VIRAL POLYMERASE INHIBITORS TECHNICAL FIELD OF THE
INVENTION The invention relates to inhibitors of RNA dependent RNA
polymerases, particularly 5 those 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 estimated to occur in 10 the United States each year (Kolykhalov,
AA.; Mihalik, K.; Feinstone, S.M.; Rice, C.M.; 2000; J. Virol. 74:
2046-2051). HCV is not easily cleared by the hosts' immunological

defences; as many as 8Gfwaf He prepasafectagmaRsICV become
chronically infected. Many of these persistent infections result in chronic
liver disease, including cirrhosis and hepatocellular carcinoma
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Inth Unlggg States alone, hepatitis C is responsible for 8,000 to 10,000

de§ﬁ1 annually Without effective intervention, the number is expected to
triple in the next 10 to 20 years. There is no vaccine to prevent HCV
infErerRRI@UFaRdyEEETENY approved therapy for patients chronically
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therapies achieve a sustained response in fewer than 60% of cases, H

bel8f5ER W&‘?ﬁ?ﬁuﬁf"ﬁ?ﬁ\ﬁxﬁﬁ‘&&@’ 8?ﬁf§iﬁre°p?a{‘é'ir\'ﬁmg RS ]5145?999
15thrétep3@igendsa 'GEsii8l Ehewl epednpssitives irah il srdgRiverld-
C.Niind 996 HH@&&&H&E@@ tha-vidsasaaidbel seRNEatinBadPg. 3326 Gvier

F_Ie ga%é/d}r%FEth F! % ﬁl’[&'d ééﬁl%% c?l%\%/lh’ gﬁ l‘.e@f’!é:) r@%{i&ﬁg’for 8, 000 to
Llp mcot aven blishers, e enome of
HO (P SRS BPATGRY oié\éﬁ‘?%fa%ﬁﬁﬁ'%m“éf‘(%ﬁ‘ﬁ} fosggPet s expcied to
tripie in the next 10 to 20 years. There is no vaccine fo prevent HCV infection.
2C . "
Currently, the only approved therapy for patients chronically infected with HCV is
freatment with interferon or & combination of interferon and ribavirin. Recently,
pegylated versions of interferon (peginterferon aipha-2a (Pegasys'™, Roche) and
peginterferon alpha-2b (PEG-intron™, Schering)) have been approved for marketing
25  in some countries for treatment of chronic hepatitis C infection, both alone and in
combination with ribavirin, However, if has been reporied that these therapies achieve
a sustained response in fewer than 80% of cases.

HCV belongs to the family F!avivirfdée, genus hepa'civirus, which comprises three

30  genera of small enveloped positive-strand RNA viruses (Rice, C.M.; 1996;
“Flaviviridae: the viruses and their replication”; pp. 931-960 in Fields Virology; Fields,
B.N.: Knipe, D.M.; Howley, P.M. (eds.); Lippincott-Raven Publishers, Philadeiphia
Pa.). The 9.6 kb genome of HCV consists of a iong open reading frame (ORF) flanked
by 5 and 3’ non-transiated ragions (NTR's). The HCV 5 NTR is 341 nucleotides in

35 length and functions as an internal ribosome entry site for cap-independent translation
‘ 1



by 5" and 3' non-translated regions (NTR's). The HCV 5' NTR is 341
nucleotides in 35 length and functions as an internal ribosome entry site
for cap-independentt translation 1 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 result from signal peptidases in the N-terminal portion
of 5 the polyprotein. Two viral proteases mediate downstream cleavages
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The development of new and specific anii-HCV treatments is a high priority, and virus-
specific functions essential for replicafion are the most attractive targets for drug
development. The absence of RNA dependent RNA polymerases in mammals, and
25  the fact that this enzyme appears to be essential to viral replication, would suggest
that the NS5B polymerase is an ideal target for anti-HCV therapeutics.
WO 01/47883, WO 02/04425, WO 03/000254, WO 03/007945, WO 03/010140,
WO 03/026587, WO 03/104 883, WO 04/005288, WO 2004/084925, WO 2004/068357
and WO 2004/087714 report inhibitors of NS5B proposed for treatment of HCV.
30 :
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 unexpeatedly good activity in a cell-based HCV RNA replication

assay.



and WO 2004/087714 report inhibitors of NS5B proposed for treatment of
HCV. 30 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 unexpectedly good activity
in a cell-based HCV RNA replication assay. 2 SUMMARY OF THE
INVENTION The present invention provides a novel series of compounds
having good to very good inhibitory activity against HCV polymerase
and/or unexpectedly good activity in 5 a cell-based HCV RNA replication
aséi{".‘“ﬁﬁ‘r"fl’"}?) BBJ‘&F%B?%S invention arise for the one skilled in the art
from the following description and the examples. 10 In a first aspect of the
inventprshieiaisnpsn eerdas campdsecky epresentedbyafingualal tooran
emm&?%ﬁ@t‘%{%ﬁﬁ%ﬁS% WC@H %@Fag@lé%@)(@ﬂ %ﬁg@é@e@@?gﬁra&ﬁﬁﬁf in

thefeo ~~R6 RR R6 () 15 wherein:
eitfefst B?SBdlg’ﬁVéﬁHﬁﬁ%DB‘fﬁ%‘?”B”’WA is C, wherein ---- between two

C-atoms represents a double bond and --- between a C-atom and a

N-atQRhEEBERSA UBAis HNEHAdIPRE20r R imElsiied In ealiyiirétR tiee following

sel%%tgc%ptrgrﬁnaggltg a%%go (C,.e)alkyl, (C2)alkenyl, (C2.6)alkynyl,

o

10 in afirst aspect of the invention, there is provided a compound, represented by
formula |, or an enantiomer, diastersoisomer or tautomer thereof, inciuding a saft or
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astar thareof:

1B
wherein: ,
either A or B is N and the other B or A is C, wherein —— between two C-atoms
represents a double bond and —- between a C-atom and a N-atom represents a
single bqnd;
20 R'is Hor(Cigalkyh
R? is selecied from halogen, cvano, {C.g)alkyl, (Cusalkenyl, (Casyalkynyi,
(Casloycioalkyl, aryl and Het; said aryl and Het being optionally substituted with R,
wharein R*! is one, two or three substituents each independently selected fraom
—OH, -CN, -NR"RM haiogen, {Cis)alkyl, (Cra)alkoxy, (Crg)aikylthic, Het
25 and-CO-N(RRY,
wherein said (Crealkyl, (Cisialkoxy and {Cq.g)alkylihio are each
optionally substituted with one, two or three halogen atoms;
R’ is (Cssjoycloalkyl, optionally substituted with from one to four halogen atoms;
R*and R’ are eacr{ independently selected from H, (Cy.g)alkyl, (Cig)alkoxy,
30 (Cyz)alkylthio, -NH,, -NH(Cyg)alkyl, -N{(C.g)alkyl): and halogen;
One of R® and R® is selected from COOH, -CO-NR™RY  aryl, Het and (Cog)alkenyl,
3



(C3_7)cycioalkyl, aryl and Het; said aryl and Net being optionally
substituted with R21; wherein R21 is one, two or three substituents each
independently selected from -OH, -CN, -N(RN2)RN1, halogen,
(C1.6)alkyl, (C,.s)alkoxy, (C1.e)alkylthio, Het 25 and -CO-N(RN2)RN’;
wherein said (C1.6)alkyl, (C1.6)alkoxy and (C1.6)alkylthio are each
optionally substituted with one, two or three halogen atoms; R3 is
(Cs-6)cycloalkyl, optionally substituted with from one to four halogen

atogps; B g@ﬁ;ﬁgt%@%@%ﬁ (epagdently é@ o Genatke? and
5 )alkylthio, -NH2, -NH(C aIkyI -N((Cl.e)alkyl)2
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oxoanN RNSRRIR Gar R{faez|ried Bpd Ha(@géﬁ‘kﬂ eeﬁéIFPfWe(Q cJalkyithio,
(Clpalkpisroptionally substltuted with aryl or -N(RN2)RN1; and the

oth 8of 5 Ikyl, g)alkoxy,

(Cleé6)a aikyliéﬁwﬁeﬁﬁg% EPR’%CMC %ﬁ%@g )(%},Cs 7 cycloalk%l or
(C-,_7)cyHBEIR ma&mpmﬁm@m %iaaémlﬁ‘*@yé’l@eﬁﬁ SREP

1gycloalkyl-saibgticire edchoptionaityhitesubsiiued sith bpepanisivtpiseted
substituenig,aagh dadepsndantly seleciaskifiamdhalogen, (C1-6)alkoxy and
(C1.6alkylthio; R9 R10 re gac |nd le rome
(Cl aTI?)g\/#‘ Ei:rzg gﬁd”ﬁ?f AEN SG(BJE% eﬁ1e?v0ﬁ%ﬁ¥? %chgga#éig‘w e hnked
they are ategethstiwitr toen my@&%mﬂ’ e st saiRER(For %Yﬁ“ag-‘f l
or 6-memberedariakesyalehaying fomsibalad beheteroatommg o 1t 3

wdepend%&&!&éﬁb%%%%émnagpéﬂdm@ Swhersinsaidcysiogkyl,

cycioalkenyi or heterocycle is in each case optionally substltuted with

(C1 4)a|kwwﬁq{ﬁn@%%@&gﬂwbﬁywaew Sl ?t?63y7\53 is ‘Foaalgy case optionally
(C3-7)cycintrited, véYalkis-2IR0-(Cls)alkyl, -CO-O-(C13)alkyl and Het;
RN is setected from H, (Cre)alkyl, (Csr)cycloalkyl, {Carycycioalkyi-{Cr.g)atkyi-,
-CO-(C1g)alkyl, -CO-O-(Cre)alkyl and Het,
20 wherein the alky! and cycloalkyi portions of each of said (Ciejatkyl,
(Csz)eycloalkyl, (Caycycioalkyl-(Ci.g)alkyl, -CO-(Cy.sialkyl and -CO-O-
(C..)alkyl are each oplionally substituted with ong, two or three subsiituents
each independently selected from halogen, (C..s)alkoxy and (Cis)alkyithio; and
RM is H or (Crs)alkyl, or '
25 RY and R™ may be linked, fogether with the N atom to which they are attached, to
~ form a 4-, 5-, 6- or 7-membered saturaied, unsaturated or aromatic N-containing
heterocycle or a 8-, 8-, 10- or 11-membeared N-containing saturated, unsaturated or
aromatic heterobicycle, each optionally having additionally from 1 1o 3 heteroatoms
each independently selected from O, N, and &,
30 wherein the heterocyale or heterobicycle formed by R™ and RM' is optionally
substituted with one, two or three substituents each independently selected
~ from halogen, (Ci.e)alkyl, (Cis)alkoxy and (Cugpaikylthio;
wherein Het is dafined as a 44, 5-, 8- or 7-membered heterocycle having 110 4
heteroatoms each independently seiected from O, N and S, which may be saturated,
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20 wherein the alkyl and cycloalkyl portions of each of said (Cs)alkyl,
(C3-7)cycloalkyl, (C3,_7)cycloalkyl-(C1.6)alkyl-, -CO-(C1s)alkyl and
-CO-0O- (C1s)alkyl are each optionally substituted with one, two or three
substituents each independently selected from halogen, (C1s)alkoxy and
(C1-6)alkylthio; and RN2 is H or (C1_s)alkyl, or 25 RN2 and RNI 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-containing
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compounds according to this invention show an unexpectedly good

activity in a cell-based HCV RNA r Ilcatlon as rthe ,
of cmﬁﬁéﬁﬂ%a&%ﬁr&éﬁ‘ﬁﬂﬁ@‘ﬁﬁ\/gﬁ on g (%7‘ /16 t\)l/%ear 710 &11 q‘g(\%er%ma

ition | elr

non!sigmifiamipdesvityeaipiinet @ﬂﬁ@rrp@ﬂ%é?&éés%tﬁ%b@e?&fa %% goegret. of
the inveniosidhearerdsisedderda psenafraseonmnpdion drefefabipuaan mnibitor of

20  RNA dependent RNA polymerase activity of the enzyme NS5B, encoded by HCV.

in a third aspect of the invention, there is provided a use of a compound of the
formula | according to this invention, or a phannacel,iticaiiy acceptable salt or ester

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

25
in a fourth aspect of the invention, there is provided a use of a compound of the
formula | according to this invenfion, or a pharmacsutically acceptable salt or ester
thereof, or a composition thereof, for the treatment or prevention of HCV infection in a
marnmal,

30

In a fifth aspect of the invention, there is provided a method of inhibiting the RNA-
dependant 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

35  enzyme NSBB is inhibited.

o3



i according to this invention, or a pharmaceutically acceptable salt or ester
thereof, or a composition thereof, as an HCV polymerase inhibitor,
preferably as an inhibitor of 20 RNA dependent RNA polymerase activity
of the enzyme NSSB, encoded by HCV. In a third aspect of the invention,
there is provided a use of a compound of the formula | according to this
invention, or a pharmaceutically acceptable salt or ester thereof, or a
composition thereof, as an inhibitor of HCV replication. 25 In a fourth
aspect of the invention, there is provided a use of a compound of the
formula | according to this invention, or a pharmaceutlcally acce g{éﬁ salt
or E5EeT R EREGF! %*Q%‘B)’r"fﬁ%%ﬂtu%‘ﬁ‘"ﬁw@r%&?f’"?%?%@?FE%‘ErHéHP‘BF‘?Jg tio

of mmaﬁmcﬁmnnsmgmmw@emmf&ﬁ%va@péavomth@&ﬁ%@wmm%r@f a

is Ve formsinod ofiinkibiiraishs WiNA-rdprengent RNApehRease
activity of the enzyme NS5B, encoded by HCV, comprising exposing the
enzyme NS5B to an effective amount of a compound of .formula | under

cod@ﬁ.éﬂ\sem?h@@%ﬁ@ﬁi\%ﬂ&%ﬁ@ﬁd@ﬁfﬁéﬁﬁ&w%%@@g& feFbIeAE 35
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cell Infecte ectlv ount or a _compau mulia
i e S AR SR T
10aspect of the invention, there is provided a method of treating or

preventyth Edaafettiennvestionatmnals cavipesiagratinuiSteaiing to the
mammalaly ﬁﬁ%qmé%tﬁm%%ﬁngoew%r'@.ﬂ@mﬁmw@ﬂh eepidingrodhis

invention, or a éjoha%:maceutlca I¥I ocrcr,;qe ) le sa arrrn ggtﬁ;{icalgrggc 508 catt or
corﬁ’g%tﬁ’ BATIRERLS al‘f?rﬁ?%uelg th aspect GRREANER ion, els
progfiedrerrittiod eftrasting Gerpre Ve pdngirpiew HHE G dPPRY %‘%Pé‘i‘ﬁh‘r‘@ﬁwai
~pcompEsing administering to the mammal an effective amount of a
compound of formula 1, or a pharmaceutically acceptable salt or
in a ninth aspect of the invention, there is provided a pharmaceutical composition for
the freatment or prevention of HCV infection, comprising an effective amount of a
compound of formula | according fo this invention, or a pharmaceutically acceptable

20  salf or ester thereof, and a pharmaceutically acceptable carrier.

Acsording to a specific emﬁcdiment, the pharmaceutical composition of this inveniion
additidnéuy comprises a therapeutically effective amount of one or more antiviral
agenis. Examples of antiviral agents inciucie, but are not limited to, ribavirin and

28 amaniadine. ‘

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.

30 |
According to a more specific embodiment, the pharmaceutical composition of this
invention comprises an additional imﬁunomoduiatow agent as an other anti-HCV
agent. Examples of additional immunomodulatory agents include but are not limited

" to, a-, B, 8- -, 7~ and e-interfercns and pegylated forms thereof.
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ester thereof, or a composition thereof, in combination with at least one
other antiviral 15 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 20 salt or
ester thereof, and a pharmaceutically acceptable carrier. According to a
specific embodiment, the pharmaceutical composition of this invention
additionally comprises a therapeutically effective amount of one or more
antiviral agents. Examples of antiviral agents include, but are not limited

to, Aibavitingand:2Bhamentashiscfivacbedimgric B whaarassuiitibcomposition of
embgdimeniothRiphsrapesnticalcampesiirnoefdhisibnvestion\agisiitienaly as
com ri%%sr %'% tls%{/%ﬂsgn?ther anti-HCV agent as an antiviral agent. 30
Accorgln_g t0 a more’specific embodiment, the pharmaceutical ,
Tomposition of this invention comprises an additional immunomodulatory
agentasiing atheohatird@\spagtnenBedimplestof plktitistmltical composition of
imnaynemodylaiantssansinshids A atenotlipiretbrtiace NEs phot¥zet as an

and g}(ée-lnte}-{ifﬁ&gps and pegylated forms thereof. a According to another

mo ;558 C em%%ecﬁﬁtment, the pharmaceutical composition of this

invention additionally comprises at least one other inhibitor of HCV
| 1polyxaerane; as yansotiter antisHEdiRgenbobiReco tding tonzavetlisrimorgosition
spPegiia S MRAABR S AL RN e Rl-COBNAgRHIGNGQl MARHBVRRIAM the

additionally comprises at least inhibitor of HCV_NS3 protease as an
oIS P T LR A S SRS ks LR of o
embsauistreinelute priainaetimi torgsositon B1H3 inshavRRIdRIOhERY
conypiisessatieasisonednhibiioeni ROt JargebirthanHGétitecyitidias

18N gieranti-HeV @r%?{é%%%ﬂlﬁ@%&%@ﬁ%ﬂ@&%f&%ﬁ!&%{m@l&g ets
Include, but are not limited to, agents that inhibit a target selected from
HCV

In an tenth aspect of the invention, there is provided a use of a compound of formuia |
according fo this invention, or of a pharmaceautically acceptable salt or esier thereof,
or a compoesition thereof, for the manufacture of a medicament for the treatment

20 andfor the prevention of & Flaviviridae viral infection, preferably an HCV infection.

An eleventh aspect of this invention refers to an articie of manufacture comprising a
composition effective 1o treat or prevent an HCV infection or to inhibit the NS58
polymerase of HCV and packaging matériai'comprising a labe! which indicates that

25 the composition can be used fo treatf infection by the hepatitis C virus, wherein said
composition comprises & compound of formuia (1) according to this invention or a
pharmaceutically acceptable salt or ester thereof.

DETAILED DESCRIPTION OF THE INVENTION
30 Definitions

The following definitions apply uniess otherwise noted:

As used herein, the term “(C..nalkyl’, wherein n is an integer, sither alone or in
combination with another radical, is intended to mean acyclic straight or branched

35 chain alkyl radicals containing 1 to n carbon afoms respectively. Examples of such
7



helicase, HCV NS213 protease and HCV IRES and agents that interfere
with the 15 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 formula | according to this invention, or of a
pharmaceutically acceptable salt or ester thereof, or a composition
thereof, for the manufacture of a medicament for the treatment 20 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
compsisingericepbupasition ieffedtiventetint.atoy prevent. anredViete dton or
to Jnfpbit mﬁuy,ﬁ%ﬁle@@\ﬁm e RiEYANY paskegingimeteraluy), r-
comprising a [apel V\{hIC nlgéc t%sﬁg%lezgtgslea%g pgc,,lgga can be used to
treRf T Fetio M BRI WA HR B Witle “Wherein sald’ composition -
comprises a compound of formula (1) according to this invention or a

5 phaenargLiicapysanteptzblcogalsiopasteisthrefesih DETFH. BDor trisubstituted
DERERIEHON QR THEAMYEN UM 36 Befiiions The following
detinitions apply unless otherwise noted: As used herein, the term

"(C1_n)alkyl", wherein n is an integer, either alone or in combination with
anétheserduitzh, [drieendC-urimeh 405EB St EPBA10REA!088 ¥Hain
allografisals Gentaibing lkina, cartomatomseespectieiyrdxampldis efraight
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ylethyl (iso- pro

1-me 1), n-butyl, 1-methylpropyl. 2-methylpropyl,

T PR AR REEAT T SR S e (SR BN ot e
denotésitedrietigiamo (pine) If ey grorpPrRNYubHERY B halSgenandigans
Preferady manqy dbsandrissbstitisted, yiit il otifieabarmemosuizstitsto by
Ph'%@nq%sgcbf%%nn | A% 50D BLelln IS Rr B G 1B ke BYh Whereindbe

is an integéf, eithe a?one or I combination with another radical,.is

15interiRkoMeH I eHis P Reat araYa o5 e R straight 10 or branched chain

radical containing two to n carbon atoms, at least two of which are bonded
to eaqhQiherdy mdeuklebonsyamnplasiohaseh rasiealsinetuteshrtn
are_nat limited to, ethenyl (vinyl), 1- R- wlshtenyh BiGadical
e BATISAR DAY R SLE MR e o
radf@&t%?@%ﬁ%rﬁﬁ%gﬁéb?& gfuns, at least two of which are lin y a friple bond.

20 Examples of such radicals include, but are not limited 1o, ethynyl, 1-propynvi,
2-propyny!, and 1-butynyl. A (Cz.yalkynyl radical may be subsiituted on any of the
carbon atoms thereof which would otherwise bear a hydrogen atom.

As used herein, the term “{(Cs.)cycloalkyl”, wherein n is an integer, either alone or in
25 combination with another radical, means a cycloalkyl radical containing from three to
" n carbon atoms. Examples of such radicals include, but are not limited fo, cyclopropyl,

cyclobutyl, cyciopentyl, cyclohexyl and cycloheptyl.

As used herein, the term “{Cs.nyoycloalkenyl”, wherein n is an integer, either alone or
30 in combination with another radical, means an unsaturated cyciic radical containing
five to n carbon atoms. Examples include, but are not limited te, cyclopentenyl and

cyclohexanyl.

As used herein the term “(Camicycloalkyl-(Cypyalkyl-", wherein n and m are integers,

35 either alone or in combination with another radical, means a branched or straight
8



term. A (C2-" )alkenyl radical may be substituted on any of the carbon
atoms thereof 15 which would otherwise bear a hydrogen atom. As used
herein, the term "(C2_n)alkynyl", wherein n is an integer, either alone or in
combination 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. 20 Examples of such radicals include, but are
not limited to, ethynyl, 1-propynyl, 2-propynyl, and 1-butynyl. A
(C2_n)alkynyl radical may be substituted on any of the carbon atoms
thefenf sitictadimel i Gtiosrvisedbar aitiye toydrcatorycikalind sfiraremntating

termmfrdieciaalisilz d’#ﬁﬁé@ﬁﬁb@léﬁt@l’b!ﬁmEﬁﬂi}ﬁéﬁhﬁ(@sﬂbwcﬁ&yl-
comTak B enoneL etk e AL Ycloalid BidbsbeRtAIng

ton car on atoms. Examplés of such ra |cas |ncl d%cypl,llt

noBYRITRERN BN AR RIRAY W’uhﬂy%%%‘@ﬁml GyRBRBRV S
5 cyclaiheptyletAg, uswihmmiﬁthMe?tevmmﬁiéﬁw&dmﬁeﬁwwiﬁﬁhérém nis an
inteaasneiiahflons Qbndliegemskination with another radical, means an

unsaturated cyclic radical containing five to n carbon atoms. Examples
include, but are not limited to, cyclopentenyl and cyciohexenyl. As used

ARG ER NS HICPERRIGH (EouP RIS FAREAAR e LS o=
integetsiudy sithiestd oresdormatombiaatitss withtirotrelistadicdbrereans a

mbfﬁﬁﬁ&g%% éﬁflogjgéﬂtn&ﬁ&m @h%f@ﬂ)f@bhawgﬁat%hgaﬁa@wammsaq and

which a cycioalkyl r taini ro e t

s e e I T SV L
arelHtllimited to, cyclopropylmethyl cyclobutylmethyl cyclopentylmethyl,
cyclohexylmethyl, 1-cyclopropylethyl, 2-cyclopropylethyl, 1 5

CYCiO %4%‘3}:“@%% @/&éggw%@a@e&a%%@?twﬁwn gw@@@emﬁawe 1-

cyclo exylethyl clohe Iet etc.. As use

1 GREORA ot COTEE BOHEE) LB Al i L G
symmet@taemswmamméﬁmbr%@étrwm&ﬁtavéai&éﬁ‘rﬁt@be%ﬁéa‘i esters
"Preteatiden6riau B BUDSHBRIE Keheynistn) sstohuthAliley &sStmesilomwmidase

(1981).and, ThEFeRiides nﬁ%aﬂévaﬁh éymmgt%eﬁwwphéfr@eﬁesters

Aca emic Press, New York

20 As used herein, the ferm “aryl” either alone or in combination with another radical
means a 6- or 10-membered aryl, i.e. an aromatic radical containing six or ten carbon
atoms. Examples include, but are not limited to, phenyl, 1-naphthyl or 2-naphthyt.

As used herein, the term "Het" defines a 4-, 5-, 6- or 7-membered heteracycle having
25 1 to 4 heteroatoms each independently selected from O, N and 8, 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 aromatéé, uniess specified otherwise.

30 As used herein the ferm “heteroatom” means O, S or N.

As used herein, the term "heterocyele”, either alone or in combination with another
radical, means a monovalent radical derived by removal of a hydrogen from a five-,
SiX-, OF seven—membered saturated or unsaturafed (including aromatic) heterocycie

35  containing from one to four heteroatoms selected from nitrogen, oxygen and sulur.
9



A carboxyl group is usually protected as an ester that can be cleaved to
give the 15 carboxylic acid. Protecting groups that can be used include,
but are not limited to,: 1) alkyl esters such as methyl., ethyl,
trimethylsilylethyl and tert-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. 20 As used herein, the term "aryl" either alone or in combination
with another radical means a 6- or 10-membered aryl, i.e. an aromatic
radigakpeataiRing sbtobiptceanbiote, aiﬂtm& Ftaimipesdnatatind tyaridin,
“m%'én ghﬁ?dr%?aw 'th?aib%ﬂfﬂ@‘%é%% BARSHEYL AsdHagsh h&&%lébﬂ@ eﬂ@iﬁﬁldé‘z’@b

esa4 or /-membered hete ro%cle havmg ho opiperazine,
hefé%%ﬁ@ﬁ§%€I’?1Fﬁ§@}§8ﬁd8’ﬁﬁ§}d§@e@f’e€& G GO RPER e Ay Be
sammmummmm’e@lmdrﬁma@cpwaespygdtrmpmdlfl&ﬁ@m%%awmidme
shetgrphieyeiing e dytnb heteroatoms wherever possible, each
independently seleé:ted from 0, N and S, WhIC may be sajyrated,

unsaturated or arg atlc unless spes fled oth ise. 30 A N‘i ed-herein
the term “hetero €a Sor ed ergjn, ﬂ:,

"heterocycle”, elther alone®r in co atlon a,notherN TAtical, means
a monovalent radical derived by removal of a hydrogen from a five-, six-,

or seven-membered saturated or unsaturated (including aromatic)
hetépopdl8BEBAPRARTMGRHEM bRETERI R BaIsIn s Ity W&Fﬁ either
nitragas opKygRIbaadmuitr 2D Examites mesush hetrropyicles deihadabove

Lot l;ﬂ‘ﬂﬁg me@:?gmé}fcyewr@q'Qﬁe’cé?@méd@&l{ﬁé’lhéh @é@ldﬂi@mpues of
pyrro iophene antoin, diazepipe imida iSO )
S R ADBIE B BT D e e GG el ORI iazoloid, 3
horhppipeirsz tenoing. @To?@&ﬁ’@“@ﬁfdhﬁﬁ@ﬂ%“%thlomorphoI|ne pyridine,
pyridine-N-oxide or pyrimidine, 5 or the following heterocycles: 0 H
\or sON N-N As used hereln the erm "9- or 10-membered
heterobig S‘?ete inatiah with

another ra éan as.defined abeovey 10 fused to Bne or
more other cycle be-it a heterocycle or any other cycle Exgﬁnples of

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

As used herein, the term “OH" refers to a hydrokyi group. ltis well known to one
skilied in the art that hydroxy! groups may be substifuted. by functional group

20 equivalents, Examples of such functional group equivalents that are contemplated by
this invention include, but are not limited fo, ethers, sulfhydryls, thicethers and

primary, secondary or tertiary amines,

As used herein, the term “SH” refers to a sulfhydryt group, 1t is intended within the

25  scope of the present invention that , whenaver a "SH" or "SR" group is present, it can
also be substituted by any other appropriate oxidation state such as SOR, SO.R, or
SO;R.

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

10



such heterobicycles include, but are not limited to, indole, benzimidazole,
thiazolo[4,5- bj-pyridine, quinoline, or coumarin, or the following: 0. C-n\ N
S O or 15 As used herein, the term "halo" or "halogen” means a halogen
atom and includes fluorine, chlorine, bromine and iodine. As used herein,
the term "OH" refers to a hydroxyl group. It is well known to one skilled in
the art that hydroxyl groups may be substituted by functional group 20
equivalents. Examples of such functional group equivalents that are
contemplated by this invention include, but are not limited to, ethers,

SU'fbyC;@nke rﬁu@gir@(m STIDARIKSREPRNaR, b teriacy anads, hsthsed
@ col 69%? 1 @H.JEMB IR aaulihyebareyols s m&m@tﬁmtm@_the

resent invention that, whenever a "
a%@eg a(Cq

pre%’é’ﬁ?xﬁ é%[ﬁﬁ) Pe stisEneiEE! B?f‘ér%‘?%ﬁ%?xé{pi% E}F O%%

StafEbuENgrs.5 6 RySOER] drisSOBRsizs ik sh@ﬁetﬁt%ertém& walkyl

"(CpohisHkexorefers to an oxygen atom further bonded to an 10

(C, ")akaI radical. Examples of (C1_8)alkoxy include, but are not limited

to, methoxy (CH30-), ethoxy (CH3CH20-), n CH3CH2CH2

1-rehSHy RSt ARTRY (156 f‘?ﬁﬁﬁ@ey)@(‘@ﬁ’ﬁf’z(ﬁﬁfﬁ) o syt g &ﬂ%&mded%)é“
(tertehuisikyréGER) 3RO et (Whahyih(C hottyis) Mm;tya@rcqufmﬂed &tmﬁewﬁm
E;@gﬁ?p H’f? Re-apstly tﬁ(!sramm@w&au@hmometmefsmmé\eso-

in, r h
?QDO rﬁj’g%y[g %al‘ é(&vlec% lg‘l &etlcg— HH:r éprﬁégr QEE: When a

kyf radica mp €s 0 s)a i0 mclud bu
are(ﬁwmm’@moww%uw%e 3nc&meﬁ6°(eare’eﬁé§e P!
(CH2i2EER28=), 1-methylethylthio (iso 10 propylthio; (CH3)2CHS )
1,1-diniethylethylthio (tert-butylthio (CH3)3CS-), etc.. When a

(O itio oroup iy SULUINLEd, L DdR RIOR SO RE IS

15  substituent by = double bond (=0).

w1

it is intended that when the term "substituted" is applied in conjunction with a radical

having more than one moiety such as (Csr)cycloalkyl-(Cqs)alkyl-, such subsiituiion

applies to both maoieties L.e. either or both of the alkyl and cycloalkyl moieties can be
20  substituied with the defined substituents.

As used herein, the term “COOHM" refers to a carboxylic acid group. It is well known to
one skilled in the art that carboxylic acid groups may be substitutad by funciional
group equivaients. Examples of such functional group equivalents that are

25  contempiaied by this invention incl_ucie, but are not limifed to, esters, amides, imides,
boronic acids, phosphonic acids, suifonic acids, tetrazoles, friazoles, N-
acylsulfonyldiamides (RCONHSO,NRy), and N-acylsulfonamides (RCONHSOR).

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

The following signs "~=- and "~ are used interchangeably in subformuias to
indicate the bond, or inthe case of a spn‘ocycltc group the atom, which is bonded to

35 the rest of the molecule as defined.
11



The term "ox0" as used herein means an oxygen atom attached to a
carbon atom as a 15 substituent by a double bond (=O). It is intended that
when the term "substituted"” is applied in conjunction with a radical having
more than one moiety such as (C3a)cycloalkyl-(C, 3)alkyl-, such
substitution applies to both moieties i.e. either or both of the alkyl and
cycloalkyl moieties can be 20 substituted with the defined substituents.

As used herein, the term "COON" refers to a carboxylic acid group. Itis
well known to one skilled in the art that carboxylic acid groups may be
substituted by functional group equivalents. Examples of such functional
9f%outelgalh{éﬁ%ﬁ%éht@ﬁ@f@e%%ﬁa@tﬁml%%n@m'§rmu¢ecnapmap@@aaqa@ub
are not limited to, esters, ami oronic. a
aC|B%§ygi?ﬁ%%?8ra"8|3§°?é%zolCﬁg HAZ0 é%] Onls?ﬁi% ﬁ&%%? %%S’?;'Smpound

(R@@W@Wﬂ}haﬁéimﬁﬁ%éﬁ@ﬁaﬁhﬁb@t(ﬂ@@\‘(ﬁ-f?s‘@%’ﬁ)"%%’*ﬂ@‘é@w
shergimdhetesntiiuisiionat guonhptetivaleattitsshiendedstoenead apntified.

eIe? !%9 &% %ngb%rsaéé'lﬂﬁgﬂcﬂt&g@ﬂém@%m%ﬁ thabiSto, fluorescent
ceable by another e nt or tha‘ hagzs%@%r n%lﬁ?V 'Pé%’n oactive
hyﬁ?ﬁ%ﬁaﬁwwﬁgﬁa‘?ﬁ@&% Rrfg" ﬁm SWing SIgRS <= and M are

useebinterchrairiBailyliels SuBemRAts t’%ﬁ%éﬂé&l‘éﬂﬁ@‘ﬁ%ﬁﬁ’&d& fRerrarepgsd of

of ASPEQRYEHSEHOUPWRR Iekem, watelads bonded to 35 the rest of the
1Gmolecule as defined. 11 As used herein, the term "detectable label"

means any group that may be linked to the seortoac ound
of hE e EREIRVER O <SR th BB o BT 2L L oaied Bt
the pijyeesasE tarytnsaehtlabblealiesrsiisveaintbnhetnst aneatipty & 2
| Indlfé‘féb(oetm%ggmaw@ﬁraupﬁdh@t ibraonReciegtedytinkass igeraris

quar{pfl chu am Ie%SoPs L?U%Iﬁzj € inepdag inipelydehrt arg not

limited orescent Ia minescent labels, coI rlmetrlc Iabel
T%nz‘}‘?H&%‘%Vﬁ?ﬁ?R%‘?%ar‘?ﬂlﬁi‘ﬂ&&%y*?%wﬁe%W@fﬂ%ﬂﬁ?guﬁﬁ SFiotmY
Suchdeivels eperettaciyeiteb\tey cornpoimehtiroty. thecheirmsltage &g waphed

knowmgthds.d & Asnseslyreseiss Biaviarmontiniintag’ means a ligand
(that may be linked to the polymerase or to a compound of the present

invention) whose strong affinity for a
As used herein, the term photoreactive group” means a group that is transformed,

20  upon aclivation by light, from an inert group to a reactive species, such as a free
radical. Such a group may be used as, for exampie, a photoafiinity iabsl. Examples of
such groups include, but are not limited to, benzophenones, azides, andc the fike.

The term "salt thereof means any acid and/or base addition sait of a compound
25 according to the invention; preferably a pharmaceutically acceplabie sal thereof.

| The term “pharmaceutically acceptable salt’ means a saltof 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 animais without undue toxicity, irritation, allergic

30 response, and the like, commensurate with a reasonable banefit/risk ratio, generally
water or oil-soluble or dispersible, and effective for their intended use. The term
includes pharmaceutically-acceptable acid addition salts and pharmaceutically-
acceptable base addition salts. Examples of suitable salis are found in, &.¢g., S.M.
Birge et al., J. Pharm. Sci., 1977, 88, pp. 1-19.

35
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receptor can be used to extract from a solution the entity to which the
ligand is attached. Examples of such ligands include, but are not limited
to, biotin or a 15 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 to the
polymerase by well-known methods. As used herein, the term
"photoreactive group” means a group that is transformed, 20 upon
activation by light, from an inert group to a reactive species, such as a free
radisalkeSuhhangeosptinaiy deartadess; dadditampl; agphstoafaig/isandrh
S;%ﬁé%sm‘?ﬁecglo 5 @_ﬁi\b@?emé'gﬁﬁ %I:ﬂp@?ﬁe@f Qi hnaited cbeaAopheRaRe St
[ an e. The ¥ er r base
BTG S S e R i%p??lﬁ‘e%%%ds@%%?a
phéyeaeiotieaniy éw&aﬁ%&m@ a5iR Pl st a%é‘f@"’r‘m“"ﬁﬁ‘grrﬂ t?eﬁﬂféaﬁﬁ?sic’m”c
5 aceeptabie Haltkeneansrgasalbafia compoariobdairirileorh arfiiceiis adipic
W“Q&%”&@&?&Q&% %‘%HMJHQQ'M@ﬁ@ﬁ:@%@%ﬁ%z@ﬁ&dnm&ﬁaﬁbd

with the tlssues hu an er.animals without un t
irri Oé'ﬁ’e:‘fa onfgglcaar? (?! ke Ccaécr’r‘%i hYCREarate (H\% &g&(’l‘% eid,

-reasmm@f@@n@m.gwmi@ ag@n@wc %@eewm%ﬁmﬂa AERERIBIC
ang&ifecive der-heirdntendel usert heidezrhyinckydidsnesulfonic acid

‘iOph%%fb%lﬂ:t'g@}Hy BCESRIRD (?rﬁ QQQ!H%@@G}“EQ%Qhﬁé@ﬁ@%@ﬁbcﬂ{%deilc
acceptable base addltlon xam !es of s tabl Its are gr% ‘ én

e.g%%8; IWeeﬁYﬂﬁﬁeéi‘Egicha gP eYeiine ?L@nefg e term
"phiisataceatidalipanitearapieiiasid %@a@m@fl%awdn&@mﬁctﬁ%@%&#@%ﬁﬁh
retaincth:bialogirabeffeafipenessanttpsopesties of thecfreatidsasuaioccid,
Wh'C'Lé‘ﬁ? 0ok Rig Qg'gﬁuys% 8&'@5@{58%&%@%@5@%‘%?‘%@%&avghdmefaaa;een.c

acids's as’h oric aC| hydrobromic acid, sulfuric acid, sulfamic
15<';1C|&Cﬁ‘rtl‘ii‘,d&@'ﬁ‘i‘C’[E?n"b%‘ii)ﬁ’(?ﬁé $MKRid, and the like, and organic acids such

as.acetlc acid, trifluoroacetic acid, adipic acid, ascorbic acid, aspartic
aC'%’@%&%@m&hﬁa%ml@ depzeissiside bubin asld, meamhaesicsatidyhich
Cam&horﬁ?ulfomc acid.cinnamic Jﬁ@ r%'mcx @C'&’tgéql%ﬁ%ﬁs%gwhnch are not

ethanieSultonic acid, tamlc acid, glycolic acid, glycerophosph
herhigliElE omﬁa.waewa%ﬁwmm R et 2 Bonie

2@-hyed rxyetidanestiforia aditarbonate of ammonium or a metai cation such as

sodium, potassium, lithium, calcium, rmagnesium, iron, zinc, copper, manganese,

~ aluminurn, and the like. Particularly preferred are the ammonium, potassium, sodium,
calcium, and magnesium salts. Salts derived from pharmaceuticaliy-acceptable

. organic nontoxic bases include saits of primary, secondary, and fertiary amines,

25 .quaternary amins compounds, substituted amines including naturally oceurring
substituted amines, cyclic amines and basic ion-exchange resins, such as
methylaming, dimethylamine, trimethylamine, ethylamine, diethylamine, tristhylamine,
isopropylamine, tripropylamine, tributylamine, ethanolaming, diethanolaming, 2- ‘
dimeathylaminoethanol, 2-diethylaminoethanol, dicyciohexylamine, lysine, arginine,

30  histidine, caffeine, hydrabamine, choline, betaine, ethylenediamine, glucosamine,
methylgiucamine, theobroming, purines, piperazine, piperidine, N-ethylpiperiding,
tetramethylammonium compounds, tetrasthylammonium compounds, pyriding, N,N-
dimethyianiline, N-methylpiperidine, N-methyimorphoiine, dicyclehexylamine,
dibenzylamine, N,N-dibenzylphenethyiamine, 1-ephenamine, N,N'-

35 dlbenzylethylenedlamine polyamine resins, and the like. Particularly preferred
13



10 (isethionic acid), lactic acid, hydroxymaleic acid, malic acid, masonic
acid, mandelic acid, mesitylenesulfonic acid, methanesulfonic acid,
naphthalenesulfonic acid, nicotinic acid, 2-naphthalenesulfonic 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-teluenesulfonic 15 acid, undecanoic acid, and the like. The term
"pharmaceutically-acceptable base addition salt" means those salts which
retargatie ruiclogicssefeotiinesyiamth prdistiniesiof séh fedagiigs and
wh{ggéﬁ@g}gwiMig%ﬂ@mgmmmm@, formed with inorganic
. bases such as ammonia 20 or hydroxide, carbonate, or bicarbonate of
ammonium or a metal cation such as sodium, potassium, lithium, calci%m, :
mabesiin eRehtheRsel éﬁfﬁi@r??ﬁ&ﬁ&éﬁééé%?&ﬁﬂﬂw%w%ﬁ‘& carboxy
sPartisctany gitbéarmaecaieithreptavet onianslivptecsshony] owinn, nelidiRmput not
angmagnesimsalisicansceasixed S phagpraceutically-acceptable
organic nontoxic bases include salts of primary, secondary, and tertiary
amines, 25 quaternary amine compounds, substituted amines including
natliraligrocehaimgeadisativ reer Rt SS IHy BRc aRINBS AngBasHone o IN
ioNRxEeage vasinsobrchuastiethyleaimisredinfétinydemune)d of formula (1) in

drimaihylaminens hyianinendistRpminge BisiByianirgardsoRreRsamine,

tripropylamine, tributylamine, -ethanolamine, diethanolamine, 2-
dinf@[pﬁ%ﬁﬁnfﬁé%?ﬁﬁﬁgkyfaiag Dﬁgﬁ%ﬁgﬂéﬁﬁgﬁndicyclohexylamine, lysine,

arginine, 30 histidine, caffeine, hydrabagnine, choline, betaine,
ethylenediamine, glucosamine, methylgiucamine, theobromine, purines,
piperazine, piperidine, N-ethylpiperidipe, t@ﬁ:‘amethylammonium
compounds, tetraethylammonium compounds, pyridine, N,N-
dimiatiwlemttine Memathitipspstidisseiotad thymrirpHelneaethyl, ethyl, n-propyl,

dicygclobeyyIamling, MBaRmIA@ LI dhbgiRentyiakenetyylamiagstoxymsthyl);

T e A
iSopeyiuiParHaIRetPRani Fre) AWM ST tri ARy PHARIG Ssters can be
dicyielaaxylasiines phalings, ndaefeing. Fhdteener é538Pth8rebf means
any;ﬁ%ﬂa@&@tiegmaeé%%%@igﬁ aRy_fithe k@,@ﬁ'@@?&#ﬂ 2 UMQ@SWEM ina
MO I Tl aCed D AR RORY LR, G SRR Wit

20 regard to the esters described above, unless otherwise specified, any alkyl moiety -

present advantageously contains 1 to 16 carbon atoms, narficuiarly 1 io 6 carbon
atoms. Any ary} moiety present in such esters advantageously comprises a phenyl
group. In particular ihe esters may be a (Ci.ie)alkyl ester, an unsubstituted benzyl
ester or a benzyl ester substituted with at least one halogen, {Cis)alkyl, (Crg)alkoxy,

25 nitro or frifluoromethyl.

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
30 formation and/or replication bf a virus in a mammal. Antiviral aggnts include, but are
not fimited to, ribavirin, amantadine, VX-487 {merimepodib, Veriex Pharmaceuticals},
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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 (1) in 10 which any of the carboxyl functions of the molecule, but
preferably the carboxy terminus, is replaced by an alkoxycarbonyl
function: O OR in which the R moiety of the ester is selected from alkyl
(e.g. methyl, ethyl, n-propyl, tert-butyl, n-butyl); alkoxyalkyl (e.g.
methoxymethyl); alkoxyacyl (e.g. acetoxymethyl); 15 aralkyl (e.g. benzyl);
aryhaxags Ky (esgr prenoxyinathyl s amjiiteviraptidng G eytionaisxentinaiuted

wigbl{l%m_@g lieyhr ek alkaxy. Other suitable esters can be
found in Design of prodrugs, Bundgaard, H. Ed. Elsevier (1985). Such

pharmaceutlcally acceptable esters are usually hydrolyzed in vivo when
injSbretein PihnamhdFYRISENFSIHABAGMRD RARE IS 708 HEat are

5 costpetnrd@ifarmsing by, pitar2og tgaretserstérpaliisdribrigiehavaytoms
o . s AT

carbon ato arti to 6 car A I

T o e L B ARGl e S e B
in pritindpaitCEdierayfifay be a (C1.16)alkyl ester, an unsubstituted
benzyl ester or a benzyl ester substituted with at least one halogen,

10(ChIlkyl ig%ﬂfu@ﬁlbeeﬁxm%%@&m %&Qﬂ&ﬁmﬂm@é@ﬁ@b’@@d@oums

agent” as used herein means an n
a%?e t ( comg?n%lg%f%r bIO|O cal that is

eff@&M%Cﬁ%ﬂ.m?&ﬁ%ﬁ?ﬁHY%W&H BFt&phication o e Jinh

a Vvirus |n a mammal
Thissimlselipsagmmistiarmraterdulgitvaasarstoi et ArhPrRSChERISHE:

ne%@’a%%armt@remﬁs?@@raéa&wa andies seplisnionsof-midnemin acorasmmal.

Antiviral agents inc tare notli dto rib vmn el

vx“lf@‘?e(ﬂﬁ t‘ﬁ%ﬁ%??] 5P ron%h%?rsr?a:?:e Ry 5 rngg eé?e% and
15Phaamé@edfm@l@)’£“§@¢éwrm,Vlramldlne Ceplene (maxamlne) XTL- 001

and XTL-002 (XTL Biopharmaceuticals). The term "other anti-HCV agent"

as Yaedner ﬁ*ﬂl%ﬁ%%@ﬁ%ﬁg%§§@a§ﬂ§eé cifeptivedey simipishinengbund
preg)/'(_a nglr?:ggigai} t%;?%rgggé%%% ?n att Itths %n%ggecg ﬁ}é[y P\}an protease in a
mammal. Inhibitors of HCV NS3 protease include, but are net limited to, those
20  compounds described in WO 99/07733, WO 89/07734, WO 00/02568, WO 00/08543,
WO 00/50929, WO 02/060828, US 2002/0177725, WO 03/083348, WO 03/062285,
WO 03/064416, WO 03/064455, WO 03/064458, WO 03/098316, WO 03/089274, WO
2004/032827, WO 2004/037855, WO 2004/043338, WO 2004/072243, WO
2004/083798, WO 2004/094452, WO 2004/101602, WO 2004/101805, WO
25  2004/1039986, the Boehringer ingelheim clinical candidate identified as BILN 2081and

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 HC\/ polymerase in
30  a mammal, whereby this agent has a structure different from the compounds
according o this invention and preferably binds to a siie of the HCV polymerase
different from the site targeted by the compounds according fo 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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of disease. Such agents can be selected from: immunomodulatory agents,
inhibitors of HCV NS3 protease, other inhibitors of HCV polymerase or
inhibitors of another target in the HCV life cycle. 10 The term
"immunomodulatory agent" as used herein means those agents
gcompounds or biologicals) that are effective to enhance or potentiate the
immune system response in a mammal. Immunomodulatory agents
include, but are not limited to, class I interferons (such as a-, (3-, 8- and w
interferons, c-interferons, consensus interferons and asiaio-interferons),
claggtidene iieransatsacivaydotste Ghe)ramez).5/ 2 §a8dad (e nnasizof .
(chgﬁr/néeﬁg%] %%‘é@' R@Q&ézlé‘s\é)'\kﬁé @é@i@@@@t @R HEE0NEIINIDEENGBEYEND
[ t

VST RO B B E E WHRR F b duideoks
it A R C R et

5 9940168344V 20/ 0AB /IR DOMNemAR VWY O30BISHEIAS SKIO=02/863926,
VISR L8O %gé@%@éfb%fdéé@g@%@@m@ WO 0RIAGASLE WO

362110 oS 10 SOOI, S s DTS

206%’%%@%{76% Wod
WD RQ0HIE0 3708 A0S 250 4aanEsRor D WO 1 B8 jesire), W
2004/1d3E602 MERIRS AEDEZLREAR6 AtheBrEhingeyIngEhélongliizal WO

1020d] gﬁg%@?ggné%si@ RlkN2862:1a80 6108, w@awb@mgamm@m) WO

% identi he term_"oth

e St R R e O IR B
inh{iitaprefuaktiod 6PHET0BAYIPRsHR® VA E H‘!r@fé’r% AYAPRAREIRL ) th/06529
agenthas EFWQGMQMQ%UF@WW@W@%mi&amgmdm@mlth)swo

B e

(e e P 0 e R s decanl o B Terian Qo
thoBE040BARGUI(tstesern bae simv ©uR0eNToR Ot (mHBFW)% Wt*)CV polymerase
04/&95%@@&@H@aé%emqrﬂaﬁygé/@eaﬁmmehmmpmsm@mgdmzwo

WOHBREeIR 0@3684%35}%'5%%%% th%%%? e=is)
G @K@OW%@%WB eé@;éz) GOB74°°770
20 (Merck), WO 03/083290 (Geneiabs} WO 03!087298 (Biocryst), WO 03/062256
(Ribapharm), WO 03/062255 (Ribapharm), WO 037061385 (Ribapharm}, WO
03/026575 (Idenix), WO, 03/02858¢ (idenix), WO 03/020222 (Merck), WO 03/000713
(Glaxo), WO 02/1 00415 (Hoffmann-La Roche), WO 02/1094289 (Hoffmann-La
Roche), WO 02/051425 (Mitsubishi), WO 02/18404 (Hoffmann-La Roche}, WO
25 02/069903 (Biocryst Pharmaceuticals {nc.), WO 02/057287 (Merck/isis), WO
02/057425 (Merck/isis), WO 01/90121 (idenix), 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
30 agent (compound or biological) that is effective to inhibit the formation and/for
replication of HCV in @ 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 mammai.
Inhibitors of another target in the HCV life cycle include, but are not limited to, agents

35 that inhibit a {arget selected from a HCV helicase, HCV NS2/3 protease and HCV:
16



(Viropharma), WO 03/084953 (B&C Biopharm), WO 03/082265

(Fujisawa), WO 5 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 Al (Shire), WO
02/100851 A2 (Shire), WO 02/098424 Al (GSK), WO 02/079187 (Dong
Wha), WO 10 03102/20497 (Shionogi), WO 02/06246 (Merck), WO
01/42883d 3gpais TebatrE\Wo 0 78517Pn afl (s Kyl irm e iggyging but not

(Gipk MEROEE0RLElularik), 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 (Boehrin

IngeIn &) D1 r@ér@n’?gasseéa@fﬁma@ﬁnﬁgaaﬁgﬁﬂs (GATEP A o algoah that
5 (Baettrinter ingeihibi fAVM@HLS 83101 GhidatiBoehHRgirameireamihigyo

20%(9&%%@:(%@#5%@9@@9@%@ R SR 2 2004106ER6 A Brehtingane
e sl eemere-othen pBaLs ALHEN RARARG AR

0og rexampe hose compounds described in:W

Ry w@eewwhWesmmaw@@%ﬂ%ﬁw%%%ﬁ?éﬁwﬁﬁéﬁ lon
W0 a7d 22=ddenihiiés04/003138 (Merck), WO 03/105770
1o(Merck), WO 03/105770 20 (Merck), WO 03/093290 (Genelabs), WO

03/087298 Bioc WO 03/ 2256 (Riba rm

(BB S A O 3B B %@%@%%3@”3?% iR
osf@aﬁs@ga(cra@m)nmtogﬁ@m@z PRREIIP IR HTI00 Y 1@8(@1% WS
02/h H0rksl B Mo tmenrriadoshe)es08/ 084289 {Haffarmmstary for the

Rtg*@ga\gﬁ 6%95 FeaiONieuRih mé%gllm%(ﬂﬁmaaama@ Rechehot

069903 (Biocryst Pharmaceutlc ®
T MATETSIE) MRS AOBFADES THERRITGE) AR ﬁiﬁﬁ%ﬁ‘é%ﬁﬂf&%%m
01/6@ath ERbirepsnd M@nE1F32EES. (Shire). The term “inhibitor of another
target in the HCV life cycle" as used herein means an 30 agent

e SR L e B e
deperidentratys tpm?rﬁéﬁe%@maﬂmm*ﬁ@%ﬁ?@l@% %fggé%‘{grtﬁa?ﬂ%ﬁbﬁam
sovithrgithes hesieaGMearisad witeeitasisnis necessash foisthe feresatiyrior the
and/q a%BHC?ﬂH?& péﬁcgyoWo@W%armmitQ@@ﬁﬁ%BﬁBﬂQﬁéﬁf@%d@n@@hat
.‘ HCInhlbit Vevlr‘r]a?gg?\ p%wnfgt%sgogrlm\/evdaégm gegpecmc examples of HBY
inhibitors inciude, but are not limited to, Lamivudine (Epr|r~HBV®_), Adefovir Dipivoxil,
Entecavir, ETC (Coviracil®), DAPD (DXG), L-FMAU (Clevudine®), AM385 (Amrad), Ldt
25 {Telbivudine), monoval-LdC (Valtorcitabing), ACH-126,443 (L-Fd4C) (Achillion},
MCC478 (Ei Lilly), Racivir (RCV), Fluore-L and D nucleosides, Robustaflavone, ICN
2001-3 (JCN), Bam 205 (Navelos), XTL-001 (XTL), imino-Sugars (Nonyl-DNJ)
(Synergy), HepBzyme; and immunomodulator products such as! interferon alpha 2b,
ME2000 (Hollis-Eden), Theradigm (Epimmung), EHT899 (Enzo Biochem), Thymaosin
30 alpha-1 (Zadaxin®), HBV DNA vaccine (PowderJect), HBV DNA vaccine (Jefferon
Center), HBV antigen {OraGen}, BayHep B® (Bavyer), 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, Hexavac.
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35 that inhibit a target selected from a HCV helicase, HCV NS2/3
protease and HCV 16 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 biological)
that 5 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 a
mammal. HIV inhibitors include, but are not limited to, nucleoside
inhihiasen nossILGledside” ndlikisanssrprotesse mtiibitdesofusientemfiiiters
and nfegy ﬁ\‘?‘e‘?wé’?mg'{%?aﬂ-g:ﬂ‘ﬁ 1888t 'nhﬂam cRRdSesIRIRIAIY and
means an agent (compound. or |0Io chg %t 5 TIfecqu(lat tgr |nh|blﬁépﬁe but

formfatisHeANAHSEASRISH B‘Feﬂﬁ&?q amaRmal This includes agents
thadrintetfenied/ith eithierdhost @teﬁesqnﬁednmgrwmm foiptisecns,

s formationapeiisrenlicatina:ed tdAné thereBiammal. HAV inhibitors include,
but are not 15 limited to, Hepatitis A vaccines, for example, Havrix(c)

(GlaxoSmithKline), VAQTA(r) (Merck) and AvaX|m is Pasteur |
TnEne M e ISR SESr el e e SO AL dhoroe

biote gipedrotinethis @fféntitertosplhitiiptie fommitiorobeiaseH reisifesisrinsiide, but
HBY.dn.& fammal.iFhise20dnsludes paanisiRaninterfere 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
polpedisasssest #BYE \eRIThTEion SRy SxamBaREPLIERE Fihfoirgound of
'nClﬂéﬂﬁuin@S e npbinitedieil antbmalines R pivirstd B¢y Aslefeadministered

Dipy G T (CoNasiily AP DR baBHAN
lev U
R Lo et e el

10;

(VaBrees
15R VMR E) aFlnbikiidr efeh Bhentiassiddse oY salors HE PR 20
(ICN)aﬁ%@&%ﬁ&dmammnmwwmm e SyigasaidonykBiNd the

(Sy e@){% %@f "hd\i%r‘gé)géﬁ%“ Tﬁgﬁ?ﬁ&‘&% é%kdc&%t?HE;EQn@s‘?aHQt%@%ron

alpha digm ( plmmune) HT899 (Enzo
BioBREWY), Thymosin 30 alpha-1 (Zadaxin(r)), HBV DNA vaccine
(Powdenfdeict) abRié: DibEAIN@ ocgreafiefferon

20 = immunomoduiatory agents: class | interferons, class |l interferons or pagylated
forms therecf;
= HCV NS3 preiease inhibilors;
= other inhibitors of the HCV polymerase: nucleoside or non-nuclecside inhibitors;
= an inhibitor of another farget in the HCV life cycle that inhibits a target selected |
25 from: NS3 helicase, HCV NS2/3 protease and internal ribosome entry site (IRES)
or an agent thai interferes with the function of an NS5A protein; _
= HIV inhibitars: nucleoside inhibitors, non-nuciecside inhibitors, protease inhibiiors,
fusion inhibitors or integrase inhibitors; or
= HBV inhibitors: agents that inhibit HBY viral DNA polymerase or an agent that is
30 an HBV vaceine. .
These additional agents may be combinad with the compounds of this invention to create
a single pharmaceutical dosage form. Aliernatively these additional agents may be
separately administered to the patient as part of a multipie dosage form, for examplie,
using a kit. Such additional agents may be administered 1o the patient prior to,

35  concurrently with, or following the administration of a compound of formula (1), or a
18



Center), HBV antigen (OraGen), BayHep B(r) (Bayer), Nabi-HB(r) (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, Hexavac, 17 The term "class | interferon" as used
herein means an interferon selected from a group of interferons that all
- bind to receptor type I. This includes both naturally and synthetically

produced class | interferons. Examples of class | interferons include, but
are not limited to, a-, (3-, 6-, w- interferons, interferons, consensus

inggﬁemsm&@iahaémﬁﬁ&sahsrambpé‘gmfed forms thereof. The term
“class Il interferon as used herein means an interferon selected from a

‘group of mterfe tha; all.bind,to r r | I
mt%?f%?%%gﬁf?gfu u arfragiﬁ]g cilmlte ﬂ%ﬂﬁﬁ@ﬁ&ﬂ?ﬂ?%@éﬁ&}ﬁ&ér

erons andg gsxl ? of
foman@m@ﬁ@erm@gd%wéae&b%ﬂmﬁ%ﬁ%@ﬁ@iﬂ?ﬂe‘%‘%{w e Symptoms

5 ComteRplatectoierain mdompoxmatofiribwadla @paiieat pharmaceutically
acceptable salt or ester thereof, is co-administered with at least one

additional agent selected from; an. antivir ag y
agentissh [ A TG N2y prop%a§§ %ﬁ%oﬁw |gt?1 %Itégkg&%ﬂﬁ%‘dﬂ?&%
pobameeaition apchTHIRGLES toe AFRSHE AN ﬁ@ﬁbwwrﬁ@%% ElipR\fo the
Inmiw@b.uaﬂafbié\\ﬁer&mmwamcbamymama hoittite i Eoemm sl osiacts stfents

o are, pravided in the, Defiiions seGien-alaxespasHie laf%wi&d@mmples

of suc agents are listedbelow: ant|V|ra age ir ine;
20“?&%8@8%%’&8@1%"@}15@8#&“ Claes | m‘ie rcgtrt\%sc{ﬁgls it %%%ﬁésgor

pegylated forms thereof; HCV NS3 protease inhibitors; other inhibitors of
thephiGadrpebmi@agsnasicleoside or non-nucleoside inhibitors;  an

hi f another target,in th h e io R’
collhlE SRR NG R e éhg&mﬁ%&%*ﬁ?é@atﬁf@?ﬁﬁ“ <

15ribGoRieRinky BRRIRES): 6 aﬁag%nt ﬁwat%teﬁe?e?% R

{fnction of
an QBB RE GkeRfinkd\hénfiithisars: antteositdenhibitertinsing desevsieesd

inhm&i’rﬂﬁ@%&@@mtgﬁﬁsﬁtuents according 1o this invention are described.‘

Core:
20  This invention comprises compounds of the formula la:

®' C gt /RW
i
LS f;ﬂl)\(/
R N ] L /N,
RE
R (ta)

Alternatively, this invention comprises compounds of the formula Ib:

s
R></ ‘ R
‘—‘zﬁl RS
N

l . 6

R';

25  According to a preferrad embodiment of this invention R is selected from the group
consisting of H, methyl and ethyl,
More preferably, R' is methyl.

