WD 2008/ 062206PCT/ GB2007/ 004480 Nucl eosi de Arvl Phosphoram dates And Their
Use As Anti-Viral Agents For The Treatnment O Hepatitis C Virus The
present invention relates to chem cal conpounds, their preparation and
thei r usgoiziosiogeeé r eat ment and prophyl axis of viral i|PEHEB20§7HE04480
particularly in hone, sapiens. Particularly, 5 although not exclusively,
the present invention relates to chenlcal conmpounds useful as anti-viral
agents active vvlth respect to hepatrtr s C.virus
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hepatitis C infection.

(

WO 2006/100439 A relates to phosphoramidates of cladribine, isocladribine, fludaribine

15 and clofarbine and their use in the freatment pf a cancer such as lenkaemia.

'I’hs intracellular kinase-mediated activation of the compounds described m WO
2006/100439 A with respect io their treatment of cancer is different to the intracellular
kinase-mediated activation required in the treatment and prophylaxis of viral infections.

20 "
It is an object of the present invention to provide novel chemical compounds that provide
improved prophylaxis and treatment of wral infections in homo sapiens, in particular
improved prophylaxis and treatment of hepatitis C infection in homo sapiens.

25 According to a first aspect of the present invention there is provided a compound of
formula I:



Il Ar-O-P-0- 1 RRR R-00 CH2T V Or* wherein: 5 Ar conprises two or
nore fused aromatic rings and is selected fromthe group consisting of
C9_30aryl and C6_30heteroaryl, any of which rings are optionally

substi t ut ed T is selected fromthe group consisting of hydrogen (-H,

fluor() ( (-N3), amno (- NH2), hydroxy (-

(C1. 2-), gﬂgﬂ@@g‘{; (C1_30-), nercapto (-SH) and C . q%%% I cy+ sﬁ
(CL.3S-); V is selected fromthe groub consisting of -OI", hydrogen (-H,
fluoro (-F) and chloro (- C), where T' is selected fromthe group

consi sting of hydrogen (-H), methyl (XCH3), Cl_ isal kyl carbonyl

(Cl46al kyl -C(=0)-), C248al kenyl carbon%l (C2_12al kenyl -C(----0)-), Ci1. 15

wal koxycar bonyl (Crmoal kyl - 0- C( 0) )N Lf\‘cl oal | cyl car bonyl
. (C3_6cycl oal kyl -C(0)-) and: CB4cycI @I k nyl -

(C3_6cycloal kyl -0-Ce=0)-); T" is 'g omthe group consi sting of
hydrogen (-H), methyl (-CH3), CLY 166NICYI arhunYl (G -isancYl -g=0)-),

C2- 18al kenyl car bonyl (C248a%kenyl - g 20
wal koxycar bonyl C3_6cygr Kyl cay. _6cycloalicyl-C(---0)-) and
Cntycl oal kyl oxycar bonyl (C3_j6cycl -0-C(=0)-); nis O or 1, wherein

when nis 1, Xis ---0, dip—N
Rj R,

wherein:

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

of Co.3oaryl and Cg soheteroaryl, any of which rings are optionally substituted;

T is selected from the group consisting of hydrogen (-H), fiuoro (-F), azido (-N3), amino (-
NHy), hydroxy (-OH), Cysalkyl (Cis-), Cisalkoxy (C130-), mercapto (-SH) and Ci.
10 salkylthio (C135-); '

V is selected from the group consisting of -OT", hydrogen (-H), fluoro (-F) and chloro {-
CI), where T” is selected from the group consisting of hydrogen (-H), methyl (-CH;), C.
wealkylearbonyl (Cigalkyl-C(=0)-), Co.isalkenylcarbonyl (Coasalkenyl-C(=0)-), Ci

15 jealkoxycarbonyl (Ciiealkyl-O-C(=0)-), Csscycloalkylcarbonyl (Cs.scycloalkyl-C(=0)-)
and Cs geycloalkyloxyearbony! {Csscycloalkyl-0-C(=0)-); -

T is selected from the group consisting of hydrogen (-H), methyl (-CHs), Ci.
realkyloarbonyl (Craealkyl-C(=0)-), Casalkenylcarbonyl (Caasalkenyl-C(=0}), Ci.

20 ealkoxyearbonyl (Ci.palkyl-O-C(=0)-), Csecycloalkylcarbonyl (Cg,.‘gcycloalkyl-C(=O)—)
and Ca.gcycloalkyloxycarbonyl (Csscycloalkyl-G-C(=0)-);

nis 0 or 1, wherein

whennis 1, X is =0, and



3 when n is 0, a double bond exists between position 3 and position 4 and
X is selected fromthe group consisting of H OH, F, d, Br, I, C3.6allcyl
and NR5R6, where each of R5 and R6 i s3independently selected fromH and
Cl..6 alkyl; Zis selected fromthe group consisting of HL OH F, d, Br,
|, Galkyl anghdiRBRS0, ietikle @asd eibts Rttt FGBitlos 3 aatE pesetant lyd sekect ed
fromHand Cl1 6alkyl; Y is selected fromthe group consistin OH, F,

d, Br, I, d aehp@g)ﬁoncﬁsgagrggmqnsw RREREHlhetle Feak ﬂl@ﬂkﬁ@ngﬁﬁ‘ﬁ@ is

i ndependent | Y58l Bk 86k, %ﬁR&HWRJ‘IsﬁIa SdeafR UL icd RobSHSSA €C1 Afif rom the group
consisting of 0, S and 7R5, where R7 and Rs are independently sel ected

fromH and C1_6al kyl; each of Rl and R2 is independently selected fromH,

and the f y KQx-

1 200 Koy e ARho e ol R O O B N, KTty S ke

Zocycloa@k@@fﬂssﬂdhﬂauﬁ@ﬁmﬁmawv$kw@ﬂi%@ﬁliaméﬂeﬁﬁn&clyI any of which is

optionally substituted; and each of R3 and R4 is independently sel ected

fromH, and the group consisting of G _20al kyl, C2 20al kenyl,

Cl 20ai I Yaxyqlecﬁ‘éda&ah KioexyprGhp 2@aising of X1 OPDH &, KbxX¥C6,- G&a]ky]l, ;szaagl xanyl | :
.. al ky1C6,3 arYl o la , any of mhlch

| s opt| 0 Fl%y %‘Bgﬁhﬁ%?{ééndﬁfléf%cﬁaﬁd;?né&éql% %I‘%t =ferab| y R3is

selected fromthe group consi sting of nethyl, ethyl, 2 propyl n- propyl ,

cycl ohexyl 2 but benzyl; w.th th rov hat Rl _and R4 can

t oget her QcBni5t BFD. copsisiing 08 (g’hg ‘f E%@ﬁiah"&tf*eﬁea By P

acceptabhgqﬁﬁ&&@ysagﬁ&ﬂ@gﬁggﬂg(Qﬁgﬁﬁugs thereof 3a According to a second

aspect of the present invention, there is provi ded a compound sel ect ed

- from the group conprising: ,8-2'-nethyl-adenosine
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e sim ol Rewin oy st
t

- met hy| - GaeResivhe6t 208k, ragphalkpyly u@ekaEQékaﬁDﬁyiép alodpkat e;
P-2'-nmeth [Qgg a I Rﬂghate
fl-2'-net %yy gu%g%ﬁe%&?ﬁ%ﬁagﬁz Ie?et h3>¥<y L- alogn?ggif%l (ﬁ)%

, 8-2' - nwb#tipited-andanosi ne 5' -0-[ a- napht hyl (tert-but ox-y-L- aI ani nyl)]
phosphat e; and fl - T-net hyl - guanosi ne 5. -0-[ phenyl (et hory-L-al ani nyl)]
phosphate. According to a third aspect of the present invention there is

pr ovi dedeagh obﬁpmdrfd inBdeshiieml selbowdibor Hirmd tha glauprmmmﬂng)df Gineditydent |
sui tably p I axis o f | nf ctio

sui t abl ycﬁzﬁ (?‘lllgi éb%ﬂg?}%(l g zﬁatgkc{xﬁ" gﬁ(ﬂ# § zoﬁlé: %%?0 %ﬂﬂ% -
2008/ 062438 6IallyIERI@OT/ Oﬂfégéﬁﬁloﬁy,A@,@diﬂan@y’cm a ahpumf hwhshedxt afiohdlly present
invention there i rovj ded. t.he use of onpound, as defi ned ahove in the
it actHPUTGPS PERr & e alet oot Bieb ST ARneies Eo O s8R CoBRoRy 1

i nfect i oifmefiliyef @iyalD-propylBgkapalyedlodeay!, Rhirty napbitzpixi s or treatnent of
hepatitis C virus. According to an enbodi nent, there is provided a nethod

of prophylaxis or treatment of a viral infection, particularly hepatitis C
( Virus, GRPihkptdieboBHRY add Ridahn Wbheiier éoxﬁﬁﬁéeWCHﬁylélﬂg;%ﬁé haiflOND Sapiens, in

“need of such treatnent an effective dose of a conpound of formula I.

and pharmaceufically acceptable salts, solvates and prodrugs thereof.



According to a fifth aspect of the present invention, there is provided a
phar maceuti cal conposition conprising a conpound as defined above in
conbination with a pharnaceutically deceptable carrier, diluent or

exci pi : ' S] t. I nt _invention there
is pr O%Qtaggl%g t()Arr\tg-:lt% ﬁ%}g& ?# e%%ég%er Féﬁ%ﬁaﬁgﬁgﬁﬁ’a@éﬁtl?ggﬁdgifgrpcgglf)?ulng r?elf%coergpri si ng
t he st &smghe gowbtonipriging conpound as defined above with a pharmaceutically
accept%pte excipient, carrier or diluent. According to a seventh
aspect Fof TPHEYIRAERSHE 3 hvkenpandivlEpsyisaippexliladasrbaisi ocess for the 20
preparation of a conpound of forrmula I, the process conprising reacting a
conmpound of forrmula X HONI3 2)Z Y N N CH2T IV O WD 2008/ 062206
PCT/ GBI TrabriAdenapiner’ - leorpbihvl batzokpA mibranyi)] phoSphat; R1 R4 n

f-27-methyl-adenosine 5’ -O-[e-naphthyl{ferr-buioxy-L-alaninyl)] phosphate;
f-2’-methyl-guanosine 5°-O-[a-naphthyl(benzoxy-L-alaninyl)] phesphate;
5-2°-methyl-guanosine 5°-O-Je-naphthyl{ethoxy-L-alaninyl)] phosphate:

£-2"-methyl-guanosine 5°-O-[a-naphthyl(zerr-butoxy-L-ataninyl)| phosphate; and
-2 -methyl-guanosine 5°-O-[phenyl(methoxy-L-alaninyl)] phosphate.
According to a third aspect of the present invention there is provided a compound as defined

above 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.



I Il R3 C NP-C R2 Ar where Ar, T, V, r', r, X Y, Z Q Ri,
It2, R3 and Its have the neanings set out above with respect to Fornmula I.
51t is to be understood that the present invention extends to netabolic

i nt ermedi ates of compounds of fornula I, wherein Ar is Hand R3is Hor R3
I's as defined above. It is appreciat ed that having regard to the
conpounds WOAD§HWER8hove with respect to 10 Formul ae | eodchishioemagonpound
where nis 1 and Xis =0 is the keto tautoneric form of an otherw se

equi val ent enol conmpound where n is 0 and X is OH The pr esent invention
parti cul aAhmrdlﬁg:dowdamrgé@&k BEHa$rds bR 1 RAs Y
is NH2 an oubl e bond _exi st?rbet ween%pr)lg}s?émggs mvégeg%cf %GSQF?CB'HP%“‘?%

bet ween t eé-mi%a O% B TAHGCHIe SR Bedieamryt fohde@ravhdatihe adj acent ri ng

ni trogen tedatidnt of a viral infection, preferably a muedicament for the prophylaxis or freatment of

hepatitis C virus.

According to an embodiment, there is provided a method of
prophylaxis or treatment of a viral infection, particularly hepatitis C virus, comprising
- . - 3 - ’ ”
admunistration to a patient, suitably a homo sapiens, in need of such treatment an effective
dose of a compound of formula I,
10

According to a fifth aspect of the present invention, there -is provided a pharmaceutical
composition comprising a compound as defined above in combination with a pharmaceuticatly

acceptable carrier, diluent or excipient.

15 According to a sixth aspect of the present invention there is provided a method of preparing a

~ pharmaceutical composition comprising the step of combining a compound as defined above with

a pharmaceutically acceptable excipient, carrier or diluent.

According to a seventh aspect of the present invention there is provided a process for the

20 preparation of a compound of formula I, the process comprising reacting a compound of formula
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Conmpounds enbodyi ng the present invention have surprisingly been found to
have enhanced anti-viral activity. In particular, conpounds enbodying the
present invention have been found to have enhanced potency with respect to
hepatitis C virus. 20 The enhanced anti-viral potency of the conpounds of

t he prese I Ny jon is believed to be due to the pr j e ‘
nol ecul e %ﬁ”f’@%gﬁ)% | of the conbination of the fusecf%‘legqfﬁﬂﬁgggaentity
for Ar in the phosphoram date noiety &and the nethyl ene (-CH2-) group at
the fl-2' position in the glycoside noiety of the nucleoside, with T, V
and T" aswithed comypboumbefifern@bIBy CO9 _30aryl is neant an aromatic entity
conprising 9 to 30 ring carbon atons in an aryl format. By C6. 30het eroaryl
is meant an aromatic entity conpri SPn&,6Rf & 30 ring carbon atoms in an
—aryl format, with at | east e r_ylirin '-c_c};h“t,_g,\ini ng a ring hetero atom
WO 2008/ 062206PCT/ GL12007/ 0 8 G%Uita ly, Ar can conprise two, three,
four, five or six fused aromatic ring®, Prélerably, Ar conprises an aryl
entity in the formof two or three fused arA?matic rings. More preferably,
Ar is a two-ring fused aromatic entity selected fromC9 to Cmaryl and C6
to C20 heteroaryl. Wiere Ar is heteroaryl, suitably 1 to 12 hetero atons

are Wit highetd 8y ar ¥, Tﬂhﬂ%? ts@zgqgsm,q{q,bﬂwmﬁ Rohevesiit felBls sindegerdentl y, from
(0}

1 to 4 nitrogen atons, oxygen atons and 1 to 4 sul phur atons.

Pr ef er ablrgspegtieXFerardalo at oms i ncl ude nitrogen. Avai | abl e carbon atons
and/ or :heteroatons in the aryl or heteroaryl ring systemof Ar may be
substituted on the ring with one or nore substituents, as set out bel ow
with resgeds tot be tgierstedsthissthe tnrsamtsinydntien wiipndsetoppetaadic ipigmpasiatesr @fup Ar .

¢ Preferably Ar | j ti ﬁg-g . | ¥ a7 A is Cl0F17) or

© qui nol yl %@Wf’%%g%ﬁlgg’f‘#ﬁe [ cﬂlﬁsa%;%@%%ﬁ 62%13'1?2;/3 sgﬁgsdt%%‘ﬂet( ed. 15 Most
suitably, Ar is naphthyl. The naphthyl entity is preferably linked to the
O-P entity.at the 1 qr 0Si ti on. t r i C atom
adj acent tI{ fe PFHHEE g}%%%‘glfl%\é%a?{l Ae ev\goeilrl&%ggst ?%ﬂntegggﬁgepmthﬁ FoF gzr:to%p. Any
opt i onal FBuhské I sl & sorppohé wabkleyn ipi @sdRtis a0 it the keto paintdrio fornPofedner abl y
Ar is unsubstijtuted. 1-napht h%/I 'd2 W]enOArdksis@EIi nolyl, it is preferably
|inked t CHRESEFPIEAG eRPT SYmRHRI FOESE T P8RS 6d° Phe qui nol yl group, i.e. on
the sanme ring as that containing the hetero atomN, which N is nunbered as
position 1. Any subst.ituent esent is preferabl resent at.t 6
posi ti on, 1} RESSGRT IPYRELPR Hﬁhﬂﬂgyc’&ﬁlf’ ?Srﬁ'”ﬁ%n? ﬁ%mﬁg’f’%r[g%letﬁ vgzle’éen? ISV\]/{;;XFF Nis
nunber ed =gs RN @A nd dodfle RsRll Ristieywebn ipssified RaddamsiicoNi.t.hevako e
consi sting_of hydrogen . (H), fluor (F-), methyl (CH3-) and ethyl (C2H5-).
Pr ef edab|obgn gz & tﬂ’?ﬁﬁ’\aﬁlﬁéh BGt EOR POEFHYOBf  hydr ogen” (H), fl uor
(F-) and Or', where T is hydrogen (H) or nethyl (CH3-). 30 Preferably T"
is hydrogen (H). A preferred combination of T, Vand T" ijs T =H V = CH

and T" = Gempopsis guBIdyEE2 EPEIFseah JUUFPHeD 4250 SEPTHRELE e detdol? 87Y4 he

/ Zgove; r e%ﬁgﬂ? %—@%ﬂ%ﬁﬁﬂ{ | i GRt&®, Mmpiubls dnbodiing Vhe piSRn@Bffedtior= H 1S
, pecially preferred.
o have been found to have enhanced potency with respect to hepatitis C virus.
20 .
The enhanced anti-viral potency of the compounds of the present mvention is believed to
be due to the presence in the molecule of formula I of the combination of the fused multi-
ring entity for Ar in the phosphoramidate moiety and the methylene (-CHz-) group at the S-
2’ position in the glycoside moiety of the nucleoside, with T, V and T” as set out above.
25 | |
By Coaearyl is meant an aromatic entity compﬁsing 9 to 30 ring carbon atoms in an aryl
format. By Cgsohetercaryl is meant an aromatic entity comprising 6 to 30 ring carbon

atoms in an aryl format, with at least one aryl ring containing a ring heterc atom.



5 Preferably nis 1 and Xis =0. Mre preferably nis 1, Xis =0 and Y is
NH2 and the nucl eosi de base noiety corresponds to 9-1inked guani ne. Were
Z is H the nuc¢l eoside base noiety corresponds to unsubstituted 9-1inked
guanine. Wiere Z is not H, the nucl eosi de base npiety corresponds to
8-substituted 9-1inked guanine. 10 Alternatively, preferably n is 0 and X
i s sel ect ¥4 #P0Phe group consisting of NH2, F, d }ﬁ%’%&‘ﬁé’“ﬁ%@re one of
R5 and R6 is H and one of R5 and R6 i6 Cl _ &alkyl. Where nis 0, X is NH2,
Yis Hand Z is H the nucl eosi de base noi ety corresponds to 9-1inked
adeni ne. SuitablPrAf @nabinyrisetwosthse| foat, date br axﬁshéaxgmﬂqmwngne&trab@g Af H F,
C, NH2 and NR5126 ere.one is H.and o nd R6 is
C1 6al iyl COOpRERaR A 0ty iy B St o BT Pred TP FCen Tt PRSI, P and
-Cll. Pr e:‘j Qf}iﬂbh&‘w?]-@:g fus€d araﬂaiﬂf@hqfﬁlbb%édﬁ% Cesto @hdearl. an&/blg&)maéieroaﬂlyj R3is
sel ecte romthe group conlstln of me

2-propyl Veerdy %’I‘”)Wl ]éidff’ géﬁ@rwnéi%&%?wmﬁgf‘%

2- butyls (&%&c@d%@éﬁ% $ro@ NCtolP Rty ben( 46615 GHR-4) oxyBMEMoMB 1Bd Priefser abl y

R3 is selected fromthe group consisting of methyl, ethyl, 2- propyl and
benzyl , ewPRUARTES. ?@f‘?ﬁ?‘éﬁéb%]ﬁﬂt%foﬂ@msén%‘&eé’&%anf romthe group consisting
of ethyl and benzyl. Preferably R4 is Hor, together with RI, conprises
(-(CH2)3-) so as to provide a group correspondl ng to proline.. 30

Pr ef er ablAyailgile gayborRitomas end/aydeiseathorstin jheisy] o8 halerosylomng Haerod @5 R%nsi st i ng

of H "2- H{%%HW %dc%ﬁ?‘{h%gﬂ' 2 witP&4 lm&rgg&bs%élgﬁg ak s8N bR WRPEGRY to

((CH3) 2C( or are-selected such that they correspond to the side
chai ngOofthasubstituendd thatmiaydbegeésent onW® 2OGBADSRIGERCHL BRROUFINEA480 8

¢ Preferably, one of Rl and R2 is nethyl (-CH3) and one of Rl and R2 is H,

" such that the C atombearing Rl and R2 has chirality L as in natural

al ani ne. SmtamyeAersrm@hmMg}Mm lyainelyl (Cotighhienctt ofowhith enaprbef eptivaally

identities, f (@ T, X, 5,7 Q RR2, RBandR4asset out above.

