WO 2010/003658PCTIEP2009/004942 MACROCYCLIC INDOLE DERIVATIVES USEFUL AS
HEPATITIS C VIRUS INHIBITORS Field of the invention The present invention is concerned with
macrocyclic indole derivatives having 5inhibitory activity on the replication of the hepatitis C virus
(HCV). It furdfe redrigd¢ss compositions comprising these compounds aPagtERGpygdedients as well as
processes for preparing these compounds and comp’déitions. Background of the invention Hepatitis C
virus is the leading cause of chronic liver disease worldwide and has 10 become a focus of

considerable mggj ' i - . :
hepacivirus gerﬁ%‘%?is cios}}:iy rela‘szglito the aé%ﬁﬁggﬁ%ﬁ%&g%&%ﬁﬁ?nmwuses

implicated in human disease, such as dengue IIBIEYBRw fever virus, and to the animal pestivirus
family, which includes bovine viral diarrhoea virus (BVDV). HCV is a positive-sense, single-stranded
RNA virus, witHF #4504 &he gesfiafbund 9,600 bases. The genome comprises both 5' and 3' .
untranslated regiensdhat aucptiRNA secenddryistructrescbn thdobedtratapen kedding frame that
encodes a singignRatypr ARINES w0053 A3R-ARARAISIINeRAYPrOtSIRENERdES en gene

products, whic enerated from the precursor polyprotein by an.orchestrated series of co- and
posttranslationgf%% olrﬁ%%zg?ﬁgnalgg\%éggswmmep&%‘%%I%ya Vgclf%rﬁ%}s?f] gsnaﬁ Vi %Sl apsrg{gcégsségs. The viral
structural protelASRFBEIRSHIE BorRmAMBt AL BRSEEoNENd two envelope glycoproteins El and E2.
The non-structural (NS) proteins encode some essential viral enzymatic functions (helicase,
polymerase, prBfskeEpund REMsdmRREMS of unknown function. Replication of the viral genome is
mediated by arHepAtddpivdeint tRNAapimly mesasd carmid éddy ineasstrutdtivadpaatehassb (NS5B). In 25
addition tq ghe palymerasruths viialiBslsase and ralease IoGtiRnsybeieaeamesn;the hifunctional
NS3 protein, h%ve i@fﬁ%‘v?&%‘é‘é“ uggh%%gsgce‘g}tig} f03r lggpaljincdatisolof HCY thN{A n addijtion to the NS3
serine protease?ﬁ [ also encodes a e_faﬁop?of]el‘riase !ln t OeSWSrf_ ?eeglo?l. FEPHESEESS:
preferentially in'fiigintetiydss paprahsseliveuss dpplisatahinduman drae svshsasiengeetions hi
particular, the lank oflvidorousriislyamp hothyteniesp pastvand theilyighipch persidysdiciiasvitug to mutate
ggpeabr to promb@ﬁﬂd@m#@t@wpw@_igtini@@tmitmeg&%esﬁgasﬁrah@la@imm@%ﬂﬂamOfe than

subtypes, w. e differen ribut eographically. e the predominant genotype
in the US g‘id é%gfngeé. Olf:)afgﬁgga%ggé%?{:f@%g eg‘é’é%u“r?t‘é‘%’rs o %%% Sgé?e.n c‘?r“é‘gﬁ 35infections
in the United STEE0STHA adeph SO GerdtleRctirs Rt O F FRyah geenyesding frame that
2010/003658 P &F(EPL06@vE0 ol eimpontauntdiatifes 6 Gachickncalsiipiqatiomegarhaps
exl?laining diffi@ﬁméwﬁg&m@;@aﬂ@@m@@g&malﬁamfn{eﬁ@gf&%#%%r téhwfssimatedflm
million persons \warldwi ' ed {ti irus (HCV). Eollowing the initial acute infection,
a majority, of in%P%eé%%?vi%rugﬁ%gbeqrgéggﬁfcxgr%%%ﬁg%g\{i%éa%ﬁ?c% 85? gﬁ?gg 333 %& ﬁ%r r‘f).rosis
leading to*CirhBS18 PetRethYElivEpiepsem dbe At irs el s cionnel s the sRTs PuRksesrRiidnstitutes
of Health Consereteis.BedétopeneaiotogicreproteBsdie rmehEVEhagersnicofrH dpiitisdikepatology,
36, 5 Suppl. S2&30e 2002 kskiveiaCinRDsiSHHGIORNCNOHIEMIRALS REpABsIRIeHeiakouLL 0,000
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example followffig bI6o8 R PRNFATRD (B RRY DS ORI THBRI RGO RISHEtiBte sts used
in blood séfeeriifdirsticthedal downteaties trenthilipostand psttsisnferomcishesckibwever, given the
slow progressiaite thi five: ok iSkRE gl iBeastedi ehoxatin pinfeetiansiyil-paoisiedoHrasent a

serious medicagRnd 4p.aGARATMAIRHERNIRREBRALRS (51 YR 1IGRAIDI0GY, %ﬁmﬁe%&a@@%ﬁ%%%

2002). Currenttﬁé%ﬁhree(ﬁgfs are based on (pegylated) interferon-alpha (IFN-a) in

HCV replicates preferentially in hepatocytes but is not directly cytopathic, leading to
30  persistent infection. In particular, the lack of a vigorous T-lymphocyte response and the
high propensity of the virus to mutate appear to promote a high rate of chronic
infection. There are 6 major HCV genotypes and more than 50 subtypes, which are
differently distributed geographically. HCV type 1 is the predominant genotype in the
US and Europe. For instance, HCV type 1 accounts for 70 to 75 percent of all HCV
35  infections in the United States. The extensive genetic heterogeneity of HCV has



combination with ribavirin. This combination therapy yields a sustained virologic response in more than
40% of patients infected by genotype 1 viruses and about 80% of those infected by genotypes 2 and 3.
Beside the limited efficacy on HCV type 1, 20combination therapy has significant side effects and is
poorly toleratesl oueramggpatients. For instance, in registration trials of pegglatadontesieian and
ribavirin, significant side effects resulted in discontirdtation of treatment in approximately 10 to 14
percent of patients. Major side effects of combination therapy include influenza-like symptoms,

hematologic JhpRrHAAUiSnAR By LARSKF HAMICRD (NPT be-Fndicy GlfiRAGAL f more effective,
convenient and oler ted eatment 3} Ub|IC he th 0 tment of this
chronic disead® €% %W@frtﬁ% (?é’e Bn?%#cré) St theerra%g/ f&nonwrﬂaaﬁ ?/ We and limited by
undesirable sﬁ@@%&ﬁl@héeét@afﬁ?(ﬁa‘ﬂtmhb%@ﬁ§ GasiBEdR¢HE Seeli t@h’lﬂﬂr%imt@ﬂs of the NS 5b
RNA-dependantiir Mfe@aiymearaseitR dRipjeddddadstideily dehelniel oot thipa3dipolviiiedrase do not.
exist within thespinteglehorhoal RadiHeJiadinge! biRiigwintsaidrabamgee would provide a
more specific mode of t|on Inhibitor ttat alrenay{uent mg&h@vesﬁ%gaw T\n be glassmed as
either nucleoé%é’m%%l ors ‘i?\tlci om’?S @q%ﬁ% eoside InNibItors irec compete with
nucleotide subSREESe PG 1Y IRAESKER SENerraitife ?ﬁé@f@@a&ﬁs ép%&tﬂb.%}rﬁ%@ be achieved
by NNIs, 35whidlz mayentérdotsutside BiGHefighlynde nsgrvedbictivenlsite 30 A0indgakafla@steric site
common only g, StiAEIACRIRE BAENAIERGTn YV, 20RR1006BERGIUERRN09/004942 -3- Indole
denvatwe& haye ber:neln descr for HCV Ilihl_lblt%r)é a(%tlwt% tgvc %39%393%)0 éﬂIS ds tetracyclic
indole derivatives as tﬁ&t‘m iRAIBItOrS freatment or revention o V|rus infection.

us 2008/014@%@%5%@@%9&5&%%&@@8%@6‘&%@%é’ié’b‘ﬁ‘?@%@‘? cN@s@‘f’ffnmﬁitors. WO
2008/075103 uiisciivsEerbomndiepnoyaticestsl ohedierblatidesrosahy fies thdtrealvmervand premeantion of

infection by heeautt&@m@réﬁﬁtwqﬁted&@mwye@hgmt tHalshayeoresiiarine: Righ dadure rate,
thereby hlghllggtlngﬁthe nehed to ff‘)(‘ rs%eg Se‘%{@tl g%{lél\pvteo Rti?ggt |£1hé%95 Bl'elmggealgda high medical
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need for safe anc§ ectlve antl treatment overcome the
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resistance, ar@ggmgﬁgw@gﬂgg&gggg@l ove tm%&lg%gl(ﬁmemnse In particular
wherein the therapeutic co e good hioavai ab|||t a favora rmacokinetic and
metabolic prof?en%ﬁ?ﬂﬂﬁla‘?g}na%#%"ég ﬁﬁi’ﬂ TAAPLHIRETR n’fé 8&/%]?53 %fﬁ}&lves exhibit

antiviral activitysprashie saeintbetetPiin! PrE iR ered N peepeitRes! raaweN ﬁgdo?\@‘ér%ér@fof the
following paratneiensfcaat \Hyadaiticaey 2favwd fAlHesietantipinphd ) dack wof HEXiCiypdayorable

pharmacgiinelianchmRatakels mafil &@é@é@&&t@tt@%}@@ammtmm These compounds
are therefore usefu nEtreatsl a%or com gttll_g Vigg fgct Zp% perfgrrbensa% ISC Iosure concerns
inhibitors of HEAY repllc%ltiléln & ereis %r% acom otind ot formula (1), R7 ()

25including ste@&?@%téawﬁw%wg a@sww%aaeé t@étt%‘*'?ﬁ&rﬁt%@%‘%‘é’l\}ﬁt& thereof,

wherein: 14 percent of patients. Major side effects of combination therapy include influenza-like
symptoms, hematologic abnormalities, and neuropsychiatric symptoms. The
25  development of more effective, convenient and tolerated treatments is a major public
health objective. Thus, the treatment of this chronic disease is an unmet clinical need,
since current therapy is only partially effective and limited by undesirable side effects.

One area of particular focus has been the search for inhibitors of the NS5b
RNA-dependent RNA polymerase (RdRp). Close structural homologs of this

30  polymerase do not exist within the uninfected host cell and the finding of inhibitors of
said polymerase would provide a more specific mode of action. Inhibitors that are
currently under investigation can be classified as either nucleoside inhibitors (NIs) or
non-nucleoside inhibitors (NNIs). Nis directly compete with nucieotide substrates for
binding to highly conserved active sites. Greater specificity may be achieved by NNIs,

35  which may interact outside of the highly conserved active site at a unique allosteric site
common only to structurally related polymerases.



- R1 is a bivalent chain selected from R3R3, WO 2010/003658PCT/EP2009/004942 -4- R3 It -1-N ,bl
1IR3 R3p3--N1R3R31R3R31 r/c R35R3-N R3N, and each R3 is independently selected from

f[he group cog}gr%;@golgéi%rogen, Cmalkyl and C3.5cycloalkyl; 10- a is 3, 4,1)%
independently 1 or 2; c'is 1 or 2; 3-
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indole dertvatives have been described for HCV inhibitory activity. WO 2007/092000
discloses tetracyclic indole derivatives as HCV NSSB inhibitors for the treatment
and/or prevention of HCV virus infection. US 2008/0146537 discloses cyclopropyl
fused indolobenzazepine HCV NS3B inhibitors. WO 2008/075103 discloses

macrocyclic indole derivatives useful for the treatment or prevention of infection by

-hepatitis C virus.

To date, preliminary clinical trials have resulted in 2 high failure rate, thereby
highlighting the need to pursue the search for novel NS5b inhibitors. There is & high
medical need for safe and effective anti-HCV treatment. Such HCV inhibitors may
overcome the disadvantages of current HCV therapy such as side effects, limited
efficacy, the emergence of resistance, and compliance failures, as well as improve the
sustamned viral response. In particular whersin the therapeutic compounds have good
bioavailability and a favorable pharmacokinetic and metabolic profile.

Summary

It has been found that certain macrocyclic indole dertvatives exhibit antiviral activity in
subjects infected with HCV with useful properties regarding one or more of the |
following parameters: antiviral efficacy, favorable mutant prophile, lack of toxicity,
favorable pharmacokinetic and metabolic profile, and ease of formulation and
administration. These compounds are therefore useful in treating or combating HCV
infections.

The present disclosure concerns inhibitors of HCV replication. In a first aspect, there is provided

a compound of formula (1),

@

including sterecchemically isomeric forms, and N-oxides, salts, hydrates, and solvates
thereof, wherein:
— R'is a bivalent chain s=lected from
| I
....:_1?1 /6\,3’3\3};__5_
i
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macrocycle A has 14 to 18 member atoms; each R2 is independently hydrogen, halo or Cmalkoxy;
15- R4 and R5 are hydrogen or R4 and R5 together form a double bond or a methylene group to form
a fused cyclopropyl; is hydrogen or methyl; and 117 is a C3_7cycloalkyl optionally substituted with
halo. The di(s%gé)é%){r})emﬁr? L)er relates to methods for the preparation of the & %ﬁ%&@%%formula (2),
including stereochemically isomeric forms, and N-oxides, quaternary amines, metal complexes, salts,
hydrates or solvates thereof, their infermAiates, and the use of the intermediates in the preparation of
the compounds of formula (1). WO'?2010/0113658PCDEP2009/004942 -5- In a second aspect, there is
provided compoUnds.éof,\f @'E”se, including stereochemically isomeric forms, and N-oxides,
guantemary amines, m%@al complexes, salts, hydrates or solvates thereof, for use as a medicament. In
a third aspect, there is provided a compobund as defined above or a pharmaceutical composition as
defined above, for inhib’fﬁng HCV reglication. The disclosure relates to the compounds of formula (1)
per se, including stefMMSWOfﬁEric forms, and N-oxides, quaternary amines, metal complexes,
salts, hydrates or solvates thereof, for'treating hepatitis C. In a fourth aspect, there is provided
pharmaceutical compos#ions comprising a carrier and as active ingredient an anti-virally effective
amount of a compouﬁo‘t@){,ﬁaﬂp@u}a,(s*‘aésspecified herein. The pharmaceutical compositions may
comprise combinations of thergforementioned compounds with other anti-HCV agents. The
pharmaceutical compoii;ior?may.comprise combinations of the aforementioned compounds with
anti-HIV agents. The disclo ure"fUther relates to the aforementioned pharmaceutical compositions for
administration to a sdﬁeéﬁguﬁgring from HCV infection. In a fifth aspect, there is provided use of a
compound of formula (Issincluding stereochemically isomeric kilns, or N-oxides, quaternary amirs,
metal complexes, salts, |hydratesior Sphrates thereof, for the manufacture of a medicament for
inhibiting HCV replicati tsclosure also relates to the use of a compound of formula (1),
including §tereochemﬁcally isoperic forms, or N-oxides, quaternary amines, metal complexes, salts,
hydrates or solvates thereof, for the manll{i@ggure of a medicament for preventing or treating conditions
associated with HCV. The disclodure-aiSp relates to a method of inhibiting HCV replication in a
warm-blooded animatis#id %thoﬁcoﬁising the administration of an effective amount of a
compound of formula (I¥'including ste ochemigaliy isomeric forms, or N-oxides, quaternary amines,
metal complexes, salts, hydrates or solvates thereof. The disclosure also relates to a method for
preventing or treatin_gﬂ:hguqf:nditions associated with HCV in a warm-blooded animal said method
comprising the admin;istra‘r'faﬁﬁ ective amount of a compound of formula (1), including _
stereochemically isomeric forms, pr; N-Oxées; quaternary amines, metal complexes, salts, hydrates or
solvates thereof Detailed descriptjgh The present invention will now be further described, in the
following passages, diffefgnt aspects ,or embodiments %the invention are defined in more detail. Each
aspect or embodimefit 80 d&fi e%ﬁ?%%%@c%%%%fm BT BB By o8 fbodiment(s) unless
clearly indicated to the«@lntranf fn-paleadiarl any feature indicated as being preferred or
advantag@ous may heschrmpfnadowith any other feature or features indicated as being preferred or
advantageous to_formulate & particilanembgaiment. WO 2010/003658PCT/EP2009/004942 As used
in the foregoing and hereinafter, the folldwing definitions apply unless otherwise noted. For the

L I ) AR . n . n . . " " . "
purpose of the presenf invefition, the terms "subject" or "infected subject” or "patient” refers to an
individual infected wiBFREYE dnBad Idfterd Atgnbebartiasterm "halo” or "halogen™ is generic to fluor,
chloro, bromo and iedeh RS seddperdimt! hydalarl hak a:gmmuptespart of a group defines straight or
branchegschain satLgelggh URRYBRAANICRIS IR LAMLr10.4 £8KAN AIgIS, Spch s for example
methyl, ethyl, prop-l-l%/x!étgr%)-g;};l,ubutt- % k;%-z-yl, i?_[% utyl, 2-methylprop1-yl; "éfSalkyl“ as a group
or part of a group de |Ele§ sﬁa@ﬁt Brranch S(?ﬁa??ﬁ: ré’&’i}rated hydrocarbon radicals having from 1
to 3 carbon atonTs stchsdy/ P estapipethidtapt ethyl, prop- | -yl, prop-2-yl.

- R'isa C;aeycloalkyl optionally substituted with halo.

The disclosure further relates to methods for the preparation of the compounds of
20 formuia (I), including stereochemically isomeric forms, and N-oxides, quaternary
amines, metal complexes, salis, hydrates or solvates thereof, their intermediates, and

the use of the intermediates in the preparation of the compounds of formula (I).



The term "Cl6alkylene" as a group or part of a group refers to C1.6alkyl groups that are divalent, i.e.,
with two single bonds for attachment to two other groups. Non-limiting examples of alkylene groups
includes methylengsRHaylene, methylmethylene, 15propylene, ethylethylggq, deigthylgthylene and
1,2-dimethylethylene. "C3.7cycloalkyl" is generic to-8yclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and
cycloheptyl. The term "C3_5cycloalkyl" is meant to comprise cyclopropyl, cyclobutyl and cyclopentyl.
The term "C1l4alkoxy" or "Cl4alkyloxy" a roup or part of a group refers.to.a radical 20 having the
Formula -Olrlﬁ/ﬁeﬁ%ﬁlﬁﬁs%(élﬁ%ﬁ%ﬁ g{‘s? de ?ngo EEE)B\I}%? oig)-l?inrr#ﬁrgé 5)%5%}3)?35%?%&%%?30 ef}ﬁ;ﬁ% Xy
include methisxyiegthxyispropoXyxisepraporynBoxyiniso butEX Y sap kb pltantl tertay o xylvRteshould
be noted th%@@o?ﬁ@@&é&%@&é&%&ﬂeﬁﬂ%ﬂﬁ%ﬁ@é@éé&?ﬁﬁé&4§§H>!ﬁhﬁa%@8§h%ﬁﬂ%m%&§ Anywhere

on such moiety as long as it is chemically stable. 25Radicals used in the definitions of the variables
include all pASSIBIBISBIACURRIEL e ARSI ARG daT BBIPIHRERCY, TSty R Espriehth-1-y,
piperidin-2-ylo piRetiginoinds anchpiperidined-yk; pentyingctadeshpentzltyl;perti2 fhancpént-B4adks\When
any variable occurs more than one time in any. constituent, eac inition Js.inde: .3
Whenever used hereina Iéer‘?’ t]ﬁlé% %e ?ang%ﬁspg %Jﬁhs(?g }éct‘r%rsn? 6 I%@(Y%%?%hﬁ:t gé)f?)ﬁgsg%t?%g r%%%%&rllgdg glr ¢
similar termsioitiid mrpasit thatsciedeotided amporaeis st FEAMDIS N NEITIMY ISt 6 SOEIE MRalty 1§Beric
forms, and thgirNig¥idesnguatgrnaneaminasommetal omplexes osalisnhydiates pEsabmtesihergof.
One embodiment comprises the compounds of f,ormuxlg?(rll) or an%/fstgb%ou thte-reo S ecgiggsh%rt%in,
including theP AWB% B FSEBS BT EBD0 M0 4527 588 nie S reSEREMICATY fe0Meric forms, as
well as the Netheidesti $its, hydrateBhanisoivatestheregfoAnathenembauimrentoobipises tethe
compounds of formula, (Lo a0y SubgrouRs thereatspegified herein; dnslding the.Possile o the

stereochemically isomeric forms, as well as the N-oxides, salts, hydrates, and solvates thereof. _
5Whenever @égaraiqnetEhamacsfich SotBRapsubsirdrasiEitga fosHirue frdpndirtdt-as well
as substituted:pyithhat least one of the specified substituting radicals. For the purpose of example,
"CiAalkyl optionally substituted with chloro” is meant to include unsubstituted Cidalkyl as well as
Cl4alkyl subsiifli€t wjibrchierois Pheidednpouhdswahfonmind frmay haveloiiezor more centers of

chirality and 5%%@{0%&&%@9@ﬁ{&@&hﬁm&ayw—%@%@&{%@ﬁ,@%ﬁ%@,‘&%@ﬁ@&&%@ﬁ%{'v isomeric
e

forms" as used herein crefines??ll Lhe os%ibtle %ggn ouﬂ?a%t@r%def” ocﬁ.the same atoms bonded by the
same sequertoPBOHHE BLENLU] iferent thies dimensional Strictras - WhRHE S pounds of

formula (I) m&{¢ pospésgiaVithe éfeiente tbthddustandeswhete(Ryon(SY ivusdd o designate the
absolute 15cppiiguratien-edashitaliatemmedibivasubstiiuentdeesigagtioniisdenedaking into
consideration the whole compornd and pobthesulsfitugntin isplaton. D AneAsReshihgresent

invention provides compounds of formula (1) (1) . L
preventing or treafing conditions associated with HCV. The disclosure also relates to a

method of inhibiting HCV replication in a warm-blooded animal said method
comprising the administration of an effective amount of a compound of formula (T},
including stereochemically isomeric forms, or N-oxides, quaternary amines, metal
compiexes, salts, hydrates or solvates thereof. The disclosure also relates to a method

for preventing or treating conditions associated with HCV in 2 warm-blooded animal
said method comprising the administration of an effective amount of a compound of
formula (I}, including stereochemically 1someric forms, or N-oxides, quaternary

amines, metal complexes, salts, hydrates or solvates thereof.

Detailed description

The present invention will now be further described. In the following passages,
different aspects or embodiments of the invention are defined in more detail. Each
aspect or embodiment so defined may be combined with any other aspect(s) or
embodiment(s) unless clearly indicaied to the contrary. In parficuiar, any feature
indicated as being preferred or advantageous may be combined with any other feature
or features indicated as being preferred or advantageous to formulate a particular

embodiment.



20including stereochemically isomeric forms, and N-oxides, salts, hydrates, and solvates thereof,
wherein RI, R2, R4, R5, R6, R7 and A have the same meaning as defined herein. Embodiments of the
present inventions concerns compounds of formula (I), or any subgroup thereof as defined herein,
wherein oneVo? ad¢@EFIhe definitions for RI, R2, R4, Rs, Rs, and R7 as §pédifeiirtied2embodiments
herein-under apply: 25 Particular subgroups of the <§)mpounds of formula (1) are compounds of
formula (I1), (1) or (IV) meaning as defined herein. In.one embodiment, Ri is a bivalent chain selected

from R3 , ?.?1ANuac i i ¥3PidoAttibil kB3 dREr| tiRIolloMiMd difpiBR3RSRBuniégsN.N -"{+--- 11l In a
partlcular embadiment, It is selected fromR3R3 ,0 :it3153 ? N R3, andcit,wherein a and c are as
defined herein above, or 10wherein a is 4 or 5 and c is 1 or 2. In another particular embodiment le is
selected fromFor the purpose of the present invention, the terms “subject” or “infected subject” or

“patient” refers to an individual infected with HCV, in need of treatment.
5  The term “halo” or “halogen” is generic to fluoro, chlioro, bromo and iodo.

As used herein “Cj4alkyl” as a group or part of a group defines straight or branched
chain saturated hydrocarbon radicals having from 1 to 4 carbon atoms such as for
example methyl, ethyl, prop-1-yl, prop-2-yl, but-1-yl, but-2-yl, isobutyl, 2-methylprop-
1-yl; “Cy3alkyl” as a group or part of a group defines straight or branched chain

10 saturated hydrocarbon radicals having from 1 to 3 carbon atoms such as for example
methyl, ethyl, prop-1-vyl, prop-2-vi.

The term “C,_galkylene” as a group or part of a group refers to C,salkyl groups that are
divalent, i.e., with two single bonds for attachment to two other groups. Non-limiting
examples of alkylene groups includes methylene, ethylene, methylmethylene,

15 propylene, ethylethylene, 1-methylethylene and 1,2-dimethylethylene.

“C, ;cycloalkyl” is generic to cyclopropyl, cyclobutyl, cyclopentyl, cyvelohexyl and

cycloheptyl. The term “Cs.scycloalkyl” is meant to comprise cyclopropyl, cyclobutyl
and cyclopentyl.

The term “Cj4alkoxy” or “Ciaalkyloxy™ as a group or part of a group refers to a radical

20 having the Formula -OR" wherein R is C;4alkyl as defined above. Non-limiting
examples of suitable C,4alkoxy include methoxy, ethoxy, propoxy, isopropoxy,
butoxy, isobutoxy, sec-butoxy and fert-butoxy.

it should be noted that the radical positions on any molecular moiety used in the
definitions may be anywhere on such moiety as long as it is chemicaily stable.

25  Radicals used in the definitions of the variables include all possible isomers unless
otherwise indicated. For instance, piperidinyl includes piperidin-1-yl, piperidin-2-vl,
piperidin-3-yl, and piperidin-4-yl; pentyl includes pent-1-yl, pent-2-yi and pent-3-yl.

When any variable occurs more than one time in any constituent, each definition is
independent.

30  Whenever used hereinafter, the term “compounds of formula (), or “the present
compounds” or similar terms, it is meant to include the compounds of formula (I),
including stereochemically isomeric forms, and their N-oxides, quaternary amines,
metal complexes, salts, hydrates or solvates thereof. One embodiment comprises the
compounds of formula (I} or any subgroup thereof specified herein, including the



133rR3 R3R3"l 'l -N(R3)-(CH2)4-N(R3'R3, and ' , itis understood RI may be oriented in two
directions, i.e. WO 2010/003658PCT/EP2009/004942 -9- amine is connected to the carbonyl group,
or, the piperazinyl moiety is connected to the carbonyl group and the aliphatic amine is connected to
the sulfonanvidezgrowpsssr ' Preferably, when Rl is ', the piperazinyl moietyiiseanseeted to the
carbonyl group and the aliphatic amine is connectedt6 the sulfonamide group. CH3CH3 5In a more
particular embodiment, 12! is selected from - N- CH3CH3 i -N ..... "---..N 1 CH3 CH3CH Alternatively,
R'is selected fransibléliBNochemically isomeric forms, as well as the N-oxides, salts, hydrates, and
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15

20

25

solvates thereof. Another embodiment comprises the compounds of formula (I) or any
subgroups thereof specified herein, including the possible stereochemically isomeric
forms, as well as the N-oxides, salts, hydrates, and solvates thereof.

Whenever used hereinafter, the term “optionally substituted” is meant to include
unsubstituted as well as substituted with at least one of the specified substituting
radicals. For the purpose of example, “C,.4alkyl optionally substituted with chloro” is
meant to include unsubstituted C|.4alkyl as well as C, 4alkyl substituted with chloro.

The compounds of formula (I) may have one or more centers of chirality and may exist
as stereochemically isomeric forms. The term “stereochemically isomeric forms” as
used herein defines all the possible compounds made up of the same atoms bonded by
the same sequence of bonds but having different three-dimensional structures, which
the compounds of formula (I) may possess.

With reference to the instances where (R) or {S) is used to designate the absolute
configuration of a chiral atom within a substituent, the designation is done taking into
consideration the whole compound and not the substituent in isolation.

In one aspect, the present invention provides compounds of formula (I)

@

including stereochemically isomeric forms, and N-oxides, salts, hydrates, and solvates

thereof, wherein R', R*, R* R®, R6, R’ and A have the same meaning as defined herein.
Embodiments of the present inventions concerns compounds of formula (1), or any
subgroup thereof as defined herein, wherein one or more of the definitions for R', R?,
RY, R’ RS and R7 as specified in the embodiments herein~under apply:

Particular subgroups of the compounds of formula (1) are compounds of formula (II),
(I or (IV)



- -N N- - CH3 andCH3 CH3CH, In a preferred embodiment, R1 is - CH3 10In another embodiment,
12.1is In another embodiment R' is NH N- 1 CH3 - -NI In another preferred embodiment, R1 iscH3
Each R3 is independently selected from the group comprising hydrogen, Cl4alkyl and C3.5cycloalkyl.
In a particula¥@eabwelisagnt, R3 is independently selected from the group A& mmsistigpaf hydrogen,
methyl, ethyl, isopropyl and cyclopropyl. In a more pérticular embodiment, each R3 is independently
selected from the group consisting of hydrogen and methyl; or, R3 is methyl. WO

2010/003658PC{TJ’E'F5? v
embodiment, mgcrocygle A h#s 16, %37 or 18 member atdms. In a mg:
17 member at??quhs. R2'is selettedffom the group compgising Rydrogeq;

is hydrogen or
ent, R2 is methoxy.

(1D,

(IV), wherein R R* R*, R®, R% R7 and A have the same

meaning as defined herein.

In one embodiment, R! is a bivalent chain selected from

Rj
1 | '
! . ! ! N—i— R l 33 Ra
":—T;I/Ha\l'\l—;— Ak v oy T NN
5 Rs Ry , Ra , : \/\O/"\/ ! ; o i ,
R3
—— SR
R? N—i— i | /Q r L AT gy
' ¢ ——N —i—N CoN
NS R Tl
[ o 3 and
2 2 k]
R3
H I
TN
< /\N""g"‘"""
' : R.
S o B
In a particular embodiment, R' is selected from Rs Ry, R ,
H 83 R,al ( $3 N""‘i"""
—:—N\/\NAVN”:" —:—-NHN\) ' ' .
R ,and © ,wherein a and ¢ are as defined herein above, or

10 - whereinais 4 or 5 and ¢ is 1 or 2. In another particutar embodiment R' is selected from

¢ Rg Ra R —_—
: '?3 *31 -E—N\/\.N/\/N-‘:-‘ : l“li N(\N i
D d Y P ; 1 e
NR)(CHNRY-, &+~ 07~ RS ,and * Vi
! FIQS N“"““:‘""
b TN N b . . : o
When R'is ' c , it is understood R* may be oriented in two directions, i.e.

the piperazinyl moiety may be connected to the sulfonamide group while the aliphatic



In another embodiment, R2 is positioned on the benzene ring in meta or para with respect to the bond
linking the benzene to the indole group. In a preferred embodiment, 10R2 is positioned on the
benzene ring in para with respect to the bond linking this benzene to the indole group. R4 and R5 are
hydrogen orvRa zamdoRB o gether form a double bond gr a methylene gromgteefones/achesed
cyclopropyl. In a particular embodiment, R4 and R5 afe hydrogen or R4 and R5 together form a
methylene group to form a fused cyclopropyl. 15In another particular embodiment, R4 and R5 together
form a double harigk 1n@notherdemibo dirtemtyiRfoigpsetetie pifranrinytinogiety ancbnmetiyd. dnikeparticular
embodiment, R&isdaydreagnndar thecanasidobiamula () itaaempaindsalfprmula (111) or
(IV). In another particular embodiment, R6 is methyl when the compound of formula (I) is a compound
of formula (Il). 20R7 is a C3.7cyc|oalk§l’op[r@‘ﬂﬂ'y—substituted with halo. In a particular embodiment,

R7 is selected fiom cyclopentyl,,cycioh ,\aHd flugrocyclohexyl (in.particular, 2-fluoracyclohexyl). In
a preferred em Beg%rlﬁéﬁ't’, E‘)é%f:snycﬁ ¢ ohegqux.w A partitu EV R %gé%?lggrﬁ%%%ﬁg%ﬁ&aﬁ%la (1) are
compounds of f3FRE %%é?éliﬁlﬁdla IRFRERSheIRAFHEE Bohe o485t rein one or more
of the 25definitions for RI, R2, -6, and R7 as specified in the eghodiments hg&gin apply. A more
particular subgroup of compounds of formula (1) are comeLJ:gmcj,s of formula (Jl).; wherein RI, R2, Ra,
R5, R6, -7 5  In a more pafGcalRfleid@v:t RS BasNabRbRg as defihetherein. More particular are those
compound represented by the following structural (1I-1), (11-2), and (11-3) wherein R2, R6 and
R7 have the same fifeaning as'tefined hereipf\or/ 0 campounds of formula (I) or subgroups thereof
WO 2010/00365@”&64@2@0@76“0’4942‘{1’1}’- I a particular embodiment, the invention provides
compounds of, independétly, formuiad (I1), €4-1), (11-2) and (11-3) wherein R6 is hydrogen or methyl,
more in particular, wherein R6 is a methyl. 5 In another embodiment, ct:pie invention provides
compounds of formula (II) or subgroups thegeqﬁvherein R7 ?slapyclggh_ Yyl or 2-fluorocyclohexyl. In
another embodiment, the inyention providesjcﬁmpewads\qf,ﬁwh“rulaw \orfsﬁ%m@he:reof wherein
R2 is hydrogen®HYEHERY of AR SIS S Matively, the | ventjon'provides compounds of formula (11) or
subgroups thereoffittherein R2 is fluoro or 10 methoxy. AYparticular subgroup of compounds of formula
(1) are compouﬁ“d”s”of\farﬁmla/(TH\)NwhereiQ,BJNR&,Rﬁ,\R!‘ﬁ, -6, K R7 and A have the
same meaning as defined herein.gb(ior%lpdar’ftic&u@r are those compounds represented by the following
structural formulae (111-1), (111-2), (111-3§ and (111-4) wherein R2, R6 and R7 have the same meaning as
defined 15 herein for compounds of formulq (I?f“3 CHy

In a preferred embodiment, R' is ! ~NeT P

10  Inanother embodiment, R’ is H oL

In another embodiment R! is CHs

In another preferred embodiment, Riis = Chy

Each R? is independently selected from the group comprising hydrogen, C,salky! and
Cs.scycloalkyl. In a particular embodiment, R is independently selected from the group

15 consisting of hydrogen, methyl, ethyl, isopropyl and cyclopropyl. In a more particular
embodiment, each R® is independently selected from the group consisting of hydrogen
and methyl; or, R® is methyl.



WO 2010/003658PCT/EP2009/004942 -12- In another embodiment, the invention provides
compounds of formula (Il) or subgroups thereof wherein R7 is cyclohexyl or 2-fluorocyclohexyl. In
another embodiment, the invention provides compounds of formula (111) or subgroups thereof wherein
R2 is hydrogen 2em&thsssg or chloro. 5 A particular subgroup of compound<ofifeaentilasdiare
compounds of formula (IV), wherein RI, R2, R4, Rsl®&6, -7 and A have the same meaning as defined
herein. More particular are those compound represented by the following structural formulae (1V-1),

]gIV-Z)i a?t)i (IR:mbrRin Rzs R6iang BJMY&&%.M%M@@M@??&Q&%@@&& Aorrgpounds of
ormula (). In e ' i i rovi r subgroups
kﬁ@‘ig‘,%vcégﬁc’i%{)% %t_@?elilﬁl@."ﬁr}i ’?thlg )é’%?c‘?ﬁ&%@ﬁ%&iﬁ%é) Agxa{p 't”ﬂﬂ%@tq‘élﬁ

thereof wherein R orocyclohe In another embodiment, the invention
provides comB@E}??ds of formula (IV) or 15subgroups thereof wherein R2 is hydrogen, methoxy or
chloro. In a pdfitutalectehfdimestethepmensrising bydioacsohelsras Coralsornds ebratienli (11-1), (01-1),
and (IV-1}. AngtiaesiawehodimepdiofiaetRieIenibye oimnEansanEsampatsidshictorarula (11-2), (111-2)

and (IV-2). Angtigr,emRadipet Qfie, LGRS IYEWOR FORCHIASEARIBRNYL: ohifgimytia (11-3), (I1-3)
and (IV-3). ZOI? a particular,empodiment, the mvenflon rovides c mdoound of formula (1) selected
from the grouB ESPRBYEHG. 8105 BE AR R BOSTE0 Ao ST B lar, the
present invenifoangtbe ¢etbedimeptiRdssaids orrd on) belbersens AlngrHmeE\priPRipratent invention
provides compagsetaoidobmndditkigeibetesfeaaoMerado paricpldn thedicasdrbibuéntion, provides

compoungs opfoimyladdhaplarirdudniess ARsHYRE MENHARED Y fdicaiednkig, thgmical designation

of a compoungd encompassge tpe mixture of some or all possible stereochemically isomeric forms, 10
which said colipaURd. %P%SS‘? S8Psaid mixture maécontain all diastereomers and/or enantiomers

of the basic mBleadi R seribydreasp<uiB ceid Founerthar Semeadnuhircamdien ABal Ims Stlihe
compounds ofdlferpresesidreyertospbbtin mparticular embodiment, R* and R® are hydrogen or R*

and R’ together form a methylene group to form a fused cyclopropyl.

15 Inanother particular embodiment, R* and R’ together form a double bond.
In another embodiment, R® is selected from hydrogen and methyl. In a particular
embodiment, R® is hydrogen when the compound of formula (I} is a compound of
formula (I11) or (IV). In another particular embodiment, R® is methyl when the
compound of formula (I) is a compound of formula (II).

20 R’ is a Cascycloalkyl optionally substituted with halo. In a particular embodiment, R’
is selected from cyclopentyl, cyclohexyl, and fluorocyclohexyl! (in particular,
2-fluorocyclohexyl). In a preferred embodiment, R is cyclohexyl.

A particular subgroup of compounds of formula (1) are compounds of formula (1)
wherein R* and R together form a double bond, and wherein one or more of the

25  definitions for R, R% RS and R’ as specified in the embodiments herein apply. A more
particular subgroup of compounds of formula (I) are compounds of formula (II),
wherein R}, Rz, R4, RS, R(’, R’ and A have the same meaning as defined herein. More
particular are those compound represented by the following structural formulae (11-1),
(11-2), and (11-3) wherein R?, R® and R” have the same meaning as defined herein for

30  compounds of formula (I) or subgroups thereof.

L

- TN

N

R (11-2), and



WO 2010/003658PCT/EP2009/004942 -16- pure form or mixed with each other are intended to be
embraced within the scope of the present invention. Pure stereoisomeric forms of the compounds and
intermediates as mentioned herein are defined as isomers substantially free of other enantiomeric or
diastereomesio torm@mEdthe same basic molecular structure of said comuauresm@rintetmediates. In
particular, the term "stereoisomerically pure'’ ' concerns “compounds or intermediates having a
stereoisomeric excess of at least 80% (i.e. minimum 90% of one isomer and maximum 10% of the
other possible |spmey a steseoisomeric excess of 100% (i.e. 100% of one isomer and none of
the other), more |n|part|cular cg pour;ds or intermediates 10 having a stereoisomeric excess of 90%
Cirla avmg a stereoisomeric excess of 94% up to 100% and most in
partlcular havmg a stereqisomeric bxcess of 97% up to 100%. The terms "enantiomerically pure” and
] d e | derstood in a similar way, but then having regard to the
enantiomeric excess, and’the diasteréom@ric excess, respectively, of the 15mixture in question. Pure
stereoisomeric forms of the c6mpounds an&lhﬁ)ermedlates of this invention may be obtained by the

application of at-<BoM{B RHOSRINRRe A ORI A RN ml%ﬁaaxd@%ﬁmm&m each other by
the selective criystallizzﬁggﬁ Lgo%p aa:i,_ftt ﬁogsu C&Se%!]tﬁwt tlcall aCtlé_‘ fwds or bases. Examples
b yitar a ito

thereof are tartafic aci IC aC| uoy Ptanie aci %émpﬁosulfonlc acid.
Alternatively, eﬂﬁ’ﬁﬁé’ﬁef@ﬁﬁ?‘& Bl by chromatographic techniques usmg chiral stationary
phases. Sajd pyrgSfareasheiminally iReMeERIA T MRY alibe-de iy schHom ieForiRspaRding pure

stereochemlcal |so c for oft e.a e startl aterials, prowded he reaction occurs
stereospecifical |En ‘%%B'I(} ﬂ}fséf 535%8#%%[5%?2 o §8fﬁ’i’8 %IISwed said compound is synthesized by

stereospecific m&a@cﬂérm(emraitoaﬂﬁmdsﬂqmmﬁey\&kb@guaﬁuagemﬁlamgley@agfa@mencalIy
pure starting mgied %%ae? RS, ﬁcﬁ?e?ﬁ&‘?‘tﬁscﬁfo%e&ﬁ%?ﬁm ﬁfefﬁ{wmr(l) or any

subgroup thereof, ¢can be o talne a conventiona rlate hysical
separation 30 %@tﬂgﬁ%cﬁfﬁ??ﬁﬁ 8%&?%%@%%8%&%? %Sfeét}( u%ré’lé’ tive

crystallizatfdn an@hshﬂomatography, e.g. column chromatography. For some of the compounds of

formula (1), theb&N OXId 25,63 Its On é?‘ (\{Sa&a ‘%e@% ggﬁf?)ggn&r&q? Xes, and the

intermediates USg ?CEEG te stereochiemical con gura | was not
e

experimentally Hﬁfé?’r?n% BergoﬂRslaﬂédxl Hat'ﬁet%‘i’tsf’é“ém?‘l‘ﬂlﬁ‘é?érﬁﬁ r&B‘sMﬁ‘ée configuration
of such compopadisWsirgesitckncompmetiogsresatiedd)fthekdlowlog Xtrayiffantivlae (NOID),
2010/003658P@iiEf, 2009/0Q4 912 41 whiteanENTodinRNhather iy esepliiRyeNgoR gofearns compounds

of formula, gAY (1B k. (WALAME ¥ Brmuta (1.

(I1-2),

R7 (I11-3), (111-4)

In particular, the invention provides compounds of, independently, formula (III),
(111-1), (I11-2), (111-3) and (11-4) wherein R® is hydrogen.



5 wherein RI, R2, R6, R7 and A have the same meaning as that defined herein. In a more particular
embodiment, the present invention concerns compounds of Formula (l11A-1), (I11A-2), (111A-3), (1lIA-4),
(mnB-1), (1B-2), (11B-3), (1lIB-4), ([VA-1), (IVA-2), (IVA-3), (IVB-), (IVB-2) and (IVB-3) WO
2010/003658RQT1&#2389/004942 -19- In another embodiment, where appiieabies/@spapounds of
formula (1) or subgroups thereof have the stereochel@ical configuration as illustrated by formula (1A).
A- 4\R5 R6 0 R7(lA) The present invention is also intended to include all isotopes of atoms occurring

on the 5 presqmtesfammmg&ﬁﬁaxmﬁ@mmtmé&m SAMEATPRRC number but
different mass B{,}meerssthlglye 8’%?% re%?ﬁerace%g\& Hi; %29 }ﬁ/}"%ga}r:d’ itati n, isotopes of hydrogen

include tritium and deuterrum otopes of ¢ 'Hon | . For therapeutic use, salts of
the compoundis: ahéotien l&iﬁl(é)iﬂliénﬂﬁdﬁﬁiﬂ%ﬁfﬁmﬂhﬁlﬁwmwﬂuﬁ ph&fmﬁ@aem@aﬂy acceptable.

