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WD 2004/ 052905 PCT/ EP2003/ 013538 Antiviral Nucl eoside
Derivatives The invention relates to the field of
wa@pdaowsoed t herapy and, in particular, to nucl POFER®03/013538
derivatives for treating Hepatitis C Virus (HCV)
medi at ed di seases. The invention 5 provides novel
chem cal conpounds, pharmaceutical conpositions
conprising these conpounds, nethods for treatnent or
prophyl axi s of kiYiweeh pt ggc Ué 56a8€SD &R §Yi v@s sai d
conmpounds i n nonotherapy or in conbination therapy.
BACKGROUND 10 Hepatitis Cvirus (HCV) is responsible
for a large proportion of the chronic liver disease
wor | dwi de and accounts for 70% of cases of chronic
hepatitis in industrialized countries. The gl oba
proportion of hepatitis Cis estinmated to average 3%
(ranging fromO0.1%to 5.0%; there are an esti mated
170 mllion chronic carriers throughout the world. _
THh@Kentickorelagesdo drftel dhofi angvinaeblerhpy ared, irepartigelar, to nucleoside

t herapeutic a t s..agai nst : i . :
s e
pxl'oz'(ﬁ'% hvel therhitalZodipouhds Fhﬁfr&caaicbbooympcsitm domptijay these

=R2=R3= iS a nucleoside .an | : no
CRRAHT BB G R &R PF B OE RS R, b Eiseases employing
salilmtdsrhEoﬁﬂd@aﬁ infdnidthdr@ytiin tombimesomdtergy. have

detectable antiviral | NHZ N~ No (lI) Rao

~~-----11"0i activity; however, levovirin stinulates

I mune responses by enh8ACKGR@UNDviral Thl 25

cyt oki ne expression. Like ribavirin, levovirin |owers

H%gﬁﬂi‘ﬁ@ @kani neCayishaipbasislt ésrasierge pesrairton nf Grembreméc liver disease
i L £ o LTty St ST 200 i
Tt%% %ﬁ)b_%?pr%égﬂfolaﬁﬁtﬁ)spatkﬁp‘d Eﬁinﬁht&bpﬁ@é%& g‘gdo(a;mdginggfrom 0.1% to

oXl city associated with.ribavirin..
SHOAH 30 ESEaEeA 15 WiPB CRHOBI SO SRR AL fyaRord: There
i %&gﬁ'ﬁﬁﬁﬂgynd%gW@ctmegﬂgrh@ﬁﬁkag@fts Hadlsogidal activity,
their therapeutic utility is often hanpered by
subopti mal physical properties d or
Liairia & bith R ey i 15 BAYSPIBERIT Erg R e RSy AE-
[@%ﬂﬂiazglfe—?;—%bwﬁt a8 iaﬂﬁdet),hla(ﬂil#ﬁz_——fl?fabﬁpiﬁ bedcle@idganalog and the
abo't 15% of thé dose of |evovyiri ) a@sorbﬁd .. es 1ot
esystiemecelithy antfvial compundaghivpigt ﬁa’eﬁ%‘h AV B OB PSTYS
}%yggggdﬁggabg@ﬁgpeutic agents with inproved

iTity.

i 0aval | abi

activity; however, levovirin stimulates immune responses by enhancing antiviral Thl
cytokine expression. Like ribavirin, levovirin lowers serum alanine aminotransferase
levels in a mouse hepatitis model. (R. Tam et al. J. Med. Chem. 2000 44:1276-1283; M.
Assenmacher et al. Eur. J. Immunol. 1998 28:1534-1543). Levovirin appears to lack

toxicity associated with ribavirin.
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Prodrugs, bioreversible chem cal derivatives of poorly
absor bed conpounds, are one approach to optim zing

wW@bgogioszbs properties to i nprove drug delivery. PCWEP203/013538

Chapman and C. J. H Porter, Adv. Drug Deliv. 1996
19: 149-169; D. Fleisher et al -2 Adv. Drug Deliv. 10
1996 19:115-130) In one approach to prodrug design,
chemical derivatives are prepared to optinmze

Witk %El%smpeac[etrfv&tkpeg ﬁ%&&é‘nﬁl@o?&%&%@% le%lp?ir bigllaéﬁglca% ivity, their

ropertles to enhance spor
tﬁmsmc wdith safes haﬁmeredémsub@ptané pd:llyrs;@ properidds and goor

?ﬁlta (ﬁ&r?&m%? gl%%ﬁggﬁlr‘ft that Hé‘ﬁf%g a ro%ﬁ?&‘rthé ﬁu&lp(?slde that is

as m or seruman
thaerheddDﬁlylabguiglrSéfu pf tha dosee)féevpvmgl it @bsbﬂ&dbysiamtcaﬂwafter oral

J)cfarl%ﬂtcraggl eehle ather, UCF % %l?erg) ?Qget%tsl ﬁltﬁ?rgf))rrotefgc?bmwaﬂablhty

ora r%r rug sho
]atmdrugsrﬁlesavem@lle cxhlemml ddrevagfdsiof pemtl‘jr ybsbrlt&ds:pmptoedds, are one

ti L
atpg)qrga?]c i)ﬁfﬂmgga Blafs%ngfperoper 1gs(a)tr o g%&e? rlgd %{lhvery ”\X)eixf %%apman
gaisC r]oHnPeﬁén Adl. DrugOeliv. THAE19: 1¢9me@| Bletshelas 't ddn Drug Deliv.

&%%gl@ 1? 6}8%5 ‘f]le gyg%gﬁ/p%g% ?)E)?? u%flg’stilg%g %{Plé%tcie\rlilvgtYVes are prepared
toupltiegitée 6i&'wakto p&ﬂlt@htceéﬂﬁaﬁeht\s ®r at}m ph;zdihaepm)efttes to enhance
nonspeci fi-c active tr rt Sy to nove .

Bt e RER e s BRE - BB oG eh iche
sibbesed Br hanﬁslﬁg Bﬁ’ﬁ/nie@ peeaéﬁteﬁ ther@c@;gn;m ibtobdpyr deb@m and capable
aéctllve t%ans stem.and i.s cleaved after trans%Prtﬂ h
Pirlcaying tas o 88 g §}5‘é1c¥F‘feFté“%3‘i§’ f ’é’a‘fﬁ“’éd@b%]rtf"é%l%‘ ¢ after the
&fi‘ﬂﬂdurﬁlﬂﬁ aliRopbed. Ravidedieai pﬁdt@@@ﬁicﬁﬂ’d bOsthisle us@dstiic ffudd and

roving t bi pavai |l abi|it oorly sor be
@ﬁiagﬁ cBPme A ST SrespOr e % sfie Balyp ﬁlg}gran%@fbe rapidly
Envarted tolB9 a&ﬁ@dr@%ﬁeﬁﬁ)s&n tién fAMEEr a6 oidtestidal tract. Thus
Phar i n ac(yé ._Ther 1999 29@%& 705-709; |, bl
RN g oE R Re e e el iR BTSREFh sy igavailability or
&Q&th?o?&l%]fﬁ&{lrmﬁ%tldQ lTa:R=HR"'=H HNNIIb: R =
Va \>IIe:R':CH20—|; R" = HH2ZN N N IId:-
R=CHOH R =Val-H 30 OCHR CH2OR' 2 Valine

33 taﬁéxﬁa!1+éaa;@froa@ﬁ>éﬁlbleﬁs ﬁor{sy@dlﬂ@y&h@waﬁapou Fstexitdinove the
i npr oved absorptlon characteristic i ch have bee

BipggestEerseenpebiepe Flaxkie rttgquyb@%;aétfmnao lerailst is gesigner to confer
206, 19&299516P@E[(/ﬁﬁ?2rg9§{t9§1&e5§§nd Is?cle'é{/@f‘mﬁﬂaﬁgp%rt is complete. The

(Bal'i mane, supra Ganapat h Bi ochem

BRSPS pipsige t’@@ﬁ?ﬁﬁ?rs Pef@‘égnéfsp'ﬁ% baweemsuggestgi s useful for
fihgpm%ng‘{he BahiERSy BpeBAREESorfddUGuE. S BlimhAOBt al. Biochem.

Biophys. Res. Commun. 1998 250: 246-251; K. Sawada et al. J. Pharmacol Exp. Ther. 1999
291(2):705-709; 1. Rubio-Aliaga and H. Daniel, Trends Pharmacol. Sci. 2002 23(9):434-
40).

Q IMIa: R'=H;R"= H
HN Ny Ib: R' = H; R" = Val-H
< D Ilc: R' = CH,0H; R" =H
HN" NN Ild: R' = CH,0H; R" = Val-H

\0-CHR'CH,OR"

Valine esters ITb of acyclovir (Valacyclovir) Ila exhibit improved absorption

characteristics which have been suggested to be the result of uptake via peptide



R L. de Vrueh et al. J. Pharmacol. Exp. Ther. 1998

286:1166-70) Mtsuru Sugara et al. (J. Pharm Sci,
wWQ0oe@a/0890%) : 781-89) suggested the inproved traPeSpaP1008613538

val ganciclovir 11d, 5 the valine ester of ganciclovir.

Ilc could be attributed to the-PepTl and PepT2

transport systens. WD 01/68034 A2 (G Wang et al.)

di scl ose bioreversible nodifications of the sugar and

t 'Eﬂaﬁ‘s%@ft@rs r@m%yneoiu M%xpw Ghdhphifly w&zr.@i@aﬁmdmag;gs Res. Commun,
bi oavai | to treat an _Infection
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n- hygroscopic. Properties relevant to the
formul ati on chemi st include particle size,
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wﬁﬁﬁmq thagieous sakvbiligh ém@eﬁon peidpepmpabilifiivath aihdrow
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RS ER BRI op RGBT RaBC IR, T
25 nucl eosi de conpounds accordlng to fornmula |, methods

ONHZ N ., I N ~NyEr Lt kD pistussioR OB?IQ{E‘IN'V%@TION

Surprisingly it has now been found that several hydrophobic amino acid ester

ires a levovirin

hydrochlorides and a series of neutral mono-, di-, and triacyl derivatives of levovirin
30  possess the requisite physical and chemical properties and exhibit improved

bioavailability.

The present invention relates to nucleoside compounds according to formula I, methods

N N
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anount of a conpound accordi ng to fornmula I, and
phar maceuti cal conpositions conprising a
therapeutically effective anount of a conpound of
formula | and at | east one pharmaceutically acceptabl e

Céftidaifig Adligkade @@dﬂu@dﬂ@} Hypa@ﬁﬁt)al ils (ECOX @d)rﬁpﬁd"'ﬁgsadmlmstermg toa

endent|ly sel ecte
el Rt sk g g o nep A dte 1 opry T, and
ap ooy ceatitxd whp@ﬁmnmpwﬁr@’a&hmtmﬁly&ﬁe@ﬁb ﬁmoamoﬂa or
S e Yl e SRl R 21580
euﬁdtmhialﬂmcrmmiﬁingbveipmermsent [ nventl on i s a nucl eosi de
coppoynd according to fornula | wherein Rl, R2 and R3

are as deflned her ei nabove. | n anot her enbodi nent
t heRe B’gng Rogtededrpandseoiipesisaigd fwooihd grayptcondigingof bydrogen, Ci10

V\'herag;}l }_lglaélkgﬂﬁar@fm&nd @@)lﬁ%e%@ﬁ‘i m’amﬁﬁ) £§d or a dipeptide;

rrolidin-2-y the sid
cha.aﬁ cbry t&tqﬁasplyetsf»|6i§ﬂweaﬁf@?lﬁ@orﬁwrr@pwé@pé aéﬁlﬂ%s%

or ClL.6 strai ght or branched al kyI and the other of
nde endentl cted fr

oFBGEPROEr S A GIeD YR Bere TEEop G cegpouhd ftroring g ormua

al Whotyiad' Ryl R’ 26 ab defmadhbreinalsvbodi ment there is

provi ded a conpound according to fornmula I wherein Rl

is COR4, and R4 is CH(R5)NH3t C - or pyrrolidin-2-yl,

RB1 dngthteh embodimenttaem isgiroddedratompalihy agooting torigrmula I wherein

HE PRI g S o g SRR

ng@ mt@dwsqcswrlﬁg hygroplyedicrgeino add of G- easérylght arfganched alkyl
C;{nd Be a{hlspefﬁ/ﬁiakmmw areaédelp@mpeﬁay &fercteamgﬂth@rgfﬁu th&iseing of

[ rovi a, conpoun rding to forrmula’l vvhereln
RlS‘Ydtl‘)C wa%an#a 110§H<€ﬂ PNle+ d-, R5is selected

fromthe group consisting of CH( CH3) 2 and

CH2 a othR2 R3 are hydrogen. 3 :
o e DaTa0: R e T3PS0 S5 OB 25 AR D ot ik herein
i B! pI0OR" cnd Réris @Id(Ri)PéIdlellcﬁtpyrrﬁHﬂhh 2e¢1 }aslﬁﬁlﬂ'pldaﬁ}dlln ofa

C@ﬁr&ﬂ%&&urrm%‘i{ Ei%hﬁhﬁ a%mﬁg)ra,%fdn r é $t aa%ht oig]branche alk?lsandst
am@ﬂ Rvee mdhmqndgftlywect@frm therBowr @nsistirge dndtegtn ¢i.10 acyl, and

Bﬁgﬁ@%’ Sf8mt he group consisting of hydrogen. WO
004/ 05290 CT/ EP2003/ 013538

In another embodiment there is provided a compound according to formula I wherein
R!is CORY, and R*is CH(R’)NH,;" CI, R® is selected from the group consisting of
CH(CH3); and CH(CH;)CH,CHj and both R and R? are hydrogen.

