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(57) ABSTRACT 
A compound, represented by formula (I): 

(I) 

O 9 10 R5 

Ri : 11 R R a J. 

.,A N>§r m R2_(\ H Rs 
\B O — 
/ 

R3 R7 COOH 

Wherein A, B, R1, R2, R3, R5, R6, R7, R9, and R10 are as 
de?ned herein, or an enantiomer, diastereoisomer or tau 
tomer thereof, including a salt, ester or derivative thereof, as 
an inhibitor of HCV NS5B polymerase. 
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VIRAL POLYMERASE INHIBITORS 

[0001] This application claims bene?t from US. applica 
tion Ser. No. 11/182,987 ?led Jul. 15, 2005 Which claims 
priority to Provisional Application No. 60/ 588,670, ?led Jul. 
16, 2004, the contents of these applications being incorpo 
rated herein. 

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, more particularly to HCV 
polymerase. 

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. l/zrol. 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; Hepalology 26: 15S 
20S). There are an estimated 170 million HCV carriers 

World-Wide, and HCV-associated end-stage liver disease is 
noW 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. 

[0004] Currently, the only approved therapy for patients 
chronically infected With HCV is treatment With interferon 
or a combination of interferon and ribavirin. Recently, 
pegylated versions of interferon (peginterferon alpha-2a 
(PegasysTM, Roche) and peginterferon alpha-2b (PEG-In 
tronTM, Schering)) have been approved for marketing in 
some countries for treatment of chronic hepatitis C infec 
tion, both alone and in combination With ribavirin. HoWever, 
it has been reported that these therapies achieve a sustained 
response in feWer than 60% of cases. 

[0005] 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. l/zrol. 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.; 1999; Curr. 
Top. Microbiol. Immunol. 242: 55-84). Cleavage of the 
structural proteins in the N-terminal portion of the polypro 
tein is mediated by signal peptidases. TWo viral proteases 
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mediate doWnstream cleavages to produce non-structural 
(NS) proteins that function 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 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 NS5A phos 
phoprotein 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 poly 
merase (RdRp) activity (Behrens, S. E.; Tomei, L.; 
DeFrancesco, R.; 1996; EMBO J. 15: 12-22; and Lohmann, 
V.; Komer, E; Herian, U.; Bartenschlager, R.; 1997; J. l/zrol. 
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. l/zrol. 74: 2046 
2051). 
[0006] 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 
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. WO 01/47883, WO 02/04425, WO 03/000254, 
WO 03/007945, WO 03/010140, WO 03/026587, W0 
03/ 101993 and WO 04/005286 report inhibitors of NS5B 
proposed for treatment of HCV. 

[0007] Indole inhibitors of the NS5B polymerase of HCV 
are described in WO 03/010141. HoWever, the inhibitors of 
the invention differ from those described in WO 03/010141 
in that they exhibit at least one of the folloWing advantages: 

[0008] unexpectedly good activity in a cell-based HCV 
RNA replication assay; 

0009 im roved dru metabolism and harmokinetics P g P 
(DMPK) pro?le; or 

[0010] more drug-like properties. 

SUMMARY OF THE INVENTION 

[0011] The present invention provides a novel series of 
compounds having good to very good inhibitory activity 
against HCV polymerase and/ or at least one of the folloWing 
advantages: 

[0012] unexpectedly good activity in a cell-based HCV 
RNA replication assay; 

[0013] improved drug metabolism and pharmokinetics 
(DMPK) pro?le; or 

[0014] 
[0015] Further objects of this invention arise for the one 
skilled in the art from the folloWing description and the 
examples. 

more drug-like properties. 
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[0016] In a ?rst aspect of the invention, there is provided 
a compound, represented by formula (I): 

(I) 

O 9 10 R5 1 R R 

R s J) 

\B O — 
/ 

R3 R7 COOH 

Wherein: 

[0017] eitherA or B is N and the other B orA is C, Wherein 
----- betWeen tWo C-atoms represents a double bond and 

----- betWeen a C-atom and a N-atom represents a single 

bond; 

[0018] R1 is H or (Cl_6)alkyl; 

[0019] R2 is (Cl_6)alkyl, (C2_6)alkynyl, iC(=O)i(C1_ 
6)alkyl, aryl or Het; the aryl and Het being optionally 
substituted With R21; 

[0020] Wherein R21 is one, tWo or three substituents 
each independently selected from (C l_6)alkyl, (C3_7)cy 
cloalkyl, Het, 4CN, iNH2, iNH(Cl_6)alkyl, 
iN((Cl_6)alkyl)2, halo, A)i(Cl_6)alkyl, iSi(Cl_ 
6)alkyl, iSOi(Cl_6)alkyl and iSO2i(Cl_6)alkyl; 

[0021] Wherein the (Cl_6)alkyl, 4Oi(Cl_6)alkyl, 
iSi(Cl_6)alkyl, iSOi(Cl_6)alkyl and iSOZi 
(Cl_6)alkyl are each optionally substituted With one, 
tWo or three halo substituents; 

[0022] R3 is (C5_6)cycloalkyl, optionally substituted With 
from one to four halo substituents; 

[0023] R5 is selected from H, (Cl_6)alkyl, (C2_6)alkenyl, 
(C2_6)alkynyl, (C3_7)cycloalkyl, (C3_7)cycloalkyl-(Cl_ 
6)alkyl-, Het and Het-(Cl_6)alkyl-; 

[0024] Wherein the (Cl_6)alkyl is optionally substituted 
With from one to three substituents each independently 
selected from halo, cyano, (Cl_6)alkoxy, iNH(C1_ 
6)alkyl, iN((C1_6)alkyl)2 and iNHSO2(Cl_6)alkyl; 
and Wherein each of the Het and the Het portion of the 
Het-(Cl_6)alkyl- is optionally substituted With (Cl_ 
6)alkyl; and 

[0025] R6 is selected from H, (Cl_6)alkyl and halo; or 

[0026] R5 and R6 are linked such that the group of the 
subforrnula 

R7 coon 
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[0027] is a group of formula 

coon; 

[0028] Wherein n is 0, l or 2; and wherein R50 is 
selected independently in each instance from H, halo, 
cyano, (Cl_6)alkoxy, (Cl_6)alkyl, (C2_6)alkenyl, (C2_ 
6)alkynyl, (C3_7)cycloalkyl, (C3_7)cycloalkyl-(Cl_ 
6)alkyl-, Het and Het-(Cl_6)alkyl-; 

[0029] Wherein the (Cl_6)alkyl is optionally substi 
tuted With from one to three substituents each inde 
pendently selected from halo, cyano, (Cl_6)alkoxy, 
iNH(Cl_6)alkyl, iN((Cl_6)alkyl)2 and 
iNHSO2(Cl_6)alkyl; 

[0030] and Wherein each of the Het and the Het 
portion of the Het-(Cl_6)alkyl- is optionally substi 
tuted With (Cl_6)alkyl; 

[0031] R7 is selected from H, (Cl_6)alkyl, (Cl_6)alkoxy, 
(Cl_6)alkylthio, iNHz, iNH(Cl_6)alkyl, iN((Clr 
6)alkyl)2 and halo; 

[0032] R9 and R10 are each independently selected from 
(C l_6)alkyl; or R9 and R10 are covalently bonded together 
to form (C3_7)cycloalkyl, (C5_7)cycloalkenyl or a 4-, 5- or 
6-membered heterocycle having from 1 to 3 heteroatoms 
each independently selected from O, N, and S; 

[0033] Wherein the cycloalkyl, cycloalkenyl or hetero 
cycle is optionally substituted With (Cl_4)alkyl; 

Wherein Het is de?ned as a 4- to 7-membered heterocycle 
having 1 to 4 heteroatoms each independently selected 
from O, N and S, Which may be saturated, unsaturated 
or aromatic, and Which is optionally fused to at least 
one other cycle to form a 7 to l4-membered het 
eropolycycle having Wherever possible 1 to 5 heteroa 
toms, each independently selected from O, N and S, the 
heteropolycycle being saturated, unsaturated or aro 
matic; 

or an enantiomer, diastereoisomer or tautomer thereof, 
including a salt, ester or derivative thereof. 

[0034] Included Within the scope of this invention are 
derivatives of compounds of the formula (I) as described 
hereinbefore, to Which at least one of a “detectable label”, an 
“af?nity tag” and a “photoreactive group” is linked. 

[0035] The compounds according to this invention gener 
ally shoW an inhibitory activity against HCV polymerase. In 
particular compounds according to this invention inhibit 
RNA synthesis by the RNA dependent RNA polymerase of 
HCV, especially of the enZyme NS5B encoded by HCV. 
Furthermore, compounds according to this invention shoW 
at least one of the folloWing advantages: 

[0036] unexpectedly good activity in a cell-based HCV 
RNA replication assay; 
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[0037] improved drug metabolism and pharmokinetics 
(DMPK) pro?le; or 

[0038] more drug-like properties. 

[0039] A further advantage of compounds provided by this 
invention is their loW to very loW or even non-signi?cant 
activity against other polymerases. 

[0040] Another aspect of the invention provides a phar 
maceutical composition for the treatment or prevention of 
HCV infection, comprising an effective amount of a com 
pound of formula (I) according to this invention, or a 
pharmaceutically acceptable salt or ester thereof, and a 
pharmaceutically acceptable carrier. 

[0041] According to a speci?c embodiment, the pharma 
ceutical composition of this invention additionally com 
prises a therapeutically effective amount of one or more 
antiviral agents. Examples of antiviral agents include, but 
are not limited to, ribavirin and amantadine. 

