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nucleoside analogs are currently being marketed as antiviral drugs, including the

20  HIV reverse transcriptase‘inhibitors (AZT, ddl, ddC, d4T, and 3TC).

A variety of D- and L-purine nucleoside analogs have also been explored
in search of immunomodulators. Guanosine analogs having substituents at the
7-and/or 8-positions, for example, have been shown to stimulate the immune
system. See Reitz et al, J. Med. Chem., 37, 3561-78 (1994); Michael et al., J.

25  Med. Chem., 36, 3431-36 (1993). In other research, U.S. Patent No. 5,821,236
to Krenitsky et al. discloses 6-alkoxy derivatives of arabinofuranosyl purine
derivatives that are useful for tumor therapy. Also reported in U.S. Patent No.
5,539,098 to Krenitsky et al. are inhibitors of varicella zoster virus, including 5’-
O-proprionyl and 5°-O-butyryl esters of 2-amino-6-methoxy-9-(B-D-

30  arabinofuranosyl)-9H-purine. 7-Deazaguanosine and analogs have been shown
to exhibit antiviral activity in mice against a variety of RNA viruses, even
though the compound lacks antiviral properties in cell culture. 3-Deazaguanine

nucleosides and nucleotides have also demonstrated significant broad spectrum
I
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interleukin 2 (IL-2), tumor necrosis factor (TNFa) and interferon gamma (IFNY)
and they are responsible primarily for cell-mediated immunity such as delayed
type hypersensitivity and antiviral immunity. Type 2 (Th2) cells produce
interleukins, IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13 and are primarily involved

25  in assisting humoral immune responses such as those seen in response to
allergens. See, e.g., Mosmann, Annu. Rev. Immunol, 7, 145-73 (1989). D-
guanosine analogs have been shown to elicit various effects on lymphokines IL-
1, IL-6, INFa and TNFa (indirectly) in vitro (Goodman, Int. J.
Immunopharmacol, 10, 579-88 (1988); U.S. Patent No. 4,746,651 to Goodman)

30 and in vivo (Smee et al., Antiviral Res., 15, 229 (1991); Smee et al.,
Antimicrobial Agents and Chemotherapy, 33, 1487-92 (1989)). However, the

ability of the D-guanosine analogs such as 7- thio-8-oxoguanosine to modulate
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aspect ﬁh: nvention relates to conpounds of Formula | R2 N_ S>=0
H2N) ' ~N N 20~( ~1 Ribdv.ORIlc | wherein: 25 Ra, Rb, and R are
i ndependently H :C(O R3, aSUAMARY OF THEINMENEKON acid group

GO O S ALY e Sy S s vl
carbonat e ri ng,cdudRs9RBAIAA,568p RIaTh SR 006s IS Phdrmaceutically acceptable
prodrugs, pharmaceutically active metabolites, pharmaceutically acceptable
15  salts, and pharmaceutically acceptable solvates thereof (such compounds,
prodrugs, metabolites, salts, and solvates are collectively referred to as “agents”)
described below, which are useful as immunomodulators.
In another embodiment, the present invention encompasses a method of
treating or preventing a hepatitis C virus infection in a patient in need thereof
20  comprising administering to the patient a therapeutically or prophylactically

effective amount of a 3-B-D-ribofuranosylthiazolo[4,5-d]pyridimine nucleoside.

In a general aspect, the invention relates to compounds of Formula I
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S
—
)\\ N
HoN N
R1ao/\
R1bo\: OR1C
1
wherein:
25 R'2 R, and R'® are independently H, ~C(O)R’, a racemic, L-, or D- amino

acid group —~C(O)CH,NHR?, ~C(O)CH(C1. alky)NHR®, or R'" and R'® are
collectively —C(O)-, which together with the oxygen atoms forms a five-membered

carbonate ring;
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20 RCis mdependently H, C1. alkyl, C3-C;o cycloalkyl, or together with
nitrogen forms a 5- or 6-membered heterocyclic ring;

R’ and R? are independently H, Ci.¢ alkyl, Ca alkenyl, or Cp.¢ alkynyl; and

R’ is H, Cy. alkyl, or -CH-aryl;

In one embodiment, the invention relates to compounds of the Formula I,

25  wherein R? is H or OR’, provided that R® is not —~CHa, and further provided that at
least one of R'%, R'®, and R'® is not H when R?is H.

In another embodiment, the invention relates to compounds of the Formula I
wherein R'2, R'®, and R'° are independently H, —C(O)R?, a racemic, L-, or D- amino
acid group ~C(O)CH(C1.¢ alky)NHy; R? is OR; R® is a Cy.15 alkyl; R’ is

30  independently Cy.6 alkyl, Cs.7 alkenyl, C34 alkynyl, ~(CR'R¥)(C4-Cio aryl),
(CR'R®){(C4-Cyp heterocyclic), and ~(CR™R®)2oN(R®)CO;C1.15 alkyl, wherein t is an
integer from O to 4 unless otherwise indicated, and wherein the alkyl, alkenyl, aryl,

and heterocyclic moieties of the foregoing groups are optionally substituted with 1

4
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In another embodiment, the invention relates to compounds of the Formula I,

. la plb lc :
5 wherein R? is H, wherein at least one of R%, R, and R °isnot H.



HO Jj p HZN / 0"" YYYLLLJJJyyy o\tr o~ and HOOH OO0 O O In yet another
enbodi nent, a conpound of the inventionis | >=H2ZNN NO HO' O 110 0~ 0O
20 Thewonuesnziwd i s al so directed to pharmaceuti cal | ycaase@uaidoet
prodrugs, pharmaceutically active netabolites, pharmaceutically acceptable
salts, and pharmaceutically acc abl e .sol SraRSe I
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conpounds of Egriyl g IR'Arad Rl'She indEped@sidy ) eG(O)R’ \WDaga0's, L 20 f 2mino
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phar maceut i cal®f&onPosft9OnE 16" I'n one aspect of the invention, Formula I
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mamral s, including humaps, by adm nister;j to 3 B2 A1y 3
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cont enpl at ed tigc?ie JhSah gl bit R Rald ROimouHds i ncl ude acute and
chronic infectiof's caused by both RNA and DNA viruses. W hci:ut Iitin'ti ng in
18 Tl
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(HBV), flavi Virusegy another embodiment, compounds of the invention are selected from:
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The invention is also directed to pharmaceutically acceptable prodrugs,

pharmaceutically active metabolites, pharmaceutically acceptable salts, and

pharmaceutically acceptable solvates of the compounds, prodrugs, or metabolites of

Formula I. Advantageous methods of making the compounds of Formula I are also

25  described.



i ncluding Yell ow Fever virus and hepatitis C virus (HCV), herpes sinplex
type 1 and 2, herpes zoster, human herpesvirus 6, human i munodefi ci ency
virus (HwD,2002mepan papill oma virus (HPV), influenza Acviusee4/oiseii uenza B
virus, measles, parainfluenza virus, poliovirus, poxvirus (including

smal | pox and mnke%?éomffdu HSIFFol bR OYie bkl A5G RIuhAky@lcth EYMRYisiagll Vi rus
(RSV), multiple famlies of viruses that cause henorrhagic,. fevers,

i ncl udi ng t he havecmainriusese §isEw propaties inlpdisg meRUAiRE MYPETCY -Guanari t o
virus, and Lassa Fever), fhe Buayayir Hses.Giemdiayds ssempanis Batt 25 Valley
Fever) and Fi IaBW?ﬁg%os’?ndgngHﬁﬁx%r bﬁréa virus), a ran(ge of viral

encephal i ti desaiaitksedirogriitgs Thddneowndsiass expardtosapigsyaiiscts CAPT e ni a
Encephalitis virus,. \enezuel an Equi | fds. Y LUS vdr@shbes N Equi ne
Encephal i t s ¢ przural ]V\ﬁ%rt I@?%“%ﬁﬁelshaendgﬁ%@rh%gﬁ?? ﬂ|1§'s(1;fl\}1?erﬁtjdsnfidﬁ\]asl anese

Encephal i ti s Mokl Beckies antesepaupesies they aesisefahad aniicikd) endantiimises such as
Cri mean- Congo Henorrhagi c fever. virus. 30 lLn another Aas he

i nvention, Ford8&htsof asaPRpdReRs f‘%frag{lmall Ia?(gaenélt%% ratg(?rgf’eitﬁbegg%Iie}?eiolrasfxl,i fungal ,
and protozoal ,RteGhia@Bsed RostRMERlisy Sythastiveingtedidntsgptatablene mamal a
therapeutically effective amount of the conpounds. The full range of

pat hogeni ¢ ni ahevragawicaheemPSsiEet enpl ated to be treatable by the 8 WO

.2005/ 1.21161% PCT/ US%Q gé{ %g;g&’ bih %gﬁ%pﬁ&iﬁia F&%p@ﬁxﬁﬁ@fﬁutﬂiﬂ&ﬁﬂ&ﬂeﬁﬁhe
including Wthout lI'rmtation those of gani sns that are resi stant {th
pl e

anti biotics. Ti# ratyelof viyal disedsor immaamals drphstinedgimang by AEMyUTEIng|p

conponents of the i ne syst S SloAMeEnds "REHRNiEsE comonl y
found to redu018a@ﬁ%%?ﬁa%?l%ﬁ?%]@rg]{%&g%'?‘lﬁ@?gﬁqcs, g{r%)d thus 5 treatment of

i nfections in @nreapiméd ausededyitls Homulakiostranedsindrdseyaandisomy  For nul a

| compounds i's, @ particular Lt e | PRy Wa) tRot her
aspect of the W%ﬁg?ﬂsi%'r'ﬁedgﬁpﬁ%@ﬁ ch@n%%&ﬁ%ggsa?@mﬁl % ngg% to’ ta?eat t unors
in manmel s{Py aged stivitBinfeagors that ey bamesed, aompemdpeiRamwalallyre ef f ecti ve
anount of the conpounds._ Tunors or capcers cont I . be 10 treated

i ncl ude those RaGSEAYHyeRY ﬁnﬁ}%‘itreﬁﬁ’&e“?ﬂglngefﬁ%%tcmﬁsgggy %é/egl vlégi nhi biting the

t ransf or mat i on.@fmdalowsind, RERELHEA vires (ISAVY hepaticioplvass (IEB6), Apgyirisahi bi ti ng

the spread of 'viruses fromtransfarned. ce|ll.s t er _norn I4I's, and/or
arresting the lnghléwgﬁfeHPW\FPYFéng%%{ﬂéﬁaﬁfﬁ’é? ‘Gg'lsl(lg.c%’ﬁjgrpg%hﬂpg%%@%%éf For mul a
| are expect ed,}0 nBGedsRleH huRBRhddsvidudy, Batlas pratdodefiddncy uimor GIVhcl udi ng

but not limted to 15 carci nonas, sarconas, and Ieukgn‘l as. Iﬂgsl uded in such

a class ar20 mahsreanpapillesiagirus GIEARg@Huenzy Agvirs, BEYIERE YIRS MERH> and pancr eas

car ci nonas ar]dparainfluenza virus, poliovirus, poxvirus (including smallpox and monkeypox

virus), thinovirus, respiratory syncytial virus (RSV), multiple families of viruses that
cause hemorrhagic fevers, including the Arenaviruses (LCM, Junin virus, Machup
virus, Guanarito virus, and Lassa Fever), the Bunyaviruses (Hanta viruses and Rift

25  Valley Fever) and Filoviruses ( Ebola and Marburg virus), a range of viral
encephalitides including West Nile virus, LaCrosse virus, California Encephalitis
virus, Venezuelan Equine Encephalitis virus, Eastern Equine Encephalitis virus,
Western Equine Encephalitis virus, Japanese Encephalitis virus, Kysanur Forest
virus, and tickborne viruses such as Crimean-Congo Hemorrhagic fever virus.

30 In another aspect of the invention, Formula I compounds are utilized to
treat bacterial, fungal, and protozoal infections in mammals by administering to
the mammal a therapeutically effective amount of the compounds. The full

range of pathogenic microorganisms is contemplated to be treatable by the

8



| ynphobl astic and nyel oid | eukem as. I n another aspect of the invention, a
nmet hod of treating a mammal conprises adm nistering a therapeutically
and/ or prwphydsaeticeal |y effective 20 amount of a phar mecetstealoisnent ai ni ng
a conmpound of the invention. In this aspect the effect may relate to

modul ation of 50”9 f H@-l'ﬁ%l dfhg WilHEWNEni%YiSH Etke espe0| ally

nodul ati on of etfztih(?t |ré\’/%'ia flltl(;\%no ! r% lTh2 i nc] ydi ng t not
restricted to dsrgﬁusmsttaatlammeslstamtaommtgmotwes .gThe aIbLII.‘AOﬂFﬂ“BH’é CPPPXBI  and ot her
cytoki nes such as.TN a, _and | ARSsvsRe] Bidhdies e@bimicker on 25 al pha,
interferon the‘toéc"l‘é'f‘ﬁedm]?]ﬁgg PEPER"G %trfrﬁr% u%gjng S}Jsel rwgomst ream ef f ect ors.
Wher e nodul at i gecrahisthitoramnenly Iﬁﬁmdyd eliceesscopihility fo 4ntibjosics; 87 DI at ed t hat
the nodulation may include stinulatiaon ?THQ b suBpressi on of
both Thl anhd trmne@f’f Wﬁ%?‘i‘sdﬂaé’?a“@i‘ﬁlﬁa“ew&‘w % Tand. E%Blﬁr esgl on of the
other, or a bj 6}"91@?&'1d%ﬂx%blﬁﬂtsh%drﬁbu%hﬁhyoﬁéle@fdseﬁnn\@nﬂomI/Th2 | evel s (such
as general i zed 30 suppression) occurs at a hi gtﬂ conce trratujﬂioZ d cy\,‘m | e

anot her effect (sudh anethergspashipfihs Brensondi AR L FHFPEH Sr*hﬁ suppr essi on

of the other) by aGRinGERh aim@ﬂlamﬁaam}ﬁfh@aitfbi’lm&

PCT/ U82004/OIB%iagﬂln?rﬁ?%nrgarlﬁrg%Easgect of %he i nventi OnBWF ar rrgceutl cal
conposi tions cefftcaiveimepntofberpouprands FoaIoRL£2PcEy ORI B¥ ed in a

t herapeuti cal | ef .f m& frhahal savbRe @lhvbifieg the

anti - i nf ect vexﬁﬁkﬁiglgc }l‘ftk:t%losr‘?c%§S dEQVi% For rruea I i nVa preferred aspect of
t hi s inventi ongardshemptiar sfeviresHnfecdd <Slltt9rﬁp@9n>lﬁﬁﬁéﬁ§itecﬁﬁli‘tbéti‘%th’gSpée 8onpound of
Formula | are adm ni ster i-n_a I Mgﬁ&/gpgﬂytﬂl Rse W th
anti-infecti veoﬁ‘flﬁ’ﬁisséont‘ ﬁ&?Sf%eda?lgg‘é?‘l@‘gﬂt"E@% oelf he i nfect i oggs agent to
inhibit the gr gI\MVIm@ffvxﬁlé-nléhdfbnﬁeheeﬂmf’lémctcomp@még@ﬁﬁomllh Iéfﬁﬁxﬁ%ﬁtedégpect t he

i nventi on énconpasses atin filftea epatitis C
virus infecti oheP%ﬁﬁagﬁé?ﬁtrﬁ%rqaﬂslﬁeéé'ﬂmt er'eo mg%fhg erarg’[ey] in a 10 human in

need thereqf. LicaBekd)eicasReald lcdkbmidsnirehtibdm ssrivoppseee®ammAR: hod f or

treating or preventing hepatitis C virus.infecti atient in need
t hereof , conpr P@Plh@ladééfni“ﬁg’ﬁr%?artﬁét%d? KBI BHITRRE a%ﬁmlf'ﬁe&‘raaageut| cally or

prophyl act i cal :I}an%ggﬁﬁfc'a\ﬁgrr@mmfeul&ﬂmasa conpound of Formula | and a

pharmaceut i cal ['y "accept abl e "exci pient,  carri In a anot her
aspect, the inventibranetheafpes sk eyvﬁﬂ%oﬂ“?&d?féaﬁ%nﬁxmh%a?

comprises administering a therapeutically and/or prophylactlcally effective

20 amount of a pharmaceutical containing a compound of the invention. In this
aspect the effect may relate to modulation of some portion of the mammal’s
immune system, especially modulation of cytokine activities of Th1 and Th2,
including but not restricted to the interleukin family, e.g., IL-1 through IL-12,
and other cytokines such as TNF alpha, and interferons including interferon

25  alpha, interferon theta, and interferon gamma, and their downstream effectors.
Where modulation of Thl and Th2 cytokines occurs, it is contemplated that the
modulation may include stimulation of both Thl and Th2, suppression of both
Th1 and Th2, stimulation of either Thl or Th2, and suppression of the other, or a
bimodal modulation in which one effect on Th1/Th2 levels (such as generalized

30  suppression) occurs at a high concentration, while another effect (such as

stimulation of either Th1 or Th2 and suppression of the other) occurs at a lower

concentration,



preventing hepatitis Cvirus infection in a patient in nee

conprising admnistering to the patient a tﬁerapeuti cal | ydof' hereot,
prophyl acwocadseimbf ecti ve amount of a conpound of For wgfrasskocandsoan

addi tional therapeutic agent, preferably an 20 additional antiviral agent.
In a preferred aspegtQfedt a'@;%ci SMRNH @Bon, phRAtsRicaLbinpaditianemposi t i on
conprising a therapeutically effective anpuynt of .a nd,. according to
Formul a | proviaéainings compsupd efFomale 1ateAdmipsterdjn & f@afng ?Ch Ystration as an

| munonodul at ogee 10 AR WhaRhef B41iE- a9 chti-Bifectip@diupseniricnded m 25
phar maceut i cal corrp05| tion ?:o ri S|]ng]:j er:apeetftll cal | y e fcecfl ve anount of
§ingy

2t rﬁg{rﬁ(r)gng ac?mhmnllﬂadg Iil@pﬁ(ﬁqudlaweﬁcrf efiongthe REERAGFYN%he acti ve

e agent npasses { Ao iT dret the stomach,
t her eby ni ni mi 9 g ac ?va? ﬁ %&H?J;Otl ssﬁ%lgﬁdddgﬁlﬁgﬁggi?gr i mpr ovedC
oral tol erabi | ihepapeiBidalBRIERt RESSRY T ioNn@RtiTHE S ChRES! @eﬁﬂﬁf‘@% is a

hi cal d
2 pha i mce. bagg bt s ph Bt b B I e, 1O S”g?raﬁﬂ. cal

depi ction of vi raI h@adth%p@&shdlmehi@h@mbmp@wa ethodelior eat

isatoribine (1). DETA|ILED., D&ﬂ CRI P %Ill\ggél}ggg}l ooy ng

EVBODI MENTS WhBieening bersifis i vigS ]flgercﬂ%n 1gamﬁse l?n this speci |on they

ﬁrereelu?]e:jna?%edgﬁﬂqg}pqngajmwe(l)fThe ternms "conprising"” and "incl udl ng are used
ir open, non-limting sense. 10Tet

to a conpound corrpo@é‘éio@f’”éwt sHn HOR FICORARSES & tﬁoﬂ%ggﬁgg?glseat{giﬁgz

to a specific pasitigReokiigchelemnesyel @ it ﬁimdﬂrem rcatnppEBE t
purine (9- pom?g 18 }Qurll m di ng 1- posﬁllon] o ppm;g ion of a

position in an a(knlalstﬁgmg ‘Fhfée padient » fﬁ&‘iaped’éml Y& é’% %C‘Wafhf ?)féeec%eu% u:{]géﬁln;[ c

heterocycles. 15 T B%?ﬁ&fr'rﬁl/ar
n 1 il ipR&mat&hiGAlE doteptibld @gipitatsamminocycl i c
het er ocycl es. 1?% E&er m " D- nucl eosi des r ef efys tgﬁ!t he nﬁcl eosi de cgrrpounds

t hat have a5 Dveliidese sugar noiety (e.g., Adenosine). The term

"L-nucl eosides” refgrs, t.9,f Qﬁec@ Ufid §O&HHEE £ QMRS mEMBY fdRarégting or

preventing hepatitis C virus infection in a patient in need thereof, comprising

administering to the patient a therapeutically or prophylactlcally effective amount of
a compound of Formula I and an additional therapeutic agent, preferably an

20 additional antiviral agent. '

In a preferred aspect of the invention, a pharmaceutical composition

comprising a therapeutically effective amount of a compound according to
Formula I provides for improved oral availability and administration as an
immunomodulator. In another preferred aspect of the invention, a

25  pharmaceutical composition comprising a therapeutically effective amount ofa
compound according to Formula I provides for masking the active structure as
the agent passes through Iymphoid tissue lining the stomach, thereby minimizing

activation of this tissue and allowing for improved oral tolerability.

30 BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a graphical depiction of plasma levels of isatoribine (1) and

interferon alpha in mice.

10



L-ri bose sugar noiety. 20 The term"alkyl", as used herein, unless

ot herwi se indicated, includes saturated nonoval ent hydrocarbon radicals
havi ng stweixgési21tseanched, or cyclic noieties (includi rgTfussedoasvd: bri dged
bi cyclic and spirocyclic noieties), or a conbination of the foregoing

moi eties. For an alﬂﬁ%\hre9r1§)ygraglgcﬁ@¥ﬁct%%kbﬁalmdQ:hEﬁ:g%s if eV gifect@d must  have
at |l east three carbon atons tern "al kenyl ", as used herein, unless
ot her wi se i ndi paiertd receiviigusréesibanedd). noi eti es having at | east one

car bon-car bon doubl e bond wherein alkyl is as defined above and including
E and Z isoners of said al kenyl noiety. The term "al kenyl", as used herein,
unl ess otherw se indi cat ed, pDEmAIVEBDESORIPTIONI @F (TEEE havi ng at | east one
carbon carbon triple bond wher ei n aIk | is as deflned 30 _above. The term
"al koxy", a$ used her eINVENAIQNAND B RRED EMBODIMEN D des 0- al kyl

gr oups mhereln al ky, e hyl, "Et"
nmeans et hyl, and "A@h]ﬁégﬁgﬂg%%g%ﬁmgg%¥§mﬁg§gog%%g%Tg% P /Ung§%/018011
The tern1"cyc|&ﬁhﬁ&blpwas used hereln unl ess otherwi se indicated refers to
a non-aromatic, saturated or parti.all at.ur,at ed NECY f used,

spiro or unfused bIR&EIMS CHPPRTHE RS | IBaH Bgo%fg%egﬁ’%rel %lﬁirleé pt%% her ei n
contai ning a tpdalimAnelsee 3 to 10 carbon atoms, preferably 5-8 ring
carbon atons. Exenplary cycloalkyls i ncl ude 5 nonocycll r|n s having from
3-7, prefei@bl y 3- 6Thectamb Srickpsife’ refssdna SeMPAE COPPYSS P Ve | |

cycl opentyl, cl X Etknlég d]@@ﬂtymeexarrpl es
of cycloalkyl dggg %%% 9%&%%?&%%%&%ggga%ﬂfgkhﬁﬁgfak he ¥O||OMAng O O 0,
a, 0, 00,0, 16atzXl positivd ofa"pshenet(émwmen)wrpymalshnfs(éxwﬁéw&%to B%l ess

ot herw se |nd|catwﬂ i ncl.ud es an ., organi c radi cal derived froman aromatic
hydr 6car bon by SPETRKAPOSIOGRE" ASi0%gen, such as phenyl or naphthyl. 15 The
term"4-10 menber edrheian ogykt ffers @Riitietbl dicgrlis hawrb@sks.ot her wi se

i ndi cated, includes aromatic and non-aronmatic heterocy. k C g} ups
contai ningldbne to The term “pyrimidine” refers to nitrogenous monocyc ic heterocycles.

The term “D-nucleosides” refers to the nucleoside compounds that have a
D-ribose sugar moiety (e.g., Adenosine).

The term “L-nucleosides” refers to the nucleoside compounds that have a
L-ribose sugar moiety.

20 The term "alkyl", as used herein, unless otherwise indicated, includes saturated
monovalent hydrocarbon radicals having straight, branched, or cyclic moieties
(including fused and bridged bicyclic and spirocyclic moieties), or a combination of
the foregoing moieties. For an alkyl group to have cyclic moieties, the group must
have at least three carbon atoms.

25 The term "alkenyl", as used herein, unless otherwise indicated, includes alkyl
moieties having at least one carbon-carbon double bond wherein alkyl is as defined
above and including E and Z isomers of said alkenyl moiety.

The term "alkynyl", as used herein, unless otherwise indicated, includes alkyl
moieties having at least one carbon-carbon triple bond wherein alkyl is as defined

30 above.
The term "alkoxy", as used herein, unless otherwise indicated, includes O-

alkyl groups wherein alkyl is as defined above.

The term “Me” means methyl, “Et” means ethyl, and “Ac” means acetyl.

11



four heteroatons each selected fromO, S and N, wherein each heterocyclic
group has from4-10 atons in its ring system and wth the proviso that
the ring wb@/digeoup does not contain two adjacent Opor/US2@k0ONH11
Non-aromati c heterocyclic groups 20 include groups having only 4 atons in

their ring system Bil.a5 @é’@fo-hﬂ‘(ylh%%g&’l%@iﬂ,ﬁnle@roﬁléﬂﬁisémakatbhm&rm al east 5
atons in their ring system” The heterocyclic grouQ(FsPrctjuncl ude benzo-fused

ring systens. Apn-examfit.satyfated o prriipiberBEptek MOPBRY S0 tREO L ISy i i nyl

(derived from gzeti di, 1i¢£yd?3%§¥mh?efa¥ed% Be/TRIHBRERShehabRI 6yt 3 & Wroup i s
t hi azolyl and an“exanple of "a 10 nenbered heterocyclic I%rglﬂot?lgprlﬁ Jqui nol i nyl .

25 Exanpl es of cabon apwsairéferably el trsertion alpmsy FEempanifyF ,
t et rahydr opyr anyl I hydrop: AV] a4 ~t r i taty /ahydr opyr anyl ,
ﬁ 111}1011{)(@;[0 he HX h%gxﬁ% # 3-7, )ﬂ?%fé%?%@ QL RbEMYtbms [ SEH 4

di hydr opyr anyl rot hfopyran eridi no, norphol.ino,
t hi onor phol i no cydlbpropaytlobutpl, petaentyly bycleesyli eicloheptylaedthedie, t hi et anyl ,

honopi peri di nyl , oxepanyl,. thi epanyl.,, 12 | - 14452004/ 018011
oxazepi nyl , di A3WHR Ie,’(glflhlle%‘gtje%@ﬁ?%},'l i %r %%ﬁgg?‘?%ﬁ%rﬁﬁﬁaﬁél nyl ,
2-pyrrolinyl, 3Joudwag:ol i nyl, indolinyl, 2H pyianyl, 4H pyranyl, dioxanyl,
1, 3-di oxol anyl, pyrazolinyl, dithianyl, dithiolapyl, dihydropyranyl,

oW

% . 0] hept anyl ,

di hydr ot hi enyl, di hydrof uran pysazol i |,

i m dazol idinyl, 3- az%lji cyal @@1. Oan 5

3Hindolyl and qui noNjz| nyl . anples of aronati yeVi ¢ groups ‘are
pyridinyl, imdazolyl, pyrimdinyl, pyrazol tria aziyl ,
tetrazolyl, fury hieqy| pxazol t hi vl , i azol yl ,
pyrrolyl, qui noloq ‘ o$ ,oI pen p of ur anyl ,
ci nnol i nyl ,j0i ndazs 1 ndolYZi nyl:, pbthal azmiyl,, py i i azi nyl

2
i

azabi)cyclq

i soi ndolyl, 10 pteridinyl, purinyl, oxadiazoly hi adi azol yl, furazanyl,
benzof urazanyl, benzot hi ophenyl, nzot hi azof yl , |benzoxazol yl,

qgui nazol i nyl, quinoxalinyl, naph 4 nyl , uropyridinyl. The
foregoi ng groups, as derived fro r QURS st ed above, may be

C-attached or N-attached where such is pdssible. For instance, a group
d ;a [ [ Vﬁdd; r org p%/L r ol @heRym baypyds m@dd;j}ie?eim hnléd'd;ogtemlsmgdl)tatq{i; inpjudespn. 3Ly: ( IC 15
attacnea) . ur er, a_graoup rrve r | 20 &.|n£rh - -y
(N-at t ached) d}rg@rﬁreda%ﬁwﬁg op@pg{@g@ﬁh@&)c e b(i-r%élvﬁerrﬁer ed heterocyclic
maybe optional lgych fWRSty bittagBth@n any ring carbon, sulfur, or nitrogen
aton(s) by one to two oxo, per ri ng An eﬁa,n%l e 5)% amhu% e%rc%%lsgc group
wherein 2 rling car bahe rnd 1 &remsers beteraeysce” o YRS BB A e 1S
1, 1- di oxo- t hi onpg;pRA ind¥kbes 3Rk ahd horSdréditicRieocaetiel gesups tontaiflifg orGo menber ed
het erocyclic are derived from but not |imted.to, thnehfol I olwi NYinh

four heteroatoms each selected from O, S and N, wherein each heterocyclic group has

from 4-10 atoms in its ring system, and with the proviso that the ring of said group

does not contain two adjacent O or S atoms. Non-aromatic heterocyclic groups

20  include groups having only 4 atoms in their ring system, but aromatic heterocyclic

groups must have at least 5 atoms in their ring system. The heterocyclic groups

include benzo-fused ring systems. An example of a 4 membered heterocyclic group is

azetidinyl (derived from azetidine). An example ofa 5 membered heterocyclic group

is thiazolyl and an example of a 10 membered heterocyclic group is quinolinyl.

25  Examples of non-aromatic heterocyclic groups are pyrrolidinyl, tetrahydrofuranyl,
dihydrofuranyl, tetrahydrothienyl, tetrahydropyranyl, dihydropyranyl,
tetrahydrothiopyranyl, piperidino, morpholino, thiomorpholino, thioxanyl,

piperazinyl, azetidinyl, oxetanyl, thietanyl, homopiperidinyl, oxepanyl, thiepanyl,

12



O HONG- ON(11) NCNDHOHHH O -NHLG, GNJJ OHH NOCNO

: o HHH
13 WD 2005/ 121162 PCT/ US2004/ 018011 00.00,00. 0 s H QH O NH and 1In
the conpowodsoshifeer mul a | where terns such as (CR Rs)t parase@edisoRy and
R8 may vary with each iteration oft above 1. For instance, wheret is 2 the

term (CRTRR) to oy S0aben PR mAr 2 S GHR HSREISROPOL) -, or any

5 nunber of sim ieties falling wwthin the scope.of the defi.niti

Rr7 gndt RS. Tll;;f/ntoﬁn}f{h magifmh@%marywﬁwwérdéoxwlnb Gioxplagyl, R0 B °
products capabl.e. o RAY P Afhi I fhaRgne systemthr h
stimul ation or lﬁléaﬁlﬁpfhg@sf%%f %ﬁeg@éﬁ%glyel\%hﬁ??ﬁ d'I;'h%’rm;e(;c ors 1o the abil i tgugf
a conpound or seapbéinyl pnidahlinggintifezolidivdni-ruhicyeoldrlellbeany. #i sease

identified herein in ti.ents diaan - ' [ Or wh
i sk of HovErBBITY S ARG d B RE BRSO et g
]ftrJg ﬁn hg; E; ogr eﬁe%rtecrycm g}obps zdcr:] pwiieylj imidatlyle pyrsmidinyl, pyrazolyl, irsgelyl suf f er i ng
ve synpto 0 i.sease. The .t ! i ot j "
neans an ani naPyrE@yrg{ft?tra@B&ﬁ%ﬁgﬁ§13?nyi’H%°é{52,°?yl’ltglra%é:)lﬁl?8%4%?@!(ésr?%afza ’lejjyechuai I
cat, dog, NOUSEydiy! quikic¥abi, isoqEbiélieR indolyl, behaimjdaoslylaberrafmeatyl, i ncl udi ng ’
chineric and transgenic aninpls. ang mal s. 1n t.hel reat ment
prevention of #anelingh dderddyl; Mgy mb a‘&é’f’?’leﬂ)fmdaﬁ?’y’él%}n Cfs'omgcrﬂgji;er abl y
means a ”?@ke}{tef?éinghfg\m@n ox RS 1yRtEh &R Yiudz yienzofirazngpeci f i ¢

enbodi nent "t he pati
benzothiophenyl, benzothiazolyl, benzoxazolyl, quinazolinyl, quinoxalinyl,

naphthyridinyl, and furopyridinyl. The foregoing groups, as derived from the groups
-‘l‘isted above, may be C-attached or N-attached where such is possible. For instance, a
édu}‘)-(ﬂierilvredﬁf»rko-rh» pyrro]emay%e prrrol-I-yl(N —attaéhea) or bfﬁ&i—g-}ﬁ (C-
15  attached). Further, a group derived from imidazole may be imidazol-1-yl (N-attached)
or imidazol-3-yl (C-attached). The 4-10 membered heterocyclic may be optionally
substituted on any ring carbon, sulfur, or nitrogen atom(s) by one to two 0x0, per
ring. An example of a heterocyclic group wherein 2 ring carbon atoms are substituted
with oxo moieties is 1,1-dioxo-thiomorpholinyl. Other illustrative examples of 4-10

20  membered heterocyclic are derived from, but not limited to, the following:

Qo000
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or subject is infected by or exposed to the hepatitis Cvirus. In certain
enbodi nents, 20 the patient is a human infant (age 0-2), child (age 2-17),
adol escenwo(zagpe12i®217), adult (age 18 and up) or geri atrcrwstagm1sidr and up)
patient. In addition, the patient i ncl udes i mmunoconprom sed patients such
as H V positive patients € ~ nder goi ng

i nmunot her apy or chenot ) [ Nodi nent, the patient is
a heal thy individual, i. 525 ot her viral

i nfections. 14 WD 2005/ g terma
"therapeutically effective anDunt" refers to an anoynt of the conpound of
the invention sufficient ,
prevention of viral disg to ueJay or A ni synp ons associated with
viral infection or vira Juce \

di sease or infection or 5 causé thereof. In particular, @ therapeutically
ef fecti ve anobunt neans an anount sufficient to provide a therapeutic
benefit in vivo. Used in connectiomwyfh an amount of a conpound of the
invention, the termpreferably encpnpasges a non- toxic anount that

i nproves overall therapy, rededes jor avbi ds synptonms or causes of disease,
or enhances the therapeutic effic y of/or synergies with another 10

t herapeutic agent The terma "prop actically effective anount” refers to
an amount of a n(%ﬁle %{rﬁ)ouﬁ&g%f EOMGM i \Qﬂeré)fen% 8RR a@R'RY) drbgedgRent
sufficient to resul revention of infection, recurren e or spread
of viral infectidRr® mz@y mryowhly b@btl‘iet:aétbn of t abpyeebt Faransiapetiitherfelys ¢ BEET™ o an
anount suffici {0 reven | W k@Nce or
spread of the ﬁﬂ#é&tﬁgﬁe%? %£(2§E%P$%?gﬂgﬁﬂ§hﬁc ecﬁﬁf t?ﬂ@ Used

in connection widiberan smmmmemfs faaum@wpbmrmb wbpa ¢fdhq dpflationppl R taﬁlé Rerm”

preferably enconpasses a non-toxic anpunt that I
prophyl axi s or enhah&sm H@m‘ﬁP’GBﬂ@tﬁt&EtrF Tsdp Piaa%%!:&psg?t\ﬁgt% @éﬁ{ec?sgc:a%egﬂem th

anot her prophyl agthig. i thé hEGAPS UL £ard G Mune sphemttmugw stmdaidnionat i on" refers
to the use of nobre than one prophylactic 20 and/or therapeutic agents
S|nultaneouslysmmﬂgsqmentlaIIy and in a manner that their respective
effects are additi Vgh ferny %ﬂgt}feghlﬁ"lrgfersrgﬁletagfhw oftel Rafpoi@ orlc@mpositidnaf (1)
preventing a di seas S der, or condition fromoccurring.,in an aninm
that may beopr esiispasedtotpevehie dicssddentifigh boedn p%twaﬁdtlageas%é P POIPE but has

not 25 yet beehn slea no?%v%g afat 'r}glybin(ﬁvélt)pmg such disease. The term also

encompasses preventing further progression of the disease in patients who are

already suffering from or have symptoms of such disease.
The term “patient” or “subject” means an animal (e.g., cow, horse, sheep,
15  pig, chicken, turkey, quail, cat, dog, mouse, rat, rabbit, guinea pig, etc.) ora
mammal, including chimeric and transgenic animals and mammals. In the treatment
or prevention of HCV infection, the term “patient” or “subject” preferably means a
monkey or a human, most preferably a human. In a specific embodiment the patient
or subject is infected by or exposed to the hepatitis C virus. In certain embodiments,
20  the patient is a human infant (age 0-2), child (age 2-17), adolescent (age 12-17),
adult (age 18 and up) or geriatric (age 70 and up) patient. In addition, the patient
includes immunocompromised patients such as HIV positive patients, cancer
patients, patients undergoing immunotherapy or chemotherapy. In a particular

embodiment, the patient is a healthy individual, i.e., not displaying symptoms of

25  other viral infections.
14



(ii1) inhibiting the disease, disorder, or condition, i [ [

: e ( e, . , I.e., arresting its
devel opment; and (iii) relieving the disease, disorder, or conditiog, i.e.
causi ng p&gmﬂmﬁn?w;of_ t he di sease, disorder, and/or cordirtises4soddiThe
terns "a" and "0" indicate the specific stereochem cal configuration of a

substituent at an A trd . o :
FerSRLDANY v BmdurfthRfre@lanSitnousttaftle as  dr awn.
The conpounds descri gggm[lereé%% ar eyal I 1i n the Dfurar?gs%rlnleconfi gur ati on.

15 VO 2005/ 121dBgoraTs B Dodron sefitientthgrayieposnds i (RE M Ent i on, may
exhibit the phenorrgglﬁ)gmg;al gg&ggqu%l%@rrl?{l\?ﬁﬁige SR8 Pasbocfeddnaith €xpr essl y

depict all pos%rlefﬁne oneric I's to be underst

pi ct , ood t

I 11 s intended ﬁl%cﬁerpommhmdaw diseangt @@ pyre of ARgHote ﬁlﬁéisepéﬁpgﬁéeag@%?fgg{ﬁl :
and are not to be Limted rel : f i

the forml a5 dr SPHUEEPEap PRGaNEY & yRertcTRESLch s SRTRPUDA, aflbatap! = 20 B
regardl ess of whgtibgto provideh thehpestidishéfitvenive Wsed in stnpegiionvith#di r enol or

their keto form they represent.the sane,c Q 1
Dol ow . 111\ CHmRPEERE FOITARE O R o P Bt fEpeo BB R 1 5 Sore
gfs ste Etei |a ln?/en]E [ %Qicca?{aﬂgﬁﬂﬂsrnﬁﬁyeMe&M tRsasi redliees st soabisgmptoms of fauses,

_ y free of other stereoisoners racenmat es, . ]
enant i oners anef &scagh 8%‘%1@?1&8% &er%ewlcs%ﬁ%cg Pﬁﬁl e %18%2'%{1 g%ortrlggrr )s(t u; Si eg;t es
and m xtuggs {}{éﬁ?&m‘c 2368, i ntended to be within the scope of the present
invention.  Prefefably, the inventive ounds | re o titca}l ly active

unt ol a

h
are used in 15 opt i Ealteyn bfﬁr@PW&ﬂcﬂ?aIIM%fg‘é 8AZPYR} [Pﬁ%éf})sﬁnoa Yt hose

skilledinthe(% an i : is i

: ound Bf @R tIvERt dndor BieLactiv® HRRMRE: SdfdifE toreulcihitieal cent er

(i.e., one asyf:rmsérl C carE)on aton) is one that _.consists ess ?nP}.i q{ly of one
e

of the two possichémioenainfictom recufnag or spreaden] AHeY 1BIFEYGTe £} PIOP Y and an
opti cal Iy pur e GomRoLd el 06k B8 2+ BAR sOFicEItb hveetiBlinistioang tiehat 20
is bot i astereomerically pure and enantionerically pure. Preferably, the
conpounds 0f t heupeesenspreadws theiinfactzner a glisgase HSSSCiP*S%/ Mt gt in{éﬁ“‘é’t S@ﬁis t 90%

optically in connection with an amount of a compound of the invention, the term preferably
encompasses a non-toxic amount that improves overall prophylaxis or enhances the
prophylactic efficacy of or synergies with another prophylactic or therapeutic agent.
The term “in combination” refers to the use of more than one prophylactic
20  and/or therapeutic agents simultaneously or sequentially and in a manner that their
respective effects are additive or synergistic.

The term "treating" refers to:

1) preventing a disease, disorder, or condition from occurring in an
animal that may be predisposed to the disease, disorder and/or condition, but has not
25  yet been diagnosed as having it;
(i1) inhibiting the disease, disorder, or condition, i.e., arresting its
development; and
(ifi)  relieving the disease, disorder, or condition, i.., causing regression of
the disease, disorder, and/or condition.
30 The terms “o* and “B” indicate the specific stereochemical configuration of a
substituent at an asymmetric carbon atom in a chemical structure as drawn. The

compounds described herein are all in the D-furanosyl configuration.
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pure, that is , a formthat contains at |east 90% of a single isoner (80%
enantioneric excess ("e.e.") or diastereoneric excess ("d.e.")), nore

pr ef er ablwoavodeast 95% (90% e.e. or d.e.), even nore prcefiseabloysoat | east
97.5% (95% e.e. or d.e.), and nost 25 preferably at |east 99% (98% e.e. or

d.e.). Additionall ypm, cGﬁ A bt @e tnveStionthSnateibittiee pmmanensnlof/at ed as well as
unsol vated fornms of the |dent| fied structures., For Formul a |

i ncl udes conpeutedsrieh. Whde Faadat “éé}“%tte?‘ﬁéfsbf@picﬁale?Sﬁlgﬁ:’)}ﬁl}t%Teréf and

non- hydrat ed fPrrH? it is 1 VR 905d 4B RAuRETE HRABH Odp3éddt angt her exanpl es of
sol vates include the structures in combination with i SO anol et hanol ,
net hanol , DVBQauetieyit famet dtealepiged cpmpapid gnd gie né‘ttﬁé?ﬁé)‘pé?‘a HEre}ffr‘? 8addi tion to
corrpounds of For I PBC&UibRadt isy accept abl e
pr odr ugs, 5Lar TG lﬁtcf)cg?ﬁng?%wgmége a{%{)%ﬁgggmang 5 phar lﬁageutl cally
accept abl e sal hxﬁde@iooﬂdmmeméﬂmusegalﬂ&Sm@ftWer prenpt the AUpHECRE Rt i cal |y
acceptable pro i,S.a d g

physi ol ogi cal g?? fl't?ﬁsen O%qu( fgﬁ{‘f t%gﬁeﬁgﬁggﬁ%ﬁﬁlggﬁgﬁﬁ%ound or to
a phar maceut i cgllown in@eepimpk delsa).t of such conpound prior to exhibiting its
phar macol ogi cal effect (s). Typigally, the prodrug is Jornulated with the
10 objective(s) of inproved cherglcal ;stability, i npr g d patient acceptance
and conpliance, inproved bioa %y, pr ol onged| dur‘atl -of action,

i nproved organ selectivity, formul ati on gpj%g creased

N

ide effects eg., tokicity). The

hydr osol ubi l'ity), and/or ded‘i”eased

prodrug can be readily prepared fromyt hescompoun of Fornpla | using

met hods known in the amzn,\/g&:h S se descnzrigg/@) 15o8Burger's Medi ci nal
Cheni stry and Drug Chemi sYry, 1, 1727178, 949-982 (°199 See al so
Bertolini at al.,” I\/Ed Chem 467, 2011- 2016 997); n, at al., J. -
Pharm Sci., 86 (7) -76 B&Qsham Drug V. Resx 34°H 220- 230 (1995);

Bodor, Advances in é)rm %? tRE%m}( @%3 c 02 2@0 u%ﬁg‘mg%eﬁﬁ)as Slg}%lqu%{sgme]QQﬁé gn

of Pr odr ugs (EI sevi rsen Application

of Prodrugs, Dr @égehsly@iRe Bﬂotaﬁdtemm;smﬂmﬂ(aws,cagg/g»aalrl?dull@%wfsen at al., eds.,
Har wood Academ ¢ Publi sh 91 ndB: 748,
281-293 (2000) ENAYHPWETS 25 °fa‘i‘a3ter‘?1°m°)r?3h§‘? Célesh‘ig%cséfireoiso Ptk and ysis,

10, 601-605 (1%9§ﬂ1res@rfé%oPél@Xnta{dea|to be wﬁqﬁﬂﬂmsobpe ofﬁ}e];ﬁ@elltlﬂve@ﬁ@gZ) "A
pharmaceuti'cal |y active metabolite" is.inten

phar macol ogi calPrsferablyi themyeste emprBds BBt t AP bcﬁlé%acr%'% a’ﬁd‘? i'smin the body of
15  optically pure form.

As generally understood by those skilled in the art, an optically pure
compound having one chiral center (i.e., one asymmetric carbon atom) is one that
consists essentially of one of the two possible enantiomers (i.¢., is enantiomerically
pure), and an optically pure compound having more than one chiral center is one that

20  is both diastereomerically pure and enantiomerically pure. Preferably, the
compounds of the present invention are used in a form that is at least 90% optically
pure, that is , a form that contains at least 90% of a single isomer (80% enantiomeric
excess (“e.e.”) or diastereomeric excess (d.e.”)), more preferably at least 95% (90%
e.e. or d.e.), even more preferably at least 97.5% (95% e.e. or d.e.), and most

25  preferably at least 99% (98% e.e. or d.e.).

Additionally, the Formula I is intended to cover solvated as well as
unsolvated forms of the identified structures. For example, Formula I includes

compounds of the indicated structure in both hydrated and non-hydrated forms.
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speci fied conpound or salt thereof. After entry into the body, nobst drugs
are substrates for chem cal reactions that may change their physical
properti esoanak/12bicel ogi c ef fects. These metabol i c conversirassoosigosh
usually affect the polarity of the Formula | conmpounds, alter the way in

whi ch drugs ar el F%agl'##?&to?golklﬂesalﬂgu@th@%‘tﬁfcﬁltrc%qn Espmiton viodyoprégawstyer , in

sone cases, neta iIs required for therapeutl c effect. For
exanpl e, anti cathewsl, rdﬂbﬁgvl @MS(B@'[}M?M%@@Q%IaPlﬂeDT@Fh&% amifst be converted

to their active for er the h@io a cancer cell.
17 WO 2005/ 121162 P%%d%gfﬁ&?o@?éﬁtﬁ O?EI heet ﬁ%h%tqg\%%&gglﬁﬁlger go met abolic

t ransf or mat i on ppfrmaeerEicdilyndeeptable hodregsephacradcentally aa;iws mdb@pllm,ayda role in
drug net abol i sm may

f d
met abol i sm Ps tph‘éT"la?WBFaqggéq??ﬁWanggP e“iroig’ﬁ%%‘ﬂ%y e&Péll(l)tgsga?tl C|r ggt e. 5A

feature characteris&j ?hﬁﬁqa%ﬂ&’al@fac&é@%% gréanstion BRhhouna thasmapbt t he
nmet abol i ¢ products, netabolites,” are nore polar than {%g& arent drugs,

al though a polcarlrvedﬁdﬂgldébﬁlys@&ma] A SPléglé’Sleﬂ the spsF TP&AHst ances
with high 1 1plglalehRafddh) AobRat LR onbki bR s mAsiigisacr 0ss

menbr anes, al so readily fromtubu urine through the renal
tubul ar cells |pharmat¢1eg1pﬂlaﬁ”m(8)1@}'ﬂ1ha]b’; the prodrugib Sraneed Wilre t o have a | ow

renal clear %ncegja?}gvegs) Op r&%ﬁ%h%%@%&bllﬁy l&gkgvgp&ﬁemlagce@mqg%& S

met abol i zed r co a’lower partition
coefficient, itemplidnag, a:mproeacb‘smat\pﬂalmhtyy\prblongﬁé dyragian paqtieB e ved picadyer

the specific secretory, R R T T el

renal tubul es renc i'ver I's operate upon highly polar
substances. 15 sf efc@PRA. ftb;ﬁc@}arrbda pr,odqngemakmateadﬂy(pamtedm%l di n) and

acetanilide are both ~ d a esic adant| ret

transf or med wi tcﬁinﬁ("ﬂ‘}é%%ﬁg‘ {13 mggyegho E)Bl?wf‘n mf)(rgueC?ie?p'lt ?é\%gﬁbﬁg?gbol ite,

8- hydr ](c)xyaq:gt ar]giuy%ﬁ’somm?pbﬁyhndMngmswyﬂ ,d&2y1 78,946- %bdwlﬁ)_ :/\hen a )
ose of acetanilide is given_ to son v ites pea

and decay in tHee ﬁlls%@ﬁlﬁo ubgiidnt AZ?“F?;?’ T 19 hgﬁti@%ﬁ@? sﬁ%nré? “acetani|lide

is the principal,p)asieRONNesNest; Bakéha%@ﬁ@mmckéageﬂ,zm&m I(1E99a);et ani | i de

l evel falls, the netabolite acetam no hen co rati o each eak
Finally, afterBodor devaneenis D’f‘&@“prll n (b%é‘iﬁ%i‘ 3 éﬁ " iofeﬁrg% P&t t ner

metabolite t hat( 1S§Vlémés% 198Y0L 53, b@sz@%&{a@fﬁgc&ibﬁ@"P}‘b@r@@ﬂgmg-ﬂw@ t he

pl asma concentrations oné or nore netabolites, J al§ tlhh
itsel f, carklbe aph@enqigmh@@(gmgsgaar%gpqnem@ eds., Harwood Academic Publishers,

1991); Dear et al., J. Chromatogr. B, 748, 281 -293 (2000); Spraul et al., J.
Pharmaceutical & Biomedical Analysis, 10, 601-605 (1992); and Prox et al.,
Xenobiol., 3, 103-112 (1992).
“A pharmaceutically active metabolite” is intended to mean a

25  pharmacologically active product produced through metabolism in the body of a
specified compound or salt thereof. After entry into the body, most drugs are
substrates for chemical reactions that may change their physical properties and
biologic effécts. These metabolic conversions, which usually affect the polarity of
the Formula I compounds, alter the way in which drugs are distributed in and

30  excreted from the body. However, in some cases, metabolism of a drug is required
for therapeutic effect. For example, anticancer drugs of the anti-metabolite class

must be converted to their active forms after they have been transported into a

cancer cell.
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25 "A pharmaceutically acceptable salt" is intended to nean a salt that
retains the biological effectiveness of the free acids and bases of the
speci fi edwoammoung2 and that is not biologically or othecwmiuseounaesirable.
A conpound of the invention nmay possess a sufficiently acidic, a

sufficiently basic, gake RO ArfeY Bdek @NAdtatdli0 tREsfordatlon awomedindgthy react with
any of a nunber of I norgani cgor organi ¢ bases, _ and i noygani cg go and

organi ¢ aci ds, bioohdeatreactivnsiimplatie Fdlaim JuarEEBRISE) BaYT TUMENS AR ar y

phar maceut i cal h accep! ARLRISEH drsy mBEhIIIR it e $Res AtHos Db @mpalsads yyr eact i on
of the corrpoun g ﬁ%e prlesen({ﬁgl nventi or: V\nthera m n%r al orS o?gigl ¢ acid

or an inorgani elsopaselpatSUCh as salts including sulfates, pyrosulfates,

bi sul fates, sulfite ufites 4/ 018011
phosphat es, nnnohyd?\f&ag‘l’f ROURHARES °f1r8f??%ér%%8%%§’ﬁos p%%‘fg“-%éftpgphosphat es,
pyr ophosphat es me@bbI prdéscts, br ‘andtatetites, adingters polamtbalaﬂiepareptrdsmsoﬁﬁ@@@

decanoates, ~ capryl ates, acryl.ates,. formate t
hept anoat es, pP(BB%bfhaﬁ gges SOE‘QE\IPS\V lda 1ﬁ§§|138f? deUC%gglcllzj%slyar?g%S%ﬁh }ﬁgrgresgi :2’

i e Zag?f)gf esf Eﬁﬁfgﬁy@ﬁer éﬁgltﬁﬁkéﬁﬁ%@ﬁiﬁ ,YhechDass easily across membranes, also diffuse
exyne i oat es enzoat chl.aor.obenzoat es th
di ni t r obenzoat &ack Ry SepnERYaLEE thrapy ?‘HB?VB@ %‘g I?SI gfttpi aY' benzoates,

sul fonat es,;j xyheness! shionalesendianyd @@@Ir@ﬁaﬂ?&calﬁﬁ&mﬁﬂ pi ﬂ;&'tﬁ
@R Se n
phenyl butyr at es, Citrates, lactates, y-hydr oxybutg/ tes, m coI alt es,
un

tartrates, net rﬂmi@dg qufad}li\g isgetabolized to a more polar comp , one’ w1 lowe
pr opanesul f On%ﬁlﬁmaﬁp&%&éﬁ NR- tﬁblﬁéflréa%&ﬁ'ﬁtﬁﬁl WaRRthAkS Retudeds mr@mf @ and

10 mandel at es e 1 nventive conpound is a_base, the desir
phar maceut i cal Isyecifsceeptoabinechsaisms fraynipes pdepiamsdn e pwyn@maﬁ‘wb@%t hod

avai | abl'e in thed ary é%argrglchél%)d(lqﬁ@} &i1s bp &AL gﬁ&thl@{ly B&@r fubggndegse with an = -

|norgan|c aci d, "suc [for1c * acl romc acid, sulfuric
acid, nitrijg acid, Qb@&p&bﬁﬂd @aﬁpledplﬁnd:ehﬂn@cétoﬂaﬁ@petuhn)_‘aﬁdmettﬂmﬂaiq agrlgéhi ¢ aci d

, such as acetic_acid, .male acj.d Ci ni i

acid, mal onic é‘&‘idoanalﬁwﬁ%’?dcanﬁﬂrﬁm %%?Btrs’l e %1&% At ycorEF @?é’é?&dﬁslﬁ or%:;r |n g“ :

:ﬂo ﬂa ﬁyg)r/r ano%ﬁybn@;ﬁblﬁ,eff@&iﬁh naesabghwpp;hmowamardhd)(racqahmophmbmhccha%| d, an
oXy aci such as_citric ac t

such as’ aspar pyidely psed testay g WiteR 4idesey aﬁetané]r‘u egrg‘ %&rt&ll? aapgel(rzsld tﬁ%ﬂ%ﬁasg&g gglngm c

acid or 20 ci npamieliRs behk AAd Iedal ANihe pREn seqgerafallasDpritgiha ﬁmhwrj om c acid
or ethanesulfonic acid, or the like. If the i ventlv an acid,
t he desir e®Ophacstewbdnip el nripcipalgiaspe spmeoneE) (11 ﬂﬁ’ys S’P}érp g%) @8 a‘E?yam ide
sui tabl e met hod,,.f 8ffs 8¥2EPLBolitd S@BIRPhen concentration reaches a peak. Finally,
after a few hours, the principal plasma component is a further metabolite that is inert
and can be excreted from the body. Thus, the plasma concentrations of one or more
metabolites, as well as the drug itself, can be pharmacologically important.
25 “A pharmaceutically acceptable salt” is intended to mean a salt that retains
the biological effectiveness of the free acids and bases of the specified compound
and that is not biologically or otherwise undesirable. A compound of the invention
may possess a sufficiently acidic, a sufficiently basic, or both functional groups, and
accordingly react with any of a number of inorganic or organic bases, and inorganic
30  and organic acids, to form a pharmaceutically acceptable salt. Exemplary
pharmaceutically acceptable salts include those salts prepared by reaction of the
compounds of the present invention with a mineral or organic acid or an inorganic

base, such as salts including sulfates, pyrosulfates, bisulfates, sulfites, bisulfites,
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of the free acid with an inorganic or organic base, such as an am ne
(primary, 25 secondary or tertiary), an alkali nmetal hydroxide or alkaline
earth netwb 20dsydiwzi de, or the like. Illustrative exanplres/uskoogwvigoabl e
salts incl ude or ganic salts derived fromam no acids, such as glycine and

ar gi ni ne, ha%l]ﬁa{ ydro%gi? gl?al'téé dlgmoéegpﬁdsgﬁﬂesmm&spmtw cyclic

am nes, such aDs per| hol I ne _and pi per azi.ne, %ﬁ |norgan| c salts

derived from spytophosphots, @mmﬂessbrom@ﬁea,s}gqhém AR SR PRIARESTRARGHINEES. i ron,

copper, zinc, aI um. num LR D€ c RS es Ol epBAiSAIbsS plopidlated] € SO|IdS
it is understo ates 6 5Q§E%+{a{eg’q}orl$ % he acr:atcb tﬁatept he inventjve corrpounds

and salts may @oalasds mmloﬁhtésf greinites sqlmaaﬂs ssbaogtshyfirmeisies analeadsSsutdier of whi ch

are intended to he within th (o]0] d 19 WO
2005/ 121162 Pd#%@é%iﬁé&%eo’z‘gdw?eg%? Zoa%p?é@;rf’u%gis&tek eﬂ{c@6%0a@‘:“l%hEAT|\/ENT AND

PREVENTI ON OF 4;hiERA3z341, Eydq’bﬁﬁhnszEEﬁTEH@dSDeﬁh@mr plkatates, pioRttEHN provi des

nmet hods f or treatln a, he at|t| i tionin a
patient in need 1§t @(S‘f‘teg?ﬁ g?’nph? ARG TR &gﬁ&%%gw eé;S met hods for

introducing a 13&%5 %%H%&?&Jt&ﬁ(te@fg‘iﬂslatev&amunﬁeﬂ@fne{shléorﬁms,rruI a | conpound

or comnbi nation of such corrpounois into the bl }g&dlp % @? % Qatl ent in the

treatment and/ pmpémesﬂ‘@mtﬁ%ﬁaﬁﬁhalﬁéﬂaﬁllf?li“’ées@*\? TATECRSHE™ 10 The

nmagni t ude F amglg(%pa | actic or therapeutic dose of a Fornmula | conpound of
on

t he invent orap Yar maceut i cal | y acceptable salt, solvate, or hydrate,
thereof in the acutlet}&nnmﬁmompbums rbate, e dﬁﬂi@d@h&ﬂ“@?ﬁ“@fiaué(n i nfection

|1 ho th t t d dth
Fout e by whi crieRg gt B Tagnatisg ety A QbR LR, ST the

some cases theegdagf, ftr%ﬁﬁiéﬁﬂ‘txﬂ/he fide bmel Wwitledrsioorgamiy acad,csmlohsmgdlto@l@m i nfection

to be treated, the age i i gual
patient. Sui t abfi® RIESP HgF ééii rﬂéﬂg Hlaﬁgmraecéé EF%SPE% Ceaé:[ﬁgld ﬂ%aik'\téh%se skilled
in the art gt hidus oEARRIEHET aidhan a@fic stiemdleic baid ssuccihie acidhaodsliof t he
present invention are particularly well, sujted forgf\,gzy Pcad?@t' ents. In

particul ar, t haciffmadsacihmaRnceasid PYIRG 2pd St 25 £1'oh Can be usef ul

20 for | m"runocggr%g PSED phAhbSMA Scil NGENIAH dhghburddit achddr gialanmtcmct dcl, cancer
patients, HV infected’ pa ients, and patjents with an |rmun(g(§ eperative

di sease. Furt hen alphehydrexieacifb sush @s ciifrolbor (B PO o FHAUAEE I i sed
patients curr egépa%c a'aldaor%hﬁ%ﬁc Qéxd, an aromatic acid, such as benzoic acid or