In an another embodiment of the present invention there is provided an acid addition
salt of a compound according to formula I wherein one of R!, R? and R? is COR*, R*is
CH(R’)NH,, R’ is the side chain of valine and the other of R!, R? and R? are
independently selected from the group consisting of hydrogen.
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there is provided an acid addition salt of a conpound

waewanstionyy to formula | wherein RL is COR4, RAPCHEP1063/013538
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side chain of valine and botls R2 and R3 are hydrogen
5 1n a preferred enbodi nent of the present invention
there is provided the hydrochloride salt of a
compound according to fornula | wherein RL i s COR4,

andarRhollger bMBo&hdBt SR presef 1n{ten‘€1@h ke B E’OVKH%H An E@d addltion

R3 . are hydro preferr ent A
caﬁ%%aﬁaﬁﬂps?gf%éo SrBucyy it 94 dhgin of
medling landhistarR? @ncﬂRi’ gte hydrogen.

5S- (3-carbanoyl - {1, 2,4}triazol -1-yl)-3R 4S-di hydr oxy-t
etrahydro- furan-2S-ylnethyl ester hydrochloride. In

ahot peeferedibobbdmernt ofliey mreiest ipraniod éltbrais tpmvﬁlhdmlmh hydrochloride

cﬁ@j@q' cBhobd acazgg r@ b %}ggﬁraq'@egﬁg% 2B nad?e BidSchain
~ﬁ§ewan4§0®ﬁlané8 «¢ hedrbgrai ment there |s prOV|ded a
conpound according to fornmula | wherein Rl, R2 and R3
are Cio acyl or Cl_10 alkoxycarbonyl A preferred .

r Sreear pieyatasive ofibp corarpbdhefsthe Brepmb veRtion indS-gmino-3-

32cAS-biu§TiphOP swwt@moy?-% 2Bt Sl ayDAI-dihfdrdxy2tefhhydro-
trlazg$ tﬂ%%% 3(%€?odfuran 2S-ylnethyl ester. In
aftBehér Y eﬁgﬁv t%€P8%T's provi ded a conpound
according to fornmula I wherein Rl is Cl_10 acyl or

?ga—?notl?er e%X&%ﬁ ngthér né%?w? r<:eorr|1psouB? S%C,Ioag? tgrf rmquf"wlaereln

aBL BIGHR gartdR fioC HR ANH: WHe R%ls ICH;Rind o thjtaroighe rareahydrogen

;s both -R2 and R3 are independently C1_10 acyl or Cl1_10
alkoxycarbon . In a preferred enbodi ment of the
pHeanoieriempe meehth@wes Frovifesd# epagnroonp eemalingiodormula I wherein

PROVI*JRAIR® 3Q G, ?océ@ﬂto | & aR6Rarbonyl.
25-'( 3- car banmoy 2,4 trlazol-l-yl) 5S- hydr oxynet hyl -

4S- |sobutyryloxy tetrahydro furan-3S-yl ester; or
2 Adreterred Ryptepdnefive Bf éﬁclaé‘drﬁipounds is propionic acid 38, 45 bls-proplonyloxy-

%(‘%ﬁfP?IBQ PSR INH G i St 28 SRR e ¢ ur an-

3S-yl ester. 35 In another enbodi nrent of the present
invention is a nucl eosi de conpound according to

f @1{ MR b ¥ 0% ngg;%'gédg:gr éo%?;?oggg ; Qc])?’cﬁg’gto folrulMRerein

R is Cy.10 acyl or Cy.jpalkoxycarbonyl and both R*and R® are hydrogen.

In another embodiment there is provided a compound according to formula I wherein

R'is hydrogen and both R?and R® are independently Ci.10 acyl or C,.jpalkoxycarbonyl.

In a preferred embodiment of the present invention the following compounds are
provided:

isobutyric acid 25-(3-carbamoyl-[1,2,4]triazol-1-y1)-5S-hydroxymethyl-4S-
isobutyryloxy-tetrahydro-furan-3S-yl ester; or

2,2-dimethylpropionic acid 45-(2,2-dimethylpropionyloxy)-5S-(3-carbamoyl-
[1,2,4]triazol-1-y1)-2S-hydroxymethyl-tetrahydro-furan-3S-vl ester.

In another embodiment of the present invention is a nucleoside compound according to

formula IT



NNo (Il) ,~~ ORS 3 ~~ RO 10R2 wherein R, R2 and
R3 are independently selected fromthe group
wa@omgiosodhg of 5 hydrogen, Cl-l1o acyl, Cl1_10 PCT/EP2003/013538
al koxycar bonyl and COR4 where COR4 is an am no acid or
a dipeptide; R6 is Cl1_6 acyl; and, hydrates,
sol vates, clathrates of said conmpound and acid
addition salts. The conmpounds of the present invention
characterized by the formula | or Il can be 10 used in
therapy, especially in the therapy of diseases
nmedi ated by the Hepati Y&®C Virus. The conpounds of
the present inventiagnAcharacterized by the formula I
or Il can be adm ni teWed to a mammal kn a
t herapeutical |y ef fectiyg0 L, as ule at a dose
of 15 between 0.1 and 30 /[ kg of body weight of the
patient per day, prefq§@bly t a dose of between 1
and 100 ng/ kg of body ME|gh? of the patient per day,
nDre preferably at a dose of between 1 and 50 ng/kg
o WA R a0l N B R0 e L RIS Ao
5t hhydp@@se@tlo payl éhtolabqoxycwooﬂanéénk whed G@R tiden dnpinpredidior a
I 0 d
| i nr’t*dsyst oS S AR A b B and e
|rﬂ delitiqay sglis. |nterIeUMIn tunmor necrosis factor,
colony stlnulating factor, anti-inflammtory agent or
h a reverse ranscrlptase nhi Di 5
| s CERHnEs T thpraseHartan F%ﬁfﬁfé%r}ze% %go m?aequrélr @ be
10 Suedad asthkaby,expaRllEinPEGhelapy 6f diRERHmediatéa bl BEGADYSH(IQ Virus.
or PEGinterferon-a-2b (PEGINTRON(r)). One skilled in
the art of protein chemstry will recognize that the
developnent of new nethodology to |link polyners and
t
po %/?T%I?éodrﬁls Bﬂ@g Hkgerng ﬁl@a%?q‘@{ d&?&&gﬁ%&l & Jisis f%ﬁﬁ@h E‘g\%u %01“ be
f aflninditenad o g mamyed pea tbtﬁrapmtgaliymffeﬁwﬁ emomtew arule ata dose of
15 C ‘Be@fé&l O %h@gmnwkg 3 HH"%Y,%% drtRd 194@1%1&‘%% r B8, brefedbly at a dose of

di sease nedi at ed

POTMERD bt wgsghg Sebpdy peighicht H@rpa@ﬁ!ﬁd’a{ fRynmogtpreff@bly ata

pridesasThetweb NEADID thi)RE 6f Hodly Pleightt stk utiphegerageut i cal
conposition conprising a therapeutically effective

amount of a conpound of fornula | and Il and at | east

o e apdth¢rradedinaabl e peoapinabitibnahe ¢cdngrouaddofalp preseat Jlnyenuon

Hargltcre]rlx i by the formula I or I can be administered in combination with an
immune system modulator or antiviral agent, such as an interferon, interleukin, tumor
necrosis factor, colony stimulating factor, anti-inflammatory agent or with a reverse

transcriptase inhibitor.

25 Said interferon can be a chemically-derivatized interferon, such as for example PEG-

interferon-c-2a (PEGASYS®) or PEG-interferon-oi-2b (PEG-INTRON®).

One skilled in the art of protein chemistry will recognize that the development of new
methodology to link polymers and proteins is ongoing and new methods of attaching

30  polymers to interferon would produce compounds which fall within the scope of this
invention when co-administered with levovirin prodrugs to treat disease mediated by
HCV.
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entity as used herein refers to one or nore of that
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conmpounds or at |east one cempound. As such, the
ternms "a" (or "an") one or nore", and "at | east one"
can be used interchangeably herein. 15 The phrase "as
defi ned herei nabove" refers to the first definition
provided in the Detailed Descri ption of the

vent The t "a k ed herei otes an
AR bt s b et b it s P pertider e hal
c Omhﬁmsmdmg:oilnptrmmgﬁ thearpooticaly effestive Bieuhesin cobpoend of formula I
o L end DR E R AR st Qi B0 B e
R@plmgéﬂtatlve | ower al kyl groups include nethyl,
ethyl, propyl, i-propyl, n-butyl, i-butyl, t-butyl or
pentyl. The term "acyl"™ neans an organi c radical of
the formula RC(O -, formally derived from 25 an
organi c acid by the renovakrisfTigns hydroxyl group; the
term"Cl_12 acyl" refers to a acyl group wherein Ris

alTsy phi@se ¢ “ai’ Mi “a@b edtitlt 25 1Gad RQEin }BRBG o mdrh Sf thef etity; for
"Iomeq ac X ? d herei n referéafo a acy %rou 4
oS 2 meo B BRE aPC RO -S> F Ao qre Lapppynd. A
Thﬂbtémmmnﬁéfdyk%més“m&ﬁdnhﬁﬁeamdﬁe&ﬁﬁSnFHEﬁhea&yl

g is an aryl group. 3o The term "al koxy"
hﬁé@%ﬁﬁgeréﬁﬁﬁdenotes an organlc radi cal of the

formula RO wherein the "alkyl" portion is as

d Q‘BE EE@S@'Q@d’e@in@djﬁe!?elﬁ%oqgtrg@%x? gf)ie;d?ﬁ)ﬂx%mﬁ rf’%ﬁpl)ﬂkc?ffythe Detailed

[ ox n-b [oxy, 1-Db Xy,
p@ﬁﬂ?WdQ@Ofﬁé%9$@%¥l heptyloxy including their
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al ko group wit "l ower al evi.oysly
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200 0ol e RS e hes T F et Bt egracive

o boer plikpigreups iolule inttyl, athyl penbyh épeiprl, mbang, iblagyl, t-butyl or

mers of the naturally occurring amno acids. The
ngt ally occurring ami no acids are glycine, alanine,
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a§B FeaBic ﬁ@ éjf&mr&r}w\z’a g{:tbgkydroxy gr%%{),ttkec te?rgl 'Cy.12 acyl" refers to a acyl

group wherein R is alkyl or aryl of 1-12 carbon atoms; and, the term "lower acyl" as used
herein refers to a acyl group wherein R is Cy.¢ straight, branched or cyclic alkyl. The term

"aroyl" as used herein refers to an acyl group wherein R is an aryl group.

The term “alkoxy” as used herein denotes an organic radical of the formula R-O- wherein
the "alkyl" portion is as defined above such as methoxy, ethoxy, n-propyloxy, i-
propyloxy, n-butyloxy, i-butyloxy, t-butyloxy, pentyloxy, hexyloxy, heptyloxy including
their isomers. "Lower alkoxy" as used herein denotes an alkoxy group with a "lower

alkyl" group as previously defined.

The term "alkoxycarbonyl" as used herein means an organic radical of the formula R-O-

C(O)- where R-O- is an alkoxy group as defined herein.



gl utam ne, y-carboxyglutam c acid, arginine, ornithine
and |ysine. Unless specifically indicated, all am no

wa@eidsses erred to in this application are in PEEEP2003/013538

10

15

20

23

30

35

L-form The term "hydrophobig am no acid" as used
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P e R R S Poaorb O SR SRR ek g o bound by
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The term "immunomodulator” as used herein means a therapeutic agent that assists in or
is capable of modifying or regulating immune functions. An agent that causes an

immunological adjustment, regulation or potentiation

The term "interferon" as used herein means the family of proteins capable of interfering
with the viral infection of cells, as well as inhibiting the proliferation of normal and

transformed cells, regulating cell differentiation and modulating the immune system. The

four major antigenic types of interferon (@, B, Y and ) are defined by the cellular source
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ABBREVIATIONS

The following abbreviations are used throughout this application and they have the
meaning listed below:
25 THEF: tetrahydrofuran
DME: N,N-dimethylformamide
CBZ: benzyloxycarbonyl
PyBOP: benzotriazol-1-yloxy tris-pyrrollidino phosphonium hexafluorophosphate
IPA: isopropyl alcohol
30 DMAP: 4-N,N-dimethylaminopyridine
DIPEA: N,N-diisopropylethylamine
TEA: triethylamine
DEAD: diethylazodicarboxylate
PTLC: preparative thin layer chromatography
35 TsOH: p-toluenesulfonic acid monochydrate



In general the nonmenclature used in this application
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provided to enable those skilled in the art 1o to

nore clearly understand and to practice the present
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the 2, 3' hydroxy groups.

