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WD 2010/ 003658PCT/ EP2009/ 004942 -1- MACROCYCLI C | NDOLE
DERI VATI VES USEFUL AS HEPATI TI'S C VI RUS | NHI Bl TORS

WOR0a0/003638 t he | nventi on The present inventi on RGI/EP2009/004942

concerned with macrocyclic indble derivatives having 5
inhibitory activity on the replication of the

hepatitis C virus (HCV). It further concerns

MAECROCYCEIC INDOEEDRERFEATIVESIOSERVLaASIREPATITIS C VIRUS
ingredients as well as prm ORY Preparing these
conmpounds and conposi tions. Background of the

invention Hepatitis Cvirus is the |eading cause of

Higld pf the inyeptign sease wor |l dwi de and has 10 becone a

fThe peeseht iB0aRidEE abhe@mBadiEifat REfaICiadole@¥rivativs having

FEREy e R en R reilicpiod oS dispyifF i THE Vil Rither concerns
fcbmpbsitionscapeprising thiesectompraindsl esactive umdredients ag iwellssBprocesses

[ ' j ' as dengue virus and
yf%r%%“g‘é‘?&v@%ﬁng% o(ﬁ?%oéﬂgoﬁls'rral pesti virus
fam ly, which includes bovine viral diarrhoea virus

Baokeyoundmf the invessiont | ve- sense, singl e-stranded RNA
Helpifitis ©ivitus 3 the 18RS o ASHRHRE 119600 Ra$R3IdWIlEand has

enone conpri.ses. both 5 and 3' untranslated regions ~—
REAMEF Lofus Rmog%&ﬂgswdg@ {fé%aa\%ééigxﬁaagw@m Phfhe Flaviviridae
dyraily ofeigisey i @R phdiad-uegandemdds slobell eclpRU e i Bhvivirus genus,

f,-ar 3,010 3 Q_am no,acj ds. ,The pol yprotein .
i BER8es e Bk ot M BELRRH a i Gn BB AR, e engue vins
ahé ypllew fevsovirps lapgd to thei anithgl zesvioristfesily awbithdncludess ivine viral

- | g I e i es; .
SR RIS BNS! HEV R A EORLALE ARl EPU RO, with
geneme of argind, P £00 basase The geneme cpmprises bethd” and 3’ untranslated

ﬁé?gibx%gﬁaéd%ﬁiogth RN ﬁécantld@y ?trﬁé@?re@,%ﬁ' aqréﬁ%rgi, NSeARERti 8 Rame that

. non- st ruct u roteins, enco )
Shrieaa SEils BRI Obiayih s 0O ruAOTATEHS Ciist Tisayprotein
po¢oder temsgene pratuesss shichase gererated fionothe ipiscuédor pokypestein by an
AT TN O T e
hoth-hast ared viralIprefeasesi TheStiral bigsByral protdss mdhideitiencdre nucleocapsid

?F@eiﬁ?&ﬁﬁ@&@éﬁelo&:ﬁ %(l)ygggﬁiiteﬂﬁﬁl %.E? ?2.8‘?96 H&@Fﬁﬁ%@ral (NS) proteins

unctions, both e n the. unct1 ona
sRepdsispmeessratisbwral spanRaticfupeions {belicasg, ppbimerase, protease), as
faefll ds Gadte g o@hmaca«évmcgbxﬂ l&@ﬁb%ﬂdlh{bﬂtﬁe tbiiﬁ JURSMSqE hiré]aiated by
pr S O encoaes a oprotel nase I nN
RSP R det AN pTr EaTeE Broeuiraripuima proteln SO (NSSB). In
lhdqiibn ¢y thegpolyrerase, tiwt vichl helddaby and/ propatd finctibes dothgericoded in
0. i St icul he- | ack of a

S BRLRLOAAN S AORGD 180 bk A8 b Bbcenl ol Pifisienfir e

A Ha adilition te thali B2 seringrease, HIGY alsoeacareh aghetallergoteinase in

e 19857 dpiign.i nfection. There are 6 nmajor HCV genotypes
and nore than 50 subtypes, which are differently

j stributed ographically. HCV type 1 .is the ) )
IV scae? POSHAEGRD iihepiaciSs bHtdL Roh sty pyfopathic, leading to
parsiseame infedtiod. Trypartidulag cleuatisof Dvigdtbus T-Bmphecgrttspdhse and the

| i ] in the United Stat T .
Bl g5y EUESHHRTS Bk N 4 P i o v
A0¢0ian0 T8 RETH BRFGUICY(REadE peand mprer tham 60 dulstypess wihich are

Sl TR b b ey, IR SRS ARG BheBbfifony ecpotype in the
opP% Fonérstamge. G Veype haswyntsor 79 [a 7 ppergentadd HCV

WMTEdtIbis Ghe thaMenitddf Rede ArHM dxbenbiR e Behdticheter¥ zéresty ORIV has

Following the initial acute infection, a nmpjority of

i nfected individual s devel ops chronic hepatitis, which

can 5progress to liver fibrosis leading to cirrhosis,

end-stage |iver disease, and HCC (hepatocell ul ar

carcinona) (National Institutes of Health Consensus

Devel opnent Conference Statenent: Managenent of

Hepatitis C. Hepatol ogy, 36, 5 Suppl. S3-S20, 2002).
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20 conbi nation therapy has significant side effects
and is poorly tolerated in many patients. For
WO 2030/603638, in registration trials of pegyl at edCTI/EP2009/004942
interferon and ribavirin, significant side effects
resulted in discontinuation of treatnment in
approximately 10 to 14 percent of patients. g@?or Side
igpqriaat diagRostis #pf ﬁamcehmm@afaw p?{bmforéplamm& gultieg i

v&%fﬂétdé%lo mefBdrdl Bgiaky B@bﬁﬂid tb ltlfi?éirap}af}dl estimated 170 million

PEFITSCYPRAEY P U e 08 e U RSP b P
acmg imfeqpioh| 4 majueity bfi irdbjted tndwadud[hdswel(ms ehtangabepatitis,ofhich can
prto%resés 9({“1 %’ffbrgél? Fegﬁﬁlﬁltg cﬁ'ﬁlogﬁgﬁd &L#Jﬁh\%@ldlgggs%d andsH@fCe

(Heppiocdliilancagrinermi) Alstiena) letitutes of HealtioRensenaes Wdevelopment
ceﬁfe}éxfee ls@erte&&?tumaa &&ﬁ%fmsatﬁw cﬁe,fa%lo%wg%bs Sapsl. 88-S20,

RNA- d d R
ZQQz)u%tvaf Qﬂhﬁaﬁgpggéﬁa" HEIA %102 o TP Oooé%&e@{hs per

y¥drtiR kit UISeA vdlony, aad @rthb Q@leﬁgeiahsaﬂiﬂ liveretrdrispAntagions.

hi bi t id
TPl a0V S Se PR B e
pwuldeus fon eraplg doll@mingbhodstraistisginf drgutrasneus dreg use. The

IIH o “t?ct?ﬂ 919 l—i‘%ﬁsﬁ {egh%s(:&alh?mog? s&@éhlﬁ‘%ﬁésqg& 'tcﬂg downward trend in

rect
pns}draeéﬁlm@ ¥gn¢idencs. H@wemrnalww tlteoslqw gragyessionde theend-stage

1iR6t di¥eRsS Itﬁ@&ﬂstﬁgeiﬁre%hoﬁmm EortinhY tdTPisdie a36HORMAEHIBN and

s i LRl S5 o 200
Pl A e L SR B

chimbmatier withedavirbe T himonmtithhmapy) yigldsct sustained V\n@loglc

SIBLLTFARRR o 5E ARG LB 5 s
thaseirdpeted Ry genqtrres\d ands3.iBesislettheoimitedetizegy on HE53type 1,

SinBflafSK thebapy IR ant'sigd ffékﬂ@h&bﬁ h| mleﬁtdd(:ﬂ nh¥pyB
CI nhi k?l tors. WO 28 3/ 0075103 gll cI o % g

4 TR bn G ribS
PRI & OB KHIAPSE 1) S IRIAMIOR TrIRlS Of PREYIHFR Y FRTPD AR4 ribavirin,
siglhfﬁkﬁﬂt sidnefdécts rekeledd mnhkv;mhmm:bntdfﬁeﬁmelnt imsappfaxinhatedy 10 to

r eI | IIR 3 pr ler(ftlsI Igllefoal‘lsufe f%ﬁfé oq‘%%ér%b{n%fﬁﬁ rth%g%dan{l@luﬁé ﬂ{huenza-hke

ure ra
symptowahcmatbmgmamwlrmnls@@ n@nowshlameswmn‘t@na l?heg h

d@?éjb]?rﬁént%?%ré foe&ﬁfeec@lﬂfinfem ﬁﬁf ﬂoYé?at@('F frbatheMts is a major public

treat nent Such Inhibitors 10 overcone

haﬁilgfamsﬁtvag&us@fhectm%naﬁm %th@p&p@swﬁ ARLINgRY éﬁmcal need,

shick eGirént thédrapy Bhndf partially effedivcane ligddsdyaindesirable side effects.
resi stance, and conpliance failures, as well as

Onepireyvef paicudardoensied beer dle seash cﬁmslehlbitnrspﬁrthe NSbbr
r e
RIELERMAACRNAPARGRELS (RBRAOKTSE NGB Bhojoss of this
pobmadsagei do rpwt@fust withgthranipfested lm.st el ansk the rﬁnslmgtofhalybltors of
sQi%ﬁﬂ)l yiRdas L bak pe%a@h %d?@@ﬁé&?f)’&ﬂnb&e bﬁ&@ﬂoﬁ ﬂlﬁmle@; !h!?&e
bi t ant|V|ra,act| g j.ects inf egqt@g
eagéﬁaqlg%&oaﬁév r«e si @imﬂ T BdleRst tbl@fs (NIs) or
nbh&luf:lébklﬁlé\hﬂﬁbxﬂﬁﬁ QNBIIS?]_I llslls dirdctly chﬁhlpetefvﬁltlrﬁl&ib)l’eotlde substrates for
e nut ant ophi C yor a
b i s Rl sty RSl Seb BEied gy b sBHBHEP b NIs,
whichlag interaceaudside of thiedtigldy icomserviddestve sitepasanusquer alosteric site

LS HIF 1058 #hail%rélﬁt@& b kscgombat i ng HOV

resent I'nvention concerns
i nhi bi tors of HCV replication, which can be

represented by fornula (1), R7 (1) 25 including
stereochemcally isonmeric fornms, and N oxi des, salts,
hydrates, and sol vates thereof, wherein: - le is a

bi val ent chain selected from
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-1-N-4t--N-:-- 11 RBR3 WD
2010/ 003658PCT/ EP2009/ 004942 -4- [|-N R3 b R3 Fi3l

WOR0W/00®aEh R3 i s i ndependently sel ected from PGEEBOUM4942

conpri sing hydrogen G 4al kyl -&nd C3_5cycl oal kyl ; 10-
a is 3, 4, 5 or 6; each b is independently 1 or 2; <c

tole B Ruve sl ey Ory BB LN BB Ta R By ) BLRg 71092000
li&'scloRés tatracyRbic andolhgatihatizes v HEY MB5B Rthibitere forehe froatment
%@@Pgllregergﬁﬁdot%gclg’sﬁﬁﬁ éﬂfestg(gh g{so SK(S’Il%ggf'ggc%g&e@'clopropyl

AagdsloheniarentnstHON NS 5B inbiitars. W ELRARS{0T SAAS giscpses

'n‘iﬁé%gybﬁ’c‘ﬂlnﬁertdé?ir\/aﬁ&‘ésafsSﬁll 73S tﬁﬂrgﬁgﬁnf & preVedition of infection by
%}I on of the conpounds of 20 formula (1)

Y8t ereochemical Iy isomeric forms, an

d
d t
ﬁi? i ety il v Pt din A R ooy
ﬁx@ﬂngh&ng)fhetnleed tonpersueitie aeash ifor rolvel WS Bpmhatitoon Tdkerd isa high
R ng% ﬁ)){‘ seIfg LAY bffedtlvVe 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
sustained viral response. In particular wherein the therapeutic compounds have good
bioavailability and a favorable pharmacokinetic and metabolic profile.

Summary of the invention

It has been found that certain macrocyclic indole derivatives 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 invention concerns inhibitors of HCV replication, which can be
represented by formula (1),

@

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

— Rlis a bivalent chain selected from
i |
~y -
'R R3

b
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WD 2010/ 003658PCT/ EP2009/ 004942 -5- The invention
relates to the conpounds of fornula (I)per se,

WO pboicssy st ereochemically isoneric forns, anBCT/EP2009/004942
N- oxi des, quaternary am nes,-4aetal conpl exes, salts,
hydrates or solvates thereof, for use as a nedi canent.
The i nvention r§3ates to the conpounds of fornula
(1)per se, including stereochem cally isoneric fornms,
and 51NgOX E}'}_u'a“t ernary am nes, netal conpl exes,
salts, hydr at €s or' sol vates thereof, for treating
hepatit$s C. The invention further relates to
phar magguti cal cgﬁpositions conprising a carrier and
an arlt_ihvi rally effective anmount of a conpound of
formul a 1)y ods~specified herein. The pharnaceuti cal
conpositions nmay conprise conbi nations of the
af oreneRti oned ¢ ounds with other anti-HCV agents.
The plraNecquthedi—10 conpositions may conprise
conbi nat i ong3of the af orenmentioned conpounds with
anti-HV agents, Thé invention further relates to the
af or emdit i phe—phar maceuti cal conpositions for
adm mi-sNyam to a subject suffering from HCV
i nfectioh!® The invention also relates to the use of a
conmpourgt of forpula (1), including stereochem cally
i sonerit forns[ oN"NFoxides, quaternary amines, netal
conpl‘i‘;fx'%s/\lﬁ s' hydrates or solvates thereof, for
the nanufactgre of a nedicament for inhibiting HCV
replication. The invention also relates to the use of

~[T), including stereochem cally

. ; oxi des, quaternary am nes, netal

conpl exgs, salts, drates or solvates thereof, for

t he manuf acture of medi awnent for preventing or

treating conditions associated with HCV. The invention

al so_telates yo a 20 nmethod of inhibiting HCV

repli ¢tati | wanhm bl ooded ani mal said net hod

conprisin T he dm TiNstrat i on of an effective anount

of a conpound formula (1), including

stereochem call'y isonmerit forms, or N oxides,

quat eachalRYisandependentiytsalected fipne desgrosmt ersprisipghpdrogergr

sol vat e rieof javention also relates to a

nethg%4?g$ﬂ§?g9€ﬁrﬁ§§k % treating conditions

asso8iladet M1ty HCV in a warm bl ooded ani mal 25 said
met hegbhaw higicadedtiel aa ni stration of an effective
amount, of conmpound of formula (I), including
sféréé%ﬁ@ﬁ?bally isoneric fornms, or N-oxides,

quat efacsucycle/ hes14 teldamembedtexss, salts, hydrates or

sol v t hereof . i).ed (i pgi op, The present

ve iR’ (b M oRe IR 0P B BF Y B

f ot | Riiand RBasshybegerae Rfi aniddk dngethefevns deuble bond or a

enmbodi WLV ' fined in nore

det aigrli:?i%gg%hé}gg g}é{dnglraeglg ngé}icw n(t)ﬁg’o defined may be

combRndethydrogensermethibandspect (s) or enmbodi ment ( s)

unl e ich €anépeldanich optieghllysubfifueaitialislo. | n

particul ar, any feature indicated as being preferred
The imdvdon Ageet selamy tdxaethoddfon etk prepdratisry ofdthb eombpeaidsrof

e 4 ndj cat bei ng preferr .
e e R T
amde2neab 0B BBIE RET S8R DY AEY 40gtvates thegsofigheir imtemtediates, and
tHeQAlsE Gt nRRH e MleS i BlelEpariilth Jrohd %g@.lrﬂ@fof %ﬁﬂu‘?epg).
apply unl ess otherw se n&%ed. For the purpose of th
present invention, the terns "subject” or "infected
subject” or "patient" refers to an individual infected
with HCV, in need of treatnent. 5 The term "hal 0" or
"“hal ogen" is generic to fluoro, chloro, brono and
i odo. As used herein "C 4al kyl" as a group or part of
a group defines straight or branched chain saturated
hydr ocar bon radi cals having from1 to 4 carbon atons

o o r I I P 1 N T 1 o 1

i SOMeLig



10

15

20

25

30

35

10 saturated hydrocarbon radicals having from1l to 3
carbon atons such as for exarrpl e net hyI ethyl, prop-1

WO yi1p/0g3edp- 2-yl . The term "Ci _6al kyl ene" as a RETERR004/004942

part of a group refers to G _6al kyl groups that are
divalent, i.e., with two single bonds for attachment

t t h Non- | I I kyl
oo PR o B R PR B b
dtbreooimyrhieakdy isetieyik déorimys, emd V-dbxidast Gydternhny] ammeesambtal complexes,

I t

}al?s g%d’fatebﬁ ?&lbzyt%:se@l%{eof %gg%vagggg%&g&n%@grgﬁﬁ@gwon Rlates to the
c«;mp@tms.’ptoi ormm@(lb eerme w tghlygwte@pkl},qmlcalév wemeric feyms, and
ROSHAES Eu&té!ﬁllaﬂp&ﬂm& mé‘téﬂcdoﬁﬁﬂé)b@s A, I?}bﬂ?ét@@@r"’stoWatesTﬁ&eof for

term G 4al ar.t,

HFatngg*I%BU? Gf l?z% mtvsntépq %‘aﬁhéraIe?aé%/? tﬁé@?ﬁ@ﬂ Iég%’ﬁ psjtions

c&R@nﬂh aehftieRand sn GhtiirkNy eﬁ‘chdefag[&Atrﬂt gb@kl@npound of formula (I)
i tabl e al ox

ﬁ%fﬂ% d hg{eﬁlaf(l@ nig}agagg%&ng Lisc8B}p8E)16]>?9$ njay Comprise comgmanons of
t}wfmtemeyltlom@bedmpomngis with otleer tanbhtHOX yagents. "Eﬂeophadnb@utlcal

t
S S L O S fng i
IrHVagyntasTIlqmgeram further relpggsite dhg @fosqr@ﬁﬂtlene BlRamaseytical

¥safodiflods ¥or Q&Biﬂ“énta'tl@ﬁ %o Qfsuﬁjgéi sWfEHARFSH HOW neRtish.

possi bl e isonmers unless otherw se indicated. For
fIﬁé ﬁlﬂf&ﬁﬁon RisP @¢1a@h ftythe iuB€ bEigl &&npdnﬁﬂlrdfdbﬂmhla ), 1nclud1ng

SelrishérmitafuiemeBentms r Moiies, B0oRaimiagy i Complexes,

Wiesn hpdrates ar sallates ﬁxemwlf,sforrﬂleemartﬁantmne)ftw mﬁhcamem yor inhibiting
%@5\5 Eé {460, J%qul;k/e%ﬁg#\ ?ls{)'rgl?hels% IH%‘IEE 8P4 E8hpomtll of formula D,
Whenever used her el Term con‘pouR o

fnplyding sterepehernically isemsrie Serms, @bh’pmmsqummgnymmws metal

'esﬁli%xeé fsaItsS hYBARS of Solivatel H{é@edfhf%r m&uﬁgau&foffa%émbﬁnem for
(1), 1.néludi’ng ster.eochem cal s&g&rﬁl orng, and

PHATRING Brersde caa@fle%%asgwaw it HOY, Zhe insieplion a0 relates to a
sdthad oftidhBibairgSHOV splicatioasn b heirgdiloodddeantrblogdidmethod

TN R e T
ﬁm:llﬁliiﬁg) Si6EBRICTiERRY BOMRd 9dins, Bt Np:ogéesquternary amines, metal
%ﬁ%‘é?% & "ﬁb'h%teL sPSGIvhtes ftl‘ﬂ:? inVEhtiorPsisd Rfates to a method

dr ates, so vat es t hereo
/fwmrn@nt@m deating & ﬁmnsglé@cw@ wishbtolh i 2 BrRrmdiorded animal
hidl rﬁ’éth@d‘ b’o:ﬁb‘x’i’ﬁﬁé’ﬂﬁ%dhﬁﬁfs&ﬁ’tﬁorﬁm dffeRflvé 8hBuMt of a compound of

| ncl possi b reochem ally i ric
& (RangiinRSiers raeRi ol deame oS TP REES duaEary
&ﬁhﬂ@t artdl bemplkes, Sal¥h apdraes onseldatesthersvdf t er, the
term"optionally substituted" is neant to i ncl ude
S s well as substituted wth at | east one
&#)igéf%ésg%ﬁgl gd substituting radicals. For the
ﬁlhlp mn@enunvemmlél novChe firther dessriberhdn Ithe ollpwing passages,
i et sPES of énﬁﬁﬁf%ntts Q)f KRCInVERioAe 4 BSfindduh %%re detall Each
G 4al kyl "~ as_wel | Ci 4al kyl substituted with (3
PhsCEBhpBbediment sordsing anaml)e ﬁ?&]t})l%@ﬂeﬁéy 8 emﬁpect(s or
‘éﬁfHoﬂfrﬁerﬂ(s) ﬁﬂlleﬁsaélédr};y iatitatdd Yo ehe &ﬁltrlﬂf &Spartlcular any feature

TG R BT E Rt E e s s ma) 18 GBI pith gy other feature

o feanass Hidhcatduleasrlmstg frkferred wp edvaidagradetouprofilaterrepaticwar

3&ﬁgﬁh98ﬁded by the sane sequence of bonds but havi ng
erent three-di mensional structures, which the

conpounds of fornula (1) nay possess. VVth ref erence

to the instances where (R) or (S) is used to designate

the absolute 15 configuration of a chiral atomw thin

a substituent, the designation is done taking into

consi deration the whol e conpound and not the

substituent in isolation. In one aspect, the present

i nvention provides conmpounds of fornmula (1) RlL o,s A
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d( \NHO R7 (1) 20 including stereochemcally isoneric
fornms, and N-oxi des, salts, hydrates, and sol vates

wa ap/esbss wherein R, R2, R4, R5, R6, R7 and ACEER20041@4942

sanme meani ng as defined herein. Enbodi nents of the

present inventions concerns conpounds of fornmula (1),

0 gr oup th eof ed. herejn, wherein one
Aéﬁlsﬁg’r"etisg Stegeingand heremafier gfeﬁfo Rewingdeitiongppiginlesig
ofRérwise aprdi fi ed in the enbodi nents herein-under apply:

25 Particul ar subgroups of the conpounds of fornula
Fot the puepose wp terpteseaf infvemtinn, the(tein)s “subjecd” arr“iffedyd subject” or

bR AS (A& hASTIAF b Red Wit &R {}Eat s a
B AN I T e e R R HECAURP |

TBQ 'té:rr’hz%alo” dr “hbloklen”l ?gri%réc %3 m %ﬁﬁ)rgebraﬂl% and fdol 1

As used herem “CMalkyl” 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; “C;.zalkyl” as a group or part of a group defines straight or branched chain
saturated hydrocarbon radicals having from 1 to 3 carbon atoms such as for example
methyl, ethyl, prop-1-yl, prop-2-yl.

The term “C,_¢alkylene” as a group or part of a group refers to C;¢alkyl 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,
propylene, ethylethylene, 1-methylethylene and 1,2-dimethylethylene.

“C4_,cycloalkyl” is generic to cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and

cycloheptyl. The term “C;_scycloalkyl” is meant to comprise cyclopropyl, cyclobutyl
and cyclopentyl.

The term “C;4alkoxy" or “C;4alkyloxy” as a group or part of a group refers to a radical
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 tert-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 chemically stable.

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

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

Whenever used hereinafter, the term “compounds of formula (I)”, or “the present
compounds” or similar terms, it is meant to include the compounds of formula (1),
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
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--;--Na N1-1 RO 311l In a particular enbodinent, R
is selected fronR3R311 55 1. -N-1,ii.N " i Fi 3, and

WO 3dd/@36d8erein a and ¢ are as defi ned herei n HCAVEPL20@v004942

10wherein a is 4 or 5 and ¢ i1 or 2. In another
particul ar enbodinment Rl is selected from1l R3 131R3

[1Z23.R3 12 1-1-N, ;. . .. . e N1 - N2cy - N- -
pgqsialmtef&pﬁ}grsu%alll\ly H{)ﬁ?’l_c (f% is_ Nf’f—‘@% Eh,eW-ioX}dEi,gs,alt%nha'drates, and
solwategtheredfj Andther 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 C4alkyl 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)

-

O=g A
N\
O RG
0 N e
R7
(Y

including stereochemically isomeric forms, and N-oxides, salts, hydrates, and solvates
thereof, wherein Rl, RZ, R4, R5, R6, R’ 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 one or more of the definitions for R], R2,

R*, R® R®, and R’ as specified in the embodiments herein-under apply:

Particular subgroups of the compounds of formula (I) are compounds of formula (II),
(1D or (IV)
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I ) . . Wen R, is 'k iC It is understood RI may
be oriented in tw directions, i.e. the piperazinyl
wWOonmile003638ay be connected to the sul fonam de grRIUpPERMON 04942
the aliphatic WO 2010/ 003658~CT/ EP2009/ 004942 - 9-
anmne is connected to the carbonyl group, or, the
nnéety is connected to the carbonyl gr oup

(IV), wherein Rl, R2, R4, R® s R6, R’ and A have the same

meaning as defined herein.

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

Rs
' ! ' N—I— R 1 R R3 .
_:—l;l a 'l‘l—i— _:_';‘(/‘)b\/‘q‘(v)'b ' ! '!la &3: —E—N\/\N/\,N—:—
[ 1 -— —l— ) 1
Rs R3 i R, , : \/\o/\/ : , R3 ,
R3 N—t
-_— N
R BN Ji:) - aga
P |/\ i _:_N\/\N I _T/(’\)C\N
—=—N N ! | R3
' c 3 , , and
R3
v
Hiave
C /\N_i_
R B i
In a particular embodiment, R' is selected from Rs Ry, o

' R, Ry | IIRS ‘/\N—E—

-—N N— el !
v 'ﬂ—N$%N\,J ' . .
R3 ,and c ,wherein a and c are as defined herein above, or

wherein a is 4 or 5 and ¢ is 1 or 2. In another particular embodiment R’ is selected from

R3 Rj s Ra | R® N i

! S /\/N—.— v '
_:_N N_:_ N ' -=—N
N(RY)-(CHp)eN(R?)-, + > 07" 1 R ,and © N .

When R' is

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

, it is understood R! may be oriented in two directions, i.e.



WO 2010/003658 9 PCT/EP2009/004942

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 sulfonamide group.

3 [l
R N—i—

SN NS
Preferably, when R' is ke , the piperazinyl moiety is connected to the
carbonyl group and the aliphatic amine is connected to the sulfonamide group.

e o
_E_N\/\ /\/N_E_
S Ina more particular embodiment, R'is selected from ! o .
s
t CHs GHa, | N ;
R _E_ RN NP
; N\/\l;l/\/N : : T
CHs , and CHs
, CHs CHs ; ¢Hs
_E_N\/\O/\/N—:— ' N—i—

Alternatively, R is selected from . H
: \/\/\T_g_ _E_T/\/N
CH; ,and ' Chs

\ CH3 (|:H3
—i—N N—i—
In a preferred embodiment, R'is ! o
] CI:H3
_S_N\/\/\ :
) L N—i—
10  In another embodiment, R' is H
¢ GHa
_:—N\/\/\ :
-
In another embodiment R' is CHa

e

__N/\/N

|
In another preferred embodiment, R' is CHy

Each R®is independently selected from the group comprising hydrogen, C, 4alkyl 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.
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Macrocycle A has 14 to 18 member atoms. In a particular embodiment, macrocycle A
has 16, 17 or 18 member atoms. In a more particular embodiment, A has 17 member
atoms.

R? is selected from the group comprising hydrogen, halo or Cy4alkoxy. In a particular
embodiment, R? is selected from the group comprising hydrogen, chloro, fluoro or
methoxy. In a more particular embodiment, R? is hydrogen or methoxy or chloro; or,
alternatively, R is fluoro or methoxy; or, in a preferred embodiment, R? is methoxy.
In another embodiment, R? 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,
R? is positioned on the benzene ring in para with respect to the bond linking this
benzene to the indole group.

R* and R’ are hydrogen or R* and R’ together form a double bond or a methylene group
to form a fused cyclopropyl. In a particular embodiment, R* and R’ are hydrogen or R*
and R’ together form a methylene group to form a fused cyclopropyl.

" In another 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 (III) or (IV). In another particular embodiment, R® is methyl when the
compound of formula (I) is a compound of formula (II).

R’ is a C3.7cycloalkyl 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 (I) are compounds of formula (I)
wherein R? and R® together form a double bond, and wherein one or more of the
definitions for R', R%, R®, 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', R%, R*, R®, R®, R” and A have the same meaning as defined herein. More
particular are those compound represented by the following structural formulae (1I-1),
(II-2), and (1I-3) wherein R? R® and R’ have the same meaning as defined herein for
compounds of formula (I) or subgroups thereof.

o)

"
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[l 10 In a preferred enbodiment, R is - In another
enbodi nrent, R is -

WO-M10/003688. . ... ...............0 .. ..-. ... ... ..., PCTREP2EH/004942

' -NHCH3 1 -N\ In anotheIlenbodlnent R is
Each R3 is independently selected fromthe group
ydr gen, Cid4alkyl and C3_5cycloalkyl. In a

p%\f ar iment, R3 is independently sel ected
frcﬁl‘n 15 reonsi sting of hydrogen, nethyl,

et hy'ly and cyclopropyl. In a nore particul ar
enbod] ne R3 is independently selected fromthe
grc?up i S f hydrogen and nethyl; or, R3 is

nmet hyl . 003858PCT/ EP2009/ 004942 - 10-

Macrocycl e A’ has 14 to(Ik8).nenber atons. In a
macr ocycle A has 16,

articul ar epbodi nent 7 or 1
feaparticulapsrbodiment, thsriavertion rayides @%Mnﬁéﬁ% ndpgadently,
ﬂo?m'ﬁﬁﬂ(ﬂ@r (IB-IIPT(H 2)3&dl(H PalieesiaRfis apdropen ar Methyl, more in

rll Si Xz{rbg tzlll o or Ci-4alkoxy. In a
éﬁl 4 MR R2 is selected fromthe group
ﬁ‘g‘g@iﬁ%; otif{{?&ﬁ K ng m&@ml@ﬁ Bro%gdeg QBEng{;l%dégInﬂIgﬁﬂula I(E) &r subgroups

therastibiersin B 15 @){ctcé»eﬁﬁquxzeﬂyoromclphewl uoro or met hoxy,
Bt Sahostmonts e SRBRHQN BRI SABROBT S (13 dfor subgroups

thefrg)flwhermﬁ R o hyshogenyirtethaxg i ehlors. A ltdraatbehy the inkemtipn
bASIRERGRRS S dIBrhTAPh oSk iogh IS TENIE i uoror

mﬂmXWth respect to the bond linking this benzene to

t he i.ndol e group.. R4 and RS are ydrogen or a R5
iehlfr SUBBTAUR O SRBPAUIS Al Tomul ﬁ%wwugﬁaagpmula (11D,

g}ém@m e’ 01%50 (Iljzémbmd A hlve ﬁlemambirﬁéﬂna{gh&mﬁﬂédmmin More
a re 0 n or e
@1‘15?.@ t ?S&ﬁ? I,?P%?S?rﬁg(gg WC]IOI)IB% %ruc[‘ur Ifofinulae (111-1),

(III 2), (I11-3) and (111-4) whereln R, R® and R have the same meaning as defined
herein for compounds of formula (I).

(111-2),

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

In particular, the invention provides compounds of, independently, formula (III),
(II-1), (11I-2), (I1I-3) and (I1I-4) wherein R® is hydrogen.
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15 In another particul ar enbodi mrent, R4 and R5

toget her form a double bond. In another enbodi nent, R6
WO 21E@BeBt ed from hydrogen and nethyl. I n a pRCIVER2DEI004942

enbodi nent, R6 is hydrogen wi@n the conpound of

formula (1) is a conpound of formnula (III) or (IV). In

anng ﬁhélcu r .enbodi nent,, R6 is when_t he
1 e4nY§Niion ProyidesRAAAYD ro %YWH!%(H(I) My |
sﬁBgfaﬁps thereoEXhZ@ycROB dyyloheptliop Raflhorosyddsiexylut ed wit h
halo. In a(ParticuIar embodi nent, R7 is selected from
[n pootbprembddimentc thehaxsrition pmevifdé¢s mmampntds htfoyinula (HI) or
(4] y. erred
sEﬁ%rBhﬁsuﬂh@feof AhElHPR C@ﬂ?d% Jnkthok? toliaglml'bﬁf

diment, R/ Is cy A pa ar subgroup of
A pagpioulafisubpto éﬂlﬂ‘ﬂéhﬂ)oﬁhds @ﬁ@nﬁ@mwa Sorﬁﬁoﬁrﬁsmﬂlﬁﬂn{dlé (Iv),

er.ei 7] m a doubl.e bo
WREFEI BrdCol e B3R Artave i mprming &7 ditingd Repein. More
pefjcutandrdRhosscapemintlireptesemtddrsy theifolio wimgtstrudtarad formulae (IV 1),
e
PERRnaty f)%?%%#pﬁ%ﬂ%r BB Pl CAPRAHE 43 tingd herein for
opwesngds gforrgla®, R7 and A have the sane neani ng as
defi ned herein. Mire particul arctare t hose conpound
repregented by the follow ng strugtural fornul ae
(rn- ) -2), and (I11-3) whergin \ R6 and R7 have
Hhe [ as definedherain fory30 _gonpounds of
fo nuIaHgl) ¢ subgroups ther NS 2
B,EP2009/ 004942 -84 - (II-besln a part igul arré
enmadi ment ¢ t hg”i nventi on pr ovides copounyds of ,
formula (I1), | - 1 I1-2) and (I1-3)
npT e\ i \ticular,

©)

invention‘erovioes co s of fornuha (
subgroups thereof wher 7 is cycl ohexyl or
2-flu | ohexyl . In another enbodi nent, the
Hﬁhm Q§2§Z§>-g,eés conmpounds of formula (I1) or
sulbgr oups the eof wperein R2 is hydrogen, nethoxy or
cPboro. Altepn |f§Iy, the invention provides

conpounds o fornula (I'1) or subgroups thereof wherein
R2o# { nmet hoxy. A particul ar subgroup of
conpo ; a (1) are conpounds of fornula
(111,37, R R4=R5 ¥R)5, 7 wherein R ,K R and A have

the same mediing as def(ﬂé&)herern Nbr e particular

are those conpounds represented by the follow
I ppother srabodigenk thednygntion provides compaqupds of fonpplar (I'g) or

s@bgho(ipd therbbf Whereti R7 RyciBerylbr B/lhsueydidiRxsRME
meani ng as defined 15 herern for compounds of formnula
[ hhotheMiEn B@Hi e 85 8RATIORPROG 8¢ Ddhphind 4 8f formuar(®V her

SO Hlleor WAGHTKE NIOR RLONEASRY EPERBHNIS o

or subgrou reo ereln R7 is
I &i@aﬁt&lﬁ%'enﬂfodgnéﬂt uaé Féé@ﬁtQH@éh‘ﬁbn cbﬂce@ﬁ‘soé ounds of formula

[ i on ovrd
QePniEh pid V5. 'éasﬂrﬁ Bt S e REReT i nyertog concerms
cbmlbbogdybf forhiiax§-2)r (IHl:ﬂ)Qilnd (IV-2). Another embodiment of the present
invention concerns compounds of formula (11-3), (III-3) and (IV-3).

