WD 03/ 045968 PCT/ US02/ 38001 3- B- D- R BOFURANOSYLTHI AZOLO [ 4, 5-d] PYRI DI M NE
NUCLECSI DES AND USES THERECF This application is being filed as a PCT

i nt er nat iwpaB/opbent application in the 5 nanmes of DevromCRUSAwssvett and
St ephen E. Webber, both citizens and residents of the U S., on 27 Novenber
2002, designating all countries except the U S. FIELD OF THE | NVENTI ON The
i nvention is direct 8B3-DeREBBOBURANOSNIyEHAMAHOLIO [d5odIeYRIDIMINE i di mi ne 10
nucl eosi des and pharmaceuti_cal conpositions uch compounds t hat
have i nmmnonodul atory act PW?&E Qﬁ%gﬁpéﬁgﬁ]%%lﬁl rected to the

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

adm ni stering effectijyep dﬁ%ﬁ@ﬁ%&ingsﬁ'l%@ as § PUTOHRASi0AN RAGKEFOE O HREE

| NVENTI ON The | ast few decades have seen significant efforts expended in
expl ori ng SposwinmdsefDesrapRubiaett gedSphd. E. ngbb_er,dm’fh abizerfoindgesidentaefal ogs.

G uge. 1 ncl udi g (L heo 30 v ey A oS REhs Yy PEUBRRERR R U 0T, il

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

al so been explored in search of inmmnonodul ators. Guanosi ne anal ogs havi ng
substituents at the 7-and/or S8HIBLD OFrBHEINVEXEDNPNe, have been shown to
stinulate the i mune system See Reitz et al, J. Med. Chem, 37, 3561-78
(1994); M chael et Hhe mvgnthlss NiserteioghB-D-ggoluzymsyidgazoldéydlpyHdistine
resear ch, S._Pat ent | kox
derivati vellsd of M&r% é’ﬁﬁ ¢ %%%%}%euégfgi Cﬁ}en%ogégﬂgvézioﬂt(%{/%lgé ﬁéiht Cogllrllzo%bgiﬁﬁ ﬁq“%r Y

tunor therapy. 1nﬁ€h§1ﬂ)nﬁ(ﬁm@e[t6@dictlﬁlt}|d ‘Bhe Bateivh iNalso dﬁe&&ﬂ?tcﬂﬁS tlte@a;iéuﬁmbt sky et
al. are inhibitors of varicella zoster virus, includi %) pr opr.i onyl
and 5' - O but yrgopegedicsisgpf guoé}rﬁompgnc}@qnﬁdzgglpgm npns, gng methods 5f treating

ar abi nof ur anos :—&_}a o} SuREERsshown
to exhibit ant‘?l\%%arsa L{{%O\?(??rflafgr?ﬁﬁlg%g&%g ?%gq.ﬁn%%\?earrl ety o}[é.%M V|§russes,
even though témnmanpound | acks antiviral properties in cell culture.

3- Deazaguani ne WO 03/ 045968 PCT/ US02/ 38001 nucl eosi des and nucl eoti des

have al so ldenonstrated significant broad spectrum
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, ddI, ddC, d4T, and 3TC).

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

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

30  arabinofuranosyl)-9H-purine. 7-Deazaguanosine and analogs have been shown
to exhibit antiviral activity in mice against a variety of RNA viruses, even

though the compound lacks antiviral properties in cell culture. 3-Deazaguanine



antiviral activity against certain DNA and RNA viruses. Revankar et al., J.
Med. Chem, 27, 1489-96 (1984). Certain 7- and 9-deazaguani ne

C-nucl eoswoas/o¢dhs bit the ability to protect agai nst a | etrkalusonadobenge of
Sem i ki Forest virus. 5 Grgis et al., J. Med. Chem, 33, 2750-55 (1990).
Sel ected 6-sul fenam de and 6- sul finam de purine nucl eosi des are discl osed
in U S Patentnwdeosislegaed gadeatisles Res algo dameyistratgd sigaifioant kieadbspeciramed

i ifi t tit tivity. t.aj j 1 dof 4, 5- i dj mi
Uel eost des ar LI RTY Y cstiinad PRI SRe AR R RO o1 s
bei ng effectivepln by erisoEyy (1998 MktainlR) dalid1fab i BRIRE (Thé@eosideese

particul ar nucl eosi des were suggested to be as a result of their role as
i i munonodul at exisbit BeebBopneprogict against  lethvEdhalGhnemof S&]iki BBBst53u.1993) .

Al so, Wang et al..(WPO Interpatignal_Publj ion, No. WO _98/16184) report
that pur i ne L- RHEISat-ob Mashbleias: affd amalloqy- RiFeetdro- wifksamitcudto 1 1 oat

an infection, %ﬂﬁﬁ it‘ah%‘aﬂne Hud?@o%?de?%f@ diﬁoggggwﬁ‘eﬁ@g@s%,s% td © 19

nodul at e aspects 0 I mmune system

ri bof ur anosyl t Robiae kol dasSraftngydentbnirites sidaifoastandtunig astiginy.f i cant

i mmunoactivity, including nmurine spleen cell proliferation and in vivo
activity against SEnttaikipyHonds#,5vpusdinanendiesides e dikcB®selat Brff. Nos.
5,041,426 and _4,880,784 to Robhins et al. 20 e possi bl e target of

i munonodul at i BHERVRIWUY - 4 iR Gh 2l ps b@ﬂ%%}@‘é@mﬁﬁtmﬁm 2GRHEt Th2

| ynphoki ne T o { 2l | I i AN r

necr osi s flz)ct oirip%@r\iﬁ%%%%ﬁl ?"lm%}e? %ﬁ%ﬂ%ﬁﬁ%@%@ﬁ#%& Sz%ilﬁéés'ltmrg%% bg%ggn
responsi bl e pricgult bf thefr@ble@e ihmimemateldiordmise Boyinsiet Al. a5 Miel ayedl., 36y pe
hypersensi ti vi t{ and antiviral inmmunity. Tﬁoe 2 (Th2) cell ségaoduce 25

i nterl eukins, $35-33 (1993k, Alsp, Wang et @, (WIRQ dtergatonal Pulblicatian Noe WPi mari | y
involved 1in assksid hunoral i ne.responses such .as those seen in
osponse o atep i er B Turg T R AR Ry B R DT Fore 4. 75
(1989). D guapQaingeanaliRgetifinere886sh, aheWhlad®, £ dutdilnnYialel Reasebf RCts on

| ynphokines IL- 1, IL-6, INFa and TNFa (indirectly) in vitro (Goodman, Int.
J. 30 | muifophmodeleelaspddds o5 8RO 938Im. I HMditRert 84 DNo. 4, 746, 651 to
Goodman) and in vivo (Snee et alo., Antiviral Res.,. 15, 229 (1991); Since
et al., AntinileeigrmasyliRinzalol4.Ardp idiminesdemeystraing signsfcagd (1989)) |

However, the 211’1%91119(%/09&1%9, §§ch|13cgll-é LRk §§1‘39&oeu 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 Thl and Th2 lymphokines. Type I (Thl) cells 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. Immunol, 7, 145-73 (1989). D-
guanosine analogs have been shown to elicit various effects on lymphokines IL-
1, IL-6, INFa and TNFa (indirectly) in vitro (Goodman, Int. J.

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 et al.,

Antimicrobial Agents and Chemotherapy, 33, 1487-92 (1989)). However, the
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ability of the D guanosine anal ogs such as 7- thio-8-oxoguanosine to

nodul ate Type 1 or Type 2 cytokines directly in T cells was ineffective or
had not bwers/dwssri bed. Mreover, it is known that the orall/tsdessest rati on
of many purine 5 nucl eoside anal ogs are subject to difficulties arising
from poor absorption, poor solubility, or degradation in the digestive
tract as a resbility of ttedd-guenasimeainklags neh as dnthioiSenxwgoanasine taotodolateof

enzymes, and/ qr caonbinations of thes n na., hus there remains a need
for purine nuch®§di Uel P21 FEHRKGSt eFtibb&orféaﬁg‘?’%f‘l MeLIFIve Qbﬁ?‘f‘w%em

tolerability, g&ib%gm nistration that are used to nodul ate aspects of 10
the i mmune system SUMVARY OF THE | NVENTI ON The present invention has
addressed this needyByotbfeitdi REAMEMYt BF o BdfRinistration of many purine

ri bof uranosyl t hi azol o[ 4, 5-d] pyri di m ne nucl eosi des, pharmaceutically
accept abl e5 15upleosidagsalogivae relgeuto dikficuitiescarising fhen oot dseyptionsmpor

phar maceuti cal | cceptable salts therepof (such conpounds, prodrugs,
met abol i tes arﬁﬂ}l@gWsOT éraéﬁ‘fl‘l’%ﬁlttp?/g’lg§*°‘tlvreééa§F ?Se‘ijref'gPagaG‘%@é’EP@%)‘n descri bed
bel ow, whi ch gr.e;4s6f yl th@%ctiwggﬂgéf A4 /f omli?a@ozlg%ggﬂe%él\l pﬁséﬁjﬁ{é‘hgi\. t he

invention relates to conpounds o e Fornul a ~= O H2N
NN O R0 Rifas@rle rdmahes atdd for Plirinesictedeide addogd withlimpo(€) &3] or a
racemc, L-, or D amno acid groucﬁ) -C(O) CHNH2R4, wherein R3 is a
substitut ed oravanehibys faleralilitapre pdmigifdrafgn fhat pre used to modnlatsgssctsiifed or
unsubst i tLitOed tﬁl erl 3 V\%) 03/ 045968 PCT/ US02/ 38001

¢ Immune system.

SUMMARY OF THE INVENTION

The present invention has addressed this need by the discovery of 3-8-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
immunomodulators.

In a general aspect, the invention relates to compounds of the Formula I
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wherein:
R! is independently H, ~C(O)R’, or a racemic, L-, or D- amino acid group
—C(O)CHNH2R4, wherein R? is a substituted or unsubstituted alkyl, and R* is H, or a
25  substituted or unsubstituted alkyl;



R2 is H ORS, or N(R6)2, wherein R5 is independently H or alkyl, and
wherein R6 is independently H, substituted or unsubstituted al kyl,

cycl oal kyWp oaf43968)et her with nitrogen forns a substitut esCarusonssobstit ut ed
het er ocycl oal kyl ring; and wherein if R2 is -CH, at |east one of the Rl
groups is a racemc,, L-, or, D- 5 amno acid group -C(O CHNHZRA. In a
preferred enmbodi nerk’, istthéORnoeN(Ron wherein &S iz ndepsmgeorihod onalkyhgnd méersit a |

R R L et L

wher ei n the repah RitRdgeRfortsAUNBstaiRd Ibr ullibsiutBhettodycRBa)a1 rinbiemdi n RS is
10 i ndependently sel ected f%_om H or alkyl, and wherein R6 is independently
H substituted or wheeinsfRE ist-€¥Lat kepst onpyadfitieraR kgtoupsois atraggstindy-, of Ph

nitrogen fQrns_a substitut bstituted heterocycloal kyl ring. In
anot her prgf erf e °§W‘§§t§?%ﬁ¢&)w7ﬁl€enti on relates to conpounds having
Formul a 1. wher ei n fla {reRsled OABoind: R ERRUASIAS @ cbnpdligafaGd O oup

15 C(O) CHNH2R4, wherei'n R4 1s a substituted or unsubstituted al ky and
wherein the rkBmmiuti hyhRicigrtdems one of the RR2rdups GREragemid R6)02 D-wheneadid R4 i s

a substituted al kyl ein R6_ks independently H.or bstituted or
unsubstit ut ed &PK rC(QWQfg’.W@P Br Bt étgtuga 6&}1%&),%1’(}1‘[%(1%@1{){%“%“ on
relates to conppiBidshe Ravdide ROLIOH gaﬁe’HV@Cﬁr&@R‘s &mvén}éﬁ;sxp«ha@ﬁ st he RL

groups is a L- amno acid group - Qo) H2R4, ierein R4 is -CH(CH3) 2,
and wher eil® t hedemsndéntiyrrgleRteddrau pisoraalley], aud velirgelRR iis independantinbt her aspect

O o b Sot 88RO Bl LGN, 1 oL oLy '
H2ZN N N H N\ Nustitti2ti oNubkufitubédMeterd &/ cfalkyl ring.
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)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.

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(CHa),, 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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The invention is also directed to pharmaceutically acceptable prodrugs,

pharmaceutically active metabolites, and pharmaceutically acceptable salts of the



HObH' HO OH, and HO 'OH The invention is also directed to

phar maceutical |y acceptabl e prodrugs, pharnaceutically active netabolites,
and phar nwoaawisves | y acceptable salts of the 5 WO 03/ 045968/URCY440802/ 38001
conpounds, prodrugs, or netabolites of Formula |I. Advantageous nethods of
maki ng the conpounds of Fornmula | are al so described. The conpounds of
Formul a | are €&BpQHNdarprEaher sipiaboliies of Hpaetls Landvaniagasus methwds of mune

Syst em pr oper t gl uhRGIUHEALLAN A BURNLIGY. S augmentati on

and/ or potentiatio are 1nterneda or conpounds that have
these properties. Thg. cQHAPAHRALST BEEAX PELIREM] & BHRASSS R 8fbAcRhaf | east
the natural killer, nmacrophages, and | ynphocyte cells of the i mune system
of a host. Bebawgsertoin itinase systoperopeasestinelydiagenadddtion, astogeni¢ityi, r al and
antitunor agents or as intermediates for antiviral .and_antitunor agents.
They can be us@EMenRiag, e polsntigripl ot Way Asipicppedaiey fHPoRPorRds Bek i ve

i ngredi ents of i I phar | ;rgﬁﬁ I f the
i nvention, For}ﬁ%)léath%ggg%oﬁndrsﬁ %fcg}ﬂ@tg %qsgagd Olcte'pg&;?x rh% &%g‘sﬁ)%%z%agpof
viral di seasesthematiilall&, Pyicraghades dndlimphdoytd dedls BRMEEmMnaunetshae@apdut i cal |y
effective amobunt of the conpounds. Viral diseases contenplated to 15 be
treated with FoestuBgcauseehibhesmriopsrties de azecusel anentpimabanidcantitfraen i ons
caused by both RNA and DNA viruses. . Wthout limting, in,any t he range
ofviral” i nf eRPBE e BT R Ao ottt ARG BY vige
particul ar{y ugatdi ah rbdied hdst 89ERMe Rfind AERE A LOEAUBGHBY adenovirus,
cytonegal ovirus, hepatitis A viftus HAV), hepatitis B virus (HBY),
flaviviruses i pldrmdeagic¥edonpusfener virus and 20 hepatitis C virus (HCV),
her pes sinplex type 1 and 2, herpes zoster, human herpesvirus 6, human

i mmunodef i ci ency’ vi Fuaneaspegt of Figriavensiapi Farewe Leompoundypgyutilizes fojeagh the A
virus, influen i i i I [ QY1 rus,
poxvirus (incl ﬁ@l %@%%j\ﬁf%@%@%ﬁ%%ﬁgﬁ%@%@ %/{ﬁlrrﬁéis%}e\(ﬁlgﬁ‘? ﬁhgvrﬁ‘?%@?w respiratory
syncytial vi r usefdpSMicalljnelfeciplecarfi@tit bf #8 cofmpwindss 84rdl dataszauste@dplated to
henorrhagi c fevers, including the Arenaviruses (LCM Junin virus, Machup
virus, GuBnar P Beafe¢ with Eepmtlad compeundsincluds,aeups gikahronie sdeqann eased Prises

and R ft Val | ey, RaveTLha Btk by Wik finflol & A4 ARDHG (T . @ range

of viral encepha
infections that may be treated, compounds of Formula I are particularly useful in the

treatment of infections caused by adenovirus, cytomegalovirus, hepatitis A virus
(HAV), 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 virus), rhinovirus,
respiratory syncytial virus (RSV), multiple families 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,
Venezuelan Equine Encephalitis virus, Eastern Equine Encephalitis virus, Western

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
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including West Nile virus, LaCrosse virus, California Encephalitis virus,
Venezuel an Equi ne Encephalitis virus, Eastern Equi ne Encephalitis virus,
West ern 3WOHEgui#Ives Encephal itis virus, Japanese Encephal i t P€TMIS03800Kysanur
Forest virus, and tickborne viruses such as Crinean-Congo Henorrhagic
fever virus. In another aspect of the invention, Fornula | conmpounds are
utilized to tiheananyaekastherapeutioaly affectivadmonst efztbarompewndsi dhe fulh mammal s
by admi nistering to WD 03/ 045968 . PCT/ US02/ 33800. t he | ..a

Cher apeut | cal |81 PEREIRABT BT e TR CONGBRI o Brd I DY Bfge o

pat hogeni ¢ m crRQsARARL §f"ﬁle!p§es‘éﬂtrl_h€éﬂ%ﬁ,tiﬁgluﬁﬁ§%tﬂoh?ﬁﬁﬁlaﬁ&l ¥sd he  conpounds
of the present invention, including wthout lNimtation those organisns

t hat are resi strgmaisine tleat bichiesistantso aittigonds. | Theyabdity BOFominda [ cooppoueds 5 to

activate multiple conmponents of the i ne system bypasses resistance
mechani sns °conPGsHyate GUHEPlE SoppaRmes @EE%WP‘B? fysten %@%Wirﬁl%%qcés, and t hus

treatment of i pLAGKEANS:dufinuT Rt CAIEE DR MR 1§ BRIRHAN ofHl @G0T gani ss
I cular utill n

by Fornula | ‘conpounds i's a par ty o € preseé I nvention.

I n anot her aspgedtmeht dfhigfetiiorgrih ia@mamiioroauded by sHoRERLbNGS ndc@otglahiszeg to 10
treat tunors in mammuals by admnistering to the manmmal a therapeutically
ef fecti ve anmpuhermafla ! pempomgs ifvartiqdarorditnef e e ievhtionpl ated to be

treated i nclude those caused by vjrus, and_t he effect i nval v
i nhi biting the {1 aRAGIR ASRSAT ofrth [ Gaian, Forrwa | campantids aze wﬁgﬁﬁé%u c

state, i“hq'obi tﬂg%g }L%l?&'sqﬂﬁﬁﬁﬂnalgg%é&%gﬁs‘?&ir%tg'ﬁ'let&%ﬁa@ﬁ@m?{%ﬁ{i&ﬁl 0 ot her

normal cells, arresting t growh of virus-tra ornmed cel | s.

The conpounds ¢fechot amloant ofah€c@pratiadTiforske ciusefidonsgailmsd tebdr oad
spectrum of tunors including but not limted to carcinonmas,_ sarcomas, and
| eukeni as. | nclreptestinehuds dese saused b visns ane heeatipct may wielvepnhidme the ung,
prostat.e, stonach. an ancreas .carci nonas _and .l hobl.asti ¢ and eloid
Fetien as. 20 PHmotHep SREpEeRr R le IR fitfont YR amiEibe fredPeal g s
manmal - conpri §EEnANHBnStRE IR ARG BRRELOSR LY1ARGM/BF arBisBRhWact i cal |y
effective anount of a pharnmaceutical containing a conpound of the

i nvention.15 n gihoivsh ofsipeetratsfiemed celts Theycompoands dfdomndla latre expeofeddone

portion of the ma |'s. immune system_ especiall. dul ati.on of cytokine
hotivitios of BhiScHHdeAste brga PREFTBR rsmﬁ%%ﬁ&t&@m&%@@ he

interleukin f aéﬁréiﬂomﬁs,%arcoﬁllaé,]anh lﬁéu%gﬁﬁs.l II'ﬁCl&(?Gd in such a class are mammary,
colon, bladder, lung, prostate, stomach, and pancreas carcinomas and
lymphoblastic 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 Th1 and Th2 cytokines occurs, it is contemplated that the
modulation may include stimulation of both Th1 and Th2, suppression of both

30  Thl and Th2, stimulation of either Th1 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



and ot her cytokines such as TNF al pha, and interferons including interferon
al pha, interferon theta, and interferon gamm, and their downsteam

ef f ect or swo 0¥he9es8 nodul ati on of Thl and Th2 cyt oki nes occ®CT/US02/38081
contenpl ated that the nodulation may include stinulation of both Thl and
Th2, suppression of both 30 Thl and Th2, stimulation of either Thl or Th2,
and suppr essi asinoflatidneofaither Thloor Bh2 dnidrsopjavessamded the pther)iavcwisiat h lovee ef f ect
on Thl/Th2 | evels (tsuch as generalized suppression) occurs at a high
concentr at i on, CORFFAIEIGRot her ef fect (such as 7 WD 03/ 045968 PCT/ US02/ 38001
stinmulation of either Thl or 'I%h%tan.d s%{%elﬁssi%n (%).f tcr(l)e %%ﬁ\%ag occurs at a
| ower concentrat i of. 2P PHCHHERERS Iéeslﬁlg%q Phg ?Wg?‘l}tl on., plhar maceut i cal
conposi tions &a&hﬁhgh@an@o&ﬁmﬁu&fl O b rdstéredlfa BRFpRLGEAKeEd I n a
therapeutically 5 effective dose to a mammal that is receiving

anti - i nf ectSi vesfiicugsdosetto k mednudedhatnis réeeivingl aatitinfactivedmge hiet inelddedpect of
this invention thfﬂ}gr}ar mac ical  conpositions, containi n% conpound of

ut a
Formula | ar e MU s tl8aguetiered aspepedtABis inyeation Jhe PRURRFsiCose wit h
anti-infective 4 act, di jeTale i1nf: i agent to
inhibit the grcgﬁgﬁéh%%aﬁ%lpi%tah%ﬁpﬁﬁ %%%slfgus é%ie%?ad%ﬁlg%fégqgf eferred
aspect of the thapaitically effeqivaldoBcelih boidinfeaimeairu(s)othat @odfredtli upgna
t herapeutically effective anount of a conmpound_according to Formula I
provi des for itéprrrfecéwu@ﬁaq:nt sviahitatthe igtopvth ed onkidh the Sfedioup AsEs an

i dul ator. | t f d. t the ir ti -
bhar maceutileal - compae F BHeABIEET &4 i ek aguarTeatiy Brreeiife anount o
a 15 conpound ARl Mefa@eﬁ&ré{l%: kffedtivRamMudest £ mpesliabehrliig tect i ve

structure as the agent passes through |ynphoid tissue |ining the stomach,
t her eby mi ni miExirmyla rovidas fosamproved ol evaikbiditnaed admioibtiagor 8% ait mpr oved

| tol bil.ity. BRI EE DESCRI PTI ON HE FI S 20.Fi 1
8; Zp hi ga?r Selpi %F‘%ﬁ&%‘}dugﬂt%rs ﬁﬁ 2ot pgeg}r:rea_gg}egjtr?%bgﬁﬁ SVERP i, %ﬁ[ :r f elr znaal pha
in mce. DETAIaEnR¥ERGR]REMEbSiEMm Jﬁﬁpridixﬁﬁfgﬁk@&uﬁé\@?f%‘ﬁémmm| MENTS

25 Where the following ternms are used in this specification, they are used
as defindd betopyound 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.



