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BENZI M DAZOLE DERI VATI VES AS CALCI UM CHANNEL BLOCKERS

The present invention relates to novel benzim dazol e
waleomuais7vyes and their use as potent cal ci um chemm009/051668

bl ockers in the treatnent or prevention of chronic

st abl e angi na, hypertension, ischema (renal and

cardiac), cardiac arrhythm as including atri al

fibrillation, cardiac hypertrophy, or congestive heart

fai | ussnzItmapbed PRLEIHTIORS ASOOKIAI Ul | CHASNEIO BL.OGCHBREQ

these derivatives and to processes for their

Th@b%@ﬁﬁ%b&ﬂronﬁ@%t&%md%ﬂ@éﬁtn%dgﬁflé Yahalifss 8hd i use as potent
present invention nag$a so be used, alone or in

calgiHay sRaen® | iegketsoh dle tirenigentt oF RreientipR Afnafiionisf stable angina,

hyﬁe‘?@%log' iSERPHE (reﬁél%t%dlﬁ&dcérﬁéc%wﬁp{hhﬁé’é i@08ing atrial fibrillation,
hyper al dost eroni sm epi | epsy, neuropathic pain, or

cardi@ic BYPETHOPMTRAS SAREETiVEe Neam nirllke, War@armaceutlcal compositions

corﬁé‘nhﬁlnbotﬁés%: Hb@atides ahdes %ré@‘é@e&b%‘? Nhés pRYaAlBH. The BeRzimidazole
cal Cium overl oad' resulting froman abnormal el evated

derpvativesuief ithe |RIRSE riBYRINOR HBa Y| 3AxmRe NSy aeneoPr darRrilagpaceutical

corPEhiItRRC Yblihe TR TUSC | 6ndt €hibSased N@lidd efs® aRd "B @bmplications,
pat hways t hrough whi ch extracellular cal ciumcan enter

hyreseldesteroniss, epjensycigyreraiikie Pripa®ec@ned it humeeh ang ethgr mammals.
2) ligand-gated cal cium channels and 3)
vol t age- operated cal ci um channel s (VOCs). VOCs have
been C|aSSIfI§ into in cat

Ma@[é’ﬁ I(?Vé’@?tlllﬁrg sorﬁier Tri‘aé’ﬁ e@lr:lntejsso%go“ eﬁbﬁaqa)murp overload’ resulting

fror@F‘cﬂf Kbgr@areklsd ch(uaf tr@ux Broagidthig ;ﬂl&ﬁ@h’fﬁnﬁtﬁa@é of cardiac and
ons

|Stant C Clun] hannels are res
v RO e Faleatire 1o SparReiays KRPeRaieh extracellular
cal6iant mtctah@n tlhe‘!seC@e{II@ll ag r@d@@tcﬁ%@&dﬁed%@l@t@ eRAdrls, f2) ligand-gated
STI |ve a rs o
calpEdERenas ant 3 Y aorgraiiel cOsudehammets MIEST & Thi s

vOYis® ?vé-b%)épeclgﬁllffébum& %aprﬂ)glo eﬁgﬁ&r S| W@Mﬁ? B’%ﬁ%ﬁr‘gggan&ent

in clinic since the earl are now reco
(alguamai)r%fPurkan@ asfls )t Qe(atterfe?])tanﬁd? Féqi@almng or Besisteol)i c

oS et epno s B e Piue b bed el ctBpnypy nitates
cor&fd&tl@erm Q;bﬁfeﬁd aM @Sk ot U\ﬁ&clesbél&angg%btlrfg)deptaﬁme application for
blo&kqjﬁgwhe% Fggrﬁ}segdgrﬂgql ga'lrp%g%&ecu ﬁflglgg@gglﬁglp%v [Fntygj)?)galmum channel
blocksasnele béarckead i onm@yac@tmwaat/ i60e ap@ Bl taszehatended as a first
indpisie S or Bl sl R ernen aﬁg%ﬁ&a?b%@%ﬂ? e o
T- eeEQ[‘,lm'nl émnelsuérle Od G%U’snt A{%rﬁbé‘ c@EHn%H/ 2hd peripheral

eur od egeneratlve I soraers SUC
vasgiuladizeg esingatoilfnogddiand(Rakiniediqres, )bfa'ﬂhédfﬁﬂ&?'sl'aﬂ_dst%ﬂﬂem dhel kidney.

This- bYRR GRliGhU4iBh CRagRts Pl Peer Hsimiishibdk&dto have a putative
cardiovascular protection, to have en effect on sleep disorders, mood disorders,
depression, migraine, hyperaldosteroneemia, preterm labor, urinary incontinence, brain

aging or neurodegenerative disorders such as Alzheimers disease.

Mibefradil (Posicor®), the first L-type and T-type calcium channels blocker demonstrated
a superior effect over calcium channel blockers, which target the L channel predominantly.
Mibefradil was used for the treatment of hypertension and angina without showing

negative side-effects often seen by L channel blockers like inotropy, reflex tachycardia,

vasoconstrictive hormone release or peripheral edema. Additionally, mibefradil showed a
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a superior effect over cal ciumchannel bl ockers, which
target the L channel predom nantly. M befradil was
We®d/18wr9 t he treatment of hypertensi on and anBiTEB2009/051668
wi t hout showi ng negative sidg-effects often seen by L
channel bl ockers like inotropy, reflex tachycardi a,

PO T S ot B a BRI ot S oo BR s g TRTEHY 15, 41-28,
20CRArRENIpsQteabl gell %f@@lﬂ%ﬂ W751%[TE 998}aradﬂeﬁula|§r©tdcﬁt7e BffeigHonda,

and Ther 41- 28,
HyERRAEOT b 204787 5 el SHeldah b e et i, Bedtapipent of heart
fail(ieqOtbzel, Fyqueetiags Aesbcwuon 20kicaT Ph€16iang 11Rad9STONEID)a

positive effect in the treatment of heart failure
Degriieothelenopreisedinaigs fongsesunraund rof Anie oreftey rmhgkadii wass withdrawn
fror%l'n]ﬂ]re gﬁﬁetqg 19%@?&% y%saw,e]; ﬁ]s'é)eg F:g)‘al‘apg‘w%ng&{é%%%gefvm@r{PaSA4 drug
mterra@nanﬁ H\éor@evweEC@aqr@%al(t@ﬁ éi.8 &3l prfangptionsg apg interagtion with the
MU#W %éﬁlﬁ@@%@&h@l& SR 364 r(%dt’l%d' 8k @o@ﬁ:‘w' BI#® Pharmacol Ther 67,

Mor eover abnormalities ggxgro ongatlons
24%ha 2090 WapteloRrugi Metab s 1891%& d di gOXI n effl ux
al so reporte du Souich, Cin Ph

Th‘ﬁsf 'y '%60%%%%& OV%rCBH‘p%‘P%Fb “fﬂ%‘p%“g aggﬁeéié‘? %a'c'“m channel
bIoEIEHBQ))ut hEveraa imbeael gafes @ofilemathdesdpzict waviekfradinpounds,

whi ch act as T/L-type cal ci um channel bl ockers but

have an i nproved safety profile with respect to

m befradi|l. The conpounds of the present invention are
Th@pomnourﬂdsLofdhamenbIrwektmrsararmbteMeTr/lebeame_wwcuersi and therefore
useibl?ﬁ?%?ﬁse%e@e B?ﬁth aId %%ﬂabn&@g%niﬁvav e involved. i)

aspec the T nvention consists of
i) AR ez s etast meemd@mbn abhdies obbedAhiabtde Gnvatiles yiTeMmaiIn (1)
R1 represents aryl, which is unsubstituted, or nono-,
di-, or tri-substituted wherein the substituents/are
i ndependently sel ected fromthe group consistidﬁ;iﬁ
(G _4)al kyl, (Ceoi-4)al koxy, hal ggen, and
trifluoromethyl; ™R represents /mydrogen, or
R21 represents (C1-© NG . 3)fl Maroal b
(C3-6) cycl oal kyhs .sents he in
represents tg or 3; reprgsents
hydr ogen, or . The foll/oi n "
provi de defi Qe
for the_goapomgils~according to the invegntion apd are
i ntende® to apply uniforny t hr oughout gt he

(1

wherein

R’ represents aryl, which is unsubstituted, or mono-, di-, or tri-substituted wherein the
substituents are independently selected from the group consisting of (Cy4)alkyl,

(Cr.4)alkoxy, halogen, and trifluoromethyl;

R? represents hydrogen, or -CO-R*";

R? represents (Cq.s)alkyl, (Cq.3)fluoroalkyl, or (Cs)cycloalkyl;
m represents the integer 2, or 3;

p represents the integer 2 or 3; and

R® represents hydrogen, or (Cy.s)alkyl.
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speci fication and cl ai ns, unless an otherw se

expressly set out definition provides a broader or
wmma00909wr9 definition. The term " (G - 5)al kyl " PEEMBR0¢0/051668

straight-chain or branched-chain alkyl group with 1 to

5 carbon atons. Preferred are groups with 1 to 4

e BoBRig bedeiael b G68 e ii? 8 T arsisbmlenl SupRyR o the

corgp@uis GoBdrdingitd theXinténtipn A e indéraied. to B AINRINESMOY tr(r@ughout the

speﬂ)fﬁa@h aﬁéocggmﬁupsiegg:agﬁlpfhe%?%|expre§gI%u{)e§£|dut r{isegglﬂf)glprbwdes a

broater drsapentydefinfioaf erred are nethyl, ethyl, n-propyl,
and isopropyl. Mst preferred is nethyl For t he
The tgyat |(€3uéﬁlt<ylhzr1eans|%@tpalﬁiﬁgqhainsorn@§ﬂcfpﬁde¢f@m eyl graep with 1 to 5

carE@ﬁ glon(sC'Pr fandd %‘r%rd?@jpg%y\k/lt W%ar%ﬁfa%ﬁh??ﬁgﬁ% t)alléyl (x and

ranched- c ain alk gr oup
y bginghan intgger) fafersrtp r?estaa'@i?stf tERaghsdechast alkgj group contammg X toy

Carga)rﬁléf%gakké%plgﬁoé*pg; fsfa@x rdréddéOEWerﬂWI ethyl, n-propyl, isopropyl,

-t 1 uor oet hyl roet h
n-bptyp sgctpytyl| t@drb@tvhjﬁlobutah@ RSS!, @lduwns@twhﬁrefeppéfaéer methyl, ethyl,

n- p‘%pﬁl tede ’sHBroPﬂeﬁ\/mélt ’pre"%er?edz id Friet Xﬂoﬁ&ethgyéubslﬂﬂ%t Rz; isopropyl is

af |'uor oe Most preferred is trifluoronet
mOFbeeEﬁédsubstltuent RR1 , 2,2,2-trifluoroethyl is nost
ref er red The t

"( C3. [ | | kyl "
ThE LT e ek e RN G T 5 o BT RaThan ey oroun
whENaleJlﬁﬁlttﬂéd (Wa8. ﬁ)cﬁ?(flbo:&ﬂd(gior@r &upmp&:seofgsmb?tﬁrro@w,groups are
CVC, ex . r
BRI ea s el L HB Ryt (4 235t asodRY, P pentatiygroethy
Pretf@'relmkarl(eOrlﬂu@)ai\fhkt_yx)Q 2, Q‘&ﬁn‘:lﬁ)r@etlg)rl oad péntaierbethyiu I\/a)s( pieferred is
) - n I
BB R U AR le i Sttt s on B e e oy

