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WO 2008/062206PCT/GB2007/004480 1 Chemical Compounds The

present invention relates to chemical compounds, their preparation and

their use in the treatment and prophylaxis of viral infections, particularly in

homo sapiens. Particularly, 5 although not exclusively, the present
vitgvensiosr relates to chemical compounds useful as anti-viral@ageptsaotivao

with respect to hepatitis C virus (HCV). WO 2006/012078 A describes

certain nucleoside aryl phosphoramidates, their synthesis, and their

_use_as precursors to inhibitgrs:aE RNAHeRendent RNA viral

polymerase, 10 particularly their use as precursors to inhibitors of hepatitis

C virus (FICV) NS5B polymerase, as precursors to inhibitors of HCV
Ttepleationyanddordhetreatheentdthapaiiits GhisitactipiatioN&d their use in the

6/ OO 39 Arelates hos ramld Iadrlblne |socladr

b T R h A e A LR B & Sty
a@h@k&he%@xaﬁeﬁm’alwrﬂ@mm@ﬂ Immnkmas@ammaté@hamivampwﬁﬁaemeﬁﬂ as
aGNRLYRds dRacHhat IR WO, 2006/ Vqﬁh {gspect to their

treatment of cancer is different to the intracellular kinase-mediated

activation required in the treatment and prophylaxis of viral infections. 20 It

Visaroebjecnot thedpsesent mmtimmme\ége ﬁm@h@@mﬂﬁ@&cmgwﬂdﬁms

tha rOV|de im roved roph and ir nt of V|r tlon
Qor%lg sdpiens, i part |C?ulé§ |¥Iﬁ%§§\%d piﬁoﬁp%t Ak re men fpo}ymems"’

phEpalaty @mfemmmanmmm@amensnmﬁwwrdm@wsa firstimsp€GONNES 5B

& &ém‘{?'%t@aﬁglﬁﬁetl? B{Iﬁ}ﬂgﬁg g Cﬁﬁ@%@ﬂcﬁéﬁmmha for\%Q treatment of
2008/062206PCT/GB2007/004480 wherein: 5 Ar comprises two or more

?H%%T&F%Gf#ﬁ%%ngs and is selected from the group consisting of
C9_30aryl and C6 30heteroaryl any of which rings are optionally

W g RS PR AR A o S Hpgoine
m@ﬁemmmwmeﬂbam@xempémdaﬁm s@Balityithiext@l_3S-); V is

selected from the group consisting of -OT', hydrogen (-H), fluoro (-F) and
chlaro (- Cl), where T' is selected from the group consisting of hydrogen

TesH s ECHBTS Credaing I aHBBifA (e hralkseeguas)y) described in WO
203/ 18 alke ny leatb enykiCo- 18atkemine (=) Jakedr is different to the iniracellular

kimgalkaxycarhon¥1C3 8cycloalicylearbonyl (G3_6cycloalley- GG ons.

It 1s an object of the present invention to provide novel chemical compounds that provide
improved prophylaxis and treatment of viral infections in homo sapiens, in particular

improved prophylaxis and treatment of hepatitis C infection in homo sapiens.

According to a first aspect of the present invention there is provided a compound of

formula I
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and C3_6cycloalkyloxycarbonyl (C3.6cycloalkyl-O-C(=0)-); T" is selected
from the group consisting of hydrogen (-H), methyl (-CH3), Cl,
isalkylcarbonyl (Ct_i6allcyl-C(=0)-), C2-18alkenylcarbonyl
(C248211cenyl-g=0)-), C1_ 20 ioalkoxycarbonyl (Ct.4oalkyl-0-C(=0)-),

i@ oeyelealicylcarbonyl (C3-6cycloalkyl-C(0)-) and PCT/GB2007/004480
C3.6¢ycloalkyloxycarbonyl (C3-6cyclgalky1-0-C(=0)-); niis 0 or 1, wherein
when nis 1, Xis =0, and 3 when n is’0, a double bond exists between
position 3 and position 4 and X is sel%ted from the group consisting of El,
OH, F, CI, Br, I, Cl.salkyl and NR5R6}where each of R5 and R6 is

independently selected from H ,ani ~6 allyl; Z is selected from the
group consisting of H, OH, F, CETEH “r; I, Cii_ Ga NR5R6, where each
of R5 and R6 is independently s and C1.6alkyl; Y is
selected from the groupéonsisﬁng ofNEI, O

, F, Cl, Br, |, Ci_oallcyl,
C2.8alkynyl and NR5R6jjwhere each of

and R6 is independently
selected from Heand(E3 Bat is.selegted from the group consisting of
0, S and CR7123, \ﬁher R7 an

1er rC independently selected from H
and Ci,6alkyl; each of R] and R,\is in ae%d'ently selected from H, and
the group consisting i~walkyl [ T25~20alkenyl, Ci-zualkoxY,
C1-20a11COXYCJ.20a _jlky1, ClgﬁpalkOXyCG-BOOXYl, C2-20aliCrlyl,
C3- 20CYClOalky1Cey30aFy'1, C6-30arY10)07, C5-2011eier0OCyClyl, any
of which is optiondlly substituted; and each of R3 and Ri is independently
selected from H, and the group consisting of Chwalkyl, C2rwalkenyl,
Ci"walkoxy, C1.20alkoxyCl_walkyl, C1,20allcoxyC6.30aryl, C2.20aLlcynyl,

w 3éi2§)CyCIeaIkyIC6.30arYL C6-30arY1X)r, Cs-wheterocyclyl, any of
Which is optionally substituted, preferably R3 is alkyl, more preferably R3
is selected from the group consisting of methyl, ethyl. 2-propyl, n-propyl,

AFYEIRBERH UYL S0 RENZM NP HRe YR QdRatR RAY R 68hp consisting

together comprise a -(CH2)3 - alkylene chain; and pharmaceutically
ofa%%@ﬁ?&tﬂ%ds‘;?t@?%wa%sagﬁ&% 4P aTR BRI NCBIIRCD a

second aspect of the present invention, there is provided a compound

selected from the group comprising: ,8-2'-methyl-adenosine .. —
T R e e B R TR e e v i
NIbdahydphthyt(Ben Zaaplkyal ninyl ) Ppridsphalé: /8229 - mesdeinosild) and C,.
Baﬁy@&ﬁd-@g@tﬁgyl(tert-butoxy-L.-alaninyl)] phosphate;

P\-Z'-methsrl-guanosine 5'-04a-naphth3I(benzoxy-L-alminyl)1 phosphate;
V is selected from the group consisting of -OT”, hydrogen {-H), fluoro (-F) and chioro (-
Cl), where T” is selected from the group counsisting of hydrogen (-H), methyl (-CHai), C;.
1alkylcarbonyl  (Ciealkyl-C(=0)-), Cs.salkenylearbonyl (Co.salkenyl-C=0)-), CL
walkoxycarbonyl (Cyealkyl-O-C(=0)-), Csgcycloalkylcarbonyl (Cageycloalkyl-C=0}-)
and Cs.goveloalkyloxyearbonyl {Cs.seycloalkyl-O-C(=0)-);

T is selected from the group consisting of hydrogen (-H), methyl {(-CHj), C,.
ealicylearbonyl  (Cyosalkyl-C(=0)-), Cg_igalkeny]carbbnyl {Coasalkenyl-C(=0)-), Ci.
oalkoxycarbonyl (Cy.ypalkyl-O-C(=0)-), Ci.scycloalkylcarbonyl (Csgeycloalkyl-C{=Q)-)
and Cageycloalkyloxycarbonyl (Ca.geycloalkyl-O-C(=0)-);

nis 0 or 1, wherein

whenn is 1, X is =0, and



fi-2'-me,thyl-guanosin S'-0-{arnaphthyl( oxy-L-at Myl)] phosphate;
p-2'-methyl-guanosme S'-0-[a-naphthy(tert-butoxy-L-alaninyi)] phosphate;
and P-2.-methyl-gruanosine 5.-0-[phény1(methoxy-L-alat yl)] phosphate.
According ta athirddastﬁe t of the present invention there is provideda
compoiRd 48 definédABREGF IS REHEIRGT BitrdathieResEintabigan X is
the propindaikisnotitreatnye ntrof sivgralfinie Gion Fmoremsyitablyginkdnemnd NRR.,
pro [ t of hepatitis C virus. WQ.21108/062206,

BT T30 00D A o8 e Aar0Bc o e predet
invention there is provided the use of a compound as defined above in the

7 ianiagtare.ofa M%ﬂéﬁﬂﬁ%ﬁf @@,pﬁy@z(ﬁf)i_ & F&W %gﬁi\ﬂ{\{gﬁa}lwhem

infection, preferably a medicament for the prophylaxis or treatment o
caqhlfitiene e S KEEBramly toisricdrimseaimemt, herdsdiprovided a method

of prophylaxis or treatment of a viral infection, particularly hepatitis C

virus, comprising administration to ' syjtably a ho apiens, in
Y B S S L e e o omy and
NEaBeovndierg tech difth: avgdatiofnberpréseiiit ivientibipthéferid Prouided a

pharmaceutical composition comprising a compound as defined above in
combination with a pharmaceutically acceptable can-ier, diluent or

Q Exépfsid MBS diy o Wikt aspe & ofthadreSeReinvBtoR i R are
indprevidedesanetbod-ahpieparnng:axpharmaceutical composition comprising
the step of combining a compound as defined above with a
pharmaceutically acceptable excipient, carrier or diluent. According to
each gbVentld Espettdbthdeptiysehicinydntiori-theré s providechaigharess faplkyl,
reparation.of aco 0 1  DFOC c risin
A R AR e S Y
zo%iﬂﬁﬁ(ﬁ&mﬁﬁ d 6f-feimig v Corre eyl 1 ImgNPE| which is  optionally

substituted; and

each of R and Ry is independently selected from H, and the group consisting of C;opalkyl,
Cogealkenyl, Cigealkoxy, CiapalkoxyCigealkyl, CippalkoxyCesparyl, Compaliynyl, Cs.
weycloalkylCegoaryl, Csaearvloxy, Csooheterocyclvl, any of which is optionally
substituted, preferably R; is alkyl, more preferably R; is selected from the group consisting

of methyl, ethyl, 2-propyl, n-propyl, cyclohexyl, 2-butyl and benzyl;
with the proviso that R; and R4 can together comi)rise a -(CHy)s - alkylene chain;

and pharmaceutically acceptable salts, solvates and prodrugs thereof.



R2? Arwhere Ar, T, V, T, n, X, Y, Z, Q, 124, R2, R3 and R4 have the
meanings set out above with respect to Formula I. S It is to be understood
that the present invention extends to’ fhetabolic intermediates of
Accogbmpountisefifemalaf, tvheremiAnisHiandiRa is HonR3 isasgefinediected
from BRQ¥Eup bisHapREECciated that having regard to the compounds defined
above with respect to 10 Formulae | and 1ll, a compound where n is 1 and
£-2" a8 Ebadetiveike O-taitemphit furh.of v athemyiseeguivalent enol
compound where nis 0 and X is OH. Thepresent invention particularly
_, includes guanine as the base moiety where nis 1, Xis Y is N1-12 and no
/-2 a6tBleMeRERists blstwerr pdeiton s ahd posititn hirenibetween the 15
carbon ring atom bearing the =0 and the adjacent ring nitrogen atom.
ﬁ_91_00@ Q%nds embo y'Lng the present invention have surprisingly been
7= SR 16 have enhanced BRTEVIFET GO T papReidr eoimptunds
embodying the present invention have been found to have enhanced

[fnztrBQ&?BQé’ with.respe tto hepatitis eC virus. The enhanced ant_i;viral potency
"7 ofthe é’gmpoundse(gfft%lelc1 Eegslgr?? invention TS bEiieVEd 4 bEdue to the

presence in the molecule of founula | of the combination of the fused

22 ditiAting.ertity. forcArin thephesphoramidate moiety and the methylene
(-CH2-) group at the fi2' p?)sitioggﬁin th{e glycc‘%ls]fargﬁrﬁ&fv)esﬁ}%ﬁgthe nucleoside,
with T, V and T" as set out above. By C9.30aryl is meant an aromatic

-2 -reatifyl camprSIng D3RG aebamatems Inial.Aty! ormat, BY, 4
C6.30heteroaryl is meant an aromatic entity comprising 6 to 30 ring

2 <RI a0 AIAmAL N AL jeast one ging containing a ring
hetero atom. WO 2 8/062206PCT/GBZOO$/%%[E86; 6 Suitably, Ar can
comprise two, three, four, five or six fused aromatic rings. Preferably, Ar

Acco?cﬂgép{é.sz?ﬁuﬁg Qs%é:lc?ep%érb;&%nfp rzme%{iM%@F&t%r%?ozyée%%]aggn%% igdriglsgg fined

More preferably, Ar is a two-ring fused aromatic entity selected from C9etq
sbove 5 4551 Wit BB E SsAHB o SR HR ré AP RE e Ay I &iitaBlypa doviral
infecl@hhetetaatoimsnare pvithiniike arykangsandpuitablybrare selected,

independently, from 1 to 4 nitrogen atoms, 1 to 4 oxygen atoms and 1 to 4

sulphur atoms. Preferably, the hetero atoms include nitrogen. Available

carbon atoms and/or heteroatoms in the aryl or heteroaryl ring system of

Ar may be substituted on the ring with one or more substituents, as set out

below with respect to 10 the substituents that may be present on the

group Ar. Preferably Ar is unsubstituted. Suitably, Ar is naphthyl (CIOH7)
or quinolyl (C9H6N), each of which may be optionally substituted. 15 Most

suitably, Ar is naphthyl. The naphthyl entity is preferably linked to the 0-P

entity at the 1 or a position on the naphthyl group, i.e. at a C atom

adjacent the fused bond between the two rings in the naphthyl group. Any
optional substituent is preferably present at the 4 position. Preferably Ar is
unsubstituted 1-naphthyl. 20 When Ar is quinolyl, it is preferably linked to

the O-P entity at the 4 position on the quinolyl group, i.e. on the same ring

as that containing the hetero atom N, which N is numbered as position 1.

Any substituent present is preferably present at the 6 position, i.e on the

ring not containing the hetereo N atom, which N is numbered as position

1. 25 Preferably T is selected from the group consisting of hydrogen (H-),

fluor() (F-), methyl (CH3-) and ethyl (C2H5-). Preferably V is selected from

the group consisting of hydrogen (H-), fiuoro (F-) and OT', where T'is

hydrogen (H-) or methyl (CH3-). 30
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Preferably T" is hydrogen (H-). A preferred combination of T, Vand T"is T
=H,V=0Hand T"=H. WO 2008/062206PCT/GB2007/004480 7 The
combination of the above recited preferred entities for Arwith T = 1d, V =
OH and T" = H is especially preferred. 5 Preferably nis 1 and X is =0.
Wwhorenpretesably nis 1, X is =0 and Y is NI-12 and the nucleoside base
moiety corresponds to 9-linked guanine. Where Z is H, the nhtieGERfa7/ 004480
base moiety corresponds to unsubstituted 9-linked guanine. Where Z is
Awbidinthe Ruslegsid ga{ﬁe[]@ iety corres onqas to 8-substituted 9-linked
dgyar&in}ge. 10 Alternag\e/ely, pre g?%% y Iﬁvf?@(}gﬁ C% 1§ BEIYEREd AT ther compound as
groUp CONIS Ny BN E o b BAdNRBREWherepnéekRS and R6 1S El
regidbonedf REsandReoh Speele falkyl YWhers s, XJsNH.. Y is H and Z
hggaldﬁy@‘g%%leoside base moiety corresponds to 9-linked adeRite.” eatment of
referably, Y is selected from the group consisting of H, F, Cl, NH2 and
NR5R6 where one 15 of R5 and R6 is H and one of R5 and R6 is
akebrBalkyl R eferaplynZids sglected from the group consisting of H, F and
mCDI Pgeferabl , Qs 0.n20 Pref‘e%ﬁ?’?_ig IPSE%{ P'More preferably, R3 is
Prghe %ﬁ gg d%bﬁ)f %dﬁ@m@c@fomesmma@uf)w@ﬁ@s@ﬂ;@%mpmg
adZpiopyl ¢(Gb- L PAGH: iy hib 3GH2- GHZ:) cyclohexyl (CHIN, .
dogé%%gigp%@%&%o(gla H3)-) and b%%zyl5(06ﬁsﬁc{i%5&e%)é Pigran effective
IS Sele

preferab ctedfrom the group consisting of methyl, ethyl,
2-propyl and benzyl, even more 25 preferably R3 is selected from the
AgkouR.consisting of ethyl and benzyl. Preferably, R4 is H or, together with
111, .c_ggmpr;llsels ((i&]ﬁg)f 1%: §%%ré@‘fﬁ%“ﬁ%rgl?ﬁecﬁrf@?ﬁ@ﬁ iAghigprmaceutical
COPRSIHE T PrEfdtaBly O RICBMY AR defiredrrbependentlyiselected fropadheceutically
acgmaslpconnsistiipatk bl 24psepyl ((CH3)2CH-), benzyl (C6145C112-) and
-CH2isopropyl ((CH3)2C(H)-CH2-) or are selected such that they
A correspond to the side chains of a natural amino acid. 8 Preferably, one
GPRD@ R ety Ok 13yendioneiehR)andk 3%@%@' §%}M‘ftg§e%ﬂng a

phataftebeali banohRod, jjality s in natural alanine. ~ Preferre .
. pg%@}g&l@‘gg%a{ave in com é}ﬁi?%qn}r%@ﬁp?f é)rrri,\)a1 [deRfifiuegydar dpfigectpbave with
X,5Y,/Z,

YRR OR SRR g8 gt slivaove. Particularly preferred
compounds have: =1, X=0,Y=NH2,Z2=H,Q=0,T=H,V=0H

T = nd.are thus derived 10 from guanine; and
AC%HIQII-III-g Lol_!z%eve%:h aspect of ihe present 1nv%ng'on there is provided a process for the

preparation of a compound of formula I, the process comprising reacting a compound of formula

