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This application is being filed as a PCT international patent application
in the 5 pa®aepbs Devron R Averett and Stephen E. Webbegoyi@bBsesi t1 zens
and residents of the U S, on 27 Novenber 2002, designating all countries
except the U S. FIELD OF THE | NVENTI ON The invention is directed to
3-(3-D-ri bof uranosyl BMBMHQFMRMMTWM@EO[&&J]\BYREDMH@E and
pharmaceuti cal conpositions cont ai ni.ng su ounds t hat have

i munonodul atory activity. }?QSOANPSU%E% HEREQFed to the

t herapeutic or prophylactlc use of such conpounds and conpositions, and to
nmet hods of treating diseases and disorders described herein, by

adm ni stering effectThieaphivatthds BdinS BN as § PUP S tionkbp BACKEFRONEN F¥thel HE
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expl oring possiamss of Reyiep &udyverctiaad Stophen E. aebber. bty sifézeptmidgsudents einal ogs.

A nunmber of = nuglLepsi dLrPRBIBGRr 862, GeMdraRd A1 QRLBRS g Ehet gs antiviral
drugs, including the 20 HV reversé transcrti ptase |n Itors (AZT, ddl,

ddC, d4T, and 3TC). A variety of D and L-purine nucl eosi de anal ogs have

al so been explored in search of_i m"runompdul at ors. @uanosi ne anal ogs havi ng
substituents at the 7-and/or 8-%&9&@&.@1@%@& have been shown to
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d t f bi nof t t.h ful f
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al . are inhibi t;ﬁbﬁq}@:fcuvaﬁd ﬁ&hblﬁcci@fohﬁds aﬁdrcu@poslﬂitﬁisLtdsdn@nﬁihodﬁow@aﬁgonyl
and 5 -O butyryl. esters of 2-a -met hoxy-9-((3-D

ar abi nof ur anosy$.§ea8R3ap¢d, ﬁ}sﬂ@ersﬁefﬁ’éﬁ%%élﬁo@i ?@é"lﬁlﬁﬁnﬁﬁ ﬁﬁf?}&é’e ARYEthREHC hown
to exhibit antlégrﬂpgl,m@sctl vity in mce against a variety of RNA viruses,
even

15
BACKGROUND OF THE INVENTION

The last few decades have seen significant efforts expended in exploring
possible therapeutic uses of D- and L-purine nucleoside analogs. A number of
nucleoside analogs are currently being marketed as antiviral drugs, including the

20 HIV reverse transcriptase inhibitors (AZT, ddl, ddC, d47T, and 3TC).

| A variety of D- and L-purine nucleoside analogs have also been explored
in search of immunomodulators. Guanosine analogs having substitnents at the
7-and/or 8-positions, for example, have been shown to stimulate the immune
systérn. 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 variceila zoster virus, including 5°-
O-proprionyl and 5°-O-butyryl esters of 2-amino-6-methoxy-9-(B-D-

30  arabinofuranosyl)-9H-purine. 7-Deazaguanocsine 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




t hough the conpound lacks antiviral properties in cell culture.26May2006
3-Deazaguanine 1 26 May 2006 WO 03/ 045968 PCT/ US02 /38001 nucl eosi des and
nucl eoti des have al so denonstrated significant broad spectrum antiviral
activity agw esdsseeertain DNA and RNA viruses. Revankar etp@tyseadsooied.
Chem , 27, 1489-96 (1984). Certain 7- and 9-deazaguani ne C-nucl eosides
exhibit the ability to protect against a |ethal challenge of Semiki Forest
virus. 5 Grgi snatlegsides agd mibedtid@rhame als@ 8em@wEoted Sighifie0f brosSepetiad

6- sul f enam de and.6- | £i nam de ri n .des are disclos in US.
PatS gnt No. 4, 32844l %C(LJ'{W“I?‘Q&%?IH € alf%b%&agyd%ﬁg%mﬁeén%g?ﬁ%‘f ‘é&ﬁsf g’fﬁdfi cant
antitunor acti vicvgvfnb@,rmbmsqygsm&da&ﬁn 5- arfd] Ry ghuhine Ciel6Qdddes are

disclosed in U S, Patent No. 5,041,542 to Robins et al. as being effective
in treatment ag&khbit thembility pimoteet 4Bt a Inthelechallings of Pemlili Fotear vinsc| eosi des

wer e suggest gd be a St o ' i nopodul.at or See
Bonnet et al ? Sﬁrgﬁ%eégﬁcﬁg){'ﬁﬁ, H%egzi%ggﬁggs {1%@3%.%16 © ,'S“{;@'?ﬁmg and 6 (\w po
| nternational Pellfihgaids EMMuclA&id@sﬁiré-@il&éﬁedﬁz@@(B’.E’afeﬂﬁlﬁo.%ﬂﬂé}[ﬁﬁlté nucl eosi de
conmpounds and anal ogs thereof were wused to treat an infection,

infestation, a REBWE alsih asdhaviagdenpraiiaied snifisanfantimor ectivfynodul at e aspect s
of the immune systen}O, | n addi

ri bof ur anosyl t hi azol fﬁ%%‘]‘%{#ﬁ&'ﬁ%ﬁgg&.’g@%w&oﬁ@ﬁ 315 dispigprdiin Lot

| munoact i vi ty, phiad NelisT@ 15Ut kRosRY 8N af Bbihg BIEQkiE ﬁftgéabﬁ%ta den vivo

activity against Senl'ifci Forest virus, are disclose at ent Nos.

5,041, 426 ahll b1BH0nBRF i wicRoBhese petticalar meleogides wers siggested torlgpets aof

| yrohokines. Ty e SPREFForg bt imoniluBlors SR BLERR 1. 9 14 9P clinor
necrosis factor 6§5Ths Fap3pnkisé, Wals & 6D (WIRO Waerhiididl) PutdiRstidnney venhe

responsible prinmarily for cell-nmediated i mmunity such as del ayed type
TN

hyper sensi ti vi t $8/apb4hrappiiitias putinahraielgosidpepmpoundyiang anddgs shepead e 25

i nterleukins, 1]-4, =5, ld - Jb-9. 1'L-10,, and IL-13 and..are primarily
involved in as{sﬁegttcl’ h%at?nnﬁ%f%%]?’ni Iﬁk%t%go?’gsnﬁ%gsé% i Wu%@u?%%}gegsesgéi? in

response tol5 al-metdgeraspeSaaf te ihmunbegdi@Anin Adlien, ReWD- | nununol , 7, 145-73
(1989). D ribofuranosylthiazolo[4,5-d}pyridimines demonstrating significant

Immunoactivity, including murine spleen cell proliferation and in vivo activity

against Semliki Forest virus, are disclosed U.S. Patent Nos. 5,041,426 and |

4,880,784 to Robins et al.

20 One possible target of immunomodulation involves stimulation or
suppression of Th1 and Th2 lymphokines. Type I (Thl) celis produce
interleukin 2 (IL-2), tumor necrosis factor (INFa) 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

25 interleukins, IL-4, IL-5, IL-6, IL-9, IL-10, and IL-13 and are primarily involved
in assisting humoral immune responses such as those seen in response to
allergens. See, e.g., Mosmann, Annu. Rev. Iinmunol, 7, 145-73 (1989). D-
guanosine analogs have been shown to elicit various effects on lymphokines IL-
1, IL-6, INFo and TNFa (indirectly) in vitro (Goodman, Int. J.

30 Immunopharmacol, 10, 579-88 (1988); U.S. Patent No. 4,746,651 to Goodman)
and in vivo (Smee et alo., Antiviral Res., 15, 229 (1991); Smee ¢t al.,

Antimicrobial Agents and Chemotherapy, 33, 1487-92 (1989)). However, the
2




guanosi ne anal ogs have been shown to elicit various effects on ngx%pbg@@s
IL- 1, IL-6, INFa and TNFa (indirectly) in vitro (Goodman, Int. J.

| nmmunophar nsacol, 10, 579-88 (1988); U S. Patent No. 4,746,651 to Goodman)
and in vi vwd@mg@t alo., Antiviral Res., 15, 229 (1991)pcphéRRshi 2l -

Antim crobial Agents and Chenot herapy, 33, 1487-92 (1989)). However, the 2
26 May 2006 WD 03/045968 PCT/ US02/ 38001 ability of the D guanosine anal 0gs

such as 7- thi oabBi9X%0tHedNgtindsink andiddshet & 7- Tipa-okoglianbyietodn6dillaki nes
directly in T cells was ineffective or had not been described. Mreover,

it is known thatYReHePTohYRP 2&uiokhies direetly nT apllsiueningficiineomhiad el kessi de

anal ogs are subé go difficulties arising from poor absorption, poor
sol ubility, cFegra ation in the digestive tract as a result of acidic or
al I caline condl t i ONFoRovdrhie is3Giblva th? the@nal WaRSnistAfieh Of m! ations of

t hese phenonena. Thus there remains a need for purine nucl eosi de anal ogs
with inmproved opugleosidy apdlegsiors supject toldeifiawfipy arisingfram a@nﬂahisqwtrm pe that are
used to nodul at S te THE | NVENTI ON
The present |nv%n@gfﬁ’(§1éi§g§ gogéég%dtwq%%@ al%%'LHts S(I:CO(\);er(ahg? 3-B-D

ri bof ur anosyl t moaambﬁi éx the aldtiopiof hayhies, anaok e@ﬁhdﬁfbns phmemenﬂm@ﬁl Iy

accept abl e rodrugs, pharmaceutically active netabolites, and

phar maceut i caI | Yhug dossp reamsins agiged OrpHEpeRiclqeside AndesBthaowE ol ugs,

metabol i tes and, Saly; a{o%ra%%tkm 'a}iﬁk rra"rl%ﬁ{a'é?rguééa@%nodﬁﬁ?é‘ésg s gfescri bed
bel ow, which are use nonodul ators. In a general as ect t he

i nvention ril atthsitmauaosypemnds of the Fornmula I: 20 | wherein: RL is

i ndependently H, -C(OR3, or a racemc, L-, or D anmno acid group

-C(O CHNH2R4, wherein R3 is a substituted or unsubstituted alkyl, and R4 is

H or a SUMMARY OF THE INVENTION

The present invention has addressed this need by the discovery of 3-B-D-
ribofuranosylthiazolo[4,5-d]pyridimine nucleosides, pharmaceutically acceptable
15 prodrugs, pharmaceutically active metabolites, and pharmaceutically acceptable
salts thereof (such compounds, prodrugs, metabolites and salts are collectively
referred to as “agents™) described below, which are useful as
irmmunomodulators,
In a general aspect, the invention relates to compounds of the Formula I:

20

wherein:
R'is independently H, -C(O)R, or a racemic, L-, or D- amino acid group
~C(O)CHNH,R*, wherein R? is a substituted or unsubstituted alkyl, and R* is H, or a
25  substituted or unsubstituted allkyl; |




25 substituted or unsubstituted alkyl; 3 26 May 2006 WO 03/ 045988 May 2006
PCTI US02/ 38001 R2 is H ORS, or N(R6)2, wherein R5 is independently™H or
al kyl, and wherein R6 is independently H, substituted or unsubstituted

al kyl , cycianadslyioss or together with nitrogen forns a subgsdiddsbashoPr
unsubstituted heterocycl oal kyl ring; and wherein if R2 is -OH, at |east one
of the R groups is a racem c, L-, or D 5 amno acid group -C(O CHNH2R4.
In a preferred enbodieit OR’he N(RVe wieosin RE ixindspendentp Hpaaigs, andwiherpin

Formula |, whergén.ai | eas ne.of the Rl gr IS a racemc, L-, or
anmino acid gr o%pls-lﬁwr@ﬁ%%ub\%ﬁ%ﬁggPﬁmﬁ}fgﬁt‘g&&g@sﬁc{%ﬁ%? o jogether
unsubsti t ut ed alvkly hiirogatiformbe sbistitutdier nasibktitited hEerogy oty ahe; ddd R2 is ORS

or N(R6)2, wherein R5 is 10 2i_ndeﬁendently selected fromH or alkyl, and
wherein R6 is i ndepeherasin FAR 1 ~Oupdedst erieed therR e &1 4 rageaig. . RYP-

cycl oal kyl, sor LA Lt I Bl fornms a substituted or unsubstituted
s b bojcnesop

het er ocycl oal k I ng. “hi er preferred enbodi nent, the invention
rel ates to conpounddnhawifaged dngiadithént, the ilvedtidinnelates toamaipoans hatinghe R

groups is a L- amno acjid group 15 O .GHNH2R4, wherein R4 is a

substituted or Wbﬁf?gﬁtgaﬁﬁn@%‘d BF 1§ atrﬁ“e‘?n“‘%éfra‘?rrﬁ‘r?@“maﬁﬁioups _

are H R2is Oﬁo%ﬂ@@mmaﬁwanﬁw SsBstfited bi kidhBGitabdkyl, aind wherein
or

R6 is independently substituted or unsubstituted alkyl. 1n yet another
preferred enmbodvhesm the lmainiizdh igrems et B R'sis OR” oo iR Undderefali g Fornul a |,

VC\I? g; &&Hgfmﬂ, (ﬁ\?\/rs;i tg(riﬂai’éﬁde%@y%g@qt%%%?allﬁﬁmeﬁﬂﬁ ﬁgﬁdfe ﬁ;g{eﬁ‘:ﬁﬁg; R‘2 ° gr oups
are H and R2 subst®Red nr emsobdtidredhadctychfaiyher togetat Witlnpitogapionnsls of t he
invention are  SBLEGLEd: [L0hinded RudS ARG ZT HIC NH
In another preferred embodiment, the invention relates to compounds having
Formula I, wherein at least one of the R' groups is a L~ amino acid group —
15 C(O)CHNH2R4, wherein R* is a substituted or unsubstituted alkyl, and wherein the
remaining R' groups are H; R? is OR® or N(R®),, wherein R* is a subsfituted alkyl,
and wherein R® is independently H or substituted or unsubstituted alkyl.
In yet another preferred embodiment, the invention relates to compounds
having Formula I, wherein at least one of the R groups is a L- amino acid group —
20 C(O)CHNH,R’, wherein R* is —CH(CH,),, and wherein the remaining R groups are
H: and R? is OH.
In another aspect of the invention, compounds of the invention are

selected from:
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descri bed. The conpoggags of For nmul a | are useful i Mmune systemgenhancers
and have certain iN ne system erties i ncI duI ati ops
mtogenicity, 5 augnpe t &=bon, /I >=p@tent| ey are jqtl Pﬁé%ll ates
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The invention is also directed to pharmaceutically acceptable prodrugs,

pharmaceutically active metabolites, and pharmaceutically acceptable salts of the



the natural killer, macrophages, and |ynphocyte cells of the inpg 352@6 m
of a host. Because of these properties they are useful as antiviral® an
antitunmor agents or as internediates for antiviral and antitunor agents.

They can bsvoissadsds® to treat an affected host by serving psridesaeii ve
ingredients of suitable pharnmaceutical conpositions. In one aspect of the
i nvention, Forrmula | conpounds are utilized to treat the full range of
viral diseases Prpupeindslsodiygsadnnaiabelises afdotronla heAdeamrgeows métheisapeut i cal |y

effective armungnagfngttpg%oggr%ggﬁ%%%qsﬁo%fiﬂagIaredgls%edaegcei)agonterrpl ated to 15 be

treated with Fornmu _ ude acute at _‘chr_onic i nfections
caused by both RNA aRelcdpdurily srsrsmuMitRoub il h%ﬁﬁfs&ﬁetﬁ%ﬁha‘ﬂ@%s%ﬂ? range

of viral infections that may be treated, conpounds of "Fornula | are
particul arly us8#Yficertpintimgung pestanppioperses inplidog immdslation seitbgoyiciigenovi r us,
cyt omegal ovi kus j £ virus .. (HA hepati tJ. virus (HBY),

f1avi vi rusesgi né é%gl ngtloi}é%d@\fvp&%%}é%m\()iog ¢ ygﬁedg%{)m#é%%ﬁaﬁ{’f F‘?‘@“&)iﬂsr%ét (HOV) ,
her pes si npl ex hy@ahdscpsheRics "ERPESINFREHILIre cXHebRA to HQFRE SHENLSh A ledBUMBN

i mmunodeficiency virus (H V), human papilloma virus (HPV), influenza A

virus, infl uenzdemabirglksller raasonpbagespanddymphesaiecglly pthe immpud systeinrafs,

poxvi rus (i ncluginhg Vi . hi,novi r.ys respiratory

syncytial vi rusgésgsg?%h%@ﬂléeﬁ?g %ﬁ%%g%usé#?%%aggv&rﬂgp @H%OTZS

herorrhagi ¢ f evegents orns intehegiates €orAnevieal iafidis@BurhdrGvkntd UDhdy oth bbEsedMachup

virus, Quanarito virus, and Lassa Eever%, t he BunP/avi ruses (Hanta viruses
I 1

and Rift Val¥ ey e ah §eatnd host Ry sepviageas theassiva WErHgEdebld rus), a range

of viral enceph d.rﬂgab. degicall %E I: West Nile virus, LaCrosse virus,
California Enceglha It scvicru , Venezuel an Equi ne Encephalitis virus,

East ern Equi ne EncephedrietabgcvofitisinvibheFdimuB doipbials BRoemal foltheat kb US,
Japanese Encephgjléi'fti S C\}/qjé',rlfgf | Cysanur Forest virus, and tickborne viruses
such as Crimeant Jippagisan mapmals iy asministering iorthe mamapbet  of t he

i nvention, For MuepbuttcQlP ofise AnburdbF e 26fpbRids ! VAL 4iRassk ShAidh la{egg al,
and protozoal infections in nmanmals by admi histering to 6 26 Ivgy 6 WO
03/ 045968 PET/ Usprratsbuith Ferautehermpoandstieelagreasticaadl Fyronicfinfettions cansediby  of

the conpounds. {4 RNA bnd DNA viruses. Without limiting in any way the range of viral

infections that may be treated, compounds of Formula [ are particularly useful in the
treatment of infections caused by adenovirus, cytomegalovirus, hepatitis A virus
(HAYV), hepatitis B virus (HBV), flaviviruses including Yellow Fever virus and

20 hepatitis C virus (HCV), herpes simplex type 1 and 2, herpes zoster, human
herpesvirus 6, human immunodeficiency virus (HIV), human papilloma virus
(HPV), influenza A virus, influenza B virus, measles, parainfluenza virus,
poliovirus, poxvirus (including smallpox and monkeypox Virusj, rhinovirus,
respiratory syncytial virus (RSV), multiple familics of viruses that cause

25  hemorrhagic fevers, including the Arenaviruses (LCM, Junin virus, Machup virus,
Guanarito virus, and Lassa Fever), the Bunyaviruses (Hanta viruses and Rift Valley
Fever) and Filoviruses ( Ebola and Marburg virus), a range of viral encephalitides
including West Nile virus, LaCrosse virus, California Encephalitis virus,
Veneczuelan Equine Encephalitis virus, Eastern Equine Encephalitis virus, Westem

30 Equine Encephalitis virus, Japanese Encephalitis virus, Kysanur Forest virus, and
tickborne viruses such as Crimean-Congo Hemorrhagic fever virus.

In another aspect of the invention, Formula I compounds are utilized to

treat bacterial, fungal, and protozoal infections in mammals by administering to

6




range of pathogenic microorganisns is contenplated to be treataégﬁﬁ%yz(jdge
conpounds of the present invention, including without limtation thdse
organi sns that are resistant to antibiotics. The ability of Formula I

conpounds &g @kt vate nul tiple conponents of the immneP(Isyégogmogypasses
resi stance nechanisns comonly found to reduce susceptibility to

antibiotics, and thus treatnent of infections in a mammal caused by such
resi stant m crotiegammean thyrapdaticaliyl cifettiveampoaninethe songpopadd. iThelfall utility of
the present inventiop. In another aspect of the invention, Formula I
conpounds are ufdB? YERpRqgenisapicropsgan ‘Hﬁﬁﬁgntﬁlﬁpmggﬁwat&ﬁmmesteri ng to

the mammel a t hesapembil 66t Yres&h tio\ﬁ;eflnglggﬁagRviﬁatmttlﬁ&uﬁ@mgds- Tumor's or

cancers contenplated to be "treated Inc hose caused by virus, and the
ef fect may i nvobrgenismkilat grie megpistdnéto antibiosiéso rThetabidity of Forinulas-combewtdsd cel | s

to a neoplastic, state, inhibiting the read of viruses fr.omtransforned
col I's to ot hor s guiliile coppiiens of PELT Ry SHEMAYPAFeCH Eice

vi rus-transf or mRdcitsh® colitnGrRRRHRdSIRE SLEgeéﬁlﬁvahﬁy lo %&isio%gaﬁ& gdsto be

useful against a broad spectrumof tunors including but not limted to
carci nomas, sar testment cdnrfedtionk ard mesmmbheahseddat siieh meistantamictasgmzme byanmar vy,

col on, bl adder, .l un rostate, st ch, ..and. pancreas carci nomas and

| ynphobl asti c aﬁ%‘“ﬁ@ﬂ& 'gqnﬁjqug%ﬁéaﬁpﬁlglgﬁ%ﬂqlﬁy %ﬁg‘? REPralPERt°of the invention,
a net hod of treati ngranRRER eqt%?lﬁ@ﬁﬂv%ﬁt‘for@g?}nﬂﬂﬁ]&fnﬁ[%ﬂn@s &Q&@%@%' cally
and/ or prophylactically effective anpunt of a pharmaceutical containing a

conpound of 1G hetréatwentrs onmakmatsthysdmaspeatg to e edfimel a theppeuicate t o

nodul ati on of sone _.portio the ma 'S _inmune syste cially
Todul ati on of cYEGkVRANEE oD eicBEPG T U o FEcers SR HRP AObLL not
restricted to theuddhenbembidcaidAbyWirug-afd thelefodt thi}f 12W8IPe Inhiblithg th@nd ot her
cytoki nes such as TNF al pha, and interferons including interferon alpha,
i nterferon thet#ansémohaiion el fimsonrfe¢iecherdls tamukoplisti statovinkibdiagitefsheed or s.

Where nodul ation. of Thl and Th2 cytokines occurs,. it ;s contenplated that
the nodul ation®nEySFi %gén%??rf‘?ﬁlc I?SI 88&8}”1 Lcd}lﬁ’l angdiof AFFnE dsp ession of
both 30 Thl1andgrbivdh oBfihiHaasfomRedaklel THQOmbMndRbf FoZaulanse SRfgssi on of -
the other, or a binodal nodulation in which one effect on Thl/Th2 | evels

(such as gener aPg ysefil agaipg o bregd spactramcd fumes ingludingrbug aeidimitadde i on, whil e

anot her effect éa?éiﬁ&n@s? sarcomas, and leukemias. Included in such a class are mammary,
colon, bladder, lung, prostate, stomach, and pancreas carcinomas and
[ymphoblastic and myeloid leukemias.

20 In another aspect of the invention, a method of treating a mammal
comprises administering a therapeutically and/or prophylactically effective
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 Thl and Th2,

25  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
alpha, interferon theta, and interferon gamma, and their downsteam 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

30 Thl 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

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

7



7 26 May 2006 WO 03/045968 PCT/ US02/ 38001 stinul ati on of eitherstMag%oWZ
and suppression of the other) occurs at a |lower concentration. |n another
aspect of the invention, pharnmaceutical conpositions containing a conpound
of For mul awly @logsegddm nistered in a therapeutically 5 ef f geliv@,605€ t0 a
mammal that is receiving anti-infective drugs not included in Formula I.
In a preferred aspect of this invention, the pharmaceutical conpositions
contai ning a copRUAGnel «fer Tl ar Tha&R sagffeaidtdtiacbthd) ccutshendpauti cal |y
effective dose with anti-infective drug(s) that act directly upon the

i nfecti ous agerfon¢miERIM-bit the growh of or kill the infectious agent. 10
In a preferred aspegt of,the ipvention,.a pharmaceutical conposition
conprising a therapg‘ﬁf‘?%?rlﬁpeép?éﬂ?P’\Y?ﬁ’e‘?ﬁbﬁ}wwﬁugcaiwfﬁ%%ﬁﬁm ccording to
Formul a | provigdgsidfiey a tamsame dr PoradulaVak hakintstdrad AndhaaBuibglr ation as an
i mmunonodul ator. I n another preferred aspect of the invention, a

phar maceut i dal efsatesiose tre wonpel HpHg recivingraapduiertg drygsept weldekinanount  of
a 15 conpound accor.di to.Fornmul a l. orovides for.maski he active
Structure o CREnRsd, fp bEERH TR oo R IR, WL 0% e ot omch,

t her eby m ni m ZjoAgosifi6ihd dbataiie HEorbpvuid bf B&HelaNge adrhi@isargl thar | nmproved
oral tolerability. BRIEF DESCRI PTI ON OF THE FI GURES 20 Figure 1 is a
graphi cal depi dhérappugtalpy effertive dogeith anti-infegtive dpiete thak act digetbr¥nsPon al pha
in mce. DETAI . OF . : D EMBODI MENTS
25 Vhore the 1 O B - i e ool oh U bl e, 1oy T e e

as definedbel ow The pk&tm@ asp@NBF ths mventicaN g phiriebtdicdl Gompb&tistsed herein
in their open, non-limting sense. The term "nucl eoside" refers to a
conpound conpo<eEPysingafhssaivnbesdly sifectiys apountafagopeprssascoHsingty attached to

a specific posigdrQRaQinr & el RPYHe8 offi alR1abili® and administration as an
' immunomodulator. In another preferred aspect of the invention, a
pharmaceutical composition comprising a therapeutically effective amount of a
- 15 compound according to Formula I provides for masking the active structure as
the agent passes through lymphoid tissue lining the stomach, thereby minimizing

activation of this tissue and allowing for improved oral tolerability.