Thé l%rﬁ‘an(jcy &/‘éloﬁﬂyla%éaﬂg %gsea'iarafe@fc?[:lﬁz ARy @rcﬁfprvﬁlrg@b @'carbon atoms.
ranched chain’al Xy group contalnlng X to car bon

EXQﬁ‘@'ﬁ% Obd&ﬁp)l%@oailfw ( @rours) afek gglograpy SCW@%t Hygppentyl and
cycf3HaR yFoﬂh@%QtE%Qlﬁ)é-nt REORI ARSI iSRSt P¥eterré$ Obut OXY,

sec-butoxy and tert.-butoxy. Preferred are methoxy and
Thettdrox (C; Dbtkot()érm”eél’r&abogemb ofrettaen forinlulao (@, 5 )athyll-Or on vidtidnthe term

or_, eci al fluo or chlota. . term ' a
(CRlahERE: RSO0 dvrasRbRst et 208 i Loerdied} P4 v being an
mtqgjee)ngdfergrtowstra' iget ar jofanghenmhalayallo@(yugmubsmntamlr@x tory carbon
t | Q kogubst i tut ed ﬁ@ el )
aom&bgtxi‘artnﬁgﬁtog Q%Qa %Ye%ré’H%Seﬁ{ﬁ Xéct 8xyf TP FP8IRROXY:
butory $doblitong, selc-bulixy a4h)jadadtybutm(ydPreﬁéredwmxynetlhmdy@gﬂrethca@d

trifluoromethyl. In a sub-enbodi nent the aryl group is
Th%F%WeP@BQV"dW%Wﬁé@PFMP@@“’Eﬁ%ﬁ%@@@d%ﬁmp%ﬁywfm@ﬂUUﬁ@““O

Th%{eﬁrﬁpt ﬁ;fw ean%aaDBI%er or azng%ttmlgp&%nM efer§edn§t hgheeplegﬂ}gup The aryl
group may be unsubstltuted or mono-, di-, or tri-substituted wherein the substituents are
independently selected from the group consisting of (Cq.4)alkyl, (C.4)alkoxy, halogen, and
trifluoromethyl. In a sub-embodiment the aryl group is preferably unsubstituted. Examples
of “aryl” groups are phenyl, naphthyl, 2-methylphenyl, 3-methylphenyl, 4-methylphenyl,
3,4-dimethylphenyl, 2,3-dimethylphenyl, 2,4-dimethylphenyl, 2,6-dimethylphenyl,
3,4-dimethylphenyl, 3,5-dimethylphenyl, 2-methoxyphenyl, 3-methoxyphenyl,
4-methoxyphenyl, 2,3-dimethoxyphenyl, 3.,4-dimethoxyphenyl, 2-fluorophenyl,
3-fluorophenyl, 4-fluorophenyl, 3,4-difluorophenyl, 3-chlorophenyl, 2,3-dichlorophenyl,
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3, 4-di net hyl phenyl , 2, 3-di net hyl phenyl
2, 4-di et hyl phenyl , 2, 6-di net hyl phenyl

w@2eh9dswee hyl phenyl , 3, 5-di et hyl phenyl , PCT/IB2009/051668
2- met hoxyphenyl , 3-net hoxyphgnyl, 4-nmethoxyphenyl,

2 3- dinethoxyphenyl 3, 4- dinethoxyphenyl,

3,441 &1'@8&?%8? “oph ergy ol |u%8%%ﬁyﬁgéﬂgn 4T Qr RRRS M hyiohenyl, and
4-tiFudratheathy pticrnyh @nyterrdd &-phealll or ophenyl ,
2-trifluoronethyl phenyl, 3-trifluoronethyl phenyl, and
4-trifluoronethyl phenyl. Preferred is phenyl In the
foll owi ng, further enbodi nents of the invention are
In tie $gdloirex furihie) erAbcbdjnrnEhtsrofmﬂjommientar&)destchbed nvent i on

relates to conpounds of fornmula (1) according t ,
ii) BB AERed RhiBe dnventiererelains FCQER'%@QL@HSfoWWé'a 1) according to

embBbdif@adi Cwﬁér@frhet}ﬁér&@nf@lrﬁto‘xﬁ éf&hé %ﬁﬂ‘gé&‘é\}cldh@ﬁer%zm@rety is such that
qpstltuent and t )P- of the cycl ohexene
the Ry @t ?thp@ephaqg @erbélpg@ P (%[lﬁ (pl ofetheth@o%{ap (Rety are in cis relation

(i. eth@fdb%lI[Jﬂztddhﬂ?u@tl@ﬂs%@me@k% ih Bitedrtib@suld QL et RrlilEi( E) below
or formula ( TE2) below). iii) A further enbodi nent
iii) Aferthemesritodoment of Hiegsvantior oztpies halsoropoinas rofifam(la) (| accordmg to

oSSR TS HRPAR BE R E PR
i V) A further enbodi ment of the invention relaﬁgs
conmpounds of fornula (1) according to enbodi i)
wherein the aq§plute configuratjion depicted i$ as in
formula ( 1E2)" (\{E2) v) A furfher enbodi nent|of the
invention rel ates o conpeus ds of formula (I
according to .(

p represest’s\tfienNteger 2. vii) A fufther enbodi ment
of theRnventionh relates to conmpoundg3of formhla (1)
according to enbodinents i) to v), wherein p O
represents the integer 3. viii) A further enbodi

of the invention relates to cgnpounds of formula (1)
according to any one of enb86i ment s i) to vii),

iv) WIS e iRD a8t @5 Bt ifverfbh Rddtes td ¥dmpPodrds o @rmula (1 )accordmg to
enbodi nent of the invention relates to conpounds

em’P@@"Pﬂ?Pb‘ ("I’r)er%lﬁé'iﬂ%\ti’sﬁ’bﬂ? godigyradine d@P'Ct@ﬁtﬁ)% Wé‘ﬁ't’@"?r’ 5'E2t
viii), wherein R21 represents (Cl-5)alkyl,
(C3-6)cycloal kyl. x) A further enbodi nent of th//
invention relates to conpounds f formula (I)

according to one of enbodi ffents i) to |x) wher ei n
R21 represents (G0 5)al kyl speC|aI
xi) A further egbodi ment/of the inve
conpounds of.a...(.. accor
1
R R3 !
N '

(le2)
v) A further embodiment of the invention relates to compounds of formula (I) according to

any one of embodiments i) to iv), wherein R" represents unsubstituted phenyl.
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any one of enbodinents i) to vii), wherein R2
represents hydrogen. xii) A further enbodi nent of the

WO posensiesn rel ates to conmpounds of fornula (I)PCT/IB2009/051668
according to any one of enbodinments i) to xi), wherein
mrepresents the integer 3. xiii) A further enbodi nment

) RS R A SRR S0 ST ) decorsing 1
embbdirents iR3 v epiesian eprasdngedintegev . A furt her
_enbodi mrent of the invention relates to conpounds of .
vii)fholupthersenpipgdirmericr dhenigversioanglatpsdo epmeatsgi aniating!ld () acgording to
| kyl (especially
e e ) e RSB R e s e®t B Yont i
vul)sAemrﬁmgemm)dmnierm@ytt’réehr/ermoﬁeelbﬁgssto cS)tnpbum?s afsfprmas r(i) @ccording
formu Jmay thus be

b t
to G 2hBSRimar s L MR S e cmeien S oY (LS
ix) BULEhSHBRRRIHTRE the iMerlibh Sal (S ESHEQAINRR R FFmRY( I)baeccordmg to

separated in a manner known %o a person skilled in
angene OfF&f@WC@Fm@HS HdW'ﬁhN‘(ﬂ@beﬁ* Rf oemigsants (§1-aalkyl sl (eet) éltPloa'kW
ro the nS|st|p
g%b F@e(lrhve? %1 Haéetﬁ Xci,cclmpounds of formula (I) according to
an)}-bl’&,emfzamtmdﬂa@ﬂk )2e yxi JwhareipyR?] Fe’niﬁédeyits Yalay-(espedially isopropyl).
phenyl - bi cycl o[ 2. 2. 2] oct - 5- .
Xi) @]_fgtlzeg; enyodipogry of fhe. lpmnpomre]l@t[eﬁég(yormpounds of formula (I) according to

t hyl
an)}s‘bﬁgﬁéﬁtﬂ'ﬂmég Z%V. h) gﬁ%@?ﬁ’%ﬁrgﬁ%@%ﬂs‘t@ﬂ?o@@h et hy )

Xii AGﬂEH‘ther éi’nt@(ﬂilrﬁ[alﬁi c(fzﬂhe?mfzbnmm helziesto compounds of formula (I) according to

th
anbREIESIBRBEN: 1o K byB R baELeht pR TG s
xmﬁddur‘ihé?'éﬁmo)dimédﬂ ok h%r m%rﬂﬂ‘oﬁﬁél@f&sqgfﬂéﬁ%ﬁgﬁds‘i’éf fBﬁﬁLﬂH'(F)‘ according
according to errbodl ment i), are selected fromthe

to ajwcﬁﬂ@ o @ﬁhogm%& i o 1)) Suiei) de%féﬁ%ﬂt% hydrogen.
xwig fgnﬁ'leﬁ"%)m zo?r{t%§ trfe)d'mzermoﬂer% tﬁ]qomr%ounc;s of formula () according

enzol m

to artyhpyie)of Balodimydntsi) toyxi) offeréin R’ cuen)re§erﬁm(C21 syd kye gspecially methyl).
| sobutyric acid ( 1S, 28, 45) - 2- (2-{[3- (4, 7-di met hoxy- 1

The+ %ﬂﬂ%ﬂg&p%@@ v) F&‘{tglﬂyjstlz e%?{enié (?rma metélg t cen’ters auch as

asynyobtut;y,anb@n abanas. (ThERbmpER’lds @rormula (| may thus be present as mixtures

of ‘%—tk r(eofs%m{e[rsgor( érefer%ﬁ g?% I'E)%@/st% ﬁOISOmeI‘S Mixtures of sterecisomers may be

enzoimd
Semthylmaman0$r letow}nltya&eﬁmrgkllleburtshelaot[s 2. 2] non- 8-en-6
ester. The relative configuration of stereoisoners

Préf%*é!)e{;t% ; rh?%@l{)ﬁteo%el é’d‘%rﬁ tIP]é él%gqtc)ﬁﬁélgtm%cdf.d (

- di net
(1R-RR @RIk m{@@@m D%e)thdxypﬁob&ﬂdmn‘fﬁtaw& )ﬁﬁﬂ)rﬁp}l}-methyl-amino}-ethyl)-

5@%&%'&%&@?%& gle%yzcllo[ 3.2.2]non-8-en-6-yl ester
(1S,25,45)-2-(2-{[3-(4,7-Dimethoxy-1H-benzoimidazol-2-yl)-propyl]-methyl-amino}-ethyl)-
5-phenyl-bicyclo[2.2.2]oct-5-en-2-0l; and
(1R*,5R*,6R™)-6-(2-{[3-(4,7-Dimethoxy-1H-benzoimidazol-2-yl)-propyl]-methyl-amino}-
ethyl)-8-phenyl-bicyclo[3.2.2]Jnon-8-en-6-0l.