[0042] According to a further speci?c embodiment, the 
pharmaceutical composition of this invention additionally 
comprises at least one other anti-HCV agent as an antiviral 
agent. 

[0043] According to a more speci?c embodiment, the 
pharmaceutical composition of this invention comprises an 
additional immunomodulatory agent as an other anti-HCV 
agent. Examples of additional immunomodulatory agents 
include but are not limited to, inosine monophosphate 
inhibitors, ot-, [3-, 6- y-, "c- and (Jo-interferons, pegylated 
interferons and conjugated interferons. 

[0044] According to another more speci?c embodiment, 
the pharmaceutical composition of this invention addition 
ally comprises at least one other inhibitor of HCV poly 
merase as an other anti-HCV agent. 

[0045] According to another more speci?c embodiment, 
the pharmaceutical composition of this invention addition 
ally comprises at least one inhibitor of HCV NS3 protease 
as an other anti-HCV agent. 

[0046] According to yet another more speci?c embodi 
ment, the pharmaceutical composition of this invention 
additionally comprises at least one inhibitor of another target 
in the HCV life cycle as an other anti-HCV agent. Examples 
of such inhibitors include, but are not limited to, agents that 
inhibit a target selected from a helicase, a NS2/3 protease 
and an internal ribosome entry site (IRES) and agents that 
interfere With the function of other viral targets including but 
not limited to an NS5A protein. 

[0047] In another aspect of the invention, there is provided 
a use of a compound of formula (I) according to this 
invention, or a pharmaceutically acceptable salt or ester 
thereof, as an HCV polymerase inhibitor. 

[0048] In still another aspect of the invention, there is 
provided a use of a compound of the formula (I) according 
to this invention, or a pharmaceutically acceptable salt or 
ester thereof, as an inhibitor of RNA dependent RNA 
polymerase activity of the enZyme NSSB, encoded by HCV. 

[0049] Yet another aspect of the invention provides a use 
of a compound of the formula (I) according to this invention, 
or a pharmaceutically acceptable salt or ester thereof, as an 
inhibitor of HCV replication. 
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[0050] An important aspect of the invention provides a 
method of inhibiting the RNA-dependent RNA polymerase 
activity of the enZyme NSSB, encoded by HCV, comprising 
exposing the enZyme NSSB to an effective amount of a 
compound of formula (I) under conditions Where the RNA 
dependent RNA polymerase activity of the enZyme NSSB is 
inhibited. 

[0051] Included in the scope of the invention is a method 
of inhibiting HCV replication, comprising exposing a cell 
infected With HCV to an effective amount of a compound of 
formula (I) under conditions Where replication of HCV is 
inhibited. 

[0052] In a further aspect of the invention, there is pro 
vided 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) according to 
this invention, or a pharmaceutically acceptable salt or ester 
thereof. 

[0053] Yet another aspect of the invention provides a 
method of treating or preventing HCV infection in a mam 
mal, comprising administering to the mammal an effective 
amount of a compound of formula (I), or a pharmaceutically 
acceptable salt or ester thereof, in combination With at least 
one other antiviral agent. 

[0054] Further included in the scope of the invention is a 
use of a compound of formula (I) according to this inven 
tion, or of a pharmaceutically acceptable salt or ester 
thereof, for the manufacture of a medicament for the treat 
ment and/or the prevention of a Flaviviridae viral infection, 
preferably an HCV infection. 

[0055] In another aspect of the invention, there is provided 
a use of a compound of formula (I) according to this 
invention, or of a pharmaceutically acceptable salt or ester 
thereof, in combination With at least one other antiviral 
agent, for the manufacture of a medicament for the treatment 
and/or the prevention of a Flaviviridae viral infection, pref 
erably an HCV infection. 

[0056] Yet another aspect of the invention provides an 
article of manufacture comprising a composition effective to 
treat an HCV infection or to inhibit the NSSB polymerase of 
HCV and packaging material comprising a label Which 
indicates that the composition can be used to treat infection 
by the hepatitis C virus, Wherein said composition comprises 
a compound of formula (I) according to this invention or a 
pharmaceutically acceptable salt or ester thereof. 

DETAILED DESCRIPTION OF THE 
INVENTION 

De?nitions 

[0057] The folloWing de?nitions apply unless otherWise 
noted: 

[0058] As used herein, the term “(C l_n)alkyl”, Wherein n is 
an integer, either alone or in combination With another 
radical, is intended to mean acyclic straight or branched 
chain alkyl radicals containing 1 to n carbon atoms respec 
tively. Examples of such radicals include, but are not limited 
to, methyl, ethyl, n-propyl, l-methylethyl (iso-propyl), n-bu 
tyl, l-methylpropyl, 2-methylpropyl, l,l-dimethylethyl 
(tert-butyl), n-pentyl, etc. In the folloWing, the term Me 
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denotes a methyl group; Et denotes an ethyl group, Pr 
denotes a propyl group and Bu denotes a butyl group. 

[0059] If an alkyl group is substituted by halo, it is 
preferably mono-, di- or trisubstituted With ?uoro or mono 
substituted by chloro or bromo. 

[0060] As used herein, the term “(C2_n)alkenyl”, Wherein 
n is an integer, either alone or in combination With another 
radical, is intended to mean an unsaturated, acyclic straight 
or branched chain radical containing tWo to n carbon atoms, 
at least tWo of Which are bonded to each other by a double 
bond. Examples of such radicals include, but are not limited 
to, ethenyl (vinyl), 1-propenyl, 2-propenyl, 1-butenyl, etc. 
When a (C2_n) alkenyl group is substituted, it is understood 
to be substituted on any carbon atom thereof Which Would 
otherWise bear a hydrogen atom, unless speci?ed otherWise. 

[0061] As used herein, the term “(C2_n)alkynyl”, Wherein 
n is an integer, either alone or in combination With another 
radical, is intended to mean an unsaturated, acyclic straight 
or branched chain radical containing tWo to n carbon atoms, 
at least tWo of Which are bonded to each other by a triple 
bond. Examples of such radicals include, but are not limited 
to, ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 
1-methyl-2-propynyl, etc. When a (C2_n) alkynyl group is 
substituted, it is understood to be substituted on any carbon 
atom thereof Which Would otherWise bear a hydrogen atom, 
unless speci?ed otherWise. 

[0062] As used herein, the term “(C3_n)cycloalkyl”, 
Wherein n is an integer, either alone or in combination With 
another radical, means a cycloalkyl radical containing from 
three to n carbon atoms. Examples of such radicals include, 
but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl and cycloheptyl. 

[0063] As used herein, the term “(C5_n)cycloalkenyl”, 
Wherein n is an integer, either alone or in combination With 
another radical, means an unsaturated cyclic radical con 
taining ?ve to n carbon atoms. Examples include, but are not 
limited to, cyclopentenyl and cyclohexenyl. 

[0064] As used herein the term “(C3_m)cycloalkyl-(Cl_ 
n)alkyl-”, Wherein n and m are integers, either alone or in 
combination With another radical, means a branched or 
straight chain alkyl radical having 1 to n carbon atoms to 
Which a cycloalkyl radical containing from three to m 
carbon atoms is covalently bonded. Examples of (C3_7)cy 
cloalkyl-(Cl_6)alkyl- include, but are not limited to, cyclo 
propylmethyl, cyclobutylmethyl, cyclopentylmethyl, cyclo 
hexylmethyl, 1 -cyclopropylethyl, 2-cyclopropylethyl, 
1-cyclobutylethyl, 2-cyclobutylethyl, 1-cyclopentylethyl, 
2-cyclopentylethyl, 1-cyclohexylethyl, 2-cyclohexylethyl, 
etc. Unless speci?ed otherWise, a cycloalkyl-(Cl_n)alkyl 
group may be substituted on either the cycloalkyl or the 
alkyl portion thereof, or both. 

[0065] As used herein, the term “protecting group” de?nes 
protecting groups that can be used during synthetic trans 
formation, examples of Which are listed in Greene, “Protec 
tive Groups in Organic Chemistry”, John Wiley & Sons, 
NeW York (1981) and “The Peptides: Analysis, Synthesis, 
Biology”, Vol. 3, Academic Press, NeW York (1981). 

[0066] As used herein, the term “aryl” either alone or in 
combination With another radical means a carbocyclic aro 
matic monocyclic group containing 6 carbon atoms Which 
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may be further fused to a second 5- or 6-membered car 
bocyclic group Which may be aromatic, saturated or unsat 
urated. Aryl includes, but is not limited to, phenyl, indanyl, 
1-naphthyl and 2-naphthyl. 

[0067] As used herein, the term “aryl-(Cl_n)alkyl-” means 
an alkyl radical containing from 1 to n carbon atoms, 
Wherein n is an integer, to Which an aryl residue is bonded. 
Examples of aryl-(Cl_3)alkyl- include, but are not limited to, 
benZyl (phenylmethyl), 1-phenylethyl, 2-phenylethyl and 
phenylpropyl. Unless speci?ed otherWise, an aryl-(CL 
n)alkyl- group may be substituted on either the aryl or the 
alkyl portion thereof, or both. 