BRIEF DESCRIPTION OF THE FIGURES

20 Figure 1 is a graphical depiction of plasma levels of isatoribine and

interferon alpha in mice.

DETAILED DESCRIPTION OF THE
INVENTION AND PREFERRED EMBODIMENTS

25 Where the following terms are used in this specification, they are used as
defined below:
The terms “comprising” and “including” are used herein in their open,
non-limiting sense.
The term “nucleoside” refers to a compound composed of any pentose or
30  modified pentose moiety attached to a specific position of a heterocycle or to the
natural position of a purine (9-position) or pyrimidine (1-position) or to the

equivalent position in an analog.



natural position of a purine (9-position) or pyrimdine (1- p05|%%m‘9yfdoéo
the equivalent position in an analog. 8 26 May 2006 WO 03/0459

PCT/ US02/ 38001 The term "purine" refers to nitrogenous bicyclic
het er ocycl @& o3/blided €r m "pyrinm dine” refers to nitrogenousydmng
het erocycl es. The term "D-nucl eosi des” refers to the nu? eosl %Xéb
that have a D-ribose sugar noiety (e.g., Adenosine). 5 The term
"L-nucl eosi des" ref éﬂ’}&tészﬂmanemefmuﬁlﬁogmmdwydhchéterbcjftﬂ.&se a L-ribose
sugar noiety. The term"alkyl" as used herein refers to a strai ght- or

br anched- chai n al kylThede@uy Yﬁgv‘ihﬁij TSHES 1P SIHQRENRHS RAOBBHCACHFASYClEScenpl ary

al kyl groups includ ! i pi cted
by 7Py othyl (Et). TesetR-bdfEosidty fbcPlp3e Hbteoue Shbblid Bl bulRP) |
tert-butyl (t BLD,nbpmmlghrmolstyp(e@t,Wdﬁndsm) pentyl hexyl, isohexyl, and t he
i ke. The term "al koxy" refers to, -0- .. IllTustrative exarrpl es i ncl ude
met hoxy, etRoxy, propE¥m daud ?ﬂ§1dF$ wéfelsﬁﬁéh%w}ﬁomﬁ%ma@m § b hageat s
chlorine, fluorjRBescu@fdigergr | 0dine. The 15 teen "hal 0" represents
chloro, fluoro, brorno or iodo. The term "cycl oal kyl" refers to a saturated
or partially saturatis temofaﬂg&’tismed Inareif nsferd ton sspgto opohydyd Icham alkyl

ol os. of oy O RSOV H RS o R G RhosrRidactde b VC,
, and the |ike.(Ms, WhesheRays ueadn#aydnangq%ﬁb@dby“ﬂ) réﬂﬂ@(ﬁkﬁ'ri—ﬁropﬁrlstfvﬂw or

spiro polycyclic, 25 ring structure t is saturated or partiall
saturated aMd HAWFRETHYREIHG terjoBrtyb(tPnperdyl, isopentyl, tert-pentyl, hexyl,

1sohexyl, and the like,

conpounds

The term “alkoxy” refers to —O-alkyl. Tlustrative examples include

methoxy, ethoxy, propoxy, and the like.
The term “halogen” represents chlorine, fluorine, bromine or iodine. The
15 tenn “halo” represents chloro, flyoro, bromo or iodo.
The term “cycloalkyl” refers to a saturated or partially saturated, monocyclic
or fused or spiro polycyclic, carbocycle having from three to twelve ring atoms per

ring. Illustrative examples of cycloalkyl groups include the following moieties:

A o A oo CoAy

> 00 O @OOQ
AN 000 470

A “heterocycloalkyl” refers to a monocyclic, or fused or spiro polycyclic,

20

25  ring structure that is saturated or partially saturated and has from three to twelve ring




26 May 2006 WO 03/045968 PCT/ US02/ 38001 atons per ring sel ect EdZéMH?beG
atons and N, 0, and S heteroatons. I|llustrative exanples of

het er ocycl oal kyl groups include: 0 O0 00 \' S CS,0>\/NCNCN?C , ON
50 ~NS o\Vsolkskd N-N ~, N~ N O NAO and the like. The g@fRoaés] " (A")
refers to a nonocyclic, or fused or spiro polycyclic, aromatic carbocycle
(ring structure having ring atons that are all carbon) having fromthree
to twelve ring @Dmmpelps"mg seteatpd filoki GstomtaindéJ €x and$ betemhtoarsy [lwgtratiyes 10

mcludethefoll)p n eto Soalkvl® the.like. The tern "substituted"
means that the EPedi Tix Srrc%g e cfué’fi?cg'lélgrs one or nore substituents.
The term "unsubstitut g ns t hat the spec |f|ed group @ears no

substituents. 15 A sub t|t ol al ky cI al kyl , or rocy oal kyl is
substituted by one or bstll\l ud| $a| ~(/*I Br, or
), |ower alkyl N - 0- k aryI
-aryl -1 ower al kyI H2",

@ ¢ 7 Q Po ™y (7

Q@@ @Ejégb
u OO A% O e

The term “aryl” (Ar) refers to a monocyclic, or fused or spiro polycyclic,
aromatic carbocycle (ring structure having ring atoms that are all carbon) having
from three to twelve ring atoms per ring. Illustrative examples of aryl groups

10 include the following moieties:

oo oodd

OO , and the like.

The term “substituted” means that the specified group or moiety bears one or
more substituents. The term "unsubstituted" means that the specified group bears no
substituents, '

15 A substituted alkyl, cycloalkyl, or heterocycloalkyl is substituted by one or
more substituents including halogen (F, Cl, Br, or I), lower alkyl (C.), -OH, -NO,,
-CN, -COzH, -O-lower alkyl, -aryl, -aryl-lower alkyl, -CO,CHjs, -CONH,,

10




10 26 May 2006 WO 03/ 045968 PCTI US02/ 38001 - OCH2CONH2, -NH2 - %2006
hal oal kyl (e.g., -CF3, -CH2CF3), -0-haloal kyl (e.g., - and
the like. The term "i nmmunonodul ator” refers to natural or synthetlc
products capdlegsesPf modifying the normal or aberrant i mpe;gysdeem t hrough
stimulation or 5 suppression. The term "preventing"” refers to the ability
of a conpound or conposition of the invention to prevent a di sease

identified her eiQCHQNIT, eIﬁHﬁ -SOagho asidalagl (ay Ky, -CHLETY), sehskeally! (elgq are
at risk of devel ease. The termal so enconpasses preventing
further progres§ﬁg%’g¥iﬁﬁg g@ﬂ@@ in patients who are 10 already suffering
fromor have synpt omeQfms4ahdb26aRRor” réfaf th %5tma1 bf §atdens; roﬂﬁét?ﬁa%alglg (; )

preventing a di sease, disorder, or condition fromoccurring in an

t hat may be prefd‘rsqﬂ@@mth@mm@l@ilaélelaaémmummd‘@m@m@stmdnmrmron, but has
not yet begp g@gﬁﬁp as haV|ng it; 15 (ii) inhibiting the disease,

di sor der, conth t1on .e., arrestlng its developnent; and (iii)

relieving the di SeaSIEhet&hﬁ'??@%ﬁungﬂrreiﬁﬁﬂﬁltﬂelaeﬂﬂybfeﬁcom;ﬁﬁh@bﬂ@ griessf on of
t he di sease, disorder, and/or condition.. The ternms "a" and "J3" indicate

the specific stifEyemion e areveyidigateddssified hergin ip patisutratizangesdias heviag
asymmetric car bcﬁ@dﬁéﬁgbfQh@at%*&?ﬂ&l@&*de%léﬁiﬁ% M8 dPRaddl d90erdiio COMpounds

descri bed herein are all I n the D furanos configuration. The conpounds of
t he invention nepomRassdsipresehénpfughenmeegyesson of theulissassrin patienWhhcear&or nul a |

cannot expr 8! e8Pkl hoRORAEN SpbAMOTRLLCu LTS, IT 18 to be

under st ood hat Formi in represent any 25 tautoneric form

of the depicted conpmgn&nanﬁm@ﬁpragktao be Ilnlted nmerely to a specific
conpound form depicted by the fornula draw ngs. For exanple, it is
under st ood for For mfl)a IPﬁWﬁmﬂméghw@W%§§Oﬁbrﬂh@ﬁﬁéwdeHn@EWHWGlsﬁbst|tuents

are shown in tﬁ%ﬁl tfedl %ay% p&é@p%se‘ﬁ% %efdﬁ)gegge, &1?&'&6&8@[0? éoqﬁgtlohpﬁut%g&?ot
conmpound (as

yet been diagnosed as having it;
15 (ii) inhibiting the disease, disorder, or condition, i.e., arresting its
development; and

(ili)  relieving the disease, disorder, or condition, i.e., causing regression of
the disease, disorder, and/or condition.

The terms “o” and “f” indicate the specific stereochemical configuration of a

20  substituent at an asymmetric carbon atom in a chemical structure as drawn. The
compounds described herein are all in the D-furanosyl configuration.

The compounds of the invention may exhibit the phenomenon of
tantomerism. While Formula I cannot expressly depict all possible tautomeric
forms, it is to be understood that Formula I is intended to represent any

25 tautomeric form of the depicted compound and are not to be limited merely to a
specific compound form depicted by the formula drawings. For example, it is
understood for Formula I that regardless of whether or not the substituents are
shown in their enol or their keto form, they represent the same compound (as

shown in the example below).

11




shown in the exanple below). 11 26 May 2006 WD 03/ 045968 PCT/ US?@‘V%@%OG
Sonme of the inventive conpounds may exi st as single stereoi soners Je.,
essentially free of other stereoisoners), racemates, and/or m xtures of
enant i oner sygixdags di ast ereones. Al l such single stereoi WI?S%EI §@fe- mat es
and 5 m xtures thereof are intended to be within the scope o tﬁe pr esent
invention. Preferably, the inventive conpounds that are optically active
are used in optically pure foam general |y understoog by those skilled
in the art, an optically pure i i ter (i.e., one
asymmetric carbon aton) is onej{zﬂ bnsi sts essentia ®one of the
two possible enantioners (i.ex~ '8 engntionericall y~pur nd an optically
pure conpound having nore than one chifral_cenfer i s one thatf is both

di astereonerically pure and |enanti onmefi cally pure.| Preferablly, the
conmpounds of the presenfz”ﬁ\png' e used i f™a, Nifs at | east 90%
optically pure, that is, a formthat/contains al |east 0% of a single

i somer (80% enanti oneric.45~excess’ ("&g. e.") or .diastereqQfferkC excess
("d.e.")), nore preferably at |edSt 95% (90% e.e. or d’e.),™even nore
preferably at |east QmbMftidinverive coppoutidemhy egitichs Bingle stqpecdfortedddliy., at | east
99% (98% e.e. or d.e.). Additionally, the Formula | is intended to cover
sol vated as wel gssqsially fipe ol afbar SEraosPRsTsH FageHtes FlOr PEEYTSS f uct ures.  For

exanpl e, For nul & Hd% &di%@eg&%@&“@ c?xfsh{xgﬂ?st.r%.kd”g?é_rgq?c%hfa%gtahﬁ ein

bot h hydrated and non-hydrate or s. er exanpl es ol vates 1 ncl ude
t he structur®es mixneeteseaf are ntsrdedta mm}_ﬁpmmpe oftifiespredent ime¢rtianol , DMVSO,

ethyl acetate, aceti cid, or ethanolam ne. In addition to,conpounds of

Formula |, the ]i’fﬁ%éarﬁif’g}‘?mﬁ%’lﬂﬁﬁ%@npoﬁﬁg? tcaéﬁf’l?t%?&ﬁ}’ getiye eEEH e prodr ugs,

phar maceut i cal l%pti%gﬁ-lydﬂe fRtabolites, and 25 pharnaceutically acceptable
ounds

salts of such conp and netabolites. "A pharnmaceutically acceptable
prodrug” is a conpoulgdnbatly myerdiend tgothyerskdkid imithe art phnyapitiohlggiucall

condi tions or bé/orgp%lu;l/g 11 v?rllgsor}e%h}rglece&%re ﬁ.le.f , Ior?eg as%q%e%!fcngarbon atom) is one that

10 consists essentially of one of the two possible enantiomers (i.e., is enantiomerically

pure), and an optically pure compound having more than one chiral center is one that
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
15  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
preferably at least 99% (98% e.e. ord.e.).
Additionally, the Formula I is intended to cover solvated as well as
.unsolvated forms of the identified structures. For example, Formula I includes
20  compounds of the indicated structure in both hydrated and non-hydrated forms.
Other examples of solvates include the structures in combination with isopropanol,
ethanol, methanol, DMSO, ethyl acetate, acetic acid, or ethanolamine.
In addition to compounds of Formula I, the invention includes
.phamlaceutically acceptable prodrugs, pharmaceutically active metabolites, and
25  pharmaceutically acceptable salts of such compounds and metabolites.
“A pharmaceutically acceptable prodrug” is a compound that may be
converted under physiological conditions or by solvolysis to the specified compound

or to a pharmaceutically acceptable salt of such compound prior to exhibiting its
12




or to a pharmaceutically acceptable salt of such conpound pri ory éﬁ‘a 200
exhibiting its 12 26 May 2006 WO 03/ 045968 PCTI US02/ 38001 phar maco ggl ca
effect (s). Typically, the prodrug is fornulated with the objective(s) of

i nproved cReYUsfddospt ability, inproved patient acceptance @Agyges i ance,
i nproved bioavailability, prolonged .duration of action, inproved organ
sel ectivity, inproved fornulation (e.g., increased hydrosolublllty) and/ or

decreased 5 si pharopfodegienl eley (3). Tynically jhe prochres prfwlﬂmjed:‘anhﬂw readily
prepared from Bd[ggcuvggggﬂg@ggv chgngc%k@c}n% 31'3%&%"@%@@ acce %_\é\?ngﬁtrn the art,

such as those SCri urger’ s
Chemi stry, 1, dﬂﬁ.’plihi&s, irﬁ}i&v%&oﬁvhﬁﬂﬁ)lty, piShagal daatRer ctf(abmon nﬁfbroaéd orgah Med.

Chem, 40, 2011-2Q1 1997 Sha al.., J.
e 67 pasa S SR A bigh lo Sbtrsiiad PG BUbig) BAYGE SoEnces | n

DrugRes., 18, Jddekdis 986!5)1@1 umﬁ@ ffhg cReBé BRdDf £d95m thEl sevi er Press
1985) ; Larsen Desi gn (g%d Apglty?catlgtﬁ Prodrugs1 %?I%l

Desi g and
Devel opnent (K?QW&@%@C-H_WE d uging geth Odélﬂ@PWﬂ m&hméu&b@d@ﬁﬁ@emb¢d§hers,
1991); Dear et @{F,;, ( 4 et al.,
J. Pharmaceuti g% &S%{eg%e@? Arrafl if/‘gll)’s’lzg%benggéﬁ?g%@ 1%?99 )98§ICt %gl%r ox et
al., 15 XenobPes also Brertoli@Bet Bl.2/, (M@0 Chem., K), @ﬂhlr@&kﬁe(ﬂlﬁﬁ'ﬁa‘llhay, dat.jle
met abol i te" ol uct
produced thr ou‘g} i ?aboﬁt@m i nl???ag gc@l& g %’ 8{%@%0%@1{8% or salt
t her eof . AfG er Bedurf ydianted ik Deugaw,lsmmwdr(mm) erdgsdil) Desah@F Phrughem cal
reactions that an si cal erties_and 20 _bi ol ogic
ef fects. These(Eﬁ%tzk?Bgﬁsg?%Er&é’%e?oﬁ?‘g’WWc‘L?Pﬁ%QWW Pegdyregs; DrvgDesanar i ty of
the Formula | SMSERPEen? (R RksdaBRl-WR¥%nichalVRhE A0S A@ﬁ&nﬂé ?ﬁgﬂsﬂéﬁ ed in
and excreted fromthe body wever, in some cases, nmetabolismof a drug

is required fHPH W&Bﬁéﬂit{c@éf’mé@@ Bréds, axhRP? ©00@h Speaka e, Hr ugs of the
ant i -met abol i tph&ln%%mcmtsz BedONASALAE 1D S0 RS AL 8 pl B iy af L er they

have been transported Into a cance drugs Under go
met abolic ¥ angéf@bwét 3,d030f12§8).ki nd, the biochemi cal reactions that play
a role in drug mnet a‘bollaflia%%qa&%}icalﬁ?f agtlilw%e I‘II’IG ohten 1s intended to mean a '
pharmacologically active product produced through metabolism in the body of a
specified compound or salt thersof. After entry into the body, most drugs are
substrates for chemical reactions that may change their physical propetties and
20  biologic effects. These metabolic conversions, which usually affect the polarity of
the Formula I compounds, alter the way in which drugs are distributed in and
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
25  cancer cell.

Since most drugs undergo metabolic transformation of some kind, the
biochemical reactions that play a role in drug metabolism may be numerous and
diverse. The main site of drug metabolism is the liver, although other tissues may
also participate.

30 A feature characteristic of many of these transformations is that the
metabolic products, or “metabolites,” are more polar than the parent drugs, although

a polar drug does sornetime yield a less polar product. Substances with high

lipid/water partition coefficients, which pass easily across membrarnes, also diffuse

13




diverse. The main site of drug netabolismis the liver, althou g,eé
tissues may also participate. 30 A feature char acterl st I ¢ of many thnese
transformations is that the netabolic products, or "netabolites,” are nore

pol ar thanghgapdkent drugs, although a polar drug does vield a
| ess pol ar progucﬁs‘3 Substances with high [ipid/ water parl)t%ﬁm% i/%m

coefficients, which pass easily across nenbranes, also diffuse 13 26 My

2006 WO 03/ 04591@31;P@Ii’1y15621 B8O re eloigatle fe)&aﬁmmﬂhﬁdényinedthablaﬁtﬁat hr ough
the renal tubul cells.into the plasma. Thus, such substances tend to

have a | ow rena ﬁ“l?i W5 shstnggsdend tpéwge plepgradl gleargngepndpengpsasistence iy dr ug
i's metabolized ﬁa@b@dﬂ?&dﬁfglléﬁleﬁggﬁ’é&&%jaP%{Egpo‘l‘drtcﬂ fﬁrﬂ“&{deuce détolwt!ron

coefficient, its tubular reabsorption w e grea Mor eover ,
the 5 speci fic Resietiant coeificiant hig Mibites rﬁabwrgtmnowél k@rﬂieadatwd@n@l ilotepeer ghoxi mal

ohot ancos. Bhg 9REak RS BALERIINIRL biOhatai0R P RERN RN RigRLy Polar

subst ances. speciT1 c exanpl e enace acet opnene

acetanilide ar eantion the parehdhmmlhgas:ens apethtanpdndigidy pelaagdnitisces.but are
transforned within the body to a nore polar and npre effective netabolite,

p- hydr oxyacet ani | i d %Sa%ﬁle%cﬁ&%ﬁ@ﬁ)PheW‘fPférh(aP%m@nW@@WdB%E‘é@ﬂ@‘i?cﬁé%/bom\hen a
dose of acet an'ﬁﬁl@@na‘lﬁesﬁ'aﬁ@@nt?ﬁr&m@%érﬁ?%ut D8 it thIBbAPRl h&E Peak

and decay in the plasha seque During the first our, ‘acetanilide
i s the princi patolglaad mere mm@tabﬁﬁeztﬁﬂ]@’dswmmnhlblﬁacetasmwmnhcféndmsI i de

level falls 0 t rk; dg?’éu\?\/gﬁ odg.)? %ﬁﬁ g H&s@%?ace ﬁnﬁﬂfqg g:a a%on%%rsrogatﬁg gﬁ%ces]s gak.

Finally, ter Pt her
met abolite thatmetabalmmealdalchdadapmrthé)piameqﬁ@ﬁaw o@uﬁﬂgehbﬁﬂyhoﬂhus, t he

pl asma concentratjons of one o met abol a the rug
el T, omn be BrRIie BibE PR PR pemmat 6 B srcrac s abi o
salt" is intendeekl fQlsNBathetabS ik lacdtiainopiRh@bAgntrhith r@éw%%é‘aﬁ' Fﬁlfaﬁﬁct i veness
of the free acids and bases of the specified conpound and that is not

bi ol ogi cal 'y oraftst A&FwheEs. dhsicirabrlasmapeosmpeiite Brtbertiectphnlignibpidained may
possess a suff 'aqlu%gﬂﬁ T;)Q:? drcll ﬁom%;es’wdg % mewg csmeg&atmg Bf&ﬁerb%ﬁo%'a'

gr oups, and accor react .a nu I NOorganit.c or anic
bases, and i norrgdﬁbcdltesamvdk gahé drugctsez'lﬁ ca:tt e ﬁlmrmacaalqglrraﬂyrmmntant ally
acceptable salt. Ex e‘% lpﬁlz{erceutically 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
20 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
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
25  base, such as salts including sulfates, pyrosulfates, bisulfates, sulfites, bisulfites,
phosphates, monohydrogenphosphates, dihydrogenphosphates, metaphosphates,
pyrophosphates, chlorides, bromides, iodides, acetates, propionates, decanoates,
caprylates, acrylates, formates, isobutyrates, caproates, heptanoates, propiolates,
oxalates, malonates, succinates, suberates, sebacates, fumarates, maleates, butyne-
30 1,4-dioates, hexyne-1,6-dioates, benzoates, chlorocbenzoates, methylbenzoates,
dinitrobenzoates, hydroxybenzoates, methoxybenzoates, phthalates, sulfonates,
xylenesulfonates, phenylacetates, phenylpropionates, phenylbutyrates, citrates,

lactates, y-hydroxybutyrates, glycolates, tartrates, methane-sulfonates,

. 14



pharmaceutically acceptable salts include those salts prepared %gmasa@cqeon
of the conpounds of the present invention with a mneral or or d

or an inorganic 25 base, such as salts including sulfates, pyrosulfates,

bi sul f at esywosibhdokgs, bisulfites, phosphates, nonohydr ng‘?."r%bﬁ es,
di hydr ogenphosphat es, netaphosphates, pyrophosphates, chlori Z@m rom des,

i odi des, acetates, propionates, decanoates, caprylates, acrylates,

for mat es, i sobptopaatsafona@pnaphttakne-haptifanta] ephihpleopl ahdbeses, amglxal at es,

mal onat es, succi nate suberates, sebacates, fumarates, mnal eates, butyne 30
1, 4- di oat es, hé@f’?ﬁ%@%éﬁ- di oates, benzoates, chl orobenzoates,

et hy! benzoat es, | du il FABANZRARESm Y EAKYEREARK BB RXKPeNZOAt o5,

phthal ates, sul fonates, xylenesulfonates, phen et at es,
phenyl pr opi onateessptablesalf intsyitbg peapersd by iany suiteble mdtiosht ayedable in the art, for

oLy g SRy FASLAL SRS RS YRR o2 1

| - sul fonat es, neidhhiatteomic2icRi biflfuniateid, nigivtheidrpindpha@icerid dnfll thdkke, Bvent i ve

repared by any iOIBH S 00 ARFISBID TP L REITF 810 BkRll o
treatnent of thedf fieeribasie, Mhlbfic ad] p(}@m@mi@, Aelilaci® yBRoBSadky,dr ochl ori c

acid, hydrobrom ¢ acid, sulfurjc aci nitric acid, phosphoric acid and the
like, or withsalityHF gehi acrvamogidyl asife pucias ghewopicaeidpr salgFarosicasid, succi nic
aci d, mandehi ¢ ., 3hen v UIREL; | &Rl ORI 1is By WARU\VAE o oxalic
acid, glycolic agc%(_:l, ysa??t%%}?’isg&a%iCéjtg@gagf??ﬂgslgé{i}@ aggﬂdﬁo %Edd%u%lsﬁg

gl ucuroni ¢ aci dsmertiqpeidertgivtemicacal amzromtiasncidlsptieastpgozadxgeidici d, such as
citric acid or rtarico acid .an.am no aci sugh.as..aspartic.acid or
‘glutam ¢ acid, G}a{%m%r%oaﬁla i gulgdcnll cd?mcgﬁ%%l 3¢ 38@‘%‘%85}%%0%%?8&(1 oF "B’ieﬁﬁ%ﬁ*cc acid, a
sul foni ¢ aci d, asidgdr thslifpet ol uenesul foni c acid or ethanesul fonic acid, or
the like. If the inventive conpound i s an_acid, the desired

phar maceut i cal |y 15ld8¢Eseursonaeundingn s5id. ficdssiradphsymageyticallyt abl e met hod,
Lo XDt SRy Wi bl RS G0 g © o0
hydr oxi de or abkékifree agidifh améncagamd or organic base, such as an amine (primary, '

secondary or tertiary), an alkali metal hydroxide or alkaline earth metal

hydroxide, or the like. Hlustrative examples of suitable salts include organic

salts derived from amino acids, such as glycine and arginine, ammonia, primary,

20  secondary, and tertiary amines, and cyclic amines, such as piperidine,
morpholine and piperazine, and inorganic salts derived from sodium, calcium,
potassium, magnesium, manganese, iron, copper, zine, 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