Additionally, further preferred compounds of formula (1) according to embodiment i) are
selected from the group consisting of:

Isobutyric acid (1R,2R,4R)-2-(2-{[3-(4,7-dimethoxy-1H-benzoimidazol-2-yl)-propyl]-methyl-
amino}-ethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl ester;
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i sobutyric acid ( 1R 5R 6R)-6-(2-{[3-(4, 7-di net hoxy-1
H benzoi m dazol - 2-yl) - pr opyl ] - met hyl am no} -
W@Rw9h3063* phenyl - bi cycl o[ 3. 2. 2] non- 8- en- 6-yl eRCETR2009/051668
i sobutyric acid (1S5S, 6S)- 6 (2-{[3-(4, 7-di met hoxy-1
H benzoi m dazol - 2-yl ) - propyl ? met hyl am no} -

RO S YRR TR T AR T

amfref-athyh-Sdsteshy FiSity tPRAaud S, ers 2k ssterpigd maceut i cal
conposi tions, diseases and the like, this is intended
Isopetyfearacid sd 18" 8RhERE- &W%&d"@%h@xy-w berroimidreol-2an ) propyll-

meEh(?/f srnﬁg@%mw-sa%@%gg@%[@fz dzﬁrpant%ikﬁ% i kdter. (1 Ei ), and/or

| E2 s’to erstood as referring alsotothe
The &tlét&e(@mdgtﬁsmtofaétémotsbmewerdmowdtascf@IId)vys c’l@rC@{ml‘n&iDé Eisobutyrlc

oAl D P e ERPLIRR LS & gprmotyramivor

ethgiM8tghenyledi@ick[3. innm g-ox6¢/ estoodgrimicates or gani ¢ aci d

|so€lggr||(? 5@5?@%{3?2% &n %i? ; dm%f er,ﬁ_r|1 ﬁgngo?rﬂ|dg%%l%;ﬁ)€prt08yl]-methyI-
am(nb%fh))/l -83GhengBdie21a]3. Z'thm&m@hWéstle formulae (1),

R A= T T ARG T 2 e

amtriwefhyrm@fenphtacymﬁ@lm]m%-e@mmeswons for enteral or

ag_l?nt e{tﬁ adm ni st.rati on. The production of the
or 'Iéﬁ( FadidlescHiC LERPYLFEi ons can be effected in a

Wh@?@Qﬁé oMtac Rord id JREd ffémdohﬁ%uﬁ& Wtsﬁ%ﬁ&%bo%‘ﬁhée’l ednddsitions,

the art (see for exanp Rem ngt on Sci ence and
d'SWS@@tai”ééhQ)l*kePHﬁ? ﬁﬁ’@?”d@l@tm@d‘l $Q)?1 S@Q@OE’)NDOF’&@ tsal, or the like.

utica tur| n bl | (o)
AnY_Ir%f% eﬁg%t? a\/\??mﬁ)%p@ %’;\% y g(g Péttﬁ be understood as
refetesg midoetd tb@lspktm(zms esfpea‘:lalltynmlea)r(afmacemtlcalIyeadt;eptable salts) of such
harréaceutlca % cﬁf ? f salts, optionally in
COTERAMIRATT Y WY BTherPs apeuti cally val uabl e
Thé t@?ﬁlt"ﬁﬁé:rﬁ%cehﬁﬁaﬂy §C(Qz%|t&ﬂé §ls AdEsnd ﬁbﬁ-@d)&l@ thdr@drie or organic acid
together with suitable, non-toxic, inert

a”q/ﬁfeP%ﬁ?ea@q'M s3ltse Fefrients eansBenedsy 1 1Sl tplecdipp ifei basic drugs”,

,mrmto%),nal (S0 33, ioh1dagi red, usual pharnaceuti cal
adj uvants The conpounds of formula (1), or a

Thep lcampaced st mfcfatmtyacaclc et aland/s dlet) dridethedfphaanacausedliyl acceptable

saI{s catnht?e Q % c%ﬁnoefntsa n@qn (fﬁér?or}r% of n@{ar%hgeuttl{;glaéo%o[{bsmons for

préev ronr’c st able angi
entesactbemrant@radeaanmlrwatlorar diac), cardiac arr hyt hm as
including atrial fibrillation, cardiac hypertrophy, or
The gwéiggtiqr\;g tlp%@rpqrmpﬁqatpt@pbcomposmons can be effécted in a manner which will

be familiar to any person skilled in the art (see for example Remington, The Science and
Practice of Pharmacy, 21st Edition (2005), Part 5, “Pharmaceutical Manufacturing”
[published by Lippincott Williams & Wilkins]) by bringing the described compounds of
formula (1), or their pharmaceutically acceptable salts, optionally in combination with other
therapeutically valuable substances, into a galenical administration form together with
suitable, non-toxic, inert, therapeutically compatible solid or liquid carrier materials and, if

desired, usual pharmaceutical adjuvants.
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The conpounds of formula (1), or a pharmaceutically
acceptable salt thereof, are further also useful in

wo b@opswpar ati on of a medi cament for the foll oRETTB2009/051668
di sease groups alone or in anpy conbination: for the
treatnment of renal diseases, diabetes and its

conmplicati erald steron
e ooyt o Rt BE b SRR PG aFEe ot S reot, are useful i
themreperbiicn offaohedisamas anti-fibrillatory agent,
gntl-asthnatlc a ent |-athe@osclerot|c aﬁen

o E {\FaY O PR 85’1‘%‘9?6}&%5‘61'%? RSNOBR. PREHSRSIPY, ischemia (renal

RingasBisc), @didiHCarriiyehrhias ARDIGdiNg iagidl MBFIRBYR, eFdiac hypertrophy, or
ant i aqgr agent, or as agent for the treatnent of

FRS¥ %@ﬁgﬁ@&WH ‘for the treatnent or prophylaxis of
Th(ﬂl‘,&%?{)&‘ﬂﬁ! &r}ornﬁﬁgﬁzar LA kﬂhé}ﬂ{atc@?tlégwfgééeﬁ)%lé) Balt thereof, are further

ypeftensi on seco otre
alsewyﬁhﬁo;ﬁhﬂ preparatinl of @ medisamenhipp thet felinyiion disedssr gragpes @lane orin
anW&ﬂQ&h? i schem ¢ di seases, or as anti ischemc
ent for the treatnent of e.g. cardiac, renal and
. (f@fr eltreal tiegtoranti a)fan@nabpélsreasemn qighaies o@odr ritng complications,

?fg&grralo%@fe%lﬁwl EE ¥ d E@B?tlhitgtbg‘ﬁr yc)r c&%{epn@r%n%g and other

ebral’ vasos thera
mmma@ral vascul ar d| seases (e.qg. Raynaud s di sease,

. 'ff)‘rI %55” &4 entinsh i dre N ant aANARY %/eor S&fR ero§&|8 i€ agent,

di sease | nc I inftiation a evol ution
ta_hiéltlpautﬁ eardigplsgic c"czbﬁlomefo't pelanent bppassedpagjirotite tdiifombolytic
; e | e
chaibp S Sy figadbaint pleficBe ot PAPIE e TR EREte Hhgina
* ffei fthe dreatimeitbeer orapdplaxiepelt hyperieppient eagealyi n@’tmielwpertension,

ert@r%ﬁ)tn t%aﬁ%ehmw thrr(?&ﬁétl nda%'(ﬁ&ﬁ ﬂtensmn
SRATY e

a e or : nephrosc 03|s nephrotOX|c
. rf@ﬂ léﬂee'd W@OX'WQQISQ@FF@!Q@'S@@NS{, ases ag@alﬂch@m aagnt for the treatment of

qey 9§r8%rc' r}@malrgﬁ@lcelreﬁfg\ewcﬁemﬁr' H@rﬁéggﬁuc'él&rp% St Sc{/c@{gréirng after

1 ux, I 'oner ul erosi s Inth .
rppat@mtﬂhamarv rfyaRss Sigentr eeronait arst cergbtiil a@sospasm and the like,

rfb(@rﬁ?# rﬁphﬂerlpﬂé?aﬁm\yééc@l?ﬂ (ﬁ%%@gaey%g%ggérlﬁ s%’ di ease, intermittent

ype ensi on her a or chges al .
iotastdisationy TﬁlfayeslnuSoldIS@fase)i icked sell i disgaset inohdmg Inéfatlon and/or

e%BFuEb&H*tﬂé pg,nlcal tion, renodelling and dysfunction,
restenosis follow ng angi opl asty or stenting; for

. tfhre the desatreent of repRivIaxce®l adigordersdoti@iril ntos ek, glemerular and
hﬁé@%bgﬁg&él anf?&}&h, including acute and chronic renal failure, diabetic

nephropathy, hypertension-induced nephropathy, glomerular injury, renal damage
related to age or dialysis, nephrosclerosis, nephrotoxicity related to imaging and
contrast agent and to cyclosporine, renal ischemia, primary vesicoureteral reflux, or
glomerulosclerosis;

= for use in therapy for myocardial infarction, treatment of cardiac hypertrophy, primary
and secondary pulmonary hypertension, therapy for congestive heart failure including
inhibition of fibrosis, inhibition of left ventricular dilatation, remodelling and dysfunction,
or restenosis following angioplasty or stenting;

= for the treatment of endotoxemia or endotoxin shock, or hemorrrhagic shock;

= for the treatment of sexual dysfunction in both men (erectile dysfunction e.g. due to

diabetes mellitus, spinal cord injury, radical prostatectomy, psychogenic etiology and
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for the treatnent of sexual dysfunction in both nen
(erectile dysfunction e.g. due to diabetes nellitus,

W@ piopasoetor d i njury, radical prostatectony, psSRCHIBPEIN/A51668

etiol ogy andother causes) ang women by inproving bl ood
flom1to the genitalia, espeC|aIIy corpus caver nosum
r the rev ntlon nd/or \(k of cancer.  or .
*aﬁfo%a )@ 65?%’9%'89 9 éfHO tBPcﬂef‘EﬂkaaFF%erﬂa”y corpus
foakednbsirapy of netabolic di sorders or chronic
%n;hgnnator dls?ase i nsy lin-de engent and
R

A e b e T S b B e TR e ow R aAmBce associated with
elphdiieastioons (e.g. neuropat hy, retinopathy),

TR R S TR R T —

sl arindesUlis;dependt ety snalkiiugrabd tHes; confplicatidne (e.g. neuropathy,
ot oxli cl t

treatment of h and sudden deat.h, earl .
RERAT CSipe B Slns ot TAMoRF BG "o irpt; AdRTS! meumatoig
arﬂlwef@@ﬁteoénlgmisis@&idldﬁsls( er ¢ozehhapaisafeexatitist y, fi brosi s,
et eri ous cons rs su
9r té??rgﬁégé(m f Pﬂaﬁ/fqnéirﬁuﬁg H(@@qap%qqy&ngocﬁqﬁancedmver disease
ssmashjmy Gh HeAse Bittef dainf & okrpl i ceatiov (tergamepamﬂém“tybmmﬁ&r cirrhosis),
t or enal ndr one, noIo i cal di S jnvol vi {ﬁb ‘
R Pop SR ales ol SO P EeiE o) BFASMDslof Zedifh  rom
(tfey@@ilg@bahttm %paéﬂldodﬂ%‘asés @SS\@QJrata@dra'Mt tahd/beﬁlahder hepatorenal
sfuncti.on an ot oxi Ci t
SR B o, gt Shidiing\FoellS: 1tk g5 bpps, systemic
Gerivsis Mixedaggoglgasinemia, Micosslasdadimge, with ¢etial dysfunction and
i nfl ory bowel disease and ischeni c bowel disease,

JgPPto ﬁﬁ?ggéer or bile duct-based diseases such as
Gh@dlﬁllglgaBSthéamzﬂ aisebbes, suchgisl wtdrativeodolits| Grobm'e\Mskease, gastric

ni ng, pr ost a ertroph r _transpl ant at r
Pt asa e, BloefimtiPRaliy Bt Fedpinp Rt Briab Al Rspse. gall
blstaledler bild divaHbabe diseastshaeh rstdhohyits, ;mncchnﬁs)rrégmstuon of cell
structil

of chronic or a i nfl a tion such,as o

PG FYH BER 'Cjwae%%ﬁ?a it@pRaRtalioy 3%”3‘9 ?%?”t' -diarrheal
tdgental | eV| ation of pain including neuropathic pain,

g t:ggq 2qugﬂsag(?g§ ?@%B?n%it?rgb to%grh{%é%n%a?oa}nd‘fs%rrdesrg %IP chronic or
keoe- @lﬁlmﬁeﬁatlonf euch s tobetalotieat pwoaamyt dakageranduadult distress
s%eaem vascul ar di sorders such as stroke, transient

(@M attacks, migraine and subarachnoid
Hemtiig hdlgaaticoe ot rp&lin mesludp neuropathic pain, peripheral pain and pain

associated with cancer such as pain associated with prostate cancer or bone-cancer;
for the treatment of central nervous system vascular disorders such as stroke,
transient ischemic attacks, migraine and subarachnoid hemorrhage, central nervous
system behavioural disorders, treatment of dementia including Alzheimer’s dementia,
senile dementia and vascular dementia, epilepsy, or sleep disorders; or

for reduction of general morbidity and/or mortality as a result of above utilities.