20 cinnamic acid, a sulfonic acid, such as p-toluenesulfonic acid or ethanesulfonic
acid, or the like.
If the inventive compound is an acid, the desired pharmaceutically )
acceptable salt may be prepared by any suitable method, for example, treatment
of the free acid with an inorganic or organic base, such as an amine (primary,
25  secondary or tertiary), an alkali metal hydroxide or alkaline earth metal
hydroxide, or the like. Illustrative examples of suitable salts include organic
salts derived from amino acids, such as glycine and arginine, ammonia, primary,
secondary, and tertiary amines, and cyclic amines, such as piperidine,
morpholine and piperazine, and inorganic salts derived from sodium, calcium,
30 potassium, magnesium, manganese, iron, copper, zinc, aluminum and lithium.
In the case of agents that are solids, it is understood by those skilled in the art
that the inventive compounds and salts may exist in different crystal or polymorphic

forms, all of which are intended to be within the scope of the present invention and
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rem ssion. The methods and doses of the present invention are al so useful
for patients undergoing other antiviral treatnments. The prevention nethods
of the 25wvpnesentisenvention are particularly useful for ppatusessdisatr ri sk of
viral infection. These patients include, but are not limted to health
care workers, e,difiedd@afu@ks, nurses, hospice care givers; mlitary

personnel ; teachers; childcare workers; pati ents&é‘r aveling to, or living
in, foreign I OWH@DSQFMAWFQF‘%WPB%O@U&ON les including social

ai d workers, Mge\aidsEyRANGFEEEONE di pl omats. Finally, the methods and
30 conposi ti onml‘ﬁfmm refractory patients or patients
resistant to treat Ferpressuicihvension poyidesmeBodsdor Ealng o RIFVERERY ¢ PPauls

inhibitors, .pr L hi bl St in Gl thddoses 20 WO 2005/ 121162
PCT/ U82004/6188§1§%§$§<®Q#9{y§}g#llc%lmel??%cacy of the compounds of the invention

can be deternined b¥hsprasediinenha furticenrovides myhess Serupteadupinggel | cul tures or
experimental ani mal St}lc)aﬁ%%fgécp}{lge é’é@g&ﬁ%ﬁ&e‘ﬁn@% f&gﬁbﬁ%ﬁ%x(@m@in Sfofisgdhal to

50% of the popUi®s¥rd ose therapeutically effective in
50% of the popubmpiumdy intofthebldod ereamtdfe pbtidne intbe treatositendauprevrationelut i c

effects is the the.r.ageutfnic index and it can be expressed as the ratio
LD50/ EDS0 The dR&UBHVARHBE¥YSm the cel| culture assays and ani mal studies
can be usedg in for M abiigdeotapigshybictic ostagepentic tdve of ofpoudads for use in

humans. The dosage of such conpounds |ie preferabl i.thin a r of
circul ating coSeBAYEOf BIIVERER" o § Hg‘maﬁﬁ’ém?l eacﬁt@ga&yw\gqthsoha%ef reh%'gr%%r’lo
toxicity. The ¢QSa@e MBYcWEsrthWntditaatnidat 6r pravegton cfependitivy wipearyt he dosage
form enpl oyed and the route of adm ni st r%{eh&?guti I conmpound

. : i.zed. For .a
used in the medREeVesViltHES PHFEATT BYCTIF I B@ﬁﬁdéﬁﬁ ’ioyteélﬁff"@‘dirl%ee dose
can be estimat ggti\!erih%rbcﬁérlﬂs JarRivseRl] TREdSHIBd ASHBSased EQREe fedieRs, _
fornmulated in animal nodels to achieve a circulating plasnm con(fent ration
range that 1nciwilielso Y8y eererdigsw the infection fededispied s 2g€; kady Srighhand est
conpound t hat ' i Bt iR suith B bidd efinRhs SMMHREQRHY séeted
determ ned in gésp‘)l%\éﬁﬁhg#@]éaqa?g%lﬁg?iS\?gl' , theg d%lse Sbf the F%?rrulea I
conpound may béyfimsersiiBeddd therartawithde c rafiop of guchifesi@s-a circul ating

pl asma concentrati og, [ Sasr es(égﬂp%ﬂgn %‘g%&w@&g&%m RHRd & Huben

n
concentration requi re%eﬁo achleg\fl;e a fixe nitude of response. Such
i nfornation campatitude dationl2theprethods end dotsed of thtartresent imeentiew¢an begsefls i n

Ihlugﬁln 3 o hrev ! ts (;‘i&rggxgx%@g&?‘npqg‘r}{isgf patig}latg%%{u%g'lg, TG AXARR 6 carlR¥ ﬂ}itigrﬁs,@ﬁvf ornmance

infected patients, and patients with an immunodegenerative disease. Furthermore,
the methods can be useful for immunocompromised patients currently in a state of
remission. The methods and doses of the present invention are also useful for
patients undergoing other antiviral treatments. The prevention methods of the

25  present invention are particularly useful for patients at risk of viral infection. These
patients include, but are not limited to health care workers, e.g., doctors, nurses,
hospice care givers; military personnel; teachers; childcare workers; patients
traveling to, or living in, foreign locales, in particular third world locales including
social aid workers, missionaries, and foreign diplomats. Finally, the methods and

30  compositions include the treatment of refractory patients or patients resistant to

treatment such as resistance to reverse transcriptase inhibitors, protease inhibitors,

Doses

20



The protocols and conpositions of the invention are preferably tested in
vitro, and then in vivo, for the desired therapeutic or prophylactic
activity,wprbewi2im2 use in humans. For exanple, in vitreczasaya/owech can
be used to determ ne 25 whether adm nistration of a specific therapeutic
protocol is indicat E@ucﬁy%ﬂléfﬁbai:}ﬂofﬂd& &dnﬁpoﬁﬁdslofmlxhwnaommaapsieiemimbﬂ ch cells
that are responsive to the effe(fts of the nmul a | conp rg nds re exposed
to the |igand andepdsed phegnacenice! By Eeﬁb‘h%eél Ciu TCHELLHFEY %Jaglﬁja ppFopriate
techni que. The f&&ﬁ@ﬁﬁﬁiﬁ@&h@i})}ofo@ue Gedemetha td 500 BPaAW ROpulition) hentheEBluat ed wi th
respect to the For rrul a n*ﬁound poten nd tp é%eﬁgOf 30 conversion
of the Fornul a(hed HF’@@""W@B‘(@ e popplatig B of the

i nvention cgn lB@twte%ttoﬁfé ah@th%lsh'p&ﬁ*&le@fe@tg'!sﬁﬁé thefap&tic gk entit pin WexpRsde@St i ng
in humans, including but not limted to in rats, mice, chicken, cows,
nonkeys, r abbi esthe iigdiseEBs0- et c. The conpounds can then be used in the
appropri at e ol i nf oajyd & Alfaindl WOIRUIRLARH AR LSAIMIAARAL B, uiite
magni t ude of a prophylactic or therapeutic dose of rodrug of a Formula |
conmpound of thén fomuinmrlgmrange of dosrse nﬁ@ea@mp@nﬂyfoaé@ep wigkes. SAP dosagy| vat e,
or hydrate ther LG of an
"nfeeti on or  SonaPeNERc AT ERR PR Torkt SEERE Lot eOAe B, [

i nf ection, 1and iichele tieHRso Wht’nltﬂ/emrmh t¢>hcatyadfm3 desagmglazemr&mlthnsthadmgm stered.
The dose, and perhaps the to the
infection to b&RPEREEE™ tp?lgosﬁée EOHB% joved arwht]e TO% dF érg{%sr?gg&o#tﬂ{ E&J

i ndi vi dual pat iFefiny cSH;pbﬁﬂhBecﬁﬁ&hé@eﬂm&@bﬁE@ﬁwaﬁﬁmﬁhe them@ehticylbsﬁ'feenvaad by
those skilled in the art. wi t on5|gerat|on ofA uch f ct one
enbodi ment, t h&°¥§aR begatimated t“é‘?lé@'% AR e A 8P & u d to be

10 used, and th?aﬁﬁﬂhl%deﬁﬁ@a&mlatd@ﬁla@{g ﬁ]&bﬂm&@ﬁdeﬁﬂﬁhon&h@@ thdt heludese may
differ for various particular Formula | conp ({:?1 ﬁw ta ﬁdoses1 can be
predicted df t K et e theroncrvTalirB PERE it ‘Eﬂﬁ‘&tﬁi’u’i‘ the acpigVeTe in

particul ar by '1'1%]@01951’1 &‘é‘}ﬂpto%?@ﬂe@éﬁm& 1rpcfell|c§ﬁ|§r9rdltléfn@ﬁ‘veﬁﬂ-)thddbs¥\bﬂ tﬁdﬂ t he
Formula | conpound is related, and on the basis of aninmal studies, such
that smaller ddewauly ¢qmieand may a%f%mfllﬁedtnpm@ﬂw%%tﬁﬂ?laewe aFfpBiReds t hat
show ef fecti VEeREsm BbnckAMBbn &) g@@ﬂthé adrhsa AR PSids 16BE @Uﬂc@ntjrat@ﬁ”pounds
when neasured in tﬁe systens scrib or referenced herein. gener al ,
the dose per dasquired forachipes arﬁxajenmltﬁéemﬁr%BWF 6‘1@011%{163@9(9%57%
preferably ,gbo gﬁﬁl LARY 13baut 12 yeo/ kg. For

t r eat ment ?‘gf 'é{ijorrr%%ctscgrlangect rglg—b eg%Oglésﬁlglgl C viruses n&aasou .1 mg to about
15 g per day |:mezﬁlratifnrmm}deéadhlg‘hmbfbunar!@ﬂqud)clﬁremﬂtoéiaphﬁsl ons a day,

preferably 100 ng t ‘fhe pro%c&g ndj@anpos1tlons of the invention are preferably tested in

vitro, and then in vivo, for the desired therapeutic or prophylactic activity, prior to

use in humans. For example, in vitro assays which can be used to determine

25  whether administration of a specific therapeutic protocol is indicated, include in
vitro cell culture assays in which cells that are responsive to the effects of the
Formula I compounds are exposed to the ligand and the magnitude of response is
measured by an appropriate technique. The assessment of the Formula I compound
is then evaluated with respect to the Formula 1 compound potency, and the degree of

30  conversion of the Formula I compound prodrug. Compounds for use in methods of
the invention can be tested in suitable animal model systems prior to testing in
humans, including but not limited to in rats, mice, chicken, cows, monkeys, rabbits,

hamsters, etc. The compounds can then be used in the appropriate clinical trials.
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nore preferably from 100 ng to 8000 ng per day. In a preferred enbodi nent
for conpounds such as prodrugs of 3-(3-D

ri bof ur alwoaesysyni®zol o[ 4, 5-d] pyrim dines from 200 ny t @c30BGmmigper day is
adm ni stered in about one to four divisions a day. Additionally, the

recomrended 25 dai | ¥, dQ88:ith@dofGaRoR0186 M thakRu8Edds8 of Y plodfugasasi ngl e
agents or in conbination with other therapeutic agents. E]gsﬁne enbodi nent ,
I

the daily doseFpendeheéompsred effhe wventios opgpherpessaticily perepbls st sefy ¥fded

doses. In a relafed. epRRdE MR aculdf chSfR MRBRALRAGD: pedehtiondPSR inféfiob 6r
adm ni stered once tinme per week, two tinmes per week, three tines per week,

four times per comstiorovillivawyevith the satprsranderrity 36 theinigctipnetnd theuieodi nent ,

t he conpoungs . ' ' : ISt 12%E A8 gsaest emi ¢
di stributi og O%@Qﬁ%@%@@%ﬁv{l&nﬁg?ﬁrﬁ{ﬁg&e&é@@gg&e, i&rﬁl }{a&r\leél ated enbodi nent,
t he conpounds dfeqtdney,iwill elso vam aegoedingiiviths infestientotbe tisrtediewags. ¥t eni c

ff [ he body, 22 WO 2005(12116 - LS 0 - h
erfect inthe O{g?f) gﬁiﬁgpo&fse ?fﬁf)e in 1V1a%€ﬁ%en"tj. é&@aﬁﬁe éuggl%é?gé Pns?afBOt Ner

enbodi ment t he % e'rnventi‘on are adm ni s via oral,
mucosal (i ncl ugdadly sdidatddrtgubdse skilletialthe areeittafiye coasddratiaprof weddi faciory., In

parenteral (includjng subcutaneous, in{ranuscul b S.1n ,
intraarterial, °8% emﬁ??l?%ﬂ?éﬁ%@%*?? T?’gﬁe&ﬁa eﬁ%nl%é,% Bt %Eﬁeg!'ﬁ% 4 ﬁ{)%:&;t% irgéz;ti on. In
a speci fi ¢ 1gnbesid et thé fveight marpalitsofafe fatienti Alenthe doseanay differifoi st ered vi a
mucosal (including sublingual,  buccal, rectal, nasal, or,. i nal.).,.
parenteral (i n¢PERISRaTtEY T@H@&&Q{HPPWFFaéHﬁ%’i%‘fOé?S, can bgp{?glc}’eﬁ%gglﬁ %‘F‘\l,s
intraarterial, (PfeiaftrERURIBAYS) vittd AASEemBRS, in pirtidRIbyake ofkti stration. . In

a further specific enbodi nent, the conpounds of the inve tiein re
admini stered vieaswengntsefrisatribinedd) tovhiqhiheF grgpmia]gomppuns if at‘gﬁﬁ’?ﬁf?nﬁent,

the C_'C’)r“r'ﬁﬁlJﬁastﬁe”ﬁaPi? ot Shitn AV ds Ok Rt HR11eAGHRL W BItR @RI fr Hodd
adm nistration. Different therapeutically effective anounts may_ be
appl i cabl e 15or FdinifleF eqmepoundsf thestshesn sffecsizengps gt loyeer ceeanirafoRhBaMOBS t hose of

ordinary skill F'PH%LEIQ?c&ﬁﬁoun@. mgnqgléa}fur_ed AMRUGLRmS WELhbéERHreftRnédiaRteid T

prevent such infections,” but insufficient to cause, or sufficient to
reduce, adver sén géremdtthe dose poiday ésdn Wietrangs o fremtabewid). 001 He A ehmedkear e al so 15

enconpassed by _t he .aboy ' Uid$ H0%8 FoEPBRNGY
schedul es.  Coibi ?lr%@?'8%&%2(?%%{?3%8@%&??%%@?20% (5)?J]gshe%/i§(%venti on further
conpri se the adfhmhaisisftitedibyliepatitis Guefidises, ebait 0tlneg wpdaeti 1 cagey i . e., a

embod ment 2007 SEREPELEPOR e R Br MERE « SEps RGOk o L RFRRE T
more preferably from 100 mg to 8000 mg per day.

In a preferred embodiment for compounds such as prodrugs of 3-B-D-
ribofuralanosythiazolo[4,5-d]pyrimidines from 200 mg to 8000 mg per day is
administered in about one to four divisions a day. Additionally, the recommended

25  daily dose ran can be administered in cycles as single agents or in combination with
other therapeutic agents. In one embodiment, the daily dose is administered in a
single dose or in equally divided doses. In a related embodiment, the recommended
daily dose can be administered once time per week, two times per week, three times
per week, four times per week or five times per week.

30 In a preferred embodiment, the compounds of the invention are administered
to provide systemic distribution of the compound within the patient. Ina related
embodiment, the compounds of the invention are administered to produce a systemic

effect in the body.
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20 invention can be used in conbination with at | east one other therapeutic
agent. Therapeutic agents include, but are not limted to antibiotics,

ant i enet iwoagent2si62 anti depressants, and antifungal agerCI[US2004/018011
anti-inflamatory agents, antiviral agents, anticancer agents,

i munonodul atory ag ; % blkrmk@ﬂhe%v@mtaseadnhmemaes or
cytokl nes. In a prefer%ﬂé)&%r%%gﬁ@?&t ﬁ{angl nventi on enconpasses the 25

admi ni stration vm‘oraalnmactdalt(lmhldingtShlémp@thC@:alsefQ“éﬁt n3splgPT Yagin ?655‘} fic or

denonstrates anti-HOV ac COP Sitasteeriat, ;he i nvention
can be adninis @Flgﬁmgfu %P%’%(a{’trag&sgﬁg i na el on Wi th antibiotics. For

((ax agpl( e) | ; hey Q}ﬁfhﬁ&&)uﬁpﬁmsﬂahfm or wiptchl a@immaetra@bn dbn g spegjfic embstinge} éien

Tobi (r a cepha hr adi

(Vel oset (1] Gapapass REe eabFiohers FRRRpRA R el fhrfipt subingBRICRC e

( IOecl OL (r)), cebiosl, weidl; Slxa@al,a@fgvhémﬂ) p@leﬁmﬂ Gnalhdigxmbrwefeons, )Wfamasculan
clarithronycin e.g.,. clarithromygcin

erythromycin ( '“H?Crt’)’?)m“aém%n‘?rd’i‘tﬁv ?Pu(%e!“@&dg%}ﬂ opf@%éd%{\?@'%bﬁl in K( r)
or Pen Vee K(r zl)i)i fﬁhe@s&bﬁﬁ@@h@%m@ﬁt e compdunax eth@inf&ition iare(adjnjnistered

ci profloxacin (G pro(D) or norfloxacin 23 WO 2005/121162 PCT({ U?%QOM 018011

(Nor oxi n@) , ammﬁb@@@léﬁéﬂtlﬁﬂt b %‘fth‘?fssp‘(céﬁcgembogﬁ?% § WPIPERACT N,

bamber nyci ng, QULEEPHE Rot ﬂh%&@&a Dia PR ABGSHatiEONY CI N, undecyl enat e
netil micin, parononycin, ribostamycin, sisom cin, and s n

anpheni col anti bi ot ilhﬁer(ﬂet therapeaticalia gfeqiive amountnmay B é‘f‘ﬁﬁ’i‘b{o d’%tr‘%}l eni col ,
and thi anpheni Cofle?:tion?parswg%)%faslﬂr‘y %Wn%%dsggf &ﬁmgry skill iﬁﬁlﬁ@zﬁe Smtartyi, f anpi n)

car bacephens (é ‘oracar car bapenens . 9., biapenem and
i m penen), ceptmlmspeuﬁﬁnsn(te fgat, or@@fvaﬂlsmh mfeé@ﬁﬁoh%msvfﬁck%trtaﬁ%}ﬁ%ﬁr e,

cefatrizine, cef gz %e b(&u%gfa %QTE’J %ge'ﬁts%ggopfa%%@ h%’onve?lﬁgr&'l fh%ﬁ'pié@are%l’k@

cef pi ronme), cephiifyf perazone, cefinetazole, and cefm nox),
nonobact ams; 5 e. @com@zterde@nbenaboaadesm ripsaga dmoingeemsiiesy freqpencysakedpie ms

(e.g., flonoxef nd noxal actam), penicillins (e.g., andinocillin,

amdi noci l lin p|M—E¥I atio Y| 1in, bacanpicillin, benzylpenicillinic acid,
benzyl penicillin sodjpedfic ﬁiathedsl dﬂtlm infeantibe firtiet ¢qmpr18¢ the xédministiation of an
penanccillin, penethamate h drlo i de enici | nicillin
0, penicillin \Fdd“ﬁ@ﬂlﬂéﬁr‘?ﬂeﬁ ¥BehHat ﬂ’ieﬁgeutlc aﬁ?né:a g@;hygé aﬁgﬁﬂ;ﬂlg

peni mepi cycl i neyy@men)lIn Bélﬁﬁlﬁéxﬂbdﬁhhéﬂtd’bmmﬁSﬁnum’cntlbn,nhﬁ)wmod@b 0( éleg ,
clindanycin, and |incomycin)

t ra
colistin, eHHuriarsndipn Carehpps 647?’610?5‘ e QI&?BF‘TS Y Oﬁher thera%g%lﬁg i ne
chlortetracyclifg., LhimeNs iidife, bt deMafitacy ahtitiejcs, antiemetic agents,

antidepressants, and antifungal agents, anti-inflammatory agents, antiviral agents,

anticancer agents, immunomodulatory agents, B-interferons, alkylating agents,
hormones or cytokines. In a preferred embodiment the invention encompasses the

25  administration of an additional therapeutic agent that is HCV specific or
demonstrates anti-HCV activity.

The Formula I compounds of the invention can be administered or
formulated in combination with antibiotics. For example, they can be formulated
with a macrolide (e.g., tobramycin (Tobi®)), a cephalosporin (e.g., cephalexin

30 (Keflex®), cephradine (Velosef®), cefuroxime (Ceftin®), cefprozil (Cefzil®),
cefaclor (Ceclor®), cefixime (Suprax®) or cefadroxil (Duricef®)), a clarithromycin
(e.g., clarithromycin (Biaxin®)), an erythromycin (e.g., erythromycin (EMycin®)), a
penicillin (e.g., penicillin V (V-Cillin K® or Pen Vee K®)) or a quinolone (e.g.,

ofloxacin (Floxin®), ciprofloxacin (Cipro®) or norfloxacin
23



2,4-di am nopyrimdines (e.g., brodinmoprim, nitrofurans (e.g., furaltadone,
and furazoliurn chloride), quinolones and anal ogs thereof (e.g.,

ci noxaci nwo 20ésmafsboxaci n, 20 flumequi ne, and grepagl oxacirnjsomoigoonam des
(e.g., acetyl sulfanethoxypyrazine, benzylsulfam de, nopryl sul fam de,

phtlralyl sul f ﬁ@g%rﬁgﬂ&%zang{{%ﬂ%BH%’Mf-bg}ti@ﬁe.g%régraﬁ?'éin‘: AGc EDambBthfcaRes

(e.g., diathy . osul fone sodi um "and sol asul f one), )
cycloserine, npiimosio] dibekndn,tngbeyéim, neThecimomaesy nate Qe HFH G dRATGROTRY T
invention can also be.adninist ' j nation with an
antienetic ageﬁ‘_%’f’s aéleﬁlctl%l:s)]iscémlacﬁ]f ?I(ane teﬁ{élorél éﬁ{’gﬁﬂi}gﬁcl (ltj ed,bqbl;%t@(gagr"e not |inited
tﬁi met ocl opr ogkidemfedionip eilodmplsniqot, doHbweqeand thipmpheninob nEtsHAY I The
chl or promazine, t.r.imethobenzam de,..ondan o Qrani hydr oxyzi ne,
acet hyl | euc? ne *HEHE ﬁ%ﬁo?éml r?ea,nggﬁmfé%f ?aglgeafcgﬂglfglgé%g b%?gc Ign qui %arri dg,
3! et aﬂagt! ne, Qﬁlgmﬁéﬂxd@,g.,bﬁﬁpbhm mel, imipeakra) cephelosporink (8. neefacBo,

i menhydrinate, diphenidol, dolasetron, .meclizine methall |,
met opi nazi ne, C?f_&ﬁ‘i"f"érfé,“@? &I %%%nﬁ’eﬁe%szg P01& lrﬁlg, 1%’sul piride,
t et r ahydr ocannabj,pghfle, ankbSlbyED edphziyiens (b.gi, opfb oerzazd, nefnetazalpiasdt r on, and
m xtures thereof. The Forrmula | conpounds of the invention can be

admi ni st er ed orcefmfipphNeRBACHIRS EEnBrFEPI B AT P2 En {5 e8P ®esant . Suitabl e

ant i depre%a_nto§aéepﬁénlxkct€.g.,ﬂ%om ARARARIAEBS, pBETIIS20944031B6n, but are not
limted to, binedaline, Caroxazone, citalopram di rre.tq zan,. fencam ne,
t

i ndal pi ne, i ndehiweillireritigrdl seersrBi breampisHiin REIAY IRSHCHRHE A oxi tri ptan,

oxypertine, panoxesinein:seldiddlehidfin, fHpageRin HokdcABR FeRtncclBRNOXI ne,
i procl ozi de, ibp?r‘<z§/rlnﬂlea2|1 & &l{soc’ae boiréizi d, ]ni al a(r)n' ge, ’_g)gt an(gx?,lﬂ phenel zi ne,

cotinine, roli ggpethaneste hyiriodide.peaimilimerpensthiamingepenigillin PeRRalia Vs i anserii n,

m rtaz’ep’i”_ﬁe] adi nazol am__am.t i nt v L E] I i xapi ne,
butriptyline, @egﬁ%@rfgn@le?\%?ﬂlﬁedé%%%ﬂﬂ%m }fdﬁégaﬁﬁ &5 %&ﬂégn?er?ggﬁediaﬁ%?zegi n,
ﬂL met SC“ neLs dgﬂlbmcﬁlﬁi:iﬂin moxsph) linfdsaaiies (erge, clindanysita AREncomyeih ani ne

oxi de, i prindole, |afepram.ne, neljt.r ; i rtriptyline,
noxi ptilin, opiaﬁ}pgﬂ]w‘_,’m’p a%%ta S RO %%%?%?“h‘é@%%ﬁ% %ﬁ?/ﬂ’dr%ﬁe)’ 10Io /
qui nupram ne, ti@Reginne, g taplcyilpeadhloreiraguliad, tloinocydlionand dermerdocydimghopi on,
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sulfacytine), sulfones (e.g., diathymosulfone, glucosulfone sodium, and solasulfone),
cycloserine, mupirocin and tuberin.
The Formula I compounds of the invention can also be administered or

75 formulated in combination with an antiemetic agent. Suitable antiemetic agents
include, but are not limited to, metoclopromide, domperidone, prochlorperazine,
promethazine, chlorpromazine, trimethobenzamide, ondansetron, granisetron,
hydroxyzine, acethylleucine monoethanolamine, alizapride, azasetron,
benzquinamide, bietanautine, bromopride, buclizine, clebopride, cyclizine,

30  dimenhydrinate, diphenidol, dolasetron, meclizine, methallatal, metopimazine,
nabilone, oxypemdyl, pipamazine, scopolamine, sulpiride, tetrahydrocannabinols,
thiethylperazine, thioproperazine, tropisetron, and mixtures thereof.

The Formula I compounds of the invention can be administered or

formulated in combination with an antidepressant. Suitable antidepressants include,
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but not |imted to, alclonetason b@gﬁrgrl onat e nci.noni

becl onet hasone dfxpdighipAxttge, esaper Pins) er?—’@‘f Ugfﬁ’@ﬁwﬁﬁ%ll
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derivati ves, d%ﬁ%wlﬂs rol%i%ggig%ic%@&lﬁl fAgxaEtaasenReubidiunretidde,

f|UCOXInO|Ide (it andr eno hal ci’noci de, nedrysone
met hyl pr edriss olsollpmdentemdmpplenim thesabineneaotnagie t010¥?é@ﬂ“?y‘l“ﬁ%’@dﬁ‘i°§6‘l‘e@ ke sodi um

succi nat e, oL 85005, (Hi88i%, RanenEthAsauAset ate.  predni sol one.
a

pr edni sol one ni s6l one sodi um phosphat e, predni sol one
t ebuat ate, pred n| S oﬂ“he Fd)rmuaarﬁmompbm@ Oftthfl iangition Farhe aé@@tlﬁ?rﬁé er

trianci nol one i aiag%dﬁipscblf ﬂgtlc;” H, E&gg g%agﬁga@)w n@gq{gg{t@er

anti -infl ammat dP i nc limte hot r exat e,
col chi ci ne, al Ilﬁmwelbﬁoire nptrlmhleadecmdphotmchrf Bnpwoamiﬁek@tn@nbmbr omarone. The

Formul a | caonpaounds ntion can be rmul ated in
combi nat i orfow t'HCEHE? ﬁé?naglﬁetcf?k/ﬁ%ymsme fcomﬁg% t&!Oﬁ%Zl%\E/l rafH aagzg% ts

nystatin, terconazole, tioconazole, ciclopirox, econazole, haloprogrin, naftifine,
terbinafine, undecylenate, and griseofuldin.

The Formula I compounds of the invention can be administered or
formulated in combination with an anti-inflammatory agent. Useful anti-

25  inflammatory agents include, but are not limited to, non-steroidal anti-inflammatory
drugs such as salicylic acid, acetylsalicylic acid, methyl salicylate, diflunisal,
salsalate, olsalazine, sulfasalazine, acetaminophen, indomethacin, sulindac, etodolac,
mefenamic acid, meclofenamate sodium, tolmetin, ketorolac, dichlofenac, ibuprofen,
naproxen, naproxen sodium, fenoprofen, ketoprofen, flurbinprofen, oxaprozin,

30  piroxicam, meloxicam, ampiroxicam, droxicam, pivoxicam, tenoxicam,
nabumetome, phenylbutazone, oxyphenbutazone, antipyrine, aminopyrine, apazone
and nimesulide; leukotriene antagonists including, but not limited to, zileuton,
aurothioglucose, gold sodium thiomalate and auranofin; steroids including, but not

limited to, alclometasone diproprionate, amcinonide, beclomethasone dipropionate,
25
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(Novartis)), anti-CD8 antibod -
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anti - antib t
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DEC
Exanpl es of cy'gmgpyvéowe@@pltabme r’r@@iﬁ‘ﬂé’ﬁ"&r@ %P%a)eém“ﬁ‘ﬂt“mdlﬂ%ml inmted to,

sol ubl e cyt oki ne, £8CeDLf s kScabher, iRt iacHtd
diHle pdaq@ia gL, thdifava, T
receptor or a rg%l‘;irrrén%) Lesr eoca, e% ae eg%tracrel I ual gire c?gnafmt axﬁ’lLNi g

receptor or a ampagmiommnedﬁnamn@e plnba-wiqriezqns) heta-1gfer 6%31 ?ﬁefé’f’ lr’an | L-6
it or | ouki 801 EFPSTRT pndvinIRESR, 2V Pr ge BT TRRTEN b Le P T O
| L-11, I1L-12, | L-15ThellNFmala I|cnmgolin§rﬁ ﬁle(l]lmloracan|b’prqd}5umstereé' or formul'lateg
in combination with an immunomodulatory agent. Immunomodulatory agents
include, but are not limited to, methothrexate, leflunomide, cyclophosphamide,
cyclosporine A, mycophenolate mofetil, rapamycin (sirolimus), mizoribine,
25  deoxyspergualin, brequinar, malononitriloamindes (e.g., leflunamide), T cell
receptor modulators, and cytokine receptor modulators, peptide mimetics, and
antibodies (e.g., human, humanized, chimeric, monoclonal, polyclonal, Fvs, ScFvs,
Fab or F(ab)2 fragments or epitope binding fragments), nucleic acid molecules (e.g.,
antisense nucleic acid molecules and triple helices), small molecules, organic
30  compounds, and inorganic compounds. Examples of T cell receptor modulators
include, but are not limited to, anti-T cell receptor antibodies (e.g., anti-CD4
antibodies (e.g., cM-T412 (Boeringer), IDEC-CE9.1® (IDEC and SKB), mAB
4162W94, Orthoclone and OK Tcdr4a (Janssen-Cilag)), anti-CD3 antibodies (e.g.,

Nuvion (Product Design Labs), OKT3 (Johnson & J ohnson), or Rituxan (IDEC)),
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limted to, euk| n- 4
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interleukin 18N Llibbliks, aptiang @tanﬁilﬁfdieﬂeﬁtlgLOl\{BtdmlB@h&soﬁntlémmlbomes
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factor (FGF), gutiHuBeBytosicakes F%ﬁ ﬁ 2 %Ta&% gpl b(’%?/gcsm
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adm ni st er eg 0é\otl @EJE‘{L Aok brERIPHRARE D Buchial RINOROBINGE inHiiRegufes of

hor nones i nclu
NS5b polymerase such as NM107 and its prodrug NM283 (Idenix Pharmaceuticals,

Inc., Cambridge, MA).
The Formula I compounds of the invention can be administered or
formulated in combination with an agent which inhibits HCV polymerase such as
25 those described in Wu, Curr Drug Targets Infect Disord. 2003;3(3):207-19 or in
combination with compounds that inhibit the helicase function of the virus such as
those described in Bretner M, et al Nucleosides Nucleotides Nucleic Acids.
2003:22(5-8):1531, or with inhibitors of other HCV specific targets such as those
described in Zhang X. IDrugs. 2002;5(2):154-8.
30 The Formula I compounds of the invention can be administered or
formulated in combination with an agent which inhibits viral replication.
The Formula I compounds of the invention can be administered or
formulated in combination with cytokines. Examples of cytokines include, but are

not limited to, interleukin-2 (IL-2), interleukin-3 (IL-3), interleukin-4 (IL-4),
27
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Syst., 7-1-83, \WhiGtked 18, 1RHRAYe hdnﬁl@l@é@@ﬁﬁﬁ@ﬁbﬁ%né’ eisueng®withdrindnent i rety.
Ocher known absorption enhancers can al so be used. Thus, the i.nvention

al so enconpassé6Ha mvahhaveare rdeasnebREREEL A RHaDMANTRIPSORGOBARINor nor e
For mul a | CompOugs,, okt ek DY Rb e 0o @REnRIcIRf: ABROFAION enhancers.

t
t
The Fornmula | conpounds’ IQjfathe i nvention can be adm nistered or fornul ated
i n combi nat i on ghicegpnaenkaphiajingtvisogresyo elcitemim hpbasy, lofv melRglateigt agent s

ot hyl mel ami noteP SR EPBbEr-T1RY PEIFORBHRRRS 1 SR oy s

ni trosour eds, thoimamenesd emgilirsr et ham ne, cycl ophospham de, ifosfaini de,

el phal an, chlor arrbl'zllgci%rmu? mst thdei'@l ntw}ll cg %QQ‘ ﬁ%ﬁédfcﬁn

car rrysti ne, strepto dacarbazi ne and Tenozo e conpounds of
the invention dnthuldial mtcbmbmbtﬁmr\mneﬂmimﬁzrcagmhuchoacriudiacbutaﬁelmﬂl:lmttcd/@L y or,

nore preferably, ne ti.cal.ly..ln preferred enbodinent, a conposition
conprising a cé??f)%%ﬂla{’%ﬁ? H‘éteﬁf‘?{é‘éh‘?t?'(])ﬁ i s adninistered concurrently with

the adm ni strat i on ghe Ba@fulter cobpeialp e fihe tnvattioit can Wb hdhintstanedae part of the
sane 20 formulated in combination with a-interferons which include, but are not limited to,
interferon alpha-1, interferon alpha-2a (roferon), interferon alpha-2b, intron, Peg-
Intron, Pegasys, consensus interferon (infergen) and albuferon.
The Formula I compounds of the invention can be administered or
formulated in combination with an absorption enhancer, particularly those which
25  target the lymphatic system, including, but not limited to sodium glycocholate;
sodium caprate; N-lauryl-y-D-maltopyranoside; EDTA; mixed micelle; and those
reported in Muranishi Crit. Rev. Ther. Drug Carrier Syst., 7-1-33, which is hereby
incorporated by reference in its entirety. Other known absorption enhancers can also
be used. Thus, the invention also encompasses a pharmaceutical composition
30  comprising one or more Formula I compounds of the invention and one or more
absorption enhancers.
The Formula I compounds of the invention can be administered or
formulated in combination with an alkylating agent. Examples of alkylating agents

include, but are not limited to nitrogen mustards, ethylenimines, methylmelamines,
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g s it conprises than a dosage fo ed in the . chronic treatnent
of the sane di REARMACHURICALIG OSEIIS M UM EGAM may  cont ai n
Zga'o'relr arount § of Qr%]a%én@rc%mgksiﬁ 236 by uhi B6REE BRLScirtprisompr | ses t han
] a osage fo_ used to treat the sane di sease or di 1or r. These and
ot her ways i n Bonthiadiospesidfof thedoeaten, Pbf REATBAEY ¥§%‘i‘]’pﬁ§ efﬂgs"ri nventi on

wll vary from \ o
Y 20 hy%rr]aece thereof, are also encompassed by the invention. Individual dosage forms of

the invention may be suitable for oral, mucosal (including sublingual, buccal, rectal,
nasal, or vaginal), parenteral (including subcutaneous, intramuscular, bolus
injection, intraarterial, or intravenous), transdermal, or topical administration.
Pharmaceutical compositions and dosage forms of the invention typically also
25  comprise one Or more pharmaceutically acceptable excipients. Sterile dosage forms
are also contemplated.
In an alternative embodiment, pharmaceutical composition encompassed by
this embodiment includes a Formula I compound of the invention, or a
pharmaceutically acceptable salt, or hydrate thereof, and at least one additional
30  therapeutic agent. Examples of additional therapeutic agents include, but are not
limited to, those listed above in section 5.2.2.
The composition, shape, and type of dosage forms of the invention will
typically vary depending on their use. For example, a dosage form used in the acute

treatment of a disease or a related disease may contain larger amounts of one or
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another will be readily apparent to those skilled in the art. See, e.g.,
Rem ngton's Pharmaceutical Sciences, 18th ed., Mack Publishing, Easton PA
(1990). Brempéeriicef dosage forns include, but are not Ipicmiuseah4tooso1t abl et s;
capl ets; capsules, such, as soft elastic gelatin capsul es; cachets;

L oenes, ens 2 CnaEe oA ARG PRARLAl 165 o hBuhoBh RN inetAR! aSTe
(poul tices); pastes; powders; dressin S, Creans,; asters; solutions;

pat ches; aer osatestn{eat of the seasaliseaser Syrsilaply, 4 pareriterisdosaggdbmn mhy epntadn dosage
forms suitabl g LAl SAbiQt ofUGORA! oAIMIE AL if QufhrRA it arinC! udi NG
suspensi ons (eG4 AGUESUs “or” non: aqueous I Fqul d suspensions, ol l-in-water
emul si ons, or alovapkdsr usedid treat the sintk dsmabesiraiitejder. SThes¢ argingher svags il i xi r s;

| i qui d dosage far. sui.t gbl e for parenteral 15.adm.nistration to a patient;
and steril e%solwqﬂg’sipgqlﬂ.c ,3058??%’?5? ?qcﬂ@pﬁFe%ﬁlﬁﬁa’ﬁgtl%‘ﬁ T3y f(r)cfrﬂg?e can be

r Sconst ituted ta@opeovilide rbddilyapbackasaBost ekilled Buthd | Seef 4., RArigndes al

adm nistration to a patient. Typical r eutical c i tions and dosage
forms conprise szﬁél’“%ﬁe“”%1s‘ée’l§é¥|1%t§te§-f %3&?&%@%& %ﬁtoa%ﬂgﬁé@. B’S"(??ﬁ%l e

exci pi ents are gpablagk P8 idchidt, s e ndQingitddltd-edbleR; EApRt2Edpsaibs, Bivhragacy, and

non-limting exanpl es of suitable excipients are provided herein, Wether a

particul ar excispitélgtiq gelainicergles crehiets; Hecdieh dezangesriisnetsions; suppRsiteRiSeut i cal

conposi tiongor gasage Ja%ﬁﬁkﬂ?@_%ﬁ'l@@es?rﬂ)aﬁesvﬁé\i/&‘erréf_d{%fssiﬁgs%r‘éﬁrﬁs;‘ﬁﬁlsﬂers; known in
the art including, but not limted to, the way in which theé dosage form
wi |l be adni nissluépusgpatehes; aseasle (g, 1ReF! seraTRsIiehalesp)agely digwig dofage FEMSuch as

tablets my 25 st rﬁle?lt gorgrgﬂ-a‘r%cggatrl tﬁdlﬁfﬁfsﬁﬁgnttgg ng?ént,qﬁcgucii Q@ﬁ%&%ﬁsr (@.lg.,dosage

forms. The suita@ icular exciprent’ may al so depend~”on the
speci fi ¢ acti veqieogs ediosregsedun lighid sdpsmipas, dilontwateFremsilsions entaiveaterfinret her

compr i ng_ act MV P SARL DGR, SR EET RIS AR e R ORRRG g
degr adat i onsof aﬂmmﬁstraﬁnmmmpisiént%ﬂ sexiznpliés (efghenattlireiooamodphawatselidsf e. g. |

5% is wdely accepted in.t har.maceuti.cal arts a nmeans, of sinul ating
long-term stor¥yé& TS?Odlé?m{ggtég%rf"élH%ﬁ%ué g%sgg%% Pt %P@sfor Gc tef'ff% shelf-life
or the SLalbi Iitaym@{istraﬁ&:im;&hbmns over ti ge See, e.g.l, JeEi T. Carstensen,
Drug Stability: Pripciples & Practice, .2d. , cel Dekker, NY, NY,
1995, pp. 379-80. | ARyl @Bmesgtss C&WBO%W‘@\B%%%&N%T&%‘?WEW%%OM018011

heat accel er at endrbearflers uxpPfehntsiop Bilhtss SiRattONRPisMSare Wil knovine tieké ect  of
water on a fornulation can be of great significance_si. E@e npi.st ur e and/ or

humidity a8 ckHabm the afebrirrecsFnd ey  tRgfrrmries PESMRNR BT Blckagi ng,

storage, shi pmepdyided herein. Whether a particular excipient is suitable for incorporation into a
pharmaceutical composition or dosage form depends on a variety of factors well
known in the art including, but not limited to, the way in which the dosage form will
be administered to a patient. For example, oral dosage forms such as tablets may

25  contain excipients not suited for use in parenteral dosage forms. The suitability of a
particular excipient may also depend on the specific active ingredients in the dosage
form.

This invention further encompasses anhydrous pharmaceutical compositions
and dosage forms comprising active ingredients, since water can facilitate the

30 degradation of some compounds. For example, the addition of water (e.g., 5%) is
widely accepted in the pharmaceutical arts as a means of simulating long-term
storage in order to determine characteristics such as shelf-life or the stability of
formulations over time. See, e.g., Jens T. Carstensen, Drug Stability: Principles &

Practice, 2d. Ed., Marcel Dekker, NY, NY, 1995, pp. 379-80. In effect, water and
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and use of fornulations. 5 Anhydrous pharmaceutical conpositions and dosage
forms of the invention can be prepared using anhydrous or | ow noisture
cont ai ni ngoizngyedicents and | ow noisture or | ow hum di t pcrasdodsioossst An
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exposure to wat éforsytation hmbetqﬁggﬁat;wl n¢qwhagdedsting agdfor kushiditf wenul ary
kits. Exanples of. Syl Jgtg Js k %

hermetically sea(? e%bl]? g@F o astl c alﬁn%?dr%gggdl gb%at%ai?%%?gto ag@shf}?ﬂqel al s s),
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deconpose. Suchc&rthmmpachﬁ,usmlanﬂydmueorbﬁxenmetmlretamntaeﬂ@ ingr@dients atidaloivl | zers, "
i nclude, but are na{t Ii]n‘i Ll@d.cgo, gl oxi dants such as ascorbic acid, pH
buffers, or sal POBOFT &Y IPPREYIRE UM unt s and types of excipients, the
amounts and speci fi cAt yiig8rodt phaza@ati¢al Corhpi@itiddisBiilEbd }Bkeﬁarétpéﬂg%rédor m nmay
di ffer dependin act such as, but not Ilimted to, the route by
which it is to %l?ggﬁﬁﬂtﬁ?@yaﬁoéﬁn%twew?léﬁ{@g PesEvagly: g b‘ire%ﬁ comggeE f or ns
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ng per unit tolatHe ¢id badududedin wiakle famplary lgtsp Foamplek of %@é@bl@lﬁ%ﬁka% O al

Dosage Forms PhatrBe eut ir abt Ifh‘ﬁféﬁ(?§'h%h%algfseEl@@fdlfgvﬂﬁtth'ﬁnft g are suitable
for oral administration can present ed di screte ddsage forms, such

as, but are not CQHTW@LT%@g=tV@IS)ﬂd1§TeéPf§3k€ @néstﬂp@h@iﬁabl e tablets), capl ets,

capsul es, ‘and 1iqui dﬁhe(lﬁvegtlon A B Es S gﬁas%naceﬁ'd%i cgﬁﬁ Gonk Ql’li(f@os Og%nt ain

predeterm ned anobunts of active I ngredi ent e pr epar e
net hods of phar frawy thastdmpkisome drondrhoseposkdd thgdeduae thleeataby whicBer agtemer al | y,

Rei ni ngton's Ph C n , Mack Pu h| n East on PA
(1990). Typi cal i %g{a";éfé]a‘l%é‘“? Osg S ?‘ ¢ ﬁlggunr?\g’gxﬁ l?hoaﬁe <raterfeerre pa e%s

combi ni ng the ‘ésmbnhzers;”ngqmm bmta(es)ot limitedhtol, aitionhs alml’riaxhsstbﬂnomimpﬁt | east
one exci pi ent (‘fPI’dI rnicgl,c Q fros 31 WD 2005/121162 PCT/ US2004/ 018011

conventi onal phar maesutt c afc éorrpoundl ng techni ques. Excipients can take a
w de Like the amounts and types of excipients, the amounts and specific types of

20  active ingredients in a dosage form may differ depending on factors such as, but not
limited to, the route by which it is to be administered to patients. However, typical
dosage forms of the invention comprise Formula I compounds of the invention, or a
pharmaceutically acceptable salt or hydrate thereof comprise 0.1 mg to 1500 mg per
unit to provide doses of about 0.01 to 200 mg/kg per day.

25  Qral Dosage Forms

Pharmaceutical compositions of the invention that are suitable for oral
administration can be presented as discrete dosage forms, such as, but are not limited
to, tablets (e.g., chewable tablets), caplets, capsules, and liquids (e.g., flavored
syrups). Such dosage forms contain predetermined amounts of active ingredients,

30  and may be prepared by methods of pharmacy well known to those skilled in the art.
See generally, Remington’s Pharmaceutical Sciences, 18th ed., Mack Publishing,
Easton PA (1990).

Typical oral dosage forms of the invention are prepared by combining the

active ingredient(s) in an intimate admixture with at least one excipient according to
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variety of forms depending on the form of preparati i

adm ni stration. For exfarrpl e, excipients su!ot aBI ea1E Io?nuggs: Legrglorl iquid or
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voring agents, 5 preserva
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: :’1 mp!['\ 2{1 rrtag e UE: :)@?If[)gnfﬁ @ﬂﬁﬁitﬁriafélfbsacﬂﬁﬁﬁngr dragivefiogradicnthwithdiauid serriensy fanehs not
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and synt hit i cdigjderssolid 6HTISE: bRt éﬁtg‘%?hﬁW%fhﬁ|pﬁ%aﬁgﬁ£§ﬁgef(’rlﬁsg§ia2f Idn o'? ﬁtelr” o

?Lgi nat e;sh I pgﬁl}%%ﬁﬁ%ﬁo&{fﬂ%%ﬁﬂi h, guar gum cellulose and its derivatives
g., ethy ose cel l'ul ose acetate, carboxyneth (IJ | I ul ose
%? or H ldﬁ?

cal ci um SOdI um car%o%’gpﬁﬁﬂ%?ﬁableééﬁl?ﬂ%%edbﬁc?PWTeﬁ T Byrrol tdone, nethyl

cel | ul ose,
Ce M Oes. PSR Rl-5E i B flpardPuyucaoceing ooy dyiniah nyshioetber bee,
t her eof . EXaprllnngdmflts i 4 freq-Sowige form OB g Poyar qrrgratrwk (ﬂoglonalll(\’/ ?I({:nar ures
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Examples of excipients that can be used in oral dosage forms of the invention

include, but are not limited to, binders, fillers, disintegrants, and lubricants. Binders

suitable for use in pharmaceutical compositions and dosage forms include, but are

25 ot limited to, com starch, potato starch, or other starches, gelatin, natural and
synthetic gums such as acacia, sodium alginate, alginic acid, other alginates,
powdered tragacanth, guar gum, cellulose and its derivatives (e.g., ethyl cellulose,
cellulose acetate, carboxymethyl cellulose calcium, sodium carboxymethyl

cellulose), polyvinyl pyrrolidone, methyl cellulose, pre-gelatinized starch,

30  hydroxypropyl methyl cellulose, (e.g., Nos. 2208, 2906, 2910), microcrystalline

cellulose, and mixtures thereof.

Examples of fillers suitable for use in the pharmaceutical compositions and

dosage forms disclosed herein include, but are not limited to, talc, calcium carbonate

(e.g., granules or powder), microcrystalline cellulose, powdered cellulose, dextrates,
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WO 2005/ 121162 PCT/ US2004/ 018011 kaolin, mannitol, silicic acid, sorbitol,
starch, pre-gelatinized starch, and m xtures thereof. The binder or filler
i n phar mawerbiszaiiseonposi ti ons of the invention is typipcalusgoopnement in
from about 50 to about 99 wei ght percent of the pharnmaceutical conposition
or dosage for, 8 Suididbkick asigsotitolliserohcprystiatitizedetard pd BE&TPNCI ude, but
are not limted to, the materials sold as, AVl CEL- L L- PH 103
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tabl ets that figimsiteredgroht & W%&&Y@E&np%&%%&ic%ﬂéﬁ?#&mm . Tablets
that contain t | LGSR RO S Ao VisesoDagdon, whi | €
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under the desixvad] SoadMarasEookUs, and migtufas dheasel. ABMRFGHIC WIICHISS nt egr ant

that is neither, too much nor..too0.li : | L1l du@bdeqbld akhe rel ease
of the active THHRYFRITURPLYEABOT %ﬁligg}sié@d% ?18%%£H%Q§rgl ?% oral dosage forms

of the i nvygnt ippCELTeC-38nUitabik adhyslows egloaroistsedxgigicnts o1 BEEES upon t he
type of fornulation, and i di.l i fble to those of ordinary skill
inthe art. Ty%ﬁNfEIA‘é]@EﬁﬁBalﬁ‘ﬁrQ%%aLﬁnpézﬁr&%@ﬁg%g'ti ons conprise fromabout 0.5
to about 15 wei ght mﬁﬁtggrmtsfoeus&lliiﬁmtoegmasa'tiqnssopéciiﬁ\ienmutypfq’veﬂw%t&%t 1to

about 5 weight percent of disintegrant. Disi.nteqr a6, used in
phar maceut i caltha dispoesrais JHE %iwase&g%%%q%‘}sr?ﬁ“&‘%“"% gnlfa?n’{/&esjr}?%té’ﬁﬁ%ﬁcl ude, but

are not limt %&%dﬁilﬁg?gﬁtmrdmﬁégm iCst@6ged whil€ thbsd thahcontrinderlitdle may —
u

m crocrystal line ce ose, “croscarnel | ose sodium..cro id fant 2O
pol acri | i nispotms disintpgratirdia GaFSE a318 AT ‘@1‘19%%? Q?Sérf"é f)%’td&iogs'zﬁlq%é’aapﬁg%éen;t ar ch,

pre gel atiniz ea%no%%?‘éﬁ'&’int@érm ha$ L3RRS $oo 18h@Yr todtdy to abwinrestallp e
a m

cel lul oses, gums, an tures thereof. Lubri cafnt S tl%ﬁt ?{fna be Wsed in
phar maceut i cal the mvpesiftharssvainaredisatighould by wed iy 1opR SOHARFIAP8R '€l ude, but

are not lim te(gitﬁt\eoih\gl%@iéﬁi ’f'ﬁ@a?ﬁo%ﬁgf’ftc%iint%%%édﬂmeﬁ&sﬁLq:&halﬁeetypmfner al oil,

|

| i ght m neral erin, sor |, manni tol , pol yet hyl ene gﬁh&g&:ol , ot her
glycol s, st earfogmaletich, sl raadily diseeyiible g thageef opdinagy Sl%@ﬂ’r §&hal veget abl e
oil (e.g.,, peanut oll. coltan ibise SHRLHANBTS tohbout SE IR ident afl i Ve
oil, cornti I&lagﬂ%fegt&cﬂﬁceoén O(s)llﬁﬁ%,%o%pnlée stearate, ethyl ol eate, ethyl

| aur eat e, agar disiafgrant, specifically from about 1 to about 5 weight percent of disintegrant.

Disintegrants that can be used in pharmaceutical compositions and dosage
forms of the invention include, but are not limited to, agar-agar, alginic acid,
calcium carbonate, microcrystalline cellulose, croscarmellose sodium, crospovidone,

25  polacrilin potassium, sodium starch glycolate, potato or tapioca starch, pre-
gelatinized starch, other starches, clays, other algins, other celluloses, gums, and
mixtures thereof.

Lubricants that can be used in pharmaceutical compositions and dosage
forms of the invention include, but are not limited to, calcium stearate, magnesium

30  stearate, mineral oil, light mineral oil, glycerin, sorbitol, mannitol, polyethylene
glycol, other glycols, stearic acid, sodium lauryl sulfate, talc, hydrogenated
vegetable oil (e.g., peanut oil, cottonseed oil, sunflower oil, sesame oil, olive oil,
corn oil, and soybean oil), zinc stearate, ethyl oleate, ethyl laureate, agar, and

mixtures thereof. Additional lubricants include, for example, a syloid silica gel
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m xtures thereof. Additional l|ubricants include, for exanple, a syloid
silica gel 33 WD 2005/121162 PCT/ US2004/018011 (AEROCSIL 200, nanufactured
by WR Gveceosdaiieef Baltinore, MD), a coagul ated aerogolr/usbompmohetic
silica (marketed by Degussa Co. of Plano, TX), CAB-O-SIL (a pyrogenic
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increased pati efliinaRMRi ANGSart, it RSt thds@ QescHBEH HeRlih, @en b&teBEBeBBted for
formul ati ons can be used to affect the tine of onset of action or other

char act er i 520 csyse wsiicthe agivpinggrdinesadithe igentione HredgyentpRiTEaFIORBYSHS f ect the
occurrence of Séiﬁige {u%t gos’age forms suitable for oral administration such as, but not limited to,

tablets, capsules, gelcaps, and caplets that are adapted for controlled-release.
All controlled-release pharmaceutical products have a common goal of
improving drug therapy over that achieved by their non-controlled counterparts.

25  Ideally, the use of an optimally designed controlled-release preparation in medical
treatment is characterized by a minimum of drug substance being employed to cure
or control the condition in a minimum amount of time. Advantages of controlled-
release formulations include extended activity of the drug, reduced dosage
frequency, and increased patient compliance. In addition, controlled-release

30 formulations can be used to affect the time of onset of action or other characteristics,
such as blood levels of the drug, and can thus affect the occurrence of side (e.g.,
adverse) effects.

Most controlled-release formulations are designed to initially release an

amount of drug (active ingredient) that promptly produces the desired therapeutic
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adverse) effects. Most controlled-rel ease fornulations are designed to
initially release an anount of drug (active ingredient) that pronptly
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or other physi ahoghdinka AANMLMERBIn0he GAIP LURTSIedBRICRE &) AlivDRRAIRATO! TS
Parent eral dosage tornms can admnistéred to patients by vari ous rout es
10 i ncl udi ng, buanbastimblated by daricws conditions mbldimg, bt notrliafmmdctusﬂ,l ncI ud| ng

bol us I nj ect | Ont%fn Lt rarmrsn(e\’:éJ waEe’r or oﬂ}er 10?0 1ca{cond tloBeCr%ch)rsneo&n

adm ni stration B‘?r%%{fel’fzﬁypasses BRES 5 A (el odet enses agal nst
contam nants, RretisBdsagddage forms are preferably sterile or'capabl e of
being sterilized prior dmn stration.to es, of
parenteral dosage f@?@tefﬁg?ﬁia% Or’BﬁfanﬁﬁéldWB?& rgﬁotpé‘ge’ft%byg%’lnﬁﬂoéﬂ‘?é ready 15
for injectiin, idcflydlﬁg]d)ﬁﬂlﬁot Ihyt@ue@;d, butR Ghaidons] isttaveriora diclidingBoled mfpoliorgd or
suspended in 1phar ceutjca ,%c:égpt abl e vehjcle for Injection

(reconst it ut abl’BTHRRRRS fnd mgﬁfé%ﬁ BGPsE Bsh pdmigrstptigne¥picHly byR#ESe nul si ons.
Sui t abl e vehi cliR§edthaktueA Qefofsel 8Bihst ConRinANAnHe pasteal ®fsdde fgﬁ’l%%@ forms of
the invention are well known to those skilled in the art. Exampl es

i ncl ude, but arracfrigbly steuilq onerpable af dempaieakizedprior Rjzdminigitiono 2 Rigeous
vehicles such gsanhitk of‘}%rerltérgi'cfo@%etf&msmﬁdén?)@a}eqo't ﬁlﬁltéduoe&)t]dtf?)'ﬂs reRnger’ s

| nj ection, Dextrose |njection, Dextrose and Sodi um Chloride |njection, and
Lact at ed Rilfgerfosinjeatien divomd/opivophylisederodicts roedyite bedissolvegior auspensiad im ot
imited o, et hygheofpbyy RALYENOWRICOIYGAy B RRtyREORMGNe ol yeol ;
and non-aqueous ‘vehi cl es such "as, but , cor , cot t onseed
oil, 25 peanut Sumenslgr@srmﬂvf@lllmectemhmdmumr@ i sopropyl rryrl state, and
benzyl benzoat e. t e TOT € of
the active ingredi enppﬁ)llldl sC C}lose géeggglftg b&lfsﬂaﬁ%&érélr%% aggg{l nto the
parent er al dosagenfiar ars wofl khéven toi thase skilledin the ah Skhenmpéds u[ommgcmt Femos

20  limited to: Water for Injection USP; aqueous vehicles such as, but not limited to,

Sodium Chloride Injection, Ringer’s Injection, Dextrose Injection, Dextrose and
Sodium Chloride Injection, and Lactated Ringer’s Injection; water-miscible vehicles
such as, but not limited to, ethyl alcohol, polyethylene glycol, and polypropylene
glycol; and non-aqueous vehicles such as, but not limited to, corn oil, cottonseed oil,

25  peanut oil, sesame oil, ethyl oleate, isopropyl myristate, and benzyl benzoate.
Compounds that increase the solubility of one or more of the active ingredients
disclosed herein can also be incorporated into the parenteral dosage forms of the
invention.

Transdermal Dosage Forms

30 Transdermal dosage forms include “reservoir type” or “matrix type” patches,
which can be applied to the skin and worn for a specific period of time to permit the
penetration of a desired amount of active ingredients.

Suitable excipients (e.g., carriers and diluents) and other materials that can

be used to provide transdermal and topical dosage forms encompassed by this
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compositions or dosage forms to advantageously alter the hydrophilicity or

lipophilicity of one or more active ingredients so as to improve delivery. In this
regard, stearates can serve as a lipid vehicle for the formulation, as an emulsifying
agent or surfactant, and as a delivery-enhancing or penetration-enhancing agent.

25  Different salts, hydrates or solvates of the active ingredients can be used to further
adjust the properties of the resulting composition.

Topical Dosage Forms

Topical dosage forms of the invention include, but are not limited to, creams,
lotions, ointments, gels, solutions, emulsions, suspensions, or other forms known to
30 one of skill in the art. See, e.g., Remington’s Pharmaceutical Sciences, 18th eds.,
Mack Publishing, Easton PA (1990); and Introduction to Pharmaceutical Dosage
Forms, 4th ed., Lea & Febiger, Philadelphia (1985).
Suitable excipients (e.g., carriers and diluents) and other materials that can

be used to provide transdermal and topical dosage forms encompassed by this
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4th ed., Lea & Febiger, Philadelphia (1 985). Dosage forms suitable for treating

mucosal tissues within the oral cavity can be formulated as mouthwashes or as oral

gels. In one embodiment, the aerosol comprises a carrier. In another embodiment,

the aerosol is carrier free.
25 The Formula I compounds of the invention may also be administered directly

to the lung by inhalation. For administration by inhalation, a Formula I compound
can be conveniently delivered to the lung by a number qf different devices. For
example, a Metered Dose Inhaler (“MDT”) which utilizes canisters that contain a

suitable low boiling propellant, e.g., dichlorodifluoromethane,

30 trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or other suitable

gas can be used to deliver a Formula I compound directly to the lung. MDI devices

ble from a number of suppliers such as 3M Corporation, Aventis,

Forest Laboratories, Glaxo-Wellcome, Schering Plough and

are availa
Boehringer Ingleheim,

Vectura.
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ref erence)? izers inc devi ces
usmg, for example, ultrasonic energy to form fine particles that can be readily

inhaled (See e.g., Verschoyle et al., British J. Cancer, 1999, 80, Suppl 2, 96, which

is herein incorporated by reference). Examples of nebulizers include devices
supplied by Sheffield/Systemic Pulmonary Delivery Ltd. (See, Armer et al., U.S.
25  Pat. No. 5,954,047; van der Linden et al., U.S. Pat. No. 5,950,619; van der Linden et
al., U.S. Pat. No. 5,970,974, which are herein incorporated by reference), Aventis
and Batelle Pulmonary Therapeutics.
In a particularly preferred embodiment, an electrohydrodynamic (“EHD”)
aerosol device is used to deliver Formula I compounds to the lung. EHD aerosol
30  devices use electrical energy to aerosolize liquid drug solutions or suspensions (see,
e.g., Noakes et al., U.S. Pat. No. 4,765,539; Coffee, U.S. Pat. No., 4,962,885;
Coffee, PCT Application, WO 94/12285; Coffee, PCT Application, WO 94/14543;
Coffee, PCT Application, WO 95/26234, Coffee, PCT Application, WO 95/26235,

Coffee, PCT Application, WO 95/32807, which are herein incorporated by
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In addition to the formulations described previously, a Formula I compound
can also be formulated as a depot preparation. Such long acting formulations can be
administered by implantation (for example subcutaneously or intramuscularly) or by
intramuscular injection. Thus, for example, the compounds can be formulated with

25  suitable polymeric or hydrophobic materials (for example, as an emulsion in an
acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, for
example, as a sparingly soluble salt.