Parti cul a?i”ﬁ?%ﬁ? ferred corrpounds have: n =1, X==0, Y=.N112, Z=H Q

=0, T=H V=0Odand T" = H and are thus derived 10 from guanine; and n

f’roﬂ(] Jemtins SuiBeEASiF WPt THapitet @y rarehy sk Rt foeetd Soue

i medi at ehy1 8P@BesitRAbnSBe ShthyEerolis, AR GuaNhoR Gfacad GBifiked bsndwednal | y
preferred when eth of Ar and, R4 has t r ef erred i dentifies

set out ABOHVE ringsdn fhe naphihyl |%?%R%BYQFWE’WJ‘%W‘?§T Y SRR fednd R i s

benzyl or og‘ﬁjblwpref&(am?%tlg@ﬂg{l@dﬁwed)[_ﬁifﬁﬂfyﬁd conpounds are described in
Exanpl es 2 3, 4, 6, 7, 8 and 11 and set out in Table Il bel ow The

phosphorus centre in corrpounds of fornmula | may be one di astereoisorner Rp

Or  Sp 2QF Whed BY iDGuiRolfl, X iérﬁei%fabfyh&&li%ttﬁé O SRR LSRN Bbsitih ofiief erably

it is one pure 25°di asfereoi soner. Suitably the nore active
di ast er ecluinghs reriup, sel axthesamsgingzas| thatreataming tha beigro e Mcwiigh Able sal ts,

sol vat eaﬁgﬁ,@gﬁgg 5@%%12’.’ éﬁ&%ﬂéﬂﬁ%‘c ?Jetéﬁpfs;peéf@m&y Sert o BES é&%m@ii‘ des at

{the 3'- nmorety o 'eos de group.
o 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-), fluoro (F-), methyl
(CHs-) and ethyl (C;Hs-).

Preferably V is selecied from the group consisting of hydrogen (H-), fluoro (¥-) and OT",
where T” is hydrogen (H-) or methyl (CHs-).

30
Preferably T” is hydrogen (H-).

A preferred combination of T, Vand T7is T=H, V=0H and T”=H.



.7 tJ Preferably the process for preparing the conmpound of formula |

i ncludes the step of protecting free 011 groups, other than 5 on the

gl ycosi de noi ety of the nucl eosi de group. The phosphorochl ori date may be
prepared from an aryl oxy phosphorodi chloridate and a WO

2008/ 062206PCT/ GB2007/ 004480 9 suitably protected am no acid derivative.

Al't er nat i WOIHP018 phat e chemistry may be used with Suitat & CEflensi ng

agents. Each of Ar, Rl, R2, R3 and RA can be substituted with one, two,

three, four, five or nore 5 substituents independently selected fromthe
group conprising el ectron donating and el ectron w thdraw ng noieties.

Substituents on, Ar are s i tabl dent | el ected )] -oup
consi st H&esf’mh%w °)’e reﬁ%‘iﬂ prg é]e%‘fleﬁ for thbi— H%{Ig_r:rg;_](l}ﬂ?g[r nitro
(-NC2), anjjno ecl;xmg)pmfémho SBH, -SH, RS-, wherein R is independently

selected fromthe same group set out above as RI; carboxyl (-COCH),
Cl 6esters, C 4al dehyde, cyano (-CN), G _6al kyl am no, sdiallcylam no,

t hi ol = , ,
oL SO B ka1 AR e | 2ol i nd i

C5_7cycl catlkesidel base:aaowrz:mr@amdﬂ 1pyP-tinked - guprapey Teiers 41 1L, the nucleoside
C3- 6alkYAe LEA%Y %nné% AoVhmsufitirkd OBk Chodlfd §Rine1? RTddiogORldkeny!.
can y any O

Each substTt uent stltute stituent. Sub

st i t uent sucikosile, baR2moiRy can-cbplézddsato&mbﬂﬁ@p@iﬁbﬂmﬂmfect ed fromthe group
consi sting of hydroxy (-OH), acyl (R C(C=0)-), acyloxy (R C(0=)0-), nitro
(-N&2), amno (-NH2), amdo (-CONH2), -803 -H, -SH, -SR, wherein R is

i ndepandettdmatisell getfeablyromd dvd X &nwel2@d droouthe getupaatsising wé Nk, RICl

“ carboxyl (- .. Cl 6e r C...6al deh 6al am no
& aarh b R o G B b 1 Bp R L b BB G AR B o
- cycl oal kagaytl, YO& FRajct Bal, kiydwtcleo§iddbaae yojetyGmntdmnyid ﬁP@laﬂdﬁ& hdening.

C5_26heterocycl yl. Each substituent can be substituted by any other
substituent. 25-R1 and R2 are suitably independently selected fromthe

group Congkfslabs ?)QY Q4 sel'écte@%%ﬁﬂlls @fﬁﬁb ,co@snia@ af RoR YCHINEY ahdNR R where one
Cli oal koxyC6 1 20al ky n ﬁ i:ycl oal kyl , C3- zocycl oal kenyl,

4 20(,1§CIQ§§~1R1941]§6_L15%°€§9%&D§ d§/€l Rl and R2 are suitably sel ected

fromthe side chains of natural or synthetic amno acids. 30 Rl and/or R2
are preferably a side chain of a natural am no acid selected fromthe
- group corRstfombig? éfsclgripd frpe theagrapp presisteg otie F q08¢di ne, i sol euci ne,
phenyl al ani ne, tyrosine, tryptophan, serine, threonine, |ysine, arginine,
hi stidine, aspartic acid, glutam c acid,

Preferably, Qis Q.

20 ‘
Preferably, R; is alkyl. More preferably, Rs is selected from the group consisting of methyl
(-CH3), ‘ethyl (CHaCHy-), 2-propyl ((CH3)CH-), n-propyl (CH3-CH,-Cly-), cyclohexyl
(CeHpp-), 2-butyl ((CH3)C(HCH-CHs)-) and benzy! (CsHsCH;-), even more preferably Rs
is selected from the group consisting of methyl, ethyl, 2-propyl and benzyl, even more
25 preferably Rjis selected from the group consisting of ethyl and benzyl.

Preferably, Ry is H or, together with Ry, comprises (~(CHz)s-) so as to provide a group

corresponding to proline.

30 Preferably, Ry and R, are independently selected from the group consisting of H, 2-propyl
((CH3),CH-), benzyl (CeHsCHs-) and ~CHzisopropyl ((CH3)C(H)-CH,-) or are selected
such that they correspond to the side chains of a natural amino acid.



WO 2008/ 062206PCT10320071004480 10 asparagi nes, glutam ne, cysteine and
met hi oni ne.. Specifically, RlL and/or R2 are preferably selected fromthe
group consisting of H CH3, -CH(CH3)2, -ClI2CH(CH3)2, -

CH( CH3) (CH2CH3) , - CH2Ph- OH, - CH2SH, - CEl 2C112SCH3, -C112011, C I (CH3) (OH),
- C112CH2CH2CH2NR3+, - CH2CLl- 12CH2NHC( =NH2+) ML2, 5 - CH -

- Gr20( 0) NY9Z9S0EM p o 0) NH2. 10 H2C + HNN, N H g‘%ﬁ‘% 3% 2"‘%"“ and R4
t oget her can forma 5- menber ed heteracyclic ring having the structureH
NC Cv) 15 R3 and R4 are suitably independently selected fromthe group
consi st i Rgf@ibly;, onemfﬁm kiyd Ry E&neﬂnﬁl(l@@ lapd G GER ke \R 2 iCHIpsuick dbay Giwi Gal kYI

C | oal koxyCfri o - 1Qal cIoaIkyI C3 20cyc|oalkeny|
CA —20cycF8H q&?ﬁ?fé g%@h 68 'FV&% R3is SU|tany sel ect ed
fromthe group conS|st|ng “of H, Cl i8alkyl, C3_20cycloal kyl and 20 benzyl .
R4 is suitably selected fromthe group caonsisting of H .G |
Caaocyc| Befsed camponnds hansrigcamb! ’8 ¢ prgderfed 1 %&Pﬁ?%{% éﬁlf‘éﬂﬁ&bi}{y

sel ectﬁdv‘z@ﬁl,ﬁz,%%@m%@teﬁﬂawveof H methyl, ethyl, propyl, butyl,
pentyl’ héxyl” and cycl ohexyl. 25 In a preferred enbodlnent Rl and R2 are

met hyl or are |inked to forma closed 5- nenbered heterocyclic or

carbocyc g nAS. present in proline. As used herein, the
term™ hﬁmﬁh@%grs to a stra?g t or branched saturated nonoval ent 30

cyclic or acycllc hydrocarbon radi cal , having the nunber of carbon atons

as i i cqtef X argher giof I pchaabef Y 30 bh oL b iR B sIg abl Y

has 1-20; nvre préfer nore préefer y 1-4 carbon atons and a
l“cycI|¢0ahhmhmgmnmpn@referably has 3-20, preferably 3-10,

2=0,X=NH,, Y=Z=H,Q=0, T=H, V=0H and T” =  and are thus derived from

adenine.

15 Each of the particularlj preferred compounds set out immediately above and so derived
from gnanine or adenine is especially preferred when each of Ar, Ry, Ry, R3 and Ry has the
preferred identities set out above, and is especially preferred when Ar is 1-naphthyl and R3

' is benzyl or ethyl. - ' |

20 Particularly preferred compounds are described in Examples 2, 3, 4, 6, 7, 8 and 11 and set
out in Table TI below. '

The phosphorus centre in compounds of formula I may be one diastereoisomer Rp or Sp or
it may be a-mixture of the diastereoisomers Rp or Sp. Preferably it is one pure

25 dastereoisomer. Suitably the more active diastereoisomer is selected.

Suitably the pharmaceutical acoeptable salts, solvates and prodrugs of compounds of

formula I are esters or amides at the 3°-OH of the glycoside moiety of the nucleoside

group.

L
[}

Preferably the process for preparing the compound of formula I includes the step of
protecting free OH groups, othet thar 5 on the glycoside molety of the nucleoside group.
The phosphorochloridate may be prepared from an aryloxy phosphorodichloridate and a



nore preferably 3-7 carbon atons), optionally substituted with one, two,
three or nore WD 2008/ 062206PCT/ GB2007/ 004480 11 substituents
i ndependently selected fromthe group set out above with respect to
substituents that may be present on R, R2, R3 and R4. By way of
non- I|mt|n exa | es, suitable alkyl groups i ncl ude I
propyl, nﬁ)ﬁ hexyl, octyl, nonyl and dodec ﬂ%(@ﬁkgmﬁ%tg% her ei n,
t he term aLkenyI refers to a straight or branched unsaturated nonoval ent
acyclic or cyclic hydrocarbon radi cal having one or nore C=---C double
bonds anduitebly mgictted aminvreid defivaidreb okitemtatingy,ghosphelie chensigirf may Whessl not
i ndi cat ed clic al kenyl group preferably has 2-20, nore preferably
2- 6, noré’“ﬁlrsé?f@ﬁ%m"&e’f%aeﬁ%on atons and a cyclic 10 al kenyl group
preferably has 4-20, rmre pref er ably 4-6 carbon atons), optionally
substituted w.th one, thre nore sub stituents independently
sf%sg?

sel ect ed %P%ﬁfﬁﬁé‘lgﬁétﬁ? aé’étR“(ﬁ&P b“'Bl?ﬁé‘t‘Wdt i, L thrge, T ettt t hat

nmay bes prsﬁ&%men@mn BloendRaily RB3lea0d fRin BY oy @inpReifg |did¥icbi Wanamaniles,
sui tabl e al keny ou S |nclude vi nyl, propenyl but enyl , pentenyl and

hexenyl . el%ﬂ'mwﬁb GWWérﬂéilﬁlesthe term"al kynyl " refers to a straight or
branched unsat urated nonoval ent acyclic or cyclic hydrocarbon radical
havi ng one or nore triple 0=-C bonds and havi n%@t he nunber of carbon atons

as i ndi cubstitgepts whekream owithhlyi ivdensadently selegted nalthecwlp cgrpupepplef er abl y

23; |2c22(51 HI]I%&-&QBPE% B&ﬁ?éc@?ag?’ag’ﬁpgﬁf(%@ }?/mn%ao %ﬁ/egﬁ{fgncar bon

at ons)l{ &LHoHHIEIR/Ss M&Sltemt Rit is dhdaperidentiyeseleting ;&omhh@@n@rgrmset auibbeve uent s

B e e S

term"al lgmm;tylaﬁﬁnd, hiiol, e:thmro alirkmbpﬂybro; @fdey €1-tabicyl, Hey. 6gkkmy|h al- dagkloxﬁﬂx wher e

25 al kyl i nt e and t a I ly be
subst i tutéélgy}bé ﬁﬁ‘é’xy't 5683’06%9{5"3% léct‘f%lgif]ﬁ&égakﬁaés 7§%‘%‘ %‘P b6ve f or
al F%' chwlkt A @flqu%’ﬂdl'ﬁcuamgﬂ eXRgikaS;. 11391'6 t(?hlaeylﬂldi@ﬂw@imt pandi 10! gdf :
met hox 0 r.o i SO- propox ut o ut oxy, sec- but oxy,
n- pent gxyﬁu Ua%%‘é’ﬂ;ﬁoaﬁlhggi WF%@WE%%B@(@V ﬁyefﬂ’ltb @gml oal kyl oxy"
refers to the group cyclical kyl-0-, where cycllcalkyl is as defined above
30 and where the cyclical kyl: noiety nay be optiopally substituted by one,
two, 1t hr SBUEHGHS & Kulfasks 119dknaee sdenafeniieoled Bopdte FPRE Ponsistips o

2008/ 062%9@%}/(@390&@10 é&ékd)Z) /é‘éleﬁye@R*ﬂ}(Oe]Ol) ke (1N, ardiny | (QXM:), T ef er s
to the gro é ere ar&uls as defined bel ow and _where the aryl
Toi ety AR ORER) S Be s B3t t‘@?fr%?RoﬁéﬂdePWemmﬁe?é*eéﬁoﬁg&P% samo

subst bpu D RP oéteibo{?éj{is I@Hb%&%o)&l t(rCﬂj@ Qg‘jlsesrté?s td}%dl%h?&'ep cﬁ}ﬁm @sed

herein, the term "al kox kyl" Trefers to an al grou avi ng an alkoxy

subst i t uedlkylBinmsi 1$4- sﬁxglkrlhmmwgﬁhwhecmmybrog}%ﬂyoror Hedog| dagikelyCand t he
al kox L r S t of
( al kyl yaﬁ&‘gf’%%%ﬁ CE’lseEngctl vg h@ ’%{91 Vt? kﬂyl@l GB%% ﬁ@&%?%ﬁ%éylna%%ach be

" substi tutsebtﬁbgenmma,besuhstltutddrbef@nmpthmmésmu tuents as set out above with
regard to the definition of alkyl. 10 As used herein, the term
"al koxyaryl" refers to an aryl group having an al koxy substituent. Binding

IS thesud dab R aie ylitabiy dndepenidestiybdiantod ﬁmﬁxdieygam);dcdnkiaix@rqﬂH,rmhm]lyyl,ar e as

defrmed hereing wiith r e t dfln [ XM an ,
respect i %ﬂ%?ﬂ‘%ﬂe%l”%%@%ﬂ@ﬁgﬁ’gf 11 @afﬁaf é’ﬁ% eé(%zﬂl‘gg]to%%ﬂt’ &4 by one,
two, thrggyabaliBye GuRsibdlkeil, snd &5, gtetiosrtvlherein 15 with regard to the
definitions of alkoxy and aryl, respectively. As used herein, the term

"cycloal kylaryl" refers to an aryl group having .a cyclic al kyl
R; and R; are suitably selected from the side chains of natural or synthetic amino acids.