The present invention also relates to a method for the prevention or treatment of a

disease or disorder mentioned herein comprising administering to a subject a

pharmaceutically active amount of a compound of formula (l).

Furthermore, the compounds of the formula (1) may also be used favourably in

combination with one or more agents selected from lipid lowering agents such as statins,



10

15

20

25

30

syst em behavi oural disorders, treatnent of denentia
i ncl udi ng Al zheiner's denentia, senile denentia and
wo a8008@r9 denmenti a, epil epsy, or sleep di sor dePGI/IR2009/051668
for reduction of general norgidity and/or nortality as
a result of above utilities. The present i nventi on
al so relates to a net hod Lor the prevention o

a”ttCPé%\‘f'ﬁ‘étﬁtsUB*f a3 CBH"E%%&% agfit @’%Q?F'aéﬂe’htéﬁtl%ﬁ%&'oﬁké’f)&% B-blockers,
and BIRBF ErbiopProdsbiiebgé@si Nng to a subject a

pharmaceutically active anmount of a conpound of
Besidesndny refererfagstindicated dor theecaoppoads forrrnqlmél)f(mhmmlea for the

Y e 0
congwunrdrr@ th&%géi\é&én E?gwe r%ééft gérﬂpéas}/tldnlg &o%('ijﬁ?ﬁuﬂ@eﬁé’ rwg&lih({s or salts
thegaof,h uags stfatlhensoramundeagmlsam ghenach @s cmmsarmmtst/s mutandis to
ogrel, b-Dbl ockers,

Coﬁﬁ@ntdp ﬁg@@gqra %gf%ﬁdz%rfl )28@3‘@% ‘gé%%ey des any

preferences i ndi cated for the conpounds of formula (I)

(whet her for the conpounds thenselves, salts thereof,

Pr%m bt BAp M LHMNRAuldH: compounds or salts
ereor, uUsesS O € conmpounds or salts thereof, etc.)

A fapthély aspdcatdf sthevibesntios it ca @esqessirfds the pfeparatioaeof( Edmpounds of
and/ | E2) and vice [sa. Pre on_of conpounds, .
for3e 30 b s s R i £5¢ et B Rt B L aBRER ¥l ed ino
pharmacest&aflyoacdebabler eyita tretrédfiin efimaoepknowdsp@fsef or mul ae

(1) of the present invention. The compounds obtai ned

In ﬂﬁyeral s¥ pRerpisAl EpREarmatiops piear hacraitoread | decasingpiared-known

staﬁé‘érﬁ%éth@cﬁ&@éleé Bs Ac8EMREIn KRONBraRRE F%s dddcABRehahe procedures
| chem cal transformations can be perforned

as ﬁ%@@a?%'nt%hﬁmeﬁ IkAcWReIw- dﬁ@@ﬁ@'%@%@@@%@@ dle g@neric groups or
intdRPER! BEARE N, th@ rh 'a?@éé“db‘frﬁedofbr ﬁﬁmQFés(W paed a'bBretvléﬂ??s used are

rocedures as sunmari zed Schenmes 1 to 3 bel ow. 1 2 a3
defiisd inribe capeimentakpeGlioe, '”t h‘é‘“@é’f’%?”@sgtf‘@l%eﬂff groups R, R%, R

mlg%l'l‘?ttfégﬁﬁén vblquwth RBe a‘%serﬁﬁl‘? iMstated ﬂ@fédﬂgﬁheg Helow and so will
ormul a . her abbrevi ations used are defined in

requiqe ”&(bﬁ Pn%fﬁfeﬁt'”% P AP C)- T heotRe ¢f rsetapingsareHes is well known in
the3f DRIk Godsaimste Frotddbve BRoupsdRtorBsnit RGAIMREL!, bl @ ‘Grééhe P.G.M.

the assenbly illustrated in the Schenmés bel ow and so

Wag) |W"eryelqtﬂr$0éew0ﬁe1%%% ber thedrEsRaseR @ dhiv djssutsiy, it wilde assumed

thau§&h06roﬂ%fﬂ¢ge§rbh;5&aegﬁ&éé§§ary%ré’%'dladfénovm in the art (See
for exanple "Protective G oups in Organic Synthesis"

Compwdnds efefoenulP. (G. dve pépased Wllow;ng thieepreca deinge QGO In. Scheme 1
belo?vr the purposes of this discussion, it wll be
assuned that such protecting groups as necessary are

cOmﬁo@rho&,C@r folUIR QYRS RF OEgFEbhtd |—|)ca31r19e Ere@@@rde(s]l/ saponification of
thef esterovlgI Lr}gmé g?an%ragdc%gglcr: ec%ngllfll%sl rgSch Iag I_Sl(C)H or NaOH in solvents like
ethanol, methanol, THF or water at rt, or standard acidic conditions such as aq. HCI or
TFA in solvents like ethanol, methanol, THF, DCM, or water at rt to yield the acid
derivatives 1.1. This acid is then coupled with benzimidazole derivatives BB to give the
amide derivatives 1.2 using standard coupling reagents such as EDC, HOBt or PyBOP in
the presence of a base such as NEt; or DIPEA and in solvents such as THF, DCM or
DMF, preferably at rt. The amide 1.2 is then reduced to give the desired compounds of
formula (1) wherein R? represents H using standard reducing agents like LiAIH, or Red-Al

in adequate solvents such as toluene at temperatures between 0°C to rt.
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bel ow. Conpounds of forrmula (I) wherein R2 represents

H can be prepared by saponification of the ester K
waigingisrandar d basi ¢ conditions such as Li OH PCT/Ne@9/051668

in solvents |ike ethanol, metfpanol, THF or water at

rt, or standard acidic conditions such as ag. HCl or

TFA in solvents |ike ethanol, nethanol, THF, DCM or
Schiglte! at rt to yield the acid derivatives 1. 1 . This

acid is then coupled with benzim dazol e derivatives BB

to give the am de 3>4ﬁbatives 1.2 using B

coupl i ng reagéim §

3—<uch as EDC, HOBt or
presence se such—as—NEt3 or DI PH
sol vent s, sugp/as THF, DCM or DMF, prefleralt’y at rt.
The ani & 1.2 i sXthen reduced to give the desired
conpounds of fornula (1) wherein R2 represents H using
standard reducing agents like LiAIH4 or Red-Al in /

adequat e sol vents such as toluene at tenperatures o
between 00C to rt. Schenme 1 Al cohols of coppbdnds
formula (I) wherein R2 represents H can be ac e
usi ng standard reagents such as acid chlori des, @ti
anhydri des, chloroformtes, isocyanates, or R® O

car banoyl chl orides, if necessary in presenceB8f a
Lewi s acid such as MyBr2, or in presence of a base
such as NEt3 in inert_golvents such as DCM or THF at ,
t enpergt ur es bet ween §0C and 65C to gEye Q9npgunds ofO

formul g @) eiM-RAJ epresents - ~a NThe kR
i nter es e ar ed—accor di chq\r}:e,</2.
Di ke 2.1 and Nrong protected ket 2.2 cal K

pr Epar ed accordindﬁtoogpomn procedﬁres (Can. J. emg
1992, 70, 974-980, Can.” J. Chem 1968, 46, 3723-17, >

JOC 1978, 43, . 4648-4650). Schenme,2 Al kylati f th .
AICRaRTS 1 CompOpndsh on T Bl MBS B epresius 2R e Sgpd using
stahddrbiraagehty sagend scif phrpdes held amhyidhees; @hloasipemdés) dsocyanates,
o BRSO A0 DAL L D i e g, o
prepb@c%a?/_'d%ﬂmgméwmtusomwm giert @ml@qtsg&s@hsasldwemt o Tkiméet Eﬁﬂ@ratures

or at ratures betweepn - and rt _yields o
befieegfioh 8355 T BN GrgRangr of RETRaT AT Regtrersents “COR”
ThERE) V"@érh\é%i(??eng??ﬂp SRAYEM il tEBMMOD. BlkeWREER.1 and mono

ard dehydra

usi ng st an t1on reagents and procedadur es
prodagta ketomACRIZ| ganaleRe QiR EedsetoPENiI G tas kindyvmBrogeeureméCan. J. Chem.

19§A§|, obesAabban, dlan’ . dRAdS ob8 4d187keY ‘?{Lﬁ)@ﬂ 878, 43, 4648-4650).

ternatively, this deprotection/elimnation reactio
Scleane pe perfornmed in two steps. The ketal of al cohol
derivative 2.3 is hydrol yzed as descri bed above using

protic conditions O
‘ o

’ 2.5 O BL
S G~ o - G

2.3 2.

Alkylation of the ketone 2.2 with nucleophiles like Grignard reagents or lithiated reagents

(prepared from the corresponding bromo compound with e.g. butyllithium using standard
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such as TsOH in solvents such as acetone at rt to

yield the ketone derivative 2.5. The elimnation of
woerieniwan be perforned using standard condit i PEEIB0EIN51668

as Ms-A in presence of a base like NEt3 and in

adequate sol vents Iike DCM at tenperatures between Q0C

reagfon, anclionE Rt Ky T ril TP R e hee RIS dxents fike ELO or

THF &t ted@sbratQrdsaicOmeerders g ainid vegelds the dicoharat.Ber
variation the diketone 2.1 can be selectively .
Hygrolysisadf Pdw laqt@lde @lookeltdeyivatiyekad ane sdesaayant aligiratigngf water using

SaBPO 080 1ty LSRG W5y e g s B onns s

as aerione m@@fablfhét Blgagp tathedetare Akt er can t hen be

f d a ti

ARG Ws SRErfRo kiR RE0S SRk R e PIHER Y, D Wi estops. The

ketdIGSﬂ ale@hdkelysrwmt/erzm@b ayc&SIyi@cbys aldd¢rtbedraboie using protic conditions
es Su

d l.ithiat
sudh g FEBRUNSDMEHEER 4 otialicCal T3 TR 1R ket yBBtve 2.5, The
ellr(npgm}fmlbléd\{agér san tbgusDen;%nfetelr?sm@medabj @ondideisatach as Ms-Cl in
ut i thium at te
el s Y v i FRRE A kDRl il BeSatpBs petween
0° mexcamle(aerrﬁjg thie Blﬁ‘@@ﬁ aiaggletSm teleyess soii@n@@kggﬂ-éﬂ’sbth tehfp@ratures
t az rivatives chene
be@%n Egé g%ﬁgj]e %rjio E@ﬁbg‘ge%\’a 'Aessgl‘it ably substituted
In Q*cﬁ‘ﬁlérl\)aﬂgtﬂﬁrhbvoﬂété/rﬁa B4 kan pdtdLil Sy SHIHLR)IA88 dRedly to ketone

from1, 4-di met hoxy- 2, 3-dinitro-benzene
der@@gye 3 5@ygangﬁ@mate2mmeop@17%hkg7©r49naé@ &ﬂg@ptﬁgn ptgndard solvents like