TABLE 1
Acylated Levovirin Derivatives

N

O
\\—N 0 | (I)
\Q/\OR
RO or?
No [ R R* R’ Salt %\/Iethod ms.. | mp.°
1 MeCO MeCO MeCO A 371
2 EtCO EtCO EtCO A 413
3 H Val Val HCl | C 477 202-205
4 Val H H Tos | B 344 110-114.5
5 Val H H HCI | B 344 154-156
6 (D)-Val H H Tos | B 344
7 Ala H H Tos | B 316 108-120
8 Phe H H Tos | B 392 114-136
9 Leu H H Tos | B 358 112-123
10 1le H H Tos | B 358 101.8-110.8
11 | +-BuCO H H - B 329 139-141.6
12 | i-PrCO H H - B 315 169-171.2
13 | Gly H H Tos | B 302 89.3-96.4
14 | MeNHCH,C | H H Tos | B 316 69.4-86.3
@)
15 |H t+-BuCO t-BuCO - C
16 | i-Pr-OCO H H - B 329 46-59
17 | H 1-PrCO i-PrCO - C 407" 179.0-179.6




12 i-PrCOHH -

B 315 169-171.2 13 Gy H H Tos B 302

89.3-96.4 14 MeNHCH2C H H Tos B 316 69.4-86.3 0 15 H

WO 2402905 BuCO -
i-PrCOi-PrcCo -
PCT/ EP2003/ 013538

C 16 i-Pr-0CO

HH -

B 329 46- BOI/LF2085/013538
C 407 179.0-179.6 WD 2004/ 052905
-11 No RRR salt Method ms.

M P.

18 HVval-Pro HH HC1L B 441 146-149 19 HEtCO EtCO - C
357 154.2-155.6 20 n-PrCO n-PrCO n-PrCO A . 455 21
Ry ECO™ErCO TS~ D456 T60-0-63 551 [3e¥all T i T CPnp "
-PriCO Tos D 5p6 72.0-76.0 23 H Prig-Val H H Tos B 441
3 Y20 ZALped OUOgET OCO t:Hl).U - AHEEY BZS PhC £PnCU ANdg
1A PHY 20 1-FRCQ 1 -PIElem-Pri0 - /A8 477 | 357 1- Bysd)-155.6
2BUGIPFCB®UCO | n-Ar@3Y | 2880PNT0 PRUD - C4583 79
2BUCRIH 1 - BUJECOC 413 E&RD H n-[Hoe O - Pr CO456 C 48000-63.5
[35. 3vdi35. 9 3[L-ArCChHIBOP:¢OH - TBs 39 151 Bed 52| B2.038.0
123 Q@@ re-\RIEOCCOOHN- PrOCOH A 503 Ted.[B 56.6 488 | 76-92
R24r oEtwaloO H H ) 441200136 - 34 L/HIGCFH H/ - B
874 [IPHCA- 155. BPh@BA5 CBHPHKCO H H-- B B85 1557457]1 36
F2€0 #Pid0 B 3PAPAB- 181-PBCO47 [H HIR CO - | €7301(48 H H
{ 2BuGBuC@ 329| +-BeCOl H| r-BRCOO -| -C 315 51 H5m°BuCO
n28udD - C 435 BHEO0- 118h@O 52 [H n-| \- - C48%3
119. 8+-Bu603 H t-BuCO - C 413
30 |H n-PrCO n-PrCO - C 407 135.3-135.9
31 | n-CH;3CO | H H - B 357 151.2-152.8
32 n-PrOCO n-PrOCO | n-PrOCO | - A 503 51.7-56.6
33 | H-Pro-Val’ H H Tos | B 441 120-136
34 | C;H,;5CO H H - B 371 154.4-155.8
35 | GgH7,CO H H - B 385 155-157.1
36 | EtCO H H - B 301 178-181.8
47 | H H EtCO - C 301
48 | H H t-BuCO - C 329
49 | H H 1-PrCO - C 315
51 |H n-BuCO [ #-BuCO |- C 435 115.0-118.1
52 |H n- n- - C 463’ 114.8-115.3
CsH,;CO | GH,;,CO
53 |H n-PrOCO | n-PrOCO | - C 417 101.0-103.0
54 |H c- c- - C 487 195.6-197.5
CeH;CO | GeH;;,CO
55 | (n- H H - B 393 179.0-179.9
Pr),CHCO
56 c- C5H11CO H H - B 355 168.5-171.9
57 | n- H H - B 387 111.1-114.5
G;H;0CO
58 |H (Et),CHC | (Et),CHC | - C 463’ 154.9-160.3
&) 9]
59 | n-CgH;;0CO | H H - B 401 126.3-129.1
Val=1-PrCH(NH,)CO | Leu Phe= PhCH,CH(NH,)CO
—Me,CHCH,CH(NH,)CO
[le=EtCH(Me)CHNH,C | Ala= CH3CH(NH,)CO Gly= NH,CH,CO
O .
H-Val-Pro = H-Pro-Val =
o © q
AW/ Hoo A
' more polar isomer * mass spectra (M+H)"
?Jess polar isomer > (M+Na)*
* The methods listed herein refer to § melting point (°C)
designations in the Examples (infra).




C5H11CO C5H11CO 53 H n-PrOCO n-PrOCO - C 417
101.0-103.0 54 Hc- c- - C 487 195.6-197.5 Co6H11CO

w@eHIA055 (n- HH- B 393 179.0-179.9 Pr) 2CMCOOEBR08/013538
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O6H1100 HH - B 355 168.5-171.9 57 n- HH - B 387
111.1-114.5 C7HL50CO 58 H (EtJ2CHC (Et)2CHC - C 463
154.9-160.3 0 0 59 n-C8HL70CO H H - B 401 126.3-129.1
Vat = i - Pr CH(NH2) CO Leu Phe= PhCH2CH( NH2) CO

=Me2 CHCH2 CH( NH2) CO | | e=Et CH( Me) CHNH2C Al a=

CH3CH(NH2) CO G'y= NH2ZCHZCOrTABLER Val -Pro = FFPro-var =
O 0 O HZN v 'N 14cyGtd N ARyIMeY&ifoODadivatis@mer nmass

spectra (MrH) 2 Tess pok@s 1soner 5 (MFNaj+ 3 The
nmet hods listed herein fefer to 6 nelting point (O

designations in the les (infra). WO 2004/ 052905
PCT/ EP2003/ 013538 - 1% ¥ABLE 2 Acyl at e@IN- Acyl
Levovirin Derivatives SN No (Il) R30 '"OR2
No. R R2 RR ms. Mthod\—
R0 ”ORz
No. R' R* R’ R° m.s. Method
37 EtCO EtCO EtCO EtCO 469 E
38 H n-PrCO | n-PrCO | n-PrCO | 477 E
(M+Na)*
39 n-PrCO #n-PrCO | n-PrCO | n-PrCO | 547 E
(M+Na)*
40 H H H n-PrCO | 315 E
50 n-PrCO H H n-PrCO | 477 E
(M+Na)*
TABLE 3

Protected Synthetic Intermediates

NN
Yo (M
RSO\ ”ORZ
R1 R2 R3 m.s.’ m.p.°
41 H C(CHs), 285 95.1-98
42 H CHPh 333 150-153
43 S1(7-Pr),0 Si(4-Pr),
iq (G-Pr)55i H | = 4237 174.6-175.7
45 Val C(CH2)4
46 t-BuCO C(CHa),
" mass spectra (M+H)"
2 (M+Na)*

> melting point (°C)

PREPARATION OF COMPOUNDS

The compounds of formula I may be prepared by various methods known in the art of
organic chemistry in general and nucleoside analogue synthesis in particular. The starting
materials for the syntheses are either readily available from commercial sources or are
known or may themselves be prepared by techniques known in the art. The following
examples (infra) are given to enable those skilled in the art to more clearly understand

and to practice the present invention. They should not be considered as limiting the
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477 E (MrNa) + TABLE 3 Protected Synthetic
Intermediates NH2 N~N L Noeol¥ft) , 3 ROOR RL R2
RBMS M P. 41 HC(CH3)2 285 95.1-98 42 H CHPh 333
150-153 43 Si(i-Pr)20 Si(i-Pr)2 44 (i-Pr)3Si H H 423
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commercial sources or are 10 known or nay thensel ves

bel pr ep a}bedimbf{“Baiﬁi@ mﬁh_@igl?&n;@mm AdH @H@?@H”-Edgrré PTVO,

foll ow,n e s (infra re given to enable 0s

skil | eécai%ﬁmﬁﬁggg’ % ﬂfrbgr7é’v§1?éa‘ihla9teﬁ?rder stand and to

(F:)roﬁ;t he re1c}{1tc]§% Pxirolge% u?elts Illr% ¥§§E éc%] CthE‘i%%y’Sl{]cP\w \9 zg%acﬁ) Snd RS
Tipson, Wiley, New York, 1973, Vol. 1 and 2.

H.Vorbriiggen and C. Ruh-Pohlenz (eds) "Handbook of Nucleoside Synthesis"
Wiley, New York, 2001.

Efforts have been made to ensure accuracy with respect to numbers used (e.g., amounts,
temperatures), but allowance for some experimental error and deviation, including

differences in calibration, rounding of numbers, and the like, is contemplated.

FORMULATIONS AND ADMINISTRATION

Formulations of compounds of formula I may be prepared by processes known in the
formulation art. The following examples (infra) are given to enable those skilled in the
art to more clearly understand and to practice the present invention. They should not be
considered as limiting the scope of the invention, but merely as being illustrative and

representative thereof.

While nucleoside derivatives of the present invention are optimized for delivery across
the gastrointestinal mucosa, these compounds can be efficacious when administered by
other routes of administration including continuous (intravenous drip) topical
parenteral, intramuscular, intravenous, subcutaneous, transdermal (which may include a
penetration enhancement agent), buccal, nasal and suppository administration, among
other routes of administration. Oral administration can be in the form of tablets, coated
tablets, dragées, hard and soft gelatine capsules, solutions, emulsions, syrups, or

suspensions

For the manufacture of pharmaceutical preparations, the nucleoside derivatives, as well
as their pharmaceutically useable salts, can be formulated with a therapeutically inert,
inorganic or organic excipient for the production of tablets, coated tablets, dragées, hard

and soft gelatine capsules, solutions, emulsions or suspensions. The compounds of
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t ehe pharnmaceutically useabl e salts, can be
formulated with a therapeutically inert,

One of ordinary skill in the formulations art will also take advantage of favorable physical
and pharmacokinetic parameters of the prodrug forms, where in delivering the present
compounds to targeted site within the host organism or patient to maximize the intended
effect of the compound. A skilled formulation scientist may modify the formulations
within the teachings of the specification to provide numerous formulations for a
particular route of administration without rendering the compositions of the present

invention unstable or compromising their therapeutic activity.

In particular, the modification of the present compounds to render them more soluble in
water or other vehicle, for example, may be easily accomplished by minor modifications
(salt formulation, esterification, etc.) which are well within the ordinary skill in the art. It

is also well within the ordinary skill of the art to modify the route of administration and



35 inorganic or organic excipient for the production
of tablets, coated tablets, dragees, hard and soft
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suspensi ons. The conpounds of WD 2004/ 052905

PCT/ EP2003/ 013538 -14 formilla"| can be fornulated in
adm xture with a pharnaceutlcally acceptable carrier.
For exanpl e, the conpounds of the present invention
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t Wbe aysdagside dérivptives bi the rra:gemmsntkﬂmmf oAy bdnesedirt monotherapy or
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the present conpounds to targeted site within the
host organi smor patient to maxim ze the intended
%£ % of the conpound. A skilled formnul ation
oister g{ceﬁﬁpelrh@drqaynqnﬁ extergl taprephylgkis of Hepatitis C mediated diseases

as well as to the treatment of existing conditions, and that the treatment of animals
includes the treatment of humans as well as other mammals. Fufthermore, treatment of
an Hepatitis C Virus (HCV) infection, as used herein, also includes treatment or
prophylaxis of a disease or a condition associated with or mediated by Hepatitis C Virus

(HCV) infection, or the clinical symptoms thereof.
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of the present invention unstable or conprom sing
their therapeutic activity. 1¥particular, the
nodi fi cation of the present conpounds to render them
nore soluble in 35 water or other vehicle, for
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uni t e formcan be a packaged preparation, the
pQ@k eiégﬁﬁ%ﬁﬁﬂn °fl-screte quantities of preparati on,
such as packet ed tablets capsul es, and powders in
vials or anpoules. Also, the unit dosage formcan be a
capsul e, tablet, cachet, E&éﬁﬂﬂiéhge itself, or it can

therapy i.e. the treatnent naybe in conjunctlon W th

e adm tration r _pore addit
t R ABB DT kiR S0t bectE Betinbur sy perisd i parmpi o bergaldenyde
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aﬁbﬁoThemeenItawfonaﬁd ugseﬂteredmlend with ethier @l themdissolved in 350 mL
COMiyD 8det R0 1D BRYof c§lu%ﬂfl &ﬁm&hﬁ&é&é A lTRYPE: layers were

concurrent or sequent
separated and the aqueous layer was extracted two times more with ethyl acetate. The

combined ethyl acetate layers were washed with brine, dried over sodium sulfate and
evaporated to a solid. The solid was triturated with ether and purified by silica gel
chromatography (2%-7% methanol/dichloromethane) to yield 4.4 g (54%) 1-(6S-
hydroxymethyl-2-phenyl-tetrahydro-3aS,6aS-furo|[3,4-d][1,3] dioxol-4S-y1)- 1 H-
[1,2,4]triazole-3-carboxylic acid amide (compound 42 (3, R' = Ph, R" = H);
(M+H)"=333; mp=150-153°C).



with respect to that of the nucl eoside derivatives.
Concurrent adm nistration, as used herein thus

w0 p@kosess adm ni stration of the agents at the BEIEP1003re13538
or at different tines. 30 Thezreferences herein to
treatnment extend to prophylaxis of Hepatitis C
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exi sting conditions, and that the treatnment of animals
i ncl udes the treatnent of hunmans as well|l as other

manmal s. Furt hernore, trem an Hepatitis C
Virus (HCV) infection, as ein, also includes
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EE(ISC%’EO _¥%fll%)f( Er)rr%tl)m; &%@1’3_. ?fé(g?%?%@l&?‘fyﬁrao -5{5?7_,7-%etfaisgpr_opglr-o
1teRpljdro-l daoh- et r3exaet, Hdkid-BaS, WS il apentiRycl d deeumprsiyi 1 Al
(A, = R = i ({VitH) +=285: =95.1-98C). 15

It_]fll—_azﬁle 13 Ca(lgsg%cya é%%%%?ﬁ%%%ﬁgnw -tetrahydro- 3aS

15 6aS-furo[ 3 4-dl [1, 3]dioxol-4S-yl)-1H

[1,2,4ltriazol e-3-car boxylki igdy am de (3; R =H

R'=Ph) 20 Levovirin (6. OOM‘.—% mmol , Roche
-88réneqprienylsilan oy methyk-tetrelmzxiad-dehy-A8-y1)-1H-

Zj 1G4 164 616 1308 Koyl i B anflde 8 MOl , Al drich Chenical)
was added to the stirred m xture.

