WO 03/ 087298 PCT/ US02/ 36621 NUCLEGCSI DES, PREPARATI ON THEREOF AND USE AS

| NHI Bl TORS OF RNA VI RAL POLYMERASES DESCRI PTION Technical Field The
present iwoassTmosrel ates to certain nucl eosi des and part ipcalaod/geckD

nucl eosides that are useful as inhibitors of viral RNA pol ynerases such
as, but not limted to, hepatitis B, hepatitis C, Polio, Coxsackie A and
B, Rhino, Echo, small pox, Ebola, and West Nile virus polynerases. 5 The
present invention also relates to pharnaceutical conpositions conprising
the conpO/CLEOSIDESHEREPARATION TEIRRIOOF ANDWSE ASINFHBIDORSCOFRNAQ t he
conpounds in inhibiting viral _RNA polynmerases and treating patients
suffering from di seases causedWiXME iruses. The present
invention also relates to a method for producing the conpounds of the 10
present invention. Background of the Invention Hepatitis C virus (HCV), as
a particular exanple of an RNA virus, has infected an estimted 170

mllion people worldw de, | eading j health crisis as a result of
the disease. Indeed, during the @E?@ﬁeg@gars t he nunber of deaths from

HCV-rel ated |iver 15 disease and hepatocel | ul ar carci noma nay overtake

t hose caused by AIDS. Egypt is theTednaicdestidhit country in the world, with
23% of the popul ation estimated to be carrying the virus; whereas, in the
USA the preval dhearesnt gyerfiandclaigs Eb‘t%ﬁ@uhégﬂ s @p¢ parficardnto nyeleesiddsned t o

be aroundgl SLYR4Er 6 ifibitdrO0F R S [ [ ! hronic in
t t R R?. .
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virus polymerases.

5 The present invention also relates to pharmaceutical compositions comprising the

composition of the present invention, as well as methods of using the compounds in
mhibiting viral RNA polymerases and treating patients suffering from diseases caused by
various RNA viruses.

The present invention also relates to a method for producing the compounds of the

10 present invention.

Background of the Invention
Hepatitis C virus (HCV), as a particular examplé of an RNA virus, has infected an

estimated 170 million people worldwide, leading to a major health crisis as a result of the

disease. Indeed, during the next few years the number of deaths from HCV-related liver
15 disease and hepatocellular carcinoma may overtake those caused by AIDS. Egypt is the

hardest hit country in the world, with 23% of the population estimated to be carrying the

virus; whereas, in the USA the prevalence of chronic infections has recently been

determined to be around 1.87% (2.7 million persons). HCV infections become chronic in

about 50% of cases. Of these, about 20% develop liver cirrhosis that can lead to liver

20 failure, including hepatocellular carcinoma.



The NS5B regi on of HCV encodes a 65 KDa RNA-dependent RNA pol ynerase (RdRp)
t hought to be responsible for viral genone replication. RdRps function as
the cat avptoBoszabunit of the viral replicase required forcrhsorspki cation
of all positive-strand viruses. The NS5B protein has been well
characterized, shown to possess the conserved 5 GDD notif of RNA-dependent
RNA pol ynerases and in vitro assay systens have been reported. Cellular

| ocal i zati on studies reveal ed that NS5B i s menbrane-associated in the

endopl asm ¢ r etThe WSIBIrkgike oNSER, ensoigg @ 65 KTth RNALdchORRAt RMA folRhdhdds nay
remai n associated wth one another after proteol ytic processing.

Addi t i onafR&RB)dkenest o hsgesporsiblp far viggenomsrerlisgiionNE8gBps finetiecas the t h each
other to . t t i ik on

et ner y o B SRR oF oAt rep MG AT RTORAE LorflakABEHpOTRATAM S o
been det evimiseedTRNSHRpesein hey een o€k oharpudridedsshbwn so pesat tHeeohdegvadnusual

shape of nol .ec .. JThis uni gue shape for a polynerase, resenbling a
fla sphebgﬁ) p@tlgp%ﬁ@ugeganqegt fdnr aSeh A R VI DHEDLEIRBE Hayaksent i nger s

and t hunb, SHREO NBiIRTar16taRLtdn 3udRY rdvBatd hieNgsHs is‘éﬁ%ﬁlgﬁ&ééé?vcgﬁgc?in%gl y

encircled, 15 form ng a cavity 15 A across and 2 eep. I'ng studies
showed t hetdopteemiNSsaculumpdidn Npdd, smgestiog tratrthdse @votfreteine mply atreaipassoeiatedi t hout

| arge nmovement of the. subdomains, suggesti.ng .that the struct is
preser vedwﬂr}grolnﬁ Gm?th%r aftsy Vﬂ&?@&?‘i"fﬁ?fs?‘gagﬁh‘é‘ﬂgalfﬁﬁf’%ceé%g%ﬁI%Vt gsgew reports
of weak i NSl dn@MNSIH intdRfet Veth KERIGARE to HRASRohPEXURR furkBBRadbie! Gakd de _
anal ogues, gliotoxin and the natural product cerulenin. 20 Accordingly, it

wodld be tpiratigpneachineseafdi©). i nhi bitors of RNA viral pol ymerases. 25 2 WD
03057250 £CT 508 98Kk TR0 D R il 5 e
very recent publications describe the unusual shape of the molecule. This unique shape for a
polymerase, resembling a flat sphere, is attributed to extensive interactions between the
fingers and thumb subdomains in such a way that the active site is completely encircled,
15 forming a cavity 15 A across and 20 A deep. Modeling studies showed that the NS5B
apoenzyme can accommodate the template-primer without large movement of the
subdomains, suggesting that the structure is preserved during the polymerization reaction.
There are only a few reports of weak inhibitors of the polymerase. These include
some nucleotide analogues, gliotoxin and the natural product cerulenin.

20 Accordingly, it would be desirable to develop inhibitors of RNA viral
polymerases.
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5B 1 (CH,-X (CH,-CHRZRB O Y- -P- Z 15 14 Ris H, OH alkyl,

O al kyl, CH2-O al kyl, (CH2)nOH, (CH2)nNH2, (CH2)nCONH2, (CH2)nCOOH, 20 R1
is H OHwalokys7298 al kyl , CH2-O al kyl, C6HL 1, CH(OH R2 ipsTHSoZbdeyl , COH,
CH(OH, CH2-O-al kyl, CH(OH)-al kyl, CH(OH) CH20H, CH2- hal ogen; 25 R3 and R4
i ndependently is H OH alkyl; Zis OR5, OR6, or am noacids and esters
thereof 30 R5 and R6 independently is H, alkyl, aryl, pival oyl oxynethyl,
C(R)20C(O X (R8)a, 000 -PI-OR" ofr -P-OP-OR" ORs ORB OR* 3 WO
03/ 087298 PCT/ US02/ 36621 R7 i ndepemagni Inventsonr H, Cl- C12 al kyl, C5-C12

aryl, C2-C12 al ken Cl2 al k Cl2 al ke IaryI Cr7-Cl12

al kynyl aryl , k %E?Ciel&{?%?ml ?\‘ém&fﬁ\ﬂﬁ? ghcqrgpq],lﬁ Ef@f‘ist“&??‘ééyg?e is
substitutegmmdh 1 or 2 halo, cyano, azido, nitro, or -CR9; R8

i ndependently is -H Cl1-Cl12 al kyl, C5-Cl12 aryl, C2-Cl2 al kenyl, C2-Cl12

al kgnyl, C7-Cl12 5 alkenylaryl, C7-Cl12 al kynylaryl, or C6-Cl2 al karyl, any
of which is unsubstitutedor is

(CH)— X — (CH)j—CH—R?

R R! R 0
Y_L_'T'_ .
15 }L, 7
R is H, OH, alkyl, O-alkyl, CH,-O-alkyl, (CH;)nOH, (CH)nNH,, (CH;)nCONH,,
(CH2)nCOOH;
20
., Rlis H, OH, alkyl, O-alkyl, CH,-O-alkyl, C¢H,;, CH,OH;
R? is H, alkyl, OH, CH,OH, CH,-O-alkyl, CH(OH)-alkyl, CH(OH)CH,OH, CH,-
halogen,;
25
R?and R’ independently is H, OH, alkyl;
Z is OR®, OR®, or aminoacids and esters thereof
30 R’ and R® independently is H, alkyl, aryl, pivaloyloxymethyl, C(R"),0C(0O) X (R%)a,
0 0O 0
1, I
—P—OR" , or —-ll’—O—II’—OR
(I)R” OR®* OR"



substituted with 1 or 2 halo, cyano, azido, nitro, -N(RLO)2 or -OR9; RI is
Cl-C12 al kyl, C2-Cl12 al kenyl, C2-Cl12 al kynyl or C5-Cl2 aryl; provided that
at | east woa387208 not H and a is 1 when X is CH2, or directusbosa21 or 1 or
2 10 when X is Nwith the proviso that when ais 2 and Xis N, (a) two
N-linked R groups can be taken together to forma carbocyclic or oxygen
contai ning heterocycle, (b) one N |linked R8 additionally can be -OR9 or
(c) both N—Ilnked R8 groups can be -H, R10 is Hor Cl1-C8 alkyl; Rl1l is

sel ected R/ @mdepbn@hﬂyis -HaiCeny blkyhlosﬂ\yhryl &2yCia aﬂ(eyyb@g-ﬂlkylkynﬁ,r@-cu

| oyl | bond 20
Plsvg, Oé, O)élt‘(ﬁﬁl klxé'rlméL @n%/ga%ég(} I@t(gﬂt i fd’i‘}B%lsd’&ﬁ%t?S H?ep;grdF C)zr;denl neY

guani ne, gyBsB&iteEwithin asi2lhald, hyzﬁion@mdo el fokecinurl nes and pyri m di nes such

as inosin-9yl, 2-am no- ur|n9 2-am no- 6- chl oro-purin-9-y

2-6-di ani fd-iptenepdentlyis - ‘éaﬁb@ﬂ%@mcﬂz 2apy14ACH-Eh padltnyl,- rclz:all@ealzﬁﬁ Ciz
d 9- i nQsi

3+ ddaza. 2l ORI AR cRCOEORY, BRORRY spsbrederf

3- deaza- 2 sbstia¢d with @-op Qrhafv, Syatlo, adecﬂﬁaﬁZ@ ~H@e'), or 9ORY

7-deaza-guani n-9-yl, 7-deaza-i1nosin-9-yl, 7-deaza-2-am no-purin-9-yl,
7-deaza- 2- am no-6-chloro-purin-9-yl, 7-deaza-2-6-diam no-purin-9-yl,
7-deaza- 8paz 9

7. donsa. 8rarech ggzgﬁhgyl c;’ b“ a}zﬁ’g’gga% ﬁkgﬁ%lq}gﬁgn@onpﬁl n-9-yl, 4 WD 03/ 087298
PCT/ US02/ pfisaded tﬁatdietezs-:t cﬁie&?fas RoteHi amda6s t hen & is WH ) oDdiydet bond, or 1 or 2

8- 9-
& d Zzéuaw i SN R o Risa 7t g & il RIS Sef WG OF ke By grous g 2-
am no- 6- chk eiken Eﬁgetﬁ'ér 9) Bkm a&fa%@yalc@r%k%@n%gféﬂﬁhg hgte%lcyclé (@?@rllet Rymn-1-yl,

5-aza- cytosin- | -yl, 5-aza-uracil yl
6- aza- cyt tgked RY aMonaHyazlab@mMr-(c] botlyN- linked R® groups can be -H;

R%is H or C1-Cs alkyl;
R'! is selected from H, alkyl, alkenyl, alkynyl, aryl, acyloxyalkyl, and pivaloyloxyalkyl

15
nis 1-5
misOto5
X is S, N(R®) or direct bond
20 ' YisO,S,NR®, and CHR'
B is selected from the group consisting of adenine, guanine, cytosine, uracil, thymine,
modified purines and pyrimidines such as inosin-9-yl, 2-amino-purin-9-yl, 2-amino-6-
chloro-purin-9-yl, 2-6-diamino-purin-9-yl, 3-carboxamido-1,2,4-triazol-1-yl, 3-deaza-
adenin-9-yl, 3-deaza-guanin-9-yl, 3-deaza-inosin-9-yl, 3-deaza-2-amino-purin-9-yl, 3-
25 deaza-2-amino-6-chloro-purin-9-yl, 3-deaza-2,6-diamino-purin-9-yl, 7-deaza-adenin-9-

yl, 7-deaza-guanin-9-yl, 7-deaza-inosin-9-yl, 7-deaza-2-amino-purin-9-yl, 7-deaza-2-
amino-6-chloro-purin-9-yl, 7-deaza-2-6-diamino-purin-9-yl, 7-deaza-8-aza-adenin-9-yl,

7-deaza-8-aza-guanin-9-yl, 7-deaza-8-aza-inosin-9-yl, 7-deaza-8-aza-2-amino-purin-9-yl,



5 2-thiouracil-l-yl, 4-thiouracil-Il-yl, 2-thiocytosine-|-yl, uracil-5-yl,
2-thiouracil-5-yl, 4- thiouracil-5-yl, substituted pyridine derivatives
such as owezawsmes |, and azacytosine. In general, attachmemuSornyeobe at
different positions in the ring at nitrogen or carbon. These B ring
systens may be substituted with halo, alkyl, substituted alkyl (F, d, Br,
I, OH, NH2, N3, aryl, substituted aryl (F, d, Br, I, OH NH2), aralkyl;
and pharmaceutically 10 acceptable salts thereof and prodrugs thereof

Anot her a§plkata-8faza-Renpneseahloropuand-yin7dedzat L azat b6 phanime qruint G al, 8-

conposi tion ont ai_ni at least gne of th ove-di scl osed conpounds. The
pr ggent iﬁ%ﬁ‘fﬁnﬁggﬂéggﬁaégué{“é‘?’?’]ogéf‘z?r'é‘?%g’qg‘ﬁ’g A1 yninery Y h 81afAwr ases
in a patb@ifo-BXhRETpMiSHE)] mzatzlgtdi'ﬁniﬂalﬂuﬁﬂl%-gz 5!a§é‘-ﬁ{yrﬂﬁﬂ-ﬁ:: g-itagf-vi a RNA

above-di scl osed conpounds in an 15 amount sufficient to in
pol ymer asextosigulchl, dzpmxacilsivgl b-aposhynBhdrd, fHaraseytosintidyl@sra-hacd-1vyly us. The

present iRventian 4 S0 _concer, W t h.net hods qf Lng. the. co unds of
Phe > pr esaitiet B D o PR EP R g o bRt VE bt Ho 2 sHAR 1)
i nf ect i onghiswratil-as,HAstitutcBYyddide Rativigivid dudh ab bagairh@l) ahY a2 Posins! & i Ng to

the patient an effective amunt of at 20 | east one of the above-discl osed
conpounds gensialy pttashment ragy kecatdliffsrantpevitiansigale ong atitrpgasenvartiony Eheseon wi | |

b ; K] ' Wi n
Gotai T eq Sams'ysRRRANe el BRAKiflal0 Bficd b M@ bud L GTCH 16 | pgP™ 1O
enbodi menN&1,oN; tang, subsetatddainyl (8j @h By, hYHIAIHOf ardlkly sid gHar@aceutiéalliyhe best

no contenpl atfed of carrying out the invention. As will be realized the 25
i nagnti ona‘f°§pt€g]ﬁéﬁlfséh?ﬁe°f{ﬂ‘ﬁ§ odmyes thirsfer ent enbodi nents, and its several

details are capaBingr aspéct BPﬁlliefp.l“&@ﬁtih%gti&{‘ﬁelﬁ?ersitttﬁglﬁgggé/eiuﬂya?l cbRSRGESS, W thout

departing fromthe invention. Accordingly, scriptionis to be
regar ded esntaihingst leastioneof the atatverdéschnetl cootpoasds estrictive. 5 WO 03/ 087298

e ekt R e A A AR Ay 1
patient by administering to the patient at least one of the above-disclosed compounds in an
15 amount sufficient to inhibit viral RNA polymerases, such as HCV, small pox, Ebola virus,
and West Nile virus.