Et2®L&W dt RAPEAWE LB 69, hﬂ@"e"l&lﬁatﬂgn FEhARAZaf Ve bd Performed

experinmental part below, is coupled to an

ap%hd@@)ﬂ@l ﬁ@m%/cwanoe&ta&menamﬁ?e&hqva{ ly avail abl e

Ketggﬁéjl ?/Y]ag“’?%gg@ﬁreq ”EE‘SIHS? %egl %/s?%h y éritl ) ! an%al?ynaddltlon of
nuqbec&ﬁ\ées:ewolﬁ @ @@a@c%mt@l&ﬂﬁhlawﬂt alkyIDMQdBps nsuch as lithiated

sol v ke TH %:M | ye the ani
teﬂdgpﬁy@ ?a\;ae@r%paéedz qué lisrPg r%tﬁélgosrowgga%eﬁat I%R/ﬁlthlum and DIPA
at mrmeea:ttmelsgofg-rfm‘.’l@ |8La1hadéqu@bz mixtui8QG. sdtiests sgcrobs 3oldene-THF or
ndi,tj ons to about 1500C,

r ef under m,crowav
he)%@ﬁfﬁ!ﬁ ait}rﬁe%eﬁ?tgﬁslbgtt\%esol e tagdg ch as tol uene or
Th@§)ﬂ¢thé?s@8ﬂ tele |b§ﬁ‘ﬂ§nda90l%h)%n%t%§% cAEMBAgIKNltlined in Scheme 3. A
benzi m dazol e derivatives 3.3. Optionally, in case

suifablyagulsiitutedithanilingsdariy atber 3- &a‘ﬁh'%'si THeaiEee §- Qi dioAy ! 4-dimethoxy-

2 33(I|ﬁﬂg-%éﬁ’zén%acfﬂﬁﬂ%r§l@"%nﬁs Aoy | avsmn7yd)t ha(%Brdmg to standard
appropriate a hal ogeni de i n resence of base

proEPRECKRHRYPWIRAGES NGl @Y INe| RECHBERhEar bRIWols coupled to
an HdEor@tng fﬂi@)@é&é& r@pnridrcP dlaifle ReAkREbIARNER R9d derivative

standard deprotection procedures(hydrogenatl on for

PG
usiag @{ﬁfdarﬁ:gpttglmmage@}s pesl coptitgnsgsurdsas kO CdSPF &y presence of a
baTsPAAKYIPEA, NEt;, DMAP in solvents like THF, DCM at rt to give the aniline

derivatives 3.2, wherein PG refers to an amino protecting group such as Cbz or BOC.
Heating of 3.2, preferably under microwave conditions to about 150°C, neat or in
appropriate solvents such as toluene or acetic acid leads to the protected aminoalkyl
benzimidazole derivatives 3.3. Optionally, in case R® is alkyl, the substituent can be
introduced using standard reactions such as alkylation with an appropriate alkyl
halogenide in presence of a base like NaH or K,COj; in a solvent like acetone, DMF or

THF at temperatures of about 0°C. Deprotection using standard deprotection procedures



10

15

20

25

benzi m dazol e derivatives BB. 3.1 3.2 3.3 BB Wenever

the conpounds of formula (1) are obtained in the form
W@Roosi160y es of enantioners, the enanti oners cREI/HE2009/051668

separ at ed using nmethods knowy_to one skilled in the

art: e.g. by formation and separation of

| astereoeric b L chiral . .
v SRBRNEEr O Bires iy Hohss RS repR) Bt dhaspiesisgg aminoaliy
bemﬁudemleﬂenvaav@l_%eel Chiral Cel ODH (5-10 nmm) col um,

or a Daicel ChiralPak 1A (10 nmm) or AD-H (5 nm
Schesheibm. Typical conditions of chiral HPLC are an

isocratic mxture of eluent A (EtOH, in presence or
absegnte of an anmine s as NEt 3, diethyhdnm ne) and 0

HRl uelt B (Hex), ggya ffow rate 0/0 to 150 nljpin. N
I\/ENFAL ART. T IIovmn IIustraI(\e_</
'rﬁ‘

H vent i onnbuti_dog at all ‘ scope MmN
&‘hereof APG t@fg\f\‘atures are stat ed Ln DC. Conpounds|, |
rPe Qhar act er i z & NVR (400 I\/HZR orO43C NVR (100R° O~

(Bruker; chemical shifts are giyen in ppm
relgo\ilve to the sol¥ent used; nulti ¥50|t| es: BB
Wr@hé\@ﬁrethe dompelaidal et formuta t(N)i @ﬂee*obtaﬁheﬁ g G‘brfm dJ FRixtures of

entupl et, hex = hexet, hept m= nul ti
engjjtiome a%%lenee}wmqrﬁga%8ﬁs%e§ﬁfa§ef£v§n%mﬁéfhoqsn n%n%bve skilled in

theldet: My, blyiforigian aNa\éleg@JanSn of dibsteRombE0 sBithar iy AROD &Bea chiral
DAD, colum: 4.

Zorbax SB-AQ 5 mm 120 A .
Stofrany BRSE Bieh55eeeto AN PER R il o Sogeriacel o0
H @- A&} EbIUnHOBPQCE%éé? Cﬁ‘ﬁr’aﬁﬁakflk‘{% r%m [5) pmlt) Bol'uﬁm Typical

|ven|n m n; C (TLG pl ates fLrom Si

corgj(mong(pfmab HPL@r angyawqcra!qlg rpmum@ of @mﬁy@lfnégt% gn presence or
abs%l%!i éﬂ‘ gq apyneo&ﬁzﬂaars% tente'tml'i%mﬁ%&%g&gglueﬁ(t B ?ﬁ%g %?r%lﬁpav% rearte of 0.8

nm  gradi tonit
tOtQQrmbfﬁnﬂng 0.5 %of formic acid) or by colum
chromat ography on silica gel. Racemates can be
separated into their enantionmers by preparative HPLC

referred conditions: Daicel, Chiral Cel OD 20x250 mm
—&EMX R ol in hexane, flow 10-20
The&tcél%ﬂét onb%\é'nﬁﬁ% rgt'esthe ﬁ]@ént%%etngHS 8{ {i ﬂ(ﬂrlm{ltr{he to](?ope thereof.
All ephpedtstoeess BOstates ’h °cb@b%madstme)éharactenzed by 'H-NMR (400 MHz) or

*C-NMR (100 MHz) (Bruker; chemical shifts are given in ppm relative to the solvent used:;

multiplicities: s = singlet, d = doublet, t = triplet, g = quartett, p = pentuplet, hex = hexet,
hept = heptet, m = multiplet, br = broad, coupling constants are given in Hz); by LC-MS
(Finnigan Navigator with HP 1100 Binary Pump and DAD, column: 4.6x50 mm, Zorbax
SB-AQ, 5 um, 120 A, gradient: 5-95% acetonitrile in water, 1 min, with 0.04%
trifluoroacetic acid, flow: 4.5 mL/min), tg is given in min; by TLC (TLC-plates from Merck,
Silica gel 60 F,s4); or by melting point. Compounds are purified by preparative HPLC
(column: X-terra RP18, 50x19 mm, 5 um, gradient: 10-95% acetonitrile in water containing
0.5 % of formic acid) or by column chromatography on silica gel. Racemates can be
separated into their enantiomers by preparative HPLC (preferred conditions: Daicel,
ChiralCel OD 20x250 mm, 10 um, 4% ethanol in hexane, flow 10-20 mL/min).
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BSA bovi ne serum al bum n Bu butyl Cbz
benzyl oxycar bonyl CC col um chr omat ography on silica

W@e009Bs6geSs reagent PCT/IB2009/051668

(et hoxycar bonyl sul f anoyl )t[{rﬁet hyl ammoni um hydr oxi de d
day(s) DCM di chl oronethane dil. diluted D PA

Ao BRGSO S REPLEpN ass by am et

aq'di met hyl am NORY iggne DVF di met hyl f or mam de DVSO
di met hyl sul f oxi de EDC L/ - (3-di nmet hyl am nopr opyl ) -
AcL/' - et hyl car baefitYImi de eq. equival ent(s) Et ethyl EtOAc
antet hyl acet at eﬁ,ﬁ{ MLt hanol Et20 diethyl ether h

hour (s) Hept heptane Hex hexane HOBt
BOL- hydr oxybenzti-Patpsyc@rtPyC hi gh performance |iquid
gs@hr omat ogr aphyq lifs Meuli lingnchr omat ogr aphy - nass

5 spectronetry L\)/E Irret yl MeCN acetonitrile MeOH net hanol
u uty

Cbz benzyloxycarbonyl

CC column chromatography on silica gel

Burgess reagent (methoxycarbonylsulfamoyl)triethylammonium hydroxide
d day(s)

DCM dichloromethane

dil. diluted

DIPA diisopropylamine

DIPEA diisopropyl-ethylamine, Hunig's base, ethyl-diisopropylamine
DMAP dimethylaminopyridine

DMF dimethylformamide

DMSO dimethylsulfoxide

EDC N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide
eq. equivalent(s)

Et ethyl

EtOAC ethyl acetate

EtOH ethanol

Et,0O diethyl ether

h hour(s)

Hept heptane

Hex hexane

HOBt 1-hydroxybenzotriazole

HPLC high performance liquid chromatography
LC-MS liquid chromatography — mass spectrometry

Me methyl

MeCN acetonitrile

MeOH methanol

min minute(s)

Ms methanesulfonyl

NEt; triethylamine
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mn mnute(s) Ms nethanesul fonyl NEt3

triethylam nePd/ C pal | adi um on carbon prep.
wW@e@pas@rd ve PyBOP PCT/IB2009/051668

benzotriazol e-1-yl -oxy-tris:fyrrolidino- phosphoni um

hexaf | uorophosphate sat. saturated tert.- tertiary
F)dterf.-butyl —If X —tertlary butyl) TFA

ttifl uor oacet P® agli*'i”bl HERDPRt r ahydr of uran TLC thin
prepayer chr omat pgpagiiye Red- Al

um bi s(2 t hoxyet hoxy) al. um nunhydride rt room

P ?@ﬁ‘per ature tgr?zé’?r@%f)ll o1n3)’(I ‘?X%é“sreyf&ﬂ?ﬁéotp&oa%ﬁf’é‘wi‘f onyl
TsOH par a- t ol hergascioppedphaci d Preparati on of
tl nt er medi at es %eg?eéﬁl procedures for the preparation
Alof key internddl K: Key internedi ates KIA and K2A
terthi ch are bi c;eeﬂuab{/ ZeAd. tﬁ]twc:tt-tiﬁ)eﬁ-taﬂyfy sutyl)

TFgl cycl o[ 3. 2. 215@ 8- ten derivatives are obtained
s a mxture BUPREARCYCRS Y JOI‘ racemat e having the
THFel ati ve confiegahgdrooren(R* ,R* ,R* ) (i.e. the bridge

(CH2) P- of the cycl hexene |ety|s cis to the group
TLCORY bei ng hyE‘?’bQé ﬁﬂn?tﬂgraﬁﬁﬁor racenate having the
Red@ll ati ve conf s(ginlmrattilsbﬂn(e?foxya’hoxﬁéIu)mr&fml'(yﬁﬁdeR* S )

, repectlverEﬂSD . brldge-(CHZ)P- (vvherelnp
" represents 2 "Btemfp@ %€ vel'y) of the cycl ohexene
t, MOiety is tranﬁertt@nttlhe group -OR2 bei ng hydroxy). The
T maj or and the m or racﬁg mates can be separated as
Sdescri bed forPREYVATE e at e KIA in procedure A 1.5.
TsOH not st at edpahelehssifonit ycithe maj or racemate is

i solated and used in the preparation of the exanples

bel ow.

