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Cycl opropyl Pol ynerase Inhibitors Technical Field This
i nvention relates to nucl eosi de derivatives that are

WO 20Hi/90450r s of the hepatitis C virus (HCV) as PEEIEP2¢(9/004748

their use in the treatnment orlprophylaxis of HCV.
Background of the Invention HCV is a single stranded,

positive-sense RNA virus | ongi n t he Fl avi V|r|dae

family of viruses ﬂoPWyﬁgﬂgggq??ﬁjt“?’é'é‘ﬁ?@ Fol | owi ng

initial_. %ute infection, a mpgjority of infected

m%a@gl—s devel op chronic hepatitis because HCV

Tlapiriveﬁmmrelmesfte manlebsitle derivativepthhvary igsbiters of therepatitis C
pat - | :

s TFCYS BRI usd B R B e R BB

of the virus to nutate appear to pronbte a high rate

I@ick‘g‘f&ﬁﬁ'o?tﬂe‘lfn@&dtio%n Chronic hepatitis can progress
fo Irver fipbrosis, leading t irrhosis,. end-s
H@nlangmdae

HCYdis aginglessteandedh popibre RS iug pelongigg ko
faakly virusdshg tlhd?l@dihéhglrﬁﬁ péfus Olf"olldeﬁg ififiglns plednfeatioramajority

%tﬁg{eﬁﬁaégdlﬁqlﬁal% oﬁ%&c&wpg eg%]l?%eg%¢g deprhcates preferentially

mémgataghex_:lalthg/notkm‘efcg}e aptopatbicl In mrtlhdalptmdmh mf%mvlgorous T-
lgﬁﬁaﬂ%)é/ﬂg Fes orlr:slé 108 thSRiEh #)Hﬁ%@ﬁﬁé& the Oﬁu%trﬁ Rear to promote a

erogenerty o S |rrportant ost

lighi rate pﬁqzluamc.mtispﬁmmqh@mc hepatitis §an psegress £ hﬁger ibrosis, leading to

éﬂ'rflf)él? léhHJs&%e iReVdiS&ds8 Bndg¥et tcelilbr ¢aréThb@8), making it the
Jdcac current ther%gy ransm ssi on of can

ing ci“%FSﬁb‘HeréWB]@Pa@W cont ami nat ed bl ood or bl ood

product S, for exarrpl e follow ng bl ood transfusion or

nt ravenous. e lin t
Tléegf are usgéglaloﬁ V& ggot&/?egsearr]lid r?tgl](g %la é(gﬁltbgrpeg aﬁggﬁj ﬁtte éﬁfferently
disteibuteidgepgraphicalyn QK igonotmy1 usntbc de@mmaa@gméype in Europe
S8 1d 8. PROMBHRY SHSHORetb DMy UMY ol fhpeHabeaRnostic

eXI Stl n I nfecti ons continue to present a serious
al implicatienso RF@aB%?’a%'ﬂntrdl Hicyltiey 11 yagingidggclopment and

limited efficacy of current therapy.

Transmission of HCV can occur through contact with contaminated blood or blood
products, for example following blood transfusion or intravenous drug use. The
introduction of diagnostic tests used in blood screening has led to a downward trend in
post-transfusion HCV incidence. However, given the slow progression to end-stage
liver disease, existing infections will continue to present a serious medical and

economic burden for a very long time.

Current anti-HCV standard of care is based on (pegylated) interferon-alpha (IFN-a) in
combination with ribavirin. This combination therapy yields a sustained virologic
response in about 50% of patients infected with genotype 1 HCV and about 80% of
those infected with genotypes 2 and 3. Beside the limited efficacy on HCV genotype 1,
this combination therapy has significant side effects and is poorly tolerated in many
patients. Major side effects include influenza-like symptoms, hematologic
abnormalities, and neuropsychiatric symptoms. Hence there is a need for more

effective, convenient and better-tolerated treatments.
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Current anti-HCV standard of care is based on
(pegyl ated) interferon-al pha (IFN-a) in conbination

wowotdnopésbavi rin. This conbi nation therapy yi elPd3/ER2009/004748

sust ai ned virol ogi ¢ response -2n about 50% of patients
infected with genotype 1HCV and about 80% of those

Eneriencs, ip HIKHEE, I acular ik 21 Ghaienss B pRe pigueht that
subsoptingiliphareatbkinkties alifconipiexadudinigregingmt yuicklyereadleh
oY, S OSSRt thal B 2iier rne
emdenteatioo§symihiuat plasms ywmeomtlomlémhe réspeasiviesiragsinad HIV
Ifegfmméﬁueﬁﬁgxﬁts' Befow 9@1@3 bxe@lb oﬁﬂl‘isﬁlﬂ& k& lalg‘é tp%.f't?BPﬁlle day. It is

roence w-t HI i cul ar

wmﬁemd\rhﬁraof%ﬁgb% tjoygh hviebpkat lwééth@alﬁgh@n mgfe realistically, the
mgp oPEDLITR es@é’hlfﬁramcs%\kll tastvhcme awélosﬂmt |tt smﬁgsas&q)e mutants.

egi nens, qui r.esu i.n inadyertent c a

RSP GREdn ety oA obhee® LR 9T HE Ao Aoty rough
leo¢is prividdsiagtringentchallongd sdrag desigent rat i on) for the
respective drugs in an HV regine frequently falls

bel ow the 1C90 or ED O threshold for | arge parts of
TheNGA&B region p§ thediNAdolyggne brgodas 2nRhudenendeny RN A& pelymerase

gidl%%g\lwﬁéﬁtls ésjg&tiagﬁ)onrél'?ﬂ)lﬁgﬁﬁm e ér&&h&élhér)fforé ha élgltgd

I S essent |a | ow down_ t hé devel opnent

%g@@@gdﬁtﬁ@smﬁlgﬁﬂ ed lgglﬁ @\ﬁnﬂgst% Ruelsguds gnd non- nuc?eomde
PR BCORN S hfeskndngh. NutleotRledRigibiterch® aﬁ| dithiét &sUcdhain

tEBirgibr ofice ReBRR TN BuP MRl AR N A5 i ke o the
Pmdezpe ﬁﬂﬁfmcﬂﬁasmmteanma(dﬁaﬂ&m)uclmlchnabg must be taken up
ﬁl% Q?all %? Egmye!rtreﬂ‘ ln% LiSPhd & ﬁﬁ%h%@])eha-{@ i se&ﬁl)(f 1051*18 rtlFJ ttfpHosphate

| cant
is wemnsqnéy nmediatedricetlotar finasesd Whmliump@rté @@qha@nal structural

teflir&héMs 8n AfpoliaaR ﬂc%&ﬂ@%leQCQ%bﬂgr iR Bddi$19 s limits the
chal.n

. g‘%} Pgiptél qer al@pilg?s aS\M“‘I %Hoqs.p? z-i(?% lrgglcﬁlqrhto cell-based assays

cupableaifiiglsinbplidphgrylatiohhe pol ynerase. To function as a
chain term nator the nucl eosi de anal og nust be taken

up by the cell and converted in vivo to a
Seveptl agpinatshavd héen made/tordsivelop muclepsidesrasphinbisoratoé HGV RdRp,

GATIRR Vel ?;EEGISPMT&@HNJ: BiitetelRARRE! dMRIdphehfRBhE Rave
proceeded all the way to registration. Amongst the problems which HCV-targeted
nucleosides to date have encountered are toxicity, mutagenicity, lack of selectivity,
poor efficacy, poor bioavailability, sub-optimal dosage regimes and ensuing high pill

burden, and cost of goods.

Several patents and patent applications as well as scientific publiéations disclose
nucleoside analogs having HCV inhibitory activity. WO 2004/002999 discloses
modified 2' and 3'-nucleoside prodrugs for treating flaviviridae infections.

WO 2008/043704 discloses 4-amino-1-((2R,38S,4S,5R)-5-azido-4-hydroxy-5-hydroxy-
methyl-3-methyl-tetrahydrofuran-2-yl)-1H-pyrimidin-2-one and ester derivatives as
HCV polymerase inhibitors. Murakami Eisuke et al. in Antimicrobial Agents and
Chemotherapy, American Society for Microbiology, Vol. 51, no. 2, pp. 503-509 (2007)
discloses the phosphorylation and the inhibition of HCV NS5B polymerase of §-D-2'-
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requi renents on a potential nucl eoside pol ynerase
inhibitor. In addition, this limts the direct

woa0tl/wes39on of nucl eosi des as i nhibitors of HECT/EP2009/004748

replication to cell-based ass3ys capable of in situ
phosphoryl ati on. Sever al attenpts have been nmade to

devel op nucl eosi a bitors of , _but

direy-2 Bupiareie anetby %ﬁila SORE I Gt Yo o s Egfmpounds has a
Teprdbsppidpy]l sattitkkave proceeded all the way to

regi stration. Anongst the problens which HCV-targeted

nucl eosi des to date have encountered are toxicity,
Theraiyemesd tfor, HCé{cilnhibﬁtogiethetonawaqrcoxp@gme @fmbxcatfyhe poor

&Eﬁ@ﬁhéﬁmﬁch}%ﬁ ﬁ% g@:rab dag%ﬁﬁee e@@' H@lﬁe@% 1cacy, the

ensul ng cost 0

GRRIBINED amstmemd L3 4ae‘aq aleees a8 Well as IHPravg %ﬁtailffeldd“fal
RsInkgat i ons di scl ose nucl eosi de anal ogs havi ng HCV

i nhibitory activity. WD 2004/ 002999 di scl oses nodifi ed
2' and 3'-nucl eoside prodrugs for treating

Tlhe’ipﬁ'bsént imaatiomésctine HECV WRHIRHIAS A0k3in04 -(Hiselrese6-hydroxy-

Ipﬁ@@ R oxa—sf)(rg[a ﬁl?epé%a }51591115 p}arﬂl%?n-é o%gk?%%sgﬁlbg% Qrted®

Bgardingydnetos maxh pl theffoH ewing-paramétets pantivirabiéfificacyo fay ozabde profile
%Eﬁitaﬁj@er dEe:(/ngE}ﬁ%ﬁt ?ﬁ/olfg’\o\{e Qﬂé)llﬁgﬁﬁﬁﬁ‘%ﬁleng 'feWo?éHl@ toxicological and

'm cr.obi al gents and

gnetpelngicapprofilgrapd é%wr%ﬂ% pwaﬁﬁ?mq\n% raaé PB?“&&\?O Xpgmics, and
&de oNfdrmalatiBR an® @dma{IQr4idA0Bhe Slich@of@end,amely 4-amino-1-

@%ﬁ\?ﬁgﬁy’ ﬁ%c}f:ggy %r}gfd}ohxeynllert]l‘lyl- -(g)éagsr]pli?; Zﬁ\ép - -yB 1H-pyrimidin-2-

dneDal2d r&felma'd/to%s X deaye?' Kpﬁonysﬂdsgrbm;ltcyﬂdme hambeepatescribed in
l{0

g‘ﬂ?s]plé?ocgg 125? ;?ILP%: ﬁdé%gﬁn?:ﬁf’v%}}ﬂ%noa need for

HCV i nhi bitors that nay overcone one or nore of the
@bﬁﬁ&l’lﬁﬁto@%n@éntfbﬂﬁﬁ%ﬁlsd’@aﬁtﬁ@ﬁ@mﬁe&@ ‘fﬁ'é ﬁ& tﬁhﬂﬁe lack

a;%&%;gaﬁpétm%f@sqsm@%wm@ St GE G en

s\ﬂffeﬁ FrofresPifetiond hl&h{d’sﬁHi@Vt Tieasdit o suchgracents svithGv HCV
I bl &BF %8? gﬁﬁ% ﬂsg% &l&%{i% %_}plif%%/eme %ﬁc%x(% r%srllsg%nt HIV strains.

useful properties

Description of the Invention

In one aspect the present invention provides compounds, which can be represented by
the formula I:
NH-R?

(/_<N

© )

including any possible stereoisomers thereof, wherein:

R? is hydrogen or C;-Calkyl;

R and R* are independently selected from the group consisting of hydrogen, -C(=0)R’,
and -C(=0)CHR®-NH,; or
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regardi ng one or nore of the follow ng paraneters:
antiviral efficacy, favorable profile of resistance

wodewloogment , favorabl e virol ogi cal profile, ®CT/EP2009/004748

favorabl e toxi col ogi cal and génot oxol ogi cal profile,
and favorabl e pharnmacoki neti cs and phar macodynam cs,

}gﬁ d eaf?%eg ;Tla E;TSU zl&%éh&ﬂ@ datea-dgJ pﬂosp rataet- Io?rt]npl%gghaste e_'!‘?ter or R?

i (Mﬂl;o@Eh 7SI—G)¢HRH @xyCM)ﬂinXNH@tah;i IR*5s @ grouppififomaild]
hept-4-yl)-7 Hpyrimdin-2- one, also referred to as

2' de&g(yRB' @ﬁzﬂ rocycl opropyl cytidine has been

desocrl Can. J . Chem, vol. 71, pp.413-416, but
ROt a M—&/ I nhi bitor. Conpounds of the invention
may allso be @ttractive due to the fact that they |ack
acti Wty agai nst other viruses, in particular against

H'V. HV infected patients often suffer from
enh Rifieidepnslesticselased-Edin the gaipentsisingsafdlydpeen st €salkyl,

taF @d—@l 1bii tor that also inhibits HYV may |ead

? ence’of resistant H'V strains. Description
B lsth}’érqgﬁv@hﬂl-&zalkﬁl one aspect the present invention

R RYheen sa{mauf dshstiit S Rithan2 e 3B RS &Lh WYdebBfiently

formula | n i bl e_stereoi so
t ner BEiFd b alor-RTg: by BRI riesr) Ry froxyend agpino, or
R4 Idnenapnﬂl@pemde tslu)dcﬁﬁt ected fromthe group

on tin -C(=0O R5, and -C(=0 CHR6- NH2;
% ﬁg’ Ao g’d(?'ogé Qy&ﬁ% ’i's a nonophosphat e-,

miqslptbgﬁlecn -Cealkyls bpirybnat e ester: or R3 is

y e a
ﬁr %ﬁpﬂ E)hrg{nuwlg%ﬂl eacﬁb%aﬁogﬁondepengg% y sefigf:dtnzld
f r&w@ﬁ@‘?lgﬂbﬁb consi sting of hydrogen, G -C6al kyl, and
@;rs@lca&hl@ﬂﬂ%ﬁk 1, 5%p heglyh)(’?fe?ﬁﬁ Bai@ lphéﬂ %'Hé)ﬁg)tloﬁglly Substituted
phen onal.l y su ut e
R T (WAL R BTN SR S
G -athad, kydno- @iidﬂKal-(R@ﬂWIam@o Qal koxy, hydroxy, and
%I&%d it R2, R? and R* are not all hydrogen;
or a the pharmaceutically acceptable salts or solvates thereof.

In a further aspect, the invention concerns the use of compounds of formula I, as
specified herein, including the compound of formula I wherein R? R’ and R* are all
hydrogen, for inhibiting and treating HCV infection. Alternatively, there is provided
the use for the manufacture of a medicament of a compound of formula I, as specified
herein, including the compound wherein R%, R? and R? are all hydrogen, for inhibiting
and treating HCV infection.

The group -NH-C(R¥(R¥)-C(=0)- forms an amino acid residue, which includes natural
and non-natural amino acid residues. Of interest are those amino acid residues wherein
R¥ is hydrogen. Where in the latter instance R® is other than hydrogen, the
configuration at the asymmetric carbon atom bearing R® may be that of an L-amino
acid. This configuration may also be designated as the S-configuration. Examples are
alanine (Ala), i.e. where R® is hydrogen and R® is methyl; or valine (Val) i.e. where R®
is hydrogen and R® is isopropyl; leucine (Leu) i.e. where R?¥ is hydrogen and R® is
-CH,CH(CH3),; isoleucine (Ile) i.e. where R¥is hydrogen and R%is -CH(CH3)CH,CHj3;
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R7 is naphthyl; or R7 is indolyl; R8 is hydrogen, C
- Coal kyl, benzyl; R is hydrogen, G -C6al kyl, benzyl;

wo1iRBoemd R8 together with the carbon at om t ®CETEPRENI/004748

they are attached form C3-C7e§cloalkyl; R9 is
Ci Céal kyl , benzyl, or phenyl, vvherein sai d phenyl may
ptio a]Iy S bstl

v Wt 2 33 bstit {
CPHARRE (BRI SO o s e Bgs D02 il Rguiglor
Blad.-VEIoTle amd [dPEé Aiﬁg;talﬁy;ﬂaaf avamfroaidiegdidubatheRen R® and
rQ
B8 TR ¢ 5%&%85&“%&*89@%16?? At orm Crfsvalgplion. i
1, h-cacloproplamins padt WheteeRY anddR arerbottolmatzogen, thecgrowe- M-
_af_ fied h | udi
R IOk b EbR (G brei n Ro, Ro-and R are
aI I hydrogen for inhibiting and treati ng HCV
fp oy (ﬁb‘fﬁ(‘sfﬁH Y&Hé,anta?tﬁﬁg atid eBfeR Witlesh ﬁlﬁﬁlolb‘éﬁl havmg no

r the cture of  a i, C Tpou
%l%whwra(ﬁ ot o sle g Seeh SomB e s oBAte
gllgzghe (R 1Rﬁyd18§ex@[1dalﬁ’& (®F & isbpropyliiriegsne (H6Oﬁ ~CHRCH(CHg)g, or

t.r eatd .ng The
R0Gbs B CHR R O ol UL SRt Tmes
Hdt-Viakl Halnd.enoor Hdt-lleal ani no aci d resi dues. of
interest are those amno acid residues wherein Ris
hydrogen. Where in the latter instance R is other than
Sherenpsof compoundsiof fermuta bareghoserrempeyndrerffpamiela Ly subgroups

G RMpoandy GfoffBuladyastrfinB@her@fn, hetei@RF ihydigbgdn. Thi s
configuration my al so be designated as the

S-configuration. Exanples are alanine (Ala), i.e.

SdtpreupR®f icempyahids gd lﬁomn.da Réreitboseebmplopnds ofufatmule I{drfasubgroups
y gl P euci ne

échg)lth\giﬂ.Sé;o g@ag 'S ?g&ghn@ngréﬁﬁ ESC}%%%S%CI—B) 2;

i sol eucine (He) i.e. V\/nere R8' is hydrogen and R8 is

h@g‘%)o%&b@mﬁﬂ%f PEYHUNA P!ax@rih&é‘ c()ﬁ)ﬁ)%)mds S foha ¢, & suBgroups

rogen. and Ris ndze¥_ll

compounds of formula I, as defined herel therem is hydrogen.