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



5 A particul ar subgroup of conpounds of forrmula (I)
are conpounds of fornmula (1V), wherein R, R2, R4, R5,
WO B10/603R8 and A have the sane neani ng as def i rRECI/EP2009/004942
herein. Mre particular are thdse compound represent ed
by the follow ng structural fornulae (1V-1), (1V-2),

Cgﬁhlﬁﬁ/sm mﬁgi ng
ONn

subgroups t her eof wherein R2 is hyd’rogen, net hoxy or

chhpro/ TR agparti cuhgp~ehpodinent, t hey N—
iOE’ﬁV’—‘ﬁﬂ o’ cdncerns ge¥poundEQf formul ast4 | - 19=
)] d\(IV- 1). A er/ enpodi ment h

i nvent Qrns co ¢ Normul a% (1 y
(111-2 9). Anotb odi ment  of nf
i nventi ong/concer ns conpound of formula (I1-3

(111-3) and/(1V-3), g/ 003658PCT/ EP2009/004942,
'\149'\/'\@9«'3\' n particyl ar,N_t/he present i nverit\l/qr'l/ or e
O \\5

10 WhIICh sai d cortfpound m ght” possess. Said m Xture may
cqptaing_al L di ast er‘emﬁerg\»ahdf’or enant{ onere_of fhe

bag? c CH lar stry re ofxg4id corrpoyfnd Al
St ef"eocher aIIy |soLr'I| f dr mB of t he cl
t & Yyt Bpt qvent i ot b v , o ,

2010/°9834 AT 8P2009/ 004

o=~

, . and



pure formor mxed with each other are intended to be
enbraced wthin the scope of the present invention.
WP eoEhE eoi someric fornms of the conmpounds anCT/EP2009/004942
i ntermedi ates as nentioned hddein are defined as
i sonmers substantially free of other enantioneric or
l\Elastereo ric forns . of 5 the sanme basic, nol ecul
QTP 4R PRFIEIAF. tRepPrgse ApsiHeR PEpIg6 campaRds ldorrmyla (1) selected
particular, the term\ st erg,\/l\sonerl cal ly pug e"
concm ecmrpounds or |L pdi at es haw"ng a

Sast 80% 617 ne. m°

90% qof er - and o#e 100f t hg
possi bI JUp to & ? Sagferi c ex d
100% (i .e. X100% of one isonep_and none of the

gore in pa ul ar, corrpoun i nt er medi at es

ing a stereoisoneric excessS of 90% up tq.100% even’
n’w/ev}fn\ éicular t@ﬂ( &_Sé er eoi sﬁrﬁ:”@cess of
%%up \OO% ant-gQst H parsicul @<

shoul d bd unoerstood in-a sim ar way,
cess, and the
respectively, of the

efrﬁsorrerl c form\aﬁﬂe
Bt n

5m xture

opti cal lX active ' ds or
bases. Exanpl es thereof are tartd&tc acid, )
di benzoyltartaric acid, ditoluoyltartaric acid and
Pdﬁmsgﬂ, thenpresent iiaventipn @rowdes/edmpovads of ifomers (Hegldoted from
§&p’\|<a wd hy—chr omat ogr aphi ¢ t echni ques usi ng Hch| ral
a?lonarhases Saiy l\e’\sltqereochem/cgﬁ\y' sOMeri c
y be depisded f ooty t he corggspondi nd
q e @ |s/orr{tgr|0{lrrs of theogppr ate
start : o’ provideg eapti nJocgu Q Y

onpound is syn
,by stereospeCific rrethods of \pyeparatjon. The
nmet hods w kil advant ageousl enpl oy enant| ONer | cal;l y
dpq‘\'/\/st*/?‘t’r‘ vo° mat er i alys~_Khe Ndi_as :
(0} rt"he conpoey ds of ofHiul é/(l L
‘ _Obta@nﬁ | at
| K e phys a @
that may adva ag%gusly be”e I @ %
sel ective stallization and
col um chrtography For sone
fqQrnul a (I) the|r N- oxi des, salts, hydrates,
so}“va tard] nary am nes, or ,Jret al conpl exes, a

Qyse-NHNt er medi used |N1/t\h€\prr epdration the

sobut e_stéredchem caLSTWNf i guraty on vvas%o?r
exper i er, m neg: pepson ski'l
art & m ne the > 8—gonfi gur & F
S using art-known net hods such as,

di ffraction. \
2010/ 003658PCT/ EP2009/ 004942 -17-" I n an senbodi nent, >
the present invention concerns conpounds of fornula

(rrrA), (rriB)y, (1vA) and (1vB), 5 wherein R, R2, R6,

R7 and A have the sane neaning as that defined herein.

In a nore particular enbodi ment, the present invention
concerns conpounds of Formula (II11A-1), (IIlA-2),

(ITTA3), (ITTA4), (111B-1), (111B-2), (I11B-3),

(rrirB-4), (1vA-1), (1VA-2), (IVA-3), (1VB-1), (I1VB-2)

and (1VB-3)

t
I
I
3



WO 2010/ 003658PCT/ EP2009/ 004942 -19- | n anot her
enbodi nent, where applicable, conpounds of formula (1)

WwWm2018/003gF0ups t her eof have the stereochem cal PCT/EP2009/004942
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configuration as illustrated Hy-formula (1A). RL
0z-.-sA c)// NH R7 (IA) The present invention is
al so intended to include all isqtopes of atons |

occNrr g et 5 presgat_gerpaupds. |sobg

tQ?eSQHatoms g th;e/s 5 at omilc nunbes. Wt
way oOf eneralo exg

of formul a

pharrmceuti al | y acceptable. However, salts of acids

Wi gh 10 aresnon-p arn#ce(ytlcally |
ace Ay al so f n'?‘jgﬂég\r/or exanpl ew-AtheN_0

pr,epoar ati on purifi Ca8t wrh of a ptrs rrac%tmal |y
D ompaynd. AP 5= y

ph X2 aceept abl e ) ;e@ ncI @de

t he anbi e/ present | [ 1

phar maceut i Iy acceptable acid bese salts as
gi nabove are 15 nea '

t herapeuticajly acti Ve\EW% acid and base

addithormsart - Jerns that g he conpgunds—af L4 (b)
av%_ﬁhl etofa Qr m The phar maceut| cal | yoaccept abl e @;ci d
addi t \on sal an convei ent | y'Bg obtqgn (d by ~

Appr opr hat
acids such g .
hydr obrom ¢ b d, sulfuric, nlc, phosphor| c a
the like acid$; or organic acids sucRfas, for exarple,
acetic, propanoic, hydroxyacetic, l|actic, pyruvic,

Madei ia farticularg theapreskmiinyentionl ppavides scnmpcbulids o(f ifoemula (I) selected

tanedioic acid), naleic, fumaric, malic (i.
hyanXébut anedi oi ¢ acid), tariarl c, citric,
oni c, ethgpesul fODAC.0 benzenéﬁm\f,em\cN

RFEQ, uenésy f oni c, d;gclham c, salicyli®s-nn

p-g' saklc lic, d‘rmlc and he'l i ke &ci ds. )
Conve gand ,salt o or conve | /
t r eat mef aﬁ’ appr opr Pnto the ‘ °

form The npounds of fornu
thereof canyaining an acidic oton npy al so be
converted into their non- tOXIC netal or am ne addition

saI\N/f\/rdTB\by @eat ment W, gppv&rbate or gani ¢ and
—g@ni ¢ bas 1S. Appropsd |s/ak"§ ase slalt forns conpri se,
fm 3Q exa R e, the ammuhi saltg, Yhe al kali and

al saltsg {thium WO
2009/ 004942 ~ 2 pot assi um

ciumsalts and the M salts with

e.g. th(ﬁ benzat hi

N- et hyl - D- g Ucam ne?™hydr abami ne Salts, and salts

with am no acids such as, for exanple, arginine,

| Yslesseotharevitehmentioned or indicated, the chemical designation of a compound

encompasses the mixture of some or all possible stereochemically isomeric forms,
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
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The term "quaternary am ne" as used hereinbefore

defines the quaternary ammonium 5 salts which the
wautpowasts of formula (1) or any subgroup therRGI/ER2089/004942

able to form by reaction bet-Men a basic nitrogen of a

compound of formula (1) or any subgroup t her eof and an

appropri at.e ng agent, .su

Plie f{aml PBHHT‘?‘ﬁ sgéh ?tb?refae Radeddp %asm wﬁ Praﬁma esope of the
pesyritahdentibal i de, e.g. nethyliodide or benzyli odide.

O her reactants with good | eaving groups may al so be
Pusattkresisainens fairsyf tHédcampdundoamhmtdranedmtdsfas mantéisned herein are

d@ﬂil@é aquJrH o > a{ﬁ?ﬂﬁ& ﬁ%q e of Gﬁlef‘lallﬁv)ﬁltlomenc ¢ or dic d1astereomenc forms of

uenes uat er nary amn
hecsamei hasicymelreitlgresirusture ofeaid compeunss et mtelqu}ates In particular,

t}féctﬁﬁﬂt‘ﬁ@lle%ls%ﬁiéﬁbﬁ[ 1%}3.” bMeHﬁ%oﬁ]ﬂoQﬁ&b oﬁh&medlh@g Qaving a
trifluoroacet at §}§ Tecg&g rion of hlce
SICERQISPRETIGEX GRS 2&"8@%% 1 ’é&‘b‘ﬂ‘é‘ﬁg iong isomefigpd maximum
1080011 tﬂeothf ﬁ@ssm‘le isbfnew) afpe?g s?mmmm eXcessEd00%d @.e. 100% of
conpr.i se o) 0 n .
ofE BT Brd RECOTRRRBED: Ronsit mapiiSrdmboitios SE iermegintes
having axsted¢dismngric ¢xdvesssf-90 Lptb N34, aven mdre m pdrtibelar having a
s@%ﬁs%ﬁie@ﬂ: céslg ?9&%@ Qr'fq ﬂgstf c"&l# Ih?awﬂ% aany
ave net |ng ng

subgroup thereo

sigropiomIericsxaess 9T B Gt to KY° aﬁ@ettﬁ@r%feawlqwceiéyw yqnd

dﬁﬁ!’;t@feoﬁiéﬁl@bl@y(?&em khdBd 8¢ usi@ttdbEm a SHARr %S'alblﬁttﬁ’& having
he conp of 20forrru|a(|)

der ives 0 ou

PO ORI CEA G L 116 612015 eI PSR cReaRCHV S of the
nifik@resmopestddn.t he present invention. Sone of the

compounds of fornula (1) or any subgroup thereof and

Pure stermeidomtns formg oditlsocamnpends andbimtermedrateseoftthis investion may

bé Qf)ﬁﬁ Lbéhp% ?%Fcaﬁl)ﬁ Bp&g-lﬂnﬁﬁﬁ g?&%@h%l‘éb ot 1h§§§dé:‘é aél‘aﬂtii)ﬁllers may

a are Inte i ncl

@ ﬁ@as%fb frogy each other by dhg sefestive guistalligationof dhedr diagtgreomeric
szutse\;«ﬁl@apmamf ?Sac?{a@iamaé &1 BEREN. %{@ﬁlp{j@l’h&@oﬂ%{r@f&ﬁht casida

xture O a 'S .0 as a 1 VI aut o
aibesbiGeRts i BETnSURRaR? Pl end GrpphoSitgnGhl dlliematively
ex_mﬂmmmgjma_pfoe separated by chronsatygraphig t@hmqhbsus&ﬁg chitdl atationary
ofheb g Bile hdrt RRBRIRY IR bBET iy B UGB fromhe
comenposding pyre stmeecfmngwbalbbmermemh)éﬂlelapppopmateaﬁartmg
nﬁﬁé?‘fa@s{ %M\Mdé@tﬁé rédd@iBn 8cdurd M:re% 1ﬁEAH§I ﬂ‘é?écrﬁfl? bleY sh&sfic

han 1 IlMpre eraply less  than
Sfﬁmsoetﬂrafr desyed, sabepmppungyis aglﬂafétzsii Wﬁ@aeqs;yecaﬁc methods of

pﬁdpbfaalbhe'ﬂ@éi;a yethGdiohillaflvamegaasigenplSE endnfiotn€ically pure starting
rqﬂl es below It is to be understood that the above

Bd subgroups of conpounds of formula (1) as well

f r e
T i T
cqm b&pbitémed §an>atrgtelydua¢@wmqnahmpﬂw@§s Appdepriate physical am@aﬂon
b d¥BhaAIm 16 éHJ;% nes lecti
2010/ 003658PCT/ R R L epar e, selective,
°BS g apd hr&mﬂmamh» e. gﬁ%ﬂemawhggm%tﬁaap Y-schemes
oun of for e. prepared fo W|ng
FOT FORGE e femrBURtAT thirheld O, teir N-SBRES Saled my e oolVifes,
qbatemary dmores, ordadtel abenpleats) andsthdintermed{atesh)sed whthegiréparation
tl@%eof%e abSolufttédPocherhical configuration was not experimentally determined.
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.
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a x are as defined for conpounds of fornmula (1) or
subgroups thereof, and Ra is selected from nethyl and

W@ 20rvomess/l and Rb is sel ected from nmet hyl. ThRCT/EP2009/004942

conmpounds of fornula (A-1) ard’either known in the art
or may be obtained as described in US20070270406AL1,

0 474 W2007/092000. 10 Met ho
LR R REbPREIL O e PO Sosr o B e L pl L), auB),
QWA)omdL(II‘dBQI) is given in schene 1. The nethod starts
froma conpound of formula A-1, Con'pounds of fornmula

A- y be ared by thﬁé“é'@} 0 2 ive hydrolysis
of( the 15 ef ‘ kgearlngt RbAgrou . under basic

€&ndi tion 'y a hydr 8% de such-z or NaCH, in
such as wat ¢ such as
t et o8 or a

' y is a
nmet hyl group A rmno(gro ect ed b| functi onal (F)g ngl ved

rea t forpula PG R Rl s as 20 defi ned

fo %mor subgrou; her eo /may t hen be
oRupl ed to Lhe carboxyli g,&@Aci dﬁof canpourtds A—2 to

fokum an am deybond, | eadi nguto coy poutyds A-3. "PG', as

usad , s a SUItab| ecting group,
&hos 0 ones known i “referably PG
is a butwl.oxywar bonyl (Bs

y SZe ect| egroup or a
4-nit robemZenesuI forf¥Adnosyl ) gr otup 25 ThellV8)mat i on
of am de bonds can be carried out using standard

VHRESH R ER2, RICR” &5 ANRATE tHéSfhel RéantLpy thakgdeme@ ferfi. ds
in peptide’synthesis. The latter involves the

¢ hyisbraphnRulze epbbaihedt, the pREGMINendbA dPndinsidenpounds of

%ea‘“%?hﬁ)#}“kbhgﬁ&@é"sﬁﬁxﬁ&?ﬂ%-% ey OB 25 T Rh (B,
CBJAHS, (BYALDY, (BEA BY, (I'8Bel)] (Y B-Rearst @VBi3)g materials in

the presence of a coupling agent or by 30 converting
t he carboxyl functionality |nto|an active formsuch as

-

an a ster m xed anhydr i a carboxyl acid
Io |d br@m de. Genergd des r| tiopgs of such WO
003@5 EP2009/ 004942N- 2-u,ONpF1 Ng reacti ons

t he reage
texmrbooks on eptl de chem st‘r«y, f or"exappl e,
Pept i de Chem st tx »

> BerI|n Ger nyl 5 Schene 1

Mt sreused theregsn can be ZQune i n general
M

rem)val , RF€20 ester

(IITA-4)



R7 (1) Exanples of coupling reactions with am de bond
formation include the azide nethod, m xed

W@ 201boedess car boxyl i ¢ aci d anhydri de (isobutyl PCT/EP2009/004942
chl orof ormate) nethod, the cdBbodiini de
(di cycl ohexyl car bodi i m de (DCC),
dii sopr opyl carbodi i m de (D C), gHor 10 wat er-sol ubl e

car di i ;i de such as
43- (di met hyl ami no) rc}p(\] car bodi i mi de (EDQ))

dHCt« o ctive ester hethod wceMg~P- ni trophenyl ,
-/chI or oph\n-¥I ret I'i Chl or opllenyl ,  peng-achior ophenyl ,

pehm.t af | ug & , Nhydro%yhsu00| wm do and the

| ¢ t he Whodwar d ) et hod, the

11 i \m dazol e (€D

- carkey¥di i\midazet e) net hod, |8 reagents
or oxi datd’on- r educt(lldB-1}5 net hods R7Sorre of t{HBB&)

nmet hods can be enhanced by a suitabl e catal ysts,
e.g. in the carbodiimde hod by addi ng

1- hydr oxybenzotriazol e, or [4-di methyl aym nopyri di ne

F Qher coupl i ngNa ents e

sl oxy) - trlo%( I’met hy Agiyi o) phosphoni um
ate, eithelwby itgel fJor in the

(uenzotria
f€xaf | uor pphe:

3:210

presence of 1} hydroxy-be 4- DVAP; or
2° -1-y1)- )

N, N, N R ﬁ{luronlu e sar'obotat e, or
0-(7- azabehzotrl azc(lI W ® (I11B-4)

2010/ 003658PCT/ EP2009/ 004942 - 23€H;
IV, VN1, N1-tetranet hyl uroni um héxafl uor ophosphat e.
Thege ling reactions can be pygfOrned in either

Hé€Ql uvion (higyod phase) or Ml i¥ phasg. Ibe coupling
redctiofs perably are condNCt ed"Fn 2
88| vent, sRhal ogenat ed,shydr ocar hdns, &°

" di whi or ongt hane (DCM, chl orokerm difpol a aprot| c 5
et am de, DI\/BO § such as

react| ons Rire done [ r(iVAel)pr esence ofR’a suit abl e(I¥as@)
such as a tertiary am ne, e.g. trdethylam ne,

di i sopropyl et hyl am ne (DI PEA), | - mor phol i ne,
NS rol jodi ne, 4- DVAP N, 0O

1, “di‘azabi o€l o[ 5. 4. 0] undec- {0 7- e‘he\ﬁBU).S The

ction teppera Rire may rarg® between C ahd 50 C

an the re pn tinme may rang@ bet wep m n and 24
h he protecting,4g ng et hods
known ' may lead to co 9 These

met ho | udesf h&Rf eacti on of cefpoUnds=A/3 WRt h

trifluoro &etic aci dIVA) in a suit&ble soI vent(I\éBclﬁ
as DOM when PG is a Boc-protecting 15 group, or the
reacthon of conpounds A-3 with a thiol |ike nercapto
acegc \d or t hi ophenol, in solgtslugnh\or in solid
H¥has presence of a,Ra Ch\ as gesi um
ona't'36 O%I OH, in a sui tH:ak)]f$§ mﬁ‘b/guch as DWF,
&F when PGAs §y| Wen Ra.ds a tert-Ahut

REQroup
angH PG i s (fa Bofc- protecting groGpH reno pf PG as
nayleadtoa 1. with Ra
bei nfj ounds A-4 aré th M th

under heatR’ng condi ti GNB-2) e 100C. Th| 8" reacti on (¥B- 3)

t ake %n ce under mcrowave irradiation and |lead to
vdsrgin iR aadR yistthe pamemsaring es that deftnedderdie.

sul fam de noiety may consist of the reaction of

conpound A-4 with am nosul fonylchloride, in the

presence of a suitable base, such as triethyl am ne,

DI PEA, or pyridine, 25 in a suitable solvent, such as

a chlorinated solvent Iike DCM or DMF, THF. The ester

functl on of conpounds A—5 i.e. -OO O Ra, nay t hen be

I D Y, 1 Y L o T T N |
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35 acylimdazole may then be purified before adding a
sui tabl e base such as DBU, in order to performthe

WO ngo@issur e, whi ch may take pI ace under heatRGIIEP2009/004942

condi ti ons. Solvents WO 201071803658PCT/ EP2009/ 004942
-24- used for these reactions may include acetonitrile

r _THE. Other cqupling agents, such as 0S own 4 n
B andher mptitmtRy PheRBoBHCTE colpRthfoiacrTfg DRt Subdoues
Mezgofhapea thel stereochiemicat chufigurataeti asgllugratahipofomosiladIA).as
|Ilustr £d in scheme 2, may be the formation of an

m d t ween corrpounds A-2 and a symmetri cal
bi vﬁgg-t chai\n Rl, used in excess conpared to
cQ?rﬁaoun S 2 RTh s anide bond may be synthesized 10
aso ﬁCfI bed fs in particular using a coupling
ageny ‘'such I met hyI am no-
b] pyri di n-3-yl oxy) - met hyl ene] - di m
BT ﬁuorophosphate (HATY), in the
presence of such as DI PEA and in a suitable
sol vent ik DCM DVEIAdr nore preferably THF.

nmpounds A-4. mgy then be reac descrl ed above
iﬁ‘e ﬂi’é‘isﬁ‘&tdn)é?q“ﬁ’“d%/a'éi’ qignggadp é‘?‘é ‘g‘(?i';sv‘éﬁtﬁags ¢fj3tomg gecurring on the
&dbdsbmcbo&p‘aohm&o&@ icdudithossatome hpviap alieshnid z[tsﬁﬂid 1)(umber but

from co oun sim SCI.i

SHRTRAERS Ay, B b St nfie) Bantf oRT ARG Lhui jsotopes of
biymgemtnchmunum:n dodaicutegiuon ésotepies aficatbomiriolide C1iStand dC-14.

of a protecting grou Such a sul fam de chain Rl may

Fer therapstiicuse, salisiefithe ¢pmpounds of fymala @hererthossfwherein the

Cotttt-Rnlts Rlarac¥iically aé&p%w ﬂo“kee«emm@s Ma%ﬁc%%@%a@éé which
a suit blegrotetln not

: | f
Afe pag- y a%eP%E’geuF’fa&#S&é'“}drPS& forbkargple, n the preparation
90 puifitation wth pharmiaceuacHly d¢oeiRablocompo@uE AZEsalts whether

ig{)gr?}ge{c%%tl o ﬁg%%t&ag %)ﬁrgcgtle??«fqm%{l.@fﬁ within ﬁlhen bit otr t?le present
20101003658 PCT/ EP2009/ 004942 - 25- for exanpl e by

reaction with TFA in dichl oronet hane when the )

gihe phamasguidggadlyaceeptabl@acid pnd basst saks agymentioneddetingpove are
trﬁh%nf%%%i—ﬂri‘s@ medtﬁel%ﬁéﬁt‘i/&il& %@t@vﬂorpﬁﬁid'hmc[‘@ﬁd"%e Rddifion salt forms

Con'pounds 0 go unct| onal

Gty Wﬁ%ﬁ%\f’f gﬁnu&féharﬁblg tmra% |T6]ﬁ ¥ayteallyeacceptable

asidrddition, saheéar ®nPéniestip¥abbtained @munﬁ@the -bas@fiOwith such

%S&%tpn%@ alc%agpp%ptn%tet Qc?dsscl'grﬁp%ns]e dﬁ)r example 71n0rgan1c acuPs sugh as

hydrohalic acids, e.g. hydrochloric or hydrobromic acid, sulfuric, nitric, phosphoric and
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),
maleic, fumaric, malic (i.e. hydroxybutanedioic acid), tartaric, citric, methanesulfonic,
ethanesulfonic, benzenesulfonic, p-toluenesulfonic, cyclamic, salicylic, p-amino-
salicylic, pamoic and the like acids.

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

The compounds of formula (I) 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 appropriate organic and inorganic bases. Appropriate base salt forms comprise, for
example, the ammonium salts, the alkali and earth alkaline metal salts, e.g. the lithium,
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E-3 R2 R7 10E-4E-5 The ester bearing the Ra group of

conpounds A-1 (Ra being for exanple a tert-butyl group
wamdo/RiBess et hyl group) may be hydrol yzed as deSREP20e€i004942

above, in acidic conditions,-20sing for instance TFA in

a suitable solvent Iike DCM to yield the carboxylic

acid derivative E-2. 15 Reaction of conpounds E-2 wih

sed{Bms DptAgTIMAGHESIUM., Al YR a@é?oane‘ﬁh%hh% ﬁaltbwab@ég%c bases, e.g.

tHel beak&hineC Nah&thRLD-grayarhiaachyldeabalitnegits, didl saR&ingi® amino acids
§£¥p§Fds E usi.n tge c(g% ons descri bed for the
SY §f§a‘8f) SnRRERS, AYSIRG ARy t he coupl i ng agent
d 4
THE G AT Bt e RGP BT fonium
stltsawhicly theoregiipauads of et (é)nordmytsnbgrgup thensaf@re all to form by
% dﬂ%&%&%@ﬁ & b%lc fi’ut f o% 9 c%Hfi)BuﬁcF oﬂ%HnHW(IP&%?%@QBW

to co oun s E- is a suitable
hsreptapd .angpemuﬁte %ﬁ&@ﬁln&a@ﬁ% e c?ﬁefé’f Rﬁ%ﬂﬂq 3 Qntonally

s@lﬁﬁxtut@d giketahly, aryihalide oy kg Halidé)e.d. $néihyhod1de or benzyliodide.

GRS sPactas b e SRR mg B0 g loh B o6t 31 ar

tnifiyorbmathahesutfonmues) ratlsy1 Eaaihanihﬂﬁmatm,t atmidﬁkylrpctlohtbaesdilﬁ)nates. A

R e
cguemons ipgudednpon @m@m@mm@rqu and Q@aterh'&ee@ﬂlétenon of

ch&iee thPBe RitroRfEBAIAINESI o edchdRBe ki, Met hyl group) nay
then be hydrol yzed, using conditions known in the art,

The V-bRidk lﬂ&hﬂi})ﬂtl‘i@f}fb@ﬁﬂ l&bfdp@ﬁﬁdsQﬁle hieamas icomipeidd thea®mpounds of
fdeslgr pged aboye tﬁ Ew erel ounds glom rpgen atoms are oxidized
Qe AT oY SPPELHRBERSRE RCHsin OHF 41 qYs girRg

te tecoidalledM-anide.eacti on in basic media 5 to hydrol yze
the ester bearing Rb, prior to the renoval of the

Tawilhes anpoeciated Hgt greomposndyof foemuler(Biariany subgreep tHseedf may
h@b@?ﬁ%’tal BHﬂlﬂgg@ﬁiélngrlé Qoﬁ?[&%ﬂﬁiﬁ ? er@%QQH%foQé )na%)hst as

t ai ned macrocyclisation aonpound by
m%?lrﬁoﬁg’lft’ﬁé of mefaéﬁbﬂé & Sawhalmt%létes&ﬁavatmw @W@ﬁ&%@s of
forma® U ot Bly aipfé thaRot @2dhtehdsd torbeiRd1B@dl Within the scope of the
PreferabI%/Pthls am de formation step may be perforned
PEFRERY RSP Oi | uti on 10condi tions. Method F Scheme 5

SAm% ofeihe con@@ ‘&9 '39 u? qu% B‘ngr s%?%l%lug ?ﬁer?gf aa%'a Aﬁghqgcgates may

alam ealsn‘: emym«mn mere ta@omgc iforiye Suth formsenlt e@ginmotmbmdfv indicated
ﬁrﬁ{er%gv@for%lﬁas&g li@t@ﬁdé?fﬁﬁfe 1HMgJé21| Withi th@%ﬁ)e Q@ﬁieea r9§ent

acidic conditions as describ greV|ous Yy
ipvsRpsumscordinglyrthe cgegnoslml%agmla rgediates Ay isdnessat as a mixture

off @futdflerd r Agar hidivighdlagutomecri bed for the | ast step of
met hod A, using an al kenyl sul fam de conpound and
Ih dedinnention, patipaanpiefdrerice is given to compounds of Formula I 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,
preferably less than 5 uM, even more preferably less than 1 uM 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
isomeric forms, and any N-oxides, salts, quaternary amines, hydrates, solvates and
metal complexes of such compounds.
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1 20 Alternatively, the acyl sul fam de group may be
i ntroduced on a conpound of fornmula E-2, prior to the

wWande/al3g3si s of the ester bearing the Rb group RGTIEP2009/004942

coupling of the obtained carb®xylic acid with an
al kenam ne as descri bed above, |eading to conmpound
EP200§{ 004942 -27- For mat i on

00365
oFJ%¥%¥%§é§g%tyé¥%r—iié§£g¥ d of formula F-6, which

formula (1) bearing the

fc%@%@ oibfoi‘xﬁllﬁr( nh r&ggi;é;pfe@a}%h B0 (e alFREEH kRS A B, C.

via an ol efin action In-the presence of a

fyik: &ipnd Gré@%rlbe%b@lpyfsfrogu@ﬁlolssde@vgtlvwfe Ru- based

catal yst reported by Mller, S.J., Blackwell, H E.,

5G ubbs, R HPJ. Am Chem Soc. 118, (1996),

9606- 9614° Kingdbury, J. S., Harrity, J. P. A,

BRen| t at®bus RS Hoveyda, A. H., J. Am Chem Soc.

121C>(1999)‘ 791-®99; and Huang et al., J. Am Chem

2674-2678; for exanple a

Ho s—¢atatR&st. Air-stabl e ruthenium catal ysts
eyl ohexyl phosphi ne) - 3- phenyl- 1H i nden-

101- yI|deneRFuthen|unL§mbor|de (Neolyst M (r)) or

bls(trlcyclohexylphosphlne)

bt rut r| de
[B)\é}%geggg Ig e’r cg'%/ st & dégnﬁ ng o e& ﬁ g@? r subgroups
fthereaf, amRa m;s@le@tegérmn ametby'l a@dttait-gogtyg and Rb.is selected from methyl.

bR %xlnbgs&ﬁ dfmé&ﬁma gxcll)%?@meg'ﬁg 115‘ ﬂgedarpéli RAPhebBENed as

um and 9 E

Setarbad o SANART A6 ki RROP DS HER AV RZORHEIZ%. cy
| ohexyl phosphi ne) rut henium 15 respectively. O

i&é lar interest are the Hoveyda- Grubbs first and
'@%&ggeneratlon catal ysts, which are

A sdhlematé ovérsiapr fmpd:wmndnyislﬁtﬂhmtcen}ﬁ)lmﬂs o foemalaX)yisliven in
%a%;nggei T(hrfq‘hag&{l ?'%rréebh“?ay mpqyrdefiformula ALii nyl i dene)

@iogmosndy @fﬁognphowW@hbmytwﬁ)Hyéh‘engmShbnil ydrolysis of the
eS8 PECG Y $he/ Rb’{%k&ff) uﬁ@el}%'as&%()ﬂdh}t’i%ﬁsg ugﬁﬁgtaaﬁfyai‘&ggé)weﬁras LiOH or

tr nS|t|on met al s such as Mo can

1B Rolap solypids suthasirales aPélaF@flP]oﬁ% aaineHEneberRikaned
itdirahydteifiiraid €TISP), vsemmstw@tmﬁeo&‘orhle KRMYdangt betsed whe Rb is a

d hal b
B R RO R e of KRGS Bt 2Ry ¢ e
IA lﬁgno ¥ c%ﬁ%ﬁ?ln§0na? gg de}‘rl%d'I I%ngént -lc;l? ?OS u'iae ﬁétﬁoﬁ lff‘er%n R!is as

at 1’ncrease res under nrtrogen
aiﬁﬁngkﬁ@e if@mm&bgumr@fmﬁ nozﬂ maf theroe emr;olesiubglnmqmboxyhc
LBRreIbm uﬂyA%@%HH RS alli®d IS‘(FHCd I@Mln %o %émﬁ@nﬂi’cﬁrﬁ 8d<pG~ as

b
into eac% ot her follow ng art-known unctlo
sechasreinmsa; syHable aatinopolectipg gEgupaphesen e eganem}sgown in the

ety PRegerhblat Py 1sat ek bulylbk a@lscﬁiyﬁ@ds(ggjﬂ&@@hﬂgcgrtag@ 610?] |

ro a_ha om e exchanged for anot her hal o.
&%ﬁ@ﬁ%&negfdfo‘&aﬁﬂ?%{ﬁge UPray be sgbm tted to catal ytic
I”ﬁﬁg rf&grﬂ?i%h'o?'amﬂ’ﬁsf)&gls cqh b qufeh%uﬁgélﬁ# Qtﬁm?aﬁ& %I‘cfclext?rtﬁ"s__ such as

in a sultabl e sol vent suc
ahase ugedior seunlingraminpragids ireperisiesynthesiy Yhelager involves the

Hﬁﬁh’tﬁ‘ﬂ\%d&ﬁhﬁé’ b kabbxyl, ng‘%ﬁbﬁ‘oﬂeﬁ%a@M%ﬁl A aﬂlﬁl% group of the

bi val ent ¢ IS reduc rresp ndi
SQftenFeact aes}??auﬁ%%ng Ghidg oant. dhpamy B may be
pedornel bycreagingie stafnrfg)mmd:hals(lh khe prasenbe aﬂa t:@uplmg agent or by

%gr%)e?frgg f?xle\%irz)o?(alvfun?%?na 1%1[1 Vel #ét{eveg%ng guch At %c%ve ester, mixed.
20pirRie 38 Bgmﬁm@@ghloodgagbromlde General descrlptlons of such
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-28- More generally, a conpound of fornula (I11) may be
transfornmed to a conpound of formula (1V) by catalytic
wdadnode/ogessat i on as shown bel ow. Schene 6 5 ThePCT/EP2009/004942

conpounds of formula (1) may2be converted to the
correspondi ng N-oxide forns foll ow ng art-known
procedur es for onvertin trival ent nitrogen int
oqupfingreactiges wst fbe Teagepts NSk ihaesin 64 'i"‘e%’é‘f‘fié‘hg?ﬁﬂal textbooks on

p@ﬂiaercabﬂnysu?ef&wxmmp& Mthal)dnsrzRglc‘tPepﬁdé Daemistyt’] Tl rev. ed.,
teri an appropriate organic or
SPWEﬁeé @qr};agpgprg%n‘ggmé{#m(@gﬁ ate inorgani c peroxides

conprise, for exanple, hydrogen peroxide, alkali netal

sHenf2{ th 10 al kaline nmetal peroxides, e.g. sodium
per oxi de, potassium peroxi de; appropriate organic

per oxi ges may conpri se per oxy acids such as, for
Rexamﬂ R*benzenecar bopen o,l{.c acid or halo sups tut ed
oper oxof% aci d <erY. pg~ ~, Ra oG removal
esieeasib ofe i dRaci 0X 08§
B6F RXERCE 2 dr® akdayelidayrdr oper R?

e.g. t%rt- butyl hydr oper oxi de. SerotredskdR'sol vent s ar e,

fon.exanpl e, water, lagner 15al cohols, e.g. sghanol and

the |ike, hydrocarbons, e.g. toluene, ketones, e.g.

