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R BAVI RI N- | NTERFERON ALFA COVBI NATI ON THERAPY FOR ERADI CATI NG ECTABLE
"HCV- RNA 5 | NvPATRBESA'S HAVI NG CHRONI C HEPATI TI'S C | NFECTI ON BAGKIARSINIDA4EF
THE | NVENTI ON 10 The present invention relates to nethods of treating
patients having chronic hepatitis Cinfection by adm nistering a
therapeutically effective anmobunt of a ribavirin derivative '
therapeutically effective amount of interferon-al pha for a ﬂmmwmmmmm
sufficient to eradicate detectable HCV-RNA at the end of said pefggd of
adm nistering and to have no detectable HCV-RNA for at |east 24 weeks after
the end of said period of 15 admi nistrating, as well as the ribavirin
derivatives represented by formula | 0 HZNNN N R50 N O RsO .:.OR2 20
Chr oni ¢ i nf ecti onRIBAVIRINENTERFERDN IALFA iICOMBINATION JIHERABRY
sl ow progressi ng di seaﬁgﬁ@h{ rﬂCﬁTﬁ@l@ﬁ]ﬁm L -Ayathe quality of

upf N CIrrnosis o? he 11

life. It can eventually res iver, deconpensated

liveb di sease andiNbPATERNTSIMAVING CHRONIGOABPATHISCGINRBETEINt r eat ment with

interferon alfa-2b and ribavirin of patients with chronic hepatitis Cis

di scl osed by Reichard et al.(The Lancet 1998; 351;83-87; and T. Poynard et

al.( The Lancet ,1998, Vol. 352, Cct. 31, p 1426-1432). See also J. G

McHut chi nson et al. (N ERACKGROGND JPPRE IRVENION 1492); and G L. Davis

et al. (N Engl. J. Med., 1996, 339:1493-1499). However, this conbination

t herapy is not always 2 8 JAN 2003 WD 001 23454 2 PCT/ US99/ 21448

ef fd€x i ve dueTheopresert invérdionsekatesdoingtbods dfieezting patients having chronic

ri bavi rinsJg.ek WShini ] j i N r nore

pot ot "EEPEIEAHEBRH by S @Rng AT Bpdteafy ofech Bidtd B AR 1012

nonot her@gsiyative and e&nﬁranautlfzﬂﬂyﬁffewvamann?aﬁ integlerensalpbagon a time period
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SUMVARY &3¢ tphave Wé@ﬁ’%&b'fd"éfﬁg'}k&& @ﬁleaﬁh%‘LWFg%a{ﬁ?fc}OP&@Q of SR BRIPCLY!

t r edts ngadministrating, EaWelDas teonbavirimederivativies répresémstet ibgrfomaurani si ng

adm nistering a therapeutically effective anount of a ribavirin derivative

of formula | and a therapeutically effectdve anmount of interferon-al pha for

atinme period sufficient to eradicate det'lfct able HCV-RNA at the end of said
m

period of 15 admi nistering and to havedN t.ect abl e HCV-RNA for at | east
24 weeks after the end of said period of gl '\ istrating) and wherein the
ribavirin derivative is represented by fo N4 l: OHZN NNJ R50 NO

R0
X/

-
~ Yo rn 2

R3O OR

20
Chronic infection with hepatitis C virus is an insidious and slow-progressing disease
having a significant impact on the quality of life. It can eventually result in cirrhosis of
the liver, decompensated liver disease and/or hepatocelluar carcinoma.

25 Combination treatment with interferon alfa-2b and ribavirin of patients with

chronic hepatitis C is disclosed by Reichard et al.(The Lancet 1998; 351,;83-87; and T.
Poynard et al.( The Lancet ,1998, Vol. 352, Oct. 31, p 1426-1432). See also J. G.

McHutchinson et al. (N. Engl. J. Med.,1998, 339:1485-1492); and G. L. Davis et al. (N.
Engl. J. Med., 1998, 339:1493-1499).However, this combination therapy is not always
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R30 ' ~~OR2 20 wherein at least one of R2, R3 or R5 is H R6-(Wx %JANZUU
R6- (Wx CS-(HO 2P0- , R6- (W XPQ(OH) - or HOSOZ and wherein at |east one 3f

R2, R3 or R®d 5@l H wherein R6 is H alkyl, alkanoyl, cyclmalesbiiaas
heterocylic, aryl, NR7aR , alkenyl, or alkynyl; 25 or is alkyl, alkanoyl,

al kenyl or al kynyl substituted by hal o,, phenyl, cycl oal kyl) NR7aR7b

hydr oxy or 'al koxy; Z 8 (SRN 2003 WD200/ 23454 3 PCT/ USQ9/ 21448 or is aryl
substituted by phenyl, halo, CN, N2, OH) Re , CF3, SH SR7a, SOR7a, SO2R7a;
, ~NR7aR7b CO2H, CO2' M, O~ Mt OR7"a or S - M; wherein Mris an al kal i

m F - Gejadine Ni@féwésm 5124 Gyt ss&cﬁosqﬁe;awa Fel B b oS, and

al kanoyﬂraneﬁqé{ or is alkyl) al kanoyl or aryl substituted by hal o phenyl CN,
NO2, OH, Q02H or al koxy; and R7b is H, alkyl or aryl or is-alkyl or aryl
substi t ut ed by hal o, CN, NO2, CO2H, OH or al koxy; or R7a and R7b taken

Co0s et L S Sy SR SRR B 5
CS-, 5( HQ)ideZBQcts foR@sé ﬂi‘ndﬁ@( oy of inQorkingi8n withBkBivira ddentd) léi};nOW aryl

or aI kyl; e=CQt 06, f=CQ ol O, andx= 20 or a pharmaceutical ly accept abI e
salt t hdpiegeroniaighaptedenat pahﬁréﬁhawngaﬂussge@trlb viea! infeetiangoe Jofchfaniait i ng

her ape PRl S RERb s BRI goed M T “Ger vati ve of formia |

and a therapeutically effective anmount of interferon-alpha 25 for a tine
period of at least 20 to 50 weeks to eradi cate detectable HCV-RNA at the
end of said 20 to 50 week Mﬂﬁﬂﬁ&ﬂnd to have no detectable
HCV4BNA for O HZN N~~ ~N~ R50 O R30 .~' OR2 at |east 24 weeks after the end

of said peri of admnistratin and he ribavirin derlvatlvels
represent ed by etRiRSENGIMYENLCN provﬂies %105{ 96‘6@3"1}9.9 PRI|ept RN ing chronic

hepatitis C infection comprising admlnlsterlng a therapeutically effective amount of a
ribavirin derivative of formula | and a therapeutically effective amount of interferon-alpha
for a time period sufficient to eradicate detectable HCV-RNA at the end of said period of

156  administering and to have no detectable HCV-RNA for at least 24 weeks after the end of
said period of administrating, and wherein the ribavirin derivative is represented by
formula |

20

wherein at least one of R, R’ or R® is H, R*-(W),-CO-, R®-(W) -CS-(HO),PO- ,R*-(W) -
PO(OH)- or HO-S0,- and wherein at least one of R’, R® or R’ is not H;
wherein R® is H, alkyl, alkanoyl, cycloalkyl, heterocylic, aryl, NR™R™, alkenyl, or alkyny!;

25  oris alkyl, alkanoyl, alkeny! or alkynyl substituted by halo, phenyl, cycloalky!, NR"™R™, .
hydroxy or alkoxy;



PCT/ US99/ 21448 wherein at |east one of R2, R3 or R5 is H, R6-(V\),-C%)8,JAN 2003
R6-(Wx CS (HO2PO- ,R6-(WXPQ(OH) - or HO SOZ- and wherein at |east one
of R2, R owoOR®2B44not H 5 wherein R6 is H, al kyl, al kanoyl ,P@ydd9ealdg|
aryl , heterocyclic, NR7aR , al kenyl, or alkynyl; or is alkyl, alkanoyl,

al kenyl or al kynyl substituted by hal o,3phenyl, cycloal kyl, NR7aR7b,

hydr oxy, al koxy; or is aryl substituted by phenyl, halo, CN, NO2, OH) R18 ,
CFA, SH, SR7a, SOR7a, SO2R7a; NR7aR7b CO2H, CO2, OR7a O- M+ or S-Mt' 10
wherein M+ is an alkali netal cation; or R is -(CHR e)e-(CH2),-COOR ,

- (CHR a)@ i§ &P 3ybstiaRed byqnhenyCHRimﬁé\l(NB;,)@Hl\ReaEFa,m-IWR {SOR'NRKT, S, R7a
is H a 7 n F I+ y-al kanoyl I or aryl substituted by
hal o, @Q}W@JZ%H;% %Q E@)ZI—@M Fio@]y§ “é]rid R is H alkyl or aryl or is

al kyl oMMr@rmNblﬂmafkammt@wahI@hb CN, NO2, OH, CO2H or al -al koxy; _. or
R7a and R‘ taken toget her with N and one of CHR7a , NR7a, 0, S, SO or S02
forma . seven- ;;nenbered ring;, 25 R' is H OR7a, NR7aR7b ,
R6 (WxOCBHS R@"(‘ﬂ?)@ R2P0- , R6-(Wx POOH) - or HOSOz ; RI8 is H,

al kanoyl ng?w (OH,) abk:y‘f oaov\gﬁn g (CHY NiPPridx=Cor | ; or a pharnmaceutical ly
accept abl e saft thereof . 001 #3454"'5 ~ 8 (~~~ 2003 PCT/ US99/ 21448 . %,

I n anot her enbodi nent, the present invention relates to a conpound
represeNVECDbNRfaorsula Il 5 H*RN~NN"'" J R5,0 _ . OR 3~0 OR 2, 10 wherein
at least one of R2 ,R3" or RS is H Rz2-(Wx CO, R20-(Wx CS- or R20-(Wx
POQ(OH) - ;. and V\/nereln at | east one of R2,R3 or RS is not H wherein R2 is
H, aPkyR" ialH alkyl lalkapgyl, sal loy is alkyly alkan@yleor@cfy/laubattumzmm@ pheme@N,, or

alhky nyl NI ObS ce) h%r)a@iggaﬁa 'R’ﬁulswukyl% ﬂ@@émﬁ WPsh szf:»&ﬁthM bpfh'a%ge“

phenyl ¢l oal ydr oxy, oxy; or is aryl substitutéd by
hal ogen)C‘\{\j Oj‘tb\P"'l\ﬂrza' kexy: R28 CF3, SH, SR21 SOR21S02R21 NR21R22 , CCRH,

C02 -, ORRE, an@FE’itaMbn% dtheMwith Mgneonef om’anNﬂF“k@l S, §¢) 8t SO2for@ry 20 or
RZCEQ')S ﬁ@-iﬂﬁgrseﬁgﬁl—zn'?embere%g, -(CHR2")a (CHZ) OR22", or -(CHRZ )a
R"isH, OR™ NR™R", R°~(W),-CO-, R*-(W),-CS-, (HO),PO-,
R®-(W),-PO(OH) - , or HO-SO,- ;
R'is H, alkanoyl, aryl or alky!;

e=0t06,f=0t0o10,andx=0o0r 1;
20  or a pharmaceutically acceptable salt thereof.

The present invention also provides a method of treating patients having chronic
hepatitis C infection comprising administering a therapeutically effective amount of a
ribavirin derivative of formula | and a therapeutically effective amount of interferon-alpha
25 for a time period of at least 20 to 50 weeks to eradicate detectable HCV-RNA at the end
of said 20 to 50 week period of administering and to have no detectable HCV-RNA for

0
HoN

at least 24 weeks after the end of said period of administrating, and wherein the ribavirin
derivative is represented by the formula I



Wi's O NR28 or S; 25 2 8 J~fV 2003 WO 00/ 2344 6 PCT/US99/2 | 448) RAANII8)
H, alkyl, alkanoyl, or aryl, or is alkyl, alkanoyl or aryl substituted by
hal o, phenyiyo 6dI¥e® OH, CO2H or al koxy; and R22 is H, al kyl raT/ngsyghlion is
al kyl or aryl substituted by hal o, phenyl, CN) N02, OH, CO2H or al koxy; or
R2' and R22 taken together with N and ope of CHR21 NR22, O S, SO or S02
forma 5 five-, six- or seven- nenbered ring; R2' is H, OR2', NR21R22)
R20-(Wx CO, R2-(Wx-CS-, (OH) 2P0-, R20-(Wx-POQ(OH) - or HO-SQz-; R28 is
H, al kanoyl or alkyl; 10 e=Q 06, f=Col G andx=0orl; or a pharmaceutically
acceptabl e salt thereof. In another enbodi ment, the present invention
relates to a nethod of treating 15 patients having chronic hepatitis C

i nfectitn conprising adm nistering a therapeutically effective anmobunt of a
ri bavi r wnedieini atadastonefofiRir RlibeR’lis HyriRf-@V) 180-a PGV, 6884 (1P @ IR W@V )amount

f int - al ' i L Cd : icate detectabl
o RNAP G a2 84, o B of Bastitic bERE R ol REBRIBEDS D AR cct ot ©
det et amher¢iB\RREU faky! aalkarsy’ cydaalkele Ryl Abtesocycha NRIR ofallenyt opehyou; of
i o . FANEER! e hemdn Gl cod b
For mil a0 1o &Rfl AU AKERR dqefiy Ry Paltistiuod G bl MY Eyeipalk GPRESEIT,CC Y
R21, R31hydroRg, alkexy, R20-(Wx CO-, R20-(Wx CS- or R20-(W% PQUOH) -; and
wher ei n gRig é?fggﬁ)ﬁﬂﬁte@;bry%eﬁgl, AAIOREN, NOYOHIRWEF cish, BB SORM, SEIAS |
ZH 7a

al kanoyl , ¢ _ eracyelic. NR1R22,”al kenyl', or al kynyl ;
W0 00/ 2RI CO r'%SqDE&HQQ%By21448 or is alkyl, alkanoyl alkenyl or

al kyoy! wH&in Miiean bikahahadl qatiemy| , cycl oal kyl, NR21R22, ~ hydroxy,
al koxy; or is aryl substituted by phenyl, halo, CN, NO2) OH R28 ,CF3, SH,
SR212, SORz' , SO-R2' - NRZ' R20Q2H, Q02-, OR21 O Mror S M+' 5 wherein M is an
al kal i wefilis (@HRM),-(CH,)REO-OR™, (CHR2' ) e- (CHz) ; CO OR2z, 10
-(CHR2' )e-(CHZ); OR22 , or -(CHRZ')e-(CH2)r-NRz' R2z

~(CHR™) -(CH,),- OR™ ,or -(CHR™),~(CH,)-NR™R™

15
Wis O, NR"%or S;

R™ is H, alkyl, alkanoyl, or aryl is alky, alkanoyll or aryl substituted by halo, CN, NO,,
20 OH, CO,H or alkoxy;
and R™ is H, alkyl or aryl or is alkyl or aryl substituted by halo, CN, NO,, OH, CO,H or
alkoxy;
or R™ and R” taken together with N and one of CHR™, NR™, O, S, SO or SO, form a
five-, six- or seven- membered ring;
25 R"isH, OR™ NR™R™, R-(W),-CO-, R*-(W)-CS-, (H0),PO-,
R®(W),-PO(OH) - or HO-SO,-;

R"is H, alkanoyl, aryl or alky!;

30 e=0to6,f=0to10,andx=00r 1;
or a pharmaceutically acceptable salt thereof.



Wi's O NR28 or S; 15 R2' is H, alkyl) alkanoyl, or aryl or is allkyg IJM 2003
al kanoyl or aryl substituted by hal o, phenyl, CN NO2, OH, CO2H or KoXy
‘and R22 is Woaldyds or aryl or is alkyl or aryl substi t ut ed bgThabw;14@N,
NO2, OH, CO2H or al koxy; or R21 and R22 taken together wth N and one of
CHR21 , NR21, 0, S, SOor SO2 forma 2Q five-, six- or seven- nenbered
ring; RR7 is H, ORR1 NR21IRZZ , R2-(W% CO-, R20-(W% CS-, (HO) 2PC,

R20- (Wx POQ(OH)- or HOSQz ; . R28 is H, al kanoyl, aryl or alkyl; 25

e=(x 06, f=xo0 10, and x=0O or 1; or a pharmaceutically acceptable salt
thereof. 30 The present invention provides a conmpound represented by

formula 111 B JAfV 2003 WD 00123454 8 O 2N N ~N~ RsoO O R30~0~ . ~' OR20~
wherei " at | east one of R50 R30 or R20.is represented b%ithe formul a 35

0. (GRS B~k T8 anaifer emporieer: e PESen dhvertiat FRRSaIo REBMPOURAHRERFIIEH by
or the fb%r B]‘H'lél Q (CR51 R52~k C 10 wherein Qis: 15 R5a R53_C RssNR55

wher ei n g 52 are independently H, alkyl, alkenyl , alkynyl,

PCT/ &S99/ 21448 (C3 C,)cycl oal kyl, arylal kyl, or alkyl, alkenyl , alkynyl)
(C3-C,)cycl oal kyl, arylal kyl, substituted by halo, OH SH , CF3, , SR570R57
or NR55R56 or wherein R5' and R52 taken together with the carbon atomin (C
RS R52) forma 20 cycl opropane cycl obut ane, cycl opentane, or

cycl ohexane.; wherein R53 and RSH are independently H, al kanoyl, al kyl,

aryl, arylal kyl, al kenyl , al"kt{?l yII pr al kanoyl, al kyl, aryl, arylal kyl,

al kenyl , al kynyl substituted by malj OH, SH, CF3, ,SR570R57; or R53 and

R54" are independentl y o__kjl
o]

- L
-~ Cd

R¥0 OR?
n

10 wherein at least one of R”,R” or R” is H, R*-(W) -CO-, R¥*-(W),-CS- or
R*-(W),-PO(OH) - ; and wherein at least one of R*,R’ or R® is not H;
wherein R”is H, alky!, alkanoyl, cycloalkyl, aryl, heterocyclic, NR*R¥, alkenyl, or
alkynyl;
or is alkyl, alkanoy! alkeny! or alkynyl substituted by halogen, phenyl, cycloalkyl, NR*'R%,

15  hydroxy, alkoxy;

' or is aryl substituted by halogen, phenyl, CN, NO,, OH, R*,CF,, SH, SR*' SOR*,SO,R"";

NR*'R% , CO,H, CO, -, OR™", O"M’or §'M"
wherein M"is an alkali metal cation;

20 orR¥is -(CHR")-(CH,) -CO-OR®,
~-(CHR™)_-(CH,)- OR* ,or -(CHR®').-(CH,)-NR*R*

Wis O, NR*or S;
25



2 8 SAN 2003 WO 00123454 9 R57 N H (CH2)g R5a R57 CH2 . N H or CHZHQANN]
\YCH2 N PCT/ G S99/ ? 1448 wherein R5' is |I-1, alkyl, alkanoyl) al kenoyl,

aryl, aryl akiybozzsdskenyl , al kynyl, or, alkyl, aryl, arylal kyl pcatk®mylis

al kynyl substituted by halo, OH SH, CF3, al kanoyl t hi enyl , or. al kanoyl oxy; 5
wherein R58 is H, alkyl, aryl, arylalkyl, alkenyl,or alkynyl; and q is 0,1
or 2, and k is 1 or 2; <10 or a phar macerticaIIy acceptable salt thereof. In
a preferred enbodi nrent, R30~ and R20 in the conpounds of Fornmula Il are
each H. The present invention provides a conpound represented by the

formul a g2v; 0 " ~ == : ~0~ = , [ I one of
R50 R30 RofF 'ﬁgg'[r}gp%és}kgﬁ{'e%g 3638 ‘{’\lﬁg j@ﬁ%agq%éé@@%ﬂe@ﬁ @0'7‘-’?’% ' 2000
VO 001 2328 ANDY OpCT/Q g /atkoxy; ad Sarig Hiedonant or ¢ Ay enesylclubrBoterdy R’
I's H or Hafo NRHRhGSERt RI@)?,b@)Ht, ﬁ‘?)zf—lodrrﬁw‘ll(@xﬁ -T-(CRS8R59) ~ C_" 5

or R*' and R taken together with N and one of CHR®*' , NR?, O, S, SO or SO, form a

5 five-, six- or seven- membered ring;

R* is H, OR*, NR*'R?, R*-(W),-CO-, R*-(W),-CS-, (OH) ,PO-,

R*-(W),-PO(OH) - or HO-SO,-;

R*is H, alkanoyl or alky};

10 e=01t06,f=0t010;andx=0o0r 1;
or a pharmaceutically acceptabie salt thereof.

In another embodiment, the present invention relates to a method of ireating
15 patients having chronic hepatitis C infection comprising administering a therapeutically
effective amount of a ribavirin derivative of formula Il and a therapeutically effective
amount of interferon-alpha for a time period sufficient to eradicate detectable HCV-RNA
at the end of said period of administering and to have no detectable HCV-RNA for at
least 24 weeks after the end of said period of administrating, and wherein the ribavirin
20  derivative is represented by formula Il

o)

25  wherein at least one of R*,R* or R is H, R*-(W) -CO-, R*-(W),-CS- or
R*-(W) -PO(OH) -; and wherein at least one of R*,R® or R® is not H;
wherein R is H, alkyl, alkanoyl, cycloalkyl, aryl, heterocyclic, NR*'R¥, alkenyl, or -
alkynyl;



wherein T is a noiety represented by the formulas: H2NCH2-, H2NCH2 CH2- |
CH3CH( H2N} -, CH3CH2CH(H2N) -, CH3(CH2) 2CH(H2N) -, (CH3)2CHCH(H2N)- , 28 JAN 2003
( CH3) 2CHCH2 59 10 CH3CH2CH(CH3 ) CH{HZN) -, PhCH2CH(H2N) - peruseonidds
HOOCCHz CH2 CH -, HOOCCH2CH( H2N) - HSCHZCH(H2N) ,  CH3SCH2CH2CH( H2N) -,
HOCH2CH( H2N) -, , H2N(CH2) 4 CH(H2N) -, CH3CH(OH) CH(H2N), H H N N HO

CH2- (NH2) CHCH2- (NH2) CHI ~; ~ H HO ~ ' HN >---CH2~NH2) CHN WD 00/ 23454 11 ~
8 ,f~N 2003 PCS/ U S99/21448 ,,-wherein R58 and R59 are independently H,

al kyl, al kenyl , alkynyl, (C3-C, )cycloal kyl, arylalkyl) or alkyl, alkenyl ,

T T I s RO

atom i n"b@r%}B aH®3Yy; form a cycl opropane , cycl obutane, cycl opentane, or

cycl ohex Kk 28 kepoydn?' 2 | kyl,
al kenyl , %WS 3 V‘%]ﬁfsﬁfuﬁb&gphénw hafo k%'r\]legjl ks)lppﬁal kcgiri’ylgn ﬁﬁ(y%?hsuﬁ‘ﬁzﬁut ed

by hal o) a—| zﬁ-‘-@cébl'k yi @h“’éﬂ&/ .M al kanoyl oxy; 10 wherein R6' is H,

al kylg aryl, aryI al kyl , aI kenyl , or al kynyl; and d is O, 1 or 2; or a

phar maceut i caII acce lsalt thereof. In a preferred enbodi nent, R30
and R20 pre[rﬂal\%/ ﬁ‘&@ aleioNi a 1V are each H. 15 The present invention
provi des a corrpound represented by the formula V O 2N ~-r N/N | R2CO O HO

'~~CH V D&l ?[h gral or unnatural am no acid noiety
repr esenp{nﬁ by t 50(?“.@ h 'i~0 00/23454 12 0 +HgN~ \Y 0 +H3N

10 -(CHR™)-(CH,)- OR® ,or -(CHR™).-(CH,)-NR*R*

Wis O, NR* or S:

15 R is H, alkyl, alkanoyl, or aryl or is alkyl, alkanoy! or aryl substituted by halo, phenyl,
CN, NO,, OH, CO,H or alkoxy; and R* is H, alkyl or aryl or is alkyl or aryl substituted by
halo, CN, NO,, OH, CO,H or alkoxy;

or R* and R” taken together with N and one of CHR®' , NR*, O, S, SO or SO, form a
20 five-, six- or seven- membered ring;

R¥ is H, OR”, NR"'R*, R*-(W)-CO-, R*-(W),-CS-, (HO),PO-,

R*-(W),-PO(OH)- or HO-SO,-;

R®is H, alkanoyl, aryl or alkyl;
25
e=0t06,f=0to10,andx=0or 1;

or a pharmaceutically acceptable salt thereof.

30
The present invention provides a compound represented by formula Hl



Y ~ B J~~ 2003 f'CT/US99/2144S Y = H, CH3; CH3CH2-; CH3CH2CH2-; I\/Eégg 'i o )
Me2CH2CH2-; CH3CH2CH( Me) PhCH2-; HOOCCH2CH2-; HSCH2-; HOOCCH2-; Me 03,
HOCH2-; C Hiodosed2N- ~ ' HN= N H H ~%0 or Y is HZN(CH2) 4- orrilddsii«e) - ;
or a pharmaceutically acceptable salt thereof; or Y taken together with the
a carbon and Nform OH OH CH NH NH NH NH NH O- O O- O or a phanaceutically
acceptabl e salt thereof; or Y taken tog%t her with the a carbon and N form
OHNHOOR~ ORR~ ORR~ NHNHNH~NHNHOO-OO--~OOR~ NHOor a
phamaceutical ly acceptabl e salt thereof. | 8 JAS 2003 5 WO~ 00l 23454

PC ~/ U999/ 21a. 18 13 The present invention Cg)rovi des a conpound represented
by the formula VI: O H2N ~N N AAO N O OH or a pharmaceutically

acceptabl e salt thereof; 10 15 wherei ny S a natural or unnatural am no
acid noiety of the formula: H2N H2N CH3" CH3/FAN ~.,) Hpt~. -.. wCH3 ~, ..~
CH3 H3C H3C- N\N

RSC0
X/

R3°'O¢ ""oazo'
]|

wherein at least one of R® R* or R” is represented by the formula

, (0]
i
; a-(CR®'R%?),-C-

wherein the other two of R* R* or R” is represented by H or the formula

o)
1]
Q-(CR’'R%?)-C-
10
wherein Q is:
54
R%3-C—
Rssl\'les
15

wherein R* and R¥ are independently H, alkyl, alkeny! , alkynyl,
(C,-C,)cycloalkyl, arylalkyl, or alkyl, alkenyl , alkynyl,
(C,-C.,)cycloalkyl, arylalkyl, substituted by halo, OH, SH , CF,, ,SR”,0R” or NR*R™ or
wherein R*' and R®taken together with the carbon atom in (C R*' R¥) form a
20 cyclopropane , cyclobutane, cyclopentane, or cyclohexane.;

wherein R* and R* are independently H, alkanoyl,alkyl, aryl, arylalkyl, alkenyl , alkynyl,
or alkanoyl, alkyl, aryl, arylalkyl, alkenyl , alkynyl substituted by halo, OH, SH , CF,,
,SR¥,0R*"; or R* and R* are independently



H2N H2N NH2 NH2 H2N H2N  CHg CHg H3C H3C H2N
., HN ~NN H2N O HzN O NHz O H2N S~J O NH2 OH
"OH NHz ~4 Owi2izbiNg~N'y HzN 0 H2N O OH 0 HzN

NHz O HzN O OH 0 H2N ~NH N~/

9

p . _ R57
H /N\ or
(CH2>q\<\ RSt
R57

CH2_
i ’ .
N 9
H HO

H3C ~0 Ud 234%
N O OH O HzN N~JﬂIchg E&NZU%

O H2N O NHzp®r/bddl2Hiss | OH

\ CHz‘_—
N

>

wherein R” is H, alkyl, alkanoyl, alkenoyl, aryl, arylalkyl, alkenyl, alkynyl, or, alkyl, aryl,
arylalkyl, alkenyl, alkynyl substituted by halo, OH, SH,CFa,alkanoylthienyl,or'alkanoyloxy;

andqis 0,1 or2,and k is 1or 2;
or a pharmaceutically acceptable salt thereof.

wherein R*is H, alkyl, aryl, arylalkyl, alkenyl,or alkynyl;

In a preferred embodiment, R and R* in the compounds of Formula Il are each H.