Alternatively, other pharmaceutical delivery systems can be employed.
Liposomes and emulsions are well known examples of delivery vehicles that can be

30  used to deliver Formula I compounds. Certain organic solvents such as
dimethylsulfoxide can also be employed, although usually at the cost of greater
toxicity. A Formula I compound can also be delivered in a controlled release
system. In one embodiment, a pump can be used (Sefton, CRC Crit. Ref Biomed

Eng., 1987, 14, 201; Buchwald et al., Surgery, 1980, 88, 507, Saudek et al., N. Engl.
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The pH of a pharmaceutical composition or dosage form, or of the tissue to

which the pharmaceutical composition or dosage form is applied, can also be
adjusted to improve delivery of one or more active ingredients. Similarly, the

25  polarity of a solvent carrier, its ionic strength, or tonicity can be adjusted to improve
delivery. Compounds such as stearates can also be added to pharmaceutical
compositions or dosage forms to advantageously alter the hydrophilicity or
lipophilicity of one or more active ingredients so as to improve delivery. In this
regard, stearates can serve as a lipid vehicle for the formulation, as an emulsifying

30  agent or surfactant, and as a delivery-enhancing or penetration-enhancing agent.
Different salts, hydrates or solvates of the active ingredients can be used to further

adjust the properties of the resulting composition.
KITS
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20" compounds according to the mvention may be successtu ly performed by
modifications apparent to those skilled in the art, €.g., by appropriately protecting
interfering groups, by changing to other suitable reagents known in the art, or by
making routine modifications of reaction conditions. Alternatively, other reactions
disclosed herein or generally known in the art will be recognized as having

25  applicability for preparing other compounds of the invention.

Preparation of Compounds

In the synthetic schemes described below, unless otherwise indicated all
temperatures are set forth in degrees Celsius and all parts and percentages are by
weight. Reagents were purchased from commercial suppliers such as Aldrich

30 Chemical Company or Lancaster Synthesis Ltd. and were used without further
purification unless otherwise indicated. Tetrahydrofuran (THF) and N, N-
dimethylforamide (DMF) were purchased from Aldrich in Sure Seal bottles and used

as received. Unless otherwise indicated, the following solvents and reagents were
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the examples

com
peutral alumina. Hydrogenolysis was done at the pressure indicated in

25  or at ambient pressure.

JH-NMR spectra were recorded on a Varian Mercury-VX400 instrument

operating at 400 MHz and BC-NMR spectra were recorded operating at 75 MHz.

NMR spectra were obtained as CDCl; solutions (reported in ppm), using chloroform

as the reference standard (7.27 ppm and 77. 00 ppm), CD;0D (3.4 and 4.8 ppm and
30  49.3 ppm), DMSO-ds, or internally tetramethylsilane (0.00 ppm) when appropriate.

Other NMR solvents were used as needed. When peak multiplicities are reported,

the following abbreviations are used: s (singlet), d (doublet), t (triplet), q (quartet),
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M crol ab, Inc. Qdmybdmxmﬂqsme) %ethwb{({l-rdgnthylanhmo{stypyl) 4%&@@@%@?@1&6@ on an

open capilTary ar at uc o] he de synt hetic
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(4-di net hyl am nllﬁif miphaﬁgﬂﬁ%?é %TEPB‘PEOlﬁhYﬁ’ﬂF\)dgEA‘?- ene), DCM (4-

(di cyanoret hyl e(rﬂ@f)uozomcmtﬂay&deﬁp@wmm@mmast yryl)-4 Hpyran), MCPBA

(3- chl oroperoxybenzoi c acgi

(1- (3- di met hyl afif Wéﬁ%ﬁ%ém@%@%wwa#MHPWB@PE%%%%Ch| oride), HATU

(0-(7-azabenzot i Spyletiylamine) 1 BECI ekt@Iut B by Yl DADMP (2,2-
hexaf | uor ophosp éﬁ) pyljc%h l ) gxeybenzot ri azgi e h]ydrcgat % TFAA
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(trifluoroatkti @m&WﬁWHT?Rf@?); IP@,/ ropiletirdeDi B (tripthyla
dichloroethane), PPTS (pyridinium p-toluenesulfonate), DEAD

(diethylazodicarboxylate), PS (polymer supported), HF (hydrogen fluoride), MeCN
(acetonitrile), MeOH (methanol), Val (valine), Phe (phenyl alanine), HPLC (high
pressure liquid chromatography), TLC (thin layer chromatography), and the like.

25 Scheme 1 shows a general procedure to prepare the 5'-amino acid esters of 5-

amino-3-B-D-ribofuranosylthiazolo[4,5-d|pyrimidine-2,7-dione.
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di ne‘Z‘?"dl one. 43 WD
J)--0 1~S>=05 HNNP IN

am no-3-[3-D-ri bofurénosylthl azol o[ &, 5- ?izfqpyrl
2005/ 121162 PCT/ US2004/018011 Schenme 1 OH G4,
a 2N Np INb HO Yoy y HOB/ OH * ~/HO"2 NOHC~OIl NO Ji11 S H2N
NJON2HCI HZN N - IN £Bt N OH2N~0™/ u\’ RRvOOHOO—l Ila 11 a)
2, 2- di met hoxypr opane, ald®t fie, DVBO, IVESCBH)Q C b) 80C- NHCHR4CO2H, EDC,
DVAP, PhMe, O C - rt <c¢) anh. HC, iPrQAc, sPrC]—I I na typical synthetic
route, the 2',3'-hydroxyl groups of t he [3 D-¥i bose noi ety of

5-am no- 3- 3- Dri bof iranosylthiguzol o[ 4, 5-dJpyri m dine-2, 7-gl one is first 5
protected, preferably with an eioni de as shown in 2. T djirsee 5' - hydr oxyl

can then be subjectedtoav%llt of esterification ma/t]\h ot h a
N-protected anmno acid to H2N 2HCI HzN
‘BuO\n/N\i)J\o o HzN\i)J\O
o R S R* At
©><o HO OH

Ila 11

a) 2,2-dimethoxypropane, acetone, DMSO, MeSO3H, 0 °C
b) BOC-NHCHR*CO,H, EDC, DMAP, PhMe, 0 °C - 1t
c¢) anh. HCI, PrOAc, PrOH

In a typical synthetic route, the 2',3'-hydroxyl groups of the B-D-ribose

moiety of 5-amino-3-$-D-ribofuranosylthiazolo[4,5-d[pyrimidine-2,7-dione is first

5  protected, preferably with an acetonide as shown in 2. The free 5'-hydroxyl can then
be subjected to a variety of esterification methods with a N-protected amino acid to
form ITa. The nitrogen of the amino acid ester and the 2',3'-hydroxyls of the ribose
unit are then subjected to various deprotection conditions, preferably concurrently,
followed by salt formation of the free amine of the amino acid ester as illustrated for

10 1L

Example 1: 5-Amino-3-(5’-0-L-valinyl-B-D-ribofuranosyl)thiazolo[4,5-
d]pyrimidine-2,7-dione Dihydrochloride (3)

N
HzN)\
HzN\)J\ A(_J

Step 1. Preparation of 5-Amino-3-(2°,3°-O-isopropylidene--D-ribofuranosyl)
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formlla. The nitrogen of th ' [

_ _ e anmno acid ester and the 2',3'-h
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TE A no B (o mra . :
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5.36 g (88%) of the acetonide 2 as a white solid: mp 280-81 °C; 'H (DMSO-ds) 8
1.28 (s, 3H), 1.47 (s, 3H), 3.43-3.55 (m, 2H), 3.95-3.99 (m, 1H), 4.77-4.80 (m, 1H),
4.88-4.91 (m, 1H), 5.24-5.26 (m, 1H), 5.99 (s, 1H), 6.97 (br s, 2H), 11.25 (s, 1H).
20  Step 2: Preparation of 5-Amino-3-(2°,3 -O-isopropylidene —5 "-N-tert-
butoxycarbonyl-L-valinyl)- [3-D-ribofuranosyl )-thiazolo[4,5-d] pyrimidine-2,7-dione
“)
To a solution of N-butoxycarbonyl-(L)-valine (671 mg, 2.81 mmol) in THF

(9 mL) at 0 °C was added EDC (588 mg, 3.07 mmol). The resultant homogeneous

75  mixture was stirred 45 min at 0 °C, at which point it had become heterogeneous, and

solid acetonide 2 from Step 1 above (1.00 g, 2.81 mmol) was added as one portion.
Subsequently added was solid DMAP (522 mg, 4.27 mmo}). The reaction mixture
was permitted to reach room temperature, and stirred an additional 5 h, whereupon it
was concentrated at 25 °C via rotary evaporation to a yellow syrup. The residue was
30 dissolved in EtOAc (50 mL), partitioned with 1 N'HCI (10 mL) followed by
neutralization of acid with saturated aqueous NaHCO; (10 mL). The acidic aqueous
phase was further extracted with EtOAc (2 x 50 mL), and then partitioned with the

basic aqueous phase. The combined organic phases were dried over NayS04,
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4.88-4.91 (m iN), 5.24-5.26 (m 1H), 5.99 (s, 1H), 6.97 (br s, 2H), 11.25
(s, 1H). 20 Step 2: Preparation

of S- Al ni wo20¢2(21132- O i sopropyl i dene-5"-N-tert PCT/US2004/018011

but oxycar bonyl - L-val i nyl ) - AD-ri bof uranosyl ) -t hi azol g[ 4 ?é)%[@ JB . di ne-2,7-d
ione (4) To alged thréugh a@hort\pdﬂmftsi@z;m@@n%ﬂﬂéil@%—a\ﬁfﬁfql%i % gré) °2.81 mml)
in THE (9 nL) at 0 Cwas added E .00, <30 5§ 08Bl t ant
honpgeneous ﬁBC“ﬁi%ﬁcﬁﬁdé‘%%acécf‘ﬁisfeF é)cs égogﬁll ﬁﬁaltﬁoééc,l%g?@\/gﬁ??&? oi n!t‘\I it had
becone het er ogenanusy, @IB(dsok 79, HEel OA(KBHR 1f4qmoB)epStl(salibve’f ©r60 g, 2.81

mmol ) was added as one portj on, S e de | ird P (522 ,
4. 27) mol ) . Tﬂ]H)arZé)&c%-i%&mrﬁm’t‘du?roé""§¥Agg’ezg§’rﬁ4'%('éz??bﬂ{r)\£§§%%drab{)ml':;)gp e$ at ur 2?
and stirred aggqaggy iognad, /5 dn, WNEHRBAQLI d, J V68, 16D fcfr dteti6 6116 C via

rotary evaporation’to a yellow syrup. The residue was 30 dissolved in EtOAc
(50 nl), part 5EBdered2H),0R315NHHA (10 mL) fol lowed by neutralization of

acid with satyrated aqueous N 3 5 (300 1L) 4157 W08 DAGH e BoMSo[4hase was
further extractgd Sﬁ'?ﬂ’"@f%&éy&(@gﬁ%ég@/}&@%ﬁg /tgﬁgﬁ O%ér?i |yoned with the

basi ¢ aqueous £4ind DO LOEDRRBoMIGAIAIZ) phases were dried over Na2SO4, 45
WO 2005/ 12116 CT/ US2004/ 018011 filtered thr OL{)gh shor t eﬁggsgf Si 2, and

concentrated, aff oAdimagn df AEbeas Waggasredbirougha bRy oL FUUHIRIN G 28c°d ester 4
as a foam np 158 C trectdd (VEPEH3Y dRp@si8H be) intok 25011, 3-3kdk Mort@5 (d, J=
7.0, 3H), 19.3%“‘?%“,“%‘1(3?‘%?})1‘?]5?2‘1!5‘?& A9H)(?Jd%.35%] (s 93?,mH), 1.75 (bros, 1H),
2.08-2.19 (m flbkh conidife dryasbptapy! efpie (30 @) at (7€ yjijh a sqtpated JOlBRO W3 © 5=
11.0, 5 5.9, 1H), 4.96 (dd, J= _ahiddadidésted frodrstép B, 1H), 5.29
(br d, J= 6. 6,0%%6?11' %8.ﬂg§wfsoarda§(,§a%l-wfbnéfg%%o’sc,aﬁlllﬂl-?)l? S_tsép 3 nge aration of
5- Anzi no- 3- ( 5'ab8vel(5\6alg] 9iyb mADIYih roprbprinostyle X3Q mih zesnbing inthe formation

dJpyri zni di ne- 2, 7- di one, Di hydr ochl.oti d . t A3s] way passed
t hrough a bubfambge s@&ﬂﬁ&ﬂ%gﬁ%l 1?—|5§Bﬁ', f§%§°§ga;s dgﬁ%qs(g/g&dﬁl})yqdi rezt ed (via
fritted digpersiomcsbaixtinhas aaed tortoodr lmpkraiy; then stifgdaldd. A%t ai ni ng dry

i sopropyl acetate (80 nL) at O . C until. sat,u LoNn StionObt ai ned.
To this was ad@EPEEP<YF (AP ‘Bl?‘mf‘?w‘gaslélé]@?egr}’]% #ogﬁéoﬁ%nggitdg?ﬁ@r g?h@ S%Oélp 2 above

(5.53 g, 9.95 dg}ﬁgla)médrihﬂa?@@rsaﬁﬁéied@eiﬁlhsel@adbrqupxovﬁcbduhpffn@iien t he

formation of a white solid precipitate within 5 i .S, dded 10%
(v/v) |PA (11 amorphoussofide TF’@&@H“&E ﬂ?‘?ﬁ?ﬁ‘b?‘e&%ggm\/\vgg] nfr{;si%f) “%I‘;g b}'rgi?}%ﬁtlpgﬁ%gr ature,

then stirred e QURRBNLIS 6 TEAE! V) of thexitlecemprmsd diak atvdde wi th dry
%ﬁ%ﬁgﬁgaa??gn i

e o o e I SoES BV BT 2618t 8t 295, el

3H), 2.14-2.18 (m, 1H), 3.83-3.85 (m, 1H), 3.96-4.00 (m, 1H), 4.23-4.28 (m, 2H),

4.42 (dd,J=11.7,3.4,1H), 4.75 (dd, J=10.3, 5.5, 1H), 5.81 (d, J=4.4, 1H), 6.46

(br s, 3H), 7.23 (br s, 2H), 8.47 (s, 3H), 11.5 (br s, 1H).

Elemental analysis for C1sHz1NsO7S ¢ 2HCI: calc’d: C, 36.89;H, 4.75; Cl, 14.52;
25 N, 14.34; S, 6.57; found: C,37.03: H, 4.74; Cl, 14.26; N, 14.24; S, 6.42.

EXAMPLE 2: 5-Amin0—3—(5’-0—L-isoleucyl—B—D-ribofuranosy])thiazolo[4,5-

dlpyrimidine-2,7-dione 3/2 Hydrochloride (5)

"oH
Step 1: Preparation of 5-Amino-3-(2 3 -O-isopropylidene-5 "-N-tert
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anor phous solid. Trituration of the solid in dry THE was fol |l owed by
filtration and vacuumdrying at 65 C, affording 3. 677 g (81% of the title
conmpound Woasosa2wteet e 20 sol i d: rrp 166- 68 C (dec); 'H ( DuB@sd@u/osod1 90 (d,
J=7.0, 3H, 0.94 (d, J= 7.0, H, 2.14-2.18 (m 1H), 383385(m1H),

3.96-4.00 1 4.75
(dd. 3= 10 3, sokooubdniigiot] W%M o gty mulpind s 0
2H), 8.47 (s, 3Hpre®y.5 (br s, 1H). Elenental analysis for C15H21N507S

2HC1: calc'd: C 36.89: H 4.75 O, 14.52: 25 N 14.34: S, 6.57; found:
C, 37.03: H 4.74: dnaniazvnzr@lmﬂﬁrtwelzaof@(aneﬂmz S-Amiane(2i5320-

5 no- & (5 ybbameeyrlac ity sl igsti b L o o o
OH Step 1: P§eptuaablofins- dbyﬁmﬁm-h%&néﬂ wa3 prePured oper yipldloff 02X dkobl 5-N-tert 46

WO 2005/ 121162 PCT/ 18011
but oxycar bozy! - 7 ufsgﬁg 1 isppsoRlidenesf-D-dhplugngsyiiiazoly 4 Alpyrimidine-

i d%lox rim dl3 m( gmzhonz 2 aela oner{HRjoxy - BolBRIMIET asSh Bt whitel farfit &B NRR{40BXanpl e
m no-
i sopropyl i dene- MHZr\P’or%W%étlé%?é%rlHMW @1 580elidy P2 (BDLA), B8R (% aHdsy ! ) -

t hi azol o[ 4, 5-d] di | ; yie ‘Vfrom5
e (s 3 8 .ti%pf?z%j_»égdée@f!feﬁe 0 DUERRRG, 1 s Ga] €49, o, 5%
i

[ 4, 5-d] pyri i di hé8 (bp 5,710 (s23Hhd 3RI-(-'£,@HI), 1b'4?t(e,x3ﬂ)L0 VbOISEKmI ﬂé) 7 as an

of f-white foam N 1.2 d, J=
8.0, 1H), 7.02 ffﬁZ IMRef%atzo%o figzo %%V_%? gqoéegcxlthjzbgﬁg;%osyl tﬁbazol 06 (br

s, 1H), 4.16-4. 225 Q]?}rz:%’f’)ne ﬁ?%ﬁné@@:ydﬂozhl%m@e(;?- 6, 1H, 10 1.68 (br s, | H .
1.47 (s, 3H), 1.34°(s, 9H), '1.29 (s, 3H), 0.71-0.89 (m 5H). Step 2:
Preparation of 5- AmIzzméan((rSifﬁi@rLdi%Ep)B eﬁE))anhple'Mpﬂepmédmlaltidsvdn)pduhéz’ol o-
[45d]pyr|md|n hydr oc or L man r..to Step
3 of Exanple 2 We's vghltees féér)%%ln??u a>()to Tt 1% n dlEEj[(e)hnnﬁ) Soa/gyla]dvﬂp{] Zﬁ §Z+ q%(r:)om t he
above i nt er redi lammmzlammm/azyDMsm)amp 4117(Brs1714),®.4(1c{elcs), 3H),7515 (b‘rd\m)(4oo

Mz, d6-DVBO) S &L #3 -G 1, 450 00 &, 380 Pho G, 217,58 3 A Sa 568D,
2H), 3.91-4.0 (m, 2H), 1.84-1.91 (m, 1H), 1.37-1.44 (m, 1H), 1.19-1.27 (m, 1H),
0.80-0.87 (m, 6H). Elemental analysis for C;¢H3Ns07S¢3/2HCI: calc’d:. C, 39.69;
H, 5.10; N, 14.47; Cl, 10.98; S, 6.62; found: C, 39.05; H, 5.13; N, 13.73; Cl1, 11.08;

20 S,6.02.
EXAMPLE 3: 5-Amino-3-(5’-0-]a-L-tert-butylglycinyl]-B-D-
ribofuranosyl)thiazolo[4,5-d]pyrimidine-2,7-dione Hydrochloride (8)
OH

HgN
HzN\/U\ /\QJ

Step 1. Preparation of 5-Amino-3-(2°,3 -O-isopropylidene-5 -N-tert-butoxy-
25  carbonyl-[ o-L-tert-butylglycyl]- f-D-ribofuranosyl)-thiazolo[4, 5-d] pyrimidine-2,7-
dione (9)
In a manner similar to Step 2 of Example 1, 5-Amino-3-(2°,3’-0-

isopropylidene-5°-N-tert-butoxycarbonyl-[a-L-tert-butylglycinyl]-B-D-
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5.82 (d, J= 4.8, 1H), 4.50-5.00 (m 2H), 4.40 (dd, J= 11.7, 3.3, 1H),
4.21-4.30 (m 2H), 3.91-4.0 (m 2H), 1.84-1.91 (m 1H), 1.37-1.44 (m 1H),
1.19-1. 2AWwbrmosiidite2 0. 80-0.87 (m 6H). El enental anal ysipeTfu32004/018011
C6H23N507S3/2HCI : calc'd: C, 39.69; H, 5.10; N, 14.47; d, 10.98; S, 6.62;

found: C, 39.05 5 thidold3.57 Chidindd. VRLE 3:
5- Ani no- 3- (5 - :Ef;;l Ost?yg r;dtn B)lljcgf |59a§1§/yél nldl|l’1] 70¢§0ne BPwa3: préi)agaa 1n%

(3
ri bof uranosyl )t ol-AnEnadi- %Q'ﬁséﬁfﬁ@d@efﬁ@%m@ﬁmﬂﬂswﬁhléﬁoﬂqﬁéﬂ 8) O
H2NhN N>==0 O I of 2 ',
"-Oisopropyli d!‘g&;’@n%u rﬁ-nf 2f7td_gntftzo%é]§f§?]gaef ﬁt&&g{ycmﬁg T f?w'ﬁ‘%f ycIfI(J-

6- D-ri bof ur anosyMR (4IO[)M[®i al- EM&'S)CS] 13y238i (BZ4, dH;,zsemZz 4(7@n,¢H),rl‘E02((9)lH)l;l a manner
simlar to Step_2

Somr vl | derbs Bs 300t DS S PE T 424 b Bud T Gyt WD 54D 47 WO

2005/ 121162 PCT}USZNO44 G18R1. 1 29 (s, 3H), 0.85 (s, 9H
ri bof uranosyl) - {hl azol o[@séll 59‘d py(rl m) di ne( 2, 7> di one 10 was prepared in a

yield of 66% f8ep: Preparation of 3-Amino-3-(5°-O-[ o-L-tert-butylglycyl] - f-D-ribofuranosyl)-

5- Ami no-3-(2,3-0-1s0 | i depe D-ri baof uranosyl ) -t hi azol o[ 4, 5-

d] pyri m di none- C’?Oéi? gﬁyyﬁ”’éfgféf‘fp\l-gwl’}e?ért but oxygl ycine as an off-white
foam | H NMR (400 2 andlG-sEMBOLo §e]}§rogﬁx:{np§]e ?waégpe arbd t%g'tlﬁe é&nﬁdﬁhd?"")
6.02 (s, 1H), 5 5.30 (d, J= 6.2 1-4.24 3 H,

3.77 (d, J=1G.48 as1+tyvhltels0h¢fr0(n§he @Hye m.terg@dle@ in @H§0% Ylelli@ 11(1152023:&%3 °C0 85 (s,
9H). Step 2: P

5- Am no- 3-(5' - E@F@r%m&bﬂ%‘ﬂﬁ flg/clvl[s\lo)/8 535 r?d n803sly(P58-’ 3H), 7.08 (brs,

t hi azol o[ 4, 5- d] 7y, 5.:88 dd, de= 420, 1H0)j o4te(bt 8) H)5.21 (e niel), 471 Ba(m) H)St. ];910 3 01;1

Ex le | romthe
Shove. | it er mech BHY T o4 b0bvE B EETRE D80 364 B t5 byt ButRkadrhe0 .
d64D(l\)/ISO)1 EI) 11. 3§H hzlerﬁamalairé)l sisFoBl HIN:0,S SHLI: falO8: Cbm@s (I{3|‘I‘));N5 82 g g J

gdg7 Z1_ 11. 18 215|603 914%7 6|148263|84f<2816(§;(,4<1% Hé%al;lzﬂ‘bkﬁ gwollrﬁ 2%3221 gi ZéH),
S e nta na I cal C ;
H 5.19: N, 15% : ‘?‘“8?55&@"%% %@Vﬁlg“q’“%] Bkﬁ 41: H, 5.41: N,

14.16; d, 7. Olrlbtﬂurzﬁmoﬁ)a)thlazolo[4 5-d]pyrimidine-2,7-dione Hydrochloride (11)
OH

HO  ©OH
Step 1: Preparation of 5-Amino-3-(2°,3’-O-isopropylidene-5 ’-N-tert-

20  butoxycarbonyl-[ a-L-N-methylvalinyl]- -D-ribofuranosyl)-thiazolo[4,5-
d]pyrimidine-2,7-dione (12)

In a manner similar to Step 2 of Example 1, 5-Amino-3-(2°,3’-0-
isopropylidene-5°-N-tert-butoxycarbonyl-[a-L-N-methylvalinyl]-B-D-
ribofuranosyl)-thiazolo[4,5-d]pyrimidine-2,7-dione 12 was prepared in a yield of

25  63% from 5-Amino-3-(2°,3’-O-isopropylidene-3-D-ribofuranosyl)-thiazolo[4,5-
d]pyrimidine-2,7-dione 2 and N-tert-butoxy-L-N-methylvaline 13 as an off-white
foam: 'H NMR (400 MHz, d¢-DMSO) rotameric carbamate & 11.28 (br s, 1H), 7.00
(brs, 2H), 6.02 (s, 1H), 5.27 (d, J= 6.6, 1H), 5.04 (br s, 1H), 4.14-4.28 (m, 3H),
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Exanple 4: 5-Am no-3-(5 -0O[a-L-N-neth i
) _ ylvalinyl]-[3-D
ri bof uranosyl )t hi azol o[ 4, 5-d] pyri m di ne-2, 7-di o i
, -2, 7- drochloride (11) OH O
H2N N N HvO2005/¢41tskl Step |: Preparati - _ne_H}/
T L PN e go on of 5- Am no- 3- (2 PCT/US2004/018011
but oxycar bonyl39[1 1-N\p BEIEY .V trsydE); 2.89 Orsi BB Ltaedk) ).30Ks: 47°8Po[ 4, 5-

d] pyri nzi di ne-2 7 di
S o o 50 (2 33-2(@4 SIH nlezéél’Z%H) B7§O@QneBH§' mlar to Step 2 of Exarrpl e 1,

B 1 T per oyl
. | one
yield of 25 G%ﬂrﬁ?ﬁdmed 7-dione hydrochlorzde a1 was prepared in a

5- Ami no-3-(2', 3 -0 isopropylidene- bof azel
d; Py“ mi di Ae-2, 7- d?lb%@al?“eé%@‘]l@ et p%}i’f{%? E ll\é)ﬁé%%ﬁafetdh | ne é%%rﬂ) ggndan
of f-white foai as a 5li &ﬁ@@v\Miﬂéso](ﬂ&rdﬁ&@@)abdix&tlﬂtﬂﬁmedmt@mrab@ﬁ%t}@elg mp. 28 (br

s, 1H, 7.00 br s,

él—% zlt 14- 4. 28>1§9r1C944)3) Hﬁ%(mﬂi’?pf@ésé&ﬁg%hé’é&/@i)s%ﬁ( ' ’25% (()3 (?r— >
Y2 (;') N 5H)9/ dSb(‘bEgQ{-@@% '{21 ﬁg4(741§[H}55 4bldrs, LHY6 .20 Sbr s3HI), 476368451, 4. 5H)

5- Ani no- 3- (5' -103;)[@42_4N8|61@3et )y a4 38y 1H}34|32r4i3§ff1h§§ﬁ%o&\/} 9‘“} 25 o[ 4, 5-

g{c pé)r(;;rg: Vé54 %r EQQMI)QMSJ'@ 1%, 5H),10.98 (a@MARD, 3H)mi | ar to Step 3

1
?Zi):)dl\/]lc—lgomdt)haﬂahMﬂ anaiyasfméllébé\lsanscg?%gggﬂ?cyil é&d“alS%?g}lSl;Ifgg&é% d&e urel\ll-\lh:\lfvg
583 (d J= 4 %%_057 &%f%d(g 4857, %’3791@0@ iE?*BS &16; %1917292 05 (br s, 2H),
r's,
(1Ir—nl) 2|ﬁ)»42 ifOM% 55|4n(b1H) ”:AD:H)28 g gg (mSchdhig2 4. 22- 4. 28 %m 1|7—|)6 3834(21 04
r s b
(d, J= 7.0, 3H). ElSehemt &shoemalamrgl(prréﬁeg'@féﬁ?ﬁmgﬁ% g °7é‘éﬁth"’%i33' } 91'1825

o 2.02 N 15, Wingipain o dbyitionl PURLian€s, Tbiahlio-Hp-15. 37, N, 13.57;

S, 6.16; d5 70580
, \ hows a general proced
preparing 5- Angiid¥@adosiriiketof4,3-dj@aimidin-2-ones. J P ure tor

OMe NH,
4K/|[S\FO 1. Py, TFAA, 60°C, HN/K/[ oo PR TFAA 60°C, )i N0
Hzﬁf Vs ' 2.1ﬁnge/MeOH 1N'|5.|:/M90H — HZN
/\(_j 2 days, 1t (75%) w 30 min, rt (17%) X}
Hé on HO  OH O oM
14 1 15
Example 5: 5—Amin0—3—B-D—ribofuranosyl—7-methoxy-thiazolo[4,5—
d]pyrimidin-2-one (14)
20 Anhydrous 1 (2.0 g, 6.3 mmol) was dissolved in dry pyridine under an argon

atmosphere. The solution was cooled to 0 °C, whereupon TFAA (13.3 g, 63 mmol)
was added dropwise to the mixture. After five minutes, the reaction was placed in a
60 °C oil bath for 1.5 h, and was monitored by TLC (Si0,, 20% MeOH-CHCI;) for
the formation of the pyridinium cation. The 0.2 Ry starting material was converted

25  to a baseline spot that underwent blue fluorescence upon €xXposure to 254 nm UV
light. Upon conversion to the activated intermediate, freshly made sodium
methoxide (1.8 g Na, 78 mmol, 300 ml methanol) solution was added to the reaction
at 0 "C. The reaction was allowed to warm to room temperature and progress for
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15 D-ri bof uranosyl t hi azol o[ 4, 5-d] pyri m di n-2-ones and 5, 7- Di am no- 3- (3-D-

ri bof aranosyl t hi azol o[ 4, 5-d] pyrimdin-2-ones. OM 0 NH2 SO 1. Py, TFAA
60C, HN NvO2865Q21162Py, TFAA, 60C, H2N N I S~0 1.5 h H2RcTAIS2008/0k800 N ZNHO
N O\l 2.NaOwe/MeOH OB O1 2) OH, HOO 2 days X1-/1 2 days, d (75% H30

mn, Y1-/7 30 My da s.("ﬂ'—]*?ehﬁxﬁi@ R i fdencHPwi tg'ﬁl\/ﬂ-quHéCll(ﬂ’OO 5&?@9&1 Sktrcted
5- Am no- 3- (3-D-ri botf urano met-hoxy-t hi azol o[ 4 sﬁp rimdin-2-one (14)

20 Anhydrous 1 Y#ha2g% IBA;Y%@X {m é@éW’éﬂmaﬁnalr‘ya Vieredithreughvder an
argon at nosphegige, dg-ghﬁué Céh@?ﬂeﬁ@oﬂ@%a‘f&ﬂb &ffoldQ @% gS ?f}ﬁlﬁ?lg'aor;lx_fd%‘ﬁ‘d ﬁ;?’ 39,

63 mol ) was adde opw se to the m xture. ive m nutes,
reaction was plAeeeplytisaksamply Wa@obialneﬂ)él' prepayntive, BL.(h(Si@n avaigasnatandl 9'f|hE]d by

TLC (102, 20% Mgl Gk Wb 05 T36) W0 (R PSPy phymeat i on.  The

0.2 Rf starting mat érl al S convert e spo under went
bl ue fluorescengd. 1ubﬂ~ri+1é}q96$0r}ér=t036 25% Mn@H\CHCh)gIInp 200p16© 20083 18i on to the

t ted t t d 78 mmol ,
360 - et hanol Ydurn iy dad TR RS I Phl Beae T on Bt 52 s cact on
POT 520041 01001 e e Tl potr AR ¥ 39‘”"“%’7 e O N L

ays S _the uenched wt
(100 m), and eéifm“%a %(Shﬁg %gbéig cﬁ%%ﬁéé E"@)éH?r@)4 ey e
material weg fikt.aeas Aﬂamuq&@lﬂﬁm,@@acgeid 1, 48.00 304 2%%169@@9?!& ed to

afford 1.6 g (759 of the title con&/& An anal ytical sanple was
obt ai ned by pr efﬁ’é‘?dat(F\i‘QO?L@‘(ﬁ 16t %P, 53rret hanol, ethyl 5 acetate,

A o3t 5 Y et M AR b AR  SS5
d6-DMSO) S 6.921%)s, 2H), 5.86 (d, J= 5.2, lH) 528 (d, J= 5.6, 1H, 4.96
(d, J=5.2, "1, 4.7 Anhgrgroﬁs I](O 31 g, 089 mmog was d ssolved dgytpy dine unc?er an argon 4.07-
15  atmosphere. The solution was cooled to 0 "C, then TFAA (1.2 mL, 9.5 mmol) was
added dropwise to the mixture. After five minutes, the reaction was placed in a 60
°C oil bath for 1.5 h, and was monitored by TLC (20% MeOH-CHCls) for the
formation of the pyridinium cation. The 0.2 Ry starting material was converted to a
baseline spot that underwent blue fluorescence upon exposure to 254 nm UV light.
20  Upon conversion to the activated intermediate, the reaction flask was placed in an
| ice bath. After allowing the temperature to equilibrate, 30% aqueous NH; (25 mL)
was added dropwise until cessation of exotherm, and the remainder was added.
Within a few minutes, the product formed as indicated by analytical TLC R;0.25
(Si02, 20% MeOH-CHCls). The flask was warmed to room temperature over 30
25  min, then the aqueous solution was degassed under rotary vacuum then extracted
with 25% IPA-CHCI; (5 x 100 mL). The product was submitted to flash
chromatography (SiO,, 10% MeOH-CHCIs), yielding 55 mg (17%) of slightly
impure title compound 15. An analytical sample was obtained by preparative TLC
(SiO; water-MeOH- EtOAc, 5:10:85) as a white solid: mp > 155 °C (dec); [M+H]"
30 316.0; Ry= 0.25 (SiO,, 20% MeOH-CHCI;); '"H NMR (400MHz, ds-DMSO) & 6.76
(s, 2H), 6.14(s, 2H), 5.85 (d, /=5.2,1H), 5.22 (d, /= 4.8, 1H), 4.92 (d, /= 2.8, 1H),
4.70-4.83 (m, 2H), 4.05-4.10 (m, 1H), 3.65-3.80 (m, 1H), 3.52-3.62 (m, 1H) 3.40-
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4.10 (m 1H), 3.91 (s, 3H), 3.70-3.80 (m IH), 3.55-3.60 (m 1H), 3.40-3.45
(m 1H). 10 Elenental Analysis for C, 1H14N406S: calc'd: C, 40.00; H 4.27;
N, 16.96;w8,208&/181162 found: C, 40.07; H, 4.43; N, 16.71; pBr/t%2&3/0188x8npl € 6:
5, 7-Di am no- 3-[ 3-D-ri bof nranosyl t hi azol o[ 4, 5-d] pyri m di n-2-one (15)

Anhydrous 1 (O. . v Y, n argon
15 at nospher e. %ﬁe Oll}gtl on B)\R/Eaa!@%%]g lg???t 60%1\&6,& ﬁe%lf%v&no(elél?q%r ﬁ

mmol ) was addedl3stNyPMSSES, 1989t fomndd K1 2F.29; HARB2YN f20M8; §jleutles, t he reactl on
was placed in a 60 D C oil bath for 1.5 E and was nonitored by TLC (20%
MeOH- CHC13) for the formation of the iurn cation. The 0.2 Rf

starting material was converted to a baseline spot that underwent bl ue

fl uorescence upon exposure to 254 nm UV light. 20 Upon conversi o the
activated internediate, the reaction flask was placed in an i bat h.
After allowing the tenperature to equi Ibbr ate, 30% aqueous &»_ 5 nm) was
added dropwi se untily sation of exotherm apdsthe.kLAARI ndef Wag~added.

Wthin a few m nut e,% | °¢‘F266UW\Pfor\"Pb [as=d adicg ajnashaby a %al TLC
RF0.25 (Sio02, 20% CHEZY Thenoin' 3 NwasDﬂa_'mth_o; @rature
over 30 25 mn, then aqueous sol 4f1 was degassed un @,»\@lary vacuum
then extracted wth 5% 1PA-CHC3 (5 x 00 ). The product s submtted
to flash chromatography (Si02, 10% Me/eR+ ©PC 3), yielding 55@1@@(;17% of
slightly inpure titla corrpound 15. An amal ytical sanple was ofhtai ned by
preparative TLC (Si02; water-MeOH EtOAc, 5:10:85) as a white solid: nmp >
155 C (dec); [MrH + 30 316.0; Rf= 0.25 (Si 02, 20% MeOH CHCI 3); 1H NWR
(400MHz, d6-DMBO) S 6.76 (s, ti) 6. 14(s, 2H) 5,85 (d, J= 5.2, 1H), 5.22
(d, J= 4.8, 1H), 4.92 (d, J=FY'8, IH), 4.70- 4%33 (m 2H), £\9564 10 (m
1H), 3.65-3.80 (m IH, 3.52- ng (m 1H 3.40 30 WO 2005/ 121162
PCT/ US2004/ 01801 1 eceg, ,§QH(m >=El er[%nt al Anﬂ sipsof or o'l'—|1 N>95S

H2O calc'd: C 3goxag;3z,hn,/*°“ﬁ LB gENg Ng oY qudmd Hy ,N3 27; H
4.32; N, 20.43; Sglinbl. S 00 UHAN'® 46-Tri "0 pyI sul f onyl

O O ~0O Ac20, Py, DVAP, HNI >O,Ch|0r|de EL3N, ¢ P WS HN:N O INrt,
0AS HO OH HO ©OH

2 h, 99%
Ia b m

5 Example 7: 5-Amino-7-Methylamino-3-B-D-ribofuranosyl)thiazolo[4,5-

HaC
N/ S
QEFO
HoN” N7 N
o)
o]

HO  OH

d]pyrimidin-2-one (18)

Step 1: Preparation of 5-Acetylamino-3-(2°,3°,5 ~tri-O-acetyl-3-D-
ribofuranosyl)thiazolo[4,5-d]pyrimidine-2,7(6H)-dione (16)

10 Anhydrous 1 (8.0 g, 39.5 mmol) was dissolved in dry pyridine (65 mL).
DMAP (3.1g, 25.3 mmol) and acetic anhydride (19.1 mL 202.4 mmol) were added
sequentially. The reaction was allowed to progress for 2 h at room temperature,
whereupon it was quenched with saturated NaHCO3 (100 mL) and extracted with
DCM (3 x 200 mL). The organic phase was concentrated, and then triturated with

15  ether. This provided 12.5 g (103%) of slightly impure 5-acetylamino-3-(2,3,5-tri-O-
acetyl-B-D-ribofuranosyl)thiazolo-[4,5-dJpyrimidin-2,7(6H)-dione as a white solid
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HO\~J pcH\WN N DCM 1 h, rt, 92% ~HN~ N O - v 11--~\//J 0

ACO BOAC Acd bAc 1 16 17 Re R6 Re, R6 \N-R6 NHG B NN V= RORENH,
MEOH AcHMoNods/21iveLi OH(aq), HZNN N o HZNJ, " N N O di exansaod@/obsorrt AcO
di oxane HO- p_ H HOA 83%MeNH2) AcO ' OAC HObH HOSOH Ma illb 111 5
Exanpl e 7: 5- Ag: ngp Z4dvBR4s/l amiRae 020[(SiCB: F0vbBk@BBEY);) HAVME 6 QOME -

d A & " ,
Bt bpar at§ o of GIMEE) PARP? kol B 4545 & 1 507, (ol 4 & P-1dgH e a35ePl-
ri bof ur anosyl )4_?32:,01&9142554,61 QY iH)Z4.08-9.88 Zm /(19 49 (spBH), 1B )s, 3U),Ally dr ous 1

(8.0 g, 39.5 mmol ) was dissolved in dry pyridine (65 nL DVA|
_ . P (3.1 g,
25.3 mml ) ands 280 mBliHri de (19.1 nL 202.4 m"n()l) vve%e added ( ]

sequentially. Jhe,reacti
t enper at ur eiy e%‘e%ﬁegﬁm?l?n %%Agéﬁlé%ﬁgaﬂ%ﬂfg%?ﬁﬂ%%”ﬁéﬂl : Z??}Sgﬂ m.) and

extracted w t ho DM OBackry2BD-AbYfurahbe])iigai 45 ghasieidiag-aeitint r a

. &~ t ed,
then triturated with 15 ether. This provided 12.5 (1039 .of sl htlyand
i mpure 5-acetyl am nHLegnt(aQqegl,aga.fgqm Step 1 above (500 mg, 0.98' mmol) was dissolved ig

re 5-acet -l St - _
ahi 16 sold  SHoE 00s LR B s D B e e T e 1 & Ri=

(3.1235( (SiSOZ, SOﬁ%Eté?@ﬁnelmai@a)idddﬁb MwRoleH oD Kplowed §B2550) 8 12.23 (s, 1H),
4 254 81 ﬁm ’E%oprog&%z%@fglf%%ﬁﬁﬂﬁde 5 Be. (1?%51%1)35{2%{11 A0 @ctidthad
gone to completion, the crude mixture was conceﬁtrate!;?, and thgn7pu(ri%’ed %}% ;legs’h 2. 01
chromatography (SiO2, 10% EtOAc-CHCl), affording 690 mg (92%) of 5-
acétylamino—7-(2,4,6—triisopropyl-benzenesulfonyloxy)-3 -(2°,3°,5’-tri-O-acetyl-B-D-
ribofuranosyl)thiazolo[4,5-d]pyrimidin-2-one as a foaming white solid 17: 74.5-76.3
15 °C;Rs=0.7 (SiOy, 20% EtOAc-CHCls); 'H (400MHz, ds-DMSO) 8 10.83 (s, 1H),
7.39 (s, 2H), 6.03 (d, J = 4.0, 1H), 5.91-5.96 (m, 1H), 5.69 (t, J = 6.4, 1H), 4.30-4.70
(m, 1H), 4.22-4.26 (m, 1H), 4.16-4.20 (m, 1H), 3.90-4.00 (m, 2H), 2.97-3.01 (m,
1H), 2.07 (s, 3H), 2.06 (s, 3H), 2.04 (s, 3H), 1.88 (5, 3H), 1.17-1.25 (m, 18H).
Step 3: Preparation of 5-Acetylamino- 7-methylamino-3-(2°,3°,5 -tri-O-acetyl-f-D-
20  ribofuranosyl)thiazolo[4,5-d]pyrimidin-2-one 19)

The intermediate from Step 2 above (1.7 g, 2.27 mmol) was dissolved in
dioxane (20 mL) at ambient temperature. Added to this was a 2.0 M solution of
methylamine (3.4 mL, 6.8 mmol) in methanol. After 2 h the starting material was
consumed. The reaction mixture concentrated, and then purified by flash

25  chromatography (SiO,, gradient elution, 20-80% EtOAc-CHCI), affording 945 mg
(83%) of pure title compound as a yellow oil: [M+H]" 498.2, [2M-+H]" 995.4; Re=
0.55 (10% CH3;O0H-CHCl3); 'H NMR (400MHz, ds-DMSO) & 10.13 (s, 1H), 7.70 (d,
J=4.41, 1H), 5.95-6.02 (m, 2H), 5.69 (s, 1H), 4.35-4.39 (m, 1H), 4.16-4.23 (m,
2H), 2.90 (d, J = 4.8, 3H), 2.20 (s, 3H), 2.07 (s, 3H), 2.02 (s, 3H), 2.00 (s, 3H).

30  Step 4: Preparation of 5-Amino- 7—Methylamz'no-3-,6—D—rz'bofuranosyl)thz’azolo[ 4,5-
d]pyrimidin-2-one (18)

The intermediate from step 3 above (420 mg, 0.85 mmol) was dissolved in

dioxane (4 mL), and 1 M LiOH (8.5 mL, 8.5 mmol) was added to the solution. The
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(s, 3H), 2.00 (s, 3H). 5 Step 2: Preparation of

5-Acetyl am no-7-(2,4,6-triisopropyl -benzenesul f onyl oxy) - 3-

(2, 3, 5-t rwoeazeiyk- AD-ri bof uranosyl )t hi azol o[ 4, 5- d] pyr iPoeiwdev4D1seme ( 17)
The internmediate from Step | above (500 ng, 0.98 mmol) was _dissolved in
DCM (15 nl) atp-asdeflgriupt espatatwdevithMIRninzo giveg, intenegiatams Ry 0dad TEA (16

m, 11 mmol) were he sql ution,, foll 4. 6

triisopropyl béﬁ%n%gg\&%%té‘éﬁr oﬁeaéh?llf’s%a?%)f]%ge%%s. n%fcétg? b_leLHCt he
reacti on had g@md@a@gmﬁmtz@ﬁ@m\bﬁ ’m(eudmiasrimtmrrewaselm@h@émﬂhat ed, and
then purified by flash chromatography.. (S, % Et - ordin
690 ngy (929 CHOIGUOTAREE J4eHAAH -"?8%%%4‘%"}‘%% AL 3 b Vet it ebrarcld °
6- L r; i sopr %p?’;a'f%?d"'@%lr}ﬁ% gdofggg)ifhszxp@l ?%mﬁ';m safnpleEdfmert?}e@e@pem&Egs(@s D- 419

ri bof uranosyl )t hi azol o 4, 5-. rimidin-2-on a foam | sol i ;
74.5-76.3 15 Q@btaifed W.WGP@&TIEQE&MS}@HW@:%F@{?@A‘H%% 1 ?Whg‘? DVSO) S
10.83 (s, 1H), 1. , 6008 (4 AiPhc)lih > 19890 'B9AR( M 1H), 5. 69
(t, J= 6.4, 1%0313‘46‘36@.3%%@?% 0%6(%)@%6?2{{-526@(%1%, 4. 16: 4,20 (m 1H),
3.90-4.00 (m @6OMH2, HDMSOLS 8P (d,;_fﬁ)’s‘,-ﬁaé}baﬁ%ﬂs(&?gh?-s (Bd (%% @34) 2.04 (s,
3H), 1.88 (s, 17 8. 115t £P0-3:300me o7 @) J = 4.8, 1H),

of 5- Acet yI anzi‘ﬁgcﬂi%e%hgyﬁrgfr?h%ﬁgi%gﬁ%g'},ﬁs???;r%ig-o ﬁlégg{’fﬁo?g[} 20 )

ri bof ur anomy| ) 1.1 @z oka[4) 15,8303 Fitnm i a40-3SRdmg 18), 2PR&iVTt fmdlli ate from

Step 2 above (1.7 g, 2.27 mmol ). was diss d.in. di oxan nm) at

ambi ent t enperBramppe 3%@(1%‘6“&"07'9%’??\,\@%%@‘DQPJZE%T*ggrﬂF’ls)ﬁ?\hlgﬁoqo%g’gt hyl ani ne
(3.4 M-, 6.8 Hgﬂi)nj&iﬂ-zl?@{e"(%m- After 2 h the starting material was
consuned. The reaction m xture concentrated, and then purified by flash 25
chromat ogr aphy (Si G2, gradient el utiof®@0*80% Et OAc- CHC13), affording 945
ng (83% of puré title conpound as a w oil: [MH + 498.2, [2MH] +
995.4; Rt= 0.55 (10% CH3OH CHCI 3); ' HIN NﬁbeM—h, d6- DMSO) S 10.13 (s,
1H), 7.70 (d, J= 4.41, 1H), 5.95-6.'@5/(\“82%, 5.69 (s, 1H), 4.35-4.39 (m

1H), 4.16-4.23 (m 2H), 2.90 (d, J = 4. 8p{3I1), 2.20 (s, 3H), 2.07 (s,
3H), 2.02 (s, 3H), 2.00 (s, 3H). 30 $%p(4] Preparation

of 5- Am no- 7- Met hyl am no-3-/3D-ri bofitramdsyds)t hi azol o[ 4, 5-
dJpyriniidin-2-one (18) The internedi ate fromstep, 3 ,ahqve. (420 , 0.85
nmmol ) was di ss&lenédPr@ar@ioaﬁéfrélcfmlaf’ﬁ_’ao;7'%76”7;}“??71"@'& %8.95"‘ ﬁéjacgy gg nmmol ) was
added to the sqglution. The . 52 2005/. 162 PCT/ US2004/ 018011 O acetyl
groups wer & re?ﬁ:R/"é’ Of{&ﬁat’lﬁfygf"%ffz%ovﬁ’jtz%g /i"\;/ie%%égi%ﬁ{er nedi ate at Rf= 0. 15

(Si @2, 5% MeOH Et OAg), mAbesimBartio ER@nple actdpyd, Swastylamimyvedineshylandiedt ed by

e (2,3°,5° -tri-O—acetyl-B-D-ribofuranosyl)-thiazolo[4,5—d]pyrimidin—2-one was
generated in an 80% yield as a yellow oil: M" 511.14; Ry= 0.70 (SiO2, 10% MeOH-
CHCls); '"H NMR (400MHz, de-DMSO0) 8 10.15 (s, 1H), 6.10-6.15 (m, 1H), 5.98-

20 6.09 (m, 1H), 5.5.66-5.70 (m, 1H), 4.35-4.40 (m, 1H), 4.22-4.27 (m, 1H), 4.14-4.08
(m, 1H), 3.18 (s, 6H), 2.19 (s, 3H), 2.08 (s, 3H), 2.06 (s, 3H), 1.99 (s, 3H).
Step 2: Preparation of 5-Amino- 7-dimethylamino-3- f-D-ribofuranosylthiazolo[4,5-
d]pyrimidin-2-one (20)

In a manner similar to Example 7, step 3, the title compound 20 was

25  generated in 82% yield. An analytical sample was obtained by preparative TLC
(SiO,; water-MeOH-EtOAc, 10:20:70) as a white solid: [M+H]" 344.0; [2M-+H]"
687.4; mp > 112 C; Ry= 0.20 (5% MeOH-EtOAc); '"H NMR (400MHz, ds-DMSO)
§6.27 (s, 2H), 5.91 (d, J= 4.8, 1H), 5.22 (d, J = 6.0, 1H), 493 (d,J=52,1H),
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Rf= 0.20 (Si 02, 5% McOH EtOAc). The reaction m xture was neutralized with
stoichionetric acetic acid, extracted with 25% | PA-CHCl 3, and then
concent r avedodsn2bicaf ford 195 ng (70% of 18. An anal yti ealr/usasmploesoef t he
title conpound 18 was obtained by preparative TLC (Si02; water-MOH Et OAc,

10: 20: 70) as a 0 I\ﬁ:@j- >

108 *C;' ) H NVR 45%&—%& g%ﬂﬁg’\ﬁ)*dﬂéﬁy‘f’ggs@g Bgm_lﬁfiggfl—f% ﬁg%‘ﬁ) mé 85

(d, J= 5.2, 111)¥), 39922 6H., Egmentalanalygis for C: A 19&Qs8;, cale’d5 C241. 2&;19,492, 70-4. 80

(1) 210,400 (o Aoy it B3R, 9= L2 AL D 3. 8-3.6 (m

5- A 7-di net o7 L di n- 2-

(20 1BC N CH Lraapre R St “Wf”ﬁﬁmoﬂ‘“s%E‘?ﬁ?"%%‘;“?ﬁ‘;‘??’?ﬁ“”5‘ eene
ri-

of 5- Acet yl ani n@pyrlmlmt%wdmwsrqch@@ds'5315(21 O acetyl - 15

[ 3-D-ri bofuranosyl)-thiazol o[4,5-djpyrinsidin-2-one In a manner simlar to
Exarrpl e 7, step 2, 5-acety]am no-7-di net m no- 3-

(2',3,5 -tri-Oacetyl - p[}rlbofuranosylN i azol o[ 4, 5-d] pyri m di n- 2- one
was generated inan 80%yield as a yel llg o}=|=0 M+ 511.14; R f= 0.70 (S Q2,

10% McOH CHCI 3); 'H NVR (400MHz, d6-'BNBO) 10. 15 (s, 1H), 6.10-6. 15 (m
1H), 5.98 20 6.09 (m 111), 5.5.66-5.70 (rrg 1H), 4.35-4.40 (m 111),
4.22-4.27 (m 1H), 4.14-4.08 (m 1H) o3, (s, 6H), 2.19 (s, 3H), 2.08 (s,
3H), 2.06 (s, 3H), 1.99 (s, 3H). Step 2: freparation
of 5- An: i no-7-diinethylainino-3_ fl D-ri bofuranosylthl azol o[ 4, 5-

d. ] pyri nzi di n- 2Stemé& Pedpyrdtian af ifﬁmwnmszpmdyaéop)topylﬁwawpf -62°8,,5 strie@-dBetykt he
title conpound 20 was. 25 gg}nerat&é 82% y| el d. An anal ytical sanple was
obt ai ned by pr P&y Apenae-th S-qgxrarid aEt QAc, 10:20:70) as a white

solid: [ MH ¥ 344.0: 0 20 (5%
McOH- Et OAC); ' H NNRI?%I&\)QR}E%”%%@&%%“{B]& 5@% 52 1%“’10 91 (d, J = 4.8, 1
H, 5.22 (di0oJ Gycﬁpﬁbpyrbrriﬂ)o,-?a-(lz 8351-tli- Ohcetylep- D-n‘tbﬁlrﬂ}mosSB—tM&oMG),Sl 121162
PCT/ US2004/ 018011 . 4. 71, 7-4. 09 (
a5 o (m  1rydipgigdiy SadFa o Al in o et s D R 043 iR 5y
g] ﬁlmﬁoig SCaEt@A@ ~CIEC1; 1 1H Q8VIR Ik 0081188 D-DVIS@Ps 4011 {s0URY 7.8€(d, 4% 88, H,

1H), 5.98-6.01 (m, 1H), 5.70-5.76 (s, 1H), 4.32-4.39 (m, 1H), 4.16-4.30 (m, 2H),

3.85 (s, 1H), 2.87 (s, 1H), 2.25 (s, 3H), 2.07 (s, 3H), 2.06 (s, 3H), 1.98 (s, 3H), 0.73-

15 0.76 (m, 2H), 0.57-0.60 (m, 2H).

