi de; Tm 220-222C (dec); 1H NWR

( DVSO- d6) ! & acgfgpittiie)go (s, 1H), 6.80-6.50 (bs, 1H), 6.09 (s 1H),

20 G055 YR Oy S0t 0 B A A PRl o

Exanpl e 16.23t(epH), {HOQd,NJ, J£1 23R, 7o) IHRS.31 (s, 1H);

15 MS (M+1): 333.1.
Example 2
Preparation of 2-(2'-methyl-B-D-ribofuranosyl)-2,6,8,9-tetrahydro-2,3,5,6-
tetraaza-
20 benzo[cd]azulen-7-one (Compound 302)

To a solution of the title product from Example 1 (10 mg, 0.030 mmol) in
ethanol (20 mL) was added 1-2 mg PtO,. The reaction vessel was flushed with H; gas
and held at 1 atm of Hj via balloon for 24 hours. The platinum catalyst was filtered and
the filtrate was concentrated and the crude product was purified on silica gel

25  methanol/methylene chloride (1:20) as the eluent to afford 4.0 mg of the title
compound;

'H NMR (CDs0D): & 0.852 (s, 3H), 2.91-3.03 (m, 4H), 3.61-4.14 (m, 4H), 6.22
(s, 1H), 7.53 (s, 1H), 8.44 (s, 1H);

MS (M+1): 335.1.

30
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added Cul (46.8 ng, 0.246 mmol ), TEA (0.343 nL, 2.464 mmol) and 35 nL of
DMF. The m xture was degassed with argon under sonication for 2-3 m nutes
and Pd( PRN®)240caB34s142 ng, 0.123 mmol) was added and t hepceastesmonBxt ur e
was heated to 55 Cfor 20 min. Following the 20 mn, ethyl propiolate (0.5
m., 4.9 n.) was added to the reaction mxture every 20 mnutes until all
the starting material had been consungghanfisie 3Was noni tored by LC/I\/IS The
crude reaction mxture was concentrated and purified on S|I|ca5r8 vvlth

net hanol / net hyl en8repatasion @& 2((2-methyaR-D-tibofaranenyl)-67-dihy dnocR G
the target d. 1H 1.34 (t, 3
3.87-4. 126 (m 4H) . 4. ZSH%P aéac%zacg]%ﬂ@?g&?qng%mﬁgbﬁ (111) o (s, |

H; M (N?%é 377.1. 64 WD 2006/ 093987 PCT/ US2006/ 007132 st ep 6: To a
sol ution p[he product from Exanple 1, Step 5 (35 ng, 0.093 mml) in 20

L et hanol was TRddeRUtHHA6IRE @duam&mm@hﬂ@n S%g 4 @bo m%ﬁ@ 49236thbDRyagessel
was flushed with H2 gas and hel d at atm of Vi a | oon until all

s':]artl Inlg rﬁ*é@@r@%ﬁl@ﬁédn& %@fnw%@%o%@%4@mlh3r%@wm g4 hours).
The pa a@"' 5 In'l%(p/shilél\@l?(tmf 'vbafs?fyﬁ%s%?&ﬂh??g Jn%i%rasto% §nf@cgntrated and

used dlrect tep e cru e material from

Exanpl e 1 mibtiepafd P(ﬂ{BPhg4 (3%.498. Mﬁ)ﬂrﬂnovmxdmm B3N Prbpxrit0 L) and the
reaction heategcr%ag reflcgé for 1 hour. The reaction was. 10 neutralized with
acetic acidethyasséad meree dﬂ?ﬂh?af&%?émaﬁ%}x%w jc8gvasliphed Sk I8 r ever se

hase 1 PL / ffer A=
h20. W7 Sty ?tugec%tegﬁ pCTR @0%%%%% E%d?u%{atl)é%é{lm(%gb o4 085

(m 4H), SicBylécttal Wds addelandthe fator was irkdyl at ToddB tefurherdtuie, for]anll 4) 7.84

, 1 , 8,31 . LD Mtl): 333.1. Exa
% (2" et AGFPRAIA oY R olGh Aol B Bs faRGesd a0k R ARG, 20
benzo[ cd] agtmeihadcl3Rah{ 16BN Ql%)as fie duska'hrerd 200 rh6F the tdrgetpr oduct
fromExanple 1 (10 ng, 0.030 mmol) et hanol (20 nlL) was added 1-2 ngy

Pt 02. The cpe@ewidn vessel was fl ushed with H2 gas and held at 1 atmof H2
via bakloon Tong 2 ROUTS,op)"§ o4k S S3'R\e5 13 883 1l 8E5%.39%, 1m),
7.90 (s, 1H), 8.12 (s, 1H):;
MS (M:+1): 407.2.

Step 2:
To a solution of the product from Example 3, Step 1 (50 mg, 0.123 mmol) in
20 20 mL ACN/H,O (1:1) was added Lindlar’s catalyst (2-3 mg). The vessel was flushed
with H, gas and held at 1atm of H; via balloon. The reaction was allowed to stir at
room temperature until all starting material was consumed, as determined by TLC. The
catalyst was filtered and the filtrate was concentrated. The crude product was taken up
in acetic acid (1 mL) and was stirred at room temperature for 15 min to liberate the
25  aldehyde. This material was then concentrated in vacuo and MgSO4 (160 mg,
1.33 mmol), NaCNBH; 1M in THF (0.025 mL, 0.025 mmol) were added and the
mixture was heated to 55 °C for 15 min. The MgSO4 was filtered and the filtrate
concentrated and purified on Phenomenex-Cg reverse phase HPLC with a 0-40% B
gradient over 30 min at 10 mL/min (Buffer A = H,O, Buffer B = acetonitrile) to yield
30 the title compound;
TH NMR (CD30D): § 0.87 (s, 3H), 3.8-4.13 (m, 6H), 5.76 (dt, 1H, J=11.1Hz,
J=5.4Hz) 6.20 (s, 1H), 6.66 (dt, 1H, J=11.1, J=1.2), 7.48 (s, 1H), 8.10 (s, 1H);
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the filtrate was concentrated and the crude product was purified on silica
gel 25 net hanol /nethyl ene chloride (1:20) as the eluent to afford 4.0 ng of
the titl ewocowgposesd; 'H NVR (CD3OD): 6 0.852 (s, 3H), 2retAB32@3/00mm2 4H),
3.61-4.14 (m 4H), 6.22 (s, 1H), 7.53 (s, | H, 8.44 (s, 1H; M (M+l):
335.1. 30 65 WD 2006/ 093987 PCT/ US2006/ 007132 Exanple 3 Preparation of
2-(2' - nethyl-ll?ISRiM ﬁoﬁwﬂposyl) 6, 7- di hydro-2H 2, 3, 5, 6-

tetraaza- benzo azul ene (Corrpound 303) Step 1: 5 To a solution of the
product from Exanple 1, Step 4 (200 ng, 0.492 mmol) was added Cul (36.5
ng, 0.192 mol), TEA(.O64 m., 0.46 m l?f)“ 3,2 nL of DM, and 9.6 nL of
THF. The m xture was degassed with argD m'f”d‘br sonication for 2-3 mnutes
and Pd(PPh3) 4 (56p@BarafforPé8- mm{e}hmqi%ﬁman&@lﬁ@mmd}o-m%m%-

di et hyl acetal were added to the reaction m xture which was allowed to stir

at rodm 10 tenperature de@aaza@nnm[qd]@zmmel(@mnmu%wmng an additional 0.4
mL of propyne .diet Iac d at
tenpergtuP)e/ foT"%r%"m‘a‘éuf W&ﬁﬁ%ﬁ@%ﬂ%%rﬁ%?ﬁ e%&:?'ﬁ%ﬁnrﬁnﬁ% l?(rae 3/asr00m

COﬂCﬁnt rﬁétﬁéhoal(llb ]lcll?w\fag@dldddl‘Pt@b Ki%—ealﬁ]g)gﬁlhemessi@hwaé floghict yighid, gaslandi de (1 4)
asteeuenttoa ord 200 ng of the ta ou

S 0. 84 ( sheldpy 1 atm big vig ballgpy for3 hygrsy Hhp %ﬂ?ﬁ?y%%as %Ete?g a{’élhelﬂ)aa% “fasgo (
111), t i e product
from Exa g(in(c%g;cra?tg% and\@ %@éﬂl& Wgsg&?gledroﬁrm gmeﬂ-& @1&9\16%% I%(la:ls\l/éjlf[ilg15b( 1:1) was
addedi(Li ndrlithra (BS@%tmgmﬂten(MBGy)m af h(émlélsme(lBuf@sN*ﬁh@eBuffw BIF H2 gas and
held at 1 atm of H The reactio owed.t at room
t enper at u?@t%tﬁlq) gl‘ be aQPIQP{I?tﬁgTaﬁH PR WP CRRE™ Eﬁﬁ\%@ﬂﬂ@tﬁkeggp&é?gﬁmmé)d by TLC.
The cat a*rmtww@lsmﬁﬁthﬁe%@ diigbdlat & Edrl20mAinGo WBsratome allichpdes dl"he'laiiﬁiecr ude
product was taken up in acetic acid (1 nL) and was stirred at roo

t enper at up@dﬁdma‘sfcomfmtltatﬁdlandévﬁtt@(enhl@ ipgceipritrHy (10 mip pad heated o \Qas t hen

concent 1 aked | SO AN0 MO0, (1800 Bnyarda B BB o IRUBE ML THE

15 reverse phase HPLC with a 0-60% B gradient over 30min at 10mL/min (Buffer A =

H,O0, Buffer B = acetonitrile) to yield the title compound;
'H NMR (DMSO-dg): 6 0.68 (s, 3H), 3.48 (m, 2H), 3.63-3.97 (m, 4H), 4.79 (dt,
1H, J=10.8Hz, J=4.5Hz) 5.1 (s, 3H), 6.10 (m, 1H), 6.22 (s, 1H), 7.45 (s, 1H), 8.26 (s,
1H), 9.36 (d, 1H, J= 6.3Hz);
20 MS (M+1): 319.15.

Example 5
Preparation of 2-(2"-methyl-B-D-ribofuranosyl)-6,7,8,9-tetrahydro-2H-2,3,5,6-

tetraaza-benzo[cd]azulene (Compound 305)

25  Step 1:

N-trifluoroacetyl propargylamihe was synthesized as described in Tetrahedron

Lett. 1988, Vol. 29, No.41 pp. 5221-5224.

Step 2:
To a solution of the product from Example 1, Step 3 (125 mg, 0.294 mmol) in
30 DMF (1.7 mL) and THF (5 mL) was added Cul (4.4 mg, 0.0231 mmol) and TEA
(0.25 mL, 1.46 mmol). The mixture was degassed with argon under sonication for 2-3
minutes followed by the addition of Pd(PPh3),Cl, (4.4 mg, 0.00627 mmol) and 0.6 mL

(6.86 mmol) of n-trifluoroacetyl propargylamine. The reaction was allowed to stir at
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m xture was heated to 55 C for 15 min. The MJSHA was filtered and the
filtrate concentrated and purified on Phenonenex-Cl8 reverse phase HPLC
with a O-w0%®/o9gwsadi ent over 30 min at 10 nl/m n (BuffecTtAszok®d13Buf fer B
= acetonitrile) to yield 30 the title conmpound; 'H NVR (CD30D): 6 0.87 (s,
3H), 3.8-4.13 (m 6H), 5.76 (dt, 1H, J=11.1Hz, J=5.4Hz) 6.20 (s, 1H), 6.66

(dt, 1H  Jsokd telapedature Rkrnidht4 Thé Follobihg dy, 1k fectiokthixt@e WA cSRarAR8987
PCT/ US2006/ 007132 M (M+1): 319.15. arrﬁlfe 4 Preparation of
gy

2- (2" - met Ayd purkfiqd oni Besingmenes Chgrerse ol bCowitlza 9:8)% B gadient over

tetraaza- hgnzo azyl en 0 Q .a._solution of .t [ t from
Exanpl e 3?8§PE %% fé E"ég%&‘g%? g‘ ﬁ;r@r ﬁgff%f gé‘ﬁ?%‘%%}mte}go ??ﬁ?rd\}/lgg ng%‘gﬂ‘?ig Pt 02
(2-3 ny) . tathe& copipeshd;was flushed with H2 gas and held at 1 atmH2 via
bal l oon for 2 hours. The catalyst was filtered and the filtrate was
concentrated aMdS Melprd898t was purified on Phenonenex-Cl8 reverse phase
HPLC 10 with a 0-80% B gradient over 30 mn at 10 nL/mn (Buffer A = H20
Buf fer B Stepaketonitrile). The appropriate fractions were concentrated and

| berate the anfaryuobra i b hE R 2o Slh2Ra e, DRoRRl T Sen up

i n acet oni(10 miLy was@dddd) 1-2mek PRI dle vossBEw4s fldshed Hithdly gas ahd @elded tatiron
m xture was_concentrated and purified on Phenonenex-Cl8 15 reverse phase

HPLC wi t hohHe vighallson ferd; kavr abipem tempeistuge. Thepatalystivasdilfored and the 1pg
Buf fefyB # LLLd O ' > ; : O-d6): 6
0. 68 2% , g@@@%@%&ﬁdﬁhﬁéﬁ DT %%ﬁé*é 8%5 ?dlnﬁteh E?D% g@g%ﬁi?tﬁ‘t} li, Iﬁ}qfﬁ‘, L(HS =10. 8Hz,
J=4.5Hz) B hl(sstir@d)at rddni Gofperatddefor Bh@#, fr5i cobkPntrafedd STHesresid) waBc®6 (s, 1
H, 9936 (d, 1 H .J=6.3 Hz); . .20 M5, (M1l): 9. 15, |le 5 Preparation
of 2o (2 - retited Wi mHDe S RS Ry Saio oy b by Blhesty 3 el Sl e KA
tetraaza- faﬁi@& Rl kSHiBALIPRE phdseiRR UM AUDIAR) sieRes BRA Y30 E&)twasfaha&{ ARCEEY !
pr opar gyl am ne was synt egl zed as described 1n Tetrahédron Lett. 1988,
Vol . 29, MNectldn pas h&R&d to5224. fo8Bdputs. The moleallartsiomes wlerd fikerpd autlite from
Exarrpllg 1 ’ﬁlt%tee evag cér}czegtrgtgd ar?d glslgrlilﬁergﬁtc%I lghelngmenex-clg reverse phase HPLC with a

0-40% B gradient over 30 min at 10 mL/min (Buffer A = H,O, Buffer B = acetonitrile)

to afford 8 mg of the title compound;

'H NMR (CD;0D): & 0.83 (s, 3H), 2.02 (m, 2H), 2.89 (m, 2H), 3.50 (m, 2H),
3.80-4.1 (m, 4H), 6.19 (s, 1H), 7.23 (s, 1H), 8.0 (s, LH);
20 MS (M+1): 321.17.

Example 6
Preparation of 9-amino-2-(B-D-ribofuranosyl)-2,6-dihydro-7H-2,3,5,6-

tetraazabenzo[cd]azulen-7-one (Compound 306)

25  Step 1. 2,3-O-isopropylidene-D-ribofuranose
Into a suspension of D-ribose (50 g, 0.33 mol) in acetone (1500 mL) was added
sulfuric acid (1 mL) dropwise. Reaction mixture was stirred overnight at room
temperature and then neutralized with sat. aq. NaHCOs. Solution was decanted and
concentrated. Oily residue was dissolved in EtOAc (1000 mL) and washed with water
30 (300 mL). Aqueous layer was re-extracted with EtOAc (2 x 500 mL). Combined
extracts were dried over Na;SO, and concentrated to yield the target compound (42.3 g,

67.3%) as oil which was used as such for the next step.
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30 DVWF (1.7 nL) and THE (5 nL) was added Cul (4.4 ng, 0.0231 mml) and TEA
(0.25 m, 1.46 mmol). The m xture was degassed wi th argon under sonication
for 2-3 wonuiew3dsol | oned by the addition of Pd(PPh3)2Ck2T(ub26bomyi13D. 00627
mml) and 0.6 nL (6.86 mml) of n-trifluoroacetyl propargylam ne. The

reaction was allowed to stir at 67 WO 2006/ 093987 PCT/ US2006/ 007132 room

t enper at urSeepd SFQirgrButyldindthylbiyap 300 dspropylideiceBCibdTirafibeet Ur € was
concentrat ed §1n3d purifi ed on_Phenonenex- C18 reverse phase HPLC with a

0-80% B gr adi ert3-Geprrapylidene-Ri-ribofuranoss, AblapsAps dessribedipoverdt e B =

acetonitrig I 449. 09.
Step 3: To .1;11131{3)@2]3{&%%2{5%?1&&128 prgéfath:{]e??ég (@aﬁpﬁgpﬁﬂg@% gﬁ(f’(s?’y njo)gzzgo 0668)
in THE (hﬁblmﬁd TBBMSL€H8.20 2, g2 0D, wéfbaddmismeller avaen fAfiatreiekivg foh3H2 gas
and heé | ath of H2 via ball.oon for %ﬁur at roomterrpera ure. The

t

cataly r‘fqni‘ feoRsErtIG Feqtion T e Yasptiied with dNadatild: TWalayessi due was
taken up ivbrEQpaRpdd @‘rgﬂll@m&gﬂvdsﬁe@%ﬁh vediér @ Qa@latPOIAL @RPEr ature for 1

hour, and concentrated. The residue was co- evaporated with pyridine (5 )
3 tinmes f&NpSWadaslevappratade Regdwd Wappurified ongilicatgek eslumppvitin acetonitrile in

wae heat chefRbEIOASEHYE DR At Tha0 B sl 1850 0 SR Ity 0o S e
15 filtraps, m%qagm%eﬂiert&tg@ﬂc@mbuaa sfm&@hr@af&‘ ﬁ@ﬂi%ﬂ%@)%s%%’ﬁ@%ﬁ phase
HPLC with a 40% B gradient over 30 mn m./mn (Buffer A = H20,

Buf fel0B :éWhl@thbmlyucms@}hzed@nﬁfeffmeders of the title corrpound 1H NMVR

(2001, 063 nhesB G4 B 5-SR0D 20 1o 1 Tty

321.17. Exanmgt, Q%Emmﬁ(mmﬁ 67Hz) 389 H J 67Hz) 3.52 (m, 2H), 1.31
9- am no- 2- (I3 Drlbofuranos%;eI(I ré{dro

t et r aazab&h28)cld] Qs BHM-0782% B306) 25 St ep 1

2,3-0Oisopropylidene-D-ribofuranose Into a suspension of D-ribose (50 g,
0. 33 nol ) Stap debblkre(HBOY1dunpthyisdly-213 e@-isepopylidened-rithofutamsyl)d- opwi se.

et r 401 2RO TR LR ol R AHBYPaBiR on vas decant ed and concent rat ed.
O ly residue \A/asclqbﬁﬁmmmpyﬁbfafm@ Qni@ﬁ-r)e a&dmwa%.b aékcyybédhnwat er 30 (300
nL). Aqueous |layer was re-extfacted W Combi ned
Example 1, Step 1 (14.80 g, 53 mmol) was suspended in anhydrous CH3 N (500 mL).
NaH (2.12 g, 53 mmol 60% in oil) was added then and the reaction mixture was stirred
at room temperature for 2 h. 5-O-tert-Butyldimethylsily-2,3-O-isopropylidene-D-
20  ribofuranose (15.22 g, 50 mmol), obtained as described in Step 2 was dissolved in
anhydrous THF (100 mL), CCl4 (6.27 mL, 65 mmol) was added and the resulting
mixture cooled down to -78 °C. At this point HMPT (9.54 mL, 62.5 mmol) was added
dropwise. Reaction mixture was allowed to warm slowly (in 0.5 h) to -30 °C and stirred
at -30 °C to -20 °C for 1 h and then transferred via canula into the solution of Na-salt of
25  the base. The combined mixture was stirred overnight at room temperature, then
filtered and filtrate evaporated. The residue was purified on silica gel with

hexanes/EtOAc (15/1) as the eluent to yield the target compound as off-white crisp
foam (8.49 g, 30%).
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extracts were dried over Na2SO4 and concentrated to yield the target
conpound (42.3 g, 67.3% as oil which was used as such for the next step.
68 WO 200800Q8@a839sPCT/ US2006/ 007132 Step 2. PCT/US2006/007132
5-Otent-Butyl di met hyl sily-2, 3-0-isopropylidene-D-ribofuranose
2,3-0Oisopropylidene-D-ribofuranose, obtained as descri bed above (21.7 g,

0, 0.238 ot ) Sr U 15 B & TR, [, B et
After sti (dd il 0or63 23 Hapt. 8o Hibipetal DOGToa2d on 1D, 316 @@, 1=
nashed w1 hdbci o L Tt 2 ot AHCHOu s RSNy Hb8T Ehrlt ca.

Resi due wag)oRyrdHy.ed on silica gel colum with hexanes/EtOAc (11/1, 1800
mL; 10/1, 1540 ml; 8/1, 1800 mL) as the eluents to yield 23.89 g (69% of

the tatge 0 ( 1% {taUhH & L0 : 38t hick oil 10
(whi chs| tg\gﬁ};%ré;fy&sl@@gg @??h@%ﬁ@&@ﬁﬁaﬁﬁ%@%@ﬁﬁ%ﬁ S 6.39 (d,
1H, J = 4.4 HzJTo the fulxtfs,of thi compousd frartzihe ptevBous steh (S1He, V7 mngolPinHz) , 4. 39

g-d 19 ' l(_ls , X gzi%t I?anél @%b (%]3 ‘g% a(dtdsd ég "V(% Ha@(%%g ﬂgtz, }gbevg{)uSs?y \(vgg:heg l@@ith I\jd"egh). (s, 3H),

7- (5" - O t gk Bty Fhi@irfedl 48 kdom emperatidel HPPhOPNS tedRN@asHilidr&Pind waxpsy | ) - 4-
15 chl oro-5-iodo-7H pyrrol o[ 2, 3-d] pyri m di ne

4- Chl or o- Bvithorethzpel 13404 BLd [ Thezonbinedifiraien wereotyenprated aad seledrasidyed i n

) ek aed B Qo midl SR e T ERARER T SRR o ion

m xture wasmpbuid.ed at roomtenperature for 2 h.
5- O-tent-Butyl di net hyl si Ié- 2,3-01 soEr opyl i dene-D 20 ribofuranose (15.22 g,
50 mmol ), obt ai HAWMESDIMSOrdshexB 67 (sl B &2kss 1) Sl (e dHi h= 6nbighpdds THE

(100 m.), ( AR5 ) d L the,r | £ § Ixture
Cooled ol #@)’-%%é(m/itz}ﬁh‘i"ggg‘l‘&r %ﬁﬁﬁnﬁ?@?d%@i i 3290 3 0P, SIS
dropwi se. 3R&a@t) 1, v £2.0y 8 W3, 363 @dedH] b=wanBSI y (in 0.5 h) to -30 C
and stirred at -30 Cto -20 Cfor 1 h and then transferred via canula into

the sob ut isehp Df4-MamsH-fodef7-@DiriRflasssyl)T NE-S e RSy Hinidige Was stirred
overni ght at roomtenperature, then filtered and filtrate evaporated. The
resi due was purlibgingeleesidespreparad geflesaiibed alipag Ahosng: Ga¢ mmael) wps Heatehe el uent

01 oS AR5 o A RS e 0 09, VO
1H), 6. 31 eyshordtidn of amnZorfia the)residuelwas purified on silica gel with CH,Cl,/MeOH
(30/1, 20/1, 15/1) as the eluents to yield the target compound as white powder (115 mg,
20 79%).
"H NMR (Acetone-dg): & 8.10 (s, 1H), 7.59 (s, 1H), 6.37 (br s, 2H), 5.98 (d, 1H,
J=6.5 Hz), 5.29 (br, 1H), 4.76 (m, 1H), 4.62 (br, 1H), 4.33 (br, 1H), 4.11 (m, 1H), 3.74
(m, 1H).