3 é‘ _N.__O OH ) <\N’ 0 _Si(i-Pr),
HN N » HN 0
HO  OH HO OH
1 6

20 To astirred slurry oflevovirin (1, 9.22 g, 37.8 mmol) in 75 mL of DMF were added at
room temperature imidazole (2.80 g, 41.1 mmol) and triisopropylsilyl chloride (8.1 mL,
38 mmol). The suspension was heated to 50°C which dissolved the solids and
temperature was maintained for 6 hrs. The solution was transferred to a separatory
funnel and partitioned between 400 mL of ethyl acetate and 500 mL of water. The

25 organic layer (slurry) was washed with 200 mL of water three times and precipitate was
filtered off. Organic layer filtrate was dried over MgSO, and concentrated in vacuo.

Filtered residue was recrystallized in 150 mL of methanol; the mother liquor was



After 4 hours, the reaction m xture was added dropw se

to 11 of rapidly stirred diethyl ether. The
w@e@giopovat e formed was filtered, rinsed w th BCTEP20a81013538

then dissolved in 350 nL of g hyl acetate and 650 nL

of cold 2M sodi um hydroxi de safution. The |layers were

25 separated and the aqueous | ayer was extracted two

times nore with ethyl acetate. The conbined et hyl
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5 [ 3737d)). [ 1, 31 di oon 4S-yl)-1H 30 [ 1, 2, 4]
triazol e- 3 carboxyl ic acid am de (compound 42 (3, R =
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1- (3R-Hydroxy-5, 5,7, 7- t et (EXAM D_Ir ;,‘Bgyl-tetrahydro 1,4, 6,

101,2,41tri azol e- i JON- O H OH
~ QN111l- ~"~ H2N N, O 0- HZN N, S|(|-Pr)2 O HO OH)HO
o / (|Iﬁ> 2 515Toashr;§j&¢rry of
IeVOV|r 15 mmol) in 3
addedy %dln 3&€ 7}6
and 1, B dlchlor ?1 3, 3-tetrai sopropyl - di |onane ;
6.15 ., 19. at OOC. The reaction waszal | oye
Eeactionto oaHroomtenperature% & i Qe or

24 hours. The resultl ng solution was partytioneg, 1o
between 1 N HO and ethyl acetate. Organic | ayers were
washed with bring, dried over MSO4 and congentr at ed
i n vacuo. The residue was purified via chromatography
(25% acetone/chloroform to yield 3.96 g (53%

1T()%§f1#¥dj§1191)f§/ oiﬁev%g?mj(l) ﬁgg S’éﬂglr g@( b aL (gaT E %nger n1tro en were

tetr dr o- tetra i SI

03 £d il 840 ol onf aobmbue ateydsido] 4 3mb4fpmohe The
15 26daBhicHN ORI WA HBOUNE cdid ingd AttEMRL R dheated to 65°C for 24 hours.
The reaction was partitioned between ethyl acetate and a saturated aqueous NalICO;
solution. The organic layer was washed with brine, dried over MgSQOy, and concentrated.
The residue was purified via silica chromatography (3% methanol/dichloromethane) to
yield 0.278-g(33%) isobutyric acid 35,4S-bis-isobutyrloxy-5S-(3-carbamoyl-
20 [1,2,4]triazol-1-yl)-tetrahydro-furan-2S-ylmethyl ester as a gummy solid. MS:
(compound 26(2, R = CH(CHa),; (M+Na)*=477).

Proceeding in analogous fashion with the appropriate acid anhydride there was prepared:
2,2-dimethylpropionic acid 3S,4S-bis-(2,2-dimethylpropionyloxy)-5S-(3-carbamoyl-

25 [1,2,4]triazol-1-yl)-tetrahydro-furan-2S-ylmethyl ester (compound 27; 18%); benzoic
acid 35,4S-bis-benzoyloxy-5S-(3-carbamoyl-[ 1,2,4] triazol-1-yl)-tetrahydro-furan-2S-
ylmethyl ester (compound 25; 66%); acetic acid 35,45-bis-acetoxy-5S-(3-carbamoyl-
[1,2,4]triazol-1-yl)-tetrahydro-furan-2S-ylmethyl ester (compound 1; 65%; (M+H)" =
371); propionic acid 3S,4S-bis-propionyloxy-5S-(3-carbamoyl-[1,2,4] triazol-1-yl)-

30  tetrahydro-furan-2S-ylmethyl ester as a clear oil (compound 2; 52%; (M+H)" = 413);
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HOOH HO1 6 20 To a stircegg_slurry of levovirin (1,
9.22 g, 37.8 mol) in 75 nL of DVF were added at room
tenperature imdazole (2.80 g, 41.1 mmol) and
triisopropylsilyl chloride (8.1 nL, 38 mml). The
suspensi on was heated to 500C whi ch di ssol ved the

solids and tenperature was maintained for 6 hrs. The
solution was transferred to a separatory funnel and
partitioned between 400 nL of ethyl acetate and 500 nL
obutyva¢ ®id 3ST4Sebi2butprylramiss- (B aydamogl [Uy2r4) iriava sl - yipsdiatydro-furan-

' 0 tate was
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MySO4 and concentrated in vacuo. Filtered residue was

recrystallized in 150 nL @ ol ; the nother
li quor was V\D 2004/ 052905 03/ 013538 -18

I ‘ yfvicirb estyloxy-5S-
fé»th&}Fz@irboroqllékvxﬁétHﬁfte@IhvﬁonﬁhﬁfJ %ﬂ\@@&ﬁa&@ leét&ct ed to
yireld 10.47 g (69% 1-(3S,4Rdi hydro gnyb- 25 y1)- 1H
triisopropylsilanyl ox tRyl -tetra of uran- 2S-y

- [ 1, g 4] triazol e- 3¥ﬁE n%ﬂ/llc aci B de as a
white crystalline sq%gza%g 4:% (MtNa) +=423;
np=174.6 5 175.7C) thod A -\Prgeparations of
trisubstituted Anal ogs EXAMPLE & | sobutyric acid

3S, 4S- bi s-i sobut yr | oxy- &8P r barpyGAl 2

41triazol -1-yl)-tetrahydro- 10 furah-2S-yl methyl ester
(2; RL = CH(CH3L2) . O ON z, ~0OOCHpPp OR H2N N
H2 NNHOOHRL OOyRL OO 24

Levovirin (1, 0.5 g, 2.04 mmol, Roche Carolina) was suspended in 3 mL of DMF and
1.5 mL of pyridine. The mixture was stirred in an ice bath and ethyl chloroformate (0.78
mlL, 8.19 mmol) was added slowly in three portions over 15 minutes. The reaction was
stirred at room temperature for over 2 hours. Methanol was added and the reaction was
stirred for 10 minutes. After evaporation, the residue was taken up in ethyl acetate and
saturated ammonium chloride solution. The layers were separated and the aqueous layer
was extracted with ethyl acetate once. The combined ethyl acetate layers were washed
with brine and dried over sodium sulfate and concentrated. The foamy residue was
purified via chromatography (3-4% methanol/dichloromethane) and lyophilization of a
methanol/water solution gave solid carbonic acid 2S-(3-carbamoyl-[1,2,4]triazol-1-yl)-
4S-ethoxycarbonyloxy-5S-ethoxycarbonyloxymethyl-tetrahydro-furan-3S-yl ester ethyl
ester (compound 24, 74%, (M+H)" = 461).

Proceeding in analogous fashion with the appropriate alkyl chloroformate there was
prepared: carbonic acid 25-(3-carbamoyl-[1,2,4]triazol-1-yl)-4S-propoxycarbonyloxy-
5§-propoxycarbonyl-oxymethyl-tetrahydro-furan-3S-yl ester propyl ester (compound
32,47, (M+H)" = 503).
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m., 8.48 nmmol). The 15 reaction vessel was fitted
with cold finger attachnment aAd heated to 65C for 24
hours. The reaction was partitioned between ethyl
acetate and a saturated aqueous NaHCO3 solution. The
organi c |l ayer was washed with brine, dried over MgSOH4,
and concentrated. . The residue mas puerled via silica
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ester (conpouﬁd 27; 18%; benzoic acid

38,4S-bis-benzoyloxy 5S- (3- car banoyl - [
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ester (conpound 25; 66/() E B 7acld
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(ﬁﬁigp (qurg Bﬁ)(éherrzl)oi%fd Igf\lgﬁzp (6 51 m%.‘ 3)94 mmo S\Pere added seqlrJ.entlally After
2551ime. foarl B Ametflyl dckta atidt atvaated ammyhjund ShletROF@BRRY hdded.
Weolf’y%“a‘ﬁ“&%e ”%exd Tt ISP ST PR Wb oL agelgpe onee
e’f m@gﬂte d ethy. cp\ta@g%@ werg washert)wﬂh-wéjet—@NuNt@ soﬂﬁtlnlﬂﬁyﬁaonate

Qj)%hﬁbnl@ Qlcgﬁrle&-%‘éé}vécfd'uﬂn (sgdfatQ 'JfﬁuegDm]__\%np g«am;lpor LT the
Car.ol i na suspen ded in
residue as pun via chromatography (silica gel; gradient 29%-5%

methanol/dichloromethane) to yield 520 mg (62%) of 28-benzyloxycarbonylamino-3-
methyl-butyric acid 6S-(3—carbamoy1-[1,2,4]triazol—1—yl)—2—phenyl—tetrahydro-3aS,6aS—
furo[3,4-d][1,3]dioxol-4S-ylmethyl ester as a foam (M+H)" =566,

2S-Benzyloxycarbonylamino-3-methyl-butyric acid 6S-( 3-carbamoyl-[1,2,4]triazol-1-
y1)-2-phenyl-tetrahydro-3aS,6aS-furo[3,4-d] [1,3]dioxol-4S-ylmethyl ester (0.49 g, 0.87
mmol) was dissolved in 5 mL of methanol containing 0.36 g of 20% palladium hydroxide
on carbon (50 wt % water). TsOH (0.165 g, 0.87 mmol) was added and the reaction
vessel was attached to a hydrogen gas-filled balloon. The vessel was purged with H, gas
and stirred for 4.5 hr at 35°C. The mixture was then filtered through a bed of CELITE®
and rinsed through with more methanol. After evaporation of solvent the residue was
dissolved in water and Iyophilized to give 0.44 g (98%) of 2S-amino-3-methyl-butyric
acid 58-(3-carbamoyl-| 1,2,4]triazol-1-yl)-3R,4S-dihydroxy-tetrahydro-furan-2S-



1.5 nL of pyridine. The m xture was stirred in an ice
bath and ethyl chloroformate (0.78 io niL, 8.19 mol)

woawsashdesl slowy in three portions over 15 ni PUI/B2003/013538
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The reaction was stirred at roomtenperature for over
2 hours. Methanol was added arfd-the reaction was

stirred for 10 mnutes. After evaporation, the residue
was taken up in ethyl acetate and saturated amoni um

C ingdthhyllesté AdoriioRnd with @olh HeL-Sullei 8 i eRAHNBL G0 ANE I8 344,
once.

aqueous | ayer was extracted with ethyl acetat (
THeP-cblbl e @t hyl acetate | ayers were washed 15 with
brine and dried over sodium sul fate and concentrat ed.
The foany residue was purified via chrom_at._ography. ‘
( Ytligipgheriwn P erdepico deteribddabeye withithe yophptiatz atrbanliofcid

athe@&h%&hde‘d@@%nﬁ@—Hrtok)%icgﬁﬁ%sqg—lc&%a&%ﬁbﬁw,ﬁtr?a%lgl-yl)-
2S- (3-.carb 1-11,2, 4 1) -
R R i et