2- but anone, hal ogenated hydrocarbons, e.g.

di chI ?)get hane, and mxtourre o of such solvenig. Bure

r&l er eocker cal | y i songrl o 30 pf t he conpnt’3
By

f@rooul & (I _‘(ﬂl&g‘g,@jbta bned ‘TatH on (@
My G k20 §@GHdE €S . 3

l/

by physi cal nethods such ttive cryst e
and chronat ographi c techni qu8s, 20 e.g., RY

codrt er-current distribdtbon, 1iquid chrondt®graphy

and the Ii ke. The conpounds of formula (I) may be
obt ai ned as racenmi c m xtures of enantioners which can

be separated from one another follow ng art-known

res8¥dti on Procedures. The racenic conpounds of

' F\NhICh are sufficiently basic or acidic

ted into the corresponding diastereoneric

W Teaction with a suitable 25chiral acid,
respe%lsii vBly chiral base. Said diastereoneric salt

fornms "are subsequently separated, for exanple, by
Esempldsiof eowlirfgrramﬁooﬂ aithcanyide hbnd foatniation anvdudettbe azide method,
nﬁg@d‘{:e{rﬁ&% %aﬁio% lid BGa %lf;%rfd'&?fs%ﬁtgm}ﬁ roforiHid) MEhSE e

ternative nner separ at | e enantlonerlc
crbpdiimede (diryclobgpdetrhed laﬂldﬁépﬁﬂ)adlﬁonqny\‘ﬁ@rbf@élmlflﬁ (P, or
WaldrQoRibe EﬁBMlmitdBtsﬁél{ A4 FLkiayl- N”l[Qllédﬁnémﬁ@m(gﬁbﬁﬂ]&arbodumlde
a.c statl onar ase al
P Sttt barrihs Sitarslod (i 2-mipiarlh Aiciicrophon

trﬁcflﬂdanophm}d,qrdnm:hhmmhegyp pertaft@oploaiyh iV-badioxysuscmmbr inddo and

R T I T e e T
N Nacabonyldimidazols) sreswelp disi ntiospliorys repgesteprayigation-rduction

nSdRGd st 'S‘bn?é&ﬁﬁ@ée%ﬂ&ﬁéds‘ c%n%%%hﬁﬁﬁed%?'agd %’Eﬁﬁé’tﬂg chBksRee.g. in
synt hesi zed by stereo. sp %‘é( Lprepar ation.

the earodianide aacthnd byedding &

49diﬁi&h}Qz£fﬁfnloE?1hJ1Me WWAPW Fuﬂﬂg:r E’fﬁﬁ}ﬁ[ﬂg&ig’ints are (BehbsreiaLol-
SCr es, .t ena

IGTRROr R e adsdropBE Rer resPrmayt flfis typiserorin

tknepptpsnmd of ( Hiydjyoxyrlgbngzbtriazolkiet HleM@PS@m @rdH-benzotriazol-1-yl)-
]%W’gfﬂé@é-h%ﬂmﬂﬁroﬁiﬁ {e%raﬁﬁbl%ggﬁfe? of @(ﬁ%gﬂotﬂzol- 1-yl)-
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auxiliary A-2'"A-2" enantioner lenantioner 2 A racemc
m xture A-2 may be reacted with a chiral auxiliary,

WG20Essy S) - 4- benzyl-2- 10 oxazol i di none, af tRCT/ERPDYI4942

being transformed to its acyl-@é¥ ori de using methods
known in the art, such as reaction of A-2 wi th oxal yI

SPARE 0 b ob, g rscions con
ptrifarmeddn rthert sbhmolue{hqmdmesb) wr sélid pleseni on of
&_ﬁ) 4- benzyl-2- oxazol i di none formed by the reaction

¢ Bouplingreargiops peferably precondueted in pp Hegigolyeat,such as
Aslbheted BRIy QMo UEH. dehldfdmetRdnel (DEN'I? IEl%ﬁfré‘fobkhe@lpolar aprotic

|caII 15 -78C,.. and u ran.in
idfertngohsaraonitie; dmaid irmptids CME) el s tamie, DMSO,
BRVPE odthdre SudhyasitetkdtgdsofiursaWHE). t he art, such as
chromat ography on silica gel. Renoval of the chiral
humiahy insfancesotire equplingfreadtond arssdanednithapresencenf asetable base
0 b am
sul ta&etgrtsg){ %&Ie ¢ uc ()'Yllia#sh{hlrrgl ehgﬁsgpﬁ}bﬁbtm P‘Eﬁ)

20 TH
Remethylymosphalisc e Mapa B Bane yi- DAL 06 irfbiadbigtclol5.4.0Jundec-

aréehe/(\DBU) l;dslleri@achbﬁwnpému@é@ P36 DRUE PRV SP4041d the
enantlorrerlcs ﬁ‘?i e. starh 9 materials may | ead
FOUABRRE AN TFORF PO AA& of formila (1)
frt
R e p S oS PP ERRUD b i
@mph@d@owo naithgdsrinelude the)reantion ey cempgurslsph-3 with trifluoro

bh&icerla (AR a‘%mtﬁil@ §6iv@1¥t subig a @DV ! C\@Eérpp(} 9§ a Boc- protectmg
art - knowh proced gr es. agtereo be separate

BIPURh9sthe é?acﬁ‘e{l R B%IHE‘E}EWS é’@ﬂb%{Hs Q)élk&r acaptp .aE%ﬂq
gieplenbl ﬂmcﬂgﬁ@pbﬂ i® sbHE Ipnasa:u f#itthe Pre@encetsf iage,-sacti ALcdsium

AR 5, U RIS, SSOPE By Gyl K 51 when

Ra i bmmbetyl asoupaehPG ish Bbmpee;tecﬁngegranp iromoval, of B¢} ahdescribed

A5 PR BLEbl AT O08, BRI oHOW g ar - knowr

uti1on proce e racem ¢ conpounds of
Chipduadd A)4 e tRétYreadtbd mmsalfhmieeﬁ{ a soifibfdsoMet, for example

UffICI hasi ¢ qr. aci dj nverted, i
dipen 8 seadiatris | Eatne FeRRn B e Pl iner
\Mlt:lh)“ﬂws tmrzichhicm adi lead toawinthounds Aes: tAnosher nadihadato ihasduce the

e
S0l 355 SPREL i 8 L Po 3 FpUBRERSLL K aynosttons-
chlpsmlaJ inithepiesenca mﬂ atshléabémlame; siebras tmtbylanum H1BHA, or pyridine,
fél?s k@it Went %ueh kah thRtin&eH golv@ﬁ‘t 1L ISENR O YMPBIE!

separating the enantiomeric forns of the compounds
(Ifhe festefIn@tibh bf &fmﬁd’iﬁﬁd§ lAkJQ,r i@ pE0-0eRgGhay e by @§drolyzed, using

d ch I
ehilienCg Ry e A bl Bibe hf ShoPhinenion frubusic magigas
piascmbsd abeas leadingab IcymlpsomdsrAé Hoatimg may bargmiled to complete this
‘?@archXS dAél?&r@oBH%foﬁ? [-{f 9%?5%%' Us8d Pd"flﬁ%rﬁ t %Cégmnlox of

propriate %materla

spopPRsts Affaforiexemplr b 48 auiaRigsaivent like DCM, when Ras

s&pa88RR6NS.i cal ly. Preferably if a specific
stereoi sonmer is desired, said conpound may be

ﬂdﬂﬂi}hﬁmdi 6‘) nbiy h&tc&jtz&ﬁabbﬁnfacmcmtsbﬁdm by forptirg dredhiramolecular
gﬁ% ﬁ?lfaé%ﬁ% Ialﬁi 119 BYhé u?r\ésaem &9 f 86‘%1 %ngllltgysuch p3,CL CDI whl%lhconverts the

Ial’s.
aarvosylic adié gpru@ste Iatreacmwe ISD¢aDes awhmedarzglaaunder heatlng This
gﬁggﬂampeu?{% g’ﬁfyt)}{l&???g&'tﬂfi%dg&afﬁ%ﬁ?i zpaut%ble bgaen (sjuchfas DBU, in order
@ periprEn theyring Closwe, yducibHay t@s » Ff‘ér‘é’é‘ﬁf h“e‘(’émgﬁe&‘ihflp%ﬁ Solvents
herein, and a pharnmaceutically acceptable carrier. A
t her apeuti cally effective amount in this context is an
anount sufficient to prophylactically act against, to
stabilize or to reduce viral infection, and in
particular HCV viral infection, in infected subjects
or subJ ects bei ng at rlsk of be| ng |nfected In st|II

oy o . a o o o




formula (1) or any subgroup thereof may be formnul at ed

into various pharmaceutical 35forns for adm nistration
wpunpoesess |t is understood that all conposit i RGEBEP2009/004942

usual Iy enpl oyed for systeni24t|y adninistering drugs

are included as appropriate WO

2010/ 003658PCT/ EP2009/ 004942 -3 1 - sitiops. To
uSGRER PUEF Fracigtin an BT e Ao Bl (i OB Gomplang agents, such
as thosakhown imtheaftf eayialse trrmudio ashidveehging clowhrer

conmpound, optionally in salt formor a netal conpl ex,

as the active ingredient is conbined in intimte

dm xture with a pharnmaceutically acceptable carrier,
1—\&ﬁwﬁ;—carrier may take a wide variety of forns 5
s@@&%@ﬁing on the formof preparation desired for
admni'stration. These pharmaceutical conpositions are
desirabl gfip unitary dosage form sui®aple,
s for_madni ni strationBralfy,  rectally,
¥, br by parentepal inj ron. For
Rr epar-hg—ihe copposi Ln oral dosage

n b Of TR erd&leadn doRar nace @v may be

enpl oyedgrsuch as, for exanple, ¥, grycols, oils,

al cohols and the like 10 in the case of oral liquid
pr%ﬁ%rations such as suspensiéﬁ%, syrups, elixirs,

emul sions and solutions; or solid carriers such as
Ay ol tegnpse metheddead ing woidmmpoundh Ar4 anid strasedh irescbeme 2, may be the

fétinfitioh 98 R hinide BERINYetwaN koni}Ruhik]-2 Shd DSy hRAeRical bivalent chain

Rﬁomdens, ills, capsules, and tablets. Because of .
h75d 1B SXEFSS FOMBRFCA I EPBPPBIS A-2p [ s amidgibengdyagy e synthesized
a$ dgpceibediabdveginasticudai s iigagaipting hadnt desPg dithéthylamino-

. i.ch ¢ spli arnmaceut i carriers are
s> ety Shtdyee ey rRIRARER D G Tb00 b Bhe.
hexedluwsephiosphaid (HATE YA ithe prosgnce s€a basersucke anwBIREA aatl in a

: r

S%‘E%Eﬁjé?ﬂ{t o P 90 Rl B P 6 b Gunds At may then
be ssasted A5 |dssaihed eboyesin method Admerder torptepate soneneandsi(®.n
whi ch the carrier conprises saline solution, glucose
solution or a mxture of saline and gl ucose sol ution.
hkgﬁ&fgable suspensi ons may al so be prepared in which

O appropriate liquid carriers, suspending agents
Sehéind he | i ke may be enpl oyed. Also included are solid
form preparations that are intended to be converted,

short| ef qre use, to liquid foRgEeruarations. In
&he c6%p

74

W tiaong syl table for papNcut argd

adsi ni st pat {b, ﬁﬁé16arrier opt4 onal | ¥ pri ses a
ReRelsatn on lenhdAti ng agent andlo ble wetting
age optHOMSIR vy GBI NGk W Ph hi-¢@ i ti ves of
any u 25 rrrl nor proportion thi addi tives do

£

not intrB8duce a significant del eteri dtis effect on the
skAR2 The conpounds of the pred®® invention may al so
be adm nistered via oral inhalation or insufflation by
Coegoands map bb pripaseddlifeotiynfiloat cammsovendp lAc 66 ai shmiliiveway is

. L 0 [ i: ' T i he o1
il Toebt e sSE S of Crfodifs A5 Hir pifledivli chifi R
bearinganstsatfamideoneiety instiead of aprotesting gnoupt Sacksabulfamide chain R'

nfyRANES AR on H-R Y BPWERIng Aref Rt bF Rinke AR'-H, wh%ch can
géeferred. Agé system developed for the delivyery of

CuLhr P TBRO-PIY &é*ﬁ%x pittagle RIPlECiRoNB (53 GsRattD); or not if it is

symhetridal, avittosulfanfidéd il aéiiableasobrent)ishébasedibRdnel M@ler microwave

. 1.nistration of the present conpoupds. Thus, the.
Ry ThEbisE B G PT B s FORRHCRY e g W in the
conposition adapted for 35 adm nistration by

i nhal ation or insufflation through the nouth

conprising a conpound of fornula (I) or any subgroups

t hereof and a pharmaceutically acceptable carrier. WO
2010/ 003658PCT/ EP2009/ 004942 -32- Preferably, the
conmpounds of the present invention are adm nistered



It is especially advantageous to fornul ate the
af orenenti oned pharnaceutical conpositions in unit

walzgegeesor m f or ease of admi nistration and untGGEPA009/004942
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25

of dosage. 5 Unit dosage form?as used herein refers to
physically discrete units suitable as unitary dosages

ach unjt. cont ai ni pre erm ned ant
kD e e VR £ BB e g et et Helieiog erou isa
Boepaptectinigegretip, deddingitoeths owinasultamide derivdtieed & ehaisd
pharmaceutical carrier. Exanples of such unit dosage
fornms are tablets (including scored or coated
bl ets), capsules, pills, suppositories, powdler

, wafers, 10 injectable solutions or

Qéﬁﬁﬁﬁﬁdlmﬁoﬁﬁdlatme dris«d m@ﬂﬁd&@r fageticral proupimpdmpulation, such

t herepf.. The .conpounds r
bk Eion RE PR HRP Y SEreblgha YL RboupUPAC S Hior
aqadtiom siading $s thei mlfem@h Aehses treat abl e using the

,coggounds and nmet hods of the present invention include

nf ecti ons brought on by HCV and ot her
Saﬁ g%nl c flaviviruses such as Yell ow fever, Dengue
types 1-4), St. Louis 15 encephalitis Japanese
encephalftjs, Mirray valleyo encephal itis, LG Ni | £
w.rusb and_Kunjin VI rus. ofh S625865 assomog‘t GRS
& ‘i %?osf% |anhamTat O, PG removal
S |, t agEy -
. Ji H@P"“‘ﬁ%ﬁ‘ﬁﬁ’dgem &
flavivi ruses the diseases nhcl ude yel | ow fever, déngue
feve¥] henorrhagic fewe? and encephalitis. 23 Hovvever
conmpounds of the invention nay al so be attractive due
to the fact that they lack actiyvity against othek_
Vipldlis €So ir particul ar 41 ne V. HV inf ec‘tS%ﬂ
i Rctions suchmas

resi st angt V strains. Due tortheir antiviral R

properties, particularly their anti-HCV propertlies,

t he %npounds 25 of formula (1) or any subgroup

tIherestef bearimglthelRagratpesfamoipeundaitl (Raheeg far efxalrnp@ a tert-butyl
g_dg z{h%' Kb [a\l'sn%fﬁk}g %?(Fw)g tﬁé]g{]dﬁolgfgd]ﬁsdesg%eﬁl above, in a01dtc

| exes, . vates, are usefu
itipes MRBATOLIStAREH ?F@ua%u%ewlé%. kg DCM, foyyield the

|Cﬁlfb@§$’]1@ﬁbld gafivdtidlRrl y a HCV infection, and for the

prophyl axis of these infections. In general t he
dtmmmn«ml&cocnipomhés ErZ2withtthé sulfantidomoinsdy inseduset on a mono- -protected
f t I

hrf\?alér{t %E‘&H‘?ﬂ g%y 1@@({ 1'5: tﬁ{; %8 Gs‘glfﬁﬂid@%oﬁl C EII(?SCE wg%‘t\flé Sbnditions

I ruses, in ? iviruses s

cdcmnhqd der the lashetep o8 msthod; AmRsateraiy die conplingipgans yped to activate

tRet£06x yclcfchﬁf)ﬁﬁ RECYESHa §§|t2m¥éj sV Sike %@étgnﬂtﬁl@ or THF,
as a ne ci ne_oqr of tre rises

od t CQ
wétrelrﬁaen&a%%tlerﬁ Blonie the Ffords piae fb@eélatﬁeatﬁ qfa base
Qlich & BB'DJ may Su&@é@c&ﬂtyllﬁcﬁtotoﬁmpoﬁﬁdls E+¥ G is arssitable amine

t at _th
\%rn(?t% nttr}gegr\g}lp aqh\(/)%‘?f fg%[flﬁg%ooneisdmgg/%og?le %ﬁﬁ%?f%f%zf I}}ﬁt@mq method E,
iRG Bct Bowprotding @tO003658PCT/ EP2009/ 004942 -33- The

present invention also relates to the use of th
csmasitl of PRI EEToRRY CeelisgrpepndsiErbipfloping Wethods known in

YR Atk ﬂfatytléﬁi t?fcoﬁlﬁﬁﬂd§%m?%e§&heﬂlbﬂst incRAE M eadtiord dfcompounds
n.of vir i nfections r
i3t AR imaatisas s e vEhE: BN RTIer ot & BPETPaptggting eroup.

to a method of treating a warm bl ooded 5 ani mal
infected by a virus, or being at risk of infection by
a virus, in particular by HCV, said nethod conprising
the adm nistration of an anti-virally effective anount
of a conpound of formula (1), or any subgroups

t hereof, as specified herein. The present invention
also concerns conblnatlons of a conpound of fornula
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20

20 therapy. In an enbodi nent, the term "conbi nation
therapy" relates to a product containing nmandatory (a)
wauongesthd of fornula (1), and (b) at | east ONEI/BR2069/004942

anti HCV conpound, as a conbi+#ée preparation for
si mul t aneous, separate or sequential use in treatnent

f HCV|nfect ons, rticular t he treat nent of
Theeset ﬁwﬁgowf paynds B4 (R lme@aﬂe&emhea@ ﬁaf@rhfalwrolyzed
u&@g rbadisiehekideh for thHhi'd,QﬁdmeMHﬁf aBesdpohifivation & basic media as

V750, PF- 868554, (59190, NVR8S.
des “35’8?%? v Per'ﬁ‘gmgﬁgl"o’é’f%“‘&ﬁ’% 2125. NMH107, R7128

AR, SR R B 750

t(M(yq_rQQ@e tl}feqq;gqr,hemllb RI&QTitQ gl}q r\eg@va of the amine protectlng group

ub@B ke dondlitforis e ditRa1aB6ve] @hd Yealing&s coMpeiydsat-ani ne 30
derivatives, A-831 and A-689; HCV pr ot eases ( NS2- NS3

ComrpohB3s ﬂSmfa)y berd’utdm&cbb)smatﬂmeydrsapmuaﬁa)mﬁowﬂﬁ)ﬂiB)’B 6&ming

tﬂéﬁﬁaﬁ%leg%: B@ﬂﬁe&% il t'aP %ﬁegg%&%f%%g%l@ﬁ eﬁ%%gﬁbéa in

oRrefaablx s @mide/formstion sEp NaybePerBNBeG BB igh dilution
codiEfR. SCH 503034; inhibitors of other targets in the
HCV life cycle, including helicase, and
NELA Fopr otease inhibitors, |1SIS 14803; 35

nodul at ory agents such as, a-, [3-, and y-
sic'ﬂ‘gr@égerons such as rIFN-a 2b, rIFN-a 2ba, consensus

a (infergen), feron, reaferon, intermax a, rIFN—P,

/ EP2009/ 004942 -3
R |l o

i nfer gen + WD 2010/ 003659
acti npupree | FN-onega wit h "RURDS, al buferon

Rebi f, & ak I/\:‘&Ha | FNeg 208 3, _eAVI - 005 !
pegyd at edl ¥nfergén, peg . Q?Wd i ng R
comolpds_Stehisaswpegy ! at @ HENA 2b, pegyl at =

ri FN-ar2a, pegyl ated | FN 13Rv crrpounds that stinwl ate
t hgosynthesis of interferdn in cells, interl &uins,
Toll like receptor (TLR) 5 agoni sts, conpounds that
enhance the dgvel opnent of type 1 heI per T cell
re§ponseRa ﬁ] t hynosi n; ot her an niA Wer g agents s
/r\Hﬂa\?'i*zrl i B et ab
andSyir angeane '
;toce#umnveudl
al'pha- gl ucos '
(ceI gosi vir) and UT-231B, hepat o%rsot ebt ants such as,
| DN- 6556, NE®3738, LB-84451 and ™WtoQ 10

JongRAndP GCBI Ay Vbé adbtduﬁ&i tHyt @hSamfdeC borafing NRkdton, starting from

N nhi %Oé%an\)%% BY E%gﬁ‘éj%ég ég'i’eﬂﬁgf t%@;oa%g?g of method A.

S\ABQ?B]bdlﬁSﬁlgr h&ﬂﬁﬂ&ﬁ@%ﬁler bastophacidic conditichsasddescribed previously

o 4210 SPphRACRTy TR Aol e ATV ' ins
matlaost dasgribedfos mhmlaabstmaﬁmeﬂmdnﬁx usiesaih alkenylauifmmmwmpound

aﬁ&léa@ﬁlg%)comBXﬁhdls@-Sm tirex), KPE02003002, actilon 15
(CPG 101), KRN 7000, civacir, d-5005, ANA-975,

86 ANA- - 205, rvac HC- 18, NI
AR S e 05 st S oa e o
Eaz,oprta; ltei fheertiydeolysis of theleisteabeaitg thé Rargroxqf arideupliny efthe

OEPaﬂfé'd tapqog&{l??&d%ig}nénegﬂd gr oupsi ? Cstch bex abotvg e]gac?qug %' compound
Fc®- adni nistered in combination mnth for |nstance, 20
interferon-a (IFN-a), pegylated interferon-a,
ribavirin or a conbination thereof, as well as
t herapeutics based on anti bodi es targeted agai nst HCV
epitopes, small interfering RNA (si RNA), ribozynes,
DNAzynes, antisense RNA, small nol ecul e antagoni sts of
for instance NS3 protease, NS3 helicase and NS5B
pol ymerase. The conbi nati ons of the present invention
may be used as nedi canents. Accordingly, 25 the
present |nvent|on relates to the use of a conpound of

Y




-35- The present invention therefore also concerns
combi nations of a conmpound of Formula (1) or any

waubyr@ass t hereof with anti-H V agents. Al so, RGEEP2009/004942
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conbi nation of one or nore add’tional anti-HV
conpounds and a conpound of Formula (1) or any

ubgr.oup her eof can be used
AR B e Bafex R soanen i BuHEdrBpich s a compound of
inhibition HCV and H V replication. The term 13
"conbi nation therapy" al so enconpasses_qa_ N——
conprising (a) a conpound of Formula (1) ﬁ %ny b
FoRLNLER bE C%et% folfWing lBlva@ént kR&ALs RhE ang HI 'V
conmpound, optionally at |east one other
@8k be tieded @mpﬂu ﬁd oldm rﬁet&ﬂfé’@ﬂs Resttiph P Présenicd offa suitable metal

S AR B REORY R CuslG R by KBl .- FAEREAN .
{GrebbsyBri. biAn.Ele.i Ses 118 t(h996();\/96ﬂ6a96—1ﬂ4)/1(1r(gsbﬁmJ S., Harrity, J.
i %VW{A%Q% B. ﬁe%f&vggdacwiﬂj A, éﬁéﬁcs&t ?@'1 V(ﬂlééb)HFM 799; and

I'hvention also re

th@ag et algdnial. Gibeg @ay 1, (1999), 26d¢- 264861 %m@ifle a Hoveyda-

e upBY @&tdidsk. Or any subgroup thereof, and (b) one or

nore additional anti-HV conpounds, as a conbi ned

piepabRrirutheniuar catalyuts bactemtss(triephak@phosphme)-3- phenylth -inden-
e nti yse in ant e

3 q%deepg rt?{le S r?é'“{ééN 6}8—% aé‘%lsgﬁ'éﬁl&{&?fp%%mne;

rﬁﬁﬁpwl&m)@wthsdqm]mhemwm Iﬁl\bhadniaué@ eanchy msydaé?&mca@llsests that can

s Phrs- Grgﬁﬂ)fﬁl%f]&ﬁd éélcynd: g%ﬁé{%sca@}ysmb? c AN ZYHANR-bis(tricyclo-

antiretrovira ounds as suramn

éréﬁrlahmhﬁ@)dlfhiymﬁéﬁmm angd t%bféé%ér@ﬁwthﬂehw%

Qdﬁaqﬁaz@ﬁd ﬁatee;awhlﬁ)ﬁs@a&meﬁ@wnemddyeuoﬁ@;eylpmspmne)mthemum
ng%? gartlhaﬁ g;t]egg%%gc?s hf%gb g‘f ﬁi /&%?r?tca{nld Sedond generation

d:ati@mtss whﬁ:h(aﬂd tlbchl(ﬂ‘@doellsblabpmeyp(hddﬂ)nethydﬁne)(ltmbylch)l(eSSﬂ@)losphlne)

ST WD P AR B

((() lsmmyphefrwkmvtbﬂlene)ruthdmm regrtiyely p Adsp heher gatalysts
%Qﬁfaﬁgﬁ)é)%er @sﬁﬁﬁgmeMs\éugﬂ Qs MP&n e ustd RrtRQ4action.

UC- 781 and the |1 ke; non-nucl eosi de reverse
tTRNAGAhEi fRclicHY hay b Sor(dNbRiHhﬁ)l seitable sslvelalsast agfonexample

Sty 1 a8 el G A 56 g 11

(ITMIREBYoetDRE-D82he [k, l@dmanuonstee gL\tolBerLeR Bese r@ntjomshge
%ﬁuﬁ% ifA1R8 CENE e RS Rl AR PRy 01

RIS bt fdr'ﬂﬁl’aa(tlﬁoﬂ&l?':shbg ? R thddbotl driagy subgroups thereof may be
nucl'eot i .de- conp ﬁER%ﬁ révers ran criptase inh 1__18tors

(RBFerfedyintogagh o lopigg griy ctiqnghigtgpp Jrasigrmation

tre@tions. For agdrhplaf AriholprOusi sy bcchdlkﬁSteErAﬁtrb %ﬁ‘%ﬂpstr@dtﬁ:ed to
Lnhi blitors

%F%ngg%@%% B0 eGP e LRhanig e Bt Ml i mavi 1
onuéx\lc/ilg rBf Wlu f?%%%#\/%g %Lgfmllttgﬁol (r:]datlé} 1@?§/dl{)_gl_ér{a@)m1 using for

eqxglz]g a@Bmta;l_);@Q, 1332;}utal§g|s@lﬁgm| such gvmethayol, ethanol, THF, acetic

fREPEHH BdethdrEd¥ &53391@&1 QImpbmdd 81 forRuRATaWhére the alkene of the
P- 1946, PL-337, PL-100, 35

((GW 640385,  VX- 3
T I%lpwg%)s%% he cpaespangngliang Eompguissnfdagnula F-6
am:brighfg tbitkegroap tolfyomphmbistafrfsmnwun (Hhmag teadi te eompsinads F-7

Wi Rl o

conprise the CCR5 antagonists (e.qg.

2010/ 003658PCT/ EP2009/ 004942 - 36- ancr| Vi roc,
CCR5mAb004, maraviroc (UK-427,857), PRO 140, TAK-220,
TAK- 652, vicriviroc (SCH D, SCH 417,690)) and CXR4
ant agoni sts (e.g. AVMD- 070, KRH 27315), exanpl es of
entry inhibitors are PRO 542, TNX-355, BMS-488043,

Bl ockAi de/ CRTM FP 21399, hNNDl nonaklne VGV-1; a

- ™~ A A - —
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progressive generalized | ynphadenopathy (PGE), as well
as chronic CNS di seases caused by retroviruses, such

wa@sggiopagesexanpl e H V nedi at ed denentia and nul BCPER2009/004942

sclerosis, can conveniently @8- treated with the
present conposition. The conpositions nay be
formul ated into sui.t tlcal forns
Moregenerally, 2 ¢mpping 3 28y | sgan%fsav [ top,cqmgund of
foreul a (EV)\bsy aamgytedhﬁhbgemyn besHowvmbdlaved separatel y

and the formul ati ons may be co-adm ni stered or one
Schemeibati on containing both and if desired further

active ingredients may be provi ded. As used herein,
t he & stonposi tion” ;§R1 ed to enconpass a
¢g§6uct C np&uamﬁgwthes peci fi %ngredlents as wel |
as \eny ct—that resuhts, @imectly or indirectly,

pecj fied |ngred|ents
_ [ ¥€ anmount” as used
her ei n ns that anount of i ve compound or
confipnent_or phar maceutMal nt that elicits the

bi ol ogi cal or nedicinal response in a tissue, systen]

’I%E é:HRJngglg é“&i%ﬂnﬁ ?ﬁg IhE)bgeeéd?lg/eﬁngg) e che%o%ﬁd g\l%xﬁ]e forms

nt 1 nven researc ter
M@alaﬂdbm progedyresctor mertmgca tawalemmmgplm mtq eteé\/-omde

férnh. e¥hiatn- eﬁldgﬁoﬁ feectmsy g&?%gﬁ %ee%%hgg ggﬁ;bgg&%é the starting

treateg |nc§% ﬁylnStan
masernl 94 foramd M1 A ARPTARIGIOPTERRF OF g’g)égéflgc peIggide. Approprlate
indrpgiiapersdiides lcbx)ﬁpﬁﬁé geit emmy&ﬁogem pefoRRleC AIRhe ¥ietdlfor earth

opblnaﬁhons s al S0, t.hat anD%pt qf the a eqfs t aken
afiGHRe itk SSoidie v BeSouii PREEEy pelass il pRrdyide; ppptopriate
od@mcr patokides mgy cainpuse pardky acid$ suchspofios exarfple, lsenaenxicerbo-
pef¥xold Wi PBERMIS SRbskiYutsd b hé’cﬁrlﬁ)?@f&&caj 1@% g?3 -chlorobenzene-
conp05|t|on conpri si ng oung ormila ?%6
carberengxoigrasich @proaﬁalkmmwaege 98- p@mpacqﬁlé aﬂﬁiealémﬁwdrop@fomdes

eldh ?erﬁ-@ﬁ@f@ H\¢ko }_’C?roﬁ(ﬁfen@uﬁalﬁlb SolRBits bRe fEBREmMpl IwatdiElower

th anti - t, when taken her have
afiohblsriog: bR ahd klies RYHERDRTH FenoNP e KRGy e. T Hutanone,
thJlgenaEtéd hydrotaboms) & gpichloeeméthare, and atiktuvésrodfisuch solvents
effective daily amount would be from 35 0.01

P@O@stﬁl@pklgmmgdi}y iseingtie formsrad the esfrapauindy of fqymu@ng) mgy lbg
obRim B g?ﬁ%fﬁo%f GAlknolvh ﬂ?@éédgf%s a@?ﬁs@eﬁ%btﬁ&% h&y l\)/(\igeparated

adm ni st er e required. dose hree, four

bmbweeise@be@mebzeG@P@MmstﬁbE;atloa’ranﬁr&h@rgmgr&e@s§e®euques

eaoRpter-atfrentdisifivaticn, liguldheatopfaphgad thHediked.
sub-doses nmay be formul ated as unit dosage fornms, for

T aopipeundsooftfarmilad)imaybd 0@8ingg as eaccminmpetntes ofibaamti®mers
cl‘?@é}l B8se! gtlra?é’(‘it frdifi é)‘n? %@tﬁé%‘lo&lﬁ{ chowh §é§9ﬁ1tloﬂrp%cedures
e exact osage an %ency 0 m ni stration

de pessayc spmpawndsafformyla (D cwhis b@rﬁjseﬁeﬁnﬁbb@ﬁm ar ggidic may be
cblﬁ%i&edﬁﬁl% thé& Eéﬂr@éfbbﬁdmg @[Hﬁteﬁ*édﬁﬁbrféeéaﬁgbltrﬁﬁ@i ﬁ*ﬁctl&hﬁlth a suitable

A, Feectiiy SRP prd i HaSteldoRioHE Salt S Tasr€ subgequently

sepmrahed,l fonexdmplbebypseldctice bﬂfraq:ta)‘nabﬂtystaﬂlz\a&blh aabtheteRaitiomers are

. , AU I

ERERERL QR By bl b SR, AFeBuv@ i Hch Tt bhe

eagntiperaric foams ehthg cefrfpeundw fdramllly (Brivvelvesntiguidh ehromatography, in
paRIRIL %iqRId dHR6hE eacﬂ,hsi SRR emapaaﬁ&far; ﬁﬁ&eneeld Puré he

trea ed, s bj. ect 1 and/ or ndi .ng he eval uat ] on

stereqe ¥|‘%ql%f‘ﬁ1 g paga fﬁ@%@ﬁ@ny Uht&g cgfregpeading pure

stefédchbinidally éstinhere. forfhe o£tht eﬁpﬂopﬁat@atdrungaﬁﬁwaialg pRgeded that the

mentioned hereinabove are therefore only guidelines.