The terns "conprising"” and "including" are used herein in their open,
non-limting sense. The term "nucl eoside" refers to a conpound conposed of
any pent o&e 031045989 nodi fi ed pentose noiety attached to a PEEAiSv2/880pDSi ti on
of a heterocycle or to the natural position of a purine (9-position) or
pyrimdine (1-position) or to the equivalent position in an analog. 8 WO
03/ 045968 PCT/ US02/ Bgo®Im “muéne’ aefers'tpmitrggsnoysdfigydicthstanoayclsgenous bi cyclic

het erocycl es. The term "pyrimdjng" refers to nitrogenous. monocyclic
het erocycl es. The WBDPHE}E‘} irB%ES'tornétf%grego'fSomf’ﬁ%cyﬁﬁ%P%%?lc?ﬂ “onpounds

that have a D-ribopg, @Hﬂab-ﬂf&ile%%?éeg’ere%és 1A RRSESEIe compdifidl Bahave a

"L-nucl eosi des" refers to the nucl eosi conpounds that 'have a L-ribose
sugar noi ety. Dhbotesupal aloksty (e.asAdeedidfegrein refers to a straight- or

branched-chain al kyl group having one to twelve carbon atons. Exenplary
al kyl groups i ncl udBhastmy-nuciesidgnirefersiodbe negleasideseompoupdsihpihayesi ct ed

by "/"), ethyl _&- - , isopropyl, 10 butyl, isobutyl, sec-butyl,
tert-butyl (tBu lsg%ee%%ﬁn%%ﬁjpentyl , tert-pentyl, hexyl, isohexyl, and the

like. The term "al kppyferth ChRYE dsUsePherbikiYbfers tblaltiaioht- ot@rancasptiesn bikgl ude
met hoxy, ethoxy, propoxy, and the like. The term "hal ogen" represents

chlorine, fl umgrpwehatingpnnie wielvesdrhon.atompe Exempleatymllon greps inghpdegaethyl

chl oro, fluoro,,br r iode. The tarm "cyvcloalkyly +efers : rat ed
o partially SardrRy o aRERs sty Gy ST ot vyl GoF by s b

car bocycl e ohaviutg, fsoBityl, RE€Buh D térWBlht‘yB(tBh);I?e@tSIQ Foppetyl, tert-pentyl, hexudt rati ve
exanpl es of cycl oal kyl qrioups include the followng noieties: AI E> 20 CID
, CO, "~ 0, 0,isghexy), apdthedikez--pb, and the like. A "heterocycloal kyl" refers
to a nonocyclic,

saturated or part ?;Tl{l?ut%grgt‘ ‘gﬁ%{?gjrreg%g?qlw%@%ﬁﬁlygml{u@%@etn %as\tgé%grté&{lﬁ?entg nat te
methoxy, ethoxy, propoxy, and the like.
The term “halogen” represents chlorine, fluorine, bromine or iodine. The
15  term “halo” represents chloro, fluoro, 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:

o A CDAy

> 0.0 .0.0000
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



9 WD 03/045968 PCT/ US02/ 38001 atons per ring selected fromC atons and N

0O, and S heteroatons. Illustrative exanples of heterocycl oal kyl groups
i nclude: WO@3/0839680 0 0 ~ N S CSN'NNOOAOUQN<N>PCWuUsonsso0r 0 S O
NNOO 5NNNNNO NSOCNN\ OON-=~1/ and the like. The teen

"aryl" (Ar) refers to a nonocyclic, or fused or spiro polycyclic, aromatic
carbocycl e (ri#emspercrgseediediong G pagsane it Q. aad Séﬁéer‘aart@méaﬂblémﬂ\fﬁaw ng
fromthree to |l ustrative exanples of aryl
groups 10 i nclé)%ﬁlp;{?? t{fh%%f&bﬁgﬁuﬁoére %glddélﬁd the like. The term
"substituted" neans t at t he speC|f¢ed grogp or npjety bears one or nore
substituents. The term "un Nb,@tl tuted” neafs that he s%; fi e&\?roup bears

no substituents. 15 ubstat ut e kyl, | oa cl oal kyl
is substituted by one o nor e substifuents ncludl an e

or 1), lower alkyl ( 6) , - [ 1 CON—- CO2H; -0 I ’ -aryI
-aryl-1ower alkyl, - H2| 0 WO Q§/045968 PCT/U802/3

- OCH2CONH2, - NH2, - \za e.g 7FF3 [:6}2 ?/Qé7oalkyl
(e.g., -OCF3, -OCHF2), t hl (_ NN

QEZN:JQ(:)@;E
500 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:

OO0 OO D

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 (Ci.¢), -OH, -NOg,
-CN, -COH, -O-lower alkyl, -aryl, -aryl-lower alkyl, -CO,CH3, -CONHa,

10



The term "i mmunonodul ator™ refers to natural or synthetic products capable

of nodifying the normal or aberrant inmmune systemthrough stinulation or 5

suppr essiwn.03i®6t erm "preventing” refers to the ability @cCTtasovsgound or

conposition of the invention to prevent a disease identified herein in

pati ents di agnosed as havib&; t he di sease or who_are ri sk _of devel oping
25

t
such di sease. “THELCGEONHal- SrbdWhakdealkpr(egenttn gCHZQFﬁeTO'b?IQQME@i %@n of

t he di sease in_(.jtaf;i~ 10 already suffering fromor have synptons
of such di sease. 3Tﬁg6ﬁgmgnﬂl§g ‘?’ng" refers to: (i) preventing a disease,

di sorder, or condi tTitefrh OMRGEMhEdUMoF Trefels todRAFE ortshatheti®yroBectpEgAbrpOSEd
to the disease, disorder and/or condition, but has not yet been diagnosed

as having it; offngdifying thisinormalmy abéreand imsmse systhirs drgegh stopulalmdit i on, i.e.,
arresting ists _devel.opnment; and (iii) relieving the disease, disorder, or

condition, vi . €PPEI® ng regression of the disease, disorder, and/ or

condition. The termpye'@rm @pdverling’ RAEG RS Bty BEE hinpodEsrReaHRBkieA LS
configuration of a 20 substituent at an asymmetric carbon atomin a

cheni cal st r uctheirventordtogwavent hdiseaseripouifisd hdesicm fasidnth diagnpsedras havingi n t he
D- f ur anosyl com;i %gr ation. The cg{r@gl:é}rﬁlﬂs .of the..inve iotn may exhi bit the
phenomenon of D SFEHHEF iINdIR 2R 115 PRINE SRS %%ﬁas%%]?eeggpﬂ depi ct al |
possi bl e t aut ofRbmpassEOpIEFentinty fi8hdrProBedsHIIhOOTedsb at pARhRUN R drei S
intended to represent any 25 tautoneric formof the depicted conmpound and

are not tdObe dlieaily suffarmedigm pphave sypwidns ef wehrga#g. f or m depi cted by the
formul a draw ngs. F,g]{r1 exanpl e, i,t%tjs understood for Formula | that
regardl ess of whet he?e GFnBEatge TLEHQ t uents are shown in their enol or

e KL L I, LY B SRR O P o i 38
HZN ' N animal that may be predisposed to the disease, disorder and/or condition, but has not
yet been diagnosed as having it;
15 (11) inhibiting the disease, disorder, or condition, i.e., arresting its
development; and

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

The terms “o” and “B” 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
tautomerism. 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



HZN 0 HZN J~ 0 HO /OOH HOB SCH Sone of the inventive conpounds mnay

exi st as single stereoisoners (i.e., essentially free of other

st er eoi soweresjp4s9smcenmat es, and/ or m xtures of enanti onmer CANHODBE8001

di astereomers. All such single stereoisonmers, racemates and 5 m xtures
thereof are intended to be wthin the scope of the present invention.
Preferably, the inventive conpounds that are optically tive are used in
optically pure form As general §5 & st ood by thosewski fed\in the art,
an optically pure conpound h@ngg né&fﬁ?ral center (k. one %synnetric
carbon aton) is one that 10w=conSiStsyessentially ofvonévof §he two
possi bl e enantioners (i.e., ;,is enantigpnerjcally puge), and ah optically

pure’ conmpound having nore tljan one gh ral center i§ one that] is both
di astereonerically puré&" ' ically :

’ t he
H - - H O - !
conpounds of the present Envention arge used in aiformthat i

at | east 90%
optically pure, that is~a formsghaj contai ns-at. | east (90%of a single

i somer (80% enantioneric 15 exce$s ("é"e.") or diasteredheri excess
("d.e.")), nore pr poth9R%Y e 16 strebisoféepy(i.eDr e
preferably at Ieasteécg@égg/%ﬁ?g%%%hgﬁéo or dgggl)é?’ eﬁﬁgasrrsglg% prefer ags{xy at | east
99% (98% e. e. ®tentiaBy free Afldihti da@bisymetsheadenrates, and/ot wixtureentied to cover
solvated as well as wunsolvated forms of the,igtientified structures. . For

exanpl e, For mAnantiomers pRéles diagigreeBigho L SUCh SRR ST SO RCEY TASCg S _a?% in
bot h hydr ated rﬁﬁﬁurgg%%i%{aeti%%nﬁ%{] e ‘%ﬂ}ﬂheeﬁ)&gﬁrpéﬁgﬁfﬁs%limﬁt &snl ncl ude

the structures on W i sopropanol, 0 anol , DMSQ,
ethyl acet at e, pRERIYIG tBE Iffentdfe RjpRalaihnge opticalfdictivOmretueecmmpounds  of
Formula I, the invention includes pharnmaceutically acceptabl e prodrugs,

phar maceut i cal dpticalty pwre famm.abol i tes, and 25 pharnmaceutically acceptabl e
salts of such conpounds and netabolites. "A pharnmaceutical.l y. acceptabl e
prodrug" is a conpoﬁﬁ&eliqﬁ?ﬂy?Péiﬁrsﬁ@dlbyotﬁ%%geladﬂ%argﬁ???h?% i AT
condi tions or %@%ﬁﬂﬁ‘)’%@%& Q?i%ﬂg?ﬁt&e kef b8 a§ROMREarbdh atdnis one that

y

phar maceut i cal accept abre sa such conpound prior to exhibiting its
12 WO 03/ OB 96&nFIsTE aslsnfia BB 60dne qfibe tvacpdssiplecelantdmenst(i.€. sis enyipinessicplly t he
prodrug is formul ate vvith& e i i

stability, i rrpl?lgg)ean an PRl lggggg%é%i&@ﬁé\%hg (r)r];oré a0 Ohe (cj:hi(r:aﬂ%g}lt%fa 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. or d.e.).
Additionally, the Formula I is intended to cover solvated as well as
unsolvated forms of the identified structures. For example, Formula I includes
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
pharmaceutically 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



conpliance, inproved bioavailability, prolonged duration of action,

i nproved organ selectivity, inproved formulation (e.g., increased

hydr osol wwDloBi0y3968 and/ or decreased 5 side effects (e.g., POIIES02/$3001 The
prodrug can be readily prepared fromthe conpounds of Fornula | using

met hods known .in the art, .suc t.hgse descri bed_ b Bur ger' s Medi ci nal
Chenmi st fy andPiBrRge %‘ﬁ?lsetf%t gf'fm%ﬁﬁ/?éxepéa g gt 9@@.‘9“}8@8 al so
Bertolini et @lieotivi(s) ¥ HnpohedthentPal s?a@ﬂlﬂt?,%ﬁ%@o&e@%%ﬁéﬁt b @anc8hnd! - J.
Pharm Sci ., Bé (7), 765-p767; Bagshawe, Dr ug v. Res., 34, 220-230 (1995);
10 Bodor, Adveme@snce iDpugycRésoavaildilitg2aroBdiged 498491 oBuntidgaiantovddesggn of

E e o G e D T I T T ey

Har wood Acadegie offsdad {e%]%iicity)l% srol@@lcaf be fdadily prepeftidaroph gy - B, 748,
281-293 (2000); Spraul et al., J. Pharmaceutical & Bionedical Analysis, 10,
601- 605 ( 19929ompayadppbRommulal using nstheds ke in the art] 9@hpg thosa desgyibed by

pharmaceuti call y active .netabol.ite" js intended to

phar macol ogi cgllﬂl%ﬁ’ 3 ?ﬁ%’q‘g]r@%@éfﬂyp?né! ’é’@d&fe%lff@éﬁ’ }rg 3@%?%4&%8%1?%58 body of
a specified semaiBetslni sahl, | MRHeCksm MG, @01 8201y (19979 Shae deatlys nost
drugs are substrates for chem cal reactions that may change their physical

properties andie:. Brbl Byi’e P11t BagstheseDrnstdsoRes, $bR¥er280 6hY)S)nhi ch
usual l'y afd ecfso&cg?A{?%n L z%D;i‘szﬁ Rets.h?3,Fﬂzlr-?’g1?&%4;38%@«?%‘3%&%%&%%9&?&?&’ nl n

whi ch drugs are S ute and “‘excrete m ver, <l
sone cases, n@EladriPeersAD8S); Uatsan, Besig@aihdr Ablichnsn dfRbapeyl Deagedbéstat . For
exanpl e, anticancer drugs of the anti-netabolite class nust be converted

to their actid Peyeiermgn dKrogsggardviesansd Al 1adanSapreediAsademialobiishenscer
[1. Si . d bel bge t j f kind, th
oSt 15 o o e s g AT ol g o 1 o

bi ochem cal reactions that ay a
and di ver se. PAiheaneitivas it Rioofedidt:Lgnatpdig i 6] 6Er605(1002); bad/Brox eabkt.hough ot her

transt o et | ok@ e Rl CHRE G000l 1 ¢ product e, or "metabolitee.® are more
AR L o e
coef fi ci ent s, phainadvlpassiyeasivt praimeogsdmnedhiirangs meabssmiin fheded 3£ 3O
037045968 PCTS/,plngi 12e{1 ?c’:gr%g%und or salt thereof. After entry into the body, most drugs are
substrates for chemical reactions that may change their physical properties 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 characteristi¢ of many of these transformations is that the
metabolic products, or “metabolites,” are more polar than the parent drugs, although
a polar drug does sometime yield a less polar product. Substances with high

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

13



back readily fromtubular urine through the renal tubular cells into the

pl asma. Thus, such substances tend to have a | ow renal clearance and a

| ong per swetode®es n the body. If a drug is netabolized t@Ca/usoz/asopol ar
conpound, one with a lower partition coefficient, its tubular reabsorption
w |l be greatly reduced. Moreover, the 5 specific secretory nechanisns for
ani ons and cat @hgeadmlwfﬁénﬁﬂw@rmme thepwgh thaseriabgibulan gelisintoibe plaswachy mal

| i |l fi I
phenaceti n' ( a6obpRehBRPthy b8 bBle SR IANE o e AT ik BT oo

antipyretic ag’ﬂh@b&dy blita &g is hewbdled®sla wiokdrpslat denhedy, dre \ﬁhtm@[cﬁverpm ar
and nore effective netabalite, hydr oxyacetani | i d (acetam nophen), which

is 10 widely LRBHUPHERSFTICIPeHS B 5% EeabFoTRien Wil by geailyregnesh Mereavesetison,
h
the successg Vesspteg%tc%gajefotrfg}eana?lﬁn%ggl gﬁgﬁ%add%ah@ﬁs &]tﬁégl%xﬁﬁm%% ‘n?duhété

During the fir our rinci sna conponen

t he second housnd iashd heemdwimnliivirdells bprakb uf>@d h)%hlyt ﬂst&arrmbahm:les t e

acet am nophen concentration reaches a peak. Finally, after a few hours,

the principal plasnés é@mﬁ@mampée @hpracetie facgiophenstidind andhagetanilidayse boths and

can be excret e?; 1d aggl]%é rl?(? ptygtgllés geﬁtg eouP%%%P%sﬁ%ngg Q/tlthf%t tlhg B% }9 {0

nore netaboli can phar maco (o]s] ca?f

inportant. "A pilardEgesteictbiive rﬁet@&mtte,hj Eycﬁr@;k;taceﬂaﬁmdr(a@mimdop&nmﬁc}alss alt
that retains the biological_ effectiveness of the free acids and bases of
the speci fitd Vilepoussd todare Wheata daseqépoasiralidnys giranyo gpesehahapicgessive

undesi rabl e, A SORPANO e RleckMecl AL bR 20RO SRR HEE hhent 1Y

acidic, a sufficien asi c r oups accbrdlngly
react with anyacxafanmdeusrﬂxerprminplahpiagamcmnpxrneﬂr ganh@sdnaﬁcehouraaﬁhe acdstgalide

and organic ac ds,. to form pharmaceutjcal ly acceptab) e sal npl ary
phar maceut i cal e"elaf HiedBele %léFP%etWH’@PH}éFé‘ qoREEdraign reachesapga %d W?Veacti on

of the COWOUAC}%; g‘?% w HBErsP iR %E&El 1;5?/195 ,%%Hél%ﬁt i arﬁlﬁﬁ‘ér%et%olf?éﬁb G d

or an inorgani ase, suc as's Ing sulfates rosul tat es,
bi sul f at esl5 sudrd daedge ekerstddffrdne ghe qupo%hattlwplamcxmcdmtmgmmpbﬁmpﬁmtmsr,e
di hydrogenpho:lgha es, met aphos pyr s hat es, hl ori des, brom des,

i odi des, acet ati&@bolEY 35 Sellas %@5&%& ?laslég Y 4eRefiagt-es,
formates, isobutyratggy, &g@&ﬂ@ aefﬁ,ac ﬁ)‘? bq\ep $mta{d9§"t&4n@£r?§ sal ﬁg@ﬁe%ﬁ a0

nmal onat es, succi nat es, era unmar at es
1, 4-di oat es, htﬁxjonﬂeghczﬂ-etﬂﬁe(m\teﬂSss dfelmezﬁya& z&:%ds ankilhas@hﬂ‘mhd)&;ieeﬁl,ed compound

nmet hyl benzoat es, . di.nitraqobenzoat dro ates, net h enzoat es,
pht hal ates, sufiidhaiigaot biglpeisa 0T $1b 1&11 c@ a‘gé?f’%’%%“ S¥ihe Heton

phenyi propjonaf,es goé@@s‘%rbyéul?ﬂéﬁﬁtﬁl é%?dlc ¢ §u"fﬁ’<§1§1§tl tl?] dsRC Blaﬁcﬁﬁ functional groups, and

y- hydr oxybut yr ate gl'ycolates,” tartrates, ane-sul f onat es,
accordingly react with any of a number of i inorganic or organic bases, and i 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, chlorobenzoates, methylbenzoates,
dinitrobenzoates, hydroxybenzoates, methoxybenzoates, phthalates, sulfonates,
xylenesulfonates, phenylacetates, phenylpropionates, phenylbutyrates, citrates,

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

.14



14 WD 03/ 045968 PCT/ US02/ 38001 prop anesul fonates, naphthal ene-

| - sul fonat es, napht hal ene-2-sul fonates, and nandelates. If the inventive
conpound W 0/olgwse, the desired pharmaceutically accept alpica/tsat/ssonny be
prepared by any suitable nethod available in the art, for 5 exanple,
treatnment of the free base with an inorganic acid, such as hydrochloric

aci d, hydr obr GFrengpiignates; nephthalene | gulfpnates, paphghadenephsfmaiescandei d and t he
like, or wth an.gfganic acid , such as acetic acid, maleic acid, succinic
acid, mandeli ¢ acid, fumaric acid, malonic acid, pyruvic acid, oxalic
acid, glycolic acidftheS@dn€ivé tEmp@ind.is @ bde, BRASEER placheceutibdly as

gl ucuronic acid or galacturonic acid, 10 an al pha-hydroxy acid, such as
citric acid omceoptable sadt raey be prghargdby envgwithblesnethod gvailabledn thearhdbd or
glutamc agid,_an ar i j h enzoi c. aci.d i i c.acid, a
sul fonic agidFX?,%%’%%R%@@Sﬁﬁggggiﬁ%gﬁ?@iggﬁé%ggcggdaﬁ%%fﬁ%gﬁggﬂh%%id, or
the like. |If tabid, hyteblomie acia quolurid a¢id, @itriawid] phbdphoteatidedd the like, or
pharmaceuticallly 15 acceptable salt may be prepared by any_ suitable nethod,
for exanple, tfilameginic geids guchrasageticcicid-wipaleic apid; sseamrad.gpansielani ¢ base,

such as an am ' : r : t L AafY) g iq met al

hydr oxi de or g%&%%%%%’ﬁn%ﬁgﬁgaw ré%%g&el’, 6)%?1}5%&%1’ gll})géél@éll?’ust rative
exanpl es of sualigbikeaciHah pgranoglyideid)sghnis @lucsadnisadé vi gddctimoain &id,no aci ds,
such as gl ycine and arginine, ammonia, primary,. 20. secondary, and tertiary
ani nes, ah _C?B@&@aﬁWﬁﬁégﬁmghéH*§§CHPB@PﬁdF f“cﬁﬁFbﬁ%Pmﬁé’ Spf %ﬁazine,
and | nor gani ¢ ;§5ricade bk ¥tk AR ALlhRati€ QLRI WHh as BAIARSIcHT: MBGNEsT um
manganese, iron, copper, zinc, alumnumand [ithium In the case of agents
that are sol i @sairtic agd,unudfosicaodl, bycht dspsehwkedulfedici acid dreetlzanesulfdnat t he

i nventive conpouynds aﬁﬂ salts may exist in different crystal or polynorphic
25 forns, all? %‘ihé Sre intended to be within the scope of the present

i nvention and .Spe‘if%ﬂe‘?ﬁveﬁﬁbg}.‘é ourﬁiéHﬁ%&&fthé‘ﬁ@s‘ﬁ%&rp%nﬁe{&%ut%ﬁ ent
invention is directed to a pharmaceutical  ‘conposition conprising a

phar maceut 5 calatsepaabtepitabbebeprepared bp anpsdtabisanethaddonexanhpde, apatmént al | y

effective anount of a Fornula.l conpound, .a pharnmaceutically 30 acceptable
salt, hydrat e,O?géetffé?e, acgbw\lr}ﬁta@,m%seam DRGOTSRRIE ARG P48 25 GP 2BYRG @O er .