(W3]
o}

R; and/or R, are preferably a side chain of a natural amino acid selected from the group
consisting of glycine, alamine, valine, leucine, isoleucine, phenylalanine, fyrosine,

tryptophan, serine, threonine, lysine, arginine, histidine, aspartic acid, glutamic acid,



substitutent. Binding is through the aryl group. The cycl oal kyl noiety and
the aryl noiety are as defined herein with respect to the definitions of
cycl oal kyl and aryl, respectively. 20 The cycl oal kyl npiety and the aryl
noi ety may each be optionally substituted by one, two, three or nore
substituents as set out herein with regard to the defjnift]j al kyl and
aryl, respBABOEAY Except where ot herwise stated w tﬂﬁﬂlfctéﬂszgdéltﬁ:]?&%% t he
definition of "Ar", as used herein the 25 term"aryl" refers to a

nonoval ent unsaturated aromati c carbocyclic radical having one, two,
three, f aipfaraghicy eslatamiicXcysicingand predfieiab| Spedfie]ly Roandfor Rhemeprefieradpdy  whi ch
may be fused or_bicyclic. An aryl grqu opt. NBY [tuted by
one, tV\D,SdF‘FfF‘geﬁB‘P egrg%sctoﬁlé@ﬁt sogag[’ g§¥l3’od{:hg@€’97e Uﬁ%ﬁf@% et to
optional cgwbstitHaOHS, t lm{zy]xay-dlggPE{_EﬁenCHQSH,_t h@EgCHmHgE) . -y red aryl
groups are: an aromatlc nonocyclic rin [ 0 tons; an
ar omat i ¢ BHEFHPED o -Chlpfefda((Hz éC;y st ?-C?ﬁag%ﬂa#%hgﬁgﬁ% , _@%&%7 car bon
at ons; OI‘_CﬂECﬁ{(R 1 Coftrjdoyety, cordig ceyplign cont aining 10, 11, 12, 13 or
14 carbon atons. n- limting exanpl es of aryl include phenyl and
naphthyl . Preferred substituent groups are independently selected from
hydroxy (-OH), acyl (R -C(x0)-), acyloxy (R -g¥;0)-0-), WO _
2008/ 062206PCT/ GB2007/ 00 13 nitro (-NO2 amno (-NH2), -S031-1, -SH,
-SR, wherein R is indepen et ROmM t he same groups as Rl ;
car boxyl (-COON), cyano (- ci _ 6di aLkyl am no, thiol,
chloro, brono, fluor and i As usedshenei n, the term "heterocyclyl"
referd0to a saturated or partially unsaturated heterocyclic ring system

7 havi ng one, two,. reeg,, four, five.or six rings, WO or
" three rige W%‘?“&#}n"ﬁ\? R ?theérdcagrfoglll@y%ﬁeébﬂg?\&m%%)v?%%c%% ai n%éﬁewi t hin

t he ring s@tictidengs at | east (égs man‘oer selected fromthe group consisting
of NN, O and S. The prefix " ELZ)' or "C540" used before heterocyclyl
nmeans, respectively, a five té\tﬂ?nty or a five to 10 ten nenbered ring
system at | east one of which nermbers is selected fromthe group consisting
of Nb 0 and S._ Preferred heterocyclyl ,systens are: a _non i c.ri.ng
syst ePhdvi g %%%ﬁlﬁé?‘gp%‘fdre%ﬁ/ﬁ%ﬁp RSt D EHEEE ci(%g’;éll‘lﬁau@’lbr S
at om and hjBRnPPtd QpAtdyY, ENRRLRECQREyARAd {hIRMEIC, BaBl, 0T RElkang, WO or

three additional N atonms; a nonocycljc ring having six nmenbers of which
one, two 263ClonikEle CrapisistalenyleCrpofycloalmylanfid s phieis FY"ég’iri ng system havi ng
ni ne nenbers of which at |east one nenber is a N, O or S atom and whi ch
optionally contains one, two or three additional N atons; or bi cyclic
ring systRemsratiily selertedriiometbs sspumppusistinghel B io1gboh Hreeyriephbdr @adyre a N
atom 2@%@_5 include, and are not limted to, pyrrolinyl, pyrrolidinyl,
1, 3-dioxol anyl, imdazolinyl, pyrazolinyl, pyrazolidinyl, piperidinyl,
nmor phol i nyl or piperazinyl. 20 Avail abl e carbon atons and/ or heteroat ons
of the "hegt.er "I }?ﬁg;ﬁ [ gttt ed on
{ the ring V\ﬁl?ﬁg@rg) %éliec%ir%g‘hg% 0 t?%%e@tﬂg%%%égcgggﬁgﬂ%ﬂ%ted
"W th one jglictnmayelyh &uds pations]ly twssldy eelettohiren Il groureemnsistingeolddiraethdd from

oxygen, %{l,o 85‘3,1,b%%’y'L%QHtEfz,%Q;leQnacic%%%'ﬁe{ﬁ’ cd, Br and 1). V\here'the ring(s)

is substi
25

In a preferred embodiment, R, 'aﬁd R, are methyl or are linked to form a closed 5-

membered heterocyclic or carbocyclic ring, for example, as present in proline.

As used herein, the term “alkyl” refers to a straight or branched saturated monovalent
30 eyclic or acyclic hydrocarbon radical, ha‘v;ing the number of carbon atoms as indicated (or
where not indicated, an acyclic atkyl group preferably has 1-20, more preferably 1-6, more
preferably 1-4 carbon atoms and a cyclic alkyl group preferably has 3-20, preferably 3-10,
more preferably 3-7 carbon atoms), optionally substituted with one, two, three or more



- chloride (or 1

25 with one or nore heteroatons, preferably there are 1, 2, 3 or 4
het er oat om substituents selected fromthe group consisting of oxygen,
nitrogen and/ or hal ogen. Preferred substituent groups are independently
sel ected from hydroxy, acyl, acyloxy, nitro, am no, S0311, SH, SR,
wherein R is independently selected fromthe sane groups as R carboxyl,
cyano, CiWeapeiprRee no, Cl. 6di al kyl ani no, thiol, chl o¥&TBRHEM4P¢ uoro and
. 10odo. 30 The process is preferably cggried out in the presence of a

sui tabl e sol vent WD 2008/ 062206PCT/ GB2007/ 004480 14 Suitabl e sol vents

- include hyolaeakbRReRaklant siekansas BRNZRAS RNtut UbbeN fyihetdaBéctt dpe
sol vents such as diethyl ether, tetrahydrofuran, diphenyl ether,_ anisole

and di netsHbstijusaistkat mayhapmyem aedd, Ry fscedReoRy 3o \oé perlimifalg exampleehy| ene
chl ori de, I e ne.. ket one e ch.sas
acetone,E%%%%iﬁﬂggﬁgkgE%%%%éﬂgﬁghﬂﬂﬁ%?ﬁ?%’|§g%8%y ’E%?%E%?igwgghod'type

sol vent s dedetyl.as net hanol , et hanol, propanol, isopropanol, n-butyl alcoho
and tert-butyl alcohol; nitrile type solvents such as acetonitrile,
propioﬁitrile and benzonitrile; ester type solvents such as ethyl acetate
and but ylAsased hérein, ihatdnnifalkenylypérsol aenight aurinchsl etshiytatadengavidentat e and
propyl ene carbonate;. and the.|l.ik These may be _used, si,ngl r. two or nore
of them r?ﬁv%[‘jé)r GEB RO &fa&fcgf hﬁvﬁlgﬁrgf%r%%? gj_ﬁ‘fquh%rﬁog%%?n\%ehnatwﬁgs used
in the prBCAFSHHT tdifonpi@sehtindiaan(or ohere hoeintiestsd, ah aeydic atkkné pidupreans a

solvent inert_under the conditjons_of the reactjion being desgcribed in
conj unct ipé?feﬁah‘éﬂ)@%% PRE 1 I,Ynzf'évrm%%' Fl‘é,ﬁ}’ @é‘ﬁ g@ﬁq_g atgrgf ﬁréqﬁg ,cyﬁlc
acet onipt raiitegyl df.) REDfUhaN 4-20, BbRY bfearamTiade , caftidh Oftohe)y, raptioRily| ene

. 1 chl oronmet hane), -diethyl ether, ethyl acetate, acetone,
" met hyl et Fpstieedowish onpetirpa Histe, Ofé‘%%%ﬁ’é’ﬁ?“lﬁ%lﬁé%P‘?enﬂ%%W%Mfm group

tert-but apOkyt 29hRNHRE resP¥F HoHuBRinddROhhiNGay bdBreseh€bi prf%] of uh@R, |l By

particularly preferred. Preferably the process o e present
i nvent i orwaysofcapmrijraiting examese puitshlsallsgny gromms iaelydepingle REAPEMBNRUteNNd. used

her ei n, e 8L 1 jeoi somer" defines all possible conpounds made up of
t he sane&gto a%%ﬁ%%giby t he sane sequence of bonds but having different

t hr ee-1di nensi onal structures which are not interchangeabl e, which the

compounds, Glied Aol 68 Btk LRV 1Pl oo SRYPASHERfed WIELE dd Mo O8RAL NS
according to I's invention have at |east” one chiral center, they may
accor di ngkychexr sycliadiyénearbonondica havihg pre tireor dmpo (Rd dopdsswd devingdheor nor e
chiral centers,.t —additiol i.Sf : j;ast re the
processeén?%?r?%%Qg%L%&%%%?adfﬁﬁﬁg%lﬁﬁe 5%%%%%% %%%E%%gg{%g ogﬁﬂé

i nvent i orpreferdbiyrhias 8-20pmtexjrefiemblyf 2-6t moreqirsionbly -4 thbseatome awdt 8 cpElc be

separ at.ed. by convention echnj.ques_suc Leparatiye r aphy.
The. o olp Ui BRYS preRRBla pEG T iy dueRePh: F2f RaRah =Pl s
i ndi vi duabbstirast withees tvwiR thréeor piceP arbstiutys Ritlarakdendy baekudi fopnethelgnewn t o

t hose . .
set out above with respect to substituents that may be present on Ry, Ro, Rs and Ra.

As use herein, the term “alkoxy™ or the term “alkyloxy” refers to the group alkyl-O-, where
25 alkyl is as defined above and where the alkyl moiety may optionally be substituted by one,
two, three or more substituents as set out above for alkyl. By way of non-limiting
examples, suitable alkoxy groups include methoxy, ethoxy, n-propoxy, iso-propoxy, n-
butoxy, tert-butoxy, sec-butoxy, n-pentoxy, n-hexoxy and 1,2-dimethylbutoxy. The term
“cycloalkyloxy” refers to the group cyclicalkyl-O-, where cyclicalkyl is as defined above

substituents as set out above for alkyl.



WO 2008/ 062206PCT/ 32007/ 004480 15 skilled in the art, for exanple, by
enanti ospecific synthesis or resolution, formation of diastereoneric pairs
by salt formation with an optically active acid, followed by fractional
crystallization and regeneration of the free base. The conpounds may al so
be resolved by formation of diastere,oneric esters or fqQll owed by
chr omat ogVap Pﬁl@:’g &baration and 5 renoval of the chi rﬁ%ﬁﬁﬁg §£
Alternatively, the conpounds may be ri@sol ved using a chiral FIPLC col um.
It is to be understood that all such isoners and mi.xtures thereof are
enconpas selusei thhiein, metemtdwlo@f’ telfiars pr’és@mupi aryleD, ivdmre Epl isherdobine] it
should b ci.ate t the hos tre i chr r.al t he conpounds
2070t “t nBPEEE R De AP IS RRRap B fig) De e £ bl PR

di aster ecyusstﬂm;ﬁﬁasa'dteutcabawwﬁltte@ptcoﬁothd@oqomound may be mixed Rp and Sp
or one pure diastereoner. Preferably the conpound is a substantially pure
single isonmer. There may be a mixture of 1:1 Rp to Sp di astereoners.

Al ternagtiyehiod hGHE tHEBMrRE“BokPMIkAS réﬁrsofo 35 Zalkyl | Goupl héving ‘a8, alkoy 1: 7,
+1:8, 1:9, 1 10, 1. %5 1: 20, 1:50 or 100 of toéspldr asgtlereorrers or

vi ce ver sabstiueat. ¢ Mn%ﬁwat@ﬁm%%ow H@Fetfééndd@? plker mekSi n, or a
phar rracetttéf £ Ve PGSR WA rSspS@ id ﬂlefdeemﬁ&tﬂmn& ola Sty Clobetidely. Phe (11),

wherein ecul es of a swtabl e 20 solvent aré incorporated in the crystal

lattice. stkoxyiandplky mejetiasmeayi %Clphﬂyﬁbéﬂl‘fﬁ@ﬁ SRS e thieg 9T ok subfEuFS age
adm ni st gl ap ;S are ethanol, water and the

i ke V\he‘ratats\?v%toer |gpt ere% d\s/[g'rttﬂte hﬁ %%LI eis referred to as a hydrate.
The cd@pounds of the present invention may al so be present in the form of
~ pharmaceutica i r i he v of the
 conpounds o‘f‘ge‘ltl nvee%ll on re 1 ® %gﬁ)oar?%ﬁ&plﬁ ﬁ“%?%‘u’{‘% %a?@ug&

accept ablRinding tssthrouﬁi)&eamrgompd ]:‘itraaﬂrmayenmete ahd amcaepmm asaaHStdeﬁeedrs ( Ref

| nt er nat i,onal Phan 1 217 Phar.

(1)) i ncli5E &Bﬁ%ﬁtﬁ%&ﬂt%%’%‘m&é@é m'fldre %ﬂr‘ff i ce(%]rkc’%gsr c?rg'atr oni ¢
salts. Sﬁmaibamemhtbmbéﬁyutath}e@teabtoeﬂaea dinodra nibstivenis ab tefired tkerefle, and
are not ted to,a at e, ze onat enzoat e, bicarbonate,
bitart |5at rﬁg%ﬁtoc@eg%&tn&nﬁﬂfggﬁyﬁ %ﬁ?@ car bonate, chloride,
citrate, d| hydr ochl ori de, edetate, edr syI ate, estolate, esylate, fumarate,
gl ycept at e, gI uconat e, gI u lyc | ar sani | at hexyl r eso nat e,
Py dr abar Abused o S SRS TOR 480 TRy SEtPb M cEte S

hydr ochl %bﬂiﬁlteﬂtm&iﬁg&aﬁf&l efe ug%ﬂpdene b RialklyDRBIcE; ankiakd ﬁ&fﬁmofwg} eate,

mandel at e, nesyl ate, nethyl nethylnitrate, nethylsulfate, mucate,
napsyl at e i f§ined] efﬁﬁlrfﬁlé]t éespf‘ﬁarrt Bersimitians oyeloakyleand frh sspetiely.
pol ygalactydr ?aaérﬁyr Aty aa(d AL Gryl ﬁfofe@gf ﬁaa}eeacﬁ%@%e&@ttfsubmﬁeu tofle, 18] f at €,

tannate, tartfrate, teoclate, tosylate and triethiodid arrraceutlcally

accept abrtbrebasmerecsabsh@wne a8 a¢t108t gerrewa@re garditohe rfetﬂqnﬁ ﬁt elkd a8 a¥luni num

benzat hi grg g,r um chl oroprocai ne, choline, diethanol am ne,

/ et hyl ene am ne, lithium magnesium potassium procaine, sodium and zinc.

~ 10 The present invention includes within its scope prodrugs of the.
conmpound i V SUG. [ATeTS tional

derrip vat i \i%xgeptfwk}teﬁeétge&stgusn 5 %gﬁgg‘%g& F‘h ead mmég)nvé?t’r %“]Lédr 1%??/]%13? into

t he r@qunemd“arﬁrmei‘emdo aT;i&msqva]ent mamm&rmdtsatmf carbceattimdacﬁfhavhng geesent

inventio t adm. ni.st er | shal | npass. | tret nt of the
vari ous &wgb fe“rggg 5 et &R X ?"ﬁg %18:(‘,‘3"8 i sprén ki | g% %sed or
with a 1%igenpoussl avhi gbupraayn@itiobsliys pe cubstiaatd yy chnsch@@elﬂ:eebmﬂ mahd ch
converts to the specifled corrBJgrleend in vivo after adém?ﬁru stration to t he

subj ect . SEBHREALSIS A O ARE gt torGpEORAl ISURSEIISH'S A3 "BV S SFEETOP of

sui t abl e 1ps oy dgEfead wpgm%ssear@l%%wm , mbidky @ ang Bntainthe ' desbGn Of
Prodrugs”, ed.” H Bundgaard sevi er, 1985. 20 Pharmaceuti cal |y

accept3abl aores gp progakie b’éii"i%@ﬁﬁ"%ﬁgéﬁﬁ%ée%ﬂﬂ%?e frado W?@P%%V’u@“ﬂr 8ups are
esterifi o Mﬂ%l a a t TN -

parti cul ggldyfg%%tg&gtrnfﬁg g]sltaié’r s@%ag may 1Qc%)in%zr ??%Pe@l?ﬁggl%\tlﬁsysrﬁnunder

. physi ol odimsitihg exsmdilesi afresylt ipclvdreplapbandephtly]. hrefeprdesisitu¢nt \geaups Gie havi ng

free nydnXheteRiPeected from hydroxy (-OH), acyl (R*-C(=0)-), acyloxy (R-C(=0)-0-),

-r




25 Pharmaceutical conpositions for use in accordance with the present

i nvention may be fornulated in a conventional nmanner using one or nore
physi ol ogi cal |y acceptabl e caniers conprising excipients and auxiliaries
which facilitate processing of the active conpounds into preparations
whi ch can be used pharnmaceutically. These pharnmaceutical conpositions nmay
be manuf a¥P3BAIPP 5 manner that is itsel f known, e.g?qT]%VO%O%@OOf
conventional 30 m xing, dissolving, granul ating, dragee-naking,

| evi gating, emnul sifying, encapsul ating, entrapping or |yophilizing

pr ocessesitrd-NPsY, athb PINERY, -8 0 H.5-S8le [RRt glehtrein RO indlependartle seibcted from

adm ni strati-on chosen. 2008/ 0622 / GB2007/.Q00Q4480 17 The c ound
havi ng f disnisRe| SBHPHHAr %\gbe‘iﬁ‘foti"éﬁll Z(E(g(ﬁﬁgil 78R é*ég\gr dé‘r?@ﬁ?](?mc'% gfr‘rgsent

i nvent i 0Ngie@iaREn-2BHE1 bRk & HRsind, Fudraladtiigist . whi ch may be honp sapiens or
animal, by any suitable nmeans. 5 The nedi canents enployed in the present
i nvention can be adm nistered by oral or parenteral routes, including '
| NET aveNoUS sl N RTURE Wl *hdilbERRPT kdr0868! 2 sa%.ﬂﬁfewtcﬁtgﬁmg idsansgannal ,
airway (aerosol), rectal, vaginal "and topical (including buccal and

subl i ngudkteragdiehicrringtsysien baving onerb¥o, dized. Telniiyd o SaingsrefenRblyc@spBinds of
the nvent gl thid WARATEA! by ales Bf Ol AR Iadd mdvis dRMel wilAP IR gl
capsul es, as a powder or "granules, or as an aqueous sol ution or

suspensi omngs Talbhwtbse fnombar wlected dramhei groknchmsisting efd Qend g ribdipesfix ni xed
wi t h pharpacegutical.] accept abl XCi pLEen u j ' nts,
di si nt egr at?*n§" ageht s?é“gﬁf%rg;ﬁﬁ{ggm%%lﬁt 5 F’u%sgf%g?ﬁhsgﬁseg@n %E{’é{/\gg%%ﬁll ng
agent 940 frbmuethberad rageapitan «dbat bhagf addoit smembas pr edeptadafromethe gBonpt abl e

“inert diluents i e um and cal ci.um carbonate, sodium and cal cium
_ phosphat eone A8t oS SbHEER ebe i HRRRE AT Aol SR o
di si nt egrhaﬁh%givagaaﬁ&rs B athichOatdlg@ntose Miymbendd wde Gtars htoandnd edbath n,
while the lubricating 20 ent, if present, will_generall y‘I\kI)e magnesi um
st ear at e ,CPERRHy jcortgip &H%PS‘%EP@ éiﬁtoﬁbgf P8, P HE Iagf@oﬁ% ﬁ‘éol’&’ge?t ed with
a mat er i ghonplielic Afig BANGESY ncAAMIRSH Sdhiddl dheOfiwolir YIGes MkmBérs beal Miatom;t0 del ay
absorption in the gashol ntestinal tract. ch EI%psul es fog ar al u(;e i_ncl ude

hard gél MMoyRlicHERpS fEER haymgniag, members & Which fgrastipiipemierd 2% 99T\ th a
sol i d di lus0hnd wth SRbhal§eloptaind o8aRwH bEhrathai bl N@ode ok ¥ Bickalgy @l ent i s
m xed with water or "an oil such as peanut oil, liquid paraffin or olive
0i | . For usiem bayiag fop membetsf vau s Yo three Msrbers aysradd dffne gExrimpies
SUPPOS! { Qofudth it e il A8 RAS Py DY 3 BaiRfl! 19XAGRNRYE ORAdBIACT O @
salicylate. 30 Formulations sditable for vaginal adm nistration may be
pr esent edmidszqsinyh pyweolinyh ppeaelidiel.cipasidingb morphekinyles pivewawsl- or spray

f or mul @ti ons containing in addition to the active ingredient such carriers
as aré known in the art to be appropriate. WO )

2008/ 062206P1¢ GBROORHDH 44B0r NBerParms of tenlisierdcrelyl” inngrsagens tenebsd

subcut anegus and, i ntrave c he i i1
 generai T yone Bt AbERIECEY Bt w G RAY BBl Sy R ol W

* buf f er ed stisstianedapiith oge | @t mopHheinmbationn) bettwetoy. sibgiihelid erasgleweds fivehi cl es

include Ringer's 5 sol.ution i S i sodi chl ori.de.. .Aque

suspensi 8@&308%%‘7%8’1%5“9%%57’%& gjr]lf %’a@?ﬂ%ﬁb}b de tgeulgnpgs dlig%‘gbsglé%?l%s such
as cebbulvageordest Mat invRfatona ipttiRrablgitigs are RO, Pvirny hayroaiomi dbsteuamd gum

tragacanth, and a wetting agent.suc as |l ecithin. itabl e preservatives

f or aqueé%“%sfﬁﬁ%gﬁ%r%‘“fpn& BRIVt Ry IOKEFRY @%ﬁﬁ“%gh%%ﬁi‘ylgé‘%ﬁe% e. 10
The conpoun@schf crbif drOHRBHINABNtBL RS Frdde hRire5e Bk @ dacyfoxly] #€6OfRino,

formul ati ons. o
SO;H, SH, SR’, wherein R’ is independently selected from the same groups as R;

carboxyl, cyano, Cy.¢alkylamino, C;.sdialkylamine, thiol, chloro, bromo, fluoro and iodo.
30 '

The process is pfeferably carried out in the presence of a suitable solvent.



