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(57) ABSTRACT 

A compound of the formula I: 

N A\ CH2 Z 

MI “ / Y 
/N X R6 

R2 

Wherein: X is CH or N; Y is O or S; Z is OH, NH2, NMeR3, 
NHR3; OR3 or 5- or 6-membered heterocycle, having 1 to 4 
heteroatoms selected from 0, N and S, said heterocycle 
being optionally substituted With from 1 to 4 substituents; A 
is N, COR7 or CR5, Wherein R5 is H, halogen, or (C1_6) alkyl 
and R7 is H or (C1_6 alkyl), With the proviso that X and A are 
not both N; R6 is H, halogen, (C1_6 alkyl) or 0R7, Wherein 
R7 is H or (C1_6 alkyl); 

R1 is selected from the group consisting of 5- or 6-membered 
heterocycle having 1 to 4 heteroatoms selected from O, N, 
and S, phenyl, phenyl(C1_3)alkyl, (C2_6)a1kenyl, phenyl 
(C2_6)alkenyl, (C3_6)cycloa1kyl, (C1_6)a1kyl, CF3, 9- or 
10-membered heterobicycle having 1 to 4 heteroatoms 
selected from O, N and S, Wherein said heterocycle, phenyl, 
phenyl(C2_6)a1kenyl and phenyl(C1_3)a1kyl), alkenyl, 
cycloalkyl, (C1_6)a1kyl, and heterobicycle are all optionally 
substituted With from 1 to 4 substituents 

R2 is selected from (C1_6)alkyl, (C3_7)cycloalkyl, (C3_7)cy 
cloalkyl(C1_3)a1kyl, (C6_1O)bicycloa1kyl, adamantyl, phenyl, 
and pyridyl, all of Which is optionally substituted With from1 
to 4 substituents; 

R3 is selected from H, (C1_6)alkyl, (C3_6)cycloa1kyl, 
(C36)CyC1Oa1ky1(C1-6)a1ky1> (C6-1O)ary1> (C6-1O)ary1 
(C1_6)alkyl, (C2_6)alkenyl, (C3_6)cycloa1kyl(C2_6)alkenyl, 
(C6_10)aryl(C2_6)a1kenyl, N{(C1_6)alkyl}2, NHCOO 
(C1_6)alkyl(C6_1O)aryl, NHCO(C6_1O)aryl, (C1_6)a1kyl-5- or 
10-atom heterocycle, having 1 to 4 heteroatoms selected 
from O, N and S, and 5- or 10-atom heterocycle having 1 to 
4 heteroatoms selected from O, N and S; 

Wherein said alkyl, cycloalkyl, aryl, alkenyl and heterocycle 
are all optionally substituted With from 1 to 4 substituents; 
n is Zero or 1; or a detectable derivative or salt thereof. 

The compounds of the invention may be used as inhibitors 
of hepatitis C virus replication. The invention further pro 
vides a method for treating or preventing hepatitis C virus 
infection. 
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IRAL POLYMERASE INHIBITORS 

RELATED APPLICATIONS 

[0001] Bene?t of US. Provisional Application Serial No. 
60/216,084, ?led on Jul. 6, 2000, US. Provisional Applica 
tion Serial No. 60/274,374, ?led on Mar. 8, 2001, and US. 
Provisional Application Serial No. 60/281,343, ?led on Apr. 
5, 2001, are hereby claimed, each of Which is incorporated 
by reference in its entirety. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The invention relates to inhibitors of RNA depen 
dent RNA polymerases, particularly those viral polymerases 
Within the Flaviviridae family, and more particularly the 
NS5B polymerase of HCV. 

BACKGROUND OF THE INVENTION 

[0003] About 30,000 neW cases of hepatitis C virus (HCV) 
infection are estimated to occur in the United States each 

year (Kolykhalov, A. A; Mihalik, K.; Feinstone, S. M.; Rice, 
C. M.; 2000; J. Virol. 74: 2046-2051*). HCV is not easily 
cleared by the hosts’ immunological defences; as many as 
85% of the people infected With HCV become chronically 
infected. Many of these persistent infections result in 
chronic liver disease, including cirrhosis and hepatocellular 
carcinoma (Hoofnagle, J. H.; 1997; Hepatology 26:1 
5S-20S*). There are an estimated 170 million HCV carriers 
World-Wide, and HCV-associated end-stage liver disease is 
noW one of the leading cause of liver transplantation. In the 
United States alone, hepatitis C is responsible for 8,000 to 
10,000 deaths annually. Without effective intervention, the 
number is expected to triple in the neXt 10 to 20 years. There 
is no vaccine to prevent HCV infection. Prolonged treatment 
of chronically infected patients With interferon or interferon 
and ribavirin is the only currently approved therapy, but it 
achieves a sustained response in feWer than 50% of cases 
(Lindsay, K. L.; 1997; Hepatology 26: 71S-77S*, and Rei 
chard, O.; SchvarcZ, R.; Weiland, O.; 1997 Hepat0l0gy26: 
108S-111 S*). 

[0004] HCV belongs to the family Flaviviridae, genus 
hepacivirus, Which comprises three genera of small envel 
oped positive-strand RNA viruses (Rice, C. M.; 1996; “Fla 
viviridae: the viruses and their replication”; pp. 931-960 in 
Fields Wrology; Fields, B. N.; Knipe, D. M.; HoWley, P. M. 

(eds.); Lippincott-Raven Publishers, Philadelphia Pa. The 9.6 kb genome of HCV consists of a long open reading 

frame (ORF) ?anked by 5‘ and 3‘ non-translated regions 
(NTR’s). The HCV 5‘ NTR is 341 nucleotides in length and 
functions as an internal ribosome entry site for cap-inde 
pendent translation initiation (Lemon, S. H.; Honda, M.; 
1997; Semin. Viral. 8: 274-288*). The HCV polyprotein is 
cleaved co- and post-translationally into at least 10 indi 
vidual polypeptides (Reed, K. E.; Rice, C. M.; 2000; Curr. 
Top. Microbiol. Immunol. 242: 55-84*). The structural pro 
teins result from signal peptidases in the N-terminal portion 
of the polyprotein. TWo viral proteases mediate doWnstream 
cleavages to produce non-structural (NS) proteins that func 
tion as components of the HCV RNA replicase. The NS2-3 
protease spans the C-terminal half of the NS2 and the 
N-terminal one-third of NS3 and catalyses cis cleavage of 
the NS2/3 site. The same portion of NS3 also encodes the 
catalytic domain of the NS3-4A serine protease that cleaves 
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at four doWnstream sites. The C-terminal tWo-thirds of NS3 
is highly conserved amongst HCV isolates, With RNA 
binding, RNA-stimulated NTPase, and RNA unWinding 
activities. Although NS4B and the NS5Aphosphoprotein are 
also likely components of the replicase, their speci?c roles 
are unknoWn. The C-terminal polyprotein cleavage product, 
NS5B, is the elongation subunit of the HCV replicase 
possessing RNA-dependent RNA polymerase (RdRp) activ 
ity (Behrens, S. E.; Tomei, L.; DeFrancesco, R.; 1996; 
EMBO J. 15: 12-22*; and Lohmann, V.; Korner, E; Herian, 
U.; Bartenschlager, R.; 1997; J. Virol. 71: 8416-8428*). It 
has been recently demonstrated that mutations destroying 
NS5B activity abolish infectivity of RNA in a chimp model 
(Kolykhalov, A. A; Mihalik, K.; Feinstone, S. M.; Rice, C. 
M.; 2000; J. Virol. 74: 2046-2051*). 

[0005] The development of neW and speci?c anti-HCV 
treatments is a high priority, and virus-speci?c functions 
essential for replication are the most attractive targets for 
*incorporated herein by reference drug development. The absence of RNA 
dependent RNA polymerases in mammals, and the fact that this enzyme 
appears to be essential to viral replication, Would suggest that the NS5B 
polymerase is an ideal target for anti-HCV therapeutics. 

[0006] WO 00/06529 reports inhibitors of NS5B Which 
are 0t, y-diketoacids. WO 00/13708, W0 00/ 10573, and W0 
00/ 18231 report inhibitors of NS5B proposed for treatment 
of HCV. 