10

15

[
T-(CR%®R%%,C—

The present invention provides a compound represented by the formula IV

wherein at least one of R*”, R*, R*” is represented by the formula



OHMzN'""OOH NHz O HZN H ~J~' ~S OH2ZN ON H OH z O HzN w O NHz OHZNW‘]JAM[]{
NHz O 2N O HZN HS ~ ~' 0 H2N S '' ~'" NHz OH 0 H2N O NHz 0 H2N OH NHz Y <% &%
"PcT~~99/ ? 1%(?0W'83| 00i z3~s. ~ ~~.i pCT~1899/21 q,~$ 5 ,, frpQdNojr7449 O
NN~ O OH HN ~ OHHN-OOH"'"" ~ HNOCHs H2ZN 0 CH CHs w H2N 3 CHs

~SSOHN" "' OSHNOHNOHNO 10

«and wherein the other two of R, R*’, R* is H or is represented by the formula

]
T-(CR®R*);C—

wherein T is a moiety represented by the formulas:

H,NCH,-, H,NCH, CH,- , CH,CH(H,N)-, CH,CH,CH(H,N)-,
CH,(CH,),CH(H,N)-, (CH,),CHCH(H,N)- , (CH,),CHCH,CH(H,N)-,

10 CH,CH,CH(CH, )CH(H,N)-, PhCH,CH(H,N)-, HOOCCH,CH,CH(H,N)-,
HOOCCH,CH(H,N)- , HSCH,CH(H,N)- , CH,SCH,CH,CH(H,N)-,
HOCH,CH(H,N)-, ,H,N(CH2), CH(H,N)-, CH,CH(OH)CH(H,N),

H
N N
-+ O
HO

CHy=(NHZ)CH-

N , HO ;
HN
&CHQ—(NH2)CH'
N



HONO ° HzN~- HR ONH O~ ~ OHOHO- NY 1 r. NOHzNowHZMOHOFgéHéﬁ)ZOM
HO- HzN HO~' O HO~'\ HZN Ow H~N~ O\ H2N O H2N .r\ HN ~ ~ HN~ °

~ 8 (i~, ~~ 2803083454y U0/ 23454 16 O 0 O O H2N H2N ~ H2N H2N HPGTARIE448HO-
~ HO~~~ O0 OO H2N H2N ~ H2N HoNi i HN ~ ~ HN HO HO 0 O O O H2N H2N~ H2N
H2N O O OH OH O O O O H2N H2N~ H2N H2NyNH 2 NH 2 H2N 2N O O H2N H2N | | \
l r 0OI I | | PC~/1JS99/2 | 448 10 ~ J~~~ 20C, WD 00/ 23454

PCT/ f JS99/ 2144~ 17 r'

»Wherein R*and R* are independently H, alkyl, alkeny! , alkynyl,
(C,-C,)cycloalkyl, arylalkyl, or alkyl, alkeny! , alkynyl,
(C,-C,)cycloalkyl, arylalkyl, substituted by halo, OH, SH , CF,, SR*, OR6°
5 or NR¥R® or wherein R* and R*taken together with the carbon atom in (C R*R*) form
a cyclopropane , cyclobutane, cyclopentane, or cyclohexane.;

wherein R*is H, alkyl, alkanoyl, alkenoyl, aryl, arylalkyl, alkenyl, alkyny, or, alkyl, aryl,
arylalkyl, alkenyl, alkynyl substituted by halo, OH, SH,CF,,alkanoylthienyl,or alkanoyloxy;
10  wherein R%is H, alkyl, aryl, arylalkyl, alkenyl,or alkynyl;
and dis 0, 1 or 2; or a pharmaceutically acceptable salt thereof.

In a preferred’embodiment, R* and R* in the compounds of Formula IV are each H.

15
The present invention provides a compound represented by the formula V

wherein R* CO- is a natural or unnatural amino acid moiety represented by the
20 formulas



The present invention also provides a conpound represented by formula VI1 0 ~
HZN ~N N\ RSOO N O HO~ ,~CH VI wherein R5 is CH3CH(NH2) - CO- , 78 JAN 2003
"CH3CH2( CH3) Grif#diNd3) - CO- or H2N(CH2), CH(NHZ) CO- ; or a phar necreusdocaddsy
acceptabl e salt thereof. 10 The present invention also provides
pharmaceutical conpositions for treati susceptible viral infections
conprising a conpound of formula VII a at | east one pharnmaceutically
acceptabl e carrier. The present invention also provides a nethod of

treating a patient with a 15 susceptible viral infection which conprises
adm nistering to said patient an effective ano@t of a conpound of formula

VI| . The present invenfion also provides a neflhod of treating a patient
infected with c iC atjtis C whichit i dm nistering to said
patient an effective 5am)unt} of 20 a conpoung of fo?}rrul a VIF in association
with an effective amgunt of/an interferon alffa for ’a tine sufficient to

eradi cate detectable HCV-RNA | evel s, wherein the conpound represented by
the formula VI1: 25 8 (f~~d 2003 "N 00123454 18 0 h~ HZN N N~ R500 N O

HO~ OH 1A/ 1 e| I ) " ) or 5
(o L L ST A A Y S R R e

PCT/ USQ9/ 21448, Th Rt~ NV L,Qn, } a ( ented by the
formula VII #@%%@%QCHQ ﬁ%ﬁ&N@’@@% W@HW@ ‘or a
pharmaceutical |l y accept e salt thereof. The present invention also

provides a nethod of Areating a patiepf infected w tiCHS-chronic hepatitis
C whi ch conpgifses.adw ni steri ald patien effective anount of a
| 1.

conmpound of

1

HN N
HO \/

N
H

or Y is H,N(CH,),- or CH;CH(OH)-; or a pharmaceutically acceptable salt thereof;

or Y taken together with the a carbon and N form

OH OH

”"’O
u,"o

H H
NH QH NH NH NH QH
o——-—',___:‘\ o o—_:.:';\ o O-_—.-:—-’i\

or a phamaceutically acceptable salt thereof;

”'”

[
I,

or Y taken together with the o. carbon and N form

OH21 0R21 OR21 OH21
NH QH NH dH NH QH
o 0“‘)\ o] 0=~._ © 0=

or a phamaceutically acceptable salt thereof.



~i ,1~~iJ 203 CVO 00/23454 19 O,, HZN N O N-' | H2N~ ~N~ O CH3 O HO3Z g-G 7903
VIIT PCT/LJ899/:, 1448 or a pharmaceutically acceptable salt thereof, in
associ ati on Wi 80234 ef fective anpunt of an interferon alfa fofCHUBIR48
sufficient to eradicate detectable HCV-RNA levels . 5 . DETAILED:
DESCRI PTI ON The term "al kyl " as used hgmei n neans straight and branched
carbon chains of one to twenty carbons, preferably one to six carbons. and
nore preferably one to three carbons. 10 The term "al kenyl" as used herein
means strai ght and branched chai n al kyl groups containing at |east one

car bon-carbon double bond and two to twenty carbons, preferably two to

ei ght carbons. 15 The term "al kynyl" as used herein neans straight and
branched chain al kyl groups containing at |east one carbon-carbon triple
bond and two the pragentynvantins MEovidesia sraTrRauas reprasented by the derrmoa yt:
containing at |east one carbon-carbon triple bond. The term "cycl oal kyl" as
used herein nmeans carbocyclic rings of three to twelve 20 carbons,
prefé}ably three to seven carbons. and nore preferably three to six carbons
optionally substituted by one doubl e bond.Q The term "al kanoyl " as used
herein neans strai ght and branched chay anoyl groups of one to twenty
carbons, preferably two to twelve, nore prefernably two to ten 25 and nost
preferably two to six carbons. The term "aNkepgbyl" as used herein neans
strai ght and branched chain al ke, f one to twenty carbons
containing at | east one carbon-carbo bond, t3 J~~d 2003 CVO

001 23454 20 PCT/ US99/ 214-t8 preferabl o twelve,or nore preferably two
to ten and nost preferably two to six ¢ Qns containing at |east one

car bon- car bon doubl e bond. The term Hal 0"O”s used herein neans fluroro,
chloro or brono, preferably fluroro 5 or ﬁhloro. The term "al kynoyl " as
used herein nmeans strai ght and branched‘g ai n al kenoyl groups of one to
twenty carbons containing at |east one carbon-carbon triple bond,
preferably two to twelve,or nore preferably two to ten and nost preferably

two to six carbons containing at |east one carbon-carbon triple bond. 10
or a pharmaceutically acceptable salt thereof;

10
wherein AA is a natural or unnatural amino acid moiety of the formula:

One
I
w

CH,

H2N\'/8\ H2N\/ﬂ\ Hsz\ HzN\/a\ -
| ; - .

H2Nlh,.._ H2N HzN H2N
- CH; . CH4 CH, CH,

() \
H,C' HiC HiC HaC

15



WO ogp3 . . .
The term "al koxy" as usedH& ei n neans strai ght and branched chain al kyl
groups contai ning one bond to oxygen at the one carbon and one to ten
carbons. Typically suitable al koxy includes nethoxy, ethoxy and
tert-butoxy. 15 The term"aryl"” as used herein (including the aryl HIOH 2
of aryloxy and aral kyl, e.g., benzyl)-representld a carbocyclic group aﬁmﬂﬂhug
containing fromg6 to915 carbon atons and having at |east one aromatic ring
(e.g., aryl is.a? rlng) or ®s a polycyclic aromatic containing one
or nore heteroato e.g., ﬂﬁléb%ych as quipoyl, isoquinolyl with al
avai | abl e substitydtabl e carbon af ons of rbocyclic greup being

optionally 20 subgtituted (e.g./ 1 to 3) wifh one or g/ﬂ\ hal ogen)
alkylanlno di al kyl am no,

al kyl, hydroxy, B koxy) CN, phehoxy, CF3g i no,

SH S§ M or -hKQk:@md the tepgi "M repregents an aI% metal cation such
as Na+, K+ andf¥+ -. The ter agr ylal kyl! as used he |n means an al kyl
group substituted by an arylH group. The term' hetero lic" as used

herein neans a cyqic group represented by the fornula; [CHR60) g | J 60 30

[CHR ]g. HaND ou3 ~JVO 001%354 PCT/ US99/ 21~48 21 wherein J is -CHR6-,

-0, -NR6-, -S-, or - ¥GH-. and I |s - or -N-; and Rs |s H, al kyl or

aryl., and gpapg' are |ndeped y bl @ 4/pnd g +9' are 2, 3, 4 or 5.

Typically suitahle heteroc cs |nclud% , NHH, N , NNCH3 NO N
, N NCOCH3 ~NH<2or The ternmygHal 0" as us & ein neans fl uoro,

chl oro, brono or |odo 15 20“%¥eferably fluroro or chLDro In a preferred
enbodi nent of tBe present invention, the conpounds B8 fornula | have one or

two of R2, d RS equal to R6 (vaCD (HO 2P0- or R6(W,PQ(OH) - and at
| east one o R3 and R al to H Nbst preferred conpounds of formula
| have R2=R3 and R5 equ’a R6( W x HO) 2PO- or R6(WXPO(OH -. In
the preferré¢d enbodi nents R6- (W X R6(W % PO(Og) -, WFO and x=0 or
1. In the pr rred enbodfnqgts of R6- %} - and R&NMLﬂf(CPDO i ncl ude

R' (CHZ) m NR pjg- @8H2) ~0co-* R17( CHz) bR'a(CHz) PO(OH)) wher ei n
m0 to 4 and K= 0 to 4; anf FOHis H, M) M2R  J , ~w, ~~ ~ 00/ 2354
22 2 OH 0

o] NH,
HaN NH, OH

HzN\/lk HoN i 0
0 'bN§/u\

OH o =ér
o
o)

HaN NH,

0
Nt/NH ‘/(N HZN\./IK
H

i oK g—
o) OH
H.N NH,

W, I NH,
2 :'/lk H2N \/‘ok
OH
NH, ; HOH

NH,



PCT/ US99/ 21448 o s

~~ and R/&°®?bN (CH2), - (CHR7a)eOCO- or R R N
(CHe), - (CHR7a)eCO wherein f=0to 4 and e= 1 to 5 and R7a R7/bN is MZN ,
MeHN- or MeCONH-. In nost preferred enbodi nents of R6(WxCO-, x=0 and R6CO 8
is one of 5 10 HOCH(CH3) CO-, HOCH(C6HS) CO-, C2HSCH(OH) CO- or CH3CD2(4dR),2CO - J

or R6 in R6CO is one of 15 20 R21 CH -NR 22R21'{ 2~t R21 ~(CH OR 2~ 2= /21448
~(CH~-NR 21R22 R21 (CH~OR 2~ or 86C0 is a natural or unnatural a-amno acid
resi due fi,, ~!,;~ 2CC3 ~JVO 00123454 23 0 ,, ' +H3N~ Y O +H3N Y

PCT/ US99/ z 1448 wherein Y = H, CH3; CH3CH2-; CH3CH2CH2-; Me3CH;
Me2CH3CH2-; CH3CH2 Me) PhCH2-; HOOCCH2CH2-; HSCH2-; HOOCCH2-; MeSCH2CH2-;
HOCH2- ; CH2CH2- H N HHO orQY is H2N(CH2) 4- or CH3CH(OH)-; or a

phar maceuti cal | Y agcept abl e hereof; or@Y taken to%et her with the a

I
carbon and N formiNH NH O O OH OH NH O0O- 0
o 1 0 © R o v g

HN~
OH 2 k(_
0 oM
H,N
“NA 0 oH

O
HzNIU\ o
HaN
HO \./lk HoN

0
H "\ H. 0
(o} N
Ho‘ + \-/lk

HN.
Ho



or a pharmaceutically acceptable salt thereof. 5 OH NH O or A~ ~a %Og/)g. 00
WD 00/ 23454 24 | | NH NH O O ORZ~ OR2~ OR~ 1 | | NH NH NH O O~ OCRg~ T\K—q
O PC ~' / US99YQ %¥54herein R21 is as defined herei nabove; or BCT/US59/21448
pharmaceutically acceptable salt 5 10 thereof. Qther preferred enbodi nents
for R6CO in the conpounds of fornula I4gnclude (CH3)3CO0-, CsH5CO-, (HO 2PO -
and L- C6H5CH20CONHCH(CH3) CO-, i.e., COH5CH20CONHCH In a preferred

enbodi nment of the present i nvention, the conpounds of formula Il have one

or two of R2, and qual to 15 0 (WxQ0- Q R20(W xPO(OH) - and at

Ieast o] of S equal I\/bst |_p \zﬁ\red conpounds of fornul a
have and eq aI to 25 R(WXxP(OHO. In the

preferred od| ment s 8f R20(W x 0y nd m(% OO, WO and x=0 or 1. In
t he pref BPre rrbodl"fpents of R2( CO0- and e(V\)xP(O—I)O nel ude

R27( CHZ) m NR2' R22- (CH2) ~OCO- and R27(CHZ) m NR21R22- (CHz) ~CO-) R27(CH2) m
NRz' R22- (CH2} nO PQ( OH) - cy\/nereln mF0 te 4 and n-btoS R27 is H M, MCO
or Me2N-, R2his H, ) Jor MeCO Ra2 ilf H Mgynor IVeCHe_ and R2' R22N is

Me2N- r Me .1 n nost rred enbpdihents of R20(W xC0-) x=0
and R20CO i 5 HOCH( CH3) , HOCH( C6H5) CO-, C2HSEH(OH) CO- or CH3C02( CH2) 2C0-
or R20CO | a naturalz -am no acj esi due
HN
HO HO
0 0 0 o)
HzN/\iJ\ HaN L HoN N A
o (o]
OH OH
o] 0 0 0
NHZ (NHZ §
HoN HoN
0 0
HoN HN I
I ﬁfl
I I
5

10



.IniJ 203 "~JO 00/ 2345.1 PCT/ US99/ 21448 25 o +H3N Y Y = H, CHS; CHBCI(—/% L anne
CH3CH2CH2-: Me2CH-: Me2CH2CH2-; CHB3CH2CH(Me) PhCH2-: HOOCCH2CH2-: Hscrd JAN 200
HOOCCH2-; MwoGbi2§ak®- ; HOCH2-; CHZCHz- CHp HN N ' H HO or Y i scerNoazygl- or
CH3CH(OH)-; or Y taken together with the a carbon and N form OH OH OH OH NH
NH NH NH NH NH OO- OO- OO0 or 5 NHNH O O OR2~ OR2~ OR2~ OR2~ NH NH NH NH
OO- OO wherein R2" is as defined her&l nabove; or a pharmaceutically

acceptabl e salt thereof. 2 ~ .| Afd Z003 WO0O0I 23454 26 or R2ZCOis r'
PCT/ US99/ 21448 O M-N~O~~ s Ph-N-N~~ " ON~"'" S N~'" VO Vo Uo M M M
O0O0O~0HO~4 '~} ; HOPO~4 '"r~~1i0O—~"'" HO-P~-OO O OO

»

The present invention also provides a compound represented by formula VII

0

|-|NJ]>~
2 7 N

N\»

R0 5
AW/
HO  OH
5 Vil
wherein R® is CH,CH(NH,)-CO- , CH,CH,(CH,)CHCH(NH,)-CO- or H,N(CH,),CH(NH,)-
Cco- :

or a pharmaceutically acceptable salt thereof.

10 The present invention also provides pharmaceutical compositions for treating
susceptible viral infections comprising a compound of formula Vil and at least one
pharmaceutically acceptable carrier.

The present invention also provides a method of treating a patient with a
15  susceptible viral infection which comprises administering to said patient an effective

amount of a compound of formula VII .

The present invention also provides a method of treating a patient infected with
chronic hepatitis C which comprises administering to said patient an effective amount of
20 acompound of formula VIl in association with an effective amount of an interferon alfa
for a time sufficient to eradicate detectable HCV-RNA levels, wherein the compound
represented by the formula VIi:

25



Phm OOOHO-.} ; Me~~ s MO~} ~ O H O *(and substituted Ph) NEOQS%IF;
But 00OC s O O or a pharmaceutically acceptable salt thereof; wherein 4%ﬂm3
phenyl and ploeswyds4swubstituted by hal o) CN, NO2, OH, CO2H, or miTksey/z14¥8e
conpounds of formulas | to VIII netabolize in vivo into ribavirin and are
10 15 20 useful for treating susceptiblg viral infections treatable with
ribavirin, alone, or in conbination with other ant-viral therapies .eg.,
interferon-alfa, and so- called Highly Active Antiretroviral Therapy
("HAART"). A-M Vandamme et al., Antiviral Chem stry & Chenotheraav,
9:187-203 ( 1998} disclose current clinical treatments of HI1 V-1
infections in man including at |east triplge drug conbinations or so-called
Hi ghly Active Antiretroviral Therapy (" ") ; HAART invol ves vari ous
conbi nati ons of nucl eoside reverse traHstri e inhibitors ("NRTI"),
non- nucl eosi de reverse trans-cri ptase inhi /tq S ("NNRTI") and H V protease
inhibitors ("PI"). The treating of patients™ ing chronic hepatitis Cwth
t he conpounds of fornmulas | - VI I 1RI°®=per f or mgd as part of a conbination
therapy with interferon-alfa, includi rferon alfa-2a, interferon
al fa-2b, consensus interferon especi al ifiterferon alfa-2b as well as
pegyl atyed interferon al fa-2a and peq&ﬁatyéd interferon alfa-2b. ~ 8 JA~~
~~03 WO 001 23454 PC T/1;s99/ 21448 27 Hfhe fsent invention provi des methods
and pharmaceutical conpositions ~- cont &fHi ng a conpound of fornul as
[1-VI1l for treating susceptible viral infections , especially hepatitis C
viral infections. 5 The term"susceptible viral infections" as used herein
neans viral iwifeseiniRnis Chly€BNHY-COni QY. CRGH, SIHENINHRECOONE Vi r uses,
inclgding, b | ¢h ik .®@. -the famlies of viruses such as

8 byy N’(EH@(‘:%@H@ o)

f1 avi ruses-indl udi enus 'flavirus, pestivirus of which Kunjin virus
is a nmeRbaPhagmaceidinally assepiablgsaitthpresht itis C virus is a nenber, and
arbovirus of which the West Nile virus is a nmenber- orthonyxoviruses, 10
par anmyxqyi ruses,. .arenaviruses, bunyaviruses, herpes, viruses, adenoviruses,
boxvi 1 S8 PranaIt IRYSTHON RIGKERS #,AGMBRing repTabpalctRdbe TRV r o
infections” include influenza A and B viral infections; parainfluenza viral
i nfections, respiratory syncytial virus("RSW) infections 15 such as RSV
bronchiolitis and RSV pneunoni a especi al ch RSV infections in children
and infants as well as RSV pneunonia in k%yie NwW t h preexisting
cardi opul nonary di sease, neasles viQal infecN'on§, Lassa fever viral

i nfections, Korean Haenorrhagit,N{e i nfecti ONS, hepatitis B viral (HBV)

i nfections, Crimean-CongoHaenorrha i @a\d peVv fnfections and H V-1

i nfections, encephalitis infectiofssuchKas caused by West Nile virus or
Kunjin virus or the St. Louis encephalitis-fif ections as well as viral

i nfections found in i munoconprom sed gﬂ§ienfﬁ5 QO her susceptible viral .
infections are disclosed in USP 4,211,771 ghuco um 2, line 21 to colum 3
lin€037; _, doses and dose reginens and fo | ations are disclosed at
colum 3, line 4 to colum 9, line 5; see al so Canadi an Patent No. 1, 261,
265. Si dwel | R.VV,.em al . ﬁ%g[n%ﬁob. 25 Ther., 1979, Vol 6 pp 123-146

di scl os 85 AaMaReuticallyacseRtaPie s4'Neeoher i ment s conducted with ribavirin
general ly confirm one broad-spectrumantiviral activity seen in vitro and
states that t ! i Fhvidbel i | ; Wi e of
nfection. t Hetianer oy or RS pdidys FmBifidctor RRRALE ot MRTRRE Wi U
dos¥®e ghraric bepatitisil achich eoripgsesagmigisterdp toisaid patienRar effectiveidmarint of

i nfecti Lgni fi.cantly dinhibited in vico by 30 ribavirin. The in vitro
inhibit§33”®%ﬂ£5Hwﬁ§FPU%gv®f ribavirin are disclosed in Goodnan & G I man's
" The Pharnacol ogi cal Basis of Therapeutics Ninth Edition, (1996) MG aw

Hll, NY, at pages 1214-1215. The Virazol e product information discloses a
dose of 20 35 ng/nL of Virazole aerosol for 18 hours exposure in the 1999
Physi ci ans Desk Reference at pages 1382 - 1384. ~ J~E~ 203 WO 00/ 23454

PCT/ US99/ 21. ~4~ 28 Ri bavirin dosage and dosage regi nens are al so di scl osed
by Sidwell, RW, et al.

-



Pharmacol . Ther 1979 Vol 6. ppl23-146 in section 2.2 pp 7 26-130. 7§ jAy 2003 }
Fernandes, H., et al., Eur. J. Epidemol., 1986, Vol 2(1 ) ppl-14 at ges
4-9 discl osav@do&ayss and dosage 5 regi nens for oral, parenter &CT4iFQ%aEH®sOl
adm nistration of ribavirin in various preclinical and clinical studies.

The term "patients having hepatitis C iqgections" as used herein neans any
patient-including a pediatric patient- having hepatitis C and includes
treatment - naive 10 patients having hepatitis Cinfections and

treat ment - experi enced patients having hepatitis Cinfections as well as

t hose pediatric, treatnent-naive and treatgrent experienced patients having
chronic hepatitis Cinfections. These patilgnts having hepatitis C include
those who are infected with nultiple 1@2’1‘1 otypes including type 1 as
wel | as those infected with, e.gg HCV gen t’ygxs 2, 3, 4, 5 and/or 6 and

ot her possible HCV genotypeg,nyThf{ term "tregy+ent -nai ve patients having
hepatitis C infections" as uSetf hePet ang patients with hepatitis C who
have never been treated with riGwgviri y 20 interferon, including but
not limted to interferon-alfa, or peg\Natfgd interferon alfa. The ternt

treat ment - experi enced patients havi nq_@h’epabi tis Cinfections" as used

herein nmeans patients with hepatitis who ®Hve been treated with ribavirin
or any interferon, including but not |imgllgd to interferon-alfa, or

pegyl ated interferon alfa, 25 including.rel apsers and non-responder. The

term " r QrgpRRAENacesticRlRGrEPEPIe $Alktherqdt Ja@asEPRiatico i ahelastivaemannt ot t n

hepatitis C wao;fax&ohed@ansesidbisftidiehtith %&aoﬂ&ﬁé’@@t@@tab@ l-ﬁ’d%g-‘ﬂlb‘PA'?evHse.at ment

with interferon alone, or In conbination wth ribavirin eterm
"non-responders” as used herein neans treatnent-experienced patients with

hepatitis C who have not respogggg t;ﬁ Eri Oé gis&ment with any interferon
al oné, or in conbination with 3 ES 2003 WO 00/ 23454

PCT/ ~JS99/ 21. 845 29 When the pegylated interferon-alfa adnm nistered is a
pegyl ated interferon, alfa-2b, r' fhe therapeuticall ffective,anpunt of
pegyl ated i nt@?? ggrg'h a’i‘fyil aqsz%Segd}ﬁréllpgrpcﬁ%sdgtgq@?t@%tq%wcﬁgggFWgHtchpws of

accor damre i tihentyhearpoos gpreferabheané tmsixicadbangiangl morefprefetabhnohestocbree 5
treat nergar%g)ﬁga. periods, is in the range of about 0.1 to 9.0 m crograns per
kil ogram of pegyl ated interferon alfa-2b adm nistered per week, in single
or dPi ded doses, preferably once a week (QN or twice a week(BIW,

preferably i nThéerrprlieryl aalREl Herdin infearifaidht @ndbfineBE@BRaiRalkyki | ogr am
of pegylated interfero

| fa-2b admi ni st th
" ange o 1Tals FOUENG B st Ao B R B NIRRT TEME P Pty SPat o
i nt er f erpefaadblgt@b tadighicatbened tw ce a week(BIW, or is in the range of
about

1 15 The term “alkynyl” as used herein means straight and branched chain alkyl
groups containing at least one carbon-carbon triple bond and two to twenty carbons, and
preferably two to six carbons containing at least one carbon-carbon triple bond.

The term “cycloalkyl” as used herein means carbocyclic rings of three to twelve
20 carbons, preferably three to seven carbons.and more preferably three to six carbons
optionally substituted by one double bond.

The term “alkanoy!” as used herein means straight and branched chain alkanoyl
groups of one to twenty carbons, preferably two to twelve, more preferably two to ten
25  and most preferably two to six carbons.