, | -1-
ﬁy&%:&ﬂaélg%%ﬁs%Mymﬁszwﬁevi’qutolueeﬁﬂmlfonic
i . — QL. —1884 &F o A\CTY O, ~

T RS 2o (RS s M S S ATRBS Pl o,
wPTRianireackings Grerbamovhl Idu] tidaplor-ph GRif& t hytdnesryetetnaty dro-furan-

DS PRl et@] AP RnA G -4-sulfonic aci £ 910

28— B-fg/r %Sg@rmyl - [o%?Z%tfttcrﬂiu?; o4l §uI ° ?Ic)a%ir 506?%0618)%%%1/%%)/

| Q%yH)+=392; m.p. = 114-136°C); 2S-amino-4-methyl-pentanoic acid 5S-(3-carbamoyl-
5§ afl Lg; %} -Let Fahyde o- f ur an- 3S-yl

R R T e e g e U S
V\@ith 0g4dre 328l nieadid R8N0 9353G (M- Msishac.B 12-123°C); 25-

P rati of . 5' - nD| | derivatives. O NONO O

OB R BRI S 4R G 2 e G-V RS 4 dibydrony-

i tetrphydepfwre et iybnetByl 4sters cdpAMBH Bvith toluene-4-sulfonic acid (compound

- ami, nQ- 3- - ' ' - ( 3- |-11,2

i%; ?:ﬂa{aog@ffgtfi[ﬁ;% |);| éﬁ ﬁ%@%% -E %;gé%lgﬁ;ggnslet(h%—graogi%%goa%d 55-(3-

t etrbainyyth 2,8 Jri&zol- 2-5h)yIRyES. fift}drE St RfrahyResTRRHALS Wirhdthy] ester

toluene 4 sul fonic acid (4: R = CH NHZ CH CHAfIZ)._ 10

1-?%’?39%%5%@@1%‘91]{1 73 bh 8RB F19% G H 2sas aeuis 2£id 56{(3

, éarblimdyl-1, B @HXDE yASTRYAS) dik ~tetrahydro-furan-2S-ylmethyl ester;

(1.2 4ltriazal - 3-32 boxyl i oy tetmahydro. {81.14935,“ v

et et e g s ok Cosmbaag 15 9156 (M 1D Sz . =
89.3-96.4°C); 2-methyl-amino-acetic acid 55-(3-carbamoyl-[1,2,4]triazol-1-yl)-3R,4S-
dihydroxy-tetrahydro-furan-25-ylmethyl ester; compound with toluene-4-sulfonic acid
(compound 14; 83%; (M+H)*=316; m.p.=69.4-86.3°C).

EXAMPLE 8

2S-amino-3-methyl-butyric acid 5S-(3-carbamoyl-| 1,2 41triazol-1-y1)-3R,4S-dihvdroxy-
tetrahydro-furan-2S-ylmethyl ester, hydrochloride (4: R' = CH(NH,)CH( CHs),).

A suspension of levovirin (1. 350 mg, 1.43 mmol) in 9.5 mL of THF was treated with L~
Val-CBZ (360 mg, 1.43 mmol) and triphenylphosphine (600 mg, 2.29 mmol). The
reaction was stirred at rt and DEAD (0.28 mL, 1.8 mmol) was added dropwise. The
reaction was stirred overnight at rt and the resulting suspension was concentrated and
chromatographed (PTLC, 7% MeOH/CH,CL,) to give 2S-benzyloxycarbonylamino-3-
methyl-butyric acid 58-(3-carbamoyl-[1,2,4] triazol-1-yl)-3R,4S-dihydroxy-tetrahydro-
furan-2S-ylmethyl ester as a white solid (16%). MS: MH" = 478 (for reference to other
nucleoside Mitsunobu couplings see: Wei, Y.; Pei, D. Bioorg. Med. Chem. Lett. 2000,
10(10), 1073).



DMF. N-CBZ-L-valine (0.44 g, 1.77 mmol, Aldrich
Chemcal), PyBOP (0.84 g, 1.62 mmol, Nova Bi ochen

w@re4sPBA (0.51 nL, 2.94 nmol) were added PCT/EP2003/013538
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sequentially. After stirringgfor 18 hr ethyl acetate
and saturated amoni um chl ori de sol uti on were added.
15 The | ayers were separated and the aqueous | ayer was
extracted with ethyl acetate once. The conbi ned et hyl
acetate Iayers were washed with water, saturated

< Shatiot A and Hir BV ma%i%&ﬁ%?ga@%é%e;%ﬂ he
r ésmzm‘lmyoaﬂmmluﬁmﬁd E—&i’le‘ﬂhyﬂl-bﬁfyheﬁﬂid a@(ap&malﬁ@yll nga]tg@iol 1- yl)

ﬁqg é%yd‘?‘c?{?yg%’rﬁgn n0| % }11818 egf,?l? :{1%% 8 3g nanoel and,5 520 mg of

rré()%}ﬂdl dathtopy iThe ae:sulcing suspension was stirred under a hydrogen atmosphere

6@1‘[)%;’1{ P%gg@ﬁ?%ln) FO% 38 mg%\ gxfdlﬁéi%ct}bryxus @eﬁ?%h%};‘%}% et%; ol}y d
agE& ']Ef aﬁh‘( ihiafe-meas g@mentrated diluted with water, and lyophylized to glve 28-
2 gmﬁﬁﬁ?—yﬂew %ﬁfyl?i@ By QSU( ﬁ@argarﬁf@}lljﬂYb ARKLMH cyl)aﬁ{ g -dihydroxy-

b
S B g Aot i hseist b dpiesde apaleaelgy remsapic solid

d [ @h@iwﬁ&ﬁyﬁ SRR ) Est3al). (RRcdallzatiOn EOnPRINEL) IP&’@g’ﬁves a white
t hanol containing 0.36 g of 20%

pﬁliyftg Pﬁ?ﬂhﬁy’ﬂ‘i’o%‘}dg% carbon (50 wt % water). TsOH
(0.165 g, 0.87 mmol) was added and the reaction

V%ﬁl?%né‘g% g ts’(.tegl ge&?enc&%escpﬁé’% gexgltlg 2 a{;érlppp%g *a ﬁaé%'d
hﬁheaet W@Bi@talﬂ'dde ZRra;ntlumé -metbyltbugmicfatid 58 (8 atatbhmoyigi,2at ] tyadol- 1 -
1) GRL4s Tk &roxyaﬂgga}yfi art-DE-Q ll’t%khy‘f\@stté} d'g;g‘{P%uHE %ﬁ@&hene 4~

ter evaporatlon vent “ t resi

drafogiaasd (ompeing6; 8910@ WFI%@ed to give 0.44 g
(98% of 2S-am no-3-nethyl-butyric acid

5S- (3-carbamoyl -[1, 2,4]triazol-1-yl)-3R, 4S-di hydroxy-t
et r ahydr o- f uran- 2S WO 2oo£é’éééﬂzﬁpcw EP2003/ 013538

- 22-vibfeetyivplopasitiescid S oH-{ 12,410k 610 EvA-3RUS @R & oxy-
agdtdhydro gumanipsd/ideth (Mt #=B44C(Crp. =110- 114.5 )
Utilizing the two step sequence descri bed above with

t e aapiptiapof 1a(6S-lydrdxpyihyic2-phdngl-tebrahjties S48y -RBd[ajned:

2%{??CP&QE ﬁ%yﬁ@ﬁ l%cég?r%azole -3- clarbfxg) cyacid amide (0.24 g, 0.72 mmol) in
3RS {d i INYMIF (pyyid ine twas i @;fd;mmylg&mmemiyunés(toeﬁ mlL, 1.8

C TR un&}J{H?i WA@ (b ok ?n%r%%léﬂl gg@fégultl Oﬂlt{()?l H'Eedd Z/Frmght atrt

=310;
pp pqgml@legé)le@veen 50 mL of ethyl acetate and sat. NH4C1 solutlon The aqueous

S ﬁyér%va@ aktbRmYith a]segorﬂ]ﬂogﬁcﬁ‘lzd? lechl bfl'a)égtllt'e 3R e cghmﬂzﬁ %@énk

Ei‘V dr o- f ur an- npound w t
Gl Oih Eins AR e o atedy The residue wa

( Mirbl)rrht%igﬂa@)hedTQBTLC‘ 5% MeABGE),CL) to g1ve 2,2-dimethyl- prop10n1c acid 6S-

1é2ca'j;‘ﬁ>amoyf' {TE‘ Pt%azo?? 1i)‘?ﬂofflenylatetrdhy%ro gaS ga% &o'f? d] 13 dioxol-

t d3-glnodthyl espér)as 3Rk SildpiPpYir oxy- t et r ahydr o- f ur an- 2S-yl me

thyl ester; corrpound wi th toluene-4-sulfonic acid

(conpound 9; % (MrH) +=358; m 112-123C); 2S-
Meﬂ@neléﬁm&)hxﬂs agideditenoiixuresi 2,2 S&émylelmop@nwlcbd B-(3-

1cabsthoi 1,224 0kado1 Y ly)) ﬁ-Bhél‘l%I—f&lQHﬁrr@).%XSﬁaS furo[3,4-d][1,3]dioxol-4S-
ylmethyl ester (0.37 g, 0.88 mmol) and 50% wet 10% Pd(OH),/C (300 mg). The
resulting suspension was stirred at 40 °C under a hydrogen atmosphere (about 1 atm,

balloon) for 6 h and the reaction was filtered through a pad of CELITE® . The filtrate

IJ




t et rahydro-furan-2S-yl nethyl ester; conmpound with
tol uene-4-sul fonic acid (conpound 15 10; 91%

W@ oip329858; m p. =101. 8- 110. 8C); 2- net hyl - pr opPCIER2003/013538
acid 5S-(3- carbanoyl -
1,2, 4]triazol -1-yl)-3R 4S- di AydF oxy-t et r ahydr o- f ur an- 2
S-ylnmethyl ester (conpound 12; 94% (M+H) +=315;
mp =169-171. 2C); 2-am no-acetic acid 58—(3-

éﬂtraﬁe and the esuétmg oil was dissplved in 1.5 mL eOH nd 10 mL of
Gﬁ r| azo r) S-di hydr oxy-tetr ur an-2
Stz

Py thep §tn@Ir of hezéaiw@aﬁ%ﬁewuﬂhl tb@{itﬂqwms@mafr@wl%ldy The
a?ésgltlﬁ H:E]t@d %rﬁlte &)L%lowag M 530252 Znhﬁhethyl-%g)plomc acid 58-(3-

cetic
5§1r %m%yal[ W?—i {lg Elglggqoxx te)‘r,qa;y%p{ﬁl&gl 2S-ylmethyl ester
5 dl(da)yrqfoax&n e’b%ilthH()t:BM anp2 Bylareddry] ester; conpound
with toluene-4-sulfonic acid (conpound 14; 83%
(MtH) +=316; m p. =69. 4-86. 3C). EXAMPLE 8 25
2 B1itining the3wirstep ydqubnite WedcdbalcabdvesGil{ Sre appdoprinty barpdxyRc

ATty
AObREEb AR . oo
R3R#S©H(yﬁn=@cy€tbtra(b5@r)o @t)ran -B- }dmstioe]r@teo (poufpomd! 614|76%m p(rdplomc

3 t

10 §8c1 B?(scéaiﬁéigg%mh)z 4@2&&% rg%?}?is Zﬁgﬁdmgﬁégﬁg |2§e
(mt%e“ez (QQJH B6; 70ff@- 30 reaction was sti rred at rt
and DEAD (0.28 mi, 1 8 mmol ) was added dropwi se. The
reacti on was stirred overpkalMpigtiort and the resulting
suspensi on was concentrated and chr omat ogr aphed

15 ( BElaboic 441 N8 OBl GiH2EbR) [ 1201 @ia¥d®-1-v1)-3R 4S- dihydroxy-tetrahydrofuran-
225 el estyqayenglami no- 3- net hyl -butyric acid
5S- (3-carbanoyl -[1,2,4]triazol-1-yl)-3R 4S-di hydroxy-t
et r(abngdroxyrheth @~ Zenyl-tovitydto- &l @6 -fas [ B4- Wil Redisl 48-y1)- 1 H-

L o LS5 St o

20 Band.§ mIMgpyrilinerfthelretction Q)Oﬁ@),n wa} St@riﬂi) inad QcEBpth awDoctanoyl

S0y Aoy 2 ML
b &Ly Fqgjweaémgé@rﬁélémmﬁtgr @nﬁg{tlﬁypn,ﬁhﬁ V{il[i@e wasipdrtitioned between

5&h@%cg@iﬁl&ﬁﬁ@é&hratiehia%nﬁ&ﬂlﬁm @lélghdé so%ﬁst)on The layers were separated and
- al roxy-tetranydro-turan - ste
dHgpus YS%W%qractwﬂsﬁhx#@w&%e @Cfoﬁ)aerﬁaw%gwgsmlr#ﬁéte
25 r %?blﬂs ROy BHEPGIRS b0 A Frisd b¥er Sl Eifatd Thy ebisiagestter
at nos F) her

about for d t he
 SE R Re R Vet b de e SRah el TRt Tre
f imetthramb Bd inksronaticaan ta wele 6,2g (33%it o dctandib aady t68+( 3-canbamoyl-

PRS0 S5, A LG AL DU 5
t estﬁrawwhﬁamt&/ i BRI wii?eﬁvrylmgels:thérs of ﬁ;ﬂdhewhdmeugmm@s a
30 p%kc%r%%ﬂe‘a\@(s Bé/sgﬁl?eﬁ(iﬁ) H{e l‘altIGH %PCWQ WQQJ{)%) CJZMID the

Recr Z ation
gladélﬁlOIaOf/\TﬁQ% to ¥ielg éé/%mg (o) stapeic agif 55‘1%43@5160)& 1 2 4 Jiiazol-1-
y1)-3R,4S-dihydroxy-tetrahydrofuran-2S-ylmethyl ester as a crystalline solid (ethyl

acetate-methanol). (compound 34; (M+H)"=371, m.p.=154.4-155.8 °C).