Formula I conoundsalh & e Un difhif A MBR6A8L UF AxinsRnh HRgaut i cal

hydroxide, or the like. Ilustrative 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, zinc, aluminum and lithium.
In the case of agents that are solids, it is understood by those skilled in the art
that the inventive compounds and salts may exist in different crystal or polymorphic
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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formul ati ons conprising an effective anmount thereof in conjunction with or
as an adm xture with excipients or carriers suitable for either enteral or
par ent er aWOL3/0¥¥9693/ 045968 PCT/ US02/ 38001 appl i cation. APCIUSa2/38001

formul ati ons of the present invention sui tabl e for oral adm ni st rati on may

be in the formaf discrete units such sca les cache | ets,
troche or | oZ8® 8%“%&%?“8%435?&4%@%9 [8519 mvﬁ%%% hfé g5 O’ia e active

i ngredient; imtiBRrh@s el bé‘np@lw&‘in Qfdlgdré‘t@l&h% sudhrhstcﬁﬁsuflé%r fpttsa sol ution
or a 5 suspension in an agueous l'i quid or nonaqueous |1 qui d; or inthe form

of an oil -i n-tabgtsetrogmdrdoasnges; e?a;hwan@mmgna piddesnuinsil emoulhef the a¢tive
i ngredi ent | us, ,el.ectu ast e. The

I b
conpositi on%gf%d%g‘béﬁ }anBIémPﬁ? g‘% O(fgir?ﬂu 52 H{Hﬁ tfo%ggag%dhftbw such as a

tabl et, capsUBperdMaRUS a§WHRE 1§hiddr AbnFRkS 1R]hid; D Gl tHeCb b b hh 611Sn-
typi cal ly 10 include a solid, semisolid, or liquid carrier. Exenplary

carriers i ncI ‘U@iér ¢raelsioner agesterrinosl enatlsions She aefivsiingledienmay el6p be &t ar ches,

gum acaci a, (l)um ah‘i’oiﬁ AN monersg oil, cocoa butter, oil of
t heobr onm, aI e{fré% SCAneR @8? tin syrup, met hyl cel | ul ose,

pol yoxyet hyl ene sofi é&ﬁpd&%ﬁkﬁuﬁﬁﬁﬁly &Efohﬁmatemmomegé BrmpPsRRY!
hydr oxybenzoate, talc, magnesium stearate, and the liké. Particularly

preferred forand tablﬁbnspaum hQubous atspmssorawwogéﬂoat |Smclmﬁpsmﬂ%®ns tyomgatly si ng t he

active i edl her . uen act.o dextrose,
sucr ose, @h iSeigjso 1@eqr(lﬂ¥15€°§‘nlecfr ﬁémé?gﬁw. C%rflﬁfséﬂcm‘i%@cgls?m ne;

and/ or (b) I l@x&@@&%ﬁcm@lﬁ&bﬁ& flahhi€sl, stax@h@ugmm%k@caﬁIdaloaﬁh?hogpmstermgnem um
or 20 calciumsalt, -and pol yetgxl ene col. Tablets ma SO contain

bi nders, suc hmwramg}n@@p@ huigry ﬁﬁthe@brprr@aalélnat%m&g@harﬁ Sgedaling@YTap.i n,
tragacanth u 0S8 r.bo c ose and
lgFttﬁg/o%ezl osgr }éc}ngt%g eIl sor 1t$ l%t%oseﬁ% %letllé’l

pol yvi nyl pyrr and rn starch;

di si nt egr ant shydssGibebass, gfdplsreﬁydra;g_,a;renz@ltmau Gn&giesiupy stédrate, sodittien sal t, 25
and effervescent m xtures; and/or absorbents, colorants, flavors, and

sweet enerls.  Hiffe conposi tions of the invention may be sterilized and/or
comt 2l wa et . R RS o AT PP R M Sl
pressure, andégipridifsft@e scnderingédiehﬂ 10BethéM@ith () APOSHtE,isth BAMc@EEO cont ai n
ot her therapeuti cal I'y val uabl e subst ances.
dextrose, sucrose, mannitol, sorbitol, cellulose, dried corn starch, and glycine;
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 sodium salt,
25  and effervescent mixtures; and/or absorbents, colorants, flavors, and sweeteners.
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 contain 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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30 Aqueous suspensions may contain enul sifying and suspendi ng agents
conbined with the active ingredient. Al oral dosage fornms may further
contai n swoeesmemidsgyy and/or flavoring and/ or col ori ng agenPST/US62/¥4001

03/ 045968 PCT/ US02/ 38001 These conpositions are prepared according to
conventional m xing granulatlng, or coating nethods, respectively, and
contain about 0.1 tg‘?E@@@ﬂxmﬂmés@@ﬁ*%@ﬁﬁﬁﬁﬁ@ﬂﬂﬁﬂ@CDEN@W@ﬂdbmyﬂébout 1to

.50% of . the sa ranﬁ‘a%lﬁg lo? Hmﬁgelggthoﬁ%g(% Qé{lv%@ﬂgﬁf&ﬁltﬁg aBBut 9)' 5 ge active

i ngredi ent opt re acéessory ingre ents npr essed

tabl ets may bEt}ﬁraEﬁ% ﬁ@ré@l&lerﬁq}fﬁ)femy mmutumaO%wftmammtubmlndyhﬁ active
ingredient in a free-flowing form such as a powder or granules, optionally
mxed with a bifadepy CP‘E}BW%}%PY mpikng th e&F‘llYFelﬁgfedéeﬁF pRRQIAHY titheonegF

di spersi ng @age ?é{n gy 2 sui tabl e
machi ne, a fn x{tallttﬁ);ee o%g‘aﬂ’ ﬁl%mwgé“ re @%ﬁ&?%@g?a‘g‘a&e%&%@ a suitable
carrier noisteoadpmkdilg,ama ismiegbie miaching tik zidme/ahngré/&hem indfraetfidvang dorm
parenterally, the conposjtion will nar nit dosage, sterile
i nj ectabl e for %HC?&&&@@W&@? QosRTIEs, 9Bi %ﬁmg@w@ﬁg%% lybricagningt on) wit h
a_phar maceut i cafiloh AGHERE ABNE, A er‘in aggﬁh M@fd’é&%{b‘%ﬁé‘ﬁﬁ HRMBlR P! Y

non-toxic, parenterally-acceptabl ntaln non-therapeutic 1 d| | uent s
or solvents. Emathahgsnafsumlﬁhrrxaahme eanmxnureloﬁde posstdered amtjue mgsedsait abd ons,

h oni ¢ sodi um ri de sol Ri nger ol ution,
Zgitrggesatol u?%%f?%ﬁ%??é‘“ﬁ;ﬂ?%%ngcg ga%hne@ﬁ‘ﬂﬂﬁigﬁ‘é%ﬁeousgcar?l Zr su !such as
1, 3-but di ol f oil,
and synt het 1o monor e gESseRdbar bl A ARSRA -y RAARL COEH

nyristate. 20 ﬂnédgpagemﬁerﬂm&pmﬂﬂﬂ@ﬁmnqawdoas fsotommid aﬂmd»msmeﬂmg of 0

techni ques kno lnth art u5|n itabl e dispers or,wetting agents
and suspendi nger\ﬁﬁ]ﬁmg’l @rﬁ%ﬁ&ni“ﬁ’@ 833 Aseeniatle sarigh u;: GMTEEEHENdI ng medi uns

are sterile flﬁ&@eraayhén-t&ae aac éﬁearﬁly B&%ﬁ’cab&r}a)ﬁd%ﬁ‘tﬁgq ﬁdﬂ(ﬁgragbﬁtlc'my be used.

Fatty acids, such as lelc Its glyceride derivati i ncl udi ng
olive oil Hnd dlasm@rorcsplvenQS %smptnsalfBt;cmqanudnemclqdalvgemo«yeqdwhmoémdnsr s,
are al so useful

reparation o n e0|I sol utions or
suspensi ons nmay‘ hlagéa Hl?ﬁ(fsékf%“‘f YR OHdeg‘i’ ﬁwgi ﬁmgr%éﬁ? LtigR, dg¥efsr sant s.
Sterile salinesdlstich, Rh@HBAKL BolAbA; MU nofitfhebiEcasREBMBASs &r Rb@hh&ol,

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 glyceride 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
alcohol 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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sufficiently water soluble to be made up as a solution for all foreseeable
needs. 30 The carrier may contain m nor anounts of additives, such as
subst ancewotohassosemhance sol ubility, isotonicity, and chempcalussr/adinlity,
e.g., anti-oxidants, buffers and preservatives. 17 W 03/ 045968

PCT/ US02/ 38001 When adm nistered rectally, the co_nioosi tion wll usually be
formul ated into a UWhen afsgiatgterédbrenialiche semposiignowil voally be fuguied These

conpositions can b re ed by m xi . n i i

non-irritati nﬁg?&nﬁi dg)ﬁ?ée%ﬁ%tsu%a%sea Y @??%t%g}f 81Ir)(“r(;égfr?né{t gr}rlgée%%n?rbgﬁi%%? Wi qui d
at rectal tenpehadpdred bysbling thetcotpeindmvith switdbid fork-ifritatieg eedpientsttimtr el ease
t he conpound. Commobn excipients include cocoa_ butter, beeswax. and.

pol yet hyl ene @te/obidsit svons tamepreratare; Yutdiauidsit seialdpmpaaiine susihihat they Wil at i ons
sui table for nasal .pr I 1 Al .oN : “ndh@P&bi N9
powder di sgenﬁetgmftgerﬁﬁ%%l orr?ge)%?é%gé&glg%rf sée a gﬂt@§%§%}gst1% a outC 10 5%
w w of the actiuer, baghesdiaadpoBethyfene ghxalypl etheaftyteni¥isionsorof the same. In
addition, sone fornul ati ons can be conpounded into a sublingual troche or

| ozenge. Mbor eGUECNSIPRE conpounds nay be admi nistered topically, especially

when the condition b)n%%lg{a 1§1§S§?dt}itfa9{e-f&r1’?&%51'@%3%%\95@@%@3@?35‘% atgﬁggns readily

15 accessible by t cation, 1nclu I'so e eye, the

skin or the |pyelidgp&eddr dheisigclormatiot)phaptompidel abati @b%tto abg eye, or
ophthal mi ¢ use, the conpounds can be fonnul ated as m croni zed suspensions
in isotonild, P adyvedtherctiveingredignior.far oxsmple e 1MW ofdhesams ﬁgl on in

i sotonic, pH adjuste ter] . i i F f a
preservative sag lﬁlog’ss een§)§+1 gﬁﬁlgﬁ% éua%%'g ﬁﬁfg&)?ﬁl&e‘ﬁ'ﬁﬁgggggﬁ%ﬁ E/r,t}&ﬁ]oer conmpounds
may be fonnul abgelgénto oi ntnents, such as petrolatum For topical
application to the skin, the conmpounds can be fornulated into, fui tabl e

oi ntments cont ai ni Mgorchecre hepoumasndsuspebrietmiisteaedoplcaly, espesialllexanpl e,

m xtures with ane or nore of f L0g:;, s i | QL 5
petrol atum whit tg%??rb({lté?lﬁrﬁdﬁ%rgs(‘)egﬁ{) lletgéégng?vclg%m{o%{e?/sgégjyoergﬁ/sﬁgéndglygorrpound,
pol yoxypr qgy! eReessibrsogdicabiplishiion, igluting disstdwato€the edief e nkihiov ¢hey, t he

conpounds can be fornulated into suitable |otions or creans containing the
lower intestinal 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 petrolatum, 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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active conmpound suspended or dissolved in, for exanple, a m xture of one or
nore of the follow ng: mneral oil, sorbitan nonostearate, polysorbate 60,

cetyl 30 wetoa43ae%, cetearyl al cohol, 2-octyl dodecanol, becxsuisoassvohol and
water. Topical application to the lower intestinal tract can be effected

in rectal suppository formulations (see above) or in suitable enema

formul ati ons. 18 WOTHSf@dHELESnPORY USORNEBOP be pTasenttd imunitbdoseaes farayand

conveniently be esented .in uni.t. dos f and. e prepared any of
AR s BRSNS
step of bringi piHoRE iRGIdeMBe $tBYb L6k Mg B heHASnefddRht o MsblatiéhRitRarri er,
whi ch constitutes one or nore accessory ingredients. In general, the 5
fornul ati ons athe cprrpawlkidh bynstinitésomel oy neavel agqessorn irgdignis.nki gegctahdhanct i ve
ingredient intg association with a l.pquid carrier.or.a.finely.divided solid
carrier or ébo s lo ?lrgr?,refiafedrqaé’c'gggog?‘;lx aré‘ﬁﬁ%llnﬁ R rén%rrl%gﬁca\téugéﬁt o the
desired formil alolQfent inkDQsRBRMR M ILAd 6RO ity Ofviddiesond eseist or
invention is used in anobunt that are therapeutically effective and the

amount s used nhgthdensiethen, ipessessary, shrpingsibe produel inteshe gewrad) farmylggon.
concentration of th har maceuti cal conmposition required for the
sensitizing effect, e]g%do%@%aqeg% ﬁOIBPOS{;%) Oﬁthg?mtg?‘}ﬁ%b\ﬁgfl%éseﬁfa %1 ¢al
conposi tion hagmbentiBat8d @@RGeutfAlly bffe@iveRAl theldifor®d MRedandy @egemumdls of
the invention are preferably adm nistered as a capsule or tabl et

cont ai ni ngl@ siheglesirorelaisy pupédide, disseonegntraien o6 thsdlatmacspticed compogtian erj | e
sol ution, suspensio enul.si on,.. f.or renteral.. 1.0i,St | -0 a
single or divi tf “8%2%%%%15188%53%8%3 Qfﬁllfaﬁeen%%h@%tﬁlﬁ?%aﬂa}?e h%ég%&fﬂrll%lhe
conposi ti on i ncaipsstich hdshabe adl@stheiraRewidncal |y effective. Wiile the

effective anount of the Formula | conpounds will depend upon the
particul ar conpoundTbeFnynus&dompemngsiof thsfinvention hespretesahdp adiaBiisieiedi ng from

about 1% to about 65% ha een easily. incorporated into |liquid,or solid
carrier delivefy? §%P§P%r?§¥§%%rco%ml%? Xlﬂgfé,ortdﬂvéé%&n%oﬁﬁ?? ﬁh&fl‘}.m%@an%fo ! 5§ For mul a
| conpoundj$o gefalievRldion AebaReid bEehilRal foMphlentddMdaGEiokationdn ko t he
particul ar conpound adm nistered, the route of adm nistration, the mamual
under treat mensinglgra diidedpdasei cul ar di sorder in 25 di sease concerned. A
sui tabl e systemc d%ﬁe of a For .ogpound for a mammal suffering from

la | ?I
or likely to suffer -FGHPAHAS OOMEIRYHEOD Ereissd 1 HgFORwPRfIAD fryamounts

that are therapeutically effective. While the effective amount of the Formula I

compounds will depend upon the particular 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 I 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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typically in the range of about 0.1 to about 100 ng of base per kil ogram of
body weight. It is understood that the ordinarily skilled physician or

vet eri narwer3miioks readily be able to determ ne and prescrChasotiasoanount of
t he conpound effective for 30 the desired prophylactic or therapeutic
treatnment. In so _proceeding, the physician or veterjnarian may enploy an

i ntravenous BBYUs§ aﬂmlmlét\ﬁﬁg’ foy examplgs ralierigrantallys tsnbalaprisnrapdepiedly;

adm nistratio S i r i : . pr esent
Mventon. - netebRenARL HEEHE s RERER, *hen S B AL, Bk B

adm ni st er ed, ithplanted aggphvejr iardakdgy fomari atidna lcbytainimg carvahiddriabnorsprxéy
topically, rectally, nasally, buccally, . sublingually, vaginally,

i ntravent ri cuPhb¥ ,celgyca\}y-&ccgﬁfab}erﬁgr%qﬁ,@@urV@gté,ap ivfgh‘ic%s‘dosage formul ati ons
cont ai ni ng. convent j i . I i - iﬁlg arriers,
adj uva_ntsgsand vehi g?%g{_er@?%g?cgéét@tﬁfﬂ(ﬁ#@ﬁ%ﬁéztﬁ%{%ﬁ’c}v@ﬁggg lf:ng?féd to, the
fol | owi ng exaag@hisstefionadtavesdus Aduboitandont,iarenoseslar Siutragpirenentisosseous,

i ntranmuscul ar, intraspinal, intraosseous intraperitoneal, jintrathecal,

i ntravent ri cultdiapeiitopealsiniptharal gatrpvanircalasninipstempker ingaeranial injeqterspush
techni ques, s : Suhd I 1.V =hni r red,
particul arly ??%@?teg%nnﬁﬁ%é%%tﬁsox%ﬁégl géjdqﬁggsﬁgg;eae%?%eg&ge. I %g’ it is
posfsi bl e 10 f partivhierli dirset adndiniswatipaito dasmpgédondneorad tissuies VErikdt &l porsiblei t S
preferable to provide it_as part of a pharmaceutical . forpulation. To. be
ef f ect i vel® hefdpbFomalp | corared(s) & b‘?\é‘fn&’é‘&%erg aloagn 1t 1§rp§%trf;u§‘]’?ettﬁé’r0‘€g‘?‘rﬁounds
used in the nethadseofy Lhe QheseBimhaygnt i on should readily penetrate the
bl ood-brain bartier V\%uen p%ﬂlpﬁergql gﬁadm' ni stered. Conpounds that cannot
15 penetrate the biTodd-difeative tharpéricalli anesnenl naasussdykien tagreaf flect i vel y
adm nistered by an jntraventricular route. The conpounds used in th@é

np
met hods of t hEOBPREKEMsedadhe msHoaRg! the Prosam IRY YtiopsBow( repddly pgneiralR
mul tiple disc 3 i i i i nds are
el 1 casi 1y iREARERRE SRR S RiciflsRea LBEBoukREFRARRITCS 50°to
cont i nuouss i npesitate thPbhpdirain barrfrpariowaves chy stilibe effemnyelysdorinistebaibyal  punp
means, are preferred for, continuous infusion. For the nmethods of the
present i nvenfh BHAVERMICWAT UfS ve adni nistration reginen regul ating the
timng and sequenc f ; !!n|9§
preferably incl ude?ggg?%gcg:%ﬁitsirﬁg%q Bﬁlg)ésjglggmgg?f@% gérﬁﬁlﬁ'{ﬁgiv%rgggﬁ‘?