The term “alkenoyl” as used herein means straight and branched chain alkenoyl -
groups of one to twenty carbons containing at least one carbon-carbon double bond,



0.5 to about 3.0 mcrograns per kilogram of pegylated interferon al fal“ﬁzg’MZU(]?
adm ni stered per week, preferably in the range of about 0.5 to about 3.0

m cr ogr amns Qﬁ‘_{ookjg,hggram of pegylated interferon alfa-2b adm nistetedimgce a
week (QWN or in the range of about 0.25 to about 1.5 m crograns per '
kil ogram of pegylated interferon alfa-2b adm nistered 15 twice a week , or
is in the range of about 0.75 to about?%1. 5 m crograns per kil ogram of

pegyl ated interferon alfa-2b adm ni stered per week, nost preferably is in
the range of about 0.75 to about 1.5 m crograns per kil ogram of pegyl ated

i nt erfegm?eﬁéb ﬁkw%btoqwéwy &trﬁérg%réﬂ%lﬁm}ﬁﬁ%‘?eﬁr&m@t}ﬁ&ét &%f%?éo nngel?egﬁx 0.75

m crograns per | ogram of pegyl ated i nterferon nistered tw ce
a week. Cﬂf@cmﬁéﬁ”ﬁ*fén@é‘bﬁﬂaé’t@@ Garp@-E&PeR QPP&%’M nistered to pediatric
patients is a pegylated interferon alfa-2b, the therapeutically effective
anount of pegyl ated |nterferon al fa-2b gdm ni stered during the tr%atrrent in

accor dance wiDB @12 “halesahesadneEsin imARNSJIUrero; AaloFaAgRroso. 3956{?{3@}’ U5 9. 0
M cregr gpeniBey. Ki l ogram of pegylated interferon alfa-2b 25 adm ni stered per

k ded d f bI
Woek(BI W - mang Brefakuishy SURE herE FEeR RIS G R bE e A L PR P g  am
of pegybhaiupad of mhertd ewemntyalaftzn2isoatdining axrtleasld)r@rmban-waﬂdon(t@p\le band, about

0.05 to ?etfgfétbl Arwd t%‘tﬁ/e%r&rﬁorQ%Feféﬁab&qmgbgén Bﬁg%ééti‘??f'elrﬁtgyft\%?&s?' fa-2b

adm ni stere era once a week
(QW or carkops canmw Bl \gpst W@rtmnawba@ltrypl@@oadout 0.05 to about 4.5
m cf@grans per kil ogram of pegylated int erferon al fa-2b adm ni stered once a

booyl ated'| niBPASTbIGPHS 2Bl SHPRTSRER R STHOR! A BAEBR GelLA RYGERPS
;\7\: ;e2266ntarrﬁhg 6 B fo 3%/gRR B thaSHY catdaiBand @Pgﬁgﬁ%ﬁgmgﬂg am;ﬂgll;ﬁ aQéV13 o(ra r
Ki ograwvﬁ%ﬁég%%f@qe%%ﬁgwa% héxggﬂgherggéf%ymered once a weekgor abgut

0.375 to about 1.5 mcrograns per Kkilogram of pegylated interferon alfa-2b

d t d . 6
ﬁ”l glrlglgfaﬁxr;e Twé‘égﬁ f%rgﬁgﬁqugéﬁﬂ @fg d&ﬁﬁt er%ré/r g&(wr‘f a- égoy%ﬁ%ﬁg% eﬁed once
a week 819 -a%l?ﬁ")t[e&fetsémétﬁ)@ﬁrchys r@pa@pamma@ffrqm 4@ areroPOp Bt aRE
interf ehQﬁnQ'aft ﬁaa%boﬁéi mdthétkﬂffr@%tg\/\ﬂa?ﬂ i§ avEpRIay BHNY), o%@pél?@y@@%b@bﬁ@'

terf t | ateed interf
t her apeBoNELING oFF PEAITs BeBihAdTS sFEp K &Puch PR uedl ibeincifyyhal
adm ni seeailzdble sutmtitdabliercaebon atbms Imétixermbmﬂydmgeusﬂp being ioptiomaltyne r ange of

abo 5 1,61 0 r referably
abo g gﬂﬁgr%ﬁ%t(régf?ﬂs{ @oﬁq@w?é cgrd% '%CO??,‘ r %zl %ypﬁ% ?'W )%l v@ amount is
in the PaeRRXYL ab@nm%eikmwr@gﬂmlwnab‘éldt S2 Om"éQQ@rf@rfbettQﬁr&eMa week,
pr ef er abdptegdritsan HihIithefaP SRS UER a8 NI K 1R 1D, M crograms twice a week. -
When the pegylated interferon-alfa admnistered to a pediatric patient is a
pegyl ated interferon alfa-2a, the therapeutically effective anmount of
pegyl at ed i ntieeftemonaglaiia'2s wddhoiet arcads ian sk groansebstitdtedtdyearpagsent
|nv§§|t| §F9 d’s in the range of about 20 50 mi crograns to about 500

0

m crogr nce a week("QW), preferably about 300
The term "heterocyclic" as used herein means a cyclic group represented by the
formula;

( [crIR“]g\

-

30 [CHR®], .



m crograns to about 375 micrograns QN or the therapeutically effecti 2% A T003
anount of pegylated interferon alfa-2a admnistered to a pediatric p t"%é 't 2
is in the rangeynhssabout 50 m crograns to about 250 m crogr arCTrvESe/R14d8
week, preferably about 150 micrograns to about 190 m crograns once a week
25 The esters of ribavirin represented by formulas I-VIIl are adm ni stered
to the patient having chronic HCV in associ ation with pegyl at ed
interferon-alfa, that is, before, after or concurrently with the

adm nistration of the pegylated interferon alfa. The pegyl ated
interferon-alfa dose is preferably adm nistered during the same period of
time 30 that the patient receives goses of esters of ribayifgin reprg ent ed
by formil as Iwhgreind 1s FHR antidmtNBT - 63t.6PO- O -PPaan@ndiis reBr 08 et e R/

for mul asg b ¥kl oraili, BhE geirRParkanesdcentiyly W 4 Bintie+gegeloaBed or 5. Typicall

i nt erfer%n-s a iaaglmr,omtgaﬁ):?gt ZOOét{o abic’)ut 1600 % %er day) ~ 8yp. ~~iyJ
2D ~' \Ritg AeJaCYPAICHICHABIS90/ 31 Q48 preferrably about 300 to about 1200
ng/ dgy or about 400 to about 800 ng day and nost preferably about 400 to
about 600 ng a day. The pegylated interferon-alfa dose is also preferably

adm nistered to the pediatric patient ;uwigg t he sane peri time that
such patient receiv dosks of the esters ribavirin represented by
formulas I-VIIl . The 5 amyunt of t 5'-aniﬂ9 acid ester’s of ri %yirin
represented by for -VPIl admni ster to’the pedihatric U1 ent
havi ng chronic HCV cpncuryently with he interferonalfa i about 1 to
about 30 ngy per kil ogram per day, preferrably fromabout 4 to about i 5 ny
per kil ogram per day, nore preferrably about 6, 8 or 15 ng per kil ogram per
day, nost preferrably about 8 to 10 ng_per kil ogram per day in divided
doses. 10 Pegyl ated /f nterferon-alfa fgrmul ali ons are not eff éctive when
adm ni stered orall adm ni stering the pegyl ated
interferon-alfaTs 1y, pr ub- cut an
i ntravenous(IlV), or scular(1M\i njection. The 5 am
of ribavirin represe by formula | may be adm nistered orally in 15
capsule, tablet , or liquid form intranasally as an aerosol by nasal spray
or parenterally, pr bly by SC, 1V, o M i njection. The
may\be orally adm

by 20 sustai ned rel ease dosage fornm an pul nonary inhal ation. Any form
of admnistration will work so long as the proper dosages are delivered

w t hout destroying the active ingredient The term" interferon-alfa " as
used herein neans the famly of highly honol ogous 25 species-specific
,prot1¢9i ns that inhibit viral replication and cellular proliferation and
nodul at e i mune response. Typical suitable interferon-alfas include, but
are not limted to) reconbinant interferon alfa-2b, such as Intron-A
interferon avail able from Schering Corporation, Kenilworth, N J.,

reconbi nant i nt er f Eneterral“hale’2as usadciherain Refavs Hnoimchldrertoomavatiiddtyl e from

Hof f mann; I N. J., reconbinant interferon al pha-2c, such 30
as Ber Of%ﬂre?%ggf&gﬁgoﬁﬁré:ﬁ e?'on avai |l abl e from Boehringer |ngel heim

Phart®aceutical , Inc., Ridgefield, CT.) interferon alpha-nl, a purified
bl'end of nat upad pkdrasd SHhSSdIMERTS the BEdEeR® invention, the compounds of formula |

have one or two of R?, R® and R’® equal to
R°® (W) CO-, (HO),PO- or R*(W),PO(OH) - and at least one of R?, R® and R’ equal to H.
Most preferred compounds of formula | have R’=R*=H and R° equal to R*(W),CO-,

20  (HO),PO- or R*(W),PO(OH) -. In the preferred embodiments of R*-(W),CO- and
R°(W),-PO(OH) -, W=0 and x=0 or 1. In the preferred embodiments of R®-(W),CO- and
R®(W),P(OH)O- include R"(CH,),-NR™R™-(CH,),0CO- and .

R"(CH,),-NR™R™-(CH,),-O-PO(OH), wherein m=0 to 4 and n= 0 to 4; and R" is H, Me,
MeCO- or Me,N-



Sumi feron available from Sum tono, Japan or as Wllferon interferon i, AR 720
al pha-nl (I NS) ,. ~~ "~ 2DJ~ WD 00l 23454 32 PCT/ US99/21.t48 avail ab?é"“" 003
‘fromthe dwappodékdscome Ltd., London, Geat Britain) or a conseEmsiss2edipha
"interferon, such as those described in U S Patent Nos. 4,897,471 and
4,695,123 (especially Exanples 7, 8 or_ 9 thereof) and the specific product
avai l abl e from Angen, Inc., Newbury Par%{z, CA, or interferon alfa-n3 a

m xture of natural alfa interferons made 5 by Interferon Sciences and

avai l abl e fromthe Purdue Frederick Co., Norwal k) CT., under the Alferon
Tradenane. The use of interferon alfa-2a or alpha 2b is preferred. Since

interferon ahph,g 2b, anpng.all interferons, has the broadest approval
t hr oughoaid BRER M (CH,X-6PHR 200 Qg 0k Rr dhil (GpalGHR'D. €0 nfection, it is nost

Pt et R e e A s sed

: : . . [ , u

herein MRSt BEﬁ@%‘P‘F’l?W'@??@O‘me&?ﬁ ' XT ﬁpﬁf};’a@s‘s(wei% erferon alfa,
prefgrably interferon alfa-2a and -2b. The preferred

pol yet hyl ene-gl ycol -interfercuy al f@ -2b conjugate is PEGL2000 interferon
alfa 2b. The phrases "12, 000} nol ecyll ar wei ght pol yet hyl ene gl ycol

l PEGL2000 | FN al fa" as used herein nean
di ng to the nethods of International
cont ai ni ng urethane |inkages between the
interferon alfa-2a or -2blam ng/groups and pol yet hyl ene gl ycol having an
aver age nol ecul ar wei ght of £7000. 20 The preferred PEGL2000 interferon
alfa-2b is prepared by attaching a PEG polyner to the epsilon am no group
of a lysine residue in the |IFN. alfg-2 I l e. A single PEGL2000 nol ecul e
is conj UBQ@H&E)QﬁébngB@Gapsgéﬁgﬁﬁng aPfa-2b nol ecule via a

ur et hanecH%m@g@HZ)‘zdjm-s conjugate is characterized by the nol ecul ar wei ght

of GL2000 attached. The PEGL2000-1FN al fa-2b conjugate is fornulated as a
Iyog ilized powder 25 for injection. The objective of conjugation of I|IFN
alfa with PEGis to inprove the delivery of the protein by significantly
prol ongi ng i | as folid:e, and thereby provide protracted activity of
| FN al f a. Qtﬁgﬁbp@gmtbgé crﬁlr‘latc';efrferon al fa conjugates can be prepared by
coupling an 30 interferon alfa to a water-soluble polynmer. A non-limting
list of such polymers include other polyal kyl ene oxi de honopol yners such as
pol ypr opyl ene gIFyg@oI s, pol yoxyethyl enated pol yoket copol yners thereof and
bl ock copol ynyihereof. As an 8 J,~ ~y 2003:WO 00l 23454 33

conj ugat es such as are pr
Application No. WD 95/130

(CHo)-NR 22R2' /\(cnz),-NR 21g22
R21 :-821
1.5 /'\ (CHo)OR 27 AN (CHO0R %
20

or R°CO is a natural or unnatural o-amino acid residue -



PCT/ U~99! 21445 alternative to pol yal kyl ene oxi de-based pol yners, 9q (e y
effectively non-antigenic materials such as dextran, polyvinylpyrrolid%hé"s“f2003
pol yacryl amwgsep@kyvi nyl al cohol s, carbohydrat e-based pol yngersuesndidie

| i ke can be used. Such interferon alfa-polymer conjugates are described in

U S. Patent No. 4,766,106, U S. Patent No. 4,917,888, 5 European Patent
Application No. O 236 987, European Pat&ht Application Nos. 0510 356, 0 593
868 and 0 809 996 (pegylated interferon alfa-2a) and |International

Publ i cati on No. WO 951 13090. Pharnaceutical conposition of pegyl ated
interferon alfa suitable®&or parenteral 10 administration may be fornul at ed

with a suitable buffer, ¢.g., Tris-HCl, acejflate or phosphate such as
dibasicﬂsodiun1pﬁﬁ§bhape;hnngbasic sosN.um sgﬂate buffer, and

pharmaceutical ly accep abl e excipients, §.9., crose, carriers, e.g.,
humanor reconbi nant plfasma al’bum n, tonidity adents, e.g. NaCl,
preservatives) e.g., thinmerosol, cresol or benyl al cohol, and surfactants,
e.g., tweens or polysorabates in sterile water for 15 injection. The

pegyl at edwhetetn frex o) GHEACHBEHp e CHiUteLClas; MepOi-| MegHpOMgle CH,O}EH (Me)-
refrigeration at 2-8C. The reconstituted aqueous solutions are stable when
stored bet a e tH: .8 StH ,on. See for
xanpl e U S Rt R O D R E TP B QR
reconstituted agueous sohittdi ons may al so be stored in Brefilled, mul ti - dose
syringes such -ﬂ\Ehos= useful for~delivey of 20 dr §Msmch as insulin.
Typi cal suitag ' ySt ens conpr{ a prefilled vial
attached to 4 as the NOVQOLET Novo Pen avail able from
Novo Nor di sk, ~as Atk \as prefifhedy pen-type S¥xj whi ch al | ow easy
self-injection by theHuser.He her syringe systens”include a pen-type
syringe conprising a glass cartridge containing a diluent and |yophilized
pegyl ated interferon alfa powder in a separate 25 conpartnent. A person

suf f eri ngof YQRHGRIOAL ;- bﬁeﬁchE)@Hﬁ; b phhirAACcEMcaRY BedidiatiB8aRthdrBbE Of the
follow ng signs or synptons” 30 (a) elevated ALT) (b) positive test for
anti-HCV anti bodi es, (I'h, ~~ ?2003 WO 001 23454 34 PCT/L1~s9912144.8 (c)
presence of HCV as denonstrated by a positive test for the presence of

HCV- RNA i ar YHekee together wdth theioncarlpnaniddideran of chronic |iver disease, (e)
hepat ocel | uar damage. The conbi nati on therapy of pegylated interferon-alfa
and the esters of ribavirin 10 r@presentfd by for@hlas |-2HI | and

preferably the 5 -amng acid est bavirin ¥epresenfed f3y fornul as
[11-VIT N i Lati N h apti™~retrovira

t herapy, e.q. i -infectéd with the HV-1 and HCV

i nfection an i bith HONS \aL—-gynMpt ons i n
amounts sufffcient tofelim nat viate oge or nore of the :
si gns or [ ' o | pweR _the H V-1- RNA and

HCV- RNA serum l'evel s each by at Teast a power of Ten, and preferably to
eradi cate detectable HCV-RNA at | east by the end of about 20 to about 50
weeks) preferably at | east 24 weeks to 48 weeks and to naintain no
detectabl e HCV-RNA for at |east 24 weeks after the end of the about 20 to
about 50 week®r amharmanauiicathaetentablesaltdheraptaci d esters of ribavirin
represented by

or



20 formula I may be discontinued after the end of the second tinme period
dependi ng upon the judgnent of the attending clinician. The term" na?8 JAN 2003
det ect abl e HWOWoRBYSs i N the context of the present invention meEavissIPhas4s
there are fewer than 100 copies of HCV-RNA per m of serum of the patient

25 as measured by quantitative, multi- Aycl e reverse transcriptase PCR

met hodol ogy. HCV RNA is preferably neasured in the present invention by
resear ch- based RT-PCR net hodol ogy well known to the skilled clinician. This
met hodol ogy is referred to herein as HCV-RNA/qPCR The lower limt of

detecti on of HCV-RNA i s100 copi Um HOV-g&RIV qPCRGRE'St i ng and HCV
genotype, testing wll be perfor central ,30 | aboratory. See also J.

G MHut chi et aJ . G- N 1998 9:1488-3492), and G L.
Engl . J/ Med. 33P: 1493- 1499) 23454 35 r'
ity Y=—nn ~, ~R3_RET/ R1448 5 _Jhe c ds of formulas

Davis et al\
Bi ol ogi cal
I -VIIIl arejuseful fpr treati g pati efits havi susceptsi bl e viral
infrecti such @s=hroni pat |5;az C as t of @&‘nbi nati on Therapy
with interferon-alfa, especial i nter roﬁ al fa-2b. The>~conpounds of
formulas | and Il wherein RS is R6(WxQ0-, Rs(WxCS, (HO zPO-, R6(WX
P(OH) O-or HOSQZnet abpl i zes in vivo.into rlbaV|r|n O,Cqmoun%i of f rrrula
| wherein RZi’FE!?fﬂna*?\ igRgs dafipepereingoove; A phasmasgutialy.agcepiable
PCT/ dJSt9eof 1448 ,;, . CH3 , or (CH3)3C0-, or C6H5C0- or C6H5- CH20C( O NH
CCO _have produced higher plasma 5 concentration of ribavirin after
admiRistration to rats. TABLE 1 Ribavirin Concentrations of pool ed Rat'
Pl asma ((heaprefgyeal gmbotienitsiigr 8GO imthe cungdauatls ah fauld | meludsf  t he
conmpounds of formula I in 20% hydroxypropyl -betalO cycl odextrin
Conmpound=AUC ( pool ed~3C. V. Conc. (6 Ry)C. Vg4(na. hr/m) % /nL15
A1523. 6523. 56142. 5449. 37B1309. 761. 68241. 8319. 61C1303. 3467. 42170. 4237. 78D106
5.8829. 12116. 3310. 73E754. 7774. 42122 7144 820 25 30 ' Male Charles River
rats obtained from Charl es R ver 10 MA 01887 (a) Conpound A is
t he I nmpound of formula | wherein (CHB)SC CO (b) Conpound B is the
conpound of forrmula | wherein RS )2P(O) (c) Compound Cis the
conmpound of forrmula |I wherein R5 | HSCO (d) Conpound D is the conpound
of fornmula | wherein R5 is CBHSCH, OCONH CH(CH3 ) CO(e) Conpound E is
Ri bavirin

10  (CH,),CO-, C,H,CO-,(HO),PO - and

L-C,H.,CH,0CONHCH(CH,)CO-, i.e., C;H,CH,OCONHCH
In a preferred embodiment of the present invention, the compounds of formula Il

have one or two of R?, R® and R® equal to

15 R¥ (W) CO- or R*(W) PO(OH) - and at least one of R?, R’ and R’ equal to H. Most
preferred compounds of formula || have R*<R’=H and R® equal to R20°(W),CO- or
R®(W),P(OH)O-. In the preferred embodiments of R*(W),CO- and R*(W),P(OH)O-,
W=0 and x=0 or 1. In the preferred embodiments of R*(W),CO- and R*(W),P(OH)O-
include R¥(CH,), -NR*'R*-(CH,),0CO- and R*(CH,) -NR*'R*-(CH,),CO-,

20  R¥(CH,),-NR*R%-(CH,),0 PO(OH)- wherein m=0to 4 and n= 1 to 5; R” is H, Me,
MeCO- or Me,N-, R*' is H, Me, or MeCO-R* is H, Me, or MeCH,,
and R*' R®N is Me,N- , MeHN- or MeCONH-.

In most preferred embodiments of R*(W),CO-, x=0 and R*CO is
25  HOCH(CH,)CO-, HOCH(C,H,)CO-, C,H,CH(OH)CO- or
CH,CO,(CH,),CO- or R*CO is a natural a-amino acid residue .



Area under the curve neasured fromO to6 hrs. after oral adm nistrat7@njoy;
2 rats of an aqueous sol ution of conpounds of fornmula | in 20% HPBCD %V is
"percent coeffooe/ezaks of variation which is a relative nmeasureP@ff/US99/21448
variability. See Steele and Torrie, "Principles and Procedures of

Statistics", (1980) 2nd Editi on, NtC?agﬁﬁill, NY, atg page 27. 35 ~~~"
~ 7003 VNO 001 23454 PCT/ US99/ 21448 37 For preparing pharmaceuti cal
conpositions fromthe conpounds described by ~~~this invention, inert,

pharmaceutically acceptable carriers can be either solid or liquid. Solid
form preparations include powlers, tablets, dispersible granules, capsules,
cachets and suppositories. The powders and tablets nmay be conprised of from
about 55 to about 95 peflcent active ingredient. Suitable solid carriers
are known in the dkh, e O gnesi um car bonate, magnesi um stearate, talc,
sugar or Lactose. Tablets, pewders, cachets and capsul es can be used as
solid dosage forns suia able tor oral admnistration. Exanples of
pharmaceutically acceptable carriers and nmethods of manufacture for various
conpositions may be found in A Gennaro (ed.), Rem ngton's Pharnmaceuti cal

1,02 Loy U Sl cHEME Lk R S o e

Pennsyl vani a. Ll ati‘ons i nclude so ) spensi ons and

emnul si ons. e be t,ion r, ter,- pt ﬁepe gl yco
sol utions fﬁ?hggkéﬁ%QEgﬁ3$§?@%tFgﬁﬂﬁ?’SggPp?%ﬁ’J@é%§3€$@ﬁgigﬂé @ opacifiers
for oral solutions, susggnsions and enul sions. Liquid form preparations may
al so include solutions/for intranasal 1p adm nistrati@h—Aeroso
preparations 8 s\o ay” i nclu utions and solids in
powder form gqtion with phay maceutically acceptabl e
carrier, suc gas, e.gﬂdni}yugen. Al so included are
solid form prep are”intended to 53\66nverted, 20 shortly
before use, to liquid formpreparations for either oral or parenteral

adm ni stration Such liquid fornms include sol utions, suspensions and

enmul si ons, e nd iyivention may al so be deliverable
transdernﬁflY?I%ﬁgeﬁgﬁh§6§$#%$&§%ﬁbositions Zan take the form of creans,

| oti ons, aerosols and/or enul sions and can be included in a transdernal
patch of the matrix or reservoir type as 25 are conventional in the art for
thi s pur pes¥. taReaftegethley withehe angarbod ang Mdormi stered orally. Preferably,

t he pharnmaceutical preparation is in a unit dosage form In such form the
preparation is subdivided into sgitably gHzed unignh doses g@ntai ni ng
appropriate quantities of the agli onent, €&.g., an ®ffective anount

to achieve t esire purp The ntity of_actiyesgonpound in a
unit dose of\ preparation y e vajie dj ugted /frog abofit 0.01 ng to
about 1000 ref eryg pfro t 0\O t o\ abput NH
. O o-'""._._-:\ o} 0-_:‘—1\ 0 O-——"'___:\
or
5
OR21 OR21 0R21 OR21
NH <;i:j3L NH <£:€:2L NH <<j:i2L
0 o== o O==i\\ o) o==§\\
wherein R?' is as defined hereinabove; -

or a pharmaceutically acceptable salt thereof.



7 8 J~"~ 2003 WD 001 23454 38 PCT/1JS99/ 21448 750 ng, nore preferablygmrngmg
about 0.01 ng to about 500 ng, and nost preferably fromrr~ about O.

to about 258&a@mpr3asicording to the particul ar conpound and pafm¢bwﬂaﬂhM8
application. The actual dosage enpl oyed may be vari ed dependi ng upon the
requirenents of 5 the patient and the ggverity of the condition being
treated. Determ nation of the proper dosSage reginen for a particul ar
situation is within the skill of the art. For convenience, the total daily
dosage may be divided and adm nistered in portions during the day as

requi red. Theganvgnfisand frequency of adm nistration of the conpounds of

the invention 10 and/or the pharnaceutically acceptable salts thereof wll

be regul ated according to the judgnent of tie attending clinician
conS|der|ng su ~ﬁ2§§ ors as ge ndltlg_\and SIEQ of _the- paglpnt as well
as sever' } reated al sre ed daily
dosage regmgen for oral adﬁk#'stmatlon car/range from-aboutol ng/ kg/ day to
about 100 ny/kg/day, in two to four divided doses. 15 In a preferred
enbodi ment of the present invention, %pose patients co-i fected with H V-1
and HCV |nfect|ors aiog tgeate mnth pegyl t ed |ntégfero aIfF.ln

conbi nat i the pPEf d ¢st gy rin
represented b formiPas 911 Vfl I and ® HAART corrbl nat i consi dered
appropriate by the attending clinician and the patient. . 20 See also J.

G MHutchinson et al. (N Engl. J. Med., 1998, 339: 1485- 1492)) and G L.
Davis et al. (N Engl. J. Med. 1998, 339 1493-1499). The preferred

conpounds of formulas I11-VIII are useful for c} reating patients having
sucepti bl e vi rAY i.nfections, e g , chroni c ti t| s C The conpounds of
formulas 2 JII et n VI useful for
treating suscep le Viral f.,ec i ons treata I4e \b virin, alone, or
i n conbi antl-V|raI t herapi es, APerferon-al fa and
HAART. Tﬁgﬁ?gg%#‘ﬁgd gbppatl ents having chronic hepatl tis Cwith the
conpounds of formulas II11-VIII is performed as part of a conbination

of formulas I1L_ VLA t abol 'o into ribavirin and have produced
hi gher pINeQ@E cOVCen(r ati SOt rlba rin"after oral administration of a
~S ~Hr' 2303 WO 00/@23454

or a pharmaceutically acceptable salt thereof;
wherein Ph is phenyl and phenyl substituted by halo, CN, NO,, OH, CO,H, or alkoxy.

therapy with interteron-alfa, especi all5} interferon alfa-2b. 30 Conpounds

The compounds of formulas | to VIII metabolize in vivo into ribavirin and are
10  useful for treating susceptible viral infections treatable with ribavirin, alone, or in
combination with other ant-viral therapies .eg., interferon-alfa, and so- called Highly
Active Antiretroviral Therapy (“HAART"). A-M. Vandamme et al., Antiviral Chemistry &

Chemotherapy, 9:187-203 (1998) disclose current clinical treatments of HIV-1 infections
in man including at least triple drug combinations or so-called Highly Active Antiretroviral

15 Therapy (“HAART") ; HAART involves various combinations of nucleoside reverse
transcriptase inhibitors (“NRTI"), non-nucleoside reverse trans-criptase inhibitors
(“NNRTI") and HIV protease inhibitors (“PI"). The treating of patients having chronic
hepatitis C with the compounds of formulas I-VIli is performed as part of a combination
therapy with interferon-alfa, including interferon alfa-2a, interferon alfa-2b, consensus

20 interferon especially interferon alfa-2b as well as pegylatyed interferon alfa-2a and
pegylatyed interferon alfa-2b.