SUMMARY OF THE INVENTION 

[0007] The present invention reduces the dif?culties and 
disadvantages of the prior art by providing a novel class of 
compounds useful for the treatment and prevention of hepa 
titis C virus (HCV) infection. The aforesaid compounds 
have been found to inhibit an RNA dependent RNA poly 
merase encoded by HCV. 

[0008] In a ?rst aspect, the invention provides a compound 
of formula I: 

N A\ CH2 Z 

H/I “ / Y 
/N X R6 

R2 

[0009] Wherein: 

(I) 

[0010] X is CH or N; 

[0011] Y is or S; 

[0012] Z is OH, NH2, NMeR 3, NHR3; OR 3or 5- or 
6-membered heterocycle, having 1 to 4 heteroatoms selected 
from O, N and S, said heterocycle being optionally substi 
tuted With from 1 to 4 substituents selected from: 

*incorporated herein by reference 
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\ OH O 

E \ NH 

O ?g s 

O , s , 

COOH 

O F 
N \/\N/\COOH 

COOH , —NHCN 

[0030] —NHCHO, —NHSO2CH3, and 
—NHSO2CF3; 

[0031] cournarin, (C1_6)alkyl-arnino, di-(C1_6)alkyl 
arnino, C(halogen)3, —NH(C2_4)acyl, —NH 
(C6_1O)aroyl, —CONHCH(CH2OH)2, 
—CO(C1_6)alkyl-COOH, —CO—NH-alanyl, 
—(CH2)pCOOH, —OCHZPh, —CONHbenZyl, 
—CONHpyridyl, —CONHCHZpyridyl, 
—CONH(C24)alkylN(C1_6alkyl)2, —CONH(C2_4) 
alkyl-rnorpholino, —CONH(C2_4) alkyl-pyrrolidino, 
—CONH(C2_4) alkyl—N-rnethylpyrrolidino, 
—CONH(C2_4) alkyl-(COOH)-irnidaZofe, 
—CONHCHZCH (OH )CHZOH, —CON H(C1_6) 

[0032] —CONH(C6_1O)aryl-(C2_6)alkenyl—COOH, 
—CONH(C2_6) alkyl-CONH-9 or 10-rnernbered het 
erobicycle having 1 to 4 heteroatorns selected from 
O, N, and S, said heterobicycle being optionally 
substituted with from 1 to 4 substituents selected 

from; 
[0033] COOH, (C6_1O)aryl and (CH2)pCOOH, 

Wherein p is an integer from 1 to 4; 

[0034] —CONH(C6_1O) aryl-S- or 6-rnernbered het 
erocycle having 1 to 4 heteroatorns selected from O, 
N and S, said heterocycle being optionally substi 
tuted with from 1 to 4 substituents selected from: 

[0035] COOH and (CH2)pCOOH, Wherein p is an 
integer from 1 to 4; 

[0036] —CONH(C1_6alkyl)CONH(C6_10aryl), said 
aryl being optionally substituted with from 1 to 4 
substituents selected from: 

[0037] COOH and (CH2)pCOOH, Wherein p is an 
integer from 1 to 4; 

[0038] —O(CH2)ptetraZolyl, Wherein p is an integer 
from 1 to 4;; and 

[0039] n is Zero or 1; 

[0040] or a detectable derivative or salt thereof; 

[0041] With the proviso that if X is CH, Y is O, Z is OH, 
n=0, and R2 is alkyl or hydroXyalkyl, 
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[0042] then R1 is not a ?ve rnernbered heterocycle con 
taining S and N; 

[0043] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R1 is 

[0044] (C2_1O)alkyl, (C3_1O)alkenyl, (C3_6)cycloalkyl or 
phenyl, then R2 is not phenyl; 

[0045] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is alkyl or hydroXyalkyl, then R1 is not 
5-nitro-2-furyl; 

[0046] E and With the further proviso that if X is CH, Y is 
O, Z is OH, n=0, and R2 is optionally substituted alkyl or 
cycloalkyl, then R1 is 5-aryl-2-furyl; 

[0047] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is alkyl or cycloalkyl, then R1 is not 
6-phenylbenZofuran-2-yl; 

[0048] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is n-Pr, then R1 is not 2,3-benZofuranyl 
or phenyl; 

[0049] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2is Me, then R1 is not phenyl or 
rnethoXy-2,3-benZofuranyl; 

[0050] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is Et, then R1 is not rnethoXy-2,3 
benZofuranyl; 

[0051] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is (C1_8)alkyl, then R1 is not ethenyl; 

[0052] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is loWer alkyl, then R1 is not 
substituted or unsubstituted phenyl, heteroaryl, CHCHphe 
nyl, CHCHfuryl, CHCHpyridyl or CHCHquinolinyl; 

[0053] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is loWer alkyl, cycloalkyl or hydroXy 
alkyl, then R1 is not alkenyl; 

[0054] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is alkyl, then R1 is not aryl, pyridyl, 
2-hydroXyphenyl or alkenyl; 

[0055] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is (C1_4)alkyl or hydroXy(C1_4)alkyl, 
then R1 is not (C5_15)aryl, (C2_6)alkenyl or (C3_1O)het 
eroarylene; 

[0056] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is (CO1_12)alkyl, then R1 is not phenyl 
or aryl; 

[0057] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is alkyl or cycloalkyl, then R1 is not 
2-hydroXyphenyl; 

[0058] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=1, then R1 is not methyl, ethyl or vinyl; 

[0059] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=1, then R1 is not 5-aZabenZirnidaZol-2-yl; 

[0060] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0 or 1, and R2 is (C1_4)alkyl or hydroXy 
(C1_4)alkyl then R1 is not C1_4alkyl optionally substituted by 
OH, COOH or halo; 
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[0061] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0 or 1, R1 is heteroaryl or phenyl, then R2 is not 
heteroaryl or phenyl; 

[0062] and With the further proviso that if X is CH, Y is O, 
Z is NHR3 Wherein R3 is (C1_3)alkyl, substituted With 
COOH, COOalkyl or tetraZol-5-yl, and further substituted 
With aryl or heteroaryl, n=0 or 1, and R‘ is (C2_1O)alkyl, 
(C3_6)cycloalkyl or phenyl, then R2 is not optionally substi 
tuted phenyl; 

[0063] and With the further proviso that if X is CH, Y is O, 
Z is NMeR3 or NHR3 [Wherein R3 is alkyl], n=0, and R2 is 
alkyl, cycloalkyl or aryl, then R‘ is not a substituted 2-ben 
Zofuryl group; 

[0064] and With the further proviso that if X is CH, Y is O, 
Z is NHR3 Wherein R3 is alkyl, n=0, and R2 is alkyl or 
cycloalkyl, then R1 is not a substituted benZofuryl group or 
benZofuran-2-yl; 

[0065] and With the further proviso that if X is CH, Y is O, 
Z is NHR3 Wherein R3 is Me, n=0, and R2 is Me, then R1 is 
not methoXy-2,3-benZofuranyl; 

[0066] and With the proviso that if X is CH, Y is O, Z is 
NHR3 [Wherein R3 is alkyl or aryl], n=0, and R2 is alkyl not 
substituted With OH, then R1 is not aryl or heterocycle; 

[0067] and With the further proviso that if X is CH, Y is O, 
Z is NHR3 [Wherein R3 is alkyl, cycloalkyl, aryl or het 
eroaryl], n=0, and R2 is alkyl or cycloalkyl, then R1 is not 
aryl, heteroaryl or alkyl; 

[0068] and With the further proviso that if X is CH, Y is O, 
Z is OH or NHR3 or NMeR3 [Wherein R3 is (C1_4)alkyl], 
n=0, and R2 is (C14)alkyl, then R1 is not phenyl bearing an 
N-substituted sulfonamido group; 

[0069] and With the further proviso that if X is CH, Y is O, 
Z is OH or NHR3 Wherein R3 is alkyl, cycloalkyl, aryl or 
heterocycle, n=0, and R2 is alkyl or cycloalkyl, then R1 is not 
3,4-dialkoXyphenyl, 3,4-dialkoXyphenylphenylene or 3,4 
dialkoxyphenylalkylene; 

[0070] and With the further proviso that if X is CH, Y is O, 
Z is OH or NHR3 Wherein R3 is H, alkyl, allyl, cycloalkyl, 
cycloalkylalkyl, phenyl or benZyl, n=0, and R2 is alkyl, 
cycloalkyl or hydroXyalkyl, then R1 is not tetraZolyl; 

