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those viral polymerases within the Flaviviridae family, more
particularly to HCV polymerase. (No suitable figure) 15

This PDF First Page has been artificially created from the Singaporian Absiracts



VIRAL POLYMERASE INHIBITORS

ABSTRACT

5 An enantiomer, diasterecisomer or tautomer of a compound, represented by

formula (1)
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: wherein either A or B is'nitrogen and the other B or A is C, and the radicals R’,
R? R® R* R% R® R’, R® RY and R are as defined herein, or a salt or ester
10 thereof as viral polymerase inhibitors. The compound is used as an inhibitor of
RNA dependent RNA polymerases, particularly those viral polymerases within

the Flaviviridae family, more particularly to HCV polymerase.

(No suitable figure)
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VIRAL POLYMERASE INHIBITORS

TECHNICAL FIELD OF THE INVENTION

The invention relates to inhibitors of RNA dependent RNA polymerases, particularly
thosé viral polymerases within the Flaviviridae family, more particularly to HCV
polymerase.

BACKGROUND OF THE INVENTION ,

About 30,000 new cases of hepatitis C virus (HCV) infection are esttmated to ocour 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 cieared by the hosts’
immunological defences; as many as 85% of the people infected with HCV become
chronicaily infected. Many of these persistent infections result in chronic fiver *
disease, including ctrrhosu; and hepatocellular carcinoma (Hoofnagle, J. H 1997,
Hepatology 26: 158-203). There are an estimated 170 million HCV carners world-
wide, and HCV-associated end-stage liver disease is now the leading cause of liver
transpiantation. 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.

Currently, the only approved therapy for patients chronically infected with HCV is
treatment with interferon or a combination of interferon and ribavirin. Recentiy,
pegylated versions of interferon (peginterieron alpha-2a (Pegasys ™, Roche) and
peginterferon alpha-2b (PEG-Intron™, Schering)) have been approved for marketing
in some countries for freatment of chronic hepatitis C infection, 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.

HCV belongs to the family Flaviviridae, genus hepabivirus, which comprises three
genera of small enveioped positive-strand RNA viruses (Rice, C.M.; 1996';
“Eiaviviridae: the viruses and their replication”; pp. 931-960 in Fields Virology, Fieids,
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) flanked
by 5’ and 3’ non-translated regions (NTR's). The HCV 5 NTR is 341 nucleotides in

length and functions as an interna ribosome entry site for cap-independent translation
1 .
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initiation (Lemon, S.H.; Honda, M.; 1997; Semin. Virol. 8: 274-288). The HCV
polyprotein is cleaved co- and post-translationally into at least 10 individual
polypeptides (Reed, K.E.; Rice, C.M.; 1999: Curr. Top. Microbiol. immunol. 242; 55-
84). The structural proteins resuit from signal peptidases in the N-terminal portion of
the polyprotem Two viral proteases mediate downstream cieavages 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 catalyttc domain of the NS 3-4A 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 phosphoprotein are also likely components

of the replicase, their specific roles are unknown. The C-terminai polyprotein
cleavage product, NS5B, is the elongation subunit of the HCV replicase possessing
RNA-dependent RNA polymerase (RdRp) activity (Behrens, S.E.; Tomel, L.; ' _
DeFrancesco, R.; 1996, EMBO J. 16: 12-22; and Lohmann, V., Korner, F.; 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. T4: 2046-
2051). |

The development of new and specific anti-HCV treatments is a high priority, and virus-
specific functions essential for replication are the most aitractive targets for drug
development. The absence of RNA dependent RNA polymerases in mammals, and
the fact that this enzyme'a‘ppears 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,

WOQ 03/026587, WO O3/10i993, WO 04/005286, WO 2004/064925, WO 2004/065367
and WO 2004/087714 report inhibitors of NS5B proposed for treatment of HCV.

indole inhibitors of the NS5B polymerase of HCV are disclosed in WO 03/010141.
However, the inhibitors of the invention differ from those disclosed in WO 03/010141
in that they exhibit unexpectediy good activity in a cell-based HGV RNA replication
assay.
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SUMMARY OF THE INVENTION

The preseht invention provides; a novel series of compounds having good to very
good inhibitory activity against HCV polymerase and/or unexpectedly good activity in
a cell-based HCV RNA replication assay.

Further objects of this invention arise for the one skilled in the art from the following
description and the examples.

in a first aspect of the invention, there is provided a compound, represented by

formula 1, or an enant;omer diastereoisomer or tautomer thereof, including a salt or

ester thereof:

1 O ® R

{ N R

2 ,A N - /
R— H . N &°
?
3 7 Rg
R (Y

wherem

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;
R!'isH or (Cr.o)alkyh;
R? is selected from halogen, cyano, (Cs)alkyl, (Cae)alkenyi, (Ca.s)alkynyt,
(Ca7)cycloaikyl, aryl and Het: said ary! and Het being opticnally substituted with R
wherein R?' is one, two or three substituents each independently selected from
~OH, -CN, -N(R*)RM, halogen, (Cs.s)alkyl, (Ce)alkoxy, (C1e)alkylthio, Het
and -CO-N(R")RM;
wherein said (Cq.s)alkyl, (Cre)alkoxy and (C+.p)alkylthio are each
optionally substituted with one, two or three halogen atoms;

. R%is (Cs. e)cyc!oalkyi optionally substituted ‘with from one to four halogen atoms;

R* and R’ are each independently selected from H, (C1.e)alkyl, (Cq.g)alkoxy,
(Cy.g)alkylthio, -NH;, ~NH(C1.s)akyl, -N((Cs.e)alkyl)2 and halogen,
One of R® and R® is selected from COOH, CO-NR"RM aryl, Het and (Ce.g)alkenyl,
3
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wherein aryl, Het, (Czs)alkenyl and R"" or any heterocycle formed between R and

RM are each optionally substituted with R®";
wherein R® is one, two or three substituents each independently selected from
(Cr)alkyl, -COOH, -OH, oxo, NR™)RY, -CO-N(R")R™ and halogen,
wherein the (Cy.o)alkyl is optionaily substituted with aryl or NRYHRM,

and the other of R® and R® is selected from H, (Cs.s)alkyl, (Cis)alkoxy, (Cre)alkylthio,

and N(RV)RM,; '

RE is (Ci.e)alkyl, (Ca- 7)cyctoatkyt or (Cay)cycloalky-(Cre)aikyl-;
wherein said alkyl, cyctoalky! and cycloalkyl- -alky! are each optionally
substituted with one, two or three substituents each independently selected
from halogen, (C+.e)alkoxy and (Ci.)alkyithio;

R? and R are each independently selected from (C1ss)atkyt; or R® and R'? are linked,
together with the C atom to which they are atfached, to form (Caq)cycloalkyl,
(Csy)cycloalkenyl or a 4- 5. or 6-membered heterocycle having from 1to 3
heteroatoms each independently selected from O, N, and S;
wherein said cycioalkyl, cycloalkenyl or heterocycle is in each case optionally
substituted with {(Cs)alkyl;

RM is selected from H, (Cre)alkyl, (Csr)cycloalkyt, (Cs v)cycioalkyl ~(Crgyalkyl,

-CO-(C1.e)alkyl, -CO-O-(C.e)alkyl and Het;
wherein the alkyl and cycloa!kyi portions of each of said (Cig)alkyl,
(Ca)cycloalkyt, (Car)eyel oalkyl-(Cy.e)alkyl-, ~CO-(Cye)alkyl and -CO- O-
(C..s)alkyl are each optionaily substituted with one, two or three substituents
each independently selected from halogen, {Crs)alkoxy and (Cye)alkylthio; and

RN2 s H or (Cr.s)alkyl, or :

RM and R™ may be linked, together with the N atom to which they are attached, to

form a 4-, 5- 6- or 7-membered saturated, unsaturated or aromatic N-confaining

heterocycle or a 8-, 8-, 10- or 11 -membered N-containing saturated unsaturated or
aromatic heterobicycle, each optionally having additionally from 1 to 3 heteroatoms

each indepsndently selected from O, N, and S;
wherein the heterocycle or heterobicycie formed by R™ and R"' is optionally
substituted with one, two or three substituents each independently selected
from halogen, {(C1.s)alkyl, (C.g)aikoxy and (Ch.gyalkylthio;

wherein Het is defined as a 4-, 5-, 6- or 7.membered heterocycie having 1 to 4

heteroatoms each independently selected from O, N and S, which may be saturated,

4
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unsaturated or aromatic; or a 8-, 9-, 10- or 11-membered heterobicycie having 1to 5
heteroatoms wherever possibtg-', each independently selected from O, N and S, which

may be saturated, unsaturated or aromatic.

included within the scope of this invention are compounds of the formuia (1) as
described hereinbefore, to which at least one of a “detectable label”, an “affinity tag”
and a “photoreactive group” is finked.

The compounds according to this invention generally show an inhibitory activity
against HCV polymerase. in particular compounds according to this invention inhibit |
RNA synthesis by the RNA depende'nt RNA polymerase of HCV, esbecially of the
enzyme NSS.B encoded by HCV. Furthermore, compounds according to this invention
show an unexpectedly good activity in a cell-based HCV RNA replication assay. A
further advantage of compounds provided by this invention is their low to very low or

even non-significant activity against other polymerases.

in a second aspect of the invention, there is provided a use of a compound of formula
| according to this invention, or a pharmaceutically acceptable salf or ester thereof, or
a composition thereof, as an HCV polymerase inhibitor, preferably as an inhibitor of

RNA dependent RNA polymerase activity of the enzyme NSSE, encoded by HCV.

In a third aspect of the invention, there is provided a use of a compound of the
formula 1 according to this invention, or a pharmacedticaﬂy acceptable salt or ester

thereof, or a composition thereof, as an inhibitor of HCV replication.

In a fourth aspect of the invention, there is provided a use of a compound of the
formula | according to this invention, or a pharmaceuticaily acceptable sait or ester
thereof, or a composition thereof, for the treatment or prevention of HCV infection in a

mammal,

in a fifth aspect of the invention, there is provided a method of inhibiting the RNA-
dependent RNA polymerase activity of the enzyme NS5B, encoded by HCV,

comprising exposing the enzyme NS5B to an effective amount of a compound of
" formula | under conditions where the RNA-dependent RNA polymerase activity of the

enzyme NS5B is inhibited.
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in a sixth aspect of the invention, there is provided a method of inhibiting HCV
replication, comprising exposing a cell infected with HCV fo an efiective amount of a

compound of formula | under conditions where replication of HCV is inhibited.

In a seventh aspect of the invention, there is provided a method of treating or
preventing HCV infection in a mammal, comprising administering to the mammal an
effective amount of a compound of formula | according fo this invention, or a

phérmaceuticaliy acceptable salt or ester thereof, ora composition thereof.

In a eighth aspect of the invention, there is provided a method of treating or
preventing HCV infection in a mammal, compiising administering to the mammal an |
effective amount of a compound of formula |, or a pharmaceutically acceptable salt or
ester thereof, or a composition thereof, in combination with at least one other antiviral
agent. -

in a ninth 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 | according to this invention, or a pharmaceutically acceptable

salt or ester thereof, and-a pharmaceutically acceptable carrier.

According to a specific embodiment, the pharmaceuticai composition of this invention
additionally comprises a therapeutically effective amount of one or more antiviral
agents. Examples of antivirai agents include, but are not limited to, ribavirin and

amantadine.

According to a further specific embodiment, the pharmaceutical composition of this
invention additionally comprises at least one other anti-HCV agent as an antiviral
agent.

According to a more specific 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, g, B-, &~ y-, 1- and w-interferons and pegylated forms thereof.

8
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According to another more specific embodiment, the ph'arméc:eut';cal composition of
this invention additionalty comprises at least one other inhibitor of HCV polymerase as ‘
an other anti-HCV agent. |

According to another more specific embodiment, the pharmaceutical composition of

this invention additionally comprises at least one inhibitor of HCV NS3 protease as an

other anti-HCV agent.

According to yet another more specific embodiment, 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 of other
targets inciude, but are not iimited to, agents that inhibit a target selected from HCV
helicase, HCV NS2/3 protease and HCV IRES and agents that interfere with the

function of other viral targets including but not limited to an NS5A protein.

in an tenth aspect of the invention, there is provided a use of a compound of formuia |
according fo this invention, or of a pharmaceutically acceptable salt or ester thereof,
or a composition thereof, for the manufacture of a medicament for the freatment

and/or the prevention of a Flaviviridae viral infection, preferably an HCV infection.

An eleventh aspect of this invention refers to an article of manufacture comprising a
composition effective to treat or prevent an HCV infection or o inhibit the NS5B
polymerase of HCV and packaging material comprising a label which indicates that
the composition can be used to freat infection by the hepatitis C virus, wherein said
composition comprises a compound of formuia (1) according to this Invention-or a
pharmaceutically acceptabie salt or ester thereof.

DETAILED DESCRIPTION OF THE INVENTION
Definitions

The following definitions apply unless otherwise noted:

As used herein, the term “(C.n)alkyl”, wherein n is an integer, either alone orin
combination with another radical, is intended to mean acyclic straight or branched

chain alky! radicals containing 1 to n carbon atoms respectively. Examples of such
7
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radicals inciude, but are not limited to, methyl, ethyl, n-propyl, 1-methylethy! (iso-
propyl), n- butyl 1-methylpropyl, 2-methylpropyl, 1, 1-dimethytethyl (terf-butyl), n-
pentyl, etc.. in the foliowing, the term Me denotes a methyl group.

If an alkyl group is substituted by halogen, it is preferably mono-, di- or trisubstituted
with fiuorine or monosubstituted by chiorine or bromine.

As used herein, the term “(Co.n)alkenyl”, wherein n is an integer, either alone orin
combination with another radical, is intended to mean an unsaturated, acyclic straight
or branched chain radical cOntafning 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-propenyi, 1-butenyl, etc.. The cis and trans
isomers, and mixtures thereof, of the (C..)alkenyl radical are encompassed by the
term. A (Car)alkenyi radical may be substituted on any of the carbon atoms thereof
which would otherwise bear a hydrogen atom. )

As used herein, the term “(Cz.n yalkynyl”, wherein n is an integer, either alone or in
combmét;dn with another radical, means an acyclic, straight or branched chain radical
containing from 2 to n carbon atoms, at least two of which are linked by a triple bond.
Examples of such radicals include, but are not limited fo, ethynyi, 1-propynyi,

2-propynyl, and 1- butynyl. A (Canalkynyl radical may be substituted on any of the
carbon atoms thereof which would otherwise bear a hydrogen atom.

As used herein, the term “(Canyeycloalkyl”, wherein n is an integer, either alone or in

combination with another radical, means a cycloaiky! radical containing from three to

" 1 carbon atoms. Exampies of such radicals include, but are not fimited to, cyclopropyl,

cyciobutyl, cyclopentyt, cyclohexyi and cycloheptyl.

As used herein, the term “(Cs.n)cycloalkenyl”, wherein n is an intege'r‘ either alone or
in combination with another radical, means an unsaturated cyclic radical containing
five to n carbon atoms. Examples include, but are not kmited to, cyclopentenyl and
cyclohexenyl. |

As used herein the term “(Ca.m)cycloalkyl-(C1-n)alky[-”, wherein n and m are integers,

either alone or in combination with another radical, means a branched or straight
8
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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 (Cs7)cycloalkyh-

. {Cy.g)alkyl- include, but are not limited to, cyclopropyimethyi, cyclobutylmethyl,

cyclopentylmethyl, cyclohexyimethyi, 1-cycliopropytethyl, 2- cyclopropyiethyt, 1-
cyciobutylethyi, 2-cyclobutylethyl, 1-cyclopentylethyi, 2-cyclopentylethyl, 1-
cyclohexylethyl, 2-cyciohexylethyl, ete..

' As used herein, the term “protécting group® defines protecting groups that can be

~ used during synthetic transformation, examples of which are listed in Greene,

"Protective Groups in Organic Chemistry”, John Wiley & Sons, New York (1981) and
“The Peptides: Anaiysis, Synthesis, Biology®, Vol. 3, Academic Press, New York
(1981).

A carboxyl! group is usuaily protected as an ester that can be cleaved to give'the

carboxylic acid. Protecting groups that can be used include, but are not fimited to.: 1 .
alkyl esters such as methyi, ethyl, trimethytsilylethy! and teri-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 trichloroethyl-and phenacyl esters.

As used herein, the term “ary!” either alone or in combination with another radicai
means a 8- or 10-membered aryl, iL.e. an aromatic radicai containing six or ten carbon
atoms. Examples include, but are not limited to, phenyl, 1-naphthyi or 2-naphthyi.

As used herein, the term "Het" defines-a 4-, 5-, 8- or 7-membered heterocycle having
1 to 4 heteroatoms each independently selected from O, N and S, which may be
saturated, unsaturated or aromatic, or a 8-, 9-, 10~ or 11-membered heterobicycle
having 1 to 5 heteroatoms wherever possible, each independently selected from G, N

and S, which may be saturated, unsaturated or aromatic, unless specified otherwise.
As used herein the term “heteroatom” means O, Sor N,

As used herein, the term “heterocycle”, either alone or in combination with another
radical, means a monovalent radicai derived by removai of a hydrogen fromn a five-,
six-, or seven-membered saturated or unsaturated (including aromatic) heterocycle

containing from one to four heteroatoms selected from nitrogen, oxygen and sulfur.
9
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Exampies of such heterocycles include, but are not limited {0, azetidine, pyrrolidine,
tetrahydrofuran, thiazolidine, pyrrole, thiophene, hydantom diazepine, 1H- 1m|dazole
isoxazole, thiazole, tetrazole, piperidine, piperazine, homopiperidine, homopiperazine,
1 4-dioxane, 4-morpholine, 4—thiomorpho!iné, pyridine, pyridine-N-oxide or pyrimidine
or the foliowing heterocycles:

H

I B N -

As used herein, the term “9- or 10-membered heterobicycle” or *heterobicycle” either
alone or in combination with anothe} radical, means a heterocycle as defined above
fused to one or more other cycle, be it a heterocycle or any other cycle. Examples of
such heterobicycles include, but are not limited to, indole, benzimidazole, thiazoto[4,5-

bl-pyridine, quinoline, or coumarm or the following:

o 0 O O, ©55

As used herein, the term “halo” or “halogen” means a haiogen atom and includes
fluorine, chiorine, bromine and iodine.

As used herein, the term “OH’ refers to a hYdroky] group. ltis well known to one
skilled in the art that hydroxyl groups may be substituted. by functionai group
equivalents. Examples of such functional group equivalents that are contempiated by
this invention include, but are not limited to, ethers, sulfhydryls, thioethers and

primary, secondary or tertiary amines.

As used herein, the term “SH’ refers to a sulfiiydryl group. It is intended within the
scope of the present invention 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
S04R.

As used herein, the term “(Ci.r)alkoxy” refers to an oxygen atom further bonded to an

10
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(C..o)yalkyl radical. Examples of (C1.s)alkoxy include, but are not limited to, methoxy
{CH;0-), ethoxy (CHsCH0-), n-propoxy (CHaCH,CH-0-), 1-methyiethoxy (iso-
propoxy; (CH;).CHO-), 1,1-dimethylethoxy (fert-butoxy; (CH3);C0O-), etc.. When a (C..
~Jalkoxy group is subsfituted, it is understood to be substituted on the (C1_n)élkyl
portion thereof. '

As used herein, the term “(Cs.n)alkylthio” refers to a sulfur atom further bonded to an
(C...)alkyl radical. Examples of (C+.)alkylthio include, but are not timited to, methylthio
(CH;S-), ethylthio (CH3CH2S-), n-propylthio (CH4CH2CH2S-), 1-methylethylthio (iso-
propylthio; (CH;3):CHS-}, 1,1-dimethylethyithio (tert-butylthio (CH3)308-), etc.. When a
(Cro)alkylthio group is substituted, it is understood to be substituted on the (Cy.p)alkyl
portion thereof. '

The term “oxo” as used herein means an oxygen atom attached to a carbon atom as a
substituent by a double bond (=0).

It is intended that when the term “substituted"” is applied in conjunction with a radical
having more than one moiety such as (Cs.7)cycloalkyl-(C1.e)alkyl-, such substitution

applies to both moieties i.e. either or both of the alkyl and cycloalkyl moieties can be

'substituted with the defined substituents.

As used herein, the term “COOH" refers to a carboxylic acid group. It is well known {0
one skilled in the art that carboxylic acid groups may be substituted by functional
group equivalents. Examptles of such functional group equivalents that are
contemplated by this invenﬁon inciude, but are not limited to, esters, amides, imides,
boronic acids, phosphonic acids, sulfonic acids, tetrazoles, triazoles, N-
acylsulfonyldiamides (RCONHSO:NR;), and N-acylsulfonamides (RCONHSO:R).

As used herein, the term “functional group equivalent” is intended to mean an element
or group or a substituted derivative thereof, that is replaceabie by another element or
group that has similar electronic, hybridization or bonding properties.

The following signs ~~-- and ™~ are used interchangeably in subformuias to
indicate the bond, or in the case of a spirocyciic group the atom, which is bonded to

the rest of 't'ne moiecﬁle as defined.
' 11
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As used herein, the term “detectable iabel” means ahy 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 aliows recognition either directly
or indirectly of the compound such that it can be detected, measured and quantified.
Examples of such “labels” are intended to include, but are not limited to, fluorescent
labels, chemiluminescent labels, colorimetric labels, enzymatic markers, radioactive
isotopes and affinity tags such as biofin. Such labels are attached to the compound or
to the polymerase by well known methods.

As used herein, the term “affinity tag” means a ligand (that may be linked to the
polymerase or to a compbund of the present invention) whose strong affinity for a

receptor can be used to extract from a solution the entity to which the figand 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 defined epitope recognizable by a specific antibody. Such affinity tags are attached
to the compound or o the polymerase by weli-known methods.

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 photoaffinity label. Examples of

such groups include, but are not limited to, benzophenenes, azides, and the like.

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.

The term "pharmaceutically acceptable salt” means a salt of a compound of formula
(1) which is, within the scope of sound medical judgment, suitable for use in contact
with the tissues of humans and lower animats without undue toxicity, irritation, allergic
response, and the fike, commensurate with a reasonable benefit/risk ratio, generally
water or oil-soluble or dispersible, and effective for their intended use. The term
includes pharmaceuticaliy-acceptable acid addition salts and pharmaceutically-
acceptable base addition salts. Examples of suitable salts are found in, e.g., S.M.
RBirge et al., J. Pharm. Sci., 1977, 86, pp. 1-18.
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The term “pharmaceutically-acceptable acid addition salt” means those saits which
retain the biological effectiveness and properties of the free bases and which are not
biologically or otherwise undesirable, formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid, suifamic acid, nitric acid, phosphoric
acid, and the like, and organic acids such as acetic acid, trifiuoroacetic acid, adipic
acid, ascorbic acid, aspartic acid, benzenesulfonic acid, benzoic acid, butyric acid,
camphoric acid, camphorsulfonic acid, cinnamic acid, citric acid, dlgluconlc acid,
ethanesulfonic acid, giutamic acid, glycolic acid, glycerophosphoric acld hemisuific
acid, hexanoic acid, formic acid, fumaric acid, 2—hydroxyethanesulfon|c acid
(isethionic acid), lactic acid, hydroxymaleic acid, malic acid, maionic acid, mandeiic
acid, mesitylenesulfonic acid, methanesuifonic acid, naphthalenes_uifonic acid,
nicotinic acid, 2~-naphthalenesuifonic acid, oxalic acid, pamoic' acid, pectinic acid,
phenylacetic acid, 3-phenylpropionic acid, pivalic acid, propionic acid, pyruvic acid,
salicylic acid, stearic acid, succinic acid, sulfanilic acid, tartaric acid, p-toluenesuifonic
acid, undecanoic acid, and the like.

The term “pharmaceutlcailywacceptabie base addition 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 inorganic bases such as ammonia
or hydroxide, carbonate, or bicarbonate of ammonium or a metal cation such as
sodium, potassium, lithium, calcium, magnesium, iron, zine, copper, manganese,
aluminum, and the like. Particularly preferred are the ammonium, potassium, sodium,
calcium, and magnesium salts. Salits derived from pharmaceutically-acceptable

organic nontoxic bases include salts of primary, secondary, 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, ethylamine, diethylamine, triethylamine,
isopropylamine, tripropyiamine, tributylamine, ethanolamine, diethanolamine, 2-
dimethylaminoethanol, 2-diethylaminoethanol, dicyclohexylamine, lysine, arginine,
histidine, caffeine, hydrabamine} choline, betaine, ethylenediamine, glucosamine,
methyigiucamine, theobromine, purines, piperazine, piperidine, N-ethylpiperidine,
tetramethylammonium compounds, tetraethylammonium compounds, pyridine, N,N-
diméthylaniline, N-methylpiperidine, N-methylmorpholine, dicyclohexylamine,
dibenzylamine, N, N-dibenzylphenethylamine, 1-ephenamine, NN
dibenzylethylenediamine, polyamine resins, and the like. Particularly preferred
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organic nontoxic bases are isopropylamine, diethylamine, ethanoiamine,

trimethylamine, dicyciohexylamine, choline, and caffeine.

The term “ester thereof” means any ester of a compound in which any of the carboxyl
functions of the molecule is replaced by an alkoxycarbonyt function, including but not

limited to pharmaceutically acceptable esters thereof.

The term “pharmaceutically acceptable ester” as used herein, either alone or in
combination with another substituent, means esters of the compound of formula (}) in
which any of the carboxyi functions of the molecule, but preferably the carboxy

terminus, is replaced by an alkoxycarbonyl function:

)J\ OR

A
Al

in which the R moiety of the ester is selected from alky! (e.g. methyi, ethyl, n-propyl,
terf~buty} n-butyl); alkoxyalkyl (e.g. methoxymethy!); alkoxyacyl (e.0. acetoxymethy!)

aralkyl (e.g. benzyl); aryloxyalkyl (e.g. phenoxymethyl); aryl (e.g. phenyl}, optionally
substituted with halogen, (C+)alkyl or (Ci4)alkoxy. Other suitable esters can be
found in Design of prodrugs, Bundgaard, H. Ed. Elsevier (1985). Such
pharmaceutically acceptable esters are usually hydrolyzed in vivo when injected in a
mammal and transformed into the acid form of the compound of formuia (I). With
regard to the esters described above, unless otherwise specified, any alkyl moiety -
present advantageously contains 1 to 16 carbon atoms, particutarly 1to 6 carbon
atoms. Any aryl moiety present in such esters advantageously comprises a phenyl
group. In particuiar the esters may be a (C+.1e)alkyi ester, an unsubstituted benzy!
ester or a benzyl ester substituted with at least one halogen, (Cie)alkyl, (Ci.g)alkoxy,
nitro or triﬂuorométhyl.

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 host or viral mechanisms necessary for the
formation and/or replication of a virus in a mammal. Antiviral agents include, but are
not limited to, ribavirin, amantadine, VX-497 {merimepodib, Vertex Pharmaceuticais),
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VX-498 (Veriex Pharmaceuticals), Levovirin, Viramidine, Céplene (maxamine), XTL-
001 and XTL-002 (XTL Biopharmaceuticals). '

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: immunomoduiatory agents, inhibitors
of HCV NS3 protease, other inhibitors of HCV polymerase or inhibitors of another
target in the HCV fife cycle.

“The term “immunomodulatory agent” as uséd herein means those agents (compounds

or biologicals} that are eﬁectwe to enhance or potentiate the immune system

response in a mammai lmmunomodulatory agents include, but are not fimited to,
class 1 interferons (such as a-~, -, §- and w interferons, t-interferons, CONSeNsuUs
interferons and asiaio-interferons), class Il interferons (such as y-interferons) and

pegylated forms thereof.

The term “inhibitor of HCV NS3 protease” as used herein means an agent (compound
or biclogical) that is effective to inhibit the function of HCV NS3 protease in a
mammal. Inhibitors of HCV NS3 protease include, but are not limited to, those
compounds described in WO 99/07733, WO 99/07734, WO 00/08558, WO 00/09543,
WO 00759928, WO 02/060926, US 2002/0177725, WO 03/053349, WO 03/062285,
WO 03/084416, WO 03/064455, WO 03/064458, WO 03/099316, WO 03/099274, WO
2004/032827, WO 2004/037855, WO 2004/043339, WO 2004/072243, WO
2004/093798, WO 2004/094452, WO 2004/101602, WO 2004/101605, WO
2004/103996, the Boehringer Ingelheim clinical candidate identified as BILN 2061and
the Vertex clinical candidate identified as VX-850.

The term “other inhibitor of HCV polymerase” as used hérein means an agent
{compound or biological) that is effective to inhibit the function of HCV polymerase in
a mammal, whereby this agent has a structure different from the compounds
according to this invention and preferably binds to a site of the HCV polymerase
different from the site targeted by the compounds according to this invention. Other
inhibitors of HCV polymerase include non-nucleosides, for example, those
compounds described in : WO 2004/087714 (IRBM), WO 04/005286 (Gilead), WO
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04/002977 (Pharmacia), WO 04/002944 (Pharmacia), WO 04/002940 (Pharmacia),
WO 03/101993 (Neogenésis), WO 03/099824 (Wyeth), WO 03/099275 (Wyeth), WO
03/099801 (GSK)), WO 03/097646 (GSK), WO 03/095441 (Pfizer), WO 03/090674
(Viropharmay), WO 03/084953 (B&C Biopharm), WO 03/082265 (Fujisawa), WO
03/082848 (Pfizer), WO 03/062211 (Merck), WO 03/059356 (GSK), EP 1321463
(Shire), WO 03/040112 (Rigel), WO 03/037893 (GSK), WO 03/037894 (GSK}, WO
03/037262 (GSK), WO 03/037895 (GSK), WO 03/026587 (BMS), WO 03/002518
(Dong Wha), WO 03/000254 (Japan Tobacco), WO 02/100846 A1 (Shire), WO
02/100851 A2 (Shire), WO 02/098424 A1 (GSK), WO 02/079187 (Dong \Wha), WO
03/02/20497 (Shionogi), WO 02/06246 (Merck), WO 01/47883 (Japan Tobacco), WO
01/85172 A1 (GSK), WO 01/85720 (GSK), WO 01/77091 (Tutarik), WO 00/18231

- (Viropharma), WO 00/13708 (Viropharma), WO 01/10573 (Viropharma) WO 00/06529

(Merck), EP 1 256 628 A2 (Agouron), WO 02/04425 (Boehringer Ingetheim) WO
03/007945 (Boehringer Ingelheim), WO 03/010140 (Boehringer Ingelheim), WO
03/010141 (Boehringer Ingetheim), WO 2004/084925 {Boehringer ingelheim) and WO. -
2004/065367 (Boehringer ingelheim). Furthermore other inhibitors of HCV polymerase
also include nucleoside analogs, for example, those compounds described in\WO
04/007512 (Merck/Isis), WO 04/003000 (ldenix), WO 04/002999 (idenix), WO
04/0002422 (Idenix), WO 04/003138 (Merck), WO 03/105770 (Merck), WO 03/105770
(Merck), WO 03/093290 (Genelabs), WO 03/087298 (Biocryst), WO 03/062256
(Ribapharm), WO 03/062255 (Ribapharm), WO 03/061385 (Ribapharm), WO
03/026675 (Idenix), WO 03/028589 (Idenix), WO 03/020222 (Merck), WO 03/000713
(Glaxo), WO 02/1 00415 (Hoffmann-La Roche), WO 02/10842889 {Hoffmann-La
Roche), WO 02/051425 (Mitsubishi), WO 02/18404 (Hoffmann-La Roche), WO
02/069903 (Biocryst Pharmaceuticals inc.), WO 02/057287 (Merck/isis), WO
02/057425 (Merck/isis), WO 01/90121 (iden'ix), WO 01/60315 (Shire) and WO
01/32153 (Shire).