In general a suitable dose will be in the range of 0.1 to 300 ng per

kil ogram body wei ght of the recipient per day. A preferred | ower dose is
0.5 ng per 1dlogrmbody weight of recpient per day, a nore preferred | ower
dose is 1 ng per kil ogram body wei ght of 15 reci pi ent per day. A suitable

dose is preferably in the range of 1 to 50 ng per kilg i ght per
day, and Y88 F’égférabl y in the range of 1 to 10 ng ppcfg‘r(%qo'%gﬂgé wgody
wei ght per day. The desired dose is pHeferably presented as two, three,
four, five or six or nore sub-doses administered at appropriate intervals

t hr ougho@iitithe sélospis Hhblase hgdtbesliamesivents slad_a aci hénabrst adetdluene; witiet tmsage
forms, for, exanple, ining 10 to.1 r.ef er abl Q , 1000 ng,
and nost SpVeRer S5 yaﬁorél‘%hﬁ %FF@ detraby o Mn&fgﬁ?ént Br aéﬁ;of E¥age
form Examdigsy beanﬂébqsuw? RASd Ofydiderbh e®BRintsi BMANkE ORetjlbde rblyride,

descri bed by way of exa

e onIy with 25 respect to the f
exanpl es chipErferat andofbaehtagenfiekdons ERsatobEnts P e PR ety gﬁ%?’%r“%ﬁ e
nucl eosi dg @;ﬁh tls%bﬁ'f?ﬁkétbl?ed aROBGUESO Solveiisl Shich 36 nie@hbE, @fhanol, pro panol,

phosphor oc I"date. "The latter reagents wer e prepar ed by published

met hods fisoprapanoyl npfed paleell cando tertibutels algphel Fifo TeRe golgtysuch as

hydr ochl a5

2008/ 062 3B oS RO P Bl et B solis ¥ v%tF%n?")cmé’n%“d

2', 3" - cy butybasetay; catborete Whe solvelts- gl axkitidenccabonait andpyopyietesAbprgier e

di ssol ved %?1831@! .I'I%heéerngah ruosf#'&?@% IH@ orlridoke HPE!hem?tﬂz 'b\é% gygtirred

for 15 ni‘A t he approprl p orochl ori date
(2.0 nol. equivalent) in dry THF was added dropw se then stirred

/ over ni ght, atur at ed, sol.ut i d Qd t was
P eroved CrEEo ehreoraus i p e ol LSy PRALES B hl forio st
consequeRbivintP wieaid Sdolv&itaﬂﬁélﬁﬁ]ddenﬁﬁe ecnditborS3if 1Ry eqaatncmt baimg déscribed in

phosphor ani dates o f| e ucI 03| de 2' opent yl i dgne nodi fi ed
nucl eosi §EYBHESEN eé." %sS’fW&é ?Feﬁz% F ?‘iyoﬁ‘m T formic

acid in W@%aﬁ{rdr&ﬂfaxﬁ h@%&hylﬁhﬁa@ﬂbven&mmﬁ)rﬁagmmﬂlymder chbdde:ed (pr essure
to give a white soljd _which was cgnse uentl pur J&&S@éﬁet agdartglaﬁ)rocedure

C4: Pﬂépéﬂ@lqr%et%“% HBEBHOFER FHYE SCgFenpwt

3" - i sopr Qpishdidep@parRdi ikdRshanbic | @&ﬁbxﬁ&mlph(lﬁ&&ﬁé arﬁyﬁaines MY ethdl sikel ved in
a solution 15 609 /pof acetic acid in water at 90 C overnight. The sol vent
was r enpvistralydersiran sgeistlapy #5EarE- to give a white solid which was
consequently purified. Exanple 1 Synthesi's of /1-2'-nethyl-adenosine

(CHC1) NH2 <?.
Preferably the process of the present invention is carried out under substantially dry

20 conditions.

As used herein, the term “sterecisomer” 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 not interchangeable, which the compounds of the present invention

25 may possess.

Where the compounds according to this invention have at least one chiral center, they may
'accordingly exist as _enantiomers.r Where the compounds possess two or more chiral
centers, they may additionally exist as diastereomers. Where the processes for the
30 preparation of the compounds according to the invention give rise to mixture of
stereoisomers, these isomers may be separated by comventional techmiques such as
preparative chrométography. The compounds may be prepared in stereochemically mixed

" form or individual enantiomers may be prepared by standard techniques known to those



N1, 1-5j HO 200H OH :

N6-tert-butanoyl-16-2'-nmethyl-2',3",5 -tri benzoyl -adenosi ne (400 ng, 0.590
mol ) was added to a solution of MeOH saturated with amonia, and stirred
at roomtenperature. After 12 hours the solvent was renoved and the
obtained solid was purified by colum 25 chronmatograp r

starting WPZAMSAHI%t ure of CHC13/ MeOH 9:1 then 8: 2. ﬁ%’%’fﬁﬂ%@?‘{gguct was
obtained as a white solid (120 ng, 0.1427 =ol, 72%. (d6- DVMS0) : 8. 47
(111;. s, HS-adenosine), 8.15 (111, s, H2-adenosi ne), 7.30 (111, s,

N1126- adehibied e the &t, ¥or é}ﬂzﬁ:ﬂple,sby kbt @geniiis syndjesis Hr 28sobutizt, (o&:ihdﬁomwf

OH5' - adengsi ne, Q1113' - SI ne, OH2'-ade 03| ne), 5 11 '
H3'-adeng@15W5em§ P‘H’zs)by mﬁ‘i‘i ‘Hm 6@%@@6‘?‘?‘%@’23& 4480 20

: -ade n%}sf&)zaﬁ&l gl légelaéra’ubﬁl of 19 ﬁeéd@@pﬂm}npoﬁndéendyﬂéo benilesolved by
H5' adenosi ne), 77 (311, s C1132' ?fg %H . 156, 02 (1C,
C6- adenodPmggfion ?%‘i‘a%@e‘(@@c ST AR ﬁ 0‘?@@“ %FQ o ) |

138. 68 5( FnovaB oﬂ%nﬁﬁﬂaﬂ @ﬂxﬂ1§1'}8Aﬁgm£tﬂv€i G Q&dsnlﬁh b8 Peséfred Lbing a

Cl' - adenosi ne A - aden05| ne) 46 1 c2' aden03| ne),

71.63 ( 1@1@ I@G ad@rn@s& Wetp beslgdmtoqdﬂ@at @Eﬂuﬁ]éé?éﬁ‘e’@@ﬁ‘é)mst groof exe

C113-2' - beihe benflnviiilal 1504: C 46.97% 115.38% N

54 500  EhehfalaE hgq?ﬁ%saﬁé5 23 N 24.20% Exanple 2  Synthesis of 2',
3'-0,0- cyclopentylldyn fl-2'- nethyl adenosi ne 5' -0- [phenyl(ethoxylo

L- al an| n S rtgg Gn&l, from
7 37 5o BRR ARG Lo hARG SR ARER: hlthbo ok B RUACEMI e )|

i Bul\/gcm (cﬁ ﬂ& pméssentIMaabdamddhe compokii]s aysedst 28R pramsl Ip tamﬂeremsomers The

( a-napht hyget h ani n phospharo % on 1IMin
- THE, 0.5T8"R%d %‘ ﬁgh c?u U)Bd urB| e%i] L&?gﬁn& ?Lafoc{d%sgegio;%érum ng as
el uent Gﬂrﬁa%m&%oﬁﬁbu@maﬁhmtmhalg«ymdsmglesommoduct was a white solid (30
ng, 0.046 mol, 26% . op (d4-Cl130H): 4.31, 4.26; EH (4-CH3OH): 8.19 (111,
s, H2-adenosine), 8 10 (1H, s, 118- 20 adenosine), 7.88 (111, 111,

CH napht I‘lylkm)e,mazr b3 rﬁﬁ:ﬂuie of N1 Rehb Spphasthygbhers.7 AidmativeR,, (hétkInayrhe a ratios

CH napht h 7, 45- h

HP- adério nle% L3 13%7 J> 2(614111171 {T%n IC?&E%)’ gé%roi?%eI g(?fgjllége‘g?ogi’ 2 S/
115" - adeqmﬁkﬂgﬁEEQEQ&e&&%é m CHa, CH2-ethyl), 2.21-2.09 (211, m

CH2- eyel opentyl), 1.76-1.71-(611, in, 3 CH2-eyelopentyl), 1.35 (311, d,
Cl-13-al anine, J= 6.9 Hz), 1.25 (3H, in, Cl13-ethyl), 0.95 (311, s,
C1132' - adgROginh @}olvate" means a compound of as defined hersin, or a pharmaceutically

acceptable sali of a compound of structure (I) or (II), wherein molecules of a suitable

20 solvent are incorporated in the crystal lattice. A suitable solvent is physioclogically
tolerable at the dosage administered. Examples of suitable solvents are ethanol, water and

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

The compounds of the present invention may also be present in the form of pharmaceutical
25 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.

30 Pharmaceutically acceptable acidic/anionic salts include, and are not limited to acetate,
benzenesulfonate, benzéate, bicarbonate, bitartrate, bromide, calcium edetate, camsylate,
carbonate, chloride, citrate, dihydrochloride, edetate, edisylate, estolate, esylate, fumarate,

" glyceptate, gluconate, glutamate, glycollylarsanilate, hexylresorcinate, hydrabamine,



25 WD 2008/ 062206PCT/ GB2007/ 004480 21 OH OH Prepared according to
Standard Procedure C3, from?2', 3" -0,0-cydopentylidyn-fl-2'-

nmet hyl - adenosi ne 5' - 04a- napht hyl (et hoxy-L-al ani nyl)] phosphate (30 ng,

0. 036 mT?l)d g andI 10 m of a solution 80% of HCOOH in water. The crude
was purifie col utm chr omat ogr aphy, using as eluent f he fjrst ,
CHC13/ IVEOWO(ZQ‘B‘X’ﬁ 2ol | owed by a selr%}/ prepa?at i ve }{F”C(S/égllﬂ@%g‘b“f;gi ned pure
product was a white solid (4 ng, 0.0Q4 mmol, 19% . or (d4-CH3OH): 4. 23,
4.20; Spi (c/4-CH3OH): 824-8.19 (3H, m H2- adenosi ne, H8- adenosi ne,

CH- napht hykbbrodi®) Hydddehlotide Hryarhhdpitihpate,7i08Rie( Idethionkien @qatmtdwﬁe)ba’ce? 53 (4H,
10 m CH naphthyl), 7.41

1 2d1 P&@delat%?ﬂewi% Py Yigaom’ﬂ& m&ﬁ’éﬁ’b%%t%e&l tilglﬂﬁééf’e TBeHe aPSZY “c(’aam()ihnem
- adenggiAe) alﬁ’oQZ Rehehdtl d@ﬁa teh a.thﬁz BH, sal

CHB al ani ne), 7 S&D Cl—lgﬁgt hyI) B@ yﬂo)yg s HS gnglar:%m ne) .

M5 (ES) meéfa‘feﬁ@@a@tﬂ(twwmﬂ?@ tﬁé%%latf@%ila Cl_g requi r ed

609. 1846, 15 found 609. 1839. Exanpl e 3 Synt hesis of 2',

3'-0, 0-cycl opentylidyn-A2' - net hyl - adenosine 5'-0-Lp henyl%benzoxy-
L- al ani nfh;gnaphmsaphraaceeptable basic/cationic salts include, and are not limited to aluminum,

benzathine, calcium, chloroprocaine, choline, diethanolamine, ethylenediamine, lithium,

magnesium, potassium, procaine, sodium and zinc.

10 The present invention includes within its scope prodrugs of the compounds of this
' invention. In general, such prodrugs will be functional derivatives of the compounds
which are readily convertible in vivo into the required compound. Thus, in the methods of
treatment of the present invention, the term “administering”™ shall encompass the treatment

of the various disorders described with the compound specifically disclosed or with a

15 compound which may not be specifically disclosed, but which converts to the specified
"compound in vivo after administration to the subject. Conventional procedures for the
selection and preparation of suitable prodrug derivatives are described, for example, in

“Design of Prodrugs”, ed. H. Bundgaard, Elsevier, 1985.

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

compounds of the present invention having free hydroxy groups.

25 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 facilitaie 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

30 mixing, dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating,
entrapping or lyophilizing processes. Proper formulation is dependent upon the route of

adminisiration chosen.



WO 2008/ 062206PCT/ GB20071004480 22 Prepared according to Standard
Procedure C2, from?2', 3'-0,0-cyclopentylidyn-/3-2'"- nethyl-adenosi ne (40
ng, 0.115 mol), tBuMgCl (0.35 ml, 1M solution in THF, 0.345 5 nunol) and
a- napht hyl (benzoxy- L-al ani nyl) phosphorochloridate (0.35 m of solution 1M
in THF, 0.345 mmol). The crude was purified by col urm chromato r aphy,
usi ng as WIOZB4$0s12MC13/ MeOH (95: 5). The obtai ned pure ¥r QRig’é‘ 03 white
solid (20 ng, 0.028 nmol, 24% . 8p (d4-CH3OH): 4.34, 4. 18 8H (4- CH30H) :
8.50 (111, s, H2-adenosine), 8.17 (111, s, 118- 10 adenosine), 7.90 (1H,
555 bt iy, e Jcotai g 34 neite

m n m
CH- napht Agrention @F‘I—bﬁéﬂ?ﬁiﬁtﬁe%%l%pa(“fﬁtiwg}fﬂ M‘&djé’m?s%aﬂ@)‘s Or%m"ﬂ)ﬂ P g,
CH2- benzylpbabiddnbhs. (111, m H3'- adenosine), 4.41 (111, in, H4' - adenosi ne),
4.15 (111, In, CHct), 3.95 (1H, m H5' -adenosine, ..f= 12.2 Hz), 3.85 (1H,
in, H5'-adenosine, 12.2 Hz), 2.12-2.03 (2H in, Cl12- 15 cyclopentyl),
1.79-147 I t n Jb= 7.2
Hz), 0 8 %%E%dj éﬁn&é—gﬁ%ﬁ%eﬁg@?rﬁ Sobat Eﬂx%ueog?égno% ?d&i_%m%% bﬁ%-me}d%rr_lo& ne
5' - 0- Ear paphiets) piten zoglyding amameny%) ]m@ﬂm@pﬁ% en%myeal \\Eybcutaneous,

Pr ocedur SR R e, RIS o SRR R Wpsdeactar o7 ¢

- 0] a- naphidistia(itsenzoxy- L- alani ny1l) ] phosphate (30 ng, O. 036 5 mol ), and
10 mM of a solution 80% of HCOOH in water. The crude was purified by
col um chromat ogr aphy, using as eluent for the first CHC13/ MeOH (95:5)
~fol | owed Fay onal mﬁmﬁﬁtﬁmaﬁatdom@omhﬁf th'Ehnvantibmiwﬁhgbnpmﬂg bp pocridet im@lse a vvhi te

7 solid (5 , 0.Q08 trunol, 219 . 14: 6 dr

| 8 0a 7" 040 o8 abicts i ARIrge 8 PRIt £ BN Oh 8% BRSNS P og
(111, m stdgemag@ht hyl), 7.48 (111, m CHnaphthyl), 7.32- 7.23 (311, in,
CH napht hyl, 2 CH benzyl), 7.16 (111, m CH naphthyl), 7.05 (6H m 3
CHnapht hyl, 3 CH benzyl), 5.88 (111, d, Hl'-adenosine, J= 2.9 Hz),
4.85-4. 65’3.51%’%1&1' NBralGiié- mBe NEMde, the- @&fivé ﬁéedlaﬁlmn{éd with pRAeAGstitAly
114' - adenosi n ab!)ﬁls 4.06 (211, m _ H5'-adenos)ne), 3.88-3. Sﬁgéé&l, m CHa),
1. 35 (léHacq‘r%Pt 31&111?i‘?ﬂt$1é’)1°h @Ss@eﬁséﬁmﬂ@ dqpieating apms g ERRIS( ES)
na/e: 671ygick &Qo%zeeréﬁﬁ r aée%tsﬁaﬁévou% 1agk3BN6QBNRR. I @gititd eshd
671" 1000 "FCTHE! foperi ) 2 esi s of . 2

3'-0,0- ew@?s@iﬁétilﬂeyl Sanyq’@lqnnzﬂ dﬂwﬁwﬂs}%m%mﬁén & calgugirarbprate. spfipm and
but oxy- L ai.an %&a@h%ﬁh%ﬁ)se while cornstarch and alginic acid are suitable

disintegrating agents. Binding agents may include starch and gelaim, while the lubricating

20 agent, if present, will generally be magnesium stearate, stearic acid or talc. If desired, the
tablets may be coated with a material such as glycery! 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
25 with a solid diluent, and soft gelatin capsules wherein the active ingredient is mixed with

water or an oil such as peanut oil, liquid paraffin or olive oil.

Formulations for rectal administration may be presented as a suppository with a suitable
base comprising for example cocoa butter or a salicylate.

30
Formulations suitable for vaginal administration may be presented as pessaries, {ampons,
creams, gels, pastes, foams or spray formﬁlations containing in addition to the active

ingredient such carriers as are known in the art to be appropriate.