Subgroups of compounds of formula I are those compounds of formula I, or subgroups
of compounds of formula I, as defined herein, wherein one of R? and R* is hydrogen
and the other of R® and R* is selected from acetyl, pivaloyl, and, preferably, isobutyryl;
or one of R® and R* is hydrogen and the other of R? and R? is selected from leucyl,
isoleucyl, and, preferably, valyl; or both R? and R? are selected from acetyl, pivaloyl,
and, preferably, isobutyryl; or both R? and R* are selected from leucyl, isoleucyl, and,
preferably, valyl. In one embodiment R?is hydrogen and R* is as defined above. In
another embodiment R* is hydrogen and R® is as defined above. Particular subgroups of
compounds of formula I are those compounds of formula I, or subgroups of compounds
of formula I, as defined herein, wherein R® and R* are both isobutyryl
(-C(=0)-CH(CHz)y).

Subgroups of compounds of formula I are those compounds of formula I, or subgroups
of compounds of formula I, as defined herein, wherein R? is hydrogen or —C(=0)R’,

and R* is a group of formula
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L-Ala, L-Val, L-l1le, and L-Phe. A exanple of an am no
acid residue wherein R and R8 together with the carbon

woapumoe9whi ch they are attached form C3- C7cy®CaaiPRgd9/004748

is 1,1-cycl opropyl amino aci d-6\Were R and R are both
hydr ogen, the group -NHC( R8)(R8')-C(=0O- forns
glycine (Gy). The group - C=Ok&HBRE- NH2 forms an
amno acid ester, with a dhaV|ng no side
chain (R6 is hydrogen) ger FI si de chain.
Such am no aci ds conprise glyci O(R6 I s hydrogen),
valine (R6 is isopropyl), | u0|ne(R6|s-CHCH(CH3)2

Piher R L FBPabIRR o Torti e S gprmpoipd yrAfmiR Y Hsubgroups

¢f-donmpoends Gifbgnala psasafefinedrhenaing svhofeir eacmR’ds Iy «iselkyl, in

u 0
S AEREY Mgl (Rt MobBF e BB fhepyl, secibytyl
(1smpthylpoepst). Subgr oups of conpounds of formula | are
t hose conpounds of formula I, or subgroups. of
@ compewidnal 5011mul%1§ argdhosscamparedsof fopaylailrprrybgroups

d)fﬁcoh%ﬁﬁ&edf fogﬂiﬂgn Oz]%lslft&fméd Yo1c3¢70) Wheﬁegow is(l{ylﬂbt%g%nbr @, &Calkyl, in
0S ounds or or subgroups o
%Hﬂﬁ%fﬁ&'ﬁ%nfw&m qr o ‘521 def i ned hgr ei ﬁ wherein R4
$1§D&(¥19p%0 %Qm 3 b(gfo??ggnuqirx gﬁ%w&%r&g%}ggﬁn&o&m{aﬁlg IaJrGSubgroups

or mu or subgrou
@@mm@nd@ QﬁfOﬁoulaﬂJ@deﬁna@h@r@fn, Méléremér ein, wherein one

d lRé (048 ked W"i’tht 1h§r ?&Jiﬁﬁtugflts %gclﬁfﬂ%%dbﬁly
@e @% }, ac e%

pi val oyl preferably,
" s 6tlastgd from 1@40&&@4 e b keny D G i Had amino, o
ot Iréris @iphlﬁ%thémdbl)qel ected fromleucyl, isoleucyl,

I LA R S

botth-Calkeny, iR ais @aptehgct ed from | eucyl i sol eucyl ,

g 158@%;12% gpﬁlaﬂg%h%tgm%el ne@l%agove Peemg}%hﬁsis naphthyl;
@g'&yds phenyl, Rotioralkyysubsited avith IRdo.i s as defi ned above.
Particul ar subgroups of conpounds of forrmula | are

t hose conpounds of fag I or subgro
@Cﬂ’Pﬁ rrPment the group 1n(qliyflm the compounds oy Pormuﬁa I or any of the

a

subgroups thereof is 5-indolyl.

Subgroups of compounds of formula I are those compounds of formula I, or subgroups

of compounds of formula I, as defined herein, wherein R® is hydrogen and R¥ is methyl
or C;-Cgalkyl, such as isopropy! or isobutyl. Subgroups of compounds of formula I are

those compounds of formula I, or subgroups of compounds of formula I, as defined

herein, wherein the
RS R®
.0 .-
o moiety is glycyl, alanyl, or valyl (Gly, Ala, or Val; in particular Gly,
L-Ala, or L-Val).

Subgroups of compounds of formula I are those compounds of formula I, or subgroups
of compounds of formula I, as defined herein, wherein
(@) R%is C,-Cgalkyl or benzyl,;
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of formula I, as defined herein, wherein R3 and R4 are
both isobutyryl (-C(=0-CH(CH 3)2) . Subgroups of

woompwosids of fornula | are those conpounds ofPCTEPRI9A04748

I, or subgroups of conpounds-&f fornmula I, as defined
herein vvherein R3 is hydrogen or -C(=O R 5, and R4 is
Lou [Sorrrul aSubgr oups of conpounds of formula I
t“h 5 6@ ﬂpounds of forrmula I, or subgroups of

@@Rﬁmpemkylfar nul a |, as defined herein, wherein

in particular nethyl, isopropyl
@?ﬁwé%ﬂ’g‘ihé({ﬁj}fe li%’b’dtyl (2- et hyl propyl ), sec-butyl
( 1-methyl propyl). Subgroups of corrpounds of formul a |
’gféeﬁ%c}%ﬁoéﬁ ?f‘?)%ﬂ%sl lﬁlfve e?&c“] ?rltjers chﬁHl erl(gf;lahr a%he
¢asb¢1wp@gén 3piandH. é&@pkgh theuswrwh@mtstwaﬂt th%l%a@hatoms is fixed,
tﬁ%fcbﬂdpo%dsl SAP&EMby aSeRd 78YN pré¥érabB R MaBCR %S sutR a:mﬂ ékcess of
are those . conmpounds  of éornula |, {: aﬁb roup ﬂa
ﬁpgﬁﬁagme@cp Htnat saqh of the chiral centers ]éllr it raiq e present in
{he subTiticats) beuhyds, wiaps RO aad/byRémhsc:ﬁ(uycﬁm%mm WithiR® Dther than
stituents eac e endent ly selected from hal o,
%{CPE%%]I Qrfuc Hle g Cl- Qal kOXy, hydroxy, and
am ane opzaFO?R S naphthyl or R7 is indolyl; (b) R7 is
pheﬁy opt .o_nal ly substituted with halo, G -GC6al kyl,
RY- kelrfyll or Ci-C6al koxy, or R7 is naphthyl; (c)

R7 i ¢ ph&ny? . C\%ﬁ};kﬂ @aﬂ{nﬁé@estw}?ﬁ 1(; H{%Ck&%etahng @L.I%OH {where R® and

.- C6al kyl
&me&nﬁfpneyt) aneat the @h@@hmsthJ e ph?Sbb@vemwﬁe ke present as

RF 6€ %ﬂfe Q)g E ghﬁfgl% ¥t stdﬁg 555?1%5@9 Liﬁkggdlﬁ rafc@g’ig’sﬂrs gl)iast‘égeoi’sfd)mers
CoHOE AT D SPBRRISP oS S G0 S Sk SarRig ROt a5 well.
|, or subgroups of conpounds of fornmula I, as defined

Er% 8ilir11ﬂen¥\éh§tr tﬁé pnvgltiiosn J%gg&qggusaena% I—ll:t{/%nﬁgﬁg%lof the compound
denoted 2’-deoxy-2’-spirocyclopropyl cytidine (the compound of formula I wherein R?,
R? and R* are all hydrogen); or the compound denoted bis 3',5'-isobutyryl-2’-deoxy-
2’-spirocyclopropyl cytidine (the compound of formula I wherein R? is hydrogen and
R? and R* are both —-C(=0)R® wherein R’ is isopropyl); both in free form or in the form
of a pharmaceutically acceptable acid addition salt or a solvate thereof; as inhibitors of

HCV or in the treatment or prevention of HCV infection.

One embodiment concerns the compounds designated as compounds 1, 2a, 2b, 2c, 2d,
3,4, 5, 6 and 7, as mentioned in the examples section hereinafter, in free form. Another
embodiment concerns these compounds as well as the pharmaceutically acceptable
salts and solvates thereof. A particular embodiment concerns the compound bis 3',5'-
isobutyryl-2’-deoxy-2’-spirocyclopropyl cytidine in free form. A further particular
embodiment concerns bis 3',5'-isobutyryl-2’-deoxy-2’-spirocyclopropyl cytidine, the

pharmaceutically acceptable acid addition salts and solvates thereof.

In a further aspect, the invention provides a compound of formula I or a
pharmaceutically acceptable salt, hydrate, or solvate thereof, for use in the treatment or
prophylaxis (or the manufacture of a medicament for the treatment or prophylaxis) of

HCV infection. Representative HCV genotypes in the context of treatment or
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or C -C6al kyl, such as isopropyl or isobutyl.
Subgr oups of conpounds of fornula | are those

wocompwostds of formula |, or subgroups of conp®amdEP2eI9/004748

formula |, as defined herein,-8wherein the noiety is
gl ycyl, al anyl or valyl (dy, Ala, or Val; in
particul ar

L- Al L- Val
ERBYHa N ol PR e cleg %{?ﬁﬁgsl&?{wwm ip Europe)
%r, la((preszubgt muyertio Angeitp) The $nvehtibw alﬂu Ipao\hdesasmdhf)d fiacthe
ereln, n ;
el or IR P b gt Puibgbr B el pla .

net hyl, ethyl, or t-butyl. The corrpounds of formula I

'hﬁé/@ongﬁﬁﬁgl)f ﬁ)%'il?{lsargi‘ep‘i&egéh lak X'deﬁﬂecpﬁﬁxtebﬁ%@f Tk absolute

eandigarstinn of §w¢5ﬁoatpm1né%@arb@rmnm@rr§mgsarf knepn meghods such as,

fl%%p;?ﬁ gOS/xrmy dﬁfrﬁ&ﬁcﬂﬁ/oﬁﬁwlleﬁﬁﬁ/(%rﬁg }cﬁ[&lfi?(frﬂké,{a‘ﬁ kterials of

eas SUcC n cess o enant i,onerli

eI TRp ST HEAEH 2 FORBRY B9 in GHFArdRIeg Vifgpe invention
QiprrefEeatﬂy esmptisd substaatisliibsitredisemterical lyymite prepudacions éidhe
WHH:F% esfgremgo%lérc( =0) CHR6- NH2, with R6 ot her than

uch as in the group O, which can have
chlrallty at the R bearing carbon (vvhere R and R8 are

Pk fs ?e&&ﬂ?é&n&ﬁﬁqoﬁhs bhhe F&B Hlﬂfs%d %t@fﬁlednﬁ@s Rhashied ierein are

center can resent S , . or ture of
defimgd ap és‘ogw%m'qagtlalim@qu q{berreélé@tm%r§ or dlastereomerlc forms of

fRe 3ah€ b@ﬁt afolufar fsﬁ‘ﬁé;thfd dT@aidr mponfdLhy m&kmaﬁ@&p harpdficular,
%ﬁgter“ a chir carbon atom nma

X1
HeaSormedaly s RReRh e B o A2 ny el Bispving o
stedebisbmeris exdess bfatdeasp8idi.elenimiredim 90% of one isomer and maximum

fé%%?%@’qrﬁ%@%ﬁf%‘igé%&%@;%'da £ 4&1)1‘3&99 § E)ga%awmwa £100% of
oneiseoamandmend of thecathes). snare i partlgblbmcymp &%e@tﬁynedlates
RavisPh 5@&\6%9%@ R¥kess BE 9@'% 161108%¢ evaOMB# iffpaftRuM having a

| wherein Pg 4q 861 ) ) )

stereoisomeric excess 0 % tol and most in particular having a
stereoisomeric excess of 97% up to 100%. The terms “enantiomerically pure” and
“diastereomerically pure” should be understood in a similar way, but then having
regard to the enantiomeric excess, and the diastereomeric excess, respectively, of the

mixture in question.

Pure stereoisomeric forms of the compounds and intermediates of this invention may
be obtained by the application of art-known procedures. For instance, enantiomers may
be separated from each other by the selective crystallization of their diastereomeric
salts with optically active acids or bases. Examples thereof are tartaric acid, dibenzoyl-
tartaric acid, ditoluoyltartaric acid and camphorsulfonic acid. Alternatively,
enantiomers may be separated by chromatographic techniques using chiral stationary
phases. Said pure stereochemically isomeric forms may also be derived from the
corresponding pure stereochemically isomeric forms of the appropriate starting
materials, provided that the reaction occurs stereospecifically. Preferably, if a specific
stereoisomer is desired, said compound is synthesized by stereospecific methods of
preparation. These methods will advantageously employ enantiomerically pure starting
materials.
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R3 and R4 are both -C(=O R 5 wherein R5 is isopropyl);
both in free formor in the formof a pharnmaceutically

woa00e@n49l e acid addition salt or a sol vate tRETEPRO0IAL4748

i nhibitors of HCV or in the t-Peatment or prevention of
HCV i nfection. One enbodi ment concerns the conpounds

desi gnated as co un 2a,

Theimstersomeph rSRBLES ‘%‘"é"%ﬂ@é‘ﬂé? it fogimueiksan be Sbranied’

ivpmmﬁby ebnventiohdl e@etfldﬂs[TApﬁmphberph@ﬁbﬂ(ﬁepﬁaﬁomﬁlﬁthbﬂﬁl shat may

ceuti qal

RGeS R b Raided B Bl PRRHTE S afiPplist png chromato-

gnaplogienge eoluoondeomatogtephygonpound bis 3',5' -

i sobutyryl -2' - deoxy-2' -spirocycl opropyl cytidine in

free form A further particul ar enbodi nent concerns

Bhespresers investipmisyals infendegd indpclpde alhisotpps popieBlsyaccurring on the

pretdrl 'c&ﬂpoﬂirﬂﬁ Rbt%béﬁiﬁl@lﬂdb Gladsk )étcﬂ&scl%hfgbthg sﬁﬁé dtomlc number but

gg ition sal tﬁ ﬁ? sol v tes thereog g} ¢
*gsat masBunbFErfeY BaY 9 F gereaplexamp rﬁﬁ‘&dﬂ o %ﬁaﬂm 4sqtopes o

bydraggphiacli@e aitiunt and deaeriant Bdlopessafl darbonyiftladeC- 13 and C-14.

solvate thereof, for use in the treatnent or

prophyl axis (or the manufacture of a nedicanment for
Thepharmatemtivallpacqepableydddition)salss conantiserthe therapeutically active non-

R KIEM sy ﬁdw gRPRINRSE tidto E}{alﬁ)uﬁgﬂﬁiet’éhnglfa I. Of interest are
treat nent orp 8 axls I n accor

thefeast(- %moprﬁélth oh eygeemoyndsefdermulad. orpfpgy splgrogp of
EFnpdUnAY 8F fitinuld T dpecitidd AeRin. &) used herein) vt iffpe fairOrefers to a

ro t he treatnent .or prophylaxis of
Sesipuin e Borgita f Fhabfrnt dapL it SR Ghot ype | & or 1 b.
The conpounds of fornula | are represented as a

?ﬁé hﬁa‘?‘gla%u%rc Sﬂr 5&@‘5{?&%}1@69&?@4&4&5 E%édrﬁf‘éﬁ%hﬂ%ﬁe 8btained by

oun rmned usin
treettmgdbe &g@: foraswith en apprgppate acid- AaprO@nﬁEraétﬂswemp@nse R

@7&% £, ih&mghhi6 aEid9 QudH z%rﬁyﬂ}&fahc H@iﬁ? rd %‘g@?ﬂ%gﬁgﬁ@w hydrobromic
it in

repochem siry ar.mce
gowgfaﬁe@IW% Khashiori R ihe S APt REaiHgs Sshasi e
éx&hﬁilég(rjﬂcbt&i , Ipyorsbiie G@Idwyawtﬁﬁldcﬁc,myhﬁq@rcﬁaﬁi @tel eﬂhanaflmc)
L. ndi cat.e €] eoL.Soner tereol s or s
Ptk LG Do AR PR e R R S T
butenaliidic neid), dsrtargp tris, nsetbateawiforad, leghanesdfogic, berrenesulfonic,
ﬁﬂ&ﬂ&ﬁé&ﬁﬁéﬁi& %lamia%ﬁéqufa&ﬁngﬁfi%ic?I)amoic and the like acids.
Conversely, said acid addition salt forms can be converted by treatment with an

appropriate base into the free form.

The compounds of formula I containing an acidic proton may also be converted into
their pharmaceutically acceptable metal or amine addition salt forms by treatment of
the free form with an appropriate organic and inorganic base. Appropriate base salt
forms comprise, for example, the ammonium salts, the alkali and earth alkaline metal
salts, e.g. the lithium, sodium, potassium, magnesium, calcium salts and the like, salts
with organic bases, e.g. the benzathine, N-methyl-D-glucamine, hydrabamine salts, and
salts with amino acids such as, for example, arginine, lysine and the like. Conversely,
said metal or amine addition salt forms can be converted into the free form by treatment

with an appropriate acid.
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the sane basic nol ecul ar structure of said conmpounds
or internediates. In particular, the term

wo2gtoaoessvsoneri cal |y pure” concerns conpounds PGI/EP2009/004748

i nternedi at es having a steredi0soneric excess of at
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fpggi;@étﬁpw gpt Sxplicifiginh S5 ¢ %Stgipbural formulsg represented herein,
£t aiteaied aorbé it ided mthoh tHeheopoofthe petsetrinivention.
internedi ates of this invention may be obtai ned by the

application of art-known procedures. For instance,
Anasedihensdn $Creyalkyd" sepgratpert partehagaelp dafings saiyratddestralght or
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active ases
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AI lefh nat | ﬁ%ﬂt U(Cﬂ Qﬁéfmyld eAdtinHesEs @[@Jélldcywﬁtd@c;@eﬁalﬂ the higher
epar.at e
AR T ec  GERO BORY SLRl Pl Seamp gty
Ppasels 3-fBatyd, pheeyl,S2-begdhartlydd] Hyutyls dmesthyl- F-pentgl, Beeghyl-
f"k)ﬁtsrl %e gfﬁ i Eﬁgn{yﬁ Qarﬂhttﬁeehl%? rdf‘?ﬁt@?%{j%:ﬁgné}ybe alkgl is C;-Cjalkyl.