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
quantity sufficient to provide immune 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
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25 efficacious quantity of active conpound. By an efficacious quantity is
nmeant a quantity sufficient to provide i mmune enhanci ng response and/ or
derive t hwodemivesl beneficial effects through adm ni stratPCarusot/3ssne or
nore of the pharmaceutical dosage units. An exenplary daily dosage uni t

for a vertebrate host co ri ses .anmpunt . of 30 fraom about kg to
about 50 ng/ wonwarle%aq 3? t%s@@@g}r@% LAY R oPER C&Pmpawmm Ogg({Yg
about 10, 000 t he

t r eat ment of ébo@g P%rﬁggﬁ%hféﬁ&péggﬁggmh@%@gﬂi%Eéejtlkmngagbout 0.5 ngy

to about 2, @@ﬁnmgtraﬁl’dm tlmretﬂ dfiescrtise ahgueﬂnbﬁmhomnilthpaompounChwnbatheent will

vary depend| 20 WO 03/ 04 8 PCT/ USO2/ 380 ar f factors,
i ncl uding th % iRA seyery Q?%k@ Repaculgridiseg 6’%‘&65@%& ézﬁ%f fofi ﬁ’égécﬁ)ée ii)ody
wei ght, g%”er&'ﬂkmﬁ%ﬁﬁﬁcfh ’ﬁﬁﬁbal@nﬂ \gﬂr@ﬁo&fgﬁ—teff%ct&@édll@'iblrovuﬂé"@sefdl mRidahce on

adm ni stration; the rate ‘of excretion nbi nati on of the conpound with
other drugs; the heppsedases tor p@ﬁertthémpastratwm @ﬁumsgeagéna&mmlstqaeatse@e and t he
form and rout.e adm ni.str.at i |tro osages fect
Fesul 1o pr ovifiotels P CagRieErafitt QR etBnGRht prope b i R BN

adm ni strati gptheSirtidi €es i n-ani mal nodels can al so be hel pful. The
considerations for determ ning the proper dose |levels are well known in

t he art The conpdlirdengrindoanpiosntpositiens ean txecceninaidisianed weh ede wi throne or

nor e her eutlcaent either (i) toge |nas | e f.ormation, or
(15 sepdPar dhorepesiei e el O SHAtier o SR GlecP GRRAPT 6 U0 SErHir VBl ease
rates of the'lﬁdﬂi/?cﬁﬁ?fbhh‘d?ah@ﬁé dlééﬁgne@%"&ptmﬁ@?éleas@ kR AtthPrdIPaetiGOREtRjen from
about 0.01%to about 99.99% by wei ght, ~ preferabl g;from about 3.5%to about

60% by wei ghtageotf Kook fomnpaiomdnay cartgin ﬁlomm;bmli 091 Vale aent 9%¥ % he weighipr e

Bgent s vihen FHEAEbBOt e ke PatRe een b ERt hehOutpr R are o

admi ni st er ed iherfi@ADASARE & ond dr indr8 Ph&inABtR aDE:RGiedth QuaAP I NvbtEing agent s,
specific dose |evels for those agents will depend upon consi derations such

as thosdSi demrulsifiang abpld bhfferied agrods t%mthswanmumd@efbm thpaeihpderfi on in
gener al . For Q envrérgtg nogr%e 1{111111.&81 eB r1r(1a g&ﬂﬁlnatnélne{% th ?%H fﬁgreaéj[ 1{3&1? %é 04 on

regi nen 20 re FRETH onpound
can be used adgénts I ReftdsaRvele f@&ﬁ@ere)agéms efifl defentdrupan ﬁ@ﬂﬂsﬁderﬁumb sti&gdsen

may include pretreatnent and/or co-adm nistratjon with additional
t her apeut i c dfesstidentified 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 effect treatment. Such regimen may include pretreatment
and/or co-administration with additional therapeutic agents.
The inventive agents may be prepared using the reaction 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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The inventive agents nmay be prepared using the reaction routes and
synthesis schenes as descri bed bel ow, enpl oying the general techniques
known i n wbhae3ari96®25 using starting nmaterials that are reascCusavaiobabl e.
The synthesis of non-exenplified conpounds according to the invention may
be successfully performed by nodifications apparent to those skilled in
the art, e.g., by appropriately Werl ng groups, by changing

to other suitable reagent s, kno he ar ki ng rautine
modi fi cations of r Bf S EB AT Bes ‘ieé‘tbﬁé‘l"f\}‘él?lﬁsn@tﬁ e piiceltlalls 30
di scl osed her effeﬁllpgfatlﬂgyﬁre%let! ﬁérthnﬂw.i@grb& @é]ﬁu@éﬁdéMﬂ)AﬁS%dﬁn@&@ﬂtﬁg@seﬁe 8§ havi ng

applicability preparing other conpounds of the invention.
03/ 045968 PCT/ WE@hl. 38QEnts Rreeppurabased frof @ompogid sunnlnetshsecls ?ﬂnAh?etChc schenes

descri bed hel o unl ess other se in et forth
in degrees Xel gb‘?}glcéln PGP, aélcaash?fcgé'@ﬁ]f ILSC}J@Ed %sye uhﬁr&ﬁzagents
were purchased JrEﬁHﬁlsﬁﬂHEES%tﬁér\ﬁMﬁhic%& w@&hyﬂﬁofﬁéaﬁr(mh) 5ncCNgeNL cal Conpany
or Lancaster Sglnt hesis Ltd. and were used without further [l)url fication

a

unl ess ot her wi Sigdtindfoczmide (DWER)redg evesheed ArquT Agricliia Sure fgal bottles and used

di et hyl f oram de re rchase es and
used as recei ?fer&éelw [\é\eleﬁ)s[“ﬁg Sseem?%ﬁ%fe gb éA\{cvlo(iif b\}r}]lgg O@OW&@%%PE@&% and
reagents were ddiigdd hldRfla Un@REt I dpy Aitdogtn. OTHES 3hdBLO @mmdlsfnﬂa frandNEt 20

were distilled from Na 10 benzophenone ketyl; CH2Cl12, diisopr opc)fl arrédh
pyridine aH Eb@mopksnene ke (il l, dHsppramlmmgaonidiresand BN Wesgdisiied £ om

\Ij)\é(r)g di 2? ¥ TQS@P%%%&%%%W%@MH% %\Eg{glslﬁpﬂ‘}vga%%m %o Zﬁg; - Pr OAc

distillation uaﬁenecﬁﬁwn@ngowmafmormﬂumnemeﬁeré drstlﬁed)ﬁrbm/@akézr 8Fddnwas
general ly under a_positive pressure 15 of argon at an anbi ent tenperature
(unl ess ot her\/\P@eﬁ@t\aﬁé’(HI}P ¢ AtmgsRbecotigillagrn pde dry 25891t he reaction fl asks

were fitted with ru ta rth

reagents via syri ngi 8@@%&?&00 go\yvehve{?r %7‘ @ xﬁ%g? &)églil@épre%?ge
reactions yereopssey Qtﬂbrbé{nﬂibﬂi 13 er*a@ﬂfé’r(uwdsedthaﬁ:vns@@tg&d) hyanhidronosuemd,i on
of starting material. Analytical thin |ayer chronmatography (TLC) was

perfornmed on 201 thie uericHamflBslesiete §ited pathgiabbes genta &or the mingaAvsioR; §‘ﬂ(5|§i9fes
Sci ence), and V'%{ea%en shgla sxn{g%el L%ﬁggév&ga?é ggg"%nrﬁ})edfaﬁh}o?“@aﬂ de¥ghegting with

comerci al et h&N i Cc acl reparative ayer
chr omat ogr aphy rdadtiéas W& 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 Fys4 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,SO4 and/or Mg,SO4 prior to
filtration 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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performed on al um num backed silica gel 60 F254 1.0 mm pl ates (EM Sci ence)
and visualized with UV light (254 nm. 25 Wrk-ups were typically done by
doubl i ng wbhe3nem®et i on volume with the reaction solvent OPCFAISOABL0DDN

sol vent and then washing with the indicated aqueous solutions using 25% by

vol ume of the extraction volunme unl ess otherw se indic g Product
sol utions were dri &NM%FP%HHW%{%ONSQSW ‘éﬂﬂfp ey ARP insirumgnt

filtration artg)e&\ﬁﬁg% Qéddlgﬂ%zf%l tlb@nﬁg}z eéusawafé%co&@édwp%ﬁatﬁ@%%%gmgn a

rotary 30 evaporator an nts renoved i n ‘vacuo
chr omat ogr aphiyMEaspecttowpteattednethaeCDEhsolitives pepstadrie ppsi) nginz3ddaodrmesh

silica gel or 50 2 0 nes alu done at the
pressure i ndi®¥die ?rﬁnQeﬁ@ngi‘;#B@g?pnb?nrgamW@m&q%b@@% 8“‘&,\%3 045968
PCT/ US02/ 38004 3 ﬂ‘bj\"iﬁﬁ@e&téﬁn%ﬁﬁlyrt@t%ﬁé% s4hed0 0 ppa) WA GHpNpMAR00

i nstrunment operating at 0’ Mz and°13C- N spectra were recor ded oper ating

at 75 Mz. NMResKAMR s@lvmm werhtsad asneeded. CD@@B psdd multmlm;lt(es ersorp@ted n pprr)

(3 4 and 4. 5 ‘Bpmtanars oS EHRARaORianeted. s fRuPRI F%wdd; SRl ane

(0.00 ppm WhERMARMIARHE frBaden Jhsa (AMBIcS BF ¥QUMI&s)Ner @otisiethfasip m@ded When
peak multiplicities are reporte the foll owi ng abbreviations are used: s

(singlet), dCewlibgepystants, (w:hen;gn@m) aregeqogigarin 8eytz (Ha (mul tiplet), br

br oadene dd f doubl ets toof triplets uplin
((:onst ant s1 when é%ﬁﬁreﬁé}@ PEHET VEG r%‘??lgiéirénza Fi&‘? Spfﬁtr‘?rﬁ?q%’a?s af pily a%gect ?a
were recordedgpy é’:lerbeﬂ @D@%@o%h@rané%v%ﬁgﬁveﬁl drSrepdited fﬁBﬁ/axQQidnﬂie‘és or as
CDC13 sol utions, d when given are reported in wave nunbers (cm1). Mss

spectra r epor(tcmd' ) aP@SQ %E@rw%akﬁdhh%twﬁ@wﬂwcmd ayyhe smdlytichem stry

Depart ment of .Anadys.Phar nace I nc nta ana

conduct ed by ¢HEUN Qﬁ??%“?\?ﬁ@? gyssphr? a?eﬁlgﬁﬁf" 1en@}3\a¥%éq§¥sy\§8%ﬁ%l nts
(mp) 15 were @atedted BetheQtlankic Mo 43 Rid. hrﬁN)ero%H@aGAt Wdeltiap Goitsmp)
uncorrected. The described synthetic pathways and experinmental procedures

utilize ndny W@f@ﬁlﬁt@ﬁnménn@alomtbmpéwgl@pmgtuswé arq WceERsed-of ur an), DVF

g[}l | ][\t)x:jhgf . or nf%ﬁdﬂ@} %ﬁfﬁé P{’ﬁf{%’&?{t aé@%p‘xen%roée((ifures ut‘utl.%e many

(1,8-diaz aCyCdoﬂ{rﬁoécﬂ&M@Q %br%vﬁﬂsﬁs TPEMtdtthhg8rofuran), DMF (N,N-

(d| cyanonet hyl ene) - 2- net hyl - 6- (4- di net hyl ai ni no-styryl)-4 Hpyran), MCPBA

(3- dimethylformamide), EtOAc (ethyl acetate), DMSO (di-methy! sulfox1de) 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
hydrochloride), HATU (O-(7-azabenzotriazol-1-y1)-1,1,3,3-tetramethyluronium
hexafluorophosphate), HOBT (1-hydroxybenzotriazole hydrate), TFAA
(trifluoroacetic anhydride), pyBOP (benzotriazol-1-

25  yloxy)tripyrrolidinophosphonium hexafluorophosphate), 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-d]pyrimidine-2,7-dione.

23



chl or oper oxybenzoi ¢ acid), EDC

(1- (3-di net hyl am nopropyl ) -3-ethyl carbodi i mde hydrochloride), HATU

(O (7- azawenaosyv@zol -1 -yl )-1,1, 3, 3-tetranmet hyl uroni um  PCT/US02/38001

hexaf | uor ophosphat e), HOBT (1- hydroxybenzotriazol e hydrate), TFAA
(trifluoroacetic anhydride), pyBOP (benzotriazol-1 25

yloxy)tripyrrolidi nophosphoni um hexaf | uﬁﬁlﬁyﬁkﬁ‘obphat e), D EA

(diisopropyl et hyl an ne) Hand the like. Scheng;1 shows a general procedure
to prepare the 5'-anino aC|d esters of b5-

ai ni no- 3- ( 3- Drlbofurgg h azolo [4,5-cN[p I’I/mé'jl ne-2, 7-di one. 23 WO
03/ 045968 PCT/USOZ/@Q %]—1 cherre L OH Od é& NS~ H 2 tN I-N Na HZN N N b
HO* JOHO HO OH O H2N N N - ZH&I HZN NN 0 0 "BuO N AO 0 H2NO
JOIO0O R4 Ra O HO OH 4 | a) 2, 2-di met hoxyprppane, acetone, DVSO, M SO03H,
0 C b) BOC- NHCHRACO 24, DVAP, PhMe, 6€°C - c) anh. HC, i PrQOAc,
,PrOH In a typical synth tCc route, the 2', 3% gdroxyl groups of the

(3 D-ribose noiety of H ©
5-am no- 3- (3-D-ri bof uranosyl t hi azol o[ 4, 5-d] pyrimi dine-2,7-dione is first 5
protected, preferably with an acetonide as shdwm in 2. The free 5 -hydroxyl
can then be subjected to a varjety of esterification nmetho E' wth a

N-protected amno acid to for M1a. The nitrogen of the amjno acid ester
and the 2', 3'-hydroxyls of thg/ jbRse unit are then subj emi?fssgovari ous
depr ot ectlon condi tions, plglg\lf concurrent't Y, ool HoN” NN
0
BUO N\/U\ /\d HzN\:)J\O
:R4 ~ <
HO OH
IIa 11

a) 2,2-dimethoxypropane, acetone, DMSO, MeSOsH, 0 °C
b) BOC-NHCHR*CO,H, EDC, DMAP, PhMe, 0 °C - rt
¢) anh. HCI, iPrOAc, iPrOH

In a typical synthetic route, the 2',3'-hydroxyl groups of the -D-ribose
moiety of 5-amino-3-3-D-ribofuranosylthiazolo[4,5-d]pyrimidine-2,7-dione is first
5  protected, preferably with an acetonide as shown in 2. The free 5'-hydroxyl can then
be subjected to a variety of esterification methods with a N-protected amino acid to
form IIa. 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-B-D-ribofuranosyl)thiazolo[4,5-
d]pyrimidine-2,7-dione Dihydrochloride (3)

OH
N7 S
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HZNJ\\N N
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followed by salt formation of the free amne of the amno acid ester as
illustrated for 10 Il. Exanple 1:

5- Ami no- 3wWE%3/089k8 val i nyl - (3-D-ri bof uranosyl )t hi azol o[ 4, 5PCT/US02/38001

d] pyri m di ne-2, 7-di one D hydrochloride (3) OH N S>=0 H2N N N 0 H2N, ~, KO
0O Hd off 24 V\D 03/ 045968 PCT/ US02/ 38001 Step 1: Preparation of

5- ﬁi ni no- 3d( 2'S1& 1:OPreyupatopydfiSdéménor (1.3 i ofonranmbdsie) f-R-Wbafrotrsl )

S-d] pyrimdine-2, 7-dione To a heterogeneous m xture of 1 (5.37 g, 17.0

m nol , prepar é@l“é@léﬁ&fﬁ@’rf’wdl’?h% 7¥f®€edure given in U.S. I(Datentho

5, 041, 426 (Exanple ich i Y

entirety) in acet onﬁgfﬂw{gmrﬁg)eneo S?rél tﬁg%gﬁ{sgégg&grﬁ_&% q?%?}a‘??q E}d\?\ﬁét added
successi vel y ZnhepldvBdure gdn i U.$PaBent Ma0b 041 @B@(E)(aﬁn;ﬁe ZWhchﬁlld McSO3H (220
L, 3.39 mml ) at roomtenperature, The reaction nixture tirred

vi gorous| y3 bdaeirergteddyogtanesadn Ementielyd hacpiane 649 Bd-) @H@taalieé m e\ééo mlL

consuned. TLC Mgg—gz i.cat ;]&?ﬁ etion
10 after 1%&3%)%@%% gé Qd%l égc{?e wer e enov@ﬂp (?lnjgj lg?aﬁj%y ?t rat ion using
fluted V\hat marinLy pad Mésoﬁgzp@mes 39 Hhins1)wasoohotehpertuby The sactign ofixttlee

filtrate into 10 vol unes ice water (400 nmL), resulti ng in_ inmed ate
preci pi tati on vas sirgdivigorousdy,ibgcompgdomegpraoss a%g@ lden pelloyt s the dipl WasHCoB

(228,10 2. 9 o FREHB0h S cLPlEs MedcPA I ke alios <

McSO3H. Vigorous stirrin was cont1 nue

m n, wher g@pomnfieh6 hmml’ﬁdiﬁselmsolﬁdd Wﬁ’ée&noiddrxemgfavﬁyﬁdxwtm 1Sﬁigrﬂtﬁdid§d gl ass
funnel The solid material was washed with ice water air drled

then dried furVhaimaniyee | Filtghrapge uls dtas 6l (WeddmRﬂuﬂlinE@fﬂ? f@ga@ ipiggdd) o

R e e
ig 42158(8-34 %Z:) -(sﬂiiidl W)fter 2 b2idf pertfil (fisyirritd) NaBCEB (@85 mikt}.3960:83]) dmsolsed ﬁH)

water (10 mL) was added to neutralize the MeSOs;H. 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 was 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-ds) &
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)--D-ribofuranosyl)-thiazolo[4,5-d]pyrimidine-2,7-dione
)
To a solution of N-butoxycarbonyl-(L)-valine (671 mg, 2.81 mmol) in THF
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 HC1 (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
25



Step 2: Preparation of S Anaino-3-(2',3 -0Oisopropylidene -S -Ntert-

but oxycar bonyl -L-val inyl)- f3-D-ribofuranosyl)-thiazol of 4,

S-dJpyri rivoioa®4?68 7- di one (4) To a sol ution of N butoxycacCharsg?/3gob) - val i ne
(671 mg, 2.81 mml) in THE 25 (9 nL) at 0 C was added EDC (588 ng, 3.07

mol ). The resul.tant ho enepus 1 xture wag stirred 45 mn_at 0 C, at
Wt ch poi nt | PG A S RBo L0 SGBRUB SIS heSI e AEE BHF QU8 Obr om 5t ep 1
above (1.00 gyﬁlt%re%]thfﬂﬁ%l)a B P)@@QF@@,sarm%neaﬁfakéanaffoﬁﬂ@ﬁmwgg%@ded was

solid DVAP (522 ng, 4. r mo The teaction mxfure Wwas per to
reach room t emvermoleced aamb adtid esterdt an foeldi: tipoiidl °G(deg); WHECBAOS 0.86 QD) was

cae i Saorved 7 AOEENOYoHE A E SERCT.35 LBtk B 2OND B E2B D SH T Tomed
by  neutraki zaiy)opnoeh. @ 1%4)! oAt @t 9@1&,3493’@@‘357 é%}‘f"m'ﬂﬁﬂ%ééﬂiggkﬁ])ﬂd]e

aci di ¢ aqueous “phase was further extractéd wth c X , “and
then partiti ofeéd 1W)ih96¢ hdd, 25 A DB/ 1085968 (RCT/ESRE/ BENOGLRY (bagd,i t= ad,eH)s

h . Th j.ned i dried Na2sH4, filt d
Phrough a shorcgatsitepdd Cati concent r at od, affording 1480 g (96% o
0 86 Lo CSLCHa BB By 3 a S B RN B bR it BES bR )
1.56 (s, 3H), c[?'ﬁﬂfﬁni@pfe-ia7—(&11%@1’/1)}(2’09@013615—%)( m 1H), 4.20-4.24 (m 2H),
4.30-4.37 (m 1IH), 4.56 (dd, J="11.0, 5.9, 1H), 4.96 (dd, J= 6.2, 3.7,

1H), 5.111Q0br d, JA 8rdm AHICI gas3eas(fassed thrduglfa Bublléd) of cobecdBratedrH$0,42H) |

gi iﬁai( no- %H% s-agéﬁe‘@sgéﬁﬁﬁ? %?r?%y@)?‘?lﬂ @Eﬁ%d&wam URPLRE HEHP B 3ipeRk MRsteR ne- 2,

7-di one Di hydrgebb@fiififie(ddy isbBroPyPideBRTsdimbt (0RSuNAS HASH IQPghs a
bubbl er of concent ratledg.HZ &?wﬁgnd esubseq%%%l y dlilr ect egé(\g/(igsa&1 I’II tt%d
di spersi on t ulobleinedt doghz5Msmdddl medtidvbofitbeBofansko audhestemirorg Sdep,2

i | tat t 0.C til t t | uti bt ai d.
To T h e vasC adiet & 326 masthgh o iben Cadfie (RRD). Sutina i B above
(5.93 g, 9595 cMWnlteishlid pREIMEN wiRG85ahia. (T%thﬁ%)as 5&16%%1 G‘ﬂ'_’lqgﬁﬂ]IPA (e mL),

formation 15 of a white solid precipitate within . is was added
10% (v/v) | PAThe 1eastiyn mixthee Wesawanintsd teiroany feenpasiungather dtitred  bmThe

TS e, BBl e G PO SRL R SE IR BB
scintered gl assinfdmiliut POLS schiderd QloissiffnaNudbf NYBrovRied 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-ds) § 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),
4.42 (dd, J=11.7,3.4, 1H), 4.75 (dd, /= 10.3, 5.5, 1H), 5.81 (d, /= 4.4, 1H), 6.46
(brs, 3H), 7.23 (br s, 2H), 8.47 (s, 3H), 11.5 (br s, 1H).
25  Elemental analysis for C;sH,;NsO;S « 2HCI: calc’d: C, 36.89; H, 4.75; Cl, 14.52;
N, 14.34; S, 6.57; found: C, 37.03: H, 4.74; Cl, 14.26; N, 14.24; S, 6.42.
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anor phous solid. Trituration of the solid in dry THE was fol |l owed by
filtration and 20 vacuumdrying at 65 C, affording 3.677 g (81 % of the
title conpouwnd4Pdeas a white solid: np 166-68 C (dec); 1HPCDNSCR/s®Y1 8 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), 4.42 (dd, J= 11.7, 3.4, 1H),
4.75 (dd, J= ZlE)X&MHE 2 Hﬂ)\mxﬁo&l(S(-dl—LJlsoléuq’,l-BiBl)rlb(ﬁ'uaﬁlos@l)thiszolG[HDS,- 7.23
(br s, 2H), 8.47 (s, §gz P El emrental anal ysis for
C15H21N507S zﬂmrlmé(émé 7-dt9ﬂe Hgdrwhlfzrl% S)a, 14.52; N, 14.34; S,
6.57; found: C, 37.03: H 4.74; O, 14.26; | 14, 24; S, 6.42. 26 WO