The present invention is also concerned with methods of using the compounds of the
present invention in treating a patient suffering from RNA viral infections such as HCV,
HBYV and Rhino viral infection by administering to the patient an effective amount of at

20 least one of the above-disclosed compounds.

Still other objects and advantages of the present invention will become readily
apparent by those skilled in the art from the following detailed description, wherein it is
shown and described preferred embodiments of the invention, simply by way of illustration
of the best mode contemplated of carrying out the invention. As will be realized the

25 invention is capable of other and different embodiments, and its several details are capable
of modifications in various obvious respects, without departing from the invention.

Accordingly, the description is to be regarded as illustrative in nature and not as restrictive.



formula 5B (CHs X~ (CHm-CHR | RI " RBO I I Y- -P-z151q Ris
H OH alkyl, Oalkyl, CH-0Oal kyl, (CH2)nOH, (CH2)nNH2, (CH2)nCONHZ,

(CH2) nCOOMp 0208@p8 i s H, OH, al kyl, O al kyl, CH2-O al kyl, E6HIBo2/€#0OH R2
is H alkyl, OH CH(OH CH2-Oalkyl, CH(CH)-al kyl, CH(OH) CH2OH, CH2-

hal ogen; 25 R3 and R4 independently is H OH alkyl; Zis OR5, OR6, or

am noaci ds and esters thereof 30 R5 and R6 i ndependently is H, alkyl, aryl,
pi val oyl oxynmet hyl , C(R7)20C(O X (R8)a, OOO-PI-OR" , or -PI-OPI-OR
OR OR 3 OR 6 WO 03/ @esaR]l POidusIMadadoeCarying Odehsenesi |y is -H Cl-Cl12

al kyl, C5-C12 aryl,. C2-C12 al kenyl, . C2-Cl2 al kynyl, C7-Cl2 al kenyl aryl,
C7-C12 al kynyl i‘? é?‘jﬂc‘g[%r’&e-ﬁ§nh1"&8‘?t§ﬂn,re]§ﬁ§ t%?orﬁ?f?%lﬁs represRRigh sy ithaut ed or is
substitut gghiid h 1 or 2 hal o, cyano, azido, nitro, or -OR9;

5
B
(CH)— X— (CH)j— CcH—R?
1|1 }lz‘ R® O
Y._L_il!_z
15 1|z4 Z
R is H, OH, alkyl, O-alkyl, CH,-0-alkyl, (CH,)nOH, (CH,)nNH,, (CH,)nCONH,,
(CH3)nCOOH;
20
R! is H, OH, alkyl, O-alkyl, CH,-O-alkyl, C¢H;;, CH,OH;
R? is H, alkyl, OH, CH,0H, CH,-O-alkyl, CH(OH)-alkyl, CH(OH)CH,OH, CH,-
halogen;
25
R’and R? independently is H, OH, alkyl;
Z is OR’, OR®, or aminoacids and esters thereof
30 R® and R® independently is H, alkyl, aryl, pivaloyloxymethyl, C(R");0C(0) X (R%)a,
0] O 0
I I
—P—OR"' , o —P—O—P—OR
ke e



5 R8 independently is -H C-Cl12 al kyl, C5-Cl12 aryl, C2-Cl12 al kenyl, C2-Ci12
al kynyl, C7-Cl2 al kenylaryl, C7-Cl2 al kynylaryl, or C6-Cl2 al karyl, any of
whi ch i s wogalst2pg uted or is substituted with 1 or 2 hal ecTagansse2uzi do,
nitro, -N(R10)2 or -OR9; RO is Cl1-Cl12 al kyl, C2-Cl12 al kenyl, C2-Cl12 al kynyl
or C5-Cl12 aryl; 10 provided that at least one R8 is not H and a is 1 when
Xis CH2, or direct bond, or 1 or 2 when Xis Nwth the proviso that when
ais2and Xis N, (a) two N-linked R groups can be taken together to form
a car bocy®iimdependenyig én-H @ht@p aikpl (3418688 CTLE,, alllehyl0ase O alkimied;-88,
addltlonal{y can_be - or (c) both N-linked R8 groups can -H RO is H
or C -cs alkepylarylsCren allymyland cordeb-€ natkaryl, anmafiwhieh wynwbstlaatq@myﬁ aryl ,

acyLonal iy goth B GhOMBKBY kiaR iy BT 5 0 10 B, X T S TN FS) o

direct bond 20 Yis 0, S, 'S ’selected fromthe group
consi sting of adenine, guanine, cytosine, ur aC| |, thymne, nodified

d h | 2- 6-
bl 6 os parkc iBdeRsaeBEs Ao eE s el €8S SRRty Z & o
3- car box aﬁlk@ﬁ’yl&g@ e C{z'aﬂéﬂklrakyl)@r’C@Cg%ﬂ?a?ylZ& i R-uhbubstituted or is

3- deaza- guani n- deaza-i nosi n- aza- 2- am no-puri n- 9-yl, 3-
deaza- 2- aﬁﬁbffbtlﬁed:mtbrlcﬂr@maimcﬁaml azidp, dletaZaNQRg)z@lrdaRno purin-9-yl,
7-deaza-adeni n-9- yl, 7-deaza-guanin-9-yl, 7-deaza-inosin-9-yl,

7-deaza- 2- am no- purin-9-yl, 7-deaza-2- am no-6-chl oro-purin-9- yI

7- deaza- 2R81wh:ﬁm1m1qaua ®1z9aIMény1 C,deaaRkydylat &,acieaiyn; 9-yl, 7 WO 03/ 087298
PCT/ US02/ 36621 -deaza- 8- azsa guani n-9-yl, 7-deaza-8-aza-inosin-9-yl,

7- daz a- gpepyvided. h@ﬁaﬁ@am as Wt H; and a is 1 when X is CH,, or direct bond, or 1 or 2
; ggg;g g\’\glgg 152\57‘3199 e n}ngatlfgé ?}?Pg'h%? 9582/ lmadz)é 1S Idé?‘.a tW%N l]mked R groups can
8- aza- guahe tek®n ygettdr azﬁmnmrmgelgpl ar o&y@zmoatammgmetmmbydle Qbydne 8- aza- 2-
linked R® additionally can be -OR® or (c) both N-linked R® groups can be -H,
R' is H or C;-C; alkyl; ‘
15 R" is selected from H, alkyl, alkenyl, alkynyl, aryl, acyloxyalkyl, and pivaloyloxyalkyl

nis 1-5
misQOto5

X is S, N(R®) or direct bond

2 Y is O, S, N(R®), and CHR!
B is selected from the group consisting of adenine, guanine, cytosine, uracil, thymine,
modified purines and pyrimidines such as inosin-9-yl, 2-amino-purin-9-yl, 2-amino-6-
chloro-purin-9-yl, 2-6-diamino-purin-9-yl, 3-carboxamido-1,2,4-triazol-1-yl, 3-deaza-
25 adenin-9-yl, 3-deaza-guanin-9-yl, 3-deaza-inosin-9-yl, 3-déaza—2-amino-purin-9-yl, 3-

deaza-2-amino-6-chloro-purin-9-yl, 3-deaza-2,6-diamino-purin-9-yl, 7-deaza-adenin-9-
yl, 7-deaza-guanin-9-yl, 7-deaza-inosin-9-yl, 7-deaza-2-amino-purin-9-yl, 7-deaza-2-

amino-6-chloro-purin-9-yl, 7-deaza-2-6-diamino-purin-9-yl, 7-deaza-8-aza-adenin-9-yl,



am no- 6-chl oro-purin-9-yl, 8-aza-2-6-diam no-purin-9-yl, 5-aza-thymn-I-yl,

5-aza 5 cytosin-l-yl, 5-aza-uracil-Il-yl, 6-aza-thymn-1-yl,

6- aza- cytweiong=ys , 6-aza-uracil-l-yl, 2-thiouracil-I-yl PCT/US02/36621
4-thiouracil-I-yl, 2-thiocytosine-Il-yl, uracil-5-yl, 2-thiouracil-5-yl, 4-
thiouracil-5-yl, substituted pyridine derivatives such as 6-azauracil, and

azacytosine. In general, attachnent nay be at different positions in the
ring at nitrogen or carbon. These B ring systenms nmay be substituted with
hal 0, al k{tdeasa+Bsizi-gudrtet9all Kitedzh-8-42asind¥in-91yl, ibaza-B0azRam NG -pudinyd-y1,
substituted ar%/I (F,. d, gr |, OH, NHZ), aral kyl; and pharmaceutically
accept abl &-4¢aF4-8-a¢ardragyno-Gre 5P BHHNYsY s Frdeazsr8-ad3ed-brdiampa-rurinieyhs- Li st ed
bel ow ar e gdef 1o R s NAkinCS] KEL M 28l @ _describe this,ingention.
e e e A K L Lok
speci f i catmom-64¢hloespunt-Bel \i-szm-2-65lidminbipadiniNyls faea-fliyeninfsylapees, either

i ndi_vi dual | y .or part of a larger group. The term"alkyl" refers to

stradi ght SY%SPé]ﬁgliiétfzﬁﬂéﬁcﬂ'laﬂsgﬁgﬁq 1 a'ﬂygﬁ%%%ﬂ‘l'ﬁr apsueeill-ylp 20
carbon at ofiBiouPicAi1eyialliNiodraki®- 18/ CAHRE I ALRDE y1. TRRISKDN 8SRioQRciIsoves. al kyl™
refers to qns’otljlbs?ti t%t ed_lgl I?yll _8'};oup$6)éc§_’ft 1T to 4 car bogl’at ofr?ggcﬂxlsﬁ%‘feagr oups
my be stibeueilibed, swbstiuted pyridiae derivatiBes such as Gdzawradl, a8 adegtosimemir ar y|

refers to nacy,cl i.c _or bi | i.c aromati c hydracar pba roups, hayjng 6 to
12 carbon g%?%ar%s thgar? hjtnﬁ%t nrlgilyn%él%éfrﬁg?%w,poglﬁf8ﬂs S‘Ztgf) HB%)‘?{)I} {}ﬂgeﬂh?rprfﬂt’,onb?f‘&??gnyl and
di phenyl  BnthglépanyhaydieaupsituashithtaloMaileh suBtitied sbBEH, Cutmdr, Gitg term
"acyl" refers_.to the residual noi e'ﬁ of a_carboxylic acid group without the
oHIHr oup H¥2t Ne 2y spbsfiyted seyl el Hrily OHahda@pplkdapnstphamecenid¢adly. The

al kyl grouyp ' ﬂr‘?[sk% t 1-20 carbon atons and nore
typically agét%%)fe)f?%ﬁggre%foaggg%o s ﬂ%?éegf acyl group typically contains 6-12
car bon at Defnitbrafifftres of suitabl e acyl groups include acetyl and benzoyl.

8 WD 03/087298_PCT/.US02/ 36621.. Wthin the above-descri hed defjnitions,
cert ai n enbodi eg}v%arﬁﬁgi\’gp?t@&fvanous terms LlSCd to%escn[)e RES mvention. These

definitions apply to the terms as they are used throughout this specification, unless otherwise

15 limited in specific instances, either individually or as part of a larger group.

The term “alkyl” refers to straight or branched chain unsubstituted hydrocarbon
groups of 1 to 20 carbon atoms, preferably 1 to 8 carbon atoms. The expression “lower
alkyl” refers to unsubstituted alkyl groups of 1 to 4 carbon atoms. Alkyl groups may be
substituted with halo (Cl, F, Br, I), OH, etc.

20 The term “aryl” refers to monocyclic or bicyclic aromatic hydrocarbon groups
having 6 to 12 carbon atoms in the ring portion, such as phenyl, naphthyl, biphenyl and
diphenyl and diphenyl groups, each of which may be substituted.

The term “acyl” refers to the residual moiety of a carboxylic acid group without the
OH group of the acid and includes alkyl and acyl carboxylic acids. The alkyl group

25 typically contains about 1-20 carbon atoms and more typically about 1-8 carbon atoms. The
acyl group typically contains 6-12 carbon atoms. Examples of suitable acyl groups include

acetyl and benzoyl.