€0c e I’SOMeri c
starting naterlals provi ded that the reactlon occurs

¢ CCLAIRGC ifeafidh l'éﬂ'lca?[@f@l[@&h%l there‘i’n @P—@%hﬂ(&fﬁs as deﬁned above.

stere0|soner I s desired, sal nmpound i s ;_nt esi zed
ley eldsinbeaalkaxy a5 MSEKY oft We aanraw’fyn an ?%egr@rmxy
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B SRR PR ST BB S-SRIk S5 OR S an
Sejdeptye| A smi;grmqrwfdheseom 6-Coestchmdicy]. Gbimterest isa¢yslopropyl.

physi cal separation nethods that nay

The term “C;_Csalkenyl” as a group or part of a group defines straight and branched
chained hydrocarbon radicals having saturated carbon-carbon bonds and at least one
double bond, and having from 3 to 6 carbon atoms, such as, for example, 1-propenyl,
2-propenyl (or allyl), 1-butenyl, 2-butenyl, 3-butenyl, 2-methyl-2-propenyl, 2-pentenyl,
3-peﬁtenyl, 2-hexenyl, 3-hexenyl, 4-hexenyl, 2-methyl-2-butenyl, 2-methyl-2-pentenyl
and the like. Of interest amongst C;.Cgalkenyl is C3.Csalkenyl. Of interest amongst
C;.Csalkenyl or C;.Cqalkenyl are those radicals having one double bond.

The term “halo” is generic to fluoro, chloro, bromo and iodo.
As used herein, the term “(=0)” or “oxo0” forms a carbonyl moiety when attached to a

carbon atom. It should be noted that an atom can only be substituted with an oxo group
when the valency of that atom so permits.
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foceprakiy aales ael solvatdsl ¢, pyruvic, oxalic (i.e.
et hanedi oic), malonic, succinic (i.e. butanedioic
acid), maleic, fumaric, malic (i.e. hydroxybutanedi oic
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osyibstétuted phenyl phosphorodichloridate, e.g. 4-chlorophenyl phosphoro-

dichloridate, and triazole or tetrazole. This reaction can be conducted in a reaction-inert
solvent in the presence of a base, for example a halogenated hydrocarbon such as
dichloromethane, in the presence of a tertiary amine such as triethylamine. Or a basic
solvent such as pyridine can also be used. If desired, the resulting triazole or tetrazole

derivatives of formulae

N
4_,\\N /
N
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In order to avoid side reactions, the 4’ and 5°-hydroxy groups are preferably protected
with hydroxy protecting groups PG and the amino (NH) function in the uracil motety is
protected with an amino protecting group PG!. The hydroxy protecting groups PG can
be different or the same or combined form a cyclic protecting group. PG for example is
a trialkylsilyl group such as trimethylsilyl (TMS), fert-butyldimethylsilyl (TBDMS), or
triisopropylsilyl (TIPS). Or the two PG groups combined form a polyalkylated
disiloxane-1,3-diyl group such as tetraisopropyldisiloxane-1,3-diyl (TIPDS). These
groups can be removed by acid or a fluoride ion (such as NaF or tetra-n-butyl-
ammonium fluoride - TBAF). Another hydroxy protecting group, which can also be an
amino protecting group, is the trityl group or substituted trityl group, e.g. 4-methoxy-
trityl ((4-methoxyphenyl)(bisphenyl)methyl), which is removed under acidic
conditions, e.g. by treatment with ethanol/HCI, or with acetic acid.
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Scheme 1: General synthesis of 2’-deoxy-2’-spirocyclopropyl cytidines

The compounds of formula I-a in turn can be converted to phosphoramidates as
outlined in the following reaction scheme. Compounds I-a are reacted with a

15  phosphorochloridate 2a in the presence of a base yielding phosphoramidates I-b.
Solvents that can be used in this reaction comprise ethers, e.g. diethylether or THF, or
pyridine, or mixtures thereof. A base such as N-methylimidazole may be added to

capture the acid that is formed during the reaction.
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uracil derivative with PO 3 or

Prosphesisnf dhg menerarali-esigespfdw ig dsweWQrm Sehegng,3 bereheley. In

@Mﬁ&m@ lRéSmm‘@dteclhh dndéﬁtfy G(FO)R%ICU(QOWHR?LNHL or in

RfeRcR g ‘#‘"i%%' ol Ll TR St kP ohERTLFe

mdbpendentlyn-Q(HO)PHRS ide tlof arainbas Ghe lﬁmr @a&mmnie&rably is protected

Fyﬂln? Tl é)‘?gteﬁ%fé grofip Qﬁ&aar%ua% ot d&ﬁﬂﬁ%‘}&g&h@é}&pé PG’

nce o

dersr:e ¢abone.read tos gaptmndoeggmmedshydC(aQ)@HRr NP akhe
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tetrazol erivatives of O[HU

aecan pbe isol
rsanavel @puch geompnier exgmpleBO| gan b2 BOGe Hﬂﬁrr? gaype MRmoved
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is removed in the last step.

The more reactive 5’-hydroxy group in intermediate 3a can be selectively protected as
in intermediate 3b, which in turn is esterified to 3c, followed by a uracil to cytosine
conversion to 3d. The latter is deprotected yielding the 3’-monoester I-c. Esterification
of the 5’-hydroxy in I-c yields end product I-d. The more reactive 5’-hydroxy can also
be selectively esterified introducing a group R* to yield 3e, and the resulting 5’-ester
intermediate can subsequently be esterified with a different acid thereby introducing a
group R* which is as defined above. These esterfication reactions yield di-ester
intermediates 3f, which are submitted to a uracil to cytosine conversion, to yield end
products I-d. The uracil to cytosine conversion is performed using the procedures

described above for the preparation of intermediate 1g.
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hydr oxy-protecting group, in particular one of the
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Scheme 3: Synthesis of mono and di-esters

Compounds of formula I wherein R* is hydrogen and R* is an ester as specified above,
said compounds being represented by I-e, can be prepared by protecting the free
hydroxy in intermediate 3b with a hydroxy-protecting group that is selectively
cleavable toward the other hydroxy-protecting group resulting in intermediates 4a. The
next step then involves removal of the 5’-hydroxy protecting group yielding
intermediates 4b, followed by an esterification reaction to intermediates 4c. Subsequent
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Scheme 4: Synthesis of monoesters
10

Compounds of formula I wherein R and R*? are the same ester groups, hereinafter
represented by I-f, can be prepared from compounds 3a by esterifying both hydroxy

groups with the same carboxylic acid.
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The conpounds of fornula I-a in turn can be converted
to phosphoram dates as outlined in the follow ng

wOoreaeiwey scheme. Conpounds |-a are reacted WPCT/EP2009/004748
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Tearsorsiag materials hrcann pgpared by Farpeing Hiedwidenxyi Rsptecting groups
PERYAEmRiR44CTT, FhRMURan be br%smsewé&hteq%ob@l@s&@&e 1.
group and can be renmoved under acidic conditions. The
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rea
iriftueraveyi, atichlgmwacetyl, bhtl@ml,scmtmehgnqwme@dt ed obtﬁyryl

q;&{zﬁxylﬁﬁghgﬁ@oeﬁ%ym Ibfimb BehHiyh 4. Si8BLEhl . il theiC sulfony!

a uracil to C{ I'ne conversion to
ugn

graupeyuchgs @yﬁa@%ﬁoenl pitelugnesylfome, and %ng@mdt%gmmg
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EUTN RN TR T RO .
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oxycarbonyl, benzhydryloxycarbonyl, t-butoxy-carbonyl, diisopropylmethoxycarbonyl,
isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl,
2,2,2-trichloroethoxycarbonyl, phenoxycarbonyl, 4-nitrophenoxycarbonyl, fluorenyl-
9-methoxycarbonyl, cyclopentyloxycarbonyl, adamantyloxycarbonyl, cyclohexyloxy-
carbonyl, phenylthiocarbonyl, and the like; alkyl groups such as benzyl, triphenyl-
methyl, benzyloxymethyl and the like; and silyl groups such as trimethylsilyl and the

like.

Hydroxy-protecting groups include ethers such as methyl, substituted methyl ethers
such as methoxymethyl, methylthiomethyl, benzyloxymethyl, t-butoxymethyl,
2-methoxyethoxymethyl and the like; silyl ethers such as trimethylsilyl (TMS),
t-butyldimethylsilyl (TBDMS) tribenzylsilyl, triphenylsilyl, t-butyldiphenylsilyl,
triisopropyl! silyl and the like; substituted ethyl ethers such as 1-ethoxymethyl,
1-methyl-1-methoxyethyl; t-butyl, allyl, benzyl, p-methoxybenzyl, diphenylmethyl,
trityl, and the like. Ester hydroxy protecting groups include esters such as formate,
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internmedi ates 3f, which are submitted to a uracil to
cytosine conversion, to yield end products I-d. The

WO ai04390 cyt osi ne conversion i s perfornmed uPCAEPRING/004748

procedures descri bed above fol8-t he preparation of
i nternediate 1g. Schene 3: Synthesis of npno and
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protecting the free hydroxy in internediate 3b with a
hydr oxy-protecting group that is selectively cleavable
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F |

LS BN PG ROV LT & 7R o8
silyl group such as trinethylsilyl or

Th@éﬁrﬁﬂ)&inﬂ?bhﬁk%ﬂrés)éht 1n$§1hﬁﬂi&>r4my s blﬁkﬁﬁhleﬁeo@fnay be formulated
nonoest er 9 Rga and é
IRVt ey nT Gyeots o i Birateh BHPp RSy AS anIaR g
torhpositaoms ileere nmpéhe&detﬂ ab compoptomdisudlly empleyed farfsystemically

. 0 . .. .
U 8 Pl ORI BE B gt vcrion,
Stdrsive agrouyafithepirticdpr eimpandy eptionally in addition salt form or metal

complex, as the active ingredient is combined in intimate admixture with a

pharmaceutically acceptable carrier, which carrier may take a wide variety of forms
depending on the form of preparation desired for administration. These pharmaceutical
compositions are desirable in unitary dosage form suitable, particularly, for
administration orally, rectally, percutaneously, or by parenteral injection. For example,
in preparing the compositions in oral dosage form, any of the usual pharmaceutical
media may be employed such as, for example, water, glycols, oils, alcohols and the like
in the case of oral liquid preparations such as suspensions, syrups, elixirs, emulsions
and solutions; or solid carriers such as starches, sugars, kaolin, lubricants, binders,
disintegrating agents and the like in the case of powders, pills, capsules, and tablets.
Because of their ease in administration, tablets and capsules represent the most
advantageous oral dosage unit forms, in which case solid pharmaceutical carriers are
obviously employed. For parenteral compositions, the carrier will usually comprise
sterile water, at least in large part, though other ingredients, for example, to aid
solubility, may be included. Injectable solutions, for example, may be prepared in
which the carrier comprises saline solution, glucose solution or a mixture of saline and
glucose solution. Injectable suspensions may also be prepared in which case
appropriate liquid carriers, suspending agents and the like may be employed. Also
included are solid form preparations intended to be converted, shortly before use, to

liquid form preparations. In the compositions suitable for percutaneous administration,
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The starting materials 3a can be prepared by renoving
the hydroxy protecting groups PGin internediates If,

wowaiwoesan be prepared as illustrated above i RCEFEPROMN/004748

1. The ternms "am no protectind- or "N protecting
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ﬁhé gg%a?grﬁ E(grﬁril/ %o i egﬁkg{% Feg%( % Jba’llx dllscrete units suitable as unitary
dgsageb, eashhplit- ®p&41dngemheﬂc§dymnp¢|qyamrd§ eeiyve, ingredient calculated
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Sopfopy I sopr opyl oxycar ban
2% Bapit dO%aglef%&Sy%rs ﬁ%m (including
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[
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ﬂe’aﬁt\}am@! qBd Ik unfavorable phenomena such as insufficient quick onset and

tissue retention.

Compounds of the invention are also attractive due to their low toxicity and favorable
selectivity index as can be demonstrated, for example, in a cellular toxicity test.
Compounds of the invention moreover lack activity against other viruses, in particular
against HIV. Usage of drugs with a dual or multiple antiviral effect in co-infected
patients may lead to suboptimal dosing against the other virus, which in turn can lead to

the emergence of resistant viral strains.

The in vitro antiviral activity against HCV of the compounds of formula I can be tested
in a cellular HCV replicon system based on Lohmann et al. (1999) Science
285:110-113, with the further modifications described by Krieger et al. (2001) Journal
of Virology 75: 4614-4624 (incorporated herein by reference), which is further

exemplified in the examples section. This model, while not a complete infection model
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1- met hyl - 1- met hoxyet hyl; t-butyl, allyl, benzyl,
p- met hoxybenzyl , di phenylnethyl, trityl, and the |ike.

WOBSt0004s9dr oxy protecting groups include estePESTAPRINIASIT4S
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ate

or mu into various pharmaceutical forms f
adnmi ni stration purposes. As appropriate conp05|t|ons

bh&trth8RYntdErdl ptRrtads! pAasHSY tHeamtiSC¥ prypatley, ﬂwa@bmpounds
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z&fdﬁtfmt dalte onswhuates therebfiargasefildo ther treaompwd dyarm-blooded animals,

e a ??JI lhymfaﬂs ?Q%Etteh Qﬂtﬁ‘ﬁb ﬁ%ﬁ’é fﬂé%e ﬁ%hﬂ#’laﬁg TPHEY iftSctions in

Ive |n I ent
wm-bmded wtrmlsmrpmweremmm The prsecns inpsnidor furthiegmore relates
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atly, for adm nistration orally, rectally,
gfﬁﬁﬁgﬁgﬂbsly, or by parenteral injection. For

exanple, in preparing the conpositions in oral dosage

'i"fPJ y}?tgﬂﬁdg f))%lthg ?r&?ﬁﬁhvmﬁﬁm&&(ﬂ% bERE Weéﬁ@lne in
m@m@q as aamgﬁﬂﬁ@iﬁ m%gcgl)e( %r as an HCV- 1nh1b1t%ry medlséineo ITlhe present
invention also relates to the use of the compounds in the manufacture of a medicament
for the treatment or the prevention of HCV infection. Said use as a medicine or method
of treatment comprises the systemic administration to HCV infected subjects, or to
subjects susceptible to HCV infection, of an amount of a compound of formula I, as

specified herein, effective to combat the conditions associated with HCV infection.

In general it is contemplated that an antiviral effective daily amount would be from
about 0.01 to about 700 mg/kg, or about 0.5 to about 400 mg/kg, or about 1 to about
250 mg/kg, or about 2 to about 200 mg/kg, or about 10 to about 150 mg/kg body
weight. It may be appropriate to administer the required dose as two, three, four or
more sub-doses at appropriate intervals throughout the day. Said sub-doses may be

formulated as unit dosage forms, for example, containing about 1 to about 5000 mg, or
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in the case of oral liquid preparations such as
suspensi ons, syrups, elixirs, emulsions and sol utions;

woap1wb4sd carriers such as starches, sugars, REBIEPRY09/004748
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i ncluded are solid form preparations intended to be
converted, shortly before use, to liquid form

AnepiE ¥icompeundsrthatiean be mpessintsuoin sorsbinatigrisén¢lode HCV polymerase

Eﬁf%}@?@”ﬁrm PHERbif e, '1Hl'ﬁbft5‘x§ of Btk %g&?féf e @id\y life cycle,

onprises a penetration- enhanci n agen

and 4@51%%@%%@@%@6 BetoBbin %vnﬁtmﬁ%lé CYi Roymerase
BHitiRE iackdéiNiees (\Qﬂo;ﬂaiyaum UR 803, 0TKE 109, JPK 03| HOONS71,

HEAE D@ 2 R ks RS LA NEE-£Ra8 Bt R0 BE s34, G910,
KTEs2175, NM-20T,i GSK 626/433) Bel 636, BHB-194L, ¢rNesl- 598K 184,
115‘)@ %'S7§t1b1‘?<€‘3% 1 'M‘ﬁulgfzb aABmgmnpkh 98§1°"1i§‘1 %ﬁg@ VEHW 16O Mhhibitors

ensi o0

CVearrgteases (HH2-NI3 inblbe@p%mddﬂ X Wbd’gfétﬂ) anl‘é)de BILN-2061,
W{f 9By @1gpretie) @@9?}@6@1@1@%@@ @@{-@@W(‘b@@éprevu) TMC435350

Gl e'g{e'fii«??%ﬁ” LA AR 0 Rl BT e, B Lzane.

BQNDESS,}BIG%IBGB eIBMSFG(fSGBS RUZQ'VLW?XCSEGOL BMB6500%2,6VBY-376,
R0 SR PTG Z%?f’ TARETe TR | Anexample of an HCV
NR§Aaohibitor is@MSﬂ’QﬁOéa A3py AeﬁB@eNﬂMe8 Heaidr IBEBIO-025 are examples
5{}@5;@%2&5 iﬁ{iﬁlﬂﬁ&tdrg‘ association with the required

a a

r mac carrier. Exanples of such unit dosage
forns are tablets (including

Inhibitors of other targets in the HCV life cycle, including NS3 helicase; metallo-
protease inhibitors; antisense oligonucleotide inhibitors, such as ISIS-14803 and
AVI-4065; siRNA's such as SIRPLEX-140-N; vector-encoded short hairpin RNA
(shRNA); DNAzymes; HCV specific ribozymes such as heptazyme, RP1.13919; entry
inhibitors such as HepeX-C, HuMax-HepC; alpha glucosidase inhibitors such as
celgosivir, UT-231B and the like; KPE-02003002; and BIVN 401.