HI:
X
HHN:AW,/N
> U Y>—z
Y/KT‘?\I/\N

CH,T

HO

OTIT V
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nN=0,X=NI-12,Y=Z=H,Q=0,T=H,V=0HandT"H and are thus

derived from adenine. 15 Each of the particularly preferred compounds set

out immediately above and so derived from guanine or adenine is

especially preferred when each of Ar, Rl, R2, R3 and R4 has the preferred
videntitiesz sgt out above, and is especially preferred when Apds/baaphibylso

and R3 is benzyl or ethyl. 20 Particul%rly preferred compounds are

described in Examples 2, 3, 4, 6, 7, 8and 11 and set out in Table Il below.
wih@ RHRsRBRrUsEERLE iy compounds of formula | may be one

diastereoisomer Rp or Sp or it may be a mixture of the diastereocisomers

Rp or Sp. Preferably it is one purec25®djastereoisomer. Suitably the more

active diastereoisomer isselegted “Suitalﬁiyvt e pharmaceutical

acceptable salts, solvatesan progr@? of compounds of folitula | are

esters or amides at the 3'-OH of the glyicosid® moiety of the nucleoside

group. 30 Preferably the process for preparing-the compound of foilula |

includes the step of protecting free OH groups, other than 5' on the

lycoside moiety of the nucleoside group. The phosphorochloridate may

Wg%fepﬁefpgréé frorf an Aryfosy Prodphorsfichbritrates apgaingyest out above with
12810622068 C T/GB2007/004480 9 suitably protected amino acid

derivative, Alternatively, phosphate chemistry may be used with suitable

condensing agents. Each of Ar, RI, R.), R3 and R4 can be substituted
Hvigthoobe utiostbeé ahfi uhe fimesoniorenBasubstitubnts indepandentynediates of
cSRIRGIRA SomdhsaronReompising plection donating apd legion

withdrawing moieties, Substituents on Ar are suitably independently

selected from the group consisting of hydroxy (OH-), acyl (R'C(=0)-),
Traey 1yetRIE(3QYO-hatithko £eDHIR)o aR¥NfrPnkd)s 13@ned0RkdveSHiRSmpect to

wherein R' js,independently selected from the same group set out.ahove
R RO DM RE Grd A CHAOTdE Ky EeRge o of an
olsrwéwl iyl amo codi atiytamin ovitriol, ishlerd, ¥ehil, fluoro, iodo,

Cj.6alkyl, C2.6alkenyl, C1l"6alkoxy-05.10aryl, C5-7cycloalkyl,

C5,11cycloalkyl-C1_6alkyl, C5,7cycloalkenyl, Cs_ 7cycloalkynyl, ] .
ThscPiepsiF, T AN et igeH el uden SHeBSo M BroRIRG BRIgIC P hersn s 1, X is
=@fiyaraatkeny o& achise bstituahnitc asrhe-sybstiisienshy @RSHNE . between the
.- k{;f%i%);%&ﬁbgtitﬁ%g gn RI,R2,R3 and R4 are indte endently

Sefected Hrom englfoup consis w?éi d?ﬁﬁd?ﬁ%%—tafzﬁ? %)y (R'C(C=0)-),

acyloxy (R'C(0--)0-), nitro (-NO2), amino (-NH2), amido (-CONH2), -SO3
Cohtpoahls-AbWNGEE MRS dndepeadently selecied rom the Same 201, have

roup set out above as RI, carboxyl (-00014), C1_6esters, C1.6aldehyde,

erfanes! @Ry rahicHERindh Cr B e FRIAMIFhBRNIGRS, Bromeseat ryention
hdeeiBeds Sotay eloatky B hméeaysiaalienit feipoteycloatamd.«asst! arYl,

C5-11arylCi_6alkyl and C5_20heterocyclyl. Each substituent can be

substituted by any other substituent. 25 R1 and R2 are suitably
Thadepanddntlyi-seldgetiromitie groupwoinsisting weidniGhaealkyl, is believed to
b RATR LG MRl GLUA e R AU O e 2 B Y -

_C3-20cycloalkyl, C3_ 2oeycloalkenyl, C4_20cycloalkynyl, an
ru@semﬁréf@réé%@qg phosphoramidate motety and the methylene (-CHy-) group at the -

27 position in the glycoside moiety of the nucleoside, with T, V and T7 as set out above.

By Coueary! is meant an aromatic entity comprising 9 to 30 ring carbon atomas in an aryl
format. By Ce.soheteroaryl is meant an aromatic entity comprising 6 to 30 ring carbon

atoms in an aryl format, with at least one ary! ring containing a ring hetero atom.
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Rl and R2 are suitably selected from the side chains of natural or
synthetic amino acids. IF' Ri and/or 122 are preferably a side chain of a
natural amino acid selected from the group consisting of glycine, alanine,
valine, leucine, isoleucine, phenylalanine, tyrosine, tryptophan, serine,

hyrearingzdysine, arginine, histidine, aspartic acid, glutamicpagigip 04430
2008/062206PCT/GB2007/004480 10 asparagines, glutamine, cysteine
and methionine. Specifically, R1 and/gr R2 are preferably selected from

sthewgroup @ﬁf&ﬁ&?&@{vﬂ GH3, 1S EH 2 GHCHIGHR) %ngs. Preferably, Ar
CH(CH3)(CH2CH3), -CI2Ph, -CH2Ph-OH, -CH2SI-1, -CH2C1-12SC1:13,
)

cg@pfw_a@il'?@m (J(j]lq:):fQ@'igf S ARG p:rgmfitic rings. More preferably,
M#%@%%@ﬁgﬁﬂg %‘;}Mﬂ&éﬁﬁgﬁ 3@13@%&@{&@)@@, b G HAE ﬁg@i@f@@ﬂzo rllleteroaryi.
-CH H2, -CE12¢ . and wherein Rl and R4 together .
oI A BT RelcHolS LT RV (HE SR A GFRE o rabls
aR Sedgnie R4 auitably fiete Jetidémilyogetestadsirone thegroupaconsisting to 4

sxﬁéﬂ_ﬁ!ﬂ %H&Q@%?QXEE}Q %@%léﬁg?&Yat&n@ﬁl&iude nitrogen. 110 o
yCi_loallcyl, C 1_10alkoxyC640aryl, C2-1 oalkyhyl, C3_ 20cYcloalkyl,

C3.20cycloalkenyl, C4.20cycloalkynyl, and C5_20heterocyclyl.  R3is

AstitghlycselestadiromabegraupeR ISt e ot bl HellBalki ring system of Ar may
beC:S;%U,DZQC /cloalkyl and 20{ enzyl. R4is s itabl%béselected frogw the group

CORSEtng FHECH RGN B3 _%%13?6?0%1%}% Sc% SPoNEEl CRY {98t to
thearthstilaclyistithblyy Seleotealfronitheqgroip SorsistingiofiHmmetnyliethyl,

propyl, butyl, pentyl, hexyl and cyclohexyl. 25 In a preferred embodiment,

R] and R2 are methyl or are linked to form a closed 5- membered
ShEkiocielie Brrasio il Vit arerexXainnie dseprestnvirichratriebaeptionally
sitsgddaarein, the term "allcyl” refers to a straight or branched saturated

monovalent cyclic or acyclic hydrocarbon radical, having the number of

carbon atoms as indicated (or where not indicated, an acyclic alkyl group
Mortferiadblly has il 120himdrd preferably) dsbiynope: firetéydblyel-éb carlabh entity at
RPN AVl %Rl aon B-RERTeRRblY, bag 20 ISR 3 10, 1Ol Bocen

preferably 3-7 carbon atoris); optionally substituted with one, two, three or
thg 3@ rings in the naphthyl group. Any optional substituent is preferably present at the 4

position. Preferably Ar is unsubstituted 1-naphthyl.

When Ar is quinolyl, it is preferably linked to the O-P entity at the 4 position on the
quinolyl group, ie. on the same ring as that containing the hetero atom N, which N is
numbered as pesition 1. Any substituent present is preferably present at the 6 position, i.e

on the ring not containing the hetereo IN atom, which N is numbered as position 1.

Preferably T is selected from the group consisting of hydrogen (H-), fluore (F-), methyl
(CHz~) and ethyl (CoHs-).

Preferably V is selected from the group consisting of hydrogen (H-), fluoro (F-) and OT,
where T7 is hydrogen (H-) or methyl (CH;-).

Preferably T is hydrogen (F-).

A preferred combination of T, Vand T7is T=H, V= 0H and T = H.
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WO 2008/062206PCT/GB2007/004480 11 substituents independently

selected from the group set out above with respect to substituents that

may be present on RI, R9, R3 and R4. By way of non-limiting examples,

suitable alkyl groups include methyl, ethyl, propyl, butyl, pentyl, hexyl,
voaghdesnanylsand dodecyl. 5 As used herein, the term "allcenytrrefens tooasso

straight or branched unsaturated monpvalent acyclic or cyclic hydrocarbon

radical having one or more C=C double bonds and having the number of

carbon atoms as indicated (or where not indicated, an acyclic alkenyl

roup preferably has 2-20, more preferably 2-6, more preferablx(\f2-4 .

T AR BESS 2T AT 6T BrrBABIY Fb 2 B0V il and T
= prefesmblyadvgeachen atoms), optionally substituted with one, two, three or

more substituents independently selected from the group set out above

with respect to substituents that may be present on RI, R.), R3 and R4. By
Pwggyabbnonslimitidgieicariplédosuitabterbikenid grodps elade YVimyhNH,; and the
niBRGRY lb&'étﬁﬂ)\féﬁp %Q}%@Pﬁ)@&dtg @Sﬁﬂyéd ]gﬁlai%ﬁé.’ s fereiny ftf',etﬂg Mhcleoside

“allcynyl" refers to"a straight or branched unsaturated monovalent acyclic
base ceiethydresRaBeh fadiesrhaimelondigishsreanipte BkcBodddsanet H. the
oiRRghesnumker Kieafeads aoms s ineicates:arsmiese. not indicated,

an acyclic alkynyl group preferably has 2-20, more preferably 2-6, more

preferably 2-4 carbon atoms and a cyclic 20 alkynyl group preferably has
Altepitividye peéietdbly B-20wmhrbansatonms)iroptidnaliysubstituted withibnd:, Cl
aﬁ)@’ﬂ’ﬁéﬁ?&}%&&%&e& R‘g’%ﬂ&*ﬁ%&? 1ndepsndanty selectedrom thewionn, F?gb, X

_out above with respect to substituents that may be present on RI, R2, |
isdeRY A and Kerdih thp @delnesidakssy Mot taisPeafe ok oketerdeinte

group allcy1-0-, where 25 allcyl is as defined above and where the alkyl

moie optionally be substituted hy.one t rm
PR LGRS BBV TP ARGTAESATAg o moh MORdRY Shahigtdgee one
ofSBitalnicRa bk dkyrgronsst ke hedSne Bioaidthoxy, n-propoxy, iISo-propoxy,
nbutoxy, tert-butoxy, sec-butoxy, n-pentoxy, n-hexoxy and
1,2-dimethylbutoxy. The term "cycloalkyloxy" refers to the group
Prefeneikyisoelsiieraay dhie ghypisasideteid a b 86 and where the
cyclicalkyl moiety may be optionally substituted by one, two, three or more
Psg%sg ueé%ts s set out above for alkyl. WO
5608 06PCT/GB2007/004480 12 As used herein, the term "aryloxy"
refers to the group aryl-O-, where aryl is as defined below and where the

Pl%'%lem@'ﬁgf i@ﬂﬂ%@ﬂ%gﬁﬁﬂb %&t}ét%ie@ye&’ RS R ém%?cgﬁﬁéaﬁ%dof methyl

substituents as Set out above with respect to the group Ar. 5 As usé
CRBie e GRG0 ATRPH RS X6 B alkgI e ity &bt Ry loners!
(&%H?ﬁ!a%ﬂw&(@ﬁﬁm%ﬂ]qmmmd X _@K)ﬂ?ﬁ@ﬂ@&ﬂ@l&ékﬂ'&]@iﬁ_ﬁr@@%ﬁﬁb? R;
. alkox iety are as defined.herejn with respect to the definitions of alkyl
PR A GBI b SRS RO BB ) BER g o5 more
mstiystitpiedspleried freo thresoop mosstubsiitierntsnddsetybut above with

regard to the definition of alkyl. 10 As used herein, the term "alkoxyary!"

refers to an aryl group having an alkoxy substituent. Binding is through the
PrgigrafisuBs ThE dllkoggaheietythrt tserapysmiditty are)a® defined tédein group
coMiEBreRRaciieritgdefinitions of alkoxy and aryl, respectively. The allcoxy

and aryl moieties may each be substituted by one, two, three or more

substituents, as defined herein 15 with regard to the definitions of alkory
Pang-aty) Respert velyindstisedtheseinithdternhioyclaalicxands eferstoropy!

r oup_havj lic alkyl substitutent. Bindingi gh the aryl

e R R T S REI0D Al 28 Bk
such that they correspond to the side chains of a natural amino acid.
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are as defined herein with respect to the definitions of cycloalkyl and aryl,
respectively. 20 The cycloalkyl moiety and the aryl moiety may each be
optionally substituted by one, two, three or more substituents as set out
herein with regard to the definitions of alkyl and aryl, respectively. Except
wehews/adfeswise stated with respect to the definition of "Ar'pasasad 7oe4480
herein the 25 term "ary!" refers to a monovalent unsaturated aromatic
carbocyclic radical having one, two, three, four, five or six rings, preferably

PrORSHNAE HITRE HiRgs, Whithnaydee fusedQr Higyclics Aniamntl SioMhmaye C
optionally be substituted by one, two, three or more substituents as set out

2tofp SoarRA T8RP Ser s’ SREGHAI s BD L REERT #3¥ay be present on the

group Ar. Preferred aryl groups are: an aromatic monocyclic ring
peRIMAINING, 8 carbon 30, 210ms; an armatic. bicyellr pr fuced fing systemp.,

corrwlialnlngp?flg, 6r 14'carbon a oms; Sf an aromatic ffncyc ic’ring System
Y.corftalfing-18; 21d B2 29 $oput4tearbon atoms. Non- limiting examples of

aryl include phenyl and naphthyl. Preferred substituent groups are

independently selected from hydroxy (-OH), acyl (R'-C(=0)-), acyloxy
Payretaty oy o e IR PR I8 2IER C T/GB2007/004480 13 nitro (-NO2),

amino (-NH2), -S03H, -SH, -SR’, wherein R' is independently selected

from the same groups as R}, capboxyl (¢ Qp@lc 0 CEN) . :
s ef alky?gnn%}im%%i’ _%Gdsliéﬁk Iaré?r?g(, t%(@)ch oro%?gma,gh%? gsfisagenyed
frods gwsethiersin, the term "heterocyclyl” refers to a saturated or partially

unsaturated heterocyclic ring system having one, two, three, four, five or

six rings, preferably one, two or three rings, which may be fused or
n BibySic, it Kaving Boriariediiithn e gt g MV S BHe dhatfB o™
adsgiected from the group consisting of N, 0 and S. The prefix "C5.20" or

"C5_10" used before heterocyclyl means, respectively, a five to twenty or

a five to 10 ten membered ring system at least one of which members is
Eaghlettid frotivtielymefronsistinguwiNs9 andiSrdfshediweterodyslyderived
o FRRHALE 28010 SO LY gﬁ}ﬁ%ﬁg& bawio %@H%Mﬁ?eﬁi%ﬁﬂéfﬁﬁﬁw the

least one member is a N, 0 of S atom and which optionally contains one
PrefarRibiiaT B0l BFGREY bt ATEECRARIRBHHI MoméTdmarshisiand Rs
is BRgHavieg8ix members of which one, two or three members are a N

atom; a 15 bicyclic ring system having nine members of which at least one

member is a N, 0 or S atom and which optionally contains one, two or
Paiiraded i ditidmad Nceromsdsreze sieyrchiesding Systamrsiaving terd miembélsuod set
ouMhie9ne. tyyQ.or three members are a N atom. Examples include, and

are not limited to, pyrrolinyl, pyrrolidinyl, 1,3-dioxolanyl, imidazolinyl,

in-lidazolidinyl, pyrazolinyl, pyrazolidinyl, piperidinyl, morpholinyl or
TheipRaiont2E&AnAilahie AR A RMS N ToiarRiereatasmsRidhaer Rp or Sp or
.. "heterocyclyl” ring systems described abave may be supstituted on the -
R S T AR Pt ey B BTt it P
dizstmeoismore Reitidatbmsohetelivatbnsisybstituenissaieeisélected from

oxygen, nitrogen, sulphur and halogen (F, Cl, Br and 1) Where the ring(s)

is substituted 25 with one or more heteroatoms, preferably there are 1, 2,
Suabiv Rerehsaintr it tittemiatde selsd WotheytoupEssietisgrapounds of
foYEENaRItEgeeNAndiaibaloarns Prgfereg S UBSUI@NLERONPSTMR nucleoside

independently selected from hydroxy, acyl, acyloxy, nitro, amino, 50314,
£'8H; SR', wherein R' is independently selected from the same groups as R;

carboxyl, cyano, Ci.6alkylamino, Ci..6dialkylamino, thiol, chloro, bromo,

Pry 6?2[1913? Qgel%gc%ess for preparing the compound of formula I includes the step of
protecting free OH groups, other than 5 on the glycoside moiety of the nucleoside group.

The phosphorochloridate may be prepared from an aryloxy phosphorodichloridate and a
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30 The process is preferably carried out in the presence of a suitable

solvent. WO 2008/062206PCT/G82007/004480 14 Suitable solvents

include hydrocarbon solvents such as benzene and toluene; ether type

solvents such as diethyl ether, tetrahydrofuran, diphenyl ether, anisole
vanghalimetbexybenzene; halogenated hydrocarbon solventsswelkag 7004486

methylene chloride, chloroform and cgslorobenzene; ketone type solvents

such as acetone, methyl ethyl ketone™ and methyl isobutyl ketone; .

s AHEON RS ROIMBRES: St Asaethanel SthaRo L IRFoRAA ASARIORANOe used

n-butyl alcohol and tert-butyl alcohol; nitrile type solvents such as
W SIERRIAEOPISPIB 6% nd benzonitrile; ester type solvents such as ethyl

acetate and butyl acetate; carbonate type solvents such as ethylene

carbanate_angd propyl carhonate: and the like, These may be used
B D b S e Ry B oo TP PSRl anore
subrritsolyantipasedin tekpedcoosofitheprasentipisngioniecTie tdomting and

1R SeieRkeansa.solvent inert under the conditions of the reaction
being described’in conjunction therewvith including, for example, benzene,

toluene, acetonitrile, tetrahydrofuran, dimethylforrnamide, chloroform,
Sunethydenedehloride: (enildichinemeiianeydiethyiethel: ethylacstal@ine of

eton thylethyl ketone, methanal,.ethanal, propanal, isopropan
S, bl by S e PEAFAT ol e BB AP
S@rﬁteﬁﬁdR’SR@lmbiﬁfﬁe ipropesé-oiithelpredditintertion searectoutbove
asURGlersubsiantialyAry 29 conditions. Asised herein: teyt Dalicylamino, C;.