[0071] and With the further proviso that if X is CH, Y is O, 
Z is OH or NHR3 Wherein R3 is alkyl, halogenoalkyl, 
alkoxyalkyl, alkylcarbonyl, arylcarbonyl, arylsulphonyl, 
arylaminocarbonyl or arylmethylsulphonyl, n=0, and R2 is 
loWer alkyl, then R1 is not substituted phenyl or heteroaryl; 

[0072] and With the further proviso that if X is CH, Y is O, 
Z is OH or NHR3 Wherein R3 is H, alkyl, phenyl or benZyl, 
n=0, and R2 is (C14)alkyl, then R1 is not phenyl; 

[0073] and With the further proviso that if X is CH, Y is O, 
Z is OH or NH2, n=0, and R2 is alkyl or hydroXyalkyl, then 
R1 is not ?uoroalkyl; 

[0074] and With the further proviso that if X is CH, Y is O, 
Z is OH or NH2, n=0, and R2 is alkyl, then R1 is not alkenyl 
or aryl; 

[0075] and With the further proviso that if X is CH, Y is O, 
Z is NHR3 [Wherein R3 is thiaZolyl], n=1, and R2 is 
(C1_8)alkyl, (C1_6)haloalkyl, (C3_7)cycloalkyl, phenyl or het 
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eroaryl, then R1 is not phenyl, phenyl(C2_4)alkenyl, het 
eroaryl, heterocycle, (C1_8)alkyl, (C2_6)alkenyl, or (C3_7)cy 
cloalkyl; 
[0076] and With the further proviso that if X is CH, Y is O, 
Z is OH or NH2, n=1, and R2 is (C1_5)alkyl, then R1 is not 
methyl or optionally halogenated phenyl; 

[0077] and With the further proviso that if X is CH, Y is O, 
Z is NH2, n=0, and R2 is n-Pr, then R1 is not phenylethenyl; 

[0078] and With the further proviso that if X is CH, Y is O, 
Z is NH2, n=0, and R2 is alkyl, then R1 is not substituted 
phenyl or naphthyl; 

[0079] and With the further proviso that if X is CH, Y is O, 
Z is NH2 or NHR3 Wherein R3is (C1_4)alkyl, benZyl or 
p-?uorophenylmethyl, n=0, and R2 is (Cl4)alkyl, then R1 is 
not phenyl substituted With acylamino. 

[0080] Alternatively, the ?rst aspect of the invention also 
provides a compound of formula Ia: 

N \ CH2 Z 

R1% I n / Y 
/N X 

R2 

Wherein: 

X is CH or N; 

Y is O or S; 

Z is OH, NH2, NMeR3or NHR3; 

[0081] 
[0082] 
[0083] 
[0084] 

[0085] 
[0086] R1 is selected from 5- or 6-membered heteroaryl or 
heterocycle having 1 to 4 heteroatoms selected from O, N, 
and S, 

[0087] phenyl, phenyl(C1_3)alkyl, (C2_6)alkenyl, phe 
nyl(C2_6)alkenyl, (C3_6)cycloalkyl, (C1_6)alkyl, 9- or 
10-atom heterobicycle having 1 to 4 heteroatoms selected 
from O, N and S, 

and Wherein 

[0088] Wherein said heteroaryl, phenyl phenylalk 
enyl, phenylalkyl, alkenyl, cycloalkyl, (C1_6)alkyl, 
and heterobicycle are all optionally substituted With 
1 to 4 substituents selected from: OH, halogen, 
cyano, phenyl(C1_4) alkoXy, COOH, 
—OCH2CONHCH2Ph, (C1_4)alkyl, 
—OCH2CONH(CH2)23N(CH3)2, (c1 4)alkoXy, 
—OCH2CO-(morpholino), pyrrolidinyl, car 
boXy(C2_4)alkenyl, phenoXy, —N H(C2_4)acyl, 
—O(CH2)mOH, m being an integer from 2 to 4, SO3 
and N02; 

[0089] R2 is selected from (C1_6)alkyl, (C3_7)cycloalkyl, 
(C3_7)cycloalkyl(C1_3)alkyl, (C6_1O)bicycloalkyl, norbor 
nane, phenyl, and pyridyl, all of Which is optionally substi 
tuted With from 1 to 4 substituents selected from: 

[0090] halogen, (C1_6)alkyl, —CH2OH, O-benZyl 
and OH; 
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[0091] R3 is selected from (C1_6)alkyl, (C3_6)cycloalkyl, 
(C3-6)CyC1Oa1ky1(C1-6)a1ky1> (C6-1O)ary1> (C6-1O)ary1 
(C1_6)alkyl, (C2_6)alkenyl, (C3_6)cycloalkyl(C2_6)alkenyl, 
(C6_1O)aryl(C2_6)alkenyl, and 5- to 10-rnernbered hetero 
cycle having 1 to 4 heteroatorns selected from O, N and S; 

[0092] Wherein said alkyl, cycloalkyl, aryl, alkenyl 
and heterocycle are all optionally substituted with 
from 1 to 4 substituents selected from: 

[0093] OH, COOH, COO(C1_6)alkyl, (C1_6)alkyl, 
phenyl, benZyloXy, halogen, (C2_4)alkenyl, car 
boXy(C2_4)alkenyl, 5- to 6-rnernbered heterocycle 
having 1 to 4 heteroatorns selected from O, N and S, 
said heterocycle being optionally substituted with 
from 1 to four substituents selected from: 

[0094] CH3, c113, OH, cnzcoon and coon; 
[0095] 9- to 10-rnernbered heterobicycle having 1 to 

4 heteroatorns selected from O, N and S said het 
erobicycle being optionally substituted with from 1 
to 4 substituents selected from: 

[0096] halogen, (C1_3)alkyl, (C1_3)alkoXy, tetra 
Zolyl, COOH, —CONH2, triaZolyl, OH, and 
—O(C1_3)alkylCOOH; (C1_4)alkoXy, cyano, 
arnino, aZido, (C1_6)alkyl-arnino, di-(C1_6)alkyl 
arnino, OPO3H, sulfonarnido, SO3H, SO2CH3, 
nitro, C(halo)3 , —NH(C2_4)acyl, —NHCO 
COOH, —NHCHZCOOH, —NHCONH2, 

OH 

[0097] —NHCN, —NHCHO, —NHSO2CH3, 
—NHSO2CF3, —NH(C6_1O)aroyl, —CON H2, 
—CO—NH-alanyl, —(CH2)pCOOH, —OCHZPh, 
—O—(C1_6)alkyl COOH, —NHCO(C1_6)hy 
droXyalkyl COOH, —OCO(C1_6)hydroXyalkyl 
COOH, (C3_6)cycloalkyl COOH, —CON Hben 
Zyl, —CONHpyridyl, —CON HCH2pyridyl, 
—CONH(C2_4)alkylN(CH3)2, —CONH 
(C2_4)alkylrnorpholino and —O(CH2)ptetraZolyl, 
p being an integer from 1 to 4; and 

[0098] n is Zero or 1; or a salt thereof; 

[0099] With the proviso that if X is CH, Y is O, Z is OH, 
n=0, and R2 is alkyl or hydroXyalkyl, then R1 is not a ?ve 
rnernbered heterocycle containing S and N; 

[0100] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R1 is 

[0101] (C2_1O)alkyl, (C3_1O)alkenyl, (C3_6)cycloalkyl or 
phenyl, then R2 is not phenyl; 

[0102] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is alkyl or hydroXyalkyl, then R1 is not 
5-nitro-2-furyl; 
[0103] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is optionally substituted alkyl or 
cycloalkyl, then RI is 5-aryl-2-furyl; 
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[0104] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is alkyl or cycloalkyl, then R1 is not 
6-phenylbenZofuran-2-yl; 

[0105] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is n-Pr, then R1 is not 2,3-benZofuranyl 
or phenyl; 

[0106] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is Me, then R1 is not phenyl or 
rnethoXy-2,3-benZofuranyl 

[0107] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is Et, then R1 is not rnethoXy-2,3 
benZofuranyl; 

[0108] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2is (C1_8)alkyl, then R1 is not ethenyl; 

[0109] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is loWer alkyl, then R1 is not 
substituted or unsubstituted phenyl, heteroaryl, CHCHphe 
nyl, CHCHfuryi, CHCHpyridyl or CHCHquinolinyl; 