In one enbodi nent of the present invention there is

provided an article of manufacture conprising a

conposition effective to treat an HCV infection or to

inhibit the NS5B 15 pol ynerase of HCV; and packagi ng

mat eri al conprising a | abel which indicates that the

conposi tion can be used ‘to treat |nfect|on by the

I L T ~ " o o " o o o




WD 2010/ 003658PCT/ EP2009/ 004942 - 38- Exanple 1-

synthesis of conpound 1 1 Step 1 NaOH 5lalb
wWOoRs@ba3s3son of NaOH (6.38 g) in 25 nlL of wat erPGHAGP2009/004942

added to a stirred solution o291 a (10-tert-butyl

6- met hyl 13-cycl ohexyl- 3- net hoxy- 7H i ndol o[2 1 -a]

b 6, 10-d
%@é é?el}né%gg ﬁlﬁgrgjédpfﬁ‘@‘flil%gzg@)f%ﬁ@y ifa %lﬁgtfh %8%%_91%& is desired, said
MafpdYntstayhy synitidsized by Isteneospbafic maa(clnod@ of wegparation. These

t . .
T
MUthEd O deasibadlithes kpethéds Gf Vh!nhﬁtlﬁﬁ&‘iéa(ﬂyaplhrd s(t:ﬁt@x materials A-2,

recipitate scolle tration, ed
s brlonbogiePesfuinnt saonuel GV ove T 00g (96
Bitlllb%ﬁs a yellow sh powder: mz = 488 (MrH)+ Step 2
TU (1.17 g, 3.08 nmol) was added under nitrogen

EohensSyirred solution of Ib (1.00 g, 2.05 nmmol), DI PEA
(1.07 nL, 6.15 mmol) and

2, 2'-oxyb|s(Nmet hyl et hanam ne) o(=1 D8 8.20 mmol) n=( L L
30 nmL of0d[y THF. After 1 h, the € con 20 mxture 4/ ré

WAS qieng ed W th pater (JQQO L9 N fd extracted wth
ethyl afetPie TR w.@ The Y i
s @ Ay Ar Na2SO4 p

d_and evaporlat D 2
The Ry introduction of chiral Ry Ry
auxiliary
A-2 G-1 G-2
racemic mixture diastereoisomer 1 diastereoisomer 2
separation of diastereoisomers
and
removal of chiral
auxiliary

A-2' A-2"
enantiomer 1 enantiomer 2

A racemic mixture A-2 may be reacted with a chiral auxiliary, such as (S)-4-benzyl-2-
10  oxazolidinone, after having being transformed to its acylchloride using methods known

in the art, such as reaction of A-2 with oxalyl chloride in a suitable solvent 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 G1 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 '
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WO 2010/ 003658PCT/ EP2009/ 004942 -39- residue was
triturated in water, filtered and dried to give 1.15 ¢

wo(B36@0364%e target conmpound I c as a yel |l owi sh rawiEr2009/004942

mz = 602 (MrH)+ Step 3 B0eid A solution of Ic

(1.15 g, 1.91 mml) and sul famide (1.84 g, 19.1 nmol)

in dioxane (10 nL), was heated at 100C ipn a m ?rovvave
egytiPmgically pmerﬂﬁ%@gg mpiralsmay i trenaniiomegigally gaiegg@mpounds

of Guvindle (F) beaiiLomatertodeter] Sueh asvampoRids df Wneaila (111A), (IIIB).
vacuum The residue was triturated in water, filtered
Pamnel stesepbisaicall hisomieec forﬁtse)fpmmnpmmsls bﬂforemlmﬂ) ot artyed

shBgphB et Y oSBT b BURDRA Py iho A tadediies?
DipstercogRs Ipmbg separat b,y physigadj rr@tlg_cglsm Q@e@ecgve oystallization
aﬂHQh)orﬁ‘ﬁégr@Sﬂ@ fedhBiRes @ g“ d&ﬂt&fcmgnﬂﬂstﬁgugon :1'1ng

nmol ) di chl ororre hane (3 ni). After |h,
clhé(HE"EtPé‘i“i‘PW%‘l‘%h@ likgs concentrat ed under vacuum The

esi due ed i n ether red,an
e mhoRBES of R Ulad DYl g SBUEr e SOEEOE maN 6 SN S fecemic
rixOAes bDerhOAnAR] Which@ai be kepagitee fidfomuaroitadfolafwinpert-known

S0 S RERHE! ThE B oA e WP any operoups vt

vdzielp areysudidientlyebeasiceor (g Btic mgy be camvermdlu)ltmmg cmdndlng a
BAdtdrbEHeiO5di fotlls B rdRtion 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
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
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
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
composition as specified herein, which comprises intimately mixing a pharmaceutically
acceptable carrier with a therapeutically effective amount of a compound of formula (T)

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
forms for administration purposes. It is understood that all compositions usually

employed for systemically administering drugs are included as appropriate
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5 (500 ng, 0.80 mmmol) in dry THF (3 nlL) The reaction
m xture was stirred at roomtenperature for |h:

weanph@bs8 conversion to internediate if was obEEN/REX09/004942

The resulting solution was e\réborat ed, then the
resi due was purified by flash chromatography (gradient

Et 0AC .1. CN.1:0.t0.0:1) to give 55 . t.he .
Ehngsifihs daapene bl st HeogfiofFoThisBentiop. an
sffegtiveramount 617 the (perticuldr-eomPosdods wpéonallyfih sEBbrhdria mgfal
SonpIoHTRY he YEihy SRR ichE ) Cocnflitid Slinthateladmrd Tl
phamacewically acerpblepgsaen hich carigmaytake 3 vade vagiety of forms
d

i{f‘gﬁﬂ)ﬂu@ Gorph Sﬁ?ﬂﬁbﬁpatigﬂ GediRAIfIHRI MA@t 6:8.0Me88 phdimaceutical
. ne
%

water (30 nL), an H of the.resultjng sol ytion was
SRCTtions B JeSRle oot dosp e (e LrpEgeaRetlgns, Tor

fatdninisttdtion, ora¥hs hedal, phreoainesushy) dr 8y ipacknteral injection. For example,
n.from

Recrvstal i zati et hanal || .
BUpIpRL s EOpORbOIN h SRk P AT OB Rl phippggorical
eedigt DAg bEcopl@yed sudr ay fofeka@dle, myterrgygolafoilshacolials end the like
%H%%Qm%e Oc]f dcgr)ﬁl lgullﬁq Eie‘?ﬁ]&?i\lf‘ﬂ}_‘? :Eucilrgdsr éu%ﬁ]ﬁgélﬁé’ !y#lr'lh.pgplejh((#%,%smns
apg solutigms; pppolidgarriers guchy a5 stagelyes, sugges, kaglimg Ipbricantszbinders,
dmsint tiI;QaQtets( &nd tBEllike $n #R casB o dess, pilts3capbules) and tablets.
, § gs, SI-IQ, 4. 44 {.d, J=14. 1 Hz, 1 5. (d,
ekt e Spsg 1n glngipisiration (gblet; apd cqpsulepypreseny ierpost
Wy (g 003D 86¥aEE b2 GO i eHidh-cdde-solid phatinddentiddcarriers are
N e M e
Bicsibpivaten,-at dnpsit indarige pett, bongloether ipgredients, forsxiamplaito aid

LoluBflitUnaPbOR1ARR! thidcbleQhtichs, 5k bxaRfle, iy b8 ed in
was hydr ogenated in an H cube apparatuys. using a EOA) Pd .
Sthigkyths SATTICA COMPHERS. salrﬂ%ﬁelu%%\g@wmu%w BdHreg{galine and

?&ﬁgéﬁidlﬁiﬂm m@a%tabiu)eis?éﬁﬂ_sibns gx%}y WI¥o (uilmf@mémewmgu cdd}

: 0 gj.ve 9% 0 e sire
Phisgrtegiang arpirs) wishetint ades e Gp ke Mapt Caltifisiciso
3ncludbddare _sglid fmeml Eemratomisploat ra_dﬁsi_nﬁendmﬂ tadbe Mﬁvb_rt@d,ﬁﬁartly before
EQ@ t§ ﬁgﬁiﬁ' ﬁnﬂ?%@%ﬁio%s.%%h@ wthlgésﬁgoxxg%ui%ﬁ)cl:e f&%ep&tﬁegué
m futes run o chiral

administration, the carrier optionally comprises a penetration enhancing agent and/or a

suitable wetting agent, optionally combined with suitable additives of any nature in
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
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 suitable for the

administration of the present compounds.

Thus, the present invention also provides a pharmaceutical composition adapted for
administration by inhalation or insufflation through the mouth comprising a compound

of formula (I) or any subgroups thereof and a pharmaceutically acceptable carrier.
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CHI RALCEL OD-H colum (250 x 10 mm coated on 5 um
silica gel) and 55% net hanol /45% CO2 as nobil e phase,
W@e018/063668v rate of 10 ni/min and | ead to the tRCI/PRR089/004942
enanti omers 3 and 4. Retenti-8&-tinmes under these
conditions were observed at 20 4.25 mn and 5.54 mn.
2010/ 003658PCT/ EP2009/ 004942 -42- I -
PESThraRas 1 SOMORRhiAe §rescr mgnuign sre sk ighiafation of a
s&ufiba iniulisspeetooizybdosey.nt hesi zed in 96% yi el d
frominternediate | b and

[ts pgpetiatly tadvanthgeoys & foomyyé the aéarementioned jphtinydcanticnd
A0 5 LA, RDD] g0 S .
Unit dosage form as used herein refers to physically discrete units suitable as unitary
dosages, each unit containing a predetermined quantity of active ingredient calculated
to produce the desired therapeutic effect in association with the required
pharmaceutical carrier. Examples of such unit dosage forms are tablets (including
scored or coated tablets), capsules, pills, suppositories, powder packets, wafers,

injectable solutions or suspensions and the like, and segregated multiples thereof.

The compounds of formula (I) and any subgroup thereof show antiviral properties.
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 flaviviruses such as Yellow fever, Dengue fever (types 1-4), St. Louis
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.

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
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
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
particular the HCV infection.
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5a5b Trifluoroacetic acid (5.00 g, 43.9 mol ) was
added to 740 ng of internediate 5a. After 1 hour at

WO wenv3essper at ure, the sol vent _was evapor at ed.PCIgP2009/004942

residue was triturated in EtOPBEt20, filtered and
dri ed under high vacuumto give 380 ng (64% of the

TR pfSSen iy B8 ARb Rasda FheSe 68 Mt e Bt Efpo el o7 o shiberoup
deiredfiim theoharBifaqt@8 O agnedicatnt forthy traatehentibf teriptieveadag of viral
ectimg,gqmlgjy Ac ¥ane,d (10 nmb) was heated at 100

In a crowave oven for 15 m nutes. Then, the

MR8 pidset i entiBh FuMREMIRC FBasd 168 Meho@bEHesttidh Whrrh BRBded
t enper at ur concentrat ed under.. vacuu triturated in
Al decied by fabus, or et ik 0§ #PEESHQRAY Arirus, In particular by

%%@,@I@ggt?bﬂ y?xﬂagﬁﬁd'(gj elnd adii(lji(ﬂi&ﬂaﬁbﬂ cian ﬂntﬂr;;/irﬂl)ﬂ.e@éctig'aw.ﬁlount of
of the desir roduct 5c: Z 7.622
epmpautd el forBha ) of SRLAFRENER TR ol Binnli i el

Lo 4 % vi ,
DRSSt o S A 18 EAGE 0 o
subgroumidrercof fasispesifier herein wiske pther anti-HAX pgants. do an embodiment,
B0 H tion2HLh A ESnbiRSHSIeSE 4 @&nfmﬁwtpoﬁﬁumm& any subgroup
powder, mz = 604 (M:H)+. Exanple 6 - synthesis ?11}] )
ehsrerdorith & leasppnoantpHE 05 88mbdr/ smentthe dpygption
tondelss confBihRionlof 'a dni¥dand 85 FOrrbuliZNYrbiNNNHEroup 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
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-a
(IFN-a), pegylated interferon-a, ribavirin or a combination thereof, and, a compound of
formula (I) or any subgroup thereof can be used as a medicine in a combination
therapy. In an embodiment, the term “combination therapy” relates to a product
containing mandatory (a) a compound of formula (I), and (b) at least 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.

Anti-HCV compounds encompass agents selected from HCV polymerase inhibitors,
R-7128, MK-0608, VCH759, PF-868554, GS9190, NM283, valopicitabine, PSI-6130,
XTL-2125, NM-107, R7128 (R4048), GSK625433, R803, 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
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;
immunomodulatory agents such as, a-, B-, and y- interferons such as rIFN-a 2b, rIFN-a

2ba, consensus IFN-a (infergen), feron, reaferon, intermax o, rIFN-B, infergen +
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e oso 0-0O N 6a6b To a sol ution of
Ni - ( 2- am noet hyl ) - N1- net hyl et hane- 1, 2- di am ne(10. 58 g,

weEbDioesbkss) in DCM 5 (350 nl) was added sl ow yYGI/EP2009/004942

sol uti on of 2-nitrobenzene-134ul fonyl chloride
di ssolved in DCM (50 nmL). After 2h at RT, the reaction

m xture (RM was shed with gater drled qver P/HTSOL
afimBPedTARAmE R BERL AROS: AIPHEEToL dpctereny Rebih rat RraplFN-o
2bIxas A v hooseiegglasdabivifedBerts pbgﬂﬂe@ dbrivdtized ﬁlt&'fa@h&ﬁéorﬁﬁounds

snﬁ{zgsa;?e(oglﬁlaléepﬁ wq{]gv )p(eﬁ%llfiﬂ/%)l - lﬂi pggytlateg5 Il-gN gB compounds that
samutat) gietsyhtheds of intateon anmlﬂj itenkeokide, Ball Bkaelrege@oy(1dfR)
N K e T
@ thymfosirg G)é\}}erﬁngglgal(amm; suc sznt(agg‘)n flbqugm(m]qgs sualx asgebetol,
eg[u'§ ahid\Viamifiad aﬁ@av_ﬁ@n)aaﬁ%tﬁ&l'n@ rhrfaftewgi@z krlHibifts Of internal
”@PF%’B% F@@@éﬂlfwya?l ii@f@go 'CFX%X #fﬁ@q%mﬂtrwd
Ufl”_232> léll‘Bé,She’pdtﬂ)@ﬁbtectants sucihhas IDN-6556, thI1E 3738 LB- t844g 1 and MitoQ,
ani noe e ni trobenze
o Gliaa) i SRR R iliblaf (e (PREGRES
USte8 (V8160 856,498, 518, WiSOIB4delicbr USG 064 422 WK 4028) WAIa8/40381,
W‘@%Ok%bﬁ? Iﬁgcé)%ﬁénc%ﬂda’&m‘gl% ﬁ%s%ﬁéig& ahd i ﬁ@?l {n%‘ Bt xaot

econsiitute

liw a5 A9d, ¥kd14R. @e@fouwafe%‘k)amwwodrggs/@rswetm@Hé}V such as
zhlisxifl @b ShnRIQ BYYN-401 (virostat), PYN-17 (altirex), KPE02003002, actllon

B R oTERR sl AR z}é%&ﬁ J¥sb ! RRDERZEN

NOWy2015; eanv e}, BHOMBCNIMA Dy BIO40DE, Y 634 NG AMIZAHY., 2
A\ﬁ +(f6%o BS7 \Aé&l&%{) bagf&y(bgl%%% dﬁé g&}l‘&agl(yrls oq‘cé}ﬁ Lr i A3vé

oW’ po nz =

@%%%QQ%%QE@Qéa?W %ﬁ@&%%é Zhé 8SmpoRR of fodGRS (1) Or Any
subgreypy BrEeef may heworasiyinistere inpepynation. wish faringansenze
ﬂ@%llr?gll% YIFN- (5) §€%ﬂ@t).3d %tbﬂ;ﬁbg an ;18av1r1n ora acgénbll?laélon thereof, as well
s B B AR RE b et R PEY: S5 CBe gl i bring
RN&l(ﬁ RiINAl,ajboapohes, 3N Azymas, hatisinee RING46radj, mﬁlfaﬂ): tatrl]iralgomsts of
nme
s (%3 el et S Hivhss SRINEB RS Aot
ﬁlte uhshtioRs 8{’ ﬁle?{geﬂt 1n(/giﬁloﬁ}l\41%¥a e g§e|dLéIts %d%a&ﬁbn%%&‘:&ordingly,

extracte rgani c | ayer was
m:;@éqpt Wifertion relates to the use of a compound of formula (I) 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 inhibitory compound, e.g. IFN-a,
pegylated IFN-q, 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
disease. In turn, HCV infection may affect the management of HIV infection,

increasing the incidence of liver toxicity caused by antiviral medications.
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10 water, dried over MgSO4, filtered and concentrated.
The residue was purified by flash chronmat ography on

wos0hi/gassgel , using a gradient of EtOAc in DCMPOI/RR2009/004942

100% , yielding to 550 ng (8388vield) of the desired
product 13- Cycl ohexyl 3- met hoxy- 642- (et hyl -

s biEEay eyt oRaehae e APBpfb &f o Somoygl Formula

@Pecarybsubgtdup thereolf w&h antiIY agestse Ald thesombymdtionwf one or more

e ety el b Pl ol dfla @ B (e
beused@@s a medicine. In pamcular sa1d combination can be used for

?rﬂﬁ&ﬁé‘ﬁ(ﬂ@’o%&HW%ﬂlbcaﬁ& no) - et hyl car bamoyl ] - 7H benzol
3, 4] azepino[ 1, 2-a] i ndol e- 10-carboxylic acid

Elgf E)eg?utcﬁinbﬁﬁgeﬁ tiega 2;{y39a®sor@x§o é&%s ApRIdRLt %&g&isﬁrg a)a

an en
S BRmA T Fop el gy ShbB R Sl o s i afi TV
canpaut end @) bptigpally aetpascond dthnrcqnhehifilv c(oh@_bumj asa @q)bined
ﬁ%ﬁ%@h&? ?orasﬂgﬁlq%negug Q?pz{?%{]e 7 geit{éﬁtiﬁMs trg%t{nr f\xf&if HEY and HIV

rea
mfd:qtr@ne,dn@nmcubadedh@meaamaterm&géowfvrtthﬁmﬁ gméHIV or for

ehtfi &b trddfifs WorsdigchsMstdtiat¥with HCV and HIV.
010/ 003658PCIT EP2009/ 004942 -46- DCM After rinsing

Tﬁlﬁs @li%' preéeh® hvehtidh ﬂﬁMdl&t@é/ & @broﬂ?&ﬁs‘éntaﬂghg tka)&t least one
col orl ess n was obtain uct was
RS (CTPrAdoaoy oL disie's Dl of Coforgeditional
dtﬁs-ifﬁh’d:ompmdudst, as a combined preparation for simultaneous, separate or
3 6
B e A ERL AR cRholt g SRR U B
mmblelecim z singlsxprepasation teg@témt with phammaceetiqally agecptahiig %qrmers

@Hrﬁt\e Eorﬁgmdls %siaybae Bly0RWAL anvl%et%%h@l c&ﬁgomdé Qach as
The synt hesis 8?’6 guct

FRIaMinRS; , pentamiting |ﬂi*~bgn‘PIP?@UBr CRSEROSRETRIE S, %trwl%)
sos0arResicilieh (eROBAHShdsphorésfoRgateltrRicRBsida e et transcriptase

R S TN N
lamivudine (3TC), stavudine (d4T) emtricitabine (FTC), abacav1r (ABC), amdoxovir
(DAPD), elvucitabine (ACH-126,443), AVX 754 ((-)-dOTC), 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
(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 (NcRTIs), e.g. NcRTI-1 and the like; inhibitors of trans-
activating proteins, such as TAT-inhibitors, e.g. RO-5-3335, 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,
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.
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0 7 6f 15 The synthesis of product 6g was perforned
usi ng the procedure described for the synthesis of

woonp@aérd | e, using internediate 6f instead ofPCT/EP2009/004942

internediate id, yielding 18$6ﬂg (quantitative yield)

of the target product; mz 624 (M+H) +. Step 7

HH2NgOH O .
aBGEDrlfO %AB%W@@C ﬁ‘e“%}%@ﬁe%@ 50, Jr“é%l@@? %AK -652,
mlmr(s@medsasn-mu 6909) MOCERYrtageaists (eed AMD-(70e

t Uusi n g

KRBT hetmp 8 PEEE: nin Rl e PRYFSEBo gk a3 B R,
Bleclyetle/GRIFUEP 21392 I'NMOE I(OM&]H)le VGWEL ; a maturation inhibitor for
e%g&,gfe% %9\5%’7@114155’3%9 of ﬁ%ﬁ%& i$eE€(§ TRtEerdvic MRLHSE)S
elv1tegrav1r (JTK-303, GS-9137), BMS-538158; ribozymes; immunomodulators;
monoclonal antibodies; gene therapy; vaccines; siRNAs; antisense RNAs;

microbicides; Zinc-finger inhibitors.

Therefore, HCV infected patients also suffering from conditions associated with HIV
or even other pathogenic retroviruses, such as AIDS, AIDS-related complex (ARC),
progressive generalized lymphadenopathy (PGL), as well as chronic CNS diseases
caused by retroviruses, such as, for example HIV mediated dementia and multiple

sclerosis, can conveniently be treated with the present composition.

The compositions may be formulated into suitable pharmaceutical dosage forms such
as the 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
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
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
a composition comprising (a) the compound of formula (I) 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 is therapeutically
effective.

In general, it is contemplated that an antiviral effective daily amount would be from
0.01 mg/kg 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
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SoC) 52 6b CH3-1 190 o oii- 9 7a NaH To a
sol uti on of

WONRMD/AEBSR' - (et hyl azanedi yCbi s%et hane- 2, 1- di yAQT/BP2(92604942

ni trobenzene- sul f onam de) 633 g, 6.15 mMmmoles) in
dry DMF (50 mL) was added porti on W se sodi um hydri de

60% |
A ROrae-dosE AP s el H3PUasft e Gay Sf buidpres may be
forynubived §bunit Josags fandefor skamplg, ¢Qnta1hngMo LQDf)emg, and in
h
gg%lcg%??éé:?g%h% (ﬁtacﬁ;r%,&%b&jﬁ?gﬂpor gani c gg(gPWv\;s ﬁtsﬁred
Whi Bx Y@ li6sag e%ﬂ %@qﬁé&ﬁ:"y %@Qﬂus&dﬂo‘iﬁd’eﬁ%&% the partlcular compound

concentrate Purif|cation | ash chromat ogr ap
of formalaflhesednthe partisn onﬂtlmmlea drealsdgtigse vty Pﬁ@& condition
beidd tidate8 1@ agE, Wi htgﬁﬁd éﬁt@nmﬁlﬂuﬁ'&er and general physical condition of

emﬁ@ﬁ%p&tl&ms fl b ePiioR B G A et e o s
el kmo¥hBo @Msblﬁkﬂle&%hm&e?aﬂ Furtliaﬁwne At isiexidenethaf said effective daily
%nNgl.ﬁt(lﬁ éﬂf elrga/ éﬁﬁg{éﬁgégyn&%%(?ﬁg ?lg:es gpzc;n ??Yé')j)t@a%dl\gubject

an«ﬂosdfmmd@g)on the syalwatioaraf dhapley s{ciargpregeribang the camounds of the

mltaqp fRRR%OA. 71%% émcn&e &y drfoUMrarg@S nithlioN@ShepéinsBAA are
%ﬁgeurln . Upon conpl etion of the reaction, the

M Y%W@Bn%ﬁﬁd Ioaded on a MP-TsOH cartridge,
rinsi the c

i Sabutiieny oaBe presphventid hite bUgo st eh Gkl Manufacture
obﬂnpnsmg)a cohpopitiod effectivastoateat adHWM infédtdnion tdvbibihit the NSSB

U ShALAS i AL GO BARST BRRBRSHOQILR i indiRes ha

ﬂ(ezcommsmﬂnemn e sedhiprieqah arfectmn@ydha REPRSILIRH Vigs; othergin the
%§1%90§1{151? Edrhprise’ aldgnpeand of RRornMiIZ (5 ok 48y cldpbdp thekdB, or the

combination as described herein.

Another embodiment of the present invention concerns a kit or container comprising a
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’
high-throughput target-analyte assays such as those for measuring the efficacy of said
combination in HCV treatment.

Examples
The following examples are intended to illustrate the present invention and not to limit

it thereto. Unless otherwise indicated, purification of the synthesized compounds by

column chromatography or flash chromatography is performed on a silica gel column.
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5| b7b7c The synthesis of
13- cycl ohexyl- 3- net hoxy- 6- (net hyl -{2-[ met hyl - ( 2- net hyl

w@minoebssy | ) - am no] - et hyl ) - car banoyl) - 7H benz GfGr/E2a% 4942

ino[ 1, 2-a]i ndol e-10-carboxyl#38-acid tert-butyl ester
7¢c was performed follow ng the procedure reported for
the ]nt he |s of. conpound | c, using

esis of gpmpound b hyI am no) et hypet hane- 10

7b i nst ead of
Mej-hy 142< ( t hyl am no- et hoxy) - et hyl Fam ne. After
cpg\r,g ' by flash chromat ography with a gradi ent
o nmet hanol 7Min EtOAc (5 to 15%, 100 ny
of &'h ' product 7c were obtained as a yell ow

PHH) +. Step 4 7c7d The synthesis
of 7d was rformed foll owi ng the procedure reported
hesis pf conpound | d, using
13-cyc|ohexy1-3-nethoxy-6-(nethyI-(2-[nethy|-(2-nethy|
1 no- et hyl )-am no] -ethyl}

-carbanqyl) 7H benzo[ 3, 4] azepi no[ 1, 2- a] i ndol e- 10- 20
:%B;boxyTlf Pacid tert- buty nst ead of

o\ 2 (2 nethylanino et

purlflc ion by flash chrorratogra vv|th a gradi ent
of net I in EtOAc (O to 10% ng of the desired
product 7d were obtained; mz 694 (M+tH)+. WO
2010/ 00365§PCT/ EP2009/ 004942 49- Sigp 5 7d7e
The synthesis of 7e was perforned followi ng the

Apgaﬁﬁﬁy&m&@ngstﬁ%)fl& b5 WIS oFW AP 825 SdddQb SRR YOLbE of 1a
sln?P er medi at e | nst ea i nterpediate |

_met@flelé @c?ol@y(yllmtlm)gﬂ@mdolg[& 1-q] [Z]b_enzr[a‘{,_zmne-
6[11-0 dikarboxylate, synthesized as described in US 2007270406 A1) 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 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

—~_tn HATU
DIPEA, THF

O

1ib 1c

HATU (1.17 g, 3.08 mmol) was added under nitrogen to a stirred solution of 1b

(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
mixture was quenched with water (100 mL) and extracted with ethyl acetate (EtOAc).
The organic layer was successively dried (Na,;SQ,), filtered and evaporated. The
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15

"-S-NH 10 CD1 DBU ..-0 ACN 7e7 The synt hesi s of
product 7 is being perfornmed using the procedure
walzgenedesd for the 10 synthesis of conpound 1,PABEPR§09/004942
intermedi ate 7e instead of intdrmediate |e. Exanpl e 8
- synthesis of conpound 8 8 Step 1 >Lo
! P / 42 - Theo
3o LR PR RERESTSERURPAARIE o P95 T g

orne

ceppouredil¢ ara ye¢llovaginporedérs maf = 6020Mahld | b, usi ng
BdJryl ester 8a instead of la. The desired product 8b
was obtained in 95%yield as a light yellow solid; mz
= 502 ( MtH) +. Q|
HN Oss—N
\L HoN \L i
0 ol o ™N0
N N2 >Lo

1c 1d
A solution of 1¢ (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
reconstituted in EtOAc, dried (Na;SO4) and evaporated to give 1.15 g (88%) of the
desired product 1d as a yellowish powder: m/z = 681 (M+H)"

Step 4

Q|
Osg—N,_

1d
TFA (3.0 g, 26.3 mmol) was added to a solution 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 1e: m/z = 625 (M + H)"
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Step 2 8b8c At 0 C and under protective
at nosphere, oxalyl chloride (4.07 m, 47.4 mmol) was

wazidedo3sss a sol uti on of carboxylic acid 8b (19@BERR009/004942

39.5 rnnol) and DVF (5-drops#0in tetrahydrofuran (dry)
(100 mL). Upon addition of oxalyl chloride imedi ate
formation 10 of gas was observed. The reaction was
red at 0 Cfor 1.5 hour. Then, an extra anount of
0.5 eq of oxalyl chloride was added and the reaction
u@§|§t|rred for 1 nore hour (repeated once until ful
HAONVEY si on was obtained). The r@afm on was then
evaporated N O dlryness in vacuo HNo afford 20.5 g (97%
of the acid ¢hloride 80/as a mh|t¢A§oD/HV’ ¥2 (et hyl
est ePHf or mgd addi ti &b fN mgt hatol prior
516 (MH) + ér/ep 3 cgdse \To a
ddenzyl- 5-oxazol i%i ! —~
nmol ) gt r ahydrof uran 20 (dry) (60> i
ni trogen & phere n-butyllithium (26.4 x 42. 3
mol ) was added slowy at -78C. The react m xture
was stirred for 40 mnutes at -78C. After 40 m nutes,
t he ani on1gol uti on was added via a canul #fto a
solution of the acid chloride 8c (20g, 38.5 mmol) in
Catbomyldiidkdagole (38C. mg;te4¢ mawil) was addetlue e stiered solutiomdf 1e

8 gl oL o e Y e gl

teanperaztgs OTﬁ m@@ﬁe@ﬁnmr%pa teinfgrmedipia 1 fuyanekperysdt bhe resulting
s61986h Wcag@e rate® (AR Xbdidiet Wb Mriﬁéd@y%h cmﬁmdgﬂapw

P o R .
v&@hﬁ@&u§@khdlﬂﬁh&xtmep;ME%&H$QAO@&@58PCT/EP2009/004942
enantioners 8d and 8e were separated by flash

—céé%nn chr omat ography using 5:1 1-|eptane/ Et 0Ac and
mege obtained as light yellow solids; mz =661 (MtH).

S&§g44 58d8f Di astereoi soner 8d (11.17 g, 16.90
Hawrol ) Ywas fjrst dissol ved |n THF (130 m) then

A0 ) was addedNﬁN&¢@K}1~"ution (101 mi,
10&f%hol) was_added sl ow 9= t enper at ure was
kept jbel ow /30 The _reacti®n was stirred at
r oo®h DENDET g for 2 hour s© X \ct ,on was
fini shed”1 NC1/ 301 uti on was 10~&dd 2t © t he pH

reached 2. 500 nL H20 was then added d the reaction
m xture wayg .
and concentrated. Purification by flash

1f 1
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
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)+, 'HNMR
(DMSO-dg) § 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),
4.44 (d, J=14.1 Hz, 1H), 5.09 (d, /= 15.0 Hz, 1H), 6.95 (s, 1H), 7.13 (s, 1H), 7.19 (d,
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col um chromat ography using 1:1 Heptane/ Et 0Ac afforded
5.24 ¢ (60% of the desired enantioner

W 2BR0BaB) - 9- (tert - but oxycar bon)il) - 12- cycl ohexBFBR2084/104942

oxy4b, 5, 5a, 6-t et rahydr obenzo[‘o4 4] cycl opropal 5, 6] azepi n
o[ 1, 2-a] i ndol e-5a-carboxylic acid 15 8 with an ee of

Jo1 SO P AT L et QB AP0 554 () o83 183y - 7.8 e

B, §.38 (srilH)at 1.4@(s, 2B)wer e added di -i sopr opyl
ethylamne (DIEA, 1.54 g, 11.9 mmol ), HATU (2. 27 g,
5.98 mmpl) and 2, 2' -oxybi s(N-nethyl ethanam ne) (2.1 g,
BxaopleRisyntheyigof compaund? i xt ure was stirred at 0C
for 1 hour then kept at roomtenperature for 12 hours.
The react mxture was thenssucce viel Yo poured into
n Nced%a 2‘# sd(;I ution, extrga C/tﬁlel(\f/s’s\/ ©

,EhN'tbrorret dried over Q@S t hen concentr at ed.
pur i fTed—25 by &2 38 Nhrotogr aphy
nf et hanol in d| @ ¢ (0 to

product tert utyl(l aR, 12bS) -
2010/ 003658
8- cycl ohexyl- 11- net hoxy- | a- (et hyl

[ 2- (et hyl am no) et hoxy] ethyl | car barmyl% 1,1

&A &Elﬂt%h bet (%gr@w{)rﬂnﬁn pPReDY (15nHR) hd BHE (|5 ndll) was
1’% Y az | an Qfgl%g%tﬂga)}gt}lﬁ ?ltﬁlgg 8agl O?{S Pg OV\AEatrgonSgartln ge rq'hen
(s&%ﬂ@@vaﬁoﬁyaﬂl andaky fesidlre Veispuxified &y (coRinfyy dHrarhatogagthy

Egjga %r@%g(flgﬁ( ﬁj %}%%/ezégg{gb@?@% ]()}the’ (il'esired pro%uctei eqsaah %glte powder:

H9A¥EER) ne- 5- car boxyl i ¢ acid 8h was perfornmed
foIIovvl ng the procedure 10 reported for the
preparation of compound I e, using intermnediate 8g
ibaamples Jand 4 synthesivotgonnounds 3 and 4nas furt her
di ssol ved InquCM washed with water, dr| ed over
magnesi u fate, filtered ed to
dcgyﬂes €530 ad‘{:/z)g to 0.474 ;‘Ed} el d) ZBf title
coﬁ}‘jtjnd 8h M.z = 560 (M i

scﬂ medi at e 8h(00 mol ) in
di oxane bas, added sul famt .0’ 8. 47
nmol ) . ing mxture was stirn 100Cin a

m crowave o for 4 hours. The react m xture was

t hen cool ed~down to room 20 tenperat ure’and
concentrategl. The residue was purifigd by colum

chr omat ogr aphy using a gradi ent of nmethanol in
ditethesnoigBhiRane 2 Waspariliodpy SFQuviag 1435 fMinteSith ofa ¢Higal

(ARG BN pojumn 250 510 sum posisd 97 S silisn s fiys

xydtbarnf | #5% CO; as mobile phase, at a flow rate of 10 mL/min and lead to the two

éﬂ% ﬂiﬁgﬁg@@ opr opgfeg%/rﬁ gﬁf{é’s"%]]d%r ﬁi%gx{%%htion% Yete bBRived at

anbdh Phain. carboxylic acid 8i; mz = 639 (M-H) +.
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WD 2010/ 003658PCT/ EP2009/ 004942 -53- Step 8 8i8 The
synt hesi s of

W 26R0MBBHS) - 8- cycl ohexyl- 11- net hoxy- 16, 22- di meRCH/ER200N®4942
b-di hydro- 5 -42-
5, 1a- (et hanoi m not hi oi m noet hanooxyet hanoi m nonet hano

cycl] opropal d] tJndol o -a]
MME 2di one 15, 15- di oxi de 8 was
performed follow ng the 2-step procedure reported for
t ,@thg of conpound 1, using internedi ate 8i
o&%ﬁg\tj ad of yielding to 90rrg(52%y|eld) of a
WA = 621 (MrH)+. 1H NWR (400 MHz,
ml.3- 1.5(m 3H 1.75- 1.8

3 H) 3.,4-3.7 (m 6 H 3.87 (s, 3 H

3.75-3.9 .9-5.1 (m 1 H 6.95-7.16 (d

J=8.39 Hz, 1 H) 785 H 7.44-7.55 (m 2 H) 7.80
4

1
Sfeths 3839Hz 1H 9.4 (br. s., 1 H. Exanple 9-
syn hesi s of corrpound 915 9 St & 8e%9a WO
2010/ 003658PCT/ EPi&Qﬁ&OO4942 -54 gob din 27%
ol

i el d, v@Qdo96% eel Nowi ng the proc /e\/r“Ne@rt ed
g\or the gdynthesis ound 8f, starting friomthe
dijast er 0 omer §e i nst ad8° of 8d, z = 502 ( M H) +.
Ste /Q P
ter § 12?{?} icycl ohexyl-ll-ms a-( 1fet hy
I met hyl a xy et hyl } Q

car bano -1, 1a, 2, 12b t %r ocycl opropa[d]l”i ndol o

[2,1 - a] [2] benzazepi ne-5- carboxylate 9b was
prepdPed in 60%yield from9a and 5a

The %omgasmlm 54 Ngﬁ?}tdiﬂésﬁieﬁaﬂ 8pYna1dffRdrh ?Yttﬂlﬁbcﬁéi@ 1b and 2-[4-(tert-
bﬁwﬁ)&eycgrrb%n)llﬁ&pera%gl— t—yﬁetgyﬁﬁgrrlea olll%Uvu?g th%%ngceléure regorted for the
synthesis of intermediate 1¢: m/z = 699 (M+H)".