25 forms, all of which are intended to be within the scope of the present invention and
specified formulas.
A further aspect of the present invention is directed to a pharmaceutical
composition comprising a pharmaceutically acceptable carrier or a diluent and a
therapeutically effective amount of a Formula I compound, a pharmaceutically
30  acceptable salt, hydrate, ester, solvate, prodrug, metabolite, or stereoisomer,
Formula I compounds are useful in the manufacture of pharmaceutical
formulations comprising an effective amount thereof in conjunction with or as an

admixture with excipients or carriers suitable for either enteral or parenteral
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hydroxide, or the like. Illustrative exanples of suitable salts, w
organic salts derived fromam no acids, such as glycine and argl ni
anmoni a, prinary, 20 secondary, and tertiary amines, and cyclic am nes

such as pi@gyds@idgs nmorpholine and piperazine, and i nor GaRirseSedehs deri ved
from sodi um cal cium potassium magnesi um “manganese, iron, copper, zinc,

alumnumand lithium In the case of agents that are solids, it is
under st ood by ampbeaionkidsiseeh, faymukdons af the prasent ingentiopnitablafor orbounds and
salts may exis all of which
are intended t% %va;vi&tt %elﬁs%gﬁgﬁ of&mﬁ&wrﬁgi%?t] s caéglﬁl{eﬁogén%gtﬁ’d specified
formulas. A fuﬂablhtsrtrmpectozafges hectmoa&mnﬂgaméwtemmned esna:hnt eftthedctive a

pharmaceutical. ¢ 03|ttdh g (?r %i}‘ t| c ﬁ%l cce tabl e
carrier or a dllng'i? rm[ é"rpé’ﬁ’ & i 9 a Fornul a |
conpound, & phakpeacet it Qrﬂéduﬁo&%qﬁiﬂ&ﬁ&bﬂ@ﬂu@mﬁalthd hzyﬁrt@é @nn%hlebhl-nsol vat e,

prodrug, netabolite, or stereoisoner.  Formula | conmpounds are useful in
t he manuf act urBaiEk ensipRAtRAter ol syipan af hodive Bigmrdicst Rigy AlKO ke flect i ve

anmount t her eof yk Ry 6 HaHoRds! QPcridrd,Br Bhst@S an. admi xture with excipients or
carriers suitable for either ent€ral or parenteral 15 26 May 2006 WD

03/ 045968 PCT/ US02 ThHeR0fbosifipl wihtsuagity beAsrmsulethd irftoa omilt ddbdagnformf suche present

Lo Ry ST BLAGH L SB Y, 8% Rl >

contai ni ngia pihelded £5dAdNeEhigiAAVA liatd daiGeraBkéntflary dagie@sﬂinemae latfdsd,he form of
a powder or granules; in the formof a solution or suspensi on in an

aqueous | i qui cFlf‘éFmsr%%Eﬂféoﬁ%bﬂloi (‘j‘%ﬁnalmlo%ta‘ﬂi’f’stﬁ’énﬁ%‘ﬁ% %ﬂi"l‘é‘ﬁ PIPhRtR- wat er
enmul sion or a Iﬂﬁfeﬁﬂi oil Eobd btidH bR @ MreothBRin B LihMEs, Hﬂ%c%&hegglat so be in

the formof a bolus, electuary, or paste. e conposition wl Sual ly be
fornul ated i ntl@eféymﬂtllosmadgexbfeﬁwhneSQrbhan menddauraibl methylcapsul e, aqueous

suspert e or St SIS AR A08, WPESBLY skt * Soli T,
sucrose, sior bllﬂml mannitol, starches, gum acaci a, cal cium phosphat e,
m ner fal oil, cocoa g;lrjtgc}u?arl rc-lzferr%f fo;[*nrlll?lgttl)c{ng ?r&iud%lta lersltsa:[':u(lads laEtll;z%%aC ?egt h.
gel atin, syrup, ¥yp g psu
comprising the active ingredient together with (a) diluents, such as lactose,
dextrose, sucrose, mannitol, sorbitol, cellulose, dried corn starch, and giycine;
and/or (b) lubricants, such as silica, talcum, stearic acid, its magnesium or
20  calcium salt, and polyethylene glycol.
Tablets may also contain binders, such as magnesium aluminum silicate,
starch paste, gelatin, tragacanth, methylcellulose, sodium
carbosymethylcellulose and polyvinylpyrrolidone; carriers, such as lactose and
corn starch; disintegrants, such as starches, agar, alginic acid or its sodiwm salt,
25  and effervescent mixtures; and/or absorbents, colorants, flavors, and sweesteners.
The compositions of the invention may be sterilized and/or contain adjuvants,
such as preserving, stabilizing, swelling or emulsifying agents, solution
promoters, salts for regulating osmotic pressure, and/or buffers. In addition, the
composition may also confain other therapeutically valuable substances.
30 Aqueous suspensions may contain emulsifying and suspending agents combined
with the active ingredient. All oral dosage forms may further contain sweetening

and/or flavoring and/or coloring agents.
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met hyl cel | ul ose, pol yoxyethyl ene sorbitan nonol aurate, net hyI Mav 20
hydr oxybenzoat e, propyl hydroxybenzoate , talc, nagnesium stearaq ya%c?the
15 like. i Particularly preferred formulations include tablets and gelatin
capsul es c@islosdoh® the active ingredient together with (R fideHts, such
as | actose, dextrose, sucrose, mannitol, sorbitol, cellulose, dried com
starch, and glycine; and/or (b) lubricants, such as silica, talcum
stearic acid, its ma@]mscmnpmnoa@am@lr@awdmsairﬂmgmﬁcbnpeitmhlhmb{ﬁigg gl ycol .

Tabl ets may aI so _cont.ai n bi nders uch as. magnesi um al um num si I i cate,

starch paste, g8Patifing o %&HE%WH‘OEHTSHW“E@W t tdggmtamsabgp i to 75% of

car bosymet hyl Cefﬂe&h@ﬁeﬁn@r@&ﬁeﬂobﬁé%ﬁbw P3G Okd SV 6F the k. eA%ablé'r!rE‘aQ y@s | actose
and corn starch; disintegrants, such as starches, agar, alginic acid or

its sodi um sal t Ma8sbyemmpEeEmens Sobding Wﬁ%@tufeeggre@ﬁmmtm%lyow or

colorants, f4avglhs 1204 LERARL S (-3 ,g)e invention may
be steril i zed an /o% co% ﬁ ag\jﬁdv%%r?%{g esugﬁ p ﬁl n stabili zing,
swel ling or enth;TilmWShg, iaﬂgyesmitgble mab]nitldt,dm acpwmmgtedremt insdfrdesildvang feemul at i ng
osnoti c pressur sitian y al so

contain other tHér aaﬁgﬁ?wggloll‘?a%teﬂgg I‘émglﬁtl O%%‘@’é]%ab@gergg’ggf)%lg pensi ons

may contain erruﬂlmmymm@oam&n&psfpﬁgp&rm o8N NoleanabloR GhayWelnihde B¢ acti ve
ingredient. Al I dosa e forns, nay urther contai n sweetenin and/ or

fl avoring and/ olino Bl h %lemag .6t TR ot hepevderdativeg seeglient and

PCT/ US02/ 3501 Jﬁﬁﬁxﬁle(‘cﬁz‘ﬁ%@ﬁiols'téﬂ@éw%%nH&ie%ﬁﬁjhﬁ?dxﬁa@ﬁtor ding to conventional
m xi ng, granulating, or coating nethods, respectively, and contain about

0.1 to 75% of the a%cwaimmqteecﬂ Ieamn,ter@ibeﬂercambysmdmwﬂl HormallpB¥maf t he

same. A tabl et nmol ding the active ingredient
optional ly wit hu%y%osg‘%e Stgn%ﬁ?%agbggg c‘s @W@ﬁ?lggoﬁ?@fa@é%ar tabl ets
may be prepar ederthmﬁ)‘miﬂes§hai@acduﬁcﬁly5ddcdp@db|leecamhSfmﬂl. cath@s @gt i ve
ingredient in a f e%flovvl ng form such as a powder or granules, optionally
mixed with a bi Waéra y%lrtio@gn]garer}tﬁé ¥-acceptable and contain non-therapeutic

15 diluents or solvents. Examples of such carriers include water; aqueous solutions,
such as saline (isotonic sodium chloride solution), Ringer’s solution, dextrose
solution, and Hanks’ solution; and nonagueous carriers, such as 1, 3-butanediol,
fixed oils (e.g., corn, cottonseed, peanut, sesame oil, and synthetic mono- or di-
glyceride), ethyl oleate, and isopropyl myristate.

20 Oleaginous suspensions can be formulated according to techniques
known in the art using suitable dispersing or wetting agents and suspending
agents. Among the acceptable solvents or suspending mediums are sterile fixed
oils. For this purpose, any bland fixed oil may be used. Fatty acids, such as
oleic acid and its glycerfde derivatives, including olive oil and castor oil,

25 especially in their polyoxyethylated forms, are also useful in the preparation of
injectables. These oil solutions or suspensions may also contain long-chain
aJeohol diluents or dispersants.

Sterile saline is a preferred carrier, and the compounds are often
sufficiently water soluble to be made up as a solution for all foreseeable needs.

30  The carrier may contain minor amounts of additives, such as substances that
enhance solubility, isotonicity, and chemical stability, e.g., anti-oxidants, buffers

and preservatives.
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di luent, surface active, or dispersing agent. Ml ded tablets Pﬁ by
nol ding, in a suitable machine, a m xture of the powdered active r'edient
and 10 a suitable carrier noistened with an inert liquid diluent. Wen

admi ni st er%(ﬁﬁgﬁg erally, the conposition will normally li?ﬁlﬂs'f!z/?soofmi t
dosage, sterile injectable fonn (aqueous isotonic solution, suspension, or

emul sion) with a pharmaceutically acceptable carrier. Such carriers are

preferably non-toxi evhepadpmtigerl kastalgceptahpeitibndvitl antallybe famuldel apeut i ¢
15 diluents or solvents. Exanples of such carriers jnclude water; aqueous

sol utions, sudhoadmygerage IEPSHCR AT LURBYHGM TifP f- JEReS® PRIRRISHIPDS 8 ger 's
sol ution, dext g gﬁeggll%g:bmigiﬁg tﬁé&nﬁe%@% litbleA0n-iRAinRRRARAR WS Car ri er s,

such as 1, 3-b I Xed ol l's g., corn, cottonseed, peanut,
sesane oi |, andresplitabtdom tmwperatupy, butiliquisl af eesdl ermperasrpysuchy thabibey withd

i sopropyl ristate., 20 0 i i : . ccordi ng
to techni qués n%eﬁto%hel ey gggél%gggr}ers?gélgﬁp}%a%@%ﬁ%&é%n%ﬁ%lpﬁv@q??ng agent s
and suspendi ng bhuagebieswatamngidie/lae ghptiabl ethshiteamnslsmns suspendi ng nmedi uns
are sterile fixed qils. For this purpose, any bland fixed oil nmay be used.
Fatty acids, sePR¥%"%|eic acid and its glyceride derivatives, including

olive oil and cast olpQiliaidR sEEREEHLAhdsY drBubdAPhdmiRRiMmY(Eidaxk adied f or ms,
are al so useful in the preparation of 1njectables. These oil solutions or

suspensi ons nayreielmgeondar dHspeosing Smablations).ceyslomaripuehous0.bto taiabpér sant s.
Sterile salji.ne 4, ferred rier, e t
sufficient I1)9 \A&t@?‘% §Fﬁ38%5m%om%r§&ﬁ%té%’ fﬁ‘g&g%ﬁ’% ’ %%%Wﬁ/qfﬁ%ﬁﬁiﬁaﬁ{ef glges eeabl e
needs. 30 The adaitibheomzdyrnadatioas canierompanrsisd imo ofubdiddudlivods, orsuch as
substances that enhance solubility, isotonicity, and chem cal stability,
e.qg., anti-oxid¥8&S buffers and preservatives. 17 26 May 2006 WO

03/ 045968 PCT/ US02/ 35004, JMeccafmRlShEY AL @l BhcYopideh9, &pea £ 0n wi |

usual |y be fornul at into a unit dosage form such as a suppository or
cachet. These odwpdisd ¢anditiong afhiressed for treatment involve areas or organs readily

15  accessible by topical application, including disorders of the eye, the skin or the
| lower infestinal tract. | ..

For topical application to the eye, or ophthalmic use, the compounds can
be formulated as micronized suspensions in isotonic, pH-adjusted sterile saline
or, preferably, as a solution in isotonic, pH-adjusted sterile saline, either with or

20  without a preservative such as benzylalkonium chloride. Alternatively, the
compounds may be formulated into ointments, such as petrolatum.

For topical application to the skin, the compounds can be formulated into
suitable ointments containing the compounds suspended or dissolved, for
example, mixtures with one or more of the following: mineral oil, liquid

25 petrolatum, white pe&olatum, propylene glycol, polyoxyethylene compound,
polyoxypropylene compound, emulsifying wax and water. Alternatively, the
compounds can be formulated into suitable lotions or creams containing the
active compound suspended or dissolved in, for example, a mixture of one or
more of the following: mineral oil, sorbitan monostearate, polysorbate 60, cetyl

30  ester wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and water.
Topical application to the lower intestinal tract can be effected in rectal

suppository formulations (see above) or in suitable enema formulations.
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be prepared by m xing the conmpound with suitable non-irritatin
that are solid at roomtenperature, but liquid at rectal tem%ﬁemfdﬁj

that they will 5 nelt in the rectumto rel ease the conpound. Conmon

exci pi ent sylgN@lokigdgs cocoa butter, beeswax and pol yet hyl eng glasgas, or ot her
fatty enul sions or suspensions. Fornul ations suitable for nasal or buccal

adm ni stration (such as self- propelling powder dispensing fornulations),

may conprise about Orﬂe/ﬂohﬁula@@ﬁtlnaymn%%éﬂﬁwb@bre&éiﬁedaﬁwqc)sa@@E&ﬁlﬂa@at or,

for exanple, about 1% w w of the sane. In addition, sonme formnulations can
be conpounded |ﬁ%bap@awdhzga@fOEth@@ﬁ@wé?WeHbﬂwgl@thq\m‘éfd#@m}a%'héﬂconpounds

may be adm ni Stﬁfeﬁnﬁdé ABHGE He%tep%?ﬂﬁ ésﬁé gctr\’i%‘i? E&l&t‘i&ﬂqgﬁ%ﬂf Sn fALTr essed
for treatnent involve areas or accessi bl'e by topi cal

appl i cation, i ntkugeiriey vducsincrods;trtste@bnetdvfenceyeqccsshef isRiedicnts. Tthgenetad Her
intestinal tract. Fpr. topical | i cat tote or .opht.hal m c use,

t he corrpound% c;goﬁm“%émfs iR B?Ig‘gg-‘é%mﬁqr@? Yodamatg gﬁ)&ﬁ%ﬁné lgeo"}c Y sot oni c,

pi agj ust eg st efﬂglkeﬂmailnitm@soc@smoﬁmﬂlfﬂﬁcﬁﬂ&l Uam%ﬁ)ra fﬁellymﬁmm dolidicaitiogi C, ]

pH adj usted sterile saline, either with or wi t hou eservative suc
as benzyl al koni boHca Spqne ¥ neggssazy, ﬁ%ﬁﬂ%’ihﬁpr ke m@é‘i‘&ﬁ?ﬁ’l’iﬂﬂ"ﬁﬁ AL £ or nul at ed
into oi ntnents, SUCh’I?é Pﬂﬁ-fr[aﬁ’é éﬂ%mﬁgglnc}noﬁit?@ﬂre&ﬂ%b&ﬁlbh‘?snusre&)11{ he skin,

t he conpounds can be ate Into suitable ol ntnments contalning the
conpounds suspemdeuht dirat dneshwapﬁaﬁqallﬁf@ffectewan@ﬂ@ amuiuRts useslsmey ddpemheponr nor e
of the foll : mner Qi | qwd Iau whi t.e petr Iatum

pr opyl ene gl?@ﬂcog] dﬁ%fef(g S&H{?}Pg’r{fh ftglgpy%my%eugﬁ%}lcgn Sé‘[grrpound
enul si fyi ng waxregtiled\idt ee. seﬁlttmigmebueﬁmheudmgth crefakadse stafmieutat mul at ed
into suitable loti ons or _creams containing the active conpound suspended
or di ssol ved i nSOMRR{st @?éﬁi)'foé)erﬁle?ﬁe%‘ﬁrté’a@?enbne or nore of the follow ng:

mineral of . sorbit afResla%aka R URARRALS AR prdgil Alufiber vax

cetearyl al cohol 2-octy ecan enzyl alc ter. Topical
application to asvecapele pr iahlwemefmahgaslaglb ot dividsd defefof theewpnipound ot ad

supposi tor ylg orh stef;ll al ﬂx%ioé,%%s%e%s?gﬁf %)‘ er%{llsfoﬂ, i%y i)agrgn !31'%1 & %H%ﬁghonwl ations. 18

single or divided dose.

)

The compounds of the invention are used in the composition in amounts
that are therapeutically effective. While the effective amount of the Formula I
compounds will depend upon the particulér compound being used, amounts of

20  these compounds varying from about 1% to about 65% have been easily
incorporated into liquid or solid carrier delivery systems.

For medical use, the amount required of a Formula I compound to achieve a
therapeutic effect will vary according to the particular compound administered, the
route of administration, the mammal under treatment, and the particular disorder in

25 disease concerned. A suitable systemic dose of a Formula T compound for a
mammal suffering from, or likely to suffer from, any condition as described herein is
typically in the range of about 0.1 to about 100 mg of base per kilogram of body
weight. It is understood that the ordinarily skilled physician or veterinarian will
readily be able to determine and prescribe the amount of the compound effective for

30  the desired prophylactic or therapeutic treatment.

In so proceeding, the physician or veterinarian may employ an intravenous
bolus followed by an intravenous infusion and repeated administrations, as

considered appropriate. In the methods of the present invention, the compounds
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26 May 2006 WO 03/045968 PCT/ USQ2 38001 The formul ati ons may Cofﬁ’ﬁ&'y%@dq
be presented in unit dosage formand may be prepared by any of ods
wel I known in the art of pharmacy. Al nmethods include the step of

bringi ng t{r, Akideke i ngredient into association with the, (ﬁ?%sr&/ggﬂm whi ch
constitutes one or nore accessory ingredients. In general

formul ati ons are prepared by uniformy and intinmately bringing the active

i ngredi ent i nt magbeadingtidt@nsd ot dxasplel orallgl paf:élhwll@rm(iﬁha@atfoh@@{ay tpivalied sol i d

carrier or both, and then, if necessar t he product into the
desired for mul &Ha5%: D2pRY- BH%FPH&@EWE%E&III}/(Y fgg’l’ Pﬁgﬁﬁﬁe%?‘“{lﬂb’ P da aht
invention is uygHlahi8d r@8RERI ddkake ﬁﬁﬁul&t‘ft%%@&%’hhfgaéoh‘yen%ﬁﬁ%hY&u@nd the
anount s used mag depend upon 10 the desire rel ease profil

concentration ® mvﬁ@etwnﬁlmmjﬁbleaarn@r@mﬂwﬁmsmdvﬁmm ed for the

ff . .of th h |
Composi 1 on®has 1 o’ BEe e bagsaoy B iE pohlB S Y e BaRRERARF B bl pounas o

the invention adminstefierapiryveadis Ritvl@hels, ifSarduscalps it@ssinalf dbh&keous,
containing a single or(@fl vi ded dose of .the conmpound, .or as, .15 a sterile

sol ution, susp@hEPEHOD @Fﬁﬁlp%alowﬁamﬁn%elﬁt@tw Q8 iRTseepiabiyesHon #ada
single or divi dgakiglogenmidie, cQMRANSARE 1. IBVAREHQANRALE M fén’%d{_lhe

conposi tion in anmounts hat are t'herapeutically effective. iIle the

ef f ecti ve anpupertioflaty dires pdrpingstrationsio rgmagrfsneniong! tirewre ndhilpis te nda@ble

particul ar ;g0 &85 from
about 1%t oﬁag%%% ﬁlglg[eclégﬁ (ggtsel E)é/gdl}q%%%e?%%ga éc}qgﬁ% %?Mestg ng&)fhepgol
carrier deli veaypaysﬁaqr}mmﬁ@uhmﬂﬁmaﬂaﬁme t he am)unt r equi red of a Forrml a

| compound to achieve t her apeuti ¢ ffect will vary according to the
particul ar conpound aéﬁf“ﬁ?@t"% EPPG‘%*FF@ y?%%?ﬂ‘ga]dfer‘é?&ﬁﬁfﬁeﬂ*%q BHE t he marrmal

under treat nenE@mﬁ(ﬂQldE BRdPRI Nt G oSt Pradedt 11'1%113&1 Qioﬁﬁﬂ%ﬁlf}%ﬁéfa&etﬂe
suitabl e system c dose of a Formula | conpound for a mamm fering

from or |ikel plood-bsain baricr vhen pe&nbelé@h@mln?@?ﬁ@s %@@ﬂh‘ﬂﬁéﬂatww@tn is
t |1 t f
v el Ly 0 et oo . L Boul, ABR ok Seat et oaram of

veterinari an vvaﬂlintravemma.ﬂgtnm&eabl eto determ ne and prescribe the anount of

t he conpound effectjve for
P Jl“hfs: compounds used in the methods of the present invention may be

administered by a single dose, multiple discrete doses or continuous infusion. Since
the compounds are small, easily diffusible and relatively stable, they are well suited

20  to continuous infusion. Pump means, particularly subcutaneous or subdural pump
means, are preferred for continuous infusion.

For the methods of the present invention, any effective administration
regimen regulating the timing and sequence of doses may be used. Doses of the
compounds preferably include pharmaceutical dosage units comprising an

25  efficacious quantity of active compound. By an efficacious quantity is meant a
quaniity sufficient to provide inmune enhancing response and/or derive the desired
beneficial effects through administration of one or more of the pharmaceutical
dosage units.