[0068] As used herein, the term “Het” de?nes a 4- to 
7-membered heterocycle having 1 to 4 heteroatoms each 
independently selected from O, N and S, Which may be 
saturated, unsaturated or aromatic, and Which is optionally 
fused to at least one other cycle to form a 7- to 14-membered 
heteropolycycle having Wherever possible 1 to 5 heteroat 
oms, each independently selected from O, N and S, the 
heteropolycycle being saturated, unsaturated or aromatic, 
unless speci?ed otherWise. When a Het group is substituted, 
it may be substituted on any carbon atom or heteroatom 
thereof Which Would otherWise bear a hydrogen atom, unless 
speci?ed otherWise. Substituents Which may be bonded to 
carbon atoms or to heteroatoms are those Which give rise to 
chemically stable compounds, such as are recogniZed by 
those skilled in the art. 

[0069] As used herein, the term “Het-(Cl_n)alkyl-” means 
an alkyl radical containing from 1 to n carbon atoms, 
Wherein n is an integer, to Which an Het residue is bonded. 
Unless speci?ed otherWise, an Het-(Cl_n)alkyl- group may 
be substituted on either the Het or the alkyl portion thereof, 
or both. 

[0070] As used herein the term “heteroatom” means 0, S 
or N. 

[0071] As used herein, the term “heterocycle”, either alone 
or in combination With another radical, means a monovalent 
radical derived by removal of a hydrogen from a three- to 
seven-membered saturated or unsaturated (including aro 
matic) heterocycle containing from one to four heteroatoms 
each independently selected from nitrogen, oxygen and 
sulfur. Examples of such heterocycles include, but are not 
limited to, aZetidine, pyrrolidine, tetrahydrofuran, thiaZoli 
dine, pyrrole, thiophene, hydantoin, diaZepine, lH-imida 
Zole, isoxaZole, thiaZole, tetraZole, piperidine, piperaZine, 
homopiperidine, homopiperaZine, 1,4-dioxane, 4-morpho 
line, 4-thiomorpholine, pyridine, pyridine-N-oxide or pyri 
midine, or the folloWing heterocycles: 
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[0072] As used herein, the term “heteropolycycle” either 
alone or in combination With another radical, means a 
heterocycle as de?ned above fused to one or more other 
cycle, be it a heterocycle or any other cycle. Examples of 
such heteropolycycles include, but are not limited to, indole, 
benZimidaZole, thiaZolo[4,5-b]-pyridine, quinoline, iso 
quinoline, or coumarin, or the following: 

2x19 
was 

[0073] As used herein, the term “halo” means a halogen 
substituent and includes ?uoro, chloro, bromo and iodo. 

[0074] As used herein, the term “OH” refers to a hydroxyl 
group. It is Well knoWn to one skilled in the art that hydroxyl 
groups may be substituted by functional group equivalents. 
Examples of such functional group equivalents that are 
contemplated by this invention include, but are not limited 
to, ethers, sulfhydryls, and primary, secondary or tertiary 
amines. 

[0075] As used herein, the term “SH” refers to a sulfhydryl 
group. It is intended Within the scope of the present inven 
tion that, Whenever a “SH” or “SR” group is present, it can 
also be substituted by any other appropriate oxidation state 
such as SOR, SOZR, or SO3R. 

[0076] As used herein, the term “4Oi(Cl_n)alkyl” or 
“(Cl_n)alkoxy”, used interchangeably, refers to an oxygen 
atom further bonded to an alkyl radical containing from 1 to 
n carbon atoms. Examples of (Cl_6)alkoxy include, but are 
not limited to, methoxy (CH3Oi), ethoxy (CH3CH2Oi), 
propoxy (CH3CH2CH2Oi), l-methylethoxy (isopropoxy; 
(CH3)2CHOi), l, l -dimethylethoxy (ter‘t-butoxy; 
(CH3)3COi), etc. When an Oi(Cl_n)alkyl radical is sub 
stituted, it is understood to be substituted on the (Cl_n)alkyl 
portion thereof. 

[0077] As used herein, the term “iSi(Cl_n)alkyl” or 
“(Cl_n)alkylthio”, used interchangeably, refers to a sulfur 
atom further bonded to an alkyl radical containing from 1 to 
n carbon atoms. Examples of (C l_6)alkylthio include, but are 
not limited to, methylthio (CH3Si), ethylthio (CH3CH2Si 
), propylthio (CH3CH2CH2Si), l-methylethylthio (isopro 
pylthio; (CH3)2CHSi), l,l-dimethylethylthio (tert-bu 
tylthio; (CH3)3CSi), etc. When an iSi(Cl_n)alkyl 
radical, an iSOi(Cl_n)alkyl radical or an iSO2i(C1_ 
n)alkyl radical are substituted, each is understood to be 
substituted on the (Cl_n)alkyl portion thereof. 

[0078] As used herein, the term “COOH” refers to a 
carboxylic acid group. It is Well knoWn to one skilled in the 
art that carboxylic acid groups may be substituted by func 
tional group equivalents. Examples of such functional group 
equivalents that are contemplated by this invention include, 
but are not limited to, esters, amides, imides, boronic acids, 
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phosphonic acids, sulfonic acids, tetraZoles, triaZoles, 
N-acylsulfamides (RCONHSO2NR2), and N-acylsulfona 
mides (RCONHSOzR). 

[0079] When protected, as during a synthetic transforma 
tion, for example, a carboxyl group is usually protected as an 
ester that can be cleaved to give the carboxylic acid. 
Protecting groups that can be used include, but are not 
limited to: 1) alkyl esters such as methyl, ethyl, trimethyl 
silylethyl and ter‘t-butyl, 2) aralkyl esters such as benZyl and 
substituted benZyl, or 3) esters that can be cleaved by mild 
base treatment or mild reductive means such as trichloroet 

hyl and phenacyl esters. 

[0080] As used herein, the term “functional group equiva 
lent” is intended to mean an element or group or a substi 

tuted derivative thereof, that is replaceable by another ele 
ment or group that has similar electronic, hybridiZation or 
bonding properties. 
[0081] The folloWing signs ---- and 'Ww- are used inter 
changeably in subformulas to indicate the bond, or in the 
case of a spirocyclic group the atom, Which is bonded to the 
rest of the molecule as de?ned. 

[0082] As used herein, the term “derivative thereof” 
means a compound to Which at least one of a detectable 

label, an affinity tag and a photoreactive group is linked. 

[0083] As used herein, the term “detectable label” means 
any group that may be linked to the polymerase or to a 
compound of the present invention such that When the 
compound is associated With the polymerase target, such 
label alloWs recognition either directly or indirectly of the 
compound such that it can be detected, measured and 
quanti?ed. Examples of such “labels” are intended to 
include, but are not limited to, ?uorescent labels, chemilu 
minescent labels, colorimetric labels, enzymatic markers, 
radioactive isotopes and af?nity tags such as biotin. Such 
labels are attached to the compound or to the polymerase by 
Well knoWn methods. 

[0084] As used herein, the term “a?inity tag” means a 
ligand (that may be linked to the polymerase or to a 
compound of the present invention) Whose strong af?nity for 
a receptor can be used to extract from a solution the entity 
to Which the ligand is attached. Examples of such ligands 
include, but are not limited to, biotin or a derivative thereof, 
a histidine polypeptide, a polyarginine, an amylose sugar 
moiety or a de?ned epitope recogniZable by a speci?c 
antibody. Such a?inity tags are attached to the compound or 
to the polymerase by Well-knoWn methods. 

[0085] As used herein, the term “photoreactive group” 
means a group that is transformed, upon activation by light, 
from an inert group to a reactive species, such as a free 
radical. Such a group may be used as, for example, a 
photoaf?nity label. Examples of such groups include, but are 
not limited to, benZophenones, aZides, and the like. 

[0086] The term “salt thereof’ means any acid and/ or base 
addition salt of a compound according to the invention; 
preferably a pharmaceutically acceptable salt thereof. 

[0087] The term “pharmaceutically acceptable salt” means 
a salt of a compound of formula (I) Which is, Within the 
scope of sound medical judgment, suitable for use in contact 
With the tissues of humans and loWer animals Without undue 
toxicity, irritation, allergic response, and the like, commen 
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surate With a reasonable bene?t/risk ratio, generally Water or 
oil-soluble or dispersible, and effective for their intended 
use. The term includes pharmaceutically-acceptable acid 
addition salts and pharmaceutically-acceptable base addition 
salts. Examples of suitable salts are found in, e.g., S. M. 
Birge et al., J. Pharm. Sci., 1977, 66, pp. 1-19. 

[0088] The term “pharmaceutically-acceptable acid addi 
tion salt” means those salts Which retain the biological 
effectiveness and properties of the free bases and Which are 
not biologically or otherWise undesirable, formed With inor 
ganic acids such as hydrochloric acid, hydrobromic acid, 
sulfuric acid, sulfamic acid, nitric acid, phosphoric acid, and 
the like, and organic acids such as acetic acid, tri?uoroacetic 
acid, adipic acid, ascorbic acid, aspartic acid, benZene 
sulfonic acid, benZoic acid, butyric acid, camphoric acid, 
camphorsulfonic acid, cinnamic acid, citric acid, digluconic 
acid, ethanesulfonic acid, glutamic acid, glycolic acid, glyc 
erophosphoric acid, hemisul?c acid, hexanoic acid, formic 
acid, fumaric acid, 2-hydroxyethane-sulfonic acid 
(isethionic acid), lactic acid, hydroxymaleic acid, malic acid, 
malonic acid, mandelic acid, mesitylenesulfonic acid, meth 
anesulfonic acid, naphthalene-sulfonic acid, nicotinic acid, 
2-naphthalenesulfonic acid, oxalic acid, pamoic acid, pec 
tinic acid, phenylacetic acid, 3-phenylpropionic acid, pivalic 
acid, propionic acid, pyruvic acid, salicylic acid, stearic acid, 
succinic acid, sulfanilic acid, tartaric acid, p-toluenesulfonic 
acid, undecanoic acid, and the like. 