Preferred al kyl groups are | ower al kyl groups containing 1 to about 8
carbon atons, and nore preferably 1 to about 5 carbon atons, and can be

st rai ght ,wbroafgtwesi- chai n or cyclic saturated aliphatic hydrasaz/b@nl gr oups.
5 Exanpl es of suitable al kyl groups include nmethyl, ethyl and propyl.
Exanpl es of branched al kyl groups include isopropyl and t-butyl. An
exanple of a suitable aral kyl group is phenethyl. Exanples of suitable
cycl oal kyl groups typically contain 3-8 carbon atons and incl ude

cycl opropyl, cy¥itightheybovesyestritipddesihitionlcaaa eftdithentd e padfaraat i ¢ or aryl
groups are preferably phenﬁl and al kyl substituted aromatic groups

(ar al kyl )Péfgifwda?ék%mﬁlpﬁ arejgyverpllyl glokps contnening haabout earhoneaions, asdi t abl e
am no aci By | WalF i habl ters are
nmet hyl , et {/‘Tal; arf?iA b?% !)&eﬁbog{s%lgdrrgﬁl %r osdraﬁ(g ot%%sl?g%*n’f% %gc%egrr%%@r? scy‘ﬁ%ari ng
vari ous nsdturatpdnliphatic thydwsarbemgmops. hydr oxyami no, ami de, etc.) may include

the foll ow ng es, of _derjvatives where each R 15 group individually my
be Rydrogen, SEU:%E‘PP?%?%%‘“BI?IG g’ﬁ%&%elmst%&h&? “é‘?taxli ?thfélrailgpmcﬁb’keﬁi‘ﬂn}’leéloﬁynyl ,
het er ocy ch@ncildlntyd _ gégg -

cycl oal kenyl © grou ghb‘ggs glg??%}eégprgg%l?‘}lgrgpyﬂflg)ﬂcg b xa%'agl%gt%lﬁ?hlﬁl—&y%up( b)

Ear bamat esﬁ,phenmm(cll_IO)%mRBbs Qﬁs)llteb&cyyc@lotﬂoaibyémps( @ambl:lljﬂggm% 348H@(b@)1ﬁ:ﬁm( O% :3) (d)
nam nes, - — r- = e). Schi ases, -

Manni ch B%I'lsl\‘tls%a?’ ?%%%Epéé%gﬁﬁy%@&lc Mﬁi?ﬂd ﬁ%é&%ﬂ@% aro@F‘técp%fraéi’qﬁgns of

such prod slgeipyedérahl§ pharye ast SRyISERiEH Merhb Ast(@raBE A SBcHS 25

(exanpl esgg)?g: A;pexandg?) etﬁal Y 331 I\/led.t Chemtwl%gé?s (31a, 138c %ﬁhgg% Martin

et 18 ., PEm ¥y ., p.30). The nitrogen function converted in

¢
o epar 10, e Bt LT B LBl O B RA e ERL 5
t he i nventitan atennéthylpethgtand propyl esters.
Prodrug forms of the compounds bearing various nitrogen functions (amino,
hydroxyamino, amide, etc.) may include the following types of derivatives where each R
15 group individually may be hydrogen, substituted or unsubstituted alkyl, aryl, alkenyl,
alkynyl, heterocycle, alkylaryl, aralkyl, aralkenyl, aralkynl, cycloalkyl or cycloalkenyl
groups as defined earlier.
(@ Carboxamides, -NHC(O)R
(b) Carbamates, -NHC(O)OR
20 (c) (Acyloxy)alkyl Carbamates, NHC(O)OROC(O)R
(d) Enamines,-NHCR(=CHCO,R) or-NHCR(=CHCONRj)
(e) Schiff Bases, -N=CR;
® Mannich Bases (from carboximide compounds), RCONHCH,NR,
Preparations of such prodrug derivatives are discussed in various literature sources
25 (examples are: Alexander et al., J. Med. Chem. 1988, 31, 318; Aligas-Martin et al., PCT
WO pp/41531, p.30). The nitrogen function converted in preparing these derivatives is one

(or more) of the nitrogen atoms of a compound of the invention.

Prodrug forms of carboxyl-bearing compounds of the invention include esters



9 WD 03/087298 PCT/ US02/ 36621 (-CO2R) where the R group corresponds to any
al cohol whose release in the body through enzymatic or hydrolytic

pr ocesseswowmalhsi2be at pharmaceutically acceptabl e | evel s. pAmatShES6621r odr ug
derived froma carboxylic acid formof the invention nmay be a quaternary
salt type RC(=OOC N XOR 5 of structure described by Bodor et al., J.
Med. Chem 1980, 23, 469. It is of course understood that the conpounds of
the present invention relate to all optical isoners and stereo-isoners at
t he vari o((pB3 sihbtegh@R gnmipabrrtdpendsab anjuzhleohol Rihaserralesyetin thelbody daeeidt abl e

salts of the caonpo s, of the pres entlon i hcl ude those derived from
ohar maceu PRI DA LEERNABPECREM N be BPhamysA e RAGePs: g e drgier 10

sui tabl e
per chl or Cfdd?‘ﬁgn%é?lﬁkd‘ﬁ%%@%?’“%ﬁéﬁ%ﬁﬁ%?EE%% PEgbe plbfern SR Bc ) i
succinic, toluene-p-sulfonic, tartaricltlacetic, gcitric, nethanesulfonic,
formic, benzoic, malonic, napRlQﬁaOé@éllﬁ\J onl)C trifluoroacetic and
benzenesul foni ¢ acids. Salts deri vedlf rom\appropri ate bases include al kal i
such as sodium and amoni a. 15 The c¢onpounds of the present invention can
be synthesized by persons skilled inRhe art. once aware of the present
di scl osure w thout undue experinentation. Accordi ng@% det ai | ed di scussi on
res

of Pheir ﬁf%’f}’é‘%ﬂ’éﬁ fesaribagd hyddodgeetmbdl- MadeShemyl 986y %3e are available in

t he chemi cal i s or

nucl eosi des. td%é% %ﬁ%g&%&g@i&&ﬂé (%ﬁl%%ﬁ?réaér}%hé% %F%HI rﬁfot%\ F’\%&I’q@aﬁc} g.
Chem , 560ptichOBofn2BAhY sterBoSsonkersat thke GEnoﬁQchblble a@rh_s oflthd mokes®e, Y. - C Cheng,
and WH. Pruso Med, Chem 36, 3 (1993);. D.. Yu and M .d' Al areao. J.
Med chem 54, %Ewae%fg 9ffy acgeRjablasglts BF the Smpoune ot the AEfsial yuvenigg) iRgide o'

Med. Che mlSABhaceltical r dJ.-J.
Vasseur . nllbé)'?%g%rg\éérggrr? Lett. "3 t,wg l%gb%@%glgz%&gm@%ﬁﬁcngnﬂg @Q%}ﬂﬁ% man, and
M J0 Wi switable. actobmclméwﬂroehlomhy(lmbﬁﬁjw, sulfur{® hitng percblo¢, iviase.co, J. J.

Wi ss, J.

ml\z{Fe(iié, p%s%%ric, glycollic, lactic, salicyclic, succinic, toluene-p-sulfonic, tartaric, acetic,

citric, methanesulfonic, formic, benzoic, malonic, naphthalene-2-sulfonic, trifluoroacetic

and benzenesulfonic acids. Salts derived from appropriate bases include alkali such as
sodium and ammonia.

15 The compounds of the present invention can be synthesized by persons skilled in the
art once aware of the present disclosure without undue experimentation. Accordingly,
detailed discussion of their preparation is not deemed necessary. Procedures are available in
the chemical literature suitable for preparing the requisite sugars or nucleosides. Along
these lines, see V. Samano and M.J. Robins. J. Org. Chem., 56, 7108 (1991); T.S. Lin, J.T.

20 Zhu, G.E. Dulschman, Y.-C Cheng, and W.H. Prusoff. J. Med. Chem. 36, 353 (1993); D.
Yu and M. d’Alareao. J. Med chem. 54, 3240 (1989); M.J. Bamford, P.L. Coe, and R.T.
Walker. J. Med. Chem, 33, 2494 (1990); Y.S. Sanghri, B. Ross, R. Bharadwaj, and J.-J.
Vasseur. Tetrahedron Lett. 35, 4697 (1994); H.M. Kissman, A.M. Hoffman, and M.]J.
Weiss. J. Med. Chem, 6, 407 (1963); L. Goldman, J.W. Marsico, J.J. Weiss, J. Med. Chem.

25 6,410 (1963); N.N. Gerber. J. Med. Chem, 7, 204 (1964); M.C. Samano and M.J. Robins,

10



25 6, 410 (1963); N.N. Gerber. J. Med. Chem 7, 204 (1964); M C. Samano and
M J. Robins, 10 WO 03/087298 PCT/ US02/ 36621 Tetrahedron Lett. 32, 6293
(1991); WvB.03M8=bs nski and L. E. Orgel. Nucleic Acids Res. PCH/US0A69 ( 1987) ;
2469 (1985); M Mdss. Ann., 666, 1982; H. Morisawa, T. U agawa, S. Yananeka
and A Yamazaki. Chem Pharm Bull., 29, 3191 (1981); |. Hechara, T.
Murayama, H MKki, and Y. Takatguka. Chem Pharm Bull. 25, 754 (1977); M
Unazawa 5 and T. Eckstein. J. Og. Chem, 44, 2039 (1979); A Zurk, S
VanCal enbdegthedend.cR, 324629k h); W8t Ziakrestir 0w [LBt Orgel. 3Qyclad Abidé R998); and

Neci eot 0482 GoEnE AR BB Mok an i ede iRt L Mrire, & Digern e ol
di scl osur gamahekthing A Aathaiz4kG OCREH AtHAEM NBKIEI 29, by9,1|r(l¢§§1r),em%eha}£ Trhe fol | owing

non-limting exanples are presented to further illustrate the present
i nvent i On_Mur@@mgp Mikijand Y. Takatguka. Chem. Pharm. Bull. 25, 754 (1977); M. Unazawa

2- (4- Am nQ- - LIMAL - Lo YA ko 37 Ir oxy-PIL0pPo thyl] - sphoni c
ot a2 TSR B QI e, 2080 S A SRR R R o o
1-(2-trit Yeawijnl Tetraliedson@enyBo5A75€1998); land M. HRpirsNS. B FRuleldk, . Bne (6. 4
mmol , 4.3_g, prepared by the ne Hiller et al., Nucleic Acid

thod of S. A |
Res. 3 (3jlcmandergS. Wayk. Iﬁ?‘)leqsrﬂeaN%ﬂﬁgtiqee 141 8P VP i-pategtigls 9P tand
pyri dine fm%n%%t ayva&clgg%gé%f%eh ée%acwg;fa;ée%me?&%p%@&%sul fonyl chloride

(12.8 mo 9), t hyl'am nopyri
10 The following non-limiting examples are presented to further illustrate the present invention.
Example 1
15 2-(4-Amino-2-oxo-2H-pyrimidin-1-yl)-3-hydroxy-propoxymethyl]-phosphonic acid:
NH;
Y

20 | N/KO

OH o N
. b
To a solution of 1-(2-trityloxy-1-trityloxymethyl-ethyl)-1H-pyrimidine-2,4-dione
(6.4 mmol, 4.3 g, prepared by the method of S.A. Hiller et al., Nucleic Acid Res. 3 (3),
1976, 721-727) in a mixture of acetonitrile (100 mL) and pyridine (50 mL) was added
30 2,4,6-triisopropylbenzenesulfonyl chloride (12.8 mmol, 3.88 g), dimethylaminopyridine

(DMAP) (12.8 mmol, 1.56 g) and Et;N (12.8 mmol, 1.8 mL). After stirring overnight at

11



(DVAP) (12.8 mmol, 1.56 g) and Et3N (12.8 nmol, 1.8 nL). After stirring
overnight at 11 WO 03/087298 PCT/ US02/ 36621 room tenperature, NHAOH was
added andwetodsizegy was continued for 4 h. The reaction mpPKirarse2/s@s1 t hen
evaporated to dryness and chromat ographed on silica gel colum using 10%
MeOH in CHC13 to give 4-amno-l-(2-trityloxy-I-trityl oxynethyl-ethyl)-1H
pyrimdin-2-one (4.5 mol, 3.0 g, 7099. 5 To a solution of the latter (4.1
mol, 2.7 g) in pyridine (50 nL) was added benzoyl chloride (4.92 mol,
0.6 nlL). Tdom teegetdtae, NHxOH easwaded tnd stiedng was corginiedfor 4rhn Qe reapien at ur e,

ted.to d d i fjed ilica gel colunp to give N[2-
AR L T A et e e M TR A .
zani de. A1oGUIBGASHhEHCL, td Bioe haaﬁﬁiﬁé-1'-(Q-tﬁ&lc%ﬁ?—%t?fbx%ﬁb@lg(—é&g{)ﬂg-i- was heat ed

h. The 1 heh e ed t

to 100 C for 2 resul ting sol uti"on was vapor o dryness,
t hen puri pyeaiidom2ginei(¢4 bl 38 %Yo give N

bengam de (0. 488557 M0t oL i e ol G0 Waddeed 1
N-[ 1 - (2- hpetizoxychlordedd @2)hmb ) Y| 6 @t NYithe réction mixture was stirred overnight at

ox0-1, 2-di hydro-pyrimdi n-4-yl]-benzam de in DVF (5 nL) was added NaH (0.7
mol , 1500 Bmpgiatakdevappigteddo drymgsstapdipyrified gn silica gel column to give N-[2-

di i sopropQxyq 0k . > ).13D 44 e 121 g epared py the
method of SRy ATSLpod T RmER Ehud o b il P BBRENES RY CUS)
The react swpensiotn off the Wiatsr it 80 Yoedetid acid@ 00 helpedsdicdted td 000°48fdr.2 h. Mkt ral i zed

by the additjon of acetic acid, evaporated to dryness then co-evaporated 3
ti s wi t FPsHdiBg siutipn pas theg ey prorated eedryaess. thehpuigfiedpacdlica gel column 'to

tirred abeabh anRy R O R A e e

bet ween Eb&xemf{dd 08P gand water (20 ml). Thfa aqueous Iayfar was collected
d dry. Th j i i i i xt

of vator (20 oy alionaBeste P st RS g YO 0C for 5

h. The rgRel RoNhydrstpyFiehid@s4-{TDenANAROMASHE (5 Iy WAeHRed HaBISOI Mahol, N Wat er

and applied on L
15 16.6 mg) and toluene-4-sulfonic acid diisopropoxy-phosphorylmethyl ester (0.35 mmol,

0.121 g, prepared by the method of Holy A. et al., Collect. Czech. Chem Commun.,
1993, 53, p.649). The reaction mixture was stirred at room temperature for 48 h,
neutralized by the addition of acetic acid, evaporated to dryness then co-evaporated 3
times with acetonitrile. To the crude reaction was added bromotrimethylsilane (3.5 mmol,

20 1 mL) and the reaction mixture was stirred at room temperature for 16 h. The reaction
was then extracted between EtOAc (20 mL) and water (20 mL). The aqueous layer was
collected and evaporated to dryness. The resulting solid was dissolved in a mixture of
water (20 mL) and NH,OH (10 mL) and the mixture was heated to 60°C for 5 h. The
reaction mixture was then evaporated to dryness, dissolved in water and applied on

25 diethylaminodiethyl (DEAD) sepharose column (20X 1.5 cm) [elution with a linear
gradient of 1M solution of triethylammonium bicarbonate in water]. The fractions

containing U.V. activity were collected, evaporated to dryness then purified on HPLC

12



25 di et hyl am nodi et hyl (DEAD) sepharose colum (20X1.5 cm [elution with a
| inear gradient of 1M solution of triethylamoni um bi carbonate in water].
The fractwong/osuentai ning U V. activity were coll ected, evaparsal/ad2t o
dryness then purified on HPLC 12 WD 03/ 087298 PCT/ US02/ 36621 [ gradi ent of
acetonitrile in 0.1 Mtriethyl ammoni um bi carbonate] to give the desired
product as triethylamoniumsalt (23.52 nMsolution in 2 nL of water). 111
NVR (D20): S ppm7.60 (d, 1 H J =7.6 Hz), 5.80 (d, 1 H J =7.62 Hz), 4.6
EnDZ(%) H, p@g’rﬁdliﬂéﬂ%f Zwsm&de 0. DZ\@)rletBylﬁmfrimlu‘in charanzﬁeItmgn?eﬂHEdeﬁrealp NVR

m
2- (4- Ani ng Logluehas. QT—Tlll}slymmﬂn&Msalt (Byﬁ%m%ﬂ Sqlfymkﬁ%ﬁaeﬁwvm hyl]-O 10

phosphoryl phos OH OH

OH OH To a sol %mﬁé???fafizé%lﬂ)%{r%g? %gkﬁ&gr%bx fret yl - 7%&-@ Qé{)xo-

1, 2- di hydngd 2 (apiallymasked By b0}, Benmpd 8B, 1.1 (84 2rHol , 0 389 g, prepared in

exa | e 1) |n n s added tert- butyldlnethyIS|IyI chl ori de
gp %ﬂR@é}oﬁew)lgﬁg stirred at roomtenperature for 3 h,

quenched by thmgaggg}wggg)f MeCH, then purified on silica gel colum to

gi ve N-{ 1-[1-(tert-butyl -di nethyl -sil anyl oxynmet hyl ) - 2- hydr oxy-

et hyl ] - 2-oxo- 1, 2-di hydro-pyri m di n-4-yl }-benzam de (0.2 g, 40 %).