[0110] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is loWer alkyl, cycloalkyl or hydroXy 
alkyl, then R1 is not alkenyl; 

[0111] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is alkyl, then R1 is not aryl, pyridyl, 
2-hydroXyphenyl or alkenyl; 

[0112] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is (C1_4)a1kyl or hydroXy(C1_4)alkyl, 
then R1 is not (C5_15)aryl, (C2_6)alkenyl or (C3_1O)het 
eroarylene; 

[0113] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is (C1_12)alkyl, then R1 is not phenyl 
or aryl; 

[0114] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0, and R2 is alkyl or cycloalkyl, then R1 is not 
2-hydroXyphenyl; 

[0115] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=1, then R1 is not methyl, ethyl or vinyl; 

[0116] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=1, then R1 is not 5-aZabenZirnidaZol-2-yl; 

[0117] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0 or 1, and R2 is (C1_4)alkyl or hydroXy 
(C1_4)alkyl then R1 is not C1_4alkyl optionally substituted by 
OH, COOH or halo; 

[0118] and With the further proviso that if X is CH, Y is O, 
Z is OH, n=0 or 1, R1 is heteroaryl or phenyl, then R2 is not 
heteroaryl or phenyl; 

[0119] and With the further proviso that if X is CH, Y is O, 
Z is NHR3 Wherein R3 is (C1_3)alkyl, substituted With 
COOH, COOalkyl or tetraZol-5-yl, and further substituted 
With aryl or heteroaryl, n=0 or 1, and R1 is (C21O)alkyl, 
(C36)cycloalkyl or phenyl, then R2 is not optionally substi 
tuted phenyl; 

[0120] and With the further proviso that if X is CH, Y is O, 
Z is NMeR3 or NHR3 [Wherein R3 is alkyl], n=0, and R2 is 
alkyl, cycloalkyl or aryl, then R1 is not a substituted 2-ben 
Zofuryl group; 
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[0121] and With the further proviso that if X is CH, Y is O, 
Z is NHR3 wherein R3 is alkyl, n=0, and R2 is alkyl or 
cycloalkyl, then R1 is not a substituted benZofuryl group or 
benZofuran-2-yl; 
[0122] and With the further proviso that if X is CH, Y is O, 
Z is NHR3 Wherein R3 is Me, n=0, and R2 is Me, then R1 is 
not methoXy-2,3-benZofuranyl; 

[0123] and With the proviso that if X is CH, Y is O, Z is 
NHR3 [Wherein R3 is alkyl or aryl], n=0, and R2 is alkyl not 
substituted With OH, then R1 is not aryl or heterocycle; 

[0124] and With the further proviso that if X is CH, Y is O, 
Z is NHR3 [Wherein R3 is alkyl, cycloalkyl, aryl or het 
eroaryl], n=0, and R2 is alkyl or cycloalkyl, then R1 is not 
aryl, heteroaryl or alkyl; 

[0125] and With the further proviso that if X is CH, Y is O, 
Z is OH or NHR3 or NMeR3 [Wherein R3 is (C1_4)alkyl], 
n=0, and R2 is (ClA)alkyl, then R1 is not phenyl bearing an 
N-substituted sulfonamido group; 

[0126] and With the further proviso that if X is CH, Y is O, 
Z is OH or NHR3 Wherein R3 is alkyl, cycloalkyl, aryl or 
heterocycle, n=0, and R2 is alkyl or cycloalkyl, then R1 is not 
3,4-dialkoXyphenyl, 3,4-dialkoXyphenylphenylene or 3,4 
dialkoxyphenylalkylene; 
[0127] and With the further proviso that if X is CH, Y is O, 
Z is OH or NHR3 Wherein R3 is H, alkyl, allyl, cycloalkyl, 
cycloalkylalkyl, phenyl or benZyl, n=0, and R2 is alkyl, 
cycloalkyl or hydroXyalkyl, then R1 is not tetraZolyl; 

[0128] and With the further proviso that if X is CH, Y is O, 
Z is OH or NHR3 Wherein R3 is alkyl, halogenoalkyl, 
alkoxyalkyl, alkylcarbonyl, arylcarbonyl, arylsulphonyl, 
arylaminocarbonyl or arylmethylsulphonyl, n=0, and R2 is 
loWer alkyl, then R1 is not substituted phenyl or heteroaryl; 

[0129] and With the further proviso that if X is CH, Y is O, 
Z is OH or NHR3 Wherein R3 is H, alkyl, phenyl or benZyl, 
n=0, and R2is (C1_4)alkyl, then R1 is not phenyl; 

[0130] and With the further proviso that if X is CH, Y is O, 
Z is OH or NH2, n=0, and R2 is alkyl or hydroXyalkyl, then 
R1 is not ?uoroalkyl; 

[0131] and With the further proviso that if X is CH, Y is O, 
Z is OH or NH2, n=0, and R2 is alkyl, then R1 is not alkenyl 
or aryl; 

[0132] and With the further proviso that if X is CH, Y is O, 
Z is NHR3 [Wherein R3 is thiaZolyi], n=1, and R2 is 
(C1_8)alkyl, (C1_6)haloalkyl, (C3-7)cycloalkyl, phenyl or 
heteroaryl, then R1 is not phenyl, phenyl(C2_4)alkenyl, het 
eroaryl, heterocycle, (C1_8)alkyl, (C2_6)alkenyl, or (C3_7)cy 
cloalkyl; 
[0133] and With the further proviso that if X is CH, Y is O, 
Z is OH or NH2, n=1, and R2 is (C1_5)alkyl, then R1 is not 
methyl or optionally halogenated phenyl; 

[0134] and With the further proviso that if X is CH, Y is O, 
Z is NH2, n=0, and R2 is n-Pr, then R1 is not phenylethenyl; 

[0135] and With the further proviso that if X is CH, Y is O, 
Z is NH2, n=0, and R2 is alkyl, then R1 is not substituted 
phenyl or naphthyl; 

[0136] and With the further proviso that if X is CH, Y is O, 
Z is NH2 or NHR3 Wherein R3 is (C1_4)alkyl, benZyl or 
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p-?uorophenylmethyl, n=0, and R2 is (C1_4)alkyl, then R1 is 
not phenyl substituted With acylamino. 

[0137] In a second aspect, the invention provides an 
inhibitor of NSSB having the formula I, or Ia, Without the 
provisos. 
[0138] In a third aspect, the invention provides an inhibi 
tor of HCV replication having the formula I, or Ia, Without 
the provisos. 

[0139] In a fourth aspect, the invention provides a method 
of treating or preventing HCV infection in a mammal, 
comprising administering to the mammal an effective 
amount of a compound of formula I, or Ia, Without the 
provisos. 
[0140] In a ?fth aspect, the invention provides a pharma 
ceutical composition for the treatment or prevention of HCV 
infection, comprising an effective amount of a compound of 
formula I, or Ia, Without the provisos, and a pharmaceuti 
cally acceptable carrier. 

[0141] In a siXth aspect, the invention provides a use for 
the manufacture of a medicament of formula I, or Ia, Without 
the provisos, for the treatment of HCV infection. 

[0142] In a seventh aspect, the invention provides a use of 
a compound of formula I, or Ia, Without the provisos, as an 
inhibitor of NSSB. 

[0143] In an eighth aspect, the invention provides a use of 
a compound of formula I, or Ia, Without the provisos, as an 
inhibitor of HCV replication. 

[0144] In a ninth aspect, the invention provides a method 
of treating HCV infection in a mammal, comprising giving 
instructions to a third party to administer a compound of 
formula I, or Ia, Without the provisos to a subject suffering 
from HCV infection. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0145] Having thus generally described the invention, 
reference Will noW be made to the accompanying draWing, 
shoWing by Way of illustration a preferred embodiment 
thereof, and in Which: 

[0146] FIG. 1 shoWs an amino acid sequence of full length 
NSSB (SEQ ID NO 1) of HCV. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0147] De?nitions 

[0148] The folloWing de?nitions apply unless otherWise 
noted: 

[0149] As used herein, the term “detectable derivative” is 
intended to refer to substituents, Which “label” compounds 
of the present invention such that When the compound is 
associated With the polymerase target, the presence of the 
compound can be detected, measured and quanti?ed. 
EXamples of such “labels” are intended to include, but are 
not limited to, ?uorescent labels, calorimetric labels, and 
radioactive isotopes. 