03/ 045968 PCT/ US02/ 38001 EXAMPLE 2: y
5- Ami no-3-(5' - O L-i sol eucyl - (3-D-ri bof uranos I3>t=bi azolo [4,5-

d] pyri m di ne-2, 7-dione 3/2 Hydrochl ori den r) N S>==0 H2ZN NN 0 HzN O
Hd bH Step 1: Preparat| on of 5-Aniino-39(2,3 i sopropylidene-5 -Ntent 5
but oxycar bonyl - L-i sol eucyl )-[3-D-ri b@'f\u#% -thiazol o[ 4,5-dJpvriniidinin
e-2,7- dione (6) In a manner sim'lar\/Qste\_ > of Exanple 1,

5- Amino-3-(2', 3" - |sopropyl i dene- 5’ HO ©H

- N b f
t hi ;g(r)lt o[ Zt gi<y %{/EO %Paﬁ% "ﬁl Qf%gg%f{%é’ %;’ rd ?O‘S}Jorlpzfd%’ye 9 Nlt%;]td of 93% from5
10

leucyl)--D-ribo [)-thiazolo[4,5-d dinine-2,7-
Am no- 3- (2' b”’c‘ixvé‘é’p’i? gyp ng ene 1 ) DT uéﬁ%”a(?sgr)los%zlﬂ)) 0{ hi a%%wgm4mén d] pyri m di

ne- 2, 7-dione Bo@)N-tert-butoxy-L-isoleucine 7 as an off- V\/mte foam 'H
NI\/R(400 Mz, d6-DMBO) 6 11.29 (s, 1H), 7.09 (d, J= 8.0, 1H), 7.02 (br s,
1H), 6.02 (s, 1H) Inarzan(edsnrnlattcsstqﬂgﬁﬁxargpl@é Fvmino-3t(d’ 3 4)-16- 4. 22 (m
2H), 3.85 (dd, 1.34 (s,
9H). 1.29 (s, 1%%f01336“1?&eé é’gte{t “t%ﬁlifaf%ifg‘/qét ésﬁleﬂkg’lﬁfrﬁelaaﬂbé’t(f?%ﬂo ga)

5- Al ni N0- 3- (5" G diof @9|ciﬁ§l§ﬁfrlud mel2,7- U%E‘Grv@d%%éﬂa}éd'@naaz}qlﬂ@ -of[93% from 5-

5-d] pyrimdine-2, 7-dio Di hydrdchl ori de ( In a manner simlar to Step 3
of Exanpl €02 \Alamlrmﬁpia’cs'éeDhmrdpyﬂlﬂmeclb@nbmﬁdranasylathMuoﬂcM§Gdl]p§2|rnfmctm-t he
above internediate in an 80% gl el dLln'glel?,B- 74 C (dec

2,7-dione 2 and N-fert-butoxy- ucine 7 as an o whlle foam: 'H NMR (400
MHz, d;-DMSO0) & 11.29 (s, 1H), 7.09 (d, J = 8.0, 1H), 7.02 (br s, 1H), 6.02 (s, 1H),
528 (d,J=6.2, 1H), 5.06 (br s, 1H), 4.16-4.22 (m, 2H), 3.85 (dd, J= 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, 5H).

15  Step 2: Preparation of 5-Amino-3-(5 ’-O-L-isoleucyl-f-D-ribofuranosyl)thiazolo-

[4,5-d]pyrimidine-2,7-dione Dihydrochloride (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% yield: mp 173-174 °C (dec);
'H NMR (400 MHz, ds-DMSO) 8 11.41 (brs, 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 C,sH23Ns07S3/2HCI: 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; CI, 11.08;
S, 6.02.
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"H NVR (400 MHz, d6-DVSO) S 11.41 (br s, 1H), 8.41 (br s, 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), 4.21w0.03049n8 2H), 3.91-4.0 (m 2H), 1.84-1.91 (m PEr/USE2/38001. 44 (m
1H, 1.19-1.27 (m 1H), 0.80-0.87 (m 6H). Elenental analysis for
Cl6H23N507S3/ 2HCL: calc'd: C, 39.69; H, 5.10; N, 14.47; Cd, 10.98; S,
6.62; found: EGXABIKIGE 3H,5-BnliBo-3M5’-3[c7B-fe@hutylglydnyl]-8-B- 02. 27 WO
gsfb\?ndfﬁgfsg (PgT/ &oﬁ le‘q?n%(ts)élﬂ'fth_i%llp‘%gﬁgSyﬁmitjli_n(asz_,’b_dione Hydrochloride (8)
ri bofuranosyl)thiazol o[ 4, 5-d] pyri m di ne- 2, 7oli one Hydrochloride (8 OH N
S)=0 HZN NN O H2N O Hd OH Step 1: Prep atd on of 5-Anzino-3-(2 ',
3'-Oisopropylidene-5 -Ntert-butoxy 5 carNbo yD=pa-L-tert-butylglycyl]-
D-ri bofuranosyl)-thiazol o[ 4, 5-d]pyrinaidi , (- dione (9) In a manner
simlar to Step 2 of Exanple 1, 5-Am n003 (2' 3' - O isopropylidene-5
-N-tert-but oxycarbonyl - [a-L- tert by, I']1-(3-D
ri bof uranosyl ) -t hi azol o[ 4, 5-d] pyri mi di J one 10 was prepared in a
yield of 10 66% from HO
5- Ami no- 3-( 2, S kof, hi .

%fze% BRERPH 2 i 111X O’b&s?)gpﬁ%rz)z'ei{e hi 29,0 iy

d] pyri m di none- ycl ne as an off-whit

f 1H MR /78-d 3
602 (s, 1F), R TEAE W%Cf&#%z’%é’m"@?”mm £ M‘”’éﬁ”’}emv% "

3.77 (d, J= 8c14mze](|9l) 1.47 (s, 3H), 1.33 (s 9H) 1.29 (s 3H), 0.85 (s,
9H). 15 Step 2: Preparation of 5-Annino-3- a- L- tert butyl glycyl J-)6
D-ri bof uranosyl ) - tlhiaaR@e] mmﬂ@rm%typ?pﬁﬁaﬁlﬁélezl 7A@inghé (283 -¥n a” manner

simlar to Step 3 of d 8 as a
Thite ol Lt PNl AT PN e SR BRANGE £ 9%63%h§>}‘§vﬁﬁgﬂ%”§oz 203 C
(dec); 'H NMR r(b‘&)@&}aﬁml) tﬂﬁt‘z f%}&f&maﬁle(m dﬁmeﬂﬂ)was&;r@ﬂaré@lh Syieldk¥, 7.08
(br s, 20 2H), 5.83 1 5.45 (br s, 1H), 21 (br s, 1H),
4.77-4.8210m 60k from ik@mmo 3 (2 3-0- 1sopropy11dene B-D- rlbofuranosyl) thiazolo[4,5-
d]pyrimidinone-2,7-dione 2 and N-o.-L-tert-butoxyglycine as an off-white foam: 'H
NMR (400 MHz, d;-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, /= 8.4, 1H), 1.47
(s, 3H), 1.33 (s, 9H), 1.29 (s, 3H), 0.85 (s, 9H).

15 Step 2: Preparation of 5-Amino-3-(5°-O-[ a-L-tert-butylglycyl]- f-D-ribofuranosyl)-

thiazolo[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 (brs,
20 2H),5.83(d, J=4.0, 1H), 5.45 (brs, 1H), 5.21 (br s, 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;O,S o HCl: calc’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; S, 6.23.
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(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). Elenental analysis for C16H23N507S o HO : calc'd: C, 41.25;
H 5.19; Wo030%968; Cl, 7.61; S, 6.88; found: C, 40.41; HPpCI/UsL2/3841 14. 16;
a, 7.01; S, 6.23. 28 WD 03/045968 PCT/ US02/ 38001 Exanple 4:

5- Am no-3-(5 -O[a-L-N-nethylvalinyl]-(3-D

ri bof ur anosyl )Ekdmlzmléb[ﬂ-A‘inmbﬁBf(ﬂ 10-fi-AeN2méthgionimylythDechl ori de (11) OH
S>= O N-~CHZN NN HOO rN-O4 bH Step 1; Preparation of 5- 5Am no- 3- (2
R B o SOprl@bgﬁufrwl)ghmqupHé-fi]wrlmldme-z 7-dione Hydrochloride (11

but oxycar - bonyl - [a- L- N-ni et hyl val i nyl J-/ 3- Dy i bof uranosyl) - t hi azol o[ 4, 5-

d] pyrinai di ne-2, 7-dione (12) In a manner ar to Step 2 of Exanple 1,
5-Ami no-3-(2',3 -0 isopropylidene-5 -N-t )rkﬂ[ xycar bonyl -
[a-L-N-nethylvalinyl]-(3-D HgN

ri bof uranosyl) -t hi azol o[ 4, 5- d]pyrlmcun - 7 d one 12 was prepared in a
yield of 10 63%from

5- Amino-3-(2',3 -0 isopropylidene- (3 D-rl bof janosyl ) - t hi azol o[ 4, 5-
d] pyri m di ne 2 7-dione 2 and N-tert-bute oxyHQ Nowet hyl val i ne 13 as an

gffl\p')hl’ts 00 a%@ }Hwﬁw%”g %’96&?2‘1’20 5)5/%) rfsoot(’g%’zl'dc ’chrﬁa’”ﬁ}f 65604111(%?bg,br
1H), 4.14-4. 28 > |
10, 13 (s, Bl -éa-?iiv-%%&hﬂvfﬁﬁé%b?i’?‘)f%_a%’?ﬁ)?”{?%é’”? gy 0

0.78-0.89 (M @rimtiR®22-dione (12?
5-Ainino-3-(5 -0[a-L- N et hyl val i nyl J-/ 3-D-ri bof uranosyl )t hi azol of 4, 5-

dJpyri m di ne- 2, 7- dinoreatyet isocitdrde Stbp Z(QLlexatrm)leal rfaAneno-Si(@i.3’aP-to Step 3 of
coamle 1 es PLoBLe L0 LA e, SOOI 1L g0 b LAl L v e e,
SI%R, ( gog SM(_% xﬁ&%@ﬂ&}&&oﬁi4 (S(bzﬂ}r)ysﬂr,m]dliﬂea 9. 5&%116(1%\?/% pI%';i'Qred i Qgiefdgﬂég (m
10 63% from 5-Amino-3-(2°,3’-O-isopropylidene-f3-D- r1bofuranosyl) thiazolo[4,5-
d]pyrimidine-2,7-dione 2 and N-tert-butoxy-L-N-methylvaline 13 as an off-white
foam: 'H NMR (400 MHz, d;-DMSO) rotameric carbamate & 11.28 (br s, 1H), 7.00
(brs, 2H), 6.02 (s, 1H), 5.27 (d, /= 6.6, 1H), 5.04 (br s, 1H), 4.14-4.28 (m, 3H),
3.91(d,J=9.5, 1H), 2.79 (br s, 3H), 2.09 (br s, 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-[ a-L-N-methylvalinyl]--D-ribofuranosyl)thiazolo[4,5-
dpyrimidine-2, 7-dione hydrochloride (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-DMSO) § 11.31 (br s, 1H), 9.05 (br s, 2H),
7.05 (brs, 2H), 5.83 (d, J=4.4, 1H), 5.46 (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, 2H),
2.54 (brs, 3H), 2.23 (br s, 1H), 0.98 (d, J= 7.0, 3H), 0.88 (d, J="7.0, 3H).
Elemental analysis for C,;H,,N,O,S o HCL: 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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1H), 4.42-4.48 (m 1H), 4.28-4.38 (m 1H), 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= 7.0, 3H), 0.88 (d, J=
7.0, 3H) .womBem®et al anal ysis for C 6H23N507S o HC : cal c'PdT/uS02/880025; H,
5.02; N, 15.03; S, 25 6.88; d, 7.61; found: C, 40.57; H 5.37; N, 13.57;
S, 6.16; d, 7.29. 29 WO 03/045968 PCT/ US02/ 38001 Schene 2 Schene 2 shows
a general procedure for preparing 5-Am Aellemend hoxy- 3-[ 3-

D-ri bof | t hi I -d d.5 3-

71 bof ur anosyl t h azovgiepH, 2 diovafhasnal pORELID R sretiaae 5 AR Keteny 3Py,
TFAA, 60C, HN Qr%oﬁﬂnos?ﬁ%ol@]?@ ﬁ@yhml@n—m ahy 5, ﬁDﬂlml\ﬁ N-1.5 h HZN~-N
N HO~/ o\l 2. NaOwe/ HO O 2 days, rt (75 /0) 30 nin,
rt (179 HO LHitGut@bbybidablo[451Apykiniidin-Eoaep| e 5:

5- Ami no- 3- (3- D-ri bof uranosyl - 7- met hoxy-t hi azol o[ 4, 5- d] pyri m di n- 2-one (14)
Anhydrous 1 (2. 0 g?™&. 3 rnmol ) was di ssol ed in dry pyri di ne unde H2an argon

10 at nosphere. But i arpywasm, gesl ed Wher=e 4pQNgpdd-AA ( 63
mmol ) was added)g\r wﬁ% t1ght he m xt ur f| vg,m nut es, ﬂ on
was placed in &N 60 oi M abi L Nan b';!eNTLN: ( |02
20% MeOH- CHC13) H¢o he fzcyd ti80) of Itl i di n.ZWquilYJE

starting materi al converted to a bas ne spot Rt derwent Iue

fl uorescence uponHexpmure to 254 m W 1§ l%@ght. Upon conver si opgt dyf he
activated internediate, freshly nade sodium nethoxide (1.8 g Na, 78 mmol,
300 m nmethanol ) salduti on was added to thelreaction 0 at 0 C. Thel¥eaction
was allowed to warmto roomtenperature and progress for two days. The

m xture was then quenched with 1M NHACL(100 nL), and extracted wth a 25%

Iggf\ ;()::4833 gﬁd %aqﬁpi&%cexplr%atg ;339 %’?‘I ghi [ 'met%%tﬁﬁfzbﬁlley'?r t ?e220?r;)|olu(r:13

14. An anal ytd]pgihnﬁdtmt-@nwm)obt ai ned by preparative TLC (Si 02i water,

nmet hanol , et hyl
Anhydrous 1 (2.0 g, 6.3 mmol) was dissolved in dry pyridine under an argon

10  atmosphere. The solution was cooled to 0 °C, whereupon TFAA (13.3 g, 63 mmol)
was added dropwise to the mixture. After five minutes, the reaction was placed in a
60 "C oil bath for 1.5 h, and was monitored by TLC (SiO,, 20% MeOH-CHCI) for
the formation of the pyridinium cation. The 0.2 Ry starting material was converted
to a baseline spot that underwent blue fluorescence upon exposure to 254 nm UV

15  light. Upon conversion to the activated intermediate, freshly made sodium
methoxide (1.8 g Na, 78 mmol, 300 ml methanol) solution was added to the reaction
at 0 'C. The reaction was allowed to warm to room temperature and progress for
two days. The mixture was then queﬁched with 1M NH4CI (100 mL), and extracted
with a 25% IPA-CHCl; (5 x 100 mL). The crude material 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 (SiO,; water, methanol, ethyl
acetate, 5:10:85) as a white solid: mp > 160 °C (dec); [M+H]" 330.9, [2M-+H]"
661.1, [3M-+H]" 991.0; Rr= 0.6 (20% MeOH-CHCls); mp 200.4°C-200.9°C; 'H
NMR (400MHz, ds-DMSO) 8 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 C;;H4N4O6S: calc’d: C, 40.00; H, 4.27; N, 16.96; S, 9.71;
found: C, 40.07; H, 443; N, 16.71; S, 9.53.
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acetate, 5:10:85) as a white solid: np > 160 C (dec); [MH + 330.9, [2M+H] +
661.1, [3MrH + 991.0; Rf= 0.6 (20% MeCOH CHC13); np 200.4C 200.9C, 1H NWR
(400MHz, wWo-BWEHSb 6.92 (s, 2H), 5.86 (d, J= 5.2, 1H), 5Pe3/USd2/380615.6, 25
1H), 4.96 (d, J= 5.2, 1H) 478(dd J—108 56 1H) 467(t J= 6.0,
1H), 4.07- 4.10 (m 1H) 3. 55-3.60 (m
1H), 3.40- 3. 4%xampla pp 57-9!%%%13-%&4OflsliaéwﬂthleM@[fMS‘m@w ¢-oge C

40. 00; H, 42% N, 16.96; S, 9.71; found: C 40.07; H 4.43; N, 16. 71 S,
9.53. 30 WO O }%45968 PCT/ US02/ 38001 Exanple 6: 5,7-Di ani no- 3-f

- D-ri bof uranosyl t higaglrid1508]Hwro 1Mu)w£s@m1veelﬁmﬁmmﬁm&ieﬂm( fkgdng,

0.9 mmol ) was dissolvéd in dry pyrldlne unger an on atnnsphere The
sol uti on was etodsplierco TheSelutipnafas TeAad (010 L, rﬂlenﬁF g L8 mmol) §de d

dropw se t ture. ter e n e in a
50 6"C oi | SbacHiroRvEe e iRt AR Mo Bip o HCBRA S R 25 o,
the formatioficell yabiefoR) s diafl wik eedniitered bph&@(ﬂ)%ﬂ\de@ﬂr@mﬁg) faatier i al was

converted to a baseline spot t hat underwent bl ue fl uorescence upo
exposure to 25ammonefihegnridiniysaatienntes Q2w stastipgymatesio] vag eaverted to a

i nt er nedi at e, t f

all owi ng the tbg%eplélregﬁig}rdéﬁﬁl 8‘1%13‘56.5 ﬂt%taegg%‘?} ¢ ueoxg}f S%EH% ?%Hmsﬁ,l%s added

dropw se unti lUpessalérsionad tkemtlhgédnntmﬂdiatnetheeﬁmmdérasm&s abidedlin anWt h| n

a few m nutes, the product formed as |nd|cate a tlcalg\'%r*ggf

(Si 02, 2od@wemmléfter Fving Hhadenperaiuss F?e?iluf %@33%& 2 W!rr

mn, then the en
V\ﬁa%ﬂg@fg@gm%%&%gﬁgﬁ%%mﬁeﬁw del tﬁ&reﬁ{aﬁld\éf“%élﬁﬂdeﬁ

extracted 15 x 100 ni e product was submitted to
flash chr orrathhmmh&w(rSnﬁlﬂas the prddeCHoGHE! 3 mdgua@kidblymgalyﬁcd@I(QRW 2bf

lightl | | bt ai ned b
or cpar at i ve TLE0x &R eaRraH G be AR Yot e ot nned W3 70 o >
155 C (dec); Dl\l}gg'gh@n t%u@@us@%ﬁtgab%s (dxs,%'%ged &Qfliéi)% P@Mﬁlhenjéﬂtrh@@d

(400MHz, d6- 8 6.76 20 (s,
5.22 (d, 15 4.v8th 239 [PA-QECLd; xJH002nB). "lihd)produptms,ulamtt@d]to ﬂp@h 4 05 4 10

(m 19, 2 503,80 (0, dH o B8Ry ot AL erene
9.89; found: Gupdk e cothpoind2s. Mn 2AQlyfidil s@mpkOvdslobtadded by preparative TLC

(Si0,; water-MeOH- EtOAc, 5:10:85) as a white solid: mp > 155 °C (dec); [M+H]*

316.0; Ry= 0.25 (Si0,, 20% MeOH-CHCls); 'H NMR (400MHz, ds-DMSO) § 6.76

20 (s, 2H), 6.14(s, 2H), 5.85 (4, J=5.2, 1H), 5.22 (d, /=4.8, 1H), 4.92 (d, J= 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 C;oHi3NsOsS ¢ ¥, H,0: cale’d: C, 37.03; H,

4.35; N, 21.59; S, 9.89; found: C, 37.27; H, 4.32; N, 20.43; S, 10.11.
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WO 03/ 045968 PCT/ US02/ 38001 Schenme 3 O oso HN S S
2,4,6-triisopropylsul fonyl AczO, PY, DVAP, HN >--O chloride, Et3N, DVNAP,
H2N N N rwo 03/0i59699% ACHNN N DCM 1 h, rt, 92% AcHN HOPQI/USOLBSON vv Y y
ACO O HO OH AcO QAc AcOOAc 1 16 17 Rs,NRs Rs"NRs HCl s\N R6 R6R6NH

MOH | SSON, | ~ N~ SSOACHNNN1 MLiOH (aq), H2ZN-N N H2NN N di oxane,
2 h, rt _ AcO O dioxane HO O HCI HO O NHz) AcO OAc HO OH HO OH U
la Mo Il Exanple 7:

5- Ami no- 7- Met hyl am no- 3- (3-D-ri bof uranosyl )t hi azol o[ 4,5 5 d] pyrijm di
(18) H3C,NH s>==0 HzZN NN O HO H6 bH Step ]: Preparation of
5-Acetvlam no-3-(2,3,5 -tri-Oacetyl-/3-D

ri bofuranosyl)th.iagol of 4, 5-d] pyri m di ne-2, 7(6H) - di one (16) 1066\%y ous 1
(8.0 g, 39.5 mmlN d| ssol ved in dr € 1 di nes-i@hopgtukany DMVAP] ( . 1g, 25.3
mol ) and acetig¢ A éczﬁfgonﬂAPrrL 202. 4 _nwol yiowereNatied N g
AHN N DCM, 1 h, rt, 92% PN
HO 0 o AcHN” °N
HO  oH % S
© AcO  DAc AcO  DAc
1 16 17
6. RC 6 R® RE 6
R \N R\ HCl \N R
e Y ﬁ o
BGRGNH, MeOH- AcHN)\\N N 1 MLIOH (2q), HzN)%N N )\
dioxane, 2 h, 1t AcO/\@ dioxane HO /\C)j _Ha HO /\@
83% (MeNHy)
A Ohc HO O©H HO OH
Illa b I