19



fusion inhibitors or integrase inhibitors; or HBV inhibitors: agents that
inhibit HBV viral DNA polymerase or an agent that is 30 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 additional
agents may be administered to the patient prior to, 35 concurrently with, or
following the administration of a compound of formula (I), or a 18
phgfmaceutically acceptable salt or ester thereof. As used herein, the

‘erﬂééﬁaﬁagﬁﬁﬂe‘s" 6003 15 ABISISHAR €6 3 SAIPRUDRIREAOmPOSitan|

e L AP TSRS i SRR A SRR, AS used

po f tHe —y

herein, the teym "prevention” means the admini,s%:iron of-& compound or
(o)1 s:}et

indi
diseasé€, and/oroprior to the 10 detection of the virus in the blood,'to

prevent the appearan

virusfrom reaching detictible levels jnthe bl " F;\,r I
Unlesl%;\gyteg‘%h}r se, all ps and gubstituents, indluding but n
Hdimited O 15R . +R2 :
“and Het, have the definitions as defined hereinbefore and hereinafje\r. In
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of symptoms-of the -

isease-gnd/orto prevént the
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9,

' REG, RMR2 AE,

! ]

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

as defined herein.

More preferabiy, R? is selected from Br,Cl, cyano, methyl, ethyl, prepyl, 1-mathylethyl,
ethenyl, 1-methylethenyl, ethynyl, cyclopropy!, phenyl and Het selected from the

group of formulas:

DD D DD

N M /K]
N\'ﬁﬁ g'i/N @ i\/]N

N\') i o.._./o‘ *"SI S—h//N,
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36

Alternatively, this invention comprises compounds of the formula Ib: R10
R'RIOXR RHNR6 NRR6RR6 (Ib) R: 25 According to a preferred
embodiment of this invention R1 is selected from the group consisting of
H, methyl and ethyl. More preferably, R1 is methyl. 19 R2: Preferably R2
is selected from halogen, cyano, (Cra)alkyl, (C24)alkenyl, (C2-n)alkynyl,
(C3-s)cycloalkyl, phenyl and Het selected from the group of formulas: N-N
IOVIS\N TV --\N/TIN/ NN~NIIN-~N\/N NNNV NSHHNN ~LNON
NN Il (~OS\NIN HU and wherein said phenyl and Net are |
unsubstituted or substituted with R21, wherein R21 is as defined herein.

10 ~ =
== .and ;

wherein said phenyl and Het are unsubstituted or substituted with R*', wherein R™ is
as dafined herain. h

R

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

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

- 1 1o 2 substituents each independently selecied from:

a) hydroxy, (Cre)alkyi or (Cr.o)alkoxy; wherein said alkyl and alkoxy are each
optionaily substituted with one, two or three halogen atoms;

b} -NR'¥R" wherein '
RM is selected from'H, (Coa)alkyl, -CO-(Cya)alkyl, -CO-O-(Cya)atkyl and Het;
wharein tha alkyl portions of each of said (Cig)alkyl, -CO-(Cya)alkyl, and
-CO-0-(C1.a)alky! are optionally substituted with one, two or three substituents
sejected from halogen and (Cqs)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
R" is H or (Cr.o)alkyl: ]

o) CONRMRM wherein R™ and RM are each indepandently selected from H
and (C1“3)atkyl; and
d) Het, wherein said Het is a 5- or 8-membered monocyclic heterocycle having 1,

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

More preferably, Rr? is 1, 2 or 3 substituents each independently selected from:

- 4 to 2 substifuents each independently selected from fiuoring, chiorine and bromine;

and

- 1 to 2 substituents each independently selected from:

a) hydroxy, methyl, ethvl, propyl, 1-methyiethyl, methoxy, ethoxy, propoxy or
1-methylethoxy; wherein said methyl, ethyl, propyl, 1-methylethyl, methoxy,
ethoxy, propoxy and i-methylethoxy are gach optionally substituted with ong,
twa or three halogen atoms; |

b) -N(CHs); or -NHR™ wherein
21



- More preferably, R2 is selected from Br, Cl, cyano, methyl, ethyl, propyl,
1-methylethyl, ethenyl, 1-methylethenyl, ethynyl, cyclopropyl, phenyl and
Net selected from the group of formulas: N-N as N\ N~N NON NiN "/\
IN/ANN)NN V(VMIN/N~I N/JOSON N\Ip.~/--N\1~"20 HN and
wherein said phenyl and Net are unsubstituted or substituted with R21,
wherein R21 is as defined herein. 5 R21: Preferably, R21is 1, 2 or 3
substituents each independently selected from: - | to 3 substituents each
independently selected from halogen; and - | to 2 substituents each

independenty sepleekefdinon nedu dsmgy podyH Jaiethgle (Y1 atkibly 2-

wherein said, alkyl Q‘i% X gach 10 optionally substituted with one,
two or thfee a:%y g} toms )@?{%RNZRNl whewe RN is S%Iec%;ed

H, (C1. 3)‘5“%/?*“@@ ety IR, REBYEE T BRI A G B SR e'Pelm?‘]\(] the

alkyl portionsubbtaied pftsaits (B, 8)Alkss, s@@n@mtgy&fﬁyﬂe%ﬁam halogen and

5-CO-O-(CL.3nlkylkage; optionally substituted with one, two or three

sub tltuer}t}%&g selected from halogen and (C1.6)alkoxy; and wherein said
tis a 5-or membered monocyclic saturated, uns%‘%9 urated or, aromatic

he@rocy&@ﬂé\yln@pir‘aylzwm%fr% Tl WHSBE% HPEIERE from
N, 0 and S; and RN2 is H or (C1.3)alkyl; i

Therefore preferably, R? is selected from Br, Cl, cyano, methyl, ethyl, propy! -
10 methyiethyl cyciopropyl, ethenyl, 1-methylethenyi, ethynyl,

ofesss e\ﬁ‘:r% (SN
2,998393 350

1

Qé@@ﬁd@%@

N N
H

N'i. \ U %/INE\‘ %S\ i S/L\JNH . =<vH C 4
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c) -CONRN2RN1, wherein RN2 and RN1 are each independently selected
from H 20 and (C1.3)alkyl; and d) Net, wherein said Net is a 5- or
6-membered monocyclic heterocycle having 1, 2 or 3 heteroatoms, each
independently selected from N, 0 and S. More preferably, R21is 1, 2 or 3
substituents each independently selected from: 25 - 1 to 2 substituents
each independently selected from fluorine, chlorine and bromine; and - |
to 2 substituents each independently selected from: a) hydroxy, methyl,
ethyl, propyl, 1-methylethyl, methoxy, ethoxy, propoxy or 1-methylethoxy;
wherein said.methyl, ethyl;. prop ; 1-methylethyl, methoxy, 30 ethoxy,
pro Xy and meth eth ach optionally substituted W|th one two
e haI or NHRN1 wherejn 21 R
selec from I pr nﬂét fe yI CCF CH3 yndyl

3-pyridyV’and rldf ins arg, S

1-methylethyl are each optlonally ngEs:ltu, ed with one two or three

subs ituentsselected frof hal 13)Ealkoxys C CON 2; and
ndy/ y -th |d -pyrralyl an 14 olino.
cted from a o, m thyI ethyl,

propyl 1i .10 methy‘lethyF cyc@bropyf\etherf?l,, 1-Fmethylethe\nyl thynyl, o
! NHz~ I N\N\\\\\V v 'OMe Nra Off ~=\, [ TA\VIVY/N HzN/ \HN

~¢QBI%/NH7 rFé/“(lEL ¢ Q \’

<

More preferably, R? is selected from cyclopropyi, ethenyl, 1-methylethenyl,

T Ci . @
LT PR
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F_/INVIN/\\NINr/\FHNYO/F/OF\F oFF\Fr10-00FO0\-0\O
N-NIOU N 150~",e..ININ~SI~sNH~HI=JooJ 22ssexN/N
Ni, OHN N=~r,N,rie, r,GliF,NH' OF, FFCIOHO//I/INoIN'j
INVIN ~/~N\NITOH\CIr CI/NINNVI/F'HIF --"N\NHz \~Na INF\r
VN CIVN /N~N N INAI\ TN\l V~\Y/ NFCIBrCIOMe Y-\NN N
NH?. VNN OMevv'G-frr, '

Even more preferably, R? is selected from:
Do o Pooy .

O S / S ’ k 1 N\)! \ H C! ¥ J: b L
T T Ly T P
T OYY O,

=2 }%I M Br , CI ,Ni) i Q—w-/ .

,and

10
Most preferably, R® is selected from:

T /N - fﬂ TJ\‘N N¢LN
DONYYYLY
o S Cl‘.i F , B , N

H 3 H



10

15

26

25

3G

HN N HN /\- N,, I V - and More preferably, R2 is selected from
cyclopropyl, ethenyl, 1-methylethenyl, C:yN O 10 ~&1,NH"', 23 ----1/
NHz HIN/I\\/ \\FFHN~OF\IF\IFa\\F F/IFFFY O\"NO/O S/
So NibO~~\1d\I\O NN/I/IN\\NHi ClIFCF=F 6-aNH, N~F OH O
FENN\NCi~-N~NEINF6rNN (H5cioneNVo,-and Even more

NN

R®:

preferably, R2 is selected from:\O5'S\%\CIF , FON/NNIN/I"\

Preferabiy, R? is cyclopentyl, or cyclohexy!, each bsing optionally substituted with cne
ar two fiuorine atoms.

More preferably, R? is cyclopentyl or cycichexyl.

R'and R":

Preferably R* is H or halogen and R’ is H.
More preferably, R* is H or Cland R is H.
Most preferably, R* and R’ are both H.

R° and R

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

a)

b)

c)

(Cru)alkeny! substituted with COOH or CONHR™, wherein R is selected

from H and (Cr.a)alkyl, said alkenyl being optionally further substituted with one

or two substituents each independently selected from (Cqs)atkyl and halogen;

phenyt or Het, each being opfionaily substituted with one oF two substituents

azch independently selected from:

i, ~OH, oxa, COOH,; ‘

iL. {Cqﬂg)alkyl optionally substituted with phenyl or ~-N(RV)RY, wherein R™
and RM are each independently selected from H and (Ciayalkyl or R™ and
R™ are linked, together with the N atom to which they are attached, to form
a 5- or 8-membered monocyclic, saturated, unsaturated or aromatic N-
containing heterocycle, optionally having addiﬁonaliy one oriwo
hateroatoms each independently selected from N, O and 8; and

jil. ~N(R"HRN wherein R™ is selected from H, (Cra)alkyt and -GO(C1.g)alkyl
and R™ is H or (Cy.palkyl;

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

aromatic heterocycle having from 1 to 3 heteroatoms, each indepandently

selected from O, N and S; and

COOH;

and the other of R® and R® is selected from H, NHR™, (Ci.e)alkyl, and (Cq.s)alkoxy,

wherein RV is selected from H and -CO-0~(C1.g)alkyl.
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\ N tBr CI N\ and o--~. 10 Most preferably, R2 is selected from: __ -
N~2N o\aF Srand of 24 R3: Preferably, R3 is cyciopentyl, or
cyclohexyl, each being optionally substituted with one or two fluorine
atoms. 5 More preferably, R3 is cyclopentyl or cyclohexyl. R4 and R":
Preferably R4 is H or halogen and R7 is H. More preferably, R4 is H or Cl
and R7 is H. 10 Most preferably, R4 and R7 are both H. R5 and R6:
Preferably, one of R5 and R6 is selected from: a) (C24)alkenyl substituted
with COOH or CONHR™, wherein RN' is selected i's from H and
(Clhhadkieraniy alikenytthriagOptierathsftsther substituted with one or

e s e
alogen; henyl or Het, each being optiona stifuted with o [ ..
two substbEiEe ‘é’t@h%ﬁ@bm%%%ﬁgﬁ ??%iﬁ?ﬁ?‘-@ﬁﬁy%%,aég%&?m'

20 ii. (Cla8yalkyl optionally substituted with phenyl or -N(RN2)RN', wherein
5 RNy and RNz are gachdndergrianixiselesieddomit-bandr (@ 8)adkyleots

RNI and Rr\g}z re Iiré<e toe%etp rayith the N atom to which they are
attached,fa f5 (')'}%n?pgn ?%aty 6-mem e?ed monocyclic, saturated; unsaturated
or aromatic N2eontaiking Heterocycle, optionally having additionally one
or two 25 heteroatoms each independently selected from N, 0 amg S; and

ill. -N(RN2)RN'; wherein RNI is selected from H, (C1-3)alkyl and QN
-CO(C1-3)aligyl.)alkyl cptionally substituted with phenyt, ~N(CHa)z, or

i, -NHa, ~N{CHa)z and -NHCOCH:;;
10 wherein Het is selected from the formulas:

; and

T o T
/!\. R ’ \N
N7 TN N
g\ | H\ D
\\) \) and _K/NH; and
c) COOH;
and the other of R® and RS is selected from H, methyl, methoxy, ethoxy, -NH; and

15 -NHCO-OCH(CH:)s.

Even more preferably, one of R® and RS is selected from:

a) -CH=CH-COOH or -CH=CH-CONHM,, sach optionally substituted with one or
two substituents selected from methyl, ethyl and fluore; 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; .
i. methyl or ethyl, each optionally substituted with phenyl, —~N{CHa)z, O

\N
&
S
25 ;and _
iil. "‘NHQ, ‘—N(CH?,)Q and *NHCOCH;:,,

wherein Het is selecied from the formulas:
28



and RN2 is H or (C1.3)alkyl; wherein Het is a 5- or 6-membered
monocyclic saturated, unsaturated or aromatic heterocycle having from 1
to 3 heteroatoms, each independently 30 selected from 0, N and S; and
c) COON; and the other of R5 and R6 is selected from H, NHRN',
(C1.3)aikyl, and (C1-3)alkoxy, wherein RN'is selected from H and
-CO-0O-(C1-6)alkyl. 25 More preferably, one of R5 and R6 is selected
from: a) (C2.a)alkenyl substituted with COON or-CONH2, and optionally
further subStituted With one or two substituents selected from (C1- 3)a|ky|
and hal yI or.Het, each being. optlo%subgltu

with on rtw bs uent gach epehq tIy fro

oxo, C O NLL\LH ;s)'é,j,kyl opti Ilys stitu del ¥ e
-N(CH3)? or and i, -NH2 -N(CHSs)?2 and - COCHS 10 wherein Het IS’

- select metho oxy, -NH2 and 15
-NHCO\6CH( H3)2 eﬁ"‘r‘hore prefer%ﬁﬁy, one of R5 and R6 is selected
frory. a) -CEHS8H-COON or -CH=CH-CONH2, each optionally substituted

with one o5 e SRDSIHYE NS SelestarbirommTaeiy methylyasu dyona-and
20 b) phew 88“8%% Aéé l):ﬁ bstituted with NH2 or Hat optionally substituted
W|th one or éfits each independently

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

U A G U U R

caok COC}H HOO" HC COOH cooH | i

.EO NHE'

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

A

selecteefrom the formulas: \}~.~ "J'am -'~ ~~- // N ~ N'/A~ N/N\ % "IN N\
N I/ INgLIiID &;K(want and,.e»COOH;: and the other of R5 and R6 is

15 Most preferably, one of R® and R® is cook or #&” €9 and the other of R® and R®

is H.
Akernatively most preferably, one of R® and R® is selected from:
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10

15

20

selected from: i. -OH, oxo, COOH; ii. methyl or ethyl, each optionally
substituted with phenyl, -N(CH3)2, or N 25\-11 ;and iii. -NH2, -N(CH3)2
and -NHCOCHS; wherein Hat is selected from the formulas: 26 ----- ---- :
\JIN/"S~X06-01~I7 SHI\NHf\FINH CN"~,!] NNN and ™", and c)
COOH; and the other of R5 and R6 is selected from H, methyl, methoxy,
ethoxy, -NH2 and 5 -NHCO-OCH(CH3)2, Yet more preferably, one of R5
and R6 is selected from -COOH, COON COON HOOC HNC COON
CDOHr F COOH CDNH, Hz~J O NH S COOH NH, Noff 0,,,,HOr/
+No N NN.ON NNHH O Hrr/~N fNz, H2 Nom/\NH 19 N ;:nd-NH
7

5 >1 T >\ PO P P
7N N\/ [ b 75 —> . N
C/H\mz’ Pl N\g/&o Hz ?\g’& : /g/i <_ Lﬁ. \{m: \k)

1 1 H 1 ¥ 1 . 1 ¥

e
and M and the other of R® and R® is H.

Preferably, R is selected from (C,.g)atkyl, (Css)cycloalkyl, and
(Css)eycloalkyl-(Cys)alkyl, wherein the (Cu.s)alkyl is optionally substituted with
(C+.3)alkoxy or from one to three fluoro atoms.

More preferably, R® is selected from methyi, ethyl, propyl, 1-methylethyl, 2-
methyipropyl, 3-methylbutyl, cyclobuty!, cyciopropyimethyl, 2-fivoroethyl, 2,2.2-
trifiuoroathyl and 2-methoxyethyl.

Most preferably R is methyl.

R® and R"": |

Preferably, R? and R are each independently seiected from (Cr.s)alkyt or R® and R™®
are linked, together with the C atom o which they are attached, to form
(Cae)cycioalkyl, (Cse)cycloalkeny! or a 5- or 8-membered monocyclic

heterocycle having from 1 1o 2 heteroatoms each independently selected from

O and"N; wherein said cycloalkyl, cycloalkenyl or heterocycle is each
i

" optionally substituted with (C..)alkyl.

. Rﬂ R’IG

iy

More preferably, the group is selected from: -

2 R X Q Q&%

and
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and the other of R6 and R6 is selected from H, methyl, methoxy, ethoxy,
-NH2 and -NHCO-OCH(CH3)2. 15 Most preferably, one of R5 and R6 is
COON or H,cO00N and the other of R5 and R6 is H. Alternatively most
preferably, one of R5 and R6 is selected from: 27 (" ~~IN N\ N~O NO 5 ~N
~~N 'NNJ ((//[~~\N\_N NH, OH H~0 N'\NHx HO H\, NH and N",; and
the other of R6 and R6 is H. R8: 5 Preferably, R8 is selected from
(C1-5)alkyl, (C4-6)cycloalkyi, and (C3,)cycloalkyl-(C1.3)alkyl, wherein the
(C1.5)alkyl is optionally substituted with (C1-3)alkoxy or from-one to three
- fluoro atoms. More preferably, R8 is selected from methyl, ethyl, propyl,
1-methylethyl, 2’ 10 methylpropyl, 3-methylbutyl, cyclobutyl,
cyclopropytmgthyl, 2-fluoroethyl, 2,2.2- trifluoroethyl and 2-methoxyethyl.
Most preférably R8 is methyl. 15 R9 and R10: Preferably, R9 and R10
are each independently selected from (C1-3)alkyl or R9 and R10 are
linked, together with the C atom to which they are attached, to form
(C3-6)cycloalkyl, (C5. 6)cymoa|%a 5- or 6-membered monocyclic

heterocycle havm\%H r@ﬁ] to 2 toms|e ch mdependently selected
frof 9D BPEHETRES LI cycloalkyf, cyc? qkenyl or heterocycle is

each optionally substityted with (C1,)alkyl. i WO More preferably, the

group is seﬁied erN/}(Ega&q 28

, and

Most preferably, the group K is

Encompassed within the scope of the present invention are sompounds of formula |
1 O Rg R‘ID
? N R
A N =
RL—“,\ H /N =°
?. v
2 )
’ ROR
10 wherein:

either A or B is N and the other B or A is C, whersin - betwsen two C-atoms
represents a double bond and --— between a C-atom and a N-agtom represenis a
single bond;
R'is H or {Cre)alkyl;
15  R?is halogen, aryl or ilief; said aryl and Het being optionally substituted with R*:
wherein B* is one, two or three substituents each independently selected from
—OH, -CN, -NR")RM, halogen, (Crs)alkyl, (Cre)alkoxy, (Cr.e)alkylthio, Het
and -CO-N(RM)RM:

wherein said alkyl, alkoxy and alkylthio are each optionally substituted
20 ‘ with one, two or three halogen atoms;
R® is (Cse)cycloalkyl, optiohaily substituted with from one to four halogen atoms;

R* and R” are each independently selected from H, (Crs)alkyl, (C.e)atkoxy,

29



(&3]

~NH Even more preferably, the group is selected from: //~~1' 33 !"and
Rs R1o ..~, Most preferably, the group is Encompassed within the scope
of the present invention are compounds of formulal: RIOR'R1INR a
Re/ R7 Rs (I) 10 wherein: either A or B is N and the other B or A is C,
wherein ----- between two C-atoms represents a double bond and ----
between a C-atom and a N-atom represents a single bond; R1 is H or
(C,_6)alkyl; 15 R2 is halogen, aryl or Net; said aryl and Het being
optionally substituted with R21; wherein R21 is one, two or three
Eulbstltuqzj;c,se kw,?dmn)dantﬂ)j, _Selectad fromealkd)H an€ halebERN2)RN1,
alo 1 1
O e e A I A et

ORIy el eSO o S TP TR BB G R e R
(C@@ég&ﬁl@ﬁlk&hﬂ@pumftaﬂlﬁcsmsmﬁted with from one to four halogen -

atoms; R0 ¥¥er%@%m&lqefaad;%ﬁwml%c&%frmp@d&a@@u@bd from
(Cs)alko , 29 (C1E§31 ylthloNz %&E%\é% @alkyl, - SCl s)alkyI)Z and
halogen; é’%‘f‘)ﬂ%S (al_hé\'@séRect I—%l d é 2)RN', Het
aneh(Cas)atheemy R \whe Réiis Friec@I8yalkeyl-amivi t@f@}aémg% gdtaio,
formadqipetygen RN2 and RNI are each optionally substituted with R5;

R® is (C+.avalkyl, (Carcycloalkyt or (Carjcycloalkyl-(Cqg)alkyl;
wherein said alky!, cycioalkyl and cycloalkyl-alkyl are each optionally
substituted with one, two or three substituents each independently selected
from halogen, (C.e)alkoxy and (Cs.g)alkyithio;

R® and R™ are each independently selected from (Cr.e)alkyl; or R® and R are finked
sogether with the C atom to which they are aitached, to form {Caricycloalkyl,
(Cs7)eycloalkenyi or a 4-, 5- or 6-membered heterocycle having from 103
heteroatoms each independently selected from O, N, and §;
wherein said cybioalkyi, cycloalkenyl or heterocycle are each opfionally

| substituted with (C.yatkyl;

RM is selected from H, (Cre)alkyl, (Car)cycioalkyl, {Car)cycloatkyl-(Cg)aliyl-,

~CO-(C.syalkyl, -CO-0-(Cr.g)alkyl and Het;
wherein all of said alkyl and cycloalkyl is opfionally substituted with one, two or
three substituents each independently selected from halogen, (Cy.s)alkoxy and
(Cyg)alkylthio; and

R™ is H or (Cre)alkyl, or

RM and RY may be linked, togather with the N atom to which they are attached, to

form a 4-, 5-, 8- of 7-membered saturaied or unsaturated N-containing hetefocycie or

a 8-, 9-, 10- or 11-membered N-containing heterobicycle, each having additionally

fram 1 to 3 heteroatoms each independently selected from O, N, and S;
wherein the heterocycle or heterobicycle formed by R* and RY' is optionaily

30 substituted with one, two or thrae substituents each independently selected
from haiogen, (Cr.e)alkyl, (Cs)alkoxy and (Cr.ejalkyithio;

wherein Het is defined as é 4., 5- 6- or 7-memberad heterocycle having 1to 4 -

heteroatoms each independantly selected from O, N and §, which may be saturated,

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

30



5 wherein R60 is one, two or three substituents each independently
selected from (Cls)alkyl, -COOH, -N(RN2)R"™, -CO-N(RNZ)R™, and
halogen; and the other of R5 and R is selected from H, (C1s)alkyl,
(C1-s)alkoxy, (C,s)alkylthio, and N(RN2)R™; R8 is (C1-s)alkyl,
(C3a)cycloalkyl or (C3a)cycloalkyl-(Cls)alkyl-; 10 wherein said alkyl,
cycloalkyl and cycloalkyl-alkyl are each optionally substituted with one,
two or three substituents each independently selected from halogen,
(C1_s)alkoxy and (C1s)alkylthio; R9 and R1D are each independently

S%@ﬁﬂtﬁﬂ%@e&&%&e@e%@ﬁdcﬁmm@mIsetécts@emmmramu@@mich
atom 1o h@yugs( @gpe%e% dogm (C3a)cycloalkyl, 15 (C5

7)cy c}i IE or ‘a'4-5- or 6-membered heterocycle having from 1 to 3
he?é?oﬁ’éfﬁ%r%%fch mdependently selected from 0, N, and S; wherein said
cycloalkyl, cycloalkenyl or heterocycle are each optionally substituted with -

5 (CAI@@H%ImBzN.s'&J%@ aptes H&iﬁb'ﬂf e ksdalio ineatidycyel aaipybunds of
(C;;: LT Ioalk ?)‘ﬁﬁ fin -yt ng%gaélwl -CO-0O-(C1.s)alkyl and
yla

eln a cyccioalkyl IS oEﬁlonaIIy substituted with
onB‘ t%\ﬁ?*@ﬁf%ﬁlf%ﬁﬁﬁfﬂj’é’rﬂ@éﬁw iPldegRRtRARF &t ted from halogen

AR I LA afRgphes iy e N-algRLIPRieh by are

5-, 6- or 7-membered saturated or unsaturated
N- contalnlng heterocycle or a$-, 9-, 10- or 11- hered ontalqlng
heteropigycle, h h dd aIIy H\% eroa eac@
1 indepenpdentl cteda nd Ss-wherein heter Cle or
heterobicycle formed by RN’2 and RN' is optionally 30 substituted with
one, two or three substifuents ach in epend ntly selec fom hal gen,
(C,s) (Cm .mim eq-#&s
4-, 5@46- b red eterogycle havin 1t<ﬂl4 hetgro toms e h
mdepeﬁdently s'electe ror,n YN and"S, which may saturated
unsaturated or aromatic, or a 8-, 9 10- or 11-membered heteroblc;E
’ =

havin 1t05

l
@) Q\/s 5 JN N, l
Hy \

— ,and Z :

wherein said pheny! and Het are unsubstituted or substituted with R* wherein R?' is

N
J

U

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 sach independently selected from:
a) hydroxy, (Cra)alkyl or (Css)alkoxy; wherein said alkyl and alkoxy are each
optionally substituted with one, two or three halogen atoms;
20 b) -NR"RM wherein
RM is selected from H, (Cys)alkyt, -CO-(Cys)alkyl, -CO-0-(Cyg)aitkyl and Het;
wherein the alkyl portions of each of said (Cy.z)alkyl, -CO~(Cysyalkyl, and
-CO-0-(C+z)alky! are optionally substituted with one, two or three substifuenis

selacted from halogen and (C..¢)alkaxy; and wherein said Hetis a 5- or 6-
31



30 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 I, in particular of the formula la or Ib, wherein: R1
is selected from the group consisting of H, methyl and ethyl; R2 is
selected from halogen, cyano, (C1.4)alkyl, (C2.4)alkenyl, (C2-4)alkynyl,
(C3-6)cycloalkyl, phenyl and Het selected from the group of formulas: N ~\
/l_EIS\‘Ni",_Z)szN~\\N I\NG6111INN/N IkNNVJI-TJ/IN&O~IN N
N and wherein said phenyl a ' j '
o1 whel SR IOT LT S AR Sty tp e el
selected fidih2 hatewgipms asstitdRress LY RaERER ISR ‘s%l% ?Ied' 5

halogen; &¥dis-H or @ sdksituents each independently selected from: a)
hydﬁ?xy' (Gt oGl kany Rvhpealnaithalkutions) aleuyerem H

each optionally subs itut%d with one, two or three halogen atoms; 20 b)

SNRN2RNA e RN14s selected from H, (C1.3)alkyl, -CO-(C1-3)alky],

-COYD-(CHiedyuhigresmenid dtet iotfctent #HBeAIRGT BORRINSISH R BRI GPGHRVIne 1.

(C1-3)alkyl GAetSibRRlk Yo thidE BRI SeBatiey rare Rstiondly

G L S
atoms;

10 R*is H or halogen and R is H;

one of R® and R® is selected from:

a) (Ca)alkenyl substituted with COOH or CONHR™, wherein RM is selected
from H and (C{-g)aikyl, said alkeny! being optionally further substituted with one
or two substituents sach Endepénden’dy selected from {(Cys)alkyl and halogen;

15 b pheny! or Het, each being optionally substituted with one or two substituents
each independently selected from:
i.  =OH, oxo, COOH; : .
i, (Crs)alkyl optionatly substituted with pheny! or ~-N(R*¥)R™, wherein RV
and R™ are each independently selected from H and (Cq.s)alkyl or RY and
20 R™ are finked, together with the N atom to which they are attached, to form
2 5- or 6-membered monocyclic, saturated, unsaturated or aromatic N-
containing heterocycie, opfionally having additionally one or two
heteroatoms each independently selected from N, O and &; and
i, ~-NRV)RM: wherein R¥ is selected from H, (C1.g)alkyl and -CO{(C..g)alkyl
25 and R™ is H or (C.a)alkyl;
wherein Hetis a 5 or G-membered monocyclic saturated, unsaturated or
aromatic heterocycle having from 1 to 3 heteroatoms, each independently
selecied from O, N and 8; and

19] COOH,;

30 and the other of R® and R® is selected from H, NHR™, (C.)alkyl, and {Cr.s)alkoxy,
wherein B™ is selected from H and -CO-0-(Cig)alkyl;

R? s selected from (Cs.5)alkyi, (Csg)cycloalkyl, and {Ca.qycycioalky-(Cy.z)alkyl, wherein

the (Ci.s)alkyl is optionally substituted with (C43)alkoxy or from one to three fluoro

atoms; and

32



31 membered monocyclic saturated, unsaturated or aromatic heterocycle
having | or 2 heteroatoms, each independently selected from N, 0 and S;
and RN2 is H or (C1.3)alkyl; c) -CONRN2R™, wherein RN2 and R" are
each independently selected from H 5 and (C1.3)alkyl; and d) Het,
wherein said Het is a 5- or 6-membered monocyclic heterocycle having 1,
2 or 3 heteroatoms, each independently selected from N, 0 and S; R3 is
cyclopentyl or cyclohexyl, each optionally substituted with one to four
fluorine atoms; .0 R" is H or halogen and R7 is H; one of R5 and R6 is

t 2 Ik < R e'
\Sl;vehlgfeleg Igg'al%esggc e & r?)rr%/mF %f%wéll yi*‘ga%_l gql)k% ?ng%'re finked,
o\

optiorfangtharimE: @e&ﬁfa%ewﬁwfbﬁew%mn%%eﬁe frosiiyt
indepebdontypsietegted fomr(@©hS)atkgbiaetbrmicieravi® Brphbity or Het,
efach R@?@&%Q%@&%%MMWRWMW@@%%gt%ﬁﬁﬁ@a@tm o
independently selected from: i ii alkyl optionally
SU,bStlﬁﬁ V‘R/Xiﬁ ’5}? E'O a[ry Iﬁl(lgﬁ\l%ﬁd W)%& (,CC?QE,}\I and RN2 are each
independently selected from H and (C1.3)atkyl or RN'and 20 RN2 are
linkeskstpgatherwith the N atom to which they are attached, to form a 5- or
S TREREIELE AN RICH SallRIhg SAERGLAS Bgmatic M- containing
hetegocycle optionally havin addltmr h/ one orlt %ﬁ'ﬁ?{h :TltO{nesnetaé
indBpiRRSHRP SoR &t rBYﬁ‘ é’ﬁnarﬁPV Yuherein RN’
10is seﬁmwﬁwma*W(@R@Mkmmh@h@@i(@ﬂ.Blﬁlk?le@@éﬁ’d’mﬁzf@qﬂ &r

(Cio3)alkyl, wherein Het is a 5- or 6-membered monocyclic saturated,
unsaturated or aromatic heterocycle having from 1 to 3 heteroatoms

each. Sﬂe}pendze_n}y selected erl mO, N, and S; aﬁdﬁfOO\}_
\) N"—N

15

wherein said phenyl and Het are unsubsiituted 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 broming;

and ‘

20 -1 {o 2 substituents each independently selected from:

a) hydroxy, methyl, ethyl, propyl, 1-methylethyl, methoxy, ethoxy, propoxy or
1-methylethoxy; wherein said methyl, ethyl, propyl, 1-methylethyi, methoxy,
ethoxy, propoxy and 1-methylethoxy are each optionally substituted with ohe,

two or three halogen atoms;
33



30 and the other of R6 and R6 is selected from H, NHR™, (C1.3)alkyl, and
(C1.3)alkoxy, wherein R"™ is selected from H and -CO-O-(C1_s)alkyl; R8
is selected from (C1.5)alkyl, (C4 3)cycioalkyl, and
(C3.4)cycloalkyl-(C1.3)alkyl, wherein the (C1_s)alkyl is optionally
substituted with (C1.3)alkoxy or from one to three fluoro atoms; and 32
R9 and R1 are each independently selected from (C14)alkyl or R9 and
R10 are linked, together with the C atom to which they are attached, to
form (C3-6)cycloalkyl, (C5.6)cycloalkenyl or a 5- or 6-membered

hef rocy_qlfc\ﬂ%ﬂr%g”f\r]g‘ﬁnqge?eigleteroatoms selected from 0 and N;

wheérein said cycloalkyl, cycloalkenyl or 5 heterqcycle is optignally .
su bstitut&? VRFRRSEI TR W%E‘p‘?@?’é@ﬁ?ﬁgﬁg lgglleetgf%d ror!%‘_h’ié2
group copgistihg-piridyimediypeitylethyl; R2 is selected from Br, Cl, cyano,
methyl, effakeprony mbimetietbidpathenylrktlGme tryletop nyplicatiynyl,

cyclopropyl, pher d.Met selec ( ERUIaSaNBLN
SN 6~NINN ﬁ'bﬁr\mﬁnﬁi\eﬂ%? éﬂ@&%ﬂ,%gg#é{%%%}ﬁg%ﬁ%é@id ohenyl and e

Net are unstbstiflffetor substituted with R21, wherein R21is 1, 2 or 3
substituerit®BBghrmdependently selected from: - | to 2 substituents each

indgpendertly seleatrd rommibiayinesehlarineranckhtomingshaind;20 - | to
2 Sl%pisstgslrjc Qéén?ﬁ %p é?&&?&@ ; 8259’&;:%':?%%%@8&9@8(1 with one or two fluoring

10 atoms;

R*is H or halogen and R” is H;

one of R® and R’ is selected fron: |

a) (Ca.0)alkenyl substituted with COOH or ~CONHj, and optionally further

substituted with one or two substituents selected from (Cqg)alkyl and hafogen;

15 and

b} phenyt or Het, each being optionally substituted with one or two substifuents

each independently seiected from:

. —OH, oxo, COOH;
A
g
ii. (Cqsjalkyl optionally substituied with phenyl, —=N(CHg)z, or ;and
20 il -NHz, ~N{CHa), and -NHCOCHS;;

wherein Het is selected from the formulas:

NS o 8 A B - B i
@, N\H__Ji1 N\Néf ’ \ﬁj! N\ﬁ , @N' ﬁ’N, / | | ‘ ’,

N
r"\_fN N ,

L L]

R
SRy TEN N
| u EJ and O and
o) COOH; '
25 and the other of R® and R® is selected from H, methyl, methoxy, ethoxy, -NH; and
NHCO-OCH(CHs):; '
R® is selected from mathyl, ethyl, propyl, 1-methyiethyl, 2-methylpropyl, 3-methylbutyl,

cyciobutyl, cyclopropyimethyl, 2-fiucrosthyl, 2.2 2-tetfluoroethyl and 2-methoxyethy!;
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a) hydroxy, methyl, ethyl, propyl, 1-methylethyl, 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; 33 b) -N(CH3)2 or
-NHR™ wherein RNI is selected from H, methyl, ethyl, propyl,
1-methylethyl, -CO-CH3, 2- pyridyl, 3-pyridyl and 4-pyridyl; wherein said
methyl, ethyl, propyl and 1-methylethyl are each optionally 5 substituted
with one. two or three substituents selected from halogen and
(Clng)alkoxy, c) -CONH2; and d) 3-pyridyl, 4-pyridyl, 5-pyrimidinyl, 2- furyI
1- pyrronI and 1-morpholino; R3 is cyclopentyl or cyclohexyl, each
optionally s ﬁJted with one or two fluorine 10 atoms; R is H or

haI

phe r Ne ch bg |n optl

en an H; oiget 6 and R6 is selected from: a) (C2-a)alkenyl
RUtER with CO'&S)I'S-i3 RW—IZ and optlonally further substituted with

by Sul@Stltlﬁ%d bne ¢r twl

one or two substituent ectQm (C1.3)alkyl an - halggeRr, 15 and b)
()

substitlents h |nd nden

elect om:J ON; ~N ii.

(Cl 3)alky| optionally “substituted with, phenyi N(CH3)2 or and 200
-NH2, -N(CH3)2 and -NHCOCHS3; wherein Net is selected from the

formulas:

10

15

TN

.~HJS N/J M1~J N~ IN

Even more preferably

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

R? is selected from Br, Cl, cyano, methyl, ethyl, propyl, 1-methylethyl, ethenyl, 1-
methylethenyl, ethynyi, cyciopropyl, phenyl 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 substifuents each independently selected from:
- 1 to 2 substituents each indepandently selected from fluoring; chiorine and bromine;
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15
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25

5HHHN~NdNand N "OH; and c) COOH; 25 and the other of R6 and
R6 is selected from H, methyl, methoxy, ethoxy, -NH2 and
-NHCO-OCH(CH3)2; R6 is selected from methyl, ethyl, propyl,
1-methylethyl, 2-methylpropyl, 3-methylbutyl, cyclobutyl,
cyclopropyimethyl, 2-fluoroethyl, 2,2,2-trifluoroethyl and 2-methoxyethyl;
34 and R9 R'O the group is selected from: N/ O O 3C CH3 and NH5
Even more preferably R1 is selected from the group consisting of H,
methyl and ethyl; R2 is selected from Br, Ci, cyano, methyl, ethyl, propyl,
1-methylethyl, ethenyl, 1- methylethenyl ethynyl, c,clopropyl, phenyl and

Het selected from the S; AN AN/VNNON\IN N,
/ N N RNPEETE F?c% n}%& %"Nl/ HN an 15 wherein said

pheny| aleFesy. df@thﬂs%‘é‘tlﬁﬁf’é’éi’ o?%ﬁ%ﬁﬁﬂd%%ﬁﬁ ere 5 s
1-methylethoxy; wherein said methyl, ethyl, propyi, 1 methylethyl, methoxy,

¢ ethoxy, propoxy and 1-methylethoxy are each opiionally substituted with one,
two or three halogen atoms;
b) -N(CHg)z or -NHR™ wherein
RY is selected from H, methyi, sthyi, propyl, 1 methyiethyl -CO-CH;, 2-
pyridyl, 3-pyridyl and 4-pyridyk;
wherein said methyl, athyl, propy! and 1-methylethyl are each optionally
substituted with one, two o‘r three substituents selected from halogen and
‘ (Cq.g)aikoxy,
c) ~CONH.; and
d) 3-pyridyi, 4-pyridyl, 5-pyrimidinyl, 2-furyl, 1-pyrrolyl and 1-morpholino;
R® is cyclopentyl or cyciohexyl, each optionally substituted with one or two fiuorine
gtoms,
R*is Hor Cland and R is 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 methyl, ethyl and fluoro; and
b) shenyl optionally substituted with NHz or
Het optionally substituted with one or two substituents each independently |
. selected from:
i, =0OH, oxo, COOH;
ii. methylor athyl, =ach optionally substifuted with phenyl, =N(CHa)z, or

rand
Tii. Nz, ~N(CHa), and -NHCOCHS;

wherein Het is selected from the formulas:

21 ”\/j h '\QN %f;‘ J~o @ ’J\l

B ﬁfm = N
.
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1, 2 or 3 substituents each independently selected from: - 1 to 2
substituents each independently selected from fluorine; chlorine and
bromine; 35 and - 1 to 2 substituents each independently selected from:
a) hydroxy, methyl, ethyl, propyi, 1-methylethyl, methoxy, ethoxy, propoxy
or 1-methylethoxy; wherein said methyl, ethyl, propyl, 1-methylethyl,
methoxy, 5.ethoxy, propoxy and 1-methylethoxy are each optionally
substituted with one, two or three halogen atoms;. b) -N(CH3)2 or
-NHRN1 wherein RN1 is selected from H, methyl, ethyl, propyl,
1-methylethyl, -CO-GH3, 2- pyridyl, 3-pyridyl and 4-pyridyl; 10 wherein
said m(egw)jll g{h l, g@yl andl:methylethyl are each optionally
substl ute |th o or three substituents selected from halogen and
(C1-3 éiﬁoxy C H2n&and p;ﬁ*’@yl 4-pyridyl, 5-pyrimidinyl, 2-furyl,
1- gyrrolyt@@ml morpholino; 15 R3 is cyclopentyl or cyclohexyl, each
optlo lly subs r t y i [ dand
e o e Coontor
-CH CH:- &Wﬁcéﬁﬁﬁbptlonany substituted with one or 20 . two
5 su Rénguemtsam@otembfmhﬁmwthsdpﬁtﬁylraﬁalﬂﬁmo? m@ﬂﬂﬂpﬁﬁ@n%mmhylbuwl
HonalbepulsH RN b Rrddeiopippaiusuiatijuted Mvtlkidoeethy!;
two substltuents each independently selected from: i. -OH, oxo, COOH,;
Zsalp%ethyl or ethyl, each optionally substituted with phenyl -N(CH3)2, or
and iii. -NH2® H3)2 and -NHCOCHS; :

the group - K is selected from:

XﬁZ Q Q%

(\NH
<

10

Most preferably,

R' is methyl;

R? is selected from:

T Y o PN e~ 1N
A . y
—

15 / o \ D ;o F

TOY Y
A e N
R® is cyciopentyi or cyclohexyl;
R* and R’ are both H;

N ,
oneof R° and R¥is cooh or H€ P9 and the other of R® and R® is H;
37
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20

wherein Het is selected from the formulas: ---- ---- -- NN \JJI"~"IJ~N(
N Nan\J, I L~IN 5HNHHH 36 N/~N\NC/and Hand c) COOH; and
the other of R6 and R6 is selected from H, methyl, methoxy, ethoxy, -NH2
and -NHCO-OCH(CH3)2; 5 R$ is selected from methyl, ethyl, propyl,
1-methylethyl, 2-methylpropyl, 3-methylbutyl, cyclobutyl,
cyclopropylmethyl, 2-fluoroethyl, 2,2,2-trifluoroethyl and 2-methoxyethyl;
and R' Rt the group ' is selected from: N/ OANO HC C.N3 and k, 10 Most
preferably, R1 is methyl; R2 is selected from: NN b 5/bV CIF 15 N~N

\ II}L(B\ igr'r'nég,vls%iopentyl or cyclohexyl,
the group
: Attemativeiy most preferably,

R? is methy!;

R? is selected from:

R® is cyciopentyl or cyclohexyl;
R* and R’ are both H;

YD UL L S S I
a9 b e e Q

_oneofR¥and R%is

o N L

b,

et N
, \gHe‘ s cand ™ and the other of R® and R®is H;
R® is methyl; and

the group K is

included within the scope of this invention is each single compound of formuia | as
presented in Tables 1 to 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 depandent RNA polymerase activity. A suitable assay is
described in the examples.
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R4 and R' are both H; one of R and R6 is coon or H,cC 000r1 and the
other of R6 and R6 is H; 37 R$ is methyl: and Rs Rau c”xj the group is
Alternatively most preferably, 5 R'is methyl; R2 is selected from: N N'-N
NN Y 0 YaF Br~andL; yclopentyl or cyclohexyl; RZ is ¢ R" and R' are
both H; 10 one of R5 and R6is N"/HH . N~\N) N N~~\~, N", NIN"=

and"_; arjd the other of RS and R6 is H; R5 is methyl; and R' RtO Cx”,
the group is 15 Included within the scope of this invention is each single
compound of formula | as presented in Tables 1 to 4. Polymerase activity

The abijlity of th oungs rmula (1) to inhibit. RNA synthesis by the

RI@Refgié'{é’bgﬂmE%&"p&?ﬁ%ra&&gr&@ec%%%ﬁempnstrqtg,d bg;%@(,

asTayleapeebiaioinah ey IC ORREIHERATL A PRREA Py HENRE" ™

achyiphePastlitablermpsayds ndgderibettdrichietdxmsieiyity in an assay
measuring the activity of an RNA-dependent RNA polymerase other than HCV
polymerase or in a DNA dependent RNA polymerase assay.

Cell-hased 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 cell-
based HCV RNA repiication assay. A suitable assay is described in the examples.

When a compound of formula (1), or one of its therapeutically acceptable salts, is
employad as an antiviral agent, it can be administered orally, topically or systemically
to mammais,including, but nof limited 1o, humans, catlle, pig, dogs, cats, rabbits or
miice, in a vehicle comprising one or more pharmaceutically acceptable carriers, the
proporiion of which is determined by the solubility and chemical nature of the
compound, chosen rouie of administration and standard bioclogical practice.

Eor oral administration, the compound or a therapeutically accepiable salt thereof can
e formulated in unit dosage forms such as capsules or tablets sach containing a
predetermined amount of the aciive ingredient, ranging from about 1 to about 500 mg,
in a pharmaceutically acceptable carrier.

For topical administration, the compound can be formuiated in pharmaceutically
accepted vehicles containing about 0.1 to about § percent, preferably about 0.5 to
about 5 percent, of the active agent. Such formulations can be in the form of a

soiution, cream or lction.

For sylstemic administration, the compound of formuia (1) can be administered by
either E'ntravenous, subcutaneous or intramuscular injection, in compositions with
pharmaceutically acceptable vehicles or catriers. For administration by injection, itis
preferred to use the compounds in solution in a sterile aqueous vehicle which may
also contain other solutes such as buffers or preservatives as well as sufficient
guantities of pharmaceutically accepiable salis or of glucose to make the solution

isotonic. |
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38 Specificity for RNA dependent RNA polymerase activity To

demonstrate that the 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 5 polymerase 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 cell- 10 based HCV RNA replication assay. A suitable assay is :
described in the examples. When a compaund. of form ' Qfdts.o
BRI S LEe AT T Teg Ui B e e
bedasirinsibinrinmagLieH eIy 6 sPsTRIRIEMNON to RERTIRS ACIUEMEE ©f
buprgilimitedota daumacsPosittieinpigoupgsy, dastoraBlens. ot %S wide, in a

5 Vek}iﬁLﬂrﬁ%BﬁEﬁﬂﬂoQ%%m@fﬂrﬂw 26RINIGY I aesrplableCariersnte ot

proportion of which is determined by the soluhility and chemical nature of
thé -cﬁﬂ%deﬂﬁ%gé 'P(.s)ug1 Lt mlralgfal!g. |b%g§§fd standard biological

practice. For oral administration, the compound or a therapeutically
acqapi@hieysalt theseabean @ benfoithuateohinbaimivseaeeicmddhsuch

as C&R&H&?% é%gﬁ?&@g&?%@%@‘ piedeieininedaraalakehiteunder
active ingredient, ranglkr%%from aboug(l to_tﬁb?# 590 n

. md..in a. .
10 ph RIS Gy AR SRR E A U R MSHICE ‘é&rﬁ*r‘ﬁ%??%ﬁ?ﬁi"ﬂ?e"p“m“f“
comffEstinctentidefomstantedsirepeiaim it aatiemlyiho sopRape af umLRs s
contginingpnLk i iabo s S pateantiprateabiytaibgtr @G ipatidut 5
pe%%ﬁﬁ%%é'%%a%%%}é&%&?g&@&c&&@{ﬁa%W'Q%ﬁﬁer%wék&é%% afracts.

solution, cream or lotion. For systemic administration, the compound of

~ formula (I) can be administered by 30 either intravenous, subcutaneous

1501 intramalis¢miaisinjistidhg tovempdsitiaiewRRuisaly PrEcStRRIA ! can be

- accepiakipvahices argapigssufoo adaiistrziibmdysniosiam if sody weight
preferred to yse the compo ' ion.i ter| icle
i Sy S A B D s o
well as sufficient quantities of pharmaceutically acceptable salts or of
glucaseyiemiakelthsis@inio the compound of formula (i) can be administered at a

20 dosage of about 0.01 mg to about 100 mg per kilogram-of body weight per day,
although the aforementioned variations will occur. A dosage level that is'in the range
of from about 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.