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 RNA dependent RNA
polymerase of HCV. This includes agents that interfere with either host or HCV viral
mechanisms necessary for the formation and/or replication of HCV in a mammal.
Inhibitors of another target in the HCV life cycie include, but are not limited to, agents

that inhibit a target selected from a HCV helicase, HCV NS2/3 protease and HCV
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IRES and ‘agents that interfere with the function of other viral targets including but not

-limited to an NS5A protein.

The term “HiV inhibitor’ as used herein means an agent (compound or biciogical) that
is effective to inhibit the formation and/or replication of HIV in a mammal. This

includes agents that interfere with either host or viral mechanisms necessary for the

" formation and/or replication of HIV in @ mammal. HIV inhibitors include, but are not

limited to, nucleoside inhibitors, non-nucleoside inhibitors, protease inhibitors, fusion
inhibitors and integrase inhibitors. (

The term *HAV inhibitor” as used herein means an agent (compound or biological)
that is effective to inhibit the formation and/or repiication of HAV in a mammal. This
includes agents that interfere with either host or viral mechanisms necessary for the
formation and/or replication of HAV in @ mammal, HAV inhibitors include, but are not

limited to, Hepatitis A vaccines, for example, Havrix® (GlaxoSmithKiine), VAQTA®

(Merck) and Avaxim® (Aventis Pasteur).

The term “HBV inhibitor” as used herein means an agent (compound or biological)
that is effective to inhibit the formation and/or replication of HBV in a mammal. This
includes agents that interfere with either host or viral mechanisms 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. Specific examples of HBV
inhibitors inciude, but are not limited to, Lamivudine (Epivir-HBV®), Adefovir Dipivoxi,
Entecavir, ETC (Coviracil®), DAPD (DXG), L-FMAU (Clevudine®), AM365 (Amrad), Ldt
(Telbivudine), monoval-LdC (Vattorcitabine), ACH-126,443 (L-Fd4C) {Achillion},
MCC478 (Eli Lilly), Racivir (RCV), Fiuoro-L and D nucleosides, Rohustafiavone, ICN
2001-3 (ICN), Bam 205 (Novelos), XTL-001 (XTL), Imino-Sugars (Nonyl-DNJ)
(Synergy), HepBzyme; and immunomodulator products such as: interferon alpha 2b,
HE2000 (Hollis-Eden), Theradigm (Epimmu ne), EHT829 (Enzo Biochem), Thymosin
alpha-1 (Zadaxin®}, HBV DNA vaccine (PowderJect), HBV DNA vaccine (Jefferon
Center), HBV antigen (OraGen), BayHep B® (Bayer), Nabi-HB® (Nabi} and Anti-
hepatitis B (Cangene); and HBV vaccine products such as the following: Engerix B,
Recombivax HB, GenHevac B, Hepacare, Bio-Hep B, TwinRix, Comvax, Hexavéc.

17



10

15

20

25

30

35

The term “class 1 interferon” as used hefein means an interferon selected from a
group of interferons that all bind to receptor type I. THis inciudes both naturally and
synthetically produced class | interferons. Exampies of class | interferons include, but
are not limited to, a-, -, -, w- interferons, z-interferons, consensus interferons,
asialo-interferons and pegylated forms thereof.

The term “class Il interferon” as used herein means an interferon selected from a group
of interferons that all bind to receptor type Il. Examples of class If interferons include, but

are not limited to, y-interferons and pegylated forms thereof.

As discussed above, combination therapy is contemplated wherein a compound of

forrhuia (1), or a pharmaceutically acceptabie sait or ester thereof, is co~-administered

with at least one additional agent selected frdm: 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

Definitions section above. Speciﬁc preferréd examples of such agents are listed

below:

s antiviral agents: ribavirin or amantadine;

= immunomodutatory agents: class | interferons, class ii interferons or pegylated
forms thereof;

= HCV NS3 protease inhibitors;

s - pother inhibitors of the HCV polymerase: nucleoside or non-nucleoside inhibitors;

= an inhibitor of another target in the HCV life cycle that inhibits a target selected |
from: NS3 helicase, HCV NS2/3 protease and internal ribosome enfry site (IRES)
or an agent that interferes with the function of an NSSA protein; .

= HIV inhibitors: nucieoside inhibitors, non-nucleoside inhibitors, proteése inhibitors,
fusion inhibitors or integrase inhibitors; or

= HBV inhibitors: agents that inhibit HBV viral DNA polymerase or an agent that is
an HBV vaccine.

These additional agents may be combined with the compounds of this invention to create

a single pharmaceutical 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 additjonai agents may be administered to the patient prior to,

concurrently with, or following the administration of a compound of formula (1), or a
18
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pharmaceuiically acceptable salt or ester thereof.

As used herein, the term “treatment” means the administration of a compound or

composition according to the present invention to alieviate or eliminate symptoms of

‘the hepatitis C disease and/or to reduce viral load in a patient.

~ 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 tevels in the blood.

Preferred embodiments

Unless stated otherwise, all groups and substituents, including but not limited to R’

R R R RS RS R, RS RY, RV, R, R™,RY, R¥2 A B, and Het, have the

definitions as defined hereinbefore and hereinafter. in the following, the preferred

embodiments, groups and substituents according to this invention are described.

Core:

This invention comprises compounds of the formula la:

R’ O Ry R"
| N R*
N
2 N 7
R \ - %
R
R g
| R™ R (la)
Alternatively, this invention comprises compounds of the formula ib:
R—: O Rs R10 X
R
R / J‘\) H R
N = /

O ® ()

R":

According to a preferred embodiment of this invention R! is selected from the group
consisting of H, methyl and ethyl.

More preferably, R is methyl.

19
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Preferably R? is selected from halogen, Cyano, (Cw,)alkyi (Csu)alkeny!, (Ce. 4)alkynyl
(Cag)cycioalkyl, phenyl and Het selected from the group of formulas:

\O\O\bef\>\)

wherein said phenyl and Het are unsubstituted or substituted with R*' wherein R* is
as defined herein.

10
More preferably, R? is selected from Br, Cl, cyano, methyl, ethiyl, propyl, 1-methylethyl,
etheny!, 1-methylethenyl, ethynyl, cyciobropyl, phenyl and Het selected from the
group of formulas:
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—
N

HN \
= ,and ' 4 ;
wherein said phenyl and Het are unsubstituted or substituted with R*' wherein R* is

as defined herein.

R

Preferably, R is 1,2 or 3 substituents each independently selected from:.

- 1 to 3 substituents each independently selected from halogen; and

- 1 to 2 substituents each independently selected fron:

a) hydroxy, (Cis)alkyl or (C1.4)alkoxy; wherein said alkyl and alkoxy are each
optionally substituted with one, two or three halogen atoms;

b)  -NR“RY wherein ‘
RM is selected from H, (Cro)alkyl, ~-CO-(Cy.a)alkyl, -CO-O~(Ci.o)alkyl and Het,
wherein the alky! portions of each of said (C+.s)atkyl, -CO-(Cis)alkyl, and
-CO-0O-(Cy.a)alkyl are optionaily substituted with one, two or three substituents
selected from halogen and (C+.¢)alkoxy; and wherein said Hetis a 5- or &-
membered monocyclic saturated, unsaturated or aromatic heterocycle having
1 or 2 heteroatoms, each independently selected from N, O and S; and

N2 is H or (Cr.s)alkyl; } -

c) _CONRM™RM wherein R¥ and R™ are each independently selected from H
and (Cq.p)atkyl; and
d) Het, wherein said Het is a 5- or & membered monocyclic heterocycle having 1,

2 or 3 heteroatoms, each independently selected from N, O and S.

More preferably, R2'is 1, 2 or 3 substituents each independently selected from:

-1 to 2 substituents each independently selected from fluorine, chiorine and bromine;

and

- 1 to 2 substituents each independently selected from:

a) hydroxy, methyl, ethyl, propy!, 1 -methylethy!, methoxy, sthoxy, propoxy or
1-methylethoxy; wherein said methyl, ethyl, propyl, 1-methylethyt, methoxy,
ethoxy, propoxy and 1-methylethoxy are each optionally substituted with one
two or three halogen atoms;

b) N(CHa), or -NHR" wherein
: 21
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N1 g selected from H, methyl, ethyl, propyi, i-methylethyl, -CO-CHs, 2
pyridyl, 3-pyridyl and 4-pyridyl; ’ ,
wherein said methyl, ethyl, propyl and 1-methylethyl are each optionally |
substituted with one, two or three substituents seiected from halogen and
{Cy3)alkoxy;

) -CONHz; and

dy  3-pyridyl, 4-pyridyl, 5-pyrimidinyl, 2-furyl, 1-pyrrotyl and 1 morphoimo

Therefore preferably, R? is selected from Br, Cl, cyano, methyl, ethyl, propyl, 1-
methylethyl, cyclopropy!, ethenyi, 1-methylethenyl, ethynyi,

A& &S00 D
,630882 3503

F T “'- . T F.
P
3
F
¥ i 1 r ] ] 1 1
s F, T E [ .
%‘j %ié bt U
F F N7 O~ RN

b&& i iﬂ 4 % %
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More preferably, R? is selected from cyclopropyl, ethenyi, 1-methylethenyl,
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R%:
F’referabiy, R? is cyclopentyl, or cyciohexyl, each being optionally substituted with one
or two fluorine atoms.

More preferably, R® is cyclopentyl or cyclohexyl.

R*and R":

Preferably R* is H or halogen and R” is H.
More preferably, R* is H or Ci and R is H.
Most preferably, R* and R are both H.

R’ and R®:

Preferably, one of R® and R® is selected from:

a) (Ca4)alkeny! substituted with COOH or CONHR™ wherein R is selected
from‘ H and (C.s)alky!, said alkeny! being optionally further substituted with one

or two substituents each independently selected from (C+.s)alky! and halogen;

b) phenyl or Het, each being optionally substituted with ona or fwo substituents
each independently selected from:
i, —OH, oxo, COOH, '
il. (61,3)a1kyt opfionally substituted with phenyl or ~N(R¥)RM, wherein R™
and R™ are each independently selected from H and (Cs.s)alkyl or RM and
B™2 gre linked, together with the N atom 1o Which they are attached, to form
a 5- or 6-membered monocyclic, saturated, unsaturated or aromatic N-
containing heterocycle, optionally having additionally one or two
heteroatoms each independently selected from N, O and S; and
i, ~N(R")RM; wherein RY is selected from H, (Ci)alky! and -CO(Csa)alkyl
and R™ is H or (Craalkyl;
wherein Het is a 5- of 6-membered monocydclic saturated, unsaturated or
aromatic heterocycle having from 1to 3 heteroatoms, each independently
selected from O, N and S; and ’
c) COOH; .
and the other of R® and R® is selected from H, NHRY!, (C.0)alkyl, and (Ci.z)alkoxy,
wherein RV is selected from H and -CO-O-(C+.s)alkyl.

25



More preferably, ohe of R® and R® is selected from:

a) (C.)alkenyl substituted with COOH or ~CONH,, and optionally further
substituted with one or two substituents selected from (Ci.a)alkyl and halogen;
and )

5 b) phenyl or Het, each being optionally substituted with one or two substituents

' each independently selected from:

i. —OH, oxo, COOH;

§

. . . el R AN

fi. (Cyayaikyl optionally substituted with phenyl, =N(CHa)z, or ;and
iii. -NHsz, ~N(CHa)» and -NHCOCHG;

10 wherein Het is selected from the formutas:

bobe B oL

. NH. and
¢  COOH;
and the other of R® and R® is selected from H, methyl, methoxy, ethoxy. -NH, and

15 -NHCO-OCH(CHa)z-

Even more preferably, one of R® and R° is selected from:
a) -CH=CH-COOH or -CH=CH-CONH,, each optionally substituted with one or
two substituents selected from methy!, ethyl and fluoro; and
20 b) pheny} optionally substituted with NH. or

Het optionally substituted with one or two substituents each independently
selected from:

i, —OH, oxo, COOH;
ii. methyl or ethyl, each optionally substituted with phenyi, mN(CHa)z, or

g
25 - and

i, -NHa, =N(CHs)2 and -NHCOCH;;
wherein Het is selected from the formulas:
26



Ny
N

c) COOH;

and the other of R® and R® is selected from H, methyl, methoxy, ethoxy, -NH and
5 ~NHCO-OCH{CHa3}z.

Yet more preferably, one of R® and R is selected from —~COOH,

Y /,—. e (‘,r\ ’ P e o
O Y L O
COOH | COCH | HOOC . HC  COOH comd, F COOHI CONH NH,
/0 / N \ Y )\ >'\D
/Y = %-\[N ES-A\N N—\ Nd }\ 70 N
= COOH A S/KNH , oi‘ ©N1 /\’N OH, N\N'j' Nﬁ/& ;N c
JEES \@ <5 Q b 'S gﬁ 8
N N & 8 = = == R
10 NiNg \H/l ﬁ - r«\, \ / ’ {\‘N\‘? Net, )\‘\‘ \\gH2| N:-‘:_/N’ N
U
‘alne
<

and the other of R® and R® is selected from H, mef_hyl, methoxy, ethoxy, -NH; and
NHCO-OCH(CHa)z.

\ Y
15  Most preferably, one of R® and R®is coon or "~ ©09H and the other of R® and R®
is H.

Alternatively most preferably, one of R® and R® is selected from:
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R

Preferably, R® is selected from (Ci.s)alkyl, (Css)cycloalkyl, and
(Csu)cycloalkyl-(Cqz)alkyl, wherein the (C+.s)alkyl is optionally substituted with
(C+5)alkoxy or from one to three fiuoro atoms.

More preferably, R® is selected from methyl, ethyl, propyl, 1-methylethyl, 2-
methylpropyi, 3-methylbutyl, cyclobutyl, cyclopropylmethyi, 2-fluoroethyl, 2,22~
triftuoroethyl and 2-methoxyethyl.

Most preferably R® is methyl.

R® and R™: |

Preferably, R® and R' are each independently selected from (Ci.s)alkyl or R*and R™
are linked, together with the C atom to which they are attached, to form
(Csg)cycioalkyl, (Cs.s)cycloaikeny! or a 5- or Gamembéred monacyclic
heterocycie having from 1 to 2 heteroatoms each independently selected from
O andN: wherein said cycloalkyl, cycloalkeny! or heterocycle is each
optionally substituted with (C1)alkyl. |

9

R 10

R

More preferably, the group % is selected from:

7 2 Q Q%

and

- 28
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Even mofe preferably, the group e is selected from:

N/
Q /2 MO
K . 7 K . X/ . ’
AN 4 . v N v . \ .
\‘ 7 \‘ i ; V\‘ ! , and \\ 1 .

¥

5
RB _R1u Q
Most preferably, the group is
Encompassed within the scope of the present invention are compounds of formula |
10 wherein:

either A or Bis N and the otherBor Ais C, wherein —-- between two C-atoms

represents a double bond and -— between a C-atom and a N-atom represents a

single bond;

R' is H or (Cig)alkyl;
15  R?is halogen, aryl or Het: said ary! and Het being optionally substituted with R

wherein R?! is one, two or three substituents each independently selected from
~OH, -CN, -N(R¥)RM, halogen, (C1.s)alkyl, (Cre)alkoxy, (Cis)alkylthio, Het
and -CO-N(R"™)R";
wherein said alkyl, alkoxy and alky!thio are each optionally substituted
20 o with one, two or three halogen atoms;
R is (Cse)cycloalkyl, optionally substituted with from one to four haiogen atoms;

R* and R” are each independently selected from H, (Ci.s)alkyl, (Crs)alkoxy,
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(Ce)alkylihio, -NHz, -NH(C1.o)alkyl, -N{(C+.s)alkyl), and halogen;
one of R® and R® is selected from COOH, -CO-N(RYRM Het and (Cze)alkenyl,

wherein Het, (Cz.)alkenyl and RM' or any heterocycie formed befween R™ and R

are each optionally substituted with R*";

wherein R® is one, two or three substituents each independently selected from
(Cy.0)alkyl, -COOH, -NRYHRY, -CO-NR"MRY, and halogen;

and the other of R® and R® is selected from H, (Ces)alkyl, (Cre)alkoxy, (Cre)akylthio,

and N(RM)R™, : |

R® is (Cy.e)alkyl, (Car)cycloalkyl or (Cay)cycioalkyl-(Crealkyl-;
wherein said alkyl, cycloalkyl and cycloalkyl-alkyl are each optionally
substituted with one, two or three substituents each independently selected
from halogen, (Cre)alkoxy and (C+.s)alkyithio;

R® and R are each independently selected from (C+.s)alkyl; or R® and R" are linked
together with the C atom to which they are attached, to form (Ca7)cycloalkyi,
(Cs.7)cycloalkenyl or @ 4-, 5- of 6-membered heterocycle having from 110 3
heteroatoms each independently selected from O, N, and S;
wherein said cydoalkyi, cycloalkeny! or heterocycle are each optionally
substituted with (Cs)alkyt;

RM is selected from H, (Cre)alkyl, (Cs.7)cycioalkyl, (03_7)cycloalkyl—(C1_5)alkyl~,
- -CO-{C1s)alkyl, -CO-O-(Cys)atkyl and Het; '

wherein all of said alkyl and cycloalkyl is optionally substituted with one, two or
three substituents each independently selected from halogen, (Cqs)alkoxy and
(C4.¢)alkytthio; and
RN? is H or (C.e)alkyi, or
RN and RN may be linked, together with the N atom to which they are attached, to
form a 4-, 5-, 6- or 7-membered saturated or unsaturated N- containing heterocycle or
a 8-, 9-, 10- or 11-membered N-containing heterobicycle, each having additionaily
from 1 to 3 heteroatoms each independently selected from O, N, and S;
wherein the heterocycle or heterobicycle formed by R™ and RM is optionally
substituted with one, two or three substituents each independently selected
from haloger, (Cq.g)alky, (C+.syalkoxy and (C1g)alkyithio;
wherein Het is defined as a 4. 5-, B- or 7-membered heterocycle having 110 4
heteroatoms each independently selected from O, N and S, which may be saturated,

unsaturated or aromatic, or a 8-, 8-, 10~ or 11-membered heterobicyéle having 1to 5
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heteroatoms wherever possible, each independently selected from O, N and S, which
may be saturated, unsaturated or aromatic;

or a salt thereof.

5  Also encompassed within the scope of the present invention are compounds of
formula |, in particular of the formula la or ib, wherein:
R is selected from the group consisting of H, methy! and ethyl;
R? is selected from halogen, cyano, (Cis)alkyl, (Co)alkenyt, (Cp.a)alkynyl,
(Cs.q)cycloalkyl, phenyl and Het selected from the group of formuias:

.
.

wherein said phenyl and Het are unsubstituted or substituted with R?' wherein R*' is
15 1, 2 or 3 substituents each independently selected from: '
- 1, 2 or 3 substituents each independently selected from halogen; and
- 1 or 2 substituents each independently selected from:
a) hydroxy, (Cs)alkyl or (Ci.s)alkoxy; wherein said alkyl and alkoxy are each
optionally substituted with one, two or three halogen atoms;
20 b) -NRMRN wherein
RV is selected from H, (C.a)alkyt, ~CO-(C1g)alkyl, ~CO-0-(Csg)alky! and Het;
wherein the alkyl portions of each of said (Cis)alkyl, -CO-(C;.5)alky!, and
-CO-0O~(C1.3)atky! are optionally substituted with one, two or three substituents

selected from halogen and (C+.g)alkoxy; and wherein said Het is a 5- or &-
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d)

membered monocyclic saturated, unsaturated or aromatic heterocycle having
1 or 2 heteroatoms, each independently sel_ected from N, O and S; and

RM? is H or (Cis)alkyl; '
_CONRMRM  wherein R* and R" are each independently selected from H
and (Cy.5)alkyl; and "

Het, wherein said Het is a 5- or 6-membered monocyclic heterocycle having 1,

5 or 3 heteroatoms, each independently selected from N, O and S;

R? is cyclopentyl or cyclohexyl, each optionally substituted with one to four fluorine

atoms;

R*is H or hatlogen and R is H;

one of R® and R® is selected from:

a)

b)

-C)

(CH)aIkeny! cubstituted with COOH or CONHRM, wherein R' is selected
from H and (Cm)atkyi said alkenyk being optionally further substituted with one
or iwo substituents each independently selected from (C1.3)alky! and halogen;
phenyi or Het, each being optionally substituted with one or two substituents
each independently selected from:

i, =OH, oxo, COOH,;

ii. (Cy.c)alkyl optionally substituted with phenyl or -NR"™RN', wherein R"
and R™ are each independently selected from H and (C+.s)alkyl or R and
RM2 are linked, together with the N atom to which they are attached, to form
a 5- or 6-membered monocyclic, saturated, unsaturated or aromatic N-
containing heterocycle, optiohaliy having additionally one or two
heteroatoms each independently selected from N, O and S; and

i, ~N(RM)RM; wherein R is selected from H, (Cy.5)alkyl and -CO(Cia)alkyl

and R% is H or (Cuaalkyl

wherein Het is a 5- or 6- membered monacyclic saturated, unsaturated of

aromatic heterocycle ha\nng from 1 to 3 heteroatoms, each independently

selected from ©, N and S; and

COOH;

and the other of R® and R is selected from H, NHRN!, (Cr.a)alkyl, and (Cia)alkoxy,

wherein R'“ is selected from H and -CO-O-(C1.s)alkyt;

R is selected from (C+.s)alkyt, (Ces)cycloalkyl, and (Cs.)cycloalkyl-(Cs.s)alkyl, wherein
the (C+.s)alkyl is optionally substituted with (C,.s)alkoxy or from one to three fluoro
atoms; and
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R® and R are each independently selected from (C..z)alkyl or R* and R" are linked,

together with the C atom to which they are attached, to form (Ca.s)cycloalkyl,
(Css)cycloalkenyl or a 5- or 6-membered heterocycle. Having from1to 2
heteroatoms selected from O and N; wherein said cycloalkyl, cycloalkenyl or
heterocycle is optionally substituted with (Crp)alkyl.

More preferably,

R' is selected from the group consisting of H, methy! and ethyl;

R? is selected from Br, Cl, cyano, methyl, ethy!, propyl, 1-methylethyl, ethenyi, 1~

methylethenyl, ethynyl, cyclopropyi, pheny! and Het selected from the group of
formulas: '

and

¥

wherein said phenyl and Het are unsubstituted or substituted with R?", wherein R* is
1, 2 or 3 substituents each independently selected from:

-1 to 2 substituents each independently selected from fluorine; chlorine and bromine;

and

- 1 fo 2 substituents each independently seiected from:

a)

hydroxy, methyl, ethyl, propyl, 1-methylethy!, methoxy, ethoxy, propoxy or
1-methylethoxy; wherein said methyl, ethyl, propyl, 1-methylethyl, methoxy,

ethoxy, propoxy and 1-methylethoxy are each optionally substituted with one,
two or three halogen atoms; ‘
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b) -N(CHa), or -NHR" wherein
RM is selected from H, methyl, ethyl, propyl, 1-methylethyl, -CO- CHa, 2-
pyridyl, 3-pyridyi and 4-pyridyl;
wherein said methy!, ethyl, propyl and 1-methylethy! are each optionally
5 substituted with one, two or three substituents selected from halogen and
(Ca)alkoxy,
c) ~CONHj; and
d) 3-pyridyl, 4-pyridyl, 5-pyrimidinyl, 2-furyl, 1-pyrrolyl and 1-morpholino;
R is cyclopenty! or cyciohexyl, each optionally substituted with one or two fluorine
10 atoms;
R*is H or halogen and R" is H;
one of R® and R® is selected from:
a) (Co)alkenyl substituted with COOH or -CONH,, and optionaily further
substituted with one or two substituents selected from (C1a)alicyt and halogen
15 and
b) phenyl or Het, each being optionally substituted with one or two subsfituents
each independently seiecied frorﬁ:
i, —OH, oxo, COOH;

ii. (Csgalkyl optionaily substituted with pheny!, =N{CHz)z, or " and
20 iii. -NH,, -N(CHa)z and -NHCOCHS;; ‘

wherein Het is selected from the formuias:

SRR R oI R RateTe)

Xorc
RS =N N
EE u l\/l and Q“;and
c) COOH; ’
25  and the other of R® and R® is selected from H, methyl, methoxy, ethoxy, -NH; and
—NHCO OCH(CHa)z; '
R%is setected from methyi, ethyl, propyl, 1-methylethyi, 2-methylpropyl, 3~ methyibutyl

cyclobutyl, cyclopropyimethy, 2-fluoroethyl, 2,2,2-triftuoroethyi and 2- methoxyethyl;
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R, R

the group * is selected from:

2 & X Q “ﬁQ%

/\NH

H
7
N 1
«
\ ¢
iy

Even more preferably

R’ is selected from the group consisting of H, methyl and ethyl;

R? is selected from Br, Cl, cyano, methyl, ethyl, propyl, 1-methylethyl, ethenyl, 1-
methytethenyl, ethynyl. cyciopropyl, pheny! and Het selected from the group of

formuias:

P
-

ne) b u

—

N
H ¥
(L“
N

, and
wherein said phenyl and Het are unsubstituted or substituted with R*', wherein R*' is
1, 2 or 3 substituents each independently selected from:

- 1 to 2 substituents each independently selected from fluorine; chlorine and bromine;
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- 1 to 2 substituents each independently selected from:

a)

.C)

hydroxy, methyl, ethyl, propyl, 1- ‘methylethyl, methoxy, ethoxy, Propoxy or
1-methyiethoxy; wherein said methyl, ethyl, propyl, 1-methylethyl, methoxy,

+ gthoxy, propoxy and 1-methylethoxy are each optionally substituted with one,

two or three halogen atoms; .

-N(CHg), or -NHRN' wherein

R™ is selected from H, methyi, ethyl, propyl, 1-methylethyl, -CO-CHa, 2-

pyridy!, 3-pyridyl and 4-pyridyl;

wherein said methyl, ethyl, pro\pyl and 1-methytethy! are each optionaity
substituted with one, two or three substituents selected from halogen and
(Cis)alkoxy;

-CONH,; and

d) 3-pyridyl, 4-pyridyl, 5-pyrimidinyt, 2-furyl, 1-pyrrolyt and 1-morphotino;

R® is cyciopentyl or cyciohexyl, each optionally substituted with one or two fluorine

_ atoms;
R*is Hor Cland and R is H;

one of R® and R® is selected from:

a)

b)

-CH=CH-COOH or -CH=CH-CONH;, each ‘optionally substituted with one or
two substituents selected from methyl, ethy! and fluoro; and

phenyl optionally substituted with NH; or '

Het optionally subsﬁftuted with one or two substituents each indepenc_ientiy

. selected from:

i. —OH, oxo, COOH;
i methylor ethyl, each optionally substituted with phenyl, ~N(CHs)z, or

» and
iii. -NHa, =N{CHz); and -N HCOCH:;

wherein Het is selected from the formulas:



A,

=™ ONT RN

NE\%N U ’ "!\) and QH. and

c)  COOH;

and the other of R® and R® is selected from H, methyl, methoxy, ethoxy, -NH; and
~-NHCO-OCH(CHa)z;

5 R®is selected from methyl, ethyl, propyt, 1-methylethyl, 2-methylpropyl, 3-methyibutyl,
cyclobutyl, cyclopropyimethyl, 2-fluoroethyl, 2 2 2-trifluoroethyl and 2-methoxyethyl;
and »

R9>/\r(
the group \1" * is selected from:
10

Most preferably,

R'is methy};

R? is selected from:

DY
15 @ 0 S/

R® is cyclopentyl or cyciohexyl;
R* and R’ are both H;

. |
one of R® and R® is coor g ME 9% and the other of R® and R®is H;
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. 57N, 4
oneofR*andR%is NH; o

R® is methy!; and

ihe group % is

’ Aiternatively maost preferably,

R' is methyi;

R?is selected from:

wHIPY Y

,and ©

R? is cyclopentyl or cyclohexyl
R* and R’ are both H; ‘,
N 7 >\ >\o )/\ ) !
}” N\N l N\-’; /i N\N/ N\ ‘L 4 <__>
/ R o bt
P P
i h )\ §

, M- and the other of R® and R® is H;
R® is methyt; and

the group e is

Inciuded within the scope of this invention is each singie compound of formula | as
presented in Tables T 1o 4.

Polymerase activity

The abiiity of the compounds of formula (1) to inhibit RNA synthesis by the RNA
dependent RNA polymerase of HCV can be demonstrated by any assay capable of
measuring HCV RNA dependent RNA polymerase' activity. A suitable assay is
described in the examples.
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Specificity for RNA dependent RNA polymerase activity

To demonstrate that ;che compounds of the invention act by specific inhibition of HCV
polymerase, the compounds may be tested for inhibitory activity in an assay
measuring the activity of an RNA-dependent RNA polymerase other than HCV
po!yrherase or in a DNA dependent RNA polymerase assay. '

Cell-based HCV RNA Replication activity , :
The ability of the compounds of the invention to inhibit the replication of HCV RNA in
cells may be demonstrated by testing the compounds for inhibitory activity in a celi-

based HCV RNA repiication assay. A suitable assay is described in the examples.