Step 6. [4-amino-7-(B-D-ribofuranosyl)- 7H-pyrrolo[2,3-d]pyrimidin-5-yl]-propynoic
25  acid ethyl ester
To a solution of the product from Step 5 (61 mg, 0.156 mmol) in DMF (2 mL)
were added Cul (6 mg, 0.032 mmol) and TEA (45 pL, 0.323 mmol). The mixture was
degassed with argon under sonication for 2-3 minutes and Pd(PPhs), (18 mg,
0.016 mmol) was added and the resulting mixture was heated at 55 °C for 15 min.
30  Ethyl propiolate (4 x 5 pL, 0.197 mmol) was added to the reaction mixture at 55 °C in

30 minutes intervals. The crude mixture was concentrated and purified on silica gel
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(dd, 1H, J=6.2, 2.3 Hz), 4.88 (dd, 1H, J =6.2, 2.9 Hz), 4.23 (m | H),
3.76 (dd, 2H, J= 11.4, 4.1 Hz), 3.67 (dd, 1H, J = 11.3, 4.8 Hz), 1.52 (s,
3H), 1.30wO=w06AeB9870. 81 (s, 9H), 0.00 (s, 6H). 5 Step PCT/US2006/007132
4.4-chloro-5-i0do-7-((3-Dribofuranosyl)-7H pyrrol o[ 2, 3-d] pyri m dine To the
m xture of the conmpound fromthe previous step (5.5 g, 9.7 mmol) in
methano! Jiir Briel, MeoH3966+, é@?if»%/gg s tncudts 10PMRY 9By (cueagchoni th NECH)
The m xturé wa §t|rr Toom't erature for . The resin was filtered
and vvashetdrgevwdﬂmomﬂhanol (500 m.). The conbi ned f| Itrates were evaporated

256%3 (i o R R SR e ARl 3
230 (m PP P §47 (G A 7718, 1B g1t 4 270, 200 - z%ﬂzﬁ‘*aé%ﬁ{dd”m,
J = 13.0,11), 8.794n, 2B) 5537 ¢d3H, 4 79 H2)11. 9, 3.7 Hz). 15 Step 5.

4- am no- 5- i odg%é-. &2;36é‘ig2ﬁ+ﬂéanosyl )- 7Hpyrrol o[ 2, 3-d] pyri mdi ne The

nucl eosi de pr 'ed above (155 ng, 0.38 nmol) was treated

with liquid ammnla at 120, C_for urs h met
reactor. SePdr[4-apugorfPaibaby ?ﬁﬁ‘@ %}gptyﬁ@ O:E%é ﬁ%lﬁﬁﬁéﬁﬂs@% crll(?m lica
gel w t'h % & MeOH  (30/1, 20/1, 15/1) as the eluents to yield the target

conmpound a Ite powder (115 ng, 20 799% . 1H NWR SAcetone dé): S 8.10 (s,
1H) 7 59 (s m:;uo@edswe(ﬂzmpwd 2+escBbaigaboue (3Hne, 01 mmgolg Was freatsd o9 (br, 1

11 4) 1OSt eéf{:% llqtuzp ammaiga ?{ ?Sr( S %g_r Sogfrhﬁmé hé@ y}?r)egSuw mefhl fehctofAfler™ . 3. 74 (M

7Hpyrrol &[a%m%’tlgﬂl BY&ﬂnﬁio(ﬁiarthérdéicﬂueWe@ Ylfiﬁbdion 251lﬁalgd1 eilinyh wétht er To a
solution of "the product from Step rTE 156 m 2 m) were

added cCul CHGCh@’Ie@H(IQQ/ln%L)WéH&ST@PlP@FSS oy191d31§3m,nm (%’) Of{%heét%rrgfi(tt ure was
degassed with ar,gon under sonication for 2-3 mnutes and Pd(PPh3)4 (18 ng
0.016 mm?(3 WAL “added and the resul ti ng m xture was heated at 55 C for 15

mn. 30 EfWMR (gmggbgt&es (42 (% 18)17.70 (s 97), rm@ﬂ id, ST -adaddz); €.86 is 1HRact i on
m xture at 55 Cin

ut t |
concetft r at-66 (endHp 2§ ‘iquenaﬁoheir]: ﬁé)gr \gﬁl(fsn 1) v 0@30&18193@% s2.6% z), 3.74
PCT/ USZOO@{Q(;?}(ZIl?Z lzvg .t?.}b ﬁ?/ﬂv?ﬁ'h (=170£)f_1 50/ 1, 25/1) as the eluents to

afford 36 64% npoun 1H NMR (Acetone-d6): b 8.18 (s,
1H), 8.06M$.,m/1l=t)3sowevmo)r 2H) 6. 05 (d, 1H J

Step 8. 9-amino-2-(B-D-ribofuranosyl)—2,6-dihydro-7H—2,3,5,6-tetraazabenzo[cd]-

C

azulen-7-one (Compound 306)

20 A solution of the compound from Stép 7 (10 mg, 0.026 mmol) in
0.1M NaOMe (3 mL) was heated at reflux temperature for 2 hour then concentrated in
vacuo and purified on Phenomenex-Cjgreverse phase HPLC with a 0-40% B gradient
over 30 min at 10 mL/min (Solvent A = H,O, Solvent B =MeCN). The title compound
was isolated as a white solid in 4 mg (46%) yield.

25 'H NMR (CD50D + D,0): & 8.31 (s, 1H), 7.91 (s, 1H), 6.15 (d, 1H, J = 6.5 Hz)
5.14 (s, 1H), 4.64 (m, 1H), 4.35 (dd, 1H, J=5.3, 3.2 Hz), 4.24 (m, 1H), 3.86 (m, 1H);

MS: m/z=334.1 (M+1).
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6.2 Hz), 5.27 (br, 1 H, 477 (m 1 H, 438 (m 1H, 4.27 (q, 2H, J =
.1 Hz), 4.15 (m 5 1H), 3.79 (in, 2H), 1.32 (t, 3H J =7.0 Hz). M5 mz
363. 7 (WbIpoe/Stmp 7. PCT/US2006/007132

[ 4-am no-7-((3-D-ribofuranosyl)-7H pyrrol o[ 2,3-d] pyri mdin-5-yl]-acrylic
acid ethyl ester The nucleoside, prepared as described above (36 ng, 0.1
mmol) was treated 10 with liquid ampRhgngé775 C for 1.5 h in the high
pressure netal reactor. After evaporati or? of ammoni a the resi due was
purified on a sﬁ)kepaeat@mofae(lzlﬂmnthw-Bm-rlabmm@-m(eth@hmln@@mdlhmp1) as the

| uents t ld 15 d VR CD3CD S
5. lign(: 2H§” %770 (2?5§ @ a‘% E”di 5-1-05¢ ‘i%ﬁlir’]"“nﬁggi\l ( )15,
4.60 (m 1H), “ﬂ’h@éroﬁﬁetf?dﬂlE%amgl% 1 sté@)s (2%5 }agHg)rﬂ%lﬁmog 118@16&@%m11:b| J =

12.3, 2.6 Hz (t, 3H, J = 7.2 H).
VE: rrl5z =(93806, ¥ M W IHi} )gg@gﬁa@d 1nanautoclave bomb and heated to 80 °C for 1 hour.

9-am no- 2 yl | epnzo [cd] -

azul en-7- F(l)ﬂ%gre%} &dlpl%gﬂ%r%g%% Coéﬁ%gggjgl u %ﬁreé'ﬁh %Wé %lé‘r@rnp%ﬁ ?g% @[Zep[ 7 ](10

ng, 0.0260 BTMII\)aOEt aﬁdhe&fbcﬂ\l&mwcc PorrtihounaThé eatidsh mﬁxtumfvlzamohmmuewdt ure for

2 hour then concentrated in yacuo an i.fied on P nmenex- Cl8 reverse

phase HPL@dpurHied @BiWIBe@‘?’fagisé?\‘fersed\(f’éguébiﬁ‘l"ﬁ‘ﬂh‘f Ofgvﬁglgﬁ? er(tgé’ﬂ/ent A =

H2Q, - Sol V%(gg%n?’at‘l (?ﬁ?fe} it gbg%&&@ a@%nﬁﬁ@%ﬁiﬁﬁ)r@?l@n@”ﬂﬁtﬁe sol i d
(s,

in 4 nmg ( yi e H NVR ( D + D20 1H),
6.15 (@, ﬁﬂbccﬂmpowxmd,f)Hz) 5.14 (s, 1 H, 464 mlH) 435 (dd, 1 H J =

D006/ 003085 PCl SAABORMHes S %&?ﬁ@ ?%@p&ﬁa{‘qoé%?%% (i, (‘%12‘ s/t YO
2-(2' - et gylui ‘%gnzo% 5{3@'@&’51314 )J—QW%%((& Am)Ne.26 (91 gl)>hz/©|8 @i, 1H, J=4.8)

2,3,5,6-t azul én- 7-one (Conmpound 3 The pr oduct from
Exanpl e 17.88(gd1D, 8.32%s, riﬁ]',) 0.596, ikl ) in nmethylamine 5 (9 nl, 1 Min THF)
was sealed in %Mi?ﬁl ﬁzz bonb and heated to 80 C for 1 hour. The
reaction m xtu dhtditrated and the residue was taken up in 11.6 nL
of 01% M NaCEt and heated to 80 C for 1 hour. The reaction m xture was
concentrated and purified on Phenonenex-Cl8 reverse phase HPLC with a
0-40% B gradient over 20 min at 10 ¥xgmpk § Buffer A = H2O Buffer B =

acetonitr 'ILrg}))arat?on fff é)Eij-Iljiétﬁyltr[g-Dglflbcgf{lﬁnosyl)-2,6,7,9-tetrahydro-2,3,5,6,9-pentaaza—

benzo[cd]azulen-8-one (Compound 308)

I~ Il

Step 1. 4-Chloro-7-(2’-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine
20 The target compound was synthesized according to the procedure in US Patent

6,777,395.

Step 2. 4-Chloro-7-(2’-methyl-2°,3’,5’-tris-O-acetyl-B-D-ribofuranosyl)-7H-
pyrrolo[2,3-d]pyrimidine

To a solution of the product from Step 1 (1.0g, 3.34mmol) in glacial acetic acid

25 (14 mL) was added acetyl chloride (4 mL) and the mixture was stirred at room

temperature overnight. The reaction was then concentrated in vacuo, co-evaporated
with toluene, and purified by Isco CombiFlash purification system with a 40g silica gel
column and 0-35% MeOH gradient in DCM over 30 minutes to afford 1.4g (99%).

MS (M+1): 471.0

30  Step 3. 4-Chloro-7-(2’-methyl-2’,3’,5’-tris-O-acetyl-B-D-ribofuranosyl)-5-nitro-7H-
pyrrolo[2,3-d]pyrimidine
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10 title conpound; "H NVMR (DMSO-d6): S 0.76 (s, 3H), 2.82 (d, 3H,
J=4.2)3.72-3.98 (m 4H), 4.81 (d, 111), 4.88 (t, 1H) 5.24 (d, | H J=8.1),
5.25(s, Iwb2oocie2B7(s, | H), 7.08 (d, | H J=4.8), 7.8@ctais2dho718232 (s,
1H), 10.16 (s, 1H); M5 (M+l): 362.15. 15 Exanple 8 Preparation of
2-(2'-nmethyl -(3-D-ribofuranosyl)-2,6,7,9-tetrahydro-2, 3,5, 6, 9- pent aaza-

benzo[ cd] azul ep-(napga df@%;;ﬁ@am MBS tePRYPO0mg, 1.64mmol) in DCM was cooled

1. 4- Chl or o- 70-('2'_-mat hyl - (3-D-ri bpfura_nosal E%’H—g rrol o[ 2, 3-d] pyri mdi ne 20

The t ar geto @€nipdcainaignbatby Meaawhile Ginaing nd m glambH @c@aukkwess US Pat ent

6,777,395, St.e . . . . . .

2. 4° Chi or BRI andhadid deapwise toa Vigorausly sinsd POMslion eoplining & ) . 71t

gyg rol oI g ﬁrot&tﬁdﬂd@l/elroisidb dhad aleﬁﬁixgus.gm% bloticd wtaﬁﬁir&glgd 3&@ fcfrrlof'lnh&ﬁlep 1d( 1.( 0g,
. 34mMmD in glacial acetic, acid 25 (14 nlL) was added acetyl chloride (4

m) and t HengugRabed bypeuLrg jniean ise CP@o*ﬁ‘fuf%té%%‘éz%@vﬂuW’e@%? gHY: ke

reaction Foll { 3 ' lugne, and

bur 11 od BPEOER SRACERLIATIOM ShdB Wanft I RIERRITRS ot N oG

col um andofeRbifed/BOdcgo aThe ntude pulidd oy Esco EdmbiRaslepurtfoatién systend. 49 (99%) .

M5 (M#1): 4;11.%)30.Stef 0-35% ont inD 20,10 ;

3. 4- Chi or 80ty Pe silisargsf coumaand.0-35% MeQH eradignt isDEM pyesS0 YIS 19 - 5_ i t r o-

TH pyr 1 obgrofdsRniglpyi i di ne 72 WO 2006/ 093987 PCT/ US2006/ 007132 A

solution of the product fromStep 2 (700ng, 1. 64mm|ag in DCM was cooled to

A

0C i n10 ce/ wat el HDEVIR. (DRSO wla): 159. 1 s, ig), 1NOR(s( 1HN16)8 1amdl B2 §@4 (1 1H) wer e

Phe prot Aorka (Raabasie R 18 GrofDure. "The <ol uti on was stirred ai 0C

for 1.5 hours ¢ hariguenaped by pouring into an ice cold saturated Na2CB
solution (125 nL). The product was extracted with DCM and the organic

| ayers weig. df i4g(§agé§§§)9{>g§ﬁ%ﬂa§,lin ONCLRRGRIES 3 B HACO0ceAB.I5! ude

purified by lsc cation system wth a 40g silica gel
col um andibOfuB&ifds )NB-GHhityo-ddi-pyrrolo[2, PElgyowedin80 mi nutes to afford 440ny

(20 15,1 S s o p g 0
MeOH (3 mL). Meanwhile glycine methylester mono hydrochloride (48mg,
0.383mmol) was neutralized with a 0.5M solution NaOMe (766pl, 0.383mmol) and this
mixture was added to the methanolic solution containing nucleoside and the mixture
was heated to 75°C for 1.5 hours. Concentrated reaction in vacuo and purified on flash
20  silica gel chromatography with a 0-5.0% MeOH gradient in DCM to afford 100mg
(60%).
"H NMR (DMSO-dg): & 8.74 (s, 1H), 8.35 (s, 1H), 8.14 (t, 1H, J=5.4Hz), 6.68
(s, 1H), 5.47 (m, 1H), 4.5-4.3 (m, 5H), 3.68 (s, 3H), 2.10 (m, 9H), 1.37 (s, 3H).
MS (M+1): 524.1

25  Step 5. 2-(2’-methyl-B-D-ribofuranosyl)-2,6,7,9-tetrahydro-2,3,5,6,9-pentaaza-
benzo[cd]azulen-8-one (Compound 308)
To the compound from Step 4 (20mg, 0.038mmol) was added MeOH (5
mL), Pd (10% on Carbdn), and TEA (0.5 mL) and the mixture was purged with H; gas
for 5 minutes then heated to 50°C overnight under 1 atmosphere of H, via balloon. The
30  catalyst was then filtered and the mixture concentrated in vacuo. The crude product

was purified on Phenomenex-C,g reverse phase HPLC with a 0-50% B gradient over
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M5 (Mt1l): 471.0 Step

4. 4- (2- met hoxy- 2- oxoet hyl am no)-7-(2' -nmethyl-2',3" ,5 -tris-Oacetyl-(3-D
ri bof ur arwoye)093987ni t ro- 7H pyrrolo [2, 3 -d] pyri m di neptd/URb@msoonpound
fromStep 3 (150ng, 0.319mvl ) was dissolved in anhydrous MOH (3 nL).
Meanwhi | e gl yci ne net hyl ester nmono hydrochl oride (48ng, 0.383mml) was
neutraliz it 208 Ol &l ﬁgj'@p xture
was addedgpﬂnﬁglﬁen%ﬁgl% (ffgéglputl on cgfeﬁlt?gl n?cﬁgbnﬁﬁc eo%?fdl‘grggsnrggkﬁe m xture
was heat ed)fﬂ@tﬁmommundS hours. Concentrated reaction in vacuo and

ipﬁr bW 10 at 1 or Bl OB MPR0H) © HEARRTP N ady ) 76 w3 6t 10056 (6.

8. 14 ({ tizn 1 , 5
3 68 s :gé 1H): 6"10%&1{6‘&13: 5?}33%1 31, 3§4ﬂ)s7wg HY@ 6415%41 égﬂéto?ﬂ(@ H) ,

5. 2- (25 e yI f3- Drlbofuranosyl) 2 6, 7 9- tetrahydro 2,3,5,6, 9-pent aaza-
benzo[ cd] azul egMg(@gprg) (ng‘%zﬁ)und 308) To the conpound from Step 4 (20ny,
0.03 8mml ) wa ed” 5 nm), Pd (10% on Carbon), and TEA (0.5 i)
and the mxture was purged with H2 gas for 5 minutes then heated to 50C
overni ght under 1 atnosphere of H2 via ball oon. The 30 catal yst was then
filtered and the mixture concentrat Bdample@cuo. The crude product was

3 w0 2000/ G640 BT AR E A SRS ER D D e 2R O
Buf f ed0B = acetoni tri | éjtranea-bérfzofod L tene7- ()ﬁeﬁeﬁ)ompdundlsw)i tl e conpound. 1H
NVR (DVMBO-d6): 8 10.27 (s, 1H), 8.1 (s, 1H), 7.51 (t, 1H, J=3.6Hz), 7.03

(s, 1H), &1, (95An111|rd)-2 [5’-&3&1’&1-935’(0}(1%') 3” 37 Qtratsopforfyiadisibkane3l 4= 3. 54 (m
1H), 0.71 (s II;(%llr ﬁ nple 9 Preparation of
9- acet ani d’éﬁll)zﬁ(@‘ﬂb peyl-3, @&VWW‘Q%@?T"W@%@H@? Jlapeen-7o05 6. 10

oA no- 2- 2 - et by P o bR PGl BT h B i DME (O Ly e 10 51

di yl) - ( 3- Bddédbiniidazto@9Bihg; £ 3 Gmdiohyfdt owdd 11, disop‘mseadchaambémo [ cd]
azul en-7-one_To the product from Exanpl e 50 720 in DMF (6.4
m) wad  &ierorinl .ddAsirasqy Slqua@eﬁ%ﬁﬁ# %ﬁfﬁw&g uagertrﬁlaggﬁgm& e

addi tion QfixdrSwas stirred under argon for 4 hours then quenched with methanol (1ml) and

concentrated in vacuo. The crude material was purified by flash silica gel
chromatography with a 0.1-5.0% MeOH gradient in DCM to afford 290mg (68%) of
the target compound. '
20 'H NMR (DMSO-dg): § 10.13 (1H, d, J= 1.2Hz), 8.29 (1H, s), 7.66 (1H, ), 6.64
(2H, br s), 6.07 (1H, s), 5.26 (s, 1H), 5.06 (d, 1H, J=1.8Hz), 4.3-4.15 (m, 2H), 4.05-
3.95 (m, 2H), 1.15-0.90 (m, 28H), 0.85 (s, 3H).
MS (M+1): 590.3

Step 2. 9-Acetamido-2-[2’-methyl-3°,5’-0-(17,17,3”,3”-tetraisopropyl-disiloxane-

25  17,3”-diyl)-B-D-ribofuranosyl]-2,6-dihydro-7H-2,3,5,6-tetraazabenzo[ cd]azulen-7-one

To the product from Step 1 (50mg, 0.085mmol) in pyridine (1mL) was added

DMAP (20.7mg, 0.170mmol), 10 molecular sieves, and acetic anhydride (40pl,
0.424mmol). The mixture was allowed to stir at ambient temperature overnight then
concentrated in vacuo. The crude material was purified on Isco CombiFlash

30  purification system with a 4g silica gel column and 0.1-5.0% MeOH gradient in DCM
over 30 minutes to afford 25mg (47%) of the target compound.
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15 dichloro-1,1, 3, 3-tetrai sopropyl di sil oxane (285l, 0.894nmmol) under rapid
stirring. The mxture was stirred under argon for 4 hours then quenched
wi t h met woaboe(dosdsy and concentrated in vacuo. The crugeTost@sioat1znas
purified by flash silica gel chromatography with a 0.1-5.0% MeCOH gradi ent
in DCMto afford 290ng (68% of the target conpound. 20 1H NVR ( DMSO- d6) :

0 10-13 (1 dimdsk @fso-ARA0Ma, 2 1 LAl M U 8 Gs (BTES ),

g 9A5 (m  BH) 6. 56€®1H0J=€WH2)850()9 (Gll 13*12 522 (glﬂﬁ),MSS_@P%JOn 4519%@@%% 2. -
cetam ", 1", 3",3"-tetrai sopropyl -di si |l oxane

, 3" -di 3?[9 ](ggbo %h?apn%?sg?r , 6-di hydro-7H 2, 3, 5, 6-t et raazabenzo
[ed] azul en- 7- ongs F}_I‘@ngoduct fromStep 1 (50ngy, 0.085mml) in pyridine
(I'm) was added E)I\/A (20.7mg, 0.170mmol ), 10 nol ecul ar sieves, and acetic

anhydr4 deg(40§ o A gD -mémﬁ-epmwfﬁraﬂ@?y@@@ R Gao, 515 d-tcRtbaADDI ent

terrperature overni ght the concentrated I n vacuo he Crude material was
purified bmzlos@ad}az@dmb?-ﬁhaé(l&mﬁﬁbmdr%f)) cation systemwith a 4g silica gel

(479 of the 1 APEBIOREHRENED 210 WS S000rBe b ARt s R BoPhA T 11 e
(DMSO d6) ¢ ﬁ &91 Jrﬁcéﬁvate“ﬂath]tcl)c’élé!ﬁaa lgMgljar §(§utléﬁ'%f T@A@%Q‘HF ABBul, 7- 65 (s,
6.56 ( 1H), 1H), 4.25-3.95 (m 4H),

2 12 (s, OﬂHBmIﬂQl)L@aSLadhied mlrop@ﬂk@ to tbe @KﬂSS stnz@d) sole)n( IWIhE)mIXBBQ was5 Step 3.
9- A 2 D-.rib 5 6-tet -
R T e e e

0. 040mol )ddifoA PYhiakRs. Tk 61Q1d@ré£bﬁory\@§s ccﬁﬁ@h@aed I oub eed p@ifesd diat h to 0C
and a 1 Mol ar solution of TBAF in THE (158], 0.158mmpl) was added dropw se

to the raphetgmerckiGietvesk phissdlPIthavithiaq- 9% Riamdint aysrdfedingd stir at 0C
f |
or 15 m gHt glgfﬁ%@&r e‘gﬁ%d %u‘f%?ﬁ‘lﬁ’ce'iq} %)%gﬂ%?&ybﬁg?y% 3 ?ﬂg' tiona

30 mnute én was concen I'n vacu ed on
Phenomsne&oﬁﬁsuﬁ(ever se phase HPLC with a 0-40% B gradient over 30 min at 1Q
m/mn (Buffer A= HO Buffer B = acetonitrile) to afford 5 OnP g& 2% of
the ti¥le compBIWYR @MEO-dvd {RADr asiED. 8-43¢s 750 B35 &, 1l 7.90(54 5] 5

8. 35 , 4 15 [ Sur b
oo EZ %E% (jtg{?)ggrzl;(s,}lﬂi’pgs.gg él?r slﬁHf-I), 8 (a, SuL A §11) 4'doad B0 (br s,
1=5.1Hz), 3.95-3.65 (m, 4H), 2.15 (s, 3H), 0.78 (s, 3H).
MS (M+1): 390.1

20 Example 10
Preparation of 9-hydrazino-2-(2’-methyl-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-
tetraaza-benzo[cd]azulen-7-one (Compound 310)
To a solution of the product from Example 35 (17 mg, 0.0488 mmol) was
treated with 1mL of neat hydrazine at room temperature for overnight and checked by
25 LC-MS. The reaction then was concentrated. The crude product was purified by HPLC
to afford 10 mg of the title compound as a mixture of tautomers;
'"H NMR (DMSO0-d;, 300 MHz): & 12.005 (s, 1H), 10.772 (s, 1H), 9.253 (s, 1H),
7.941 (s, 1H), 7.811 (s, 1H), 7.116 (s, 1H), 6.056 (s, 1H), 5.50 (d, 1H), 5.20 (m, 1H),
5.50 (d, 1H), 5.01 (d, 1H, J= 9 Hz), 3.964-3.580 (m, 4H), 0.627 (s, 3H);
30 MS (M+1): 363.1.
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J=5.1Hz), 3.95-3.65 (m 4H), 2.15 (s, 3H), 0.78 (s, 3H. M5 (Mtl): 390.1 20

Exanpl e 10 Preparation of

9- hydr aziwo-28e¢(@39s8met hyl -[i - D-ri bof uranosyl ) - 2, 6- di hydr ec2;i32006607132

tetraaza- benzo[ cd] azul en- 7-one (Conpound 310) To a solution of the product

from Exanple 35 (17 ng, 0.0488 mmol) was treated with I nL of neat

hydrazine at roomtenperature for asmmpightt and checked by 25 LG Ms. The
ntrated. The crude product was purified by HPLC to

i on t
Mftord 10 e5@19’35%é?%%ﬁp@-%-&%’p@ew-5@-abﬁfuxaw@>af6-@iamgr@fgg,§zs-t@mmw o
d6é, 300 : 8 12. ; . ) S, , )
EE!VB?FD? 7.811M(-Z? | H), gg%fgﬁg%ﬁ%4ﬁ%g%@%d%m 5.50 (d. 1H). 5.20
(m 1H), 5. 50 Tod solwion & thedprodyuct idm BExarfpleid) Step. 5984 n3g, D8D6(mmoYHyas 0. 627

g_?_ P? e ;r ggﬁieg/l?.éyo%)te:tra%g%fla%ﬁmgr?iul\{q\%h%l%?o%eg’% u%r7id|e3 8%%?0218’8(% 8107132 Bxanpl e

9- f | uor o- idhBorodtBartdyY Thé Rrabtisr Wad BEAMABY0) <. 16r A1y rﬁto?ecﬁ%;i Bpfaaza-

benzo[ cd] azul en- 7-one (Conpound 311) To a solution of the product from
Exanpl e 1 Thegegstion pavturajvasthemseutralizgd with amBrcndiete dy drosidg topH=6. The

t et r abut i | I t il uog, 50%.sol ution in dichloroethane.