Step 2: Preparation of 5-Amino-7-cyclopropylamino-3- -D-
ribofuranosylthiazolo[4,5-d[pyrimidin-2-one
In a manner similar to Example 7, step 3, 5-amino-7-cyclopropylamino-3-3-

D-ribofuranosylthiazolo[4,5-d]pyrimidin-2-one was generated in 79% yield. An

20  analytical sample was obtained by preparative TLC (SiO,; water-MeOH-EtOAc,
10:20:70) as a white solid: Ry= 0.20 (5% MeOH-EtOAc); mp > 100 °C; [M+HT"
356.0; 'H (400MHz, ds-DMSO) & 7.24 (s, 1H), 6.28 (s, 2H), 5.86 (d, J = 5.6, 1H),
5.22(d,J=6,1H),4.92 (d,J= 5.2, 1H), 4.70-4.80 (m, 2H), 4.05-4.10 (m, 1H), 3.7-
3.8 (m, 1H), 3.5-3.6 (m, 1H), 3.45-3.50 (m, 1H), 2.8 (s, 1H), 0.68-0.70 (m, 2H),

25  0.54-0.57 (m, 2H).
Step 3: Preparation of 5-Amino-7-cyclopropylamino-3-f-D-
ribofuranosylthiazolo[4,5-d]pyrimidin-2-one hydrochloride salt (21)
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Exanpl e 9: 5- Am no- 7-cycl opropyl am no- 3-(3-D-ri bof uranosyl t hi azol o[ 4,5- 5
d] pyri m di n- 2- one nonohydrocbloride salt (21) HNA ~N>=0 Hp N* A NN
LT ~~~Qo2005/12116RI0" |  Hd OH Step |: Preparation PCT/US2004/018011

of 5- Acet yl am no- 7-cycl opropyl anzi no-3-(2 ,3",5 -tri-O acetyl -

f-D-ribofur anosyl) thmeatmldaﬁ]ﬂamﬁrddamxﬁ%éﬁa}edlbslaadlﬁ&ﬁofth@so@adfﬁ?a?é?ﬁr pipditd ar to
Exanpl e 3, step cetyl am no-7

cycl opropyl am nB1 %Qp(22“‘ 0%e OS“IgCtT?‘?SI@t’&E%&@M HElipdioxprst afferdmeyhotitieni azol o[ 4, 5-
d] pyri m di n- 2- og 0,8 il I

(5 02, 5% B On R SERLR R Moo, TUL A BHS0L Fapd 2%,
(d, J= 2.8, 1HH, 528, 810823 (s, ZHH)5,87E(dZD=527H{)(§21uHsl)lH)4438(bb, BY), (m 1H)

4.16-4.30 ( 2 a4 385 T 0

206 (5. 31 1%%4(72,(%3%5{?48;%1] RLAL S zjrﬁ%fﬂ 15, 43 B%E%'h’(ﬁ?)’ %flé i~ ep
2: Preparation 6B7BnNH)n2175-2(8§2¢mopprWI2m7r§>|(m;)2H),,065J511>f63 (m, 2H). I_Ellemental
/7-1bofuranosyl thi a zoI 0 . - [ A franner simlar to
Exanple 7, step 1?:? fﬁ’%}ﬂ]g”g' @%c]%lgl) aﬁir@dgss [1:63; N, 17.87; Cl, 9.05;

D-ri bof ur anosyl fhh@zo) 1 k; B, 4RPYN, 18It Or, 8-19ne was generated i n 79% vyi el d.
An 20 anal yti cal sarrpl e was obtai ned by preparative TLC (Si Q2

wat er - MeOH Et OAExampl@:120 5m1m§-afcwdpnn@lmhod B-R#rtb(ﬂm%o(ﬁﬂﬁdh’bm,ﬁt OAc); np
> 100 ' C H@H]Zﬁ 35649, % OOM—Iz d5-DMSO) S 7.24 (s, 1H), 6.28 (s, 2H),
5.86 (d, J='% e/IPYRUdIn2-ge @Y 3 Z'6 1 H), 4.92 (d, J =5.2, | H,
4.70-4.80 (m 2H), 4.05-4.10 (m I H), 3.7 .8 (m 1H), 3.5-3.6 (m IH,
3.45-3.50 (m 1H), 2.8 (s, 1H), 0.68-0.7Q 2H), 25 0.54-0.57 (m 2H).
Step 3: Preparation of 5-Am no-7- cyclopro yI am no-3-f3-D

ri bof uranosyl t hi azol o[ 4, 5-dJpyri m di n- )\ ja%jrochl oride salt (21) 54 WO

2005/ 121162 PCT/ US2004/ 018011 The titNe ound was prepared by addition
of the solid nmaterial prepared in step 2 abgve to vigorously stirring 4 M
HCl in dioxane, affording the title cmn’pgilgz as a white solid: np > 99 'C
IH NVR (400MHz, d6-DMSO) S 7.25 (d, §
Step 1: Preparation of 5-Acetylamino-7-pyrrolidino-3-(2°,3°,5 tri-O-acetyl-f-D-
ribofuranosyl)-thiazolo[4,5-d]pyrimidin-2-one
In a manner similar to Example 7, step 2, 5—acetylamino-7-pyrrolidino-3-‘
15 (2°,3’,5°-tri-O-acetyl-B-D-ribofuranosyl)-thiazolo[4,5-d]pyrimidin-2-one was
generated in 70% yield. An analytical sample was obtained via preparative TLC
(S10,; water-MeOH-EtOAc, 10:20:70) as a white solid: mp> 108 °C (dec); R¢=
0.80 (10% water and 20% methanol in ethyl acetate); [M+H]" 384.0; '"H NMR
(400MHz, ds-DMSO) & 7.00 (d, /= 7.2, 1H), 6.17 (s, 2H), 5.18 (d, J = 5.2, 1H),
20 521(d,J=5.6,1H),4.92 (d,J=5.6, 1H), 4.74-4.80 (m, 2H), 4.30-4.35 (m, 1H),
4.05-4.10 (m, 1H), 3.70-3.80 (m, 1H), 3.55-3.60 (m, 1H), 3.30-3.45 (m, 1H), 1.40-
2.0 (m, SH). |
Step 2: Preparation of 5-Amino-7-cyclopentylamino-3-f-D-
ribofuranosylthiazolo[4,5-d] pyrimidin-2-one
25 In a manner similar to Example 7, step 3, the title compound 22 was
generated in 70% yield. An analytical sample was obtained via preparative TLC
(Si02; water-MeOH-EtOAc, 10:20:70) as a white solid: mp > 108 °C (dec); Ry=
0.80 (10% water and 20% methanol in ethyl acetate); [M+H]* 384.0; '"H NMR
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1H, J = 2.8, 111), 6.23 (s, 2H), 5.87 (d, J=5.2, 1
7 ’ ’ ’ . y - . y y 5 21 bS, I .

gbg5 éH), 54.73-4.79 (m 2H), 4.09 (t, J= 5.6, 1H)!-|)3. 72-3. (79 (mH)li—D4 >
3 > 60wOrmoslifi623. 45- 3.37 (m 1H), 2.75-2.82 (m 1H)>cTﬂls2®4m1:ﬂ)91(ni
3I;) 55-0.63 (m 2H). Elemental analysis for CL3HL7N505SHCI ; calc'd: C
3 sg 1§ éx 6@50|0MH2136—BMS0$|87(E)(651 720lH6.1T(s, 2H),66:8 (47 2585HDN, 16. 57;

: anpl e ;
g] Q}r;lr In(r)n 5. ﬁygﬁéﬁ)éﬁiﬂffﬁﬁaﬁlﬂg %97p@D-]r |5b011H} <'§11n7(‘)"s4y5f0(f'iﬂ %Iz{ I4030[435 @, 1H)

2988 1HINS . 70M~€0 (k2 }),NINS5-3. 6600, 13D), 3-8D-DHD 14
of 5- Acet yl anai no-7 %I’I’O?ﬁdl no-3-(2',3 ,5 -tri -g)acetyl /Sge%{)l Freparation
rElxgof :Jreagosyl 20t 84d1 o[ 4, 5- dJpyri m di n-2-one In a manner simlar to
i ”p e %5}?&]&} %eé}ﬁ@o”? gg 6L %6 39B- DA PGuAnbSythiazolo[4,5-
(2 " - ri bof uranosyl ) - thlazolo[45d]pyr|md|n20ne
gener at egy ymnﬂia%.xuoﬂé @3) An anal ytical sanple was obtained via

preparative TL (S 2; water-MOH Et 10:20:70) as a white solid: np >
1(|\)/E C (dec); .le— 0.80 (10% water and 20% met hanol in ethyl acetate);
[ZH)H]JSr §g4(8 JH ENZR (14|:|)OOM2—I(2) d6- DI\/SO) 6 /.00 (d, J=7.2, 11-1), 6.17 (s

5. . J= 5.2, 5.21 (d," 6, 1H), 4.92 (d, J= 5.6, IH),
411.114-4.80 (m 2H), 4.30-4.35 (m 1H)—I;N)\ -4.10 (m 1I—|),(3.70-3.80,(mH),
Pre?oargtf)gngo?g '(A\m 1I—I)7 3. 3? 3.45 (m 1 1.40- 2.0 (m 8H). Step 2

ni i no-7-cycl opentyl -J3-D
ri bof uranosyl t hi azol o[ 4, 5-dJpyriini di n- 2
=one 25 In a manner
Ei(lzlrrm ?cgl Ztep 3, the 'E)ltle ;orrpound ¥9 wdd generated in 70‘%;s;/|me: gr Eﬁg
a )
AL B RERPRE R B0 TE-@ , 3¢ S-#420-acetyl-p-D-

wat ef - NOH. Et OKE 187 5?%; AL ol p@> f(Los C (aélzeez:y:)ﬁL Rf= 0.80

(10% wat er an ebloid
2005/ 121162 P%%/%@Mym olin-gppwhidecBrat o). [MH + 384.0:° H MR 55 WO

%—i)jj El 5,742“6]) 5. 1{?%? gifag&gg&é lar ( 400M_lfe271 st@a E)I\gac)egﬁaémn(i H)pglgﬂhégg-g(zj 3— E 1)5 6.
(m 1t 3.5 50(3(3?0 szacet% é%-%o%ﬁal(dnén&ﬂ‘amlom5ngﬁ&n(2mneIvH)s 3.70-3.80 .
generated in 79% yield as a yellow oil: [M+H] 538.1; Ry= 0.80 (SiOz, water-
MeOH-EtOAc, 10:20:70); 'H (400MHz, Ds-DMSO) & 10.04 (s, 1H), 5.97-6.02 (m,
2H), 5.68 (s, 1H), 4.38 (dd, J=11.6, 3.6, 1H), 4.15-4.23 (m, 2H), 3.58 (s, 4H), 2.23
15 (s, 3H), 2.08 (s, 3H), 2.05 (s, 3H), 1.98 (s, 3H), 1.89 (s, 4H).

Step 2: Preparation of 5-Amino- 7—pyrrolidino—3—,B—D-ribofuranosylthiazolo[ 4,5-

d]pyrimidin-2-one
In a manner similér to Example 7, step 3, the title compound 23 was
generated in 81% yield. An analytical sample was obtained via preparative TLC
20  (SiOy; water-MeOH-EtOAc, 10:20:70) as a white solid: mp>112.4 °C (dec);
[M+H]" 370.3; 'H NMR (400 MHz, d,-DMSO) & 6.22 (s, 2H), 5.90 (d,J=4.8, 1H),
523 (d,J=52, 1H),4.94 (d, /= 4.4, 1H), 4.68-4.75 (m, 2H), 4.08 (d, J = 4.8, 1H),
3.71-3.76 (m, 1H), 3.55 (bs, 5H), 3.38-3.54 (m, 1H), 1.87 (s, 4H).
Scheme 4
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2.0 (m 8H). 5 Exanple 11: S

5- Ami no- 7- pyrrol i di no-3-(3-D-ri bofuranosyl t hi azol o[ 4, 5- d] pyri mi di n-2-one
(23) <N> wbizbbs/Mre® HO HO SOH Step 1): Preparation of peaastelsansoino- 7
pyrrolidino-3-(2',3 ,5 -tri-Oacetyl-[i"-

ri bofuranosyl)thiazol o[ 4, 5-dJpyrin7idin-2-one 10 a manner simlar to
Exanple 7, step 2, 5acety|a -7-pyrrolidino-3
(2,3,5-tri-Oacetyl-p-Dri nosyl) thlazolof'| deyrlmd|n20ne was
generated in 79%yvyield as ajyellow oil: [MH + —080(S|

wat er- McOH Et QAc, 10:20:7 %ﬁ;w% §400MHz, D6y gs, 1H),
5.97-6.02 (m 2H), 5. 68\ : 438(dd f- 11.6 36 1H), 4.15-4.23
(m 2H), 3.58 (s, 4H), 2.23 15{(s, 3H), 2.08 (s 2.05 (s, 3H), 1.98
(s, 3H, 1.89 (s, 4H. oJPreparation of™ nzl no- 7 pyrrolidino-3 fl
D-ri bof uranosyl t hi azol of dJ pyrinzi di n-2-one kn @ manner simlar to

Exanple 7, step 3, the ti t IF@ ccmqpound 23 was gen/é(\at ed in 81%yield. An
anal ytical sanple was obtained via preparative TLC 20 (Si 02;
wat er - McOH Et OAc, 10:20:70) &% a white solid: niygs iﬁaoggﬂzo& .C (dec) [ MeH] +

370.3; 1H NMR (400 Mz, d6-DMBO) 5 6.22 (s, 2H), 5.90 (d, J= 4.8, 111),
5.23 (d, J= 5.2, 1H), 4.94 (d, J= 4.4, 1H), 4.68-4.75 (m=H), 4.08 (d, J=
4.8, 1H), 3.71-3.76 (m 1H), 3.88 (bs, 511), 3.38-3.5 1H), 1.87 (s,
4H . Scheme 4 56 WD 2005/ 121162¢¢FAUS2004/ 018011 HNDIHN.NS ~S-O a - H2NN
N-Ob HZNNNHOO HOOO00,4K s >=0
HN)\N
2
t o]
- NJL“Q’ o ANy
5 N S
HO OH
B 24

a) 2,2-dimethoxypropane, acetone, DMSO, MeSOzH, 0 °C
b) BOC-L-valine, EDC, DMAP, PhMe, 0 °C - rt
c¢) anh. HCI, iPrOAc, PrOH

Example 12: 5-Amino-7-cyclopentylamino-3-(5'-O-L-valinyl)-B-D-
ribofuranosyl)thiazolo[4,5-d]pyrimidin-2-one Hydrochloride (24)

With vigorous stirring, intermediate B is dissolved in a solution of anhydrous

5 hydrogen chloride in isopropyl acetate at 0 °C and allowed to warm to room

temperature. To the heterogeneous mixture is added additional isopropyl acetate.
The reaction mixture is stirred for an additional 12 h. Toluene is added and the
product i§ filtered and dried under vacuum to yield the desired di-HCI salt 24.

The intermediates are prepared as follows:

10 5-Amino-7-cyclopentylamino-3-(2' 3'-O-isoproylidene- 3-D-

ribofuranosyl)thiazolo[4, 5-d] pyrimidine-2-one (A)

Compound A is prepared according to the procedure of Kini et al., by stirring
a mixture of 5-amino-7-cyclopentylamino-3-B-D-ribofuranosylthiazolo[4,5-
d]pyrimidine-2-one 22 with acetone, DMSO, methanesulfonic acid and an excess of

15 dimethoxypropane at 0 °C until starting material is consumed. The reaction mixture
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22 Kini et al., JMC, 34, 3006-3010 (1981) A HN S HN N 2 HO NS HZN N
N N O H.OOHZNN'BUOUN~00JOaH2NOO--- (505)/\--HObH B 24
a) 2, 2-diwethesxagpreepane, acetone, DMSO, McSGBH, 0 C b) PBOTSkealsome, EDC
DVMAP, PhMe, O C - rt c) anh. HO, 1PrQAc, i PrOH Exa 12: ’
5- A no- 7- cycliopdiet yé eeiwae: Sad(sutrdized waiH ﬁyflltﬁSfthqu:Jp HCO; and extracted

11 bof uranosy) () 7ol oL Sl RYLL 0L s RIEHESEGU @rdtin( 24) W 1T

vi gorous stirrV SSO a solution of anhydrous
5 hydrogen chl@&dlﬂao%ﬁpuys:mpﬂmwiomm@tthew3apr0®ctddwélp@ﬁ11@v\ed to warmto room
tenperature. To the

etero t dd
acetate. * The L anper b pasirg e O Pt B aei L SR 2 5 PO o ene
i s added a %a?ﬁfaggéjﬁPJzﬁof&ﬂa’zéﬁf)ﬁ@zﬁﬂﬂﬂ HajeRmier-ova@um to yield the

desired di- he Tnternedi ates are prepared as follows: 10
5- Ami no- 7-cy C| opentTd @gshnion 8f (.2 eQuivaleritsefpy-Geit-buemnrcarbonyl)-L- valine in THF

(Do u)-anosy| ) yazol o 4.yl 1) €13 PRl SRR YMLofy Lnpepar e

accordmgtot"‘l’i@ r rring a mxture of
5- ami no- 7- cycl apamovi- @ﬁ;qd’ly@n@rj@J@011%@foyrldﬁme~$fﬂmfbbﬂmbq{l)4hl&olo[4 5-

excoss of 16 GiIRETNGRypopancit] D NHRIDUADAT B e ot B0 cued.
The reactign nxfun&1 10380 RugRfradrd 2dARwWEEN dP2RG4, @dBEbhientrated. The

residue is dissolved in EtOAc, partitioned with 1 N HCI, and neutralized with

saturated aqueous NaHCO; (10 mL). The aqueous phase is further extracted with
~ EtOAc. T}}Q combined organic phases are dried over Na;SOs, filtered, and

evaporated under vacuum to give intermediate B that is purified by column

15  chromatography on silica.
Schemes 5a-5¢

Schemes 5a-c show general procedures for preparing 5-Amino-7-alkoxy-3-(3-

D-ribofuranosylthiazolo[4,5-d]pyrimidin-2-ones.

Scheme Sa
.0 0
HN S, HN S
x\)i =0 )\JI )=0
H,N” N7 N a AcHN” N~ N b
o) o)
HO AcO
HG OH AcO  OAc
1 16
OR® ORS

NP S
AcHN)\)ﬁ/i >:O __c__, HzN)§JNIN>=O
AcOAd HOA&

AcO  OAc HO OH

IVa v

a) Ac;0, EN, MeCN
b) polymer-supported PPhg, R®0OH, diethyl azodicarboxylate, THF, 0 °C - it
20 c) KoCO3, MeOH
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is added to ice water and neutralized to pH 7 with saturated NaHCO3 and
extracted with EtQAc. The organic |layer is concentrated and subjected to
col um chwormssogisphy on silica providing the 2', 3" - protettuwsdodiosdorpr oduct .
5- Anz

i no-7-cycl operatyl anni no-3-(S' - O ( N- (t gefienfeiboxycar bonyl ) -L-valinyl)-2
3'-0- 5 isoproylidene-fi-D-rdbofuranosyl)thiazagl o[ 4, 5-d]pyrilnidine-2-one
(B) To a solution of 1.0 equ vaé ents of tV-(terj-hutoxycarbonyl)-L-valine
in THE at 0 Cis added 1. efjuiwal ents of E[%E)‘j’ﬂ p stirring for 30 min.
1.0 equival ent of 5-am e HCQl a HNT SN N b

opentyl-3-(2',3 -0Oisopr oyl/i}céye- p- BFrityof ur anos%l t hi azotof 4, 5-

d] pyri m di ne-2-one, A, amd " Ix5Yequivalents Mﬁa:ge added. The reaction

m xture 10 is warnmed to room:tenperature and all;owed to stir for 5 h, and
concentrated. The residue P8 di'ssolved in Et@8e, Partitioned with 1 N HO,
and neutralized with saturatad agueous NaHCO3 (%€ nL). The aqueous phase
is further extracted with EtOAc. The conbi ned organi c phases are dried
over Na2SO4, filtered, and evaperated under vacuumso give internmediate B
that is purified by colum 15 gat ography on silic Schenmes 5a-5c
Schemes 5a-c¢ show general proceddr es=d or prepari ng S Anro- 7- al koxy- 3- ( 3-
D-ri bof uranosyl t hi azol o[ 4, 58] pY¥ri ki di n- 2¢ ones.HNScheng 5a HN S \: HJ H2N
NNaAHN NNb A ,0pIl HO ofAcO 0 HO bH AcObAe | 1 16 OR5 ORS | S=0O
N~ C1S >=0 AcHN N N H3N NA# "D 1 0 Ac0" 7HAO YAG0111JJJ' DAc HO bH
lva v : - ‘

AcO  OAc HO OH

Ivb v

a) Ac,0, Et;N, MeCN
b) polymer-supported PPhs, R®0H, diethyl azodicarboxylate, THF, 0 °C - rt
c) K2COz, MeOH

Scheme 5¢

0 0
s s
HN HN
)\\JI =0 ):k/'[ =0
HNT N7 N a HN" N7 N b
o
HO/\CJ Et3SiO/\<_J

HO OH Et,SIO  OSiEts
1 26

OR® OR®

I >=o )I =0
HZN/k\N N . HZN)\\N \
Et,SiO HO

EtSIO  OSiEts HO OH
Ve v
a) Et3SiCl, imidazole, DMAP, DMF

b) polymer-supported PPhs, R°0H, diethyl azodicarboxylate, THF, 0 °C - rt
¢) HF, MeCN or HF-pyr, THF
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a) Ac20, Et3N, MeCN b) pol ymer-supported PPh3, R50H, diethyl

azodi carboxylate, THF, 0 C - rt 20 c) K2CO3, McOH 58 WO 2005/121162

PCT/ US20040Q8&ki162Scheme 5b 0 0 H2N.N N a H2N~ N b HEcT/US2004@188¢ 0 ~Y
HOOH AC(5 bAc 1 25 OR5 OR5 NS>=0 IN S) =0 HZN NNc HZN NN O 0 AcO HO

gfgt E;\f ggodlgtjar %ggyl ate, w#&é%egﬁ&% t}M%qM Sbﬁ%xgﬁ{eg—#@ﬂﬁé ,91%0%’830 RagHN
N a H2ZN~ N~O b mbieky dx(/oy tHetSeeBnid grotp yf ﬂ=@ninb+353®8tﬁ3ﬁﬂrm‘s§3]ﬂnmoﬁ4 3 1 26 OR5
OR5 S S HNN j]pyr'i\lmﬁlin%%—ldiml}g ar;: ¥'1|rs|}lproltzetcfge§ pretlgroably w1th si yPor ac3§1| g%l%s as
shown for 16, 25 and 26. The carbonyl at the 7-position can then be subjected to a
5  variety of alkylation methods with various alcohols to form IVa, IVb, and IVe. The
2',3',5’-hydroxyls of the ribose unit and/or he nitrogen of the 5-amino group are then
subjected to appropriate deprotection conditions, to produce V. V can further be
appropriately modified if so desired.
Schemes 6a-6¢
10 Schemes 6a-6e show general procedures for preparing 5-Amino-3-3-D-
ribofuranosyl-3H-thiazolo[4,5-d]pyrimidin-2-one.
Scheme 6a
e} S
HN S T NS "Néjis
HZNJ\:LiNﬁO e Hzrxl):rxliN>:O _b» HzN)\\N I N>=O
AcO/\d AcOAd Aco/\<i7'

AcO  OAc Acé OAc AcO OAc
25 77 78
N7 S NZ S
LI o NS W
H,N” N7 N d c " H,NT NT N
o o
HO HO
AcO  OAc HO OH
89 79
a) PoS;, pyr.

b) Ni, acetone, reflux
¢) K,CO4, MeOH
d) candida antarctica lipase, pH7, acetone

Scheme 6b
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1Vc v a) Et3SiCl, imdazole,
di et hyl azodi carboxylate, THF, 0 C - rt
2005/ 12119 203112U$2004/ 018011 I n a typi cal
2',3 ,5 -hydroxyl grqups of the (3-D-ri
of 5- am no-3-p-D-rib furanosylthl azol of
first protected, p t;L_ with silylNo
and 26. The carb W'Ti he 7- posHHQrJ\
of al kyl ation rret hods wilt h varieus al cohal

2', 3", 5" - hydr oxylso0feP e ri bose uniato r
group are then subjested to appropriate:
produce V. V can furthePabe
6a-6e 10 Schemes 6a- 6e,
ri bof uranosyl
AMNO a HZN-N ~O IN-O 1O |
Ac6 bAc AcO bAc AcOlll -

78 HO O HO O Acd bAc HQ

H,N” °N” N
o)

Acd bAc

show gener al

b HZN~' N AcO ~p°
E/ bAc

-~ 78

89

J

. a) POCl5, NEtg, CHClg, reflux
b) Zn-Cu, AcOH, 80 °C
¢) K,CO3, MeOH
d) candida antarctica lipase, pH7, acetone

Scheme 6¢

0]

x [ o

AchN N a

Ac(j bAc
16

a) POCI;, NEtz, CHCl3, 60 °C
b) 10% Pd/C, Hp, 250 psi, NaOAg, EtOH )
¢) Ko,CO3, MeOH

5 Scheme 6d

61

DVAP, DVMF b) pol ymer -supported PPh3, RSOH,
c) HF, MeCN or HF-pyr,

THF 5 59 WO

synt hetic r egras2608®18011

ose noi ety and/or the 5-am no group
, 5z d] pyrimdine-2, 7
%;4;},6 groups aesw(%\hq or 16, 25
Nt hen be subj ed’ty a 5 variety

to formrlva,
he nitrogemnco

lepr ot ection conditp

appropri at® yoasodified i f so &R Ay Schenes

procegures for preparing & Am no-3-p-D-
-3H-t hi azol o[ 4, 5-d] pyri m di n- 2- one.

-di;one are

| Vb, ,and We. The
he 5- am'no
S,

Schene 6a 0 s >= H2N ~O
~(y AcO"?Y 7 AcO"AN -{ y

25 77 78 S>=0 S>== IHQE;\ Ndc HNNN
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ﬁi =0
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c) K2C33, MeOH d) candida antarctica |ipase,
2005/ 121162 PCT/ US2004/ 018011

pH7, acetone Schenme 6b
x0 d H'S~O N/

H2N N n Iwéeddsyi2fieyy AcO~-Yv' ~J Ac AcO bAc AcO bAc AcO bACT/UR2003018081

HZN NNd c HZN N 78 HO O HO O AcO bAc HO CH 89 79 a) POCI 3, NEt3,

CHCl 3,
| i pase,

Ac0" ~( 7 AcO ACO /h/)le:)%C AcO OAc

refl ux
pH?

s S
N c N
OLN I 7=° H N);NIN/\:O o)
H 2 H AcO

84 85 86 AcO  OAc

78
N= S NZ S
A/I =0 )\:I =0
HaN” N7 TN e d HN” N7 TN
-— 8 —
o o
HO HO
A DAc HG OH
89 79

a) POCls, DMF, 100 °C

b) guanidine-HCI, K»CO3, NaHCO3, DMF, 110 °C

¢) 1,2,3,5-tetra-O-acetyl-B-D-ribofuranose, cat. bis-(4-nitrophenyi) phosphate, 160 °C
d) KoCO3, MeOH

e) candida antarctica lipase, pH7, acetone

In other typical synthetic routes, 5-amino-3-B-D-ribofuranosylthiazolo[4,5-
dpyrimidine-2,7-dione 1, protected at the 2',3',5’-hydroxyl groups of the B-D-ribose
and/or the 5-amino group, preferably with an acyl groups as shown for 16 or 25, can
be subjected to a variety of conditions to convert the C-7 carbony] at the 7-position

62

60 WO

SSONp HZNNNa H2ZN NN b

N~O O

b) Zn-Cu, AcOH, 80 C c) K2CO3, MeOH d) candida antarctica
acetonaDSchene 6c 0 C HNS,N AcHN NN a AcHNNNb ~"0 0
16 81 N7 S N S AcHN-N ¢ H2N' NN @)
S0 0
AcHN (CHa)zN’*N/l\ b (CHa) N“NJ\ /L—
AcO AcO AcO
AcO:: %Ac Acﬁs ::OAc Ac(j: %Ac
16 82a,b 83
?
Z S l ?
(CHg)N"NT N7 N s
N/
AcO © c HZNJ\\/NWA/N}_—O
AcO %)Ac HO/\(E\/l
83 Y
HG D©H
79 L
" "2) SOClp, DMF, CHCla, go °C or SOBrp, DMF, CHClg, toluene 110°C
b) Zn, AcOH
¢} KoCOg, MeOH
Scheme 6¢e
N
OHG N N>=o



AGD'" ~C 7 HO AcO OAc HO bH 82 79 a) POCI3, NEt3, CHCI3, 60 C b) 10% Pd/C,
H2, 250 psi, NaOAc, EtOH c) K2COB, MeOH 5 Scheme 6d 61 WD 2005/ 121162
PCTI US20040Q8@Di2i1620 X HN 5~0 AN 5~0 ACHN-N ~O-N a ( CHBIZNshboshisdib
(CH3)2NeN AN "IN AcO- Y 7 AcO" y AcO" Y y Acd bAc AcOOAc AcOLLLJJJOAc 16

82a, In 83 7 a Cidng NBE betﬂomrrﬁd\tbtr)l Gapry MdMal kit arpCcd bAC
HO?’\Y; 83 e ngUps ey n@ , DIVFe CHOL 3 Meo caglrgenéosri DIVF,

CHCl 3, "t ol uen f'ﬂsﬁe@m&? releCUORcEﬂlo&)mwéxﬁwn NEGHhSee M BOEMIeos > O OHC
Nr o2 5~0 b Nréacdeond@on, the2bs' G -nidrbidMN M dNitvse thifador Ye ¥itrogen of the

5-amino group are then subjected to appropriate deprotection conditions, to produce
5 79. Compound 79 can further be appropriately modified if so desired.
In an alternate method S-amino-3H-thiazolo[4,5-d]pyrimidin-2-one was synthesized
and further subjected to an appropriate B-D-ribose derivative under various
glycosylation conditions.
Scheme 7 shows a general procedure for preparing esters of 5-Amino-7

10 substituted and 7-unsubstituted-3-B-D-ribofuranosyl-3H-thiazolo[4,5-d]pyrimidin-2-

one.

Scheme 7

A)\/E o
A)I - t o,
HOAd 'BU(CHs)QSlO/\d ‘BU(CHS)ZSIOA.-(—?’

$ = i: R*0OCO OCOR?

HG OH HG  OH
VI vII VIII
R2
N7 S
x\)\iﬂ o fI o
c H.N” N7 TN b
o
R30CO OCOR® ROCO OCOR®
IX X

a) 'BuMe,SIiCl, imidazole, DMF
b) acid anhydride, EtzN, CHzCN
) HF-pyr or nBuyNF

In a typical synthetic route, the 5'-hydroxy] group of the B-D-ribose moiety 5-
15 amino-3-B-D-ribofuranosylthiazolo[4,5-d]pyrimidine is first selectively protected,
preferably with an appropriate silyl group as shown for VII. The 2’- and 3’-hydroxyl

groups can then be subjected to a variety of esterification methods to form VIII.
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84 85 86 Acd~/-OAc 78 S>=0 NS O HZNNNe d RN NN | 78 HO*~1/-0"/7I
HO 0 AcO bAc HObH 89 79 a) PCCl 3, DWF, 100 C b) guanidi neHCl, K2CG3,
NaHCO3, DWB,20ds1Q1162Cc) 1, 2, 3,5-tetra-0-acetyl - p- D ri bof uremaseo4o0a011

bi s- (4-ni trophenyl) phosphate, 160 C d) K2C03, MeOH e) candida antarctica
| i pase, pH7, atiet PAgdmxyIofdidtioss i is &len syhjedtesiitp epprenriatasdeprotection

5-am no- 3- (3-D-ri bof uranosyl t hi azol oL 4, 5-, d i madi na- [ 1,
protected at tfpEdBions;to %ma%ffggo%Icarb%ugli}%rsbeoa}’gli%ﬁ}éﬂ%]gbt@ lrfl%g(z)fssg dg%%&] or the
5-ami no group, pref&hahty swivish @Aeralgybeedue ipesesiichionnf f-minG344-25, can
be subjected to a variety of conditions to vert. t.he .G 7. carbonyl at the
7-position 62anap zgé5;st912>1ﬁ@nb@wm@6@%&@8’%1519%“‘5‘3%965@“@ oups,
including but not limted to nercapto qpenbgl ogen, that are susceptible to
reduction. Follow ng reduction under hetero- or hompbgengpus reaction
conditions, the 2',3",5 -hydrpxyls of the ribose unit and/por he nitrogen of
the 5-amno group are thennNsSupyscted to appropriate ggl? 0 tion
conditions, to produce 5 ,]zg)\\ oround 79 can furthes,n appropriately

modi fied if so desired® Ig an alfernate—et hod b0

5- ami no- 3H t hi azol of 4pf: dlpy«ijd di n- 2- one weisu n(b&? and further
subjected to an appropri:@t R\D-/ri bose derivatiye gander \vari ous

gl ycosyl ation conditi ong’ Schgng,y shows a general pregsdussrf or preparing
esters of 5-Ami no-7 10 substituted and

7-unsubsti tut ed-3-(3-D-ri bof wanosyl - 3H-t hi azol o[ 4, 5-™] pyri m di n- 2- one.
Scheme 7 R RR R2 01 S~0 H NN N-O H2NNNao||;|,,NNNb2

b HZNJ\\N N

_— ‘HCI o
HZN\)L o O
R:0CO OCOR?
Xn

a) di-'butyldicarbonate, EtzN, CH3CN, acid anhydride
b) HCI, dioxane

In a typical synthetic route, the N-terminal amine of the 5’-amino acid ester
of I1 is first selectively protected, preferably with an appropriate alkoxy-carbonyl
group, followed by esterification of the 2° and 3’ hydroxyl groups as shown for XI.

10  The N-terminal amine is then subjected to appropriate deprotection conditions, to
produce XII.

Scheme 9 shows a general procedure for esterification of 5-Amino-3-3-D-
ribofuranosyl)-thiazolo[4,5-d]pyrimidin-2,7-diones at the 5’ hydroxy! with N-
terminal protected peptides.

15 Scheme 9
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, 1,11 O HO Bu(CH3)2Si® HO OH HO -OH R3006 OCOR3 VI VII VIII R2 R2 Ni
Sc 2ZNI-NINb HZNNN ~ 'O | vJ HOv R3000"Y y R3006 bcoR3 R30c6
OCOR3 | xw® 20@p)1218BaMe2Si Cl, i m dazol e, DMF b) acid anhyecirds200&to3$d11 CH3CN
c) HF-pyr or nBudNF In a typical synthetic route, the 5 -hydroxyl group of
the R-D-ribose noiety 5- I , OH

am no- 3- p- D-ri bof ur anosyl thi azol o[ 4, 5-d] pyri m dine is f s sel ectively
protected, preferably wig hl ap=appropriate silyl grouyg)\asl @n for VII.
The 2'- and 3'-hydroxykN gfolbs carf t hen be subjectdl¥td apariety of
esterification nethods to fermVilil. 63 WO 005%%%11 2 PC[/lUS2004/ 018011
The 5' -hydroxyl of the™ ibgs¢ unit is thémwosuljgctad 00 gppropriate
deprotection conditions, ~‘o'—boroduce W | X can fQr®Rher be appropriately
nodified if so desired. Sc%h?e S shows a general pr ocedu‘?xof or
esterification of 5-Am no-3-(5 -0 amno acid
esters)-(3-D-ribofuranosyl)zthiazol o[ 4, 5-d] pyri m di B4R, 7-di ones. 5 Schene 8
OHOH NIs SSOI NO'"JI -2H" RNA\N Na 2NN 71 OV H2N~ JO 'eu00 O

|1
OH

N/ S
ﬁE =0
: H,N” °N” N
b R4 0 .
HCI H
———-
0O R4 N
HO ©OH

- X1v

a) BOCNHCH(R*)C(O)NHCH(R*)CO,H, EDC, DMAP, pyr. DCE, 0 °C - rt
b) HCI, iPrOAc

In a typical synthetic route, the 5'-hydroxyl group a 2°,3’-hydroxy protected
B-D-ribose moiety of 5-amino-3-B-D-ribofuranosylthiazolo[4,5-d]pyrimidine such as
2 is esterified with a N-protected terminal amine (preferably an appropriate alkoxy-

5  carbonyl group) peptide to form the 5’-amino acid ester XIII. Both the N-terminal

amine and 2°,3’-hydroxy groups are then simultaneously subjected to appropriate
deprotection conditions, to produce XIV.

Scheme 10 shows a general procedure for preparing 5 esters of 5-Amino-7
substituted and 7-unsubstituted-3-B-D-ribofuranosyl-3 H-thiazolo[4,5-d]pyrimidin-2-

10  one.
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R O R' HO bH R3000 -000R3 Il XI T OHb H2ZNN N HCI O E2N,-'~"0JO R
R3ocO0 bcOR3 Xl | a) di tbutyldicarbonate, Et3N, CH3CN, acid anhydride b)
HCl , di oxwmoeodsn2aekypi cal synthetic route, the N-term nacTaseea/omgolt he

5 -amno acid ester of His first selectively protected, preferably with
an appropriate al koxy-carbonyl group, Sfcpgnlleogd by esterification of the 2
and 3' hydroxyl groups as shown for Xl. e N-tezrm' nal amne is then
subj ected to appropriate deprotection conditions, fo produce Xll. Schene 9
shows a general procedure forgesterification of SAWRo-3-[3-D _

ri bofuranosyl)-thiazol o[ 4, 5-dlpydimdin-2,7-di QelsN ythe 5 hydroxyl with
N- term nal protected peptiﬁ%s »soSchemre 9 64 WO 20p5/ 121162

PCT/ US2004/ 018011 OH OH Ha¢ N >=0 H2N a HZN R H Op HO I BUO- -, -N
~OOORa2XIIIO—INiSA<j\/’ /)
'Bu(CH),SIO S B
S Y
HO OH Ar
v XV
R2
z S 2
N\ I N/EO‘ /R S
" T
c HNT N7 N
R20CO —_—
S RSOCOA&
- oYo \
A HO  oH
XVI XV

a) ArCHO, H,S0,, THF
b) acid anhydride, EtzN, CH;CN
¢) PPTS, CH30H

In a typical synthetic route, the 2°- and 3’-hydroxyl groups of 5° hydroxyl

protected 5-amino-3-B-D-ribofuranosylthiazolo[4,5-d]pyrimidine such as in VII are

5  protected. Ideally the free 5’-hydroxyl group is deprotected under conditions to
protect the 2°- and 3’-hydroxyl groups as shown in XV. The 5’-hydroxy! of the
ribose unit is then subjected to variety of esterification conditions with an
appropriate carboxylic acid, or derivative thereof, to produce XVI. The 2°,3’-

* hydroxyl groups of the ribose unit are then subjected to appropriate deprotection
10 conditions, to produce XVII. XVII can further be app,ropriately modified if so

desired.
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Ra HHNYyNOO ORa HOOH XV a)
BOCNHCH( Ra) C( O) NHCH( Ra) CO2H, EDC, DVAP, pyr. DCE, 0 C- rt b) HO, iPrOAc
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XV

rotected termnal amne (preferably an appropriate
B3°5pd)i de to formthe 5 -amino acid ester XII1. Both

_ am ne and 2', 3'-hydroxy groups are then sinultaneousl
subj ected to appropriate deprotecti onyﬁu h

condi tions, to produce XIV. Schene
ocedure for preparN%fSio esters of 5-Am no-7

H

/1] a)zSIO OY b HO bH Ar

R3 11"IC S Rz ZN NN N S
Step 1: Preparation of 5-Acetylamino-3-(2°,3",5 "tri-O-acetyl-3-D-ribofuranosyl)-

5 thiazolo[4,5-d]pyrimidine-2,7-dione (16)
Anhydrous 1 (8.17 g, 25.7 mmol) and DMAP (3.13 g, 25.7 mmol) were

suspended in dry acetonitrile (125 ml). Acetic anhydride (24.5 ml, 257 mmol) was

added slowly to the suspension. The reaction flask was equipped with a water-

cooled reflux condenser and refluxed for 4.5 h. The reaction mixture was then

10 poured into 600 ml of water. Solid was allowed to precipitate out for 1 h. The solid -

was collected, dried and triturated in ethyl ether (80 ml) for 18 h. This yielded 10.3g
(82.5%) of compound 16 as a tan solid: "H NMR (400 MHz, ds-DMSO) & 12.19 (s,
1H), 11.81 (s, 1H), 5.95 (m, 2H), 5.49 (m, 1H), 4.38 (m, 1H), 4.25 (m, 1H), 4.07 (m,
1H), 2.20 (s, 3H), 2.06 (s, 3H), 2.05 (s, 3H), 2.00 (s, 3H); MS (+)-ES [M+H]" m/z
15  485. Re= 0.45 (75% Ethyl acetate-CHCl;). Elemental Analysis for C1sH20N4O108:
cale’d: C, 44.63; H, 4.16; N, 11.57; S, 6.62. Found: C, 44.40; H, 4.18; N, 11.58; S,

6.56.

Step 2: Preparation of 5-Acetylamino-7-isopropoxy-3-(2°,3°,5 -tri-O-acetyl-f-D-
ribofuranosyl)-thiazolo[4,5-d]pyrimidin-2-one (27)
Compound 16 (650 mg, 1.34 mmol) and Argonaut PS-triphenylphosphine

20

resin (4.02 mmol, 1.86 g) were placed under a dry nitrogen atmosphere in a flame-

dried flask, and then dry THF (20 ml) was added. The flask was then cooled to 0 °C
in an ice bath. Isopropanol (IPA) (0.20 ml, 2.68 mmol) was added followed by the
dropwise addition of diethyl azodicarboxylate (DEAD) (0.366 ml, 2.0 mmol). The

25  flask was removed from the ice bath and allowed to warm to ambient temperature.

The reaction mixture was monitored for the disappearance of compound 16 by TLC.

Upon consumption of 16, the solid supported material was filtered off. The crude

reaction mixture was purified by flash chromatography using a 15 to 60% gradient

of ethyl acetate in chloroform. Removal of the solvent afforded 460 mg (64.9%) of
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>==0 0 Hp IN N R3000 N R3000 O O -o Ar HO bH XVI XVII a) ArCHO H2SO4,

THE b) acid anhydride, Et3N, CH3CN c¢) PPTS, CH3OH In a typical synthetic
t wo20e5/@ané23' - hydr oxyl groups of 5 hydroxyl prorasted/o1so1l
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rout e,
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roduce XVi roups
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ri bose unit aredfpbiéwl@ﬁlbﬁ ewt(@¥ to appropriate deprotection 10 conditions,
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56 W0 2005/ 131162 PCTT URBBOAT BIR01E  erahay segy ekl Rt fs 4 esire

5- Ami no- 7-i sopr lebxyds’l(ﬂ?soganlainmphmanﬁﬂﬂa-(ﬁhﬁamoO@[nﬂnd':l)wak]amﬁeciimdihm 2-one

(28) M

5- Acet yl amS;(c)) SH?@‘ INZXM gt'ﬁ@tdrf?f)gpg r{% %%Qeff%m%%f%g%’ 'fg&? {5

t hi azol o[ 4, 5- dJPHFiGhldofoenR Th?redﬁmmemé(ﬂl&) wandoyehhatsd dndeBvdcau,andS5. 7 rnnol )

and DIVAP(3.13 we in dry. a t |tr| e (125 m).
Acetic anhydri dg"‘ f%a bgf%m) %WW’?‘EO (g%‘dg‘i}haé’log\ﬂ% Uspensi on.
The reactiomnofl ﬁStheW&Gh(Bqasltﬁm&ﬂed/witlhetﬁylw(aeyreldﬁ%(ﬂlﬁﬂg r(ﬂf%)kifpﬁm%er and
refluxed for 4.5 h. The reactjon mxture hen 10 goured into 600 nl of

Sol i d wa¥his "r"&)‘ﬂ/eé{ MMRSABE MiT% 3@'@1\’539) 5f6cf$3 (3 24D,
5.34 (m, 1H), 5.26 (d, J = 5.6 Hz, 2H), 4.95 (d, J = 5.6 Hz, 1H), 4.77 (m, 1H), 4.67

(m, 1H), 4.09 (m, 1H), 3.75 (m, 1H), 3.58 (m,1H), 3.43 (m,1H), 1.29 (4, /= 6.4 Hz,

wat er .

Be&bVid-2 Hz, 1H),

6H); MS (+)-ES [M+H]" m/z 359, [2M+H]* m/z 717.3. Ry=0.2 (50% THF-CHCI,).

15 Elemental analysis for C13HsN4O46S: cale’d: C, 43.57; H, 5.06; N, 15.63; S, 8.95.

Found: C, 43.39; H, 5.07; N, 15.45; S, 8.82.

Example 14: 5-Amino-7-ethoxy-3-B-D-ribofuranosyl-thiazolo[4,5-d]pyrimidin-

2-one (30)

s
[ =0
S

20  Step 1: Preparation of 5-Acetylamino-7-ethoxy-3-(2°,3°,5 -tri-O-acetyl-3-D-
ribofuranosyl)-thiazolo[4,5-d] pyrimidin-2-one (29)

In a manner similar to Example 13, step 2, 29 was prepared from 16 and

ethanol in 72% yield as a white foam: MS (+)-ES [M+H]" m/z 513. Ry=0.45 (75%

Ethyl acetate-CHCl,).
25  Step 2: Preparation of 5-Amino-7-ethoxy-3--D-ribofuranosyl-thiazolo[4,5-
d]pyrimidine-2-one (30)

In a manner similar to Example 13, step 3, the title compound was prepared

from 29 in 65% yield as a white solid: 'H NMR (400 MHz, ds-DMSO) 8 6.87 (s,

2H), 5.85(d, J=4.8 Hz, 1H), 5.27 (d, J= 5.6 Hz, 1H), 4.96 (d, / = 5.2 Hz, 1H), 4.78

30 (m, 1H), 4.66 (m, 1H), 4.36 (m, 2H), 4.09 (m, 1H), 3.74 (m, 1H), 3.58 (m,1H), 3.40
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was collected, dried and triturated in ethyl ether (80 m) for 18 h. This
yi el ded 10.3g (82.5% of conmpound 16 as a tan solid: "H NWR (400 MHz,

d6- DVBO) wWolgosi®i1(63, 1H), 11.81 (s, 1H), 5.95 (m 2H), reTAS2¢0018bl) , 4. 38
(m 1H), 4.25 (m 1H), 4.07 (m 1H), 2.20 (s, 3H), 2.06 3H), 2.05 (s,
3H), 2.00 (s, 3M)H).NEY(() 3ES MS’EEH}EWMﬂE nifg545, (ENAA]" 4 é&%‘%fEtolf?-yl

A 16 N it or COERRGE MR A 5o SRS s dege, 070 sl*ep
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)

then dry THE (2 was added. The f was then cooled to O C in an ice
bat h. |sopropanol (1PA) (0.20 n, 2.¢/$~K I) was added foll owed by the
dropwi se addition of diethyl azodi carboxyl gz(gDEAD) (0.366 M, 2.0 mol).
The 25 flask was renoved fromthe iceuyf d allowed to vvarmto anbi ent

tenperature. The reaction m xture was m%ty’or ed for the di sappearance of
compound 16 by TLC. Upon consunption 5f 16/ the solid supported materi al
was filtered off. The crude reaction mx§urey was purified by flash

chr omat ography

Romoval _of & o 61 REP AP AR (B o1 57 Vbose ez

PCT/ US2004/ 018Q4L7,r éffz;;ﬂaam[‘t gdjégﬁmld,}}@ o(n¢X31§S [ MEH] +mf z 527. Rf= 0.7
(75% Et hyl acet at e- C13

of 5- Armi no- 7- i sopropt‘.)‘k%/m@mﬁfﬁmrﬂiab’@fﬁi‘fa@ﬁﬁslﬁl St?prﬁ éiéﬂ‘faéf’ﬁ’pged GppyeieAdidi n - 2- one

(28) 5 Conpgundeg-41 £10081 'imwty}y]%ﬂ AU hlte YA G $oLve v s hapob.s€ 15 )
under a dry nitro gen at mosphere, K2C03 (31.5 ng, 0.2 mml) was added and

the mixture wdg ﬁ}r}’ﬂé@tﬂft%gfl%)h periodically being monitored by TLC (1:1

THF: Chl f T d
ouri 1 ed by 11 SR Loy R e BB oG T PR B DR MO “The 10

i sol at ed sol i d d@gintidint2He@t(®d2) Wi th et hyl ether yielding 210mg (51% of pure
20 s 2 Wi te 0 oS08 Ak SO RIS, BRybie Rirpded (1, I
1H), 4.77 (18) Hdmn 3141n652% 3(13&1 aih‘i);vhltélscﬂ)ﬁ ](H’U\UVIR‘MQO BMHE de-DMIO)HE)7.3B(bEB
(m1l1), 3.43 (SI[?) 9|_5')(s 2H), 588(& J= 48Hz 1|I_% 5.43 (s, 2H), 5.28 (d, /= 5.2 Hz, 1H),

4.96 (d,J= 5.2 Hz, 1H), 4.80 (m, 1H), 4.66 (m,1H), 4.09 (m, 1H), 3.76 (m, 1H),

3.42 (m, 1H); MS (+)-ES [M-+H]" 407, [2M+H] 813. R¢=0.15 (50% THF-CHCL3).

Elemental Analysis for C;7H;sN4O16S: cale’d: C, 50.24; H, 4.46; N, 13.79; S, 7.89.

20 Found: C, 49.97; H, 4.55; N, 13.44; S, 7.70.
Example 16: 5-Amino-7-(4-methoxy-benzyloxy)-3-B-D-ribofuranosyl-
thiazolo[4,5-d]pyrimidin-2-one (34)

7y
~ S,
o NZ
J@EFO
HN” N7 TN
0
)
HO  OH

Step 1: Preparation of 5-Acetylamino-7-(4-methoxy-benzyloxy)-3-(2",3",5 -tri-O-
25  acetyl-f-D-ribofuranosyl)-thiazolo[4,5-d]pyrimidin-2-one
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6H); M5 (+)-ES [MtH + nmlz 359, [2MtH + m(z 717.3. Rf= 0.2 (50% THF- CHCI 3) .
15 El enental analysis for Cl3H sN4016S. calc'd: C 43.57; H 5.06; N

15. 63; Swe.28&121/6ound: C, 43.39; H 5.07; N, 15.45; S, P&Tﬂgzoﬁmmié 14:
5- Anri no- 7- et hoxy- 3-[ 3- D-ri bof uranosyl -t hi azol o[ 4, 5-d] pyri m di n- 2-one (30)
HZN Np N~O HOYON "Tn aymariderGini2a tSExmple 13Pstepar B yaspbtamed from 16 and 4-

of 5- Acet yl anm nos 7- et h =13 on Dt Ll = A = 0
ri bof uranosyl )m?%?’&’?%ﬁ%%%?@%ﬁ%&rzlﬁnﬁglfltﬁg 5}7@&% %;MI n a60r5ﬁ511}1fne0r'5 (s7|5r¢; lar to
\AE;r(]atrrplfe 13, i/tBthyEace%&i@\H@lspr epared from 16 and ethanol in 72%yield as a
ite foam +)-ES [MtH| + . p1z 513, Rf = Q.45 (75% I t e- CHC13) .
25 Step 2: Pr e‘fféﬁ’ é‘t E bﬁ’afﬁn%-"A%ﬁWO??é‘lf’%t{Z%y fé ﬁfﬁorx' )b%fél?r)g%%@qg 1%%% :zol o[ 4? 5-
dJpyrim di ne- thma@zo@ﬂ)z]ﬁyﬂnﬁdimmae5345i mlar to Exanple 13, step 3, the
title conpound was 1prepared_ from29 in 65%vyield as a white solid: 'H NWVR
(400 MHz, d6- DMVBO) 18 agngmersimilarjefixamplgls, stgp a’f?’f‘:“ﬂ‘? ?W“n‘iwﬁﬁpfe%?r% (d, J =
5.6 Hz, 1 13), 498 :(dsopdich S wiite sofia:Hi ko) §766 1H
4.36 (m 2H). 161"6%' (“Eng{ Jkyde, 3.a;‘ﬁ#(ér?{’h?'%,NI%}%?O?%H%%,%%M%S(%V i
2005/ 121162 PCF/9JS2008%CEB0093 (s(3H), 6.6 (dd1/ 296.8,3.0 BRZEDNSS @ JES A ARH + nn/ z

445, [2MrH] + . Rix 5Q9 = f i 85 f
C] 2H] 6N406S0. %ﬁhggg (%2?@ 5?1272(8“& gf‘?ﬁflgﬁﬁ}w rlsxlgnf%@ ng&%ai}gSJ;lgs Pound:
C, 41.24; H AaTIH)N.0960,89), 575 Gn,08), 3. Bx@npkg, 3135 (m, 1H), 3.41 (m, 1H); MS
(32) N0 b Na S RGP R 9 oy Sielchichyp efthiRbEd Ml 2- one
(r):‘ ﬁ;)f\cet yl an‘: ?%Elgﬁgrlefﬁx}éﬂﬁd 2alc’d: %,,@.5%&4.88;&@‘,612388;&-@6. Found: C,

uranosyl )-thi azol o[ 4, 5-dJpyrim di n-2-o0 31) | iml
Exanpl e 13, st &p2% 3P0 1%?%&?@@] from 16n2nél )10b2n§ylrmglng(r)h2: ml nar77g/8
yiel'd as a whi kgaﬁlﬂl@rﬁ: mlﬁﬂaxﬁAHﬂTﬂ;‘B-ﬁ-}ﬁ)ofﬁfaio@l-ﬁﬁazolo[4,5- T

15  d]pyrimidin-2-one (36)
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HO ©OH
Step 1: Preparation of 5-Acetylamino-7-allyloxy-3-(2°,3",5 -tri-O-acetyl-f-D-
ribofuranosyl)-thiazolo[4,5-d] pyrimidin-2-one (35)
In a manner similar to Example 13, step 2, 35 was prepared from 16 and allyl
20  alcohol in 73% yield as a white foam: [M+H]+ 525. Ry= 0.6 (75% Ethyl
acetate/CHCIs).
Step 2: Preparation of 7-Allyloxy-5-amino-3-f-D-ribofuranosyl-thiazolo[4,5-
d] pyrimidin-2-one (36)
In a manner similar to Example 13, step 3, the title compound was prepared
25  from 35 in 69% yield as a white foam. '"H NMR (400 MHz, d¢-DMSO0) 8 6.90 (s,
2H), 6.04 (m, 1H), 5.86 (d, J = 8.0 Hz, 1H), 5.26 (m, 2H), 4.96 (d, /= 5.6 Hz, 1H),
4.86 (m, 1H), 4.79 (m, 2H), 4.66 (m, 1H), 4.08 (m, 1H), 3.76 (m, 1H), 3.58 (m, 1H),
3.45 (m, 1H); MS (+)-ES [M+H]" 357, [2M+H]" 713. R¢= 0.3 (50% THF-CHCl,).
Elemental Analysis for C13H;sN4OeS: calc’d: C, 43.82; H, 4.53; N, 15.72; S, 9.00.

30 Found: C, 43.65; H, 4.65; N, 15.64; S, 8.96.
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(75% Et hyl acetate-CHCLl3). Step 2: Preparation of

5- Am no- 7- benzyl oxy- 3-/ 3- D-ri bof uranosyl -t hi azol o[ 4, 5- d] pyri m di n-2-one
(32) In avomneseniskni | ar to Exanple 13, step 3, the titlpeTaso@anndinas
prepared 15 from 31 in 62%yield as a white solid: '"H NWVR (400 MHz,

d6- DVBO) 5 7. 39E§ le 1§HB<Ar§m%57 &ismetgw-buti %l%—&b‘D%lﬁ)ﬂﬁZwow’ 5.43 (s,
2H), 5.28 (d, J= 1H), 6 (d, m 1H) 4. 66
(mlIH, 4.09 (mhlazpboﬂ,‘%dmr(rwﬂmmyne (38) 42 (m 1H); MS (+)-ES [MH' 407,
[2MtH] 813. Rf= 0.15 (50% THF- CHC13 El emental Analysis for C'HL8N40O16S:
calc'd: C 50.24; H 4.46; N, 13.7 \ No7.89. 20 Found: C, 49.97; H, 4.55;
N, 13.44; S, 7. 70. Exanpl e 16:

5- Ami no- 7- ( 4- met hoxy- benzyl oxy) - 3-[ 3- D-\I’Il b&FQranosyI -

t bi azol o[ 4, 5- dJpyri mi di n- 2-one (34) "¢ 0/ NS>=0 H2N~11- NNO HO
HO bH Step 1: Preparation of 5- Acet yh 7- (4- net hoxy- benzyl oxy) - 3- (2",

, S -tri-O 25 acetyl-(3-Dri bofuranosyl) -hi azol o[ 4, 5-d] pyri m di n- 2-one 69
WD 2005/ 121162 PCT/ US2004/ 018011 In aMfanfter sinmilar to Exanpl e 13, step

2, 33 was obt ai StqufPapu;b@omnﬂS -Acangtrhinryt (3 enpyburl-eoliod))-812 B2%-yi-0- d as a

whi f 5% C13 St 2:
Pr ;tp:r a'??(r)nn of e?(ﬁ%%”‘?%’&m?fy?)eé“ﬁ@&[%%%/’V”g%% ?tg’?e%-g D- ?’I bof 5Iroar aosyl- 5

t hi azol o[ 4, 5-d] pyri rm@lmﬁa@nﬁlaeaﬂﬁxahmeal3@9@@@7&»5@&@;&&%%%&1@ 13, step
3, the title conmpound was prepared from33 in 68%@}/ as.a white solid:

"H NVR (400 MZnethd-befisep-10l 1 366 pighl asp whitedoam: MS GHES U‘éﬁ){ | 56398=(s, 2H),

6.91 (dd, J= 6.6% gwEthgl,acgtk})e,CI@C@)B(d J= 5.2 Hz, |H), 5.35 (s, 2H), 5.27
(d, J= 5.6 Hz, iH), (d 57, 1H), 4.78 (m 2H), 4.65 10 (m 1H),

4.09 (m 1H), . (Hfrfpamon’az” 57 744nz(tm7 (B#hethy BLBZ-¢wrioxH)- f-IB riddfusampsykH) ; N
#32 E,stmg?m@%d%y ‘5%) ,,§4d~,3, gne (Z?g) 27( 5?15589*&13)12. :El?,emém ?l og.nal yois
Found: C In a manner 81m11ar to Example 13, step 3, the title compound was prepared

from 37 in 68% yield as a white solid: 'H NMR (400 MHz, d-DMSO0) 8 6.86 (s,

1H), 5.85 (d, /= 4.8 Hz, 1H), 5.41 (m, 1H), 5.27 (d, J= 5.6 Hz, 1H), 4.96 (d,J=5.2

Hz, 1H), 4.86 (d, J= 6.8 Hz, 1H), 4.78 (m, 1H), 4.66 (m, 1H), 4.08 (m, 1H), 3.75

15 (m, 1H), 3.56 (m, 1H), 3.41 (m, 2H), 1.73 (s, 3H), 1.70 (s, 3H); MS (+)-ES [M+H]"

385. Rr=0.35 (50% THF-CHC]I;). Elemental Analysis for C;sHyoN4OgS: cale’d: C,

46.87; H, 5.24; N, 14.57; S, 8.34. Found: C, 46.86; H, 5.24; N, 14.62; S, 8.34.

Example 19: 5-Amino-7-(prop-2-ynyl oxy)-3-B-D-ribofuranosyl-thiazolo[4,5-

Z 9
Y o
HZN)\\N N
~)
HO
20 HO  OH
Step 1. Preparation of 5-Acetylamino-7-(prop-2-ynyl oxy)-3-(2",3°,5 -tri-O-acetyl-

3-f-D-ribofuranosyl)-thiazolo[4, 5-d]pyrimidin-2-one (39)

d]pyrimidin-2-one (40)

In a manner similar to Example 13, step 2, 39 was prepared from 16 and
propargyl alcohol in 62% yield as a white foam: MS (+)-ES [M+H]" 523. Rr=0.7
25  (75% Ethyl acetate-CHCls).
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47.28; H, 4.91; N, 12.36; S, 7.10. Exanple 17:

7- Al'l yl oxy-5- Am no- 3- (3-D-ri bof uranosyl -t hi azol o[ 4, 5- 15 dJpyri m di n-2-one
(36) N\ Iwb@s/titg2N O HO HO bH Step 1: Preparation PCT/US2004/018011

of 5- Acetyl am no-7-al | yl oxy-3-(2',3,5 -tri-Oacetyl-fl-D

ri bof uranosyl) - s/ a2z 8lphAuion djﬁwm;mﬂwop?zg d@@)ﬂﬂ%@o PRSE simlar to
Exanpl e 13, step 2, 35 was prepared from1 aI cohol in 73%

yield as a whi t éiae/aihS-ihamrpidisggne @0r 0.6 (75% Et hyI acet at e/ CHCl 3) St ep

2: P tion of 7- t
d] py; ?Pna:j?nl 2-one g@%k?ﬁhgéa%nngaaﬁgﬁgn%@%%&ﬁ p%yﬁmwgﬁst%éﬂég t he title

conpound was prepasi 6836yikldanaIfhite solgh /HWI\éRmOQSMHZ,mDMS@b&W9 (s NVR (400

MHz, d6- DVS 0 1 5. 26
iy el s §86 (- S by 1000 B o 2B Syl By
11-1), 4. 08 (mHZ'LH*ﬁ) 431876, ( HY, 4165-(in), 2HY 433 (i HYL B)76 (m3114)53(5m|(mlA1'H)l,3IY§ (]j) Eg
s L MR B A I A TR Sl
43.65; H, 4.65; foi\t:mm&mes -85 H&o&guctﬂg: \4@9?Q®B§ %N%g?zgf@g@g%@% @1|8011

| enyl ox ri1 bof uranos
tEﬁ?ggoFo[lg 5%%& Fi #i ﬁl‘gelé% %3‘3?)7 N\ NXO I¥|ZNN HO' Y Y Hd bH S%/e 1:
Preparati omf beahgat ¥d: a({B‘lzﬂﬁmz) =4S d BB rith R hin dsy B ﬁ%& 5%};&% mlflm 7'Q" -tri-

5 acetyl-AD-ri bof uranosyl ) -thi azol o[ 4, 5-dJpyri ni di n- rranner
simlar to Examihxe’)-!@tlcsi@épnghymtem@)pr epared from 16 and 3-

met hyl -but-2-en-1-0ol in 76%yield as a w@l/Lg foam Ms (+)-ES [ M+tH] + 553.
Rf =

0 (AN -8

HzN)%N I N>=Q

HO/\GJ

HO  oH
Step 1: Preparation of [5-Acetylamino-2-oxo-3-(2°,3°,5 -tri-O-acetyl-3- f-D-
ribofuranosyl)-thiazolo[4,5-d]pyrimidin-7-yloxy]-acetic acid methyl ester (41)

15 In a manner similar to Example 13, step 2, 41 was prepared from 16 and
hydroxyl-acetic acid methyl ester in 58% yield as a white foam: MS (+)-ES [M+H]"
556. R¢=0.45 (75% Ethyl acetate-CHCls).