"stereoisomer” defines all possible compounds made up of the's

sUplEHaRERd S By tHe8abreBeq(BAtR HdSefasBlitinvimikamdréntalloxy-C;.
@ﬂaygessibmewmf ; F?Joﬁﬁf'l!@s'-‘t‘z@ﬁc%mt@ﬁ%%“@%z ) tﬁk@@@%\ﬁﬁ!ﬂaﬂ;@@i@m@nﬁ Cs.
campounds of the present jnventign 25 may possess, Where the
70\6%%%&# s g&"&&fﬁ%ﬁéﬁ%ﬁis Cr?kf%%%’f#ﬁ’ﬁ%}é -ateHED on& eifrerdid and Co-
sThimayatayyhdoordimbiyitexistcas Bnartitmedsh Wine éhtheutermponnds

possess two or more chiral centers, they may additionally exist as
diastereomers. Where the processes for the 30 pr?])aration of the

SuRsHipEtinge SecBrafigais! themnvBAmRmdvaTisderemiiqoyéheferoup consisting of
hySEE0IS ORI ScieRe(E0MELS, MaydRe FRPeretetdy seavertonakmino (-NHs),
T R
grheppreiparetbbyestaidardrtesinlgUe KNG teidhosk.caldehyde, cyano (CN-), C).
salkylamino, Cjedialicylamino, thiol, chioro, bromo, flucro, iodo, Csacyeloalkyl, Csg
cycloalkenyl, Csseycloallynyl, Csiaryl, CsiarylCigalkyl and Csgpheterocyclyl. Bach
substituent can be substituted by any other substituent. '

Ry and R; are suitably independently selected from the group consisting of H, Cy.jealkyl,
Ca-roallcenyl, CypjpalkoxyCioalkyl, CrpalkoxyCsoaryl, Coealkynyl, Csapcyeloalkyl, Ca
aeeycloalkenyl, Cyppcycloatkynyl, and Cs.jpheterocyclyl.

R; and Ry are suitably selected from the side chains of natural or synthetic amino acids.
R; and/or Ry are preferably a side chain of a natural amino acid selected from the group

consisting of glycine, alanine, valine, leucine, isoleucine, phenylalanine, tyrosine,

tryptophan, serine, threonine, lysine, arginine, histidine, aspartic acid, giutamic acid,
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WO 2008/062206PCT/G132007/004480 15 skilled in the art, for example,
by enantiospecific synthesis or resolution, formation of diastereomeric
pairs by salt formation with an optically active acid, followed by fractional
crystallization and regeneration of the free base. The compounds may
vaisnhkedeselved by formation of diastereomeric esters or agaigdes:iolowads
by chromatographic separation and ﬁ 6emova| of the chiral auxiliary.
Alternatively, the compounds may be resolved using a chiral TIPLC
PRI [ tindahe Undensiond thaball suchsisamers and mixres hereotaly
are encompassed within the scope of the present invention. Furthermore,

SHEEKGUITHE afBrediated MRaEHEDHIspRats-Eentrd-ia Chleds in tHECHCH ), -
CroOHOWIEs H)of thgipreseATHPRALED alYIICONMPOUItSOIaY exishas], -
diasterepi e Cco Iti compaound m

Cﬁ&%g pand ngfggh%g 2#)8?& %étéreo?‘%?e_k%gé]?g%e%?g%g ﬁé&(i){frﬁpdéil%d%i%%)&’

-(Sdsstahtialy-prirélsitgedonidl CHR&fE Ry be a mixture of 1:1 Rp to Sp
diastereomers. Alternatively, there may be a ratios 15 of 1:2, 1:3, 1:4, 1:5,
1:6, 1:7, 1:8, 1:9, 1:10\1:15, 1:20, 1:50 or 1:100#%Rp to Sp
diastereomers or vicgjyersa. The term "solvate”eans a compound of as
defined herein, or a pharmaceutically aecs salt of a compound of
structure (1) or (Il), Whﬁe/lﬁﬂo ecules Suitabje 20 solvent are
incorporated in the cr m A stitablesgjvent is physiologically
tolerable at the dosage administered Examples of suitable solvents are

arfel %ﬂa@&ﬂv ggegﬁp%hzg égfﬁervz\,@r? Rt rS'—%n@ﬁiﬁ%ﬁ%e%@y@%'%%ﬁmg the
referred to as a hydrate. The compounds of the present invention may

si1dyBe present in the fourHef-pharmaceutical 25 acceptable salts. For use
in medicine, the salts of th{go;}rounds of this invention refer to non-toxic
"pharmaceutically acceptab ts." FDA approved pharmaceutical
acceptable salt forms (Ref International J. Phann. 1986, 33, 201-217; J.

RPhardy; Seisniiohly, daen=66<(1)) inkicidé pivarthaceoticatlysaciogptableC;. palkyl,

cAuMEIAnInS gibasIcleatianiGells. R Fha MasRUNea AR PRy, C.
acidic/anionic salts include, and are no limited to acetaie,

whEtzeRdsliferats emzbdteBichybhite 2ptarabsionrerite, calcium

edetate, camsylate, carbonate, chloride, citrate, dihydrochloride, edetate,
edisylate, estolate, esylate, fumarate, glyceptate, glucopate, glutamate,
AR K e T e L (ot and
be2@E8/062206PCT/GB2007/004480 16 hydrobromide, hydrochloride,
hydroxynaphthoate, iodide, isethionate, lactate, maleate, mandelate,
mesylate, methylbromide, methylnitrate, methylsulfate, mucate, napsylate,
Ranitrstdaplarmdiatts dpieibthe saer srodpnge! dipkoepdigh Csacycloalkyl and Cs.
»iRtygalasturongtpusalicylateisiearalecsd Base e o SueCpARISHIFE, methyl,

lannate, tartrate, teoclate, tosylate and iriethiodide. 5 Pharmaceutically
e R P RO LR WIS hnd are not imited to aluminum,

benzathine, calcium, chloroprocaine, choline, diethanolamine,
nSivieRedipang i Rnaanesiuy BOIASPHM, PRGNS, SR Aleq -
zinc. 10 The present invention includes within its scope prodrugs o?t e
meghsEsLdT onivis MvernsHclin dhdrarrsustprearaysiinppdingnctional
derivatives of the compounds which are readily convertible in vivo into the
required compound. Thus, in the methods of treatment of the present
A oABHC e i Rdiisteriig” ShalFeHBBh a8 e dradmdit srapryalent
cyvArionsdisarderscdeserbed wifthihe compouie: speeificallygisclosetated (or
wih ads 18r{‘e'89¥r99c%§‘£891£”?‘%f5‘19t beeheclf S‘s”i/a?dsﬁi%see% e“e%%’f NCR. more
converts to the specified comp Und B VivO after administation 1o the
prefgpbbt. ICorremisiasiprodedurds Mtinpsulgrtibrbindprégigtiofembly 3-10,

[ | [vati re.d ' e, in "Desi f
RS SN IO S AR PR o
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20 Pharmaceutically acceptable ester derivatives in which one or more
free hydroxy groups are esterified in the form of a pharmaceutically
acceptable ester are particularly prodrug esters that may be convertible by
solvolysis under physiological conditions to the compounds of the present
waventionhaving free hydroxy groups. 25 Pharmaceutical compogiiens ok
use in accordance with the present invention may be formulated in a
conventional manner using one or m }e physiologically acceptable
sSRHIBSHCOmRISINgBYCIRiRRISaRd Auxliades which faeilitalerrgerssing.of «
the active compounds into preparations which can be used
SFAE ATRICEAY. PSS arhadsulieaPedhpdsitiss thagbimiting examples,
sulghlufaetured.ipsariannei=thal isditsebkpaWBu®1gpRW B8RS @kivl, nonyl and
conventional 30 mixing, dissolving, granulating, dragee-making,
(l%\%fg'ating, emulsifying, encapsulating, entrapping or lyophilizing
processes. Proper formulation is dependent upon the route of

A3UIPIRHANOR CRERENn - 200K 06230056 TIGRRRTI004480, L1 TNE ojcr:

compound having formula’l or pharmaceutical composition according to
atHdip RSBt nbEdee i e B gl hinRgerat 2b BpsateTtt, dohidh baagssad having
fHReMALsARIEASHAE ARiMahs i @RY.aUiANIR M eaNsdR-The edicamenisyl gronp

eg}pﬁ@d |%:J§§ present gv tion can be a%mlnlstgred by oral or .
PISEP8RE PP rourte s MGIBEHT i averiBEs, SRStiScutar i plrto Aad oyelic
alkaipdutanepuseicarsdehmal-alway{aeresalbreciat, vagioal anchippigalonally

| ing-huccal lj | inistration. 10 For oral
S e it o e o
sghofferboTin Bitealsirsbiocastiteanta dhat peider BetpEnIdS, draBagnd Re. By
wafle s SHUlONQRSURRCBSIANI. TARIRIS fo5hQralSeIM L INCIHERERE butenyl,

aCtIVZIn redient mixed with pharmaceutically 15 acceptable excipients
PR 5@ ilients, disintegrating agents, binding agents, lubricating

agents, sweetening agents, flavouring agents, colouring agents and

vative itable inext-dil ' sodium calcium

A e S A SR R momoyien
acyRbcy RYidiadindareadiiraisibcdl dintiny atin gragemt B ditg egdntsdiaying the
nif@sder siaech andgelatingwidle theubrcating 20.agent iprgsemtyWill oroup

nerally b nesium stearate, stearic acid or talc. If desired, the ]
Pf?f%ﬁ%‘?%%@ﬁb@oi ST A PSR ably cary FASHoSRERT &fel gy oyolic
alysérytdistearftcbtp delay-absanptiopiaithdlgastadintesiinabitact), optionally
for Jancl r latin ules in.which the acti
S R LSRG roup
sehiB RIPV BRI BRI dpatilstibieninietpith svamseBroaReifeuBh 2ad Beanut
oil, liquid paraffin or olive oil. Formulations for rectal administration may be

resented as a sugpfg,itogy with a sujtable base comprising for exam(g)le
AR P oo cHiate B0 FEHMUTAHONS s dREHIer St VEgHR=Aly!-O- Where
aladriinisiedtion shaychedrdsented Hs/pestaries tampoaly CkeamsitgelSby one,

astes, foams or spray formulations containing in.addition to the active, . .
T L X L A e ovcmitine
exap0t70 62706P GG B 20070 0448t r8eforintedrmxscutarinmapesioneaty, o

pRbBCURNERUS AR IRIRVE NS HSEy the, campanndsofitheHmentian Will 1orm

.. generally be provided in sterile aqueous solutions or suspensions,
“Biftetedcte’ att &pbio Sratspn Sl sebdricity hetitsié sl defiradgbove

arihelbele RingeliSalkyl moicty may be optionally substituted by one, two, three or more

substituents as set out above for alkyl.
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to the invention may include suspending agents such as cellulose

derivatives, sodium alginate, polyvinylpyrrolidone and gum tragacanth,

and a wetting agent such as lecithin. Suitable preservatives for aqueous
venspensians include ethyl and n-propyi p-hydroxybenzoatepd @ dgme /604480

compounds of the invention may alsg be presented as hposome

formulations. In general a suitable dose will be in the range of 0.1 to 300

ARgspehkitogram hady: w@m Oifeﬁhﬁ reciRieRbRe AN A RHefered 19Wetcfined
hgose is,0. F mg, per |Io Wel%%n{)ree ient p E)day a mo
Bretehad ower dase |s ma P 1} %8& 8‘% B FECk| T’B&mme
sgsjiiAiabiodosmis pnﬂfeﬁa;mytm the pangeiof 1 to 50 mg per kilogram
body weight per day, and more preferably in the range of 1 to 10 mg per
kilogram body weight per day. The desired dose is preferably presented
A&SH0, tRide, fhtrlHve GHk MO rades-dosts aliirssteapebiaaing an alkoxy
s@ﬁﬁf@@ﬂa@m&a{g@&mm@mﬁ% Tiesesubdpseamay l%ﬁ{mg moiety

admi in unit dosa efor s, fQr example, contalnlng 10 to 150
d‘”ﬁd%%%s Sg*v% S ROt PR oA SFOEE BRI 5096 FOD niErBraete The
alimgredidrtiipe mﬁﬂsm&@hﬁc Exianiptes bybmbodinénts of thesesentents
AReeAtiaBallnave Aespllnrg: Ry af grample only with 75 respect to

the following examples. Target compounds were prepared by reacting the
appropriate nucleoside, or its modified precursor, with the required

A@h@cﬁpﬂ&ﬁﬂflmﬁrt&%ﬁe gy atier fﬁ@ﬁqs%wgrﬁgm&pﬁé%@m%w%mmm
methods. fro yl ph sporodi Zﬁates with amlno acuT ester

B e &%FB};?& t érg%m 8}:@'%6@ aryl moiety are as defined
hﬁ%@ﬁ%@ﬁ?ﬁ@ﬁﬁ(’ﬁ @Bﬁﬁﬁﬂm}cbgylﬂrﬂmg G&s{ﬁdﬁ%@{ Bouavalentind aryl

m%{gazsﬁ xgéﬂpo%ns% \‘aa}sa% %Z' vidine (L. Oopg%bs 'entwﬁn

dissol ve in dry tetra ydrofu n (TI- IF’) 31 mol, equwa & stirrec
with Ay HeRniios %RI.kRiﬁ’ %%Yéﬁp?m@phosphorochlorldate
(2.0 mol. equivalent) in dry THE' was added dropwise, then stirred

over ht. A saturated, solution of 5 NH4C1 was added and the solvent
SRR B e BRI BEL B B oo P SB R A WS ol

sllb@hﬁéﬂlﬂéﬁlﬁtyhpgl ifidcloBfatcard proced e Gy&i@ﬂkp]aﬁﬁﬁaﬁl afid the aryl moiety
«0MQ3RRAIMICAIES O Fg&g,g% 99 BUCKARIGS o YOIRITIMITENE cecpecively.

modified nucleoside phosphoramidates were |n a

Tespochrikrhme ke Wat@mmq%m@ PHb %@m@wmbssr@ﬁﬁmé ok, to,

thFSIUEBRRIQBSHIE:H0s A Q- POUNHESONA WRIEh MRS IEORSEAHEA Y ML ft%ﬁd aryl,
Standaid procedure C4: Preparation of phosphoran2|dates of modi

repRiER S de 2', 3'-isopropilidene, modified nucleoside phosphoramidates
were dissolved in a solution 15 60% of acetic acid i |n water at 90 C

EQUBIIBNL The, ﬁgé%eg%&waamm&vgg WS AEAERA RIS G ShBrein the
white solid w was conseque purifie
term “‘aryl” refers to a monovalent m:xsamra‘ted aromatic carbocyciic radical having one,

two, three, four, five or six rings, preferably one, two or three rings, which may be fused or -
bicyclic. An aryl group may optionally be substituted by one, two, three or more
substituents as set out above with respect to optional substituents that may be present on
the group Ar. Preferred aryl groups are: an aromatic monocyclic ring containing 6 carbon
atoms; an aromatic bicyclic or fiised ring system containing 7, 8, 9 or 10 carben atoms; or
an aromatic tricyclic ring system containing 10, 11, 12, 13 or 14 carbon atoms. Non-
limiting examples of ary! include phenyl and naphthyl. Preferred substituent groups are
independently selected from hydroxy (-OH), acyl (R'-C(=0)-), acyloxy (R*-C{=0)-0-),
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Example 1 Synthesis of ,6-2'-methyl-adenosine (CHC1) NH2 OH OH

N6-tert-butanoyl-P-2'-methy1-2',3',5'-tribenzoyl-adenosine (400 mg, 0.590

mmol) was added to a solution of MeOH saturated with ammonia, and

stirred at room temperature. After 12 hours the solvent was removed and
whealsteingd solid was purified by column 75 chromatograpbyir: gsadientse

starting with a mixture of CHClB/Me%ﬂ 9:1 then 8:2. The pure product

was obtained as a white solid (120 mg, 0.427 mmol, 72%). 6) (d6-DMS0):
i (A, StiR-adgngsine)s 8. ka(15R 8. 412:848008198b L3084 LeiSeted from

NILE-adenosine), 5.95 (1H, s, H1-adenosine), 5.25-5.21p(3H m

S HERGR e FERSRE, B1- 1306 SIERERInE OIS Dadérsnd)Ch 2 Go8itemine.  Ci

(diiB=dsenasihe] |shéi Hzdnd Hutkbam i O
2008/062206PCT/G112007/004480 20 H4'-adenosine), 3.84 (1H, m,
H5'-adenosine), 3.70 (1H, m, H5'-adenosine), 0.77 (3H, s,

ACHSZ-bekehodire }oOc e <DVSD) 166:02 1 €, Dfraidé nosime)iallp 16 turated

hé&g)c%"@gﬁé] . ﬁl) h&‘ﬁgeoanél%ogéﬁ%g,%ﬁﬁl%é Jr?(é%grﬁic% eferably one, two

CS-adenosine), 118.67 (IC, C5-adenosine), 90.78 (1C, C1*- %Ien_osme .
oIgRsS PES, CALAEAB R YT Aebitrslie 2ndkpirgroptrngl ikinghe ring or

1163 Adenositehdhd /51400 Sraeleno5i0e), dABRibhGr N, O and S. The prefix
r.C11HISN504: C, 46.97%, H 5.38%,

Grod i I N S R A SRR R e 20 gL
tepfREBE0D ey ypentylidimsti-@hansthyikail enosines 5's Odpluenly liethotky 1 Sroup
cdnﬁéﬁﬂ@)@&,p@%a@@refened heterocyclyl systems are: a monocyclic ting system
having five members of which at least one member is a N, O or S atom and which
optionally contains one additional O atom or one, two or three additional N atoms: a
monocyclic ring having six members of which one, two or three members are a N atom: a
bicyclic ring system having nine members of which at least one memberis a N, O or S
atom and which 6ptionally contains one, two or three additional N atoms; or a bicyclic ring
system having ten members of which one, two or three members are a N atom. Examples
include, and are not limited to, pyrrolinyl, pyrrolidinyl, 1,3-dioxolanyi, imidazolinyl,

imidazolidinyl, pyrazolinyl, pyrazolidinyl, piperidinyl, morpholinyl or piperazinyl.