Immunomodulatory agents include, natural and recombinant interferon isoform
compounds, including a-interferon, B-interferon, y-interferon, and w-interferon, such as
Intron A®, Roferon-A®, Canferon-A300®, Advaferon®, Infergen®, Humoferon®,
Sumiferon MP®, Alfaferone®, IFN-beta®, and Feron®; polyethylene glycol
derivatized (pegylated) interferon compounds, such as PEG interferon-a-2a
(Pegasys®), PEG interferon-a-2b (PEG-Intron®), and pegylated IFN-a-conl; long
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scored or coated tablets), capsules, pills,
supposi tories, powder packets, wafers, injectable

wO0luminems or suspensi ons and t he i ke, and segTaEPacm®d04748

mul tiples thereof. The conpotd?ds of fornula | show
activity agai nst HCV and can be used in the treatnent

588 BB R e aTFALOTSH GBI GEPO R Ggpel & (g albumin-
fuseeintdricbsroalbaferarnd; I@mmnndmthamixmﬂate ol synkteadiofgntexderon in
G RS resERMNSL AR ELMEL c%h@%@&d% th%r&hg%% thERLRISME of

M NOreov
type athebpes T'reall mespofiserigwch a&cﬁﬁ‘(ﬁanﬁow hl@onmmwwgoofsts such as

pGSIO'l oY gcﬂ: dl'l(g:g VisOQWne: tE?rYlgglﬂ BLE DQALIBC AR A QMBChlstfamme

file ave attrac ro erties in terns

Shisroshiprie: mr@rgagewwa» tetrasttlone e@m%iss ampligen; [MPe321;
RRE-feo0e anwtszlﬁés s a8 IvaeBir aﬂﬂl dcmsaa&w ahd propARTicliaskd

nf avor abl e, qU|ck onset

FERPERHLSS\ASCIn ’E Enn‘tifﬁf'gé ent ion are
al so attractive duetothelr IowtOX|C|ty and

{)ﬁl 95&?\111%11 ggén‘la‘s 1In Nfd%yrllgtf ﬂ%{( aﬂlsanﬁlﬁ[h b?lrgﬁf@%ohftﬁoﬁgxgd ;

cellul ar *toxi
tehavudines M@%ﬂOﬁmaelba‘ennl mbibitget ¢fvmf>ynaéglbpme 241157 |broad-

%ﬁ‘eﬁh‘&ﬁ%ral ﬂlhﬁﬁ{&é %H(l}faz{s Imﬁslﬁhlbﬂtéés &ﬁl@ﬁ?cdi’ileﬁglié%ld and

Ff
e oot and S ni Pl sty oA A saisasnagiv), VX-148,

BRI K-35 d?fcbﬁﬂblﬁaltlbﬂ§ofaﬂyldfhh¢ gbover n can lead to the
energence of resistant viral strains. The in vitro

antiviral activity against HCV of the conpounds of
Patioulhwagdentsdor e iheaideaomhmaioneidcwdarintbl'ﬁ?toneap(IFNemD pegylated

£51-095 §8aARn LAWAPES Bkrapbuti Js baSABn aibBAES 128 &'agalnst
@l) (583 OB the fur ES n% B %

catl ons descri

HCNegmopeq, sallall nqtzdmr}g Bblu’r €$a|RIM) vibpayragsy DPsAZymes, antisense

&ﬁw AR M dlEREOLRAP A RS o RF BisthindY NSSR6RAEENS 3 Waiisdie fid
Hg émo[ exenplified in the exanples section. This

XPE- not a conplete infection nodelfor HCV, is
wi dely accepted as the nost robust and efficient nodel

ﬁcan\%l te?gogag %‘Brreeacr:? 10y Od ?p lg'{n%%%atl% a{ (r:oe né(k%d%ﬁbrln%ﬁg Fas
stiesified gietedmanzbanedh HEY epopnusd. tTHnatla@p emfcxlablarl drg those HIV
inRfulotEhsa: NivE R oS vE eiedd AAtfug MRBbolism and/or pharmacokinetics that
improve bioavailability. An example of such an HIV inhibitor is ritonavir. As such, this
invention further provides a combination comprising (a) a compound of formula I or a
pharmaceutically acceptable salt or solvate thereof; and (b) ritonavir or a
pharmaceutically acceptable salt thereof. The compound ritonavir, its pharmaceutically
acceptable salts, and methods for its preparation are described in WO 94/14436.

US 6,037,157, and references cited therein: US 5,484,801, US 08/402,690,

WO 95/07696, and WO 95/09614, disclose preferred dosage forms of ritonavir.

The invention also concerns a process for preparing a combination as described herein,

" comprising the step of combining a compound of formula I, as specified above, and

another agent, such as an antiviral, including an anti-HCV or anti-HIV agent, in

particular those mentioned above.
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those that exert cytotoxic or cytostatic effects in
the HCV replicon nodel, and as a consequence cause a

wodetr®@ase in HCV RNA or |inked reporter enzynmPCI/EP2009/004748

concentration. Assays are kned#a in the field for the
eval uation of cellular cytotoxicity based for exanple

on the activity of ocho dri al nMes usi.n )
P i Gemnpiostostonavdid S i mapanta gLz Medir st for eating
HEM inkatios ua bl iefeowd ehere\tntlﬂ Ghidt dmtﬁmaiouah ipanicurar

non sel ective | hif?i ti a0y of }( v F
EROrRER Saio-dB o . Yo shotFEale TR Ahl FliafaR 0 (N,
pegybeciaterfeeorequorppedirby Qsttbbingenticrrbedes mmevhqdrofareatmg a
Jn%ﬁﬁr{a(f' rﬂ?gmfcﬁﬁ?% Bnatl SiafeMIORRh BIERT @&ﬁgﬁﬁngﬁlgdaﬁﬁﬁﬂlgﬁﬁﬁon to

con tutively active gene pronot
weéd mamaal oban gfeciiveamounboia egmbipptianas spedfipghergine In particular,

Wtr@zﬁh@%h%sésﬂt'ﬁb@ o ad@ﬁﬁwir@tl&h@ﬂ the 8418 c¥inbation, and an

operties, arly thepLr .anti - roper.ties
B E6 HpOUAGE Sish AToRUR At IS CHfactin g 6 FRepRaIheIEusa) Fanditions
adseciaed SGEMGY ihfeetiphmar naceuti cal | y accept abl e
addition salts or solvates thereof, are useful in the
treatment of warm bl ooded animals, in particular
hmmrmqunﬁemtlmjabnvehnmneéminbmatmzrtsear@fcumyalt@d(méh@form ofa

E@%ﬁ&@uﬁ%ﬂ & olsﬁomﬁmm@&@% @d@ﬂvmg%edlbﬁs Bé‘srch'b%‘ 5@6ve and a

esent_1nvention furthernore rel ates

PRETIRT @S %SCFP%%W@ Bachad thapcdiyg aegredieptamayibe formulated separately
@l the ‘féﬁtﬁﬂatﬂ)nb bﬂ'@rfbe doddasihRetryd, tob ohformultatidficBtafiing both and if

Kk t ed
Ay e SO ol R LR P ArbydEY, o3 Fort PBfenee
eombinaticrfs naaycalstploe fosimefatddoasradombinedysrepqration foedimultancous,
%Hi)%xealt{m s-ga n?%m H‘ii-ﬁ@ th%gk@r Rhé §ﬁﬁ }59195{1 ﬁ%yg?yeaahny of the

e used as a ne tICU

Eommis dsmbné abwenl;l ore mbcahmpmvbmhhngfmdlemy apfeformplated in one

d88oPtRRERkh h§‘¥ EREA aasa@le %mefn!aasﬁ: qntag)aht&ldf%ﬁlb@amwﬁ the
conpounds int e na acture I canment
PIesN MSRtioR pﬁowgieﬁﬁél?lchshtl@f CW%I%%%‘WHFFIH 8 use

S rapetti il Ieﬁ%ct@sfe damdune df atompeaid e brmeaapy mslﬁdlntgfanossible
Str tion,to

SR B mene L ot Abnpfinddaisalb Gb it JhehkRor 3t a

pliarmacantioallynaccoptablersolvate thereaf and (b) a therapeutlcally effective amount
of ritonavir or a pharmaceutically acceptable salt thereof, and (c) a carrier.

The individual components of the combinations of the present invention can be
administered separately at different times during the course of therapy or concurrently
in divided or single combination forms. The present invention is meant to embrace all
such regimes of simultaneous or alternating treatment and the term “administering” is
to be interpreted accordingly. In a preferred embodiment, the separate dosage forms are

administered simultaneously.

In one embodiment, the combinations of the present invention contain an amount of -
ritonavir, or a pharmaceutically acceptable salt thereof, that is sufficient to clinically
improve the bioavailability of the compound of formula I relative to the bioavailability
when said compound of formula I is administered alone. Or, the combinations of the
present invention contains an amount of ritonavir, or a pharmaceutically acceptable salt
thereof, which is sufficient to increase at least one of the pharmacokinetic variables of
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specified herein, effective to conbat the conditions
associated with HCV infection. In general it is

wocorw®msbat ed that an antiviral effective dai IPETAPRNM004748

woul d be from about 0.01 to &¥eut 700 ngy/ kg, or about
0.5 to about 400 ng/kg, or about 1 to about 250 ng/kg,

ot By T, 1 B0 1003 PR o A

A QA Holss), ﬁiﬂatN&&o rsadlat least dhephaasacokietit hagsble When thercompound
é q g (@gﬁgoprlate i nterval s throughout the
@§§nn 2 & NFHLE ? be formul ated as unit dosage
forms, for exanple cont ai ni ng about 1 to about 5000
TP 29380 SRIR T lr P il Bt
@@p fmchgompom co@pripaskiagridrao atl?ﬁﬁ €&l dhggpunpound of
fotthila I %pwﬁ@dlauo% ﬁidsmoﬁealua&eas Ha@rnﬁcéi@i@illy‘ﬁcb?’tﬁbl@fsal@ may

P dosecdeyeleinalt e ree b 0.3 852 2 et of the Gompound
sfferaulad to nmmaﬁ&maytbeah taenmhge of froini abbied/3 0z D apshond 1:15her about
Eseﬁ”{‘g a@g@oﬂﬁt ! oafb I e' bt 119, 8 Mo 9&‘6t1t 89&&'1“'}],2& about 8:

opt k8 as sPeCi T ed above
| tv) abopt 1 ohar Ajowtdot heabartli ltﬁ\aboutrﬁjddndiboasl b, or about 2:1 to
£:9 %@@&nﬁlﬁe%&ﬁmgrﬂ aﬁ@ﬁto?ml #ﬁa@rb%%sadnﬁﬁﬁ?crr@é EnRlor twice a

sequent | use 1 n treatnent i nfections

o prefgmebly oaglbl mehsreim the amgynpef ths cgmpguad efhformula I per dose is as
&‘&Bﬁi’lbd@ﬁl‘tio@&sanklﬂﬁé sreleuriGy rﬁ&ia‘ﬁ[fﬁfeﬁ&@sel iBlflol 1 & boutE300 mg, or

se |nh tors, inh or ther t

st kP or i D behaslmencs o dgiaR g About 400
mgdom@ﬁblanbaun Wosmg bériemhvirHCV pol ynerase i nhibitors
i ncl ude, NM283 (val opicitabine), R803, JTK-109,
JTK-003, HCV-371, HCV-086, HCV-796 and R-1479, R-7128,
Mlrelgagcesvdied B eein pr-igegpemteddgoedoenckTL - 2125, NW 107,
GSK625433, R-1626, BILB-1941, ANA-598, IDX-1 84,
| DX- 375, MK-3281, MK-1220, ABT-333, PSI-7851,

0, VCH 916. Inhibitors of HCV proteases
InNBe fd‘lﬁ'ivmgl Bxéﬁhplef Sh@ftﬂn}ﬁ\&ﬁdhﬁé}és wekd ginepta) by Chémidaw Ultra™

%ﬁbr Ogg é vir), GS-9132 (ACH 806),

%ﬁﬁi & 5??3 NC435350 (also referred to

as TMC435), TMC493706, | TWN-191, MK-7009, BI-12202,

Example 1: 4-Amino-1-(7-hydroxy-6-hydroxymethyl-5-oxa-spiro[2.4]hept-4-yl)-1 H-

pyrimidin-2-one (1)

0
)\ ! CI NH NH
NH Si
| N | |
N ~o” 7/' ON/kD Cro, NJ§O
HO/\<_Oj /Ow acetic anhydride /O o
— ~ TIPDS< < -

1 Ny TIPDS<_ .
HO OH N o OH » ™6 o

(1) N (-2)
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Bl LN- 2065, BI-201335, BMs-605339, R-7227, VX-500,
BMS650032, VBY-376, VX-813, SCH 6, PHX-1766, ACH- 1625,

wWOI2DK/869 | DX- 316. An exanpl e of an HCV NS5A iPCATEPR20091004748

is BM5790052, A-831, A-689, N3 81 1 and DEBI O- 025 are
exanpl es of NS5B cyclophilin inhibitors. Inhibitors of
other targets in the HCV |[ife cycle, including NS3
hel i case; mnetall oprqtease inhi @ﬁ rs; antisense o 0
ol ||90nucl eotide in NHOT'S, SuGiia@s | SI'S- 14803 a
5; si RNA's &ucli as S| RPIEX 140- N,
vec'% or - encode% oy N ha®Prpin R ¢ (shRNA); DNAzy
b zy

HMSQ/PEE f i s such TWpt‘szrre R~ 9;
entryei nh|1bp[§ sukh as HepeX HuMax- Hep€; &\ pHa
gl ucosi dase i nh| bitors such asl gosi viFPD$A 2318 and

the 1ike; KPE-020Q8§02; and BI VN 401. | mmunomo8ul at ory
agents include, natural and reconbi nant interferqn4)

i sof orm conmpounds, including a-interferon,
b-interferon, gpingerferon, and wi nterferon such as

Intron A(r), Rofler r Canf er on- A300(r) ,9Q
Advaferon(r) E% ﬁ‘\@ Hbowof eron(r), S
, Alfafer Meb@b@(,s,)e and Fer n(/@
@r & ONNH;

9) ethyl e coI derivati zed pegyl
@ﬁﬁ ﬂ PEG i htngeneéH sys(r)) MeOH
er?éﬁgn a-'gb (PEG-lﬂ't‘T—O'H'(r))TIPIIm\ at ed

IFN—a conl ; E acting formul ati ons and ©

derivati zat| o of interferon conpounds suchi-@s the

al bum nfused interferon al buferon a; conpounds t hat

stimul ate the synthesis of interferon in cells, such
as resiqui nod; oi nt er Leuki ns; conmpounds that enhgapge

t he devel opnmentl_of typ helcper T cell responsg, such
as SCV-07; TO(L-THke r org,aﬁ;onl sts such as||

CpG 10101 (actp , and is@tori bine; t hynosi n @,4&
ANA- 245; gfa 6; histam ne dlchydr ochl ori cfe

propa ni\ tet r achl orretleeci@oxi de; I ge\

| MP- Sg% ant i bediess——s#ch as?lgpvé*ebr

XTL- 6865; and pr ophyl acti c2ad t herapeutic vac(q:s)nes
such as Inno’(}‘dl: C and HCV E1E2/ MF59. Ot her antiviral
agents include, ribavirin, angnt adi ne, viram di ne,
ni t azoxani de; 2

SN

TBAF | JY

N® ~O
THF HO/\(ié
—
HO

M

Step 1: 1-((6aR,8R,9R,9aS)-9-hydroxy-2,2,4,4-tetraisopropyl-6a,8,9,9a-tetrahydro-6H-
furo[3,2-f][1,3,5,2,4]trioxadisilocin-8-yl)pyrimidine-2,4(1H,3H)-dione (I-1)

A mixture of D-uridine (20 g) and 1,3-dichloro-1,1,3,3-tetraisopropyldisiloxane

(1.018 eq) in pyridine (300 mL) was stirred at room temperature for 64 hours. Pyridine
was removed in vacuo (30°C). The residue was redissolved in 100 mL CH,Cl,, washed
with water (3x75 mL), dried with anhydrous MgSQO4 and filtered. The filtrate was
evaporated to dryness and used as such in the next reaction. LC-MS: Rt: 3.16 min, m/z:
487 (M+H)".
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t el bi vudi ne; NOV-205; taribavirin; inhibitors of
internal ribosone entry; broadspectrumviral

woiahi/n4s0r s, such as | MPDH i nhi bitors, and mny®cpHPR@I0i004748

aci d and derivatives thereof;26and incl udi ng, but not
l[imted to, VX-497 (rreri mepodi b), VX-148, and/or

44) r ns of an f the
Yigp2: ifsaf e SSE 2 P liaon Y- FosoibrRUfv GG fra B
[i1¢8. 8 Qf4@lfrrbna(ﬂ51(dclﬁN8q)l)pyﬁﬁg&ﬂnaQe¢( 1H3rdienofl-Bor
ribavirin, as well as therapeutics based on antl bodi es

]:‘"ﬁrg’%ﬁ la? W%ﬁ)egas %%é\?‘%@%‘ zogﬁﬂr gé'*r?@ By gg?q) and acetic

anblydridd @ nepoane addeddbllbwed by £r@n (27NGD. Wh@tmemm wSirred at

H)%l‘n t%g‘%gra g ah!?’ gﬁ tpfd %fﬁ?ﬁ& en'tlg Gl ‘Q%I ol%%%%ﬁtAftaes{tﬁnng for.

|nat|ons O a conmpoun

%ﬁsmpécﬂ, LCeMShed@amdalm reastign prodet\l-é ovep dermed (§0%) and starting
n3feHEr 1-PidH g; 098! )&défti%n&lhs‘%%n%'fo\[ v Hﬂﬂksbﬂe&ﬂfe% ih33¥; St 1-2

p03|t|ve ef ct’.on drug netabol I%ﬁ]&ﬂ

Fit3raebkil fempining BaotherP sile PIGES) qngmcpqlq geid aphydride and 5
SRR €10t wettcdtided ahtl Yhel Iﬁfidtlhb s stifred firtheaxt ﬂ‘oom%mperature

S Y P 8 Ry R P
i mh e aoa:htb ymdzdteepmdm Blteratl throngls @ padofditdlge.c3fe; precipitate
Q{ng%%:d rvén oﬂﬂ]};tad’na%tr}]l‘gl &H%gﬁ&*%% L&':B{n%ﬂ{eldﬁilﬁgtgg%&bé\ﬁporated to

ere ritonavi

@brae:ssab@med@tq 172 avas pyrifipd by salumn chamatﬁetanbﬂ ysipg CHxA: to

Q[—lg@gfeﬂ{gﬂl ﬁ&tﬁ& §.d %ﬁ{ la?@(dcﬂr&ny’@g H41136) 1Lr}g§5ated two sgots

rences er
Bisteitinl 3965 (e 6% $ra08e B, coMBRORraRarapEy Stieagtane to
m;ﬁ:erarcetdndos Fysctions bdntainirg the peodutt wakeollestehiridxvaporated

congerns a p sSs f &P ', . | A +
B B8 ar P SBAS Sl PIENREH I8 35700 IR 188 Py
cataptbe hydrafe dfahmkﬂtand is adg® prewcd ile-MBR1e 3. 29rmllna 11368
gggﬁ % such as an antiviral, including an anti-HCV or

ti-HV agent, in particular those nentioned
above. The said conbinations may find use in the

SRPUE RG{GARES RO NEAL4 MIRIbpIopY1-0-rRARy I i 61a!Lf3,2-1]
Lla} ?1 Cr@}rlglxadlsllocm-% q)py%%{lcehne 4(113[324}?) (‘ﬁone Inﬁt ion in