- Example 2
2-(4-Amino-2-oxo-2H-pyrimidin-1-yl)-3-hydroxy-propoxymethyl]-O-
10 phosphorylphosphonic acid:

15
(o}
u
|
Ol

To a solution of N-[1-(2-hydroxy-1-hydroxymethyl-ethyl)-2-0x0-1,2-dihydro-

20 pyrimidin-4-yl]-benzamide (1.34 mmol, 0.389 g, prepared in example 1) in pyridine (10
mL) was added tert-butyldimethylsilyl chloride (1.47 mmol, 0.22 g). The reaction was
stirred at room temperature for 3 h, quenched by the addition of MeOH, then purified on
silica gel column to give N-{1-[1-(tert-butyl-dimethyl-silanyloxymethyl)-2-hydroxy-
ethyl]-2-o0x0-1,2-dihydro-pyrimidin-4-yl }-benzamide (0.2 g, 40 % ).

25 To 0.1 g (0.5 mmol) of N-{1-[1-(tert-butyl-dimethyl-silanyloxymethyl)-2-
hydroxy-ethyl]-2-oxo-1,2-dihydro-pyrimidin-4-yl }-benzamide in DMF (5 mL) was added
NaH (1 mmol, 24 mg) and toluene-4-sulfonic acid diisopropoxy-phosphorylmethyl ester

13



25 To 0.1 g (0.5 mmol) of N-{ 1-]

1-(tert-butyl -dinethyl-sil anyl oxynet hyl ) - 2-

hydr oxy- ewbyBos229%©x0- 1, 2- di hydr o- pyri m di n-4-yl } - benzam decCrrusbisee¢nb i)
was added NaH (1 mml, 24 ng) and tol uene-4-sulfonic acid

di i sopropoxy- phosphoryl net hyl ester 13 WD 03/087298 PCT/ US02/ 36621 (2
nmmol, 0.2 g prepared by the nethod of Holy A et al., Collect. Czech. Chem
Commun., 1993, 53, p. 649). The reaction mxture was stirred at room

t enper at UgBnin@sl, @8 g phepaldiEvy @a el ool fueBchedolyet! Ogciddhdm on of acetic
acid until_neutral 9355& evaporated to dryness, and co-evaporated 3 tines

wi t h acet &ommgn.gl9 BPe64P ulles Teaction miv twie wag elitecil & room tenpdratetenipl 48 | ane

(10 mol) LLr r t e f 6. h. evaporated. to dryness and
co- evapor b ;gfc’ié {/ﬁa?ﬁong‘;@ssoq%gp%hgﬁ%gﬁ ﬂ%%&ﬁ}?ﬁ cg:l\alc‘lgthc %E%%tgln.eu WY égl

obt ai ned abdwaessyarl madagoramdBhithéneit 2cc2Mmiti®ITo the dudt teacti®d fvas Sdded |

al cghol (éS nm).,, vi/laier (15 nmL) and DCC (2.25 mmol, 0.46 g) in t-BuCH (12
m) 2 Af t dForeotimghystlapg el gmohpstiaredatraom tempgiatua dorddy plsrnoneed t 2 i)
wer e addedrgie m%omaﬁeré&amth%mtﬁin'dm%@wi@'e@% 1, The crude reaction
was then cooled to roomtenperature, evapordated to 8r yness then dissol ved
in DMSO (5 nl) Tarbk ¢mde obtbmtd hizomepwasiaddep yroopitodiap (22 £ nn@ol17.3 nnipp text- was

dded. Th L i i t t t 3 ,
added” conpubiaRong td). Yler B8 ittt C Lahd Fitsef PB Eh O e D enct i on
was adsor agr 9t JPFARIGEN MO DT M A0TF) dnd QribkpRol)0 LEhILY WER Aliddlarf th near

15 gradi ent of 1M solution of triethylammonium bicarbonate in water]. The
f r d8t i ons mix@m witieAygxad arermghti The grudgereactianl wasthenicoodsdtoapamdempaairg ness,

di ssol ved j | xt ter (2 nd, \NH4. 0 heated to 60C
for 5 h aﬁ%@%&%%@aﬁ%ﬁheaﬁ%ﬁ@ gél OIR@r?)Op r?%ﬁ@ﬁé‘%’%&ty%@rflﬁ?adi ent of
acet oni t r py@phospBatd (01175 heidly wanadaed UTe hadiah DORAEEWad Qiridve rédre desired

product as triethylamoniumsalt (15.43 nMsolution in 20 2 nL of water).
1H NVR ( Dismyperatursdps 7 dgs, pdgled cppe. H tg pHe3, ppd stirseddior pdlitignaly3 hy The grude Hz) |

4.6 00, LabiodRakalod BADEAB 'sgﬁh%rcﬂse (:gfum% (IEQ)XLS cm) [elution with a linear
15 gradient of 1M solution of triethylammonium bicarbonate in water]. The fractions
containing U.V. activity were collected, evaporated to dryness, dissolved in a mixture of
water (20 mL) and NH4OH (10 mL), heated to 60°C for 5 h and evaporated to dryness
then purified using HPLC [gradient of acetonitrile in 0.1 M triethylammonium
bicarbonate] to give the desired product as triethylammonium salt (15.43 mM solution in
20 2 mL of water).
"H NMR (D,0): & ppm 7.80 (d, 1H, J = 7.58 Hz), 5.90 (d, 1 H, J = 7.5 Hz), 4.6 (
m, 1 H, masked by D,0), 3.6-3.4 (m, 6 H).
3'P NMR (D20): § ppm 9.41, -9.58, -22.18.
MS (ES): 438.12.
25
Example 3
[3-(4-Amino-2-oxo0-2H-pyrimidin-1-yl)-4-hydroxy-butoxymethyl]-phosphonic acid

14



31P NWVR (D20): 5 ppm 9.41, -9.58, -22.18. WM (ES-): 438.12. 25 Exanple 3
[ 3- (4- Am no- 2- ox0- 2H pyri m di n- 1-yl ) - 4- hydr oxy- but oxynet hyl ] - phosphoni c
acid 14 wO388108¥298 PCT/ US02/ 36621 NH2 (LN N 'O ) OrOT@ARZ/366RI0 ' OH A
solution of 2-(2,4-dioxo-3, 4-di hydro-2H pyrimdin-1-yl)-succinic acid
diethyl ester (4.70 g, 16.5 mmol, prepared based on the literature nethod:
Perbost et.al., Nucleosides & Nucleotides, 1992, 11, p. 1489) in
THE/t-BuOH (150 nL/ 70 nL) was 5 treated with NaBH4 (3.53 g, 93.3 mol).
The reaction mxture was stirred at room tenperature for 72 h foll owed by
neutralization with acetic acid, and camgentrati on under vacuum The

resi due was purified by flash colum chgomatography (CHC13/MeOH 1 : 0 to
3: 1) to give | N

3- (2, 4-di oxo- 3, 4-di hydr o- 2H pyri m di n- W@ -4- hydroxy-butyric acid ethyl
ester (1.06 g, -70%pure). 10 A m xturg of the above

3-(2, 4-di oxo- 3, 4-di hydr o- 2H pyri m di no’}- |') -4-hydroxy- butyric acid ethyl
ester (970 ng, -2.8 mml ), trityl chloride<{7/83 g, 28.1 mol) in pyridine
(15 nL) was stirred at roomtenperature for,/3t,h followed by concentration.
The residue was purified by flash colum chromatography (Hex/EtQAc: 1 : O
tol: 1) to afford

3- (2, 4- di oxo- 3 Mscdutiondyf@-@4-dipxo-3idddihydroyd H-parimidint Hd)sucbimyadid detdiyd et hy|
ester 15 (:s]térz(g.?q)' g,jlg%r];lr%%l,tp\f\é?)arse%%gg 4 & i erzi1t¥1ree r%gtu)g Perbost et.al.,
Nucleosides & Nucleotides, 1992, 11, p. 1489) in THF/+~-BuOH (150 mL/ 70 mL) was
5 treated with NaBHy (3.53 g, 93.3 mmol). The reaction mixture was stirred at room
temperature for 72 h followed by neutralization with acetic acid, and concentration under
vacuum. The residue was purified by flash column chromatography (CHC13/MeOH: 1 : 0
to 3 : 1) to give 3-(2,4-diox0-3,4-dihydro-2H-pyrimidin-1-yl)-4-hydroxy-butyric acid
ethyl ester (1.06 g, ~70% pure).

10 A mixture of the above 3-(2,4-diox0-3,4-dihydro-2H-pyrimidin-1-yl)-4-hydroxy-
butyric acid ethyl ester (970 mg, ~2.8 mmol), trityl chloride (7.83 g, 28.1 mmol) in
pyridine (15 mL) was stirred at room temperature for 31 h followed by concentration.
The residue was purified by flash column chromatography (Hex/EtOAc: 1:0to 1: 1) to
afford 3-(2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-yl)-4-trityloxy-butyric acid ethyl ester

15 (1.26 g, 16% for two steps) as a white solid.

A solution of 3-(2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-yl)-4-trityloxy-butyric
acid ethyl ester (1.17 g, 2.42 mmol) in THF/~-BuOH (24 mL/ 11 mL) was treated with
NaBH, (561 mg, 14.83 mmol). The reaction mixture was stirred at room temperature for
15 h followed by neutralization with acetic acid and concentration under vacuum to give

20 crude 1-(3-hydroxy-1-trityloxymethyl-propyl)- 1H-pyrimidine-2,4-dione.

The above crude 1-(3-hydroxy-1-trityloxymethyl-propyl)-1H-pyrimidine-2,4-
dione was treated with DMF (15 mL), imidazole (2.03 g, 29.85 mmol), 4-
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A sol ution of

3-(2, 4-di oxo- 3, 4-di hydro-2Hpyrimdin-1-yl)-4-trityl oxy-butyric acid ethyl
ester (1.W6o0g/08s2912 mmol ) in THF/t-BuOH (24 nL/ 11 nl) wa®cCtrusat/ad2iv t h
NaBH4 (561 ny, 14.83 mmol). The reaction mxture was stirred at room
tenperature for 15 h followed by neutralization with acetic acid and
concentration under vacuumto give 20 crude 1 -(3-hydroxy- |

-trityloxynet hyl -propyl)-1 H pyrimdine-2, 4-di one. The above crude

1- (13- hydr (Jdémethﬂmw)p@ﬁmet(m mp/ Z)Whl)mdlj"'aﬂ&’l?-bﬂﬂyﬂinﬂ@mglsﬂ yl GHlgR 4as g reat ed
with DVF i m dazole (2.03 g, 29.85 mol WD 03/ 087298

PCT/ US02/ %@é Inm(ﬂaf%%"fﬁﬁl by stiRE SR Pem ﬁ@nmmuenfﬁr Q%h JEhaygagtion mixgre was

t oom § enpan e Al HOATIS0 hilf shityitydd ot B0 120730 50 ) AERAHY (T Rl a0
(300 ni) dhdovgmmlcldyanivids dHEOw(th2hy&Ous MAgmesjun anfitdFiteed(&@ nL). The
conSant r acutent Hed iy de s b i &Tmiiéﬁp?éépgfﬁ%ﬂéﬁ%%‘%ﬁeszgfaﬁhy
T P 10 ) S e

propyl | - 1erqpytli H-gyneidine2 di-dore (10505 7§% 689 d steps) wpa swhapssg)hdas a white
solid. A mxture_ of

1-[3-(tert-but vy T g RT3 ety ladipethyl-silanylax )l e eignymstiylprepy it H-

pyrim di nﬁyﬁmi’dlﬂé Qﬂedléﬁ)e @9)9@, 11787r&nm)pi,)1,6 tﬂlsﬁpﬁwpyfblehfdﬁ@ﬁﬂﬁh%lmwsm fonyl
chl oride 10 am no)sgyrl dine (439 ng, 3.59

di met
mmdl) , anél ié Bet- ﬁ%rralmlhé (d(roetla,ziamnog s %@f}é?}ng,ﬁ demohi anditriethylging ) was
ti d ted with
St e 2o SR SSDERBNS e iy ol God ARKIORH] KRBT A ot oD L
h. After d‘hamtwmmmnrawaiereateawﬂmnuhbmuﬁﬂwdm:edm(a8 mIp)Jfolllbwedibpy flash
col um chromato raphi} ( CHC13/ MeQOH: give 4-amno-| 15