However, saltg @f-a5ids @pd fasrseWich I A aonphaupaceniically acceptable, may also find use,

for example, in the preparation or purification of a. pharmaceutlcally acceptable compound. All salts,
whether pharrepetigetitys e maiil comneonds of fetoudaWitndreenepanndit of ftrenpleddiit invention. The
pharmaceuticaliyeadaaptatierdcic a@bhamsama@&meﬂﬁ@n@&ﬁ@geagalaﬁﬁedaf@el§ Mgt to comprise

the therapeutiggly.aeturanRR oG it endRast ady 'tmsfﬁ%ﬁ{mmh%m@W% ,of formula (1
are able to for -%?%P\%ﬁﬁp?f tically a eﬁ@%’%%e acld addition salts can convenien ¢ obtained by
treating the ba r 5 opri Rﬁﬁ?é%?liﬁ@ea@mﬂg n‘fSIhS’S? fe, inorganic
acids such as ‘FWHPSH%%%@W% hydrochloric or hydrobromic acid, sulfuric, nitric, phosphoric and
20 the like acids; or organlc acids such as, for example, aﬁi‘étlc propanoic, hydroxyacetic, lactic,
pyruvic, oxalic (i.e. e joic), malonic, succinic (i.e. nedjoic acid), maleic, fumaric, malic (i.e.
hydroxybutangpéom ci ta taric, citric, methane§tgfo§gh£r$esulfomc benzenesulfonic,

p- toluenesulfonlc clarnggfg Ic, p amlnosallcyll\m MQjgang 1S like acids. 25 Conversely, said

salt forms can stconverted by treatprent with an atpglroprlate basg into the free base form. The
compounds of for?mula (1) orany’s bgroup thereof cdml;alnmg 3

(IV-3}

In another embodiment, the invention provides compounds of formula (IV) or
subgroups thereof wherein R is cyclohexyl or 2-fluorocyclohexyl.

In another embodiment, the invention provides compounds of formula (IV) or
15 subgroups thereof wherein R? is hydrogen, methoxy or chloro.

In a particuiar embodiment, the present invention concerns compounds of formula
(II-1), (II-1), and (IV-1). Another embodiment of the present invention concerns
compounds of formula (II-2), (I1}-2) and (IV-2). Another embodiment of the present
invention concerns compounds of formula (I1-3), (111-3) and (IV-3).

20 In a particular embodiment, the invention provides compounds of formula (1) selected
from the group comprising



WO 2010/003658PCT/EP2009/004942 -20- sodium, potassium, magnesium, calcium salts and the
like, salts with organic bases, e.g. the benzathine, N-methyl-D-glucamine, hydrabamine salts, and
salts with amino acids such as, for example, arginine, lysine and the like. The term "quaternary amine"
as used herskibgforecgketines the quaternary ammonium 5 salts which thecompoemsdasat formula (1) or
any subgroup thereof are able to form by reaction bebieen a basic nitrogen of a compound of formula
(1) or any subgroup thereof and an appropriate quatemizing agent, such as, for example, an optionally
substituted aIkny'@ﬁé, Halide or aryTai@}h‘éNé.g. methyliodjdq,qﬂ? anizytiodide. Other reactants
with good Ieavipfgs‘ y also be m:sgq»,« ucR asatkyl 10trithgoremethianes
methanesulfonates;-afie-4 oluenesyHopatest A guaternary apyne-hasi
nitrogen. Pharmace , 6Ie countadgi __,\a 6h|oro, brokg-ig¢
acetate. The counterion ofchoice can be introducedhusing ion exchange r . The N-oxide forms
of the present compound: ¢ compqunds of 15for () or any subgroup
thereof wherein one or §,eyeral nitrogen atoms ﬁ@gxldized to the so-called N-oxide. It will be
appreciated that the"eompdtnes of formu@:@/or an¥/ subgroup thej.éo’f"hﬁ\ﬁave metal binding,
chelating, compci@%( Hrming preperties arfd thiereforethay exist a& Metal cOmplexes or metal chelates.

al
&)

ulfonates, alkyl
psitively charged
Mubroacetate and

subgroup thereof and inter
although not explicitly indicatéd in the-above formuta-are intended to be inctuded within the scope of
the present 25 inyemimﬁgcordingly, thgﬁg;nggﬂgds and inte{gyegjé@s\rp,ay be present as a mixture
of tautomers oroa.é;'%gn individupl tautome,é:»lg the dadiention, par(gi/@@ar preférence is given to compounds
of Formula | or any.sukgrgup thereof, thatin the ifihibjtion assays descrifed below have an inhibition
. pfyles% th . gre pré @ 5

even more preferably lessthan 1 tiM prefera

tﬁan 100 nM, and in
assays used in the




General synthetic schemes Compounds of formula (I) may be prepared following the different
methods A, B, C, D, E, F and G described below, from indole derivatives A-15 (A-1) wherein R2, R4,
R5, R6 and R7 are as defined for compounds of formula (l) or subgroups thereof, and Ra is selected
from methyl ¥RFEMBERH and Rb is selected from ethyl. The compoun8S BERAHNHIR-1) are either
known in the art or may be obtained as described in US20070270406A1, W02007/054741 and
W02007/092000. 10 Method A A schematic overview for the synthesis of the compounds of formula (1)
is given in scRénre i pEtewwethbdrstacts frommacompodectofrformdiaoAfimGom(bpsahetsed! formula A-2
may be prepared by the regioselective hydrolysis of the 15ester bearing the Rb group, under basic

conditions, using atyrokide such as LiOI‘?‘Lﬁ?/N in polar solNggits Suckras water, an alcohol such
as methanol or ethahe, - >

ure ther8ofThis metHod may be used when

oprotected

i formula () or
coupled to the car lic acid of compou A-2 to form an amide

A“3. "PG", as used herein, is a seitable amine-pfotecting group, chosen

t. Preferably PGTs,a t%t-butyloxyge(?tbm@‘,(Boc) protecting group or a

)] group.@ﬁﬁ'}w’e”fefm tign of amigg,bon

as;those used upling_amino agiels +

subgroups thereof; may theg
bond, Ieadingffﬁféompounds
from the ones known jfi the
4-nitrobenzene-,$4lipnyr(ﬁo
standard procedyg
involves the dehydra v )
reactant to form a linking amide bond. The amid nd formation m performed by reacting the
starting materials in the presence of a coupling ageht or by 30 convertirg-the carhoxyl functionality into
an active form-sueh-&say active estef,mixed-gnhydride or a carhgxyacid chloride or bromide.
General descrjptipns ofSuch WO 201 8PCT/EP2009/082942 22~ coupling reactions and the
reagents used thereiq can be found in, {tbooks on peptide.chemistry, for example, M.

| <

Bodanszky, "Pept

and

5 Alternatively, the present invention provides compounds of formula (I) selected from
\N/\/O\/\N/
[0

s
P

O TNH




R7 (I) Examples of coupling reactions with amide bond formation include the azide method, mixed
carbonic-carboxylic acid anhydride (isobutyl chloroformate) method, the carbodiimide
(dicyclohexylcarbodiimide (DCC), diisopropylcarbodiimide (DIG), or 10water-soluble carbodiimide such
as N-ethyl-NY9-gditeippfamino)propyl Tharbodiimide gﬂ DC)) method, the HcTFE¥8IE0#AEthod (e.g.
p-nitrophenyl, p-chlorophenyl, trichlorophenyl, pentachlorophenyl, pentatluorophenyl,
N-hydroxysuccinic imido and the like esters), the Woodward reagent K-method, the
1,1-carbonyldiimidgzqle (CD1sor N,N'-carbanyldiimidazgle) method, the phos hoﬁus reagents or
oxidation- reduc@gg’?i%\rhéthods So eof(gh %é’theﬁg aétnbe en&taﬁ’cﬁt{%&ﬂ i gosuitable
catalysts, e.g. indhe sarbodii ide" ethodgy g i xybenzg trish
4-dimethylaminopyrfing P
(benzotriazol1-yloxy)-tris=(d
presence of 1-hydroxy-benzq
N,NcN'-tetra-methyluronium tettédfluorobograte, or 0-(7- enzotrigzol-1-y1)-
2010/003658PCT/EP2009(004942 -23- N,N NchtetramethyIuronlum hexafluorophosphate. "These
coupling reactlon%§§'f3e perfogated in eltherrs’fhﬂo’\ehq ¢-Fhase) QNse\g,p\h/aﬁe The coupllng
reactions prefer%ftag/ are conduetgd in an w%“;&s@dvent such-g
dlchloromethantiN CM el rofo dlpola?a

the coupllng reactlons are doe inthe resence of a Suitable base such as & terary i
hoﬁ’he N-methylp
1,8-diazabicyc|o[5.4.0]undec- t0 7-ene (DBU) The reactio temperature may range between 0 C and
50 C and the reactpn\tiye);naﬁ ge betwebn I5 i &Hd 24 h Removal of the rotecting group
following method%’kggwn in thﬁmay Iegg:[o compou s A- 40‘_I'Ii‘e§e\fﬁ§tm) 3 %clude the reaction
of compounds A8 with trifluor6 acetic acid (TE A) in a gUitgble sogfe \ re ,Wwhen PG is a

Boc-protecting 15gr8up e dction of cafpg ith a thio ace/tlc acid or
thiophenol, in solution or'if solid pase;’in the pres pase, such ium-garbonate or LiOH,
in a suitable solvent, such as OMF, THE when PG is |. When Ra is a tert<butyl group and PG is a

Boc-protecting group, removatof PG as described absve, maytead to a compaudnd A-4, with Ra being
OH. 20 Compounds A-4 are then reacted with sulfamide, in a suitable solvent, for example dioxane,
under heating QREiliRNSare: 100 Ghd bisskercHOBMaAY fakadicerntdnamigramaviadiaéasdand lead
to compou -5. Another method to introduce the sulfamide moiety may consist of the reaction of

compound A- 4 Wlt/\a\gyhgs\ulfonylchlonde in the presence of a swtable base,;such as triethylamine,
DIPEA, or pyrldln'é,,o . ~ N”\/\/” ©

and o

Unless otherwise mentioned or indicated, the chemical designation of a compound
encompasses the mixture of some or all possible stereochemically isomeric forms,
10 which said compound might possess. Said mixture may contain all diastereomers
and/or enantiomers of the basic molecular structure of said compound. All
stereochemically isomeric forms of the compounds of the present invention both in



25in a suitable solvent, such as a chlorinated solvent like DCM, or DMF, THE. The ester function of
compounds A-5, i.e. -00-0-Ra, may then be hydrolyzed, using conditions known in the art, and
including the saponification in basic media as described above, leading to compounds A-6. Heating
may be requkégatrgo¥RFHete this reaction. Acidic conditions may also be RSEERSHGIYZze the ester
function of 30 compounds A-5, for example TEA iAo uitable solvent like DCM, when Ra is a tert-butyl-
group. Compounds (I) may be obtained by macrocyclisation by forming the intramolecular

acylsulfarnidgberfdrin dheinesenseaficatpling agenisd s»bb asiedobawviaicorvedscbetrarboxylic
acid group to&g&g&:ﬁ&y@eﬁggﬁies acylimidazole, under heating. This 35acylimidazole may then be

purified before adding a suitable base such as DBU, in order to perform the ring closure, which may
take place unPlerheativgenaditionss Sotie ntsn R0/ O 36haRIH ERRAARNGNBLARin24e used for

these reactiongHay RclddR AKIRNIHIRL R B QREECARIRGRYS S sAHARETBsRKsoWN in the
art, may glso t?x% used.to achieve rlhe rln%&]jos e cé-z,%ﬁl aﬁén alt(%rnat%.n%ethfad [&adn?% to compounds
A-4 as illdstrated i Schame ,er%uail/rt?glf & formation oran amide bond be \?\%éei?]pcoﬁ%ou’nds A-2 and a

symmetrical BRFIER cHETRCIPMerisallyiREX cEQRCEHH FAFEP YOt potmRdiates havigamide bond may
be synthesizeski®bsodeseribedsaldue]amsiii¥c(larmsinguanciliplofpagantsyehdsddimathylamino-

(11,2, 31triazolnid, Sy Hiar Bovlomospritiviepakdimetbvkarumonivadwxaftupiorhpsphae (HATU), in
the presence of a base sugh as Dﬁh%% ﬁ in a suitable s?lvent like DCM,.DMF, ar more preferably

n .
THF. Compogﬁaésng%agy. Ten 0e react:?égr =a‘z%fa%§%ﬁi‘fé‘ ahove ?nug_ S&Ii I/Rticrrlnci)? eafetso prepare
compouhllis (B HBaieTsERPEOBERS Hess ahibaimitn 8P R SImpRIs st BedpaFed directly
from compousdsAiRnrre sixeidsy sy *as12 fodd¥fiked mbsvia fortloelsyimimegis of compounds A-3, but
using a bivaleféebapnRRlbeatng enersiiiaridecnorety iBaiRad hd RIRIRHRGFPUGUCh a sulfamide
chain Rl “diastereomerically pure” should be understood in a similar way, but then having
regard to the enantiomeric excess, and the diastereomeric excess, respectively, of the

15  mixture in question.

Pure stereoisomeric forms of the compounds and intermediates of this invention may
be obtained by the application of art-known procedures. For instance, enantiomers may
be separated from each other by the selective crystallization of their diastereomeric
salts with optically active acids or bases. Examples thereof are tartaric acid,

20  dibenzoyltartaric acid, ditoluoyltartaric acid and camphosulfonic acid. Alternatively,
enantiomers may be separated by chromatographic techniques using chiral stationary
phases. Said pure stereochemically isomeric forms may also be derived from the
corresponding pure stereochemically isomeric forms of the appropriate starting
materials, provided the reaction occurs stereospecifically. Preferably, if a specific

25  stereoisomer is desired, said compound is synthesized by stereospecific methods of
preparation. These methods will advantageously employ enantiomerically pure starting
materials.

The diastereomeric racemates of the compounds of formula (I) or any subgroup thereof,
can be obtained separately by conventional methods. Appropriate physical separation

30 methods that may advantageously be employed are, for example, selective
crystallization and chromatography, e.g. column chromatography.

For some of the compounds of formula (I}, their N-oxides, salts, hydrates, solvates,
quaternary amines, or metal complexes, and the intermediates used in the preparation
thereof, the absolute stereochemical configuration was not experimentally determined.
35 A person skilled in the art is able to determine the absolute configuration of such
compounds using art-known methods such as, for example, X-ray diffraction.



may be introduced on H-RI-H by heating a reagent of formula H-RI-H, which can either be
mono-protected by a suitable protecting group (i.e. PG-12)-H), or not if it is symmetrical, with sulfamide
in a suitable solvent, such as dioxane, under microwave 25irradiation. The protecting group may then
be removed % Af&t8#Sknown in the art, WO 2010/]093658PCT/EPZOOQ’/@UE@&@WQWF& example by
reaction with TFA in dichloromethane when the protecting group is a Boc-protecting group, leading to
the monosulfarnide derivatized RI chain. Method D 5 Compounds of formula A-3 or A-4 may undergo
functional grouln pregriuidiioentsticpressaikifistiuiro coadective apinaton! frefouks PO AQNMBIRY, of
compounds A-geRg/aidreaaygn leading to the sulfamide A-4. Method E The ester bearing the Ra
group of compounds A-1 (Ra being for example a tert- butyl group and Rb a methyl group) may be
hydrolyzed as deseri5 '
DCM, to yield th carboxyllc
moiety mtroducéd,pn a moy
E-3, using the o.lo ans d
to activate the carb Gieh¢
heating conditions. Av |t|o of thre suI a‘rglci cham irthe Presemeé o & 20 such as DBU may
subsequently lead to comp'ounds E-3.P 3%\ sunable amie protectlng@sgap chosen from the ones
known in the art. Pr Wltt’gn method E, PG | <protecting group. Removal of the protecting
group PG of compounds E-3¥é owmg methods nown in thexaft may lead to compounds E-4. These
methods includesthe refaction’ ) i

PG is a Boc-protéetti :
compounds E-41RH th %e up) may thef Ds , |ng condltlons known in the art, and
including the saponficatiew | edia as describgeal acing:to compounds E-5.
Alternatively, compounds Ez3 may undefdahe saponificagon reaction ifig&sic media 5to hydrolyze
the ester bearing Rb, prior to the removal of the amine protecting group using the conditions described
above, andsleagdingdm CONRTORACNR Bkl KLamponnsard)maayibe chtaindilydmaeiacyclisation of
compounds E-5 by forming the intramolecular amide bond, in the presence of coupling agents, as
described in mENFTRNES PREFEYISITRSRIR e thsrHiation | W‘h‘?&fﬁ@?ﬂ@ﬁéﬁ’mﬁ@“ﬂ #ef high dilution
10conditions. Wethoth AIS&hBMEBRA-2), (IIIA-3), (IIIA-4), (ITIB-1}, (IUB-2), (IIIB-3), (II[B-4),

(IVA-1), (IVA-2), (IVA-3), (IVB-1), (IVB-2) and (IVB-3)

én acidic condltlc)/afﬁ.u
#l desivative E-2./15 Reactio of :copapounds E-2 with the sulfamide
'- ected blvalenip,lpaln RI, /may~ead to the acyl sulfamide compounds
i £ A Preferably the coupling agent used

(ITLA-2)

10 (11A-4)



F-5F-6F-7 Compounds F-3 may be obtained by an amide forming reaction, starting from 15
compounds A-2 and an alkenylamine, as described for the second step of method A. Subsequent
ester hydrolysis under basic or acidic conditions as described previously may lead to compounds F-4.
The acylsulf&fid&HiFesiay then be formed using the method describedHGF/&Redegenstsp of method A,
using an alkenyl sulfamide compound and leading t 8(':ompounds F-5. 20 Alternatively, the
acylsulfamide group may be introduced on a compoupd of formula E-2, prior to the hydrolysis of the
ester bearing the Rij,group and coupling of the obtalrLed carboxylic acid with an alkenamine as
described above, ab\uag’\{o compound F-5. WO §1WOOG@58PCT/EPZOO9/OO4942 -27- Formatlon of
the macrocyclé; M2 €O petof formula F-6, 1pe

following bivalggt chain as WR3 gan be carrleq)gut via an oI tm mgtathesis reactlon in the presence
of a suitable metal catalys 1

Chem. Soc. 121, (1999), 2 7 ; o gxaple a HoveydaGrubbs ¢ ﬁ} ir-stable ruthenlum
catalysts such as bis(tricyclohexylphosphine)-3-phen -1H-inden- 101- ruthenium chloride
(Neolyst M le) or bis(tricyclohexylphosphine)- [(phe&nylthio ethylene]ruthenlum (IV) dichloride can be
used. Other catalysts that can be used are Grubbs first a secgnd generation catalysts, i.e.

ey p) Bsphlne)dlchloror'ut.lagnlum agé _(1 3-bis-(2,4,6-trimethylphenyl)-

2- |m|dazoI|d|nyQ(§ene)d|chlor(ph ylmethylenez)?(tncyclohe Mhlasphinekuthenium, 15respectively. Of
particular mterest : oveyda-Grubbs first afd seco d ge eration catalysts, which are
dichloro(o-isoprefoxyphetlylmegtk Iene)(tncycl@ y thenium(ll) and
1,3-bis-(2,4,6-trimetRylphef dazolidinylidene)gichk progoxyphenylmethylene)rutheniu
m respectively. Also, otherrtcatalysts co(rltmthg other transition metals sgi¢iBag) Mo can be used for this
reaction. CHy

(IVB-1)

5 K7 (IVB-2) k7 (IVB-3)

wherein R”, R® and R” have the same meaning as that defined herein.



20 The metathesis reactions may be conducted in a suitable solvent such as for example ethers, e.qg.
THF, dioxane; halogenated hydrocarbons, e.g. dichloromethane, CHC13, 1,2-dichloroethane and the
like, hydrocarbons, e.g. toluene. These reactions are conducted at increased temperatures under
nitrogen atmd&SpeHeBHmMpounds of formula (1) or arj)§vsubgroup thereof ¥ HE28UARNIdDs thereof
may be 25 converted into each other following art-knoWwn functional group transformation reactions.
For example, amino groups may be N-alkylated, nitro groups reduced to amino groups, a halo atom
may be exchargeddiraeotielineaho, Cemrpgphidshdd, fompdaddstofifaynind (i oritesk toupatalytic
hydrogenation shsiog fav SRR RemRaIR Gataatidn & shilable $olyenhaughiag. methanol, ethanol,
THF, acetic 30 acid or a'rqixture thereof, to yield compounds of formula F-7, where the alkene of the
bivalent chain RI i?e'dn&‘ the corresponding alkane. Compounds of formula F-6 belonging to the
group of compounds of}grmul (I1) may lead to compounds F-7 having the structure of compounds of

formula (V) aftgf‘ﬁ\is hydroge
generally, a comBound of for
hydrogenation as she . cheme 6 5 The compounds of formula (I) may be converted to the
corresponding N-Oxid¢g :

N-oxide form. Said N-oxidation reatton may generally be carried out by reacting the starting material
of formula (1) with an appropriﬁte organic dFrorganic peroxide. Appropriate inorganic peroxides
comprise, for example, vdioden pergxide, alkal metal ar eanh Ag alkline metal peroxides, .9
sodium peroxide, potassium peroxuﬁe; appropriate organic peroxides may comprise ﬁeroxy acids such
as, for exaﬁ'lplé’,rB‘?@ﬁEé?féEQ\’Béﬁelﬁﬁﬁ‘?ﬂESdéfa%e%&ﬁ%ﬂ%@@@%&&%&%&%@@éﬁd, e.g.
3-chlorobenzenifartopersxoionberd, Peroxpaikamerel asitapk. gnd erokoadatictaid, isotopes of
alkylhydroperoxighes s & ndR kDL by ShaRRIR R, Tibtehle SONANS Attudeexampe: water, lower

15alcohols, e.g. ethanol and the like, hydrocarbons, e.g. toluene, ketones, e.g. 2-butanone,
halogenated hythobaraerticaise, didts ofcheettranevadseohiimrds @F suchaessiversiPire
stereochemicalyis@memcdotmsmatthacomnpaispadsief farmela (Ramay be@biaineddy Wgcapplication of

artlnoun Broogse RISSIRIRAMSS Ak arssparaled duanloie Mseds e Anaglegive

crystallization and chromato £aphic echniques, 20 Hg counter-curre stributign,

chromatographf SHE ARSI ARD MBS HRTETARALE Grmparae Sbtatisa¥eBemic mixtures of
enantiomers wiigimesgswicdbpagespthiilo nr ontasnitieddd ivring ke adabdiad esplesion procedures. The
racemic compagregiofiformula (1), which are sufficiently basic or acidic may be converted into the
corresponding diastereomeric salt forms atéi/ﬁ;eaction with a suitable 25chiral acid, respectively chiral

base. Said diastefddiiBrEERiFMEMIs ERiabifnRdd dan bpsscsliFapmeiongd hpRrinpROYe REtive or
fractional tiystaleaationcamg:ike thasintrapeeredie dibnrated-theieikddahy bikelidititaickafiicaiternative
manner of sepakaing tmshantianesimioims akthacomnnangds ohitrauadbinvalvesdiguid
chromatography,,in, partictla Iquid chromatagranliy Using. a il stationary phase, said pure 30
stereochemically iIsomeric fsc_)rms may alsoeb'e erlvetc_ii fom the corr%_sponc?l'%g pure g}es}'lé’ chemically
isomeric forms BPIRBIEYH RS BIEERIRG #rikerRIP o s amalaniworganic acids such as

hydrohalic acids, e.g. hydrochloric or hydrobromic acid, sulfuric, nitric, phosphoric and

20 the like acids; or organic acids such as, for example, acetic, propanoic, hydroxyacetic,
lactic, pyruvic, oxalic (i.e. ethanedioic), malonic, succinic (i.e. butanedioic acid),
maleie, fumaric, malic (i.e. hydroxybutanedioic acid), tartaric, citric, methanesulfonic,
ethanesulfonic, benzenesulfonic, p-toluenesulfonic, cyclamic, salicylic, p-amino-
salicylic, pamoic and the like acids.

25  Conversely, said salt forms can be converted by treatment with an appropriate base into
the free base form.

The compounds of formula (1} or any subgroup thereof containing an acidic proton may

also be converted into their non-toxic metal or amine addition salt forms by treatment

with appropriaie organic and inorganic bases. Appropriate base salt forms comprise, for
30 example, the ammonium salts, the alkali and earth alkaline metal salts, ¢.g. the lithium,



WO 2010/003658PCTIEP2009/004942 -29- reaction occurs stereospecifically. Preferably if a specific
stereoisomer is desired, said compound may be synthesized by stereospecific methods of preparation.
These methods may advantageously employ enantiomerically pure starting materials. Method G
describes th&@yAtkeeisssf enantiomerically pure starting materials A-2, SBETOERf#Y/8848H@ groups of
compounds (lll) and (IV). Method G Scheme 7 enarflomer Lenantiomer 2 A racemic mixture A-2 may
be reacted with a chiral auxiliary, such as (S)-4-benzy1-2- 10 oxazolidinone, after having being
transformed teoiisuag WehlRlige, ueipgemaeH) drnovanidnibanrrtiychiasieasinniobass wifh oxalyl
chioride in a%ﬂgg@!ehga;vflziﬁ@%%&@ﬂ%- JheesengerafAcAANIGAMANN, Of BV, J8gsacid chloride

may then be re th the Tnlon,o -4:ber;§g{ -2-(2(azolidinone formed by the reaction with a
strong base, SHEhBsBURPRRIGAST PSR DG ch as THF, at low temperatures, typically 15

-78C, and undey. ainest AURRSPHRIReadinc iRt pliaste rRalRAMAr & Ay Gt iiscan be
isolated hy met Odiu}‘(p o%\/n in the art, sH:h as clﬁomato rag)hx oq Smcailf el. RengovaL)of the chiral
0

whE e remBras e R ﬁ%e?rblelige% e abic!
9

auxiliary romsge{%h _ Sthed with A bage such as
NaOH in a sUlGRSIOB ERRAEENSY BRSiEsTiHOg 1] aweruiows phiormadaity b ame Wh&¥Bmerically pure
compounds AtiZresithAd 2h dgprogribiesp M1 20 0865 8P &T R2A6MB049 42t 1@MIgnantiomerically
pure starting MAGHASIRRYIBHAJC ﬁﬁ‘lﬁ@é‘%@%@ﬁ&@ﬂiﬁiﬁ@,@%@WB@B@M%&&PE@MB& one
stereocenter, pﬁ_‘cer} as orpsp‘%ﬂd;{?)z}ggw#l%{(&lézﬁéllIali%bIgurese esreqlchemc?lly isomeric forms of the
compounds o _orml‘flaa or any~subgroup ereo m%y & obtaing %y%?]e plication of art-known
procedutés. stifiaererashrarsutiogatss. sdbdmebapgspHoartss rdidad Bueh sresdfoaairs dystallization
and chromatograiphierieshitiqiesa egutioaiyntbrsgadremtogistr iBuiomckglickithreneptelgeaphy and the like.

The compoungls,fffRsmWRIIAOLAM, StREE LR Bla¥he eklainastas RemeRtsres of
enantiomers, vY1hich canbbe ?T%Bara(tied from one %nother following art-known 10 resolution procedures.
¢ 1 L

. 0I1CE ¢an be C 102 100 €EXChange resins. . .. . .
The racemic compounds of formua tﬁ of any subgroups ﬁ1ereof, which are sufficiently basic or acidic

may be converted\rieidagsaiiespensiag iasiepeomie s satiermsdaypieaationomifbandsisable chiral
acid, respectivgly, chirg) DAss, =Bl diBsIRIEaMaNicsREIoUPS-Ate.PHRRRAUCAIY SaRaRsJor

example, by selective é&hﬁﬁé}lonﬁ crystallization and the enantiomers are liberated therefrom by
15alkali or acitf, SR e’ K&finer of separating the enantiomeric forms of the compounds of
formula (1) or any;fueargHPS REEAT thY QAR JIHIS FHIRMALATR Ay BuBBFIEHIREHD K ay
chromatography usiad.a chiral stalionary phiase, Saidpue stefeochamically eomerie Joms may also
be derived from t%cran%orrelgpbnr%dfng pure’s Srdochemicamyisemeric 1orms of the aﬁ'propriaste starting

materials, profigBoerapine oo axtabhelatarSurbrasiiesdicsny 2pyetabibs spRrpESTieisterecisomer
is desiredl) saifbooniplindamayubersyntthesinédrbynstaded sp beifichmiith odthof threparatidithd hese
methods may gdyantageaissly employ enantiomerically pure starting materials. In a further aspect, the

present invention concerns a pharmaceutical composition
Some of the compounds of formula (I) or any subgroup thereof and intermediates may

also exist in one or more tautomeric form. Such forms although not explicitly indicated
in the above formula are intended to be included within the scope of the present

25  invention. Accordingly, the compounds and intermediates may be present as a mixture
of tautomers or as an individual tautomer.

In the invention, particular preference is given to compounds of Formula | or any
subgroup thereof, that in the inhibition assays described below have an inhibition value
of less than 100 uM, preferably less than 50 uM, more preferably less than 10 pM,

30 preferably less than 5 pM, even more preferably less than 1 pM preferably less than
100 nM, and in particular less than 10 nM, as determined by a suitable assay, such as
the assays used in the Examples below.

It is to be understood that the above defined subgroups of compounds of formula (I) as
well as any other subgroup defined herein, are meant to include stereochemically

35 isomeric forms, and any N-oxides, salts, quaternary amines, hydrates, solvates and
metal complexes of such compounds.



comprising a therapeutically effective amount of a compound of formula (I) or any 25subgroups
thereof, as specified herein, and a pharmaceutically acceptable carrier. A therapeutically effective
amount in this context is an amount sufficient to prophylactically act against, to stabilize or to reduce
viral infectiow,Gariddiitogsiticular HCV viral infection, in_ipfected subjects oPSHHjRE e at risk of
being infected. In still a further aspect, this invention ?gates to a process of preparing a
pharmaceutical 30 composition as specified herein, which comprises intimately mixing a
pharmaceuticalyepaceiptabfaicarciapwitiladifapdaibally effective amount of a compound of formula
() or any subgrggg&gjg{,ﬁg;eﬁg Shireified herein. Therefore, accordlng to an embodiment of the
present mventuap the cam nds ofléormu ;%or aQ%/szbg{ouH_l P rréé[%' %or glaéed into

00

various pharmaceuf’c:%ﬁl orms Tor g ministr rposes IS un ers ‘compositions
usually employBel Fof Si&inrssmipedibsianidiemg H\‘t{éﬁ% dFdvRETEdlas appropriate WO
2010/003658PCT/EP2009/OO4%42 -3 1- compositions. To prepare the pharmaceutical compositions of
this invention, an effective gmgunt of the particular compound, optionally in salt form or a metal
complex, as theRgctlve lﬁdredl pt'1s cgmbined in intimate admixture with a pharmaceutically

preparation deswe or agdmigistration. These pharmaceutlcal compositions are desirable in unitary
dosage form suitdble, ‘

injection. For example, =tHe compositions in oraI dosage form, any of the usual
pharmaceutical media may b8 employed sifetias, for example, water, glycols, oils, alcohols and the
like 10in the case of oral I|qU|d Pre aratlons such as suspensions, syrups, elixirs, emulsions and
solutions; or solidhmami&’s Bk 28 steddhbsesugtefnddblirtomprivatisf Hinoeots (Bisintebgatipg agents

and the like in thgeasant RQW@@I@@t@H'ﬁoﬁ@M@%ﬁ@@e%lﬁSﬁ aﬁ@%&%@&ééﬁ!@' HeasHdhyl.
administration, Jﬁ%l%s and Gansyles, 5?39(33 F??ér%he?tﬁe(r) gdvan?g 20US. org Qsade | léﬁl}isorms in which

case solid pharmaceut a carriers are 1 }/ arentera Composmons the carrier
will usnally confsER L SZAR02(408 A 003056 4&@%#9%%1@3@% for example. (o aid

solubility, hay be included. Injectable solutions, for example, may be prepared in which the carrier
comprises saling&abdian, glucose solution or a mixture of saline and glucose solution. Injectable

suspensions m gil%&gt Q)r\eé%@{eeégoi}%\gg (?pgeg%ess?g?g?gm g@}gdléqwﬂ)% IZ?EE S e:el-{;}(illlng agents

and the like may e emp oye reparations thatare i ed to be

converted, shortiBfore HES LG SRR FFATP A FRRfBRg 9k ipbsitions suitable for
percutaneous sdempistratioh fonawarkic mpﬁ@@anymmﬂm@s ecgsesféqcamheﬁmwmé thgent and/or a
suitable westing:agepéaapiiaraily seruppinedoniisauitakiie addiies ohalynaswe it bIoHT
Compounds o He B e ] e St . ition by
LSRRG byl T BT tEu  E  BRA RU
general the corfptliridsaptieddte deaténybutid §re0mraRed scamiHistaedno the lungs in the form of a
solution, a susp nS|on ortgcgexlgxgm %D aﬁ?l té:%e eln%%)refeﬁg uﬁr}ycjsﬁstﬁn‘fv g\éelll ed for the
fflatio

delivery of solufi ons "3 spénsions or ersvia o ioN oF INSU n are suﬁeﬁ‘:s)le for the
administratibn @Ffﬁ?‘bfé%@ﬂ%%&?{rﬁﬂ@w th?éeaféeéﬁﬁhﬁeéﬁt@ﬁpéﬁéo%Faﬁlﬁféeﬂéﬁ}farmaceunca|

composition adagtedf fampounds A-2 to form an amide bond, leading to compounds A-3. “PG”, as
used herein, is a suitable amine protecting group, chosen from the ones known in the
art. Preferably PG is a tert-butyloxycarbonyl (Boc) protecting group or a
4-nitrobenzenesulfonyl (nosyl) group.

25  The formation of amide bonds can be carried out using standard procedures such as
those used for coupling amino acids in peptide synthesis. The latter involves the
dehydrative coupling of a carboxyl group of one reactant with an amino group of the
other reactant to form a linking amide bond. The amide bond formation may be
performed by reacting the starting materials in the presence of a coupling agent or by

30  converting the carboxyl functionality into an active form such as an active ester, mixed.
anhydride or a carboxyl acid chloride or bromide. General descriptions of such



35 administration by inhalation or insufflation through the mouth comprising a compound of formula (1)
or any subgroups thereof and a pharmaceutically acceptable carrier. WO
2010/003658PCT/EP2009/004942 -32- Preferably, the compounds of the present invention are
administeredwiadnhalatien of a solution in nebulized or aerosolized dosescivisrapecially
advantageous to formulate the aforementioned pha?@aceutical compositions in unit dosage form for
ease of administration and uniformity of dosage. 5Unit dosage form as used herein refers to physically

discrete umtsmﬁ%%(}%&uaﬁ&%@&m&m&&&& LRGN IR R REASIETBIR ek dBRLIBA Of active
ingredient calculatcf o&ggducﬁe the de?reﬁ tEe(riaaRezlétlcc%ffect |n@sgso.c%at;pr%W|th thedrequwed
pharmaceutic%?%té Fiere e%p SR Ui osas’geyforrﬁgtéc%% Fentss?fn’c ﬁgiﬁﬁvs%dfed or coated
tablets), capsSrEEngsiny slasp Berdnidscianndr patkets, wafers, 10injectable solutions or suspensions
and the like, and segregated multiples thereof The compounds of formula (I) and any subgroup thereof
show antiyiralqppertes. Viral infections and their associated diseases treatable using the compounds
and methods of the present invention include those infections brought on by HCV and other
pathogenic flavivirus/@ uch as Yellow fever, Deague fever (types 1-4), St. !_OAJiS 15encephalitis,
Japanese encephdiitis reay valley agpeph%?ht 3™\West Nile virus gpd KeGiji firys. The diseases
associated with ' & peggeassivelliver fibrdsis, fRflanfmation afid nedfos Sdeakfimyg cirrhosis,
end-stage liver di , o for @' Oth amgg@[@jpofﬂavi\‘hr @ R eeases include
yellow fever, dengue féver, hemorrhagic fever and enceptwatitise®0 Howeverycompounds of the
invention may als@.he attractive due to thg.dact that they lack activity against other viruses, in particular
against HIV. HIV infected patients often suffer from co-infections such as HCV. Treatment of such
patients with an HCV infibitor that also inhibits HOIV may lead to the emergence of resistant HIV
strains. Due tg{}heima’i‘h \yiral properties, particufeg gir anti-HCV propétiies¢the compounds 250f
formula (1) or any subgroUp herantuinehiditg, Stre ' ' S-and-#heisdd-oxides,
quatemary amifiey, Niejz if e treatment of
individuals experiencing aViral infection, partic LCaic Rrophylaxis of these
infections. In general, the compounds of the present invention may be usefut'in the treatment of
warm-blooded ,an'rﬁw‘%lls infected 30with viruseé,"?n particular flaviviruses such as HCV. The compounds
of the present invention or any subgroup thereof may therefore be used as medicines. Said use as a
medicine or method of treatment comprises the systemic administration to virally infected subjects or
to subjects suscept:i»t}sle’ o infections of an amount effective to combat the conditions associated
with the viral infectian, in gicular the HCV infection. WO 2010/003658PCT/EP2009/004942 -33-

n
Exampies of coupling reactions with amide bond formation include the azide method,

mixed carbonic-carboxylic acid ahhydn’de (isobutyl chloroformate)} method, the
carbodiimide (dicyclohexyicarbodiimide (DCC), diisopropylcarbodiimide (DIC), or

10 water-soluble carbodiimide such as N-ethyi-N'-[3-(dimethylamino)propyljcarbodiimide
(EDC}) method, the active ester method (e.g. p-nitrophenyl, p-chlorophenyl,
trichlorophenyl, pentachlorophenyl, pentafluorophenyl, N-hydroxysuccinic imido and
the like esters), the Woodward reagent K-method, the 1,1-carbonyldiimidazole (CDI or
N,N’-carbonyldiimidazole) method, the phosphorus reagents or oxidation-reduction

15  methods. Some of these methods can be enhanced by adding suitable catalysts, e.g. in
the carbodiimide method by adding 1-hydroxybenzotriazole, or
4-dimethylaminopyridine (4-DMAP). Further coupling agents are (benzotriazol-
1-yloxy)-tris-(dimethylamino) phosphonium hexafluorophosphate, either by itself or in
the presence of I-hydroxy-benzotriazole or 4-DMAP; or 2-(1H-benzotriazol-1-yl)-

20 NN N’ N'-tetra~-methyluronium tetrafluoroborate, or O-(7-azabenzotriazol-1-yl)-



The present invention also relates to the use of the present compounds or any subgroup thereof in the
manufacture of a medicament for the treatment or the prevention of viral infections, particularly HCV
infection. The present invention furthermore relates to a method of treating a warm-blooded 5animal
infected by aWartl 0P Ieng at risk of infection by a vér s, in particular by MOXEPSSR8/ t¥vdttiod comprising
the administration of an anti-virally effective amount 6fa compound of formula (1), or any subgroups
thereof, as specified herein. The present invention also concerns combinations of a compound of
formula (1) or aRyvsiihyroeipethatebirasspaedgthtrepdiosphitheotibe@nimipling agentsmdnaarbembodiment,
10 the inventiop.cRNCRINS, caMpPIRAlRMLQfigte pRRLGE ebikopmuya (1) or any subgroup thereof with at

least one anti-HCV agent. In a particular embodiment, the invention concerns combination of a
compound of FBrenesupiinereasyiensmrdepbiyarsaionitbcmd emen ineriaiolivEIG Wush@ats. In a particular
embodiment, thaiipenatiamsancemsns b ifialiRiohalcamn@uond, echkesiua dipel=aayrstibgroup
thereof with at lga gt aeilbifih edeisn AARMIERIR AR JeRYEn a0 GnCems
combination OBW poun of{ormulgﬁ(}l#ro%%;% sﬁiﬁ%roup thereof with at least four anti-HCV agents.
The combinati SRS SRS ARG AR 5MBound, such as interferon-a (IFN-a), pegylated
intergeron-ad rihﬁ%ﬁgi@tmﬁ@ﬂ%mth@r%gm%ﬁﬁ,a@ewﬁ@m %fefsra_ﬁwmlm{aams@g t;pu p thereof
can be used as a medicing In a combinatio therapy..In an Imen rm "combination
therapy" relateg%%g;asp?gtgﬁgﬁ:%gfﬁien’é' r%lae?lh 2%??&%388% o%&q g‘r“fé‘ﬁéﬁ?%rfand (b) at least one
other antiHCV &omfsBrngoRhglmsnbmedrRyplition oidadlantiulizadparal i derilsttial use in
treatmenti6f HG\énnf@eBbhs, Thepaaticutaigmptheure atayentgd hetectors WitndHOV 2514 RtE-HCV

compounds encampassrRdsRisasiRueddam HeM pelymerase inhibitors, R-7128, MK-0608, VCH759,
PF-868554, 059190, NM283, valopicitabine, PS1-6130, XTL-2I 25, NM-107, R7128 (R4048),
GSK625433, RRgorhigzbe pierctiog graqr {(poging rretodsdae vmdiods axnprisisad (o X-184,
MK-328I, MK-1&2fhdeidzinid aPeiecdatiiady gl bénte-fa deth i@fdiomipen ddyidativath pifarytalanine 30
derivatives, A-331andiAG3% HEVsRIRbeasas AN SRS RN NE3NSAA L iBbibisRsscthig compounds of
W002/18369 (see, e.g ,ﬁ%?e 2[73,(I§|x1es 9-22 gg\w&ga‘ggf?ﬁ Illr;%4 toeéJa%% 276 Ilnéa 1), BI-1335,
TMC435350, MEBDE! FIRIKATEE Bt R BORI 0B 8 1R 6 S B Catss 938X 500, SCH
503034; inhibitétephaletapheisnptie il rhrseyaIBriResenne Helibake SuirhrstiiBprotease
inhibitors, ISI1S-d#B&2y Sbirhitikhamoslitaibdsr g dgent ssthols AXyiE;, TEF, winxch POnterfepbrd’serch as rIFN-a
2b, rIFN-a 2ba,gGoRseRsusNEN: 'Bfﬁig@@ﬁea‘r%cfﬁﬂ%&%giQ%@ﬁﬁ]@érﬁoﬁﬂ}{‘ii@v dotergemsy WO
2010/003658P%UEP2%0%%8%0 42 -34- ac |ml$u&1n3hlﬁaNBg{Begﬁ{W|th DUROS, albuferon, locteron,
Rebif, Oral IFN-a, J(SNE L, &ﬁ?EBB%?npegy ated-in erger% pegylated derivatized interferon-a
compounds suchaphagilalechftihba rdiipegylatadbihNe ida, pegylatedvin i@, emprunds that

compounds tha D e L B Bk el e other
antiviral agentSSGER A HBRIRHCRBLO IS SOBE S A TeBBRCLBEL SRS e
(taribavirin), anssHeaditemarminsmBR R MATsitsas i vcepanebad drfbvartgmiipmdionrtosidase 1
inhibitors such eisldd¥e325B < peigasivisy astitil2RE8, shepatapsdietianis, SUGEAS IDN-EERE, ME-3738,