NaH (0.897 g) was suspended in 15 mL dry dimethyl sulfoxide (DMSO) and was
heated to 65°C for 1.5 hours under Ar. Methyltriphenylphosphonium bromide (12.84 g)
was added with stirring followed by 30 mL dry DMSO and 15 mL dry tetrahydrofuran
(THF). The mixture was stirred at room temperature for 1.5 hours. A yellow/orange
mixture was formed. Then intermediate I-2 (6.97g), dissolved in 20 mL dry THF, was
added dropwise via a syringe, and the whole was stirred during 1.5 hours at room
temperature and then at 50°C for 1 hour. The mixture was then cooled to room
temperature. The precipitate was filtered off over a plug of dicalite, the filtrate was
concentrated (to remove THF) and the residue was partitioned between CHCl3 and
water (300 mL each). The organic layer was separated and the aqueous layer re-
extracted with CHCIls. The combined layers were filtered over a plug of dicalite and
concentrated. The product was purified by column chromatography using CH,Cl; to
CH,Cl,/ethyl acetate 7:3 as eluent. Evaporation resulted in 2.97 g of intermediate I-3 as
a white solid. LC-MS: Rt: 3.56 min, m/z: 483 (M+H)".
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conprising a conmpound of forrmula I, as specified above
and interferon-a(l FN-a), pegylated interferon-a, or

wor2oiosn4son. O the invention provides a net ho@CafEP2009/004748

treating a mammal , in partictd7ar a human, infected

with HCV conprising the admnistration to said mammal

of an effective anount of a conbination as specified
herein. In particular, said treating conprises the
&g_ﬁ_embenwg‘/lril (&R, 3R j9a8)-DR 4 hrectmisograpy bimethylenctetaahydro-6H-

SLLFLL ¥ AR PR Bhe LR RS LY

HCV [ nf ection. I n one enbodi nent the above-nenti oned
Inaminediatd B3 §2.41ge whe em;ioadtedthine with 20ondoy paridine. Then it was

1%8%5619&16 %ISJOC@L d?f Eg 'ﬁplsgﬁ%hyl'e{hyla%’iﬁé r(§ Q@ Wl dd\égd followed

red|e above

ldsempﬂehﬂoaﬂ@(ﬂeS cgh dlhe ofixtune wag stives fon grheurserireomrigmpgsature.
i w&@s%@waxu@ﬂaom ENEY 58 HIOTE, IBYwd%dded. The

co adm ni st or one fornul ation cont a| ni n botrh
repting nusyre wes Washed dwo dimesath Hymdosaiiated he organic

lay&vivgiattied!on MESOE qiltrefed iané Ead@@ated had eigyriekidad ivandriedsn vacuo

B R B Bnediafir AR B8y B o R ey wing CrCl o

€HeCh/fethyl atetate amasoaimmxbsmfwmamtmm Re8%gyf Bb# wasebtained as a

SRR gﬂgi@h/ﬁe%a?% inl 4/ dz°§§7§0f@ ment, both

I'ngredients are formulate osage form such as
a fixed dosage conbination. In a particular

dBJE@H%onl-tl Q@'Rr@RgI% 194(1)9';])\/2;@ ﬁ'@ﬁtrﬁfs@f!ﬂog 4'3' 6,6a,8,9a-hexa-
BErsperbidatrgieh bediracciomte 56 Breapbtmbpyimidine.
2 Q(IIHJBH) Hionk aad itd iepigned 3pmmzoylt 18((31Se6aRO8R Ons)-2,2 44‘,43temnaisopropyl-
LT T I R A re—

$-ybpeuijdised,4( 1Y, 3h1){dmee(béﬂltl caI |y effect ive am)unt of
ritonavir or a pharmaceutically acceptable salt

bpﬁ{)ﬁlgh’anﬁ%g ?!)ed q}o‘ﬁ‘?N %%{hyl ﬂ“&tﬁo?&k%ﬁ%@ésuﬁi}%&'&g gf)fAZALD)

esen nven

@9%2rg)smléefls,@|s9az)am@1§1hﬂﬁthét arde2-ErethoxygtBoxsiethapl s wes distilled
05 SEring sbiﬁﬁbﬁ BYIQ' (1 @qﬁg)bihrcﬁéihirlhéthbf‘g@' Mif8d: Rhs &old B an ice-
conbj nat | HB resent InVﬁ Iop 1s nmeant to

WAlSF g{l’ig %pn distillation was complete the yellow solution was stlrre at room
temperature until TLC or LC-MS showed completion of the reaction. The mixture was
evaporated to dryness resulting in 1.149 g white foam. LC-MS indicated a 3:1 mixture
of epimers (I-5) that was used as such in the next reaction. LC-MS: Rt: 3.67 & 3.68

min, m/z: 629 (M+H)".

Step 6: 3-benzoyl-1-((6a'R,8'R,9a'S)-2',2" 4" 4'-tetraisopropylhexahydrospiro[cyclo-
propane-1,9'-furo[3,2-f][1,3,5,2,4]trioxadisilocine]-8'-yl)pyrimidine-2,4(1H,3H)-dione
(I-6)

A mixture of intermediate I-5 (250 mg) and benzophenone (1 eq) dissolved in 5 mL dry
benzene/CH;CN 1:1 was stirred at room temperature under Ar. The mixture was
irradiated with a halogen lamp of 150 W until LC-MS showed complete conversion of
the starting material. The mixture was evaporated to dryness and intermediate I-6 was

purified by column chromatography using CH>Cl, as the eluent. After evaporation of
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such regi mes of sinultaneous or alternating treatnent
and the term"admnistering” is to be interpreted

woaourdgly. In a preferred enbodi nent, the PEFAIPACD/004748

dosage forns are admi ni steree?8inul taneously. In one
enbodi nent, the conbinations of the present invention

BB S A S el Rt o P PET LT i,

601i(M€H)'ly i nprove the bioavailability of the conpound

of formula | relative to the bioavailability when said
conpound of fornmula | is adm nistered alone. O, the
Stepfi h€tGa®8Reffa’ S)#%2'p4',éémisbmbpylﬂliemhydmphb feyclapropane-1,9'-

{ pfa Eibt ' h I
A AR AR ind PR IRRRHLL SR 2R ERIR,
one of the pharmacokinetic variables ofthe conpound of
Intermediatel I-6 €1 Kemgpwas dissdlieed @3 mL @:1(Ix andCbG mLANK /atethanol

Yllgs A Srhé%ﬁér e v@a&c\ sfifrell P61 lsholfre«%\%be\%?edtte d?ﬁiegs %gd purified by

east one inetic variab

coRum RO STBM S - b Gl S0CH eI REetei6 95| AREGRENt. After
&lapbratisn,| V6 dsO Bil Gd3 dwalmcmt Aftep Erithfution RSdikthylether and

55850l R GRS b S SR PP G 3.

mpgai/ki 499 @beNE, and ritonavir or a pharmaceutical l'y
accept abl e salt may have dosage levels in the range
of 0.02 to 5. /day. The weight ratio of the conmpound
Biep Bofantino-l ((@ Bﬁ?o?ﬁasf)r?' Zndyt J@féraua@ptqmlheaﬁ@éir@ﬁplquyﬁb-

f)}%ﬁéﬂe B fird[8 fgﬁ[’luj 55 ﬂgloxgﬂlsﬁ@&h@ @-@/l)g}rlﬁi?dlﬁ-@@ml) -dne (I-8)

"about to about 1: 1, out
about 1: 1, or about 8: 1 to about 1: 1, or about 5: 1
Asohwignof 117 (1.0g) wag Hisselved 1m2Q iL sy pyriding and thegolytion was
oled ia a?ji ‘ide- b&ﬁe4 e(l}rm@pﬂhdwf ﬂidwh&oaxcamdaﬂet(@ Pasqo waBdded
co-a i stered once refera

PR Ao e tesrersrcolsttof § atnbiy TR Azl Ch pag0.45 M
dolynén id qFE;AN) was adidsd drdpedseaihe éce-teatll wiak eenaswed raind olie reaction

'to av' r f 0
A BRA N e REAT by hTed nb SR Wods e AR T g of
ﬁ@mOmphanﬁmhom@decldbndnte 208 addgd and thomixjurgisas stited further at
R nPendpel A Yo 3 hélrs. FEMS BRE&SLthhEDd H8%RE haAdfil was left. The

I ncor porated by reference
mixture was evaporated to dryness (<40°C) and the residue was taken into CH,Cl,

(75 mL) and washed twice with saturated NaHCOs. The organic phase was dried with
Na,SQq, filtered and evaporated. The residue of the previous reaction was dissolved in
25 mL NHj solution in dioxane (0.5 M). Additional NHj3 in dioxane was added at
regular intervals until the reaction was complete as judged by LC-MS . When finished,
the mixture was evaporated to dryness. The intermediate I-8 was purified by column
chromatography using CH,Cl, to CH,Cly/methanol 9:1 as the eluent. After evaporation,
I-8 was obtained as a yellow to orange sticky solid (840 mg). LC-MS: Rt: 3.42 min,
m/z: 496 (M+H)".

Step 9: 4-amino-1-(7-hydroxy-6-hydroxymethyl-5-oxa-spiro[2.4 Jhept-4-yl)-
1H-pyrimidin-2-one (1)

Intermediate I-8 (840 mg) was dissolved in 25 mL THF. Tetra-n-butylammonium

fluoride (TBAF; 2 eq) was added. The mixture was stirred at room temperature for
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Exanples In the foll ow ng exanples, the conpound nanes
were generated by Chendraw U tra(tm software,

woQandmonetgesoft, version 9.0.7. Exanple 1: PCT/EP2009/004748

4- Ami no- | - (7- hvdr oxy- 6- hvdr ox3fret hyl - 5- oxa- spi ro[ 2. 4] h
ept-4-ylW- pyrimdin-2-one (1) CH2N2 ether (1) SteBEJj

(6aR, 8R, 9R, 9a8) - 9- hydr 2,2, 4, 4-tetral sopro - ba
| s 290 theay vanopaiog. g ot THY comppiid BASRHE MR By oldimn
dtgoBogiophy bing €10/l 1o CHI K ne ol s €26t. After

%)aaﬁ_rgglgla 5)? hﬁ pﬁg/chcg F%ntalpM%l?n%b%%B{lr?(P y &ﬂj :g)owgé1 gbt‘(nned as

1 ehijesalidiLE-M§: Re4l P oris m/By254dMrdiva$] NaMR (429 Miiz, DMSO-ds)
3 h u ¢ I 1 —
Cﬁgr(ﬂ})il 0&3% % ?}1{){?}@9? T.00%%, 71%@')”?%@ \cfﬁkgﬂ 1ﬁg3“°h (d, J=4.89
Har/ .Y/ (y50-8inkdz § H)et- 2(t A7e9% Hed b H.o- bl /=5.87 Hz, 1 H),
SY2p0 Ry ad leqvlyeetﬂqsam)mﬁﬂ(bass.,smg, .77 tdhg=nexHz, 1 H).
reaction. LC MBS 16 mn, mz: 487 ( H)+ StepJZ
1-((6aR, 8R 9aR)- 2, 2, 4, 4-t et rai sopropyl - 9- oxot et rahydr o
Efdrhple 20(25)- b2ni\]l 2- (((L4R 6R,78)-4-(4-amino-2- oxopvnmldln 1(2H)-yl)-7-
e Ps A 24dh3 ,
§22) 200 niL CH2CIZ pyr|d| ne (1 eq) and acetlc
anhydride (2.91 eq) were added followed BY>CrCB8 (2.75
eq) . The m xture was stirred at roomte rature and
after 'nuteﬁagentle refl ux was olfser ed Af ter
stlrrlng or QOum nutes, LC M5 |nd| cat reaction

.-. sf‘ med(50°/<) ap @4 rmerial 1-1
(50% Addo stlrrlng for
5% of product and 45% of 1-%k r

ours resulted
i ni ng.

Amother 10 nL pyrid 5 nmL acetitOaci"d anhydri de and

5 grans of CrO were added and the m xfyjure was stirr

further at roomtenperature overnight. LC M5 indic d

little progress. The dark brown solutlon was pour

into ’ Q

NN
) -3
Sleaas
THF/pyridine -78°C " @

(2a)

) Eltn% ropanoate

Compound 1 (100 mg) was dissolved in dry THF/pyridine together with (2S)-benzyl
2-(chloro(phenoxy)phosphorylamino)propanoate (279mg, 2.0eq). The mixture was
cooled to -78°C. N-methylimidazole (NMI) (259 mg, 8eq) was added and this mixture
was stirred for 15 minutes at -78°C and then stirred at RT overnight. The resulting
mixture was evaporated to dryness. 10 mL. CH,Cl, added and the residue washed with
10 mL 0.5N HCI. The organic layer was separated and washed with 10 mL water, dried
on Na,SO,, filtered and evaporated. The compound was purified by silica gel
chromatography using CH,Cl, to CH>Cl,/MeOH 9-1 as the eluent. (Rf=0.2 in this
eluent) . A yellow solid was obtained, which was repurified using column
chromatography using EtOAc to EtOAc/ MeOH 8-2 as the eluent. After evaporation
and drying overnight in vacuo, 80 mg (33.4%) of 2a was obtained (mixture of
diastereomers). LC-MS: Rt: 3.37 min m/z: 569 (M-H)". 'H NMR (400 MHz,
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1300 nmL ethyl acetate and the residue filtered through
a pad of dicalite. The precipitate was washed with

woaddidwiamal et hyl acetate. The conbi ned filtr RCFEPRAEDH04748

evaporated to dryness. Intermddiate 1-2 was purified
by col um chromat ography using CH2C 2 to CH2d 2/ et hyl

BN peienrm Acdr e v B h Ok Bhod Deb 55 piiibg 59, 1.20
b3 ¢ ah3H) ChsDma00gmaphy), 499ng. I3, anIEI) 423 - 4.36 (m, 1 H), 4.98 -

W e eteLasaRime iopaBah 2o G & B3 e

S128 1who .42 Hepll 1D, 7.08 2)7.25GnNE: HR(7:293- 233_9 fmné Hu)d7z54 aB3 H).
(MrH) +, note: the hydrate of the ketone is also

observed: LC-Ms: Rt: 3.20 mn, mz: 503 (MH) +.
Brehollpwing compounds were made in a similar way:

('zs§ 6@@31 QR(@zﬂ@,BR&SS 44(44ax¥1§16f21b§6ﬁ%"'ri%ﬂhﬁn- ﬂQHQIVW’V-ﬁv&bQWS-

f 4» (3 el X 1) ‘ i A
(Qb@ne (I-3) NaH (O 897 g) was suspended in 15 nmL dry
di met hyl sul f oxi de (DMSO and was heateguto 65C for
1.5 hours under Ar. Methyltriphenyl phrli;b\honl um br oni de

(12.84 g) was added wth stirring follfo by 30 niL
dry DVMSO and 15 nlL dry t@trahbdrofura The

m xture was stirr at r o for 1.5 hours.
Ayellow/orangeﬁ@ en i nternedi ate
1-2 (6.979) ed in , was added

|¥d .
dropwi se via a syringe, andt e was stirred
during 1.5 hours at roomtenperature and then at 50C
for 1 hour. The mxtd was theh cooled to room

t emper ature. The preC|bg|tate wa$' filtered off over a
plug of dicalite, the filtrate was concentrated (to

LEMS ERTBRO5 mlitmlA1603 gsi-dy e SR 8400 M}mwmu@p@ Ppm 0.30 -

ARy fﬁﬁ%ebﬁ&?c’oaﬁb@% D196 VbR AUl Y T 238,384

4.0Tkma, 36]);04 ﬂ@d4123;(ar 3 H\)egé)4f-|51 temed H)/eSrzﬁa- @Bﬁgnoi H), 5.71 (d,
r

Fe 0y B % OAE 8 2Tl 18R U8 5% B4 [ oFaPY7.43

%&H)é]%@ és7 H)Evapor ation resul ted in 2.97 g

of internedi ate 1- 3 as

(28)-ethyl 2-((((4R.6R.7S)-4-(4-amino-2-oxopyrimidin-1(2H)-y])-7-hydroxy-5-
oxaspiro[2.4]heptan-6-ylI)methoxy)(phenoxy)phosphorylamino)-3-phenylpropanoate

2¢)

NH,
ﬁ”
RNV
o aA%
©H6

LC-MS: Rt: 1.84 min m/z: 585 (M+H)"

(2S)-methyl 2-((((4R.6R.7S)-4-(4-amino-2-oxopyrimidin-1(2H)-y])-7-hydroxy-5-
oxaspiro[2.4]heptan-6-yl)methoxy)(phenoxy)phosphorylamino)propanoate (2d)




a white solid. LCMs: Rt: 3.56 mn, mz: 483
(M+H) +. St eE_4i 3- benzoyl -
WORO((®aRY8R, 9aS) - 2, 2, 4, 4-t etrai sopropyl - 9- met REITGEPR0R1004748
ahydr o- 6Hf ur of -31-
3,2-f][1,3,5,2,4]tri oxadi silocin-8-yl)pyrimdine-2, 4(|
H, 3H) -dione (1-4) Internediate 1-3 (2nA,9) was
evaporated twice with 20 nL dry pyridilne. Then it was
redi ssolved in 30 nL dry pyridine. {KN
ded

Di -isopropyl ethyl am pe (3 $q) was a /L\Lol | owed by
X

benzoyl chloride (1.5 eq) H NwasOstirred for
2 hours at room't & Pyridi
in vacuo bel ow 30C and 1500nL CH

e was evapor at ed
s added. The
resulting mixture was washed_tweicti s with 50 nL
saturated NaHCO 3. The or o@ | ayer was dried on
MySO4, filtrated and evapokat€d, and the residue was
dried in vacuo for 64 hogas. Internediate 1-4 was
purified by colum chromatography using CH2A 2 to
CH2d 2/ et hyl aceL&tMIS8R2: b3S mimerit: 495f(MerH)evapor at i on,
2.89 g of 1- 4 vvas obt ai ned as a V\,hlte foam LC-MS: Rt:

) i heptan-7- llsobu rate (3
furo[3,2-fJ[I,3,5 2, 4] tri oxadi sil ocine-9, 3" -pyrazol e] -
8-yl)pyrimdioe- 2,4(lH, 3H)-di one ang its epimer

3-benzoyl -1 -((3"S, 6aR 8R -tetralsopropy -
4' 5", 6, 643, 9aNhexahydrosp|ro 0[3 2-fJ[ I, &H

ri oxadi si | oc{ ne pyrazo)ed

8-yl Ypyr i Ne- 04(IH3 -di one, (I - ) Dlazomsthan o
nerated YT oy N net hyl - N-ni t r osp- p-t ol uenesid T YN8 de