An exemplary daily dosage unit for a vertebrate host comprises an amount of

30 from about 0.001 mg/kg to about 50 mg/kg. Typically, dosage levels on the order of
about 0.1 mg to about 10,000 mg of the active ingredient compound are useful in the
treatment of the above conditions, with preferred levels being about 0.5 mg to about

2,000 mg. ‘The specific dose level for any particular patient will vary depending

20




30 the desired prophylactic or therapeutic treatnment. In so prc%eﬁgy 06t he
physi ci an or veterinarian may enploy an intravenous bolus fol |'Owe
i ntravenous infusion and repeated adm ni strations, as con3| dered

appropri at nmet hods .of the present invention, 19 26
May 2006 OSP4 0 het! Usoss 58004 may be adni ni st er ed Cﬁgﬂr@aexarrpl
orally, parentally, in inhalation spray, topically, rectal |y, nasall y
buccal l'y, sublipguaalatiyty of fgiong icjudingthe astiity of thelspecific, cwrpouhchempioyédt;rpl ant ed
reservoir in sage, fornmul ati ons ai ni ntlon nont Xi €

phar maceut i caldtg?/?gece‘e REER, g g‘?"iﬁl -0 ‘{?36%@?8}(@8 ﬂ&‘f@? Par ent er al
includes, but ddmifiefrationflikeefle bPexclditn,faal kombingi@XAME @npaind A LIHeSE rat i on:
i ntravenous, subcutaneous, intranuscular, intraspinal, intraosseous

i nt raperi t oneadrUss HierssY Rk &l the paipweritepseciping trealed; snddheriorm apd rquig 9facr ani al
i nj ection and adndfiuskiRR, TSGRALIHESIo aaé‘a@e.eeemes%u@ﬁemb uRRidaBMAsH Ve
techni ques are preferred, " particularly direct adm nistration to damaged
neuronal ti ssube pipel doses fof Bﬁtlﬁbts@irbm&ﬂi@nf Studidyén gomplinedsls woappobad(s) to

phar mceut i oal A mscr B LT PRL R AL b Rete i AT Ul e,

nervous systenmtiargets, the corrpounds used in the nethods of the present
invention should readily penetrate the bl oqd-brain barrier when

peripheral |y adni ni SiespB@ounds apbestprostinns caadis e radmsifesd tithoae prmore

bl ood- br ai fp baggbfluic AOURYEher GABhdriA 2 Qﬁol%ff&‘ﬁﬁhbﬂ%Yn)akgﬁgréﬂﬂ:}?tlﬁr ed by an
intraventricul ar Toute. The corrpounds used I n the met hods of resent

i nvention may ibéividzdnformgeiéame designed feri apgjivel wibses rates pf thpir eestigative e@tefedoses or
conti nuous i nf r I {1 | e and
relatively st aa%l%%1 aﬁh %D%%lauwﬁf&%m%{%‘% g’oﬁmﬁt @gﬁ% |t°n%b§’31§bél %%/dlis) 8’?\&3 unp
means, parti cLpraikfajolysﬁjdsmlabca.medﬂ’stombostlﬂﬂel’ubﬁmlghmrpfthmnﬁqunaloéth'ar eferred for
conti nuous i nfus For .t he nmet hods, of the present nt| on, any

fTect i ve adm HeRPi P giFL o Gof HEROF el Rs e EH e TGt At obbaence of
doses may fe UsRdsinkRses 1 biffteing GRSTRO UNHE BE 8hBfARY RS thdehcthods of

phar maceuti cal dosage units conprising an
the invention are administered in combination with one ot more other therapeutic

agents, specific dose levels for those agents will depend upon considerations such as
those identified above for compositions and methods of the invention in general.
For the methods of the present invention, any administration regimen
20  regulating the timing and sequence of delivery of the compound can be used and
repeated as necessary to effsct treatment. Such regimen may include pretreatment
and/or co-administration with additional therapeutic agents.
The inventive agents may be prepared using the reaciion routes and synthesis
schemes as described below, employing the general techniques known in the art
25  using starting materials that are readily available. The synthesis of non-exemplified
compounds according to the invention may be successfully performed by
modifications apparent to those skilled in the art, e.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
30  disclosed herein or generally known in the art will be recognized as having

applicability for preparing other compounds of the invention.
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25 efficacious quantity of active conpound. By an efficacious %@Qlégt%odes
nmeant a quantity sufficient to provide i mune enhanci ng response [or

derive the desired beneficial effects through adm nistration of one or
more of thgdfak eutical dosage units. An exenplary daj uni t
for a vertebr a’t%e ost conprises an anmobunt of 30 from ab?&{'f)ﬁgﬂ%ﬁﬁ?&ﬁg/ kg to
about 50 ng/kg. Typically, dosage |evels on the order of about 0.1 ng to
about 10,000 ng of the active i ngraeiEth ofObMmpstds are useful in the
treatment of the above conditions, wth preferred |evels being about 0.5 ny
to about 2,000 ny. ks syptheti¢ pahemosdestrihed befows unlass giarvise indigatedatli ent wi | |
vary dependi ng 20 26 / g}%ﬁ% riety of
factors, incl ud%ﬁlgeﬁaﬂlew %aé%?e\??%%ﬁq%g é‘é'r %éegé;eg%%%aaﬁg(?}f ?gané)ou il‘Cee{r‘#p!% %y%%%a t he
age, body wei ghiveighte fehgéntheadkphrchaed froanmronatialofuppliees pab peAtdrichhe ti ne of

adm nistration; fhe rate of exgretio ny. nbi pation of. .the.c ound with
ot her drugs’ tﬁéer’élé%lz:&qqﬂfnﬁf’r {Eﬁ’éa%g;‘btyp@]ﬁ%ﬁf‘%df‘%cg‘g?g UE g fgﬁgﬁ and t he
formand route gfrifafehinnéss biahiisdindityell Cobtdhydiofurat (THF)das Bige- ef f ect
results provide useful guidance on the praqper doses f

or i ent
admi ni st rat i on. digethyifermige YRy ersaaehased fiuphldgchm S%S%?ﬁ%’%ﬂesm’é‘ used
consi derat i ons Ls%ce%gatd? mrﬂé&g el S RARREE, FHORAWANIbFe@l Snd¥BhdenkiAUE i N

the art. The conpounds and conpositions can be co-adm nistered with one or
more 10 t her apéistiileal wwgert Wawist dlahy pitiogern gEihand EhrCawert disiBed Gemadlar on, or

(i) separately, in .indiwvidyal. fQrmulati .des| ' (-8l ease
rates of thﬁe(?r P ﬁ%hcefl?]ilf (egygtaﬁd/léaz’gyg%or?{ J)p?@'%]_ﬁ&?} grg %?%ﬁtﬁﬁ%gé@gtﬁ[egi n from
about 0.01%to abeutar9VRO% by diwilighfirst fipme,6 ahdryfrém Qaflglide®Hva5% t o about

60% by wei ght, of .the conpound of the .invention,.. | | 0 r_nore
phar maceut i cal @ﬁ@ﬁﬁif@?ﬁ?gfg; g 4s: %@W‘W%@SAH’ e%?@ﬁﬁ%‘)ﬂ’g@i%%ﬁﬁ%b‘ﬁ *fering
agents. \hen t hg,SmuaReuaasln8esphtrid disilmBbhoster efy argdie i nvention are

adm ni stered in conbination with one or nore other therapeutic agents,
speci fi c dose | evel sThaneadtions set faythritebowivede dgapaengrally onde GPoFHE? BICYSYISs such
as those identified ghove.for. co L E] . ' tion in
gener al . Fo?gt hglt %?lh%&g aB‘P1 F}tgmﬁg@glzén{‘du%ﬁ%%tﬁ i 6%%2%@%%%?’%‘?@? érogk%/e:ﬁf)éh

regi men and the reaction flasks were fitted with rubber septa for the infroduction of substrates

and reagents via syringe. Glassware was oven dried and/or heat dried. The
reactions were assayed by TLC and terminated as judged by the consumption of
starting material, Analytical thin layer chromatography (TLC) was performed on

20  aluminum-backed silica gel 60 Fzs4 0.2 mm plates (EM Science), and visualized
with UV light (254 nm) followed by heating with commercial ethanolic
phosphomolybdic acid. Preparative thin layer chromatography (TLC) was
performed on aluminum-backed silica gel 60 Fas4 1.0 mm plates (EM Science) and
visualized with UV Light (254 nm).

25 ' Work-ups were typically done by doubling the reaction volume with the
reaction solvent or extraction solvent and then washing with the indicated aqueous
solutions using 25% by volume of the extraction volume unless otherwise indicated.
Product solutions were dried over anhydrous Na;SQ, and/or Mg»SO, prior to
filiration and evaporation of the solvents under reduced pressure on a rotary

30  evaporator and noted as solvents removed in vacuo. Column chromatography was
completed under positive pressure using 230-400 mesh silica gel or 50-200 mesh
neutral alumina. Hydrogenolysis was done at the pressure indicated in the examples

or at ambient pressure.
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20 regulating the timng and sequence of delivery of the corrpotggmr:?& &bea
used and repeated as necessary to effect treatnent. Such regi ;k

i nclude pretreatnent and/or co-adm nistration with additional therapeutic

agents. Th ve agents nmay be prepared using the rq;tclfﬁ tes and
synt hesi s %dﬁ)ebf‘?r%éé as descri bed bel ow, enploying the genera tec%ﬁ#ques

known in the art 25 using starting materials that are readily avail abl e.
The synthesis of n %m/ﬂmylectfawdermrqadundymnmmmgmeOthmmnt| on may

be successfull rfor i atl ns a aren t ho [led in
the art, e.g., ?F" 5&?%@%&@% § P OBﬁa'iﬂgcﬁ?g% changi ng

to ot her sui tm:fp%@t%ﬂéré okiaman ad UDCh];%oRthbns @épokﬁéd ek ek OdHl drBfrm
nodi fications of reaction conditions. Alternatively, other reactions 30

di scl osed her etsriheiefeense slandayd (dhwpm pc HOpmyE PrOB &3 £8eb4SiPPEPYs havi ng
i cabi | Ma
appl i cabilidy f¢f p[%%ﬁ_ﬁflﬁﬂ-% QU R8Ema Qﬁﬂaﬁylgﬁané god %}ﬁﬁﬂ%éﬁ% Fl%é riad, May

2006 WO 03/ 045968 US02/ 38001 Pr parati on of synt hetic
schenes descr|®é1dr11§MIbwlvemlve@su®dhenwds® Wﬂndmp@keml‘azblicmetsemepcamdr es are

set forth in d sOeI sanda p ar wei ght .
Reagents were %‘g F‘@ﬁ’ e?ﬂ% ohe s %efia? dﬁ?ﬁ@lgt? @gub(‘iﬁgtt %%EI%RT %Iﬁugﬁet

Chemi cal Corrpa:m(rrmrnpllsahBﬂ(&t@ﬁe@ﬁntdﬂ(éﬁdubletbﬂdoﬁmk)v&(@aﬁ&edﬂmﬁeﬁmm further
purification uale S otherwi se indicated. T trﬂ?ﬁ(?c@%uran (THF) and N, N

di met hy! f or ami HRRUBRESSERISe™ Bt @ el 8G TR n Sure Seal bottles and
used as rggeived. IHHL:%&%IR‘?E&?&MF& te O GAIEAR T ﬁl@ggéc@ohﬁi@r ROn3PbieRy s and

reagents were distilled un a bllanket of dry nitrogen. THF, and Et 20
were distill edK_Br mﬂetﬂaona@ @wizaﬂhmmdmygwemcb@ﬂedm w@mmwiesﬁn ne,

Dapi e and SN BES, a6ty L OES Gyl B b o o
were distill edcﬁafnmrr@lzj%mn'éﬁtﬁ@f Maaﬁys Phstinddeaticald, fncs iBiphentA bnaiggel et
G oL i1 ion undet oL, 8400 e ESGL! SR Rt ol el o vere done
(unl ess ot fBar W8 dsfeahifed orl ih SRR YEHIDAS aBsHr-MB4)bhd are uncorrected.
The described synthetm pathways and experimental procedures utilize many

common chemical abbreviations, THF (tetrahydrofuran), DMFE (N,N-

dimethylformamide), EtOAc (ethyl acetate), DMSO (di-methyl sulfoxide), DMAP

(4-dimethylaminopyridine), DBU (1,8-diazacyclo[5.4.0Jundec-7-ene), DCM (4-

20  (dicyanomethylene)-2-methyl-6-(4-dimethylamino-styryl)-4 H —pyran), MCPBA (3~
chloroperoxybenzoic acid), EDC (1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochioride), HATU (O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate), HOBT (1-hydroxybenzotriazole hydrate), TFAA
(trifluoroacetic anhydride), pyBOP (benzotriazol-1-

25 yloxy)tripyrrolidinophosphonium hexafiuorophosphate), DIEA
(diisopropylethylamine), and the like,
Scheme 1 shows a general procedure to prepare the 5'-amino acid esters of 5-

amino-3-B-D-ribofuranosylthiazolo[4,5-dlpyrimidine-2,7-dione.
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and the reaction flasks were fitted with rubber septa for the '@%ﬁ?ﬁg"
of substrates and reagents via syringe. dassware was oven dri‘ed
heat dried. The reactions were assayed by TLC and termi nated as judged by

t he consu starting material. Analytical thin | t ogr aphy
(TLO was%‘]?@?sﬁéd 20 al um num backed silica gel %@ﬁ%}{‘@g@m pl at es
(EM Sci ence) and vi sual ized with UV light (254 run) foI | oned by heating
wi th comrercial ethanolic phosphonol ybdggheaid. Preparative thin |ayer
chromat ography (TLC) was perfornmed on al um num backed silica gel 60 F254
1.0 mm pl ates (EM Sci en and visualized Wth UV light (254 nn). 25

Wor k- ups were typical |y by doubllngtlm ction volune with the
reaction solvent or eijg sol yent %\Q Washi ng with the indicated
aqueous sol utions Lh ng 256 by ~votuire t ractTomvol ume unl ess
otherw se indicated. Product solutions werge drlied over anhydrous Na2SO4
and/ or Mg2SO4 prior tHo itration and eW@poxatii on of the sol vents under
reduced pressure on a rotiary 30 evaporator agdznoted as solvents renoved in
vacuo. Columm chronmat ogHdapf was conpl et ed r positive pressure using
230- 400 nesh silica gel or 50-200 nesh neut al um na. Hydrogenol ysis was
done at the pressure indidated in the exarrpl e§ or at anbi ent pressure. 22
26 May 2006 WO 03/045968 PCT/USQ2/ 38001 ' H NVR spectra werg,Jecorded on a
Vari an Mercury-VX400 i nstrunent geratr ng at 400 MHz and §' d NMVR spectra
were recorded operating at 75 speetra were obt aNﬁ oCDC13

solutions (reported in ppnmy Nd% N'chl orof orm  as ZIHEe ngj/é*r standard
(7.27 ppmand 77.00 ppr‘r) @303 (314 and 4.8 ppmand 5#9.3 pdm, DWVSO d5,
or internally tetran@bhy B)L 00 ppnm) when appggpr)L _o0JjO her NWR
solvents were used as

peak rrultrplrcrtre% eported, the
fol |l ow ng abbreviations aIRe useg %5 (singlet), d (dou Iet) SUatri pI et), q
(quartet), m(multiplet), br ( }Qadened), dd (doubl et of doubI ets), dt
(doublet of triplets). Couplijfg constants, when given, age reported in
Hertz (Hz). 10 Infrared (IR) spectra were recorded on a FT-1R Spectroneter

as neat oil S, as a) 2,2-dimethoxypropane, acetone, DMSO,MESO‘?,HI.OOC

b} BOC-NHCHR"'COZH, EDC, DMAP, Phivle, 0°C - rt
¢}anh. HCI, PrOAc, iPrOH

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

moiety of S-amino-3-13-D-ribofura.nosy1thiézolo[4,5-d]pyﬁmidine—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 IXa. 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 IL

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

OH
NF -5

I >=o
HZN)%N N



KBr pellets, or as CDCl3 sol utions, and when given are reported,/
nunbers (cm1l). Mass spectra reported are (+)-ES LC MS conduc?%%W@eﬁ

Anal ytical Chem stry Departnent of Anadys Pharnmaceuticals, Inc. Elenental

anal yses Weiofos/0 :@g,giuct ed by the Atlantic Mcrolab, Inc. igNastass, GA
Mel ting points iErrp 15 were determ ned on an open capillary apparatus, and

are uncorrected. The described synthetic pathways and experi nent al

procedures utilgZer NBryardRR P Ahess 2 3 abioeMpMdR8B-D i uranosy]
(tetrahydrof ur an%cf3 DVF (N, I\I-Hgai met hyI?or mam de) fv’a&Et O%\?F(et h{/l acjé)t ate),
DVBO ( di - met hy | thzadlbaky-dByrinbbind 2, 7(derdi met hyl ami nopyri di ne), DBU

(d oyanomet hyl one) - ZARRRTPEBGH BHE Pt Gl 200 PROEDHARIRS cpea

(3- chl or oper ox§&pREQ1Fe FGhithh U EDRatent No. 5,041,426 (Example 2), which is
(1- (3-di et hyl am nopropyl) - 3-et hyl carbodi i m de hydrochl oride), HATU
(O (7- azabenz ot¢¢%§?§ﬁiﬁi¥>¥ rgferpnae i3 its spidely) ieAchipne (9inkhsontained in a 250 ml

hexaf | uor ophos %%ﬁﬂ%&ﬁ&é&%@&gﬁgﬁ Qé%@%@?b%@é@.@%ﬁbl’), D86 (6.6

(trifluoroacetic anhy , pyBOP zotri azo
yl oxy) tri pyr r olmi}, anp eSOk (2 20hpIh S huol) aplvosphapeturd)l Tha reaction mixture

o S oSt A AR

to prepare the

3- D-ri bof ar anosyghéumhedz AT hithiyaisdBy! 10, AidTH-LHCI ifheatedBactn VBMpRASS WO
03/ 045968 PCT/ US02/ 38001 Schere 1 I OHIla b H a) 2, 2-dinmethoxypropane,
acet one, DMSO, afissBBHUNgisevlves) soidiovriqomme Cdpit SEDY, filbpigm vsmeMiited) C - rt )

anh. HCl, iPr O%hatirPa{l %e%lter paper. This was followed by pouring of the filirate into 10
volumes of ice water (~400 mlL.), resulting in immediate precipitation of a white
solid. After a brief period of stirring, NaHCOj3 (285 mg, 3.39 mmol) dissclved in
water (10 mL) was added to neutralize the MeSOsH. Vigorous stirring in the

15 Morton reactor was continued for 15 min, whereupon the mixture was filtered
through a coarse scintered glass funnel. The solid material Wés washed with ice
water (100 mL), air dried, then dried further under high vacuum at 65 °C, affording
5.36 g (88%) of the acetonide 2 as a white solid: mp 280-81 °C; "H (DMSO-dy) &
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),

20  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).
Step 2: Preparation of 5-Amino-3-(2°,3’-O-isopropylidene —5 -N-tert-
butoxycarbonyl-L-valinyl)-f-D-ribofuranosyl)-thiazolo{4, 5-d[pyrimidine-2, 7-dione
“4)

. To a solution of N-butoxycarbonyl-(L)-valine (671 mg, 2.81 mmol) in THF

25 (9 mL)at 0 °C was added EDC (588 mg, 3.07 mmol}). The resultant homogeneous
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 mmol). The reaction mixture
was permitted to reach room temperature, and stirred an additional 5 h, whereupon it

30  was concentrated at 25 °C via rotary evaporation to a yellow syrup. The residue was
dissolved in EtOAc (50 mL), partitioned with 1 N HCI1 (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
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In a typical synthetic route, the 2',3"-hydroxyl groups of theeégwgd,* Ose
noi ety of 5-am no-3-(3- Drlbofuranosylthl azol o[ 4, 5-d] pyrimdin

olre
is first 5 protected, preferably with an acetonide as shown in 2. The free

5" - hydr oXylyoS@Rado %ﬁ be subjected to a variety of esterllfc%,rg[?sh Qo Tet hods
e a

vmthal\l—protecte amno acid to formlla. The nitrogen o M no aci d
ester and the 2',3'-hydroxyls of the ribose wunit are then subjected to
vari ous depr ot é:caﬂt:@quegwldias»t oTiEcombé!feéDegahippdzmsmreedﬁddpverlﬁQBD@,med by salt

f ti ft d tr d for 10
1 el o 1 el Pahopat 0 st 0 BStcmrRn o s LS kDo 4, 5
dl pyri m di ne- Z%qu&e@emwra@mb@fmeafoaﬂl 5 138 2¢ (28);Vey(C2RAH SWRP 045968
PCT/ 11S02/ 35001 Step._1: Preparation of

5~ AM no- 3 (2", d-w,.ﬁ'f@pea@ﬁ U oh® 3. 153 (oMl ddds 9ED, 1.56 (5, 3H), 175 (brs,

th | o[ 4, 5-d T t _Of 5.37

A e I A e e R S e R e S
5,041, 426 (Exarﬁ;ﬁ éHR ). 96/ﬂdd,ch=i5§ 57) Nt)os . pdlatded=t8y8, rlHDérH@eﬁJFEmslH), dded
entiret in a talnedlna250rrL Mor t on ask was adde

successnel y 2%?83%5 ?gﬁfgﬁn& 0.9 mml), DVBO (6.6 ni), and MSO3H (220
L, 3.39 ml) Bt rR0MbSURES 3t HhiRinolNG r@ﬁ%h@n rzt%%fﬁ-ﬁ %ﬁ&%{gﬁﬁ

vi gorously, becom ng honmogenéeous and gol den ow as’ t \

consuned. TLC dﬁa#wsdme—@%@@;emﬁﬁ/d;%mzﬂ-{aﬂ) i ndi cated reaction conpletion
10 after Undi ssol ved | ids were renoved via vity filtration using
fl uted V\héBman t ypé Sfrepm) gI,C I gasyes payssr Shropgh g iypb Pgﬁeﬁcc’é‘ym@@@ﬂﬁhé Osf the

filtrate into 34 sibeddueRsy cﬂ’fecieﬁ?w\ﬂ%@éd (ﬁs eﬁ%t inth §§§¢ bt nd i g iate

precipitation of a white ™ solid. After brle pr|o of stirring, HCO3
(285 ng, 3.39 Maw 9ontn1@@bﬂwe@pnr¢pyl mt@(Som)mw Gmstxbmauaw@smmmrmsu ze the
MeSQG3H. Vi goro %lﬁ] r Jgactor was con or 15

m n, vvhereuponHt eE&rlniig l@?s’e%\?\?a&sﬂd%?ere r](g;ug a0 &va §te“£§ é’r ed gl ass

fun neI The sobkbae®te g AP5S masywasdopcbpwd aclatatec(éo mL), resultmg in the formation

15 ofa white solid precipitate within 5 min. To this was added 10% (v/v) IPA (11 mL).
The reaction mixtﬁre was warmed fo room tempefature, then stirred 12 h. The |
heterogeneous reaction mixture was diluted with dry toluene (100 mL). Filtration
using a medium pore scintered glass funnel under N, provided an off-white,
amorphous solid. Trituration of the solid in dry THF was followed by filtration and

20 vacuum drying at 65 °C, affording 3.677 g (81%) of the title compound 3 as a white
solid: mp 166-68 °C (dec); 'H (DMSO-d5) & 0.90 (d, J = 7.0, 3H), 0.94 (d, J=7.0,
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),
442 (dd, J=11.7, 3.4, 1H), 4.75 (dd, /=103, 5.5, 1H), 5.81 (d, J= 4.4, 1 H), 6.46
(brs, 3H), 7.23 (br s, 2H), 8.47 (s, 3H), 11.5 (br s, 1H).

25  Elemental aﬁalysis for CysHy N5O5S » 2HCl1: calc’d: C, 36.89; H, 4.75; Cl, 14.52;
N, 14.34; 8, 6.57; found: C,37.03: 1, 4.74; Cl, 14.26; N, 14.24; S, 6.42.
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water (100 nlL), air dried, then dried further under high vacuu ‘g@@6 %@
affording 5.36 g (88% of the acetonide 2 as a white solid: rr{%
'H (DMSO-d6) S 1.28 (s, 3H), 1.47 (s, 3H), 3.43-3.55 (m 211), 3.95-3.99

(m 1H), 4“’5’703@‘5%&(”] 1H), 20 4.88-4.91 (m 1H), 5.24- SP%qﬂgsm,?gw), 5. 99

(s, 1H), 11.25 (s, 1H). Step 2: Preparation o

5-Am no-3-(2 ', OlsopropylideneS -N-tert-

but oxycar bonyl ﬂxgﬂlﬁ .) f ol a b di ne-2, 7-
dione (4) To a'solu |onho ut%g/ggggﬁ%c)y Prb sg’ﬁ#lﬁ%ﬂ?%?mmag’gm mml)

in THE 25 (9 rtﬂpyrmllcﬂn&ﬂahomﬁﬂﬂyﬂmh(tﬁﬁ& By, 3.07 nml). The resultant

honogeneous m xture was stirred 45 mn at Q . C, at which point it had becone
het er ogeneous, and solid acetonide 2 fromi&t e ep 1 above (1.00 g, 2.81 nmol)
was added as one portion. Subsequently adde was solid DVAP (522 ng, 4.27

m nol). The reaction mxture was pernH reach roomtenperature, and
stirred an additional 5 h, whereupon it930 wag concentrated at 25 C via
rotary evaporation to a yell ow syrufN- 8ildue was dissolved in Et OAc

(50 m), partitioned with I N HC (1\0;@.) f owed by neutralization of
acid with saturated aqueous NaHCO3 (10 ii)HO TH# aci di ¢ aqueous phase was

further extract Q3 M41)s, paktitloned with the 25
26 May 2006 V\O‘%%/ O4§%€§I 8@%’?@6@/%8 g}fsbgilg g gigus phase. The conbi ned
organi ¢ phages mxpccﬁbcb;@dmyceéucp@m;boﬁfra;{otsﬂy-adaztom[@ugﬂpﬁu@zhw;te-pad of
Si 2, and concentrated, affording 1.480 g (96% of Boc-protected am no

acid ester 4 agliae6am np 158 C (dec); 'H (CDC13) 8 0.86 (d, J= 7.0, 3H),
0.95 (d, J=17.0, 3 9 1.56 1.75 (br s,
5 1H),( 2.08-2. 19 (m)lﬁiﬁ}am%fsﬁﬁll%‘[%%eli%ﬁ?%‘“ﬂe Dsaguss- 1@3 ?8*) 4, 56((dd,
é ]2- é ?b g 9J %‘&Jmﬁha&'le(ﬁCMtei"FbLﬁoﬁcarggr?_ybbl.lﬂgﬂlgu@l)lﬂ-ﬂ Etﬁofduan@syl)B 8, 1H),

r = , , (s

rl;'?odlB 5.88 (br , Q
Preparati on of tBazlef yl(nsldlr@%?wnpﬁwasp@paemnbwe @r?és’wﬁ%l’t‘-ﬁr azol o[ 4, 5-
dJpyr hni di 2 c_i t Jas
passed thr g@gh ‘%m%ug%&er ofg@gg éﬁtgll%ea %ﬁyga%%m ‘?ggmg‘%;/n directed
(via flitted dizpéioat 2and Voek-butoke-1ais@blicind 7 & anadkwhie foram H NMR (400

MHz, ds-DMSO) § 11.29 (s, 1H), 7.09 (d, J= 8.0, 1H), 7.02 (br s, 1H), 6.02 (s, 1H),

5.28 (d, 7= 6.2, 1H), 5.06 (brs, 1H), 4.16-4.22 (m, 2H), 3.85 (dd, /= 8.0, 6.6, 1H),

1.68 (br s, 1H), 1.47 (s, 3H), 1.34 (s, 9H), 1.29 (s, 3H), 0.71-0.89 (m, SH).