LB-84451and MitoQ IR ST ViabiInRIRIOISK SHEMATIMA DI iiibitets: (.g., compounds of
US5,807,876, US6,498,178, 1JS6,344,465, US6,054,472, W097/40028, W098/40381, W000/56331,
mycophenolic ddid entet Gerdvahas thereafdaddinctu dirg; Bt merdinhen o hyedigzed/ ¥sig8, and/or
VX-944); and ofagadiiasiorraating i G Suiamganexdponitraasaniceask! a4k (virostat), PYN-17
(altex). 1C_PEQ200300%, Actinsdo, (GRG-RON A GR:A000, civacl G900 ANATS
XTL-6865, ANA-971, NOV-205, ta_r\_/%cm, EHC- IS, NIM811, B10-025 V%g’(é410 EMZ-702, AVI
4065, Bavituxirls I8Ac SEHETEMRIL B S BRAR6HS S ay Srelbieedhe seler s U Cmbat or treat
FICV infedfonscatrpoompduhderoifonplal AL or asyiteblsgraupes ke Etivhayhise Baadministered in
combination withrfasiRstanse. 20interferon-a (IFN-a), pegylated interferon-a, ribavirin or a combination

thereof, as well _ o ) ]
Compounds (I} may be obtained by macrocyclisation by forming the intramolecular

acylsulfamide bond, in the presence of coupling agents, such as CDI which converts the
carboxylic acid group to a reactive species acylimidazole, under heating. This

35  acylimidazole may then be purified before adding a suitable base such as DBU, in order
to perform the ring closure, which may take place under heating conditions. Solvents



as therapeutics based on antibodies targeted against FICV epitopes, small interfering RNA (si RNA),
ribozymes, DNAzymes, antisense RNA, small molecule antagonists of for instance NS3 protease, NS3
helicase and NS5B polymerase. The combinations of the present invention may be used as
medicament®/N\SaoftiFeghy, 25the present invention relates to the use of @compusichaistormula (1) or
any subgroup thereof as defined above for the manéfacture of a medicament useful for inhibiting HCV
activity in a mammal infected with HCV viruses, wherein said medicament is used in a combination

therapy, said essiliinaties tegsapysRrefSIRRAMCABRENNG 8:comPeynd: ebipimylaLhandat least one
other HCV mlyp%%g&mwgreemg ]Jfa A Qge%\/ geac(ll ll;‘l,\érg‘ ribavirin or a combination thereof.
ec

Furthermore, it is known that a large pefcen age of patients In teag/vlk% Bdman immunodeficiency
virus 1 (HIV) are also infected with HCV, i.e. they are HCV/HIV co-infected. HIV infection appears to
adversely aﬁe&:%glga%ges of HCV infection, leading to increased viral persistence and accelerated
progression o ated liver 35 disease. In turn, 1-ICY infection may affect the management of
HIV infecton, $aeegasing the incidence of liver toxicity caused by antiviral medications. WO
2010/003658PCT/EP2009$004942 -35- The present invention therefore also concerns combinations of
a compound of Formuia {) o any su dgroup thereof with,asrti<HR agents Also, the combination of one
".o ~and a corﬁ"p%und of COrpita (1) or any subgroups thereof can
GRS, ( ulax,_sajd_cgmblnatl an Ke usgrf for 5 inhibition HCV and HD/
replication. The ter Abfanoh tedagyn 80 enco @ &S @io comprising (a) a compound
of Formula (I) or any subgroup thereof, and (b) at least one g ]
least one other aptisHCV compound, as a combined grgparation for simultaneous, separate or
sequential use in treatment of HCV and HIV 10 infections, in particular, in the treatment of infections

with HCV andAﬂ'Mt&ﬁi@!rﬁE@P{ﬁﬁé@Giﬁﬁ %%%E%ﬁﬁ&kd&'%% qﬁé&%&%%ﬁ%éﬂ@’ '%9 Y Thus, the
present mvenhg_a1 (—‘flates t%ealpr(%{jg cgg%alnln%lﬁ) %one com Formula () or any
subgroup thereo ) one or more a tional G C?: ‘ﬁ]ﬁ@acﬁ?é‘baratlon for
simultaneous Rsleﬂé‘? 1‘@ BYOPSS SORRSR A UeIAsRE s/ Ehﬁ amidEiPPdanan bREY e iidrent drugs
may be é8mbiseigderdesingle preperatintntogit e cuitiipg apnacadiiaaliyireaepiaitiecarriers. Said

anti-HIV compgumggﬂaggﬂ@[a grm%;}mm jﬂ;,%tjgﬂg@ oJor mMamine, pentarnidine,
thymopentln 81%%%r tran sulfate carne so | tr?ifsbgdium phosphono
formate); nucle osé ere transcrlpt ée |Rf1| oS F;g;m (R2T), didanosine
(ddl), zalcitabSHEARIE ESEPh KNN3 PAF <o R Brer e it e mme Y P c-ivar: Abin (ABC),
amdoxovir (DAPEACeR acitatrinbefiabed ROpAR) AIX #i84r (o) EE kolaphwidingidoxil (FZT),
phosphz?zside, HDP-990003, KP-1461, MIV-210, racivir (1351-5004), UC-781 and the like;
non-nucleoside reverse transcriptase inhibitors (NNRTIS) such as delavirdine 25 (DLV), efavirenz
(EFV), neviraM@&aQNV}P) dapivirine (TMC120), etravirine (TMC125), rilpivirine (TMC278), DPC-082,
(+)-Calanolide, A ILR 355, and the like; nucleotide reverse transcriptase inhibitors (NtRTISs), e.g.
tenofovir ((R)* )and tenofovir disoproxil fumarate (TDF), and the like; nucleotide-competing
reverse transcriptase inhibjtors (NcRTIs), e.g. NcRTI-1 amdathe like; inhibitors of trans- 30activating
proteins, such,as TATHIMpitors, e R%O -5-3335, BI- ZQ,'LN hdtherike; REV inhibitors; protease
inhibitors e.g. ritomavir (R Iéqurrfﬁavw‘(SQV) Io&ﬁaylr '

o 2
mtroduci:on of R G R

A-2 A-5

Compounds may be prepared directly from compounds A-2, in a similar way as

20 described above for the synthesis of compounds A-3, but using a bivalent chain R’
bearing one sulfamide moiety instead of a protecting group. Such a sulfamide chain R’
may be introduced on H-R'-H by heating a reagent of formula H-R'-H, which can
cither be mono-protected by a suitable protecting group (i.e. PG-R'-H), or not if it is
symmetrical, with sulfamide in a suitable solvent, such as dioxane, under microwave

25 irradiation. The protecting group may then be removed by methods known in the art,



(ABT-378 or LPV), indinavir (IDV), amprenavir (VX-478), TMC126, nelfinavir (AG-1343), atazanavir
(BMS 232,632), darunavir (TMC114), fosamprenavir (GW433908 or VX-175), brecanavir (GW-640385,
VX-385), P-1946, PL-337, PL-100, 35tipranavir (PNU-140690), AG-1859, AG-1776, R0-0334649 and
the like; entAy ShHIBIEE§vhich comprise fusion inhibtiég_rs (e.g. enfuvirtide RGTZER0@ 8¢ ent inhibitors
and co-receptor inhibitors, the latter comprise the CCR5 antagonists (e.g. WO
2011)1003658PCT/EP20091004942 -36- ancriviroc, CCR5mAb004, maraviroc (UK-427,857),
PRO-140, TAKa228ahAlé Hb2avitrivirth [FBHrRi Gk #HEh&80Nhendhe KRt cntagonists (..
AMD-070, KR%&Z@%@&%@@ S 1L SR Yo RN RIOHS R RRRORA TN BmaBMS-488043,
BlockAide/CRTM, FP 21399, liNTMO01, nonakine, VGV-1; a maturation inhibitor for 5example is
PA-457; inhibitors of the viral integrase e.g. raltegravir (MK-0518), elvitegravir (JTK-303, GS-9137),
BMS-538158; ﬂp&géms; immunomodulators; monoclonal antibodies; gene therapy; vaccines;
siRNAS; antise S; microbicides; Zinc-finger inhibitors. Therefore, HCV infected patients also

suffering from SORPABALS L LBEREARATHIV 1676 HBLRTE O TR HRH S SRR BRIBYIRYSEs SWikh as AIDS,

AIDS-related canpigleiaR@)redmtirassivioayene hafiord [ misheita o6 sathigoi@ &L A -agw&ir as chronic
CNS diseases gausasl 1Bydigt evinesadianuiab As4 for example HIV mediated dementia and multiple
sclerosis, can conveniently be treated with the present composition. The compositions may be
formulated intoh4efigglE pharmaceutical dosage forms such 15 as the dosage forms described above.
Each of the acg\éﬁéglgrgdients may be formulated separately and the formulations may be
co-administered or one f%rmulation containing both and if desired further active ingredients may be
provided. As used her€irz the term "compositiagt” is intended to encoor'@p%%% froduct comprising the
specified ingredfents, a Fas any produg w-@iftetly or indfetty, Pém-20 the combination
of the specified i ' Thererrtihe ‘effér,twewamoung' asused héteinreams that
amount of active co ynt=dr comparent ncalidgentithat -@ AneD1Blogical or
medicinal response in a tissue, system, animal of human that is being sought, ih the light of the
present invention, Byta researcher, veterinBréan, medical doctor or other™3clinician, which includes
alleviation of the symptoms of the disease being treated. Since the instant invention refers as well to
combinations comJJLising BVO or more agents the ';[oh tp%peutically effectiv(gggm‘ v ?"Rjn the context of
combinations is &5e tadf qunt of the agents-fhken yagether so that the gombi Hfect elicits the
desired biologic&tor meficilial respomgeysFor dxamp offe '
composition confbriging ge¥tRg-compound of forkyda ¥ Age
amount of the compoundof Tormula (I) and the amourit of the other anti-HCV agé&nt that when taken
together hlaOve a comhined effect that is therapegtigally effective. In generdl, it is contemplated that

an antiviral effective daily amount would be from 35 0.01 mg 0.500. mg/kg hody wejght, more
preferably froﬁﬁe%@%%%%&gﬁ%y%gﬁﬁ?}lﬂ rsrfg‘g}b ﬁ%pﬁ}%r%g‘fgg‘ zf mﬁﬁ(fsr{%é%[tﬁle required
dose as two, theeirend Ry@ petylopsemapoemzosesssrsaiedabiie dutrdises at appropriate
intervals throughaditibes gayinSSaidisstnde 385 niay detddrenobiad iseUdiMosagielfotims, for example,
containing 1 to 1000030, nfd0Rariieuas 5 to 200 mg of active ingredient per unit dosage form. The
exact dosage and frequency of administration depends on the particular compound 5of formula (1)
used, the partidiasttunefitombeingsiediadththe selfanidompisiEonaiisasaing meaeaarstede, weight,
sex, extent of diseder anghgeneraknbysieaheapditafahitecparbicuds Badianigstotbagdidtner
medication the jadiyigialinax be,1kings ARdswall kpowndo 1ose.slisd dedhaartoRutbgemore, it is

evident that said effective daily amount may be lowered .or.increased depending.on t sponse of
the treated sub %f:argoxyiic aggd group may be &)E ina sultablfé sglventdh e%cetoﬂg’x% orhf}{lg, P

under heating conditions. Addition of the sulfamide chain in the presence of a base

A a
Sis

20 such as DBU may subsequently Iead to compounds E-3. PG is a suitable amine
protecting group, chosen from the ones known in the art. Preferably, within method E,
PG is a Boc-protecting group.

Removal of the protecting group PG of compounds E-3 following methods known in
the art may lead to compounds E-4. These methods include the reaction of compounds
25  E-3 with TFA in a suitable solvent such as DCM, when PG is a Boc-protecting group.



10 and/or depending on the evaluation of the physician prescribing the compounds of the instant
invention. The effective daily amount ranges mentioned hereinabove are therefore only guidelines. In
one embodiment of the present invention there is provided an article of manufacture comprising a
compositionveffagtiveicstreat an HCV infection or to_inhibit the NS5B 15 BE6/#HREREEWI4ACY; and
packaging material comprising a label which indicat® that the composition can be used to treat
infection by the hepatitis C virus; wherein the composition comprises a compound of the formula (1) or
any subgroupTtheteef, fandhencomabinptianiaE deRbikethhrrginrdanthes enrhedimantioksie present
invention congems. 8 dh i RRERIRGh RN SINYi A AR FRMROURE LRI IS { 0837y subgroup
thereof, in anéamo. néﬁgectlve f(gr use as a standﬁ{]%or reagent in a test or assay for detelmining the
ability of pote ?Sa‘iflg’ﬁ Q¥ ARSI RIPERYS NS 5B polymerase, HCV growth, or both. This aspect

of the inventig@axiee iiSoniRIhPIBLIRGE Whica 6 SRAEGPRIASIANS JHA oM BRID dfdRd

combinatgons gf h&ﬁreg ténventi‘oipl can be used '{H 25hi h-fhrtotnﬂghgut tarlg)?t-§nal te assays such as
toh ‘?ﬁ' ter b b .
those for measunﬁ’nr the e _?_cascﬁlro said co rllr?éﬁ%n Fnlt Vireatment. %)%mgfeigg he following

examples are%HRETAEFIRHioas destresgaevR Attt amrABPR itsifitthereto. Unless otherwise
indicated, puricaienak {IpmyPResSHes CORMRRMAGS, B3Rl R pRIRIAES PRy Rmllash
chromatograptka f%%?ﬁé?&ﬁ%? on. s%lgcr%gge}lt glurrﬁpn.n \éV(%CZOOI Hgog, 5§PCT EPZQ%9/1 04942 -38-
Example 1- synthesis o compoun(f L’ Step f. 57afs & SlthioH SFRa0H S§§ e) i_hnZ.S mL of water
was added to"Be8irfet doriesR shis@nits fnmsti oL AerTpRL beprbrmepn ﬁﬁ@?lﬁ%)@l?m%ndolo[z,l -a]
[2]benzafepinebdifedicarboxylate, synthesized as described in US 2007270406 Al) in THF (100 mL)
and MeOH (150 mL) After 1 hour the reaction was concentrated under reduced 10 pressure, then
diluted with icktetlstiwater (150 mL). The pH of the resulting solution was adjusted to 6 with acetic acid
(AcOH). The precipitate was collected by filtration, washed with water and dried under vacuum to give

1.90g (98%) oFMFHE 3 yellowish powder: nilz = 488 (M+H)+ Step 2 H21,4",

acyl sulfamide
tormation

Compounds F-3 may be obtained by an amide forming reaction, starting from

15 compounds A-Z and an alkenylamine, as described for the second step of method A,
Subsequent ester hydrolysis under basic or acidic conditions as described previously
may lead to compounds F-4. The acylsulfamide bond may then be formed using the
method described for the last step of method A, using an alkeny! sulfamide compound
and leading to compounds F-5,

20 Alternatively, the acylsulfamide group may be introduced on a compound of formula
E-2, prior to the hydrolysis of the ester bearing the Rb group and coupling of the
obtained carboxylic acid with an alkenamine as described above, leading to compound
F-5.



HATU (1.17 g, 3.08 mmol) was added under nitrogen to a stirred solution of Ib (LOO g, 2.05 mmol),
DIPEA (1.07 mL, 6.15 mrnol) and 2,2t-oxybis(Nmethylethanamine) (1.08 g, 8.20 mmol) in 30 mL of dry
TI-IF. After 1 h, the reaction 20 mixture was quenched with water (100 mL) and extracted with ethyl
acetate (EtOKE)2FH&¥Hanic layer was successively.gried (Na2S04), filtBrdERAY BYMPrated. The
WO 2010/003658PCT/EP2009/004942 -39- residue was triturated in water, filtered and dried to give
1.15 g (93%) the target compound Ic as a yellowish powder: m/z = 602 (M+H) Step 3 5leid A solution
of Ic (1.15 g, 1 Bdrmvatio!)odtie: sufanvivide(i.84compoundehBirmidiBxériahieh it yeparonedafd at 100C in
a microwave oven for 20 minutes, The reaction mixture was cooled down to roonj¥emperature, then

evaporated under vacuum. The residue was triturated in water, IﬂtgwéWﬁWith water. The
powder was 10 reconstituted in EtOAc, dried (Na2S04) and evapérated to giv t.’15‘g (88%) of the
desired productiinutadly Gbaightpdoiiewing bivaboi c(hAiEla@iRéIep A3 9/H2N Id 15TFA (3.0 g, 26.3
mmol) was added to a solution of Id (1.15g, 1.70 nunol) in dICh| romethane (3 mL fter Ih, the

reaction mixtur€2l/BE REREL ARAECAR QR REtRITS+ ?ggfbﬂlet R RS Hiated and
washed with etbralstkengbuasfieg wmm@wwwém%t&&@@mﬂ,ﬁ% to give 802
mg (76%) &f thealesiyed produst. lensmz o626 gV 1ot 99¢6 RN LOIDIEHEH T TLE PROAS/A04942

P. A., Bonitatebus, P. J., Hoveyda, A. H., J. Am. Chem. Soc. 121, (1999), 791-799; and
Huang et al., J. Am. Chem. Soc. 121, (1999), 2674-2678,; for example a Hoveyda-
Grubbs catalyst.

Air-stable ruthenium catalysts such as bis(tricyclohexylphosphine)-3-phenyl-1H-inden-

10 1-ylidene ruthenium chloride (Neolyst M1%) or bis(tricyclohexylphosphine)-
[(phenylthio)methylene]ruthenium {IV) dichloride can be used. Other catalysts that can
be used are Grubbs first and second generation catalysts, i.e. benzylidene-bis(tricyclo-
hexylphosphine)dichlororuthenium and (1,3-bis-(2,4,6-trimethylpheny!)-
2-imidazolidinylidene)dichloro(phenylmethylene)(tricyclohexylphosphine)ruthenium,

15 respectively. Of particular interest are the Hoveyda-Grubbs first and second generation
catalysts, which are dichloro(o-isopropoxyphenyimethylene)(tricyclohexyiphosphine)-
ruthenium(1Il) and 1,3-bis-(2.,4,6-trimethylphenyl)-2-imidazolidinylidene)dichloro-
(o-isopropoxyphenylmethylene)ruthenium respectively. Also, other catalysts
containing other transition metals such as Mo can be used for this reaction.

20  The metathesis reactions may be conducted in a suitable solvent such as for example
ethers, e.g. THF, dioxane; halogenated hydrocarbons, e.g. dichloromethane, CHCls,
1,2-dichloroethane and the like, hydrocarbons, e.g. toluene. These reactions are
conducted at increased temperatures under nitrogen atmosphere.

Compounds of formula (I) or any subgroup thereof or any subgroups thereof may be

25  converted into each other following art-known functional group transformation
reactions. For example, amino groups may be N-alkylated, nitro groups reduced to
amino groups, a halo atom may be exchanged for another halo.

Compounds of formula F-6 may be submitted to catalytic hydrogenation, using for
example Pd/C as a catalyst, in a suitable solvent such as methanol, ethanol, THF, acetic
30 acid or a mixture thereof, to yield compounds of formula F-7, where the alkene of the
bivalent chain R1 is reduced to the corresponding alkane. Compounds of formula F-6
belonging to the group of compounds of formula (I¥) may lead to compounds F-7
having the structure of compounds of formula (IV) afier this hydrogenation step.



-40- Step 5 leif Carbonyldiimidazole (389 mg, 2 40 mmol) was added to a stirred solution of le 5 (500
mg, 0.80 mmol) in dry THF (3 mL). The reaction mixture was stirred at room temperature for Ih:
complete conversion to intermediate If was observed. The resulting solution was evaporated, then the
residue was"PUAREE Y Hash chromatography (gradjgnt Et0AC to CH3CNPfB"i:87@?f5Ol%9é?ve 550 mg of
the target product if which was used as such in the next step: m/z = 675 (M + H)+ 10Step 6 ifl DBU
(244 mg, 032 mmol) was added to a solution of 11 (550 mg) in acetonitrile (25 mL). The reaction
mixture was Stferdeeveriipt eemponnteoh feratlzdheayl betnosinnesdundempstuded pressure. The
residue was disseiyed i vataidsdpkianditheps chthamnegulting solution was adjusted to 5. The
precipitate was collected by filtration, washed with water and dried. Recrystallization from ethanol .
followed by a%ﬁ%‘fﬂ%ﬁa@ion by column chromatography (gradient EtOAc to EtOACIiEtOH 9:1) provided 380
mg (78%) of the title produgt 1 as a white powder: m/z= 607 (M + H)-k, NMR 20(DMSO-d6) 51.15 (m,
1H), 1.40 (m, 3H), 17 2H), 1.88 (m, 1H)2'0T(, 3H), 2.56 (M, 31-1), 2.77 (m, 1H), 2.99 (s,
31-1), 3.26 (rr?,m, 3.50¢% %(Mé’%ﬁiﬁ 31 R4 (d, J= 14.1 Hz, 1H), 5.09 (d, 1 = 15.0 Hz, |
H), 6.95 (s, 1H),#: 1K)%-¢.19 (d, WO Q0 PCT/EP2009/004942 -41- J = 8.6 Hz, 1H),
7.47 (d, J= 8.0 Hz, °J = 7.8 Hz, IH), 8.33 (s, 1H), 11.40 (s,
1H). Example 2 - synth [
mL) and THF (5 nill) wa

]

5  The compounds of formula {I} may be converted to the corresponding N-oxide forms
following art-known procedures for converting a trivalent nitrogen into its N-oxide
form. Said N-oxidation reaction may generally be carried out by reacting the starting
material of formula (I) with an appropriate organic or inorganic peroxide. Appropriate
inorganic peroxides comprise, for example, hydrogen peroxide, alkali metal or earth

10  alkaline metal peroxides, e.g. sodium peroxide, potassium peroxide; appropriate
organic peroxides may comprise peroxy acids such as, for example, benzenecarbo-
peroxoic acid or halo substituted benzenecarboperoxoic acid, e.g. 3-chlorobenzene-
carboperoxoic acid, peroxoalkanoic acids, e.g. peroxoacetic acid, alkylhydroperoxides,
e.g. tert-butyl hydroperoxide. Suitable solvents are, for example, water, lower

15  alcohols, e.g. ethanol and the like, hydrocarbons, e.g. toluene, ketones, e.g. 2-butanone,
halogenated hydrocarbons, ¢.g. dichloromethane, and mixtures of such solvents.

Pure stercochemically isomeric forms of the compounds of formula (I) may be

obtained by the application of art-known procedures. Diastereomers may be separated

by physical methods such as selective crystailization and chromatographic technigues,
20  e.g., counter-current distribution, liquid chromatography and the like.

The compounds of formula (E) may be obtained as racemic mixtures of enantiomers
which can be separated from one another following art-known resolution procedures.
The racemic compounds of formula (F), which are sufficiently basic or acidic may be
converted into the corresponding diastereomeric salt forms by reaction with a suitable

25  chiral acid, respectively chiral base. Said diastereomeric salt forms are subsequently
separated, for example, by selective or fractional crystallization and the enantiomers are
liberated therefrom by alkali or acid. An alternative manner of separating the
enantiomeric forms of the compounds of formula (¥) involves liquid chromatography, in
particular liquid chromatography using a chiral stationary phase. Said pure

30  stereochemically isomeric forms may also be derived from the corresponding pure
stereochemically isomeric forms of the appropriate starting materials, provided that the



hydrogenated in an H-cube apparatus using a 10% Pd on Carbon cartridge. Then, solvent was
evaporated and the residue was purified by column chromatography 10 (C1-12C12/CH3CN, 9:1) to
give 23 mg (41%) of the desired product 2 as a white powder: m/z = 609 (M+H)t. Examples 3 and 4 -
synthesis of EO§10@AHSES3 and 4 1534 The racemic mixture 2 was purifi€d/By8F@¢498ing a 6.5
minutes run on a chiral CHIRALCEL OD-H column (3%0 x 10 mm, coated on 5 p.m silica gel) and 55%
methanol / 45% CO2 as mobile phase, at a flow rate of 10 mL/min and lead to the two pure
enantiomers 3 macién Betentipndiesifosleyr. thederablydio gs:videsebsssuathat 20s42b st and 5.54

. WO 201 Ao [ ' : 5 5 Step 1
A CO%%?@@&%F&VEE%%%QQ&%@ feoS3ARR &&h&%@hﬁéﬁaﬂa Refa Rewgd ep

I’(l)g 5a wa s%?thesm‘ﬁd in ?G%I}ue!d fromfliqtermed' and .,
244-(tertbutyloxycar 5rﬁr§/a§p2}p‘ér f‘#ﬁq@ e?ﬁl)ﬁaor%%e dﬂbnv?/fhcg A 1f)rreost’:e Ure r@peor?esd for the synthesis
of intermediateNrtholz & GRE(VedHine Siemais1er dabhohiifivamagatc aeiti(k.0Q@r48 BMol) was

added to 740 r@giﬁémgf[ﬁ‘ﬁgig}suﬁeo@étﬁﬁﬂoﬂﬂ&g ﬁhé%@(mperature, the solvent was evaporated.
The residue was trittrated in Et011/Et20, filtered and dried under high vacuum to give 380 mg (64%)

of the desired MegrodiGct S5b as a yellowish powder: m/z = 543 (M+H)t.
Scheme 7
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A racemic mixture A-Z may be reacted with a chiral auxiliary, such as (S)-4-benzyl-2-

10 oxazolidinone, after having being transformed fo its acylchloride using methods known
in the art, such as reaction of A-2 with oxalyl chloride in a suitable soivent like THF, in
the presence of a catalytic amount of DMF. The acid chloride may then be reacted with
the anion of {S)-4-benzyl-2-oxazolidinone formed by the reaction with a strong base,
such as butyl lithium, in a suitable solvent such as THF, at low temperatures, typically

15 -78°C, and under an inert atmosphere, leading to the diastereoisomers Gl and G2,
which can be isolated by methods known in the art, such as chromatography on silica
gel.

Removal of the chiral auxiliary from each of the diastereoisomers G1 and G2 may then
be performed with a base such as NaOH in a suitable solvent, such as methanol, water,
20 THF, leading to the enantiomerically pure compounds A-2* and A-2*, Using these |



WO 20101003658PCT/EP2009/004942 -43- Step 3 A solution of 5b (380 mg, 0.700 mmol) and
sulfamide (673 mg, 7.00 mmol) in dioxane 5 (10 mL) was heated at 100 C in a microwave oven for 15
minutes. Then, the reaction mixture was successively cooled down at room temperature, concentrated
under vacuuRg tdtgreedsin water and filtered. Purification by column chreaedographysfgradient
Et0OAc/C1-12C12 1:1 to 1:0) gave 210 mg (46%) of -k desired product 5¢: m/z =622 (M+H)+. 10
Step 4 H2N N 0 OH 5c¢5 The title product 5d was synthesized in 11 % yield following the procedure

(steps 5 and erﬁhmmdxmﬁ?@swﬂﬁgeﬂ&mﬁ@mwmd i éalpivesRy-ayemmitalization from 15
ethanol. afforqiag s ACT GG RIOUNEL A BB ROdE L e o 0%935%&43% SRTTERN o

compound 6 WO 2010 03658 CT/EP 91004942 ~44- SK epl NN V)0
Pure stereochemically isomeric forms of the compounds of formula (I) or any

subgroups thereof may be obtained by the application of art-known procedures.

5 Diastereomers may be separated by physical methods such as selective crystallization
and chromatographic techniques, e.g., counter-current distribution, liquid k
chromatography and the like.

The compounds of formula (I} or any subgroups thereof may be obtained as racemic
mixtures of enantiomers, which can be separated from one another following art-known

10 resolution procedures. The racemic compounds of formula (I) or any subgroups thereof,
which are sufficiently basic or acidic may be converted into the corresponding
diastereomeric salt forms by reaction with a suitable chiral acid, respectively chiral
base. Said diastereomeric salt forms are subsequently separated, for example, by
selective or fractional crystallization and the enantiomers are liberated therefrom by

15 alkali or acid. An alternative manner of separating the enantiomeric forms of the
compounds of formula (I) or any subgroups thereof involves liquid chromatography, in
particular liquid chromatography using a chiral stationary phase. Said pure
stereochemically isomeric forms may also be derived from the corresponding pure
stereochemically isomeric forms of the appropriate starting materials, provided that the

20  reaction occurs stereospecifically. Preferably if a specific stereoisomer is desired, said
compound may be synthesized by stereospecific methods of preparation. These methods
may advantageously employ enantiomerically pure starting materials.

In a further aspect, the present invention concerns a pharmaceutical composition
comprising a therapeutically effective amount of a compound of formula (I) or any

25  subgroups thereof, as specified herein, and a pharmaceutically acceptable carrier. A
therapeutically effective amount in this context is an amount sufficient to
prophylactically act against, to stabilize or to reduce viral infection, and in particular
HCYV viral infection, in infected subjects or subjects being at risk of being infected. In
still a further aspect, this invention relates to a process of preparing a pharmaceutical

30  composition as specified herein, which comprises intimately mixing a pharmaceutically
acceptable carrier with a therapeutically effective amount of a compound of formula (1)
or any subgroups thereof, as specified herein.

Therefore, according to an embodiment of the present invention, the compounds of

formula (I} or any subgroup thereof may be formulated into various pharmaceutical
35  forms for administration purposes. It is understood that all compositions usually

employed for systemically administering drugs are included as appropriate



0 1.;,0h,0 N 8%a0 6a6b To a solution of NI-(2-aminoethyl)-N1-methylethane-1,2-diamine(10.58
g, 90 mmoles) in DCM 5 (350 mL) was added slowly a solution of 2-nitrobenzene-1-sulfonyl chloride
dissolved in DCM (50 mL). After 2h at RT, the reaction mixture (RM) was washed with water, dried
over MgSOaY§il#eted03¢@ concentrated. The residue * yas purified by flasPEREREbEiRhY on silica gel
with a gradient of methanol in DCM (0 to 10%), yielding to 6.9 g of
N-(2-02-aminoethyl)(methyDamino)ethyl)-2-nitrobenzenesulfonamide 6a and 3.9 g of

N,N-(2,2'-(metlypiapasitdiyl FolPbistetHrrghahadipiibib(@mivsitons of dga fioremiitesb; m/z (6a) =
303 (MTH)+, mizdbhic AQR b bithid §£ﬁmar co'ﬂ@@éﬁd]-%-ﬁ@ﬁ@ﬁ?'iﬂt@[t Qilﬁﬁfb@%lé@aBCId Ib (500 mg, 1

025 mmole), HATU 585 ) amine (2 Aln dry DMF (10 mL)
was added N- (Eﬁf(ﬁ)la}{ﬁl%so Vg af%l{no ethy é-nlljtxré%enzenesu onam e 6a (341 mg, 1.1 ea).

After 30 m.nutéélw@%%a&wa@%h at@a%&h FATFHE TR P AR RRCHRRTE off and
washed wifh wetpeitingsthbn f@mnﬁpmmnmime(ﬁﬁe‘cammbw@s@ww[péﬂémae@ﬁmhtrated and

dried under Va%ﬁfﬁo@t%@a@@em&fe thagesiathHIedfet suitable, particularly, for
13-Cyclohexyls meth% AR ég {ageBﬁa °heR r}af@ﬂ?epam Gction, For exam
ethyThamino}- e icar amoy a) o) %zeplno T ]9 dole-10-carbaoxylic acid, ter“t) butyl ester
6e as a yellow B‘d%ﬁ&m?ﬁ/ e cpmPeRIppRn 0 528706 EBSEB T Ve vt
media may be employed such as, for example, water, glycols, oils, alcohols and the like
10  in the case of oral liquid preparations such as suspensions, syrups, elixirs, emulsions
and solutions; or solid carriers such as starches, sugars, kaolin, lubricants, binders,
disintegrating agents and the like in the case of powders, pills, capsules, and tablets.
Because of their ease in administration, tablets and capsules represent the most
advantageous oral dosage unit forms, in which case solid pharmaceutical carriers are
15 obviously employed. For parenteral compositions, the carrier will usually comprise
sterile water, at least in large part, though other ingredients, for example, to aid
solubility, may be included. Injectable solutions, for example, may be prepared in
which the carrier comprises saline solution, glucose solution or a mixture of saline and
glucose solution. Injectable suspensions may also be prepared in which case
20 appropriate liquid carriers, suspending agents and the like may be employed. Also
included are solid form preparations that are intended to be converted, shortly before
use, to liguid form preparations. In the compositions suitable for percutaneous
administration, the carrier optionally comprises a penetration enhancing agent and/or a
suitable wetting agent, optionally combined with suitable additives of any nature in
25  minor proportions, which additives do not introduce a significant deleterious effect on
the skin.

The compounds of the present invention may also be administered via oral inhalation or
insufflation by means of methods and formulations employed in the art for
administration via this way. Thus, in general the compounds of the present invention

30 may be administered to the lungs in the form of a solution, a suspension or a dry
powder, a solution being preferred. Any system developed for the delivery of solutions,
suspensions or dry powders via oral inhalation or insufflation are suitabie for the
administration of the present compounds.

Thus, the present invention also provides a pharmaceutical compositior adapted for
35  administration by inhalation or insufflation through the mouth comprising a compound
of formula (1) or any subgroups thereof and a pharmaceutically acceptable carrier.



-45- Step 3 6¢6d To a solution of 13-cyclohexy1-3-methoxy-6-(2-{methy142-(2-nitro-benzenesulfony)-
5amino)-ethyl}-amino} -ethyl carbamoy1)-7H-benzo [3,4]azepino [1,2-a] indole- 10-carboxylic acid
ter/-butyl ester 6¢ (650 mg, 0.842 rnmole) and cesium carbonate (1.646-g, 6 eq) in dry DMF (10 mL)
was added WY& 4BHon of methyl iodide (122 1.02 rtunole) in dry EVREIPMILIAdter stirring for
lh at RT, the RM was diluted with water and extracg%'wnh EtOAc. The organic layer was then washed
with 10 water, dried over MgSO4, filtered and concentrated. The residue was purified by flash
chromatograpghyfenisiichgeimsingda of dadientsofiEtGActionDEMADitosiHeds)iayiidielamiptocsa0 mg (83%
yield) of the destifeghRrosehd 3Gy alaRsYABangtoxy-642-(methyl-
(2-[methyl-(2-nitro-benzenesulfonyl)-aminokethyl}-amino)-ethylcarbamoyl]-7H-benzo[3,4]azepino[1,2-a
Jindole-10-cafboxssircieidy tadt-buageeusao Sormlaty shonfawetieniiset phaf88 ¢Mic2ll)+. Step 4 6d6e A
mixture of 13%%&%&m{%&yg@:?@n@m@i%%{mEMSQ%ﬁBH@Jﬂaﬁﬁmﬁnw of dosage.

20sufon emigl et hamneLeiysarbamays gﬁﬁ%@%@aﬂ%eemuu&w Ol carbonyic

acid tert-butyl ester oe ce onate (315 mg, 2 eq) and thiophenol (107

mg, 2 eq) in CRFESES AR %H@H%F@'Pr Em@f'ﬁe R B S EIE L e BIFH SN d thiophenol
(107 mg, 2 edp werdntivasheattdizdd thtapRIvicaitEthin RivPerasostivdl s iéquispén completion of the

reaction, the 2hnivhwagdilteredeantkioagies cmia:kakiidoe.go Tbaningea-Ble-fasindpre-washed with
WO 20100038543 (5 EPRRNI B s RV St onbe ;;gmg&, i BCM (several times,
uct luted 3

until a colorless fraction was o se in.MeOH, yleldlng to 240 mg of

the desiréd pr‘BbeGHbi%S%’é’l%%f‘?%‘é‘tﬂﬁ& 0615 fik e dRAt Eﬁgﬁ"réi‘ﬁ ARiilgshyeot
ammokethy'w%m%an& I RERAQ Frfhi? rgqﬂgrgua]tmalﬁsﬂ%%mmE@g@d@@ 5 butyl ester

6e, which wa 1ra hn{egtlil(gggegng){l‘%? gsaérc%?z\ilsgd iseases treatagﬁz ugmg Lj'?e com gunds and

methods of the present invention include those infections brought on by HCV and other
pathogenic flaviviruses such as Yellow fever, Dengue fever (types 1-4), St. Louis

15 encephalitis, Japanese encephalitis, Murray valley encephalitis, West Nile virus and
Kunjin virus. The diseases associated with HCV include progressive liver fibrosis,
inflammation and necrosis leading to cirrhosis, end-stage liver disease, and HCC; and
for the other pathogenic flaviviruses the diseases include yellow fever, dengue fever,
hemorrhagic fever and encephalitis,

20  However, compounds of the invention may also be attractive due to the fact that they
lack activity against other viruses, in particular against HIV. HIV infected patients
often suffer from co-infections such as HCV. Treatment of such patients with an HCV
inhibitor that also inhibits HIV may lead to the emergence of resistant HIV strains.

Due to their antiviral properties, particularly their anti-HCV properties, the compounds
25  of formula (I) or any subgroup thereof, including stereochemically isomeric forms, and
their N-oxides, quaternary amines, metal complexes, salts, hydrates and solvates, are
useful in the treatment of individuals experiencing a viral infection, particularly a HCV
infection, and for the prophylaxis of these infections. In general, the compounds of the
present invention may be useful in the treatment of warm-blooded animals infected
30 with viruses, in particular flaviviruses such as HCV.

The compounds of the present invention or any subgroup thereof may therefore be used

as medicines. Said use as a medicine or method of treatment comprises the systemic

administration to virally infected subjects or to subjects susceptible to viral infections

of an amount effective to combat the conditions associated with the viral infection, in
35  particular the HCV infection.



6e61 The synthesis of product 6f was performed using the procedure described for the 10synthesis of
compound 14, using intermediate 6e instead of intermediate Ic, yielding 200 mg (50%) of the target
product; m/z = 680 (M+H)+. Step 6 6169 15The synthesis of product 6g was performed using the
procedure d&ecHBEEE6Fhe synthesis of compound lg, using intermediaCBTERAEAW YR Intermediate Id,
yielding 187 mg (quantitative yield) of the target product; m/z = 624 (M+H)t. Step 7 20696 The
synthesis of product 6 was performed using the procedure described for the synthesis of compound 1,
using intermediteGepimsioachtbmabaeneldiasd dahyislel rfghESpase 2 20mpivinoftheytarbetqupoduct; m/z
=606 (MH)+. W& dOhRAZHRFRGTEIT 20RQURAGRAP oA The trERASAINEIMR Pfevention of viral

N,N-(2,2'-(metqw?gg%%%@gﬁﬁa%?ggﬂf&y&)bis(2-nitrobenzene- sulfonamide) 6b (3 g, 6.15

mmoles) in dry portion wise sodium hydride (738 mg, 3 eq, 60% in mineral

oil) at OC. AfterTie prisstieimvartiol fionhitmirmeliys indideetisdaly edatingdry Wivih-bhoodefi was added

stowly 1o fe R AfIGERUIING, [ 6 heffie RMGS AERENBE dNIRMAGSARd Aigpcted with
red.a

EtOAe. The or layer was ‘washed with, water, dried.over.MgSat, filt nd concentrated.
purification by ok SHTOTLEG SR TS A LTI S b A BENEIS 51605 SHBMLA 1.94 g

(61%) of the desirsepprod eétiarmu(p (D). ananmyeberes B lettanecified herein.
152,1-diy1))bisgiN; %‘:%%@X%L ravDoRenzeneRulionamide) [ /% go%%‘p%@fg)éﬁrmula (D) or any
subgroup thereof, as specified herein with other anti-HCV agents. In an embodiment,
16 the invention concerns combination of a compound of Formula (I} or any subgroup
thereof with at least one anti-HCV agent. In a particular embodiment, the invention
concerns combination of a compound of Formula (I) or any subgroup thereof with at
least two anti-HCV agents. In a particular embodiment, the invention concerns
combination of a compound of Formula (I) or any subgroup thereof with at least three
15 anti-HCV agents. In a particular embodiment, the invention concerns combination of a
compound of Formula (I) or any subgroup thereof with at least four anti-HCV agents.

The combination of previously known anti-HCV compound, such as interferon-u
(IFN-u), pegylated interferon-g, ribavirin or a combination thereof, and, a compound of
formula (I) or any subgroup thereof can be used as a medicine in a combination

20  therapy. In an embodiment, the term “combination therapy” relates to a product
containing mandatory (a) a compound of formula (I), and (b) at Ieast one other anti-
HCV compound, as a combined preparation for simultaneous, separate or sequential
use in treatment of HCV infections, in particular, in the treatment of infections with
HCV.

25  Anti-HCV compounds encompass agents selected from HCV polymerase inhibitors,
R-7128, MK-0608, VCH759, PF-868554, (3S9190, NM283, valopicitabine, PSI-6130,
XTL-2125, NM-107, R7128 (R4048), GSK625433, R8O3, R-1626, BILB-1941,
HCV-796, JTK-109 and JTK-003, ANA-598, IDX-184, MK-3281, MK-1220,
benzimidazole derivatives, benzo-1,2,4-thiadiazine derivatives, phenylalanine

30  derivatives, A-831 and A-689; HCV proteases (NS2-NS3 and NS3-NS4A) inhibitors,
the compounds of WO02/18369 (see, e.g., page 273, lines 9-22 and page 274, line 4 to
page 276, line 11), BI-1335, TMC435350, MK7009, ITMN-191, BILN-2061, VX-950,
BILN-2065, BMS-605339, VX-500, SCH 503034; inhibitors of other targets in the
HCV life cycle, including helicase, and metalloprotease inhibitors, ISIS-14803;

35 immunomodulatory agents such as, -, -, and y- intefferons such as rlFN-ua 2b, rIFN-u
2ba, consensus IFN-a (infergen), feron, reaferon, intermax ¢, rIFN-B, infergen +



Step 2 008 cisbN 7b A mixture of N,N-(2,2'-(methylazanediyObis(ethane-2, |
-diy1))bis(N-methyl-2-nitro- 20benzenesulfonamide) 7a (1.24 g, 2.405 mmoles), cesium carbonate
(2.35 g, 3 eq) and thiophenol (795 mg, 3 eq) in DMF (25 mL) was stirred at RI during Ih. Upon
completion sfdhmwe@stsn, the RM was filtered and loaded on a MP-TsOPksrdeeopservashed with
DCM. After rinsing the cartridge with DCM (severatifmes, until a colorless fraction was obtained) the
product was eluted with NH3 in MeOH, yielding to WO 2010/003658PCT/EP2009/004942 -48- 220 mg

(63%) of ATI h@ﬂmﬁi@mtﬂﬁé Wmm)@tmmnﬁs&&ﬂme halyhich wasused directly in

the next step; 0 nthesi

13-cyclohexy 3%%@ Qﬁ( g %g%-gg??s% n‘%@? %}tegfﬁ{ﬁ%ﬂecﬁmpwnds
-carbamoy1)- TR RRE bopsEvid &fas performed
following the pfamédmréac@roﬁuedsf@rf nh@s"ymtnes;@ldﬁ wmiwknd |a' olislikg receptor (TLR)
NI,N2-dimethyp Ms@ﬁ%hmmm%&@we 7 Rdnpstendedf response,

Methyl42-(2- l- f t t th
ethyla2-(2-mgiy| %Bﬁ %@8?‘%% %M g&l’:@%zxéh IRrRuvilG f? B TH%%Q}SE&H&% ngrr(fh‘%'tﬂﬁ(‘;"’\'/ve f‘e

gradient of ammon méethang 5to 15% OO mg of the desired produ
obtained as a%‘fgﬂf 8ﬂ r}l]lll?ml avgt gm & ae and telbivudine, inhibitors of internal
ribosome entry, aipha~giuc051dase I inhibitors such as MX-3253 (celgosivir) and

UT-231B, hepatoprotectants such as IDN-6356, ME-3738, LB-84451 and MitoQ,

10 broad-spectrum viral inhibitors, such as IMPDH inhibitors {e.g., compounds of
US5,807,876, US6,498,178, US6,344,465, US6,054,472, W097/40028, W0O98/40381,
WO00/56331, mycophenolic acid and derivatives thereof, and including, but not
limited to VX-497, VX-148, and/or VX-944); and other drugs for treating HCV such as
zadaxin, nitazoxanide, BIVN-401 (virostat), PYN-17 (altirex), KPE02003002, actilen

15  (CPG-10101), KRN-7000, civacir, GI-5005, ANA-975, XTL-6865, ANA-971,
NOV-2035, tarvacin, EHC-18, NIM811, DEBIO-025, VGX-410C, EMZ-702,

AVT 4065, Bavituximab, and Oglufanide; or combinations of any of the above.