(Dl AZALD) 362 g), and KOH (2.9~g) in_diethyle{h

anooxg (2-¢Fh et hoxy)et hanol, was disttlled intd

stirrgmg sol ution of 1-4(1.0729) in diethyleth® (20

) atfwas cooled in an icewater bath. Wen

di stiN ation(s#ps conplete, the yellow sol ution wasg.g)

stirred at roomtenperature until TLC or LC-MS showed

conpl etion of the reaction. The m Xfure was evaporat ed

to dryness resulting in 1.149 g H oam -
indicated a 3:9 ni%ture of gepiner ( | ) thg s used
as such in acti g, & 3.68
mn, mz: 629 (MH) 4. 0
—_— o = ——_’
/z/a NEty/POCl3
(1-10)
4”_\\
N’ NH,
SN Y
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Step_6i 3-benzoyl-I-((6a'R 8 R 9a
1S)-21,2',4" ,4" -tetrai sopropyl hexahydrospi ro[ cycl opr op

WOa208)/000459 PCT/EP2009/004748

1,9 -furo[3,2-fJ[I, 3,5, 2, 4] tr3%exadi sil oci ne]-8' -yl) pyr
imdine-2,4(1H 3H)-dione (1-6) A m xture of

i nt di 1-5 5 d 1
IS hpesict 1 60he - 0 Btp) Ees mpolead 1o 11 s0gpl FagTBAr
@9.81@9%9.5@@61%% ﬁd(lﬂmﬂ dhe iﬁnxtufé‘lﬁfaﬂitlﬁddr @ wm temperature for 1
rradi at th. al ogen | a i -
ot PLodifah udaFn BT Refs &TRL F D e adE fotlowed
Hha stmongly e dicastionv amhaag@dwaexl Y Nés‘h(lélﬂg) ima evinteuk of pyridine,
ﬂmeﬁ\aﬁ@l%nlﬁ%dtéﬂ (g%? H}L @Oﬂ WnThg flléag{‘{gﬁ i xmrcWa&ifr&act I %utes

evaporation o ure ons,
andgfikpatedobhaPaegx a%elcaleemawasmql tyigs @/lﬁhga) mixtyze pEpyFgine,
Pefhhndl dhd WHir (380 L( B YrandShe Borfibindd €iftBacsRvée concentrated

vn%ﬂ rez@ucaff PreEre T SRisPYF Hax R BFGRYFilGt &s)chmmasperaphy by
QI,aalent elutlon 0 to 10% methanol in ethyl acetlate resulting in 1111termed.1at§: (11.9 (5.597
oci rim di
4%3? i—tlff%ané 2@2{]'@ %t%efgrrbfem atrbghfﬁ%]—%légyrrg)
vvas di ssol ved in 3 nL CH2A 2 and 10 nlL NH3/ net hanol
Mﬁﬁ?@w T!i] €6 g‘ %8.96 FuBYy walk dfs ?8%& N dr} pPﬂane (100 mL) and the

evapor at ed ness, puri
aqwtmmwwxaﬁmﬂsugq%@i mllh eplzi wenlmpmlétaﬁwdr&tee&l 88e mL,

20 L m@sfolf Wes a&id@@ ﬁhd t}ﬁfr?ﬁftloﬂ\&ﬁd%@llébvle@ﬁb pRdcésd Arb& i Serfipdrature
ich af.ter tr

aYeéP‘ﬁBT iry e agip Srieginly Soffer S0 i vger AR e excess
isobwyrie dnlgideidd was gserecheth by addiamof nEthéBol. Rifter Stiidgfon20

%ﬁ{l ga%é %ﬂr%ﬁee&ldgevaéo@%rp OF the volatiles, ethyl acetate was added

e puixtuge was washedpyitthsateraied rguesius HfadlePo@<dpleearganic phase
lva@dnéd‘ﬁrﬁfl (ﬁﬂe{dd’ c%n@engra‘ﬁz]dt th'vgl(bﬁijﬂosgdf@lll@ﬁ 68 g 96 %) as a white

@g&@g‘%r %@gln%‘@ %&' Qﬁ Iﬂl)rAysgy:rjlt Id?ﬂeo;nd-t he

solutlon mas cooled in an i ce-bath. 4- Chlorophenyl

PRETLPAIRL Y EESR) Rot fodaia ipRatRle SRR R 2

147 amdﬂé, l(fBléqﬁt-trtazalé (V5 2012u22@mnial) @@ﬁhﬂlymnaéﬁﬂe'd mL,

d 8 V"‘Tﬁ SGR o Mature f
e °3>em %@un“‘?”r DR ref bR EshiRRature for
Bd d@p@sg e m@pzhgg 13 wep @ienched by addition of cold water and the organic
layer was separated and concentrated in vacuo. The mixture was purified by silica gel

chromatography by gradient elution CH,Cl,/ethyl acetate 90:10 to 85:15, resulting in
intermediate I-11 (7.5 g, 86 %). LC-MS: Rt: 2.38 min, m/z = 446 (M+H)".

Intermediate I-11 (7.49 g, 16.81 mmol) was dissolved in THF (200mL) and treated
with concentrated aqueous NH4OH (15 mL). After 3.5 hours, the volatiles were
removed under reduced pressure. The mixture was purified by silica gel chromate-
graphy by gradient elution with 0 to 5% methanol in CH,Cl,. The product was
dissolved in ethyl acetate and the mixture was washed with water (2x) and brine (2x).
The organic phase was dried with MgSQO4 and after filtration, concentrated in vacuo,
resulting in compound 3 (5.597 g, 84 %) as a white foam. LC-MS: Rt: 1.95 min, m/z =
394 (M+H)".

'H NMR (400 MHz, DMSO-ds) 6 ppm 0.36 - 0.46 (m, 1 H) 0.64 - 0.75 (m, 1 H) 0.77 -



4- chl or ophenyl phosphorodi chl ori date was added and the

m xture was stirred further at roomtenperature for 3
woRoWw®o4sC- MS i ndi cated that no starting nat ePCAIEP29/004748

left. The mixture was evaporatded to dryness (<40C) and

the residue was taken into CH2A 2 (75 nL) and washed

Lce W sat ur at ed T or i ¢_ph S
%% G SEDH GBS e 17 F07ad -2b wocoa 4080 1 a3 1) 4.98-5.02
(mesli Hy 8.70}‘(d,tﬁe .@HeyléjHDIS.ZSE(Q,((:It HY m.l\z/Bﬁlz{Br. ng $3) NE‘,ld(Brns.,ZBH) 7.55

0 ion in dioxane (0.5 . Additional NH3 in

@%%ﬁ%?badded at regular intervals until the
reacti on was conplete as judged by LCMs . Wen
EkdthBad(4RMR 764 W EmfRe) %‘{(@Mrﬂfd‘ﬁg 1EANAY- '7q§/§irox-5b§-

1e‘rrrea| a1e I-8 Was purlrlec X ol umn chromat ogr aphy

A4S P ggppan-o ‘ ADUHA :1 as the el uent.
After evaporatl on, 1-8 was obt ai ned as a yellow to
orange sticky SO|Id (840 [ LCMS: Rt: 3.42 mn,
mz: 496 (MrH)+ Shep 9. 4:api no-
1- (7-hydroxy- 6- hv dPoxd@ hyl - 5- oxa- spi ro[ 2. 4] hept - 4D

| H pyrimdfn-2-one (Y diate 1-8 (
di ssol vedf 1 nNe5 niL THF. {ra-n- butg 2 z I d®H
; s added m xture Wgs s\i /K
tufe forl h and then e o
eJconpoun twi ce by=dol m

y using /nethanol 9:1 ¢
3:1 as t luent. After eWwaporat,

t he product contai ni ng ctions, conpound 1 (3'6 rrg)

was obtai &) as a V\,hlte'\éolld LC-M5:. Rt: 1.25 mpqg)

mz: 254 (MrH) +. 1H NWR (400 VMHz, DVSO- " 6) d ppm 0.31

- 0.59 (m 3 H), 0 - OZ)(mlH) 351-365(mo

1H) 371(gJ4Hz ﬁ@,SQ?(t,JSS?HZ
QO£ H.12 (d, J=5.87 H 6\
601 (s 1H), 7.13

98 (t,
1° H) .sofecaggmon 2: o

H),
d,
;D%E’Si%,'% 77
—_—

ﬁR 6R. 7SV4-{ 4/am ng- opyri m din-1(2HwI V7-
no

xY- 5- oxaspiror2. 41h8%(,an 6-yl ) met hoxy) ( ( phenox g

hosp or v ami no) pr&qg)noat/e%%) (1-14)
2‘_\\
N/
0] 0] NH N——\
| I\ SN
%")H/ . A v o | A
. 0 H . \H\O 0
S POCl3 \
o) 3
(-15) /S%/ /)\l/\ R
I
(1-16) /%
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THF/ pyri di ne -78C Conmpound 1 (100 ng) was dissolved in
dry THF/ pyridi ne together with (2S)-benzyl

wOo0(bewo( phenoxy) phosphor yl am no) pr opanoat e PCIHPAe)9/004748

2.0eq). The mixture was cool ed-to -78C.
N-net hyli m dazole (NM) (259 ng, 8eq) was added and
this m xture was stlhmed for 15 mnutes at -78C and

then stirred at RT oyvé&rnight. The resulting mxture NHz
was evaporated to SS. v/;l—zyadded and th NN
resi due wasfed witfh 10 niL O. 5N The@organbc | aye /g
was separ at gd and driled gn
Na,@@O \!\;[\/?\eoe evap rat ed. ETGJ%B

sili el cweﬁ%eg%&phy—u@rng CH2d 2 \to
CH2d 2/ I\/EOH 9-1 a&s :

ed
eluent) . A yel lew/ sblid was obt ai ned whi ch was HO
repurifie _JIJ@I nga%ﬂ"urm chr omat ography usi ng KH0ACc to

Et CAc/ Me he eluent. After evaporation and
dryi ng overni ght vacuo, 80 ng (33.4% of 2a was
obtai ned (m xture of diastereoners). LC-Ms: Rt: 3.37

KisBlufiod of Hfiémiddidth 1-9 (350 MYR1 320 adi} ilDMERydidie (A5 pEID was

%ogeéi _r}ﬁg)n %%p&a I b%'_gdd é%héio rﬂletg ép@e%}glgg%thy%n%% b(eH,Fer}g

(900 ndg, AP 1I-mmoPBwisndded Hlhe tba@’@on mixt88 was left okla, meltifg ice-water

%{ztﬂ- g.ll(i %as ﬁ)gh%t}rrgd gtgrfogfreﬁl% ﬂlaghzz g(\j/é_&lbgbi Zg)gigsdrgatﬂir;ol%s added
dryfter 30 pgnutey, t gre(aﬁqlorgmpq)turewagg:oncept@@ fyiedsang) used as guch in

(he ,ne)lt rbﬁenoﬁhgcfnlsl QW Dg8eaRPALRds2IaIgIyRde in a

simlar way: (2SVbenzyl
'E? %%ﬁ&, gﬁ“] Q?q,\\//g){ésﬁggemﬂ 8ry21)191’i=°('? ¥ ]f[)] vg'ellsnadded tert-butylchloro-
dixeesipilsibing (ABDMB Gl 3 61 wigy 21066 ydl) ahd ondphde 6b69)mposph
PO BRGRAGE\09 o i ffi Brglh o
pquiyalgpts o TRPMSG! gul inndazpleyveredded durlng)@e mext dayiand stirring
%a@&n‘tmﬂle@ﬁlrﬁﬁ} o@erﬁpght %h%‘lmxnﬂe %s ﬁ%ncﬁed’%th‘ln&ﬁarrol and the
']q)latllgs Wfre( y’jl:efn(ggd,_&l?utqd W}tgleglyé ;ge(t%te a&c? F}Be mg(tlfg (was washed
@itR vaten (2 ) zhl)d, brineO8he orgaric phase wadlried/ widli MgSO Add after
filtration, concentrated in vacuo. The mixture was purified by silica gel chromate-
graphy by gradient elution with CH,Cl, to CH,Cly/methanol 19:1, resulting in
intermediate I-13 that was used as such in the following reaction. LC-MS: Rt: 3.70
min, m/z = 639 (M-H)".

Intermediate I-13 was dissolved in 80% aqueous acetic acid (10 mL) and the mixture
was stirred at room temperature. After 8 hours, the volatiles were evaporated and the

mixture was purified by silica gel chromatography by gradient elution with CH,Cl, to
4 % methanol/CH,Cl,. Evaporation of the solvent resulted in intermediate I-14

(318 mg, 73 %). LC-MS: Rt: 2.46 min, m/z =367 (M-H)".

Intermediate I-14 (318 mg 0.863 mmol) was dissolved in dry pyridine (8§ mL) and the
solution was cooled externally with cold water. Isobutyric anhydride (430 pl,

2.59 mmol) was added via a syringe. The reaction mixture was stirred at room
temperature overnight. The excess isobutyric anhydride was quenched by the addition
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(m 7 H, 7.55 (d, J=7.24 Hz, 1 H). (2SVet hyl
2-(((" (4R 6R. 7SV4- (4- am no- 2- oxopyrim di n-1 (2HVyI V7- hv

WO TX0p6 659 PCT/EP2009/004748

oxaspi ror 2. 41hept an- 6- yl ) met dxyXphenoxy) phosphor yl ani
novVa3- phenyl propanoat e (2c) LC-Ms: R: 1.84 min mz:

585 E. + 1 2SV lihyl .

of methangd thea thevelatilesistr sermovsdo il AiRtA ap fikAans the golution

W@Waﬁed vgth4s:allltqurated NaHCOs, dnﬁd with MgSO, and after filtration

oxa e Dmet X S l\agqi

SRl pe Bfing; Pty PRSI MBI L ENES Re 3.0

toiviy bz + 4BX @pHg. 3: (4R, 6R 7S

VA4- (4- ami no- 2- oXopyr i m'di n- 1(2H)-v

IE 6- (i sobulg/ onyrret )-5-oxaspiror2. 4lheptan-7-y
teomadipied 1S (397 ma.- 01'&) )méHrlaiZé triazolg (5t mg, {91 mmo1) and

%th%fhnﬁiﬂ@k])sl WS mlsﬁﬁiv\ola\rﬁ@gﬂggiés-gbﬁeﬂ 218@ry' @I)It 2@5‘@7 mﬁ\ﬁnd cooled at
S, Xt ure
20w P T e s sded i e koo Fmperagpre s
mmlhtaﬂmddebelmtzb%mdrheaﬁdmmtv?s stifted nrtem@htl 310 eqnacaladslofl,
n acCl dl
B Ra el hathR R tin® 6l el a6 THLH. @XSOANER uaRPI e
mixtene v(aszanmi foramothey 3 hﬁhs at eco tapnpematyreu i be gresss POCl3 was

(fﬁehE Cﬁ%%yf &'}efﬂﬁac{?lt%ﬂ @Pco"l’d‘q'a{eh | TH&B@/Qr orggﬁc @%W?)évas separated and

es|l due was was twce wt m xt ur |ne
GaRcenirRigd Ryevaparation ugder ygcuum: Tlhell}ll’%f& W%@Uél&% ibysiica gel

dhirbhbRERPhYBY %rafc@éiﬁ QNitioatveth CAYEL, té e%a&%&wewcg resulting in

ByFgradnfo LOReRb ST S s e, RAP ] R

acetate, resulting in internediate 1-9 (5.597 g, 84 %
Rermeliitd 16 00 m %A@ (c:%)zwgédlgﬁo‘l‘ved%zf HF &%LF Mid")reated with

Internedj ate 1- nmo was .di.ssol ved

merﬁw«fddaqa@owe%w%(o & le&% theplatles wf?aqewved and
ho alietiravivid caiRkatraed afider h&dueed pressurarnthedhixtige (Was pBfified by

dde h [ L
e oot G5 epispLe npar yB R o R sfsuipacn
After avgpomatien b‘éﬂleasblvy:nt; oobrmakdiate b1 @1 TP mgt €00 %) ovas lobtained.
EEQ48SRE: 2.74 min, m/z = 438 (M+H)".