WO 2008/ 062206PCT/ GB2007/ 004480 24 Prepared according to Standard

Procedure C2, from?2', 3'-0,0-cyclopentylidyn-f3-2'- nethyl-adenosi ne (60

ng, 0.172 nrinol), tBuMgCl (0.51 m, 1M solution in THF, 0.51 5 nmol) and

a- napht hyl (tert-butoxy-L-al ani nyl) phosphorochlorldate (03 m of solution

IMin THF, 0.519 mmol) The crude was purified by colum chronatography,

usi ng as WPJMB06ZMCI13/ MeOH (95:5). The obtai ned pure BSr4eRi7 080y whit e

solid (27 ng, 0.039 mol, 22%. Sp (¢$4-CH3OH): 4.37, 4.28; Es (d4-CH30H):

8.21 (111, s, 112-adenosine), 8.13 (111, s, 118- 10 adenosine), 7.85 (1H,

in, CHnaphthyl), 7.73 (111, in CH-napht hyl ), 7.57-7. 52 (411 m

CH-naphthyI 7.43-7.41 (111, CH napht hyl ), 25 ( in

- adenes a)ngymuwglar @m@emfwl FHo C‘H'EW“%M%%‘YFQ" shePines o
adenglg #RCantioft é illy e Eﬂ@)ded 312%3211613%(@31151 solhtﬁbns @zlﬁmﬁéﬁ@ioﬁﬂe ntyl),

1 79-1.69 (611, 131, CH2- cyc opent 911, 3 01 tbutyl)

1. 25 ( 31byffaed 1OHB-agbraptiste PHEIG 1=rqzqmc er%wwwscr%m lizfg%é‘ﬁ 15

Synt hesi to the mventlon

5"~ 0- oo ik s SRF SR RBRE) Mmeons sponcpns accordngp e ey

2008/ oaza@ﬁm@rma@ﬁﬁdm@am &h P e@hﬂc@d da@@@ﬁ@ﬁ, ARfium a@fﬁ%ﬁﬁlﬂvwbcedur e

C3, from2' iN agdengsikhe

5' - 04a- ngﬁqlﬁoﬁ tagrtg%n E&él ani nyl??m %@%hgl'!tlc]ei fi 0. Souétgblr%ml ),

and 10 i ples@bativesol aducons s&@ﬁénsxbnd-iﬁ@@&t dtimy] wad Epropﬂtehﬁif@gfgamst&purl fied by

col um chr omat ogr aphy, using as eluent for the first CHC13/ MeOH (95:5)

followed by a 5 sem -preparative 1113LC. The obtai ned pure product was a

~ Whi t e 160 Théledrdfdubs ofthdihGertionalay a%d % presyniddcd lighHe@e)fonmhl@0ps. 4. 08; Sn

©(¢/4-CH3OH): 820-8.15 (3H, m H2-adenosine, H8- adenosine, CH naphthyl),

“.7.81 (1H, iii, CHnaphthyl), 7.60 (1H, CH naphthyl), 7.54 (411, m

CH- napht hy bdneral a%%ﬂelcﬂese il b&klthe abt bF0.) to S00Lg piilkilogehm bildy-welgiosi ne) ,

4.63-4.57 (2H, 10 d, - adenosi ' -adenosi n 4. 31 11,..4.n
H5' - aden®8 er)%ml&nfoméag? (Iff?frsffecr ﬁweggaﬁe, 15%591%(12}%1‘?& 3%%#‘?-%% yl),
1. 27 (3HpeceniChid- @lyaRi M6k prifeléd (Shbr dose @3- peeleNosimeody weight of

15 recipient per day. A suitable dose is preferably in the range of 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 as two, three, four, five or six or
more sub-doses administered at appropriate intervals throughout the day. These sub-doses
~ may be administered in unit dosage forms, for example, containing 10 to 1500 mg,
20 preferably 20 to 1000 mg, and most preferably 50 to 700 mg of active ingredient per nnit

do:sage form.

Examples
Embodiments of the present invention will now be described by way of example onty with

25 respect to the following examples.

Target compounds were prepared by reacting the appropriate nucleoside, or its modified
precursor, with the required phosphorochloridate. The latter reagents wetre prepared by

published methods from ary] phosporodichloridates with amino acid ester hydrochlorides.

Several examples are given.

Standard procedure C2: Prepamtion of 2°, 3’-cyclopentylidyn-modified-nucleoside

phosphoramidates



Exanple 5 Synthesis of ,8-2'-nethyl-guanosine (CRCS) 0 NNLm NE2 110 15CH
OH N2-acetyl-18-2'-nethyl-2',3",5 -tri benzoyl -guanosine (1.42 g, 2.18
mol ) was added to a solution of MeOH saturated with amonia, and stirred
at roomtenperature. After 12 hours the solvent was renoved and the
obtained solid was purified by colum 20 chronmat ograph u5|n as el uent a
m xt ure oVOeMELE2EOH 8: 2. The pure product was obtai ¥t e solid
(565 ng, 1.90 mmol, 87%. (c/5-DWVB0):1910.52 (111, s, NHIL- guan05|ne), 8. 48
(1H, s, FB;guanosine) 6.52 (211, s, NH22 guanosine), 5.73 (111, s,

H1' - guanasinggdt ( 250 %ﬂ)l( ivalbnt DR 2 31aR6I5hdBlidents 46-a§ddr-lé}ﬁdn&, @110 (rﬂdll in,
OH5' - guan03|ne) 3 (111, s, OH2' guan03|ne)

guanosi n@ﬂw‘@elgbwgfemssebﬁi inyfiryytetyahydrodurany (HH 113}1@)01 eﬁ“ﬁ’éle{‘ti :’E’id S‘EFed
115° - guang@s gﬂgﬁ]ﬂut% E[h%%élzlﬁzgolu&n%f 3 %pro%mat@éﬁ@séoro&ﬂé%% 0 md.

(4- DVSO0) : guanosi ne) uan05|ne) 150. 77
(1C, CA- gyandsithia)dry THE. v (4@ dropvige m@ ovel_m@at sgipated sqifion of

2008, 2 REPENRCRRU LAY B GHARSALE Ly S0 A0l o . gt o ).

C4' - guanagslid) ehjchS58s 40nsed@nti@purifjedanosi ne), 19.96 (I C, CH3-2' -

Standard procedure C3: Preparation of phosphoramidates of modified nucleoside
2°, 3'-cyclopentylidene, modified nucleoside phosphoramidates were dissolved in a
10 solution 80% of formic acid in water for 4 hours. The solvent was removed under reduced

pressure to give a white solid which was consequently purified.

Standard procedure C4: Preparation of phosphoramidates of modified nucieoside
2°, 3’-isopropilidene, modified nucleoside phosphoramidates were dissolved in a solution
15 60% of acetic acid in water at 90° C ovemight. The solvent was removed under reduced

pressure to give a white solid which was consequently purified.

Example 1
Synthesis of £-2’-methyl-adenosine (CHC1)

NH,
S
&

-

HO

20 OH OH

N6-tert-butanoyl- 42’ -methyl-2°,3°,5’ -tribenzoyl-adenosine (400 mg, 0.590 J:ﬁmol) was
‘added to a solution of MeOH saturated with ammonia, and sﬁrred at room temperature,
After 12 houzs the solvent was removed and the obtained solid was purified by column
‘25 chromatography in gradient starting with a mixture of CHCly/MeOH 9:1 then 8:2. The
pure product was obtained as a white solid (120 mg, 0.427 mmol, 72%).
Oy (a’g—DMSO): 8.47 (14, s, H8-adenosine), 8.15 (1H, s, H2-adenosine), 7.30 (1H, s,
NH,6-adenosine), 5.95 (1H, s, H1’-adenosine), 5.25-5.21 (3H, m, OH5’-adenosine, OH3’-
adenosine, OH2’-adenosine), 4.12-4.05 (1H, d, H3’-adenosine, /= 8.6 Hz), 3.91 (1H, m,



guanosine). M5 (ES) me: 320.2 (MNat 100%; Accurate mass: Cl 11-115N503Na
requi red 320.0968, 5 found 320.0971. Exanple 6 Synthesis of 2',

3' -0, 0-i sopeopyl i.dyn-P-2' -met hyl- guanosi ne 5' -0-[ phenyl (benzoxy-

L- alaninyl)] phosphat e 10 O>K!') Prepared according to Standard

Procedure_ C2 fron12' 3 0 0 i sopropylidyn--2"-nmethyl: ' (170 ny,
0.503 ranBPRi0s08ayC1 (1 , 1M solution in THE , Ikaggﬁﬁﬁﬁﬁ§@§nd

a- napht hyl (benwxy- L- alanlnyl) phosphabochl ori dat e (1.6 m of solution 1M
in Tiff, 15 1.006 nmol ). The crude was purified by colum chromatography,
using as }E,I’-aémosiﬁ}}m:&tl VEEH( 85 -8denosTieg, T dithen) Hilrdenpsiodlu &t77VaH, & white

526 (1HCIE-aggimmros MO D a0 e dabapebinsiys f1C Tl 11

Cl+ben2y|1)19 of (ﬁﬁd}-ﬁl@n&sﬁiﬁ) m 62(@"‘083#8%&5&3) 123@*(11@@&&;1032@) 7)0474 7.29
(611, m 4 CH napht 5 10

1
(2 s (ch@;zcbe%ﬁlzgqsane)az&é@ s 64 Yachipne) it icn & Shengelng, AL0 k
- gUaN@SE E?‘Qn slﬂe)3§9 47 c 'd@ %&%8&%%“@)33 (4cléH§ :l’lad%noéiﬂe)%im Caio 5& (3H d,
CH3 | soprop di ne’ Hz

Cl113-al ani ne
C113- |50|§3r1ﬁh§N5Cbll Qe 97%, b@ ?(83@,11 2%9@%;1&9@6 Cgftfa%rg.%mlbi 2889%1 Hz). WO
2008/062206PCT/GBZOO7/004480 27 011 011

Example 2
" Synthesis of 2°, 3’-0,0-cyclopentylidyn-£-2°-methyl-adenosine 5’-O-[phenyl(ethoxy-
10 L-alaninyl)] phosphate '

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
15 mmol) and a-naphthyl(ethoxy-L-alaninyl) phosphorochioridate (0.5 ml of solution 1M in
THF, 0.519 mmol). The crude was purified by column chromatography, using as eluent
CHC};!M::OH (95:5). The obtained pure product was a white solid (30 mg, 0.046 mmol,
26%).
Sp (d-CHaO0H): 431, 4.26; 8y (d-CH;0H): 8.19 (1H, s, H2-adenosine), 8.10 (1H, s, H8-
20 adenosine), 7.88 (1H, m, CH-naphthyl), 7.73 (1H, m, CH-naphthyl), 7.57-7.52 (4H, m,
CH-naphthyl), 7.45-7.43 (1H, m, CH-naphthyl), 6.26 (1H, m, H1’-adenosine), 4.56-4.42
(4H, m, H4’-adenosine, H3’-adenosine, 2 H5’-adenosine), 4.08 (3H, m, CHa, CHz-¢thyl),
2.21-2.09 (2H, m, CHs-cyclopentyl), 1.76-1.71 (6H, m, 3 CHp-cyclopentyl), 1.35 (3H, 4,
CHs-alanine, J= 6.9 Hz), 1.25 (3H, m, CHs-ethyl), 0.95 (31, s, CH;2’-adenosine).

Synthesis of f-2’-methyl-adenosine S’—0-[osfnaphthyl(ethoxy-L—alaninyl)} phesphate
(CHC2)



Prepared according to Standard Procedure C4, from2',
3'-0,0-isopropylidyn-P-2'-nethyl- guanosi ne _
5'-0-[a-r-apht hyl (benzoxy-L-al ani nyl)] phosphate (70 ng, 0.098 mml), and
10 5 mM of a solution 60% of CH3COOH in water at 90 C for 15 hours. The
crude was_purified by colum chromatography, using a the first
CHC13/ weowg(%‘?é” §206f ol l owed by a sem -preparative HPL%C%I(%]hEi parsned pure
product was a white solid (12 ng, 0.0Q18 nmol, 18% . Sr (d4-CH3OH); 4. 25,
4.14; 811 (ci4-CH3COH): 8.17 (1H, m 'H8-guanosi ne), 7.88 (1H, 131, 10

CH naphthyl), 7.79 (111, m CH naphthyl), 7.53 (211, in, CH naphthyl,

CH benzyl), 7.42- 7.48 111, m naphthyl), 7.36-7.21 (711, m 3

CH napht h ,\4CH-ben yl), 6.05%(tH, d, H'-guanosine, 3= 8.4 Hz),
5.15-4.9Q BenzyN RB8-4.49 (211, d, H3'- guanosine,

H4' - guanos] né (211 /J H5' - guanosi ne) 4.17-4.11 (1H, in,
CHa), 1.37 Qh Eﬂs aI anN 00 (3H, s, CH3-2'-guanosine). 15 MS
(ES) nle: (é&]v)k\la+ 100% ; Accurate mass: C311- 133N609NaP requi red

687. 1954, found anple 7 Synt hesi s of 2',
3'-0,0-isopropylidyn- t hyl - gnanosi ne 5' - 0-[ phenyl (et hoxy-L20

al aninyl)] phosphate 8/ 062206PCT/ GB20071004480 28 Prepared
according to Standard Broce ure C2, from2'
3'-0,0-isopropylidyn-/3-2'-nethyl guanosi ne (220 ng, 0 652 mol ), tBuMyCl
(13 m, 1M solutio nl) na ni.nyl )
phosphor %&Wﬁ%ﬁ? §m€ ﬁﬁ? da%q‘ %90{‘ d L}% ocﬁa%né12 T?Eémll&%%@%hdﬂ%he crude
was puri fiedel-B¥eno@hs! Bnothzﬁﬁmsagaﬂmmlralmyiﬁ rénss;éhtaém n@H@ﬂaﬁ NEIWD 5

/ (95:5). The obtai ned pure i sol,i d

© 99 . Sp eadlemgc)a sofutep *ﬁoéﬁﬁaﬁ%ﬁ %rui%w(a ig‘%‘ﬁg guanosi ne)
7.88 (111 tog%%ﬁff) hisih! ds, eﬂen?%ar(tizé- First TUH@WWI'(QM))fO]kRHdﬁ%ﬂa S2mf-4H, m 4
CH napht hhﬁ @“

4.62-4,. 4®>re(pm1an;ve }ﬂ)L@Bme@(gé%gg‘H@% Qﬁs%g%@sgpwg& %'39992 gt G4R10S1 ne)
s @Cﬁ‘@g?‘*gﬁcﬁ@ne%%d) rCrboR 634b100GHHE; }m%deﬁ@mepgys-u rline,

.T=13.2 al ani ne, -i sopropylidine 20 (311,
m CH3- etaligto}ine, ICIDGagidiiyl), 7rH0 (umchgmh@xlD r7e§3 ﬂi Sy 7.53

(G U™ SRR, PR o A b oy A 1 p%“?%%?ate

3'-0,0-i stcﬁlr-zﬁm/(ZHj)ﬂnHﬂ -adZhodinet Fiy-adegosim)sd- mg(IH m, H5°-adenosine), 4.02-3.99

o of “a ORI bHoobb by b ERe SRR G s P R T (UG

was purifg e _%Qa&&{oﬁ,gyPum‘l chromat ogr aphy, using as eluent for the first
CHC13/ MeOH (§5 5) fol

product WAS (BSwmiet éo%%%%cb 0 Sgﬁfuﬁr sy ?tzs%ﬁﬂygDQN%Ipreq % SRtA4ged pure
15 found 609.1839.

cC =

Example 3
Synthesis of 2°, 3°-0,0-cyclopeniylidyn-£-2’-methyl-adenosine 5°-0-[phenyl(benzoxy-
L-alaninyl)] phosphate '



SP (d4-C1130H): 4.25, 4.14; Su (cl4-CH3OH): 8.18 (1H, m H8-guanosine),
7.87 (111, m CHnaphthyl), 7.71 (111, m CH naphthyl), 7.53 (4H, in, 4

CH napht hyl), 7.51-7.40 (1H, 25 m CH naphthyl), 5.93 (1H, d,

H1' - guanosine) 4.624.57 (211, m 113'-guanosine, 114'- guanosine), 4. 24
(211, m guan05|ne) 4.03-3.98(311, m CHa, CH2-et I%ﬁ% ﬁ 8311, d,
CH3- al ani W 200062209 7)1 15 (3H, m CH3-ethyl), 1.0 pO7/00448

Cl113-2' -guanosi ne). WD 2008/ 062206P€Z/ GB2007/ 004480 29 M5 (ES) rate:
625.3 (MNa4, 100% ; Accurate mass: C261131N609NaP required 625.1795, found
6251788. Anal . Calc. f061131N609P C 51.83% H5.19% N 13.95% Found:

C51.86% H5.10% N1 5 Exanple 8 Synthesis of 2',
3' -0, 0-isopropylidyni-2~sAt hyl - guanosi ne _
-01lphenyl (tertbut oxy- Lt al aninyl)] phosphate 10 Prepared according to
Standard Prqcedure C20"from 2', N81»- 0; 0-i sopropyl i dyn-fl-2'-net hyl guanosi ne
R | ) tHuNg 1 ( 70 M, 1IMsolution in THF, 0.711 mol)
: anthyl ) phosphorochl oridate (0.70 nl of

sol ution ey, N| 711 e crude was purified by colum
chr omat ogré ) uﬁ?ng as el ent NI5 CHC13/ MeOH (95:5). The obtai ned pure
product was~a whO teo 4 ng, 0.036 mol, 10% . op (d.rCH3OH): 4.41,

4.32; 8l (d4-CH3OH): 111, s, H8- guanosine), 7.89 (1H m CH
naphthyl), 7.73 (1H, i naphthyl) 7.59-7.54 (4H, m 4 CH naphthyl),
7.49-7.42 (111, m CH F%yl) 6.07 (111, d, HL'-guanosine), 4.624.40
(41-1, m H3'-guanosin ‘- 20 guanosi ne, 2 H5' guanosine), 3.99-3.86
(111, m CHa), 1.58 (3 " CHrisoprpylidine, ..k-- 13.7 Hz), 1.44 (9H, s,
"3 CH3-tert-butyl), 1.38-1.34 (611, m CH3-al anine, Cl1-13- isoprpylidine),

©1.01 (3H m C1132'-guanosine). WO 2008/ 062206PCT1GB20071004480 30

Prepared according to Standard Procedure C2, from 2°, 3°-0,0-cyclopentylidyn-£-2°-
methyl-adenosine (40 mg, 0.115 mmol), ‘BuMgCl (0.35 ml, 1M solution in THF, 0.345
| 5 mmol) and o-naphthyl(benzoxy-L-alaninyl) phosphorochloridate (0.35 mi of solution 1M
in THF, 0.345 mmol). The crude was purified by column chromatography, using as eluent
CHCls/MeOH (95:5). The obtained pure product was a white solid (20 mg, 0.028 mmol,
24%).
Sp (d-CH;0H): 4.34, 4.18; Oy (d-CH:OH): 8.50 (1H, s, H2-adenosine), 8.17 (1H, s, H8-
10 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, H1 -adenosine), 5.10 (2H, s, CHz-benzyl), 4.61 (1H, m, HS’-
adenosine), 4.41 (1H, m, Fi4’-adenosine), 4.15 (1H, m, CHa), 3.95 (1H, m, HS5"-adenosine,
ﬁ 12.2 Hz), 3.85 (IH, m, H5-adenosine, J= 12.2 Hg), 2.12-2.03 H, m, CH:-
15 cyclopentyl), 1.79-1.72 (6H, m, 3 CHz-cyclopentyl), 1.37 (3H, d, CHs-alanine, /= 7.2 Hz),
0.89 (31, s, CHz-2-adenosine).