[0089] The term “pharmaceutically-acceptable base addi 
tion salt” means those salts Which retain the biological 
effectiveness and properties of the free acids and Which are 
not biologically or otherWise undesirable, formed With inor 
ganic bases such as ammonia or hydroxide, carbonate, or 
bicarbonate of ammonium or a metal cation such as sodium, 
potassium, lithium, calcium, magnesium, iron, Zinc, copper, 
manganese, aluminum, and the like. Particularly preferred 
are the ammonium, potassium, sodium, calcium, and mag 
nesium salts. Salts derived from pharmaceutically-accept 
able organic nontoxic bases include salts of primary, sec 
ondary, and tertiary amines, quaternary amine compounds, 
substituted amines including naturally occurring substituted 
amines, cyclic amines and basic ion-exchange resins, such 
as methylamine, dimethylamine, trimethylamine, ethy 
lamine, diethylamine, triethylamine, isopropylamine, tripro 
pylamine, tributylamine, ethanolamine, diethanolamine, 
2-dimethylaminoethanol, 2-diethylaminoethanol, dicyclo 
hexylamine, lysine, arginine, histidine, caffeine, hydrabam 
ine, choline, betaine, ethylenediamine, glucosamine, meth 
ylglucamine, theobromine, purines, piperaZine, piperidine, 
N-ethylpiperidine, tetramethylammonium compounds, tet 
raethylammonium compounds, pyridine, N,N-dimethyla 
niline, N-methylpiperidine, N-methylmorpholine, dicyclo 
hexylamine, dibenZylamine, N,N-dibenZylphenethylamine, 
1-ephenamine, N,N'-dibenZylethylenediamine, polyamine 
resins, and the like. Particularly preferred organic nontoxic 
bases are isopropylamine, diethylamine, ethanolamine, tri 
methylamine, dicyclohexylamine, choline, and caffeine. 

[0090] The term “ester thereof” means any ester of a 
compound in Which any of the carboxyl functions of the 
molecule is replaced by an alkoxycarbonyl function, includ 
ing but not limited to pharmaceutically acceptable esters 
thereof. 

[0091] The term “pharmaceutically acceptable ester” as 
used herein, either alone or in combination With another 
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substituent, means esters of the compound of formula (I) in 
Which any of the carboxyl functions of the molecule, but 
preferably the carboxy terminus, is replaced by an alkoxy 
carbonyl function: 

in Which the R moiety of the ester is selected from alkyl (e.g. 
methyl, ethyl, n-propyl, tert-butyl, n-butyl); alkoxyalkyl 
(e.g. methoxymethyl); alkoxyacyl (e.g. acetoxymethyl); 
aralkyl (e.g. benZyl); aryloxyalkyl (e.g. phenoxymethyl); 
aryl (e.g. phenyl), optionally substituted With halogen, (Cl_ 
4)alkyl or (C l_4)alkoxy. Other suitable esters can be found in 
Design of prodrugs, Bundgaard, H. Ed. Elsevier (1985). 
Such pharmaceutically acceptable esters are usually hydro 
lyZed in vivo When administered to a mammal and trans 
formed into the acid form of the compound of formula (I). 
With regard to the esters described above, unless otherWise 
speci?ed, any alkyl moiety present advantageously contains 
1 to 16 carbon atoms, particularly 1 to 6 carbon atoms. Any 
aryl moiety present in such esters advantageously comprises 
a phenyl group. In particular the esters may be a (Cl_l6)alkyl 
ester, an unsubstituted benZyl ester or a benZyl ester substi 
tuted With at least one halogen, (Cl_6)all<yl, (Cl_6)all<oxy, 
nitro or tri?uoromethyl. 

[0092] The term “antiviral agent” as used herein means an 
agent (compound or biological) that is effective to inhibit the 
formation and/or replication of a virus in a mammal. This 
includes agents that interfere With either ho st or viral mecha 
nisms necessary for the formation and/or replication of a 
virus in a mammal. Such agents include but are not limited 
to, another anti-HCV agent, an HIV inhibitor, an HAV 
inhibitor and an HBV inhibitor. Antiviral agents include, but 
are not limited to, ribavirin, amantadine, Levovirin, and 
Viramidine. 

[0093] The term “other anti-HCV agent” as used herein 
means those agents that are effective for diminishing or 
preventing the progression of hepatitis C related symptoms 
of disease. Such agents can be selected from: immunomodu 
latory agents, inhibitors of HCV NS3 protease, other inhibi 
tors of HCV polymerase or inhibitors of another target in the 
HCV life cycle. 

[0094] The term “immunomodulatory agent” as used 
herein means those agents (compounds or biologicals) that 
are effective to enhance or potentiate the immune system 
response in a mammal. lmmunomodulatory agents include, 
but are not limited to, inosine monophosphate inhibitors 
(such as VX-497 (merimepodib, Vertex Pharmaceuticals)), 
class I interferons (such as ot-, [3-, 6- and winterferons, 
'c-interferons, consensus interferons and asialo-interferons), 
class II interferons (such as y-interferons), pegylated inter 
ferons and conjugated interferons, including but not limited 
to interferons conjugated With other proteins including but 
not limited to human albumin. 

[0095] The term “inhibitor of HCV NS3 protease” as used 
herein means an agent (compound or biological) that is 
effective to inhibit the function of HCV NS3 protease in a 
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mammal. Inhibitors of HCV NS3 protease include, but are 
not limited to, those compounds described in WO 99/07733, 
WO 99/07734, WO 00/09558, WO 00/09543, WO 
00/59929, WO 02/060926, US 2002/0177725, WO 
03/053349, WO 03/062265, WO 03/064416, WO 
03/064455, WO 03/064456, WO 03/099316, WO 
03/099274, WO 2004/030670, WO 2004/032827, WO 
2004/037855, WO 2004/039833, WO 2004/043339, WO 
2004/072243, WO 2004/093798, WO 2004/094452, WO 
2004/101602, WO 2004/101605, WO 2004/103996, WO 
2004/ 113365, the Boehringer Ingelheim clinical candidate 
identi?ed as BILN 2061 and the Vertex candidate identi?ed 
as VX-950. 

[0096] The term “inhibitor of HCV polymerase” as used 
herein means an agent (compound or biological) that is 
e?‘ective to inhibit the function of an HCV polymerase in a 
mammal. This includes, but is not limited to, non-nucleoside 
and nucleoside inhibitors of HCV NS5B polymerase. 
Examples of inhibitors of HCV polymerase include but are 
not limited to those compounds described in: WO 02/04425, 
WO 03/007945, WO 03/010140, WO 03/010141, WO 2004/ 
064925, WO 2004/065367 and US. application Ser. No. 
11/062,305, herein incorporated by reference (all by Boe 
hringer Ingelheim), WO 2005/012288 (Genelabs), WO 
2004/087714 (IRBM), WO 03/101993 (Neogenesis), WO 
03/026587 (BMS), WO 03/000254 (Japan Tobacco), and 
WO 01/47883 (Japan Tobacco), and the clinical candidates 
JTK-003 (Japan Tobacco), HCV 796 (ViroPharma/Wyeth), 
R-1626 (Roche) and NM 283 (Idenix/Novartis). 

[0097] The term “inhibitor of another target in the HCV 
life cycle” as used herein means an agent (compound or 
biological) that is effective to inhibit the formation and/or 
replication of HCV in a mammal other than by inhibiting the 
function of the HCV NS3 protease. This includes agents that 
interfere With either host or HCV viral mechanisms neces 
sary for the formation and/or replication of HCV in a 
mammal. Inhibitors of another target in the HCV life cycle 
include, but are not limited to, agents that inhibit a target 
selected from a helicase, a NS2/3 protease and an internal 
ribosome entry site (IRES) and agents that interfere With the 
function of other viral targets including but not limited to an 
NS5A protein. 

[0098] The term “HIV inhibitor” as used herein means an 
agent (compound or biological) that is e?‘ective to inhibit the 
formation and/or replication of HIV in a mammal. This 
includes agents that interfere With either ho st or viral mecha 
nisms necessary for the formation and/ or replication of HIV 
in a mammal. HIV inhibitors include, but are not limited to, 
nucleoside inhibitors, non-nucleoside inhibitors, protease 
inhibitors, fusion inhibitors and integrase inhibitors. 