15  Step 2: Preparation of 5-Amino-3-(5 -O-L-isoleucyl-f-D-ribofuranosyl)thiazolo-
[4,5-d]pyrimidine-2,7-dione Dihydfochloride (5)

In a manner similar to Step 3 of Example 2 was prepared the title compound
as a white solid from the above intermediate in an 80% vield: mp 173-174 °C (dec);
'HNMR (400 MHz, ds-DMSO) & 11.41 (br s, 1H), 8.41 (brs, 3H), 7.15 (br s, 2H),

20 -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), 1.19-1.27 (m, 1H),
0.80-0.87 (m, 6H). Elemental analysis for CgHz3Ns07S3/2HCI: 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; C, 11.08;
S, 6.02.
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flask containing dry isopropyl acetate (80 nL) at O C until
solution was obtained. To this was added a sol ution of the Bo?éamzﬁoﬁﬂég d

ester fromStep 2 above (5.53 g, 9.95 mml) in isopropyl acetate (30 ni),
resul ting rmation 15 of a white solid precipitat mn. To
this was ag’g’e% %gf(v/ v) IPA (11 nlL). The reaction m xt l}":cgmv\slggﬁs@\%fned to
roomtenperature, then stirred 12 h. The heterogeneous reaction mxture
was di | ut ed Wi X SUPTIPSUS N b O0(sohforEl ety ghcinyRignp. a_medi um por e
scintered glass funnel under rovi ded an of ite, anorphous solid.
Trituration of rmvéumbssd)thmld@% Eymdmmzﬂow@ae Hyquhiqfaiq(gh and 20
vacuumdrying at 65 C, affording 3.677 g (8L %9 of the title conpound 3 as
a white solid: np 166-68 C (dec);'H (DI\/ISO 6. 8 0.90 (d, J= 7.0, 3H), 0.94
(d, J= 7.0, 3H), 2.14-2.18 (m 1H), 3.8 /]\§|5)=eam 1H), 3.96-4.00 (m 1H),
4.23-4.28 (m 2H), 4.42 (dd, J= 11.7, !-BN4N1 , 4.75 (dd, J= 10.3, 5.5,

1H), 5.81 (d, J= 4.4, 1H), 6.46 (br a,93 .23 (br s, 2H), 8.47 (s, 3H)),
11.5 (br s, 1H). 25 Elenental anal y§4Ns*@ H21N507S  2HO @ cal ¢’ d: C
36.89; H 4.75; d, 14.52; N, 14. 34, found: C, 37.03: H, 4.74;

O, 14.26: N, 14.24; S, 6.42. 26 26 Vel 20’(?6 V& 03/ 045968 PCT/ US02/ 38001

EXAMPLE 2: 5- Ag:50r 3P&Eafc@o#afﬁghmy b2 Baﬁlsb%_‘@frmz%ﬁél@sm&ﬁl@u@zﬁ' o[4,5 -
d] pyri mdine-2,7- d| one 3/ 2 Hydrochl oride (5) H2ZN Il HO 'OH Step 1:

Prepar at i on 5of carbbnghfroL3ert-Budlgheyl] o tpfiraxtepg-#5tzobe/¢ Srd/phimidine-2,7-

but oxycar bonyl -L-i sol eucyl )-/3D-ri bof uranosyl )-tliazol o[ 4, 5-dj pvri zni di ni ne
-2,7- dione (6)dlqﬂﬁ(%) manner simlar to step 2 of Exanple 1,

5Amn03(2' 3 e 3

i sopropyl i dene- 5' N-I? &rtrh ﬁtsg?&/aérg? %t(%%)z/lofl?x I())lféhscf/qlrgm?é (D3r |%of uranosyl ) -

t hi azol o[ 4, 5- d]i@fdpﬁldma:es N-ferdinnmeycorboms- [ prleparadylgtycamyilifeDd of 93% from 5
10

Ani no- 3- (2", 3' Xofuanasghipelald s A pinifiss et dnns b Yot Heedred Biiedaf pyri mi di

ne- 10 66% from 5-Amino-3-(2,3-O-isopropylidene-B-D-ribofuranosyl)-thiazolo[4,5-

d]pyrimidinone-2,7-dione 2 and N-o.-L-fert-butoxyglycine as an off-white foam: 1I-.I
NMR (400 MHz, ds-DMSO) & 11.28 (br s, 1H)}, 6.70-7.40 (m, 3H), 6.02 (s, 1H),
5.30(d, J= 6.2, 1H), 5.05 (br s, 1H), 4.17-4.24 (m, 3 H), 3.77 (d, J=38.4, 11T}, 1.47
(s, 3H), 1.33 (s, 9H), 1.29 (s, 3H), 0.85 (s, 9H).

15  Step 2: Preparation of 5-Amino-3-(3-O-f a-L-tert-butyiglycyl]- f-D-ribofuranosyi)-
thinzolo[4, 5-d]pyrimidine-2, 7-dione (8)

In a manner similar to Step 3 of Example 1 was prepared the title compound

8 as a white solid from the above intermediate in an 80% yield: mp 202-203 °C
(dec); "H NMR (400 MHz, dg-DMSO) & 11.35 (br s, 1H), 8.31 (br s, 3H), 7.08 (br s,

20  2H),5.83(d,J=4.0, IH), 5.45 (brs, 1H), 5.21°(br 5, 1H), 4.77-4.82 (m, 1H), 4.42
(dd, J= 11.4, 2.6, 1H), 4.23-4.28 (m, 1H), 3.96-4.04 (m, 1H), 3.74 (s, 1H), 0.97 (s,
9H). Elemental analysis for C,;H,,N,0,8 0 HCl: cale’d: C, 41.25; H, 5.19; N,
15.03; Cl, 7.61; S, 6.88; found: C, 40.41; H, 5.41; N, 14.16; Cl, 7.01; 5, 6.23.
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2,7-dione 2 and N-tent-butoxy-L-isoleucine 7 as an off-white f W
(400 MHz, d6-DMBO) S 11.29 (s, 1H), 7.09 (d, J= 8.0, 111), %

111), 602(5 1H, 5.28 (d, J =6.2, 1H), 5.06 (br s, 1H), 416 .22 (in,
2H), 3.85 0, 6.6, 1H), 168(brs 111), 1.47 45 134(s
9H), 1.29 ‘2"3%@%?}96880 71-0.89 (m 511). 15 Step 2: Preparati or?ﬁ%f%g}ml

5- Anzi no-3-(5' -0 L-isol eucyl-)(3-D-ribofizranosyl)t/ziazol o- [4,

5-d] pyrinzidin L @R EA > ner simlar to Step
3 of Exanple ZGE\Agasfn ’nggr ed tdﬁ%(é% %F%%g%gtﬁgmaiﬁlﬁgwmi te solid fromthe
above inter rredlr.ibﬁuranoayl)i&WDWbed]pyminuiﬂﬁ@-zw-dw@eaﬂmthloﬂu (MR (400 MHz,
d6-DVsO) S 11.41 (br s, 1H), 8.41 (br s, 314 7.15 (br s, 2H), 20 5.82 (d,
J=4.8, 1H, 4.50-5.00 (m 2H), 4.40 (dd, I 7, 3.3, 1H), 4.21-4.30 (m
2H), 3.91-4.0 (m 2H), 1.84-1.91 (m 1H), Mod44 (m 1H), 1.19-1.27 (m
1H), 0.80-0.87 (m 6H). Elenental anal yzailﬁu C16H233NS07S3/ 2HC1: cal c' d:
C, 39.69; H 5.10; N, 14.47; d, 10.98p S, 6.162; found: C, 39.05; H 5.13;
N, 13.73; d, 11.08; S,6.02. 27 26 03/ 045968 PCT/ US02/ 38001
EXAMPLE 3: 5Amn03(5' O[a-L-tent-butyl glycinyl]-j3-D -

ri bofuranosyl )t hi azol o[ 4, 5-d] pyri m di ne- 2, 76 di®he Hydrochl ori de (8) OH H2N

H6 ' OH Step 1: f 2. e AT o
;3 -0 sopropyl‘? eneyﬁ)g(%IJ ﬁ{l%ogri’j%%%(g? (§5{20mpmpyhdene5 N-tert

car bonyl - [ a-sL- t Rty Barbyh d)gJ[wmeargrzwzyng&prr HAsYAdsyl) Miaa [e54,

5-d] pyrinnidine -2, 7- dione In a manner simlar to Step 2 of Exanple
1, 5- Anmi no- 3- ( 2/p@imigine-2, 7—dzone (12)

i sopropyl i dene-5"-N-tent-but ox [ but Ig yeipyl]- (3-D
ri bof uranosyl ) -t hi azIBIadf‘aA‘rm%r é@rratf’ ea. noeﬂfl}m?P% v?/aé g Qpar ed in a

yield of 10 66%édrgflidene-5 -N tert-butoxycaxbonyl— a-L-N-meth lvahnyl -B-D-
5-Am no-3-(2, 3-0O1i soproByll ene-(3-D-ri bofuranosyl{ t hi'azol o[ 4, 5-

d] pyri ni di none-mhofurdnesd-thiagelel4n-@pyrimidine-h{tivng 4P e prepared avp Held ofhi t e
foam 'H M éQP s Ag'ﬁno%/—%)) 3 % %s%p%%y]ﬂcﬁ;ﬁe- -D %ﬁlr:gmz;% %13%910@3 3H),

6.02 (s

d]pyrimidine-2,7-dione 2 and N-tert-butoxy-L-N-methylvaline 13 as ap off-white
foam: 'H NMR (400 MHz, ds-DMSO) rotameric carbamate & 11.28 (br s, 1H), 7.00
(br s, 2H), 6.02 (s, 1H), 5.27 (d, /= 6.6, 1H), 5.04 (br s, 1H}), 4.14-4.28 (m, 3H),
3.91(d, J=9.5, LH), 2.79 (br s, 3H), 2.09 (brs, 1H), 1.46 (s, 3H), 1.36 (s, 4.5H),
15 1.32 (s, 4.5H), 1.28 (s, 3H), 0.78-0.89 (m, 6H).
Step 2: 5-Amino-3-(5-O-f o-L-N-methylvalinyl]-f-D-ribofuranosyl)thiazolo{4, 5~
d]pyrimidine-2, 7-dione hydrochlovide (11)
In a manner similar to Step 3 of Example 1 was prepared the title compound
11 as a slightly impure white solid from the above intermediate in an 60% yield: mp
20 >180 °C (dec); 'H NMR (400 MHz, dg-DMSO0) 6 11.31 (br s, 1H), 9.05 (br s, 2H),
7.05 (br s, 2H), 5.83 (d, J=4.4, 1H), 546 (br s, 1H), 5.21 (br s, 1H), 4.76-4.82 (m,
1H), 4.42-4.48 (m, 1H), 4.28-4.38 (m, 1H), 4.22-4.28 (m, 1H), 3.94-4.04 (m, ZH),
2.54 (br s, 3H), 2.23 (br s, 1H), 0.98 (d, J = 7.0, 3H), 0.88 (d, /= 7.0, 3H).
Elemental analysis for C,;H,,N.O,S o HClL: calc’d: C, 41.25; H, 5.02; N, 15.03; S,
25 6.88;Cl, 7.61; found: C,40.57;H,5.37; N, 13.57; S, 6.16; Cl, 7.29.
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5.30 (d, J=6.2, 1H), 5.05 (br s, 1H), 4.17-4.24 (m 3 H), 3. 7761@,' J%%4
1H, 1.47 (s, 3H), 1.33 (s, 9H), 1.29 (s, 3H), 0.85 (s, 91-1)
Preparation of 5-Am no-3-(5 -O[a-L-tert-butylglycyl]-/3-Dribofuranosyl)-
t hi azol of i ni dine-2,7-dione (8) In a manner sinmyg p 3 of
Exanpl e 14&‘@509%%%%&& ed the t|tIe conpound 8 as a white sc()fF ds{)?rgcg)ﬁn%et he
above internediate in an 80%yield: np 202-203 C (dec); '"H NMR (400 MHz,
d6-DvsO) 8 11.35 (br s, IH) 8.31 (br sSchgiit)2 7.08 (br s, 20 2H), 5.83 (d,
J= 4.0, 1H), 5.45 (br s, , 5.21 (br s, 111), 4.77-4.82 (m1H),' 4.42
(dd, J= 11.4, 2.6, 1Sr<rjlema22 waz%enemprfpﬁdureafogatenmwf(ﬁqmm methopy-3¢f, 1H),

008 (3 W SRR Sl SRS B8, § 1125
a, 7.01; S, 6. @dfurdRoskGhivElof2(Q0pIMnida-D4b&68 PCT/ US02/ 38001 Exanpl e 4:
5- Amino-3-(5'-O[a-L-N-nethylvalinyl]-(3-D

ri bof uranosyl )thi az [4,5-d] pyri mdine- 237 di one Hydrochl or| de 1)
P4 5-

Step 1. Preparati - AZNPyTEaRedd, 3' - r opy{, bdeREsds, - N
but oxycar bonyl Lcd{‘ Pzetdhy! val i nyl & @ rPbof ygazzosyl ) tﬂg
12

dJpyri nzi di ne- 2. il Q (1ZN30MQM@H”B- I ar ) m
5- Am no- 3-(2', 2 days, 1t (75%) n 1t (17%)
i sopropyl i dene 5' Netert - but oxycar bonyI [ &L- N net I§|yl va(l inyl]- (3-

ri bof ur anosyl ) - t hi B8 ol®{ 4, 5- d] pyri ni di neH@, Brdi one 12 was pr eparéd G a
yield of 10 63% from

5-Anino-3- (2,3 -0 §opropy| i dene- (3-D-ri b&furanosyl) t hi azol of 4, B

d] pyri m di ne- 2 7-dione 2 and N-tert-butoxy-L-N-nethylvaline 13 as an
off-white foam "H NVR (400 MHz, d6-DMBSO) rotaneric carbamate 8 11.28 (or
s, 111), 7.00 Kxample 52Ia)AmBlm-B(B—,ribbﬁm‘)ano@l-z-'rln(tﬂpxy}thi&oﬁg[4,5-H), 5.04 (br s,
1H), 4.14-4. ZSéﬁRn}ri%% 4(d J=9.5 1H, 2.79 (br s, 3H), 2.09 (br s,
1H), 1.46 (s Tg' )5 15 1.32 (s, 4.5H), 1.28 (s, 3H),
0.78-0.89 (m 6H). dl%usl (20¢g 63n11nol)was dissolved in dry pyridine vnder an argon

5- Azni no-3-(5'-0O[a-L-Nnzet hyI vaI i nyIJ‘l [3:-D-ri bofuranosyl;thl azol OB4 5-
d] pyri mi di nd- 2, amesphers. Riyaivobeien ovas gedled tp)0 °C, whereupon TFAA(13.3 g, 63 mmo

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 {SiO,, 20% MeOH-CHCl) for

the formation of the pyridinium cation. The 0.2 Ry starting material was converted
to a baseline spot that underwent blue ﬂuofescence upon exposure to 254 nm UV

15  Tlight. Upon conversion to the activated intermediate, freshly made sodium
methoxide (1.8 g Na, 78 mmol, 300 mi methanol} solution was added to the reaction
at 0 'C. The reaction was allowed to warm to room temperature and progress for
two days. The mixture was then queﬁched with 1M NH,4CI (100 mL), and extracted
with a 25% TPA-CHCI3 (5 x 100 mL). The crude matena,l was filtered through a

20  silica gel plug, and then concentrated to afford 1.6 g (75%) of the title compound 14
An analytical sample was obtained by preparative TLC (8i0,; water, methanol, ethyl
acetate, 5:10:85) as a white solid: mp > 160 °C (dec); [M+H]" 330.9, [2M-+H]"
661.1, [3AM+H]" 991.0; Re= 0.6 (20% MeOH-CHCl;); mp 200.4°C-200.9°C; 'H
NMR (400MHz, ds-DMSO) 6 6.92 (s, 2H), 5.86 (d, /= 5.2, 1H), 5.28 (d, /= 5.6,

25 1H), 4.96 (d, J==5.2, 1H), 4.78 (dd, J= 10.8, 5.6, 1H), 4.67 (t, J = 6.0, 1H), 4.07-
4.10 (m, 1H), 3.91 (s, 3H), 3.70-3.80 (m, 1H), 3.55-3.60 (m, 1H), 3.40-3.45 (m, 1H).
Elemental Analysis for C11H14N4OsS: calc’d: C, 40.00; H, 4.27; N, 16.96; 8, 9.71;
found: C, 40.07; H, 4.43; N, 16.71; S, 9.53.
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In a manner simlar to Step 3 of Exanple | was preparedthetig conmpound
11 as a slightly inpure white solid fromthe above intermedi at quaé( Yo
yield: np 20 >180 C (dec); '"H NWR (400 MHz, d6-DMSO) S 11.31 (br s, 1H),

9.05 (br s 05 (br s, 2H), 5.83 (d, J= 4.4, 1H), T 111),
5.21 (br Z?Vol%lri@"f Sy %rBZS(mH)lH), 5 5.4 28 (m 15)0, ﬁ&sﬁ%@(m 1)H),

4.22-4.28 (m 1H), 3.94-4.04 (m 2H), 2.54 (br s, 3H), 2.23 (br s, 1H),
0.98 (d, J= 7. Gxadigle 6:05,8Dibkkined3pD-Ribobirhhosylthianid, 5] pywivhigii-2-oher

C 6H'N5O7S o HCl; calc'd: C 41.25; H 5.02; N, 15.03; S, 25 6.88;, O,
7.61; found: c30.57; H 5.37; N, 13.57; S, 6.16; O, 7.29. 29 26 May 2006

WO 03/ 045968 PCTI Us%m%}(%g%i_ @?@r@&; Fia D TR 2o S DO MR p HEAIRE RaePAPEESYT € for

prepari ng 5- Am no- 7- .
D-ri bof ur anosy latomsakzerk.oTde Sluwllopyras woaledto 6hdwndilidh6(172 DLaAK mond) Wwas D-

o ot Mg e O Iy o Pt
(17% HO bH 15°Esamaihefobl.s h, and was monitored by TLC (20% MeOH-CHCI;) for the
S A N0 3 (3 D o 6P thS S¥idiniomcation  The SR si0hihy Frae Pt SonVerfeaio ™ (14)
baseline spot that underwent blue fluorescence upon exposure to 254 nm UV light.
Upon conversion to the activated intermediate, the reaction flask was placed in an
10 icebath. After allowing the temperature to equilibrate, 30% aqueous NIH; (25 mL)
was added dropwise uniil cessation of exotherm, and the remainder was added.
Within a few minutes, the product formed as indicated by analytical TLC R 0.25
(5102, 20% MeOH-CHCI;). The flask was warmed to room temperature over 30
min, then the aqueous solution was degassed under rotary vacuum then extracted
15 with25% IPA-CHCI; (5 x 100 mL). The product was submitied to flash
' chromatography (SiOx, 10% MeQOH-CHCI3), yielding 55 mg (17%) of slightly
impure title compound 15. An analytical sample was obtained by preparative TLC
(8i0;; water-MeOH- EtOAc, 5:10:85) as a white solid: mp > 155 °C (dec); [M+H]"
316.0; Re= 0.25 (8103, 20% MeOH-CHCLs); 'H NMR (400MHz, d-DMSO) 8 6.76
20 (s, 2H), 6.14(s, 2H), 5.85 (4, /= 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-
3.50 (m, 1H). Elemental Analysis for Cio13Ns0sS » /2 H,0: calc’d: C, 37.03; I,
435, N, 21.59; S, 9.89; found: C, 37.27; H, 4.32; N, 20.43; S, 10.11.

31




Anhydrous 1 (2.0 g, 6.3 mml) was dissolved in dry pyridine un n on
10 atnosphere. The solution was cooled to 0 C, whereupon TFAA dﬁél\@ygfm&i

nmmol ) was added dropwi se to the m xture, After five mnutes, the reaction
was pl acedyi Coil bath for 1.5 h, and was nonitorgd (S|02
20% MeOH é’i@f’é@“?&o the formation of the pyridinium cati onf@?‘ﬁ%@
starting material was converted to a baseline spot that underwent bl ue

fl uorescence upon exposure to 254 nm USchBmEkBght. Upon conversion to the
activated internediate, freshly nade sodium nethoxide (1.8 g Na, 78 nmol,
300 mM methanol) solution was added to the reaction at 0 C. The regction

was allowed to warmto roomtenperature and progress for two The
m xture was then quenched with 1M NH4C1(100 nli), and extract edo h a 25%
0 silica

| PA-CHC13 (5 x 100 ). The crude materpal was filtered throu hS\\(?
gel plug, and thermN entrat ed to affokd ¢l. 6 :gte(m%&:%yzsmnylt he t

14.  An anal ytical I al ned b ' Sgs@&

met hanol , et hyI At aN Wil t e XML g 9Hp > d\rd ndec) ;

MeH] + 330. 9, M%l 1, [BI\/H—I]AFO £J0; Rf= 0.6 (20% 013) np
200. 4C- 200. 9¢C, lH 400M—|z d6- DMSO % 6.92 (s, 2H), 5. 86 @ J= 5.2,
IH), 5.28 (d, J=5 % 496(dAcQ ®e2, 1H), 4.78 (dd,xd=%h9. 8, 56
1H), 4.67 (t, J-6011H) 407 4.10 (m¢ 1H), 3.91 (s, 3H), 3.%9-3.80 (m
1H), 3.55-3.60 (m 1H), 3.40-3.45 (m 11-1). Elenental Analysis for
C11H14N406S: calc'd: C, 40.00; H 4.27; N, 16.96; S, 9.71; found: C
40.07; H, 4.43; N, 16.71; S, 9. 53 30 26 May 2006 V\D 03/ 045968
PCTI US02/ 38001 Exanple 6:  g&_

5, 7-Di am no-3-(3-D-ri bofuranoiizthl azol o[ 4, 5- ngy\rﬂim di n- 2- oH‘é N(15)

Anhydrous 1 (0.3 g, 0.9 mol i ssolved in i di ne u l n.argon

e conpound

at nosphere. The rSehwtiapin {m,;dacaq)c 4 (1.2, N 1)
was 5 added dr opiskesezit tphgbo redomhg er fivg tesH,C'thé" |on was
placed in a 60 @Qvath bath f 1.5 h, and was tor ed by T 20%

MeOH CHC13) for the formatiQp Oif)Act he pyr|d| ni urn scagon. The 0,2 R,

starting material was converted to a ,
Ula TMb m

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

5  d]pyrimidin-2-one (18)
HeCni
NF 3
)%ﬁ; =0

Step 1: Preparation of 5-Acetylamino-3-(2',3",5 -tri-O-acetyl-F-D-
ribofuranosyl)thiazolof4,5-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 NaHCO; (100 mL) and extracted with
DCM (3 x 200 mL). The organic phase was concentrated, and then friturated with

15  ether. This provided 12.5 g (103%) of slightly impure 5-acetylamino-3-(2,3,5-tri-O-
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basel i ne spot that underwent blue fluorescence upon exposure to 254 urn W
light. Upon conversion to the activated internediate, the react® May2006¢
was placed in an 10 ice bath. After allowing the tenperature to

equi l i brat 0 ueous NH3 (25 nlL) was added dropw se | sation of
exot herm ?r?ﬁtﬁﬁ%@ermi nder was added. Wthin a few m nt#géqu%lﬁgaproduct

formed as indicated by analytical TLC Rf 0.25 (Si02, 20% MeOH CHC13). The
flask was wa 2 . 31 B, € .
ask was r”%etgloﬁ.gpﬁaa )aﬁ%ﬁ,-@yse—ﬂpgﬁgm@ ¢c: fde}%ﬁem% 23MHER

sol uti on was degassed under rotary vacuu n ext 15 wth 25%
| PA- CHC13 (5 X 160@npfd6.7-T4sel ;R 2008805 GOMEOAD-GHCIE), 58 MR MOSNMHDgr aphy

e 1o 0L LA N TP T A B {5
ter-Me E 1H9: ' i (gs

\3?6.6{); Rf= 0. t25%(6 éfg%mzqg%/%@g%&ﬁa}@ig)@ ?ﬂgﬁl(ﬁ}ﬁ%fﬁg@,@aﬁé%&%@’gﬂg ;6 20
(s, 2H), 6. 34(4s,38B)2.06(sgBH)d, J= 5.2, IH), 5.22 (d, J= 4.8, 1H), 4.92 (d,