Step 2
32
o HN
@ i
OH ~

Sa 5b

Trifluoroacetic acid (5.00 g, 43.9 mmol) was added to 740 mg of intermediate Sa. After
1 hour at room temperature, the solvent was evaporated. The residue was triturated in
EtOH/Et;0, filtered and dried under high vacuum to give 380 mg (64%) of the desired
product 5b as a yellowish powder: m/z = 543 (M+H)".
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10 616 (MrH)+. Step 3 HN O 1-12/%' % 5' s%2 H2N
9b9c To a solution of internediate 9b (0.73 g, 1.185
worziobPo3ess di oxane (10 nl) was added 15sul f am dRCT/EP20E9/004942
g, 11.85 nmol). The resulting®ixture was stirred at
100C in a mcrowave oven for 3 hours. The reaction
g’ xtyre was cool ed down to roomtenperature then
ntrated. The residue was purified by colum
chr omat ogr aphy using a gradi\gPt of nmethanol in
di glylQronet hane (0 to 10%H2‘ yield 743 ng (80% of
the(tixl effproduct tert-buty (Kzi_smsz)-la-[(z- {2-
onyI)(r@@hyFPam no] —N"20et\8
TY ) HzN/ "R, OH

pTQpal-dfi ndol of 2, o
[ 2] benzazgpi ne- 5- car boxyl ate 9c.
PCT/ EP2009/ 004942 - 55- p 40 N H2N

' 00 The“ synt hesi s of
(1aS, 12bR)-1a-[ (2-{2-[ (am nosul fonyl ) ( met hypam nol et ho
Xy} 5 5b 5¢c

gég géb%éggé&%@gégﬁ%ﬂ ; 8_1)0331%] s?]rl]t%%(n){ e (16%3 nn?é,@o&}/ r_n%xiobal’n dioxane
(80 hidovas[hdatkdal [| @) be iz arf@ionave otar fopA § Imiaus. Theddthe reaction
t he ure reported fq{gdw&r

was, perfornmed follow,n d roce{j

SR M Spcespoively S0l dpwun ahtaoR) EmpcE s r el
Ivasta,dritiratied in yiater dneh §ilteed. Frerifi v iy eotiymmhramatography
QQ&ME:h?ﬁt(ﬁR@/@Hzﬁlzzl T t(‘?‘%.%) %Wé_ﬁﬂ) mg (46%) of the desired product Se: m/z
=622 (M+H)".

Step 4

5S¢ 5

The title product Sd was synthesized in 11 % yield following the procedure (steps 5 and
6) reported for the synthesis of compound 1, followed by a recrystallization from
ethanol, affording the desired product as white powder, m/z = 604 (M+H)".

Example 6 - synthesis of compound 6

H
N
/N/\/N\/\/N o
Oss—nH
o
o
o
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Step 5 The synthesis of
(1aS, 12bR) - 8- cycl ohexyl- 11- net hoxy- 16, 22-di net hyl1l-1, 12
wh2adbkyson5, 1a- (et hanoi m not hi oi M noet hanooxyRCTEPZINN004942
nomet hano) cycl opropa [d] indd#o[2,1 - a]
[ 2] benzazepi ne- 13, 23(211) - di one 15, 15-di oxi de 9 was
Eerforned follow ng the 15 2-step procedure reported
L the synthg§|s of conpound 1, using internediate 9d

instead of |&s%Ypelding to 80 ny (16@6y|eld) of a 0

whit g solld N8 621 (MrH) +.  1H NVRYA00 Mz PPN i

wiertororeRM )8 ppm T3 1. Hs«m\e“ 1525 - ﬂcs (m H(j/g%
H 1.85 -2.05 (m 6 H 2.5-3 (m 3 % 3 H)

5

3.22 (s, 3H) 3.4-3.7 (m 6 H 3.87 (s, H) 7‘539

(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- 207.55 (m 2¢dd) 7.80 (d, J8b39

Hz, 1 H 9.4 (br. s., 1 H. W

T8 @fhﬁlbﬂ&&ﬁ”%%ﬁlﬁﬁﬂfh@slmm#ﬂethdﬁﬁ—l ,2Ediamipk@ 058 g, 90 mmoles) in DCM

4 t eLbS&zb ?d)eld ﬁ)quﬁe?({}]lﬁfo% of 2- mt%%@r;lzgg‘e TQulﬁ)n?PJhVorldg ralsg)glved in DCM

(%lrny)c V\@hrez%yal RT 1thmahtmymm<tlmﬁll\i) Yigrdvasksdcwidpvaspradiied| over MgSOa,
ﬁlt&g@ LIQ{ c%néentrat@a Tfhg l'ég?dﬁg %? ﬁﬁrﬁﬁd lb‘;‘ ﬂ%l?c'ﬂond&t&g?a[pﬂ? By Elﬁt:@gel with

in onet hane
agaﬂ&@at f%mﬂ(azgl 13?%\4 (O 94 Orﬁ}@ﬂﬁldm&w& 4 é§fﬂ(’t@‘ﬁ(§ ammemyg(methyl)-
alfVa®) Bty - 1-RitkoBdnzémReauTon &ijde A i 19 gefwmmr(ﬁeﬂltalafhnedlyl)-

R R R L S A e T FE IO

490(MtED'dri ed under MySO4, filtered and concentrat ed.
Sﬂggzresidue was then purified by colum chronat ography
using dichl oronet hane and ethyl acetate as eluent to g
yield 1.7 g (95% of the title product
8-cyc|oh 6y1- 11- met hoxy- la- (nethoxxgdrbonyl) , 1a, 2,@;«
Lfﬂ]benzazepl AxMHo
.C|d 1Oa/QJN /Qe 15 powder g%zo460
ﬁ - Can wigdi i i Hazol e .
. was added to a rred sol ution of
8- cycl ohexyl- 11- net hoxy- la- (met hoxycar bonyl) -1, la
b- tetrahydrocyclopropa [4-
I ndol of 2, fba][Z]benzazeplﬁ% 5-carboxylic acid 10a @B 8

b e dtdlicand hlalhine | (235mglh ERRULSHEMON s 0

and diisvpaomdethylabiie (202 n2g,Houes) inddy DA (IdomLg wvas eddeslom

f e G e
lgk e)1.88eq 30 memutes at R th %ﬁ& yvamgutgé yath wakey. The yellow prempltate
wild Hife RSP &Pﬁé&i%a%% %&9 4[2wa§ threnfréddnSi@Ebday BtOAc, dried over

MEStor Berd: eqncentratod aad g eaet Thehin ta give SR she desived

ptaiucobInCyelshex dimetHolgr6-(2a{ methy b[R2 (2-hietovieanenesulfonylamino)-

e wat y8s a S
e TRl SN hsEheng ﬂ?%p?@iﬁ PRI Blgoryiic acid
tgv-bntylg8au6a dsenydloncpowdent wd T 372U (Mrr The residue 5

was purified by colum chromatography using

di chl oronet hane and ethyl acetate to yield O. 66 g

(53% of the title product nethyl

5-({[{4-[ (tertbutoxycarbonypam no] butyl}

(met hypam no] sul f onyl } car banoy1) - 8- cycl ohexyl - 11

- met hoxy- 1, 12b- di hydr ocycl opropa[d] indolo [2,1 -a]

[ 2] benzazepi ne-1a(2H) - carboxyl ate 10c as a white

foam mz 723 (M-H) +
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10 Step3 10c10d To a solution of internediate 10c
(0.65 g, 0.899 mmol) in THF (20 nmL) was added |ithium

Whydp/edeske (0.75 g, 1.8 mmol) dissol ved i n watRET/EBR009/004942

m.). The resulting mxture 154%s stirred at room
tenperature overnight then diluted with water and
utralized with a 2M HC1 aqueous sol ution. The

ting mxture was extracted w th dichl oromnet hane,
dried over MpSH™4 thgn concentrated. The residue was 8
purified by col [©kr omat ogr aphy using a gradien ®~O
met hanol II’]|-CH2 s8,yield 0.55 g (86% of the t ’
0.

product Ny~ NH N~ ,\/N\O
5-({9 er t - but oxycamenrogmani noj bugyl | (ne hypa;m no]

3 | ) _—
car baroydy- 8- oydi ohexy1l- 11- net hoxy- 1?1 cl op
ropa[d]indslo [2,1 - a]
[ 2] benzazept ne-1 a(2H) -carboxylic acid 10d @s)a white
solid; mz 709 (MtH) + Step 4 10d10e 25 TFA (2.5 g,

€) was added to a sol ution of i nt er 8di ate 10d

a %%9 Ferdeheod 9@@@5&@% {f%@sﬁft'tﬁ hefireaesulfony!-

Ehﬁnm)eahyl] amlma}sahylearbamt)nmxbénim diagepias| land]ihdsle-

S M ME R Bl B BPESRIAR Ao

t( hé461gt b eqriondy lDMFi’qu {nI[)(Wasaadldnd) blowyy 3 solwfion of methyl iodide
%—f){n%OF6§ m{eﬁM%W%L)' 2ter (sﬁﬁ'ﬁ%%} 1RH IQ“?] the RM was

ﬁﬁ‘)‘;*l)?"a@f and pereighvith B erokle arganip layien yiae dtepcvasped with
rvﬁH@@ Bﬂ&d bﬂﬁi <M§$(34, Kilteredl and concentrated. The residue was urified by flash

Sl ESIATARL AT AL 28) Bt SRS BEldad e T 5 00, vitaing

301550 i (83% yialdg nfitdi deseed frod(l. 132Cygcloliex3 6 3 methpxy-6-[2-(methyl-

ol Ao S0 Lo

rbenza[8 44ﬂ\@emnnfh2@]1med0rqar@u¢yht: aid rénsbutyl iestar 6d ke yellow solid;
kPt e (Vpamy't enperature for 10 12 hours. The reaction
m xture was then successively poured into an iced
ed solution, _.extracted wi th dichl oronet hane,
dri ed over MgSH4 @nd then concentrated. The residue
was purified b gburm chromat ography to yield 0.188 g
(88% of jthe ti @:cproduct

hoxy- 16- met hy1- 1, 12b- di b o< 083
\not h| oi m ahoiCrCho) c/)g:bopr opal d] i'ndol o[
¢ henzazepin —_— , ) * O/ ~

6d Ge

A mixture of 13-cyclohexyl-3-methoxy-6-[2-(methyl-{2-[methyl-(2-nitro-benzene-
sulfonyl)amino]-ethyl }-amino)-ethylcarbamoyl]-7H-benzo[3,4]azepino[ 1,2-a]indole-
10-carboxylic acid fert-butyl ester 6d (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 eq) were then
added to the RM and the RM was stirred for 1h. Upon completion of the reaction, the
RM was filtered and loaded on a cartridge containing a SCX-resin, pre-washed with
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1513, 22(2H) - di one 15, 15-di oxi de 10 as a white solid.
1H NV\R (DMSO-d6) : 11.5 (s, 1H), 8.4 (s, 1H), 8.3 (s,
wagp/omes (d, J=8.2 Hz, 1H), 7.3 (d, J=8.2 Hz,PUIAP2009/004942
7 25 (d J=8.4 Hz, 1H), 7.1546s, 1H), 7 (d, J=8.4 Hz,
6(d J=16Hz, 1H), 3.85 (s, 3H) 355(d 316
D}-P|z 7-2.9 (
M. éftg_r I(ul‘lﬁln% ca@négelwyth%éM'z(pﬁver@ t13n t{lrﬁ cc%?_‘)less fraction
whs thﬁlr(eﬂ) thehhrodwet X‘I\Iaﬁ Qﬁltcﬁd\/%hh NH;(n MeOH| ﬁeﬂdlng to 240 mg of the

SRR S e RTROS s EthensE o AR O mettylaming-ethy))-

amddﬂfétlt)dcabam«)yll} e7d—I-bechm[3 dTazeping-1,25a]indole-10-carboxylic acid fert-

bﬁté/? %96&}/ oci%‘\ opropa #&fﬁéﬁ@%ﬁ!&éﬁ@?ﬂb /72 681 tRH) .

enzazeplne 5-carboxylic acid 10a (0.74 g, 1.61
mml) in THF (15 nm) atp 25C. The evol ution of OB was
i nst antapkous aid when-Si, sl oned the solgitfion vvag

_ 508 for 2 hours and then sool ed to Yoom
) Tert but yl ,
f-afm\no'sdl f onyl ) (et hyl ) ami no] T
xte |la (1.038 10 g, 3.22 nmol)
foll owed’by the addition of DBU (0.49 g\.3.22 mol).
Stirgeng was continued for 12 hoursgat 50C. The
m xture was cooled to roomterrperature t hen

rt| |on n dic thane and wat
TR e O R O QY RPEHO T P Rt o Tor the
symga;iu of domypyund iy asifg llﬁéi'mi?d&ite w&@@ad b€ interatedéane 1atydelding
& Th [ ' +by col um
2@@?&1@@@ et%f%e?ﬁ}()% b Wchl or (i—ﬁane and et hyl
Stapefi ate to vyi eId 0. 83 g (68% of the title conpound
met hyl 5-({[{g:Nd} (tert-butoxycarbonyl)pi peraH2|5 1-

yl] ethyl §} (nBthyl) amino] sulfonyl }  H
ca bam)y) 8N6Vcﬁ] . N\/\N’\/N

)<§ ) 1;1 - met hoxy- 1, 1Rt hydr oc

1] e Zegepi ne- 1a( 2H) - car boi%f/ﬂ
64 (MtH) 20 Step 2 ‘
drpediate |1 b (0.6 g, 0.785 mml{ §n THF (20 ni)
was added LiOH (0.82 g, 1.96 nmol) in water (5 ni).
The resul tafng m xture was stirred at roofig25

tenperature overnight then diluted with water and
The synthesiy elipraidu¢t 6g wad patiormedissing theopracédyme desegbed for the

smﬁwlg bf‘&n‘i‘ﬁ&iﬁakl e, ¥Y&se ﬁﬁéﬁ&ﬁia?@ﬁ%&t@acﬂbﬁ%’t&&%&ﬂm §ielding

dried over MySQ4 fhen concentrated resultin
18 & sngiqaniistiyryield) of theytatgst Wﬁﬁu@hm@mé%ﬁwﬁ{) u5| ng
S@RLC12 and nethanol to yield 0.4 g (68% of the title
conpound 5- ({[{244- (tertbut oxycar bonyDpi perazi n-1-yl ]
et hyl (meth &% no] sul fonyl } caf\b/am)y/ o WO
2010/ 003 BP2009/ 004942 - 6O
8ocycl ot - 11- et hexiypsl, 12b- dihygh
N, ¢~ | 2] benzazepr el a(211)- clrp
Dlid; m2N50 (MH) + Step 3

“ a sol ution

The synthesis of product 6 was performed using the procedure described for the
synthesis of compound 1, using intermediate 6g instead of intermediate 1e, yielding
43 mg (22% yield) of the target product; m/z = 606 (M+H)".
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511clid TFA (1.44 g, 12.7 mmol) was added to a
solution of internediate 11c (0.38 g, 0.507 mmol) in

wodioetivosé8net hane (10 nmL). The resul ting m xt urPETVIP2009/004942

stirred at RT for approximatefy 10 hours. The reaction
was then evaporated to dryness and the residue was
purified by colum chromat ography using
di chl oromret hane and nethanol to afford 10 the title
Erampleryd- synthesis of compound 7
8- cyclohexyl 11- met hoxy- 5- ({[ met hyl ( 2- pi per azi n- 1-yl et
hxpaum Pt onyl } car banoyl) - 1, 12b- di hydr ocycl opropal d
f¥mdol o 2%, - a] [2]- benzazepine-1a(2H)-carboxylic
acighig ) g, 73 %9; nmz 650 (MtH)+ Step 4 OH

“ 6 a.stirred solution of intermediate lid
(0.24 q, 37 mmol) in dry DMVF (100 nL), at 0C, were
added di -~4-goprop¥l ethylanm ne (0.143 g, 1.1 mol) and
HATU (0.211 g, 0.554 mmol ). The resulting m xture was
Steprlred at OC for 1 hour then kept at roomtenperature
for 12 hours. The reaction m xture was then
successilvel y oqéed into an 20 iced watéred §§Dq5ion,

extHN ghloronmghane drféd;UVé(\\owo4q8nd
restdue—was pupigisel by cof ufr®

trateH
t ogr aphy” usi ng di ator onet @ nethandl to
yiegg 0.018 g (18% of the title conrpound

31- c¢ycl ohexyl-8- nmet hoxy-22-nmethyl-21-thia-1,13

, 20, 22, 25 6pent aazahept acycl o- Ta

23. 2. 2 13'13.112,15. 114, 18. 03, 5U N6
gtarsom@nml\él\fscm}(mz(lwiqzanemslolyls(r@hamv2kﬂe§kyb)ébié(2-rzgobenzene-

gulfc%aﬁh 5181 Mo fR) thld QDMF WO e )Seds ﬂde@bértf@ﬁzwlse
5 o mboRs) g 09/ 00494,

i‘%dlu’él;m’fiﬁ (753 dPechefp Sirimpineral oglgan® s 20 5RRietyp sotuton
of m'étﬁyﬂbdlid& dibsolved in dry DMF (5 mL) was added slowly to the RM. After

atérn[ng Hg%tc%'{; éﬁgﬁﬁ = a% %ugr?cthhg With We:lltglb and ac eﬁ)(&(f:{hog{(fAc The
@ahm;:m@msrveashad @@thl-\&atch deedoxer MgBO8 dilefedpnd3opsentrated.

PR SRS 7y Ve g o 0 o
pferded 14 si6lforad thhéessnefirpr chV N g3 £re¢ﬁbé1|aa%nfflé/1)fbeﬁ(ethane-
6,108y ois(VeReth ?ngﬁﬂﬁéwr@&lésmf&%nqamwz R eresilie

s Successi ve di ssol ved in di chl'oromet hane, washed
wat er, drled under MgSH, filtered and
concentrated. The residue was purified by col um
chr omat pgr afghy u3|ng di chl or onet hane and et hyl ac e

Fueht NG, Y 7 f the | §
o ohext;@g m%tSrg P E(ﬁ(t“éa?%\lqjtwyi) p@ S@
{

2, 12b rahydrocyclopropa [d] indolo[2,1 - a]
[Z&S@nzazepine 5-carboxylic acid 12a 15 as a white
powder; mz 460 (MtH) + Step 2

Ta 7b

A mixture of N,N'-(2,2'-(methylazanediyl)bis(ethane-2,1-diyl))bis(N-methyl-2-nitro-
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 1h. 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
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12a12bl12c To a solution of internediate 12a (1.73 g,
3.76 mmol) in THF (25 nL) at OC were 20 added
wosuceassisvel y 4-di met hyl am nopyri di ne ( DVAP) (PLT3BP2009/004942
3.76 mol ), -48-
N1- ((et hyI i m no) met hyl ene) - N3, N3- di net hyl propane- 1, 3-d
i.am ne droch] orj de (EDC&réé. 16 g, 11.29 mmol } and
20myg ( )ﬂﬁl)ha% Aasinylhat?r Grethylgminp)ghyl)ethanss | drdiamine Tb,
whieh as ubdd digectly X urealewae%tm/e&emm A@tor 2 h then
ﬁgpeioomten'perature for 8 Water was then added and
reaction mxture was filtered. The resulting solid
WO 2010,0Q3658PCT/ EP2009/ 0043142 -62- was purified by
col.um clir omat ogr aphy usi ng Ne:hl or orret hané®

g i el d 500 jmg. (23%-ef theltRt| e Phoduct
ﬁe%t (f)at byl @Qn?a/tdr%\rfhm nefsul Ton)yJ?} o
car banoyd) - 8- cycl ohexyl - 11- net hoxy- 1, 12b- di rocycl op
ropa [d ' ndolo [2, 1 - a] [2] - benzazepihe: 1

a(2H) - carboxylate 12c; mz 592 (MtH)+ 5 Step 3
12c12d To a sol ution 'bf intermediate 12c (0.57§, 0.845

TI-[F dded 1 thium hyd
15 erhtngSls B A etiBhs i-Habers- g eyl phB et B igylamino-
etipl)- amﬁlo\}&ﬂxylpcsﬂaamtb?l) TH-bED(3, ﬂ]%lzqﬁﬁ@{tl \-6]iRdests-n0 @atboxylic

a0l s s PR Em@ RuBRine s e tadhrertior B
swmhhswl ot trbmp@mét luansng d/h,ni\édilmvmyl -MyE{miethytamino)ethyl)ethane-
ISPAEGNRE 7 %Jsteaﬁibm ‘? Q%gﬁgié%gﬁo MaR:BY Eﬂhggeaqmnx After

¢ol.unmm chr omat ogr ap
pprigication by Haghralogmatogeapby wthl grpdisHiefi angmonip in methanol 7M in

Ht@lAcHb (tﬂﬂB‘*/’%pHH) mglof el dedi?vd product 7¢ were obtained as a yellow oil; m/z
éﬁ)@gﬁﬁi‘) cycl ohexyl- 11- net hoxy- 1, 12b-
1 cyclopropa[d]indolo [2,1 - a]
Sté denzazepi ne-1 a(2H) -carboxylic acid 12d as a V\,hi te
solid; mz 578 (M+H) + 2012d12e To a sol ution
i nt er megj_gt e 12dH(0. 2 8,/°0.346 mol) in T% sztca
ne

at 0C, wadre afided” sutdeshivel y 4- di met hycf py™di ne
0127 g, 1. \

y iq410) et hyl ene) - N3 N3-1f dpane-1, 3-d
i am ne pydrochloride (EDC) (0.199 g, 1. 1ol’) and
but - 3- éla-)l- ani ne (0. 062 g, 0.866 mmol).(The 25
resulting mxture was stirred at 0OC for h then at

roomtenper@ature for 8 h. Water was then7gdded and the
resulting mxture was filtered. The solid was washed
‘Thietslynthiesib b6 ridneasysanforinké folldveing ithet pratelus@seported for the synthesis

UGS LEEIT L S RIS P .
apraBo-gthy Dreisinglrethiyl jeeprbymex)-THinberize Brdlnerpingd hy?- wrtd@le 10-
cEtBoRYRE BB LBt RBSeLTdMbieAE 6 -8By diShaklyRB dndiHoXB 6 Bictlyl-

[2-(2-methylamino-ethoxy)-ethyl]-carbamoy! }-7H-benzo[3,4]azepino[1,2-a]indole-
10-carboxylic acid fert-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)".



WO 2010/ 003658PCT/ EP2009/ 004942 -63- of the title
product N5- { [allyl (nethyl)am no] sulfonyll-ATI

wO0a20b03&8- en- 1 -y1-8-cycl ohexyl 11 PCT/EP2009/004942

10

15

- met hoxy- 1, 12b- di hydr ocycl oprépa[d] indolo [2,1 - a]

[2] benzazepine-|a, 5(2H)- di carboxam de 12e; nmz 631
MtH) + Step 5 12el12 A solution of internediate 12e

¥+ g, 0.16 mmol) in dichloroethane (50 nL) was
degassed wth fggm for 10 m nutes then I—loveyda,fz,@gbbs
len alyst (0.03 ng, 0.032 opml ).
resulting nffture was wapmed taQ 70(’1‘ and
r argon overfi-ght= The -f- \‘e@“ t hen

o roomt enperature an

esi due was
purifie y col um chr omat ogr aphy usi ng and et hyl
acetate to give 15 ng (16% of the title yroduct
8- cycl ohexyd- 11
-nethoxy 16-net hy1-1, 12b- dihydro 5, 1la- (et hani m not hi o
SaReRld A RAPASP e%ﬁ’ﬁ&h ﬁﬂl&\ﬁ @éb'ﬂu['éjﬂefbﬂé’@fdi[tl?e synthesis
i

q@cogwnﬁﬂﬁf@s%&q”%&e i %%aq]ﬂﬂ Baignf? 65 (v

siptehesi s of conpound 13 13 Step 1 HO 20
CcH2d 2

Te 7

The synthesis of product 7 is being performed using the procedure described for the

synthesis of compound 1, using intermediate 7e instead of intermediate 1e.

Example 8 — synthesis of compound 8
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| al3a 13 - Cycl ohexyl-3 -net hoxy-7H benzo [3,4] azepino

[1,2-a] indole-6,10-dicarboxylic acid 10-tert-butyl
woesim3gsnet hyl ester la (1 g, 1 eq) was di ssS@CTamP2009/004942

dry dichl oronet hane under N2;50fol | owed by the addition

of trifluoroacetic acid (TFA) (8.88 ml, 60 eq). The

2010/.003658PCT/ EP2009/ 004942 -64- sol ution S .
ﬁ\fc?isyp@awap Rl vas rpegarnﬁe.d Wit (e RrOSRANTe TRBRT (G ecpynthesis
dfrepotu &t Us. iy :g;sﬁyr éslter'ﬂaﬁinﬁéadj@f_r . Qi desivedSroduct 8b was

[1.turat W | gt et her.. e wer e
vl B35 Vel Pyl O e AR e 1 o
Si¢g 2drd the title product 13-Cycl ohexyl-
3-nethoxy-7kkbenzo[3,4L@zepino[1,2-a]ig-obe-6,10-dicar
boxyl i c abie®6-methyl gster 5 13a (89% P86 g);
X H] . 2

a (o) /
13° 3y di owy 7EF benzo[ 3! P 2-aJind
ol e- 6, boxyl i cPMeE® 106- net hyl er 13a (0.86

de 12b (0. 67

g; . L]
Nl-((ethyb*nino)nethylene)-hB,hB-dinethylpropane-1,3-d
i ani ne hydchl oride (EDC) (1.14 g, 3.08%q) and

i hyl - pyri di.n-4-yl - am P), (0, 67 .04
AL B lel pEP g A SrEn R T e b 4 R was
added Thesdutier ofrarbwmylis bicidr8bo( 18183 39 Grmmid])kad HMFH({ sirops) in

' | i nko i 1,5 . .
(PRI nS (X8 r SESh, 2 ifor] G hlorite inlialRl Blmation
ofzen vigs abtervade Tha Fgagtion waa glérr¢dat) Kbfoxd)S houseThembn aelge
PRERDLE0 5 RYVITDXU®T Eh18FEE Va®H®Ied TRE NSt SHEWVARtBred for 1 more

filtered and evaporated upnder reduce essure. Th
hopy, SP?ﬁ‘?ﬁg‘?}EF ‘W&Egﬁ VPSP RHEY t&[)%quﬁi&“ Y8s g¢he
apdagd t5 H&@ng@sf int\laeud td Iifﬁ)rﬂ rZO(ﬂ@(g 7Vof th@adf&l:hlﬁiide gc 36a white
-nI. 5 I, ) - 1.

sBlif: g T Sttt pLaoh B Rictnab PBRs & ailgf O
<6 QWHEH2), 1.81-1.93 (m 1H, CH2), 1.93-2.12 (m
@k, 30H2(2x)), 2.70-2.82 (m 111, CH), 2.86 (s, 3H,

, 3.79 (s, 3H CH30), 3.88 (s, 3H CH30),

3.90-3.98 (m 2H, CH2), 4.21 (d.oNPy J= 12.97 Hz,  ox®
OR2), 5.21 (d, 1H J= 10.15 Hz, QM. (5)31 (d, 1H J= &

a
-

H7, CH2),[5. 78
.50 and J="8.

. 7.54 (d, 16%
Cro. Yo 7rBI (d, Hz, CHar om) ]
. H J=9.01 Hz, CH 1H, CH),
8. 31- 8. (brs, 1H, NHS02). Step 13b13c WO
2010/ 003658PCT/ EP2009/ 004942 8d Se

To a solution of (S)-4-benzyl-2-oxazolidinone (7.50 g, 42.3 mmol) in tetrahydrofuran
(dry) (60 ml) under nitrogen atmosphere n-butyllithium (26.4 ml, 42.3 mmol) was
added slowly at -78°C. The reaction mixture was stirred for 40 minutes at -78°C. After
40 minutes, the anion 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
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
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-65- Conpound 13b (0.60 g, 1 eq) was dissolved in a
m xture of tetrahydrofurane: nethanol (1:1) (20 m),
wad wié/onsesd by t he addition of a Li OH sol uti on iRCTHER2009/004942
(0.09 g, 2 eq). The solution-as stirred overnight at
RT for several days. The solvents were then evaporated

und ressure a

OpieER A e B ey geppegied tyfast 2 P inaidRBamhypsing
Sdslt]éptmregf;EtQAlcsmal wensmnbtained asdight yolldw solidsh evz wi66h (M+H)".
\é@egq and i sopropyl ether and dried under vacuum

ight to afford 0.44 g (74% of the title product
13c; LCoS: 5,84 Mm, mz 562 [MI1II. Step 4
1013013d d 13c (0.44 g, and HATU (0.47 g,
ssol ved i n_dimet hyN4r mani de under N2,
odovve byl t he addition of DI P .15 g, 0.20 m,
q). The sol ut i on

was QRT for 3 days.

solutio s then slowy poured ¢nto ice water. The

resul ti 15 crystals were filte of f, washed with

wat er and dried under vacuum over ni ght to afford 0.47
g (100% ofdthe title product 13d; L¥ Ms: R. 3.01

‘Pﬁ&ster%@orﬁ@ﬁ%d (tH7. g, 3'689® @mmol) was3GkBi2Eb 1D W T (lm 80 then

g7 o SRt BB A o ) ol

glmey édi thantheatmpyraturé Giad Repr, belovz 36%). Theseadidadniande tas stirred

h )
SR G5y 2 A W) gt v
afldesiaundil yet phhasachetti2 50068 L0 wrhthen eddad and theiseaktion auxture

?{1 as SR dEHRAth e'ﬁgof faQr waﬁié%%'th i%&’e’ #nd &%eerﬁﬂité& Pﬁﬂﬁwt?on by flash

en evapor at und er reduced pressure. oduc
wakimp ghremaiggrphy usisg 1ch H@Hﬁfl%{&ﬁ(aﬁﬁ ;affefdeéﬁu% ) Eﬁ%@ of the
@bﬁf&d%@ﬂ@&h&r(abn%sﬁgmer( B&Qxid&rlﬂﬁ 5)1,2- hmsj‘l 3- methoxy-

ﬁg%dfi’cq#t%yﬁﬁﬁﬁ%% lésgigfg rﬁg:ﬂ%l a]mdo e- a-Xari)oxyhc acid

@i ateinagrof |9 Ys; o’z af F0ar@M-8d) 'ny (5.86% of the title

roE%ct 13; LGMS: Rt. 5.33 nm, mz 575 [MrH . 1H NWVR
%5\9 ) (ppm) 1.05-1.21 (m 1H, CH2), 1.30-1.48 (m 3H,
CH2 (2X) bl

V\D 2010/ 003658PCT/ EP2009/FQ04942 - 66-

1.62 1. 78 1 82-1.93 (m IFG-QHZ),
_ 3|—L5_3H2 ,2@5,2 0 (m 4N CH and
CH3N) 62H] J—l Hz—@H2)~3. 80-

5H, CHP apd CH30), 4.21 (df 1H°‘Ej‘_ 15932 4§
4.28-4.46 (m 1H, CH), 5.72 (d, 1H, J= 313
5.78-5.88 (m 1H CH., 6.53 (s, 1H CH.), :
(m 2H, CHarom 5(2x)), 7.39-7.49 (m 1H, CHaton

(d, 1H, J= 8.38 Hz, CHar",,,), 7.62 (s, 1H CH),
7.72-7.84 @8f 1H, NH), 8.29 (s, 1H CH), 8g51-8.62

(”I%ras stirtdd somfpon o@fﬁgﬂh@ddté 8¢y Q,q]% hﬁn(ﬂﬁ inCWCtSéQnL) at 0°C,
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 MgSQOj, then concentrated. The residue was purified
by column chromatography using a gradient of methanol in dichloromethane (0 to
10%) to yield 0.94 g (38% yield) of the desired product tert-butyl(1aR,12bS)-
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rNNL O 14 Step 1 13al4a
13- Cycl ohexyl- 3- net hoxy- 7H benzo[ 3, 4] azepi no[ 1, 2-a] i nd
Wi0ee/@)3883- di car boxylic acid 6-nmethyl ester 13aP(TOEIR009104942
1 eq) was dissolved in dry ad@tonitrile (50 m) under
N2, followed by the addition of

zol an (0.6 eq) .. The
81@0@%@ Unmﬁﬁsoxgthar@f@&ﬂg%—iﬁ?@ﬁ@ﬂ&fm @efhoafﬁkq%}%%ﬁmo.‘ﬂ)-
Vs, ITtﬁta:txg.ldy?tllﬁé)ail@;ﬁ'optﬁ[gjiﬁ(édlgmfglﬁﬂﬂﬁfeﬁﬁﬁupme@ﬂ&rbﬁ@late 8g as
cru r.oduc rified by ash chromat ography on
evf'lﬂfj S(S’ﬁdwm?zhéw\é@%éﬁtf acetonitrile and finally ethyl
Séereh at e. The product was recrystallized from et hyl
acetate to give 0.50 g (75% of the title product 1l4a.

Wen 2 , 14aldbl4c Conppund 14a (0.50 g, 1 eq) was

ved_bn dry acetomtr\l’F\g,\(/SNO rH) foll owed by the
ition lf tert-butyl

il f an yI am-no)at-hy|,) pi pera
144 @ B03658RCT/ M' "ﬁ

2,3,4, .e 9, 10- oct ahydr o- pyr| i~do[ 1, 2- a] azepi ne
(DBU) (O 31 g, 2 eq). The sol ut A was heated at 50C
overnlght t hen evaporat ed under reduced pressure. The
resultlng!?@si due was stirred 8m a 0.1 Ncitric acid

& théél& B i PAR, 1 T608-LE YRS K $1- MR LR td tHx}lf{z 38 methyl-
el JLIERdtdey B

under vaduum’over n|

aaum)ﬁth@am@yaﬂamﬁm%)r b’l’lfﬁ d&béﬁqﬁ@Yéww@mmmrﬂ@lo[2 1-
ﬁﬁa@@ﬁhmn@r&ﬁ(yﬂ@ ABMESH Was ﬁdrfoﬁneﬂ TR Wil - the%cedure

ne- 1- car boxyl at e
A7 -67- (0.47 g,

ob t h
rﬁ?‘&?&é{’f B PR FoRrO T SO PPH BT P AL O DR hgf 10. The
obtaieddutsidue was Furthee HisesloadinHa€M, veishadhwith (Wadér, doedvet)

BRI, e (R 18,8 bk 1t %4 il

of tilp spmpoursl 8h;3u/2(1y60Y+ ¥ P) . 1.35-1.50 (brs, 1010H,
7and C(CH3)3), 1.70-1.85 (m 3H, Cl12(2x)),
550212 (m 5H, CH2 (3x)), 2.30-2.41 (m 4H CH2
12x)), 2.52-2.62 (m 2H, CH2), 2.77-2.90 (m 1H, CH),
3 3.2 (m 2H OR), 3.43-3.87 /(m 4H, CH2 (2x)),
3.8 (s:N3d, CH30), 3.92 (s, 31,4»4 3 4,16423(m
, $.58-5.69 (m 1H, CH2), 1d, J= 2.54

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 mmol). The resulting mixture was stirred at 100°C in a
microwave oven for 4 hours. The reaction mixture was then cooled down to room
temperature and concentrated. The residue was purified by column chromatography
using a gradient of methanol in dichloromethane (0 to 10%) to give 143 mg (26%) of
the title product (1aR,12bS)-1a-[(2-{2-[(aminosulfonyl)(methyl)amino]ethoxy}ethyl)
(methyl)carbamoyl]-8-cyclohexyl-11-methoxy-1,1a,2,12b-tetrahydrocyclopropald]
indolo[2,1-a][2]benzazepine-5-carboxylic acid 8i; m/z = 639 (M+H)".