Thus, to combat or treat HCV infections, the compounds of formula (I) or any
subgroups thereof may be co-administered in combination with for instance,

20  interferon-o (IFN-a)}, pegylated interferon-c, ribavirin or a combination thereof, as well
as therapeutics based on antibodies targeted against HCV epitopes, small interfering
RNA (si RNA), ribozymes, DNAzymes, antisense RNA, small molecule antagonists of
for instance NS3 protease, NS3 helicase and NS5B polymerase.

The combinations of the present invention may be used as medicaments. Accordingly,
25  the present invention relates to the use of a compound of formula (1) or any subgroup

thereof as defined above for the manufacture of a medicament useful for inhibiting

HCV activity in a mammal infected with HCV viruses, wherein said medicament is

used in a combination therapy, said combination therapy preferably comprising a

compound of formula (I} and at least one other HCV nhibitory compound, e.g. IFN-¢,
30  pegylated IFN-g, ribavirin or a combination thereof.

Furthermore, it is known that a large percentage of patients infected with human

immunodeficiency virus 1 (HIV) are also infected with HCV, i.e. they are HCV/HIV

co-infected. HIV infection appears to adversely affect all stages of HCV infection,

leading to increased viral persistence and accelerated progression of HCV-related liver
35  disease. In turn, HCV infection may affect the management of HIV infection,

increasing the incidence of liver toxicity caused by antiviral medications.



The synthesis of 7d was performed following the procedure reported for the synthesis of compound lit,
using 13-cyclohexyl-3-methoxy-6-(methyl- [24methyl-(2-methyl- amino-ethyl)-aminokethyl
-carbamoyl)-7H-benzo [3 ,4] azepino [1,2-al indol e-10- 20carboxylic acid tert-butyl ester 7c instead of

13-cyclohexwn 3smakizess/-6-{methyl- PCT/EP2069/604942
[2-(2-methylamino-ethoxy)-ethy1]-carbamoy1},-7H-b&hzo[3,4]azepino[1,2-alindole-10-carboxylic acid
tert-butyl ester Ic. After purification by flash chromatography with a gradient of methanol in EtOAc (0 to

10%), 50 mg ofrthe HashadRitMeh e RS AailReths o tbiRAbiNaH) tondfdnd of Formula

2010/003658P&T 009/004942 -49- < ) synthesis of 7e was performed following the
procedure repor%ég %?F t u;% %rguﬁuesfééa ?),‘?tl(i?ogr??l %m%%%gssw% %ﬁi?étlr'erﬁg Elt% 9?11 f)nps]%rel%gror??ﬁ?ermediate

N
Id; m/z = 638 (RFFEoraiEptEHIV sommramdiend » prauet Pid BEIMAHLHS MEFHREIYRRe procedure
described for titet@fyathssisadf asonupatividel fuphticviear swad e Hoahetead bf iseshfoediate le. WO

2010/003658P ahiER008I004A4 2 ORplikgisynthesis of 8b was performed following the procedure
reported for the synthesis of compound Ib, using methyl ester 8a instead of la. The desired product 8b

was obtained if B5ticterabiraligRteEne sbirienrpmpases pamadyet symprsing (BhSc At 0 C and under
protective atmaspiyene;ox@iprahiliar{tieot4u7 soigrbngitherof) avdqisiddéchiomsattitHiVOT carboxylic acid

8b (19.83 9, 395, Aspeiuanc RIS A1ePa) itateahyake AN L 4L0R i) alpastasisliion of oxalyl
chloride |mmed|<1";lete fop(rgnapon.lo R%%as was observed. Thtgaéreactmn nge%ttll;)rFQB{pC ?ﬁ .5 hour.

Then, an extra%n}i)gﬂan of 8%%%1 0 ‘Qgﬁ’/lsgﬁ o%ﬁé”‘vf}’% ¥ ) d Séerfg the Teaction was stirred for 1 more
hour (repéftedBifcEumstiTRItSH IS BidhaisaBsalinbmfertiusanith SH V48R e9afdrated to dryness
in vacuo to affqrd-Reiting (9 %es)ing thedtithe hivoidetScvathdWRitand iy .m/z (methyl ester formed by

addition of methanol prior to analysis) 15 = 516 (M+H)+. Step 3
t}ﬁus, tge present inv%nt?gn eﬁso re ate(s to a pro ucte:ontaining (a) at least one

compound of Formula (I} or any subgroup thereof, and (b) one or more additional
anti-HIV compounds, as a combined preparation for simultaneous, separate or

15  sequential use in anti-HCV and anti-HIV treatment. The different drugs may be
combined in a single preparation together with pharmaceutically acceptable carriers.
Said anti-HIV compounds may be any known antiretroviral compounds such as
suramine, pentamidine, thymopentin, castanospermine, dextran (dextran sulfate),
foscarnet-sodium (trisodium phosphono formate); nucleoside reverse transcriptase

20 inhibitors (NRTIs), e.g. zidovudine (AZT), didanosine (ddl), zalcitabine {(ddC),
lamivudine (3TC), stavudine (d4T), emtricitabine (FTC), abacavir (ABC), amdoxovir
(DAPD), elvucitabine (ACH-126,443), AVX 754 ((-)-dOTQC), fozivudine tidoxil (FZT),
phosphazide, HDP-990003, KP-1461, MIV-210, racivir (PSI-5004), UC-781 and the
like; non-nucleoside reverse transcriptase inhibitors (NNRTIs) such as delavirdine

25  (DLV), efavirenz (EFV), nevirapine (NVP), dapivirine (TMC120), etravirine
(TMC125), rilpivirine (TMC278), DPC-082, (+)-Calanolide A, BILR-355, and the like;
nucleotide reverse transcriptase inhibitors (NtRTIs), e.g. tenofovir ((R)-PMPA) and
tenofovir disoproxil fumarate (TDF), and the like; nucleotide-competing reverse
transcriptase inhibitors (NcRTls), e.g. NcRTI-1 and the like; inhibitors of trans-

30  activating proteins, such as TAT-inhibitors, e.g. RO-5-33335, BI-201, and the like; REV
inhibitors; protease inhibitors e.g. ritonavir (RTV), saquinavir (SQV), lopinavir
(ABT-378 or LPV), indinavir (IDV), amprenavir (VX-478), TMC126, nelfinavir
(AG-1343), atazanavir (BMS 232,632), darunavir (TMC114), fosamprenavir
(GW433908 or VX-175), brecanavir {(GW-640385, VX-385), P-1946, PL-337, PL-100,

35  tipranavir (PNU-140690), AG-1859, AG-1776, Ro-0334649 and the like; entry
inhibitors, which comprise fusion inhibitors (e.g. enfuvirtide (T-20)), attachment
inhibitors and co-receptor inhibitors, the latter comprise the CCRS antagonists (e.g.



8c8dSc To a solution of (S)-4-benzyl-2-oxazolidinone (7.50 g, 42.3 mmol) in tetrahydrofuran 20(dry)
(60 ml) under nitrogen atmosphere n-butyllithium (26.4 ml, 42.3 mmol) was added slowly at -78C. The
reaction mixture was stirred for 40 minutes at -78C. After 40 minutes, the anion solution was added via
a canula to svsaluisan3esthe acid chloride Sc (20g, 38.5 mmol) in 60 mL FEifFrarer8@49ihe reaction
mixture was stirred for 1.5 hours at -78C. When the¥eaction was finished, it was quenched with an
ammonia 25chloride solution at -70C. The reaction mixture was then warmed up to room temperature

and extracted ﬂﬁﬁmw%mwtméﬁ iadoyenNaRS D40, Tihekosgamealryeswvas filtered
and concentrated to aff %2%3 &PE%@@W&%@E% IWQ rﬁOl%%@gPCTlEPZOOQ/OM%Z
co

-51- enantlomers §dr an C were separate

romatography using 5:1
R i R I Do T )
Diastereoison@okiAitie/CR Y, 8. QW‘S firsialliBsoWEY ih Tﬂ'tﬁﬁt(l.‘[@@mﬂmtﬁewﬂf@thanol (130 ml)

was added. INNaQH m@m(mmbmmﬁamm wasrasded. siowpy-ser hakthsgmperature was kept
below 30C. Trb‘?vﬁ?e%f £k¢ip(ﬁ‘i§%r(1§’(s)"¥‘?§j dﬁ@?ﬁ%f%ﬁn %%%J%HB%&MQ&? sihe reaction was

finished 1 N HC1 sojutign was e pH reac] 500 mL H20 was then added and the
reaction mlxtuf'e_“ﬁi?% L WE‘E@X@IWXSH%"W% Bw&nrﬁlgﬁﬂg&ﬁ%d Purification by flash
column chromagtfreisifguing-flzetaphabisyBst0AC afforded 5.24 g (60%) of the desired enantiomer

(4bR,5a5)-9-( t b tox cloh - -met oxy4h.5 6 tetrah ,4]cyclopropa
[5,6]azepinol1, A lfl‘}éo’le @a -car ]%3)((} IC a{;’% {ﬁﬂé ?\roe% o W@}) 'é%ﬁg zKﬁ + Step 5
8f8g To é%t.rreaeamﬂ%rmf@%d%fewfg Secbmfﬂa sereﬁL%

progressive generalized lymphadenopathy (PGL), as well as chromc CNS dlseases

caused by retroviruses, such as, for example HI'V mediated dementia and multiple
sclerosis, can conveniently be treated with the present composition.

The compositions may be formulated into suitable pharmaceutical dosage forms such

15 asthe dosage forms described above. Each of the active ingredients may be formulated
separately and the formulations may be co-administered or one formulation containing
both and if desired further active ingredients may be provided.

As used herein, the term “composition” is intended to encompass a product comprising
the specified ingredients, as well as any product that results, directly or indirectly, from
20  the combination of the specified ingredients.

The term “therapeutically effective amount” as used herein means that amount of active
compound or component or pharmaceutical agent that elicits the biological or
medicinal response in a tissue, system, animal or human that is being sought, in the
light of the present invention, by a researcher, veterinarian, medical doctor or other

25  clinician, which includes alleviation of the symptoms of the disease being treated.
Since the instant invention refers as well to combinations comprising two or more
agents, the “therapeutically effective amount” in the context of combinations is also
that amount of the agents taken together so that the combined effect elicits the desired
biological or medicinal response. For example, the therapeutically effective amount of

30  acomposition comprising (a) the compound of formula (1) and (b) another anti-HCV
agent, would be the amount of the compound of formula (I} and the amount of the other
anti-HCV agent that when taken together have a combined effect that 1s therapeutically
effective.

In general, it is contemplated that an antiviral effective daily amount would be from
35  0.01 mg/ke to 500 mg/kg body weight, more preferably from 0.1 mg/kg to 50 mg/kg
body weight. It may be appropriate to administer the required dose as two, three, four



20were added di-isopropyl ethylarnine (DIEA, 1.54 g, 11.9 mmol), HATU (2.27 g, 5.98 mmol) and
2,2'-oxybis(N-methylethanamine) (2.1 g, 15.95 mmol). The resulting mixture was stirred at OC for 1
hour then kept at room temperature for 12 hours. The reaction mixture was then successively poured
into an iced WARKY 6856, extracted with dichloromgthane, dried over MBSt tteentrated. The
residue was purified 25 by column chromatography using a gradient of methanol in dichloromethane (0
to 10%) to yield 0.94 g (38% vyield) of the desired product tert-butyl(laR,12bS)- WO

2010/003658 PG THER 20091034 94 2piH2piBatyinter ek throaghmuethexdaaSaikshptiRdes (naetvy lam

i[rzli)t))ethox y|?thféléﬁﬁm@é@Qﬂﬁﬁtld%%ge]igﬁrl@tféﬂm/ﬁ&'@&mmﬂg]liE@@ﬁ@i@nﬂg,adnd in
enzazepine-5-carho hi ik (M- ep 6 FINO-NO-Yr TFA 8g8h
The synthesis 8??@%%?&?@%%&%F%%?éﬁfs%%%’tﬁaﬂegexéeg%g&% ;o[xzﬁ-i(methyl-

amino)ethoxy]athy §eash@maylind fraqclib-te uanjdsaayicio pepprds bndikofarfieular compound
a][Zl'be”,Z%”%@?aﬁ;ﬁﬁ‘égi?%&aﬂé;ﬁ%ﬁ&ﬂﬁq&%ﬁ@{ﬁeﬁ%éﬂl wing dheprecasireriRerenenigsh for the
preparation of co,m%ogun e, using intermediate 8q instea {?f id. The ot%[ialﬂed r(?5|du tWasffurther
dissolved in DR SEEREY %ﬁﬁ%a‘f‘éer‘,gaﬁg%\%?en%ggn_‘eséziﬂ r'anﬁ 'een,ei dret iAdConcentrated to
dryness, leadirthetpadtispienpEiens sks) o otlce smapouin ke pdrvidsgona-be-tEking @59y 8h81 To a
solution of intexreR diase B io(thdscdig 1100834 tHamolFintkmsane {10 enldenakandsidd edftvaidtai(0.814 g,

8.47 mmol). The resuling maWG e sitedat dB0% R MIGLQURYRSR EIHONd.RRLsy; Lhe reaction
mixture was then cooled dé).vvn to room emg)ﬁﬁ\eture and concenEErateg{_i The reS|d§1e was purified by
an

Ot
column chroma 12 "ﬁgﬁ’f} _}Hé %DéPgoﬁ‘*,‘é P%Wﬂ %Si&fgﬂlg?%srﬁ?e h“a%e“‘(ﬁ%‘%ﬁ% %8 give 143 mg
(26%) of the titlesoidarertar, Top siiestiye oL SMmEs mmresy TEiephhsTsBIasRwethy )
(methypcarbandgydfeBe eyttiopedylintd -methoxy-1,1a,2,12b-tetrahydrocyclopropald]

indolo[2,1-a][2]benzazepine-5-carboxylic acid Si; miz = 639 (MH-H)+. WO
2010 /003658P@'ﬂm@%@m A% thepresent invention there is provided an article of manufacture

comprising a composition effective to treat an HCV infection or to inhibit the NS5B

15 polymerase of HCV; and packaging material comprising a label which indicates that
the composttion can be used to treat infection by the hepatitis C virus; wherein the
composition comprises a compound of the formula (I} or any subgroup thereof, or the
combination as described herein.

Another embodiment of the present invention concerns a kit or container comprising a
20 compound of the formula (I} or any subgroup thereof, in an amount effective for use as
' a standard or reagent in a test or assay for determining the ability of potential
pharmaceuticals to inhibit HCV NS5B polymerase, HCV growth, or both. This aspect
of the invention may find its use in pharmaceutical research programs.

The compounds and combinations of the present invention can be used in’
25  high-throughput target-analyte assays such as those for measuring the efficacy of said
combination in HCV treatment.

Examples

The following examples are infended to illustrate the present invention and not to iimit
it thereto. Unless otherwise indicated, purification of the synthesized compounds by
30  column chromatography or flash chromatography is performed on a silica gel column.



Step 8 Si8 The synthesis of (IaR,12bS)-8-cyclohexyl-11-methoxy-16,22-dimethyl-1,12b-di hydro-
55,1a-(methanoiminothioiminoethanooxyethanoiminomethano)cyclopropald]- indolo[2, 1-a]
[2]benzazepine-13,23(2H)-dione 15,15-dioxide 8 was performed following the 2-step procedure
reported for ¥ 2ytié&i€ of compound 1, using intelinediate Si instead JtYEER&MFAYEI00 mg (52%
yield) of a white solid; intz = 621 (MH)t. 1H NMR (400 MHz, CHLOROFORM-d) 8 ppm 1.3 - 1.5 (m, 3
H) 1.75-1.8 10(m, 5 H) 1.85 -2.05 (m, 6 H) 2.5-3 (m, 3 H) 3.2 (s, 3 H) 3.22 (s, 3H) 3.4-3.7 (m, 6 H)
3.87 (s, 3 H) Bxompi® [Auvhihdsid S boinfmmrdd H) 6.95-7.16 (d, J=8.39 Hz, 1 H) 7.28 (s, 1 H) 7.44-7.55
(in,2 H) 7.80 (d, 1=8.39 Hz, 1 H) 9.4 (br. s., 1 H). WO 2010/003658PCT/EP2009/004942 -54-
obtained in 27% yield,,and 86% ee, following the procedure reported for the synthesis of compound 8f,
starting from the/digstereoisomer Sc instead of 84; m/z = 502 (M+H)+. Step 2 tert-butyl(1 aS,12
bR)-8-c y cloh &x -1 a-(methy11242-(meth ylamino)etho xy] ethyl carbamo
yl)-1,1a,2,12 b-tetfah @ @o ga [d] indo lo [2,1 -a] [2]benzazepine-5- carboxylate 9b was
prepared in 60% yield fromi9a and 2,2'-oxybis(N-methylethanarnine) following the procedure used for
the preparation of compo c; miz =10 616 (M+Hr. Step 3 RN 0/ H2N "b ?sL_NH2 H2N 9b9%e To
a solution of intermediate 9b (0.73 g, 1.185 mmol) in dioxane (10 mL) was added 15sulfarnide (1.14 g,
11.85 mmol) iﬁ&ksulting mixture was stirred at 100C in a microwave oven for 3 hours. The reaction
mixture was cooled dov!@ toyoom temperature then concgntrated. The residue was purified by column
chromatograpgygsing a ggdient of methanol in;Qthorome ane (0 to 10%) to yield 743 mg (80%) of

NaOH
O N

A solution of NaOH (6.38 g) in 25 ml. of water was added to a stirred solution of 12
(10-tert-butyl 6-methyl 13-cyclohexyl-3-methoxy-7H-indolo[2,1-a]{2]benzazepine-
6,10-dicarboxyvlate, synthesized as described in US 2007270406 A1) in THF (100 mL)
and MeOH (150 mL). After 1 hour the reaction was concentrated under reduced

10  pressure, then diluted with ice-cold water (150 mL). The pH of the resulting solution
was adjusted to 6 with acetic acid (AcOH). The precipitate was collected by filtration,

washed with water and dried under vacuum to give 1.90g (98%) of 1b as a yellowish
powder: m/z = 488 (M+H)"
Step 2

HN
!
+ on\/NH HATU
DIPEA, THF

15
ib ie

HATU (1.17 g, 3.08 mmol) was added under nitrogen 1o a stirred solution of ib
(1.00 g, 2.05 mmol), DIPEA (1.07 mL, 6.15 mmol) and 2,2'-oxybis(N-
methylethanamine) (1.08 g, 8.20 mmol) in 30 mL of dry THF. After 1 h, the reaction

20  mixture was quenched with water (100 mL)} and extracted with ethyl acetate (EtOAc).
The organic layer was successively dried (Na;SOy), filtered and evaporated. The



the title product tert-butyl(laS,12bR)-1a-[(2-{2-kaminosulfonyl)(methyDaminok 20ethoxy }
ethyl)(methyl) carbam oy1]-8-cyclohexyl-11-methoxy- 1,1a,2,12b-tetrahydro- cyclopropa[d]indolo[2,1
-a] [2]benzazepine-5-carboxylate 9c. WO 2010/003658PCT/EP2009/004942 -55- Step 4 R

H2N:S bH2 NV ®01Pfig3ehthesis of (IaS,12bR)-la-[(z_%g-[(aminosulfonyl)(\ﬂ'@’ﬁfiﬂﬁ&?ﬁm@?@thoxy}
5ethyl)(methyl)carbamoy11-8-cyclohexyl-11-methoxy-1,1a,2,12b-tetTahydrocyclopropa
kiiindolo[2,1-a][2]benzazepine-5-carboxylic acid 9d was performed following the procedure reported for
the preparatiorrefidamyssurititetedsSinydite Mlcdidtend dirsteadivg Id] ye@itg)5hT target79% vyield) of a
brownish foamcomipeuS I M-I Yo witapowde /s yns0e sis-of)*
(1a3,12bR)-8-cg/{_€!ggexyl-ll-methoxy-m,22-dimethyl-1,12b-dihydro-5,1a-(methanoiminothioiminoetha
nooxyethanoiminomethano)cyclopropa[dJindolo-[2,1-c][2]benzazepine-13,23(21/)-dione 15,15-dioxide
9 was performed fpllowing the 152-step procedure reparted for the synthesis of compound 1, using
intermediate 9d i ad of le, yielding to 80 mg (1@9@3571' ) of a white solid; m/z = 621 (M+H)t. 1H
NMR (400 MHz, C OKORM-d) 5 ppa 1.3 - 1.5 (m, A4b-4.8(m,5H) 1.85-2.05 (m, 6 1-1)
2.5-3 (m, 3 H) ﬁ\ s, 3 1A) 3.22 (s, 311 ,&ﬁg (m, 6)[4&) 3.87 (s, 3H) 3.75-3.9(m, 1 1-1) 4.9-51 (m, 1
H) 6.95-7.16 (d, J=8.39 Hz[ 1 El) 7.28 (& 1 H) 7.44- 20755 (m, 2 H),7.80 (d, J=8.39 Hz, 1 H) 9.4 (br.
s., 1H). WO 20?0/0 Spof P2009/004942 -56- ©

A solution of 1e (1.15 g, 1.91 mmol) and sulfamide (1.84 g, 19.1 mmol) in dioxane
(10 mL) was heated at 100°C in a microwave oven for 20 minutes. The reaction

mixture was cooled down to room temperature, then evaporated under vacuum. The

residue was triturated in water, filtered and washed with water, The powder was
10 reconstituted in EtOAc, dried (Na;SOq) and evaporated to give 1.15 g (88%) of the
desired product 1d as a yellowish powder: m/z = 681 (M+H)"

15 TFA (3.0 g, 26.3 mmol) was added to a soiution of 1d (1.15 g, 1.70 mmol) in
dichloromethane (3 mL). After 1h, the reaction mixture was concentrated under
vacuum. The residue was triturated in ether, filtered and washed with ether, then
purified by chromatography (gradient EtOAc to EtOAc/EtOH, 9:1) to give 802 mg
(76%) of the desired product Le: m/z = 625 (M + H)"



Example 10- synthesis of compound 10 58al0a To a solution of 5-tert-butyl la-methyl
8-cyclohexyl-11-methoxy-1,12b-dihydrocyclopropald]indolo[2,1-a][2]benzazepine-la,5(211)-dicarboxyl
ate 8a (2 g, 3.88 nunol) in dichloromethane (25 mL) was added TFA (22.34 g, 194 mmol). The
resulting mi¥fréuiEgstired at room temperature for 6 hours then conce REAEER¢GIA#ESS. The
residue 10 was successively dissolved in dichlororfthane, washed with water, dried under MgSO4,
filtered and concentrated. The residue was then purified by column chromatography using
dichlorometh&ag,and ethyl acetate as eluent to yield 1.7 g (95%) of the title product
8-cyclohexyl-11-methoxy-1la-(methoxycarbonyl)-1,1a,2,12btetrahydrocyclopropald]indolo[2,1-42Then
zazepine-5-carg§53<wlic acid 10a as a white 15 powder; m/g 460 (M+H)+. Step2

1,1‘-Carbonyld.ginnsia'§ ole (O.E}47 g, 5.22 mmol) was addé;i{é a stirred solution of 20
8-cyclohexyl-11-methexy-laNmethox yearbonyl)dl,lé',%,ﬂb- etrahygrocgclopropa
[diindolo[2,1-a][2]begzazepine é—carboxylic @64;3409\(0.8 ; 7 mmolyin THF (15 mL) at 25C. The
evolution of CO2 was instanfanebus and wher it shjued thetsolutionwas heated at 50C for 2 hours
and then cooled t& rodj 3 e. Fert-brtyt{4-Kamino friyRaminoThutylicarbamate
106 (0.735 g, 2.61 mmof) w. &d WO 2010/003658PCT/ 004942 657- followed by the
addition of DBU (0.53 g, 3.4 mol). Stirring was continued for 12 h at 50C. The mixture was
cooled to room temperature bne and water. The water was
extracted with dichloromethane. The organic layers were dried over MgSO4 then concentrated to
dryness. The residue 5 wad$urified by column chromatography us¥g dichloromethane and ethyl

acetate to yield Q.66 ¢,(53%)_of the,title ct methyl 5-({I(4-[(tertbutoxycarbonyDamino]butyll
(methyeamino %%l?c])] y f:na{lrgar%%%-%% c?c?)%ééxy -Oﬁl\ﬁl%se%é%(%}%,iégg#h%ﬁgg %¥II(?)epro pa[d] indo | o
[2,1 -a] [2] b ern2478pi H8A519)) EABoX{1ELE Thie)alhs Wﬁﬁ‘é%gﬁﬁftﬂﬁ?zv‘?‘%‘&&ﬁ%#}@i’%teps 10 c10d
To a solution smpteametiatd 1:0m@nESeq,00:8890mm el drmiddEat¢AT wids) abas exdd ddditbsulnngydroxide
(0.75 g, 1.8 mpabicHSSRI KBS iRb ebhiRd @Rl NS FRIKH lash chromatography

(gradient EtOAc to CH3CN 1:0 to 0:1) to give 550 mg of the target product 1f which

was used as such in the next step: mz =675 (M + H)"
10 Step6

if i
DBU (244 mg, 0.32 mmol) was added to a solution of 1f (550 mg) in acetonitrile

(25 mL). The reaction mixture was stirred overnight at room temperature, then

15 concentrated under reduced pressure. The residue was dissolved in water (30 mL) and
the pH of the resulting solution was adjusted to 5. The precipitate was collected by
filtration, washed with water and dried. Recrystallization from ethanol followed by a
purification by column chromatography (gradient EtOAc to EtOAc/EtOH 9:1) provided
380 mg (78%) of the title product 1 as a white powder: m/z = 607 (M + H)+, '"H NMR

20 (DMSO-dg) 6 1.15 (m, 1H), 1.40 (m, 3H), 1.71 (m, 2H), 1.88 (m, 1H), 2.01 (m, 3H),
2.56 (m, 3H), 2.77 (m, 1H), 2.99 (s, 3H), 3.26 (m, 2H), 3.50-3.71 (m, 6H), 3.87 (s, 3H),
444 (d, J=14.1 Hz, 1H), 5.09 (d, /= 15.0 Hz, 1H), 6.95 (s, LH), 7.13 (s, IH), 7.19 (d,



15was stirred at room temperature overnight then diluted with water and neutralized with a 2M HCI
agueous solution. The resulting mixture was extracted with dichloromethane, dried over MgS0O4 then
concentrated. The residue was purified by column chromatography using a gradient of methanol in
CH2C12 to W&1a%0'883§5686%) of the t|tIe product 5- (_{i{ﬁ ktert-butoxycarb8RyTFaA5I8A)
(methyl)amino]sulfonyll-
20carbamoy1)-8-cyclohexyl1-11-methoxy-1,12b-dihydrocyclopropa[d]indolo[2,1 - a]
[2]benzazepinela@6iHzalbBoxyHd ddid TE0Adza Whité. 86Kd; 78 20802MEHMN A 88talh 4= 7.80dZhe 25TFA
(2.5 g, 22 mmojyasaddedtn a1saytonyf intermediate 10d (0.52 g, 0.734 mmol) in DCM (10 mL)
The resulting mixture was stirred at RT for approximately 10 hours. The reaction was then evaporated
to dryness and the re5|due was purlfled by column chromatography using a gradient of methanol in
DCM to afford &34 e tite ek5-({[(4-aminobutyl) WO
2010/003658PCT/EP2009/001}942 -58- (methyllamlno]sulfonyl) carbamoy1)-8-cyclohexyl-1 |
-methoxy-1,12b- dlhyengyelopr pa[d]indolo[2,1- a][2] enza@Ppindll af2H)-carboxylic acid 10e as a
TEA salt; raiz %%HH Step Thel0 Toa sﬁﬁ;edmolutlon of mtermediate 10e (0.22 g, 0.36
mmol) in dry DMF (1 at 0G were—added-Dll—ﬂEAb 149 mol) and HATU (0.206 g, 0.542
mmol) The resultin e Wi 2 omemperature for 1012
atered solution, extracted with

, . The residue was purified by colutnn
chromatogpaphy to yield 0.188-¢ (88%) of the title product 8-cyclohéxyl-11-methoxy-16-methy1-1, 1
2b-dihydro-5,1a- (methanoinkinothioiminobutanoimino)cyclopropaid]indolo[2,1-a] [2]benzazepine-
1513,22(21-0- 15,15 %%de 1 whi SW g%g S, 11-1), 8.4 (s,
1H), 8.3 (s, lH)A "g”i‘oo 2 ég g %%“ZH‘ ig’ f’&z‘s”{‘é‘s@[ iL]) 7.15 (s, 1H), 7 (d,
J=8.4 Hz, 1H), @fére@ez}&tzéﬂlzmﬁ)c BSHRATBNYY WSing «“(dO ¥d PH:CMPIBQ@}TZ‘%H‘F hq)l; 3 (s, 3H),
2.7-2.9 (M, 4H)sclvBn2 dagey apd)yatbdahd thmre’id)ie bv@sptr{ fivdai)cditbng ¢hrplibtdyraphy 609 (M+H)+ 20
Example 13 - syniesiacef.eampaynd dide 23 mg (41%) of the desired product 2 as a white powder:

m/z = 609 (M+H)".

Examples 3 and 4 — svnthesis of compounds 3 and 4

f
N/\\,—D/\’N\’/’O
°=,S—NH :

The racemic mixture 2 was purified by SFC, using a 6.5 minutes run on a chiral

CHIRALCEL OD-H column (250 x 10 mm, coated on 5 pum silica gel) and 55%

methanol / 45% CO, as mobile phase, at a flow rate of 10 mL/min and lead to the two

pure enantiomers 3 and 4. Retention times under these conditions were observed at
20 4.25 min and 5.54 min.



11 1,1'-carbonyldiimidazole (0.522 g, 3.22 mmol) was added to a stirred solution of 8- 5
cyclohexyl-11-methoxy-la-(methoxycarbony0-1,1a,2,12b-tetrahydrocyclopropafalindolo[2,1-a][2]benza
zepine-5-carboxylic acid 10a (0.74 g, 1.61 mmol) in THF (15 mL) at 25C. The evolution of CO2 was
instantaneo¥C29PIMEERIt slowed the solution was heated at 50C for 2 hifiFSEEHEMEHCooled to room
temperature. Ter - butyl 4- {2-Raminosulfonyl)(meﬂﬁr)amino]ethyl}piperazine-l-carboxylate lla (1.038
10 g, 3.22 mmol) was added followed by the addition of DBU (0.49 g, 3.22 mmol). Stirring was
continued forEh2uheld's atsbGesIhef muinipsangas cooled to room temperature then partitioned between
dichloromethane and water. The water was extracted with dichloromethane and the organic layers
were dried over 4-thefh cgncentrated to dryness. The residue was purified by column
chromatograpﬂ;gi_ g 15dichloromethane and ethyl acetate to yield 0.83 g (68%) of the title
compound methyl 5-({ 2[4}\,(@?-butoxycarbonyppiperazin-l- yl] ethyl } (methyl)arnino]sulfonyl}
carbamoyl)—8-cy(90h 14 il o{>}(y-1,12bdihydrocyclopropa[d]indolo[Z,1-a][2]benzazepine-|a(210-c
arboxylate 11b as a white fgam;h/z 764 (M-FH)t 20 Step 2 liblie To a solution of intermediate Ilb
(0.6 g, 0.785 mmol) in TH '@ mL) was added LiOH (0.82 g, 1.96 mmol) in water (5 mL). The
resulting mixture was stirred-at room 28 temperature overnight then diluted with water and neutralized
with a 2M TIG] aqueous solution. The resulting mixture was extracted with dichloromethane, dried
over MgSO4 then concentrated. The resulting residue was, pusfied by column chromatography using
CH2C12 and methanol to yield 0.4 g (6834 of the title co p@lj”ﬁ
5-({[{244-(tertbutoxycartopifepiperazingt= ‘fetlnxl}(methyDarnin(ﬁQ‘fwﬁ
2010/003658PCF/EP2009/004942 -60-  °— pr, >L
8-cyclohexyl- 3 Y b-dihydrocyCIdT)Topa[dTrerUIo[ZQ
acid 11c as a white-sotid; ﬁ 80 (M-E1-19* Step 3 511clid TFA ;

rnL). The resulting mixture

solution of intermediat c (0.38 g, O @l) in dichloromethane
was stirred at RT for approximately 10 hours—#hie-r&&ction was then evaporated to dryness and the
residue was purified by column chromatography using dichloromethane and methanol to afford 10the

title compound 8-cyc1I%hex 1-11-methoxy-5-({[methyl(Zyifgera'zin-l-ﬁl-_
The compound 5a was synthesized m 96% yield from intermediate 1b and 2-[4-{teri-

rbamoyl)- WO

pinela(21i)-carboxylic
cvﬁrnol) was added to a

butyloxycarbonyl)piperazin-1-ylethylamine foliowing the procedure reported for the
synthesis of intermediate 1¢: m/z = 699 (M+H)".

Step 2

10

5a 5b

Trifluorcacetic acid (5.00 g, 43.9 mmol) was added to 740 mg of intermediate 5a. After

1 hour at room temperature, the soivent was evaporated. The residue was triturated in

EtOH/ELO, filtered and dried under high vacuum to give 380 mg (64%) of the desired
15 product 5b as a yellowish powder: m/z = 543 (M+H)".



ethypaminoisulfonyl}carbamoy1)-1,12b-dihydrocyclopropald]indolo[2,1-a][2]-
benzazepine-la(2H)-carboxylic acid lid (0.24 g, 73 %); in/z 650 (M+H)F Step 4 OH NMO HN 15lid To a
stirred solution of intermediate lid (0.24 g, 0.37 nunol) in dry DMF (100 mL), at OC, were added
di-isopropy! B ¢HAIET®.143 g, 1.1 mmol) and HAT\ (0.211 g, 0.554 nitRAIFPPHE/ PEEIHRINg mixture
was stirred at OC for 1 hour then kept at room temperature for 12 hours. The reaction mixture was then
successively poured into an 20 iced watered solution, extracted with dichloromethane, dried over
MgSO4 and cofiggritrated. The residue was purified by column chromatography using
dichloromethane / methanol to yield 0.018 g (18%) @f the title compound 31-cyclohexy1-8-
methoxy-22-meth34§,_-2§1-thia-l,13,20,22,25-pentq§;$\lke tacyclo- [23.2.2.1
3'13.11215.114,1 03,5.\09;] degriaconta-6,8,10,12(31 ,5&(30) 5,17-heptaene252,19-dione
21,21-dioxide 11 as & white §olid; m/z 632 (M+H) WO 0107
compound TN'12 Step 1 0H58a128
5-tert-butyl-1a-réth Aexyl-11-methoxy-1, kZD=giye

yetapro a[d]indolo[2,1-a][2]benzazepin
37388 mmol) in dichloromethé -@' 'p
acid (22.34 g, 194 mmol) resulting mixture was stirred

25719L) was added trifluoroacetic
The AL TO
concentrated to 10 dryne he residue was successively @.

om temperature for 6 hours then

Ived in dichloromethane, washed with
water, dried under MgSO4, filtered and concentrated. The residue was purified by column
chromatography usiné"&lichloromethane and ethyl acetdfe as eluent to yield 1.7 g (95%) of the title

product 8-Cyc'OJ&%Y&ﬁa&z{ﬁgﬂmwiﬁg(ro%m&xﬁaﬂomé&rf&r&ae%é%aﬁ%rﬁbwmymgsa%gl indolo
(2.1 -a] [2] Benzagenine 2 SRmONMIcRME 122 AR a8 3 e powper I A0 h O RIeR 2

mixture was successively cooled down at room temperature, concentrated under

B58PCT/EP2009/004942 -61-
0 a solution of

Vacuum; triturated in water and filtered. Purification by column chromatography
(gradient EtOAc/CH,CL 1:1 to 1:0) gave 210 mg (46%) of the desired product 5¢: m/z
=622 (M+H)".

10 Step4

5¢ ' 5
The title product 5& was synthesized in 11 % yield following the procedure (steps 5 and

6) reported for the synthesis of compound 1, followed by a recrystaliization from
15 ethanol, affording the desired product as white powder, m/z = 604 (M+H)".

Example 6 - synthesis of compound 6

H
~
/N’\/N\/\/N
O=s—np
o




12al12b12c To a solution of intermediate 12a (1.73 g, 3.76 mmol) in THE (25 mL) at 0C were 20 added
successively 4-dimethylaminopyridine (DMAP) (1.38 g, 3.76 runol),
N1-((ethylimino)methylene)-N3,N3-dimethylpropane-1,3-diamine hydrochloride (EDC) (2.16 g, 11.29
mmol) and i@ EMBYAsEIInosulfonamide 12b (1.3 g, 8.66 mmol). The reBURIREMMHEvas stirred at
OC for 2 h then at room temperature for 8 h. Water"%és then added and the reaction mixture was
filtered. The resulting solid WO 2010/003658PCT/EP2009/004942 -62- was purified by column
chromatogra@wpusing dichloromethane and ethyl acetate to yield 500 mg (23%) of the title product
methyl 5-Wa||y1(methypamincm]@h‘gnyl.)- carbamoy1)-8-cyclohexyl-11-metho o
xy-1,12b-dihydrocyclopropal[d] @GMZJ -a] [2]- benzazepine- %;a%H)-CarpNoxyléLe/lgcsﬂwz 592
(M+H) 5Step @v~¥26124:T3 a'splution ot MterMediafe12c (Us5ig, B84 Q) in T L) was
added lithium hydroxide (0.73 g, 1.69 mmol) in water (5 mL) T@sult Nj,zsture wa stirred at
room temperature overnight then diluted with water and neutralized with a 2M HC1 aqueous solution.
The resulting mixture was extracted with dichloromethane, dried over Mg864 then concentrated. The
resulting residue was purified by column chromatography usﬁﬁg CH2CI2 and metRanol to yield 0.4 g

iy dracy T Rt sor iz
ihydrqcyclgpro indolo - nzazepine-la -carboxylic aci as a solid; m/z
528 (v S S P Sl e e e SO ARt B BN S 0.
were added sGOBEi¢ER AR DtIRIROPYRIIIG (BYIATSS Yrshod Wit viemirefover MasSOs,
-((ethylimino) filetleylaniseivaiigdlitie thryipro panpufifBdiarfiask dydnociglopidentEDIE) 6.480 g, 1.04
tmhmol)tand b%‘éﬁ@[&%{cﬁ%éﬁ@aﬂ@f@\%@f@éﬁ@@Gﬁﬁﬂ?lh&ﬂﬁ@ég%ﬁiﬂmggﬁ&%i&o\?ﬂﬁ)ﬁﬁ&ﬁﬂ%m OdC Tfch]r 2h

en at room temper or . vwa was. n al a SUltl IXtUre ywas fitered. 1 ne
o was wad R A a o s A e o
dichloroffethdictied dviiy RSO Iaheteaniceanten e (fhe S Mg te idi&Was purified by
column chrom&to@aphy with dichloromethane and ethyl acetate to yield 70 mg (32%)

Step 2
8
o
Oy -OH 0
H jxad
/l\N/\\_ . N\/’\N/\/NH
0 S, C !
/1< N l 10 * o]
“ PR NS B _— J( N
o SN HATU 0 .
[ o
ib 6a 6c

15 To a solution of carboxylic acid 1b (500 mg, 1.025 mmole), BATU (585 mg, 1.5 eq)
and diisopropylethylamine (212 mg, 1.6 eq) in dry DMF (10 mL} was added
N-(2-((2-aminoethyl}methyl)amino)ethyl)-2-nitrobenzenesulfonamide 6a (341 mg,

1.1 eq). After 30 minutes at RT, the RM was diluted with water. The yellow precipitate
was filtered off and washed with water. It was then reconstituted in EtOAc, dried over

20 MgSQy, filtered, concentrated and dried under vacuum to give 800 mg of the desired
product 13-Cyclohexyl-3-methoxy-6-(2-{methyl-[2-(2-nitro-benzenesulfonylamino)-
ethyl]-amino}-ethylcarbamoyl)-7H-benzo[3.4}azepinof 1,2-ajindole- 1 0-carboxylic acid
tert-buty) ester 6¢ as a yellow powder; m/z = 772 (M+H)".



WO 2010/003658PCDEP2009/004942 -63- of the title product Ns-{[allyl(methyDarnino]sulfonyl) -NI
a-but-3-en-l-y1-8-cyclohexyl11-methoxy-1,12b-dihydrocyclopropald] indolo[2,1 -a] [2] benzazepine-la,5
(211)- dicarboxamide 12e; raiz 631 (M+H)1" Step 5 12e12 A solution of intermediate 12e (0.1 g,
0.16 mmol) WeroMoBERane (50 mL) was degassed with argon for 10 miftUtES#er Hteyda-Grubbs
Ist generation catalyst (0.03 mg, 0.032 mmol) was ad ed. The resulting mixture was warmed to 70C
and kept 10 under argon overnight. The mixture was then cooled down to room temperature and the
solvent was refged under vacuum. The resulting dark residue was purified by column
chromatography using DCM and ethyl aiCetate to give 15 mg (16%) of the title prodt@:t 8-cyc
lohexyl-11-methoxy-16-methy1-1, gltﬁ]ny dro-5,1a- (methammmothmmmopeﬁ
en0|mlnomethano)cyclopr%paﬁd] indtlofZal-a] [2]benzazepine- 1513,23(2H)-di ;5 15-dioxide 12 as
a white solid; miz 603 (M+H)+ EX3 13- synthesis of compound 13 'I‘aél.fBa/\,N
13-Cyclohexyl- thox*? ] benzo[3 4]azeé t_?[iz,%Oahn e-,lO diga oxyllc acid 10-tert-butyl ester
‘ 2, followed by the addition
. 58PCT/EP2609/004942 -64- solution
was stirred at RT for 24 he solvent was then removed under redu pressure. The crude product
was triturated with diethyl ether. The crystals were filtered off and dried"under vacuum overnight to
afford the title productﬁi3 -Cyclohexy1-. 6d

2 methoxy }T venzalidiaoepinaldcalindolesnt dseieartiaroiiiacd Smeldssiet ks (89%. 060

amino)- gt]_hy -amino ;-et hHl]ca%agloyI) TH-benzo{3.4jazepino[1,2-alindole-
10-carboxylic acid fert-butyl ester 6¢ (650 mg, 0.842 mmole) and cesium carbonate
(1.646-g, 6 eq) in dry DMF (10 mL} was added slowly a solution of methyl! jodide
(122 mg, 1.02 mmole) in dry DMF (2 mL). After stirring for 1h at RT, the RM was

diluted with water and extracted with EtOAc. The organic layer was then washed with

/.