[0099] The term “HAV inhibitor” as used herein means an 
agent (compound or biological) that is e?‘ective to inhibit the 
formation and/or replication of HAV in a mammal. This 
includes agents that interfere With either ho st or viral mecha 
nisms necessary for the formation and/ or replication of HAV 
in a mammal. HAV inhibitors include, but are not limited to, 
Hepatitis A vaccines, for example, Havrix® (GlaxoSmith 
Kline), VAQTA® (Merck) and Avaxim® (Aventis Pasteur). 
[0100] The term “HBV inhibitor” as used herein means an 
agent (compound or biological) that is e?‘ective to inhibit the 
formation and/ or replication of HBV in a mammal. This 
includes agents that interfere With either ho st or viral mecha 
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nisms necessary for the formation and/ or replication of HBV 
in a mammal. HBV inhibitors include agents that inhibit 
HBV viral DNA polymerase or HBV vaccines. Speci?c 
examples of HBV inhibitors include, but are not limited to, 
Lamivudine (Epivir-HBV®), Adefovir Dipivoxil, Entecavir, 
FTC (Coviracil®), DAPD (DXG), L-FMAU (Clevudine®), 
AM365 (Amrad), Ldt (Telbivudine), monoval-LdC (Valtor 
citabine), ACH-126,443 (L-Fd4C) (Achillion), MCC478 
(Eli Lilly), Racivir (RCV), Fluoro-L and D nucleosides, 
Robusta?avone, ICN 2001-3 (ICN), Bam 205 (Novelos), 
XTL-001 (XTL), Imino-Sugars (Nonyl-DNJ) (Synergy), 
HepBZyme; and immunomodulator products such as: inter 
feron alpha 2b, HE2000 (Hollis-Eden), Theradigm (Epim 
mune), EHT899 (EnZo Biochem), Thymosin alpha-1 
(Zadaxin®), HBV DNA vaccine (PoWderJect), HBV DNA 
vaccine (Je?feron Center), HBV antigen (OraGen), BayHep 
B® (Bayer), Nabi-HB® (Nabi) and Anti-hepatitis B (Can 
gene); and HBV vaccine products such as the folloWing: 
Engerix B, Recombivax HB, GenHevac B, Hepacare, Bio 
Hep B, TWinRix, Comvax, Hexavac. 

[0101] The term “class I interferon” as used herein means 
an interferon selected from a group of interferons that all 
bind to receptor type I. This includes both naturally and 
synthetically produced class I interferons. Examples of class 
I interferons include, but are not limited to, ot-, [3-, 6-, 
(Jo-interferons, 'c-interferons, consensus interferons, asialo 
interferons and pegylated forms thereof. 

[0102] The term “class II interferon” as used herein means 
an interferon selected from a group of interferons that all 
bind to receptor type II. Examples of class II interferons 
include, but are not limited to, y-interferons. 

[0103] As discussed above, combination therapy is con 
templated Wherein a compound of formula (I), or a phar 
maceutically acceptable salt or ester thereof, is co-adminis 
tered With at least one additional agent selected from: an 
antiviral agent, an immunomodulatory agent, an inhibitor of 
HCV NS3 protease, another inhibitor of HCV polymerase, 
an inhibitor of another target in the HCV life cycle, an HIV 
inhibitor, an HAV inhibitor and an HBV inhibitor. Examples 
of such agents are provided in the De?nitions section above. 
Speci?c preferred examples of such agents are listed beloW: 

[0104] 
[0105] immunomodulatory agents: inosine monophos 

phate inhibitors, class I interferons, class II interferons, 
pegylated interferons and conjugated interferons. 

[0106] HCV NS3 protease inhibitors; 

antiviral agents: ribavirin or amantadine; 

[0107] other inhibitors of the HCV polymerase: nucleo 
side or non-nucleoside inhibitors; 

[0108] an inhibitor of another target in the HCV life 
cycle: agents that inhibit a target selected from a 
helicase, a NS2/3 protease and an internal ribosome 
entry site (IRES) and agents that interfere With the 
function of other viral targets including but not limited 
to an NS5A protein; 

[0109] HIV inhibitors: nucleoside inhibitors, non 
nucleoside inhibitors, protease inhibitors, fusion inhibi 
tors or integrase inhibitors; or 

[0110] HBV inhibitors: agents that inhibit HBV viral 
DNA polymerase or an agent that is an HBV vaccine. 
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[0111] These additional agents may be combined With the 
compounds of this invention to create a single pharmaceu 
tical dosage form. Alternatively these additional agents may 
be separately administered to the patient as part of a multiple 
dosage form, for example, using a kit. Such additional 
agents may be administered to the patient prior to, concur 
rently With, or folloWing the administration of a compound 
of formula (I), or a pharmaceutically acceptable salt or ester 
thereof. 

[0112] As used herein, the term “treatment” means the 
administration of a compound or composition according to 
the present invention to alleviate or eliminate symptoms of 
the hepatitis C disease and/or to reduce viral load in a 
patient. 
[0113] As used herein, the term “prevention” means the 
administration of a compound or composition according to 
the present invention post-exposure of the individual to the 
virus but before the appearance of symptoms of the disease, 
and/or prior to the detection of the virus in the blood, to 
prevent the appearance of symptoms of the disease and/or to 
prevent the virus from reaching detectible levels in the 
blood. 

Preferred Embodiments 

[0114] Unless stated otherWise, all groups and substitu 
ents, including but not limited to R1, R2, R3, R5, R6, R7, R9, 
R10, R21, A, B, and Het, have the de?nitions as de?ned 
hereinbefore and hereinafter. In the following, the preferred 
embodiments, groups and substituents according to this 
invention are described. 

Core: 

[0115] This invention provides compounds of the formu 
las (Ia) and (lb) beloW: 

(Ia) 

R5 
H | 
N 0 

R6 

R3 R7 COOH 

(1b) 

0 R9 R10 R5 R1 H | 
N o 

N 
R2 / H Rs 

0 
N _ 

/ 
R3 R7 coon. 

[0116] Any and each individual de?nition of Core as set 
out herein may be combined With any and each individual 
de?nition of R1, R2, R3, R5, R6, R7, R9 and R10 as set out 
herein. 

R1: 

[0117] According to a preferred embodiment of this inven 
tion R1 is selected from the group consisting of H and 
methyl. Most preferably R1 is methyl. 
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[0118] Any and each individual de?nition of R1 as set out 
herein may be combined With any and each individual 
de?nition of Core, R2, R3, R5, R6, R7, R9 and R10 as set out 
herein. 

R2: 

0119 In a preferred embodiment, R2 is C _ alkyl. 1 6 

[0120] More preferably Within this embodiment, R2 is 
methyl. 

[0121] In an alternative preferred embodiment, R2 is (C2_ 
6)alkynyl. 

[0122] More preferably Within this embodiment, R2 is 
ethynyl. 

[0123] In another alternative preferred embodiment, R2 is 
%(=O)*(C1_6)a1ky1 

[0124] More preferably Within this embodiment, R2 is 
ethanoyl. 

[02125] In yet another alternative preferred embodiment, 
R is aryl or Het, Wherein Het is a 5- or 6-membered 
monocyclic aromatic heterocycle having 1 to 4 heteroatoms 
each independently selected from O, N and S, Which is 
optionally fused to one other cycle to form an 8- to ll-mem 

bered aromatic heteropolycycle having Wherever possible 1 
to 5 heteroatoms, each independently selected from 0 N and 
S; 

Wherein R2 is unsubstituted or substituted With R21, Wherein 
R21 is as de?ned herein. 

[0126] More preferably R2 is phenyl or Het, Wherein Het 
is selected from 
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-continued 

and wherein R2 is unsubstituted or substituted With R21, 
Wherein R21 is as de?ned herein. 

[0127] Preferably, R21 is one, tWo or three substituents 
each independently selected from (Cl_3)alkyl, (C3_6)cy 
cloalkyl, 4CN, iNHZ, iNH(Cl_3)alkyl, iN((Cl_ 
3)alkyl)2, halo, iOi(Cl_3)alkyl, iSi(C1_3)alkyl, 
iSOi(C1_3)alkyl and iSO2i(Cl_3)alkyl; 

[0128] Wherein the (Cl_3)alkyl, 4Oi(Cl_3)alkyl, 
iSi(C1_3)alkyl, iSOi(C1_3)alkyl and iSOZi 
(Cl_3)alkyl are each optionally substituted With one, 
tWo or three halo substituents. 

[0129] More preferably, R21 is one, tWo or three substitu 
ents each independently selected from ?uoro, chloro, bromo, 
methyl, ethyl, propyl, l-methylethyl, tri?uoromethyl, cyclo 
propyl, cyclobutyl, cyclopentyl, cyclohexyl, methoxy, 
ethoxy, propoxy, l-methylethoxy, methylthio, ethylthio, pro 
pylthio, l-methylethylthio, amino, N-methylamino, N,N 
dimethylamino, iSO2CH3 and cyano. 

[0130] Most preferably, R21 is one or tWo substituents 
each independently selected from ?uoro, chloro, bromo, 
methyl, methoxy, amino, iSO2CH3 and cyano. 

[0131] Therefore, preferably, R2 is selected from: 

methyl, ethynyl, ethanoyl, 

-continued 
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[0133] Most preferably, R2 is selected from: 

[0134] Any and each individual de?nition of R2 as set out 
herein may be combined With any and each individual 
de?nition of Core, R1, R3, R5, R6, R7, R9 and R10 as set out 
herein. 

R3: 

[0135] Preferably, R3 is cyclopentyl or cyclohexyl, each 
being optionally substituted With one to four ?uoro substitu 
ents. 

[0136] More preferably, R3 is cyclopentyl, optionally sub 
stituted With one to four ?uoro substituents. Alternatively 
more preferably, R3 is cyclohexyl, optionally substituted 
With one to four ?uoro substituents. 

[0137] Most preferably, R3 is cyclopentyl or cyclohexyl. 

[0138] Any and each individual de?nition of R3 as set out 
herein may be combined With any and each individual 
de?nition of Core, R1, R2, R5, R6, R7, R9 and R10 as set out 
herein. 