CHaro.), 7.11 (dd, 1H, J= 2.67 and J= 8.59 Hz,
CHarom), 7.48 (d, 1H, J= 8.44 Hz, 15 CH.), 7.53 (d,

war10/gese® 61 Hz, CH ), 7.83 (s, 1H CH), 7.90PCUEP2)H/004942
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“addi tion of

J= 8.48 Hz, CHaro,,,), 8.09 (93-1H CH). 14c14d 20
Conpound 14c (0.41 g, 1 eq) was dissolved in dry
gi cm oronet hane (10 m ) under N2 foll owed by the

ion of trifluoroacetic acid (1.30 m, 30 eq). The
sol utli on was stirred at RT overnight. The sol vent was
th%)gwr\gqoved under reduced pressure and the crude
pebduct avas Stirred in diethyl et her.eﬁt@/&q{sul ting
crystals vverelltered of f and 25 dr\ig underyy
pressure to affford 0.31 79 of B title
14d;Ho : . 84 1 %"Egu 34 EhH
2010/ 0D v 2809/ 0049%F -68- Step A
Compound 149(0.31 g, 1 eq) was dissolved i
of tetrahyd rane: net hanol 5 (1:1), folld
0% NaOH water solution (1 ml).
solution w8 stirred at RT overni ght then8evaporated

r t Y1 6 9esdiaettii-fi 128-dihydro-

B B D R R e O E | Gop iRl 198y

1 tQ , d w &{1 gft h‘g

ek @rethampimingthipiminoethanaogethpraimtamsthaostysipropadl s
MedRo ! 1-gT2beRzazeside- 18123 Fpdene i 5)I5aliedde8fwaanstrformed
SV@)OI atte under r gduced%‘gr ﬁssggﬁe t Q obt zl N tge 1 usin

aloWing errsishmioceaurIePar oY the yathsSiRgl coppogst | vsing
ifefhediatC8Mastertl of Be,6Aelding. tp Ifrag 632% [idd|af aSvldpe ®lid; m/z = 621
239", 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 (s, 3 H) 3.22 (s, 3H) 3.4-3.7 (m, 6 H)
3.87 (s, 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) 7.44-7.55 (m, 2 H) 7.80 (d, J=8.39 Hz, 1 H) 9.4 (br. 5., 1 H).

Example 9 — synthesis of compound 9

I

\/N/\/O/\/N

O=S~-NH
0

S

NaOH

8e 9a

Enantiomer (4bS,5aR)-9-(tert-butoxycarbonyl)-12-cyclohexyl-3-methoxy-4b,5,5a,6-
tetrahydrobenzo[3,4]cyclopropa[5,6]azepino[ 1,2-a]indole-5a-carboxylic acid 9a was
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The synthesis of the title conmpound 14 is being

perfornmed follow ng the procedure 15 reported for the
weIno/besss of conpound 11, using internedi at e BEAREP2009/004942

i nstead of 11d. Exanple 15 --34ynthesis of conpound 15

15 13al5al5b Conpound 13a (0.20 g, 1 eq) was

obipesntVoriesh snfFpaatolonnedDe grocedive reeArie tgh Hhsgnthesi

obtorhpAathdBf, Sainkdronl tHb didterosisomer &Ding'ﬂeﬁfd of 8@ meacs020M+H) .
S to conpletion. DBU (0.10 m, 1.52 eq) and

i nosul furic diam de 15a (0.29 g, 2 eq) were then
added. Thegusolution was stirred at 60Q for 3 h, then
was evape{ ated undeyr reduced pressure. Wtric acid

ﬁér sofu ion (0.1 MN),cooled in ice, was addeg®to the

: ./The-resﬂdugl sol uti n‘%as extr.’:
mﬁth e acetate (3 & 50 nt). Thé’"- Y
organic
over so
reduced pressure to afford 0.21 g (62% of tti tle
product 15b; LCG-Ms: Rt: 5.63 nm, mz 750 [ MtHr. Step
2 1515b1%a The synt hesis of conpound 15c was 9b

performed follow ng the procedure reported for the
tegyhthygé pS 1 26 R)edupeahgxyl-11-methoxy-1a-(methyl {2-[2-(methylamino)ethoxy]

ey bhdAn oAt T &4 Q-multam&}ar&%wwpafd]%brb{z Lol 2 p&tAMpine-5-

met hyDar no]’sul

C%rs ﬁ%ﬁ;?%a was RFBRrGH @kg%ryielﬁéroﬁb% and 29”9 YiabEFENpr
etiafarhihe) foldaliag thelprocedire used for the preparation of compound 1¢; m/z =

azepi ne-la(211)-carboxylic acid (11c), 20 using
AGIFREG |

diate 15b instead of nethyl
SEep(3l[ 1244- (t ert - but oxycar bonyppi perazi n-1- yl] ethyl }
(et hyl ) am no] sul fonyl }
%hphanny;) 8-cycl ohexyl- 11- net hoxy- 1,12bd|hydrocyclopr
opa[ O aelglp[ 2,1 - a] BN
\q2]benza2rp|ne la(211) - car boxyl ate 11b?’\n¢z o/ 36

+. WD 2010/0036§&ECT/EP2009/0 4942 70_gStep 3

bhesrrsNQf the—titl®e c was

perf of | owi ng the procedure 5 regpEryey 4

synt hes'of conpound
8-cycl ohexXyl- 11- net hoxy-5- ({[ nmet hyl ( 2- pi pe in-1-ylet
hyDami no] sul fonyl | car banoy1) - 1, 12b- di hydro opr opa

[d] - indgyl[2,1 - a] [2]benzazepine-Ia(gg)-carboxylic
11d).,. di 15 tead of
S{"[“it 1@5?%6‘85&&@?&%3@? DB Sio3ane (10 mLhyes pdded

smﬁmmpamm@, 11.85 mmol). The resulting mrxture was stirred at 100°C in a
nﬁk‘ﬂoﬁ;\%@g o}vgr?fo*%?g?&ﬁ%s) T%e ?é(afb?% g&%t%lrel & asmcaooligci( Xown g‘o‘zr*%)odI hy
tc[nzr}d@s@tnmtbe@ m@cnaetzd_] Thecrgsiboscyias puraﬁ¢cbb3( ¢dloinn opreshatoggphy
ubig ﬁg%dr%ﬁmﬁaﬁo@m Jiehibkih&har¥f (048§ 0956 YRt PAPRHIIRO%) of
the title product tert-butyl(1aS,12bR)-1a-[(2-{2-[(aminosulfonyl)(methyl)amino]-
ethoxy}ethyl)(methyl) carbamoyl}-8-cyclohexyl-11-methoxy-1,1a,2,12b-tetrahydro-
cyclopropaldlindolo[2,1-a][2]benzazepine-5-carboxylate 9¢.



Step 4 15d15 15 The synthesis of the title conpound
15 was performed follow ng the procedure reported for

wa ta0/883asthesi s of compound PCT/EP2009/004942
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31- cycl ohexy1- 8- net hoxy- 22- nety1- 21-t hi al, 13, 20, 22, 25
- pent aazahept acyclo[ 23. 2. 2. 13 13 112, 15.
4,18.0"3,5. 06l idotriacont a-
0,12(31), 14(30), 15, 17- hept aene- 2, 19- di one
21,2]-di oxide 11, using internmedjafe 15d instead of

S(Eyngpexy - 11- et hoxy- 5- ({[ et W@&;pipgrazin-l-ylet
K p&mi N8>0, 2

sul f panoyl) -1, 12b- d|hydrocycloproo, [

, 1 -54] benzazepi ne-1la(21 | ifc &aci

yi el df B4a% yield) of a cr

[ MtH| NR 400 MHz, DNBC>d6) 8 ppm 1. 06 1.18(m 1

H 1.19 - ¢.31 (m 2H) 1,31 -
. 1.81 - 1.93 (m 1 H) .
H 2.53 - 321 (m 12H) 3.31 - 3.67 (m #4) 3.86 (s,
3H 4.33- 4.51(m 1H 4.99 - 5.16 (m 1 H 257.06
'rh% s%ﬂth@ﬂk of @I)Lﬂzﬁg) (éig(ngzfi&(Ql%ldd%ulfénﬂm%ﬂE@)aﬁﬂno ethoxy}

S5 i Derpamoylb e einlisot s TP bop d gl iireyclopropa
FApaqd16[2]6q] [2}5&&&8@&6-&%@&5@@6 adidl 8d wie ;ﬁrﬁﬁmﬁd followmg the

0
oS rep St e rfSarttiond gt Siprp AR ik HidehettteSe instead
opf 18, gizldimpd Esngi(A9%Held) 6fa bitopvrashdfokk) I—lln(zr56391(l\)fl+H)
@ﬁé 1 hour the reaction m xture was concentrat ed
reduced pressure, and subsequently diluted with
icg-cold water (150 nL). The pH of the resulting
s‘phllbgtleeﬂl/\\/a/s adjusted to 6 with dl\ly_réﬁ'\/ 0

THF

The synthesis of (1aS,12bR)-8-cyclohexyl-11-methoxy-16,22-dimethyl-1,12b-dihydro-
5,1a-(methanoiminothioiminoethanooxyethanoiminomethano)cyclopropald]indolo-
[2,1-a][2]benzazepine-13,23(2H)-dione 15,15-dioxide 9 was performed following the
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 (s, 3 H) 3.22 (s, 3H) 3.4-3.7 (m, 6 H) 3.87 (s, 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-
7.55 (m, 2 H) 7.80 (d, /=8.39 Hz, 1 H) 9.4 (br. s., 1 H).
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10 HC1. A precipitate was fornmed, which was coll ected
by filtration, washed with water and dried under
WO 20000659 gi ve 3. 179 (89% of 16b as a yel | oWwGIEP2009/004942
powder. The product was used36i t hout any further
purification in the next step; mz = 502 (MrH)+. Step
DI PEA, THF
nmol ) was added under

nitr to a stlrred solutlon of 16b (3.17 g, 6.32
'H (3.3 n, 3 eq) and
4 (N-met hyl et hanam ne) (3.34 g, 4 eq) in 60

L Cof dry THF. After 1 h, the reaction m xture was

c). The organic |ayer was 20 successively
4), filtered and evaporated. The residue
ated ijgp water, filtered and dried to give
4 05 g (quantitative yield) of the target conpound
; used directly in the next step: mz = 616 (M-H)+
2010/ 003;358PCT/ EP2009/ 004942

10a

To a solution of 5-tert-butyl 1a-methyl 8-cyclohexyl-11-methoxy-1,12b-dihydrocyclo-
propa[d]indolo[2,1-a][2]benzazepine-1a,5(2 H)-dicarboxylate 8a (2 g, 3.88 mmol) in
dichloromethane (25 mL) was added TFA (22.34 g, 194 mmol). The resulting mixture
was stirred at room temperature for 6 hours then concentrated to dryness. The residue
was successively dissolved in dichloromethane, washed with water, dried under
MgSO,, 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-

tetrahydrocyclopropald]indolo[2,1-a][2]benzazepine-5-carboxylic acid 10a as a white
powder; m/z 460 (M+H)".

Step2

10a 10b 10c

1,1’-Carbonyldiimidazole (0.847 g, 5.22 mmol) was added to a stirred solution of
8-cyclohexyl-11-methoxy-1a-(methoxycarbonyl)-1,1a,2,12b-tetrahydrocyclopropa[d]-
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 to room temperature. 7ert-butyl{4-[(amino-
sulfonyl)(methyl)amino]butyl}carbamate 10b (0.735 g, 2.61 mmol) was added
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-72- Step 3 16c16d A solution of 16c¢ (3.90g, 6.33
rnnmol ) and sul fam de (3.04g, 6 eq) in dioxane (100 nlL)

wWm2000/803688 | uxed at 100C overni ght. The reacti GrCTHERI009/@4942

was cool ed down to roomtenperdture, then evaporated
under vacuum The residue was redissolved in DCM

ARCELtY b afuRbartingle S & IR aaoha Ny s T tortpyesder
yi2dlogdys a50PQ el libarpixtaemnt vmsc:dulﬂd tQ @chm teswpkratureethith paititioned
tblaﬁvé%g)ﬂtlclﬁ+r)%ﬂ1\%ﬁsylmg e@%@er('f‘ﬁ'elw WS %t?&iedd w-ﬂiﬁugﬁo‘}oglethane

% to a so t 1 on &,
hemreanit Yayens wire Hried evestYiah@s (159 cangentrafedde dnﬁleSft die residue

Rz@e@‘iiuh@i@d w&b% a;l}%rggﬂa:gn ; ruat d}land%%eg%gﬁgﬁgggﬁh (13 1b&ate to
ﬂ 8@%\1\%% }Y)Wéﬁh“pﬂ'ﬁ‘? P‘iOQHCtH?etE}ﬁlr% ﬁgl{%g&%ﬁﬂhy (gr adi ent
Eﬁlﬂ)%@cirbo@l%@h@b&l'yl} Bndthylam@iolul®nPB carbamSy))-8Héydlstexyl-

T3 BBl desiuslios Rubamaiedolog et Bzepine- 1aar

Cartoaplated] Qerds dawhitefoamn; @z §23 M58Dmol ) was added to a
stirred solution of 16e 5 (3.05 ny, 4.39 nmmol ) in dry
A®P3(40 nL). The reaction mixture was stirred at 60C

for 1 h: conplete caaversion to the acyl |mdazole Oy -on
grved. The resu ’oR wa

i nt at e was ohsx

c%mﬁ down g wol\R i with 4 (300 i
DBU (1.34 g, ) added The reactlon m Xt ur e~
stirred overni ght “ roomtenperature t hen
concentrat ed under “weduced pressure. The resi due was
redi ssol vedigen 10 DCM washed with water, driedpd
filtered and concentrated. Purification by colum

o TR A NP R 0 B P AN T B o

p'mhvidﬁrhydnq&xzidc (673 g, M8minod), digdelwiiin (M0 (Mrl.). The resulting mixture

%gl &n‘%%gl %@egli%t%ﬂen( éd Jv%}) }ygaigljagld 11% t?%hzed with
aqgeq_lg S@é}lthJl_._I € gepu]qzlg mixpyre 2va$ gxtracgedwith ghchjoromethane,
'dhea %3er1191§€®4 tlgerﬂcl)}lcé’ntfh@ec( Ghe Jeslcﬁle%acséf-rlf%dlﬂ )CM

&h&%n%t%ra& hy fiag St ¢ 9t nptngpolin ot bssisti 655 2f6h6) of the
(tie pRoddict B-(QB{4¢ [tdterﬂbl&oya}&ai'ﬂimymaﬂrﬁno]blﬁﬁl}(methjzl)lﬂhmb] élﬁfonyl}

7. 70
sgSuF ifongal) ot flynlle o
wiﬁ]ma@pme ta(aH)-catbexyompidi hod a5a sgled,fro/rzr%)& (M+H)
fQl) #wi ng the procedure reported for the synthesis of
compound 16c, using N, N -dinmethyl but ane-1, 4-di am ne
i nstead of 2,2'-oxyQis(N nethylethanam ne), yielding ooy
259 (quarﬁ Jvieldy of a white solid; mz 6\05) [(MrH] . _q
O

2/\/\/’ HN
SWLH Olu Zi

TFA (2.5 g, 22 mmol) was added to a solution of 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 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)



The synthesis of the title conmpound 17b was perforned

follow ng the procedure reported for the synthesis of
wazimpoesas8 16d, usi ng conpound 17a instead of CrRIEBPRAGL/004942

16c, yielding 1 g (54% yiel dp8of a slightly yell ow

SO|Id mz 679 [M+H]. Step 3 17b17c The synthesis

e II conpo nd 17c per f foII t he
faafﬁ fruiﬁsayk }ER ﬂrapyk)ﬁec% ¥l s Ht?fdh %31%16@0.‘/010-
pt@h[d}uﬂ@lﬁ@@ e[ 2ABénzhAspliea th(2H)-cabpRylidacid d()e ¥ #THAgI m/z

6 q90(6296 yield) of a slightly brown solid; mz 623
WO 2010/ 003658PCT/ EP2009/ 004942 - 75- 17¢c17

_J@xésynthe5|s of the title conpound 17 was perforned
followi ng the procedure 5 reported for the synthesis
of conpound 16,oUsk ng conmpound 17c |n$%é\d of compound

16e, %ﬁelglng 70y (15%vyield) of @Jmhitw“~ol|d nm z
MR 409 VHz, DI\/BOdGQN - 1.20
N(m 1 ﬁ)“ 122 K 7P o(m T3 H) "1 88§ 40 -
5.47 (m 1§ 3. 2.83(m 1 H 209 (fh 4

H 3.56 - 3.72 () 1 H 3.89 (s, 3 H 3. 4.04 (m
5 1H 4.26 (d, J14.67 Hz, 1 H 4.86 (d, 09 Hz, 1
H 7.18 (dd, 10 J=8.61, 2.15 Hz, 1 H 7.22 (d, J=2.15
Hz, 1H) 746 10?57(m 2 H 780 7920(m 1 H
8.48 (s, 1 H 11.39 S.
Tearitineediselugion of mss@mﬂqhqe 169,(0. %%/&:t(h%@ ngnqi} mt(Hé TDVIF| (400 mL), at
0eo nw&*graddédilgm,a @nﬁgr Med rhabl) and {Bﬁﬂtﬂ €0 ég)@ beP.542 mmol) The
cedur e re e S es|s o
Rk S SREES S0 b O M RES & 180 S OTREURE o
10 12iheurdi The fabtigh mixtarevwhas theis shdceysivaly p@add jrive b iced hvasided
d 0
iﬁp 9%%21?%% (ﬁ%g %&Tie %\}'ecr’ @%@3@? ti]iiril nc% li%ed
The 2esidie(was purified byg® quc@@n‘(amgraph{y[)tozllegg (188 g{SBﬁ/o) of the title

p?ocﬁt%t 8- c§cl$ﬂex(3"ml 1 ]mé'ﬁlogy {6 ml_ci,)tl:f’yl7 l5lilmhh§d1'd)-5 %425 Hg s, 3

01
(lp)ethen(ggpn(l(ghlon§1nob§tap6)1n71ng)§;y%1§propa 1n171019é2 é'd’] [Zjbeglzgqepme-
15 1822 Hliore 4516 Wioxdd81@3s fiwvhitd sblid. 7HISMRI(DNIS®-4d) : H1.5 (s, 1H),

st 1) 8 650 75 6 158 3 0be e 7 e Bty P25, P e,

1ERARDS 6, 18D, By IhediHy, dH)cheburd6HS, 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, SH), 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




19 The synthesis of the title conpound 19 was
perfornmed follow ng the 5-step procedure reported for

wa aosesasshesi s of conpound 1, starting from PCT/EP2009/004942

10

15

20

25

i nternedi ate 10-tert-butyl 56=%et hyl
13- cycl ohexyl-3-fluoro-7Hindolo[2,1 -a]
%A bgnzazepl ne- 6, 10- di car boxyl ate 19a i nstead of
rt-butyl 6-nethyl
13- cycl ghexy1l- 3- met hoxy- 7H i ndol o[ 2, 1-
a] [ 2] bengazepi ne- 6, 10-di car boxyl ate 1 a, W»y\l gl ded
a\/\hlte SO|Id gz 595 [ MkH] . %r:bl;I)N (4

4. 11 329 L 59
607% r?‘&3l—|)1(8$>r-211(m

1. 537 H)

2.30 ( s. 3H)269-282(m101H)281 -2.98¢ )
(m 1 H 3.11 (s, 3H)346-358(m1|—|)359-379
(m 3,H) 3.90 - 4.08 (m 1,4 4.24 -4.38 (m 443
(dd \]1}6)1'473 1.27 Hz, 1 H'% 97 (d, J=14. 63 ﬂ’

? ]3 5 a%bcbny%i %ld%zoée}(d %“? g,ﬁS’% é%nolgwgg (}%d tc% glrrgd é(glu on of 8-
Ey¢lphexyd 1 (raethoyy-4 a-methpxswrb&nylhl 24, 2bfref(r@hydyes:yclmr0pa-
T@}ln(ﬂol('ipz Qa2 Hiaze]ﬁne SICa%Box]y@c lﬁéﬁrﬂiaemziq g, mtrhﬁl%ﬂﬁn THF

nt hesi s of the
b%ﬁ’gd 5%& eb’@P’F‘BPr?é G20V AR angous snéwélﬁn it slowed the
Rolucied wae hegpd bt P i 2tHoarsandtthestsolaf tmmﬁm@erﬁhture Tert-

S LSBT R0 e S 11 .0

[gZBQénmaDB masaddcdﬂ)llomddnydhc bdditibmbEDBOR(0.4f5¢.68022 nimol).
]1521&113%&% U(Sﬁﬂf gd %Jlilho ours7ﬁ SOgC[ "g[lezmixture] was cooled to room

X -

[tgpb@rﬁtzlaez@sn partigioned b@t@@m gighiaromethane andiwgics| Thegvatgowas
@tr@éte@w‘i‘tﬁ'cﬁ&ﬂ&%ﬂe%an@faﬁd@@o MiiElldy eﬂs"bv%rfeﬂ%@ef\’b%so‘; then
CHLOROFOR 1

ﬁpcegltrlaﬁedfo ggynesg K}gl]i r?q%ﬁlueswislgur&t{egk)y(@% oinaéqgrap y using
HiQBorometlBinthn® ehil {tatStdHick G183 Q(d68%)=dﬂt(ljl6 Jitlelzombobiid methyl

3.43 , 25 J=15.02

ﬁzg{?&z-[f-(’gf’é’%%xyga@ %%?‘p?(“%ﬂ‘ 65 (d, J S Hz, 1 H)
31Jethyl} Breg® amind]selfonyV30agensyy0BS6 56 PEmyER2 606thoxyH9 A2b-

dzlz?fdr&)?%pro a{‘ ir(d@lo[é aﬁ2}%§ﬁ£&%§pil&§}§(%§z§6c@%oi%laffg %flbsgs"’a white
(fﬁ%mzm#@%ﬂ J839 6.05 Hz, 1 H) 7.64 (s, 1 H

B (d, J839Hz 1 H 7.91 (d, J=8.39 Hz, 1 H
10.09 (br. s., 1 H) Exan'ple 21 - synthesis of conpound

21 5 C 21 o d O\-OH
N(\ N/\/\ ? LiOHH20 OYN(\)N /\/\N\so

L)~
kS 5

11b 11c
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
temperature overnight then diluted with water and neutralized with a 2M HCI aqueous
solution. The resulting mixture was extracted with dichloromethane, dried over MgSOy4
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-({[{2-[4-(tert-
butoxycarbonyl)piperazin-1-yl]ethyl } (methyl)amino]sulfonyl} carbamoyl)-
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The synthesis of the title conmpound 21 was perforned

follow ng the 5-step procedure reported for the
woeynbessss of conpound 1, starting frominter neci/ER®09/004942

10-tert-butyl 6-nethyl -60-

3-chl oro-13-cycl ohexyl-7Hindolo[ 2,1 - a]

S P e i SR B G p A ISt P B Toernzasepine-
14@ 0 \catborghy Acid-1Tetab axyhitéRoliddalz050,(M+HP a]

S| 2!}3enzazepi ne- 6, 10- di carboxyl ate | a, and yielding 270
f awhite solid; nfz 611 [I\/H-H] 1H NVR (400 MHz,

-1.22(m 1 H 1.31 /.’L:LZ

(163) 2 H 1.81-2.09 (m @&
g%o“vz’.eigoﬂ 1/H 3700 (s, ™3 H 3)
/\[°H)319- °1H)346-3.88(m6H)
(d, J=14.87 Hz, 1 H 5.12 (d, J=13.11 Hz,

6.97 (s, 1 H (d, J=7.83 Hz, 1 H 7.58 - 7. ;
153 H) 7.94¢(d, 3861Hz 1 H 836 (s, 1 Hi11d. 39

(br. s., 1 H Exanple 22- synthesis of conpound 22 The
T§M1tfh45g,sl2o7f minid) was hddeddopsaktionr 2f waenpdidtol hed.38 g,

0]¢5@l7I ﬂgn tdpﬁlo?oﬁ‘k&lglap gﬂﬁ'ﬁﬂ?‘ e r@ﬁﬁ’ﬁﬁgeﬁiu{tﬁfe Wistirred at RT for
sy nt SI'S 0

amromﬁﬁlﬁépﬂmuhg&aﬁ aeartign ayag ﬁheﬁ@vmormsitt@ dgyngps and the residue

V\?as %unﬁéd’ By sél%ﬂmémaﬂnsfogadpﬁmu@l dhdhl&bﬁfetﬁéne and mekendE® afford

ite, sol H.NVR .(40
o Raet A oy S gty -5-6 etirl O Dt 108l
eﬂly%(rmomﬂﬁi)nyll}o&ﬂoamoal)lﬁlZbrdlhﬂ?ﬂi)oc?cléﬁr@a[d]ﬁdbbo[zl52[231—3
beg@%%%ﬁ%”la&ﬁ%%aé%adﬁ“ﬁsﬁﬁ%o@ % 3z 650 o 3 3
Step4 J=14.28 Hz, 1 H) 5.14 (d, J=14.48 H, 1H) 6.81
(s. 1 H 6.90,(8" 1 H 257.06 (dd, J=8.61, 2.15 Hzy 1
, 12 Hz, 1 H) 7.50 (d, J=8.6L &, 4 Mo

synt hesi s of cgnapound 23 23 The synthesis f
title corrpoun was perfornmed follow ng the 5-step
procedure reported for the synthesis of conpound 1
using NI, N2-di net hyl -N1-(2- 5

(et hyl am no) etﬂﬂ ) et hane- 1, 2-di am ne instead of

15 SO SRSl 119 (B e SR 7arhabrniR DYRG! 1‘58 mL), a

OREzweled@edl i-isBproppi dthPldmik, (0J148.¢3 1. 1HAMol) ddd HADE ©0.211 g,

0%5%%11{%13]) %R@%&:ﬁ&l&ﬁl}é n_)le?_léré %v gg?lrrgdzett')&é 1801 %10&6 t¥1§ %g}:t # room
tgnpgratpre for 120heprs. (The reaqtjonamiggire was ggan(sn?cegswglyg)og@d_mto an
ided Wt sélufibn %}Qﬂacfeg%vlghr’dlgﬂl‘or&néﬂa& dried o?’er@@%{ﬁsm a2

cgl)n@trg‘gd,_ghe Iegtguefvésﬂ_purlfyedégflmmlz ;Emmagygr'(lghy usingg c’hchloro-
nYetHaﬁle(/ GnetHaitdl Z2yidd 0.0184 (18% of the thkScddbddad 31-dyklohex{l-8-

8.50 (m 1-
g g Al ial: Rﬁngag'%%}r?ﬁé&xabm as
[Re2 2o et ol i g hotdacontpt.pl0da@ind 4 M) d5t 1deheptaene-
2|t fr?eg?%{rgg P,g? 'ecﬁoﬂtie 2902 Whke $8tid; ShAdshE-fPm
10- (tertbut oxycarbonyl)-2-chl oro- 13- cycl ohexyl- 7H i ndo
| o[ 2, 1-a] [ 2] benzazepi ne- 6-carboxylic acid 24b instead
of
10-(tert-but oxycarbonyl)-13-cycl ohexyl- 3-nmet hoxy- 5- net
hyl 7H i ndol o[ 2, 1- a] [ 2] benzazepi ne- 6- car boxylic acid
16b, and yielded 0.25 g of a white 20 solid; mz 595
[MFH t 1H NMR (400 MHz, Chloroformd) 8 ppm1.25 - 1.5

1
(m 4H 1.5- 1.8 (m 41-1) 1.9 - 2.1 (m 4 H 1.8
(s., 3H 2.8-2.13 (m 3 H 2.5 - 2.6(m 2 H 3.2 (s,
3H 3.6 (br. s., 1 H 4.1 (br. s., 111)4.45 (d, J=15
Hz, 1 H 5 (d, J=15Hz,1H)6.6(s,1H)725(d

J=8.4 Hz, 1 H) 7.4 (dd, J=8.5, J=2.5 Hz, 1 H 7.5-7.6
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WO 2010/ 003658PCT/ EP2009/ 004942 -79- Exanple 25 -
synt hesi s of conpound 25 25 The synthesis of the

wotiotd/@3esnmpound 25 was perforned fol |l owi ng t heCI/ERe)/004942

procedure reported for the syfthesis of compound 10,
starting frominternedi ate 10-tert-butyl 56-nethyl

3-cycl ghexyl- 3:- net hoxy- 7H- i ndol o[ 2, 1 -a]
é—ﬁ%ﬁ@éﬁ%&—’é@—@ﬁ@—mﬁ%&% xyl ate la instead of
5- -but yl, I a-net hyl

%

1- 11- met hoxy- 1, 12bdi hydr ocycl opr opa[ d] i ndol

L_I -a] 2 benzazepl ne- la, 5(2H) - di car boxyl at e 8a,
andyy ng of a white solid; mz 577 MtHr. 1H
NIVRO ( 401 O-d6) 6 ppm1.03 - 1.19 (m 1 H 1.25
- 1.49 ( H)149-229(m 10 H 2.67 - 2.82 (m
101 H 2.84- 3.02 (m 1I—I)305-3.24(m 1 H 3.48

- 3.72 (m 5 H 3.86 (s, 3 H 4. 42 (d, J=14.67 Hz, 1 H)
Stepd (d, 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, J=P88 Hz, 1H)
7.55 (d, JEB.41 Hz, 1 H) 7.75 - 7920(m 1 IH
8.4P (m A 11.27 (br. s., 1 H &x4np

e Sy —cgfmpound 26, WO

se) of I'b, 410 my (1.1 eq) of 26@a,) 710 ny
(1.5 eq) HATU and 0.65 nL (3 eq) of

di i sopropylethyl amne in dry DVF (10 niL) S stirred
at RT durif8 I'b. The RMwas then diluted W3h water

é}%%h SO dﬁl cﬁ lfl }eh%t}’le %\éltl&i% éggiq[l)l%;zﬂ Y\Pﬁemog(gl qr?ﬂ) & Bgfdrocyclo-

omp@hﬁmdgl%bh;alfsﬂbmmn@w%ﬂ hexaate 8898 gt 3-8§immol) in
almgﬁlbﬁl%é gaes IML?WAS Qcﬁdefdftﬁ“ﬂﬁ&%awfé &E@qmﬂ 6% 609438m81). The

ye c To a
gwlmgdwxafre wag @m(r&d awomqeeapewurz 8o Gheirs ﬁream?eimtrated to
(dBmees. The Zesidble Wak s!ﬂlwesEﬂVEly(dli&some)i indschbsiomethans iwdashed with

8‘%%{ G it Mt B0 o apvasalofel Tl 5 W PUFTed by

oolyani chromytepraphy usiag kéchlevotriethane aed ethyl attabe es eluent to yield

r esélﬁﬁ)ﬁmfﬁféé Iigé grodfu'h! §1§§c§ f AL FRGROLY . @ﬂetpﬁkﬁ%arbonyl)
drciiRtoghahriroqsianiapal Aok, bal Iz pinksorarbssylispcid 122
faQa%h\h% p%wZin I/ A@tovighyd) of 26¢c as a yell ow powder;
: tep 3 6c26d 20 A mixture of 26¢
O 7 g, 1 23 mol e) and sulfamde (0.35 g, 3 eq) in
] ne (15 nL) was refluxed until conpletion (-7h).