[0150] As used herein, the terms “(C1_3) alkyl”, “(C1_4) 
alkyl” or “(C1_6) alkyl”, either alone or in combination With 
another radical, are intended to mean acyclic straight chain 
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alkyl radicals containing up to three, four and six carbon 
atoms respectively. Examples of such radicals include 
methyl, ethyl, propyl, butyl, hexyl, l-methylethyl, 1-meth 
ylpropyl, 2-methylpropyl, 1,1-dimethylethyl. 

[0151] As used herein, the term “(C2_4) alkenyl”, either 
alone or in combination With another radical, is intended to 
mean an unsaturated, acyclic straight chain radical contain 
ing tWo to four carbon atoms. 

[0152] As used herein. the term “(C3_7) cycloalkyl”, either 
alone or in combination With another radical, means a 
cycloalkyl radical containing from three to seven carbon 
atoms and includes cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl and cycloheptyl. 

[0153] As used herein, the term “aryl”, either alone or in 
combination With another radical means aromatic radical 
containing six, or nine or ten carbon atoms, for example 
phenyl. 

[0154] As used herein, the term “heterocycle” or “Het”, 
either alone or in combination With another radical, means 
a monovalent radical derived by removal of a hydrogen from 
a ?ve-, six-, or seven-membered saturated or unsaturated 
(including aromatic) heterocycle containing from one to four 
heteroatoms selected from nitrogen, oxygen and sulfur. 
Furthermore, “heterobicyclic” as used herein, means a het 
erocycle as de?ned above fused to one or more other cycle, 
be it a heterocycle or any other cycle. Examples of such 
heterocycles include, but are not limited to, pyrrolidine, 
tetrahydrofuran, thiaZolidine, pyrrole, thiophene, diaZepine, 
1H-imidaZole, isoxaZole, thiaZole, tetraZole, piperidine, 1,4 
dioxane, 4-morpholine, pyridine, pyridine—N-oxide, pyri 
midine, thiaZolo[4,5-b]-pyridine, quinoline, or indole, or the 
folloWing heterocycles: 

[0155] As used herein, the term “halo” means a halogen 
atom and includes ?uorine, chlorine, bromine and iodine. 

[0156] As used herein, the term “pharmaceutically accept 
able salt” includes those derived from pharmaceutically 
acceptable bases and is non-toxic. Examples of suitable 
bases include choline, ethanolamine and ethylenediamine. 
Na”, K", and Ca++ salts are also contemplated to be Within 
the scope of the invention (also see Pharmaceutical salts, 
Birge, S. M. et al., J. Pharm. Sci., (1977), 66, 1-19, incor 
porated herein by reference). 

[0157] Preferred embodiments 

[0158] Compounds of the invention act as inhibitors of 
NSSB RNA dependent RNA polymerase -type activity in 
vitro and in HCV infected individuals. 

[0159] According to the ?rst embodiment of this invention 
preferably compounds of the invention have the folloWing 
formula: 
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(lb) 
O 

A 
N \ Z 

R1‘</ I 
/N / R6 

R2 

[0160] Preferably Ais N or CR5, Wherein R5 is H or (C1_6 
alkyl). More preferably A is N, CCH3, or CH. Most prefer 
ably A is CH. 

[0161] Preferably R6 is H or (C1_6)alkyl. More preferably 
R6 is CH3 or H. Most preferably R6 is H. 

[0162] Preferably Z is NHR3, OR3, or OH. Most prefer 
ably Z is NHR3. 

[0163] Alternatively preferably, compounds of the inven 
tion have the folloWing formulae: 

([6) 

R2 or 

(Id) 

NHR3. 

[0164] With respect to compounds of formula (I), (la), 
(Ib), (Ic), and (Id), preferably R1 is selected from the group 
consisting of 5- or 6-membered heterocycle having 1 to 4 
heteroatoms selected from O, N, and S, 

[0165] phenyl, phenyl(C1_3)alkyl, (C2_6)alkenyl, phe 
nyl(C2_6)alkenyl, (C3_6)cycloalkyl, (C1_6)alkyl, CF3, 9- or 
10-membered heterobicycle having 1 to 4 heteroatoms 
selected from O, N and S, 

[0166] Wherein said heterocycle, phenyl, phenyl 
(C2_6)alkenyl and phenyl(C1_3)alkyl), alkenyl, 
cycloalkyl, (C1_6)alkyl, and heterobicycle are all 
optionally substituted With from 1 to 4 substituents 
selected from: OH, halogen, CF3, amino, cyano, 
phenyl(C1_4)alkoxy, COOH, —OCH2CONHCH2Ph, 
(C1_4)alkyl, —OCH2CONH(CH2)23N(CH3)2, 
(C1_4)alkoxy, —OCH2CO-(morpholino), pyrrole, 
pyrrolidinyl, carboxy(C2_4)alkenyl, phenoxy, 
—NH(C2_4)acyl, -O(CH2)mOH, m being an integer 
from 2 to 4, SO3H, and N02. 

[0167] More preferably R1 is furyl, tetrahydrofuranyl, 
pyridyl, N-methylpyrrolyl, pyrrolyl, pyraZine, imidaZole, 
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isoquinoline, thiaZole, pyrimidine, thiadiaZole, pyraZole, 
isoXaZole, indole, thiophenyl, 1,3-benZodioXaZole, 1,4-ben 
ZodioXan, CF3, phenyl; 

[0168] wherein said furanyl, tetrahydrofuranyl, 
pyridyl, N-Inethylpyrrolyl, pyrrolyl, pyraZine, iso 
quinoline, thiaZole, pyrimidine, pyraZole, isoXaZole, 
indole, thiophenyl, 1,3-benZodioXaZole, 1,4-benZo 
dioXan or phenyl being optionally substituted With 
from 1 to 4 substituents selected from: (C1_6alkyl), 

(C1_4)alkoXy, —OCH2CONH(CH2)23N(CH3)2, 
COOH, OH, halogen, CF3, cyano, phenoXy, pyrro 
lidinyl, —NH(C2_4)acyl, —O(CH2)2OH, N02, 
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-continued 
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[0169] Even more preferably R1 is furanyl, pyridinyl, 
phenyl, pyridyl, thiophene, thiadiaZole, 1,3-benZodioXaZole, 
pyraZine, irnidaZole, pyraZole, isoXaZole, 

[0170] wherein said furan, pyridinyl, phenyl, 
thiophenyl, thiadiaZole, 1,3-benZodioXaZole, pyra 
Zine, irnidaZole, pyraZole, isoXaZole being optionally 
substituted with from 1 to 4 substituents selected 
from: (C1_6alkyl), halogen, 

HN 

I O 
OH 

O \ 9 
HO 0 o , 

o 

N o— 

H_/—H N 

0 
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-continued 

[0171] Most preferably R1 is furanyl, pyridinyl, thiophe 
nyl and phenyl. 
[0172] With respect to compounds of formula (I), (la), 
(Ib), (Ic), and (Id), preferably R2 is selected from (C1_6)alkyl, 
(C3_7)cycloalkyl, (C3_7)cycloalkyl(C1_3)alkyl, (C6_1O)bicy 
cloalkyl, adarnantyl, phenyl, and pyridyl, all of Which is 
optionally substituted With frornl to 4 substituents selected 
from: 

[0173] halogen, (C1_6)alkyl, —CH2OH, O-benZyl 
and OH. 

[0174] More preferably R2 is (C1_6 alkyl), norbornane, 
cyclobutyl, cyclopentyl, cycloheXyl, cycloheptyl, 

CH3 

-----||oH, CH3, 

CH3 CH3 

CH3, 

CH3 

OH, , 

and 

é/CH} 
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[0207] Preferably R3j is (C1_4)alkoXy, OH, O(C1_6 [0219] Alternatively more preferably, R3 is 
alkyl)COOH, (CL6 alkyl), halogen; (C2_6)alkenylCOOH, 
(C1_6)alkyl-hydroXy, COOH, or aZido. 