[0139] In one preferred embodiment, R5 is selected from 
(Cl_6)alkyl, (C2_6)alkenyl, (C2_6)alkynyl, (C3_7)cycloalkyl, 
(C3_7)cycloalkyl-(Cl_6)alkyl-, Het and Het-(Cl_6)alkyl-; 
Wherein the Het and the Het portion of the Het-(Cl_6)alkyl 
are each selected from a 5- or 6-membered saturated, 
unsaturated or aromatic monocyclic heterocycle, having one 
to three heteroatoms each independently selected from N, O 
and S; and 

[0140] Wherein the (Cl_6)alkyl is optionally substituted 
With from one to three substituents each independently 
selected from halo, cyano, (Cl_6)alkoxy, iNH(C1_ 
6)alkyl, iN((C1_6)alkyl)2 and iNHSO2(Cl_6)alkyl; 
and Wherein each of the Het and the Het portion of the 
Het-(Cl_6)alkyl- is optionally substituted With (Cl_ 
6)alkyl. 

[0141] More preferably, R5 is selected from methyl, ethyl, 
propyl, l-methylethyl, butyl, l-methylpropyl, 2-methylpro 
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pyl, l,l-dimethylethyl, 2-propenyl, 2-propynyl, cyclopro 
pyl, cyclobutyl, cyclopropylmethyl, cyclobutylmethyl, 

and 

Wherein the methyl, ethyl, propyl, l-methylethyl, butyl, 
l-methylpropyl, 2-methylpropyl and l,l-dimethylethyl are 
each optionally substituted With from one to three substitu 
ents each independently selected from ?uoro, methoxy, 
ethoxy, iN(CH3)2, and iNHSO2CH3. 
[0142] Even more preferably, R5 is selected from: 

methyl, ethyl, propyl, l-methylethyl, l-methylpropyl, 2-me 
thylpropyl, di?uoromethyl, 2-methoxyethyl, 2-methoXy-l 
methylethyl, 2-ethoxyethyl, 2-(N,N-dimethylamino)ethyl, 
3-(N,N-dimethylamino)propyl, 2-propenyl, 2-propynyl, 
cyclobutyl, cyclopropylmethyl, 

[0143] Still more preferably, R5 is methyl, ethyl or 2-meth 
oxyethyl. 
[0144] Most preferably, R5 is ethyl or 2-methoxyethyl. 
[0145] Any and each individual de?nition of R5 as set out 
herein may be combined With any and each individual 
de?nition of Core, R1, R2, R3, R6, R7, R9 and R10 as set out 
herein. 
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R6: 

[0146] Preferably, R6 is H, methyl, ethyl or ?uoro. 

[0147] More preferably, R6 is H or methyl. 

[0148] Most preferably, R6 is H. 

[0149] Any and each individual de?nition of R6 as set out 
herein may be combined With any and each individual 
de?nition of Core, R1, R2, R3, R5, R7, R9 and R10 as set out 
herein. 

[0150] In an alternative preferred embodiment, R5 and R6 
are linked such that the group of the subformula 

I R5 

| 
I O 

I, R7 COOH 

is preferably a group of formula 

coon; 

Wherein R7 is as de?ned herein. 

[0151] Any and each individual de?nition of R5 and R6 as 
set out herein may be combined With any and each indi 

vidual de?nition of Core, R1, R2, R3, R7, R9 and R10 as set 
out herein. 

R7: 

[0152] Preferably R7 is H, methyl, ethyl, methoxy or 
ethoxy. 

[0153] More preferably, R7 is H or methoxy. 

[0154] Most preferably, R7 is H. 

[0155] Any and each individual de?nition of R7 as set out 
herein may be combined With any and each individual 
de?nition of Core, R1, R2, R3, R5, R6, R9 and R10 as set out 
herein. 

R9 and R10: 

[0156] Preferably, R9 and R10 are each independently 
selected from (Cl_3)alkyl or R9 and R10 are covalently 
bonded together to form (C3_6)cycloalkyl, (C5_6)cycloalk 
enyl or a 5- or 6-membered heterocycle having from 1 to 2 
heteroatoms each independently selected from O and N; 
Wherein the cycloalkyl, cycloalkenyl and heterocycle are 
each optionally substituted With (Cl_4)alkyl. 
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[0157] More preferably, the group 

R9 R10 

is selected from: 

I t 
I , \ I , 

\ I 

t I 
\ I 
t I 
t I 

H3C CH3 
\ I , \ I , \ I , 

\ I \ I \ I 
\ I \ I \ I 
\ I \ I \ I 
\ I \ I \ I 

\ I and \ I. 
\ I \ I 
\ I \ I 
\ I \ I 

\ I \ I 
\ I \ I 
\ I \ I 
\ I \ I 

[0159] Most preferably, the group 

[0160] Any and each individual de?nition of R9 and R10 as 
set out herein may be combined With any and each indi 
vidual de?nition of Core, R1, R2, R3, R5, R6 and R7 as set out 
herein. 
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[0161] Also encompassed Within the scope of the present 
invention are compounds of formula (I): 

(1) 

R1 0 R9 R10 R5 
\ H I 
A N o 

,' N 
R2_(\ H Rs 

\B O 
4 

R R7 COOH 

Wherein: 

either A or B is N and the other B or A is C, Wherein ---- 
betWeen tWo C-atoms represents a double bond and ---- 

betWeen a C-atom and a N-atom represents a single bond; 

[0162] R1 is H or (Cl_6)alkyl; 

[0163] R2 is (C2_6)alkynyl, 4C(=O)i(Cl_6)alkyl, aryl 
or H et; the aryl and Het being optionally substituted With 
R2 1 

[0164] Wherein R21 is one, tWo or three substituents 
each independently selected from (C l_6)alkyl, (C3_7)cy 
cloalkyl, Het; 4CN, iNH2, iNH(Cl_6)alkyl, 
iN((Cl_6)alkyl)2, halo, A)i(Cl_6)alkyl, iSi(Cl_ 
6)alkyl, iSOi(Cl_6)alkyl and iSO2i(Cl_6)alkyl; 

[0165] Wherein the (Cl_6)alkyl, 4Oi(Cl_6)alkyl, 
iSi(Cl_6)alkyl, iSOi(Cl_6)alkyl and iSOZi 
(Cl_6)alkyl are each optionally substituted With one, 
tWo or three halo substituents; 

[0166] R3 is (C5_6)cycloalkyl, optionally substituted With 
fron one to four halo substituents; 

[0167] R5 is selected from H, (Cl_6)alkyl, (C2_6)alkenyl, 
(C2_6)alkynyl, (C3_7)cycloalkyl, and (C3S7)cycloalkyl 
(C1-6)a1ky1'; 

[0168] Wherein the (Cl_6)alkyl is optionally substituted 
With from one to three substituents each independently 
selected from halo, cyano and (Cl_6)alkoxy; and 

[0169] R6 is selected from H, (Cl_6)alkyl and halo; or 

[0170] R5 and R6 are linked, together With the atoms to 
Which they are attached, to form a 5-, 6- or 7-membered 
ring; 

[0171] R7 is selected from H, (Cl_6)alkyl, (Cl_6)alkoxy, 
(Cl_6)alkylthio, iNHZ, iNH(Cl_6)alkyl, iN((Clr 
6)alkyl)2 and halo; 

[0172] R9 and R10 are each independently selected from 
(C l_6)alkyl; or R9 and R10 are covalently bonded together 
to form (C3_7)cycloalkyl, (C5_7)cycloalkenyl or a 4-, 5- or 
6-membered heterocycle having from 1 to 3 heteroatoms 
each independently selected from O, N, and S; 

[0173] Wherein the cycloalkyl, cycloalkenyl or hetero 
cycle are each optionally substituted With (Cl_4)alkyl; 

Wherein Het is de?ned as a 3- to 7-membered heterocycle 
having 1 to 4 heteroatoms each independently selected 
from O, N and S, Which may be saturated, unsaturated 
or aromatic, and Which is optionally fused to at least 
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one other cycle to form a 4- to l4-membered het 
eropolycycle having Wherever possible 1 to 5 heteroa 
toms, each independently selected from O, N and S, the 
heteropolycycle being saturated, unsaturated or aro 
matic; 

or an enantiomer, diastereoisomer or tautomer thereof, 
including a salt thereof. 