Available carbon atoms and/or heteroatoms of the “heterocyclyl” ring systems described
above may be substituted on the ring with one or more heteroatoms. Where the ring(s) is
substituted with one or more ‘-heteroatomsa heteroatom substituents are selected from
oxygen, nitrogen, sulphur and halogen (F, Cl, Br and ). Where the ring(s) is substituted
with one or more heteroatoms, preferably there are 1, 2, 3 or 4 heteroatom substitucnts
selected from the group consisting of oxygen, nitrogen and/or halogen. Preferred
substituent groups are independently selected from hydroxy, acyl, acyloxy, nitro, amino,
SOsH, SH, SR’, wherein R’ is independently selected from the same groups as R;

carboxyl, cyano, Cyalkylamine, Cy.sdialkylamino, thiol, chloro, bromo, flucro and iodo.

The process is preferably carried out in the presence of a suitable solvent.
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Prepared according to Standard Procedure C2, from 2',
3'-0,0-cyclopentylidyn-P-2'- methyl-adenosine (60 mg, 0.172 minol),
'"13uMgC1 (0.5 ml, 1M solution in THF, 0.519 15 mmol) and
a-naphthyl(ethoxy-L-alaninyt) phosphorochloridate (0 5 ml of solution 1M

i Td&zodd2649 mmol). The crude was purified by column chremaiegiaphyiss
using as eluent CFIC13/MeOH (95: 5) The obtained pure product was a
white solid (30 mg, 0.046 mmol, 260/7) Op (d4-CH30H): 4.31, 4.26; SH

SUdbE1sd30H): BQiblH dfdERR08N08iaednd1Q (lokns A8+dlene; ether type
adenosine), 7.88 (1H, m, CH- napht&%vll) 7.73 (1H, m, CH-napht hyI)

solvenis S8R B aphiy), PHEARETEN HreEHachify), gisgle and
dﬁmdmwﬂmgmwﬂgeﬁa%%éﬁ&%nlmd%nadan&slr@ H3iadenrosineride,

d 4.08 (3H CH H2-eth 2.21-2.09
o e S el R s I i A B Ketone
ar@ HBhld_ indheiy]l X6 2)cdhob iRkl spivaaid Swth v 10eg81(8H sthanol, propanol,
S HARAIeRAS) 25,0, 200BI0GRDECTCERONTIONAT R L Ok o

repared according to Standard Procedure C3, from 2
acgtc;@:@i d%(ﬁ@m&:/ -a@%‘ﬁ%@i’ﬁé solvents such as ethyl acetate and

blﬁ}&%&t&i@ﬂl&ﬂf ﬁ}kékﬁ@ilfé’l%ﬁ &crﬁih'iﬁlsl r;‘s)éa;})i] Al &l%ﬂbﬁé%e(@@ﬁﬂ@ aﬁcﬂﬁz@p}%l@)sfaﬁbonatw

m a solution 8 %o HCOOHlnwat The cr ifie

e B o e e ey e,
(95:5) followed by a semi- preparatlve HPLC. The obtained pure product

PréfER A D16, SUG (Mg Q804 MMOLIA%) e %&M%%ﬁt%@%ée%&n? ‘inert

gzmg 30H): 8.24-8.19 (3H, m, H2-adenosine, H8- adenosine,
59 thasﬁ%ﬁw ?"@‘G’I(‘?LFJF% u@fﬁfﬁéﬁmﬂ Jigns3{ife crsHapHppg, Jeaibed in
colfdnbibe Miheretndphihylaiadl (b, maGkaphimdhe6.1216kkk, d, acetonitrile,

osme 4, 61 4.59 H3'-adengsine .
te‘lzéf‘y d)enosine) dir%%% l_@m adeér%(%lr? <E’)m}l 02235 %’ l@él CE‘%&@ (or
dichioRonttipbne), 3B, ﬁﬂl@%hahnm@)ei@étqsi-Imﬂhﬁﬂ}&!bﬂwr)n@ @ethanol,
ethdLS: gkﬁ&zad% 395201 MR (REhs/e 802 (“ﬁtgﬁaﬁoom the Iike.

Accurafe mass: 026 11\1608NaP required 609.1 15 found
Tesmbyraayropis pipte dedymsbaieds 2,

3'-0,0-cyclopentylidyn-A2'-methyl-adenosine

h %IénzoG% laninyl 2)‘] hos hate WQ R
Pfi%b%g’?o %)TDJT_O% Y ven ion 1§ carmed oul under substantially dry

conditions.

As used herein, the term “stereoisomer” defines all possible compounds made up of the
same atoms bonded by the same sequence of bonds but having different three-dimensional
structures which are net interchangeable, whick the compounds of the present invention

18y POSsess.

Where the compounds according to this invention have at least one chiral center, they may
accordingly exist as emantiomers, Where the compounds possess two or more chiral
centers, they may additionally exist as diastercomers. Where the processes for the
preparation of the compounds according to the invention give rise to mixture of
stereoisomers, these isomers may be separated by conventional techniques such as
preparative chromatography. The compounds may be prepared in stereochemically mixed

form or individual enantiomers may be prepared by standard technigues known to those
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Prepared according to Stnudard Procedure C2, from 2',
3'-0,0-cyclopentylidyn-18-2% methyl-adenosine (40 mg, 0.115 ramol),
"BuMgC1 (0.35 ml, 1M solution in THF, 0.345 5 mmol) and
cc-naphthyl(benzoxy-L-alaninyl) phosphorochloridate (0.35 ml of solution
wid/banskktzed0.345 mmol). The crude was purified by columncrigao07004480
chromatography, using as eluent CHG13/MeOH (95:5). The obtained pure
product was a white solid (20 mg, 0.028 mmol, 24%). op (d4-CH3O0H):

siiB4, i 1% M&ﬂ%%bﬁé%@%@ﬁr&%@@@B@k&ﬂﬁl&ﬁ tSmidfon of
10 adenosine), 7.90 a&légm CH-naphthyl); 7.71 (1H, m, CH-nap ﬁt %[
g he o T SHRBHR Jyf BB en3hh Av HeRLpAHYE %@#OH@W)W actional

crf 272 Gh] ragehEtiamphiiy %eb@hé}d&n@]&ﬁﬁh}aﬂ,&lm be resolved by

e 10.(2H, s CI12 m aden sine), 4,41
e T dbvaig s S ST R SR e
regovg ofHby digsl (auwdlisny. HQ%W@!;M@S |eomm4fz)mmezz@®r@}d,mg 2

A2 HABCYSIORANTYE) & 69+ d2 485 M I H2roxsIRe AWt R f L34t 8k are
CH3- alanlne .7=7.2 Hz), 0.89 (31-1, s, CH3-2'-adenosine). Synthesis of

crffﬁ@"‘i’?f’@ﬂ'u‘iﬂ H@é‘h‘éé‘ﬁﬁ’g%@ﬁh%ﬁr?f‘&%’ﬁh‘ﬁﬁﬂ?@ﬁzoxy L-alaniny1)) phosphate
(C1-1C3) WO 2008/062206PCT/6B2007/004480 23 Prepared according

dar Pro ure C3,.fro 0,0-c cI lid /3 2'-
F‘Eﬁ%g%ﬁgn%léedgno& e Bdmtehth Eggeen %&%-algﬂlnﬁ %H SPhdfecpgponnds
ofiily, me@% Bvamol), aaﬁdhm@qmmﬂadsmwmm&ﬁ aﬁ@wwsmwmame The

FRUIGWAS € r g.48s Y
; CHcfs/M%ﬁ*ggébiifﬁﬁé%ﬁ%%mirﬁﬁﬁ?ﬁ%hpﬁ?ﬁ% o T e

Prsfirathy &Bﬁ&?w hﬁé”é’éﬁ?&ft‘élﬁﬁﬂe DO THERIBIT21%). 81,
(d4-CH30H): 4.25, 4.14; SlI (c/4-CH30H): 8 04-7.95 (3H, m,

1-12- ad nosine, H 0.ade in H- na 1
g V1T e G S S P ere sy e s
ofdh?—néphthw 2: EH-H6erdz¥) 1 2, 165(,1|Lﬁ O} :CH-haphthyl), &oszmm;s to Sp

disztHnaplithyl, 3:GH-Lbenzyl), 5.88 (111, d, H1'-adenosine, Jr- 2.9 Hz),
4.85-4.65 (2H, m, CF17- benzyl), 4.37-4.35 (2H, d, H3'-adenosine,

H4'-adenosine), 4.06 (214, in, H5-adenosine), 3.88-3.83 (11-1, m, CHa),

The 3663 kot EHB satanin &) 8 8n(B it aseidﬁnzaaﬁi@@@siae)a 15 MSAER)cally
a+, 100% 33N60§1\Ia,P reguwed

b 7P L0S EAAe 47 byhegisargoccies S Shabi
Sog'mtoaé%/empm@@mmi@amemﬁ éai@msnfe S8l prdveyd{tért2Bysiologically

roRHERYsl el aningt)daphesriate Wi ROQB L ZRAR LG BRAN/A0AER  and

the like. When water is the solvent, the molecule is referred to as a hydrate.

The compounds of the present invention may also be present in the form of pharmaceutical
acceptable salts. For use in medicine, the salts of the compounds of this invention refer to
non-toxic “pharmaceutically acceptable salts.” FDA approved pharmaceutical acceptable
salt forms (Ref. International J. Pharm. 1986, 33, 201-217; J. Pharm. Sci., 1977, Jan, 66

(1)) include pharmaceutically acceptable acidic/anionic or basic/cationic salts,

Pharmaceutically acceptable acidic/anionic salts include, and are not Jimited to acetate,
venzenesulfonate, benzoate, bicarbonate, bitartrate, bromide, calcium edetate, camsylate,
carbonate, chioride, citrate, dihydrochloride, edetate, edisvlate, estolate, esylate, fumarate,

glyceptate, gluconate, glutamate, glycollylarsanilate, hexylresorcinate, hydrabamine,
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24 Prepared according to Standard Procedure C2, from 2/,
3'-0,0-cyclopentylidyn-,8-2'- methyl-adenosine (60 mg, 0.172 mmol),
43uMgCl (0.51 ml, 1M solution in THF, 0.51 5 mmol) and
a-naphthyl(tert-butoxy-L-alaninyl) phosphorochloridate (0.5 ml of solution
widvbonsibiEy<0.519 mmol). The crude was purified by colummcr/Gr2007/004480
chromatography, using as eluent CHC13/MeOll (95:5). The obtained pure
product was a white solid (27 mg, 0.039 mmol, 22%). (c/4-CH30H): 4.37,

b8 Bl CIACHAR: BiR kbl n s HiR-adenosine)sSnld i 1S i8- Heate,
adenosine), 7.85 (1H, m, CH-naphthyl), 7.73 (IH, In, CH-naphthyQ,

mangeloses MGHIIal BRERIBRTHGS, ﬁ&%ﬁ#ﬂat%pf??ﬁ}yéﬂfﬁfgpmﬁw,%.%@Sﬂa‘m

niffkt, ipatldiagdenasitehad5Suodthid, dntbidsadeposingdidoradenasinglate,
2 H5'-adenosine), 4.05 (1 , CHa), 2.20-2.1 |, in 2-cyclopentyl

5 SO Ol S Bk T e
(3H, d, CH3-alanine,.# 6.9 Hz), 0.96 (3H, s, CH3-2'-adenosine). 15

Plé}éﬂya%@%fly acceptable basic/cationic salts include, and are not limited to aluminum,
P-2'-methyl-adenosine5'-0-[a-naphthyl(tert-butoxy-L-alaniny1)] phosphate
berespiEny, EsliEn FROBTERSIEG SRV ing S StalEure: PBEE Bt B TEC A B U,

magndil)-syalepentylichsnéo 2 methayl-adenosine
5'-0-k-naphthyl(tert-butoxy-L-alaniny1)] phosphate (27 mg, 0.039 mmol),
and 10 ml of a solution 80% of HCOOH in water. The crude was purified
Thzy protemncrromatogriapty Wity 4s etopntifodthesfindt GHOL8Mell of this

in(r%xﬁr"r'é}x.f‘)'iﬁ%ﬂeﬁ(g%&ﬁ%ﬁ%@%ﬁii‘& HbEGopkhaaRiaIned puie RIQENG s
was a white solid (10 mg, 0.016 mmol, 41%). Sp (d4-CH3O0H): 4.20, 4.08;

whigh agacetis o) B Blean S (B he I adER GSMBO G- Bitisndsthe methods of
tréatrriaphthyhrotS iohbiiids, GR-taphthihinsRa{(dHrRH-RaRB I E Sditment

H, m,. CH-naphihyl), 7.39 (1H CH-naphthyl), 6.15 (1H,.d, Ell .
of g T o ke ol e CORBR A Mo B e, o e
coptBoainte mbsthekag. 00t DO FrebHicmlyGlitaly seB DO BIC ddrBaast tbubyd) sk dTied
co@ﬂéurﬁ‘ e ARG 9 (BEh S0 %lélﬁz'%lé@g WQ@)@@W@&SS for the

selection and preparation of suitable prodrug derivaiives are described, for example, in
“Design of Prodrugs™, ed. H. Bundgaard, Elsevier, 1985.

Pharmaceutically acceptable ester derivatives in which one or more free hydroxy groups
are esterified in the form of a pharmaceutically acceptable ester are particularly prodrug
esters that may be convertible by solvolysis under physiclogical conditions 1o the

compounds of the present invention having free hydroxy groups.

Pharmaceutical compositions for use in accordance with the present invention may be
formulated in a conventional manner using one or more physiologically acceptable carriers
comprising excipients and auxiliaries which facilitate processing of the active compounds
into preparations which can be used pharmaceutically. These pharmaceutical compositions
may be manufactured in a manner that is itself known, e.g., by means of conventional

o

mixing, dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating,

entrapping or lyophilizing processes. Proper formulation is dependent upon the route of

administration chosen.
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Synthesis of ,8-2'-methyl-guanosine (CRCS) 0 150H OH
N2-acetyl-P-2'-methyl-2',3",5'-tribenzoyl-guanosine (1.42 g, 2 18 mmol)
was added to a solution of MeOI-1 saturated with ammonia, and stirred at
room temperature. After 12 hours the solvent was removed and the

vobtaned:salid was purified by column 20 chromatography wgifng; asellenise
a mixture of CHC13/Me01-1 8:2. The pure product was obtained as a
white solid (565 mg, 1.90 mmol, 870/]) 811 (d6-DMSO0): 10.52 (1H, s,

Tﬁ‘é'ﬁéﬁ%@ﬁ@%ﬁ‘@ﬁg&é&i@iﬂl 8r FiSnGMRRRSIAL ofhpdifchlacording to the present
NH22-guanosine), 5. 73d(§) s, HP-guanosine), 5,24 (1H, d,

IORRR ARG RIS ﬁpﬁlﬁpw%ﬁsmawﬁmf@%%ﬁﬁww by any

sufiiReguanosine), 3.97 (1H, m, H3'- 25 guanosine), 3.85-3.79 (2H, m, H4',
H5'-g-uanosine), 3.66 (1H, d, H5'-mianosine, ./-=12.2 Hz), 0.81 (3H, s,
CHS3-2'-guanosine); 8c (d6-DMS0): 156.72 (1C, C6-guanosine), 153.68

Tha cn@raguaifosinelo 8017 7 Crasahigurisosine ran3B07ligistered by oral or

pArBOUANeSae) q&c@@dﬁ&(%E&a&éﬁ@u@0%&%%%&9%&%%@%?{&@4&?&&%0%
C5-guanosine), 90.10 (1C, C1'-guanopsine), 82.30 (1C, C3'-guanosine)

e A CITEY. (RATRTISIFl TRt Edcarigaliridtiye Bucad e sublingual
adohguanesine), 19.96 (1C, CH3-2'- guanosine). MS (ES) ink: 320.2
(s/1INa’, 100%); Accurate mass: C1jHISN505Na required 320.0968, 5
found 320.0971. Example 6 Synthesis of 2',
Fg @ 4doprispptiagntie-comerhydguiathedirvention will generally be provided in the

foﬁﬁogpl{g&é"!gb&n%%‘éﬂ%é@%iWMWW%&E@S, or as an agueous solution or

suspension.

Tablets for oral use may include the active ingredient mixed with pharmaceutically
acceptable excipients such as inert diluents, disintegrating agents, binding agents,
lubricating agents, sweetening agents, flavouring agents, colowring agents and
preservatives. Suitable inert diluents inchude sodium and calcium carbonate, sodium and
calcium phosphate, and lactose, while comstarch and alginic acid are suitable
disintegrating agents. Binding agents may include starch and gelatin, while the lubricating
agent, if present, will generally be magnesium stearate, stearic acid or fale. If desired, the
tablets may be coated with a material such as glyceryl monostearate or glyceryl distearate,

to delay absorption in the gastrointestinal tract.

Capsules for oral use include hard gelatin capsules in which the active ingredient is mixed
with a solid diluent, and soft gelatin capsules wherein the aciive ingredient is mixed with

water or an oil such as peanut oil, liguid paraffin or clive oil.

Formulations for rectal administration may be presented as a suppository with a suitable

base comprising for example cocoa butter or a salicylate.