When a compouhd of formula (1), or one of its therapeutically acceptable salts, is
employed as an antiviral agent, it can be administered oratly, 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 carriers, the
proportion of which is dgatermined by the solubility and chemical nature of the

compound, chosen route of administration and standard biological practice.

For oral administration, the compound or a therapeutically 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 1 to about 500 mg,
in a pharmaceutically acceptable carrier.

For topical administration, the compound can be formulated in pharmaceutically
accepted vehicles.containing about 0.1 fo 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.

For syé.temic administration, the compound of formula (I) can be administered by
either intravenous, subcutaneous or intramuscular injection, in compositions with
pharmaceutically acceptable vehicles or carriers. For administration by injection, it is
preferred to use the compounds in solution in a sterile agueous vehicle which may
also contain other solutes such as buffers or preservatives as well as sufficient
quantities of pharmaceutically acceptable salts or of glucose to make the solution

isotonic. '
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Suitable vehicles or carriers which may be used for the above noted formuiations are -
described in pharmaceutical texts, e.g. 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 Systems", 6th ed., H.C. Ansel et
al., Eds., Wiilia_lms & Wilkins, Baltimore, Maryiand, 1985.

The dosage of the compound will vary with the form of administration and the
particular active agent chosen. Furthermore, it will vary with the particular host under
treatment. Generally, freatment is initiated with small increments untii the optimum
gffect under the circumstance is reached. in general, the compound of formula i is
most desirably administered at a congentra‘tion level that will generaliy afford

antivirally effective results without causing any harmful or deleterious side effects,

For oral administration, the compound or a therapeutically acceptable salt can be -
administered in the range of about 0.01 to about 200 mg per kilogram of body weight
per day, with a préferred range of about 0.05 to about 100 mg per kilogram.

For systemic administration, the éo‘mpou nd of formula (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 ocour. A dosage level that is in the range
of from about 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.

When the compositions of this invention comprise a combinaﬁon of a compound of
formula | and one or more additional therapeutic or prophylactic agent, both the
compound and the additional agent should be present at dosage levels of between
about 10 fo 100%, and more preferably between about 10 and 80% of the dosage
normélly administered in a monotherapy regimen.

When these compounds or their pharmaceutically acceptable salts are formulated
together with a pharmaceutically acceptable carrier, the resulting composition 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
40 ' '
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[imitgd to: immunomodulatory agents, including but not limited to a~, -, & v-, 1~ and
o-interferons or pegylated forms thereof; other antiviral agents such as ribavirin,
amantadine; other inhibitors of HCV NS58 polymerase; inhibitors of other targets in
the HCV life cycle, which include but are not fimited to, agents that inhibit a target
including, but not limited to, aHCV helicase, HCV NS2/3 protease, HCV NS3
protease and HCV 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 mammai as part of a multiple dosage form.
Methodotogy and Synthesis
The synthesis of compounds according to this invention is preferably accomplished

following the general procedure outlined in Scheme 1 below.

Scheme 1

i ‘ % "
S wﬁj - rf“ :

B
Compounds of formuia |, wherein R', Rz, R}, R, R®, R®, R7, R®, R® and R" are defined

3’ ]

as hereinbefore, are preferably prepared by coupling carboxylic acids of general
formuia Il with amines of general formuta 1il, as iliustrated in Scheme 1 above, using
carboxyl-activating reagents well known by those skilied in fhe art. Such reagents
inciude, but are not fimited to, TBTU, HATU, BOP, BrOP, EDAC, DCC, isobuty!
chloroformate and the like. Alternatively, carboxylic acids of general formuta It may be
converted to the corresponding acid chiorides using standard reagents, then coupled
with amine derivatives of the general formuta 1il. in the cases where either R® or R°
contain an ester-protected carboxylic acid moiety, a saponification reaction is carried
out (using protocols well known by those skilled in the art) to obtain the final inhibitor
product as the free carboxylic acid.

Intermediate carboxylic acids of formula il may be prepared by procedures described
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in WO 03/010141, or by procedures described in the examples below. Intermediate
amines of formula lit may be prepared according to the general procedures outlined in
Schemes 2 and 3 below.

Scheme 2

R 2) AcOH, heat

Amine intermediates of general formuta 1il in Scheme 1 may be prepared from the
cofrespondtng diamine precursors of general formula 1V by coupling with the
appropriate a,a-disubstituted amino acid chioride hydrochlorides. Preparation of the
appropriate a,a-disubstituted amino acid chloride hydrochlorides from the
10 corresponding a,a-disubstituted amino acids may be carried out as described in WO
03/007945 or WO Q3/010141, or by using the procedure, or an adaptation thereof,
described by E. S. Uffelman et al. (Org. Left. 1999, 1, 1157). The amide intermediate
formed in the coupling reaction is then cyclized by heating with acetic acid, to provide
‘ amine intermediates of general formuia 1.
15
Scheme 3
R

1 9
) R OH

4 : 4
R BocNH R

LN R o . RY N R
2 ~3 ) R
l coupling reagent /
/ . it

R" 2) AGOH, heat

3) Bac deprotection

Alternatively, amine intermediates of general formula ii! in Scheme 1 may be prepared
from the corresponding diamine precursors of general formula 1V by coupling with the

20  appropriate Boc-protected a,a-disubstituted amino acid as fflustrated in Scheme 3,
using coupiing reagents well known to one skilied in the art, such as TBTU, HATU,
BOP, BrOP, EDAC, DCC, isobutyl chioroformate and the like. Appropriate Boc-
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protected a,a-disubstituted amino acids may be prepared from the free a,a-
disubstituted amino acids, using standard conditions weil known to one skilled in the
art, such as reaction with BoczO (di-fert-butyidicarbonate) in the presence of a tertiary
amine such as frigthylamine, and the like. The amide intermediate formed in the
coupling reaction is then cyclized by heating with acetic acid. Deprotection of the Boc
group to provide the amine intermediate of general formula 11l in Scheme 1 is carried
out using standard reagents well known to one skilled in the art. Such reagents

include, but are not limited to, tnﬂuoroacetic acid, a soiut;on of HCI in dioxane and the
like.

Preparation of the diamine precursors of general formula IV in Schemes 2 and 3is
preferably carried out by applying the procedures as outlined in the examples,
inciuding any adaptation of these procedures, and/or applying additional synthetic
steps known to the person skiiled in the art.

Amine intermediates of general formula 111 in Scheme 1 wherein one of R® and R® is —
CH=C(R™®)-COOR, wherein R* is selected from H, (C+g)alky! and halogen and
wherein R is, for example, methyl or ethyl, may be prepared from the corresponding
amine intermediates of general formula ili, or suitably protected derivatives thereof,
wherein one of R® and R® is ~COOR, wherein R is, for example, methyl or ethyl, by
applying the procedures of Scheme 4 below. White Scheme 4 specifically illustrates -
the preparation of amine intermediates of general formula [II wherein Réis -
-CH=C(R™)-COOR, It is understood by the person skilled in the art that when R®is
-COOR, the illustrated procedures, of adaptations thereof, will result in a product 7
wherein R® is ——CH=C(R5°‘“‘)—COOR. Also, it is understood by the person skilled in the
art that the procedures of Scheme 4, or ad'aptations thereof, may also be used when
converting a diamine precursor of general formula 1V in Schemes 2 and 3 ébove, ora
suitably protected derivative thereof, or a suitable intermediate in its preparation,
wherein one of R® and R® is ~COOR, to a diamine precursor of general formula IV, or
a suitably protected derivative thereof, or a suitable intermediate in'its preparation
wherein one of RS and RE is ~CH=C(R™*)-COOR, wherein R°*** and R defined as
hereinbefore.
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Rw reduction RM OH
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PG’ N R pe” | ®
I & 7 RB R?
R

litd _ litc

A suitably protected amine intermediate of general formula iHa in scheme 4 above
may be converted to an alcohol intermediate of general formula [l1b by treatment with
a suitable reducing agent such as DIBAL-H and the like. Suitable profecting groups
(PG) include, but are not limited to, carbamate protecting groups, such as Boc (fert-
butyloxycarbonyi} and the like. Preparation of protected amine intermediates of
general formula {lia from amine intermediates of general formuia Il in Scheme 1
above may be carried out by standard procedures well-known to one skilled in the art.
The alcohol intermediate I1ib may be converted to the aldehyde infermediate llic, -
using standard oxidizing agents well-known to one skilled in the art, such as 1,1,1~
tris(acetyloxy-1, 1-dihydro-1 ,2-benziodoxol-3-(1H)-one (also known as Dess-Martin
periodinane) and the like.

The aldehyde intermediate [lic may be converted to an amine intermediate of general -
formula !ild using a standard Homer-Emmons procedure, or related procedures such

as Wittig procedures or the like, well known to a persoh skilied in the art, followed by

~ deprotection of the PG group using weli-known standard procedures. in the case

where the PG group is Boc, such procedures include, but are not limited to, freatment ‘
with acidic conditions such as trifluoroacetic acid, HCI dissolved in dioxane and the
like.

Amine intermediates of general formuia 11l in Scheme 1 wherein one of R® and R® is ~
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C(R“’)mCH—COOR, wherein R® is (C+.s)alkyl and wherein R is, for exampie, methyl or
ethyl, may be prepared from intermediatelllc in Scheme 4 above by applying the
procedures of Scheme & below. While Scheme 5 specifically %liustfates ihe
preparation of amine intermediates of general formula #l wherein RS is ~C(R*)=CH-
COOR, it is understood by the person skilled in the art that when R® is -CHO, the
itlustrated procedures, or adaptations thereof, will result in a product wherein R is
-C(R¥)= CH COOR. Also, it is understood by the person skilied in the art that the
procedures of Scheme 5, or adaptations thereof, may also be used when converting a
diamine precursor of general formula IV in Schemes 2 and 3 above, or a suitably
protected derivati\;e thereof, or a suitable intermediate in its preparation, wherein one
of RS and R® is ~CHO, toa diamine precursor of general formula iV, or a suitably
protected derivative thereof, ora suitable intermediate in its preparation wherein one
of R® and R® is ~C(R*")=CH-COOR, wherein R® and R defined as hereinbefore.

Scheme 5

' ol g R
! il I S, ASCOR
RM o 1) alkyiation \}\.</
pg’NH ? ¢ 2)oxtdatuan " B -
R Y . S I®

lile mr Hiet

The atdéhyde intermediate llic {from Scheme 4) may be converted 1o a ketone of
general formula [lIf by alkylation with a suitabie nucleophitic alkytating agent, wetl
known to those skilled in the art, such as an alkyt lithium or the like, followed by
oxidation of the intermediate secondary alcohol to the ketone, using oxidizing agents
well known to ane skilled in the art, such as 1,1 .1-tris(acetyloxy)-1,1-dihydro-1,2-
benziodoxol-3-(1H)-one {also known as Dess- Martin periodinane) and the like. The
ketone liif may then be converted to an amine intermediate of general formula Hid
using a standard Horner—Emmons procedure, or related procedures such as Wittig
procedures or the like, well known to a person skilled in the art, followed by
deprotection of the PG group using well-known standard procedures. In the case
where the PG group is Boc, such procedures include, but are not limited to, treatment
with acidic conditions such as trifluoroacetic acid, HCI dissolved in dioxane and the

like.

Alternatively, amine intermediates of general formula 1l in Scheme 1 wherein one of
45



10

15

20

25

R’ and R is ~CH=C(R**)-COOR, wherein R*" is selected from H, (C1.e)alkyl and
halogen and wherein R is {C+.s)alkyl, may be prepared from the corresponding amine
intermediates of general formula lli, or suitably protected derivatives thereof, wherein
one of R® and R® is X, wherein X is a leaving group such as a halogen atom, a
sulfonate ester, and the like, by applying the typical conditions of the Heck reaction,
as presented in Scheme 6 and further described in the examples be!ow While
Scheme 6 specifically ilfustrates the preparation of amine mtermedlates of general
sormula 11l wherein R® is -CH=C(R***)-COOR, it is understood by the person skilled in
the art that when R® is X, the illustrated procedures, or adaptations thereof, will result
in a product wherein R® is ~CH=C(R**)-COOR. Also, it is understood by the person
skilled in the art that the procedures of Scheme 6, or adaptations thereof, may also be
used when converting a diamine precursor of general formula IV in Schemes 2 and 3
above, or a'suitably protected derivative thereof, or a suitable intermediate in ts
preparation, wherein one of RS and R® is X, to a diamine precursor of general formula
IV, or a suitably protected derivative thereof, or a suitable intermediate in its
preparation wherein one of R® and R® is ~CH=C(R™?)-COOR, wherein R** and R
defined as hereinbefore. | '

Scheme &
RA
RS r'" N X Heck reaction
S
NH N 6
pa’ | R
8 R:t
filg iitd
{
EXAMPLES

The present invention is Jiustrated 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. Fiash chromatography is
performed on silica ge!l. 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 standard

conditions using a Combiscreen ODS-AQ C18 reverse phase column, YMC, 50 x 4.8
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mm i.d., 5 uM, 120 A at 220 nM, elution with a finear gradient as described in the
following table (Solvent A is 0.1% TFA in H,O; solvent B is 0.1% TFA in CHaCN):

Time {min) Flow (mL/min) Solvent A (%) Solvent B (%)
0 30 g5 5
05 - 30 o5 5
8.0 3.0 50 50
10.5 3.5 0 100

Hereinbefore and hereinafter the following abbreviations or symbols are used:

AcOH: acetic acid;

Ac.O: acetic anhydride;

BOC or Boc; tert-butyloxycarbonyi;

BOP: benzotriazole-1-yloxy-tris(dimethylamino)phosphonium hexafluorophosphate;
BroP: Bromo tris{dimeathylamino)phosphonium hexafluora phosphate; |
Bu: butyi;

CPS: counts per second;

DAST: (diethylamino}sulfur trifluoride;
dba: dibenzylideneacetone;

- DCC: 1,3-Dicyclohexyi carbodiimide;

DCM: dichioromethane;

DCMA: dicyclohexyimethytamine;

DIBAL-H: di-iso-butylaluminum hydride

DMEM: Dulbecco's Modified Earle Medium;

DMF: N, N-dimethylformamide;

DMSO! dimethylsuifoxide;

ECss: 50% effective concentration;

EDAC: see EDC;

EDC: 1-(3-dimethylaminopropyi)-3-ethyi carbodiimide hydrochloride;
ES": electro spray (négative ionizafion); '
ES™ electro spray (positive ionization),

Et: ethyl;

Et,O: diethyl ether;
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EtOAc: ethyl acetate;
EtOH: ethanol ;
FBS: fetal bovine serum ;

Fmoc: Q-ﬂuorénylmethoxyca‘rbonyl :

HATU: O«(?-azabenzotriazob‘i'—yl)—N,N,N’ N-tetramethyluronium hexafluorophosphate;
HBTU: O-Benzotriazol-1-yI-N, N, N', N'~tetramethyluronium hexafluorophosphate; '

HOAT: 1-hydroxy-7-azabenzotriazole;

HOBt: 1-Hydroxybenzotriazole;

HPLC: high performance fiquid chromatography;
'Pr or i-Pr: iso-propyl ;

Me: methyi;

MeCN: acetonitrile;

MeOH: methanol;

MS (ES): electrospray mass spectrometry;
NMR: nuclear magnetic resonance spectroscopy;
PBS: phosphate buffer saline;

Ph: phenyl; ‘

PG: protectihg group;

PVDF: polyvinylidene fluoride;

RT: room temperatﬁre (approximately 25°C);
TBME: tert-butyimethyl ether;

TBTU: 2-(7 H—benzotriazol-‘i ~y!)-N,N,N’,N'-tetramethyluronium fetrafiuoroborate;

1Bu: tert.-butyl;

T trifluoromethylsutfonyt;

T{O: triflucromethyisulfonate;
TFA: triflucroacetic acid;

THF: tetrahydrofuran;

TLC: thin tayer chromatography;
TMS: trimethy!silyl;

Troc: {richioroethoxycarbonyl.
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ExAMPLE 1
3-(3,3-Difluorocyclopentyi)-1 -methyl-1H-indole-6-carboxylic acid methy! ester

" ‘R] COMe
H .
coH N coMe
e S
! .
\ = H,S0, \ YB(OTR,
Step 1 ’ Step 2

11 2

COMe

¥

Step 1:
Indole-6-carboxylic acid 1-1 (5.0 g, 31.0 mmol) was dissolved in MeOH (100 mL), a
catalytic amount of HzSO: (1.0 mL) was added and the reaction mixture was stirred at
reflux for 18 h. A small amount of solid KzCO; was added, in order to neutralize the
excess H,SO,, and stirring was continued at RT for 1h. The reaction mixiure was
concentrated under vacuum to remove the MeOH, diluted with saturated aqueous
NaHCO; (~50 mL) and extracted with EtOAc (~200 mL). The organic layer was
washed with brine (100 mL), dried over anhydrous MgS0, and concentrated to

dryness. The resuitmg residue was purified by flash column chromatography, using

30% EtOAc in hexane as the eluent, to obtain the pure methyl ester 1-2 (4.78 g, 88%

yieid).

Step 2:

The methy! ester 1-2 from step 1 (3.31 g, 18.9 mmol) was dissolved in MeCN (50 mL)
and a catalytic amount of Yb(OTf); (586 mg, 0.95 mmol) was added. 2-Cyclopenten-
1-one (7.76 mL, 94.5 mmol) was added and the reaction mixture was stirred at reflux
for 16 h. The MeCN solvent was removed under vaéuum, the residue was re-
dissolved in EtOAc (~200 mL) and exiracted with agueous saturated NaHCO; (~100
mL), H:O (50 mL) and brine (50 mL).. The organic layer was dried over anhydrous
MgSO. and concentrated to dryness under vacuum. After purification of the residue

by flash column chromatography, using 40% EIOAc in hexane as the solvent gradient,
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the desired cyclopentanone adduct 1-3 was isolated as isolated as a beige-colo red

- powder (3.4 g, 70% yield).

Step 3:

To a solution of the cyclopentanone adduct intermediate 1-3 from step 2 (3.81 g, 14.8
mmol) in anhydrous DMF (150 mL) at 0°C, NaH (60% dispersion in oil, 770 mg, 19.2
mmol) was added slowly. The reaction mixture was stirred at 0°C for 5 min, then Mel
(1.2 mL, 19.2 mmol) was added drop-wise and stirring was continued at 0°C for 3 h.
The mixture was allowed to warm-up to RT and was quenched by the addition of
aqueous saturated NH,CI (200 mL). . The mixture was exiracted with EtOAc (2x 500
mL) and the organic layer was washed with aqueous saturated NH,CI (2x 200 mL)
H-O (200 mL) and brine (200 mL). The combined organic layers were dried over
anhydrous MgSQ,, evaporated fo dryness and the residue was purified by flash
column chromatography {using 30% EtOAc in hexane as the eluent) to isolate the N-
methylindole intermediate 1-4 as a beige solid (3.1 g, 77% yield).

Step 4: ' '

in a sealed tube, the N-methylindole internediate 14 from step. 3 (1.4 g, 5.16 mmal)
and DAST (2.7 mL, 20.6 mmo}) were dissolved in CH2Cl; (50 mL) and stirred at reflux
for 3 days. The mixture was poured slowly into aqueous saturated NaHCO; (~50 mL)
and once the evolution of CO- had stopped, the mixture was extracted with CH.Cl; (2x
100 mL). The combined organic layers were washed with brine (50 mL), dried over
anhydrous MgS0, and concentrated to dryness. The residue was purified by flash
column chromatography (using a solvent gradient from 10% to 20% EtOAc in hexane)
to isolate 3-(3,3-difluorocyclopentyl)-1-methyl-1H-indole-6-carboxylic acid methy! ester
1-5 (750 mg, 50% vield).

3—(3,3-D%ﬂuorocyciopentyi)—‘f~metﬁyl~1H—indoie-G-«carboxylic acid methyl ester 1-6 is
converted to carboxylic acid intermediates of fofmu%a lta, wherein R? is defined as
hereinbefore, using procedures described in WO 03/010141. These intermediates
may be converted to compounds of general formula 1 using procedures illustrated in
Scheme 1 above and described in WO 03/010141.
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EXAMPLE 2
(E)-S-(?;-Amino-kmethyiaminophenyl)acryiic acid methyi ester

.0 o) Q
Q it T ——
N S oH ON OH ON OMe
i P CHNH,

80°C, 20 :

o 0°C, 200 H;T G N, MeOH HT

21 CH 22

Step 1 2 Step 2 e 23

Step 3 8nCl,/ EOR

Q

OMe

Step 1:

A mixture of 4-chioro-3-nitrocinnamic acid 2-1 (500 mg, 2.2 mmol) and a solution of
methylamine in THF (2M. 8 mL, 16‘mmol) were heated in a sealed tube at 80°C for 20
hours. The mixture was then cooled to room temperature and concentrated to an

orange solid 2-2 that was used in the following step without further purification.

it will be apparent to the person skilied in the art that other diamine intermediates of
general formula [V in Schemes 2 and 3 above, where R® is other than methy!, may be
prepared by replacing methytamine {CHaNHz} in step 1 above with the appropriate R®-
NH..

Step 2

The crude 4-methylamino-3-nitrocinnamic acid intermediate. 2-2 from step1 (488 mg,

2.2 mmol) was dissolved in methanol (20 mL) and an ether solution of diazomethane

"was added until HPLC analysis indicated complete conversion of the acid to the

methy! ester. The solution was concentrated to dryness to obtain 540 mg of the
methyl ester 2-3 as an orange solid which was used in step 3 without further
purification.

Step 3:

The crude methyt ester 2-3 from step 2 (540 mg, ~2 2 mmol) and SnCl; dihydrate
(2.25 g, 10 mmol) were dissolved in ethanol (20 ml.) and the mixture was stirred at
80°C for 4 hours. Adfter that period, the mixture was cooled to room temperature and
was slowly added to aqueous solution of saturated NaHCO;. The reaction mixture

was extracted with ethyl acetate (100 mL), the organic layer was dried over anhydrous
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MgSO, and the soivent was removed under reduced pressure. The residue was
purified by flash column chromatography, using a gradient of hexane in ethyl acetate
(from 50 % to 30 %) to give(E)-3-(3—am‘1no—4—rﬁethylaminophenyi)acry&ic acid methyl
ester 2-4 as a yellow solid (245 mg).

EXAMPLE 3
(E)-3~[2-(1-Aminocyclobutyi)-'l -methyl-1 H-benzoimidazol-5-yllacrylic acid methyl
ester

0
HN RN

| 2} CH,COH
CH, &6, 20 h
24

(E)~3—(3-Amino-4~methy%aminophenyl)acrylic acid methyl ester 2-4 from Example 2
(40 mg, 0.194 mmol) was suspended in CH:Cl; (3 mL) and
1-aminocyclobutanecarboxylic acid chioride hydrochloride, prepared from 1-
aminocyclobutanecarboxylic acid following an adaptation of the procedure described
by E. S. Uffelman et al. (Org. Lett. 1988, 1, 1157), (31 mg, 0.18 mmol) was added.
The reaction mixture was stirred at room temperature for 2 hours and then
concentrated to obtain a white solid. The solid was then dissolved in acetic acid {6
mL) and heated to 60°C for 20 hours. The reaction crude was diluted with aqueous
s"aturated’NaHCOS, exfracted with CH2Clo {2x50 mL) and brine, the organic layer was
dried over anhydrous MgSO, and the solvent was removed under reduced pressure
to give (E)~3-[2—(1~aminocyclobutyi)—1-methy}-1 H-penzoimidazo!-5-yllacrylic acid
methy! ester 3-1 as a light brown foam (53 mg).

EXAMPLE 4
(E)-3-{2-{1- J(3-Cyclopentyi-1 -methyi-zﬂpyndm -2-yi~1H-indole-6-
carbonyli)ammo]cyclobutyl} -4-methyl-1H-benzoimidazoi- -5-yhacrylic acid

9
%NW OEt

9 HN :

) N .

£H 42 o -

K N cOoH o Gt Q«N =0
7N & HATU, EL,N, DMSO, RT, h j LN N ’
= N\ |
CH,

2) NaCH
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A solution of 3-cyclopentyt-1-methyl- -2-pyridin-2-yl-1H-indole-6-carboxylic acid 4-1,
prepared using procedures described in WO 03/010141 (31.1 mg, 0.97 mmao), (E)-3-
[2-(1- ammocyciobutyl) -1-methyl-1H-benzoimidazol- 5~yi]acryhc acid methy! ester 4-2,
prepared from the ethyl ester analogue of compound 2.4, using an anaiogous
procedure to that described in Example 3 (27.7 mg, 0.87 mmol), HATU (47.9 mg,
0.126 mmol) and EtsN (58 pL., 0.42 mmol) in DMSO (2 mL) was stirred at RT for 3 h,
After that period, NaOH (280 L, 2.5N) was added and the reaction mixture was
stirred at RT for 16 h. The reaction mixture was neutralized with the addition of a few
drops of acetic acid, and purified on a reversed phase Cqs, semi-preparative HPLC
column (using a solvent gradient from 5% to 100% MeCN in H;O (all solvents contain
0.1% trifluoroacetic acid)) to isolate the final inhibitor (E)m3—(2~{1u[(3—cycippentyi-1u
methyt-2-pyridin-2-y!-1 H-indole-8-carbonyhaminojcyclobutyl}-1-methyl-1H-
benzoimidazol-5-y})acrylic acid 4-3 (compound 4001, Table 4) as a white amorphous
solid in >95% homogeneity (45 mg, 78% yieid). |

TH NMR (400 MHz, DMSO): & 1.48-1.58 (m, 2H), 1.75-1.85 (m, 6H}, 1.85-1.95 (m,
1H), 2.05-2.15 (m, 1H), 2.69-2.76 (m, 2H), 2.98-3.10 (m, 3H), 3.63 (s, 3H), 3.82 (s,
3H), .59 (d, J = 16 Hz, 1H), 7.42 (dd, J = 0.8 & 5.7 Hz, 1H), 7.51 (d, J=7.7 Hz, 1H),
7.53 (d, J= 8.5 Hz, 1H), 7.65 (d, J= 8.5 Hz, 1H), 7.71(d, J= 8.4 Hz, 1H),7.76 (d, J =
16 Hz, 1H), 7.82 (d, J = 8.4 Hz, 1H), 7.92 (ddd, J = 1.6 & 7.8 Hz, 1H), 8.01 (s, 1H),
8.04 (s, 1H), 8.73 (d, J=4.1 Hz, 1H), 8.45 (s, 1H}. '

. EXAMPLE &

3- Cyclopentyi 1-methyl-2-pyrazm-2~yi -1H-indote-6-carboxylic acid {1-[5-((E}-2-
carbamoyietheny i)-1-methyi-1 H-benzimidazoi-2-yljcyclobutyi}amide

(_ 5 COH
= Hz
CH3
i Step 1

NH,HCO,

o
N \N N
. {’“ e NP
E4,N, TBTU = P
y, OH DVBQ,RT, 3h N MNHy

9 Step 2 0
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Step 1:

. 3-cyctopentyl-1- methy% -2-pyrazin-2-yl-1H-indole-6- -carboxylic acid 51 (prépared using

procedures described in WO 03/010141) and (E)-3-[2-(1- ammocyciobutyl) 1-methyi-
1H- benzxm;dazoi 5-yljacrylic acid ethy! ester 4-2 were coupled, foilowed by
saponification of the ethy! ester, using analogous procedures to those described in
Example 4 to give (E)-3-(2-{1 -(3-Cyclopentyl-1-methyl-2- pyrazin-2-yl-1H-indole-6-
carbonylyaminojcyclobutyl}- -1-methyl-1H-benzimidazol-5- yhacrylic acid §-2 (compound
4003, Table 4).

“H NMR (400 MHz, DMSO-dg): 8 1.50-1. 58 (rn, 2H), 1.78-1.20 {m, 7H), 2.05-2.15 (m,
1H), 2.65-2.75 (m, 2H), 2.87-3.10 (m, 3H), 3.66 (s, 3H), 3.81 (s, 3H), 6.57 (d, J= 16.0
Hz, 1H), 7.55 (dd, J= 1.0 & 8.4 Hz, 1H), 7.68 (2d, J = 8.4 Hz, 2H), 7.75(d, J=16.0
Hz, 1H), 7.78 (d. J = 11.0 Hz, 1H), 8.00 (s, 1H), 8.07 (s, 1H), 8.68 (d, J=2.3Hz, 1H),
878(d,J= 1.2 Hz, 1H), 8.82 (dd, J= 0.8 & 2.2, 1H), 944(brs 1H).

Step 2:

A solution of (E)-3-(2-{1- -[(3-cyclopentyl-1-methyk-2- pyrazin-2-yl-1H-indole-6-
carbonyllaminojcyciobutyl}-1- -methyl-1H-benzimidazol- 5-yi)acryhc acid 5-2 (compound
4003, Tabie 4; 60 mg, 0.087 mmol), TBTU (68 mg, 0.18 mmoi}, ammonlum hydrogen
carbonate (20 mg, 0.28 mmol) and Et;N (36 uL, 0.26 mmol} in DMSO (3 mL) was
stired at RT for 3 h. The reaction mixture was neutralized with the addition of a few
drops of acetic acid, and purified on a reversed phase C1g, Semi-preparative HPLC
column (using a solvent gradient from 5% to 100% MeCN in HoO (all solvents contain
0.1% trifiuoroacetic acid)) to isolate the inhibitor 3-cyclopentyl-1-methyl-2- pyrazin-2-yl-
1 H-indole-6-carboxytic acid {1 -[5-((E)-2-carbamoyiethenyl)#—methyl-‘l -
benzoimidazol-2-yljcyclobutyitamide 5-3 (compound 1005, Table 1) as a pale yellow
amorphous solid in >95% hémogene‘tty (17 mg, 34% vyield).