Step 2: Preparation of (5-Amino-2-ox0-3-f-D-ribofuranosyl-thiazolo[4,5-
d[pyrimidin-7-yloxy)-acetic acid methyl ester (42)

20 In a manner similar to Example 13, step 3, the title compound was prepared
from 41 in 57% yield as a white solid: "H NMR (400 MHz, ds-DMSO) 6 6.93 (s,
3H), 5.86 (d, J= 5.6 Hz, 1H), 5.28 (m, 1H), 4.99 (s, 2H), 4.95 (s, 1H), 4.80 (m, 1H),
4.65 (m, 1H), 4.09 (m, 1H), 3.76 (m, 1H), 3.67 (s, 3H), 3.55 (m, 1H), 3.42 (m, 1H);
MS (+)-ES [M+H]" 389, [2M-+H]" 777.3. Ry= 0.15 (75% THF-CHCl,). Elemental

25  Analysis for C13HsN4OsgS: calc’d: C, 40.21; H, 4.15; N, 14.43; S, 8.26. Found: C,
40.07; H, 4.25; N, 14.20; S, 8.11.
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0.8 (75% Et hyl acetate-CHCI 3). Step 2: Preparation of 5

Ani i nzo-7- ( 3- net hyl - but - 2- enyl oxy) - 3-[i D-ri bof uranosyl - 10

t hi azol o[wWo2eespyre2mi di n- 2-one (38) In a manner siml ar pro/USz@aphs®1il3, step
3, the title conmpound was prepared from37 in 68%yield as a white solid:

"H NVR (400 MzEx#ihploiBOp- (§Aﬁn186—2((ﬁm-3 A)-vibSfuBim os fl- thikzold {455 -Hpyrikifin- 5. 41
(m 11-1), 5.27 (d, J= 5.6 Hz, 4.96 (d J=572 H, 1H, 4.86 (d, J=
6.8 Hz, 1H), 4. 778106*M}'Pr0ﬂ3lfbmcw%’@ eSIfPI)(“ )4.08 (m 1H), 3.75 15 (m 1H),

3.56 (m 1H), 3.41 (m 2H), 1.73 ( 3H), 1.70 (s, 3H); M5 (+)-ES [ M+H +
385. Rf= 0.35 (50% THF- CHC13). EléhgrLrbal Anal ysi s for C15H20N405S: cal c¢' d:
C, 46.87; H 5.24; N, 14.57; S, 8.34AFeund: C 46.86; H 5.24; N 14.62;
S, 8.34. Exanple 19: 5Amno7(pro/g

oxy) - 3-[ | -D-ri bof uranosyl -t hi azol ¢y 4 Xd] pyrimdin-2-one (40) 0 N O
H N'N N HOYp 20 HO OH Step |: Prg@m&ii)on of 5- Acet yl am no- 7- ( pr op- 2-ynyl
oxy)-3-(2',3 ,5 -tri-OCacetyl- 3-/3-D of uranosyl ) -t hi azol o[ 4,

5- d]pyrlmdln 2-one (39) In a nmanner Hi mPfar to Exanpl e 13, step 2, 39 was

prepared from 1g.mand>- [BIAR @Wo-BboNgl’ 3t B2 ESL 8L 533 rBofitnb, ztoam M5
(+)-ES [ MtH] + 5231@ %91&25 2,3/5% Efjhyl acet at e-(]—(g? ﬁmj )2005/ 121162

PCTI US2004/ cﬁlscrmzolsf%d]zyi P &y Y o oRPIC Agi syl ewdﬁﬁ)z ynyI
oxy)-3-f-D-ri bofuraﬁﬁ%)ﬁ&annérmrﬁzaa)k@mngléiﬂm n%ﬁnﬂ ménéb@f‘ed%m dda{hﬁiﬁﬂnner

simlar to Exanple 13, step 3, | e conmpound repare rom39 in
68% yield as a mdrexmmpldmc 'agid mmly(amlwﬁﬁ% yighl {sms@lteSOBd MS($)-ES 2H),

S 6t iny. VAL AT CR0ER AR S GraR % (S 76 U ik, 858

(m 1H), 3 28 Step 2:1 B4 3-AMB of 2+ yx0EB Sl IMkiblpfr B5.51- tTRb 70l 44, ZSi]}Qﬁﬁﬁ{dz%HFylﬁylﬁl 3).
El enent al S’(bg ysis, for. CL3H 41\1495313 0.5 H2G " calc' d: C, 42.97; H 4,167 N~
15.42; S, 0 PTOIyaiQ Acid methyhesis 4.27; N, 14.80; S, 8.47. 10 Exanple

20: (5- Ami no- 2- 0X0- 3n h Zrabhdrish@fad famagiple 1t3h ke 9] tBd tldcotipiifid Wasdirépared
from 43 in 63% yield as a white solid: 'H NMR (400 MHz, dg-DMSO) & 6.88 (s,
2H), 5.84 (d, J= 4.0 Hz, 1H), 5.39 (m, 1H), 5.29 (d,J= 5.6 Hz, 1H),4.97 (d,/=5.6
Hz, 1H), 4.80 (m, 1H), 4.66 (m, 1H), 4.10 (m, 1H), 3.76 (m, 1H), 3.66 (s, 3H), 3.56

15 (m, 1H), 3.43(m, 1H), 1.51 (d, J = 6.8 Hz, 3H); MS ()-ES [M+H]" 403, [2M+H]"
805. R¢=0.15 (50% THF-CHCI3). Elemental Analysis for C;4H;sN4OsS: calc’d: C,
41.79; H, 4.51; N, 13.92; S, 7.97. Found: C, 41.77; H, 4.50; N, 13.88; S, 7.94.
Example 22: 5-Amino-7-methoxy-3-3-D-ribofuranosyl-thiazolo[4,5-

~o
"L o
HZN)\N N
~
HO
20 HG  OH

Step 1: Preparation of 5-Acetylamino-7-methoxy-3-(2°,3°,5 -tri-O-acetyl- -D-
ribofuranosyl)-thiazolo[4,5-d] pyrimidin-2-one (45)

dlpyrimidin-2-one (14)

In a manner similar to Example 13, step 2, 45 was prepared from 16 and
methanol in 65% yield as a white foam: MS (+)-ES [M+H]" 499. R;=0.5 (75%
25  Ethyl acetate-CHCl;).
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yl oxy)-acetic acid nethyl ester (42) ~ro ON HZNINp HOY Hd -OH Step 1:
Preparation of [5-Acetyl ai ni no-2-o0x0-3-(2',3 ,S -tri-0Cacetyl-3-13-D

ri bof ur anweyb)s/2iniéazol o[ 4, 5- d] pyri m di n- 7-yl oxyJ- acet i c pagius20mioingo1 est er
(41) 15 In a manner simlar to Exanple 13, step 2, 41 was prepared from 16
and hydr oxyl - ac&ep@ depthraveinly - B4R -niethoRBYoN/Deltdfidgn osy iR /fgam VB
(+)-ES [ MtH] + F\;f —20 4 &75% Et hyl acetate-CHCl13). Step 2: Preparation
of (5-Aniino-2- éf”@’ Ab“1'6of*r anosyl -t hi azol of 4, 5-

dJpyri nidin-7-yl OXy)}naiGﬁiﬂnSrs%ﬁilﬁt(BTEi le €51sRp 3( hé it Corhfbufd WROREparsd M | ar
to Exanple 13, step 3, the title co ahlyﬂq vvag prep]are%l ISI)furom 41 |arr1 57%

yield as a whi t@o@d‘l5|”éi78%lé11q1\ﬂma(%]0@ sphig:, HAGMBRNARY) MBz6d:IIMEO) 5 681, 5. 86 (d,

J= 5.6 Hz, A 4,:99 H) ( . 0

Ve & e A0 AR B 08 o gs S (Ras (g 80 N
(m 113); N5 ().-1ES 4.66:6,4H3,8009 @12N/H 3491)7(? 31, RVS:OnﬂH)(ﬂﬁ@/ﬂiHH}mﬂS

El emrental 25 An H 14 43,
S B 56 Found. e HhSeh-Es MRATAARCR £ Gaf st altm CeRl mbeslyogapts 16
PCTI US2004/ 0180fbt C: B aiPk® 021 H,0: calc’d: C, 39.46; H, 437 N, 16.73; S, 9.58. Found: C,

2- (5- Am no- 2- ox I-thlazolo[45d]pyr|md|n-

7§/ony) pr opi O %%%1337 fﬁﬁg&’@l (44) 10 =H2ZN IN NO HO O HO, OH Step
1: 2-[5-Acety! apzdnigle 23050:&1162/-1313;)@;@3prm-r@nﬁﬁﬁﬁd'slyr-t’iuézholi& £j bof uranosyl) -

5 thiazol o[ 4, 5-d] pyri m di n- 73/I oxyJ propionic acid methyl ester (43) In a
manner sim | ar {18YERiHp2oed st ep 2, 43 was prepared from 16 and (t)

2- hydr oxy- propionic acid net hyl ester\l/ﬂoSS% yield as a white solid: M
(+)-ES [M+H + 571. Rf= 0.4 (75% Et hyl etate-CHC13). Step 2:

2- (5- Anzi no- 2- oxo- 3-[ 3- D-ri bof ur anosyl - h|l az)eloo[4 5-dJpyri m di n-7-yl oxy) -

10 propionic acid nethyl “ester (44) HN o N
HO/\(j
HO  OH

Step 1: Preparation of 5-Acetylamino-7-propoxy-3-(2°,3°,5 -tri-O-acetyl--D-
ribofuranosyl)-thiazolo[4, 5-d]pyrimidin-2-one (46)

15 In a manner similar to Example 13, step 2, 46 was prepared from 16 and n-
propanol in 65% yield as a white foam: MS (+)-ES [M-+H]" 527. Ry= 0.55 (75%
Ethyl acetate-CHCls).
Step 2: Prepa;*atz"on of 5-Amino-7-propoxy-3-D-ribofuranosyl-thiazolo[4,5-
dpyrimidin-2-one (47)

20 In a manner similar to Example 13, step 3, the title compound was prepared
from 47 in 70% yield as a white solid: "H NMR (400 MHz, d¢-DMSO) 6 6.87 (s,
2H), 5.85 (/= 5.2 Hz, 1H), 5.28 (d, J= 5.6 Hz, 1H), 4.96 (d, /= 1.2 Hz, 1H), 4.80
(m, 1H), 4.66 (m, 1H), 4.29 (m, 2H), 4.08 (m, 1H), 3.75 (m, 1H), 3.56 (m, 1H), 3.42
(m, 1H), 1.71 (m, 2H), 0.92 (m, 3H); MS (+)-ES [M+H]" 359. Ry= 0.3 (50% THF-

25  CHCI). Elemental Analysis for C;3H;gsN4OgS: calc’d: C, 43.57; H, 5.06; N, 15.63;
S, 8.95. Found: C, 43.77; H, 5.29; N, 15.39; S, 8.81.

74



In a manner simlar to Exanple 13, step 3, the title conpound was prepared
from43 in 63%yield as a white solid: "H NWR (400 MHz, do-DvsO 8 6.88 (s,
2H), 5. 84w0dp0si21%20 Hz, 1H), 5.39 (m 1H), 5.29 (d, J=pETfskim4/oisdys 4. 97

(d, J= 5.6 Hz, 1H, 4. 80 (m 1H), 4.66 (m 1H), 4.10 (m 1H), 3.76 (m

1H), 3.66 (s, 3kkample26: 5 fmiBo-Ablsox Ry?#@ﬁ@bdfﬁ'ﬂ)ano%y %ai(ﬂ@[t@ $midén- 3H) ;
VG ()-ES [ VeH] +403 [2WH + ' 505 0.15 (50% THF- CHC13) . Bl enent al

Analysis for C1%m8{808S: cale' d: C, 41.79; H, 4.51; N, 13.92; S, 7.97.
Found: C, 41.77; H, 4. 50, N, 13.88; S~+#~94. Exanple 22:

5- Am no- 7- net hoxy-3- [ 3- D-ri bof uranosyl -t hilazgl o[ 4, 5- d] pyri m di n-2-one (14)
O N N~O H NN O HOZOHOO%Stepl:;Er arat i on

of 5- Acet yl anzi no- 7- net hoxy-3-(2, 3", 5" -#Yi NO qcetyl -, t LD

), i bofuranosyl)-tl ziazol o[ 4, 5-d] pyri m ¢gg ne (45) In a manner simlar to
Exanpl e 13, step 2, 45 was prepared from 16~“and nethanol in 65%yield as a
white foam M5 (+)-ES [M+H +499. Rf= 0.5H075%% 25 Ethyl acetate-CHC13). 73

WO 2005/ 121162 Red}. Ug?é}@ﬂdtz@ﬁ8ﬁiﬂcetﬁbﬂﬁz027—bzﬁéaﬁm(ﬁt?|’Smtn O-acetyl-3-D-
of 5- Anzi no- 7- ni et hoxy- 3-(3-D-ri bof uranosyl -t hi azol o[ 4, 5- dJpyri nzi di n-2-one
(14) In a mehnefbadiigresxp- tﬁﬁz@%féﬁp‘ﬁéyrﬂ?s’d”’s‘? 648 the title conmpound was

repared from45 i W . 6- DMSO)
pr epar 4. o 5'13%%/%&1%'1&1&509:{&%]{0 £3 %eba%( Aéﬂ}l%ﬂ%g)% %ﬂ);ﬂ Pt

(d, J= 5.2 Hz, nolm@; ylelﬁasmmhltena% NIE(OHES [MAHIOS4 1R 0465 (3900 (s,

3H) 3.75 (m 1) a%et%fé e , 3.43 (m 1H); M5 (+)-ES [M+H + 331. Rf=
2 (50% THF- CHCl%l) enenfal Anal ysis for CuHL4N406S 0. 25 H20: calc'd:
C 39. 46; H 4..38an 2:NPreb@raflidy ofS)-ASiw87-bikoyndl - ICribof3fnd®l-thhzofb[4,3; N, 16.55;

S, 9. 52. . ,5- Al,no- 7- propoxy- 3- [ 3- D-ri bof uranosyl -t hi azol o
[ 4, 5-7dj pyrl (de%y’f’” é‘f‘ﬂ‘%ﬁ% " B>=0

In a manner similar to Example 13, step 3, the title compound was prepared

from 48 in 72% yield as a white solid: "H NMR (400 MHz, d-DMSO) & 6.87 (s,

2H), 5.85 (d,J=4.8 Hz, 1H), 5.28 (d, /= 5.2 Hz, 1H), 4.95 (d, J= 5.6 Hz, 1H), 4.77

(m, 1H), 4.34 (m, 1H), 4.07 (m, 1H), 3.74 (m, 1H), 3.58 (m, 1H), 3.41 (m, 1H), 1.63
15 (m, 2H), 1.31 (m, 2H), 0.92 (m, 3H); MS (+)-ES [M+H]" 373. R¢= 0.25 (50% THE-

CHCIs). Elemental Analysis for C14H30N4O¢S: calc’d: C, 45 .15;’H, 541; N, 15.04;

S, 8.61. Found: C, 44.79; H, 5.34; N, 15.02; S, 8.60.

Example 25: 5-Amino-7-(4-fluorobenzyloxy)-3-B-D-ribofuranosyl-thiazolo-

[4,5-d]pyrimidin-2-one (51)
IO
ages
|| >=o
HgN/k\N N
~
HO

20 HO  OH
Step 1: Preparation of 5-Acetylamino-7-(4-fluorobenzyloxy)-3-(2°,3°,5 -tri-O-
acetyl-f-D-ribofuranosyl)thiazolo-[4,5-d]pyrimidin-2-one (50)
In a manner similar to Example 13, step 2, 50 was prepared was prepared

from 16 and 4-fluorobenzy! alcohol. "H NMR (400 MHz, CDCls) & 8.20 (m, 1H),
25  7.44 (m, 1H), 7.06 (m, 1H), 6.10 (d, /= 3.2 Hz, 1H), 6.02 (dd, /= 3.0, 6.0 Hz, 1H),
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HO' Yy HO-CH Step 1: Preparation of5-Acetyl am no-7

propoxy-3-(2',3",5 -tri-Oacet)l1-)9-D

ri bof ur anweyb)s/t2inicazol of 4, 5- d] pyri nni di n-2-one (46) 15 lpoTAISO®ANESO16I M | ar
to Exanple 13, step 2, 46 was prepared from 16 and n- propanol in 65%yvyield

as a white f08'3192%5J(=*5)0ﬁ§1HY“3‘&8*(S521¥),48§§d 723 d, 6217, FHY 3436E£ At €- CHCI 3) .

Step 2: Preparation of5 AZni no- rapox D-ri bof uranosyl -t hi azol of 4, 5-

dJpyri nzi di n- 24(3%(1(( 474 (B@Qlﬁz é% ﬁi)n? LAfs, 31), BdArp 13,1304 5t HEP- 3, the
title conpoun r 4 te lid: "H NWR
(400 Mo T oty BrERRLR o SO o b DR L R R Mg NN
|2-|§-,1) 1HL, Og. 96 Q‘l?-ﬁ)okﬂﬁ @pj’ﬁmzcﬂlw,onél(ﬂﬁ) ((m I H), 4.426 (m é]l-_||:|)|) ;-1 %9 Em
oH), 0.92 ( . 3H) ; g&ﬁ%@a@g}@@ ﬁ@%t@%ﬁ%éw 4 dé‘sﬂséf—f‘féifﬁ%

El enental Anal mmssof GHI@ZR"CHM%SZ mlsg 67 SO mABHRT 19 Go6hs, 15.63;
S, 8.95. Found: \ ) ém ﬁ t51“1\Aopzoo /121162

H, N,
PCT/ US2004/ 018&1.11 SWérﬁré&_ﬂ? lH) 541G, 2H) i (d,J= 56Hz 1H), 4.96 (d,/=5.6

5- A no- 7-but oxy; ?H)f @-;PSC&vb:os‘yﬁénﬁ-f)yJ; 56 H'ﬁ@'oc}ﬁza}lgz by L 9y, frpne (49)

of 5- Acet yl al ni ﬁdg fa.Ht & §zaTH)23.53 (mp ) E)AZ @dé‘gt yl -f- D 5
(oot). 2005y bl o ) PR THALE AL A0 LM RORR TR % .
a white paste: [%d[py)'mﬁﬂinEMirﬂ @3p41l. Rf= 0.65 (75% Ethyl acetate-CHC 3).
Step 2: Preparation of5-A7i 2i no- 7- but axy< 3-/3-D-ri bof uranosyl - t hi azol o[ 4, 5-
-10-- d]pyrimdin-2-one-(49) In a néhnér Simlar to Exanple 13, step 3, the
title conpound was prepared from48 in %gl d as a white solid: "H NWR
(400 MHz, d6-DivliSO 8 6.87 (s, 2H),H§J8 J="4.8 Hz, 1H), 5.28 (d, J=
5.2 Hz, 1H), 4.95 (d, J= 5.6 Hz, 1H),
Ho o
Step 1: Preparation of 5-Acetylamino-7-(3-acetoxy-1-propoxy)-3-(2°,3°,5 -tri-O-
acetyl- f-D-ribofuranosyl)thiazolo-[4, 5-d] pyrimidin-2-one (52)
15 In a manner similar to Example 13, step 2, 52 was prepared was prepared
from 16 and 1,3-propanediol monoacetate (Dittmer, JACS, 79, 4431-35) (1957)). 'H
NMR (400 MHz, CDCl3) 6 8.17 (s, 1H), 6.10 (d, J=3.2 Hz, 1H), 6.02 (dd, J=2.8,
6.0 Hz, 1H), 5.89 (t, /= 6.8 Hz, 1H), 4.56-4.89 (m, 3H), 4.34 (m, 1H), 4.26-4.20 (m,
3H), 2.46 (s, 3H), 2.15 (m, 2H), 2.13 (s, 3H), 2.11 (s, 3H), 2.07 (s, 3H), 2.06 (s, 3H).
20  Step 2: Preparation of 5-Amino-7-(3-hydroxy-I1-propoxy)-3--D-ribofuranosyl-
thiazolo-[4,5-d]pyrimidin-2-one (53)
In a manner similar to Example 13, step 3, the title compound was prepared
from 52. '"HNMR (400 MHz, d-DMSO) 8 6.87 (s, 2), 5.86 (d, J=5.2 Hz, 1H),
5.28 (d, J=5.6 Hz, 1H), 4.96 (d, /= 5.2 Hz, 1H), 4.78 (q, J = 5.6 Hz, 1H), 4.67 (, J
25 =5.6Hz, 1H),4.53 (t,J=5.2 Hz, 1H), 4.40 (t, /= 6.8 Hz, 2H), 4.09 (q, /= 5.2 Hz,
1H), 3.75 (q, J = 4.8 Hz, 1H), 3.57 (m, 1H), 3.50 (q, J = 6.4 Hz, 2H), 3.42 (m, 1H),
1.83 (m, 2H).
Example 27: 5-Amino-7-(4-hydroxy-1-butoxy)-3-B-D-ribofuranosyl-thiazolo-
[4,5-d]pyrimidin-2-one (55)
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(m 1H), 4.34 (m 1H, 4.07 (m 1H), 3.74 (m 1H), 3.58 (m 1H), 3.41 (m
1H), 1.63 15 (nr, 2H), 1.31 (m 2H), 0.92 (m 3H); M5 (+)-ES [M+H' 373.

Rf = 0. 25 wbQwosnkiits2CHC13) . El enental Anal ysis for C 4HZ@N40B804@ad0ai d: C,
45.15; H, 5.41; N, 15.04; S, 8.61. Found: C, 44.79; H 5.34; N, 15.02; S,

8.60. Exanpl e 25: HO
5- Am no- 7- (4- 1l uor obenzyl oxy) - 3-f3-m furanosyl -t hi azol o-
f4,5-d] pyrimdin-2-one(51) F HZN NNp N~O 3 > Y7 20 HO OH Step 1:

Preparati on of 5-Acetylam no- 7-(4fl ugroRengyl oxy)-3-(2',3",5 -tri-O

acetyl -/3-Dribofuranosyl)thiazol O'[4h5'd rimdin-2-one (50) In a manner
simlar to Exanple 13, step 2, 50 was pré ed was prepared from 16 and

4-fl uorobenzyl alcohol. 'H NVR (400 MHzpsCO813) S 8.20 (m 1H), 25 7.44

m 1H, 7.06 (m ,1H, 6.10 (d, J= 3.2 1H), 6.02 (dd,, J= 3,0, 6.0 Hz,
(11- 1),H) 75 WO %@6%/’ ?é?fé‘i"%@%%%ﬂ?’lfi%‘l‘i“%%%“(‘W'g% §6¢fz8 1H), 5.48
s, 2H), 4.51 1- AB-1fbofuralos ) thiltzol V), 5-dtpy3dhidio-okk (54)4. 23 (dd, J= 4.0, 8.0
|(42, 1;)'), 2. 44 %i%fl—l) ! 2ﬁlfcgfjg)t 3%7),%.1%)(5,1 ZSH), §.34 (s, 311). Step 2:
Preparation of 5- Ar ninfgnaneusipilade Exapple | §.¢5ep)2. 84 Whs meparesor apasnosd! -

t hi azol o-[ 455- Il 2 6405085 L Shiphinahzdi Exanpl e 13,
Step 3 the t HT e oE et (i R e R T e do- VO
S 7.50 (m 2H) (2002).9'H NMR @00 Mz, CBQP 5815 (s, 2H), 6.50 @67 6,2 Uz 18) .02, 1H),

5.41 (s, 2H), 528 (d, .}5.5 96,{d, .J= 4 78 (q.
J= 5. (ZSHz,H)lllfd,d’?lf"%%’?%,széﬁ%%glsé?):’ 1%??1231.%4-f%@i’ﬁs‘%-?ﬁfﬁlé?%a1-1%4, 3.75
(g, J= 4.8 Hz, (dHy+=63, 5?7.0@-]1]1HI),‘|)1.,133(;A%G(WZ,EPD),.Z.WSBI—BE]@HE(S%&I), 2.10

5- Ami no- 7- ( 3- hyd -l - - 3- 13- [ osyl -t hi azol o-

[4, g]gf pyri(m' dln385 308 <{?é§[§1‘%@%ﬁw% & ?J%’ iéﬁ%wéb OH Step 1:

Pr epar at i o of ion oy 7 o LAY R Bk Brosl - LT - O
rcrr o ety i ot masgr b1
nmanner si m | ar tiggolexddpl/ayrimidinsd-exe 35) 52 was prepared was prepar ed

In a manner similar to Example 13, step 3, the title compound was prepared
from 54. "H NMR (400 MHz, ds-DMSO) & 6.87 (s, 2H), 5.85 (d, /= 5.2 Hz, 1H),
5.29 (s, 1H), 4.98 (s, 1H), 4.79 (t, J = 5.2 Hz, 1H), 4.67 (s, 1H), 4.43 (t,J= 4.8 Hz,
15 1H), 4.35(t,J=6.8 Hz, 2H), 4.09 (t, /= 5.2 Hz, 1H), 3.75 (q, J = 4.8 Hz, 1H), 3.57
(m, 1H), 3.42 (m, 3H), 1.72 (m, 2H), 1.50 (m, 2H). ‘
Example 28: (5-Amino-2-0x0-3-B-D-ribofuranosyl-2,3-dihydro-thiazolo[4,5-
d]pyrimidin-7-yloxymethyl)-ethyl-carbamic acid ethyl ester (58)

)

N7 S
A\Nﬁﬁ
~

20  Step 1: Preparation of N-ethyl-N-(hydroxymethyl)urethane (56)

(¢]
/\o)j\l
HoN
HO

Under general experimental conditions reported by Kelper, JOC, 52, 453-55
(1987), a slurry of Ba(OH), (46.0 mg, 266 pumol) in water (480 pL) was added to a
mixture of N-ethylurethane (2.04 mL, 17.1 mmol) and a 37% aqueous solution of
formalin (1.28 mL, 17.1 mmol) in one portion with stirring. The mixture became

25  cool and gradually formed a cloudy solution. The mixture was stirred at room
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from 16 and 1, 3-propanedi ol nonoacetate (Dittnmer, JACS, 79, 4431-35)
(1957)). 1H NWR (400 MHz, CDC13) 6 8.17 (s, 1H), 6.10 (d, J= 3.2 Hz, 1H),
6. 02 (dd,wé=208/811626.0 Hz, 1H), 5.89 (t, J= 6.8 Hz, |H) pcdstecdoddi(m 3H),
4.34 (m 1H), 4.26-4.20 (m 311), 2.46 (s, 3H), 2.15 (m 2H), 2.13 (s,

3H), 2.11 (s, g?pe a%lg%ar(ﬁhe ﬁmﬁpe%;al}cgﬂ? Reet eblgmrethgl% {)Iﬁf?)re% byPIrL%pana%/tsfson of

5- Am no- 7- ( 3- kv r opox uran
t hi azol o-[ 4, 5- Aﬂvplﬂ hrth@jreaetx'bnm q(léﬁl’ehedlhywldmgrsmlmcm,mlﬂrwfotmﬁmtqslaﬁd 13,

e, L1 SRRl Rehet LS AOI, (300, 0160

J=5.2 Hz, 1 H) und@r V&u(h), to provile @n bty rebidhe. Zhéitadetamodntd of watﬁr ‘ﬁerHZ 1 H) 4.53
3.75

E ;: j: i g rei ved gy é’z%oé'?q%’c E]igt'q%tig%vHvng b%:?eﬁgjé'xgl%ﬁ)(rgq[z) to ?I:HV d% 54 a3 ( m ’ 1H),
1.83 (m 211). clga&aimhso%7quant) 'HNMR E)_OPII\gI(-)I% quglé)sésy? 88t ﬁ ,éz 07 6OHz 1H),

5- Ami no- 7- (4- hydroxy-1 - but o \M}
[4,5-dJpyrim df‘ﬁ9ﬁd dne7?§5)2}¥)64 RJ65)-0H2,28D, PET{aS200ua 2801130 4d - - 0 N
S >==0 H2NN N-HQ 3;-12 g—gﬁt_ep 'Hz ﬁqeparatl on

cet

of 5- Acetylanzmo? yI- utox -3-(2',3,5 -tri-0O
acetyl - [i - D ri Bep durragqusstiontofib-alzel lomfnb; 3-6-'d], {i)waﬂ—@mcekyhﬂb-ﬁb‘ngfw(aﬁékyl)4 n a

To and 3 430t ARGHPETO ReLLT Py e S el P BBy BT 8, O

(2002)). 1H NNES7§4OO MHz, CDCL3) s 8 15 (s, 111), 6.10 (d, J= 3 2 Hz, 1H),
6.02 (dd, J= 3 4. 50 3H), 4. 32
(m 1H§, 4.24 (dd I%flmémﬁf Sl@aféo ﬁiamrﬁ# SI‘EP%SC‘(I?P"“B&%% liuiipaf g "5 45

(s, 3H), 2.13 {®and*Hd)as advhif soliBin 23%19161d2Rf9504§33°/3E90A02Cﬁ@13§ S}HI‘@‘W{ 1.88 (s,
3H), 1.78 (m 2H). 10 Step 2: Preparation

5- Ami no- 7- ( 4- h{AQP d4Efz. |Clkﬁln)&<lyl)49:{br SléHD6rq8t{éHﬁ“ f Qi YA, 5.75 (1, /= 6.0 Hz,
el o 15 pMLpEith g Que L83 e, g LRl ey Bl 18,
6 6.87 (s, 2H) 2HB288 (% éH),]kl%(s@I—HZZ 09 ) 3H), 2.08 (s, 3H), 1.36 (t, J= 6.8 Hz, 3H),
1.20 (t, J = 6.8 Hz, 3H); [M+H]" 614.2.
Step 3: Preparation of (5-Amino-2-oxo-3-f-D-ribofuranosyl-2, 3-dihydro-
thiazolo[4,5-d[pyrimidin-7-yloxymethyl)-ethyl-carbamic acid ethyl ester (58)
20 In a manner similar to Example 13, step 3, the title compound was prepared
from 57 as a white solid in 30% yield: "H NMR (400 MHz, ds-DMSO) & 7.89 (br s,
2H), 5.82 (d, J=4.8 Hz, 1H), 5.49 (m, 3H), 5.32 (d, /J=5.2 Hz, 1H), 5.01 (d, /= 5.6
Hz, 1H), 4.82 (q, J=5.6 Hz, 1H), 4.69 (t, /= 5.6 Hz, 1H), 4.20 (q, /= 7.2 Hz, 2H),
4.11 (q, J= 5.6 Hz, 2H), 3.78 (q, J = 5.2 Hz, 1H), 3.60 (m, 1H), 3.45 (m, 1H), 1.27
25 (t,J=7.2Hz, 3H), 1.09 (t, J= 6.0 Hz, 3H); [M+H]" 446.3.
Example 29: (5-Amino-2-o0x0-3-B-D-ribofuranosyl-2,3-dihydro-thiazolo[4,5-
dlpyrimidin-7-yloxymethyl)-methyl-carbamic acid ethyl ester (61)

/\OJ\N/\O
| r
N/ S
| >=o
HzN)%

Step 1: Preparation of N-methyl-N-(hydroxymethylurethane (59)
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5.29 (s, 1H), 4.98 (s, 11-1), 4.79 (t, J=5.2 Hz, IH), 4.67 (s, 1H, 4.43
(t, J=4.8 11z, 15 1H), 4.35 (t, J= 6.8 Hz, 2H), 4.09 (t, J= 5.2 Hz, 1H),
3.75 (q, we0B12ktebz, 1H), 3.57 (m 1H), 3.42 (m 3H), ptT/AR2¢031018d) , 1. 50
(m 2H). Exanple 28:

(5- Ami no- 2- 0X0- 3- ( 3 b BRE UEARORWxampid 28] A Qsih ﬁé@b%ﬁlpé ared fr
deyrl m di n-7-yl oxigmet hyl ) - et hyl - car bam c acid et est g %{l o

'NOJ N 5>=0M ugthang anddarmalin'ag ajgrk it qzl@nt&@p yield: EHé‘ﬁ‘éRéerOon ' of
N- et hyl - N- (hyd a 1€ Kirent

condi tions repor égﬁﬁfygﬁe'pe jJﬂJ%%,I&%g,h)’%g/%ﬁg‘sgg?%%%ﬁfg'elgl(%’rryffl‘olf Ba( OH) 2
(46.0 ng, 266 iial JH), BlOW\/&I,éH),(léIB)Qt,LIkMHz,aI}Ded to a m'xture of

N-et hyl uret han J17. i (V a ueou on of
formalin (1%8&?&5 %’76%7 Iof]qH]”BWé?' f( ; é’tc?’iyfﬁz) ’ZL’JQﬁ‘fé‘”ﬂ%VQt ure
became 25 cool 23ngnaraguablo },4 bon ﬂzz@m%wgmeﬁpzb%k ncarmﬁzc%%ztew{ g Was
stirred at room 77 WD 2005/121162 PCT/ US2004/01801 terrperature and the

di sappearance ien(oRx hyl ur et hane nonitored by TLC analysis. After 2 h, the

reaction was quenchgd Qyn@edhnng: @&hﬂpl@@? ) ste?tj E&Frpouﬁ‘l@ %0 3‘198 gﬁoﬁﬁgfﬁoﬁn d

filtered to renove the precipitated barium car bonat e. ent was

removed under 19 aedafhastaovigiesolidin Zfo weldyRred# ¢80 E‘Ih‘éc CHéZd:sé, "HMRt s of

wat er were, Z r t tio | 100 L)
o or ovi do 8o S04 ROGRERH BlbEy 154 ds @1 7ol PR as S o) o
4.88 (d, J= 7.6HMS,53YERH), MIQd( L= 135, T4 Hz,HzH), 2B (mAH)E3. 621(q,J 70 Bz Hz, 2H),

50 s Cebebieati o Buchmy da b B 5 Lha o 1

5 -tri-O acetyhapds E=r6l801€1£ l;smﬂ[MMJI])Lﬁlzll@
23d"|zydroth|azolo[ pyrimdirz-7 yloxymethyl)-ethyl-carbam c acid
ethyl ester (57§73 ﬁ’%?“ﬁ‘&fﬂ’?éf(%ﬂ’?ﬁ”ioa?roxto& -BRaHpY i argsyl- §)t3ef{32/y21’0 -conpound 57

1o 2P 5 A AR SR B B P08 (3%
Hz, 1H), 5.75 (t, J= aen@mmzsmnl@ tg Hxample 43 sfep 3, thelfitle 4ompound oijas Jrepargd 5, 8. 4
Mz, 1H), 4.30 68 @3 u whiB3oridhn 20% yfa1d 'HAOMR (400 Mz, d-DMSO) § 7.86 (br s,

2H), 5.82 (d, /= 4.8 Hz, 1H), 5.47 (s, 2H), 5.31 (d, /= 5.2 Hz, 1H), 5.00 (d, /= 5.6

Hz, 1H), 4.82 (q, J= 5.2 Hz, 1H), 4.67 (4, J = 5.6 Hz, 1H), 4.18 (q, J = 6.4 Hz, 2H),

20 4.12 (m, 1H), 3.78 (q, J = 6.0 Hz, 1H), 3.60 (m, 1H), 3.47 (m, 1H), 3.30 (s, 3H),

1.27 (t, J= 6.8 Hz, 3H); [M+H]" 432.3.

Example 30: 5-Amino-7-cyclopropylmethoxy-3-B-D-ribofuranosyl-

thiazolo[4,5-d]pyrimidin-2-one (63)

v/\o
NSNS
HZNJ\\)NIN#O
HO/\@
HO  OH
25  Step 1: Preparation of 5-Amino-3-(2°,3°,5 -tri-O-acetyl-f-D-ribofuranosyl)-3H-
thiazolo[4,5-d]pyrimidin-2,7-dione (25)
To a suspension of 1 (5.00 g, 15.8 mmol) in acetonitrile (160 mL) at 0 °C
was added successively EtsN (11.0 mL, 79.0 mmol), DMAP (195 mg, 1.59 mmo]),
and Ac,O (4.47 mL, 47.4 mmol). The reaction mixture was stirred at room

30 temperature for 2 h, whereupon it was concentrated to a brown syrup. The residue
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2H), 2.30 (s, 3H), 2.12 (s, 3H), 2.09 (s, 3H, 2.08 (s, 31-1), 1.36 (t, J=
6.8 Hz, 3H), 1.20 (t, J=6.8 Hz, 3H); [MH + 614.2. Step 3: Preparation of
( 5- Ami no-weoases/131168&D- r i bof ur anosyl - 2, 3-di | zydr o- PCT/US2004/018011
tlzi.azol o[ 4, 5-dJpyrinzidin-7-yl oxynet hyl ) -et hyl - carbam ¢ acid et hyl ester

br opared 1 rom Bl oyt Sdhulnt BTBN R gt ol Mo Vot R0 do- DB

S 7.89 (br s, affedyl6.23 s389%pof tiacetat@25s a whije sobd:4ep [9R-19919; 'H5(490 Midz, J= 5. 2

Hz, 1H), 5.01 (dpqdans. , .8 = 1 69 (t, J= 5.6

w1 4 20 (P03 3 iy lon e St g 280 3% ¢ Phep gt 172

i. (2)9H§i 15|)_, 634.66 (dd, = 1_32174% ﬁ&{zﬁ}rmﬁimmm 1H)l,4|2>% (q,g_& €.0 Hz) HI)( 226Kk, 3HB1 1) ,

(5o A no- 2 Sxo 45783 BN F1-Bs SRR BE 6T A avol of 4. 5-

ﬂllcpoyg mHg iNn N 7|— FJQP?KF @%}‘&tﬁg’%&Wig?&Wc%@mﬁpﬁﬁétg?@tﬁﬁl’,3?ﬁ’tz?sz—Qz‘é«;t}l-@D—' ---0 -~
(0] e . reparatl on

of N- met hyl - N- ( Hﬁ@’ﬂmuwyﬁefﬁmlym%{zlﬂp_zf:gméfi'(-%@)zg (628 WD 2005/ 121162

PCTI US2004/ 018011  +4, té%@&%Buﬁh%@%ft%@a@?%k&at@%S t(ﬁ%%g 3})3{7|181|91§B,0U“d 59

was prepared from N-nethyl trethane an ormalin as a
quantitative yhegadautpelyNivRsyppoGed-phenyDboIBineSesin O28(gl 10.J miifolp ahty, 1H)

4.79 (d, J T%le Eycg&ag?@p@mgpy‘i iggn%bng)?g{l}% glﬁf‘%f4 miot) 18 ThE (o k) 650 «BHAd adada 30 (t,

J= 7.6 Hz,
( 5Am no- 2- oxo- BEAD (732 pb, 4.12 mah)aClet 1ghctid B nfixinielyok waanabtplrpeom 2,

cthyl” ester (EOPORs TR bR Hsfooty S pha SFUPE S 3008k T 6o
was prepared ffite ¢ chrehadddEramed(SM0), oadiat élaidnn0-399B1ARLCEICH),= 0.4 (33%
Et OAC- CHC13); "H NWR 10 (400 MHz, CDC13), 6 11.49 (br s, 1H), 6.08 (d, J=
4:011z, 1H), 52Heyding 680meg4o)pta ‘1111?)8911%1151:-{4‘2%1}4HZH§ -DMSY 568, (5713, 5, 8. 4
3 5 0020 S GO BSRY S €0 3 Mopsiiy Sy o 2 (3,
6.8 Hz, 3H);. p'az,iq]ﬂ'(gufgiz.l, 3.7) Wz, 1H), 4.22-4.26 (m, 1H), 419 (d, /=70 Hz, 2H), =
4.09 (dd, J=11.7, 5.9 Hz, 1H), 2.07 (s, 3H), 2.06 (s, 3H), 1.99 (s, 3H), 1.20-1.26
(m, 1H), 0.53-0.58 (m, 2H), 0.31-0.35 (m, 2H); MS (+)-ES [M+H]" m/z 497.
Elemental Analysis calc’d for CyoH24N4O9S: C, 48.38; H, 4.87; N, 11.28; S, 6.46.
20  Found: C,48.53; H,4.99; N, 11.27; S, 6.18.
Step 3: Preparation of 5-Amino-7-cyclopropylmethoxy-3- f-D-ribofuranosyl-
thiazolo[4,5-d] pyrimidin-2-one (63)
To a suspension of 62 (570 mg, 1.18 mmol) in MeOH was added K;CO3 (50
mg, 0.36 mmol) at room temperature. The reaction mixture was stirred 1 h,
25  concentrated, partitioned between 20% IPA-CHCI; and water, and then triturated
with Et,O to afford 128 mg (29%) of 63 as a white solid: " (400 MHz, ds-DMSO)
5 6.86 (s, 2H), 5.85 (d, J=5.1 Hz, 1H), 527 (d, J= 5.5 Hz, 1H), 4.96 (d, /= 5.5 Hz,
1H), 4.77 (g, J= 5.5 Hz, 1H), 4.66 (t, /= 5.9 Hz, 1H), 4.18 (dd, /= 7.3, 1.1 Hz, 1H),
4.09 (q, J= 5.5 Hz, 1H), 3.75 (q, /= 5.1 Hz, 1H), 3.39-3.60 (m, 2H), 1.20-1.27 (m,
30 1H), 0.53-0.57 (m, 2H), 0.31-0.34 (m, 2H); MS (+)-ES [M+H]" m/z 371. Elemental
Analysis calc’d for Ci4H;sN4O¢S: C, 45.40; H, 4.90; N, 15.13; S, 8.66. Found: C,
44.98; H, 4.92; N, 14.92; S, 8.49.
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Step 3: Preparation of (5-Amtto-2-0x0-3-/3-Dribofuranosyl-2, 3-dihydro 15
t hi azol o[ 4, 5-d] pyri m di n-7-yl oxynet hyl ) - met hyl - carbam ¢ acid ethyl ester
(61) In avomnsseniskni | ar to Exanple 13, step 3, the titlpeTaso@anndinas
prepared from60 as a white solid in 20%yield: 'H NVR (400 MHz, d6- DMSO)

E|z 7 ?Ei) ,(br5 30 (d;%31e531825 AEE’“’]T Fﬁpﬁe Euﬁl;ﬁy).ﬁpg) Izﬁﬁ%rﬁ%%ﬂ-tﬁiag&gg%( qJ _f 2

5.6 Hz, 111), 4lpy8infidin-Joné(66) Hz, 211), 20 4.12 (m 1H), 3.78 (g, J= 6.0

Hz, 1H), 3.60 (m 1H), 3.47 (m 1 N (s, 3H), 1.27 (t, J= 6.8 Hz,
3H); [ MH +432. 3. Exanpl e 30: s
5- Am no- 7- cycl opr opyl nmet hoxy-3-(3-D-ri bﬁi@[ap%yl

t hi azol o[ 4, 5-d] pyri m di n-2-one (63) I\NzN NMzZN~N HO'" ' "1 H6 OH 25 Step
1: Preparation of 5-Amno-3-(2',3,5"- L\gécetyl -/3-D-ribofitranosyl)-3H
t hi azol o[ 4, 5-dJpyri m di n-2,7-di one (2 Q4 suspension of 1 (5.00 g, 15.8
nmml ) in acetonitrile (1601nL) at 0 C was aoded successively Et3N (11.0

n, 79.0 mml) Ste 2’7’&1;&91@1 -2 —%)zen:go ter?)g (3454 z—@‘ eﬁ?—' ol ) .

The reaction m xture was stlrre ture or er eupon
it was concént riab@duiosylathivedofd, %yﬁmwnzdﬁhéfoneé’i@iue 79 WD 2005/ 121162

PCTI US2004/ 018011 ﬁ%[eazmgrére# J1m§9ré§§5ep20?g€écollﬂe c%ﬁlromcf@gw%gﬂééaée il ca,

MeOH CHC13 = 1- 10%) whi t e
solid: np 198- ft@ﬁlﬁandleﬁmdxﬁﬂaﬂddholmd@%lm MBS 1) ERINCRH] 1k 6017. 02 (br s,

2H), 5.90 (m J= 6.0 J= 12.4, 3.2 Hz,
|E)|), 4.21 Em S% 3’ r@%"’%’éf” o -Agtip- Eéd’ P}i@rwlyl'a@z’l%){g& gipofiyanosd 5 06 (s,
3H), 2.00 (s, ghbzoldesn b ik te ?12 443 3. Step 2: Preparation
of 5- Af ni no- 7- cycl opr opyl nnet hoxy- 3- 5 -tri-Oacetyl-)6D

ri bof iranosyl ) - t hi a¥al %f@eW@ﬂﬁﬁPﬁﬁaﬁéPﬁEW% gmjtittesompeiadarasgeneous”
m xture of theﬁﬁﬁﬁ}\é@ ﬁlleaq&a%% d%s]a %ﬁtegsoh %Immmffg;:}g 3d6é12§/@?8%"7t.46p0| ymer

supported-triphe osp inere
cycl opr opyl net @U—(ﬂa@ Benldl), 1546, le? BFHZMH)n?@BV AT HE),(673 (E12H)a6.79(dC was

cdded S0 (792 T ATBL, ooyl SH6LL 90 L 6 s a1 oom
concentrated 1H), 5.04 (d,J=6.2 Hz, 1H), 4.96 (d, J= 5.5 Hz, 1H), 4.79 (q, J= 5.5 Hz, 1H), 4.67
15 (t,J=5.5Hz, 1H), 4.09 (g, /= 5.1 Hz, 1H), 3.76 (q, J = 4.8 Hz, 1H), 3.30-3.60 (m,
2H); MS (H)-ES [M+H]" m/z 433. Elemental Analysis calc’d for C1oHoN4O6S: C,
52.77; H, 4.66; N, 12.96; S, 7.41. Found: C, 52.28; H, 4.66; N, 12.66; S, 7.27.
. Example 32: 5-Amino-7-(5-methyl-2-0x0-[1,3]dioxol-4-ylmethoxy)-3-(2°,3°,5°-
tri-O-acetyl-B-D-ribofuranosyl)-thiazolo[4,5-d] pyrimidin-2-one (66)

NZ S-S
° HzN’:NI N/EO
Aco/\<i\/’
20 A0 A
To a solution of triacetate 25 (1.55 g, 3.50 mmol) in THF (50 mL) at 0 °C
was added polymer supported-triphenylphosphine (4.95 g, 10.50 mmol, Argonaut).
To this mixture was added 4-hydroxymethyl-5-methyl-[1,3]dioxol-2-one (0.91 g,
7.00 mmol), prepared according to the procedure of Alepegiani, Syn. Comm., 22(9),
25 1277-82 (1992) Diethyl azodicarboxylate (0.73 ml, 4.60 mmol) was then added
dropwise. The resulting mixture was stirred at room temperature for 48 h, filtered
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filtrate was chromat ographed (Si 02, gradient elution, 0-5% Et OAc- CHC13),
af fordi ng 680 ny (42% of a white solid: 1H (400 WHz, d6-DVSO 6 6.95 (s,
2H), 15 52\7990((%21115; .0 Hz, 1H), 5.91 (dd, J= 6. 2 4 0 Ipzx/Uskdono1$91b5 (dd,
J= 6.6, 6.2 Hz, 437(dd J=12.1, 3.7 Hz, 4.22-4.26 (in, 1H,

15 (00 T B ol il P bl i 91
0.31-0.35 (m Ak covBr( chreriBogriphist](silicw, zcetdg/CHE} een0%l) totaftirg diogolord e' d f or
a0 N 11, 2rterane(tagi 1 Rylsof Bpedb i, bNSYTe; 5700, 5% 1

of 5- Ami no- 7- CYQHQFE[(IDF(&UFEHIOQ&Y-IB) /5:30-(8d, bref ai6, a0y, 1H), 5.56 (t, /= 6.4 Hz, 1H),

thi azol of 4, 3- de r|n o e ( 3) suspensi on _of 62 (570 1.18

mol) in MeOH ?\é (Saa g n6gl:[z’dla'lf.)ﬁa‘1 %ﬁ%vlﬁ 2 Heo b, f‘é%‘ér’a‘t@?e The
reaction m xtuge, zgg §BH 210815, 32D, CONGEMY 2be e, 3R 41 tween 20%
| PA-CI I C13 and vva]'!tmg)? ’( ﬂen Fls'ltg%rated v& % O}itogford 128 ng (29%

of 63 as a whi P ¥613 Hlememalfxa@rﬁlmai%d foaéﬁmﬁwé@PudeezC@aC‘(&’/ 0g:14.4.68; 85 (d,
J=5.1 Hz, 111y, 9552575(2@ Folrnd5c517"i% HlJr%7 ﬁ9%@ §& 5= 5.5 Hz, 1H), 4.77
(q,J—55Hz 1H)," 4.6 : 3), 74.”18 (dd, J=7.3, 1.1 He,
1H, 4.09 (q, E:lzln51653l—|z($~A1H)lp-23>x55 [@-@-rlbofuﬁa@s}‘lzzﬁ ﬂiﬂ)ydrtﬁtlﬁ&olb[ﬁ& (m 2H),

1.20-1. 27 1H). .. -0.5 2H).. 0.31-0, 34 oH): MB (+)-ES

[ MeH] +nal z@? 1.§]OP|¥F‘Q+%‘H?7§?%X3RH‘§;¥§1° rbé‘gf‘%acdd Fé‘.yp‘c‘i%‘iﬂﬁﬁgmoas: C, 45.40; H,
4.90; N, 15.13; S, 8.66. Found: C, 44998; H 4.92; N, 14.92; S, 8.49. 80
WO 2005/ 121162 PCT/ US2004/ 018011 NE~B1:

5- Ami no- 7- (3- phenyl -al | yl oxy)-3-[3-D-ri B
dj pyri mdin-2-one (66) o NS HNNN -~
Preparation of 5 Arnino-7- (3pheny| al | yP8xyY -
ri bofuranos),|)-thiazol o[ 4, 5-d] pyri rni diom™2°

osyl -t hiazol o [ 4, 5-

=P A" -y HO HO bH Step 1:
(2',3,5 -tri-Oacetyl-AD- 5
ne (64)

HO  OH
Step 1. Preparation of 5-Amino-3-(2°,3°,5 -tris-O-triethylsilanyl- 3-D-
ribofuranosyl)-thiazolo[4,5-d] pyrimidin-2, 7-dione (26)
To a suspension of 1 (1.00 g, 3.16 mmol) in DMF (20 mL) at room
15  temperature was added successively imidazole (753 mg, 11.06 mmol), DMAP (39
mg, 0.32 mmol), and chlorotriethylsilane (1.64 mL, 9.80 mmol). The reaction
mixture was stirred at room temperature for 2 h, whereupon it was quenched by
saturated NaHCOQ; solution (20 mL). The mixture was extracted with CHCl; (3 x 20
mL), dried over MgSO4 and concentrated. The residue was purified by flash column
20  chromatography (silica, MeOH/CHCI; = 1-5%) to afford 1.91 g (92%) of compound
26 as a white solid: "H (400 MHz, ds-DMSO) & 5.99 (s, 1H), 5.62 (br s, 2H), 5.19
(dd, J=4.4, 6.0 Hz, 1H), 4.35 (dd, /=2.8, 4.4 Hz, 1H), 3.99 (m, 1H), 3.77 (dd, J =
7.6, 10.8 Hz, 1H), 3.68 (dd, /J=4.8, 10.4 Hz, 1H), 1.10 (t, J=7.1 Hz, 3H), 0.96 (t,J
=7.1 Hz, 3H), 0.89 (t, /= 7.1 Hz, 3H), 0.68 (q, J=7.1 Hz, 2H), 0.61 (q, /= 7.1 Hz,
25 2H), 0.54 (m, 2H); MS (+)-ES [M+H]" m/z 660.0.
Step 2: Preparation of 5-Amino-3-(2°,3°,5 -tris-O-triethylsilanyl- f-D-
ribofuranosyl)- 2,3-dihydro-thiazolo[4,5-d] pyrimidin-7-yloxymethyl)-carbamic acid
ethyl ester (67)
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In a manner simlar to Step 2 of Exanple 25, conpound 64 was prepared from
25 and cinnanyl alcohol in a 69%yield: M5 (+)-ES [MtH + tn/z 601. Step 2:
Pr epar at iwo 20655282 n0- 7- (3phen), | - al | yl oxy) - 3-f 3- D- ri boararse@mlo18011

t hi azol o[ 4, 5-dJpyri m din-2-one (65) 10 In a manner simlar to -Steps 3 of

le 25 -the ti 9% yi gl d

Euam 2 25, the 1 Uhe. AR RS oSS0, D AL S o= =
7.3 Hz, 1H), 7f@®-26.22@ Neethylllethine 6 :08hifesoli®)31%6yidd: [MHH]* 760, mﬂnxmvm I H),
6. 45- 6. 53 5. 04
(d, J= 6. 2(mz %W&%g%éﬂasgﬁlﬁ% @%6&5!12136 7§8f179?7(12359j‘£d5’36ﬁ2{%|m 4.67

15 (t, J= 5.5 Ha, 5I3I1I(a1 J44@$Hz(gﬂ) $=195dd1JH260I4F®HziiH361§51(deJL4882klz 11-1),
3. El enental Anal SIS calc'd for

3. 30- 3. 60 Y nfz 43
G 9H20N4068m CHZF%@ 499 CHJ z%b %Eg) 398 éza@, 1R, 3.70 (44, J £308d7.6 8z, B)), 268 H

4.66; N, 12. 66(ddSJ 102748 H2XBlIPh €932 7 = 58 Hz, 31, 102 (1,7 = 8,0 Hg, 3H), 096 (t,
5- Am no- 7- ( 5- net h I-2 0XO0- 55‘9)@ 3] di oxol - 4-yl met hoxy) +3- (2", 3°

tri-O acetyl - [é ¢ Hpatlr& 5 8 0k1za213). 6{62(%Jdﬂ§)9ﬁznﬂdﬁ ﬁ@(@d@&@se) ~0 N

), S>==0 H, N~i1, ANy Om261A5 To a solution of triacetate 25 (1.55
g, 3.50 nmol) |Hrzl TI-)lE ?%gn )EM g@ was added pol ynmer

supported-tri pheny! ﬁh@@mnowwf (54/179510@,? -0xb&- BD- nm;‘u;anéaygérﬁaﬂhﬁiro- To this

7. 00 ol 10 or L G SELST G ol v R Sttt e e R Eiedriht . (Syn. Corm .
22(9), 25 1277 82 (AQ&amm{bfmr(yumg@au@ﬁfobpmlrmﬁlﬁyadma(m ur4180 mol) was
then added dropw se. The resulting mxture was stirred at roomtenperature

for 48 h, filt&ymod) and THES3 %@@)mqweﬁ@ﬁmemémmrwww h.Franaxalaiéhe wi t h

MeOH and CHC135odA® dnibAbimVRS: aqeﬁ&ﬁenﬁa&%ggum b?LHabﬁ LigembY afSﬂyaSh colum
chromat ography (silica, acetone/ |grg)()(to afford di oxolone

derivative 66 (SI0830%,MeQBHCHGL)iRaffard$i8I(i 1 me.130pdeea Mhte salig: DSHR 66: S

7.06 (s, g - 5. 56
(0956, 4y, hpRt ool O ot o Brdebin. 45 05 o ) 0y 3
(t, J= 3.6 Hz, 5.18is, 2K), 53B2((d,J I 5661 1 H}HA 24 {dd) J =2. (2& aﬁz, 1BH) 5.02d0B8=6%, 3H),
2.07 (s, 311), z/ .3 | enen
Anal ysi s cal ¢’ g ’flgﬁ @ﬁﬁz%ﬁo@é 1@2‘%&y%§ H% %Hl 15,'2 EK! ﬂ%z Zslgé S,
5.23. Found: Gg, 4#725Hz 4H)B.3(q, N= 5% 53,1 HR,3.60. By 1H), 3. 46 (m, 1H), 1.21 (t,J=

7.2 Hz, 3H); [M+H]" 418.2.

20  Example 34: 5-Amino-7-(5-methyl-2-oxo-[1,3]dioxol-4-ylmethoxy)-3-B-D-
ribofuranosyl-thiazolo[4,5-d]pyrimidin-2-one (70)

o)ﬁﬂo
N e
HoN7 N7 TN
Hoﬂ
Ho o
Step 1: Preparation of 5-Amino-7-(5-methyl-2-oxo-[1,3]dioxol-4-ylmethoxy)-3-
(2°,3°,5 -tris-O-triethylsilanyl- f-D-ribofuranosyl)-thiazolo[4, 5-d] pyrimidin-2-one
25 (69)

In a manner similar to Example 32, compound 69 was prepared from 26 and
4-hydroxymethyl-5-methyl-[1,3]dioxol-2-one as a white solid in 45% yield: 'H
NMR (400 MHz, CDCl;) 6 6.06 (d, J= 6.0 Hz, 1H), 5.21 (dd, J= 6.0, 4.8 Hz, 1H),
5.18 (d, J=3.2 Hz, 2H), 4.94 (br s, 2H), 4.38 (dd, J = 4.8, 2.8 Hz, 1H), 4.00 (m,
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Exampl e 33: (5- Am no- 2- oxo- 3-(3-D-ri bof uranosyl - 2, 3-di hydr o-t hi azol of 4, 5-
10 d] pyri mdi n-7-yl oxynmet hyl )-carbam c acid ethyl ester (68) 0 OINo H
HZNN N Owo0 2005/1214® O HO OH Step 1: Preparation PCT/US2004/018011

of 5- Ami no-3-(2',3",5" -tris-0-triethylsilanyl-/3-D

ri bof uranos 4 i T ensi on of
1 (1.00 g, ) 1%H§fm) é%dﬁz%]djﬁg 1), g s . g%ezfe{rggthdr?ﬁ Hded
successively i mOG@zaSFES (H53W10.94.@¢. 1}676'&171,31,—1) DISAR, 0%934Hg,3H), ®20 @l ), and

chlorotriethyl si e : o] xture was
stirred at roomdéalﬁﬁezﬁé’t(gél qf %208% %e(%sé ﬁﬁﬁm zzjle?ched by

saturat ed NaHCSRp90 |R#&pa@di’tzo(n?o?5mp)mo--fhf—lﬁﬂh&l—%ﬁ‘o %@ﬁd@&bﬁﬁ?ﬁ@ﬂzo@ﬂﬁﬂa‘@l?’ (3
x 20 nl), dried over S04 and concentrated. The residue was purified by

flash col umh 28 EW@#&?S@@%’%H&?[‘(%ﬂwwdeW@vd%ls = 1-5% to afford 1.91 g

(9299 of conpound ﬁl@llﬁﬁm@ré&ﬂil&ﬁog%bgofEﬁxﬂ‘}QQ} l}ﬂéztltle@@m?%@Wa% 5.99 (s,
iH), 5.62 (br s, 2H), (dd J He dd. J= 2.8, 4.4

Hz, 1H), 3.99 pwpar%lfromwwame sqhd ln 88% yieﬂd éHH&MRJ(&@.() MHg, 6(8DM($@,) 8J= 4.8,

10.4 Hz, 111 3 6 0. 89
(t. J= 7.1 s 7&?0%'9 (ﬁ%)zag(god:( s ﬁ? 53?—1?5 25 @7 {absiZy EE,H?%% 2H) |
0.54 (m 2H) Me/E5.6 H 1[H\}}++|]7}|r(trﬂz6@&& OH), 8tldq.2/ = Peépat ), 380 (q, /=

f5- Am 2', / b ) -

2. 3 i | 2y, ARVOTE] 4 RTBS B P A - dras AR Salhami o abid ethy
est er (67) 82 m&ﬁﬁélslal(sﬁﬁniﬁ@h’ 432804 M%&nosgpth@ampmgfd];ﬁylrmlhﬂi to Step
2 of Exanple 13, rrBound 67 was prepared from 26 and N-ethylurethane as a

white solid |n7tyiwgr wiygic acighseqe-butyd gster (724 NVR (400 Mz, CDC13) S 6.43 (br
s, 2H), 6.09 (t, J=7.6 11z 5. 6.0 Hz, 1H), 5.31 (d, J= 4.8
Hz, 2H), 5.19 (dd, J= 6.0, 48[12% 43(dd J= 4.8, 2.8 5 Hz, |H,
4.19 (q, J= 6.4 Hz, 2H), 3.98 (m 1H), 376N( Je 10.8, 7.6 Hz, 1H), 3.68
(dd, J= 10.4, 4.8 Hz, 1H), 1.29 (t, J= 6.18n H), 1.02 (t, J= 8.0 Hz,
311), 0.96 (t, J=7.6 Hz, 3H), 0.90 (t, J=8 0]Hz, 3H), 0.69 (q, J= 8.0
Hz, 2H), 0.61 (g, J= 8.0 \_/

HO OH

Step 1: Preparation of 4-(5-Amino-2-oxo0-3-(2°,3°,5 -tris-O-triethylsilanyl--D-
15 ribofuranosyl)-thiazolo[4,5-d]pyrimidin-7-yloxy)-butyric acid tert-butyl-ester (71)
In a manner similar to Step 2 of Example 13, compound 71 was prepared
from 26 and 4-hydroxy-butyric acid tert-butyl-ester (Lui, JOC, 68(17), 6679-6684
(2003)) as a white solid in 92% yield: "H NMR (400 MHz, CDCL3) § 6.06 (d, J =
6.4 Hz, 1H), 5.22 (dd, /= 6.0, 4.8 Hz, 1H), 4.98 (br s, 2H), 4.42 (t, /= 6.0 Hz, 2H),
20 4.38(dd, /=6.0,4.8 Hz, 1H), 4.00 (m, 1H), 3.80 (dd, /= 10.8, 7.6 Hz, 1H), 3.69
(dd, J=10.8, 5.2 Hz, 1H), 2.38 (t, J= 7.2 Hz, 2H), 2.06 (quint, J = 7.2 Hz, 3H), 1.47
(s, 9H), 1.02 (t, /= 8.0 Hz, 3H), 0.96 (t, /= 8.0 Hz, 3H), 0.88 (t, /= 8.0 Hz, 3H),
0.70 (q, J = 7.6 Hz, 2H), 0.61 (q, J = 8.0 Hz, 2H), 0.53 (m, 2H); [M-+H]" 801.5.
Step 2: Preparation of 4-(5-Amino-2-oxo-3-f-D-ribofuranosyl-thiazolo[4, 5-
25 d]pyrimidin-7-yloxy)-butyric acid tert-butyl-ester (72)
In a manner similar to Steps 3 of Example 33, the title compound was
prepared from 71 as a white solid in 66% yield: '"H NMR (400 MHz, d¢-DMSO) &
6.93 (br s, 2H), 5.90 (d, J=4.8 Hz, 1H), 5.32 (d, /= 5.6 Hz, 1H), 5.10 (d, J=5.6
Hz, 1H), 4.83 (q, J= 5.6 Hz, 1H), 4.71 (t, /= 5.6 Hz, 1H), 4.38 (t, /= 6.4 Hz, 2H),
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Hz, 2H), 0.55 (m 2H); [MrH + 760.5. Step 3: Preparation of

(5- Ami no- 2- oxo- 3-f-D-ri bof uranosyl - 2, 3-di hydro- 10

t hi azol o[wo2ea§Ryre2m di n-7 yl oxynet hyl ) -carbarni c aci d ecwmyus2eaesor( 68) A

solution of 67 (244 mg, 321 nol), S5MHF in pyridine (321 4L, 1.60 mol)

and THE (3.20 3 r {ygd a f of the
i ﬁ {9 3%6 63%‘%{5) 4 Wy 180, %4'}1?‘? '??ﬂ“i’?é

sol vent s under vac f esi e “that “wa pur i
chr omat ogr aphy(t, ~(“S|7(§2HZ Zﬁ%ll\ﬁﬁdﬁul@!, Vexss HZ,O'ZHE)J‘IMQ %) (MTH] §9.390% as a

o Csan (q, bR A pmab- afgto%%é”-‘?%mxy?a”@e%fu@m%“éma&o?%)br 2 24

(dd, J= 6.0, A4[45-Hpyribkiflin-So74d, J= 5.6 Hz, H) 4.82 (g, J= 5.6 Hz,
IH), 4.68 (t, J=6.0, 1H), 4.11 (q, 52Hz 4.09 (q, J= 7.2 Hz,
211), 3.78 (g, J= 5.6 Hz, 1H), 360? 346(m 1H, 1.21 (t, J
Hz, 3H); [M+H] + 418.2. 20 Exanpl e 34:

5- Ani no- 7- ( 5- met hyl - 2- oxo- [ 1, 3] di oxol - 4+ gé%?) 3-[3-D-

ri bof uranosyl -t hi azol o[ 4, 5-d] pyri m di n- 2 oneé 0) r"o OO0 N S>=0 H,N-11
N HO O HO SCH Step 1: Preparation

of 5- Arni no- - (5-net hyl - 2- oxo-[ |, 3] di oxol -4 et hoxy)-3- (2, 3 ',
S'-tris-OtTiethylsilany I-QDrlbofuranosyI -thiazol of 4,

5-d] pyri nai di nSlZPéné””el?Eﬂf(OG@fﬂle@ frétherstoxgil riufoar)-1-6 'Bxanpise0-32, conpound

69 di | -2-one a
C9 s P DAt o0 8. 2o YUY R BN b g, 3101 2 0 =
%llzl)b 2 :3,{]3- Egg J= G0, mahnér dinilart¢Examie 18 s(e@l,Z, giirwe'ﬂs ﬁe}SIZed wad)prepareddd (br s,

PCT/ US2004/ 0188‘:211‘ Z%fﬁﬁl 1%34’“%6‘318%5%‘5’@%% casa n%h‘ge Sﬁ}z/‘\?“i 11/5 Yleélégﬁ?’&% J= 10.8,
5.2 Hz, 1Hjo 24@81\([15z Gﬁd)lg)aéo@(d I:EéoJHz 8HY) sfizs (d@lj)ﬂse %H&tLHJﬂi 6 Hz,

3H), 0.89 (t, J— (1 l% gJ—SO
Hz, 2H), 0.53 (b %9344{%@4#12@) &7dpd 7= ‘Pﬁépgaﬁath rﬂ14(tJ 4

of 5- Ani i no- 7- t Jei I | ipe 314
D-ri bof ur anosillﬁ-zt%?ajggd) %ﬁj%oéjiglﬁl g?%-7é?rée@) 15’)@9@?‘7 r%gﬁgnér% Hszl mlar to

Steps 3 of Exahp).@.03%s,3 driddom dHvd 02 (t J=17.6 Hz, 3H), 0.96 (t, /=
8.0 Hz, 3H), 0.88 (t, /= 7.6 Hz, 3H), 0.70 (g, J = 7.6 Hz, 2H), 0.61 (q, /= 8.0 Hz,

15 2H), 0.56 (m, 2H); [M+H]" 773.5.