To a solution of intermediate I-17 (179 mg, 0.409 mmol) and acetic acid (147 mg,
2.454 mmol) in THF (10 mL), was added TBAF (1227 pL, 1.227 mmol, 1M in THF).
The mixture was stirred at room temperature. Stirring was continued for 2 hours and
the solvent was then removed. The mixture was purified by silica gel chromatography
by gradient elution with methanol/CH,Cl, 4% to 8 %. The product (100 mg) was mixed
with CaCOs (60 mg) and Dowex 50 Wx4 (200mg) in THF (10 mL) and stirred at room
temperature for 2 hours. The mixture was filtrated and after evaporation of the
volatiles, repurified by silica gel chromatography (gradient elution: 0 to 15% methanol
in chloroform), resulting in compound 4 as a white solid (59 mg, 44 %) LC-MS: Rt:
1.08 min, m/z = 324 (M+H)". ‘

'H NMR (400 MHz, DMSO-ds) & ppm 0.36 - 0.45 (m, 1 H) 0.46 - 0.57 (m, 2 H) 0.96 -
1.05 (m, 1 H) 1.10 (d (app.)), J=6.5 Hz, 6 H) 2.58 (h(app.)), J/=6.5 Hz, 1 H) 3.86 - 3.91
(m, 1 H) 3.97-4.01 (m, 1 H) 4.21 (dd, J=12.0, 5.9 Hz, 1 H) 4.33 (dd, J=12.0, 2.3 Hz, 1
H) 5.34 (d, /=5.7 Hz, 1 H) 5.74 (d, J=7.4 Hz, 1 H), 6.01 (s, 1 H) 7.06 - 7.28 (m, 2 H)
7.57 (d, J=7.4 Hz, 1 H).
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i sobutyric anhydri de was quenched by addition of

nmet hanol . After stirring for 20 m nutes at room
wotenpeneour e and evaporation of the vol atil esPCatEPR09/004748

acetate was added and the mix36dre was washed with

saturated aqueous NaHCO3 (2c) . The organi c phase was

dried wth MgSO4 and concentrated in vacuo to give

1-10 (7.68 96 % as a white solid. LCGMs Rt: 2.26
M&m i mln@mmm&ﬂvam@vn 5.

f 1-10 (7.68 g, 19.47
&4 407 5fisBb 5.20 g, 220 mmol) and
trlethylamne(3%7rrL 220 mmol) in dry CH2Q-{50 9
N for
The fps P G acdg#t i on (U\j:
hd tlhe org4ni colay r was s atled and
in cto. The m xture was purtfi

ogr aphy—by—gradeent el uti
cefate 90: 10p§féi9i0n§5: 15, result

ved ate £ 13/(7.5 g, . LC-MS: Rt: 2.38 mi@,
mz =446 (M + Internediate M| (7.49 g, 16.8 1)

>
1

was di ssol ved IE HF (200m.) and treated with o

concentr at ed atﬁ' us NHAOH (15 nmL). After 3.5 hours

m xture was purified by sil jjca gel chromat egraphy by

gradient elution withO to ‘met hanol in CH2QFA The NH:
washed w Ve G

phadg was dri o@ i ) N0

condént PAfed i n Vo i 0

g—84—9%9—as»a whi : : ' z =

394 +. 1H NWR 0. 36 - 3=

0.46 (m 1 H 0.64 - 0750(m 1H 0.77 -0.92 (m

6.25 (s, 1H 7.25 (br. s., 1H) 7.29 (br. s., 1H) 7.55

(d, J=7.4 Hz, 1 H) Exanple 4:

1(2H) -yl V7- hvdr oxy- 5-

0]

/[LOH

the volatiles were renoved ynder reduced pressure(I fﬁe
pr t was issolv
VaCug
2
1.06~ 1.15 (m 12 H) - 2.66 (m 2 H 4.18 -y7N36
(m 3 H 4.98-5.029m /1 HP 5.77 (d, J=7.4 (H20) 1
: L NH
(T4R 6RJS) - 4- (4- am no- 2- oxopyri m di n-ﬁ\
=
—>

®)

Intermediate I-12 (250 mg, 0.475 mmol) was dissolved in dry pyridine (10 mL) and the
solution externally cooled with cold water. To the solution was added via syringe
isobutyric anhydride (236 ul, 1.424 mmol), and the reaction was stirred at room
temperature for 2 hours. More isobutyric anhydride (236 pl, 1.424 mmol) was added
and the mixture was further stirred for 2 hours. More isobutyric anhydride (236 pl,
1.424 mmol) was added and the mixture was stirred overnight. Subsequently, the
excess isobutyric anhydride was quenched by addition of methanol. The solution was
stirred for 20 minutes at room temperature and then concentrated to dryness. The
residue was taken into ethyl acetate (30mL) and the solution washed with saturated
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oxaspi ror 2. 41hept an- 6-yl ) net hyl isobutyra te (4A
solution of internediate 1-9 (350 ng, 1.377 mmol) in

woaow/ysdi ne (15 nL) was cool ed on an i ce- watPE€m/BHPatde/004748

and (chl or o(4- met hoxyphenyl ) rkhyl ene) di benzene (900
ng, 2.91 mmol) was added . The reaction m xture was

left on a nelting ice-water bth and  ya irred

aguep BN ERp b2 0 - %b%Pfﬁagmp o PSSR YA AP S Qe dhe Solid was

ﬁl@&e&i ofMmigld aﬁd ﬁiéve’h@ ammﬂe@ evhﬂﬁaﬁﬁﬁﬁlds@lﬂngux 1-18as waslorless oil,
centrat ried.an S ch. in the next

ygdlas Pgh In %"R?é‘“eﬁft‘°‘éctzf\g?"§§r¥a M5 (MH) . To a

sol uti on of above residue in dry DVF (15 nlL) was added

gég&é*?&ni%} ‘i*ﬂs@ J%bn‘égel%aidﬁé %C&T&R%{!é%rg lﬂtésn'if&n te I-18

(288 e, @n41r91 mmgk)elldds2 41tyi (327 mbcﬂﬂi B énifﬁh)élamme (661 pl,

9% hﬂh&g tand!(THACY @.0 ﬁlL‘?%léath@fHa&léﬁ tefipedRize Wil Gnaintained
e were added.durin

Wg] gé q_%xt day and stlrrlnng
QW 23t (IFSWHNE {1} @ Whjte BWFW"QH{‘) ﬁée"\‘fflﬁ’ﬂ qrgtugg,was stirfed at
m&ﬂﬁhﬁﬂraﬁlrlb lformeh(h.ﬁﬁlﬂh’haﬂmetrba:ti‘bﬁlv%slcbgﬁ)ldﬁaf , ¢hepackedsyPOCI; was
r enopye w th.e tate_ a the m xtur
St o UYOR G e et Vo Dt and
msmramisbxdcvapdramon untierS@¢uemdThé merturfe wasrprifisd by silica gel
| Ca féi)?‘l? %I}]' a&féﬁléﬁltlo% mlﬁsfggﬁa&%e ?(‘)“'lbftd §511§¥esultmg in

onat lent e tion
@me@a -8 pmehidtoanel 74%) IR LUt g | 1

internmedi ate 1-13 that was used as such in the

g i 1 P s .50 g vy LR THF oL peed wit

mémtmtabacﬂle()ﬂ@Nm())Ha(ﬂoB g Aftartdhaurnaerstincestdated aqueous

p PHOH @rDRET Wi ?gdé%faﬁﬁrthé‘mhﬁldfe wad J%ﬁre\égi gﬁf ﬁ%srﬂgego?v Nt was

e m xture was
mcxynémgqcaphbhe oyl veasdakemrip @Ie@m{l @netexﬁetand w@d w@h wa%r and
PRt ARk 4R Eih I\E}@@%’ rfﬁﬁh@(’ih B{d é\J& ofiby gf‘fhe rv%ﬁit'llléseﬁle residue

I.n I nternediate
Fr30) was psedsgssuchn ghe nerhqeé?t%%tl\é 1Rt1§ 8oamip. Wﬁz 05%@“ -H)"
mh)ediwéil-dﬂ $E80I i 0. 30D m&mblpwas aiilsmVe(cﬁnrsio% afi@otidigcetic acid

fSOSJBEL Iﬁé}r %hg T %ﬁgg .Irr}egtél?%( %/%%g{ edy at room tem;l)eratur WY After 9 hours, the
volatiles were removed and the mixture was purified by silica gel chromatography by
gradient elution with 5% to 15% methanol in CH,Cl,. The obtained residue was
triturated with iPr,O and dried in vacuo. Resulting in compound 5 (60.8 mg,

62 %).LC-MS: Rt: 1.25 min, m/z = 324 (M+H)".

'H NMR (400 MHz, DMSO-ds) 6 ppm 0.33 - 0.41 (m, 1 H) 0.62 - 0.71 (m, 1 H) 0.74 -
0.82 (m, 2 H) 1.08-1.14 (m, 6 H) 2.55-2.64 (1H, m) 3.62-3.68 (m, 2H) 3.99 — 4.04 (m,
1 H) 4.98-5.03 (m, 1 H) 5.12 (t, /=5.2 Hz, 1 H) 5.76 (d, /7.4 Hz, 1 H) 6.27 (s, 1 H)
7.14 -7.33 (m, 2 H) 7.80 (d, /=7.4 Hz, 1 H)
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2.59 mmol) was added via a syringe. The reaction
m xture was stirred at room tenperature overnight. The

woexudwsd4svsobut yri ¢ anhydri de was quenched by PQE/EP2009/004748

addi ti onof net hanol, then the&dvol atiles were renoved.
Et hyl acet ate was added and the sol uti on was washed
! > e J; : i S)-4-C -tax?nno-Z -0X0-
nmnaﬂimwzal)aml? 115d1(03035 mspﬁoﬂz %epth%hmmdﬁOXV:?r (fhemibry)
z—47 n ¥ In{ di ate 1-15 (307 ngy, 0.700

0 e (546 ng, 7.91 mmol) and
trlethylamne(llrrL 7.91 nmol) were dissolved in

dry CH¥®. (7 nL) and %oo.he%l at 00C. POCI3 (0.170 niL, nw,

1.820 I) asSNadd % The reaction tenperature

was el ow 28C. f'he m xture was stirred /]\
?*\ié' ni Jo3. O equi val ent fIHI1,2, 4-0ri a]zgl e and N o
i

the ™ re was stirred for ano 3°hou s at r 00}

t enpera¥ure. The—excess PEEH3 was“quenched b ar &f ul
i{ion of cold water. The |ower organic |a WaS<q

S parOat?# and concentrated by evaporation unte

vacuum “The mixture was purified by silic® gel

chr omat og (SIJ)hy by gradient elution wwth CH2A 2 to 4 %
Gembeursl J GHissolved in équItIFépgndmenmeéherm’dﬂa&?é) -benzyl 2Aglloro-

(:ﬁﬂ éﬁe llﬁln o Mife mﬂ@&eﬁ%&@lé’d to -78°C.

te dlalt) (5) dﬁ? qéﬁnm) was. di.sso| ved
Nﬁnqthwdupgiaﬁdy (%IM:D Seaat ARHiE i Yigreddoe ginutes at
84Oz g thed stitrkd aRT@Verhidh?UTlse mixtereMobwipotatad toRlrgness. 10 mL

G ir e nh it G hed PRAGY DS LA e SEbE8Sayer s
mpanatﬁeltamgr\mshgd withd Oanll evaterednigd @nNagSh, i€l and evaprated. The

TR G A R PR v

sytheolugdt. nin, mz =438 (M+rH)+. To a sol ution of
|ntermsd| ate 1-17 (179 ng, 0.409 mmol) and acetic acid

2. 454 m’TD| in THF, d TBAF
fq he Wﬂo es bmtﬁwré%m%eewﬁaﬁ%@ﬁ as
@hemd@dpmpmmmmmpﬁrpaﬁwe thefi is ratsorgepurad the idabntyeyl ester of
{2%5-6&1yli] 93{(%4]9,@9\,7S)-4-(4-amino-2-0xo-pyrimidin—1 (2H)-yD)-7-hydroxy-5-
oxaspiro[2.4]heptan-6-yl)methoxy) (phenoxy) phosphoryl-amino)propanoate (7):

am ne as well as a2 E 28 —adde

Biological Examples

Replicon assay
The compounds of formula I were examined for activity in the inhibition of HCV RNA

replication in a cellular assay aimed at identifying compounds that inhibit a HCV

functional cellular replicating cell line, also known as HCV replicons. The cellular
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the solvent was then renoved. The m xture was purified
by silica gel chronmatography by gradient elution with

wormeidiened/ CH 2C 2 4% to 8 % The product (100 PEF)EP26N®/004748

m xed with CaCO8 (60 ng) and-Ibwex 50 W4 (200ng) in
THF (10 nlL) and stirred at roomtenperature for 2
hours. The m xt ur,

5P e URSFA O PO SFRIpRF TR SIS Hitca dsapribed By Lohman et al
QDDQ)TB?@gdS@VHIWi{Sg;lb;?dII entl 3 edith mﬁmﬁg&idrﬂ &E&ﬁmt;qéﬁiﬂyaﬁdxl:geg at al.
or u Qun as ite soli
G A R i L,
NVR (400 MHz, DI\/BO</6 d ppm0.36 - 0.45 (m 1H) 0. 46
'Shé)ang);_éﬁ'i‘izga}_&fg itQ%ngr(aR f@ctQE’ §lm1aelghglf I—Elg/n(i ﬁ§ e%}eferred to as
Iéul@Lue}nThmelléu@:mbqyaarq Eq?\!)iemq)o dipgoa bicigironig-expregsion capstruct
&?mpr;sliﬁg tgle ?ﬁld@ﬁe N&3IRS 5B re')glé’ns'ﬁ HAv 'fg'peBI Egﬂar{sijatedjffém7an
Pptozagl ospN}g Igl#rss§lto gl gﬁfro&l %ooohaloﬁl@@a%g&r&s
ﬁrég%id_érﬂl by rVﬁoxﬁé-p@lﬂdiﬂ-FZLM&)ﬁsb)ﬂaﬂd a-selectalA)fle,hmar%(er portion (neo
e
BRSPS THY £ RimetS BpLLB 3 B KR dnon-
mlmdssgiqnehfrom HICY tpye 1WiGeatipad erlureoithe ieplisoh gelison the
%%]&{59 BF 5418 ARloBlise %}1&9{ &h i’f@trﬁ@l Cfafli— B{'ﬁlemvtmﬁ Y‘ﬁesstably

V|asr|ne|s ri.c_ an

mlfootodarﬁahoqoeoo & et POTTeRHCY RN Aehigh reRispies autonomously and

Ie&Eldrﬁlcf)@fngznﬁaﬁ’ HIi§ lucefa8e | voetb uted fof séBénifl ildantiviral
ﬁ523 4 mmol ) was added and the m xture was

‘IWI?‘HE‘\dsstl rred for 2 hours. Mre isobutyric anhydride
(236 M, 1.424 mvol) was added and the m xture was

’ﬁl%ltegﬁgo Oé’eqlrs Qzllegp glateiiuig%%g %El O&l?teo il th F %g‘e%?lac% dfstﬂé)f%%%[rfd%ontrol

mmxmdnwlm \me raddes mmangos eanegnteasions. Fadlewing an incubation of

t
PGS SREAORY a8yt sl s

BRI B S Y SEITITales and Foagetin v, R{gﬁc%ocozgéewi ™
JlraHISHAtk$plab &ﬁ@gd&@i(e@ht@dcdﬂé&ﬁ tH‘d&Z}S&)I cultugestrave Highdaciferase

St Tt ofang ey LECRER R a G AGRIHG Bhappund on
hhﬁ’enase(actwaaotasommto@d\@l thefHuh3L @7 calisnenabling a dose-response curve
for each test compound. EC50 values were then calculated, which value represents the
amount of the compound required to decrease the level of detected luciferase activity
by 50%, or more specifically, the ability of the genetically linked HCV replicon RNA
to replicate.

Cellular Toxicity

Cellular toxicity was determined in the Huh7-CMV-Luc replicon assay. Replicon cells
(2500 cells/well), stably transformed with a luciferase reporter gene under control of
the cytomegalovirus (CMV) constitutive promotor, were cultured in the presence or
absence of test compound concentrations. After three days of incubation at 37°C ina
humidified 5% CO, atmosphere, cell proliferation was quantified by measuring the Luc
activity, and expressed as CCs values (cytotoxicity, 50% inhibitory concentration of
cell growth). Tests were performed in 384-well plates.
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POCC (102 m, 1.089 mol) was added to a cool ed
m xture of internediate 1-18 (250 ny, 0.419 mol),

WOI26itd/q02454- t ri azol e (327 ng, 4.73 mol ), tri et RgTAPRINY/004748

(661 m, 4.73 nmol), and cH2€@02 (6.0 nl) while the
reaction tenperature was maintai ned bel ow 250C

Aegyhiing in a white precipitation). The reaction
mxture was stirred at roomtenperature fqor 4 hours
Gerapoynds of ggepveawomr%&%ﬁ dpreirpisngy agalnst w@@ typg buman
ﬂuﬂlﬁkﬁd@ﬂcﬁﬂcyﬁﬂﬁﬁf(ﬂwad?hﬁ\hﬁ[l aﬂfw@&bﬂ; dd&ﬂateﬂlhﬁutgragwﬂutar assay

er ra n concetra evapanati
ReRlaEed Beathe e BN e TS Te biphag YRR T4 was
angireerdogittafen BlugrestdneProtein ((ﬁFB)’mﬂI-ﬂﬂ?I\Q-/spd:dnm promoter, HIV-1
1§§§ {aeﬁfnglal?g) p%%to(tq"lésl}%é %l‘f ﬁﬁé[deg% ﬁtgd W@L?R?%?F? n]b% used for
the 119vz(7@@tyahrgtlomo i-HiY lay ti vidssofdnsestiggiéenal @pnrpmm@s IﬁLP)UV-l
1%&?5(1&%% gﬁ? gh%?gﬁgfg%géd@%@ %lg@gﬁﬂl‘ééulgtéﬁl 9“;(! K@R%ré"ﬂabtor and
shgatugly igds instinmgatignet %q}ﬁ’sreg?ﬂeﬂ ystiep. rﬁ@wﬁng fﬂf@egsure
@'@ﬁiﬁgll E]I\)Mlﬁeét&iﬁﬁ%ﬁﬂoﬂnétriéaﬂyldiffdchee %ﬂcei&hﬂfldtﬂ\@%&suﬁch 85 50%

| acet at r
i SRR BB 0] P b RS EineCRE R D Grmptelfin M. An
ECPGvalhe i, defined aetiedorceniraftn) ofimst apsgduad thatiedduces thhe

C
s AAR %@%@Sn@%"%@%@“w ot HI2 L id8ifdhn wos done

PSiNGOseARBINE FRisToseqne; Enags analysisallpwsy rYéfbt feasifixe deteefipn of viral
ireetivh. Q\/I@&*ﬁre?ﬁérﬁsf ®éredfonk Befbrd EEPRIcAGSK, SvhidN disahllPtakes place

? éa ¥'§ I s were, %ﬁ%oved and {Ns m xtfur eedv¥%1_ee davs
%M‘F Ty eeay5\2 et 1 %‘é‘oﬁe‘lnl’é‘ﬁﬁ‘ RSBy g P BT e y
sterinfoction. The bSutmm [1HYinrth¢ tubbolist ithe EIEL GlaBies dfanst the wild type
sf%ralahﬁ?d residue was triturated with i Pr20 and dri ed

I'nvacuo. Resulting in conpound 5 (60.8 ny, 62
%.LCMs: Rt: 1.25 min, mz =324 (MH)+. 1 NMR (400

'Mfgres%%ﬂe @loq'lr%ﬁbfg 1ﬁ§straté)th§tlc<{rﬁ$0lﬂihg oPth@ %reseth iAtention

oggaczlvgu agqlppt H]C;ngé @cb@g@ﬁ1v1%gaglsg gII Eh@qsh@m favorable
reblltsdin 9miz. I Soxidity didd hdve b acéeptabldseledtizity Inddk (Batibhetween ECso
é]n:d7CéSO$_.lz’ 1 H 6.27 (s, 1H)

Table: Test Results

Compound ECs (replicon) pM CCsp (Huh7) uM | ECso (I1IB) pM
number

1 8.4 >98 >98

2a 15.3 >98 >98

2 26.3 >98 >98

% 98 >908 >98

2d 63.1 >98 >98

3 272 >98 >98

92 >98 >08

5 2.5 >98 >98
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7.14 - 7.33 (m 2 H 7.80 (d, J=7.4 Hz, 1H)Exanple 6 :
the isobutyryl ester of (2SVbenzyl

WO0(W((o¥4BR, 6RISV4- ( 4- am no- 2- oxopyri m di n- PCT/EP2009/004748

| (2HVyl V7- hvdr oxy- 5- oxaspi r of4l- 4] hept an- 6- vOmet hoxy )
(phenoxy) phosphoryl -am no) propanoate (6) Conpound 5
I s.dissolved in dry THF/ pyridine together with