35  Proceeding as described above with the appropriate acid chloride there was prepared:
nonanoic acid 55-(3-carbamoyl-[1,2,4]triazol-1-y1)-3R,4S-dihydroxy-tetrahydrofuran-
2S-ylmethyl ester (compound 35; 82%; (M+H)"=385; m.p.=155-157.1);



Utilizing the two step sequence descri bed above with

the appropriate carboxylic acid there was obtai ned:
WQR0a52905 3- net hyl -butyric acid 5 S (3-car banpgi/EP$003/013538

1,2,4] triazol-1- 15 - 24 -

yI) 3R, 4S- di hydr oxy-tetrahydro-furan-2S-yl net hyl

ester; conpound with toluene-4 sulfonic acid (conpound

6; 90% (MrH) += 344). EXAMPLE 9 2

2- Di met hyI propi oni c aci dggAMp3pqar banoyl -[1, 2, 41

trjazol-1-yl ) 3R 48—O ) AR AS-dibdr drofaran-
g%% mﬁfﬁvl gstersopropy ' '
5 A g?— 9&@%&%3@‘? hg}lle_n)gl tp tr;ﬁw}i a%tgag r[30 4 %l?[? 3?(? oxotl lig )4) 1H-
[ 1, B diriaxaié-3 £Sbyk)lic hGHafnide2) 8]st 0.D@@mel o) 3es s dloedyth 2@ ml, of a
a
S AL 09200805807 3B BB i e
(@s @Bpmpylchb@f(z@iiﬂm@ﬂf)rlcédﬁ’l PlnsRe 6(@111(1141) gyas @1d8@ showtyl gver 20
THﬁnﬁt@? uﬂ‘He 96 WwR erﬁcl)VQH] aH@ﬁle %a‘ctrl(%ﬁxgas%i’ﬁlé@ F9 I:"lthr Afier" éﬁlch 1mL of

and part itioned between acetate an
10 s,a"tf’—t aplras adéid and e reqtﬁlén a'qméwé for %Wmutwreﬁhﬁa@ﬁw was

We‘ffa ofut&IemAMke RAALd Akl iR biMY] acBRWAY @at@t@f&dtahﬁjomum chlonde
t|ne% of anic |ay ?%ngeﬂe washed wi th brlnde h Ll
i Soa xS HeRaH € 2AEOYSLeriVes piacted with ethy

c hdfe@ﬂﬁf[ﬁhg Eﬁﬂblﬁéd étEﬂIb&taﬁ%]%We@d@@ﬂ&)ﬂﬂﬁu@l deed over sodium

( §u§fage ao evgl or{%ic? ‘%I’ a?fﬁlﬁfqea@bq re:ildslilel V)fas Quﬁﬁ%ci,]lw ch(cérfx?tgg{ﬁ%l}y on silica

15 388,165%- Iﬁdhn{oydﬁhld}or{metliqnf@]to YeldX 60 mg4 8% ) amelidmyd aciels 6%£3-

AR A B 50 08 e 3

c Hmsilid pater 1{opg_opyl afer (Mﬁ- ) &1419. Deprotection of carbonic acid 6S-(3-

| t%bémgylgﬁ‘gms’tlrlaicﬁll[ﬁ p2 gﬁ&yﬁ?e&a%-f?)ﬁ‘g @ag[-ﬁl?b (42 S 113] &10%1 4S-

di oxol - ester. (0

5 JRHAE esiﬁ%"FIHE’EH%?TGS deeebidy: éowx)@%éuwlpfr@sence Heom,
20 SUSRLMBLHR aWdSS-‘-’qMcirbﬁﬂoﬁI 1,4Q] taz6nd81)- 3R, D3OG Ry

PR A L ) rf%%ghl egtggéfa&%?u%kfﬁ 3@%@45% 5329
fh{,ﬁ_&@@ Sg‘\@ 2004/ 052905 PCT/ EP2003/ 013538 -23 was

concentrated and the resulting oil was dissolved in
1.5 mL of MeOH and 10 nL ofCH2C12 and then 3 nL of

'~ . - A
filz er-adlzmm vﬂma 42 clzmdrdmtt&ydhv@xrooma@lnzs:vla@tm}l 58— ( 3- ester,
car ba ;1 A]l;rl\/a -1 -yl)-3R, 4S-di hydr oxy-tetrahy
d SIS %Ster 5 (conpound 11; 70%
I\/H—|)+:329; mp: 139-141.6 C); Uilizing the two step
s éga&-hgdrosiesahylPepheapaveahyiltdr34ShiaS dpjpf B [aBédioxol-4S-yl)-1H-

30 C@f@@@é& f-3 g{}gy%& %ﬁg@g]mf 1%9ﬁrﬂ+51§g s A1GRLANR % m1, of
3RrAIEME; g%ﬁﬂi%% -Bio- @Hy8rdb gf mi?anszBwhmﬂhleQé’s(ﬁéB g, 1.32

( eRRIRONBF Bdched9 %0d DRFEARI027InG, 183 ?fﬁhaéwere added in sequentially.
5S-( 3- carbam)yl-[l24tr|azoI-I-yI) S-di hydroxy-t

et\ftahspidring foud&hr 2285°C, ethyl acetate and saturated ammonium chloride solution

were added. The layers were separated and the aqueous layer was extracted with ethyl

35 acetate once. The combined ethyl acetate layers were washed with water, saturated
sodium bicarbonate solution, brine and dried over sodium sulfate. The solvent was
evaporated and the residue was purified by silica gel chromatography with 2% methanol/
dichloromethane. Concentration of purified fractions yielded 370 mg (53%), 1-(2S-



yl met hyl ester (conpound 36; 70% . EXAMPLE 10 15
Cctanoic acid

wo 304851903 banoyl -[ 1, 2, 41tri azol -1 -yl ) - 3R, 4S- di PTEP2093/013538
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etrahydrofuran- 2S-ylnethyl egfer (4. R = C-Hi s~

1- (6S- hydr oxynet hyl - 2- phenyl -t et r ahydr o- 3aS, 6aS-furo[ 3
,4-d] [1,3]dioxol-4S-yl)-1H [1, 2, 4]

triazol e-3-carboxylic acid anmide (0.25 g, 0.75 mol)

WBsnAlo%Ha }%ﬁgammols HetfMbutyRD-HRebli8ime-2lcafo watcﬂ'e@,ga-

The reatlon sol tlrredlna

o ETHHBYT LA L D) 1B Lr-tFebuf g arbteo AUl dhorol-45-
dylapthys ester s obeagddiaoh gMRIM-IBM=@3] rred at room
tenperature for 24 hr After concentration, the residue

artitiongd bet acetate and satyrate
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wer e | rrne an er sodi um
Thsbrraeyld Ld 44t ipzeal-1-yb Hp 65-dihiydnexpteteby drefurangS-yhuethfli eetdr,

e AP R TR 3 Ak FR A  Rg 63495 o

octanoi c acid, 6S-(3-carbanoyl -
[ In @aldgons maner Weng|pyep2rediven }slorrteatcxf aHypr did3eS, Bass dxamalyl)-3-

m‘k}f_lgu-b[l%ng L 8% ?30 aag}ﬁar%{w i E‘Xitna%f’tl g/{e)n ) AFS %R%(ﬂjogf {jetrahydro-
w&g

B3S-ybedhp |e$t§h@anm>s,mé @@téirtplserc; 4- ﬁﬂiom apllde(panmundﬂ3dﬁomer

S udl he ddi ti t
yi Lﬁ%ﬁ?g&ﬁ&g 4%124@3;) g?é?azngl% goulad 3§1somer ?@290, ﬁ-si—g_k 4%1
5&r.31mariwacpyl -[ 1, 2, 4] triazol -1 -
yl ) 3R, 4S-di hydr oxy- tet r ahydr of ur an- 2S-yl net hyl ester
as a crystalline solid (ethyl acetate-nethanol).
(conpound 34; (MetHpd€37Hrepdtutiorsbbdiadyl §babivés) . 35
Proceedi ng as described above with the appropriate

acig ch i de ther esx(mas prepared: o0pna c acid
58—(2—5(@r 4]tr| gl-1-yl) i t
ety ghy drof ZS-yI met Ry est er i NonpaNIf

( M#H) +=385; _155 T57. 1) WO 2004/ 052905

PCT/ EP2003 -24 1 Carbo

5S-(3-carb L2, 41t azlc.aoll?egi yl)- SR%@(?h%roxy t

etrahydrofura@ ZS-yI net hyl ester isopropyl ester (4:
Oi- G317 . 5

1- (6S- hydr oxyrmet hyl - 2- pheB¥AMP&ENAhydr o- 3aS, 6aS-fur of 3
Bugyric paid 43 HltyxdexyAS: (3t prbrpoyl fil, 224 1#azol-1-y1)-2S-hydroxymethyl-

t EdRakS: fsraﬁajsn@édér'(@@u@}gﬂl de (0.3 g, 0.90 mmol)

was dissolved 1n 2.4 nLC o0 1:1 mxture of dry

DMF: pyridine. The reaction was placed in an ice/salt

ba'bra slaﬂéd Stury 680 (35aR- dlﬁygira o drﬁdao%r Qfs%)a\r?gﬁgcgmétﬁ'ldqwr%dro-
b 2SS e rBtrat e A At B pomelin 33 mL of

s THEvede ddted FEAN0.48 in@) 3. ¥¢unetol)1nMutydik anhydride (0.49 mL, 2.97 mmol).

The reaction vessel was fitted with a cold finger attachment and heated to 65 °C, under

nitrogen for 17 hours. The reaction was partitioned between ethyl acetate and a
saturated aqueous sodium bicarbonate solution. The organic layer was washed with
brine, dried over MgSQO,, and concentrated. The residue was purified via silica gel
chromatography (20% acetone/chloroform) to yield 47 g (88%) butyric acid 4S-
butyryloxy-5S-(3-carbamoyl-[1,2,4]triazol-1-yl)-2S-triisopropylsilanyloxymethyl-
tetrahydrofuran-3S-yl ester as a clear oil.
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solution and extracted with three 100 mL portions of ethyl acetate. The organic layers
were combined, washed with brine, dried over MgSOy, and concentrated. The resulting
film was purified via silica gel chromatography (15% acetone/chloroform) to yield 0.53 g
(53%) 25-benzyloxycarbonylamino-3-methyl-butyric acid 4S-(2S-
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4S- butyryl oxy-5S-(3-carbanoyl - [ 1,2, 4]
triazol-1-yl)-2S-triisopropyl silanyl oxynet hyl -
tetrahydrofuran-3S-yl ester as a clear oil. WO
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30

4S-(3-hydroxy-1,1,3,3-tetraisopropyldisiloxanyloxy)-5S-hydroxymethyl-tetrahydro-
turan-3S8-yl ester (0.38 g, 0.65 mmol) in 2.6 mL of 1:1 DMF/pyridine were added DMAP
(0.40 g, 33 mmol), 2,2-dimethyl propionic anhydride (0.33 mL, 1.63 mmol) and reaction
was stirred for 24 hours. The reaction was partitioned between ethyl acetate and a
saturated aqueous ammonium chloride. The organic layer was washed with brine, dried

over MgSO,, and concentrated and the resulting residue was purified via
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2S-amino-3-methyl-butyric acid 55-(3-carbamovl-[1,2,4]triazol-1-y1)-3S,4S-bis-
isobutyryloxy-tetrahydro-furan-2S-ylmethyl ester; compound with toluene-4-sulfonic
acid (8: R! = i-Pr, R® = CH(NH,)CH(CH,)CH)

To a stirred slurry of isobutyric acid 25-(3-carbamoyl-{1,2,4] triazol-1-y1)-5S-
hydroxymethyl-4S-isobutyryloxy-tetrahydro-furan-3S-yl ester (Example 13 supra,
compound 17, 0.50 g, 1.29 mmol) in 6 mL of THF were added at room temperature 4S-
isopropyl-2,5-dioxo-oxazolidine-3-carboxylic acid benzyl ester (0.43 g, 1.55 mmol) and
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phidrbyiemeisHtdtihldro-furan-35-yl ester (compound 38, 35%, (M+Na)* = 477) and
1-(3S,4R-Dihydroxy-5S-hydroxymethyl-tetrahydro-furan-2S-yl)-1H-[1,2,4] triazole-3-
carboxylic acid butyryl-amide (compound 40, 58%, (M+H)" = 315).