6- methyl ester a & g S.digsolved in dry dichloro

10 water, dried over MgSO,, filtered and concentrated. The residue was purified by flash
chromatography on silica gel, using a gradient of EtOAc in DCM (0 to 100%), yielding
to 530 mg (83% yield) of the desired product 13-Cyclohexyl-3-methoxy-6-[2-(methyl-
{2-[methyl-{2-nitro-benzenesulfonyl)-amino]-ethyl}-amino)-ethylcarbamoyi]-7H-
benzo|3,4]azepino[1,2-ajindole-10-carboxylic acid terr-butyl ester 6d as a yellow solid;

15 m/z =786 (M+H)"

Step 4

Q/SH 5,00,
+

6d

A mixture of 13-cyclohexyl-3-methoxy-6-[2-(methyl-{2-methyl-{2-nitro-benzene-
20 sulfonylamino]-ethyl}-amino)-ethyicarbamoyl]-7H-benzo[3,4]azepinof ,2-a]jindole-
10-carboxylic acid fert-buty! ester 64 (380 mg, 0.483 mmole), cesium carbonate
{315 mg, 2 eq) and thiophenol (107 mg, 2 eq) in DMF (5 mL) was stirred at RT
overnight. Cesium carbonate (315 mg, 2 eq) and thiophenol (107 mg, 2 ¢q) were then
added to the RM and the RM was stirred for 1h. Upon completion of the reaction, the
25  RM was filtered and loaded on a cartridge containing a SCX-resin, pre-washed with



13a12b13b 13-Cyclohexyl-3-hydroxy-7H-benzo[3,4]azepino[1,2-a]indole-6,10-dicarboxylic acid
106-methyl ester 13a (0.86 g, 1 eq), N-methyl-N-allyl-sulfuric diarnide 12b (0.67 g, 2.03 eq),
N1-((ethylimino)methylene)-N3,N3-dimethylpropane-1,3-diamine hydrochloride (EDCI) (1.14 g, 3.06
eq) and dim&ttypidass-yl-amine (DMAP) (0.67 g, 3.04 eq) were disSORISUERZ8/004942
dimethylformamide (20 ml) under N2. The solution fas stirred at RT for .3 days. This solution was
slowly added into ice water. 15 The water layer was extracted with ethyl acetate (3 x 50 ml) and

washed with E@%Wﬁ@ﬁﬁﬁaﬁg@ﬁs éﬂtm@s Jhie DURbisetRIganis, laxers wasa sk eghaua magnesium
sulfate, filtereg andl evan e?gﬁ& S ‘@%Q gr[ Sﬁ‘ié;mTﬁ%éngﬁePJ&%‘{S%é%%ﬂﬁg by
o) of the title produ

preparative HPLC to giv: m/z 578 [M+H].
111-NMR (H @&@Mﬂﬁtﬂﬂflﬁbw *EH“?&‘P?})‘/ Tmgthyg %F‘%Tl’!y’é'illﬁ’&f 8V 52-1.78 (m, 2H,
CH2), 1.81-1 88ifnl - <thiIGk2nayd37HI (a0 3 can bl airde -4 2-garbory i C Y86 (s, 3H,
CH3N), 379 (urdRseHA0WR BB Bitn&HanYicd 80 BB tmveHP DR A A280(dMHI--= 12.97 Hz,
CH2), 5.21 (dg L E J=10.15 Hz, CH2), 5.31 (d, 1H, J=17.13 Hz, CH2), 5.61 (d, 1H, J= 13 .12Hz, CH,),
5.78- 5.90 (m;, CH.), 7.25 (dd, 1H, J= 2.30 and Jr= 8.60 Hz, CH.), 7.32-7. 35 (m, 1H, 25CH"™"),
7.54 (d, 1H, J= 8.60 Hz,CH.), 7.614(d, 1H, B8 45 Hz, CHaremn), 7.88 (d, I#sf= 9.01 Hz, CH.), 7.91
(s, 1H, CH), 8.31:8.34 (b5, TkmNﬁsoz) Step 3 13b13e WO 20 }60’36'58ﬁ€T/EP2009/004942
-65- Compounél’ 3b(0:60 g. 1 eq) was dissolved |n a mlxtq) e of tefral] drofurane:methanol (1:1) (20
ml), followed by thé-atiditinbfia LiOH solution in water (0.09 g2 &0 G» e solution was stirred

% under reduced pressure and the

overnight at RT for sevl days. The solvents were then evapora

water layer was acidified"with a 3 N HC! 5solution until pH 2. The resulting crystals were filtered off,
washed with water & isopropy! ether and dried under vacu&fm overnight to afford 0.44 g (74%) of the
title product 13c; LC-MS: Rt. 5.84 min., tn/z 562 [M-Hr. Step 4  1013c13d Compound 13e (0.44 g, |
eq) and HATU (e syngesissoé gyadueetdivssivedonngihsing tberprasrdeupersrig ferlthwed by the

addition f D1y htActds bF @rfhpd0ndlid, using intermediate 6e instead of intermediate e, yielding
200 mg (50%) of the target product; m/z = 680 (M+H) .

Step 6
H HzN-SO»O HoN.g %
8 NV\N/\’N‘ O \/\N/\’N
8 |
0 N o

15 The synthesis of product 6g was performed using the procedure described for the

synthesis of compound 1le, using intermediate 6f instead of intermediate 1d, vielding
187 mg (quantitative yield) of the target product; m/z = 624 (M+H)".

S
C; Sy

Step 7

20 6g 6

The synthesis of product 6 was performed using the procedure described for the
synthesis of compound 1, using intermediate ég instead of intermediate 1e, yielding
43 mg (22% vyield) of the target product; m/z = 606 (M+HY",



1.5 eq) and allylamine (0.07 ml, 1.2 eq). The solution was stirred at RT for 3 days. The
dimethylformamide solution was then slowly poured into ice water. The resulting 15 crystals were
filtered off, washed with water and dried under vacuum overnight to afford 0.47 g (100%) of the title
product 13dwlgdifnREs3.01 mm., m/z 603 [M+H]. Step 5 13d13 20 N2 washishbleg through a
solution of compound 13d (0.47 g, 1 eq) in 50 ml of iéhloroethane for 1 h. Then Grubbs 2nd
generation catalyst (0.13 g, 0.2 eq) was added and the reaction mixture was heated at 80C overnight.
The solution was cooled down to RT and some extra amount of catalyst was added (65 mg). The
solution was h%ated at iOC ugdetglrsNog fgg}sgveﬁ hours. The solution was then evaporated under
reduced 25 pr y flash chromatography on elution of
dlchloromethane‘nﬁej;aﬁoh 00 to 95 5), and was subsequently recrystallized from methanol. Flnally
the product wa =
product 13; LC-MS$R
CH2), 1.30-1.48 (m, 3] WO 20101003658PCT/EP20091004942 66 1 62 1. 78 (m, 2H,
CH2), 1.82-1.93 (m, IH, ) 1. 93_62 12 (m, 3H, CH2 (2x)), 2.65- 2.90 (m, 4H, CH and CH3N), 3.56
(d, 2H, Jr-- 18.10 Hz, CH2), 3.80-3.97 (brs, 5H, CH2 and CH30), 4.21 (d, 1H,15.12 Hz, CH2),
4.28-4.46 (m, Md&H), 5.72 (d, 1H, ./-= 14.15 Hz, CH2), 5.78-5.88 (m, 1H, CH), 6.53 (s, 1H, CHan,,,,),
7.18-7.28 (m, 2H, CHarom 5(2x)), 7.39-7.49 (m, IH, CHar,,,,"), 7.55 (d, 1H, ..1-= 8.38 Hz, Cliam",),
7.62 (s, 1H, CH.."™")), 7.72- 784@)0;%H NH), 8.29 (s, 1H, CH), 8513862 @xs 1H, NH). Example 14-

synthesis of comptlbi@“flt/\ 182 4@ CHg-l NN
13-Cyclohexy @ thoxy 7H Alazepipol[T,2- ad@lsefﬁ ,10- dlcngC acid 6-methyl ester
13a(0.60g, 1e 2 dissolved in dry acetonitrile (50 m un‘ﬁigr N2, followed by the addition of
di-imidazols1-yl- me&anone (CDI) (0.66 g, 3 eq). The 15solut®n was stirred overnight at 50C. The
solvent was then evaporategginder reduced pressure and the crude produgi was purified by flash
chromatography on elution with heptane:acetonitrile and finally ethyl acetate. The product was

recrystallized frofri sty ere efdveMd g ety layasaly bbisathare grodlith 142 g enzene - o
sulfonamide) 6b (3 g, 6.15 mmo]es) in dry DMF (50 mL) was added portion wise

sodium hydride (738 mg, 3 eq, 60% in mineral oil} at 0°C. After 20 minutes, a solution
10 of methyl iodide dissolved in dry DMF (5 mL) was added slowly to the RM. After

stirring for 1h at RT, the RM was quenched with water and extracted with EtOAc. The

organic layer was washed with water, dried over MgSQOy, filtered and concentrated.

Purification by flash chromatography with a gradient of EtOAc in DCM (20 to 80%)

afforded 1.94 g (61%) of the desired product N,N'-(2,2'-(methylazanediy]}bis(ethane-
15 2,1-diyl))bis(V-methyl-2-nitrobenzenesulfonamide) 7a; m/z = 516 (M+H)".

Step 2

0 088

h | b
; SH
T o e gy - OO0

Ta © Th
A mixture of N,N-(2,2'-(methylazanediyl)bis(ethane-2,1-diy]))bis(N-methyl-2-niiro-
20 benzenesulfonamide) 7a (1.24 g, 2.405 mmoles), cesium carbonate (2.35 g, 3 eq) and
thiophenol (795 mg, 3 eq) in DMF (25 ml.) was stirred at RT during 1b. Upon
completion of the reaction, the RM was filtered and loaded on a MP-TsOH cartridge,
prewashed with DCM. After rinsing the cartridge with DCM (several times, until a
colorless fraction was obtained) the product was eluted with NH; in MeOH, yielding to



00 -0 NH DBU ACN 20 0):0 14al4bl4c WO 2010/003658PCT/EP2009/004942 -67- (0.47 g, 1.50
eq) and 2,3,4,6,7,8,9,10-octahydro-pyrimido[1,2-a]azepine (DBU) (0.31 g, 2 eq). The solution was
heated at 50C overnight, then evaporated under reduced pressure. The resulting residue was stirred in
a 0.1 N citricrazmmvadasssolution. The crystals were filtered off and dried aodaryacwamsovernight. The
product was 5 purified by column chromatography etfelution with dichloromethane to remove the first
impurity. The other obtained fractions were added together. This product was further purified by flash

chromatograpbyoqage teson) with, dichiprematiane: {Hﬁ%ﬁ?}'&ﬁhﬁ%@&ﬁ Pl dQ afare 04440 (55%) of the
title product 1 C-MS. él 59 mm m/z 73 §‘§MT)_| i%sw{l%f DC13) 5 (ppm) 1.18-1.34 (m, IH,
CH2), 1.35-1. t%rs e SRR s 70-1°85 1M 3H

CH2 (2x)), 1.90-2.12 (m, 5H, CH2
(30, 2.30-2.418B.3H, CT-12 (2x)) 252 2.62 (M, 2H, CH2), 2.77-2.90 (m, 1H, CH), 3.13- 3.22 (m, 2H,
CH2), 3.43-3.57 (m, 4H.CH2 (2x)), 3.83 (s, 3H, CH30), 3.92 (s, 3H, CH30), 4.16:4.23 (m, 1H, CH2),

5.58-5.69 (m, 1 OCHZ) 7.00 (d, 1H, .Lf= 254 Hz, 7.11 (dd, 1H,92'2767atvd J= 8.59 Hz, CH.),
7.48 (d, IH, J=8#4 EH.), 7.53,d, b J= SﬁiﬂL,.c . 1H, CH.), 7.90 (d, 1H, J=
; § 14c14d 200 AT of

8.48 Hz, CH.), 8.09¢(s %

5 ib 7b Te

The synthesis of 13-cyclohexyl-3-methoxy-6-(methyl-{2-[methyl-(2-methylamino-
ethyl)-amino}-ethyl}-carbamoyl)-7H-benzof3 ,ﬁ]azepino{ I,2-alindole-10-carboxylic
acid fert-butyl ester 7e was performed following the procedure reported for the
synthesis of compound e, using N;,N»>-dimethyl-N,-(2-(methylamino)ethyl)ethane-

16 1,2-diamine 7b instead of Methy!-[2-(2-methylamino-ethoxy)-ethyl}-amine. After
purification by flash chromatography with a gradient of ammonia in methanol 7M in
EtOAc (5 to 15%), 100 mg of the desired product 7¢ were obtained as a vellow oil; m/z

=615 (M-+H)".
Step 4
| HgN.g‘o
O NN
. o !
HO™™y N g
15
Te 74

The synthesis of 7d was performed following the procedure reported for the synthesis
of compound 1d, using 13-cyclohexyl-3-methoxy-6-(methyl-{2-[methyl-(2-methyl-
amino-ethyl)-amino]-ethyl} -carbamoyl)-7H-benzo[3,4)azepino{ I,2-alindole-10-

20 carboxylic acid zert-butyl ester 7e instead of 13-cyclohexyl-3-methoxy-6-{methyl-
[2-(2-methylamino-ethoxy)-ethyl}-carbamoyl}-7H-benzo[3,4]azepinof 1,2-ajindole-
10-carboxylic acid teri-butyl ester 1¢. After purification by flash chromatography with
a gradient of methanol in EtOAc (0 to 10%), 50 mg of the desired product 7d were
obtained; m/z = 694 (M+H)",



Compound 14e (0.41 g, 1 eq) was dissolved in dry dichloromethane (10 ml) under N2 followed by the
addition of trifluoroacetic acid (1.30 ml, 30 eq). The solution was stirred at RT overnight. The solvent
was then removed under reduced pressure and the crude product was stirred in diethyl ether. The
resulting crystalswessdiitered off and 25dried under reduced pressure teaff@icfsibgsB87%) of the
title product 14d; LC-MS: RT. 3.81 min., m/z 634 [M43f. WO 2010/003658PCT/EP2009/004942 -68-
Step4 14dl4e Compound 14d (0.31 g, | eft) was dissolved in a mixture of
tetrahydrofurarggegethanol 5(1:1), followed by the addition of 50% NaOH-water solution (1 ml). The
solution was stirred at RT overniqm@gn evaporated under reduced pressure. Jhe water layer was
acidified with acetic acid Q\H/Qf ggﬁ‘extracted with ethyl acetate (£ )%50 r’rﬁﬁ":$’ﬂ1e combined ethyl
acetate layers werg dried qver SHdium sulfawe, filtered off an evapotgd‘\!l’n\dgr reduced pressure to
obtain the desipé@ sompeung.l4e as a yellew-16-pewder %)O 30 20%):; LC-MS: Rt. 3.64 mm., tn/z
622 [M+H]t 14el4 {e'‘'syntbiesis of the title compound 1 ifg_pecformed following the
procedure 15reported fe synthesis of compound 11, using intermediate 14e instead of 11d.
Example 15 - synthesis of'‘compound 15 15 Compound 13a (0.20-¢, 1 eq) was dissolved in dry
acetonitrile under Nz followegyby Te

The synthesis of 7e was performed following the procedure reported for the synthesis
5  of compound 1e, using intermediate 7d instead of intermediate 1d; m/z = 638 (M+H)".

Step 6
i
\N,-\/N/\/N 0
Oad \ \f

,]S—NH S

COI, DBU py

—_—— o
ACN
Te 7

The synthesis of product 7 is being performed using the procedure described for the
10 synthesis of compound 1, using intermediate 7e instead of intermediate le.

Example 8 — svnthesis of compound 8

15



5 the addition of CD1 (0.1 g, 1.3 eq). The solution was stirred at 60C for 1 h. According to TLC, the
reaction went to completion. DBU (0.10 ml, 1.52 eq) and diaminosulfuric diamide 15a (0.29 g, 2 eq)
were then added. The solution was stirred at 60C for 3 h, then was evaporated under reduced
pressure. A gitsisoagidswsater solution (0.1 N) cooled in ice, was added to ¢he /geuae pradect. The
residual solution was extracted with ethyl 10 acetate®¢3 x 50 m1). The combined organic layers were
washed with brine (50 ml), dried over sodium sulfate, filtered off and evaporated under reduced

pressure {0 affprd 024, 8i(63%) QAL HERIPRHEIER R CMIURE RO IAT: MUaFAAMN HIL. Step 2
1515b15e The §yn esis icom ound 1Te Wa§£erfor fo'%‘xmg t ed%rée Eorted for the
synthesis of b FETRRFE I R RN SR LB B A Lo e
(methypaminofSt#eed e Ssbmmeldns g-tgatontryisadmeaoRy2, (‘beéﬁhydrocyclopropa[d]lndolo[z 1-a][
2]benzazepinestagZH)-carboxylic acid (11c), 20using intermediate 15b instead of methyl
5-({[{244-(tert- butoxycarbonypg Hperazm 1- y|] ethyl} (methy)amine] suifonyl

Icarbamoy1)-8- cyclohexyl-?L b-methoxy-1, 1; inydrocyc Iopropa [dLindolo[2,1 -a]

[2]benzazepine-la( o5y Iate (11b); Tizl736 [I\&I;H 2010/003658PCT/EP2009/004942
-70- Step 3 a5t The-Bynif |soof theyﬂmpouﬁd @ > @o wed following the procedure
Sreported for the synthesi sernpound 85@:37 exyl-11-m ;

(2-piperazin-1-ylethyDamipo ulfonyl}carbamoyl)-l,12b-dihydr
indolo[2,15a][2]benzazepiheAa(2H)-carboxylic acid (Ild), using infefmediate 15c instead of
5-({[{244-(tert-butoxycarbonyl)piperazin-1-yllethyl)(methyDaminoP §ulfonyl)
carbamoy1)-8-cyclohexyl-11-methoxy-1,12b- d|hydrocyclopropa[d]lndolo-
10[2,1-a][2]benzar&D i-la{d peacboxy harasishél ok e lchngite 448 ag, (@uaniiailyeyyield) of the
desired producjs fu4z S8 ddldr QBB tic acid 8b (19.83 g, 39.5 mmot) and DME (5-drops) in

tetrahydrofuran (dry) (100 mL). Upon addition of oxalyl chloride immediate formation

10 of gas was observed. The reaction was stirved at 0 °C for 1.5 hour. Then, an extra
amount of 0.5 eq of oxalyl chloride was added and the reaction was stirred for 1 more
hour (repeated once until full conversion was obtained). The reaction was then
evaporated to dryness in vacuo to afford 20.5 g (97%) of the acid chloride 8¢ as a white
solid; m/z (methyl ester formed by addition of methano! prior to analysis)

15 =516 (M+H)".

Step 3

o]

%]
5 1 o
O Q 0 nBuli, ThBuLL, THE
O

8¢

To a solution of (§)-4-benzyl-2-oxazolidinone (7.50 g, 42.3 mmol) in tetrahydrofuran
20 (dry) (60 ml) under nitrogen atmosphere n-butyllithium (26.4 ml, 42.3 mmol) was
added siowly at -78°C. The reaction mixture was stirred for 40 minutes at -78°C. After
40 minutes, the anton solution was added via a canula to a solution of the acid chloride
8¢ (20 g, 38.5 mmol) in 60 mL THF at -78°C. The reaction mixture was stirred for
1.5 hours at -78°C, When the reaction was finished, it was quenched with an ammonia
25  chloride solution at ~70°C. The reaction mixture was then warmed up to room
temperature and extracted with EtOAc, washed with brine and dried over Na;SO4. The
organic layer was filtered and concentrated to afford 26.34 g of a yellow solid. The two



15d15 15 The synthesis of the title compound 15 was performed following the procedure reported for
the synthesis of compound
31-cyclohexyl-8-methoxy-22-methyl-21-thial,13,20,22,25-pentaazaheptacyclo[23.2.2.13'13.1 12'15.1
14'18.035.08013tiotedé¥nta6,8,10,12(31)4 4(30),15,17-heptaene-2,19-diBHEEXE@IAGHG%Ide 11, using
intermediate 15d instead of 8-cyclohexy1-11-methoXy-5-(( [methyl(2-piperazin-I-ylethyDamino]- 20
sulfonyl)carbamoy1)-1,12b-dihydrocyclopropa [d] indolo[2,1 -a] [2]benzazepine-la(2H)- carboxylic acid
11d, yielding 16fkmig(R498d/teld Befaeregrarsetdynilzsh L8| [siiforhkidgMph A8k HZz, DMSO-d6) 8
ppm 1.06- 1-18s(méﬁmé;é@m%§ad(me,% doiided he 1B Ao $d)idsB24 L 8 1(Ma2ety). 1.81- 1.93 (m, 1
H) 1.93 - 2.10 (tn, 2,H) 2.53 - 3.21 (m, 12 H) 3.31 -3.67 (m, 4H) 3.86 (s, 3 11)4.33 -4.51 (m, 1 H) 4.99-
5.16 (m, 1 H) 25766 - 7.14 (m, 2 H) 7.17 (d,, T=8.02 Hz, 1 11)7.52 (d,..j=8.22 Hz, 1 H) 7.55 - 7.68 (m,
1 H) 7.77 (m, 1 H) 8.39 ¢ig.°% H). WO 2010/003658PCT/EP2009/004942 -71- Example 16- synthesis
of compound 16 =~ Step,1/" 518;

stirred solution ekLBa (3.0 5.
reaction mixture orcentrated undeoreduced
water (150 mL). T ot el
was formed, which was ¢ellected by filtration, washed wi
3.179 (89%) of 16b as alowish powder. The product wa
next step; rsn/z =502 (M+H)4§d8tep 2 1516bl6e

and subsequently diluted with ice-cold

4 =@a & with diluted 10 HC1. A precipitate
ater and dried under vacuum to give

used without any further purification in the
8f

Diastereoisomer 8d (11.17 g, 16.90 mmol) was first dissolved in THF (130 ml) then

methanol (130 ml) was added. IN NaOH soiution (101 mL, 101 mmol) was added

slowly so that the temperature was kept below 30°C. The reaction mixture was stirred

at room temperature for 2 hours. When the reaction was finished 1 N HCI solution was
10  added until the pH reached 2. 500 mL H>O was then added and the reaction mixture
was extracted with EtOAc, washed with brine and concentrated. Purification by flash
column chromatography using 1:1 Heptane/EtOAc afforded 5.24 g (60%) of the
desired enantiomer (4bR,5aS)-9-(tert-butoxycarbonyl)-12-cyclohexyl-3-methoxy-

4b,5,5a,6-tetrahydrobenzo[3,4]cyclopropal 3,6jazepino[ 1,2-alindole-5a-carboxylic acid
15 8f with an ee of 97%; m/z = 502 (M+H)".
Step 3

8f 8¢

To a stirred solution of intermediate 8f (2 g, 3.99 mmol) in dry DMF (50 mL) at 0°C,
20  were added di-isopropyl ethylamine (DIEA, 1.54 g, 11.9 mmol), HATU (2.27 g,

5.98 mmol) and 2,2’ -oxybis(N-methylethanamine) (2.1 g, 15.95 mmol). The resulting

mixture was stirred at 0°C for 1 hour then kept at room temperature for 12 hours. The

reaction mixture was then successively poured into an iced water solution, extracted

with dichloromethane, dried over MgSQy then concentrated. The residue was purified
25 by column chromatography using a gradient of methano! in dichloromethane (0 to

10%) to vield 0.94 ¢ (38% yield) of the desired product fert-butyi(1aR,12bS)-



HATU (3.6 g, 9.48 nunol) was added under nitrogen to a stirred solution of 16b (3.17 g, 6.32 minol),
DIPEA (3.3 mL, 3 eq) and 2,2'-oxybis(N-methylethanamine) (3.34 g, 4 eq) in 60 mL of dry THF. After 1
h, the reaction mixture was quenched with water (100 mL) and extracted with ethyl acetate (EtOAc).
The organicHayep Va3 &Bsuccessively dried (Na2S04), filtered and evapefatas:2fhswresidue was
triturated in water, filtered and dried to give 4.05 g ('éaantitative yield) of the target compound 16c,
used directly in the next step: rn/z = 616 (M+H)+ WO 2010/1103658PCT/EP2009/004942 -72- Step 3

16ﬂcl6ddA scl)gmieycmgg1(31aagma@s_mmm@m@qgmﬂgﬁ.ﬁﬂﬁtﬁoﬂﬂ?e‘ﬂﬂﬂ%@@ﬂtw L) 5 was
refluxed at I 2 ORI g G e
e B M e e

evaporated undey vacyum. re?{g wasrediss edw

magnesium sait¥ t?ﬁéb&%n%% “ditrated to give 4.48 g (quantitative yield) of the desired product
16d, used diréggp n the next step: trilz = 695 (M+H)+ 10 Step 4 n  16d16e TFA (14.7 g, 129 mmol)
was added to g solution of 16d (4.48 g, 6.45 rnmol) in dichloromethane (50 mL). After lh, the reaction
mixture was concergrateg under 15 vacuum. Tie residue was triturated in ether, filtered and washed
with ether, then;purified b romatography (gradiePf Et®Ag to EtOAC/EtOH, 9:1) to give 3.05 g (68%)
of the desiredﬁoduct 16en/z :/639 (M H)+ V;YQ 2010/068658 -73- Step 5

a G TFA N

8¢ 8h
The synthesis of (1aR,12bS)-8-cyclohexyl-11-methoxy-1a-(methyl{2-[2-(methyl-
amino)ethoxy]ethyl}carbamoyl)-1,12,2,12b-tetrahydrocyclopropadjindolo2,1-
a}[2}-benzazepine-5-carboxylic acid 8h was performed following the procedure
10 reported for the preparation of compound e, using intermediate 8g instead of 1d. The
obtained residue was further dissolved in DCM, washed with water, dried over

magnesium sulfate, filtered and concentrated to dryness, leading to 0.474 g (56% yield)
of title compound 8h; m/z = 560 (M+H)",

Step 7

15

8h 8i

To a solution of intermediate 8h (0.474 g, 0.847 mmol) in dioxane (10 mL) was added
sulfamide (0.814 g, 8.47 mmotl). The resulting mixture was stirred at 100°C in a
microwave oven for 4 hours. The reaction mixture was then cooled down to room

20 temperature and concentrated. The residue was purified by column chromatography
using a gradient of methanol in dichloromethane (0 to 10%) fo give 143 mg (26%) of
the title product (1aR,12bS)-1a-[(2-{2-[(aminosulfony!)(methyl)aminolethoxy}ethyl)
(methyljcarbamoyl]-8-cyclohexyl-11-methoxy-1,18,2,12b-tetrahydrocyclopropafd]
indolof2,1-a][2]benzazepine-5-carboxylic acid 8i; m/z = 639 (M+H)".

25



PCT/EP2009/004942 16e16 Carbonyldiimidazole (1.07 g, 6.59 mmol) was added to a stirred solution
of 16e 5 (3.05 mg, 4.39 mmol) in dry ACN (40 mL). The reaction mixture was stirred at 60C for Ih:
complete conversion to the acyl imidazole intermediate was observed. The resulting solution was
cooled dowrt€ RTV/eliRét8d with dry ACN (300 mL) and DBU (1.34 g, 2 edonarzdgeeisThe reaction
mixture was stirred overnight at room temperature, theh concentrated under reduced pressure. The
residue was redissolved in 10 DCM, washed with water, dried, filtered and concentrated. Purification
by column chragegiggraphy (gradient DCM to DCM/MeOH 9:1) provided 930 mg (33%) of the title
product 16 as a white powder: rn/z = 621 (M + H)+, 1H NMR (400 MHz, CHLOROFORM-d) 5 ppm
1.15-1.31(m, 1 H%,’ki31 -1.52 (m,3H)1.69-1.81(m,2H)1.84(s,31l)1.88-2.13 (m, 7 H) 2.45 (d,
J=14.87 Hz, 1 m@?aefé\cgz\m, 1 H) 153.14 (s, 3 H) 3.40 (d, J=15,68 H¢, 1 H) 3.54 - 3.70 (m, 3 H)
3.81-3.90 (in, 1 H) 3.93 (s, 3 H)O3 -4.18 (m, 1 H) 4.37 (d, 35: .67 Hz Yt H) 4.64 - 4.80 (m, 2 H) 7.06
(d, J=8.80 Hz, 1 H), 7,09 (s, 1 7.48 (d, J=8 22 442, 11-1)3;.?‘? (s, 1 ~70 (d, J=8.22 Hz, 1 H) 7.89
(d, J=8.41 Hz, 1 H) 100 @ ; }-Bkample T7,z Synthesis of @ Y @ @ Ch-g-NH O WO
2010/003658PCT/EP2008 >=74- Step 1 16bl7a The syntvé&srs e title compound 17a was
performed following the proceduke reported for the synthesis of compognd 16c¢, using
Nlie-dimethylbutane-1,4-diarniné instead of 2,2'-oxybis(N-methylethanamine), yielding 1.25 g (quant.
yield) of a white solid; rn/z 6@® [M+Ht. Step 2 The synthesis of the tifle compound 17b was performed

following the propedueseiReited: o1 1he) upibestie:g aamanannd, Yacthugingeompesnd;k/adnstead of
compound 6c.;yielding 1.6 (424 viokt oL A ol yellow sold, iz 679 M1
-indolo[E,l-a}[E]benzazepineui3,23(2H)—dione 15,15-dioxide 8§ was performed
following the 2-step procedure reported for the synthesis of compound 1, using
intermediate 8i instead of 1e, yielding to 90 mg (52% yield) of a white solid; m/z = 621
(M+H)". 1H NMR (400 MHz, CHLOROFORM-d) 8 ppm 1.3 - 1.5 (m, 3 H) 1.75 - 1.8
10 (m,5H)1.85-2.65(m, 6 H)2.5-3 (m, 3 H) 3.2 (s, 3 H)3.22 (5, 3H) 3.4-3.7 (m, 6 H)
3.87(s,3H)3.75-3.9 (m, 1 H)4.9-5.1 (m, 1 H) 6.95-7.16 (d, ;=839 Hz, 1 H) 7.28 (5, 1
H) 7.44-7.55 (m, 2 H) 7.80 (d, /=8.39 Hz, 1 H) 9.4 (br.s., 1 H).

Example 9 ~ synthesis of compound 9

=

N0
O=g-NH
el

O
N

I5

Step 1
Q
L T - ?ﬁ
Q
! NaOH
Forb iy, e Ao

Se Gq

Enantiomer (4bS,5aR}-9-(tert-butoxycarbonyl)-12-cyclohexyl-3-methoxy-4b,3,3a,6-
20 tetrahydrobenzo[3.4}cyclopropa[5,6]azepino[1,2-alindole-5a-carboxylic acid 9a was



Step 3 The synthesis of the title compound 17c¢ was performed following the procedure reported for
the synthesis of compound 16e, using compound 17b instead of compound 16d, yielding 538 mg (62%
yield) of a slightly brown solid; m/z 623 [M+1-1]+. The synthesis of the title compound 17 was
performed f8HE6wARYUM#EPBrocedure 5 reported for the synthesis of compoBfd/EB0%HG *¢dmpound 17e
instead of compound 16e, yielding 70 mg (15% yie‘l%ﬁ'of a white solid; m/z 605 [M+H]t. 1H NMR (400
MHz, DMSO-d6) 8 ppm 1.08- 1.20 (m, 1 H) 1.22- 1.79(m, 13 H) 1.88 (s, 6 H) 2.40 - 2.47 (m, 1 H) 2.69
- 2.83 (M, | Hp2:fRed InlA700y1d 1 ol D63 Adbwlind )18 G dSe didd } h ORe LB sinkik 426 (d,
J=14.67 Hz, |4} 4,80, (elo b 14,09 Haoh i aladB (ML 101 58 6L 2l orad: A EL 32 (inl2-15 Hz, 1
H) 7.46 - 7.57_ (m, 2'H) 7.80°- 7.92m, 1 H) 8.48 (s, 1 H) 11.39 (hr. s., 1 H) Example 18 - synthesis of
compound 1 he synthesis of the title compound 18 was performed following the 4-step procedure
15reported for the synthesisiof compound 17, starting from intesnediate Ib instead of 16b, and yielding
0.5 g of a white s%lid; rfZ 881 [M+Hr. JH NMR (400 MHz, DMSO\-EE)'&M m 1.01-1.19 (m, 1 H) 1.18-
1.52 (m,5 H)-;?L% 9 {m, AHl) 1.80 - 2_\98)\@ 4 H)2.42-2.48(m, 1 H) 263 -2.80 (m, 1 H) 2.93 (s, 3
H) 2.98 -3.14 (m, 1 H).. < L H)/5.04 (d,1=14.48 Hz,
201 H) 6.84 (br. s., 1 H) @ ¢ 1 H) 7.55(d,1=8.41
Hz, I H) 7.87 (d, 1=8.41
2010/003658PCT/EP2009/004942 -76- Example 19- synthesis of comp 19 19 The synthesis of
the title compound 19 was performed following the 5-step procedure reported for the synthesis of
compouna 1, starting from gﬁermediate 10-tert-butyl 56-methyl 13-cyc|ohexy1-39ﬁ’ljoro-7H-indolo[2,1

-a] [2]be nzaz?ﬂﬂﬁﬁ@fﬂ&é@{?@w&@ﬁohcxyk1 I-methoxy-1a-{methyl{2-[2-(methylamino)ethoxy]
ethyl}carbamoyl)-1,1a,2,12b-tetrahydrocyclopropa[d]indolo{2,1-a][2]benzazepine-5-

carboxylate 9b was prepared in 60% vield from 9a and 2,2’ -oxybis(N-methyl-
ethanamine) following the procedure used for the preparation of compound 1¢; m/z =
10 616 (M+H)".

Step 3

To a solution of intermediate 9b (0.73 g, 1.185 mmol) in dioxane (10 mL) was added

15  sulfamide (1.14 g, 11.85 mmol). The resulting mixture was stirred at 100°C in a
microwave oven for 3 hours. The reaction mixture was cooled down to room
temperature then concentrated. The residue was purified by column chromatography
using a gradient of methano! in dichloromethane (0 to 10%) to yield 743 mg (80%) of
the title product rert-butyl(1aS,12bR)-1a-{(2-{2-[(ammmosulfonyl}(methyl)amino]-

20 ethoxy}ethyl)(methyl) carbamoyl}-8-cyclohexyl-11-methoxy-1,1a,2,12b-tetrahydro-
cyclopropald]indolo[2,1-a][2]benzazepine-5-carboxylate 9¢.



19a instead of 10-tert-butyl 6-methyl 13-cyclohexy1-3-methoxy-7H-indolo[2,1-
a][2]benzazepine-6,10-dicarboxylate la, and yielded 180 mg of a white solid; nz/z 595 [M+Hr. 1H NMR
(400 MHz, CHLOROFORM-d) 5 ppm 1.11 -1.29 (m, 1 H) 1.29 - 1.53 (m, 3 H) 1.67 -1.83 (m, 3 H) 1.87
- 2.11 (m, 4 ™9 2030943658, 3 H) 2.69 -2.82 (m, 101 5§ .81 -2.98 (m, 1 HYGIEPI099¢4943 46 -3.58 (m,
11-1) 3.59 - 3.79 (m, 3 H) 3.90 - 4.08 (m, 1 H) 4.24 “4:38 (m, 1 11) 4.43 (dd,J=14.73, 1.27 Hz, 1 H)
4.97 (d, 1=14.63 Hz, 1 H) 6.73 (s, 1 H) 7.11 (dd, 1=9.27, 2.63 Hz, 1 1-1) 7.17 - 7.30 (m, 11-1) 7.57 (dd,
1=8.68, 5.76 Hgtep #) 7.69 (s, 11-1) 7.67 (dd,J=8.78, 1.56 Hz, 1 H) 7.90 (d, 1=8.78 Hz, 1 H) 9.84 (br.
s.,1H) 15 Example 20 - synthesis of compound 20 The syptheS|s of the title compound 20 was
performed follomﬁ@gnlhe 5- step procedure reported for thE;ﬂynmeSB of compound 1, starting from
intermediate 162eR-but§T6-methyl 13-cyclohexyl-3-fllioro25- m%’hyﬂ bi-indolo[2, 1-a]

[2]benzazepine- 61@» 20dicarbgxylate 20a instead of 10-tert-butyl 6-m:
13-cyclohexyl-3-methoxy:7i- indolo[2,1 -al-H{2]benzazepirfe-6,46

of a white solid; nilz ﬁ : ‘1 NMR (400 MHz, CHLORGESGRM

1.32-1.46 (m, 3 H) 1.64- 1.8 m, 3H)1.84 (s,3H)1.87-1.99 (m, ) 2.01 (s, 3 H) 2.47 (d, 1=14.63
Hz, 1 H) 2.73-2.87 (m, 1 H) 4 (s, 3 H) 3.43 (d, 251=15.02 Hz, 1'H) 3.56 - 3.64 (m, 2 H) 3.65 (d,
1=3.12 Hz, 1 H) 3.74- 3.88 (ﬁc, 1 H) WO 2010/003658PCT/EP2009/D4942 -77- 4.00 -4.12 (m,
111)4.35 (d, J=14.83 Hz, 1 H) 4.64 - 4.75 (m, 1 H) 4.81 (d, 1=14.63 Hz, 1 H) 7.16- 7.32 (m, 2 H) 7.53
(dd, J=8.39, 6.Q%hd+zmnihktisiob4 (S BHAF- 1A - Z-§ BRikmulfohy (@dd; Imd:80dtdmxy H) 10.09 (br. s.,
1 H) Examgle 24 g RIREHR ALSRIMALYNY ddndk mmetﬁmbﬁ%mihs&%ﬁﬁﬁme%@og& was
performed follo ‘{E‘r% € ?gt 1%;oce ure resoortgd fc1: the. esis oggom H;nl% & st?ﬁtlng from
intermediate 1 Butg/ Vicasitoles 1§af:yc)f5 exy m%sol’c)) ng

[2]benzazepinelB Bl 5B ﬁwrﬁﬁmeﬁemweﬁﬁmwemdm 9¢ instead
13-cyclohexy1-8 ik thieldisaH-Mdn[29% Jiok]] e bxarapinfoart Oadicariitskgatdlla, and yielding 270
mg of a white sg| ;gn/z 611 [M+H]. 1H NMR (400 MHz, DMSO-d6) 8 ppm 1.08- 1.22(m, 1 H) 1.31-
1.52(m, 3 H) 1. .78 (m, 2 H) 1.81 -2.09 (m, 4 H) 2.50 (s, 3H) 2.69 - 2.80 (m, 1 H) 3.00 (s, 3 H)
3.08 - 3.19 (m, 1%}@19 3.28 (m, 1 H) 3.46- 3.88 (m, 6 H) 4.524d, §=14.87 Hz, 1H)5.12 (d,
1=13.11 Hz, 1 H} 7‘(\04\)‘1749@ J=7.83 Hz, 1H)7éef70(m 153 H) 7.94 (d, 1=8.61 Hz, 1 H)
8.36 (s, 1 H) 11.39 (hr.s., 1 11) '

xylate la, and yielded 130 mg
ppm 1.14 - 1.31 (m, 1 H)

=55

o DI, DBU SN

THF

G

10
9d 9

The synthesis of (1a5,12bR)-8-cyclohexyl-11-methoxy-16,22-dimethyl-1,12b-dihydro-
5,1a-(methanoiminothioiminoethanooxyethanoiminomethano)cyclopropaldjindolo-
[2,1-a}[2]benzazepine-13,23(2H)-dione 15,15-dioxide 9 was performed following the
15 2-step procedure reported for the synthesis of compound 1, using intermediate 9d
instead of 1e, yielding to 80 mg (16% yield) of a white solid; m/z = 621 (M+H)". 1H
NMR (400 MHz, CHLOROFORM-d) & ppm 1.3 - 1.5(m, 3 H) 1.75- 1.8 (m, 5 H)
1.85-2.05(m, 6 H)2.5-3(m,3 H) 3.2 (5,3 H)3.22 (5, 3H) 3.4-3.7(m, 6 H) 3.87 (5,3
H) 3.75-3.9 (m, 1 H) 4.9-5.1 (m, 1 H) 6.95-7.16 (d, J=8.39 Hz, 1 H} 7.28 (s, 1 H) 7.44-
20 7.55(m,2 H)7.80(d, /~8.3%9Hz, 1 H)9.4 (br.s., 1 H).



Example 22- synthesis of compound 22 22 The synthesis of the title compound 22 was performed
following the 5-step procedure reported for the synthesis of compound 1, using N',
N6-dimethylhexane-1,6-diamine 20instead of 2,2'-oxybis(N-methylethanamine) in step 2, and yielded
50 mg of a WHt@WehesstHz 619 [M+Hr. 1H NMR (4 8 MHz, CHLOROFORKNM/EFEHHIF DO - 1.64 (m,
11 H) 1.66- 1.87 (m, 3 H) 1.87 - 2.15 (m, 4H) 2.47 (9%3 1-1) 2.66 - 2.91 (m, 2 H) 3.23 (s, 3 H) 3.25 -
3.33(m, 111)3.33-3.45 (m, 1 H) 3.90 (s, 3 H) 4.09 -4.25 (m, 1 H) 4.39 (d, 1=14.28 Hz, 1 H) 5.14 (d,
J=14.48 Hz, E &30 th3:6 G Hi2%7.06 (dd, 1=8.61, 2.15 Hz, 1 H) 7.45 (d, J=8.22 Hz, 1
H) 7.50 (d, 1=8,61 H#-11-1) 7.81 -7.96 (m, 2 H) 8.94 (br. s., 1 H) WO

2010/003658PCI£§§99 004942 -78- Example 23 - synthesis of compound 23 23 The synthesis of
the title comp@gﬂgg 23 wagperformed following the 5-step procedure reported for the synthesis of
compound 1, ¥sing NI,N2-d methyI-NC(Z- 5(methylamino)ethypethane-1,2-diamine instead of
2,2'-oxybis(N-m 2L S

1.60-1.78 (m, 2 H) 1.8 92 (m, L H) 1.92-2.07 (m, 3H)2.12 (s,3H)2.27-2.41(m, 1 H) 2.69 -
2.83 (m, 2 H) 2.83 -2.97 (m, 2 H) 3.01 -3.15 (m, 2 H) 3.17- 3.28 (m, 102 H) 3.86 (s, 3 H) 4.21 (d,
1=15.65 Hz, Igi),5.54 (d, 1=15.65 Hz, 1 H) 7.11 -7.25 (m, 2H) 7.35 (s, 1 H) 7.47 (d,1=8.22 Hz, 1 H)
7.53 (d, J=9.00 Hz, 1 H) 7.7Q- 7.83 (m, 1 H) 8.32 (br. s., 1 H) 8.37 - 8,50 (m, 1 H) Example 24-
synthesis of compound 24%\RIN 0 d-NH 0,Cl 24 15 The synthgsis of the title compound 24 was
performed foIIOV\g sp procedwé(ggported for the wpithesis;of compound 17, starting from
intermediate P 1 W
10-(tertbutoxycarbonyl)-2 zazepine-6-carboxylic acid 24b
instead of
10-(tert-butoxycarbony1)-1 -cyclohexy1-3-methoxy-5-methy|7H-indﬁio[Z,1-a][2]benzazepine-6-carbox
ylic acid I6b, and yielded 35 g of a white 20 solid; m/z 595 [M+H]. H NMR (400 MHz, Chloroform-a)
8 ppm 1.25- 115 (oo o351 (Burd LByl ffblotdr) 1118 (SetBo)-2,828-dd @0 tlp 2.5 -2.6 (m,

e TR,

-ch oro-13-cyclohexyl-7H-indolo[2,1-a][2]

1
7.25 (d, 1=8. NEOA R 576 (m. 2H) 7.6075 1 H) 7.9'd, 1=8.4 Hz, 1
H) 9.1 (br. s., 4 oromethane (25 mL) was added TFA (22.34 g, 194 mmdl). The resulting mixture

was stirred at room temperature for 6 hours then concentrated to dryness. The residue
10 was successively dissolved in dichloromethane, washed with water, dried under

MgSO0y, filtered and concentrated. The residue was then purified by column

chromatography using dichloromethane and ethyl acetate as eluent to yield 1.7 g (95%)

of the title product 8-cyclohexyl-11-methoxy-1a-(methoxycarbonyl}-1,1a,2,12b-

tetrahydrocyclopropaldlindolo]2,1-a}{2]benzazepine-5-carboxylic acid 102 as a white
15  powder; m/z 460 (M+H)".