Formulations suitable for vaginal administraiion may be presented as pessaries, tampons,
creams, gels, pastes, foams or spray formulations containing in addition to the active

ingredient such carriers as are known in the art to be appropriate.
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100x0 Prepared according to Standard Procedure C2, from 2/,
3'-0,0-isopropylidyn-,6-2'-methyl- guanosine (170 mg, 0.503 mmol),
EI3uMgC1 (1.0 ml, 1M solution in THF, 1.006 mmol) and
a-naphthyl(benzoxy-L-alardnye phosphorochloridate (1.0 ml of solution

widkde hidHs 15 1.006 mmol). The crude was purified by colgminggzes 7004480
chromatography, using as eluent CI—&%lS/MeOl-I (95:5). The obtained
pure product was a white solid (70 mg, 0.098 nunol, 19%). 8r
(d4-CH30H): 4.53, 4.40; 014 (d4-CH30H): 8.28 (1H, s, H8-guanosine),
7.84 (11-1, m, CH- naphthyl), 7.77-7.71 (1H, in, CH-benzyl), 7.55-7.49
F oA s S e IR P oS | BISEROS AU A ADE9VSBOR IS e compounds of
thdHwraptthyhlR g&eht-henzl), oR6iéd Hn dstbtite guamosing)lubidd (@Hsw8pensions,

H2-benzyl), 4.59 (1H, . m, H3'-guanosipe), 4,52-4.45 (1 ' —_
o D S 4 PO RSP e s e
sohiiOHSs s optopyligidam. hib0de HAEEE (BihasOr3edariing, to the invention

o) iing) 2t £ Gildods QUANARNIES, JriRth izl imyi-
m%%%;g%g%%%%%ﬁ'?@%ggéo%MSO 27 (%,H g H Presfxa(rﬁeid accc%??ﬁncg ?\g@vmyi

PYBEAHERFd 0 BEIrEEACH B 299390 BB GEFRby G s Suttable
pruanasngd RQiromphibyidenzaxydealrniayd - phosphairi{F0 g Q98

rrunol), and 10 5 nil of a solution 60% of CH3COOH in water at 90 C for

15 hours. The crude was purified by column chromatography, using as
Ttelvenpfondhefifst i©HG LS MeD b X85: Prfsivedes bywasemipprepérative

HPLC. The obtained pure product was a white solid (12 mg, 0 018 mmaol,

18%). Sp (d4-CH30H): 4.25, 4.14; Su (4-CH3014): 8.17 (1H, m, )
In gmnegahn el a8 Vil beintheemrgsapiftyly, 09 90@ per il eeran dedthyyisht
of fe3é&ibici et RAPAtBW &k nenaY lode42 1 40 Hhenmiilophaplathyhyicht of

7.36-7.21 (71-1, m, 3 CH-papht |, 4 CH-benzyl), 6.05 (1H, d .
iR i Sihe® T8 NS 10 o0 i, S BRI gy qerieht of
reqPptipéi3laguirtoiihd; Brsedgoanedeing), ih44=484¢2f-1 tm30 mg per kilogram
bolPwHARASING)y 41 Ackd (i CHAe L3-8 ) H3:81enBRbd0%0dy

Ol(?H, g@g%fz%anqsine). %gLE_S I\/IIS S rﬁcie: 6%7.2 (Mitt 1'6%%0 ; Accurate ‘0 ’

WegHE BT Y H AN BRI BORE gt RETFER T TR te A ST S4Bk ARp ¥ 71X o
mY RS hdmBird-ibanmepyhdyt fhidrmethbguanosideay. These sub-doses
ma%f-%é[pa{]ﬁ%}ﬂg%g%xﬁL%%ta!%gégglgllg’ps?%gp %t}?azgl%}e, containing 10 to 1500 mg,
preferably 20 to 1000 mg, and most preferably 50 to 700 mg of active ingredient per unit

doéage form.

Examples

Embodiments of the present invention will now be described by way of example only with
respect to the following examples.

Target compounds were prepared by reacting the appropriate nucleoside, or its modified
precursor, with the required phosphorochloridate. The lafter reagents were prepared by
published methods from ary! phosporodichloridates with amino acid ester hydrochlorides.

Several examples are given.

Standard procedure C2: Preparation of 2°, 3’-cyciopentylidyn-modified-nucleoside

phosphoramnidates
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NH \NH\N 0' 0 28 Prepared according to Standard Procedure C2, from 2',
3'-0,0-isopropylidyn-/3-2'-methylguanosine (220 mg, 0.652 mmol),
"13uMgC1 (1.3 ml, 1M solution in TFIF, 1.30 mrnol) and
a-naphthyl(ethoxy-L-alaninyl) phosphorochloridate (1.3 ml of solution 1M

i Tdolfa61280 mmol). The crude was purified by column chrematoerapiviase
using as eluent CHC13/MeOH 5 (95: 5) The obtained pure product was a
white solid (35 mg, 0.054 nunol, 9%). 8)p (4-CH30H): 4.41, 4. 32 oII

‘B(ﬂé‘g 2y HEh 8. 1%&1%1&%*%@@%9%83@& b, M ChRaRitvD. f 43,

CH- naphthyl) 7.59-7.52 (41-1, in, 4 CH-napht hyI) 7.46-7.42
e%@lﬁiﬁﬂﬁh W(SH- A )in6308 Teﬂqlixﬂrpﬁﬂagﬁﬁ%’éuﬁ%?) 06 2equirgieat1ang stirred

foH@ﬁ%@ﬂﬂ@an‘h&ﬂa g MaRasing, bﬁtﬁé’%@ﬁ@ﬁﬁité‘ﬂ%s@&%&?xﬁbﬁ&hi& 3 mol.
ine, J 13.2 Hz), 1.37 (611

rhyl), (31-1, 10 |soprop
4R FaEES A nlé?%ﬁ%@ég%ég}@%% f&%tt% | ekt e edon of
Ny (T +&3-2dgpd amdsihe hoBynthesisofid3e2' Mmdéguﬁl@&mre to give a yellow
so%é%w@cﬂ%@%%&%% gx%y ‘%ﬁe nyl)] phosphate (CHC7) 15011 OH
according to Stan

Prépared ‘Procedure C4, from 2',
3'-0,0-isopropylidyn-,8-2'-methyl- guanosine

séﬁ@wjmw@th@xwk@mmx%ﬁﬂm PRNaIRL32.Mg 054 MMQb,and
| of a solution 60% of CH3COOH .in water at 90 C for 15 hours. The

cradé? R RS2 R ET T AR S a R RY RSRI G a S B BT Bl I 2
solirsb BT 31 1viedth(A5ib fakowed hywrsSEmipleparativesnBt@. ifhe reduced

taln ure duc a Whlte solid 018 mmol, 31%). Op
pr%) F tg 4. %Zf ?)Hn a4 Clgllf’asg)%% %ylpgﬁa%f&m 118-guanosine),
7.87 (11 1 |n CH -naphthyl), 7 71 (11-1, m, CH-naphthyl), 7.53 (41-1, m, 4

w i z, FEHE EOS ide
el e i

2’(5115‘??F°fﬂéde§’ﬁaﬂ’8§f§é’f %@%’1@% l(%‘?éf W%@W@@&W Vidﬂ? gspfution
6(1% Gﬂ.a]:&"ialaﬁmﬁ)kva%xgaHZ@" 11531k T6d 4@~eiyhasl 08 ¢34, dAder reduced

pressure % cqgea A QM%Qee solid which was consequently purified.

Exampie 1
Synthesis of 4-2°-methyl-adenosine (CHCI)

NH,
N T
4
<Iﬁ

.

HO

O OH

Né-tert-butanoyl- -2 -methyl-2°,3° .5 -tribenzoyl-adenosine (400 mg, 0.590 mmol) was

.added to a solution of MeOH saturated with ammonia, and stirred at rocom iemperature,

After 12 hours the solvent was removed and the obtained solid was purified by cohunn
chromatography in gradient starting with a mixture of CHCl3/MeOH 9:1 then 8:2. The
pure product was obtained as a white solid (120 mg, 0.427 mmot, 72%).

Oy (dg-DMSO): 8.47 (1M, s, HR-adenosine), 8.15 (1H, s, H2-adencsine), 7.30 (14, s,
NHa6-adenosine), 5.95 (1H, s, H1’-adenosine), 5.25-5.21 (3H, m, OH3’-adenosine, OH3’-
adenosine, OH2’-adenosine), 4.12-4.05 (1H, d, H3’-adenosine, /= 8.6 Hz), 3.91 (1H, m,
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29 MS (ES) m/e: 625.3 (MNa+, 100%); Accurate mass:
C26H311\1609NaP required 625.1795, found 6251788. Anal. Calc. for
C26113114609P: C 51.83%, H 5.19%, N 13.95%. Found: C 51.86%, H
5.10%, N 12.04%. 5 Example 8 Synthesis of 2/,

varGOsisopiopylidyn-A2'-methyl-guanosine PCT/GB2007/004480
5'-0-[phenyl(tertbutoxy-L-alaninyl)] p%sphate 10 Prepared according to
Standard Procedure C2, from 2',

H$* Qd@n@ﬁﬂépwbﬂxmﬂ&g Mmethyigbanosnen (120 morB3aRmmel), 0.77 (34, s,
BuMgC1 (0.70 ml, 1M solution in THF, 0.

C%s{%aﬁﬂ%ﬂ%&’éh Mp%ﬁ‘%@én}‘ﬁér%ﬁ&&%?&éﬁ%ﬁﬁi@@ﬁd% brswitsiee):
14N In(IEH F‘A%&'énbamepllﬁm gademmﬂw,dz by €DlWMNC5-adenosine), 90.78

(LT, 1900 g UL is SO TANEON (5L The oo,
C%M@HS@%)S&M(MSQﬁB@déﬁMOBBﬁ 8,202 5p#tBegimhosing) Calc. for
c B 6‘4@5‘73?%%90/ N 343 Maofetd:napa ), ﬁ?%f & Hhon, 4

1d)l—lﬂ naphthyl), 7.49-7.42 (1H, m, CH-naphthyT), 6.07 (1R,

H1'- guanosme) 4.62-4. 40 (41i, m, H3'-guanosine, 20 g- uanosine, 2
EHSgaposine), 3.99-3.86 (1H, m, CHcc), 1.58 (3H, d, CH3-isoprpylidine,

;1= 13,7 Hr?é 1.44 (911, s, 3 C1-13-tert-butyl), 1 38-1.34 (61-1, m

Seaiksstiatine; EH3-UOISIPYRBPRESY 167 (SRt -0 B hand e et hoxy-
LM&@QM@@QQT/GBZOO?/OM%O OH OH

% o, NHC’ <’ILJ

P

O/ \O

..._

0.0

&

Prepared according to Standard Procedure C2, from 2°, 3°-0,0-cyclopentylidyn-£-2°-
methyl-adenosine (60 mg, 0.172 mmol), ‘BuMgCl (0.5 ml, 1M solution in THF, 0.519
mmol) and o~-naphthyl{ethoxy-L-alaninyl) phosphorochloridate (0.5 ml of solution 1M in
THF, 0.519 mmol). The crade was purified by column chromatography, using as eluent
CHCig/'MeOH {95:5). The obtained pure product was a white solid (30 mg, 0.046 mmol,
26%).

Op (d~-CH30H): 4.31, 4.26; 8y (d~CH;0H): 8.19 (1H, s, H2-adenosine), 8.10 (1H, s, H8-
adenosine), 7.88 (IH, m, CH-paphthyl), 7.73 (1}, m, CH-naphthyl), 7.57-7.52 (4H, m,
CH-naphthyl), 7.45-7.43 (1H, m, CH-naphthyl), 6.26 (1H, m, HI -adenosine), 4.56-4.42
(44, m, H4’-adenosine, H3 -adenosine, 2 H5’-adenosine), 4.08 (3H, m, CHa, CHy-ethyl),
2.21-2.09 (2H, m, CHy-cyclopentyl), 1.76-1.71 (6H, m, 3 CHy-cyclopentyl), 1.35 (3H, 4,
CHg-alanine, /= 6.9 Hz), 1.25 (3H, m, CHs-ethyl), 0.95 (3H, s, CH;2’-adenosine).
Synthesis of f-2’-methyi-adenosine 5°-O-[o-naphthyl(ethoxy-L-alaninyl)] phosphate
(CHC2)



10

15

Prepared according to Standard Procedure C4, from 2',
3'-0,0-isopropylidyn-/3-2'-methyl- guanosine
5'-0[a-naphthyl(tert-butoxy-L-alaniny1)] phosphate (24 mg, 0.036 mmol),
and 5 10 nil of a solution 60% of CH3COOH in water. The crude was
vpoinfigghdayegolumn chromatography, using as eluent for thegfirstcezoo7/004480
CHC13/Me0H (85:5) followed by a s {ni-preparative HPLC. The obtained
pure product was a white solid (4 md; 0 018 mmol, 17%). bp (d4-CH3OH):
4.23, 4.10; n (d4-CH30H): 8.20 (1H, m, H8-guanosine), 7.85 (111,
CH-naphthyl), 7.67/(114, m, CH-naphthyl), 7.57 (4H, m, 4 CH-naphthyl),
= , ﬂ) m, CH-nap ), 6.00 (11-1, d, H1'-guanosine),
H3'-g H4'- guanosine), 4.25 (2H, m, 2
4°00-397 (1H, m CHa), 1.47 (9H, s, 3 CH3- tert-butyl),
3-alanipe), }G)/ (3H, m, CH32'-guanosine). Example 9 15
opropylidenel3-2'-methyl-guanosine
alaniny1)1 phosphate WO
F#82007/004480 31 Prepared according to Standard
Procedure C2, fr@ﬁr2'%{-0,0-isopropylidene-,O-Z'- merhyl-guanosine (120
mg, 0.355 mmol), '13uMgC1 (1.0 ml, 1M solution in THF, 1.07 mmol) and
phenyl(benzgxy-L-alaninyl) phosphoroghlmidate (1.0 ml of sqlution 1M in . ..
Prigefie 259 iRol} Rl e Fedhorin KAt %’,ﬂ"m ]
meSGa&eluens SCHGABIMeQh(:1) fallawet) byhsethiipreparativietBiP ko),
The obtained pure product ite solid (40 mg,.,0.061 mmo1, 17%
oo S RGO P Bg A, E R PO TR - 118 o
chibmBatdp)y 7 186783445, for th€ BrpHe (A EBEDEH2§)) FAle8eA 26 (B rpmi-
prBafad H RENEY R %ﬁ@&fﬂé ,?1%%@%3%, mg&%ﬁeqmg; d5oklnfhid) 0%).

.16 (2H, s, CH2-benzyl), 4.67 (1H, d, H3'- 10 guanosine, 1.1 l%é) .
Sp4 (4L %A% HARGuU S0 SIS A0 (AR 4BIGu 3 sife) HE - pOpAsing, HE-
aderid@hel S 3By HIiSaRIORY licingdiB3) (34 (1 CiB-isgpiapylmielH,

e R S

 4.phaspshalie, 15 (BHE) o, @K ~adenosine), 4.30 (1H, m, H5’-adenosine), 4.02-3.99

(3H, m, CHa, CHy-ethyl), 1.37 (3H, m, CHs-alanine), 1.27 (3H, m, CHs-ethyl}, 0.95 (GH,
s, CH;-2’-adenosine).

MS (ES) m/e: 609.2 (MNa', 100%); Accurate mass: CosHsN:OsNaP required 609.1846,
found 609.1839.

Example 3
Synthesis of 2°, 3°-0,0-cyclopentylidyn-f-2'-methyl-adenosine 5’-O-[phenyl(benzoxy-
L-alaninyl}] phosphate
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Prepared according to Standard Procedure C4, from 2',

3'-0,0-isopropylidene-i3-2'- methyl-guanosine

5'-0-[phenyl(benzoxy-L-alaniny1)] phosphate (40 mg, 0.061 mmol), 20 and

10 ml of a solution 60% of CH3C001-1 in water at 90 C for 15 hours. The
vosudesiwasapurified by column chromatography, using as elgentdandheofirsto
CHC13/MeOH (85:5) followed by a semi-preparative HPLC. The obtained
pure product was a white solid (15 mg, 0.024 mmol, 40%). O
(d4-CH30H): 4.27 -4 \l} SH (d4-C1430H): 7.92 (1H, d, H8-guanosine, ,J=
8.3 Hz), 7.3725 7.4 1, m, 2 CH-phenyl, 3 CH-benzyl), 7.25-7.18 (5H,
m, 2 CH-benzyl, 3 GH=phenyl), WO 2008/062206PCT/G B2007/004480
32 5.96 (11-1, d, HY"- -guanosine, J= 2.3 Hz), 5.15 (2H, s, CH2-benzyl),

A ' e Ha'- -guanosine), 4.33-4.28 (IH, m,

n, H5'- g,uanosine), 4.08-3.93 (11-i,

methyl-guanosin&-#86#mg, 0.385 mmol), ‘BuMgC1 (0.96 ml, 1M solution

in THE, 0.96 min&-apd’a-naphthyl(methoxy-L-alaninyl)

phosphorochloridate (8.96 ml of solution 1M in THF, 0.96 nunol). The

crude was purified\by.Ccolumn chromatography, using as eluent 15
CHC13/Me0H (97:3). The obtained pure product was a white solid (26 mg,
0.041 mmol, 11%). 81. (d4-CH3O0H): 4.51, 4.45; ki (d4-CH301-1): 8.21
Preppred, wsogim&égw%mm Fqedre {27 @91(11|2|’ M, -Crirvapletrply g 4-2°-

mbfi- E&e&ﬁlﬂ@w@ﬂ @ 88-hrpd{ M uM e 1Ghis nanht)ofud8a/id T 0.345
mCHnaér%rg 91HdH1 uanosine", T= 74HQ)93?46320 1Hd

3t G lsf@@iw&% Aoyl phowharodierigatindsiaay #hgetop 1M
in(2HF 10,345 'gianNSIRE kirddd 2vés Qor{AH, B9, cCldah &ﬁﬁr@bgrébhy, usmg as eluent

cHEDR S SRR el o
24%5)7.2 Hz), 1.05 (3H, d, CH3-2'-guanosine, ..r= 7.0 Hz).

8p (d~CH;0H): 4.34, 4.18; 85 (d~CH;0HM): 8.50 (1H, s, H2-adenosine}, 8.17 (1H, s, H8-
adenosine), 7.90 (1H, m, CH-naphthyl), 7.71 (1H, m, CH-naphthyl), 7.69 (1H, CH-
benzyl), 7.55-7.50 (3H, m, CH-naphthyl, 2 CH-benzyl), 7.42-7.27 (6H, m, 4 CH-naphthyl,
2 CH-benzyl), 6.25 (1H, d, Hi’-adenosine), 5.10 (2H, s, CHy-benzyl), 4.61 (1H, m, H3’-
adenosine), 4.41 (1H, m, H4’-adenosine), 4.15 {(1H, m, CHa), 3.95 (1H, m, H5 -adenosine,
J= 122 Hz), 3.85 (1H, m, H5-adenosine, J= 12.2 Hz), 2.12-2.03 (2H, m, CHy-
cyclopentyl), 1.79-1.72 (6H, m, 3 CHe-cyclopentyl}, 1.37 (3H, d, CHs-alanine, J= 7.2 Hz},
0.89 (3H, s, CH3-2’-adenosine).