Synthesis of 3-2’-methyl-adenosine 5’-O-[a-naphthyl(benzoxy-L-aianinyl)] phosphate
(CHC3)



OH OH Prepared according to Standard Procedure C4, from?2',
3'-0,0-isopropylidyn-/3-2'-nmethyl- guanosine

5' - 04a- napht hyl (tert-but oxy-L-al ani nyl)] phosphate (24 ng, 0.036 nmol),
and 5 10 ml of a solution 60% of CH3COOH in water. The crude was purified
by colu raphy, using as eluent for the fir H (85:5)
foll omﬁ@q@%mﬁ?prepar ative HPLC. The obtai ned pur&ﬁ%ﬁogﬁmgs a white
solid (4 ng, 0.018 mol, 17% . 81) (@3-CH3OH): 4.23, 4.10; Egl (d4-CH3IOH):
8.20 (111, m H8-guanosine), 7.85 (1H, in, CHnaphthyl), 7.67 (111, m

CH naphthyl), 7.57 (411577 ™, 4 CH naphthyl), 7.53-7.43 (1H, 10 m

CH napht hyl ), 6.00 (1H,H1' -guanosine), 4.61-4.55 (2H, m '

113' - guanosi ne, H4' - guayosine), 4.25 (2H, m 2 115' guanosine), 4.00-3.97
(1H, in, CHa), 1.47 (
CH3- al ani pe 1.00 (3

1¥, s, 3 CH3- tert-butyl), 1.36 (311, m

= , 1 n, CH3Z*“2guanosi ne). Exanmple 9 15 Synthesis of
2', 3 -0,0pr L+dene-/ R 2 hyl - gllanOsi ne ,

5' - 04phenyl (HenzoxylLal &ni n{l)” phgsphat e WD 2008/ 062206PCT/ GB2007/ 004480
31 Prepar ef EJ,HE to StR Procedure C2, from2',

3'-0, 0-ison yld') ene-fl-2'4 methyl -guanosi ne (120 ng, 0.355 nmol),

tBuMyd (1.0 ni,~1Mspludion in THF, 1.07 ramol) and

phenyl (benzoxy- L-al ani hosphorochl oridate (1.0 ml of solution 1Min
THF, 1.07 mmol ). The cpydepwas purified by col um chronat ography, using as
el uent 5 CHC13/MeOH (9:1) followed by sem -preparative HPLC. The obtai ned
pure product was a white solid (40 ng, 0.061 mol, 17%. Sp (c/4-Cl130H):

4.63, 4.37. - C%jgg : = QLlaRQsi - B2y, 7 36-
/7.34 (5H§Z?P#§ Z&gié%%%y ) dfzdo%ﬁ‘bcg%%n%’ ﬂ?ﬁ%%??g%’?gﬁlgpﬁlwgd}%nzyl , 3
L CH phgnylxaelﬂiyﬁaﬁbag(;ﬂé li’-@[ahi%tgdagmm;aldrﬁnyml.phomﬁi ?zoiheng,z HJ,.O%, 4 a3
Cl12-benzy : , 4, .H3 -, ine, . .l.= A, 54- 4.
(111, M oipelh @83&85#1@6; a Sgl.“%‘i“ ?%1"2 %@Bﬁ‘é‘n‘g@?‘hé‘?‘? “E‘fdfo""?lﬁ‘?{fﬁeﬁls"yma) ,
(3L, O A e T 0 (311, o Ch- 2t —quanaei e

, d, 3-al ani ne, . 1= 8. , 1. , S,. -2.-Qu ine). -
Synt hesi $eBrprepaivRgiid Te aWa’gF%B“fS 'I’!'Q‘iﬁ‘-(‘tp‘ﬁwy‘i"h%‘%gﬁQ i%?%t&g&g 1) 1
phosphat e1%9 (CHC9) 011 011 Prepared according to Standard Procedure C4,
from?2', 3'-0,0-isopropylidene-P-2'- uanosi ne

5 -0-[ phén;/(kf(-@éfmf_iﬂkyér-@o:aﬂéﬁi 55@?%%%}0%@ P4y dlowlenesen \H820 and
or ude adBtRnF GRRpgRINE 7 6T AR, CHEndRkED, g ?ﬁé% P e st
Cl | C13/ M5B (8B5n5§ Hiraphtbyled CBybeard i Lol Bpar &Haphtap).d.05TEL sbB4iired pure
product vas @1 ek, 3.4s 38, 1P -RefosiNA 2 94840 4.85-4.65 2H, m, CE-
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, CHg-alanjﬂe), 0.88 (3H, s, CH;3-2’-adenosine).
15 MS (ES) m/e: 671.2 (MNa®, 100%); Accurate mass: C3H33NeOsNaP required 671.1990,

found 671.1995.

Example 4 |
Synthesis of 2°, 3°-0,0-cyclopentylidyn-£-2’-methyl-adenosine 5’-O-[phenyl(ferz-
20 butoxy-L-alaninyl)] phosphate



Sp (c/4-0113011): 4.27, 4.10; SR (c/4-CH3OH): 7.92 (111, d, H8-guanosi ne,
yr= 8.3 Hz), 7.37- 25 7.29 (511, m 2 CH phenyl, 3 CH benzyl), 7.25-7.18
(511, m 2 CH benzyl, 3 CH phenyl), WD 2008/ 062206PCT/ GB2007/004480 32
5.96 (111, d, H1'-guanosine, J= 2.3 Hz), 5.15 (211, s, CH2-benzyl),
4.43-4.35 (211 113" - guanosi ne, H4'-guanosine),

H5' - guano‘gﬁsﬁ‘@)fm@g}.’ﬁz4-4. 19 (111, m 115% guanosi ne), it'cg(gm% @ %4%%1 m
CHa), 1.35 (311, in, CH3-al anine), 1224 (311, s, CH3-2'- guanosine). 5
Exanpl e 10 Synthesis of 2', 3'-0,0-isopropylidene-/?-2'-nethyl-guanosi ne
5' 4: 1- [ phenyl (et hoxy- alanlnyl)] phosphate o. M 10 Prepared accordlng
to Standard Procedurep fromgy, 3'-0,0-isopropylidene-, 8-2

met hyl - guamagi ne (130 ny, 0 385Inno|) "BuMgCl (0.96 nm, 1M solutlon in
THF, ~ 0. 9¢ rI) a ?f iﬁiﬁ%ﬁhory L-al ani nyl) phosphor ochl ori dat e
(0. 96 m  Of% 0196 mml ). The crude was purified by
colum ch ogr@Phy, usi asNél uent 15 CHC13/ MeOH (97:3). The obtai-ned
4.51, 4.45; ETE (d4-

te solid (26 ng, 0.041 nmol, 11% . op (c/4-CH3OH):
7.89 (1H, m CH napht

8.21 (111, d, H8-guanosine, ,J= 7.5 Hz), 7.91-
4 CH naphthyl), 7.48-?5%33(111, m CH haphthyl), 6.09 (1H, d,

7.73 (1H m CH naphthyl), 7.58-7.53 (411, in,
H1' - guanosi ne, J= 7.4 v 4.63 20 (1H, d, H3' -guanosine, .1= 3.0 Hz),
~4.57-4.53 (211, m H4' - nosine), 4.43-4.41 (211, m H5' guanosine),
4.12-4.05 (111, m CHa), 3.62 (311, d, CH3-nethyl, J= 10.1 Hz), 1.59 (3H,
d, CH3-isopropylidine, J 7.9 Hz), 1.40 (311, d, CH3-alanine, J= 3.4 Hz),

. 1.35 (3Hp, eﬂa:e&}é’écor&ﬁg Rb Ot darli Pﬁ)cedln'e 22 i 2°,13°06,0-3HJopdntylidyn-4-2°-
/ CH3-2' - guahosi ne, J= Hz) . 2008/ 062206PCT/ &B2007/ 004%18_8, %%1 OoH CH
' Pr epar edmﬁwba@hnﬂgnﬁt EﬁOS@an@ié??d DWQ&: HeCidp 51 %n@é's"l‘m‘m n

0. 0 I Patnol eB:XIlo't—ga%)rﬂ%y{(gerngutoxy—L~alamnyI) phosphorochloridate (0.5 ‘'ml of solution 1M
in THF, 0.519 mmol). The crude was purified by column chromaiography, using as eluent
CHCl/MeOH (95:5). The obtained pure product was a white solid (27 mg, 0.039 mmol,
22%). : '
op (dg-CH3OH): 437, 4.28; 8y (d~CH;OH): 8.21 (1H, s, H2-adenosine), 8.13 (1H, s, HS8-

10 adenosine), 7.85 (1H, m, CH-naphthyl), 7.73 (1H, m, CH-naphthyl), 7.57-7.52 (41, m,
CH-naphthyl), 7.43-7.41 (1H, m, Cﬂ-naphthyl), 6.25 (1H, m, H1’-adenosine), 4.55-4.40
(4H, m, H4’-adenosine, H3’-adenosine, 2 H5’-adenosine), 4.05 (1H, m, CHo), 2.20-2.12
(2ZH, m, CHy-cyclopentyl), 1.79-1.69 (6H, m, 3 CHa-cyclopentyl), 1.36 (OH, 3 Chs-teri-
butyl), 1.25 (3H, d, CHs-alanine, J= 6.9 Hz), 0.96 (3H, s, CH;-2"-adenosine).

15 ,

Synthesis of [-2’-methyl-adenosine 5°.0-[c-naphthyl{fert-butoxy-L-alaninyl)]
phosphate (CHC4)



met hyl - guanosi ne 5' - 0-[ a- napht hyl (met hoxy- L-al ani nyl)} phosphate (26 ng,
0.041 5 mol ), and 10 m of a solution 60% of Cl13COOH in water at 90 C
for 15 hours. The crude was purified by colum chromat ography, using as
eluent for the first CHC13/ MeOH (92:8). The obtained pure product was a
white SO|Id 4.1 0. 007 nunol, 17% . Bp (d4-Cl1130H). ; Sr
(4- C1130HYP 208452 ”gH d, H8-guanosine, ,T= 5.8 Hz), ?@iﬁm 44%%H, m
C}+naphthyl) 7. 70 (I'N, in, CHnaphthyl), 7.58-7.52 (311, m 3 CH 10
naphthyl), 7.50-7.41 (1H, m CH naphthyl), 5.93 (111, s, Hl'-guanosine),
4. 58- 4. 5frepdidd dcaordhig toOtanaRl Receddds {@uefrmmeg, ;040- é’j&lo@eﬁsﬂic(yﬁl-ﬁ—m n,
H5' guanosi ne 4.06-4.03 (111, in, %ﬁ C%&;
Hz), 1. 31;1 -adengsingy £)- B@h}l@é‘ﬂhﬂwﬂ-@t@yﬁﬁlﬂﬂ%y pp %EPPat‘a A
C113-2' g Pq@ 0%?} %plﬂh&# Eﬁ%]& HROOR & WaerSHRE RARE Swa"s’fpu’ﬁﬁed by
3'-0,0- |sopr pylidene- guanosi ne

5 -0-[ph edwmamm@gsamyamm)e}uephﬁg heafiest OHCEMe@H (3D5)PolpwedHY dccor di ng
to Stapdard P
PR me AT M RNER R M

THF, 1.041%hol) and phenyl(nethoxy L al ani nyl ) phosphorochl oridate (1.04

The "cr uadr e CBRPTH £4%0% OB uridChr Ot 5B Sty Ul pendLas i ipsnine )
CHCL3/ MeQhtroShe, H~n1ﬁlﬁliﬂbbt7%|l ned @,UCE~rﬁbﬁlﬂ3ﬂ9t7 waHa Onbuedplthgl) 7.64 (41, rrg,

?1&36de|8 Céa?@éh% e§ 39 ﬁ%@gg%sa@ﬂvﬁlglg Sdéltérl g@ﬁ&%ﬂ}? %%%52%267( 311,
.m 3 Gyt Fahﬁﬂiiﬁenos?nelgmﬁﬁaﬁos&i 41 cx@g%% I&@enosx%‘? 1008 925, 4, 680f,1H d,

/" H. 3' - guandsi ne, 494. 3 guanosi ne,

* H5' guanodi3e«YH, AC44B-88y1], m%? (i1, reHEb ;- alamn@) (JSM?H daCf@ﬂ%-aééwwe) J=12.7
Hz), 1.63 (3H, d, Cl13-isopropylidine, J= 2.3 Hz), 1.44 (311, d,

CH3-al anine, .1= 3.1 Hz), 1 41 (311, d, CH3- isopropylidine, 6.8 Hz), 1.10
(3H, d, @hﬁn@ﬁe@uan05|ne : 6.5 Hz). 10 Synthesis of

/3-2' nethyl u in t hoxy-L-al ani nyl)] phosphate

( CHC11) . %ﬂ %@35 ﬁﬁ?gﬁm§%@8 Q to Standard Procedure C4, from?2',
3'-0,0-isopropylldene fIp2' - methyl -g, uanosi ne

5' - 0- [ phenyl (et hoxy- L- g} ani nyl)] phosphate (21 ng, 0.036 mmwol), and 10 n
of a solution 60% 1in water at 90 C for 15 hours. The crude was
purified by columS~chr mat graphy, using as eluent for the first

CHC13/ MeOH (92 8). aimgd pure product was a white solid (7.0 ng, O

J: 1.7

013 nmol 20 $e (c/ 4-CH3 : 4.15, '3.90; OH (4-CH30H): 8.96 (111,
br, He-gud os §~,7.40-7.35 (211, in, CH phenyl), 7.29-7.20 (311, m 3
CH-phenyI) , d, Hl'-guanosine, T= 8.5 Hz), 4.55-4.49 (2H, m

H3' gqgn05|ne OEH ngan05|ne) 4.26 (1H, m H5 guanosine), 4.17-4.11 (111,
m H5"=guanosine), 4.00-3.97 (1H m CHa), 3.73 (3H, d, CH3-nethyl, .1=
11.1 Hz), 1.36 (3H, d CH3-al anine, Jr- 7.1 Hz), 1.41 (311, d,

AC,HS- IH;) p'i\&ggcle{)’?-'ﬁ-m&hﬁa%’t?imbellzaﬁ—g%énc(sﬁﬂa](l4§ e, S8 mol9 AP a&dcd8o a / =- -
solution of MeOH saturated with ammonia, and stirred at room temperature. After 12
hours the solvent was removed and the obtained solid was purified by column

20 chromatography using as eluent a mixture of CHCl:/MeOH 8:2. The pure product was
obtained as a white solid (565 me, 1.90 mmol, 87%). |
8u (ds-DMSO0): 10.52 (1H, s, NH1-guanosine), 8.48 (1H, s, H8-guanosine), 6.52 (2H, s,
NH,2-guanosine), 5.73 (1H, s, H1’-guanosine), 5.24 (1H, d, OH3’-guanosine, /= 6.3 Hz),
5.11 (18, m, OH5’-guanosine), 5.03 (1H, s, OH2’-guanosine), 3.97 (1H, m, H3'-

25 guanosine), 3.85-3.79 (2H, m, H4°, H5 -guanosine), 3.66 (1H, d, H5 -guanosine, /= 12.2
Hz), 0.81 (3H, s, CH;-2’-guanosine); 8¢ (ds-DMSO): 156.72 (1C, C6-guanosine), 153.68
(1C, C2-guanosine), 150.77 (1C, C4-guanosine), 135.07 (1C, C8-guanosine), 116.38 (1C,



WO 2008/ 062206PCT1GB20071004480 35 Each of conmpounds CHCL to CHC9, as
prepared according to Exanples 1 to 11, respectively, was tested for its
potency with respect to HCV. The anti-HCV assays enpl oyed were: 5 Anti-HCV
assay in Huh 7 cells. Huh 7 cells containing subgenonk HCV replicons
13891uc-ubi -neo/ NS3-3 V5.1 (Huh 5-2) or 13721NS3- 37wt 7 have been
describedwf)I_Z?)(Fff%?ﬁ?'n6 V, Korner F, Koch J, Herian U, Th&q&%ﬂéﬁ&ﬁ%ﬁ% '

Bart enschl ager R (1999) Replication2ef subgenonic hepatitis C virus RNAs
in a hepatoma cell line. Science 10 285:110-113 Lohmann_V,_ Korner, F,

Dobi er ze®@Sigaantsinga P0.80 (tB GHeguamsineR P10 NGs &5i -svrmoste)n &had ﬁ]tq’sg% Vi rus

wer e or oRperTinf b E CAefinfER) BP S Gl PRt R TR S el ek

Bel gi um) gaampgphedrented with 10% heat-inactivated fetal bovine serum (FCS)

(I'ntegro dam .. The t her 1d | X_non- { ! i (G bco),
100 M mi “ﬁ%@rﬁ@%‘ﬁ@gﬁb&?b%ﬂ%@“&& %f%&?é?}??@%@?ﬁ%&ﬁ%@%@ﬁ‘a 250

j 1 g/ mls Gehell BEd.ow7 A18, G bco) for Huh 5-2 cells, 1000 pg/nal 0418 for Huh
9-13 cells Anti-HCV assay in Huh 5-2 cells. Huh 5-2 cells were seeded at a
density of 5 x 103 per well in-a tissue culture treated white 96-well view
pl at e (P@_;&gﬁ%ﬂ,ﬁ Canberra, Canada) in 20 conplete DVEM suppl enmented with
250 jig/m 0418. Follow ng incubation for 24 h at 37 &gl% medi um was
renoved Syuthesy phR’, & 1OHserropylidyanf? cmethphemoesne ol mﬁ?ﬁ% **%he test
conmpound r. .p.a total volunme of 100 pl. After 4 days of

i ncubati Z‘ﬁiwg S@%%%%’eqal@e cul ture nmedi um was renoved and | uciferase activity
was det erm ned using Steady-d o |l uci ferase assay system (Pronega,

/' Lei den, The 25 Net hers); the luciferase signal was neasured using a

“ Lum noskan Ascent (Thefno, Vantaa, Finland). The 50% ef fective
concentration (ECsop-—was defipned as the concentration of conpound that
reduced t

uci ferase si.gnali by 50% Anti-HCV assay in Huh 9-13 cells. 30
Huh 9-13 S welle see t density of 5 x 10" cells per well in
96-wel | csg et ¥te pl a I | et e DMEM suppl emented with 1000 pg/ nal
0418. Fol INQ ng?cipncubati on for h at 37C cell culture nmedium was renoved
and serial diluti8n3 _eb~the test conmpounds in conplete DVEM wi t hout 0418
were added in a tota ume of 100 pl. After 4 days of WD ' '
2008/ 062206PCT/ GB200?PL Q34480 36 incubation at 37C, cell culture fluid was
renoved and nonol ayer re washed once with phosphate-buffered saline.

Cells were lysed in 350 pl RLT buffer (Q agen, Venlo, The Netherl ands)

according to the Manufacturer's instruction. Ig/sat es were stored at -80C
until f uPtdpered as@rdifg to Standard Procedure C2, from 2°, 3°-0,0-isopropylidyn-£-2 -methyl-

guanosine (170 mg, 0.503 mmuol), ‘BuMgCl (1.0 ml, 1M solution in THF, 1.006 mmol) and
a-ﬁaphthyl(benzoxy—L—alaninyl) phosphorochloridate (1.0 ml of solution 1M in THF,
15 1.006 mmol). The crude was purified by column chromatography, uwsing as eluent
CHCly/MeOH (95:5). The obtained pure product was a white solid (70 mg, 0.098 mmol,
19%).
8p (d,-CHsOH): 4.53, 4.40; 8g (d,-CH;OH): 8.28 (1H, s, H8-guanosine), 7.84 (1H, m, CH-
naphthyl), 7.77-7.71 (1H, m, CH-benzyl), 7.55-7.49 (4H, m, 2 CH-naphthyl, 2 CH-benzyl},
20 7.44-7.29 (6H, m, 4 CH-naphthyl, 2-C}I~benzy1), 6.06 (1H, d, H1’-guanosine), 5.10 (2H, s,
CHa-benzyl), 4.59 (1K, 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, CHs-isopropylidine, J= 10.4 Hz), 1.37
(6H, d, CH;z-alanine, CHs-isopropylidine), 0.99 (31, 4, CH;-2’-guanosine, J=20.11 Hz).