7.

Step 2: Preparation of 5-amino-7-(4-acetoxy-1-butoxy)-3-f-D-ribofuranosyl-
thiazolo[4,5-d[pyrimidin-2-one (74)
A solution of 73 (188 mg, 243 pmol) and 1M HF in acetonitrile (1.22 mL,
1.22 mmol) were stirred at room temperature for 18 h. Removal of the solvents
20  under vacuum left a residue that was purified by flash chromatography (SiO;, 10%
MeOH-CHC;) to afford 74 (91.1 mg, 88%) as a white solid: "H NMR (400 MHz,
ds-DMSO) & 6.93 (br s, 2H), 5.90 (d, /= 5.2 Hz, 1H), 5.32 (d, J= 5.6 Hz, 1H), 5.01
(d,J=5.6 Hz, 1H), 4.83 (g, J= 5.6 Hz, 1H), 4.71 (t,J= 6.0 Hz, 1H), 4.41 (t, /= 6.0
Hz, 2H), 4.14 (q, J=4.8 Hz, 1H), 4.07 (t, /= 6.4 Hz, 1H), 3.80 (q, /= 6.0 Hz, 1H),
25 3.62 (m, 1H), 3.47 (m, 1H), 2.04 (s, 3H), 1.80 (m, 2H), 1.71 (m, 2H); [M+H]" 431.3.
Example 37: 5-Amino-7-(4-acetoxy-1-propoxy)-3-B-D-ribofuranosyl-thiazolo-
[4,5-d]pyrimidin-2-one (76)
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prepared from69 as a white solid in 89%vyield: "HNW (400 MHz, d6-DVBO S
7.03 (br s, 2H), 5.90 (d, J=5.2 Hz, 1H), 5.33 (s, 2H), 5.02 (d, J= 4.8 Hz,
1H), 4.83wo0(ays/12¥162. 6 Hz, 11-1), 4.71 (t, J= 6.0 Hz, 1llprr/vk2dd/iofsprr J= 5.2
Hz, 1H), 3.80 (g, J= 10 4.8 Hz, 1H), 3.62 (m 1H), 3.47 (m 111), 2.27 (s,
3H); [ M+H] +429. 2. Exanpl e 35:

4- (5- Am no- 2- oxo- 3- ( 3- Drlbofuranosyf) t hi 4zol o[ 4, 5 d]pyrlmdl n-
7-yloxy)-butyric acid tert-butyl ester (l;m; j ==D HZN-~"N N O HO HO
--OH Step 1: Preparation

of 4- (5- Ani i no-2-0x0-3-(2',3",5 -tris- C}H5 ylsilanyl-[i D 15

ri bof uranosyl)-thi azol o[ 4, 5-d] pyri 7ni di n- 7ylboxy) -butyric acid
tert-butyl-ester (71) In a manner sinilao toeuStep 2 of Exanple 13,

conpound 71 wa eRa 0 id.

ten) gutyl estgrB(IL gﬁ%@é’l @g%gl??ongé %%Yog‘%g%o‘%%%%)(‘% ﬁgL'%ZSO%T te solid in
92%vyield: 'H Mm)(zsamyzw HOPCAB)y Bt 0B 4, d,d]p;szum&nzpmast) 5.22 (dd, J=
6.0, 4.8 Hz, 1H), 4,98 20 4.38 (dd, J=
6.0, 4.8 Hz, 15)1) 4Inoadn§1mer %ﬂjlar'% Eé@néaég step ?16? gas Hreear%@vasmr&par@ 69( (dd,

J=10.8, 5. ? HZrom]J'd)a,ndZ ﬁ;&oﬁinedldﬁngnoacdﬁﬁe aﬁd‘l)vhltésoﬁﬁ 11(%% Egld BHNMQ Hz, 3H),
1.47 (s, 9H), % (t 3H), 0.88 (t,
J= 8.0 Hz, 3H) (400(MH@ QQFls)ﬁﬁ%@i Lz 6 &)IH)US %ﬁCd(iqf 94 %S@ZHzH) 299 0.53

m 2 Vi
El (5- l,;l)\rrrl[nol_ﬂzt%)%o 3>54 4§g‘-ajr?| %c?flgir gn 46%8[(?%‘?2%?0 iH% 1}954 52 t‘{l r6r411| din-7
yl oxy) - but yri cHacii, ﬂ@ﬁ(m,blﬂ)yB Sefides = (1(72)76ﬂﬂza1h}rhﬁﬁél(ddslfm11033r 523175t eps 3 of

ot mi o1 0o+ 1 KRR 20 RED et PHERAIHG bE Ty L3 35 3 dery 99 L ¢, 1
M, 11- 1‘)~ 16, 32.0(%, 303 05186(tHz=80.HIz)3H)50 10(o d = S¥EHE, 261), (1 (qJJFB=844H:83 (q, J=
5.6 H, 4 Iz 4.38 (t, J= 6.4 Hz, 211), 84 WD
2005/ 21100 PC?%Q%%%?@&%% 75}.%" (q. J= 5.23 Hz, 1H), 3.80 (q? J= 5.6 Hz,
1H), 3. 62 (m Sty 2: Bréim(ﬁzak oﬂj‘l)tmm&ﬁ(ﬁ—acéfbxy—ﬂ—pio}o K&ﬂﬂﬁiﬂafw&n&@l (quint, J=

6.8 Hz, 1.44 (s, 91-1): [MH + 459.3. " Exanple
5- Ami no- 7 (4 até78 PdWw%i- 221e 819 r i bof ur anosyl - t hi azol o-

[4,5-d] pyri m di n- 2- @Neménfd similar to Example 36, step 2, 76 was prepared was prepared
15  from 75 as a white solid in 92% yield: "H NMR (400 MHz, d¢-DMSO) & 6.94 (br s,
2H), 5.90 (d, J = 5.2 Hz, 1H), 5.32 (d, /= 4.8 Hz, 1H), 5.00 (d, J = 4.8 Hz, 1H), 4.83
(9, /=4.8Hz, 1H), 4.71 (t,J=6.0 Hz, 1H), 4.46 (1, J= 6.4 Hz, 2H), 4.14 (t, /= 6.4
Hz, 2H), 3.80 (q, J= 5.2 Hz, 1H), 3.62 (dd, /= 11.2, 8.0 Hz, 1H), 3.47 (dd, J=11.2,
6.0 Hz, 1H), 2.06 (quint, J = 6.4 Hz, 2H), 2.04 (s, 3H); [M+H]" 417.2.
20  Example 38: 5-Amin0-3-B-D-rib0furan0syl—3H—thiazolo-[4,5-d]pyrimidin-2-0ne

(79)

NP NS

HzN)\:I\I"P:O
Ho/d

HO oM
Step 1: Preparation of 5-Amino-7-thioxo-3-(2°,3",5 -tri-O-acetyl--D-
ribofuranosyl)-thiazolo[4, 5-d]pyrimidin-2-one (77)

25 To a solution of 25 (1 g, 2.26 mmol) in pyridine (50 mL) was added at room

temperature P,Ss (2.13 g, 4.79 mmol). The solution was refluxed gently (bath

86



AcO~/ O H2ZNPN ~~ N p HO Yy 5 Hd / OH Step 1: Preparation

of 5-am no- 7- (4- acet oxy-1| - butoxy)-3-(2',3",5 -tris-O

tri et hyl swbangd/riféeD- ri bof uranosyl ) -t hi azol o[ 4, 5-d] pyri mcdius2@4om®1({ 73) In
a manner simlar to Exanple 13, step 2, 73 was prepared was prepared from

26 A 1 4D S 020561 85, T A SN ot O
4.93 (br s, 2H)nvasud TheexceysPsSs wasdecoRphsed by 8 afdidion G&I-llzlﬁ glo m?zt,)gtls{z 1H) ’

= dd, ,J
3. 66 E éld e sﬁézlm %W"‘S S%%)eé 0 lé‘f‘H@ i thgll“g’éed tﬂ{o"fhﬁempimt}‘ée ( rn
21 I ) 1. 02 (t Thdmidtu® Wiz ex@Bddjed v(flﬂgﬁHCh (3430 nﬁ) Orttdzdried (-M%S@;) 8£ga(6i056J (— 7.6
: 0 61 , , 0. m
2 H) [ M+H] +Z77g281§r ng[ eVpPCgal_{z <|’1_-,t0656|_%§;1 Sts}'er], vslgch was pun%eg%y ﬂasjﬁ OFuFlQn

of 5- ani no- 7- ( 4choshmgaphy Bilicaxacktole/BBCHI-brLItaBmsHI0:93 ¢ (90%) of 77 as a

t hi | o[ 4, 5-dJ 74) A solution of 73 (188 , 243 trnol)
anldailc\)/l al[: in a¢ ({B‘IFﬁT’tl‘ﬁl %84@@5{/%2( bMSP)ZﬁZ 1 2mPd ) LHe -5 errPBd5 82 (msoom

tenperature fonpdd 4., B&n@wﬂz o), hh@(&pﬁéqabm 89{#?1@3?& 2&1%‘}18;@) h&hiq,a

resi due that was ur|f|e f1ash” chr omat ogf aph CHC13)
to afford 74 (9T H&H@B%) ts3H), Mﬁﬁ%%wn(s,m)mwnﬁswm m/2d6 DVSO) S
6.93 (br s;92Hy59%.90 (d, J= 5.2 Hz, 1H), 5.32 (d, J= 5.6 Hz, 1H), 5.01

(d, J= 5.6 Hz, 111), 4.83 (q, J= 5.6 Hz, IH), 4.71 (t, J= 6.0 Hz, 111),
4.41 (t, J= 6. Gteplﬂz,l’ré‘dd)vqtioaz ot 4-Amgpo-342' 4’3 ’-W—fl)%cid(d)yl—ﬂllli%'boﬁt;qngiy#)(—ﬂl43g, iH)Sb
3.80 , J= 6.0Q. 3 in, , 2. S, , 1.
(m 2I(—I§I 1.71 &?20%6}5 d{%’lﬂl lzf%"’%%)Exanple 37:

5- Ami no- 7- (4- acet ox}shspRhgigosRandy{ BoPnick&lq Burgeb%%ﬁ% Spr%lwaaﬁéal With H,0

[ 4 g Siggr ! mod M‘qﬁ;ﬁ%&é@% 1r? gce\t/ége %é%)()lgi)lv%g-sls?lgred at reﬂux%r?goflcl)i ?%B’IQr}a]éetatéco O

15 77(0.93 g, 2.03 mmol) was subsequently added into the above suspension at reflux.
The mixture was stirred for 5 min, cooled to room temperature over 30 min. The
reaction was quenched by bubbling H,S (g) into the mixture for 2 h. The resulting
mixture was filtered through a short pad of Celite® and washed with EtOH. The
filtrate was concentrated and purified by flash column chromatography (silica,

20 MeOH/CHCl3 = 1-2%) to afford 0.52 g (60%) of 78 as a white solid: mp 121-123
°C; 'H (400 MHz, d;-DMSO) & 8.38 (s, 1H), 6.93 (s, 2H), 6.03 (d, /= 3.6 Hz, 1H),
5.93 (dd, J=6.4,3.6 Hz, 1H), 5.58 (t, /= 6.0 Hz, 1H), 4.38 (dd, J=11.6, 3.6 Hz,
1H), 4.26 (m, 1H), 4.11 (q, J = 6.0 Hz, 1H), 2.08 (s, 3H), 2.07 (s, 3H), 2.00 (s, 3H);
MS (+)-ES [M+H]" m/z 427.2. Elemental Analysis calc’d for C;6H1sN40gS-0.5

25  CH3;0H-0.25 H;0: C, 44.34; H, 4.62; N, 12.54; S 7.17. Found: C, 44.54; H, 4.88; N,
12.16; S, 7.17.
Step 3: Preparation of 5-Amino-3-D-ribofuranosyl-3H-thiazolo[4, 5-d] pyrimidin-
2-one (79)

To a solution of 78 (0.52 g, 1.22 mmol) in MeOH (20 mL) was added K,CO3

30 (25 mg, 0.18 mmol). The reaction was stirred at room temperature overnight, then
neutralized with AcOH (21 pL, 0.36 mmol). The resulting mixture was stirred at
room temperature for additional 30 min, concentrated, and triturated with H,O (2
ml) to afford 0.33 g of compound 79 (89%) as a white solid: mp 220 °C (Dec); 'H
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Step 1: Preparation of5-am no-7-(4-acetoxy-1 propoxy)-3-(2,3 ,5 -tris-O
triethylsilanyl-IrD-ribofuranosyl)-thiazol o[ 4,5-dJpyrimdin-2-one (75) In a
manner siwol2ass/oiskxanpl e 13, step 2, 75 was prepared wastpsepaneghil 5 from
26 and 1, 3- propanedi ol nonoacetate as a white solid in 70%yield: 1H NWR

Iy, 403" (or RO byst 2 34 drs e, 9Py Ts 50 0110,

1H), 4.22 (t J= %6 Uz, m),ws(d),,us@az(m zﬂ,si)(q, r&@lﬁﬁldH)M’/l@ﬁ;65 6 Hz,

10369 (0 =108 B ol s 7 (VDS 8 st e o, B 3 2 S

Hz, 3H), 0.70 (#, lI*ﬂ)—l\/fS(‘l-)HS[l\/Ig-lH]])m/z@O@l El@meﬂt_lz%ia‘ﬂyslﬂzaalc &, 0.54 (m 2H);
[I\/H—I]+ 759.5. Ste paratio 4-acet oxy-1

pr opoxy) - 3- P -@#M$9ﬁ3§9 @%?%%I“dﬂNBl&ﬁﬁp rlpr‘r’f)d]fwné - 78) In a
manner sim | ar 4419, fxgmal § A7 step 2, 76 was prepared was prepared 15 from
75 as a white solid in 92%yield: 'H NVR (400 WHz, d6-DVSO) 6 6.94 (br s,
2H), 5.90 (d Fxagple 397 5-Awpipo-353-Paribefuranesyl-331- t-lnazold—{M 5-Blppfin(idip-23oned. 8 Hz,

1H). 4. 83 &5 4.8 Mz, IH, 471 (1, J=6.0 H, 1), 4.46 (t, J= 6.4 g,
2H) . 4.14 (t Y64 e 260 3.80 (q J= 5.2 He. 111). 3.62 (dd. J= 1.2,
8.0 Hz, 1H), 3AMEmhtichsydtheticlrofte A 6.0 Hz, 1H). 2.06 (quint, J= 6.4 Hz, 2H).

2.04 (s, H + 417. 2. ample 38, _  _ .

5- Ani fno 3- EBD% Bt drentsEipr égﬁf‘tj’zx 1’%?‘6?18”[‘51'(% 24P OntarhRone  (79) >=H\N
NO HO O HO bHr@b@punbsyl ﬂzﬁl@ﬂbﬁﬁj -@fpyrimidin- 2 one 80

of 5- Am no- 7-t 7i oxo- 3- 3' ri -O-ace

ri bof ur anosyl ) - t hi az®f sfliatios Qﬁﬁw ?‘hf’:dl?@@m@}ién@fﬁ@} 3 (@mlygvagaddsdut i on of 25
(19, 226 mm'tﬁetﬂy'i‘anﬂﬁé tocHoNBL (P b %&P@@ﬂf{ﬂs@bﬂ ?@mmrﬁﬁﬂpﬁﬁ&twe P2S5

(2.13 g, 4.79 mmvol). The sol ution was refluxed gent | bat
2005/ 121162 Pdmysa a0sflwa 014 h, therepetioamixere 86 cpdlod © robmrtemgerﬁure‘ﬁhé

reaction mlg; bt on £ XARRE ga?edg‘ 21%9‘2‘648%?“9 ggy@gm%mﬁ&rmséﬁmﬁ’%E’ was

deconposed rtion m xture was stirred
for I h at 60 @lthﬂd{zﬂhéh?cdémlédnd thercomhint & oqgeniatayem dried(MdgSOxt ur e was

extracted wthcGHehS. (3 Audhath tast B8ordlb 3ot Y82, OF BN S afforded 708

. mg (87%) of product as a white solid, m.p. 101-103 °C. "H NMR (400 MHz,
CDCl3) 6 6.10 (d, /=2.8 Hz, 1H), 6.01 (dd, J= 5.6, 3.2 Hz, 1H), 5.92 (t, J= 6.0 Hz,
20 1H), 542 (s,2),4.97 (dd, J=11.6, 3.6 Hz, 1H), 4.32 (m, 1), 4.21 (dd, J=12.0, 5.2
Hz, 1H), 2.12 (s, 6H), 2.06 (s, 3H).
Step 2: Preparation of 5-Amino-3-(2°,3",5 -tri-O-acetyl-3-D-ribofuranosyl)-3H-
thiazolo[4,5-d] pyrimidin-2-one (78)
A flame-dried round bottom flask was charged with 80 (4.37 g, 9.48 mmol)
25  and glacial acetic acid (61 mL). The flask was sealed with a septum and flushed
with nitrogen. Zinc-copper couple (6.07 g, Aldrich) was added and the reaction
stirred at room temperature for a period of 21 h. The reaction was then heated to 80
°C for 1 h. The reaction mixture was cooled to room temperature, filtered thru a pad
of Celite®, washed with EtOAc (200 mL) and concentrated under vacuum. The
30  resulting white solid (residue) was diluted with CH,Cl, (250 mL) and washed with
0.5 M NaOH (500 mL). The aqueous layer was extracted with CH,Cl, (2 x 150 mL)
and the combined organic layers were dried (MgSQOy), filtered and concentrated.

Purification by flash chromatography (SiO, 5% Acetone-CH,Cl,) afforded 78 (3.64
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5 layer was evaporated to yield a syrup, which was purified by flash col um
chromat ography (silica, acetone/CHC13 = 15% to afford 0.93 g (90% of 77
as a yelwowosnl2ig2 'H (400 MHz, d6-DVSO) 6 12.50 (s, 1liEcr/us2@@/ofdmm1s, 2H),
5.89 (m 21-1), 5.51 (t, J= 6.4 Hz, 1H), 4.36 (dd, J= 12.0, 4.0 Hz, | H),
4.24 (m 1l-1)g of9BQs ﬁ%hitﬁ/%aw@er@delﬁ'ﬁeal lalllgsspedts Qmébisrial 3ddlatedin Bagiple 3H) ,
2.01 (s, 3H); g1\/5 (¥)-ES [MtH] + rn/z 10 459.3. Step 2: Preparation

of 5- Ani no- 3- (238, 8%P 8! -t ri-O acetyl -/3-D-ri bof uranosyl ) - 34

t hi azol o[ 4, 5- dj i Bl.di n-2-one )2 A:Su i 0k DRaRgYahdsyB880 ni ckel (3
bi g spatul a, psr‘t%ya/ag%ggl}%\fﬁgit? gﬁﬁf%% 3@02,2%0252?36”%) in acet %%g (50 nmL) was
stirred at reffisménfy S-dipydmidin-Tora@® ate 15 77 (0.93 g, 2.03 mmol) was
subsequent |y added . jinto the above.su i + ef . ! re was
stirred for5y5 min, félgéjfeé’am 1%ncr)fgdé%[@eer?%gygg%ﬁggg%\r}g%lé%ﬁ?%i!a%%hr%gg#eacti on
was quenched bxdiniblone-A2iBo39P-Di-fbefut fisylid-thiszolw M, 2d]pyriiiidin2eene t i ng

m xture was filtered through a short pad of Celite(r) and washed with Et OH
The filtrate @85 concentrated and purified by flash colum chronat ography
(silica, 20 MRk S 3vmhetic2d8e 80 afford 0.52 g (60% of 78 as a white
solid: nmp 121-1 , ' H (400 MHz, d6-DMBSO) S 8.38 (s, 1H), 6.93 (s, 2H),
6.03 (d, J= 3.8en: Preparpyion oby-deetylgginoy=chdora-3-3 .8 Yr-Gaset's™Bg (1, J= 6.0
Hz, 1H), 4,38 {: = 11 4G Mz L1 6 (m 1H), 4.11 (g, J=6.0
Hz, 1H), 21.038 %2&"’?&6@%@%”?@3’? ‘g%?ﬁrf"”%d.”ojo)”fes@%l- 1): M5 (+)-ES [ MH| +nf z
427.2. Elenental Arlloyghosisoaydiatide ¢.420mbHIGNAIO®E0Y S ag8edTgompgozs H20: C,
44.34; H, 4.62; 1 ; 37 ' . ; : 12.16; S,
7.17. Step 3: W‘é grogg? §3h40S g,%.O% mmﬁ?,%ghyl&mnéﬂléélmLHA&t IﬁﬁlOl)Mﬂd

of 5- Ami no- 3- / 3cibrofonaf(t4 mbpews 3@ htitutésat oloo] mperdpsumided dirpgen2 Tome (79) To a

lution of 78 (0,52 g, 1.22 mmol) ,in. McOH (2D _added C03 30 (25
oo, 0 98 ol yreeetod T R = s 1 T T °F Bonte R SRR, i gt
then neutyali %ﬁﬂeﬂ@térﬂpé@ﬁ&k‘, 4ddda dropPisSEveiml 1) a 0 PUSoRESHbE dafigatéd ad Ur € was

stirred at roomtenperature for additional 30 min, concentrated, and
triturated witNaBE0: (320 mh))andstized Gr an additingl b Eenlprinwcrrsepsdsd as a
white solid: e 37 : Gk 18011 (400
MHz: d5- DVBO) ngqué&%ig(eg?&%ﬁi‘?écgds‘?ﬁtrg%élﬁg’%%% %%% 190 p.%égﬁﬁ‘fe@m, 5. 31
(d, J= 5.6 Hzorgit) Jaydrs 98re(dtjed MgS09, filtered 44 concegtratedjto ajyellgwzolir, 1H) , 4. 67

g_}_é , J ; g '80( i E?P&rﬁc?ati?%wé‘flacfn%%d‘]vfa ﬁas% ch?otna@&ph? (87162,(5@9Ace]:5ne1@[-1§13) @ 8 He,

20  afford 81 (3.17 g, 90%) as a white solid: "H NMR (400 MHz, ds-DMSO) & 11.08 (s,
1H), 6.09 (d, J = 4.0 Hz, 1H), 5.99 (dd, J = 6.0, 4.0 Hz, 1H), 5.76 (t, /= 6.8 Hz, 1H),
4.41 (dd, J=11.2,3.2 Hz, 1H), 4.32 (td, J=7.2, 3.2 Hz, 1H), 4.24 (dd, J=11.6, 6.8
Hz, 1H), 2.18 (s, 3H), 2.12 (s, 3H), 2.11 (s, 3H), 2.03 (s, 3H); [M+H]" 503.3.
Step 2: Preparation of 5-Acetylamino-3-(2°,3",5 -tri-O-acetyl-p-D-ribofuranosyl)-
25  thiazolo[4,5-d]pyrimidin-2-one (82)
10% Palladium on carbon (862 mg) was added to a solution of 81 (2.07 mg,
4.12 mmol), sodium acetate (675 mg, 8.23 mmol) and absolute ethanol (100 mL)

under nitrogen. The mixture was stirred under 250-300 psi H; (g) in a bomb for a
period of 48 h. The mixture was filtered through Celite®, washed with ethyl acetate
30 (200 mL), and concentrated to a yellow solid. The mixture was diluted with HO
(200 mL) and extracted with CH,Cl, (3 x 100 mL). The combined organic layers
were dried (MgSOy), filtered, and concentrated. The residue was purified via Flash
chromatography (Si0,, 10% Acetone-CHCl;) to afford 82 (1.74 g, 90%) as a white
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(m 1H); M5 (+)-ES [MtH] + mz 301.1. Elenental Analysis calc'd for 5
CloH12N405S0.3 H2O C, 39.29; H, 4.15; N, 18.33; S 10.49. Found: C, 39.51;
H  4.18;,wd20057128652 S, 10.27. Exanple 39: PCT/US2004/018011

5- Ami no- 3- (3- D-ri bof uranosyl - 3H-t hi azol 0- 14, 5-d] pyri m di n-2-one (79)

AL L AR M ol Rty PR 0 6.10 .-

ri bof ur anosyl )4tOHHazlbl]) Of. % @a df py.0j £0Hd] rH)ZS on(teJ €8Q)HF oHy, 450l (wgjon of 25

(0.84 g, 1.90 C de thlamne 0.50 nmL, 3.59
nmml ) and POC1 2%%{]@ %goimnM’§%fﬁd§g gﬁeé I‘ﬁ"g b 212813 382012 16 h,
the reaction n‘(s;BHD@IWa(s 3Enpd.e3(st BHY; pamermer at ure and 15 poured onto ice
and sat. aq N@ 44150 mL). The resulting mxture was extracted wth
CH2Cl12 (3 x575 WEC? ﬁ@”%fﬂé}%&bﬂiﬂﬁé@ﬁ&@dfﬁo renggr F-thiqzelp[4 fngBomynidin-
Concentration Hbolbewsd by flash chromatography (9:1/ CH2Cl12: Et OAc) af f or ded
708 ng (87% of product as a white solid, mp. 101-103 C. 1H NWR (400 MHz,
CDC13) 6 6.10 (d, Jhmgmepsimilpgto Eﬁarﬁme(la,cbtepﬁ;ﬂﬁ tigle cBmBoudd wag beparbd 92 ('t ,
J=6.0 Hz, 20 }H),g°-42 (s, 2), 4.97 (dd, J=11.6, 3.6 Hz, 1H), 4.32 (m
1), 4.21 (dd, J=12.0, 5.2 Hz, 1H), 2.12 (s, 6H), 2.06 (s, 3H). Step 2:
Preparati on of Exmpmussmhma-s &Dﬁbdfu&meﬂtsﬁ-tﬁi&@ld-immg&ﬂﬂﬂﬂﬁlz)mﬁH

t hi azol o[ 4 ﬁ rimdin-2-one (78) A flane-dried round bottom flask was
char ged WIEl 8 4.37 g, 9.48 mol) 25 and gl acial acetic acid (61 nL).
The flask was gdaidnetivenvhihetic ®epiqum and flushed w th nitrogen. Zinc-copper
couple (6.07 g, Aldrich) was added and the reaction stirred at room

tenper at ure f obieB ! pdrensdaation op¥ - -Chineo-2-exe8i(dn Wed-Chewthédied to 80 C for
1 h. The reacty,@b}vu,cgn&);grp3%d,%qga§g(¥t4g %?, W‘EQ%NW?@’A' tered thru a

pad of Celite , "washé céntr under vacuum
The 30 resul tifgnemiidine 83)i d (resi due) was diluted with CH2C12 (250 nL) and
washed w ths O. ) h was.extracted with
CH2C12 (2 X 150 m)ﬁﬁ&l%éﬁﬁ%deg%gglmlié %%Hg‘%:’%% el SRRisE Syorit tO(*‘lvgsozt)
filtered and coidentof 26 690 mgPdlK)BinrmdlandtDM? (1. R%&nﬂl ohy mmﬂpgt(?&{ﬂly@@& 02, 5%

50 9 as a wni D posebr bl Pl B SPdEn OB e e (B8 e

Exanpl e 38, spejpddf23h. The mixture was carefully poured into an ice-cold sat. NaHCO;

solution and stirred for 30 minutes. The layers were separated, the aqueous layer
20 extracted with CH>Cl (2 x 80 mL) and the combined organic layers were dried over
MgSOy, filtered and concentrated to afford 83a (519 mg, quant.) as a white foam: 'H
NMR (400 MHz, ds-DMSO) & 8.65 (s, 1H), 6.14 (d, J= 4.0 Hz, 1H), 5.97 (dd, J =
6.4, 3.6 Hz, 1H), 5.62 (t, /= 6.8 Hz, 1H), 4.43 (dd, J=12.0, 3.6 Hz, 1H), 4.32 (m,
1H), 4.16 (dd, J=12.0, 5.2 Hz, 1H), 3.23 (s, 3H), 3.11 (s, 3H), 2.13 (5, 3H), 2.12 (s
25 3H),2.02 (s, 3H); [M+H]* 516.1.
Step la: Preparation of N'-(7-Bromo-2-oxo0-3-(2",3",5 -tri-O-acetyl--D-
ribofuranosyl)-2,3-dihydro-thiazolo[4,5-d] pyrimidin-5-yl)-N,N-dimethyl-
Jformamidine (83b)
Thiony! bromide (11.2 mL, 145 mmol) was added dropwise over 1 hto a
30 mixture of 16 (2.34 g, 4.83 mmol), DMF (5.61 mL, 72.5 mmol), CHC]; (50 mL),

and toluene (55 mL) at room temperature under N,. The reaction mixture was

2

heated to 110 °C for a period of 20 h. The mixture was carefully poured into an ice-
cold sat. NaHCOj; solution and stirred for 1 h. The layers were separated, the
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Step 3: Preparation

of 5-Ainino-3-(2',3 ,5 -tri-Oacetyl-/3-Dribofuranosyl)-3H

t hi azol o[wo2eafypyre2i ni di n-2-one (79) 5 The preparation etCTiuseodsiotsoe1
conpound i s described in Exanple 38, step 3. Exanple 40:

5- Am no- 3- 0- D-gidoat 1ayanasdiediitl UH@(ZIQ(ZDX smm5) sl e cmldnafd-cﬁgmmdaye(r:? 9)
Alternative synthetic route B

. ti1o
5- Acet yl ar ni no¥ere padgves lzglg@@, gtere anq ?qnc gtt%/? yg@\xﬁemiﬁe The product

ri bof uranosyl )wéstbhﬁﬁéﬂlﬁlfﬂasﬁcﬁiéi%&(folgﬁbﬁy @1@\2 ZO%D&e{o&éb}KHQS@h@drusmxychl oride
(6.42 nL, 70.2 mml) was added drqﬁwse ion_of 16 %@409,702

mol ), tri et hyl &Fignd %) esoevhie foam “HANNRE#00 M@ﬁcﬂG"QMfSQP BASHEH Lk Gl “over 30
mnutes at gg]} egggwfzﬁtlﬁir% 9%31&'@04”61 ROO8N -1 3_ Fo1 (rteJacg k@fy, Mrxlupesdyas then

heated to ?0 Tor Xture was coo ambi ent t enperature,
added dr opwi se/-08.8y3.2Hh, tH), 430(C Dl 416 6id, bF 1%ét516élZeH{)aé 23 (:NaFped 1( 500

erer “Back e Facteh G BRaTAPaln HRTEOR U S8 SEP ) 2eous
organi c | ayer syl @refar&sbn(dfgatpe-3f213’ ér—edmmmwd@enﬁbﬁim@l)biﬂa yel | ow

solid. Purification was achj eyed ee a flash chronatography (Si 02 5%
Acet one- CHCL3)thiagplofd. 5a4]PUF’6’d8"IZ 01 (/3 90% as a white solid: 'H NVR (400

Mz, d6-DM3O) S 11A0§an(1§-drled]ibt)md ‘ot ﬂaék st-ckﬂréédlvﬁth SBHI]. 083g,991 l(rdldol)J‘ 6.0,
4.0 Hz, 1H), 5.76 (t, J= 6.8 4.32

Hz,
(td, J= 7.2, 3an2 glagial ageic agid ©4 nled IT)hs ﬂa%lwﬁ SG%G%W1‘CIFP Eepn}filcjmd é“ E%d (s, 3H),

2.12 (s, 3H) ¢ (938521, Bihio) [ WdsHlided2d 1% SkiBRphitedR6 epar at i on
of 5- Acet yl ai ni no tr%%m %Cdut@ %aoet o-)/3 Drel bofurarﬁosyl )- 25

t hi azol of 4, 5- DY fon#3 hllmzea@h@m&l)re ms/scroéﬁdltamozrme@mer@ma@ﬁer@éégu fg) was

5. 23 mmol ) anddistbriiee wenapi £y GegRL[TRebrenRibd BAFGER, TR0 Thne

stirred ungder Za@i0PhiRSblidBedide) qu dﬂub@lrvnm @H{Clﬁ(looﬁ’rn)(add ohshé@with The
m xt ure was fllteredthrough Cel i washed with et tcgizg :’&)X(ZOO
mL), and conceft patcans NGOy 0P st SFOFP? lueqHy ayﬁf%’?ﬂ?xér §%th o

(200 ni) and exgpe érﬁdhé/\é&ﬁbngd%%a%lc(lé%ya@ vﬂz&@dﬂw(Mé@@i) cfmaiwraﬁai organi c
layers were drie I\/g filtered, and concenté ed, The é@gﬁzgue was
purified via Foagdirai rB%ﬁC@g?Iabhf}aSbshr@@mw@bYA orith b5 fford 82
(1.74 g, 90% ﬁﬁ)é%ed‘g'%'éh@ﬂf mgng\@@ QSQQ%H%%%JV@& 15’@1&@%9@%5&%&Q&&1ateﬁ@1\/\der

"HNVR (400 MHz 2 (s, 1H), 6.10 (d, J=
20  isolated in Example 38 step 2

Step 3: Preparation of 5-Amino-3-(2°,3",5 tri-O-acetyl- p-D-ribofuranosyl)-3H-
thiazolo[4,5-d]pyrimidin-2-one (79)
The preparation of the title compound is described in Example 38, step 3.
Example 42: 5-Amino-3-p-D-ribofuranosyl-3H-thiazolo-[4,5-d]pyrimidin-2-one
25 (79)
Alternative synthetic route D

Step 1: Preparation of 4-Chloro-2-oxo-2, 3-dihydro-thiazole-5-carbaldehyde(85)
Compound 85, originally synthesized by Baranov, et al, Chem. Het.
Compounds (Engl. Trsl.), 1975, 11, p.73 was prepared using a modification of the
30  procedure reported. Commercially available 2,4-thiazolidinedione 84 (25.0 g, 213
mmol) was suspended in POCl; (59 ml, 641 mmol) cooled to 0 °C with an ice bath
to cool. DMF (24.8 mL, 320 mmol) was added drop wise to the reaction over 15
min. The reaction was heated to 90 °C for 2 h then at 115 °C for 20 min. After 20
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4.0 Hz, 111), 6.04 (dd, J= 6.0, 4.0 Hz, 1H), 5.77 (t, J= 6.0 Hz, 1H), 4.41
(dd, J= 11.6, 3.2 Hz, 1H), 4.30 (m 1H), 4.23 (dd, J= 12.0, 6.8 Hz, 1H),
2.20 (s, Wo2eos212id2 (s, 31-1), 2.10 (s, 3H), 2.03 (s, 3ECT/Ushoklojsb1169.4. 5
Step 3: Preparation

of 5- Ami no- 3- | 3%151!1‘:%2 Eﬂér ?{ﬂﬁq%lvassc%oﬁela é@g(? 'I’(? L%d’ Zi,lntL.i%X(E for an 8&&1 tlona lgoglgal(, Zg) In a

manner simlar t e conpoun from
82. Exarrpl e 41Afterlh the mixture was heated to 115°C for 15 min. The hot reaction mixture was

O s O LR S ROSH 8688 [duRe ARl B 10 (79)

of N - (7- Chl or ofitee®.0TBe a(qﬁieot@li)hﬁse-vtals Iext@c&dg&tyhes/vﬁﬁ(-jethyl ether S6O(|)\l m'I\]_) 3nd the eyl

ri bof uranosyl)-2 dr o- th| ol iinidin 5-y irnet/ry

f or mani i di né (Qggg?lcfb %H‘f%ﬁ?ﬂara %‘1 gL%e’EDEJt%mﬁET vaggu, P?ﬁﬂojld%‘ééduéé}@%d
dropwi se over Hiskoltedl it a nithixtudt @l@he daq( SOONABCOL- ﬁ@sdzﬁﬁﬁﬂrNéz wﬁd_}%ré?&f (tl 29 m,
16.7 mmol) in CH rogm tenperature under e reéaction

m xture was hedf! eiig’ fgél\@{%?bgopé{ 66‘?’#166?111’8?aQE?CWItaWﬁ@T%aﬁPWGUWSH@ar eful ly

poured into anFilg&ickGlidldsSato givg f‘%ouﬁ@éyﬁl‘@% Bd: R 6.5 9,Q5, 30 m nutes.
The | ayers were sepa?gt ed, % ugous | ayer 2%I extract{‘e})“gl1 W th CH2Cl12 (2 x

80 nL) and theWﬁBPInng%@ﬂg’éme@t? ayENYR\&Pe Vi, 6B ) 61 9. 7MGSOA), 8951(s,er ed and
concent r at gg t‘?Hgfl\%% %sﬁw}ﬁlg girg guant.) as a white foam 1H NWVR (400

MHz, d6- DMSO) (d, J= 4.0 Hz, 1H), 5.97 (dd, J= 6.4,
3.6 Hz, |H); 5S8R 2(Prepdration 8 HdminbH)H-tiazal4,6dblpyrdmdin2-he (86)6 Hz, 1H) 4.32

11| , 4.16 (dd 2 2.13
Ersn 3H), )2 12 (s( %cﬁ)ngsg(b%%smépﬁl%{%ﬁﬁq?e%i%m%kg@egﬁ}%ﬁ zszFf}epar ation
of N - (7- Br ono- ﬁmiml))K%(OQ(l(Bg,,547trrrmelpaﬂctNhHC€)é\D-88rg,b@?ﬁxﬁrfidil@fs/yé) ﬁ dine -
3-di hydro-thi - formanzi di
(83|b) yT[nOony: a%L?SB?Cﬂd(ﬁ%m(ﬁi%lﬁ eat i’nﬁéo gﬁ‘”ﬂ?%‘ﬁ\‘/ﬂ’@@“ﬁg}e | htoa
30 m xturel®f dbrting mdéerigl as@eﬁﬁniﬁiﬁ@b;) TL@NEG vl wid-semb2e PuriBDYabuuneHC13 (50

m.), and tolu at room tenperature under N2. The reaction
i 2<t ure was ig‘? ?—."é‘% ’Bmﬁ‘id" agtrtgrated Wikrasdl- &r anadytisallyprae pamaleipicSoywas

careful Iy pour gblained B BPLE ¢ODs 0L s 3879 @ﬁg@@i{fe%rw idrfp @Hﬂ/ﬁﬁl} Fagd for |
h. The |ayers were separated, the 90 WO 2005/ 62 PCT/ US20047 018011
solid: HPLC R, = 1.63'min; R¢= 0.45 (2% H,0, 8% Methanol, 90% Ethyl acetate);
'"H NMR (400 MHz, ds-DMSO) & 8.11 (s, 1H), 6.67 (s, 2H); MS (+)-ES [M+H]"
20 169; Elemental analysis for CsH;N40S-0.1 CH;CN-0.1 H,O: calc’d: C, 35.88; H,
2.61; N, 32.99; S, 18.42. Found: C, 35.96; H, 2.75; N, 32.56; S, 18.42.
Step 3: Preparation of 5-Amino-3-(2°,3°,5 -tri-O-acetyl- 3-D-ribofuranosyl)-3H-
thiazolo[4,5-d]pyrimidin-2-one (79)
Compound 86 (62 mg, 0.4 mmol), 1,2,3,5-tetra-O-acetyl-B-D-ribofuranose
25  tetraacetate (128 mg, 0.4 mmol), and catalytic bis(p-nitrophenyl) hydrogen
phosphate (13 mg, 0.04 mmol) were mixed and placed in a 500ml flask. The
reaction vessel was carefully placed under vacuum (~ 5.0 mmHg) and lowered into
an oil bath heated at 150 °C for 10 minutes. After cooling to room temperature, the
solids were washed with ethyl acetate. The crude product was purified by flash
30  column. (silica, 5 to 35% ethyl acetate gradient in chloroform) to yield 68 mg of
compound 79 (40%) as a white solid as a white powder identical in all respects to

material isolated in Example 38, step 2.
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aqueous | ayer extracted with CH2Cl12 (2 x 80 nL) and the conbi ned organic

| ayers were dried over \gSO4, filtered and concentrated to a yell ow

resi due. woeogwdwset was purified by flash chromat ogr apby/usS0adi18020%
Acet one-CHC13) to afford 83b (1.53 g, 57% as a white foam '1-1 NWR (400

Dt o1 O B ipfes Seagighi 6 %’5&1—0%%1]@adrlﬁoﬁm@s@-fs@s@ iy 77,051

(m 11-1), 4 1@]pydinidih=2-bre @9) 5. 6 Hz, .23 (s, 3H), 3.11 (s, 3H),
2.13 (s, 3H), 2.12 (s, 3H), 2.02 (s M-H + 560. 2. Step 2: Preparation
of 5- Arni no-3-(2',3",5 -tri-Oacetyl - %/?#)O:f:uranosyl) 3H
thlazolo[45d]pyr|md|n20ne(78) L0 me-dried round bottom fl ask was
charged with 83a (1.08 g, 2.11 mmmol) and gl acial acetic acid (21 nL). The
flask was sealed with a septum and fl with nitrogen. Zinc dust (1.38
g, 21.1 mol) was added and the reaction/heéated to 80 C for 48 h. The
reaction mxture was cooled to roomterﬁﬁ%ra‘f”’tﬁre filtered thni a pad of
Cel i t ee, washedtepilt Rrdpufabkion @ﬂ.Dﬂmnda}3 érid)- wmnxcﬁmét@dsiunﬂ%Dvacuum The 15

resul ting ite,splid s,di |l ute CH2C12 (100 mL) and washed
with sat. \A@quegffé f@gﬁ(}g ﬁ?djpl’ﬁémgﬁfir) Q’f)ayer was extracted with
CH2Cl 2 (2 Xd 50 rrL)T@Eldoltlﬂ(ijteldfOHb(]E 6%l M&ﬁﬂbDlﬂBW(&%ﬂﬁbﬁvaﬁlﬁ&@dh('V?SO‘l),
filtered an co| te urificatio ronat ogr ap Si 2, 5%
Acet one- CHZClZ}m Oﬁleo@cai%& 78 F’ﬁ‘?ﬂ)aﬁa “W%hné%“hgm Flil%“dp?d@\gélg’ é‘%nti cal in
all respects t enkedf Rfhehtially2@hé &@&tﬁﬁl@ﬂxtufb WL at3Bom SdnfRrature Rir@h, 3¢
Preparation of 5 Anejnpo-3-(2', 5 -tri-0O acetyl-AD-ri bof uranosyl)-3H

t hi azol o[ 4, 5- d]’Vﬂinlpﬁi“éﬂtWaQQ%@@?@ﬂ a?ﬁ@“%ﬁe@d%\’rf&@]il eump chiymaiopapky conpound i s

described 19 BTl MeBRCHEE ustiont DSaIl80 drd 0.49 & (5290 8 h
5- A no- 3- p- DE}%(laboTureanos E%EI- thi azol 0)1(2)1 or d1ipyr g( /I)nZaS_an ltes20151d(79)

Al ternative syrlﬂfﬂé)leHZ,@hw&))Eﬁ &p3 s Hfb} ép&é’(r(atﬂhrﬁ 90 (d J=4.0Hz, 1H), 5.33

of 4- ChIoroZo 72, zal el i 8 oynd 85,

originally syn S|ze ar anov, Al ? e 0 5 (Engl.
5% %& ¥HB§) | 329 1%1"3‘53 @ —Hﬁ‘ie[fl ?%Qf 4‘3%&5 P

Trsl.), 1975, 32HzplHB 3W§s{mp21épal69ddd,|§|=mg Op 7 2t, fi Hy, @t84as 90f), 0.00e(s30
procedure repott.e (=1 ilable 2,4-thiazolidinedione 84 (25.0
g, 213 nmmol) &ggﬁ%gﬁmhﬂ '%7(%%% (59 nil, 641 mol) cooled to 0 Cwth
an ice baths tStes00oPrepihbion 245-Bmmio-3-328" Azfrmla):ezym -@deledugrop Wi se to the

reacti on over n. The reaction was heated to 90 C for 2 h then at 115
Cfor 20 min. %{f?teél'@/lsggzylgp—nbofumnosyl) 3H- thzazolo[4 5-d]pyrimidin-2-one (88)

To a solution of 87 (0.20 g, 0.48 mmol) in acetonitrile (5 mL) at 0 °C was
added successively EtsN (0.26 mL, 1.86 mmol) and Ac,0 (91 pL, 0.96 mmol). The
reaction mixture was stirred at room temperature for 24 h, whereupon it was

20  concentrated and purified by flash column chromatography (silica, acetone/CHCl;:
gradient = 5-10%) to afford 0.22 g (92%) of 88 as a white solid: 'H (400 MHz, d-
DMSO) 6 8.36 (s, 1H), 6.90 (s, 2H), 6.00 (m, 2H), 5.57 (t, J = 6.0 Hz, 1H), 4.07 (q,
J=35.2Hz, 1H), 3.77 (m, 2H), 2.07 (s, 3H), 2.06 (s, 3H), 0.83 (s, 9H), 0.00 (4, J =
2.4 Hz, 6H); MS (+H)-ES [M+H]" m/z 499.5.

25  Step 3: Preparation of 5-Amino-3-(2°,3 -di-O-acetyl-3-D-ribofuranosyl)-3H-
thiazolo[4,5-d[pyrimidin-2-one (89)

To a solution of 88 (0.22 g, 0.44 mmol) in THF (5 mL) in a plastic vial was
added HF/pyridine (0.70 mL). The reaction was stirred for 2h, concentrated and
purified by flash column chromatography (silica, MeOH/CHCls: gradient = 5-10%)

30  to afford 0.17 g (100%) of the title compound as a white solid: mp 109-111 °C; 'H
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WO 2005/ 121162 PCT/ US2004/ 018011 mnutes, the reaction was cooled to 90 C
and nmai ntained for an additional hour. After 1 h the mxture was heated to
115C for Wb 203m21i6be hot reaction mixture was poured i prce/ubkooafissat er with
vigorously stirring. After 10 min the mxture is filtered. The aqueous

phase was extragh &Iz 4-DiESOVS §.57 &t hed 6©t ebnf, & (Ht-)zﬂmdtgt(hg—% ®HganNi ¢

phase was separat ed and concentrate under vacuum he solid residue was

di ssol ved in all A%/ 7ol UHe 18, 48t (ddaf= 10488, 1H5hé61‘r{13%t]tﬁ)e3 WaEn,
carefully aci i e forns
after about 30%’%% (1%13P?r atr('eQH &Sglg) 28%5[ tﬁflj*%}% B2, ﬁeﬁé]ﬁﬁgga}}ﬁg&%
yield: Rf= 0. 3cdledﬁ2@14I$&N4%t0rﬁa(ﬁHiOH QG%PEt?llsry@ 4;11(6@th43§2 N, iB.RNR 1400 MHz,
CDC13) S 9.79 1 1 M5 (+)-ES [ MrH + 164. Step 2:
Prepar at i ongof d 5)413%- ?]lsﬁr&gz%l%gw é_|)c?]3|r5°’yr| m di n-2-one (86) Conpound 85
(1.22 g, 7.47 mmhﬁ»l,e 43U 30A kliroe3-(2y,31-0i 0 anetyHA-I{-PibdBir guosPP-34-thimpolo]4,5-K2 C03
(1.03 g, 7.47 nmol), and NaHCO3 (1.88 g, 22.3 nmmmol) was suspended in DW
and heat ed for%“ﬂ%‘?sz oe B0 C. Upon consunption of the 15 starting
materi al as deh@emhinedyRYetidibutetdhe sol vent was renoved under vacuum The
solid residue was triturated wth water. An analytically pure sanpl e of 86
was obt ai ned S¥r bPPereats: of CiBinoS-G 134 Erdesy fﬂz% Dyiibedrertsy)$H9 ml |/ min).

Tan solid;,HP ; 45 (2% H20, 8% Met hanol , 90% Et hyl
acetate); o7 h&ﬁﬁfﬁlﬁ%@g”’%gzeﬁégﬁs 8.11 (s, IH), 6.67 (s, 2H); NG
(+)-ES [ M+H| + 20 16Bg a Bearselutian ofi$PYGing) in@ret@BHA NI Sos 2AEEBERONL H2O:
calc'd: C, 35. 3 =0 X 6, 2.75;
N, 32.56. S, 1%‘“’391’31%?“%“ it epg'r@? 28 B nicH tgg?"i“t%él e loddy

,5' -tri-0O acet Wh1febr@1ﬂtiamf@mrdid0&yda)efzﬁhﬂlpatsb rdsaz(@b@ing) wachlidyd forthd di n- 2- one
(79) ‘Conmpound 86

7D 5 o et o Bodue g B stisepgoy hraiisaisnt Bty bR SR ¥ 19 g, 0. 4
mml) andisat ghnpeiabur®iThe Restiting olpianikiure Wydlilagean andirgaphabent wa rrg, 0. 04
mmol ) were m xed an pI aced in a 500ml flask F reacqt &b gﬁsse o V8S
careful |y pl acERURHBRICY XAy Fhe aguepusglgionatas thefsafradied Wit ethdqedie bat h
heated at 150 @ f94mi axmﬂﬁelbt%gmc&fyt@wvee@wmmdt&leawmmgm@aﬁ ure, the
solids were washed wi et hyl acetate. The crude product was Qurlfl ed by

flash 30 col urrﬁonce@rartqdcﬁhe Syltinggbd eguid be Retbernuafigd W mammer $mis i3 orm) to

yield 68 nmy of j..60h9QH Rdak }?1 (4§q9%33as a white solid as a white powder
identical in all respects erial isolated in Exanple 38, step 2. 92
20  Example 45; 5-Amino-3-(2°,3’-di-O-acetyl-B-D-ribofuranosyl)-thiazolo[4,5-

dlpyrimidin-2,7-dione (92)

AcO  DAc
Step 1: Preparation of 5-Amino-3-(5 -O-tert-butyl-dimethylsilanyl--D-
ribofuranosyl)-thiazolo[4,5-d]pyrimidin-2, 7-dione (90)

25 To a mixture of 1 (12.0 g, 37.9 mmol) and imidazole (7.75 g, 114 mmol) in
DMF was added tert-butyldimethylsilyl chloride 1 (5.72 g, 37.9 mmol) as a solution
in DMF (25 mL). TLC analysis (20% MeOH-CHCl;) indicated that reaction
proceeded to ~60% completion. Additional tert-butyldimethylsilyl chloride (5.72 g,

37.9 mmol) was added portion-wise until the reaction was complete, whereupon it
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WD 2005/ 121162 PCT/ US2004/ 018011 Exanpl e 43:

5-Am no-3-(2',3" -di -0 acetyl-(3-Dribofuranosyl)-3Hthiazolo [4,5-
d] pyri m dvo-28s3ne16e89) |11 CS >==H2NN NO Ho--Y Jo Acd OfcTStse@4b18011
Preparation of 5-Am no-3-(5 -0Otent-butyl-dinaethylsilanyl-/J-D 5

bof I f 79
(068 g 2. 2p mishetRERy R hp Bt PHIL) Bl ol g6 i ble ot P AL 80 o
and tert-butyl désid wpk diskotvedah E€DAdE00 116 3ng theh. viashe dnait x}xatsze(dlx\el\ﬂ}]ﬁ)t)l ﬁl ly. ;I'he

i ch poin

reaction m xtur Stirr d at ratur

it vvals concentrglt)vﬁw e Pur P T e ‘gnewfolv%rs 366?"[?% i%%}?ﬁ%oﬁlg?‘ﬁiﬁh § 10 (silica,
Medl - |/ CHC13; g‘rhaxéddnbugh eEshBﬂ%d bﬁslaﬁ foativk DsofkBiog ti{ab 2% C(&Zerﬁtgtea jwazahg sth.'JI id:
"H (400 MHz,. d6- S 21 9 =

1H),( 5.33 (d, 591% ﬁge(cn@e@e?deam@&@@rqr&dl 21?94?2 42 B%)fsaj= 5. 2
11z, 1H), 4. 16 wigte soli: lﬁ(@oh@Hz,LrDDM%)?e‘?lﬂmsZﬂH)l )5’92%br6;.421ﬁ}j§:77gd'.ﬂ=2 0, 7.2
Hz, 1H), 0.84 4. 15 Step

2: Preparati on(‘tcﬂf%@g&{}vlw . é?s 53z, éIH) @%cﬁé’tﬁ 5. 9'[3‘1 g[),ér7t3-(%tfy‘“l99 5.1
di nreth), I 'si | amyl 1oy, 4@1;&&3%%3619%3@![ éﬁm‘j@ Dbt > Py gﬂhgi)m_%r M€

(88) To a sol ution of onitri
was added sucé%@Hi)\Qé](y (FH)3N (0.26 m, 1.86 mmol) and Ac20 (91 L, 0.96

mol ). The; reg,p or},r%u;}n%l gf?’gﬁz% prIa?::Oe%fog)?njt- pe ﬁ‘@fwe for 24 h,

wher eupon i t was ncentr f1ash
chr omat ogr aphy dsithistanyl-gEBtrGrbirGHC) B thiazglopd) 5-efyyrimidin DY ioka(98f f ord 0. 22 ¢

e s B oligs el b ) S0
5 B bt ssontan s b 2 s
, 3" -di - O acet qul}ggdr]?%% &é%’ﬁ‘&s@ﬂ m§1q-) ﬂ‘ﬁ ré%‘%‘%[lﬂx@ed’] asytiredy Bithen- one

(89) To a gel U'E:b&@nt&fted&%d(:ﬁroﬁﬁt apﬂeﬂélmaﬁlehﬁblﬁﬁﬁ AR g% Bt Ae- @H@lﬁSt Ic

vial was added HF/ pyridine % he reaction was stirred fof 2h,
concent r at ed aﬁﬁordmgrlﬁg @d%l);ﬁbf?l &%th i sotith AN daPMSQ) $illli26 45,

L 12,1 oy RO TR A0S B s B 11
(s, 1H), 5.96 (s, 1H), 5.39-5.41 (m, 1H), 5.01-5.04 (m, 1H), 4.12-4.17 (m, 1H), 3.48-
3.59 (m, 3H); MS (H)-ES [M-+H]" m/z 515.
20 Step 3: Preparation of 5-Amino-3-(2’,3 -di-O-acetyl-f-D-ribofuranosyl)-
thiazolo[4,5-d]pyrimidin-2,7-dione (92)

To a homogeneous solution of 91 (1.2 g, 2.3 mmol) in THF (20 mL) was
added 1.0 M tetrabutylammonium fluoride in THF (4.7 mL, 4.7 mmol). The reaction
mixture was stirred 16 h, then concentrated and chromatographed to afford 800 mg

25  (86%) of a white solid: 'H (400 MHz, ds-DMSO) & 11.25 (s, 1H), 6.97 (br s, 2H),
5.95(dd,J=35.9,4.4 Hz, 1H), 5.89 (d, J=4.8 Hz, 1H), 5.41 (t,J= 6.2 Hz, 1H), 4.90
(t,/=35.9 Hz, 1H), 4.00 (q, J=5.9 Hz, 1H), 3.48-3.64 (m, 2H), 2.06 (s, 3H), 2.04 (s,
3H); MS (+)-ES [M+H]" m/z 401.