Tﬁer?e;c%/h)gdr?ﬁgvx{/a%%g %eégb&%g{{%%@#%?bgﬁd%%m%% moni tored by HPLC. The

reaction m xt urE NIIR (OMSONEWS F).97RY, mgig.@mnmm.baﬁgs%ﬁ%gf(%WG- The
sep

product was i sol ated reverse phase H epar ati on. O d6): S
10. 9760 (s 1F4y 72785 627 (S I, FFP3. 6 1D6e00-3.68 L) 4. OB 3K 10 1H),

5.727-5.652 (d = 5 K . QQ- 3. ( , 0.74 (s, 3H); 19F NWR
( DVBO- d6) : 6(- iW@%%&dﬁi@ﬁg@ﬁﬁ J‘@E-z(%m . 351.1. Exanple 12
Preparation of Ms {(Mw+1rRpE5dQ: 2- (2' - net hyl - (3- D-ri bof ur anosy!

)-2,6-di hydro-2, 3,5, 6- 15 tetraaza-benzo[cd]azul en-7-one (Conpound 312)
Step 1. Example 12

9-F i d =] 2 - ol a3N, 3" atetrai - di.silL.oxane 1

A e e R e e L R T A L e

[ cd] aifil en-7-one To t kraemnpaoftdfazokn Exam(iConthousi 8p2)1 (100ny, 0. 170mmol )
was added DMAP (41.5ngy, 0.340mmmol) and a 1:1 (v/v) mxture of formc acid

and acet i Stepl. Srityhiatri®-2-F2 Bmethly1-3Tireomi X e 3WasradopfMg alsQoddel  at
anbient t ?”HB”—fd?yrl)-[%—?)-?fbgflflgael%syl]-2,6-dihydro-7H—2,3,5,6-tetraazabenzo[cd]azulen-7-one
To the compound from Example 9, Step 1 (100mg, 0.170mmol) was added
DMAP (41.5mg, 0.340mmol) and a 1:1 (v/v) mixture of formic acid and acetic
20  anhydride (1.6 mL). The mixture was allowed to stir at ambient temp for 15 minutes
then cooled to 0°C in an ice/water bath and quenched with TEA (1.5 mL). The mixture
was then poured over ice water and the crude product extracted with DCM (50 mL,
2X). The organic layers were combined, dried over Nay;SO,, and concentrated ixn
vacuo. The crude material was purified on Isco CombiFlash purification system with a
25  Agsilica gel column and 0.1-5.0% MeOH gradient in DCM over 30 minutes to afford
47mg (45%) of the target compound.
'H NMR (DMSO-de): 5 11.53 (brs, 1H), 10.68 (br s, 1H), 10.08 (s, 1H), 8.23
(br s, 1H), 8.42 (s, 1H), 8.30 (s, 1H), 6.10 (s, 1H), 5.33 (s, 1H), 4.3-4.0 (m, 4H), 1.15-
0.95 (m, 28H), 0.86 (s, 3H).
30 MS (M+1): 618.3

Step 2. 9-Formamido-2-(2’-methyl-B-D-ribofuranosyl )-2,6-dihydro-2,3,5,6-tetraaza-

benzo[cd]azulen-7-one (Compound 312)
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then cooled to OCin an ice/water bath and quenched with TEA (1.5 nL). The
m xture was then poured over ice water and the crude product extracted
wi t h DCMwbBQowdn93982X) . The organic | ayers were conbi nedpcariseehsovas2 Na2SO4,
and concentrated in vacuo. The crude material was purified on Isco

Combi Fl ash purification systemwth a 25 4g silica gel colum and 0.1-5.0%
MeCH gradi ent ifipe V8o mINe Wn?0t676ﬁ{tﬁ&f_oﬂlarﬂll%ﬁ%u§‘f§ﬁ©(1@m%§'§/a§arget
conmpound. 1H NWVR (DVBO- d6): 1 (br s 08 (s,
1H) 8 23 coglod irsgn 1te/H)ater8>ath2to(0§C afid m)lMcsa@omt(og of TBAF in6THD ((9_0p11 H), 5.33

1.15- 0,95 0.86 . M1
678.3 S eﬁﬁfﬁn@iﬁb& dzongse {odhiAP! CH]% e il n"&l%eﬂﬂx’f ewas 0 (M)
) - 2, 6- di hydpged o%téaﬁo"teﬁ 80 2anuie TR GlARULRI A RRCRIROHAEcAL2) 76 WO

2006/ 093987 PCT/US2006/ 007132 The product fromStep 1 (47ng, 0.076nmmol) in
anhydr dus amgpuiifiePomPhenamenesthadvirse plras¢ BRLAaVER al@a40% Bogradientmven 1Mol ar

0. 8B R  PRTR RR FUORAIALD

m nutes. Picheaitled@nipeasd.i on was concentr at ed in vacuo 5 and purified on
Phenonmenex- C18 reverse phase HPLC with a 0-40% B gradi ent over 30 min at 10

mL/nin (Buffer BNMBAOMBtdad H.53 et BA), 4010043, 1D, 19.9%fs 1H5. &-3%(%93% of

the title $C (

e e o, i) IR (U0 P 8 68 390 @ 1 By, )

5. 34 (s, I(ch)lH 5=29HE)] 4.00H9 (di-6HSH285-3 45 Yh, 3HG o(THGs, 1. J=5. 4Hz), 4. 0- 3
(m 1H), 3.85- 72¥§ 3 0.79 (s, 3H. M5 (M+l): 376.1 Exanple 13
Preparation of NS no-2-(2' - net hyl - o- D-ri bof uranosyl ) -

2, 6-di hydro-2, 3,5, 6- 15 tetraaza- benzo[ cd] azul en-7- one (Conpound 313) To a
sol ution of the product from Exanple 35 (20 ng, 0.0575 mmol) in pyridine
(3 nL) was added 60 ng of methoxyl ali,‘ntamqallei(]:?a salt. The reaction was stirred

at RT for vern ht . and _checked reacti Qn .t S

concent rat Ofér%@oﬁywetzbéa fﬁ\ﬁ L3 ﬁeﬁb apﬁ_% 120gq gﬁ’?’@‘%dz 398y of
the tigle corrpound as @ethh%é-Hér%o[c%?azﬁfent’ﬁb‘ﬁé) ouwum (DVBO-d6, 300 MHz):
8 11.194 (s, 1H), 8.918 (s, 1H), 3 (s 6.233 5.30-5.20

(m 3H), 4.04- Jogsointiontdf theaprggluc(tsfromﬁ)tamlzle% (2e mg29|)057é)n3@@) s,

pyridine (3 mL) was added 60 mg of methoxylamine HCI salt. The reaction was stirred

at RT for overnight and checked by LC-MS. The reaction then was concentrated. The
crude product was purified by HPLC to afford 12 mg of the title compound as a mixture
20  of tautomers;
'H NMR (DMSO-ds, 300 MHz): & 11.194 (s, 1H), 8.918 (s, 1H), 8.573 (s, 1H),
6.233 (s, 1H), 5.30-5.20 (m, 3H), 4.04-3.86(m, 4H), 3.91 (s, 1H), 2.50 (s, 2H), 0.689 (s,
3H);
MS (M+1): 378.1.
25
Example 14
Preparation of 9-Amino-2-(2'-methyl-3-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-
tetraaza-benzo[cd]azulen-7-one (Compound 314)
To the product from Example 1, Step 5 (100 mg, 0.266 mmol) was added liquid
30 ammonia (3 mL) which was sealed in an autoclave bomb and heated to 85 °C for
1 hour. The ammonia was allowed to evaporate and the residue was taken up in 0.5 M
NaOEt (8.4 mL) and heated to 85 °C overnight. The reaction mixture was concentrated

and purified on Phenomenex-Cig reverse phase HPLC with a 0-35% B gradient over
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3H); M5 (M+l): 378.1. 25 Exanple 14 Preparation of

9- Am no- 2-(2' - et hyl - B- D-ri bof uranosyl ) - 2, 6-di hydro- 2, 3, 5, 6-

t et r aaza-wenaajwsdsazul en- 7- one (Conpound 314) To the predwas2doomibxanpl e
1, Step 5 (100 ng, 0.266 mml) was added liquid 30 ammonia (3 nL) which
was seal ed in an autocl ave bonb and heated to 85 C for 1 hour. The anmoni a

was al | owsd niif) af Y@ RQY@ke(Buftr e ILesBffer BasackRiRfle) B afford 23 ndg ofNhEEt (8. 4
m.) and heated to 85 C overnight. The reaction m xture was concentr at ed

and puri f tiflg compePHhonenex- C18 reverse phase HPLC with a 0-35% B gradi ent

over 77 WD 200 / 0 / uffer A=
H20, Buffer B %g\@g?%m tﬁSIC{J’XS qggéé)@bgﬁ)zéﬁg’%% Eﬁ?—:']z&%’l (qur%gound "H
NMVR ( DVBO(Bi), 562405, 2 ds9 s3I, 637 (428 97:{ s, 1), 8.3. @811, 10.06)s,1H);04

(s, 11- 1)0(5 2)4%/1 QSH? 83 & Hg ) 7 (s, gﬂfg 7.(3 )t, 160(, ) 31 (s, 1
H . 10°06 (s, 1 $(M )r&éS(IﬂAﬂ) 348, 14 Exanpl e 15 Preparatlon of

9- hydroxyam no-2-(2' -nmethyl - (3-D-ri bofuranosyl)- 2, 6-di hydro-2, 3,5, 6-
tetraaza- benzo[ cd] azul en- 7-one (Conpound 315) 10 To a solution of the
product from Exanple 35 (20 ngy, O. @x&mprews) in pyridine (3 rrL) was added
20 mg of hydroxyl am ne-HC salt. The reaction was stirred at RT for

ove(rj ni ght ERpRrarReehyroxyamgo- 21Remedud BrBrhofEAnewd- e SrdbriPz: &8:6- The
duct h titl d

it are ot taut omer iRl RAR T S ChgRngsI e | £ SoTppune s

8.6391Qs, 1H), T®.Awftion, ofﬂte)prodﬂct%m EsamfleiR5 (20 82400575 fihol) B 262 (s, 1H),

6. 094 , 1H). 1 , 3 60

Shy, 0 7avgdine §i4nT T esS esited 20 g by Bming b 18t b e b e |

8-l uoro-2¢ 2’ fbﬁ@&e%éhﬂéxd@hééﬁ%@fbgm@@@” TheueBetfintiel RadechoentPabetmaaza-

benzo[ cd] azul en- 7- onée ound
1. 4- Ami no<Bue@redrict Wag IzumfrreithyyHPL@ t@affmtdolflunanﬁﬁxyltl)tlerpnwundwm mixgure
d] pyri m di pe
of tautomers;
15 'H NMR (DMSO-ds, 300 MHz): § 9.20 (s, 1H), 8.639 (s, 1H), 8.556 (s, 1H),
7.979 (s, 1H), 7.824 (s, 1H), 6.262 (s, 1H), 6.094 (s, 1H), 4.173 (s, 1H), 4.00-3.60(m,
4H), 2.528 (s, 2H), 0.695 (s, 3H), 0.673 (s, 3H);

MS (M+1): 364.1.

20 Example 16
Preparation of 8-fluoro-2-(2’-methyl-8-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-tetraaza-
benzo[cd]azulen-7-one (Compound 316)

Step 1. 4-Amino-5-formyl-7-(2’-methyl-B-D-ribofuranosyl)-7 H-pyrrolo[2,3-
d]pyrimidine

25 The title product from Example 1, Step 4 (150 mg, 0.37 mmol) was dissolved in
dry DMF (10 mL). The solution was degassed with argon and bubbled with carbon
monoxide gas at room temperature for 20 minutes. Pd(PPhs)s4 (55 mg, 0.048 mmol)
was added and the solution turned burgundy. The mixture was heated at 50 °C while
more CO gas was bubbling through the reaction. In 20 minutes at 50 °C, 0.1 mL of

30  tributyltin hydride in 0.5 mL of THF was added and the reaction turned to yellow from
burgundy. Addition of tributyltin hydride was repeated every 15 minutes for 4 times.
Then the reaction was checked by HPLC until the starting material disappeared. The
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25 The title product from Exanple 1, Step 4 (150 ng, 0.37 mml) was
dissolved in dry DMF (10 nL). The solution was degassed with argon and
bubbl ed wohoeanbsn nonoxi de gas at room t enper at ure f @CTAB2006001185 .
Pd(PPh3)4 (55 ng, 0.048 nmml) was added and the sol ution turned burgundy.
The m xture was heated at 50 C while nore CO gas was bubbling through the
" €act i on._ rhiReiROvdb hh it B Concerded!tTHolrd phéddbthil badtiwsh digiyh 0. 5
m. of THE was added and t he reactl on turned to'yell ow from burgundy.

Addi ti on ehramategreghst foraffeydi70 mg ofdlee F-&pawl éderavediage; 15 ni nutes for 4 times.

di Sappoar ed. e NV (B30 aBER R AT L o daot s TY o8 GeldDt nen

filtrated zng-r.oacentHayeds Hy % Gl 9349 Pusé frhed xsqelstm
chr omat ograph¥I to g?f ord 70 b] L(ﬁ @for rrytgsw?ﬁt er msgll at e)b

( DVBO- 86, (@0d Mﬁk728(s,311‘1)182 (s lH) 8.333 (s, 1H), 7.799 (s, lH)

7.207-7.147 (d 6.072 (s, 1H), 5.239 (s, 2H), 5.126 (m 1H),
3. 870- 3. 668 (51\(@%@?3]0% 1728 (s 3H)( I\/BI(_DM+1) 309(1 StH)ep 2. ( K

B o0t 3k TR [ RGPS SN 03 3 haly! b 227,

DVSO and thagzoied juhilan7was (Sbinbo@f F1@) 15 10 minutes at roomtenperature
then at 75 C for 40 mnutes. This formed the nethylsulfonyl carbanion

stock sol uti on.Nag(0. 6m)maﬂd@mdamﬂedfwﬁma@dﬂ@csniutlperw@rsatrgd éor IPhi s
sol ut g@”mﬁﬁaﬁéi%ng%ﬁfé@g%ﬁ% %h%n a'E Qﬁ dmpﬁl?ésoTﬁls BhosRponoacet at e

(0. 14 I ce- e solatiron was stirring at

RT for an nesblylkaltongl calEaﬂTbﬂﬂStbeISsolﬂ'ﬁtﬁl neo@iel@bluﬁb@%cﬂé@@ox&n tdrobmL. of DMSO 15
was added to the solution dropw se at and let it stir at RT for 1.5

hours. ThdSMPAWs: Jﬁlw@t@aéﬂéﬁ@@w@rﬁdﬂed A trigthyh2-tberemdt er and DOM (1: 1)
and  he_orgatlenol BURT (4P X! ESERALI I L4 L BatPLET e IRuigPALNEd agueous

| ayer was “coricentrat ed Separate to give pure product.
1H NVR ( DisBimgtt RI0for Mﬂagldltlﬁlalljwlﬂﬁu‘(es Tlfbl-li)rodlﬁt 88/ (tep 1 ﬂIH) ml7of/OBISG, 1H),

207 7-7.147 H J= 1 5126

i%mvag 40 Yo i Soior GropSise oL Gt T gt kiR TREL BuSobte vi) . b
- 119 337 (c6hctidfwad qu&i’ehkg With 198nl Mi‘rﬁxeﬁéteﬂ-andﬁzémj 1612)1&1d2§e 5’1*&%&@ at' on of
9-am no-2-(2' -met hyl - (3-D-ri bof uranosyl) -2, 6-di hydr o-

pent aaza- Basier Bjas dxtasatddeivice Witk wasPouremntgneg) aqueous layer Was concentrated
and separated by HPLC to give 8 mg of pure product.

'H NMR (DMSO-ds, 300 MHz): & 11.182 (s, 1H), 8.333 (s, 1H), 7.799 (s, 1H),
20 7.207-7.147 (d, 1H, J= 18 Hz), 6.072 (s, 1H), 5.239 (s, 2H), 5.126 (m, 1H), 3.870-3.668
(m, 4H), 0.728 (s, 3H); F NMR (DMSO-d;, 300 MHz): & -119.337 (d, 1F, J=21 Hz);
MS (M+1): 351.1.

Example 17
25 Preparation of 9-amino-2-(2’-methyl-p-D-ribofuranosyl)-2,6-dihydro-2,3,5,6,8-
pentaaza-benzo[cd]azulen-7-one (Compound 317)
Step 1. 4-Amino-6-bromo-5-cyano-7-[2’-methyl-2’,3°,5’-tris-O-(4”-methylbenzoyl)-p-
D-ribofuranosyl]- 7H-pyrrolo[2,3-d]pyrimidine
The target compound was synthesized as described in the literature procedure
30  Bioorganic and Medicinal Chemistry Letters, 2005, 15, 725-727.

Step 2. 4-Amino-5-cyano-7-[2’-methyl-2’,3’,5’-tris-O-(4"-methylbenzoyl)-p-D-
ribofuranosyl]- 7H-pyrrolo[2,3-d]pyrimidine
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Step

1. 4- Am no- 6- bronp-5-cyano-7-[2' -nmethyl-2',3 ,5 -tris-O (4"-nmet hyl benzoyl ) - (
3- D-ri bolorawwmmydsy- 7H pyrrol o] 2, 3-d] pyri m di ne The t argetuscaspoust was
synt hesi zed as described in the literature procedure 30 Bl oorganic and
Medi ci nal Chem stry Letters, 2005, 15, 725-727. Step

i bof ur anosy| | 20 ByreeTErS S Aom 20a o b pBTiRpbE e >
PCT/ US2006HE00(283], 2.00mninksl) pidPd/Ct(150mg) 1906 pn arbdn)Fmd tBe fA3uiting kolutionli oxane

(200 nL) was_added TEA (282l, 2.03mml) and Pd/ C (150nyg, 18%0 carbon) and
the resul Penfydoperateshat Saps TR fihogenibespluionwasthen ghengd gpd the filRE sol ut i on
was then {i ; i . ted.dn. urified
on- | sco CoprEI SRS {itub ahl bhfied Ffel ERARRLEG A o S A

0. 1- 1550 M@k isijicagélentunmarddl 6586 MeOHindicasint0CHE éver A0 nvibGegtoq EBM of t he

target co un V(S 1): 660.2 Step 3.