Synthesis of -2’ -methyl-adenosine 5’-O-{o-naphthyl{benzoxy-L-alaninyl)] phosphate
(CHC3)
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WO 2008/062206PCT/GB2007/004480 33 Prepared according to
Standard Procedure C4, from 2', 3'-0,0-isopropylidene-16-2'-
methyl-guanosine 5'-0-[a-naplithyl(methoxy-L-alaniny1)] phosphate (26
mg, 0.041 5 nurtol), and 10 ml of a solution 60% of 013COOH in water at
vap B LBshours. The crude was purified by column chronratoguegphype44se
using as eluent for the first CHC13/MgOH (92:8). The obtained pure
product was a white solid (4.1 mg, 0.007 mmol, 17%), 5p (c/4-C1-130H):
4.35, 4.26; SH (de OH): 8.20 (1H, d, H8-guanosine, dr---= 5.8 Hz),
7.91- 7.87 (2H, in@aphthyl) 7.70 (1H, in, CH-naphthyl), 7.58-7.52
(3H,m,3CH-10n hyl), 7.50-7.41 (1H, m, CH-naphthyl), 5.93 (IH, s,
H1'- guanosme)o4,5(8 -4.56 (2][\1’% H3'-guanosine, H4'-guanosine),
29-4.21 (2H H59 uanosing), 4.06-4.03 (1H, in, CHa), 3.56 (3H, d,
zi {8H, d, CH3-alanine, 1= 7.4 Hz), 1.00
}guanos |= 1; 4 Hz). 15 Example 11 Synthesis of 2',

)

3'-0,0-isopropylid ‘- methyl-guanosine (140 mg, 0 415 nunol),
"13uMgCl1 (1.04 m 1M solution in TI-IF, 1.04 mmol) and
phenyl(methoxy-L-alanirtyl) phosphorochloridate (1 04 ml of solution 1M in

Prafarell Fe BP0k L6 grude.was pusifigd By £olamn ShromMIaraRY. 2.2

using as eluent CHC13/MeOH (97:3). The obtained pure product was a
mwhyﬂeagg}m;@ é]gOdmgpﬁﬁhyg] egl;g}cy-»L alaninyi)] phosphate (30 mg, 0.036

mmoi), and 10 ml of a solution 80% of HCOOH in water. The crude was punﬁed by
columm chromatography, using as eluent for the first CHCl;/MeOH (95:5) followed by a
semi-preparative HPLC. The obtained pure product was a white solid (5 mg, 0.008 mmol,
21%).

Sp (de-CHOH): 4.25, 4.14; 8uy (d~CH3;0H): 8.04-7.95 (3H, m, H2-adenosine, H8-
adenosine, CH-naphthyl), 7.68 (1H, m, CH-naphthyl), 7.48 (1Y, m, CH-naphthyl), 7.32-
7.23 (3H, m, CH-naphthyl, 2 CH-benzyl), 7.16 (1H, m, CH-naphthyl), 7.05 (6H, m, 3 CH-
naphthyl, 3 CH-benzyl), 5.88 (1H, d, Hl’-adenosine, J= 2.9 Hz), 4.85-4.65 (2H, m, CHa-
benzyl), 4.37-4.35 (2H, d, H3’-adenosine, H4 -adenosine), 4.06 (2H, m, H5 -adenosine),
3.88-3.83 (1H, m, CHw), 1.35 3H, m, C}iﬁ—aianine), 0.88 (3H, s, CH;-2"-adenosine).

MS (E5) m/e: 671.2 (MNa", 100%); Accurate mass: Cz;HasNgOgNaP required 671.1990,
found 671.1995.

Example 4
Symthesis of 2°, 3°-0,0-cyclopentylidyn-£-2’-methyl-adenosine 5°-0O-[phenyl{rers-
butexy-L-alaninyl)] phosphkate
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6e (d4-CH30H): 4.09, 3.91; 611 (d4-CH30OH): 7.88, 7.80 (1H, d,
H8-guanosine), 7.41-735 5 (2H, m, CH-phenyl), 7.30-7.20 (3H, m, 3
CH-phenyl), 6.14 (11-1, d, H1'-guanosine, J= 11.8 Hz), 4.69 (1H, d,
H3'-guanosine, J.= 2.9 Hz), 4.49-4.39 (3H, m, H4'-g-uanosine, H5'
voplanesine)s 4.04-3.99 (11-1, m, CHa), 3.70 (31-1, d, CH3-methwsds /004480
12.71-14, 1.63 (3H, d, CH3-isopropd£Q|ne J= 2.3 Hz), 1.44 (3H, d,
CHS3-alanine, J= 3.1 Hz), 1.41 (3H, d, CH3- isopropylidine, J= 6.8 Hz),
1.10 (3H, d, CH3-2'+guanosine, J= 6.5 Hz). 10 Synthesis of
fI-r-metbyI-guar@s«ZQ;E'-O-[p réyl(methoxy L-alaninyl)] phosphate
CHC11). 15 Pfepared accor mg to Standard Procedure C4, from 2/,
@’o -isopropylidene-,6; l-g,uanosine
fher yl(mgthoxy A aI myj)] phosphate (21 mg, 0.036 mmol), and 10
5 soJlIPyon 60% of &H3CWOH in water at 90 C for 15 hours. The
chdde was parified ly_column chromatography, using as eluent for the first
CHC13/MeOH (82:8). THe obtained pure product was a white solid (7.0
mg, 0 013 mmol ,}' 20 81, (4-CF130H): 4.15, 3.90; On (drCH30H):
8.96 (1H, br, H8-g-u&nosine), 7.40-7.35 (2H, m, CH-phenyl), 7.29-7.20
(31-1, m, 3CH-p , 6.08 (1H, d, H1' -g-uanosine, J.= 8.5 Hz),
4.55-4.49 (2H, m, H3'-guanosine, 114'-guanosine), 4.26 (1H, m,
115'guanosine), 4.17-4.11 (1H, m, H5'-guanosine), 4.00-3.97 (11-1, m,

é}:la'é)i Beb3ARbL 18, s@éﬁéameiﬁba/éeémllji 2l 86 (3, d. c@é“@pﬁﬁm&‘ﬁa B2
7.1 Hz), 1.41 (3H, d, CH3- |soPrq ylidinge, J= 6. 8 Hz), 1.14 25d

m@%ﬁéﬂé‘ﬂ@%&éﬁem& 48 BppD 16655 58P &Yy lssen Hobiksd-51
ﬁ%lﬁ&ﬁh@ﬁmgwﬂs@d@ t@a@h@%mgmeamlme@cmgmsoimn IM

s1to ectivel ted or its potenc h respect to
i T D BT Ay o BT Mot ER By RBHy Lo
CIEENgMAGHL 7T%¢ells Thatdiningdpbgenoduid WE\areplicondid (27 mg, 0.039 mmol,
21 891uc-ubi-neo/NS3-375.1 (Huh 5-2) or 13771NS3-3Vwt (Huh 9-13)
ve been described (Lohman') V, Korner F, Koch J, Herian U, Theilmann

SPKdBQiiﬁeﬁéﬁhf’aﬁér‘Wg(M}'ﬁ@p@éEﬂ@ﬂ bf Bilbeeordernepatiths1a (iHis. HS-

adEﬂélétﬁebﬁ agepaioma eeldingissienes 10285 110:113qL00manm o (41, m,
Korner F, Dobierzewska A, Bartenschlager?gzg(Ej 001) Mutations in

CHEERANS Vifds RNAS L SRérrediaiitire 408ptEhdh. FRAREFmR, f437440
(4H449 . HCallsnveare, g&ewmaﬁ@mﬂ@ecmsmmiee)mghe@mmlmm&ﬁ}MEeMz.zz
|bco erel eke elgi ent ith 10% heat-inactivat tal
i S ) NGl S i e NSIRES AR 18 CHE © CHfcers

buiydh- egééﬁﬂaﬂaﬁiri{@@lamls {6 m&éizﬂO@@@&YmiCIS-@endaﬂml(@)bco)
100streptomycin (Gibco) and 250 pg/ml Geneticin (0418, Gibco) for Huh
5-2 cells, 1000 pg/m1 0418 for Huh 9-13 cells Anti-HCV assay in Huh 5-2
Syadhesibuhos-2 édellsdhyisedapeding a deniditporpiihogaebweninaalaniny)]
pHIRPHG € Wiere ffeated white 96-well view plate (Packard, Canberra,
Canada) in 20 complete DMEM supplemented with 250 p.g/m1 0418.
Following mcubat/%[or 24 h at 37C (5% CO2) medium was removed and
seqial dilutions i complete DRFEM (without 0418) of the test compounds
add total quuM 100 pl. After 4 days of incubation at 37C,
uIture eduﬂn was rfeﬂ; and luciferase activity was determined
aﬁ} y- Glo lug) ssay system (Promega Leiden The 25

luciferase signal bﬁSOﬁ%I

%, -U
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Anti-HCV assay in Huh 9-13 cells. 30 Huh 9-13 cells were seeded at a

density of 5 x 103 cells per well in 96-well cell culture plates in complete

DMEM supplemented with 1000 pg/m1 0418. Following incubation for 24

h at 37C cell culture medium was removed and serial dilutions of the test
wompeundssin complete DMEM without 0418 were added inajteigdovolsanes

of 100 pl. After 4 days of WO 2008/%2206PCT/G82007/OO44 036

incubation at 37C, cell culture fluid was removed and monolayers were

prgfgm&%?&agi% Phosphate:bulferedsalins, Cell Sgwa,%ﬂxgr%gﬂ&%éﬂﬁﬂmn

T buffer (Qiagen, Venlo, The Netherlands) according to
mffatadaserier s Shtrisctoph by dviers btoleaduat I obosrtdu e mge 05139

mﬁ&?g RER) AP AL s SREGP &R, reacionsaNaIner 1 4RPLoaxd CaioNifed by

buffer (Eurogentec, Seraing, Belgium), 6.3 pl H20, 5 p.1 total cellular RNA

CORKR PRI ARt RRHGHL oaribeHtiE - SHnés 3D P nmblllowed by 2

seheqrigwartbpimer [5:.CeaCHAGKL IR Ga GATTG3]d3008m0lii 6 mmol,

4ig0-reverse primer [5'-CCA GAT CAT CCT GAT CGA CAA 0-31, 300 10
inol/L neo-probe [5'-FAM-ACA TCG CAT CGA GCG AGC ACG

SpT Al-TAJARA-3]201 fan#HubsmendEatibles. 3068 rifofs il TR; fofivadenprimer H3-

AR CES AR L LIRS G AT com
mAGEREPRE00 A8 L TR Grobre Pl T GEL TCH GBI CE6-6TE2E,
4 ABTAGAGEC HAMRA L The R step was perornsd A #8615 H0r 301y,

minutes, 15 minutes at 95C and subsequent PCR amplification of 40

1.896188 dddmatinaidh ard4E%on20 Dafld Arhe dlifdand@knersivh
at 60C for 1 minute in an ABI 7000 sequence detector. The 50% effective

Econcgnération (EC50) was defmed as the concentration of compound that
FAMIERD replicon RNA content by 50%. 20 The results in terms of HCV

S3n@Reipdd A0t GO0 ghsrag VERITST able | below. In Table I: A refers to
9-linked adenine, Cbrefers to 9-linked guanine, Nap refers to 1-naphthyl (-
25 C10H9), Ph refers to phenyl (-C6H5), Et refers to ethyl (CH3CH2-), Bn
refers to be H2-), t-Bu refers to tertiary butyl ((CH3)3C-) and
Me refers t(Z/met yl (CH3-). WO 2008/062206PCT/GB2007/004480 37
Table Compgundifasend,

HG

OH OH

N2-acetyl- /-2 -methyl-2°,3° 5 -tribenzoyl-guanosine (1.42 g, 2.18 mmol) was added to 2
solution of MeOH saturated with ammonia, and stirred at room temperature. After 12
hours the solvent was removed and the obtained solid was pwified by column
chromatography using as eluent a mixture of CHCL/MeOH 8:2. The pure product was
obtained as a white solid (565 mg, 1.90 mmoi, §7%).

Oy (ds-DMSQO): 10.52 (1H, s, NH1-guanosine), 8.48 (1H, s, H8-guanosine), 6.52 (2H, s,
NH;2-guanosine), 5.73 (IH, s, H1’-guanosine), 5.24 (IH, d, OH3’-guanosine, J= 6.3 Hz),
511 (1¥, m, OHS’-guanosine), 5.03 (1H, s, OH2 -guanosine), 3.97 (1H, m, H3’-
guanosine), 3.85-3.79 (2H, m, H4’, HS -guanosine), 3.66 (1H, d, H5 -guanosine, /= 12.2
Hz), 0.81 (3H, s, CHs-2"-guanosine); d¢ (de-DMSO): 156,72 (1C, C6-guanosine), 153.68
(1C, C2-guanosine), 150.77 (1€, C4-guanosine), 135.07 (1C, C8-guanosine), 116.38 (1C,
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R3 HCV Huh 5-2 EC50/uPti HCV Huh 9-13 EC50/uM CC50/gM  0.14
29 CHCI A 0.08 >33

WO 2008/662206 PCT/GB2007/604480
26

C5-guanosine), 90.10 (1C, Cl’-guanosine), 82.30 (1C, C3’-guanosine), 78.52 (1C, C2’-
guanosine), 71.63 (1C, C4’~guanosine), 59.40 (1C, C5’-guanosine), 19.96 (1C, CHz-2"-
guanosine).

MS (BS) m/e: 320.2 (MNa", 100%); Accurate mass: Cy;HysNsOsNa required 320.0968,
found 320.0971.

Example 6
Symthesis of 2°, 3'-0,0-isopropylidyn-f-2 -methyl-gaanosine 5°-O-[phenyl(benzoxy-
L-alaniny?)] phosphate

&
S

Prepared according to Standard Procedure C2, from 27, 3°-0,0-1sopropylidyn- £-2"-methyl-
guanosine (170 mg, 0.503 mmol), BuMgCl (1.0 ml, 1M solution in THF, 1.006 mmol) and
a-naphthyl{benzoxy-L~alaninyl) phosphorochloridate (1.0 m! of solution IM in THF,
1.006 mmol). The crude was purified by column chromatography, wsing as eluent
CHCI3/MeQOH (95:5). The obtained pure product was a white solid (70 mg, 0.098 mmaol,
19%;).

Op (d~CHsOH): 4.53, 4.40; &g {d,-CH50H): 8.28 (1H, s, H8-guanosine), 7.84 (1H, m, CE-
naphthyl), 7.77-7.71 {1H, m, CH-benzyl), 7.55-7.49 (4H, m, 2 CH-naphthyl, 2 CH-benzyl),
7.44-7.29 (6H, m, 4 CH-naphthyl, 2 VC}Iwbenzyi), 6.06 (1H, d, H1 -puanosine), 5.10 (2H, s,
CHz-benzyl), 4.59 (1}, m, H3’-guanosine), 4.52-4.45 (1H, m, H4’-guanosine), 4.34 (2H,
H5’guanosine), 4.14 (1H, m, CHa), 1.59 (3H, d, CHj-isopropylidine, J= 10.4 Hz), 1.37
(6H, d, CHs-alanine, CHs-isopropylidine), 0.99 (3H, d, CH,-2 ~guanosine, J= 20.11 Hz).

Synthesis of f2’-methyb-guanosine 5°-O-[a-naphthyl(benzoxy-L-alaninyl)] phosphate
(CHC6)
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Prepared according to Standard Procedure C4, from 2°, 3°-0,0-isopropylidyn-£-2"-methyl-
guanosine 57-O-[o-naphthyl{benzoxy-L-alaninyl}] phosphate {70 mg, 0.098 mmol), and 10
ml of a solution 60% of CH:COOH in water at 90° C for 15 hours. The crude was purified
by column chromatography, using as eluent for the first CHCly/MeOH (85:5) followed by
a semi-preparative HPLC. The obtained pure product was a white solid (12 mg, 0.018
mmol, 18%).

Sp (d~CH3OH): 4.25, 4.14; 8 (d~CHaOH): 8.17 (1H, m, HS-guanosine), 7.88 (1H, m,
CH-naphthyl), 7.79 (1H, m, CH-naphthyl}, 7.53 (2H, m, CH-naphthyl, CH-benzyl), 7.42-
7.40 (1H, m, CH-naphthyl), 7.36-7.21 (7H, m, 3 CH-naphthy!, 4 CH-benzyl}, 6.05 (1H, 4,
H1’-guanosine, J= 8.4 Hz), 5.15-4.90 (2H, m, CHy-benzyl), 4.58-4.49 (2H, d, H3’-
guanosine, H4’-guanosine), 4.44-4.34 (2H, m, H5 -guanosine}, 4.17-4.11 (1H, m, CHa},
1.37 (3H, m, CHs-alanine)}, 1.00 (3H, s, CH3-2’-guanosine).

MS (ES) m/e: 687.2 (MNa", 100%); Accurate mass: CsHssNgOoNaP required 687.1954,
found 687.1944.

Example 7
Synthesis of 2°, 3'-0,0-isopropylidyn-5-2’-methyl-guanesine 5°-O-{phenyl(ethoxy-L~-
alaninyll] phosphate

o

]
m ,\({O /{NfNH

N0, NH
/ o N N’ANHZ
. O/ Q

O\

OO
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Prepared according to Standard Procedure C2, from 2°, 3°-0,0-isopropylidyn-£-2°-methyl-
guanosine (220 mg, 0.652 mmol), BuMgCl (1.3 ml, 1M solution in THF, 1.30 mmol) and
a-naphthyl(ethoxy-L-alaninyl) phosphorochloridate (1.3 m! of solution 1M in THF, 1.30
mrnol). The crude was purified by columm chromatography, using as eluent CHCl/MeOH
(95:5). The obtained pure product was a white solid (35 mg, 0.054 mmol, 9%).

dp (ds~CHOH): 4.41, 4.32; &y (d-CHaOH): 8.18 (1H, s, H8-guanosine), 7.88 (1H, m, CH-
naphthyl), 7.73 (1H, m, CH-naphthyl), 7.59-7.52 (4H, m, 4 CH-naphthyl), 7.46-7.42 (1H,
m, CH-naphthyl), 6.08 (1H, d, HI’-gnanosine), 4.62-4.40 (4H, m, H3 -guanosine, H4’-
guanosine, H5 guanosine), 4.11-4.09 (3H, m, CHa, CHjyethyl), 1.59 (3H, & CHi-
isopropylidine, J= 13.2 Hz), 1.37 (6H, m, CHs-alanine, CHs-isopropylidine), 1.20 (3H, m,
CHs-ethyl), 1.00 (3H, m, CH;-2 ~guanosine).