The RM wag then concentrated under vacuo and the
resoldue @s triturated in DCM . The rel,’tlng
pe-dcipiy aje of syl f Kxideedcn €xegss was _kjltered of f.
The lodgari o aye%cmﬁw ek rﬁ i fied by
omat ogr aphy (el uant: BCM ©H 1% to

flash ch
gi ve 7

12a 12b 12c

ng (95 %yield) of the deS|r product

To a solution of intermediate 12a (1.73 g, 3.76 mmol) in THF (25 mL) at 0°C were
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
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25 26d as a light yellow powder; mz 665 [MtH . WO
2010/ 003658PCT/ EP2009/ 004942 -81- Step 4 26d26e A

wOosmwie0d36s8 of 26d (0.72 g, 1.086 nmmole) in 10 MACTHP2bIOI004942
in isopropanol and 5 nL of 56BEM was stirred at RT for
3h. The RM was then concentrated under vacuo, and the

resi dye s friturated in_diethy ther. The resultin
V\Eﬂsé’élrlgﬁf‘g?éob&é%ﬂ %FP@@IO@&WPSI@?@@%@W@H@ ethyhgeetate to
yikld 600 nip @3Y9)ftlie D¥Eprodu@mutayits-{ FallylietboDarfitho(hlfumyl} -

oYt 3 G RSB 805 S BBl -
b@@z@gpme-IQQZEﬂmmb@ylaQNZCDWz(SGZZDBP@ 1.3 eq) in
%mtrlle (10 nm.) was heated at 60C until conplete

tion of the acyl imdazole internediate (-1h).
The RM was t(l;en/ diluted with 20 nL of acetonitrile &nd,
/DBU (0.296 9,¥2 eq) 15 was added at RT.; The RM was
@_tllr,oreml at RF<{ntil conpletion, then was— &S

ek 4+ edi ssol ¥&4*$n water and aderiy

ptPl pH 2. The resulting precip
was flltere of f, washed with water, and purified
flash chro graphy (eluant: DCMto DCM MeOH 5%
give 0.315 g (55%yield) of the desired product 26 as
a slightlyellow powder; mz 591 [ MH . 1H N¥R3(400
MHz, 20 DMSO-d6) .5 ppm 1.07 - 2.09 (m 16 H) 2.71 -

7 zsébllﬁt'iﬁn df iferRe&idte(Rc (6. 5? 0349 ern A& }fFWfOQmEB was elcﬁied
hl—b“uglzl@ﬁﬁ?’ﬂde 33, 3ol ipguater {3t 057% FeSh{mg g s
stirréd 4éropm tethpehature DA efndight Jhedh. diRitddzwith wdter Aan8 @eGttlalized with a
2 B spfous poldhipft, £ ity Bl Rap eyl B dishlpgmettane
drigd ovenddigdOa then conggmitattasks iThe ofsublimgpesidue ¥7s purifiged Greqgumn
chmmﬁggraphy using CH,Cl, and methanol to yield 0.4 g (75%) of the title product
5-({[allyl(methyl)amino]sulfonyl}carbamoyl)-8-cyclohexyl-11-methoxy-1, 12b-
dihydrocyclopropa[d]indolo[2,1-a][2]benzazepine-1a(2 H)-carboxylic acid 12d as a
white solid; m/z 578 (M+H)"

Step 4 .
OH Z
QN/ o o % k 0, “\/\/
N / = N/\'(l) f
O / O ¢ * \\/\NHZ - = Ol/S\H O O O/
© O
12d ‘ 12¢

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
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 MgSOy, filtered and concentrated. The resulting residue was purified by
column chromatography with dichloromethane and ethyl acetate to yield 70 mg (32%)
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The synthesis of the title conmpound 27 was perforned
follow ng the 5-step procedure reported for the

W@ ynvienss of conmpound 26, starting frominter PEHERL089/004942

10- (tert- 5 butoxycarbonyl) - 268hl or o- 13
-cycl ohexyl-7Hindo lo [2,1 -a] [2]

DA Ss PARHL Bh eI RS en 518 cyloheny-

-Iahétbryy-THRbrtilgtdvody2]abrepadd/lindolo[2,1-a][2]benzazepine-1a,5(2 H)-
e tc acid |Ib, and yielded 85 ny
[gféag&%“ %e\?viiskof&é%ﬁnm%ga [M+Hr 1H NMVR (400 MHz,

&%m? of ormd) 8 ppm 1.21 - 5(m 10 H 1.75 - 1.8
(m2H)19-21(m4H) (br. s., 1 H 3 Ho o
(s, 3H)31-32 36(m21QNH)/O>{t‘2\3”
_/&J15281 Hz J1528 SE H)

4 pso 1 HH5-7. 6+(m 3 (d 3—8—5»H2*” )

78“(8 » o\ (d, 7.69 (s, 1 Hp & ©

(br. 8., pl e 28- yﬁ_ﬁe s of conpound 28
15 The syntl s of the title conpound 28 was

performed fel¥ow ng the 5-step procedure reported for
the synt hesjsg of conpound 10, starting from 12

internediate 10-tert-butyl 6-nethyl
Ws&ﬁﬁ&&@?ﬁénﬁdﬁ&t fﬂgﬂ'ﬁ 1n3d1éﬂloroethane 50 mL) was

oy e AR e AR A

d0Jog ahig @mzcrnmna&zd;] adﬂd@lﬁ{e&zﬂulﬁﬂxg flikerewaewarmeedlia, 70CC and kept

i R T ARG TRy R Mos WERoled oy o tempgergpe and the
|snbfleeawas)1fenm(md amdnlowuylm The mhyigstalrlf tasidiie WeBlpurifind by
%bﬁz{ﬂi’?&)ré r%;hgttﬂﬁlﬁ?@h/f & aﬁ%déée{atezt% gl@g s 9%316%) of the title

Eprq_d}lc( - cyplq]q,exxl y_grr(eglony@ Bsthsg-1, lgb%-.qslhg_(ﬁ'gé Ya(methaniggnothio-

H&uné’p 2}bn81%11nodaet5&nd U}lcléeri)a[li]lﬁaologz BL][0M®enkszebine-

i Bl i OB b LT

J=14.48 Hz, 1 H 4.52 - 472(m 1 H 501 (d, J=14.48
6. ha(s, 1 H 7.05 (d, J=8.41

Mﬁdﬁ%@@‘ﬁ&%@ 1 H 7.63 (d, J=8.22 Hz,

7.77+7.99 (m 2 H 9.42 (br. s., 1 H W

200/ Q ."'»" / EP2009/ 004942 -83- Exanple 29-

synﬂ‘?esn s ofsconpound 10b YH2 01=0 J N O 10b A mixture
2 4 (net hyl am no) butyl carbamate (4 g,

eb sul furic diamde (7.6 g, 4 eq) in

di oxane (1 nm.) was heated at 100C in a mcrowave 5

oven duri nO m nytes. The RM was then concentrated

i n vacuo, and DCM wads added. The resulting white

Btecipitate of sulfuric diamde in excess was filtered

off, and the filtrate was successigeIO\L washed with

di | ut ed Od hen bri ne, dri ed over Jnagnesi um sul f at e,

filtered concenttF Triturafion in diisopropyl

3.55 gt (64% %A e ) rt/hbutyl

sfoy Dang,5o) but yl cir bameté 10b as a 10

white sol mz 282 [ MtH] . Exanpl 0- synthesis of

compound 26a

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

4- (me

10-tert-butyl ester 6-methyl ester 1a (1 g, 1 eq) was dissolved in dry dichloromethane
under N, followed by the addition of trifluoroacetic acid (TFA) (8.88 ml, 60 eq). The
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Step 1 DIPEA, DCM O N.H -0" 'O H2NN 15
30a30b30c To a solution of tert-butyl
wG2animsspent yl car bamate 30a (20 g, 99 nmol es) BEMER2009/004942
ni trobenzene-1 -sul fonyl chl-644i de 30b (23 g, 1.05 eq)
in DCM (200 nmL) was added dropw se diisopropyl ethyl

m.ne (19,2 ), at OC. After stirring at RT
‘g%?fh}”@ﬁ §“rf?<ﬂ% %/fsqx&g hy J@e SQYPRiEN3S thew Frago vf imdegfeduced
pRgsieeUFhes@hdd produdfwaittifurste@oiith, diéthghethér. MBe cStallr wad filtered

o 5% SFRT bier ot spriay 1o sEREnERAs PRRREEL B Ehmentos

3y1'1<ﬁh0b)y -0H- lteazd)[3bl]a§pk)1rfm{( 2-alindole-6,10-dicarboxylic acid 6-methyl ester

d 80c as a white
L e e - R S b R BT Er2000/ 004942
_1%42- Step 2 30c30d To a m xture of tert-butyl
i chhenyI sul f onam do) pentyl car banate 30c (32, 61
Dl es) and potassi um car bonate (13 96 g, 1
tone (300 m.) ¢ 1as aRddeanret hyI jode (5.
s After>st stlrrﬂmzng atouRT overh(\ N

d and the RMwas stirred at RT until
conpletion. The RMwas then diluted with water and
extrqg;ed wi th DCM Iﬂe organic layer was sep @t ed,
wash with brine, c} fTed over magnesi um sul f ate,

1% :(?}Ié:ggl?g{)la?-ﬂg ? %?%Z%@%iepggé [tl lﬁz @%%ﬁne b1 g)dlcafrboxyhc acid
tl@@hy]tﬂ;feﬂna (. 86 g, 1eq), N-methyl-N-all -sulfuric dlam1de 12b (0.67 g,

2@3(&1} et (ythy Bmid)medly Rimg)- M,Aﬁmamh Hﬁ'@;ﬁﬁkéﬂ' TaAlhanat e

grocl?lorlge %&B (? ql4| gq 3. O[g ezq) (% dLnet 1- pyr1d1n 4-yl-amine (DMAP)
(0.67 g, 3.04 eq) were dissolved in dry dimethylformamide (20 ml) under Nj. The
solution was stirred at RT for 3 days. This solution was slowly added into ice water.
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
(m, 3H, CH; (2x)), 1.62-1.78 (m, 2H, CH5), 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, CH;0), 3.90-3.98 (m, 2H, CH,), 4.21 (d, 1H, J= 12.97 Hz, CH,), 5.21 (d, 1H, J=
10.15 Hz, CH>), 5.31 (d, 1H, J=17.13 Hz, CH), 5.61 (d, 1H, J=13.12 Hz, CH,), 5.78-
5.90 (m, 1H, CHarom), 7.25 (dd, 1H, J=2.50 and J= 8.60 Hz, CHarom), 7.32-7.35 (m, 1H,
CHarom), 7.54 (d, 1H, J= 8.60 Hz, CHgyom), 7.61 (d, 1H, J= 8.45 Hz, CHgyom), 7.88 (d,
1H, J=9.01 Hz, CHgwom), 7.91 (s, 1H, CH), 8.31-8.34 (brs, 1H, NHSO5).

LiOH-H20
e

THF-MeOH




10

15

20

25

Step 3 15 30d26a A solution of tert-butyl
5- (N- net hyl - 2- ni t rophenyl sul f onam do) pent yl car bamat e

waBdo(BesH g, 79 mmol es) and trifluoro aceti c BCI/EP2009/004942

(29.2 nL, 5 eq) in DCM (300 nmfP-was stirred at RT
until conpletion 16 h). The RM was then concentrated

Lhroard $58 sl DALY B tistourielih ARE0ES oflq3hS gotgnemethanl

{(1:3RE0, mbhfotlobred by, theladdidorouta Litig sekitiomis watea (@09 g, 2 eq). The

f

{ﬂ#lgﬁ @\%F @lnlge(f 826%&%&1{ Qt}l@ﬁ g%r;rslre#/éa %H @aéjs O'Phe% &lgén?ss&gfeQHgﬁ
Rvg®rated nogesneduryed Reassurg Rog thy wtsbl@mre\ﬁ@%aﬂldlﬁﬂd\ miithea 3 N HCL
%@1@;@% uﬁuﬁm Qh*l‘hé/ re)éﬁftlhg\ﬁ’ry?sﬁhé afere?ﬁl?erg@gfﬂ %éﬂred valtRARlef and

synt hesi s of conpound 28a 0
,‘SEQEPP hopansy MWW%@WM@?&%@O 44§t @6‘%3 of the title
9?odﬂbl213c L8-M5: NRtB@4cRin. k962 [M3HF31b A m xture of

%‘e -butyl 4-am nobutyl (mat hyl ) carbamat e 31la (287 ng,
mmol e), 5 acetone (75 ng, 1.29 nmole) and sodi um
triacetoxybo ghydride (383 ng, 1.8 mmole) was stirred o
undero nbtrog\at RT untll corrpl The RM was t hen
116 diluted w td a _LLI’_aEEiS dium &o
bi calr bbn 2 @ g sol ut| on" and et ract ed wi't hif et
(2 tinmes). The organic Iayers wer e conbi ned, dried
over nagnesi sulfate, filtered and concentrated to
give 200 ng (63%yield) of the desired product
tert-butyl 18¢ 10 13d
&;sopropyl am no) but yl ( iw) carbamat e 31b, used
ompeund 3¢ (hdd gply Pﬂ)r%ialtl (Ot 7 thd - e Wege dissolyed ipas

[ditéthy 1 fSin@nide under N», followed by the addition of DIPEA (0.15 g, 0.20 ml,
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

crystals were filtered off, washed with water and dried 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
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 extra 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
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+H]".
'H-NMR (DMSO) & (ppm) 1.05-1.21 (m, 1H, CH,), 1.30-1.48 (m, 3H, CH, (2x)),
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H2N, H2N / NH2N, S=0 31b28a 15 A m xture of tert-butyl
4- (i sopropyl am no) butyl (et hyl ) carbamate 31b (3. 38 g,

wdaneoosesd es) and sul furic diamde (3.99 g, 3 BEUYEP2009/004942

di oxane (10 nlL) was heated aH6410C in a m crowave oven
duri ng 60 m nut es The RM vvas then concentrated in
acuo resul tin

b
1 6Beb T (etld. Ghlol HRRal. P i L Gk o ER EMyRIL, GHly (230)3-65-
26§0f (m, apK] Othend CHEN;IUESG'\@% 2EIoke @ BI0HA CH,Y, 386997 (biveSH, CH,

s EFHGHT, ABRP B dipudtir 300 T g PEIRCHp (o, 118,

19i161Hb), Gi,) 1 h88-A88i (me d Hp CHL6.53 (i, KIHQ)()LH) 7.18-7.28 (m, 2H, CHarom

[ ) (s O) ULy e
Coph PRI T, EFITL, T QU R Vg RS
CHam). 792-7-84 82 BHANH) .29 5. dH., Cé’l’)tgléﬂltsﬂz (brs, lH H)

2- brom) 3 cycl ohexyl 1H-| ndoI e- 6- carboxyl ate 32a (5 g,
Exe POl POYNG 48 as described in US
2007270 06 Al), p| nacol borane (5.75 n, 3 eq) and
t,rlm«elv | avape (7.35 n, 4 eq) in THF (50 nm.) was
cz;;m,.redﬁt RT during 3 h. Palladiumacetate (90 ng,

) And\bi phenyl - 2- yl di cycl ohexyl phosphi ne (556

\]

my P 0 Br ¢ t hen added and the RM was heat ed at
80C du e reaction m xture was then all owed
to cool to RT and poured in a solution of watered
10 N1-L4Ci~then eddracted with ethyl acetate. The

§gqg_1€mi c layers were dried over magnesium sul fate,

ered and concentrated. The residue was ur|f| ed by
col umm [
aget at e

hept ane tplg; e 3.5¢g (70 i of the
uct tef; (L but
& (4,4,5,5- tetrdﬁ*ethyL—Jl
| an- 2-y1) - 1H i ndol e- 6- car boxyl ate )32b; m z
: 32b32c32d To a mixture of tek-p3
3-cycl ohexyl-2-(4,4,5,5-tetranet hyl-1, 3, 2- di oxaborol an
2-y1)13aH i ndol e- 6-carboxylate 32b (2.77 #4a 6.5 mmmol es)

1§r}€yc¥ol¥é%$§ (Aieéhcr%@ ?h‘b%?(g[g Wg@eﬂﬁ%{f? ﬁﬁ&ol(f:% ﬁ?dﬁarb%x%lc acid

6da¢ubwh@teé 13a @76(13& 13eqgyasidissplyied in @m5acntopltml¢e(50 ml) under N,
fS18 W d byde BHATK TGRS V&ﬁﬁnﬁ&‘&@l fllymﬂan%é tCD[)t QO%? Abq)RThe
ur.ing 10 .m putes, rt51 s(gltlon | a
splyfipn pyas stifre ﬂmugﬁh%ﬁ% S w5 then Ggporajadaindey reduced
pmSun’e agﬂ et @atde poddeyrwagputified é)'fllmsﬁhktdn’iﬁoghaﬁ"n}t dsreers]lunon with
ta oure 1.
PRt Ao BRA Ry sl 1RO Rfoel Byt ReRlnat i Trom ety
ab@tyterts gereS(bg(r’bﬁ%)sdfthdrtntleqerﬂmt 14@804 filtered and

concentrated. The residue was recrystallized from
sopropyl ether / heptane to give 2 g (73% yi el d)

of the degjibed producintert-butyl o
3-cycl ohexly1- 2- (4- f | uarOmm e 0w 0
2-f or 1)-1H i ndol éaﬁ6 ca,g@oxyl gte/éd as a white
SO T2 g 111
[ j ACN N’é’S\N N
N J< HO H 0/
02\0
14a 14b 14¢

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

W®@B20a9/0036Fexy 1- 2- (4-f | uor o- 2- f or nyl pheny1) - 1H i UGER2069/004942
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5 carboxylate 32d (2 g, 4.75 vl es), cesium carbonate
(1.85 g, 1.2 eq) and rrethyl

Gt B0 R REEAS RS0y arfadihild 0BU)

ﬂh BI ge2le@t ThOSOIdtion ngs Bedred a'thii) C&a{etmgilt thien evaporated under
lreh uﬁ%(f‘ %regs\{\ﬁg ”Ith% rg&?{lré%%%ﬁtu% Qvea% EP?S hay U{Fﬁc a8l %a%{' solution.

nd extrac ] ate, e org
Tay erystadswetedtiteted off and éneql/gs@x vagyum evergighdl he product was

ﬁ@({‘f>§ adl c_ﬁp@mﬁtgéfa H oi’i@ﬁltljog vpiﬁf Hlfchl%gorﬂé‘th% tW'fE’move the

omat ogra y _usi ng anes
élrsiémnwgw BBy pbtingsl HRBoRAPIeGUoss (9GEBET. 1his product was
Feee plrifed ¥y ﬂ@sl{fﬁirbhh'atography on elution with dichloromethane:methanol

%%%%??&53%%%@0@ &8P B B P B rTed®l 190 LA Rt f-59 min.

Exand6 PM3BH]:. ' HyNMREBCh) S¢ppmpun-1206(n, 1,CHA51.36dp50 (brs,

A
308, G e EREnR) 0. REL 45 o8 ony b9y [P0 B2m P o 0
Ar3P-261 (ot 4G He 630).2252-268 (M. PHu kdib) 201 13- 8§ ém., WHs CH), 3.13-
%dﬂe(% Mzmmﬁglgm,p 4eITicde, ©R))23 85 3¢t |¢%0)19 ons, 3H,

rﬁ? h |
Féisﬂ)xﬂéf‘ 28 Gbult Cliich ShEFn o e 205 Blebe st 1
Ve, J-h2167aaaUed. SMp, CH,RY, 7.8 (d, 81, US4 saHz,

AP S R i e

dlm(:?éhkﬁ)aﬂm(snlla@maam bath for 1 h at which point

t he organic sol vents had been renoved and the crude

rﬁfjm}.lct had precipitated. The reaction m xture was
noextract ed with ethyl 5 acetate, dried over MgSO4
entrated. Tago(esidue was purified by colum
chrorrm aghy, usi ng hept ane and di chl or’ﬂ;gt hane to
glve48%L of the d&sired pr
1-(2- brom) @o hanon@:&3b as™a pl ng?

14c 14d

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
dried under reduced pressure to afford 0.31 g (87%) of the title product 14d; LC-MS:
RT. 3.81 min., m/z 634 [M-H]".



10

15

32b33b33c The title product tert-butyl

2-(2-acetyl -4-fl uorophenyl) - 3-cycl ohexyl - 1H i ndol e- 6-
wazniyoosgssat e 33c was synt hesi zed fol | ow ng t hePCT/EP2009/004942

procedure reported for the s¥Bthesis of tert-butyl

3-cycl ohexyl-2- (4-fluoro-2-fornyl phenyl)-1Hi ndol e-6-c

Sar boxyl ate 32d, 15 using

EP(D - br onp- 5- f | uor ophenyl ) et hanone 33b i nstead of

2-br ono- 5- quorob nzal dehyde 320 and was obtained in
HQO/ yield as a whj ® solid. | 436[ Step 3 o oH

2 c2PagThe titke produ3?° Hrt - h2\6 met hy!|

13- cygEPReEXy 3 oy 0- 5- rrﬁa,lgFtaqgﬂH ndoI o[ 2, 12 - g

[ 2] ber‘i‘_f’aEep fi€ar boxyl ate 20a was SYEINNES y

10-tert-butyl 5
13- cycl ohexyl-3-Tl uoro7Hindol o[ 2,1 -a]
[ 2] benzazgpijne- 6, 10- di carboxyl ate 19a, using ;4

tert-butyl 3(2 acetyl -

O%%ofuhél' 94 g@@msgli eq) G«x&hie&ﬁmnlah'mx@d@loﬁéraﬁ%%%xh@h%thanol

33C Inhstea
(51hfellomedy the. a@ﬁﬁm&fﬁ@ﬂ%@%ﬂga eplytign gDy b solgtien was
stfrEd AR Bloferndeht titgmcvapsradtuaderaddidedIpkdositet THe agited layer was

BT a3 aSL Fotirtyadid with eyl agetats. (7 x 50 mi). The

celylbhieds'thyl atetatepeunweldied ovhesdiiwnsulfatd ofikered off and

eIl Liferdedesi o o feosti e oL égfﬁmgﬁﬂz@uﬂ t4e 233 ygllow
paviden (Oaue, d@pa@sL MSaRbGHaf mir 4n2©23, MY mml) wer e
di ssol ved in 100nL of 1, 2-di nmethoxyet hane (80
water (20 m) 4/1 and t he obtai ned sol ution was
flushed thoroughly with argon. Then
M(t ri phenyl phagsphi ne) pal | adi HWJ@
64,9, 0.661[mml) was addeg-rand
hea ditd 6 C/unger ang@m.pdurl%% eacti on was
then M ﬂut , i
sat. aq. Na dri ed (brlne sulfate
evapor at ed. Tresi due was stri pped h Dl PE and
stirred and soficated in heptane with a few nL DI PE
added Thd4¢olid was filtered off al#l dried to afford
(86% yield) of the desired product tert-butyl
Tilg synt esis o the title compound 14 1s being pertormed following the procedure

répotted bt the Qyrthésis 6F¢dmsond )11 Susive imddimediatd Hid vdrh@ of11d.
arboxyl ate 34b; nmlz 437 [MtH +. Step 2
Example 15 — synthesis of compound 15

//\
\/N’\/N\)N '
08$~NH
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34b21a 20 The indol e derivative 34b (4.95 g, 11.30
mmol ) and cesium carbonate (4.42 g, 13.56 mmol) were
waitesead3essd i n N, N-di met hyl f ormanmi de (dry) (50 BATYER20H/004942
nmet hyl 2- (di net hoxyphosphory®facryl ate (3.23 g, 14.13
mol ) was added. The RMwas stirred at 65C during 2h.
s then cooled to rt and dropped onto 300 ml of
WO 2010/ 003658PCT/ EP2009/ 004942 -90- vi gorously
stirred, The resul ting a/el | om sh solid was filtered
e with wat er,-smhd, dried to afdggrd 5.40 g (94%°y-°<
yi &l d) \the desi red prfoduct 30- ter{J( gl 6- net byl

3077 R- cycl ohexyly 7H | r+e|eJ—e-[ éﬂ/N\/\N

[ 2] beAzh - 6, 10- dilca} boxy!I*dt e 21a used wi t%But o
furtherrlflcatlonln"t/l@ next step; mz 507 [ MH]t

The tithe¢ conpound 24a’ Was~ synt hesi zed foll owi ng the

2-steggprocedure reportggd for the synthesis of 15
10 tert-butyl 6-nethyl

Softodh@138(CYGLON quy\ﬂzaswsgdllml ifldéy cetordfrile under N, followed by

LRI I0) ] B §TndPEAD EOSE N TPt e Crpp 1. According

$6 FRC, thestaaidn ofend tccédmploti@n. RBUY0 A ey I 158 reqpamd diamdnosulfuric

%4ﬁ1fi? Tga gﬁ%fg&%ﬂ ﬁl?rev\dgt%g ?ﬁdr_af fil %(1[1th+ s)ag %t?rﬁ'edq)(%’()aé for 3 h,

@quwvgpmtedowgmdumwrem%mm amd;whm sentigr (0.1 N) cooled
Pélt \IQIQS gtﬁleg)t ie}ﬁ &@déﬂrogﬁctV@ﬁ@fesiﬁ%§l @Mﬁﬁ W& &udbiell Wit ethyl

i nd derivative 24a in 2)
aﬁmatm@)m Jpsb "Fm conptflfl%d orgapis |ayern wereswathed W‘&Hé“ne (50 ml), dried
G)O&Csféﬁhfn@blﬂﬁhtél fiiRked GtdAE éveﬁj’oﬁﬁédlﬁﬁier trétﬁﬂedjtielsitﬁd toafifdrd 0.21 g

(TS it Pl M SR b T B

\gltt h2 di chl or onet hane and dried over MgSO4. The sol vent
enoved then the residue was 20 purified by col um
chr omat ography using, DCM MeOH as eluant to give 1.7 g |
(87% of a yatd owi sh solid; nfz 492 o VO oH
%ﬁ 3 0 /EP m 004942 -@4+0 Exanpb NSJ N-8.
heS|soo Ha 0 0 —Step— O HOH H J
Dean- St a uxed %, O 'O

15b 15¢

The synthesis of compound 15¢ 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-dihydrocyclopropa[d]indolo[2,1-a][2]benzazepine- 1 a(2 H)-carboxylic acid (11c¢),
using intermediate 15b instead of methyl 5-({[{2-[4-(tert-butoxycarbonyl)piperazin-1-
yl]ethyl}(methyl)amino]sulfonyl } carbamoyl)-8-cyclohexyl-11-methoxy-1,12b-
dihydrocyclopropa[d]indolo[2,1-a][2]benzazepine-1a(2 H)-carboxylate (11b); m/z 736
[M+H]".
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5 37a37b Ethane-1,2-diol (4.06 g) and Tos-OH (0.41 Q)
were added to a solution of 1-(2-brono-

wo2areb 3658/ phenyl ) et hanone 37a (5 g) in tol ueneP@OBE2009/004942

m ). The sol ution was heat ed7&nder reflux with
stirring in a 3 -neck round-bottoned flask fitted with
a Dean-Stark receiver for 3 hours. The reaction

ure was then cooled to roomtenperature. The 10
m xture was transferred to a separating funnel and a

sodi carbonat e sotution (1 M 50 nl) wa ded. The °
i xf ul e wlls ecagi t ated and two phases fornﬁj}&%hé P |

)%g@anic I6a 9gy at ed, with wat erd f2y
), dried o

afford 6.5 g (q
pr oduct

2- (2- bromd3enet hoxypheny1l) - 2- met hy1- 1, 3- di oxollade 37b
as a white solid. 15Step 2 37b37c The br ono

THe synthesivef thE title @ogipowes 130 wen Ipedfdrmed thllpwingtheggogeidyre

oY . ) .

el 15, BOLh e ST e, R N Rkhol 2 Pkl

(-piperazinpdrydethyBarginglswlonyx eashamoyd iy 1 d 2badihygdrogyglopropald]-

iﬁo@oAft ['Q,-lEilﬁ §]bé&a%g%h%-\l@(ﬁl;édﬂ%xpﬁahégﬁt(ﬁlm\déiﬁgf irﬁérmea&_lt_ﬁISc

. r e, coqli.n a moyed. .

it UG sy ogpoRdimittertn 1Ry FRPRE e

sutfnylpartagitted)-8-@ncdohéey |- RVHmethoxyed, 1ab-dihydrodyetoproa[ d]iidolo-
j | vent st

oIRGB B OER BRI LS SR AT AT R R arve

yishd)ofdhedesyied iproduct; wfrdb3e{MEdl ed with Et 0Ac. The

organi c |layer was dried over Na2SO4 and evapor at ed

Stgptkr vacuumto give 3 g of the desired product

2-acet yl - 4- met hoxyphenyl bor oni ¢ aci;el’\;g?c.0 Step 3

Hgg%37037d The ¥yP1 e product tgr¥-bity
%Bageby1-4--f hoxypheny1) - 32cy

éngitative yield) of the desired

- car @?ﬁ 3 vas SNBSS zed ng a
sim|&r "pr 't hat used for sis of

tert-butyl
2- (4-chl oro- 2\f.@r nyl phenyl) - 3-cycl ohe
6- car boxyl ate 34b, wusing

2-acetyl - 4- met ht8dyphenyl bor oni ¢ aci $37c i nstead of

4-chl org- 2-f or nyl phenyl boroni c acid 34ﬁ. Ste% 4
The synthesis of the title compound 15 was performed following the procedure

-1Hi ndol e- 10

reported for the synthesis of compound 31-cyclohexyl-8-methoxy-22-methyl-21-thia-
1,13,20,22,25-pentaazaheptacyclo[23.2.2.l3"3.112’15.114’18.03’5.06’1l]dotriaconta-
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-ylethyl)amino]-
sulfonyl}carbamoyl)-1,12b-dihydrocyclopropa[d]indolo{2,1-a]{2]benzazepine-1a(2H)-
carboxylic acid 11d, yielding 150 mg (34% yield) of a cream solid; m/z 618 [M+H]".
1H NMR (400 MHz, DMSO-d6) 6 ppm 1.06 - 1.18 (m, 1 H) 1.19 - 1.31 (m, 2 H) 1.31 -
1.50(m,2 H) 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, 3 H) 4.33 - 4.51 (m, 1 H) 4.99 - 5.16 (m, 1 H)
7.06 -7.14 (m, 2 H) 7.17 (d, /=8.02 Hz, 1 H) 7.52 (d, J=8.22 Hz, 1 H) 7.55 -

7.68 (m, 1 H) 7.77 (m, 1 H) 8.39 (m, 1 H).
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37d16a 15 The title product 10-tert-butyl 6-nethyl
13- cycl ohexyl- 3- net hoxy-5-nmet hyl- 7Hi ndol o[ 2,1 - a]

W({ Dlipenssiszepi ne- 6, 10- di car boxyl ate 16a was syrRATEI20€5004942

by following a sinilar proceddle to that used for the
synthesis of 10-tert-butyl 6-nethyl
% hyl-7Hindol o[ 2,1 -a]

MboRyl ate 20a , using

te(t butyl A

2- (¥ et V17 4#Ret hoxyphenyl) - 3- cycl ohexyl - 1H i ndol e-
208=nt ate” 37d instead of tert-butyl
29( ‘ uorophenyl)-3-cyc|ohexyl-lk+

'P2009/004942 93- Exanpl e 38-

synt hesi s «“ onpound 38 38 The synthesis of the title

conmpound 38-was perflérnmed follow ng the 5-step

S;gﬁfdure reported for the synthesis of conmpound 10,
ing frominternedi ate 13-cycl ohexyl- 5

i no[ 1,

2010/ oo_

# benzo[ 3, 4] aze
d-10-tert-buty

2Pi ndol e- 6, 10- di car
et hyl ester |a

8-cyd _merhoxy1, 19b
@ z%zepl ne- la, 5(2
ylelded ng of a beige solid, 577 [ M+H] . Exanpl e
39 - Act ty of conpounds of forhf a (1) 10 Replicon
assay The aeapounds of formula (1) we§le exam ned for
activity in the inhibition of HCV RNA replication in a
desdluticar ofa A NaOFhw/ w13 svated €98 h g) mas eddddata stinred solution of 16a
g? p%ij? 'QQ%I}@% | )ggll?il*'i-lrllfa(lgdé)l) I'flLP Hﬁcpfvfe%ﬁ—[ gl §(mv\}1 M&W the reaction
PEpure WAS conpratraied }l{}ﬂkﬁ ge%g@yrqmgem@wbmugnﬂy diluted with ice-

oKl wAtE0(150 nazgprrﬁé HfotH@fé‘éﬁl’tl‘ﬂgtsoluﬁ%n Ivs %ﬁﬁfeﬁh@@ With diluted

WQHR%W%%W% %@n&@swﬁ@nce ol iggrﬂqﬁ%ﬂ%’l%a%}ﬁo‘ﬂth water

andidried u@deryaétﬁin@ gygﬁEB 14@1(89%5 8ﬂ16lb fs ayétldwish pawdert The
PEIRERR R BB eyt FirPB 2R e oP S 5 ERERERZeBE 502 (vt

line Huh-7 Iuc/neo (hereafter referred to as
uc). This cell line harbors an RNA encoding a
bicistrgg}c expression construct 2%Vso npr”sing t he
i KI53- NS5B regi ons of HCV type AbnN
§$%nn et ngosone Entry Stﬂe
gephalgmyg virys (EMCV), St by a
r epokye Mafl (F /kuﬁmﬁﬁfﬁse),

Qpropal d] i ndol
joxyl ate 8a, and

The con @ i s bor dered by 5° and 3' @
(non-transl ated regions) fromHCV type | b—~Conti nued
culture of the replicon cells in 25 the presence of
418 (neoR)16¢bs dependent on the replicati ggecof the HCV

Bru 8, B atmoh S i kS § Astifred SoTutigmof Lob

163.4% gl é\?élnsmob,nlaﬁlﬁmgS B miler3 e)iaad RikHokebis@emetrydethamthine)

(87364 SALRA D LBSORL P’ sk AR Ron e s gpenched it
e B S N i et EAAD The araanistlayarevas
ke&desdy afBd mézs@a faeaemafk%muie Flva%@ﬁiu%téd in

conce ion .OW |ncubat|o hr ee

MaETy ﬁ{s?rﬁ apd éﬂe eive 4y rgeGlusvltsggeawﬁ@ of the tﬁraﬁa%npound 16c,
aséd dirdcyly (i shengexs stapdaze 616c(MeHpse assay substrates

and reagents and a Perkin Elnmer ViewLuxIm5 ultraHTS

m croplate imager). Replicon cells in the contro

cul tures have high luciferase expression in the

absence of any inhibitor. The inhibitory activity of

t he conpound was nonitored on the Huh-Luc cells,

enabl i ng a dose-response curve to be generated for

each test conpound ECSO vaIues were then calculated

e " Y 4 a1 o



1. HCV NS5B I bJ4 1.a) Protein purification 15 The
cDNA encodi ng NS5B am no acid 1-570 (HC-J4, genotype
WO W10/pR¥s’I4L6S, genebank accessi on nunber AFOSIHEN20086)4942
subcl oned into the Nhe | and7%ho | restriction sites
of pET-21b. Expression of the subsequent Hi s-tagged
C-termnal 21 amno acid del eted NS5B was perforned as
ows: The NS5B expression construct was transforned
|nto E. coli BL21(DE3) (I\Iovag)en 20 Madi son, W). Five
milliliter of LB-nedi umsuppLseﬂjented with ampicillin
(SEL Rg/ nL) was inoculated wN h Qne cql ony. Wen the
8 reachec<dn optic Bf 0. 6 measured
At t was *ﬂzFansTerre&Ltda fresh

wi th ispopropyl-1-thio-3-D gal act opyranosi de and MyCl2
at albecnal concentration of 0.4 nM bédi 101 1M

e
wars ireflyyed at ,bgv °C. @/errsghﬁ ﬂﬁw regction mirpiEs Yeaegasled dpwimto room
Flatufe, MdnNEGHated ﬁ%m-guﬁrﬂpl’h@f@ﬁfu@ @vdﬁ"rédlssfamﬁ ih IDREM,

ete Prot ase I nhi bit or che
“@aﬂp szhémr e el agBr B 180, QIHET BRdprseRtEy (o give
413d (Iﬁlhh@ﬂﬁtl%lsﬂleld) of et dedirvd plodhé&t-16d, nppdldirsctlPiiathe dext step:
”t(l{éRo%Jlg‘gM Switzerland) for 30 mn. Cell debris
through ultracentrifugation at 30,000x g
Step4 1 hour and clarified cell lysate was flash frozen
and stored at -80C prior to purification.
%rn fied cell lysate was th%v@d and subsequent |y
T ontp a 5 L pr ackegh ;LlsTrpp FF col um
edowi th 25 ngEPEs pHZ~§,N5@0 nM NaCl,
(ﬁqoql ycerol and 5 H Prote&_Ps were eluted with
500 [ mgdaol e at—aftow rate {
2010/ T S P) EP2009/ 004942 - 95- Fracti ons
' p?otei n of interest -' xppl Ped onto a
pre-packed™26/ 10 H Prep Desalting Col @ equi | i brat ed
i MEPES, pH 7.5, 150 nM NadC 0% gl ycer ol
and 3 DIT. The buffer-exchanged NopB peak was then
appl [ e onto a 20 nL Pol y-U Sepharose columm. Protein

eﬂzg\wal "Waé JUALE 854 BluRorpaf 164K &Y. 4%9501) in

fractl O%S col | ecte Pr otei n Url t was assSessed
dighlparethane QOmL) gafter [h. fhe r@?@@éﬂmwewgaa&ancwte under
vﬁbll!ilhﬁl Hek NSAR %Mt&&t@h&th@ﬁﬁlﬁi&d atie/astidngith ether, then

I ongc [ | | I

rRAP S et er AP o et a s RRpBedont o hig eply o5 e
(%%@ibﬁth@ desisal/produdriée;, m&&c&3%@d+ﬂl USA) . 1 b)
Protein Sequence 10 PDB: 1 nb4, Apo form The protein
sequence is as described in W 2007/026024. Calc. Mol.
Properties: 64941.4 g/ nol. 1.c) Inhibition assay
with NS5b | bJ4 Measurenent of HCV NS5B pol ynerization
activity was perfornmed by evaluating the 15 anount of
radi ol abel ed GIP i ncorporated by the enzynme in a newy
synt hesi zed RNA using heteropol yneric RNA
tenpl ate/primer. The RdRp assay was carried out in
384-wel | plates using 50 nMof purified NS5B enzyne,
whi ch was incubated with 300 nM 5' -bi otinyl at ed
oligo(rG3)/poly(rC or oligo (rulb)/poly(rA)
prinmer-tenplate, 600 nMof GIP, and 0.1 !Xi of
[31-1]GIP or [3flI]JUTP in 25 mM Tris-HCl, pH 7.5, 5 20
mM MgCl2, 25 mM KC1, 17 mM NaCdl and 3 nmM of DIT. The
301. 1L reaction m xture was incubated at room
tenperature for 2 h before stopping the reaction by
addi ng




30 p.L of streptavidin coated SPA-beads (GE

Heal t hcare, Uppsala, Sweden) in 0.5 MEDTA. The 30 !lL
WO 2H00IBM was term nated after 2 hours at 25C BEDEP2009/004942

addi tion of 30 Ell streptavi di/d=coated SPA beads (GE

Heal t hcare, Uppsala, Sweden 5 ng/m in 0.5 M 25 EDTA).