£ benzyl 2-(chloro-
(phenoxy) phosphor yl ani no) propanoate (2.0eq). The
i xt UAeoimpoandoffdrola-l78C. N-met hyl i m dazole (NM)
(8eq) is added and the mixture isyglerred for 15
m nutes at -78C and then stirred/at RT overnight. The
mxture is evaporated to dry@ 10 mL CH d i s added
and the residue is washed w t\n 108nL 0.5N HC . The
organic |layer is seja edpa shed with 10 nL
water, dried on Na2SO , | tY¢r ed @nd ev%zorat ed. The
conpound is purified by silijca gel chromatography
using a gradi ent of CH k27 as the el uent.
Fol |l ow ng the sane pro@é%lures but starting from
(28) et hyl 2-(chl oro-

lels H@)@Fymﬁ?é%blﬁémoaﬁﬁ%§ Bresiotntherein: here i s al so
g‘g% ehbgcll.{gguwryl ester of (2S)-ethyl

ek N S SR o

(phﬁdle@(y%O) BN Hs;ydr- am no) propanoate (7): Biol ogical

EXngFo%nBSRJI R??sna ﬁ%ﬁgghoz atg o?ﬁﬂ&%ﬁt b (%rrtggl{gékﬁzﬁ% ester; or R?

iRtmdrogpn.i- -€4tOHPHRR 0a @@@)QH# -MHs apd &' gequp of formula

i dentifying conpounds that inhibit a HCV functional

cel | uger RBefPRCcating cell line, also known as HCV

re%l c Te cel l ul arassay was based on a

RPCI oNiNY lexpr essi on construct, as described by

Lohmatin etd &P. (1999), Science vol. 285 pp. 110-1 13

wi th difications described by Krieger et al. (2001),

Journal of Virology 75 4614-4624, in a nulti-target

each&enis ingerendsnibyselecteshiramdhe gioup cppsistingof hydragen, Ci-Cealkyl,

tr@ngtg@ﬁgclggkyl line Huh-7 luc/neo (hereafter

% ed to %s(gu]l'in( tuc) This cell |ine harbors an RNA
pﬁ)&ego[) 1$87¥hi ¢ expressi on construct

R’ is phenyl, optionally substituted with 1, 2 or 3 substituents each independently

selected from halo, C,-Cgalkyl, C3-Csalkenyl, C;-Cgalkoxy, hydroxy, and amino, or
R’ is naphthyl; or R is indolyl;

R® is hydrogen, C,-Cgalkyl, benzyl;

R?¥ is hydrogen, C;-Csalkyl, benzyl; or

R® and R® together with the carbon atom to which they are attached form
C;-Ceycloalkyl;

R’ is Ci-Cealkyl, benzyl, or phenyl, wherein said phenyl may be optionally substituted
with 1, 2 or 3 substituents each independently selected from hydroxy, C;-Cgalkoxy,
amino, mono- and diC;-Cgalkylamino;

provided that R?, R® and R* are not all hydrogen;

or a the pharmaceutically acceptable salts or solvates thereof.

2. The compound according to claim 1, wherein R? is hydrogen.
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conprising the wild type NS3-NS5B regi ons of HCV type

Ib translated froman Internal R bosonme Entry Site

WO REBP4Hr om encephal onmyocarditi s virus ( EMCVPCT/EP2009/004748

preceded by a reporter portide@-(FfL-luciferase), and a
sel ect abl e marker portion (neoR, neonycine

hosphot ransf erase). The.cqnstruct 4 s yderedq by 5'
Do Command A lRds SBUD 1t SBFGHSR. bR HEUSHEen: b,
Continued culture of the replicon cells in the

resence of 18 (neqQR) i pendent : . 4.
Do pTROG g A tor N o B SRS T Z B h IS dp bydragen and R is
r epd groop of éirmild hat express HCV RNA, which replicates
aut ononously and to high | eyel sg8e0®ding inter alia

| uci ferase, were used for_.sc ning_Lpe antivira
conpounds. The replicq@qé%#hgggqﬁe“plated in 384 well
plates in the presence of tle tggt gand contro

conpounds whi ch were added ©On vari ous concentrati ons.
Fol | owi ng an i ncubation of three days, HCV replication

s heasured by assaying | uciferase activit sing.7.

© ahecer e am e 8 ob el £F 2oP ik dobhieind: ds phenyt,
a ReptidnallEbutstitutédewdthikatordr Q]-CgalkflSonR tisopphthgl.

i mager). Replicon cells in the control cultures have

hi gh luciferase expression in the absence of an s
¢.nhThg ¢capppounid @c¢ardinigite eny obelaims t y2 of ta ¢lal rvehesgin R” is

| uchfREARCaRERY 1 hydr¥esh SFALEQMEH. on the Huh-Luc

celI's, 'enabl i ng a dose-response ‘curve for each test
conpound. EC50 val ues were then cal cul ated, which

val vke é&ﬂ[ﬁ(ﬁﬁlﬁ@bﬁﬁrﬂﬁgltaﬁ?ylﬁf claimgd 1;6|2 @ﬁ_f?ﬂhlimk 4 es|iwlegein one of
to gecr e the lavel .of deteche ciferase activit 3
by B Bris GO a6 paufit ¥ R B EO5P: Phihielnfbotn R

genatd R4dre yC(=0)RAandGvhareipIR *ao6  Rxikylo repl i cat e.

Cellular Toxicity Cellular toxicity was determ ned in

the Huh7-CW-Luc replicon assay. Replicon cells (2500

el Thy csnpoundf glaim % whereindk ietsopfopil-a | uci f er ase
reporter gene under control of the cytonegal ovirus

é%%grqg{dntd%géc;/rgin%rtg rrag}t, oF ¢laims 1 - Slélr 't:ouélgi(rjnsl 4. g,hvsherein R’ is
C,-Csalkyl or benzyl.

10. The compound of claim 1, wherein the compound has the formula:

11. The compound of claim 10, wherein the compound is in free form.
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absence of test conpound concentrations. After three
days of incubation at 37Cin a humdified 5% CO2

woapnp®psser e, cell proliferation was quantifi ed®CIJEP2009/004748

measuring the Luc activity, &3 expressed as CC50
val ues (cytotoxicity, 50%inhibitory concentration of
ceII r owt h) ests were perfornmed in 3 |1,

b oBapapely SOTERRRRIHEAM RIS R F1 KR NofiTeqtivg amount of a
t eSd(ﬁfn(ibcfuﬂﬂ of FeirfulDisadutined graamissf shihd 1t ypendaipleimaceutically

iciency virus (HV). Antiviral activity was

eva?cﬁglfel&l WE{ a cel lular assay perforned according
to the follow ng procedure. The human T-cell |ine M4

dA%B . GI?J Sfjfo}aﬁn{lﬂ I(%se@é}in': h Qﬂ?@?wﬁmgrl?te?%%(vﬁﬁ: Qs the
r ep@mpqumraf formilas] wémem Rné“( apd & @rﬁa@lg

bydvrgen, foruyseapan HCV
canipitdeed for the in vitro evaluation of anti-HV
activity of investigational conpounds. In H V-1

infected cells, the Tat protein is produced, which

upr agohabesd dhiormlR Ipfornise as arnHA Veinhititos)| dcyofdegde claim 13

o TR B oRpatilE htonh IR TR BICRCRE ity Rigefy’ ™0

Ef fecti ve concentration val ues such as 50% effectlve

PONK B, ghh@af foﬁﬁﬁﬁ)l f‘&rasps setieinRftfioR ggaglr%ga WalihYi4,

expr ess val ue i s defin€e
conb@ﬁﬁﬁd@?éﬂnﬁ?m¥%§ﬂnQﬁﬁﬁﬁﬁhd that reduces the
fluorescence of H V-infected cells by 50% Monitoring

H V-1 .infection was done
B o Letinton sapensiiE nyerpouns shrouby Bonel as (he compound of
det feetutarl woliervinRe] R? afdR{ arerall Hydasgenewith asother HC¥ainbibitor.
before cell necrosis, which usually takes place about
five days after infection, in particular nmeasurenents
Vhr A precessforpienaning e campeourd efformpladcas dafined freansopiglgims 1-11,
HIBWhaeﬁpe table list the EC50 val ues agalnst the wld

pe_strain B..The results in the
7 @g@rcam@owag f feaﬁ%dﬁagre@m@w@emi‘e d ﬁﬁ@%ﬁqaﬁhydmgm
S hOM‘t‘:ré@Hb;Vx‘ddﬁt@ﬂW f&lﬁﬁiuldq\é b%hh@adxl&@ kelytogin@@onverbign reaction
agaj. nst Iq\é. é how f avor abl e.n r?i&{hte S, ot tOerlrrrls 2°fdeox 2.
t OX TB?‘tixid AR KA SPERYSIOPERYA BT T K the oy SRORd L Y
(r aspimchadoprepyl 3@8ine 1g, followed by removal of the protectmg groups PG
yielding compound I-a:

RZ,
o NH

cytosine
f:l\/J\O conversion /K deprotect on l N/K
i
o HO

1f

by reacting a compound I-a with a phosphorochloridate 2a in the
presence of a base yielding a phosphoramidate I-b:
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15

and CC50). Table: Test ResultsClains 1. A conpound of
formula | : including any possi bl e stereoisoners

wotdoer@odsy wherein: R2 is hydrogen or R3 and RAPCAIEP2009/004748

i ndependent |y sel ected from t4fle group consi sting of

hydrogen, -C(=OR5, and -C(=0) CHR6-NH2; or R3 is

hydrogen and R4 is a Jm'%ophosphat e-, di phosphate-, or

tri phogsphate ester; ﬁ hydrogen - (=0) CHR 5, gor

-C( = O)%HIRB 'gp@ 9up of formula each R5 N#
ntIy sel ectjed fHonn e group consisting of

NGi - C al kylo, and - C7cycl oagkyds; R6 is SN
/&S CrQal kyl'; R7 |g73phenyl 0 ol;) Ft)na 'y /l\
ed®with 1, 2 or BsubstRStu N~ o
| o, CGaIFkyb 0

yl, Q Qalkoxy, hydroxy, and am noj_or '

naphfhyl”; or R7 is indolyl; R8 is hydrogen,R’ $

G - Ga| kyl, benzyl; R8 is hydrogen, G -C6alkyl, HO

benzyl ;” or R and R together w th the carbon atomtqy

whi ch they are attached form C3-Crcycl.oal kyl; R9 is,

G - @B alcryipounsteifprmuler] iphrengied whsesie R ishydiogsmeandiR Hay

be qrEiograb Xo(s HRIS-LNHF h@lfeﬁri"'reiaresgntgd by Rszuéiﬁltéatd'@i‘ﬁ und by

o R O 2 g R oS o s aty ﬁﬁ&&%

R3 @(&O%H&!é NHQ heiinafiay ehippgented 0F Ra* tdspectively R** and said
pharonnl%goeuuntcllbyaflon}{ul (itzie?mc?1 Qv gre%naéhtesém%o g’r%lug "ilrtl %(—&%W-NHz may

be protected with an amino protecting group that can be removed afterwards;

by selectively protecting the 5’-hydroxy group in an intermediate 3a yielding an
intermediate 3b, which in turn is esterified to an intermediate 3c, followed by a
uracil to cytosine conversion to an intermediate 3d; deprotecting the latter to the

3’-monoester I-c; or by esterifying the 5’-hydroxy in I-c to a compound I-d; or

by selectively esterifying the 5’-hydroxy group in an intermediate 3a thus
introducing a group R* resulting in an intermediate 3e, and intermediate 3e is
subsequently esterified with a different acid thereby introducing a group R,
yielding a di-ester intermediate 3f, which is submitted to a uracil to cytosine

conversion, to yield a compound I-d:



2. The conpound according to claim1, wherein Ris

hydr ogen. 3. The conpound according to claim1, wherein
WORB1e0043®4 ar e hydrogen. 4. The conpound accorPdiTmEP2000/004748

any of claims 1 - 2, wherein-423 is hydrogen and R4 is

a group of fornula 5. The conpound according to any of

cl ai rrsol - 2o0r toclaim4, owherein R7 is phenyl, o

optionplly substituted withlhal o, or CpC al kyl, od R7

i's ngphtNmyl . 6. The corrpou@izlLb ftcording to any ofErLNH

claimg JK- 2 mutectonp clai ms 4 oG, esteicsom R is

hydr n, Cand R8 Ts_hydrogdqg or d-Carkyt™> 7T
ngCoRpound accor di ng™Po0gay\ of clains 1 - o0 g

4Rog wherein one of R3 afd R4 is -C(=O R5 an

other '6f R3 and R4 is h¥8rogen; or wherein bgtf

R4 aréa-C(O R 5; and whereism R5 is Q Qalkyl. 8. The

conmpouhg,Qf,.Cclaim7 wherein R5 is isopropyl. 9. h@;‘{i‘;‘iﬁf
conpounestgitemndi ng to any of clains 1 - 2 or to ¢l @@&sion
4 - 8,{wherein Ris G -C6al kyl or benzyl. 10. Th
conmpoun@ of claim 1, wherein the conmpound has t e

formul &l _11. The conpound of claim 10, wherein t he"
conpoufid H8 in free form12. A pharnaceuti cal f\

arid

SN

COMPOSN, conprising an anti-virally effective /l\
reAMRUNEO a conpound of formula I as defined in griy of

cPain -1 1 and a pharmaceutical |y accemeaptes

car his’er 13. A conpound of formula I, as defifes

anyOf clapms 1 - 11, as well as the con‘poungaami‘

formula | wherein R2, R3 and R4 are all hydrdogen, f otd

use as| an /[ inhibitor. 14. A conmpound of fornulfa I,

for uske F&"H°Hcv i nhibitor, according to claim ijsdepmtecmn

wherein the conmpound of formula | R2, R and R arer all

hydrogen. 15. A conpound of formula I, for use agzan
HCV in@iibitor, according to claim 14, wherein the NH

conpo Nds in free form | Ny
|
Ay A

o o N 0]
4a ; N
R ~0/R?% Ho/;%
RBa'o R3a‘o
3 uridine to R2 e

ytosine

¢ “NH
conversion f\ esterification
=
. o N (o]
R ‘O/R?%

R3a'

O/l:

I-d

(d) a compound of formula I is prepared wherein R? is hydrogen and R*is R* as
specified above, said compound being represented by formula I-e, by protecting
the free hydroxy in an intermediate 3b with a hydroxy protecting group that is
selectively cleavable toward the other hydroxy protecting group resulting in an
intermediate 4a; removing the 5’-hydroxy protecting group yielding an
intermediate 4b; esterifying the latter to an intermediate 4c; subjecting the latter to

a uracil to cytosine conversion thus obtaining a 4’-hydroxy protected cytidine



16. A conbination conprising a conpound of fornula I,

as well as the conpound of fornmula | wherein R2, R3
woath/R4sare al |l hydrogen, with anot her HCV i n®RCBTEP2009/004748

17. A process for preparing &éonpound of formula I

as defined in any of claims 1-1 1, wherein (a) a

conpound of for epared wherein and

ar edBYPHVH Iy ls oot © SReid @ fomponyd %?mrrsprrseated in the

by ﬁﬂowﬁl'ﬁg:s;cheﬁle \Oljéreml the goup \PEF diad ther saaetmemidgs@s P&, but is

£.0C to

cor FREIS e PR G JRE b s Bt b BRD T i ne
lg, followed by renmoval of the protecting groups PG
yi el ding conpound |9a: (b) a conpound of forgwla I is
prepared wherein yhydrogen and R4 is r ctrng a
conpound I-a with sphorochlorldate 2afin nNthe
presence of a base dlnﬂfﬁmﬂhosphoranrd ob.(c)
a conpoundp gf I is prepared wh
hydr ogen an BT C( =O R5 or -(( 6T€HRB N , herein
represented by ﬁ@ d said conpound by forgil a |-c;
or R3 and R4 independently from one amaeter are®
-C(=O)R5 or -C(=0) @MR6-NH2, hereinafter re resented by
R3a respectively v sai d conmpound by f|celentije I-d
and wherein the a%gﬁ?é&g?oup in -C(=0 CHR6- ﬁﬁpm
protected with anoanrno protecting group tHat can be
renoved afterward by sel ectively protectrnd*i@e

- hydroxy group~i nnen i nternedi ate 3a yreldrn an
i nternmedi ate 3b, Ithgh inturnis esterified
|MeHmduue300 ol [dwed b ayrmnltocﬂo
conver si &T¢'Q4n nternedrg%eiﬁﬁ; depr ot eg
latter to th& 3—monoester |-c; or by esbeki{yi/ng the
5' - hydr oxy |§zo c to a conpound |-d; or by se [
esterifying the 5' - ?droxy group in an |niﬁfhe | ajye 3a
t hus introducin lQup Rda resulting in an
i nternedi ate 3e, adamhnternedrate 3e i s subsequently
esterified with |a @ivediey ent acid thereby introducing a

group R3a,
RZ, 2
NH R “NH
| = N f\N
/K deprotection /K
oN 0 N~ O
— o)
4a 3 4 3
0 HO
PG? 4d le

Scheme 4: Synthesis of monoesters

(e) a compound of formula I is prepared wherein R** and R* are the same and are as
specified above, said compound being represented by formula I-f, by esterifying both

10  hydroxy groups in an intermediate 3a:



yielding a di-ester internmediate 3f, which is

submtted to a uracil to cytosine conversion, to yield
woaotwpednd | -d: (d) a conpound of formula | i PCHRPRENODA4748

wherein R is hydrogen and R i4/-R a as specified above,

sai d conmpound being represented by fornula I-e, by

protecting the free hydroxy in an internediate %@\Mtlw

a hydroxy protecting grogp that is selectively “NH

cl eavabl e toward the othgr hydroxy protecting grou
resulting in an inter | aINH 4a; renoving the | N
ate

yi el giyngtgn i nter nedi /L§
anylobihger medi ate 4c; "N~ o
ur acidonvessiayt osi o

N

5' -hydroxy protecting
4b; esterifying the latt
subj .Ag, I heplaat
angétsinﬁc%hépug Bt ai a 4' -hydrory braf ected
cytidinederivative 4dg dch is deprotected to yi
compounds |-e; as r%gles nted in the fol |l ow ngGschene,
wherein the group ®Ga has tBe sane meani ngs s PG, byt
Is selected such that it is selectively cleavable )
toward the group PG Schene 4 : Synthesis of
nonoesters (e) a compound of forrmula I is prepared
wherein R3a and R4a are the sane and are as specified
above, said conpound being represented by fornula I-f,
by esterifying both hydroxy groups in an internedi ate
3a:uridine to cytosine esterification conversion |-f