39 PCT/ US99/ 21448 compound of formula VIl to rats and nonkeys conpared to
adm ni stration of ribavirin. ~~ The pharnacokinetics of the preferedy 28 JAN 7003

‘conpounds ofywh@gsdkas VII are presented in Tables 2 & 3 5 TABldydsoipagirin
Concentrations of Pooled Rat' Plasma (2 rats/pool) Follow ng O al

Adnmi ni stration of 20 npk Ribavirin Equival ent Amounts of Salts of the
Conmpounds of Fornmula VI1 in 20% I—|ydroxy°-5ropy| bet a- cycl odextri n( HPBCD) 10
Compound: AUC (pool ed~3C. V. Conc. (6 hr) ~ng. hrl m_) % / m.A123881. 415215
8255425.022601011***294D20431 4173 . "4 30.5 20.0 67.3 20 ' Mal e Sprague

Dawel CD : g},gg
01\§§7y5|( ngl) e gé%%%) ?%@‘O@ 8\\//'2€n| ﬁ‘?chseg%w Tﬁp@%t”@al pqr)slnlr\]%ng val ent
PO dose* @@ntam@gc@mgwdﬁf tomnuias d \( ri@%lml@@@wt e@b%dfé?ﬁtioaﬁl,on 4

mgl M nbawhsdian hf{@ Wra@Rdclasd. ng voI ume :Sm/Kg. (a) Conpound A is the
conmpound g? f‘ Iy%P @ VK:?]EI’EICI’] R~ is H, i.e. , ribavirin 25 (b) Conpound B

is the trifluoroacetate salt of the conpound of forrmula VIl wherein R-is (

Cﬁﬁ;@ ] L- mgbi%r%hééé@ﬂl bishdat iﬁféctloné’%éés Gosap BEfEin dahsivitgl iflicbtsnd ate sal t
0 e conmpound of formul a i.n.RSi s

e Ry cante BraatERRA\sTReS, b Rind Pt hodiet e thee
corrpoundfavﬁ:hé&ofmﬂuaes/slhcm flehvirueesrinRbiding the @218 G808, pedtivicBEHYMELB) - CO-
i.e., O th
curve oKLY g epEeT éﬂd“%?t%f‘é@?’ﬁp “5@“@3@%%3#?’%"%‘7‘ Ao an
aqueous 8§ufayirseAf wWhick HigpbientNileyirysisaumemaer- aftemyxPBOses. %CV is percent

coef{fg ci 98Fan‘i’Q|>_<oV|?d§e§t a@RaVhlises, bunyBvir@sel, hefmdPARIses, Menrigddl [ 1ty. See
Steele 5 and Torrie, "Principles and Procedures of Statistics", (1980) 2nd

Edi ti on, PREGHUSRS 1AN0I"erRWFUSES page 27 TABLE 3 Ribavirin Concentrations of
Pool ed Q/norml gus Monkeys' Plasma (2 nonkeys/pool) Follow ng O al

Conpounds.of - RYRRIEY “Bloceuitt ol nEAouE uBchoo TRRhT &4l Vel mound-
AUC ( 243inkesdions; parainfluapza ¥irahinjectiens, mespiratoty synchitiaindirus (g SNT) infleptiorsy ni) 15
A40lgs 559@@589%%%%&&40@2%%WEE&&%R%%%%%%HZ% é? k Co@e?c% ong-fs2

125281012" 20 n-nal ve F%nom) ound A is the
conpound cBifdren aRg Infants ps wed @giFs Rpngumopiagn patnpp Wyith Pfﬁee‘ﬂ'ﬂﬁmpound Bis

the trifbuelicpuietrtng deahie, dhedshes ienprioctibref Lassatdver Vivdl 2 akiine] Kofgani s [

R A e

~- H3N( CHApAOHHREB )an@BIG0 infebtiots mpd Uy - Dirifectidns, eosewrmhes pédctions smd’neas

i e

t he curvas Nﬁé’s!nfleévpfﬁrf@md) in pnpynocpnpromised patierdst &theyr sysceptilgVigalr ati on to
non- nai Vehfections are disclosed in USP 4,211,771 at column 2, line 21 to column 3 line 37;

! doses and dose regimens and formulations are disclosed at column 3, line 4 to column

' 9, line 5; see also Canadian Patent No. 1,261, 265. Sidwell, R.W.,, et al. Pharmacol.

25 Ther., 1979, Vol 6 pp 123-146 discloses that the in vivo antiviral experiments conducted
with ribavirin generally confirm one broad-spectrum antiviral activity seen in vitro and
states that the efficacy of ribavirin is quite dependent upon the site of infection; the
manner of treatment; the age of the animal and the virus dosage utilized. Tables 4 and
5 on page 127 list the RNA and DNA virus infections significantly inhibited in vivo by

30 ribavirin,

The in vitro inhibitory concentrations of ribavirin are disclosed in Goodman &
Gilman'’s “The Pharmacological Basis of Therapeutics”, Ninth Edition, (1996) McGraw
Hill, NY, at pages 1214-1215. The Virazole product information discloses a dose of 20
35 mg/mL of Virazole aerosol for 18 hours exposure in the 1999 Physicians Desk
Reference at pages 1382 - 1384.
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conpounds of fornmula | at a 5 target dose of 10ng (free base)/Kg and at a
‘target dosewgdounsqof 2 mM/Kg.. Trmax for A isl.5hrs. 5 Tnax frer/dsdaieéhrs.
6 Tmax for Cisl.5hrs. 7 Tmax for D isl.5hrs 10 The pharnmaceuti cal
conpositions of the preferred 5 -am n?nﬁagid esters of ribavirin of the
present invention (represented by for s I11-VIIl) may be adapted for any
node of admi nistration e.g., for oral, parenteral, e.g., subcutaneous
('SC"), intramuscular ("iM), intravenous ("IV') and intraperitoneal

("I'P"), topical or vaginal 15 admnistration or by inhalation (orally or
intranasally). Preferably the ribavirin conpounds represented by formla I
are adni ni st driBavigh goFgoe 8ndifasaap 6e9iMenA aralpoisiiseranhyidwehy - ¥or®idli ng a
corrpogngﬁr@frmégdtslwbaﬁmé V¥l e.: p@!‘ltzsﬂ46CIh“s¥@t|cﬁtrE.%®ﬁSD‘rEf6—13(E. Iaérﬁﬁﬁdé”éﬁﬂe,tétl cﬂ ly
acceptabl e_sal t _of , conpo Wi a suita , .1 ner pharmaceutically
accept ail-eEHark ERdeRIOy; f%uV%%(BrPFﬁﬁf?Bbp%%shJég digqiose dosage aﬁaﬁﬁﬁe The
conpgundsgiaferisdsntial paréhtevill dndederopol eddetinibirytioroofiavirth invadowdsrectinical

phar maceut, (f'a] I ?/ taacept able acid addition salts by adding to conpounds of

f or mul a@"AIGINGAl $1U91¥Sequi val ent anount (or two equival ents in the case of
for exanple the lysine ester) of a pharmaceutically acceptabl e acid.

Typi cal |y suiwtr%btbﬂnp%aﬁémgmwir@%épetiﬁg@qh@btiang?%saﬁeaanéréiﬁIméia_e]stah? i ner al
acids, e.g.,HNO3 HzZSO,, H3P04 ,HC, HBr ori%anl c acids,including, but not

i mi t ed PeSentiseiuding a pediatris paianti kaving Bepasis € andmndgudes wptper-naygcci ni c,

tartari . j h el G ARG ) | s fonic

aci 40, ' SRS MY fedtlifts 0 IiocHcRE 47T AR e BRurEnte pfieit Mty o0,

met haneswebhtitis € iafectionsTap wedll dsythesé pabiaticptraatmerawaivesdidtreatmept- abl e sal t's
i nclude the foll ow ng. ani ans: 30 .acetate,.adi pate, besyl ate
(benzen@%‘ﬂ?'f'?ﬁ&ﬁdeeqt'eg‘%ﬁ?ﬂeg 05‘59%953'?%?'648 '-"?‘?CPPPBan hyl - 2 oxobi cycl o[ 2. 2. 1
] hepat ane- 1- net hanesul fonate], chloride, citrate, edisylate( 1,2

et hanedi sul fonate), estol ate(dodecyl sulfate), funarate, _ _
gl ucept at e( glTnesaaatients kgving hepatitis )& include-thgse/NMboEre F¥aciad withpaiinlg S99/ 2 |

448 , =l L i . I i
125 151 U980 LenoBHUEEONA Sl PR e AUEL HELBANGEC D2 coneyoes 2
(2- hydr G wetlamacs @ &cdhetrer possibleaHEV derotypeisonat e, mal eate, nesyl ate

(et hanesul fonate), nethyl brom de, nmethylsul fate, napsylate, nitrate,
ol eate, panpate [4, 4" -nethyl enebi s[ 3- hydr oxy- 2- napt hal ene 5 carboxyl ate]],

phffs phalt e, Poltﬁégl%ﬁ'rﬁoirﬁéf?ﬁé‘ﬁt%aﬁé BafiHts hadiHg Rlepatitts CInteEMrR? as used herein
sul fosalicyl ate,
megns patients with hepatitis C who have never been treated with ribavirin or any

20 interferon, including but not limited to interferon-alfa, or pegylated interferon alfa.

The term” treatment-experienced patients having hepatitis C infections” as used
herein means patients with hepatitis C who have been treated with ribavirin or any
interferon, including but not limited to interferon-alfa, or pegylated interferon alfa,

25 including relapsers and non-responder.

The term “relapsers” as used herein means treatment-experienced patients with
hepatitis C who have relapsed after initial response to previous treatment with interferon
alone, or in combination with ribavirin.

30

The term “non-responders” as used herein means treatment-experienced

patients with hepatitis C who have not responded to prior treatment with any interferon

alone, or in combination with ribavirin.
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triethiodide.; and the foll ow ng catrons: benzat hi ne

(N, N- bi s( pheoydomsaswy| ) - 1, 2- et hanedi ani ne), cal ci um di ol ani nECT/RS29/21348

i m nobi s(ethanol), meglum nejl -deoxy-1-(nmnethylam no)-D-glucitol],

ol am ne(2 am noet hanol ), potassium pragaine, sodiumtronmetham ne

[ 2- am no- 2- (hydroxynmet hyl) 1,3 propanediol,] and zinc. The preferred
pharmaceutically acceptable salts are trifluoroacetate, tosylate, nesylate,
15 and chloride. Solid form preparations include powlers, tablets,

di spersi bl e granul es, capsul es, cachets and suppositories. The powders and

tablets may hghesmms peg@arl ifiteeraronbais adminksieriedud a Pegpetedemtriachiare-2b,
ingredient. Suitable solid carriers are known in the art, @?%rezo rragne5| um

car bonathe thesaprigically effeativeramoynt|of pegylatad aierierst ajiaeb agmin

Coone e fRSTERIN BBaRARD i Y RS RO dufthR #fid] m.rswha%%&& or o al
adm ni st I'on F harma eutically atceptable carriers and
mat h@ds tr@étmamﬁraetmmedé (o3 thfel range obapmsgiot1 tnS.0maigrogearfioperckiiograf ofcennar o

, Rem ngton's_ Pharmaceutical Sciences, 18th Editi.o 1990), Mack

PubI | sh|l3’ﬁ*§y'ége INgerEaren alipe Pistarad POEWERk, N §' %Y'a%%&%?q ons i ncl ude
sol utio ?efe%b}f’%ﬂéé Q%eé}@(b\ﬁ?rw RGN 8 welR (BINV) eF?é%SlyWhehﬁnﬁ@Bi AKBIR G yat er
or wate ro ene gl ycol utions for parenteral injection Solid form
pr epar ato ehsutr®hQ rbn@rqgjamrneéénlmmm ofinggl @test vjrifesen @lfﬁsfz@ paministetsgfance use

it ravortabedh {0 loc HelabGh B b0k OB BERFAR 40 BPuleir i gaR, 72 (o m
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and buffers. Opacifier ~ o~~~ WO 00/ 23454 43 PCT/ U899/21448 be
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of creans, ot I ons aeroso
administered once a week or about 0.375 to about 0.75 micrograms per kilogram of

pegylated interferon alfa-2b administered twice a week.

20
When the pegylated interferon-alfa administered to pediatric patients is a

pegylated interferon alfa-2b, the therapeutically effective amount of pegylated interferon
alfa-2b administered during the treatment in accordance with the present invention is in
the range of about 0.1 to 9.0 micrograms per kilogram of pegylated interferon alfa-2b

25 administered per week, in single or divided doses, preferably once a week (QW) or twice
a week(BIW), more preferably about 0.1 to about 9.0 micrograms per kilogram of
pegylated interferon alfa-2b administered once a week (QW), or about 0.05 to about 4.5
micrograms per kilogram of pegylated interferon alfa-2b administered per week, in single
or divided doses, preferably once a week (QW) or twice a week(BIW), more preferably

30 about 0.05 to about 4.5 micrograms per kilogram of pegylated interferon alfa-2b
administered once a week, or preferably about 0.75 to about 3.0 micrograms per

1

kilogram of pegylated interferon alfa-2b administered in single or divided doses,



enmul sions and can be included in a transdermal patch of the matrix Of7 8 1AN 2003
5]

reservoir type as 15 are conventional in the art for this purpose.

Pref erably, rmaceutical preparation is in a unit dosa

such form Yiie 6reparation is subdivided into suitably sizedgﬁﬂﬁgﬁggggg
contai ning appropriate quantities of the active conponent, e.g., an
effective ampunt to achi eve the desire®® 20 purpose. The effective ampunt or
therapeutically effective anmount of active conpound of the present
invention (of fornmulas I- VIII) in a unit dose of preparation nay be varied
or adjusted from about 1 to about 1600 ng per day, preferably from about
1 ny t o PEie@by2ENCEXD B/esl (5@&) qné\ylpe&W%ﬁﬁtwhomr@gorﬁér&@&s@{boymd%ﬁg 356kt day,

nore pr.ef (o] t. 4 ng to
about 500 T pderP st o Bed s ey o 2Bt T A #9850
per day of bBoutaRYTE totabury .8 micﬂb?mms&ﬁ@ kisgraer ofdmegyldied fritedémnalfadbtyi ded
doses, according to the particular conpound and particul ar_application. 30

The act @dMinigierastvaem R ayasH, ard/mest PERe:ERlYRIH 8iFRytoaRMt B MITgaIaehBRt s of
o e : ; it . i
of t e Al dedfiatéy Ridelofld 26 il ghEs BubSER: SoutEL & dbaiat ! on

r egi men 1{®micogrants gt kiogant ofgidgytatedsinv@rtanomalfdebsddnhihistdretihisviee . For

conveni enc ~~|the total daily dosage may be divided and adm nistered in

porti oné"’ed’gﬁ%@-the day as required. 5 The anount and frequency of

adm ni stration of the conpounds of the invention and/or the

phar maceutically acceptable salts thereof will be regulated according to
aifs’l‘gﬁge,

t he j udgnent V¥ien the ragviated ntprieremata adgminisieiedds arrpaylased frierfeion

conghti 2 [ : ' o] ons bei ng
tr ei{)ed. ﬁ%ﬁad%lgég%w ?fh%%\égg?@ﬁ&eﬁ%&?@@fn@%%ﬁf%,rf%rﬁéﬁaédr%ﬂﬁs@c{) Il should
be choseaoncérdapceowitid ¢hes prsdyt inveartion pis s the rafige ohaboditr 30 migregims tdabouti n i n

th f. about 0.1 / Lo ab 00 / - ef bly int f
about - 0 500 uPRBATS ahBeEer KT, Pelsaly ppur g FicaoieRe fo.plRt dBoabou: 1
ug/ .t GrigloRpime N ci'ine eMRAvEBRIouRl BiF ritaligh b1 BBUT 8T EfcrBlraHoN aold

ug/mL to about 2.6 ug/nmL. Plasma ribavirin concentrations nay be determ ned
usi ng hi2gA Mickwgsame twice @ Weekh patenablyrabont t00rmierogeamaia Abewn mass

spegkLro i i 5 The nethod was validated with respect to
i nggri {@{:rrogg @%W%léta&pe%k}eci sion) accuracy and has a limt of quantitation

of 50 mcrog/mL. A typical recomended daily dosage regimen for oral .
admi ni strat Vo) can range L] omabout, 1 ool kol day ' 0paiouk sy kol day. in
pegylated interferon alfa-2a, the therapedutically effective amount of pegylated interferon
alfa-2a administered in accordance with the present invention, is in the range of about
20 50 micrograms to about 500 micrograms once a week(“QW”), preferably about 300
' micrograms to about 375 micrograms QW or the therapeutically effective amount of
pegylated interferon alfa-2a administered to a pediatric patient is in the range of about
50 micrograms to about 250 micrograms twice a week, preferably about 150 micrograms
to about 190 micrograms once a week
25
The esters of ribavirin represented by formulas I-VIil are administered to the
patient having chronic HCV in association with pegylated interferon-alfa, that is, before,
after or concurrently with the administration of the pegylated interferon alfa. The
pegylated interferon-alfa dose is preferably administered during the same period of time
30 that the patient receives doses of esters of ribavirin represented by formulas |-VIll . The .
amount of esters of ribavirin represented by formulas |-Vill administered concurrently
with the pegylated interteron-alfa is from about 200 to about 1600 mg per day,



' ~~ A conpound represented by the fornula VI 5 10 15 0 H2N ~' WN N~ AAQAN /13
HO , ~~OH or a pharnaceutically acceptable salt thereof; ~ .1~~ 103
"PCT/ LIS99/ 2 WQ@PW23ferein AA is a natural or unnatural am no dGTPHYFEES
represented by the fornulas in Table AA herein below. H2N H2N CH3 CH3

H2N ~..," H2N..,,,. CH3 ~,,.~ CH3 H3C £BC~ TABLE AA H2N H2N NHy NH2 H2N H2N
CH3 CH3 HsC H3C H2N CH3 H3C W 0012N454 PCT/ 4J~S99/ 21~4~~ ' ~~~~ 2~~~ 46
TABLE AA coot. , o p o p HZN H2N~ H2ZN Fi 2N O O OH OH HN HN ~NH ~NH H2N H2N
0 OO OH2N H2ZN ~ H2N H2N 0 O- HS HST NH2 . NH2 O O O O H2ZN HzN~ HZN H2N i

"o P BTRR B AR b MR PENRA BT N
H2N~ HpNnest preferably about 400 to about 600 mg a day. The pegylated interferon-alfa dose is
also preferabily administered to the pediatric patient during the same pefiod of time that
such patient receives doses of the esters of ribavirin represented by formulas I-VIlI . The
5 amount of the 5’-amino acid esters of ribavirin represented by formulas -Vl
administered to the pediatric patient having chronic HCV concurrently with the interferon-
alfa is from about 1 to about 30 mg per kilogram per day, preferrably from about 4 to
about 15 mg per kilogram per day, more preferrably about 6, 8 or 15 mg per kilogram
‘ per day, most preferrably about 8 to 10 mg per kilogram per day in divided doses.
10
Pegylated interferon-alfa formulations are not effective when administered orally,
so the preterred method of administering the pegylated interferon-alfa is parenterally,
preferably by sub-cutaneous(SC), intravenous(lV), or intramuscular(IM) injection. The 5'-
amino acid esters of ribavirin represented by formula | may be administered orally in
15  capsule, tablet , or liquid form, intranasally as an aerosol by nasal spray or parenterally,
preferably by SC, IV, or IM injection. The esters of ribavirin represented by formulas |-
VIl may be orally administered in association with the parenteral administration of
pegylated interferon-alfa . Of course, other types of administration of both medicaments,
as they become available, are contemplated, such as transdermally, by suppository, by
20 sustained release dosage form, and by pulmonary inhalation. Any form of administration
will work so long as the proper dosages are delivered without destroying the active
ingredient

The term " interferon-alfa " as used herein means the family of highly homologous
25  species-specific proteins that inhibit viral replication and cellular proliferation and
modulate immune response. Typical suitable interferon-alfas include, but are not limited
to, recombinant interferon alfa-2b, such as Intron-A interferon available from Schering
Corporation, Kenilworth, N.J., recombinant interferon alfa-2a, such as Roferon interferon
available from Hoffmann-La Roche, Nutley, N.J., recombinant interferon alpha-2c¢, such
30 as Berofor aipha 2 interferon available from Boehringer Ingelheim Pharmaceutical, Inc.,
Ridgefield, CT., interferon alpha-n1, a purified blend of natural alfa interferons, such as
Sumiferon available from Sumitomo, Japan or as Wellferon interferon alpha-n1 (INS)
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HON 0 O OH OH O O H2N H2N NH ~NH N=J ~ N-/ TABLE AA coot. O H2N O NH2 OHZNZ
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HO~ HO~-~ HO-~~ p O O O HoN H2N~ H2N 2N HN/ \ HN/ \ \ / \ / HO W
00/234S4 48 5 0 H2N HO 0 H2N HO s 32

available from the Glaxo-Wellcome Ltd., London, Great Britain, or a consensus alpha
"iﬁterferon, such as those described in U.S. Patent Nos. 4,897,471 and 4,695,623
(especially Examples 7, 8 or 9 thereof) and the specific product available from Amgen,
inc., Newbury Park, CA, or interferon alfa-n3 a mixture of natural alfa interferons made
5 by Interferon Sciences and available from the Purdue Frederick Co., Norwalk, CT.,

under the Alferon Tradename. The use of interferon alfa-2a or alpha 2b is preferred.
Since interferon alpha 2b, among all interferons, has the broadest approval throughout
the world for treating chronic hepatitis C infection, it is most preferred. The manufacture
of interferon alpha 2b is described in U.S. Patent No. 4,530,901.

10

The term “pegylated interferon alfa” as used herein means polyethylene glycol

modified conjugates of interferon alfa, preferably interferon alfa-2a and -2b. The
preferred polyethylene-glycol-interferon alfa -2b conjugate is PEG, . -interferon alfa 2b.
The phrases “12,000 molecular weight polyethylene giycol conjugated interferon alpha”

15 and “PEG
to the methods of International Application No. WO 95/13090 and containing urethane

2000-]FN alfa” as used herein mean conjugates such as are prepared according
linkages between the interferon alfa-2a or -2b amino groups and polyethylene glycol

having an average molecular weight of 12000.

20 The preferred PEG,,-interferon alfa-2b is prepared by attaching a PEG polymer

' to the epsilon amino group of a lysine residue in the IFN alfa-2b molecule. A single
PEG,,,,, molecule is conjugated to free amino groups on an IFN alfa-2b molecule via a
urethane linkage. This conjugate is characterized by the molecular weight of PEG,,,,,
attached. The PEG12000-IFN alfa-2b conjugate is formulated as a lyophilized powder

25 for injection. The objective of conjugation of IFN alfa with PEG is to improve the delivery
of the protein by significantly prolonging its plasma half-lite, and thereby provide
protracted activity of IFN alfa.

Other pegylated interferon alfa conjugates can be prepared by coupling an
30 interferon alfa to a water-soluble polymer. A non-limiting list of such polymers include .
other polyalkylene oxide homopolymers such as polypropylene glycols,
polyoxyethylenated polyols, copolymers thereof and block copolymers thereof. As an
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J:" ~ 2u73 WO 00/ 23454 PCT/LJ899/21.b48 49 The present invention concerns
conpounds represented by the formula ViIk; r' OHZN ~-N N, R500 N O HO CH 5
wherein R5 is CH3CH(NHz)-CO , CH3CH2( ) CHCH( NHZ) - CO- or

HzN( CH2) 4CH( NHZ) - CO- ; or stereoisoners thereof ,or a pharmaceutically
acceptable salt thereof. R may be CH3CH(NHZ)-CO-, i.e., a-am nopropanoyl,

in the ffﬂ{e%é)t veatosp}oWa‘?Wlérﬁ)éTB&udg based polymers, effectively non-antigenic materials

g such as dextran, polyvinylpyrrolidones, polyacrylamides, polyvinyl alcohols,
carbohydrate-based polymers and the like can be used. Such lnterferon alfa-polymer
conjugates are described in U.S. Patent No. 4,766,106, U.S. Patent No. 4,917,888,

5 European Patent Application No. 0 236 987, European Patent Application Nos. 0510
356, 0 593 868 and 0 809 996 (pegylated interferon alfa-2a) and International
Publication No. WO 95/13090.

' Pharmaceutical composition of pegylated interferon alfa suitable for parenteral
10 administration may be formulated with a suitable buffer, e.g., Tris-HCl, acetate or
phosphate such as dibasic sodium phosphate/monobasic sodium phosphate buffer, and
pharmaceutically acceptable excipients, e.g., sucrose, carriers, e.g., humaner
recombinant plasma albumin, tonicity agents, e.g. NaCl, preservatives, e.g., thimerosol,
cresol or benyl alcohol, and surfactants, e.g., tweens or polysorabates in sterile water for
15  injection. The pegylated interferon alfa-may be stored as lyophilized powders under a
refrigeration at 2°-8°C. The reconstituted aqueous solutions are stable when stored
between 2° and 8°C and used within 24 hours of reconstitution. See for example U.S.
Patent Nos, 4,492,537, 5,762,923 and 5,766,582.The reconstituted aqueous solutions
may also be stored in prefilled, multi-dose syringes such as those useful for delivery of
\ 20  drugs such as insutin. Typical suitable syringes include systems comprising a prefilled
' vial attached to a pen-type syringe such as the NOVOLET Novo Pen available from
Novo Nordisk, as well as prefilled, pen-type syringes which allow easy self-injection by
the user. Other syringe systems include a pen-type syringe comprising a glass cartridge
containing a diluent and lyophilized pegylated interferon alfa powder in a separate
25 compartment.

A person suffering from chronic hepatitis C infection may exhibit one or more of

the following signs or symptoms:
30 (a) elevated ALT,

(b) positive test for anti-HCV antibodies,



10 m xture, i.e. the DL-form of a-am nopropanoyl - or as one of the r;,u”
enantioners ,i.e.) the L-formm O HpN CHa 15 or D form O H 2N CH3 23 &
‘m xtures ther may be CH3CH2( CH3) CHCH( NHZ) - CO-,i . e., n

2- am no- 3- rrevf’ﬁ%’ffé% anoyl, (a) as a stereoisoneric mxture, ??Te/p,sggt/ﬂém

DL- Form DL- (-+) erythro-2 -am no-325 nethylval eroyl - of the formil a: ~lt,
Y LU-,~ 5 10 15 WC 00123454 ,,, . 50 H32N CH3 H 3C or (b) as one of the

di astereoners of the forrmula, i.e., the L-allo- formof the formnul a:
P~T/fJS99/21.d~8 H 2N~,,,~ CH3 Hs~ [ ( +)-threo-2-am no- 3-net hyl pent anoyl
]; or the L-formof the formula: O H2N ~,~ w H C-", CH3 |

L- (+) - am no- 3- net hyl pent anoyl, or (2S, 3S)-2- am no- 3-net hyl pentanoyl ]; 20

or mxtures tnereol: o6t LoV 85 aSMSnHfatdd's, $1oa34iGE SUTES Of ik pRlTuLE:
of HCV-RNA in the serum,

5 (d) clinical stigmata of chronic liver disease,
(e) hepatocelluar damage.

The combination therapy of pegylated interferon-alfa and the esters of ribavirin
10 represented by formulas |-VIll and preferably the 5’-amino acid esters of ribavirin
represented By formulas [1I-VIIl may also be administered in association with anti-
retroviral therapy, e.g., HAART, to the patient co-infected with the HIV-1 and HCV
infection and exhibiting one or more of the above signs or symptoms in amounts
sufficient to eliminate or at least alleviate one or more of the signs or symptoms of hte
15  HCV infection , and to lower the HIV-1- RNA and HCV-RNA serum levels each by at
least a power of ten, and preferably to eradicate detectable HCV-RNA at least by the
end of about 20 to about 50 weeks, preferably at least 24 weeks to 48 weeks and to
maintain no detectable HCV-RNA for at least 24 weeks after the end of the about 20 to
about 50 weeks. Administration of the 5'-amino acid esters of ribavirin represented by
20 formula | may be discontinued after the end of the second time period depending upon

the judgment of the attending clinician.