Synthesis of f-2'-methyl-guaposine 5°-O-[a-naphthyi(ethoxy-L-alaninyl)] phosphate
(CHCT)

OH OH

Prepared according to Standard Procedure C4, from 27, 3°-0,0-isopropylidyn-£-2°-methyl-
guanosing 5°-O-fo-naphthyl(ethoxy-L-alaninyl)} phosphate (35 mg, 0.054 mmol), and 10
ml of a solution 60% of CHaCOOH in water at 90° C for 15 howrs. The crude was purified
by column chromatography, using as eluent for the first CHCly/MeOH (85:5) followed by
a semi-preparative HPLC. The obtained pure product was a white solid (10 mg, 0.018
mmol, 31%).

8p (d,-CHsOH): 4.25, 4.14; 8y (d~-CHaOH): 8.18 (1H, m, H8-guanosine), 7.87 (1H, m,
CH-naphthy!), 7.71 (1H, m, CH-naphthyl), 7.53 (4H, m, 4 CH-naphthyl}, 7.51-7.40 (1H,
m, CH-naphthy?), 5.93 (14, d, HI -guanosine), 4.62-4.57 (2H, m, H3’-guanosine, H4’-
guanosine), 4.24 (2H, m, H5’ guanosine), 4,03;3.98 (3H, m, CHo, CHo-ethyl), 1.31 (3H, 4,
CHs-alanine, /= 7.9 Hz), 1.15 (3H, m, CHs-ethyl), 1.60 (3H, m, CHs-2’-guanosine}.
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MS (ES) m/e: 625.3 (MNa', 100%); Accurate mass: CosHa NgOoNaP required 625.1795,
found 6251788.

Anal. Cale. for CougHailNaOoP: € 51.83%, H 5.19%, N 13.95%. Found: C 51.86%, H
5.10%, N 12.04%.

Example 8
Systhesis of 2°, 3°-0,C-isspropylidyn-f-2°-methyl-guanosine 5-O-Iphenyi(fers-
butoxy-L-alaninyl}] phesphate

A N7 NH,
] O-
oL

Prepared according to Standard Procedure C2, from 2°, 3°-0,0-isopropylidyn-£-2°-methyl-
guanosine (120 mg, 0.355 mmol), ‘BuMgCl (0.70 ml, 1M solution in THF, 0.711 mumol)
and o-naphthyl{tert-butoxy-L-alaninyl} phosphorochloridate (0.70 ml of sohttion 1M in
THF, 0.711mmol). The crude was purified by colunm chromatography, using as eluent
CHCl/MeOH (95:5). The obtained pure product was a white solid (24 mg, 0.036 mmol,
10%).

&p (d~CHaOH): 4.41, 4.32; 8y (d~CH30H): 8.20 (1H, s, H8-guanosine), 7.89 (1H, m, CH-
naphthyl), 7.73 (1H, m, CH-naphthyl), 7.59-7.54 (4H, m, 4 CH-naphthyl), 7.49-7.42 (11,
m, CH-naphthyl), 6.07 (1H, 4, H1 -guanosine), 4.62-4.40 (4H, m, H3 -guanosine, H4 -
guanosine, 2 H5 guanosine), 3.99-3.86 (1H, m, CHe), 1.58 (3H, d, CHs-isoprpylidine, J=
13.7 Hz), 144 (9H, s, 3 CHz-fert-butyl), 1.38-1.34 (6H, m, CHs-alanine, CHa-
isoprpylidine), 1.01 (3H, m, CH32’-guanosine).

Synthesis  of AL -methyl-guanosine  5°-O-[o-naphthyliers-butoxy-L-alaninyl}]

phosphate (CHCS)
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Prepared according to Standard Procedure C4, from 27, 3°-0,0-isopropylidyn-£-2’-methyl-
guanosine 5°-O-[or-naphthyl(feri-butoxy-L-alaninyi)} phosphate (24 mg, 0.036 mmol), and
10 ml of a solution 60% of CH:COOH in water. The crude was purified by column
chromatography, using as eluent for the first CHCl/MeOH (85:5) followed by a semi-
preparative HPLC. The obtained pure product was a white solid (4 mg, 0.018 mmol, 17%).
Sp (dCHaOH): 4.23, 4.10; 8n (d~CH3OH): 8.20 (1H, m, H8-guanosine), 7.85 (1H, m,
CH-naphthyl), 7.67 (1H, m, CH-naphthyl), 7.57 (4H, m, 4 CH-naphthyl), 7.53-7.43 (1H,
m, CH-naphthyl), 6.00 (1H, d, H1’-guanosine), 4.61-4.55 (2H, m, H3"-guanosine, H4’-
guanosine), 4.25 (2H, m, 2 H5’ guanosine), 4.00-3.97 (1H, m, CHay), 1.47 (OH, s, 3 CHs-
tert-butyl), 1.36 (3H, m, CHz-alanine), 1.00 (3H, m, CH32’-guancsine).

Example &
Synthesis of 27, 3°-0,0-isopropylidene-F2’-methyl-guanosine 5°-O-[phenyl(benzoxy-
Lialaninyl)] phosphate

O 0
o N NH
et -
NH
O/O;P\’ N N//I\NH2

18]

/O\

0. 0O
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Prepared according to Standard Procedure C2, from 2°, 3°-0,0-isopropylidene-f£-2’-
methyl-guanosine (120 mg, 0.355 mmol), ‘BuMgCl (1.0 ml, 1M solution in THF, 1.07
mimol} and phenyl{(benzoxy-L-alaninyl) phosphorochloridate (1.0 ml of sohution 1M in
THF, 1.07 mmo?). The crude was purified by column chromatography, using as eluent
CHCly/MeQOH (9:1) followed by semi-preparative HPLC. The obtained pure product was a
white solid (40 mg, 0.061 mmol, 17%).

Sp (d~CHaOH): 4,63, 4.37; 65 (d-CHsOH): 7.85 (1H, 4, H8-guanosine, J= 5.7 Hz), 7.36-
7.34 (5H, m, 2 CH-phenyl, 3 CH-benzyl), 7.33-7.26 (5H, m, 2 CH-benzyl, 3 CH-phenyl},
6.02 (1H, d, Hl’-guanosine, J= 11.4 Hz), 5.16 (2H, s, CHy-benzyl), 4.67 (1H, d, H3"-
guanosine, J= 1.1 Hz), 4.54-4.43 (1H, m, H4 -guanosine), 4.31 (ZH, H5 guanosine), 4.10
(1H, m, CHe), 1.61 (34, s, CHz-isopropylidine), 1.53 (3H, s, CHs-isopropylidine), 1.39
(3H, 4, CHs-alanine, J= 8.4 Hz), 1.00 (3H, s, CH3-2’-guanosine).

Synthesis of f2’-methyi-gnanosine 5°-O-[phenyl (benzoxy-L-alaninyl)] phosphate
{(CHC9)

Prepared according o Standard Procedure C4, from 2°, 3°-0,0-isopropylidene-£-2’-
methyl-guanosine 5°-O-[phenyl(benzoxy-L-alaninyl)} phosphate (40 mg, 0.061 mmol),
and 10 ml of a solution 60% of CH;COOH in water at 90° C for 15 hours. The crude was
purified by colummn chromatography, using as eluent for the first CHCly/MeOH (85:5)
followed by a semi-preparative HPLC. The obtained pure product was a white solid (15
mg, 0.024 mmol, 40%).

dp (d-CH30H): 4.27, 4.10; 6y (d-CHAOH): 7.92 (1H, d, H8-guanosine, J= 8.3 Hz), 7.37-
7.29 (51, m, 2 CH-phenyl, 3 CH-benzyl), 7.25-7.18 (5H, m, 2 CH-benzyl, 3 CH-phenyl),
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5.96 (1H, d, H1’-guanosine, J= 2.3 Hz), 5.15 (2H, s, CHy-benzyl), 4.43-4.35 (ZH, m, H3"-

guanosine, H4 -guanosine), 4.33-4.28 (1H, m, H5'-guanosine), 4.24-4.19 (1H, m, H5’-

guanosine), 4.08-3.93 (1H, m, CHw), 1.35 (3H, m, CHs-alanine), 1.24 (3H, 5, CHs-2"-

guanosine).

Example 10
Synthesis of 2°, 3°-0,0-isopropylidene-F2-methyl-guanosine 5°-O-[phenyi{methoxy-
L~alaninyD} phosphate

Prepared according to Standard Procedure C2, from 2°, 3°-0,0-isopropylidene-£-2°~
methyl-guanosine (130 mg, 0.385 mmol), BuMegCl (0.96 ml, IM solution in THF, 0.96
mmol} and a-naphthyl{methoxy-L~alaninyl) phosphorochloridate {0.96 ml of solution 1M
in THF, 0.96 mmol). The crude was purified by column chromatography, using as eluent
CHCl/MeOQH (97:3). The obtained pure product was a white solid (26 mg, 0.041 mmol,
11%).

Sp (d-CHsOH): 4.51, 4.45; 6 (d-CH;0H): 8.21 (1H, d, HE-guanosine, J= 7.5 Hz), 7.91-
7.89 (1H, m, CH-paphthyl), 7.73 (1H, m, CH-naphthyl), 7.58-7.53 (4H, m, 4 CH-
naphthyl), 7.48-7.45 (1H, m, CH-naphthyl), 6.09 (1H, d, H1 -guanosine, /= 7.4 Hz}, 4.63
(1H, d, H3 -guanosine, J= 3.0 Hz), 4.57-4.53 (2H, m, H4 -guanosine), 4.43-4.41 (2H, m,
H5 guanosine), 4.12-4.05 (1H, m, CHa), 3.62 (3H, d, CHz-methyl, J= 10.1 Hz), 1.59 (3H,
d, CHs-isopropylidine, J= 7.9 Hz), 1.40 (3H, d, CHs-alanine, /= 3.4 Hz), 1.35 (3H, d, CH;-
isopropylidine, J= 7.2 Hz}, 1.05 (3H, d, CH3-2’-guanosine, J= 7.0 Hz).

Synthesis  of  f2-methyl-guancsine  5-O-[o-naphthyl{methoxy-L-alaninyl)]
phosphate (CHC10)
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Prepared according to Standard Procedure C4, from 2°, 3°-0,0-iscpropylidene-f-2°-
methyl-guanosine 5°-0-[a-naphthyl(methoxy-L-alaninyl}] phosphate (26 mg, 0.041
5 mmel), and 10 ml of a sohution 60% of CHz;COOH in water at 90° C for 15 hours. The
crude was purified by column chromatography, using as eluent for the first CHCl:/MeOH
(92:8). The obtained pure product was a white solid (4.1 mg, 0.007 mmol, 17%).
Sp (d~CH3;0OH): 4.35, 4.26; 6p (d-CHzOH): 8.20 (1H, 4, H$-guanosine, J= 5.8 Hz), 7.91-
7.87 (2H, m, CH-paphthy!), 7.70 (1H, m, CH-naphthyl), 7.58-7.52 (3H, m, 3 CH-
10 naphthyl), 7.50-7.41 (1H, m, CH-naphthyl), 5.93 (1H, s, H1’-guanosine), 4.58-4.56 (2H,
m, H3’-guanosine, H4 -guanosine), 4.29-4.21 2H, m, H5 guanosine), 4.06-4.03 (1H, m,
CHa), 3.56 (3H, d, CHz-methyl, J~ 1.7 Hz), 1.31 (3H, 4, CHj-alanine, J= 7.4 Hz), 1.00
(3H, d, CH;-2"-guanosine, J= 12.4 Hz).

15 Example 11
Synthesis of 2°, 3°-0,0-isopropylidene-§-2’-methyl-guanosine 5'-O-{phenyl(methoxy-
I-alaninyl)] phosphate

CY S o
o N NH
Srrakesd

20 Prepared according to Standard Procedure C2, from 2°, 3’-0,0-isopropylidene-f3-2°-
methyi-guanosine (140 mg, 0.415 mmol), "BuMgCl (1.04 ml, IM solution in THF, 1.04
mmol) and phenyl{methoxy-L-alaninyl} phosphorochloridate (1.04 ml of solution IM in
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T Dl run b -k MBlography, using as chient
aple OW S t the
CHL TSR, G S P E B e LB TR e (o G936 vl

9%derms of formula | above, with in each case Z=H and Q = 0. 5 Table Il

5p COTPROUAE. X ¥ '3 91. 5y (d-CHLOH): 7.88, 7.80 (1H, d, H8-guanosine), 7.41-7.35
(2H, m, CH-phenyl), 7.30-7.20 (3H, m, 3 CH-phenyl}, 6.14 (1H, d, HI -guanosine, /= 11.8
Hz), 4.69 (1H, d, H3'-guanosine, J= 2.9 Hz), 4.495-439 (3H, m, H4’-—guanosine,
H5* guanosine), 4.04-3.99 (1H, m, CHe, 3.70 (3H, d, CHz-methyl, J= 12.7 Hz), 1.63 (3H,
d, CHs-isopropylidine, J= 2.3 Hz), 1.44 (3H, d, CFlz-alanine, J= 3.1 Hz), 1.41 (3H, d, CHs-
isopropylidine, /= 6.8 Hz), 1.10 (3H, d, CHs-2’-guanosine, /= 6.5 Hz).

Synthesis of f-2'-methyl-geanosine 5°-O-[phenyl(methoxy-I-alanioyl)] phesphate
(CHC11).

M
o © O
0y K oA,
/4
O nH <N:ka
e N7 NH,
"%
O
OH OH

Prepared according to Standard Procedure C4, from 2°, 37-0O,0C-isopropylidenc-f-2°-
methyl-guanosine 5°-O-[phenyl(methoxy-L-alaninyl)] phosphate (21 mg, 0.036 mmol},
and 10 mi of a solution 60% of CH3;COOH in water at 90° C for 15 hours. The crude was
purified by column chromatography, using as eluent for the first CHCly/MeOH (92:8). The
obtained pure product was a white solid (7.0 mg, 0.013 mmol, 36%).

8p (ds~CHIOH): 4.15, 3.90; 8 (d-CHaOH): 8.96 (11, br, H8-guanosine), 7.40-7.35 (2H,
m, Ciinphﬂnyl), 7.29-7.20 (3H, m, 3 CH-phenyl), 6.08 (1H, d, H1 -guanosine, J= 8.5 Hz),
4.55-4.49 (2H, m, H3 -guanosine, H4’-guanosine), 4.26 (1H, m, H5 guanosine), 4.17-4.11
(1M, m, F5’-guanosine), 4.06-3.97 (1H, m, CH), 3.73 (3K, d, CHs-methyl, J= 11.1 Hz},
1.36 (3H, d, CHz-alanine, J= 7.1 Hz), 1.41 (3H, d, CHz-isopropylidine, /= 6.8 Hz), 1.14

T. T,

(3H, d, CH3-2’-guanosine, J= 4.9 Hz}.
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Each of compounds CHCI to CHC9, as prepared according to Examples 1 to 11,

respectively, was tested for its potency with respect to HCV.
The anti-HCV assays employed were:

Anti-FICV assay in Huh 7 cells. Huh 7 cells containing subgenomic HCV replicons
Ingoluc-ubi-neo/NS3-3°/5.1 (Huh 5-2) or Iz77/NS3-3°/wt (Huh 9-13) have been described
(Lohmann V, Komer F, Koch J, Herian U, Theilmann L, Bartenschlager R. (1999)
Replication of subgenomic hepatitis C virus RNAs in a hepatoma cell line. Science
285:110-113. Lobhmann V, Kormner F, Dobierzewska A, Bartenschlager R. (2001)
Mutations in hepatitis C virus RNAs conferring cell culture adaptation. J Virol. 75:1437-
1449.). Cells were grown in Dulbecco’s modified Eagle’s Medium (DMEM; Gibco,
Merelbeke, Belgium) supplemented with 10% heat-inactivated fetal bovine serum (FCS)
(Integro, Zaandam, The Netherlands), 1x non-essential amino acids (Gibco), 100 IU/mi
penicillin (Gibeo), 100 ug/ml streptomycin (Gibco) and 250 pg/ml Geneticin (G418,
Gibeo) for Huh 5-2 cells, 1000 pg/ml G418 for Huh 9-13 cells

Ant-HCV assay in Huh 5-2 cells. Huh 5-2 cells were seeded at a density of 5 x 10° per
well in a tissue culture treated white 96-well view plate (Packard, Canberra, Canada) in
complete DMEM supplemented with 250 pg/ml G418. Following incubation for 24 h at
37°C (5% CO,) medium was removed and serial dilutions in complete DMEM (without
(418) of the test compounds were added in a total volume of 100 pl. After 4 days of
incubation at 37°C, cell culture medium was removed and luciferase activity was
determined using the Steady-Glo Iuciferase assay system (Promega, Leiden, The
Netheriands); the luciferase signal was measured using a Luminoskan Ascent (Thermo,
Vantaa, Finland). The 50% effective concentration (ECso) was defined as the concentration

of compound that reduced the kuciferase signal by 50%.

Anti-HCV assay in Huh 9-13 cells.

Hgh 9-13 cells were seeded at a density of 5 x 10° cells per well in 96-well cell culture
plates in complete DMEM supplemented with 1000 pg/ml G418. Following incubation for
24 h at 37°C cell culture medium was removed and serial ditutions of the test compounds

in complete DMEM without G418 were added in a total volume of 100 ul. After 4 days of
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incubation at 37°C, cell cultuwre fluid was removed and monolayers were washed once with
phosphate-buffered saline. Cells were lysed in 350 pl RLT buffer (Qiagen, Venlo, The
Netherlands) according to the Manufacturer’s instruction. Lysates were stored at -80°C until
further use.

RT-gPCR. A 25 pL RT-gPCR reaction contained 12.5 pl 2x reaction buifer (Hurogentec,
Seraing, Belgium), 6.3 pl H0, 5 pl total cellular RNA extract and in the case of Huh 9-13
and HuH6 samples 300 nmol/L neo-forward primer [5-CCG GCT ACC TGC CCA TTC-
3"}, 300 nmol/L neo-reverse primer [3-CCA GAT CAT CCT GAT CGA CAA G-3'], 300
nmol/L nzo-probe [57-FAM-ACA TCG CAT CGA GCG AGC ACG TAC-TAMRA-3} or
for Huh-mono samples 300 nmol/L. UTR-forward primer [5-ACG CAG AAA GCG TCT
AGC CAT GGC GTT AGT-3'], 300 nmoV/L UTR-reverse primer [5-TCC CGG GGC
ACT CGC AAG CAC CCT ATC AGG-3", 300 nmol/L, UTR-probe [5"-FAM-TGG TCT
GCG GAA CCG GTG AGT ACA CC-TAMRA-3']. The RT step was performed at 48°C
for 30 minutes, 15 minutes at 95°C and subsequent PCR amplification of 40 cycles of
denaturation at 94°C for 20 seconds and annealing and extension at 60°C for 1 minute in
an ABI 7000 sequence detector. The 50% effective conceniration (ECsp) was defined as

the concentration of compound that reduced replicon RNA content by 50%.