"H NMR (400 MHz, DMSO- de): & 1.65-1.75 (m, 2H), 1.92-2. 15 (m, 8H), 2.73-2.82 (m,
2H), 3.04-3.10 (m, 2H), 3.15-3.25 (m, 1H), 3.79 (s, 3H), 3.81 (s, 3H), 6.65(d, J=15.8
Hz, 1H), 7.06 (brs, 1H), 7.53 (brs, 3H), 7.61 (d, J = 15.7 Hz, 1H), 7.68 (dd, J = 1 D&
8.4 Hz, 1H), 7.80 (d, J = 8.4 Hz, 1H), 7.90 (s, 1H) , 8.20 (s, 1H), 8.80 (d, J=25 Hz,
1H), 8.91 (d, J= 1.2 Hz, 1H), 8.95 (dd, J = 2.1 & 3.7, 1), 9.23 (s, 1H).
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EXAMPLE &

4-Amino-2-methyl-5- {methylamino)benzoic acid methyi ester

ON cOo.H P2804 CON COMe 2, A0 AcHN
61

Step 1 Step 2

coMe
63

Step 3 KNGO,
AcOH I H,80,

ON o
N
NzCt2u ;
A"’\NHCOH - j@i
1 : Mel AcHN COMe AcHN COMe
B4 No, 6%

68
1

MeCQH,
M HI l Step 5

ON Ha, HN
P¢/C
- B
HT COMe BN

Step @ £ CO,Ms

Step 4

&7 69

Step 1.
A solution of 2-methyl-5-nitrobenzoic acid 6-1 (10.0 g, 55.2 mmol) in MeOH (200 mL)

and H,S0. (1.0 mL) was heated to reflux while stirring for ~3 days. The solvent was
evaporated under vacuum and the residue was re-dissolved in EtOAc (~200 mL),

* washed with cold HQO (~50 mL), cold saturated aqueous NaHCO; (~50 mL) and cold

brine (~50 mL). The organic layer was then dried over anhydrous MgS0, and
concentrated to dryness to give the methyl ester 6-2 as a white solid, which was used
without purification in step 2. '
Step 2:
To a sofution of the crude methy! ester 8-2 from step 1 {(~55.2 mmol) in MeOH (200
mL), Peariman’s catalyst (20% palladium hydroxide on carbon, 1.0 g) was added and
the mixture was stirred under an atmosphere of H; for 20 h at RT. The mixture was
filtered through Celite and concentrated to dryness. The residue was re-dissolved in l
THF (200 mL), Acz0 (8.2 mL, 66 mmol) was added and the solution was stirred at RT
for 3 h. The reaction mixture was concentrated to dryness under vacuum and the
residue was re-dissolved in minimum volume of +-Bu methyl ether (~150 mL). The
ether suspénsion was stirred at RT for 1 h before hexane (~100 mL) was added to
precipitate the desired acetylated intermediate as a white solid. The solid was
washed with hexane and dried to give the acetylated compound 6-3 in high purity -
(10.1 g, 88% yieid).
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Step 3:

A solution of the acetylated ester 6-3 from step2(8.42g,40.6 mmo!) and potassium
nitrate (8.0 g, 50 mmol) in AcOH:H.SO. (1:1 ratio, 200 mL) was starred at RT for 2h
and at 40°C for a further two hours. The crude reaction mixture was then poured
slowly on ice (~1 L) and mixed for 20 min. The precipitate formed was fitered and
washed several times with H,O fo give a mixture of mainly two products, the desired
4-nitro isomer 6-4 and the undesired B-nitro isomer 8-5 (1:2 ratio ) which were
separated after flash column chromatography usmg 30% EtOAc in hexane as the
eluent. The pure 4-nitro isomer 6-4 was isolated as a yellow solid (2.05 g, 20% yield).
Step 4: ,

The 4-nitro Intermediate 6-4 from step 3 (2.05 g, 8.13 mmol) was dissolved in THF (50
mL) and the solution was cooied fo 0°C before Me! (2.51 mL, 40.6 mmol) and
BuONa (4.46 g, 46.4 mmol) were added slowty. The reaction mixture was stirred at
RT for 15 h, H.O (~50 mL) was added and the agueous mixture was washed with £
butyl methyi ether (~20 mL). The aqueous layer was acidified to pH 3 with 1N HCI
and then extracted with EtOAc (~100 mL). The organic layer was washed with brine
(~50 mL), dried over anhydrous MgSO, and concentrated to dryness to give the N-
methyiated compound 6-6 as a gummy foam which was used directly in step 5 without
purification.

it will be apparent to the person skilled in the art that other diamine intermediates of
general formula IV in Schemes 2 and 3 above, wherein R® is other than methyl, may
be prepared by reptacing methy! iodide (CHa!) in step 4 above with the appropriate R®-
X, wherein X is a leaving group such as Cl, Br, 1, methanesulfonate (mesylate}, p-
toluenesulifonate (tosylate), trifluoromethanesulfonate (triflate), and the like.

Step &:

A solution of the methylated derivative -8 from step 4 (~8 mmol) in MeOH (10 mL)
and HCI (8N, 15 mL) was stirred at 70°C for 20 h. The soivent was evaporated under
vacuum and the residue was partitioned between saturated aqueous NaHCO; (20
mL) and EtOAG (50 mL). The organic layer was washed with brine, dried over
anhydrous MgS0O, and concentrated to give the methyl ester 6-7 as an orange solid
(1.54 g), which was used in step © without purification

Step €: _

A solution of the crude methy! ester 6-7 from step 5 (1 54 g, 8.7 mmol) in MeOH (30
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mL) was treated under catalytic hydrogenation conditions using Pd/C (10%, 150 mg)
under an atmosphere of Hz at RT for 2 h. The reaction mixture was filtered through
Celite and concentrated to gi\fé 4-amino—2-methyi—5-(methytam§no}benzoic acid
methyi ester 6-8 as a purple solid (1.33 g) which was sufficiently pure (confirmed by
NMR) to be used without further purification. .

EXAMPLE 7
2-(1-tert-Butoxycarbonylaminocyclobutyi)-s,6-dimethyl-3H-benzoimidazoie-5~

carboxylic acid methyl ester

BN 1. BociN” COM .
} = TBTU, EtN g_(
) it e
P
HT COMe 2. AcOH, 70°C, 2h BocHN /N COMe
88 : 7-1

1—((1,".—Dimethyiethoxycarbonyi)amino)cycIobutanecarboxyiic ac"zd (140g, 6.5 mmol)
was dissolved in CHClz (45 mL) and reacted with TBTU in the presence of EtsN for a
period of 30 min to pre-activate the acid. A solution of 4-amino-2-methyt-5-
(methylamino)benzoic acid methy ester 6-8 from Example 6 (1.33 g, 6.85 mmot) in
CH,Cl (10 mbL) was added siowly over a period of 30 min and stirring of the reaction
mixture was éohﬁnued for 20 h. The reaction mixture was concentrated to dryness,
and the residue was re-dissolved in AcOH (10.0 mL) and stirred at 70°Cfor2hto
achieve cyclization of the benzimidazole ring. The reaction mixture was concentrated
to dryness and the residue was dissolved in EtOAC (~250 mL), extracted with
aqueous saturated NaHCO; (2x 100 mL) and brine (100 mL). The organic layer was
dried over anhydrous MgS0s and evaporated to dryness. The residue was purified by

flash column chromatography (using a solvent gradient from 40% to 50% EtOAcin

' hexane) to obtain the pure 2-(1—tert—butoxycarbonylaminocyclobutyl)~3-,6—dimethy!—3H—

benzoimidazole-5-carboxylic acid methyi ester 7-1 as a beige solid (1.41 g, 55% yield)

and recover some of the unreacted diamino starting material.

2-(1 -tert-Butoxycarbonylamin ocyclobutyi)-s,S—dimethyi—SH—benzoimidazole—5~
carboxyiic acid methyl ester 7-1 may be converted to an amine intermediate of
general formula 1 in Scheme 1 using standard reagents well known to one skilled in
the art. Such reagents include, but are not limited to, trifiuoroacetic acid, & soiution of

HC! in dioxane, and the like. The corresponding amine intermediate of generai
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formula il in Scheme 1 may be further elaborated to inhibitors of general formula I in

Scheme 1 using the procedure of Example 4.

EXAMPLE 8
5 (E)-S-[Z—(‘l-Amino-cyciobutyi)-s,G-dimethyl-SH-benzoimidazoI-S-y!]~2-methy!-
acrylic acid ethy! ester ' '

N N

Y DIBAL-H 7
B OH

BochN /N COMe BocHN /:\v

Step 1
74 . 8-1

Dess-Martin
periodinane

N = Nan N
SocHN /N PN o e BocHN N : 0

0 (O Steg 2

Stepd
4N HCI & >
N HCl, .
dicxane Step 4 l
Y
N N 50
0 L !
HA /,N > co s tN /N Z g0zt
84 e

Step 1:
2-(1 -fert-Butoxycarbonylaminocycio butyl)~3,S-dimethyi—SH-benzoimidazo!e—5~
10 carboxylic acid methy! ester 7-1 from Example 7 (1.41 g, 3.8 mmot) was dissolved in
THF (40 mL) and the solution was cooled to 0°C, A solution of DIBAL-H (18 mL, 1M
in THF, 18 mmol) was added slowly and the reaction mixture was stirred at 0°C for 1h
and then at 50°C for 4 h. The reaction mixture was cooled to RT, a solution of
potassmm sodium tartrate (1M, 50 mL) was added very slowly and stirring was
15 continued for 1 h at RT. The solution was concentrated under vacuum in order to
remove most of the THF and the extracted with EtOAc (~200 mlL). The organic layer
was washed with saturated agueous NaHCO; (50 mL) and brine (50 mL), dried over
anhydrous MgSQO. and concentrated to dryness. The residue was purified by fiash
column chromatography, using a solvent gradient from 50% EtOAc in hexane o pure
20 EtOAc and then to 3% MeCH in EtCAg, to obtain the pure alcohol 8«1 as a yellow
solid (1.09 g, 84% vield).
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Step 2:

A solution of the alcohol 8-1 from step 1 (1.09 g, 3.16 mmol) and Dess-Martin
periodinane (1.70 g, 4.0 mmol) in CH,Cla (40 mL) was stirred at RT for 2 h. The
solvent was evaporated under vacuum and the residue was purified by flash column
chromatography, using EtOAc: hexane (1:1 ratio), to obtain the pure aidehyde 8-2
(605 mg, 56% yield).

Step 3:

A soiution of triethyl-2-phosphonopropionate (0.228 mL, 1.06 mmol) in THF (5.4 mL)
was cooled to 0°C and NaH (42.5 mg, 680% in oil, 1.06 mmot) was addedl. The
mixture was stirred at 0°C for 30 min before a solution of the aldehyde 8-2 from step 2
(300 mg in 3 mL of THF, 0.874 mmol) was slowly added and stirring was continued at
RT for 20 h. The mixture was diluted with EtOAc (~100 mL) and washed with
saturated aqueous NaHCOs (2x 30 mL} and brine (30 mL). The organic layer was
dried over anhydrous MgS0,, and concentrated to a brown residue wﬁich was
subsequently purified by flash column chromatography, using a solvent gradient from
40% to 60% EtOAc in hexane, to give the N-Boc-protected ester 8-3 as a yellow foam
(85 mg, 23% yield).

Step 4:

Hydrotysis of the Boc protecting group was achieved quantitatively by adding 4N HCI
in dloxane (2 mL) and stirring the solution at RT for 1 h. After evaporation of the
solvent under vacuum, (E)}-3-[2-(1- -aminocyclobutyl)-3,6-dimethyi- 3H-benzoimidazol-5-

yl}-2-methylacrylic acid ethyl ester 8-4 was isolated pure as a yellow solid (79 mg).

It will be apparent to the person skilied in the art that the triethyl-2-
phosphonopropiohate used in step 3 of this procedure can be replaced by
appropriately substituted derivatives to prepare analogues of the general formula llle
in the scheme above, wherein R is defined as hereinbefore. In addition, methyl
esters can also be prepared in an analogous fashion using the appropriate reagent.
Compound 8-4 and its analogues of general formula Ille above may be further
elaborated to inhibitors of general formula | in Scheme 1 using the procedure of
Example 4.
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EXAMPLE 9

3-Fluoro-4-nitrobenzaldehyde

o

F F F
D/ 5105, Hs80 ~o 7,0, HGl
B ————
. Ac,0, AcCH )\ AcOH
OQN - . 02N 0 Onl

Step 1 Step 2

o1 g-2 g3

Step 1:

A two-necked flask (equipped with an internal thermometer) was charged with glacial
AcOH (252 mL), acetic anhydride (252.0 mL) and 2-fluoro-4-methyl-1-nitrobenzene 9-
1(25.0 g, 161 mmal) at -10°C. To the cooled solution, concentrated sulfuric acid (40
mL) was added drop-wise over a period of 5 min, followed by the very slow addition of
chromium (V1) oxide (45 g. 450 mmol); the rate of addition must be very slow (~1.5 h)
in order to maintain the temperature below 10 C.

Upon addition of the CrQOs, the clear colorless solution becomes amber and ﬁhally
dark brown at the end of the addition. After completion of the addition, the reaction
was stirred for an additional 45 min (HPLC analysis indicated ~70% completion of the
reaction). .The tar-like partial suspension was poured on ice (1 .B.L), and the resulting
siush was diluted with H.O upto a total of 3 L, at which point the product began to
precipitate. After filtration, the beige solid was washed with cold H,O to obtain a white
solid. The solid was then suspended in cold 2% NaHCOQs (250 mL), filtered and
washed again with cold H.0 to give the diacetate 9.2 (22 g, containing some of the
unreacted starting material) as a white solid which was used as such in step 2.

Step 2: '

In a screw-cap viai, the diacetate 9-2 from step 1(1.0g,37 mmol) was dissolved in
giacial acetic acid (10.0 mL), followed by addition of H2O (4 .0 mL) and concentrated
HCI (1.0 mL). The resulting partiafly soluble mixture was heated at 115°C for 45 min.
Most of the solvents were removed under vacuum to give a gummy residue, the
remaining acid and HxO was aieotroped twice with CH,Cl-hexane to give the desired
semi-pure 3-fluoro-4-nitrobenzaldehyde 9-3 as a yeliow solid (600 mg). This
compound was further purified by fiash column chromatography {(using 20% EtOAc in
hexanes as the eluent)"to remove small amounts of unreacted 2-ﬂuoro-4—rhethy1~1~

nitfobenzene 9-1 (~35% overail yield).
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ExampPLE 10
(E)-S-(4~Amino~3-(methylamino)phenyt)acryﬁc acid ethyl ester

ﬁ
OEt
/“\/P< 0
OFEt

NaH OFt

[PRR————L A Y

10-1

. ON :
Step2 | CHyNH;
Step 1

H
)
F .
a]
ON
83
‘ o o _
o | o
3 o~ . HN T
. HN OBt SnGl, / EtOH Ot
S —
M, 103 O 102

Siep 3

]

Step 1:

To a solution of triethyl phosphonoacetate (1.37 mL, 6.80 mmol) in THF (13 mL) at
0°C, NaH (60% dispersion in cil, 314 mg, 7.84 mmo'l) was added and the mixture was
stirred for 30 min. After that period, 3_fluoro-4-nitrobenzaidehyde $-3 from Exampie 9
(1.08 g, 6.27 mmol) was added and stirring was continued at RT for 16 h. The
reaction was guenched by the addition of HzO (20 mL) and the product was extracted
into EtOAc (2x 100 mL). The combined organic jayers were washed with brine, dried
over anhydrous MgSO. and concentrated to give the cinnamate ester 10-1 as a light

orange solid which was used in step 2 without purification.

it will be apparent to the person skilled in the art that analogues bearing various
substituents on the cinnamate double bond may bé prepared by replacing the triethyl
phbsphonoacetate used in this procedure with appropriately substituted derivatives or
by replacing the aidehyde 8-3 with an appropriate ketone. in addition, cinnamate
methyl esters can also be prepared in an analogous fashion using the appropriate
reagent.

Step 2: ,

The cinnamate ester 10-1 from step 1 (~6.27 mmol) and methylamine (2M in THF, 6.3
ml, 12.5 mmol) were dissolved in DMSO (6 mL) and the reaction mixture was stirred
at RT for 2 h. After that period, the mixture was diluted with EtOAc (100 mL) and the
organic layer was washed with H,O (3x 30 mL) and brine (50 mlb), dried over
anhydrous MgSQ, and concentrated to give the crude methylamino intermediate 10-2

as an orange solid. This product was used in step 3 without purification.
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it will be apparent to the person skilled in the art that other diamine intermediates of
general formula IV in Schemes 2 and 3 above, where R® is other than methy!, may be
prepared by replacing methylamine (CHalNHg) in step 2 above with the appropriate RS-
NH. | |

Step 3: .

The 3-methylamino-4-nitrocinnamate ester 10-2 from step 2 (2-2, ~150 mg) and SnCly
dihydrate (950 mg, 4.2 mmol) were dissoived in ethanol (10 mL) and the mixture was
stirred at 80°C for 20 hours. The mixture was cooled to room temperature and
concentrated to dryness. The residue was disscived in ethy! acetate (100 mtL) and
was slowly added to an agueous solution of saturated NaHCO; and stirred for 30 min.
The organic layer was then extracted with ice cold brine, dried over anhydrous
MgS0, and the solvent was removed under reduced pressure, The residue was
purified by fiash column chromatography {(using a gradient from 70 % to 60 % of
hexane in ethyl acetate) to give (E)—B-(4-amino—3-(methyiamino)phenyl)acryiic acid
ethyl ester 10-3 as a yeliow solid (100 mg). -

(E)—B—(4~Amino—3-—(methy§amino)pheny!)acrylic: acid ethyl ester may be converted into
amine derivatives of general formula i1l in Scheme 1 following the procedures of
Examples 3 or 7, and further elaborated o inhibitors of general formwla 1 in Scheme 1

using the procedure of Example 4.

EXAMPLE 11

5-Amino-2-methyl-él—methyiaminobenzoic acid methyl ester

O,N ON © O ON
© H,0,, NaOH MeOH, HC) \g
—_— ——
' oN GO CoMe

Step 1 z Step 2
131 112 13

Step 3 l KNO,,

H,50,
HJ“ Na;8,0, ‘ .
H,C0;5 HN CHaNH, O N
H *‘—‘—.
N CoNe
Step 5 O.N ‘ CO Me Step 4 0N CoMe

14-6 11-8 : 11-4
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Step 1: '

A solution of 2-methyi-4-nitrobenzonitriie 14-1 (2.53 g, 15.6 mmol) in aqueous NaOH
(10%, 31.0 mL) and aqueous HzOz (10%, 16 mL)was stirred at reflux for 2.5 h. The
water circulation in the cooling condenser was halted for 5-10 min (to allow removal of
the dissolved ammonia), and then the water flow was restored and reflux continued
for an additional 1.5 h. The reaction mixture was cooled o RT, HC! (concentrated)
was added drop-by-drop until the pH.was ~3, at which point the carboxylic acid 11-2
precipitated as an orange-color solid (3.60 g). The carboxylic acid was used in step 2
without purification.

Step 2:

A solﬂtion of the acid 11-2 from step 1 (3.60 g, 15.6 mmol) in MeOH (30 mL) and HCI
(4N HCl in dioxane, 2.0 mL) was heated to reflux for 4B h. The solvent was
evaporated to dryness under vacuum and the residue obtained was re-dissolved in
EfOAc (200 mL). The solution was washed with agueous saturated NaHCO; (100
mL) and brine (100 mL), dried over anhydrous MgS04 and evaporated fo dryness to
give the ester intermediate 11-3 as a yellow-colored solid (2.38 g). This material was
used in step 3 without purification.

Step 3:

To a solution of the ester 11-3 from step 2 (1.27 g, 6.5 mmol) in H2S0s (conc., 13.0
mL), pre-cooled fo 0°C, KNOs (760 mg, 7.5 mmol) was added very slowly. After a few
min of stirring, the ice bath was removed and the reaction mixiure was stirred at RT
for 20 h. The reaction mixture was then poured siowly on ice (~50 mlL.) and stirred
until the ice had melted, and the desired dinitro product 11-4 was precipitated and
fitered (~1.55 g of light yellow and slightly wet solid). The compound was used as
such in step 4.

Step 4: _

To a solution of the dinitro intermediate 11-4 from step 3 (1.55 g, 6.45 mmol) in THF '
(15.0 mL}) at 0°C, a solhtion of methylamine (2M in THF, 15.2 mL, 32.3 mmol) was

_added, the ice-bath was removed and the reaction mixture was stirred at RT for 1.5 h.

The soiution was concentrated to remove some of the THF and then diluted with
EtOAc (~100 mL). The organic layer was washed with H,O (~50 mL) and brine (~50
L), dried over anhydrous MgSQ. and concenirated to give the methylamino
intermediate 11-6 as an orange solid (1.26 g). The compound was used in step 5
without further purEfiéation.
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it wili be apparent to0 the person skilied in the art that other diamine intermediates of
general formula IV in Schemes 2 and 3 above, where R? is other than methyl, may be
prepared by replacing methylamine (CH3NH2) in step 4 above with the appropriate RE.
NH..

Step &5: ;

To a solution of the methylamino derivative 11 -5 from step 4 (1.25 g, 5.58 mmo) in
EtOH-H,O (110 ml., 1:1 ratio), Kgooa {4.62 g, 33.5 mmaol) and Na,S,0, were added
and the mixture was stirred at RT for 3 h. More HO (~30 mL) was added and the
mixture was concentrated under vacuum to remove most of the EtOH. The reaction
mixture was then drtuted with EtOAc (~200 mL) and the organic layer was separated
and extracted with brine. The organic layer was dried over anhydrous MgS0O, and
concentrated under vacuum to give 5-amino-2-methyl-4- (methylamino)benzoic acid

methyl ester 11-6 (827 mg, 86% vyield) as a brown-colored solid.

Compound 11-8 may be converted into the corresponding amine intermediates of
general formuta 1l in Scheme 1, wherein R® is CH; and RS is ~COOCH;, followang the
procedures of Exampies 3 or 7. These amine intermediates may be further converted
into amine intermediates of general formula lil in Scheme 1, wherein R®is CH, and R®
is ~CH=C(R®)-COOR, by following the procedure of Example 8. All these amine
intermediates of general formula 1 in Scheme 1 may be further elaborated to

inhibitors of general formula | in Scheme 1 using the procedure of Example 4.

EXAMPLE 12
(E)ws-(S—Amino-2-ethoxy-4-(methyiamino)phenyl)acrytic acid methyi ester

oM OEL DIEALH  ON OE! CrizN; ON_ OB
\@, H o 5 OH
o Step 2 ~ Step 1 =
| 12-2 122 O 124 O

Doss-Martin | Swepd
period%nanel o

il
M eO’erODM& KNG,

O OB Med MCDOME heo, O S COOMe
X NS ok ON OEL
H Step 4 Step 5 196
424 125

' Stept | CHNH;

N&,S,0,
HN S, ~C0OMe K,005 o 2y ~COOMe

O

d =

MeHN OEt sep? MeRN Ot ‘

12-8 127
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Step 1: .

2-Ethoxy-4-nitrobenzoic acid 12-1(1.56 g; 7.38.mmol) was dissolved in methano! (15
mL) and the resulting solution stirred at 0°C. A solution of diazomethane in ethyi ether
was slowly added until the yellow color persisted and was stirred for a further 20 min.
The solvents were evaporated to afford the methyl aster 12-2 as a pale yellow solid
(1.66 g, quant.) which was used in step 2 without further purification.

Step 2:

The ester 12-2 from step 1 (1.60 g; 7.10 mmof) was dissolved in dry toluene and the
sblution cooled to -78°C under a nitrogen atmosphere. A solution of
diisobutylaluminum hydride in tetrahydrofuran (1M; 8 mL; 8 mmol) was added and the
reaction mixture allowed to warm to ambient temperature. Two additiona! portions of
DIBAL-H were added in this way (7 and 10 mL) after 1 h and a further 1.5 h. 0.5 h
after the last addition, the reaction was cooled to 0°C and 1N HCI (25 mL) was slowly
added and the mixture stirred vigorously for 0.5 h. The orgénic solvents were then
evaporated and the aqueous residue was extracted with ethyl acetate (2 x 50 mL) and
washed with water (50 mL) and brine (50 mL). The combined extracts were then

" dried over MgSO, and evaporated to afford the alcohol 12-3 as a pale yeilow, fibrous

solid (1.40 g; quant.) which was used as such in step 3.

Step 3:

A turbid sotution of 1,1,1-tris(acetyioxy-1 ,1-dihydro-1 ,2-b€nziodoxot-3-(1 Hj-one (Dess-
Martin periodinane) (2.32 g; 5.47 mmol) in dichloromethane (40 mL + 5 mL rinse) was
added to a stirred solution of the alcohol 12-3 from step 2 (0.98 g; 4.97 mmol) in DCM
(40 mL) and the reaction stirred at ambient temperature under a nitrogen atmosphere.
After 4 h, saturated NaHCOs / 10 % NapS,05 (1:1, 160 mL) was added and the
mixture stirred vigorously until the phases were clear (ca. 0.5 h). The organic phase
was separated and the agueous phase was extracted with dichloromethane (50 mL)
and washed with saturated NaHCO; (2 x 150 mL). The combined organic phases
were then dried over MgSO. and evaporated to yield the aldehyde 12-4 as a pale
yellow solid (860 mg; 99 %) which was used as such in step 4.

Step 4 '

Sodium hydride (35% dry powder; 158 mg; 6.25 mmol) was suspended in anhydrous

" THF (10 mL) and trimethyl phosphonoacetate (0.945 mL; 5.84 mmol) added dropwise

at 0°C under a nitrogen atmosphere resulting in a solid white mass which could not be

stirred. A solution of the aldehyde 12-4 from step 3 (950 mg; 487 mmoi) in THF (7
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‘mL + 3 mL rinse) was then added dropwise resulting in a yellow colour and slow

dissolution of the white solid mass. After the addition, the reaction was aliowed to
warm to ambient temperature. After 15 h, the cloudy reaction mixture was evaporated
to a pale yellow solid which was extracted with ethyl acetate (2 x 50 mL) and washed
with saturated NaHCO, (3 x 75 mlL). The combined extracts were dried over MgSOCy
and evaporated to afford the cinnamate ester 12-5 as pale yeliow soiid (1.212 g; 99
%) which was used in step 5 without further purification.

it will be apparent to the person skilled in the art that the trimethy! phosphonoacetate
used in this procedure can be replaced by appropriately substituted derivatives i0
prepare analogues bearing various substituents on the cinnamate double bond.

Step 5:

The 4-nitro-2-ethoxycinnamate 12-5 from step 4 (303 mg, 1.206 mmoal), was dissolved
in concentrated sulfuric acid (3 ml) and the solution cooled to 0°C. Potassium nitrate
(128 mg, 1.27 mmol) was added and the mixture stirred for 3.5 h at room temperature.
After completion, the reaction mixture was poured over ice and the precipitatéd solid
was collected by_ﬁitratidn. The crude product 12-6 was washed with water, dried
under vacuum and used without purification in ste'p 6 (320 mg). |

Step &:

The dinitro derivative 12-6 from step 5 (390 mg) was dissolved in THF (3 mL) and
methylamine in THF (3.02 mt of a 2M solution in THF) was added. After stirring for
30 min, volatiles were removed under reduced pressure and the orange solid 12-7

used as such instep 7.

it will be apparent to the person skilied in the art that other diamine intermediates of
general fdrmu%a IV in Schemes 2 and 3 above, where R® is other than methyl, may be
prepared by replacing methylamine (CHyNH?) in' step 6 above with the appropriate RS-
NH,.

Step 7:

The nitro arene 12-7 from step 6 was suspended in a mixture of EtOH (12 ml) and
water (12 mL) and Kgboa (1.00g,6 equiﬁakents ) was added followed by sodium
hydrosulfite (1.26 g, & equivalents). The mixture was stirred for 4 h at room
temperature and EtOH was removed under reduced pressure. The residue was
extracted with EtOAc and the organic phase washed with brine and dried (MgSOy).
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Removai of the solvent and purification of the residue by flash chromatography (50 to
75% EtOAcin hexane) gave (E)-3-(5~amino—2-ethoxy-4—(methytamino)phenyi)acrylic
acid methy! ester 12-8 (1 62 mg).

(E)~3~(5~Amino—2—ethoxy-4~(methylamino)phenyl)acrylic acid methyl ester 12-8 may be
converted to amine intermediates of general formuia 1l in Example 1 using the
procedures described in Examples 3 or 7 and further elaborated to inhibitors of
generai formuia | In Scheme 1 using the procedure of Example 4.

it will also be apparent to one skilled in the art that inhibitors of general formula i in
Scheme | wherein R® is -OCHa and RS is ~CH=C(R®")-COOR may be prepared using
the procedure of Example 12 but starting from a precursor identical to compound 12~

1, except wherein the ethoxy group has been reptaced with a methoxy group.

EXAMPLE 13

4-Amino-2-methoxy-5-(methyiamino)benzoic acid methy! ester

O.N cooMe ¢+ Haz Pd(OH),/ G HN = COOMe AcO fAcHN COOMe
—_— ] —
MeOH - :
OMe OMe Step 2 OMe
131 Step 1 132 ]

Step 2 HNO,
4. 8M HCl, 100°C |

HN COCMe N COCH
2. 50C), MeOH  Ac” NaOmy, Mel  AeHN COOMe
e e
C.N OMe
154

O.N Ohte o OMe
Step 4

3 )
138 Steps & and

H,, PA{OH),/ C . :
Fa {CH}, LS?-EPT !

MeOH
\
Hmﬁmom
HN CMe
137
Step 1:

Methyi 2_methoxy-5-nitrobenzoate 131 (6.21 g, 204 mm_ol) was suspended in MeOH
(100 mL) and 20% Pd(OH)./C (500 mg) was added. The mixture was stirred under a
hydrogen atmosphere (1 atm) for 18 h. The catalyst was reraoved by filtration and the
solvent evaporated under reduced pressure o give a residue of compound 13-2
(5.256 g), which was used as such in step 2.
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Step 2:

The aniline 13-2 from step 1 (5.23 g) was dissolved in THF (50 mL}) and acetic
anhydride (2.984 g) was added. The mixture was stirred overnight at room
temperature The white suspension was concentrated under reduced pressure to a
white paste, tert-butytmethyl ether (TBME, 20 mL) was added and while stirring,
hexane (100 mL) was added slowly The suspension was then stirred for an
additional 2h and the solid collected by filtration. The product 13-3 was washed with
hexane and dried in air (6.372 g).