The term “ no detectable HCV-RNA” in the context of the present invention

means that there are fewer than 100 copies of HCV-RNA per mi of serum of the patient

25  as measured by quantitative, multi-cycle reverse transcriptase PCR methodology. HCV-
RNA is preferably measured in the present invention by research-based RT-PCR
methodology well known to the skilled clinician. This methodology is referred to herein
as HCV-BRNA/gPCR. The lower limit of detection of HCV-RNA is100 copies/mL. Serum
HCV-RNA/gPCR testing and HCV genotype testing will be performed by a central

30 laboratory. See also J. G. McHutchinson et al. (N. Engl. J. Med., 1998, 339:1485-1492), .
and G. L. Davis et al. (N. Engl. J. Med. 339:1493-1499).

03



H2N ,,,., CH3 Had [ (2R 3S)-2--am no-3-net hyl pentanoyl ]; or 25 M,'
2 WO 00/23a5a 51 5 10 O 2N NH 2 or) O H 2N NH2 15 Preferably, R |s73Jr‘v 533
L- a- am noprQpapeydsqsof the formula: O H 2N CH3 H3C or mi xturepctyesenhas |
(2R, 3R) - 2- - am no- 3- net hyl pentanoyl ]; ~cnus99i2 ~ aas R may be

HZN(CH2) , CH(NH2) -CO- in the formof a_stereoisoneric mxture, or as one of
the enantioners ,i.e., the L-form of fRe formula: the D- formof the
formula: OH ZN CH3 r ~ 't ~.,Mfl LuL V-~ a~y3~.~~?. P Cg'/~J~99/d~~~S
52 General S~nthetic Preparation Ribavirin, 1-[3-Dribofuranosyl-1H1,
2,4-triazol e-3-carboxam de, available fromI|CN Pharnmaceuticals, Inc., Costa
Mesa, California, is described in the Merck Index. 5 conpound No. 8199,

El event-h Edition. Its manufacture and formulation is described in U S
Patent No. 4,211,771. The ribavirin derivatives of formulas I -M 1| may be
prepared by use of the Biological Activity

5 The compounds of formulas | -VIll are useful for treating patients having
susceptible viral infrections such as chronic hepatitis C as part of a Combination
Therapy with interferon-alfa, especially interferon aifa-2b. The compounds of formuias |
and Il wherein R® is R%(W),CO-,R*(W),CS, (HO),PO-, R%(W), P(OH)O-or HOSO,-
metabolizes in vivo into ribavirin.

10
Compounds of formula | wherein R*=R’=H and R°=(HO),PO- ,or

CHy 0



sequences of steps illustrated in the follow ng Schenes, and in the 98 AR
Exanpl es using the .- 10 conpounds |listed hereinafter the Schenes. InZ AR 2003
Schene |, c@eReysyds of fornula | wherein RS=RSaCO-, R3=R38C0 ap@r/fssh 9d
R5=R58C0- and Rz=RZaCO and R3=H and RS=RSaCO and R3=RZ=H, are prepar ed.
Compound 110 (ribavirin) and benzal dehyde are treated with ZnCl z in excess
15 benzal dehyde as sol vent at ambi ent B6nperature (20 to 25C) for 24 hrs.

to give conpound 111. Treatnment of 111 with the al kanoyl chlori de RSaCOC|

in the presence of base e.g. triethylamne ("TEA"); or with the carboxylic
acid (RSaCOOH) and triethylam ne and coupling reagent such as

di cyci ohexyl carbodii m de ("DCC') produces conpound 112. Renoval of the
acetal “protecting group with trifluoroacetic a&i d:water (9:1,vlv) at 20

anbi ent tenperature for 0.25 2 hrs, preferably 'gbout 0.05 hrs. provides

compound 113, ound 3 is conyerted.into & mxture of conpounds 114 and
(05 by O L B Gt r b CetlaCHEBI MBS Gy Pexe pioruRes BEe! ARG Base,

€. 9.5 TEbhceHtaRO B Toavirh afdh ddvmini@batied t86RQ! at ed by standard

chr omat ogrcaegﬁl c 25 techni ques toI E)r ovi de pure conpounds 114 and 115. in
Scheme i, conmpounds of fornula 1 wherein R5=R3=H and R2- RzeCO- are prepared
from conmpound 110 (ribavirin). Corrpoi,wlg é%o is treated with

1, 3-dichlorol, 1, 3, 3-tetrai sopropyl di si 5 ane, i.e., [(i-Pr)zSid]z0, in DW

as sol vent i RigabrinfCesmiatiohs biipeerzalRatt Plaste(dvass/padl) fandwipgloral
tenperature to give conpound 716. Treatnment of 116 wth R2eCO Cl and base

e.g., TEAdBYniRirationof 49108k shihecemppUNdy of Elgutia | 8.29% hpdioxyrrepyisheld hrs.
at qgbi ent WO 00/ 23454 53 ~ ~~~ cge CHpU~-99/21. 248 ~'' ~~tenperature
provides 117. Treatnment of 17 with Bu I'n tetrahydrofuran ("THF") at

anbi ent tenperature for 1-10 hrs. provides conpound 118. . Schene |11

i 11 ustr Soemouhe pABEa(pabled)’ of t iGVompoundsond. (6ormul ad.vither ei n RS=RZ=H
and R3=R3aC0- and R$zR3=H and Rz=R2aCO- Ribavirin is treated with trityl 5
chl oride or [Nb@éﬂ&@%@)z] °hnd base(;a'lg@'gi, pyridﬁ/ﬁ)ainasolvent
DMF at anmbient tenperature for 6-24 hrs. to provide 119. Treatnent of 119
i t O R2a COOR and!®@%850r Rza COB3-5%ase antFZd4oupl i ng4Pédgent, e.g., DCC,

provi des a nixtur onpounds and 12 The m xtureqis separated into
the pure co%ound?ﬁﬁgt andard cﬁrgeéarrat ogr ap ‘lﬁé echni qugss;'.eslTr eat nent of 120
or 121 with fara 1B03.84uenesul f oi7c4aci d ("PFOI4H') in BBtABnol in the

presence of hydro d a palladj.umon cha é cataly t anbi ent

tenperature Bor 29(3%&85 rem)ve%gt{?e pr ot etféjﬁ group t%bé ve 122 and 123,
respectivel yg p- Tg}tzgal t thereofz4 fghene [3od 4 ustrat egqygeparati on of the
compounds of formula | wherein 15 RS=RSaCO or R5=RS and R3=R2=H. Treat nent

of #Pbavirin 110 with RSaCOON=C(CH3) 2 in the presence of an enzyne, such as

Novo SP+435 | DaR&ies RivErabts obtafe®Pdny ERines Webr, dBmiglhn, M Sig@¥ane for 12-48 hrs.
selectiyely adds R5aC0 to the form conpound 124. "See .
(a) Compound A is the cmpound of formula | '

wherein R® is (CH,),C CO-
(b) Compound B is the compound of formula |
25 wherein R’ is (HO),P(O)-
(c) Compound C is the compound of formula |
wherein R® is C;H,CO-
(d) Compound D is the compound of formula |
wherein R® is C,H,CH,OCONH CH(CH, )CO-
30 (e) Compound E is Ribavirin
: Area under the curve measured from 0 to6 hrs. after oral administration 1o 2 rats of  an aqueous
solution of compounds of formula | in 20% HPBCD
! %CV is percent coefficient of variation which is a relative measure of variability. See Steele
and Torrie, “Principies and Procedures of Statistics”, (1980) 2nd Edition, McGraw-Hill, NY, atg page 27.
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al so Exanples 9 to 14. , . 5 WD 00/Zz3454 54 Scheme | (5'-Substitutio §)“p
HZN-N NV HO "N HO~ '~OH 11~ 0 HzN~~N Nl HO N (ice 0~ ~O Ph 111 Ph (iii?' 145 7003

"0 HZN-N N~ 5 0 "N ( HO- ~~OH 115 113 114 Reagents: (i) "17‘53%9%9’ a?,g:Ho,
(1) RSaCOCl, @%g ;4 or RSaCOOH, Et3N, coupling reagent, (ni) A—\H26 9:1

), (iv) R3aCOOH or R3a(W xCOOH, coupfing reagent, base; or R3aCOC , or
R3a(W xCOCl, base, (v) R3aCOOH) coupling/reagent, base; or R3aCOCl, base R
. ~At ~ 20~? PCT/ US99/ 21. E48 N O U0/ 23454 S5 Schene |!
(2'-Substitutions) 0 HZN-N HO "N (~NO. ,"OH 1i0 O HZN~.N N , ~N O "gj--0O~
~' OCOR~ 117 116 0 H2N~N

For preparing pharmaceutical compositions from the compounds described by

"'t'his invention, inert, pharmaceutically acceptable carriers can be either solid or liquid.
Solid form preparations include powders, tablets, dispersible granules, capsules,
cachets and suppositories. The powders and tablets may be comprised of from about 5

5 to about 95 percent active ingredient. Suitable solid carriers are known in the art, e.g.
magnesium carbonate, magnesium stearate, talc, sugar or lactose. Tablets, powders,
cachets and capsules can be used as solid dosage forms suitable for oral administration.
Examples of pharmaceutically acceptable carriers and methods of manufacture for

, various compositions may be found in A. Gennaro (ed.), Remington’s Pharmaceutical
10  Sciences, 18th Edition, (1990), Mack Publishing Co., Easton, Pennsylvania.

Liquid form preparations include solutions, suspensions and emulsions. As an
example may be mentioned water or water-propylene glycol solutions for parenteral
injection or addition of sweeteners and opacifiers for oral solutions, suspensions and
emulsions. Liquid form preparations may also include solutions for intranasal

15  administration.

Aerosol preparations suitable for inhalation may include solutions and solids in
powder form, which may be in combination with a pharmaceutically acceptabie carrier,
such as an inert compressed gas, e.g. nitrogen.

Also included are solid form preparations which are intended to be converted,

| 20  shortly before use, to liquid form preparations for either oral or parenteral administration. '

' Such liquid forms include solutions, suspensions and emulsions.

The compounds of the invention may also be deliverable transdermally. The
transdermal compositions can take the form of creams, lotions, aerosols and/or
emulsions and can be included in a transdermal patch of the matrix or reservoir type as

25  are conventional in the art for this purpose.

Preferably the compound is administered orally.

Preterably, the pharmaceutical preparation is in a unit dosage form. In such
form, the preparation is subdivided into suitably sized unit doses containing appropriate
quantities of the active component, e.g., an effective amount to achieve the desired

30 purpose. .

The quantity of active compound in a unit dose of preparation may be varied or

adjusted from about 0.01 mg to about 1000 mg, preferably from about 0.01 mg to about



N HO N HO 1~' OCOR~'' 118 ~ 8 JAf~ 2n3 PCT/US99/ 21448 Reagents: (i), . .. ...
[(i-Pr)2Si ClJ20, im dazole, DMF, (ii) R2aCOC, base; or R2aCOCH, cou%ISihg 2003

reagent, base: (iji) Bu4NF, THE  WO00/2344 8 ~i~, ~~ 203 P 44 ~
56 s; . smﬁﬁ%“%“g%z' and 3'-Substitutions) 0 H2N~--N N~ ( %%%%%%4
110 0 HON~-N N TrO N {I HO-. .'OH 119 0 2N-\N N J Tro "N HO-. .' OCORZa
120 122 0 H2N-N N/ and Tro N R~COO~' .'3H 121 0 H2N-N N HO * N R3aC00~

'~'"OH 123 Reagents: (i) TrCl, base; (ii) RzaCOCl, base; or R2aCOOH, base,
coupling reagent; (iii) TsOH MOH H2, Pd/C W 00l 23454 57 0 H2N~-N

750 mg, more preferably from about 0.01 mg to about 500 mg, and most preferably from
¥ about 0.01 mg to about 250 mg, according to the particular compound and particular
application.
The actual dosage employed may be varied depending upon the requirements of
5 the patient and the severity of the condition being treated. Determination of the proper
dosage regimen for a particular situation is within the skill of the art. For convenience,
the total daily dosage may be divided and administered in portions during the day as
required.
The amount and frequency of administration of the compounds of the invention
10 and/or the pharmaceutically acceptable salts thereof will be regulated according to the
judgment of the attending clinician considering such factors as age, condition and size of
the patient as well as severity of the symptoms being treated. A typical recommended
daily dosage regimen for oral administration can range from about 1 mg/kg/day to about
100 mg/kg/day, in two to four divided doses.
15
In a preferred embodiment of the present invention, those patients co-infected
with HIV-1 and HCV infections are treated with pegylated interferon alfa in combination
with the preferred 5’-amino acid esters of ribavirin represented by formulas 11! to Vil and
a HAART combination considered appropriate by the attending clinician and the patient..
2_0 See also J. G. McHutchinson et al. (N. Engl. J. Med., 1998, 339:1485-1492), and G. L.
Davis et al. (N. Engl. J. Med. 1998, 339:1493-1499).

The preferred compounds of formulas l11-Vili are useful for treating patients
having suceptible viral infections, e.g., chronic hepatitis C. The compounds of formulas
25  llI-VHI metabolize in vivo into ribavirin and are useful for treating susceptible viral
infections treatable with ribavirin, alone, or in combination with other anti-viral therapies,
e.g., interferon-alfa and HAART. The treating of patients having chronic hepatitis C with
the compounds of formulas llI-V1ll is performed as part of a combination therapy with
interferon-alfa, especially interferon alfa-2b.
30 -
Compounds of formulas Il Vil metabolize in vivo into ribavirin and have
produced higher plasma concentrations of ribavirin after oral administration of a



N "HO O HO~ "OH 110 Scheme !V (5'-Substitutions) (1) > (Enzyne catal ysigs %AN 2003
124 0 Reagents: (i) R5a~0_rV~cH3 , SP435 |ipase, 65C, 'fH = CH3 Exanpl €s