[3-(tert- FRODh (PPeTaling fRhd b Aii%ftrrCP{l%ﬂ“H%%fb‘f‘}%ﬂ VasuEpYy e residus Wasi di n- 2-

one (675 -
4-ar no- -F%f?%‘?%f?a%ﬁfwl EHROIRS Ry (CHCRABOLOTD A1) o e mine-1

prdpyl ] - 1E8- @yrtrbntyddmnezhﬁmbnylem) Iryityloxgmetiybpiopyh- 1@1’}’1!1*!1@11{23@6 &5 was
treated w tgr,] 68%) as a colorless gel.
A solution of 4-amino-1-[3-(tert-butyl-dimethyl-silanyloxy)- 1-trityloxymethyl-
propyl]-1H-pyrimidin-2-one (640 mg, 1.15 mmol) in pyridine (10 mL) was treated with
benzoyl chloride (0.30 mL, 2.58 mmol) followed by stirring at room temperature for 41
20 h. The reaction mixture was concentrated under vacuum and the residue was treated with
EtOAc (300 mL) and water (100 mL). After separation, the organic layer was washed
with brine (100 mL), dried over anhydrous magnesium sulfate, filtered, and concentrated.
The residue was purified by flash column chromatography (Hexanes/ EtOAc: 1:0 to 1:1)
to afford N-{1-[3-(tert-butyl-dimethylsilanyloxy)-1-trityloxymethyl-propyl]-2-oxo-1,2-
25 dihydropyrimidin-4-yl}-benzamide (600 mg, 79%) as a white solid.
A solution of N-{1-[3-(tert-butyldimethylsilanyloxy)-1-trityloxymethyl-propyl]-
2-oxo-1,2-dihydropyrimidin-4-yl}-benzamide (580 mg, 0.88 mmol) in THF (12 mL) was
treated with tetrabutylammonium floride (1.0 M in THF, 2.20 mL, 2.20 mmol) followed

16



benzoyl chloride (0.30 m., 2.58 mml) followed by stirring at room
tenperature for 41 20 h. The reaction m xture was concentrated under vacuum
and the rweiodugr2oas treated with EtOAc (300 nli) and wat ePCTAB02/3d621 Aft er
separation, the organic |ayer was washed wth brine (100 nlL), dried over
anhydrous magnesium sul fate, filtered, and concentrated. The residue was
purified by flash columm chromat ography (Hexanes/ EtOAc: 1:0 to 1:1) to
afford

N-{ 1- [ 3- (‘bgstirriigtay boosth feaipRydtede!fedTy h.oByE) redetioh intixtuexwaPédnébntRit@Pwder 2- oxo- 1, 2

25 di hydropyrim di n-4-y| }-benzani de (600 ng, 79% as a white solid. A
sol uti on &#cuum and the residue was purified by flash column chromatography (Hexanes/ EtOAc/

N-{1-]3- t

> oxo 1. oM 1 B TERA G BTt | IR RIS 2 (1,

220 ol ) Tol Towsd. 16V 03/ 087205 PT) US03/ 36651 by SEyrri g at oo

2. ollo stirring at room

ten%erature foﬁs\g? IOWG%@y\ﬁeg’ éY‘g?f‘yﬁi&rﬂtdloéyW& y BFRPé‘HtQFé’E(éB 2efh - vacuum
dth A | /

and the rlvggfl&tﬁi? A be&gzhfiﬁ R z@yn{gf @%b nﬁﬁw DR mﬁtp%@e@fedwﬁﬁm

N-[ 1- ( 3- h(APrrogy60% in nmaplraiwlrréﬁhmheb lam[bytlir)redZatmmn fen®@perature for 5 min

di hydr o- pﬁ llslfwe%_b[y a%d}{tolé; ﬁ{;é gllgggf t(c)%uene Ilgsultgmc acl Sdlf’js‘ogrloi)gxh tly yellowgel. 5

A solutio

! -trl tyl oy @hbbylm@th mte}(%sqﬁg M?nmﬁidl‘)\ﬁﬁ'ﬁMFW'S'rﬂLﬁ'Tﬂef’ea}éMﬁ RghgrM de (218

ng, 0.40 was treated with , 60% in m neral
oi 110 0.8 ﬁm)st)rr@dﬁ rg@ﬁlﬁ?@pﬂ@tﬂf@ﬁ@bﬁé h@mbe@ry;mtr@ed mdesvmwm fTot resideg by

phosphor y e FsTeLb e AROMFCR oif, UL IRR eyl S SRlE R M opsdc o

m xture 1@y mestratidrledhatesfdnemal‘s @ﬁﬁﬁécalbpﬂ&hfdalurﬁzﬁclhomawgt‘apﬂpeHéiathtef/d under
vacuum The_ resi dé@etlms di ssolved in CHCL13/ MeOH (20 nL, 3:1) and

neut ][ al :j zgéow/tMe i Eoé‘&lld G- to gllerd 2 pixtesd din(4-Benasnlamipes2roxeidire was
0
Eurll Oléel P%mglfcfﬁ%? ghg‘lﬁi)%% e of °[ 3- W% E%Bﬁm ngng‘zgpgﬁg/i S%—Sg_ilsjmg)l ‘e

py rliSmi d| nand ) -(3-hydicxyt letcityloxyrosthiptetrhyyl)-2 phxosihhditiydreapyrinidin-4-gpk opy|  est er
(-S 15 ny

i 1ol oo rEaROEe. SPetsyar o B ePere Sodine eptmesy pishtapoimgthsilane followed

by ammonium hydroxide reaction provides the compound in example 3.

Example 4
20 [3-(4-Amino-2-ox0-2H-pyrimidin-1-yl)-4-hydroxy-butoxymethyl}-O-
phosphorylphosphonic acid
]
25 N/KO
OH OH OH
o o/\l-——o—l—o—P—o
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benzam de. Separation of the above and the treatment with

bronotri nmet hysil ane foll owed by anmoni um hydr oxi de reacti on provides the

conmpound wo oaxnsazps e 3. Exanple 4 20 PCT/US02/36621

[ 3- (4- Am no- 2- ox0- 2H pyri m di n- 1-yl ) - 4- hydr oxy- but oxynet hyl ] - O

phosphor yl phosphonic acid NH2 N 25 CG. CHOHOH OH O\P-OP-OP-OH 11 11

1 17 WO 03/087298 PCT/ US02/ 36621 To N benzoyl protected internedi ate of
the exanple 3 (0.1 g, 0.05 mmol) was added norpholine (0.2 nmol, 0.02 ni),

tert-butyl alcohol (1.5 m.), water (1.5 nL) and 5 DCC (0.22 nmol, 0.046 g)
int-BuOH (1.2 ni). After 5 h of refluxing, nore DCC (0.046 g) and

mor phol e (0 3o TebeliPodUled iflhdRe DLALULE MRS O34 GiBduaNrlant - The

crude reaction was t 0 room to dryness
t hen di saddededorpholiRd0.2(ramel, )0.02ndL}, nmbuﬂyualyd)rmmﬂmum pyteo phd aiil)ane

{enper at UL G sor“’f‘%ne?,q?de%é R BEORh 2D ephar 5oExo8 Bt REBXd.M46cn)
[el ution mg;heﬁaé @ Fh %I-e fded %@%%&R@e Rhs retﬂ'hk@& VAR M

bi carbonate I n ractlons containing U V. activity were
col | ect edgrude agrotian eads tlmndoglndamsx;oom tsmpéna&nie iemazorated taudrenes’s thremt er (20 m.)

o O ATpBRD LR L SR TRt S 0, 800,010, s peuaperat oo to
triethyl agnaal ¥H Riae@edaNa8lwak 8tigy & rbhi@ tdh &@t%feri%ﬁiz. raaﬁd HadorB on
triethylamoniumsalt (15.43 nM solution in % nL of water).

10 DEAD sepharose column (20X1.5 cm) [elution with a linear gradient of 1M solution of
triethylammonium bicarbonate in water]. The fractions containing U.V. activity were
collected, evaporated to dryness, dissolved in a mixture of water (20 mL) and NH,OH
(10 mL) and the mixture was heated to 60°C for 5 h, evaporated to dryness then purified
using HPLC [gradient of acetonitrile in 0.1 M triethylammonium bicarbonate] to give the

15 desired product as triethylammonium salt (15.43 mM solution in 2 mL of water).

'H NMR (D,0): & ppm 7.850 (m, 1H), 6.0 (m, 1 H), 4.5 (m, 1 H partially masked
by D,0), 4.0-3.2 (m, 8 H).
3P NMR (D,0): § ppm 10.08, -9.22, -21.7.
MS (ES"): 452.91.
20

Example 5

[3-(6-Amino-purin-9-yl)-4-hydroxy-butoxymethyl]-phosphonic acid

NH,

25

{N

HO



"H NWR (D20): 6 ppm7.850 (m 1H), 6.0 (m 1 H, 4.5 (m 1 Hpartially
masked by D20), 4.0-3.2 (m 8 H). 31P NWR (D20): b ppm 10.08, -9.22,
-21.7. DNMBO(OES87298 452. 91. 20 Exanple 5 PCT/US02/36621

[ 3- (6- Ami no- puri n-9-yl)-4-hydroxy-but oxynet hyl ] - phosphonic acid NH2 25 N N
N HO SOH 18 HO WD 03/087298 PCT/ US02/ 36621 A sol ution of

2-(6-am no-purin-9-yl)-succinic acid diethyl ester (10 g, 32.5 mmol, 5
prepared by the nethod of Perbost et al., Nucleosides & Nucleotides., 1992,
11, 1489- 1505) in pyridine (500 n.) was treated with trityl chloride (97.5
mmol, 26 g). The reaction mxture was stirred at roomtenperature for 16
h, evaporated to dryness and extracted between CHC13 (500 nL) and water
(500 nL). The organic |ayer was collected, dried over MgSH4, filtered and
evaporated to dryness then chromat ographed on silica gel 10 colum to give

2-[6-(trityl - ami RAkioRWrE2¥hb 1S HE DN idadi 759 .
To a solution gﬁgﬁgﬂgtzgg%r%lkk'@g? %]z)gum%ilf(?a?ggwlfﬁégboé %zl'ﬂ?ém?l%o m)
andSt - Buprepired bynthy meskodaofiBerbdit Biti4l. ( Wadleomdds, & Nwlgptidest 1992ed1at48%Bom

it neut 10 s R 1 R0ceEE R RERE S e Varfide L B A8 kg
purified gdactidd hRugevas elittéd at oo Y&néf?ere{t@re( fok 116YH, - apsrated 1t dryness and
purin-9-yl]-butane-1, 4-di ol 44% . To a solution of the latter (4.0

4.1 g,
g, 8.5 mmbrtyacted bsiweeaiGFECh g@(SQﬂI_lj,) %acgwa@a €90 mkkihe organic layer was collected,

dried over MgSO,, filtered and evaporated to dryness then chromatographed on silica gel
10 column to give 2-[6-(trityl-amino)-purin-9-ylj-succinic acid diethyl ester (12.3 g, 75%).
To a solution of the latter (11.3 g, 20 mmol) in a mixture of THF (200 mL) and t-
BuOH (100 mL) was added NaBH,4 (112 mmol, 4.2 g), stirred at room temperature for
overnight and quenched by the addition of acetic acid until neutral pH. The reaction mixture
was evaporated to dryness, and purified on silica gel column to give 2-[6-(trityl-amino)-
15 purin-9-yl]-butane-1,4-diol (4.1 g, 44%).
To a solution of the latter (4.0 g, 8.5 mmol) in pyridine (50 mL.) was added, acetic
anhydride (1 eq) and the reaction mixture was stirred at room temperature for 16 h,
quenched by the addition of MeOH, evaporated to dryness and chromatographed on silica
gel column to give a mixture of acetic acid 4-hydroxy-2-[6-(trityl-amino)-purin-9-yl]-butyl
20 ester and acetic acid 4-hydroxy-3-[6-(trityl-amino)-purin-9-yl]-butyl ester in a ratio of 2:1 as
determine by "H NMR (2.3 g, 50 %).
To a mixture of the latter (2.3 g, 4.5 mmol) in pyridine (25 mL) was added trityl
chloride (22.6 mmol, 6.2 g). The reaction was stirred at room temperature for 16 h,
evaporated to dryness, and chromatographed on silica gel column to give acetic acid 3-[6-
25 (trityl-amino)-purin-9-yl]-4-trityloxy-butyl ester.
To a solution of the latter in MeOH (20 mL) was added a solution of sodium
methoxide in MeOH (5.4 M solution, 2 mL). The reaction was stirred at room temperature

for 5 h, quenched by the addition of acetic acid, evaporated to dryness and chromatographed
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anhydride (1 eq) and the reaction m xture was stirred at roomtenperature
for 16 h, quenched by the addition of MeOH, evaporated to dryness and

chr omat ogwvepbesi2esn silica gel colum to give a m xture ofPCcaasvi/sséaci d

4- hydroxy-2-[6-(trityl-am no)-purin-9-yl]-butyl 20 ester and acetic acid

4- hydroxy-3-[6-(trityl-am no)-purin-9-yl]-butyl ester in a ratio of 2:1 as
determne by 1HNWR (2.3 g, 50 %9. To a m xture of the latter (2.3 g, 4.5
mml) in pyridine (25 nL) was added trityl chloride (22.6 mml, 6.2 g).
The react bosiliv@gel sbiuiired gitte 3| @qmtymab)apw@ qu -Ey16x y-b@HR PRI ad £Hhit®
dryness, and chromatographed on silica gel um to give acetic acid 3-[6
25 (trityﬁﬂghino) purin-9-yl]-4-trityl oxy- butyl ester. To a solution of t he
latter in MeOH [ X

(5 "M sol ut i o ZoMn B ANERD AL DM UM TR IR K82 "1
h, quencheq 66§, tuspemsile iimineaf oihcFtmg) aditolneyépolfatie deit diisdproess- and

h 7298 PCT/ US02/ 36 I I I t
Va3 [ SbRRPRoy Tyl ofir ohf o). Y07 Btrarsd B enutiasd pLBRY alun ¢ o
foam To @of@ltutideh. Oferh CRnirdtd: elr99§0537prm9I ,Thgréac%n hﬂx:QI\éF whd il apV@s added

NaH (2 eq, 60% suspension in mneral oil,” 67 and t ene-4-sul fonic
acid dii smwmmwréﬁulpﬁwiﬁlbmuwmmﬂbydmmdlt(ohoff anmrl geid) eS@porged pr epar ed by
t he nmet hoﬁ of Hol

A | Ca Cz
b 645) . T asaged Sffomplegriped b SLe e saliER 1 & ¢ W RWL RS RS h,
neutral i zgg- Mlt&lbﬁy-ﬁd@b(&in@!hyi}f-p}ﬁﬁﬂidnfc R4 @ASOEV%@PES?&QQ alwhitedb}Aess, and

chromat ographed on silica gel colum to give trityl-am no)-purin-9-

yl 104- t ri t yl oxyFomsebsipref HgﬁllPﬂ%h@s?pgl@rﬂi)cmm@i)dn@WtQmpﬂéMmléﬁaeradé@i a white

he) was abga el Pl d Ay, Bl ElosbR sfas o Ao BT bp bR AEET AMald oot
room t enpevapbriatel froarry&sclazyss\;apoavaipmﬂah eslutién 6if Y036 EHN mcmmp@oaﬁleﬁ wth a

solution Qof 10% Et3N i n Et , dissolved in water and purified on
seni - pr epg‘lsﬁﬂ_jlt? igrerend por Pb‘qgé‘i ep 6?II’“1’IIYP1P BELC (graioqt of acetonitrile in 0.

triethylammonium bicarbonate] to give the desired product as triethylammonium salt
15 (25.7 mM solution in 1.3 mL of water).
'H NMR (D,0): 6 ppm 8.4 and 8.3 (25, 1 Heach), 5.00 (m, 1 H), 4.2-4.0 (m,
2H), 3.5 (m, 4 H), 2.3 (m, 2H).
*'P NMR (D,0): 6 ppm 16.59.
MS (ES): 316.34.