Step 3:

90% Nitric acid (9 mL) was diluted w1th water (9 mL) and cooled to 0°C. The anilide
13-3 from step 2 (5.905 g) was added in one portion and the mixture stirred for 30 min
in the :ce-water bath. The reaction mixture was then added dropwise to ice-water
(700 mL) and the precipitated yeliow solid was collected by filtration, washed with
water and dried in air. The orange solid (5.907 g) was shown by "H NMR to consist of
a 2:1 mixture of compounds. Exiraction of the agueous filtrate from above with EtOAc
gave'an additionat 1 g of material that was cormnbined with the first crop and purified by
flash chromatography on silica gel using 015% EtOAc in CHCl; as eluent. An orange
solid 13-4 (4.11 g) was obtained (one isomer). -

Step 4:

The nitroanifide 13-4 from step 3 (3.580 g) was dissolved in THF (50 mL) and the
solution cooled in ice. lodomethane (4.155 mL, 6.7 mmol, 5 equivalents) and
sodium tert-butoxide (6.414 g, 66.7 mmol, 5 equivalents) were added in two portions
at a 3.5 hinterval. Stirring at room temperature was continued for an additional 20 h
after the second addition. THF was evaporated under reduced pressure and water
(100 mL) was added. The deep red solution was washed with TBME (100 mL). The
agueous phase was acidified with conc. HCl and extracted with EtOAC (2 x 100 mL).
The combined organic exiracts were dried and concentrated to give compound 13-5

as a dark red powder (3.78 g) that was used directly in step 5.

- 1t will be apparent to the person skilled in the art that other diamine intermediates of

general formula IV in Schemes 2 and 3 above, wherein R® is other than methyl, may
be prepared by replacing methy! iodide (CHal) in step 4 above with the appropriate RE-
X, wherein X is a leaving group such as Cl, Br, I, methanesulfonate (mesylate), p-
toluenesuifonate (tosylate); tr’lﬂuoromethanesulfonate (triflate), and the like.
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Step 5:
The free carboxylic acid 13-6 from step 4 (3.75 g) was suspended in 8M HCI (100
mL) and the mixture stirred at 100°C for 8 h. After cooling to room temperature,

volatiles were evaporated under vacuum and the residue was co-evaporated 3 times
with MeOH.

Step 6: 4 v

The residue from step 5 was suspended again in MeOH (100 mL} and cooled in ice-
water. Thiony! chioride (5.10 mL, 5 equivalents) was added dropwise and the
suspension stirred at 85°C for 4 h. Volatiles were removed under reduced pressure
and the residue 13-6 co-evaporated twice with MeOH (100 mL) and then toluene (2 X
100 mL). '

Step 7:

The residue 13-6 from step 6 was then dissoived in MeOH (200 mL), 20% Pd{OH). /
C (500 mg) was added and the mixture stirred overnight under 1 atm of hydrogen gas.
The catalyst was then removed by filtration and the solution evaporated to dryness.
The residue was dissolved in EtOAc and the solution washed with agueous NaHCO,

and dried (MgS0,). Removal of solvents gave a solid that was suspended in TBME

" (50 mL) and heated to 50°C for 30 min. An equal volume of hexane was then slowly

added to the hot solution and the precipitated 4-amino-2-methoxy-5-

(methylamino)benzoic acid methyl ester 13-7 was coklécted by filtration, washed with
TBME-hexane and dried (2.00 g).

4~Amino-2—methoxy~5—(methylami_no)benzoic acid methyl ester 13-7 may be converted
into the corresponding aming intermediates of general formula Ilt in Scheme 1
following the procedures of Examples 3 or 7. These amine intermediates may be '
further converted into amine intermediates of general formula lll in Scheme 1, wherein
RS is -OCH; and R® is ~-CH=C(R*")-COOR, by following the procedure of Example 8.
Ali these amine intermediates of general formuia 111 in Scheme 1 may be further
elaborated to inhibitors of general formula | in Scheme 1 using the procedure of
Example 4.

it will be apparent to one skified in the art that the procedure of Example 13 may be
applied to compound 12-2 from Exampie 12, or to its analogue wherein the ethoxy

group has been reptaced by a methoxy group, to produce diamine precursors of
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generai formuia [V in Scheme 2 or 3, wherein R® is OCHs or OEL. Such diamine
precursors may also be converted to amine mtermedlates of general formuia (i in
Scheme 1 following the procedures of Examples Jor 7‘ and further elaborated to

inhibitors of general formula | in Scheme 1, using the procedure of Example 4.

EXAMPLE 14
NE-Methyl-4-(1H-[1,2,3]triazol-4-yl)benzene-1,2-diamine

1 BuLi
F 0, N n
CHNH, MeSSiCHNE
——p
O,N Step 1 HN Step 2
93 141
f Step 3 | Me,Sibg

.

Step 1:

3.Fluoro-4-nitrobenzaldehyde 9-3 from Example 8 (2.0 g, 11.8 mmol} was dissolved in
THF (30 mL) and excess methylamine (2M in THF, ~21 mL, 42 mmol) was added.
The reaction mixture was stirred at RT until complete conversion was confirmed by
HPLC (~2-3 h). The turbid solution was then evaporated to an orange solid which
was extracted with ethyl acetate (2x 50 mL) and washed with 1 N HCI (shaken unii
the deep burgundy colour dissipated; 100 mL), water (1 00 mL) and brine (60 mL).
The combined extracts were dried over anhydrous MaSO, and evaporated to give the
methylamino lntermedlate 14-1 as an orange powder which was used in step 2

without any purification.

It will be apparent to the person skilled in the art that other diamine intermediates of
genera! formuia IV in Schemes 2 and 3 above, where R® is other than methyl, may be
prepared by replacing methylamine (CHaNH,) in step 1 above with the appropriate RE-
NH,.

Step 2:

A solution of n-Bull (2.5 M in THF, 14.4 mL, 36.0 mmoi)} in anhydrous THF (60 mL)
was added slowly to a solution of TMS-diazomethane (10% in hexane, 18 mL, 36.0
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mmol) at -78°C. The fnixture was stirred at -78°C for 30 min, before a solution of the
methylamino interfnediate 14-1 from step 1 (2.16 g, 12.0 mmoi, dissolved in 2 mL
THF) was added slowly. The reaction mixture was stirred at -78°C for 1 h, and then
allowed to warm up to RT and to stir for an additional 3 h before quenching by
addition of HzO. The crude mixture was partitioned between saturated agueous
NaHCOs (30 mb) and EtOAc (60 mL), the agueous iayer was extracted again with
EtOAc (2x 60 mL) and the combined organic layers were washed with brine, dried
over anhydrous MgS0. and concentrated to dryness. The residue was puﬁﬁed by
flash column chromatography (using 20% EtOAc in héxane as the eluent) to give the
desired alkyne 14-2 as a fight brown solid (445 mg, ~21% vyield).

. Step 3:

In a thick-walled pressure tube, the alkyne 14-2 from step 2 (260 mg, 1.48 mmol} was l
dissolved in dry DMSO (6.0 mL) and TMS-azide (0.392 mL, 2.96 mmol) was added.
The reaction was heated to 140°C for 2 b, then cooled and extracted with EtOAc (50
mL) and washed with brine (2x 50 mL). The orgénlc layer was dried over anhydrous
MgSO. and evaporated o obtain the crude triazole 14-3 as a yellow-brown sofid
which was used in step 4 without further purification. |

Step 4: ' '

The crude triazole intermediate 14-3 from step 3 (~1.10 mmol} was dissolved in EtOH
(10 mi) and HzO (6 mL) which resulted in some precipitation of the starting material,
K:COs (0.91 g, 6.58 mmol) and éodium hydrosulfite (1.15 g. .58 mmol) were added
and the reaction mixture was stirred for 2 h at RT. The reaction mixture was then
extracted with EtOAc (50 rﬁL), the organic layer was washed with H,O (50 mL) and
brine {30 mL), dried over anhydrous MgSO, and evaporated to a brown gum which
contained N>-methyl-4-(1H-[1 2 3Jiriazol-4-yl)benzene-1 2-diamine 14-4 (amongst
other minor products).

The crude Nzémethyi~4—(1 H-11 ,2,31trEazo!—4—yl)'benzenew1 2-diamine may be converted,
without further purification, into the corresponding amine intermediates of general
formuia Il in Scheme 1 foflowing the procedures of Exampies 3 or 7, and further
elaborated to inhibitors of general formula | in Scheme 1, using the procedure of
Example 4. ‘
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EXaMPLE 15
NZ-MethyI-4-(4—methylpiperazin~1 -yi)benzene-1 ,2-diamine

ON CH,NH, ON
.—.———-&u—a‘»
F o HN ci

Step 1
15-1 i 15-2
HN

Step 2 N

HN : H,, PA/C, oN
E{OH
O rrsms b s
HN N/\l

L e 20
154 N : % |

15-3 N

~
890G

~

Step 1: . ;

To a solution of 4-chlorg-2-fluoro-1-nitrobenzene 15-1 (1.18 g, 8.72 mmel) in DMSO
(7 mL), a solution of methylamine (2M in THF, 13.6 mL, 26.9 mmol) was added and
the reaction mixture was stirred at RT for 24 h. The solution was diluted with EtOAC
(~300 mL), the organic layer was washed with H,O (3x 50 mL) and brine (50 mL),
dried over anhydrous MgSO, and concen_trated under vacuum to give the
methylamino derivative 15-2 as a yellow solid (1.19 g). The crude mateﬁal was used

in step 2 without purification.

It will be apparent to the person skilied in the art that other diamine intermediates of
general formula iV in'Schemes 2 and 3 above, where R® is other than methyl, may be
prepared by repiacing methylamine (CHsNH3) in step 1 above with the appropriate R
N, |

Step 2:

A mixture of the methylamino derivative 15-2 from step 1 (105 mg, 0.56 mmol) and N-
methyipiperazine (0.5 mL) was héated to 90°C while stirring for 3 h and then at RT for
an additional 15 h. The reaction mixture was diiuted with EtOAc (~50 mL) and the
organic layer was washed with H,O (3x 10 mL) and brine (20 mL), dried over
anhydrous MgSO, and concentrated under vacuum to give the plperazine derivative
15-3 as a yeliow solid (140 mg) which was used in step 3 without purification.

One skilled in the art will readily see that piperazine derivatives bearing other
substituents may be readily used in place of N-methyipiperazine in Step 2 above o
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Step 3:

To a solution of the piperazine derivative 15-3 from step 2 (140 mg) in EtOH (6 mL),
Pd/C (10%, 25 mg) was added and the mixture was stirred under an atmosphere of
H, at RT for 15 h. The reaction mixture was filtered and the solvent evaporated to
give a fairly pure sample of the desired product, N2-methyl-4-(4-methylpiperazin-1-
ylbenzene-1,2-diamine 45-4, as a purple colored oif (133 mag).

NQ—Methyi—4—(4—methyipiperazin»‘i-yi)benzene-‘l ,2-diamine 15-4 was converted,
without further purification, into the' corresponding amine intermediates of general
formuia 11l in Scheme 1 following the procedures of Examples 3 or 7, and further
elaborated to inhibitors of general formula | in Scheme 1, using the procedure of

Exampie 4.

ExXAMPLE 16

4-Imidazol-1-yl-N?-methylbenzene-1,2-diamine

HN N

N

| 16-1 ==
4—imidazol-1—yl-Nz—methYIbenzene-'l 2-diamine 16-1 was prepared using the
procedure of Example 15, except that imidazoie was used instead of N-
methylpiperazine in step 2. 4-Imidazol-1-yl-A -methylbenzene-1,2-diamine 16-1 may
be converted into the corresponding amine intermediates of general formula [l in
Scheme 1 foliowing the procedures of Examples 3 or 7, and further glaborated to

inhibitors of general formula 1 in Scheme 1, using the procedure of Exampie 4.
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EXAMPLE 17
4~(2-Aminothiazol~4-yl)-N1~methylbenzene-'l 2-diamine

MeNH,, o
2
THF BOOC, B h ggx.zrée{iemer
Br
Step 1 -

Step 2 HN
‘ 17-3

sz | TN
IPrOH, 709G, 1 h

/>_ SnCl, o l }>—NH2

EtOH, B0 =C, 16 h
s

HN
Siep 4 BN

176 ' 174

- Step 1:

A mixture of 4-chioro-3- nltroacetophenone 17-1 (3.00 g, 15.0 mmol} and methyiamine
(15.0 mL, 2M in THF, 30. 0 mmol) were placed in a sealed pressure tube and stlrred at
80°C for 6 h and at RT for 20 h. The reaction mixture was concentrated to dryness
and the residue was purified by flash column chromatography (using 20-30% hexane
in EtOAC) to isolate the desired pure product 17-2 as an orange sofid (980 mg, 34%
yield).

1t will be apparent to the person skilled in the art.that other diamine intermediates of
general formula 1V in Schemes 2 and 3 above, where R is other than methyl, may be
prepared by repiacing methylamine (CHaNH;) in step 1 above with the appropriate RS-
NHa.

Step 2:

To a soiution of the 4- methylamino-3-nitroacetophenone intermediate 17-2 from step
1 (700 mg, 3.8 mmol) in dioxane:ether (10 mL, 1:1 ratio), Brz (0. 20 mL, 3.96 mmoi}
was added slowly and the reaction mixture was stirred at RT for 20 h. The reaction
mixture was concentrated to dryness and the residue was re-dissolved in EtOAc (200
mL). The solution was washed with saturated agueous NaHCO: (2x 100 mL) and
brine (100 mL), dried over anhydrous MgSO. and concentrated fo dryness to give the
fcrude bromoketone intermediate 17-3 (1.0 g) which was used in step 3 without
purification.
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Step 3:

A solution of the bromoketone intermediate 17-3 from step 2 (1.0 g) and thiourea (648
mg, 7.2 mmo}) in -PrOH (30 mL) was stirred at 70°C for 1 h. The mixture was cooled
to RT, and the precipitate formed was filtered, washed with diethy! ether and dried to
give the desired aminothiazole intermediate 17-4 as an orange solid (~ 1.0 g). This
compound was used in step 4 without purification.

Step 4: }

A solution of the nitro intermediate 17-4 from step 3 (500 mg, ~2 mmol) and SnCiy
dahydrate (2. 25 g: 10 mmotl) in EtOH (15 mL) was stirred at 80°C for 16 h. The
mixture was poured slowly on NaHCO. and stirred vigorously for 30 min. The mixture
was extracted with CHoClz (2x 200 mL}) and the combined organic layers were dried
over anhydrous Na;S04 and concentrated to dryness. The residue was purified by

flash column chromatography (using a solvent gradient from 30% hexane in EtOAc to

 100% EtOAc and then to 3% MeOH in EtOAc) to recover some unreacted starting

material and the pure diamine product, 4~(2~am§no‘thiazol—4~yl)—N’~methylbenzene—1,2—
diamine 17-5, (167 mg, 38% yield).

4-(2- Ammothlazol-4—yl)—N‘—methylbenzene—‘l s-diamine 17-6 was converted into the
corresponding amine intermediates of general formula lif in Scheme 1 following the
procedures of Examples 3 or 7, and further elaborated to inhibitors of general formuia

| in Scheme 1, using the procedure of Example 4.

The free amino moiety of the aminothiazole substituent of an inhibitor of general
formuia | in Scheme 1 or a suitabie intermediate in its preparation, may be alkylated
by using procedures welE known to those skilled in the art, or acetylated by using
procedures weli known to those skilled in the art, such as treatment with acetic
anhydride, acetyt chioride, or the like. Aitemat:vely, replacing thiourea in step 3 above
with a suitably N-substituted thiourea will give intermediates wherein the free amino
moiety has been substituted.
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EXAMPLE 18

4-Amin o-2-(9H-ﬂuoren-s-ylmethoxycarbonyiamino)-5-(methylamEno)benzoic
acid methyl ester '

| i i T i
. KNO, N* Nl* MaCh N* N"
2 - O -
— =3 - -
ol COH Step 1 G cOH Step 2 i CO,Ma
18-1 16-2 18-3
Step 2 j CH NH,
3 i
Trac-Cl . Na,S.0, LN N
BN MH Hi NH, ‘ 3 ~g"
: 2 BN 1,00, o o
A e et B e
] HN COM
- IVIES
N COMe - siep5 HT; COME  gapa é ’
/ O éH,. 188 Ha 18- Hy 184

cLe
F Ol
F;:%i:na Step & O O
’ ) )
=0 :

ENPNGL HN N Q
G, i ° Zn, AcOH o}
> N = e

cOMa
Step7
c J:HS -

N
.CESSf—— T / éHa 188
4
: . |

?1 0 R;E<N NH—‘< Q
R?—‘ DJLE‘ b COMe O

L s : 9

Io R, o Ry R . Q O

5 Step1:

To a solution of m-chiorobenzoic acid 18- (12.5 @, 79.8 mmol) in sulfuric acid (100
mL) at 40°C, potassium nitrate (approximately haif of the total amount; 22.0 g, 218
Mmol) was added slowly, portion-wise, with stirring, (temperature maintained below
70°C). The solution was then heated stowly to 105°C, the remaining KNO; was slowly
10  added (temperature maintained below 110°C), and finafly the solution was heated to
130°C for 15 min, allowed to cool back to RT, and poured on ice (~ 500 mL). The
yeliow solid formed was filtered, washed with water (50 mL). air dried for 2 h o yield
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13.25 g (67%) of a 2:1 mixture of the desired product 18-2 and an unknown side-
product. The mixture was used as such in step 2.

Step 2:

The crude dinitro carboxylic acid 18-2 (~13 g) from step 1 was dissolved in methanol
(100 mL) and sulfuric acid (13.0 mL) was added very slowly as the reaction is very
exothermic. The reaction mixiure was stirred at reflux for 18 h. The solution was
poured on ice (~500 mL), and the product was extracted with EtOAc (2x 100 mL).
The organic layers were washed with 5% agueous NaHCOs (3 100 mL), dried over
anhydrous MgS04 and evaporated to give the desired dinitro methyl ester
intermediate 18-3 (9.54 g, 69% yield).

Step 3:

To a solution of the above dinitro arylchloride 18-3 (9.5 g; 36.5 mmol) in DMF (20 mlL)
at 0°, methylamine (2M in THF, 39.2 mL, 74.7 mmol} was added with stirring. After a
few minutes a crystailine solid was formed, the suspension was allowed to warm-up to
RT and sﬁrring was continued for 2 h. The reaction mixture was partitioned between
H,O (200 mL) and EtOAc (100 mL). The organic solution was washed with 5%
agueous NaHCO; (100 mL), brine (3x 100 mL), dried over anhydrous MgS0, and the
solvent was evaporated to dryness 10 give the desired product 18-4 as a yellow-
orange solid (7.09 g,76% yield).

it will be apparent to the person skilled in the art that other diamine intermediates of
general formula 1V in Schemes 2 ahd 3 above, where R is other than methyl, may be
prepared by replacing methylamine (CHsNHg) in step 3 above with the appropriate RE-
NHo.

Step 4: _

To a EtOH / H,0 (100 mL, 1:1 ratio) suspension of the above dinitro aniline
ntermediate 18-4, K;CO, (10.3 g, 74.5 mmol) was added with vigourous stirring,
followed by the portion-wise addition of sodium hydrosulfite (13.0 9, 74.5 mmol). The
yeliow suspension turned blood red then b-!ackg became more homogeneous (slightly
exothermic), then biphasic and a white precipitate was formed. After 30 minutes of
stirring at RT, the EtOH was partly evaporated and the residue was diluted with HO
(100 mL). The reaction mixture was extracted with EtOAc (2x 75 hL), the combined
organic layers were dried over anhydrous MgSO, and evaporated fo yield a black

amorphous solid 18-5 (1.26 g, 55%) which was used as such in step 3.
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Step 5:

To a stirred, ice cold solution of the above trianiline 18-6 (400 mg, 2.05 mmol) in
acetonitrite (5 mL) under nitrogen, triethylamine (0.57 mL} was added, followed by the
drop-wise addition of TrocCl (0.282 mL, 2.05 mmol). The deep purple solution was
stirred and allowed to warm-up to RT over 2 h. The solvent was evaporated, the
residue taken into EtOAC (30 mL), washed with 5% aqueous'NaHCOa (2 x 20 mL) and
brine (20 mL), dried over anhydrous MgSQO., and the solvent evaporated to dryness. ‘
The residue was purified by flash chromatography (using TLC grade silica gel and a

solvent gradient from 30% to 80% EtOAc in hexane) to give the desired product 18-6

~ as a beige amorphous solid (459 mg, 80% yield).

Step 6: .

To a stirred solution of above Troc-protected aniline derivative 18-8 (100 mg, 0.27
mmol) in C;-IZCE (1 mL), pyridine (0.032 mL, 0.4 mmol) followed by Fmoc-Cl (80 mg,
0.34 mmol) were added. The reaction mixture was stirred at RT for 2 h. The mixture
was diluted with EtOAc (30 mL), the suspension was washed with 5% agueous
NaHCO; (2 X 10 mL), dried over anhydrous MgSQ, and evaporated to dryness. The
residue was purified by ﬂash chromatography (using TLC grade silica gel and eluting
with a solvent gradient from 20% to 30% EtOAc in hexane) to give two samples of the
desired Fmoc-protected product 18-7; 47 md of very pure product and 100 mg of
slightly lower purity.

Step 7:

The doubly protecied (Troc- and Fmoc-protected) trianinile derivative 18-7 (100 mg,
~0.17 mmol) was dissolved in THF (1 mL) and acetic acid (0.25 mL) followed by
freshly activated zinc (20.0 mg, 0.31 mmof) were added. The reaction mixture was

stirred vigorously at RT under nitrogen for 2h. The evolution of reaction was

" monitored by HPLC and after 2 h only ~30 % conversion was observed, therefore,

more zinc (15 mg) was added and stirring was continued at 80°C for 4 h. The reaction |
mixture was diluted with EtOAc (30 mL), filtered over Celite and the filirate was cooled
in an ice bath and washed with 5% agueous NaHCOz (20 mL); care must be taken to
prevent build-up of excessive pressure. The organic layer was washed with brine,
dried over anhydrous MgSOs, and the solvent was evaporated to give the mono-
protected intermediate 4~amino-2—(9H-ﬂuoren-9-yimethoxycarbonyiamino)—5-
(methylamino)benzoic acid methyl ester 18-8 as a white crystaliine sofid (68 mg, 96 %
yield).
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Compound 18-8 was converted into the corresponding Fmoc-protected amine
intermediates of general formuia i in Scheme 1 following the procedures of
Examples 3 or 7, and further elaborated to Fmoc-protected inhibitors of generai
formula lc above, using the procedure of Example 4. These Fmoc-protected inhibitors
of generai formula Ic, or appropriate Fmoc- protected amine tntermedlates in their
synthesis, may also be converted to Fmoc-protected inhibitors of genera% formula |d
above, using the procedures of steps 1, 2 and 3 of Example 8. In both cases,

removal of the Fmoc protecting group may be carried out by treatment with piperidine,

" as is well known to one skilled in the art, and saponification of the ester group may be

carried out under basic conditions (following protocois well known to those skilled in
the art) to give inhibitors such as compounds 1032 (Tabte 1) and 3080 (Table 3). The
free amine moiety of these inhibitors can be further reacted with reagents commonly
known to those skined in the art, such as isopropyl chloroformate and the like, to form
inhibitors such as compound 1033 (Table 1).

EXAMPLE 19

2-(5-Brom opyrimidin-2-yi)-3-cyciopentyl-1 -methyl~1 H-indole-B-carboxylic acid

H
1

4 o o
Me
d DMEITEA e He
N CO0We :
Br—4 P(2 furyl), } PA{OAC), _CN CoaMe NaOH {N\ N cooH
' A
2. Br then HC] N
\(\)\ Step 2
19-1 K,PO, 18.3
Step 1
Step 1:

The bromoindole 18- 1 (prepared as described in Example 12 of WO 03/010141) (3:0
g, 8.9 mmol, 1 equiv. ) was dissolved in anhydrous DME (20 mL) and tri-(2-
furyl)phosphlne (260 mg, 1.1 mmol, 0. 12 equw) triethylamine (3.0 mL, 21.5 mmot,
2.4 equiv.) and Pd(OAC)g (65 mg, 0.28 mmol, 0. 03 equiv.) were added. The mixture

was purged by bubbling Ar through it for 10 min and pinacolborane (4,4,5,5-

tetramethyi-1,3,2-dioxaborolane; 3.0 mL, 20.mmol, 2.2 equiv.) was added by syringe.
The resuiting dark brown mixture was stirred at 68°C for 16 h under an argon

atmosphere. The reaction mixture was then cooled to RT and the 5-bromo-2-
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ibdopyrimidine (3.0 g, 10.5 mm_o%, 1.18 equiv.) was added as a solid, foliowed by
careful, slow addition of a cooied suspensicn of KsPO4 (10.5 g, 47.1 mmol, 5.4 equiv.)
in water (7 mL). Alternatively, the addition of KsPOs may precede the addition of 5-
bromo-2-iodopyrimidine. The dark brown reaction mixture was then heated to 80°C
under argon for 24 h. The reaction mixture was ccoled to RT and poured into 10%
aqueous NaCl (100 mL). The brown suspension was extracted with EtOAc (150 mL).
The extract was washed with water (2 x 50 mL) and brine (100 mL), dried and
concentrated fo 50 mL. Cooling 2 h in the fridge gave a beige precipitate that was

coliected by filtration, washed with a small amount of EtOAc and dried. The filtrate

was concentrated under vacuum and the residue was slurried in acetone (20 mL),

heated to boiling and cooled in the fridge overnight. The solid was filtered and the

‘combined solids were further purified by chromatography using CHCl; as solvent to

give the desired indole ester 19-2 as a beige solid in 77% yield.

Step 2: ,

The ester 18-2 (300 mg, 0.72 mmoi) was suspended in DMSO (10 mL) and the
suspension warmed gentiy to dissolve the solid. The slightly cloudy yellow solution-
was cooled and stirred while 2.5 N NaOH (2.0 mL, 5.0 mmol, 8.6 equiv.) was added
and stirring was continued for 4 h at RT. The mixture was slowly poured into' 0.5 N
HCI (200 mL). The yellow precipitate was collected by filtration, washed with water
and dried to give compound 18-3 (273 mg, 94% yield, 100% homogeneity).

ExAMPLE 20

3-Cyciopentyl-1,2-dimethyl-8~indoiecarboxyEic acid.

o]
\ ¢ \N |
N ? 1 Ol NaOH 4 o
\ 3 DMSO
20-2

19-1 201
The 2-bromoindoie ‘derivative 48-4 (1.009 g, 3.00 mmol, prepared as described in
Example 12 of WO 03/010141) was dissolved in anhydrous THF (25 mL) under an
argon atmosphere and the solution cooled to »78”0, n-Buki (2.0 M in hexane, 1.60
mL, ‘3.20 mmol) was added dropwise and the mixture stirred for 15 min. Mel (0.37
mL, 2.00 mmol) was added and stirring was continued for an additional 30 min. The
reaction mixture was then warmed up to RT and volatiles removed under reduced

pressure. The residue was dissolved in TBME (100 mL) and the solution washed with
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brine (2 x 25 mL). The extract was dried (MgS0,), concentrated under reduced
pressure and the residue purified by flash ‘chromatography using 0 — 15 % EtOAC in
hexane as eluent. The desired 2-methylindole derivative 20-1 was obtained asa
waxy solid (0.658 g, 80 % yield): MS-ES m/z 272.1 (MH"). The methyl ester 20~ 1
was saponified in the usual way (NaOH / DMSO) to give the corresponding carboxylic
acid 20-2 in 96 % yield: MS-ES m/z 258.1 (MH"). |

EXAMPLE 21

3-Cyclopentyl-2-ethenyl-1 -methyl-6-indoiecarboxylic acid.

. o ‘ | C o
N Ove  BUsSACH=CH; N oH
Br—4\ i “ | — N

Pd cat.

19-1

The 2-bromoindoie 18-1 (prepared as described id Example 12 of WO 03/010141)
(5.000 g, 14.87 mmol) was dissolved in dry dioxane (50 mL) and vinyltributyttin (4.82
mL, 16.50 mmol) was added. Thé soiution was degassed by bubbling N; through for
15 min. B1s(tr:pheny!phosphane)pa!iadlum(ll) chioride (0.350 g, 0.50 mmol) was
added and the mixture heated to 100°C overnight under a nitrogen atmosphere.
Additional catalyst (0.350 g, 0.50 mmol) was added and heating resumed for an
additional 48 h, -at which point TLC analysis indicated the reaction was almost

complete. The reaction mixture was cooled to RT and filtered through a small pad of

silica gel using THF for washings. The filtrate was concentrated under reduced

pressure and the residue purified by flash chromatography using 5 - 15 % EtOAc in
hexane as eluent. The desired Z-Qinylindole ester 21-1 was obtained as a brownish
solid (2.92 g, 89 % yield): MS-ES m/z 284.1 (MH"). The methyl ester 21-1 was
saponified in the usual way (NaOH / DMSO) to give the corresponding carboxylic acid
21.2 in 93 % yield: MS-ES m/z 270.1 (MHD.
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EXAMPLE 22

* 3-Cyclopentyl-2-ethyl-1-methyl-6-indolecarboxylic acid.

0

\
\ {‘1 OMe oH

271 22-2

The 2-vinylindole ester 21-1 (Example 21) (0.250 g, 0.88 mmol) was dissolved in
MeOH (15 mL) and the solution hydrogenated (1 atm H, gas) over 10% Pd{OH)./C

(50 mg) for18 h. The catalyst was then removed by filtration and the filtrate

evaporated under reduced pressure to give crude ester 22-1. The residue was
dissolved in DMSO and saponified with NaOH in the usual manner to give the desired
2-ethylindole derivative 22-2 as a white solid (0.211 g, 88 % yield): MS-ES m/z 272.4
(MH").

EXAMPLE 23

3-Cyclopentyl-2-{2-propenyi}-1 -methyl-6-indolecarboxylic acid.

\ 0 Br \ g i
N ove A~ NaCH N OH
Bu,Sn e — Y
SN DMSO

Pd cat.