Step?
o d o d
o] o] | o o
PN
H SN /e 9 o _7LQJLN é?;q ot ,
& i”}o eyl e i S g
10a 10b i6e

1,1°-Carbonyldiimidazole (0.847 g, 5.22 mmotl) was added to a stirred solution of

20 8-cyclohexyl-11-methoxy-1a-(methoxycarbonyl}-1,1a,2,12b-tetrahydrocyclopropald]-
indolo[2,1-a][2]benzazepine-5-carboxylic acid 10a (0.8 g, 1.74 mmol) in THF (15 mL)
at 25°C. The evolution of CO; was instantaneous and when it slowed the solution was
heated at 50°C for 2 hours and then cooled 1o room temperature. Terf-butyl{4-[(amino-
sulfony{methyDamino]butyl }carbamate 105 (0.735 g, 2.61 minol) was added



WO 2010/M3658PCT/EP2009/004942 -79- Example 25 - synthesis of compound 25 25 The
synthesis of the title compound 25 was performed following the 5-step procedure reported for the
synthesis of compound 10, starting from intermediate 10-tert-butyl 56-methyl

13-cyclohexy 1 30iiex3638/- 7H-indolo[2,1 -a] [2]benza§§p|ne -6,10- dicarbB3&Ta8AHINeES of
5-tert-butyl la-methyl

8-cyclohexyl-11-methoxy-1,12bdihydrocyclopropald]indolo[2,1-42Thenzazepine-1a,5(2H)-dicarboxylat
e 8a, and yieldédld®andyofha additeoschtiDBIEZ (8 52]81-BH8 tshNMBRif4DQ Wi zoBMSO-96) 5 ppm 1.03-
131294(?1 11|-|2)1la%$:§19t(50°é Hthd #Bredr Qdbob o2 ohr & EQ&quﬁeH};@r@ﬂoné’dM (m|_| 1 1H)Hf)’> .05
- in z,

584 (br s, 1 iﬁagﬁéﬂ‘% %“é% PR 4‘%‘1‘5‘%%%% ﬁﬁé’&éﬁr@’m%aﬁ%@s 41 e 1 H)
7.75 - 7.92 (m, ihpipuanse layars wers dijeflover (eSO« fhep eansrngiaiossio domAtssisFEdMiSound 26 26
Step1l Ib26a26i mmmsm@mm@mgﬂda@mm@tmwa@m mmole) of
lb, 410 mg (1.1 mgfﬁﬁg{sﬁ,];@)mﬁg &gq}@ﬁdﬂﬁ]{&i@ng 0pGtmitkekB €q) of diisopropylethyl amine in

dry DMF (10 mky), the resulting
yellow preC|p|tate }\%%SC% z%qag}?lf}mﬂ ﬁ?ﬁvﬁ%ﬁhﬁgﬁﬁﬁﬁnﬁ%ﬁ%ﬁ cér/:l mat riaphy 5 (eluant
DCM to DCM/MA&TRFESS%) té)?é*vdéka%faam OB A B d%EﬁB%?WBBFz 2 yellow powder;
m/z 771 [M+14¢arboxylate 10¢ as a white foam; m/z 723 (M+H)"

10 Step3

Lo
71\ )L /\/\'—M‘ LIOHH,O

PN
H

16c 10d

To a solution of intermediate ¢ (0.65 g, 0.899 mmol) in TH¥ (20 mL) was added
lithium hydroxide (0.75 g, 1.8 mmol) dissolved in water (5 mL). The resulting mixture
15 was stirred at room temperature overnight then diiuted with water and neutralized with
a 2M HCl aqueous solution. The resulting mixture was extracted with dichloromethane,
dried over MgSQOy4 then concentrated. The residue was purified by column
chromatography using a gradient of methanol in CH>Cl; to yield 0.55 g (86%) of the
title product 5-({{{4-[(terr-butoxycarbonyljamino]butyl} (methyl)amino]sulfonyl }-
20 carbamoyl)-8-cyclohexyl-11-methoxy-1,12b-dihydrocyclopropaldjindolo[2,1-
a)[2]benzazepine-1a(2H)-carboxylic acid 10d as a white solid; m/z 709 (M+H)"
Step 4

10d

25  TFA (2.5 g, 22 mmol) was added to a solution of intermediate 16d (0.52 g,
0.734 mmol) in DCM (10 mL). The resuiting mixture was stirred at RT for
approximately 10 hours. The reaction was then evaporated to dryness ang the residue
was purified by column chromatography using a gradient of methanol in DCM to
afford 0.3 g (68%) of the title compound 5-({[(4-aminobutyl)



Stet) 2 10 26b26e To a solution of 1.1g (1.44 mmole) of 26b and thiophenol (0.32 g, 2 eq) in dry DMF
(15 mL) was added cesium carbonate (0.94 g, 2 eq) at RT. After 2h, the RM was diluted with water
and extracted with EtOAc. The organic layer was washed with brine, dried over magnesium sulfate,
filtered and s¥pcetititath The resulting residue was 15 further purified byeftagtrohwam@tography
(eluant: DCM to DCM/ NH3 in MeOH 85/15) to give 8877 g (90% yield) of 26¢ as a yellow powder; m/z
586 [M+H]t Step 3 26¢26d 20 A mixture of 26¢ (0.72g, 1 23 mmole) and sulfamide (0.35 g, 3 eq) in

dioxane (15 mhkwyga&afha}gﬂmm}@@mmqu HViohee RM -wambhen concemyyateg sigder vacuo and

the residue w, Syt [ s e in was filtered off.
The organic Ig% eﬂ A&‘ég}g@r‘% ent?ﬁ?g) 5%& % gj%faff&%%%mgéo%%%hy ?ﬁ%n%slbdﬁ to DCM/MeOH
1%) to give 7 n%4 559 % yield) of the desired product 25 26d as a light yellow powder; m/z 665
[M+H]t WO Z81¢p/H03658PCDEP2009/004942 -81- Step 4 26d26e A solution of 26d (0.72 g, 1.086
nunole) in 10 mL of HC1 in isopropanol and 5 mL of 5 DCM was stirred at RT for 3h. The RN was then
concentrated under vacuo, and theyésidue was triturated in d|e I eHherg3 The resulting precipitate was
filtered off, Washed\wmg et Fe ) d in a vacuum oven 09@mght to give 661 mg (97% vyield) of the
desired produs“,t 26e a§&l|lg N g!er mﬁ—G@Q&[—MH—#’“ Steas 7 A ;olutlon of 26e (0.64,
0.971 rnmole) and CD1 (0.2 Was iedrat 60C until complete
formation of the acyl imidazole | ediate (-1h). The RM was then diluted with 20 mL of acetonitrile
and DBU40.296 g, 2 eq) 15 was added at RT. The RM was stirred ﬂ until completion, then was
concentrated. The residue was redissolved in water and acetic acid was then added until pH 2. The
resulting precipitate was filtered otf, washed with water, and purifie&"by flash chromatography (eluant:

wa'\f'j ;‘f E;;?/ ';/'N%(Hﬁrﬁeé;MﬁlQbYﬁo@ é@é@&ﬁaefongxg M)zgf dhe siesired n@;&%zﬁ: ) %‘Bﬁt% >g%1"02vv84
E)m 1 H) 2.94 as slﬁ)‘ 8%@?%@% ﬁg% %;)ﬁi@%g %0% !-§ 59%&“(8 lflﬁ%‘z'oe Hz, 1 H)
5.52 (d, 1= 15f2§lllf£gmtﬁmm’ﬂ5ﬁ§6f?ﬁ@fﬂ4§7°032 hP‘Mﬂ(?ﬁ ket ptrgomdcmegratyrR ©or] H) 7.86 (d,
1=8.61 Hig, 11-¥)i$:26. (BhelrédrBodOniBibt (s thed) shitcbdsifnlypodréd) idfdQ@n iced watered
2010/003658 E’@\HE:E 20PHQRAGHR dﬁ%ioromethane, dried over MgSOy and then concentrated.

The residue was purified by column chromatography to yield 0.188 g (88%) of the title

product 8-cyclohexyl-11-methoxy-16-methyl-1,12b-dihydro-5,1a-

(methanoiminothioiminobutanoimino)cyclopropafdfindolo[2,1-a][2]benzazepine-

15 13,22(2H)-dione 15,15-dioxide 10 as a white solid. "H NMR (DMSO-dg) : 11.5 (s, 1H),
8.4 (s, 1H), 8.3 (s, 1H), 7.8 (d, J=8.2 Hz, 1H), 7.3 (d, J=8.2 Hz, 1H), 7.25 (d, J=8.4 Hz,
1H), 7.15 (s, 1H), 7 (d, }=8.4 Hz, 1H), 5.6 (d, J=16Hz, 1H), 3.85 (s, 3H), 3.55 (d, J=16
Hz, 1H), 3-3.2 (m, 2 H), 3 (s, 3H), 2.7-2.9 (m, 4H), 1.8-2.1 (m, 5H), 1.6-1.7 (m, 2H),
1.3-1.6 (m, 6H), 1-0.7 (m, 3H); m/z 609 (M+H)"

20  Example 11 — synthesis of compound 11




Example 27 - synthesis of compound 27 The synthesis of the title compound 27 was performed
following the 5-step procedure reported for the synthesis of compound 26, starting from intermediate
10-(tert- 5 butoxycarbony0-2 -chloro-13-cyclohexyl1-7H-indolo[2,1 -a] [2] benzazepine-6-carboxylic
acid 246 ins‘b@@d{ﬂﬂ/ﬂ@ﬁf@ért-butoxycarbonyl)-13-cyc|_%la_exy1-3-methoxy-mmﬁlf@,{mgﬁj
[2]benzazepine-6-carboxylic acid Ib, and yielded 85 mg of a yellow solid; in/z 596 [M-FH]t . 1H NMR
(400 MHz, Chloroform-d) S ppm 1.21-1.5(m, 10 H) 1.75-1.8 (m,2H) 1.9-2.1 (m, 4 H) 2.75 (br. s.,
1 H) 3.01 (s, 3 BeBY -3.2 (M, 2 1-1) 3.5 - 3.6 (M, 2 10 H) 4.23 (dd, J=15.28, 1.27 Hz, 1 H) 5.6 (d,
J=15.28 Hz, 1 H) 7.4 (s, 1 H) 7.5-7.6 (m, 3 H) 7.65 (d, 1=8.5Hz, 1 H) 7.8 (s, 1 H) 7.9 (d, )=8.5 Hz, 1
H) 7.69 (s, 1 H) 8.64 (hrs?, 1H) Example 28- synthesis of compoun;l\g&\--gf NN O o°‘1—| 00 15The
synthesis of thetifte com und 28 was performed following the prgediire reported f,or the
synthesis of comp A8, $ ’tihgfi:dm’h@%’écd' te IOfter'Fbu%y%-methf/’I " o
13-cyclohexyl1-3-meth -7H-indo|of2,1 -a] [2]benzazepine-6,10- dicarboxylate la ipstead of
5-tert-butyl la-methyl 8-eyclohexyl-1 1-methoxy-1,12bdihydrocyclopropald]indolo[2,3
[2]benzazepine-1a,5(2/)-dicarboxylate 8a, and 20 using
N-[4-(methylamino)bul{2]-N-(1-methylethyl)sulfatditle 28a instead of 11b
N(4-aminobuty1):N-methylsulfamide 1 d yi d 50 mg of.the desired proquect 28.¢n/z 619
N T NV LD R L 6 e T8 GHl8 e B e e 5 )
1.25 (d, J=8.46%¥oberyyl1l banethayyrha- Onefpergsareonilnh 14,3, LAberab ey Rlomrans 3 01 -3.19 (m, 1
H) 3.51 -3.73 (MWlidy18[89 (sl 3btnBa@EpirRSa cksogrmyicdyid 1 (074 14 U8 HamD HIn4IBE 4.72 (m, 1 H)
763 (0, 1822 15 L 10 00 A8 (e L ) WRL P01 BOC SRR P2008/004042

: , 1=8. z.- AL r. S
-83- Example Zﬁgﬁugéﬁt#éaéigeg%egoar%%%? r?f(ﬁ| %Q%O%é%figg%éo ecrﬁ?tﬁ%r%mo%%ﬁ?ﬁ%% YLIEE”_
4-(methylamindYBblyfesrdaruresaignilo(methihanae iy bintprreznsmidepre ialdd)inldfbxane (10
mL) was hiéated,a. 2D0@in) avasierdwb e 16vosdhydbri agdBomiidEd] ThéSRBwdsrtimel.concentrated in
v?fcuo,OI arrl]d l?lcmiwa@ a@@%dnm_ﬁmqsultmﬁdum% poecipitiasenofiatdfuds ciaruds faomxcess was filtered
off, and the filtrate w ively w ith.di ine, dried qver magnesium
sulfate, filtered %%r%&a %%)én%gggéﬁgﬁ %?ﬁj&rgﬁgtr% %r\é%ﬁls?%{g%%??&%ﬁ}g#o%{e}g ??é%g(a %Ii\f%as ield) of
ten-butyl 4-(mefAfSIRTFAB B oy RoRGE B B @ aaacdavars OV Ritsied Y ?’Fﬁ%g 1H]. Example
30- synthesis of ourpouedii@@ayness. The residue was purified by column chromatography using

15 dichloromethane and ethyl acetate to yield 0.83 g (68%) of the title compound methyl

5-(§{[{2-[4~(rert-butoxycarbonyl)piperazin-1-

yljethyl} (methyl)aminoisulfonyl} carbamoyl)-8-cyclohexyl-11-methoxy-1,12b-
dihydrocyclopropaldjindolo[2,1-a][2]benzazepine-1a(2H)-carboxylate 11b as a white
foam; m/z 764 (M+H)"

20 Step?2

LIOHHZO

11b

To a solution of intermediate 11b (0.6 g, 0.785 mmol) in THF (20 mL) was added
LiOH (0.82 g, 1.96 mmol) in water (5 mL}. The resulting mixture was stirred at room
25  temperature overmght then diluted with water and neutralized with a 2M HCI aqueous
solution. The resulting mixture was extracted with dichloromethane, dried over MgSOx
then concentrated. The resulting residue was purified by column chromatography using
CH,Cl; and methanol to yield 0.4 g (68%) of the title compound 5-({{ {Z-[4-(tert-
butoxycarbonyl)piperazin-1-yljethyl }(methyhaminolsulfonyl} carbamoyl)-



26a Step| DIPEA, DCM 15 30a30b 0 4--N-w-nr-11-0X -0 '0 30c To a solution of tert-butyl
5-aminopentylcarbamate 30a (20 g, 99 mmoles) and 2- nitrobenzene-I-sulfonyl chloride 30b (23 g,
1.05 eq) in DCM (200 mL) was added dropwise diisopropyl ethyl amine (19.2 g, 1.5 eq) at OC. After
stirring at RWovasttigh#sthe RM was successively washed with an aqueoBSBBRIMitHefYRric acid, then
brine, 20dried over magnesium sulfate, filtered and®ncentrated. Trituration in diisopropyl ether
afforded 32.61 g (85% yield) of ten-butyl 542- nitrophenylsulfonamido)pentylcarbamate 30c as a white

solid; m/z 38& {didhexNQ REEHORBE BB ETHIHE 20U PRARAAR irdid Brep 7| 2 |benzazepine-
1a(2H)-carboxylic acid 11¢ as a white solid; m/z 750 (M+H)"

Step
Oy o ~ Oy oH
(\N/\'\_p o Y W2
DGy ' P / R e PN /
o I/ o l/ 0
5 1lic ild

TFA (1.44 g, 12.7 mmol) was added to a solution of intermediate 11e (0.38 g,

0.507 mmol) in dichloromethane (10 mL). The resulting mixture was stirred at RT for

approximately 10 hours. The reaction was then evaporated to dryness and the residue

was purified by column chromatography using dichloromethane and methanol to afford
10 the title compound 8-cyclohexyl-11-methoxy-5-({{methyl(2-piperazin-1-yl-

ethyl)amino]sulfonyl } carbamoyl}-1,12b-dihydrocyclopropal diindolof2,1-a][2]-

benzazepine-1a(2 H)-carboxylic acid 11d (0.24 g, 73 %); m/z 650 (M+H)"

Step 4

N
HN\/! /j\]\s"p 7
d N

15 1id

To a stirred sohution of intermediate 11d (0.24 g, 0.37 mmol} in dry DMF (100 mL.), at
0°C, were added di-isopropyl ethylamine (0.143 g, 1.1 mmol) and HATU (0.211 g,
0.554 mmol). The resulting mixture was stirred at 0°C for 1 hour then kept at room
temperature for 12 hours. The reaction mixture was then successively poured into an
20  iced watered solution, extracted with dichloromethane, dried over MgSO, and
concentrated. The residue was purified by column chromatography using dichloro-
methane / methanol to yield 0.018 g (18%) of the title compound 31-cyclohexyl-8-
methoxy-22-methyl-21-thia-1,13,20,22,25-pentaazaheptacyclo-
[23.2.2.138 11215 11418 35 081 dotriaconta-6,8,10,12(31),14(30),15,1 7-heptaene-
25 2,19-dione 21,21-dioxide 11 as a white solid; m/z 632 (M+H)"



30c30d To a mixture of tert-butyl 5-(2-nitrophenylsulfonamido)pentylcarbamate 30e (32.61 g, 584
mmoles) and potassium carbonate (13.96 g, 1.2 eq) in acetone (300 mL) was added methyl iodide (5.5
mL, 1.05 eq). After stirring at RT overnight, more methyl iodide (1 eq) and potassium carbonate (0.6
eq) was added and/éhssRM was stirred at RT until completion. The RM weisthezsailstdzwith water and
extracted with DCM. The organic layer was separate@ll,‘washed with brine, dried over magnesium
sulfate, filtered and 10concentrated. Trituration in diisopropyl ether afforded 31.59 g (93% yield) of
tert-butyl 5-(N-methsle3nitrophreid se Lienammda)pentylcarbamate 304 as a white solid; m/z 402 Step
3 15 30426a A solution qf tert-butyl 5-(N-methyl-2-nitrophenylsulfonamido)pentylcarbamate 304
(31.5 g, 79 inmol¢és) and
completion (- 16 Fﬁﬁhe Ry
saturated sodium bj arbortgte/ay
filtered and concentratedi: ration in diisopropyl ether afforded 23.7 g (quantitative yield) of
N-(5-aminopenty1)-Nmeth -nitroﬁgnzenesulfonamide 26a as a slightly yellow solid; m/z 302
[M+1-1]+. Example 31 - synthesis of ' Compound 28a OF-1\1 C)iSTNH2 N--// 28a WO
20101003658P§£I§P2009/004942 -85-

5 8z i2a

To a solution of 5-tert-butyl-1a-methyl-8-cyclohexyl-11-methoxy-1,12b-dihydrocyclo-
propa]djindolo[2,1-a][2}benzazepine-1a,5(2 H)-dicarboxylate 8a (2 g, 3.88 mmol) in
dichloromethane (25 mL.) was added trifiuoroacetic acid (22.34 g, 194 mmol). The
resulting mixture was stirred at room temperature for 6 hours then concentrated to
10 dryness. The residue was successively dissolved in dichloromethane, washed with
water, dried under MgSQy, filtered and concentrated. The residue was purified by
column chromatography using dichloromethane and ethyl acetate as eluent to yield
1.7 g (95%) of the title product 8-cyclohexyl-11-methoxy-1a-(methoxycarbonyl)-
1,1a,2,12b-tetrahydrocyclopropajd]indolo[2,1-a]{2]benzazepine-5-carboxylic acid 12a
15 as a white powder; m/z 460 (M+H)"

Step 2
o, ¢
7 O NH
H Va3
N NN (-
= N O
3 DMAP

12a 12b i2¢

To a solution of intermediate 12a (1.73 g, 3.76 mmol) in THF (25 mL) at 0°C were

20 added successively 4-dimethylaminopyridine (DMAP) (1.38 g, 3.76 mmol),
N1-((ethylimino)methylene)-N3,N3-dimethylpropane-1,3-diamine hydrochloride
(EDC) (2.16 g, 11.29 mmol) and allyl(methyl)aminosulfonamide 12b (1.3 g,
8.66 mmol). The resulting mixture was stirred at 0°C for 2 h then at room temperature
for 8 h. Water was then added and the reaction mixture was filtered. The resulting solid



Step 1 07--NH2 3k A mixture of tert-butyl 4-aminobutyl(methyl)carbamate 31a (287 mg, 1.42 mrnole),
5 acetone (75 mg, 1 29 mmole) and sodium triacetoxyborohydride (383 mg, 1.8 mmole) was stirred
under nitrogen at RT until completion. The RM was then concentrated, diluted with a saturated sodium
bicarbonatewquenuszatution, and extracted with ether (2 times). The organicrzpesw4sere combined,
dried over magnesium sulfate, filtered and concentréded to give 200 mg (63% yield) of the desired
product tert-butyl 4- 10(isopropylamino)butyl(methyl)carbamate 31b, used without further purification in

the next step, @&Zp%ﬁ%éh/lb‘ﬂaﬁiﬁﬂ Fur B3 RPN dni oL e ¢’ ;91& ezhlih, aPelsSc0 N-/H2N / 28a

15A t f {= | tyl { t 3 I d
sulfric damide @5%5 e éfr‘f‘&glhﬁ%) i A
ATt I MG AR S B b

precipitate of ng;dm:t{éﬁﬁ -exbessluead FitenédS6f (WhtH)e filtrate was concentrated in vacuo. The
residue was pgidfied by 20 flash chromatography (eluant: DCM to DCM/MeQOH 20%) to give 1.7 g (38%
yield) of the desired product tert-butyl 4-(isopropyl(sulfamoyDamino)butyl(methyl)carbamate 28a; m/z

324 [M+Hr. Example 32- synthg

>

si$ of compound 19a 0 00 Oy,.oH

foo

o e
O

LIQHH20

12c 124

To a solution of intermediate 12¢ (0.5 g, 0.845 mmol) in THF (20 m1.) was added
lithium hydroxide (0.73 g, 1.69 mmol} in water (5 mL). The resulting mixture was

10 stirred at room temperature overnight then diluted with water and neutralized with a
2M HCI aqueous solution. The resulting mixture was extracted with dichloromethane,
dried over MgSOs then concentrated. The resulting residue was purified by column
chromatography using CH;Cl; and methanol to yield 0.4 g (75%) of the title product
5-({[allyl(methyl)amino]sulfonyl} carbamoyl}-8-cyclohexyl-1 1 -methoxy-1, 12b-

15 dihydrocyclopropald]indolof2,1-a][2)benzazepine-1a(2H)-carboxylic acid 12d as a

- white solid; m/z 578 (M+H)"

20 12d

To a solution of intermediate 12d (0.2 g, 0.346 mmol) in THF (15 mL), at 0°C, were
added successively 4-dimethylaminopyridine (DMAP) (0.127 g, 1.04 mmol),
N1-({ethylimino)methylene)-N3,N3-dimethylpropane-1,3-diamine hydrochloride
(EDC) (0.199 g, 1.04 mmol} and but-3-en-1-amine (0.062 g, 0.866 mmol). The

25  resulting mixture was stirred at 0°C for 2 h then at room temperature for 8 h. Water was
then added and the resulting mixture was filtered.The solid was washed with
dichloromethane then the filtrate was successively extracted with dichloromethane,
dried over MgSQy, filtered and concentrated. The resulting residue was purified by
column chromatography with dichioromethane and ethyl acetate to yield 70 mg (32%)



19a A mixture of tert-butyl 2-bromo-3-cyclohexyl-1H-indole-6-carboxylate 32a (5 g, 13.22 5 rnmoles,
synthesized as described in US 2007270406 Al), pinacolborane (5.75 mL, 3 eq) and triethylamine
(7.35 mL, 4 eq) in THE (50 mL) was stirred at RT during 3 h. Palladium acetate (90 mg, 0.03 eq) and
biphenyl-2-yftity b5 phosphine (556 mg, 0.12 eg),were then added AR RN I8E heated at
80C during 2h. The reaction mixture was then aIIowéd3fo cool down to RT and poured in a solution of
watered 10 NH4CI then extracted with ethyl acetate. The organic layers were dried over magnesium
sulfate, filterededitaeadicpridated T iraittey hamipolshitioty ledlirw Greoratodreshyhesing a
S eyclohory 12 el 2 e arOlan 20 kL b e ot by ate 325 miz 426
-cyclohexyl-2; -tetrammethy1-1,3,2- aborolan-2-y0-11-1-indole-6-carboxylate ;m/z
[M+H]t. 153@&%?@8%%%?’&%@%%@%@& 120 32b32e32d To a mixture of tert-butyl
3-cyclohexy1-2§4€ﬂi4§5,5-tetramethyl-1.3,2-dioxaborolan2-y1)-1H-indole-6-carboxylate 32b (2.77 g9, 6.5
mmoles) and 2-bromo-5- 20 fluorobenzaldehyde 3 g,1.2eq)in DMEr(ArQ_ml_)jw added a
solution of sodium carbonate (.07 g;-3’eq) in \@gl

L). The resulting idure Waskthen flushed
with nitrogen a@T dugng 10 utes. After th nalladium tetralcis friphe QSpi
mg, 0.05 eq), the R§4,

(
itidl
: t 70C dutirg bff Bespixture was then alldnkd
and poured in water, 'the with 25e efat times). The organic layer
dried over MgSO4, filtered a oncentrated. The residue was recrystallized from di-
heptane tosgive 2 g (73% yiele)-of the desired product tert-butyl

3-cyclohexyl-2-(4-fluoro2-fot@¥ylphenyl)-1H-indole-6-carboxylate 32d as a white &2lid; tn/z 422

[M+H]t. WO 2010/003658PCT/EP2009/004942 -87- Step 3. .
A solution of intermediate 12e (0.1 g, 0.16 mmol) in dichloroethane (50 mL) was

degassed with argon for 10 minutes then Hoveyda-Grubbs 1% generation catalyst
(0.03 mg, 0.032 mmol) was added. The resulting mixture was warmed to 70°C and kept
10 under argon overnight. The mixture was then cooled down to room temperature and the
~ solvent was removed under vacuum. The resulting dark residue was purified by
column chromatography using DCM and ethyl acetate to give 15 mg (16%) of the title
product 8-cyclohexyl-11-methoxy-16-methyl-1,12b-dihydro-5,1a-(methaniminothio-
iminopent[2]}enoiminomethanocjcyclopropald]indolol2,1-a}{2]benzazepine-
15 13,23(2H)-dione 15,15-dioxide 12 as a white solid; m/z 603 (M+H)"

Example 13 — synthesis of compound 13

i3

o]

F ¢
F\H\OH
£ HO

JE——

CH2CI2

20
ia I3a

13-Cyclohexyl-3-methoxy-7H-benzo| 3,4 Jazepino{ 1,2-alindole-6, 1 0-dicarboxylic acid
10-fert-butyl ester 6-methyl ester 1a (1 g, 1 eq) was dissolved in dry dichloromethane
under Na, followed by the addition of trifluoroacetic acid (TFA) (8.88 ml, 60 eq). The



32d19a A mixture of ten-butyl 3-cyclohexy1-2-(4-fluoro-2-formylphenyl)- | H-indole-6- 5carboxylate 32d
(2 g, 4.75 mmoles), cesium carbonate (1.85 g, 1.2 eq) and methyl 2-(dimethoxyphosphoryl)acrylate
(16.475 mL, 0.36 M solution in toluene, 1.25 eq) in DMF (80 mL) was stirred at 60C during 2 h. The
reaction mixtPeH%8%¢eh allowed to cool down to rgom temperature, podfet BRI & extracted
with ethyl acetate. The organic layer was then dried over MgSO4, filtered and concentrated. The
residue was 10 purified by column chromatography using heptanes / dichloromethane to give 2 g (86%
yield) of the dwesites: pradsiordDatdtiloty? 6hriBthpbh3tyehsbzy teBrfivmtondetinetbicia, 1 -a)

[2J benzazep@@s@ﬂ@ ﬂ]@dﬁ%&ﬂ%ﬁ&@%am&ﬁ%w&émﬁmﬂw|Q‘1$cry$s‘{£1£h§§}§ gliermpound 20a

Oc) Br BrO %g%r TAEIF 33a§§bm'%§tgol ';‘%{‘d? étp %rr§ H%ﬁrc‘?%ﬂ pltrlle 33a (1049, 50
€

mmol) in dryg tetrahydrofuran Mmagnasium bromide (3.2

nitrogen was
M in ether, 19 RENSE TAREN? &m@mmagam&?ﬁéw%wmw AL TR IRGHE

5 13a(89%, 0.86 g); LC-MS: Rt. 3.1 min., m/ 446 [M+H]".

Step 2

s EDCL DMAP

[P
+ RS- R amaataa
'}’ "Nt DMF

13a 1Zb 13b

13-Cyclohexyl-3-hydroxy-7H-benzo[3,4]azepino] 1,2-a]indole-6,10-dicarboxylic acid

16 6-methyl ester 13a (0.86 g, 1 eq), N-methyl-N-allyl-sulfuric diamide 12b (0.67 g,

2.03 eq), N'-((ethylimino)methylene)-N° N -dimethylpropane-1,3-diamine
hydrochloride (EDCI) (1.14 g, 3.06 eq) and dimethyl-pyridin-4-yl-amine (DMAP)
(0.67 g, 3.04 eq) were dissolved in dry dimethylformamide (20 ml) under N,, The
solution was stirred at RT for 3 days. This solution was slowly added into ice water.

15 The water layer was extracted with ethyl acetate (3 x 50 ml) and washed with
tetrahydrofurane (3 x 50 ml). The combined organic layers were dried over magnesium
sulfate, filtered and evaporated under reduced pressure. The crude product was purified
by preparative HPLC to give 0.63 g (55%) of the title product 13b; LC-MS: Rt. 6.16
min., m/z 578 [M+H]". "H-NMR (DMSO) & (ppm) 1.13-1.20 (m, 1H, CH,), 1.30-1.47

20 (m, 3H, CHz(2x)), 1.62-1.78 (m, 2H, CH,), 1.81-1.93 (m, 1H, CH,), 1.93-2.12 (m, 3H,
CH; (2x)), 2.70-2.82 (m, 1H, CH), 2.86 (s, 3H, CH3N), 3.79 (s, 3H, CH30), 3.88 (s,
3H, CH30), 3.90-3.98 (m, 2H, CH;), 4.21 (d, 1H, /= 12.97 Hz, CH,), 5.21 (d, IH, /=
10.15 Hz, CHy), 5.31 (d, 1H, /= 17.13 Hz, CH»), 5.61 (d, 1H, /= 13.12 Hz, CH,), 5.78-
5.90 (m, 1H, CHaom), 7.25 (dd, 1H, J= 2.50 and J= 8.60 Hz, CHpom), 7.32-7.35 (m, 1H,

25 CHgom), 7.54 (d, 1H, J= 8.60 Hz, CHuom), 7.61 (d, 1H, /= 8.45 Hz, CHyom), 7.88 (d,
1H, J= 9.01 Hz, CHyom), 7.91 (s, 1H, CH), 8.31-8.34 (brs, 1H, NHSO,).

Step 3

LIOH-HZ0
e
THF-MeOH




WO 2010/003658PCT/EP2009/004942 -88- The R_M was then cooled down to RT, poured intoa 2 N
HC1 solution (100 mL) and then diluted with methanol (100 mL). The resulting green solution was
concentrated on a steam bath for 1 h at which point the organic solvents had been removed and the
crude produ®ttha®l prexBitated. The reaction mixture was then extracted Rttt BEeEtate, dried
over MgSO4 and concentrated. The residue was pufﬁ?éd by column chromatography using heptane
and dichloromethane to give 4.88 g (45% yield) of the desired product

1-(2-bromo-5-flgemgpiwmdyi}tiieusone Bad) asadiadk all iz Rik8uvefHit- Siefrcturad2biddhaad The title
product tert-bupyl 2 (2aaeM6ATIQ BRhRDYdNdYSANGHH %ﬁmﬁq}?e&t&%@@%gaﬁ%ﬁqﬂ%&s
synthesized follo the procedure reporte the %SIS ter h
eyclonexyl- zs?ﬁvl e Sy SREHO) ot 01 b nshy G ST ghen
1-(2-bromo-5- ﬂmh@ﬁméﬂﬁaﬁ@%%mma@d@%ﬁmr ﬂ@@mﬁzém@hw%@ﬁ%nd was
obtained in565%olielchastil whHike Thdick sutimg 6y WweStBheded off) B3siRdontiheviiier prdduct
10-tert-butyl 6- r@@ﬁg vyl ether and dried under vacuum overnight to afford 0.44 g (74%) of the title

odi

13-cyclohexy1-3 7Hin [2,1-(21]2 pine-6,10- dlcarboxylate 20a was
i

synthesized follBWin e procedure repor s of 10-tert-butyl 6-methyl
13-cyclohexy1-88Rbro7H-indolo[2,1 [2]benzazepine-6,10-dicarboxylate 19a, using tert-butyl
2-(2-acetyl- 254-fluorophenyl):esyclohexyl-1H-indole-6-carboxylate 33c instead of tgrt-@ut
3-cyclohexyl1-2-(4-flupra-2-formyigheny1)-1H-indole-6-carhpxylate 32d, and,was obtained in 11% yield
as a white solid>mfz I A 2910/00365&,ECTAEP2@@9#@04942«,§&° B ‘@4 - synthesis
of compound 2la 1 00"

10 13c 13d

Compound 13¢ (0.44 g, 1 eq) and HATU (0.47 g, 1.6 eq) were dissolved in
dimethylformamide under Ny, followed by the addition of DIPEA (0.15 g, 0.20 ml,
1.5 eq) and aliylamine (0.07 ml, 1.2 eq). The solution was stirred at RT for 3 days. The
dimethylformamide solution was then slowly poured into ice water. The resulting

15  crystals were filtered off, washed with water and dned under vacuum overnight to
afford 0.47 g (100%) of the title product 13d; LC-MS: Rt. 3.01 min., m/z 603 [M+H]".
Step 5

13d
20 N, was bubbled through a solution of compound 13d (0.47 g, 1 eq) in 50 ml of

dichloroethane for 1 h. Then Grubbs 2™ generation catalyst (0.13 g, 0.2 eq) was added
and the reaction mixture was heated at 80°C overnight. The solution was cooled down
to RT and some exira amount of catalyst was added (65 mg). The solution was heated
at 80°C under N; for several hours. The solution was then evaporated under reduced
25  pressure. The product was purified by flash chromatography on elution of
dichloromethane:methanol (100 to 95:5), and was subsequently recrystallized from
methanol. Finally the product was purified by preparative HPLC chromatography to
afford 30 mg (5.86%) of the title product 13; LC-MS: Rt. 5.33 min., m/z 575 [M+HJ} .
"H-NMR (DMSO) & (ppm) 1.05-1.21 (m, 1H, CHy), 1.30-1.48 (m, 3H, CH, (2x)),



2laStepl K2CO3, PdC12( P (D3)2 DME, H20 5 32a34a The bromo indole derivative 32a (5 g,
13.22 mmol), 4-chloro-2-formylphenylboronic acid 34a (3.17 g, 17.18 mmol) and potassium carbonate
(4.20 g, 30.4 mmol) were dissolved in 100mL of 1,2-dimethoxyethane (80 ml)/water (20 ml) 4/1 and
the obtaineds0ltitioa@s flushed thoroughly with argon. Then bis(tripherBdprirgttisedpalladium(ll) 10
chloride (0.464 g, 0.661 mmol) was added and the R¥action was heated to 63C under argon during 3h.
The reaction was then diluted with EtOAc, washed with water and with sat. ag. NaHCO3, dried (brine,

suILatez and ey@mra@aﬂm @qyjuesaassgtqu'ﬂpe@kv@mzpIP@amlzmra@iaeph;pzmamm he]cpthane
with a few m r of the
desired prodt%%ltti utyI %‘é‘f@%%ﬂ? é nyl %ﬁ%g%g %*%{ff_ﬁ%%}%; b- ca ic%%ylate 34b;
syttt b s RSSO i S R o v
carbonate (4.42.-tf 3,38 n%elBvwetd (@Béﬁv@d{mm-@m&m}fﬁaﬂﬂaﬁq@eﬁawmﬁn@m methyl 2-
(dimethoxyphgsphargbacegate (312818,.14, 73ByaolHyvas added:, T, RM weasstined at 65C during 2h.
It was then ¢ dt 3 T/EP2009/004942
ogied 19 5 019 BIoRPadoRiR,399ankofiaten, W 3040036585

Example 14 — gsynthesis of compound 14

10
13a i4a

13-Cyciohexyl-3-methoxy-7H-benzo[3,4]azepino[1,2-aindole-6,10-dicarboxylic acid
6-methyl ester 13a (0.60 g, 1 eq) was dissolved in dry acetonitrile (50 ml) under N,
followed by the addition of di-imidazol-1-yl-methanone (CDI) (0.66 g, 3 eq). The

15  solution was stirred overnight at 50°C. The solvent was then evaporated under reduced
pressure and the crude product was purified by flash chromatography on elution with
heptane:acetonitrile and finally ethyl acetate. The product was recrystallized from ethyl
acetate to give 0.50 g (75%) of the title product 14a.

20
14a ‘ 14b 14¢

Compound 14a (0.50 g, 1 eq) was dissolved in dry acetonitrile (50 ml), followed by the
addition of tert-butyl 4-(2-(sulfamoylamino)ethyl)piperazine-1-carboxylate 14b



-90- vigorously stirred. The resulting yellowish solid was filtered off, washed with water and dried to
afford 5.40 g (94% yield) of the desired product 10-tert-butyl 6-methyl 3-
chloro-13-cyclohexyl-7H-indolo[2,1 -a] [2]benzazepine-6,10-dicarboxylate 21a, used without further
purification iWtheédHegBsiep; m/z 507 [M+Hr. 5 Example 35 - synthesis of EGHiPELMER4ED o The title
compound 24a was synthesized following the 2- step??rocedure reported for the synthesis of
10-tert-butyl 6-methyl 3-chloro-13-cyclohexyl-7H-indolo[2,1 [2]benzazepine-6,10-dicarboxylate 21a,
using 5-chloro-@-forgyiisbenyhar arie Acis 10 ibedirgdsteprimaiepid2edjazepine (DBU)

4-chloro-2-for '@hiny@@feﬂig &ﬂﬁ&%&ﬁ%&%ﬁ%@%ﬁ@@dﬂ@@%ﬁ%@d M@{Q@HM as a yellowish
solid; m/z 507 Exam thesis o com on o NaOH (6.38 g)

in 25 mL of wafé"pw gk H%ﬁ?ﬁ} uﬁrg & gerlvﬁlv a |n ') and
MeOH (150 mL}"hqﬁersaahm@r@tﬁ%ﬁ&mmmma@%eéfsrﬁéabfcéé%pé%%%ﬁbwaﬁen diluted with
ice-cold wager @hbffisdlby Thlamiichfshasesuiihyopaciiion wib didhistenh¢thénwithretGdveitde extracted

with ,dich'0fom%{&@ﬂﬁpﬁ%dﬁ*ﬁg&x&w&ﬁ%ﬂb@oﬁ@%m yiasd espaved theogharesidue was 20
purified by colu rlbchro gz%ﬁgﬂ%) in DCM/N}}VO eluanl to gél%r%rzl 7% lﬁld)}lof a yellowish
solid; rtz/z 492 {Eﬁ' Ff]p‘\ﬂ% 2@‘}15 g frghioro Hesis of
compound 16a(000 16395kte eatford 0.41 g (55%) of the title product 14c; LC- SRt 5.5 min.,
m/z 736 [M+H]". '"H-NMR (CDCls) & (ppm) 1.18-1.34 (m, 1H, CH), 1.35-1.50 (brs,
10 10H, CH; and C(CHa)3), 1.70-1.85 (m, 3H, CH; (2x)), 1.90-2.12 (m, 5H, CH, (3x)),
2.30-2.41 (m, 4H, CHz (2x)), 2.52-2.62 (m, 2H, CH3), 2.77-2.90 (m, 1H, CH), 3.13-
3.22 (m, 2H, CH,), 3.43-3.57 (m, 4H, CH; (2x)), 3.83 (s, 3H, CH30), 3.92 (s, 3H,
CH;0), 4.16-4.23 (m, 1H, CH;), 5.58-5.69 (m, 1H, CHy), 7.00 (d, 1H, /= 2.54 Hz,
CHarom), 7.11 (dd, 1H, J= 2.67 and J= 8.59 Hz, CHarom), 7.48 (d, 1H, J= 8.44 Hz,
15 CHarom), 7.53 (d, 1H, J= 8.61 Hz, CHarom), 7.83 (s, 1H, CHurom). 7.90 (d, 1H, J= 8.48
Hz, CHarom), 8.09 (s, 1H, CH),

Step

4c 14d
20
Compound 14¢ (0.41 g, 1 eq) was dissolved in dry dichloromethane (10 ml) under N»
followed by the addition of trifluoroacetic acid (1.30 ml, 30 eq). The solution was
stirred at RT overnight. The solvent was then removed under reduced pressure and the
crude product was stirred in diethyl ether. The resulting crystals were filtered off and
25  dried under reduced pressure to afford 0.31 g (87%)) of the title product i14d; LC-MS:
RT. 3.81 min., m/z 634 [M-HJ".