O OH 

[0208] Preferably R3k is OH, (CH2)pCOOH Where p is an 
integer from 1 to 4, amino, (C1_4)alkoXy, NHCOCOOH, 
NH(C1V6 alkyl)COOH, O(C1_6 alkyl)COOH, COOH, 5- or 
6-rnernbered heterocycle having 1 to 4 heteroatorns selected 
from O, N and S, said heterocycle being optionally substi 
tuted with from 1 to 4 substituents selected from the group 
consisting of: 

[0209] CH3, CF3, OH, CHZCOOH, COOH; 

[0210] —O—(C1_6)alkyl COOH 3 
R O 

\ OH O [0220] Preferably R30 is OH or O(C1_6 alkyl)COOH. 

g \ NH [0221] Alternatively more preferably, R3 is: 
O 

s 

O , s , 

R33 

[0211] NHCONH2,NHCN,NHCHO, NHSO2CF3, N \ 

NHCOCH3, NHSQ2CH3, CONH2, (C3_6)cycloalkylCOOH, (C2_6)alkenylCOOH, and NHCOCH(OH)COOH. J 

R311 
[0212] Preferably R31 is O(C1_6 alkyl)COOH, (CL6 alkyl), 
or halogen. 

[0213] Preferably In is an integer from 0 to 4. Most 
preferably m is 1 [0222] wherein R3'‘) is as de?ned above. 

_ 3 _ [0223] Preferably J is S or N(C1_6 alkyl). More preferably 
[0214] Alternatively even more preferably, R is: J is S or N(CH3) 

[0224] Preferably R3n is H or arnino. 

[0225] Alternatively even more preferably, compounds of 
OVOH the invention have the folloWing formula: 

? R311: 

31 3p 0 OH 
R R O \=/ 

N N 

R1 / H 
R3b 

R3k N 
/ / 

E2 
[0215] Wherein R3k is as de?ned above. 

[0216] Preferably R3m is H or OH. 
[0226] Wherein R1, R2 and R3b are as de?ned above. 

[0217] Preferably R3p is H, halogen, or (C1_6alkyl). 
[0227] Alternatively even more preferably, compounds of 

[0218] Preferably R3r is H, halogen, or (C1_6alkyl). the invention have the folloWing formula: 



US 2002/0065418 Al 

O NH 
O \/ 2 

N 

R1_</ H 
N / 
/ 

R2 
N 3b 
/ R 

R30 

[0228] wherein R1, R2, R3b, and R30 are as de?ned above. 

[0229] Alternatively even more preferably, compounds of 
the invention have the following formula: 

[0230] Wherein R1, R2, R31‘, and R3k are as de?ned above. 

[0231] According to a second aspect of the invention, the 
compounds of formula (Ib), (Ic), and (Id), or pharmaceuti 
cally acceptable salts thereof, are effective as inhibitors of 
RNA dependent RNA polymerase activity of the enZyme 
NS5B, encoded by HCV. 

[0232] According to a third aspect of the invention, the 
compounds of formula (Ib), (Ic), and (Id), or pharmaceuti 
cally acceptable salt thereof, are effective as inhibitors of 
HCV replication. 

[0233] According to a fourth aspect of the invention, there 
is provided a method of treating or preventing HCV infec 
tion in a mammal, comprising administering to the mammal 
an effective amount of the compounds of formula (Ib), (Ic), 
and (Id), or pharmaceutically acceptable salts thereof. 

[0234] According to a ?fth aspect of the invention, there 
is provided a pharmaceutical composition for the treatment 
or prevention of HCV infection, comprising an effective 
amount of a compound of formula (Ib), (Ic) or (Id), or a 
pharmaceutically acceptable salt thereof, and a pharmaceu 
tically acceptable carrier. 
[0235] According to a siXth aspect of the invention, there 
is provided a use for the manufacture of a medicament of 
formula (Ib), (Ic), and (Id), for the treatment of HCV 
infection. 

[0236] According to a seventh aspect of the invention, 
there is provided a use of a compound of formula (Ib), (Ic), 
and (Id), as an inhibitor of NS5B. 

[0237] According to an eighth aspect of the invention, 
there is provided a use of the compounds of formula (Ib), 
(Ic), and (Id), as an inhibitor of HCV replication. 
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[0238] According to a ninth aspect of the invention, there 
is provided a method of treating 

[0239] HCV infection in a mammal, comprising giving 
instructions to a third party to administer a compound of 
formula (Ib), (Ic), and (Id), to a subject suffering from HCV 
infection. 

[0240] Speci?c embodiments 

[0241] Included Within the scope of this invention are all 
compounds of formula (1), (Ia), (Ib), (Ic), or (Id), as pre 
sented in Tables 1 to 22. 

[0242] Anti—NS5B activity 

[0243] The ability of the compounds of formula (I) to 
inhibit RNA synthesis by the RNA dependent RNA poly 
merase of HCV, NS5B, can be demonstrated by any assay 
capable of measuring RNA dependent RNA polymerase 
activity. A suitable assay is described in the examples. 

[0244] Speci?city for RNA dependent RNA polymerase 
activity 

[0245] To demonstrate that the compounds of the inven 
tion act by speci?c inhibition of NS5B, the compounds may 
be tested for the lack of inhibitory activity in other RNA 
dependent RNApolymerase assays or DNA dependant RNA 
polymerase assays. 

[0246] When a compound of formula (I), or one of its 
therapeutically acceptable salts, is employed as an antiviral 
agent, it is administered orally, topically or systemically to 
mammals, e.g. humans, rabbits or mice, in a vehicle com 
prising one or more pharmaceutically acceptable carriers, 
the proportion of Which is determined by the solubility and 
chemical nature of the compound, chosen route of admin 
istration and standard biological practice. 

[0247] For oral administration, the compound or a thera 
peutically acceptable salt thereof can be formulated in unit 
dosage forms such as capsules or tablets each containing a 
predetermined amount of the active ingredient, ranging from 
about 25 to 500 mg, in a pharmaceutically acceptable carrier. 

[0248] For topical administration, the compound can be 
formulated in pharmaceutically accepted vehicles contain 
ing 0.1 to 5 percent, preferably 0.5 to 5 percent, of the active 
agent. Such formulations can be in the form of a solution, 
cream or lotion. 

[0249] For parenteral administration, the compound of 
formula (I) is administered by either intravenous, subcuta 
neous or intramuscular injection, in compositions With phar 
maceutically acceptable vehicles or carriers. For adminis 
tration by injection, it is preferred to use the compounds in 
solution in a sterile aqueous vehicle Which may also contain 
other solutes such as buffers or preservatives as Well as 
suf?cient quantities of pharmaceutically acceptable salts or 
of glucose to make the solution isotonic. 

[0250] Suitable vehicles or carriers for the above noted 
formulations are described in pharmaceutical teXts, eg in 
“Remington’s The Science and Practice of Pharmacy”, 19th 
ed., Mack Publishing Company, Easton, Penn., 1995, or in 
“Pharmaceutical Dosage Forms And Drugs Delivery Sys 
tems”, 6th ed., H. C. Ansel et al., Eds., Williams & Wilkins, 
Baltimore, Md., 1995. 
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[0251] The dosage of the compound Will vary With the 
form of administration and the particular active agent cho 
sen. Furthermore, it Will vary With the particular host under 
treatment. Generally, treatment is initiated With small incre 
ments until the optimum effect under the circumstance is 
reached. In general, the compound of formula I is most 
desirably administered at a concentration level that Will 
generally afford antivirally effective results Without causing 
any harmful or deleterious side effects. 

[0252] For oral administration, the compound or a thera 
peutically acceptable salt is administered in the range of 10 
to 200 mg per kilogram of body Weight per day, With a 
preferred range of 25 to 150 mg per kilogram. 

[0253] For systemic administration, the compound of for 
mula (I) is administered at a dosage of 10 mg to 150 mg per 
kilogram of body Weight per day, although the aforemen 
tioned variations Will occur. A dosage level that is in the 
range of from about 10 mg to 100 mg per kilogram of body 
Weight per day is most desirably employed in order to 
achieve effective results. 

[0254] Although the formulations disclosed hereinabove 
are indicated to be effective and relatively safe medications 
for treating HCV infections, the possible concurrent admin 
istration of these formulations With other antiviral medica 
tions or agents to obtain bene?cial results also included. 
Such other antiviral medications or agents include interferon 
or interferon and ribavirin. 