Example 46: 5-Amino-3-(2°,3’-di-O-acetyl-5’-0-pivalyl-B-D-ribofuranosyl)-
30 thiazolo[4,5-d]pyrimidin-2,7-dione (93)
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WD 2005/ 121162 PCT/ US2004/ 018011 (400 MHz, d6-DMSO S 8.37 (s, 1H), 6.91
(s, 2H, 6.00 (m 2H), 5.48 (t, J=6.0 Hz, 1H), 4.91 (t, J= 6.0 Hz, 1H),
4.04 (dd,wo=20d5241626. 0 Hz, 1H), 3.64 (m IH), 3.52 (m PprtiHus204080i5, 3H),
2.05 (s, 3H); M5 (+)-ES [M+H] +m z 385.3. Elenental Analysis calc'd for
C4H 6N407S0.5 CH30HO. 2 CHC13: C, 41.61; HMH4.32; N, 13.21; S 7.56: 5
Found: C, 41.73; H 4.29; N, 12.86; S, 7N -S Exanpl e 44:

5- Ami no-3-(2', 3 -di-O acetyl - (3- Drlbf P) 3Ht hiazol o [ 4, 5-

d] pyri m di n- 2- one (89) Al ternative sy%hoe iclroute A Step 1: Preparation of
5 Antino-3-(2 ',3 '-di-Oacetyl -fr' ofddy anosyl )-3H 10

t hi azol o[ 4, 5-dJpyrirnidi n-2-one (89 oojé\(ﬂar solution of 78 (500 ny) in
acetone (5 nL) was added sodi um phosphaatc@ bukd er (pH =7.0, 0.1 M 25 n),

upon which the_so i on hec 0 e¢) At Candi da
antarctica Ilpggve} tgégl?‘ﬁatoé"soggerfﬂ’}m@\gé[yad Y “fl%eljj?hse uﬁe and the
suspensi on msrz@iﬁb@ﬁ&?@ﬂﬁzbﬂbl(geUtd]yyiﬁﬂ&ihém7 fihe (03) h at room 15 tenperature.
The resulting clear mxture was filtere g ?ng)anrgﬁg sol vent renoved
under vacuum The é&ﬂé‘@ﬂ%er%’mlﬁr?(b%"%e étﬁp QYL 3N PR T R et at e
(3 x 25 rnly aé%?lantd aﬂE%ﬂ&Hﬁdéﬁ%@l%Wﬁ%sQWﬁh&Mﬁ: 1@(¢O@MHQ/%’ED}MZB and

concentrated. T esulting solid coul further purified in manner

simlar to thatl.27desidbi @@&I(brﬁ, Fadps-é. 943m %H)eé 58 (A g =ty B2 451) 4.29

5- Ami no-3-(2', I hi;az0

d] pyri m din-2 édnﬂo}\gi( (%Md}l{) A}\IBF 4!%?)?&%%] §Y|(&d'9 @éldkg%%’ glii) Sof

Pr Ep?r ation ﬂ;é AN 2.06(33H5'1-104¢, S0 MStéV)I—E%[MéH] zrg/k é$5|( @gﬁ}nm[a?s?[@lysw

ri bof uranosy m xture
of 1 (120 5 wrErtubras g e 8 5 R N S BpLs Rdded
tert- but yl gf meghys s3.11yl 5 stlreridm, N 5.442 9, 37. 9 mmol) as a sol ution in DW
(25 mL). TLC analysi’s (20% NeOH CH 13) indicated that reaction proceeded

to -60% conpl eExample ATdi-AnoneB-(2°6Y tditshasetdiSrét-lapr 9il-Dirikafieanpsd- (5. 72 ¢,
37.9 mmol ) was addﬁ)?49%fpyr%d¥1\1‘-f’? Sk |(b4)t he reaction was conpl ete,

wher eupon it thiazo 1one
OH
A =

H,NT N

0

T ~0
)

AcO  OAc
Step 1: Preparation of 5-Amino-3-(2°,3 -di-O-acetyl-5-O-lauryl-5-D-
15 ribofuranosyl)-thiazolo[4,5-d] pyrimidin-2,7-dione (94)
In a manner similar to Example 30, step 1, compound 94 was prepared from
92 and lauric anhydride in 59% yield as a white solid: 'H (400 MHz, de-DMSO) &
11.26 (s, 1H), 6.97 (br s, 2H), 5.87-5.91 (m, 2H), 5.51 (t, /= 6.4 Hz, 1H), 4.36 (dd, J
=12.1, 3.5 Hz, 1H), 4.18-4.22 (m, 1H), 4.08 (dd, J=12.1, 5.9 Hz, 1H), 2.27 (t, /=
20 7.3 Hz, 1H), 2.06 (s, 6H), 1.46-1.50 (m, 1H), 1.17-1.28 (m, 16H), 0.85 (t,J= 6.0
Hz, 3H); MS (+)-ES [M+H]" m/z 583. Elemental Analysis calc’d for CasHzgN4OoS:
C, 52.55; H, 6.49; N, 9.25; S, 5.29. Found: C, 52.58; H, 6.57; N, 9.49; §, 5.38.
Example 48: 5-Amino-3-(2°,3°,5°-tri-O-butyryl-B-D-ribofuranosyl)-
thiazolo[4,5-d]pyrimidin-2,7-dione (95)
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94 WD 2005/121162 PCT/ US2004/018011 was quenched with MeOH (10 nL), and
then concentrated to a brown residue. The residue was dissolved in EtOAc
(800 nl) ,wendo¥hnem2washed with water (3 x 200 nl). Theporgaspeoa/opdvase was
dried over anhydrous Na2SO4-charcoal, and then filtered through a short
pad of SiQ2 to give a solution that was eencentrated to a tan 5 solid.
Trituration of the crude product with Et provided 90 12.41 g (769 as a
white solid: "H (400 MHz, d6-DVMSO S 111\1 050 1H), 6.92 (br s, 2H), 5.77
(d, J= 4.4 Hz, 1H), 5.27 (d, J_5515|z 1H), 4.95 (d, J= 5.9 Hz, 1H), 4.73
(dd, J= 9.9, 5.1 Hz, 1H), 4.11 (dd)@— 1Q.16, 5.1 Hz, 1H), 3.70-3.76 (m
2H), 3.59-3.64 (m 1H), 0.84 (s, H"g¥) ,90X07(s, 6H). 10 Step 2: Preparation
of 5- Arni no-3-(2',3" -di-Oacetyl, 5 -Otes utyl -

di met hyl si l anyl -/J-D-ri bof ur anosyl ) -t R=4zol ofF=P, 5-d] pyriinidin-2, 7-dione
(91) To a honpgeneous sol ution of diol 9&%"(2Z:#44 g, 5. 67 mvol) and Et 3N
(2.37 n, 17. Gygol ML S ABnaa) : 20 (1.06 ni,
11.3 mol) and %I)re})d)a gﬁ (}2@85 %Cejqulé%?l on ;r}‘]b t%gﬁﬁ s stirred 3
h, then 15 coné’éﬁftollczﬁ‘fédl’]a)ndmdﬁr?o?rdtoagf pbhed (Si 2, gradient el uti on, 40-60%

Et QAc- CHC13 ff : 400 M1 z,
d6-DVEO) 5 11 26 (ghg‘l“%gbn;er%‘mg%‘(tg%%m?fe 3%1]7“?@ %9%‘5{}"59\3&*‘8%{@ %‘% 247 28
(m 2H) 6.96 (Brand bugHy anigyddde. Piugficatibf by &lﬁﬁn (:lsrpmaﬂel);l;ap]!fy (3;%54@1% (m 1H),
5.01-5.04 (in, ﬂ(;% g{hé%énd %ﬂulgmn Wlli_fﬁ Etzé héXanes to a%fo{dndawjhlte sbhc{VS 190) ES

[ MEH| + m z 515 reparat |

or5 A?V\lno[z g 2y]1e3d 1HI(4(§DMH@I¢X{5JDMSGI)E)-1£[9 Lo UHREBESYbYs; 2H), 58759|1 (m, 2H), ¢ o1
tltiazolo 0 nngeneous sol ution o
R e LRI SEr R G DS S NN
fl'uoride”in THE.1044d, Jnd-l.z 1457) mm 2. 3Ke3g @@C@H)OFM ![kaﬂdreﬁ{)v\@@zl §t9'1r(ﬁled 16 h,
t hen concentrated and C romatq raphed to afford of a white

solid: 'H (ﬁoo S §-ERBEHE ”YZ_L %%E{e@ien@mnalsﬁwk(’g?or&z W40985€,95 (dd,

J=5.9, 4.4 H, 4. 90
TR AT TS solkDH 55748%(606435-66981?&%«1 é'ﬂb185H45164tN 1?%6632%05'22 o0 (s

q
3H), 2.04 (s, F—BP\?IPIQNB (S+rAmB®-B-KA] .3 -tri- ﬂ-@@tyl [E]Dam’px}feraQﬁSyl)-thlazolo [4,5-

5- Am no-3-(2', et O pival yl -(3-D-ri bofuranosyl) -
t hi azol o[ 4, 5-d ‘““ £‘¥°f‘e§9%ne (93) 95 VO 2005/ 121162 PCT/ U82004/018011

£y
ch,/u\o/\g_\/’

o =<o o\/‘;O
C7H15 C7H15
15 Step 1: Preparation of 5-Amino-3-(2°,3°,5 ~tri-O-capryl-f-D-ribofuranosyl)-

thiazolo[4,5-d]pyrimidin-2,7-dione (96)

In a manner similar to Example 30, step 1, compound 96 was prepared from
1 and caprylic anhydride in a 30% yield as a white solid: 'H (400 MHz, d¢-DMSO) &
11.28 (s, 1H), 6.96 (br s, 2H), 5.87-5.92 (m, 2H), 5.35 (dd, J= 12.8, 6.2 Hz, 1H),

20 4.35(dd,J=11.7,3.3 Hz, 1H), 4.17-4.21 (m, 1H), 4.09 (dd, J=11.7, 5.9 Hz, 1H),
2.24-2.39 (m, 6H), 1.48-1.53 (m, 6H), 1:22-1.25 (m, 2H), 0.82-0.87 (m, 9H); MS
(+)-ES [M+H]" m/z 695. Elemental Analysis calc’d for C34Hs4N4O9S: C, 58.77; H,
7.83; N, 8.06; S, 4.61. Found: C, 58.65; N, 7.92; N, 7.98; S, 4.55.
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OHH NNO O y Acd OAc Step 1: Preparation of 5-Ainino-3-(2',
3'-di-Oacetyl-5 -0 pivalyl-/3-D

ri bof ur anweyb)s/t2inicazol o[ 4, 5- dJpyri i ni di n-2, 7- di one (93) pCm/um20080m11 Si i | ar
to Exanple 30, step 1, conmpound 93 was prepared from 92 and pivalic

anhydride in a 1% e H (40 d O 11. 27
(s, g H, 6.98 ypiip %L)% ‘g%’“g’ey\@é d'(%acﬁﬁyd% Q%ﬁg‘%ﬁwﬁ’?%“@g

4.29 (dd, J= 1Riaiolom£d]b|?n +2 ﬂdlﬁﬁeﬂy(ﬂ%clﬂﬁhdé—{ﬂ};) 4.11 (dd, J= 12. 1 5 1
Hz, 1H), 2.06 (s, 3H), 2.05(s, 3H), 1.13 ( O9H); M5 (+)-ES [MtH +,n/ z
485. El enental Analysis calc'd for Cl9H24N4 689 75 H20: C, 45.82; H, 5.16;
N, 11.25; S, 6.44. Found: 10 C 45 93; H, =Ny, 11.29; S, 6.44. Exanple
47: 5-Anmino-3-(2',3 -di-0Oacetyl-5 -0 1| awsyT™w NDrl bof uranosyl ) -

thlazolo[45d]pyr|md|n27d|one(94 ~O , N OO H23ClI O Acd
OAc Step 1: Preparation of 5- Anai no- 3*(2 ' acetyl -Olauryl-/3D 15

ri bof uranosyl)-thi azol o[ 4, 5-dJpyri rni dI/FI\Z 7- +one (94) In a manner simlar
to Exanple 30, step 1, conpound 94 was prep‘éfPed%Crom 92 and lauric

anhydride in 53?ép)ﬂl E’V@a&&zoﬁoy‘ﬁuﬁiﬁncﬁﬂﬂ”@ dﬂ-b c(cé @SMjZ(NZgﬁ'bm Konylll. 26 (s,
1H), 6.97 (hr s, (m J= 6.4 H, 1H), 4.36 (dd,
J =121, 8. 5LH?1"0£A)ﬂD4? 11108’1”4"@21) /ﬁleOiquw céimeﬂl(i«zfd? 7-giena 71, 5.9 Hz, IH),
2.27 (t, J=20 7.3 17128(m
ory, o (00 ] B shpbaiofordatt e, B maby dind BP0 By Wliol 1T

Anal ysi s cal c' @mmamWBBWQ@QN(IG"rHﬂZ853mmbl)6fmgcsukantmlﬂtﬁte\@,s 5. 29.

Found: C, 52. ngr% 30611]?176?%!3(1 xglﬂ‘fl% tf}i bbt‘f}_" %ﬂ%on@é Osyrﬁ% 3% mmol), and then

5- Ami no- 3- (2 ura
t hi azol o[ 4, 5- dyed ¥ llelq-‘»d’i_?xf‘f-i}n_gtu’m[v@rc_( @ldpd sequentially EtzN (1.40 mL, 10.0 mmol)

10 and Ac,O (950 uL, 10.0 mmol). After 3 h, the mixture was concentrated, partitioned
between EtOAc (200 mL) and water (100 mL), dried over anhydrous Na;SOy,
concentrated, and then chromatographed (SiO,, 80% EtOAc-CHCI3), providing a
white foam. The foam was triturated in CHCl3-Et,O-hexanes to give 1.38 g of
diacetate 97 as a white solid: 'H (400 MHz, ds-DMSO) 8 11.29 (s, 1H), 7.05 (d, J =

15 8.1 Hz, 1H), 6.99 (br s, 2H), 5.91 (d, J= 1.5 Hz, 1H), 5.50 (s, 1H), 4.34 (dd, J =
11.0, 2.2 Hz, 1H), 4.13-4.23 (m, 2H), 3.84 (dd, /= 8.1, 6.6 Hz, 1H), 2.06 (s, 3H),
2.06 (s, 3H), 1.97-2.03 (m, lH) 1.35 (s, 9H), 0.82 (d, J= 6.6 Hz, 6H); MS (-)-ES
[M-HT" m/z 598.

Step 2: Preparation of 5-Amino-3-(2°,3 -di-O-acetyl-5’-O-L-valinyl-3-D-

20  ribofuranosyl)- thiazolo[4,5-d]pyrimidin-2,7-dione hydrochloride (98)

To a mixture of 4 M HCl in dioxane (50 mL) and i-PrOAc was added solid
97 (1.35 g, 2.25 mmol). The resultant solution formed a heterogeneous mixture
within several minutes. After 1 h, the suspension was filtered, washed with Et,0,
and then dried under high vacuum to afford 0.66 g (55%) of a white solid: 'H (400

25  MHz, ds-DMSO) & 11.46 (s, 1H), 8.40 (s, 3H), 7.19 (br s, 2H), 4.46 (dd, J= 12.5,
3.7 Hz, 1H), 4.28-4.44 (m, 2H), 3.85 (s, 1H), 3.68 (br s, 1H), 2.13-2.24 (m, 1H),
2.08 (s, 3H), 2.06 (s, 3H), 0.95 (d, T=13 Hz, 3H), 0.91 (d, J= 6.6 Hz, 3H); MS (+)-
ES [M**-H]+ m/z 498. Elemental analysis calc’d for C;9Hz5N509S+1.0 HCI1.0 H,O:
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96 WD 2005/121162 PCT/ US2004/018011 OH N S1I ~o HZNNNO HCAOO " O
OO C3H7 C,H Step 1. Preparation

of 5- Am now®-2005/1281625" -tri - O butyryl -/ 3D-ri bof uranosyl ) - PCT/US2004/018011
tlziazolo[4,5-d]pyrimdin-2,7-dione (95) In a manner simlar to Exanple 30,

step 1, conpound 99 gwgs shy e%roeﬁofNol"Q zgsla% B@kﬁdﬁd&é%&gﬁo‘i‘em

Purifi catl on by”col armm” Chrémat ogr’aphy )" “and
trituration wi m&wgcoztmspsssxo afforded a white solid in 17% yield: 'H
(400 MHz, d6-DVBO) S 11.27 (s, II—!), 6.97 (br s, 2H), 5.87-5.91 (m 2H),
5.54 (dd, J= 1Exgmpk 3:§FAmipy-3- (21,%ﬂlﬁjblutymel-SiQ-@-vaﬁnyil-ﬂ-ﬁ-anfpramsﬂ)s 4.22
(in, 1F), 4. 8 (m 6H, 1.47-1.59 (m
6H), 0.84-0. 91% aioq%% ﬂé@nﬂgl?l% gémi%dﬁ?ﬁ eég El emrental Anal ysis
calc'd for C22H30N409S: C, 50.18; H, 5. 7% N, 10. 64 S, 6.09. Found: C,
50.18; H 5.64; N, 10.56; S, 6.02. Exa 9,

5-Ami no-3-(2',3 ,5 -tri-Ocapryl-(3- DH;Ni)b anosyl )-thiazolo [4,5-

d pyrimdin-2,7-dione (96) OH H NN NoO DH ,C7r OO O~= O Cr7H' Cr7H15 15
Step 1. Preparation of HaN Oﬁ;

5- Amino-3-(2',3",5 -tri-0Ocapryl-[3-Bri1bofyranosyl) -

t hi azol o[ 4, 5-dJpyrinm din-2, 7-dione” (96) d¢n 7 nanner simlar to Exanple 30,
step 1, conpound 96 was prepared from d%@pryl ic anhydride in a 30%

yield as a white solid: 'H (400 Mz, d6- DVBO®
Step 1: Preparation of 5-Amino-3-(2°,3’-di-O-butyryl-5-N-tert-butoxycarbonyl-L-

valinyl)- -D-ribofuranosyl)-thiazolo[4, 5-d]pyrimidin-2, 7-dione (99)

In a manner similar to Example 49, step 1, 99 was prepared was prepared
from 3 and butyric anhydride as a white waxy solid in 62% yield: "H (400 MHz, de-
10 DMSO) & 11.27 (s, 1H), 7.05 (d, /= 8.1 Hz, 1H), 6.97 (br s, 2H), 5.92 (dd, /= 6.6,

3.7 Hz, 1H), 5.88 (d, /= 3.7 Hz, 1H), 4.35 (dd, /= 11.7, 2.9 Hz, 1H), 4.13-4.23 (m,
2H), 3.84 (dd, J= 8.1, 6.6 Hz, 1H), 2.24-2.39 (m, 4H), 1.98-2.03 (m, 1H), 1.46-1.59
(m, 4H), 1.35 (s, 9H), 0.85-0.91 (m, 12H); MS (-)-ES [M-H]" m/z 654.
Step 2: Preparation of 5-Amino-3-(2°,3 -di-O-butyryl-5 -O-L-valinyl- -D-
15 ribofuranosyl)- thiazolo[4,5-d]pyrimidin-2,7-dione hydrochloride (100)
In a manner similar to Step 2 of Example 49 was prepared the title
compound in a 60% yield as a white solid: 'H (400 MHz, ds-DMSO) & 11.48 (s,
1H), 8.42 (s, 3H), 7.19 (br s, 2H), 6.00 (dd, /= 6.6, 4.4 Hz, 1H), 5.92 (d, /=4.4 Hz,
1H), 5.57 (dd, J= 12.5, 5.9 Hz, 1H), 4.47 (dd, J=12.5, 2.9 Hz, 1H), 4.35-4.40 (m,
20 1H),4.27-4.31 (m, 1H), 3.83-3.85 (m, 1H), 2.28-2.40 (m, 4H), 2.14-2.25 (m, 1H),
1.46-1.60 (m, 4H), 0.83-0.96 (m, 12H); MS (-)-ES [M-H]" m/z 554. Elemental
Analysis calc’d for Cy3H33N504S-1.1 HCI-0.5 H,O: C, 45.68; H, 5.85; Cl, 6.45; N,
11.58; S, 5.30. Found: C, 45.34; H, 5.70; Cl, 6.59; N, 11.62; S, 5.42.
Example 52: 5-Amino-3-(2’,3’-0-carbonyl-5’-0-L-valinyl-B-D-ribofuranosyl)-
25  thiazolo[4,5-d]pyrimidin-2,7-dione hydrochloride (102)
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11.28 (s, 1H), 6.96 (br s, 211), 5.87-5.92 (m 2H), 5.35 (dd, J= 12.8, 6.2
Hz, 1H), 20 4.35 (dd, J= 11.7, 3.3 Hz, 1H), 4.17-4.21 (m 111), 4.09 (dd,
J= 11.7, wW0odsz12116k), 2.24-2.39 (m 6H), 1.48-1.53 (m péifjus2d4@d23011 25 (m
2H), 0.82-0.87 (in, 9H); M5 (+)-ES [MtH +nmlz 695. El enental Analysis
calc'd for C34H54N409S: C, 58.77; H, ov7.83; N, 8.06; S, 4.61. Found: C,
58.65; N, 7.92; N, 7.98; S, 4.55. 9%~ sQOS/ 121162 PCTI/ S2004/ 018011
Exanpl e 50: <] N

5- Ami no-3- (2', 3' - di - O acetyl - 5' - Q¥- V&l ifnyl - (3- D-ri bof ur anosyl ) -

t hi azol o[ 4, 5-d] pyri m di n- 2, 7'9%@& hydpachl oride (98) OH H2N~-"N>~O O
H2N -~ O O Acd, "OAc Step 1: 2Préepﬁra i on

of 5-Ai nino-3-[2', 3" -di - O acet y|<B! -Ofl\lﬁbtert-but oxycar bonyl - 5

L-val i nyl)-AD-ri bof uranosyl ) -t hi azol o[ ¥, 5-dJpyriinidin-2,7-dione (97) To a
suspension of 3 (2.00 g, 4.09 mvol) in°MeCN (10 nL) at room tenperature
was added Et 3Nsteh. 114pbaraforls) sSABhd-3- /2N ORSAHL LAY - O NEML BN Sarb&hiT T ed 30
mn, treated wt di-'?%]rt-bljjot?yl di carb[onate 89?%, 4. 09 rn’r%)?), ar%J(lj t hen
stirred 16 h. Toadinlsfh-sbefresnepléidapéad4.s freidiatd rdieeadMoOL. 40 ni, 10.0

mmol ) 10 and Ac20 0 t ]

conczantrat ed, parti(tﬁ?%rﬁlgth gl%l\%fe@r?% tggéb(%%)oﬁrlr% Wg{ﬁeé%ﬁws‘(apf%%&), dried
over anhydr 6us fiNaP?B0d triplmspaens r athiel solano 54%emeld HHq#G MElzanHaMSOBP 02, 80%
Et QAc- CHCI 3), i di jte. foa oa triturated in

GHCL5- £1 20- hexanas ¢ g & sefy 1o Ty iB bt b3 I PP e e ed: 1

(2 z:{;)o El\)/HS,l c(ig- DN/BQJ_ )5.?-112@1?,1(33,%46#.,51?m,OtiH)(mlzﬂazzll%aﬁ&)lgl:az,(i(ﬂ,lb%,13629,29 Hg hr s,
T 13- 4. 22 0t 3194 % eaa Dot ibeatiod i /s e By s o6
(s, 3H), 1.97-2v083)" (i sd0), 1.35 (s, 9H), 0.82 (d, J= 6.6 Hz, 6H); M5
(-)-ES [MH+ mz 598. Step 2: Preparation

of 5- Ani no- 30 ( 2:Steg'2: dirempregéastof P-Briv@3+(2 vat@-agbomi-SDO-RealiybEtlr anosyl ) -

t hi azol o[ 4, 5-d Lk 0s.2. L disone, hydr ochlar i de.. 98) m xture of 4 M
HC|1 iZn di[oxane%?é]%y%%ﬂ)amgzl Zlégl ﬁ)mgzgl;?daglgé%%?dégg% d%gl(%% g?( g 25 mol ).
The resul tant sol ut Ingmimenshilar thdixemplgdhetaps?, A0k ey mepangd Waspremyedrial

mnutes. After (Lofiah 1€ SHEPLRR! QM08 Rnk, LEBARD) sBSHRE 11! 8126,

7.25 (brs, 2H), 6.13 (s, 1H), 5.88 (d, /= 7.3 Hz, 1H), 5.76-5.82 (m, 2H), 4.39 (dd, J

15 =10.3,2.9Hz, 1H), 3.86 (s, 1H), 3.41-3.54 (m, 1H), 2.01-2.32 (m, 1H), 0.91 (d, J=
7.3 Hz, 3H), 0.85 (d, J = 6.6 Hz, 3H); MS (-)-ES [M-H]" m/z 440. Elemental
Analysis calc’d for C;6H19N504S-1.1 HCI-0.5 H,0-0.75 Et,0: C, 40.21; H, 4.22;
Cl, 7.42; N, 14.66; S, 6.71. Found: C, 41.48; H, 5.08; Cl, 7.16; N, 12.75; S,
5.79.

20  Example 53: 5-Amino-3-(5’-0-(L-valinyl-L-valinyl)-B-D-ribofuranosyl)-

thiazolo[4,5-d]pyrimidin-2,7-dione hydrochloride (104)
OH
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and then dried under high vacuumto afford 0.66 g (55% of a white solid:
1H (400 25 WMHz, d6-DMBO) S 11.46 (s, 111), 8.40 (s, 3H), 7.19 (br s, 2H),
4.46 (dd,wé=0d5212%5162 3.7 11z, 1H), 4. 28 4.44 (m 2H), 3. @86T(w200kl018001 3. 68
(br s, 1H, 2.13-2.24 (m 1H), 2.08 (s, 3H), 2.06 (s, 3H), 0.95 (d, J=17.3

Hz, 311), O. 91({@?’ Pre gr_égﬁé%? %mno—@@—b zs@g M"d'égze 5 00-#98- El enent al

anal ysis ealc 9S 1 98 WD 2005/121162

PCT/ US2004/ 0186mxyc@boﬁy1 L] ink -G i00))- - rlbeﬂtwoswq thiczolg ¥, 5-&/py8midn- Found:
C4152H591 6.64; N, 12.85; S, 5.85. Exanple 51:

5- Ami no-3-(2', ?:' (g%gﬁtyryl-S'-OL-valinyI-[3-DribofuranosyI)-

t hi azol o[ 4, 5- d] pyr |T0ﬂhaerag%edismemwdrmwmm@}l(B(IID)g, QU8 nthdlrartd O O

o 5, At no- 35 (SED& (P o B mpicnt i ERH G st ey mpatign s added

\r/rgln |n 2¥| )SI 'r?1DI- (ra |r p;taf) g;(g'%%{ﬂ),)' ggbxaa&bﬁair{g }ﬁnﬁ]g&}ébumlﬁlnﬂxﬁregwﬁﬂ soifed ( 99) | n ? 3
e are s

and butyric anmmm@era@reaa%tﬁ%cwﬁog 8 F{\{J\‘@ﬁjﬁ SgHURY Vas %e‘i% g@ rgfr?_

10 DVMSO) S 11. 2;3 6P, 8162|'191m013a9c5Df\/g&P 61:16% 8 akizmol}; he fba@t?on(rﬁl&tlﬁe WQSH) 5. 92

(dd, J= 6.6, 3 He, IH, 4.35 (dd, J= 11.7, 2.9

Hz, | H), 4 138tzrr621§0(rwp at@°£ Pl)dt gﬂ’hfnh efdaomjemlﬂgfaiureéf@%quw) 2.24.2.39

(m 4|_|) 8 a a @SS,-an [5; [0) € C1 1 wa I'85 0 91
tm Iy 148 3v9§r (e'&ltT&m'gﬂ)l ,]a é@n ;1'5051%’(1 £d80b €v;bé )ﬁgaédp%ggtolég}]m%hﬂ R

of 5- Ani no- 3- (2(109 mIdl Tl@cbgﬁmmaswasdr@d@wruanwdrwsmlaz&@ P‘i’%é*li@@r“?rdanosyl)
thiazol ol 4, 5- ddRufh Tl Akikats bﬁggga&tgmﬁ%éﬂ@t@ﬂs Q0 1l el sim | ar

to Step 2 of Exanple are e tit oun Inab6 ield as
a white soli d coderftehBal tiveiaticky GolBVBOurgiohof 48 spkd in mq) CHE lxproyided 239-1)8 7.19

(o 200, 600,410 1 1, i oo B2l Byt s, 287
20 1H), 4.23-418%7 SN HL ) 25 &, 88),3.98%dd, 00= 189, 8.12H2 8H,. 4B (b3, 28H))6. 612 14-2. 25
(m, 1Lt 50 8 B3 0 A i st HEE 17, 55
5.85; O, 6.45%3K(m, 3H), 3.76-3.90 (m, 2H), 3.57-3.60 (m, 1H), 1.80-2.06 (m, 2H), 1.47 (s, 3H),
1.36 (s, 3H), 1.35 (s, 3H), 1.29 (s, 3H), 0.77-0.86 (m, 12 H); [M-H]" m/z 653.
Step 2: Preparation of 5-Amino-3-(5'-O-[L-valinyl-L-valinyl]- 5-D-ribofuranosyl)-
20  thiazolo[4,5-d]pyrimidine-2,7-dione hydrochloride (104)
To a mixture of 4 M HCl in dioxane (50 mL) and i-PrOAc was added solid
103 (1.48 g, 2.26 mmol). The resultant solution formed a heterogeneous mixture
within several minutes. After 1 h, the suspension was filtered, washed with Et,0,
and then dried under high vacuum to afford 948 mg (74%) of 104 as a white solid:
25  'H (400 MHz, d-DMSO0) & 11.29 (s, 1H), 8.52 (d, J=7.7 Hz, 1H), 8.06 (br s, 3H),
7.03 (br s, 2H), 5.79 (d, J= 4.0 Hz, 1H), 5.42 (d, /= 5.5 Hz, 1H),5.13 (d,/=5.9
Hz, 1H), 4.71 (dd, J=9.9, 5.5 Hz, 1H), 4.35 (dd, J=11.7, 3.3 Hz, 1H), 4.13-4.22
(m, 2H), 4.06 (dd, J=11.7, 8.0 Hz, 1H), 3.88-3.92 (m, 1H), 3.69 (s, 1H), 2.02-2.13
(m, 2H), 0.87-0.92 (m, 12H); MS (-)-ES [M-H]" m/z 513.
30 Example 54; 5-Amino-3-(5’-0-(L-phenylalinyl-L-valinyl)-B-D-ribofuranosyl)-
thiazolo[4,5-d]pyrimidin-2,7-dione hydrochloride (106)
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11.58; S, 5.30. Found: C, 45.34; H 5.70; d, 6.59; N, 11.62; S, 5.42.
Exanpl e 52: 5-Am no-3-(2',3" -0Ocarbonyl -5 -0 L-valinyl-(3-Dribofuranosyl) -
25 t hi azolvo[2dpBr2tikpyri m di n- 2, 7-di one hydrochl ori de (102rTAS20@02600b6/ 121162
PCT/ US2004/ 018011 OH ~O h HN NN OHZNJ~-IOO 010 O Step 1:
Preparation of 5- Am no-3-[2', 3" - O carbonyl -5' -&& (N-t ent - but oxycar bonyl|
L-valinyl)-/iDri bofuranosyl )J-thiazol o[ 4, 5 rzrnidin-2,7-dione (101) In
a manner simlar to Exanple 49, p 1, 101)\y\/a br@par ed was prepared 5
from3 and triphosgene as a whit Ildl'h 54% i el d: ' H (400 MHz, d6- DVSO)
6 11.34 (s, 1H), 7.09 (d, J= 8.1 Hz gH) 7.081(br s, 2H), 6.12 (s, 1H),
5.83 (d, J=8.1, 1H), 5.67-5.72 {M Irj/b,k04. 4.51 (m 1H), 4.23-4.32 (m
2H), 3.82 (dd, J= 13.9, 5.9 Hz, 1H),°1 94- -(m 1H), 1.34 (s, 9H), 0.81
(d, J= 6.6 Hz, 6H); M5 (-)-ES /EMH] mz 540.° 1 Step 2: Preparation of

5- Ai ni no- 3- (2' Saep-loléamém1 of §-Angn-3v/3l. § rilisopmppyliddpe s HOafb&yt ) -

(220 of & 5 olgyulcabaln T s ARSI e 102N L e i
white solid: 1H]M@GdzMﬂ7dzdﬁe@M§O) 6 11.51 (s 1H) 8.36 (s, 3H) Z. gg (br
?adZH?] 12 E§1((383 ”qrba%%%%i mla@“’égep( %‘?ﬁﬁeézﬂzg@a’%ﬁe‘@% 2.01-2. 32
(in, 1H), O. 9106ﬂp01ﬂ1%11n36$%|3‘261d§s|'4)w1119: Bhd: (lﬁ (49MBE 6 HBM S 41"5!5( -)-ES

[I\/H—l]+ rn/z 440. El enental __Analysis calc’ for C16H19N508Sl .1 HC1' 0.5
H20. 0. 75 Et 20 18): 849-$48 (mpy 1H), 72é2y7 28(m, 4H)43.13§,16 (m, &8), 6§8(@s72.H) p&and: C,

41.48; H, 5.084 &, YH)’L@ 02"&1 JL23 7% ﬁ-I)Rsés%%g (%%011%%@8'(5 195 4.12-4.34

5- Ami no-3- (5' -O (L-val i’ nyl -L-valin ur anos

t hi azol o[ 4, 5- dppy‘ifll)m?éﬁﬁ 9%.(m, tbA 6+2y@r(@cHaHb)r1| We2.04.6a) HpH 46 (d, J=7.3
10 Hz, 2H), 1.17-1.28 (m, 14H), 0.77-0.85 (m, 6H); MS (-)-ES [M-H]" m/z 701.

Step 2: Preparation of 5-Amino-3-(5-O-[L-phenylalinyl-L-valinyl] - f-D-
ribofuranosyl)-thiazolo[4, 5-d]pyrimidin-2,7-dione hydrochloride (106)
In a manner similar to Step 2 of Example 52 was prepared the title

compound in a 74% yield as a white solid: 'H (400 MHz, ds-DMSOQ) & 11.32 (s,

15 1H),8.72 (d, J= 8.0 Hz, 1H), 8.16 (br s, 3H), 7.19-7.28 (m, 5H), 7.09 (br s, 2H),
5.79 (d, J=4.0 Hz, 1H), 5.20 (br s, 3H), 4.70 (dd, J= 5.5, 4.4 Hz, 1H), 4.36 (dd, J =
11.7, 3.3 Hz, 1H), 4.03-4.24 (m, 3H), 3.90-3.94 (m, 1H), 3.09 (dd, J = 14.0, 5.9 Hz,
1H), 2.92 (dd, J= 14.0, 7.7 Hz, 1H), 2.01-2.10 (m, 1H), 0.89 (d, /= 6.6 Hz, 3H),
0.88 (d, J= 6.6 Hz, 3H); MS (-)-ES M" m/z 562.

20  Example 55: 5-Amino-3-(5’-0-capryl-B-D-ribofuranosyl)-thiazolo[4,5-
d]pyrimidin-2,7-dione hydrochloride (109)

OH
xp:
o)
HZN/k\N N
O “LJ
I~ 0
H15C7 ()

HO  ©OH
‘ Step 1. Preparation of 5-Amino-3-[2°,3’-O-(4-fluorobenzylidene)-3-D-
ribofuranosyl|-thiazolo[4,5-d]pyrimidin-2, 7-dione (107)

25 To a homogeneous solution of the 90 (750 mg, 1.74 mmol) and 4-

fluorobenzaldehyde (1.86 mL, 17.4 mmol) in THF was added H,SO4 (1 drop). The
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NNO HNNN HOHZNYNO 0O OHO'COH 100 WO 2005/121162 PCT/ US2004/ 018011
Step 1. Preparation of 5-A nrino-3-[2',3 -0Oisopropylidene-5 -0 (N-tert-
but oxycarnwonyés/eimal i nyl - L-val i nyl)-f -D-ri bofuranosyl JeChiuszeloisbi1

5-d] pyriniidin- 2,7-dione (103) To a heterogeneous m xture of

Boc- Val - Val - re(sﬁ}té:h@ nifctu w8 sBH&P16 hd Q@greuﬁonl-:a%ec(lﬂ‘lta@he@ fo&eﬂBFﬁHEHbﬂ in DCE

(22.5 nmL) at roomtenperature was a ridine . . Upon becom ng
honogeneous, t EondekBel me@dso )sﬁtflbpmzefhdellehcﬁﬂtl 107 @b&r}’ﬁt]@mﬁeh@\t Hr(600 Mid. t hen

cooled to 0 C ar ti-al |l 7.0, 8.62
ol ) and DVAPY Wﬂ%ﬂ ﬁgi“u‘té %@n){\?‘%g?ﬁgﬁre RHuER R Y S o, 052,

m ndat 0C, andzﬂmesr%l(ﬁr fat) romist BNpLAG{suT ), 5.Bhe 41 (xi, UHS SVQJ..SS.G.ZQ(nQV&E)OI’at ed
to dryness, 1 tian wat er 100
m.). The or an ‘g% I&ﬁ':g%t% 83%%%%%‘3%2%&1“@% ent r at ed,

chr omat ogr apheg §|Qﬂ» Lash a0t 4ehelon 1608, to. C and
concentrgt eg toteg sti ?K(cg SO|?T3.A’TI’1I 'Egl.{?a?[ fi%(r)]@%f th%ngg%?e) 5|Or(1: ﬁE}?%X %9?:1%}
provi ded 2. 048D-fgbc(f@1@o}esyé(fth%@0/éi’s5 Hrvinyisired. Vidipse I8 d: ' H (400 MHz,

gg E)'VSS) 13 Hil iﬁl) ( S"(l;(.)yﬁ%ter %éne%&s I%E(,u(réofﬁﬁ)(s%oérhgﬂ%ds%m&ﬁbEtg\? ﬁ?@ ufdd, % To1

(s, 1H), 5, 23- BOQTHI(WH ap MSP()%mgb)rO‘lsmel}l)n MaCNA5 nZL)?PBS(ddO}edEH)ryllG 76- 3 90
(m 2H), 7- G

1735 (5, aify 2y39ghglst il o de ey Bl etibihe bl wpdripl D
Preparati on of ﬁwsmbmnﬁaw(ﬁand@hfdmamdphgd SiO ghaidrept e}lutiqn-4D-60i°/bEmcanosyl ) -
20 thi azol of 4, Y. n'.di drogc. Io i.d T ture of
4 MHCO in di o?gﬂﬂelﬁ agg) gZS?%r)dicoé\)\%ssavg e Ld ﬁ@&&%? ?ﬁﬁ%gbé 2.26
mol ). The r esBllﬂaBt(s SBII) U7t560(ﬂdeD=F gR . aHIzema)wge(tﬂoms o, RIBUH & 2HY7t00i n
several mnutes. Atfer suspensi on was filtered, washed with Et 20,

and then dri ed&§d&D: Fhléﬁs \}gé»ét%(ﬁ f?%)gr@ 978 -0z (1?139/6150? 18w 48, a white
solid: 25 '1H (409.4M3zm, dfy, NSQY, 8- 114,29 145 11326 8827001z, 98), 1.48- Hz, 1H),

8.06 (br s, 3H),

1:47 (m, 2H), 1.20-1.23 (m, 8H), 0.82 (t, J = 5.9 Hz, 3H); MS (+)-ES [M+H]" m/z
549.
Step 4: Preparation of 5-Amino-3-(5°-O-capryl--D-ribofuranosyl)-thiazolo[4,5-
dJpyrimidin-2,7-dione (109) |

20 A mixture of 108 (200 mg, 0.365 mmol) and PPTS (5 mg, 0.02 mmol) in
MeOH (40 mL) was heated to 45 °C for 20 min, concentrated and submitted to
HPLC purification affording 69 mg (43%) of the title compound as a white solid: 'H
(400 MHz, d-DMSO) 8 11.18 (s, 1H), 6.93 (br s, 2H), 5.77 (d, J=4.0 Hz, 1H), 5.35
(d, J=5.3 Hz, 1H), 5.08 (d, J = 6.0 Hz, 1H), 4.67 (dd, J= 9.9, 5.3 Hz, 1H), 4.30 (dd,

25 J=11.9,3.7Hz, 1H), 4.21 (dd, J=12.1, 6.4 Hz, 1H), 3.98 (dd, J=11.9, 6.8 Hz,
1H), 3.84-3.88 (m, 1H), 2.27 (t, J= 7.1 Hz, 2H), 1.47-.150 (m, 2H), 1.19-1.25 (m,
8H), 0.84 (t, J = 6.8 Hz, 3H); MS (+)-ES [M+H]" m/z 443. Elemental Analysis
calc’d for CigHosN4O;S-1.0 H,O: C, 46.71; H, 5.78; N, 11.47; S, 6.56. Found: C,
46.62; H, 6.09; N, 12.01; S, 6.89.
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7.03 (br s, 2H), 5.79 (d, J= 4.0 Hz, 1H), 5.42 (d, J= 5.5 Hz, 1H), 5.13 (d,
J=5.9 Hz, 1H), 4.71 (dd, J= 9.9, 5.5 Hz, 1H), 4.35 (dd, J= 11.7, 33Hz,
1H), 4.18wé.28%/12vp 2H), 4.06 (dd, J= 11.7, 8.0 Hz, 1H PcSu&&a(ﬂ/oQ@dm 1H),
3.69 (s, 1H), 2.02-2.13 (in, 2H), 087092(m12H) MS (-)-ES [MH -
nr/z 513. 30 E)iﬁﬁmp?e (I -Am1no-3 E’.’ ,3%, 5’-tr1—0—acet 1- —D-rlbofuranosyl)-z 3-

5- Am no-3-(5' -0 (L- phen aliny valn ri bof ur anosyl) -

t hi azol o[ 4, 5- djdpl;bfdirmtumlm;ﬁ-cﬂpmrelmyarm)cwlwnpﬂesu(fme)icm%temmo)05/ 121162

3

PCTI US2004/018011 OHA N 5i I "mo H2ZNNN HOHNNO OHO 'OH Step
1: Preparation of 5 Amno-3-[2',3 -Ci ropylidene-5 -0 (Ntert-
but oxycar bonyl Lphenyl al i nyl - L-val i nyl | -D-ribofitranosyl J-thi azol o[ 4, 5-

d] pyrimdin-2,7-dione (105) 5 In a man simlar to Step 1 of Exanple 52
was prepared the title conpound in a°645/oy| eld as a. white solid: 1H (400
MHz, d6-DVMBO) 3 11.24 (s, 1H), 8.00w 1H), 7.22-7.23 (m 411),
7.13-7.16 (m 1H), 6.98 (br s, 2H),y By N 6.87 (m 1H), 6.02 (d, J= 3.7 Hz,
1H), 5.25-5.28 (m 1H), 5.06 (s, 1H) 4.12-4.34 (m 411), 2.88-2.94 (m
1H), 2.66-2.75 (m 1H), 1.97-2.04 , 1.46 (d, J= 7.3 10 Hz, 2H),
1.17-1.28 (m 14H), 0.77-0.85 (m ; (-)-ES [MH + nmz 701. Step 2:
Preparation of 5-Am no-3-(5 -O[L phedmyl Bhd nyl -L-valinylJ-[3-D

"1 bof uranosy! ) i a2l g SpdpY L bdl Nz b A0S dyliREbl gt e (106) Ln a

manner simlar St'e are compound in
a 74%yi el d3as dﬁvmmdle-7s(é+tbl@lene3:zkﬁ/’o(1ﬂ@@;)m=dm,e (HE)) DMSO 6 11.32 (s 15 1H),

572 (0,770 0 P oA son Gl el f B oy,
111), 4.36 (dd ,DMAP (3L4m§ 0.828mhiv)) ahtihe lZEAO@)-% 128, 1( T(]’lntl‘)i)wereBadan 3I‘c94 ( m »
2 012 10 (m 199 TgByag ped Fg R I T, | o i gy v
(-)-ES Mr m z %B@&ne fifth of one equivalent every 40 min. The progress of the reaction was
10 monitored by TLC. After 3 h most of the starting material was consumed. The
crude reaction mixture was passed through a silica plug, concentrated and purified
by flash column using 25% ethyl acetate in chloroform. The product was dissolved
in ethyl ether and upon the addition of hexanes compound 16 (190 mg, 0.32 mmol)
precipitated as a white solid: "H NMR (400MHz, dg-DMSO) & 8.00 (d, J = 8.0 Hz,
15 2H), 7.47 (d, J= 8.0 Hz, 2H), 7.35 (s, 2H), 5.97 (d, /= 4.0 Hz, 1H), 5.86 (m, 1H),
5.52 (m, 1H), 4.35 (m, 1H), 4.24 (m, 1H), 4.08 (m, 1H), 2.43 (s, 3H), 2.05 (s, 3H),
2.04 (s, 3H), 1.97 (s, 3H); MS (+)-ES [M+H]" 597. Ry= 0.65 (75% Ethyl acetate-
CHCIls). Elemental Analysis for Co3Hy4N4O1;S: cale’d: C, 46.30; H, 4.05; N, 9.39;
S, 10.75. Found: C, 46.54; H, 4.27; N, 9.19; S, 10.44.
20 BIOLOGICAL TESTING

The ability of compounds of Formula I to demonstrate favorable oral
delivery characteristics and to induce immune responses when administered by a
selected route was readily demonstrated in experiments in mice and beagle dogs.
The results of such measurements for compounds of Formula I dan be compared
25  with the results of similar experiments with compounds described in the literature

referenced in the present disclosure (e.g., U.S. Patent Nos. 5,041,426 and 4,880,784)
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20 Exanple 55: 5-Ami no-3-(5' -0Ocapryl-[3-D-ribofuranosyl)-thiazol of 4, 5-

d] pyri mdin-2,7-di one hydrochloride (109) OH HzN NN-O O H'C O HO bH
Step]: Prepaovevizos20f 5- Amino-3-[2 ;3" - O(4-f| uor obenzy lpcaarse)o4/08s0Dx

ri bofuranosyl J-tl zi azol o[ 4, 5-dJpyrim din 2,7-dione (107) 25 To a
honpgeneous so |td>‘felv@zﬂ tl‘iBc advi1RagR0 of Fu it 1coﬁapglﬂldmh YesBO td¥pharmacokinetic

fl uor obenzal dehyde (1.86 nL, 17.4 nrnol) in THE was added H2S04 (1 drop).
The 102 WO 20@5912126111‘6‘23%108‘2’@9%@18011 resultant mixture was stirred 16
h, whereupon apt f aQr, r.at j.on afforded 360 nmg (49% of
benzyl i dene ace] ﬁgljigéﬁ@tsd?%ﬁqgﬂ@vﬁgem@l&% ¥ d6-DMSO) S 11.24
(s, IH) 7 96 8. 00 (fhe ndrhfpl mauss@fomcﬁ:zaﬁxmfulzyatem?oraﬂe FssRBmbilof (1 gred. 96 (br

S, 3954 (m,111), 5.01-5.04 (m 5
1H) 4 12 4: 17%‘{ PH%% e ln?nﬂéf‘sée?gpbt’%\?er%‘ﬁ}’fov ﬂﬁﬁﬂﬂtsnlff%qq}ﬁphwh%%sl Step 2:
Preparati on of HelVary6f BadaboribBiey, Hdténfyl da@bﬂé)ﬁezsmel tﬂ@ﬂ@haﬁ:on%ﬁw&%y /3-
D-ri bof uranosyl J-t hi azol o[ 4, 5- dJp %I’I m di_ n- di one (10}\%

het er ogeneous QRS agsing fFomozg@ Wﬁ“St’@“@O‘BﬂPW prodmug(y l{tZﬂFBﬂl?L 2. 00
ol ), and Dm%xt@%ﬁ&mngmgﬂ)giwﬁkgeafcﬂ cMRfded B B o¥@shad féﬁféle@?egé%ﬁ
anhydride (180 uL, 0.605 ol The reaction m xture s stirr 16 h

wher eupon it wasitablsferemeasariegihe ieyels BF pisslerarainhn caytingof injeragtirefircting ut i on
40- 60% Et of 108 as a white solid: 1H
(400 MHz, e D(l\(:’/hls%)ﬁawsd‘“%%(‘P{E’lglogQ A ltlégwl%ﬁ%g?}] J=8.4, 6.2 Hz, 2H), 7.25
(dd, J= 9. 2, 8.8 HzWeldye us%d(ﬂ& mirhre sgster k) g sebied éf e(xﬁernﬂ.dﬁs thax. dQl?lo(lﬁr,atelll),
5.39 (d, J= 7. , 4.14 (dd,
J=11.4, 7.7 ,"‘%ﬁ}‘? “”‘%6 S?er °§i§v7a(1 gs]afﬂ?m“%‘j]hc“ialh%“er%m&‘fgs(pﬂ?s 2H)

1.20-1.23 (m 8llrﬂ)stanﬁal&2inﬁ)tovecﬂ evdi 11t tagultisdfrom MBmlrmttratién o\l ibind itelf 549. Step
4. Preparat| on of 5-Arnino-3-(5 -Ocapryl-/3Dri bofuranosy@? t hi azol o[ 4, 5-
dJpyri ni di n- 2, 7- di ofeblg 159prds Greesyitx of fresey fapBuiiEgaterigron elpBsm throl ) and
PPTS (5 ng,150. QRskwet ﬂ‘uc'e 'ﬁlat %Qﬂogéb%wnemhhﬁ%ﬁﬂwt RnfwlatEa (T 20 mn,

concentrated and subm t
bicarbonate, at a level of 50 mg/kg by the oral route. It is evident that no interferon

was measurable even when the dose was repeated after an interval of four hours.

Table 1
Interferon Alpha (Mu-IFN-o) Plasma Concentration (pg/mL) in Mice
20 Following Two Oral 50 mg/kg Doses of Isatoribine 4 Hours Apart
Time, h Individual Value Mean SD
First Dose
0.00 BQL” BQL'#® BQL* 0.00 0.00
0.03 BQL® BQL*? BQL® 0.00 0.00
0.08 BQL® BQL* BQL® 0.00 0.00
0.25 BQL BQL* BQL?* 0.00 0.00
0.50 BQL% BQL* BQL® 0.00 0.00
1.00 BQL® BQL* BQL* 0.00 0.00
1.50 BQL'® BQL” BQL* 0.00 0.00
2.00 BQL* BQL™ BQL* 0.00 0.00
3.00 BQL* BQL* BQL* 0.00 0.00
4.00 BQL® BQL* BQL* 0.00 0.00

Second Dose

4.03 BQL* BQL* BQL* 0.00 0.00
4.08 BQL% BQL® BQLY 0.00 0.00
4.25 BQL* BQL” BQL* 0.00 0.00
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HPLC purification affording 69 ng (43% of the title conpound as a white
solid: 1H (400 MHz, d6-DwvsO) 8 11.18 (s, 1H), 6.93 (br s, 211), 5.77 (d,
J= 4.0 Hzawo2bi5121235 (d, J= 5.3 Hz, 111), 5.08 (d, J=p6T@Skms/0iddy1 4. 67
(dd, J= 9.9, 5.3 Hz, 1H), 4.30 (dd, 25 J= 11.9, 3.7 Hz, 1H), 4.21 (dd, J=
12.1, 6.4 Hz, 11-1)s503.98 (%50 J= 1@ 975 6.8 IﬂQLSO 1H), 03)084 3.8%0(m 1H),
2.27 (t, J_I7—l)1HZ ;—D ;—09150 Ao2H) %91|25 5(} 811940 PSg ]gt
J=6.8 Hz, 3 VS ES + nz 34543 nt a ysis ,galc or
CL8H26NAOTS' | . 0 Hzé(sgc 46 f’i&%’? @Q’ges Fouhld: ¢
46.62; FI, 6.09; N®%2 01; Blg. 89 B?:b%V\D 285/ 121162) BT US4/ 018011
Exarrpl e 56: (5- Ani i78B- 3- (2' BQ§~ 5' -t BAO acet @QL 3- D-ri%8f ur ands¥l ) - 2, 3-
di hydr o-t hi azol o[ 4,880dj pyrlBﬁIél’l n- 7- ALt ol ue®@LA- sul f 990 c aci d-@ster (110)
orso N S> H, N~-NNsQL"- Bblow EleACED ARG m DL 8o/l
5-Arnino-3-(2',3 ,5 -tri-0acetyl -, 6-D-ribofuranosyl)-thiazolo[4,5- 5
dJpyri m di n-7-(4-tol uenesul f onyl oxy) - 2-one (110) Conpound 25 (250 ng, 0.56
mol ) was di ssol vedTable CHRGAR thekOsuitk pf @seys fdaMARing Jutérfertn alfh4izhenmol ) and
the TEA (0.24 , 1.70.mn wer e adde this xture wa
hddedp. t ol uene SIS RETIEHI 058 Vg bidteoraighs Ne e DeRTofer WFe one
fifth of one equicdalr@RtwigMedtyriAk, Mrulafden PaB6 RS a0f leldlof sE@skion was 10
nonitored by TLC. After 3 h nmost of the starting material was consunmed. The
crude reacti onUHPSRIOR WasvsBonRdde thy Plaspa digh QushicP dacipiingtvotbidedt r at ed and
purified by flasResdewiBarteaidgeRadaskhyll Reaak tepofte €l thik 0fRFiMentThe
product was dissolved in ethyl ether and upon the addition of hexanes
conpound 16 (19Gta¥gW. end3be repeited intsrferen fivelatvser nok copsigfsntureppnteddfor ally NVR
(400M+Hz, d6- DME(). @hc@ a%gss@&jat e;.ch‘tnﬁe Ef))ﬂﬂz suggéstlay}hat ‘&méymé‘g}s iy b8 aglfms 2H)1
7.35 (s, 2H), 5.97 J= m I11), 4.35
(m 1H), 4104 @rsing mwa@selpmtnqaﬁ)thelgwadm(n@ofﬁﬁ)assaz 05 (s, 3H), 2.04 (s,
311), 1.97 (s, 3H; M5 (+)-ES [MH + %IR} .65 (75% Et hyl acetate-
CHCI 3). Elemental Analysis for C23H24 9%s calc'd: C 46.30; H 4. 05
N, 9.39; Interferon Alpha (Mu-IFN-a) Plasma Concentration (pg/mL) in

Mice Following One Vehicle Dose and One 50 mg/kg Dose of Isatoribine

4 Hours Later

15
Time, h Individual Value Mean SD
First Dose
0.00 BQL* BQL'® BQL®? 0.00 0.00
0.03 BQL™ BQL™ BQL*"? 0.00 0.00
0.08 BQLY BQL* BQL™ 0.00 0.00
0.25 BQL* BQL®? BQLY 0.00 0.00
0.50 BQL* BQL™ BQLY® 0.00 0.00
1.00 BQLY BQLY BQL'® 0.00 0.00
1.50 BQL> BQL'® BQL* 0.00 0.00
2.00 34.9 BQL? BQL* 11.6 20.15
3.00 BQL* BQL* BQL% 0.00 0.00
4.00 BQL* 35.4 BQL'® 11.8 20.44

Second Dose

4.03 BQL* BQL* BQL* 0.00 0.00
4.08 BQL% BQL* BQL* 0.00 0.00
4.25 BQL® BQL? BQL” 0.00 0.00
4.50 BQL'® BQL* 133.2 44.4 76.90
5.00 74.9 BQL* NR 37.5 52.96
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S, 10.75. Found: C, 46.54; H, 4.27; N, 9.19; S, 10.44. 20 BI O.OG CAL
TESTI NG The ability of conmpounds of Fornmula Ito denponstrate favorable oral
del i very wbanekersesti cs and to i nduce i mmune responses porars2@dmisi st er ed
by a selected route was readily denonstrated in experinments in mce and
beagl e dogs. Thesg esul t sg@P*such measur enengg.>f or conpaunds of oor mul a |

can be conpared 2& W th thg ¥ esul tggef simlggrexperingats W thogenmpounds

described in the7 |teratu % referepeced in thepresent,djsclosupg,(e.g.,

U S. Patent Nos. 041,42& and 4, 880, £84) MO 20052' 21162

PCTI US2004/ 018013% t 0 revBRY t he adihnt ag : 8% with
respect to phar n¥&okPret FlevatedQugntippie FRiEOtRE M ¢ properties. Interferon

Al pha (M- FN- (x)R GHtheesiefat i ons in M ce The nornmal nouse provides a usef ul
system for the assessnent of the degree 5 to which the inventions

descri bed herei n priablderenerde the atsultnpiassagsrfonmurrine tritwefeormadlphadethevery of 1
(isatoribing). Not only can on asure .t.he. pl as concentratigns_.of
satori bi ne ar PRrRESR PR PR SanR dRab vt B PeP P Re SO halTRe pue

al so the ext entsi doge thaniy aq@livdént & 50/mgkgothatodbideicn tholan bidhe It agiderhas

provi ded reagents.  suitable for nmeasurin he |l evels of jnterferon al pha, a
cyt oki ne of i nﬁ@?’@?ft%’fo&fwaéé‘?aldﬂ mfﬁsubam;e %?'Ottlwgr’&g OPgdal’giéo(P%cé’irsc&%Eti Vi ltoi es
01;1 [ sgt ori bi nedosié. Eﬂvﬂ%wﬁ aﬁs aétectwh:anmiaeye&&a@ea ilt?l gav@lern:lee@imjinejmmrgi ;rent S

t hat denonstrate that the, 5 -valine ester of 1 (val-jsatoribine
elicits an int BefreRbHty %@B%ﬁfgeét ?@Bﬁg’tgé’ﬁ{'ﬁsaatﬂﬂi}n? ?Fé’i“B\?&%POBv l?ustaﬁﬁ’tgPer esul ting
from adm nigt r gdhiaRuSion FILOKAEHIR WisS@pdrior IadHher dlsih @6 86d%r b Rpedteul ts of
an assay for nmurine interferon alpha in the 15 plasm of nmice that were
dosed two ti nedosgiof §2tesliN®ri bine, fornulated in bicarbonate, at a |evel of
50 ng/kg by the oral route. It is evidgnithat no interferon was

nmeasur abl e even when the dose was repeat ed after an interval of four hours.
Tabl e 1 Interfer gnaghpOandeitiatibdpmb) eftiter fopoue AlghaaMwIFX-ogiMlicel N M ce

20 Following Two Oral SRoloeikga DRSRS730f mbkaDesé b via-Katblpine Apart  Time, h
| ndi vi dual ;¥al ue Mean SD First Dose 0.00 BQL50 BQL125 BQL50 0.00 0.00

0.03 BQ‘ZS Bmm U. VU U. Ufdividual value Mean SD
0.00 BQL BQL'* BQL* 0.00 0.00
0.25 BQL BQL BQL 0.00 0.00
0.50 BQL? BQL* BQL 0.00 0.00
0.75 BQL BQL BQL® 0.00 0.00
1.00 173.2 125.1 89.0 129.1 42.24
1.50 202.9 145.9 294.8 214.5 75.13
2.00 49.2 137.9 138.3 108.5 51.33
3.00 BQL® NR NR 0.00 0.00
4,00 BQL* 27.6 BQL 9.20 15.90
5.00 BQL BQL* BQL® 0.00 0.00

BQL - Below the Quantifiable Limit < 12.5 pg/mL
BQL" - Below the Elevated Quantifiable Limit < n pg/mL
NR - Not Reportable

20 The data tabulated in Tables 1, 2, and 3 may be also considered from the
point of view of the incidence of measurable interferon levels. Interferon was
detected in the plasma of only 4 of the 114 mice used in the studies of isatoribine,
whereas 10 of the 30 mice dosed with val-isatoribine had detectable interferon in

their plasma. Thus, the prodrug increased the proportion of mice exhibiting an
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0.08 BQL25 BQL25 BQL25 0.00 0.00 0.25 BQL50 BQL25 BQL25 0.00 0.00 O0.50
BQL25 BQL25 BQL25 0.00 0.00 1.00 BQL25 BQL25 BQL25 0.00 0.00 1.50 BQL10
BQL25 BQLRE 20080Q116200 2.00 BQL25 BQL75 BQL25 0.00 0. 00pc3aB3000BQusds BQL25
BQL25 0.00 0.00 4.00 BQL25 BQL25 BQL25 0.00 0.00 Second Dose 4.03 BQL25

BQL25 BQL25 O. 25 BQL25
5%25 0.060 0. ogger%%@%ﬂ%gﬁ%ﬁg@ggc%dﬁ%%gﬁ %%g%%fgp%? égg%é?% Bleq? 5
BOLS 0. 00 0. 00p&kOepBBes7aBRCEAs@UWSHId. 00 0. 00 5.50 BQAL37.5 BAL37.5
BQL37.5 0.00 0.00 .00 BOLso BOL413 7.5 0.00 0.00 7.00,B0.5 BOL5 BQL5
o-qﬁo 0.00 8.00 BQ_]% C%&ﬁ’g’%%%f%% ?565‘%8%%6’“%&‘%@6 2SR {%VEF“’ s B

Quantifi abl e Lighdured il nP@/ tHkt-weleddsed Rith @aritimhe bl eheliftfdvbiiciis @dutqasd@ys for
mari ne integferon al pha in the {)Iﬁs of .m ce . that first re dosed with
bi car bonat e and'tHEV T B chgted fodheleveieolysatest IgprEgrpy algng ayising

i satori bi ne, f afidfkAb@dinishatibCAH VAP MAtRibIM! These A lareumafdrid®H ik Figukdt er f eron
was reported in the plasma fromfour nice, including two that had received

t he bi car bonat & WusHiggredt §ezident gt thedevelsf iderferendphagadycad brp@l Wiper i ment

vere |low, and {heribRPervhEdath™ ?JE fj@rﬁ%/ﬁ {se%abiSe W lE cRYa1GONPdsSikiti-ky reported
for all three mce assessed at eac %I rnepoi nt,, suggesting that these

signal s may bethat frpm dttagenogs Hptosbing (fivaby)rag a5 ekge Ahun et valhwtdrhiver |imts

T o T s T

| satori bi ne 4obiswved aftertintravé®pus administration of isatoribine itself.