25 When the compositions of this invention comprise a combination of a compound of
formula | and one or more additional therapeutic or praphylactic agent, both the
compound and the additional agent shouid be present at dosage levels of between
about 10 to 100%, and more preferably between about 10 and 80% of the dosage
normally administered in a monotherapy regimen.

30
When these compounds or their pharmaceuiically acceptable salts are formulaied
together with a pharmaceutically acceptable carrier, the resulting compaosition may be
administered in vive to mammals, such as man, to inhibit HCV polymerase or to treat
or prevent HCV virus infection. Such treatment may @iso be achieved using the

35  compounds of this invention in combination with agents which include, but are not
40 ' '



35 isotonic. 39 Suitable vehicles or carriers which may be used for the
above noted formulations 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 5 "Pharmaceutical
Dosage Forms And Drugs Delivery Systems", 6th ed., H.C. Ansel et al.,
Eds., Williams & Wilkins, Baltimore, Maryland, 1995. 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

, un{ﬂ"t{ﬁ g 4 trgnantlmr?ont X ('Sﬁg%e'ga %&#@ %@E&B%%M'HQ{%;%HGS&”@& IRCIENQIHS

optlmum e circumsiance Is reached. In general, the

Comiptuiatho$ forpaayietes s therafaPeRHIRIRIB Y o 87 cBAYSRion
Ie\é%kmww saerivisfostHantivislyafiecteresitowithotiecaugitgn

any aernilon deleigrioys dide sliaeiSodrion Al minatialions et

compoun erapeutic acce table n tedsrg'rﬂéf%'n the
5raﬁ§@6‘f’éﬂ&ﬁf‘@@ﬁ“ﬁ8ﬁﬂoﬁf@d‘ﬁ\ a5&r . ?gﬁé%{ o'Body weight per day,

withrasprefencd GngEDaubaas Bt dnigiere vH0 wmlm@é PRI Y

SV% iC i adninistration h;&h@@@f@ﬁm ofdrimblecthhsantibesateniafistEned
%goﬂglsa %t%fﬂ%% %té% mmg%m%m@s%mm@mmmem a

We?g per rementloned variations %/ell oceur,

 dosigle Rt TS .ﬁ'tﬁr@efw G BBLESER TS VRCE & 50
JoMpelriitegramm ofraotyaheight pée daiifis srsgoadaiably employed in
order to achieve effective results. 25 When the compositions of this
invention %) grls C(glmblnatlon of a compound of formula | and one or
mats BegRISH AN é’peu?lc or prophylactic agent, both the compound
and the additional agent should be present at dosage levels of between
abw%k@mmcm@bmmamm@hmhemmm@uteie)'@mda@mm@Jﬁbﬁed

15d°§819ﬁ/ ﬂ%ﬁ%%&%@@u?@oﬁlﬁé@ﬂﬂ@&ﬁ&ﬁ@y se@imen. 30 When these

compoun s ortheirp armaceutlcallé( ﬁcceﬁp able salts are formulated
together with a pharmaceutically accep?gb e carrier, the resulting .
composition may be administered in vivo to mammals such as 1man 0
inhibit HCV polymerase or to treat

iy
R_.*Ij e

Compounds of formula I, wherein R', Rz, R, R R RS R, RS, Rs and R" are defined
as hereinbefore, are preferably prepared by coupling carboxylic acids of general

20 formula |l with amines of general formula Hl, as ilustrated in Scheme 1 above, using
carboxyl-activating reagents well known by those skilled in the art. Such reagents
include, but are not limited to, TBTU, HATY, BOP, BrOP, EDAC, DCC, isobutyl
chloroformate and the like, Alternatively, carboxylic acids of general formula Il may be
converied to the corresponding acid chlorides using standard reagents, then coupled

R®

05 . with amine derivatives of the general formula Iit. In the cases where either R® or R®
contain an ester-protecied 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.

30  Intermediate carboxylic acids of formula il may be prepared by procedures described

41



or prevent HCV virus infection. Such treatment may also be achieved
using the 35 compounds of this invention in combination with agents
which include, but are not 40 limited to: immunomodulatory agents,
including but not limited to a-, j3-, 3- y-, 'c- and me-interferons or pegylated
forms thereof; other antiviral agents such as ribavirin, amaritadine; other
inhibitors of HCV NS5B polymerase; inhibitors of other targets in the HCV
life cycle, which include but are not limited to, agents that inhibit a target 5
including, but not limited to, a HCV helicase, HCV NS213 protease, HCV
NS3. prot. and CV IRE ngd a [ é#'ﬂ%!ﬂ&
H\Eé 0@?&%5(&5 ¥1 glrﬁ ur sgesg §1W{i’n‘e Rig Qs"%gr&\ﬂ"'%f =

of Bt ing But not mlted to an NS5A rot B
cCoRTBIRRRS TN db=bHee BIARIGRPSRIERES s B CBER Wi hined
compeuirg ahthishmention to create a single dosage form, Alternatively
_these additional agents may be sepsigtgly 40 administered to a mammal-
as part of a multiple dosage form. Mgthodology and Synthesis The
synthesis of compounds aceprdi this ipvention is preferablx
v rocedure outgmed in Stheme |
,R"R'N A\ OiH Rg\ iIN NN
R 'a~RR' F R R, IN Compounds of formula | in R3.
R4, Rs RsfR"R hd Ri are defined as herelnB?efore Ere p eferéﬁly
prepared b)l(acou ting carboxylicragids=0f general 20 formufa Il with amines
of general formula lll, as illustrated in Scheme 1 above, usin
carboxyl-activating reagents well known by those skilled in th !art. Such

R G S
e AL e L e L R A AR

(53]

ma onverted to t orresp ondln acid
Ch|@d%mﬁ@%mﬁ@f@h@@ﬁ@ a%pp}%@awrochlondes Prepar ion of the

appropriate a,a-disubstituted amino acid chloride hydrochlondes from the

10 correspond‘ing a,g-disubstituted amine acids may be carried out as described in WO
03/007945 or WO 03/010141, or by using the procedure, or an adaptation thareof,
described by E. S. Uffeiman et al. (Org. Lefl. 1899, 1, 1157). The amide intermediate .
formed in the coupling reaction is then cyclized by heating with acetic acid, to provide
amine intermediates of general formula Hi.

15

Scheme 3

R1 1}

9
oOoR OH
4 : R‘
T BocNH w0 .
H N R 0 . R R
2
coupling reagent 74

e HZN

ét“ R 2) AcOH, heat

3} Boc deprotection "

Alternatively, amine intermediates of general formula [li in Scheme 1 may be prepared
from the corresponding diamine precursors of general formula IV by coupling with the

20  appropriate Boc-protected a,o-disubstituted amino acid as illustrated in Scheme 3,
using coupling reagents well known to one skilled in the art, such as TBTU, HATU,
BOP, BrOP, EDAC, DCC, isobuty! chloroformate and the fike. Appropriate Boc-

42



25 with amine derivatives of the general formula lll. In the cases where
either Rs or Rs 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. 30 Intermediate carboxylic acids of formula Il may be prepared by
procedures described 41 in WO 03/010141, or by procedures described
in the examples below. Intermediate amines of formula 11l may be
prepared according to the general procedures outlined in Schemes 2 and

3 %‘?&3\% g%%@sﬂ%@&n@o@cﬂﬁﬁaﬁ%@ﬁa@@o%%l‘%ﬂf&ew cHN H,N
NEALR R oo M0 IS INErMAdIAIeS of 48NGIRLY in the

foﬁfﬁh‘l%ﬁlf iﬁ%‘@ﬂ'@?ﬁ&‘i%%‘&&?%&t e: %“c')%‘stﬁ’e corresponding amine

precursofeefrestionatitbpaciel (ngfdm&ﬁﬁ@rmﬂa’fﬁw fgﬁ;ﬂrsﬁmﬁ% of a tertiary

a,andiny b,ﬁauaeeh@mwama@;dmtwdeahynmmmdmmwmmm ot e
apg ﬁr@ ?eg‘c '%l{ % %@ge@rﬂmgﬁ'@ \ﬁmpé%c,hé@(ﬁogeh%l@@ﬁoﬂ%mr@%oc

ponding a,a-disupbstituted amlnoa %?fo kﬂ?]g rr| 8 88, ied

deﬁﬁcﬁl?éa WOWAS PO RIAS BISAES y using SHRe
prace deire, saraiarddegganio vetidreuts @é’sﬁ@rﬁt‘é@%‘/‘ E‘eﬁﬂtﬁf@mﬁﬁgﬁ‘?ﬂ

(Orgeidtt PR bt ) 1 henasridesintecmesiatatidonniadlin tiexeoeplindghe
re:ﬁtlon is then cyclized by heating with acetic acid, to provide amine
intérmediates of general formula Ill. 15 Scheme 3 Rio R9 OH R=

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

Amine intermediates of general formula 1! in Scheme 1 wherein one of RS and Rf is —
CH=C(R®™)-COOR, wherein R* is selected from H, (Cr.s)alkyt and halogen and
wherein R is, for example, methy! or ethyl, may be prepared from the corresponding
amine intermediates of gensral formuia ill, or suitably protected derivatives thereof,
wherein one of B® and R® is -COOR, wherein R is, for example, methyl or ethyl, by
applving the procedures of Scheme 4 beiow. While Scheme 4 specifically illusirates
the preparation of amine intermediates of general formula Ill wherein Rois-
-CH=C(R™*)-COOR, It is understood by the person skilled in the art that when Rfis
-COOR, the illustrated procedures, or adaptations thereof, will result in a product

25  wherein R®is —CH=C(R5“3)—COOR. Alse, it is understood by the persan skilled in the
art that the procedures of Scheme 4, or ad'aptations thareof, may also be qsed when
converting a diamine precursor of general formula 1V in Schemes 2 and 3 above, 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 1V, or
30 & 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,
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BocNH R R HsN R ' Re coupling reagent HN/ RH2N N RsR. RaR" 2)
AcOH, heat R r IV 3) Boo deprotection 111 Alternatively, amine
intermediates of general formula 11l in Scheme 1 may be prepared from
the corresponding diamine precursors of general formula IV by coupling
with the 20 appropriate Boc-protected a,a-disubstituted amino acid as
illustrated in Scheme 3, using coupling reagents well known to one skilled
in theart, such as TBTU, HATU, BOP, BrOP, EDAC, DCC, isobutyl
chloroformate and the like. Appropriate Boo- 42 protected
a,a-disubstituted amino acids may og,pfspared from the free a,a-
disubstituted amino acids, using standard conditions well known to one
skilled in the art, such as reactlon with BocZO (di-tert;, putyldlc rbonate) in
the presenaé“of a terhi || .
amide mt@f-m{lﬂat
heatlng with ac AGH.
amine wﬁermed te o,general formula Ill in Scheme 1is earriedl out using
standard reagents well known to one skilled in the art. Such reagents
include, but are notlimited to, trifluoroacetic acid, a solution 8FHCI in
dioxane and the like. 10 Preparation of the diamine precurs%rs ofa%eneral

formula IV in Schemes 2 and 3 is )prgéggably c&lrrled out by ppTylng the
procedures as outlined in the examples \Emdln@ﬁany adaptation of these

procedures, and/or plylng additional syntheti" steps known t the
person gskill ‘°di/

COCR

9 N
strong basa R /4 o
— .
H N N NH N
1 2) deprotection PG .
R R’ R R
!
Etid e

A suitably protected amine infermediate of general formuia Hlia in scheme 4 gbove
may be converted to an alcohol intermediate of general formula b by treatment with
5 a suitable reducing agent such as DIBAL-H and the like. Suitable protecling groups
(PG) include, but are not iimited to, carbamate protecting groups, such as Boc (tert-
butyloxycarbonyl) and the like. Preparation of protectad amine intermediates of
general formuta lila from amine intermediates of general formula Il in Scheme 1

above may be carried out by standard procedures well-known to one skilied inthe art.

10 The alcohol intermediate liib may be converted to the aidehyde intermediate llic,
using standard oxidizing agents well-known to one skilied in the art, such as 1,1,1-
tris(acetyloxy-1, t-dihydro-~1,2-benziodoxol-3-(1H)-one (also known as Dess-Martin

periodinane) and the like.

The aldehyde intermediate llic may be converied to an amine intermediate of general-

16 formula Ilid using a standard Horner-Emmons procedure, or related procedures such
as Wittig procedures ot 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 Bog, such procedures include, but are not limited io, freatmeni l

with acidic conditions such as trifiuoroacetic acid, HCI dissolved in dioxane and the
20 fike. '

Amine intermediates of general formuia 11l in Scheme 1 wherein one of R®and R® is -
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Amine intermediates of general formula Ill in Scheme 1 wherein one of Rs
and R6 is - C1H=C(Rsoa)-000R, wherein R50 is selected from H,
(C1.6)alkyl and halogen and wherein R is, for example, methyl or ethyl,
may be prepared from the corresponding amine intermediates of general
formula 111, or suitably protected derivatives thereof, 20 wherein one of R5
and R6 is -000R, wherein R is, for example, methyl or ethyl, by applying

" the procedures of Scheme 4 below. While Scheme 4 specifically illustrates
the preparation of amine intermediates of general formula Il wherein Rs is

Cése'(RFg% i %)8%% Fﬁ‘;%!ﬁ kide ééo)%%ﬁxsmws;é@rksgﬂ#&des& apidigt or

ustra e proce re daptat ill
S PR R ER BN RS C DRCEEC O RGBS e
ungletstoesinf Sobauer Sovelhillathila Sebeme SremegitcphotiediFes BEScheme
gr eggﬁ%ggﬁt@%mﬁ? Eﬁ@?w&lﬁél‘c\% %@Sd%ﬂé#§ﬁdrmh%m |GRRVEHIRYIe-dEireH-
ener al\vin t
5 prétectBd d%ﬁ(}g?irgﬁg %\e ?raogugﬁb&m er%%q attaéﬁﬁsl\{fg@i%eac éﬁr?lt?@ /
whitsrsiater erot e an P REIAStAETDEIRETRY  WilkifHiE ‘ﬁr%E[ﬂ%‘tﬁ?H‘f‘ﬁ‘@'ﬁb Rall®
formeeiM6 @ic3ion snikabbisnieiectedddsr athvestreseiédon thsaitatdiéihe
'merm (%ate & & é@%ﬁ&é‘@'g&p‘(&%@ﬂ&% %5%%@%5&&% when convertmg a
wherein Rsoa an erelnbefor

SCH@m@eaPF@&LF@% @i.@?ft&f@@@ﬁ‘?&&d‘&ﬁ&ﬂeﬁ“ef% S PRI H‘é R

10N (proredtBr RS NS ﬂmcemann@@@kﬁa@meﬁﬁﬁ@d@w@@ﬁ%mwem one
Rsgar? shikreNs C@-@Pttﬁa Nidmine precursor of general formula [V, or a suitably

protected derivative thereof, or a suitable intermediate in ifs preparation wherein cne
of R and R® is ~C(R*)=CH-COOR, wherein R* and R defined as hereinbefore.

Scheme &
" ’ g ‘?ED g ROOG\/P\T_'-OR
o i o ‘iRm e 5 OR " Rt
(]

RWN 1 e RO 4y amgtation 7 ¥ i strong base W

4 o NH = ——— ¥

NH e o " [} R z
ra ? 38 2y uxidalion £G IE 2) deprotaction .
] ) i R R

R R
le e . iid
The aldéhyde intermeadiate lilc (from Scheme 4) may be converted to a ketone of
general formuia HIf by alkylation with a suitable nucleophilic atkyiating agent, well
known to those skilled in the art, such as an alkyl lithium or the like, followad by
oxidation of the intermediate secondary alcohol to the ketone, using oxidizing agents
20  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
ketone {lif may then be convertiad to an amine intermediate of general formuia lid
using a standard Horner-Emmons procedure, or retated procedures such as Wittig
procedures or the like, well known to a person skilled in the art, followed by

25 depro‘_cection 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, freatment
with acidic conditions such as triflucroacetic acid, HCI dissolved in dioxane and the

like.

30  Alternatively, amine intermediates of general formula 11 in Scheme 1 wherein one of
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R 1// strong base Rsv/~HNNNHNO /R R 1 2)deprotection PG s i
Rs Rr R R llid llic A suitably protected amine intermediate of general
formula Isla in scheme 4 above may be converted to an alcohol
intermediate of general formula Illb by treatment with 5 a suitable
reducing agent such as DIBAL-H and the like. Suitable protecting groups
(PG) include, but are not limited to, carbamate protecting groups, such as
Boc (tert- butyloxycarbonyl) and the like. Preparation of protected amine
intermediates of general formula llia from amine intermediates of general

forpaulla, Wein Schemgsis aboyg MAYHS SariedRitdrsiandars piegrghares

well-known to one skilled in the art. 10 The alcohol intermediate |lI .
e AR YO dRB A ML TR UG T AL S A e
agietesadinotparteaieTskiidd i svisshly, psoientes yives thereol, wherein
trigacetrozya R ydierdinxe azindpyarsuplstthene (akgdmatam, as

5 Eess?fa'}{'%ét@%tg’re2!89%985}@,%9%&?@4 S5 AloshyiR datsrmediate dicmay

e converted t0 an amine intermediate of general - 15 formula IIIB{VE@ng a

StaCUPEeRISFHB SRR B ASTH it desa et i H PERBAIHR RSN

Wisiggrecesheeicalytiesites il prepavaiian afpenssrintrimedimene’ arpers!

Ifoor'(l){%}g%gw V\?@ﬁ{ﬂtﬂq@fégﬁmﬁfﬁtﬁé@ﬂpiﬂ§iﬁ;ﬁbﬂl@ib&f@@Nﬁé’;@%ﬂﬁrdﬁlied in

s, In ca ere the roup is

s DR RS A 0 M) DG o
10trifinGrpamseticvisigi-FE ieiSSoR@ T heRThe ERd e g RO diniRe Person

- intermadiaies o sensrabiassauled iscBenemalarhsrsims reebRGaMmiso be
Re ls5 %&@ﬁ%ﬁ%ﬁ%% SiRIN RRRisArMalkyl andawhirssn R 3
is, for example, methyl or ethyl, may be prepared fro In%erme |€lte J11c
in SeRER 3 SUB0E BPESIS IR DI Sl L8 S SR g B
Wmhpﬁmbmwﬁa@emmaﬂﬁlma&@s&ﬁe a diamine precursor of general formuia

15 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, wharein R® and R

definad as hereinbefore.
Scheme 6

10 : g R o
RS 7{ N X Heck reaction R Z
a4 —
. BN ;%J

NH N 3
’ R
PG . llqe L R &
g Hid
20 !
EXAMPLES

The present invention is illustrated in further detail by the following non-fimiting
examples. As is well known by a person skilied in the art, reactions are performed in a
nitrogen or argon atmosphere where necessary fo protect reaction components from
25  air or moisture. Temperatures are given in degrees Celsius. Flash chromatography is
performed on sfica gel. Solution percentages or ratios express a voiume o volume
relationship, unless stated otherwise. Mass spectral analyses are recorded using
electrospray mass spectrometry. Analytical HPLC was carried out under standard
conditions using & Combiscreen ODS-AQ C18 reverse phase column, YMC, 50 x 4.6
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preparation of amine intermediates of general formula Il wherein R5 is
-C(R60)=CH 5 COOR, it is understood by the person skilled in the art that
when R6 is -CHO, the illustrated procedures, or adaptations thereof, will
result in a product wherein R6 is -C(R50)=CH-COOR. Also, itis '
understood by the person skilled 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
10 protected derivative thereof, or a suitable intermediate in its

pr??ﬁlﬁggﬁgmhgfﬁ‘a? B8, Al RaaRd B8 5 1ntedQrifidfirmias BERGH AR

of IV, or a suitably protected derivati of, Qr .
oo PIBIETHERRGERHEAH S Db ARt ST Biaech Hb T e e
-C(R5)=CH-COOR, wherein R50 and R defined as hereinbefore. Scheme
50 it Re-"afpdg m ‘))L'];--F‘iow(é}fﬂjﬁwiﬁ)q INSOERACR R\ $oierDd](%)
alkY latif A ig-basg-NH—(WW--Re-HNhte PGt 2)owttalion
PG R" R 2)tlepmtectlon to ft R* R ft' " llid_15 um The aldehyde
intermediate 1A (from Schem®%) may |be con¥erted to ia ketorfe of
generalformuggpll 111 by allkytation with a sui@able nu¢leophifie alkylating
agent, wel 'r\".g'“n to-those :.'@i.igcd mrttre-art, syctras am alkylHiigiam ar
the Iike,E_toﬂQMLebiby_n&idaﬂon_of_theuiniemmdiave secehdary-alcoholt
the ketone, using oxidizing agents 20 well known to one skilled in the art,
sSutieasnbelofe wi{ hertipkiiay )i Tolithijrlrebbravigiens o8 SXBRaS BRYSHe
(also known as Dess-Martin periodinane) and the like. The ketone Ilif may
_ the %g{ponvertg%lto an amine intermediate of general formula Hid using
a stfhdaFAGHer-Emmons procedure, or related procedures such as
WitligpO: acetic anhydride;
BOC or Bog: tert-butyloxycarbonyl;

10 BOP: benzotriazole-1-yloxy-tris(dimethylamino)phosphonium hexafluorophosphate;

BroP: Bromo ris(dimethylaming)phosphonium hexafluorophosphate;
Bu; butyl;
'CP8: counts per second;
DAST: (digthylamino)sulfur trifluoride,
16  dba: dibenzylideneacsione; .
- DCC: 1,3-Dicyclohexyt carbodiimide;
DCM: dichloromethane;
DCIMA: dicyclohexylmethylamine;
DIBAL-H: di-iso-butylaluminum hydride
20 DMEM; Dulbecco’'s Modified Earle Medium;
DMF: N, N-dimethylformamide;
DMSO: dimethylsulfoxide;
ECs 50% effective concentration;
EDAC: see EDC; &
25 EDC: 1-(3-dimethylaminopropyl)}-3-ethyi carbodiimide hydrochioride;
ES" eleciro spray (négative ionization); '
ES* electro spray (positive ionization),
Et: ethyl;
£1.0; diethy! ether;
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procedures or the like, well known to a person skilled in the art, followed
by 25 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. 30
Alternatively, amine intermediates of general formula Ill in Scheme 1
wherein one of 45 R5 and R6 is -CH=C(Rso0a)-000R, wherein R50e is
selected from H, (C1.5)alkyl and halogen and wherein R is (C1_e)alkyl,

m e.Rlenar {g?m the corresponding amine intermediates of general
for%r}r/lol%a %I, @r é%??ably protected derivatives thereof, wherein one of R5

arfd®6 fRUWherein Xis a leaving group such as a halogen atom, a 5
sufedatsadstamasrfuhe like, by applying the typical conditions of the Heck

reggiiRng.AnRieHaBleskydaeme 6 and further described in the
5 exﬂﬂ’ﬁﬁ% J&é’é(bé’é(iﬂlﬁa%?ﬂ%ﬁ ﬁl%ﬂﬁ@'{@&éﬂa’e{Ha@@ﬁﬁ% “@(ﬁ?ﬁ%@}fﬁé@hate;

of amine intermediates of general formula | | | wherein Rs is hosphate:
CHERHBRR00ECl ¥ N e By T B SR RS B
wheD/AR's iishyithe-iThagtkracbirisieiures, or adaptations thereof, will result
108 PIOeS Rinid6ids -CH=C(Rsoa)-COOK. Also, it is understood

byé%%%g{%g{l o oyrl?eaqwi:g Blaéﬁgl)g thaLibsqygeedures of Scheme 6, or

ad ereof, may e used when converting a diamine

10 prédiRELT bfSgatierdl formula IV in Schemes 2 and 3 above, or a suitably
profectestigerivative thereof, or a suitable intermediate in its preparation,
whgrein.ane:ofiRf.and R6 is X, to a diamine precursor of general formula
15 IV, or a suitably protected derivative thereof, or a suitable intermediate
in RQreBEEABY wherein one of RS and R6 is -CH=C(Rs0a)-COOK,
whie [FRs8acHAEPRY ARt 2 PBRhbefore. Scheme 6 R R Rt0 COOK

" 15 R~NIHRRALBDEN: nédrietik rsactior: Rgsdtiscon

PBS: phosphate buffer saline;
Ph: phenyi; '
PG protectir%g group;
PVDF: polyvinylidene fluoride; .
20  RT:room temperamre {approximately 25°C);
TBME: fert-butyimethyl ether,
TBTU: 2-(1H-benzotriazol-1 -yE)-N,N,N' N'-teframethyluronium tefrafluoroborate;
iBu; tert.-butyl; ' |
T trifluoramethyisulfony!;
25  TiO: trifluoromethylsutfonate;
TFA: triflucroacetic acid;
THF: tetrahydrofuran;
TLC: thin layer chromatography;
TMS: trimethylsilyl;
30 Troc frich!oroethoxycarbonyl.
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N/R6HNNRRPGRR1RR Ilid 20 EXAMPLES The present invention
is illustrated in further detail by the following non-limiting examples. As is
well known by a person skilled in the art, reactions are performed in a
nitrogen or argon atmosphere where necessary to protect reaction
components from 25 air or moisture. Temperatures are given in degrees
Celsius. Flash chromatography is performed on silica gel. Solution
percentages or ratios express a volume to volume relationship, unless
“stated otherwise, Mass spectral analyses are recorded using electrospray
mass spectrometry. Analytical HPLC was carried out under standard
conditibie Lsing a Combiscreen ODS-AQ C18 reverse phase column,
Y M@, 5@ Hiuososgalanenty) 4 pithyb s oG HRT KA PRI PE HvL gyt
gradient as described in the following table (Solyent A is %.1 % TFAJR.
H20:; solvent B is QO]H:b TFA irﬁCH CN)sohin in) Flovy (IT f
Solvent A VentBos) £ 3. 0.5 3.0-95 5. 6.0
3.5010 inbefot&cand hereinditer theYfoliawing abbreviations or
symbols are used: Ac@ddi acetic acid; Ac20: aggtic an 'de; BOC or
Boc: tent-bufyloxycarbonyl; 10 BOB: o "
benzotriazole-1-yloxy-tris(dimethylamino)phosphonium stops | Nar
hexafluorophosphate; BroP: Bromo tris(dimethylamino)phos HEnium
hexafluorophosphate; Bu: butyl; CRS: countscggg second; R)AST:
(diethylamin ffiioride; N ? N
R2

CO Me

BABT
Step 4 '

lta F
F ¥ G

F

Step 1:
indole-6-carboxylic acid 11 (5.0 g, 31.0 mmol) was dissoived in MeOH (100 mL), a
cétaiytic amount of H.S0. (1.0 mL) was added and the reaction mixfure was stirred at
caflux for 16 h. A smalt amount of solid K;CO, was added, in order to newtralize the
excess H,S0., and stirring was continued at RT for 1h. The reaction mixiure was
concentrated under vacuum to remove the MeOH, diluted with saturated aqueous

10 NaHCO: (~50 ml) and extracted with EtOAc (~200 mL). The organic layer was
wasghed with brine {100 mL}, dried over anhydrous MgSO, and concentrated io
gryness. The resuit%zjng residue was purified by flash column chromatography, using
30% EtOAC in haxane és the eluent, to obtain the pure methyl ester 1-2 (4.78 g, 88%
yield).

15 Step 2:

The methyl ester 1-2 from step 1 (3.31 ¢, 18.2 mmol) was dissalved in MeCN (50 mL)
and a catalytic amount of Yb(OTf); (586 mg, 0.95 mmol) was added. 2-Cyciopenten-
1-one {(7.76 mL, 94.5 mmol) was added and the reaction mbxture was stirred at reflux
for 18 h. The MeCN solvent was removed under vaéuum, the residue was re-

20 dissolved in EtOAc (~200 mL) and exiracted with agueous saturated NaHCO; (~100
mt.), H.0 (50 mL) and brine (50 mL).‘ The organic layer was dried over anhydrous
MgSO, and concentrated to dryness under vacuum. Affer purification of the residue
by flash column chromatography, using 40% EtOAc in hexane as the solvent gradient,

49



5

10

45

20

25

30

15 dba:_dibenzylideneacetone; DCC: 1,3-Dicyclohexyl carbodiimide;
DC_:M: dlchloromethane; DCMA: dicyclohexylmethylamine; DIBAL-H:
di-iso-butylaluminum hydride 20 DMEM: Dulbecco's Modified Earle

Medium; DMF: NN-dimethylformamide; DMSO: dimethylsulfoxide; EC50:
50% effective concentration; EDAC: see EDC; 25 EDC:

1-(3—dimethy_lam_ino_propyl)‘-3-ethyl carbodiimide hydrochloride; ES electro
spray (negatl\{e lonization); ESQ: electro spray (positive ionization); Et:
ethyl; Et20: diethyl ether; 47 EtOAc: ethyl acetate; EtOH: ethanol ; FBS:

fett?fbg%\gg & Ser%m&ﬁtg IARS: a’%dﬂuﬁl{ "%‘Mé@ %%]Qggﬁcgg mgd éé’éﬁﬁd&coior«ad

o rfazoi- tetramethyluronium
he&@ﬂ@@r%@s@faﬂé@% BTU:

O-8epzntriazol-1-yl-N,N,N',N' tetramethyluronlum hexafluorophosphate;
HC?AE ﬁ%}mé"?ﬁ?ﬁz‘ @%%gﬁ%&tHﬁﬁh&ﬂw%mwm@meg, 14.8
N A e s
ma'ss\gp)ergergdﬁ@ﬁyiowiy The reaction mixiure was stirred at or 5 min thgn réfe
(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
agueous saturated NH.CI (200 mL). .The mixture was extracted with EtCAc (2x 500
mL) and the organic iayer was washed with aqueous saturated NH,CI (2x 200 mlL)
H.0O (200 mL) and brine (200 mL). The combined organic layers were dried over
anhydrous MgS0,, evaporated to 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 1-4 from step 3 (1.4 g, 5.16 mmol)
and DAST (2.7 miL, 20.6 mmol) were dissolved in CH:Cl (80 mL) and stirred at reflux
for 3 days. The mixiure was poured slowly into aqueous saturated NatCO; (~50 mi)
and once the evolution of CO, had stopped, the mixture was extracted with CH»Clo (2x
100 mL). The combined organic layers were washed with brine (50 mb), dried over
anhydrous Mg80, and concentrated fo 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-diflucrocyclopentyl)-1-methyl-1 H-indole-8-carboxylic acid msthyl ester
1-5 (750 mg, 50% yieid).

3+(3,3-Diflucrocyciopentyl)-1 methyl 1H-mdoie-6—carboxylsc acid metnyl ester 1-8 is
converted to carboxylic acid infermediates of formuia lla, wherein R” is defined as
hereinbefore, using procedures described in WO 03/010141. These intermediates
may be converted to compounds of general formula | using procedures iliustrated in
Scheme 1 above and described in WO 03/010141.
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15 NMR: nuclear magnetic resonance spectroscopy; PBS: phosphate
buffer saline; Ph: phenyl; PG: protecting group; PVDF: polyvinylidene
fluoride; 20 RT: room temperature (approximately 25C); TBME:
tert-butylmethyl ether; TBTU: '
2-(9H-benzotriazol-1-yl)-N,N,N1,N'-tetramethyluronium tetrafluoroborate;
tBu: tert.-butyl; Tf: trifluoromethylsulfonyl; 25 TfO: trifluoromethylsulfonate;
TFA: t_rifluoroacetic acid; THF: tetrahydrofuran; TLC: thin layer
chromatography; TMS: trimethylsilyl; 30 Troc: trichloroethoxycarbonyl, 48
3-(3,3-Difluorocyciopentyl)--1-methyl-IH-indole-6-carboxylic
acud"‘me ester 0N ,J//~ CO2Me H CO HN.CO2Me ~=) N MCOH

LLE)-3: iﬁr&n}!rieoﬂ- WB(’ETH’)E'@?&E'&%?“E@P&?E‘% metny &80 3 NaH, Mel

GOzMe
OMe
: CHBNHz
B, 20 G/ MeOH

Step 1 ‘ Slep 2 23

Step 3 SRCIEI EiOR

o]
"
cH 24
Step 1.

A mixture of 4-chioro-3-nitrocinnamic acid 2-1 (500 mg, 2.2 mmol) and a solution of
methylamine in THF (2, 8 mL, 16 mmol) were heated in a sealed tube at 80°C for 20
hours. The mixture was then cooléd fo room temperature and conceniraied to an
orange solid 2-2 that was used in the following step without further 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, where R® is other than methyl, may be
preparad by repiacing' methylamine (CHaNH,) in step 1 above with the appropriate Re.
NHa. |
Step 2:
The crude 4-methylamino-3-nitrocinnamic acid intermediate 2-2 from stepi (488 mg,
2.2 mmo}) was dissolved in methanot (20 mL) and an sther solution of diazomethane

" was added until HPLC analysis indicated complete conversion of the acid to the
methyl 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 methyl ester 2-3 from step 2 (540 mg, ~2.2 mmol) and SnCl, dihydraie
(2.25 g, 10 mmol) were dissolved in ethanol (20 mbL) and the mixture was stirred at
80°C far 4 hours. After that period, the mixture was cooled to room femperature and
was siowly added to aqueous solution of saturated NaHCOs. The reaciion mixture
was exiracted with ethy! acetate {100 mL), the organic layer was dried over anhydrous
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GGzHN~~COzMe T Rz\I/\/DAST Step4 FllaF1SFF O Step 1: 5
indole-6-carboxylic acid 1-1 (5.0 g, 31.0 mmol) was dissolved in MeOH
(100 mL), a catalytic amount of H2SO4 (1 .0 mL) was added and the
reaction mixture was stirred at reflux for 16 h. A small amount of solid
K2CO3 was added, in order to neutralize the excess H2S04, and stirring
was continued-at RT for | h. The reaction mixture was concentrated under
vacuum to remove the MeOH, diluted with saturated aqueous 10 NaHCO3
( -50 mL) and extracted with EtOAc (-200 mL). The organic layer was

. Wi RQQ&\J@!&Q‘J%LTLH%\%Q 19*%7% WMW@MQ&%@F&%C&U@ was
con ntrate to dryness. The result re5|due ch]j.glfleﬁ Xgﬁ§hacetate

COMW%HYSW‘F‘QIBB‘% RV quj’ﬂ\c A exane as the eluent,
obtfaimthe e A RbIg o5 @@mxj Bty YNPGRS s aﬁs’eme*hy*
methy} eates i-fremaierds(@gdl g, 18.9 mmol) was dissolved in McGN
(50 mL) and a catalytic amount of Yb(OTf)3 (586 mg, 0.95 mmol) was
added. 2-Cyclopenten- 1-one (7.76 mL, 94.5 mmol) was added and the
re&etdRRkture was stirred at reflux for 16 h. The MeCN solvent was
remEMeR¢hderivacycinhutyd resiciy!vi dsmm2omidsensdyiirendaadpuethy!
d extracted with aqueous saturated NaHCO3 (-100 mL), H20 (50
mL) and brine (50 mL). The organic layer was dried over anhydrous
MgS04 and concentratgd to driine§g upder vacuum. After purlflca on of

the resi chromlatqgraphy, 40% ome
hexane as t Ivent gradient, 49"the dgsired entangne adduct 1-3

was isolat¥d as'isolated as a beigeggnlored powder (8. 70% yield).
Step 3: Td"a solytion of the cyclog&htdhone adduct irftermediate 1-3 from

R A TR PR s St
rea@ionaniXtBewed was seSReTETHT @H:ﬁh (thekied

1-aminocyclobutanecarboxylic acid chioride hydrochioride, prapared from 1-
aminocyciobutanecarboxylic acid following an adaptation of the procedure described
by E. S. Uffelman et al. (Org. Lett. 1999, 1, 1157), (31 mg, 0.18 mmol) was added.

15  The reaction mixture was stirred at room temperature for 2 hours and then
concentraied 1o obtain a white solid. The solid was then dissolved in acetic acid (5
mL) and heated to 80°C for 20 hours. The reaction crude was diluted with agusous
s’atura%edNaHCOa, exfracted with CH,Cls (2x50 mL) and brine, the organic layer was
dried over anhydrous MgS0, and the solvent was removed under reduced pressure

20 to give {E)—S—{Z»(1—aminocyciobutyi)—1~methy5~‘§H—benzoimidazoi—S—y!}acryiic acid
methyl ester 3-1 as a light brown foam (53 mg).

EXAMPLE 4 _
(E)-3-(2-{1-[(3-Cyciopentyl-1-methyl-2-pyridi n-2-yl-fH-indole-6-
256 carbonyhaminojcyclobutyl}-1 -methyl-1H-benzoimidazol-5-yljacrylic acid

. - : 2 D/\/u\ .
H da H = ;
N i ? GOoH 3 ) Z s Q(/NOH
7R & HATU, EL;N, DMSO, RT, 3h 2R & o "
—_— i .

23 NaGh
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(2.2 mL, 19.2 mmol) was added drop-wise and stirring was continued at
OC for 3 h. The mixture was allowed to warm-up to RT and was quenched
by the addition of aqueous saturated NH4CI (200 mL)..The mixture was
extracted with EtOAc (2x 500 10 mL) and the organic layer was washed
with aqueous saturated NH4CI (2x 200 mL) H20O (200 mL) and brine (200
mL). The combined organic layers were dried over anhydrous MgSO4,
evaporated to 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). 15
Step 4: In a sealed tube, the N-methylindole internediate 1-4 from step 3
(1 M sgluBebeTirptioramty Blasathg-Z aviding-gimbRcidre areyifasih*
CHR04(BRiRY-dranshistisedsaribatiux Wor (3104954 Tt mingu oW asnod LRS-
?évgzgnﬁﬁgn ﬁgyt%%%H@ﬁﬁ}H{&B%ﬁ NGO mlantonse thargvadiane,

sl

of pe e mixture was_extracted with CH2CI2 (2x 20 100

5 mmyew@d&%ﬁ%@*&ﬂ@&?ﬁ&%ﬁ)@%wr@%ﬁ@az\ﬁnﬁsﬁ'ﬁn%“ R} Sdried

ovBroahdtomat g SMedind-samokerfir@ied me dhiTes81oDh BAES e wss

Egé}f{?g ,gg{g}g@étnd EQINTHR gh[@rﬁl@imﬁla?p?EMQmpw@mtgreﬂ&mwm h.
0 10 0 C n ola ; :

(RO QA AL TS SRR e

arbox |
eswirerl 8t (B PN§, Mooy iR oD Bistese wesiMeyrGieRiopEhin o 8%‘%{-31“6“’
10 H-indpéetaabeny|ieracidrinet byl esterds phase Mvertenitrepaisys it"heid

int i ' iBRR definedasm hevainbeiosaisusingin
v e gy

corvEREEY eRIRISOTTYS BrinE AP orm'ﬂ]-ili;a{ %%%%?ﬁgg%iﬂﬁggﬁ%ﬁ?gf&
in BetStRaYTEindvEHREOREEARRRRAN ES ISP R -BE B ARPLE 2
(E)e3r3tARne:-4-methyiasic aphenyihacndicCadidrame ) lee stehDOrgBRphous
sOH 02N OHLON OMe. GHANHS ‘QbBRAAE, 20h HN CH3N3/ McOH HN
"H 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), 6.50 (d, J = 16 Hz, 1H), 7.42 (dd, J = 0.8 & 5.7 Hz, TH), 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 Mz, 1H), 7.76 (d, J =
20 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), 9.45 (s, 1H).

.EXAMPLE & . .
3-Cyclopentyl-1-methyl-2-pyrazin-2-yi-1 H-indoie-8-carboxylic acid {1-[5-((E}-2-
25 carbamoylethenyi}1-methyl-1 H-benzimidazol-2-yijcyclobutyl}amide

oty o
SO
é" b s : Q«N S 0E
W= + FN W i v
i
&n, a2
51 l

Slep 1

OH DusO, RT, 8h

0
\ NHHGO \ N
S s W | R A an i i
AYe 0D = { I J P
= > - \ EtN, TETU N : N
[« Sten _
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2'1 CH3 Step 7 2.2 Step 2 CHa 2.3 Step3 SnCI3/EtOH O H2N DI\ r OMe
HN / CH3 24 Step 1: 5 A mixture of 4-chioro-3-nitrocinnamic acid 2-1

(500 mg, 2.2 mmci) and a solution of methylamine in THE (2M, 8 mL, 16
mmol) were heated in a sealed tube at 80C 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. 10 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 R8 is other than
mbgycg I,l_mr?yhbe prepared by replacing methylamine (CH3NH2) in step 1
above with the appropriate R8- NH2. Step 2: 15 The. crud ) .
- PoegRE I B DEHER 2 RO SER AR P (5 ERaRS mg.”
2. Broverniewassdised ey nosIetias ol 100 (M- Rrid-ameares SRiloh Bty
dia}%ﬂﬁ@ﬁ%ﬂ%ﬂé@lﬁ@gﬁt@ mbt@%@rﬁ@gﬁé%wwmwe ]
conversion of the aci e methyl ester.

o T UM o S o B B 2 e e e
ks Adsaty i Brép 3 WiRdetdareiy Soninieatsi ﬁ?'“s%a’;?%’g‘ﬁé’ o
CregdR BRetaMiRSteEIBbIIP ISy 2 (BaGigd 2 SrifirstvimaciiEddcompound
di%@ﬁb@ 5 g, 10 mmol) were dissolved in ethanol (20 mL) and the

CoUToH GBS TE 35 e Sty KAB 0 S b s
of ShiluPAER REHTDS, THE FacHoPTHIERSWAS ket Wit ety = 18-
acetate-i10Gmba, the ugenic tayeHyaselte Hverarihyihib Is BE MGI6 4
and, the solvent was semeiedi undap [aHeed BresSUE. Sl sesidus wasH),
8.78(d, J= 1.2 Hz, 1H), 8.82 (dd, J= 0.8 & 2.2, 1H), 9.44 (brs, 1H).
Step 2:
A solution of (E}-3-(2—{'§—{(3—cyciopentyl—1—methyl—2-pyrazin—2—yi~1 H-indole-6-
carbonyl)amino}cyclobutyl}-’i-methyHH~benzimidazoi-5~yi)acryiic acid 5-2 {campound
4003, Table 4: 60 mg, 0.087 mmol), TBTU (68 mg, 0.18 mmol), ammonium hydrogen
carboﬁate (20 mg, 0.26 mmol} and Et:N (36 pt, 0.26 mmol) in DMSO (3 mL) was
stirred at RT for 3 h. The reaction mixture was neutralized with the addition of a few
drops of acetic acid, and purified 6n a reversed phase Cq, semi-preparative HPLC
column (using a solvent gradient from 5% fo 100% MeaCN in H.O (all solvents contain
0.1% trifiuoroacetic acid)) to isclate the inhibitor 3¢oyclopen§y5-ﬁ~methyi-2—pyrazin-2-y%-
1H-indole-8-carboxylic acid {1 -{5—{(5)-2—03rbamoyiethenyi);1 -methyi-1H-
benzoimidazol-2-yljeyclobutyljamide 5-3 (compound 1005, Table 1) as a pale yellow
amorphous solid in >35% homogeneity (17 mg, 34% vield).
" NMR (400 MHz, DMSO—ds): & 1.85-1.75 (m, 2H), 1.82-2.15 (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, 34), 6,65 (d, J= 158
Hz, 1H), 7.06 (brs, 1H), 7.53 (brs, 3H), 7.81 (d, J = 15.7 Mz, 1H), 768 (dd, J=1.C &
8.4 Hz, 1H), 7.80 (d, J = 8.4 Hz, 1H), 7.90 (s, 1H) , 8.20 (s, 1H), 8.80 (d, J = 2.5 Mz,
1H), 8.9% (4, J = 1.2 Hz, 1H), 8.85 (dd, J= 2.1 & 3.7, 1H), 9.23 (s, 1H).
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10

purified by flash column chromatography, using a gradient of hexane in
ethyl acetate (from 50 % to 30 %) to give(E)-3-(3-amino-4-m
ethylaminophenyl)acrylic acid methyl ester 2-4 as a yellow solid (245 mg).
5 EXAMPLE 3
(E)-3-[2-(1-Aminocyclobutyl)-1-methyl-1H-benzoimidazot-5-yl]acrylic acid
methyl ester)) 0 H3N HzN '\ OMe Ot CI N OMe H 2) CH33CO2H CH3
60C, 20 h CH3 2-4 3.1 10 (E)-3-(3-Amino-4-methylaminophenyl)acrylic
acid methyl ester 2-4 from Example 2 (40 mg, 0.194 mmol) was

sus ended in CH2CI2 (3 mL) and 1-aminocyclobutanecarboxylic acid

ch rochloride, prepared from 1- aminocyclobutanecarboxylic acid
foMmgm&méﬁyi%&ﬁ%!ﬁ?@’ﬂ?@&&ﬁ%%@ﬁb@ﬂybﬁsﬁrs Uffelman et
al. (Org. Lett. 1999, 1, 1157), (31 mg, 0.18 hml) was added, 15 The
reaction ms stirted at rg tempetalure._toLZ hou d then
concentratge te-8 . aip azwhga Jagasohdcwas them:dissdivecin
acetic acid (5 m1 -) and tgg]ated to GOC for 20 hgyrs. The re tiéh crude
was diluted with aqueous saturated NaHCO3, extractee? |ﬁWC€H2CI2

(2x50 ml-) aglg brine, the organic layer was dried over hyoToous MgSO4
and the solvent ¥ removed yggler redue sure:20 to
(E)-3-[2-(1~= ehutyl)-F-methyl-1H- idazots lic.acid
methyl ester fB 1 as a light brown foam 53 mag) ExgI MPLE 4 o, 55&1
(E)-3-(2-{1- [(3 -Cyclopentyl-1- met‘hyl 2-pyridi n-2-y1-1 H-indole- 625

carbonyl)amlmw?n ABbutyl}-1-methyl-IH-benzoimidazot-5-yl)acrylic acid C
N/O COzHCH 4'2 H3NOR

N
Pd:’ c i =
’ P
HY COMe Hy CoMe

Step & t

- s

Step 1:

A solution of 2-methyl-5-nitrobenzoic acid 6-1 (10.0 g, 55.2 mmol) in MeaQM (200 mL)
and H.S0. (1.0 mL) was heaied to reflux while stirring for ~3 days. The solvent was
evaporated under vacuum and the residue was re-disscived in EfOAc (~200 mL},

* washed wfth cold Ha0 (=50 mL), cold saturated agueous NaHCO; (~50 mlL) and cold
brine {(~50 mL). The organic iayer 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 solution of the crude methyl ester 8-2 from siep 1 (~55.2 mmol) in MeOH (200
ml.), Peariman’s catalyst (20% paltadium hydroxide on carbon, 1.0 g) was added and

45 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 '

THF {200 mL), Ac,0 (8.2 mL, 686 mmaol) was added and the solution was stirred at RT

far 3 h. The reaction mixture was concentrafed o dryness under vacuum and the

residue was re-dissolved in minimum volume of &-Bu methyl ether (~150 mL). The

20  ether suspéns‘ton was stirred at RT for 1 h before hexane (~100 mL) was added fo

precipitate the desired acetylated infermediate as a white solid. The solid was

washed with hexane and dried o give the acetylated compound -3 in high purity

(10.1 g, 88% yieid).

1



H3 N I\ HATU, EyN, OMSO, BT, 3h H//CH3 2) N.QH 1 4-352 A
solution of 3-cyclopentyl-l-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 mmol), (E)-3- [2-(1-aminocyclobutyl)-1-methyl-1
H-benzoimidazol-5-yl]acrylic acid methyl ester 4-2, 5 prepared from the
ethyl ester analogue of compound 2-4, using an analogous procedure to
that described in Example 3 (27.7 mg, 0.97 mmol), HATU (47.9 mg,

0.126 mmol) and Et3N (58 pL, 0.42 mmol) in DMSO (2 mL) was stirred at
RT for 31In. After that period, NaOH (280 NL, 2.5N) was added and the

re B8R mixture was stirred at RT for 16 h. The reaction mixture was
nestsaligioul oiitis thesxtititimstof Griduon StepdoS 62 8406 svneland poipasy™
ONRERY RIS BhaRRoTie AseRirEmpArativaibiROCmLplssri(using ATsHiveht
aradlent I 58 (AN NEEL Fhblat AL a0le iR ERNRIN R BBured
triffioroacetic acid)) to |SQPatet e final mhibitor =

5 (E)E]QY(Q-?T _;R%(ES;/ 4 %Wﬁ?—d%ﬁﬁln@p)maiﬂg%ﬁ%e formed was fiitered and
H-ingsiedGaarbbinydawiin o} cdaiivayd ixiwethy maiply two products, the desired
benzoimidarel Shae G Acidiis(namrerd 6801 Takipvhiasenshite

G A S e

S6H), 1.85-1
1HPhEU5Tha By 4 TH BEYDSHE WRs ispiles g8y W,Oé)‘#)z,-%?& %Q‘f/‘g#ﬁfd)'
403.88468,48H), 6.59 (d, J = 16 Hz, 1 H), 7.42 (dd, J = 0.8 & 5.7 Hz, 1 H),

(i e el { rétiftep 5 369
Hz M7t pldign s cgoled e 41 befpyp

3 :@5’%%8.11 Ehhrd PR, dlesoRe fzTiiF (50

YOS Ty )

8.7BydNd &.461gHIB 4 o). WErésadried) sEMAMIPE Fegction mixiure was stirred at
3-GyelgpesatylH;metbyind-pyrziaddykidtHadgledrs atkowy ieaigshed with t-

15&[85%%%%%&%&%@5_%% &%ﬂ%e aqueous layer was cidified to pH 3 with 1N HCI
o

20

25

36

enyl benzimidazol-2-yl]cyclobutyllamid

and then exiracted with Et ~100 mL). The orga¥31]c }a/ayer wag &Jagkeg vx%'ﬁl bgne
(~50 mL), dried over anhydrous MgSG0; and concentrated to dryness to give the N-
methylated compound 6-8 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 methyt, may
be ;}repéred by replacing methyl iodide (GHsl) in step 4 above with the appropriate R®-
X, wherein X is a leaving group such as Cl, Br, |, methanesulfonate {mesylate), p- '
toluenesuifonate (tosylate), trifluoromethanesulfonate (triflate), and the like.

Step &: »

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

Step 6: '

A sclution of the crude methyl ester §-7 from step 5 (1 B4 g, 6.7 mmol} in MeQOH (30
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COzH OEt N-/HIN N CHI 42 Step 151 N t*r NHGHCO, N N NH, ~ 53
Step 1: 3-cyclopentyi-1-methyl-2-pyrazin-2-yl-1H-indole-6-carboxylic acid
5-1 (prepared using procedures described in WO 03/010141) and
(E)-3-[2-(1-aminocyclobutyl)-i-methyl- 1 H-benzimidazol-5-yl]acrylic acid
ethyl ester 4-2 were coupled, followed by 5 saponification of the ethyl
ester, using analogous procedures to those described in Example 4 to
give (E)r3-(2-{1-[(3-Cyclopentyl-1-methyl-2-pyrazin-2-y1-1 H-indole-6-
carbonyl)amino]cyclobutyl}-1-methyl-iH-benzimidazol-5-yl)acrylic acid 5-2

(compound 4003, Table 4)..'H NMR (400 MHz, -06): -1, '
(TP g Faﬁ%}*%@*ﬁ%‘f&fﬁq? Bt L% Wimo
2 QNI ED GRS 66 tsatdtd) o 81 (Sherpr @y ees Baes Hpyeh
zéﬁx(ﬁdana sohdBrirfed Hayide M) GBA 2uktidy =8 ety 2PN oI aE (i, avie

% VA = i P .
NGt ﬁ%%%@%%*ﬁ%%ﬁ“ﬁ%%%%ﬁ s
H)NY Rt Loy epuh e AdEth of -
(E)-3-(2-{i-[(3-cyclopentyl-I-methyl-2-pyrazin-2-yl-1 H-indole-6-
caghamamino]cyclobutyl}-1-methyl-iH-benzimidazol-5-yl)acrylic acid 5-2
gﬁ%—g ggr?-%u%g)%%’;h gé%léin%?o%&%%}mmﬁl)h& 468 18iidB ole-5-

0l), ammonium ogen carbonate (20 mg, 0.26 mmol) and Et3N (36
pLSTREMIMBHAMS WES®8'mML) was stirred at RT for 3 h. The reaction
mixture was ‘neutralized with the ition of a few 20 drops of acetic acid,

and purified on iNreversed anB§C§N §dz§emi-preparative HPLC

Y = BT, ELN ﬂ E /:N
=
H COMe 2. AcOH, T0°C. 2 BocHN /N COMe

1

1-((1,1-Dimethylethoxycarbonyl)amino)cyclobutanecarboxylic acid (1 A0 g, 8.5 mmol)
was dissolved in CH,Cl, (45 mL) and reacted with TBTU in the presence of Et;N for a
period of 30 min to pre-activate the acid. A solution of 4-amino-2-methyl-5-

8.8 ; 1

(methylamino)benzoic acid methyl ester 6-8 from Example 8 {(1.33 g, 5.85 mmol) in
CH.Cls (10 mL) was added slowly over a period of 30 min and stirring of the reaction
mixkure was dohtinued for 20 h. The reaction mixture was concentrated to dryness,
and the residue was re-dissolved in AcOH (10.0 mi) and stirred at 70°C for 2 h to
achieve cyclization of the benzimidazole ring. The reaction mixiure was concentraied
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 MgSQ, and evaporated to dryness. The residue was purifisd by
flash column chromatography (using a solvent gradient from 40% to 50% EtOAc in

 hexane) fo obtain the pure 2»(1~teff—butoxycarbonylaminocyclobutyl)—3-,6-dimethyi—3H—
benzoimidazole-5-carboxylic acid methyl ester 7-1 as a bsige solid (1.41 g, 55% yield)
and recover some of the unreacted diamino starting material.