Preparation of intermediates

General procedures for the preparation of key intermediates K:

Key intermediates K1A and K2A which are bicyclo[2.2.2]oct-5-en-2-yl or bicyclo[3.2.2]non-
8-en-6-yl derivatives are obtained as a mixture between the major racemate having the
relative configuration (R*,R*,R*) (i.e. the bridge -(CH;),- of the cyclohexene moiety is cis
to the group -OR? being hydroxy) and the minor racemate having the relative configuration
(R*,S*,R*) or (R*,R*,S*), repectively (i.e. the bridge -(CH;),- (wherein p represents 2 or 3,
repectively) of the cyclohexene moiety is trans to the group -OR? being hydroxy). The
major and the minor racemates can be separated as described for key intermediate K1A
in procedure A1.5. If not stated otherwise only the major racemate is isolated and used in

the preparation of the examples below.

K1A: rac-(1R*,2R*,4R*)-(2-Hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl)-acetic acid

tert.-butyl ester

K1A.1 (Procedure A1.1): rac-(1R*,4R*)-Bicyclo[2.2.2]octane-2.5-dione

25 mL of 2-(trimethylsilyloxy)-1,3-cyclohexadiene and 13 mL of o-acetoxyacrylonitrile
were mixed and heated at 150°C in a closed vessel for 22 h. The obtained dark orange
viscous oil was dissolved in 200 mL of MeOH. After dropwise addition of a solution of
2.2 g of sodium methoxide in 150 mL of MeOH the reaction mixture was stirred for 3 h at

rt, poured into ice/water and extracted with DCM. The organic phases were concentrated
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K1A:

rac- (1R*, 2R*, 4R*) - ( 2- Hydr oxy- 5- phenyl - bi cycl o[ 2. 2. 2] oc
w0 289280629 yl ) -acetic acid tert.-butyl ester KIRCTIB2009/051668

(Procedure A1. 1) : rac-(Lf , 4R

) Bi cvcl or 2. 2. 2| oct ane- 2, 5-dione 25 nL of

(trinethylsilyloxy)-1  3-cycl ghexadi ene, and m .

in Gobg bl Bieryde FAT s rid PG G ik EATRCHERS W) 48 veid 7.9 g o
raci3ROARI ybieyc[ D2 2ibcversEb-dicde. 22 h. The obtai ned dark

orange viscous oil was dissolved in 200 nL of MeCH.
LCA®:dr =dr4bMinse addition of a solution of 2.2 g of

sodi um net hoxide in 150 nL of MeOH the reaction
K1p2x f(Orasediie &)y gac-{ iy .4R” msmw;aaactam-z 2'-[1.3]dioxolan]-5-
ond c€/ water and extracted with DCM The organi c phases
~—were concentratedin vacuo and the crude residue was

To U igf of GdbeR’CIRWbtdycIEpmﬁ}obhpé 2(5-dio@g |hterry|'eé|btdz K18.1y dissolved

n £48 REST i dbeleg it BiridRe Bl akt v & ) Hefdiagep ano e

sol&fon, wbE héatSq:blumderbwg(vrohmls&nag 26 osftluarfer 2.52.-The reaction mixture was

cod & 8.0 istBhe i 8 Rewled of. HoBbdFitebiatuiiEkOxgad g organic

phasedwsse{/amxdatem 20 cnide qfroduat wes epurified bgriCC Withel‘tldfbyEtE))ﬁH; (7:3) to

el ool G (RGAr Ryl S PRI 2 Aol 820 vetow

oil.Lh. The reaction mxture was cooled to rt, quenched
with saturated lg extracted with Et 20, and
LCiM: tor (ot @inpHAS +%§C'\éﬂva?r?6r3§t ed. The crude product

was pur|f|edb with Hex-Et QAc (7. to & 41
K1© 34P %gurmA Ml)diure of rac-(7R*,8R*,10R*) an rac-(7 *,88*,10R*)-7,10-(1,2-

Eth) TR b Ry ok 2-s3ir b 8RR 821 2 - [ 1
, 3] dioxol'an] -5-one as yelTow ol . LCGM: tR = 0.64

Tord Rolufidvi- bif- CH4 13 G\ +ac2 PR, 857) sl&ll(é{bt&ycﬁlé{ﬂcﬁﬁduaee-a,&[ﬁ)]d|oxolan] -5-

on%vz ég%&j(l%f @%C%t(lr%a) enL) é@lpﬁ @%%yrn‘rfla n(ezlﬁm t§r§r¥PJ§ solution (1M

in E40 divex adde d@[pWJ@I aecdfi- rﬁnp]l'hér ceaatigomitturenwas stRredilfog4 h at rt.
Tl ey Do AP BT B AR T O0go A o v
phdse8 Qyerd 4epanatedpfiba \drgengnpisasenvas ovapbeatsdlant itiee ciutim product was
pu.%teﬁc%,r & Wa:gndilI| Etr ‘?Wf%%&aﬁ 300%7% i 7T{be rfgﬁ&feﬁﬂfgé’he”y' 1.4-
diowaspicpiéhideean-Bal esutdigriesstdil. i 3698f8tmll_of2ttllel—ldllastmmfoeners by CC is
podfifed.angd &{}%JR §§|§ Mere Zepar ated. The organic phase

Wwas~ evaporat e he crude product was purified by

LCMS W Ely. Szbmtrr BOHE+HT: B)3.89. give 0.37 g of 7,10-(1
, 2- et hyl en) - 8- phenyl -1 , 4-

K1A 4 (Procedure A1.4): rac-(1R*,4R*)-5-Phenyl-bicyclo[2.2.2]oct-5-en-2-one

To a solution of 0.54 g of 7,10-(1,2-ethylen)-8-phenyl-1,4-dioxa-spiro[4.5]decan-8-ol
(intermediate K1A.3) in 20 mL acetone was added 200 mg of TsOH and then the mixture
was stirred for 2 d at rt. The reaction mixture was quenched with sat. ag. NaHCOs,
extracted with EtOAC and the organic phase was evaporated. The crude product was
purified by CC with Hept-EtOAC (7:3) to give 0.34 g of rac-(1R*,4R*)-5-phenyl-
bicyclo[2.2.2])oct-5-en-2-0ne as colorless oil.

LC-MS: tg = 0.93 min; [M+H+CH;CN]": 240.11.
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di oxa-spiro[ 4.5] decan-8-0ol as colorless oil.

(Separation of the diastereoners by CC is possible but
wo®Ipswiormed only if stated.) LC-MS: tR = 0.8dI/mB2009/051668

[ M HO+H +: 243.34. KI1A. 4 (fyocedure A 1.4): rac-(1

R¢ ,4R* )-5- Phenyl bi cvcl or 2. 2. 2| oct - 5- en- 2 one To a

L)_é@etmﬂ_ a@ﬁrl On&ert/\@atvaddesite?_’oo aﬁ@ Ofra(SFS@H wdﬂ*h@nh\ldh@(v 5-phenyl-
d The reaction
€' NaHCO , extract ed

ToW é&t%h%? @WnLt&em@rAg. g nlﬂ_hfr‘ﬁﬁ éﬂ@ﬂ%ﬂp%@.ﬂ%ﬁ%w& in Hex)

crude uri
wetep agg dwpwrsegatonOr%cAttqr rf@ mlaR@) 5) mb- ¢fhte mauvv,eyelas{ded and the

solgtic%- \%Q%ﬁrr %? ) rﬂfﬂ%@é rﬁlQiu% l/\)%§§;08l'eld to LEO"Q".‘,BO faqm‘t of tert.-butyl

. Pr ocedur e
acejatg)werﬁa@d gj amd StyrfRg V\zﬁq*contmued for 1 h at -50°C. Then 0. 32 g of rac-

1#’4?41'\1")/6 S ES OQ/BI%P’i ZfB'cP?f%h@r-gmez r%!er‘?r?ééj‘aﬁe R@A?ff) dlssolé/%d in 1 mL of

¥ tIC acld ester an rac-
THF g @s }adQezi hwltrtg(yolgu%hyﬁwsb{r@@@t o?P - M@CQ\Ler 2.5 h. The reaction

ml>§ur@nwgs ﬁ&re@cﬁﬁ'@e@&' Ach etrhEn?rBHﬁlepr%%E%n?sTge%r%@lduWa‘%Hed and

evamomjeqlehetqwciﬁﬁe@ct1or6wpﬁwt Mg )puiiiek by B8etlittdrepivi t&acdp: 1) to yield

0. 302&‘8%&%}%% 28, rdf- 5R“12R* @ﬁ t?h;&b%ﬁy %H&ﬂ%@go[@@moct 5-
sol ution was sti rre for

en @o«b)ra.c@h@ gcidgetcbutyd eperms white @"ﬁ-ﬂ@gt(&/W a@éﬁm '@”Wéf@emate rac-

(1 I?_ﬂ%ﬁ%l;&agg h%r‘o&\'j ?ﬂeﬂ?%i%@%%?ﬁ)@t-é-‘%-ﬂylpa@étlc'a'iﬂj Bt -butyl ester,

as polggsisently | - b| cycl o[ 2.2.2] oct 5-en-2-one (internediate

K1A. 4). di ssol ved i_ F d the
Lol UHhrRa el o B DSB8 D08 85 L e
LCW@%!n%F‘ra‘EbmtaféquW@SM’ﬁ%W ad+ap: 3ee{gq. HA, the

organi ¢ phase was separated, washed and evaporat ed.

K1ARe (§§ Qéag)@@%umvm&%mtb.mmgrznédt Scbnby. vl%céwct Bcid tert.-butyl
Hept-EtOAC(Q hto yield 0O.350 Of the mpo
ester I‘OX‘@-ﬁrtheﬂ‘vi*bICVC 0[2.2.2]oct-5-en-2- vl) acetic _acid tert.-

buﬂ!re?stg}ydr oxy- 5- phenyl bi cycl o[ 2. 2. 2] oct - 5-

en-2-yl)-acetic acid tert.-butyl ester, as white solid
racanB*,QR0OZRY-(8fH ytdnexyri- plognyi-bicgeie(R 2, 2]0(;:;t€5—er( 2yRracelS*acidt Rert.-butyl

- 2- hydr - 5- ph - )

est?erc %gglsgp$é¥e[d5 |_ngouﬁ1%we8§%&r\68 egé%flgrpg ]rSI es g %r% ghlé Il\gq_%e column:
Daicet] foral PacADR, é})xZEtOan %..06 H'ethtQI-H/BQ GHI@Y 36 Hﬂ@hH])+

241 . 1 1. LG M (mnor racenate tR =1.05
Chrq\yharq]alyﬁc HPLE (picek{hirgPak AD-H, 4. x250 mm, 5 pm; Hex/ EtOH 95:5, flow
0.8(dSmdd: 4S) - (2- Hvdr oxy- 5- phenyl - bi cvcl or 2. 2. 2] oct - 5- en-

2-yl)-acetic acid tert.-butyl
Enantiomer A: tg = 6.70 min.