[0174] Preferably provided are compounds of formula (I), 
in particular of the formula (la) or (lb), Wherein: 

[0175] R1 is H or methyl; 

[0176] R2 is aryl or Het, Wherein Het is a 5- or 6-mem 
bered monocyclic aromatic heterocycle having 1 to 4 
heteroatoms each independently selected from O, N and 
S, Which is optionally fused to one other cycle to form an 
8- to ll-membered aromatic heteropolycycle having 
Wherever possible 1 to 5 heteroatoms, each independently 
selected from O, N and S; 

[0177] Wherein the aryl and Het are each optionally sub 
stituted With R21, 

[0178] Wherein R21 is one, tWo or three substituents each 
independently selected from (Cl_3)alkyl, (C3_6)cy 
cloalkyl, 4CN, iNH2, iNH(Cl_3)alkyl, iN((Cl_ 
3)alkyl)2, halo, 4Oi(Cl_3)alkyl, iSi(Cl_3)alkyl, 
iSOi(Cl_3)alkyl and iSO2i(Cl_3)alkyl; 

[0179] Wherein the (Cl_3)alkyl, iOi(Cl_3)alkyl, 
iSi(Cl_3)alkyl, iSOi(Cl_3)alkyl and iSO2i 
(Cl_3)alkyl are each optionally substituted With one, 
tWo or three halo substituents; 

[0180] R3 is cyclopentyl or cyclohexyl, each being option 
ally substituted With one to four ?uoro substituents; 

[0181] R5 is selected from (Cl_6)alkyl, (C2_6)alkenyl, (C2_ 
6)alkynyl, (C3_7)cycloalkyl, (C3_7)cycloalkyl-(Cl_6)alkyl-, 
Het and Het-(Cl_6)alkyl-; Wherein the Het and the Het 
portion of the Het-(Cl_6)alkyl- are each selected from a 5 
or 6-membered saturated, unsaturated or aromatic mono 
cyclic heterocycle, having one to three heteroatoms each 
independently selected from N, O and S; and 

[0182] Wherein the (Cl_6)alkyl is optionally substituted 
With from one to three substituents each independently 
selected from halo, cyano, (Cl_6)alkoxy, iNH(C1_ 
6)alkyl, iN((C1_6)alkyl)2 and iNHSO2(Cl_6)alkyl; 
and Wherein each of the Het and the Het portion of the 
Het-(Cl_6)alkyl- is optionally substituted With (C1_ 
6)alkyl; and 

[0183] R6 is H, methyl, ethyl or ?uoro; or 

[0184] R5 and R6 are linked such that the group of the 
subformula 

COOH 
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[0185] is preferably a group of formula ethyl, propyl, l-methylethyl, tri?uoromethyl, cyclopro 
pyl, cyclobutyl, cyclopentyl, cyclohexyl, methoxy, 
ethoxy, propoxy, l-methylethoxy, methylthio, eth 

,’ ylthio, propylthio, l-methylethylthio, amino, N-methy 
, O lamino, N,N-dimethylamino, iSO2CH3 and cyano; 

[0193] R3 is cyclopentyl or cyclohexyl, each optionally 
/ COOH; substituted With one to four ?uoro substituents; 

R7 [0194] R5 is selected from methyl, ethyl, propyl, l-meth 
ylethyl, butyl, l-methylpropyl, 2-methylpropyl, 1,1-dim 
ethylethyl, 2-propenyl, 2-propynyl, cyclopropyl, cyclobu 

[0186] R7 is H, methyl, ethyl, methoxy or ethoXy; and tyl, cyclopropylmethyl, cyclobutylmethyl, 

[0187] R9 and R10 are each independently selected from 
(Cl_3)alkyl or R9 and R10 are covalently bonded together 
to form (C3_6)cycloalkyl, (C5_6)cycloalkenyl or a 5- or 
6-membered heterocycle having from 1 to 2 heteroatoms 
each independently selected from O and N; Wherein the 
cycloalkyl, cycloalkenyl and heterocycle are each option 
ally substituted With (Cl_4)alkyl. 

[0188] More preferably, 

[0189] R1 is H or methyl; 

[0190] R2 is phenyl or Het, Wherein Het is selected from 

Wherein the methyl, ethyl, propyl, l-methylethyl, butyl, 
l-methylpropyl, 2-methylpropyl and 1,1-dimethylethyl 
are each optionally substituted With from one to three 
substituents each independently selected from ?uoro, 
methoxy, ethoxy, iN(CH3)2, and iNHSO2CH3; 

[0195] R6 is H, methyl, ethyl or ?uoro; 

[0196] R7 is H or methoxy; and 

the group 

is selected from: 

/—N 
\ , \ , \ , 

. . . . . H3C CH3 

[0191] wherein R2 1s unsubstituted or substituted W1th \ ,, ‘ ,, \ ,, and 

R21, Where1n \ ,' ‘\ ,' \ ,' 

21 ~ ~ ~ \\ I’ \\ ll \\ I’ 
[0192] R is one, tWo or three substituents each 1nde- \ ,' \ ,' x ,' 

pendently selected from ?uoro, chloro, bromo, methyl, 



US 2007/0249629 A1 

-continued 

[0197] Alternatively more preferably, 

[0198] R1 is H or methyl; 

[0199] R2 is phenyl or Het, Wherein Het is selected from 

[02020] Wherein R2 is unsubstituted or substituted With 
R Wherein 

[0201] R21 is one, tWo or three substituents each inde 
pendently selected from ?uoro, chloro, bromo, methyl, 
ethyl, propyl, l-methylethyl, tri?uoromethyl, cyclopro 
pyl, cyclobutyl, cyclopentyl, cyclohexyl, methoxy, 
ethoxy, propoxy, l-methylethoxy, methylthio, eth 
ylthio, propylthio, l-methylethylthio, amino, N-methy 
lamino, N,N-dimethylamino, iSO2CH3 and cyano; 
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[0202] R3 is cyclopentyl or cyclohexyl, each optionally 
substituted With one to four ?uoro substituents; 

[0203] R5 and R6 are linked, together With the atoms to 
Which they are attached, to form a 6-membered ring, such 
that the group of the subformula 

R5 

I I O 

, R6 

R7 COOH 

is a group of formula 

I I O 

/ COOH; 

[0204] R7 is H or methoxy; and 

the group 

[0205] Even more preferably 

[0206] R1 is H or methyl; 
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[0207] R2 is selected from: 

[0208] methyl, ethynyl, ethanoyl, 

[0211] R6 is H, methyl, ethyl or ?uoro; or 

[0212] R5 and R6 are linked, together With the atoms to 
Which they are attached, to form a 6-membered ring, such 
that the group of the subformula 

R5 

I I O 

, R6 

R7 COOH 

is a group of formula 

I I O 

/ COOH; 

[0213] R7 is H or methoxy; and 

[0209] R3 is cyclopentyl or cyclohexyl, each optionally the group 
substituted With one to four ?uoro substituents; 

[0210] R5 is selected from methyl, ethyl, propyl, l-meth R9 R10 
ylethyl, l-methylpropyl, 2-methylpropyl, di?uoromethyl, \ I, 
2-methoxyethyl, 2-methoxy-1-methylethyl, 2-ethoxy- ‘\ 
ethyl, 2-(N,N-dimethylamino)ethyl, 3-(N,N-dimethy 
lamino)propyl, 2-propenyl, 2-propynyl, cyclobutyl, 
cyclopropylmethyl, 
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is selected from: [0220] R7 is H; and 

the group 

H C CH 
\ , \ , \ 3 3, R9 Rl0 H30 CH3 
‘ ’ ’ ‘ ' ’ ‘ ’ ’ \ I is \ I or \ I 

\ I \ I ‘ 

[0221] In an alternative most preferable embodiment are 
\‘ ,I and \‘ provided compounds of formula lb: 

\\ I’ \\ I’ 

(1b) 

R1 0 R9 R10 1|{5 
N O 

0214 In a most referable embodiment are rovided N P p 2 H 
compounds of formula la: R 0 R6 

N _ 

/ 

R3 R7 COOH 
(13) 

R5 
(|) Wherein 

R6 [0222] R1 is methyl; 

— 0223 R2 is selected from: [ 
R7 COOH 

Wherein 

[0215] R1 is methyl; 

[0216] R2 is selected from: 

Br Cl 

[0224] R3 is cyclohexyl; 

[0225] R5 is ethyl or 2-methoxyethyl; 

[0226] R6 is H; 

[0227] R7 is H; and 

the group 
Br Cl 

R9 R10 H3C cH3 
\ I is \ I or \ 1_ 

[0217] R3 is cyclopentyl; Xx,’ \ ,’ \X,’ 
[0218] R5 is ethyl or 2-methoxyethyl; ‘X l’ ‘X X’ ‘X X’ 

[0219] R6 is H; 
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[0228] Included Within the scope of this invention is each 
single compound of formula (I) as presented in Tables 1 to 
5. 

Polymerase Activity 

[0229] The ability of the compounds of formula (I) to 
inhibit RNA synthesis by the RNA dependent RNA poly 
merase of HCV can be demonstrated by any assay capable 
of measuring HCV RNA dependent RNA polymerase activ 
ity. A suitable assay is described in the examples. 

Speci?city for RNA Dependent RNA Polymerase Activity 

[0230] To demonstrate that the compounds of the inven 
tion act by speci?c inhibition of HCV polymerase, the 
compounds may be tested for inhibitory activity in an assay 
measuring the activity of an RNA-dependent RNA poly 
merase other than HCV polymerase or in a DNA dependent 
RNA polymerase assay. 

Cell-Based HCV RNA Replication Activity 

[0231] The ability of the compounds of the invention to 
inhibit the replication of HCV RNA in cell culture may be 
demonstrated by testing the compounds for inhibitory activ 
ity in a cell-based HCV replication assay. A suitable assay is 
described in the examples. 

[0232] When a compound of formula (I), or one of its 
therapeutically acceptable salts or esters, is employed as an 
antiviral agent, it can be administered orally, topically or 
systemically to mammals, including, but not limited to, 
humans, cattle, pig, dogs, cats, rabbits or mice, in a vehicle 
comprising one or more pharmaceutically acceptable carri 
ers, the proportion of Which is determined by the solubility 
and chemical nature of the compound, chosen route of 
administration and standard biological practice. 

[0233] For oral administration, the compound or a thera 
peutically acceptable salt or ester 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 1 to about 500 mg, in a pharmaceutically 
acceptable carrier. 

[0234] For topical administration, the compound can be 
formulated in pharmaceutically accepted vehicles contain 
ing about 0.1 to about 5 percent, preferably about 0.5 to 
about 5 percent, of the active agent. Such formulations can 
be in the form of a solution, cream or lotion. 