Beagle Dog
The effect of a prodrug (val-isatoribine, 3) on the systemic exposure to
isatoribine (1) after oral administration to beagle dogs was investigated. Isatoribine

15  was prepared in sodium bicarbonate solution. Val-isatoribine and isatoribine were
prepared as the following formulations, which were chosen to ensure solubility:

Formulation 1: Isatoribine in sodium bicarbonate solution, 1 and 4 mg/mL.
Formulation 2: Val-isatoribine in phosphate buffered saline, 1.62 and 6.48
mg/mL, equivalent to 1 and 4 mg/mL of isatoribine on a molar basis.

20 Four male and four female adult beagle dogs weighing between 15 to 27 kg
and approximately 1-2 years old were used at the beginning of the study. The
animals were divided into 2 groups of 2 males and 2 females each. The test material
was administered by gavage on Days 1 and 8, allowing a 7-day washout period
between administrations. Blood samples (2 mL) were collected from each animal at

25  predose, 15, 30 minutes, 1, 2, 3, 4, 6, 8 and 10 hours into lithium heparin tubes after
each dosing. The plasma was frozen at —70 °C until analysis. The plasma was
analyzed for isatoribine by an HPLC-MS/MS assay.

The pharmacokinetic parameters for isatoribine arising from isatoribine or
val-isatoribine in each dog are summarized in Tables 4 and 5. The ratios for the key

30  pharmacokinetic parameters defining the maximum concentration (Cmax) and total
exposure as measured by the area under the time-concentration curve (AUC) for the
prodrug and the bicarbonate solution at the 50 mg/kg dose are summarized in Table

6. For the prodrug 3, the Cmax ratio was 2.98 + 0.695 and the AUC ratio was
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Time, h Individual Value Mean SD First Dose 0.00 BQ.so BQ.10 BQ.62.5 0.00
0.00 0.03 BQS5 BQ50 BQAL3''S 0.00 0.00 0.08 BQso BQ50 BQL50 0.00 0.00
0. 25 BQL5wOR@®B2162BQL50 0.00 0.00 0.50 BQL5 BQL50 BQLPCOa30003/0011 1. 00
BQL5 BQL5 BQL10 0.00 0.00 1.50 BQL5 BQL100 BQ@.5 0.00 0.00 2.00 34.9 BQ.25
BQL25 11.6 20.0143 + 84849 Bfh2ksBRindcabhant 80 81/K3.dOk, thé pofirR¥aB5 35. 4 BQL100
11.8 20.44 Second Dose 4.03 BQ2 5 B B 5 0, 00. 0. .4.08 BQL25 BQL25
BQL25 0.00 O. owtorﬂ?}wrwezi@“hﬁ%”%bﬁ%%g%%é £Fsgter %P%Yﬁ‘a%&%%“sq_zs 133. 2
44.4 76.90  5.;000FfnSn BRLSoNR: 3futhn52. 96 106 WO 2005/ 121162

PCT/ US2004/ 018011 5.50 BQL250 BQL75 BQL25 0.00 0.00 6.00 BQ.25 BQL75
BQL25 0.00 0.00 7.Tbe 480k 50 tREmx BALC forde: wodog tethe bicgbppte RNytPs BQL25
0.00 0.00 BQ.' 5 | o v le@ LHI. < - Not
report abl e.5 TaBTtgeESPg}(I:K&% ge E?}hg&?esu ?gﬁg %@s%?%%?dﬁ%’ﬁﬁghﬁﬁggﬁf eron

al pha in the Syv{l2asie0.049 ariddke AHGrativewss d¥%e0.589.aThepe wislts indi¢atd &altabr i bi ne,
di ssol ved in bicarponate at._ a _dose that_ is..equi yval-ent / kg of

i satoribi ne oﬁodngé& g‘?seb%{%Pré)qmlgtvaﬁgaetgr\}l?laee%rt&ld? ‘ﬂ%@ﬁﬁ%n et faégg%g{me/grg readily
measur abl e at Blodailbility thhnFsateeibins in binatbéhal dobutios. af t er  dosing. Interferon
was detected in all mce assayed at a givep tine ‘goilnt, i ndi cg{%i n t he
reliability of the T&psdeamudmimgergniations ehisdriErmehgcd HiSE PRLESEE. Thus a

single 10 gAm pi stiat hQBleaf and@he dySBh R dxpbsie: 1¥aRIFBRLAI @hatRdBj t her a single
dose or a repeated dose of isatoribine. | o
approximately 2-fold following oral administration of the prodrug val- isatoribine,

compared to isatoribine itself, at both 10 and 50 mg/kg dose.

Table 4
15 Pharmacokinetic Parameters of Isatoribine in Dogs dosed at 50 mg/kg
Dosing Period 1 2
Formulation Isatoribine Val-
isatoribine
Animal Number Dose, mg/kg molar 50 50
equivalent isatoribine
Dog 3517322 Cmax, ng/mL  3038.7 11741.5
Tmax, h 0.50 0.50
AUC(0-inf), ngh/mL  15227.0  33038.1
Tin, h 6.4 2.4
Dog 3521451 Cmax, ng/mL  3354.0 10652.1
Tmax, h 1.00 1.00
AUC(0-inf), ngth/mL ~ 9422.2 26552.7
Tin h 1.9 1.6
Dog 3528707 Cmax, ng/mL  §915.3 20340.6
Tmax, h 0.50 0.50
AUC(0-inf), ng'-h/mL  29701.7 53273.0
Tin, h 2.2 2.3
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Tabl e 3 Plasma Concentration (pg/nL) of Interferon Al pha (Mi-IFN-(Xx) in
Mce Followng a Single 73.0 ng/ kg Dose of Val-Isatoribine 15 Tinme, h

i ndi vi duavoVadsmei1idean SD 0. 00 BQL BQL125 BQL25 0. 00 0. @0T/U32@a/080L1 BQL BQL
0.00 0.00 0.50 BQL25 BQ25 BQL 0.00 0.00 0.75 BQ BQ. BQ.225 0.00 0.00
1.00 173.2 125.1 89.0 129, g$4§824 1. 50md0de, 14249 2945087.214.5 75.13 2.00
49.2 137.9 138.3 108.5 51 33 .00 BQAL25 NR.NR 096 0.0Qs50 4. 00 BQL25 27.6
BQ 9.20 15.90 5.00 BQL Bq_25 BQ_Q%ECQ ‘%OlgmeLO 158637 - BRkpyv the
Quantifiable Limt < 12.5 pg/nL B 1 { he Bl evat g¢ Quantifiable
Limt <n pg/nL NR - Not Reportable 20 The”déta tabul ated in Tables 1, 2,
and 3 may be al so consideredfromthe —peoeint—oef—ewoef—the—inci dence of
nmeasurabl e interferon |l evels. Interferon was detected in the plasna of
only 4 of the 114 mice used in the studies of isatoribine, whereas 10 of
the 30 mce dosed with val -isatoribine had detectable interferon in their
pl asma. Thus, the prodrug increased the proportion of mce exhibiting an
107 WD 2005/121162 PCTI US2004/ 018011 interferon response from4%to 30 %
and the magni tude of both the average and peak response was increased
twofold. In other experinents, plasma | evels of isatoribine and interferon
al pha were neasured in mce that were dosed with isatoribine by the

i ntravenous route, and 5 these | evels were conpared to the | evels of
isatoribine and interferon al pha arising after oral adm nistration of val-
isatoribine. These data are sunmarized in Figure 1. In this figure it is
evident that the levels of interferon al pha induced by oral val-
isatoribine ("val-isator") (at 50ng/lcg isatoribine nolar equival ent) was
simlar to that fromintravenous isatoribine ("isator") at 25 ng/kg. Thus,
oral val-isatoribine
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10 provides levels of isatoribine and interferon that are approximately 50%
of those observed after intravenous adm nistration of isatoribine itself.
Beagl e Dogobhes/eifeect of a prodrug (val -isatoribine, 3)pomush@ssystien c
exposure to isatoribine (1) after oral adm nistration to beagle dogs was

i nvestigated. Isatoribine 15 was prepafﬁﬁkgl1 sodi um bi car bonat e sol uti on.
Val -i satori bine and isatoribine were prepared as the foll ow ng

fornmul ati ons, whi Ehanei@kiledis @ardmetenl [Rtcdibdin Ddgs DosDatmolmg/ken 1.

| satori bine in sodium bi carbonate solution, 1 and 4 ng/nL. Fornulation 2:
Val -isatoribine in phoSphate bufferee.salptflg, L- 64 and 6.48 ng/ni,
equivalent to 1 and 4 ng/nL of isatoribine on a nplar basis— 20 Four nuale
and four fermale adult beagle dogs wei §HT¥§obet Estmibns t oV®7 kg and
approximately 1-2 years old were used at the begi nni ngs@drividde study. The
animals were divided into 2 groups—ef2males and 2 fenmales—each. The test
material was adnini stered by gavagBoerrefsagear1 and 8, al fdwing a 7-day
washout period between Aaghw Mindtrr atequdvaignt isBbrdael sanpl es (2 nL) were

coll ected from each amrmat—at—25 predose, 1530 nmmnutes,—1,-2, 3, 4, 6, 8
and 10 hours into lithium heparin tubes after each dosing. The plasma was
frozen at -70 C until anBP8AS¢423 The pl o9 s ALY yzedf%%6r i satori bi ne by
an HPLC- M5/ M5 assay. The pharnmacoki netic parametarg for gssatoribine arising
fromisatoribine or vaI-isatoribinqﬁgn, ach doq are summarized in Tables 4
and 5. The ratios for the Icey 30 ‘DHAFRBERMet T Par aft¥érs defining the
maxi mum concentration (Chmax) and total expdkwhe azl neasuted by the area
under the tinme-concentration curve (AUC) for the prodrug and the

bi carbonate solution at_the 50 ngy/kg dose are sunmarized in Table 6. For
the prodrug 3, the Cmax ratio was 2.98 0.695 and the AUC ratio was 108 WO
2005/ 121162 PCT/ US2004/ 0&3%ds4022. 38 d Qofh@Sgmihefeo 4 esulduso i ndi cate that at
50 ny/ kg dose, the prodrug val- isatoribine provided substantially higher
Cnmax and greater bioavailability than isat8ribi dd% n bi'®rbonate sol ution.
The ratios for the Crax and AUC f orAudaeinfymgtimug 17044 he ibsssar bonat e sol ution
5 for the 10 ng/l-g dose are sumari zed in,ﬂgple e For %ge prodrug, the
Cmax ratio was 2.24 f 0.249 and the AUC ratio was 1.82 f 0.529. These
results indicate that at 10 ng/ kg dose, the prodrug val -isatoribine
provi ded higher Crax and greater DbioavailabiTity than isatoribine in

bi car bonat e sol uti on.

Dog 357450 Cmax, ng/mL.  1620.3 4228.7
Tmax, h 0.50 1.00

AUC(0-inf), ng'h/mL 43873 11158.0
Ty, h 1.5 23

Dog 354708 Cmax, ng/mL  2781.2 5784.8
Tmax, h 0.50 0.50

AUC(0-inf), ng'/mL ~ 7522.1 12259.1
Tywh 16 2.0
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Thus, the maxi mnum concentrations of isatoribine achieved after oral dosing
10 are at | east doubled, and the system c exposure to isatoribine is
enhanced Wy 20@ppRiwz2i mately 2-fold foll owi ng oral adm ni traiscea/oedo1t he
prodrug val - isatoribine, conpared to isatoribine itself, at both 10 and
50 ngy/ kg dose. Table 4 15 Pharmacokinetic Paraneters of Isatoribine in Dogs
dosed at 50 ng/kg Dosing Period 1 2 Fornulation |Isatoribine Val-

i satori bine Aninmal Nunber Dose, ng/kg Pablleé 50 50 equival ent isatoribine
Dog 3517322 / 303 7 11741, 0.50 AUC(O0-inf),

ngh/ nL 15227%’63"3 P%L"FE?“? g tig ] 3r%%er5£3‘a§§§&%'fqhﬁi05%@% melka’ o
10652.1 Tmax, h 1.00 1.00 AUC(Q-inf) ngh/m 9422 2 26552 7 T1, ,.h 1.9
1.6 Dog 3528707 Cmax, ng/nl 8915.3 2Z034@tog Trsoribine 0. 5®&10. 50 AUC(0-int),
ngh/ mL 29701.7 53273.0 Tin, h 2.2 2.3 109 WO 2005/ 121162

PCT/ US2004/ 018011 Dog 3532828 Cmax, ng/m 6134 7 15987. 9 Tmax, h 0.50 0.50
AUC(0-inf), ng-h/nL 12069v7al¥pggy 0 11/2, h 1.4 1.6 110 WD 2005/ 121162
PCTI1 US2004/ 018011 Tabl'e 5 Pharmacol dneti c Paraneters of Isatoribine in
Dogs Dosed at 10 ng/ kg Dosi ng32Per| od 12

Dog 35 Cmax Ratio 1.00 3.86
AUC Ratio 1.00 2.17

Dog 3521451 Cmax Ratio 1.00 3.18
AUC Ratio 1.00 2.82

- ) " Dog 3528707 ~ Cmax Ratio 1.00 2.28
AUC Ratio 1.00 1.79

Dog 3532828 Cmax Ratio 1.00 2.61
AUC Ratio 1.00 2.73

Mean Cmax Ratio N/A 2.98

SD Cmax Ratio N/A 0.695

Mean AUC Ratio N/A 2.38

SD AUC Ratio N/A 0.485
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Formul ati on Isatoribine Val- isatoribine Dose, ng/kg nolar 10 10 Ani nal
Nunmber equi val ent isatoribine Dog 3524523 Cmax, ng/nL 4091.5 8594.6 Tmax,
h 1.00 0.w0 2084C{(¥2i nf), ngh/nmL 13305.8 17166.2 T1i 2, h BCci/ub2004/03001 3526402
Crax, ng/nmL 1859.5 4047.0 Tmax, h 1.00 1.00 AUC(O0-inf), ngh/nmL 5774.4
10548.9 T1/2, h 1.6 2.2 Dog 357450 Cr@ye N9/ ML 1620.3 4228.7 Tmax, h 0.50
1.00 AUC(0-inf), ngh/m 4387.3 11158.0 Tv2, h 1.5 2.3 Dog 354708 Cnuax,
ng/ mL 2781. 2 5Fedio®f Phipemacokingti®Batnkders AU O ribide) in Dugh Doted%620 ndg/BP 259. 1
T112, h 1.6 2.0 111 WO 2005/121162 PCT/ US2004/ 018011 Table 6 Rati o of
Phar macoki netic Paraneters of |sator riagichn Degsiblesed/at 50 ng/ kg

Formul ation Isatoribine Val isatoribine Aninml Nunber Dog 3517322 Cmax
Ratio 1.00 3.86 AUC Ratio 1.00 2.17 Dog 3521451 COneieieRfo 1. 00 3.18 AUC
Ratio 1.00 2.82 Dog 3528¥HdN@ntex Ratio 1.00 2.28 AUC Ratio 1.00 1.79 Dog
3532828 Cmax Ratio 1.00—2-6%

Dog 3524523 Cmax Ratio 1.00 2.10

AUC Ratio 1.00 1.29

Dog 3526402 Cmax Ratio 1.00 2.18

AUC Ratio 1.00 2.20

Dog 3527450 Cmax Ratio 1.00 2.61

S = == - - -AUCRatic™ - 1:00 2.54

Dog 355708 Cmax Ratio 1.00 2.08

AUC Ratio 1.00 1.63

Mean Cmax Ratio N/A 2.24

SD Cmax Ratio N/A 0.249

Mean AUC Ratio N/A 1.82
SD AUC Ratio N/A 0.529

5 The prodrug is preferred for several reasons. First, the prodrug is easily

formulated to provide a high proportion of active agent. This results in small
capsule sizes for a given dose, which is an advantage for an oral product. Second,
the prodrugs offer the prospect of masking the active structure as the agent passes
through Iymphoid tissue lining the gut, which should minimize activation of this
10  tissue and thereby improve oral tolerability. Finally, at the doses tested, val-
isatoribine provides plasma levels of isatoribine that are well within the range
desirable for biologic effect after oral administration, which is not the case for

isatoribine itself.
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AUC Ratio 1.00 2.73 Mean Crax Ratio NVA 2.98 SD Crax Ratio N A 0.695
Mean AUC Ratio NN A 2.38 SD AUC Ratio NVA 0.485 5 112 WO 2005/121162

PCT/ US2000Qa@Miki162Tabl e 7 Rati o of Phar macoki neti ¢ Par agetusee4018011

| satoribine in Dogs Dosed at 10 ng/ kg Formul ation |satoribine Val

i satori bi ne ARkdRtioNsNbORroRegtidD 2dikddy Crax Ratio 1.00 2.10 AUC Ratio 1.00
1.29 Dog 3526402 Cmax Ratio 1.00 2.18 AUC Ratio 1.00 2.20 Dog 3527450
Cnax Ratio 1.00 2. eformulal compounds of the Invengige a@gtdieglonstrate unixmteé angh Dog
355708 Cmax Ra eﬁ’tlylregﬁ)cea 1880l fi%&ﬁ' a8d chllla@?edué\éﬁetﬂl FieyRatio N A 2. 24
SD Cmex Ratio N A 0. 249  Nean Ratio NA 1.82 D AUC Ratio NA 0.529 5
The prodrug isThe &%S@@m@etmaéf“@d\;@ﬁ@ﬁ llﬁ@aﬁﬁh@b“ﬁlﬂtﬁévﬂmﬁ%l%ﬁd@lgug is easily
formulated 50 piy vkga ResPli8f) RN rﬂcb&ﬁo&?ﬁis @ffért eepra%gatofmﬁ%ﬁ figsul ts in
smal | capsul e For a given dose, IS an vant age or an oral
product. Secon elctlve shectpr ogithg gsenomseas thmeglﬁmsbeé tissuf linmg Kiergyt, ttechact i ve
structure as t | t he gut

whi ch shoul d m&nu%ﬂrzngﬁné% ga% tlon gyg %ué X@H%}E@s%g&%ﬁ H}an gy mp?ove or al
tolerability. Final lk(qusadt at hevechhe‘esthaedhmnhtloualftheﬁs-hydmx)b|o|ﬁeatpr1bme des

pl asma | evel s of

bi ol ogi ¢ _ef f ect™ ?th@tPo Iﬁlg'la egaéﬂhaty ??eg[%(f 185t B ?42%[}?7%9% ﬂe”cgﬁﬁr’ epe tor

| satori bi neoit g@RH). Without being limited to any partlcular theory, it was hypothesized that

blockade of this hydroxyl site by an ester substitution would similarly eliminate
activity but allow transport in the systemic circulation, where the valine ester would
be cleaved and result in exposure to isatoribine.
" 'We have found that the hypothesis was confirmed. Formal tdxicology
15  studies of intravenously administered isatoribine and orally administered isatoribine
and val- isatoribine were conducted in beagle dogs. The toxicology results for orally
administered isatoribine are from a study conducted by ICN/Nucleic Acid Research
Institute.
We compared in the dog the oral toxicology of 1 and 3, and the intravenous
20  toxicology of 1. We observed that the oral toxicology of 3 was much more like
intravenous 1 than it was like oral 1. In particular, the dose limiting toxicology of
oral 3 was similar in nature to that of intravenous 1, and occurred at blood exposures
that were similar to those observed after intravenous 1. In contrast, oral 1 had a
different limiting toxicity (gastrointestinal lesions) and this toxicity was observed at
25  adose lower than the toxic dose of either intravenous 1 or oral 3. Also, emesis was
observed in dogs treated with oral 1 at doses lower than the dose of oral 3 that
resulted in emesis. See Table 8. Other systems for assessment of emesis also are
known, such as in ferrets, allowing comparison of oral and intravenous
administration of compounds. See, e.g., Strominger N. et al., Brain Res. Bull, 5,
30  445-451 (2001).
In each case the compound was administered as a solution, by gavage or by
intravenous infusion. Multiple parameters were assessed, as is customary in a

toxicology study. In the studies providing higher potential exposure to isatoribine,
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For orally administered isatoribine the principal findings were related to GI

tolerability as measured by GI irritancy. The clinical signs noted in Table 8§ were

10

group, and in one animal at this dose a bloody stool was noted. Gross

emesis and/or loose stools. These clinical signs were more frequent in the 10 mg/kg

histopathologic evaluation of the GI tract noted multiple, scattered red lesions on the
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toxi col ogy study. In the studies providing higher potential exposure to
I satori bine, 114 WD 2005/121162 PCTI US2004/ 018011 the plasnma concentration
of i sat orwbi2oes/mes2assessed by a LO MS net hod. The not ablrais@osfoisedi ngs
were graded and are listed in Table 8. TABLE 8 Effect on G Tol erance in

Dogs after Dosifginh nh&aéag{lifairra?ei fit Q4 aﬂ@%@t&%wh&% onﬁni%g&?@ by Systenic

ibine in oxmolog?: di es. O al satoribine |V

Exposure (AUC) to Isatori ( .
| sat ori bi ne Or gvalvzdion reyatled ¢ddivkie congssiton ehd heveoriiags apmightrbe pxpecied faresi s G

Emesis G equi : ] | &5l l.esj.ons
appl i od (g- hr 1 NG oelioS B ERke frolls O GRURDS slBhod BERO ME o
stool irritati 6mgkgmg/kg) 2.5 n.d Neg. Neg. 5 n.d. + Neg. 10 n.d. ++ ++
8.1 11.4 Neg. Neg. : o -5 19.5 Neg. Ne 2 31, 7. Neg.
Neg. 25 4278 Neg. Nbaverauety AR oty iduc Milheal Buraes ol oy
260 127 ++ Negas a 380md:8OndingrinNegs; thid Offec? 0@ urred MNegbstanaallolighdr ypidd ni st er ed
I satoribine th ri,nci pal findings. were related to G tolerghility as
nmeasured by G %P{%F hiagﬁ ?’a‘%{ﬂgnsé‘?rigcﬁ]is?vﬁﬁlblgﬁ' %{eﬁ[{%’ﬂse‘ﬁerla ﬁee?d‘bh’g Cgt%ﬁtr e 10
emesi s and/ or kigs et meophsor hit@meholdgidvahtidh d@hissuee N Bhe G Bxitiegiaast in the

10 [k rou and _.in one ani mal at _.this dose bl oody stool was not ed.
G Ogg g 9 gffect ﬁle NOA]%L, Wl%Ch was estaﬁolished as 12.5 mgfll{g on the glasis of other

10 findings. ‘

Orally administered val-isatoribine demonstrated a toxicology profile similar
to intravenously administered isatoribine. At higher applied doses, emesis and loose
stools were observed. No GI lesions were found, although this was a focus of
evaluation in this studj As for intravenously adminis&:red isatoribiné, the NOAEL

15  was established on the basis of other findings. The correspondence of observed
toxicity to systemic exposures of isatoribine is of interest in this study; the threshold
of isatoribine AUC for observation of emesis and loose stools is similar for
intravenously administered isatoribine and orally administered val-isatoribine (Table
8).

20 The data in Table 8 indicate that orally administered val-isatoribine provides
an improved toxicity profile over orally administered isatoribine, and is consistent
with the hypothesis that chemical masking of the activity of isatoribine is afforded
by chemically substituting an ester for one of the hydroxyls of the nucleoside,
preferably by chemically substituting an ester at the 5’-hydroxyl position of the

25 nucleoside. Engineering this substitution to be cleavable upon entry into the body
affords systemic exposure to the useful activity of the compound without the
limiting GI toxicity arising from the anatomical structure of the GI tract. This
enables administration of doses that are substantially higher on a molar basis than
otherwise would be acceptable, with the result of greater efficacy and reduced side

30 effects when compared to administration of the parental “unmasked” compound
alone.

Assessment of Systemic Exposure to 1 (isatoribine) after Oral Dosing of Formula I

Compounds

Table 9
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concentration to the apical side of the membrane and the rate of appearance of the

compound on the basolateral side of the membrane is assessed by analysis using
either HPLC or LC-MS/MS. Higher transport rates in Caco-2 cells are associated
with improved gastrointestinal absorption.

The purpose of the assessment of compounds 79, 89, and 78 in this system
was to determine if 89 and 78 were transported to a greater extent than 79. The
findings confirm that 89 and 78 show significantly improved transport over 79.

Primary Hepatocytes

The compounds of the present invention must be converted to 1 in the body
if they are to serve as effective prodrugs. Hepatocyes often are used to assess the
degree to which a compound may be transformed in the body of an animal, and it is
known that such transformations may vary with hepatocytes from different species
in a way that reflects metabolism in the whole animal. See Seddon T. et al.,

Biochem Pharmacol., 38(10), 1657-65 (May 1989).
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Assessnent of Systemi c Exposure to 1 (isatoribine) after Oral Dosing of
Formula | Conpounds Table 9 116 WD 2005/121162 PCTI US2004/ 018011
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HPLC or LC- M5/ M5 é—ﬁ gher trans ort ratﬁ? nf% Cac7 2 cells are associated 15
with inmproved 537§ F MOESENITSY ]ﬁlﬁ%‘feﬁ? Bt thethis gurpose of the assessnent of
conpounds 78, 8QmaAPK HPediMedthi S system was to determine if 89 and 78 were
transported to a greater extent than 79. Th findings continn that 89 and
78 show si gni fi cant fySesssPbtehe %balgﬁgﬁeqmpoaviﬂrofi@ presopt igggnfioniogkeligd 120 The

conpounds of t RethBERSBME cirdlyRidh LG o%l%sﬁ%xg@@:ﬁyﬁééd% théhoks WelttkiewRady i f
they are to serve as effective prodrugs atocyes often are used to

assess the dedicest tior fphles? @ddBnif'ﬁth?ét W%@ el psofyiienszdy of an
animal, “and Tt of$ doJfﬂ*g%%lésbﬁﬁng%h!&éhﬁﬂoﬁﬁl%%ﬁ@rtah%&o Muﬂfe@wch‘%b S at

hepatocytes from different species "in a way that | ects netabolismin
t he whol e aAi maH3 oS ®aido qortainiag agplubilizer such as Cremaphor Tween80, or

PEG400. The solution of the compound was dosed by oral gavage to Sprague-

Dawley rats or to cynomolgus monkeys, generally using a group of three animals for
each experiment. Plasma samples were collected from the animals at several time
points (usually, from 6 to 12 time points were used) within 6 to 24 hours. The

20  plasma samples were frozen quickly after collection, and thawed immediately before
sample preparation for bioanalysis.

Reference values for compound 1 were obtained by similar procedures after
either oral or intravenous dosing. Intravenous administration of 1 resulted in
recovery of the majority (>75%) of the administered dose in the urine as intact 1;

25  thus, measurement of 1 in the urine provided a convenient measure of systemic
exposure to 1. For this reason, in some experiments the amount of 1 in urine
collected over a period of 24 hours after dosing was used to assess compounds.
Bioanalysis

An aliquot (usually, 50 pL) of each sample collected in animal PK studies or

30  in vitro studies was quenched with acetonitrile (3:1 acetonitrile-to-plasma ratio)
containing an internal standard (usually, nebularine). The suspension was
centrifuged at 14,000 rpm for 5-10 min. An aliquot of the resulting supernatant was
transferred into a clean vial and dried under nitrogen. The dried sample was

reconstituted and submitted to LC-MS/MS analysis by the MRM (multiple reaction
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adni ni strati ontéscalculadons ted in recovery of the majority (>75% of the
admi ni stered dose ifipdf1SnidoR@nBstidnN iRt prdfile D1 bfltDral ABAMISHEHENGf 20 1 1 N
the urine provided a conveni ent neasure of system c exposure to 1, For
this reasoh’d i kneygndoserbile porapruad pasussAdrricurte an AHCpieprandegdier@gtedd over a
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nebul arine). The SsusSpension was
From Table 8 the AUC data illustrates that compounds 89 and 78 deliver
20  more of 1 (44%-69% increase) to the systemic circulation after oral dosing than 79.
Table 10

Pharmacokinetic Parameters for Formula I Compounds when R*=0R’

SD rat, PO SD rat, PO Cyno Monkey, PO
Cmpd ANA245 ANA245 ANA245
No. AUC(0-24h) AUC(0-1h) AUC(0-24h)
IV doses 341 256 740
1
PO doses 23 15
14 16
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i nci dence, severity, length, virus load, nortality rate of infection, etc.
can be conpared to the incidence, severity, length, virus load, nortality
rate of iwbeossame2 etc. observed when subjects are adnmpoiraisesoadigone Vi rus
alone (in the absence of a conpound of the invention). Anti-virus activity
of the compound of |{the invention is 15 deppnstrated by a decrease in

i nci dence, sevierity, length, vifus |oad, rtality rate of inflection, etc.
in the presence of |the conpoundl of the inyention. Iln a specifi
enbodi nent, thF Mirius and the conmpound of [the inverjtion gze admnistered to
the animal supject] at the sange| tine. In another spe0|f|c enbodi nent, the
virus is admpnistered to the ani mal subject beforg the conmpound of the
invention. In janother 20 specifjc enbodingnt, the qonpound of the invention
i s adm ni st er eg—to-the—antrat—-;s t her

enbodi nent, the gromh rate of the virus can be tested by sanpl i ng

bi ol ogi cal fl updefGhd Aty FOBRIpBEndse- 9., nasal aspirate, throat swab,
sputum  broncho- alveolar [ avage, urine, sallva bl ood, or serum) from
human or animal 25 4@spéetaf 28eYSHRINt henrepleyehin ?fGP‘iﬁiﬁ%CeﬂYi@tth‘i’ PiEEEt i on eit her

in the presencgyefils @Hl@leto(%teﬁmng %I%i@%l@éi opintlt\hﬁl éd?N% bf PRI dBERBYT | NG

| evel s of virus. In specific enbodi nen romh rate of a virus is
assayed by ésséggmﬁgﬁvﬁéwwﬁ%@éh@éa@mwbmpéﬁs@ﬁﬂ maigispspteon tahyasn ybiseh i n
cell culture, r in subject
usi ng any nethoggﬁ%$/Q@%ﬁgaﬁﬁgﬁﬁﬁLgbgygﬁqy%gagﬁgﬂ fﬁ ﬁgﬁﬁ%ﬁyllnlted to,
122 WO 2005/12mmaznﬁﬁmbg@@@mdmﬁmeﬂﬁmsOfwwmwnaﬁsayﬁ@@xgﬁﬁCEmp@mﬁOfﬁw

di scussi on reg rgﬁ ELI SAs see, e.g., Ausubel el all, eds, 1994, Current
Protocols in ecul'ar Biology, Vol. I, John Wley & Sons, 1Inc., New York
at 11.2.1), i munofInsapésceritodsieat, aivitgs amra dompomabdéiche mpaityses  usi ng an

a0t Lot i o IRRE LSk b B T YD, °

RT- PCR anal ysi ﬁmmde@decse)verlﬂy,l’lle@ﬂs,pﬁﬁﬂ; fohd:, rﬁﬁ‘hﬁ@l rmél’d)tfmfwtlbﬂJetd. tdrees can be
determ ned by obtaigin %3 |caI h s/clinical nFIes f om i nfected

cells or an infEER% nee, SpYehish W?@HP%ﬁnﬁﬁﬂﬂY HrolIPreei: sanpl e

and infecting @tc”&ﬂ@ﬂv@d/ﬂﬁelﬁubﬁ&k hi% aﬁlﬂﬂﬁst@é&théghrﬁw@l%mn #at gosereiofhect i on
with the virus (e.g. primary cells, transformed cell 1ines patient tissue

sanpl es, etc) ﬁ?m%’“&ii Pﬁ‘thF dryeRifon) nantvirgractikis ofthe eapepoppd Oftth%mé‘?\"é]f’@ &hce of

singl e pl agyes deﬂ&%ﬁ%@%@@ec@@a@e nhEdideABe, GONREE EngiRdyitdd Goad llhalltalitjr tald
expressed as plaque formng units per nmlliljter of sanpl e
of infection, etc. in the presence of the compound of the invention. In a specific

embodiment, the virus and the compound of the invention are administered to the
animal subject at the same time. In another specific embodiment, the virus is
administered to the animal subject before the compound of the invention. In another

20  specific embodiment, the compound of the invention is administered to the animal
subject before the virus.

In another embodiment, the growth rate of the virus can be tested by
sampling biological fluids/clinical samples (e.g., nasal aspirate, throat swab, sputum,
broncho-alveolar lavage, urine, saliva, blood, or serum) from human or animal

25  subjects at multiple time points post-infection either in the presence or absence of a
compound of the invention and measuring levels of virus. In specific embodiments,
the growth rate of a virus is assayed by assessing the presence of virus in a sample
after growth in cell culture, growth on a permissible growth medium, or growth in
subject using any method well-known in the art, for example, but not limited to,
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In one specific enbodinment, the growth rate of a virus in a subject can be
15 estimated by the titer of antibodies against the virus in the subject.
Ant i body wenrues/12ticker can be determ ned by any met hod welrAispammison t he
art, for exanple, but not linted to, the anount of antibody or antibody

fragnent in S e{hfiRALRRY €S CEJDIS@@forQ!-&@-ﬁHsioh@ég@ﬂin@’ELIgAgSee EL! Rsubel e
Additionally, in vivo actl wé}/ of a Fornul a rrg/oun can be determ ned

by directly adfh 511804 KGR ref@miwd\iolﬁtamﬁl@@s 9l rafohn ¥ley & Pt i ng

bi ol ogi cal fl ujfds Ne§ Bork af‘ﬁls.@ll) Rt AtuSresdef QAhing WA BnmS RS M FhatpfiONChoO-

al veol ar | avage, urine, saliva, blood, or serum "and testing the fluid for
anti-virus acb$ing nydntlb?dYe‘Nlﬁidwlmmogpé\mf@ﬁ]éY IseeEpizes theyirpetods gssppad dror  vi nes
throat owab SEaRin ob? SrEE4R, hEEk SUIP schifl oS BIRIE 1 o
serun), the saspl)es may or may not contain in tact cells. Sanples from
Subjects cont i N ol btk SEbR SRR A R S BARR Sl e 020

perm ssive cel bioldgn:al fledgclingral sraamjesmkﬂ mfectedaeitsfomlanﬁﬂecmc&il dubjectnes, pati ent
ti ssue sanpl es I LB br ot br ot h/ agar,
bl ood agar, et Rrepan "é)e@ﬂen"f‘}lgm%%“p(gg% S&H’g’lecagﬂ%ggmgg&é?oé’a B géﬂ St dat i on at |
e.g., 300xgof Okusbepiibleud fecdibn Kot Mhe HRARELS. @hnra@ ceil@MaﬁWSﬂneh}ée]&hi?@S pH 7.4
(Ca++ and Mg++ free) wash nd%r ;[h samsf condi |torllls ?e eye/pellets can be
resuspended | np%{le%“hgls'i‘e FHPEEQP gt B aysihat allops fordharmareaee el

i sol at es cont agiRBglaidsdahe pRLLS cEPheBe Bux@d aid hB viERSitanspresedhd | f uged at
300xg for 5 mnutes at, roomtenperature. Micus is renoved ?romthe 123 WO
2005/ 121162 PCTPOSAouRaing ¥eiter nyfilier o&e®Plfi th a sterile pipette tip and

cell pellets can berWas BedifRnad oBReRt, Met \Hﬁ%te Hf‘éj@{'ustuli‘gs@?&Ecﬁ%d' tions.
Pell ets can then be resuspended in a snma volunme of PBS for analysis. In

anot her enbddi ﬁ@mateddwhﬁnﬁy@u#dnbboduqﬁégalw&mvﬂr@ﬁm the grbjachi Antbedysergna 5
human subj ect [pfeghed Re@bY ki MSeth 1i- B%a%% th, viral
| oad, nortali jfly rate S}M-rlh ?ec}yégﬁ,e eé'&gﬁe can be g}%r?prgr?o\égh%lﬁo}y% I‘lljtéWCl dence,
severity, | engtimjted ip thalamowatdf antihothnbi anjibedyt fengofeni infseromi semplegtan beobser ved

i n human subje get [ C nd of
the i mventi on_ Srpisets! 7, BLish, Sdfiditfy Db PRy SE i SRERRAEG: % e
conpound of theanm\detetmmad bﬁdid@ﬂpaéhmtste@dgme campOurdigo peéasanimal, i nci dence,

severity, # ngt Vi r.a Cﬁ e .of |nfect|on in the
presence o 8t h‘éoqke ‘ﬂ?%ag%ﬁﬁ uﬁmf %Vear‘?'fﬂ a(%l?llratte ﬁhmar-tré% ronc%Ot he art can
be alveolar lavage, urine, saliva, blood, or serum) and testing the ﬂuld for anti-virus

activity.
In embodiments where samples to be assayed for virus levels are biological
fluids/clinical samples (e.g., nasal aspirate, throat swab, sputum, broncho-alveolar
25  lavage, urine, saliva, blood, or serum), the samples may or may not contain in tact
cells. Samples from subjects containing intact cells can be directly processed,
whereas isolates without intact cells may or may not be first cultured on a
permissive cell line (e.g. primary cells, transformed cell lines, patient tissue samples,
etc) or growth medium (e.g., LB broth/agar, YT broth/agar, blood agar, etc.). Cell
30  suspensions can be cleared by centrifugation at, e.g., 300xg for 5 minutes at room
temperature, followed by a PBS, pH 7.4 (Ca™ and Mg"™ free) wash under the same
conditions. Cell pellets can be resuspended in a small volume of PBS for analysis.
Primary clinical isolates containing intact cells can be mixed with PBS and

centrifuged at 300xg for 5 minutes at room temperature. Mucus is removed from the
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used to determne anti-viral activity in a subject such as those descri bed
previously. Additionally, in vivo activity of a Formula | conpound can be
det er m nesolyos/direect | y admi ni stering the conpound to amcanisoel/oosorhunan
subj ect, collecting 15 biological fluids/clinical sanples (e.g., nasal
aspirate, throaiterfivekith QR PipHeANERA celBpIIBRIcAL bd RYASEondd MRS with @Rk VA,

bl ood, or serum and testin ,tﬁe bi ol ogi cal fluids/clinical sanples for
anti-viral act e jhecamg P?ndg‘}‘m&da?llelts(ﬂqnEI@D@@FqSBSPFWeé&‘P%Fﬂﬂ@l YHume e pr esence
of the virus). pBRGM £aksisViral Load Changes for Once Daily IV

Admi ni stration of Isatoribine 20 |Isatoribine investigational drug product
was supplied as a 1lnpagother eahaditets a qompeemskdfltlee inpmpten isqdinimyereditaai ned in a

S0 T el L Bl eSOk o el eS| O o

0ses were

adni ni st er ed bynociehiytrate pf mégcton, efcusindie compareditogbe incidenice, peeritpdenggxcept  t he
800 ng dose was. 1.N] F r.an 80-mnute period. .The .flow.rate for 25
each dose was a?{lsrﬁ]ﬂ {;)%dl’ %\?\éfghtg%ggﬁﬁeﬁl%ﬁ ’ Ft(%'rObts?"lrgeleg urrlrlﬁn (Sjlg)éeec;?s 1%’%e%t?d Vr"r’ﬁ%m n for
the 400 ng dosejrusin3le abséme of 4§ compdued 60Me Myeaey imte psdhcerbdan n for the
600 mg and 800 dgse. .Four. to six patients were enrolled | ach of the
dose groups (288%; %A'g(')maﬁ@c,uv%ﬁﬁ%c u§68Pt|J?ﬁ llﬁg?tm&‘d%ge)m%ﬁ%aq?cg@’eq ved once
dai | y i ntravendegedsaiinistidise,fseverityd Cengthd iy loaly mertalitprattosiinfgction, &t.eed sanpl e
was drawn from.each pati.ent for assessnent. of the otype of the IICV
Vs, P asi BRI RS Do oL Bt DALl AR RS Ber! oo be
pre-treatment ugsas dsteiBRd stitakeeactioRy BaysubfectMuciPiehbdeRIBichBaY pravicuspn Day 1)
and once daily prior _ _to the start of the first daily isatoribine

i ntravenous i nf usi oftdGHoOBHYs" 21vpRFGHGIPT 7 Fempula honmpapnd erydhe doterrgiped by
PCTI US2004/ 018@#detly tah@ffstéliol e dofollRYR)an ARG IHAURSbicctN@I¥itha! | 0ad was
measured by the branched Df%IA met hod (VersantTMv3.0 b assay, Bayer
Di agnosti c3f. HistogisahBnas/¢imical rmmlest(p e nassl ampirate HaptfeWhb, ohyttmebroncho-
pre-treatment i in€Shi; ' s f val ues. 5
Exanpl e: Oral chgjérr(g%ﬂs}?ﬁg%ﬁl%%a’bl é%%ﬁg?:bzgi}%g% %@g%&%gﬁ r?(?%é%ﬁl ation and a
si ngl e dose unilpidg/ekined] saamples forami-wiahpeiiyity (0g.ny asiflitipalte ¢edlatiorulivierie. Tabl e
11: Formul ati O&e{p?{seri‘c?%f Vﬁfﬁﬁl et Material Percent by Weight Quantity

ity atc

(nmg/ tabl et) Quan )
Figure 2: Viral Load Changes for Once Daily IV Administration of Isatoribine

20 Isatoribine investigational drug product was supplied as a 1 mg/mL solution
in sterile normal saline contained in a 50 mL vial. Isatoribine was administered by
intravenous infusion once daily for 7 days, at 200, 400, 600 or 800 mg per dose. All
doses were administered by constant rate infusion over a 60-minute period, except
the 800 mg dose was administered over an 80-minute period. The flow rate for

25  each dose was as follows: 3.33 mL/min for the 200 mg dose; 6.67 mL/min for the
400 mg dose; 8.33 mL/min for the 500 mg dose; or 10.0 mL/min for the 600 mg and
800 mg dose.

Four to six patients were enrolled in each of the dose groups (200 mg, 400
mg, 600 mg and 800 mg per dose) and received once daily intravenous infusions for

30 7 days. Prior to dosing, a blood sample was drawn from each patient for assessment
of the genotype of the HCV virus.

Plasma HCV RNA was determined at baseline (an average of 2 pre-treatment
measurements taken on Day —1 or pre-treatment and on Day 1) and once daily prior

to the start of the first daily isatoribine intravenous infusion on Days 2 through 7 for
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val -i satori bi ne 40% 100. 00 20.00 Mcrocrystalline 53.5% 133.75 26. 75

Cel l ul ose, NF Pluronic F-68 4.0% 10.00 2.00 Surfactant Croscarnellose 2. 0%
5.00 1. 00woSoef/mumeiype A, NF Magnesi um Stearate, 0.5% 1ped/u320a/018dk1 Tot al
100. 0% 250. 00 ng 50.00 kg 10 The microcrystalline cellul ose, croscarnellose
sodi um and vakeks@hg r(ima@_e,) do@@g@wagmmaﬁﬁl BasweImtRIRYBY (R aRnsEsh
screen (about 430 to about 655). The_ Pluronic F-68(r)_ (manufactured by JRH
Bi osci ences, | R&A gethpd h‘é@t@nﬂksﬁ 04 assanBayerdipgnostéas)- thar plsgma AG320 nesh
Screen (abOUt ﬁﬁIA bR ARPHEm cQéhjg)e fro;g"tﬁe Eﬂe%egﬂﬁe%t l'):aselﬁé(v&a)s e§tﬂﬁeft@cf:ﬁs§%[ and 0.5
| egs of croscarnel’l ose sodiumare |oaded into a . twn 15 shell tunble
bl ender and ar &giravsldrhgskvalilssut 5 mi nutes. The mx |s then transferred to
a 3 cubic fpgot E%%%lge.sgg!lbo&gﬁé & bl ender where the mcrocrystalline
cellulose is ' or about 5 m nutes. The conpound i s added
and bl ended foﬂ"aldﬂllélhlldﬁratéscaiakchZEnmdlatMeadaaihglsdpseemttlfemdllaiti@npassed t hr ough
aroller compact or. W E@Om E rmsetonrg attached at the discharge of the

rol | er conpact of Ande noved *hat kA Y tlrhe 20 tunbl e bl ender. The remaini ng

croscarnel | ose SOdI um and rrﬂgnlesnumosmeanahammo n@gjﬁbﬂatt o the tunble
bl ender and bl epnded-—for—about nytaoc movt ur.ao o 195 \\ND

L"AA% 1Y LI Y )

2005/ 121162 PCTIEE58h4/ 0‘580111’“8%?’8%%% cﬁuaamFchP’a%(t?/bi?ﬁth%n“&f@g@ afgilh 250

ng per tablet (Z%0P8ideabl etjagfpatch —size) [1doganpl e: Mucos@ho Conpositijon A
concentrate i s lprepared by _canbini ng isatotibine, _and a 12 6 kn nnrflrn of

5 the trichl or gMonesyI@lieet Hahe’i n a seal ¢d3Pai nl ess sf&els vessel

equi pped with aF 1RiigB, giear m xer. Mxing ifs carried out |for about 20
m nutes. The b f( suspensionlis then prepared in the sealed vessel by
combi ni ng the (Blnowinth-68 e wi t{A0%he bal ance |00 t he propell28fts in a byl k
product tank tr%ficﬁn{ enperatjure controlled to 21 to 27C. and pressure
controlled to 22816 4.0 BAR| 17 nl_aerosol containers which have a 10
nmet ered val ve Wiiostarmslldesi gned% o provi de |00 i nhal ati ons.00f the

conposition of Sodium Type A, NF

Magnesium Stearate, |0.5% 1.25 0.25
NF
Total 100.0% ~1250.00 mg 50.00 kg
10 The microcrystalline cellulose, croscarmellose sodium, and val-isatoribine

components are passed through a #30 mesh screen (about 430p to about 655p). The
Pluronic F-68® (manufactured by JRH Biosciences, Inc. of Lenexa, KS) surfactant
is passed through a #20 mesh screen (about 457 to about 1041t). The Pluronic F-
68® surfactant and 0.5 kgs of croscarmellose sodium are loaded into a 16 qt. twin

15  shell tumble blender and are mixed for about 5 minutes. The mix is then transferred
to a 3 cubic foot twin shell tumble blender where the microcrystalline cellulose is
added and blended for about 5 minutes. The compound is added and blended for an
additional 25 minutes. This pre-blend is passed through a roller compactor with a
hammer mill attached at the discharge of the roller compactor and moved back to the

20  tumble blender. The remaining croscarmellose sodium and magnesium stearate is

added to the tumble blender and blended for about 3 minutes. The final mixture is
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t he invention. Each container is provided wth the foll ow ng:
val -i satori bine 0.0120 g trichlorononofl uoronethane 1.6960 g
di chl or odwOl2eew@amesthane 3. 7028g di chl or ot et r af | uor oet haog/uk28466s80g1 t ot al
7.0000 g Exanple: Intravenous Conposition 15 The intravenous fornul ation

i's prepared b%érﬁ%@ﬂé& bit Widiiry taﬁﬂé%sfé&%ﬁﬁzgfmgB@r_taﬁlax%tido@r%?mtgogmﬁn

appropriate liquid nmedium such as water for injection (WI) a 5%
dextrose sol utFi&9: A desired concentration of the intravenous fonnul ation

can be obtaingglg% I BRehs] ¢ i an appropriate anmount of a compound of
the invention wﬁ ean a s dsnﬁmvolune of liquid nedium A desired
concentration of thé cotentmte spasrared by sombingtgi isworfhirey ardies1 226 kdyerageeft i cal |y
ef fective apou of the i ntion.to th at i ent. referably
2 ol - nor o it BpERERTcihe R SRR o T £

phar maceut i cal highshaak atixeorMaxing isredrri¢cadut Sorabddr @0 apawttd. Thd bulk sepémhiive | evel
of a conpound @f the invention.in the patient. The dose whjch is

t her apeut i cal | ' BPFREEL %tﬂﬁﬁaiéddgﬁgﬂg 8Hltbfrﬂlég tpﬁf%lcg%e\?%‘f’%m{hf Iﬂq?%lail“t‘?toff avenous
25 for ul ati ontegpraellintemadulloprbhiet faak ihanis tandrdtie caantedioHr korreof t he
intravenous forpul ation. For e ne vial containing . a conposition
(e.g., 50 ng of™ fe%ﬂ@ﬁSﬁ%ﬂhéﬁ)gggR¥ﬁ§ 'ﬂgﬁnﬁﬁﬁm@ﬁﬁp?“ﬁf ]?@E%&gfituted
wWith a 5% dext heeedsalvetiiidh is (dstondll tofrovide R8RS Of tHE E@RpdaRibn ¥E al )
yielding a total ,of 25 nL of solution. The reconstituted solution is

i ncor por at ed i Hedgntey Erdseniagientsipgyided vath thafolleves: bag and 126 WO

2005/ 121162 PCTI US2004/018011 qg.s. to 50 nmL, resulting in a solution
containing 1 ng/mm of a conpound of the invention suitable for intravenous
i nf usi on admi ni strati orpl-ispfsibpieef erred concer®:®13figon of a conpound of the
invention'in the liquig AR aidohtadenf USi Qrgoghdg, is about 0.001 to
about 3 ng/m , prefera.fy about 0.%5 t%eabout I ng%n1. 51t is to be
under st ood t hat the fodieljoioddludwsetiapti on is ex@apgary and explanatory in
nature, and is intende L the inv i and its preferred
enbodi nents. Through r%ﬁ@?ﬁgkég%%ééﬁﬁﬁtation,q?ﬁgggrtisan w |l recognize
apparent nodificationstotahd vari ati ons that nmay.0®0gade w t hout departing
from the spirit of the invention. Thus, the invention is intended to be
defined not by 10 the above description, but by the follow ng clains and

t hei r equi val eBk&nple: Intravenous Composition

15 The intravenous formulation is prepared by reconstituting a compound of the
invention with an appropriate liquid medium, such as water for injection (WFI) or a
5% dextrose solution. A desired concentration of the intravenous formulation can be
obtained by reconstituting an appropriate amount of a compound of the invention
with an appropriate volume of liquid medium. A desired concentration of the

20  intravenous formulation provides a therapeutically effective amount of a compound
of the invention to the patient, preferably a mammal, more preferably a human, in
need of the intravenous pharmaceutical formulation and maintains a therapeutically
effective level of a compound of the invention in the patient. The dose which is
therapeutically effective will depend on the rate at which the intravenous

25  formulation is delivered to the patient and the concentration of the intravenous
formulation. For example, one vial containing a composition (e.g., 50 mg of a
compound of the invention per vial) are reconstituted with a 5% dextrose solution
(14 ml of 5% dextrose solution per vial) yielding a total of 25 mL of solution. The

reconstituted solution is incorporated into a dextrose solution in an infusion bag and
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15 20 25 30 127 WD 2005/121162 PCTI US2004/ 018011 What is clainmed is: 1.
A conmpound represented by Formulal R2 N SS=OH2NN{ N R a0 |l_! R bo.
ORlc | Rwve,206¥r116and R ¢ are independently H, -C(O R3, paTnme@uaiotsoll-, or
D amno acid group -C(O CH2NHR4, -C(O CH(Cl14 alkyl)NHR4, or Rib and R~

are col | ecti vgkto 56Xf), resutBlh 61 JoRGRA BEtaiMing N il @M@ﬁdpoaﬁ@@f&hé orne a
five-nenbered carbonate ring; RRisH R3is a Cl |Is alkyl; R4 is H,

-C(O) CH(CL1. 6 air§atioRyspitabls Otxn@mnmﬂlﬁ&m afipistratigp. &ﬁ@éféelfqﬁlat at |east one
of RIB, Rib, a&qch{uQuwomon%oW&tﬁi2m'v§m'aln in @6 haule RAUIRE GHLE GRhdich

accept able salt or solvate thereof . The conpound or pharnaceutically
accept abl e sal bagois abpyt\e0d t@@mtﬂm@nh Pfefeéqbbf ahogtO%@raéplﬁ IpngmlRi b, and Ra

are i ndependently 1:261 9 group
T O B Al Ky ) N DR R T Ficadipe gffpriMion e R, B O
phar maceuti cal éxplaanepinaatuee, aad is inendso loilheraacthondem®niaad itcpaferred, wher ein

Ra, R', and R e in (il% H - O§R3, a racem.e, L-, or D0 am no
acid group - C(@?Qﬂ?% t&@%ﬁﬁg %fﬁﬁrﬁ%fa oipihe arﬁ% will Rcogize
apparent modifications and variations that may be made without departing from

the spirit of the invention. Thus, the invention is intended to be defined not by

10  the above description, but by the following claims and their equivalents.
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WO 2005/ 121162 PCT/ US2004/ 018011 4. The conpound or pharmaceutically
acceptable salt or solvate according to claiml, wherein R , Rb, and R
are independently Hor-C(OR3; and R is CH3. 5. The conpound or
pharmaceutically acceptable salt or solvate according to claiml1, wherein
R' is Hawd®dmamwd R are -C(OR3; and R is CH3. 6.pAr/goimnaoigehior

phar maceutical ly acceptable salt or solvate thereof selected from J~ Sao s

HZN N N A h J hywha@is ddddedisH2y NN HOa ~N-r D ~ 1{ ITu, and HOoff b o
8 0 7. A conpolUnd or pharmaceutically acceptable salt or solvate thereof

conprising O H2ENAN A cpmpgundaeprrsented b Hetmaitd I conposi tion conprising a

phar maceutical |y acceptable carrier and B2 conpound according to claim1; or
a pharmaceutically acceptable salt or SR te@ thereof. 129 WD 2005/121162
PCT/ US2004/ 018011 9. The pharmaceuti call cdnpysdti on according to claim8

wherein the conpound is selected freagn HZN N JQ a
R1ao 0

RS oR'e
I
R'®, R™, and R'® are independently H, ~C(O)R?, a racemic, L-, or D- amino
acid group —C(O)CH,NHR*, -C(O)CH(C.5 alky)NHR?, or R'® and R'® are
collectively —C(O)-, which together with the oxygen atoms forms a five-membered

carbonate ring;’
R*isH R
R® is a Cp.qg alkyl;
R* is H, ~C(O)CH(C,.¢ alky])NH,, or —C(O)CH(CHj-aryl)NH;;
provided that at least one of R™, R'®, and R'° is not H when R* is H.

or a pharmaceutically acceptable salt or solvate thereof.

2. The compound or pharmaceutically acceptable salt or solvate according to

claim 1, wherein

R" R, and R" are independently H, ~C(O)R®, a racemic, L-, or D- amino
acid group ~C(O)CH(C;. alky)NHy; and
R*isa C).1p alkyl,

3. The compound or pharmaceutically acceptable salt or solvate according to

claim 1, wherein

R™ R'%, and R' are independently H, ~C(O)R?, a racemic, L-, or D- amino
acid group ~C(O)YCH(CH(CH;);)NH,; and
R? is CH,.
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H' 40 old.0O: ~~~1 ..ice 06 d and HOoff 0 O 10. The pharnaceuti cal
conposition according to claim8 wherein the conpound is N HO 11. Use of
a conmpound of claim1, or a pharmaceutically acceptable salt or solvate

t hereof for the manufacture of a nedi canent which nodul ates i mune cyt oki ne
activitie L ient in need thereof. 12. The use a { laim 11
wher ei n tﬁ%"g@%’g%ﬁ% is selected fromINN S O 11yl ygﬁﬂ?‘ﬁf@&gﬁ&% j > O
140 2ZNO o ~Cr , and ' H6 bH O Vit 0 130 WO 2005/ 121162

PCT/ US2004/ 018011 13. The use according to claim 12 wherein the conpound is
jl-a}-,0 HAN AN do Th¥ cdthpBuddior pisemadeuticatiyrgooeptablefalcoredolvale aceprding to

phar maceuti cal | cceptable salt or solvate thereof for the manufacture of
a medi canerflalfol, WISEIR  eat ment of a hepatitis C virus infection. 15. The
net hod according fo claim1l4 wherein the conpound is selected from H2NNN
H2NN O Q\2N - . r I N~ @ndR T are fndependeatly Hibr CE)RB¥nand HO OH O O 16. The
nmet hod accordi ngkilg(ﬁiaai m 14 wherein the conpound is

5. The compound or pharmaceutically acceptable salt or solvate according to

claim 1, wherein

R™is H and R™ and R'* are ~C(O)R’; and
R*is CH;.

6. A compound or pharmaceutically acceptable salt or solvate thereof selected from

N/‘ S,
T = T e
RN N HZN"‘*N“E"“8>=° HENJ%N F N\FO

Hor\ﬁ! /8\0 H*N\__,/ﬁ\o o
I{G C\g’ ’ j.(-o“; b}( ,and N HG by -
o

7. A compound or pharmaceutically acceptable salt or solvate thereof

comprising
qu"‘*n N>m
HD’\(_OJI
d“ -"Q
Y Y
0
8. A pharmaceutical composition comprising a pharmaceutically acceptable

carrier and a compound according to claim 1;

or a pharmaceutically acceptable salt or solvate thereof.
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9. The pharmaceutical composition according to claim 8 wherein the compound is

selected from

NS

A /IS>=0 T =0
N7 SN o
HN - ,L§ | M)ﬁ

o

Ha™” i .

ﬁg OATJ HN 2 ‘0 O

d o . i et
N e , and <N -

Ex hd S on

10. The pharmaceutical composition according to claim 8 wherein the compound is

H
3T,
VY
6

11. Use of a compound of claim 1, or a pharmaceutically acceptable salt or solvate
thereof for the manufacture of a medicament which modulates immune cytokine activities

in a patient in need thereof.

12. The use according to claim 11 wherein the compound is selected from

F 8 =
e e e gt

Hgl’ﬂ

o
1o~ )LGY_J “?NMJ

/\ F: s
,and HO OH -
o o)
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13. The use according to claim 12 wherein the compound is
NN
o

HyN
“(f)l
HO

s ‘o
Y Y
) 0
14. Use of a compound of claim 1, or a pharmaceutically acceptable salt or

solvate thereof for the manufacture of a medicament for the treatment of a hepatitis C

virus infection.

15. The method according to claim 14 wherein the compound is selected from
[ =0 NfI o T o
H;,NJ“N’“‘\T BN I HENJ%N/-
0
Ho’\d. /ﬁ\g o HEN\")LO’\C/
O Pan NI B N o W
o ¥ Y

0

16. The method according to claim 14 wherein the compound is
N 8,
L =0
Hzr-I’l;Nj:N
“C)I
HO

Yy
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