4- Ami no- 7- ggﬁm?ét%t%gqticgglpg}l osyl ) - 7H pyrrol o[ 2, 3-d] pyri m di ne- 5-
carboxi mdi c agigl@ihykoester 10 To the product from Step 2 (1.5g,
2.28mmol ) was added & 0.5 Mol ar sodi um nethoxi de solution (22.8 ni,

L1 ammol) <RAG, SLARGRA78S QB ERID LBIRARIH 94 Yndlo [0l LS rimiihb 63 _gel was

t hen adde itTectly to'react m xture and conicentrated’i vacuo. The
product waasbpximiflicedidonethgkaste€onbi FI ash purification systemw th a 80g

ili | col d 0. 1- 400 ient . i nytes t
o or 8055 480m OCBSPRER T S ke Bl Pan et Mol SHFE ' ©
4. 4- Am no el &idd @iihidn (32.83nE G 1(4mmél) add sidrred SlanddigRREapthtued Sk hoxane- 1", 3"

- diyl)-f3-D-ribofuranosyl] -7H—dp /rrolo[ 2, 3-d] pyri m di ne-5-carboxinmdic acid
net hyl edves. Stlicagel wes fhenaddded direstly &t wpctdn(mpsure and oprasnirated ranhy dr ous

DVF was added .4,m dazole (566 8 I . g inS€e

addi ' on oFup: SIEERRFEH Gt BTG of (e PERPIEL G R i BAB R

1. 77mi nol Xilxeadercohafh 8nd 0i1c40% y1e O gradient iir BCMvager SOiminetts unafifsrdar gon f or

30 minutes then concentrated in vacuo. The crude product was taken up in

DCM and siPPma (gEr) alidhe presiermpetiBbncent rat ed. The product was 25 purified

on | sco Conbi FWM??{@B%C@“ on systemwi th a 40g silica gel colum and
0.1- 5.0% MeCOH gr adi efit 'I'n DCM over 30 minutes to afford 570mg (71% of the

target  CQEDOUNGA 1ino-7-[2 -methyl-3°,5°-0-(17,1,3" 3 -tetraisopropyl-disiloxane-1,3"-
diyl)-B-D-ribofuranosyl]-7H-pyrrolo[2,3-d]pyrimidine-5-carboximidic acid methyl
ester
20 To the product from Step 3 (468, 1.39mmol) in anhydrous DMF was added
imidazole (566mg, 8.33mmol) followed by the dropwise addition of 1,3-dichloro-
1,1,3,3-tetraisopropyldisiloxane (572ul, 1.77mmol) under rapid stirring. The mixture
was stirred under argon for 30 minutes then concentrated in vacuo. The crude product
was taken up in DCM and silica gel added then re-concentrated. The product was
25  purified on Isco CombiFlash purification system with a 40g silica gel column and 0.1-
5.0% MeOH gradient in DCM over 30 minutes to afford 570mg (71%) of the target
compound.
'H NMR (DMSO-dg): 8 10.0 (d, 1H, J=3.6Hz), 8.17 (s, 1H), 8.06 (s, 1H), 7.63
(s,1H), 7.27 (d, 1H, J=3.9Hz), 6.10 (s, 1H), 5.38 (s, 1H), 4.25-3.90 (m, 4H), 3.70 (s,
30 3H), 1.15-0.95 (m, 28H), 0.79 (s, 3H).
MS (M+1): 580.3
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1H NMR (DVBO-d6): 6 10.0 (d, 1H, J=3.6Hz), 8.17 (s, 1H), 8.06 (s, 1H), 7.63
(s,1H), 7.27 (d, 1H, J=3.9Hz), 6.10 (s, 1H), 5.38 (s, 1H), 4.25-3.90 (m
4H), 3. 70W02006/@8s3H), 1.15-0.95 (m 28H), 0.79 (s, 3H) pcWEstMsb)713580. 3 80
WD 2006/ 093987 PCT/ US2006/ 007132 St ep 5

9- Met hoxy-2-[2'-nethyl-3",5 -0 (I" , 3", 3"-tetrai sopropyl di sil oxane-1", 3"-
diyl) (3 s by »21»:3»@»@ BriRaRRATEIbenEa”,3"-
[ cd] azul S%p; oneH{P%Q?%e[bpro ct fromGSi ep 4 eoogr%,,la %‘%45m’m1) i n anhydrous

t ol uene @iyTEp- Dmp)oﬁmoayw@as mmo(mﬁmg? p@tmmbgnao[cdﬂmlirﬂ*@@m 8. 63mml ),

50 nol ecul ar |ev S ti 0 S mxture

was added a S(?IO ¢ BIPY ‘Ftaf?ql?ﬁ s@@ﬁg @zﬁmﬂéﬁéhg ”Uq‘??&’sqmu ir?ey 1!?8' uene (37

) drOpY{?@%&éﬂﬂ@éd ]D'I\ERPSQISOmgStll’IZhhﬂ&l , Tive (Mol 8e63nanolyl J0aveldetlar stir an

addi tional "5 minutes at OC then quenched  wth netha%f?:dafqo concentrated in
i

vacuo5 Thizves anfube SQl/a‘BOIpWﬂ$ eqade f@rp Csde thisgpigues ¥ep2 PG system

with a 4 silic over 30
m nut es '([g }éﬂﬁg‘g}e 13%% fﬁwgﬁﬁg@?%regee/ COE?) Rgﬁﬁqiﬁ@%tl\yﬁgd(%g% dé): 5
10. 77 (s .stitile. ThedBixtiie whthllowed stis ad b diti6nal 6 n(nsmte&la#) 0°C thes gue(r@hechH)
?ME% 3 ggg m gfhgi)polgt?ldggnée%trated in vc}cu%STge procﬁun% was wriﬁe% 4Iséo M5

9- Met hoxy cﬁ’ﬁlﬁlﬁlatsﬂﬁ&gﬂéa%ﬁfﬁgeté%ﬁgw @Gg)ﬁuéa) e@cémehdmﬂrmt@ 0% $1DI8- pent aaza-

15 benzo[T rom }) , 0.033mmol) in THE
(588l wagadiealieDAM ovet Gimidesito kffbed 83ag (A0° @rpfélﬁe tﬁaﬁt"%ﬁo%ﬂ]ded dr opW| se

under vigorous_stirri t

m nut es t hen ?ﬂng%&%gsaéggé%g%g%4?kﬁ im%eéﬁgsl@bgggﬁ%&g{)ed to
dryness i - u i198-095 HCIBIRD0CaridH)ash

purifi catélqoéln éylg élr%})‘vsﬂgﬁ?g QH)W(E?%); col umt1 anollqz)g 1- g%% I\)/EO-l gr adi ent
in DCM over 30MBi(Mrt19s6aa3 af ford 7ng (58% of the target corrpound 1H NWMR
(DVMBO-d6): 5 10.71 (s, 1H), 8.41 (s, 2H), 613(&1 Q} 33 (dd, 1H,

=4. 8Hz), $tep8. §-Methddy-2-52’ 1iBEithyl- ﬂ-lH;-rlBeiﬁra%lHZ})l) 24 BYQIO 3 él@S'B‘H) aaz@' 88 (s,
3H), 3.75-3.60 (m_1H), 0.71 (s, 3H). 25 M5 (M+l): 364.1 Step

7. 9- A nobepzelzdlagglenytanes- p-r | bofuranosyl) 2, 6-di hydro-2, 3,5, 6, 8- pent aaza-

benzo[ cd] azul eps dl?r%a t(fgéﬁrg{%&gl’ﬂ% 0 Wﬁnﬂﬂbﬂqﬂmjg@m@) #hs EooletDivy,

0. 0551mml ) was SSol anmoni a -78C then warnmed to
anbi ent t @apeidat LMblarsohtiones TBAF wesakled drapvesd undst vigorous stirring. The

mixture was allowed to stir at 0°C for 15 minutes then silica gel was added and the
mixture was concentrated to dryness in vacuo. The product was purified on Isco
20 CombiFlash purification system with a 4g silica gel column and 0.1-30% MeOH
gradient in DCM over 30 minutes to afford 7mg (58%) of the target compound.
'H NMR (DMSO-de): § 10.71 (s, 1H), 8.41 (s, 2H), 6.13 (s, 1H), 5.33 (dd, 1H,
=4.8Hz), 5.29 (s, 1H), 5.18(d, 1H, J=6.3Hz), 4.05-3.80 (m, 3H), 3.88 (s, 3H), 3.75-3.60
(m, 1H), 0.71 (s, 3H).
25 MS (M+1): 364.1
Step 7. 9-Amino-2-(2’-methyl—B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6,8-pentaaza—
benzo[cd]azulen-7-one (Compound 317)
The product from Step 6 (20mg, 0.0551mmol) was dissolved in liquid ammonia
(3 mL) at -78°C then warmed to ambient temperature in a pressure vessel and stirred
30 for 30 minutes. The reaction was then cooled to -78°C and opened to allow the

ammonia to evaporate. The residue was purified on Phenomenex-Cig reverse phase
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30 for 30 mnutes. The reaction was then cooled to -78C and opened to all ow
the ammonia to evaporate. The residue was purified on Phenonenex- Cl8
reverse pwee06/@®i9sV\O 2006/ 093987 PCT/ US2006/ 007132 HPLEcwushoos/007130% B
gradient over 30 min at 10 nL/mn (Buffer A = H20, Buffer B =
acetonitrile) to afford | Inmg (57% of the title conmpound. 1H NWVR

g DR/SO t(ig) Hfﬁ)o-g’ltgi& 0650% %radﬁnﬁ&ze& 30 n%h'ht I ﬁmﬁzmé%%@ A3§ 5%6 égg 151?7] ZZDH)

3. 85- 3. 70 <(afftosiyle) tosafgém?lllm (5?%) Of tl(dMen:mpotMD 1 Exanpl e 18 Preparation
20 bensol TR NSO, o 5. P S SRk s Date e 08 e 32}?@%%?? fom

Exarml e 1(s, $H8p.35. Qzﬁ DH), 489G, mnﬂs)mz)afzs 858td00nRaS, ﬁgs @17)0 9;';0' 70

ng LiC. The reacti on was heated at 80 or 8 hours’an m)nl

HPLC. TheVi’Ai®3kPdi at e a, (3-unsaturated chloro-ester was concentrat ed and
the crude prodygd (@ B% hfied by HPLC. The ester was treated with 15 75 ng
of tetrabutyl anmo n)m hyérogentri fluoride (50% solution in dichloroethane)
and 16 ng of tetrabutyl ammoni unfl uoride (TBAF) in the presence of 50 ng of

LiCl at 105 C for 12 hours. Additional TBAF (16 ng) was added 3 nore tines
every 5 hours. The mixture was pufamgde b§ HPLC to afford 5 ng of the

e CommpiaABER o S RN idgd) L Budiil= 10

(s, 1, 5.13 (d, 1H, J= Berﬁo[ldd]azuleﬁ-m(ﬂhﬁﬂ)oﬁﬁdﬂ]ﬂ) 0.669 (s, 3H; M
Mr1) 1 367. 0. 5 P
5(9 iozjo 2-(2' - nfxﬁgp u?‘@nﬁfﬁ]e%‘rr)‘ﬁ’&g gﬁm@l%lﬁmér(@ ez 04566 mrgel) inz a-

benzo[ cd] assk @Brd {3 61e) WAsoraeq ngl T tRRotectd,pg Pr oduct
from Exanﬁl e 6, gt(iekHQ %30 ny, g.%lﬁb%r‘gh?rﬁ%gﬁdﬁa@gﬂ%ﬁe&%i?o(gﬂgﬁ was added

100 ny of %&ﬁmﬂnﬁpmmé arHPIEE) Toe mfermiedietel di-drsatifhated chleastitanvavas heat ed
at 95 Cf J t red b ! crude product 30 was
concentr a n(?el%ﬁag(g ?8’8‘ f‘%&gﬁp b%i’%ﬁfﬁ ¢ ¢5ifd wasttreatedgvifbund; 1H

g"VEg (() ﬁvsqﬁﬁ}g?df getgéggiylarﬁnéﬂluﬁﬁﬁl}(@o geﬂﬂi‘?ﬂuoﬁd@ Z?O% §<5)luﬁbﬂ in &cﬁ%?oeg}ﬁfn)]l H),

3. 65 ( d @ﬂl_? oymg of @t@%}lﬁ/}amrgomgmﬂ@gnd@@BAF) in the presence of 50 mg of LiCl at
105 °C for 12 hours. Additional TBAF (16 mg) was added 3 more times every 5 hours.

The mixture was purified by HPLC to afford 5 mg of the title compound;
"H NMR (DMSO-ds, 300 MHz): 8 10.963 (s, 1H), 8.339 (s, 1H), 8.281 (s, 1H),
20 6.042 (s, 1H), 5.937 (s, 1H), 5.312-5.283(t, 1H) 5.227 (s, 1H), 5.13 (d, 1H, J= 6.6 Hz),
3.966-3.58 (m, 4H), 0.669 (s, 3H);
MS (M+1): 367.0.

Example 19
25 Preparation of 9-iodo-2-(2’-methyl-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-tetraaza-
benzo[cd]azulen-7-one (Compound 319)

To a solution of the title product from Example 6, Step 5 (30 mg, 0.08 mmol) in
acetic acid (3 mL) was added 100 mg of sodium iodide and 50 mg of zinc iodide. The
reaction was heated at 95 °C for 48 hours and monitored by HPLC. The crude product

30  was concentrated and purified by HPLC to afford 5 mg of the title compound;

'H NMR (DMSO-dg, 300 MHz): 6 10.958 (s, 1H), 8.372 (s, 1H), 8.097 (s, 1H),
6.490 (s, 1H), 6.102 (s, 1H), 4.0 (d, 1H, J= 9 Hz), 3.903-3.837 (m, 2H), 3.65 (d, 1H, J=
12.3 Hz), 0.709 (s, 3H);
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82 WD 2006/ 093987 PCT/ US2006/ 007132 MS (M+l): 459.0. Exanple 20

Preparati on of

9- am no- 2w02e6a/09Bdshy| - B- D-r i bof ur anosyl ) - 2, 6- di hydr o- 7Hp2TA1s2006/007H132

t etraazabenzo[ cd] azul en-7- one (Conpound 320) Step 1.

4- Chl oro-5-i0do-7-[3 ,5 -0 (1",1",3",3"-tetrai sopropyl -di sil oxane-1",3"-diy
1)- (3-D-rib Wﬂ: 0 -7Hpyrroto [2, 3 -d] pyrimdine To an ice-cold
solution of the product from Exanple 6, Step 4 (0.90 g, 2.2 mmol) in
pyridine (20 nmL.) was added TIPDSC12 (0.7 nL, 2.2. mmol) and the resulting
10 mi xture was stirred overnight at, roo idarrperature. The m xture was
concentrated in vacuo. The resi due #A%P%= evaporated with toluene (2 x 10

nl) and parréddranachs ooahineenEORGh(ILRZD-fbifuthdsJRD,6-dbydrdetiC3,4,20 nl) .
Organic | ayer was washed wth water, sat. brine and dried (Na2SQ4). The
crude Jproduct was puri feteazabanzeledlazuien-7-08¢ (Femppund 38X anes/ Et OAc (9/1) as
the eluent to yield the target conpound (1.13 g, 15 79% as off-white
crisp foaftep1HHMRooABdoel3ds5-0-6"8 67,3 detraipgprormyl gbsifoxanet Hj.37-diyDs (d, 1H,

= 1.2 . 4.76-4. s 345 (m 1H), 4.28-4.10 (m 2H), 4.11 (m
1H), 1.20 @‘Bkoﬁﬁﬂosﬁ@w%ﬂ%’%% ’flfﬂ(ﬁ‘iq%?o- 5.iodo-7-[2' -O-nethyl -3, 5
-0 (1", 1 ", 3" T8 anidecdol @bl oRsO®the pebdsit feoxaBxathple, & Step 4 (0.90 g, 2.2
"= di yI)-R—Dri_bofu.ranosgl]-7H—pyrro|%2 3 -d]pyrimdine 20 To an.ice-cold
sol ut i on wmalhia pridined20 mignvastadded TIPDYSF:2 (.7 mlg 2 Jrengl) prd thedpspdiings DVF

(20 L g}[}%&{% wa(s?’sQﬁreg ’ovéi‘n%e 5 Q{%Io)n t%?eﬁﬂggdfﬂg%xﬁﬁg g?@cgg‘%am , 60%in

m ner under” ‘argon ction mxture was stirre for 30 mn
and t hen tvdwor Eactesidne s oebethboratedwithl tolkidel (@201 rin)) afidhpamitinbed e was

b1 no_ andbePREHERIAL (2950) anckr- o NAHEDR ol Sovetis e Nes Py ¢ 7"
Compound. MO e i ried W3RG0. The CAtlabrd i uad AT od BLERT ¢t 1y
4.71 (m tofmn witlPBexan@gRIOAT, (94P)as I8 @eent §9 iRl the targg conpeupd 1. 18%) . St ep’

3. 7-(2'- t hyl- (.3: D-ri bhof uranosyl ) - 4- chl or o- 5-i odo- 7H pyrrol o[ 2, 3- 30
d] pyrfﬁi d?%%??}gﬁ' e, LR L™ sol ution of conpound from Step 2 (0.64 g,

0.96 mmol) in TRMRA cBlohe VRS 5 30, THBAF.961s, }9}6.23(@, 1AW= 1.2MA)n THF) and
the resulting mxture 83 WO 2006/ 093987 PCT/US2006/ 007132
4.76-4.72 (m, 2H), 5.45 (m, 1H), 4.28-4.10 (m, 2H), 4.11 (m, 1H), 1.20-1.04 (m, 28H).

Step 2. 4-Chloro-5-iodo-7-[2’-O-methyl-3°,5’-0-(1",1”,3”,3”tetraisopropyl-
disiloxane-1”,3”-diyl)-B-D-ribofuranosyl]-7H-pyrrolo[2,3-d]pyrimidine
20 To an ice-cold solution of the product from Step 1 (1.08 g, 1.64 mmol) in
anhydrous DMF (20 mL) and Mel (308 pL, 4.94 mmol) was added NaH (80 mg, 2.0
mmol; 60% in mineral oil) under argon. Reaction mixture was stirred at 0 °C for 30 min
and then the reaction quenched with 1N NH4Cl (10 mL). The mixture was extracted
with CH,Cl, (100 mL) and organic layer washed with water, sat. brine and dried
25  (NaySOy). Purification on a silica gel column with hexanes/EtOAc (13/1) as the eluent
yielded 0.76 g (70%) of the target compound.
"H NMR (Acetone-ds): & 8.62 (s, 1H), 7.94 (s, 1H), 6.27 (s, 1H), 4.71 (m, 1H),
4.29-4.09 (m, 4H), 3.69 (s, 3H), 1.19-1.06 (m, 28H).
Step 3. 7-(2°-O-Methyl-B-D-ribofuranosyl)-4-chloro-5-iodo-7H-pyrrolo[2,3~
30 dJpyrimidine
Into an ice-cold solution of compound from Step 2 (0.64 g, 0.96 mmol) in THF
(10 mL) was added TBAF (1.9 mL, 1.9 mmol; IM in THF) and the resulting mixture
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stirred at O Cfor 1 h. Mxture was diluted wwth MeOH (5 nL) and
concentrated in vacuo. The evaporated residue was purified on a silica gel
col umMm wiwb 20AEB3RMeOH  (50/1) as the eluent to yield #t@®usgooh003) of the
t ar get corrpound. 1H NMR (Acetone-d6): S 8.62 (s, 111), 8.22 (s, 1H), 6.41
(d, 1 H J =5.6 Hz), 5 4.59-4.51 (m 2H), 4.32 (m 1H), 4.18 (d, | H J =

5.3 Hz 0 6.7 (M1
Step 4) 74?1358(} 4o é%)l?ﬁ%aﬁé {tyg? giﬁgﬁ%@hﬁe@glﬁno 5-10 3&7@3@?}% o[(2 3-)

d] pyri m divaeuol @ hérh@amwedarrslddems opafietioras sities geli dobinmibyith CH2AQ/NeOHO. 96

mmol ) and ane h,liquid a nia at 100 C for 22
h |n)the Igg%lll}??&éggﬁl%t ﬂé’lleé%{@f(} i?@@ﬂ) %’A%&Fﬂr é’BH}pﬁPﬁl n of ammonia the
resi due was puryfiNesk i 2 ( ag§ gt el uents
to yield the target c%&e?ﬁﬁc?@:s&?mm%) (sgl(')iél% f}y@ﬂl (301%’)] .561}?51H NVR
(CD3CN): 8-38-4.41 rg;ZHH)ﬁl327(n44Ho,s41&E®, II-BJeﬁiHiZ)§12(m,,II-B, MS((m 2HY, J =
6.2 Hz), 3@%( = 9.1, 3.5 Hz), 4.41 (m 1H), 4.09 (m 1H), 3.78
(m 1H), %ﬁx 1H) 3 33 (s, 3H). Step 5.

[7-(2' - O Met hyIMSB;n,l}:Eumﬂgmampsyl) 4- am no- 7H pyrrol o[ 2, 3-d] pyri m di n- 5-
yl]-propynoic acid ethyl ester 20 To a solution of the product from Step 4

(177 ny, @téb‘h R -0-MetNIB- D308 ran 0§ 14 - RI5 S3Ho- 1 Ah %IHEIO [£309 mmol ) and

TEA (121 L, "0.88 nmol ). "The mi xture was degassed w t argon under
soni cat i odlfysimiging i nut es. Pd( PPh3) 4 (50 my, 0.044 mml) was added then

11 10 0754 mide pobsele B PR Ao Phetihols (Ro e PO Gmmgt i oo™ © 1

m nutes i dicanélvas tréfttdivithdighidaneona at P00 AL FBr2IMRrAE biph prdiSuremida M xture
was concentrated and purified on silica gel with CH2CL2/ O—I (100/1, 75/1,

50/ 1) as fefstorepfigirvapergtion pharamgniafdhe residug wes puribed o gilica gdvpBund. 1H NVR

50 te) . SSCHIOR Q0T tR iyl ﬂ‘%ﬂ&%@a&% é@ﬁgoﬁ@fﬂa%ﬁé S 74 16

(m 1H). 8@, 30%3 (m 1H), 360(m 2H), 3.32 (s. 1.26 (t, 3H 1 = 7.0
Hz MS: m = 377.7 1) 84 WD 2006/ 093987 PCT/ USZOOG/ 007132 St
177 (215G, Wit hy PERVB (TR A48y 0. & fo L1k 599 FRsop 8- o Hind T - 5-

yl1-acryliso 89) 6 0848y 11851-86.1, 3.5 Hz), 4.41 (m, 1H), 4.09 (m, 1H), 3.78 (m, 1H), 3.67
(m, 1H), 3.33 (s, 3H).

Step 5. [7-(2’-O-Methyl-B-D-ribofuranosyl)-4-amino-7 H-pyrrolo[2,3-d]pyrimidin-5-
yl]-propynoic acid ethyl ester
20 To a solution of the product from Step 4 (177 mg, 0.44 mmol) in DMF (5 mL)
were added Cul (17 mg, 0.09 mmol) and TEA (121 pL, 0.88 mmol). The mixture was
degassed with argon under sonication for 2-3 minutes. Pd(PPhs)4 (50 mg, 0.044 mmol)
was added then and the reaction mixture was heated at 55 °C for 15 min. Ethyl
propiolate (5 x 11 pL, 0.54 mmol) was added to the reaction mixture at 55 °C in
25 30 minutes intervals. After cooling down to room temperature the crude mixture was
concentrated and purified on silica gel with CH,Clo/MeOH (100/1, 75/1, 50/1) as the
eluents to afford 88 mg (53%) of the target compound.
'H NMR (DMSO-dq): & 8.24 (s, 1H), 8.18 (s, 1H), 6.75 (br, 2H), 6.15 (d, 1H, J
=5.9 Hz), 5.25-5.21 (m, 2H), 4.27 (m, 1H,), 4.23 (q, 2H, J = 7.0 Hz), 4.16 (m, 1H),
30 3.93 (m, 1H), 3.60 (m, 2H), 3.32 (s, 3H), 1.26 (t, 3H, ] = 7.0 Hz).
MS: m/z=377.7 (M+1)
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The nucl eosi de, prepared as descri bed above (88 ng, 0.23 mml) was treated
with liquid ammonia at 75 Cfor 1.5 h in the high pressure netal reactor.
After 5 eweaposcatosesn of anmoni a the residue was purifi edpomm2aislodnaz gel
colum with CH2C12/ MeCH (40/1, 30/1, 20/1) as the eluents to yield the
target conpound as off- white foam (68 ng, 74%. '"H NWVR (CD30OD): 6 8.13 (s,

7.73 s(e;) 6. Hf;i)(z -6- MZthggB ]%Fbofbrano?yl??'ﬁﬁmo 471981@391((155_'3 d]i%rrinﬂdiﬂgs-( dd, 1H

J—5o 10 (m 10 1H),
3.86 (dd, yli- aq;ylmacldlachﬁes@ra Hz), 3.75 (dd, 1 H J = 12.3, 2.9 Hz), 3.40
(s, 3H, 1.27

7. 9- Am no- 2- (ZT%???B‘E%R?/?&‘? @re@a’f’eid%fiﬁ?‘%ﬁ% %‘3"62(8%“&% ﬁ@éaﬁm‘@s regieg.

t et r aazabental arzlﬁioﬁfa-ahgne foo0maH sk 1§20 re%&né\rrfe‘t)illﬂédcﬂﬁ Aftet he product
fromStep 6 (6 , 0.17 muol) in 0.1M Na (17 m.) was heated at reflux

t enper &t uLEAPoEtion qf@nnnqm@ﬂleé%é%wsamuﬁedmn\ﬂa%lm geheolupmrwith ed on

10/ m n RET LR LR RABAT AT e et io pte e e SRboBEE . M
i sol at ed aﬂlliﬁftﬁﬂl(@ﬁt@lWC%)n 24 g (41 % y| eId 20 '"H NVR (DVBO-d6): b

10. 07 (br s, I—?I 8. 30 (s é 6.17 (d, |
9 = e 2% ) R (s OmY; 63113 G G0N (5 68 6y s T 59 am ity {4 s
(E;“a ml)lH)e ng,ﬁ,ﬁg,églrt% @%’1H3g5%6@2ﬁk9 423 30 1685; 4. 85 g, M 71 BB/ ML) - 25

2- (2" 10ret hid)-1.86 tadr 1 Hof =rlarsyyd Mz)23 65 (dR-1FE T =aly3ir208 PzB 35106(s,731), h@Faaza-
benzo[cd] zul en (Compound 322) Step 1.
5-tert-Bulle QVcérgo?n&F}am no-4-chloro-7-(2"-nmethyl-2',3",5 -tris-Oacetyl -(3-

D- ribofurano Mg)m/%&@yéfqutljZ 3 -d] pyrimdine 30 To
4-Chl oro-7-(2' - net hyl - -tris-Oacetyl -(3-D-ri bofuranosyl) - 5-

nitro-7H r9lq0 enl lask. 1.2 eq.
of di-ter {g}’g bﬁtgy‘llk&d‘?bc ona e an?éﬁf%dsg(} 6?%(}32%?% ed. Hydrogen in
a ball oontetma@tﬂeazd{edﬂjazﬂ&t V\lanBQOGmp&ﬂﬁBSBOPCT/ U82006/ 007132 to the flask
and 1 is hydr o t ed u TLC nd| cat i on_of The
react én mi xt u ‘étl(fl} cI’fr!‘é‘f' E’Eﬁ’d{l%t Ete%g ﬁ/@f“ Orﬁgﬁal(ﬁ%? ate is
evapor at egy 7 2%@ heBi ATRIGEIANWaree ft)mh&tﬂtﬁ@n &ﬁfé@l‘rt?e{ted’ineda@% andt €p 2.
5-tert- Butoxyc rbonyl'am no- 4- hydrazi no-7-(2'-nmethyl-2',3",5 -tris-Oacetyl -
(3- purified on Phenomenex-C;s reverse phase HPLC with a 0-40% B gradlent over 30 min

at 10 mL/min (Solvent A = H,0, Solvent B = MeCN). The target compound was

isolated as a white solid in 24 mg (41%) yield.