[0235] For systemic administration, the compound of for 
mula (I) can be administered by either intravenous, subcu 
taneous or intramuscular injection, in compositions With 
pharmaceutically acceptable vehicles or carriers. For admin 
istration by injection, it is preferred to use the compounds in 
solution in a sterile aqueous vehicle Which may also contain 
other solutes such as bulfers or preservatives as Well as 

su?icient quantities of pharmaceutically acceptable salts or 
of glucose to make the solution isotonic. 

[0236] Suitable vehicles or carriers Which may be used for 
the above noted formulations are described in pharmaceu 
tical texts, eg in “Remington’s The Science and Practice of 
Pharmacy”, 19th ed., Mack Publishing Company, Easton, 
Pa., 1995, or in “Pharmaceutical Dosage Forms And Drugs 
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Delivery Systems”, 6th ed., H. C. Ansel et al., Eds., Williams 
& Wilkins, Baltimore, Md., 1995. 

[0237] 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. 

[0238] For oral administration, the compound or a thera 
peutically acceptable salt or ester can be administered in the 
range of about 0.01 to about 200 mg per kilogram of body 
Weight per day, With a preferred range of about 0.05 to about 
100 mg per kilogram. 

[0239] For systemic administration, the compound of for 
mula (I) can be administered at a dosage of about 0.01 mg 
to about 100 mg per kilogram of body Weight per day, 
although the aforementioned variations Will occur. A dosage 
level that is in the range of from about 0.05 mg to about 50 
mg per kilogram of body Weight per day is most desirably 
employed in order to achieve effective results. 

[0240] When the compositions of this invention comprise 
a combination of a compound of formula (I) and one or more 

additional therapeutic or prophylactic agent, both the com 
pound and the additional agent should be present at dosage 
levels of betWeen about 10 to 100%, and more preferably 
betWeen about 10 and 80% of the dosage normally admin 
istered in a monotherapy regimen. 

[0241] When these compounds or their pharmaceutically 
acceptable salts or esters are formulated together With a 

pharmaceutically acceptable carrier, the resulting composi 
tion may be administered in vivo to mammals, such as man, 
to inhibit HCV polymerase or to treat or prevent HCV virus 

infection. Such treatment may also be achieved using the 
compounds of this invention in combination With agents 
Which include, but are not limited to: immunomodulatory 
agents, such as ot-, [3-, or y-interferons or pegylated forms 
thereof; other antiviral agents such as ribavirin, amantadine; 
other inhibitors of HCV NS5B polymerase; inhibitors of 
other targets in the HCV life cycle, Which include but are not 
limited to, agents that inhibit a target selected from a 
helicase, a NS2/3 protease and an internal ribosome entry 
site (IRES) and agents that interfere With the function of 
other viral targets including but not limited to an NS5A 
protein; or combinations thereof. The additional agents may 
be combined With the compounds of this invention to create 
a single dosage form. Alternatively these additional agents 
may be separately administered to a mammal as part of a 
multiple dosage form. 

Methodology and Synthesis 

[0242] The synthesis of compounds according to this 
invention is preferably accomplished folloWing the general 
procedure outlined in Scheme 1 beloW. 
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Schemel 
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/ 
R3 R7 COOH 

I 

11/1 
R9 R10 R5 

H | 
N o 

HZN 

0 

R7 COOPG 

v1 

R5 

HZN 0 

R6 

R7 COOPG 

IV 

[0243] Compounds of formula I, wherein R1, R2, R3, R5, 
R6, R7, R9, and R10 are de?ned as hereinbefore, are prefer 
ably prepared by coupling carboxylic acids of general for 
mula II, disubstituted amino acids of general formula III and 
anilines of general formula IV, Wherein R1, R2, R3, R5, R6, 
R7, R9, and R10 are de?ned as hereinbefore and PG is H or 
an ester protecting group, as illustrated in Scheme 1 above. 
The fragments II, III and IV may be coupled so that 
fragments III and IV are coupled to give an amine of formula 
VI, Which is subsequently coupled to the acid fragment II to 
give a product of formula I. Alternatively, the fragments II 
and III may be coupled to give a carboxylic acid of formula 
V, Which may then be coupled to fragment IV. It Will be 
apparent to one skilled in the art that in the case When the 
amino group of fragment III is coupled to the carboxyl group 
of fragment II, the carboxyl group of fragment III may be 
protected prior to coupling With a suitable carboxyl protect 

ing group Which Will subsequently be removed, using stan 
dard procedures, to give fragment V. Suitable carboxyl 
protecting groups are Well knoWn and include, but are not 
limited to, ester protecting groups such as methyl and ethyl 
esters. As Well, in the case When the amino group of 
fragment IV is coupled to the carboxyl group of fragment III, 
the amino group of fragment III may be protected prior to 
coupling With a suitable amino protecting group, Which Will 
subsequently be removed, using standard procedures, to give 
fragment VI. Suitable amino protecting groups are also Well 
knoWn and include, but are not limited to, the tert-butyloxy 
carbonyl group (BOC). 

[0244] The coupling is generally effected using carboxyl 
activating reagents Well knoWn by those skilled in the art, 
including, but are not limited to, TBTU, HATU, BOP, BrOP, 
EDAC, DCC, isobutyl chloroformate and the like. Altema 
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tively, carboxylic acids of general formula II may be con 
verted to the corresponding acid chlorides using standard 
reagents, then coupled With amine derivatives of the general 
formula VI. As Well, carboxylic acids of formula V may be 
treated With a reagent such as acetic anhydride to form an 
aZalactone intermediate Which reacts With an aniline of 

formula IV to form an inhibitor of formula I. In the cases 

Where PG is an ester protecting group, a saponi?cation 
reaction is carried out (using protocols Well knoWn by those 
skilled in the art) to obtain the ?nal inhibitor product of 
formula I as the free carboxylic acid. 

[0245] Intermediate carboxylic acids of formula II may be 
prepared by procedures described in WO 03/010141, or by 
procedures described in the examples beloW. 

[0246] Intermediate amines of formula VI may be pre 
pared by coupling amino acids of formula III or suitable 
derivatives thereof With aniline derivatives of general for 
mula IV by procedures described in WO 03/010141, or by 
procedures described in the examples beloW. For example, 
the nitrogen functionality of amino acids of formula III can 
be protected using standard N-protecting groups Well knoWn 
to those skilled in the art, such as Boc, CBZ, Fmoc or other 
types of carbamates, and the carboxylic acid group can then 
be activated for coupling to anilines of formula IV. Such 
activating procedures are Well knoWn to those skilled in the 
art and may include, but are not limited to, such reagents as 

TBTU, HATU, BOP, BrOP, EDAC, DCC, isobutyl chloro 
formate and the like. Alternatively, amino acids of formula 
III may be converted to amino acid chloride hydrochlorides 
and coupled to anilines of formula IV folloWing procedures 
such as those described in WO 03/010141. 

[0247] Anilines of general formula IV can be prepared 
from the corresponding nitroaryl derivative of formula VII 
using reducing agents and procedures Well knoWn to those 
skilled in the art (Scheme 2). These include, but are not 
limited to, metals such as Fe, Sn, Zn and the like, metal salts 
such as SnCl2, metal-based hydride reagents and sulfur 
based reducing agents such as sodium hydrosul?te and the 
like. Representative procedures for the preparation of 
anilines of general formula IV or nitro precursors of general 
formula VII are described in the examples beloW; modi? 
cations thereof to produce other intermediates useful in the 
synthesis of compounds of formula I Will be apparent to 
those skilled in the art. 

Schemel 

R5 
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-continued 

R5 

HZN 0 

R6 

R7 COOPG 

IV 

EXAMPLES 

[0248] The present invention is illustrated in further detail 
by the folloWing non-limiting examples. As is Well knoWn 
by a person skilled in the art, reactions are performed in a 
nitrogen or argon atmosphere Where necessary to protect 
reaction components from air or moisture. Temperatures are 
given in degrees Celsius. Flash chromatography is per 
formed on silica gel. Solution percentages or ratios express 
a volume to volume relationship, unless stated otherWise. 
Mass spectral analyses are recorded using electrospray mass 
spectrometry. Analytical HPLC Was carried out under stan 
dard conditions using a Combiscreen ODS-AQ C18 reverse 
phase column, YMC, 50><4.6 mm id, 5 uM, 120 A at 220 
nM, elution With a linear gradient as described in the 
folloWing table (Solvent A is 0.06% TFA in H2O; solvent B 
is 0.06% TFA in CH3CN): 

Time (min) FloW (mL/min) Solvent A (%) Solvent B (%) 

0 3.0 95 5 
0.5 3.0 95 5 
6.0 3.0 50 50 

10.5 3.5 0 100 

[0249] Hereinbefore and hereinafter the folloWing abbre 
viations or symbols are used: 

AcOH: acetic acid; 

Ac2O: acetic anhydride; 

BOC or Boc: tert-butyloxycarbonyl; 

BOP: benZotriaZole-1-yloxy-tris(dimethylamino)phospho 
nium hexa?uorophosphate; 

BroP: Bromo tris(dimethylamino)phosphonium hexa?uoro 
phosphate; 
Bu: butyl; 

CPS: counts per second; 

DAST: (diethylamino)sulfur tri?uoride; 

DCC: 1,3-Dicyclohexyl carbodiimide; 

DCM: dichloromethane; 

DIBAL-H: di-iso-butylaluminum hydride 

DMEM: Dulbecco’s Modi?ed Earle Medium; 

DMF: N,N-dimethylformamide; 








































































































