all schenes: W0“0W2?4§4 Z~~,~ PCT~S99i 214$S o0 - 0 0 R2aC0 , R3aCOpEf/uRpafias ~

~~~~~ X X ~ OH, QGAc, NH2, NHCbz) Owe, CN, NO2, F, C, Br, and

di substituted benzoat es wth a conbl nation of these groups 'X. 00 0 0O Me~

~( Me~,.~~, HOOC~} , HOOC ~,,~~ 3% M ' M/ M' M Me' M M' O
adocyvi oVl Od~~; "~~~l~ssM~MMMM~MMMMM O
I M Me ~ I\/EI~HOOPhN11~PhOOOOI\/EI\/EOHO~~i HO\P O "n |
| ~s HO~ ~ ~ HO s O00OO0On=1 to4 CVOOO/234s4 5$’>8~~E~

~3 3 PC Pomfug@szfOﬁnum‘@ﬁlfa‘%”m%% compafrd 1o adpmayigiration qiEibgvId: oH o
hy O O *( aﬂq'lhélb%%m%éﬁgﬁ%t%@)of Qno&refer%é/boomgognd%f fbrmu[és'\@ll afe ?r‘ést er%d inNHPh - O

cyclic d
Tables 2 & 3

TABLE 2
Ribavirin Concentrations of Pooled Rat' Plasma (2 rats/pool) Foliowing Oral
Administration of 20 mpk Ribavirin Equivalent Amounts of Salts of the Compounds of
Formula VIl in 20% Hydroxypropyi-beta-cyclodextrin(HPBCD)

10
Compound* ., AUC (pooled)’ cv.! Conc. (6 hr) C.V.f

(ng.hr/mL) % (ng/mL) %

1238 81.4 152 30.5
2554 25.0 226 20.0
1011 294

2043 1.4 173 67.3

15

o 0 w >

20 Male Sprague Dawely (CD) rats (N=2)obtained from Charles River, Wilmington, MA 01887:Singie
dose,PO, (Fasted overnight); 20mg/Kg(mpk) ribavirin equivalent PO dose of the compound of formula | in
20% HPBCD(w/v);Concentration:4 mg/ml nbavirin equivalent and dosing volume :5ml/Kg.
: (a) Compound A is the compound of formula VI
wherein R™ is H, i.e. , ribavirin
25 (b) Compound B is the trifluocroacetate salt of the compound of formuta VI
wherein R¥is [ CF,CO, ] L-CH,CH,(CH,)CHCH(NH_®)-CO- .
(c) Compound C is the ditosylate salt of the compound of formula VII
wherein R¥is 2[ p-CH,C,H,S0, ] L-H,N®(CH,),CH(NH,®)-CO-.
(d) Compound D is the tosylate salt of the compound of formuta VI

30 wherein R®is [ p-CH,C,H,S0,] L-CH,CH(NH,%-CO-, i.e.,

0
H3+N\_/U\

TS0  CHa



~~ Ual23~. 5~ ~ |~~~ 2G03 PCT/US99/~1448 59 .. 0 OMe 2N ~ S O~ S~ ' =70 .0,
0r,i N/ FOOAHNYV S~ ~N'' ~O~jSOMO2S/ \ vi\ls~/ &
00000QA.~!.>: ~ Ph ~~~COOH (H Ph~~,~0 ~'\ F (0-, m, .2 y;44§n =

0, 1, 2 P ginsesd traps-) 00 ~~~~/ ~ Oonnnn (n= SET)ES%/,“ 3§ 7

n
=s s ~.r~ 2003 1pJ 00/23454 60 x: - il \ M M OH3C I6 ~
HOOC( CHz) ~p , HOOC(CH2) ~p Me Me O Me @&’ CT/ US99/ 21 ~~8 0

e

Area under the curve measured from O to 6 hrs. after oral admunistration to 2 rats of an agueous

solution of compounds of formula VIi in 20% HPBCD.

) %CV 15 percent coefficient of vanation which is a relative measure of vanability. See Steele

5 and Torrie, “Principlas and Procedures of Statistics”, {1980) 2nd Edition, McGraw-Hill, NY, at page 27

TABLE 3
Ribavirin Concentrations of Pooled Cynomolgus Monkeys' Plasma (2 monkeys/pool)
Following Oral Administration of 10 mpk of Ribavirin Equivalent Amounts of Salts of

10 Compounds of Formula VI Dissolved in 0.4 % Methylcellulose(MC)
Compound: AUC (24)°  AUC(48 hr). AUC(72 hr) Cmax.
(ng.hr/mL) (ng.hr/mlL) (ng.hr/mL) {(ng/mL)

15 A 4013 5506 5902 398*

B 4791 5749 5749 831°

C 6033 8050 8381 661°

D 9072 11632 12528 1012’ .
20 ' Non-naive male Cynomoigus monkeys(N=2)

(a) Compound A is the compound of formula VIl wherein R is H, i.e. , ribavirin.

{b) Compound B is the trifiuoroacetate salt of the compound of formula Vi

25 wherein R® is [ CF,CO, ] L-CH,CH,(CH,)CHCH(NH,®)-CO- .

{¢} Compound C is the ditosylate salt of the compound of formula VII
wheren R® is 2[ p-CH,C.H,SO, ] L-H,N®(CH,),CH(NH,®)-CO-

30 (d) Compound D is the tosylate salt of the compound of formuta V!
wherein R* is [ p-CH,C,H,SO, ] L-CHBCH(NH:B)-CO-, ie.,

H3+N\/ﬁ\

- -

TSO'  CHs



(Z2)a OHIHH~p\ HOOONH .HC M ;e NWOH~w\ M OO Ph- / \,}\%,N“Q,;
0 WO 00I23454 61 ,%, R2aC0, R3aC0, and RSaCO may al so be represented‘”t'r’ilz"aa
the formul ay§oeflasikBN Y ~ 8 JP, ~~ 20~:. PC ~'/U S99/ 21448 Y =pdf&dudisas
CH3CH2-; CH3CH2CH2-; Me2CH-; Me2CH2CH2-; CH3CH2CH(Me) PhCH2-; HOOCCH2CH2-;
HSCH2-; HOOCCH2-; MeSCH2CH2-; HOCH2-; CH2CH2- CH2 HNNH HO or Y is

H , N(CHZ) 4- or CH3CH(OH)-:; or Y taken fbgether with the a carbon and N form
OH OH OH NH NH NHNH NH OO- OO- OOH NH O 10 or a pharmaceutically
acceptabl e salt thereof. ~ J>~, ~~ 2~'~| 3 ~0 oo0i z3asa 62

: Area under the curve measured from 0 to 24, 48 or 72 hrs. after oral administration to non-naive

male Cynomolgus monkeys of an oral gavage of a 6.4% MC solutions of the compounds of formula 1 ata

5 target dose of 10mg (free base)/Kg and at a target dose volume of 2 mlI/Kg..
‘ Tmax for A is1.5hrs.
5 Tmax for B is1.0hrs.
6 Tmax for C is1.5hrs.

7 Tmax for D is1.5hrs
10
The pharmaceutical compositions of the preferred 5'-amino acid esters of
ribavirin of the present invention (represented by formuias 111-Vili) may be adapted for
any mode of administration e.g., for oral, parenteral, e.g., subcutaneous (‘SC”),
intramuscular (“{M”), intravenous (“IV”) and intraperitoneal (“IP”), topical or vaginal
15  administration or by inhalation (orally or intranasally). Preferably the ribavirin compounds

represented by formula | are administered orally.

Such compositions may be formulated by combining a compound of formulas 1li-
VIl or an equivalent amount of a pharmaceutically acceptable salt of compound | with an
20 suitable, inert, pharmaceutically acceptable carrier or diluent which may be either solid
or liquid. The compounds of formulas 111-VIIl are preferably converted into the
pharmaceutically acceptable acid addition salts by adding to compounds of formulas Hli-
Vill an equivalent amount (or two equivalents in the case of for example the lysine ester)
of a pharmaceutically acceptable acid. Typically suitable pharmaceutically aceptable
25 acids include the mineral acids, e.g.,HNO, H,SO,, H,PO, ,HCI, HBr, organic
acids,including, but not limited to, acetic, trifluoroacetic, propionic, lactic, maleic,
succinic, tartaric, glucuronic and citric acids as well as alkyl or arylsulfonic acids, such
as p-toluenesulfonic acid, 2-naphthalenesulfonic acid, or methanesulfonic acid.
Typically suitable pharmaceutically acceptable salts include the following anions:
30 acetate, adipate, besylate (benzenesulfonate), bromide, camsylate[(+)-7,7-dimethyl-2-
oxobicyclo[2.2.1]hepatane-1-methanesulfonate], chloride, citrate, edisylate(1,2- -
ethanedisulfonate), estolate(dodecyl sulfate), fumarate, gluceptate(glucoheptonate),



Exdnpl ary 5' - heteroaryl esters of Formulas I& Il wherein RS = ~CH~~ Szzpf-m,_D -
O(Z~, CHR)p EH 1cTnms99i z~aa~ (Z~aQ D represents a heteroaryl ring of” gAYy 2003
total at onswasooBag4nUM unsaturation ' wherein: D = C, or whenp8rmus®d/21848N or
S(Z~ E= OCrNH Z' and Z2 = independently -C(H =, -C(H=N, -N=, -N(H)-, 9S)
S-C(H=or SN=8 and ~3 = independently 0, 1, or (~J and ~ ~ independently

1, 2, or 3. The 5 -ester of formula is f’%present ed by the fornula: The
following 5 esters may be prepared as described in Schenes herei nabive,

usi ng appropriately protected acids which are readily obtained by

procedures well known to one skilled in the art, l'h):,C E=NH) Z° _
(_%N)gluganage,]gluqyrgn@,e, Expgu@tezhycilat@(mrﬁlqnq@ gnugthgriolgte)NH_, ~=1 8=
0, and (g, = 1 Stice. 20did5 Qethfigid &-F T 183 . The

f ol ow ngh){aq_n-)gm@%lqygk%cshtl%rr'dé( é)cp&rr%’l Iael %e%% 'aéi'?&’?é@a%e\é-“ggﬁ%g?e using the
Schenes laetobiomat) ovaleated mesgthté ymatheineablfanase)amatmdbnomtide, i rabthylsRfadeé, R102

wherein R11 and R12 i nd |y H.. al kanqyl . OR~b NR6R~band x=1

o 2 Thel MM TS, 03al e RET R 6 04 4F T USRI - WA E o #ODRF iy be. made

usi ngs t hgyBek\RAE @%sgﬂhat@?a%aﬁ&uma@ lsYeoral Sadtimuis Nt Gunddafeyiales. 2
03 Pcrﬁ 71599/ 8 64 h~'

~ Jm e 214 W 00173454
tannate, tartrate, terephthalate, tosylate(p-toluenesulfonate), triethiodide.;

and the following catrons:
benzathine (N,N-bis(phenylmethyl)-1,2-ethanediamine), calcium, diolamine (2,2-

10  iminobis(ethanol), meglumine[1-deoxy-1-(methylamino)-D-glucitol], olamine(2-
aminoethanol), potassium, procaine, sodium tromethamine [2-amino-2-(hydroxymethyl)-
1,3 propanediol,] and zinc.

The preferred pharmaceutically acceptable salts are trifluoroacetate, tosylate, mesylate,
15  and chioride.

Solid form preparations include powders, tablets, dispersible granules, capsuies,
cachets and suppositories. The powders and tablets may be comprised of from about 5
to about 95 percent active ingredient. Suitable solid carriers are known in the an, e.g.

20 magnesium carbonate, magnesium stearate, talc, sugar or lactose. Tablets, powders,

' cachets and capsules can be used as solid dosage forms suitable for oral administration.
Examples of pharmaceutically acceptable carriers and methods of manufacture for
various compositions may be found in A. Gennaro (ed.), Remington's Pharmaceutical
Sciences, 18th Edition, (1990), Mack Publishing Co., Easton, Pennsylvania.

25

Liquid form preparations include solutions, suspensions and emulsions. As an
example may be mentioned water or water-propylene glycol solutions for parenteral
injection. .Solid form preparations may be converted into liquid preparations shortly
before use for either oral or administration. Parenteral forms to be injected

30 intraveneously , intramuscularly or subcutaneously are usually in the form of sterile
solutions and may contain tonicity agents (salts or glucose), and buffers. Opacifiers may



5 I0 Exanple I ~CTNS99121448 0 O H2N~~N HZN~N N~N~ NON HO HO O O + Ph@HQ: 3
OHO"O~Ph . A 12 A -Benzylidene ribavirin Conbine 20 g ribavirin (1,°87"
mol ), 200 wmoodé2dasnzal dehyde, and 20 g of ZnClZ. Stir the 15pcpDuswrnad
reaction m xture at anbient tenperature for 24 hours. Pour the resulting
solution, with stirring, into 2.5 L of hyl ether (EtzO). Suction-filter
the resulting mxture . and dry the soli1'd precipitate. Mx the solid
precipitate with 1.2 L of ice-cold 2N sodi um hydroxi de (NaOH) sol ution.
Extract the m xture with 2x0. 75L of cold ethyl acetate (EtOAc) and wash the

1 it ed £ PR TE B 75 REicsn s e s Ay SotS BT s eBias Thay
Tri tur at' gish helsdd b6lutibyes RYGtahasal Ad@irkstlatioh. Et zO, suction-filter and wash
the so-forned preciptate with fresh Et20 to | eave 23 g of conmpound 2 as a

solid; Calc. for C, SH sN, 05 (332.32). MS(FAB) 333.1. 25 ~ Fvn?~

f~,a 2~~~ : - : I, N ~ 0
a N-"Ho N ~CreRisorpbaig YR fof Hiheon tha Homle Spibae 3 et
Conbishe Powder(fdrf, whizch)may bedmpouniihaioh mot s plegrmBceuiclly 2cdeptawé Lamier,
conmpound 4 [NEOéQ—lZCJ—leE)ZG—lngZH] and 0.8 g (1.2 mmol ) of

4- (N, N, dPYREt 2/ AR RSTLSYPPISFSRE 98BMRS): NP9 i of N, N, - di et hyl f or mani de
(DMF). Add 2.5 m of a 1 Msolution of dicyclohexylcarbodiimde (DCC) in

di chl oronet hane (CH2Cl z),and stir the resulting m xture at anbi ent

t enper at ur e f Alsolinguded ere selid farmeprepartagenethat eeecintentleditx baicenveartedp0 15 C

Ve i SR oy A Lo Aepaidifiny e Rl BRE S e R dom BRI 150
M codd satehiguit kemsincludgadoitiired sbsgameionSaadidmuléibhs.er the organic

extract through fluted filter paper, 20 25 then concentrate the filtrate in
vacuo to |l eave a gumresidue. Purify the residue by columm chromatography

(silica gel) ﬁr\é‘ébﬁ{jﬁouﬂas bt ¥d ﬁvéﬁ(ﬂdﬁ%ag%@o‘&?‘@éﬁv@)aﬂ&tr@ﬁéb%nﬁalﬁ@ Theof
compound 4; Calc. for Cz2H2aNa09 (492.49); MS(FAB) = 493.1.
transdermal compositions can take the form of creams, lotions, aerosols and/or
emulsions and can be included in a transdermal patch of the matrix or reservoir type as

15  are conventional in the art for this purpose.

Preferably, the pharmaceutical preparation is in a unit dosage form. In such
form, the preparation is subdivided into suitably sized unit doses containing appropriate
quantities of the active component, e.g., an effective amount to achieve the desired

20 purpose.

The effective amount or therapeutically effective amount of active compound of
the present invention (of formulas I- VIIl) in a unit dose of preparation may be varied or
adjusted from about 1 mg to about 1600 mg per day, preferably from about 1mg to about

25 1200 mg per day, or about 300 mg to about 1200 mg per day, more preferably from
about 1 mg to about 800 mg per day,or about 400 mg to about 800 mg per day and most
preferably from about 1 mg to about 100 mg per day from about 400 mg to about 600
mg per day, in single or divided doses, according to the particular compound and
particular application.

30

The actual dosage employed may be varied depending upon the requirements of
the patient and the severity of the condition being treated. Determination of the proper



30 t? J~.1~ ~~~03 WD 00123454 66 5 10 15 r' H2N~-N O N~ / O-O-O-O N qg)Yj@u 2003
Ph PCT' / US99/ 21448 H2N~-~N 0 N~~ J ,0~0~0~0 N O HO OH 5 C Treat 0.45

(0.91 nmol ) wotoh2384 M of trifl uor oacetic acid (TFA) - wat er (QPQT/USQB)'ZIGUS

anbi ent tenperature for 0.5 hour. Quench with 30 m xylene, then .
concentrate the soformed m xture in vac to | eave a gum Triturate the gum
with EtOAc, dilute with Et20, then suctron-filter and dry the gumto | eave
0.23 g of conpound 5 as a solid, Calc. C, SHZ4N, 09 (404.38); MS(FAB) =

405.1. Exanple 2 20 Follow the procedures of Exanple 1 A and 1 B except

ubst 1t UtBsa: RAXANG paRBUaL ookt GRRAAN Adf o MECHT PP RRIERRL of

corrpound orm conpoun Re procedures of step C of

Exanpl e’ ih@mamanya dbsdgd niag berdieidud aat edimirdstersatin @briopeiMing tHe Hay asonpound

4 to formthe conmpound 8. WO 00/ 23454 67 0 h~ 1 Me~O-"O~-CH 5 10 15
required.

5 The amount and frequency of administration of the compounds of the invention
and/or the pharmaceutically acceptable salts thereof will be regulated according to the
judgment of the attending clinician considering such factors as age, condition and size of
the patient as well as severity of the symptoms being treated. The dose of the preferred
compounds of formulas 1li to VI should be chosen to provide steady state plasma

10  concentrations of ribavirin in the range of about 0.1ug/mL to about 100 ug/mL, preferably
in the range of about 0.1ug/mL to about 50 ug/mL, more preferably in the range of
about 1 ug/mL to about 3 ug/mL., and most preferably in the range of about-1.8 ug/mL to
about 2.6 ug/mL. Plasma ribavirin concentrations may be determined using high
pressure liquid chromatographic material with tandem mass spectrometric detection.

15  The method was validated with respect to linearity, selectivity, precision, accuracy and
has a limit of quantitation of 50 microg/mL. A typical recommended daily dosage
regimen for oral administration can range from about 1 mg/kg/day to about 100
mg/kg/day, in two to four divided doses.



p 2N ~-N O N~ 1, Me~0~0~-0 NV OO .0 ,7 PYh 0O ZNPN N~ HON OO 'O YPh 2
M2N- CH 9 nnfw i ~r; i~ ,!r-."GL PCT/I.J S99/21448 p H2N ~N o WB}A542083

[

Me~0~0~0 N Qbigh2:a6H 8 Exanple 3 0 H2ZN-"N p N~ J Me2N-0~0 N Q&G s bR
A Treat a solution of 0.32 g (3.6 mmol) of conpound 9

[2-(N, N -di net hyl am no)ethanol] in 10 nL of N/ N, -di nethylformam de (DW) at
5C with 0.58 g carbonyldiimdazole (3. 65m"ml), and all ow the so-forned
solution to warmto 20C over 0.5 hr. Add to the resulting reaction m xture
0.8 g (2.4 mol ) of conpound 2 prepared in accordance with Exanple 1 A and
stir the so-fornmed reaction mxture at anbient tenperature for 24 hr.
Concentrate the mxture in vacuo , add 50 nL of ethyl ether, and allow the
so-forme M r cant the supernatant solution, and
purify tﬁe res@gﬁéé@ﬁ%é@ﬁeggf# t%ﬁidgm{a%r aphy (silica gel, gradient of 10%to
20% met hanol -t etrahydrofuran) to give 0.21 g of conmpound 10; calc.
CZOHZ5N50, (447.44). MS(FAB) = 448.1. B .d .~Ai ~ 2003 WD 00/ 23k54 68 0 F,
. HZN/ N O N Me2N~ ~O_  NJ 0 O OYO Ph 1U f1 Fol I ow t he procedures of

Exanpl e 1 C except substitute an equi viggNen aﬁount of 5 compound 10: for

conmpound 4 to obtain conmpound 1 i . ExarrplN 4»
\
AAO N
X7
HO  OH
Vi
5

or a pharmaceutically acceptable salt thereof;

wherein AA is a natural or unnatural amino acid moiety represented by the formuias in
Table AA herein below:
10

TABLE AA

HN., HaNo,,,_ & HZN% HoN HoN
CH3 o CH3 - CH3 CH3 CH3



10 A 0 2 + |

TFA:HpO (9:1, vlv) HOOHO0 ~0 0 ~-.
sol ution of woQdrsgs (1. 506 Mol ) of conpound 2 15 prepared in @gepQEHan

~ ~0H 0 Lo 12 PCT/ US99/ 21448 0 HZN-N . TFA Al N ~ Me2N~0~0 N
0 13 o~0 Ph A stirred, dry DVF (5

with the procedures of Exanple 1 A) 300 ng (1.2 eq) of piperonylic acid
(compound 12) was treated at anbi ent tﬁggerature with 732 ng (1.1 eq) of

benzotri azol yl oxytri s-(di net hyl am no) p
reagent”) and 576,L (2.2 eq) of Hunig's base,
[(i-Pr)2NEet],
m xture was stirred 20 overni ght
chromat ography (TLC) showed one

am ne,

phoni um hexaf | uor ophosphate ("BOP

i.e., -diisopropylethyl

under a nitrogen atnosphere. The so-formed reaction

guenchetl with an aqueous NHACL sol uti on and
69 PCT/US9~/ 214.1s dilutedowi th Et OAc. gThe organic | gyer was washed wth

wat er an,My
evapor at ed
a silica ge

purple-ti
consi st ent
10 O H2N g

HoN

o
NH,

HN

e and t hgn
0 produce a ctfude purple
chromat ogr a
appropriate\fracti ons wehNe conbin S
d solid (768)Yyield). The

f) the strucksne of 13. B. 0O 2N _ "N N~wNOOOO,0 13 Pn

ed roygr

y col um

HoN

IbN\/ﬁ\
ol vs

NH,

S S
L L
.rJLOH .rJLOH
NH, NH,
0 0
OH oH
0 0
HoN HoN
CH,
CHs S
/
0 0

S04. ThenA[
olid. The crude solid was purified on
i/t h 2-3% MeOd/ 2 as an eluent. The

gi ve 550 ﬂﬁg}t
nnr spectr

RPN oheMPEr ature. Thin layer

narvr*nemrspof.

The reaction m xture was
f ~ ~1 "l'k L~O WO 00/ 2344

ic solvent was

conpound 13 5 as a
(350 MHz in CDC13) was

0
H2N\)l\

Hs”

JAN 2003



N~wNTFA: H20 1 ~ OO (9:1, v/v) OHO OH 14 Conpound 13 from step A7 Qaai 7003
treated with 4 nL of TFA:HzO (9:1,v/v) for 40 mn. at anbient tenperature.
The sol vent WOM#r284gvaporated to give a yellow solid. Water waRCEHUReE14hd
evaporated. The crude solid was dried overnight. To the crude product 15
was added 2 x 4 mL of MeOH The MeCH | ayer was yellow. The insoluble
material was collected and dried to give 342 ng of conpound 14 as a white
solid. The "H nmr spectrum was consistent with the structure of 14. 2 ~
J~~~ 2003 WD 00/ 23454 70 Exanple 5 To a stirred solution of 500 ng (1.505
mol ) of 2 prepared in accordanceTWBUE Rmebhe 1A in 3 nL of dry DVF at
anbi ent tenperature was added 516 ng (1.2 eq) of stearic acid (conpound
15), 670 ng (1.0 eq) of the BOP reagent and 792 ~L (3.0 eq) of Hunig's 10

base. The so-§ or ned ream
t enper at He
f Exanple 4A fo give 595

e S
.J5 ng of conpoynd 16 as a viscous white
nm A 2 +/CH3(CH 2)~6 PCT/ US99/ 21448 0 H2N
o o

pr ocedur es

e reactH

m xt ur
t ur e Hap.

stirred ov
ol at ed HeN

ni ght -at anbi ent
rdance with the

solid (66%¢#ield). The °
~NON ~N (CH 2) ~~0- oYo 16 PhY15 5 15 20 spgctrum was consi st ent
wth the ructure of @ B.
OH OH NH, NH,
(o} 0 o 0
, H,N N HoN HN I
Z NH % NH “IOH OH
N=/ N=/
NH, NH,
0 0 0 0
H
HoN HQN\)j\ H2N\)l\ /N\/u\
OH HOH
NH2 NH2
0 Q H, O H, ©
HzN))k N A Cﬁ)’\ N:
; ¢
HO HO
0 0 0 o]
HZNﬁ HaN AL HZth\ HoN AL
HO HO™ HoM HOV SN



0 H2N-N N~ CH3(CH2)~6 0 N O O /0O 16 1Ph O H2ZN~N N~ CH3(CH 2)~6 o N O --f O

jo 17 |1 Ph Conpound 16 (417 ng, 0697 mnol) was treated in accordance widthJAR 2003
‘the procedures of Exanple 4B to give 330 ng of conpound 17 aSpErbgsigadol i d
(93% yi el d) WOHY234% hny spectrum and MS- FAB were consistent with the

structure of 17. Exanple 6 ~~J~ "~ 2~~3 2 71 h~ A 5 10 15 WO0O0I 23454
O~C / M 18 PCT/US99/21448 0 2N ~N 4@/ N~ N1 ~/ OO M O 0O 19 PhPh

To a stirred suspension of 332 ng {1.0 nmol) of conpound 2 prepared in
accordance with Exanple 1 Ain 5 m of dry CHzCO 2 was added 209 p.L (1.5

eq) of triethylam ne (Et3N) and lgﬂg glé E(%' 2 gq) of o-toluoyl chloride
(compoundl 8). TLC showed conpl et c ction after the reaction

m xture”had been stirred at anbient tenperature for 4 hours. The so-forned
clear reactiop mxture wgs diluted wtdh Et OAc andyquenched-with water. The

separated orgf§nic |a s washed wi tlh wat ey g@ndlbrine, dried and

evapor at 6'9 ive axg{‘g%llgv\hite g%ﬁ,\n d.>The cfude Solid was purified on
silica gel | umm chr"g)lm(ography q_||dq i ng vvitI"b\‘E\S% MeOH to give 262 ng of
conpound 19 as a whit® solid (57%yield). B. 0O ON~\NN J NI/ ~o M O /O

19 P"P"
(o) 0
0 (o]
HoN HzN\/u\ HoN HZN\./U\
o .
HN HN
HO HO

0 0

0 0
HzN/\(L N I HoN HN A

/:\
(o) o

OH OH
0 0 0 0
HaN HzN\)j\ H2N HzN\./u\
NH (NH é
2 2 HoN HoN



O HON-NON N ,~1 , 00 M HO OH 20 Conpound 19 (262 ngy) was treate

dy e o
wth 3 nmL of TFA HZO (9:1 vlv) in accordance with the procedure of Exarr%)ije}"'""’ 2003

4A to give 210 99% yi el d) of the compound 20. The "H nnr s m
consi stent wi‘t"ﬁ%’ﬁé‘sétructure of conpound 20. WD 00/ 23454 72‘9(%%%9%/‘1\4\%3

.f~ f~ 2003 PCT/ U-99/ 21448 Exama~le 7 A OH2N ~NO N 2 -~ (CH3)3CCCC
B~'~"~> (CH3)3C~0--" N ase p 21 oro 22 4n To a stirred suspension in a
reaction flask imrersed in an ice bath of 498 ng (1.5 10 15 20 mnol) of 2
prepared in accordance with Exanple 1 Ain 10 nL of dry CH2Cl2 was added
146 ~.L (1.80 mmol, 1.2 eq) of pyridine and 203 ~L (1.65 |, 1.1 eq) of
L1 Lot hyb acet yi NG 834 i ERUAD SATGPTBS CSmapoTse.rorTEet Ed TYADR iRl SHEvag
after 5 mn. Stirring was continued for 30 min. and 1 nL of DVF was added,
the m xture changed froma suspension to a @l oudy solution..By TLC, there
was a substantial anount of unreacted starti{fng material (conpound 2). The
reaction mxture was stirred overnight,*hﬂd pddi tional anount of
conpound 21(203 p,L,I.1 eq) and 180 ng {1.5y qglof DVAP wer e added. The
so-fornmed reaction m xture was stir{ed for 4>gdys at anbi ent tenperature.

There was still some unreacted st&tQ Rt erfi al (conpound2) by TLC. The
reacti on m xture was wor ked-up by rouWacti on between H20/ Et OAc. The

crude product was purified by silica gel\gcofum chromatography eluting with
2-5% MeOH/ CHzZC12 to give 411.3 ng of cQ ourtd 22 (66% yield) as a white
solid. B. ,~a | WD 00l 23454 73 Conpound 22°t*316 ng) was treated with 4 nL

of TFA:H20 (9:1 v/v) in accordance with O/l '. H2N ~ H2NNNONN ~ 0 N
N (CH3)3~0- TFA: H20 (CH3)3~0 0 ' 0 (9:1, v/v) O'O HO, ~OH 22 ~Yh 23

5 wherein R® is CH,CH(NH,)-CO- , CH,CH,(CH,)CHCH(NH,)-CO- or
H,N(CH,),CH(NH,)-CO- ; or stereoisomers thereof ,or a pharmaceutically acceptable
salt thereof.

R may be CH,CH{NH,)-CO-, i.e., a-aminopropanoyl, in the form of a stereoisomeric
10 mixture, i.e. the DL-form of a-aminopropanoy! - or as one of the enantiomers ,i.e.,

the L-form:

0
N
_ éHs
15
or D- form:

(o)

HzN\)k

CH3

20  or mixtures thereof.
R may be CH,CH,(CH,)CHCH(NH,)-CO-,i.e., 2-amino-3-methylpentanoyl, -

(a) as a stereoisomeric mixture, i.e., the DL-Form-DL-(-+) erythro-2 -amino-3- -
25 methylvaleroyl- of the formula:



t he procedures of Exanple 4B to give 265 ng of conpound 23. 5 Exanpl e7% 10 .. .-
15 A 0 H2ZN~-N | SO Fr ~2NF( OCH2PI 1~2 PhCH20. P_O NON RibaVvirlrl PhCH20 *~ Jrie 2003
Tetrazol e t-BuOOH HO~ ' ~OH PCT/ U899/ 21448 24 To a stirred m xture QJ ,ﬁ?& ngy
(2.1 mnol) HNOWBHYirin and 2.07 g (1.04 nL, 1.5 eg, 3.1 mol j¢GP>°

N, N- di sopropyl - di benzyl phosphoram de in 5 nL of DWF at roomtenperature,
was added 433 ng (6.1 mnol, 3 eq) of tBOrazole.The resulting reaction

m xture was stirred at roomtenperature for 2 hrs. , and then 1.11 nL (3
eq) of tent-butyl peroxide (5.5Min decane) were added. The so-forned
reaction m xture was stirred for 2 hrs. Watergwas added and the organic

| ayer wags: washed, dried and evaporated tQ ,@i vg a crude product. The crude
product was purified on silica gel colum?c t ogr aphy usi ng MeOH CHzCl Z
as an eluent to give 493 ng of conpound 24 cHe solid. FAB:

MS: MH+=505. 2. B. ~ 8 .~~~,~ ~C-3 WOG4L3454"PCT/ 1. 1~99/ 21448 74 0 0 H 2N
~H2N NONJ ON PhCH20~11_ _ ~N HO~I/_ ~N PhCH20~P O O Pd/C, H2 HOP O O
1 HO OH HO OH 24 25 A suspension of conmpound 24 (278 ng) in a m xture of
3nL of MeOH and 3 nL of water and 150 ng of 10% Pd on carbon was pl aced
under an atnosphere of hydrogen for 4 hrs. The suspension was filtered
through a pad of celite and the solid was washed 5 thoroughly with MeCH.
The cbnbined filtrates were concentrated under reduced pressure to give
169.3 ng of the conpound 25 as a white solid. FAB-M5, WMH =325.1 Exantale 9
10 15 20 A. Ph-N NH ~ Ph-N N-CH 2COOEt 26 27 An oil dispersion of NaH

(0. 88g oforNgras enapfthagiastereomery9f thadormagheie-once with dry hexane and then
suspended in 10 nL of dry THF. Compound 26 (N phenyl pi perazi ne, 3.24qg,
20mol ) V\ﬂ% adfieﬁ to ftp,e reaction vessel containing NaH in dry THF i mrersed
in an i cetBdrATOriym PB4 MUYRs removed and the so-forned reaction mixture
was 40irred for 1 hr. at roomtenperature. To the stirred white reaction

m xture was added 2.66 nL (0.924 mnol, 1.2 eq) of ethyl bronpacetate. The
so-formed reaction m xtdshe,\ stirred overnight. The reaction m xture was
cooled to ice bath tenperatyare and quenched with an aqueous NHACI

sol ution, The so-fornmed m Has extracted with Et OAc and the organic

| ayer was washed with adgfeous NHACK (b¥)ithecaPdminbeimeThypentanmh], was
renmoved at reduced pressure to provide a crude product which was purified

on a silica gel chromatography colum using 20% Et QAc/ hexane (v/v) as an
el uent t oorthe L-form of the formula:

o]

HN.,,
ot CH3
15 H3C [ L-(+)-amino-3-methylpentanoyl, or (2S,3S)-2--
amino-3-methylpentanoyl 1;

or mixtures thereof;

20
or (c) as one of the diastereomers of the formula:

CHs
H3C [ (2R,38)-2--amino-3-methylpentanoyl! J; or

25



JIR |Y WD 001 23454 75 PCTi nJS99/214. 38 provide 2.10g of compound 27 .
(et hyl N-phenyl pi perazinylacetic acid) as a clear oil. The ~~ "H nnr 78 JAR 7
spectrum was consistent with the structure of conpound 27. B. Ph-N-N- T