20 'H NMR (DMSO-ds): § 10.07 (br s, 1H), 8.30 (s, 1H), 7.99 (s, 1H), 6.69 (br s,
1H), 6.17 (d, 1H, J=6.2 Hz), 5.31 (d, 1H, J = 5.6 Hz), 5.05 (m, 2H), 4.27 (m, 1H), 4.08
(m, 1H), 3.94 (m, 1H), 3.59 (m, 2H), 3.30 (s, 3H).
MS m/z = 348.7 (M+1).

25 Example 22

Preparation of 2-(2’-methyl-B-D-ribofuranosyl)-2,6,7,9-tetrahydro-2,3,5,6,7,9-hexaaza-
benzo[cd]azulen-8-one (Compound 322)

Step 1. 5-tert-Butoxycarbonylamino-4-chloro-~7-(2’-methyl-2’,3’,5’-tris-O-acetyl-B-D-
ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine

30 To 4-Chloro-7-(2’-methyl-2°,3°,5°-tris-O-acetyl-B-D-ribofuranosyl)-5-
nitro-7H-pyrrolo[2,3-d]pyrimidine in DMF in a round bottom flask. 1.2 eq. of di-tert-
butyl dicarbonate and 0.1 eq. Pd/C (10%) are added. Hydrogen in a balloon is attached
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5 D-ribofuranosyl)-7H pyrrol o[ 2,3-d] pyrimdine To the product from Step 2
in THE is added 5 eq. of hydrazine. The reaction is warnmed 50C and stirred
until TLGvondicas®ms conpl eti on of reaction. Evaporati onpofi/ustéeoomazti on

m xture followed by col unm chromat ography purification yields a m xture of
deactyl ated products. Reactylation of the hydroxyl groups with |0eq. acetyl

chl ori de 1®therflask Bnd Mschydiaemnic RS BLO iflifd &ﬁgﬂktﬁm SERAbAITIRN and
col utm chr onmat ogr. aphy. ields the target compound. Step 3

5-t ert - Buf&kles |18 ﬁiﬁfﬁ@d-ﬂ?@cﬂh‘we—@e cajalys and thesfiloatecis eydpogBed Galirof ur anosy

1)- 2,6, 7 Rroh@hd MM B , xaaza-benzo [cd] azul en-8-one The
pr oduct ffor% Step 37is %%P?‘gﬁro\%u{tfﬁ%gg eq. of DVAP, 2 eq. of triethyl

am ne 15 Q.10 i in.to)uene.. Trj phos .S adde radual |y
unti | TLCS%’?’ %égﬁ}épﬂlﬁ%aﬁéﬂé’tggéla@é%Os% ?ﬁ%ﬂ%jr&é%&ﬁﬁ%ﬁnét-gﬁ- race ?‘Bt hi s
poi nt § he D-sbafuiannsyl)-REyyerold]2,3sApafiaidae bet ween water and ethyl acetate,
and t he aqueou i nor e inmes with ethyl acetate. The

|€ er is extracted two, ti I
organic fracti §H§ %PrBd%rﬁﬂ%&TPMM itiadRed? pareof hydragine. diereastioi im
sul fat e apenRYAPPCHnAdtirel RSE! tind?&ﬁrtésfdgﬁﬁ)g[t%% F'r&hcfi8h U EatPation of

chronat ogr aphy yi el ds the target conpoun

g. 2-( [2 ai\/&tﬁhlwcilpﬁnmmmﬁﬂlmmdbswbmmﬁl ﬂﬁam&ogmphﬁb?ﬂﬁm@n&iéidﬁa ﬁm&ufd @exiaaz S-
enzo[ cd] a en- 8-pne ound 322). T roduct from Step 4 is_dissolve
in 50% TFE&’/Z %@Pﬁ'ﬁ%‘ﬁ@"é{‘fﬁgr %tﬁ%tb?ﬂ%ﬁth‘? ﬁbﬁ%ﬁﬁ?%lwﬂgi%qn@ceéﬂ@hmde

sol uti®n. ikkyepM &trb6n 1hpdrbfird RAGHQ By 3 glnllrp m

chr omat oglr_a&hy yi erl ds thltja rparti ally gégyacgog%f"éld&gr"fé’ uct(\ﬁfﬁﬂrgtg%igga%w

subsequenyieidsdigiaeget eempepngd. 1: 1 ni xt ure of net hanol / concentrat ed aqueous
ammonia and stirred until conplete TLC indi cates conpl ete deacetyl ati on.

a1 sy Ay SELAOR 0 0 DGOSR Bl
2- (2" - met Byl 7q-BthydrbaX 316 HSibyaa2a-BertioldiumimFE-3nd, 5, 6, 9- pent aaza-
Foriges

benzo[ cd] azul ene- 7, 8- di one ( Conpouynd_ 32 86 WD 2006/ 093987
PCT/ U[SZ 0%)6 / 007?592pro%}1g6'r0m Sgep 3”1@ stirred wit )0.2 eq. of DMAP, 2 eq. of triethyl amine

1. 4- O¥ or & 0.4 Rt soidivih tduers. Tﬁbﬁq%ﬁﬁe&?&‘a E}ﬁ%@&&%ﬁ)@h g‘igié?ﬂdﬁb?é ur anosyl ) -

7H pyrrolo [2, 3 -d]pyrimdine 4 0- yrr pyrimdine (10.0
g, 65.11 mmdisiales CTasuoption oRstsggahdtenia sAsihipeminiette reacloBmixitneris of dry

acetonitrj] H (2.6 g,, 65..11 mmol,. .5 60% dj spersion inp oil) was
added andéepﬁIea?e%dR?Rﬁ?eé‘ Wi ag’tdi yéGC‘T‘tf)tF’ %d}{g%?%ueaps | 18 FEIRLTHlRYe0iee under
argon. Megumnerivith ethl S2eiRE.MHe-c3ganic Rhétios b Anflisdd WEPLE VAN Dring, dried

over sodium sulfate and evaporated. Subsequent purification via column

20  chromatography yields the target compound.

Step 4. 2~(2°-Methyl-B-D-ribofuranosyl)-2,6,7 9-tetrahydro-2,3,5,6,7,9-hexaaza-
benzo[cd]azulen-8-one (Compound 322)
The product from Step 4 is dissolved in 50% TF A/methylene chloride
containing 2% anisole giving a 0.1M solution. Evaporation of the reaction mixture
25 followed by column chromatography yields the partially deprotected product that is
subsequently subjected to a 1:1 mixture of methanol/concentrated aqueous ammonia
and stirred until complete TLC indicates complete deacetylation. Evaporation of the

reaction mixture and column chromatography yields the title compound.

30 Example 23
Preparation of 2-(2’-methyl-B-D-ribofuranosyl)-2,9-dihydro-6H-2,3,5 ,0,9-pentaaza-
benzo[cd]azulene-7,8-dione (Compound 323)
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met hyl - D-ri bof uranoside (12.8 g, 25.79 muvol) was dissolved in 284 nL of dry
di chl or onet hane, cooled down to O C and HBr (28 nL, 30% wWw in AcOH) was
added dr opownesmeseser 30 mi nutes. The reaction was kept for/uk26v600713¢ 0 C
and 3.0 10 hours nore at anbient tenperature then evaporated. The m xture
was 3 tinmes co- evaporated with dry toluene, dissol ved in dry acetonitrile

(200 ) ®psh BAdEHoFR7i(Feme9HB UM HAO- 2<4fd1E1§8m% -8 g:l{o%?rgl% %f‘t ur e

was kept at roomtenperature over night evap The
resi due wRSITeWESA- d]]pyrlrmdémhyl acet ate (500 L) and vvashed vvlth vvat er (3 x

and (hb or ude. Harapres/aREo R et ine G S RPoTaraghafipien si )i ca gel

(et hyl ac®eadaedh) nﬁgls.@sf;@ﬁ@etdhﬁrlezs ﬁfeﬂmm‘gr uéetérﬁtrﬂé %&N&ﬁ (9 6% 683 Bl
protected nucl eoside; Ms: 617.75 (Mt 8.64

7 68 (¥, 90V dispersiomppgil) waszdded andrhe mﬂnesw&sstlr@@ f(m4 hovds aeaxﬁbizm 6 (s,

Cﬁl gr gen%e?%ﬂlreﬁg%dﬁr #g%% ‘&ﬁltl dﬁali?lb%ey ’a% %ﬁ?ls'%‘bﬁlfflg’f%b%‘rwr% M di ne
1 ot it % S 0 U L
di chl or ogglcﬂgﬁ gt@i ﬂ%_le‘?é@"?’n@ 9mg|a§1d 55 6496 ad., éQ%’rW@Omm\?@HéSVaS The mi xture
was 25 st hdlde%chré‘%m%%v@ §0)ﬁ11n?ut£§;t!‘h I @7% l'igp? fc? 4%&&%9h& rea_ct| on

was quenched wit di chl or onet raI i zed at
0 C W h houemme amlmmtaemrmetus@thm evm)ra‘ted t Ehiccnljxtwestad mneshco-

dichloro han conbj ned, e ts orated in
vacua. TE\B é’éaﬁ%ﬂﬂ"éﬂ"ag&‘/ tﬁ&ﬂ’efl?’l %fobvﬁgél? flfyc%YeJ@ kaacéb&rfpi)\ﬁlns ﬁgé) to the

di chl or onsddiansaner thavabe. ThE reackiby )nn@tﬁree\]vé’sq{bbt aﬁﬁ@ﬁ%&ﬂﬁ&aﬁﬁ’ﬁ&@é '?1'1%19 pr oduct
were 30 conbl ned and concentrated to yiel . (84 éep ot ect ed

nucl eosi d@nd evgporatggigo ggynes 15 he residnpRag @K@) up & 8h§3®cetste (B mIP.abd (d, 1H, J

3 6HZ) V\Bé%}%gé& gb\gél?r](%;&]f?(té%ggé‘%g B%félg f{'agpgﬂ %S drle&) ovVer sogllr{rl}n suI_Pate 0.65 (s,

4 Am lrfo 7evaporatat, hyd tl(e&ﬂ[dermd&elﬁalrmqmyilﬁ):d wmyﬁ élﬁb@lb%gﬁaﬁﬂj]y%rsﬂ[ﬂa%eﬂe The
pr oduct f m. St e i n an autocl ave pressure

bonb and q |a86tgﬁ‘f42¢6?h}‘§°Wﬁ@aﬁ?jééQO("i‘O t‘PrﬂelanO 032(63%) Fherotastedel was seal ed
and heat ggbi¢Rifgd C for 24 hours. The vessel was cooled back to -78 C,
opened and the 5 amoni a was al l owed to evaporate. The residue was taken up
in a small anoMi: 687.75@tHiznol and plated onto a glass filter colum

containing a SpRIARPRDAL: 3 6657, 98 7.88 %, 16, 1= 3.6H2), 7.5-7.1 (m, 68), 6.56

20 (d, 1H, 3.6Hz), 6.4 (s, 1H), 4.8-4.5 (m, 4H), 4.3-3.65 (m, 4H), 0.93 (s, 3H).

Step 2. 4-Chloro-7-(2’-methyl-B-D-ribofuranosyl)- 7H -pyrrolo[2,3-d]pyrimidine
To the solution of the product from Step 1 (10.0 g, 16.19 mmol) in
dichloromethane (440 mL) at -78 °C was added boron trichloride (1M in
dichloromethane) (157 mL, 157.0 mmol) dropwise over 30 minutes. The mixture was
25  stirred at -78 °C for 2 hours then at -20 °C overnight. The reaction was quenched with
dichloromethane/methanol 1:1 (420 mL) and neutralized at 0 °C with aqueous
ammonia. The solid was filtered, washed with dichloromethane/methanol 1:1 and the
combined extracts evaporated in vacuo. The residue was purified on silica gel column
with dichloromethane/methanol (10:1 v/v) as eluent. Fractions containing product were
30  combined and concentrated to yield 4.1 g (84%) of the deprotected nucleoside;
MS: 300.08 (M+1);
'H NMR (D;0): & 8.32 (s, 1H), 7.57 (d, 1H, J =3.6Hz), 6.56 (d, 1H, J =
3.6Hz), 6.17 (s, 1H), 4.0-3.5 (m, 4H), 0.65 (s, 3H).
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met hanol was all owed to evaporate under vacuum and the product was el uded
by ramping to 20% net hanol in dichloronmethane to give 1.0 g (97% of a

| i ght yelwowoogunosser ; 10 1H NVR (CD30D): 8 8.06 (s, 1H) pcTiu$2006@o713H, J =
3.6Hz), 6.60 (d, 1H, J = 3.6Hz), 6.21 (s, 1H), 4.13-3.85 (m 4H), 0.81 (s,
3H); Ms: 281.14 (M+1l). Step 4.

4- Am no-7 ' Who 22 meahv i bl rRe s b W4 A ' syf)- 7H
pyrrol o [?Q%%]r%ﬁ%{ lkﬁlo—ﬁi'ﬁe'nleghﬁ-gzgs%o ut |{)) )6?1;}’[ é‘r"%‘ﬁgﬂgbﬁéﬁ% nrﬂ?)drlﬁl “Step 3
(1.10g, 3.92mdhp produgt ficinBtem €1.1 @, 3.68 ntn 1§ wak plaved intddafodeetptessatel or i de

(3 nL) and the m xture stirred mtenp__overnight. The reaction was
concent r at8mb; "WT KWy g Es @3@@%@@ Wé)@tpY%t%dTB‘ﬁf’%sselsWﬁ ssaleg@nd col um

with dich 12hopd i g j
G chl or omiy Famnd $5 7S R s e I8 BRIk 5 Vogh i and he
4- Ami nd- 7-afmhome vy hH@vedto esapdrate s T axsetuglwes3aldnnipbofasnaiiemdunt o6- ni t r o- 7H

- pyrrolo 3.-d i,m di ne A solution of the prodyct .from Step (1. 5q,
3, 85 ot Pt ] BFsanm e AR it @nmred statgeeckiibaea Thel xi ore
of fum ng niMthdnof was hitbvditko Shiddite ema& viclfin 4Rd fﬂe)oprmm dgderhded ppwi se and
the reaction was vigorously stirred at 0 Cfor 20 min. The reaction was

quenched ¥#RPIngEde20% metbanal imdighloswaithanep gieloh & ®7%poia ligt yeltow  quenched
reaction gga,dgli,l uted with water and extracted with dichl oronet hane. The
organi c | ayer was dried over sodium sulfate and concentrated in vacuo. The

residug was pUHINERAGIY;OD)REISS (ON1I$), 7i48qd OB, W 8 lsHE), @40 et hane and
el uded by ranpi ng to 30 5% nethanol in dichloronmethane to give 600 ny
(36% ; MS3.6457, 4.61 (ath), 4. 88386 (o dH).Ao&E73BET/ US2006/ 007132  Step

6. 4- Am no- 5-ter1\;ISk%§1 LBonyI amno-7-(2' -nethyl-2",3,5 -tris-0-acetyl-[3
-D ribofurano syl’j- @?rrblo [2,3 -d]pyrimdine To a solution of the

conpound from S 5 .. Q. 1) in added. . 10% Pd/ C (100
an:jrp di -teﬁ?%%t%%%?le%@g%t@g(ﬁéi jirL l.o?ﬁi%r%ﬁ’?ﬁga@sg& fon vvag pupg)ed

with H2 gas bR B-dpiihesnd hen heated to 85C for 4 hours under 1
at nosphere”of HZ via balloon. The catal yst was then fi ltered and the
m xtud® concerforasodaidnofitbe productHone Steged (i H0gud £2mamlporglddiad dcgie | sco

Combi F ash UL 8 0 SRRt s 3o d SR8 s SO MRy 15 0%
overnight. The reaction was concentrated in vacuo and the residue was plated onto
silica gel column with dichloromethane and eluded by ramping to 5% methanol in
dichloromethane to give 1.5 g (94%);

20 MS 407.18 (M+1).

Step 5. 4-Amino-7-(2’-methyl-2’,3’,5’-tris-O-acetyl-B-D-ribofuranosyl)- 5-nitro-7H -
pyrrolo [2,3-d]pyfimidine
A solution of the product from Step 4 (1.5g, 3.69 mmol) in dichloromethane (25
mL) was cooled to 0 °C and a 1:1 mixture of fuming nitric acid and sulfuric acid (4
25 mL) was added dropwise and the reaction was vigorously stirred at 0 °C for 20 min.
The reaction was quenched with ice cold saturated sodium bicarbonate solution. The
quenched reaction was diluted with water and extracted with dichloromethane. The
organic layer was dried over sodium sulfate and concentrated in vacuo. The residue
was purified by plating on silica gel with dichloromethane and eluded by ramping to
30 5% methanol in dichloromethane to give 600 mg (36%);
MS: 452.16 (M+1).
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over 30 mnutes to afford 150ng (65% . 1Q Step 7.

9-tert-Butoxycarbonyl-2-(2'-nethyl-2",3 ,5 -tris-0Oacetyl-(3=Dri bof uranosy
1)- 2, 9- dwbydesn9sdds 2, 3, 5, 6, 9- pent aaza- benzo [cd] azul enecTjus8eodioons2 To t he
product from Step 6 in anhydrous toluene (.002M is added DVAP (5eq), TEA
(20eq), nolecular sieves and the solution is cooled to OC. To this m xture

i dded t QR OF QX j Q) .1 t ot uar )pH5
i opw S0 iy HABREE BRI ChbAAART CoMoh]- £ %5 0B8R Y 1
suf fi ci entribpfivamsybi7d-agrradef53-aipeinidine TLC t hen the reaction i s quenched

i th net hanol d concentrated in acug. Th rod IS rified on |Isco
VC\Jnonbi Fl ash puri |a(:§9§)‘i[‘]‘5)r’il cgt{}@q ‘é‘?ﬁll%%mgvfﬁfoglfj gtep;r?ﬁo&@gg(jgﬁm BE’&@E\}I@W@B
8. 2-(2' - Mahed 1®% PA/G Bl 00kig) andPdpepiditylQtiérbotief B8aResY b ridmdtdithgdr o- 6H 20

2,3,5,6,9-pentaaza- benzo[ cd] azul ene- 7, 8-di one The prgduct fromStep 7 in
DCM i s3 co@Pition wag purggd avi gas faridednutes thpre heaj¢dyior&HUe Ifgr hours sadarilxt ur e,

Vi i 53 cosPletion aogresA it £ faudl i eulanixt
gt er m nod By 2iBE oF R4 PaRbh 08l 85 En el pblEleiBbdite  "ana © °°

purified kynddnastedehvamt dheaplile rhiatge was plnefiédsgBto Combilagh 25 Step
9.2-(2" - Met h}(l -f -D-ribofuranosyl) -2, 9-di hydro-6H 2, 3, 5, 6, 9- pent aaza-
benzo[ cd] PEheFonsysem Btk 2 fostisa sarodumy aad 04 0% MeEeradienhisiMs | s

added 7N N'\'/'@fi?d"mi\%gité'aﬁ‘o% ?5(1%%{6;55/8 is stirred at anbient tenperature

until deacetylation is sufficiently conplete as determ ned by TLC The

| _ i | i e
T 118y B SRRk Gt hboh9EAR ARERLNS LA TRREIH DLt SRRR "G 2
A 00T Oy (oI AL Sloepdnkdok:e banimpaliadlenSd, $0IeaG06/ 093987

e r ar Lon O
0~ Cyano- 2- ( 2" - rhorthy ProgSCISrom (SRR A HAEEYPUS toduseiPARMD 35 aldsd DMAP! aaza-

benzol[ cd] - ( Al ut et idil.e: uct
from Exan%?éea)’ig&izr@%?—’ @%%e%@%%gﬁ%%%ﬁ%ﬁé Oﬁ]@x{[&) rldiélg ?%&gu?l rred at
65 C over n$ ghled nsofutiomof hxalyl dhll@ideddiFpguindiry leene!(6.025Mpdeypavist waler of
9-am np-8-1fl uoro-.2- (2" -nethyl -[.3-D-ribof urangs -2, 6-di hydro-2, 3,5,6- 10
et r adsa. SRS TR P it SOROInAE8) S damP s i Exanpi o 34
i's mxed Hetehmlded By rIaMHRA IR Bhctioh8s Gudndh&B¥vith BRMhnol and concentrated in

vacuo. The product is purified on Isco CombiFlash purification system to afford the

target compound.

Step 8. 2-(2°-Methyl-2°,3°,5°-tris-O-acetyl-pB-D-ribofuranosyl)-2,9-dihydro-6H-
20  2,3,5,6,9-pentaaza-benzo[cd]azulene-7,8-dione
" The product from Step 7 in DCM is cooled to 0°C, and TFA is added to the
vigorously stirred mixture. The mixture is allowed to stir until product is sufficiently
deboc’d as determined by TLC. The crude material is concentrated in vacuo and

purified by flash chromatography to give the target compound.

25  Step 9. 2-(2’-Methyl-B-D-ribofuranosyl)-2,9-dihydro-6H-2,3,5,6,9-pentaaza-
benzo[cd]azulene-7,8-dione (Compound 323)
To the product from Step 8 is added 7N NHj; in MeOH and the mixture is stirred
at ambient temperature until deacetylation is sufficiently complete as determined by
TLC. The mixture is concentrated in vacuo and the crude material is taken up and
30  purified by Phenomenex-Csreverse phase HPLC (Buffer A = H,O, Buffer B =

acetonitrile) to afford the title compound.
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The seal ed bonb is heated to 85 C for overnight. The reaction is cool ed and
ammonia is evaporated. The crude product is purified by HPLC to yield the

title comwouneoobosanpl e 27 15 Preparati on of PCT/US2006/007132

9-am no-2-(2' -nethyl -[3-D-ri bofuranosyl ) -2, 6-di hydro-2, 3,5, 6-

t et raaza- benzo[ cd] azul ene- 7-t hi one (Corrpound 327) Step 1.