231 23-3

The 2-stannylindole 23-1 (1.280 g, 2,34 mmol; prepared using methods described in
WO 03/010141), triphenylphosphine (0.065 g, 0.25 mmol), Cul (0.045 g, 0.24 mmol},
LiCl (0.200 g, 4.72 mmol) and 2-bromopropene (0.444 mL, 5.00 mmol) were dissolved

‘in DMF (6 mL} and the suspension degassed by bubbiing Ar for 20 min. Pd,(dba);

(0.035 g, 0.034 mmol) was added and after degassing for an additional 10 min, the
reaction mixture was heated to 100°C overnight. The suspension was then diiuted
with TBME (100 mL) and washed with brine (2 x 25 mL). The extract was dried
(MgSO,) and concentrated under reduced pressure to give a residue that was purified
by flash chromatography using 5 - 10 o, EtOAC in hexane as eluent. The desired 2-
(2-propenylindole 23-2 was obtained as beige solid (0.57 g, 81 % yield): MS-ES m/z
208.1 (MH". The methyi ester 23-2 was saponified in the usual way (NaOH/ DMSO)
to give the corresponding carboxylic acid 23-3 in 96 % vield: MS-ES m/z 284.1 (M H".
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EXAMPLE 24
3-Cyclopentyl-2-isopropyi-1 -methyl-6- mdole carhoxylic acid.

\
Me H, N one _NeOR
5 N
Pd DMSO
24-1

Foflowing a similar procedure to that described in Example 22 for the 2-ethy! analog,
the 2-isopropylindole derivative 24.2 was obtained as a white solid (88 % vyield): MS-
ES my/z 286.1 (MH").

EXAMPLE 25

3nCyciopentyi-zwcycloplropyi-‘i-methy!-e-indoiecarboXyIic acid.

Q \
) Ko ] N
N o /BuLi N NEOH OH
Br Me \
N
' DMSO
Pd cat.
‘ 19-1 ZnBr, 25-2

Cyclopropy!l bromide (0.471 g. 3.90 mmol) was dissolved in anhydrous THF (20 mL)
and the soiution cooled to ~78°C under an Ar atmosphere. nBuLi (1.0 M in hexane,

: 3.60 mL, 3.60 mmol) was added and the mixture stirred for 15 min. ZnBr, (0.878 g,

3.90 mmol) in THF (15 mL}) was then added, the mixture allowed to warm up to RT
and the reaction stirred for 15 min. The 2-bromoindole 19-1 (prepared as described in
Example 12 of WO 03/010141) (1.009 g, 3.00 mmol) in THF (15 mL) was added,
followed by i'etrakis(triphenylphosphlne)palladium(O) (0.289 g, 0.25 mmol). The
mixture was stirred 24 b at reflux; at which point starting material was still present, but
the reaction was guenched by addition of AcOH (2 mL). Volatiles were removed
under reduced pressure and the residue taken up in TBME (100 mL). The extract
was washed with saturated agueous NaHCQO; and dried (MgSQ4). Evaporation under
reduced pressure gave a residue that was purified by flash chromatography using 0 —
15 % EtOAc in hexane as eluents to give the desired 2-cyclopropylindole ester 25-1
as a light green solid (0.540 g, 60 % yield): MS-ES m/z 298.1 (MH"). The methyl
ester 25-1 was saponified in the usual way (NaOH / DMSO) to give the corresponding
carboxylic acid 25-2 in 80 % yield: MS-ES m/z 284.1 (ME™.
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EXAMPLE 26
3-Cyclopentyl- 1-methyl-z-ﬂ-pyrazo!yl)-s-lndoiecarboxyhc acid.

o) ‘ \ 0
\N ] N N OH
Br—4\ Ohte + ;\ ;',rN e L/N N
19-1 26-1

The Zébromo ndole 19-1 (prepared as described in Example 12 of WO 03/010141)
(1.00 g, 2.97 mmol) and pyrazole (2.00 g, 20.4 mmol, 8.9 equiv.) were charged in a
sealed tube and the mixture heated to 160°C for 72 h. The reaction mixture was then
cooled to RT and charged on a fiash chromatography coiumn. The product was
eluted with 40 — 100 % E1OAc in hexane as eluents. The recovered material (1.60 g)
which was contaminated with pyrazole, was dissolved in a mixture of THF / MeOH /
watér and basified with 1N NaCH. Organics were then evaporated under reduced
pressure and the residue treated with conc. HCI to precipitate the desired 2-
pyrazolylindole carboxylic acxd 26-1 (0.400 g, 43 % vield).

Analogs containing other N-iinked heterocyciic substituents at C-2 of the indole ring

were prepared in a similar faghion, starting with nitrogen-based heterocycles such as

imidazoles and triazoles.

EXAMPLE 27

(E)-3-[2-{1 1-Aminocyclobutyl)- 3-methyl-3H—ben20|m|dazol -5-yfjacrylic acid methyl
ester

O,N X ON oM
l | ) et D/\
=
Ct cl  Stept \ﬁ: : ~gp Step2 \;;1{ = CO0nBY

27-1

27-2 . 27-3
1 Stép 3
N H,N ‘
HoN < Pz ~ P
: /N COONBu Step 4 N COO0RBU
) 27-5 ' 274

Step 1: ,
2,4- Dachloromtrobenzene (27-1) (61 g, 0.32 moi}, triethyiamine (68 mL, O 48 mol) and
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2.0 M methylamine in THF (500 mL, 1.0 mof) were mixed in a 3-L round bottom flask
equipped with a Graham condenser under argon pressure. The solution was then
heated at 40°C with stirring and a white solid started to form (EtsNHCY). After heating
for ~6 hrs, TLC (in 20% ethyl acetate in hexane) showed that the reaction was ~80%
compiete. Another two equivalents of the methylamine solution in THF (330 mL) was
added and the mixture was heated at 40°C with stirring for another 16 hours. TLC
showed that all starting materiai was consumed. The reaction mixiure was allowed to
cool down to room temperature and the white solid was removed by filtration and
washed thoroughly with THF. The filtrate was concentrated under reduced pressure
_and re-dissolved in 80O mL of dichloromethane, washed with water and brine, and
dried over Na;S0,. The soivents were rermoved in vacuo to give compound 27-2 as
an orange sofid (59.5 g, guantitative), which was pure enough to use in next step.
Step 2

- To a dry pressure tube was added compound 27-2 (2.88 g, 15 mmol), Pda(dba)s (414

mg, 0.45 mmol), P(-Bu)s (0.1 M solution in dioxane, 18 mL, 1.8 mmo!), and N,N-
dicyc!oheXyimethyiamine (3.6 mL, 16.5 mmol) under argon.atmosphere. n-Butyl
acrylate (2.4 mL, 16.5 mmol) was degassed with argon for 35 minutes before being
added to the mixture. The tube was then sealed and the mixture was heated at 110°C-
with stirring over the weekend. The reaction was cooled to ambient temperature and
diluted with ethyl acetate (200 mL). The solid residue was removed by filtration of the
mixture through a silica gel pad and it was washed with ethyl acetate (700 mL}. The
fitrate was concentrated in vacuo and co-evaporated with hexane three times. The
red solid was then stirred with hexanes (40 mL) at 60°C. The mixture was cooled o
0°C for 15 minutes and the red solid was collected by filtration and washed with
hexanes, and was further dried under high vacuum (3.4 g, 81% vield). The product
27.3 was about 80% pure by NMR. Additional product can be obtained from the
filtrate by purification on flash column.

Step 3:

Compound 27-3 was converied to compound 27-4 using the method of Example 11,
step 5.

Step 4:

Compound 27-4 was converted to compound 27-8 using the method of Example 3.
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EXAMPLE 28
(E)-3-[2-(1 -Aminacyclobutyl)-7-chloro-3-methyl-3 H-benzimidazol-5-yijacrylic acid

methyl ester. .
: N COOMe
O,N COOH O,N COOH o,N COOMe 2
@/ —= HN — uN 3 HN
H N 2 ¢
Step 1 cl Step 2 cl Step 3

28-1 28.2 28-3 28-4 N0

Step 4 l [ coor

Q—:N ~on Q—<\N COOMe Q_(ﬁ cooe
N\ ' N @/ e N
BocHN N - BocHN N BocHN N

i Step 5
G Step & ol P ol
287 286 ! 28-5

Step 7 l

\

Q(N . % -COONe
N I
HZN N]‘_/\J\/

Cl
28-8

5 Step1i:

4-Amino-3-nitrobenzoic acid 28-1 (15.00 g, 82 mmol) was dissolved in AcOH (200
mL) and sulfuryl chioride (6.62 ml, 82 mmol) was added. The mixture was stirred for
2 1 at RT, after which additional sulfury! chloride (1.5 mL) was added to compiete the
reaction. After stirring for an additional 1 h at RT, the reaction mixture was poured

10  over ice and the precipitated solid coliected by filtration. The product 28-2 was
washed with water, air dried and used directly in the next step.
Step 2 ‘ .
The crude product 28-2 was dissolved in MeOH (300 mL) and conc. Hz80; (1 mL)
was added. The mixture was refluxed for 2 days after which point the conversion was

15  ~75 % complete. Volatiles were removed under reduced pressure and the residue
was partitioned between EtOAc and water, The mixture was basified by slow addition
of saturated aqueous Na,COs and the organic phase separated. The extract was
washed with brine, dried (NazS04) and concentrated to give 28-3 as a beige solid
(12.32 g) that was used directly in the next step. |

20 Step 3
The nitroaniline 28-3(11.32 g, 49 mmol), sodium hydrosulfite (35.54 g, 204 mmoi) and
NaHCO; (17.15 g, 204 mmol) were dissolved in 3:2 EtOH — water (600mL). The
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orange mixture was stirred for 20 h at RT. EtOH was then removed under reduced
pressure and the product extracted with EtOAc. The extract was washed with water
and brine, dried (Na,S04) and evaporated to give compound 28-4 a brown solid (4.60
g, 46 % yield) that was used without purification in the next step.

Step 4:

The diamine 28-4 (1.00 g, 5.0 mmol), N-Boc-1-aminocyciobutanecarboxylic acid (1.07
g, 5.0 mmal), HATU (2.20 g, 5.8 mmol) and Et,N (2.10 mL, 15.0 mmof) were dissolved
in DMF (30 mL) and the mixture stirred for 2 days at RT. The reaction mixture was
poured onto ice and the precipitated solid coliected by fiitration. The materiat was
washed with water, dissolved in EtOAC and the extract washed with brine. The
solution was then dried (Na;S04) and concentrated under reduced pressure. The
residue was dissolved in AcOH and heated to 80 °C for 3 h. HPLC analysis indicated
complete conversion to the desired benzimidazole derivative. AcOH was removed
under reduced pressure, the residue taken up in EtOAc and the solution washed with
aqueous NaHCO; and brine. After drying (MgSQOa), removal of solvent gave
compound 28-5 as an orange solid (563 mg) that was used directly in the next step.
Step &:

The benzimidazole 28-5 (1.83 g, 4.29 mmol) and KGO, (2.96 g, 21.45 mmol) were
suspended in DMF (10 mL) and iodomethane (0.27 mL, 4.30 mmol) was added. The
mixture was stirred for 3 h at RT. The reaction mixture was then poured over ice and
the precipitated solid was collected by filtration. The material was washed with water,
dissolved in EtOAc, and the solution washed twice with 5 % aqueous citric acid and
brine. After drying (MgSQO.) and removal of voiatiies under reduced pressure,
compound 28-6 was obtained as a brown solid (1.44 g) that was used directly in the
next step. '

Step 6:

The methy! ester 28-6 (1.22 g, 3.10 mmol) was dissolved in THF (30 mL) and LiBH.
(0.243 g, 11.14 mmol) was added in small portions at RT. The mixture was then
stirred at 40°C for 16 h. Since conversion was still not complete, additional LiBH,
(0.100 g, 4.6 mmol) was added and the mixture stirred for an additionai 3 h at 70°C.
The reaction mixture was cooled to RT and the residue diluted with EtOAc. Water
was carefully added and the organic phase separated. The extract was washed with
water and brine, and dried (MgS0,). The crude alcohol 28-7 (961 mg) was combined
with other batches and purified by flash chromatography. '
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Step 7:
Purified alcohol 28-7 from above (0.450 g; 1.02 mmol) was dissolved in DCM (20 mL)
and Dess-Martin periodinane (0.551 g, 1.30 mmof) was added. The mixture was
stirred for 2 h at RT. (Carbethoxymethyiene)triphenyiphosphorane (0.550 g, 1.58

5 mmol) was then added and the mixture was refluxed for 20 h. Volatiles were then
removed under reduced pressure and the residue dissolved in 1:1 TFA—-DCMto
offect removal of the Boc protecting group. After stirring for 1 h at RT, voiatiles were
removed under reduced pressure and the residue was partitioned between EtOAC and

“1NHCL The aqueous phase containing the product was separated, neutralized with
10 2M Na,COs and extracted 2 X with Et0AcC. The extract was dried (Na.SG4) and

concentrated to give compound 28-8 as a white foam (212 mg) that was purified by
flash chromatography using 80 — 100 % EtOAc in hexane as etuents. The desired
benzimidazole fragment was obtained as a white solid (66 mg).

15  EXAMPLE 29

5-[2-(1-Aminocyclobutyl)-3-methyl»3H—benzoimidazol—5-yi]-3H—[1 ,3,4]oxadiazol-2-

NGz gt cone. MﬁNH
THE
o MEOH 0.
F
OH
261

Step 1 Siep 2

. aE PAIC 40%
ep lEtOH-THF

o < ir NH,
@ Sten 4 ° N

R
09.5 o 284
NH,NH,
EtOH
a85°C

Step 5
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Stép 1:

10 N HC! (2 mL) was added to a solution of 3-fluoro-4-nitro-benzoic acid (29-1) (10 g,
54.0 mmol) in 300 mL of MeOH and the solution was refluxed for 15 h. The mixture
was then concentrated, the residue was difuted with EtOAc, and the organic phase
was washed with 2 X water and saturated agueous NaHCOs, dried (MgSO4) filtered
and evaporated to give 10.45 g (87 % yield) of compound 29-2 as a white solid. The
compound was used as such for the next reaction.

Step 2:

Methylamine (80 mL of a 2N solution in THF) was added dropwise to a solutton of
compound 29-2 (10 g, 50.2 mmol) in 100 mL THF at 0 °C. The mixture was further

sfirred at 0°C for 20 min., then at room temperature for 15 h. The volatiles were then

evaporated, and the residue was diluted with EtOAc, and the organic phase was

washed with 2 X water, saturated agqueous NaHCO,, dried (MgSQy,), filtered and
evaporated to give 10.21 g (86 % yield) of comound 29-3 as an orange solid. The
compound was used as such for the next reaction.

Step 3:

Palladium (10% on charcoal, 1 g) was added to a solution of compund 28-3 (10 g,
47.6 mmo!) in 400 mL of a 1/1 mixture of THF-absolute EtOH. The mixture was stirred
under hydrogen atmosphere for 16 h, then the solution was filtered to remove the
catalyst and concentrated to give 8.5 g (99 % yield) of compound 29-4 as an off-white
solid. The compound was used as such for the next reaction.

Step 4:

Compound 29-4 was converted to compound 29-5 using the method of Example 7.
Step 5:

A mzxture of compound 29-5 (730 mg, 2.03 mmol) and hydrazine monohydrate (b00
ul, 10.3 mmoi) in 5 mL. ethanol was heated in a screw-cap vial at 85°C for 72 h. The
solution was then concentrated, diluted with CH,Cl, and the organic layer was washed
with water. The organic layer was dried (NazS0y), filtered, and evaporated to yieid
642 mg (88%) of compound 29.6 as a grey-white solid that was used as such in the
following step.

Step 6:

Triethylamine (180 pL, 1.36 mmol) was added to a solution of compound 28-6 (350
mg, 0.97 mmotl) and 1,1-Carbonyi diimidazole (190 mg, 1.17 mmol) in THF (5 mL).

The mixture was stirred at room temperature for 15 h. Voiatiles were removed, and
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the residue was diluted with EtOAcC, Washed with water, brine, and the organic layer
was dried (Na;SOy), filtered and evaporated to yield 318 mg (85% vyield) of compound
29.7 as a waxy white solid that was used as such in the next step.

Step 7:

TFA (3 mL) was added dropwise to a suspension of compound 28-7 (150 mg, 0.39
mmol) in dichloromethane (10 mL) and the resulting solution was stirred for 1 h. The
voiatiles were evaporated to yield 150 mg (quant. yield) of the triffuoroacetate salt of
the desired compound 29-8 as a beige solid.

EXAMPLE 30
5-[2-(1 ~Aminocyclobutyl)-3-methyl-3H-be nzimidazol-5-y{}-3-methyi-3H-1,3,4-
oxadiazol-2-one

1. K,CO, Mel, DMF
' N/ 2. TFA, CH2C‘.L2
>ro\ﬂ/lr_41 ;

o}

Q“@

Potassium carbonate (32 mg, 0.23 mmol) was added to a solution of compound 28.7

8]
28-7

(80 mg, 0.21 mmol) in DMF (1 mL). The suspension was stirred at room temperature
for 15 min. lodomethane (12.5 L, 0.2 mmol) was then added and the mixture was
stirred for 3 h af room temperature. The mixture was diluted with EtOAc, washed with
water (3 X), brine, then the organic phase was dried (MgSO4), filtered and evaporaied
to yield 67 mg (8'1% yield) of a beige solid. Treatment with TFA as described in
Example 28, step 7 gave 57 mg (quant. yield) of the trifluoroacetate salt of the desired
compound 30-1 as a beige soiid.

Compound 30-1 may be coupied to indole intermediates of general formuia I to give

compounds of formula I, using the procedures of Examples 4 and 34, step 1.
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EXAMPLE 31

5-[2-(1 ~Aminocyclobutyl}-3-methyi-3H-be nzimidazol-5-yll-2-methyi-2H-py razol-3-
ol

gz { i 2 [
o N N NaOH o . N
>r TH "}\@{ THFIMeOH l YH NL@__\(OH
0
o

Step t 31-1 8]
OEt
MgaCl,
OK 0 cpl Step 2
O 4N
/
MM N, 1. MeNHNH,, EtOR /
N . d _
\ N
—N e}
NN Step 3 . ©

31-3

Step 1:

NaOH (10N ,11 mL, 110 mmol) was added to a soiution of compound 28-6 (5.0 g,
13.9 mmol) in a 3:2:1 mixture of THF, MeOH and water (180 mL) and the solution was
stirred overnight at room temperature. The mixture was then concentrated, the pH
was adjusted to 4 using 1N HCI, and the mixiure was extracted with EtOAc. The
organic layer was washed with brine, dried (MgSO,), filtered and evaporated fo give
compound 31-1 (3.94g, 82% vyield) as a white solid . The compound was used as
such for the next reaction.

Step 2:

1,1*-carbonyldiimidazole (702 mg, 4.33 mmo!) was added to a solution of compound
31-1 (1 g, 2.80 mmol) in THF (24 mL). The solution was stirred for 15 h and was then
added dropwise to a solution of the malonate anion (prepared via the addition of EtsN
(0.81 mL, 5.80 mmol) and MgCl, (690 mg, 7.26 mmol) to a solution of potassium
monoethyimalonate (1 g, 5.96 mmol} in acetonitrile (10 mL) followed by stirring at
room temperature for 2.5 h) at 0°C. The resulting rhixture was then warmed slowly to
room femperature and stirred for a total of 48 h. The mlxture was concentrated and
toluene was added. The mixiure was cooled to 10-1 5°C and hydrolyzed slowly via the
addition of 1M HCI until the pH reached 3-4. The layers were then separated and the
organic layer was diluted with EtOAc, washed with water, dried and evaporated to
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give a yellow oil. The product was purified by flash chromatography ( Eluent: Hexane:
ACOEt 4:6 fo give 885 mg (74% vield) of compound 31-2 as a white sofid.

Step 3:

Methylhydrazine (29 uL, 0.55 mmof) was added to a solution of compound 31-2 (100
ma, 0.24 mmof) in EtOH (2.5 mL). The mixture was stirred at 80°C for 15 hrs. The
mixture was then concentrated and water was added, followed by the addition of 1N
HCl to adjust the pH to 6-7. The agueous layer was extracted 3 times with EtOAc,
and the organic phase was dried (MgSQ,) and concentrated to give 94 mg (98%
yield) of a pale yeliow solid. Treatment with TFA in dichloromethane as described in
Example 29, step 7, gave 93 mg (quant yield) of the trifluoroacetate salt of compound
31-3.

Compound 31-3 may be coupied to indote intermediates of general formuia I} to give

compounds of formula i, using the procedures of Exampies 4 and 34, step 1.

EXAMPLE 32 :
5.[2-{1-Aminocyciobutyl}- -3-methyl- 3H~benz;mldazol~5-yl] -3H-1,3,4-thiadiazol-2-

one

0O,
N/ HN y >—-OE§
O N B N—H
He ol
! N oH TBTY: H
0 EtN o
az-1
0 DMF
311
1, L.awesson reagent,
Step 1 dioxane, $00°C
Step 2
2. TFA, CH,Ci,

32-2
Step 1:
TBETU (380 mg, 1.18 mmol) and triethylamine (380 pL, 380 2.73 mmoi) were added to

~ a solution of compound 31-1 (350 mg, 1.01 mmol) and ethyl carbazate (120 mg, 1.15

mmol) in DMF (5 mL). The mixture was stirred for 15 h at room temperature and then
diluted with EtOAc. The resulting organic suspension was washed with 2 X water and
1 X NaHCOs(aq.) sat. THF was then added to the organic layer to obtain a solutio

that was dried (MgSQ,), filtered and concentrated. The residue was triturated with
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EtOAC to give 280 mg (66 %) of compound 32-1 as a beige solid. The compound was
used as such for the next reaction. :
Step 2:

Lawesson Reagent (70 mg, 0.17 mmol) was added to a solution of compound 32-1

- {150 mg, 0.35 mmol) in dioxane (10 mL) at 100°C The resulting mixture was stirred

at 100°C for 8 h. and then 140°C for 4 h. The mixture was then cooled to 100°C , and
an additional portion of Lawesson Reagent (70 mg, 0.17 mmol) was added. The
solution was then heated at 100°C for 15 h. The mixiure was concentrated to dryness,

" and the solid residue was triturated with EtOAC, and filtered. The resuiting beige solid

(100 mg) was treated with TFA as described in Example 28, step 7, to give 93 mg of
the trifluoroacetate salt of compound 32-2.
Compound 32-2 may be coupled 1o indole intermediates of general formuia 1l to give

compounds of formula !, using the procedures of Examples 4 and 34, step 1.

EXAMPLE 33

[1-(1-Methyi- -6-pyrimidin-2-yi- 1H-benzolm|dazoI»2-yi)cyc!obutyi]carbam|c: acid
tert-buty! ester

KNO, MeNH HCl o

Step 1 Br Step 2 HND
a1 32 33-3 33-4
N Na,5,0,/K,C0;

B”asn\’l/\j Step 3
N
Q—( DY Pd(PPhy) Q( @\ HZND\
BoeH N New =
/ | cul BoehNH Br Step 4 Hh Br
/ |

33.7 N
Step § 355

Step 1

Commercially available 1,3- d!bromobenzene 33-1 (4.1 mL, 33.9 mmol) was dissolved
in concentrated sulfuric acid (35 mL) which was cooled in an ice-bath. Potassium
nitrate (3.4 g, 33.9 mmol) was added stowly (in small portions) so as to maintain the
internal reaction temperature below 10°C. The reaction mixture was stirred for an
additional 30 min and then poured into 1 L of ice. The yellow precipitate formed (33-2)
was filtered and washed with water, dried under reduced pressure and used directly in
fhe following step.
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Step 2: A

A mixture of compound 33-2 (6.3 g, 22.4 mmol) and methylamine hydrochloride (3.0
g, 44.8 mmol) in DMF (50 mL) and cooled to 0°C. Triethylamine (9.4 mL, 67 mmol)
was added and the mixture waé allowed to stir at RT for 3.5 h, then heated at 70°C
overnight. The mixture was pou red into water and the resulting precipitate was
fitered. The filtrate was extracted with EtOAc (3X) and the extract was washed with
water (3X) and saturated NaCl, dried (MgSOy), filtered and concentrated to give a
mtx{ure of compounds 33-3 and 33-4 as an orange solid (4.8 g), which was used as is
in the next step.

Step 3: :

Reduction of the nifro compound 33-3 with Na;S:04/KC0;5 was carried out using the
method described in Example 11, step 5. Compound 335 (1.5 g, ~20 % yield over the
3 steps) was isolated from the reaction mixture after column chromatography, using a
solvent gradient of EtOAc in hexanes from 17% to 25%.

Step 4: |

The dianiline 33-6 was converted to compound 33-6, using the method described in
Example 7.

Step 5:

Argon was bubbled through a mixture of compound 33-6 (300 mg, 0.79 mmol}, {ithium
chioride (67 mg, 1.6 mmal}, PPhs (31 mg, 0.12 mmol) and 2~
tributylstannanylpyrimidine (365 mg, 0.92 mmol} in DMF (6.0 mL} for 15 minutes.
Pd(PPha). (91 mg, 0.079 mmel) and Cul (15 mg, 0.079 mrﬁo!) were added and the
mixture was heated at 100°C for 24 h. The mixture was diluted with EtOAc and the
organic phase was washed with water and brine, then dried (MgS04) and
concentrated to give a yeliow oll which was purified by flash chromatography (hexane:

EtOAcC 3.7 to 2:8) to give compound 33-7 as a yellow solid (100 mg, 24%).

Compound 33-7 may be deprotected using standard conditions as described in
Exampie 29, step 7, and the resulting amine coupled to indole intermediates of

generat! formula fi to give compounds of formula |, using the procedures of Examples
4 and 34, step 1. ‘

it will be apparent to one skilled in the art that the preparation of analogous

intermediates bearing similar heterocyclic or aromatic moieties can be carried out’
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using this procedure or modifications thereof. Alternatively, the coupling reaction of
Step 5 may be carried out using the conditions typical of the well-known Suzuki
reaction (A. Suzuki, Pure Appl. Chem. (1994) 66, 213; N. Miyaura and A. Suzuki,
Chem. Rev. (1995) 95, 2457.).

EXAMPLE 34
(E)-3-12-(1 -{[2-(5-Bromopyrimidin-—2-yl)~3-c;yclopentyl-1 -methyi-1H-indole-6~
carbonyl]-amino}-cyclobutyi)-s-methyl-3H-benzoimidazol-s-y!]-acrylic acid

CH,

Me Q
\ < 2 h
V; N Hae, Ry OO0 NS 1, HATD, DIFEA, DMSO iy | . aal -
Bir 3 l 4 i B sl / AN h 7 #

_ N KA ok P Br-= \ 1 cooH

N cR /N & cooet 2 NaOH, DMSO Hy
. 341
190

== o
Compound 18-3 (Example 19) and compound 34-1 (prepared from compound 10-2
using the procedure of Exampte 3) were coupled using the method of Example 4 {0
give compound 34-2 {(compound 3085, Table 3)as a dark yellow solid (9.3%).
"H NMR (400 MHz, DMSO-ds), § 1.63 (bs, 2H), 1.80-1.95 (m, 6H), 1.95-2.10 (m, 2H),
2.70 (ddd, J = 9.3 & 10.6 Hz, 2H), 2.99 (m, 2H), 3.65-3.75 (m, 1H), 3.78 (s, 3H), 3.85
(s, 3H), 6.54 (d, J= 15.8 Hz, 1H), 7.52 (d, J = 8.4 Hz, 1H), 7.59 (d, J=8.4Hz, 1H),
764, J= 8.2 Hz, 1H), 7.70 (d, J = 15.9 Hz, 1H), 7.74 (d, J = 8.4 Hz, 1H), 7.86 (s,
1H), 8.12 (s, 1H), 8.18 (s, 2H), 9.20 (s, 1H), 12.25 (s, 1H).

EXAMPLE 35
3-Cyclopentyi-1 -methyl-2-pyridin-2-yi-1 H-indole-8-carboxyiic acid {1-[1-methyl-6-
(5-oxo-4,5-dihydro-1 ,3,4-0xadiazol-2-yl)-1 H-benzimidazol-2-ylj-cyclobutyi}-amide.

I &Z/
A 9
i /N%ﬁ\ﬂkok

TBTU
EWN
DM

351

Slep 1

Stap 2

l CH,Cl,

2354 Step % 53
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Step 1:

TBTU (350 mg, 1.08 mmoi} and triethylamine (380 mL, 2.73 mmol) were added to a
solution of compound 35-1 (compound 1025, Table 1)} (487 mg, 0.89 mmoi) and fert-
buty! carbazate (130 mg, 0.98 mmol) in DMF (8 mL). The mixture was stirred for 2 h at
room temperature and then diluted with EtOAc. The resulting organic suspension was
washed with 2 X waterand 1 X saturated aqueous NaHCO;. THF was then added to
the organic layer and the resulting solution was dried (MgSO,), filtered and
concentrated. The residue was triturated with EtOAC to give 421 mg (72 %) of
compound 35-2 as a beige solid. The compound was used as such for the next
reaction. -

Step 2:

TFA (3 mL) was added dropwise to a solution of of compound 35-2 (200 mg, 0.3
mmol) in dichioromethane (3 mL) and the resulting solution was stirred for 2 h.The
volatiles were evaporated to yield 170 mg (quant. yieid) of the trifluoroacetate salt of
compound 35-3 which was used without further purification.