20
Pursuant to the present invention, a study of the active site of HCV and other RNA
polymerases as defined by x-ray crystallographic analysis indicates that many purine,
25 pyrimidine and analogs thereof are tolerated in the part of the active site that binds the

nucleic acid bases. It has also been determined according to the present invention that the
part of the active site that binds the ribofuranose part of the nucleosides triphosphates can

tolerate certain changes at the 2” and 3’-hydroxyls of the ribofuranose ring. The amino

20



triethyl ammoni um bi carbonate] to give the desired product as
triethylammoniumsalt 15 (25.7 mMsolution in 1.3 nL of water). 1H NWR
(D20): 8 wprs@s7vand 8.3 (2 s, 1 Heach), 5.00 (m 1 H), 2czAasobidem 2H),
3.5(m 4H, 2.3 (m 2H). 31P NWR (D20): 6 ppm 16.59. M (ES-): 316. 34.
20 Pursuant to the present invention, a study of the active site of HCV and
ot her RNA polynerases as defined by x-ray crystall ographic anal ysis

i ndi cates that many purine, 25 pyrimdine and anal ogs thereof are tol erated
in the paptoups cdnlt sabdtinued with alkihaid dedlkd grdupe THeietod, theabb¥t digssdded |t has
al so been determ ned according to the present invention that the part of
the acti véO@PQ‘@dﬁh%ﬁebﬁPfh’d]@tiﬁfg as I BPIorsR{d A palymerase prsuant i thissi des

tri phosph or:] : i : ' L yl s of
t hepri bgf g{rvgﬁlt(l)@é%ru f}%g %ﬁ%ﬁ‘%@%‘%@%&%&%@%ﬁﬁ@%@%‘ég groups can
l(:j)e S :JbSt ijpmverﬁin@ivﬁfgl xair)]]kqatioﬁpnbviai_irgg ﬂ«;;e_tnti_grdgugzsfoy fﬁﬁgfg_etfmneof c?idb&sﬁb@ulieing

i s¢cl osed,. compounds have been.identified gs_inhibjtors of pol yner ase
pur Suant LETHHFSS VIS HER %hepgﬁt@n&i Sﬁ'ﬁslt?ioi"ﬁ@lwlf‘ﬁ’ WstilYils dne, kdoency wil |

bl ock t hechudekit AarRfB, RHiso, aAd ¥oRdvirR. eventing viral replication providing
potential drugs for the treatnent of diseases resulting 5 fromthese

viruses, such as hepatitis C, small pox, Ebola virus, Wst Nile virus,

Pol i o, oxsacki e A and B Rhino. d,&chovirus. Met hod of Hepatitis C RNA
dependent SHRNARY SR Ly SIS ivity assays were
carried out according to the literature procedures with sone nodification.
Brijef |y, the honppolyeREd st RYRsa)Svdrb edrHEl S8 aBQrding & @k ik bound to
strept avi di n-coat ed” SPA beads” (Anmersham) was used to facilitate inhibitory
conpound Brocedmgsrith spivee mediGedtion. Reisfly,hioaivanapelymierie teraplato dsclholimgpaiy r at i on
?LHSI (r)])h ! bIAt/c():ilrg’oT%'b%gn(P {o s't\rl‘esgtlévi?h%gé/og%dlsgAabeggs_(Me?ﬁl%}x{) Was %‘s’e’&tu"ﬂ‘ Ifarclzlllﬂgeo' 1M Hepes

inhibitory compound screening. The reaction was incubated with various concentration of
inhibitor, 0.5ug of NS5B enzyme in a 50-pl reaction containing 0.1M Hepes (pH8.0),

15 1.75mM MnCl,, 4mM dithiothreitol, 0.25mg/ml rifampicin, 20 units of RNase inhibitor
(Promega), and 10uM UTP with 1uCi *H UTP (46.0 Ci/mmol, Amersham) for 2 hours at
30°C. After incubation, the reaction was terminated by addition of 100ul of 0.12M EDTA
(pH8.0) and diluted with 1ml phosphate saline buffer (pH7.4). The incorporation of labeled
UMP was determined by scintillation counting. The ICsq of the inhibitor is defined as the

20 concentration of the inhibitor at which 50% inhibition of the enzyme activity (control
sample — no drug) was observed.

Formulation
The compounds of the present invention can be administered by any conventional
means available for use in conjunction with pharmaceuticals, either as individual therapeutic

25 agents or in a combination of therapeutic agents. Example of these further therapeutic are
interferon (IFN), interferon a-2a, interferon a-2b, consensus interferon (CIFN), ribavirin,
amantadine, rimantadine, interleukine-12, ursodeoxycholic acid (UDCA), glycyrrhizin, and

silybum marianum. They can be administered alone, but generally administered with a

21



15 1.75nM MhC12, 4nM dithiothreitol, 0.25nmg/mM rifanpicin, 20 units of
RNase inhibitor (Pronega), and 10MUTP with 1 G 3H UTP (46.0 G /ol ,
Amer shamwoboes/o@2bpours at  30C. After incubation, the reacPCOUSOEN621

term nated by. addition of 100gl of 0.12M EDTA (pH8.0) and diluted with

| M phosphate saline buffer (pH7.4). The incorporation of |abeled UW was
determ ned by scintillation counting. The 1C50 of the inhibitor is defined
as the 20 concentration of the inhibitor at which 50% inhibition of the
enzyme acphatiniageticalrdatrivr selsasidrethe baxds dithedhovmTo@B S hMBRistE@sdAHdat i on  The
compounds of the present invention can be adm nistered by any conventi onal
means avaieRfArd PhygmagilicalPraciiss-uncti on with phar maceuticals, either as

i ndi vi dual therapeutic 25 agents or in a conbination of therapeutic agents.
Exanpl e of the ; i : I ptersf i eron
a-2a, interfer gﬁe g%dl;{,&@%ugggg}ﬁas%g@%ﬂrl\%%r eg? %ér?el%%dg%e?ﬁ]’rfl@b%\% P }eh{,;é&génsént adi ne,
ri mant adi adjuvants, exdipightis,me-dil2ents) aorkdlelnosngd thosawhd afeldRili) in ety r r hi zi n,

and . silyhum mari.anum_The an be adm ni stered al one, but generally

adnioni st eﬁuéBw%f’ e %T“W%c?ﬁﬁgﬁg%&ﬁﬁp%@ﬁﬁ%ﬁgb mf)rﬁg’rtﬁﬁ&&l)’tei cal carrier
sel ect ed @fmboigrddasd BasGb delHin&i S8 effil & tSiciBAdet Gk batdifshsdPdse. Standar d
phar maceutical practice. The pharnaceutically acceptable carriers described
herei n, f chagesesically aceentehlegarriera ggnivelidspolaners phdpelsmeomatdicésuent s, are

wel | - known to [ il i.n.th I £, Typi cal | the

phar maceut i cal ﬁggg@gé%%gglbgth%g{r“ﬁng?n & bg ﬁg%’ﬁgéé{?rfgb?'%&?ontvg%{oﬂgl Iﬁ%t{l?(be
conpounds agdithbledsr wse isledrjureaod aith phamaedutieds, 2ither ab dividiay tHeppeitid 43ents
conditions of use. The _pharmaceutically acceptable carriers can include
pol\her s Shth pomhiRationsf herpsuticpgente orpounds of this invention can be

adm nistered b ot | [ f ' ni.pACct i on
w th phar naceu?ﬁhgg Ssaféggelﬁj' %%Q@?IﬁF%ﬁéwﬁﬁgéﬁt@én g’g‘ﬁ%‘% %C&%Oédég in a
conbi nat i esthefphérnecadyeamicchagetetistics thithe gartiagjer apant anidstsemeeld anétdute ff cour se,

vary dependi ng upon known factors,. su ..
y P a mgstragon; e agve\:/,nheaﬁﬁ anc[ welgﬁt o(%rthe recipient; the nature and extent of the

symptoms; the kind of concurrent treatment; the frequency of treatment; and the effect

15 desired. A daily dosage of active ingredient can be expected to be about 0.001 to 1000
milligrams (mg) per kilogram (kg) of body weight, with the preferred dose being 0.1 to
about 30 mg/kg.

Dosage forms (compositions suitable for administration) contain from about 1 mg to
about 500 mg of active ingredient per unit. In these pharmaceutical compositions, the active

20 ingredient will ordinarily be present in an amount of about 0.5-95% weight based on the
total weight of the composition.

The active ingredient can be administered orally in solid dosage forms, such as
capsules, tablets, and powders, or in liquid dosage fonﬁs, such as elixirs, syrups and
suspensions. It can also be administered parenterally, in sterile liquid dosage forms. The

25 active ingredient can also be administered intranasally (nose drops) or by inhalation of a
drug powder mist. Other dosage forms are potentially possible such as administration

transdermally, via patch mechanism or ointment.
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as the pharmacodynam c characteristics of the particular agent and its node
and route of admnistration; the age, health and wei ght of the recipient;
t he nat urwoands®asg ent of the synptons; the kind of concurPcentsor/s@at ment ;
the frequency of treatnent; and the effect 15 desired. A daily dosage of
active ingredient can be expected to be about 0.001 to 1000 m |l ligrans
(mg) per kilogram (kg) of body weight, with the preferred dose being 0.1 to
about 30 ng/ kg. Dosage forms (conpositions suitable for adm nistration)
contai n from albouuldtiong stitablesbooral &finisgatoh cacténsist o (g) kylii@sdlutipes, suoht . 1 n

th har maceuti.cal co itions, the activ 20 ingredient wl |
or S?ﬁalrol | ¢ f)réetg‘?‘;hg%?ﬂ’o‘flﬁnpgﬁ’eﬁm?]‘fn 558@8(51 UBNtE SYET RS WAEn $ABR P on t he

total wei ghin quléeha»@%m&sw@& tablefs, RELgEE ahdGEQHEE, %@éh SAhilRg #dm ni ster ed
orally in soF dosage fornms, such as capsul es, tablets, dgpovvders or

in liqui dptﬁdgtag@ne@mmuntgﬁdﬂq aatsveenmdlmt, aswh@m gamndless(u)swmmr@ It can

al sQ be a parent al | e oL e, The 25
act |gve i nglﬁn 8‘5 T can pé)lr Ospnae11 u(llaf/haﬂﬁh Qet) 8‘%@51‘:’ eﬂ}“:ls gr‘i‘vf%ﬁ% RUNSTIY or by
i nhal at i omoqﬁdeahludfts;gummerma hlcoKdld) &r eﬁiﬂﬁ?@,ﬁetﬁdﬁbme@yﬁal@&hﬂ} Hedpdng
possi bl e such as adm njstration t r ansder nal via patch nechani sm or

oi nt ment . eysolnglvecsmp andihg pekysthylcpoyl sﬁmelﬂ%w#bpamtbwg thaadddionefpor or al
d t ctive
amount of PPRERCERRAEARE RibIEurkBnt WAl AERuISHET, BEnC T
or ange j uff@rers ciobe clths aidamyry bad-hwtssfi-shellel gelatin lypzemga'mngamde)tmqﬂé]els, deach

a|n|n t.erm ne nt of eactlveln edient, as solids or

uI es; g‘(I%CtaBb“mg‘gP%antsé a‘}f@eﬁﬁﬁfér%% agtpsCAS{ICLASH BFW%P@SPhﬁ‘EMaB and (e)
Sui tabl e 86! sBIr AN SFablet Find cmhemhésﬁeod}sn&@xfthb ﬁqiow;iﬁg fclddehSossuch as
wat er and al cohols, for exanple, ethanol, benzyl al cohol, propylene

glycol, g mpoelmlmor@ﬁ@rctl,h@tqﬁ@ Styl@hwglmqemdl mmhmry_stallgwt debinlows, aéncir gelatirhout t he
A K T e T T
sof t - shel tgdiugpdtaatits) zZindReafdd) bRhit 448H, ah PSthePeRBPlefts, colorants, diluents,
15 buffering agents, disintegrating agents, moistening agents, preservatives, flavoring agents,
and pharmacologically compatible carriers. Lozenge forms can comprise the active
ingredient in a flavor, usually sucrose and acacia or tragécanth, as well as pastilles
comprising the active ingredient in an inert base, such as gelatin and glycerin, or sucrose and
acadia, emulsions, and gels containing, in addition to the active ingredient, such carriers as
20 are known in the art.
The compounds of the present invention, alone or in combination with other suitable
components, can be made into aerosol formulations to be administered via inhalation. These
aerosol formulations can be placed into pressurized acceptable propellants, such as
dichlorodifluoromethane, propane, and nitrogen. They also may be formulated as
25 pharmaceuticals for non-pressured preparations, such as in a nebulizer or an atomizer.
Formulations suitable for parenteral administration include aqueous and non-
aqueous, isotonic sterile injection solutions, which can contain anti-oxidants, buffers,

bacteriostats, and solutes that render the formulation isotonic with the blood of the intended
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10 surfactants, lubricants, and inert fillers, such as |actose, sucrose,
cal ci um phosphate, and corn starch. Tablet forns can include one or nore
of the foWbodismes | act ose, sucrose, mannitol, corn starcRCTSVAG2Et ar ch,
alginic acid, mcrocrystalline cellul ose, acacia, gelatin, guar gum
colloidal silicon dioxide, croscarnellose sodium talc, nagnesium stearate,
cal cium stearate, zinc stearate, stearic acid, and other excipients,
colorants, diluents, 15 buffering agents, disintegrating agents, noistening
agent s, pr@ii?éml,aanid\aqsqoué hedom-ayyeagsterids suspensiophntnan dlddgiesadpendiagnpat i bl e

carriers. (gelgh an. co rise éhe active ingredient in a flavor,
usual |y Q%F aer% QINGAs IF%@?B 1Ret, and pregenvatives. Ahe compauad Cé‘bh"‘prl SI ng
the acti VQdﬁlﬁﬁHt&Qd ﬁlrhtpuygioﬁﬂglcmﬁéce&aﬁe il [ AshaftRARNiI gﬁgex%&éﬁ%& b

sucrose and acadi a, enul sions, d gels containing, In rtion to the
active i ngfealgilismid orgmmr%@frquiuéissn@lsdmg @a@r,éalhmowrueous dewgroserand rdlated conpounds
of the pr | one q .conbi n t abI
con{s)onent gégeap Eolhtg &ho & Aér & i FEPRR2LYY 8 ]eﬁ%fg’i‘?i ﬁf P r%‘t‘i vi a

i nhal at i oas propgsse gl?&ﬂ espxilyétmyl dgaydopa&h@@Polp@ﬂ@Al@&%sicdm(m BRessUr i zed
accept abl e propel l ants, such as chl orodi f | uor onet hane, propane, and

ni t r ogen. KtAgSugh av2.Agimeshylilod- Fioxalpeat4-ettmgoly phenseneail A datiysactdon fatty
o Pl ot} 8 o GRRBh4LBPan R At s PRSI Al B TR oo