[0255] Methodology and Synthesis 

[0256] BenZimidaZole derivatives or analogs according to 
the present invention can be 1 5 prepared from knoWn 
starting materials by folloWing Scheme 1, shoWn beloW 
Wherein R1, R2 and R3 are as previously described. 
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-continued 
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[0257] In carrying out the route illustrated in Scheme 1, 
illustrated above, a suitably protected form of 4-chloro-3 
nitrobenZoic acid or 4-?uoro-3-nitrobenZoic acid is reacted 
With a primary amine R2NH2. Amines are of commercial 
sources or can be prepared by literature methods. This 
reaction is carried out in a suitable solvent such as DMSO, 
DMF or the like, at temperatures ranging from 20° C. to 
170° C., or alternatively Without solvent by heating the tWo 
components together. The nitro group of these derivatives is 
subsequently reduced to the corresponding aniline, using a 
reducing agent such as hydrogen gas in the presence of a 
catalyst (e.g. Pd metal and the like), metals in the presence 
of mineral acids (eg Fe or Zn With aqueous HCl), or metal 
salts (SnCl2). The diamino derivatives that are obtained are 
condensed With commercially available aldehydes R1CHO 
in the presence of an oxidiZing agent (e.g. air, oxygen, 
iodine, oxone®, quinones, peroxides etc.) to give benZimi 
daZole S-carboxylates. 

[0258] Alternatively, other methods for benZimidaZole 
ring construction can be employed, such as condensation of 
the diamino derivatives With carboxylic acids, nitrites or 
amides, in the presence or absence of a catalyst. Such 
methods are Well knoWn in the literature to those skilled in 
the art. Saponi?cation of the ester protecting group of such 
derivatives using alkali metal hydroxides, folloWed by neu 
traliZation With Weak acids (eg AcOH) generates free 
5-carboxybenZimidaZole derivatives of general formula I 
(X=CH, Y=O, Z=OH, n=0). 
[0259] Derivatives of formula I in Which Z=NHR3 may 
be obtained by condensation of 5-carboxybenZimidaZoles of 
formula I (X=CH or N, Y=O, Z=OH) With amines 
H2NR3through formation of an amide bond. Amines HZNR3 
are from commercial sources or can be prepared folloWing 
literature procedures. Condensation of the carboxylic acid 
With amine HZNR3 can be accomplished using standard 
peptide bond forming reagents such as TBTU, BOP, EDAC, 
DCC, isobutyl chloroformate and the like, or by activation 
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of the carboXyl group by conversion to the corresponding 
acid chloride prior to condensation With an amine. This 
coupling reaction can then be followed by elaboration of 
functional groups present in R3 and protecting groups are 
subsequently removed in the last stage of the synthesis, if 
necessary, to provide compounds of formula I. 

[0260] Alternatively, benZimidaZole derivatives or ana 
logs according to the present invention can be prepared on 
a solid support as described in Scheme 2, beloW, Wherein R1, 
R2 and R3 are as previously described. 

[0261] In carrying out the synthetic route illustrated in 
Scheme 2, 4-?uoro-3-nitrobenZoic acid is converted to the 
acid chloride derivative using standard procedures (eg 
thionyl chloride, oXalyl chloride, phosgene and the like in 
the presence of a catalytic amount of DMF) in an inert 
solvent such as CHZCIZ. 

Scheme 2 
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[0262] Wang resin is esteri?ed With this acid chloride by 
condensation in the presence of an organic tertiary amine 
such as triethylamine, N-methylmorpholine, DIEA and the 
like. Other types of resins are Well knoWn to those skilled in 
the art, for eXample Rink resin, Which may be functionaliZed 
Without deviating from the scope of the invention. The 
functionalised resin thus obtained is then elaborated to 
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resin-bound benZimidaZole carboXylate derivatives as 
described above for the solution-phase chemistry. Cleavage 
of the benZimidaZole from the resin is carried out With strong 
acids (eg tri?uoroacetic acid) to give benZimidaZole S-car 
boXylic acids of general formula I (X=CH or N, Y=O, 
Z=OH, n=0), Within the scope of this invention. As 
described previously in solution phase, carboXylic acids of 
general formula I (X=CH or N, Y=O, Z=OH) can be 
elaborated to benZimidaZole derivatives of general formula 
I (Z=NHR3) by condensation With amines R3NH2. 

EXAMPLES 

[0263] The present invention is illustrated in further detail 
by the folloWing non-limiting examples. All reactions Were 
performed in a nitrogen or argon atmosphere. Temperatures 
are given in degrees Celsius. Solution percentages or ratios 
express a volume to volume relationship, unless stated 
otherWise. Mass spectral analyses Were recorded using elec 
trospray mass spectrometry. Abbreviations or symbols used 
herein include: 

[0264] DIEA: diisopropylethylamine; 

[0265] DMAP: 4-(dimethylamino)pyridine; 

[0266] DMSO: dimethylsulfoXide; 

[0267] DMF: N,N-dimethylformamide; 

[0268] Et: ethyl; 

[0269] EtOAc: ethyl acetate; 

[0270] EtZO: diethyl ether; 
[0271] HPLC: high performance liquid chromatography; 

[0272] 
[0273] 
[0274] 
[0275] 
[0276] 

iPr: isopropyl 
Me: methyl; 

MeOH: Methanol; 

MeCN: acetonitrile; 

Ph: phenyl; 

[0277] TBE: tris-borate-EDTA; 

[0278] TBTU: 2-(1H-benZotriaZol-1-yl)—N,N,N‘,N‘-tet 
ramethyluronium tetra?uoroborate; 

[0279] 
[0280] 
[0281] 
[0282] 
[0283] 
[0284] 
[0285] EDTA: ethylenediaminetetraacetate 

[0286] HATU: O-(7-aZabenZotriaZol-1-yl)—N, N, N, Nl 
tetramethyluronium heXa?uorophosphate 

[0287] BOP: benZotriaZole-1-yloXy-tris 
(dimethylamino)phosphonium heXa?uorophosphate 

[0288] EDAC: see ECD 

[0289] DCC: 1,3-DicycloheXyl carbodiimide 

[0290] HOBt: 1-HydroXybenZotriaZole 

TFA: tri?uoroacetic acid; 

THF: tetrahydrofuran; 

MS (ES): electrospray mass spectrometry; 

PFU: plaque forming units; 

DEPC: diethyl pyrocarbonate; 

DTT: dithiothreitol 
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[0291] ES": electro spray (positive ionization) 

[0292] ES-: electro spray (negative ionization) 

[0293] DCM: dichloromethane 

[0294] TBME: teff-butylmethyl ether 

[0295] TLC: thin layer chromatography 

[0296] AcOH: acetic acid 

[0297] EtOH: ethanol 

[0298] DBU: 1,8-diaZabicyclo[5.4.0]under-7-ene 

[0299] BOC: tert-butyloxycarbonyl 

[0300] CbZ: carbobenZyloxy carbonyl 

[0301] BINAP: 2,2‘-Bis(diphenylphosphine)-1 ,1‘-binaph 
thyl 
[0302] iPrOH: isopropanol 
[0303] NMP: N-methylpyrrolidone 

[0304] EDC: 1-(3-dimethylaminopropyl)-3-ethyl carbodi 
imide hydrochloride 

[0305] RNAsin: A ribonuclease inhibitor marketed by 
Promega Corporation 

[0306] Tris: 2-amino-2-hydroxymethyl-1,3-propanediol 

[0307] UMP: uridine 5‘-monophosphate 

[0308] UTP: uridine 5‘-triphosphate 

[0309] Examples 1-158 illustrate methods of synthesis of 
representative compounds of this invention. 

Example 1 

[0310] (Entry 7021, Table 7) 
[0311] 1 -Cyclohexyl-2-pyridin-2-yl- 1H-benZolmidaZole 
5 -carboxylic acid: 

N cozn 

[0312] 4-Chloro-3-nitrobenZoic acid, ethyl ester: 

0 
o 

OZN 
OH OZN 

EtOH/SOClZ OH 
—> 

C1 reflux 

c1 

[0313] 4-Chloro-3-nitrobenZoic acid (100.0 g, 0.496 
mole) Was suspended in ethanol (250 mL) and thionyl 
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chloride (54 mL, 0.74 mole) Was added drop-Wise over 15 
min. The mixture Was then re?ux for 2 h. After cooling to 
ambient temperature, volatiles Were removed under reduced 
pressure and the residue Was co-evaporated tWice With 
ethanol (2x250 mL). The residue Was crystalliZed from hot 
ethanol to give the desired ethyl ester as light yelloW needles 
(109.8 g, 96% yield). 