2—{’1—terf—Butoxycarbonyiaminocyciobutyi)wﬁ,Smdimethy¥~3H~benzoimidazolensv
carboxyiic acid mathyl ester 7-1 may be converted to an amine intermediate of
generat formuia it in Schéma 1 using standard reagents well known to one skilled in
the art. Such reagents include, but are not iimited to, trifluproacetic acid, 2 salution of

HC! in dioxane, and the iike. The corresponding amine intermediate of general
: 57



column (using a solvent gradient from 5% to 100% MeCN in H20 (all
solvents contain 0.1 % trifluoroacetic acid)) to isolate the inhibitor
3-cyclopentyl-lI-methyl-2-pyrazin-2-yl- 1 H-indole-6-carboxylic acid
{1-[5-((E)-2-carbamoyiethenyl)-1-methyl-1 H
benzoimidazol-2-yl]cyclobutyl}amide 5-3 (compound 1005, Table 1) as a
pale yellow 25 amorphous solid in >95% homogeneity (17 mg, 34%
yield). 1H NMR (400 MHz, DMSO-d5): 6 1.65-1.75 (m, 2H), 1.92-2.15 (m, -

.8H) 273282(m 2H) 304310(m 2H), 3.15-3.25 (m, 1H), 3.79 (s,

3.81 (s H), 7.0

i (i Fem iR e ey S b Sk ol
= @ma:zr,eﬂ Mying e goq@yrs Q‘cﬁ@@‘ﬂf 8.80 (d, J = 2.5 Hz, 301 H),
8.91 (d, J =1.2 Hz, 1 H), 8.95 (dd, J = 2.1 & 3.7, 1 H), 9.23 (s, i H). 54

EX@M $ 4- Amino-2-methyl-5-(methylamino)benzoic acid methyl ester
McOH Pd(OH)e!lC\ \l1 O,N (/CO_H

s melB RO PR SR e 3 PSR RN ER AT ISR

O Nor@idatidletbyBes€OyH Mel ACHN |/ co Me AcHN JCope 65 NOz
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Step 1:

2-(1 -fert-Butoxycarbonylaminocyciobutyl)-3 6-dimethyl-3H-benzoimidazole-5-
carboxylic acid methyl ester 7-1 from Example 7 (1.41 g, 3.8 mmol) 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 forth
and then at 50°C for 4 h. The reaction mixiure was cooled to RT, a solution of
potaésium sodium tartrate (1M, 50 mL) was added very slowly and stirring was
continued for 1 h at RT. The solution was concenirated under vacuum in order 1o
remove most of the THF and the exiracted with EtOAc (~200 mL). The organic layer
was washed with saturated agueous NaHCO; (50 ml.) and brine {50 mL), dried over
anhydrous MgSO, and concentrated to dryness. The residue was purified by fiash
bot'umn chromatography, using a solvent gradient from 50% EtCAc in hexane 1o pure
=10Ac and then to 3% MeOH in EtOAg, fo obtain the pure alcoho! 8-1 as a yellow
solid {1.08 g, 84% yieid).
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Hi' HN OMe Step 6 / COzMe 6.7 6A Step 1: 5 A solution of
2-methyl-5-nitrobenzoic acid 6-1 (10.0 g, 55.2 mmol) in MeOH (200 mL)
and H2S04 (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 H20 (-50 mL), cold saturated
aqueous NaHCO3 (-50 mL) and cold brine (-50 mL). The organic layer
was then dried over anhydrous MgS04 and 10 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 solution of the crude methyl ester 6-2
o?ﬁ*gt%'p 1 (-55.2 mmol) in MeOH (200 mL), Pearlman's catal st 20%
paﬂastiumrwfdr@)@@@@’q TArn SER ) Wag aHHerRa 278 HEsSHRe was
stlgé;q,(ym @vanasphe of Ci200r20hLawRad sl efiRilfer Was Tilered

R t%w%@grggammg@hMmsfemser%@y@nmmmm
( 26 Ac20 (6.2 mL, 66 mmo? 1&11:1 and thelgq] élogz

5wa’§‘§ﬁ‘i‘?é%9§cﬂﬁ¥|' RIPBTRAT BFERE O Fﬁ R SR ated o

dryaessgnitiss ye)um and the residue was re- dlssolved in Minimum
vog{%?@ft Bu methyl ether (-150 mL). The 20 ether suspension was
stir

at RT efore exan added, ﬁ%i FERIRItate mi
the ' F4{HER ff?”? %\}Qe Aig meaFa?g%i?[ag v@h%t&egvs%%d e SO ?L? % t@ )
wasRe oA e ROAAPIR RIS %{bét%fa'a a5

1ohlgy|ﬂsi&Uf¢Iwa(swmﬂr@ SIC yieleh) n55 Blep 3: mHMUmmﬁﬁtﬁ@m@%W?aﬁéﬂ‘ step 2
BdiRR IR £148 Ha e %@)rwmwa@@a@smr@nmﬁgms(&muw at
? in AcOH:AH2S04’ (1:1 r@. %02 IQ\(;bnt W 2 1%%r 31 ?:\Dtrﬁnd
at Wdofo%oahfu?-ﬁ%ﬂwwﬁgu?s ufl 8 ¢fude reaction mixture Wast en
posatatBesl amipis ieHCOL 24 k@B BRI AR M LThe 5 QEBRSBYRIWRS
wagiltesest amsl dnashagssryeraldimestait H2Ootogivesuniviice w#s
15ma'|srLl: seque%y%lﬂl?%cl% ‘ﬂa%ﬁ'ﬁ%@mn chromatography, using a solvent gradient from
40% to 60% EtOAc in hexane, to give the N-Boc-protected ester 8-3 as a yeliow foam
(85 mg, 23% yieid).
Step 4:
Hydrolysis of the Boc protecfing group was achieved quantitatively by adding 4N HCI
20 in dloxane (2 mL) and stirring the solution at RT for 1 h. After evaporation of the
solvent under vacuum, (E)-3-[2-(1-aminosyciobutyl}- 3 G»d1mathyl-3H—benzo;m1dazoi -5-
yi}-2-methylacrylic acid ethyl ester 8«4 was isolated pure as a yel!ow solid (79 mg).

it will be apparent to the person skilied in the art that the friethyl-2-

25 phosphonopropiohate used in step 3 of this procedure can be replaced by
appropriately substituted derivatives to prepare analogues of the general formula Itle
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 formuia llle above may be further

30  elaborated to inhibitors of general formuta | in Scheme 1 using the procedure of

Example 4.
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4-nitro isomer 6-4 and the undesired 6-nitro isomer 6-5 (1:2 ratio) which
were separated after flash column chromatography using 30% EtOAc in
hexane as the eluent. The pure 4-nitro isomer 6-4 was isolated as a
yellow solid (2.05 g, 20% vyield). 10 Step 4: The 4-nitro Intermediate 6-4
from step 3 (2.05 g, 8.13 mmol) was dissolved in THE (50 mL) and the
solution was cooled to OC before Mel (2.51 mL, 40.6 mmol) and t- BuONa
(4.46 g, 46.4 mmol) were added slowly. The. reaction mixture was stirred
at RT for 15 h, H20O (-50 ml-) was added and the aqueous mixture was
washed with t 15 butyl methyl ether (-20 mL). The aqueous layer was
acﬁﬁ@ﬁlﬁ)ng 3 with 1 N HCI and then extracted with EtOAc (-100 mL).
The-Ongaemié-talyebsnaaidaidiied with brine (-50 mL), dried over anhydrous
MgS0O4 and concentrated to dryness to give thg N- methylated compound
6-6 as a gummy foam which was used direc@y&xﬂep 5 without o
purlflcatlon 20 It will be apparent to_ the persgn skilled in the art that gther
diamine in fates ofogeneral for inf{Scheifie’ 2 an o@a ove
wherein R er than-methyl, \ay kefpre bVCPépla&,b gréthyl
iodide (cf’f‘—“|31) in step 4 ahpve with the a&:);)roprlate R&: X, wherein Xis a
leaving group8uch as Cl, Br, 1, methanesulfonate (mesylate), p 25
tolgtmesulfonate (tosylate), trifluoromethanesulfonate (triflate), and the
slikes tte&ich ﬁﬂbt%@b&i@vﬁﬂﬂh%&éﬁdidﬁm@@mmm wita@lacial
”lxo%vpgz\égwa (%Qe cLQn ?5@%&?&1@% WOSE rﬁ?éi*h?ﬁ-’? Qfr 282 o-

Thé'%olv evap ora er vacuum and the reS|due W 40
partifEbe HEnRRD R e diiESAAT RS CS RIS SHIERGHE
(50nin)-)at bedetydmnisasecuwas vedst otibwith, frliewsd iy dheweary aftw argitisn of
MaaQd- R GRRGRRL @!ﬁ‘g’ k@@@ﬁ%&hﬁﬂ@%&y&wﬁﬁ@m&ﬂm&tm osange:seids h)

(1.54 g), WhICh was in st rification. Step 6: A solution
100f PRI TR r%p?r??gﬁ@l% ébtlp%4 6.7 mmoi) in MeOH %0

56 bm_@'wwé@ttqbé@féhetﬁtﬁbr @@tamréﬁ@a%@%%ﬁ%%&ﬁmﬁ%ﬁ@% AGPEREY
(1086:K15OWNE) 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 resuliing

15  slush was diluted with H.O up 1o a total of 3 L, at which point the product began to
precipitate. After filtration, the beige sofid was washed with coid H;O o obtain a white
sofid. The sofid was then suspanded in cold 2% NaHCO; (250 ml), filtered and
washed again with coid H:O to give the diacetate 8-2 (22 g, containing some of the
unreacted starting material) as a white solid which was used as such in step 2.

20 Step 2: ‘
in a screw-cap vial, the diacetate 8-2 from step 1 (1.0 g, 3.7 mmol) was dissolved in
glacial acetic acid (10.0 mL), followed by addition of H,O (1.0 mL) and concentrated
HCI (1.0 mb). The resutiing partially solubie mixiure was heated at 115°C for 45 min.
Most of the solvents were removed under vacuum to give a gummy residue, the

25 remaining acid and HzO was azeotroped twice with CH.Cl-hexane o give the desired
semi-pure 3-fluoro-4-nitrobenzaldehyde 8-3 as a yellow solid (600 mg). This
compound was further purified by flash column chromatography (using 20% EtOAc in
hexanes as the eiuent)'te remove small amounts of unreacted 2—ﬂuoro-4-me§hyl»1-
nitrobeﬁzene g1 (~35% overall yield).

30
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under an atmosphere of H2 at RT for 2 h. The reaction mixture was
filtered through Celite and concentrated to give
4-amino-2-methyl-5-(methylamino)benzoic acid methyl ester 6-8 as a
purple solid (1.33 g) which was sufficiently pure (confirmed by 5 NMR) to
be used without further purification. EXAMPLE 7
2-(1-tent-Butoxycarbonylami nocyclobutyl)-3;
6-dimethyl-3H-benzoimidazole-6- carboxylic acid methyl ester "~, 1.

- BooHN" '002H HsN TBN, RN H CO,tvte 2. AcOH 70C.2 h BOGHN N~
CO.Me 1066 7-11-((1,1 '
-DiftéifRKE{foxycarbonyl)amino)cyclobutanecarboxylic acid (1.40 g, 6.5
MniB)3-MasroissShed tiny B oI dsyicr discradheter RMSTTBTU in the
presence of Et3N for a period ofd30 rﬂinoétp pre-activate the acid. A
solution of 4-amino-2-methyl-5- cﬁethy]amino)benzoic acid methyl ester
6-8 from Example-§ (133 g,,GE.%S mmol)olh 15 CHx 0
slowly over a pe of 30 min and-stirrnrg of the re tu
continued for.20 h”The reaction mixture was cotentrated to dryness,
and the residue was re-dissolved in ACOH (10.0 mL) anskstitsed at 70C for
2 hto achieve cyclization of the b&fizimidazole ring. The reaction mixture

- was concentrated to dryngss and the residue was glissolved in EtOAc
(-250 mL), eXtracted with 20 aqueous saturated Na&-l
brine (100 ML jThe organic fayer % diled over an
evaporated ss. .the residue was purified bytlash column
chr%mat?‘graphy (using a solvent gradient from 40% to 50% EtOAc in
heX tﬁg) to obtain the pure ,

- (TeehsaidiokgtERIOA PRARMREE BRSIIRAT-87e R EhRIMgY.in THF (13 ml) at
bengainpigiazetes pieashmayiicot cid 4meghylSEstendl Wasaaidrsi godbd (ke was
9, SRMIRlo) ZRiRNdHECAYEE SRS LN LRGSR AT At Example 9
material. 2-(1 carboxylic acid me‘é%ester 7-1 r;llaa/ege tcig?\{grrtt%qqto&n
amiflefheré Fgalorag BRard FPRUTT AR SBhEme T using standard
reagemtoweisasnehes srérsianeiion c3bhE2Rrls gop eparstineRr garacted

10Ut ars motimitethtontrfluaeesnetio @ciggaisakytonveddH@isiredioitabanartied
the like. THESANLGTRIOONY APIRGHUESREHAHOLHRRRERL ester 101 &s a light

orange solid which was used in step 2 without purification.

1)

Cco 106\ ) and
gus MgSO4 and

It will be apparent to the person skilled in the art that analogues bearing various

15 substituents on the cinnamate double bond may be prepared by replacing the triethyl
phbsphonoaceta’te used in this procedure with appropriately substituted derivatives or
by replacing the aldehyde 8-3 with an appropriate ketone. In addition, cinnamate
methyl esters can also be prepared in an analogous fashion using the appropriate
reagent.

20 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 dituted with EtOAc (100 mi) and the
organic layer was washed with H20 (3x 30 mL) and brine (50 mL), dried over

25  anhydrous MgSC. 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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57 formula Il in Scheme 1 may be further elaborated to inhibitors of

general formula | in Scheme | using the procedure of Example 4.
- EXAMPLE 85

(E)-3-[2-(1-Amino-cyclobutyl)-3,6-ditnethyl-3H-benzoimidazol-5-yi]-2-meth
yl- acrylic acid ethyl ester | ! S~ DISAL-H L--/L--\// OH BocHN N Cope
Step | BocHN /N 7-te-t O p p 2 Dess-Martn jII_OEt Ste pertodinane EtO
OE N NaH\ (//COZEt BocHN/1/N 8/-2 ~0 BocHN &9 Step 4N HO!,

Step 82 ~~dic~xa.(nfe\N\N\o HzN N (//O:Et H,N % CO_Et 34 [lle
Step 1:

2-(1-tort-Butoxycarbonylaminocyclobutyl)-3,6-dimethyl-3H-benzoimidazole
-5- @ik helspppliend sidhe pensdresiiied i thopit Ene RTHRE FaHaR Y SBT8 AR T
Wﬁéﬁ@%@#&ﬁ%}g NV HE a4 ) and 3he selutissraRisconte ditm 0Gth, may be
solution o0 -H(A8 mL, 1M jn, , I : 8
e TR A s e o Bt SRR e e aippbeani
5realitien mixture was cooled to RT, a solution of potassium sodium

tartgaée ¢1 M, 50 mL) was added very slowly and stirring was 15 continued
for 41 at Rl JHGiSQUHRR YRS AARCERIARE HAHEUAS LD R ARY) thd SnCl,
dihydrate (850 mg, 4.2 mmal) were dissolved in ethanol (10 mL) and the mixture was
stirred at 80° C for 20 hours. The mixiure was cooled {o room temperature and
10 concenfrated to dryness. The residue was dissolved in ethyl acetate (100 mL) 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
MgSO, and the sclvent was removed under reduced pressure. The residus was
purified by flash column chromatography (using a gradient from 70 % to 80 % of
15 hexane in sthyl acetate) to give (E)-3-(4-amino-3-(methylamino)phenylacrylic acid
ethy! ester 10-3 as a yellow sofid (100 mg). -

(E)-3-(4-Amino-3-(methylamino)phenylacrylic acid ethyl ester may be converied info
amine derivatives of general formuta §if in Scheme 1 following the procedures of
20 Examples 3 or 7, and further elaborated to inhibitors of general formula | in Scheme 1

using the procedure of Example 4.

ExampLE 11
5-Amino-2-methyl-4-methylamincbenzoic acid methy! ester

o0 G ' T QN
R " H,0, NaOH N MeOH, HC! 2 =
(L e w7
' CN _ CC.H =

Step 1 Step 2
111 112 11-3

GO Me

Step 3 i KNG,

.80,
HN Ne,S.Cy I ‘
K,CO; HR CH N, O
e M i e
H N CoMe
Step 8 ON" CO e Step 4 C,N GO Me
25 " 115 | - 114
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remove most of the THE and the extracted with EtOAc (-200 mL). The
organic layer was washed with saturated aqueous NaHCO3 (50 mL) and
brine (50 mL), dried over anhydrous MgSO4 and concentrated to
dryness. The residue was purified by flash column chromatography, using
a solvent gradient from 50% EtOAc in hexane to pure 20 EtOAc and then
to 3% MeOH in EtOAc, to obtain the pure alcohol 8-1 as a yellow solid
(1.09 g, 84% yield). 58 Step 2: A solution of the alcohol 8-11 from step 1
(1.09 g, 3.16 mmol) and Dess-Martin periodinane (1.70 g, 4.0 mmol) in
CH2CI2 (40 mL) was stirred at RT for 2 h. The solvent was evaporated
ungiepviacuum and the residue was purified by flash column 5

ChA%Br@i@QVamﬂWmﬁt&éﬁzdmrw (4.(2.53ti0)| 36 obtalpithepme NaOH
t | k §h. Th

trlzfé;% |3h noprggg){n@i ré%)(jés q%ﬁt—fv&g ﬁ%@n refle o 24rm|r) :Of
WA N T F9HPq 43 %eréﬁ%frﬁ‘ 515 66 fui Was 8% 0ded,
5 Thisel Gesxtat @nasstied A<0Chforder iy ieforesieiss|ans reBpisantinusd
alqgmrqu%‘t?of@m §Fepr2e (BRQIBAGHIR G SOt Tdi, 10.8T4HT M weasated)

sIowI d an rng w ntinye L

TS O UL ST G e bk e e 4

NaMED!ER @(wm')aagﬁmm'iéoég’d%fﬁ?)%r@%fé"é‘ﬁﬁéﬂ*é%‘r‘?sﬁ%s HRSLEP 2

anfyesatisulMigsiod, and concentrated to a brown residue which was 15
10SURSE yently purified by flash column chromatography, usrng a solvent

gradient from  40% to 60% EtO c e
ester@uAsh PRRAR 3 CBSHRg, n§13§§< Sie d§0r§{1 (r?} ydr ygré]%)f%rge%u
Bo(ﬁﬁrﬁfémdg)@m@\W/aé—h@ﬁév’éﬁ?é&%ﬁ%&hfﬁélm é@ﬁlﬁ@"@ﬂf KE® 20in
dioxang (Ainto epsk et g the:aotusiantad REidos diheikdtersyeptsativeddf

the, AT YRcULm: hed with aqueous saturated NaHCO (100
(E)-3- ??gérlm%&%/ﬁg% 7 ns\’N gsd\Trsrrsee \IMSHEE%E zoimid )

5yl P EREERAIEAE 57 8458 PR R S s

pure ERE yello
(79iveg )ndtasid hetemmpeiatat todthe Drebonaiiled salithe &t @haﬂr?errrﬁ@rrﬁh\@s

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 H2S0x (cone., 13.0
20 ml), pre-cooled fo 0°C, KNO; (760 mg, 7.5 mmol) was added very slowly. Aftera fow
min of stirring, the ice bath was removed and the reaction mixture was stirred at RT
for 20 h. The reaction mixture was then poured siowly on ice (~50 ml.) and stirred
until the ice had melted, and the desired dinitrc product 11-4 was precipitated and
filtiered (~1.55 g of light yellow and slightly wet sofid). The compound was used as
25  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 solution of methylamine (2M in THF, 15.2 mL, 32.3 mmof) was
added, the ice-bath was removed and the reaction mixture was stirred at RT for 1.5 h.
30 The solufion was concentrated to remove some of the THF and then diluted with
E’rOAc (~100 mb). The organic layer was washed with H.O (~50 mL) and brine (~50
mL), dried over anhydrous MgSO, and concentrated fo give the methylamino
intermediate 11-5 as an orange solid (1.26 g). The cqmpound was used instep 5

without further purification.
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25 phosphonopropionate used in step 3 of this procedure can be replaced
by appropriately substituted derivatives to prepare analogues of the
general formula file in the scheme above, wherein R50 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 Me above may be further 30 elaborated to
inhibitors of general formula | in Scheme 1 using the procedure of
Example 4. 59 EXAMPLE 9 3-Fl uoro-4-nitrobenzaldehyde I'y F Oro9 3,
H SOG HAOcOH OHHCI Ae20. AcOH O_N ON OzN Step 1 9-2 Step 2
9-3 Step 1: 5 A two-necked flask (equipped with an internal thermometer)
wag whaosshyrith elacialeAcRbki(2d 2 me pratetictaahydnite (@S2 ditgs of |

T R WL A0S EENe Aol (GO ORI B LRUPARAKEA i e

COO e |-l tion, concentrat

sulfuric acid 40 mL% to RS
SRR GYSPSERSTFMEITE T by B Ry RI A Iegrete R
schrgimium (VI) oxide (45 g, 450 mmol); the rate of addition must be very
slow(1z5 h) 10 in order to maintain the temperature below 10 C. Upon

addition of the Cr03 the clear colorless |on bec

I SO S BB Bl SR . O b 250 S gt in
ad @it ise (Mg ction: WaRtikEdrdri &7 %:&ﬁtﬁ)‘ﬁﬁloﬁﬁaﬂqlﬁ‘ﬁ-ﬁz@ﬁ“gﬁaﬁ?%d
indigates miakkcampletarzoRkther eeackior HEDE-t30-iike wagtialded and the

S“SrR‘?é&?Lcwa‘é’génQQh{F&@cP&nﬁ‘& {3 Beh t@?gﬁa‘f’errﬁ§é§'ﬁf‘gaé-§t@H5'TN@’éactron

dilute Ouptoatotalof 3L, ntthe ! duct be
preﬁﬁfﬁ?é”?—?ff@?”flﬂ'rl&tﬁgrw 'i}ﬁg’fﬁ)&%g&?@%as fashad qa%oré" ?fg%pépated
obtair exivéited sitfichrike Bestiorosas (R yagﬁ@ﬁaédernaaar&@% MaRfezend
(250, Mk ke ad RN daovasne diag aianiith 1 oleiy 20  teeiviertive tiaceiatecid

92229 LOnpING.S Qe b ING, WUABIed MR Wierial) as a white

solid Which was us as step 2
15

Compound 11-6 may be converted into the corresponding amine intermediates of
general formuia [li in Scheme 1, wherein R® is CHz and R® is ~COOCH;, following the
procedures of Examples 3 or 7. These amine intermediates may be further converied
into amine intermediates of general formula ili in Scheme 1, wherein R®is CH; and R®
20 is ~CH=C(R®™)-CQOR, by following the procedure of Example 8. All these amine
intermediates of general formula I in Scheme 1 may be further elaborated to
inhibitors of general formuia | in Scheme 1 using the procedure of Example 4.

EXAMPLE 12
25  (E)-3-{5-Amino-2-ethoxy-4-{methylamino)phenyljacrylic acid methyl ester
EaLY  ON OEt Oty aN oL i :

O:N@D/El ¥ , Sy
o Qi
or Step 2 \@‘( ~ Siep 1

123 122 O 21 0
Dess»MeriEnl

Step 8
periodinana P

?‘,,EO,;"VCOOME

Ot -0 MeG 2y DO0Me Hso oM 2, COOME
i .
e O ot
12-6

o Step 4 Step &
Stap 6 l CH,NH;

N8,540,,

COOMs
BN 2, -COCHS K00, oN y
S m—
! MehN ol

MeBN o= Step 7
28 127
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20 Step 2: in a screw-cap vial, the diacetate 9-2 from step 1 (1.0 g, 3.7
mmol) was dissolved in glacial acetic acid (10.0 mL), followed by addition
of H20 (1.0 mL) and concentrated HCI (1.0 mL). The resulting partially
soluble mixture was heated at 115C for 45 min. Most of the solvents were
removed under vacuum to give a gummy residue, the 25 remaining acid

- and H20 was azeotroped twice with CH2CL-hexane to give the desired

semi-pure 3-fluoro-4-nitrobenzaldehyde 9-3 as a yellow solid (600 mg).

This compound was further purified by flash column chromatography

(using 20% EtOAc in hexanes as the eluent) to remove small amounts of
un&éeriEd 2-fluoro-4-methyl-I- nitrobenzene 9-1 (-35% overall yield). 30 60
EXARMRE AL RittBDeBz(dec Aina-B{(h3ethyTaaing) phemy| fasojieddeithstiapio! (15
g??ﬁ%gg%_'ﬁ#\leﬁéé@rﬁ& bhRnEIPrQEE 5@ NabbutaiRof didk@rletkie DuiNyiQner
Stg%'? 8%iylﬂd)éé§t§ﬁ tﬁeg o%r Cc:)ol:l\)’rHelargisEt%é igertcl: ;/\(Y%Fl)s}?s'ﬂwélcﬁ\'f&) g{fdr_‘!?l(&l 519 l%in.

0Oa SOciU 10N o osphonoacetate

5 (1. 3ramtivenBovermelphy FiaEte edferl hatmethyiesiar (Bbe@a s parsIGHIM Bald

10

15

2C

25

30

3141186 g /B4rraalivas agstern arg theithuxtiuehaasurification.

Step 2 1
The ester 12-2 from step 1 (1.60 g; 7.10 mmoi) was dissoived in dry toluens and the
solution cooled to -78°C under a nitrogen atmosphera. A solution of
diisobutylaluminum hydride in tetrahydrofuran (1M; 8 mL; 8 mmol) was added and tha
reaction mixture aliowed fo Warm to ambient temperature. Two additional portions of
DIBAL-H were added in this way (7 and 10 mL) after 1 h and a further 1.5 1. 0.5 1
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 orgianic solvents were then
evaporated and the aqueous residue was extracted with athyi acstate (2 x 50 mL) and
washed with water (50 mL) and brine (50 mL). The combined exiracts were then

" dried over MgS0, and evaporated to afford the alcohol 12-3 as a pale yellow, fibrous
solid (1.40 g; quant.) which was used as such in step 3.
Step 3:
A turbid solution of 1,1, 1-tris(acetyloxy-1,1-dihydro-1 ,z-belnziodoxol-B-(‘iH)-one (Dess-
Martin periodinane) (2.32 g; 5.47 mmol) in dichloromethane {40 ml + & mL rinse) was
added to a stirred solution of the alcohol 42-3 from step 2 (0.98 g; 4.87 mmol) in DCM
{40 mL) and the reaction stirred at ambient temperature under a nitrogen atmosphere.,
After 4 h, saturated NaHCO; / 10 % NapS:0; (1:1, 160 mbL) was added and the
mixture stirred vigorousty 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 (960 mg; 99 %) which was used as such in step 4.
Step 4 _
Sodium hydride (95% dry powder; 158 mg; 6.25 mmol) was suspended in anhydrous

" THF {10 mL) and trimethyl phosphonoacetate (0.945 mL; §.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; 4.87 mmol} in THF (7
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stirred for 30 min. After that period, 3-fluoro-4-nitrobenzaldehyde 9-3 from
Example 9 (1.06 g, 6.27 mmol) was added and stirring was continued at
RT for 16 K. The reaction was quenched by the addition of H20 (20 ml-)
and the product was extracted 10 into EtOAc (2x 100 mL). The combined
organic layers were washed with brine, dried over anhydrous MgSO4 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 15 substituents on
the cinnamate double bond may be prepared by replacing the triethyl
phesphbnacesiteasshednindtis propeide reswiihcip roputeR/osBaAEIRNG
degalivesQk thY seRlasing theldrbyse gt eppiaprasaketene

e sanamale, rgeetehykﬁst%%%@ S BLERRIAIAAEs evaporated
an‘g%gous %Sﬁ

ion U prop riate reagent. tep

cirlA&rRaievelesy %dl“ﬁﬂt%"éﬁéﬁxirﬁ@%?“m 0 aﬁ%ﬁ%ﬁﬁ}%%n%i A NEshed
5 THFthG:Suraled 1B Gan(E xWe reLdliSEol e inBAAS (6 wirp aiecresr MgSO.

reqeiion mbhs %el%%éﬂf{@cnﬁﬁﬁn&@ééehqé\%eéstbab Reriadsthe Mmxige eo
- was diluted with EtQAc 1Q0 m ZL% the Q |c layer was washed with

H2® PICEYRR SRR BES 1cj)r;i/er % anhydrous MgS04 and

concentrated to give the crude methylamlno intermediate 10-2 as an
orange selgpdiis rodusiwaskitedinistep Suithottmincavephebacsiale

b { LI arivaives 1o
I RS PR S

is dﬁ?@?rﬁaﬁa}ﬂ%‘fﬁ?lt’eﬁfw B%”Oblfe%igrsgd‘ By replacing meth ylamlne
(CI383¢H32) in step 2 above with the appropriate R8- 5 NI 12-Step 3: The
3-%@&@%%&5&&;@%%@@@&@{ HBp24f(BIm sieP 242 Amdbang)ssolved
aqgwgggcjﬁpz rgtl hydrate (924 {%qhdﬁl) %HB‘FHQ Qo%'é% dizsivedn. eﬂ&%@’rﬂrgﬁrate

emlxture was st t 80 C for 20 hours. }gjb ixture

15codled tB%cofd @W%WM@%H&W%WB@W&E%BH%@ - HPRE Tem rature

¢ reSin
wasidtissaivpikineting meeiatenitOoEmky amdeﬁ,a\geglgwféﬁme@pgﬁted soixd

agyeQus, ROULEAR, _ﬁftrscﬁgr'{aﬁg NakdGraduanezstinad fee @i min. water, dried
under vacuum and used without purification in ste'p & (350 my). :
Step 6:
50 The dinitro derivative 12-6 from step 5 (390 mg) was dissolved in THF (3 mL) and
methylamine in THF (3.02 mL of & 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 in step 7.

25 It will be apparent o the person skilied in the art that other diaming intermediates of
general formula 1V in Schemes 2 and 3 above, where R?® is other than methyl, may be
prepared by replacing methyiamine (CHsNH,) in step 6 above with the appropriate RS-
NHz. |
Step 7:

20 The nitro arene 12-7 from step 6 was suspended in a mixture of EtOH (12 mL) and
water (12 mL) and K25303 (1.00 ¢, 8 equi\}aients ) was added followed by sodium
nydrosuffite {1.26 g, & equivalents). The mixture was stirred for 4 h at room
temperature and EOH was removed under reduced pressure. The residus was
axtracted with EtOAc and the organic phase washed with brine and dried (MgSQy,).
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The organic layer was then extracted with ice cold brine, dried over
anhydrous MgSO4 and the solvent was removed under reduced
pressure. The residue was purified by flash column chromatography
(using a gradient from 70 % to 60 % of 15 hexane in ethyl acetate) to give
(E)-3-(4-amino-3-(methylamino)phenyl)acrylic acid ethyl ester 10-3 as a
yellow solid (100 mg). - (E)-3-(4-Amino-3-(methylamino)phenyl)acrylic
acid ethyl ester may be converted into amine derivatives of general
formula Ill in Scheme 1 following the procedures of 20 Examples 3 or 7,

- and further elaborated to inhibitors of general formula I in Scheme 1 usin%
thekprosetofihobEvernmid auriEXaAmpE tharesidus by flash chromatography (50 to

S- AQ’W@{@A@@R&M@@M'm@@%mMamemesmamr@wacryﬁc
H20z, ONI1/CO2H1/C02Me Step 1 Step 2
113f'if’§t}?’re§h{leé?e%agﬁ% HzSO1 NaSC HN | K2003 ~' H i CH3NH?2
O2N H2N~V CO2Me // Steps 02N CO2Me Step 4 O,N co2Me 25 11-6

5115)14t8 ARistep=tofysolutinyafibnyetayteeitio B 2ot estar-12(2 B3y be
?1 (%)gn@]e_%fgg?_@a‘%ﬁg %ﬁ%&lﬁ%ﬂ f@k@e’zeagféﬁﬁmhbs angxamrad-ﬁ@%?

0 mL) was stirred at reflux for. 12 fhe
co@f‘?\[@e%‘gﬁﬁgﬁi‘glb%g’ Afte %r anr%(lin"(:[herl gl\\;\;g (tfegr%é\% Rﬁ%’?o
disgoheed farmwania)Seliftrhé dhe %%?W%\R.{s‘fi@%%%ﬁ and reflux
continued for an additional 1.5 h. The reaction mixture was cooled to RT,

1DHCll£ %PQES%@%@%@*{ o one skilled in the art that inhibitors of general formula 1 in
Scheme | wherein R is -OCHs and R® 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 replaced with a methoxy group.

15 EXAMPLE 13
4.Amino-2-methoxy-5-{methylamino)benzoic acid methyi ester

oM.z COOMs .+ Hp FAOHL/G HN = ]} COOMe A0 AGHN CCOMe
P —
‘ MeOH S . i .
= Chle Otle Step 2 OMe
13-1 Step 1 132 13-3
Step3 | HNOy
| 1. 8M HCY, 100°C |
¢ COOMe ' N COOH ~
N 2,500, MeOH  Ac” NaOtEy Ml Ao COCMe
)Q\\)i'\ o ]
C.N Olie N ONe oM OMe
e - Steps Sand & 1505 Step 4 1ot

MeOH
Hi.’ﬁOOOMe
HN = Ohe
18-7
Step 1
Methyl 2-methoxy-5-nitrobenzoate 13«1 (6.21 g, 28.4 mm_ot) was suspended in MeOH

20 (100 mbL) and 20% Pd{OM),/C (600 mg) was added. The mixiure was sfirred under a
hydrogen atmesphere (1 atm) for 18 h. The catalyst was remaved by filtration and the

H., PAOH), /G :
5 PA(OH) i’SiepT

solvent evaporated under reduced pressure to give a residue of compound 13-2

(5.256 g), which was used as such in step 2,
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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. 10 Step 2: A solution of the
acid 11-2 from step 1 (3.60 g, 15.6 mmol) in MeOH (30 mL) and HCI (4N
HCI in dioxane, 2.0 mL) was heated to reflux for 48 In. The solvent was
evaporated to dryness under vacuum and the residue obtained was
re-dissolved in EtOAc (200 mL), The solution was washed with aqueous
saturated NaHCO3 (100 15 mL) and brine (100 mL), dried over anhydrous
MgS04 and evaporated to dryness to give the ester intermediate 11-3 as
a \&tHove:colored solid (2.38 g). This material was used in step 3 without

pufEaafe PEPTas SQboR o dbeiasosdi-3i0iste g, 6.5
U R %%@W&@%ogme@oggn@m%mo mG,

ver er a few mijn of stirr he ice :;[10 L

| wat§ff@ﬁf6'%ﬂ 78 Y% SRR A MR USRS T
5 reagtitnpasieUee-tugrtiathyisdored BMWIFONLIT Y30 dRE pagk W@tﬁﬁé‘éﬁf"@ntll
the,ige bad d@%@%ﬁ%&@@ Q&ﬁwedﬂ%ﬁﬁﬂgwmikém&w&maﬁated

and filtered 0 e Io light PNty
wad 35{88%%‘?@ H%]S%! ste;i)Pé é% %Pg a@b%ﬁ%%%?%ﬁﬁénﬁﬁ%%g
intdaydians tieg Wém@t%'(?:%kl.ss g, 6.45 mmQl) in THF (15.0 mL) at

0Csg@palution of methylamine (2M in THF, 15.2 mL, 32.3 mmol) was
1020S8% Wﬁ%%?@ﬂﬂ%&%&@%ﬂ%&%ﬁ% CligRBbYIERINAS Stifigdrtde

he Solution was concent '[O I’ OVE SO s?ro

fthe
THEZhEOR S AURRCR AhVESSREEE TR Y Th %ngr STC TRy er Was R 50 min
washibel inst a2 @ag5 0TheLiEastidr mrréu@s@asmmn @ﬂé@p&ye@%ﬁﬁ%%‘gfﬁt@r
Mo&e4 ﬁnﬂaﬁewg@ﬂé@aﬁﬁs&t& g@x@mlm oy lamicted int@nmeciateaties with

an orange L?gll (1 26 %Cg%”ggf?& PR RTANSM %Nﬂh@w consist of

further pari |ca 3 it WI e apparent to the person s % ed in the al{
15thad 8fﬁé‘ﬁ”éﬂ5ﬁ1‘i’rfléofﬁﬂ§’r‘fﬂ%?jl§t§t§58ff°” of the aqueous filtrate from above with EtOAc

gave an additional 1 g of material that was combined with the first crop and purified by
flash chromatography on silica gal using 015% EtOAc in CHCls as elusnt. Anorange
solid 13-4 (4.11 g) was obtained (one isomer).

Step 4:

20 The nitroanilide 13-4 from step 3 (3.580 g) was dissolved in THF (50 mL) and the
solution cooled in ice. lodomethane (4,155 mL, 68.7 mmol, 5 equivalents) and
sodium tert-butoxide (6.414 g, 86.7 mmoi, 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 sacond addition. THF was evaporaied under reduced pressure and water

25 (100 mL) was added. The deep red solution was washed with TBME (100 mL). The
aqueous phase was acidified with conc. HCl and extracted with EtOAC {2 x 100 mL).
The combined organic extracts were dried and concentrated to give compound 13-8
asa dark red powder (3.78 g) that was used directly in step 5.

30 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 replacing methy! iodide (CHsl} in step 4 above with the appropriate RE-
X, wherein X is a leaving group such as Ci, Br, |, methanesulfonate {mesylate), p-
toluenesulfonate (fosylate), trifluoromethanesulfonate (triflate), and the like.
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general formula IV in Schemes 2 and 3 above, where R8 is other than
methyl, may be prepared by replacing methylamine (CH3NH2) in step 4
above with the appropriate R8- 5 NH2. Step 5: To a solution of the
methylamino derivative 11-5 from step 4 (1.25 g, 5.58 mmol) in

EtOH-H20 (110 mL, 1:1 ratio), K2CO3 (4.62 g, 33.5 mmoi) and Na2S204
were added and the mixture was stirred at RT for 3 h. More H20 (-30 mL)
was added and the 10 mixture was concentrated under vacuum to remove
most of the EtOH. The reaction mixture was then diluted with EtOAc
(-200 mL) and the organic layer was separated and extracted with brine.
Thegopaanic layer was dried over anhydrous MgS04 and concentrated

R RS B eyt st

, d “colored solid.
b i Ll e b e

intesmeidiateseafgersed Joren vkciliin BdhemTesidur e -RERSTERBHITReS
5 R5jarrW@SCHS, following the procedures of Examples 3 or 7. These

amine intermediates may be further converted into amine intermediates

of 8&?%?& formula Ill in Scheme 1, wherein R6 is CH3 and R5 20 is

-CRRTRITT- BoUR! SR WiRgHED ASEELII P KA I SPARIRELL o=

amipgerdnterotintesiolfenenal Semmkiehis v weite dromaysb @t ttiser

ela&%ﬁéﬁgc}}? «thaibitoss-efigengraldenmpyladinrSrbamankssigidbe pressure

procedure of Example 4. VEXAMPLElcl%w 5M _ L) and then tolusns (2
10(E)?:?-Ct@lﬂﬁﬁ%’-ezjéfﬁSQﬁzﬁ?%%ﬁ%@Mm?no?ﬁhe%%‘ﬁé%??l|c A8 et yl g2
O;NWEtD]3AL-H O,N OEt CHZNa ON OEi |i/ OH Step2 / O' Siepl/ OH

12.3¢d22 0 12-1 0 Deee-Martin Step3 0 penodinene }AaC~ ~COOMe
KNQHQ rzelglnd%s(z) BM?rom step 8 was then dissolved in MeOH (200 mL), 20% Pd{OH)a /
C (500 mg) was added and the mixture stirred overnight under 1 atm of hydrogen gas.
15 The catalyst was then removed by filtration and the solution evaporated fo dryness.
The residue was dissalved in StOAc and the solution washad with agueous NaHCOs;
and dried (MgSQO,). Removal of solvents gave a solid that was suspended in TBME
" (50 mL) and heated to 60°C for 30 min. An equal volume of hexane was then skowiy'
added 1o the hot solution and the precipitated 4-amino-2-methoxy-5-
20 (methylamino)benzoic acid methyl ester 13-T was collécted by filtration, washed with

TBME-hexane and dried (2.00 g).

4-Amino-2-methoxy-5-(methylamino)benzoic acid methyl ester 13-7 may be converted
into the corresponding amine intermediates of general formula it in Scheme 1

25 following the procedures of Examples 3 or 7. These amine infermediates may be |
surther converted into amine intermediates of general formuia 11} in Scheme 1, wherein
RE is -OCH; and R® is ~CH=C(R*")-COOR, by following the procedure of Example 8.
All these amine intermadiates of general formula Il in Scheme 1 may be further
elaborated to inhibitors of general formula ! in Scheme 1 using the procedure of

30 Exampie 4.

1t will be apparent to one skilled in the art that the procedure of Example 13 may be
applied to compound 12-2 from Example 12, or o its anaiogue wherein the ethoxy '

group has been replaced by a methoxy group, to produce diamine precursors of
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O,N OEt MeO ~~ ~COOMe H SOA N.H O2N OEt OIN\ O_i 12fi 124 H
Step4 12-5 step 5 step 6 CH'NHz eHN~ COOMe N ~1'1 Nr:3 O. WOMB
McY.N ~ OEl 7 MeHcHN ~ OEt 12.8 12-7 64 Step 1:
2-Ethoxy-4-nitrobenzoic acid 12-1 (1.56 g; 7.38 mmol) was dissolved in
methanol (15 mL) and the resulting solution stirred at OC. A solution of
'diazomethane in ethyl ether was slowly added until the yellow color
persisted and was stirred for a further 20 min. 5 The solvents were
evaporated to afford the methyl ester 12-2 as a pale yellow solid (1.66 g,
guant.) which was used in step 2 without further purification. Step 2: The
esten&t ckronn tep Soi6e 2)pi731emarsio Riva OdigsonetiSeny dismege
ang, éb&sépé%g}k&%%@%%?@@taaqﬁn@mgm@a@émo@mﬁemamm

O ey g tha AAlice A eHANNAtolIE AL i3 Bl BrAun Y

mlxture a Wed to warm to ambient

terinpisitongres sm%léﬁﬁ'téﬁdlﬂp%%ﬁ? df unsAbe Arorer s RIEIIMRRS way

5(7 and 10 mL) after 1 h and a further 1.5 h. 0.5 h after the last addition,
theE;&%g_gquas cooled to OC and IN HCI (25 mL) was slowly added and
the mixture stirred vgorousl for 0.5 h. Thzgrl%amp solvents were then 15

evé‘pcﬂ‘f‘ﬁmﬁ ArfdHrid aﬁa ?e’élr(ﬁ’ﬁgﬂ%% iratted with ethyl acetate (2 x
50 mL) and washed vith water (50 mL) and brlngL(SO mL) The combined

extracts weré-ther, dried-etver M nd evaporated d the
alcohol 12-3 ale yéTFéV'v flbmc(l 4&g‘qumZQwas
used as sutfi in giep 3. §fep 3: *20 Atwrbid solutlon of | e Xy
1,1,1-tris(acetyloxy-1,1-dihydro-1,2-be nziodoxol-3-(1 H)- onf (Dess-

Martin periodinane) (2.32 g; 5 47 mmol) in dichiorometh&he ("ﬁﬁ mL + 5

mL rinse) was Nay5,0,

HN ch03
.
" l ,\\ Slep 4 \\
144 PER
. H

Step 1:
10
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 confirmsd by
HPLC (~2-3 h). The turbid solution was then evaporated to an orange solid which

3-Fluoro-4-hitrobenzaldehyde 9-3 from Exampie 9 (2.0 g, 11.8 mmol) was dissolved in

5

20

25

was extracted with ethyl acetate (2x 50 mL) and washed with 1 N HCI {shaken until
the deep burgundy colour dissipated; 100 mL), water (I? 00 mL) and brine (80 mL).
The combined extracts were dried over anhydfous MgSO, and evaporated to give the
methylamino intermediate 14-1 as an orange powder which was used in step 2
withcu’t any purification.

It will be apparent o the person skilied in the art that other diamine intermediates of
general formuta IV in Schemes 2 and 3 above, where R® is other than methyl, may be
prepared by replacing methylamine (CHsNHM,) in step 1 above with the appropriate R-
NH.. ‘

Step 2:

A solution of n-BuLi (2.5 M in THF, 14.4 mL, 36.0 mmol) in anhydrous THF (60 mi)
was added slowly to a solution of TMS-diazomethane (10% in hexans, 18 mL, 36.0
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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 NaHCO3 / 10 %
Na2S203 (1:1, 160 mL) was added and the 25 mixture stirred vigorously
until the phases were clear (ca. 0.5 h). The organic phase was separated
and the aqueous phase was extracted with dichloromethane (50 mL) and
washed with saturated NaHCO3 (2 x 150 mL). The combined organic
phases were then dried over MgSO4 and evaporated to yield the .
aldehyde 12-4 as a pale yellow solid (960%3; 99 %) which was used as
(

SuBI StePEAC3d P M SWaRTRI i 859 Y PoRrler 258! 875
mmethyasiaUpRe Rdeditanhycrostep THE1ELE, WAL ameblrifisetiveld in 2 mL
Phospl\0B0aGRIa a4 BYexckf MERD pelah diouioe @) O undeeh
nitrogén atmosphere resulting in a solid white rrf%%,s%y&%%h 88u(|} .noEbe
stiffyes @dﬁ?fi’??r’r’%fotﬁérgfbde%ﬁf‘éffﬁgﬂ %%[Osrf%p hig- A87%mmol)

5 in F$AET 068.ML THBIHES MB)rovestRertnas ALYGSR SEWSRARIYIAUS
yelgweolaps ang slewchissebinon oktbquathitd selidasassasfiertsn with
adgiEen MiERCIONNASBIRNED iR IAADRIGRIRTRRFIE, ilar

e cloudy reaction mixture was evaE,orated to a Q&I]% ellow oIC'H)y

AT R S5 MET it LR PR PP Bt ) 8 TG T A hEs BT =
satizsttedNaHOOBRNPHNLYINT R GishadH exaer a8 fisrel¢fmddogius the

10 MaRQAqane v aparatedisataiiond theaqimamatecesigiekd-5 as pale yellow
solid (1,212 g; 99 %) which was used in step 5 without further purification.
It € apparent to the person skilled in the art that the trimethyl

phisphidployatad @esn tsebanipid R MrarEommpr Gibes by mmob was
apprsyriately aylstisoad. oeriyaiieRe-pidp dre%aloGuitsnbealiings added.
varigus subsfityents an the-ginpamate double hondnqSterRdsd Hh EtOAC (50
4-n|tro-2-ethoxycmnamateég-S from sﬁqe 4 %390?1am%{u}ég ﬁe m{gl {%(?émus

15disEbRARP WrRldouMt3t8e ‘S e cid (g"ﬁ-‘f? S the Soflfion Caole to
0CMBBtassidreynitestied 16 (R thg CNOT tHermk) Wakaadueianbrenes solid
Mixirieh stiseddoinskhalnasm iempeiatitstisifter completion, the

re Eion mixture was poured over ice and the precipitated solid was

col ec?t%é:by filtration. The crude product 12-6 was washed with water,
driddre crude triazole intermediate 14-3 from step 3 (~1.10 mmol) was dissoived in EtOH

20 (10 mb) and H:0 (6 mL) which resulted in some precipitation of the starting material,
KoCOs (0,91 g, 6.58 mmol) and éodium hydrosulfite (1.15 g, 6.58 mmol) were added
and the reaction mixture was stirred for 2 h at RT. The reaction mixture was then
extracted with EtOAG (50 mL), the organic layer was washed with HO (50 mL) and
brine (30 mL), dried over anhydrous MgSC, and evaporated o a brown gum which

25  contained N-methyl-4-(1H-[1,2,3]triazol-4-y)benzene-1,2-diamine 14-4 (amongst

other minor products).

The crude N*-methyl-4-(1H-]1,2,3]triazol-4-yl)benzene-1,2-diamine may be converted,
without further purification, into the corresponding amine intermediates of general

30 formula Il in Scheme 1 following the procedures of Exampies 3 or 7, and further
elaborated to inhibitors of general formuia | in Scheme 1, using the procedure of

Example 4.
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under vacuum and used without purification in step 6 (390 mg). Step 6: 20
The dinitro derivative 12-6 from step 5 (390 mg) was dissolved in THE (3
ml-) and methylamine in THE (3.02 mL 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 in step 7. 25 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 R8 is other than
methyl, may be prepared by replacing methylamine (CH3NH2) in step 6

- above with the appropriate RB-. NH2. Step 7: 30 The nitro arene 12-7
framgiep=@svas suspended in a mixture of EtOH (12 mL) and water (12

mlapd.K2C O3 ‘;ﬂ(ig) JOW=Ta NIV |ﬁgg§géﬂgs@dggﬁlﬁﬁqglowed by sodium
hyllgiggﬁ%é%ﬁ% g, pegi’(g'uivalentg). The mixtureD\Q{as stirred for 4 h at
room temperat EtOH wasH#moved under r d pressure. The
residue was extr with EtOAC and the organ)j ashed with

brine and dried”(MgS04f. 66 Renfit¥/al of the solvéntgnd purification of

the residue by flash chromatography (50 to 75% EtOAcHi heXane) gave
(E)-3-(5-amino-2-ethoxy-4-(methylamino)phenyi)aé®iq acid-ritethyl ester
12-8 (162 mgq). 5 (E)-3-(5-Amino-2-ethoxy-4-(methylamino)ptenyl)acrylic

acid methykgister32-8 may be converteccto aming-interpediates of
general formux ple 1 using'The Qrocedurcribed in
Examples 3 7 and fijrthe} elaborated to inhibitors of~gen QI\ermuIa I
in Scheme 1 sing_xheqp(oebdure of I‘:S%Smple 4. 10 It wibals Napparent
to one skilled in the art that inhibitors of general formula | in Scheme |

wheten1R6 is -OCH3 and R5 is -CH=C(R50)-COOR may be prepared
sUsing theprecsdursiabExample-Ag dnshstaring from tgp Eetnswpiide fiéad

R SR 2o W R et

OXy group.

4-RnsirieAUoRETRGXSR BARTSEFRA A o5& 2bic SR RPHHEmYPESHifed with BtOAe

10

16

20

25

(~300 mL), the organic layer was washed with H,0 (3x B0 mL) and brine (50 mL),
dried over anhydrous MgSO, and conc@mrated under vacuum to give ’ih:e
methylamino derivative 15-2 as a yeliow solid {1 .49 g). The crude material was used

in step 2 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, where R is other than methyl, may be
prepared by replacing methylamine (CHsNHg) in step 1 above with the appropriate RE.
N,

Step 2:

A mixture of the methylamino derivative 16-2 from step 1 (105 mg, 0.56 mmol) and N-
methyipiperazine (0.5 mL) was héated_to 80°C while stitring for 3 h and then at RT for
an additional 15 h. The reaction mixture was diluted with EtOAG (~50 mL}) and the
organic layer was washed with H:0 (3x 10 mL) and brine (20 mL), dried over
anhydrous MgSO; and concentrated under vacuum to give the piperazine derivative
18-3 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
substiiuents may be readily used in place of N-methylpiperazine in Step 2 above o
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OWN COOMe . H2,Pd(OH)_/C H,N / COOMe Aczo AcHN / COOMe
MeOH \ ~~\ OMe OMe Step 2 OMe 13-1 Step 1 13-2 13-3 Step 3 HNO3
1. eM HCI, 1000 HN COOMe 2 SOCI3, McOH ,N COON NeOtBu, Mel
AcHN Ac COOMe ~/'~I\Il O2N OMe O'N OMe C N\ OMe 13-6 Steps
5and 6 1"a 6 Step 4] 13-4 Hz, Pd(OH)2 / C Step 7 McOH HN COOMe
HzN \ OMe 13-7 Step 1: Methyl 2-methoxy-5-nitrobenzoate 13-1 (6.21 g,
29.4 mmol) was suspended in MeOH 20 (100 mL) and 20% Pd(OH)2/C
(500 mg) was added. The mixture was stirred under a hydrogen
atmosphere (1 atm) for 18 h. The catalyst was removed by filtration and
thergoventevadetatcdadindde nduucethpresds ré ftorgine(B residue of
coggglémd 13-2 (5.256 g), which was used as such in step 2. 67 Step 2:

The anili'ne_13- rom step 1 (5.23 issolved.i 0
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by YiReRrERe T PR8N ord- 335 ety

NA-Methyi-4-(4-methylpiperazin-1-yl)benzene-1,2-diamine 15-4 was converted,
10.  without further purification, into the' corresponding amine intermediates of general

formula lil in Scheme 1 following the procedures of Examples 3 or 7, and further

elaborated to inhibitors of general formula i in Scheme 1, using the pfopedure of

Example 4.