EXAMPIE 18
Caco Assay
For general discussions of the Caco Assay see: S. Yee, “In Vitro Permeability Across Caco-2
Cells (Colonic) Can Predict In Vivo (Small Intestinal) Absorption in Man- Fact or Myth”
Pharm. Res. 14(6):763-766 (1997) and Yamashita et. al., “Analysis of Drug Permeation
Across Caco-2 Monolayer: Implication for Predicting In Vivo Drug Absorption” Pharm.
Res. 14(4):486-491(1997). For specific technical aspects see: Grass, G.M. and Sweetana,
S.A. “In Vitro Measurement of Gastrointestinal Tissue Permeability Using a New Diffusion
Cell” Pharm. Res. 5(6):372-376 (1988); Rubas et. al., “Comparison of the Permeability
Characteristics of a Human Colonic Epithelial (Caco-2) Cell Line to Colon of Rabbit,

Monkey, and Dog Intestine and Human Drug Absorption” Pharm. Res. 10(1):113-117
(1993).



acid (0.16 g, 0.84 mml) and 0.15 g of 10% Pd/C. The
reacti on vessel was evacuated and purged three tines

WOwaok/0keas ogen gas (about 1 atm and stirred fRPCT/BP2003/013538
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hours. The slurry was then fijtered through CELITE(r)
and the resulting filtrate was concentrated, dissolved
15 in a nethanol /di chl oronet hane(1: 10) sol uti on and
precipitated with hexane to yield 0.18 g (33%

2 Saqubh i Redteinhvitl clltiry Edr@itasmis:d -

5S- (3-carbamoyl -[1, 2, 4]triazol -1-yl)-3S, 4S-bi s-

i $Sbghupassage bwy-lﬂ@)t@@hﬂcteldxfaw aituzg-iy Dultetdol Mesitiar Eagle Media

| 1
S ARG SR 280 i
cps4) zepnﬂﬁraeréecbw@l% deldtavirtséeruah 0¥ d.- Ghutdmipe 6GibesLige

a@egmofbgrep [Pk me%lﬁﬁ@iy%ﬂﬁﬁl s 1¥1}rc1? é(glbc%/héer Technolggies,

4;tr|a ol yl) dr ox ura
% [514Q+122 ]a(alg%n essential Amino Ac1ds, Gi co/Llfe Technologles, Cat # 11140-

ber&)y KBM&&B&WM@% m%m&n@m@% Bﬁsk %s@@é Eilture Treated
car bano 4]triazol -1-yl)-3

1,
4§C<Eﬁta§p% Bi36% %g@ 4 he-Jiof Uﬁ@mﬂ@igﬂrmmntsyd;elleat plated at
( 7]%04 @Yﬁweﬁ ‘nfltg@) weh 'c&ﬂgé’i@@oategl%{ﬁtn?e%bqgn Pl Jtyrene plates with

S-am butyric aci
5§13?r§ @ftsra%%ﬁp ][2]?“12 zjngqtcpra(iépnq pop&size, sterile, tissue culture treated).

Y Chriis3ee f@@e@r)% B4 y@QﬂlcPﬁﬁ% cdlaE 57 %‘Xrﬁf fiQ EH{ - ﬁ%aysltge altl
| ester; conpourid uene- fonec
( é‘Hﬁﬂé‘iﬁrﬁ‘éff@ilon abmpolariged h@dolEYer Wri*he}ghnamt@ms of N-acyl
anal ogs Exanple 17 30 0 O "N~c H/C3 N-N ffo QOC3H7
~- - H7 H7C3 0 39 WD 2004/ 052905

qﬁﬁ’ﬁé‘@@ £398E0Ns. 31 Butyric acid
SErdbg-HéﬂsMEfY bicab bl fredsl p12 6%land 7.4
tf{l azoI 71yl ) -4S-butyryl oxy-2S

'S’/foxyrret hyl -t etrahydro-furan-3S-1 ester. To a

SDIlSItlﬂaﬂwsteufgigss diftilled voMandpur)l, 0.48 g, 2.0 mml) in7

Butsylif%“"%elé*ﬁﬁ‘?a R e g S

( aMHgChlorzie@thﬁmlte)(MWeabétﬂ(bn vessel was heat ed at
600k Bcadbn iRl Sy = BRgsol ution was partitioned

bet ween et hyl acetate and a saturated aqueous NaCO3
solution and the organic layer was washed with brine,

dDiseslveRreb’ s Mpatic badach onRGaTE Bk e aboli§0d B8 bEYUSer. When
buffer mix is dissolved, add 0.373 gm calcium chloride dihydrate. After calcium chloride
dihydrate dissolves, add 2.1 gm sodium bicarbonate, after sodium bicarbonate dissolves,

add water QS to 1000 mL, then sterile filter through 0.2 ym filter and store in a

refrigerator

Test/standard compound solutions:

Prepare 5 mg/ml stock solution of test compound in DMSO and store at 4 °C. Dilute
desired amount of 5 mg/ml stock to 10 mL with pH 6.5 Kreb’s Henseleit bicarbonate
buffer to give a concentration of 100 uM. Then 1 mL of 100 pM solution was further
diluted to 5 mL to make the concentration of 20 WM. This 20 LM test solution was used

as initial donor dosing solution (D0). Warm drug solution(s) to 37 °C before use.



was purified via chromatography (35% et hyl
acet at e/ hexane) yielding butyric acid 55 (3 1o

whadogoyioemr banmoyl -[ 1, 2, 4]tri azol -1 -yl) - 4S- but ypgT/8R3002@ 3538
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-but yryl oxymet hyl -t et rahydro- furan-3S-yl ester
(compound 39, 71% (MtNa)+ =_.347). Proceeding as
descri bed above were al so prepared: propionic acid
5S- (3- propionyl carbanoyl - [ 1,2, 4]
tn%gg@hxi¢xh)-4s-propionyloxy ZS-propiononxynethyI-

AT T L R A S S

:) :1 2 pla’fégig op gis atelUking ra%lﬁféElfQjERg‘é q%ﬁﬁ};%@' Wth®Shofsh&” electrodes
u

pars, By fi%%&» Mquthe DEER. t Fhiigproredarashpuld $eldonewlydn the
?égﬁgﬁrﬁg}{%& S i}%k/lfﬂagnc%ﬁ%g e&é’&%ﬁ)gge%gerature. Use only those

( 3SingqRLs ﬁ)}’@YQ)T@ERs@DhW@OG&lmt hyl - t et rahydr o- f ur an- 25-

yb)D chlk rrledid ad @hsht | Sheit b
e O ™ S b R Ky & G icarbonate
M"E 18 25 Caco Assay For general discussions of

ngggaﬁop%\s S&Qtekﬁﬁfierslsglelc‘%ﬂlﬁﬁ“er V\cr:als Q%%éﬁtt% ?%Ea@ gﬂ? I@ﬁ!hle héllymonolayers
- | di VI VO
(S A&l 1. fga ng g%l ng‘{%eh Aﬁi&&s%@%{?&ef 9 t%hasolpggql c]@qmw{}he cells were
Ph aiq’ﬁhhb?ﬁéd in14(°6)and 6% d@ﬁnélﬁﬁ%?%oﬁ?gasng%gsa et.

"Anal ysi s of Drug Perneation Across co-2
I\/én'B]llfangeqﬁl SIdQﬁ.ﬂfﬁet‘mSl remo¥edran®reptticed witlg0.b V20V Best ghlutions.

s harm . 30 4):486-491(1997). For
speﬁéll1 el ‘?%FE Fé%ﬁub%ltg‘b%t%?s C§Bé ()A’é:%?ss GM and
GaSWeM ."m;léfi andtS!O/hnnuieﬁluMle bb%tsﬁ@@%&&é@w&ﬁ tr@ﬁsferred to new plates which
s stin er
o1 1 Fr e ol fineby 5 L we FaE oyt a5l s eradbpurer
Réb B reedia bm all'pBraypard <$)ﬁd§ttemtfas td@avé?eﬁrﬁplabl lity
AT Rl STl T2
| Nt apsdal side cfinok rblloEA: tRY did oRRAFAL o@trktud?aqmnuﬁﬁ@s) the

perMEpB005! (35 33 At BHeRE um and cul ture

ceamedile sadwisons Hoghthpdesagide (veRBoll2B) aOhe endoftbk kfpedfnts as D90
Cihigwsed in Dul becco’'s Mdified Eagle Media wth high

J ucose and L-d utam ne (DMEM (G bco/Life

TAARAGIB G éast substanes was 9genlateB iy msampliendat edBOasdomt@hg/mL)

Fatdbo Bawithe TRe ra?ﬁgrerilt (%naggg {?%Jﬁ@me(n@ pa%S/ Wrls' &1cRlated from the

'gg)ﬁhnol 0gi es,

PV PIHAESPY ept omyci n (G bco/ Life Technol ogi es, Cat
# 15140-122) 1X Non essential Amino Acids, (G bco/ Li f e

Technol ogi es, # 13340- Q19). gells gfe maintained

in T225 cn@ Cel P |-t F‘I%Ek‘ﬁ —etr%re Tr eat ed

(Costar, Cat 0@1]) —8{@(3 gg/l)ec@ r transport

eXR&EE lGPRL Be cﬁa%gle ¥n ernguﬁ)tl &8 compound in receiver, dC is the change in the
concentration of compound in receiver, V is the volume (cm?) of the receiver solution, A
is the surface area (cm?) of the insert, G, is the 'initial' concentration of drug substance,
and dC/dt is the change in drug substance concentration in the receiver solution over the

90 minute incubation time, ie., the slope (ug/cm’/sec) of the drug substance

concentration in the receiver solution vs. time.



7.1x104 cells/well into 12-well| coll agen-coated PTFE
menbr ane pol ystyrene plates with 1o inserts (Costar #

w@4®3/052085 mm di aneter, 0.4 urn pore size, sterPCEEP2003/013538

10

tissue culture treated). Cel I?%Q?lre fed every 3 days
and mai ntained at 37 C and 5% for 21 days to allow
conplete formati on of a polarized nonol ayer with tight
junctions. Stock and working solutions: 15

Kreb’ s- HerlEblled. Cabi-¢ aflRea3perndabiliey &F selpdteSecompRaldd - 4
or

Reagent s: —D-s?—t—l—ed_\ba.t_er (glass distilled

Nanopur e) | Kr ebSPREMERHBIY  bi gar b&riet-é PEFRbHiti x |
(powder, SIGVA # K-3753) Cal ¢i um cid mréiggs@i hydrate
(MV = 147 09—20—Sedi-um-bicarbonate (MA = 84 01) *

Di ssol ve Kreb's-Hendeleit bicarbonate bli#fer mx in
about 900i il of “wat gr .“"Vhen huffer i xgks di'ssol ved,
add 0.373_gm.cal.ci.um chl.ori de di hydrate.. After_calici um
chl oride . di hydrateddi ssol ves, add 2.1 3 sodi um |

bi car bonat e; after-sodrum-bi ~vca*rbo'ﬂate~d1' sol-ves; 25
add water! Q5 to 1000 ni, thenisterile fiTter through
0.2 mfilter and st9re in a refrigeratan T
Test / st andar dw@vonpe@nd sol uti-ons: Prepaye 5.nglm-
stock solution of test conmpound in DVBO-and store at 4
C. Diluter 30 desired ambunt™ of 5 g/ st ock™to 240 ni
with pH 6.-5-Kreb' s.Hensel.eit .bi.carbonate. buffer. tio
give a concentratidff of 100 M Then 1 m4of 100 M,

sol uti on Was™furtheg~— drtuted, to"S m-ggmake-the
concentratian.of.20 M. This 20 Mtest. solution_was
used as jnitial dédor dosing;solution DO . Warmidrug
sol ution( e- :
PCT/ EP2003/ 013538 -33- Assay Procedure 1. Prewarm
buffer, working solutions, and three 12-well plates
containing buffer for eachgxapipafgoof 12 inserts. Using
amllicell(r)-ERS equi pped wth "chopstick"

el ectrodes (M || iGo5tRositipe i Sl Adyripiseiéark t he TEER
This procedure shauld he done when the 5 cells are at
appr oxi matl8gsd8HC, since TEER is ef f dewbbvtoy

t enper at ur@ctivéﬁ%regiyny Those— T IISEerts—tigh, frave TEER
above 300 ohns. “2. Decant nedia and wash "each insert
once with 848 Kreb' s- Hensel eit bi car A% e buffer.

3. 0.5 nmL mhfesibmKteaRits- Hensel ei t  buf f gy was added to

apiT%aL sideof the cell nonolayers
e ingredients are mixed and dispensed info capsules containing about 100 mg each;

one capsule would approximate a total daily dosage.