[0314] 4-Cylcohexylamino-3-nitrobenZoic acid ehtyl 
ester: 

0 

OZN 
OEt cyclohexylamine 
—> 

DMSO/60° C. 

Cl 

0 

OZN 
OEt 

HN 

[0315] Ethyl 4-chloro-3-nitrobenZoate (20.00 g, 87 mmol) 
Was dissolved in DMSO (50 mL) and cyclohexylamine (2.1 
equiv. 21 mL, 183 mmol) Was added and the mixture stirred 
at 60° C. for 5 h. After cooling to ambient temperature, the 
reaction mixture Was added drop-Wise With vigorous stirring 
to Water (500 mL). After stirring for an additional 15 min, 
the precipitated solid Was collected by ?ltration, Washed 
With Water and dried. The title compound (25.67 g, 100% 
yield) Was obtained as a bright yelloW solid. 

[0316] 3-Amino-4-cyclohexylamino benZoic acid ethyl 
ester: 

OZN COZEt HZN COZEt 

H2(1 atm) 
—> 

HN 20% Pd(OH)2 HN 
MeOH 

[0317] The nitro derivative from above (24.28 g, 83 
mmol) Was hydrogenated (1 atm H2) over 20% Pd(OH)2 on 
carbon (200 mg) in MeOH (150 mL) for 3 days. The catalyst 
5 Was removed by ?ltration and volatiles removed under 
reduced pressure to give the title diamine (21.72 g, 100 % 
yield) as a dark purple solid. 

[0318] 1 -Cyclohexyl-2-pyridin-2-yl- 1H-benZoimidaZole 
5 -carboxylic acid: 
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HzN COZEt 

HN 2-pyridinecarboxaldehyde 
oxone/DMF-Water 

COZEt 

1. NaOH 
—> 

2. AcOH 

cozn 

[0319] The diamine from above (3.20 g, 12.2 mmol) Was 
dissolved in DMF (15 mL) and Water (0.5 mL). 2-Pyridine 
carboxaldehyde (1.45 mL, 15 mmol) Was added followed by 
oxone® (0.65 equivalent, 8 mmol, 4.92 g). The mixture Was 
stirred 1 h at room temperature. Water (60 mL) Was added, 
and the pH of the reaction mixture Was brought up to 9 by 
addition of 1 N NaOH. The broWn precipitate that formed 
Was collected by ?ltration, Washed With Water and dried. The 
crude benZimidaZole ethyl ester Was obtained in 80% yield 

(3.43 g). 

[0320] The ester from above (2.36 g, 7.53 mmol) Was 
dissolved in MeOH (15 mL) and 2 N NaOH (20 mmol, 10 
mL) Was added. The mixture Was stirred at 60° C. for 2 h and 
then cooled to room temperature. MeOH Was removed 

under reduced pressure and the residue acidi?ed to pH 4 
With glacial AcOH. The precipitated carboxylic acid Was 
collected by ?ltration, Washed With Water and dried to give 
the free acid as a beige solid (2.20 g, 91% yield). 

Example 2 

[0321] (Entry 7018, Table 7) 

[0322] 1 -Cyclohexyl-2-furan-3 -yl- 1H-benZoimidaZole -5 - 
carboxylic acid: 
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HZN COZEt 

HNU 3-furaldehyde 
oxone/DMF-Water 

1. NaOH 
2. AcOH 

cozn 

[0323] Ethyl 3-amino-4-(aminocyclohexyl)benZoate (3.67 
g, 13.99 mmol) Was dissolved in DMF (10 mL) and Water (1 
mL). Oxone® (9. 8 mmol, 6.02 g) Was added folloWed by 
3furaldehyde (1.44 g, 15 mmol). The mixture Was stirred 45 
min at room temperature. 4 N NaOH (20 mL) Was added and 
the mixture stirred at 60° C. for 18 h. After cooling to room 
temperature, Water (100 mL) Was added and insoluble 
impurities removed by ?ltration through celite. AcOH Was 
then added to precipitate the product as a beige solid. The 
precipitated carboxylic acid Was collected by ?ltration, 
Washed With Water and dried to give the title compound as 
a beige solid (3.69 g, 85% yield). 

Example 3 

[0324] (Entry 2108, Table 2) 

[0325] 1-Cyclohexyl-2-pyridin-2-yl-1H-benZoimidaZole 
5 -carboxylic acid [2-(3,4-dimethoxyphenyl)ehtyl]amide: 

HZN 0M6 
_ N COZH 

. “Qt 
\ N/ N TBTU/iPrZEtN 

G DMF 
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-continued 
OMe 

O 

\ N/ N 
E2 

[0326] 1-Cyclohexyl-2-pyridin-2-yl-1H-benZoimidaZole 
5-carboxylic acid (0.060 g, 0. 19 mmol), 3,4-dimethox 
yphenethylamine (35 pL, 0.21 mmol) and TBTU (0.090 g, 
0.28 mmol) Were dissolved in DMF (1 mL), and DIEA (330 
pL, 1.9 mmol) Was added. The mixture Was stirred 1 h at 
room temperature, When HPLC analysis indicated comple 
tion of the coupling reaction. The reaction mixture Was 
added drop-Wise With vigorous stirring to 1 N NaOH (10 
mL). The precipitated product Was collected by ?ltration, 
Washed With Water and dried. The title amide derivative Was 

obtained as a gray solid (0.056 g, 60% yield, 98% homo 
geneity by HPLC). 

Example 4 

[0327] General procedure for the preparation of racemic 
ot-alkylbenZylamine derivatives 

CH0 

1. LiHMDS/I‘ HF 
2. RMgX 

R 

NHZ NH3’r 
HCl 
—> 

ether C1. 

[0328] According to the general scheme shoWn above, and 
adapting the procedure of D. J. Hart et al. (J. Org. Chem. 
1983, 48, 289), aromatic aldehydes are reacted ?rst With 
lithium bis(trimethylsilyl)amide and then With a Grignard 
reagent in a suitable solvent such as EtZO, tetrahydrofuran, 
toluene and the like, at temperatures ranging from 0° C. to 
120° C. FolloWing hydrolysis, the desired racemic x-alkyl 
benZylamines Were isolated after conversion to their hydro 
chlorides. In this manner, a variety of racemic ot-alkylben 
Zylamines Were synthesiZed With substitution as previously 
described in this invention: 

[0329] DI-3,4-Dimethoxy-ot-methylbenZylamine 
chloride: 

hydro 

May 30, 2002 

C1‘ 

OMe 

[0330] 3,4-DimethoxybenZaldehyde (5.00 g, 30 mmol) 
Was dissolved in anhydrous THF (10 mL) and the solution 
cooled in ice under an argon atmosphere. Lithium bis(trim 
ethylsilyl)amide (1 M in THF, 36 mmol, 36 mL) Was added 
drop-Wise and the resulting mixture stirred at 0° C. for 30 
min. Methylmagnesium bromide (1.4 M in THF, 2 equiv., 72 
mmol, 43 mL) Was added and the solution alloWed to Warm 
up to room temperature. It Was then re?ux for 24 h. The 
reaction mixture Was then cooled to room temperature and 

poured into saturated aqueous NH4Cl (200 mL). The mix 
ture Was extracted tWice With DCM (75 mL) and the extract 
dried over MgSO4. The solution Was concentrated to a 
volume of about 25 mL under reduced pressure and diluted 
With an equal volume of EtZO. Excess hydrogen chloride (4 
M in dioxane) Was added, and the resulting precipitate 
collected by ?ltration. It Was Washed With Et2O and dried in 
vacuo. DL-3,4-Dimethoxy-a-methylbenZylamine hydro 
chloride (5.1 g, 78% yield) Was obtained as an orange solid. 

[0331] DI-3,4-Dimethoxy-ot-ethylbenZylamine 
chloride: 

hydro 

OMe 

[0332] FolloWing the general procedure, starting from 
3,4-dimethoxybenZaldehyde and ethylmagnesium bromide, 
after a reaction time of 48 h, the title compound Was 
obtained as a cream colored solid in 70% yield. 

[0333] DI-3,4Dimethoxy-ot-isobytylbenZylamine hydro 
chloride: 

OMe 

[0334] FolloWing the general procedure, starting from 
3,4-dimethoxybenZaldehyde and isobutylmagnesium bro 
mide, after a reaction time of 48 h, the title compound Was 
obtained as a pink solid in 81% yield. 












































































































































































































































































































































































































