2000Et ~ Ph- N®Q®334¢00 Na 5 27 28 To a stirred sol ution of 2. FSgVE*47
mol ) of compound 27 in 8.47 nL of MeOH was added 8.47 nL (1.0 eq) of a 1 N
NaOH sol ution. The so-forned reaction mxgure was stirred for 3 hrs. at
roomtenperature (no conpound 27 was found by TLC). The sol vents were
removed under reduced pressure to provide a crude product. Water was 10
added to the crude product and the solution was freeze dried overnight to
provide 2.10 g of conmpound @8 as a white solid. The "H nnr spectrum was
consistent with the gtguctute of conpound 28. C. Ph-N-N-CH2CO0 Na* ~ O Me
EDCl ' ph- V ~O-N ~ M8 MBYTriethyiamne 28 N 15 Ho' Me 29 Ta a stirred
solution of 1.21 g (5.0 OHsof conpound 28 in a mxture of 15 niL of

CH3CN and 5 nlL of DMHs@as added [](gm@g)-gﬁam,ﬁa_gqheth%| gn@ﬁa,yq;f EDC. HCI

foll owed by 837 wL (6.0 mnol, 1.2 eq) of Et3N and gl ng (10.0 nmol, 2 eq)
of acet oneoroRixtseg teMBund 28). The so-fornmed reaction mxture was stirred
overnight and then diluted 20 with Et CAc. The organic | ayer was washed wth
wat er and brine, dried and 25 concentrated to give a crude product. The
crude product was purified on silica gel colum chromatography using 20%

Et OAcl hexane (v/v) as an eluant to give 237 ng of conmpound 29 as a white
solid. SThe “H nnr spectrum of the oxinme ester was consistent with the
structure of conpound 29. D. n~; za. ~..e c03 W 00/23454 76 .,
Ribavirin + 29 PCT/f.JS99/z 1448 0 2NN Ph. i ~ 0 . N~ ~N~O ~NO

R may be H,N(CH,),CH(NH,)-CO- in the form of a stereaisomeric mixture,
or as one of the enantiomers ,i.e., the L-form of the formula:

10
0
HAN I
NH 2 or’
the D- form of the formula:
0
HoN
NH,
15 Preferably, R is L-o-aminopropanoyi of the formuia:

o
HZN\_)k

CH3



HO OH 30 A suspension of 105.0 nmg (0.431 mnol) of ribavirin 237 ng (0786%;\&2 07

m nol) of oxime ester 29 and 0.1 g of Novo SP435 |ipase (Candi da
antarctica) inﬁ&@n , anhydrous THF was stirred at 65C for 24 Brgssdf8aqs
so-formed reaction Mxture was cooled to room5 tenperature, filtered and
washed with MeOH The crude material was purified on silica gel colum

chr omat Qgr aphy using 10% MeOH CHzOl 2 (v/v)52as el eunt to produce 66 ng of
Compound 30 (a white solid) as a single product (in 42%yvyield). No other
product was observed by TLC. The '"H nnr spectrum (300 MHz, DMSO ds) was
conistent with the 5 ribavirin ester of structure 30. 10 Exangle 10 AL Op
Me Ph N~’ph H OH ~ ~N O-N Me O aéner8RSvrihaticsPiepaerdiosol ution of 2.45 g (1.4
nmol ) of hippuric acid (conpound 31 ) and 15 1.00 g (1.0 eq) of acetone
oxime in 10 nL of CH2Cl 2 at roomterrperatuare was added 2.83 g (1.0 eq) of

DCC. The so- for cti m I t
filtered. The fil %Ia Y@’ &Ang&rﬁ;Bnoﬁ(prs&}ﬁ% ﬁnéd gzé)g%égg%%?é?surgbggd%?g ch a
resi due whilGiN Raarmpageticeld, bict, erEtEdN@/SheQaln‘fermaJ igdeseribed é fhedferchiéndaxet one

L Oy U e

Ri bavi r| n .82 Ratlerd N 4R 1.7783 The procedure of Exanple 9, Step D vvas used
except 2.13 g (9 nmol ) of 5 10 conpound 32 was substituted for conpound 29,

0.734 g (3 |, 0 2
in 25 (of m'ITI'ilF T% ru’&@grwét&g%f) f V\d/;tg‘%p&%'rll (Ia%'ag ?P ?58288 bg% e hee
chr Om&t ogr agtjiensenof ﬁblagi!mtrmeurh (riwfollowmg\ecmmeanam meahe Erxamprecsvuam the

crude roduct The crude product stallized from MeOH Et20 to
prode Op. PsnRPWIAs iSRS NE e”ﬁwaags% §++=406. 1. Examale 11 A. O H2N~--N

H- ~ON Cbz N" -ON R bavirin + 34 nne 0 .: HOO-lCorrpound 34 , the

acetone oxime ester of Cbz-L-alanine, was prepared in 1 .
In Scheme |, compounds of formula | wherein R°=R “CO ,R’=R*CO and R’=H

and R*=R*CO0-and R’=R*CO-and R’=H and R°*=R™CO-and R’=R’=H, are prepared.
Compound 110 (ribavirin) and benzaldehyde are treated with ZnCl, in excess

15  benzaldehyde as solvent at ambient temperature (20 to 25°C) for 24 hrs. to give
compound 111. Treatment of 111 with the alkanoy! chloride R*®COCI! in the presence of
base e.g. triethylamine (“TEA”); or with the carboxylic acid (R*COOH) and triethylamine
and coupling reagent such as dicyclohexylcarbodiimide (“DCC") produces compound
112. Removal of the acetal protecting group with trifluoroacetic acid:water (8:1,v/v) at

20 ambient temperature for 0.25- '
2 hrs, preferably about 0.05 hrs. provides compound 113. Compound 113 is converted -
into a mixture of compounds 114 and 115 by treatment of 113 with R® COOH, base and
DCC or R*COC! and base, e.g., TEA.

Compounds 114 and 115 may be separated by standard chromatographic
25 techniques to provide pure compounds 114 and 115,
in Scheme i, compounds of formula 1 wherein R°=R’=H and R*-R**CO-are
prepared from compound 110 (ribavirin). Compound 110 is treated with 1,3-dichioro-
1,1,3,3-tetraisopropyidisiloxane, i.e.,
[(i-Pr),SiCl1,0,in DMF as solvent in the presence of imidazole for 1-4 hrs. at ambient

30 temperature to give compound 116. Treatment of 116 with R*CO Cl and base e.g., TEA

or R*COOH, base and a coupling reagent e.g., DCC for 12-48 hrs. at ambient -



20 accordance with the procedures of F.Mrris and V. Gotor, Tetrahedron, -
1994, 50, 696934 at paragraph bridgi ng 6932-6933.. Then, the procedure:,(afjﬂ, 2009
Exanpl e 10, Step B, was followed using 1.00 g (3.6 mvl) of conpound 324°in"

pl ace of conmpwmel/3254 0.294 g (1.2 nmol} of ribavirin, and 0.4BCHUEIYNSHo
SP435 lipase in 12 mL of THF. The crude produce was purified on silica gel

col um chromat ography using CH2Cl Z: MeCH (530: 1, v/v) as an eleunt to give

0.660 g of conmpound 35 as a white solid. The white solid was recrystallized
fromMOH EtOAc to give 0.532 g of conmpound 35. T~ ~=~ i H ~r 2333 CVO

00/ 23454 78 5 10 C. ,, o H2ZNPN H~ ~-O N Cbz' N' '0-- NO M= HO OH 35 36 To

a m xturg’ s n off
o o0 i Bt gr&(q'@ggﬁg TR Sﬁﬂ?ﬁ’“@?“ﬁ‘gz Ay coftiat LTRI) & L e

resul ti ng drhbickt mnyEeatsirotor iat0 pisapavidesdompauny dtdgen at nosphere for 4
hours. The so-fgrned ctiqn mxture s filtered through a pad of. celite
and the sol ta vaehaae NG Fs Rieiroaiath abbwhbpountt LB T ot os
ver e C0nC%Uﬁéﬁ%@%=ﬁ*@@%ﬁtﬁﬁkﬁaé%h%dqzkﬂzago\lﬁi&vmsgre@ie_d?ﬂmﬂwglld 36 as

a white solid. FAB: M+=316.1. Exanple 12 15 A. O Me Ribavirin +
Phv O~0 SN=~atorse @ [INEQMHAGH. PIBC@CEN base, @4., pyFdinern ssolushp Bifdats

PhCHz OCHz. QR N= a : 80
HonN O NTBRILETP Rl S SREIT R B T8 Freaffhoron 1o bl GO e
( Conpound Eake GrRF* CAOH gbaxfe arba coeplimgiraagdnt, 6., DL préliid 2 mirtateaohi ng
1.67 g (1 eq) of DVAP in accordance with the procedure of Exanple 10 Step
A Then, tORMPAUCEAFOAE 1 AmGITAIXILE Ihenaratediato 181 HUEREATRSHARS BY 40

(10.8 standard chromatographic techniques. Treatment of 120 or 121 with para-
10  toluenesulfonic acid (“p-TsOH") in methanol in the presence of hydrogen and a
palladium on charcoal catalyst at ambient temperature for 2-48 hrs. removes the

protecting group to give 122 and 123, respectively. p-TsOH salt thereof.

Scheme 1V illustrates preparation of the compounds of formula | wherein
15  R°=R™CO- or R°=R™ and R’=R’=H. Treatment of ribavirin 110 with R“COON=C(CH,), in
the presence of an enzyme, such as Novo SP 435 lipase at 65°C in a solvent such as
THF or dioxane for 12-48 hrs selectively adds R*CO to the form compound 124. See
also Examples 9 to 14.



Vi ~ 00123454 ~11 IS ~ iJJ PCT/US99/ 21448 79 mmol ) of conpound 38 in pl ace
of compound 32 1.325 g (5.4 mol) of ribavirin 2.18 g of r~ Novo SP438 JAK 2003
lipase in 70 m of THF. The m xture was treated overnight at 70C under a 5
10 nitrogen awmepé¢re. The crude product was purified on sili PETEE9RB¥8M
chr omat ogr aphy using CHzCI Z: MeOH (10:1, v/v) as an eluent to provide 0.511
g of a mxture of two conpounds. The desgjfed conpound 39 was purified by
crystallization from MeOH EtzO to give 0.367 g of conpound 39 as a white
crystalline product. B. o H2N ~-N o N~~ J PhvO~~ ~ ~N O HO OH 39 0 H 2N
~WN ON- HO ~O~N O HO CH 40 To a stirred suspension of 0.200 g of
conmpound#39 in 5 m of Me Odcrémd a6 Hubgituli®nsp0 g of pal | adi um bl ack under an
at nrosphere of nitrogen was added 0.20 ml of formic acid. The resulting
reaction mxture ywas heated to reflex for 1 hour. The Jesulting reaction

m xture was coolefl and filtered “\ ough a pad of cott wool . The solids
wer e t horoughl Y™ hagted wit h net Haho)~H#nd t hen wat er " T~ onbi ned filtrates
wer e concentratedMpbler reduced prdssdre to give a resl“qqdé. Met hanol was

added to prisrinde,99.2 ng of # cgnpound 40. FARBOMS: MHi+F 303. 1. i~

001 23454 80 Exanple 13_pgi-Me RiBavi/in + Bigzo~N--XVe/5 41 Conpound 40

( PhCHZOC00- N=C( )H was preparedsTh accordance withy procedure of Step A
of Exanple 10H°Thel t he proceduPe\_ro? Step B of Exan‘bl\[e*c’lo as followed using
P

500 ng (2.4 molgeof conpound 40 gh place of conpound, 32, 295 ng (1.2 mmol)
of ribavirin, 160 ng of Novo SP433¢{n 15 ni of AHF. so-forned reaction

10 m xture was heated at 70C for 3 days. The #Zrude product dissolved in
MeOH was purified q)|n silica gel colym chr t ography ysing CHzCl z: MeCH
{20:1, v/v) as an eunt to providejl56 ng of conpoundJydl. FAB: V5,
M++=379. 2. Exarrp!*’éggz,ﬁ-nw A. The BEhzytnet her of net - Dnact at e (conpound
42) was prepared fr¥ Yret hyl - LI act athe Bn accordance with rﬂhe procedures of

U~ Wdner ®aephesi.s 987(,\,)5'8890W 2Ph WQW ~ Men COOME ~
), = ~ — '

COCOH H H 42 43 h

R%cod  oH MO oM HO  ‘ocom®
115 113 114
Reagents: (i) ZnCip, PhCHO, (ii) R%3COCI, EtaN; or R%2COOH, EtgN, coupling
reagent, (i) TFA-HoO (9:1), () R%2COO0H or Raa(W)xCOOH,coupling reagent,
base; or R2COC!,or R¥(W)xCOCI, base, (v) R32COOH, coupling reagent, base; or
R38COC, base



1 ~~Vjl,7 PCT/1,~~99/21.~.~8 0 RN-\N O N Ph~0~ 0O \NOHO OH ~ 6 Jh~,;~
2C3 W Q123454 PCT/ Li S99/ 2~448 81 To a stirred solution of 1.00 g of .
conmpound 42 in a mxture of 9 M of MeOH and F~ 3 ml of water was addeb Aty gl
ng (1 eq) of WOOMI2KBO. The so-formed reaction mxture was stir PEFUSGP/21148
hours. The resulting m xture was partitioned between CHZCI ~ and water. The
aqueous phase was separated, washed w thggH2C12 and acidified with 5 excess
10% aqueous HClI. The organics were extracted with Et OAc. The Et QAc | ayer
was dried and concentrated to give 779 ng of conpound 43 as a col orl ess
oil. C. OCH ZPh Men COOH H 43 10 44 The procedures of Step A of Exanple 10
were fol Lowed using 1.15 g §6hed IMDElpsafutisgyypound 43 in place of conpound
31, 513 nyg, (7.03 mmol, 1.1 eq) of acetone oxinme, 1.45 g of DCCin 5 m of
CHzZCl Z to produce 1.20 g of the acetone oxine ester, conpound 44. 15 D. OCH
2Ph Ribavirin + 44 M'"" 0 HO HO OH 45 The procedure of Step B of Exanple
10 was fol l oweNup+ng 1.2 g (5.1 mmol) OfNT und 44 in place of conpound
32, 600 ng (2.5 rmm)))) of ribavirin and 500 NF )bf Novo SP435 |ipase in 20 nm
of THF. Th&-Ri xturfe washed at 70C Junty_L no sparting found 20 by TLC. The
crude react iwduct gwas purifie iw gel @@l um chronmat ography OCH
2Ph Me Me~~". Pudf~ H= WE 0 H2N~-N ! \/ —

HO OH \Sl"'d. "OH

T~ 116

110

A o N i) "
S W — HO N

) 7
0. N h,

Reagents: (i) [(-Pr),SiCl)20, imidazole, DMF; (i) R%23COCI, base; or R22COOH,
coupling reagent, base; (iii) BuyNF, THF



N N using CHzZCl 2: MeOH (20:1, v/v) to produce 183 ng of conpound 45 as a

white solid. ~c, !;", ~~ 20~~ | A~O 00l 23454 NHBOC ~CH n0 46 1. CDIg jfHR]
1h2 2 hsw%g@gﬁéﬁlide TFA/ H20 1h 82 Exanple 15 0 H2N-N NHBREANGN /17450 O
o'. 'o Ph 4 CF3C00-NH3+ N'N> /~ 0 HO~ .~~OH 48 5 PCT/ U~99/ 21448 A

solution of N-t-Boc-L-isoleucine (available fronSigma Chem cal Co. St.
Louis) Md) (1.270 g) 5.5 mmol) in anhydPBus THF (30nL) was treated with
CDl, i.e., carbonyl diimdazole (981 ng, 6.05 mmol) at room tenperature for
1 hr. The conpound 2 of Exarrpl e 1l (1.660 g, 5.00 mml) and sodi um

i mdazolide (150 ng, 1.5 mmol) were then 10 added to the reaction m xture.
This nixture was heat edchgmellid2iand HHubstiytionsie reaction was diluted with

Et OAc afid quenched with aqueous NH4ClI. The organic |ayer was washed wth
water three tinges and once with brige, and dried over NazS04 The dried

organi c |ayer s filtered and the Jliltrate was concentrated to give an off
white solid wallc s purified oH?si)+ga gel col um chromat ography (5-10%
by vol une of I\/EGA 15 CH2Cl12) to fﬁrd 1.244 g of compound 47. ~0J
;o LIW 00! 23454 PCT/ LISR8L 21448 B3 Conpound 47 was treated with
trifluor%m (HFA) 1 wat 9/1 v/ v at room ~~ tenperature for 1
hr. Al vol at wer-e-eﬁpor ate ter_ms—a’dded and evaporated again to

afford 1. 10Hg-‘ of %gonpound 48 asyd Sohy solid. MS(FAB)=358 (M+, 100%. 5
0

\
N\N) N\N»
TrO and TrO
WO  ‘ocoR® R%CO0  OH

120 121

l(iii) l -

1 0
HaN ; {q HzN#N
\N N\ »

HO
X
HO  ‘ocor® >
R%co0 OH

122 123

Reagents: (i) TrCl, base; (i) R?3COC, base; or RCOOH, base, coupling reagent; (iii)
TsOH, MeOH, H,, Pd/C



H2N. Ti 10 15 20 ~IHCbz N. J hlHCbz 2, BOP reagent CbhzNH~-O CbzNH H O 0
(i-Pr~NEt, DVF 49 OYO Ph TFA-H20 H2N |i H2N , T J~IHCbz ~ ~/ H J~I H3""' @ij .
Pd C, CbzNH~'( O -~-~TsO-NH3'"~O O TsOH (2.Ceq) O ~ 4h 50 HO OH 51 HO RN 2003
sol uti on of NWo evG#sa- L-| ysi ne (avail abl e fronSi gma Chem cal CoPCBUSIEHE s,

M ) (749 ng, 1.81 mmol) and conpound 2 (500 ng, 1.506 mmol) in anhydrous

DVF (5 m) was treated with (732 ng, 1.66 ) of

benzotri azol yl oxytri s(di met hyl am no) phospﬁzm)um hexaf | uor ophosphat e (" BOP
reagent” avail able frontSigma Chem cal Co. St. Louis) M) followed by 576

m., 3.31 nmmol of Hunig's base, i.e., N, Ndiisopropyl-ethyl amne, [

"(i-Pr)2NEt " availab H%m\,ﬁ(lq I.ch.Chemical Co., MIwaukee, W ] under a
nitrogen atnosphere a’%sgpéomlter?pépg l'Jtre'. he reaction mxture was stirred

at room tenperature overnight. The reaction mxture was diluted with Et OAc

and quenched wi th aqueous NH4ACI. The organic |ayer was washed three tines

wth water, once th brine) and dried over Na®sS0, and . The dried organic

| ayer was filtare {:}ot he filtrate was conq.ggv%i_ted to give conpound 49 as

an off white solid/ Wi /&rifluoroacetic aci d/

water (9:1 v/v) at ¥y AN Xolatiles were

mtenperature for 1 hr. N
evapor at ed.“OVVA\'%:’yS addod—ﬁ-)rad—eyapafaézp@ H .p~f~ 2 WD 00/ 23C. 54 84
0

npound 49 was treated

~' ~T/ 17~99/ 214X8 a@ai n t Enafb oxtalystshe crude t which was purified on a
silica gel colu) 10 % by ~~Ivolune of MeORMR/ CH2CI 2 ) to afford 520 ny
of conpound 5@Fas &Hwhite solid. A solutiongesonf@i ni ng conpound 50(140 ng,
0.219 mml) and ﬁwjol uenesulfonic 5 acid m)noﬁa/%ate, TsOH HZO (83 nm)

0. 438 mml ) was rogenat ed over 10% Pd/ C (5 ) under H2 at a pressure
of 1 atmfor 4 hr. The cabalyst was filtered off through a bed of Celite

and washed w th ne hnola-,id@ter. dine Ll porated to afford 157
nmg of conpoun Cagpn SS?‘Q;\F\?mi t%'migr gbé%i%t@%e:‘\%%ﬁ%m 100% . Exanplel 7 10
Fol | owt he procedures of Exanples 11, 15 or 16 except substitute an

equi val ent anount of the Cbz- or Boc-D- am no acid derivative of the am no
acid listed in the |eft h colum in the Table 3 below for the

Boc- L-i sol gagrrﬁltgsﬁ%rea slcr'?e%;%g'rrpl e 15, or the di Cbz-L-1ysine used in Exanpl el
fi, or the Cbz-L-alanine used i angple 11 obaai n 15 the congounds of
formul a | oR?*@OpRECOAOERPCOaE | e, sal of _whgr h# Ris the
noi ety listed ~in the right ha ol r}m’of Ta}e’4 el .}l~,~~

X X

2~~~3 ~' JO a0/ 23454
X = OH, OAc, NH,, NHCbz, OMe, CN, NO,, F, CI, Br, and
disubstituted benzoates with a combination of these groups 'X'.

0 (o] 0 0
Me/>él\ } . Me\/>JL} . HOOC/>A } . HOOC\/><U\ } .
Me” Me K Me® Me! Me” Me ’ Me” Me !’
o c © c o 0
e Lo oPSSb ¥ | |
Me Me Me Me Me” Me Me” Me
Me M Me
Me
o 0
7\ } ~ H
N
\0 N/ PhT( \)k} PhAoJ\}
o 0 o
Me
} O. .0 )Y} 0\\P._0 Me
HO V' ; HO'P'o'(/)N} ; HO ' HO™ ‘o)\n’} ;
o o o] o -



85 TABLE 4 COLUMN A COLUMN B ' O O H2N~OH H2N CH3 CH3 O O 2N v _OH H2N CH3 ~

CH3 O O H2ZN OH H2ZN NHZ NH2 5 O O H2ZN Y "OH H2N NH2 NH2 O H2N.,,, ., 4 jﬂzgna
H2N ' ~. CH3 CH3 H3C H3COOH2N~.... H2N~. . ... C]-IHaC ...... %@3%2]448.
CI-laPCT/LlS%g?O_P {s 1~ ~a . ~~.-.1; c~,~~ 861 3~5~
PCT/ US99/ 21448 ,&éé4cont 5CO_UNNAO H2N~O-|HC~~CH33CO_UMVBO

HZNH C ~~ CH3 3 0 H2N OH CH3 H3 0 H2N g1 CH3 H3C

* Ph* Me OH " }
. HOOC } : ) :
oyl Ayt ey YT
o 0 OH O
*(and substituted Ph) .
0
i /\(u\} . Me’\(u\} .
Me/\(“\} . Me : T eoome

OH O\n. NHPh

b suooc '
MeOOCW ; ButOO /\q{
o]
(and 5'---> 3 cyclic diester)



0 HZN OH HN ~NH H2ZN 0 H2N v "OH HN ~NH HZN O H2N CH3 H3C O H2N w CI-ByIHB&HC%Gm
HZN w HN ~NH H2N O H2ZN HN ~NH H2N 10 1RO 00/2345L 87 5 T~4BLE 4 cont.” ™ =™
COLUMWN A COLUWMN B 0 O H2ZN OH H2ZN O O OH OH O O H2NY _OH HZ2N @c10usdezOH80 O
H2N OH H2N GVOORRRISAH2 0 O HZN v _OH H2N O- O NH2 NH2 O O H2N OH .H2N HS HS

0 OHzNv 'OH H2N HST HST ~! I~In O .~I‘-,19~ C .-U3 PCT/LJS99/21 ~~8 10
5
. o) 0. 0 o
gt Y T
0
i oot s IS
ety S AN Aoyt ¢ b
0 o s
F MeO 2S N 1 }
@UL ; \©\(} NP0 .k
| Y f
e 0 0 }
ool corNe e
/fg PR COOH  (H)PH" °|
=y 1T P Ary
(n=0,1\,;’ e P A cis- and trans-)
o o

(n=0,1,2,3)



n U 04123454 $$ TABLE 4 coat. Ct~LUWN A Cf3LUMN B 0 0 HzN pH HzN o ¥ pﬂﬂa
OH NHz NHz 0 0 HzN ~OH HXN . % 0'' s 0 ~(~' OH ~~' OH ' NHz NHzO4HxNIjHPiZ
PSOr. ~r ~ ~4H ~~~"~"QH NH2 iNHz 0 HXN~OH H2N i g p S p p@arbdobi24g NHz

p 0 HZzN pH MXNOR3#4pH pH PCTI ~I S9912 ~ 4! ~Ci' N 59912 ~~8 89 , ~
ooi 23~5a T A~~~ ~ ~o~t. CoL~~N a 0 HzN~OH 0-~pH 0 H2N OH 0-'vNHa 0 HaN~OH
0--~NHa 0 H2NJ OH O H2N OH ~.NH N 0 H&N~-CH /. NH N' ~

-4 P e

©\/‘OK} H°°C<CH2>10/E\} : HOOC(CHz)mi CH2)4j\
] T F} O
M} ¥ A }

(@)

——

NH; .HCI



O~UMN ~ HXN O OH 0 H2ZN 0 NH2 H2N 0 NH2 H2N 0 H2N | NH NJ H2N / NHN~
HO NH HO NH O 0 zHN zHN HO HO HO ’\NSHNZj-HOOZHNZHNHO~~ J\%;ﬂ 05
" " (HO~NzH ~' ' ~00O zHN ZHNHOHQTNZ@QHQ

it Z/66S f!/,L3d tS~Z/ 00 OM E~~i

HO NaH O O zklhgéddstaz~HO-\ ~NzH ~
0 Os Nwmo d NW\N~00 ~~~0~ ~ ~~~~1 06 s ~fi
?~~~3 PCT/61~JS99/214.t~ 91 ' TALE 4 cant.

~~' o~~~ vd 00/2d54 2 8 ~,";
COLUW A COLUWN B
pa
®C0, R*CO, and R*CO may also be represented by the formula

5
0

w L

Y=H CHS, CchHg-; CHgoHQCHg'; MGQCH-; MGQCHQCHQ'; CHaCHzCH(Me)
HOOCCH,-; MeSCH,CH,-; HOCH,-;

<Hnm

PhCHy-; HOOCCH,CH,~; HSCHo-;

: CHy—
CHy—
Y. [T
N HO HN\/N

or Y is HN(CH,),- or CH;CH(OH)-;

CHp—

or Y taken together with the o carbon and N form

1",0
"”O

O

O—"\

II[II
Illl

Illl
(:)
@]

10 or a pharmaceutically acceptable salt thereof.



0 O HN-OH HN ,: ~OH OH O O HN OH HN ~OH ~OH O O HN=OH HN--' OH OH O HN-O
H2NOH-CH3~CH3 | CH3CH3 0 O , H2N H2N ~OH ° CH3 CH3 CH3 CH3 O O H2N d—n#@NL@
'S/ | OO Hbukkkdd?N < <~ V~' 0 00/23454 92 r TABLE 4 coat. 1@6tdbdsoAuss
COLUWN B O O H2N OH H2N O O H2N-OH H2N / O O HN ~OH HN O O HN=CH HN-! O O

H2ZN OH 2N HO HO 0O O 2N Y "OH H2N / / E|S_|2O HO ~ s (~~; ~~ zoo3 PCT/ US99/ 21448
5

Examplary 5'- heteroary! esters of Formulas I& II wherein R =

s /CHz)e

<(z s

(Zo—p
represents a heteroaryl ring of 5-7 total atoms at maximum unsaturation
wherein: D= C,orwhen9>0 isNor$S

2% E= OorNH
Z" and 22 = independently -C(H)=, -C(H)=N-, -N=, -N(H)-, S, S-C(H)= or S-N=
0 and B = independently 0, 1, or
o and ¢ 2 independently 1, 2, or 3. The 5'-ester of formula 1s represented

by the formula:

Ha)p

T
EH

\
N

O
HoN N
NG
/‘cr-@e \N
C v k_j
2% CHa)p R0 OR?
EH

The following 5' esters may be prepared as described in Schemes hereinabive, using
appropriately protected acids which are readily obtained by procedures well known to one
skilied in the art.

O

\ H2N
A - % <

D=C, E=NH, Z'=(-CH=N-), 0 =1, D=C, E=0, Z'=(-CH=N-), ® = 1,
2% = -NH-, ¢0=1,0=0, andﬁ::o Z? = -CH=, $=2,0=0, andB =1

Z



e~~ aai x3dsa 93 TABLE 4 cons. 5 G ~LUW A 0 HzN off Hog 0 H2N , ~, oH )

Ho'~~~"" O HEN OHi HNf \ 0 H2N~oH HN | \ 0 H2N OH HO 0 H-N,, ~., oM K tAl 2003
CC3LUMN B OwgbAdagy 0 H-N, ~, ~." Ho ~~ "~ 0 H2N f HN ~ 0 HxNpcTAiNos)2 Q442N
HO ' 0 H2N Ho' ~ PC T/dJ~99; 21 ddb 10 | ~ J~i~ ~OC3 W00l 23454 94. h-~I

TABLE 4 cont. COLUW A COLUW B 0 O HZIgSG-l H2N

~The folowing 5'-3' cyclic ester (Formula | wherin R2=H)may be prepared using the
Schemes herein above and readily available starting materials.

HEN%\N

o N\J

N
101 ©
3 ——CH\(CH)X
R102/ )\
0] OH
O
wherein R and R'%2 are
independently H,
7b 6,7
alkanoyloxy,OR"" or NR"R""and
x=10r2

The following 3'-2' cyclic esters(formula | wherein R5=H)
may be made using the Schemes herein above and readily
available starting materials.

»

e}
s }EZ‘("
HoN

JN
HO N\J H N\J

N
O

O\H‘G/O OXO

R® OR’
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A.-Benzylidene ribavirin

Combine 20 g ribavirin (1, 87 mmol), 200 mi of benzaldehyde, and 20 g of ZnCl,. Stir the

16  so-formed reaction mixture at ambient temperature for 24 hours. Pour the resuiting
solution, with stirring, into 2.5 L of ethyl ether (Et,0). Suction-filter the resulting mixture
and dry the solid precipitate. Mix the solid precipitate with 1.2 L of ice-cold 2N sodium
hydroxide (NaOH) solution. Extract the mixture with 2x0.75L of cold ethyl acetate
(EtOAc) and wash the organic layer with brine. Gravity-filter the organic layer through

20 fluted filter paper, then concentrate it in vacuo to leave a solid. Triturate the solid
thoroughly with 0.5 L of Et,0, suction-filter and wash the so-formed preciptate with fresh
Et,0 to leave 23 g of compound 2 as a solid; Calc. for C,;H,.N,O, (332.32). MS(FAB) =
333.1.

25
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Many nodi fi Gaghpgsand variations of this invention can be nagerwedoqiis 10
departing fromits spirit and scope, as will be apparent to those skilled
in the art. The specific enbodi ments described herein are offered by way of
exanmpl e only, and the invention is to 88 limited only by the terms of the
appended clainms, along with the full scope of equivalents to which such
clainms are entitled. &-10-2G00 ~~41U~.\CHEEN (J2 . ~~-10_o0; ~: >, z
1 ~8 ~"-~85" "~~T4J 89 _ US 009921448 i i i 97 W C4 11V1l: 9 . A
conpound represented by fornmula t91 O HZN ~-N N, Reo.OH OR3' G . ~~OR~
wt~srein at | east one of R6~, R~ or RZ' is represented by the fornula 10
~152 ~.. Q{CRR )k G , and the other two of R5~, R3~ or RZ~is Hor is
represenBed by the fornula 15 O a-{cR~"R5z)k ~_ 20 wherein Qis
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10  Combine 0.5g (2.8 mmol) of compound 2 from step A,0.80g(2.4 mmol) of compound 4
[MeO(CH,CH,0),CH,CO,H] and 0.8 g (1.2 mmmol) of 4-(N,N,dimethylamino)pyridine
(DMAP) in 15 ml of N,N,-dimethylformamide (DMF). Add 2.5 ml of a 1M solution of
dicyclohexylcarbodiimide (DCC) in dichloromethane (CH,Cl,),and stir the resulting
mixture at ambient temperature for 0.5 hour. Heat the so-formed reaction mixture at 100

15  °C for 1 hour. Quench the reaction mixture with aqueous 5% KH,PO,, and extract it
with 2x100 mi of ethyl acetate (EtOAc). Wash the organic extract with 20 m! cold water,
then with saturated brine. Gravity-filter the organic extract through fluted filter paper,
then concentrate the filtrate in vacuo to leave a gum residue. Purify the residue by
column chromatography (silica gel, gradient of 1% t0 6% methanol-CH,Cl,) to give 0.48

20 g of compound 4; Caic. for C,,H,,N,O, (492.49); MS(FAB) = 493.1.

25
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AMENDED SHEET RC~' _y' 01.:5PA-~11~ENC, Ii ~N U~~ . 2-10- U: ?'_> >1, 9U3

' 298 5405- -02-10-2000- -'-"--'-- -~ i 98 .' R64 R53~C R-NR~ +49 89 2§ i 70
" U S 009921448 ;:~ ~ ~~;~ aoo? wherein R$ and R5~ are indepe H )
al kyl, al keyP 0235k yn~: -1, (C3-C7)cycl oal kyl) aryl al kyi, or ggf@%’%’f‘ Senyl

, alkynyl, 5 (C3-C7)cycl oal kyl) aryl al kyl, substituted by halo, QH SH

GF3, ,SR~'",CRS~ or NRSSRsa or wherein Rgs and RSZ taken together v~th the
carbon atomin (C R~ R~ i forma cycl opropane , cycl vbutane, cycl opentane,
or cycl ohexane,; wherein R$3 and R5 are independently H, al kanoyl, al kyl)
aryl, arylal kyl, alkenyl , alkynyi, 10 yr al kanoyt,~ al kyl, aryl,

aryl al kyl, al kenyl , al kynyl substituted by halo, C/H, SH , CF3, ,5R5',
OR5'; oy R53 and R54 are independently R~ O (~H2~g~~ Rse R57 Cl ~4i-r

CHzZ~," ~ ' OH 15 wherein Rg715 H, al kyl, al kanoyl, al kenoyl) aryl,

aryl al kyl,, al ker~yl, al kynyl, ar, alkyl, aryl, arylalkyl, alkeny4, alkynyl
substituted by halo, OH SH CF3, al kanoyl thienyl,or al kanoyl gxy; wherein Rbs

is H alkyl, aryl, arylalkyl, 3] kenyl,or al kynyl; 20 and 9, lls 0,1 or 2; k
is 1 or 2; , or a pharnaceuti®aN-yy accept abl e salt ther et NDED SHEET
kO'. VU-V : Ef'RbiLEDNC F(EN 82§ _'- 1 f)- 4: "®y 2 1 NOUF3 758 4U5-.
- 02-10- 200Q ~g~0Hiy_99 +49NT 5 US-009928488ABIH ~7 =~ 2. A

phar maceuti cal conposition P eatigg a suscepti bl e vaP~i/nf ecki on whtcn
canpuses an effective arneu of a conpound represent ed rmula 111 of

claim1l1 together with a phaé:rracedjti cally acceptabl e cangger.op 3. The use
of a conpound of fornula 1l \trm‘ preparation of a nedicanment for treating a
chrvn~c hepatitis Cinfectionpyhich conprises an effective anount of a
compagind of formula #11 in association with an efffective anount of an i
~terfer~on alfa sufficient to eradicate detectable HCV-RNA | evel s, wherein
the conmpound is represented by the fornula 111 of claiml1l. 10 4. A conpound
represented by the fornmula IY 15

e C.Treat 0.45 g 4 (0.91 mmol) with 10 ml of trifluoroacetic acid (TFA)-water (9:1 v/v) at
ambient temperature for 0.5 hour. Quench with 30 ml xylene, then concentrate the so-
formed mixture in vacuo to leave a gum. Triturate the gum with EtOAg, dilute with Et,0,
then suction-filter and dry the gum to leave 0.23 g of compound 5 as a solid, Calc.

15 C,H,.N,O, (404.38); MS(FAB) = 405.1.

Example 2

Follow the procedures of Example 1A and 1B except substitute an equivalent amount of

20 the compound 6 (MeOCH,CH,OCHCO,H) for compound 3 in step B to form compound
8. Follow the procedures of step C of Example 1 except substitute an equivalent