9- Am no-2-(2' -nmethyl-2',3",5 '”'S'quﬁﬁ j- (3-D-ribofuranosyl)-2, 6-di hydro
- 2,3,5 6-tetraaza- benzo [cd] azul ene-7-"one To a m xture of the product from

Exarrpl e 14Pwepfistiomof BepMorv(l’ )methylafi-Bx-sibofuzosi)-2s6diby dybax3, aj6-tefcatzac aci d
(3 m, 1:2, v/v) is stirred a ture di sappearance of the
starting nucl eosi de, as j%‘&@ifdiﬁ?“gﬁéew ‘1&]2&4)3 evaporated in vacuo
to dryness andmwsbfdﬂ%ﬁ 0P heStitld (58dEE Frof PR ple $9%5JD§AF is added

9- Am no-2-(2' - net hyl - 3,5 trls-Oacety 3-D-ri bof uranosyl) -2, 6-di hydro
- 2,35, 6%@&\?@3@@@6@@&6@@}@2@& simed 2t 65 PO wweightéo formchetitlon of the
corrpound from Step 1 (75 ng, 0.16 mml) in dioxane (2 nlL) is added

pyri di ne d) fol |l owed by phosphorus pentasul fide (2 equiv). The
reaction mxture is heated at reflux for 24 h. The solvent is evaporated
then and the residue washed wth pyridine. The conbi ned washi ngs are
evaporated and the residue is di sdHapge2d CHC13 and washed with 10% agq.
NaHCO3 an Na i r ed as
rabcos angyIt&lono. a%!ng% ﬁl%igﬁaés%thyl B -SYARANGLRY 2 edhuR-1,5,54

9- Ami h@- 2- (2' - et hyl - (ﬁatﬂé)aza-llmtuﬁcd}azalphﬂ—@aeﬁ((hbn@pdn«szS)S 5,6-tetraaza-
benzo[ cd] azul ene- 7-t hi_one ound, 32 90, WO 2006/ Q3987

PCT/ US2004 000! frerp Eé‘%&%%ﬁ%‘ﬁ%wpﬁ’@ U ARBORE 2 Q’% %flﬂ?epa‘é’i%?)mﬁ (50 ny,
0.1 mmol) Ti,8 sgéléa‘l)on(ﬂ%srﬂehtetﬁo @?d@%rWeﬁﬁght'\@meﬁgtl@n Fleboled Bfd ABARiON

m xture is stirred roomtenperature for this point the pHis

br ought t ds eWapmlatedaEhﬂ ¢rodapioduetriel putigedsioy HBhC to |yseléﬂ3ﬁﬁleaq0§d>0md vacuo. The
residue is purified by RP HPLC tonﬁeld tgg tile product. 5 Exanple 29
Preparation of 9-carbanoyl-2-(2' D-ri bof uranosyl) -2, 6-di hydr o-
2,3, 516 tEtraaZ@rW@ﬁ@db%ﬁﬁh@Q 7>-giehy(-BoDR{BofEagekS))-2l6-ditydra23rend from
Exarrpl e 24 is added NHAOH and H202 |ny(lal coholic 1Q soI ution to yield the
titled conpound. Exan@tréaZEﬂDePZQ{Sé}aé‘ﬂlP’éﬁ‘ﬂ iope (C"anpound3

-methyl-(3-D-ri bofuranosyl) 6, 7-Di hydro-2, 3,5, 6,
Step 1. 9-Amino-2-(2’ -methyl -2°,3’.5’-tris-O- acetyl B D-nbofuranosyl) 2,6-dihydro-

2,3,5,6-tetraaza-benzo[cd]azulene-7-one
To a mixture of the product from Example 14 (100 mg, 0.28 mmol) in acetyl
20  chloride/glacial acetic acid (3 mL, 1:2, v/v) is stirred at room temperature until
disappearance of the starting nucleoside, as judged by TLC. The mixture is evaporated

in vacuo to dryness and purified on silica gel column.

Step 2. 9-Amino-2-(2’-methyl-2’,3°,5’-tris-O-acetyl-B-D-ribofuranosyl)-2,6-dihydro-
2,3,5,6-tetraaza-benzo[cd]azulene-7-thione

25 To a solution of the compound from Step 1 (75 mg, 0.16 mmol) in dioxane (2
mL) is added pyridine (2.5 mL) followed by phosphorus pentasulfide (2 equiv). The
reaction mixture is heated at reflux for 24 h. The solvent is evaporated then and the
residue washed with pyridine. The combined washings are evaporated and the residue
is dissolved in CHCl; and washed with 10% aq. NaHCOs3 and water and dried

30  (NaySOy). The evaporated residue is used as such for the next step.

Step 3. 9-Amino-2-(2’-methyl-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-tetraaza-
benzo[cd]azulene-7-thione (Compound 327)
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pent aaza- benzo[ cd] azul ene (Conpound 332) 15 Step

1. 4-Hydrazi no-5-io0do-7-(2" -nmethyl -[3-D-ri bofuranosyl)-7H pyrrol of 2, 3-

d] pyri m dvoeoddnesmsonpound of Exanple 1, Step 3 is di ssolpegdistovemetibanol to
forma O 1Msolution. This solution is heated to 50 C. Hydrazine (5 eq.)
is added. The reaction is nonitored via TLC. Upon conpletion the reaction

mxture is evaﬁ%@%ﬁ&é%ﬂ;ﬁé&%&%&%ﬂ fhe KPP 05RE YRLRSR BT 91 Ve

t he target conpou
5- For nyl - 42 miJrinadded lN-a(cﬁNaﬁ)H Wyl m03- Daernebmfamrmlxoﬁryhgsﬁﬁddmyrdom o[ 2, 3-

d] pyrimdine The c u f.,rom St e sdss as, a solutlonln
THE and  6F3P eéﬁtureofgn?& SRR %ﬁgﬁﬂ}ﬁ b o eyvlt am%mcu#ﬁné%e sl dded.
Wi | e bubly éagompiddr Vacn THRRAuESs SasiddyorD BPLEOIWid18Mhe dle§oduef.

trlbutgltln hydri de is added over the period of 6 hours. The ' reaction is

t hen evaporated and subjected to silica gel chromatography, to give the
target conpound. Step 3. Example29

4- Hyd i no- 5- | h 7H | o 2, 3-
@ pyr i i ne- 30 FOTRRHS L DS GOTRE G s A DR RO B e e ( 10
eq.), and n-butyl - |23B'ﬂ&rédz@%nio[cdl]ﬁzxﬁ@ﬁ@%n@%@bi%%ﬁlizb@ eq.). After

stirring this mxture at room tenperature for 1.5 hours, "one cools to -78C

and adds the CJWb@WPQWf&%EXmPIGMIéﬁd@dlarNHn@Hamd-IﬁQEI@@]é@hﬁl@ht one
war msgg E?@% 18fd%%’fjlﬁeed‘g%ﬁg%%es t he reaction 91 WO 2006/ 093987

PCT/ U en water and chloroform extracts the
aqueous |ayer two nore tines with chloroform and conbines the organic
| ayers. They are dried over sodium suI fate, evaporated and purified via
col uim chromat ography to give the t ar §Eamp und. Step 4.

[ 4- Hydr azi no-7-(2 W ’]:?503361 rimdin-5-
5 yl]-acetal dehydgr%dgg%:ﬂgr?g%u r#fStBep (Qg[l)l r'r ergh%]rgazgs g%‘%TFA

/ met hyl ene chl oride solpmtaam-bﬂtzo[chelz@lmadeapmmdcﬂipll ete hydrolysis.

Tol uene is added and the solution is evaporated. Columm chromatography

yi el d$5t h&tdpar. gellydrarnipodniddo-3t(@pmethyl-B-D-ribofuranosyl)-7 H-pyrrolo[2,3-

5.2-(2"-Met hy|] -(3-D-ribofuranosyl)-6, 7-D hydro-2, 3,5, 6, 7- pentaaza- 10
benzo[ cd] 4RMEHENCConpound 332) A round bottom flask equipped with a

Dean-Stark trap and el miadﬁggéllg ¢ hajg;ged o dr £ nd from
Step 4 and tol uene. Aeccat g%ﬂpc anmount ~of el%o uelne ‘ 1{1?%1:{5210 Hﬁs added.
The m xt ufdM solutiem Thifslsulxladn odeateddh 60 °(EJpHyd1:azme|(ﬁng) lseadded. The

reaction is monitored via TLC. Upon completion the reaction mixture is evaporated

20  and separated via column chromatography to give the target compound.

Step 2. 5-Formyl-4-hydrazino-7-(2’-methyl-B-D-ribofuranosyl)-7H-pyrrolo[2,3-
dlpyrimidine
The compound from Step 1 is dissolved as a 0.1M solution in THF and
0.2 eq. of tetrakis(triphenylphosphine) palladium (0) are added. While bubbling carbon
25  monoxide gas into the solution, 1 eq. of tributyltin hydride is added over the period of 6
hours. The reaction is then evaporated and subjected to silica gel chromatography, to

give the target compound.

Step 3. 4-Hydrazino-5-methoxyvinyl-7-(2’-methyl-p-D-ribofuranosyl)-7H-pyrrolo[2,3-
dlpyrimidine

30 To a solution of THF at 0°C, diisopropyl ethyl amine (10 eq.), and n-butyl-
lithium (10eq.), is (PhsP)CICH,OCHj3 (10 eq.). After stirring this mixture at room
temperature for 1.5 hours, one cools to -78°C and adds the compound from Step 2.

After stirring at -78C overnight one warms to room temperature, separates the reaction
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reaction m xture is evaporated and then separated via colum chromat ography
and 15 heated until isonerization yields the title conpound. Exanple 33

Pr epar at iw0 2066/023982' - et hyl - [ 3- D-ri bof uranosyl ) - 6, 7- D lrg@ns2@680H356, 7, 9-
hexaaza- benzo[ cd] azul ene (Conpound 333) 20 Step 1.

5 tert Butoxycarbonyl 2-(2'-methyl-2',3 ,5 -tris-Oacetyl -[3-D-ri bof uranosy

i+ Sty o Bisated BERER il spen b msetiest [T

0. 1M sol dhlbomfornmn andlcombines Thei orgarhqlageﬂsh"ﬁmwamﬂﬂed svadddidnygudidteal |y unti |

TLC or LCG-MS indjc nsunption, of startin r|aI At thi oint the
25 reacti SYF‘pﬁfa}? nglf'h%g wgn shramatotaRiy Efaﬁ%‘TtC%’é’P%Cg lOand t he

aqueous | aye extract ed tvvo re times with et hyI acet ate. ,The organic

fractions® é{Pé’f HoRydrreino- (v reethil- Bi-Hbeiyeanogyl)-¢ F-Fefole s ipmisifinzre and

evapor at egrd y%ﬁﬁ@%,@nt purification via colum chromatography yields the
target conpoun ep

2.2- (2" - Met hyl Thgc@nporaf fiwmiSosp3 js-sbirred Bi fry 806- Hfs/rﬁetbylel;lfgcl‘dw@aza- 30
benzo[ cd] azul.ene nd 333) T o] ut of St ol ved 50%
e ot ny oS R e e Bty Qudle s hifes e g WifGA B "

Evapor at i @y Rfatbd T ol@RE bhidlalotiphysiflas fewagdetionSdul 2006/ 093987
PCT/ U82006/ 6%7132 col um chrogffrat ography \ﬁiﬁ% dsrrtgﬁe parti aI | y deprotected

product th %W‘%ﬁ Hbofﬁx‘éﬁb d;ﬁy@rolZ iS@?‘%éHt@a

met hanol/co cent eous armD a and ‘stirred an conpl ete TLC
i ndi céiﬂ)esbcrmm{xid&amleiEdéiembmdM) Evaporation of the reaction mxture and

col um chr omat grah i el t titl d, 34 Pre ar ation
of 8-fl uoro-2- R?lréf’% Slf)‘?cﬂl @h%@% ggaﬂé“ai’ ﬁﬁ}%gg f§1x§o§d%t1 “t ¥t r aaza-
benzo[ cd] agathed®ith 1k @Bn%lﬁna%ﬂpseépd and4dlude. Wheutdlifid an@itRewlderel Exanpl e
35 in acetonitrile (3 nL) is added 5 10 equi val ence of Sel ectfl uor

(1- chl or oselfoni¢ acid ig Wp@ﬂhe mlxmrazaihprarﬁtwgql ovgrpight. Ajposcoalies the

bi s- tetraflu robor.ate ght and
noni t or ed %ay fltmuﬁ%re l%ltewfp ??%&4%&?? %Ia%d {15%91 ﬁ%‘é@?égt%g&éﬁg;%en is then
concensr ahesgle@ostiltifgn&izdten yietdzdhietitld SOmptrunﬂl ed by HPLC to give the title

conmpound. 15 Exanpl e 35 Preparation of
2-(2' -net hyl - p-D-ri bof uranosyl ) - 2, 6-di hydro-2, 3,5, 6, -trtraaza-

Example 33
Preparation of 2-(2’-methyl-B-D-ribofuranosyl)-6,7-Dihydro-2,3,5,6,7,9-

hexaaza-benzo[cd]azulene (Compound 333)

20  Step 1. 5-tert-Butoxycarbonyl-2-(2’-methyl-2°,3°,5’-tris-O-acetyl-B-D-ribofuranosyl)-

6,7-Dihydro-2,3,5,6,7,9-hexaaza-benzo[cd]azulene
To the product from Example 22, Step 3 is added 0.2 eq. of DMAP, 2 eq. of

triethyl amine as a 0.1M solution in toluene. Trimethylorthoformate is added gradually
until TLC or LC-MS indicates consumption of starting material. At this point the

25  reaction mixture is separated between water and ethyl acetate, and the aqueous layer is
extracted two more times with ethyl acetate. The organic fractions are combined
washed with brine, dried over sodium sulfate and evaporated. Subsequent purification
via column chromatography yields the target compound.
Step 2. 2-(2’-Methyl-B-D-ribofuranosyl)-6,7-Dihydro-2,3,5,6,7,9-hexaaza-

30 benzo[cd]azulene (Compound 333)

To a solution of Step 1 is dissolved in 50% TFA/methylene chloride containing

2% anisole giving a 0.1M solution. Evaporation of the reaction mixture followed by
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benzo[ cd] azul en-7, 9-di one (Conpound 335) Step 1.

3-[4-Am no-7-(2' -nmet hyl - (3-D-ri bofuranosyl )-7H pyrrol o[ 2, 3-d] pyri m di n-5-

yl ] - 3- oxowpnromiopise aci d et hyl ester 20 To the product fPceroskoanpiiez 1, Step
5 (150nmg, 0.399mMmv1) in 70% aqueous MeOH (15nlL) was added H2S04 (51.9l)
and HgSO4 (29 5ng, 0.1 g0Ommol) and the m xture was heated to 55C for 4

Mover se  pralty ol GndiSRab e e R e e PR il AR O 16
§ :3;1:‘ 1; e(r: OAsabe bdgéﬂ tflilufl\lll M1xﬁre=oﬁmetﬂlalmllcbn¢®)rated aglidous dmbibonga {B3PMyredfuntihe 25
mpoun

S 8.75 7.94 (br s,
1H), 7.53°ppplete TLE1 ca(t%s cPRY %te di@?ftylaél%eﬁt'wkgqOnwf]h&@actwnt%)xwrs 30 (s, |

H, 5.16 (aﬂdcé‘lﬁinn@hﬁiﬂ@t@ rApHyL éﬂsthe%ﬁlecbﬂpo%hﬁ) 4.05-3.85 (m 3H),
3.75-3.65 (m 1M, 1.20 (tr *3H Y5751 (s, 3H). 30 MBS (MH1): 395. 1

Step 5

2.2-(2"-nmethyl - (3-D-ri bofuranosyl) 11(2/@"2{3 gydro- 2,3,5,6,-trtraaza-benzo[cd]a
zul en- 7, 9-di one (Compound 335) 93 $67 093987 PCT/ US2006/ 007132 To the
product f revepaphiedh Jf 4-Bb6m.2-0’ Qﬁ&ﬁympbhmmﬁh@b&% -3 3-&hydsd-208S, 63 eeshaNa OFt

(21 wvt. 9% solution in ethanol (440 | 18nmmol ) and the mixture was heated
to 85C for 4 hours. Théemotedlpzaul %M@mméppmaum%%)m acial acetic acid,

concentrated i ri hase HPLC
with a 0-40% B‘fé,rtg%ﬁéefé;%&gg% Q@é‘gﬁ?%rgasf H%gg‘ﬁﬁ?‘%éﬂﬁﬂ#gﬁe ALy H20, Buffer
B = atet oeqmmzlbﬁ)e dfSehdctiiod (ﬂ-@lﬂgrorﬁe‘tﬁ%4 fitiorohle 4td1aioa1abmypbjijhd 2]ddthrleVR
(DVBO- d6) ure of Kketo- enol t.aut o nol - S 0.4

(s, 1H), qutgtrféuorq_ ateh Boe r(egc 1074 | sti %ﬁ% F or szﬁml gl(o gor(eﬁ?byﬁ 5 29
(s, 1H), I\?S Qgtll‘?suﬁ%lédﬁg Siflpletd- Tﬂe fe%ctlc;ﬂ'ﬁlen ﬁechéh &)nlzént%ec( éld tiaé'l:rud@ 34 (s,
1H ., 8.06 10 (s oH)

4.02- 3. 60p(0duct4hlsipur1ﬁec?by tﬁ’LCBﬂel)glye ﬂmn(dMeQI)lpo@ﬁQ 0 Exarrpl e 40 General
procedure for preparing triphosphates To a sol ution of nucleoside (0.05
mol) in trinmethyl phosphate (0.5 gﬂ;}% ulgdgé 15 argon was added 4 Angstrom
mol eclPar sieves. The mixture was ARG °Bver ni ght at room tenperature

and then cool ﬁgnPéerl& St 2- N RaRPLAD -HBME%@E}HS@ 6(-&1hy1|_drmﬁ,33,)5 6Wasaaadded and

the resulting xture was stlrred at t'ri butyl am ne (0. 15
benzo[cd]azulen-7, 9 dlone (Compound 335)

Step 1. 3-[4-Amino-7-(2’-methyl-B-D-ribofuranosyl)-7 H-pyrrolo[2,3-d]pyrimidin-5-
yl]-3-oxo-propionic acid ethyl ester

20 To the product from Example 1, Step 5 (150mg, 0.399mmol) in 70% aqueous
MeOH (15mL) was added HSO4 (51.9pl) and HgSO4 (29.5mg, 0.100mmol) and the
mixture was heated to 55°C for 4 hours. The mixture was then concentrated and
purified on Phenomenex-C;s reverse phase HPLC with a 0-60% B gradient over 20 min
at 10 mL/min (Buffer A = H,0, Buffer B = acetonitrile) to afford 50mg (32%) of the

25  title compound.

'H NMR (DMSO-dg): & 8.75 (s, 1H), 8.16 (s, 1H), 7.94 (br s, 1H), 7.53 (brs,

1H), 6.13 (s, 1H), 5.36 (dd, 1H, J=5.1Hz), 5.30 (s, 1H), 5.16 (d, 1H, 6.6Hz), 4.11 (q,
2H, J=7.2Hz), 4.05-3.85 (m, 3H), 3.75-3.65 (m, 1H), 1.20 (t, 3H, J=6.9Hz), 0.751
(s,3H).

30 MS (M+1): 395.1

Step 2. 2-(2’-methyl-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6 -trtraaza-benzo[cd]azulen-
7,9-dione (Compound 335)
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mmol ), acetonitrile (0.1 nL), and tributyl amoni um pyrophosphate (0.2 rnol)
were added and the m xture was stirred for an additional 30 mn at 0 C
The reactwonosa®3®kd quenched by additi on of TEAB (tetraeChysamenoiiam

bi carbonate) buffer (1M 1 nL) and diluted with water (4 nlL). The m xture
was purified by ion exchange HPLC and desalted by RP-HPLC. Mass and purity

ves cont 1 red b it b S (A5 Ron B 8 B0 B Aol ©
acti vity NyOBRIT it A)GoluBdnpn bherslas40ul, hySinlol)eintithgmottterwezyteso needed

in the replijcation cycle, or by other pathways. A nunber of assays have
been publ B&Kekr ¢ doness dbs mlﬁ%@wa&muﬁraﬂlz%Wlthg@@wé pefticragida sencepiEted i

assesses V. n U sS.

Bt ent No Wi Ubg R HRPLEBRmOendt el HSe phhct Ml Giiab SA gReftal 0 )2

Ferrarj ebval30 ndinaft 1¥iml/min Bufla49=160) BuffedB;= dcetunitridd) tabffordHémag ol ogy,

29:1227- %45@ 999: Lohmann et al., J 94 WD 2006/ 093987 PCT/ US2006/ 007132
2

Bi o. E%@%C%Md 1999:; "and Yamashita et al., J. ofBio. Chem ,

273 15475, 154300 \MIRSDVIR 9 1203 ik PP SERLENNSIoL 371 AT Py Emor

Uni versity, listing rn and A Reinol nvent

clainms prilodbi(y IH) &Mk(g(ﬂHﬁt&i&bg PHR6ARB (5) IH}aIS 4|§ai N m A4, 5 At (s,0), Serl al
No. 60/ 004, 383 Sept enher 1995 cr| d a rase assa
that Ccan BEoAURATEY BN AEEDhReiect Th08 ¢ SE i G 1AL HLR SR s ’
desc I ted b

Bar ¢ NS ongnd s S45-1S A AHE AR HEUaREs B0 B alER SR P L L Sesay usi ng
cloned HCV noMS{vtY: LH4e§2[O proteins; Antiviral Therapy 1996: 1( Supp 4)

18-24. 10 Screens that neasure redygctio s Qn ki nase activity from HCV drugs
were disclosed in U S. Patent No. ‘/‘ to Katze et al., U S. Patent

No. 6,228,576, Del VeCC@eﬁ@rap?ﬂcé&u%fo? }@a}m@lqlph‘ésﬁﬁ&g% to Jubin et al.

Screens that neasure the protease inhibiting activity ofé({)roposed HCV
drugs were di sdbasetition otJn@:lemdeeﬁﬁ)tOSI\mmol)snme‘mhphqsplsﬁe 5 gil,) unders,

Paten No. 5,739, Fran o et a P

5, 597\% 91%@*‘%538%%& Bnogorh aé S’f"eﬁ:zé‘BF f‘%’étg‘r%vsvg%%t&%dc %ﬁﬁéﬁ“%

(Huh- | ucuigae }a 5‘anﬂ$1%il1 d‘o@reda@ IOQGIHPH@pﬁf)ruQQHWﬂdMi&: mqrmmom)rmdm ti ng HCV
RNA dependent ynmerase. The ET cell |ine was st T‘)é/‘(kﬂtransf cted with

RNA t r anséddadt @d kg I?élﬁltlﬁgj nExiuEBYayHitedial f e@/fR}S@hSTI?GE'Imb nigg k)

mmol), acetonitrile (0.1 mL), and tributylammonium pyrophosphate (0.2 mmol) were

added and the mixture was stirred for an additional 30 min at 0 °C. The reaction was
20  quenched by addition of TEAB (tetracthylammonium bicarbonate) buffer (1M, 1 mL)

and diluted with water (4 mL). The mixture was purified by ion exchange HPLC and

desalted by RP-HPLC.

Mass and purity was confirmed by MS and H- and *'P-NMR.