3.52.3 62 (n TP 5. BT IIBL A T aent ar ke e e B ihsoss
Y2 H2O cal ¢’ dir G5 B1003enHa D-fipdfran 6)%1;'@%% 45.d %@%ﬂint%{@m , 37.27; H,
4.32; N, 20.43;7S  10.11.731 26 y 28' 6 WO ({3/ 02{ 968 0 Al -0 Pz/: DVAP HN
Schene 3 0 PCT/ US02/TR8a0drmdiate, frd@n Biepd HoAcianh MgARIE Avidlbwes disseBRéMH, M OH-
AcHN di oxane %]Cl\ifit(ls mL) at ambient temperature. DMAP (7.3 mg, 0.06 mmol), and TEA. (16
10 ml, 11 mmol) were added to the solution, followed by 2,4,6-
triisopropylbenzenesulfonyl chloride (454 mg, 1.5 mmol). After 1 h the reaction had
gone to completion, the crude mixture was concentrated, and then purified by flash
chromatography (Si0,, 10% EtOAc-CHCly), affording 690 mg (92%) of 5-
‘acetylamino-7-(2,4,6-triisopropyl-benzenesulfonyloxy)-3-(2°,3°,5° -tri-O-acetyl-$-D-
15  ribofuranosyl)thiazolo[4,5-d]pyrimidin-2-one as a foaming white solid 17: 74.5-76.3
°C; Re= 0.7 (Si03, 20% EtOAc-CHCL); 'H (400MHz, ds-DMSO) 6 10.83 (5, 1H),
7.39 (s, 2H), 6.03 (d, J= 4.0, 1H), 5.91-5.96 (m, 1H), 5.69 (t, /= 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 (s, 3H), 1.17-1.25 (m, 18H).
20  Step 3: Preparation of 5-Acetylamino-7-methylamino-3-(2°,3°,5 -tri-O-acetyl-5-D-
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
25 consumed. The reaction mixture concentrated, and then purified by flash
chromatography (SiO, gradient elution, 20-80% EtOAc-CHCl), affording 945 mg
(83%) of pure title compound as a yellow oil: [M+H]" 498.2, [2M+H]" 995.4; R;=
0.55 (10% CH;OH-CHCls); 'H NMR (400MHz, ds-DMSQ) 8 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,
30 2H),2.90 (d, J=4.8, 3H), 2.20 (s, 3H), 2.07 (s, 3H), 2.02 (s, 3H), 2.00 (s, 3H).
.Step 4: Preparation of 5-Amino-7-Methylamino-3-f-D-ribofuranosyl)thiazolof4, 5-
dpyrimidin-2-one (18)
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| AcO 83% (MeNH2) AcO bAC 16 DCM 1 h, it, 92%0 1 M UGH (ag), H2N

di oxane - HOO HO N HO bHHO OH M |1l Exanple 7: 26 May 2006

5- Ami no- 7- Met hyl am no- 3- 0- D-ri bof uranosyl ) t hi azol o[ 4, 5- 5 d] pyri m di n-2-one
(18) H3C, - Preparation of

5- Acet yl ag'lr?ioﬁ%}_:ogs_s ',3,5 -tri-0Oacetyl-/3-D PCT/US02/38001

ri bofitranosyl)thiazol o[ 4,5-dJpyrintidine-2, 7(6H)-dione (16) 10 Anhydrous 1

(8.0 g, 39.5 mml) v jstemsedtavetiorh Btef BYbOW MDD fi, (.85migl) wad d¥ABIvedinlg, 25. 3
mmol ) and aceti ¢ anhydride c(119. 1 nL. 202.4 mml? wer e added sequentially.
The reaction MHBO?@PP&@&L@B b & 8.6 gL, 8-5gpl) pss adlded ip desplyfign. The

whereupon |t W oeunsled whd npoluk At SdoNINOMEL 19fufiliRndRexprot ed Wi th

DCM (3 x 200 m.). ani ¢ phase was concentrated, and then triturated
with 15 ether. ($HdsSPrMeOHdHOAR). SAfer21loBegV-apklyd Wagterioyed apodieated by TLC

SRS Yo e S Byt ot B! DS A As SR\ = N
stoichiometric acetic acid, extracted with 25% IPA-CHCl;, and then concentrated to
afford 195 mg (70%) of 18. An analytical sample of the title compound 18 was
obtained by preparative TLC (8i0,; water-MeOH-EtOAc, 10:20:70) as a white
solid: [M+H]J" 330.0; R¢ = 0.20 (5% MeOH-EtOAc); mp > 108 "C; 'H NMR

10  (400MHz, de-DMSO) 6 7.06 (d, J= 3.6, 1H), 6.24 (s, 2H), 5.85 (4, /= 5.2, 1H),
5.22(d, J=4.8, 1H), 4.93 (d, /= 5.2, 1H), 4.70-4.80 (m, 2H), 4.07 (d, /= 4.8, 1H),
3.75 (d, J= 4.4, 1H), 3.5-3.6 (m, 1H), 3.40-3.50 (m, 1H), 2.82 (d, /=44, 3H).

Example 8: 5-Amino-7-dimethylamino-3-B-D-ribofuranosylthiazolo[4,5-
15  d]pyrimidin-2-one (20}

HyC..\-CHa

)50

HZN)“N I N>=
“@’

HO

HG  oH
Step 1: Preparation of 5-Acetylamino-7-dimethylamino-3-(2°,3°,5 "-tri-O-acetyl-
B-D-ribofuranosyl)-thiazolo[4, 5-d[pyrimidin-2-one
In a manner similar to Example 7, step 2, S-acetylamino—7-dhnethylamin6-3—
20 (2°,3°,57-tri-O-acetyl-B-D-ribofuranosyl)-thiazolo[4,5-dJpyrimidin-2-one was_
generated in an 80% vield as a yellow oil: M 511.14; Ry= 0.70 (5103, 10% MeOH-
CHCls); 'H NMR (400MHz, ds-DMSO) & 10.15 (s, 1H), 6.10-6.15 (m, 1H), 5.98-
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).
25  Step 2: Preparation of 5-Amino- 7—dz‘methylamino—3~ﬂ-D-ribofulranosylthiazolo[%5—
d]pyrimidin-2-one (20)
In a manner similar to Example 7, step 3, the title compound 20 was

generated in 82% yield. An analytical sample was obtained by preparative TL.C
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acetyl-[3-Dribofuranosyl)thiazol o-[4,5-d] pyrimdin-2,7(6H)-di one as a
white solid 16: np 246.7-248.1 C, Rf= 0.20 (Si 02, 50% Et OAc- CHRA Mlay 2008\R
(400MHz, d6-DMSO) 6 12.23 (s, 1H), 11.85 (s, 1H), 5.97 (m 2H), 5.48 (t,
J= 6, 1H), 40 (m 1H), 4.25-4.31 (m 1H), 4.08-4..1§ , 2.49
(s, 3H), 2W§7£'?459£8 2.01 5 (s, 3H, 2.00 (s, 3H). Step élﬁsﬁ?-j’reparatlon
of 5 Acetyl anzi no-7- (2 4,6-triisopropyl-benzenesul f onyl oxy) -

(2,3,5-tri-O ac(éi@al wABr-MQH-BtQASNEI0 1) azmiwh{tés(ﬂrddlw-ll—l]i mm rp_mmj“e ( 17)

DOV (15 ) at Sk B> | e Rar (e b Rmedagy Atk Gl EHMERN (16

10 m, 11 mmol )5 g8y 6 @ﬁ?%@bﬂ@ Jhe, SS?H}HS'ZQF(d f:OlstYﬁﬁzﬂ% @452, 1H),

trllsopropylbenzenesulfon | chl ori de (454 ny, Af t er t he

reaction had gbhe4{6 (moﬂ}b], ét0i7t)<h09 (lﬂhéHd,r?u?ié SrﬁmtlI:IB &. inéé (mothﬁt.’r -a6€a, and
500" nb " obogtor DL 508, o PRILARE BRI €3 QST G B e 8! ¢ 9
acet yl am no- 7- (12, 20,48); fountis Gpr0pY| H belz dipes.69.f onyl oxy)-3-(2',3" ,5 -tri-0O ace
tyl-(3-D 15 ri bofuranosyl )t hiazol o[ 4, 5-d] pyri m di n-2-one as a foam ng white
solid 17: 745763 C Rf=0.7 (Si02, 20% Et CAc- CHC13); 'H (400MHz,

do- DUEO) 8 10. 83ty b a gl 39 f Syt 3 o it B g 825 00

4.16-4.20 (m lﬂﬁ)ynﬁucﬁﬁ-%lﬂﬂnéﬁfdhyai‘l)chlcﬂ"lc&7saﬁ On (m 1H, 2.07 (s, 3H)
2.06 (s, 3H), 2.04 (s, 3H,1.88 (s, 3H, 1.17-1.25 (m 18H). 20 Step 3:
Preparation of 5 Acetyl am zzo- 7- net hyl anzi ng&3- (2, 3;5' -tri-Oacetyl -) O D

ri bof uranosyl )tl zi azol o[ 4, 5-dJpyri nzi di nt¥-one (19) The internmediate from
Step 2 above (1.7 g, 2.27 mol) was dis .n dioxane (20 nlL) at

anbi ent tenperature. Added to this waﬁzNalﬁg. solution of nethylam ne
(3.4 nm, 6.8 nmol) in nethanol. After 2 h the starting nmaterial was 25
consuned. The reaction m xture concentkrmp,t?f;and then purified by flash
chromat ography (Si 02, gradient elution,” 20-80% Et OAc- CHC13), affording 945
ng (83% oIfo pure title corrpound as a yehkbowowoi | : [ MFH] + 498. 2, [2MH| +

995.4; Rf= . 5 0% d

111), 7.70 (d 5 ‘ff’( : }{’ g"éé’?%mﬁ?wﬁ%gc%ﬁpy "%@'3(92/5 54)%“](?(“@@’21 39
gm 1H), 4 16 f-@srzﬁdﬁtmﬁgsyal'f)zngloﬁp5 Qﬁym)ﬂzﬁ#ﬂﬁme?’m 2.20 (s, 3H), 2.07 (s,
H, 2.02 2:00 (S, 4: Preparation

of 5- Am no- 7 I\/bt I zyl anainreond- Sﬁ]ﬁﬂﬂ-ﬂ) Elmﬁpleamm/l Ytdeeybaliog-4; 5-
cyclopropylamino-3-(2°,3°,5’-tri- O-acetyl-p-D-ribofuranosyl)-thiazolo[4,5-

15  dJpyrimidin-2-one was generated in 80% yield as a yellow oil: Ry=0.45 (Si0,, 75%
EtOAc-CHCL); 'H NMR (400MHz, de-DMSQ) & 10.11 (s, 1H), 7.87 (d, J=2.8,
1H), 5.98-6.01 (m, 1H), 5.70-5.76 (s, 1H), 4.32-4.39 (m, 1), 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-
0.76 (m, 2H), 0.57-0.60 (m, 2H).

20  Step 2: Preparation of 5-Amino-7-cyclopropylamino-3-f-D-
ribofuranosylthiazolof4,5-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
analytical sample was obtained by preparative TLC (Si0;; water-MeOH-EtOAc,

25 10:20:70) as a white solid: Ry= 0.20 (5% MeOH-EtQOAc); mp > 100 'C; [M+H]"
356.0; "H (400MHz, de-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-

35



dJpyri zni di n-2-one (18) 33 26 May 2006 WO 03/045968 PCTI US02/ 38001 The
internediate fromstep 3 above (420 ng, 0.85 mml) was di ssol vedb May 2006

di oxane (4 nL), and I MLIiOH (8.5 nL, 8.5 mol) was added to the sol ution.
The O ace{yy o3@ipps were renoved within 40 min to give ate at
R1= 0. 15 1 2, 5% I\/EO—I— Et OAc). After 2 h the N acetyl \?\P}adﬁsg?{og@gid as
indicated by TLC 5 Rf 0.20 (Si02, 5% MeOHEt QAc). The reaction m xture
was neutral i zed. 8\, HH)siB 543061{@@1);3.@-3591(1&1;1}5);m,(s,ejﬁ); A.68-0F 0\int, AHR5%

| PA- CHC13, and t he trated to afford 195 ng (70% of 18. An

anal yti cal samﬂ £4 @fsgflﬂeﬁﬁtle conpound 18 was obtained by preparative TLC

Si 02; water- I gdp [ MiH + 330.0; Rf =
(() 20 (5% MeOH- )%ﬁpm}lgﬁggw%’)m@% ﬁfﬁfg}b}%}g‘f"i%gMED 56 l[_)ul\/BO) 5 7.06 (d,
J= 3.6, 111), @;l%ﬁtrhﬁosyﬁk‘d}zzol@'fl&&i]ﬁ;ﬁqmLHi*fz-B-oﬂe izﬂcb&chlorﬁe&&lt((lﬂ,) J= 4.8, 1H),

4.93 (d, J=5.2, iH), 4.70-4.80 (m rgd J=4.8 1K, 3 75 (d, J=
4.4, 111), 3.5-3.6 (e titlrpompouy V@swpemi bmjidl ion gbthe golidymatgrial preppyed

Ex le 8: 5-Afqy f ol 4,5- 15
pyri m di n-2- analp Sae PR et RUACRAbARp skt AROLa:

cetyl am no-7- dldmﬁiphmichzmmhl&—s(oﬂd 18 > 39- C;HHM@DQ]VHIZ ds-DMSO) 8 7.25 (d,

/ 3- Drlbofurano %J yr| ge%ﬁw(%r ﬂ)mlar to
Exanpl e 7, ste gé@'ﬁy%gﬁ%gﬁ}? g muﬁla % (byp 1H)

(2", tetri- Q'ﬁﬁﬁwgo(ﬁiﬁml@w&@mw@nﬁv%ﬁl Hﬁﬂs@s@lwm WHY\i3¥52- one

was generated in an 80% as_ a I ow oi | =.0.70 (Si 02,

10% McOH GAC1H37 1@4@% SAGmE, Héls BREC)? (e, 26D 0555( 9 6 iIH) 2H)6 Elegmentals (m

598, 0 0% (e Ml RG] Sl o s BRI s, 4,224 27
(s, 311), 1.99 foand: A)39.GESHSEEP; 2, 16A7e MaEARL on of

5- Am no- 7-di net ht yl ani i no- 3-[ 3- D-ri bof ur anosyl t | uazol 0[4, 5-
dj pyrimdin-2-one (20) In a manner simlar to Exanple 7, step 3, the title

0 |
compound 20 vas,, QSHEL A 8% b P tesehiutho T b S TR bR, 201 1 e

15  d]pyrimidin-2-one (22)

HN’:
.

[ =0 ,
HZN*‘N N

HG  ©OH
Step 1: Preparation of 5-Acetylamino-7-pyrrolidino-3-(2°,3 ", 5 -tri-O-acetyl-3-D-
ribofuranosyl)-thiazolof4,5-d[pyrimidin-2-one |
In a manner similar to Example 7, step 2, 5-acetylamino-7-pyrrolidine-3-

20 27,375’ -iri-O-acetyl-p-D-ribofuranosyl)-thiazolof4,5-d]pyrimidin-2-one was

generated in 70% yield. An analytical sample was obtained via preparative TLC

(510;; 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

(400MHz, ds-DMSO) § 7.00 (d, J=7.2, 1H), 6.17 (s, 2H), 5.18 (d, /= 5.2, 1H),
25 521(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 (in, 1H), 3.55-3.60 (m, 1H), 3.30-3.45 (m, 1H), 1.40-

2.0 (m, 8H).
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34 26 May 2006 WO 03/045968 PCTI[ TS02/ 38001 (Si02; water-MOH Et QAc,
10:20:70) as a white solid: [MH + 344.0; [2MrH + 687.4: np > 26 May: 2086=
0.20 (5% McOHEt QAc); 'H NVR (400MHz, d6-DMBO) S 6 27 (s, 2H), 5.91 (d, J=
4.8, 111), J= 6.0, 1H), 4.93 (d, J= 5.2, (m 2H),
4.07-4. 09 ?’%%ﬁ’gﬂ 3.7-3.8 (m 1H), 3.5-3.6 (m lH) Vs 5%‘%”8?2’;8% 8111y,
3.09 (s, 6H). Elenental analysis for CL2H17N505S: cale'd: C, 41.98; H,
4.99; N, 20. 40y ?Upﬁlepagrzoﬁ%f %mz;&'& 7-2ycldpentlankRe-39-DExanpl e 9:

5- Ami no- 7- cycl opropyl am no- 3-(3-D-ri bof uranosyl t hi azol of 4, 5-

dJpyri m di n- 2- oﬂmﬁmnaﬂy&ﬂﬁu&rﬁMﬁW]ﬂynﬁdbt—’(oﬂa) 10 HO ' OH Step 1: Preparation

of 5- Acetylam'no?cclo tri

f-D-ri bof uranosyl ) - t 5’%9?‘8‘)/ 1§tﬁfgi5§ﬂgﬁ’zlﬁ171%‘?pr13 Hhe t}tkeé;omﬁ’oﬁl)‘ W& similar to
Exanpl e 3, st e%eﬁera‘éﬂ%??@%g‘?e’lﬂ NRn Analytical samp]e was obtained via preﬁ)aratwe TLC

cycl opropyl am no-3-(2', 3' tri- Oacet%l -p-D-ri bof uranosyl ) - t hi azol o[ 4, 5-

15 d] pyri ni di n-BiQen waleedSdFEiQbed 0i29:790ss 3/ Whitesohid: mpyel08ol (@59 Rezf = 0. 45
Si 02, 75% Et , 7.87 (d,
52 2%, Ty, et mer i TR SR oA WY - g G i 1)

4.16-4.30 (m 26DOMHZ, KEOKESO) BH)Q0 (ﬂ,ﬁ'f’QSlH)lH)U(ﬂZ?E I (BAF5.21d], (s, 3H),

CNEL IR RO UNORE LR RIS O SRR

bof zzr anosy! t | zj, @52@'19[(141; 18), dJm;eramxd 1HN-32550160 gﬂ ﬁ{)WBB(l%MSS(inmlHWl 400
Exanple 7, step 3, 5-am no-7-cyclopropylan no-

D-ri bof ur andsy|2-h{maz8De[ 4, 5- d] pyrinidin-2-one was generated in 79%yiel d.
An anal ytical sanple was obtained by preparative TLC (Si 02;
wat er - MeOH Et OAc, 25 10:20:70) as a white solid: Rf= 0.20 (5%I\/bO—I—EtOAc);

rap > 100 *C; [Mdiﬂ%le 1958- iigbtt 600 Ro- DR fuclyiRalfol 438 . €. 28 (s,

2H), 5.86 (d, 22 (d, J= 6, 2 (d 1H),
4.70-4.80 (m zﬂmyrlmubg-zioq«ﬂ@)m 114), 3.7 35 26 May 2006
(2
Lo
HN*‘N N

7
Ho’\(iJ
Ho %
15 Step 1): Preparation of 5-Acetylamino-7-pyrrolidinoe-3-(2°,3°,5 -tri-O-acetyl--D-
ribofuranosyl)thiazolof4,5-d[pyrimidin-2-one
In a manner similar to Example 7, step 2, 5-acetylamino-7-pyrrolidino-3-
(2,3,5-tri-O-acetyl-B-D-ribofuranosyl)-thiazolo[4,5-dJpyrimidin-2-one was
generated in 79% yield as a yellow oil: [M+H] 538.1; Re= 0.80 (S10,, water-
20 MeOH—EtOAc 10:20:70); 'H (400MHz, ds- DMSO) 8 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 (1, 2H), 3.58 (s, 4H), 2.23
(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-pyrrolidine-3-f-D-ribofuranosylthiazolo[4, 5-
dfpyrimidin-2-one
25 In a manner similar to Example 7, step 3, the title compound 23 was
generated in 81% yield. An analytical sample was obtained via preparative TLC
(Si0,; water-MeOH-EtOAc, 10:20:70) as a white solid: mp > 112.4 °C (dec);

[M+H]" 370.3; "H NMR (400 MHz, ds-DMSO) 8 6.22 (s, 2H), 5.90 (d, J=4.8, 1H),
37



WD 03/ 045968 PCT/ US02/38001 3.8 (m 1H), 3.5-3.6 (m IH), 3.45-3.50 (m

1H), 2.8 (s, 111), 0.68-0.70 (m 21-1), 0.54-0.57 (m 2H). Steff May 2006
Preparation of 5-Aznino-7-cyclopropylanzino-3-,8 D

ri bof ur anogy :hi@ep! ol 4, 5-d] pyri m di n- 2-one hydr ochlorid 5 The
title conpoun (anas prepared by addition of the solid matgPr astogééé?)ared in
step 2 above to vigorously stirring 4 MHCO in dioxane; affording the title
conpound as a W3 §&|5211Hgm9>4 o= @;4 1H), MR- 44@@%,4168?\/5@)4831 25
1H, 7 = 2.8, 1Q§ I;I)@ H) ) ﬁ),498
(bs, 1H), ’Alﬁgﬁ((lm LEh3, 54bﬂa§H1t3 3833-5"5(1161}1)1-5 87 &, 44).3. 79 (m 1H),
355360(m1H) 3.45 10 3.37 (m 1H) 2.82 (m IH, 0.72-0.79 (m
211), 0.55-0.63 (m 2H). Elemental ana%—%l%n}%%ﬁfor C13H17N505SHO : calc' d: C

39.85; H, 4.63; N, 17.87; O, 9.05; found: C, 39.66; H 4.85 N, 16.57;
c, 8.13. Exanple 10:

5- Am no- 7- cycl opent yl am no- 3- D-ri bof uranosyl t'ffi azol o[ 4, 5- 15

d] pyri m di n-2-one (22) HO " St ep 1. Preparati E 5-Acety| anzi no-7
pyrzrolidino-3-(2',3,S - tﬂ- cetyl-4J3-D HN)% N _b

ri bof uranosyl) -t hi azol of, r| nzidin-2-one In almanner simlar to

Exanple 7, step 2, 5- ace yI am 0- 7-pyrrolidino-

(2',3,5 -trl-OacetyI (3-Qrihof uranosyl ) -t hif@zo{ o 4, 5- d] pyri mi di n- 2- one
was generated in 70% vyi®¥d.CAp anal yti cal sanpl esWas obtai ned via
preparative TLC (S Q2; wa OH Et OAc, 10: 20: Pas a white solid: np >
108 C (dec); Rf= 0.80 (10% water and 20% net hanof I n ethyl acetate);

[ MitH + 384.0;'H NVR (400MHz 22d6-DMSO) S 7.00 ( '"'etgwm 1%(199;11) 6.17 (s,
2H), 5.18 (d. J= 5.2, 1H), 25 5.21 (d, J= 5.6, §2"C4. 3= 5.6, 1H),

4.74-4.80 (m 2H), 4.30-4.35 (m 1 4.05-4.10 (mAlH) 70-3.80 (in,
1H), 3.55-3.60 (m 1H), 3.30-3. 45y 1H), 1.40- 2.0 (m . 36 26 May
2006 WO 03/ 045968 PCTI US02/ 38001 HN
. o S
)\ >=o 2HC N o
HZN c HzN)*‘N N
4 [ o .
BUO N\)J\ i L
O /\ £ % : \
xo 7 HG BH
B 24

a) 2,2-dimethoxypropane, acetone, DMSO, MeSOgH, 0 °C
b) BOC-L -valine, EDC, DMAP, PhMe, 0 °C - 1t
c) anh. HCI, iPrOAg, FroH

Example 12: 5-Amino-7-cyclopentylamino-3-(5'-0-L-valinyl)-p-D-
ribofuranosyl)thiazolo[4,5-d] pyrimidin-2-one Hydrochloride (24)
‘With vigorous stirring, intermediate B is dissolved in a solution of anhydrous
hydrogen chloride in isopropyl acetate at 0 °C and allowed to warm to room
10  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
produet is filtered and dried under vacuum to yield the desired di-HCl salt 24.
The intermediates are prepared as follows:
3-Amino-7-cyclopentylamino-3-(2',3-O-isoproylidene--D-
15 ribofuranosyl)thiazolo4,5-d]pyrimidine-2-one (A)
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Step 2: Preparation of S Am no-7-cyclopentyl anzino-3-fi-D- ri
bof ur anosyl t hi azol o[ 4, 5-d]pyrirnidin-2-one In a manner sim | ar26 Wayp2066 e
7, step 3, the title conpound 22 was generated in 70%yield. An analytical

sanpl e wasyhk V\% via preparative TLC 5 (Si02; wat er-g‘%%g%
10: 20: 70) as a I'te solid: np > 108 C (dec) Re= 0.80 ( er and 20%
net hanol in ethyl acetate); [MtH + 384.0;'H NVR (400MHz, d6-DMSO) S 7. 00

(d, J=7.2, 1H), 6.17CdfpouddB)is &%dﬁ@bordlngﬁtﬁeprbbadure & F‘Ziﬁl dtdl., %‘Stl
2.92°(d. 3= 5.6 1M, 4.74-2.8 H), 4.30-4.35 (m 10(m

1H), 3.70-3.80 §mxtaEpf Samm-3c owﬁylf@ﬂylo 3- me@ﬁzrsﬂqsmthlazq}om §- 40- 10 2.0
(m SH). Exanpl 2.