amount of compound 7 for compound 4 to form the compound 8.
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A.Treat a solution of 0.32 g (3.6 mmol) of compound 9 [2-(N,N’-dimethylamino)ethanol]
in 10 mL of N,N,-dimethylformamide (DMF) at 5°C with 0.58 g carbonyldiimidazole (3.6

10  mmol), and allow the so-formed solution to warm to 20°C over 0.5 hr. Add to the
resulting reaction mixture 0.8 g (2.4 mmol) of compound 2 prepared in accordance with
Example 1A and stir the so-formed reaction mixture at ambient temperature for 24 hr.
Concentrate the mixture in vacuo, add 50 mL of ethy! ether, and allow the so-formed
mixture to set for 24 hr, Decant the supernatant solution, and purify the residue by

15  column chromatography (silica gel, gradient of 10% to 20% methanol-tetrahydrofuran) to
give 0.21 g of compound 10; calc. C,,H,.N,O, (447.44). MS(FAB) = 448.1.
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phar maceut i @Q(ﬁ)@&%osi tion for treating a susceptible viral '%Téﬁgs’gﬁ“\ﬁhl ch
conprises an effective anount of a conpound represented by fornula IV of
claim4, together with a pharmaceuti cabgy acceptable carrier. 10 6. The use
of a conmpound of formula IV for preparation of a nedicanment for treating
chronic hepatitis C Infection which conprises an effective ano~~nt of a
conmpound of forrmula 1V in association with an effective anmount of art
Interferon alf a sufficieng to eradi cate detectabl e HCV- | evel s, wherein
t he conpound represerted the formula 15 IV of Gal m4HR,§%A;conpound
represented by thg for ZO wherein R~ i a natur r unnatural
amno acid noietyj[rel, ~res¢lnt§d by the fﬁr A)VI:\NDED SHElS '[l RCS' 4' W
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CHBOMRGH( ME) . PhCH--; HOACCKRCH2-; HSCHZ-; HOOCCH2-; MaSCH2@#-; HOCHZ-
GR-GR- C1, ~; S~ 2yANNHH-% or Y is H2N(CF~. ~4- or CH3C~i (O~ or

Y taken together with theema carbon-and N formOH OH OH "~H Nli NH NH ~ NH
NH --NN 4 o a~ iD o~ Q or a phannaceuticelly acceptable sgillt thereof. 8. A
phar maceuti cal conpositiol far treating susceptible viral nfection which 5
conprises an effective anount of a conpaund represented by formuh ~ V of
claim7) together with a pharmaceutically acceptable carriét.

Follow the procedures of Example 1C except substitute an equivalent amount of

5 compound 10.for compound 4 1o obtain compound 11.

Example 4
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A stirred, dry DMF (5mL) solution of 500 mg (1.506 mmol) of compound 2
15  prepared in accordance with the procedures of Example 1A, 300 mg (1.2 eq) of
piperonylic acid (compound 12) was treated at ambient temperature with 732 mg (1.1eq)
of benzotriazolyloxytris-(dimethylamino)phosphonium hexafluorophosphate (“BOP
reagent”) and 576ulL (2.2 eq) of Hunig's base, i.e., -diisopropylethyl amine,
[(i-Pr),NEt], under a nitrogen atmosphere. The so-formed reaction mixture was stirred
20 overnight at ambient temperature. Thin layer chromatography (TLC) showed one major

new spot. The reaction mixture was quenched with an aqueous NH,CI solution and



9. The use of a conpound of fo~nula V for preparation of a nedicanent for
treating chroni c hepatitis C infection which conposes an effective arodity 7103
of aconpou%l % formula V in association with an effectivy U@H 4Qf an
interferon ?a Su 4frC| ent to Brad irate detectabl e HCV- RNA |lemé} A
wherein the corrpound repres anted by the formal a V of claim7. ANENDED

SHEET KCl~ ..L'c>N . F' PA-~bfI~GNCl11B8\ ~ ~)2 , 2_1p _ Il 22 ~~
J~3 3J8 4p5- _ 02-10-2000 R -- -- --_ -- -, - 103 1D
A conpound represented by the formula VI 0 H2~~N N~ AANO HO ~ ,~~OH +9 9

fi5 1 US 0099214.48 i 8 JAt~ 2003 5 wherein AA ls a natural or unnatural
am no acdu&ta@wﬁhﬁt@ﬂct Réefooganid @yecwas w‘éabecdzwm veatea apt arima@aattheadtigd

t abl th t h t t ft
uscopt i pre Nrsch ThE Bl RS Eyanpietio fRBRR el drode Bhpth ot "the'
conpounderi @RIRHE Ma8 puRtied 64 Hdliiga Ye! @{roﬁl _ﬁ‘]fhéél% céluFﬁrF RIS MeOB/GH,CI,

phar maceutical ly acceptable carrier. use of a conpound of fornula
VI for paparcdsanbnToe appropdate dixshions weret ¢arabinag te lgiverha mgpaitdompouad 13

i adsochst PPg R S 7ER RS Sk B S (R EOBRORBELLNE T & o
t o er adi egrisisteet veidt tablseruticve 6ING. | evel s, wherein the conp~~und represented
by the formula VI of claim 10, AI\/ENDED SHEET kCV .VQJ ~ fi NA-?s7UENC - 1FN
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Rso +4~E|~US 009921448 .~r~ bf ,"".""J " Hp' "OHWVII wherein Ra is
CHsCH( NH2) - CO- , CH3CHz( CHCH(NH2) CO or H2N(CH2) aCH( )-CO ; or a
phar maceutical | y accepim e salt t hereof. 10 HoN N
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Compound 13 from step A was treated with 4 mL of TFA:H,O (9:1,v/v) for 40 min.
at ambient temperature. The solvents were evaporated to give a yellow solid. Water
_ was added and evaporated. The crude solid was dried overnight. To the crude product
15  was added 2 x 4 mL of MeOH. The MeOH layer was yeliow. The insoluble material was
collected and dried to give 342 mg of compound 14 as a white solid. The ‘H nmr
spectrum was consistent with the structure of 14.



14." The conpound of claim 13 wherein pharmaceutically acceptabl e salt é?ﬁf‘ 2003
‘ﬁl’lf| uoroacetate, tosylate, nesylate, or chloride. 15. The conpound (;f Rlv Lok
claim13 wheoaion3dsls 15 O . H- CH3 or RS is H xN ~3 20 ~3 orpd®s992 AMENDED
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To a stirred solution of 500 mg (1.505 mmol) of 2 prepared in accordance with Example
1A in 3 mL of dry DMF at ambient temperature was added 516 mg (1.2 eq) of stearic
acid (compound 15), 670 mg (1.0 eq) of the BOP reagent and 792 uL (3.0 eq) of Hunig's

10 base. The so-formed reaction mixture was stirred overnight at ambient temperature.
The reaction mixture was isolated in accordance with the procedures of Example 4A to
give 595.5 mg of compound 16 as a viscous white solid (66% yield). The ‘H nmr

spectrum was consistent with the structure of 16.

15 B.
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Compound 16 (417 mg, 0697 m mol) was treated in accordance with the procedures of

Example 4B to give 330 mg of compound 17 as a white solid (93% vyield). The ‘H nmr .
spectrum and MS-FAB were consistent with the structure of 17.

20 Example 6



- OC U S 009921448 ~ ~3 JhP~ 2~nJ3 or R$ is Fd 2N CH3 H3 5 or
isr H. . W&oeom3asaCH 3 or RS is HzN CH3 H3 10 or a phar maceut/ussalzl4s8
acceptabl e salt thereof 16. A pharnaceutical conposition for treating a
susceptibly viral infection conprising ? conmpound of claim 13 and at feast
one pharmaG-utically acceptable 15 carr br. 17. The phar maceutical |y
conposition of claim 13 adapted for oral adm nistration, 20 18. The use of
a conmpound of forrmula VII for preparation crf a nedicanent for treating a
susceptible chronic hepatitis Cinfection which conprises an effective
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anount of a conpound represented by fornmula VII of claim1;:., 19) The use
of a cofigound of fornula VII for preparation of :~~ nedicament for 25
treating chronic hepatitis C infection which conprises an effe~ G ve;
amount of a AMENDED SHEET f:Cv . 1'U ~, ~ EPA -btl_:E~V{rH6N 0~? . ~~ _
1 p- CG: 2i : " )3 . _ 9Cl8 '__>58 ad4u ~-, +~!1-5 ~t; 3H,N" _ -
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formula Vtl in associationwith an effective g rferon alfa
cuff r~i ?nt to er adi f deTect able—MOye RNA @ he conpound
rearesenfed by the g a VIl of claim13, of claim 19
wherein the Interferon~al fMeis interte~~on al pha-2M¢ i nt\eci/feron al pha-2b,
consensus interferon, pegylated Interferon al pha-2a or diegﬁoat ed interferon

alfa -2b. 21. A conpounggrepresented by the formula M I1> 4 H3N CH9 15 HO
OH or a pharnmaceutically acceptable salt thereof. 22 9A pAar maceut i cal
conposition eonpnsing an anti-viral ~;ffective amouni2of t he conmpound of

claim 21 and a pharmaceutically acceptable carrier. 23. The use of a

conpaound_of forrmula VIII for treati ng_ggt susceptible chronic 20 hepatitis C
i nfecti ol #ftiEedsyspengies cd 338MeEh ¢ TEnelheisrmesund 2 BrARaIRddn accordance

with Example 1A in 5 ml of dry CH,Cl, was added 209 uL (1.5 eq) of triethylamine (Et,N)

and 167 ul. (1.2 eq) of o-toluoy! chloride (compoundi18). TLC showed completion of the

reaction after the reaction mixture had been stirred at ambient temperature for 4 hours.

The so-formed clear reaction mixture was diluted with EtOAc and quenched with water.
10 The separated organic layer was washed with water and brine, dried and evaporated to

give a crude white solid. The crude solid was purified on silica gel column

chromatography elueting with 2-3% MeOH to give 262 mg of compound 19 as a white

solid (57% vyield).
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Compound 19 (262 mg) was treated with 3 mL of TFA:H,0 (9:1 v/v) in accordance with
the procedure of Example 4A to give 210 mg (99% yield) of the compound 20. The ‘H .

nmr spectrum was consistent with the structure of compound 20.
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25. The use of claim 24 wherein the interferon alfa is interter on

al pha-2a, interferon al pha-2b, consensus interferan, pegyiated interferon

~3l pha-2a or pegylaled interferon aifa -2b. 5 28. Tha pharnaceuti cal

conposi tion of claim?22 whErein the ELam o*md represented by the fornula

VIl is adm nistered orally. 27. The d of claim21 wherein the

pharmaceud.i cal ly acceptable salt is 10 trifluaroacetate, tosylate)
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provide 2.10g of compound 27 (ethyl N-phenylipiperazinylacetic acid) as a clear oil. The

" *H nmr spectrum was consistent with the structure of compound 27.

/ \ _ -
Ph-N N-CH ,COOEt - Ph—N N-CH,COO Na*

5 27 28
To a stirred solution of 2.10g (8.47 m mol) of compound 27 in 8.47 mL of MeOH was
added 8.47 mL (1.0 eq) of a 1N NaOH solution. The so-formed reaction mixture was
stirred for 3 hrs. at room temperature (no compound 27 was found by TLC). The
solvents weré removed under reduced pressure to provide a crude product. Water was
10 added to the crude product and the solution was freeze dried overnight to provide 2.10 g
of compound 28 as a white solid. The *H nmr spectrum was consistent with the structure

of compound 28.

C.
Ph-N N-CH,COO  Na* I\ o Me
— _ma e =
28 + Me Triethylamine \__/ e
N—

To a stirred solution of 1.21g (5.0 m mol) of compound 28 in a mixture of 15 mL of
CH,CN and 5 mL of DMF was added 1.146g (6.0 m mol, 1.2 eq) of EDC. HC! followed
by 837 pL (6.0 m mol, 1.2 eq) of Et,N and 731 mg (10.0 mmol, 2 eq) of acetone oxime
(compound 28). The so-formed reaction mixture was stirred overnight and then diluted
20 with EtOAc. The organic layer was washed with water and brine, dried and

concentrated to give a crude product. The crude product was purified on silica gel
column chromatography using 20% EtOAc/hexane (v/v) as an eluant to give 237 mg of
compound 29 as a white solid. The ‘H nmr spectrum of the oxime ester was consistent

with the structure of compound 29.
25
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A suspension of 105.0 mg (0.431 m mol) of ribavirin 237 mg (0.862 m mol) of oxime
ester 29 and 0.1g of Novo SP435 lipase (Candida antarctica) in 5 mL of anhydrous THF
was stirred at 65°C for 24 hrs. The so-formed reaction mixture was cooled to room

5 temperature, filtered and washed with MeOH. The crude material was purified on silica
gel column chromatography using 10% MeOH/CH,CI, (v/v) as eleunt to produce 66 mg
of Compound 30 (a white solid) as a single product (in 42% vield). No other product was
observed by TLC. The ‘H nmr spectrum (300 MHz, DMSO-d,) was conistent with the 5’

ribavirin ester of structure 30.

10
Example 10
A.
0] 0 Me
H H
Ph\er\)l\()H - Ph\rrN\/lLo/N=<Me
o o}
31 32

To a stirred solution of 2.45 g (1.4 mmol) of hippuric acid (compound 31) and
15 1.00 g (1.0 eq) of acetone oxime in 10 mL of CH,CI, at room temperatuare was added
2.83 g (1.0 eq) of DCC. The so-formed reaction mixture was stirred overnight and then
filtered. The filtrate was concentrated under reduced pressure to produce a residue
which was purified with EtOAc/hexane to give 2.36 g of the acetone oxine ester (32) as
a colorless oil. The FAB-MS: MH" = 235.1.
20
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5 Toa rﬁixture of 0.100 g (0.222 mmol) of compound 35 and 42.3 mg (1 eq) of

TSOH.H,0 in 3 ml of aqueous MEOH was added 50 mg of 10% Pd on carbon. The
resulting black suspension was placed under a hydrogen atmosphere for 4 hours. The
so-formed reaction mixture was filtered through a pad of celite and the solid was washed
thoroughly with methanol. The combined filtrates were concentrated and the solvent

10  removed to give 0.101 g of compound 36 as a white solid. FAB:MS MH"=316.1.

Example 12

0 Me
Ribavirin , pn_o M _N=X,, —> ‘W

38 HO OH

15 39
Compound 38 (PhCH,0CH,CO0-N=C(CH,),) was prepared from 2.17 mi (2.53
eq) benzyloxyacetylchloride (Compound 37) and 1.00 g of acetone oxine in 20 mi of
CH,CI, containing 1.67 g (1 eq) of DMAP in accordance with the procedure of Example
10 Step A. Then, the procedure of Example 10, Step B was foliowed using 2.40 g (10.8
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10

To a stirred suspension of 0.200 g of compound 39 in 5 ml of MeOH containing
50 mg of palladium black under an atmosphere of nitrogen was added 0.20 m! of formic
acid. The resulting reaction mixture was heated to reflex for 1 hour. The resulting
15 reaction mixture was cooled and filtered through a pad of cotton wool. The solids were
thoroughly washed with methanol and then water. The combined filtrates were
concentrated under reduced pressure to give a residue. Methanol was added to provide
99.2 mg of the compound 40. FAB-MS:MH"= 303.1.
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Compdund 40 (PhCH,O0COO-N=C(CH,) was prepared in accordance with the
procedure of Step A of Exampie 10. Then the procedure of Step B of Example 10 as
followed using 500 mg (2.4 mmol) of compound 40 in place of compound 32, 295 mg
(1.2 mmol) of ribavirin, 160 mg of Novo SP435 in 15 ml of THF. The so-formed reaction

10  mixture was heated at 70°C for 3 days. The crude product dissolved in MeOH was
purified on silica gel column chromatography using CH,Cl,:MeOH (20:1, v/v) as an
eleunt to provide 156 mg of compound 41. FAB:MS, MH'=379.2.

Example 14

15

A. The benzyl ether of methyl-L-lactate (compound 42) was prepared from methyl-L-

lactate in accordance with the procedures of U. Widner Synthesis 1987, 568.
20 B.

OCH 5Ph OCH ,Ph
Mei: Meti-
© H COOMe H COOH

42 43
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10
The procedures of Step A of Example 10 were followed using 1.15 g (6.39 mmol)
of compound 43 in place of compound 31, 513 mg, (7.03 mmol, 1.1 eq) of acetone
oxime, 1.45 g of DCC in 5 ml of CH,CI, to produce 1.20 g of the acetone oxime ester,
compound 44.
15 D.
0O
“2NJS/—N
OCH ,Ph N )
Ribavirin + 44 » Me""'}\(o— o N
H
S
HO  OH
45

The procedure of Step B of Example 10 was followed using 1.2 g (5.1 mmol) of
compound 44 in place of compound 32, 600 mg (2.5 mmol) of ribavirin and 500 mg of
Novo SP435 lipase in 20 mi of THF. The mixture washed at 70°C until no starting found
20 by TLC.
The crude reaction product was purified by silica gel column chromatography -
using CH,Cl,:MeOH (20:1, v/v) to produce 183 mg of compound 45 as a white solid.
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A solution of N-t-Boc-L-isoleucine (available fromSigma Chemical Co. St. Louis,
Mo) (1.270 g, 5.5 mmol) in anhydrous THF (30mL) was treated with CD|, i.e., carbonyl-
diimidazole (981 mg, 6.05 mmol) at room temperature for 1 hr. The compound 2 of
Example 1 (1.660 g, 5.00 mmol) and sodium imidazolide (150 mg, 1.5 mmol) were then
10  added to the reaction mixture. This mixture was heated at 45°C for 20 hrs. The reaction
was diluted with EtOAc and quenched with aqueous NH,Cl. The organic layer was
washed with water three times and once with brine, and dried over Na,SO, The dried
organic layer was filtered and the filtrate was concentrated to give an off white solid
which was purified on silica gel column chromatography (5-10% by volume of MeOH in
15 CH,Cl,) to afford 1.244 g of compound 47.
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A solution of N,N-diCbz-L-lysine (available fromSigma Chemical Co. St. Louis,

10  Mo) (749 mg, 1.81 mmol) and compound 2 (500 mg, 1.506 mmol) in anhydrous DMF (5
mL) was treated with (732 mg, 1.66 mmol) of benzotriazolyloxytris-
(dimethylamino)phosphonium hexafluorophosphate (“BOP reagent” available fromSigma
Chemical Co. St. Louis, Mo) followed by 576 mL, 3.31 mmol of Hunig's base, i.e., N,N-
diisopropyl-ethyl amine, { “(i-Pr),NEt “ available from Aldrich Chemical Co., Milwaukee,

15 WI] under a nitrogen atmosphere at room temperature. The reaction mixture was
stirred at room temperature overnight. The reaction mixture was diluted with EtOAc and
quenched with aqueous NH,Cl. The organic layer was washed three times with water,
once with brine, and dried over Na,SO, and . The dried organic layer was filtered and
the filtrate was concentrated to give compound 49 as an off white solid .

20

Compound 49 was treated with trifluoroacetic acid/ water (9:1 v/v) at room -
temperature for 1 hr. All volatiles were evaporated. Water was added and evaporated
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Examplei?

10

' Followthe procedures of Examples 11, 15 or 16 except substitute an equivalent
amount of the Cbz- or Boc-D- amino acid derivative of the amino acid listed in the left
hand column in the Table 3 below for the Boc-L-isoleucine used in Example 15, or the
diCbz-L-lysine used in Example186, or the Cbz-L-alanine used in Example 11 to obtain

15 the compounds of formula | or a pharmaceutical accepable salt thereof wherein the R is
the moiety listed in the right hand column of the Table 4 below.
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Many modifications and variations of this invention can be made without
departing from its spirit and scope, as will be apparent to those skilled in the art. The
specific embodiments described herein are offered by way of example only, and the

10  invention is to be limited only by the terms of the appended claims, along with the full

scope of equivalents to which such claims are entitled.
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whereln at least one of R®, R¥ or R is represented by the formula

10
9
[ Q-(CR*'R%)-C-
and the other two of R®, R* or R% is H or is represented by the formula
15
?
Q‘(CR51 R52)k_,c..
20

wherein Q is
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where(n R is H, alkyl, alkanoy!, alkenoyi, aryl, arylalkyl, alkeryi, alkynyl, or, alkyl,
aryl, arylalkyl, alkenyl, alkynyl substituted by halo, OH, SH,CF,alkancyithienyl,or
alkanoyloxy:;
wherein R® is H, alkyl, aryl, arylalkyl, aikenyl,or alkynyl:

20 andqls01or2; kis1or2;
or a pharmaceutically acceptable salt thereof.
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whereln at least one of R*,R*" or R® is represented by the formula

T-(CR*®*R*)gC— |
20
wherein the other two of R*",R*" or R*®" are H or represented by the formula

|
T-(CR®R®)¢C—
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10

wherein R* and R are independently H, alkyl, alkenyl , alkynyl,

(Cs-Cricycloalkyl, arylalkyl, or alkyl, alkenyl , alkynyl, .

(Cs-Cricycloalkyl, arylaikyl, substituted by halo, OH, SH , CFa, ,.8R®, OR®® or NR™R* or
15 wherein R*® and R% taken together with the carbon atom In (C R®R? )form a

cyclopropane, cyclobutane, cyclopentane, or cyclohexane.;

wherein R* is H, alkyl, alkanoyl, alkenoyl, aryl, arylalkyl, atkenyl, allynyt, or, alkyl, aryi,

arylalkyl, alkeny!, alkynyl substituted by halo, OH, SH CFj,alkanoylthieny!,or .
20 alkanoyloxy;
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101

wherein R8'is H, aliyl, aryl, arylalkyl, alkenyl or alkynyl;
anddis 0,1 or2;

5 ora pharmaceutically acceptable sall thereof.

5. A pharmaceutical composition for treating a susceptible viral infection which

comprises an effective amount of a compound represented by formulia IV of claim 4,
together with a pharmaceutically acceptable carrier.
10

6. The use of a compound of formula IV for preparation of 2 medicament for
treating chronic hepatltis C infection which comprises an effective amount of a compound
of formula IV in association with an effective amount of an interferon alfa sufficient to

eradicate detectable HCV-RNA fevels, whereln the compound represer ted by the fermula
15 IV of claim 4.

7. A compound represented by the formula V

",
%

H6O  OM
v
wherein R*® CO- is a natural or unnatural amino acid moiety reprresented by the
formulas

20
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ég<1

or 3 pharmaceutically acceptable salt thereof.

l ",o
1

llu
-ur”

L

8. A phammaceutical composition for treating susceptible viral infection which
9 comprises an effective amount of 8 compound represented by formula V of claim 7,
together with a pharmaceutically acceptable carrier.

9. The use of a compound of formula V for preparation of & medicament for
treating chronic hepatitis C infection which comprises an effective amaunt of a compound
10 of formula V in association with an effective amount of an interferon alfa sufficient to
eradicate detectable HCV-RNA levels, wherein the compound repres :nted by the formula
Vof claim 7.
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5 wherein AA Is a natural or unnatural amino acid maiety of the formulas: in Table AA
or a pharmaceutically acceptable salt thereof.

11. A pharmaceutical composition of treating a susceptible viral infaction which
comprises an effective amount of a compound represented by formula VI of claim 10,
10 together with a pharmaceutically acceptable carrier.

12. The use of a compound of formula VI for preparation of a2 medicament for
treating chironic hepatitis C infection which comprises an effective amount of a
) compound of formula VI in assoclation with an effective amount of an Interferon alfa
15  sufficient to eradicate detectabie HCV-RNA levels, wherein the compound represented
by the formula VI of claim 10.
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13. A compound represented by the farmula Vil

o

H,Nig/_?

wherein R® is CHyCH(NH2)-CO- , CH,CH (CH3)CHCH(NH,)-CO- or
H2N(CHy)sCH{NH,)-CO- ;

or a pharmaceutically acceptable salt thereof.

10
14. The compound of claim 13 wherein pharmaceutically acceptable salt is
trifluoroacetate, tosylate, mesylate, or chioride.

15. The compound of claim 13 wherein R*ls
15
Q

- LN N

CH,

orR®is

HaN
20 Hj

or R¥ is
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or a2 pharmaceutically acceptable salt thereof
16. A pharmaceutical composition for treating a susceptible viral infection
comprising a compound of claim 13 and at least one pharmaceutically acceptable
15 carrier.
17.  The pharmmaceutically composition of claim 13 adapted for oral
administration.
20 18.  The use of a compound of formula VI for preparation: ¢f a medicament for
treating a susceptible chronic hepatitis C infection which comyrrises an effective
amount of a compound represented by formula VIl of claim 12,
18. The use of & compound of formula VI! for preparation of 1 medicament for
25 treating chranic hepatitis C infection which comprises an effective.amount of a )
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compound of formula V1l in association with an effective amoun: of an interferon
alfa sufficient to eradicate detectable HCV-RNA levels, wherein the compound
represented by the formula Vi of claim 13,

20. The use of claim 18 wherein the Interferon alfa is interferon alpha-2a,

interferon alpha-2b, consensus interferon, pegylated Interferon alpha-2a or
pegylated interferon aifa -2b.

21. A compound represented by the formula VIil:

e
0 N.
HaN \/'.Lo \N)
HO  OH
Vit
or a pharmaceutically acceptable salt thereof.

Ohe

22. A pharmaceutical composition compnsing an anti-viral =ffective amount of
the compound of ¢laim 21 and a pharmaceutically acceptable carrier.

23. The use of a compound of formula VI for treating a susceptible chronic

hepatitis C infection which comprises an effective amount of & compound
represented by formuia VIII of claim 21.

24,  The use of a compound of formula Vil for preparation of a‘;medimment for
treating chronic hepatitis C infection which comprises an effective amount of a

compound of formula Vil of claim 21 or a pharmaceutically acceptable salt

thereof, in association with an effective amount of an interfercn alfa sufficient to -
eradicate detectable HCV-RNA levels .
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25.  The use of claim 24 wherein the interferon alfa is interferan alpha-2a,
interferon alpha-2b, consensus interferan, pegytated interferon alpha-2a or
pegylated interferon alfa -2b.

5
28. The pharmaceutical compaosition of claim 22 wherein the compound
represented by the formula VIll is administered orally.
r
27. The compound of claim 21 wherein the pharmaceutically zcceptable salt is
10 trifluoroacetate, tosylate, mesylate, sulfate 2-nappthalenesulfor ate or chioride.
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