Formul ati ons suit par ent ‘&t on i nclude
non- aquephmnacesmbaim accapttabié suefattantesich ana s@bm b daergent) EPertiny 4peAd, ai n

oxXi dan ffer bact er.i and sol utes that render the
Folfubat | SIS BB CLRIeS AR TRl P RS RRLHEGa 08 6/ 037295 _
PCT/ uso2/ %ﬁgﬁméﬂ?}%eﬂlh%gé or @fﬂglsffﬁﬂgﬁ’géﬁtsaaﬂg oﬁf@f‘p}?agﬁ@(%dﬁcitaﬁﬁlb&ﬁs suspensi ons

that can include suspending agents, solubilizers, thi ng agents,
stabilizers, a@dls,pwlgglemdxem&m Pmtembmmomnclbée pemhhemn shieradd in a

physi ol ogj i utlca rrier, such as a
sterile | %’%ﬁ% t?Y r %1 gplefl ﬁF’&%"P‘?SrP?Pﬂaraﬁ‘ﬁ&BFaéW CPH &Sy eous
dextrose acbftfbns&klﬁécﬁﬁl oﬁvé  peaslama], bhd ﬁiﬂﬁral asuib ) am&s‘«l@f"us’éﬁn ghreaeal .

|so ropanol , or hexadecyl al cohol, glycols, such propyl ene glycol or

pollyet hyl B}*E@Ub%rﬂywclg%wela§016oqt§ﬁpétaﬁ191 BN dgistpain 901d106thybql9atem isopropyl

myristate are examples of suitable fatty acid esters. Suitable soaps for use in parenteral
formulations include fatty alkali metal, ammonium, and triethanolamine salts, and suitable
detergents include (a) cationic detergents such as, for example, dimethyldialkylammonium
halides, and alkylpyridinium halides, (b) anionic detergents such as, for example, alkyl, aryl,

20 and olefin sulfonates, alkyl, olefin, ether, and monoglyceride sulfates, and sulfosuccinates,
(c) nonionic detergents such as, for example, fatty amine oxides, fatty acid alkanolamides,
and polyoxyethylene polypropylene copolymers, (d) amphoteric detergents such as, for
example, alkyl B-aminopropionates, and 2-alkylimidazoline quaternary ammonium salts,
and (e) mixtures thereof.

25 The parenteral formulations typically contain from about 0.5% to about 25% by
weight of the active ingredient in solution. Suitable preservatives and buffers can be used in
such formulations. In order to minimize or eliminate irritation at the site of injection, such

compositions may contain one or more nonionic surfactants having a hydrophile-lipophile
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ketal s, such as 2, 2-di nethyl -1, 3-di oxol ane- 4-net hanol, ethers, an oil, a
fatty acid, a fatty acid ester or glyceride, or an acetylated fatty acid
gl yceri dewaiosloses wi t hout the addition of a pharnaceuti cachyusazs@pt abl e
surfactant, such as a soap or a detergent, suspending agent, 10 such as
pectin, carbomers, nethylcellul ose, hydroxypropyl nethylcellul ose, or

car boxynet hyl cel | ul ose, or enul sifying agents and ot her pharnaceuti cal
adjuvants. QG ls, which can be used in parenteral formulations include

pet r ol eunbalanden®ILB)\0€ goinaddber, 1206 abotnl NeTheqintis.of SaGktdnt fh ey@npl es of oils
i ncl ude p%{?ﬁf .. Soybean, sesanme, ~cottonseed, corn, olive, petrolatum and
n neral . ogs Fagges,frone alpait § Yrto gaut il % hyrvesighss Snitablessurigetants sciusiss

i ncl ude ol,gj ' ; ' j ' - [ j ] and
| sopropy! oy SEhE sorBh B ot fers 20h d-3ATHERbfip BBk CangthONegn MG SET
soaps f or wesght adduptrof ethgleat oxiflowith b ydroplsobicisdse;dernfedtblythatdndbnsatidt off |,

a nium and triet hangl am pe salts, and suitable detergents include (a)
cat Poni c BEPElegsp¥ide SifbRropylene glyealy anmi e, di met hyl di al kyl ammoni um  hal i des,

and al kyl pyri dipRhBcliRichifiefcefidbie SRR ard 8156 #RRKnSwH ‘&Fhﬁﬁé’éwhc; skmagpl e,
al kyl, aryl, 20 and olefi’n sul fonates, alkyl, olefin, ether, an
nmonogl yceft @e agulTheckoice ofgycipght widlbecleteaningd in fact byrthepasticudardetmpogehiis such

as, for e | fatt m.n xides, .fatt ci d al kanol, anm des and

pol yoxyet ﬁ%ﬂ%ﬁgygh&pﬁg?@g%{,pﬂgﬁlg 85%§P§ms,té§(t%cogfﬁ9ﬁlg?%rf\ﬁcoﬂ gygbfiEds duch
as, for eidvalriety dfistiydblelBriilh iR o HePhadn@SeutRACtoRasikyh bithe arsddt ne
quaternary ammonium salts, and (e) m xtures thereof. 25 The parenteral
forlful at i BYy§nksp;TheifpNovangmsthads msﬁﬁxammfs are morehyexamplary 2Bbarein nogeiyght  of

the active J& j ' ' ' p ' ffers can
be used i ﬁ@@%ﬁﬁ@p mdgte‘?%%ly éc?%%&%%’%cﬂ?%ﬁ%ﬁnﬁ%@%#&e F%é}%g{? tg‘ tl Fritation
at the si adtionfofithy ativé mgredensand donppaaidei adnasawde-effuetsaiSnitable catierRané

noni oni ¢ sur.factants, havi ng a hydrophil e-1i pophile 24 03/ 087298

PCT/ US02/ SEBREHS Bl é@veﬂiﬁ%)ch 81 Whieh ﬁlc%‘b‘u%“dﬂoﬂyée“algbﬁgﬁj $olid apserbgfant ity of
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The formulations can be presented in unit-dose or multi-dose sealed containers, such
as ampules and vials, and can be stored in a freeze-dried (lyophilized) condition requiring
only the addition of the sterile liquid excipient, for example, water, for injections,
immediately prior to use. Extemporaneous injection solutions and suspensions can be

20 prepared from sterile powders, granules, and tablets. The requirements for effective
pharmaceutical carriers for injectable compositions are well known to those of ordinary skill
in the art. See Pharmaceutics and Pharmacy Practice, J.B. Lippincott Co., Philadelphia,
PA, Banker and Chalmers, Eds., 238-250 (1982) and ASHP Handbook on Injectable Drugs,
Toissel, 4th ed., 622-630 (1986).

25 Formulations suitable for topical administration include lozenges comprising the
active ingredient in a flavor, usually sucrose and acacia or tragacanth; pastilles comprising
the active ingredient in an inert base, such as gelatin and glycerin, or sucrose and acacia; and

mouthwashes comprising the active ingredient in a suitable liquid carrier; as well as creams,
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wei ght adducts of ethylene oxide with a hydrophobic base, fornmed by the
condensation of 5 propylene oxide with propylene glycol. Pharnmaceutically
accept ablwoasospbent s are al so wel | -known to those who ar @cgkisot/ae21i n the
art. The choice of excipient will be determned in part by the particular
conpound, as well as by the particular nmethod used to adm nister the
conposition. Accordingly, there is a wde variety of suitable formnul ations
of the pharmaceutical conposition of the present 10 invention. The

fol | owi ngemBlstvAs sanad3els e¥hiRingh3d@ifién MRHEhNvE KRR YouBEarAES ad HeNO WaY
limting. The pharnmaceutical 'y acceptabl e excipients preferably do not

i nt er f er ekpgwinttheartacti on of the active ingredients and do not cause
adverse si de-ef,fact i e C ' xcipi-ents includ gl vent s
A T T
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pr eSent edb?s§s-uerURtions witable forjvaginaladawysteation Biay B REssented YIFSSagiss: anpul es

ond 1 Sl SHAnbey e BEA. ng dae7 i tlupanu st i on
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carriers §genddd)MaadieiibBsiiRTOOSbAyOR Staflafd MBlrtnck RMA th) flipse of ordinary
skill inthe art. See Pharnmaceutics and Pharmacy Practice, J.B. Lippincott
Co.10 Phi | adel pAhadoscpdmiuBaerkéto anrrintGH spantiquéarlymdyiman2@ghogmtex168hy and ASHP
Handbook on I nj ect ab] S, e o101 .SS th ed., 622-630,(1986). 25
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or tragacanth; pastilles conprising the active ingredient in an inert

base, sucHardy gefagtorsingpding? srnsition of e aginesl dhe bedyaveightaf she agiaal. noput hwashes
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creans, 25 WO
15 patient which is known to effect the desired response. The size of the dose also will be

determined by the route, timing and frequency of administration as well as the existence,
nature, and extend of any adverse side effects that might accompany the administration of
the compound and the desired physiological effect.

Useful pharmaceutical dosage forms for administration of the compounds according

20 to the present invention can be illustrated as follows:

Hard Shell Capsules
A large number of unit capsules are prepared by filling standard two-piece hard
gelatine capsules each with 100 mg of powdered active ingredient, 150 mg of lactose, 50 mg

of cellulose and 6 mg of magnesium stearate.

25 Soft Gelatin Capsules
A mixture of active ingredient in a digestible oil such as soybean oil, cottonseed oil

or olive oil is prepared and injected by means of a positive displacement pump into molten
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enul sions, and gels containing, in addition to the active ingredient, such
carriers as are known in the art. Additionally, formulations suitable for
rectal aowDnB®$T2e& i on naybe presented as suppositories byCrosongseni t h a
vari ety of bases such as enul sifying bases or water-soluble 5 bases.
Formul ati ons suitable for vaginal admnistration may be presented as
pessaries, tanpons, creans, gels, pastes, foans, or spray fornulas
containing, in addition to the active ingredient, such carriers as are
known i n ghiatimto fotrd sbf gelpt epeilat@ntabiing B0 Bg phe a@BRUAI6dHENtCThEI ers are
described in Rem ngton's Pharnmaceutical Sciences, Mack Publishing Conpany,
a st andar §enseleg rsyrashedand drigds fhhesacive mgrediyt qancdbedissalvadin amnstwr el to an

ani mal , paélgi?t;a_ s glpc@bggggm,anh Qort,ﬁgrtgg%hﬁéa WheriScibRhEa&Me hRventi on

shoul d be cle ect at C response in e animal over a
reasonable time frane. One skilled in the art will recognize that dosage

wi |l depend upon a variety of factorkbletel uding a condition of the animal,
t he .body wei ght, of the. a se.is that which will result in

imal... A suitahle d I
a concentrati of 1Bfee bﬁg‘%ﬂa@etéﬁrgf??éﬁa%gg% C?Eg"eb‘ pral Rrochdhressoithat theown t o
ef fect thgogdesimiedas mgf%eacﬂeﬁ@éd;@l @f2 ﬁqgﬁoff&@ﬁ&dalsﬁﬁo%ldxlide,es mig&jrer m ned

0.2 1
by the route, timng and frequency of adm nistration as well as the

exi st encemagnesium stearaied2 Bxng atimistocaysjallinbastivlesss il Hagebf sutls anth 98.8 mgyoit

acconpany, t adm o nistration of. the compound and the desired physiol ogi cal
o fect Ve ARRARE ABl: B achdieaT RS A ARET R PGS T he
conpounds palabiliey, réprox elegaricd endutaniaRor Hel¥eisbpiogan be illustrated as
follows: Hard Shell Capsules A large nunber of unit capsul es are prepared
by filling standard tmo-pi%ge har d el ati ne capsul es each with 100 ng of
poWder ed active ingredi ent ,/mmesiate Refease, Lablets/Capsuley  of cel | ul ose and 6 ny

of magnesi um stRalatEs0liddrad@blag IRk 'rrﬁldgﬁg §6ﬁv%§thﬁaﬂrf&tﬂ6rv@1 Hfsi’écgg&%.: Fﬁesgr

ingredient in a digestible oil "such as soybean oil, cotto
ol i ve oi | units gue tysem exhllymathputj veatdrdok ibymatisdandissotutian pod d¢livery afitlspl acenent  punp
into nolt Medication. The active ingredient is mixed in a liquid containing ingredient such as sugar,
gelatin, pectin and sweeteners. These liquids are solidified into solid tablets or caplets by
15 freeze drying and solid state extraction techniques. The drug compounds may be
compressed with viscoelastic and thermoelastic sugars and polymers or effervescent
components to produce porous matrices intended for immediate release, without the need of
water.

Moreover, the compounds of the present invention can be administered in the form

20 of nose drops, or metered dose and a nasal or buccal inhaler. The drug is delivered from a
nasal solution as a fine mist or from a powder as an aerosol.