5- Am no- 7-pyrro @P#ﬁmdn}f2(gnetﬁzr‘rf%?cﬂoe{lﬁo%%sﬂﬁﬁ%hgp %s[u}fo%m accjﬁi[%?/dranex Ph-2- one
(23) 'N' Hc1l SGHmb&onfmppa]n)a at PP@ matl ataritng rodiertal & consumed. The reaction nuxture
cetylamno?yrrol I .no- 2' 3 Botrj- etyl -] 3-

ri bof zzr ano ltgﬁii‘ifg&? S a(t% %@B@&ﬁallﬁ?d&? ii% %ﬁ%s%f{?a??ﬂ?&ma agfl fragted; o
Exanpl e 7, st epwﬁh EfoAcerpd cagranﬁwlayer@yml@éﬂtﬁtdmﬁsubjected to column
(2,3,5-tri-OCacetyl-(3-D-ribofurangsyl)-thiazol o[ 4, 5-d] pyr m di n- 2- one was

generated in 79@@%@%@3"%%}]&al%wl‘éiﬂgthe[zi\/ﬁﬂﬂmieﬁs@d@ PIRfi‘*CtO 80 (Si 02, water

20 NeGH E1 O, 40;.20: 70) 1o M A0 40U TNEOL 5,000 08 Bvyhil:3:81- 6 02

3.58 (s, 4H), Zs@doylidene-BH)-ribdfulihofy8)thiddda[43-dIpyrimidind+d-onl(BY8 (s, 3H) '1.89
(s, 4H). Step 2: Preparation of 5-Aznizzo-7
pyrrol i di nol , 8- D- ridppialutionsd 0 aapialsnis P4 Ngzer ghygrycerbengd)- h-@hwﬁﬁ: In a

manner simil ar 1@ BERERIE 17 oS AR or bR, tddiSy EAIIOUI 231 aTuvBferat e

in 81%vyield. An analytical sarrp e was obt ai ne vira preparat| (Si02;
wat er - MeOH Et OAS-amild:-26yclépenigs3-42' )&hOEl@O;ﬁ'@)ﬂlddne—ﬁﬁm-nbdfﬂﬂndsyf}tlﬁﬂeha)}},s [ MtH] +

12%20 l\/gy %g 0 gl N\I/?\O( 0% Ngé&éj %T%g@fé g@\é%alénsté DMP ar% 'agt?edg d[‘he %élct?énsfnix%lli}')e 37
1s warmed to room temperature and allowed to stir for 5 h, and concentrated. The
15  residue is dissolved in EtQAc, partitioned with 1 N HC, and neutralized with
| saturated aqueous NaHCO; A(IO mlL). The aqueous aqueoﬁs phase is further
extracted with EtOAc. The combined organic phases are dried over NaySQy,
filtered, and evaporated under vacuum to give intermediate B that is purified by .
column chromatography on silica.

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 can be compared

25 with the results of similar experiments with compouﬁds described in the literature
referenced in the present disclosure (e.g., U.S. Patent Nos. 5,041,426 and 4,880,784)
to reveal the advantages of Formulia I compounds with respect to pharmacokinetic
and pharmacodynamic properties.

Interferon Alpha (Mu-IFN-0) Concentrations in Mice

30 The normal mouse provides a useful system for the assessment of the degree
to which the inventions described herein provide material improvemert in the oral
delivery of 1 (isatoribine). Not only can one measure the plasma concentrations of

isatoribine arising from oral administration of the said prodrug(s) but also the
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5.23 (d, J=5.2, 1H), 4.94 (d, J= 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 (in, 1H)26 M®872G0H
414). Schene 4 HN '0 oXo 22 HN B '0 a) 2, 2-di net hoxypropane, acetone, DMSO,
McSQO3H, O -L-valine, EDC, DVAP, PhMe, O C - rt |,

sPr OQAc, iP?&-IdgASMS,%\gI-l:N "0 24 Exanple 12: Cl)mﬁ%mdd&

5- Am no- 7-cycl opentyl am no-3-(5'-O L-valinyl)-(3-D

ri bof uranosyl ) t hsnziok ahfhuboldbipyrésdindh Bontuoae i e Rtk 10k ipeterided4agWilis h
vigorous stirri ngébli nternmediate B is dissolved in a solutjon of anhydrous

hydr ogen chl or i Y&ablp fordpesswg the lexels phinisrferpnalpiitgs aytplgnref isrsibieRseBer oom

10 tenper at ur e. ;Lo a8 ER aOHAL LY of iddfRibhie. added addi tional isopropyl
acetate. The reaction mxture is stirred for an additional 12 It. Tol uene

is added and the pri@¥dhete ussd fhelnemedysiem irds sseids afckperimeands that damopstedtd t he
desired di-HCl

It .24, The int Lates. are. prepared as follows: 5-Antin
0- 7-cycl opent yl tﬁ%rﬁ[ R S %Ji @g'bﬁaﬁ?ﬁmfaﬁb&f §1§) ]ﬂtergegon response
ri bof zranosyl ) tduBitazilo likhpfved puer bt ehsiléng fromedinistdioh ofisatdhibine idE 34,
3006- 3010 (1981) 38 o _
Table 1 records the results of an assay for murine interferon alpha in the
plasma of mice that were dosed two times with isatoribine, formulated in
bicarbonate, at a level of 50 mg/kg by the oral route. It is evident that no interferon

10 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
Following Two Oral 50 mg/kg Doses of Isatoribine 4 Hours Apart

Time, b Individual Value Mean SD
First Dose
0.00 " BQLY BQLY ‘BQL™® 0.00 0.00
0.03 BQL? BQLY® 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'® BQLY 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. BQLZ BQLY . BQL¥ 0.00 . 0.00
408 BQL® BQL” BQL” 0.00 0.00
4.25 BQL* BQL? BQL* 0.00 0.00
4.50 BQL™ BQLY? BQLY 0.00 0.00
5.00 BQLY BQL” BQL* 0.00 0.00
5.50 BQLY” BQL*? BQL*? 0.00 0.00
6.00 BQL* BQLY? BQLY® 0.00 0.00
7.00 BQL¥ BQL¥ BQL* 0.00 0.00
8.00 BQLY BQL® BQL* 0.00 0.00

BQL" - Below Elevated Quantifiable Limit < n pg/mlL.
15
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26 May 2006 WO 03/045968 PCT/ US02/ 35001 Conpound A is prepared according to
the procedure of Kini et al., by stirring a mxture of 26 May 2006
5-am no- 7- cycl opent yl am no- 3- (3-D-ri bof i uanosyl t hi azol of 4, 5-

d] pyrim diﬁ?‘o?&fo g 22 with acetone, DMSO et hanesul foni Cpc%ﬂsqu?éﬂﬁll an
excess of i met hoxypropane at 0 Cuntil starting material 'is consunmed. The
reaction mxture 5 is added to ice water and neutralized to pH 7 with

saturated NaHCC3 andrapid 1 aebids thewedults 5 £360ys fdhemotedataiferch alphs inl the

concentrated and subjected tg colunn chromatography on silica providin
the 2',3' -prot cllpspp cjéﬁrgipe B}abglﬁavpre dosed with bicarbgnatepan)c/l then four hours lgter were 9

5- AT no- 7- cycl ogRBd ¥l 8P WA idtdmbindOidhulatedih bRILONME AF RRRYI orsbmygkd. Nyl ) -2
3'-0- isoproylidene-[3-D-ribofi<ranosyl)tliiazol o[_zf, 5-d] pyri nmidi ne-2-one
(B) 10 To a sol lntdrfrongrasireporisd i thalpdasmg fiom fquy miget nplytiogyeatisblad ) - L- val i ne
'1” Ongui \6/‘;' gsntc fgﬁei%ﬁgbém%oﬁﬂybéh%%&s%. A rPCatn it Srted b fhfs Rferine 30 T Ui n.
5-am no- 7- cycl opematigw,-add (12 reforte@insdipon ydvieldevees B chrsistdndlyuepmnod fdrlatlhi azol of
4,5- d]pyrimdipe-2-one, A and. 1.5 equjvalents P ar.e added. T

Fenct | on i xt ur Greerucharei f6arbuRs PabareEing dest T GRIEO T EFor 5
h, and concent r gisgfh froth erednrérRsit det theSlo@bSimahyedhe ssdt OAC, partitioned with
1 NHA, and neutralized with saturated aqueous NaHCO3 (10 miL). The
aqueous aqueous phase is further extractaddedith Et OAc. The conbi ned

organi ¢ phases are dried over Na2SO4, filtered, and evaporated under
vacuum to gie i nt er helgrigran SphpdMu-tFyg) Plases Gapcentsation (et ogr aphy on
silica. 20 Bl OLOGMiéLFdlHihNOnEMehidie Doteyamlf OnoSipmgicgDoks éidsafntibinet o
denonstrate favorable oral delivery ghanasigEdrsti cs and to i nduce i mmune
responses when adm nistered by a selected route was readily denonstrated

i n experinment s—+p—m o T ts
for conpounds —of Bl la | can be r‘%m{%arapuﬁ 25 with the Fe8ults of “Simlar
experinments with conpounds described in the literature referenced in the
present disclostirgDpe. g., U. S. Patent Nos. 5,041,426 and 4,880,784) to

reveal the advantages of Feoptil a | corffounds BOLH respeatoot o 0.00
phannacoki netic @gd phar maggdynam cedgropertiggrL>sl nterf exgon Al phagoo
(Mu-1 FN-a) Concenggations E@LSM ce poL® BOL® 0.00 0.00
0.25 BQL™ BQLS? 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 BQLY BQL'™® BQL™ 0.00 0.00
2.00 349 BQL* BQL® 11.6 20.15
3.00 BQL® BQL® BQL? 0.00 0.00
4.00 BQL” 35.4 BQLW 11.8 20.44

Second Dose

. 4.03 BQLY BQL® BQL” 0.00 0.00
4.08 BQL”® - BQL¥ BQL% ©0.00 0.00
4.5 BQL® BQL? BQL® 0.00 0.00
4,50 RQL'™® BQL® 133.2 44.4 76.90
5.00 74.9 BQL™ NR 375 52.96
5.50 BQL*® BQL” BQL* 0.00 0.00
6.00 BQLY BQLP BQL" 0.00 0.00
7.00 BQL™ BQL™® BQL?® 0.00 0.00
8.00 BQL” BQL” BQL® 0.00 0.00

~ BQL" - Below Elevated Quantifiable Limit < n pg/mL.
15 NR - Not reportable.
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30 The normal nouse provides a useful systemfor the assessnent of the
degree to which the inventions described herein provide nateri2é May 2006

i mprovenent in the oral delivery of 1 (isatoribine). Not only can one
measure th concentrations of isatoribine arisin ﬂ@,

adm ni stratﬁ(io(t:yr?ﬁ% the said prodrug(s) but also the 39 26%\(11&; 8%'%\0

03/ 045968 PCT/ US02/ 35001 extensive inmunol ogi cal research conducted in the
nmouse has provided rEzdgedrsords itictradilie of asayrgaqtntmtdnicteroneymh sn 8k
interferon al ph toki.ne of jnterest reflectin one of the desired

bi ol ogi ¢ acti viti Senga‘g s SO MP idr?é‘?de(‘fgl?%mvﬂ'é%m > FIFQIHEL i picaghensia, a
series of exper inmiksitahialeq@eoRss SH#HR ke idiRkbhe dhdEndlar VRl s enhgk of 1
(val -i satoribing). el iéi ts an interferon response substantially I nproved

over that resul PPHGCHEOM aiiradile megsurdie 8110 kovr.ok-§ howe and g6l HoursTdiet e |
records the §esgdsiis. et [ j f . in.the . plasm
of nice that were 0S .et.g t\?g%?igﬁgg&é& f{ﬂﬁdhingg? %gsi&)%?r?gg 8#@81?%&@%) & IP(ﬁcatmg
bi car bonat e, at tharsliabuity off theeffery fdlloy ingyvai-tsetoobime adminieratibh. Thes e¥ingRnt t hat

no interferon 1&1]9#@@ RS apLs. even when the dase was repeated after an
interval of four hours. #ggﬁéﬁiﬁlﬁ? iadlie 8?1“2? Bﬁfgrewg]eﬁeg_swr Pierey
Concentrati on (putrfisatoribikkce Following Two Oral 50 ny/ kg Doses of

| satori bine 4 Hours Apart Tine, hlndividual ValueMeanSD First Dose
BQLSBQL125BQ.500. 000. 00 0. 00 0. 03BQ.25Bdaki0BQ.250. 000. 00

0. 08BQL25B 5BQL250. 00Q. 00 0. 25BQL50BQL25BQL250. 000. 00
QB2 oo Bsmoeonsuitafoness

0. 50B0L25B 5BQL Mq’gg Adplop (\u-IFN-w) in Mice
1. 50BQL100BQL25BQL250. 006 loying »diel Samesedes of Yablso®ribine
Time, h Individual Value Mean 8D
0.00 BQL BQL' BQL* 0.00 0.00
0.25 BQL BQL BQL 0.00 0.00
0.50 BQL® BQLZ? BQL 0.00 0.00
0.75 BQL BQL BQL® 0.00 0.00
1.00 173.2 125.1 89.0 129.1 4224
1.50 202.9 145,9 294.8 214.5 75.13
2,00 492 137.9 138.3 108.5 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/mlL
15 NR - Not Reportable

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,

20 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
mterferon response from 4% to 30 % and the magnitude of both the average and
peak response was increased twofold.

In other experiments, plasma levels of isatoribine and interferon alpha were

25  measured in mice that were dosed with isatoribine by the intravenous route, and

these levels were compared to the levels of isatoribine and interferon alpha arising
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. 00BQL25BQL25BQL250. 000. 00 4. 00BQL25BQL25BQL250. 000. 00 Second Dose

3

4. 03. BQL25BQL25BQL250. 000. 00 4. 08BQL25BQ.25BQL2i 0. 000. 00 26 May 2006
4. 25BQL15BQ.25BQL250. 000. 00 4. 50BQL50BQL3t $BQL500. 000. 00

5. 00BQL50 @’%‘EO' 000. 00 5.50BQ.37.5BQL3J.5BQL17.50.0 02/38001

6. OOBQ_SOBgf 37.50. 000. 00 7.00BQLNBQL50BQ.500. 000.

8. 00BQL50BQL2513QL500. 000, 00 BQL" - Below El evated Quantifiable Limt < n

pg/ nL. 15 40 26amrﬂ@ﬂmmaﬁaﬁ Gﬂ@%ataﬁﬁhﬁsﬂibé@wﬂﬂre'ﬁat:ﬂhﬁngedﬁfﬁ%ﬁ@l: Eet
results of assays,f Lne.jnter n .alpha in the pasrrao m ce a
first were dose Off’?”ﬁ?’ééﬁeﬁ’ vat t&ﬁ%l ef’ﬂ%ﬂplfl TR mdyiced byyesiebvalgosed

orally with i Saisﬁﬂbnbina “vaf- Q;ﬁl‘mﬂ") %t@@nﬂgfkfgtiéa@ﬁ%lﬁél%v eq%iva?cnp%yda@ lsin®ilar 89 MO/ KQ.

Interferon was reported in the fromfour mce, inc I ng two that
had 5 recei ved fhﬁggﬁpd%tfﬁy%?&lsés ing) (Sisgersbat 28 me/keeThus) erebval-esatpriba |tn
this experinent 1 gvf f rf & e_no

consi ot ent 1y 1 ehior gy o of Aibie sk FRRERRA bl o Bt B S% A G
suggesting that Oltsh%@é aﬁﬁrgn‘aav@nmwdbmnaratlpﬁ atisstoribine #gsedy fr om rreasurerrent
near the | ower Q’g of the assay. Table 2 10 Interferon Al pha (Mi-IFN-(Xx)
Pl asma Concentr g/m) in Mce Follow ng One Vehicle Dose and One 50

mg/ kg Doses of | sat orhdufgt 4k Mg kAL-Rhtofib IR, 3)h M wgg&% ex\égéu'ilg MeansSD

isatoribine (1) after oral administration to beagle dogs was investigated. Isatoribine

10 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.

15 Four male and four female adult beagle dogs weighing between 15t027kg
and apprommately 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 cach. 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

20  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 uniil 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
25  pharmacokinetic parameters deﬁnihg 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
238+ 0.485. These results indicate that at 50 mg/kg dose, the prodrug val-
30 isatoribine provided substantially higher Cmax and greater bioavailability than

isatoribine in bicarbonate solution.
The ratios for the Cmax and AUC for the prodrug to the bicarbonate solution
for the 10 mg/kg dose are summarized in Table 7. For the prodrug, the Cmax ratio
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First Dose BOL50BQLt 00BQL62.50. 000.00 0.00 0.03BAL50BAL50BQL37. 50. 000. 00
- 08BQL50BQL50BQL500. 000. 00 0. 25BQL50BAL62. 5BAL500. 000. 00 26 May 2006
- 50BOL50BOL56BAL500. 000. 00 1. 00BAL50BAL50BQL1000. 000. 00

50BQL50 RQL50. 000. 00 2. 0034. 9BQL25BQL2511. 620. 15
.005@.255%.%@%@.250 000. 00 4. 00BQL2535. 4BQLLO011. 820. 44 'sacond Dose

| 03BQL25BQL 25B0L250, 000, 00 4. 08BOL75BQL25B0L 250, 000, 00

. 25BQL25BQL25BM28 584 WW 180BEIRE 0529 Tu6e 8Gults indicate that at

D08 S0 B PRSP v ok

OOBQ_ZSBQ_ZSBQQEE@IE@(I}@’th@nB@i’lbmeBelh@MbcElamhﬁlanJant| fiable Linit < n
pg/ m. 15 NR - ,i,ﬁ optable. 41 26 May 2006 WD 03/045968 PCTI US02/ 38001
Tabl e 3 records the uW@W%%%W%’Pn?ﬁrlﬁﬁﬁ@‘bmﬁ@f%ﬁ‘b%ﬁ%lo};‘ﬁ&domgthe
pl asma of mige hﬂé&tle‘ﬁ&rdGu}Sl@@Qﬂd&%@Htéfnﬂé‘ekfgbsﬂ@lto is?ﬁ)tn?ﬁ:fel?é c%%j%?pl ved in

bi carbonate, at a dose_ that is equivalen i bine on a
mol ar basis. |t 2qpgoxamatebng-fold following oral administration of the prodmg Val- 1satoribine,

compared to isatoribine itself, at both 10 and 50 mg/kg dose.

CoulhhwWHROO

Table 4
10 Pharmacokinetic Parameters of Isatoribine in Dogs dosed at 50 mg/kg
Dosing Period 1 2
Formulation Isatoribine  Val-
isatoribine
Animal Numnber 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), ng'h/mL.  15227.0  33038.1
VTN 6.4 24
Dog 3521451 Cmax, ng/ml.  3354.0 10652.1
Tmax, h 1.00 1.00
AUC(0-inf), ng-h/ml. 94222 26552.7
Tz h 1.9 16
Dog 3528707 Cmax, ng/mL - 8915.3 20340.6
Tmax, h 0.50 0.30
AUC(0-inf), ng'/mL. 297017  53273.0
Timh 2.2 2.3
Dog 3532828 Cmax, ng/mlL  6134.7 15987.9
Tmax, h 0.50 0.56
AUC(0-inf), ng'h/mL.  12069.7  32987.0
Tim b 1.4 1.6
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that interferon was readily neasurable at 1.0 hour, 1.5 hours, and 2.0
hours after 5 dosing. Interferon was detected in all mce assay2élNdy 2006
given tine point, indicating the reliability of the effect foll ow ng

val - i sat or i hi inistration. Thus a single adm nistraji

val -i sat or?@d%@“s\%/agg: superior to either a single dose or ?%3%%8381 dose of
isatoribine. Table 3 10 Pl asnma Concentration (pg/nL) of Interferon Al pha
(Mi-1FN-a) in Mce Following a Single 78,6.80/ kg Dose of Val-lIsatoribine
Ti me, hl ndivi dual Val ueMeanSD 0. OOBQ_BQ_ﬁSBgZSO. 000. 00

0. 25BQLBQLBQLO. 000 Phdrmabdkasdtic B2 BeksDoff4toHBine .if DBk Batdd@t 16 gk . 00
1.00173.2125.189. 0129. 142. 24 1.50202. 9145. 9294. 8214. 575. 13

2.0049. 2137.9138. 3108. %%WGB&%?%RW—
4.00BQL2527. 6BQL9. 2015. 90 5. 00BQLBQL2 &7567000. 00" BQL - Bel ow t he
Quantifiable Limt < 12.5 pg/nL BQ" -F®ailgiant helsklogbiat ed V@uanti fi abl e
Limt < n pg/nm. 15 NR - Not Reportable The data tabul ati&ﬁmibaeTabl es 1, 2,
and 3 may be al so considered fromthe point of view of the Incidence of
measurabl e interferon | evels. Interf&swsmgiasncladet eclPed i n tthe pl asma of
only 4 of the 114 m ce USSEhdRudtle Siehi-g8sRfibihesat ori bine, 20 whereas 10 of
the 30 mice dosed with val-isatoribine had detectable interferon in their
pl asma. Thus, the prodrug increased the proportion of mce exhibiting an
interferon response from 4% 3504539 % and the, fmani toeg of Ppafdh the average
and peak response was increased twofold. Ipn other experinents, plasm

| evel s of isatoribine and interferon al pha et Zg'g%asuroéﬁ in mce that
were dosed with isatoribine by the iate@usnaghsnlr ow3es.s and7166.2

Ty, ht 21 1.7
Dog 3526402 Cmax, ng/mE  1859.5 4047.0
Tmax, h 1.00 1.00
AUC(0-inf), ngh/mL 57744 10548.9
Ti,h 16 2.2
Dog 357450 Cmax, ng/ml. 16203 4228.7
Tmax,h 050 1.00
AUC(0-inf), ngh/ml. 43873 11158.0
Tz b 1.5 23
Dog 354708 Cmax, ng/ml,  2781.2 5784.8
Tmax, b 0.50 0.50
AUC(0-inf), ng'h/mL  7522.1 12259.1
T1f2: h 1.6 2.0

45




these |l evels were conpared to the levels of isatoribine and interferon

al pha arising 42 26 May 2006 WO 03/ 045968 PCTI US02/ 38001 after 26 May 2006
adm ni stration of val- isatoribine. These data are sumarized in Figure 1.
In this figyRueidesd S evident that the levels of interferqp.aldhgsbduced by
oral val- isatori gl ne ("val-isator"”) (at 50ng/kg isatori b| ne nol ar

equi valent) was simlar to that fromintravenous isatoribine ("isator") at
25 ny/ kg. Thus, oral val-isatoribine 5 provides |evels of isatoribine and
interferon that are approxi mately 50% of those observed after intravenous
admi ni stration of isatoribine itself. Be?i@'?hé%og The effect of a prodrug
(val -isatoribin ) t he C_ex reto i satorihin af ter
oral administra atl% gof 996“’“3 Oﬂncf%'ﬁrsp etlg inft&%ﬂ"é'ﬂ mﬁ) L ﬁP?"g "&éb mgkgas
prepared in sodi um bi car bonat e solution. Val-isatoribine and isatoribine
were prepared as the follow ng fornul dimygon whisethribvisr e dlabsen to ensure
solubility: Formulation 1: Isatoribine in sodium bi car%)a%rl]i%ltng solution, 1
and 4 ng/nL. Fornmulation 2: Val-isatoribine in Dhospha fered saline,
1.62 and 6.48 ng/nlL, equiwmbémmbao 1 and 4 ng/nL of isatoribine on a nolar
basis. 15 Four mal e and four—femateadutt—beagte—dogs—wetghing between 15
to 27 kg and approximtely 1-2 years old were used at the begi nning of the
study. The aninmals were diogpeedfi nt o @uagRaigps of 1-20 nal es-8and 2 fenal es
each. The test material was adm ni st ef@erfty gavagg, on Dgys 1 and 8,

all owi ng a 7-day washout period between adm nistrations. Blood sanples (2
m.) were collected fromeach animal at 20 predose, 15, 30 mnutes, 1, 2, 3,
4, 6, 8 and 10 hours into HosBivi4sm hepaimak ridabes aib(er eagh dosing. The

pl asma was frozen at -70 Cuntil anal y,gué The pI anal yzed for

i satori bine by an H?LC- M5/ M5 assay. Th p%él?macok etic gﬁ?arret ers for
isatoribine arising fromisatoribine or val-isatoribi ne in each dog are
summari zed in Tables 4 and,pqs,dpe ratiQs, kgr, the k par macoki netic
paranmeters defining the maxi nmum concentration (Cmas‘(gl and ot al -exposure as
measured by the area under the tine-codéerteati onl-éurve (AUC) for the
prodrug and the bicarbonate solution at the 50 ng/ kg dose are sunmarized in
Tabl e

Dog 3532828 Cmax Ratio 1.00 2.61
AUC Ratio 1.00 2.73
Mean Cmax Ratio N/A 298
SD Cmax Ratio N/A 0.695
Mean AUC Ratio N/A 2.38
8D AUC Ratio N/A 0485
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6. For the prodrug 3, the Crax ratio was 2.984: 0.695 and the AUC rati o was
2.38 0.485. These results indicate that at 50 ng/ kg dose, the P6dawR086GI -
30 isatoribine provided substantially higher Crax and greater

bi oavai | ab n isatoribine in bicarbonate solutio 0S for

t he Cmax a#&”symg %r the prodrug to the bicarbonate sol uﬁ%ﬂ]—fﬁﬁﬁfsﬁoﬂ he

ng/ kg dose are summari zed in Table 7. For the prodrug, the Chax ratio 43 26
May 2006 WO 03/045968 PCTI US02/ 38001 wasTgbR4 0.249 and the AUC rati o was
1.82 0.529. These results indicate that at 10 ng/ kg dose, the prodrug

val -i sat ori bi ne FatinafddarmpepidreticRarametryoidaatoribitsiio Mogs Pakid attlp rhgfhy

i satori bine in bicarbonate solution. Thus, the maxi num concentrations of

i satoribine achi eved after oral dOST NOFormIMMhE  Asatoe Dok OWI gd, and the
systemi c exposure to isatoribine is enhanced by approximately 2-fold

fol |l owing oral administration of the prodrug val - isatdfii®ibHeé, conpared to
i satoribine itself, at bothmli®uahd 50 Mg/ Kg dose. Table 4 10—

Phar nacoki neti ¢ Paranet ers—of |l satorihine in F)nnq dosed at 50 rrg/ kg Dosi ng
Periodl 2 Fornmnul ationlsatoribine Val- isatoribine Animl NunberDose, ny/kg
mol ar 5050 equi val ent i sat obdghibmaszsDog 354 R22Cmax, 199/ ML303g. 711741. 5 Tnax,
h0. 500. 50 AUC(0-inf), ng h/nL15227. 0332§§R1 T1,2, h6.42.4 Dog 3521451Cmax,
ng/ m.3354. 010652. 1 Tmax, h1.001.00 1.00 129

Dog 3526402 Cmax Ratio 1.00 2.18
AUC Ratio 1.00 2.20
Dog 3527450 Cmax Ratio 1.00 2.61
AUC Ratio 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 casily

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 lymphoid 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.
47




AUC(0-inf), ngh/m.9422.226552.7 T112, h1l.91.6 Dog 3528707Cmax,

ng/qm_8915? 320%40. 6 Tmax, h0.500.50 AUC(0-int), ng-h/m.29701. 75326 May 2096
h2.22.3 Dog 3532828Cnax, ng/ mL6134.715987.9 Tnax, h0.500.50 AUC(0-inf),
ngh/ nL1206Q0/34%¢s O TI/2, h1l.41.6 44 26 May 2006 WO 03/ S33001

PCT/ US02/ 38001 Tabl e 5 Pharmacoki netic Parameters of Isatoribine in Dogs
Dosed at 10 ng/kg Dosing Periodl2 Fornul ationlsatoribineVal - satoribine
Dose, ng/ kg nol ar 101Ghereremplarioormoveduideserited taboeahor heabnrulRed ids& 24523Cmax,

ng/ m_4091. 58594 50 A h/ m. 13305. 817166. 2 T112,
1t2.11. 7 Dog 355%’2{‘@%%“"Jti %bg‘ggﬂ%’g éucﬁi‘gﬂgi{}’&%ér%nlgw%lgeﬁ?ﬁ HETRIY 0- i nf)
ng- h/ rrL5774 410548nSe Tll‘arenféﬂal @%m%o@ﬁtgh 357450Cmax, ng/ nlL1620.34228.7 Tnex,
h0. 501. 00 AUC(0-1 nf), 0
To prepare a parenteral pharmaceutical composition suitable for
5 administration by injection, 100 mg of a water-soluble salt of a compound of the

Formula I is dissolved in DMSO and then mixed with 10 mL of 0.9% sterile saline.