15 EXAMPLE 18
4-lmidazol-1-yl-N*-methyihenzene-1,2-diamine

HN TN

4-imidazol-1-yl- 2_methylbenzene-1,2-diamine 16-1 was prepared using the
procedure of Example 15, except that imidazole was used instead of M-

20 methylpiperazing in step 2. 4-imidazol-1-yl-N*-methylbenzene-1,2-diamine 16-1 may
be converted into the corresponding amine intermediataes of genaral formuia Il in
Scheme 1 foliowing the procedures of Examples 3 or 7, and further efaborated to

inhibitors of general formufa | in Scheme 1, using the procedure of Example 4.
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hexane and dried in air (6.372 g). Step 3: 10 90% Nitric acid (9 ml-) was
diluted with water (9 mL) and cooled to OC. The anilide 13-3 from step 2
(5.905 g) was added in one portion and the mixture stirred for 30 min in
the ice-Water bath. The reaction mixture was then added dropwise to
ice-water (700 mL) and the precipitated yellow solid was collected by
filtration, washed with water and dried in air. The orange solid (5.907 g)
was shown by 1 H NMR to consist of 15 a 2:1 mixture of compounds.
Extraction of the aqueous filtrate from above with EtOAc gave an
additional 1 g of material that was combined with the first crop and purified
by Htastriehtomatography on silica gel using 015% EtOAc in CHC13 as

elugns. ARiR6eI8R1 SR -ASf dihyiBea et pimdnail one isomer). Step 4.
20 The nitroaniljde 13-4 from step 3' (3.580 g) was dissolved in THE (50

mL) and the sglution:eeoled inige. | \ethane {4,155 g amol, 5
equivalé nd “sodierh tert- buto 6.4 gat. -7 mmol, ivalents)

were agdde two pegtions at a3 5-Finterval. Stigring at geom
temperaturg was continued for an adgditional 20 h after thé secend
addition. THE was evaporated under reduced pressure and water 25 (100
mL) was added. The deep red solution was washed with TRME (400 mL).
The aqueous phase was acidified with conc. HCI and extracteg tH®< '
EtOAc (2 x 100 mL). The combined grganic extracts were dried ang
concentrated to give com bound 1335 }stsrazdggﬁ auC}Cdéq‘owd@
was used directly in step .
the art that other diamine i
2 and 3 above, wherein Iﬂﬁ is other than methyl, may be prepared by
replacing methyl iodide (CH31'h step 4 above with the approprlate R8-

X, witepein Xis a leaving group such as Cl, Br, |, methanesulfonate
gmegylatereRsr iolypnesuiesatertiosyiaien triflaomethanaauifanatesthylamine

(tr'ﬂ@tg%j AL e O 3R &}aﬁefg%%e%attf’%xﬁ%a%sﬁré (o0 hda =

(3.7 Was suspendé mL) and the mixture stlg? da
10080%6vTer K. hestsr & RNifes 29 rbothetm@tamw was concentraiec fo dryness

and the residue was purified by fiash column chrematography (using 20-30% hexane
in EtOAR) o isolate the desired pure product 17-2 as an orange solid (980 mg, 34%
10 vyield). ‘

it will be apparent fo 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 methyt, may be
prepared by replacing methylamine (CH;NH;) in step 1 above with the appropriate R®-
15 NHz.F
Siep 2:
To a solution of the 4-methylaminc-3-nitroacetophenone intermediate 17-2 from siep
1 (700 mg, 3.6 mmol) in dioxane:ether (10 mL, 1:1 ratio), Brp (0.20 mL, 3.96 mmot)
was added slowly and the reaction mixture was stirred at RT for 20 h. The reaction
20  mixture was concentrated fo dryness and the residué was re-dissolved in EtOAc (200
mL). The solution was washed with saturated agueous NaHCO; (2% 100 ml) and
brme (100 mL), dried over anhydrous MgSC, and concentrated to dryness to give the
crudm bromoketone intermediate 17-3 (1.0 g) which was used in step 3 without

purlfi cat:on.
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volatiles were evaporated under vacuum and the residue was
co-evaporated 3 times 5 with MeOH. Step 6: The residue from step 5 was
suspended again in MeOH (100 mL) and cooled in ice- water. Thionyl
chloride (5.10 mL, 5 equivalents) was added dropwise and the
suspension stirred at 65C for 4 h. Volatiles were removed under reduced
pressure 10 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 dissolved in MeOH (200 mL), 20% Pd(OH)2 / C (500 mg) was
added and the mixture stirred overnight under 1 atm of hydrogen gas. 15
Theieatglyst was then removed by filtration and the solution evaporated to

dry esgﬁltl-Orp & 'ﬁé %ﬁ&&%&ﬁé%ﬁféﬁﬁé’d@tﬁ%\%ﬂ@@beﬁ@'%%:W a8beda (548

wit ueous CO3 and dried (MgSO gggrp solve avea. . .
ol MEOMHERTL N FHENRS Y5 SaHeted 15 CHEMS 0 ol
An fe@hlam|mmmsmmmwmﬂtgn@@vwamttbdtﬁ@%@mmﬁ)ﬁﬂaﬁéﬁ
thegW@ﬁiQ'&@&%@&aﬁiﬁ&%ﬂa&d@%ﬁ%&a@ﬁ@ﬁgﬁamﬁq@@mme a0ig). This

;nnedtz%l\g‘%ejjt?ei(ﬁ%sg was coll gquhlg té} rﬂ,%g ryvashed with TBME-hexane

o -2-met methylamino)benzoic acid
me#typdster 13-7 may be converted into the corresponding aniine
intemrmaiﬁateﬁ vkgeneirabioeviala iIT-hiScheaped 158 foflowingrtbipand SnCl.

R4}

Progeduies &fz%gqam(?rﬁ@nﬁ}{ E?.toWﬁ%%m% ntesmadistesonayberne
further converted into amine "pé rre engral gor g II!n The mixture
105 cHBHFTY S WARHRIR FRMY BT AL ﬁ%‘z&?

fo|mmg«uaet@m@m&w@&aﬁwmanmﬁq@%%%mﬁwrﬁﬁéﬁﬁa%@éwed
gensial denpattasiNdrsSehemedcanyibe tiudthess el dberatsidurvinhibitdies diy

e 3] (orp @h%%ts using ébﬁeqffg@s@\gﬁefmnseo@m@am@ th Bhil 1o
ot R s e
15Nhewtnrﬂieretﬁwrg|@amlha§®éé¢i @ﬁmawﬁ%wbww@ﬁbwe%? 2
pProduge-diamine ragsyirsers aéid)9

4-(2-Aminothiazol-4-yl)-N"-methylbenzene-1,2-diamine 17-5 was converted into the
corresponding amine intermediates of general formuta [l in Scheme 1 following the
20  procedures of Examples 3 or 7, and further elaborated to inhibitors of general formula

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

The free amino moiety of the aminothiazole substituent of an inhibitor of general
formula | in Scheme 1, or a suitable intermediate in its preparation, may be alkylated

25 by using procedureé .well known fo those skilied in the art, or acetylated by using
procedures well known {o those skilled in the art, such as freatment with acetic
anhydride, acetyl chloride, or the like. Alte‘rnativeiy, replacing thiourea in step 3 above
with a suitably N-substituted thiourea will give intermediates wherein the free amino
motety has been substituied. '

36
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general formula IV in Scheme 2 or 3, wherein R6 is OCH3 or OEt. Such
diamine precursors may also be converted to amine intermediates of
general formula Iliin 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 Example 4, 5 EXAMPLE 14 M2-Methyl-4-(1
H-[1,2,3]triazol-4-yllbenzene-1,2-diamine 0 C N null ON -P~~ CH3NHz

" Me3SiCHNZ 0 O N '~ Step 1 HN Step 2 HN 9.3 141 14-2 Step 3 Me,SIN3
Na35z04 H3N ON KCO3 HN N Step4 14.4 14-3 H Step 1: 10
3-Fluoro-4-nitrobenzaidehyde 9-3 from Example 9 (2.0 g, 11.8 mmol) was
digsoiveden8 THF (30 mL) and excess methylamine (2M in THF, -21 mL,
42 InGhovgaeaaderkn-Bhgnieamior arbehyRIwRD SETedtayiBEivojklenzoic
com FI%ete ﬁ?'}'ve{&i«on was confirmed by HPLC (-2-3 h). The turbid solution
wast er?lee\}’aﬁgrated to an orange solid which was extracted with ethyl
acetate (2x 50 ml-) and washed With%l N Hdj. (shaken untiliﬂS the oieep
burgundy r dissipategt;, ml»OO ME)wate '(I@O mispandbrivie T0 neL).
The com _g(oELacts were drleo_l Querank g;pussMSO% o COMe
evaporated to; give the methylamino inteemediate 14-1 as an orsnge
powder which was used in step 2 without any purification. ., l

ChgNH,

Siep & é: . Step 4
Hy 185

. s " TraeCi ﬁzm NH, Mg, 3,0, > K NG -
: : ELN KGO,
R ettt
At e
U> W CoMe
M CO,Me

o é;.; 88

o

=
:
Fmoe-Cl
pyridine | P O O

ci G/_—O JLHS bl / éHa 168
g

5 Stept: ‘ ‘
To a.solution of m-chiorobenzoic acid 18-1 (12.5 g, 79.8 mmol) in sulfuric acid (100
mL) at 40°C, potassium nitrate (approximately half of the iotal amount; 22.0 g, 218
n{mcl) was added siowly, portion-wise, with stirring, (femperature maintained below
70°C). The solution was then heated slowly to 105°C, the remaining KNO3; was slowly
10 added (temperature maintained below 110°C), and finally the solution was heated to
130°C for 15 min, allowed to cool back to RT, and poured on ice (~ 500 mL}. The
yellow solid formed was filtered, washed with water (50 mL), air dried for 2 h to yield
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20 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 R8
is other than methyl, may be prepared by replacing methylamine
(CH3NH2) in step | above with the appropriate R8- NH2. Step 2: 25 A
solution of n-BuLi (2.5 M in THF, 14.4 mL, 36.0 mmol) in anhydrous THF
(60 mL) was added slowly to a solution of TMS-diazomethane (10% in
hexane, 18 mL, 36.0 70 mmol) at -780C. The mixture was stirred at -78C
for 30 min, before a solution of the methylamino intermediate 14-1 from
step 1(2.16 g, 12.0 mmol, dissolved in 2 mL THF) was adde slowgd

red@RmaAXtaree s amrade thaderlied ProgHg Meh 2SI E TS AT up
to Rbcetl thetinifaranadaitionalsdr befere2guenching by 5 addition of
HZ%E};I-% crude mixture was partitioned between saturated aqueous
Na 30 mL) and EtOAc us layer
agdRPitTeEI R SR8 RS %1 A_ gr?rfalne rga\lur%% g/%rvsgé\}ﬁ@t&qaml
swastednijthrsrindyririett Gt mhhyarRssa ysOB MY S rapaten e
drYéﬁﬁﬁerH@ rasiduamashuiiakbytflaghicelumfoctfomabegeigion was
(using 20% Et%%tp Hex ﬁéﬁ%%.ﬂ%&@é&r%‘(@dt@% tRodesiredoaliame
1458 acflghfa rown s I| (445 m 1 % vyiel ‘_SKE E@(I%g l&}{@ll&%r
pregéﬁﬁégﬁ’fb‘"e*abf?éséﬂﬁ%@@ﬁ’ef Wg’% &5 LH80 ™ A %f mmcr)ﬂ‘%v
dissaheebirs dyOVB0 Q@oomtg@mwm@%@e@emdsﬁ?ﬁﬁwl%f?ﬁmon

1gvas added:d Be.5ea¢lion veasigated to 140C for 2 h, then cooled and
extracted with EtOAc (50 15 mL) and washed with brine (2x 50 mL) The

orgﬁFﬁB f"ayer was dried over anhydrous MgSO4 and evapor
the Brudkeriispotbthaiaays diyEncR sl dond GhRriAL TS d” }5')"'? t@ mt)

withgut fushsiapundicavionT Stepei2 FheTerddenaraiedndenmwitistsing -after &
ffi@e&; &&%ﬁ%&@éﬂﬂ@ WAsWlisselved, 'ﬁf&f&ﬂeﬁ&oﬁi@é@bno@m l'de@é(gup fo
: ) which resulted In som itation of the sta t
130,97 SHTRAUT SHEEUE ) %D dr%%%rFF D O Sg':fjé”‘v%r% o

addegD 21 the) rsESHai3e0 ﬁ@wa?@mafé%ﬁ%ﬁ*%\@?ﬁ Y438

MIXYHEWANASOO, (100 mL), brine (3x 100 mL), dried over anhydrous MgS0, and the
soivent was evaporated fo dryness fo give the desired product 18-4 as a yeliow-
orange sofid (7.08 g,76% yield}.

20
it will be apparent to the person skilied in the art that other diamine infermediates of
general formuia IV in Schemes 2 ahd 3 above, where R? is other than methyl, may be
prepared by replacing methylamine {CH:NH,) in step 3 above with the appropriate RS-
NH..

25 Step 4

To a BtOH / H.O {100 mi, 1:1 ratio) suspension of the abovs dinitro aniline
intermediate 18-4, K.COs (10.3 g, 74.5 mmol) was added with vigourous stirring,
followed by the portion-wise addition of sodium hydrosulfite (13.0 g, 74.5 mmal). The
yellow suspension turned blood red then bfack, became more homogeneous (slightly

30  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 H.O
(100 mL). The reaction mixture was extracted with EtOAc (2x 75 mL), the combined
organic layers were dried over anhydrous MgSO, and evaporated to yield a black
amorphous solid 18-6 (1.26 g , 55%) which was used as such in step 5,
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extracted with EtOAc (50 mL), the organic layer was washed with H20 (50

mL) and brine (30 mL), dried over anhydrous MgS04 and evaporated to a
brown gum which 25 contained

N2-methyl-4-(1H-[1,2,3]triazol-4-yl)benzene-1,2-diamine 14-4 (amongst
other minor products). The crude

N2-methyl-4-(1H-[1,2,3]triazol-4- yI)benzene-l,Z-dlamlne may be
ponverted, without further purification, into the corresponding amine
intermediates of general 30 formula Il in Scheme | following the
procedures of Examples 3 or 7, and further elaborated to inhibitors of
geBkeradformula | in Scheme 1, using the procedure of Example 4. 71

EXAM BlRod, Tod\BiMaibibrlot dnanatibydpiizaitanta-5/ s6 me f03 rodhrit ine
Gza'z'%e%hlﬁég% &%'}Jn@e mtm%@&ﬁ&ﬂwbm& b. %5 %L%@Jgs%&hegtm&vﬁmby the
NP éﬁ\' SRR 3t lpad
N o SR TS0 6P A B TR L r e s
5 g, SiFedmNGIVENSEMIUmIR)RE ewtufdn ESPM?IEW@YWFR%EMEE
13,6she %ﬁe‘a methwesaddgdantedhetient tonsvistNetGas(BtrRSda) and

R Tl 28 iR r&w&w't@@%%o(vé%mb&m R OARSss.

Iayer Was wa ‘ne

(3x 50 ML) a
anhyaresdumyeeRHEsRe egﬁea%xﬁa%@afﬁqaaﬁvﬁueaﬁm é"’?hs’?i%ge%“d 2
mextbly bt reciiclet fuativie % 502500 B oW hsoraqLia 9' thﬁfé?%Fﬁ‘éi@*’ﬂﬁ’&FéﬂﬁTs
10Wa3sUSE8ge amorphous solid (459 mg, 80% yield).

Step 6: .
To a stirred soluiion of above Troc-protected aniline derivative 18-6 {100 mg, 0.27
mmol) in CHAClz (1 mL), pyridine (0.032 mL, 0.4 mmol) followed by Fmoc-Cl (80 mg,
0.31 mmol) were added. The reaction mixiure was stirred at RT for 2 h. The mixure
15 was diluted with EtOAc (30 mi), the suspension was washed with 5% agueous
NaHCOs (2 X 10 mL), dried over anhydrous MgSO, and evaporated to dryness. The
residue was purified by ﬁash 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 mg of very pure product and 100 mg of
20 ‘slightly lower purity.
Step 7:
The doubly protected (Troc- and Fmoc-protected) trianinile derivative 18-7 (100 mg,
~0.17 mmol) was dissolvad in THF (1 mL) and acetic acid (0.25 mL) followead by
freshly activated zinc (20.0 mg, 0.31 mmol) were added. The reaction mixture was
25  stirred vigorously at RT under nitrogen for 2h. The evalution 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 cantinued at 80°C for 4 h. The reaction
mixture was diluted with EtOAc (30 mL), filtiered over Celite and the filtrate was cooled
in an ice bath and wasned with 5% agueous NaHCO; (20 mL); care must be taken o
30 prevent bulld-up of excessive pressure. The organic layer was washed with brine,
dried over anhydrous MgSO0,, and the solvent was evaporated to give the mono-
pmtectéd intermediate 4-amino-2-(9H-fluoren-g-yimethoxycarbonylamino}-5-
{methylamino)benzoic acid methyl esier 18-8 as a white crystalline solid (88 mg, 96 % -
yield).
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in step 2 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, where R8 is other than methyl, may be 15 prepared by
replacing methylamine (CH3NH2) in step 1 above with the appropriate
R8- NH2. Step 2: A mixture of the methylamino derivative 15-2 from step
1 (105 mg, 0.56 mmol) and N- methylpiperazine (0.5 ml-) was heated to
90C while stirring for 3 h and then at RT for 20 an additional 15 h. The
reaction mixture was diluted with EtOAc (-50 ml-) and the organic layer
was washed with H20 (3x 10 ml-) and brine (20 mL), dried over
anhydrous MgS0O4 and concentrated under vacuum to give the piperazine
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EXAMPLE 18
2-{5-Bromopyrimidin-2-y)-3-cyclopentyl-1-methyl-1 H-indole-8-carboxylic acid
H N

B, .
1. 0 o
COOMe DMEITEA — . mBk caon
Br—4 O P{2-furyl), | PA{OAG), _C ¢ neow / —
then HCI —N
2. ET\[\
. )\ Step 2
151 KPO, 19-3

Step 1
20 Stept:
The bromoindole 19~1 {preparad as described in z-:xample 12 of WO 03/010141) (3:0
g, 8.9 mmol, 1 equiv.) was dissoived in anhydrous DME (20 mL) and tri-(2-
furyl)phosphine {260 mg, 1.1 mmol, 0.12 equiv.}, triethylamine (3.0 mi., 21.5 mmol,
2.4 equiv.) and F’d(OAc)z (65 mg, 0.28 mmol, 0.03 equiv.) were added. The mixture
25  was purged by bubbiing Ar through it for 10 min and pinacolborane {4,4,5,5-
| tetramethyi-1,3,2-dioxaborolane; 3.0 mi, 20. mmot, 2.2 equiv.) was added by syringe.
The resulting 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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Hi |/ N-\\ N 10-1 4-Imidazol-I-yl-N2-methylbenzene- 1,2-diamine 16.1
was prepared using the procedure of Example 15, except that-imidazole
was used instead of N 20 methylpiperazine in step
2.4-Imidazol-1-yi-N2-methylbenzene-1,2-diamine 16-1 may be converted
into the corresponding amine intermediates of general formula 11l in
Scheme | following the procedures of Examples 3 or 7, and further
elaborated to inhibitors of general formula | in Scheme 1, using the
procedure of Example 4. 73 EXAMPLE 17 4-(2-Ami

‘nothiazol-4-yl)dt1-methyibenzerie-1,2-diamina the 0 :)Di THF r, 80 6 h

5

10

15

20

StegDHiNiLinE-£.02.30.5131%, SIBE@iMINesEet s fpltggiover B\
Snéaianul, -:-Nivl: abﬁ‘iﬁé\lﬂ'&a choRid €ashehsOMNEKYPSLEM SN HNNEIGE14 dauiv.)

Step vﬁa ﬁeﬂ\faﬂvghlotﬁ@ §d&'§593cﬁ werﬂ rye&e@@gd&’t:@#cg 5-

mmo amlne OmL, 2M in QI'

. ar@a?pwggur@fa!aa aﬂa B §6@?8W%Xﬁuaen%a§ﬁi%?w? AT
reactienangixitive Ads Tonsastictatdore wereeoian ipiRE redipriEsfdye 10%

pugfiesh by lash al Wiy ChEcsRAGLRPEY:(bISIngs 23aMvetefIOAC (150 mL).
The extract was washed with water (2 x 50 mL) and brine {100 mL), dried and
concentrated to 50 mL. Cooling 2 h in the fridge gave & beige pracipitate that was
collected by fiitration, washed with a small amount of EtOAc and dried. The filtrate
‘was soncentrated under vacuum and the residue was sturried in acetone (20 mb),
heated to boiling and cooied in the fridge overnight. The solid was filtered and the
combined safids wefe further purified by chromatography using CHCl; as solvent to
give the desired indole ester 18-2 as a beige solid in 77% vield.

Step 2 '

The ester 19-2 (300 mg, 0.72 mmof) was suspended in DMSO (10 mL) 'and the
suspension warmed genily to dissolve the solid. The slightly cloudy yeliow solution-
was cooled and stirred while 2.5 N NaOH (2.0 ml., 5.0 mmc}, 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 1o give compound 18-3 (273 mg, 84% vyield, 100% homogensity).
EXAMPLE 20
3-Cyclopentyl-1,2-dimethyl-6-indolecarboxylic acid.

\ o 0 \ 2

) 4 H N

N OMe BuLj N ome _NOH OH

Br— + N, s i N
Vel DMSO
191 ] 20-1 20-2

25  The 2-bromoindole derivative 19-1 {1.009 g, 3.00 mmol, prepared as described In

Example 12 of WO €3/010141) was dissolved in anhydrous THF (25 mL) under an
argon atmosphere and the solution cooled to -78°C. n-BuLi (2.0 M in hexans, 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

30 reaction mixture was then warmed up to RT and volatiles removed under reduced

pressure. The residue was dissolved in TBME (100 mi) and the selution washed with
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in EtOAC) to isolate the desired pure product 17-2 as an orange solid (980
mg, 34% 10 yield). 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 R8 is other than methyl, may be prepared by replacing
methylamine (CH3NH2) in step 1 above with the appropriate 88- 15 NH2.
.Step 2: To a solution of the 4-methylamino-3-nitroacetophenone
intermediate 17-2 from step 1 (700 mg, 3.6 mmol) in dioxane:ether (10
mL, 1:1 ratio), Br2 (0.20 mL, 3,96 mmol) was added slowly and the
reaction mixture was stirred at RT for 20 h. The reaction 20 mixture was
cobrirsr(@atel T-Hry he sxtEas Re deaddtie T FIRREEHRMP RIS 200
Migleddie: SPWItiRs¥RBARsted byifasSattratedaaqpesws NEHE G BIOrE0n

M a0 Q60D D LbeAEied AUE AN EH5-WES04 Aed snareatiaied

to dryness to give the crude bromo){<eto Jpter gg 17-&@.&)&){%1@

- waesEefid{ 8RRk Y REat A 27%. gtﬁb@ﬁ sofution of the ,

5 brookatoriteihte theaeiaebwER-3ta0Th SUSD)(tp. ity BRFIRIRAASTE A8 e
7.2l ih 6P90kAEOBLAYAE stered@tT0C for | h. The mixture was
cooled to RT, and the precipitate formed was filtered, washed with diethyl
ether and dried to 5 give the desired aminothiazole intermediate 17-4 as
anBHIRYE 3blid (- 1.0 g). This compound was used in step 4 without
putifoptioperitjen-Sthbmolutinetiofl handitlecarternydidiatédl 7-4 from step 3
(500 mg, -2 mcr}nol) and SnCI2 dihydrate (2,25 g, 10 mmol) in EtOH (1

at 8QC doy,46:h. The, 10.midture wasspaureds|

mL) was s [rref) €
NakcQFanf stitfed vigorously 0. Tﬂeemixtbl&ga?ﬁ/as e
with CH2CI2 (2x 200 mah}-and the combined organic layers w,

anhydrous Na2S04 and congeptrated to dryness. The r Y
sopurified by-flash column chromatographgt-{using a solvent gradientz}rom

s ks
(5.000 g, 14.87 mmol) was dissolvec? in dry dioxane (50 mL) and vinyltributyltin (4.82
mL, 16.50 mmol) was added. The solufion was degassed by bubbiing N through for
15 min. Bis(triphenyiphosphine)paliadium(ll) chioride (0.350 g, 0.50 mmol} was

15  added and the mixture heated to 100°C overnight under a nitrogen atmosphere.
Addifional cataiyst"{olaﬁc 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 mixiure was cooled fo RT and filttered through a small pad of
silica gel using THF for washings. The filtrate was concentrated under reduced

20 ‘ pressure and the residue purified by flash chromatography using 6 — 15 % EtOAc in
hexane as eluent. The desired 2-\‘f'snylindoie ester 21-1 was obtained as a brownish
solid (2.92 ¢, 69 % 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 (MH".

25
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to-Zre3ingiago exteNHS (B RIpA5E

15 material and the pure diamine product,
4-(2-aminothiazol-4-yi)-N'-methylbenzene-1,2- diamine 17-5, (167 mg,
38% yield). 4-(2-Aminothiazol-4-yl)-N'-methylbenzene-1,2-diamine 17-5
was converted into the corresponding amine intermediates of general
formula Il in Scheme 1 following the 20 procedures of Examples 3 or 7,
and further elaborated to inhibitors of general formula |in Scheme 1,
using the procedure of Example 4. The free amino moiety of the
aminothiazole substituent of an inhibitor of general formula | in Scheme 1,
or a suitable intermediate in its preparation, may be alkylated 25 by using
pr&xadiBrES4vell known to those skilled in the art, or acetylated by using
pracegticps g iblketnyivi i ¢tinde shilldecarithewi asitsh as treatment with
acetlc anhydrgje acetyl chloride, or the likg. Alternatively, repkacmg 0

aboveswith a suitgbly. N bﬁtltUt&ﬁbﬂ"llO e OH
Ereinrthe-free amifo adiety as'bgg‘ég?ubstlt 075

EXAMPLE 18 4-Amino-2-(9H-fluoreh-9-yimethoxycarbonyla
lam ino)benzoic acid_methyl ester KNOz N' ~ 8Qk:N- IN

Hx50 Or~'--0 H,S04 C) (0 CI/COH Ste Eﬁbmﬂcﬁ%\lﬂ Stebw%s%lsgo V‘gﬁ t&t
\§ )

58, Weyd11KIe) akdNhe elutiornHiérGeritel Siepd Ne GBPMEr SR EA(OH). / C

10

16

20

25

(50 mg) for18 h. The catalyst was then removed by fi filtration and the fitrate
.evaporated under reduced pressure 1o give crude ester 22-1. The residue was
dissolved in DMSC and saponified with NaOH in the uéual manner to give the desired
2-ethylindole derivative 22-2 as a white sofid (0.211 g, 88 % vield): MS-ES m/z 272.4
(MH™).

EXampLE 23
3-Cyciopenty!l-2-(2-propenyl)-1-methyi-6-indofecarboxylic acid.

NaOH N oM

233

The 2-stannylindole 23-1 (1.280 g, 2,34 mmol; prepared using methods described in
WO 03/010141), triphenylphosphine (0.085 g, 0.25 mmol), Cul (0.045 g, 0.24 mmol),
LiC! (0.200 g, 4.72 mmol) and 2-bromopropene (0.444 mL, 5.00 mmol) were dissolved
in-DMF (8 mL) and the suspension degassed by bubbiing Ar for 20 min. Pdz(dba)s
(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 diluted
with TBME (100 mL) and washed with bring (2 x 25 mL). The extract was dried
(MgSO,) and concentrated under reduced pressure 0 give a residue that was purified
by flash chromatography using 5 — 10 % EtOAc in hexane as eluent. The desired 2-
(2-propenyllindole 23-2 was obtained as beige sofid {C.57 g, 81 % yield): MS-ES m/z
298.1 (MH"). The methyl ester 23-2 was saponified in the usual way (NaOH / DMSO)
1o give the corresponding carboxylic acid 23-3 in 86 % yield: MS-ES m/z 284.1 (MHY.
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O H 18S GH3 16.5 ~Hz 1&4 CI,- Emoo-Ct Step6 ( A\ pyridine HI3N
11H2N ):::C NH~ p O Zn,AODH 0 N/ CC Me HN C02Me Step 7 1 Hx
18-710-B ClyCr/ 0O0R R,0N NH 4, ANN/1/\Rz-<~HN CGxMe ~"'A
Ic/0 R,ORR' NNH_Acost CHR, It 5 Step 1: To a solution of
m-chlorobenzoic acid 18-1 (12.5 g, 79.8 mmol) in sulfuric acid (100 mL)
at 40C, potassium nitrate (approximately half of the total amount; 22.0 g,
218_ mmol) was added slowly, portion-wise, with stirring, (temperature
malntlai.ned below 70C). The solution was then heated slowly to 105C, the
remainig KNO3 was slowly 10 added (temperature maintained below

110 d fi h
cog%éinﬁe fin %t e S(%'red i -Eﬁﬁ&%?etgasla QGtidQYcip min, allowed to

e (- 900 mL). The yellow solid formed
i shed Wlth water (50 {mL), alPdrled for 2 hto
' %

was f|Itered ielg_76.1

24-1 242

23-2

Following a similar procedure to that described in Examipie 22 for the 2-ethyl analog,
the 2-isopropyiindole derivative 24-2 was obtained as a white sofid (88 % yield): MS-
ES m/z 286.1 (MH").

EXAMPLE 25
3«Cyciopentyi-z-cyclop'ropyi-’i-methyi-6~indolecarbo:<yiic acid,

O Br
\ \
o ' :l OMe ] Buli Nowr® %
e \ .
Pd cat.
15.1 ZnBr, 251

Cycloprapyl bromide (0.471 g, 3.80 mmol} was dissolved in anhydrous THF (20 mL}
and the solution cooled to -78°C under an Ar atmosphere. nBuli (1.0 M in hexane,
3.60 mL, 3.80 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 aliowad to warm up fo RT
and the reaction stirred for 15 min. The 2.bromoindole 18-1 (prepared as described in
Example 12 of WO 03/010141) (1.009 g, 3.00 mmel) in THE (15 mL) was added
followed lﬁy tatrakis(triphenyiphosphine)paltadium(0) (0.289 g, 0.25 mmol). The
mixture was stirred 24 h at reflux, at which point starfing material was stili 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 (1 00 mi). The extract
was washed with saturated agueous NaHCO; and dried (MgSQ.). Evaporation under
reduced pressure gave a residue that was purified by flash chromatography using 0 -
15 o, EtOAC in hexane as eluents to give the desired 2-cyciopropylindole ester 25-1
as a light green solid (0.540 g, 80 % yieid): MS-ES m/z 208.1 (MH"). The methyl

25  ester 25-1 was saponified in the usual way (NaOH / DMSO) to give the corresponding
carboxylic acid 25-2 in 80 % vyield: MS-ES m/z 284.1 (MH™.
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Step 2: The crude dinitro carboxylic acid 18-2 (-13 g) from step | was
dissolved in methanol 5 (100 mL) and sulfuric acid (13.0 mL) was added
very slowly as the reaction is very exothermic. The reaction mixture 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% aqueous NaHCO3 (3x 100 mL), dried over
anhydrous MgSO4 and evaporated to give the desired dinitro methyl ester
10 intermediate 18.3 (9.54 g, 69% yield). Step 3: To a solution of the
abgygghinitsg aryichloride 18-3 (9.5 g, 36.5 mmol) in DMF (20 mL) at O,
AT e o R e
pension was
aIIoweq to warng-up to 15 Fg and stirring was contlnued\for 2h. ?he
reactlorm pctUrewwas partitie d between H20 ( nly) arfd FtOAE (100
| mL‘?F Qrganic solut*ron edWith 5% atteouyNaHCO3 (200
‘ ' and the solvent

orange solid (7 09 g 76% yield). 20 It will be apparent to the person skilled
in fhies:bthabintee ahirTenenes prethatabesf iryexBralad AR HP10141)

sSchepes 2. W‘@@@@Wa%@@(ﬁﬁ)@ othenihan oetayly Meytdeharged in a

PreoRiEs LERRRLAISEMBIIS (EHENIFE D HAD RN R AR Wes tren

approprlate

To a EtOH O (100 mL 1:1 au%g
g,

susi9e1esid of ﬁ’l‘@ ShRsgRIAR i"[‘r%aﬁi'h ﬁfh'@mﬂ@f ﬁ? 8- 4
74 Sutrhofhwias-2008H BIAVigbareus @twtmtsfo"nwéaobwﬁenatenal (1.60'9)

porﬂﬁmnvw%@ @aﬁéﬁmﬁammﬂiwmwmmes@aea @, & iz ReHF NeieOH /
yellow, Sus nsl ntutﬂ%% 08 r%:'J' thefc Qvg%(’t aSIC%% Qé%nderreduced

1Ohor’r’%’glbeéﬁeous

exo herm a white

preRipiate \ﬁ%ﬂ‘@ﬂ?@@u%f@@b"f‘ﬁ?rﬁﬁf& *3?5 §‘ﬁ ﬁfﬁ@f:ﬁ?ﬁ?‘e{ﬁ&sﬁ%ﬁ was
pargyrexapiatatedabckific zasiziie (MASTYLLEEMIRIAH20 (100 mL). The
reaction mixture was extracted with EtOAc (2x 75 mL), the combined

Analogs containing other N-linked heterocyclic substituents at C-2 of the indoie ring

15  were prepared in a similar fashion, starting with nitrogen-based heterocycies such as
" imidazoies and triazoles.
ExampLE 27 .
(E)-3-[2-(1-Aminocyciobutyl)-3-methyl-3H-benzoimidazol-5-yljacrylic acid methyt
20 ester

OQNDL OZND\ D\/\
[AP—. !

I

e ci Step \H ol Step2 COORBU

271

i Step 3

N X H N
4 E _ P
RN /N ™ coonBu Step 4 Sy COOnBY
27-5

H
274

Step 1: ,
2.4-Dichioronitrobenzene (27-1) (61 g, 0.32 mol), triethyiamine (68 mL 0.48 mo!} and
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organic layers were dried over anhydrous MgSO4 and evaporated to yield
a black amorphous solid 18-5 (1.26 g , 55%) which was used as such in
step 5, 77 Step 5: To a stirred, ice cold solution of the above trianiline 18-5
(400 mg, 2.05 mmol) in acetonitrile (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 5 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 NaHCO3 (2 x 20 mL) and

bring (RRPladiirdomar éumydtom MePide aticbthia schanteyaptratéask
to dryness.ine cesidue. Wad%rps%” erxraeﬁ chrpraaing Rk yainedd-C
graa Kifica gefand a so vent gra ent from O% Q R e
heheaiey %ﬁ?\fé‘fﬁ"@ 8@§ﬁ%8’ﬁr63‘(§‘5€ 8lig sppial'a eqbétéﬁ% @ﬁoufgeggfeatmg
(45@ w6 0P iEl N Bethybacktate itinexansd ishioyea i dre rrreiep was clYe
anﬂa?ﬁpféﬁélmweeﬁ-&aé $400-18ts Q2o mEnathiniceACI3n(1h M, (p§oidibewas
gg«ie Qh4 mmol) followed. By, Frmecifd, (\QQn%gﬁoroaﬁf&tH@erIMM%efLC

reac Ion m|x ure was stirred at RT for 2 h. The mixture %' wads
owed o

dn@t@mma&@ﬁem PRSI /2R SRRSHEGR AR TRAERB AR eaNRS RIaLE TS
Nafde Q321X rdOnmibenadroved drehyiite asiNySOdmmeEyapopim s
drws‘s‘é%d Fﬁﬁtﬁonﬁ,ﬁ\gmrwwpt %ﬁﬁ%&. {lasborhepmatagraphyddiriagpféssure
grade sili g_with a so

ey e s A AT 8?%%@% and
protiigetover Naa30OndF b SENPHE NEH GRITEYSHE YO HIE GYS PSR ”fikes

PURtY orSri@Ps6iid (53 day)blyaptitieeie di{thocasaptenogghriotestdul hexbsinnile
' der'\égti\ée 18-7 (100 mg, -0.17 mmol) was dissolved in THE (1 mL) and

aceticacid (0.25 mL foIIowed freshly activ zin¢ (20, 0
MM GIP AR R ERRYER ﬁé"?éﬁgﬁiﬁ ‘F‘H‘&‘fﬁf" %\?j 723@ g? 3”( |gor3n]g?§ d% 414
15undey, NikdgencipF2ERTh O idlstitiroindieegon. WA s mbRired pdelc
a”%r@ﬁ%r%@tﬁm%y%%tz@@wﬁ[smw&ﬁogmmgéhmf@memm@mm
(15,mg) was added and stiyring.was.conliked 8 SRCAe el Bersrastion
added to the mixture. The tube was then sealed and the mixture was heated at 1 10°Q
with stirring over the weekend. The reaction was cooled to ambient temperature and
20 diluted with ethyl acetate (200 mL). The solid residue was removed by filiration of the
mixture through a sifica gel pad and it was washed with ethyl acetate (700 mL). The
filtrate 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 mixiure was cooled to
0°C for 15 minutes and the red solid was collected by filtration and washed with
25  hexanes, and was further dried under high vacuum (3.4 g, 81% vield}. The product
27.3 was about 90% pure by NMR. Additional product can be obtained from the
filtrate by purification on flash column.
Step 3t _
Compound 27-3 was converted to compound 27-4 using the method of Example 11,
30 step s
Siep 4:
Compound 27-4 was converted to compeund 27-5 using the method of Example 3.
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mixture was diluted with EtOAc (30 mL), filtered over Celite and the filtrate
was cooled in an ice bath and washed with 5% agueous NaHCO3 (20
mL); care must be taken to 30 prevent build-up of excessive pressure.
The organic layer was washed with brine, dried over anhydrous MgSO4,
and the solvent was evaporated to give the mono- protected intermediate
4-amino-2-(9H-fluoren-9-ylmethoxycarbonylamino)-5-
(methylamino)benzoic acid methyl ester 18-8 as a white crystalline solid
(68 mg, 96 % yield). 78 Compound 18.8 was converted into the
cottaspeRding Fmoc-protected amine intermediates of general formula Il

in Scheme 1 fallowing th ro ure f e
elé@é')?%?éé'%"lymogcgr)ét %X%Ld n |t§r§lo¢ generﬁ%ﬁ%ﬁg%s@w@gﬁ ¢ actd
usingfhiespi®fcedure of Example 4 These Fmoc-protected inhibitors of
general forgggl[p lc, orapproptiate Fmoc-p ehammine int iSteYn
theif esis, may alsd.bg converted t ?%fprotectgd 0] rs of
gengralformulayld, ab6ve ,&Ising tmgpprocé urgs of steps 1, 2 aritl 3 of
Examp#e:B. In both cases? removal of the Fthidc protecting grotip ma;g;ge
carried out by treatment with piperidine, 10 as is well knowggdg. an e
in the art, and saponification of the ester group may be carried put under
baS|c dltlons following protocels yvell knevisto those skillg eoakt)
egz;ku sith.as compourteis 1032 (Takle-1) and ‘%é%[ﬁlbe 3).
Th °°tf'F'ee d’ml e mmet;m;eé these "Inhibltor§ can besfurther reacted ith
reagents szmﬂmonly known to those @fkfilled in the art, such as soepropyl
chloroformaite and the like, to form 15 inhibitors such as compound 1033
(Table 1 'EXAMPLE19
2-(5-Brgm opyrlmld\ncgcmg -3-cyclopentyl-1-methyl-1 H-indole-6-carboxylic
acid I e DMEITEA N Me N COOMe Me COON Sr, Pryp Ac),
HN N N¥ I\ I N Br~ 2. Br, \then n HCIN
28-8

Step 1:

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 mmaof) was added. The mixture was stirred for

2 h at RT, after which additional sulfury! chioride (1.5 mL) was added to complete the

reaction. After stirring for an additional 1 h at RT, the reaction mixture was pouted

10 over ice and the precipitated solid coliected by filtration. The product 28-2was
washed with water, air dried and used di_rectiy in the next step.

Step 2: .

The crude product 28-2 was dlssoived in MeOH (300 mL) and conc. HxS0, (1 mL)
was added. The mixture was refiuxed for 2 days after which point the conversion was
16  ~75 % complete. Volatiles were removed under reduced pressure and the residue
was pariitioned between EtOAc and water, The mixture was basified by slow addition
of saturated aqueous Na,C0O, and the organic phase separated. The extract was
washed with brine, dried (Na,SO.) and concentrated o 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, 40 mmol), sodium hydrosuffite (35.54 g, 204 mmaol) and
NaHCO; (17.15 g, 204 mmol) were dissolved in 3:2 EtOH — water (600mL). The
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2.Ste 2 N119-1K,PO4 19-2 19-3 Step 1 20 Step 1: The bromoindole
19-1 (prepared as described in Example 12 of WO 03/010141) (3:0 g, 8.9
mmpl, 1 equiv.) was dissolved in anhydrous DME (20 mL) and tri-(2-
furyi)phosphine (260 mg, 1.1 mmol, 0.12 equiv.), triethylamine (3.0 mL,
21.5 mmol, 2.4 equiv.) and Pd(OAc)2 (65 mg, 0.28 mmol, 0.03 equiv.)
were added, The mixture 25 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 resulting dark brown

' :2%%%%%\%%3%2@95%%@5%5 o8 ﬁ%ﬁ@@@ﬂ%@ﬁ@n aimespherer Témiced
wa en,co n
SRR e 3 SR AR BOAL UM Gdshod with water
foﬂmww@rwats%\ﬁré’cﬁ}'ﬁw%?dat%%%a%ﬂ%%‘?é’rSn 8&1@6@2“&% £0

0.Ad6lopyam hat eapliedd mitvatep (ication Altéwnaextetigrthe addition of
5 g t%ﬁhmay precede the addition of 5- bromo-2-iodopyrimidine. The dark
row

reaction mixture was then heated t 80C 5
s R e CAB AL T pile Bt o7
NaCs.(1roeh L HATRE DO SSRispesisiid el Sdfabted Mﬁ’@f@,&@r&@w)"’e

Ml piieaeXHAG WaseWasRILWtY WalEs{RoebR T ansk bitmer(£06mES,
S['gegd ad-eoncenaied oah OFEBSQQQJH]QC%B i) Hesfiidoe gave:abeioe

at was collecte filtration wash d with daws[{ngl!n%m? t of

10 Et@?ﬁ@%‘d‘fﬁrﬁeﬁrﬁ‘ésﬁfﬁ%ﬁénfd ?Egmﬁﬁﬁﬁ%d” AR VAU and the
resmeammuedam(M@abaqmm@,ntmem@%ﬁmeda%%@eﬁ &
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degﬂ@a efe convertion icbr% é%% %%%Hﬁm 0.GHER ASRRVRRBIQ w%‘é/ ﬁaﬁh@:@d
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15  aqueous NaHCO; and brine. After drying {MgSO,), removal of solvent, gave
compound 28-5 as an orange solid (563 mg) that was used direcily in the next step.
Step B
The benzimidazole 28-5 (1.63 g, 4.28 mmol) and K,CO03 (2.96 g. 21.45 mmol) were
suspended in DMF (10 mL) and iodomethane (0.27 mL, 4.30 mmol) was added. The

56 mixiure was sfirred 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 EtOAs, and the solution washed twice with 5 % aquaous citric acid and
brine. Afier drying (MgSQ,) and removal of volatiles under reduced pressure,
compound 28-8 was obtained as a brown solid (1.44 g) that was used directly in the

25 next step. '

Step &:

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 18 h. Since conversion was still not complete, additional LiBH,

30 (0,100 g, 4.6 mmol) was added and the mixture stirred for an additional 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 (MgSO0,4). The crude alcohol 28-7 (961 mg) was combined
with other batches and purified by flash chromatography. '
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suspension warmed gently 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 20 and dried to give compound
19-3 (273 mg, 94% yield, 100% homogeneity). EXAMPLE 20
3-Cyclopentyl-1.2-dimethyl-6-indolecarboxylic acid. 0 0\ OH OMe auk'’
OMe NaOH DMSO Mel 20-2 19-1 20 _1 25 The 2-bromoindole derivative
9%5 1.009 g, 3.00 mmol, prepared as described in Example 12 of WO
03/010141) was dissolved in anh%[drous TH fé m| ) un erdan ﬁéﬂp@e mL)
atHSESAEIEPANPRG TR AR R SBTEG B LPEEVHORNES exane,
1.66d Mess3vROimpechdinass@disd q{é@@/@@@ihma@%%u F@%m?@%r §o¥eEs

m'éhrM@MOzWatrnm 209ummedrwesasdeniangisticpgras EosRNuecstor

5 an addition nin, T&pned 3Q teagtion mixiure was Hsn W@gﬂggwg%gﬁ
an'?:’i1 it atl?es remove under reduced Pressure. The res asDC m
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15  EXAMPLE 29
5-[2-(1 -Aminocyciobutyl)-3-methyi-SH—benzoimidazol~5-y!]-3H-[1 ,3,4joxadiazol-2-
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0 N O OMe Bu3SnCH=CH2\ N O OMe NaOH\N I OH Br oMSO Pd
cat. 21-1 21-2 10 19-1 The 2-bromoindole 19-1 (prepared as described in
Example 12 of WO 03/010141) (5.000 g, 14.87 mmol) was dissolved in
dry dioxane (50 mL) and vinyltributyltin (4.82 mL, 16.50 mmol) was
added. The solution was degassed by bubbling N2 through for 15 min.
Bis(triphenylphosphine)palladium(ll) chloride (0.350 g, 0.50 mmol) was 15
added and the mixture heated to 100C overnight under a nitrogen
atmosphere. Additional catalyst (0.350 g, 0.50 mmol) was added and
heatipg resumed for an additional 48 In, at which point TLC analysis

incil REE, t@%%?%%@d@@@t@'%ﬁ&@@?@Iﬁﬁ%rgﬁl—%lfﬁ%ﬁ%%imﬁw V(QQNQQTIG g,

coo ed to ered throu smal| pad of silica, gel using.TH

RO R AR el AOB Rt e S et e At
thwaeﬁmdmeqmaerﬁia!eldytﬂaghmmé@ﬁﬁéHV*UWS a&%f%‘ RigSRIE phase
heyaneRARR waﬂtz m@ﬁeaﬁadﬁu\fmm{mﬁeﬂaﬁzm aiiad OhESDSditered

brownish so |d %%
es?efpﬂ Ewés sa Pg%l %e ué’ﬂ%ﬁi&r@ ggg %%&I\AS%%?E%%\% %ﬁzme

co?@%‘ﬁ@ﬂ@sémﬁﬁ%ﬂ *ﬂr%f%‘; ield: MS-ES m/z 270.1

(Ivmep 25 81 EXAMPLE 22

10

15

20

25

30

OM %ﬁ@gﬁ%ﬁa%\Mf'arﬁﬁtbmbﬁomqra@@t}w@d&@etdpﬁhsa  ©bbattd of

cgmpgund 29-2 (1 (O g/lg? %0221mmo 1%1 %50 tl THF at 0 °C. The mixture was further
stirred at 0°C for 20 min., then at room temperature for 15 h. The volatiles were then
evaporated, and the residue was diluted with EtOAg, and the organic phase was

" washed with 2 X water, saturated aqueous NaHCOs, dried (MgSQ0,), filttered and
evaporated to give 10.21 g (98 % vield) of comound 28-3 as an orange solid. The
compound was used as such for the next reaction.
Step 3:
Palladium (10% on charcoal, 1 g) was added o a solution of compund 29-3 (10 g,
47.6 mmol) 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 filterad 10 remove the
catalyst and concentrated to give 8.5 g (99 % yield) of compound 28-4 as an off-white
solid. The compound was used as such for the next reaction.
Step 4 '
Compound 28-4 was converted to compound 29-8 using the method of Example 7.
Step &:
A mlxture of compound 28-5 (730 mg, 2.03 mmol) and hydrazine monohydrate {500
pl, 10.3 mmol) in 8 ml ethanol was heated in a screw-cap vial at 85°C for 72 h. The
soiution was then concentrated, diluied with CHzCl; and the organic layer was washed
with water. The organic layer was dried (Na;S0,), filtered, and evaporated to vield
642 mg (88%) of compound 29-6 as a grey-white solid that was used as such in the
following step.
Step 6:
Triethylamine (190 ul, 1.36 mmol) was added fo a solution of compound 28-6 (350
mg. 0.97 mmol) and 1,1'-Carbonyl diimidazole (180 mg, 1,17 mmol) in THF (5 mL).
The mixture was stitred at room temperature for 15 h. Volafiles were removed, and
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The 2-vinylindole ester 2"A (Example 21) (0.250 g, 0.88 mmol) was
dissolved in 5 MeOH (15 mL) and the solution hydrogenated (1 atm H2
gas) over 10% Pd(OH)2 / C (50 mg) forl8 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 272.1 10 (MH"). EXAMPLE 23 '
3-Cyciopentyl-2-(2-pr 1= -6-i r i id. :
TP Y A e e e e e
23381 Bigh -SRI APPIB%HIYY'S'd A TH MBI Bq/éefgﬁ‘é%d"u%?ﬁ“ ound
methpds deserbaildsoity ®03/64 Gketys sishéniipiesphifie (0.065 g, 0.25
m@{élg,-gui (0.045 g, 0.24 mmol), LiCl (0.200 g, 4.72 mmol) and

2-bromopropene (0,444 mL, 5.00 mmol) were dissolved Jp.