25 Biological Examples

Example 1. Anti-Hepatitis C Activity
Compounds can exhibit anti-hepatitis C activity by inhibiting HCV polymerase,
by inhibiting other enzymes needed in the replication cycle, or by other pathways. A
number of assays have been published to assess these activities. A general method that
30 assesses the gross increase of HCV virus in culture was disclosed in U.S. Patent No.
5,738,985 to Miles et al. In vitro assays have been reported in Ferrari et al. J. of Vir.,
73:1649-1654, 1999; Ishii et al., Hepatology, 29:1227-1235, 1999; Lohmann et al., J.
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20 firefly luciferase-ubiquitin-neomycin phosphotransferase fusion protein
and EMCV- | RES driven NS3-5B pol yprotein containing the cell culture

adapt i ve wotade/oss7 (E1202G T12801; K1846T) (Krieger atrcalus2@80d71and
unpubl i shed). The ET cells were grown in DVEM supplenented with 10% fetal
calf serum 2 mM dutamne, Penicillin (100 IWnlL)/Streptonycin (100
g/m), Ix e~ al f b8&., ; / "Geneticin").
They wer eBg(f.){@%@éﬁfgaogafﬁpghégﬁ9%fagﬁ$%gﬁa§%ﬁ%§o%iag.sm‘o e%ﬁ:é}ge a, MD). The
cells wer@7plla42d15486019981. 0 x104 cells/well in the 96 well plates and

i ncubated for 24 his before adding test conpound. The conpounds were added

to the cells twoaghizese, fed o bpte@BEEIT, 1896,By Ktho§- Unibdkity IefingnCand a
final DMSO concentration of 0.5% Luciferase activi tétvvas nmeasured 48-72

hours | at &agpdoragad Ag Reinokdys ag iventes, marichyalimsingiositinto Yaited Jtetgs al og number
do-lysis -{. i o iafo@T Pr omega,
Madi sg%, \};\Pwléléﬁaail Eé%sﬁégp@c aﬁé{g.@%%alﬁl)@ 6((:)}(’)(}9]9 I3§§htﬁl%88§?s?h§ab%§%%é ay. Pgr cent

i nhi bi ti odewfibedph HCA palynetedsa asvay thpk odrt axclused tatvaheatt theraoti 9y ¥¥3h2006/ 093987

PCT/ US2006/ 007132 _.conpound cantr.ol ., U the sane condition, cytotoxicity
of the. coRSHIOTASEabal b AdeieERS] pogGIaeT Eray Norbs-aated b

WST- | ( ROCIRG thGRRATEREY by olf HepaRIIPCUWNAS (HENDRNA Mﬂlé&hkadssaéﬁﬁﬁﬁ dlbRsy but no
significant cytotoxicities were chosen to determne |1C50 and TC50. For

t hese det QY mavistmetyprahprodeipsidmtiviral TherapysE¥%6al(Sed 4)t i824.f or each 5

conpound was used, which spans a concentration range of 1000 fold. IC50 and
TC50 1@al ues wsceeensthatimabsaee tedudtiont imkindserdetibity from HECVedrops wemrecent rat i on

o H11 o cisborrin G Peted m b A 1Y b R edil ) SRR b 28530 r at on
was det er HdpRAcMs] 419 U REpabR NOW, 7580, BBUS TSR ¢ Jb |9thdeRb tHal heasukd the

[ 100*(Lum wi th inhibitor-bg)/(Lumw th no inhibi t.oréﬂt;g)_] where bg was the
backgr oungrateash infgbiting lacttdty afgiroposed HOV dugs werendis¢logerne SR rRaéent Net ensi t y

of the re lLugi fer gene., 15 4t when e t different
concentraggﬁ?6gﬁ°($ﬁ§??g§[g§' g&eﬁ.ﬁq'éeﬁﬁrdy%%%%%na%s %atl?:%lsfieg 8, 310,
311, 343, pakht N316598891 toHSughtditer320 gaxhi bited per cent i nhi biti ons t hat
ranged from8%to 97% Exanple 3. Coning and expressi on of reconbi nant

HCV- NS5b  The codi ng sequence_of NS5b ﬁr otein was cloned by PCR from 20
PFKI 3891 uc/ NS3-3' / ET as descrExeapla2. Repheon AsyaY et al. (1999) Sci ence

285, 110- A cell line, ET (Huh-lucubineo-ET) was used for screening of compounds for
inhibiting HCV RNA dependent RNA polymerase. The ET cell line was stably
transfected with RNA transcripts harboring a Izgeluc-ubi-neo/NS3-3°/ET; replicon with

20 firefly luciferase-ubiquitin-neomycin phosphotransferase fusion protein and EMCV-
IRES driven NS3-5B polyprotein containing the cell culture adaptive mutations
(E1202G; T12801; K1846T) (Krieger at al, 2001 and unpublished). The ET cells were
grown in DMEM, supplemented with 10% fetal calf serum, 2 mM Glutamine,
Penicillin (iOO IU/mL)/Streptomycin (100 pg/mL), 1x nonessential amino acids, and

25 250 ug/mL G418 (“Geneticin”). They were all available through Life Technologies
(Bethesda, MD). The cells were plated at 0.5-1.0 x10* cells/well in the 96 well plates
and incubated for 24 hrs before adding test compound. The compounds were added to
the cells to achieve a final concentration of 0.1 nM to 50 pm and a final DMSO
concentration of 0.5%. Luciferase activity was measured 48-72 hours later by adding a

30 lysis buffer and the substrate (Catalog number Glo-lysis buffer E2661 and Bright-Glo
luciferase system E2620 Promega, Madison, WI). Cells should not be too confluent

during the assay. Percent inhibition of replication data was plotted relative to no
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113 using the prinmers shown on page 266 of WO 2005/012288. The cl oned
fragnment was mssing the C termnus 21 am no acid residues. The cloned
fragment weoeenegysred i nto an | PTG i nduci bl e expr essi onpglrasmod/odhat
provides an epitope tag (His)6 at the carboxy term nus of the protein. 25
The reconbi nant enzyme was expressed in XL-1 cells and after induction of

expr essi Oeom% lﬁlﬁ%ﬂ’ér ) @Jn‘ﬁ@?th@‘é&gé LGt g%fgéﬁn*ﬂ#ﬁh&fg@fﬁﬁﬁ‘ag Laphy on a

ni ckel - t orage condition wad 5 50 mM
Nadl , 0. 1detetmiBBET Asing cdmmﬁqra@@%eggqrméWST HROGI%OG@mEx}an’ﬂheecodnpdﬂﬁﬂS NS5b

Enzyne Ass 30 The e, act, was . ass rin

T o e hing gl gl S e PRRSHL Bedn RSO B a9 Chpsea o feBanin Urp
into a RNfCRRAUT;, USditHesd detedhindvibiy 840 pBak, ez-aﬂ@lsemauﬁmsm@&le whi ch
i ncl udes a portion of the HCV genone. Typi caII t he assal)c/:im xture (34 L)

cont ai dis  LOMANATHWas- ysed(BHCl SIS asomemlvgmrzrange of HAOHDIKA &el, 1
uni t/L luQs W rerEMclal ]t_?d ﬁMnga/Cllﬂh%gt%o'}[rat ﬁﬁ%ncf%lng%{t&giok%ﬂhg%ﬁmﬁﬁgd 10 ng/ L

5 biotinylated heter ric compoun
t hen addedq@sgiona 100% DI\/SO solution to achieve a final DWVBO concent ratl on
of 5% For 1C50 determ nation a 10-point dose response was used. The

conpounds were serial dil ug/@glhlbzudrpicﬂo(y%qgcgg)({gybl-;ng] a range of 1000 fold.
Typically for 1C50's, conmpounds were tested starting at 50uMor 2 M

dependi ng“&lﬁretMSIﬂiBfWﬁ'lClﬂéactl ons were started with 10 addition of | OX
NS 5Bin 4 1's and all owed to incubate at 37C for 2 hours. Reactions were
quench@d wi t h §he YinhiliGomm ERTAcEmtonecttation wab detgreined 8ging fhener e
transferr?(g ta stre taV| din-coated scintillation proximty mcrotiter
plates (F BPEFRBIONs g i ncubat ed at 4C overni ght. |ncorporation of

i bi t1 on at S BAHEHGHT A0 s bR vighis ot e itk o LA PR
fol I owi ng yagKAld QA thé%h&%@ﬁﬁd Whth To ilémcon EADQR4 eam ooastthe LRinBideREe PY) / (cpin

Wi th no inhi bltor- ere bg was the background with no enzyne.

For nul at i mﬂelﬁxfarqﬁltbgréméelfblbifmm@nare representative pharnmaceutical

formul ati ons containing a 20 conpound of the present invention. Exanple 1:
Tabl etl5f or mul afin tris ddsey, fdlendedtetbatidiffierenti contentmtiensinikarange pHéw 10 nd

pressed into Sinfl86555 §0s, 310 L 913, 314, 316, 317, 318, and 320 exhibited percent
inhibitions that ranged from 8% to 97%.

Example 3. Cloning and expression of recombinant HCV-NSSb
The coding sequence'of NS5b protein was cloned by PCR from
20  pFKl3goluc/NS3-3°/ET as described by Lohmann, V., ef al. (1999) Science 285, 110-
113 using the primers shown on page 266 of WO 2005/012288.

The cloned fragment was missing the C terminus 21 amino acid residues. The
cloned fragment was inserted into an IPTG-inducible expression plasmid that provides

an epitope tag (His)6 at the carboxy terminus of the protein.

25 The recombinant enzyme was expressed in XL-1 cells and after induction of
expression, the protein was purified using affinity chromatography on a nickel-NTA
column. Storage condition was 10 mM Tris-HCl pH 7.5, 50 mM NaCl, 0.1 mM
EDTA, 1 mM DTT, 20% glycerol at -20 °C.,

Example 4. HCV-NS5b Enzyme Assay

30 The polymerase activity was assayed by measuring incorporation of
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I ngredient Quantity per tablet, mg Conpound of the invention 400
Cornstarch 50 Croscarnellose sodium?25 Lactose 120 Magnesium stearate 5
25 Exanplwo2nosdapmual e fornmul ati on The fol | owi ng i ngredi eatrassasos/omsed
intimately and | oaded into a hard-shell gelatin capsule. 97 WO 2006/ 093987
PCT/ US2006/ 007132 I ngredient Quantity per tablet, ng Conpound of the

Suspens| oh Tara eV B ntg AR bR udifee b RIERA R A AR o
suspensi omhicdrmdudd:s a pattiom bSthe HC G gedams . Typisallyt theisssdy minturai(34 pLngr edi ent
A ‘ : ,

ehi or1 de soBags IngvipELGEh 787 st Hhecln s BBAA. Qoo STt at e
sugar 25. Qnﬂ/uleQNRbihoh n{MQﬂ’ifﬁ 01'0'~ﬂM%'aéh éiSI\I@P,anM&ﬁ‘%L[f’PI U(rl?‘aﬁksiﬁrd)h @LCO- ) 1.0

g flavoring 0.0 m_. colorings 0.5 ng distil er g.s. 00 mL 5
Exanpl & 4b1qtmybmdé1@t@opaiymgmcatenmhat¢héox test exanpeynidrig 2adisevasshenr @ddmiﬁed to

fcg [TITOZSR dl g#l%ﬁ |”/I M%ﬁhﬁ‘gl H%e ) g(ﬂﬂlagMaS@ cogﬂglpc{’a{tlxo% o28%. tPa I%%O
determination a 10-point dose response was used. The compounds were serial diluted
2-fold thus covering a range of 1000 fold. Typically for IC50’s, compounds were tested
starting at 50uM or 2 uM depending on the potency. Reactions were started with

10  addition of 10X NS5B in 4 ul’s and allowed to incubate at 37°C for 2 hours. Reactions
were quenched with 8 uL of 100 mM EDTA and reaction mixtures (30 pL) were
transferred to streptavidin-coated scintillation proximity microtiter plates (FlashPlates)
and incubated at 4°C overnight. Incorporation of radioactivity was determined by
scintillation counting (cpm). The % Inhibition at a particular concentration was

15  determined using the following equation,

% Inhibition = 100 — [100*(cpm with inhibitor-bg)/(cpm with no inhibitor-bg)]

where bg was the background with no enzyme.

Formulation Examples
The following are representative pharmaceutical formulations containing a

20  compound of the present invention.

Example 1: Tablet formulation

The following ingredients are mixed intimately and pressed into single scored

tablets.
Ingredient Quantity per tablet, mg
Compound of the invention 400
Cornstarch 50
Croscarmellose sodium 25
Lactose 120
Magnesium stearate 5
25 Example 2: Capsule formulation

The following ingredients are mixed intimately and loaded into a hard-shell

gelatin capsule.

97



sodi um acetate buffer solution,
suitable pH water (distilled,

0.4 M2.0 nL HCL(1IN) or
sterile) g.s.

Supposi t owp 2b@woysdsat i on 10 A suppository of total

by m xi ng the conpound of the

(triglycerides of saturated vegetable fatty acid;

NaOH (1N) g.s. to

to 20 nL Exanple 5:

wei ghiPC2Us2@6i0871p2 epar ed

invention with Wtepsol (r) H 15

Ri ches- Nel son, Inc., New

York), and has the fni e L,

g conposTtTom —tngredi

\ AL

ng Conpound of the— 00

2006/ 093987 PCT/ US20 WMJ[H
represented by for miagtqse, spegy-giig

$ijog

MN T1 i

J+t ol (1)
VT CuSoOr(1)

TRTE A PR

T ILTJ Jdl AT
CLAMED IS 1. A corrpou\r;?mo
NNTa WOR 5 X |

1-C3

wherein: R is sel ect¥agiesiwn sB&akr oup consisting of hydrogen and
X is selected fromthe group consisting of hydrogen,

10 Y is selected fromthe r%&egogﬁglz

al kyl ;

absent or is selected fronrthe group

drls{ih

igimﬁlaq

onsisting o

hal o, and OAZ2;

?)‘ﬁd’ 0, and CH2; Qis

0, S, and NH, provided

that when Q i sTAbsRiwing/ingrediddt @t enikat to fatrh achgension for@ group; V is

selected fromthe group consjsting of
group condjmmisigtign (Q\P-inau%—

N and G G

Zis selected fromthe

cient ageu)- and G are i ndependent!ly sel ected from

the group consisting_of hydrogen,
di met hyl ami no, acy! aligrediens| koxyami no

oxycar bonyl ani no, HRCHGHIRI @)thi-Hinvestindo,

amno, am nocarbonyl et hyl amno,
- SOBH, - SONH2, _ani nB¥UBbny| ani no,
cyano, hal o, hydroxy&m8 no, and

hydrazi no, where R Feniydicdgen and R' is a side-chain 05¢g
Sodium chloride 20¢g
Methyl paraben 0.15¢g
Propyl paraben 005¢g
Granulated sugar 250¢g
Sorbitol (70% solution) 130¢g
Veegum K (Vanderbilt Co.) 10g
flavoring 0.035 mL
colorings 0.5 mg
distilled water q.s. to 100 mL,
5
Example 4: Injectable formulation
The following ingredients are mixed to form an injectable formulation.
Ingredient Quantity per tablet, mg
Compound of the invention 0.2 mg-20 mg
sodium acetate buffer solution, 0.4 M 2.0 mL
HCI1 (IN) or NaOH (1N) q.s. to suitable pH
water (distilled, sterile) g.s. to 20 mL
Example 5: Suppository formulation
10 A suppository of total weight 2.5 g is prepared by mixing the compound of the

invention with Witepsol® H-15 (triglycerides of saturated vegetable fatty acid;

Riches-Nelson, Inc., New York), and has the following composition:

Ingredient Quantity per tablet, mg
Compound of the invention 500 mg
Witepsol® H-15 balance
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of an amno acid or where R and R' together with the nitrogen and carbon
bound to 20 each group respectively forma pyrrolidinyl group; provided
that V amloZdo@rm@3gset i dentical; provided that when V i 2cCaid2008/00m3N;, T1
and T2 are independently selected fromthe group consisting of hydrogen,
hydr oxyl, Cl-C4-al koxy, Cl-C4-thioal koxy, am no, substituted am no, and

hal o; and —Ie@c@% /{, and W2 is independently selected fromthe
group convaIg% ng o R@{/I)(?Pol\gélén, Cl-C4 al kyl, and a prodrug group; or a

phar maceuti cal I,y accept abl e .sal t.aut omer . or a pharmaceutically
acceptabl e sallt of A BortbofadtrrieadBOBEM0E 5006/ Dogosy PCT/ US2006/ 007132
2. A conpound according to claim1 represgnted by formula la: ~--~Q NH T
__ NWAY ONN-Tz RWOX la wherein, @ G T, T2, Y, W W, X and R
are described in claim1. 5 3. A conpogndtaccording to claim1 represented
by formula Ib: GQ/ NH T1 WY N NMOX Ib wherein: Gis selected
fromthe group consisting of am no, T nppcar bonyl , net hyl am no,

di met hyl am no, acyl am no, al kox 0o, N° 12- SO2NH2, ami nocar bonyl am no,
10 oxycarbonyl am no, HR NCHR'C( Q) NH;,°<azj do, cyano, hal o, hydroxyamn no, and
hydrazi no, where R is hydrogen and I's a side-chain of an am no acid or
where R and R' together with the nltlrogen and carbon bound to each group
respectively forma pyrrolidinyl §f®dp; and

wherein:
R is selected from the group consisting of hydrogen and C;-Cs alkyl;
X is selected from the group consisting of hydrogen, halo, and OW?;

10 Y is selected from the group consisting of a bond, O, and CHj;

Q is absent or is selected from the group consisting of O, S, and NH, provided
that when Q is absent, V and NH are both attached to a CH, group; '

V is selected from the group consisting of N and C-G;

Z is selected from the group consisting of N and C-G';

15 G and G' are independently selected from the group consisting of hydrogen,
amino, aminocarbonyl, methylamino, dimethylamino, acylamino, alkoxyamino, -SO3H,
-SO,NH,, aminocarbonylamino, oxycarbonylamino, HRINCHR"C(O)NH-, azido,
cyano, halo, hydroxyamino, and hydrazino, where R' is hydrogen and R" is a side-chain
of an amino acid or where R' and R" together with the nitrogen and carbon bound to

20  each group respectively form a pyrrolidinyl group;

provided that V and Z are not identical;

provided that when V is C-H, Z is N;

T' and T? are independently selected from the group consisting of hydrogen,
hydroxyl, C;-Cy-alkoxy, C;-Cs-thioalkoxy, amino, substituted amino, and halo; and

25 each of W, W', and W? is independently selected from the group consisting of
hydrogen, C;-C4 alkyl, and a prodrug group; or

a pharmaceutically acceptable salt, a tautomer, or a pharmaceutically acceptable

salt of a tautomer thereof.
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Q T, T2, Y, W W, X and R are described in claiml1l. 15 4. A conpound
according to claim1l represented by formula lc: Q GHN TI W"Y NN5 TV
O R WO xwbeooengssein: Q G, T1, T2, Y, W W, X and Rcarms2aescTizbed in
claim1. 100 WD 2006/093987 PCT/ US2006/ 007132 5. A compound according to
claim4 wherein G is selected fromthe group consisting of azido, am no,
am nocar bonyl , ,acyl am ] ; m no, and
hydrazi no. 6. A con%?@%oggéggﬁﬁgéEb.(;el%%??nébgeg\%ﬁg?g r@%ﬁﬁ?gésel ected from
the group 5 consisting of azido, am’Gno, gacyl am no, cyano, and halo. 7. A

conmpound according to claim®6 wherei NRA s methyl. S. A conpound according
to claim7 wherein Qis Q 9. A conpoyind fepresented by formula ll: Q G
/ NHN iYNI N WOR 10 WO x 11 fn: Ris C1-C3 alkyl; Xis

selected fromthe group consisting™ hydrggen, halo, and OR; 15 Qis
selected fromthe group consi st\kn of \NHNO>™and S; G is selected fromthe
group consi sting of am no, am nocar 9 L, methyl am no,

W0 X Ia
wherein:
Q,G, T, T2, Y, W, W!, X, and R are described in claim 1.

5 3. A compound according to claim 1 represented by formula Ib:

W0 X b

wherein:

G is selected from the group consisting of amino, aminocarbonyl, methylamino,
dimethylamino, acylamino, alkoxyamino, -SOsH, -SO,NH,, aminocarbonylamino,

10  oxycarbonylamino, HR'INCHR"C(O)NH-, azido, cyano, halo, hydroxyamino, and

hydrazino, where R' is hydrogen and R" is a side-chain of an amino acid or where R’
and R" together with the nitrogen and carbon bound to each group respectively form a
pyrrolidinyl group; and

Q, T!, T2, Y, W, W, X, and R are described in claim 1.

15 4, A compound according to claim 1 represented by formula Ic:
Q
/N
Tt |
Y N N/)\TZ
w o
G-
wio X Ic
wherein:

Q, G, T, T Y, W, W!, X, and R are described in claim 1.
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di met hyl am no, acyl am no, -SQO3H, -S@NH2, al koxyam no, am nocarbonyl am no,
oxycar bonyl am no, HR NCHR'C(O NH, azido, cyano, hal o, hydroxyam no, and
hydr azi noyowherm3dg7 i s hydrogen and R' is a side-chai n eCras2ewioomsaci d or
where R 20 and R' together with the nitrogen and carbon bound to each
group respectively forma pyrrol idinyl group; Y is selected fromthe group
consi sting of bon C ,

i ndependent |y sel ect ealqjlp? e gr %legglni;?vg{arle}r?[(}% Seﬁe%?\(?g%éﬁnﬁle rc_>u al kyl ,
and a pr oebnsigting oflgridoyamio, anmimaﬂnnﬂuaa}dahiny, dkoepiEbd.eysed, haloa t aut oner,
or a pharmaceuti cgal %@ﬁ@%ﬁt able salt of a tautoner thereof. 101 WO

2006/ 093 I ArPTRMULS '82- 10. A conpound according to claim9 wherein

G is selected fromthe group cgnsisting_of azido, nocar bonyl ,
acyl ani no, al kdxyamdsempsyahercoptingto %%}B?%Wﬁliﬁ%g 1Sa9ﬁg’l W@JW&}”} He@roup, A

compound agearl Beish, ShitldTafoiR] EldhoSind husel ected from the 5 o oup

consisting o 0, am no, acyl am’ no, cyano, and halo 12. A conpound

according to claim cording to claim12
wherein R is n€thy IAJCO%%{I% Qccgrdlf&%@ cellaggcn’é(?gﬁ ﬁfﬁ(}é«'fh@t 13 wherein Y is 0.