éftei i ncubation at 25C for 30 min, the plate was

ed using a Packard TopCount m cropl ate reader (30

seciwell, 1 mn count delay) and I C50 val ues were

C@L&i,lﬂ ated (Table 1: 1C50 1bJ4). 1C50 val uesg represent

tHN concentnation of conpound requm,e\g/(g,e\pl ®ase by

50% t heoamelint® of RNA produced vm)g | S neasur ed

the dgf ecti gl of i ncbCpbraNea®°e¢ advol apel ed P

HCV NBRSR cqhl by 2. a) CI—O'rTrngN—e“SCpreSQ @ G)

pur i¥ i c@ o \'G 2 The codi ng

NS5B (gehotlypestb Tonsensus strain Conl)

C-term nal si dues was anplified from pl as

pFKlI 380/ ns3-3 _N (Genbank accessi on no. AJ242654) and

subcl oned 0 the pET2l b plasm d as deschghbed

previ ously 35 Pauwel s et al, 2007, J Virol

BS8 ]rm%él)rv@é‘ﬁdd@@d EPRSirkdiCdolWEsh of\¥ge

v
B R T

Homid: edmmdté cdnvbfyi@n mftht&ﬂ&ﬂidm&umhﬁemm&evhswbtshwd The

%?sr ﬁfﬂrjgl) s il,\lﬁgon] VH%S clﬂo etdgc‘&)wr) ttoﬁ[?g & Hlléeoq \gﬂfj!ﬂ ?N (3%% mL) and DBU
4V.84 gi gleg) wanaddedabkd wacteah moxthreosds SLIBed@demnght at room

?ﬂ'ﬁg gﬂﬁﬂ é@ﬁk&t&@ﬂmpfgdu?&fﬁ%gs cc'"ﬂﬂe rBsiditwas redissolved in

a rat he remaining o

D%wa&h@dw@ water.riedefiltered and E?W%@fiypl{“f%ﬁk by cglumn
féhmn?&@graphly Mri@éntTICHPRDERYMeOEE 91111) pidmedtm 188(38%) of the

HE g bist 16 B HIC FORCRRAV RO TR TN B0 M,

mmlc@RUFﬂRMnd;) Sngpre 10t €r.31 (gl W)tLB It -hESNanpd ED .69 - 1.81 (m, 2

EPEEEORISCIR A8 for LS Qg By, Y160 9oth. 110
i3nHi (si 3 &b 3. 4olde &Pkt HenkH) $a%l-e3 "10 (m5H) 864l 13- 9kmel H) 3.93

t d
3?33%‘” 9 4a1<8°€ﬂ di H§J4t39 (& fh%lﬁ%b*}@? 1@}%@&%'% 2H) g .06 (d,

ously
J5f3§ He, érhl)ﬂap‘? &eéé@(ﬂeﬁ% (4 Haﬁ@érHZptl B 8% 6y H) 7.70 (d,J=8.22 Hz,
Aot} P8H Q@ Je-8 1A B, NUR1ROE(BICsIbRE)ON With the

i nhibitor, 20 nMof purified Conlb NS5B enzyne was
iBxattipdd €7k arithddds afeoniiountdtli 150 nM 5' - bi ot i nyl at ed

oligo (rG3)l priner, 15 nMpoly (rC tenplate, 19 nM

Tri N"RSt5 nfPMgCl2, 17 nM NaCl, 21 nM KCL, and 2.5
nMVsEFH. 600 AN GTP and 0.13 pC of [311] GTP was then

afded> [hytigte the 401.1.1 reaction m xture, which

ngobxat ed jat room tenperature for 2h before

the reactio 5 stopped by addition of 40-pt

streptavidi oat ed SPA beads. 20 The follow ng Tabl e

1 lists compounds actprding to any one of the above

exanpl es. The activities of the conpounds tested are

al so depicted in Table 1. Table 1 Nr. Structure

ECso (PM 1050 1 bJ4 (PM
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DIPEA, THF

16b 17a

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

Step 2

17a

The synthesis of the title compound 17b was performed following the procedure
reported for the synthesis of compound 16d, using compound 17a instead of compound
16¢, yielding 1 g (54% yield) of a slightly yellow solid; m/z 679 [M+H]".
Step 3

17b 17¢

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
16d, yielding 538 mg (62% yield) of a slightly brown solid; m/z 623 [M+H]".
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wO(281M03658 75 PCT/EP2009/004942

Step 4

N
N/\/\/N 0

o=d
1. CDI, ACN, 60°C o

2. DBU, ACN

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, yielding 70 mg (15% yield) of a white solid; m/z 605 [M+H]". 1H NMR (400
MHz, DMSO-ds) 6 ppm 1.08 - 1.20 (m, 1 H) 1.22 - 1.79 (m, 13 H) 1.88 (s, 6 H) 2.40 —
247 (m, 1 H)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, 1 H) 4.26 (d, /=14.67 Hz, 1 H) 4.86 (d, /=14.09 Hz, 1 H) 7.18 (dd,
J=8.61,2.15Hz, 1 H) 7.22 (d, /=2.15Hz, 1 H) 7.46 - 7.57 (m, 2 H) 7.80 - 7.92 (m, 1
H) 8.48 (s, 1 H) 11.39 (br. s., 1 H)

Example 18 — synthesis of compound 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) 6 ppm 1.01 - 1.19 (m, 1 H) 1.18 - 1.52 (m, 5 H) 1.54 - 1.79 (m, 4.H) 1.80 -
2.08(m,4H)2.42-2.48 (m, 1 H)2.63-2.80 (m, 1 H)2.93 (s, 3 H) 2.98 - 3.14 (m, 1
H) 3.43 -3.75 (m, 5 H) 3.85 (s, 3 H) 4.43 (d, J/=14.87 Hz, 1 H) 5.04 (d, /=14.48 Hz,

1 H)6.84 (br.s., 1 H) 7.09 (s, 1 H) 7.18 (d, J/=8.22 Hz, 1 H) 7.45 (d, J/=8.22 Hz, 1 H)
7.55 (d, /~8.41 Hz, 1 H) 7.87 (d, /=8.41 Hz, 1 H) 8.35 (br.s., 1 H) 11.33 (br.s., 1 H)
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Example 19 — synthesis of compound 19

!
N
/N/\/O/\/ N0
O-s—NH
(o]

~
O
O

The synthesis of the title compound 19 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-tert-butyl 6-methyl 13-cyclohexyl-3-methoxy-7H-indolo[2,1-
a][2]benzazepine-6,10-dicarboxylate 1a, 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 -
1.53 (m,3H)1.67-1.83 (m, 3 H) 1.87-2.11 (m, 4 H) 2.30 (br. s., 3 H) 2.69 - 2.82 (m,
1 H)2.81-298 (m,1H)3.11 (s, 3 H) 3.46 - 3.58 (m, 1H) 3.59 - 3.79 (m, 3 H) 3.90 -
4.08 (m, 1 H)4.24 - 4.38 (m, 1 H) 4.43 (dd, J=14.73, 1.27 Hz, 1 H) 4.97 (4,

J=14.63 Hz, 1 H) 6.73 (s, 1 H) 7.11 (dd, J=9.27,2.63 Hz, 1 H) 7.17 - 7.30 (m, 1 H)
7.57 (dd, J=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. s., 1 H)

Example 20 — synthesis of compound 20

|

AN
/N/\/o/\/N o
O=S-NH

20

The synthesis of the title compound 20 was performed following the S-step procedure
reported for the synthesis of compound 1, starting from intermediate 10-zfers-butyl
6-methyl 13-cyclohexyl-3-fluoro-5-methyl-7H-indolo[2,1-a][2]benzazepine-6,10-
dicarboxylate 20a instead of 10-tert-butyl 6-methyl 13-cyclohexyl-3-methoxy-7H-
indolo[2,1-a][2]benzazepine-6,10-dicarboxylate 1a, and yielded 130 mg of a white
solid; m/z 609 [M+H]". 1H NMR (400 MHz, CHLOROFORM-d) & ppm 1.14 -
1.31(m, 1 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,J=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, /=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, /=14.83 Hz, 1 H) 4.64 - 4.75 (m, 1 H) 4.81 (d, /=14.63 Hz,
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, J=8.39
Hz, 1 H) 7.91 (d, /=8.39 Hz, 1 H) 10.09 (br. s., 1 H)

Example 21 — synthesis of compound 21

|
AN
O=5—NH

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-butyl 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
[M+H]". 1H NMR (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 (s, 3H) 2.69 - 2.80 (m, 1 H) 3.00 (s,
3 H)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, J=7.83 Hz, 1 H) 7.58 - 7.70 (m,
3H)7.94 (d,J=8.61 Hz, 1 H) 8.36 (s, 1 H) 11.39 (br. s., 1 H)

Example 22 — synthesis of compound 22

The synthesis of the title compound 22 was performed following the 5-step procedure
reported for the synthesis of compound 1, using N NS-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,

2 H)3.23(s,3 H) 3.25-3.33 (m, 1 H) 3.33 - 3.45 (m, 1 H) 3.90 (s, 3 H) 4.09 -4.25 (m,
1 H) 4.39 (d, /=14.28 Hz, 1 H) 5.14 (d, J/=14.48 Hz, 1 H) 6.81 (s, 1 H) 6.90 (s, 1 H)
7.06 (dd, J=8.61, 2.15 Hz, 1 H) 7.45 (d, J/=8.22 Hz, 1 H) 7.50 (d, J/=8.61 Hz, 1 H)

7.81 -7.96 (m, 2 H) 8.94 (br. s., 1 H)
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Example 23 — synthesis 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-
(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, 1 H) 1.06 - 1.22 (m, 1 H) 1.27 - 1.51 (m, 3 H)
1.60-1.78 (m,2 H) 1.80 - 1.92 (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 (m,

2 H) 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) 7.53 (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

]
\N/\/\/N o)

O<S—NH
OU x
A

a®

O

24

The synthesis of the title compound 24 was performed following the 4-step procedure
reported for the synthesis of compound 17, starting from intermediate 10-(tert-
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
solid; m/z 595 [M+H]". 1H NMR (400 MHz, Chloroform-d) & ppm 1.25 - 1.5 (m, 4 H)
1.5-1.8(m,4H)1.9-2.1 (m,4 H) 1.8 (s., 3 H) 2.8-2.13 (m, 3 H) 2.5 - 2.6 (m, 2 H)
3.2(s,3H) 3.6 (br.s., 1 H)4.1 (br. s, 1H) 4.45 (d, /=15 Hz, 1 H) 5 (d, /=15 Hz, 1 H)
6.6 (s, 1 H) 7.25 (d, /=8.4 Hz, 1 H) 7.4 (dd, J=8.5, J=2.5 Hz, 1 H) 7.5-7.6 (m, 2H) 7.69
(s, 1H)7.9(d,J/=8.4Hz, 1 H) 9.1 (br. s., 1 H)
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Example 25 — synthesis of compound 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-terz-butyl
6-methyl 13-cyclohexyl-3-methoxy-7H-indolo[2,1-a][2]benzazepine-6,10-
dicarboxylate 1a instead of 5-fert-butyl 1a-methyl 8-cyclohexyl-11-methoxy-1,12b-
dihydrocyclopropa[d]indolo[2,1-a][2]benzazepine-1a,5(2 H)-dicarboxylate 8a, and
yielded 45 mg of a white solid; m/z 577[M+H]". 1H NMR (400 MHz, DMSO-d6)
dppm 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, 1 H) 3.48-3.72 (m, 5 H) 3.86 (s, 3 H) 4.42 (d,
J=14.67 Hz,1 H) 5.00 (d, 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, J/=7.83 Hz, 1H) 7.55 (d, /=8.41 Hz, 1 H) 7.75 - 7.92 (m, 1 H)
8.19-8.41 (m,1H)11.27 (br.s., 1 H)

Example 26 — synthesis of compound 26

HATU

—_——

DIPEA, THF

1b 26a 26b
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A solution of 606 mg (1.24 mmole) of 1b, 410 mg (1.1 eq) of 26a, 710 mg (1.5 eq) of
HATU and 0.65 mL (3 eq) of diisopropylethyl 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

5 (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
Qs
_O,Nzod
032003, DMF
10 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

15 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 [M+H]".

Step 3

sulfamide

, dioxane
0

26¢ 26d

20 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
25  26d as a light yellow powder; m/z 665 [M+H]".
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HCl in isopropanol

DCM

26d 26e
A solution of 26d (0.72 g, 1.086 mmole) in 10 mL of HCl in isopropanol and 5 mL of
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. CDI, ACN, 60°C
2.DBU, ACN

26e 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)
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,
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, J=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, J/=9.19 Hz, 1 H) 7.86 (d,
J=8.61 Hz, 1 H) 8.26 (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-(tert-
butoxycarbonyl)-2-chloro-13-cyclohexyl-7H-indolo[2,1-a][2]benzazepine-6-carboxylic
acid 24b instead of 10-(tert-butoxycarbonyl)-13-cyclohexyl-3-methoxy-7H-indolo[2,1-
a][2]benzazepine-6-carboxylic acid 1b, and yielded 85 mg of a yellow solid; m/z 596
[M+H]*. 1H NMR (400 MHz, Chloroform-d) & 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,3H)3.1-32(m,2H)3.5-3.6 (m, 2
H) 4.23 (dd, /=15.28,1.27Hz, 1 H) 5.6 (d, /~=15.28 Hz, 1 H) 7.4 (s, 1 H) 7.5-7.6 (m, 3
H) 7.65 (d, /~8.5 Hz, 1 H) 7.8 (s, 1 H) 7.9 (d, J/=8.5 Hz, 1 H) 7.69 (s, 1 H) 8.64 (br. s.,
1 H)

Example 28 — synthesis of compound 28

{

I
/N/\/\/N
O=s-NH

28

The synthesis of the title compound 28 was performed following the 5-step procedure
reported for the synthesis of compound 10; starting from intermediate 10-terz-butyl
6-methyl 13-cyclohexyl-3-methoxy-7H-indolo[2,1-a][2]benzazepine-6,10-
dicarboxylate 1a instead of 5-ferr-butyl 1a-methyl 8-cyclohexyl-11-methoxy-1,12b-
dihydrocyclopropa[d}indolo[2,1-a][2]benzazepine-1a,5(2 H)-dicarboxylate 8a, and
using N-[4-(methylamino)butyl]-N-(1-methylethyl)sulfamide 28a instead of N-
(4-aminobutyl)-N-methylsulfamide 10b, and yielded 50 mg of the desired product 28;
m/z 619 [M+H]*. IH NMR (400 MHz, CHLOROFORM-d) § ppm 1.05 - 1.15 (m, 1 H) -
1.18 (d, J=6.65 Hz, 3 H) 1.25 (d, /=6.46 Hz, 3 H) 1.28 - 1.51 (m, 4 H) 1.53 - 2.31 (m,
13 H) 2.67 - 2.85 (m, 1 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 H) 6.87 (s, 1 H) 7.05 (d, /=8.41 Hz, 1 H) 7.52 (d, /=8.41 Hz, 1 H) 7.63 (d,
J=822Hz, 1 H) 7.77 -7.99 (m, 2 H) 9.42 (br. s., | H)
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Example 29 — synthesis of compound 10b

Hy
O=§=O O
/N\/\/\NJI\O/|<
H

A mixture of fert-butyl 4-(methylamino)butylcarbamate (4 g, 19.77 mmoles) and
sulfuric diamide (7.6 g, 4 eq) in dioxane (10 mL) was heated at 100°C in a microwave

10b

oven during 30 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 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 tert-butyl 4-(methyl(sulfamoyl)amino)butylcarbamate 10b as a
white solid; m/z 282 [M+H]".

Example 30 — synthesis of compound 26a

SN TN,
{-0

e

N;O

0

© 26a
Step 1

cl
o] 0=85=00Q DIPEA, DCM 0 o
/\/\/\J\J<"’ N — //S/\/\/\/\J\X
H,N N~ "0 o g N N~ O
H -0 <o H H

30a 30b 30c

To a solution of fert-butyl 5-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 tert-butyl 5-(2-
nitrophenylsulfonamido)pentylcarbamate 30c¢ as a white solid; m/z 388 [M+H]".
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Step 2
o] o Mel, K,CO; @\ 2 )O]\ ><
/,S//\/\/\/\J\X - . +//S\N/\/\/\N (o)
+d N N™ O acetone _~NLO H
'O/N\\O H H O (0]
30c : 30d

To a mixture of tert-butyl 5-(2-nitrophenylsulfonamido)pentylcarbamate 30¢ (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% yield) of rert-butyl
5-(N-methyl-2-nitrophenylsulfonamido)pentylcarbamate 30d as a white solid; m/z 402
[M+H]".

Step 3
0 9 TFA, DCM Q\S,,O
7/, »
= ,,S/\N/\/\/\N/U\O —_—— N SNTTONH,
+ O N
o NP H 0" 0
30d 26a

A solution of tert-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

.
O:< _/_/‘ /\/S\\—NHZ
/N 00 5

8a
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Step 1
0
X A%
2
O=<NJJ NaHBOAc,, DCE O=<N,/J
/

31a 31b

A mixture of fert-butyl 4-aminobutyl(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 terz-butyl 4-
(isopropylamino)butyl(methyl)carbamate 31b, used without further purification in the
next step; m/z 245 [M+H]".

Step 2
HN o
o el i(g = '}3
O=<NH © N HN’S_O
/

31b 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 tert-butyl 4-(isopropyl(sulfamoyl)amino)butyl(methyl)carbamate
28a; m/z 324 [M+H]". |

Example 32 — synthesis of compound 19a

19a
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Step 1

J. oS
o) - Pi O/ \O o F‘l Pi

PdOAC,, EtsN, THF

L ZX

32a 32b

A mixture of fert-butyl 2-bromo-3-cyclohexyl-1H-indole-6-carboxylate 32a (5 g, 13.22
mmoles, synthesized as described in US 2007270406 Al), 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
NH4Cl 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 ethyl acetate in heptane to give 3.5 g (70% yield)
of the desired product fert-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]".

i Na2C03 Pd(P®3)s
B
/ DME, H20

32b 32¢ 32d

Step 2

>

To a mixture of fert-butyl 3-cyclohexyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl)-1H-indole-6-carboxylate 32b (2.77 g, 6.5 mmoles) and 2-bromo-5-
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
ethyl acetate (3 times). The organic layers were combined, dried over MgSOQy, filtered
and concentrated. The residue was recrystallized from di-isopropyl ether / heptane to
give 2 g (73% yield) of the desired product fert-butyl 3-cyclohexyl-2-(4-fluoro-
2-formylphenyl)-1H-indole-6-carboxylate 32d as a white solid; m/z 422 [M+H]".
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32d 19a

A mixture of fert-butyl 3-cyclohexyl-2-(4-fluoro-2-formylphenyl)-1H-indole-6-
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 MgSO, filtered and concentrated. The residue was
purified by column chromatography using heptanes / dichloromethane to give 2 g (86%
yield) of the desired product 10-tert-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

20a

Br N Br O
=
~ MeMgBr, THF

F F

33a 33b

To a solution of 2-bromo-5-fluoro-benzonitrile 33a (10 g, 50 mmol) in dry
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 a 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
acetate, dried over MgSQ, and concentrated. The residue was purified by column
chromatography using heptane and dichloromethane 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
j\O Br O 0] a
B o Na,CO3, PA(P®3)s H
° % Biojg ' @k DME, H,0 /‘(O Q /Q F
F
O
32b 33b 33c
The title product tert-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 32d,
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+H]".
Step 3

33c 20a

The title product 10-tert-butyl 6-methyl 13-cyclohexyl-3-fluoro-5-methyl-7H-
indolo[2,1-a][2]benzazepine-6,10-dicarboxylate 20a was synthesized following the
procedure reported for the synthesis of 10-fert-butyl 6-methyl 13-cyclohexyl-3-fluoro-
7H-indolo[2,1-a][2]benzazepine-6,10-dicarboxylate 19a, using fert-butyl 2-(2-acetyl-
4-fluorophenyl)-3-cyclohexyl-1H-indole-6-carboxylate 33¢ instead of tert-butyl
3-cyclohexyl-2-(4-fluoro-2-formylphenyl)-1H-indole-6-carboxylate 32d, and was
obtained in 11% yield as a white solid; m/z 504 [M+H]".



10

15

20

WD 2010/ 003658PCT/ EP2009/ 004942 -10 1- Nr. Structure
EC50 (04) 1050 1bJ4 (04) 1C50 Conlb (04) 24 (14-NH 6

wWaA00/003658= 14. 48 PCT/EP2009/004942

-89-

Example 34 — synthesis of compound 21a

K5CO3, PACIx(P®3),

DME, H,0

32a 34a 34b

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 obtained
solution was flushed thoroughly with argon. Then bis(triphenylphosphine)palladium(II)
chloride (0.464 g, 0.661 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. NaHCO3, 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 tert-butyl
2-(4-chloro-2-formylphenyl)-3-cyclohexyl-1H-indole-6-carboxylate 34b; m/z 437
[M+H]".

Step 2

| o

0 O-4 i
Je 8w § oy
H Sk
° O J /Q c
Cs,CO;3, DMF

34b 21a

The indole derivative 34b (4.95 g, 11.30 mmol) and cesium carbonate (4.42 g, 13.56
mmol) 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 — synthesis of compound 24a

oy 9

=
Q)
Cl
' 24a

The title compound 24a was synthesized following the 2-step procedure reported for
the synthesis of 10-tert-butyl 6-methyl 3-chloro-13-cyclohexyl-7H-indolo[2,1-
a][2]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 MgSOj4. The solvent was removed then the residue was
purified by column chromatography using DCM/MeOH as eluant to give 1.7 g (87%
yield) of a yellowish solid; m/z 492 [M+H]".
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Example 37 — synthesis of compound 16a

16a

Br
0]
W
p-TSA,
Dean-Stark
_0 Refluxed _0
37a 37b

Ethane-1,2-diol (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 ml). 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 MgSQ, 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-Buli, B
f> trimethylborate
> (@]
o 2) H*

_0 _0
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 ml) was added carefully at such a rate
that the temperature did not exceed -60 °C. After 1 h, B(O-i-Pr); (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,SO4 and evaporated under vacuum to give 3 g of the desired product
2-acetyl-4-methoxyphenylboronic acid 37¢.

Step 3

HO. ,-OH
o H Na,COs, Pd(Pd,),, LiCl
/ Br + @/&
toluene, EtOH

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-butyl 2-(4-chloro-2-formylphenyl)-3-cyclohexyl-1H-indole-
6-carboxylate 34b, using 2-acetyl-4-methoxyphenylboronic acid 37¢ instead of

37d

4-chloro-2-formylphenylboronic acid 34a.

Step 4

0O O

|
o] O\B

N / >|\ N /

0 O e ° O Ve

032003, DMF

The title product 10-zert-butyl 6-methyl 13-cyclohexyl-3-methoxy-5-methyl-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-fert-butyl 6-methyl
13-cyclohexyl-3-fluoro-5-methyl-7H-indolo[2,1-a]{2]benzazepine-6,10-dicarboxylate
20a , using tert-butyl 2-(2-acetyl-4-methoxyphenyl)-3-cyclohexyl-1H-indole-
6-carboxylate 37d instead of fert-butyl 2-(2-acetyl-4-fluorophenyl)-3-cyclohexyl-1H-
indole-6-carboxylate 33c.
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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 from intermediate 13-cyclohexyl-
3-methoxy-7H-benzo|3,4]azepino[1,2-a]indole-6,10-dicarboxylic acid 10-tert-butyl
ester 6-methyl ester 1a instead of 5-fert-butyl 1a-methyl 8-cyclohexyl-11-methoxy-
1,12b-dihydrocyclopropald}indolo[2,1-a][2]benzazepine-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 (1)

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
described by Lohmann et al. (1999) Science vol. 285 pp. 110-113 with modifications
described by Krieger et al. (2001) Journal of Virology 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 (hereafter referred to as
Huh-Luc). This cell line harbors an RNA encoding a bicistronic expression construct
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-luciferase), 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
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 inter alia luciferase, are used for screening
the antiviral compounds.
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The replicon cells were plated in 384 well plates in the presence of the test and control
compounds which were added in various concentrations. Following an incubation of
three days, HCV replication was measured by assaying luciferase activity (using
standard luciferase assay substrates and reagents and a Perkin Elmer ViewLux™
ultraHTS microplate imager). Replicon cells in the control cultures have high luciferase
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 by 50% the level of detected luciferase
activity, or more specifically, the ability of the genetically linked HCV replicon RNA
to replicate.

Enzymatic assay

1. HCV NSSB 1bJ4

1.a) Protein purification

The ¢cDNA encoding NS5B amino acid 1-570 (HC-J4, genotype 1b, pCV-J4L6S,
genebank accession number AF054247) was subcloned into the Nhe I and Xho I
restriction sites of pET-21b. Expression of the subsequent His-tagged C-terminal 21

amino acid deleted NS5B was performed as follows:

The NS5B expression construct was transformed into E. coli BL21(DE3) (Novagen,
Madison, WI). Five milliliter of LB-medium supplemented with ampicillin (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
following induction with ispopropyl-1-thio-B-D-galactopyranoside and MgCl, at a final
concentration of 0.4 mM and 10 uM, respectively. After 10 h of induction, cells were
harvested by centrifugation and resuspended in 20 mM Tris-HCI, 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
were disrupted by sonication and incubated with 10-15 mg/L of DNase I (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
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 mL/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 protein sequence is as described in WO 2007/026024. Calc. Mol. Properties:
64941.4 g/mol.

1.c) Inhibition assay with NS5b 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 RdRp 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-HCI, pH 7.5, 5
mM MgCl,, 25 mM KCl, 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 Healthcare, Uppsala, Sweden) in 0.5 M
EDTA. The 30 uL reaction was terminated after 2 hours at 25°C upon addition of 30 pl
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 ICsq values were
calculated (Table 1: IC5¢ 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 NS5B conlb.

The coding sequence for NS5B (genotype 1b consensus strain Conl) lacking 21 C-
terminal residues was amplified from plasmid pFKlsge/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
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13 =10.39 =10.19
3 =10.079 = [0.53
4 = | 3.83 = [2.42
6 =10.550
8 =10.040




NS5B target kon (1/Ms) koff (Vs) Kd (M tl12 (Mal) la
isolate 1 7,4E+04 4,8E-04 6,5E-09 24,2 |la isolate 2
W@B20H3B4583, 7E-04 9,4E-09 31,3 |l a isolate 3 8, IMEHIEP2009/004942

6, 0E-04 7,4E-09 19,2 la isol a% 4 7, 4E+04 7, 7E-04

1,1E-08 14,9 la isolate 5 1,1E+05 3, 1E-04

Nr. [Structure ECs ICso 1bJ4 ICs9o Conlb
(M) (»rM) (rM)

9 0.800

15 0.180

16 N 0.078 0.040

/
17 0.170
18 0.079 0.026
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isolate 4 3,5E+04 1, 7E-04 4-BW-09 67,5 2b isolate 1

1, 8E+04 1, 4E-02 8, 2E- 07

Nr. [Structure ECso 1Cs 1bJ4 IC50Conlb
(pM) (»M) (M)
19 I 0.072 0.031
OiS-NH
0
o)
F
20 0.081 0.038
21 N / 0.280
22 N I 0.160
O=<'nH
O” J N
0 4
(O
23 | AN 0.470




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 3a isolate 1
W®28HeB458, 7TE-04 3, 9E-09 31,1 3a isolate 2 2, SEHIEP2009/004942

4, 7E-04 1, 9E-08 24,6 3a isol atH-3 6, 0OE+04 3, 6E- 04
6, 1E-09 31,7 4a isolate 1 2,0E+05

Nr. (Structure ECso ICs9 1bJ4 ICs50Conlb
(M) (M) (pM)

24 14.48

25 0.550

26 0.130

27 10.20

28 0.330
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5, 2E-09 110, 2
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38 =10.912
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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 Kog, low Ky) is
believed to potentially 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 HISs-tagged NSS5BAC21 polymerases were immobilized using non-covalent
capturing to an NTA sensor chip (GE Healthcare) in immobilization 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-HCI pH 7.4, 150 mM NaCl, 50 uM EDTA, 1 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 ko, and ko and a derived affinity
constant, K4 = ko'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 t12 = In(2)/k,f) representative for the interaction time between the polymerase and
its inhibitor.
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W®201E0@45%, 5E- 08 11,9 P495L (Conl b) 3, 4E+03 2, EXE/BR2009/004942

6, 4E-06 0,5 VA94A (Conl b) 5, 5E404" 8, 4E-04 1, 5E-08 13,8
MA14T (I bJ4) 2, 6E+04 1, 5E-04

The observed association rate constants (kop), dissociation rate constants (kof), derived
affinity constant (Kg) and dissociative half-life (t;,) measured for compounds of
formula (I) or subgroups thereof on NS5B wild-type enzyme (genotype 1b, Conlb) are
given in Table 2.

Table 3 lists binding affinity 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 L3921 are located in the
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 NSSB polymerase of the different genotypes, as
well as for NS5B polymerases with mutation in the indole binding pocket, and that
binding of the compounds of formula (I) or subgroups thereof is not affected by
mutations to other sites in the enzyme.

Table 2
Nr. Kon (1/Ms) | ko (1/8) | Kg (M) t12 (min)
16 2,2E+04 | 3,6E-05 | 1,6E-09 321,5
18 2,0E+04 | 4,8E-05 | 2,4E-09 241,0
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 2,9E+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 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
NSSB target Kon (1/Ms) Koir (1/5) Ka (M) t12 (min)
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
la isolate 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
1b isolate 1 2,6E+04 1,0E-04 4,0E-09 110,2




5,9E-09 75,4 MA23T (1 bJ4) 2,5E+04 1,5E-04 6,3E-09 75,0
S282T (1 bJ4) 3,4E+04 1, 3E-04 3,9E-09 88,9 C316Y

wd anhiBpss3, 5E+04 7, 6E-05 2, 2E-09 151,7 WO PCT/EP2009/004942
2010/ 003658PCT/ EP2009/ 004942104105- Cl ai ns R7 (1)
5i ncl udi ng stereochem cally isoneric fornms, and

\|A- m}r;é‘%%sz Sy 13 nxor at g’glE_O%no 30| YELES T nclégze,(lar )
1b isolate 3 3,7E+O4 1,2E-04 3,3E-09 96,4
1b isolate 4 3,5E+04 1,7E-04 4,9E-09 67,5
2b isolate 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 9,5E+04 3,7E-04 3,9E-09 31,1
3a isolate 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 3,4E-09 19,1
Sa 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 (1bJ4) 5,9E+03 2,2E-02 3,8E-06 0,5

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 (Conlb) | 5,5E+04 8,4E-04 1,5E-08 13,8

M414T (1bJ4) 2,6E+04 1,5E-04 5,9E-09 75,4

M423T (1bJ4) 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




5

10

le is a bivalent chain selected fromlirki -a 111 R3R3
R3il N:- RBRRBRB O RBF3 1 N:- RBrNH N) ' R31I
WO 20M0BB363N- WO 2010/ 003658PCT/10E5P2009/ 004942 -ROBEPIRB9/004942

Claims

1. A compound of Formula (T)

@

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

thereof, wherein:

— Rlis a bivalent chain selected from
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15

20

25

each R3 R3 is independently selected fromthe group
conprising hydrogen, G 4al kyl and C3_5cycloalkyl; ais

W@2014/00850r 6; each b is independently 1 or 2;PCI/EB2029/004942

or 2; macrocycle A has 14 tel0b8 nenber atons, in
particul ar macrocycle A has 17 or 18 nenber atons;
each R i,s independently hydrogen, halo or G .. 4al koxy;
R4 and_ (25 are hydrogen or R44Sand R5 together forma
doubl g~ t:hyl ene group to forma fused

cycl opropyf | SMydrogen or nethyl; and R7 is a
C3_7cycl oal ky optl onal |y substituted with haI 0.

2. A cqonmpound acco to.claim1 wherein,.
5 serdoRet PAGHT Saotbeshct 3 Reresy s b maising hdrbten
"\ - /CMélkyll,arﬁa@gcﬁaoalkyl ndependent ly selected from

hydro e t hyl . 3. A conpound according to
any 3 §1§%dn%rr§ or 2 wherein R2 is positioned the

benz each B {5 ipdepepdéntlyphom2wi t h respect to the bond

l'inki @91'6?25 benzene to the indole group. 4. A

corrpound according to any of clains 1 to 3 wherein R

i 5= sEasEacyalefA bag ?4 tpo}&)mswbem@@méwy partipulas ragreRyghedA has 17 or
acconginidnbe? abdiys;of clains 1 to 4 vvhere| n R7 is

sel ect $ram,cycl.oh and 2-flu cl-ohexyl . 25 6.
RN dlsateé#afiﬂaleyt%da noale PR L KON 5 wher ei n
R4- aif ard R agehydrogdmemi ‘andRitogethenfdrmz dobtecsondwon

[ h
compdiitels el xbfor Fh8R St el el cochen cal
conf llhus hydrogemer methykandt ed by fornula (1A). WO
2010/0G38e8 PG &MAAAMiBRARARbstklEd with halo.

2. A compound according to claim 1 wherein,

R R,
. -—N N-I—
~ Rlis selected from —-N(R})-(CHp)e-N(R%)-, + > 07" 1
, R Ra R® —
_E—N\/\N/\/N—:— '—:—lll O !
R ,and ' c , 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 1 to 5 wherein the compounds of formula (I)

have the stereochemical configuration as illustrated by formula (IA).



(1A 8. A conmpound according to any of clains 1 to
3, having one of the structural formula Il-1, 11-2,
wolbhi@go36dsl - 1, 111-2, 111-3, 111-4, |V-1, |V-2 parm/’i2809/004942
WO 2010/ 003658PCT/ EP2009/ 004947--108- 9. A
phar maceuti cal conposition conprising a carrier, and
as activg _ingredient an anti-virally effective anmount
of compou as clainmed in any of clains 1 to 8. 510.
@ ar cheutl cal conposition according to claim?9,
her”'c i |R‘~ig at | east one other anti-HCV
. Rhar maceuti cal conposition according
to claim9 further conprising at |east one anti
/ N g2. A conpound according to any of
L_# pharmaceutical conposition 10
accordi ng tgrany of ckains 9 to 11, for use as a
medi canent. 13. A co¢rp und according to any of clains

% .I\%o ng@?rcsi}'agd H%f(?éﬂ}’ (?Pélal thh@iﬂﬁmg r@i; gielr})é&g%t?lgﬁ formula
bgeno?f Q- 16 dPo L3> Hé’é‘@ﬂﬁ ng VtQOOTa&I 3of claims 1 to

8, foro the manufacture of a nefttcanent for inhibiting

Aoy SMN on.
/

(1II-1),

(11-2), k7 (I11-3),
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IV-2), (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 a 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.