Enantiomer B: tg = 7.93 min.
K2A: rac-(1R*,5R*,6R*)-(6-Hydroxy-8-phenyl-bicyclo[3.2.2]non-8-en-6-yl)-acetic acid
tert.-butyl ester

K2A.1 (Procedure A1.6): Mixture of rac-(1R*,5R*,8R*) and rac-(1R*,5R*,85*)-8-hydroxy-8-
phenyl-bicyclo[3.2.2]nonan-6-one

To a suspension of 1.4 g of rac-(1R*,5R*)-bicyclo[3.2.2]nonane-6,8-dione (synthesized
according to known procedures: Can.J.Chem. 1968, 46, 3713-3717) in 45 mL of Et,0 10.3
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ester and ( 1
R, 2R, 4RH2- Hvdr oxy- 5- phenyl - bi cvcl or 2. 2. 2] oct - 5- en- 2- yl

WO 2@0a8G689 aci d tert.- butyl ester rac-(1 R* , 2RET/|BRBY9/051668
) - (2- Hydr oxy- 5- phenyl - bi cyclp] 2. 2. 2] oct - 5-en-2-yl ) - ace
tic acid tert. -butyl ester was separated into the

mLEﬁ Bgf%} %g’}‘g‘%& 0 ggMp%ﬁF‘thl ' aI P}'s%eéqﬁglvepndurmg 15
mirDat Cc'fc drldotwe hGixtiotd Wh@);tlr@'v foa b hagitat. Wheoeédiﬂbﬁnﬁuﬂare:@bs then cooled

G Serated S igdualo Bty il so H5 a0 Sedled il BYO. The

oranlctdﬁa%gm&%%ﬂr@dd\)ﬁﬂ%nrf@(dﬁéd olve;JMgSOﬁ a[ng (fzongientratedsm vacuo to
R*, 5R*, 6R*) - ( 6- r oxy- 8- phenyl - bi cycl o[ 3. 2. 2] non- 8-en
Obt-a@-tg?ftugt‘?é%'?go'g}égﬂ‘dt%ér%e%%fﬁyl ester K2A.1 (Procedure
LCAAé-tQLio.M ;ﬁwmmiom E96:127‘3’.*33’. 5R* ,8R* ) and rac-(1 R

vdr oxy-
K2§@3pgdcg$bl‘ré‘éﬁc’i ﬂ%c&1§1@RWPﬁeW%JBOF’B SPRBRRSI 8 oRE
Thy abmxrsyccrbd)é 8. @d@km@rﬁmylﬁ)uafcﬁb{m@]r(mymsm (reermediate K2A.1) was

d's§‘$\i@;§f I-P%%YE 8Eeiw(cn it Q go s 8e§e§€dd§p%%%e %I'n?x(?L?r’e vv4a63’ stirred at rt
ovephighty Immgneglwgrbr Eﬁad)lsle/verelaaitjbd)rand JsMrmg vtrdde)ormn@j fod da@ther 5 h.

g PR gptes Yt L gt B R it e B M dfned win
satcam|NstH C@; G vaguetah dtie wride matemaia*tasmwﬂed dy CiCadithaHedt-EtOAC

c Gl o B R HEE o o et SRR BR RS 4 Effen o
LCW%Q t(pgg),mrakmﬂqpezqude title conpound as yell ow
. 79 mn; [MHCH 3CN] +: 272. 33.

KZK%A 2ad- Ao o WRe )-(B-Aydrbky- B%envl%'%vcl@fﬂ‘@ﬂ%h 8L G\ Ricetic acid
Tnon- d- en- e-one The above crude
tertgbulybeslsdy - 8- phenyl - bi cycl of 3. 2. 2] nonan 6- one

IR b S P PR b M 2n

usisg praceduratA1rd. over ni ght. Anot her 3. 5 g of TsOH were
added and stirring was continued for further 5 h. The

LCa epignraspelf dr mals Tt ek i F ettt Eh: 2240, t he

organi ¢ phase was washed with sat. ag. NaHCO3 and

BBEV a4t -Dime thdRy AHISEh 250h RIaiz8l-2-YB o repyil- Fneeﬁylkamﬁ@ Wi th
Hept - Et OAc (4: 1) toyield 0.9 g of rac-(1 R* ,5R*

BB)1- 83 BlBimethdly Bgarée31.2.d4niad- 8- en- 6- one as yel | owi sh
oil. LGMs: tR=0.99 mn; [MH+: 213.1 1.
3,6-Dimethoxy-benzene-1,2-diamine was synthesized by dissolving 6.0 g of 14-

dimethoxy-2,3-dinitro-benzene (Eur.J.Org.Chem. 2006, 2786-2794) in 220 mL EtOH,
evacuating 3 times with N, and adding 600 mg of 10wt% Pd/C. The reaction was stirred

under a H, atmosphere (balloon). Another 300 mg of 10wt% Pd/C were added after 2
days and the mixture was stirred for another 24 h. Filtration over a pad of celite and
washing with EtOH and EtOAc vyielded after concentration in vacuo 4.3 g of 3,6-

dimethoxy-benzene-1,2-diamine as black solid.

LC-MS: tg = 0.48 min; [M+H]": 169.09.

BB.2 [3-(2-Amino-3.6-dimethoxy-phenylcarbamoyl)-propyl]-methyl-carbamic_acid benzyl

ester

To a solution of 3.1 g of 4-(benzyloxycarbonyl-methyl-amino)-butyric acid in 80 mL DCM
were added 6.5 mL of DIPEA, 1.8 g of HOBt, 2.6 g of EDC and 154 mg of DMAP. After
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K2A.3: rac-(1 R* ,5R* ,6R*
H6- Hvdr oxy- 8- phenyl - bi cvcl or 3. 2. 21non- 8- en- 6-vD-aceti c
wa@eood/1smre . - butyl ester Prepared fromrac-(1 RPCT/BRRD09/051668
) - 8- phenyl - bi cycl of 3. 2. 2] non;8- en- 6-one (i nternedi ate
K2A 2) using procedure A 1. 5 LC-M5 (maj or racemate):
254,

stlr[@g Eo&%Q_Wr%?]@oqﬁ,%ﬁn%ogy%enzeneﬂ ,2-diamine, gssol?ved in 20 mL DCM,

Weh} @(ﬁj’a‘lcérmi tazgiktuze whe sﬂrfr@tpyi ﬂtoﬂ_éﬁwi‘ghh.-'ﬂfél reactB. Was quenched with

enzene i ne . .
SatBa% 'ga'ﬂgbﬁohé pg“@ﬁ%%ﬁ"é?rel Sé%arﬁearﬁnﬁethﬁégg%’%f’ﬂﬁ%‘? wag Waghed with
brirth, 2isiel \Ww&gMGS O, @nofcodcehtratidnrtvaony tyidddhaictude- theneeimund as
o é "J.Qrg. Chem 2006, 2786-2794) in 220 ni Et OH,
l§/91' uating 3 times with N2 and addi ng 600 ng of 10wt %

Lcl Hﬁ% eaahbgn. pSpestirred under a H2 at nosphere
aI Foo Ang\?lhigr? 300 nmg of 10wt % Pd/ C wer e added

B3 B (4% BMYsin Y H-BEn IBinkiats 8- 20AF o by Fiethy-84rb 3MRE NSLd  benzyl
Z4 h. Filtration over a pad of celiTte and washing with
itEt C]—| and Et OAc y| el ded after concent ratl on I n vacuo
i et ho en

Tos%lml urq_e?l\ge Ve @ 3- %Z |[1§A§h-qr|.me V(S) en;@@ gamoh y-propyl]-
met@’:—éé’rbé‘mm&be&rzgii ermaérhmxgi ﬂphtemyehe archbantydd) 4 mchiijDIMlF amt 1.9 g of

| - bam aci d be ol ution of g
s 75 e RG3Tag e BaY o BRnG form b Ryt Srl e NaHCOs
wa8@ddadd BiVitivee pleasad desde &eﬁanatedofl’hé)loﬁlﬁhlc gh&Begvad weklBid, with brine,
2,6 f Afterstirri 10
ey ve? SRS G el e e, M o o ¥h2h rah e ber W Er0Ac
andjbmhtretdd IagaQOPmilflcaﬁl@be 0EY witta BtAL ginldet 2e7 mof(B{M @- dlmethoxy-
was_ st ver ni The .react i on
HR RO 86 Tl e Sl S SR e B AR T
LCINIS: 1QEQREY GirPasig)" Waxsy gseshed Wi th bri ne, drl ed over
MySC and concentrated in vacuo to yield the crude
BBM’ t {38 4conpRinckyatH-Bb &midblol-2L - Mopyit RethyRa@fem N;
[MFAT+ 402.06. BB. 3 r3- (4, /- Dl net hoxy- 1
A $dlidmnzal 2B6dad|3-@F-HimegtinaxyyliH-beretohyitla zd2hdypropydemdthyl-carbamic
. Manl r \ u o
amg?)?ééyéﬁ]&%éﬁsﬁi’oﬁbi%ﬁgbﬁ/%a)%y&g eaﬁ[%/?% t%ﬁ% n\g §/ l§1 géafore %ﬁo mg of 10 wt%
Pdifewengl adtied bEm caattdrdmixéune wWasdkérestirren et I-tzcdtme$®ere (balloon)

for &€ a?q'gegilté\ti% (Rfer %aangf %elﬁe gan%f washing with EtOH vyielded after

concentration in vacuo 1.7 g of 3-(4,7-dimethoxy-1H-benzoimidazol-2-yl)-propyl]-methyl-

amine as brown foam.

LC-MS: tg = 0.57 min; [M+H]": 250.13.
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acé‘t@a;@tdl on mxture was then stl rred under a H2

TsOH and the reaction was heated to 1500C for 2 h in

the m crowave. Sat. aq. NaHCO was added and t he phases
waowree/13epar at ed. The organi ¢ phase was washed RET/FB2009/051668

brine, dried over MySq 4, copgentrated in vacuo,

filtered over a short pad of silica gel with EtOAc and

concentrated again. Purification by CC wth Et OAc

yielded 2.7 g of 3-(4, 7-di net hoxy-

1H benzoi m dazol - 2-yl ) - propyl ] - net hyl - car bam ¢ aci d

Praparstion gkExampleshr own resin. LG MS: tR = 0.85 nin;

[ MtH] +: 384.62. BB. 4 [3-(4, 7- Di met hoxy- 1
Exﬂnbenzonm da.?aeL(m*xzk} 4RFORY2 tlsmtn'hreamm1 KW beakoimi@azol-2-yl)-

- i met hox
prqayuénsm%h@Mretbvapmwﬁvcm% Redtafe acia
o ...tg PN ! SZOC%genZ 1)-

at nosphere (balloon) for 5 h at rt. Filtration over a
To paspletioncefl 4.0 @ ancwdBhZRG4 i )t(B-hd Oy -prdledpebieyctai?. 2.2]oct-5-en-2-

V) ‘Q_F&’%enzod ﬂe]‘n‘ dggtg| é‘szt&aﬂ% r'le7Et e 4q%'ea - GP&fh‘_b%M H0, 8 mL H,0

opy - et hyl am ne~as
and gamL MeQb: TﬂeF{eﬂCt@HSVWXfﬁfﬁ WS\ at 2600r 83 Pn@ hanatdneentrated.