Example 7: 5-Amino-7-Methylamino-3-f-D-ribofuranosyl)thiazolo[4,5-
5  d]pyrimidin-2-one (18)

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

15  ether. This provided 12.5 g (103%) of slightly impure 5-acetylamino-3-(2,3,5-tri-O-
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sequentially. The reaction was allowed to progress for 2 h at room
tenperature, whereupon it was quenched with saturated NaHCO3 (100 nL) and
extract edwaioslo4s98XCM (3 x 200 nl). The organi c phase was c®cgdarsor/atoed, and
then triturated with 15 ether. This provided 12.5 g (103% of slightly

i mpure 5-acetylamno-3-(2,3,5-tri-0O 32 WO 03/045968 PCT/ US02/ 38001

acetyl -(3-D-r iabetf;ruﬁmwﬁa)raﬂdsmz)mhazom 455—d]gyylfﬂltﬂlfh€ﬂ T(6H)-0fditd)as divarite mﬁda
white solid 16: 246. X . 50% B OAc- CHC]@/I H NVR
(400MHz, d6 rmsg}p %461%%@ 1(§ RIF—i)O 201(131@5 5@@ Et%c CHy; 400 Hg

(5. a5 o7 poMsfyfs B @ E3sly Myl By R o, st Ty, 30 2%

of 5 Acetyl aniqMuy (fn,(121y44 851431 GOPITDpYloshierez@nas)| £.anyd, om)z 67 (< 3H),2.01
5-tri-0O acetyl - )6Dr|bofuranosyl)th| azol o[ 4, 5-d]pyrimdin-2-one (17) The
i ntermedi afe f(8.cADSEEP (3 38bBove (500 ny, 0.98 mml) was di ssol ved in DCM

i maho?%% }iﬁfgﬂgglgé’?%lu‘ffﬁ&%%ﬁwfngn;(#T%Pﬁg\,agamg\yfg%wgsu onbig4-35 10
triisopropyl bes fwg nllpfu,qﬁogyg%g%% fg;r,gl),m fg,géeqd h the

reaction had g’ohe 0 CO |on was conce ated, and

g ggn puE '9 f2 %ed ]pySf Imhnteﬁhé&a@tm& seby a(bsrv@@oolxﬂgé(ﬁ@mﬁ;dgﬁssdlssowemﬁdu ng
ny of 5-
acet yI am no- 7-RCM4(16 mly) atsopbiand yampsesinen dAMAPA B8y0-0Gmyol), gnd FEA (16

- | bof | di n- 2-
{oan no.wiPt e bl Faiep W HBERSHIbIBAE et i 0 & 00 5y T
(400MHz, d6- D"tﬁ@b 1%g§zﬂeﬁz"ené§tﬂfohw chlorfde3854 sng, Zlﬂ)mmﬁl)OS\f(eﬁi 1 hlthe 4eddtiod hi}d

5.91-5.96 (m 1H), t, J= 6.4, 1H), 4.30 L 4.22-4.26 (m
1H), 4. 16- 4. 2@oDAo qqrplpletsom@h%creée iHurepKgs, COQCW@doanrg(thﬁn pyrifjed by Bash s

3H), 2.06 (s, %ﬂ%matggrgllhyg ?SlO I_1)0% %téﬁc @{Cl%l_%ffor’hnilg?@jﬂ rﬁé (42‘%) (stﬁ) 20 St ep

3: Preparation
5-Acetyl am nO-aZetyﬁhhﬁbar(al,mtﬁs&ﬁo Y-hebzereEilfoRy R&§)-$H2),§5 D-tri-O-acetyl- 5 D-
ri bof uranosyl )t hi azol 0{4 5-d] pyri mdin-2-one (19) The internediate

Step 2 abdve (ribofurgnosyl)fiviazeddif)s-dlaxrigidinarensdsiafoagingrante sobg 14,54 §t7r6 3

(3.0, 6.5 mholy o Wonaues EQRe LR, St dnigOsth e T WD o2

consunmed. The 7 8aGt 2135 0X{dUY e £ONTHNS D&LETE (nandD)t Hen (i él_'.UHG‘dl ,841)by. 30 4emh
chr omat ogr aphy (Si 02, "gradi ent el’ution, 20-80% Et OAc- CHC13 af f ordi ng 945
gy (83% of HondHi4. 2%*4(2@{}30&@ 4 56-4. 201, A A -90-4 [O0RR 21’13,,9339723 O £ H] +

9954, RI= 11y 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-f3-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-CHCIs), 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-CHCL); '"H NMR (400MHz, ds-DMSO0) § 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)thiazolo[4,5-
d[pyrimidin-2-one (18)
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0.55 (10% CH3OH CHC13); 1H NWVR (400MHz, d6-DWVSO) 6 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 2Hyp 0308968 d, J= 4.8, 3H), 2.20 (s, 3H), 2.07 (s, Z¥dr/usB2/o(s, 3H),
2.00 (s, 3H). Step 4: Preparation of

5- Ami no- 7- Met hyl am no- 3-/ 3-D-ri bof uranosyl )t hi azol o[ 4, 5- d] pyr.iinidi n-2-one
(18) 33 WD 03/ 04596Eherupmshale S5W0 step PHEOYHARP M Datanmobnvas digsolyed by e

(420 mo. 0-85 Jpbié AR ILEPOAVEOH s Shxatenld eﬂv%s adidfl i atlsbhfbh (§ne -

8.5 inml) was & groups were renoved
W thin 40 mn (Diéc@yl/groﬁps weeremdyat withih 4BfrmEnQo tbve a(15teﬁﬂed15%aft/ﬁ@=+05605\c)

After 2 h the N:ace/y was_renmpved as indicated by TLC 5 Rf %Bﬁé)
5% MeOH- Et OAc)( G 8% MEO-BHO M AR 2o atsrel B aamay ahes iadigted Pyl | o

acetic aci g el?; @Ebiﬁdg' 9 I\%é(%—llﬁeﬁ‘A CERe @@ﬁoﬁiﬁ%& LanGahialRd Wiy af ford

195 ng (70 hal yt1 cal le o e t|t e conpound 18 was

obt ai ned by prmamametm: abkl 43, Oeztracmad emtllmmm-ﬂﬁﬁlg,mdmen?@)lcaﬁraaedmm te
solid: [MH + 0.0, Kf 0.2 5% Me >.108'C "H_NVR 10
(400MHz, d6- Dl\% dé%“t%“?@ g1§3A8ani ica 8‘“2 le(orél?h‘?z ec%“@:’smfléglw 5.2,
1H), 5.22 (d, b%ﬂnéh@ypﬂ:gﬁmtlée @ﬁC((glojwaérMedﬁbEtO%J@O 508}’@) i wRih, 4 07
(d, J= 4.8, 1H) 1H, 3 . 3.40-3.50 (m 1H),
2.82 (d, J= 4.6lid3HYI+H]E2320] Iy %0 20 (S%MeOH EtOAc) mp>108 C 'H NMR

5- Ami no- 7-di me osylt 5

d] pyrim di} f¢l éﬁ@@%? Qg/é@ &@6?%>PD§% gll}@ M@éﬁ) [Sés (ﬁo?blq QS
Preparation ofs » Acetyi, @rﬁmpﬂ)zgurmémd &), 78482 (m”:zﬂﬁ 407 id, @=a4:sth)
D-ri bof zuranosyl ) -t hi azol o rirnidin-2-one manner simlar to
Exanpl e 7, step72(d, 5=kt W)awn’béimdilﬁht%ﬂ -32AP (0, BHB@ $2 (d, J=4.4, 3H).

(2,3 ,5'-tr| O acetyl - (3-D-ri bofuranosyl)-thiazol of 4, 5- d]pyrlmdln 2-one
was generated in an 80%yield as a yellow oil: M 511.14; = 0.70 (Si02,

THy . 5 g 6. domTe Aty - Ashany Bl R - Briddn &ﬁ%%ﬁhaz%%i 25407
(m 1H, 4514-ApPBmidin-2-one (20)

HiC N CHs

HO/\< J

Step 1: Preparation of 5—Acetylamino—7—dimethylamino—3—(2 %37, 5 -tri-O-acetyl-
[-D-ribofuranosyl)-thiazolo[4,5-d[pyrimidin-2-one
In a manner similar to Example 7, step 2, 5-acetylamino-7-dimethylamino-3-
20 (2°,3%,5’-tri-O-acetyl-B-D-ribofuranosyl)-thiazolo[4,5-d]pyrimidin-2-one was
generated in an 80% vield as a yellow oil: M" 511.14; Ry=0.70 (SiOz, 10% MeOH-
CHCls); "H NMR (400MHz, ds-DMS0) & 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-dimethylamino-3—,B—D—ribofu'ranosylthiazolo[ 4,5-
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 TLC
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(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- Ani no- Woia1i3sys am no- 3- J3- D-ri bof uranosyl t hi azol o[ 4, 5- pa¢Iys02/880di n- 2- one
(20) In a manner simlar to Exanple 7, step 3, the title conpound 20 was

generated in 82%yield. An _anal ytical sanple was obt ai nedd:%4 (])ore ar agl ve
TLC 34 WO 03/ 618968 teaaveOHobIRed9:20i4) o a Wt splide brk-EY as

NeOH B onc) | IR G00m e RT Oy ﬁ%@%“ﬁgﬂg PR g 090?%"%%%‘5 .
H, 5.22 (d, J&66870s, 21B)5.98(@F £4d.8, I5), 5.2, (d1J H6.0, 1#)74.93 (1,9 < s, BﬂﬁlH)

4.07-4.09 (m 1H), 3.7-3.8 (m 1H), 3.5-3.6 (m 1H), 3.5-3.6 (m _5
3.09 (s 6H) . @%ﬁ&ﬁt(ma 2&@49%145052@, 161234’1?@@595)1&5&-6.(mclH)Elﬁ.-fgé-ﬁ( ,

5 At no- 7- Gyel BB SRpl Gt B A3 8nane iy CREL SRR, oFOPR, B , 499

ii]pyrim din- 2vore4omdeeky dtordnmH, deldsal, 18621) HN'L N S >=O HZN N N HO 0
10 HO, 1CH Step ]: Preparation of 5-Acetyl am no-7-cycl opropyl am no-3-(2

, 3,5 -tri-Oacetyl- [3-Dribofiuranosyl)-thiazolo[4, 5-dJpyrimdin-2-one
In a manner similar to Exanpl e step 2, 5-a ]

| -7-
cycl ogr opy! ami Egpmpled: %A®n0t7rF¥¢éﬁIaeeykﬂm{1@3tﬁ-HfHggﬁﬁgﬁagglﬁh)‘wmlééo| o [4,
5 15 d |1 il: Rf= 0.45
° o5, 2L | s Al s SRARIS ARV GRS @5 & vl Tow ol = 6

(d, J= 2.8, 1H) 5.98-6.01 (m 1H), 5.70-5A76 (s, 1H), 4.32-4.39 (m 1H),
4.16-4.30 (m 2H), 3.85 (s, 1H), 2.87 (&N%—D, 2.25 (s, 3H), 2.07 (s, 3H,
2.06 (s, 3H), 1.98 (s, 3H), 0.73- 0.76 ({ {;4),0570.60(m 2H). 20 Step
2: Preparation of 5-Am no-7-cycl opropyl gl
ri bof uranosyl t hi azol o[ 4, 5-d]pyri ni di HN3-8ne) In a manner simlar to Exanple
7, step 3, 5-am no-7-cycl opropyl am no-3/(\3-£_7’

HO

.

10 HO  OH
Step 1: Preparation of 5-Acetylamino-7-cyclopropylamino-3-(2°,3",5 -tri-O-acetyl-
[-D-ribofuranosyl)-thiazolo[4,5-d]pyrimidin-2-one

In a manner similar to Example 3, step 2, 5-acetylamino-7-
cyclopropylamino-3-(2°,3°,5’-tri-O-acetyl-B-D-ribofuranosyl)-thiazolo[4,5-

15  dpyrimidin-2-one was generated in 80% yield as a yellow oil: Rg=0.45 (SiO,, 75%
EtOAc-CHCls); 'H NMR (400MHz, ds-DMSO) & 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, 1H), 4.16-4.30 (m, 2H),
3.85 (s, 1H), 2.87 (s, 1H), 2.25 (s, 3H), 2.07 (s, 3H), 2.06 (s, 3H), 1.98 (s, 3H), 0.73-
0.76 (m, 2H), 0.57-0.60 (m, 2H).

20  Step 2: Preparation of 5-Amino-7-cyclopropylamino-3-f-D-
ribofuranosylthiazolo[4,5-d]pyrimidin-2-one

In a manner similar to Example 7, step 3, 5-amino-7-cyclopropylamino-3-f3~
D-ribofuranosylthiazolo[4,5-d]pyrimidin-2-one was generated in 79% yield. An
analytical sample was obtained by preparative TLC (S10,; water-MeOH-EtOAc,

25 10:20:70) as a white solid: R¢= 0.20 (5% MeOH-EtOAc); mp > 100 °C; [M+H]"
356.0; 'H (400MHz, ds-DMSO) & 7.24 (s, 1H), 6.28 (s, 2H), 5.86 (d, /= 5.6, 1H),
522 (d,J=6,1H), 4.92 (d, /=5.2, 1H), 4.70-4.80 (m, 2H), 4.05-4.10 (m, 1H), 3.7-
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D-ri bofuranosyl t hi azol o[ 4, 5-d] pyri m di n-2-one was generated in 79%yi el d.
An anal ytical sanple was obtained by preparative TLC (Si 02;

wat er - NEC!HOEB@mﬁs 25 10:20:70) as a white solid: Rf= 0.20PCT6SMysidoEt OAC) ;
nmp > 100 ' C [I\/H—I]+ 356.0; 1H (400MHz, d6- DMSO) 6724(s 1H), 6.28 (s,
2H), 5.86 (d, J=5

4.70-4.80 (m 3284m, lﬁbé—@aﬁ s‘z(ﬁr?fe iﬁ),(ﬁ:& §§o$m8éﬁ3,@ ? %ﬁg &&gI(%Sééy%SOOl

3.8 1 11 3.45-3.50 1 2.8 , 1H), 0.68-0.70
(m (erpl) H) iy%&@;@é&”&}z{i‘) )Step 3: Prepg?]atlgl)n of (s K

5- Am no- 7- CyC'.S%}f 9p}”lvé?§'c'z‘r&'ﬁb'n30f  BdMtno-7-cyclopropylamino-3-5-D-
ri bof uranosyl t hiazol 5-d] pyri m di n-2-one hydrochloride salt (21) 5 The

title conpoundibfis-aposiratadolpysafehiriiidin-done hedrecklbddesalelal prepared in
step 2 above to vi grorously stirring 4 M HC in dioxane, affording the title
conpound a8 a whitéd lydltleopomnwnéwggpw@areﬂmymmt 206 Kisolidgnatisbpraaredys

(oo, 1y a. F35t50 Fbpuk Royipthops g iECRr gy aflydrelio et - 0

3. 55-3. 60 (m cbilpourdd 4Pa #it8 sSTd: (i > HHI'C; ‘2 KMR (AR0MHE, %@MS@)BZF%@ (m
2H), 0.55-0.63 (m 2H). Elenental analysis for CL3HL7N505SHCI : calc d: C

39.85; H, 4.63H,N=23, 5, 6Q3 (s2s5. 87f(6uhﬁ5 2c1H3S. %]G(bSHth4§§ (b, 1He. 57
ad, 8.13. Ex

5 A no- 7- oy ol opaht G2 401 G PR AT PR 1 4T 3 Dy D 345
dJpyri m dijn- 2-303Em6,28Y), bIN5-2182 (m, 310, 0K2N. 79 @hlm)oo 55+c0 631@11 Bi)eEl¢mental

Preparation of 5-Aceyylam no-7pyrrolidino-3-(2 " - O acet I-)6 D
ri bof ur anosyl )antakysmioﬂ 6[3111171“&(135@@ el §i- 6, ThaS:Ith Aa6?rrdﬁril€r873%9] ;

(E>2<arrpl © 7-tr| ef%‘% éyﬁ%@%{%%gﬁ L}P%OQ} g}erR?agol 5?4, 5-d] pyri m di n- 2- one

was generated in 70%yvyield. An analytical sanple was obtained via
preparative TLC (SiQ2; water-MOH EtOQAc, 10:20:70) as a white solid: nmp >

108 C (d 1
CMEH +( 382) b ﬁ-lml{ln «90: @Qlﬁlﬂ@lﬂyc%@n%@%mﬁﬁm rit dfu ity 1mags1af4s-,

15  d]pyrimidin-2-one (22)
HN”
Y
[ =0 ,
HZN)%

Step 1: Preparation of 5-Acetylamino-7-pyrrolidino-3-(2°,3",5 -tri-O-acetyl-f5-D-
ribofuranosyl)-thiazolo[4,5-d]pyrimidin-2-one
In a manner similar to Example 7, step 2, 5-acetylamino-7-pyrrolidino-3-
20 (2°,3’,5’-tri-O-acetyl-B-D-ribofuranosyl)-thiazolo[4,5-d]pyrimidin-2-one was
generated in 70% yield. An analytical sample was obtained via preparative TLC
(SiO,; 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-DMSO0) & 7.00 (d, /= 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 (m, 1H), 3.55-3.60 (m, 1H), 3.30-3.45 (m, 1H), 1.40-
2.0 (m, 8H).
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(400MHz, d6-DVMBO) 6 7.00 (d, J= 7.2, 1H), 6.17 (s, 2H), 5.18 (d, J= 5.2,
1H), 25 5.21 (d, J=5.6, 1H), 4.92 (d, J= 5.6, 1H), 4.74-4.80 (m 2H),

4. 30- 4. 35wWOrpp/0434p8 4. 05-4.10 (m 1H), 3.70-3.80 (m 1H), PETAB0B3H01 (M

1H), 3.30-3.45 (m 1H), 1.40- 2.0 (m 8H). 36 WO 03/045968 PCT/ US02/ 38001
Step 2: Preparation of 5-Am no-7-cycl opentyl am no-3-[3-D

ri bofur anosyLtSu‘a;;aZ.oP@M;‘a@oidt}fpiyﬁmiriaﬂ7—ny<20mé/lc¥wna-ﬁﬂrﬁ1ﬂler simlar to Exanple
7, step 3, the title conpound 22 was . generated in 70%yield. An analytical
sanpl e was obt"al?oﬁérdmwyéfhfﬂzé@é?’:ét‘VHJé'l”FL‘Z%'ZS’”E Si 02; wat er}/I\/EO—I- Et OAc, Y

10: 20: 70) as a white solid: .p,.> X =4 0% d 20%
nmet hanol in ethyl a@e a?rlé% rs%ﬁo}ﬁg@ﬁplgqeﬁtﬁ Kll@he U?Elgg%&é?n&dzg‘%&@a% 7.00
(d, J= 7.2, 1Henefteiin(79% Ak, An dBlftital shmple @as dbfhined SiadefalatindTIZC 6, 1H),
4.92 (d, J=5.6, 1H, 4.74-4.80 (m 2|—7|) 4. 3%—_4. 35.(m 1"%10 é 95-4; 10 (m
(1H) , 8% 70-Ef. 80S{Qn; Wetgr-MsOBSE®) Axp 10120: 7Dps 2 whife salidsany 7103 (dec)4Re= 10 2. 0
m : a : 0 : . + .1
5- Ami no- 7- py mdﬁ élf@%wgge{ §n%)-2(r) f’%?tg?né)rlul)nsi’/twlfﬁcgtf E) b[[l\gjr%] 3(53]4b0§1 rI|i m Fn- 2-one
(23) "'N' NI SAGMEBNNDNISGID Qobgd - 13, SHR®.17) (s, Pilg parsaidi 6= 5, 1H),
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rElxbof :Jragosy![ )3H e diof 4, Hlé)a & ﬁ;#éi%lﬁj)dhy'f‘ﬁ A Heet- 3G 35 (e 1HY
anple 7, ste -ac N/ -3-

(2.3 5 tr-0 ckd '?115[@-’ Rtz %2@3%%8@?’?0%# g'rzagl(g‘f A0 341 %50 Wy D) as
ggml\aﬂreatf(é 182 729,%%%2%]]{);0?5 a y((al low oil: [MtH] + 538.1; R =0.80 (Si 02, water

t OAC, : 20: ; 1H (400MHz, d6-DMSO S 10.04 , 1H), 5.97-6.02
(m 2H), 5.68 (s, 1H), 4.38 (dd, J= 11.6, 3.%5, 1H), 4(1£S'>4|2_|)3 (m 2H,
?'5?84(Hfj letH)eio éga%,ip@ 3,’: aqgii'&')gﬁnéw?gyr&a{i@gg%’-B-%-(r)i?)ofnisfangwlfhi%z'o?&,%?’ 3, 1.89
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15  Step 1): Preparation of 5-Acetylamino-7-pyrrolidino-3-(2°,3",5 -tri-O-acetyl-f5-D-
ribofuranosyl)thiazolo[4,5-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-d]pyrimidin-2-one was
generated in 79% yield as a yellow oil: [M+H]" 538.1; Ry=0.80 (SiO,, water-