5 37a37b Ethane-1,2-diol (4.06 g) and Tos-OH (0.41 g) were added to a solution of 1-(2-bromo-
5-methoxyphenyDetharione 37a (5 g) in toluene (950 m1). The solution was heated under reflux with
stirring in a 3 -neck round-bottomed flask fitted with a Dean-Stark receiver for 3 hours. The reaction
mixture waswier$ toBREdsto room temperature. The 10 mixture was transReEEEPRIW/8e8drating funnel
and a sodium carbonate solution (1 M, 50 ml) was #dded The mixture was agitated and two phases
formed. The organic layer was separated, washed with water (2 x 50 ml), dried over MgSal and
concentrated giagar vacuum to afford 6.5 g (quantitative yield) of the desired product
2-(2-bromo5-methoxyphenyl)-2-methy1-1,3-dioxolane 37b as a white solid. 15Ste_p2 The bromo
derivative 37B%6 g) was dissolved Trrefty THF (60 ml) and the splution was cooled dgwg,to -78C. Then
n-BuLi (16.5 m%a@e carefullygt such a FatE20"at the temperature did not ekceed -60 C. After
1 h, B(0-i-Pr)3 (6.2 Mo/%& adged dropwiseate¢&C. After all vhs @dd, the £06ling bath was

. A N
removed. The mixture was s

o125 h, then 2 N HO (60 ml)mx'ié% c@- AR @- 2M stirred
at r.t. for 2 h. The organic solvent then removed under vacuum and the W(
2010/003658PCT/EP2009/004942--92- aqueous layer was saturated with NaC1 afd ¢
EtOAc. The organic layer was dried over Na2S0O4 and evaporated under vacuum to give 3 g of the
desired product 2-acety|-4-Hélthoxyphenylboronic acid 37c. Step 3 32a¥%:37d The title product
tert-butyl 2-(2@gabelatr TRINEMPE ANV Bacusahiexy kl Handaletrrmbmpiit 34 wasaynthesized by

following a simil. cedure ta that used for. th esis of tert-butyl .
(4 thlor-2- e Py e 65 o s 00 B R e fison W i g
2-acetyl-4-methBRG I ErlyDErotaat Aksa Svapfraiehendrucehierd Drawsursy bhe s FaYRe Wetd 34a. Step 4

acidified with acetic acid to pH 4, and exiracted with ethyl acetate (7 x 50 ml). The
combined ethyl acetate layers were dried over sodium sulfate, filtered off and

evaporated under reduced pressure to obtain the desired compound 14e as a yellow
10 powder (0.30 g, 100%); LC-MS: Rt. 3.64 min., m/z 622 [M+H]".

Step 5

B O _OH H;V\,NCN o
Qe

K,N\L o o N dﬁ NH

N p HATU, DIPEA ‘
RO T T
o

14e 14

The synthesis of the title compound 14 is being performed following the procedure
15 reported for the synthesis of compound 11, using intermediate 14e 1nstead of 11d.

Example 15 — synthesis of compound 15

r’\
\JN/\.—N\_JN >
OSS“NH




37d16a 15The title product 10-tert-butyl 6-methyl 13-cyclohexyl-3-methoxy-5-methy1-7H-
indolo[2,1-a][2]benzazepine-6,10-dicarboxylate 16a was synthesized by following a similar procedure
to that used for.the synthesis of 10-tert-butyl 6-methyl 13-cyclohexyl-3-fluoro-5-methyl-7H-indolo
[2,1-a] [2)bewznzEpiensess | O-dicarboxylate 20a , using tert-butyl PCT/EP2609/004942
2-(2-acetyl-4-methoxypheny1)-3-cyclohexyl-IH-indol€¥’206-carboxylate 37d instead of tert-butyl
2-(2-acetyl1-4-fluoropheny1)-3-cyclohexyl-1H- indole-6-carboxylate 33e. WO
2010/003658P&ik#P2009/004942 -93- Example 38- synthesis of compound 38 38 The synthesis of
the title compound 38 was performed following the 5-step procedure reported for the synthesis of
compound 10, starting frépPintermediate l3j§g¥glohexyl- 5 o
3-methoxy-7H-bepzo[3,4)as epino[l,2-a]ind“&¥é-6,10-d{i:glarboxylije’oa}ém O-tertzbugyl est
la instead of 5-tert-yltyMamthyl ~— + L — SNy
8-cyclohexyl-11-methoxy1;3 b-dihydrocycﬁg})ropa[dj|ndolo[2,1-a][2]benzéze”pin Aa
ate 8a, and yielded 60 @c a beige solid;o'BnézL577 [M+Fir. Example 39 - Activity of
formula (I) 10 Replicon assay The compounds of formula (I) were examined for activi
inhibition of HCV RNA$&plication in a celluldf&ssay. The assay demonstraté8 that the compounds of
formula (1) inhilkdeg (6 Yalknesonal elviac selisaling, el s alsgaunasdifsVggaljcons. The
cellular assay was Qased on a hiciSironjc_expression construct, as 15described by Lohmdnn et al.
(1998) Scicnce ToP 98B! T10-Lb St SO RO LN BR U AEG P BlaR. (G0 F6urnal o
Virology 75: 46t4T4624hdncaviemtieryiet esanplating SIBIe@) ! tmdsbéAce) tnd diatrivdswiéigrias follows.

The assay utilizighthi $5abip nansteetpdenlilioeddubi Fiskobaitheraatiensetarseddans Huh-Luc).
This cell line h3;[!%9f&&%ﬁ\%‘&d@é&%@&éﬂﬁh@&%&%9[%?&19'élq?&’%?&%Bﬁﬂi&&@b?f‘ﬁ gtgawild type
NS3-NS5B regions of HCV type Ib translated fromlﬁn Int,%ggq?l Fiifb_osome Entry |te_ghES from
encephalomyodartfitig’ %rﬁ%dgé)ﬁ’g%?{i’r%%%’é‘&% TR SOMISIR (0 SHCHEPSSRILSIYA selectable
marker porion #RiBR (heahydind shesphioad asteris iy eThegonsrbed widobdarddbyb: drigd3' NTRs
(non-translatedoregisstxirameids; iitype bf aahnirchadtuigeptébiecedpieameatsaliord aiza gresence of
0418 (neoR) is gepsndent Ai.IhR faRlisatonaiRe G RNG: The siahligpsfected replicon cells that

express HCV RNA, which replicates autonomously and to high levels, eéncoding inter alia luciferase,
are used for scfgemihg the antiviral compounds. WO 2010/003658PCT/EP2009/004942 -94- The
replicon cells were plated in 384 well plates in the presence of the test and control compounds which
were added in various c,o\r\lcentrations‘.’ Following an incubation of thre da;(s, HCV repligstion was
measured by as @ugﬁéﬁra activity, (using standardducifera \g'éy,sg%sates arnd reagents
and a Perkin El ViewLux M ,@ yHI Symicroplate-imager): licon celfsin tc x dltures
have high luciferase

0y 0.

I5 15b 15¢

The synthesis of compound I5¢ was performed following the procedure reported for
the synthesis of compound 5-({[{2-[4-(tert-butoxycarbonyl)piperazin-
1-yl]ethyl}(methyl)amino]sulfonyl } carbamoyl)-8-cyclohexyl-11-methoxy-
1,12b-dihydrocyclopropald]indolo[2,1-a][2]benzazepine-1a(2 H)-carboxylic acid (11e),

20  using intermediate 15b instead of methyl 5-({[{2-[4-(tert-butoxycarbonyl)piperazin-1-
yllethyl} (methyl)aminolsulfonyl}carbamoyl)-8-cyclohexyi-11-methoxy-1,12b-
dihydrocyclopropald]indolof2,1-a}[2]benzazepine-1a(2 H)-carboxylate (11b); m/z 736
[M-+HT".



expression in the absence of any inhibitor. The inhibitory activity of the compound was monitored on
the Huh-Luc cells, enabling a dose-response curve to be generated for each test compound. EC50
values were then calculated, which value represents the amount of the compound required to
decrease byVBsd%HhedIeHe| of detected luciferase 10activity, or more spedifiGaiRzotewdity of the
genetically linked HCV replicon RNA to replicate. E-ﬁ%/matic assay 1. HCV NS5B IbJ4 1.a) Protein
purification 15 The cDNA encoding NS5B amino acid 1-570 (HC-J4, genotype Ib, pCV-J4L6S,
genebank acgggsion number AF054247) was subcloned into the Nhe | and Xho | restriction sites of
pPET-2 | b. Expression of the subsequent His-tagged C-terminal 21 amino acid deleted NS5B was
performed as follows: The NS5B ex kession construct was transfor d,u{k: E. CO|I Bisp¢(DE?3)
(Novagen, ZOM@d@ﬁ Jj F fliter of LB- medi};;/(q)é;}\ppplemep,rfrL w; illir {50 tigirnL) was
inoculated wﬂbg%e colony ' O @ efl at 600
nm, it was transferred to fresh LB- supplemented with ampicillin, at a ratlo 0f31:;200. Cells were
grown to an optical density at 600 f@o 0.6, after which the expression cultures We shifted to a
growth temperature of 20C 5foIIOW|ng induction with ispopropyl-I-thio- fl-q-gﬁlactopyrano&de and
MgC12 at a final concentra%lon of 0.4 mM and 10 p.M, respectively. After 10 h of induction, cells were
harvested by TRatiiigationfane iesuspgrdad 18RO Melfisnra o iihp #1308 cadduaCl, 10%

?Iyr/]ct()-:-:ol <QRlo/ g&t{:}!g@ lgélsgs cE?f'EIMx Tffd%@ﬂﬁi%&@?@l%@tﬁ@ A:fgR gg}gm;é)lete Péoteasket ;
nhibitor (Roche, Basel, Switzer ons sonication and incubate
with 10-15 md ?Lpé?%%ﬁéé @zﬁlgf %gﬁﬂ? *) %r ?i;epné\%%%ﬁcﬁ% RER% R/zfs removed through
u|tracentr.fugaa@ﬂﬁﬂéea@@dwmimﬁ@ﬁa eﬁhﬁrealeém%&éwnﬁagww&%%%stored at -80C

prior to purificaiiead of Std[fisfiagd-hyisateyeasbtihalysdeand rsubdgaheiivddadachonie a 5 mL
pre-packed 3\@% AT wkateagxeﬂ With22 MM HERE R foBrop Q@ NbNAC, 10%

glycerol T. Protelns h 50 |m1d oIe at a flow rate of WO
2010/00?@58% 7’553’&2 eE {P g ' donta r%ng!h%% pﬁ)(t%ln o’flnterest were

applied onto a’ﬁlé)ﬁﬁ&feée%@@mp ’B’éé&l@nﬁlﬁfﬁ%}wnn equilibrated with 25 InM HEPES, pH 7.5,
150 rnM NaC JéO% glycerol and 5 mM DTT. The buffer-exchanged NS5B peak was then applied onto
a 20 ml. Poly- harose column Protein was eluted with an increasing 5salt gradient and fractions
collected. Pro;g‘m\Purlty was assessed on Nu-PAGE pfe‘e@@ fnvitrogen, Carlsbad, CA). Purified
NS5B sampleswex icgnqentrate sing Centrl PrepOCﬁmﬁentrat s.(Millipore, Billerica, MA, USA) and
protein concentratio Rockford, IL, USA). 1.b)
Protein Sequence 10! f—”lij d

------
iy

15d 15

15 The synthesis of the titie compound 15 was performed following the procedure
reported for the synthesis of compound 31-cyclohexyl-8-methoxy-22-methyl-21-thia-
1,13,20,22,25-pentaazaheptacycio[23.2.2.1 313 (1215 (1418 35 g6l 1]dotriau:ontzzl-
6,8,10,12(31),14(30),15,17-heptaene-2,19-dione 21,21 -dioxide 11, using intermediate
15d instead of 8-cyclohexyl-11-methoxy-5-({[methyl(2-piperazin- 1 -ylethylj)amino]-

20  sulfonyl}carbamoyl)-1,12b-dihydrocyciopropa[d]indolof2,1-a][2]benzazepine-1a(2H)-
carboxylic acid 11d, yielding 150 mg (34% vield) of a cream solid; m/z 618 [M+H]".
1H NMR (400 MHz, DMSO-d6) 6 ppm 1.06 - 1.18 (m, | H) 1.19 - 1.31 (m, 2 H) 1.31 -
1.50(m,2H)1.62-1.78 (m, 2 H) 1.81 - 1.93 (m, 1 H) 1.93 - 2.10 (m, 2 H) 2.53 - 3.21
(m, 12 H) 3.31 - 3.67 (m, 4H) 3.86 (s, 3H)4.33 -4.51 (m, 1 H)4.99-5.16 (m, | H)

25 7.06-7.14(m,2 1) 7.17 (d, /=8.02 Hz, 1 H) 7.52 (d, /=8.22 Hz, 1 1) 7.55 -

7.68 (m, 1 H)7.77 (m, 1 H) 8.39 (m, 1 H).



The protein sequence is as described in WO 2007/026024, Cale. Mol. Properties: 64941.4 g/mol.

1.c) Inhibition assay with NS5b IbJ4 Measurement of HCV NS5B polymerization activity was
performed by evaluating the 15 amount of radiolabeled GTP incorporated by the enzyme in a newly
synthesizedvRiNAiusingseeteropolymeric RNA template/primer. The RdRp@ssaywyasoatried out in
384-well plates using 50 nM of purified NS5B enzymé!-which was incubated with 300 nM
5'-biotinylated oligo(rG,3)/poly(rC) or oligo (ru15)/poly(rA) primer-template, 600 nM of GTP, and 0.1
rCi of [3FI]|GTExambiE 14T RSy aMedrisoitalioH 7.5, 5 20 rnM MgC12, 25 mM KCI, 17 mM NaCl
and 3 InM of DTT. The 30 ML, reaction mixture was incubated at room temperature for 2 h before
stopping the reactipnbyadding.80 ML of streptavidin coated SPA-beads (GE Healthcare, Uppsala,
Sweden) in 0.5MEERTA. Q ML reaction was terminated after 2 hours at 25C upon addition of 30
ul streptavidin-cBatggh. , (GE Healthcare, Uppsala, Sweden 5 mg/mlin 0.5 M 25 EDTA). After
incubation at 25C for 3 8 plat

@- mpouni%equired to decrease by 50% the amount of RNA produced
which is measured by the detection of inCorporated radiolabeled GTP. 30 2. HCV NS5B conlb 2.a)
Cloning expres8i@gihland purification of NS5B conl b. The coding sequence for NS5B (genotype Ib
consensus strain Conl) lackjng 21 C-terminal residues wa®-gmplified from plasmid pFKI389/ns3-3'_N
(Genbank accessign no. AJR42654) and subclafed into the RET2Ib plasmid as described previously (

35Pauwels et al, 2 irop.81:6909-k8): The i "'Aﬁ“ pression construct was WO
2010/003658PCT/ER2L 2-96- transformed inte. & ‘tﬂr gsetta 2 (DE3) (Novagen, Madison,

L) A

medium supplemented with carbenicillin (50 pg/mL) and
chloramphenicol (34 pg/ as inoculated with one colony,/grown overnight, and transferred to fresh
LB-medium supplemented wj), 3% ethanol, carbenicillin and $ghloramphcnicol, at a ratio of 1:200. The
remaining of the procedure was as described previously ( Pauwels et al, 2007, J Virol 81:6909-19),
except that the £chintivusé A0 a® Exehang e ahr ¢hibl el raphyddasta £ smireR esiatinceoS lsalumn (GE
Healthcare), and fhatsotpin SeEcRNAtieNswars deteisned viththe ¥aRediaR (hNaekedier
Technologies, Vn\llier{rrég&gn, (I?E,eUS,tAg 1Ode2fb% ucNe -dreg%?g%%tdli\;u %ear%l%t e@ls?eg%%?gicﬁmﬂy-percent
inhibitory concéntra |onsaifa%?e 9 %Bncon Werep_(feferml‘ned accor mgyto He_me, od as described
previously (PadiRiis atcal 158al-) VirorE rbdedestdrastolidprivs calisisAde fiithddtiston assay.
Following E}10 Hilhuteppeeipitaib atiorfamtiedhehindhibrsred B etk by gfutifiednCoatheN 858 eazyme was

incubated for 1gqmapielauiiby LabLoM o HiRimyiaiegoliosr 16h 3k REMALiskpdWdepotdrC) template, 19

mM product was used without any further purification in the next step; m/z = 502 (M+H)".

Step 2

15 16b 16¢
HATU (3.6 g, 9.48 mmol) was added under nitrogen to a stirred solution of 16b
(3.17 g, 6.32 mmol), DIPEA (3.3 mL, 3 eq) and 2,2"-oxybis(N-methylethanamine)
(3.34 g, 4 eq) in 60 mL of dry THF. After I h, the reaction mixture was quenched with
water (100 mL) and extracted with ethyl acetate (EtOAc¢). The organic layer was

20 successively dried (Na;SOy), filtered and evaporated. The residue was triturated in
water, filtered and dried to give 4.05 g (quantitative yield) of the target compound 16¢,
used directly in the next step: m/z = 616 (M+H)"



Tris-HC1, 5 rnM MgC12, 17 mM NacCl, 21 mM KC1, and 2.5 mM DTT. 600 nivl GTP and 0.13 pCi of
[31-1]GTP was then added to initiate the 40-pl reaction mixture, which was then incubated at room
temperature for 2h before the reaction was stopped by addition of 40-p.1 streptayidin-coated SPA
beads. 20 THOBIERIREGET able 1 lists compounds according to any one oPfHEERBH?&ERAMples. The
activities of the compounds tested are also depicte'aQih Table 1. Table 1 Nr. Structure EC50 (11%1)
1050 IbJ4 (pM) IC50 Con 1 b (1tM) N ..N.---..,...a..."---.N..-=0.09=0.41 1..0"s::0

Step 3

16¢ 164
A solution of 16¢ (3.90g, 6.33 mmol) and sulfamide (3.04g, 6 eq) in dioxane (100 mL}
5  was refluxed at 100°C ovemnight. The reaction mixture was cooled down to room
temperature, then evaporated under vacuum. The residue was redissolved in DCM,
washed with water, dried over magnesium sulfate, filtered and concentrated to give
4.48 g (quantitative yield) of the desired product 164, used directly in the next step:
m/z = 695 (M+H)"
10 Stepd

Q1
OQ _N

HoN \L i FULF
0/\/'\! o} i
S o
o

e
NN
E Z 0/
16@ 16e

TFA (14.7 g, 129 mmol) was added to a solution of 164 (4.48 g, 6.45 mmol) in
dichloromethane (50 mL). After 1h, the reaction mixture was concentrated under

15 vacuum. The residue was triturated in ether, filtered and washed with ether, then
purified by chromatography (gradient EtOAc to EtOAc/EtOH, 9:1) to give 3.05 g
(68%) of the desired product 16e: m/z = 639 (M + H)"
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!
O=g—NH
¢

1. CDI, ACN, 60°C

2. DBU, ACN

16e 16

Carbonyldiimidazole (1.07 g, 6.59 mmol) was added to a stirred solution of 16e
(3.05 mg, 4.39 mmol) in dry ACN (40 mL). The reaction mixture was stirred at 60°C
for 1h: complete conversion to the acyl imidazole intermediate was observed. The
resulting solution was cooled down to RT, diluted with dry ACN (300 ml.) and DBU
(1.34 g, 2 eq) was added. The reaction mixture was stirred overnight at room
temperature, then concentrated under reduced pressure. The residue was redissolved in
DCM, washed with water, dried, filtered and concentrated. Purification by column
chromatography (gradient DCM to DCM/MeOH 9:1) provided 930 mg (33%}) of the
title product 16 as a white powder: m/z =621 (M + H)+, 1TH NMR (400 MHz,
CHLOROFORM-d) § ppm 1.15-131 (m, 1 H) 1.31-1.52 (m, 3 H) 1.69- 1.81 (m, 2
H)1.84(s,3H)'1.88-2.13(m,7H)2.45(d, }=1487 Hz, 1 H)2.76 - 2.92 (m, 1 H)
3.14 (s,3H)3.406 (4, J=15.65Hz, 1 H)3.54-3.70 (m, 3 H) 3.81 - 3.90 (m, 1 H) 3.93
(s,3H)4.03-4.18(m, 1 H)4.37 (d, J=14.67Hz, 1 H) 4.64 - 4.80 (m, 2 H) 7.06 (d,

. J=8.80Hz, | H)7.09 (s, I H) 748 (4, J=8.22 Hz, 1 H) 7.57 (5, 1 H} 7.70 (d, J=8.22 Hz,

1 H)7.89 (d, J=8.41 Hz, 1 H) 10.01 (br. 5., 1 H)

Example 17 — svnthesis of compound 17




WO 2010/003658PCT/E1'2009/004942 -97- Nr. Structure EC 50 (PM) IC50 1 bJ4 (PM) 1C50 Conlb
(PM) 1,00 0--NH O N *0 =0.07 = 0.24 = 0.038
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[ HATU
NH
DIPEA, THF

16b i7a

The synthesis of the title compound 17a was performed following the procedure

5  reported for the synthesis of compound 16¢, using N N -dimethylbutane-1,4-diamine
instead of 2,2'-oxybis(N-methylethanamine), yielding 1.25 g (quant. yield) of a white
solid; m/z 600 [M+H]". 4
Step 2

10 17a 17b

The synthesis of the title compound 17b was performed following the procedure
reported for the synthesis of compound 16d, using compound 172 instead of compound
16¢, yielding 1 g (54% yield) of a slightly yellow solid; m/z 679 [M-+HT".

Step3

15

17b i7c

The synthesis of the title compound 17¢ was performed following the procedure
reported for the synthesis of compound 16e, using compound 17b instead of compound
164, yielding 538 mg (62% yield) of a slightly brown solid; m/z 623 [M+H] .
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Step 4

/N/\/\/N 0
O
~NH
1. CDt, ACN, 80°C d’s

0 N
2. DBU, ACN g

17¢ 17

The synthesis of the title compound 17 was performed following the procedure
reported for the synthesis of compound 16, using compound 17¢ instead of compound
16e, vielding 70 mg (15% yield) of a white solid; m/z 605 [M+H]". 1TH NMR (400
MHz, DMSO-ds) 8 ppm 1.08 - 1.20 (m, 1 H) 1.22-1.79(m, 13 H) 1.88 (s, 6 H) 2.40 -
247 (m, 1H)2.69-2.83 (m, 1 H)2.92-3.14 (m, 4 H)3.56-3.72 (m, 1 H)3.89 (s, 3
H)3.92-4.04 (m, | H) 4.26 (d, /=14.67 Hz, 1 H) 4.86 (d, /=14.09 Hz, 1 ) 7.18 {dd,
J=8.61,2.15Hz, 1 H)7.22 (d, /=2.15 Hz, 1 H) 746 - 7.57 (m, 2 H) 7.80 - 7.92 (m, |
H)8.48 (s, 1 H) 11.39 (br. 5., 1 H)

Example 18 — synthesis of compound 18

I
\N/V\/N O

/
O=g—NH

S

18
The synthesis of the title compound 18 was performed following the 4-step procedure
reported for the synthesis of compound 17, starting from intermediate 1b instead of
16b, and yielding 0.5 g of a white solid; m/z 591 [M+H]". 1H NMR (400 MHz,
DMSO-ds) 8 ppm 1,01 - 1.19(m, 1 H) 1.18 - 1.52 (m, 5 H) 1.54 - 1.79 (m, 4 H) 1.80 -
208(m,4H)242-248 (m, 1 H)2.63-280(m, ] H}2.93(s,3H)2.98-3.14 (m, 1
H)Y343-3.75(m, 5H)3.85(s,3H)4.43 (d, /~14.87 Hz, 1 H} 5.04 (d, /=14.48 Hz,
1H)6.84 (br.s., 1 H)7.09(s, | H) 7.18 (d, J=8.22 Hz, 1 H) 7.45 (d, /~=8.22 Hz, 1 H)
7.55(d,/~841Hz, 1 H)7.87(d, /8.41 Hz, 1 H) 8.35(br.s., 1 H) 11.33 (br.s., 1 H)



ON0=0.92=0.29 12 "-N."-=--r,-----"-NH O0--1 N 0 =0.29=0.93

10

5

20

25

WO 2016/003658 PCT/EP2009/004942

-76-

Exammple 19 — synthesis of compound 19

!
~
/N’\/o’\/"‘
O=g_nH

19

The synthesis of the title compound 1% was performed following the 5-step procedure
reported for the synthesis of compound 1, starting from intermediate 10-tert-butyl
6-methyl 13-cyclohexyl-3-fluoro-7H-indolo[2,1-a]{2}benzazepine-6,10-dicarboxylate
19a instead of 10-fert-butyl 6-methy! 13-cyclohexyi-3-methoxy-7H-indolo[2,1-
ajf2}benzazepine-6,10-dicarboxylate 1=, and yielded 180 mg of a white solid; m/z 595
[M+H]". 1H NMR (400 MHz, CHLOROFORM-d) & ppm 1.11-1.29 (m, 1 H) 1.29 -
153 (m,3H)1.67-183(m,3H)1.87-2.11 (m,4H) 230 (br. 5., 3 H)2.69-2.82 (m,
1H)2.81-298(m,1H)3.11(s,3H)3.46-3.58 (m, 1H)3.59-3.79 (m, 3 H) 3.90 -
408 (m, 1 H)4.24-438(m, |l H)4.43 (dd, /=14.73, 1.27 Hz, 1 H} 4.97 (d,

J=14.63 Hz, L H)6.73 (s, 1 H) 7.11 (dd, /=9.27,2.63 Hz, 1 H) 7.17 - 7.30 (i, 1 H)
7.57 (dd, /=8.68, 5.76 Hz, 1 H) 7.69 (s, 1 H) 7.67 (dd, J=8.78, 1.56 Hz, 1 H) 7.90 (d,
J=8.78 Hz, 1 H) 9.84 (br. 5., 1 H)

Exampile 20 — synthesis of compound 20

f

N
/N/\/O/\/N C
05N

20

The synthesis of the title compound 28 was performed following the 5-step procedure
reported for the synthesis of compound 1, starting from intermediate 10-rert-butyl
6-methyl 13-cyclohexyl-3-fluoro-5-methyl-7H-indolo[2,1-a][2]benzazepine-6,10-
dicarboxylate 202 instead of 10-ferr-butyl 6-methyl 13-cyclohexyl-3-methoxy-7H-
indolof2,1-a][2]benzazepine-6,10-dicarboxylate 12, and yielded 130 mg of a white
solid; m/z 609 [M+H]". 1H NMR (400 MHz, CHLOROFORM-d) 8 ppm 1.14 -

131 (m, T H) 1.32-1.46 (m, 3 H) 1.64 - 1.81 (m, 3 H) 1.84 (s, 3 H) 1.87 - 1.99 (m,
3H)2.01(s,3H)2.47(d, /~14.63 Hz, 1 H) 2.73 - 2.87 (m, 1 H) 3.14 (s, 3 H) 3.43 (d,
J=15.02 Hz, 1 H) 3.56 - 3.64 (m, 2 H) 3.65 (d, J=3.12 Hz, 1 H) 3.74 - 3.88 (m, 1 H)
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4.00 - 4.12 (m, 1H) 4.35 (d, J=14.83 Hz, 1 H) 4.64 - 4.75 (m, 1 H) 4.81 (d, /=14.63 Hg,
1 H) 7.16 - 7.32 (m, 2 H) 7.53 (dd, J=8.39, 6.05 Hz, 1 H) 7.64 (s, 1 H) 7.70 (d, /=8.39
Hz, 1 H) 7.91 (d, J=8.39 Hz, 1 H) 10.09 (br. s., } H)

Example 21 — synthesis of compound 21

The synthesis of the title compound 21 was performed following the 5-step procedure
reported for the synthesis of compound 1, starting from intermediate 10-ters-butyl
6-methyl 3-chloro-13-cyclohexyl-7H-indolo[2,1-a][2]benzazepine-6,10-dicarboxylate
21a instead of 10-fert-buty! 6-methyl 13-cyclohexyl-3-methoxy-7H-indolo{2,1-
a][2]benzazepine-6,10-dicarboxylate 1a, and yielding 270 mg of a white solid; m/z 611
IM+HT". THNMR (400 MHz, DMSO-d6) 8 ppm 1.08 - 1.22 (m, 1 H) 1.31 - 1.52 (m,
3H) 1.63 - 1.78 (m, 2 H) 1.81 -2.09 (m, 4 H) 2.50 (5, 3H) 2.69 - 2.80 (m, 1 H) 3.00 (s,
3H)3.08-3.19(m, 1 H) 3.19-3.28 (m, 1 H) 3.46 - 3.88 (m, 6 H) 4.52 (d, /~14.87 Hz,
1 H)5.12 (d, J=13.11 Hz, 1 H) 6.97 (s, 1 H) 7.49 (d, /=7.83 Hz, 1 H) 7.58 - 7.70 (m,

3 H) 7.54 (d, /=8.61 Hz, 1 H) 8.36 (s, 1 H) 11.39 (br. 5., 1 H)

Example 22 — synthesis of compound 22

e

22
The synthesis of the title compound 22 was performed following the 5-step procedure
reported for the synthesis of compound 1, using N Nf-dimethylhexane-1,6-diamine
instead of 2,2'-oxybis(N-methylethanamine) in step 2, and yielded 50 mg of a white
solid; m/z 619 [M+H]". 1H NMR (400 MHz, CHLOROFORM-d) & ppm 1.00 -
1.64 (m, 11 H) 1.66 - 1.87 (m, 3 H) 1.87 - 2.15 (m, 4H) 2.47 (s, 3 H) 2.66 - 2.91 (m,
2H)3.23 (5,3 1) 3.25-3.33 (m, 1 H)3.33-3.45 (m, 1 H) 3.90 (5, 3 H) 4.09 -4.25 (m,
1 H)4.39 (d, /~14.28 Hz, 1 H) 5.14 (d, /~14.48 Hz, | H) 6.81 (5, 1 H) 6.90 (s, 1 H)
7.06 (dd, J=8.61,2.15 Hz, 1 H) 7.45 (d, /=8.22 Hz, 1 H) 7.50 (d, /=8.61 Hz, 1 H)
7.81 - 7.96 (m, 2 H) 8.94 (br. s., 1 H)
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Example 23 — svnthesis of compound 23

The synthesis of the title compound 23 was performed following the 5-step procedure
reported for the synthesis of compound 1, using N, N* -dimethyl-N"-(2-

5 (methylamino)ethyl)ethane-1,2-diamine instead of 2,2'-oxybis(N-methylethanamine) in
step 2, and yielded 20 mg of a white solid; m/z 592 [M+H]". 1H NMR (400 MHz,
DMSO-d6) 6 ppm 1.04 (d, /=5.87 Hz, L H) 1.06 - 1.22 (m, 1 H) 1.27 - 1.51 (m, 3 H)
160-1.78(m,2H)1.80-192(m, 1 H)1.92-2.07(m,3 H)2.12 (s, 3 H) 2.27 - 2.41
(m, 1 H)2.69-2.83 (m, 2 H) 2.83-2.97 (m, 2 H) 3.01 -3.15 (m, 2 H) 3.17 - 3.28 (i,

10 2H)3.86 (s,3 H)4.21 (d, /~15.65 Hz, 1 H) 5.54 (d, /=15.65 Hz, 1 H) 7.11 - 7.25 (m,
2H)7.35 (s, 1 H) 7.47 (d, J=8.22 Hz, 1 H) 7.533 (d, J=9.00 Hz, 1 H) 7.70 - 7.83 (m,
1 H)8.32 (br.s., 1 H)8.37-8.50 (m, 1 H)

Example 24 — synthesis of compound 24

15 The synthesis of the title compound 24 was performed foliowing the 4-step procedure
reported for the synthesis of compound 17, starting from intermediate 10-{ferr-
butoxycarbonyl)-2-chloro-13-cyclohexyl-7H-indolo{2,1-a][2 |benzazepine-6-carboxylic
acid 24b instead of 10-(fert-butoxycarbonyl)-13-cyclohexyl-3-methoxy-5-methyl-
7H-indolo[2,1-a]{2]benzazepine-6-carboxylic acid 16b, and yielded 0.25 g of a white

20 solid; m/z 595 [M+H]". 1H NMR (400 MHz, Chloroform-d) & ppm 1.25 - 1.5 (m, 4 H)
15-1.8(m,4H)19~-21(m 4H)1.8(.,3H)2.8-2.13(m, 3 H)25-2.6(m,2H)
32(s,3H) 3.6 (br.s, 1 H)4.1 (br.s., 1HY4.45(d, /=15 Hz, | H) 5(d, /<15 Hz, | H)
6.6(s, 1 H)7.25(d, /=8.4 Hz, | H) 7.4 (dd, /=8.5, J=2.5 Hz, 1 H) 7.5-7.6 (m, 2H) 7.6%
(s, 1H)7.9(d, /=84 Hz, 1 9.1 (br.s,, 1 H)
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Example 25 — synthesis of compound 25
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The synthesis of the title compound 25 was performed following the 5-step procedure
reported for the synthesis of compound 10, starting from intermediate 10-tersr-butyl
6-methyl 13-¢cyciohexyl-3-methoxy-7H-indolo[2,1-a]{2]benzazepine-6,10-
dicarboxylate 1a instead of 5-ferf-butyl la-methy! 8-cyclohexyl-11-methoxy-1,12b-
dihydrocyclopropaldlindolof2,1-a}{2]benzazepine-1a,5(2H)-dicarboxylate 8a, and
yielded 45 mg of a white solid; m/z 577[M+H]". 1H NMR (400 MHz, DMSO-d6)
Sppm 1.03-1.19(m, 1 H) 1.25-1.49 (m, 4 H) 1.49-2.29 (m, 10 H) 2.67 - 2.82 (m,

1 H)2.84-3.04(m, 1 H)3.05-3.24 (m, | H)3.48-3.72 (m, 5 H) 3.86 (s, 3 H) 4.42 (d,
J=14.67 Hz,1 H)5.00 (4, J=14.28 Hz, 1 H) 6.84 (br.s., 1 H} 7.09 (s, 1 H) 7.18 (d,
J=8.41 Hz, 1 H) 7.47 (d, /=7.83 Hz, 1H) 7.55 (d, /=841 Hz, 1 H) 7.75 - 7.92 {m, 1 H)
8.19-841 (m, 1 H)11.27 (br.s., 1 H)

Example 26 — svnthesis of compound 26

HATU

———————-

ib 26a 26b
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A solution of 606 mg (1.24 mmole) of 1b, 410 mg (1.1 eq) cf 26a, 710 mg (1.5 eq) of
HATU and 0.65 mL (3 eq) of diisopropylethy! amine in dry DMF (10 mL) was stirred
at RT during 1h. The RM was then diluted with water and the resulting yellow
precipitate was filtered off, washed with water, and purified by flash chromatography
(eluant DCM to DCM/MeOH 0.5%) to give a quantitative yield of the desired product
26b as a yellow powder; m/z 771 [M+H]".

Step 2

¥

26b 26¢

To a solution of 1.1g (1.44 mmole) of 26b and thiophenol (0.32 g, 2 eq) in dry DMF
{15 mL) was added cesium carbonate (0.94 g, 2 eq) at RT. After 2h, the RM was
diluted with water and extracted with EtOAc. The organic layer was washed with brine,

dried over magnesium sulfate, filtered and concentrated. The resulting residue was
further purified by flash chromatography (eluant: DCM to DCM/ NH3 in MeOH 85/15)
to give 0.77 g (90% yield) of 26¢ as a yellow powder; m/z 586 [IM+HT".

Step 3

sulfamide

» dioxane
o

26¢ 26d
A mixture of 26¢ (0.72g, 1.23 mmole) and sulfamide (0.35 g, 3 eq) in dioxane (15 mL)
was refluxed until completion (~7h). The RM was then concentrated under vacuo and
the residue was triturated in DCM . The resulting precipitate of sulfamide in excess was
filtered off. The organic layer was concentrated and purified by flash chromatography
{eluant: DCM to DCM/MeOH 1%) to give 776 mg {95 % yield) of the desired product
264 as a light yellow powder; m/z 665 [M-+H]".
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HCI in isopropanol

DCM

26d 26e
A solution of 26d (0.72 g, 1.086 mmele) in 10 mL of HCI in isopropanol and 5 mL of
5 DCM was stirred at RT for 3h. The RM was then concentrated under vacuo, and the
residue was triturated in diethyl ether. The resulting precipitate was filtered off, washed
with ether and dried in a vacuum oven overnight to give 661 mg (97% yield) of the
desired product 26e as a light yellow powder; m/z 609 [M+H]".

Step 5

1. COI, ACN, 80°C
T st s e
2. DBU, ACN

10
Zoe 26

A solution of 26e (0.6g, 0.971 mmole) and CDI (0.205 g, 1.3 eq) in acetonitrile (10
mL) was heated at 60°C until complete formation of the acyl imidazole intermediate
(~1h). The RM was then diluted with 20 mL of acetonitrile and DBU (0.296 g, 2 eq)

15 was added at RT. The RM was stirred at RT until completion, then was concentrated.
The residue was redissolved in water and acetic acid was then added until pH 2. The
resulting preéipitate was filtered off, washed with water, and purified by flash
chromatography (eluant: DCM to DCM/MeOH 5%) to give 0.315 g (55% yield) of the
desired product 26 as a slightly yellow powder; m/z 591 [M+H]". 1H NMR (400 MHz,

20 DMSO-ds) ¢ ppm 1.07 - 2.09 (m, 16 H) 2.71 - 2.84 (m, 1 H) 2.94 (s, 3 H) 3.01 - 3.18
(m,2 H)3.19-3.31 (m, 2 H) 3.87 (s, 3 H)} 4.25 (d, /=15.06 Hz, 1 H) 5.52 (d, J~15.26
Hz, 1 H)7.16 - 7.26 (m, 2H) 7.32 - 7.44 (m, 2 H) 7.54 (d, /=9.19 Hz, 1 H) 7.86 (d.
J=8.61 Hz, 1 H) 826(s, 1 H)8.40-8.51 (m, 1 H) 11.61 (br. s., 1 H)
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Example 27 — synthesis of compound 27

The synthesis of the title compound 27 was performed following the 5-step procedure
reported for the synthesis of compound 26, starting from intermediate 10-(rert-
butoxycarbonyl)-2-chloro-13-cyclohexyl-7H-indolo[2,1-a][2]benzazepine-6-carboxylic
acid 24b instead of 10-(tert-butoxycarbonyl)-13-cyclohexy!-3-methoxy-7H-indolo[2,1-
a][2]benzazepine-6-carboxylic acid 1b, and yielded 85 mg of a yellow solid; m/z 596
IM+H]". 1H NMR (400 MHz, Chloroform-d) & ppm 1.21 - 1.5 (m, 10 H) 1.75 - 1.8 (m,
2H)1.9-21(m, 4 H)2.75 (br.s., 1 H}3.01 (s, 3H)3.1 -32(m,2H)3.5-3.6 (m,2
H) 4.23(dd, /~15.28,1.27Hz, 1 HY 5.6 (d, /~15.28 Hz, l H) 7.4 (s, 1 ) 7.5-7.6 (, 3
H) 7.65(d, /=8.5Hz, 1 H)7.8 (s, 1 H) 7.9 (d. /=8.5Hz, 1 H) 7.69 (s, 1 H) 8.64 (br. 5.,
I H)

Example 28 — svnthesis of compound 28

A |
NN N
/

O-5—NH

28

The synthesis of the title compound 28 was performed following the 5-step procedure
reported for the synthesis of compound 16, starting from intermediate 10-fers-butyl
6-methyl 13-cyclohexyl-3-methoxy-7H-indolo[2,1-a]f2]benzazepine-6,10-
dicarboxylate 1a instead of 5-fert-butyl la-methyl 8-cyclohexyl-11-methoxy-1,12b-
dihydrocyclopropajdjindolo[2,1-a}[2]benzazepine-1a,5(2 F)-dicarboxylate 8a, and
using N-[4-(methyilamino)butyl]-N-(1-methylethyl)sulfamide 28a instead of V-
{4-aminobutyl)}-N-methyisulfamide 10b, and yielded 50 mg of the desired product 28§;
m/z 619 [M+H]". 1H NMR (400 MHz, CHLOROFORM-4) 6 ppm 1.05 - 1.15(m, 1 H) -
1.18 (d, /~6.65 Hz, 3 H) 1.25 (d, /=6.46 Mz, 3 H) 1.28 - 1.51 (m, 4 H) 1.53 - 2.31 (m,
13 H)2.67-2.85(m, } H) 3.01 -3.19 (m, 1 H) 3.51 - 3.73 (m, 1H) 3.89 (s, 3 H) 3.95 -
4.15(m, 1 H) 4.42 (d, /=14.48 Hz, 1 H) 4.52 - 4.72 (m, 1 H) 5.01 (d, /=14.48 Hz, 1 H)
6.68 (s, 1) 6.87 (s, 1 H) 7.05(d, /~8.41 Hz, 1 H) 7.52 (d, /=8.41 Hz, | H) 7.63 (d.
J=8.22 Hz, 1 H) 7.77 -7.99 (m, 2 H) 9.42 (br. s., | H)
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Example 29 — synthesis of compound 10b

N,
O—"—'$=O 0]
/N\/\/\N)Lok
H

A mixture of tert-butyl 4-(methylamino}butylcarbamate (4 g, 19.77 mmeoles) and
sulfuric diamide (7.6 g, 4 eq) in dioxane (10 mL.) was heated at 100°C in a microwave
oven during 30 minutes. The RM was then concentrated in vacuo, and DCM was

10b

added. The resulting white precipitate of sulfuric diamide in excess was filtered off, and
the filtrate was successively washed with diluted HCI, then brine, dried over
magnesium sulfate, filtered and concentrated. Trituration in diisopropyl ether afforded
3.55 g (64% yield) of rert-butyl 4-(methyl(sulfamoyljamino)butylcarbamate 1¢b as a
white solid; m/z 282 [M+H]".

Example 30 — synthesis of compound 26a

N\ NHe
{0
L
ﬁ!o
o)
e 26a
Step 1
o
o] 0=$=00 DIPEA, DCM Q o) o
N* —— g
H N/\/\/\N)Lok + 2 o f ,,S\N/\\/\/\NJ\OX
2 H _NL O H H
¢ o)
30a 30b 30¢

To a solution of tert-butyl S-aminopentylcarbamate 30a (20 g, 99 mmoles) and 2-
nitrobenzene-1-sulfonyl chloride 30b (23 g, 1.05 eq) in DCM (200 mL) was added
dropwise diisopropyl ethyl amine (19.2 g, 1.5 eq) at 0°C. After stirring at RT overnight,
the RM was successively washed with an aqueous solution of citric acid, then brine,
dried over magnesium sulfate, filtered and concentrated. Trituration in diisopropyl
ether afforded 32.61 g (85% yield) of fert-butyl 5-(2-
nitrophenylsulfonamido)pentylcarbamate 30¢ as a white solid; m/z 388 [M+H]".
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Step 2
8] O
IO 1% Mel, Ko.CO @ 7’
;/ ,,31 /\/\/\NL — 2T i d’S\NWNJ‘LOX
N2 O E; H 0 acetone ”O’N‘“O ) H
[0 0)

3bc 7 20d

To a mixture of terr-butyl 5-(2-nitrophenylsulfonamido)pentylcarbamate 3¢ (32.61 g,
84 mmoles) and potassium carbonate (13.96 g, 1.2 eq) in acetone (300 mL) was added
methyl iodide (5.5 mL, 1.05 eq). After stirring at RT overnight, more methyl iodide (1
eq) and potassiuin carbonate {0.6 eq) was added and the RM was stirred at RT until
completion. The RM was then diluted with water and extracted with DCM. The organic
layer was separated, washed with brine, dried over magnesium sulfate, filtered and
concentrated. Trituration in diisopropyl ether afforded 31.59 g (93% vyield) of rert-butyl

5-(N-methyl-2-nitrophenylsulfonamido)pentylcarbamate 30d as a white solid; m/z 402
IM+HT

Step 3
0 Q TFA, DCM @ 4
g ! R N N
;/ ’fs,‘N/W\NJLOX e e Nt 6’8 N NH,
NE O | S ORe) ]
070
30d 26a

A solution of ferf-butyl 5-(N-methyl-2-nitrophenylsulfonamido)pentylcarbamate 30d
(31.5 g, 79 mmoles) and trifluoro acetic acid (29.2 ml, 5 eq) in DCM (300 mL) was
stirred at RT until completion {~ 16 h). The RM was then concentrated under vacuo,
redissolved in DCM, washed with a saturated sodium bicarbonate aqueous solution (2
times), then brine, dried over magnesium sulfate, filtered and concentrated. Trituration
in diisopropyl ether afforded 23.7 g (quantitative yield) of N-(5-aminopentyl)-N-
methyl-2-nitrobenzenesulfonamide 26a as a slightly yellow solid; m/z 302 [M+H]",

Example 31 — synthesis of compound 28a

X
o) N
o= _/—/‘ SNH,
N do
/ 28

&
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Step 1
0
X e NS
2
O:(N_/J NaHBOAc,, DCE 0=<N_/_/7
/

/
31a 31ib

A mixture of tert-butyl 4-aminobutyi(methyl)carbamate 31a (287 mg, 1.42 mmole),
acetone (75 mg, 1.29 mmole) and sodium triacetoxyborohydride (383 mg, 1.8 mmole)
was stirred under nitrogen at RT until completion. The RM was then concentrated,
diluted with a saturated sodium bicarbonate aqueous solution, and extracted with ether
(2 times). The organic layers were combined, dried over magnesium sulfate, filtered
and concentrated to give 200 mg (63% yield) of the desired product tert-butyl 4-
(isopropylamino)butyl(methyl)carbamate 31b, used without further purification in the
next step; m/z 245 [M+H]".