Step 3:

1,1’-Carbony! diimidazoie (25 mg, 0.15 mmol) was added in one portion to a solution
of compound 35-3 (100 mg, 0.13 mmol) and triethylamine (80 uL, 0.57 mmol} in 2 mL
THF, and the resulfing solution was stirred at room temperature for 4 h. The mixture
was then concentréted under reduced pressure, diluted with 4 mL DMSO, and directly
purified on a reversed phase Cis, semi-preparative HPLC column {(using a solvent
gradient from 5% H,0 in MeCN to 100% MeCN) to isolate compound 356-4 (compound
1128, Table 1) as a yeliow amorphous solid in >95% homogeneity (29 mg, 39% yield).
'H NMR (400 MHz, DMSO): & 1.54-1.68 (m, 2H), 1.79-1.93 (m, 6H), 1.94-2.05 (m,
1H), 2.08-2.21 (m, 1H), 2 75-2.85 (m, 2H), 3.05-3.26 (m, 3H), 3.68 (s, 3H), 3.90 (s,
3H), 7.49 (m, 1H), 7.57-7.72 (m, 3H), 7.82-7.82 (m, 2H), 7.94-8.02 (m, 1H), 8.06-8.15
(m, 2H), 8.78 (d, J= 3.9 Hz, 1H), 9.45 (s, 1H), 12.62 (s, 1H).
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ExampLE 36 ‘
3-Cyciopenty!-1 -methy!-2-pyridin-2-yi-1 H-indole-6-carboxylic acid {1-[6-(5~
amino-1,3,4-oxadiazol-2-yl)-1 -methyl-1 H-benz‘;midazol-z-yl]cyclobutyl}amide

Lo I <
\ !
/N\ N\\ N ,f (\? Ny !N

TN A N‘\@_(ﬁ N s/ N@\(o o

w/a

¢] \l

—NH,
NN

ﬁ
THF7C°C :
e 36-1 ‘
C—(Di~imidazo!—1my§)~methyleneamine (25 mg, 0.16 mmol) was added in a single
portion to a solution of compound 35-3 (Example 35) (80 mg, 0.14 mmol) in THF (4
mL). The resulting solution was heated to 70°C for 16 h, after which time a white
precipitate was observed. The reaction was then concentrated under reduced
pressure, dissolved in 4 mL DMSO and directly purified on a reversed phase Cqs,
semi-preparative HPLC column (using a solvent gradient ﬂ"om 5% H,O in MeCN to
100% MeCN} to isolate compound. 36-1 (compound 1129, Table 1) as a yeliow
amorphous soiid in >95% homogeneity (19 mg, 23% yield).
*H NMR (400 MHz, DMSO): 8 1.54-1.67 (m, 2H), 1.79-1.94 (m, gH), 1.95-2.06 (m,
1H), 2.11-2.23 (m, 1H}, 2.74-2.84 (m, 2H}, 3.18-3.05 (m, 3H), 3.69 (s, 3H), 3.91 (s,
3H), 7.49 (dd, J= 18 & 5.7 Hz, 1H), 7.59-7.71 (m, 3, 7.86-7.82 (m, 2H) 7.96-8.01
(m, 1H), 8.06-8.10 (m, 1H), 8.10 (s, 1H}, 8.78 (d, J = 4.3 Hz, 1H), 9.51 (s, 1H).

EXAMPLE 37
3 -Cyciopentyi-'l-methy[—Z-pyridin-Z-yl-1H-indole-s-carboxyﬁc acid [1-{1-methy}-
6-1 ,3,4-oxadiazol-2-y!f1 H—benzimidazoi-z-yl)cyciobuty!]amide

\. o) !IEt I?_t
/ o 0 o

7\ N- 1\ ﬁQ{’N P \( \N | /

—/ T NAF N\Gh(““l\!!ﬁ «° Y ol
—_— ] N, O,
3 3 O~
353 bt
' 371

diokana
refiLx

A suspension of compound 35-3 (Example 27) (50 mg, 0.09 mmol) and
triethylorthoformate (t mL, 6 mmol} in dioxane (3 mL) was heated at reflux for 18 h.
The resulting aimost clear solution was evaporated to dryness, and the residue was
dissolved in DMSO (1 mL) and purified on & reversed phase Cis, semi-preparative
HPLC column (using a solvent gradient from 5% H,O in MeCN to 100% MeCN} to
isolate compound 37-1 (compound 1130, Table 1) as a yellow amorphous solid in
>05% homogeneity (27 Mg, 53% vield).
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IH NMR (400 MHz, DMSO): 5 1.56-1.68 (m, 2H), 1.79-1.93 (m, 6H), 1.95-2.04 (m,
1H), 2.12-2.20 (m, 1H), 2.82-2.74 (m, 2H), 3.15-3.05 (m, 3H), 3.69 (s, 3H), 3.92 (s,

3H), 7.49 (dd, J = 2.2 & 5.3 Hz, TH), 7.56-7.73 (m, 3H), 7.93-8.05 (m, 3H), 8.11 (s,

1H), 8.33 (s, 1H), 8.79 (d, J = 4.3 Hz, 1H), 9.37 (s, 1H), 8.44 (s, H).

EXAMPLE 38

3-Cyclopenty!-2-(5 5-fluoro-pyridin-2-yl}-i-methyi- 1H-mdoie-6-carboxy!ic acid {1-
[1-methyl-6+(B-0x0-4, 5-dihydro-1,3,4-oxadiazol-2-yl)- -1H-benzimidazol- 2»yl]«
cyclobutyf}-amide

i N
N N 4
N A
B / N /N
] N,
4 ne
384

o]

TBTU (45 mg, 0.1‘4 mmol) and triethylamine (49 mL, 0.35 mmbl) were added to a
solution of compound 38-1 (prepared using procedures described in WO 03/010141)
(45 mg, 0.13 mmol) and compound 29-8 (Example 29) (45 mg, 0. 11 mmol) in DMF.
The solution was stirred for 15 hrs and directly purified on a reversed phase C1a, S€MI-
preparative HPLC column (using a solvent gradient from 5% Hz0 in MeCN to 100%
MeCN) to isolate compound 38-2 (compound 1143, Tabie 1) as a yeliow amorphous
solid in >95% homogeneity (23 mg, 34% vyield).

114 NMR (400 MHz, DMSO): & 1.54-1.68 (m, 2H), 1.79-1.93 (m, 6H), 1.93-2.04 (m,
1H), 2.07-2.20 (m, 1H), 2.72-2.82 (m, 2H), 3.00-3.15 (m, 3H), 3.67 (s, 3H), 3.89 (s,
3H), 7.57-7.72 (m, 3H), 7.79-7. 95 (m, 3H), 8.10 (s, 2H), 8.80 (d, J = 2.9 Hz, 1H), 9.45
(s, 1H), 12.63 (s, 1H).

EXAMPLE 39

inhibition of NS5B RNA dependent RNA polymerase activity

The compounds of the invention were tested for inhibitory activity against the hepatitis
G virus RNA dependent polymerase (NS5B), according 0 protocol described in WO

03/010141.
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EXAMPLE 40

Specificity of NSSB RNA dependent RNA polymerase inhibition

The compounds of the invention were tested for inhibitory activity against polio virus
RNA dependent RNA polymerase in the format that is described for the HCV
polymerase, with the exception that poliovirus polymerase was used in place of the
HCV NS5B polymerase, as is described in WO 03/010141. The compounds were aiso
profiled for inhibition of the calf thymus DNA dependent RNA polymerase 1l in a
previously described assay format (McKercher et al., 2004 Nucleic Acids Res. 32:
422-431).

EXAMPLE 41

_ Cell-based luciferase reporter HCV RNA Replication Assay
Cell culture:

" Huh-7 cells with a stable subgenomic HCV replicon th'at encodes a modified

luciferase reporter gene (expressed as a luciferase-FMDV2A-neomycin
phosphotransferase fusion gene) were established as previously described {Lohman
et al., 1999. Science 285: 140-113; Vroljik et al., 2003 J.Virol Methods 110:201-208.),
with the exception that replicon cells were selected with 0.25 mg/mL G418. The

amount of luciferase expressed by selected cells directly correlates with the level of

_ HCV replication. These cells, designated as MP-1 cells, are maintained in Dulbecco’s

Modified Earle Medium (DMEM) supplemented with 10% FBS and 0.25 mg/mbL
neomycin (standard medium). The cells are passaged by trypsinization and frozen in
90% FBS/10% DMSO. During the assay, DMEM medium su‘pplemented with 10%
FBS, containing 0.5% DMSO and lacking neomycin, was used (Assay médium). The
day of the assay, MP-1 cells-were trypsinized and diluted to 100 000 celis/mL in assay
medium. 100 pL is distributed into each well of a black 96-well ViewPlate™ (Packard).
The plate was then incubated at 37°C with 5% CO. for two hours.

Reagents and Materials:

Product Company Cataiog # Storage \
DMEM Wisent inc. 10013CV 4°C JI
| DMSO Sigma D-2650 RT : 3
Dulbecco's PBS Gibco-BRL 14190-136 RT l
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Fetal Bovine Serum Bio-Whittaker ] 14-901F -20°Ci4°C
Geneticin (G418) Gibco-BRL 1 10131-027 -20°Cl4°C
Trypsin-EDTA Gibco-BRL \ 25300-054 -20°Cl4°C
ViewPlate""-96, Black Packard 1 6005182 RT

Backing tape, Black "Packard i 6005189 RT

PVDF 0.22pm Filier Unit Milipore | \ SLGV025LS | RT |
Deep-Well Titer Plate Seckman 257007 aT L
Polypropylene J

Preparation of test compound: :
The test compound in 100% DMSO was first diluted in assay medium to a final DMSO
concentration of 0.5%. The solution was sonicated for 15 min and filtered through a
0.22 i Millipore Filter unit. Into column 3 of a Polypropylene Deep-Well Titer Piate,
the appropriate volume is transferred into assay medium to obtain the starting
concentration (2x) to be tested. In columns 2 and 4 to 12, add 200 pL of assay
medium (contazmng 0.5% DMSO). Serial ditutions (1/2) are prepared by transferring
200 pL from column 3 to column 4, then ffom column 4 to colurnn 5, serially through
io column 11. Columns 2 and 12 are the no inhibition conirols.

Addition of test compound fo cells: |

A volume of 100pL from each well of the compound dilution plate was transferred to a
corresponding welt of the Cell Plate (Two columns will be Used as the "No inhibition
control®; ten [10] columns are used for the dose response). The cel! culture plate was
incubated at 37°C with 5% CO, for 72 hours.

Luciferase assay.

Foliowing the 72 h incubation period, the medium was aspirated from the 96-well
assay plate and a volume of 100 pL of 1X Glo Lysis Buffer {Promega) previously
warmed to room temperature was added to each well. The plate was incubated at
room temperature for 10 min with occasional shaking. A black tape was put at the
bottom of the plate. 100 L of Bright-Glo Juciferase substrate (Promega) previously
warmed to room temperature was added to each well followed by gentie mixing. The
juminescence was determined on a Packard Topcount instrument using the Data

Mode Luminescence (CPS) with a count delay of 1 min and a count time of 2 sec.
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k Product k Company Catalog # Storage j

Glo Lysis Buffer s Promega E266A 4°C i
Bright-Glo Luciferase Assay
Promega E2620 -20°C
System
o

The luminescence determination (CPS) in each well of the culture plate was a
measure of the amount of HCV RNA replication in the presence of various
concentrations of inhibitor. The % inhibition was calculated with the foliowing
equation:

% inhibition = 100- [CPS (inhibitor) / CPS (controf) x 100]

A non-linear curve fit with the Hill mode! was applied to the inhibition-concentration
data, and the 50% effective concentration (ECso) was calculated by the use of SAS
software (Statistical Software; SAS Institute, inc. Cary, N.C.).

TABLES OF COMPOUNDS
All compounds listed in Tables 1 to 4 below were found to have unexpectedly good
activity in the cell-based HCV RNA replication assay described in Example 41.

Retention fimes (tg) for each compound were measured using the standard analyticai
HPLC conditions described in the Examples. As is well known to one skilled in the art,
retention time values are sensitive o the specific measurement conditions, Therefore,
even if identical conditions of solvent, flow rate, linear gradient, and the iike are used,
the retention time values may vary when measured, for example, on different HPLC
instruments. Even when measured on the same instrument, the values may vary
when measured, for exampie, using different individual HPLC columns, or, when
measured on the same instrument and the samé individual column, the values may

vary, for example, between individual measurements taken on different occasions.
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# My (miny | (MeH)* |
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Nd é GOCH
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R R R R

# Yy (min) | (M+H)*
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o~ o e i : °
— [ 4 ==
12 \ /7 | - Ve \_/ \_/ }\v __k/v AR
: d =z s
= li11n4 o 4] w g . w0 [=1] a o — [
T* =3 = = = =] = s = o
Q. o I=} = =1 = = = o o
[ ®) o~ o™ el o 13 | o o~ o~ o~
 —

m (‘:‘ m H Q 62 | 5774
o COOH R \ J
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CCOH

Cpd. RO RY ] | MS
R? R R® RS | >/\g
# oy (min} | (MeH)*
- I
2013 Z N b H g Q 4.6 | 600.3
)
CCOH N
| 2014 h © H a Q 6.2 | 589.3
S cocH ’
| ]
2015 ) H 1 Q .| B4 | 6223
l CooH o
Gl
/ N ‘r" - .
2016 | ] H g 6.4 | 622.3
COOH o
Ci
Z
2017 | < H L § ;| 58 606.3
Z COOH R
F .
2018 1 H ; .| 80 | 6063
COOoH a
|
2019 ; H Q , | 55 | 5923
COOH R
\ |
2020 H I Q 54 | 592.3
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T

1
Cpd. . R R |ty MS
R?. R R® R®
# s : 3 (min) | (M+H)"

T | . ‘ |
2029\\ /\tN IO \ CH \Q . SZ 57 | 620.3
s 3 . .
! % - S
l

NZ TN ' )
2030 K)\O b H \Q Q' 58 \ 619.3
i COQOH :
1 - ] . } \
=~ N ;
2031 Q é CHs | . gz 58 | 6344
MG COOH R !
~ = N 1 1 *
\ cooH |~ 7
|
! N E
N T
2033 “~ il é H l Q 64 | 6244
. COOH !
F
2034\ /l b H \ ] ; 52 | 606.3
1‘1 \N)\F \ COOH
2035 - l b H i Q 6.’1‘ 587.3
1! X cooH i A il
2036 = { (5 H [ Q 6.3 | 601.3
\ X COOH
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s o i _
R\ R tr M3
RS RS >%f
iy (min) | (M)
H | gZ 6.0 | 681.2
H,e~ GOOH
]
H \\\ gz 55 | 618.3
COOH RN
1 :
H | ; 54 | 620.3
ne” cock
|
H o \\)\ Q 59 | 634.3
COOH
HC. G, 810.3
H | 25| 82
§ COOH : 612.3
HC_ ,CHs
H | X | 57 | 5943
COOH
H,C CHy ‘
H I X | 60 | 5653
COCH ] j
H | . ;; .| 40 ) 8223
l cooH | v
]
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ROKR |t MS
R? R? RS R >§§
# | % (min) | (M+H)'
2053 é H m éZ 3.8 ! 622.3
coon |
2054 ' d H w;\ Q 2.8 | 616.3
: coon |
2085 [5 H m Q Ll 52 | 6213
= N % M .
; . . COOH *
2056 7 é H- m gz 4.2 | 6204
2 N % ,
COOH *
2057 | VY © H m gZ 4.0 | 6204
RN ;
COOH N
T HC_ CH; :
2088 [ (5 H N X | 87 | 551
0 \cooH,
. ((\N 1 HeL L CHs
2089 | | | H 1 X | 59 | 6083
HC COOH )
i |
2060 H m Q 52 | 606.2.|
coon |
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Cp_d.1 R R tr MS
. R5 RG >%/
# * e (min) | (MR
2061 H \/IL gz 5.6 | 606.2
we' ScooH | v
: \ HC. CH;
2062 H \1\ DX | 64 | 5753
, 'COOH J
r l | i
- | B CHy
2063 H m < | 83 | 5813
COOH ) (
-
2064 H I Q .| 60 | 5933
coon |
2065 H m Q .| 58 | 5773
1 coor |
! )
2066 H I \Q .| 64 | 5393
COOH@ S
2067 H m />Z .| 87 | 8533
coon |
2068 H m SZ 48 | 5743
COOH '\
2069 H I 2 5.2 | 592.3 |
COCH )
N
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1 {min) | (M+H)"

2070 H m 2 59 | 578.3
COoH )
2071 -OCHs m Q 8.0 .| 622.3
) CCOH
E
2072 -OCHs m Q 6.3 | 636.4
CQOOH
2073 H I : Q 56 | 591.3 | '16.7
] cooH o :
a
: - Sz 623.4
2074 | H m 85 | go54 12.3
COOH
|
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TABLE 3

O Rg R1 1]

)S/N
N -~
H

N

Fde. R R” tr MS
R? R* R RE >gg
# " (min) | (M+H)"
3001 KL;\I H H — Q 58 | 6293
S |
3002 | n | H H CHs \ , 5.4 | 6254
. ‘ )
3003 | 7Y H H CHs Q 49 | 5743
. : Y
3004 (L H H CHs Q 5.2 575.2
3005 | &N H H j Q , | 50 | 5883
‘h\ \\‘ i
Z~ L H H : Q 9 | e02
008 | (7] — DK e 2
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Cpd. - R R tr MS
R? R4 R R >§;
# 1 H (min) | (MsH)*
L N
soo7| Z) | H H oo | S | 47 | 5624
« \
|
: ZN
3008 | H H CHs /><\ .42 589.2
= NH2 \“\ l’
‘ |
3008 | 7N H H CHs Q 4.9 588.4
3010 e H H CH;s Q . 5.1 580.2
N\) ‘\\ d
3011 H H CHs \ Q .| 80 | 5632
3012 H H CH, Q 56 | 592.2
!
3013 H H CH; gZ 44 | 5883
3014 H H CHs gZ 46 | 5883
\ 1
3015 H H CH: | Q 48 | 5883
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- (M)

H H | CHs Q 42 | 5883 \\ -
H H CHa Q 5.5 589.2}

3017
| H
H.C CH,
3018 H H \ che | D& | 42 \ 577.2
: HC. ,CH;
3019 H | H che | DS | 8 \ 551.2
l
3020 H H CHe Q 6.3 \ 577.2
3021, @ N H H CHs Q 47 ' 5862
3022 %\N H H CHs Q 54 | 587.2
| |
3023 [ H H CH Q 63 | 5753
: L
| |
\ /\O ‘
024 | 7 ) H H CHs E{ 46 | 6062
~ | L
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Cpd. : R R” th MS
R R® | R R’ >§/
# e (min) | (M+H)'
3025 i N H Ho | =0 Q ;| s | ete2
3026~ N H H \ \ Q .| 49 | 8062
\ F \\\ ’

027 (7N H H i Q 50 | 618.2

a028| 7R H H ‘w éZ 52 | 8142
SN : A

3029 r@ H o | = Q 57 | 6162
- S

3030 (L)N H H — Q ;| 85 | s0s2
Sy N

3031 %\N H H w éZ 54 | 589.2
N%) # NS

3032 ,/LN H Ho| Q 57 | 8152
NJ N "-.\ ;

3033 i)\P H HoLo gz | 55 | 6033
NQ \ { ‘\\ e
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Cpd. Rl Rt tn MS
R? R RS R’ >gz

# T (min) | (M+H)"

34| )| H o =0 Q , | 87 | 6033
0 . }\\ ;

38| ) | H H — Q .| 65 | 5013
) S

sos6| Y| M " Q 72 | 6312
D ) "\\ '

so37| | H Ho| Y Q 6.8 | 6053
- o ) i \\‘ 'I

3038 ‘7\‘/\/ ) H H \ Q 64 | 5952

. o . c \\ 7 .

03| ) | H H i Q 64 | 607.2
N O ? \\‘ ‘I

3040 ) | H H 1 \ Q . 170 | s193
0 \\S k)

3041 | H H \ ‘ Q , | B4 | 5772

. z 3 N |

a2 ) | H H o | . Q 6.6 | 603.3
. o . ‘;‘ /

3043 | 7N H Ho | = Q 54 | 6283
S \‘.\ r"




Cpd. R R tr Ms
R® R® R® >$( .

# b (min) | (M+H)*

3044 | 7N H \ Q 5.1 620.3
X - Y

3045 | 7N H ﬁ Q 51 | 6023
B \ \\“ "
N/

3048 7@ D H CH //_/\) 5.7 592.3
O \‘\ /"

3047 | ) H A Q 64 | 5893
o \\\ g

3048 |- @\ H \ Q 6.3 619.3
o 0 n_‘ vd
. } o

3048 f‘/\/ 3 H \ Q 6.4 607.3
fo) E \\‘ B
e
& [ \

3050 | 7N H CHs Z 4.4 603.3

3051 (LN -OCH: | CHs Q .| 53 | 8053
NH

3052 Z/ \‘: H CHs ' 5.7 592.3
o
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Cpd. : Ry R tr MS
R? R* RS RS HL>%(
# . 7 {min) (M+H)"
ot
'
3053 QE H H CHs ; . 5.8 637.3
NH A% e
o=< :
= N '
3054 ~ | H .H CHa , 6.4 620.3
cl )
3055 H H CHs . ; . 8.3 608.3
3056 Br H H CHs X ; P 6.2 577.1
Y
3057 N 1 H H CHa , 5.8 604.3
[ .
g
Z N f z
3058 | H H -+ CHs . 6.9 604.3
"
3058 | 7 ) H H CHs Q .| 40 | 5743
\N M. /
3060 7/ \} H -NH; CHa . ; p 6.3 578.3
o S 4
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Cpd. R R" ta MS
R? R | R | R ><§

& % (min) | (MeH)'

3081 |~ H H CHs Q , | 42 | 5743
S N ‘v..'. h

3062 H H CHs \ >/Z , | 5.9 | 6042

soes |y | oF H CHe | Q .| 82 | 5793
. N

3064 %‘J‘“\ H H CHs /><\ .1 42 | 5952
S NH, S v

3085 | /) H H CHs . | 58 | 5942
SN S
& &

3086 | NN H H CHs ~ .| 59 | 8772
CFSJ N ¢

3087 9 H H CHa Q .| 59 | 8792
S kS ’

| 3068 7\—}/ )\ M | -OCH; | CHs Q , | 86 | 5933
O ‘\\ ’

3089 | 7N H | -OCH; | CHs Q . | 50 | 6043
X <
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cpd. , R R MS |

R R* RS RS >%',

# E h (min) | (M+HY
5 4

3070 | b H H CHs L, | 81| 6572
/N R
& ‘
I

3071 | H H CHs | >{, | 47 | 6571
2 N ‘
=N
X

3072 | H H CHs L, | 84 | 888t
72D R '
-
I | |

3073 | o H H CHs | >, | 85 | 6481
'S N
/ .
)

3074 S”ZNH H H CHs gz 5.2 672.2
‘é\r |

_ .

3075 S—im H H CHs Q .| A8 672.2
'
&
A

3076 ‘s'_ﬂw H H CHs éZ 47 | 6722
A <
- |
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Cpd. R R" tr MS
- R? R4 RS RE >§v{[ |
# h (min) | (MeH)'
2 o
3077 E_QNH H H CH; ‘ . | 46 | 6533
:lé »
~
. “ "N
3078 | | | H -OCH, |, CHa, Q 62 | 6222
F
N O
3079 | | | H H CHa ‘ . | 58 | 6053
o , T .
|
3080 | 7 N H CHs CHs SZ 46 | 588.3
<) S
= N ’
3081 | | | H CHa CHs Q 56 | 606.3
I g
e
3082 @ H H CHa Q 6.0 | 5733
- |
8| Y | H H CHs SZ 5.2 | 5923
S AN e o
3084 H H CHs />2 59 | 8173
O \i\ lf
o—/
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Cpd. _ R R" tr mMS
R? R* R R >§4
# iy (min) | (M+H)”
s | ._
3085 K;)! H H cH, | >, | 57 | 6832
Br ‘
|
s086 | [ | H H CHe | />2 . 183 | eos3
OMe ‘
. e » HC. CH,
3087 | [ | H H cH: | < | 80 | 5963
Ci-
: Ay HC_ CH
3088 Q H H cH: | < | 56 | 8802
F
3089 | CH H H CHs | . Q 60 | 5112
3090 g H H CHa \ />2 , | 83 | 5232
3001 | L H H CHs | Q .| 64 | 5252
082 L_ H H CHs | Q | e6 | sZar2
la0s3| I H H Chs Q 66 | 539.2

141




5 10 I
Epd. ' . R R tR MS
R R RS R® >§Fg
# : 4 (min) | (MeH)
3094 H H CH: | Q .| 50 | s902
3095 H H CHs | gZ 48 | 5002
- f > 531.1
3006, Cl H H o | D, 80 | gy |
3097 -C=CH | H H CHs Q 58 | 5211
3008 | -C=N H H CHs | Q o |55 | 5221
HC. CH,
3099 H H oo | L | 83 | 5613
Wo. CH,
3100 H H cHe | < | 62 | 8053
RC. M )
w01 Y M H o | O | B2 | s672
] .
i, HC. CHs
no2| )= H H cHe | X, | 83 | 5672
/ \‘ 7
—
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Cpd. R, R tr MS
R2 R* RS RE >g’/
% Y % | (min) | (MHH)
3103 @ H H CHs . 5.6 563.3
. ‘\‘ s .
3104 7\—/\ H H CHs Q 54 | 567.3
0 Y
-
5 f\ff H H CH Q 4.5 590.3
310 , . .
SN, ’
3106 H H CHs ‘ Q ; 6.2 629.3
3107 H H CHs \ />2 , 6.2 638.4
3108 H H CHs Q 6.4 638.4 .
0 &2
3109 H H CH . , 5.4 619.4
3110 H H CHs ‘ />2 , 3.4 -
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Cpd. ROOR® |t MS
R? R R® R® >§; |
# s {min) (Mi+HY
3111 H g CH, />2 .| 63 | 6434
3112 H H CHe | Q 57 | 6444
wapa (\D
3113 @N\) H - cH: | >, | 54 | 6584
3114 @ H H CH />2 54 | 6585
™ 3 . ;
b <O
3115 h H H CH; Q 53 | 563.3
\El e N
3116 | - \ H H o SZ 66 | 539.3
37| 0y | H H CHs Q 56 | 5603
_ <
3118 » H H CHs SZ 6.4 | 537.3
< 2 '
3119 S) H H CH, | A | 81 | 5782
F
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Cpd. R R" tr Ms
R? R R® R® \>/§/
# K2 (min) | (MeH)"
3120 \7_)/ ) H H CH, 2 6.4 549.2
O . hY
3121 KHN- H H CHs, Q 5.4 561.3
| y < |
oy 7
3122 Il H H CH . ¢ 4.4 575.3
K\/I\NHz * S
//LN' >_< , 594.2
3123 %) H H CH, 8.5 £96.2
i
MLN 683.3
3124 Q H -OCHs CH, §Z §.6 585 3
Br
N—-N
3125 9 H H CHa \ />2 . 58 | 577.3
A &
3126 U H H CHa ‘ ., 6.2 609.2 -
4 ‘
.
3127 H -OCHs CHa \ . 8.5 639.3

-
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Cpd. R R" ta MS
R?. R4A RS Rﬂ . >%{ .
# hS (min) | (MeH)*
3i28| 4 N | H H CHa />2 .| 58 | 5773
N ". J .
E “
AN S
3129 SJ H H CHs \ .| 87 | 6054
OMe \
§ Z 808.3
= N '
3130 | Ci H CHs X | 84 | gi03
\ \‘ +
_N«/f[\w f ) 689.3
3131 %) cl H CHs 7.1 g
Br
332 ) H H- CHa ; , | 52 | 5753
Ny AN RO
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Cpd. RO OR® |ty | MS
R' R? R? RS RS >§§;
# L (min) | (VH)*
4001 | CHa | (7N é m H \ ; . boa7 | 5743
' = COGH A
T -
4002 | CHs | 7 O f H | 44 | seca
S cocH O
|
4003  CH; ZN é - H SZ 54 | 5754
' NJ \ COCH Y
wneon| 2o 1O 0 UL e e
s coor| Y
4005 | CHa = "N 5) H wl\ Q 58 | 589.3
N\\\) cooH| Y :
4006 CHs Z/ \E é m H ; 3.3 | 568341
o COOH T
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Epd. ' ' RORY | & | MS
R' R? R® R® R® ><£
# 4 (min) | (MH)"
4007 ﬁ h © H \1 SZ 66 | 5914
o coon| O
4008 H Z/ \§ é H - m Q 6.1 563.3
o cooH| ¥ ;
4009 H - 2/ \} é - H m \ ;z P 59 | 549.3
o) ' GOOH . Y
! :
3
4010 | H ( Z/ \E é w H \ ; . | 58 | 5483
o GOOH <7 |
4011 | CH; h \) H m Q 6.4 | 577.4
e cooH! T 7
4012 | CH, Z/ \5 v | H Q 65 | 577.4
o COOH <
AL
4013 | CH Z N OCHs . | 54 | 8053
: NJ Q COCH N
4014 | H = tN (5 H m Q .| 48 | 5743
e COOH| ™. 7 ‘
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k] 1
Cpd. R\ R r MS
4 2 3 R5 RS >%/
# R R R K (min) | (MH)*
4015 | H ZN i) m H gz 49 | 6743
' . S | COOoH A
4016 | H ' z/ \E é m H gz g2 | 6613
' o GOOR | RO
“r- . }
4017 | H Z N H .| 44 | 5803
= ! COOH| ™ 7
LS __{_ 7
4018 . H Z N l H ) .| 45 | 5603
. ! T i COOM Y s
4019 | CHs 7—/ g é m H Q 56 | 5802
N\/) GOCH |- <y
4020 | CHj ) { m H Q 8.3 | 608.2
N O COOH ;
cl
4021 | CHs © H m Q 6.5 | 8223
COOH| < ;
0 043
CH I U H Q L 70 |8
4022 ’ = 0 COOH S
|
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}7de- R R | t | Ms \
R‘i RZ RB RS RG ><ex{ .
\ # ‘ Y (min) (MH}*l
I <
-~ '
4023 | CHs; DK , | 81 | 6183
<
4024 | CH; CL gZ g4 | 6363
F - .
4025 i CHs 73 ' 9 ; 8.3 | 607.3
o : COOH K O3
4026 | CHs m H gZ 8.0 | 6043
COCH ; :
T !
4027 | CHs “ ] Q H P 42 | 574.3
2 N cooH T
4028 | CHs | 7] é m H SZ 4 ksm.a
S COCH O T
N .
= N T | .
4029 | CHs \\i é 1 CHs Q 5.8 | 6083
COOH O N
F
4030 | CH; o Il H , 57 | 806.4
' coon| Y
i l
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Cpd. RO R |t | MS
R R? R? RS R® ><§/
# 4 (min) (m'u-l)*J
4031 | CHs 7 QF H \l\ Q , | 38 | 6103
N . cooHt T ‘
N
4032 | CHs z/ \E @F H m , Q 54 | 5093
o 5 cooH | 7
| 575.2
4033 | H Br é H \‘\ Q | oer | 5782
cooR| <, 7
= N i
4034 | CHs; \I H , 52 | 642.3
cooH| Y
£ F F
= N . ' l
4035 | H \I H . 6.4 | 5923
cool | T
F
= N 1
4036 | H ) H . ;| 84 | 5782
cood|
F
T T
= N l
4037 | CHs o . H X 6.3 | 5922
' ccoeH| v ‘
F
4038 | CHs Z/ \E H m §>\ 54 | 6132
o A coort < Y
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cpd. | RO R |t msl
R1 RZ R3 RS RE >g‘(
4 b | {min) (MH)"‘
T |
_ B67.2
4039 | CH: l%) (5 H m Q 87 ) 8892
cooH| N7
Br
4040 CH3 Z/ \5 gb H m Q 56 | 628.3
' s AN coon| Y
' .N¢LN | ‘ .
4041 | CH, \i H , .| 82 7033
coon| T
Br For
=~ N ' ‘
4042 | CH; \i H , 39 | 6393
LN cooH! Y
4043 | CH, @ /]\ H m Q 69 | 593.4
/s\ ‘\) cooni < Y
NJ\N T }
4044 | CH; \I G H . 6.4 | 6084
COOH
Ci
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CLAIMS
Whét is claimed is:

1. A compound, represented by formula i, or an enantiomer, diastereoisomer ar

tautomer thereof, including a sait or ester thereof.