20 MeOH-EtOAc, 10:20:70); 'H (400MHz, ds-DMSO) § 10.04 (s, 1H), 5.97-6.02 (m,
2H), 5.68 (s, 1H), 4.38 (dd, J = 11.6, 3.6, 1H), 4.15-4.23 (m, 2H), 3.58 (s, 4H), 2.23
(s, 3H), 2.08 (s, 3H), 2.05 (s, 3H), 1.98 (s, 3H), 1.89 (s, 4H).
Step 2: Preparation of 5-Amino-7-pyrrolidino-3-[-D-ribofuranosylthiazolo[4,5-
d]pyrimidin-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) & 6.22 (s, 2H), 5.90 (d, J = 4.8, 1H),
37



25 In a manner simlar to Exanple 7, step 3, the title conmpound 23 was
generated in 81 %yield. An analytical sanple was obtained via preparative
TLC (Si 080 sasss MeOH Et OAc, 10:20: 70) as a white solid: pep/osodigeny C
(dec); [M+H + 370.3; 1H NWR (400 MHz, d6-DMSO 8 6.22 (s, 2H), 5.90 (d, J=
4.8, 11-1), 37 WD 03/045968 PCT/ US02/38001 5.23 (d, J= 5.2, 1H), 4.94 (d,
J= 4.4, 1H), &.BBH@JES.LMHRMPA (4, 084@d1HYLA.68-8.75 (1) 2H),3L.081(d3/ 76+ §.mE)1H)
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a) 2,2-dimethoxypropane, acetone, DMSO, MeSO3H, 0 °c
b) BOC-L-valine, EDC, DMAP, PhMe, 0 °C - rt
¢) anh. HCI, iPrOAc, PrOH

Example 12: 5-Amino-7-cyclopentylamino-3-(5'-O-L-valinyl)-B-D-
ribofuranosyl)thiazolo[4,5-d]pyrimidin-2-one Hydrochloride (24)
With vigorous stirring, intermediate B is dissolved in a solution of anhydrous
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
product is filtered and dried under vacuum to yield the desired di-HCl salt 24.
The intermediates are prepared as follows:
5-Amino-7-cyclopentylamino-3-(2',3"-O-isoproylidene-5-D-
15 ribofuranosyl)thiazolo[4,5-d]pyrimidine-2-one (A)
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b) BOC-L-valine, EDC, DVAP, PhMe, O C - rt c¢) anh. HCl, iPrOAc, ,PrOCH 5
Exanpl e 12: 5- Am no-7-cycl opentyl am no-3-(5 -O L-valinyl)-(3-D

ri bof ur ame®yBpsiss@zol o[ 4, 5-d] pyri m di n- 2- one Hydr ochl or i d@eCazs)p2/¥ooh
vigorous stirring, internediate B is dissolved in a solution of anhydrous
hydrogen chloride in isopropyl acetate at 0 C and allowed to warmto room
10 tenperature. To ¢warherdeddyriveand apoxding & ths paersdarcaddiini @bl by opnepy |

acetate. The reactio xiu rred f diti Tol uene
e dded and thERpeOl g Fe) Jupbl iRt b abRpRt o b4 % e the
desired di - HClgpotimidifle-2- 65'8@2'%%11%%@%@&5&9&%@@1&@{;0 ﬁ(ﬁdfaﬁ)dl ﬁl‘?%ess of

5- Anai no- 7- cycl opent yl ammi no- 3-( 3'-0i soproyl i dene-, 8-D

ri bof ur anosyl ) dinieghosiyplopass af]0p\er W isthirtives 1pateriel if A&)’n@&e\i\DTthB/r@@‘B%allxture

TS0 S PR At b BR PLS S HES Sutled

- D-ri bof ur anosyith E@A6! Thé obzanid]1Ryer |1§Técﬁic&ﬂra¥ed)ﬂﬁ1 FiBjedtddho @61%@1”6 DVBO,
met hanesul foni ¢ acid and an excess of dineth oxypro[)ane at 0 Cuntil

starting mat er¢lEpPmplogEphs gretica Pridiag ghd DA -projac @Hrgdla?dded to ice water

d tral d t QA
‘?’Re (r)ura;a:]?cl IZagélf"m‘glilcféfﬁ)g@?fﬁ%f”&f'g'ﬁg'@'uz@j’@' ézéafrolf)éf%)é " ey H%r’rg E ra(p:)hy
on silica pr OVz'ngbi Qlutz’é?z@ D*r@bofzgragg.s‘glt)rtﬁﬁlzdj&[gb @Tp?g%cthne -2-one (B)

5- Al ni no- 7- cycl opent yl am no- 3- oxycar bonyl’)-L-valinyl)-2 ,

3'-0O isoproylideneté as&unmbef uoaqms/yle)ltsldﬂ\r @mlbafoé(ytsarddw} LiVialh&gr 2HPNE
(B) 10 To a solutjion of 1.0 equival ents of t - but oxycar bony] ) - L- vaI i ne

in THE at 0 CilsCigadeed!. ie@wﬂ@@ﬁ@ﬁ@%f/*ﬁmtmmB}r?@tmmri Agatiyalesioofni n.

1.0 equalent Cy. p R -
-(2',3 -0C1isopr gltﬂfl de%gh? g %\(@/?o‘? urggisﬁl C%eﬁe z%lncl)mf%agosyl)thlazc’b[d' >

d] pyri m di ne- zﬂpyﬂmldqne anfhe,1A Sarriqus b‘@h%ltaﬁts DN%RP&E@ac&iéded"heTéh@tléx@ﬁﬁitu&n
m xture is warned to roomtenperature and allowed to stir for 5 and

concentrat ed. rermsd fEom Empsragire gad glieivediostinRy S Ipe%nﬁl concsaBaedi the 1 N

HCl, and naut réhdﬁ tcﬁés%l’ved%?hﬁﬂ&é %@nﬂﬁx}&%@k&%&'ﬂaﬁ%@ arid éﬂ'tl)ai zed\fitfAueous

aqueous phase 1S ract e I'ned organic phases
are dried oversaha28Daqueotb NaBICEH, (1antl)eIdparated agneer piaeds farther gi ve

internediate B that is purified by
extracted with EtOAc. The combined organic phases are dried over Na;SOy,
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 compounds 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 Formula I compounds with respect to pharmacokinetic
and pharmacodynamic properties.

Interferon Alpha (Mu-IFN-a) 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 improvement 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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col um chr omat ography on silica. 20 BIOLOd CAL TESTING The ability of
conpounds of Formula Ito denonstrate favorable oral delivery

char act erwetmmssossd t o i nduce i Mmune responses when adni niPSTarsez3soey1 a
selected route was readily denonstrated in experinments in mce and beagl e
dogs. The results of such neasurenents for conpounds of Formula | can be
conpar ed 25 wi&xtenshve imssunolagicst research apndagisdin Herrneusgihas progidsd upagsnts

described in the Jljiterature referenced.ip th S . di . d.
0 e barant " nouttagle 66 A8 fne HEUCHIDSER D Ardl SpRL S350 ATHERY Bably
Formul a | conpgungdshoidsired Rd&6E adthyifdafiResivinet i ¢ and phar macodynami c

properties. Interferon Al pha (Mi-1FN-a) Concentrations in Mce 30 The
normal nouse provi d¥s lavesefdithe sysine syftem in hecrzasoé sxparimpenss thahdengugirale t o

whi ch the inventipns described h i n.proyid eri.al_inprovenent in the
oral delivery' 6tf£ Ehe( g §‘é{ht51Fie tlelh%ﬁ Evﬁj}f&{?ﬁll% eigﬁglgnaél IH’{?Q%@JSmQQS%I asma
concentr at i onsgBtantiARL i@{pr&V AR veF that RGullih® Mol /imialiufid:S6f BdtbAbinditsdihe said
prodrug(s) but also the 39 WD 03/ 045968 PCT/ US02/ 38001 extensive

i mmunol ogi cal resedFatfie ¢ oebudst thelrdsnlts danmassayefoh asiripe ovtededn akpdgemths

sui table for asuring.the levels qof interferon alpha,.a c ki ne of
interest refl f‘f’i“??goplgif@ that et dersditwa dmiss 81t ’g‘?‘?:m’a@lﬂlﬁ/ﬁofrp'é%%egflni sat ori bi ne.
Ve have used tihe,Bumdid)6 8 YSVePOT $0'me/1ay (RS ol r@XS el iy @Adeht itheho dRemdsh r at e
5 that 3, the 5 -valine ester of 1 °(val'-isatoribine) elicits an interferon
response 1ubswasmpasiukaplé expnovien they dosetwrstrepeatad afiengn intaneladddwiloursat i on of
isatoribine itself. Table 1 records the results of an assay for nurine
interferon alpha in the plasnma of mce Tabde lwere dosed two times with
isatoribine, formylated in_  bicarbonat at a level of 50 k t he oral
route. It is eviddRter{erap Alphy ﬁ\@rﬁé\%&gﬂiﬁ%@wﬁﬂt}&m@g%&ﬁ t he
dose was repeated aFekewing Twe Orebi0 wi/keobesen of Isatorilinpdquushpart er on

Al pha (Mi-|I FN-a) Phasira Concent r athidividuglpipluel) in M ce Medd owi ng SPwo O al
50 ny/ kg Doses ©Of Tsatoribine 4 Hours Apart Tine, h I'ndividual Value Mean

SD First Dose 0,00 BQ50 BQL125 BQL50 0.00 0.00

0.00 BQL* BQL'% BQL™ 0.00 0.00
0.03 BQL* BQL*® BQL” 0.00 0.00
0.08 BQL* BQL? BQL” 0.00 0.00
0.25 BQL™ BQL? BQL” 0.00 0.00
0.50 BQL” BQL?” BQL% 0.00 0.00
1.00 BQL” BQL? BQL” 0.00 0.00
1.50 BQL'® BQL* BQL” 0.00 0.00
2.00 BQL* BQL” BQL” 0.00 0.00
3.00 BQL* BQL” BQL”* 0.00 0.00
4.00 BQL* BQL” BQL* 0.00 0.00

Second Dose

4.03 BQL” BQL” BQL* 0.00 0.00
4.08 BQL” BQL” BQL* 0.00 0.00
425 BQL” BQL? BQL* 0.00 0.00
4.50 BQL” BQL*"? BQL* 0.00 0.00
5.00 BQL™ BQL* BQL* 0.00 0.00
5.50 BQL*"? BQL*"? BQL*"” 0.00 0.00
6.00 BQL> BQL? 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
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0. 03 BQL25 BQL250 BQL25 0.00 0.00 0.08 BQ.25 BQL25 BQL25 0.00 0.00 O.25
BQL50 BQL25 BQL25 0.00 0.00 0.50 BQL25 BQL25 BQL 25 0.00 0.00 1.00 BQL 25
BQL25 BQLWH 00/08069. 00 1.50 BQL100 BQL25 BQL25 0.00 0.00 PRTOGIBSIAE BQL75
BQL25 0.00 0.00 3.00 BQ_25 BQL25 BQL25 0.00 0.00 4.00 BQ_25 BQL 25 BQL25
0.00 0.00 Second Dose 4.03 BQL25 BQL25 BQL 25 0.00 0.00 4.08 BQ_25 BQL25
BQL 25 0.00 0.00 4TgHe Baecopds Bexesslingg mmsays. fopmpringinterfaon pohsigte37. 5

BQL50 0.00 0.0 0

50375 0,00 OF G &1 BB 5 alets oty ea s a5t 85 FPrb Bl Yt s
BQLS0 0. 00 0. O8osed oflyRidIbRadtb A, Bnbitdd i0GidrtidatePilla levialf SU/nid/ky at ed
Quantifiable Limt < n pg/ni. 15 40 WD 03/045968 PCT/ US02/ 38001 Table 2
records the relgrtgonvagnipayied frothe plasmadrany ey MEee MArERa W thehlad asma of
mce that fdrs n r were
dosed or al I§ }eoﬁgl&gglt% %dﬁg@ke@?c@ﬁ{l@%%&ﬁ#@%ﬁlg&? %g‘?dje{n tgg%%ﬁ‘fljé@% of 50
ng/ kg. | nterfeeeiowasnd tposgoedd ietféren pdvaksnecr nomdnsistenﬁya:@ortedu&bmdﬂl ng two
that had 5 received, the bicarbonate vehicle dose, Al the val ue orted

in this experi WEFRMICREFESIHA! HAIRNROINL SBFacElng heldhrs rafsdhay be HEB ot
consistently rﬁ%‘?xl‘i%ﬁgmfrﬁéaséﬂle&nenmé g%g%% ASHESHE a t}1,each time point,
suggesting th se signals may be art| acts arisihg from measur ement
near the lower limts of the assay. TablEam®e20 Interferon Al pha (Mi-1FNa)
Pl asma Concentration (pg/nmL) in

10 Interferon Alpha (Mu-IFN-a) Plasma Concentration (pg/mL) in
Mice Following One Vehicle Dose and One 50 mg/kg Doses of Isatoribine
4 Hours Later
Time, h Individual Value Mean SD
First Dose

0.00 BQL* BQL'® BQL®? 0.00 0.00
0.03 BQL™ BQL™ BQL*"? 0.00 0.00
0.08 BQL* BQL* BQL” 0.00 0.00
0.25 BQL* BQL®® BQLY 0.00 0.00
0.50 BQL* BQL™ BQL* 0.00 0.00
1.00 BQL* BQL* BQL'?® 0.00 0.00
1.50 BQL* BQL'® BQL* 0.00 0.00
2.00 34.9 BQL* BQL* 11.6 20.15
3.00 BQL* BQL* BQL? 0.00 0.00
4.00 BQL” 35.4 BQL® 11.8 20.44

Second Dose

- 4.03 BQL”? BQL? BQL” 0.00 0.00
4.08 BQL” BQL* BQL” 0.00 0.00
4.25 BQL” BQL” BQL? 0.00 0.00
4.50 BQL'® BQL* 133.2 44.4 76.90
5.00 74.9 BQL™ NR 37.5 52.96
5.50 BQL*" BQL” BQL® 0.00 0.00
6.00 BQL* BQL” 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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M ce Fol |l ow ng One Vehicle Dose and One 50 ng/ kg Doses of Isatoribine 4
Hours Later Tinme, h Individual Value Mean SD First Dose 0.00 BQ.50 BQ'
BQL62.5 OWO®304068 0. 03 BQL50 BQ.50 BQL37.5 0.00 0.00 0. ®@8TBQHSBOBOL50
BQL50 0.00 0.00 0.25 BQ50 BQL62.5 BQ50 0.00 0.00 0.50 BQ50 BQ50 BQ.50

0.00 0.00 1.00 B BOL50 BQLtoo 0.00 0.00 1.50 BQL50 BQLtoo BQL50 0.00
0.00 2.00 34.9 B&ggblég}%’f%ﬂﬁer .%189 assaysdopmipge piyrigoraiphs ithgo 0. 00

4. 00 BQ.25 35. : : e . : 25 0. 00
000 4,08 BOLDATBOL2 BolBe 0 008 00 3 Baraod RS 8 SR oo
4.50 BQL' BQL28 adBe thatis duitd]@dto S)/0Q/kgd9saBpiHte MRa 3bldr 1ﬁ2is.9&i§ 5\8%9%@50
BQL250 BQL75 BQAL25.0.00 0.00 .6.00 BQ.25 BQL.75 BQL75 0.00 0.00 :

B%SO BQ_QE5 0. ‘Zﬁ.teéf?m%‘.’vébreé?j&@e%& c %d?%go%a é% hoursp andsgy0 houpseafisyy

El evat ed Quant ddsidh! 18 tekfefdrl wis dbtR¥EdTh-allkeicNBssay MOkt arquQif'trilﬁpi)Sint,‘} di¥¥ne
03/ 045968 PCT/ US02/ 38001 Table 3 records the Tesults of assays for i ne
interferon al phareliebilife of thestfeciofollnivorg tahaatonbie ainsiedtretiat. IFhunk single t
val -i satori bi ng; .dj v Ln_bicarbonate, . at dose that is equivalent to
50/ ng/ kg of i s%dtn(l)lg%sgr?ﬁ!én gﬁvaé'lﬁ?gqrbﬂneb‘éfgﬁ %l.pe’il?ﬂf?%g?/ri ad%]?\%le%f’??a‘?r%%?%ﬁi? ron
was readily nmedstodbaridingl. 0 hour, 1.5 hours, and 2.0 hours after 5
dosing. Interferon was detected in all mce assayed at a given tine point,

i ndi cating Table 3

10 Plasma Concentration (pg/mL) of Interferon Alpha (Mu-IFN-o) in Mice
Following a Single 73.0 mg/kg Dose of Val-Isatoribine

Time, h Individual Value Mean SD
0.00 BQL BQL'® BQL* 0.00 0.00
0.25 BQL BQL BQL 0.00 0.00
0.50 BQL” BQL* BQL 0.00 0.00
0.75 BQL BQL BQL% 0.00 0.00
1.00 173.2 125.1 89.0 129.1 42.24
1.50 202.9 145.9 294.8 214.5 75.13
2.00 49.2 137.9 138.3 108.5 51.33
3.00 BQL* NR NR 0.00 0.00
4.00 BQL? 27.6 BQL 9.20 15.90
5.00 BQL BQL”* BQL* 0.00 0.00

BQL - Below the Quantifiable Limit < 12,5 pg/mL
BQL" - Below the Elevated Quantifiable Limit <n pg/mL
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
interferon 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

42



the reliability of the effect follow ng val-isatoribine adm nistration.
Thus a single admnistration of val-isatoribine was superior to either a
si ngl e dowe oof43468 epeat ed dose of isatoribine. Table 3 1@CPNzess001
Concentration (pg/nL) of Interferon Alpha (Mi-IFN-a) in Mce Following a
Single 73.0 ng/ég Dose of, Val -Isatoribine Tine, h Individual Value Mean SD
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the studi es of_isatoribine, 20 whereas 10 of the 30 mice dosed with
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rodrug increased t on of hi bi.ting an. interferon response
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are summari zed in FF@MLﬂatﬂon 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 15 to 27 kg
and approximately 1-2 years old were used at the beginning of the study. The
animals were divided into 2 groups of 2 males and 2 females each. The test material
was administered by gavage on Days 1 and 8, allowing a 7-day washout period
between administrations. Blood samples (2 mL) were collected from each animal at

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 until analysis. The plasma was
analyzed for isatoribine by an HPLC-MS/MS assay.

The pharmacokinetic parameters for isatoribine arising from isatoribine or
val-isatoribine in each dog are summarized in Tables 4 and 5. The ratios for the key

25  pharmacokinetic parameters defining the maximum concentration (Cmax) and total
exposure as measured by the area under the time-concentration curve (AUC) for the
prodrug and the bicarbonate solution at the 50 mg/kg dose are summarized in Table
6. For the prodrug 3, the Cmax ratio was 2.98 + 0.695 and the AUC ratio was
2.38 +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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In this figure it is evident that the levels of interferon al pha induced by
oral val- isatoribine ("val-isator") (at 50mg/kg isatoribine nolar

equi val ervp ozassoss mi | ar to that fromintravenous isatori lpiCmaspZ/ssat or”) at
25 mg/ kg. Thus, oral val-isatoribine 5 provides |evels of isatoribine and

interferon tha i el 0% of t ved after |ntravenous
admi ni strati onkvosl 5%43‘{)@??%?%?&1 éfatl%‘g%rgf%@g%hgf heps wenltpndigats it atig
(val -isatoribi nemgd}g @sket the pBytELLMAIGSRHIIBS pRVIARA Hi d@@? PR eﬁﬁg dbdaker@f L €T

oral administration to beagle dogs was investigated. Isatoribine 10 was
prepared in somoaw&bdayﬂmaﬁaéorﬂun@m luﬁarbwalltewémcorl bi ne and i satori bi ne
wer e prepared as thi follown ormul ati ons, ﬁ‘B wer e chosen to ensure
solubility: Formul P}%ﬁhﬁma’flg‘é‘flb?‘?“&?%aqoﬁs ef)laﬁte e eghisyehatier oml dosing, 1
and 4 ng/ms  EeramdadtdoaBled; andethe I Red saline,
1.62 and 6.48 ny/nl, equival ent tb%s%lﬁgr? b&kﬁréﬂ&?ﬁ&?}ﬂ??&f&g@l (‘{ege on a nol ar
basis. 15 Four apmEpemairly Rdfald Bewing Qa{@lualdmmeiagioa afa@splwdn@rnamgsdlembf;ﬁ@n 15
to 27 kg and a at t he begi nning of the
study. The an?&H agé%@éﬁaﬁbwaﬁaéfﬁiﬁotg 13@%8@ ‘ﬁS&t es and 2 fenal es
each. The test material was adm nistered by gavage on Days 1 and 8,

allowi ng a 7-day washout period between adm nistrations. Blood sanples (2
m.) were collected fromeach ani mal at 2Pameqdose, 15, 30 minutes, 1, 2, 3,
4, 6, 8 and 10 hours into lithium heparin tubes after each dosing. The

pI asma wasl r ozen Piarmagokineti¢ Phraametkrssifdsatotibine iadopswhsed a0 wigad f or

i satori bine by an HPLG-_NBI_NB_a,ssa_)L_'Lhe pharmacokinetic paraneters for

i satoribine arising fromisatoribine SesingPstiad sat or ilbi ne i r? each dog are
summari zed in Tables 4 and 5. The rat ilysmflgiont he Idaeyibine5 phvdsr macoki neti c
paranmeters defining the maxi num concentration (Crax) andisitofitdhe exposure as
nmeasured by the area under the tine-concentration curve (AUC) for the
prodrug and the bicarbonate solution at the 50 ng/Kg dose are sunmari zed in