T O SR B PRUBRReA SLAe SR 28Dl o drbbo
(01088I;inGIOBUARABIR WAL TR e AR GRLLirR 18P SHTRa&idth 16
Migs iR RdRASLEAB ANty eisBsHnentad e QBE oveénaigiitcTdrsetate salt of
su eé]e%ﬁ) d\%%gém diluted with TBME (100 mL) and washed with brine

(2 2B mL e extract was dried (MgSO4) and concentrated under
reduced pressure to give a residue that was purified by flash
cheaeaogRphy using 5 - 10 % EtOAc in hexane as eluent. The desired
2- %ﬂﬁ%ﬂmw%&?nzsmmms@l@mm&eiwim%iw:«sm.%s,4-
yield): MS-ES m/z 25 298.1 (MH'). The methyl ester 23-2 was saponified
in fEP0EE8 "6\73(}9(NaOH | DMSO) to give the corresponding carboxylic

acid 23-3 in 969 yield: MS-ES hi#z%284.MMHY 82 EXAMPLE 24
3-C clogen -isepropyl-I-methyF-ifetole cal cid.
o . o
. o]
28-7

Potassium carbonate (32 mg, ©.23 mmot) was added to a solution of compound 29.7

e, a
o 30-1
(80 mg, 0.21 mmol) in DMF (1 mL). The suspension was siirred af room temperature
for 15 min. Jodomethane (12.5 ul, 0.2 mmol) was then added and the mixture was
stirred for 3 h at room temperature. The mixture was diluted with EiOAcz, washed with
water (3 X), brine, then the organic phase was dried (MgSQ.), filtered and evaporated
to yield 67 mg (81% vield) of a beige solid. Treatment with TFA as described in
Example 29, step 7 gave 57 mg {quant. yield) of the trifluoroacetate satt of the desired
compound 30-1 as a beige solid.
Compound 36-1 may be coupled to indole intermediates of general formula Il to give

compounds of formula |, using the procedures of Examples 4 and 34, step 1.
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00\ OMe NaOH\\'N/oMe H2 OH Pd DMSO 23-2 24-1 24-2
Following a similar procedure to that described in Example 22 for the
2-ethyl analog, 5 the 2-isopropylindole derivative 24-2 was obtained as a
white solid (88 % vyield): IS- ES m/z 286.1 (MH'). EXAMPLE 25
3-Cyclopentyl-2-cyclopropyi-I-methyl-6-indolecarboxylic acid. Br We A
/BULI N/ OMB NaH \/ OH Br DMSO Pd cat. 10 ZnBrz 25-2 19-1 25-1
Cyciopropyl bromide (0.471 g, 3.90 mmol) was dissolved in anhydrous
THE (20 mL) and the solution cooled to -78C under an Ar atmosphere.
nBuLi (1.0 M in hexane, 3.60 mL, 3.60 mmol) was added and the mixture
StiFt#HFSF $8 min. ZnBr2 (0.878 g, 3.90 mmol) in THE (15 mL) was then
adiss(fienniatyriobitete thd P the et K am kb e BB SfRa@ -5~
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 THE (15 mL)-was added.
followed by tetr (tr}phenylphospera]gi)palladium(O) (. g, 0.25 mmol).
The mixtuse was sgirted 24 h at reflux, at which point sigfti aterial was
still presént, ' 'o “Was quenched by additidn of A ?3.
Volatiles were removed=20 uder redueed pressure and thewe e taken
up in TBME (100 gL). The extract was washed with r%g%g agueous
NaHCO3 and dried (MgS04). Evaporation undgg_r %q?ssu{éezgave
a residue that was purified by flash chromatography using @515 % EtOAc
in hexane as eluents to give the desired 2-cyclopropylindole ester 25-1 as

a light gre olijal (0.540 g, 60 % yield): MS-ES m/z 298.1 (MH"). The
methyl N 1. MeNFNH,, EOH /
m ! QEL

N
OH 2. TFA, GHLCI N
! < e Do
N I N
—N fa) o

NN Step S 5

31-3

Step 1:

NaOH (10N ,11 mk, 110 mmol) was added ic a solution of compound 28-5 (5.0 g,
13.9 mmol) in a 3:2:1 mixture of THF, MeOH and water (180 mL) and the solufion was
stirred overnight ai room tempetature. The mixture was then concentrated, the pH
was adjﬁsted to 4 using 1N HC, and the mixiure was exiractad with E{OAc. The
organic layer was washad with brine, dried (MgSQ,), filtered and evaporated io give
compound 31-1 (3.94g, 82% yieid) as a white solid . The compound was used as
such for the next reaction. '

Step 2:

1,1*-carbonyidiimidazoie (702 mg, 4.33 mmo!) was added o a solution of compound
311 (1 g, 2.90 mmal) in THF {24 mL). The solution was stirred for 15 h and was then
added drbpwise to a solution of the malonate anicn (prepared via the addition of Et:N
(0.81 ml_, 5.80 mmol) and MgCl, (620 mg, 7.25 mmol) to a solution of potassium
monoethylmalonate (1 g, 5.96 mmol) in acetonitrile (10 mL) foliowed by stirring at
room temperature for 2.5 h) at 0°C. The resulting mixture was then warmed siowly 1o
room temperature and stirfed for a tofal of 48 h. The mixture was concenirated and
ioluene was added. The mixture was cooled to 10-15°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 difuted with EtOAc, washed with water, drie;i and evaporated to
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25 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

(MH"). 83 EXAMPLE 26
3-Cyciopentyl-1-methyl-2-(1-pyrazoiyi)-6-indolecarboxylic acid. 0 N ./O N
N N1OH Br+ OMe (N _ "N 19- 26-1 The 2-bromoindole 19-1

(prepared as described in Example 12 of WO 03/010141) 5 (1.00 g, 2.97
mmol) and pyrazole (2.00 g, 20.4 mmol, 9.9 equiv.) were charged in a
sealed tube and the mixture heated to 160C for 72 h. The reaction mixture

‘+Vh é@d iﬁ?ﬁéﬁdﬁ% 'ﬁ;%ﬁﬁgv@%gd&?fé@ﬂy&léﬁﬁbhwmgmgfﬁpﬁmmimne
e proauct was e 4 ents e
g e

was contamlnate with pyrazole, was
digfetved in a mixture of THE / MeOH / 10 water and basified with 1 N

N%ﬁé’ﬁkyﬂr&aﬂm (L8 bes Avamoaiedddades eshiviech gressprendi3d-th 00

d eat |t I
22?"‘5‘3] oRied) é%t%(? gﬂ.& 9 preaipitate toedesiteddunyrazohdinggle

43 % yield). Analo containing o
N TR HeRaHE RSB & BV RE LT T8 3 en of 1N
prefianechdiust imiletdasiiche sartvis Valter e gatiasiaskd tﬁ@%@ﬁﬁ&y%t@éc
sughAfe iDidarQIrssanehirneal e EXNMR bbndehtrated fo give 94 mg (98%
ELZ Inogyclobuid)::m isigrokglacalc e
mé’fﬁ&%&r&?’ 6@&]’? “a g{;)ﬂ? Wﬁ@élt@‘?ﬁ%ﬁ F]]l%ilgléCI Step 2 N CQON S0 H
10 2 7EKamole 29 gtg:te(pgave 93 mg (quant yield) of the triflucroacetate salt of compound
31-3.
Compound 31-3 may be coupied to indole intermediates of general formula 1l 1o give

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

15 EXAMPLE 32
5-[2-(1-Aminocyciobutyl)- 3~methyl-3H—benztmldazoiws-yij <3H-1,3,4-thiadiazol-2-

one

C
}-OE‘I

/ 0
BN g?\/h‘ }—oa
o NE irN/ I >1’ O\{rﬁ ! Hen
>r YH NI OH TBTU o H
o] Et,N o]
32t

© DMF
a1 1. Lawesson reagent,
Step 2 l

Step 1 dioxane, 100°C
2, TFA, CHCL
HyN £ E N
N N
2 :
A
O .
32-2

Step 1:
26 TBTU (380 mg, 1.18 mmol) and triethylamine (380 ul., 380 2.73 mmol} were added fo
" a solution of compound 31-1 (350 mg, 1.01 mmol) and ethy! 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 obiain & solution

25  that was dried (MgSOy), filtered and concentrated. The residue was triturated with
82 ‘



/ ,N\HzN\ HzN N COOnBu Step 4 N COOnBu 27-5 27-4 Step 1:
2,4-Dichloronitrobenzene (27-1) (61 a, 0.32 mol), triethylamine (68 mL,
0.48 mol), and 84 2.0 M methylamine in THE (500 mL, 1.0 mol) were
mixed in a 3-L round bottom flask equipped with a Graham condenser
under argon pressure. The solution was then heated at 40C with stirring
and a white solid started to form (Et3NH CI-). After heating for -6 hrs, TLC
(in 20% ethyl acetate in hexane) showed that the reaction-was -60% 5
complete. Another two equivalents of the methylamine solution in THE
(330 mL) was added and the mixture was heated.at 4 ith stirr
R R o R0 0 (00 ISR T B oS SR s
Theedastochitixtoresybeeatiiied to cool down to room temperature and
thghite solid was removed by filtration and washed thoroughly with
THE. The filirate conc X
o L AU TR ot e bAaU e e b e hathg 321

5 anld5emsy LI MNED ITIO* AR AR WS re o VR o R B 8
cosnpoenadid B 8. asdaneoridiyé fokd(3DsnyxigumeEediion papist el und
enQUOR IR HS & IRBE X SRR BER203A ErTIRIgEsBHIRdN hayrsat ded

PRI 8 RPLTREn & e A T e et Bneee

.8 mm dN,N- = ,
dicyiohresifenighaRe s AL YTEE I maN UNGE arg5i At pHer SO
10 N-Butymapndatest2ed wik, TER Baercijosd s degasse dnstaraf gorofey E5mg of

migutes, befare being, added iQthessmxture. The tube was then sealed

and the mixture was heated at 11.0C with stirring over th d.
AR R e AR EA EaRTBe MDY R Rt Bt Erbive

acetatec @06 of i suiy 8 RCIAHE RN BYRANRP fFEHGA: STaRé-
mixture through a silica gel pad and it was washed with ethyl acetate (700
ngxI he filtrate was concentrated in vacuo and co-evaporated with

15hexanr(‘ém:tlﬁ'aree times. The red solid was then stirred with heﬁneg %O mL?}l
SRS n

at b0 M BRI Rodibd-Rsneeimi s i lieEs AREYHE:
wagegaiegteday filtration and washed with

KNG, MeNH,HCl o

" E
H,30, 0N~ 2 EtyN z e
—_——— ~ ! __,3_.,, .
Br B Step 1 Br B Step2 Hr? Bro N Br
i
32.2 33-3

33-4
33-1
Na,8,0,/K,C0,
Buasn\‘(N\ Step 2
|
N &
N . H,N .
N i samaeeneees
BocNH
© /N ’ = Cul BocNH N g Step 4 HT Br
P / .
33-4

- N
337 Step B 33

Step 1: .

Commercially available 1,3-dibromobenzene 33~1 (4.1 L, 33.9 mmol) was dissoived
20  in concentrated sulfuric acid (35' mL) which was cooled in an ice-bath. Potassium

nitrate (3.4 g, 33.9 mmol) was added slowly (in small portions) so as fo 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

25  the following step.

93



5

10

15

20

25

36

25 hexanes, and was further dried under high vacuum (3.4 g, 81% yield).
The product 27-3 was about 90% pure by NMR. Additional product can
be obtained from the filtrate by purification on flash column. Step 3:
Compound 27-3 was converted to compound 27-4 using the method of
Example 11, 30 step 5. Step 4: Compound 27-4 was converted to
compound 27-5 using the method of Example 3. 85 EXAMPLE 28
(E)-3-[2-(1-Aminocyclobutyl)-7-chloro-3-methyl-3H-benzimidazol-5-yigacry
lic acid methyl ester. ON COOH O2N COOH O2N/COOMe H2 N /1

C ﬂ%ﬂg z\1l yH2N:glHzN\1-~"HzN HzN Step 1 Cl Step 2 CI Step

1 28-2 28-3 28-4 NHBOc Step 4 COOH BccHN N COOMe, 0 I\&
| OO BN BV, BARRANTE T IS AT
Stgpif DnGODNMBMHZ20ING k8@ & ETep’T: TrigimilaorBen@rb Iven £3i 8BS
281138 &@@m&ﬁm‘@i%&e@é& &C@H&Q@@ hthgremsh®ulitrydeC
chionde (- 08 Tii52 T RDAAS RS et ThE b IuRMAS Sllpee Bbs
fitered. The fillrate was exiracted with £tOAc (3X) and the extract was washed with
water (3X) and saturated NaCl, dried (MgSQ,), filtered and concentrated {o give a
mixfure of compounds 33-3 and 33-4 as an orange solid (4.8 g}, which was used as is
in the next step.
Siep 3:
Reduction of the nitro compound 33-3 with Na»S,04/K,C03 was carried out using the
method described in Example 11, step 5. Compound 33-5 (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% 1o 25%.
Siep 4
The dianiiine 33-5 was converted to compound 33-8, using the method described in
Exampie 7.
Step & ‘
Argon was bubbled through a mixture of compound 33-6 (300 mg, 0.79 mmaol), lithium
chloride (67 mg, 1.6 mmol), PPh; (31 mg, 0.12 mmoal) and 2-
tributylstannanylpyrimidine (385 mg, 0.2 mmol) in DMF (6.0 mL) for 15 minutes.
Pd(PPhs)s (81 mg, 0.07¢ mmol) and Cul {15 mg, 0.079 mmdl) 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 (MgS0,) and
concentrated to give a yellow ofl which was purified by flash chromatography {(hexane:
EtOAC 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
Example 29, step 7, and the resulting amine coupied o indole intermediates of
generat! formuta 1l fo 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’

a4



2 h at RT, after which additional sulfuryl chloride (1.5 mL) was added to
complete the reaction. After stirring for an additional 1 h at RT, the
reaction mixture was poured 10 over ice and the precipitated solid
collected 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. H2SO4 (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 mixtjjre was. - o
basHnsd iy RRSRAH A S BicalnsNerRG ASB NS RN the srganic
phaise Separhteshrdtoskusing thasongiismedvwital Bfifie WRlePia SuryH)
e e e oty 20 Stap 3. The ditoantine 28.3(L1.32 g, 4
irectly in the tep 3: The nitroaniline 28- 32 g,
mr(reﬁg %s%ﬁ?u%%%%%ﬁ%ﬁ"{ssm 9,.204 mmol) and NaHCO3 (17.15 g,
5204 mmol) were dissolved in 3:2 EtOH - water (600mL). The 86 orange
migueruB34stirred for 20 h at RT. EtOH was then removed under”

s %W“’?#ﬁtﬁm%gif Wy Lo s was
e N R e e i

_ purificatiordn the pext step. 5 Step 4: The diamine 284 (1. (&igﬁ@\/\
. o N 1. HATU, DIFEA DMSO . o P o
mmeh! N -n@, oy tanecarbe*xls-lfl_a?g_o : 59 ,

HATU (2.20 g, 5.8 mmolj ahg E3KF (210" ML, ol) were dissolved
in DMF—*“‘(3 L) and the mixture stirred for 2 days at-RT. THé reaction

mixture was poured j recipitat ' j 40~
LR T

theHERg s WaSPRUSAFERTRS TheeestRIR HEeHER faﬁ*é‘ad(ﬁfaﬁaaﬁf an
corpettaipsubader ¢angednr 6885IEaling) sesidlaciwalbdisetiviedin-

AcQHand hesigdAnRS6.50r 8 hekiBL.Gianalysis irdieaind, cosepiate(m, 2H),
conversion to Ehe desired ben2|m|d%%{(éle %rglgg\%e.rgﬁno,k é\/z%?ée(rsn%\ggda 85
undefdEficdd ﬁr@ésm@, Feddsiite (Eka upin EtOAc'and the solution” -
1swaghethwithh4 (d, J = 15.6 Hz, 1H), 7.52 (d, J = 8.4 Mz, 1H), 7.59 {d, J=84 Hz,i1H),
7.64(d, J= 8.2 Hz, 1H), 7.70 (d, J = 150 Hz, 1H), 7.74 (d, /= 8.4 Hz, 1H), 7.86 (s,
1My, 8.12 (s, 1H), 8.18 (s, 2H), 9:20 (s, 1H), 12.25 (s, 1H).

EXAMPLE 35 .
20  3-Cyclopenty!-1-methyl-2-pyridin-2-yl-1 H-indole-8-carboxylic acid {1-[1-methyl-5-
(5-oxo-4,5-dihydro-1,3,4-oxadiazol-2-yl}-1 H-benzimidazol-2-yi}-cyclobuiyl}-amide.

| Q .
Ej o 2 [EJ %
s N%Q\HAOL
<]

25
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15 aqueous NaHCO3 and brine. After drying (MgSO4), removal of
solvent. gave compound 28-5 as an orange solid (563 mg) that was used
directly in the next step. Step 6: The benzimidazole 28-5 (1.63 g, 4.29
mmol) and K2CO3 (2.96 g, 21.45 mmol) were suspended in DMF (10 mL)
and iodomethane (0.27 mL, 4.30 mmol) was added. The 20 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 %
g? eous citric acid and brine. After drying (MgSO4) and removal of
184S under reduced pressure, compound 28-6 was obtained as a
broRi B8 440§ remaiaad st amarR7o thle 25 TRRCUERSHFI @
T%zmsﬁwlc@ﬁtgds@a $5(3.23reb i 1A ol Ekad XSDIve ASTHEC (GO A E)-

%Ia_yl‘bd'az(z%ﬁzélgcgm& 1¢b mm&?:;‘{‘@:ﬁ @%@)'Wﬁ@”\ﬂkﬂ@émﬁﬁgﬁeﬁﬁﬁ at

‘%H tirred at 40C
5 ?&%@%«%&aﬁrﬁéﬁ%ﬁ% T T08 5 6 o WA T PRt gt was
Mintistedited w@tnraoqm.mwwtmwﬁ@*ﬁ%.&ﬁ%@%@w t©
C%@Q@@ﬁl’a%}%mﬂ@%umr@llw@ddwmsaﬁwqmmy fascarafully

added and, the.organ exiragh was W with
waRI SR E?rgnﬁ%qﬁeg lﬁrleﬁﬁﬁg%%égﬁ%e%%e alcohol 28- g%) g)h
a

WS OB fHA B%%’éi‘i’cﬁ@? %\‘?‘Wﬁﬁ? .é’a%wsﬁ%sﬁ% c'ﬁroma?’ogr
10 87r&etm7 Purified alcohol 28-7 from above (0.450 g, 1.02 mmol) was
gd in DCM (20 mL) and Dess- Martin periodinane (0.551 g, 1.30
oI Was added he mixture was_stirred fqr
(AR TR TR SR S (AL P2B B0 mBIRa,
thenradnediammn@ﬁhﬁm:émﬂém@a%P%O&Pf%|‘é{ﬁ'f‘e%“(£f‘éjré°iﬁ
rempoREsURGe erapteast RIgRSHIrTand thearesithid) distelvdiionoacetaiE Aalt of

DM 19, effect remoyalof the. Ban AIaiFsng siRURoAfter stiring for | h at

R On(‘])‘faflf‘es were removed under reduced pressure and the residue was
paﬁ%ﬁn’%d between EtOAc and | N HCI. The aqueous phase containing
the1prechobavasisegeatd@s mewPaizemolithas added in one portion to 2 solution

of compound 35-3 (100 mg, 0.13 mmol) and triethylamine (80 pl., 0.57 mmol) in 2 mL
THE, and the resulfing solution was stirred at room temperature for 4 h. The mixture

20  was then concentréted under reduced pressure, diluted with 4 mL DMSQO, and directly
purified on a reversed phase Cqs, semi-preparative HPLC column {(using a soivent
gradient from 5% HzO in MeCN to 100% MeCN) to isolate compound 35-4 (compound
1428, Table 1) as a yellow amorphous solid in >85% homogeneity (29 mg, 38% yield).
TH NMR (400 MHz, DMSQ); 5 1.54-1.68 (m, 2H), 1.78-1.93 {m, 6H), 1.94-2.05 (m,

25 1H), 2.08-2.21 (m, 1H), 2.75-2.85 (m, 2H), 3.05-3.25 (m, 3H), 3.69 (s, 3H), 3.90 (s,
3H), 7.49 (m, 1H), 7.57-7.72 (m, 3H), 7.82-7.92 (m, 2H), 7.94-8.02 (m, 1H), 8.06-8.15
(m, 2H), 8.78 (d, J = 3.9 Hz, 1H), 8.45 (s, 1H), 12.62 (s, 1H).
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10 2M Na2CO03 and extracted 2 X with EtOAc. The extract was dried
(Na2S04) 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 eluents. The desired benzimidazole fragment was obtained as
a white solid (66 mg). 15 EXAMPLE 29 5-[2-(1-Am
inocyclobutyl)-3-methyl-3H-benzoim idazol-5-yt]-3H-[1,3,4]oxad iazol-2-
one NOi NO, NOi HO Conc. McNHi 0/ McOHOFTHTFN F~H OH
Step 1 /0 29-2 Step 2 29-3 29.1 P&C 16% Step 3 EtOH-THF yO NHz
X0 O HNIStep4 H. 29.529-4 NH2NH2 EIOH Step 5 855/--/0 11 N NN
HHRAARPYE-IR~ XH NI N-NHz O N j "NH 1111 0 Step 6 O-~ 29-6 0 29-7
StemcycldpbniyHiZGaEnyHE-pMitlnhb-yI-1H-indole-6-carboxylic acid {1-[6-(5-

amino-1,3,4-oxadiazol-2-yl)-1-methyi-1 H-benzirnidazol-2-yteyciocbutyllamide

KA
\ Qr *Ef\”

THETORC

83 .
C-(Di-imidazol-1-y!)-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 o 70°C for 16 f, 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 Cue,
semi-preparative HPLC column (using a solvent gradient from 5% H,O in MeCN o
100% MeCN) fo isolate compound- 36-1 (compound 1128, Table 1) as a yellow
amorphous solid in >95% homogeneity (19 mg, 23% yleld).

H NMR (400 MHz, DMSO): § 1.54-1.67 (m, 2H), 1.78-1.94 (m, 6H), 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), 2.91 (s,
3H), 7.48 (dd, J = 1.8 & 5.7 Hz, 1H), 7.59-7.71 (m, 3H), 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), 8.51 (s, TH).

EXAMPLE 37
3 -Cyclopentyl-1-methyl-2-pyridin-2-yl-1H-indole-8-carboxylic acid [1 -{t-methyl-
6-1,3,4-oxadiazol-2-yl-1 H—benzimidazoi-z-yi)cyclobutyi}amide

Oy e L

dioxane
refiux

<

NN

A suspension of compound 35-3 (Example 27) (50 mg, 0.09 rumol) and
friethylorthoformate (1 mL, 6 mmol) in dioxane (3 mL) was heated at refiux for 18 h.
The resulting almost clear solution was evaporated to dryness, and the residue was
dissolved in DMSO (1 mL) and purified on a reversed phase Cqg, S8Mi- preparatwe
HPLC column (using a solvent gradient from 8% 0 in MeCN to 100% MeCN) to
isolate compound 37~1 (compound 1130, Table 1) as a yeliow amorphous solid in
>95% homogeneity (27 mg, 53% yield).
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0 29.8 88 Step 1: 10 N HCI (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 diluted with EtOAc, and the organic phase
5 was washed with 2 X water and saturated aqueous NaHCO3, dried
(MgS04), filtered and evaporated to give 10.45 g (97 % vyield) 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 solution of 10 compound_29-2 (10 0 ).in
R oM S SRR i e
theRRRrtH AR MparatareRfar 45, 2Hie3vBlatikiserItRG? Evapbrafieds:
anﬁrﬁje.&@}m@ was dikitedvith) E1GAT 7aneh BEoTgRAicoplias8iyes 11 (s,
washed wit satu € iedy(MgS04),
filteir%dgagr% Sé%vkgspvg%?e{g’fz g%\%tf%@ﬁ g&(%%{g/i/ﬂﬁ%%gs %Sfr%%und 29-3 as

5 an orange solid. The 15 compound was used as such for the next
regsirLeSep 3: Palladium (10% on charcoal, | g) was added to a

SOWIHO ARt ASFS- A0 mmaahyit AQRdBHe-efcarbbkyixase of -
OSSO 1S i ks

he mixture was stirred under, hvdr )sphere
P et e R S R B R R G e
congeloirated-amigiee 8.5 g (99 % yield) of compound 29-4 as an off-white
solid. The gompound was used as such for the next reaction. Step 4:
Compoun 9-@ was converted to compound 29-5 using the method of
Exampl52N7. teb6: 25\.ANHmixture of compound 29-6 (730 mg, 2.03 mmol)
and hydrazine Od ate (500 L, 10.3 mmgl) in 5 Lg\a/nol was
heated in a serew-cap vialat 85 for 72tTh (6] @Nasgh
concentrated, diluted witoh_CHZCQaﬁ yer wag wasfied._y
a NH

38-2
o]

10 ‘ ,
TBTU (45 mg, 0.14 mmol) and triethylamine (4@ mL, 0.35 mmol) were added fo a

solution of compound 38-1 (prepared using procedures described in WG 03/01014%)
(45 mg, 0.43 mmol) and compound 28-8 (Example 29) (45 mg, .11 mmol) in DMF.
The solution was stirred for 15 hré and directly purtfied on a reversed phase Cis, semi-
15  preparative HPLC column (using & solvent gradient from 5% HO in MeCN to 100%
MeCN) to isotate compound 38-2 (compound 1143, Table 1) as a yellow amorphous
soiid in >95% homaogeneity (23 mg, 34% yield).
"H NMR (400 MHz, DMSO): 8 1.54-1.88 (m, 2H), 1.78-1.93 (m, 6H), 1.83-2.04 (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,
20  3H), 7.57-7.72 (m, 3H), 7.79-7.95 (m, 3H), 8.10 (s, 2H), 8.80 (d, /= 2.8Hz, 1H), .45
(s, 1H), 12.83 (s, 1H).

EXAMPLE 39
inhibition of NS5B RNA dependent RNA polymerase activity

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

03010141,
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with water. The organic layer was dried (Na2S04), filtered, and
evaporated to yield 642 mg (88%) of compound 29-6 as a grey-white
solid that was used as such in the 30 following step. Step 6:
Triethylamine (190 L, 1.36 mmol) was added to a solution of compound
29-6 (350 mg, 0.97 mmol) and 1,1'-Carbonyl diimidazole (190 mg, 1.17
mmol) in THF (5 mL). The mixture was stirred at room température for 15
h. Volatiles were removed, and 89 the residue was diluted with EtOAc,
washed with water, brine, and the organic layer was dried (Na2S04),
filtered and evaporated to yield 318 mg (85% Yyield) of compound 29-7 as
a waxy white solid that was used as such in the next step. Step 7: 5 TFA
(3 mkawras added dropwise to a suspension of compound 29-7 (150 mg,

0.39 ﬁﬁ%@%ﬂ@rﬁm@m&ﬁﬁ& A BB%‘?&&E&%&'{&&Q{UUOH was

stirrac The volatiles w d 150
y|efﬂ)%?ctﬁ‘é%ﬁﬁﬁ)?ﬁggé?é{@@&%%%%) %e %}(}){rlr? oundty%g gassapa%t%e\(ggs
SOliENAGHEDENRIRNS O Syinegsa o doensbinghyexdnsativgr 5 Be s
idazgighmila etk 3dpdod texadinaplpohentrdéaons Met, iIDMIRaNhe
TFA CQ/W?S%!BZ 3'?':1@'%33 aLI zg %&Qb@d%%@%m“ﬂpﬁ@o@m w9 aiso

PotaSS|um ca nat e mm0|) wa O lution
@ merase f?m a

COWWQQW'W??%W%WW%%NWW ESlepension
wapsiitedatiesoined rspay doomet fIcHS e %oﬁ%&ﬁéwﬂzz\ecﬁ Rps. 32
mm@él)zwgﬂthen added and the mixture was stirred for 3 h at room
temperature. The mixture was diluted with EtOAc, washed with

5 EXAMPLE 41
~ Celi-based luciferase reporter HCV RNA Replication Assay
Cell culture:
Huh-7 celis with a stable subgenomic HCV replicon tﬁat encodes a modified
luciferase repor!:ef gene (expressed as 2 juciferase-FMDV2A-neomycin
10 phosphotransferase fusion gene) were established as previously described (Lohman
et al., 1999. Science 285: 110-113; Vrojjik et al., 2003 J.Virol Methods 110:201-208.),
with the exception that repiicon cells were selected with 0.25 mgimbL G418. The
amount of luciferase expressed by seilecied cells directly correlates with the level of
HOV replication. These calls, designated as MP-1 cells, are maintained in Dulbecco’s
45 Modified Earle Medium (DMEM)} supplemented with 10% FBS and .25 mg/mL
neomyein (standard medium). The cells are passaged by trypsinization and frozen in
90% FBS/10% DMSO. During the assay, DMEM medium supplemented 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 diiuteci to 100 000 celis/mb in assay
20 . medium. 100 pL is distributed into each welf of a black 96-well ViewPlate™ (Packard).
The plate was then incubated at 37°C with 5% CO, for two hours. -

Reagents and Materiais:

Product Company Catatog # Storage
DMEM Wisent Inc. 10013CV 4°C
DMSO Sigma D-2650 RT

| Duibecco's PBS Gibco-BRL 14190-138 RT |

28



5

10

15

25

water (3 X), brin(_a, then the organic phase was dried (MgSO4), filtered and |
evaporated t(_) ylelq 67 mg (81 % vyield) of a beige solid. Treatment with
TFA as described in 20 Example 29, step 7 gave 57 mg (quant. yield) of

the trifluoroacetate salt of
Compound 30-1 may be c
formula Il to give compou
Examples 4 and 34,, step

the desired compound 30-1 as a beige solid.
oupled to indole intermediates of general
nds of formula i, using the procedures of

1. 90 EXAMPLE 31

5-[2-(1-Aminocyclobutyl)-3-methyl-3H-benzimidazol-5-yl]-2-methyl-2H-pyr
~azol-3-olNaOHN X ~' O'fTH O THE:eoH O =f uHd N OH 0.Q-0 Step-t

31ietal Go @R 2H9MOC'.Z

OROWMBESep 2] ErRPAN" v NP0 O C

St n2 N0 212219

MeNESIE, B35 N 71\ OH Zibte/ARA, CH, :H2TIB2-02YH 11 YZORH4RE-N\

> denaa%m-em-r 33125 StepdiNaeHir (TON" T3888G: 52 MMORGRERA"C

fo a solution_of mmnnund 20.5 n: 0-g+-43-9-mm n:0:1

miXRERR HPENRESK and ng'@F?T’BO mL) an @?ﬁg solluutlllolrl1l vggL;irred

oVieBaighgatpeoRtetEmperatur&aditaedmixture wePHdA%oncentfated, the

0 IMVibEed, and the ngix@ire2sas extraicted with

Qr \AIQ(‘- WIS

Polypropylene

FE’t PYBF gEe SR GRem
anlc-laver-Wwa chad H oliar LN oA
filtePEG AT VAR rtEd to]gl @eckman 267007 RT

s-washed-with-brine;dried L gDU4),

Preparation of test compo
The test compound in 100%

und:
DMSO was first diluted in assay madium fo a final DMSO

concentration of 0.5%. The solution was sonicated for 15 min and filtered through a

0.22 piv Millipore Filter unit,

Into column 3 of a Polypropylens Deep-Well Titer Plate,

the appropriate volume is transferred into assay medium fo obtain the starting

concentration (2x) to be test

ed. In columns 2 and 4 1o 12, add 200 uL of assay

medium (containing 0.5% DMSO). Seria! dilutions (112) are prepared by transferring

200 pt. from column 3 to ¢ol

umn 4, then from column 4 to column 5, serialfly through

to column 11. Columns 2 and 12 are the no inhibition controls.

Addition of test compound to celis:

A volume of 100pL from each well of the compound dilution plate was transferred to a

corresponding well of the Cell Plate (Two columns will be Used as the "No inhibition

control™: ten [10] columns are used for the dose response). The cell culture piate 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 uL of 1X Glo Lysis Buffer (Promega) previcusly

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 pL of Bright-Gilo iuciferase substrate (Promegsa) previously

warmed fo room temperature was added to each weil foliowed by gentle mixing. The

luminescence 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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compound 31-1 (3.94g, 82% yield) as a white solid. The compound was
used as such for the next reaction. Step 2: 1,1'-carbonyldiimidazole (702
mg, 4.33 mmol) was added to a solution of compound 15 31-1 (1 g, 2.90
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 Et3N (0.81 mL, 5.80 mmol) and MgC12 (690 mg, 7.25 mmol)
to a solution of potassium monoethylmalonate (1 g, 5.96 mmol) in
acetonitrile (10 mL) followed by stirring at room temperature for 2.5 h) at
0C. The resulting mixture was then warmed slowly to 20 room '

" temperature and stirred for a total of 48 h. The mixture was concentrated

anthrigene was added The mMun@owas coolb@ataia@#lsc bﬁ@rage

r*lr'\l\l-rnnl ola (|
h ‘@( gsrs Bt y-wierthe—additiopt 2 HC .'EEP'SEK" pHTe f@g - ‘L
Th rs Were then seoaratpd anag fhp orga verwas-dildted-with

Et@ﬂ@h%@ghé@fﬁiﬁﬁe\m dried f%g]gé@porat g48-91 give a.yeHow oil.
Thespneerict was purified by flash chromatography ( Eluent: Hexane:
Ac@Et—A*Gfo—gweﬁ‘B’S myg (74% yield) 6f compound 31-2 as a white solid.

3: Methylhyd zme mmo e f
B el S e
was@ﬁn@d)%th@@@@dﬂ‘frs IAES/ Rhe fﬁﬁii&ﬂ%‘%@?t’%ﬁ%iﬁ%%‘f?&%‘a and

5 Walgk damsaasielost, ifalimate d Haythenidtiditi orof Aozt C it S iktomepH to
6-7. Tt}e \queous layer was extracted 3 times with EtOAc, and the

IC_phase was dried (Mg: concentrated to give 94 mg (98%
ylgi/ @M‘%I’e Qﬂéwgo(f&f Cga r%%%%%ﬂgaﬁgA@nt&d|ch|oromethane as
described in 10 Example 29, step 7, gave 93 mg (quant. yield) of the
trifly QEpasRIAtsusAI Ol AR MR OING 084! -Ba Campijzal indhd 1nBipiay-benceisiien .

to indole | YaicoRmBRenmels ekforsnda
ST hry %ﬁ%@%&?ﬁﬂ*ﬁ”ﬁ%%ﬁgﬁ 115 EXAMPLE 32

5- [29@@%(&) Rbaleab BOTYIRS: MR PSS i IRf
idazol-5-yl]-3H-1,3,4-thiadiazol-2- one

TABLES OF COMPOUNDS

Ali compounds listed in Tables 1 to 4 below were found fo have unexpectedly good

15 activity in the celi-based HCV RNA replication assay described in Example 41.

O

Retention fimas {{z) for sach compound were maasured using the standard analyticai
HPLC conditions described in the Examples. As is wefl known to one skilied in the art,
retention time values are sensifive to the specific measurement conditions. Therefore,
50 even if identical conditions of solvent, flow rate, linear gradient, and ihe like are used,
the retention time values may vary when measured, for example, on different HPLC
instruments. Even when measurad on the same instrument, the values may vary
when measured, for example, using different indjviduai HPLC columns, or, when
measured on the same instrument and the same individual column, the values may
25  vary, for example, between individual measurements taken on different occasions.
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c ~-OEtr O H2N-N h V-OEt N ~O1H n HI N)~ SOH TBTI1I IOl H O EtN
O DMF 32-1 31-1 1. Lawesson reagent, f dioxane, 100C Step | Step 2 2.
TFA, CH2CI2 H2 N' NO 32.2 Step 1: 20 TBTU (380 mg, 1.18 mmol)
and triethylamine (380 L, 380 2.73 mmol) 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 NaHCO3(aq.) sat. THE
was then added to the organic layer to obtain a solution 25 that was dried
(MgS04), filtered and concentrated Afitéd-fesidue was triturated with 92

EtOACc to give 290 mg (66 %) of comp
compound was used as

Reagent (70 mg, 0.1%:mn
(150 mg, 0.35 mmol) in di

was stirred

nek'32
& e
addedtoas
0 mL) atA00

-1 as a beige solid. The
Btion. Step 2: Lawesson

fcompound 32-1 5
e resulting mixture

RS

wherein Ra; rR® R® R® R® and R are givenin the table,

2 ¢ MS
Cpd. R>€/ tr
2 3 & &
# ® R R R p {min) (M+H}*
I . Q o N
1001 H,\D Q H ! P 8.8 | 840.3
}m—‘""" ’ H,G COOH v
- 538.2
1002 E/H! é H )\ Q 5.2
N{\i//\.NHz HC™ cooH N
] ) .
F -
1003 | \ Q H 1 />2 53 | 6382
Q HC COCH .
\ i
| P
T ’ N
1004 ZN m . H Q 51 | 617.3
\F CooH \\ '.
1005 ZN é m H Q 55 | 574.3
"“%/h CONH, o
1006 J\iﬁ é é/j‘*\ H Q 48 | 802.3
K\) 57 S, ™ i
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at 100C for 8 h. and then 140C for 4 h. The mixture was then cooled to

100C , and an additional portion of Lawesson Reagent (70 mg, 0.17

mmol) was added. The solution was then heated at 100C for 15 h. The
mixture was concentrated to dryness, and the solid residue was triturated
with EtOAc, and filtered. The resulting beige solid 10 (100 mg) was
treated with TFA as described in Example 29, step 7, to give 93 mg of the
trifluoroacetate salt of compound 32-2. Compound 32-2 may be coupled

to indole intermediates of general formula 11 to give compounds of

formula I, using the procedures of Examples 4 and 34, step | 15

E){%MFTU.E 33 R o S tr MS
[1+( -‘Me hyl-Gepyrimiding2-ylt1H-genzgimidggzol-2-yl)c utyl]carbamic
acld gerttbutyl ester KNO, McNH,HCI © N FIN / HzS®y OzN VBN B4’
BT-StePt-BrBr-SteP2HN-BriftiN-Br-33=2-83-3-387433T
N&a.S204IK2CO3 Bu3sSn\ /N\x-Step 3 Il /I J Pd(Pha ,N|BocNH FIN-
Br ?éH#WN kStGp 4,33-1 N ~|Step;5 / 3@-5 33-5 1! 56 ! 5804
Commercial @ailaal -dibromefenzene 33-1|(4:&mty; 33.9 mnhol)
was dissolved ™20 injconcentrated sulfuric acid (35 mL) which was cooled
in an-tee-path—Potassiumm mirate (32479, 33:9 mmol) Was added slowly (in
.small portions);so as to—maint nthe internal reac iqrabterrmﬁerature below
10 31 € reagtop mixture a?zm»red for anHadditong@,mh and thers.3
poured into Il ofiice low precipitate formed (33-2)
N . 51 | 603.3
1009 7 O 4 By H N
Ny~ 57 S, -
5 1S %
1010 ZN |- H 1 49 | 5883
b O cocH ' WY
!
T D s |
011 ZN H , . )
! ] Q ~cooH OO
1012, ~ N | é ' @\W HooL Q , | 57 | 6452
1013 27NN é H l QJ 4.8 | 588.3
2 i HG  CODH A
1014 Y \’\ H gz 46 | 6033
S - COCH Y
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was filtered and washed with water, dried under reduced pressure and
used directly in 25 the following step. 93 Step 2: 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 OC. Triethylamine (9.4 mL, 67 mmol)
was added and the mixture was allowed to stir at RT for 3.5 h, then
heated at 70C 5 overnight. The mixture was poured inta water and the
resulting precipitate was filtered. The filtrate was extracted with EtOAc
(3X) and the extract was washed with water (3X) and saturated NacCl,
dried (MgSO4), filtered and concentrated to give a .mixture of compounds
33-% d 33-4 as anjorangesolid (4.8 |g), which wasgisee“as|is tjn thems
next step. 10 Btep 3! Reduction gfthe InitrorROmpou -3 with .
Na2S204/K2C0O8 was carried out using the method Hescribedfiip) | (M+H)
ExamptetistepS-iCompoura 335 (.57, -Z0 % Yield overjihe 3jsteps)
was isolated from the reactign-mixture|after column ¢ atggraphy,

using & olvewt-gradient.of E.tonk in hexanes fro 1%{ 25%.45 Steme
4: The digniline 33.5\was gonvertecbte compound 33-§, using the method
described in Example 7. Step 5: Argon was bubbled throughia mixtflre of
compourd33-6 (300 Mg, U.79 mmol), [ithium 20 ¢hloride (67,mg, 3.6
mmol), PPh3-¢31 mg, 0:32 mnok), and 2- tributylstann yri midine, (365
mg, 8P |m inD W:éﬁo mL%r 15 minges. d,)4 94.8ng,601.3
0,079 mmo Cul (2a.ng} 0.07%aminol) were agdded and the mixture
wais heated at 100C for 24 h. The mixture was diluted with EtOAc and the

organic phase was washed w ith water and brine, then dried (MgS04) and
25iconcentrated to give -a-yellowoil which was purfieflash
chromaograp he><aE OAC!3:7 t 2:8)o give comgound 83-7 &5 a3
yellow sofid (1 g,/ 24%). Compdarit] 33-7 may be deproteqgted using
standard iconditions as described in
A 1 H Q 55 | 587.2
ZN . .
1018 @ CO0H
MG Oy
1019 h 1 H > | 82 | 5512
o ) COOH
1020 7\/_3 é H ; 1 Q .| 60 | 8772
o ‘WG~ COOH A
: 1
1021 ZN G H | ‘ . | 4.7 | 5883
S i COOH S
1022 ) G H Y q Q . |48 | 5883
T HOCC : J

104



Example 29, step 7, and the resulting amine coupled to indole
intermediates of 30 generatl formula Il to give compounds of formula I,
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 94
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.). 5 EXAMPLE

( @Lf 1-?[2-(5-8r9mopyrimidin-2-yi)}3-cyciopertyIR-megzhyl-l ta MS
H |n(5)0 .6' - 2 : R3 R5 RE

carbagnyl]-amino}-cy :iobutyl)-3-methyl-3H-benzoifnid\§zol- -yl e fidMe
oll

N - or A DO LI AL A A1

I i P O B T B 2 WA B ] +AAT 1J, UIPE.K,'|V|:>U H_U ZU'[FF N7y

-OOEI 2! NeGH.OM50 E~N/{ CH, 34-1 103 342 10 Comgound 19-3
(E x%r}gle 19@;1 Cq ;@nd 34-}; (prepar P| from& compaqund 192 |usirrgs

the procedurlg of Example 3)were coupled séng he nod jof Example 4
to jgive gompound 34-2 {compound 3085, Table 3) as a dark|yellow solid
(9.8%)HNMRA0G-MHZ, DMSO-d6)| 8 1.63 (bs; 2H), 1.80-1.95 (iin, 6H),
1.95-2.10 (m, 2| .707(ddd, J = 9.3 & 106 Hz, 2H), (m, 2H),
3.63®45 7675, 3H), 385 15 (s,@z, §.54 &K= 15'0 HZ°T%4,
7.52 (d, H)+#.59 (d, J = 8.4 Hz, PH), 7.64°(d, J =8.2 Hz, 1 H),
[

7.1 T4 (4,3 =84HZ1TH), 7.86(s, 1TH), 812 (s,
1H),9.1 H), 9.20 (8, 1 H), 12.25 (s, 1 H). EXAMPDE 35/20
tyFi-methyl-2-pyridin-2Hyl-IH-in@810%8-carhgwyic- adid’tt 548.2

€0
S~ i 1=
v
I ©

3-Cyiompe
-[1tmethyl

N T ’
1028 | (| é i m | H gz | 64 | 6213
SO0H . . .

. 1T Y
Z7 N
6.1 | 6223
1027 (! H )\ |

R COOH

1028 58 | 606.3

HC  COOH

1028 COOH 6.0 | 581.2

O
S
/

1030 58 | 837.3

o /“)m' o
O— ) O
=

é COOH H

—
fo] O
et
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(5-o0x0-4,5-dihydro-1,3,4-oxadiazol-2-yi)-1 H-benzim
idazol-2-yi]-cyclobutyl}-amide. OHNC/\N\a H J. N~N~O O TON O
ESN OMF ]S2 9St steps WA 6tep2 C'LOy O 1" OH Et,N~'NH3 THE
Sfeo3 354 95 Step 1: TBTU (350 mg, 1.09 mmol) and triethylamine (380
mL, 2.73 mmoi) were added to a solution of compound 35-1 (compound
1025, Table 1) (487 mg, 0.89 mmol) and tert- butyl carbazate (130 mg,
0.98 mmol) in DMF (8 mL). The mixture was stirred for 2 hat 5 room
-temperature and then diluted with EtOAc. The resulting organic

suspension was washed with 2 X water and 1 X saturated aqueous

Naegé') . THE wasithen added to the organic layemranckthe resultingms
salution was gred (MgS©4)| filtered apd cehcentratee™The residue was
triturgted with EtOAC¢ to give{421 mg (72 %) of campdund 34 iy a‘[‘f‘él’&e
satict ~COMpotTmtwas USed as Such Tor te next 10 reaction. Step 2:
TEA (3 mL) was added.dropwise to a solution of af copapound 35-2, (200
m;ﬁg ichlgromethang,(3 mL) gpd the reﬁng SokJIHON weas3
stirrec? a
1032 é NH, - COOH ’ Q . | 83 i 5522
1033 N é A1 ocoor | />2 . |72 lessas
° j\ ; s
[
1034 \rs O H 1 >, | 53 | 5942
: N\) HC T COOH S
13| 2y é H ) \ /><\ . | 42 | 6033
‘ S, : BG COOH S
1036 | ) Q COOH |  CH />2 , | 59 | 5513
. <
[
1037 | z_\) \/_) -QCH; COO0OH ) P 6.3 | 587.3
O i . \\ i
1038 N é H /Y ‘ Q . 44 | 5712
. i ﬁ’ Y v
T T
1039 @/"’\ G H )\ . | 50 | 6303
Ho'  COOH R




volatiles were evaporated to yield 170 mg (quant. yield) of the
trifluoroacetate salt of 15 compound 35-3 which was used without further
purification. Step 3: 1,1'-Carbonyl diimidazole (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 L, 0,57 mmol) in 2 mL THF, and the resulting

solution was stirred at room temperature for 4 h. The mixture 20 was then
concentrated 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% H20 in MeCN to 100% MeCN) to

iscl tedcq)mpound 33 -4 (compound 1]128 Table 1D a yellow amarpgaus
solid M >95% omogengity (29 kg, 39% yiedel). 'H N 00 MHz,
DMIS@): 5 1.54-1.68|(m, 2H), 1.79-1.93 (m, 6H), 1 94 05 (), (@& Hj+H)*
2.09-22 \m, H :‘,, 2=F5=2-85r 2 73:05-3-25(n3H)389 (S, 3H), 3790
(s, 3H) 7 ) 7i157-7.72 (m, 3H);<.82-7.92 ( H), 7.94-8.02
(m, 4ok, 18 ),18.78Hd, Ji= 3.9 Hz, 1 H), 45 (s, B9), 8162
(s,i1 H). 96 MPLE ‘ Hc  COOH N
3- (.;LcJapgm_yL_L-me thyl-2-pyicin-2-y-tH-indote-6-carboxytic-acid
amino-1,8,4-oxadiazgl-2-yl)-1-methyl-1j . .
H-benzimida -yll¢yclobutyl}amjde NH 311 N ~:N %N N é/J\I fl AN
1Y} PREINH % N/{ONHa T F]O}ON 36-1 863§ | ‘
C-(Di-‘imldjazol- -yl)-methylerieamine (25'hg, %6 mmol) wag added in a
single—pgartion-to-a °f'uticn et-competie-35-3(Exampte-35)(86 Mg 0-14
mmol) in (4 . The resultlng solutidn was heatetihto 70Q'C for{16 h,
after-gw‘gych t| te ecipitate was observed. The actlonﬁvilas,ﬁ%’iﬁ
concentrated | nderr duced we cooM
1043 é H 1 ; 45 | 8303
MG COOoH
o7 TNH,
g 1 1 gZ 6.0 | 6172
1044 | H, . :
| O MO COOM .
/0
1045 é H E\ \ Q . 141 8022
' He  ScooH | ‘
NH, _1
1046 [ ] é H 1 Q 8.0 | 617.2
? - HG o COOH
1047 I G Hoo 1 36 | 618.3
\\r IR cooH
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pressure, dissolved in 4 mL DMSO and directly purified on a reversed

phase Cs, 10 semi-preparative HPLC column (using a solvent gradient
from 5% H20 in MeCN to 100% MeCN) to isolate compound 36-1
(compound 1129, Table 1) as a yellow amorphous solid in >95%

homogeneity (19 mg, 23% yield). 'H NMR (400 MHz, DMSO): S 1.54-1.67
(m; 2H), 1.79-1.94 (m, 6H), 1.95-2.06 (m, 1 H), 2.11-2.23 (m, 1 H),
2.74-2.84 (m, 2H), 3.19-3.05 (m, 3H), 3.69 (s, 3H), 3.91 (s, 15 3H), 7.49
(dd,J=1.8 & 5.7 Hz, 1 H), 7.59-7.71 (m, 3H), 7.86-7.92 (m, 2H)

7 96,-8.01 (m, 1H), 8.06-8.10 (m, | H), 8.10 (s, 1H

).878(d, J=43Hz.

HL.,31|(s, 1H). EXAMPLE|37 3 tn | MS
yc? entyl-gmethyl-2zpyridin-gsy]-IH-indefe-6-c acid .
[1.(1ame | (min) | (M+H)
6-E:3-4=oxadiazot=2=yit=benzimidazat-2-yicycobutylfamide 0 NR, ¢t 7N

reflux N- pension of compound 85-3 (Examiple 27) (50
» 0,99 ylorthgformate (3 mL, 6 i d}iog@ne 634 2

4 ; Q.

ri18 h. The resalting aimest clear| solutipn was

evaporaf

) was
| a\r/L-ﬁw'r‘

(using a solvént grag

isg
soli
DN

5s, and 11

he residue Was 25 d|>solved in DMSO{(1 mL)

ied-ofrareversedphase Sie;senm-prep
|ent frorn 5% H20 in MeCN t
mpound 1130, Fable 1
27 g, 53% yleld). 9F
H)| 1.79-1.93 (M, 6HY, 1

rative  HPLT column
D 100% McCN) tg
as llow orp'ggglf
H%R (400 MHZ, ™
95-2.04 (m, 1 H

2.12-2.20 (i, 1 H), 2.82-2.74 (m. 2H). B.15-3.05 (i _3H) 3.69 (s 3H).
3.9 3H) 7.49 (dd, J = 2.P & 5.3 Hz, 1 H), 7.56-7.73 (m, 3H),
7.9 ‘ H), 8.33 (s, 1 H), 8.7 = 4.3 Hz, 1 H),
9.2 EXAMPLE 38 10 | 5442
MG COOM
1081 H 1 Q . | 55 | 6202
Ho' TCooH N
1052 g j\ . ;\4 .| 58 | 6202
cooH -
1053 H l A Q , | 42 | 8182
COOH N
ne’ TCooH S
1058 é H 1 ‘ Q , | 53 | 8182
Heo' coon S
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3-Cyclopentyl-2-(5-fluoro-pyridin-2-yi)-1-methyl-1 H-indole-6-carboxylic
acid {1- [1-methyl-6-(5-0x0-4,5-dihydro-1, $,4-oxadiazoi-2-yl)-1 H-benzim
idazol-2-yl} cy clo b utty llI}}-amid e H7N~N NNH 298 p Tt,N N E3N
NH N OH 38-2 -N 3&i 10 TBTU (45 mg, 0.14 mmol) and triethylamine
(49 mL, 0.35 mmol) 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 C16, semi 15 preparative HPLC column (1

sing a solvent gradient
H20 in MECN to 100% MeCN) to isolate und 38-2 ms
(c n?pound 1343, Tablg®l) ds a.gellow am&phous >95% .
homegeneity (23 mg, 34% yield). 'H NMR (400 MHz, DMSO): &) 54M83
(2474 98- BH) T 93-Z.04(m, 1 H), 2.07-2.20 (m, 1 H)
2.72-2.8 3.00-3.18 (m, 3H), 8.67 (s, 3H), 3.88. (s, 20 3H)
7'53)6 o 7947.95 (m,;3H), B.10)(s, 2H), 8.804d, JF 8.9 HzadH),
9.457s, (S_LH)| EXAMPLE 38Nphjbition<of NS58 RNA
depende ymerase activity 25 The compounds of tqe invention
Wenre—ﬁesL&'} forinhikitory-activity agamst the nepafitis C virug RNA
dependgnt pdlymerase (NS5B), according.to protc)col cri ed |n WO
03109141 AOBEXAMPLE 4D H gl 606.2
Ry ‘ HC . COOH
e
N H,e' CO0M
7N gz 56 | 620.2
1089 | | | é H )\
H,C COOH
oco M é ’ } Q 82 | 6072
s B cooH N
1061 b é H l | §Z 62 | 627.2
o s He' GoOoH S
1062 [/ d H E\ Q 86 | 8271
neo” cooH
Gt
[ T .
l\\J HC COOH
@ Tl 19 | & fes e
HyT COOH
Gl J




Specificity of NS5B 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 also profiled for inhibition of the calf
thymus DNA dependent RNA polymerase Il in a previously described .
“assay format (McKercher et at., 2004 Nucleic Acids Res. 32: 422-431). 5
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99 Fetal Bovine Serum Bio-Whittaker 14-901F | -20C/4C Geneticin
(G418) Gibco-BRL 10131-027 -20C14C Trypsin-EDTA Gibco-BRL
25300-054 -20C/4C ViewPlate -96, Black Packard 6005182 RT Backing
tape, Black Packard 6005189 RT PVDF 0.22pm Filter Unit Millipore
SLGVO025LS RT Deep-Well Titer Plate Beckman 267007 RT
Polypropylene 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 5
0.22 pM Millipore Filter unit. Into column Sofa Polypropylene Deep-Well

T”eéﬁ‘} I.ite the appropriate volume is fransferrediin @gzﬁggrnqgiurn ies
ob e staging coneggntrations2x) to-begested. In ns 2 and 4 to
12, agd 200 pL of agsay medium (confaining 0.5% DS ). Serial | (M+H)
dilptiens \J.IL}—(J.IC ot - o1
column 4, then from cotumn 4 to column-5,_serially h 10 to calumn
11 fdohu nns%ﬁ\ é‘& noHnhibjtion {tontrols. Addition offest 593.2
compound to of i OOpl. oM each well of thecomppund
dilution sterregto-a—corresponding-yvettof the CeftPtate
(Tywo colgmns will be used as the "No inhiition 15 caomtrol”; ten [10]
coluypns jare fo t se responée).ébe cell culie plateSwas 5772
ingubated at with 5% CO2 for 72 howeS. kamiferase assay: Following
the 72.h Incubation pericd-the-medivm-was-aspirgtet-from-the 96-welt-26
assay plate and a v%lum of 100 pL of 1XGlo Lysis Byffer (Promega)
previgpsly \ﬁ@ed to r@%gw empgrature VL\% added toxeach wellDThé87.2
plate was in ed at m[]temperaturga umin Wwith becasiondl
shaking. A black tape was put atthe-bottom-of fhgj plate—1061pt-of
Bright-Glo luciferase su9§traﬂe (Promega) previousl
=
1076 | | |, é H } Q 5.7 | 6222
H,LC COOH *
o]
1077 | H )\ Q 6.5 | 619.2
O HG™ COOH R
£ .
1078 é H )\ §Z 64 | 619.2
' F He” COUH S
\F\N ] ] gz 27.2
1079 Moot/ @ M 1 X, |38 82T
| P | nge” Tcoon o
F e r
1080 Q O H 1 Q 6.3 | 6192
HGC COOH A
i
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warmed to room temperature was added to each well followed by gentle
mixing. The 25 luminescence 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. 100 Product Company Catalog #
Storage Glo Lysis Buffer Promega E266A 4C Bright-Glo Luciferase
Assay Promega E2620 -20C System 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 5 concentrations of
inhibitor. The % inhibition was calculated with the following equation: %
in 1@|tdon =100- [CRS (inhitjtor) | CPS (control) x 10H-Iim,ea cyuge
fit\with the Hilkmoddl wag appliego the intiitiontconeéagration 10 data,
“and tge 50% effective concentration (EC50) was (:aCI%iélIated byt %*Hf

SAS—seftware-{Statistical-SoftwareSASistittte] The. Tary, [N.C.).
TABLES OFFCOMPOUNDS All compdunds listed{in s 1 to 4 below

we nd ve unex ectedlwooc 15)activity in thg cell-based KA
fﬂgwllca ass aycr j

RN bed in Exampte 41, Reténtion times (IR) for
each compound were measured using the standard analytical HPLIC
cohdhitiefis-described-inthe Examptes AS 15 well Khown to one skilled in
the art, reténtiorytime values are sensitive to the specific measurement
conglifions. , ven if igenti :al%\nditims ofgolyent,dlow 48,2
lingar gradi : -m- are used, thgtetention tife valugs may vary

'when measured for example, on different HPLC instruments. Even when
measured an the same instryment, the values may vary wheh measured,

foriexam 3Ie sing) ffe nt individual HPEC columns, diswhen measured
onithessame i % the sdme qndliual c Iun}(phe afifes| rRgy-2

25 vary, for exa ple eh individualupeasueremernts taken on different

occasions. 101 i
108s | & 4 d Ho | 1 Q 6.0 | 853.2
HC~  CooH N
1085 fb/ (5 Ho 1 Q 6.0 | 653.2
H._,C' COOH
o
1086 :l é H 1 SZ 8.1 6352
3 He” COOH N
o
1087 [l é H 1 Q 62 | 653.2
| HC o cooR
\
1088 Ji} é Ho 1 Q 6.3 | 653.2
T i 1 He  cooH
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TABLE 1 0 Rs R10 HVYJN R2\1/x/Rs 6 R wherein R2, R3, R5, R6,
R9, and R'0 are given in the table, Cpd. R\R tR M'J R2 R2 Rs R6 # (min)
(M+HJ 1001 iH 6.6 ' 64”u.3 HN 'H3000H 52 63&2 1002 H NH, H3C
COOH CI1003\/NH 5.3636.2.. pH_~cooH 1004 H5.1617.3 ~ cooH
1005 5.5574.3 NJ v CONH 1006 4.6 602.3 -J ~. SNYn 102 Cpd. R\ a'
tR MS RZ R3 RS R6 # 4 z (min) (M+H)+ 1007 ~IIN H 5.6 590.4