The results in terms of HCV ECse/uM and CCso/pM are given in Table I below.

In Table I;
A refers to 9-linked adenine, G refers to 9-linked guanine, Nap refers to 1-naphthyl (-
CioHg), Ph refers to phenyl (-CgHs), Et refers to ethyl (CH3CHz-), Bn refers to benzyl

(CeHsCH;-), t-Bu refers to tertiary butyl ((CH;s)sC-) and Me refers to methyl (CHa-).
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Table I
Compound | Base Ar Rs HCV HCV CCrp/pVi
Huh 5-2 Huh 9-13
ECse/ulM ECz/uM
0.14 29
CHC1 A - - 0.08 >33
0.13 >33
CHC2 A Nap Et 0.12 >50
CHC3 A Nap Bn 0.16 44
CHC4 A Nap +-Bu | 236 >50
3 1.5 =50
CHCS5 G - - 5 50
0.08 >30
0.032 >50
CHC6 G Nap Bn 0.11 0.06 >350
0.13 >50
0.044 >50
0.15 >50
CHC7 G Nap Bt 02 >50
0.16 >350
CHCS G Nap tBu | >50 >30
CHC9 G Ph Bn 36 4.1 >50
CHC10 G Ph Me 087 -0
0.88 =50
CHC11 G Nap Me 014 >3
0.063 =50

The data in Table I show that each of the compounds CHC6 and CHC7 embedying the
present invention exhibits greater potency with respect to HCV than compound CHCS
which corresponds to the free nucleoside 9-linked guanine.

A comparison of the data in Table I with respect to each of compounds CHC6 and CHCS9,
and with respect to each of compounds CHC10 and CHC11, shows that the enhanced
potency with respect to HCV is attributable to the presence in compounds CHC6 and
CHC11, respectively, of Ar being l-naphthyl.
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Table II below sets out the structures of the presently exemplified componnds CHCY io

CHC11 in terms of formula I above, with in each case Z=Hand Q= O,

5
Table I

Compound X Y T \' T Ar Ry Ra Rs By
CHCI WNH; H H OH H - - - - -
CHC2 NH; H H OH H Crotly CHs H CH:CH, H
CHC3 NH; H H OH H Crotls CH, i CaH:CH, H
CHC4 NE; H H OH H CioHy CHz H +CyHy H
CHCS =0 | NH; | H OH H - - - - -
CHC6 =) NH, | H O H CuHy CH; 124 CeHsCH, H
CHC7 =0 NH, | H OH H Crotty CH, H CH;CiL, H
CHCS =0 I NH; | H OH H CrotHy CH, H +CyHo H
CHCS =0 | NH,} H OH H Cals CH; H CsHsCH, H
CHC10 =0 NH; | H OH H CeHs CH; H CH, H
CHCI11 =0 NH, | H OH H Ciotl; CH; B CH; H

Where Ar is CigHy, it is 1-naphthyl. Where X is NH», nis (. Where X is=0,nis 1.
10
Each of compounds CHC1, CHCS, CHCS and CHC10 is a comparative compound.

Compound CHC1 corresponds o the non-phosphoramidated, free nucleoside 9-linked

adenine.

Compound CHCS corresponds to the non-phosphoramidated, free nucleoside 9-linked

guanine.

20
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CH3 a0113 laillain HH =0 NH2 gill OH H CIOH7 Where A_ris C10H7, it

is 1-naphthyl. Where Xis NT12, nis O. Where Xis 0, nis 1. Each of

compounds CHC1, CHC5, CHC9 and CHC10 is a comparative

compound. Compound CHC1 corresponds to the non-phosphoramidated,
wteaneigizoside 9-linked adenine. Compound CHCS5 correspomasstoutie 486

non-phosphoramidated, free nucleosigle 9-linked guanine 39 CLAIMS 1,A

compound of formula I:

CLAIMS
1. A compound of formula It
X
H Na N\
i
Ar—Q— Ef
) i
R; R,
TII
wheremn:

Ar comprises two or more fused aromatic rings and is selected from the group consisting

of Cs.gparyl and Ceagheteroaryl, any of which rings are optionally substituted;

T is selected from the group consisting of hydrogen (H-), flucro (F-), azido (N3}, amino (-
NI‘I;), hydroxy (—OH), C;.galkyl (Cl.gm), Cl.gaikoxy (Ciw_qa}kyi—(}—), mercapto (—SH) and Cj.
3a1ky1thio (Cl-g,alkyIS—);

V is selected from the group consisting of ~OT’, hydrogen (-H), fiuoro (-F) and chloro (-
Ch, where 1" is selected from the group cogsisting of hydrogen (~-H), methyl (-CHa), C;.
16alkylcarbonyl  (Cra6alkyl-C(=0)-), Chsaikenylearbonyl (Coasalkenyl-(=0)-), Ci.
walkoxyearbonyl (Cialkyl-O-C(=0)-), Csscycloalkylearbonyl (Cs.soycloalkyl-C(=0)-)
and Cs.geycloalkyloxyearbonyl (Cs.scycloalkyl-O-C(=0)-);

T 1s selected from the group comsisting of hydrogen (-If), methyl (-CHa), Ci-
wgalkylearbonyl  (Ciyealkyl-C(0)-), Copsalkenylcarbonyl (Cosalkenyl-C(=0}-), Ci.
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5 wherein:  Ar comprises two or more fused aromatic rings and is

selected from the group consisting 10 of C9_30aryl and C6_30heteroaryl,

any of which rings are optionally substituted; T is selected from the group

consisting of hydrogen (H-), fluoro (F-), undo (N3-), amino (- NE2),
wWiyesenays+04), C1..3allcyl (C1.3-), Ci.galkoxy mercapto (-Skp)-aa@ fodrossase

3alkylthio (C1.3alkylS-); 15V is seleﬁed from the group consisting of

-OT', hydrogen (-H), fluoro (-F) and chloro (- CI), where r is selected from

mzlb@l?k@leﬂ&ﬁﬁ@ﬁ&%@&&éﬂ@@@@b(} . g&g&%ﬁ!ﬁéﬁ%m}@&nﬁﬁgﬁ cycloalkyl-C(=0)-
cylc n t-16ali carbony
aé R ﬁ%ﬁ@)}ﬁ%é) fl}é?‘ﬁ&a‘iggm é3 @ [Galkylcarbonyl
(C3 6cycloalkyl-C(=0)-) 20 and C3_6cycloalkyloxycarbonyl
%ygjﬁgg [-O-C(-0)-); WO 2008/062206PCT/GB2007/004480 40
oaI oxycar onyl (Ci_mallcyl-O-C('0)-), C3_6cycloallcylcarbonyl (C3 6
cycloaheyrG(E0¥ i 5% @8_6cycloalkyloxycarbonyl
(C3.6mclaalieyl-0-axMr daks @kl BMW@:I%@M&PET‘ d8dlpdsigoriOs aR4 X is

when n is 0, a double bond exists between smon 3 and position 4 and X
is sefSEREHEHPHIRS BB EOPRIROTH, O T (61 Fr 1 Soreliidy Pagh ™ sRs
NR5RGerwbeliedachual Rbiandi&endinbeptntetly-seleated, ffamyl4 and
Ci..6 alkyl; 10 Z is selected from the group consisting of H, OH, F, CI, Br, I,
Ci_oallcyl and NR5R6, where each of R5 and Re is independently
Z iscielerselltfom fieama o rossiliyle viislseldcled-irdin the grbup euhbisting where
ealth @, FndGb Brida Glfialiof, GRoRallomyHNRBEZE here each of R5 and
R6 is independently selected from H and CI 6 alkyl; 15 Q is selected from
the group consisting of 0, S and CR7R8, where R7 and R8 are

Y indepense Iﬁtdynseiecgaﬁlﬁr Qﬁhﬁkﬁﬁgj &I 6atcy; @ach,of, R, asighR 20gsalicynyl,
R dent cte m H, and the gro Sisti f Ci_zpalkyl, 20
N et g C Sy ey 114 6. 4R
C1_20allcoxyC6,30aryl, C2 _20allcynyl, C3 200yc|oal|cy1C6_30aryI,
Q%s@@%%ﬁﬁ%@%@%MYMaﬁy of WhichrsropUaRallyR, and Ry are

y substltuted each of R3 and R4 is mdependently selected from H, and the

TSR Oren Baafdealkyl

each of Ry and Ry is independently selected from H, and the group consisting of Cippalkyl,
Coaalkenyl, Cigpalkoxy, CrapalkoxyCioealkyl, CiosalkoxyCeaearyl, Chgealkynyl, Cs.
socycloalkylCesoaryl, Ceaparyloxy and Csagheterocyelyl, any of which is optionally
substituted;

each of R; and Ry is independently selected from H, and the group consisting of Cygealkyl,
Caaealkenyl, Ciapalkoxy, CiasalkoxyCigealkyl, CigpalkoxyCeaparyl, Coopalkynyl, Cs.
acveloalkylCeaparyl, Ceaearyloxy and Cspeheterocyclyl, any of which is opfionally
substituted, preferably Rs is alkyl, more preferably R 18 selected from the group consisting
of methyl, ethyl, 2-propyl, n-propyl, cyclohexyl, 2-butyl and benzyl;

with the proviso that R; and Ra can fogether comprise a ~(CHy)s- alkylene chain;

and pharmaceutically acceptable salts, solvates and prodrugs thereof.
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25 Cznoalkenyl, C1_20alkoxy, C1.20alkoxyC1_20alkyl,
C1-20alkoxyC6,30aryl, C2-20a1lOrnYi., 20CYClOalky1C6-30arY],
C6-30aryloxy and C5_20heterocyclyl, any of which is optionally
substituted, preferably R3 is alkyl, more preferably R3 is selected from the
vgrawmoansisting of methyl, ethyl, 2-propyl, n-propyl, cyclohegylsBsbeiybssse

and benzyl; 30 with the proviso that,R1 an.d R4 can together comprise a
-(CH2)3- alkylene chain; and pharmaceutically acceptable salts, solvates

2. andregigsthesess: 0300810622066 GB2R0 24004480 dd eAgroup

compound according to claim rein Ar is selected from the

corg R bRy AR RO SAct ST e iy 56 SLBLae o
unsubstituted. 3. A compound according to claim 2 wherein Ar is
unsybstituted 4. 2scouding o any.ane efithe preseding

3 clair%sc?/vnllf)é)ruérf% ﬁg%gs%%%?ééﬁorﬁ the group consisting of hydr%gesr? (FL),
fluor (F-), methyl (CH3-) and ethyl (CH3CH2-). 10 5.A compound

4, aCC%%lﬂﬂ&ﬁM&ﬁ?dﬁIﬁ@@ RrecadingBlapns hereifiMsisaeleatatifraiRoted
the group consisting of g&%gen (H-I)CI flugro (OF-Q:%?d OE \?/Qgﬁ ris d ethvl

froﬁy@?%g@ﬂ‘t%-ﬁ%ﬁﬁ%ﬁ{ e A ‘&mﬁb‘ﬁﬁd céofaing to'any orthe ey

(CHpyereding claims wherein T"is H. 15 7. A compound according to any
one of the preceding claims wherein TisH,VisOHand T"isH. 8. A
compound according to any one of the preceding claims wherein n is 1,

5. Xis AQcQ0pmedy aecNELE, 1@ 2y i pbisoPasssiBme aee siksrsivNelemlgcted
' mmgmj ing-foanyame)ehelaimsdde TieyeityBrgH-)

ﬁo{gﬂgﬂd%ﬁ%ﬁ]e&bﬁg)nd 2 ex&@:‘ﬂ&%ﬁ\/@i% posiﬁ)ﬂf)?) and position 4, X% SR

or gtk roim the group consisting of NH2, F, Cl and NR5R6 where one of
R5 and R6 is H and one of R5 and R6 is C1.6 alkyl. 11. A compound

6. 20U AN SPUD AN Gt S B L] SR I BleOrt &y,
compound according to"any one of the precéding claims wherein Q is 0.
13.A compound according to any one of the preceding claims wherein R3

7. 18 aU@éhm\ﬁ@n%%ééQ@@éQ@ %ﬂ@ %@@Q@x@:@é&ﬁ@ claims wherein T is H, V is OH
and T” is H. '

8. A compound according to any one of the preceding claims wherein n is 1, X is =0
and Y is NH;,
9. A compound according to claim 8§ wherein Z is H.

10. A compound according to any one of claims 1 to 7 wherein n is 0, a double bond
exists between position 3 and position 4, X is selected from the group consisting of NI, F,
(] and NRsRs where one of Rs and Rg is H and one of Rs and Rg is Cy. alkyl.

11, A compound according to claim 10 where X is NH,, YisHand Zis H.

pad
b2

A compound according to any one of the preceding claims wherein Q i3 O.

13. A compound according to any one of the preceding claims wherein Rj is alkyl.
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42 14. A compound according to claim 13 wherein R3 is selected from

the group consisting of methyl, ethyl, 2-propyl, n-propyl, cyclohexyl,

2-butyl and benzyl. 15. A compound according to any one the preceding
claims wherein R4 is H. 5 16. A compound according to any one of the
wresrding;staims wherein R1 and R2 are selected such tha})@’]‘?dﬁﬂ)‘%@ 450
-N-CRIR2-000- corresponds to that of a natural amino acid. 17. A
compound according to any one of the preceding claims wherein each of

14R1 apd &%ﬁ%&ﬁi%&% %'yﬁﬁ?%dmlmﬂgy Q) andbh 4R @mup

compound accordln(]; claim 17 wherein one of It] and R2 is methyl and
consiaieg rETosY RENEH suepvinarieest sHgRhsedrmg i 1Y has

thirality L as in natural alanine. 15 19.A compound accordlng to any one of

15 e Oh TG Ay GHE BB ea g HRTS SRR RG T - -

diastereoisomer Rp the diastereoisomer Sp or a mixture of the

jcdiastereg) g%%ﬁ St§ Oohd 6 Y gﬂp&‘é@ﬂl %ﬁﬁ%dvﬁ{é’ﬂ%l&'?@ 91118‘%91 are

comprisin yI adenosine 5'-04a-naphthyl(ethoxy-L- alanlnyl)
selppiod pratdiap @@I@lﬁ%mgmm corresponds to that of a natural amino acid.
5'-0-{a-naphthyl(benzoxy-L-alaniny1)] phosphate /3-2'-methyl- -adenosine
5'-04a-naphthyl(iert-butoxy-L-alanin ]‘%ﬁphos hate;
1732 R ST B0 TAL AP B CRE CAE A 3T BiedpRGR, 2nd
R, 3013 <pendetiyl sgleanbgine biet:{tt-a3phthyl{éthoxy-L-alaninyl)]
phosphate; fl-2'-methyl-guanosine 5'-01a-naphthyl(tert-butoxy-L-alaniny1)]
phosphate; and 43 fi-2i-methyl-guanosine 5
180-[pHetiineatiossErdinginy Bbho spisede, one of Ry and Ry is methyl and one of

R; and Ry is H such that the C atom bearing R; and R; has chiralify 1 as in natural alanine.

19. A compound according to any one of the preceding claims wherein Ar is

unsubstituted,

20. A compound according fo any one of the preceding claims comprising the

diastereoisomer Ry, the diastersoisomer Sp or a mixture of the diastereoisomers Rp and Sp,
21. A compound selected from the group comprising:

B-2-methyl-adenosine 5°-O-~[o-naphthyl(ethoxy-L-alannyl)] phosphate;
B-2’-methyl-adenosine 5°-O-[a-naphthyl(benzoxy-L-alaninyl)] phosphate;
S-2’-methyl-adenosine 5°-O-{a-naphthyl(ferr-butoxy-1L-alaninyi)] phosphate;
B-2"-methyl-guanosine 5’-O-{o-naphthyl(benzoxy-L-alaninyl}] phosphate;
S-2°-methyl-guanosine 5°-O-fo-naphthyl(ethoxy-L-alaninyl)] phosphate;

£-2 -methyl-guanosine 5°-O-[o-naphthyl(ferf-butoxy-L-alaninyl)] phosphate; and



22. A compound according to any one of claims | to 21 for use in a
method of treatment suitably in the prophylaxis or treatment of a viral
infection, more suitably in the prophylaxis or treatment of hepatitis C virus.
23. Use of a compound according to4§ny one of claims 1 to 21 in the
manufacture of a medicament for the prophylaxis or treatment of a viral
infection, preferably a medicament for the prophylaxis or treatment of
hepatitis C virus. 44 24. A pharmaceutical composition comprising a
carpourtiyheoerdiies (b -ahypbaeytirstdions-1tel2diig] torhtxpation with a
pharmaceutically acceptable carrier, diluent or excipient. 25. A method of
preparing a pharmaceutical composition comprising the step of combinin
a CompSURt RUOAHGHS Aty BREPBF AR5 th ' Witpr aise in a method of
phatmaaeutidalyacceptphighexetpient-eamiat oF dilantn@6:én Prasess
fog{}pgbpr?rp%ratipn 1(q)fla compound of fo%%laflﬂ the process comprising
reACting A compotnd ot formura MO RREPHHA 1 BED-C NP CI 1 Ar
where Ar, T, V, T", n, X, Y. Z, Q, R1, R2, R3 and R4 have the meanings

defined inany o Q&%&lﬁ&%&%é&;ﬁ% any one of claims 1 to 21 in the
manufacture of a medicament for the prophylaxis or treatment of a viral infection,

preferably a medicament for the prophylaxis or treatment of hepatitis C virus.
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24. A pharmaceutical composition comprising a compound according to any one
of claims 1 to 21 in combination with a pharmaceutically acceptable carrier,

diluent or excipient.

25. A method of preparing a pharmaceutical composition comprising the step of
combining a compound according to any one of claims 1 w0 21 with a

pharmaceutically acceptable excipient, carrier or diluent.

26. A process for the preparation of a compound of formula L, the process

comprising reacting a compound of formula T

C}T!I V

with a compound of formula IV:

0

ﬁ % I
R,;-—O-—*C—’—NWPWCI

I

9
Ar

where Ar, T, V. 7", n, X, Y, Z, Q, Ry, Ry. Ry and Ry have the meanings defined in

any one of claims 1 to 20.