The mixture is incorporated into a dosage unit form suitable for administration by

injection.

Example 2: Oral Composition

10 To prepare a pharmaceutical composition for oral delivery, 100 mg of a
compound of Formula I is mixed with 750 mg of lactose. The mixture is
incorporated into an oral dosage unit for, such as a hard gelatin capsule, which is
suitable for oral administration.

It is to be understood that the foregoing description is exemplary and

15 explanatory n nature, and is 1ntended to 1llustrate the invention and its preferred
embodiments. Through routine experimentation, the artisan will recognize
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 .

the above description, but by the following claims and their equivalents.
20
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Ti/2, 1t1.52.3 Dog 354708Cmax, ng/ nL2781.25784.8 Tnax, hO0.500.50
AUC(0-inf), ngh/nlL7522.112259.1 T1 , hl1.62.0 5 45 26 May 2006 V!BME)OZGI!BBS
PCTI US02/ 38001 Table 6 Rati o of Pharmacoki netic Paraneters of |satoribine

in Dogs Dosed at;@%igg[aéggfgr mul ati onl satori bi neval - isatoribine Aninal

Nunber Dog 3517 003. 86 AUC Rati 0l.002.17 Dog 3521451Cnax
Rati 0l. 003. 18 AUG RatA cdnf@ad fareRagedIhFeroviChax Rati ol. 002. 28 AUC
Rati ol. 001. 79 Dog 3532828Cnax Rati 0l.002.61 AUC Ratiol.002. 73 Mean Ci nax
Rati oN/ A2. 98 SD Cmax Rati oN A0. 695 Mean #UC Rati oN A2. 38 SD AUC
Rati oN A0. 485 5 46 26 May 2006 WD 03/0 6§;U/ US02/ 38001 Table 7

A 7=0

wherein:

R! is independently H, —C(O)R, or a racemic, L-, or D- amino acid group
—C(O)CHNH;R*, wherein R? is a substituted or unsubstituted aikyl, and R*is H, or a
substituted or unsubstituted alkyl;

R?is H, OR’, or N(R®),, wherein R’ is independently H or alkyl, and whérein
R? is independently H, substituted or unsubstituted alkyl, cycloalkyl, or together

with nitrogen forms a substituted or unsubstituted heterocycloalkyl ring; and

wherein if R*is ~OH, at least one of the R! groups is a racemic, L-, or D-
amino acid group ~C(O)CHNH,RY,

or a pharmaceutically acceptable salt,

2. A compound represented by Formula I:

R2
A s
N/
[ >=o0
HoN ’L"NIN

wherein:

R!ig independently H, —-C(O)R3, or a racemic, L-, or D~ amino acid groilp
~C(O)CHNH,R", wherein R® is a substituted or unsubstituted alkyl, and R* is H, or a
substituted or unsubstituted alkyl;

R?isH, or N{R®),, wherein R® is independently H or alkyl, and whérein
R’ is independently H, substituted or unsubstituted alkyl, cycloalkyl, or together

with nifrogen forms a substituted or unsubstituted heterocycloalkyl ring,
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Rati o of Pharnmacokinetic Paraneters of I|satoribine in Dogs Dosed at 10 _
my/ kg Fornul ationl satoribi neVal - isatoribine Animal Nunber Dog 28Meyi2086ax
Rati 0l.002. 10 AUC Ratiol. 001.29 Dog 3526402Cnmax Rati ol.002.18 AUC

Rati 0l. 002. 20 Dog 3527450Cnax Rati o0l.002. 61 AUC Rati ol.002.54 Dog
355708Cmax Ratiol. 002.08 AUC Rati 0l.001. 63 Mean Cmax Rati oN A2. 24 SD Cmax
Rat i oN/ AO. 249 Mean Albe crawpwn axphamngpitisally Ratptaile &0t EeerdmgThelapnaddrug i s

preferred for veral ) il t. rodrug is.easily, fornulated to
provi de a hi ghsvgnreg%lg?’ 4 1%%52%@?8%%&{\/%} % Selgg R 611 lﬂ?’ %@"t@@%xcé‘?rﬁlf"lup ~capsul e
sizes for a gi V¥O)OHSELRWileheih R’ tvn atvinkageudsabstianedsry], MOk tRecond,
t he prodrugs offer, Ih(—hlprospgct pfz,r%slg! n% the active,;structure as the
agent passes tAPYUER Wéla’éf’lila%slﬁ K i°ht R Feekpin R W@ﬁe@_ﬁéﬂﬂd mnimze
activation of tsfested Bobi 19 SKANEnd \H&éx@iﬂkﬁ!imﬁéﬁéﬁdaﬁ@g{étssﬁﬂé rabi Lity.

Finally, at the doses tested, val- isatoribine provi asma | evel s of
i sat ori bi ne t hamsubsiatujgd) alicyki ayhioalkyher togethe withesitrpganl fornbor substituedioc ef f ect

after oral admnj - at ygéi]% i s.not the case for isatoribine itself.
47 26 May 2006%&%%@2%&% P%@%BOM The exenpl ary conpounds
descri bed above may be fornulated into pharmaceutical conpositions

according to the foll ow ng general exanples. Exanple |I: Parenteral
Conposi tion 4.  The compound or pharmaceutically acceptable salt according to claim 3,

wherein at least one of the R groups is a L- amino acid group —C(0)CHNH,R?,
wherein R* is a substituted or unsubstituted alkyl, and wherein the remaining R'
groups are H; R? is OR’ or N(R®),, wherein R* is a substituted alkyl, and wherein R®
is independently H or substituted or unsubstituted alkyl.

5. The compound or pharmaceutically acceptable salt according to claim 4 ,
wherein at least one of the R groups is a L~ amino acid group —C(O)CHNH,R?,
wherein R* is -CH(CHa,),, and wherein the remaining R' groups are H; and R? is
OH.

6. The compound or pharmaceutically acceptable salt according to claim 1,

selected from the group consisting of:

OH NHp
N)j:s = ]
[ =0 L =0
HzN)%N N H2NAN N
A i
HoM o
- HG %H * AN H(j’" ""OH ?
HaC.\ HSC\ fCHS
HaC g NH OCHg N
N~ S N¥ S N S
NE [ =0 I =0 [ =0
H NJ~\\N l N>=O ”2NJ\\N ¥ HzNAN N ENJ%N Y
2 : 9 0 0
o™ NP HN. I A 0 I PN HaN A 0
/j\\ § % ~ S - >
HO , ' B, TN we ows T wd BH,



To prepare a parenteral pharmaceutical conposition suitable for 5

admi ni stration by injection, 100 ng of a water-soluble salt of &68ap20f
of the Formula I is dissolved in DVSO and then mixed with 10 nL of 0.9%
sterile saline. The mxture is incorporated into a dosage unit form
suitable for admnnistration by injection. Exanple 2: Oral Conposition 10
To prepare a phar rraceuti cal conposition for oral delivery, 100 ng of a
conmpound of Fornula | m xed with 750 of |actose. The m xture i
incorporated into an or dosage uni t Hor such asH&~p8fd gel atin. ﬁaésul e,
which is suitable forN adm ni str ) IS te esunder stood]that the
f oregoi ng descrlptlonksl xkr‘?pl ary an 5)ea©p| anato ture, )E
intended to illustrd® thejinventi &V and J'ts pref"b’l‘ errbodl nga

Through routine experimentation, the artd an will recognize apparent
nmodi fications and vah®a s that de witha arting J?V&[{EJ( he
spirit . of thelnventlorgﬁ J%s the inyaertion is intenged to be defi\ngd not
by the above description, “but’ by t he "ol P]EBWI ng claiff’s &Hd’their HS ‘on

equi val ents. 20 48 26 May 2006 What is claimed is: | , A conpound
represented by Formula -, Rz S H2N N N | wherein: R is independently
H -C(OR3, or aracem L-, or acid grouchQ(pQ)CHNHZR4 whekei n
R3 is a substituted or nsgbstltut ed and R4 isJH, a subs*ﬂ tut ed
or unsubstituted al kyl¥ jiﬂg H, ORS, Nfﬁ: )2 whebiei is

i ndependently H or aLM(%\J nd wher elamJ\ HNJd\ ] /\R_%

2 HzN
HZN\i)LO Q. HQN\:)']\O/X—J HzN\)L /\LJ HzN\/l‘k /X_J
d oH

HO  oH HO ©

OH OH OH
N7 5 N § 5,
[ o [ =0 g
0
HZNJ*N N HZN’I*N N HgN/k\N f
0 o '
H 0
H’-N\E./lko 0 NSNS /N\/”\O o
‘-\/;\ & S T 3 ~ k
MO oH: TS w' om .and AN HO  OH

7. The compound or pharmaceutically active salt according to claim 1 or 2

wherein R' is independently H or -C(O)R® and R? is H.

8. The compound or pharmaceutically active salt according to claim 1, 2 or7

wherein R! is OCH; and R%is H.

9. The compound or pharmaceuticaily active salt according to claim 1, 2 or 7

wherein R! is H and R?is H.
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R6 is independently H, substituted or unsubstituted al kyl, cycloal kyl, or -
together with nitrogen forms a substituted or unsubstituted 26 May 2006
het erocycl oal | cyl ring; and wherein if RR is -OH, at |east one of the R
groups is a racemc, L-, or DD amno acid group -C(O CHNH2R4; or a
pharmaceutically acceptable salt. 2. A conpound represented by Formula I
Rz -IL SN HZN N N RLIO I wherein: R is independently H -C(OR3, or a
racemc, L-, or0D Arhaonassititabropiesitio @uipidiigrvphanheeeticalRaockstalde

substituted or Qﬁit H Ll .and R4 is.H or a substituted or
unsubsti tuted S%E@’IU 0,&%@%&}@485%&?{”&%%’, %‘é@&i n R5 is independently H or
al kyl, and wherein R6 is independently_ 4, substituted or unsubstituted

al kyl, cycloal kyl, or together wth nitrogen forns a substituted or
unsubsti tuted heterocycl oal kyl ring. 4 $6 May 2006 3. The conpound or
pharmaceutically acceptable salt accqﬁgi tB%laim 1, wherein at |east
one of the Rl groups is a racem c_,HiLN, Br am no acid group -
C(O CHNHZR4, wherein R4 is a substitytedf unsubstituted allcyl, and
wherein the remaining R groups are H \R2/is OR5 or N(R6)2, wherein R5 is
i ndependently selected fromH or al kyls a‘%%w\,her ein R6 is independently H,
substituted or unsubstituted allcyl, cycloallcyl, or together with
nitrogen forms a substituted or unsubstjtuted heterocycloal kyl ring. 4.
The conpound or_ pharmaceutically acceptable salt according to claim 3,
wherein at | ea®hergiie of the R groups is a L- am no acid group

QO CNH2R4, R is independently H, -C(O)R’, or a racemic, L~, or D- amino acid group
—C(O)CHNH;R*, wherein R is a substituted or unsubstituted alkyl, and R*is H, or a

substituted or unsubstituted alkyl;

R?is H, OR’, or NR®),, wherein R? is independently H or alkyl, and wherein
R%is independently H, substituted or unsubstituted alkyl, cycloalkyl, or together
with nitrogen formns a substituted or unsubsﬁtuted heterocycloalkyl ring; and

wherein if R? is —OH, at least one of the R' groups is a racemie, L-, or D-
amino acid group ~C(O)CHNH,R*: '

or a pharmacentically acceptable salt.

11. The pharmaceutical composition according to claim 10

wherein:

R'is independently H, —C(O)R?, or a racemic, I-, or D- amine acid group
—~C(O)CEINHR', wherein R® is a substituted or unsubstituted alkyl, and R*is H, or a
substituted or unsubstituted alkyl;

RlisH, or N(Rﬁ)z, wherein R is independently H or alkyl, and whérein
Réis independently H, substituted or unsubstituted alkyl, cycloaikyl, or together
with nitrogen forms a substituted or unsubstituted heterocycloalkyl ing,
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wherein R4 is a substituted or unsubstituted al kyl, and wherein the
remaining R groups are H R2 is ORS or N(R6)2, wherein R4 is & May 2006
substituted al kyl, and wherein R6 is independently H or substituted or
unsubstituted al kyl. 5. The conpound or pharmaceutically acceptable salt
according to claim4 , wherein at |least one of the R groups is a L- am no
acid group -C(O CHNHZR4, wherein R4 is -CH(CH3)2, and wherein the
remaining RL groups are H and Rz is OR 6. The conpound or
pharmaceutically acceptable salt according to claim1, selected fromthe
group consisting of: OHH2N |l HO'OH' H3C, N.CH 50 0 26 May 2006 OH HO CHS
H3C.N.CH3 2N HO C OH, HdvOH HO: "OH , and OH 7. The conpound or
pharmaceutically active salt according to claim1 or 2 wherein Rl is

i ndependently Hor -C(OR3 and R2 is H 8. The corrpound or pharmaceutically
and R2 is H

active salt accprdi OCH3
9. The conpound or g%l a%’mceuﬁuﬂﬁélc?@‘p%g’[oir‘\?éc%cgﬁ thF&%B‘rlﬂq“ﬁﬁth destione1, 2 or
7 wherein R iofthe RirponR isl ssrabdmic 6.-MaD- 20686 L grbupbeOyes i, RE A herein
conposi tion corgr §§m’g Rharrra Ut i | y cce tabl e
‘ _ htute of unsu itited a I wherem the remaining R! groups are
H;R*is OR®or N(R®),, wherein R is independently selected from H or alkyl, and ‘
wherein RS is independently H, substituted or unsubstituted alkyl, cycloalkyl, or

together with nitrogen forms a substltuted or unsubsutu,ted hetemcycloalkyl ring,

13.  The pharmaceutical composition according to claim12,wherein at least one
of the R' groups is a L~ amino acid group ~C(O)CHNH,R*, wherein R*is a
substituted or unsubstituted alkyl, and wherein the remaining R’ groups are H; R? is
OR’ or N(R )2, wherein R* is a substituted alkyl, and wherein R® is mdependenﬂy H
or substituted or unsubstituted alkyl.

4. The pharmaceutical composition according to claim 13,wherein at least one
of the R groups is a L- amino acid group ~C(O)CHNH;R?, wherein R* is

—~CH(CHj3),, and wherein the remaining R' groups are H; and R? is OH.
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carrier and a conpound represented by Formula I: | wherein: Ri

i ndependently H, -C(OR3, or a racemc, |,-, or DD am no acid g?%MﬂVZDOG
-C(O)CHNH2R4, wherein R3 is a substituted or unsubstituted al kyl, and R4 is
H, or a 'substituted or unsubstituted alkyl; RZis H ORS, or N(R6)2,
wherein R5 is independently Hor alkyl, and wherein R6 is independently H,
substituted or unsubstituted al kyl, cycl oal kyl, or together wth nitrogen
forns a substitul®d Ohe phaHRSduLE and ejnif
R2 is -OH, at least one of the chg?%g%{slg’fés&g r clejﬁl%:mid thar or D¢ Sﬁ{:dn
acid group - C(Oﬁ@H\iPERPupéﬂn%St@E@ifnaceutl cal ly accept abl e salt. 11. The
phar maceuti cal conposition according to claim1l0 wherein: R 1is

i ndependently H -C(OR3, or a racenmc, L-, or D- $4ni no aci d gro I
-C(O) CHNH2R4, wherein R3 is a substituted or unsjﬁéﬁ:ﬁ/gbted al kyh d R4 is

H, or a substituted or unsubstituted al kyl; RR-Tw N( Rg 21>\ €in R5
is independently H or alkyl, and wherein R6 ips i ndependent!|y H,
substituted or unsubstituted al kyl, cycl oa} A(@Fget h@r\/u\vm hgni t rogen
forms a substituted or unsubstituted heteroc cI oal ring.i 26j y 2006 12*
The pharnmaceutical conposition accor ding to ai ato, vher ei 1 at one

of the R groups is a racemc, L-, or D am no aC|d group - C(O)CHNH
wherein R4 is a,substituted omsa,lﬂ%qbstl tuted alk and V\here.,lsdﬁ tche
S

remai ning R grouf)CsNtare H R2i or N(R6)2, 79 erel n RS is
i ndependent |y sel sfromH or /aLmE o and wheﬁj«: is ind ntly H,
substituted or y >ﬁ9t ed aJN y>3I7cl oal kyly /'\\g :l\t%)gget herHWJ& =0 thogen

- forms a substitu‘tr'led aorf unsubs |tuted heterocy)cloalk | ring. 3;3 Th
phar maceut i cal Oﬁl‘fﬁﬁ(i?ll onNaoiqg to eil,r\a\/dhl ein ain | £a of
the R groups is a L= Aamno/m:ld up - ¢( H wher eihn I34|sa
substituted or unsibstPiuted all eyl , omnd ei Rot Hew r emarhing &S dBOUPS
are H R2 is ORS or N(R6)2, wherein R4 is a substituted al kyl, and wherein
R6 is independently H .

HaC. g -CHs /A

: HN
os )I = t 7= HZNJ\t,\?:O e
N S B e
e

Q D HyG.y,-CHa /A

HN HN
NF § N% S N 5 s
| 0 [ 0 | =0 N*
HZNJ%N N H2N/L\\N N HzN)\\N N HoN \NI N>=O
0 0 o} 5
HzN\é)J\O o HZN\i)kO 0 HZN\E/U\O 0 HN \.)\o o
HO  OH Ho T RS on, WS o s
OH OH o
JN\./ ] S>=O /’\ll\/ ] S>=o NP8,
N7 SN N HaN7 SN N HZNJ\‘Nf '
0 o)
HzN\i)I\O Q HZN\E)[\O /N\)'L
T w6 o T w6 on .and A 0 on




or substituted or unsubstituted al kyl. 14- The pharmaceutical conposition
according to clainmi3 wherein at |east one of the Rt groups is 46 May280f
acid group -C(O CHNH2R4, wherein R4 is -CH(CH3)2, and wherein the
remaining R groups are H and R2 is OR 53 0 26 May 2006 15. The
pharmaceutical conposition according to claimo, that is selected fromthe
group consisting of: H3CYNH ~OCH3 N YS HNA H2N HO ' OH H3C, NH H3C', ,, CH3
OH 54 0 26 May 2006 16. The pharmaceutical conposition according clains 10
or 11 wherein RL is independently Hor C(OR3 and R2 is H 17. The

phar maceuti cal..conposition according clainms 10, 11 or 16 whgrein R is OCH3
Bnd R2 |96 1B EaGutiGal copRgs ’QP%EHF%E}%FPf%l %rc]c}r‘ﬁl?‘ﬁ@yl\%l #ns 10, 11, 16
or 17 V\heﬁﬁpend%'ntljzﬂdﬂC(@gn)lde%a}izagﬁ., 19. Use of a conpound or
pharmaceutically acceptable salt according to clains 1 to 10 for the

manuf acture of a medi canent whi ch nodul ate cytokine activities in a patient

in need tiher eqf, pﬁ%fk?ﬁ;icﬂ%8ﬁ¥)g§m?xﬁﬁ&grﬂ{ﬁ ahak %??#J&Jéfﬁﬁxbell(lja\feiﬂ%c ?sféﬁgllﬁ e salt

accordi ng tozclalns r e manufacture’ o I canmen or the
treat mentandR“ v Hal or tunor di seases. 21. The use according to claim 20
wherein the viral disease is caused by

18.  The pharmaceutical composition according claims 10, 11, 16 or 17 wherein R' is H

and R? is H.

19.  Use of a compound or pharmaceutically acceptable salt according to claims 1 to
10 for the manufacture of a medicament which modulate cytokine activities in a patient

in need thereof.

20.. Use of a compound or pharmaceutically acceptable salt according to claims 1 to

10 for the manufacture of a medicament for the treatment of viral or tumor diseases.

21.  The use according to claim 20 wherein the viral disease is caused by
adenovirus, cytomegalovirus, hepatitis A virus (HAV), hepatitis B virus (HBV),
flaviviruses including Yellow Fever virus and hepatitis C virus (HCV), herpes simplex
type 1 and 2, herpes roster, human herpesvirus 6, human immunodeficiency virus
(HIV), human papilloma virus (HPV), influenza A virus, influenza B virus, measles,
parainfluenza virus, I poliovirus, poxvirus (including smallpox and mol lceypox 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 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

55




adenovirus, cytonegal ovirus, hepatitis A virus (HAV), hepatitis_B virus
(HBV), flaviviruses including Yellow Fever virus and hepatitis TMay

(HCV), herpes sinplex type 1 and 2, herpes roster, human herpesvirus 6,
human i mmunodeficiency virus (HV), human papilloma virus (HPV), influenza
A virus, influenza B virus, neasles, parainfluenza virus, | poliovirus,
poxvi rus (including smallpox and nol | ceypox virus), rhinovirus,
respiratory syncytial virus (RSV), nultiple famlies of viruses that cause
henmorrhagi ¢ fevers, includi ng the Arenaviruses (LCM Junin virus, Machup

Vi rus, anarit.o vir Las Fever) . the i rus Hanta viruses
and R 1 PR sl oo ErREbRee Ut Kyl R RruRy eéhbaga 2 range
of viral vengesudhial CtiegeaniTelg Hdngoridegic Mlyérevidisy us, LaCrosse virus,
California Encephalitis virus, Venezuel an Equine Encephalitis virus,
Eastern Equi ne Encephalitis virus, Western Equine 55 0 26 May 2006
Encephal ijhi s VidWta c%ﬁi%ﬂ@&@r Iﬁﬁ%@é&hbm}sm\ébﬁt%}e sKY SainE S E5m] fd)s: and

ti ckborne viruses such as Crinean-Congo Henorrhagic fever virus. . Use
of a conpéundthermphdaatee of incdi¢ament e phabitamsal of treeoalifmmgat or cl al ms 1to
10 for t %ta’r%npm@ecﬁ re of a nedicament for the treatnment of bacterial,

f ungal foZoal " 'nfections.
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