Table 6. For the prodrughim. Nt t he AUC

ratio was 2.38 0.485. These resul tgqugvgg{ Eg;gg)odehat at 50 ng?kg dose, the

prodrug val - 30 isatorTbrme provided—substanti-a-t+y—hi-gher—Grax—and greater

bi oavail ability than |s%t gg P%ne in bicarbonate solution. The ratios for

the Cmax and AUC for the S¢dd to the PidEBUNnatt®ehl utilétH-> for the 10

nmy/ kg dose are summarized in Table 7. For tTexgrodPa9y, thed-©Omax ratio 43
AUC(0-inf), ng-h/mL.  15227.0  33038.1

Ty h 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
Timh 1.9 1.6
Dog 3528707 Cmax, ng/ml. 89153 20340.6
Tmax, h 0.50 0.50
AUC(0-inf), ng'h/mL.  29701.7 53273.0
Ty h 2.2 2.3
Dog 3532828 Cmax, ng/ml.  6134.7 15987.9
Tmax, h 0.50 0.50
AUC(0-inf), ng'/mL  12069.7 32987.0
T h 14 1.6
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WD 03/ 045968 PCT/ US02/ 38001 was 2.24 0.249 and the AUC ratio was 1.82
0.529. These results indicate that at 10 ng/ kg dose, the prodrug

val - i sat owDwBes9ps ovi ded hi gher Cmax and greater bi oavai lpalrrusoz/ggobhan
isatoribine in bicarbonate solution. Thus, the maxi num concentrations of

i satori bine achieved after oral dosing 5 are at |east doubled, and the
system c exposure to isatoribine is enhafialedd Sby approximately 2-fold
following oral admnistration of the prodrug val- isatoribine, conpared to
i sat ori bi ne it sel fPhaymagekinetipParpmeersmaf/Irafonbine infegsdoped@t 10 mg/kg

Phar macoki netic Paraneters of Isatoribine in Dogs dosed at 50 ng/ kg Dosing
Period 1 2 Fornul ation TSatori bl n€ ValpsihSedied | bl ne 1 Ani mal ;Nunber Dose,

ng/ kg nol ar 50 50 equival ent isatoribhine Dog 3517322 Cnax, ng/nl 3038.7
11741.5 Tmax, h 0.50 0.50 AUC(0-i nf)Formypion 19saporibine33038-1 T1/2, h 6.4
2.4 Dog 3521451 Cmax, ng/nL 3354.0 10652.1 Tmax, h 1. 08,48 AUC(0-inf),
ngh/inL 9422.2 26552.7 Tu2,h 1.9 1.6 Dog 3528707 Crax, ng/m._ 8915. 3
20340.6 Trmax, h 0.50 0.50 AUC(O0-i nf Peservgdiferrhol297011¥ 53273100 Tire, h 2.2

2.3 Dog 3532828 OTBX, NOAMhabdafe’ 1398%ndsicfo@X, h 0.50 0.50 AUC(0-inf),
ngh/ mL 12069.7 32987.0_T1/2, h 1.4 1.6 44 W 03/045968 PCT/ USQ2/ 38001

Dog 3524523 Cmax, ng/mL.  4091.5 8594.6

Tmax, h 1.00 0.50
AUC(0-inf), ng'h/mL.  13305.8 17166.2
Tip, h 2.1 1.7
Dog 3526402 Cmax, ng/ml.  1859.5 4047.0
Tmax, h 1.00 1.00
AUC(0-inf), ng'-h/ml. ~ 5774.4 10548.9
Ty, h 1.6 2.2
Dog 357450 Cmax, ng/mL  1620.3 4228.7
Tmax, h 0.50 1.00
AUC(0-inf), ng'h/mI.  4387.3 11158.0
Ty h 1.5 23
Dog 354708 Cmax, ng/mL.  2781.2 5784.8
Tmax, h 0.50 0.50
AUC(0-inf), ng-ymL  7522.1 12259.1
Tiz h 1.6 2.0
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Tabl e 5 Pharmacoki netic Paranmeters of Isatoribine in Dogs Dosed at 10 ng/ kg
Dosing Period 1 2 Fornul ation Isatoribine Val- isatoribine Dose, ny/kg

nol ar 10 WO o3Mmionsl Nunber equival ent isatoribine Dog 35228287SQ88001 ng/ L
4091.5 8594.6 Trmax, h 1.00 0.50 AUC(Oinf), ng-h/nmL 13305.8 17166.2 T1/2,
h 2.1 1.7 Dog 3526402 Cmax, ng/nL 1859.5 4047.0 Tnmax, h 1.00 1.00
AUC(0-inf), ng-h/nmL 5774.4 10548.9 T1/2, h 1.6 2.2 Dog 357450 Crax, ng/nmL
1620. 3 4228.7 Tmax, h 0.50 1.00 AUC(O-i@f%l, §9- h/m. 4387.3 11158.0 T112i
h 1.5 2.3 Dog 354708 Cmax, nghnL 2781.2 5%84%° Tmax, h 0.50 0.50

pCT] Uso) 500t e pemel aldhdershrtsorinihe B Boesbidd 08N,

in Dogs Dosed at 50 ng/kg Formulation Isatoribine Val isatoribine Aninmal
Nunmber Dog 3517322 Cmax Ratio 1.00 3. $@mutih Rafsateribing0 2Valy

isatoribine
Animal Number

Dog 3517322 Cmax Ratio 1.00 3.86
AUC Ratio 1.00 2.17

Dog 3521451 Cmax Ratio 1.00 3.18
AUC Ratio 1.00 2.82

Dog 3528707 Cmax Ratio 1.00 2.28
AUC Ratio 1.00 1.79

Dog 3532828 Cmax Ratio 1.00 2.61
AUC Ratio 1.00 2.73

Mean Cmax Ratio N/A 2.98
SD Cmax Ratio N/A 0.695

Mean AUC Ratio N/A 2.38
SD AUC Ratio N/A 0.485
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Dog 3521451 Cinax Ratio 1.00 3.18 AUC Ratio 1.00 2.82 Dog 3528707 Cmax
Ratio 1.00 2.28 AUC Ratio 1.00 1.79 Dog 3532828 Crax Ratio 1.00 2.61 AUC
Ratio 1. 08023P&98%kan Cmax Ratio NVA 2.98 SD C nax Rati o RCAWGIHEHH01 Mean
AUC Ratio NN A 2.38 SD AUC Ratio NVA 0.485 5 46 WD 03/ 045968

PCT/ US02/ 38001 Table 7 Ratio of Pharmacokinetic Paranmeters of I|satoribine
in Dogs Dosed at 10 ng/kg Fornul ation |%akler7 bi ne Val isatoribine Animal
Nunmber Dog 3524523 x Ratio 1,00 2.10 AUC Ratjq 1.00 1.29 Dog 3526402
Cmax Ratio 1. 03‘5“%‘.01 pkigetic ger%%fs atgeippueciy Rogsdessding 19 ke 61
AUC Ratio 1.00 2.54 Dog 355708 Cnmax Ratio 1.00 2.08 AUC Ratio 1.00 1.63
Mean Cmax Ratio N A 2.24 SD Chax Rat i Fohdusstibh 249satdvae AUCaRati o NV A 1. 82
SD AUC Ratio NV A 0.529 5 The prodrug is preferred for several reasons.
First, the prodrug is easily fornulated to provide a hiS@TI‘?r‘%F’%porti on of
active agent. This resul tAsnimahNstkgt | — Capsul e Sizes for a given dose, which
is an advantage for an oral product Second,

Dog 3524523 Cmax Ratio 1.00 2.10
AUC Ratio 1.00 1.29

Dog 3526402 Cmax Ratio 1.00 2.18
AUC Ratio 1.00 2.20

Dog 3527450 Cmax Ratio 1.00 2.61
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 easily

formulated to provide a high proportion of active agent. This results in small
capsule sizes for a given dose, which is an advantage for an oral product. Second,
the prodrugs offer the prospect of masking the active structure as the agent passes
through 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.
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the prodrugs offer the prospect of masking the active structure as the
agent passes through |ynphoid tissue lining the gut, which should mnimze
activati owooB/0#39% 10 ti ssue and thereby inprove oral tol ecahishz/sspot
Finally, at the doses tested, val- isatoribine provides plasm | evels of
isatoribine that arg well within the range desirable for biologic effect
after oral adnini st HBE PEHPIGR COmmoyndsodesered shaee may beiferatdatedinte itsel f .
47 WD 03/ 04596 s e i.ped above may
be fornmul ated ?%dt?’ggé ar %rlfa%e t%@g@%‘%ﬁﬁ@?@%ﬁg&%ﬁﬁé’ ggﬁeéﬁteg%ﬁfe%&f ol | owi ng
gener al exanpl BsamplEXarmakéntdral Ganpstigsal Conposition To prepare a
parenteral pharmaceutical conposition suitable for 5 adm nistration by

i njection, 100 ny ofoarspares paohtetsl phamateuticalaonpopitionduitdble foe  For mul a |
is dissolv i n, DVBO and, t hen m X with 10 nlL 0.9%sterile saline. The
mxture i s%?nc%dﬁlﬁlg%sgrtaﬁan RRIESY oﬁ(g)glgglf??latw af%isﬁf”i’lﬁﬁ e CPHH’OH’&‘iP fhet rat i on
by injection. Féxan®l & dssoMedlin OMPOSHh H1RA rdi%ed RitRNERAY 8f 8.9PN@LIRGEH L cal
conposition for oral delivery, 100 ng of a conpound of Fornula | s m xed
with 750 ng of Thawixguie is iserneratediingo p dosagp vuit fonasuddbierfooadminstationbg age
unit for, such as.a hard gelatin capsule, which is suitable for oral

adm ni stration. % iI's to be understood that the foregoing descriptionis
exenpl ary and BhagXpbamhpCy¥mbésifi@t ure, and is intended to illustrate the
invention and 1ts preféerred enbodi nents. Through routine experinentation,
the artisad will retogripze a pippasenticatedinpbsition trorandlivay) Bi0ipsfhhat My

be made wi t hout departi from the spirit of the invention. Thus, the
invention is i?%%ﬁ?@l@é%gg%ulag}%rﬁeﬁdﬁmhwmgﬁélaa@é@/eﬂa%@&tvrﬁtw on, but by
the fol | owi ng iGkhBRucHid bl RANESAILRE Suck 4 ich i
PCT/ US02/ 380011 c\;}F\h[)at iIs clai r¥ed isé. 1.1 A’cg‘r:rp%su%garr Sggégﬁ%gél%n ofmul a | :
R2 suitable for oral administration.

It is to be understood that the foregoing description is exemplary and
15 explanatory in nature, and is intended to illustrate 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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SHNNN RHOO RO ORL I wherein: 5 Rl is independently H -C(OR3, or
a racemc, L-, or D amno acid group -C(O CHNH2R4, wherein R3 is a
substi t utwo osn49esubstituted alkyl, and R4 is H, or a sulpsmitsSor/asdopr
unsubstituted alkyl; R2 is H ORS, or N(R6)2, wherein R5 is independently H
or alkyl, and wherein R6 is independently H, substituted or unsubstituted
al kyl, cycl oal KWhat ioclaimegisher 10 with nitrogen forns a substituted or
unsubstituted heterocycloal kyl ring; and wherein if R2is -OH at |east
one of the RL groupé §oanpoupdggmssentef by Kopmpa lani no acid group - C( O) CHNH2R4;
or a pharmaceutically acceptable salt. 15 2. The conpound or

phar maceutical ly acceptable salt accordi 6 to claiml1l, wherein at |east
one of the Rl groups is a racemc, L-, o’é;fs am no acid group -

C(O) CHNH2R4, wherein R4 is a substitut é‘d dr vssmbstituted al kyl, and
wherein the remaining RL groups arg,N - IS ORS or N(R6)2, wherein RS is
i ndependently selected fromH or alkyl wherein R6 is independently H,
substituted or 20 unsubstituted al kw'o ¢ycl dal kyl, or together with
nitrogen forns a substituted or unsubstituted heterocycloal kyl ring. 3.
The conpound or pharmaceutically acceprdbl e sRlt according to claim 2,
wherein at | east one of the RL groups is a L- am no acid group

-C(O) CHNH2R4, 25 wherein R4 is a substitlited or unsubstituted al kyl, and
wherein the remaining RL groups are H R2 is ORS or N(R6)2, wherein R4 is a
substituted al RPfreitand wherein R6 is independently H or substituted or

unsubstituted al kyl 5149 03/ 04596 7 US02/ 3800 4...The. co und_ or
phar maceut i bal |y acReluBIPEIGaNY e DR ng® £ SRRt i a2 Dytare ot st
one of the R QCW@{NE 1# biheRSR ROiBLIBBLRHRY n%@k@ﬁwd%lﬁéyl YIS R4 1S
-CH(CH3)2, and wherein thé remaining Rl groups are H and R2 is 5 OR
substituted or unsubstituted alkyl;
R*is H, OR?, or N(R®),, wherein R® is independently H or alkyl, and wherein
R® is independently H, substituted or unsubstituted alkyl, cycloalkyl, or together
10 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)CHNH2R4;

or a pharmaceutically acceptable salt.

15 2. The compound or pharmaceutically acceptable salt according to claim 1,
wherein at least one of the R! groups is a racemic, L-, or D- amino acid group —
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 independently
selected from H or alkyl, and wherein RCis independently H, substituted or

20  unsubstituted alkyl, cycloalkyl, or together with nitrogen forms a substituted or

unsubstituted heterocycloalkyl ring.

3. The compound or pharmaceutically acceptable salt according to claim 2,
wherein at least one of the R groups is a L- amino acid group ~C(O)CHNH,R?,

25  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.
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5. The compound or pharnaceutically acceptable salt according to claiml,

sel ected fromthe group consisting of: OCCH3 OCHNH2 i :Si SSO NS ~0/ |
N~O HzNN woNBiu3db8 N o H2ZN NN HZN N2 0 0 HQ@ HO' O H2ROTAG02/880b2NLO O
HO bH, HO 10H H6 OH HO OH H3C, H3C. "CH3 NH NH OCH3 N H3C, NS N\ | S~0
NI SSO SS.O ON H2N NN HZN N N H2N N H2ZN N N HOB<O H2N 1~10 0 H2NI1 0O O
H2N,,0 0 V=_ HO bH, HId OHHO OH HO bH, 10 50 WO 03/045968

PCT/ US02/ 38001, N H H3C N, H2N N N
FEN NN FRN N & HoNIRe Rpmboun %@P@C@%ﬁb%@ Iegplt %C?{dmglr\% CEGﬂ 3
Hd OH wherein at least one of the R! groups is a L- amino acid group —C(O)CHNH2R4,

wherein R* is —CH(CHs),, and wherein the remaining R! groups are H; and R%is
5 OH.

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

selected from the group consisting of:

OCHj OH . NH,
X N/ N/
[ =0 | )=o
0
L o=0 )\\N L= H2N/k\N N HZN)\\N N
H2N H2N o o
o) AP
HO/\d HO ® HzN\é)ko/\ o HZN%O o
HaCo HaC. .CH
HaCuy g S NH OCHs SN
NZ NS NP8 NP8
NS | >=o I =0 | >=o
H .y Ve Sy o S HzN)\\ N
2 0 o
HO/\ = HZN\:)J\O O HZN\./U\O/\ 0) HZN\:)J\O/\ 0
HO OH, > wo on, T wE oH. HO  OH ,

10
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J 'O H3C,CH3 NHN N, HN S>~O | S>==0 S>=O INS S~ N N N N H2ZN N H2N N H2N N
HZN NN O H2ZNITAO O H2N1) 10" O H2ZN 1JIO 0 HZN O O Hd I OH Hd bH Hd bH Hd b
H OH 1 MOOBI045968 S~0 | s>==0 INS | S~O '11: N N H2N H2NPRTHZbM2/B$0oD O H O
DOd H2ZNOHd bH ' h Hd "OH , and 4 bH 6. A pharnmaceutical conposition
conprising a pharmaceutically acceptable carrier and a conpound
represent ed by For nul - RR NS H2N N RIO ORILOORS 5 | whergin:

R is independently HNW<C(OR3, or awuacenic, L-, Brnanino aci qNg&oup

- C( O CHNH2R4, wherei kS a substi e@ or unsubs ted al kyl, R4 is
H or a substituted Qr unswbstituteq al ky#+o 51 WO Q3/j045968 PCT/”US 7 001
R2is H OR5 or N dependehtN'yNH ¢r al kyrth)a

wherein R6 is |ndependen 'y H substituted or unsubstituted alkyl,

cycl oal kyl, or toged forms a su } ed or tuted
heterocycloal kyl ring; ¢ inif RPis -CH at |edst one of the/R
groups is a raceinic, "8-,%r D- 5 ani"9 20 d group 1€ OPEHNH2R4; ©F abH -
pharmaceutically accept able salt.

NZ NS N N8
)I o -0 Yo g
HZN* HZNJ*N N HzN)\\N N HZN/K\N N/E
HoN o H2N ) H2N O /)
2! : 0 ; O/\ ; 0 HZN\i)J\O
AN § 2 P § 7 S $ 3z = —
HO ©OH > HO ©H > HO ©OH, T S %
OH oH
N7 S, N S
J\t o ﬁ =0
0 ’
> W ows T w6 on .and
6. A pharmaceutical composition comprising a pharmaceutically acceptable

carrier and a compound represented by Formula I:

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*isH,ora
substituted or unsubstituted alkyl;
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7. The pharmaceutical conposition according to claim®6, wherein at |east
one of the RL groups is a racemc, L-, or DD amno acid group

-C(O CHNHzBa3/owdves ein 10 R4 is a substituted or unsubsti tarasozabsdoeyl , and
wherein the remaining Rl groups are H R2is 0?5 or N(R6) 2, wherein R5 is

i ndependent |y sel ected {{r& r alkyl, and in R6_is independently H,
substituted or unsubstffu 2, W?@P’é‘zﬁ @PndGB?ndeﬂBb&WeﬁlkXAA ar whareisgen
forns a substi @ t Te

phar maceut i cal Rctésen%ggéeflﬁgﬁgglgc%ﬁog@ tﬁ%d? gtug ug)lgﬂﬁgéaaa!\/\éx e}r Cid}ﬂpl’ljogfﬁ eth of
the Rl groups sthanitregearfonos aeutatigitaigr LHl@QH@)l@I‘fN‘]ﬂdMQCW‘]!ME}I’ImHB4aMCB a
substituted or unsubstituted al kIYI and wherein the remaining Rl groups are
H R2is OR5 or R@F?’i‘n%ﬁh@ Rat lpast aneseitibe Ry grosgs i agppemignt-, Whékei n R6
i s independgnt hﬂﬁuﬂ acq)({ ﬁ bg 4unsubst| tuted al kyl. 20 9. The

phar maceut i cal corrp05| cor o claim8, wherein at |east one of
the RL groups is a brapmrﬁﬁcaﬁicauga&@ able(s&dt CHNH2R4, wherein R4 is
-CH(CH3) 2, and wherein the remaining groups are H and R2 is OH 52 WO
03/ 045968 PCT/ US02/38001 10. The pharnaceuti cal corrp05| tion according to
claim6 that § sel %ﬁted fromthe group consisting of: OCH3. OH NH2 N S)=0
| s~0 N Sao I N'S~0 PhagmReRitigal qqpRporytiqn aoeering teoliny 6, yherginpt lgpstore HOY O

HZNLOA O H2NI J C
oC NorB N S 0] 5 NErgPR i Hepelte LR g B R R RERAN DR 2 1o

O00 10 R"is a substituted or unsubst1tuted alkyl and wherein the remaining R' groups are

H; R?is OR® or N(R )2, wherein R is independently selected from H or alkyl, and

wherein R® is independently H, substituted or unsubstituted alkyl, cycloalkyl, or

together with nitrogen forms a substituted or unsubstituted heterocycloalkyl ring.

15 8. The pharmaceutical composition according to claim 7, 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(RG)Z, wherein R* is a substituted alkyl, and wherein R® is independently H
or substituted or unsubstituted alkyl.

20
9. The pharmaceutical composition according to claim 8, 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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HO H2N O H2ZN~-O OH2ZN OO Oz - -~ Hd

~ ' HO SOH 0 HN'
H3C,NNCH3 HNA S NI S>==01 S=OX N
N

S HZN N H2ZN N H2N N H2N
N N HO OWHO304393 HO 0 HO 'OH, HO "OH, Hd 'OH HO 'CH @cCHNS02/8Q N, CH3 ~
HN N S>==01 S>=01 S>=0 1IN s>==0 N N NHNNHNNN 00O
0 HZNO® OH2N * jo H2ZNIJ,0 O H2ZNIJ~ jo OHO b H HO bH HO'OH OH OH

OH J~ | S>=0 | 18==0TRe pharmaceutich]l ¢@hpddit@NChbiingXN chilN 6 Bals@ele@Bd0 0 H2N-O
OiHNO HdC]I-,_ir'%lHd'C]-I,.andeHO, bH
om the group consisting ot:

OCHs OH NH;
s s
N;IS N S N)\/”i >:O NJI /\_:
0 | o ©
HzN)\\N] N>= HZNJ\\N N>= HzN)%N N HZN)\\N N
o) 0
o o
HO™ N HO™N HgN\;/lko/\ 0 HZN\.)J\O 0
HO  OH |, HO ©OH , AN uo R PN HOS. o
HsCo. HaCw..CH
HoCupy S NH OCH, TN
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53 WD 03/ 045968 PCT/ US02/38001 11. A method of nodul ati ng i mune cyt oki ne
activities in a patient conprising: providing a conpound or
phar maceuwwpaalokisesccept abl e salt of forrmula I accordi ng troeTalsaz/ssodtr and

treating a patient in need thereof with the conpound or pharmaceutically 5
acceptabl e sal §1. ©% A method of modulating immune cytokine activities in a patient comprising:

providing a compound or pharmaceutically acceptable salt of formula I

according to claim 1; and

treating a patient in need thereof with the compound or pharmaceutically

5  acceptable salt.
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