The foregoing description of the invention illustrates and describes the present
invention. Additionally, the disclosure shows and describes only the preferred embodiments
of the invention but, as mentioned above, it is to be understood that the invention is capable

25 of use in various other combinations, modifications, and environments and is capable of

changes or modifications within the scope of the inventive concept as expressed herein,

commensurate with the above teachings and/or the skill or knowledge of the relevant art.
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26 WD 03/087298 PCT/ US02/ 36621 gelatin to formsoft gelatin capsul es
containing 100 ng of the active ingredient. The capsules are washed and
dri ed. Thwoaswsxees i ngredi ent can be dissolved in a m xtur@cafusopadeget hyl ene
glycol, glycerin and sorbitol to prepare a water m scible nedicine m Xx.
Tablets 5 A large nunber of tablets are prepared by conventi onal
procedures so that the dosage unit was 100 ng of active ingredient, 0.2
ng. of colloidal silicon dioxide, 5 ng of magnesium stearate, 275 ng of

m cr ocr ysTht¢ embedinehts desesibed HeteimapovefireSordiiet mteraiad tcﬂﬁp&imiyesomodésambome.
Appropriatge aqueous and non ueo coat i |ied to increase

pal at abi | of Va&i%‘t% 98“’811%’6‘5&‘?3&0 ciihleciesy %lﬁlnlﬁ’%;i lga% tayP lisutb BYFRien g

| mredi at e Ra) mﬁaﬁ&ﬁ&é@a&%&%@bﬁ%&s%&ﬁ& ibish BHedB9IRGfQAE Made
by conventional and novel processes. These wunits are taken oraIIy wi t hout
wat er for apphq:e@hratoeushsgémemmﬁeoﬁmranﬁccdsimgmﬂlw ddscription ised intended to liffilte acti ve
i ngredi enf, i.s m.xe ont ai,ni n ngr edi ent. such uga

gl aein. " peatreRiERf bhalndidiste fdudahontiniB¥hFE Gl CapRaBd Bt | o

tabl ets O6mﬁﬁﬁ&ﬁ%ﬁn@ﬁmﬂﬂmﬁﬁﬁﬁﬁﬂmﬂﬁMhaﬁ&and solid state extraction

techni ques. The drug conpounds nmay be conpressed with viscoel astic and

t hernoel astic sugars and polyners or effervescent conponents to produce
porous matrices intended for imedi ate rel ease, without the need of water.
Mor eover, the conpounds of the present invention can be adm nistered in the
form 20 of nose drops, or netered dose and a nasal or buccal inhaler. The
drug is delivered froma nasal solution as a fine mst or froma powler as
an aerosol. The foregoing description of the invention illustrates and
descri bes the present invention. Additionally, the disclosure shows and
describes only the preferred enbodi nents of the invention but, as

menti oned above, it is to be understood that the invention is capable 25 of
use in various other conbinations, nodifications, and environments and is
capabl e of
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changes or nodifications within the scope of the inventive concept as
expressed herein, comensurate with the above teachings and/or the skill
or know eagasmog7vhe rel evant art. 27 WO 03/087298 PCT/ US@2rate2ic62The
enbodi ments descri bed herei nabove are further intended to explain best
nodes known of practicing the invention and to enable others skilled in
the art to utilize the invention in such, or other, enbodinents and with
the various nodifications required by the particular applications or uses
of the inventi What Actamed isgl y, the description is not intended to linmt 5
the invention to the formdisclosed herein. Also, it is intended that the
appended clains be construed to include al ternati ve enbodi nents. 28 WO
03/ 087298 PCT/lé%Q@I; I is: 1. Conpounds represented by
the forml a: éﬁ@ggﬁ)"re\é@ﬂ%ﬁth@fa{nﬁmg I RBO Y-:- 1-Z 15 RRis H
OH, Sal kyl, O- aI kyI CH2- O al kyl, (CH2) nOH, (CH2)nNH2, (CH2) nCONH2,

(CH2) nCOCH;, 20 R1 is H GH al kyI, 0-al kyl, CH2-O al kyl, C6H11, CH(OH R2
is H alkyl, OH CH(OH, d—|2 O al kyl , CH(C]—I) al kyl , CH(OH) CH2OH, CH2-

hal ogen; (CH)—x— (CH);,—CH—R?

R R!

R® 0
nan
15 1|{4 IZ
R is H, OH, alkyl, O-alkyl, CH,-O-alkyl, (CH2)nOH, (CH2)nNH,, (CH,)nCONH,,
(CH,)nCOOH,
20
R!is H, OH, alkyl, O-alkyl, CH,-O-alkyl, C¢H,;, CH,OH;

R? is H, alkyl, OH, CH,0H, CH,-0-alkyl, CH(OH)-alkyl, CH(OH)CH,OH, CH,-
halogen;

25
R*and R* independently is H, OH, alkyl,

Z is OR>, OR®, or aminoacids and esters thereof

30 R’ and R® independently is H, alkyl, aryl, pivaloyloxymethyl, C(R"),0C(0) X (R®)a,
i
—P—OR" , or ll’

(I)R” OR?

—O0—P—O0OR" >

Q—r==Q

Rll
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25 R3 and R4 independently is H OH alkyl; Zis OR5, OR6, or am noacids
and esters thereof 30 R5 and R6 independently is H, alkyl, aryl,

pi val oyl owgmstogyzbg C(R )20C(O X (R8)a, 11 1) (i S - i - @RI/YSILB662P-O i
-OR OR'" OR3 OR' 29 WD 03/087298 PCT/ US02/ 36621 R7 independently is -H,
Cl-C12 al kyl, C5-C12 aryl, C2-Cl2 al kenyl, C2-Cl12 al kynyl, C7-Cl12

al kenyl aryl, C7-C12 al kynylaryl, or C6-Cl2 al karyl, any of which is
unsubstituted or is substituted with 1 or 2 halo, cyano, azido, nitro, or
- OR9; 5 RRiindtppedeaentd $H,iC5-Cibalkdll 0512, atykyt,-CCatkehi, 85, alcgny@le,-alkeny!
C2-C12 al kynyl, C7-Cl2 al kenylaryl, C7-Cl2 al kynylaryl, or Cb6-Cl2 al karyl,
any of whREsYLaN{snbealknyeeyloer (¥%C12§U15‘§¥1i My viich 15 vnsystitntedords cyano,
azi do, ni e r : s C1-C12~abkyl, C2-Cl2 al kenyl, C2-Cl12
al kynyl o%ﬁl%%ltué%ggt%&rqlhglogré’éa\l/nlo?%d Otg’ﬁlgt}o’gtp(l)gdst one RBis not H and a is
1 when X is CH2, or direct bond, or 1 or 2 when Xis Nwth the proviso

that when & i§ 2 gnd X i , [(a | i nked R groups,can _be take

t oget her tlgg Wg?ﬂﬁnge%g’rlﬁb@y@fl‘?@ %‘fﬁ%égﬁrgoﬁ%giwﬁ%@yﬁgz' eelyngl, a;‘ré]ﬂ one N-
|l i nked R8 ks N - - b b ; can be
B e e e e S P R L e b

al kyny! , awbstifuted withxyal2khalo, cpand, iidainityd, oN(RI ey -OR’i s 1-5 misOto5 X is
S, N(R8) or direct bond 20 Yis 0, S, N(R), and CHR

R’ is C;-C; alkyl, C>-C) alkenyl, C,-C;; alkynyl or Cs-C; aryl;

10 provided that at least one R® is not H; and a is 1 when X is CH,, or direct bond, or 1 or 2
when X is N with the proviso that when a is 2 and X is N, (a) two N-linked R groups can
be taken together to form a carbocyclic or oxygen containing heterocycle, (b) one N-
linked R® additionally can be -OR’ or (c) both N-linked R® groups can be -H,
R' is H or C;-Cs alkyl;

15 R'! is selected from H, alkyl, alkenyl, alkynyl, aryl, acyloxyalkyl, and pivaloyloxyalkyl

nis 1-5
misOto5

X is S, N(R®) or direct bond
20
Y is O, S, N(R®), and CHR'

B is selected from the group consisting of adenine, guanine, cytosine, uracil, thymine,
modified purines and pyrimidines and substituted pyridine derivatives, and wherein said
B ring systems may be optionally be substituted with halo, alkyl, substituted alkyl, NH,,

25 N3, aryl, substituted aryl, and aralkyl; and pharmaceutically acceptable salts thereof and
prodrugs thereof.

2. A pharmaceutical composition comprising the compound of claim 1.
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Bis selected fromthe group consisting of adenine, guani ne, cytosine,
uracil, thymne, nodified purines and pyrim di nes and substituted pyridine
derivati vwe,03asmosvherein said B ring systens may be opti eaaiusg2/bes21
substituted with halo, alkyl, substituted al kyl, NH2i 25 N3, aryl,
substituted aryl, and aral kyl; and pharmaceutically acceptable salts

t hereof and prodrugs thereof. 2. A pharmaceutical conposition conprising

t he conpound of claim1. 30 WO 03/087298 PCT/US02/ 36621 3. The

conposi tion of 3cl ai fMhe cehpasitichof then 2cdrgr fustke camphisgsnmbetidcedical carri er .

4. A nmethod for inhibiting RNA viral polynerase in a patient by

admi ni st efHHE: to the patient at |east one of the conpounds according to
claiml. 55 A nethod for inhibiting HCV polynerise in a patient by

admi ni stering 4o tPemp@bi &Mini@itihERNA AAEpOImERS FAMBHRDS ARGALEIAI t O
claiml. 6. A nethod for inhibiting HBV pofyrrerl,se in a pafient by

admi ni st efq thg pateent ateashend afiilke epmpowrdstaceniding o ¢l tonpounds according to
claiml1. 7. A nethod for inhibiting Rhino polynerase in a patient by

admcni stering to 1 i: QL. - 3 unds according to
cl ai5m 1. 8. A ?rét ho% I%%@O?%ﬁilrg%f%%ﬁgﬁ“%%%e\%? gﬁ?eﬁlgﬁ){/rr(g?lggsgerﬁn ?%1 pati ent
by adm nilgtpatient@t leastbheoftht tanpouatls heeaslingaoelagh 1t he conpounds according to
claiml1. 9. A nethod for inhibiting Ebola virus polynerase in a patient by
adm nistering _to the tient at. .le one of the conmpounds, according to
claim1. 15 10% A n&rﬂgﬁmﬁﬁrw}%mﬁ ﬁ%&(@’%‘ﬂ?‘?@e\ﬂ’ PB%“‘%EPX/ NSEMg 1 pat i ent
by adm ni geqfatid at felst bREoNRE EEMPouREs ﬁ&&%ﬁn%{?%laﬁﬁ_l? he conpounds according to
claim1. 11. A nethod for inhibiting West Nile virus polynerase in a
patient by adnmnistering to the patient at |east one of the conpounds
accordi ng to clfai m A mgthod formbititie Rbino pelemerasging praicitdytadmififterngitg f r om an

RN'%OVi ral tﬂerl)faﬁgﬁtia? f%a.%h@ g'f the compounds according to claim 1.

8. A method for inhibiting small pox virus polymerase in a patient by

administering to the patient at least one of the compounds according to claim 1.

9. A method for inhibiting Ebola virus polymerase in a patient by administering

to the patient at least one of the compounds according to claim 1.

15 10. A method for inhibiting Polio virus polymerase in a patient by administering

to the patient at least one of the compounds according to claim 1.

11. A method for inhibiting West Nile virus polymerase in a patient by

administering to the patient at least one of the compounds according to claim 1.

12. A method for treating a patient suffering from an RNA viral infection which
20 comprises administering to said patient an effective amount of at least one of the compounds

according to claim 1.
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20 conprises admnistering to said patient an effective anmount of at | east
one of the conpounds according to claiml1. 31 WO 03/087298 PCT/ US02/ 36621
13. A netwod3fosm9t reati ng a patient suffering from HCV whipch/usompiseses
adm nistering to said patient an effective anmount of at |east one of the
conmpounds according to claiml1l. 14. A nethod for treating a patient
suffering from HBV which conprises 5 adm nistering to said patient an

ef fective anmount of at | east one of the compounds according to claim1l.

15. A nmethod feB. tr @ahbthed for Reiting paietiseffirig fFo@ BV WRicARoMbfigds i nfection
which conprjses admnistering to said patient an effective amount of at

| east one@PINIFHAEINEIAPAI AYENt ALefeHY RINQupt of 4 jlegstone phthegompovnsis heeprding
treating g faki gnt suffering froma small pox viral infection which
conprises admnistering to said patient an effective anount of at |east one
of the conpounds according to claim1l. 17. A nethod for treating a patient
suffering fromld Ebdlmethod for treatingatpatientwhifering froomHBVswhichdoinpiisdseri ng to

said patient. an ef fective. anmou of at |east one of .the conpounds 15
accgr di ng® (S5 q said gatiep %%%?BHV?%?O“PF%%?‘H& age ghthe SAMPEYIdE @ESHGNE r om a
Pol i o virgclhipf ection which conprises admnistering to said patient an
effective anount of at |east one of the conpounds according to claiml.

19. A nmethod for treating a patient suffering froma Wst Nle viral
infection 20 Wi chAcBaped Hegemgianagend suifeyingdropan Rhinatviighinfestio vhisbt i ve
amount of : u .accor dj claiml. 20. The

nmet hod ac%‘%{kl%’%w%gg{l%ﬂlg%}% éé 0 d%aﬁ%ﬁprfagl erf%? tcl)\%fgn O\ﬂ%{e&gﬁt %e%%té)ln 0@%8@3&“@5 used
i n conmbi nadcoatingMotdiaimtl.| east one further therapeutic agent chosen from
interferon (IFN),

10 16. A method for treating a patient suffering from a small pox viral infection
which comprises administering to said patient ah effective amount of at least one of the

compounds according to claim 1.

17. A method for treating a patient suffering from a Ebola viral infection which
comprises administering to said patient an effective amount of at least one of the compounds

15 according to claim 1.

18. A method for treating a patient suffering from a Polio viral infection which
comprises administering to said patient an effective amount of at least one of the compounds

according to claim 1.

19. A method for treating a patient suffering from a West Nile viral infection
20 which comprises administering to said patient an effective amount of at least one of the

compounds according to claim 1.

20.  The method according to anyone of claims 1 to 19 wherein said compound is
used in combination with at least one further therapeutic agent chosen from interferon (IFN),

interferon o.-2a, interferon o-2b, consensus interferon (CIFN), ribavirin, amantadine,
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interferon a-2a, interferon a-2b, consensus interferon (CIFN), ribavirin,
amant adi ne, 32 WO 03/087298 PCT/ US02/ 36621 ri mantadi ne, interl eukine-12,
ur sodeoxywbabigr2esci d (UDCA), glycyrrhizin, and silybum nmecrasonsee3d

rimantadine, interleukine-12, ursodeoxycholic acid (UDCA), glycyrrhizin, and silybum

marianum.
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