Step 2
HN_o
X >— HZN'S\\O >€ ;};
oL I R
’ N H,N
/

3ib 28a

A mixture of fert-butyl 4-(isopropylamino)butyl(methyl)carbamate 31b (3.38 g, 13.8
mmoles) and sulfuric diamide (3.99 g, 3 eq) in dioxane (10 mL) was heated at 110°C in
a microwave oven during 60 minutes. The RM was then concentrated in vacuo, and
DCM was added. The resulting white precipitate of sulfuric diamide in excess was
filtered off, and the filtrate was concentrated in vacuo. The residue was purified by
flash chromatography (eluant: DCM to DCM/MeOH 20%) to give 1.7 g (38% yield) of
the desired product ters-buty! 4-(isopropyl(sulfamoyl)amino)butyl{methyljcarbamate
28a; m/z 324 [M+H]". '

Example 32 — synthesis of compound 19a

1%9a

=0.031
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O P.
O #lj ,o\l/ O \O o N B’O
o8 + hE A
Ok PAOAL;, ElN, THF ©
32a 32b

A mixture of tert-butyl 2-bromo-3-cyclohexyl-1H-indole-6-carboxylate 32a (5 g, 13.22
5  mmoles, synthesized as described in US 2007270406 A1), pinacolborane (5.75 mL,

3 eq) and triethylamine (7.35 mL, 4 eq) in THF (50 mL) was stirred at RT during 3 h.
Palladium acetate (90 mg, 0.03 eq) and biphenyl-2-yldicyclohexylphosphine (556 mg,
0.12 eq) were then added and the RM was heated at 80°C during 2h. The reaction
mixture was then allowed to cool down to RT and poured in a solution of watered

10 NH4CI then extracted with ethyl acetate. The organic layers were dried over
magnesium sulfate, filtered and concentrated. The residue was purified by column
chromatography using a gradient of ethy! acetate in heptane to give 3.5 g (70% yield)
of the desired product rert-butyl 3-cyclohexyl-2-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1H-indole-6-carboxylate 32b; m/z 426 [M+H]".

ﬁ N32003 Pd{FPda),
8
/ EWEE H,0

32b 32¢ 32d

15 Step2

>

To a mixture of rert-butyl 3-cyclohexyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-y1)-1H-indole-6-carboxylate 32b (2.77 g, 6.5 mmoles) and 2-bromo-5-

20 fluorobenzaldehyde 32¢ (1.58 g, 1.2 eq) in DME (40 ml) was added a solution of
sodium carbonate (2.07 g, 3 eq) in water (15 mL). The resulting mixture was then
flushed with nitrogen at RT during 10 minutes. After the addition of palladium tetrakis
triphenylphospine (376 mg, 0.05 eq), the RM was heated at 70°C during 1 h. The
mixture was then allowed to cool down to RT and poured in water, then extracted with

25  ethyl acetate (3 times). The organic layers were combined, dried over MgSOy, filtered
and concentrated. The residue was recrystaliized from di-isopropyl ether / heptane to
give 2 g (73% yield) of the desired product terr-butyl 3-cyclohexyl-2-(4-fluoro-
2-formylphenyl)-1H-indole-6-carboxylate 32¢ as a white solid; m/z 422 [M+H]",
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A mixture of tert-butyl 3-cyclohexyl-2-(4-flucro-2-formylphenyl)-1 H-indole-6-

5  carboxylate 32d (2 g, 4.75 mmoles), cesium carbonate {1.85 g, 1.2 eq) and methyl
2-(dimethoxyphosphoryl)acrylate (16.475 mL, 0.36 M solution in toluene, 1.25 eq) in
DMF (80 mL) was stirred at 60°C during 2 h. The reaction mixture was then allowed to
cool down to room temperature, poured in water and extracted with ethyl acetate. The
organic layer was then dried over MgSOQy filtered and concentrated. The residue was

10 purified by column chromatography using heptanes / dichloromethane to give 2 g (86%
yield) of the desired product 10-fers-butyl 6-methyl 13-cyclohexyl-3-fluoro-7H-
indolo[2,1-a][2]benzazepine-6,10-dicarboxylate 19a; m/z 490 [M+H]"..

Example 33 — synthesis of compound 20a

15 20a
Br N Br O
P
=~ MeMgBr, THF
F F
33a 33b

To a solution of 2-bromo-5-fluoro-benzonitrile 33a (10 g, 50 mmol) in dry
20 tetrahydrofuran (100 mL} under nitrogen was added methylmagnesium bromide (3.2 M
in ether, 19 mL, 60.0 mmol), and the resulting mixture was heated to reflux for 4 hours.
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The RM was then cooled down to RT, poured into 2 2 N HCI solution (100 mL) and
then diluted with methanol (100 mL). The resulting green solution was concentrated on
a steam bath for 1 h at which point the organic solvents had been removed and the
crude product had precipitated. The reaction mixture was then extracted with ethyl

5  acetate, dried over MgSO, and concentrated. The residue was purified by column
chromatography using heptane and dichioromethane to give 4.88 g (45% yield) of the
desired product 1-(2-bromo-5-fluorophenyl)ethanone 33b as a pink oil; m/z 218
[M+H]".

Step 2

>|\0 " Br O
o N JG NachQ,, Pd{p@3)4
Ve * T
o DME, Ho0

32b 33k 33¢

The title product fert-butyl 2-(2-acetyl-4-fluorophenyl)-3-cyclohexyl-1H-indole-6-
carboxylate 33¢ was synthesized following the procedure reported for the synthesis of
tert-butyl 3-cyclohexyl-2-(4-fluoro-2-formylphenyl)-1H-indole-6-carboxylate 324,

15 using 1-(2-bromo-5-fluorophenyl)ethanone 33b instead of 2-bromo-5-
fluorobenzaldehyde 32¢, and was obtained in 65% yield as a white solid; m/z 436
[M+HT".

Step 3

10

to o
o O \Oha P
P i Tt sl
4 Cs,00,, DMF

20 33e 20a

The title product 10-ters-butyl 6-methyl 13-cyclohexyi—B—ﬂﬁorons-methyl-'fh’—
indolo[2,1-a}[2}benzazepine-6,10-dicarboxylate 26a was synthesized following the
procedure reported for the synthesis of 10-ferr-butyl 6-methyl 13-cyclohexyl-3-fluoro-
7H-indolo[2,1-aj[2]benzazepine-6,10-dicarboxylate 19a, using tert-butyl 2-(2-acetyl-

25 4-fluorophenyl)-3-cyclohexyl-1H-indole-6-carboxylate 33¢ instead of fert-butyl
3-cyclohexyl-2-(4-fluoro-2-formylpheny!)-1H-indole-6-carboxylate 324, and was
obtained in 11% yield as a white solid; m/z 504 [M+H]".
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Example 34 — synthesis of compound 21a

o HO\B,OH

H KzCOs. PdC]z(P%)Z
Br + 0
DME, HO

ci

Q
S o

32a 34a 34b

The bromo indole derivative 32a (5 g, 13.22 mmol), 4-chloro-2-formyliphenylboronic
acid 34a (3.17 g, 17.18 mmol) and potassium carbonate (4.20 g, 30.4 mmol) were
dissolved in 100mL of 1,2-dimethoxyethane (80 ml)/water (20 ml) 4/1 and the obtained
solution was flushed thoroughly with argon. Then bis(triphenyiphosphine)paliadium(Il)
chloride (0.464 g, 0.66]1 mmol) was added and the reaction was heated to 63°C under
argon during 3h. The reaction was then diluted with EtOAc, washed with water and
with sat. aq. NaHCO;, dried (brine, sulfate) and evaporated. The residue was stripped
with DIPE and stirred and sonicated in heptane with a few mL DIPE added. The solid
was filtered off and dried to afford 4.97 g (86% yield} of the desired product fert-butyl
2-{4-chloro-2-formylphenyl)-3-cyclohexyl-1H-indole-6-carboxylate 34b; m/z 437
[M+HT".

Step 2

34b 21a

The indole derivative 34b (4.95 g, 11.30 mmol) and cesium carbonate (4.42 g, 13.56
mumol) were dissolved in N, N-dimethylformamide (dry) (50 ml} and methyl 2-
(dimethoxyphosphoryl)acrylate (3.23 g, 14.13 mmol) was added. The RM was stirred
at 65°C during 2h. It was then cooled to rt and dropped onto 300 ml of water
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vigorously stirred. The resulting yellowish solid was filtered off, washed with water
and dried to afford 5.40 g (94% yield) of the desired produét 10-tert-butyl 6-methyl 3-
chloro-13-cyclohexyl-7H-indolo[2,1-a][2]benzazepine-6,10-dicarboxylate 21a, used
without further purification in the next step; m/z 507 [M+H]".

Example 35 — svnthesis of compound 24a

N

SVaw
. ) 24a

The title compound 24a was synthesized following the 2-step procedure reported for
the synthesis of 10-fert-butyl 6-methyl 3-chioro-13-cyclohexyl-7H-indolo[2,1-
alf2]benzazepine-6,10-dicarboxylate 21a, using 5-chloro-2-formylphenylboronic acid

S

in the first step, instead of 4-chloro-2-formylphenylboronic acid 34a, and was obtained
with an overall yield of 70% as a yellowish solid; m/z 507 [M+H]",

Example 36 — synthesis of compound 24b

24a 24b

A solution of NaOH (6.38 g) in 25 mL of water was added to a stirred solution of the
indole derivative 24a in THF (100 mL) and MeOH (150 mL). After 1 hour the reaction
was concentrated under reduced pressure, then diluted with ice-cold water (150 mL).
The pH of the resulting solution was adjusted to 6 with HCI then extracted with
dichloromethane and dried over MgSQy. The solvent was removed then the residue was
purified by column chromatography using DCM/MeQOH as eluant to give 1.7 g (87%
vield) of a yellowish solid; m/z 492 [M+H]".
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Example 37 — synthesis of comnound 16a

16a

ar 8r
O
O
O
p-TSA,
Dean-Stark
O Refluxed 0
37a 37b

Ethane-1,2-dio] (4.06 g) and Tos-OH (0.41 g) were added to a solution of 1-(2-bromo-
5-methoxyphenyl)ethanone 37a (5 g) in toluene (950 mi). The solution was heated
under reflux with stirring in a 3 -neck round-bottomed flask fitted with a Dean-Stark
receiver for 3 hours. The reaction mixture was then cooled to room temperature. The
mixture was transferred to a separating funnel and a sodium carbonate solution {1 M,
50 ml) was added. The mixture was agitated and two phases formed. The organic layer
was separated, washed with water (2 x 50 ml), dried over MgSO. and concentrated
under vacuum to afford 6.5 g (quantitative yield) of the desired product 2-(2-bromo-
5-methoxyphenyl}-2-methyl-1,3-dioxolane 37b as a white solid.

Step 2
HO. __OH
Br 1)n-Bulli, g8~
j> trimethylborate
= o}
O 2) H

-~ G - C
37b _ 37

The bromo derivative 37b (6 g) was dissolved in dry THF (60 ml) and the solution
was cooled down to -78°C. Then n-BuLi (16.5 m!) was added carefully at such a rate
that the temperature did not exceed -60 °C. After 1 h, B(O-i-Pr)s (6.2 g) was added
neatly dropwise at -78 °C. After all was added, the cooling bath was removed. The
mixture was stirred at 0 °C for 2.5 h, then 2 N HCI (60 ml) was added, and the RM
stirred at r.t. for 2 h. The organic solvent was then removed under vacuum and the
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aqueous layer was saturated with NaCl and extracted with EtOAc. The organic layer
was dried over Na,;SO; and evaporated under vacuum to give 3 g of the desired product
2-acetyl-4-methoxyphenylboronic acid 37¢.

Step 3
/ko HO.__.OH
i B Na,COg, PA(Pa),, LICl
© y Br +
‘ toluene, EtOH
O\.
32a 3¢ 37d

The title product fert-butyl 2-(2-acetyl-4-methoxyphenyl)-3-cyclohexyl-1H-indole-
6-carboxylate 37d was synthesized by following a similar procedure to that used for the
synthesis of tert-buty! 2-(4-chloro-2-formylphenyl)-3-cyclohexyl-1H-indole-
6-carboxylate 34b, using 2-acetyi-4-methoxyphenyiboronic acid 37¢ instead of
4-chloro-2-formylphenylboronic acid 34a.

Step 4
\é\(ﬁwﬁ?\ -~
! o G
< >L
Cs,C0,;, DMF
37d 162

The title product 10-tert-butyl 6-methyl 13-cyclohexyl-3-methoxy-5-methyl-7H-
indolo[2,1-al[2]benzazepine-6,10-dicarboxylate 16a was synthesized by following a
similar procedure to that used for the synthesis of 10-terf-butyl 6-methyl
13-cyclohexyl-3-fluoro-5-methyl-7H-indolo[2,1-a][ 2]benzazepine-6,1 0-dicarboxylate
2{a , using fert-butyl 2-(2-acetyl-4-methoxyphenyl)-3-cyclohexyl-1H-indole-
6-carboxylate 37d instead of tert-butyl 2-(2-acetyl-4-fluorophenyl)-3-cyclohexyl-1H-
indole-6-carboxylate 33¢.



IC50 IbJ4 1050 Conlb 38 -N\0=3-0NO N iii40=0.912 Enzyme binding affinity The compounds of
formula (I) were examined for their enzymatic binding kinetics using a Surface Plasmon Resonance
(SPR)-based method, i.e. Biacore. A slow 5dissociation of the inhibiting compound from its viral target
(low Icoff, lowa@diigbistieved to potentially reduce the development of dragTESsrdesayainst anti-viral
drugs (Dierynck et al. 2007. Journal of Virology, volﬁff No. 24, 13845-13851). All measurements were
performed on a Biacore T100 instrument (GE Healthcare). The purified HIS6-tagged NS5BAC21
polymerases wexeniisndbiizesiusineHanmeouatictd 10 capturing to an NTA sensor chip (GE
Healthcare) in immobilization buffer (20 mM MOPS pH 7.4, 500 mMNacCl, 0.005 % Tween-P20, 1 tnM
DYE, 50 MM EDEWE['n studies were all performed at 25C. Inhibitors were serially diluted in
running buffer (20 oM Iris-HC1 P 7.4, 150 mM NaC1, 50 glA EDTA, 1 mM DTT, 0.005 %
Tween-P20) contarn’ng 5 % dimethy! sulfoxide (DMSO) Single cycle 15kinetics were used in which 5
increasing concentrg
dissociation was m%nlt @ of1200 S. The sensor surface was completely regenerated in
between the cycles. Data 3
fining) adapted for single-cycle Kigetics with Biacore T100 BiaEval evaluation software 2.0 20(GE
Healthcare). The individual ra nstants Icon and koff and a derived affinity

38
The synthesis of the title compound 38 was performed following the 5-step procedure

reported for the synthesis of compound 18, starting from intermediate 13-cyclohexyl-

5 3-methoxy-7H-benzo[3,4]azepinof1,2-ajindole-6,10-dicarboxylic acid 10-fert-butyl
ester 6-methyl ester 1a instead of 5-ferr-butyl 1a-methyl 8-cyclohexyl-11-methoxy-
1,12b-dihydrocyclopropald]indolo{2,1-aj{2 Jbenzazepine-1a,5(2 H)-dicarboxylate 8a,
and yielded 60 mg of a beige solid; m/z 577 [M-+H]".

Example 39 — Activity of compounds of formula (D

10 Replicon assay
The compounds of formula (I} were examined for activity in the inhibition of HCV
RNA replication in a cellular assay. The assay demonstrated that the compounds of
formula (I) inhibited a HCV functional cellular replicating cell line, also known as
HCV replicons. The cellular assay was based on a bicistronic expression construct, as

15  described by Lohmann et al. (1999) Science vol. 285 pp. 110-113 with modifications
described by Krieger et al. (2001) Journal of Virclogy 75: 4614-4624, in a multi-target
screening strategy. In essence, the method was as follows.

The assay utilized the stably transfected cell line Huh-7 luc/neo (hereafier referred to as
Huh-Luc). This cell line harbors an RNA encoding a bicistronic expression construct

20 comprising the wild type NS3-NS5B regions of HCV type 1b translated from an
Internal Ribosome Entry Site (IRES) from encephalomyocarditis virus (EMCV),
preceded by a reporter portion (FfL-Iuciferase), and a selectable marker portion (neo®,
neomycine phosphotransferase). The construct is bordered by 5* and 3° NTRs
{(non-translated regions} from HCV type 1b. Continued culture of the replicon cells in

25  the presence of G418 (neo®) is dependent on the replication of the HCV RNA. The
stably transfected replicon cells that express HCV RNA, which replicates
autonomously and to high levels, encoding infer alia luciferase, are used for screening
the antiviral compounds.



constant, I1Q = Icoffilco", were determined by a kinetic evaluation of the sensorgrams. The kinetic
models accounted for bulk and limited mass transport effects. Every analysis was performed at least in
two independent experiments. The dissociation rate of a kinetic interaction can be translated into a
compound r&didéHEet¥ife (dissociative half- 25life tu2 = In(2)/k0ff) repreSEREAIRZEMHIR4&2interaction
time between the polymerase and its inhibitor. W0?%010/003658PCT/EP2009/004942 -103- The
observed association rate constants (4,), dissociation rate constants ocao, derived affinity constant (Li)
and dissociatm frlida £Un) aegsed for ImpaussOnfapHadisootikgestpsitbarecf on NS5B

wild-type enzyme (Genolyne, b onlal 265 SEJRATabE Aidh Solf S s ey daia for

compound nr. 88 orms o ymerase. different forms studied (NS5B
Target) comﬁlﬁ@&ﬁéréﬁ%lfﬁl&‘é%%%?é%sé‘f%?é) §Cdf6ﬂ"i‘§e\ﬁﬁ rg me, and, different

mutant N85Bapn@maﬁnasésas‘érwesmU$ah$ta’az§/mésqne¢etfbmélhé’@fbylﬁﬂ@é#r’@&%\ﬁﬁutagene5|s of the
IbJ4 or Conl RiNSPEsanrYsHeMeialiansiRA98sn ¥4R4A RO donBIRbaerecatesinihaciferhiading pocket

of the compouIgs ALING IUSRIOIONS ,ggmenﬁ%enumgﬁpaw%m L g inaing o

compounds o?ci%rmu a or SU groups t Is consistent within onée ‘?Sg the compounds

of formula (1) @PEE%PO%@H@P@OIF%SW% ‘f’&%@%@ﬁ%ﬂ%g%‘i &notypes, as
well as for N%&p@mm@vﬁiﬁ%u@uwwnrméqmddl@llﬁwdmghpétkélmamfﬂsam%mding of the
compounds Oirﬂéﬁﬁi%@ﬂl} ehspbaraursIherestisratabiested by rewihtibdadoathet itesin the

erzyme, Jablg & NG KRR RIS B AL RIS AAKO AP b AFRInI21.5 18

to replicate.

Enzymatic assay
1. HCV NS5B 1bJ4
1.a) Protein purification

15  The ¢cDNA encoding NS5B amino acid 1-570 (HC-J4, genotype 1b, pCV-JAL6S,
genebank accession number AF054247) was subcloned into the Nhe I and Xho 1
restriction sites of pET-21b. Expression of the subsequent His-tagged C-terminal 21

amino acid deleted NS5B was performed as folows:

The NS5B expression construct was transformed into £ coli BL21(DE3) (Novagen,

20  Madison, WI). Five milliliter of LB-medium supplemented with ampiciliin (50 pg/mL)
was inoculated with one colony. When the pre-culture reached an optical density of 0.6
measured at 600 nm, it was transferred to fresh LB-medium supplemented with
ampicillin, at a ratio of 1:200. Cells were grown to an optical density at 600 nm of 0.6,
after which the expression cultures were shifted to a growth temperature of 20°C

25  following induction with ispopropyl-1-thio-B-D-galactopyranoside and MgCls at a final
conceniration of 0.4 mM and 10 uM, respectively. After 10 h of induction, cells were
harvested by centrifugation and resuspended in 20 mM Tris-HC], pH 7.5, 300 mM
NaCl, 10% glycerol, 0.1% NP40, 4 mM MgCl,, 5 mM DTT supplemented with
EDTA-free Complete Protease Inhibitor (Roche, Basel, Switzerland). Cell suspensions

30 were disrupted by sonication and incubated with 10-15 mg/L of DNase [ (Roche, Basel,
Switzerland) for 30 min. Cell debris was removed through ultracentrifugation at
30,000x g for 1 hour and clarified cell lysate was flash frozen and stored at ~80°C prior
to purification.

Clarified cell lysate was thawed and subsequently loaded onto a 5 mL pre-packed
35  HisTrap FF column equilibrated with 25 mM HEPES, pH 7.5, 500 mM NaCl, 10%
glycerol and 5 mM DTT. Proteins were eluted with 500 mM imidazole at a flow rate of
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1 mi/min. Fractions containing the protein of interest were applied onto a pre-packed
26/10 HiPrep Desalting Column equilibrated with 25 mM HEPES, pH 7.5, 150 mM
NaCl, 10% glycerol and 5 mM DTT. The buffer-exchanged NS5B peak was then
applied onto a 20 mL Poly-U Sepharose column. Protein was eluted with an increaéing
salt gradient and fractions collected. Protein purity was assessed on Nu-PAGE pre-cast
gels (Invitrogen, Carlsbad, CA). Purified NS5B samples were concentrated using
Centri-Prep concentrators (Millipore, Billerica, MA, USA) and protein concentrations
were determined by Bradford assay (Pierce, Rockford, IL, USA).

1.b) Protein Sequence
PDB: 1nb4, Apo form

The proiein sequence is as described in WO 2007/026024. Calc. Mol. Properties:
64941.4 g/mol.

1.c) Inhibition assay with NSSb 1bJ4

Measurement of HCV NS5B polymerization activity was performed by evaluating the
amount of radiolabeled GTP incorporated by the enzyme in a newly synthesized RNA
using heteropolymeric RNA template/primer. The RARp assay was carried out in
384-well plates using 50 nM of purified NS5B enzyme, which was incubated with

300 nM 5’ -biotinylated oligo(rG,3)/poly(rC) or oligo (rU15)/poly(rA) primer-template,
600 nM of GTP, and 0.1 uCi of PH]GTP or PHJUTP in 25 mM Tris-HCL, pH 7.5, 5
mM MgCls, 25 mM KCI, 17 mM NaCl and 3 mM of DTT. The 30 pL reaction mixture
was incubated at room temperature for 2 h before stopping the reaction by adding

30 uL of streptavidin coated SPA-beads (GE Healtheare, Uppsala, Sweden) in 0.5 M
EDTA. The 30 uL reaction was terminated after 2 hours at 25°C upon addition of 30 ul
streptavidin-coated SPA beads (GE Healthcare, Uppsala, Sweden 5 mg/ml in 0.5 M
EDTA). After incubation at 25°C for 30 min, the plate was counted using a Packard
TopCount microplate reader (30 sec/well, 1 min count delay) and 1Csq values were
calculated (Table 1: ICsq 1bJ4). ICs¢ values represent the concentration of compound
required to decrease by 50% the amount of RNA produced which is measured by the
detection of incorporated radiolabeled GTP.

2. HCV NS5B conlb

2.a) Cloning, expression and purification of NSSB conlb.

The coding sequence for NS5B (genotype 1b consensus sirain Conl) lacking 21 C-
terminal residues was amplified from plasmid pFKlig/ns3-3°_N (Genbank accession
no. AJ242654) and subcloned into the pET21b plasmid as described previously (
Pauwels et al, 2007, J Virol 81:6909-19). The NS5BAC21 expression construct was



3,1 24 4,8E+03 3,7E-03 7,6E-07 3,1 38 5,3E+03 4,1E-05 7,7E-09 283,8 Table 3 NS5B target Ice

(1/Ms) km! (1/s) KJ (M) tin (mm) la isolate 1 7,4E+04 4,8E-04 6,5E-09 24,2 la isolate 2 3,9E+04
3,7E-04 9,4E-09
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transformed into £. coli Rosetta 2 (DE3) (Novagen, Madison, WI). One hundred
milliliters of LB-medium supplemented with carbenicillin (50 pg/mL) and
chloramphenicol (34 pg/mL) was inoculated with one colony, grown overnight, and
transferred to fresh LB-medium supplemented with 3% ethanol, carbenicillin and
chloramphenicol, at a ratio of 1:200. The remaining of the procedure was as described
previously ( Pauwels et al, 2007, ] Virol 81:6909-19), except that the column used for
ion-exchange chromatography was a 6 mL Resource S column (GE Healthcare), and
that protein concentrations were determined with the Nanodrop (Nanodrop
Technologies, Wilmington, DE, USA).

2.b) RNA-dependent RNA polvmerase assay.

Fifty-percent inhibitory concentrations (Table 1: ICsq conlb) were determined
according to the method as described previously (Pauwels et al, 2007, J Virol 81:6909-
19) using a primer-dependent transcription assay. Following a 10 minute preincubation
with the inhibitor, 20 nM of purified Conlb NS5B enzyme was incubated for 10 min.
with 150 nM 5°-biotinylated oligo (rGi3) primer, 15 oM poly (rC) template, 19 mM
Tris-HCl, 5 mM MgCly, 17 mM NaCl, 21 mM KCl, and 2.5 mM DTT. 600 nM GTP
and 0.13 pCi of PH)GTP was then added to initiate the 40-ul reaction mixture, which
was then incubated at room temperature for 2h before the reaction was stopped by
addition of 40-p! streptavidin-coated SPA beads. ‘

The following Table 1 lists compounds according to any one of the above examples.
The activities of the compounds tested are also depicted in Table 1.

Table 1

Nr. [Structure ECs ICs 1bJ4 ICs Conlb
(nM) (nM) {(nM)

2 = | 0.09 =041




31,3 laisolate 3 8,1E+04 6,0E-04 7,4E-09 19,2 la isolate 4 7,4E+04 7,7E-04 1,1E-08 14,9 la isolate 5
1,1E+05 3,1E-04 2,8E-09 37,2 Ib isolate 1 2,6E+04 1.0E-04 4.0E-09 110,2 -104- Ib isolate 2 2,9E+04
6,7E-05 2,3E-09

WO 2010/003658 97 PCT/EP2009/004942
Nr. [Structure ECs ICs0 1bd4 ICs: Conlb
(pM) (pM) (nM)
] SN O = 10.07 =10.24 = 10.038

1S B R =10.055 |=022

5 Ao~ =10%2 |=/029

i2 \NWNH =10.29 =1 (.93

10 ~ /\\/\/g O = 0.06 = 0.28




172,1 Ib isolate 3 3,7E+04 1,2E-04 3,3E-09 96,4 |b isolate 4 3,5E+04 1,7E-04 4,9E-09 67,5 2b isolate
11,8E+04 1,4E-02 8,2E-07 0,8 2b isolate 2 4,3E+04 1,2E-02 2,7E-07 1,0 2b isolate 3 4,4E+03
1,7E-02 3,8E-06 0,7 3aisolate 1

WO 2010/003658

PCT/EPZOGH/004942

08
M., [Seucture ECs; ICs 1hJ4 1Cs Conlb
(uM) (uM) (uV)
i3 .39 .19
3 0.079 = | 0.53
4 N ! 3.83 = | 242
,N/\_,,.O/\\/N
O=el__
O”S NH
oIS N
e
6 3.550
8 0.040




9,5E+04 3,7E-04 3,9E-09 31,1 3aisolate 2 2,5E+04 4,7E-04 1,9E-08 24,6 3a isolate 3 6,0E+04
3,6E-04 6,1E-09 31,7 4a isolate 1 2,0E+05 4,3E-04 2,1E-09 26,7 4a isolate 2 2,8E+05 3,8E-04
1,4E-09 30,1 4a isolate 3 1,8E+05 6,0E-04

WO 2010/603658 59 PCT/EP2009/084942
Nr, Structure ECy 1Cs 1bJ4 ICsp Conlb
(M) (uM) (uM)
9 = 0,800
i5 f = | §.180
16 “ % =1 0.078 = | 0.040
17 | . i =10.170
NN
18 N ! = | 0.079 = | 0.026
N~ SN0
O=g'_NH
o - o
s} F p
= O




3,4E-09 19,1 5a isolate 4 4,3E+04 9,7E-04 2,2E-08 12,0 6a isolate 5 5,0E+04 1,6E-03 3,2E-08 7,3
IbJ4 2,0E+04 1,0E-04 5,2E-09 110,2 Conlb 2,0E+04 9,0E-05 4,4E-09 128,4 P495L (IbJ4) 5,9E+03
2,2E-02 3,8E-06 0,5

WO 2016/4003658 PCT/EP2606/004942

-100-

Nr. [Strucfure ECs; ICq 1bJ4 iCs5: Conlb
(uM) (M) (uM)

16 N I =10.072 = 1 0.031

,'N N 07 N O
O=5—NH
O

20 =1 0.081 = 10.038
21 . | =|0.280
22 j =10.160




L3921 (Conlb) 1,8E+04 9,7E-04 5.5E-08 11,9 P495L (Conlb) 3,4E+03 2,2E-02 6,4E-06 0,5 V494A

(Conl b) 5,5E+04 8,4E-04 1,5E-08 13,8 M414T (IbJ4) 2,6E+04 1,5E-04 5,9E-09 75,4 M423T (IbJ4)
2,5E+04 1,5E-04 6,3E-09 75,0 S282T (IbJ4) 3.4E+04
WO 2010/603658

PCT/EP2Z009/004942
-101-
Nr. |[Strocture ECs ICs 1bJ4 ICS(; Conlh
(M) (uM) (uM)
24 =|14.48
25 ! =10.550
26 =10.130
27 =1 10.20
28 | =|6.330
/<N /W N O
Oﬁ,sl NH A;
© N
QO l = p
= C




1,3E-04 3,9E-09 88,9 C316Y (Conlb) 3,5E+04 7,6E-05 2,2E-09 151,7 WO
2010/003658PCT1EP20091004942 -105- Claims 1. A compound of Formula ( R7 (I) 5including
stereochemically isomeric forms, and N-oxides, salts, hydrates, and solvates thereof, wherein: - Rl is a

bivalent chatGsaltbtéEifom N 1| R3R3 R3 | bb tl IIQOBZRB I PCT/EP2009/004942
Nr. Structure ECsy ICs IbJ4 ICs Conlb
(uM) (M) (uM)
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Enzyme binding affinity

The compounds of formula (I) were examined for their enzymatic binding kinetics
using a Surface Plasmon Resonance (SPR)-based method, i.e. Biacore. A slow
dissociation of the inhibiting compound from its viral target (low kom, low Ky) is
believed to potentialiy reduce the development of drug resistance against anti-viral
drugs (Dierynck et al. 2007. Journal of Virology, vol.81, No. 24, 13845-13851). All
measurements were performed on a Biacore T100 instrument (GE Healthcare). The
purified HIS4-tagged NSSBAC21 polymerases were immobilized using non-covalent
capturing to an NTA sensor chip (GE Healthcare) in immebilization buffer (20 mM
MOPS pH 7.4, 500 mM NacCl, 0.005 % Tween-P20, 1 mM DTT, 50 uM EDTA).
Interaction studies were all performed at 25°C. Inhibitors were serially diluted in
running buffer (20 mM Tris-HCl pH 7.4, 150 mM NaCl, 50 uM EDTA, | mM DTT,
0.005 % Tween-P20) containing 5 % dimethyl sulfoxide (DMSO). Single-cycle
kinetics were used, in which 5 increasing concentrations of compound were injected for
a period of 300 s each in 1 single cycle, and dissociation was monitored for a period of
1200 s. The sensor surface was completely regenerated in between the cycles.

Data were analyzed using simultaneous nonlinear regression analysis (global fitting)
adapted for single-cycle kinetics with Biacore T100 BiaEval evaluation software 2.0
(GE Healthcare). The individual rate constants k,, and kg and a derived affinity
constant, Ka = ken'kon, were determined by a kinetic evaluation of the sensorgrams. The
kinetic models accounted for bulk and limited mass transport effects. Every analysis
was performed at least in two independent experiments. The dissociation rate of a
kinetic interaction can be translated into a compound residence time (dissociative half-
life tip = In{2)/kon) representative for the interaction time between the polymerase and
its inhibitor.



10 1,3R. 3 :-N WO 2010/003658PCT/EP2009/004942 -106- each R3 is independently selected from
the group comprising hydrogen, Ci_alkyl and C3_5cycloalkyl; ais 3, 4,5 or 6; 5-each b is
independently 1 or 2; cis 1 or 2; macrocycle A has 14 to 18 member atoms, in particular macrocycle
A has 17 or ¥®nemisessatoms; each R2 is independently hydrogen, halorari@irpiésoosed0- 144 and R5
are hydrogen or R4 and R5 together form a double d or a methylene group to form a fused
cyclopropyl; R6 is hydrogen or methyl; and re is a C3_7cycloalkyl optionally substituted with halo. 2.
A compound adierdingriedciaiciante eia cR3tHns (1), Risivsatasiestdrommsthi 8):(5; Ha4 N (R3 )-,

H-NN-:- 1,3, R3grihily bEM@ﬁW%&@%@%MGF&%%%&%&é&'?&%&ﬁ%&ﬁ%&oge” and
methyl. formula {]) or subgroups thereof on NS5B w11d—type enzyme (genotype 1b, Conlb) are
givenin Table 2: '

5  Table 3 lists blndmg afﬁmty data for compound nr. 1 on different forms of HCV NS5B
polymerase. The different forms studied (NS5B Target) comprise different clinical
isolates of different genotypes of the wild type enzyme, and, different mutant NS5B
polymerases. The mutant enzymes were obtained by site directed mutagenesis of the
1bJ4 or Conlb NS5B enzyme. Mutations P4951, V494 A and 1.392] are located in the

10  binding pocket of the compounds of the invention to NS5B polymerase.

It was observed that the strong binding of compounds of formula (I) or subgroups
thereof is consistent within one genotype, that the compounds of formula (I) or
subgroups thereof show affinity for NS5B polymerase of the different genotypes, as
well as for NS5B polymerases with mutation in the indole binding pocket, and that

15  binding of the compounds of formula (I) or subgroups thereof is not affected by
mutations to other sites in the enzyme.

Table 2
Nr. Kop (1/Ms) | ko (I/s) | Ka (M) | tip (min)
16 22E+04 | 3,6E-05 | 1,6E-09 321,5
18 2,0E+04 | 4,8E-05 | 24E-09 2410
1 2,0E+04 | 9,0E-05 | 4,4E-09 128.4
28 7,3E+03 | 6,6E-05 | 9,0E-09 175,5
25 29E+04 | 3,1E-04 | 1,1E-08 37.8
17 8,7E+03 1.6E-04 | 1,8E-08 72,0
27 9, 5E+03 | 3,8E-03 | 4,0E-07 3,1
24 48E+03 | 3,7E-03 | 7,6E-07 3.1
38 5,3E+03 | 4,1E-05 | 7,7E-09 2838
Table 3
INSSE target | Kop (1/Ms) | ko (1/5) Ka M) | @ (mim)
la isolate 1 7.4E+04 4,8E-04 6,5E-09 24,2
la isolate 2 3,9E+04 3,7E-04 9,4E-09 31,3
1a isolate 3 8,1E+04 6,0E-04 7.4E-09 19,2
1a isolate 4 7 4E+04 7,7E-04 1,1E-08 14,9
la isolate 5 1,1E+05 3,1E-04 2,8E-09 37,2
1b 1solate 1 2,6E+04 1,0E-04 4,0E-09 110,2




3. A compound according to any of claims 1 or 2 wherein R2 is positioned the benzene 20 group in-
para with respect to the bond linking this benzene to the indole group. 4. A compound according to
any of claims 1 to 3 wherein R2 is selected from fluor and methoxy. 5. A compound according to any
of claims Ito™MOWHEYeNRsEs7 is selected from cyclohexyl and 2-fluorocyclohBYIEPBE/(84e&npound
according to any of claims 1 to 5 wherein R4 and R 4t'ogether form a double bond. 7. A compound

according to any of claims 1 to 5 wherein the compounds of formula () have the stereochemical
configura’:}ilo’w agﬂlggugfé@d by ffqumyl,@a(tlAg ‘\6{@.32{510 903?&8@910;— FI@TIAEP2|0019|/204112422 (1A) 8. A
T 11 b e e e e RERe 025 NH WNH
. 1bisolate4 | 3,5B+04 | . 1,7E- 4,9E-09 67, _
2bisolate 1 1.8E+04 1.4E-02 8,2E-07 0,8
2b isolate 2 4, 3E+04 1,2E-02 2,7E-07 1,0
2b isolate 3 4 4E+03 1,7E-02 3,8E-06 0,7
3aisolate 1 8. 5E+04 3,7E-04 3,9E-(9 31,1
3aisolate 2 2,5E+04 4,7E-04 1,9E-08 24.6
3aisolate 3 6,0E+04 3,6E-04 6,1E-09 31,7
4a isolate 1 2,0E+05 4,3E-04 2.1E-09 26,7
4a isolate 2 . 2,8E+05 3,8E-04 1,4E-09 30,1
4a isolate 3 1,8E+05 6,0E-04 3,4E-09 19,1
5a isolate 4 4 3E+04 9,7E-04 2,2E-08 12,0
6a isolate 5 5,0E+04 1,6E-03 3,2E-08 7.3
1bJ4 2,0E+04 1,0E-04 5,2E-09 110,2
Conlb 2,0E+04 9,0E-05 4 4E-09 128.,4
P495L. (1bl4) 5,9E+03 2,2E-G2 3.8E-06 0,5
13921 (Conlb) 1,8E+04 9,7E-04 5,5E-08 11,9
P495L (Conlb) 3,4E+03 2,2E-02 6,4E-06 0,5
V494A (Conlb) | 5,5BE+04 8.4E-04 1,5E-08 13,8
M414T (1bl4) 2,6E+04 1,5E-04 5,9E-09 75,4
M423T {ibl4) 2.5E+04 1,5E-04 6,3E-09 75,0
S282T (1bJ4) 3 4E+04 1,3E-04 3.9E-09 88.9
C316Y {Conlb) 3,5E+04 7,6E-05 2,2E-09 151,7




R2 (11-2), (11l-1), R2 (1ll-2), (1l1-3), WO 2010/003658PCT/EP2009/004942 -108- 9. A
pharmaceutical composition comprising a carrier, and as active ingredient an anti-virally effective
amount of a compound as claimed in any of claims Ito 8. 510. A pharmaceutical composition according
to claim 9, flbtHEP ¥ihisASing at least one other anti-H{V compound. 11 PATSRBIHH Mt al
composition according to claim 9 or 10, further comprising at least one anti HIV compound.  12. A
compound according to any of claims Ito 8 or a pharmaceutical composition 10according to any of
claims 9 to I, fefiligRsas @ medicament. 13. A compound according to any of claims 1 to 8 or a
pharmaceutical composition according to any of claims 9 to 11, for inhibiting HCV replication. 14. Use
of a compound laccendipguadardiF ofrelda(® 1 to 8, for the manufacture of a medicament for inhibiting
HCV replication.

@

5  including stereochemically isomeric forms, and N-oxides, salts, hydrates, and solvates

thereof, wherein:
— RYis a bivalent chain selected from
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~ each R is independently selected from the group comprising hydrogen,
Cisalkyl and Cs.scycloalkyl,

—~ ais3, 4,50r6;

— each b is independently 1 or 2;

-~ ¢gislor2;

- macrocycle A has 14 to 18 member atoms, in particular macrocycle A has 17 or
18 member atoms; '

~ each R?is independently hydrogen, halo or C;4alkox5r;

—  R*and R®are hydrogen or R*and R® together form a double bond or a
methylene group to form a fused cyclopropyl;

~  R®is hydrogen or methyl; and

- Rlisa Cscycloalkyl optionally substituted with halo.

2. A compound according to claim 1 wherein,

¢ F;{:, }33t
. =N N1~
~ R'is selected from ~N(R})-(CHa)e-N(R%)-, + > 07~ 1"
L Ra Rs , R® Ne—i—
RO ,and ' Uk , and,

— each R’ is independently selected from hydrogen and methyl.

3. A compound according to any of claims 1 or 2 wherein R? is positioned the benzene
group in para with respect to the bond linking this benzene to the indole group.

4. A compound according to any of claims 1 to 3 wherein R? is selected from fluoro
and methoxy.

5. A compound according to any of claims 1 to 4 wherein R is selected from
cyclohexyl and 2-fluorocyclohexyl.

6. A compound according to any of claims 1 to 5 wherein R* and R’ together form a
double bond.

7. A compound according to any of claims I to 5 wherein the compounds of formula (I}
have the stereochemical configuration as iliustrated by formula (1A).



WO 2010/003658 107 PCT/EP2009/004942

(A)

8. A compound according to any of claims 1 to 3, having one of the structural formula
I-1, I1-2, 11-3, OI-1, [1-2, 111-3, 1114, V-1, IV-2 or IV-3

H:
0, G

H;a,C\ S \/\ I

(LI-1),

(I1-2), (11-3),
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(Iv-2), RY (IV-3).

9. A pharmaceutical composition comprising a carrier, and as active ingredient an anti-
virally effective amount of a compound as claimed in any of claims 1 to 8.

10. A pharmaceutical composition according to claim 9, further comprising at least one
other anti-HCV compound.

11. A pharmaceutical composition according to claim 9 or 10, further comprising at
least one anti HIV compound.

12: A compound according to any of claims 1 to 8 or a2 pharmaceutical composition
according to any of claims 9 to 11, for use as a medicament.

13. A compound according to any of claims 1 to 8 or a pharmaceutical composition
according to any of claims 9 to 11, for inhibiting HCV replication.

14. Use of a compound according to any of claims 1 to 8, for .the manufacture of a
medicament for inhibiting HCV replication.