EXAMPLE 20

Composition for Oral Administration

Ingredient % wt./wt.
Active ingredient 20.0%
Magnesium stearate 0.5%
Crosscarmellose sodium 2.0%
Lactose 76.5%

PVP (polyvinylpyrrolidine) 1.0%




10 and 1.25 nL pH 7.4 Kreb's-Henseleit buffer to the
basol ateral chanber. The cells were equilibrated in

W@ Z00&052905 5% CO2 i ncubator for at | east 30 m nNPCBEP2043/013538
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The apical side buffer was renpved and replaced with
0.5 nL 20 Mtest solutions. 57 The cells were then

i ncubated at 37 C and 5% CO2. 6. At 30, 60 and 90
mnutes time points, the inserts were transferred to
n&ive prigaddésmtsvatné @iinbidddl dnd GRInvBEdSIsEE S s610¢H: 8hdhd mkitAfolMThe

rmfresh pH 7.4, Krneb' s--Hen it buffer. 7. The .
nRbPBR R BE digh AR CRa IR (ol s bl 2036 ofactve
saoppemd) FithAhappropBatatablet macdsport st udi es, Lucifer
Yel | ow (0. 05nL x 1000M W@fiég%%%t o the apical side

of the wells. At the end ansport studies (90
m nutes), the fl Uememsiiondordirat dning
sanpl es ~TTE O—Satrpte—sott
donor si deTwere—o e 6—6
exper i ment $°4E ‘BB YSanpl es. The dc/ dt 19 test
subst ance Iwesargalcclul at ed from sanpl i ngodata at 30
(assune 0O L 60 m nutes. The par ent
per meabi | i?%l%:ng)é?lﬂﬁ@éljent (Papp) was ca?‘@él ated from
the fol | oMiethgl regdbspi on, 25 P dQX 1 dGXI5& app dt AXC
dt A X C Brofyl paheee dQ in the change § g anount of
compound i Org}écei ver, dC is the change (?]Sngat he
concent r at PERUBEASB#FBound i n receiver,2%§s the vol une
(cnB) of thebitd¢rweslusa)uti on, A isbhegsurface area
(cnm2) of the in . ks~-the "initial’ concentration
of drug su %eg'élﬁég{\}anégb%ﬁ%o'gd dt is th&%8hange in drug
subst ance Bewcmgtrati on in the recei ve035s0l uti on over
the 90 m nzglg?}l cubation tinme, i.e., tot‘ge sl ope

0

@etimer si de

Ol

(g/ cnB/ sec he drug substance concentration in
t he recei vidistidedlwatéron vs. tine. WO 28041052905

PCT/ EP200 = , =

perneabi |ity of selected Conpounds Conpound nunber
Caeoingregispirseimixed {p fosm 2quspensignderqral @nyinigtratpng. 6 5
5.6

The features disclosed in the foregoing description, or the following claims, or the
accompanying drawings, expressed in their specific forms or in terms of a means for
performing the disclosed function, or a method or process for attaining the disclosed
result, as appropriate, may, separately, or in any combination of such features, be utilized

for realizing the invention in diverse forms thereof.

The foregoing invention has been described in some detail by way of illustration and
example, for purposes of clarity and understanding. It will be obvious to one of skill in
the art that changes and modifications may be practiced within the scope of the
appended claims. Therefore, it is to be understood that the above description is intended
to be illustrative and not restrictive. The scope of the invention should, therefore, be
determined not with reference to the above description, but should instead be
determined with reference to the following appended claims, along with the full scope of

equivalents to which such claims are entitled.

All patents, patent applications and publications cited in this application are hereby

incorporated by reference in their entirety for all purposes to the same extent as if each



71.20.9 10 1.5 17 4.8 18 3.4 28 F... _. ~
...~ 26.6".. ~ - 34 6.5 EXAMPLE 19 5
W@mmmswt)s on for Oral Administration | ngr edi ePCT/EP2003/013538

w./w. Active ingredient 28, 0% Lactose 79.5%
Magnesi um stearate 0.5% The ingredients are m xed and
di spensed i nto capsul es containing about 100 ng each;
one capsul e woul d approxi nate a total daily dosage.
EXAiRiR] gRedOpdaTRESH chii HbripAbliXiah whdrh ﬂi(ﬁ%fl@atllly Qbhoted.

I ngredient %w./ Active ingredient 20.0

Magnesi um st ear at e O. 5% Crosscarnel |l ose SOdI um 2. 0%
Lactose 76.5% PVP (pol yvinyl pyrrolidine) 1.0% WD
2004/ 052905 PCT/ EP2003/ 013538 -35 The ingredients are
conmbi ned and granul ated usi ng a sol vent such as

met hanol . The fornulation is then dried and forned
into tablets (containing about 20 ng of active
conmpound) with an appropriate tabl et machi ne. EXAVPLE
21 5 Composition for Oral Adm nistration |ngredient
Amount  Active conpound 1.0 g Fumaric acid 0.5 g



Sodi um chloride 2.0 g Methyl paraben 0.15 g Propyl
paraben 0.05 g G anulated sugar 25.5 g Sorbitol (70%

waelbsony 12.85 g Veegum K (Vanderbilt Co.) BCDEB2003/013538

15

20

Fl avoring 0.035 nL Col ori ngs 5 nm Distilled water
g.s. to 100 nL The |ngred|ent$ are nmixed to forma
suspension for oral adm nistration. The features

di scl osed in the foregoing description, or the
following clainms, or the lgiggeonpanying draw ngs,
expressed in the|r specific fornms or in ternms of a
means for performng the disclosed function, or a

mét hod comppuctessdingio fkrinalarli ng t he di scl osed resul t,
as appropriate, nay, separately, or in any conbination
of such features, be utilized for realizing the

i nvention in diverseff8kns thereof. 15 The f or egoi ng

i nventi on has been cribed in sone detail by way of
illustration and aﬁble, for purpoags of clarity and
understandi ng. 1t w T b@ Qus torone of skill in
the art that changes a -d| 5 cations may be

practiced within theRepope ef the appended cl ai ns.
Therefore, it is to be und& stood that the above
description is intended to be illustrative and not
restrictive. The scope of the invention should,
therefore, be 20 determ ned not with reference to the

b Li s hut .shoyl det d
e R N L
VVI t h h}l’deogeul Ci. 15@(01;@1 @falkomamb\m‘}'lend SORGwinkrie CIORE m ammo acid
cl ai n@raad'l ﬂ%'aﬁlh% dra solpaq | H&tﬁrat{g%tfg 04 co%%%unccl cb

and pubI| |ons (6 icatlon fare
25 i ntditipsrsalied by reference in the|r entirety for aH
purposes to the sane extent as if each WO 2004/ 052905

PCT. I/ EEZ&Q?éLQﬂd?&&&gﬁng Ebclaifd Whedela |on9§itI§nR anfaéﬁl3 l@sr@OR4 R'is
app i publ i ¢ e_so, j ndivi dua
denot SA 0 TS 0R oRhepon s 5 e tausals mesedly oxrtging
1. A buhpdubid aadoosdt orgCitsctriightrod beanthddNa1 and the other of RY, R?
and R® are independently selected from the group consisting of hydrogen, Cy.1o
acyl, and C,.jp alkoxycarbonyl.

3. A compound according to claims 1 or 2 wherein R’ is COR?, and R*is
CH(R’)NH;* CI' or pyrrolidin-2-yl,and R? and R® are independently selected from
the group consisting of hydrogen, Cy.;o acyl, and C,_p alkoxycarbonyl.

4. A compound according to claims 1 to 3 wherein R is CORY, and R* is CH(R®)NH;"

Cl, R is selected from the group consisting of CH(CH3); and CH(CH3)CH,CHs,
and both R and R? are hydrogen.

5. A compound according to claims 1 to 4 wherein R' is CORY, and R* is CH(R®)NH,"
ClI,R’is CH(CHj3),, and both R* and R are hydrogen.

6. A compound according to claims 1 to 5, wherein the compound is 25-amino-3-
methyl-butyric acid 55-(3-carbamoyl-{1,2,4}triazol-1-y1)-3R,4S-dihydroxy-
tetrahydro-furan-2S-ylmethyl ester hydrochloride.



N~NO(l) / R30 ~OR2 5 whereinRl, R2 and R3 are
i ndependently selected fromthe group consisting of

woganosmns Cl_10 acyl, G _| oal koxycarbonyl andPCT/EP2003/013538
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COR4where COR4 is an ami no a% or a dipeptide;

and, hydrates, solvates, clat Bates of said conpound
and acid addltl on salts. 2. A conpound according to
claim1l wherein one of Rl, R2 and R3 is COR4, R4 is

10. CHARBMPbIE 4etordidk tP¥lEiRp] Wﬂér&n&l,\ﬂzaanﬁﬁa h® uticré%etﬁiegﬁy CI 1
chain o{ ur al lB’ curring hydrophobic am no acid
e PreTsrooh

or c1? nched al kyl and the ot her of
R, R and R3 are i ndependently selected fromthe
group consisting of hydrogen, Cl.1o acyl, and C1_10
al koxycarbonyl. 3. A conpound according to clainms 1 or

2gwhek ebMp Bi]ncﬂ a%ccf-;@ﬁé to é}:ﬂgm R%r '7§Vh1'r'~:%1 qgé @gﬁﬁfﬂ 15C|prop%n1c acid
BRI ghn
sel ec i B’fﬂpl‘-t“ﬁf ] P% &%C@B%?)ét ﬂ ﬁé qulryl cﬂl)o’ijéfﬁh)’d@l fyrgn-25-

acyl ,ylawthylekted.0 al koxycarbonyl . 4. A conpound
accordl ng toclains 1 to 3 V\hereln Rl is COR4, and R4

[ ed. f 10 the group
cgng_!éta?ng of aéf—?(%ﬁé&bdalma ?Z‘i’h@ﬁ é%l waaﬁaf@bleh R2
and Raketyearbgndt oyldwth Rang R Aredodpgemd accor ding to
clains 1 to 4 wherein RLis COR4, and R4 is CH(R5) NH3+

Q1., Reotpodadacd3aid t@d‘ﬂgmblocyrh’ Vﬁ?eré?ﬁ] ! R%g@trogﬁ'%qrb%qglﬁﬂ and R’

6. AC a to clains erein
con‘po‘ﬂﬁﬁr}g%flg “%% ’éfngh’@ Oyt W]rkomﬁgbpmcl aci d
5S- (3-carbanoyl -{ 1, 2, 4}tr| azol -1-yl)-3R, 4S-di hydr oxy-

tét.r /azhydnnpetfndl"aamrdlﬁg ol ciedinb ¥ bor 2 stheteinhielsasfvuad isdf%obtw'&c acid
2004 90

accor%s'ﬁsé o”holygﬁn%% glr'lé?'ﬁ§§z’hy§rﬁﬁyré‘?f§y1@g?té‘tyryloxy'

i ndepematertd-furaGl3S1e esta€ v, md@mmr@lmﬂ&@w@w 8.
ﬁ\oﬁ‘go%gn h?'lé)%’%%?%rgg)f(&%?g &a rkgalmr%l ﬂl,é),ér’r]tgaz\(l)\lh?—rySbg—ﬁyrc]lr%xymethyl—
3S, 4Setnalydpriopineddyylextyr. 5S- ( 3- car banoyl - [ 1, 2, 4]
triazol-1-yl)-tetrahydro-furan-2S- ylnethyl ester. 9.

A €O 1 or 7 wherein RL is
Cﬁflgmgéég&&g%&ggggt f?rgl?g%f;fbonyl and both R2 and R3

are hydrogen.
y g /EONHRG
N N

L o (XX)

I3

R%0 “OR

whereinR', R? and R are independently selected from the group consisting of

hydrogen, Cy.iq acyl, Cy.j alkoxycarbonyl and COR* where COR?is an amino acid
or a dipeptide; Réis Cisacyl; and,

hydrates, solvates, clathrates of said compound and acid addition salts.
13. Compounds according to claims 1 to 12 for use in therapy.

14. Compounds according to claims 1 to 12 for use in the therapy of a disease

mediated by the Hepatitis C virus.



10. A conmpound according to claim1 or 7 wherein RL is

hydr ogen and both R2 and R3 10 i ndependently are
w@10010520y1 or Cl 10 al koxycarbonyl. 11. A conpCI/ER2003/013538

according to clainms 1 or 7 wherein the conpound is:

i sobutyric acid 2S-(3-carbarfdyl-[ 1,2,4] triazol-

| -yl)-5S-hydroxynet hyl - 4S—isobutyry|oxy-

t et rahydro-furan-3S-yl ester;

212- dUﬁQ;fh%chﬁﬁQﬁ%'agco%h c%u&l%l?ou or the mapufacture of a

dlnethylproplonyl Xy)-5S-(3-carbano y ,%2

tri azZBFdiganqny OZSSEIW&I?%WHH hyl - 15

tetrahydro-furan-3S-yl ester. 12. A conpound accordi ng

t 06 f OTUmdf hel dompburi‘dk{%:oml\é @ cfdidy 1 tdR for the mmmdfacBrddf a
are |ndependently selected

f r om™® C@P&ﬁ?f Bt q’?ttﬁl‘?ﬁ@)yd?f a dgefe SRpdkteddY the WPS C virus.
Cl-to al koxycarbonyl and COR4 where COR4 is an am no

5 ati-d A glaroracautidil pepposttivn defpirisinga tierapeyticallpeftbctive amount of a
LA e i St e el
cl ai rasceptabls capief grd epsionally @h@nrapg/exapdentSCo mpounds
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