25 Synthesis of #2’-methyl-guanosine 5°-0-[c-naphthyl(benzoxy-L-alaninyl)] phosphate
(CHC6) '



RT-gPCR. A 25 pL RT-gPCR reaction contained 12.5 pi 2x reaction buffer
(Eurogentec, Seraing, Belgiunm), 6.3 pl H20, 5 pl total cellular RNA
extract. and in the case of Huh 9-13 and |iuH6 sanples 300 rinol/L
neo-forward primer [5'-CCG OCT ACC TGC CCA TTC31 300 | anol/L neo-reverse
prinmer [5' -CCA CAT CCT GAT CGA CAA 0-31 300 10 n - be

[5' - FAM A\‘_‘R”?‘E@%é‘lﬁr CGA GOG AGC ACG TAC- TAVRA- 31 or %ﬁ%@%ﬁ@sam es
300 nnol /L UTR-forward priner [5'-AC& CAG AAA GCG TCT AGC CAT GGC On
AGT-39, 300 nmol/L U 1R-reverse priner [5"-TCC COG GEC ACT CGC AAG CAC CCT
ATC AGG 31 300 nnol / LfUNR- probe [5' - PAM TOG TCT GCG GAA CCG GIG AGT ACA
CC- TAMPA-3']. The RT p was perforned at 48C 15 for 30 m nutes, 15

m nutes at 95C and subSequent PCR anplification of 40 cycl es of
denaturation at 94Ccor 20 seconds and anneal i ng and extension at 60C for
1 mnute gnxan %00 sgquence detector. The 50% effective concentration
(EC50) ef i ne ae t ncdft rati on of conpound that reduced replicon

RNA contenf hy-QG0%WH 20 T ts in terms of HCV EC50/ pM and CC50/1i M
are given abfe | bel ow. e l: Arefers to 9-1inked adenine, G
refers to 9-1inke& oine, Nap refers to 1-naphthyl (- 25 G oHo), Ph

- refers to phenyl (- , Et refers to ethyl (CH3CH2-), Bn refers to
benzyl (C6H5CH2-), toOBu Oiefers to tertiary butyl ((CH3)3C ) and Me refers
to nethyl (CH3-). WD 2008/ 062206PCT/ GB2007/004480 37 Table | Conpound
Base Ar Rsl HCV Huh 5-2 ECso/uM HCV Huh 9-13 EC50/ 04 CCso/ uM -

Prepared according to Standard Procedure C4, from 2, 3°-0,0-isopropylidyn-£-2°-methiyl-

guanosine 5°-O-[a-naphthyl(benzoxy-L-alaninyl}] phosphate (70 mg, 0.098 mmol), and 10
5 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 CHCl/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~CH3;0H): 425, 4.14; 8y (d,-CHOH): 8.17 (1H, m, H8-guanosine), 7.88 (1H, m,
10 CH-naphthyl), 7.79 (1H, m, CH-paphthyl), 7 .53 (2H, m, CH-naphthyl, CH-benzyl), 7.42-
7.40 (1H, m, CH—naphthyl), 7.36-7.21 (7TH, m, 3 CH-naphthyl, 4 CH-benzyl), 6.05 (1H, d,
H1’-guanosine, J= 84 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, CHz-2’-guanosine). |
15 MS (ES) m/e: 687.2 (MNaz", 100%); Accurate mass: CzHzNgOsNaP required 687.1954,
found 687.1944.

Exampie 7
Synthesis of 2°, 3’-0,0-isopropylidyn-/#-2’-methyl-guanosine 5°-O-[phenyl{ethoxy-L-
20 alaninyl)] phosphate
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Prepared according to Standard Procedure C2, from 2, 3°-0,0-isopropylidyn- ﬂ-2’—methy1—
guanosine (220 mg, 0.652 mmol), ‘BuMgCl (1.3 ml, 1M solution in THF, 1.30 mmol) and
a-naphthyl(ethoxy-L-alaniny]) phosphorochloridate (1.3 ml of selution 1M in THF, 1.30
mmol). The crude was puriﬁé,d by column chromatography, using as eluent CHCls/MeOH
(95:5). The obtained pure product was a white solid (35 mg, 0.054 mmol, 9%).

8p (d-CH;OH): 4.41, 4.32; 8 (d-CH3OH): 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, H1’-guanosine), 4.62-4.40 (4H, m, H3’-guanosine, H4’-
guanosine, H5 guanosine), 4.11-4.09 (3H, m, CBa, CHy-ethyl), 1.59 (3H, 4, CHs-
isopropylidine, J= 13.2 Hz), 1.37 (6H, m, CHé—alanine, CH;z-isopropylidine), 1.20 (3H, m,
CHs-ethyl), 1.00 (3H, m, CH;-2’~-guanosine).

Synthesis of f-2’-methyl-guanosine 5’-O-[o-naphthyl(ethoxy-L-alaninyl)] phosphate
(CHCT)

N
O Y&() b ILLNH
O, NH -
. B N N’LNH2
. O 0 O

OH OH

S

Prepared according to Standard Procedure C4, from 2°, 3°-0,0-isopropylidyn-/£-2’-methyl-
gnanosine 5’-O-[a-naphthyl(ethoxy-L-alaninyD)] phosphate (35 mg, 0.054 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) foliowed by
a scmi-prepaxiaﬁve HPLC. The obtained pure product was a white solid (10 mg, 0.018
mmol, 31%).

&p (d~CH;0H): 4.25, 4.14; dg (d~-CHzOH): 8.18 (1, m, H8-guanosine), 7.87 (1H, m,
CH-naphthyl), 7.71 (1H, m, CH-naphthyl), 7.53 (4H, m, 4 CH-naphthyl), 7.51-7.40 (1H,
m, CH-paphthyl), 5.93 (1H, ¢, HI’-guanosine), 4.62-4.57 (2H, m, H3’-guanosine, H4’-
cuanosine), 4.24 (2H, m, H5  guanosine), 4.03-3.98 (3H, m, CHao, CHz-ethyl}, 1.31 (3H, d,
CHi-alanine, J= 7.9 Hz), 1.15 (3H, m, CHs-ethyl), 1.00 (3H, m, CH;-2’-guanosine).
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MS (BS) m/e: 625.3 (MNa®, 100%); Accurate mass: CacHaNgOoNaP required 625.1795,

found 6251788. _
Anal, Calc. for CogHaNgOoP: C 51.83%, H 5.19%, N 13.95%. Found: C 51.86%, H

5.10%, N 12.04%.

Example 8
Synthesis of 2°, 3’-0,0-isopropylidyn-£2’-methyl-guanesine 5’-O-[phenyl(ters-
butoxy-L-alaninyl)] phosphate

ok
o r

NH,

NIV 4

\
O o O-

0.0

PN

Prepared according to Standard Procedure C2, from 2, 3°-0,0-isopropylidyn-4-2’-methyl-
guanosine (120 nﬁg, 0.355 mmol), ‘BuMgCl (0.70 ml, IM solution in THF, 0.711 mmol)
and o-naphthyl(ter-butoxy-L-alaninyl) phosphorochioridate (0.70 ml of solution 1M in

- THF, 0.711mmol). The crude was purified by column chromatography, using as eluent

CHCl3/MeQH (95:5). The obtained pure product was a white solid (24 mg, 0.036 mmol,
10%). o

8p (d-CH3OH): 4.41, 4.32; &y (d-CH;OH): 8.20 (1H, s, H8-guanosine), 7.89 (-IH, m, CH-
naphthyl), 7.73 (1H, m, CH-naphthyl), 7.59-7.54 (4H, m, 4 CH-naphthyl), 7.49-7.42 (113,
m, CH-naphthyl), 6.07 (1H, d, H1’-guanosine), 4.62-4.40 (4H, m, H3’-guanosinc, H4’-
guanosine, 2 H5 guanosine), 3.99-3.86 (1H, m, CHa), 1.58 (3H, d, CHs-isoprpylidine, J=
13.7 Hz), 144 (9H, s, 3 CHs-tert-butyl), 1.38-1.34 (6H, m, CHj-alanine, CHs-
isoprpyliding), 1.01 (3¥, m, CH;2’-guanosine).

Synthesis of A-2’-methyl-guanosine  5°-O-[a-naphthyl(fer-buioxy-L-alazinyl]

phosphate (CHCS8)
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Prepared according to Standard Procedure C4, from 2°, 3°-0,0-isopropylidyn-4-2’-methyl-
guanosiné 5°-O-[a-naphthyl(tert-butoxy-L-alaninyl)] 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 CHCly/MeOH (85:5) followed by a semi-
preparative HPLC. The obtained pure product was a white solid (4 mg, 0.018 mmol, 17%).
8 (d-CH:OH): 423, 4.10; 8y (d~CHsOH): 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, CHa), 1.47 (94, s, 3 CHa-
tert-butyl), 1.36 (3H, m, CH;-alanine), 1.00 3H, m, CH32’-guanosine).

Example 9
Synthesis of 27, 3’.Q,0-isopropylidene-#2’-methyl-guanesine 5’-O-[phenyl(benzoxy-
Lalaninyl)] phosphate
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Prepared according to Standard Procedure C2, from 2°, 3°-0,0-isopropylidene-$-2’-
methyl-guanosine (120 mg, 0.355 mmol), ‘BuMgCl (1.0 mi, 1M solution in THF, 1.07
mmol) and phenyl(benzoxy-L-alaninyl) phosphorochlpﬁdate (1.0 ml of solution 1M in
THF, 1.07 mmol). The crude was i)m'iﬁed by column chromatography, using as eluent
CHCls/MeOH (9:1) followed by semi-preparative HPLC. The obtained pure product was a
white solid (40 mg, 0.061 mmol, 17%).

Sp (d~CHzOH): 4.63, 4.37; &u (d~CHsOH): 7.85 (1H, d, H8-guanosine, /= 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 (21, I-IS’guanosine),_4.10
(1H, m, CHe), 1.61 (3H, s, CHs-isopropylidine), 1.53 (3L, s, CHjs-1sopropylidine), 1.39
(3H, d, CH;-alanine, /= 8.4 Hz), 1.00 3L, s, CH;-2’-guanosine).

Synthesis of £-2’-methyl-guanosine 5°-O-[phenyl (benzoxy-L-alamninyl)] phoesphate
(CHCY)

CHC8
o) o
N
/2
Q .NH <:fj\/)\
O _
OH OH

Prepared according to Standard Procedure C4, from 2’, 3°-0,0-isopropylidepe-f3-2°-
methyl-guanosine 5°-O-[phenyl(benzoxy-L-alaninyl)} phosphate (40 mg, 0.061 mmeol),
and 10 ml of a sohttion 60% of CH;COOH in water at 90° C for 15 hours. The cfude 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 (15
mg, 0.024 mmol, 40%).

8p (d-CH;OH): 4.27, 4.10; &g (d-CH;OH): 7.92 (1H, d, H8-guanosine, J= 8.3 Hz), 7.37-
7.29 (5H, m, 2 CH-phenyl, 3 CH-benzyl), 7.25-7.18 (SH, m, 2 CH-benzy!, 3 CH-phenyD,
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5.96 (1H, 4, H1 -guanosine, J~= 2.3 Hz), 5.15 (2H, s, CHy-benzyl), 4.43-4.35 (2H, 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, CHo), 1.35 (3H, m, CHs-alanine), 1.24 (3H, s, CH3-2°-

guanosine).

Txample 10
Synthesis of 2°, 3’-0,0-isopropylidene-3-2’-methyl-guanosine 5°-O-[phenyl{methoxy-
L~alaninyl)] phosphate

Me
0 0

N .

\/&O M
ke
@;;P\'NH NN,
o O
o_ 0

O

Prepared according to Standard Precedure C2, from 27, 3’-0Q,0-isopropylidene-f5-2’-
methyl-guanosine (130 mg, 0.385 mmol), ‘BuMgCl (0.96 ml, 1M solition 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/MeOH (97:3). The obtained pure product was a white solid (26 mg, 0.041 mmol,
11%). _

5p (d~CH;0H): 4.51, 4.45; 8y (d,CH20H): 821 (1H, d, I—IS—guanosine, J=17.5 Hz}, 7.91-
7.89 (1H, m, CH-naphthyl), 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, HI’-guanosine, J= T4 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,
HS’guanosine), 4.12-4.05 (1H, m, CHa), 3.62 (3H, d, CHs-methyl, /= 10.1 Hz), 1.59 GH,
d, CHs-isopropylidine, /= 7.9 Hz), 1.40 (3H, d, CHz-alanine, /= 3.4 Hz), 1.35 3H, 4, CHs- -
isopropylidine, /= 7.2 Hz), 1.05 (3H, d, CHz-2’-guanosine, /= 7.0 Hz).

Synthesis of  f-2’-methyl-guanosine 5’-0-[a—naphthyl(methonyL—aIaninyl)]
phesphate (CHC18)
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Prepared according to Standard Procedure C4, from 2%, 3°-0,0-isopropylidene-f£-2°-

methyl-guanosine 5’-O-[c-naphthyl(methoxy-L-alaninyl)] phosphate (26 mg, 0.041

5 mmol), and 10 ml of a solution 60% of CIH;COOH in water at 90° C for 15 howrs. The

crude was purified by cohumn chroﬁnatography, using as eluent for the first CHClo/MeOH
(92:8). The obtained pure product was a white solid (4.1 ﬁlg, 0.007 mmol, 17%).

3p (d4~CH301-I): 4.35, 4.26; by (d,CH;0H): 8.20 (1H, d, H8-gnanosine, J= 5.8 Hz), 7.91-

7.87 (2H, m, CH-napbthyl), 7.70 (1H, m, CH-naphthyl), 7.58-7.52 (3H, m, 3 CH-

10 maphthyl), 7.50-7.41 (1H, m, CH-naphthyl}, 5.93 (1H, s, H1’-guanosine), 4.58-4.56 (2,

m, H3’-guanosine, H4’-guanosine), 4.29-4.21 (2H, m, H5° guanosine), 4.06-4.03 (1H, m,

CHo), 3.56 (3H, ¢, CHz-methyl, /= 1.7 Hz), 1.31 (34, d, CH;-alanine, J= 7.4 Hz), 1.00

(3H, d, CH3-2’-guanosine, /= 12.4 Hz).

15 Example 11

Synthesis of 2°, 3’-0,0-isopropylidene-£-2’-methyl-guanosine 5°-0O-[phenyl(methoxy-

L-alaninyl)] phesphate

O,Me o
O N
. < :fLJ\
M ,NH P
O 04'1)\ N N NH,

O—-l O {

o_ 0

o

20 Prepared according to Standard Procedure C2, from 27, 3°-0,0-isopropylidene-£-2’-
" methyl-guanosine (140 mg, 0.415 mmol), BuMgCl (1.04 ml, 1M solution in THF, 1.04
mmol) and phenyl(methoxy-L-alaninyl) phosphorochloridate (1.04 mi of solution IM m
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corresponds to the free nucl eoside 9-1inked guanine. A conparison of the
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2008/ 06 2PEEPOT GRRAD The G4uiB0was purified by column chromatography, using as eluent

CHCl:/MeOH (97:3). The obtained pure product was a white solid (21 mg, 0.036 mmol,
9%).
Sp (d,;—CHg,OH) 4.09, 3.91; &y (d,~CH;OH): 7.88, 7.80 (1H, d, H8 guanosme), 7.41-7.35
5 (2H, m, CH-phenyl), 7.30-7.20 (3H, m, 3 CH-phenyl), 6.14 (1H, d, I—Il’-guano;me, J=1138
Hz), 469 (1H, d, H3’-guanosine, J= 2.9 Hz), 4.49-4.39 (3I-I,. m, H4’-guanosine,
H5’ guanosine), 4.04-3.99 (1H, m, CHa), 3.70 (3H, d, CHy-methyl, J= 12.7 Hz), 1.63 (3H,
d, CHs-isopropylidine, J= 2.3 Hz), 1.44 (3H, d, CHs-alanine, /= 3.1 Hz), 1.41 (3H, d, CHs-
isopropylidine, J= 6.8 Hz), 1.10 (3H, d, CH3-2’-guanosine, /= 6.5 Hz).

10
| Synthesis of ﬁ-Z’-methYl—guanosine 5’-0—[phenyl(methoxy—L-alaniuyl)] phosphate
(CHC11).
Ymm
O O’ % N NHz
O..
O OH

15 Pfepared according to Standard Procedure C4, from 2°, 3°-0,0-isopropylidene-£-2’-
methyl-guanosine 5°.0-[phenyl(methoxy-L-alaninyl)] phosphate (21 mg, 0.036 mmol),
and 10 ml 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 CHCl3/MeOH (92:8). The
obtained pure product was a white solid (7.0 mg, 0.013 mmol, 36%).

20 &p (d-CH;OH): 4.15, 3.90; &n (d-CH;OH): 8.96 (1H, br, H8-guanosine), 7.40-7.35 (2H,
m, CH—phenyl), 7.29-7.20 (3H, m, 3 CH-phenyl), 6.08 (1H, d, H1’-gnanosine, J= 8.5 Hz),

' 4.55-4.49 (2H, m, H3’-guanosine, H4’-guanosine), 4.26 (1H, m, H5’guanosine), 4.17-4.11
(1H, m, H5’-guanosine), 4.00-3.97 (1H, m, CHa), 3.73 (3H, 4, CHz-methyl, J= 11.1 Hz),
1.36 (3H, d, CHz-alanine, /= 7.1 Hz), 1.41 (3H, d, CHs-isopropylidine, J= 6.8 Hz), 1.14

25 (3H, d, CH;-2’-guanosine, /= 4.9 Hz).
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Each of compounds CHC1 to CHCY, as prepared accbrding to Examples 1 to 11,
respectively, was tested for its potency with respect to HCV.

The anti-HCV assayé employed were:

Anti-HCV assay in Huh 7 celis. Huh 7 cells containing subgenomic HCV replicons
Tsgoluc-ubi-neo/NS3-3°/5.1 (Huh 5-2) or I377/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. Lobmann V, Komer 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 Mediutm (DMEM,; Gibco,
Merelbeke, Belgium) supplemented with 10% heat-inactivated fetal bovine serum (FCS)
(Integro, Zaandam, The Netherlands), 1x non-essential amino acids {(Gibeo), 100 TU/ml
penicillin (Gibeo), 100 pg/ml streptomycin (Gibco) and 250 pg/ml Geneticin (G418,
Gibeo) for Huh 5-2 cells, 1000 pg/ml G418 for Huh 9-13 cells

Anti-FICV assay in Fiuh 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

'compiete 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 luciferase assay system (Promega, Leiden, The
Netherlands); the Inciferase 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 Iuciferase signal by 50%.