R’ o m R .
A &N R
2z ! N / '
R— H N R
i
3 5 Rs
R H

wherein: ‘ . ,

either A 6r BisN 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;

R'is H or (Cy.satkyl;

R? is selected from halogen, cyano, (C4.5)alkyl, (Cze)alkenyl, (Crg)atkynyl,

(Carcycloalkyl, aryt and Het; said aryl and Het being optionally substituted with R?";
wherein R?! is one, two or three substituents each independently selected from
_OH, -CN, -N(R"*)RM, halogen, (Creaikyl, (Cre)alkoxy, (C:.g)alkylthio, Het
and -CO-NR"RY;
wherein said (Cre)alkyl, (Cis)alkoxy and (C+.¢)alkylthio are each
optionally substituted with one, two or three halogen atoms;
R is (Css)cycloalkyl, optionally substituted with from one to four halogen atoms;
R* and R’ are each independently selected from H, (Ci5)alkyl, (Cre)alkoxy,
(C+.g)alkylthio, -NHz, -NH{(C1s)alkyl, -N((C.s)alkyl). and halogen;
One of R® and R® is selected from COOH, CO-NR™RM, aryl, Het and (Cz.c)alkenyl,
wherain aryl, Het, (Czs)alkenyt and RN orany heterocycie formed between R" and
RN are each optionally substituted with RS, |
wherein R is one, two or three substituents each independently selected from
(C1.e)alkyl, -COOH, -OH, oxo, NR¥RY, -CO-N(R')R™" and halogen.,
wherein the (Cse)atkyl is 6ptional%y substituted with aryt or NR"™R™Y;
and the other of R® and RE is selected from H, (Cr.gyalkyl, (Cs-s)alkoxy, (C1.5)atkylthio,
and N(RM)RY, |
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R is (Cro)alkyl, (Car)cycioalkyl or (Csz)cycloalkyl-(Ce)atkyl-;
wherein said alkyl, cycloalkyl and cycloalkyl-alkyi are each optionally
substituted with one, two or three substituénts each independently selected
from halogen, (C4s)alkoxy and (C¢-B)aElgytthio;

RY and R™ are each independently selected from (C+.)alkyl; or R® and R™ are linked,
together with the C atom to which they are attached, to form {Cs7)cycloalkyl,
(Cs.7)cycloalkenyl or a 4-, 8- or 8-membered heterocycle having from 1 to 3
heteroatoms each independently seiected from O, N, and S;
wherein said cycloalkyl, cycloalkeny! or heterocycle is in each case optionally
substituted thh (Ci)altkyl; '

RN is selected from H, (C..5)alkyl, (Caz)cycloalkyl, (Ca-T)Cycloaikyi (Cr.e)alkyi-,

-CO-(Cqe)alkyl, -CO-0-(Cye)atkyt and Het;
wherein the alky! and cycloalkyi portions of each of said (C+.)alkyl,
(03.7)Cycloaiky{‘, (Cs7)cycloalkyi-(Cq.e)alkyl-, -CO-(Cq.s)alkyl and -C0O-0-
(C4.g)alkyl are each optionally substituted with one, two or three substituents
each independently selected from halogen, (C+.s)alkoxy and (Cs)alkylthio; and

N2 ig H or (Cq.e)aikyl, or '

RM and R™ may be finked, together with the N atom to which they are attached, to

form a 4-, 5-, 6- or 7-membered saturated, unsaturated or aromatic N-containing

heterocycie or a 8-, 9-, 10- or 11-membered saturated, unsaturated or aromatic N-

containing heterobicycle, each optionaily having additionally from 1 to 3 heteroatoms

each independently selected from O, N, and S;
wherein the heterocycle or heterobicycle formed by R™ and RM is optionally
substituted with one, two or three substituents each independently selected
from halogen, (Crs)alkyl, (Cis)alkoxy and (C+.g)alkyithio;

wherein Het is defined as a 4-, 5-, 6- or 7-membered heterocycle having 1 to 4

heteroatoms each i_ndependenﬂy selected from O, N and S, which may be saturated,

unsaturated or aromatic, or a 8-, 8-, 10- or 11-membered heterobicycle having 1 to 5

heteroatoms wherever possible, each independently selected from O, N and S, which

may be saturated, unsaturated or aromatic.
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2. The compound according to claim 1 of formula (la):

R' o & R ,
! &/w i
2 N ~
R \ H L Re
. R‘*/
R® R 8

" (a)
wherein R}, R?, RS, R%, RS, R®, R7, R®, R®, R" and R*" are defined as in claim
1.
3. The compound according to claim 1 of formula (ib):

&
RT R ()
wherein R', R% R%, RY, R%, R®, R, R®, R?, R"® and R?' are defined as in claim
;o

4. The compound according to one or more of the above claims wherein R'is

selected from the group consisting of H, methyl and ethyi.

5. The compound according to one or more of the above claims wherein R? is
selected from halogen, cyano, (Ci.s)alkyt, (Cz.q)alkenyt, (Cag)alkyny!,

(Ca.s)cycioatkyl, phenyi and Het selected from the group of formulas:

\bbbbbhb,
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= , and 4
wherein said phenyl and Het are unsubstituted or substituted with R*' wherein
R? is defined as in claim 1.

[

The compound according to claim 5 wherein R? is selected from Br, Cl, cyano,
methyl, ethyl, propyl, {-methyiethyl, ethenyl, 1-methytethenyl, ethynyl,
cyclopropyl, phenyl and Het selected from the group of formulas:

5 T 1

wherein said phenyl and Het are unsubstituted or substituted with R,

The compound according to one or more of the above claims wherein R* s 1,

2 or 3 substituents each independently selected from:

- 1 to 3 subsfituents each independently selected from halogen; and

- 1 to 2 substituents each independently seiected from:

a) hydroxy, (Cis)alkyi or (C4)alkoxy; wherein said alkyl and alkoxy are
each optionally substituted with one, two or three halogen atoms;

b -NRMRM wherein

R is selected from H, (Cs.5)alkyl, -CO-(C1.a)alkyl, ~CO-0-~(C4.3)atkyl
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d)

and Het; ‘

wherein the alkyi portions of each of said (Cqa)alkyl, -CO-(Ciz)alkyl,
and -CO-0O~(C+.s)alkyl are optionally substituted with one, two or three
substituents selected from halogen and (Cs.s)alkoxy; and wherein said
Het is a 5- or 6-membered monocyclic saturated, unsaturated or
aromatic heterocycle having 1 or 2 heteroatoms, each independently
selected from N, O and §; and |

RM is H or (Crg)alkyl;

-CONR™R™, wherein RY and RM are each independently selected
from H and (C,.3)atkyl; and . '

Het, wherein said H'et is a 5- or 6-membered monocyclic heterocycle

having 1, 2 or 3 heteroatoms, each independently selected from N, O
and S.

" The compound according to claim 7 wherein R”' is 1, 2 or 3 substituents each

independently selected from:

- 1 to 2 substituents each independently selected from fluorine, chiorine and

bromine; and

- 1 to 2 substituents each independently selected from:

a)

)

c)
d)

hydroky, methyl, ethyt, propy!, 1-methylethyl, methoxy, ethoxy, propoxy

or 1-methylethoxy; wherein said methy], ethyl, propyl, 1-methylethyl,

methoxy, ethoxy, propoxy and 1-methylethoxy are each optionally

substituted with one, two or three halogen atoms; l

N(CHg), or -NHRM' wherein

RM is selected from H, methyl, ethyl, propyl, 1-methyiethyl, ~CO-CHs,

2-pyridyi, 3-pyridyl and 4-pyridyi;

wherein said methyl, ethyl, propyl and 1-methylethyl are each
optionaﬂy substituted with one, two or three substituents selected
from halogen and (C,.s)alkoxy;

-CONH; and

3-pyridyl, 4-pyridyl, 5-pyrimidinyi, 2-furyl, 1-pyrrolyi and 1-morphaolino. '

The compound according to one or more of the above claims wherein R® is

cyclopentyl or cyclohexyl, each being optionally substituted with one or two
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12.

fluorine atoms.

The compound according to one or more of the above claims wherein R* is H

or halogen and R is H.

¢

The compound according to claim 10 wherein R*is Hor Cland Ris H.

The compound according to one or more of the above claims wherein one of

'R® and R® is selected from:

a)

b)

¢)

(C..s)atkenyl substituted with COOH or CONHR™  wherein R™' is
éelected from H and (C+.2)alkyl, said atkenyl being optionally further
substituted with one or two substituents each independently selected
from (C.s)alkyl and halogen; '

phenyi or Het, each being optionally substituted with one or two

substituents each independently selected from:

i, —OH, oxo, COOH;

ii. (Css)alkyl optionally substituted with phenyl or ~N(RNYRM | wherein
BN and R are each independently selected from H and (Cia)alkyl
or R¥ and R* are linked, together with the N atom to which they

_are attached, to form a 5- or 6-membered monogyclic, saturated,
unsaturated or aromatic N-containing heterocycie, optionally having
additionally one or two heteroatoms each independently selected
from N, O and S; and ' .

fil. ~NRM™RY; wherein R is selected from H, (Cy.s)alkyl and
-CO(C1.3)alkyl and RM is H or (Cra)alkyl;

wherein Het is a 5- or 8-membered monocyclic saturated, unsaturated

or aromatic heterocycle having from 1 to 3 heteroatoms, each

independently selected from O, N and S; and

COOH,;

and the other of R® and R® is selected from H, NHR"™, (C1.5)alkyl, and
(Cy.2)alkoxy, wherein RM is selected from H and -CO-O-(C+.g)alkyl.
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The compound according to claim 12 wherein one of R® and R® is selected

from:

a) (C,)alkenyi substituted with COOH or -CONH,, and optionally further
substituted with one or two substituents selected from (Cq.a)alkyl and
halogen; and

b) phenyl or Het, each being optionally substituted with one or two -
substituents each independently selected from:

i. —OH, oxo, COOH;

ii. (Cia)alkyl optionally substituted with phenyl, ~N(CHa)2, or
cand ' .
- {ii. -NHy, —N(CH3)2 and -NHCOCH;;

wherein Het is selected from the formulas:

b /L >\ ”\’;ﬁ h Q s @

s7

dadto.

¢  COOH;
and the other of R® and R® is selected from H, methyl, methoxy, ethoxy, -NH;
and -NHCO-OCH(CHg).

The compound according to claim 13 wherein one of R® and R® is selected
from: _‘
a) -CH=CH-COOH or -CH=CH-CONH;, each optionally substifuted with
one or two substituents selected from methyl, ethyl and fiuoro; and
b) phenyl optionally substituted with NH, or
Het opticnally substituted with one or two substituents each
independently selected from:
i, --OH, oxo, COOH;
ii. methyl or ethyl, each optionally substituted with phenyl, =N(CH)z,
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16.

17.

18.

A
N

§

P

or ; and

iil. -NHz, =N(CHa)z and -NHCOCH;

wherein Het is selected from the formulas:

6bbs R ES

H R

AAe&

c) COOH;
and the other of RS and R® is selected from H, methyl, methoxy, ethoxy, -NH:
and —NHCO~QCH(CH3)2.

NH

and rand

The compound according to one or more of the above claims wherein R® is:
selected from (Cq.s)alkyl, (Cas)cycloalkyl, and (Cas)cycloalkyl-(Cqz)alkyi,
wherein the (C+.s)alkyl is optionally substituted with (C4.a)alkoxy or from one to
thrée fluoro atoms.

The compound according to claim 15 wherein R is selected from methyi,
ethyl, propy!, 1-methyiethyl, 2-methylpropyi, 3-methyibutyl, cyclobutyl,
cyciopropyimethyl, 2-fluorosthyl, 2.2 2-rifluoroethyl and 2-methoxysthyi.

The compound according to one orf more of the above claims wherein R® and
R™ are each independently selected from (Cq.z)alkyl or R® and R'® are finked,
together with the C atom to which they are aftached, to form (Ca.s)cycioalkyi,
(Csc)cycloalkenyt or a 5- or 6-membered monocyclic heterocycle having from
1 to 2 heteroatoms each independently selected from O and N; wherein said
cycioalkyl, cycloatkenyt or heterocycle is each optionally substituted with
(Cyg)atkyl.

The compound according to claim 17 wherein the group R is selected
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from: -,
QH
¢

t

The compound according to claim 1 of formula (1) wherein

and

either A orBis Nandthe other BorAis C, wherein - between two C-
atoms represents a double bond and — between a C-atom and a N-atom
represents a single bond;
R'is H or (Cqs)akyl;
R? is halogen, aryl or Het; said aryl and Het being optionally substituted with
R21; '
wherein R*' is one, two or three substituents each independently
selected from ~OH, -CN, -N(R)R™, halogen, (C1s)alkyl, (Cre)alkoxy,
(C+s)alkylthio, Het and -CO-N(RVHRM;
wherein said alkyl, alkoxy and alkylthio are each optionally
substituted with one, two or three halogen atoms;
R’ is'(Cs_e)cycloa§kyl, optionally substituted with from one to four halogen
atoms; _ ' '
R* and R” are each independently selected from H, (C1.g)alkyl, (Cie)alkoxy,
(CT,G)aikyltHio, -NH,, -NH(C1e)alkyl, -N((Cs)alkyl)z and halogen;
one of RE and R® is selected from COOH, -CO-N(R')R™", Het and
(C..s)alkeny!, wherein Het, (Ca.syalkenyl and RM or any heterocycle formed
between RM and R are each optionally substituted with R™;
wherein R® is one, two or three substituents each independently
selected from (Cq.5)alkyl, -COOH, -N(R')R™, ~COTN(R"2)R"1, and
halogen;
and the other of R® and R is selected from H, (Cy.s)alkyl, (Cis)alkoxy,
(Cr.s)alkylthio, and NR"RY;
R' is (C+.s)alkyl, (Ca7)cycloalkyl or (Cs.7)cycloalkyl-(Cig)alkyl-
wherein said alkyl, cycloaiky! and cycloalkyl-alkyl are each optionally
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20.

substituted with one, two or three substituents each independently
selected from halogen, (C.s)alkoxy and (Cq.g)alkyithio;

R? and R" are each independently selected from (C4.¢)alkyl; or R® and R' are
linked together with the C atom to which they are attached, to form (Cs.
;)eycioatkyl, (Csz)cycloalkenyl or & 4-. 5- or B-membered heterocycle
having from 1to 3 heteroatoms each independently selected from O,
N, and S; ‘
wherein said cycloalky!, cycloatkenyl or heterocycle are each optionally -
substituted with (C,.)alkyl;

RM is selected from H, (Cre)alkyl, (Cay)cycloatkyl, (Car)eycloalkyl-(Cs.s)alkyl-,

-CO-(Cy.g)alkyl, -CO-O-(Crs)alkyl and Het;
wherein all of said aikyl and cycloalkyl is optionally substituted with
one, two or three substituents each independently selected from
halogen, (C+.s)alkoxy and (Ci.s)alkylthio; and

- R“is H or (Cye)alkyl, or

R™2 and RN may be linked, together with the N atom to which they are
attached, to form a 4-, 5-, 6- or 7-membered saturated or unsaturated N-
containing heterocycle or a 8-, 8-, 10--or 11-membered N-containing
heterobicycle, each having additionally from 1 to 3 heteroatoms each
independently selected from O, N, and S;
wherein the heterocycle or heterobicycle formed by R™ and R’”
optionaily substituted with one, two or three substituents each
independently selected from halogen, (Cq.5)atkyl, (Cys)alkoxy and
(C..0)alkyithio; '
wherein Het is defined as a 4-, 5-, 6- or 7-membered heterocycle having 1 to 4
heteroatoms each independently selected from O, N and 8, which may be

saturated, unsaturated or aromatic, or a 8-, 9-, 10~ or 11-membered

heteroblcycte having 1 fo 5 heteroatoms wherever possible, each

independently selected from O N and S, which may be saturated, unsaturated

or aromatic;

The compound according to claim 1 of formula (1) wherein
R® is selected from the group consiéting of H, methyl and ethyl;
R? is selected from halogen, cyano, (Cia)alkyt, (Carq)alkeny!, (Cza)alkynyl,
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(Ca.s)cycloaikyl, phenyl and Het selected from the group of formulas:

, and
wherein said pheny! and Het are unsubstituted or substituted with R, wherein
R?'is 1, 2 or 3 substituents each independently selected from:
- 1, 2 or 3 substituents each independently selected from halogen; and
- 1 or 2 substifuents each independently selected from:
10 | a) hydroxy, (Cq.)alky! or (Cy.4)alkoxy; wherein said alkyl and alkoxy are
each optionally substituted with one, two or three halogen atoms;
b)  -NR™RM wherein '
RM is selected from H, (Cr.)alkyl, -CO-(Cra)alkyl, CO-O-(Cra)alkyl
and Het; '

15 : wherein the alky! portions of each of said (C.5)alkyl, -CO-(Ci.a)alkyl,
and -CO-O-(C.s)alkyl are optionally substituted with one, two or three
substituents selected from halogen and (Cs.s)alkoxy; and wherein said
Het is a 5- or 8-membered monocyclic saturated, unsaturated or
aromatic heterocycle having 1 or 2 heteroatoms, each independently

20 selected from N, O and S; and
R" is H or (Cs.s)alkyt;
c) -CONRMRM wherein R and R" are each independently selected
from H and (C;.z)alkyl; and

d)  Het, wherein said Het is a 5- or 6-membered monocyclic heterocycle
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having 1, 2 or 3 heteroatoms, each independently selected from N, O
and S5;

R? is cyclopentyl or cyclohexyl, each optionally substituted with one to four

fluorine atoms,

R*is H or haiogen and R7is H;

one of R® and R® is selected from:

2

b)

c)

(Cz4)alkenyl substituted with COOH or CONHRM!, wherein RM is
selected from H and (C1.s)alkyl, said alkenyl being optionally further
substituted with one or two substituents each independently selected
from (C+.s)alkyl and halogen; '

pheny! or Het, each being optionally substituted with one or two

substituents each independently selected from:

i. —OH, oxo, COOH;

ii. (Cra)alkyl optionally substituted with phenyl or -N(R")RM, wherein
R and R™ are each independently selected from H and (C,.s)alky!
or R¥ and R" are linked, together with the N atom to which they
are attached, fo form a 5- or 6-membered monocyclic, saturated,

. unsaturated or aromatic N-containing heterocycle, optionally having
additionally one or two heteroatoms each independently selected
" from N, O and S; and

i. ~NR)RN: wherein R is selected from H, (Cs.a)alkyl and
-CO(C+.a)alkyl and R™ is H or (Cia)alkyl;

wherein Het is a 5- or 8-membered monocyclic saturated, unsaturated

or aromatic heterocycle having from 1 to 3 heteroatoms, each

independently selected from O, N and S; and

COOH,;

and the other of R® and R® is selected from H, NHRY, (C+.a)alkyl, and

(Cy.a)alkoxy,
wherein RV is selected from H and -CO-0-(Ci.s)alkyl;

| R® is selected from (Cr.s)alkyl, (Ca.s)cycioalkyi, and (Cs.e)cycloalkyl-(Cra)alkyl,

wherein the (C.s)alkyl is optionaily substituted with (C,.a)alkoxy or from one to
three fluoro atoms; and

RS and R™ are each independently selected from (Cr.a)alkyl or R® and R" are

finked, together with the C atom to which they are attached, fo form .

164



21,

10

15

20

(Cs.)cycloalkyi, (Cs.e)eycloalkenyl or a 5- or B8-membered heferocycie
having from 1 to 2 heteroatoms selected from O and N; wherein said

cycloalkyl, cycloalkenyl or heterocycle is optionally substituted with
(C4_4)3'Kyi )

The compound according to claim 1 of formula () wherein

R' is selected from the group consisting of H, methyl and ethyl;
R? is selected from Br, Cl, cyano, methyl, ethyl, propyl, 1-methylethyl, ethenyl,

1-methylethenyl, ethynyl, cyclopropyl, pheny! and Het selected from the group
of formulas: ' '

wherein said phenyl and Het are unsubstituted or substituted with R*!, wherein

R2 is 1, 2 or 3 substituents each independently seiected from:

-1102 substituents each independenﬂy selected from fluorine; chlorine and

bromine; and

-1 to 2 substituents each independently selected from:

a) hydroxy, methyl, ethyl, propyl, 1-methylethyl, methoxy, ethoxy, propoxy
or 1-methylethoxy; wherein said methyl, ethyl, propyt, 1-methylethyt,
methoxy, ethoxy, propoxy and 1-methylethoxy are each optionally
substituted with one, two or three halogen atoms;

b) -N(CHa), or -NHR" wherein
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RN is selected from H, methyl, ethy!, propyl, 1-methylethyl, -CO-CH,,

2-pyridyl, 3-pyridyt and 4-pyridyt; '

wherein said methyi, ethyl, propyl' and 1-methylethy! are each
optionaliy substituted with one, two or three substituents selected
from halogen and (Cs.a)alkoxy; '

-CONH_y; and

3-pyridyl, 4-pyridyl, 5-pyrimidinyl, 2-furyl, 1-pyrrolyl and 1-marpholino;

R® is cyclopentyl or cyclohexyl, each optionally substituted with one or two

fluorine atoms;

R%is H or halogen and R7is H; -

one of R® and R® is selected from:

a)

)

c)

(Co4)alkeny! substituted with COOH or ~CONH,, and opt1onal§y further -
substituted with one or two substituents selected from (Cia)alkyl and
halogen; and

phenyl or Het, each being opt’tonéﬂy substituted with one or two
substituents each independently selected from:

i, —OH, oxo, COOH,;

O
. . . SN
ii. (Cis)alkyl optionally substituted with phenyl, ~N{CHj)s; or

; and '
iii. ~NHa, —N(CHz)2 and -NHCOCH;;

wherein Het is selected from the formulas:

b >\°”\:J oo & U
é“ N\%N "}\) and QH.

:and
COOH,;

and the other of R® and R® is selected from H, methyl methoxy, ethoxy, -NH:

and -NHCO- OCH(CHa)z.

R® is selected from methyl, ethyl, propyl, 1.methylethy, 2-methylpropyl, 3-

methylbutyl, cyclobutyl, cyclopropyimethyl, 2-fluoroethyl, 2,2, 2-trifluoroethyi
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and 2-methoxyethyl; ahd

]

R R‘IG

the group % is selected from:

; >,_< P
. ‘ ',and

22. The compound according to claim 1 of formula () wherein

o]
o]

".}C

R! is selected from the group consisting of H, methy! and ethyi;
R? is selected from Br, Ci, cyano, methyi, ethyl, propyl, 1-methylethy!, ethenyl,

1-methylethenyl, ethynyl, cyclopropyl, pheny! and Het selected from the group
of formulas:

. b\ob\ob\wsg

wherein said phenyi and Het are unsubstituted or substituted with R, wherein
15 R2is 1, 2 or 3 substituents each independently selected from:

- 1 to 2 substifuents each independently selected from fluorine; chlorine and
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bromine; and

- 1 to 2 substituents each independently selected from:

a) hydroxy, methyl, ethy!, propy, 1-methylethyl, methoxy, ethoxy, propoxy
or 1-methylethoxy; wherein said methyl, ethyi, propy!, 1-methylethyl,
methoxy, ethoxy, propoxy and 1-methylethoxy are each optionally
substituted with one, two or three halogen atoms;

b)  -N{CHy), or -NHR" wherein ‘

RM is selected from H, methyl, ethyl, propyl, 1-methylethyl, -CO-CHs,

2-pyridy!, 3-pyridyl and 4-pyridyt;

wherein said methyi, ethyl, propy! and 1-methylethy! are each
optionally substituted with one, two or three substituents selected
from halogen and (Cs.s)alkoxy; |

)  -CONH; and

dj 3-pyridyl, 4-pyridyl, 5-pyrimidinyl, 2-furyl, 1-pyrrolyt and 1—rﬁorph0tinq;

R® is cyclopenty! or cyciohexyl, each optionally substituted with one or two

fluorine atoms;

R*is H or Cland and R7is H;

one of R® and R® is selected from:

a) -CH=CH-COOH or -CH=CH-CONH_, each optionally substituted with
one or two substituents selected from methyi, ethyi and ﬂuofo; and

b) ph»enyl optionally substituted with NHs or
Het optionally substituted with one or two substituents each
independently selected from:

i, - —OH, oxo, COOH,;
ii. methyi or ethyl, each optionally substituted with phenyl, -N(CHs)z,

or rand -
iii. ~NHz, =N(CH3)> and -NHCOCH,;

wherein Het is selected from the formulas:
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23.

24.

25,

26.

27.

SE A
)\‘/lN Ni‘\?N U NE\)N and QH"and

- 0) COOH;

and the other of R and R® is selected from H, methyl, methoxy, ethoxy, -NH;
and -NHCO-OCH(CHz)z;

R® is selected from methyl, ethyl, propyl, 1-methylethyl, 2-methylpropyi, 3-

methylbutyl, eyciobutyl, cyclopropyimethyl, 2-fluoroethyl, 2,2 2-triffucroethyl

and 2-methoxyethyl; and

S

R R‘!U

the grbup h is selected from:

XSZ Q Q&é

A pharmaceutical composition for the treatment or prevention of HCV infection,
comprising an effective amount of a compound according to one or more of
the claims 1 to 22, or a pharmaceutically acceptable salt or ester thereof, and

a pharmaceutically acceptable carrier.

The composition according to claim 23 further comprising a therapeutically

effective amount of one or more antiviral agents.

The composition according to claim 24, wherein said antiviral agent is selected

from: ribavirin and amantadine.

The composition according to claim 24 wherein the antiviral agent is an other

- anti-HCV agent.

The pharmaceutical composition according to claim 26, wherein the other anti-
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28.

29,

30.

3.

32.

33.

34.

38.

HCV agent is an immunomodulatory agent selected from a-, p-, 8- v=, - and -

interferon and pegylated forms thereof.

' The composition according to claim 26, wherein the other anti-HCV agent is

another inhibitor of HCV polymerase.

The composition according to claim 28, wherein the other anti-HCV agent is an
inhibitor of HCV NS3 protease.

The composition according to claim 26, wherein the other anti-HCV agent is an

inhibitor of another target in the HCV life cycle.

The composition according to claim 3C, wherein said inhibitor of another target

“in the HCV life cycle is selected from an agent that inhibits a target selected

from HCV helicase, HCV NS2/3 protease and HCV IRES, and an agent that
interferes with the function of an NS5A protein.

Use of a compound according to one or more of the claims 1 f0 22, ora
pharmaceuticaily acceptable salt or ester thereof, or a composition thereof, as
an inhibifor of HCV polymerase.

Use of a compound accordmg to one or more of the claims 1 to 22, or a
pharmaceutically acceptable salt or ester thereof, or a composition thereof as
an inhibitor of RNA dependent RNA polymerase activity of the enzyme NSSB
encoded by HCV.

Use of a compound according to one or more of the claims 110 22, or a
pharmaceutically acceptable salt or ester thereof, or a composition thereof, as

an inhibitor of HCV repflication.
Use of a compound according fo one or more of the claims 110 22, or a

pharmaceutically acceptable sait or ester thereof, or a composition thereof, for

the treatment or prevention of HCV infection in a mammal.
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- 37.

38,

39.

40.

41.

42,

Use of a compound according to one or more of the claims 1fo 22, or a
pharmaceutically acceptable salt or ester thereof, or a composition thereof, for
the treatment or prevention of HCV infection in a mammal, in combination with
another antiviral agent.

A method of inhibiting the RNA-dependent RNA polymerase activity of the
enzyme NS58, encoded by HCV, comprising exposing the enzyme NS5B to
an effective amount of a compound according to one or more of the claims 1 to
22 under conditions where the RNA-dependent RNA polymerase activity of the
enzyme NS5B is inhibited.

A method of inhibiting HCV replication, comprising exposing a cell infected
with HCV to an effective amount of a compound according to oné or more of
the claims 1 to 22 under conditions where replication of HCV is inhibited.

A method of treating or preventing HCV infection in a mammal, comprising
administering to the mammal an effective amount of a compound according to
one or more of the claims 1 to 22, or a pharmaceutically acceptable salt or

ester thereof, or a composition thereof.

A method of treating or preventing HCV infection in a marnmai, comprising
administering to the mammal an effective amount of a compound according to
one or more of the claims 1 {0 22, ora pharmaceutically acceptable salt or
ester thereof, or a composition thereof, in combination with another antiviral
agent.

Use of a compound according to one or more of the claims 1 to 22, or of a
pharmaceutically acceptable salt or ester thereof, or a composition thereof, for
the manufacture of a medicament for the treatment and/or the prevention of a

Flaviviridae viral infection.

Use of a compound according to one or more of the ciaims 1 {0 22, or a
pharmaceutically acceptabie salt or ester thereof, or a composition thereof, for

the manufacture of a medicament for the treatment and/or the prevention of an
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HCV infection.

An article of manufacture comprising

a composition offective to treat an HCV infection or to inhibit the NS58

‘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 according to one or more of

claims 1 to 22 or a pharmaceutically acceptable salt or ester thereof.
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