Cpd. R R® tr MS
R? R® R® RS ><§/
# 4 (min) | (MeH)*
1089 ﬁ d H }\ Q ., | 65 | 6602
é\ ? WG~ COoR A
1090 h é COOH -OCH;, Q 57 | 567.1
. <
]
see1| [ J é -OCHs )\ \ /><\ , | 63 | 6363
- He  cooH AN
F
= N ( ;
1082 | | | O H | >, | 58 | 6203
‘ i Mg GOOH R
F
..;.- S 'L .
1003 | N é H [j N, s 6023
o T N
1004 | é H 1 Q . 182 | 7003
OW MG cooH N
CF,
)
1095 i é H A Q 59 | 589.3
™ - 5!
t i ~
F _
1096 @4 é H | \J\ §< . | 45 | 5923
= } 77 “coom N




N J COON H3C\; CH3 1008 O H 5.0 576.3 COON 1009 H 5.1 603.3
1010 ~N O H 4.9588.3 vJ~ CCOH 1011 I N H 4.8 586.3 COON 1012 ~N
JHHH5.7645.2 1013 N3 H~;.4.9588.3 HNC COON 1014 " NH,
COCHH4.6603.3 ~1~~103Cpd. R\Rt~ MS RZ R3 R'Rs # (min)
(M+H)' H6.5577.2 1015/\3 COON 1016 b~O HQ, 4.5601.3 NH

COON 1017 /\ I H6A 575.3 Q O COOHi 1018 rN H'5.5 587.2 COOH HC
CH1019H6.2551.2

' ] 10
Cpd.. R>§, & WS
2 3 R® Re
" R R T (min) | (M+H)*
=~ .
1087 \[N é CHs 1 Q 57 | 6203
ke COOH A
F’
1008 | [ | O H l /><\ 62 | 610.3
. \ 7 N
F jatelall] N
- R
o4 T
1092 | @) Q H )\ J 54 | 604.3
SN Koo CoOH N
N'/’LN ] Q 59 | 667.2
1100 | é H 1 >
1" COOH .
Br .
<V De '
101 /N é H m X, | B4 | 6043
l N COOH R
Y ;
N H %‘rv 59 | 6324
1102 « é a9 Pl
s N ‘
F ‘ :
o3| [ ) {5 H \)\ Q 57 | 6203
o 7 ;
COOH N
F
= N i
Q 48 | 6202
1104 | [ (5 H Q:) <
k \ | )
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o\ COOH 1020 H 6.0 577.2 O 3 H3C COON 1021 (~N3H 11 ~- 4.7
588.3 \ " COOH 4.8 588.3 H 1022 61~ HOOC 104 R\rz'0 Cpd.tRR 2
R3 Ra Fe ms # (min) (M+H)* 1023 H'114.7 617.4 COON|'~1024\b H
4.0570.3 1025 H COOH ~;. 4.4 548.2 1026 N H Q; 6.4 621.3 cooH CI (
~ 1027 1 H 6.1 622.3 H3~000H CI 1028 I-NH Il (5.8 6 66.3 HC COON

1029 COOH I\Q ;6.0 581.2 0 1030\ COON H 5.9537.3 0

Cpd | rL R ir Ms
' R? R* R RS >%1
# Y | (min) | (M+H)'
T X U H,C CH,
105 | (7 ) é H l ) 43 | 591.3
= 7N, Mo TCoor
\ HC. O |
: 0 | 5852
108 | [ é H N 2| 80
o Ho' cooH
T HC_ CH,
| 1107 P 1 D | 57 | 5943
/ 46" cooH )
T HC. CH
1108 @ é H )\ D& |60 | si02
3 #,C"  COOH )
Ci
N\
2T ‘T &3 .
1109 | [ | Q H ; X, | 81 | 6983
l ‘\
F’
(L p\ H i 50 | 589.2
N Q , . :
1110 g Q | S5 7
) HC W COoH
1111]  CHs é H 1 gz 6.1 | 525.3
Hes  COOH ™ !
1112 \ é H j\ Q 64 | 539.3
H,C COOH N
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105 Cpd. R~ R cR M$ R2 R'R' R’ # (min) (M+H)* 10311 COOH H 5.5
566.3 F 1032 NH2 COOH 6.3 552.2 6 NH 1033 COOH 7.2 1638.3 0 ~ 0
i H5.3594.2 1034 H3C COON 1035 H I Il ~; 4.2 603.3 NHS, HCOOOH
1036 \ COOH CH3 5.9 551.3 1037 r -OCH3 COOH 6.3 567.3 1038 H 4.4
571.2 1039\ N~ b H Il ~. 5.0 630.3 H3CO00H 106 Cpd. R' R1 tR MS R2

R3 R5 R6 # (min) (M+H)* 1040 0 H If 6.0 617.2 Nac COON 1041 H 6.4
601.2 H,cJ\000H 1042 H | I~ 6.2 623.2

rt::pci ' ‘I - RR" | te | MS
' 2 R® R® R® &
" R A (min) | (M+H)"
sl é ’ l Q 6.6 | 553.3
we' o cooH S
- 589.2
1144 |  Br é H 1 SZ 58 | 5912
: He GCOH R
1115 m QF H E\ SZ 5.4 | 613.3
o . WG~ COOH A
1116 m H 1 3, | 80 8913
o He  COoH S
fz 605.2
17| B EB H 1 X 8 sos2
KRG COOH v
| e S| R el
o A ue” cooH A
1119 h H 1 gZ 56 | 6274
: o He™ COOH A
FF
ol O y @ Q 55 | 632.3
o — ¢ 7
| ' COOK '
F
Vo C) y 1 SZ 53 | 6564
I : ue” cooH A
F F F
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H3C COON/(J 1043 H14.563033 H,CCOOH O NNi 1044 H 6.0 617.2
H;l COON 1045 H | ~; 4.1 602.2 HC COON NHi 1d46 H 6.0 617.2 0
H,CCOOH 1047 IN H ~il 3.6 616.3 H,C COON 107 Cpd. Rs R1 tR MS h2
R3 RS R6 ! (M+H}* # (min) 1048 H 6.0 631.2 LCOOH 1049 6 H 6.0
635.2 HC COOH O 1050 H ~;. 4.9 644.2 HNyO H3COOOH HN 1051 5H
5.5620.2 HC COON 1052\ NHz Q 1 H5.8 620.2

Cpd. R R" tr MS
R2 R3 R5 RS . “>%‘J
# £ (min} | (M)
= N i s )
1122 E é H )TI Q 50 | 615.3
N N “ , ‘
L \<NH2 '
| T / ‘
1123 |  CH Q H N~\~<\“ > | 50 | 5343
A ! NH, )
[
4 .
1124 ] é H 7 Q . | 54 | 6003
\ | N ;
) New/ :
;.: f
A T a
1125 ! G H < . | 59 | 6423
T "o - ‘ )
N *
F / :
j-r [ S0
1126 i Q H - , | 49 | 6453
2 . S
F . Ny
1427 7\‘)/ \ H \/;k Q . | 87 | 6432
' s _ e’ cooH A
F F :
n—l—— -yt
128| ZON O H N\//\:l Q .| a7 | 5883
. l ;b.‘; o ,‘\ ;
A SZ 587.3
2N H 7o .| 44 ,
1129 | O 1 D
= nH, N
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HC COON A 4.2 618.2 1053 N H HC COON 1054 H 5.6 622.2 \{~ | ClI
HC COON 1055 N 05H 5.3618.2 H3C 000H /~ 108 Cpd. R' R10 tR MS
R2 R3 Rb R6 # (min) (M+H) 1056 H N\ ,A\,: H,C COOH 5.9 636.2 ~ CI
1057 H 5.2 606.2 H3C COON 1058 c H 5.6 618.2 /N ( H,C COON 1059
IN H5.6 620.2 H,ccooH 1060 \H;, 6.2 607.2. S ~J H,C~COOH 1061 H

6.2627.2 CI'SH,C COOHs/H 6.6 627.1 1062

| cpd. ROR | e | ms
R? R R® R® ><§
# 4 (min) | (MeH)”
1130 |~ H >«\ Q .| 46 | 5723
g d ¥ ™
1131 Q @ H l Q 5.7 | 719.2
\ - s
He” CoDH .
& ¢ F '
4432 —//[\N‘ ‘/J\ H \‘§ Q 40 | 8533
K)\NH Y HSC/kCOOH R
: £ F
NN
1133 %) @ H NQ X, | 86 | 6182
cl ==
.
1924 | || Q H | 64 | 623.3
H/’ e COoH o
Ci
o T T
1135 - U G H N\/\)RE 8.3 | 68004
F
AT P
1136 K\l) Q H q 52 | 8324
Cl HH, ‘
/ I .
1371 | I é H Q Q 4.9 | 613.4
F i,
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~~~JJJ H ,C CDOH CI 1063 NON Q H LxOOH ~; 4.7 589.2 H 1064 H 6.5
621.2 H,C COOH cl 109 Cpd. R RtR MS R2 RJ RS R6 (min) (M+H)'
1065 H 4.9 658.3 HNC H2C000H 10661 H 4.2 6382 H,C COOH 1067
&H, H'5.4 602.2 HC COON 6.2 626.2 1068 H HN ~./ HO COON 61 1069
NHI~568.2 H3C COOP. 01070 H 4.7 638.2 Il | ~.| H,C~COCA 1071
H 3.8'588.2 ~N | HC COON 1072 H\OOH 5.9 593.2 9/

Cpd. N | R R" | fa | MS
z B3 RS r* ><£,r
2 R _ ht {min} | (M+H)"
R éﬁ 676.3
1438 K\) é H - Y 53 £78.3

< T y
1439 MY (5 H iy
N ' ==

Q 50 | 586.5
NH,
!
f > 667.3
1140 H N{’}:l | 82 | eses
K Yo »
1141 H N\}]\ Q . | 87 | 6185
/\] OH ‘\\ ’
f X 679.4
1142 H W] . 51 | eg1.a
/N oH R
1143 H N‘)\fl Q . | 88 6084
N o : ’
| y N}\ Q 55 | 8814
144 | [ ; 583.4
I /N o < 7 .
,
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110 C(SCI. R R10 tR M$ RZ R3 R5 R6 (min) (M+H)' 1073 b7~ 6" H 6.0
593.2 s H3C COON 1074 H 5.7 577.2 H3 COON 1075 H 6.0 587.2 H3c
COON 1076 H 5.7 622.2 HaC COON CI 1077 H 11 6.5 619.2 H,C COON
1078 H 6.4 619.2 F H3C COON 1079 N H 3.6 627.2 COOH F 1080 b H
6.3 619.2 H3C COON 111 Cpd Rs R1 tR MS RZ R3 RS R6 (min) (M+H)'
F." 1081 H 11 6.3 619.2 H3C COON

" R tr NS
de- Rz R3 RS RE >%;4 .
" S (min) | (Wi+H)
1145 é H N\//i ‘ Q , | 6.1 16205
/N o s v
1146 h é H E\ | Q .| 70| 6075
| 8 e COOH A
NJ\N 1 J f > 683.3
1147 ! H W X, | 64 )
g‘) d ,LO S 685.3
Br
1ag| Y é H ”}T\N \ Q ., | 52 | 5864
. ) \‘Q< 4 p
NH,
1149 \N—‘Q é H N%:\\N ‘ ; . | B4 | 5864
NP e g | 7263
1150 4 | | H Na(w NPT 7283
Br £ F MH, |
X &
NN : 650.0
1181 K\[} d H SO RN R 64 | 6520
Br
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1082 6 H 11 6.0 635.2 HaC 000H F 0 1083 H C 6.2 653.2 H3 COOH F F
1084\/O H Il ~, 6.0 653.2 0 F H,c COOH 1085 F F H 6.0 653.2 Hoc
COOH F 1086 H 6.1 635.2 C H3C COOH 1087 \ H 6.2 653.2 H3000H
1088 H ~~ I (6.3 653.2 | H,C COOH 112 [d. R\ R10 tR MS R2 R3 RS
R6 (min) (M+H)* 1089 (6 H ~,, 6.5 669.2 ~ HzC CDOH 1090 COOH
-OCH3 5.7 5671 1091 N b -OCH3 6.3 636.3 )COOH F 1092 H 5.9 620.3

HaC COOH
Cpd. 1% MS
R3
# {min} | (M+H)
152 é 4.8 | 700.2
1183 é 6.1 654.2
. 0 R9 Rm R
RE / H N Ra
N /s
‘ )
wherein R?, B, R®, R®, R®, and R" are given in the table.
Cpd. tn ms
R® .
# (min) | {i+H)
2001 (5 4.3 | 5743
2002 é 6.2 1 583.1
2003 d 8.5 | 583.2




N 1093NHJ3.8602.3 /NI\ 1094\IH Il ~;6.2700.3 H,C COOH | -r-
CF3 10951 HCN/r5.9589.3 1096 ~N 7 H 4.5 592.3 FACOOH 113 CPd.
R'R1tR MS R p R3 R6 R6 # (man) (M+Hr 1 N 1097 CH3 5.7 620.3 b - Il
~H,C COON 1098 b H 6.2 610.3 F cooH 1099 flH 5.4 604.3 &0OH HC

COON 1100 IN~I'H 1't; 5.9667.2 HC COOH Y Bro-, 1101i/\NH Il ;5.4

604.3 CCOOH .
de‘ ) ) . ﬁs rR" tr MS
2 R® R R >§z
# R A (min} | (MeH)*
2004 7N (5 M m Q .| 42 | 5743
N e
2008 | @/ ) é H - m gz .| 81 {5753
o COOH S
2006 h é m H gz 6.2 | 575.3
o _ GOOH R
2007 & ﬁ) m H Q 45 | 588.4
TRy COOH A
e
2008 | N © H | ‘ Q .| 45 | s88.4
u COH R
A~y L H Q .| 53 | 8894
2009 (\L) dj : } AN
Nay COCH : _
2N H .| 54 | 8894
2010 Q é m Q
” COCH
2011 | 3 [5 H m Q , | 82 | 5774
o COOH R
012 | D/ | é m H Q .| 82 | 5774
o] COOH b '
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1102 | b Hi! 5.9 632.4 NH, F 1103 GI 3 H 5.7 620.3 COOH NN 1104 !b
H 4.8 620.2 114 Cpd. R2 R3 RS R6 Ro RiRi {R MS # (min) (M+H)+
H3C/CHz 1105 H HCOOH .,/~," 4.3591.3 NH '\ HzCVCHz 1106 (\ H 11
/6.0 565.2 O HzC COOH zCVCH 1107 N U H /5.7 594.3 H3C COON
HzC CH, 1108 f3H 6.0 610.2 T CIN 1109 113 H 5.1 696.3 HF 1110 | H

5.0589.2 NJ (HzC COON 1111 CH3 H 6.1 525.3 Ha COON 1112 H 6.4
539.3 :

cpd | R | 1z | Ms
. R2 RS i RS RS >%{
& . (min) | (MHY*
2013 @ H i , | 48 | 600.3
= | coon | o~ °
2014 m © H ] Q 8.2 | 589.3
0 GooH | v
)
2015 Q éi M \] Q 6.4 | 622.3
COOH R
Cl '
N ’ .
.| 64 | 8223
2016 Q [5 m H Q AR
COOM N ’
Gi .
aoi7! [0 b H m Q 56 | 606.3
T e ,
CGoH h ‘
I |
(’L 3
, | 60 | 606.3
el 3] 5%
: cocH v
E . .
= N
/>2, 5.5 | 592.3
2018 | | | é | H
. COOH N
F
= 2! T
‘ 54 | 592.3
2020 | | é H m Q
COOH *
F
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H3C COON 115 Cpd. R tR MS RZ Ra RS R6 'z (min) (M+H)" 1113 H 6.6
553.3 \-J H3cO00K 5.8 589.2 1114 Br H 591.2 H3C COOK H 5.4 613.3
1116/ p\ HI 1116 H 6.0 591.3 6.1 605.2 1117 Br H 603.2 H3C\ COOK
11181 H I 5.6 627.3. / p\ H3C COOK 1119\ H Il ; 5.6 627.4 p H,C

COOKF F1120H 5.5632.316. COOP, FNH5.3656.4 1121 H3C
COOP, FFF 116

Cpd. R R | s MS
& R2 RS R5 RB >%v, ) .
& : | o (min) | (M<H)
2021, 7% é H )\ >/2 4.5 | 6802.3
' ~ me Ccoon |
2022 \f\‘ é H )\ >, | 62 | 6383
‘\f)_ He  coaH N
Ci
2023 ~ ) é H \T Q .1 B9 | 6203
= ~
HC O COOH .
2024 dj M j\ Q 6.1 | 591.2
H,c” TCooH S
2025 [5 H m />2 50 | 618.3
coom |
cepe ."' ) )
Za
2028 U [5 g CHa Q 59 | 620.3
~ COOH A
F
N . Q
, | 6.0 | 603.3
2027 | || é H /N’g ] _
; g
L
N
2028 7N CH; l ‘ . | 4.5 | 6023
\) COOH o
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T\ Ra Rs (min) (M+N)+ 1122 H ~N 5,0 615.3 NH, 1123 CH3 H 5.0 534.3
NHz 1124 H 5.4 600.3 NON 1125 H5.9642.3 F112611fHI./4.9 645.3
ClQ'1127H5.7643.2 ~6 HNC COOH F F 1128 /b H N//-P 4.7 588.3 H
01129 NH 4.4587.3 117 Cpd. R2 R'Rs R6 Rs Ric tR MS # ( (min)
(M+H)+ 1130 (/ NHLN 4.6572.3 INJ N~N 1131 '\5.7719.2 7

H,CO00H Br FF 1132 \raH X 4.0 653.3 ~NH (HC COON 1133 N\INH
6.6 618.2

Cpd. R R" tr MS
' 2 R® RS RS >%{
& R , h 4 (min) | (M+H)*
=N
2029 | | U (5 GHs \Q SZ 5.7 | 620.3
cOOH R
F
R Q 610.3
2030 | @ H m \ , | 5.8 .
K\)\? coon |
Y
2031 | © CHa 1 />2 . | 58 6344
H.C COOH A
¢ :
= N .
2032 | | é H m Q 63 | 618.3
COOH A
F
N
2033 | | | ij H j]\ . />2 .l 64 | 6244
! . £ TcooH N '
F
2084 | ) (5 H m Q .| B2 | 606.3
S CAOH R
2035 @ é H m Q . 181 | 8873
CooH R
2036 O H 1 X, | 83 | 6013
‘ H,G'  GOOH R
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cl 1134 N~IN H 11 6.4 623.3 H3C COOH C1 6.3 600.4 1135{!/6 F 1136
N~INiH1~,~;5.2632.4 clNH, 1137 IN H 4.9 613.4 F ~ NHz 118 Cpd.
Re RICtR MS R" R3 RS R6 # (min) (M+H)" N 676.3 N" 1138 HN 5.3

678.3 BrNH, 1139 N-NH "/5.0585.5 NHz NN 1667.3 1140HNq6 3
669.3 0 BrN5.7 1141 H"\ 618.5 /N | .~ off

de. Rﬁ R‘ID tR MS
R? R® R® R® >§f
& Y S| min) | (aeH)
2037 7—0 é H \Q /><\ .1 52 | 5943
A cocH R
2038 };\'5 b H 1 />2 .| 54 | 808.3
M HC  COOH N
2039 \[)S é H w Q 6.0 | 593.3
: = soon |
2040 TS é H 1 Q . | 8z {6073
4 K& GOOH R
2041 ) b H 1 Q 6.1 | 6073
8 H,C  COOH * ]
H _-E- -/,
2042 O H w >, |89 6313
T 0 CcooH R
ot
2043 O H 1 , | 81 6483
0 He~ CQOH R
o’/
N4Lz~i ,
2044 | || (5 H \5\ Q .| 58 |867.2
COCH R
Br
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N 679.4 1142 ~JH6.1681.4 OHBr 1143 H N/Q 53 606.4 FH O 1144
NIW H NI QJ, 0 681.4 ~~,/ N~\~./~,'6.5683.4 i~0Br119 Cpd. RZ 173

R5R6 R +\istRM$ X~'11145INH 6.1620.5 FI/NG 1146\ (1'H7.0

607.5 g H3Gi~000H N%\n 683.3 1147 H6.4685.3 HOBr N- HN N

5.2586.4 1148 J 1NH21149NNH545864NH1N N 5.8 726.3
1150 1 HN 728.3 H F NH2

Cpd. - - NI
R? S S R Xy
# K ' )

{min} | {M=+H)

6.0 | 881.2

e L .Q_‘ ,
H m Q .| 55 | 6183

2046 74\

54 6203

2048 o \)\ .| 59 | 6343
COOH

o, 6810.3

H >/\ 6.2

o | A 612.3

COOH
K. OH,
2050 H i | 87 | 5943

2051 | t‘\// )

2052

e
O
S
X _
O
S
¢
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-i'N116.4650.0 1151 1 HHN~ 652.0 N--N Br 120 Cpd Rs R10 tg M$
RZ R3 RS R6 # (min) . (M+H)+ i--y 1152 | H 4.8 700.2 1153 N~ ~\J H
6.1 654.2 er CONH2 Br TABLE2OR'RIOR2-NeN RN N RaReb5
wherein R2, R3, R5, R6, R9, and R7D are given in the table. Cpd. R R hH

2001 (~N 11 H4.3574.3 ~|coati'2002 H 6.2 563.1 O COOH\6.5563.2
2003 Ho COOH 121

Cpd RORS | & | ms
' R’ R RS R >/\§,/
& it (min) | (MeH)*
2083 | © H \[\ gz 38 | 622.3
Xy N COCH o
2054 | é H \; Q .| 28 | 6163
- Neoom e
N .
055 J\( H \ .| 32 6213
2056 | ~ Y é H- \Q Q .| 42 | 6204
A COOH A '
2057 % H \Q §Z 4.0 | 6204
Jibi“ é ~“cooH '
T MO, CH; :
2058 é H m | BT | E5t
COCH,
T MG CMs
2059 é H )\ & | 59 | 6083
H,C™ COOH
2060 | Z ] 5) H m Q .| 52 6082
N CocH I
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Cpd. R~ tR MS RZ R3 R$ Rs (min) (M+H)" 2004 H 4.2 574.3 COON
2005 H 6.1 575.3 0 COON 2006 H Q 6.2 575.3 O COON 2007 IN H 4.5
588.4 COON 2008 6N H I Il 4.5 588.4 COON 2009 H 5.3 589.4 NJ
COON 2010 ~- H 5.4 589.4 N\ | cooH 2011 /\ H 6.2 577A O COON 2012
H 6.2 577.4 O COON 122 Cpd. R R'R 2 Ra R$ YR MS # in) (M+H)+

2013 H I{ Q; 4.6 600.3 COON 2014 H1Q; 6.2 589.3 COON IN H 1\ ~;
6.4 622.3 '

Cpd. Ry R® tr MS
' - R R RS RS >%(
& g (min) | (MH)*
2061 é H 1 Q . | 56 | 806.2
#e” GOOH N
. K T B CH,
2062 | é H m X | 64 | 5753
. COOH
T HC. CHy
2063 é X \Q > | 63 | 581.3
) COOH
2064 (5 H m Q .| 80 | 5933
coor |~
2085 @ H \1\ Q .| B8 | 5773
coon | &
"
2066 (L) H \; Q 64 | 539.3
: cood L ¢
2087 é o m />2 , | 87 | 5533
i coor |
2068 é H \Q SZ | 46 | 574.3
COOH -\
2069 é - H i 2 8.2 | 592.3
COOHM )
]
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~ 2015 cooH a 2016 INH 6.4 622.3 6COOH CI N 5.6 606.3 2017 I H

COON 20181 ,"\JI H ~, 6.0 606.3 COOH 2019 H5.5592.3 COOH F N
2020 | H H;jsA592.s COOH 123 Cpd. R\ R' 4R M$ (2021 H 4.5 602.3 \
H3C COON 2022 1 H Il ~. 6.2 636.3 HC COON CI 2023\IR; 5.9 620.3

H,C COONH 2024\H 6.1591.2 0 H3C CCOH 2025 H 5.0 618.3

RS R‘lﬂ t MS
cpd R? R® R® RS x>’§/ ®
# e 1 (min) (WY
2070 é H \& y 50 | 578.3
[eeialy] )
2071 (5 -OCH: m Q 6.0 | 622.2
CooH AR
2072 é -OCH, N \ Q . 83 6364
cooH A
2073 I % (5 H m \ Q .| 56 | 5913
T COOH R
- WLN fz . | 6234
2074 [ | 5) H m X1 85 | ga5a
COOH A
Ci
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O00OH N 2026 1 11\ CH3 5.9 620.3 COON F 20271 H 6.0 603.3 F 2028
CN CHs 4.5602.3 \VWCOOH 124 Cpd. ROR'tRMS RZ.R'RSR6 # 12z
(min) (M+H)+ 2029 IN CH3 5.7 620,3 COOH F 5.8 619.3 2030 M1\ IN H
COOH 5.8634.41 2031 CH3 HC COON F 2032 H 6.3 618.3 b GOON
2033 H Il ~; 6.4 624.4 F~COOH 2034 NH Il ~; 5.2 606.3 CGOOH F

TABLE3

Epd. Ry R tr MS
2 R‘i RE RB >%/
# R KA {min) {Mi+HY"
3001 ,/LN H H —> Q 58 | 629.3
NJ <
-—E‘ . N ‘
2 -
3002 | g | H H CHa \ Q . | 54 | 8254
3003 /LN H H CHa Q 4.9 574.3
U ' N P
3004 (’LN H H CHs Q 52 | §75.2
3005, ~ N H H ﬁ >, | 80 | 5883
\ i .\‘ ’
Z N H H i Q 49 | 8022
3008 4 e DS
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2035 | /- 1 H 6.1 587.3 COOH 2036 H ~;, 6.3 601.3 H,C COON 125 Cpd.
Rs UtR MS RZ R3 RS RG (min) (M+H)' 2037 NHS H Il ~; 5.2 594.3
CCOOH 2038 H Il ~; 5.4 608.3 H_C COOH 2039/S, H1Q 6.0 593.3 ~/
COON 2040 /s H 6.2 607.3 H3C COOH 6.1 607.3 2041 /\O H g
H_>COOH 2042 H 5.9 631.3 COOH 2043 0 ; H H3C COON 6.1 645.3 O
02044 n-\JiHH5.8667.2 Br1269s HR,0tR MSRZR.3RS 6

Cpd. : R R tr MS
R? R RS R® >g(
# ' | A4 (min) | (M=H)*
HC CH,
3007 | PN H H oy | D5 | a7 | 624
2 ) ‘
3008 | [ | H H CHs Q Ll a2 | sB92
N N2
N, <O
3008 | # W H H CHs Q 49 | 5884
| S
s0t0| S H H CHs | />2 .| 51 | 5802
N\/) k% .
ot | [ H H CHs | /><\ , | 80 | 5632
. S
e
s012) () H H GHs | Q .| 56 | 5922
F
3013 | AN H H CHe | Q .| 44 | 5883
3014 /H H H CHa />2 .| a8 | =883
3015 H H CHy | Q .| 48 | 5883
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¢ min) (M+H)" 2045 N ~\J H 6.0 681.2 HC OOH Br 2046 LAN H Il ~; 5.5
.618.3 COOH 2047 H 5.4 620.3 H3C ODOR N H 5.9634.3 2048y N 6
cooH F/N -- 1 H3C~/GH3 610.3 2049 H 6.2 1612.3 cooH c/NIH3
CH3 12050 H X'5.7 59.3 COOH HsC Hs 2051 H 11 .\- 6.0 565.3 0
COOH 2052 ci H 4.0 622.3 cooH 127 Cpd. R9 Ric (min) (M+H). 2053 a

H 3.8 622.3

Cpd. : R, R® tn Ms
R R* RS RE >§/

# K {min) | (MsH)"
=

3016 E H H CHs | Q 4.2 588.3

; 2 AN 7

3017 %\'N H H CH; Q 5.5 589.2

: Nd \‘h 7

HC. CH, ‘

3018 | 7 H H cH: | X | 42 | s7ra2
\ Ny ~ ‘
. HL_ CH,

o0 Y | H - e | D | 81 | 5512

. O hl

3020 7:‘\/} H H CHs Q 8.3 577.2

o : A '

3021 | ~ M H CHa Q 47 | 586.2
5 SR

32 &N | H H CHa .| 54 587.2

3023 7\”)/\ H H CHa Q 8.3 575.3

o T

o o

3024 7N H H CHs % 4.8 606.2
\) \‘\ Ii
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\N COON 20541 ~NJH 2.8 616.3 \~\ COOH 2055 NH I H | ~\; 3.2
621.3 COOH 2056 | F b H 4.2 620.4 " cooH "' 2057 H ~. (4.0 620.4
\OOH H3C CH3 2058 f\ Hi 5.7 551.1 O COON N b "\ H'CV CH3 2059 H
Xr 5.9 608.3 HC COOH 2060 F H 5.2 606.2 N COON 128 Cpd. R'R"tR

M$ R2 R3 R' R6 # (min) (M+Hr " 2061 H 1 5.6 606.2 H3C CDOH

H32062 H "54, 6.4 575.3 COOH H3C CH3 6.3 581.3 20635H ., 5
COOK 2064\ H 6.0 593.3 5\~ COOH 2065 \j-\H 5.8 577.3

Cpd. ) Ré ‘RS s R9>§j tr S
=4 .

# Yy (min) | (MeH)*

3025~ N H H — > Q 5.1 614.2
N N ‘

3026 | (ZON H H \ ;Z .| a9 | 062
g S
' ™

3027 | © N H H L S, | 80 | 8182
! o b p
\ I ~

3028 | 7 H H % Q 52 | 8142
Sy <7
,--{-

3029 (KIN H Ho =01 X, | a7 | e182
N\\) N

3030 I/Llw H H — Q 55 | 6032
NQ N ’

3031 ‘%LN H H \‘ Q .| 54 | sse2
W P

3032 ,/LN H H ! Q 57 | 8152

3033, #°N | H H \ Q 55 | 6033
NJ n ;
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COON 2066 H 11 - 6.4 539.3 COOH 2067 | 1 H 6.7 553.3 COON 20681 I"
1I1H~-4.6574.3 COON 2069\ (H\~-6.2592.3 COON 129 Cpd. R'
/IR ,ntR MS RZ R3 | R5 R6 (min) (M+H)+ 2070 INH5.9578.3 COOH F
.30 2071 IN j6.0i622 CHa COON F N 2072 OCHa 6.3 636.4 COOH

2073 1\N H591.3 16.7 COOH 2074 N\ IN 6.5 6623.4 25.4 12.3 COON CI
,130 ‘ -

Cpd Ry R” tr MS 1

R? R* RS R® >%z

# % C(min) | (MH)

3034 h H Ho =0 Q , | 67 | 6033
(o) : ; . 4

3038 Z/ \} H H ; ; 8.5 591.3
o o

3036 7\—)/ W\ H H N | Q L7283z
s <

3037 h H H Y . />2 ;| 88 | 6053
. . <

3038 ‘?:)/ } H H i Q , | 64 | 5952

' Q F s ' ’

3039 Z‘)/ ] H H \0 . Q .| B4 | 6072
' Q t ~ ’

3040 7\—)/ \ H H _>\ Q .| 70 | 6193
: O \.‘ i

soat| )| H H \ gz 6.4 | 577.2
‘ O ) -~ ]

3042 7\—)/ | H H S Q . | 86 | 6033
. . | <

3043 N H neo L= Q 54 | 628.3

' ., S ¢ 7

—




TABLES ORDR1IR NN/ RzHN ~R5COON wherein R2, R4, R5, RS,
R9, and R'0 are given in the table. Cpd. R\ R10 tR MS RZ ] R4 RS RS/Xr
(min) (M+H)" 3001 61N HH ~ 5.8 629.3 3002 N-~H H CH3 5.4 625.4
3003 HH CH34.9574.3 3004 HH CH3 5.2 575.2 3005 rN H 5.0 588.3
3006 HH<1~;4.9602.2 131 Cpd. RZR8R8Rs R'stRMS _ R4 #Il
(min) (M+H)" H3C CH3 3007 r~ 'NH H CHa 4.7 562.4 ~ 13008 HH CH3
4.2 589.2 NH, 3009 HH CH34.9588.4 3010 HH CH35.1580.2 NJ

f RB R1B t MS
Cpd. 2 ” s " >%‘; | R |
# 1 (min) | (M+H)*
3048 | PN H H \ Q 5.1 820.3
R . <
3045 | N H H \ gz 51 | 602.3
. T \\ ) .
. e
3046 7‘3/\ H M CHs Q 5.7 592.3
\D ‘\.‘ ‘f
3047 @/\ H H \l Q 6.4 | 589.3
O ‘\‘ 1
3048 | 7\"/\_/\ H H \ Q 6.3 519.3
o T
3049 ?\—\// 3 H H \ Q 6.4 607.3
fo) E i '\‘ ;
7
3050 (LIN H H CHs Q 4.4 603.3
\\) . ‘.\ -
3051 (/LEN H | -OCH; | CHs Q ;| 83 | 6053
Y NH
3052 @ 3 H H CHs ) 5.7 592.3
o S
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3011\ H H CHa 6.0 563.2 3012 IN H H CH3 5.6 592.2 3013 N H H CH3
4A 588.3 3014 H H CH3 4.6 588.3 NHS 3015 IN H H CH3 ~:. 4.8 588.3
132 Cpd. Ro RIO tR M8 RZ R RS Rg # (min) (M+H)* 3016 N H H CH3

4.2 588.3 3017 N H H CH3 5.5 589.2 N~j H3C CH3 3018 H H CH3- 4.2
577.2 ~ NHS H3CCH, 3019 H H CH3 /~- 6.1 551.2 3020 H H CH3 6.3

577.2 3021 H H CH3 4.7 586.2 3022 ~N | HH CH3 5.4 587.2 NJ 3023 "
HH CH3 Q' 6.3575.3 ono 3024 H H CH3 4.6 606.2 133 Cpd. R2 Ra Rs

RB # (min) (M+H)' 3025 HH 5.1 614.2 3026 HH F ~. 4.9 606.2

Cpd . r_ RrR" tr Ms
R R RS R >%(
# : e (min) | (M+H)"
a
3053 s&’{' H H CHs Q 55 | ©37.3
} NH v !
c=< *
-
3054 Q;N H H CHs Q 64 | 6203
Cl )
e
3085 | | i H H | Chy Q , | 63 | 6083
o '
s088 | Br H H CHa Q .| B2 | 8774
"
3087 | i H H CHa Q 59 | 604.3
I ‘
3058 if“ H M| CHs Q 69 | 6043
o : <00
{
-
3058 “ N H H Chls 4.0 574.3
= i e Y
Y
3060 | 7\‘")/ \ H NH, CHa Q 53 | 5783
. o
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~5.0618.2 3027 f/\NHH 3028 HH 5.2 614.2 3029 NH H 615.2 J |
3030)-NHH<~;-55603.2 N\I 3031 IN(HHI~;5.4589.2 3032 NN
HH5.7615.2 3033NHHAQ,5.5603.3 134 Cpd. R2RS R Rs R10 tR
MS R4 8. # (min) (M+H)' 3034 HH ~ 6.7 .603.3 3035/\HH6.5591.3 o

3036 HH CF3 7.2 631.2 3037 /\HH 6.8 605.3 03038/\H H 6.4595.2
- F3039HH6.4607.2 3040HH 7.0619.3 3041 HH6.4577.2 6.6 603.3

3042 HH ~ .~ 3043 6N HH 5.4 628.3 135 Cpd. | R RtR MS
Cpd. RS R tR NS
MRZ R4 . R5 . Rs >%',
# Y (minj | (M)
|
3081 | H H ChH gz 42 | 5743
. N X h
3062 H M CHs Q , | 589 | 6042
3063 | \7‘\// § H H CHa Q gz | 579.3
] <
3064 | ¢ H H CHg gZ 42 | 595.2
SJ\NHz R
3065 <>*~ H H CHs ‘ />2 . | 58 | 5942
SJ\ " i
i
3066 (/\i H H CHs Q . | 89 | eT72
NH 4 M
CEg
3087 | T H H CHa Q .| 59 | 5702
| 3068 m M| -OCHs . GCHs gZ 66 | 5933
5 <
3068 | H | -OCHs | ChHs Q 50 | 8043
\ . 4
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Z R~ RS R3 (min) (M+H)+ 3044 H H 5.1 620.3 F 3045 H H 5.1 602.3
3046 \H H CH3 5.7 592.3 03047 \HH Q, 6.4 589.3 6.3 619.3 3048\ H

HQ;o 3049"HH1Q; 6.4607,3~F3050NHHCH34.4603.3 3051 N
H -OCH3 CHs 5.3 605.3 NH 3052 H H CH3 5.7 592.3 136 Rix RtO}R Ms

Cpd. +H) iaz iz4 ie6 R8 # :K (min} (M 3053 H H CH3 5.5 637.3 NH N
3054 IT H H CH3 6.4 620.3 y 3055 IN H H CH3 6.3 608.3 ¢l 3056 Br H H

CH36.2577.1
Cnd R, R | fn M
p " R2 R‘% -RE .RB >/§\j . .
# % (min) | (W)
Py |
3070 | - H H CHs ;| 81 | esr2
7\ R
—
N
3071 | 4 H H CHs .| 47 | 8571
7 “o
=N
X
3072 | s H H CHs .1 81 | 6581
7Y , o |
—vs
. &
3073 | b H H CHs >, | 85 | 6481
> "
=
/ .
3074 S‘CNH H H CHa Q 5.2 672.2 |
N
T
N
]
3075 s_tﬁ H H CH; §Z 4.8 872.2
N” b \ ;
/
o &
3076 -SJNH H H CH, DX | 4T | er22
B ;
“ ]
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N 3057 t H H CH3 Q, 5.9 604.3 3058 | H H CH3 6.9 604.3 03059 cL H H
CH34.0574.3 060\ H -NH2 CH3 6.3 578.3 3 137 Cpd. R z Ra Rs Ra R\
fix" tR M9 # (min) (M+H)" 3061 H H CH3 4.2 574.3 3062 HH CH3 5.9

604.2 3063 /\HH CH36.2579.3 53064 11" HH CH3 4.2 595.2 ~\NHi
HH CH3 5.6 594.2 3065 3066 H HH CH3 5.9 677.2 NH 3067 H H CH3
5.9 579.2 3068 H -OCH3 CH3 6.6 593.3 3069 6 H -OCH3 CH3 5.0 604.3
138 R3 R4 | (min) (M+H)* H 3070 H H CH3 ~,. 5.1 657.2 N )IN 3071 H H

CH3 4.7 657.1
Cpd. R R tr MS
\ RZ Rt‘t RB RS R '
# % (min) | (MeH)"
-
@ '
3077 | "o H H CHs | . | 46 | 6533
! 3
~
“
sor8| [ I H | -OCHs |, CHs Q .1 82 | 8222
F
A e
3079 | H H cHs | >, | 58 | 8053
‘\/k? ‘\\ ; .
i
3080 | (2N H CHs | CHe | ° Q .| 48 | 5883
N <
o ‘n
sos1| I | H | cH | CH Q , | 56 | 8083
. F
3082 @ H H CHe | Q .| 60 | 5733
s083| @Y | H H CHs Q .| 52 | 5923
. S, oM S £ b
3084 H % CHy | Q .| 89 | 8173
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N N 3072 HH CH3 6.1 658.1 3073 H H CH3 6.5 646.1 3074 rmH (H H
CH35.2672.2 3076 sH Il H H CH3 4.8 672.2 3076 NH H H CH3 ~;. 4.7
672.2 139 Cpd. Rs Rlo tR MS R2 R4 RS RS (min) (M+H)* 3077 s ~H H
H CH3 4.6 653.3 3078 IN H -OCH3 CH3 6.2 622.2 Fi 3079 N ~ HH
CH3 5.8 605.3 0 H CH3 CH3 4.6 588.3 6N 3080 3081 | H CHa CH3 5.6
606.3 F 3082 HH CH3 610 573.3 F HH CH3 5.2 592.3 3083 &IN 3084
HH CHa 5.9 617.3 0 140 [Cp4tcl- R\R10 tR MS R2 R6 R$ /

{min}

Cpd. R R" tr Ms
R? R | R R® >§g
# _ 4 | (B H)”*

(-
0

3085 CHs 8.7 653.2
Br
=" N .

3086 | | | H H CHs gZ 5.3 805.3
Olle

: H.C CH ’

. o it 3

ss7| (I | H Ho| oon | < | s0 | 5963
Ci

: HC. CH,

3088 H H CHs >< 5.8 580.2

3089 CHs | H H ChHa 8.0 811.2

3090 K H H CHs 63 | 5232

8.6 537.2

3002 | L H H CHs

6.6 539.2

s0e1 | L H H CHs Q .| 64 | 5252

13083 /[\ H H CHs
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(min) (M+H)" 3085 N-\ | H H CH3 5.7 653.2 Br3086 11 H H CH3). . 5.3
605.3 N OMe N H3C CH3 3087 1 HH CH3 6.0 596.3 ci =HH HC, CH3
3088 CH35.6 580.2 3089 CH3 H H CHs 6.0 5112 3090 H H CH3 6,3
523.2 3091 HH CH3 E2, . 6.4 525.2 3092 H H CH3 6.6 537.2 3093 H H
CH3 6.6 539.2 141 Cpd. R\ X' tR MS RZ R4 RS R$ (min) (M+H)" . 5.0
590.2 3094 &OH H H C 3095 IN H H CH3 | 4.8 590.2 OH 3096 CI H H
CH3 6.0 531'1 533.1 3097 -C=CH H H CH3 5.8 521.1 3098 -C=-NH H
CH3 5.5522.1 H3C CH, 3099 H H CH3 .~;' 6.3 561.3

Cpd. : R\ R" tr MS
: R? rR* R® R? >§;

# : % {min) {M+H)"

s00a | [ | H H CHa Q .| 50 | 5902
2 . .

O bt

3095 H | H CHs | Q .48 | 5902

) 531.1

3006 | Cl H H CH Q 60 | oagy

|3087| czcH | H H CHy | Q .| 58 | 8211

‘ .

3098 | -C=N H H CHy | Q 55 | 522.1
HO. CH,

3099 H H chs | < | 83 | 8613
HG. CH

3100 H HoL oM | < | B2 | 6053
HC. O,

3101 H H o | DX | e2 | se72
“ KO, CH,

s02| =\ | H Ho|ooHs | o< | 83 | 8672

8.z .
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H3CVCH3 3100 1 H H i CH3 .X% 6.2 605.3 01 H3CV CH3 3101\ H H
CH3 /~i 6.2 567.2 HC CH3 3102 HH CH3 6.3567.2 s/ 142 Cpd. Rs /R’
tR Ms # (min) (M+H)* 3103 \j -N H H CH3 5.6 563.3 3104\ H H CH3 5.4
567.3 T 3106 ~I" H H CH3 4.5 590.3 N NH 3106 H H CH3 6.2 629.3
3107 H H CH3 6.2 638.4 ,01 3108 H H CH3 6.4 638.4. 3109 N~ ~N ( H
H CHs5.4 619.4 3110 H H CH3 3.4 - NH1143 Cpd. RZ R4 RS R3 (min)

(M+H)+ HH CHa 6.3 643.4 3111:-, TLix 3112 NiH H CH3 5.7 644A
S__~

R |t MS
Cpd. " ” " s >/§J R
# b (min) | (M+HY
A
3103 MR H H CHz SZ 5.6 563.3
[ \\‘ 7 -
3104 | 7:‘\/ H H CHs Q . | B4 | 567.3
O ‘\‘ r
. ’-T_ | :
=
3108 f\ﬁ} H H CHa Q . | 45 | 5903
. S Y
- o
H .
=
3106 | | | H H CHg Q 6.2 | 629.3
i S ‘\‘ ’
i i
1D & |
so7| (T H | cHe | . | 82 | 6384
i
T
3108 © H H CHs Q , | 64 | 8384,
N \\‘ T
\J
- |
NJ\IN Q 4 | 6194
' H H CH .| 5 .
3109 K\)\O 3 \\ '. .
- |
; §
3110 H & H CHs ‘ Q .| 34 -
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3113HH CH35.4658.4 3114"HH CH35.4658.5 N3115NHH CH3
5.3563.3 H3116 HH CH3 6.6 539.3 6N HH CH3 1 5.6 560.3 3117
3118 HHCNa ~, 6.4 537.3 31191 HH CH36.1578.2 144 Cpd. RZR
R$ Rs Rs Rio tR MS (min) (M+H) 3120 H H CH3 6.4 549.2 03121 HH
CH35.4561.3 rN 1113122 HH CH3 4.4575.3 NH2594.2 3123INHH
CH3 6.5596.2 ci ~~683.3 3124 NyN H -OCH3 CH3 6.6 685.3 Br N-N
3125HH CH35.8577.3 ff3126 Ni) H' H CH3 6.2 609.2 cl

Cpd. R R" | 1 MS
R? R R® RE >§f )
# | % (min) | (MsH)
M| oy H H | CH, Q 63 | 6434
3112 H i CHa ‘ Q Ll s7 | 6444
3113 @,@ H H | CHs Q 54 | B58.4
3114 @L 3 H cHs | >, | 54 | 8585
O 2
sts | 3 H H CHs Q 53 | 563.3
\ﬁ < E
3116 \ H H CHs Q , | 86 | 5393
317 Y K H CHs | . i 56 | 560.3
o .
3118 » H H CHs Q 84 | 537.3
,"E'“
ZNN
3119 Q H H CHa SZ 61 | 5782
ro
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3127 H-OCH3 CH3 6.5 639.3 ci 145 jpd, R\ 10 tR MS R2 R4 RS Rs
(min) (M+H)+ 3128 H H CHs 5.6 577.3 3129 N~\J H H CH3 5.7 605.4
OMe N CI H HH35.4 608. 3130 C IN JAN 68.3 3131 N~\)iCIHCHs 7.1
687.6 6r 3132 HH CHs 5.2575.3 146 TABLE4 ORsR10 NNNR2H
R R'6 wherein R5, R2, R3, R5, R6, R9, and R16 are given in the table.
Cpd. R\tR MS Rt R2 R3 R6 R6 # (min) (MS 4001 CH3\ N 1~ H 4.7 574.3
COON 4.4 589.4 4002 CH3 \ N NH, b COOH 4003 CH3 N~i H 5.4 575.4

Cpd. | R, R" tr MS
R? R* R R >§f _ .
# ' % {min) (M+H)
3120 h H H CHa SZ 8.4 549.2
. g
3121 (LIN- H H CH; y 5.4 561.3
N ~
. ‘
3122 \IN H H CiHs SZ 4.4 575.3
NH, .
&N 594.2
SZ 5.5
3123 | | | H H CHs AN 206 2
|
Gt ) .
WLN fz £83.3
3124 %} H -OCH;5 CHs . . 6.6 685 3
Br ‘
"\N—-N ’
3125 ) H H CHa 5.8 577.3
.
3126 K\/E’ H H CHs 6.2 £09.2
4
-
P
3127 u H | -OCHs | ChHy Q .| 85 | 6393
]
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J CooH 4004 CH3 H 5.4 588.3 COON 4005 CH3 ~-N /~\) H 589.3 N_ 9 \/
COOH 4006 CH3 H 3.3 563.1 O COON 147 Cpd. Rs tR ms R Rx R3 R5
R6 ~ J # (min) (MH), 4007 \I//\H 6.6 591.4 j COOH 4008 H, /\H 6.1
563.3 V cooH 5.9 549.3 4009 HH COOH O -! _ H 5.8 549.3 4010 H //\
3 COOH 4011 CH3, /\ b H 6.4 577.4 COOH 4012 CH3 /\H 6.5 577.4 O
COON 4013 CH3 N b\ OCH3 5.4 605.3 N_J COOH , 4014 H H 4.8 574.3
- COOH 148 Cpd. Rs R'0 tR MS R" RZ R3 Rs Rs

Cpd. R R" tr Ms
R? Rt RS RS >g‘, :
# i min) | (M=H)*
s128| (L N| H H CHs | Q .| 58 | 5773
N <0
|
PN Q |
3129 S) H H CHs \ . | BT | 6054
OMe
By ' 608.3
E cl H CHa D R - ot
2, . A
WP | ' 689.3
3131 Q al H CH, Q 71 | 92
Br
3132 h H H CHs ‘ Q , | 582 | 5753
N‘\\\\.‘/N \“ ’ J

146



(min) (MH)' 4015 H 6N b H 4.9 574.3 COON 4016 H On H 6.2 561.3

COCH 4017 H 6,11N H COOH 4.4 560.3 4018 H H 4.5 560.3 COOH >-s
X15.61 4D19 CH3 H580.2 /\\\ COON 4020 CH3 H 6.3 608.2 COON
Cl 4021 CH3 H 6.5 622.3 COON Cl 4022 CH3 0 cooH H 7.0 604.3 149

Cpd. Rs R1. tR MS R R2 R' R$ RE # (min) (MH)' 4023 CH3 N 5.1 618.3 |
COOH PN 6.1 636.3 4024 CH3 coon F - 11 ;\o X |

!