Anti-HCV assay in Huh 9-13 cells.
Fiuh 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 ng/ml G418. Following incubation for

- 24 b at 37°C cell culture medium was removed and serial dilutions of the test compounds

in complete DMEM without G418 were added in a totél volume of 100 pl. After 4 days of

bel ow sets out the structures of the presently exenplified
conpounds CHCL to CHCl11 in terns of fornula I

above, with in each case Z
Hand Q= 0. 5 Table 11 Conpound X Y' VT A R2R3I R4 CHC1 N2 HH OH

H
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incubation at 37°C, cell culture fluid was removed and monolayers were washed once with
phosPhate;bﬁffered 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-qPCR A 25 pL RT-gPCR reaction contained 12.5 pl 2x reaction bufier (Eurogentec,
Seraing, Belgium), 6.3 pl H>0, 5 pl total cellular RNA extract and in the case of Huh 9-13
and Hul16 samples 300 nmol/L neo-~forward primer [5-CCG GCT ACC TGC CCA TTC-
37, 300 nmol/L neo-reverse primer [5-CCA GAT CAT CCT GAT CGA CAA G-3"], 300

10 nmol/L neo-probe [5°-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 nmol/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

15 for 30 minutes, 15 minutes at 95°C and subsequent PCR amplification of 40 cycles of
depaturation 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 concentration (ECsg) was defined as
the concentration of compound that reduced replicon RNA content by 50%.

20
The results in terms of HCV ECse/uM and CCsy/uM are given in Table I below.

In Table It
A refers to 9-linked adenine, G refers to 9-linked guanine, Napf refers to 1-naphthyl (-
25 CjeHg), Ph refers to phenyl (-CeHs), Et refers to ethyl (CH;CHe-), Bn refers to benzyl

(CeHsCHy-), t-Bu refers to tertiary butyl ((CHs):C-) and Me refers to methyl (CHs-).

30
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Table I
Compound | Base Ar Rz HCY BCV CCso/pM
Huh 5-2 Huk 9-13
E‘C59f ;I.M EC‘so/ pM
0.14 29
CHC1 A - - 0.08 >33
0.13 >33
CHCZ A Nap | Bt | 012 - ED
CHC3 A Nap - Bn 0.16 44
CHC4 A Nap tBu | 2.36 =50
crics s _ ] 3 i35 [>50
5 | >50
6.08 =50
0.032 >30
CHC$ G Nap Bn | 0.1 0.06 >50
0.13 >50
0.044 >50
0.15 ' =50
CHC7 G Nap Et 0.2 : >50
0.16 >50
CHC? G Nap +Bu | >30 >50
CHC9 G Ph Bn |36 41 >50
CHC10 G Ph Me | Y _ ,>50
0.88 >50
CHC11 G Nap Me 014 >30
0.063 >50

~ The data in Table I show that each of the compounds CHC6 and CHC7 embodying the
5 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 CHCS,
and with réspect to each of compounds CHC10 and CHCI11, shows that the enhanced

10 potency with respect to HCV is attributable to the presence in compounds CHC6 and
CHC11, respectively, of Ar being I-naphthyl.
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Table TI below sets out the structares of the presently exemplified compounds CHC1 to
CHC11 in terms of formula I above, with in each case Z=Hand Q=0.

5
Table 11
Compound X Y ™ A" T Ar ¢ Ra Rs Ry
CHC1I | NH, | H | H | OH | H . - - - "
a2  NH, | H H{OH | H | CoHy | CH; H CH5CH, H
CHC3 . NI, | B | H |OH | H | Coby | CH; | H | CHCH, | H
CHCA N&, | H | H 1 OH | H | Col | CH | H +-CyaH H
CHC5 =0 | NH; | H | OH | H . R - . N
1 CHCs =0 | N, | @ | OH | H | Cully | CH; | H | CHCH; | H
CHCT =0 | N&; | H | OH | H | CoHy | CH: T O | ChCEL | H
CHC8 =0 | NH, | H | OB | H | CoBy | CI | H t+-Cabo H
CHC? O | N, | H | OB | H | CHs | CB; | H | C#:CH, | H
CHC10 =0 | NH; | H | OH | H | GHls | CH, | H CH; H
CHCI1 —0 | Ni, | H | OH | H | CiHl; | CH; | H CH; H

Where Ar is CipHy, it is 1-naphthyl. Where X is NHz, nis 0. Where X is=0, nis 1.
10
Each of compounds CHC1, CHCS5, CHCS and CHCI10 is a comparative compound.

Compound CHC1 corresponds to the non-phosphoramidated, free nucleoside 9-linked
adenine.

15
Compound CHCS5 corresponds to the non-phosphoramidated, free nucleoside 9-linked

guanine.

20
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CLAIMS

1. A compound of formula I:

wherein:

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

10 of Cyoaryl and Ceacheteroaryl, any of which rings are optionally substituted;

T is selected from the group consisting of hydrogen (H-), fluoro (F-), azide (Ns-), amino (-
NH,), hydroxy (<OH), C;salkyl {Ci3-), Crsalkoxy (Crzalkyl-O-), mercapto (-SH) and C;.
 salkyithio (CysalkylS-);
15
V is selected from the group consisting of ~OT”, hydrogen (-H), fluoro {-F) and chloro (—-’
CI), where T° is selected from the group consisting of hydrogen {(-H), methyl (-CHz), C;.
realkylearbonyl  (Cia6alkyl-C(=0)-), Caisalkenylearbonyl (Crasalkenyl-(=0)-}, Ci
realkoxycarbonyl (Cy.0alkyl-0-C(=0)-), Csecycloalkylcarbonyl {Cs.geycloalkyl-C(=0}-)
20 and Csgcycloalkyloxycarbonyl (Cs.ecycloalkyl-O-C(=0)-);

T is selected from the group consisting of hydrogen (-H), methyl (-CHs), Ci.
sealkyicarbonyl (Ciyealkyl-C(=0)-), Cs.salkenylcarbonyl (Coisalkenyl-C(=0}-), Ci.



=0 N2 HOH H C6H5 GH83 H CH3 HCHC 1 1 =0 NH2 H OH H C10H7 CH3 H Cl113 H
Where Ar is CIOH7, it is 1-naphthyl. Where X is N112, nis 0. Were Xis O,
nis 1. -
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walkyloxycarbonyl (Ci.0alkyl-O-C(=0)-), Cs.geycloalkylearbonyl (Ca.s cycloalkyl-C(=0)-
) and Cs_geycloalkyloxycarbonyl (Cg,ﬁCYClO&lkYI"O'C(%)-) ;

n is 0 or 1, wherein
5 when n is 1, X is =0, and
when 1 is 0, a double bond exists between position 3 and position 4 and X is
selected from the group consisting of H, OH, F, Cl, Br, I, Cyalky! and NRsRs,
where each of Rs and Re is independently selected from H and Ci alkyl;

10 Z is selected from the group consisting of H, OH, F, Cl, Br, I, Cj.salkyl and NRsRg, where
each of Rs5 and R is independently selected from H and C;alkyl;

Y is selected from the group comsisting of H, OH, F, Cl, Br, I, Cyealkyl, Cpgalkynyl,
NR;Re, where each of Rs and R is independently selected from H and C;.¢ alkyl;

15
Q is selected from the group consisting of O, S and CRyRs, where R; and Ry are
independently selected from H and Cyealkyl;

each of R; and R; is independently selected from H, and the group consisting of C;pealkyl,

20 Chappalkenyl, Ciapalkoxy, CiapalkoxyCiocalkyl, CigoalkoxyCssearyl, Caapalkynyl, Cs.
aocycloalkylCesparyl, Csaparyloxy and Cg.gohetefocyclyl, any of which is optionally
substituted;

each of R; and R4 is independently selected from H, and the group consisting of Cyapalkyl,
25 Caagalkenyl, Cigpalkoxy, CiaoalkoxyCigealkyl, CiasalkoxyCesaearyl, Ciaealkynyl, Cs
socycloalkylCesoaryl, Cesoaryloxy and Csaoheterocyclyl, anﬁr of which is optionally
substituted, preferably Rj is alkyl, more preferably Rj is selected from the group consisting

- of methyl, ethyl, 2-propyl, n-propyl, cyclohexyl, 2-butyl and beniyl;

(¥ ]
=

with the proviso that R; and R4 can together comprise a -(CHa)s- alkylene chain;

and pbarmaceutically acceptable salts, solvates and prodrugs thereof.
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3. A compound according to claim 2 wherein Ar is unsubstituted 1-naphthyl.

4. - A compound according to any one of the preceding claims wherein T is selected
from the group consisting of hydrogen (H-), fluoro (F -), methyl (CH;-) and ethyl
(CH5;CHz-).

10 5. A compound according to any one of the preceding claims wherein V is selected
from the group consisting of hydrogen (H-), fluoro (F -} and OT” where T’ is hydrogen (H-)
or methyl (CHz~).

6. A compound according to any of the preceding claims wherein T7 is H.

15

7. A compound according to any one of the preceding claims wherein T is H, V is OH

and T” is L

8. A compound according to any one of the preceding claims whereinn is 1, X is=0

20 and YisNi
9. A compound according to claim § wherein Z is H.
0. A compound according to any one of claims 110 7 whereinn s 0, a double bond
25 exists between position-3 and position 4, X is selected from the group consisting of NHy, F,
C1 and NRsRs where ope of Rs and R¢ is H and one of Rs and Rg is Cy4 alkyl.
11. A compound according to claim 10 where X is NHp, ¥ is Hand Z is H.

30 12. A compound according to any one of the preceding claims wherein Q is O.

13. A compound according to any one of the precedi:ig claims wherein Ry is alkyl.
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15 Vis selected fromthe group consisting of-OI", hydrogen (-H), fluor

(-F) and chloro (- Cl), where T is selected fromthe group consisting of

hydrogen (-H), nmethyl (-CH3), Cl- mal kyl carbonyl (Cli6al kYl-C(=0)-),

C248al kenyl carbonyl (C2_18al kenyl -(=0)-), C1- |oalicoxYcarbonyl

(Crmal kyl C3- 6¢cycl oal kyl car bonyl (C3. 6cycl - -) 20 and -
C3_6ceycl o&’%%‘%&?%r bonyl (C3_6cycl oal kyl - O C(-0)-1; P@éﬁhﬁ%h?{(ﬁgso

2008/ 062206PcT/ GB2007/ 004480 40 i oafXkYl oxycar bonyI (Omal lcyl-O-C(-0)-),

C3-6¢cycl oal kyl carbonyl (C3_6 cycl oal k =0)

C3_6cycl dal | aﬁyloowe@mb@mﬂ'u(lmo %W@-@( 1SO§Q19°13dnffP1§ Be TR wher ei n

when n is_ 1 | erBANGa X5t s bet ween
posi tion °§Slghn§°|go%s| | on gz‘gﬁgﬁ&%gﬁgﬂ eﬂ Wrorﬁﬁﬁhe gfdozzp consi sting- of
H OH4 F d, Br, I, Cl_ 6a| kyl and NR6126, where each of R5 and R6 is

i ndepend tIy sel ected fromH and ‘ ted fromthe
group col‘r?rs1 4 AR §| q:toa&yonegh grlegéégédm#g“%derﬁ]l R6, where each

of R5sand R6 is |ndependently sel ected from H and (@] 6a1ky| Y is selected
fromthe rou consi stin Cl.6al 4a] kynyl ,
NR6R6, SRPYTRC R8C ‘Hﬂg ﬁbaqysoqer?éélbeeq{ﬁ%aﬁﬂ G@@fg%fmﬁl rom %\d Q.6
al kyl ; lélﬁeaguﬁﬁhﬁqﬁﬁﬂoiéfyom CRERPTO0Pc28sdngs torthatof 2 BatwSl] amido &RZR8, where
R2 and Rg are independently selected fromH and Cl_6al kyl; each of Rl and
R2 is |ndependently selected fromH, and the group consisting of

G _20al kyj , c&gp&ﬁalakéogdﬁﬁé to z@yfbﬂe l@?ﬁl\é,pr@e&ﬁé kiaMyGhigsadik Yach of Ry and

Cl_20al koxyCG 30ary C2- 20al kYl'| 20Cyd Cal ky1C6-30al71,

C6_30Hr yRmWWd%imkéﬁeéﬁ@%?@Y 'Qﬁ’}a'Eﬁva ch is optionally
substituted; each of R3 and R4 i.s independently selected fromH, and the
group consisting of G _20al kyl, 25 C2_20al kenyl, Cl1 20al koxy,

G _wal koi@o o toppoundiacerading ko dEmRayherein ope 9hR1 #odRa is methyl and one of

20CYCl Calk REeliRy I ef which
is opti 01%1 y suglas ?léa?“ggc M&Bﬁ%’)l} %g“lgsihaggkyl Err%%l%%{r%a]‘lglra%lgly R3 is
selected fromthe group consi stl ng of nethyl, et hyI 2-propyl, n-propyl,
cyclo x , 2z but d benz t Eﬂgf: t n can

t oget ﬁ [{] 1iok%fq’e\ré%llelé E:bfﬁa{ﬂﬁﬁ ghg%cg%r?ga 5§

accept abh:e;uB@dtdted soI vat es and prodngs t her eof
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20. A compound according to any one of the preceding claims comprising the
diastereoisomer Rp, the diastereoisomer Sp or a mixture of the diastereoisomers Ry and Sp.
20 , o
21. A compound selected from the group comprising:
B-2’-methyl-adenosine 5°-O-{a-naphthyl(ethoxy-L-alaninyl)] phosphate;
25  p-2’-methyl-adenosine 5°-O-[o-naphthyl(benzoxy-L-alaninyl)] phosphate;

B-2’-methyl-adenosine 5°-O-[e-naphthyl(tert-buioxy-L-alaninyl)] phosphate;

B-2>-methyl-gnanosine 5’~O-[e-naphthyl(benzoxy-L-alaninyl)] phosphate;

48]
o=l

B-2’-methyl-guanosine 5°-O-[o-naphthyl(ethoxy-L-alaninyl)] phosphate;

B-2*-methyl-guanosine 5°-O-[o-naphthyl(ters-butoxy-L-alaninyl)] phosphate; and



2. A conpound according to claim1l wherein Ar is selected fromthe group
conpri sing naphthyl and qui nolyl, each of which may be substituted or
=substituted. 3. A conpound according to claim2 wherein Ar is
=substituted 1-naphthyl. 5 4. A conpéiind according to any one of the
preceding clains wherein T is selected fromthe group consisting of
hydrogen (H), fluor (F-), nmethyl (CH3-) and ethyl (CH3CH2-). 10 5. A
conmpound according to any one of the preceding clains wherein Vis

selected frpmthe group.consisting, of, h ogen aluor (F-) and OTI'
where T i 3[2 ﬂ;‘/‘a‘? W‘%— X %%’i@?ﬂgﬁm?t@é’%ﬁ%nmyf)ﬁ@%sﬂ%eorrpound accor di ng
to any of the preceding clains wherein r is H 15 7. A conpound accordi ng
to any one of the preceding.clains wherein T is Vis OHand 1" is H

8. A tonpoutid hERBPERIKGERRIne O ghE o8F Of gt lea‘)e%ﬂi%uéwi%e@ﬂg%i nnis 1,
X is =0 20 @pfhht] it 2n the prophylafisGR fleamis: aCLardinTectiod, @bai m 8 wherein Z
is H 10. A conmpound according to any one of clainms 1 to 7 wherein n is
0, a doubl euBahiyip e@%ﬂ@ﬂ@mﬁﬁﬂﬁﬁﬁﬂnﬁﬁ§féﬂ@ﬁﬁ§Céﬁﬂmposition 4, Xis selected
fromthe group consisting of NH2, F, O and NR5R 6 where one of R5 and R6
is Hand one of R5 and Re is Cl1.6 al kyl. 11. A conpound according to
claim 10 wiBre XseofNcompound dosondingrid afy pge ¢f cl@ms 120 2Airthepound accor di ng
to any one Qf th recedi i 1.0: Qi : accordi ng
to any one %?nu& c‘gurpro etEu {r%m% tgﬂopn@eﬁ%h&la%s% ni%% aﬁ“ﬁ‘;‘jﬁ aiA\”&3\%&9&%&1
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wherein R3 is selected fromthe group consisting of nethyl, ethyl,
2-propyl, n-propyl, cyclohexyl, 2-butyl and benzyl. 15. A conpound
~according to any one the preceding clains wherein R4 is H 5 16. A

. conpound according to any one of the preceding clains wherein RL and R2
are selected such that the noiety -N CRLR2-000- corresponds to that of a
natural am no acid. 17. A conmpound according to any one of the
precedi ng clains wherein each of RL and 10 R2 is independently sel ected
fromnmethyl (-CH3) and H 18. A conpound according to claim 17 wherein one
of RL and R2 is nethyl and one of RL and R2 is H such that the C atom
bearing Rl and R2 has thirty L as in natural alanine. 15 19. A conpound
according to any one of the preceding clains wherein Ar is unsubstituted.
20. A conpound according to any one of the preceding clains conprising the
di ast ereoi soner Rp, the diastereoisonmer Sp or a m xture of the

di astereoi soners Rp and Sp. 20



21. A conpound selected fromthe group conprising. fl-2'"-methyl-adenosi ne
5' -0-[ a- napht hyl (et hoxy- L-al ani nyl)] phosphate; 25 18-2'-nethyl -adenosi ne
5' -04a- napht hyl (benzoxy-L-alani nyl)] phosphate; fl-2'-methyl-adenosine 5'
- 04u- napht hyl (t ert - but oxy-L-al ani ny1ff phosphate; /1-2'-nethyl-guanosi ne
5' - 04a- napht hyl (benzoxy-L-al ani nyl)] phosphate; '211 -1 L.

[3-2"-methybs g i a1 - . = |- 1. OYA ) at e;
-2 oty on dnaarAgulval sORRo BTt Ebe e PR B BT PRE
phosphat e; ehdlaims3 1ffo-2! imebmpinatjonneitls ianpharmaceutically acceptable carrier,

5'-0-[ pheny iﬁ rre%rgoefye L- gl ani nyl)] phosphate. 22. A conpound according to
any one of W TR™21 for use in a method of treatnent, suitably in
the prophylaxis or treatment of a viral infection, nore suitably in the
prophyl axi s _or treat t of hepatitis Cvjrus. L 23. Use of a conpound
accordi ng t%o- a%ynf‘aﬁfec{%? DigPaingsd Phargiasautical eaTapasiiapicaBmEEEShe SeRO: canent
for the proRiaigtbSa OforbgdRdl MBRbrdehe doV bl onkNbECldiRR. 1 Poeber dhhyaa

medi cament for the prophylaxis or treatnent of hepatitis Cvirus. 44 24.
A phar naceuthagarccubelysicesnsable oxgapiest agrisr eolpwsohd according to any one of
claims 1 to 21 in conbination with a pharmaceutically acceptable carrier,
diluent or excipient. 25. A nethod of preparing a pharnaceuti cal

conposi t i on2t ohpracsssrigr thh@repashioo bf & oodpoinapfdomonpl thedregsor di ng t o any

one of claips 1.to 21 with a pha eut i Iy accept abl e exci pi ent,
carrier or GRIEHE CaHEE 240 I%gg@?fo uhi@i‘pr eparation of a conpound of

formula I, the process conprising reacting a conpound of forrmula Il11: ORRO
1111411 CN-1'-C R2 O Ar where Ar, T, V, T, n, X Y, Z, Q Rl, R2, R3 and
¢ R4 have the neanings defined in afy one of clainms 1 to 20.

H NG 4N
k:l N\>_Z

Y N

HO— 4
CH,T

OTII V

with a compound of formula TV:

9 %

I
Ry—0—C——N—P—Cl

?
Ar

where Ar, T, V, T, n, X, Y, Z, Q, Ry, Ry, R; and R, have the meanings defined in

any one of claims 1 to 20.