15. A corrpound accordl ng to clal ted by formula Ila: 10 Q G
NHN /QN NJ go Wof({n%gt%&i%‘ ?Wﬁeﬁlnaébw WL, and W2 are as
described in c| a| m 16 A, co oun& geor ﬁg to claim15 wherein G is
sel ected from Phe OB}PSHBdE"(P PRIE h?j & am no, am nocar bonyl ,

acyl am no, al koxyam no, cyano, halo, hydr pxyam no, and hydrazi no. 17. A
conpound according to claim 16 wherein Gyis selected fromthe

o— NH
a N
~Y N N/)
w o}
R
10 wio X II

wherein:
R is C;-C3 alkyl;
X is selected from the group consisting of hydrogen, halo, and ow?;
15 Q' is selected from the group consisting of NH, O, and S;

G' is selected from the group consisting of amino, aminocarbonyl, methylamino,
dimethylamino, acylamino, -SOsH, -SO,NH, alkoxyamino, aminocarbonylamino,
oxycarbonylamino, HR NCHR"C(O)NH-, azido, cyano, halo, hydroxyamino, and
hydrazino, where R' is hydrogen and R" is a side-chain of an amino acid or where R’

20  and R" together with the nitrogen and carbon bound to each group respectively form a
pyrrolidinyl group; '

Y is selected from the group consisting of a bond, O, and CHp; and

each of W, W', and W? is independently selected from the group consisting of
hydrogen, C;-C; alkyl, and a prodrug group; or

25 a pharmaceutically acceptable salt, a tautomer, or a pharmaceutically acceptable

salt of a tautomer thereof.
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group consi sting of azido, am no, acylam no, cyano, and halo. 18. A
conpound according to claim17 wherein Q is 0. 20 19. A conpound according
to clai mu8 2eévamweism W WL, and W2 are hydrogen. 102 WOp2@A8-0886832

PCT/ US2006/ 007132 20. A conpound represented by formula Il1: D A-B\NH N

TI i ~YNNT2 WORMWO X IIl wherein: 5 A and B are independently

| ected f LSt f 1G= . and. I j |
substi futed w i1 1 PoOBeRaREb Gk B liitd ybteifitlis SRLRARCLRALATE ¥
o0 N (e G S ) g e NE “orbup where i
-(C=0Q - =Q-,. - )=(CX)-(CQ -, or - rou ere X is
hgal o; 10h¥dexyaming andhudiezment |y sel ected from the g?ouppconsi sting of O,
S, and NH; Ris selected fromthe group consisting of hydrogen and O -C3
alkyl; X is slectécompemnd pecortingly deisi G rheging’ malesigeAionhiico, and ove;
T1 andg ng%kﬁ&gﬁ%%ﬁlg%ggﬁ%y iﬁ%’ﬁ%};’%ﬁf}%‘?(%@%ngh%p consi sting of hydrogen,

hydr oxXyl , y, arfi no, substituted am no, and
halo; 15 Y is |l ected fromthe qro ONS| Shi f.abond, 0, and CH2; and
each of W W, f%nd %@COF?OP%%C@E‘%%? ?glgrgfieg'gjsgg}ﬁohsﬁa?'he group consi sting
accept abl o sal > & fastibpd BoordBp AL &tk § SBlRlan o salt of a
taut omer thereof. 20 21. A conmpound according to ¢l.aim 20 wherein Ais C=0
d arderdin Beyem ¥
2% W

22. A conpoundl%ccoPdRoRporad a¢ear A geisYigbhyl ene.  23. A

conpound according to claim22 wherein Ris nmethyl. 24. A_conpound
%éd by formula Ila:

sel ected from the gAR@PPROYAS petordipg &F claim 9 represen
10
.

o—/ NH

am

o N ¢

w o]
CH,
WO oW g

wherein:
Q,G, W, Wl, and W? are as described in claim 9.

16. A compound according to claim 15 wherein G’ is selected from the
15  group consisting of azido, amino, aminocarbonyl, acylamino, alkoxyamino, cyano,

halo, hydroxyamino, and hydrazino.

17. A compound according to claim 16 wherein G’ is selected from the

group consisting of azido, amino, acylamino, cyano, and halo.
18. A compound according to claim 17 wherein Q’ is O.

20 19. A compound according to claim 18 wherein W, W!, and W? are

hydrogen.
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9-am no-2-([i-D-ribofuranosyl)-2, 6-di hydro-2, 3,5, 6-tetraaza-benzo

[ cd] azul en-7- 25 one; 2-(2'-nethyl-(3-Dribofuranosyl

) - 9- met hywerzbesme29s6- di hydr o- 2, 3, 5, 6-t et raaza- benzo[ cd] arwlwpecéoonsz 103 WO
2006/ 093987 PCT/ US2006/ 007132 2-(2'

-nmet hyl -[ 3-D-ri bof uranosyl )-2, 6,7, 9-tetrahydro-2, 3,5, 6, 9- pent aaza benzo

[ cd] azul en-8-gpe; 9- F Al dQ-2- (2 1< 3-D-ri bof uranosyl
) -2, 6-di hydr o- 263 5,%6@&@:.0?%%;%8%%%3??@%}1&- 7-one; 5 Y

9- hydr azi no- 2- (2' - met hyl - (3- D-ri bof ur gnaesyl ) - 2, 6- di hydro- 2, 3, 5, 6-tetraaza-
benzo [cd] azul en-7-o0ne; o  NH
9-fluoro-2-(2' -methyl -(3-D-ribofuranogyl }xg, 6-di hydro-2,3, 5,6-tetraaza-
benzo [cd] azul en-7-one; 9-formam db- -IZ;,nethyl-(S-D—ribofuranosyl
)-2,6-di hydro-2, 3,5, 6-tetraaza- 10 benrRzo[NdI&zul en-7-one;

9- met hoxyani no- 2- (2' - net hyl - [ 3-6- ri p®¢Jur anosyl ) - 2, 6- di hydro-2, 3, 5, 6-
tetraaza-benzo [cd] azul en-7-one; 9 no-2-(2' -nmet hyl - (3-D-ri bof uranosyl
)-2,6-di hydro-2, 3,5, 6-tetraaza- benzo| ed] azul en-7-one; 15

9- hydr oxyam no- 2- (2' - net hyl - ( 3- D- 'Bof ur anosy -

2, 6-di hydro-2, 3,5, 6-tetraaza- benzo [cd]azul en-7-one; 8-fluoro-2-(2

- et hyl - ( $4Bxein:bof ur anosyl ) - 2, 6-di hydro-2, 3, 5,6-tetraaza- benzo [cd]
azul enz 7-one; 9-ami.no-2-(2' -y _

HmthyT - (3D r LR St Rfbendensly el Srom e rRRpRSisHng9RC-GoNH, and
benzo[ cd] ﬁ?e‘tﬁﬁéhe@ﬂﬁﬁéﬂygsu%ﬁt@fe@'\ﬁtﬂ Pto 2 halo groups, provided that A and B are not

-nmet hyl - (3-D-ri bofuranosyl) -2, 6-di hydro-2, 3,5, 6-tetraaza- benzo [cd]

azul en- 7- A& NH; i odo- 2- (2' - net hyl - (3- D-ri bof uranosyl ) - 2, 6- di hydr o- 2, 3,

5,6-tetraaza- dha - o 29 N— =N oL (C=O)e

9- ami no- 2- ?2' - %e%‘iﬂ()é‘& %‘ﬁ?%%?%@%éy‘ _-Cil B h()gerg%I{%(%%)t etraaza-
benzo [ cdl(GEYNH-(C=@)8;-(CX)2(CX")-(C=Q)-, or -CH=CH-NH- group where X" is halo;

i ggi[ giﬂl},[ (e?]: ?: (r):qgc(ﬂcég; i%gg}%/eln)clél%lyfss_e?éc‘pe%df{o?ﬁ %eSgrgul? éon%is 1?12 to?%f g,- an%elglz—l?

-met hyl - [1 - D r igbQiUE 480 B8k thé gfoufr BnkiSli PEMEIReen An@ QO afkylexaaza-

X is selected from the group consisting of hydrogen, halo, and oW

T! and T? are independently selected from the group consisting of hydrogen,
hydroxyl, C;-C4-alkoxy, C;-Cy-thioalkoxy, amino, substituted amino, and halo;
15 , Y is selected from the group consisting of a bond, O, and CH,; and
each of W, W', and W? is independently selected from the group consisting of
hydrogen, C;-C4 alkyl, and a prodrug group; or
a pharmaceutically acceptable salt, a tautomer, or a pharmaceutically acceptable

salt of a tautomer thereof.
20 21. A compound according to claim 20 wherein A is C=0.
22. A compound according to claim 21 wherein B is methylene.
23. A compound according to claim 22 wherein R is methyl.

24. A compound selected from the group consisting of

9-amino-2-(B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-tetraaza-benzo[cd]azulen-7-
25 one;

2-(2’-methyl-B-D-ribofuranosyl )-9-methylamino-2,6-dihydro-2,3,5,6-tetraaza-

benzo[cd]azulen-7-one;
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30 benzo[ cd] azul en- 8- one;

2-(2' -methyl -(3-Dri bofuranosyl) -2, 9-di hydro-6H 2, 3,5, 6, 9- pent aaza- benzo
[ cd] azul ewe-2dpsd9sasone; 104 WO 2006/ 093987 PCT/ US2006/ 00 PE3AIS2860yABD- 2- ( 2'
-nmet hyl -[ 3-D-ri bof uranosyl ) - 2, 6-di hydro-2, 3,5, 6-tetraaza benzo [ cd]

azul en-7-one; 9-am no-8-fluoro-2-(2'-nethyl-I3-D-ribofuranosyl

) -2, 6-di hydro-3,3;_ = 1taemr Z ©) 1 F . B
9-fluoro-2-(2'- r’SEt ﬁ]fﬁj-y[lgﬁ?}rrl go?ﬁ‘%ﬁﬁoééﬁ%l%&wfﬁ?a’%@’gpseﬁt ,a%a} tetraaza-
benzo[ cd] dendofeazudenalroneg- 2- ( 2

-nmet hyl - (3-D-ri bof - - di - - :

D L AR - 2uS SO R iyt %0 883785 698 o)

- met hyl - ( BefXojédIphueneay. ) - 2, 6-di hydro-2, 3,5, 6-tetraaza- 10
benzo[ cd] azul en-7-one; 9-carbanoyl - 2- (2’

- rrelt hy$ - ( 3- D- r i98udazinte 2 ymethgl-firyibetrramogyl)2, tedihgdioah3 2.6-156A248- [ cd]

azul en-7-gne; 8rCyanos 2-(2' -nethyl - (3-D-ribofuranosyl) -2, 6-di hydro-2, 3,
5,6-tet ragﬁggo[%dé?é@en[-%g? azul en-7-one; 15

8- car banoy! - 2- GAludreh@t-n(BhyP-p-Dhifofiranesi)-),6-dildds-D)3d, 643z, 6-t et r aaza-
benzo [cd%} azul en-7-one; 2-(2" -nethyl-(3-D-ribofuranosyl)-6, 7-D hydro-2, 3,
5, 6, 7- pentarzohed e -©8fazul ene; 2- (2"

-net hyl - (3-D-r i%%é@{}fég%’-?_’?‘_ﬁ?tgyl%-@fﬂﬁﬁh?angsyl54?@6-&}%&{{)@%,9?52,@%6‘51%92&

benzo[ cd] azul ene;

- rrelt hy0 - ( efxa]¢djafuleraRosy; ) - 2, 6- di hydro-2, 3, 5,6,-trtraaza- benzo [cd]

azul en-7, 9-digne; 2-(2', - hyl -1 3-D-ri.baf uranasyl ) =.2. 6-dj ro-2, 3,

5,6,-trtraaza- JoBREEX a@%ﬁ‘o"?; I'@ﬁ'ﬁ%ﬁ fROSY 55’&'&%5'&0%’?’%%'

8, 9- di T | uQLPm2s benzo[ERllen( Bofd;r | bof uranosyl) - 2, 6- di hydro-2, 3, 5, 6-t et r aaza-

benzo [cd] azul en-7-one; 2-(2'-methyl-(3-D-ribofur anosylig -2, 6-di hydro- 2, 3,

5, 6, 8- pent aaza-9-treingd-(2 diethylti-Brritiofugndsyd ord;6-dihy d1gos. 8.5 20-fefraaza-

-nmet hyl - (3-D-ri hof uranosyl )-2, 6-di hydro-2, 3, 5, 6, 8-pentaaza- 30
Dot R oY

benzol cd]
15 9-hydroxyamino-2-(2’ —methyl-B-D-riboﬂlranosyl)- 2,6-dihydro-2,3,5,6-tetraaza-
benzo[cd]azulen-7-one;
8-fluoro-2-(2’-methyl-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-tetraaza-
benzo[cd]azulen-7-one;
9-amino-2-(2’-methyl-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6,8-pentaaza-~
20  benzo[cd]azulen-7-one;
9-chloro-2-(2’-methyl-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-tetraaza-
benzo[cd]azulen-7-one;
9-iodo-2-(2’-methyl-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-tetraaza-
benzo[cd]azulen-7-one;
25 9-amino-2-(2’-0-methyl-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-tetraaza-
benzo[cd]azulen-7-one;
2-(2’-methyl-p-D-ribofuranosyl)-2,6-dihydro-2,3,5,6,8-pentaaza-
benzo[cd]azulen-7-one;
.2-(2’-methyl-B-D-ribofuranosyl)-2,6,7,9-tetrahydro-2,3,5,6,7,9-hexaaza-
30  benzo[cd]azulen-8-one;
2-(2’-methyl-B-D-ribofuranosyl)-2,9-dihydro-6H-2,3,5,6,9-pentaaza-

benzo[cd]azulene-7,8-dione;
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9-fluoro-2-(2" -nethyl-o-Dribofuranosyl)-6,7-di hydro-2,3, 5,6-tetraaza-
benzo[ cd] azul ene; 105 WO 2006/ 093987 PCT/ US2006/ 007132 9-am no-2-(5'

-t ri phosplho-20&7d939s7bof ur anosyl ) - 2, 6- di hydro- 2, 3, 5, 6-t et PEaAB2006/007132

benzo[ cd] azul en-7-one; 2-(2'-nethyl-5"-triphospho-(3-D-ribofuranosyl

) - 9- net hyl am no- 2, 6-di hydro- 2,3, 5, 6-tetraaza-benzo [cd] azul en-7-one; 5
2-(2' -methyl - 5'%?@h@b@@ﬂ@ﬂ%ﬂ%—ﬂlﬂﬂfﬁk&éﬁ&?@ﬂ,ﬁ:dﬁlﬁcmQ%',i,@Itét%Xéir 0-2,3,5,6,9-
pent aaza- benzqg[ ¢d] azul en- 8- one;

9- acet ani d§ozl¢dazden-ipnes’ -t ri phospho- (3- D-ri bof uranosyl ) -2, 6-di hydr o-
2,3,5,6-tetraaza; Z0 Pl - e one: 9- hydrazi ngs 2-(2) ,-net hyl -5'

-tri phospho- ( 3%“??@ ég?ﬂ{fugrg%zs %Z #ﬁ%ﬂ%_%ﬁﬁbﬁiﬁr_&%gl 31"22’6181}1}'&(0%2’3’5%

2, 3,5, 6-t ettramazbervoiidmtdnazohgn- 7- one; 9-fluoro-2-(2' -nethyl -5
-triphgspho-(3-D:ri bof uranosyl ) -2, 6-di hydro-2, 3,5, 6- tetraaza-benzo [cd]
azul eng 7- one; é‘:ﬂ‘&ﬂrﬁ%ﬁ&dg@hﬂz&mrﬁ@wp953'1)'6»71@@%@‘8#&?@@%@%of ur anosyl

) -2, 6-di h%@ﬁib‘[cc%az%léw?' tetraaza-benzo [cd] azul en-7-one; 15

9- met hoxyam no- 2- (2' - et hyl -5' -t ri phospho-[i-D-ri bofuranosyl)- 2, 6-di hydro-
2, 3, 5, 6- t et r aaPeambinn26(28 dheilzylt e P-ribafm@nosyl)-2,6-dihydro-2,3,5,6-tetraaza-

9-am no-2+(2' ~nethyl -5 -tri phospho- (3-D-ri bof uranosyl

) -2, 6-di m}’g’?%"lgﬁ%z,‘%?‘ﬁ%' 15? egaza- benzo[ cd] azul en- 7- one;

9- hydr oxyam no-$2arido-200 Mdthyd-B-DLiitIFR@RES X B 6 diky RODW, 2698¥daka- 2, 6- di hydr o-
20 2, 3,5, E-tetraaza- benzo[ cd] azul en-7-oné;” 8-fl tioro-2-(2' -nethyl-5'

_tri phBsptengofediazilemT-ongnosyl ) - 2, 6- di hydro-2, 3, 5, 6- tetraaza- benzo [ cd]

azul en-7-one; Q-am No-2-(2" Do D el ) )

Mrethyl -5 tri pRADREEAG e Rale Ry R b 335 6 g

pent aaza- bemajcd|edlleraZzohen- 7- one; 25

9-chloro-2-(2'-nmethyl -5 -triphospho-(3-D-ribof ur anosylyﬁ) -2,6-di hydro-2,3,5,6
- tetraaza- benSFYRRYUPL Umﬁﬁlﬁ‘ ond1bogurpppsyl) 22 ¢-dihydrqse 3yq,6-tetraaza-

-tri phosplggn-goif-d?éiuilgp ypanosyl ) -2, 6-di hydro-2, 3,5, 6- tetraaza-benzo [cd]
azul en- 7- one; © Tdhé

9- ami hd-2-(2' - @-oatdldn}dy-l-a'-(-Zfmqﬂt}dﬁpﬁail(oﬁirﬁhmdybé%‘ﬁ{dﬁt}dwﬂ)%liéﬁeﬂﬁamﬁdr o- 2, 3, 5,
6t r ?ghggéﬁ?gg%o%(ﬁfeﬁ%%?g}@ﬁglssr) 7202ed| ﬁ;gr (2) (223 5rreghy![ r t5r aaza-
2-(2’-methyl-B-D-ribofuranosyl)-6,7-Dihydro-2,3,5,6,7-pentaaza-
benzo[cd]azulene;
2-(2’-methyl-B-D-ribofuranosyl)-6,7-Dihydro-2,3,5,6,7,9-hexaaza-
20  benzo[cd]azulene;
8-fluoro-2-(2’-methyl-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6,-trtraaza-

benzo[cd]azulene-7,9-dione;
2-(2’-methyl-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6,-trtraaza-
benzo[cd]azulene-7,9-dione;
25 8,9-difluoro-2-(2’-methyl-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-tetraaza-
benzo[cd]azulen-7-one;
2-(2’-methyl-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6,8-pentaaza-
benzo[cd]azulene-7,9-dione;
9-fluoro-2-(2’-methyl-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6,8-pentaaza-
30 benzo[cd]azulen-7-one;
9-fluoro-2-(2’-methyl-B-D-ribofuranosyl)-6,7-dihydro-2,3,5,6-tetraaza-

benzo[cd]azulene;
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benzo[ cd] azul ene-7, 9-di one; 106 WD 2006/ 093987 PCT/ US2006/ 007132 or a
phar maceutically acceptable salt, a tautoner, or a pharnaceutically
accept ablwoaddiossds7a t aut omer thereof. 25. A phar maceut iPcaluseaspors: i on
conprising a pharmaceutically acceptable carrier and a therapeutically
effective anount of a conpound or a pharmaceutically 5 acceptable salt, a

t aut , ks -Bay. \hle_ @ { A € f, f
autoner, or a,9%ﬁh€@g’éu-gﬂr1ﬁ§8b%or 6%%95&1%&5?1? 2f6 V\glfhggro ?,9',%%?&&1&2!&” €o 0

any one of clainms 1, a mxture © nore such
conpounds ber®[cdlazmbsniddné;or treating or preventing a viral infection in a

manmal  medi at at_ l.east i rt . irus in.the Flavivjridae famly of
viruses, conpr it ﬁgetlgg—% 'rtﬁléllogsl?cﬁgH?’E%Qéf@ompeﬁjy&%ﬂ‘%g")ft'figﬁgfﬁ' claim
25. 10 272 3[h6-teRiabodetbo[dd]|@uBn2Bohs) conbi nation with a therapeutically
effective anount of one of nore agents active against hepatitis C virus.

28. The met hod 2d2’-gletiyiS> rinliospleq-B-L-sibafusgony)) 2t 1.9 detabardins2.39epRt i tis C
virus is L Riqhi N_Dhroteases, HCV polynerise, HCV helicase, HCV
NS4B pro?g?%%l%b&g%gﬁ%y%ésenbl y, HCV egress, HCV NS5A protein, or

i nosi ne 5'- 15 9nmeaptidsphat-metsiftigessred-IRAboftrmorgt) el ditfyded-ai m 27
wherein said gcti ve %geni%ﬁgai nst HCV is R bavirin, levovirin, viramdine,
t hymosi n b pha-teraaze benaei4l429ienof-O”R&3 serine protease, an inhibitor of

i nosi ne m)noph@%%ﬁ@hl’%@%g{lﬁggipg%%h%fﬁ-@r-ﬁl%fﬁ agpgn-%-eﬁgwggfggﬁ is a

i nterferon-al pha.” 20 30. "The cl arm 26 n ‘sail

humanl0 31 2,35 6-tetfaaza-benmmobutlarulene bodé;ng t o any one of clains 1-24 in the

manuf act ure of gﬂmed
)]

e at SO0 GRS PR R b Gy R Ty Sa i uses.
32. Use a¢qfhgi-BehzbRdidzalen Bdne;Wherein the virus is hepatitis Cvirus. 25
107 9-formamido-2-(2’-methyl-5’-triphospho-B-D-ribofuranosyl )-2,6-dihydro-
2,3,5,6-tetraaza-benzo[cd]azulen-7-one;
15 9-methoxyamino-2-(2’-methyl-5’-triphospho-B-D-ribofuranosyl)- 2,6-dihydro-
2,3,5,6-tetraaza-benzo[cd]azulen-7-one;
9-amino-2-(2’-methyl-5’-triphospho-B-D-ribofuranosyl )-2,6-dihydro-2,3,5,6-
tetraaza-benzo[cd]azulen-7-one;
9-hydroxyamino-2-(2’-methyl-5’-triphospho-f-D-ribofuranosyl)- 2,6-dihydro-
20  2,3,5,6-tetraaza-benzo[cd]azulen-7-one;
8-fluoro-2-(2’-methyl-5’-triphospho-p-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-
tetraaza-benzo[cd]azulen-7-one;
9-amino-2-(2’-methyl-5’-triphospho-p-D-ribofuranosyl)-2,6-dihydro-2,3,5,6,8-
pentaaza-benzo[cd]azulen-7-one;
25 9-chloro-2-(2’-methyl-5’-triphospho-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-
tetraaza-benzo[cd]azulen-7-one;
9-iodo—2—(2’-'methyl-5=’-triphospho-B-D-riboﬁlranosyl)-Z,6-dihydro-2,3,5,6-
tetraaza-benzo[cd]azulen-7-one;
9-amino-2-(2’-0O-methyl-5’-triphospho-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-
30 tetraaza-benzo[cd]azulen-7-one; and
2-(2’-methyl-5’-triphospho-B-D-ribofuranosyl)-2,6-dihydro-2,3,5,6,-trtraaza-

benzo[cd]azulene-7,9-dione;
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or a pharmaceutically acceptable salt, a tautomer, or a pharmaceutically

acceptable salt of a tautomer thereof,

25. A pharmaceutical composition comprising a pharmaceutically acceptable
carrier and a therapeutically effective amount of a compound or a pharmaceutically
acceptable salt, a tautomer, or a pharmaceutically acceptable salt of a tautomer thereof,

of any one of claims 1, 9, or 20 or a mixture of two or more of such compounds.

26. A method for treating or preventing a viral infection in a mammal
mediated at least in part by a virus in the Flaviviridae family of viruses, comprising

administering to said mammal a composition of claim 25.

27.  The method of claim 26 in combination with a therapeutically effective

amount of one or more agents active against hepatitis C virus.

28.  The method of claim 27 wherein said agent active against hepatitis C
virus is an inhibitor of HCV proteases, HCV polymerase, HCV helicase, HCV NS4B
protein, HCV entry, HCV assembly, HCV egress, HCV NS5A protein, or inosine 5'-
monophosphate dehydrogenase.

29.  The method of claim 27 wherein said active agent against HCV is
Ribavirin, levovirin, viramidine, thymosin alpha-1, an inhibitor of NS3 serine protease,
an inhibitor of inosine monophosphate dehydrogenase, interferon-alpha, or pegylated
interferon-alpha.

30. The method of claim 26 wherein said mammal is a human.

31.  Use of a compound according to any one of claims 1-24 in the
manufacture of a medicament for the treatment of a viral infection in a mammal

mediated by at least a virus in the Flaviviridae family of viruses.

32.  Use according to claim 31, wherein the virus is hepatitis C virus.
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