TABLE 4

-

R
|

]
N -
2
Rw
| [

Q g R
N -
H 5
N R
/ .
B

R

wherein R', R%, R®, R®, R®, R®, and R" are given in the tabie.

de RS g™ t ' MS
R R iR RS RS >%[
# Yy (min) | (MH)'
ey
4001 | CHy | #T°N é \1\ H \ ;| 47 | 5743
‘ = COGH R
4002 CH; | 7 70 \5\ H SZ 44 | 5804
% ; NH, COOH R
- - “. '
| 4003 | CH %\N N H Q 54 | 8754
’ NQ é COCH T
4004 | CH, | &N 6 H N gZ 54 | 5883
S ! soor! ™7
e T
4005 | CH %N O H m SZ 58 | 589.3
: NJ cooH| ™ 3
%
4008 | CH; \[B é m H éz 3.3 | 583.1
o COOH < J
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4025 CHs 6.3 607.3 \\ 1\ CDOH 4026 CH3 | b N H 6.0 604.3 COOH
4027 CH3 H 4.2 574.3 N ~J “cooH 4028 CH3 H ~ |1 4.1 574.3 6 COOH
4029 CHa CH3 5.8 606.3 COON F \COH /~ 4030 CH3 |\ H 5.7 606.4
150 Cpd R' tR Ms IEJ_R2 R3 RS R6 x | #z (min) (MH). 4031 CH3 4F H
3.8 610.3 cooH F 4032 CH3 F H Al 5.4 599.3 F COOH 4033 H Br 7 H

575.26.1577.2 COOH 4034 CH3INH 5.2642.3 cooH,FF FN1

Cpd. : Rr} /R‘° ir MS
4 2 2 Rﬁ RS >¥
# R R R , 4 (in) | (MH)*
4007 g ‘ é H \Q gZ 86 | Bgi4
\I \(} cooH| T 7
l’,. l ' l
4008 | H h é H - \CQGH Q 54 | 583.3
Q »
4009 H /AN (5 H LCOOH ' 0 | 548.3
fa] ¢ .
7 \ : . 549.3
4010 | H ( } Q ]COOH H 5.8
© ' .\
4011 | Ch 7\—\// ) é H m i Q 64 | 577.4
e _ coo <7
4012 | CH, h b m .H Q 85 | 577.4
5 COOH T
g !
4013 | CHe | ) Q f OcHs | >, | 84 | o083
N~ cooH T
H /LN é H \Q Q 48 | 5743
4014 | l\) , coor| O |
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4036 H O H 6.2 592.3 cooH F 4036 HH 6.4578.2 COOH F 4037 CH3\
H COOH ~-16.3592.2 yF 4038 CH35.4613.2 O FL COOH 151 Cpd,
R\a'tR1 Hs R" RZR3 RS R6 /X # ~z (min) (Mt 4039 CH3 N\IN H 6.7
669.2 \0j 6r 4040 CH3 H 5.6 629.3 8 COOH F F 4041 CH3 H 6.2 703.3
COON BrF F 3.9639.3 4042 CH3 HNHz COON F F 4043 CH3 H6.9

593.4
Cpd. R\ R tn mMs
R‘ﬂ R2 R3 RS Rﬁ >§/
# k4 (min) | MAH)
4015 1 H N é m M gZ 448 | 5743
' . \i COgH A
;“’ ’ |
4016 | H E/ \§ (5 5 H Q 52 158613
" o COOH . OO
- - L
4017 | H Z N H E S\& 44 | 560.3
\' cook| O 7
. ‘ \i _ COOMH N
4019 | CHs S m H Q 56 | 5802
N\/) cook |- <
) . .
4020 | CH; lrl‘I m H Q 6.3 | B0OB2
N COOH w7
Ci
4021 | CHs é H m Q 8.5 | B22.3
CooH| 7 ;
a022 | CHs | [ ] m H Q 70 | 6043 |
= (i) ' GOOH O
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0 OH 4044 CH3 N\N H 6.4 609.4 COON CI 152 CLAIMS What is
claimed is: 1. A compound, represented by formula I, or an enantiomer,
diastereoisomer or tautomer thereof, including a salt or ester thereof: 0
ReRte RIINR' HN/\Rs R'R7 Re 5 (0 wherein: either A or B is N and
the other B or A is C, wherein --- between two C-atoms represents a
double bond and --- between a C-atom and a N-atom represents a single
bond; 10 R' is H or (C,-s)alkyi; R2 is selected from halogen, cyano,
(C1.5)alkyl, (C2.s)alkenyl, (C2_6)alkynyl, (Cs_7)cycioalkyl, aryl and Het;
said aryl and Het being optionally substituted with R2'; wherein R2' is

0 W(LOI' thiee substitpents e§ch independently selggted#rgm thio, jret

aN( NQ‘QRNl hglegen, (gis)alkylgC1l_k)al C, s)alky
15 a @d CO-N(RN2)RN"| wherein said (C, -s)alkyl ( \§)al OX/@}W& (MY’
(C’Ic)a“/\l!th!r\ fiouao

& |y Stiystitatedwith e, (WO orftnree
halogen:atoms; is (Cb.5)cycl yl, optionally substituted with from one
tofour halggen at - R" and F27§]§ eagh indgpe deﬁg(‘s&elecggd frems
H, ®#$)alkdt (c -s)if (C1_6)alylthio, LNH, - 1| s)alkyl,

-N((C,-e)alky)2 and"halogen;

...-Y- o ‘.-" .
_ 2N ' N
4024 | CHs \£ é \l.GOOH OK SZ 61 | 6383
F
i t .' -
CH 7 \ \!\ ' 9 SZ 83 | B07.3
4025 3 /O\ é coon| k
4028 | Chs mnOOH H Q 6.0‘ B04.3
4027 | CHs E\COOq H SZ 42 | 5743
4028 | Cha ‘COOH H . Q 41 1 5743
4028 | CHq w\\\mq CH éZ 58 | 608.3
4030} CH; H mcooHl gz 57 | 805.4
i
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N2 One of R6 and Rs is selected from COOH, -CO-N(R)R, aryl, Het and
(C2s)alkeny , wherein aryl, Het, (C2-6)alkenyl and RN' or any heterocycle
formed between RN2 and RN' are each optionally substituted with R50;
wherein R50 is one, two or three substituents each independently
selected from 25 (C1ls)alkyl, -000H, -OH, oxo, -N(RN2)R",
-CO-N(RN2)R™ and halogen, wherein the (C1.5)alkyl is optionally
substituted with aryl or -N(RN2)R N1 and the other of R5 and R6 is
selected from H, (C16)alkyl, (C1.5)alkoxy, (C1_6)alkylthio, and

N(RN2)R™; 153 R8 is (C1-6)alkyl, (C3.7)cycloalkyl or

(C3
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containing heterobicycle, each optionally having additionally from | to 3
heteroatoms each independently selected from O, N, and S; wherein the
heterocycle or heterobicycle formed by R N2 and RN' is optionally
substituted with one, two or three substituents each independently
selected 25 from halogen, (C1-6)alkyl, (C1.G)alkoxy and (C1-6)alkylthio;
wherein Het is defined as a 4-, 5-, 6- or 7-membered heterocycle having 1
to 4 heteroatoms each independently selected from 0, 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] éachindependently selected froﬂh 0, N and S, whigh SQ maynge
satdrd ed, WAsatur ed of aggmatic. 3|;§54 Thgscompo cordlng to
claimgd of formyla (la): R{R'RIDRa NiHNR ReR, =% (larinvhénein

! Q..Din oad maa H - :
R :V),E:Q,!?A !?C,!Da -\7,528,1\u,|\;u TTO T2 Al utHHICU S TITGIaurm

1. 3. The compound” ccordr g ) claim | of fegmula (Jb): RLOR'RINR

RNR5R R'Rs (g where R2,HR3 9318 R6, 8,|R9, R7Q@7.2

ant4R3% a?é‘léieflnﬁ,gs in 1. 4. The |compguyd agcording to J onér
ai

mare of the above ms whereqn R1is selected from the gro Lp
copsisting of H; methyl apd ethy

Lol N
4040 CHs' bs\ ¢ H | o

88 16203

g2 {7033

' NFTN m
4041 | CHs K\;) H

4043 | CHs Z/ \} 6.9 | 593.4
s

SO0H

5.4 G609.4
COOH

7N { Q, 9 | 8383
soe2 o | (L © H LCOOH Sk

4044 | CH, %}
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5. The compound according to one or more of the above claims wherein
R2 is selected from halogen, cyano, (C1-4)alkyl, (C2-4)alkenyl,
(C2.,)alkynyl, (C3-6)cycloalkyl, phenyl and Het selected from the group of
formulas: 10, N-NtNN/N~\NIN~NNNHHI'INNOS~N N,,/N N~
C,-/155 NN\\N/N HN N\ 19 and , wherein said phenyl and Het are
unsubstituted or substituted with R21, wherein R21 is defined as in claim
1. 6. The compound according to claim 5 wherein R2 is selected from Br,
Cl, cyano, methyl, ethyl, propyl, 1-methylethyl, ethenyl, 1-methylethenyl,
ethynyl, cyclopropyl, phenyl and Het sgiggted from the group of formulas:
b-N N-Nb I\N/NNNIHINbDO\I\\AN/O5JN NO-j..11HNN\\and
wherein said phenyl and Het are unsubstituted or substituted with R21.
. 10Wnathe eanabend according to one or more of the above claims
wherein R21 is 1, 2 or 3 substituents each independently selected from: -

1 to 3 substituents each ind "
2 St BB aa 1B eucf%d%%ﬂn mm&gﬁaﬁmmvem_

tautomer thereof, mcludmg a salt or ester thereof:

R 4
1 H R
R"’——*i H B
. ? Ra/N
Flia RT RE {1)

3
wherein: .
either A or Bis N and the ather B or A is G, wherein - between two C-atoms
represents & double bond and —- between a C-atom and a N-atom represenis a
sing le bond;

10 is H or (Cra)alkyl;

R2 is selected from haiogen, cyano, (Cr.s)alkyl, (Caglakenyl, (Cz salkynyi,
(Cear)oycioalkyl, aryl and Het; said aryt and Het being optionally substituted with R

wherein R?! is one, two or three substituents each independently selected from

—OH, -CN, -NR™)RM, halogen, (Cra)alkyl, (Crealkoxy, (Cig)alkyithio, Het
15 and -CO-N(R'HR™,
' wherein said (Cre)alkyl, (Ciejalioxy and (Cg)alkylthio are each
optionally substituted with one, two or hree halogen astoms;
R is (Cs.q)cycioalkyt, optionally substituted with from one to four haiogen atoms;
R* and R7 are each independently selected from H, (C.syalkyl, (Cig)atkoxy,
20 (Crsyalkytthio, -NHz, -NH(C s)aliy!, -N{(C1.s)alkyl): and halogen,

One of R® and R® is selected from COOH, -CO-NR¥R™, aryl, Het and (Cosralkenyl,

‘ _ "
wheréin aryl, Het, (Cpo)alkeny! and R* orany heterocycle formed betwean R and

RM are each optionally substituted with R*;

1 i . Fenel §
wherein R® is one, twe or three substituents each independently selected from

25 (Cy.e)alkyl, -COOH, -OH, exo, NER)RM, -CO-NRYRY and halogen,
wherein the (Ce)alkyl is optionaily substituted with ary! o -N(RMHRM,
and the other of R® and RE is selected from H, (Crs)alkyl, (Crejalkoxy, (Cy.s)alkylthio,

and N(RVHRM:
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a) hydroxy, (C1.$)alkyl or (C1.4)alkoxy; wherein said alkyl and alkoxy are
each optionally substituted with one, two or three halogen atoms; 15 b)
-NR N2RN1 wherein RN1 is selected from H, (C1.3)alkyl, -CO-(C1.3)alkyl,
-CO-0-(G1_3)alkyl 156 and Het; wherein the alkyl portions of each of
said (C1.3)alkyl, -CO-(C1.3)alkvl, and -CO-0O-(C1.3)alkyl are optionally
substituted with one, two or three substituents selected from halogen and
(C1.6)alkoxy; and wherein said 5 Het is a 5- or 6-membered monocyclic
saturated, unsaturated or aromatic heterocycle having | or 2 heteroatoms,

each indep, nily .selec N 0.a Zis Hor

(C:fz (I%T’)a% Fdéﬂ QW% %acalg%‘?glre each
|ndependé*?ﬁf?%é%@l@@’*-l@’%ﬂ-ﬁ%éyf@f@%w ARG 9etoiMbrein
said Het is:ssfued Grithemberedbnivee eyolittrsteresycleddravirrtly, iopigd

heteroatams, ,%%l thy.setec {‘QEB’] N,0 and S. 8. The
compound.accor ?g Tﬁ]%{% Whé@rléln E or 3 bStIt& di
md@pé?ﬁj@ntﬁf%ﬁ?&&@aq%ﬂqei@ S959% L9kt u“&}n éacﬁé ep enc]sgnﬁ
selected franthitnvithdhchisionetanbichrbryaes aﬁtﬁﬂ:hthcfozf%rﬂb(ﬁﬁtﬂéﬁ@a'ky!
each mde@ggamm@age@mmm@mmw imetinyty elthtydyipoipyh 1 to 3
1-methylel kbgfag&tﬁog;vcmui%xn@mmeaa&fm leths; wherein sald
methyl, e propy 1-methylethyl, "20 meg\%%xy et axy, propox g
1-methyl 85?39“% 6??3]5‘( ‘%EHB’%H’E SHRD RN &S orag?rggélona“y
1thalogen atuimaiiuiEd-MICIE3) 2y NHRN wherein RN1 is selected from H,
g‘efﬁﬁﬂ' iSIBubRIaRY H-roetimietg, yeadakia, (s puydybidipgridylighd
Py ng o) alicyl, -CO-O-(Cr.e)alky! and Het;
wherein the alky! and cycioalkyl portions of each of said (C4.g)alkyl,
(Camyeycloalkyl, (Csrycycloalkyl-(Ch.ajalkyt, ~CO-(Cqgialkyl and -CO-C-
15 (C+.5)alkyl are each optionally substituted with one, two or three substituents
each independently selected from haiogen, (C+.g)alkoxy and (Cy.gyalkytthio; and
RN iz H or {C.o)alkyl, or '
RM and R™ may be linked, together with the N atom to which they are atiachad, fo

o

form a 4-, 8-, 6- or 7-membered séturated, unsaturated or aromatic N-containing
20 heterocycle or a 8-, 8-, 10- or 11-membered saturated, unsaturated or aromatic N-
containing heterobicycle, each optionally having additionally from 1 to 3 heteroatoms
each independently selected from O, N, and 8;
wherein the heteracycle or heterobicycle formed by R™ and R™' is optionally
substituted with one, two or three subsiifuents sach independently selected
25 " from halogen, (Cieyalkyl, (Cig)alkoxy and (Cqs)alkyithio;
wherein Het is defined as a 4-, 5-, 6- or 7-membered heterocycie 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 heterobicycle having 1 05
heteroatoms wherever possible, each independantly selected from O, N and S, which
30 may be saturated, unsaturated or aromatic.



25 wherein said methyl, ethyl, propyl and 1-metnylethyl are each
optionally substituted with one, two or three substituents selected from
halogen and (C1.3)alkoxy; c) -CONH2; and d) 3-pyridyl, 4-pyridyl,
5-pyrimidinyl, 2-furyl, 1-pyrrolyl and 1-morpholino. 30 9. The compound
according to one or more of the above claims wherein R3 is cyclopentyl
or cyclohexyl, each being optionally substituted with one or two 67
fluorine atoms. 10. The compound according to one or more of the above
claims wherein R4 is H or halogen and R7 is H. 11. The compound

according to claim 10 wherein R4 is H or Cl and R' is H. 12. The
coﬁ]pour?ff’%@mH@d@CB‘PfQ”&? 8RBT FdIEERS 8ll)aims wherein one of
R5 and R6 is selected fn?im: a) (C .43 Rényl subgtituted with COOH or
CONHR™,-wherein R" isyb_setectedr, ..3)alkyl, said alkenyl
being optionally furtkie ed with one bstituents each
independently selected 3)alkygsand en; b) phenyl or Het,
each being optionally sulastituted with one orgwo stibstit gpts each
independently selected from: 10 i, -OH, oxo, COOH; i, ( 1.3),a%, )
optionallyvéeEea @il with PhBnyR o NTRN) RN R r&ife $ERPSRE M
are each independently selected from H and (C1.3)alkyl or RN' and RN2
are linked, together with the N atom to which they are attached, to form a
5- or 6-membered mo o%yc ic, iau[lrateﬁdb 5 urgsaé%gated or aromatic
N-cBntaining f FePptgnaM7 Raving *addiionally one or two
heteroatoms each indeper

dently se &gRfrom N, @ and S; and iii.
-N(RN2)R™; wherein RN' j o Myi and
! g H N / \ L Rﬁ
RB/ H
5 : L

whereln R", R2, R®, R%, R®, R®, R7, R®, R®, R" and R*' are defined as in claim
1.

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

selected from the group consisting of H, methy! and ethyl.
5, The compound aécording to one or more of the above claims wherein R* is

selected from halogen, cyano, {Ciwalkyl, (Cag)alkenyl, (Coalkynyl,
(Cas)cycloalkyl, pheny! and Het selected from the group of formuias:

- 10




-CO(C1.3)alkyl and RN2 is H or (C1.3)alkyl; 20 wherein Het is a 5- or
6-membered monocyclic saturated, unsaturated or aromatic heterocycle
having from 1 to 3 heteroatoms, each independently selected from 0, N
and S; and c) COOH; and the other of R5 and R' is selected from H,
NHRN', (C1.3)alkyl, and 25 (C1.3)alkoxy, wherein RN' is selected from H
and -CO-0O-(C,_3)alkyl. 158 13.,, The compound according to claim 12
wherein one of R5 and R6 is selected from: a) (C2.4)alkenyl substituted
with COOH or -CONH2, and optionally further substituted with one or two
substituents selected. from (C,-3)alkyl and halogen and b) phenyl or Het,
each being Qptiona ”(uj@d with pne or two 5<substituents each

[ ently :@o “i.JoH, 6 ON; H. (C,x3)alkyl optionally

[ with @ (b@ ar, i. -'NHzﬁngHS)Z and
-NH=11-13;#0 e Hat is cte mt@gg S: JN~J N ~~ N~J
N\~~1<0O ~\NNN=~~3J N/~N'N\N ~1 N'Ivy/N, bN a l&h L
COOH; awaetf?@*&m%%ﬁrrﬁ*@%aﬁef%%Ef&i?ééta‘%m&‘H PSR e%hokeyh rein

ethoxy, -Nt42s tisfiapd adNkHGDWAICH(CH3)2. 14. The compound accordlng
to claim 13 wherein one of R5 and R6 is selected from:

8. The compound according to claim 5 wherein R? is selected from Br, G, cyano,
methyl, ethyl, propyl, 1-methylethyl, ethenyl, 1-methyiethenyl, ethynyl,
cyclopropyl, phenyl and Het selected from the group of formulas:

wherein said pheny! and Het are unsubstitutéd or substituted with R,

10
7. The compound according to one or more of the above claims wherein R™ is 1,
2 or 3 substituents each independently selected from: '
- 1 10 3 substituents each independently selected from halogen; and
- 1 1o 2 substituents each independently seiected from:
a) hydroxy, {Cq)alkyl or (Ciw)atkoxy; wherein said alkyl and alkoxy are
each optionally substituted with ane, two or three halogen atoms;
15 b} _NRMRM wherein

RM is selected from H, (Cia)alkyl, -CO- (01 salkyl, -CO-0-(Cya)alkyt
156



a) -CH=CH-000H or-CH=CH-CONH2, each optionally substituted with
one or two substituents selected from methyl, ethyl and fluoro; and b)
phenyl optionally substituted with NH2 or 20 Het optionally substituted
with one or two substituents each independently selected from: i. -OH,
oxo, COON; ii. methyl or ethyl, each optionally substituted with phenyl,
-N(CH3)2, 159 :N or ; and iii. -NH2, -N(CH3)2 and -NHCOCH3; wherein
Het is selected from the formulas: I N' JS N~J ~~N/N\~NitN5HNHH
H 61~ N~N\N, and OH and c) CDOH; and the other of R5 and R6 is
selected from H, methyl, methoxy, ethoxy, -NH2 and
-NHCO-OCH(C#8)#%4 5. The compound according to one or more of the
above claims wieeesin R€ mkysedsiesidfor C Bjale: ailefydloaRify!
and (C3a)cycloghyld6b3)al ke mifioHaay sulstadelis optianally three

substituted with (s IO LI RAGICINLES RIOBIMR: L thdin saic

The compound according to claim 15 wherein R6 Is sélected from methyl,
Sethyl, propyl, 1-HREIRASHY SATRERNRE BRY PSRBT VBSRIGBIRS T
cyclopropylmethybr2aficioetetioyti2hayisirif oo2deteybzipu 2 sactinsiepetiighily
17. The compouygd asgerging te gresprpaore of the above claims wherein
R9 and R90 ar ,@acril_'iind ng(eptly selected from (C1-3)alkyl or R9 and
R90 are linked, Yod&tREF With'The C atom to which they are attached, to

form (C3-8)cycloafyR &Y eesicio MK Br a5 o1b-Rriepsdady selected
1dgnonocyclic heteregyslarkiaangafkomand B
d) Het, wherain said Het is a 5- or B-membered monocyclic heterocycle
having 1, 2 or 3 heteroaioms, each independently sefected from N, O
and S.

8. The compound according to claim 7 wherein R*' is 1, 2 or 3 substituents sach
independently selected from.

15 . -1 1o 2 substituents each indepandantly selecied from fluoring, chlorine and

bromine; and

- 1 fo 2 substituents each independently seiected from:

a) hydroxy, methyl, ethyl, propyl, 1-methyiethyl, mathoxy, sthoxy, propoxy
or 1-methylethoxy; wherein said methyl, ethyl, propyi, 1-methylethyl,

20 methoxy, athoxy, pfopoxy and 1-methylethoxy are each optionally

substituted with ong, two or three halogen atoms; .

b) -N(CHa)z or -NHRM wherein
RN is selected from H, methy!, ethyi, propy!, 1-methylethyl, -CO-CHs,
2-pyridyi, 3-pyridyl and 4-pyridyi;

25 wherein said methyl, athyl, propy! and 1-methyiethyl are each
optionally substituted with one, two or three substituents selected
from halogen and (Cq.zyalkoxy;

c) -CONH.; and
d) 3-pyridyl, 4-pyridyl, S-pyrimidinyl, 2-furyl, 1-pyrrolyl and 1-morpholino.'

30 '

8, The compound according to one or more of the above claims wherein R%is
cyclopentyl or cyclohexyl, each being optionally subsiituted with oné or fwo

P
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1 to 2 heteroatoms each independently selected from O and N; wherein
said cycloalkyl, cycloalkenyl or heterocycle is each optionally substituted
with (C1.4)alkyl. R' R 18. The compound according to claim 17 wherein
the group is selected 160 -N\o HC GH from:/ (NH and 19. The
compound according to claim 1 of formula (I) wherein either A or B is N
and the other B or A is C, wherein --- between two C- atoms represents a
double bond and ---- between a C-atom and a N-atom represents a single
bond; 5 R1 is H or (Cls)alkyl; R2 is halogen, aryl or Het; said aryl and Het
being optionally substituted with R21. wherein R21 is one, two or three
substitueit8®4cHIMdependently selected from -OH, -CN, -N(RN2)RN1,
halogen, (Gs)aikyl, (C1-6)alkoxy, 10 (C1-s)alkylthio, Net and :
-CQIN(RNRIRM I hegithaaid allovh alaont ansiadosibiome aaekein R is H

optionally substituted with one, two or three halogen atoms; R3 is (C5
6)cycloalyI"BPEhaN SuBstituted with from one to four halogen atoms;
15 R4 and R7 are each independently selected from H, (C1s)alkyl,
(C1p)alkorys diaib&)adabitiniindlid 2iail HigGheyalk@: \N{(G1Badd®I)R dnd
halogen; one of R5 and Rs is selected from COOH, -CO-N(RN2)RN1,

Hat and (C26)aikenyl, wherein Het, (C2.6)alkenyl and RN1 or any i ¢
hetdRocy IBTGATEA B AR TN SAR RN e B GBI oo one 0
substitute@uith RSs selected from:

a) (Coe)atkeny! substituted with COOH or CONHR™, wherein R is
5 'selected from H and (C..z)alkyl, said altkenyl being opticnally further
substituted with one or two substituents each independenﬂy selected
from {C.s)alky! and halogen; '
b) phenyi or Het, each being optionally substituted with one or two
substituents each independently setected from:

10 i, =0OH, oxo, COOH;

il. (Cio)alkyl optionally substituted with phenyl or -N(RM)RY, wherein
RM and R™ are each independently selecied from H and (Ci.gyalkyt
or R™ and R™ are linked, together with the N atom to which they

“are aftached, to form a §- or 8-membered monocyslic, saturated,
15 unsaturated or aromatic N-containing heterocycle, optionally having
additionally ong or'two hetercatoms each indspendently selected

from N, O and S; and ‘ '

i, ~NRMRN wherein R™ is selected from H, (C.z)alkyl and
-CO(Crralkyl and R™ is H ar (Ca.s)alkyt;

20 wherein Het ig a 5- or 8-memberad monocyclic saturated, unsaturated
or aromatic heterocycie having from 1 o 3 heteroatoms, each
independently selected from O, N and 8 ‘and

c) COOH;
and the other of R® and R® is selected from H, NHR™, (C..q)alkyl, and
25 (Cy.)alkoxy, wherein RV is selected from H and -CO-O-(Cyg)alkyl.
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20 wherein R50 is one, two or three substituents each independently
selected from (C1ls)alkyl, -COON, -N(RN2)RN1 -C+O-N(RN2)RN1 and
halogen; and the other of R5 and R6 is selected from H, (C1-6)alkyl,
(C1-6)alkoxy, (C1-6)alkylthio, and N(RN2)RN'; 25 Reis (C1-6)alkyl,
(C3.7)cycloalkKyl or (C3a)cycloalkyl-(C1-6)alkyl-; wherein said alkyl,
cycloalkyl and cycloalkyl-alkyl are each optionally 161 substituted with
one, two or three substituents each independently selected from halogen,
(Cl.6)alkoxy and (C1.6)alkylthio; R9 and R70 are each independently
selected from (Cls)alkyl; or R9 and R10 are linked to Jher ith

atoiFto whIEHF AR U SSAEHE BFEHTF (05! %”ﬁcy&‘gglk GHR Yo |
(C6-7)cycfoaikenyl or a 4-, 5- or 6-membered heterocycle having from 1 to
3 heteroatgms e@gmén@apx@ndgnﬂmalmmbwm QONarddpitvengifurther

said cycioalkyl, n e
substituted with }églsqg{%ﬁ rfér%éﬁﬁ%%g%%&%%&ﬁé%ﬁ@ggcWalkcyi and

.7)cycloalkyl, (C! ?W&&éﬁﬂyu -(C1.6)alkyl-, -CO-(C1.6)alkyl,
-CO-O-(Ci)6)alkyiempicbi-éds. \wherdirira bofiermby sy iaedaydhoairydrigvo -
optionally substitifiagmitia one, ilusHerdbree sihssiiurmts each
independently selec from ogen, (C1.6)alkoxy and (C1.6)alkylthio;
and 15 RN2 is H 2@% 8 alky or RN2 and RN1 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-meinbé&edaintontansihos hetivsidioyitleherth ik, o
additionally from | to g,heteroatoms each 20 independently selected from
O, N,and S; Whereer\lthe %el_gocg%e %h%tsroblcycle formed by RN2 and

RN1 is optlonally subsfitu with one, two or?‘nree substltuents each
10 Where[n Het is selectad from the formuias:

}J/j,JLi? <’:
SAL00

AN , and N and
¢)  COOH; |
and ;che other of R and Ré is seiiec’ted from H methy!, methoxy, ethoxy, -NH;
15 and -NHCO-OCH(CHg)-.

14.  The compound according to claim 13 whergein one of R® and R® is selected

from:

a) -CH=CH-COOHM or -CH=CH-CONH,, each optionally substituted with
one or two substituents seiected from methytl, ethyl and fiuore; and

b) phenyi optionally substituted with NH; or

20 Het optionally subsiiiuied with one or two substituents each

independently seiected from:
. -=0OH, oxo, COOH;
ii. methyl or ethyl, each optionally subsﬁtui‘ed with phenyl, —-N(CHs)z,



independently selected from halogen, (C1-6)alkyl, (Cls)alkoxy and
(C1.6)alkylthio; 25 wherein Net is defined as a 4-, 5-, 6- or 7-membered
heterocycle having 1 to 4 heteroatoms each independently selected from
0, 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 O, N and S, which may be
saturated, unsaturated 30 or aromatic; 20. The compound according to
claim 1 of formula (I) wherein R1 is selected from the group consisting of
H, methyl and ethyl; R2 is selected from halogen, cyano, (C1.4)alkyl,
(C2.4)aikenyi, (C2. 4)aﬂ< nyl, 162 (C3s)cycloalkyl, phenyl and Het .
selected from the grou ‘Xﬁormulas roe05s \N_N NA/\N I--\N ~~J {\'N
NN INNI/NO/N\WO\\ {8 N N~i liN N{ HN and 0/1. 5; wherein

said phenyl and,iHeﬂg;um@gm@&geﬁm@g%muted with R21, wherein

R21is 1, 2 or 3 sub uen ﬁt} ﬁﬁﬂg selected from: -1, 2 or 3
substituents egcrﬁ”'?n eﬁsérsljg%%y §8 ecte %alogen and -1lor2

substituents €3 ch| penc{entl selected from 40 a) hy: roxy,,\(Cl Yalkyl

or (C1.4)alkoxy; wa {:hf Z(}@y are q@ch tio = iN -
substituted wit 0 oxthree ralogen toms:; NNR R heteir R
NI is selected from H (C, 3)a|ky| CO (C, 3)afky| -CO-0O-(C1.3)alkyl

o anooLn

and ; and
c) COOCH;
and the other of R® and R® is selected from H, methyl, methoxy, ethoxy, -NHs
and -NHCO-OCH(CHa.

18. The compound according to one or more of the above claims wherein RYis.
seiected from (Cs)alkyl, {Cagcvcioatkyl, and (Cau)cycloalkyl-(Cqs)alkyt,
wherein the {C+.s)alkyl is optionally subsiituted with (C,.z)alkoxy or from one o
thrée fluoro atoms. '

10

18, The compound according to claim 15 wherein RYis selected from methyl,
ethyl, propyl, 1-methyiethyl, 2-methyipropy!, 3-methylbutyl, cyclobutyl,
cyclopropyimethyl, 2-fluorosthyt, 2,2,2-triflucroethyt and 2-methoxyethyl.

7. The sompound according o one or more of the above claims wherein R® and
R are each independently seiected from (Cr.ayalkyi or R® and R'° are linked,
together with the C atarn to which they are attached, to form (Cs.s)cycloalkyl,
{Cs.s)oycloalkeny! or & 5- or 6-memberad monocyclic heterocycle having from
1 to 2 heteroatoms each independantly selected from C and N; wherein said
cycloalky!, cyclcalkenyl or heterooycie is each optionally substituted with
{Crayalkyl.

18. The compound according to claim 17 wherain the group is selected
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and Het; 15 wherein the alkyl portions of each of said (C1.3)alkyl,
-CO-(C1.3)alkyl, and -CO-0O-(C1-3)alkyl are optionally substituted with
one, two or three substituents selected from halogen and (C1-6)alkoxy;
and wherein said Het is a 5- or 6-membered monocyclic saturated,
unsaturated or aromatic heterocycle having 1 or 2 heteroatoms, each
independently 20 selected from N, 0 and S; and RNZ is H or (C1.3)alkyl;
c) -CONRNZRNI, wherein RNZ and RN' are each independently selected
from H and (C1.3)alkyl; and d) Het, wherein said Het is a 5- or
6-membered monocyciic heterocycle 163 havmg 1, 2 or 3 heteroatoms,

each independently selected from a R' is cyclopentyhor o g
cyclohexyl, eac tiona ubst' witk ur cﬂiuor'tom )
R is H or halo d R 'R5,af 6 | ctedArom: a)"

(C2-a)alkeapt substituted with COOH or, CONHR", Whereln R"is selected
from H and (C1 NI}5<yl said alkenyl being optionally further substituted
with one or two substituents each independently selected 10 from
(C1.3)alkyl an ogen; b) phenyl or Net, each being optionally
substltuteghwlth oné or two substituents each independently selected

from: 1. -OH, oxo, COOH,; ii. (C,_3)alkyl optionally substituted with phenyl

or -N(RN2)RI", wherein 15'RN' and RN2 are each independently selected
fror®H an ?C?’P“Z?SW GPPAPHRF RN SHPHREL BEERBr with the N
atom to wiitbhrthey Earchadtaidhe ditter BmAnis Cowlermsmbebstivatsriveyelic,

saturated asaliraled:ok AEBatisN-sRniaining Asieiasyele aptionadim

havin
9 represents a single bond; ‘

5 R'is H or (Cys)alkyl;
R?is halogen, ary! or Het; said aryl and Het being opfionally substituted with
Rm;
wherein R¥" is one, two or three substituents each independently
selectad from —OH, -CN, -N(R¥RM | halogen, (Ci.e)alkyl, (Crs)alkoxy,
10 (Ci.g)alkylthio, Het and 7CO«N(RN2)R”‘;
wherein said alkyl, alkoxy and alkylthio are each optienally
substituted with one, two or three halogen atoms;
R® is (Css)cycloalkyl, optionally substituted with from one to four halogen
. atoms; _ ' '
18 | R* and R” are each indepandently sslected from H, (Cre)alkyt, (Cig)alkoxy,
(C¢.5)alkylthio, -NH,, -NH(Cq.g)atkyl, -N{(C+g)alkyl), and halogen;
one of R° and R is selected from COOH, -CO-NRM)RM, Het and
(Co.e)alkenyl, wherein Het, (C.e)alkenyl and RV or any heterocycle formed

between R™ and R™ are sach optionalty substituted with R®";

20 wherein R™ is one, two or three substituents each independently
selected from (Ca)alkyl, -COOH, -NRMRY, -CO-NRM)RY', and
halogen;

and the other of R® and R® is selected from H, (Crealky!, (Cis)alkoxy,
(Cr.s)alkylthio, and N(RNRM,
25 RF is (Cye)alkyl, (Caricycloalkyl or (Caryeycloalkyl-(Cog)alkyl-;
wherein said alkyi, cycloalky! and cycloalkyl-alkyl are each optionally
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additionally one or two heteroatoms each independently selected 20 from
N, O and S; and ill. -N(RN)R™; wherein R™ is selected from H, (C1.3)alkyl
and -CO(C1.3)alkyl and RN2 is H or (C1.3)alkyl; wherein Net is a 5- or
6-membered monocyclic saturated, unsaturated or aromatic heterocycle
having from | to 3 heteroatoms, each 25 independently selected from O, N
and S; and c) COOH; and the other of R6 and R6 is selected from H,
NHR"™, (C1-3)alkyl, and (C1.3)alkoxy, wherein R" is selected from H and
CO-0-(C1.3)alkyl; 30 R8 is selected from (C1.5)alkyl, (C 4.6)cycloalkyl,
and (C3.a)cycloalkyl-(C1.3)alkyl, wherein the (C1.5)alkyl is optionall
substituted witF(estimiedREiy BE M5 S UL RS Patd §P%H‘F8}i3’é
and R'0 are each!#atependentigeseEotgaivayr(C 1C3)kefbicR9 and R10

I, (B Ansemp bt o g -
-6)cycloalkyl, -6)cycloalkenyl or a 5- or,6-member
heterocycle halif§ dfF%?ﬁtEeE(ﬁE%h% l&a e W% 3 Ehﬁvﬁge aqga%ne(? Iélo form {Cs-

eleroatoms seiecte m

swherein said cylsiasity'c(Riosieaiiisvhsdrocycr RBpmbrEm eterocycle
substituted withnh4Gdg4etky kd® Abtefdrccanepou irdiemeordiigstsectadifradng®,
formula (1) Whel’!@i :%Jsis selected from the group consisting of H, methyl

and ethyl; R2 is selected from Br l, cyano, n}ethp(l,tergh ldlgr? !ﬂch tonally .
1-methylethyl, eHIEFRA Si‘-drr%mig)f éﬁéﬁ%ﬁ%ﬁf SEISETSpyT pRenytana.
Het selected frosntiisuggouin éF fodiikilas: 100 N-N NON NiN I'. IN N
10 RN is selected from H, (Cr.oalky!, (Csyjoycloalkyl, (Csr)oycicalkyl-(Cyg)alkyl-,
-CO~{Cy.s)alkyl, -CO-O-(Cs.q)alkyl and Het;
wherein all of said alkyl and cycioalkyl is optionally substituted with
one, two or three substitusnts sach independently seiected from
halogen, (Grg)alkoxy and (Ci.eyaliylthio; and
15 - R¥is H or (Cigalkyl, o

RM and RM may be linked, fogsther with the N atom to which they are

attached, tc form a 4-, 8-, 6- or 7-membered saturated or unsaturated N-
containing heterocycie or a 8-, 9, 10-or 11-memberad N-containing
heterobicycle, each having additionally from 1 to 3 heteroatoms each

20 independently selected from O, N, and &; .

wherain the heterocycie or heterobicysle formed by R™ and R™ is
optionally substituted with ong, two or three substituents sach
independently selacted from halogen, (Ciealkyl, (Cisjalkoxy and _
{C..g)alkylthio; _

25 wherein Het is defined as a 4-, 5+, 6- or 7-membered heterocycie having 110 4
hetercatoms each indspendently selected from O, N and 8, which may be
saturated, unsaturated or aromatic, or a 8-, 8-, 10- or 11-membered
heterobicyclea having 1 o 5 heteroatoms wherever possibie, each

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

30 or aromatic,

20.  The compound according to claim 1 of formula () wherein
R! is selected from the group consié.ﬁng of H, mathyl and ethyl;

R? is selected from haiogen, cyano, (Cr.qalkyl, (Caslatkenyl, (Cog)alkynyi,
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JHY~N, TO NINN~/N'N>NV\|~-~/5S~N NN11 NIIHN\/J, -
. and wherein said phenyl and Het are unsubstituted or substituted with R
21, wherein 15 R 21 is 1, 2 or 3 substituents each independently selected
from: - | to 2 substituents each independently selected from fluorine;
chlorine and bromine; and - | to 2 substituents each independently
selected from: a) hydroxy, methyl, ethyl, propyl, 1 -methylethyl, methoxy,
ethoxy, propoxy 20 or 1-methylethoxy; wherein said methyl, ethyl, propyl,
1-methylethyl, methoxy, ethoxy, propoxy and 1 -methylethoxy are each

optionally substituted with o 0.0r alo en atom CH3)2
or -NHRNEwIFErEA*Y &G@ﬁ'ypgng\ﬁf&%%e r&etﬂyci thyf, )B?Jcl)aéyl

- 1-methylethyl, -CO-CHs, 2 pyrldyl 3-pyridyl and 4-pyri wher in said
methyl, eth opyl Ieth e ea ).-Qption ubst
with one, twd opthre bStItl<Le halo nd S F

(C1.3)alkoxy; c) CON 2yand d) 3- pyrléyl 4- pyrldyl 5-pyrimidinyl, 2- fu?yl
1-pyrrolyl and 1- morphollno R3is gent "Oor c thexyl each

optionally St{bstltuté WI h 0 ort orin tom R rgblleor
and R7 is H e of sBlecteéd froml

El

RO, —-ﬂr- . -
5 h 5o d o@ 61
NN \N) N\/ @) o-«_—/o‘ ~/ , \SJN '

KHN g S \%\N

Naw i Nef/
WY @

, , == . and

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

R?' s 1, 2 or 3 substituents each independently selected from:
-1, 2 or 3 substituents each independently selecied from halogen; and

A - 1 or 2 substituents each independently selected from:

10 a) hydroxy, (Cra)alkyl or (Cq.)alkoxy; wherein said alkyl and alkoxy are

sach optionally substituied with one, two or three halogen atoms;
by  -NR™RM wherein ' .
RM ig salected from H, (Ci.s)alkyl, -CO-(Cya)alkyl, -CO-0-(Cy.a)alkyl
and Het;

15 wherein the alkyl portions of each of said (Cq.s)alky!, -CO-(Cya)alkyl,
and -CO-0-(Css)alkyl are optianally substituted with one, two or three
substituents selected from halogen and (C..s)alkoxy; and wherein said
Het is a 5- or 8-membered monocyclic saturated, unsaturated or
aromatic heterocycle \having 1 or 2 hetercatoms, each independently

20 seiscted from N, O and S; and
N2 is H or (Cya)alkyl;
c) CONRMRM wherain R™ and RM are each independentiy selected
from H and (Cyaakyl; and _
dy  Het, wherein said Het is a &- or 8-membered monocyclic heterocycle

- o
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a) (C2,)alkenyl substituted with COOH or -CONH2, and optionally further
substituted with one or two substituents selected from (C1.3)alkyl and
halogen; and 15 b) phenyl or Het, each being optionally substituted with
one or two substituents each independently selected from: i. -OH, oxo,
COOH; ~N ii. (C1_a)alkyl optionally substituted with phenyl, -N(CH3)2, or
; and 20 iii. -NH2, -N(CH3)2 and -NHCOCHS3; wherein Hat is selected
from the formulas: ~p N~O M1~\NN "SHINJHIJH\N Y,iNilrA,IN
~N\N~ N"VNN,,,~ 1, and and c} COOH; 25 and the other of R5 and R6

is selected from, k rﬁ‘eﬁ ||s E@Q&Xm@.ﬂé%%m&gﬁgn&fﬁ% selected from N, O

-NHCO-OCH(

selected from methyl, ethyl, propyl,

1-methylethyl, 2 ethylpropyl 3- methylbutyl, cyclobutyl,
cyclopropiirsetmdpenfiliorortivpied] 2s2arifipiisrorithsHbsBigtegwith one to four
2-methoxyethylggaheheRRRs10 the group is selected from: ~n~ ono HC

GH
5 ?nd wtls?l or halogen and R’ is H;

10

15

20

25

30

one of R® and R® is selected from:

a)  (Cosalkenyl substituted with COOH or CONHR™, wherein RM is

selected from H and (Cy.3)alkyl, said alkenyl being optionally further
substituted with one or two substituents each independently selected
from (C4)alkyl and halogen; .
b) pheny! or Het, each being optionally substituted with one or two
substituents each independantly selected from:
i ~OH, oxo, COOH;
i, (Cqs)alkyl optionally substituted with phenyl or =NR')R™, wherein
M and RM are each independently szlecied from H and (Cy.s)alky!
or RY and R™ are linkad, together with the N atom fo which they
are attached, io form e 5 dr &-mamberad monocyclic, saturated,
- unsaturated or aromatic N-containing heterocycle, optionally having
additionally one or two heteroatoms each independently selected
© from N, Oand & and .
i, —N(R"RM: wherein RV is seiected from H, (Cizdalkyl and
-CO(Cra)alky! and R™ is M or (Cia)alkyl;
wharein Het is a 5- or 5-membered monocyciic saturated, unsaturated
or aromatic heterocycie having from 1 to 3 heteroatoms, each
independently selected from O, N and §; and

) CODH; ‘
and the other of R® and R® is selected from H, NHRM, (C.a)alky!, and
(Cya)alkoxy,

wherein R™ is selected from H and -CO-0-(Crg)alkyl;
R® is selected from (Crg)alkyl, {Cos)cycioalkyl, and (Cs.e)oycioalkyl-(Cra)alkyl,
wherein the (Cy.gialkyl is optionatly substitu{ed with {Cq.z)alkoxy or from one o
three fluoro atoms; and ‘
R® and R™ are each independently selected from (Cq.z)alkyl or Rf and RY are
linked, together with the C atom to which they are attached, to form .
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22. The compound according to claim 1 of formula (I) wherein R' is
selected from the group consisting of H, methyl and ethyl; R2 is selected
from Br, Cl, cyano,methyl, ethyl, propyl, 1-methylethyl, ethenyl,
1-methylethenyl, ethynyl, cyclopropyl, phenyl and Het selected from the
group of formulas: N 10 ~N-N VN ~NN NN~/ANNN Il ~~N N ~C ON
0 ~Al NV/NNN~\p~SN --rNHN, and  wherein said phenyl and Het
" are unsubstituted or substituted with R21, wherein 15 R21is 1, 2 or 3
substituents each independently selected from: - 1 to 2 substituents each

independently, S%&&L%MQ@M W éfm(é;mq;a%ee)aeﬂe %@%ﬂ'ﬂ&eﬁs@%el
to 2 substltuents each eﬁen ent Qj/mselect from: 8am{g{ met

ethyl, propyl"®" W?eftrﬁﬁe%?/ RSIA M & G S HISPb Ry St

wherein saiccvaiemigy! eualalspoper f!e?ﬁ@l?w’étm%oﬁ?@mﬂ@fﬁ W[
propoxy andd:metyylethoxy are each optionally substituted with one, two
or three halogen atoms; b) -N(CH3)2 or -NHR™ wherein R'11 is selected °

from H, methyl, ethyl, propyl 1-methyleth ?%;7 b -CO-CHS3, 2-pyridyl, 3-pyridyl

anc%-py i CUBRANES EFFSAGIRART &PlyPTBISBY AR T hethylethyl are
each opti®hakpiscbstitotetheavitiogrensistrarahreastivkandeattstselected

R? is selected from Br, Cl, cyano, methyl, ethyl, propyl, 1-methyiethyl, ethenyl,
1-methylethenyl, ethynyl, cyclopropy!, pheny! and Het selected from the group

of formuias:

10
wherein said pheny! and Het are unsubstituted or substituted with R*', wherain
15 R* is 1, 2 or 3 substituents each independently selected from:
© - 1 fo 2 substituents each independenﬂy selected from fluorine; chiorine and
bromine; and
- 1 to 2 substituents each independentiy seiected from:
a) hydroxy, methyl, ethyl, propyl, 1-methylethyl, methoxy, ethoxy, propoxy

20 or 1-methylethoxy; wherein said methyl, ethyl, propyt, 1-methylethyl,
' methaoxy, ethoxy, propoxy and 1-methylethoxy are each optionally
substituted with one, two or three halogen atams;
b) -N{CHg}» or -NHR™ wherein
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from halogen and (C,-3)alkoxy; ¢) -CONH2; and d) 3-pyridyl, 4-pyridyl,
5-pyrimidinyl, 2-furyl, 1-pyrrolyl and 1-morpholino; 15 R3 is cyciopentyl or
cyclohexyl, each optionally substituted with one or two fluorine atoms; R4
is H or Cl and and R7 is H; one of R6 and R6 is selected from: a)
-CH=CH-000H or -CH=CH-CONH2, each optionally substituted with 20
one or two substituents selected from methyl, ethyl and fluoro; and b)
phenyl optionally substituted with NH2 or Het optionally substituted with
one or two substituents each independently selected from: i. -OH, oxo,

COOH; 25 ii. mgthyl o l. each onti | itted. wi NYo-oH,
_N(CH3)2, or ﬁ; gsnsdéf%%ﬁ@?ﬁﬁr(ci Hsgﬁa%ﬁglﬁ%&%%%ﬁge%@@? ’
is selected fronP RS WhAREERIYBUIPFIN AC4 VW 6,INN nv' 1/
and QH; and cyG@DHarmicthy. cthigr poRE amtl'Re:tsWvERsE $P6M H,

methyl, methoxy, efh@nany\irtamsh Win 662 QLGNS 2LbsRiinselneted
from methyl, ethyl, propyl, 1-methylet ‘ -methylpropyl, 3--methylbutyl,
cyclobutyl, cycio rg%g]%e?ﬂ%ﬂ %Q%kg?géth%i%,2,2-trif|uoroethyl and
2-methox§ethyl-eAERPRA0 ti

d) 3-pyridyl, 4-pyridyt, B-pyrimidinyl, 2-furyl, 1-pyrrolyl and 1-morpholino;
R® is cyclopentyl or cyclohexyl, each optionally substituted with one or two
fluorine atoms,
10 R*is H or halogen and R7is H; -

one of R and R® is selected from:

a) (Co..)alkeny! substituted with COOH or ~CONH;, and optionally further-
substituted with one or two substituents selected from (Cq.ajalkyl and
halogen; and

15 b) phenyl or Het, each being optionally substituted with one or two
substituents sach independently selected from:
i. ~OH, oxo, COOH;

&

ii. (C..ayalkyl optionally substituted with phenyi, =N(CHg)z; or
; and
20 fii. ~NHz, —N(CHsz), and -NHCOCH,;;
wherein Het is saiacted from the formulas:

T 5 T By Sy S Ty T
NS o 9 7oA\ N " o 7N
@ N N N\ﬁ-"i '\\{_\l{ QN { // Q

\
N N
i N |
! ¥ .

=ZoTE

H

T T L <
QLUo,, 0

i
S N\%N

\ , , "~ and N and
] COOH,

25 and the other of R® and R® is selected from H, methyl, mathoxy, ethoxy, -NH;
and -NHCO-OCH(CHa): ‘ |
R is selected from methyl, ethy!, propyl, 1-meathyiethyl, 2-methylpropyl, 3-
methylbutyl, cyclobutyl, cycloprepylmethyl, 2-flucrosthyl, 2,2 2-trifluoroethyl
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the group is selected from: N/ - 00 HG CH and NH 10 23. 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 | to 22, or a pharmaceutically acceptable salt or
ester thereof, and a pharmaceutically acceptable carrier. 24. The
composition according to claim 23 further comprising a therapeutically
effective amount of one or more antiviral agents. 25. The composition
according to claim 24, wherein said antiviral agent is selected from:
ribavirin %ﬂ&j?m&% &1, 2fq The composition according to claim 24
wherein the antivirgl agent is an other anti-HCV agent. 27. The
pharmaceutical co smon according to claim 26, wherein the other anti-
169 HCV, aegent IS mgr‘é%@&gbal%g{y agent selected from a-, p-, 5- y-,
ti- and w- mt%rc%eron and pegylated forms thereof. 28. The composition
according to claim 26, wherej 11 eo h anti-HCV agen anothénrq
inhibitor of HCV po ras Theigposut on ac,co\@sto ai 26
wherein the Bther a t is ar~hibit, pro

3U. The compdsition accordmg fo claim 26, .wherein the ‘other anti- HCVE”’“'?i
agent is an |nh|b;agof another target in the HCV life cycle. 31. The
composition accarding'to claim 30, wherein said inhibitor of another target
in the HCV life c;%fgg selected from an agent that inhibits a target
selected from HGV helicase, HCV NS213 protease and HCV IRES, and
5an agent that interferes with the function of an NS5A protein.

22, The compound according to claim 1 of formula {I) wherein
R is selected from the group consisting of H, methy! and ethyi;
R? is selected from Br, Cl, cyano, metiyl, ethyl, propyl, 1-methyiethyl, ethenyi,
1-methyletheny!, ethynyl, cyclopropy!, phenyl and Het seiec’;ed from the group

of formutas:

10

wherein said phenyi and Met are unsubstituted or substituted with R*', wherein

15 R2 is 1, 2 or 3 substituents each independently selecied from:
- 1 ip 2 substituents each independently selected from fluoring; chiorine and
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5 32. Use 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, as an inhibitor of HCV polymerase. 33. Use 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, as an inhibitor
of RNA dependent RNA polymerase activity of the enzyme NS5B,
encoded by HCV. 34: Use of a compound according to one or more of the
claims 1 to 22, or a pharmaceutically acceptable salt or ester thereof, or a
compositigptheregl as an inhibitor of HCV replication. 35. Use of a
compound aecordng (9. one-gh Mals-Rhing daltad dgR2 ora
pharmaceuticall accep?asb?e Salt of ester thereof, or a comgosmon
thereof, f@ the PHEERReREHY pREARIBRYbF FIRSTIRDR SRECR RSP oY
36. Use of a compburthgledording eameaisy medng. cftitble rifivh s iy 2t
56;1‘ pha;@aceﬂti%w\a@%amﬁﬁ%w aﬂ}gnﬁk@ﬁ?@fh@@aammsﬁim?w
thereof, for the treatment ot prevention 9f HCV, infection in a mammal, in
combination witﬁ%%%tfﬁeé}rvg%%%?g%8?1@@7%&]?%%%%%%’ inhibiting the
RNA-dep&hdent R p oy mERse @ity -of the enzyme NSSB, encoded
by HCV, comprigitigsexpasiadrtre e nzytne dE5BRtopyan effgoyietwmotrtts,

of a compound ggfg@[%pg_gg,ﬁgly@a% mgFg,gogf; the claims 1 to 22 under
he RNA-d N '

conditions where \-dependent RNA polymera: tivity of the
Enzyme NS5B (SHREHS BT b BT AB e T R,
comprising exposingpéasaliististiseted/ Wi 0% o bR avesEiNTaimI ed
compound accordingye ey amareQidkexglaims 1 to 22 under
conditions xvhere' gwﬁgaggg of HCV is inhibited. 39. A method of treating
C = 2y . L. .. .
or preventing HCV Infection in a mammal, comprising admlnlséerln to 1

mammal & effeCtREBMEINIEHCRIMPBINY 2t iRy T8YHAE or TGre o‘f%;
1the claimsRf to @Ricperiybhasysabewticadishactepaiihrusliugd with one or two
fluorine atoms; : : '
RiisHorClandand R" is H;
one of R® and R® is selected from:
z) ~-CH=CH-COOH or -CH#CH—GONHZ, each optionally substituted with
20 one or two substituents salected from methyl, ethyl and fluore; and
b) phenyl optionally substituied with NH, or
Hét optionally substiiuted with one or iwo substituents each
independently seiected from:
i,. —OH, oxo, COOH; :
25 ii. methyl or ethyl, sach optionally substituted with phenyl, =N(CHa}z,
!
or vand -
iil. Nz, ~N(CHg) and -NHCOCH;
wherein Het is selecied from the formulas:
\»\r\ % >/\o ,:/\/\o h /\N / 2\0 /] N
SRR S R RN

d
)
~ ¥ N
Hl

T



ester thereof, or a composition thereof. 40. 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, in combination with another antiviral agent. 5
44. 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.ipfection. 42. Use of a compound
according to one or more o/i{\the }IE\imS 1 t@QNZ or a pharmaceutically
acceptable s@lt qr ester tHerebf, k;\;é‘compo itior thereof, for the
manufacture megitamerit forehe ateatmséﬁr%(ﬂm the prevention of
an 171 1% 1 H%\szﬂi@ction. 43. An article of manufacture comprising a
composition effective to treat apn HCV inf&gtionﬁr to inpibitt;{l)e N 508 NM
polymera@idP et P ootk By iR §ERERHL? TorPIfeiNy RTRSEY viicH
indicates that thendohtipeSiiii(Eaaite used to treat infection by the
shepatg?s Q:\é’& dSIcWBEERIR %ﬁéﬁk;&%p@%%w,mmaﬁﬁ@mﬁ,@m@wmpw‘ 3-
according to_one or more of ,clai t e
acce ptabglré"estg)(t! o é’s? ?Y?eﬁ%é%gf’.c%%gw%%’% %mgg%%’ Q’E@”}ﬁmm&mw

and 2-methoxyethyl; and

RB Rm

ATy
the group ¢ is selected from:

/
/‘—N — O/\o
2, L5 8, e 2 6L
A 4 ’ oy ) ¥ : t ) ' ’ 1 ) :and
QH

23. A pharmaceutical composition for the treatment or prevention of HCV infection,

10

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, ancf

a pharmaceutically acceptabie carrier.

24.  The composition according to claim 23 further comprising a therapeutically

effective amount of one or more antiviral agenis.

25, The composition according to claim 24, wherein said antiviral agent is selected

from: ribavirin and amantadine.

26.  The composition according to claim 24 wherein the antiviral agent is an other

anti-HCV agent.

27. The pharmaceutical composition according fo claim 26, whergin the other anti-
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28,

29,

30,

31.

32,

33.

34,

35.

“CV agent is an immunomodulatory agent selected from a-, f-, 8- v-, - and -
interfaron and pegylated forms thereof.

" The composition according to claim 28, wherein the other anti-HCV agent is

another inhibitar of HCV polymerase.

The composition according to claim 26, whersin the other anti-HCV agent is an
inhibitor of HCV NS3 protease.

The camposition according fo claim 26, wherein the other anti-HCV agent is an
inhibitor of another target in the HCV life cycle.

Tha composition according to claim 30, wherein said inhibitor of another target

“in the MOV life cycle is selected from an agent that inhibits & target selected

from HCV helicase, HCV NS2/3 profease and HCV IRES, and an agent that
intarferes with the function of an NS5A protein.
Use of a compound aceording to one or more of the claims 1 to 22, or a

pharmaceutically acceptable salt or ester thereof, or a composiion thereof, as
an inhibitor of HCV polymerase.

Use of a compound according to one or more of the claims 1 to 22, ora
pharmaceutically acceptable salt or ester thereof, or a compasition thereof, as

an inhibitor of RNA dependent RNA polymerase activity of the enzyme’NSSB,
encoded by HCV.

Use of a compound according o one or more of the claims 1 {022, ora

pharmaceutically acceptable salt or ester thereof, or a composition thereof, as
an inhibiior of HOV replication.

Use of a compound according to one or more of the claims 1o 22, or a

pharmaceutically acceptabie salt or ester thereof, or a compeosition thereof, for
the treatment or prevention of HCV infection in a mammal,

176



36.

- 37,

38.

38,

44,

41.

42,

Use of a compound according {o one or more of the claims 1 t0 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 anfiviral agent.

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 according to one or more of the claims 1 fo
22 under conditions where the RNA-dependent RNA polymerase activity of the
enzyme NSEB is inhibiied,

A method of inhibiting HCV replication, comprising exposing a celi infected
with MCV to an effective amount of a compound according to one or more of
the ciaims 1 1o 22 under conditions whare 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 compeound according to

one or more of the claims 1 o 22, or a pharmaceutically accepiable salt or

- ester thereof, or a compasition thereof.

A method of freating or preventing HCV infection in a mammal, comprising
administering to the mammat an sffective 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 compaosition thereof, in combination with another antiviral
agent.

Use of a compound according to one or more of the claims 110 22, or of &
pharmaceaiicaily acceptable salt or ester thereof, or a composition thereof, for
the manufacture of a medicament fér the treatment and/or the prevention of a
Flaviviridas viral infection.

Use of a compound according fo one or more of the claims 1 to 22, or &
pharmaceutically acceptable salt or ester thereof, or a composition thereof, for

the manufacture of a medicament for the freatment and/for the prevention of an

Lari)
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43,

HCV infection.

An article of manufacture comprising

a composition effective fo treat an HCV infection or to inhibit the NS58

‘polymerase of HCV and . :

packaging material comprising a label which indicates that the compoesition
can be used to ireat infection by the hepatitis C virus,

wherain said composition comprises a compound according to one or more of
claims 1 1o 22 or a pharmaceutically acceptable salt or ester thereof.

-
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