Th%& sgcg%”ﬁ%zf @7?@5‘8 %[JV %fr'i gf‘abérr]ra&dhEtzo The aq. layer was separated and

acm;Hfl@d;M/ztm W dj‘@i (ges@ttr@ |)1 the formation of a Whlte solid. The solid was filtrated,

| i hyl .
woBSGPl LY T0oBh B RO BN CHOLe e Hper
hydrwwzem&wm@dyp& PhetrlrenBiydvadete 2¢cid aglvcmtesshcén 2-yl)-

Lc: %técoaéé M@shthéﬁi)??@. cyol o[ 2. 2, 3] o - 5* en2§f
|l_? , n .

Wwer e

Al idazol-2-yl)-

pro]Bl]IIq‘e2¥ E@Qﬁﬂo@ﬂ5mh>ehwrtﬁcvm12 BQ]dct-e{énéﬂ-vIF N rﬁ@tﬁvl?:edétammde
then concentrated. The residue was partitioned between

To vasatytioaref 28020p of fre-AER™ ARAPEY) (Zd@,vds@wﬁamwl Bigic!ol2.2.2]oct-5-en-
2- y\f?\‘:dictgféé é&fﬁmvw ko ﬂmt w&le éo%%ulotsmuo@ DifEA fﬁ%g@é bﬂqcﬁBf afY 250 mg

solid was filtrated, wash
of gpE at HCNt%frﬁi'”d“rg fed 19 mivn2dQang ef S, Endﬁn@h@()@ 'zb-lbe%ﬁtm(d@w -2-yl)-

proﬁ?l] r‘r‘%ﬁ{cyl aﬂﬁﬁke WereZidded and the reagtion mixture Was stirred at rt overnight. The
droxy- 5-phenyl -bi cycl o[ 2. 2. 2] oct - 5-en-2-yl )-acetic

reagionmir ranasELEDMad. TSI NRHE®, B niRes paerEparied and the
org;émc%%s? %8s Washel Fv%ﬂm%&lw §nd:> bﬂﬁez)dﬂeﬂ %Qer( IQ/IggO? 2Rq cBRcentrated in

7- Di met hoxy-1 benzoi m dazol - 2-

yl
Va%’po@H”f'C%DOZbY}\Fé@ GW%E@%‘FTMG-Q:H d@dI ] 2: 1. gelded -4S5emap of rac-
(1R*YIR AR NRLBY A 786 BERBYH®H-benzoimidazol-2-y1)-propyl]-2-(2-hydroxy-5-phenyl-

bicyclo[2.2.2]oct-5-en-2-yl)-N-methyl-acetamide as white foam.

LC-MS: tg = 0.91 min; [M+H]": 490.06.

1.3 (Procedure P1.3): rac-(1R*,2R*,4R*)-2-(2-{[3-(4,7-Dimethoxy-1H-benzoimidazol-2-yl|)-
propyl]-methyl-amino}-ethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-0l

To a solution of 310 mg of rac-(1R*,2R*,4R*)-N-[3-(4,7-dimethoxy-1H-benzoimidazol-2-yl)-
propyl]-2-(2-hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl)-N-methyl-acetamide in 8 mL
toluene were added dropwise 0.77 mL of a Red-Al solution (65% in toluene) at 0°C. After
stirring for 10 min at 0°C, the cooling bath was removed and stirring was continued for 3 h

at rt. The reaction mixture was then carefully poured onto a mixture of 1M NaOH/ice and
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To a solution of 280 ng of rac-(1 R ,2R* ,4R*

) - (2- hydr oxy- 5- phenyl - bi cycl o[ 2. 2. 2] oct - 5-en-
wQ@200)3@eeti c acid in 7 nL THF were added 0. 58P¢i/IR2)09/051668

DI PEA, 175 ng of HOBt and 250 ng of EDC at rt. After

stirring for 10 min, 270 ng of 3-(4,7-dimethoxy-1

nz | rop t hyl - am ne
St”gﬁﬁ’d%{ h h%ﬁqm%h%ﬁﬁ gvaﬁ,a%d \gﬁh g@ueqe &6‘% ed organic
phaldee v«ee@wtesmv Witk britfeg dM@@o@JMgﬂ@ﬁan@i dd’ncératate(ﬁm vacuo. Purification

oy SRR AR BB BRT LA B AL ‘o1 Sl rRae-4.7

dmfetmgl 1¢—Dn@mtnmaéﬁﬁ2wn mamupnemyraminopeuh9lm5hy1e6@ usi ng

BB bR gl P 7 O o e e
Lcrm#lqngqj‘fg' ﬂ?wzﬂmﬁ]"yb)b‘ﬁf opyl] 2- (2- hydroxy-5-phenyl bi c

oct - 5-en- 2-yl) - N-net hyI acet am de as white
foam LCGMS: tR=0.91 mn; [Mt 490. 06
Examplecedlfte pag-lg,butyra@ (gcq:{ AR a&* 4R*)-2-(2 {[3 (47 -dimethoxy-1H-
beﬂm?rmfd?a'zt)f §y‘)‘-‘prnglﬂﬁéth?%ﬂmﬂf\d}l‘eﬁ%ﬂﬁglp‘%qw&k gj 2, 2£oct -5-en-2-
propyl -am no}-eth enyl - bi cvc
y|€t$t§"en20l Toasolutlon of 310rrgof rac- (1R* 2R
A 4R|:> ) - N[ 3- 4 7- d| rret hoxy 1 H-ben20| mdazol
QL Ed l_ A 3 eR o .

To atsoQiGh oAiéEémgslf raqcmﬁg 2Rm4R1)92 {B-fi344, 7@ﬂlﬁethb1h,e1 i ehzaigidazol-2-

o BRSPS SAOLAERARS S8 DV 101 P o wer

addatt @2 anlbkNELeanof 0.1 M iNaOsbbuderyehidste at 8. derre réBctitnnmixture was
Stlrp-%eO\%gﬁlng A3 %ingARe ?&@é&%&ﬁe tomelt%]le%: ! WﬂgThé %cﬁgmag %ﬂenched

of gani c hases Hied over
w.tm/gsc:aq NablC@@nﬂner;thaad&seWermsemmied aP?drtInef water ipbasdwaC@extracted

wﬂHi)'IgW &ﬁ&%%%t%@%!) %%@%(pb %é e\ngr% U@h%frmea&ne% 0\):\”k r MgSO, and

coddebteatzdumvatamo]rhepqsio)vtepmaspxeb]ssmmedml 3 i E1OPcesilivd gel Bag 1.5 mL

Me pé Ség[n' eZIJnQ > '%n't%Fel id rYYQ{ tfgrf708 ¢ mixture was
Bt elie L A Tl S D

filtared - th@ﬂblwgryy Wasiamj wlth EtOAc-MeOH (2:1) and evaporated Purification by CC

usé&%ts}%\g*l\ne%ﬁ:) 521 gcﬁ 3{{ gméf{é‘} V\fgttﬂ)‘;&l;a%éx ﬂé@ﬁwg}l g%,‘g?é{iﬂ}’”c acid

(1R2,2R"dldR"-3~(2+324, 7yd|mettloey 1HjA)ehz()lﬁ’ndﬂzeHﬁ-vé-pFDFﬁ/J]4r)ethyl amino}-

ethW‘%Eﬁ%%??f“%%’J&P?%?%?&t DI RS 8RB D -
LCAg 1) = ammid: Lmqqpygmg no>- et hyl ) - 5- phenyl - bi cvcl or 2.
2.2loct-5-en- ester To a solution of 199 ny of

1ARaCPloedire, BRS):, 44t Ispbidyd?-ald3+{ R, ZRdi R toh@Xy3-M 7-dimethoxy-1H-

H- benzoi m dazol - 2-
benzoimidazol-2-yl)- propvl] methyl-amino}-ethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl ester

dihydrochloride

The above product may be transformed into the corresponding dihydrochloride salt using
the following procedure.

To a solution of 186 mg of rac-isobutyric acid (1R*,2R*,4R*)-2-(2-{[3-(4,7-dimethoxy-1H-
benzoimidazol-2-yl)-propyl]-methyl-amino}-ethyl)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl ester
in 2 mL EtOAc were added 0.3 mL of 3M HCI in EtOAc at 0°C. The reaction mixture was

evaporated to dryness without heating to give 199 mg of rac-isobutyric acid
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yl)-propyl]-nmethyl -am no}-ethyl)-5-phenyl -bicycl o[ 2. 2.
2]oct-5-en-2-0l in 4 mM_ DCMwere added 0.2 nlL of NEt3
w@e@a3m79 of isobutyrylchloride at 00C. The PEHB20@M51668
m xture was stirred overnighs allow ng the tenperature

to reach slowy rt. The reaction was quenched wth

(1R P2t g i R B ar e s 2t Gyt i aminol-

ethgh-Gapheay g2 MRfcet-Basibd astdrhisliitiyaechidrived over MySO
4 and concentrated i n vacuo. The resi due was

ExyPls” s atreq URPRARAe e TR SRR an XhaBidioBre Fal propyn-

methyd- anThe} -gibyl)6-phevad-bicyd e[ 2] ot iSencighbly (1828.48)-2i(RH[3-(4,7-

dimyitfiay-hcerzpitidr ey FEraN P et e hs Ry A ol s
blc?glﬁgmﬁeg+5?2b;tqérhgt ﬁglxs ( IR* ,2R* ,4R*

2. 1H- bechﬁR'ﬂlI@_ig(_Zelecﬂew 5—0ber®@blckel®212ﬂbetaﬁ¥em}@}vl) -acetic acid or
1 -

. . n £ )k 26
Prebﬁre% (aeé&gﬁgufoe pPoclad@r)e pr1a1c Illl S%Mdé I £ Li%ﬁ“lgd e(marq{B*merzg* of rac-
di net hogﬂl Hbenzoi m dazo

mﬁ %ﬁ ) ﬁoH?qufOWeé -RienyihicKe9L2 gFhe-en-ghbrameliv @éVdPGrtZJW' ester

(sed-KAho®t - 5-en-2-yl ester di hvdrochl oride The above
product may be transformed into the corresponding

LC il ®rytd Fdcd mini; -He@H]'u84h@0.t he fol | owi ng procedure. To
a sol utlon of 186 ngy of rac- |sobutyr|c acid ( 1R , 2R*

dazroby meth [-amino}-

eaporat d todr ness V\/lthout heatl n to gl 7 m%
Preparedaccpedyisy, dgaesdp 4t P1 SHR Exgr le 1 using the above 2-hydroxy-

5-phedylbZytib 224 ét-Sle ALYkt acid.
pl—fb)enzm m[szt-jaz]gl 2-yl )m;r oplyla]CI nmet hyI am no} -

LCdPiytk F-067mem{M+] c478.¢]. 2. 2. 2] oct - 5-en-2-yl ester as
di hydrochl ori de. Exanple 2 :

Exé%ﬁeﬁ%:gl%?&tﬁig'a{:Edgﬁw‘Zli"lﬁ)-ﬁE-r{R?Séﬁjﬁm'rpﬁnéi?;ilm-l%glﬁrgi'dazol-z
yl)peepyl]-methl@miaphethyl)S-phemylibityicigle|2o?]ocSehdkyl- 5- @ster or
isog%?@:ﬂ:{1 ééélﬁgﬁ?g?2((gégifl 7( 6 nlzsthg)r(%ay enzonrnldazol -2- KI& propyl]-
methyt tagino emérﬁrpmwam{cwﬂz Pgtsﬁ -p=Zyl-e5tey 2 1 1
Pr%paéegeﬁpior%eg glooqr cedure anIyAl x\elw(r%lpe %A usnLg?%l’t\e 5ab8\pe )él{[3-(4,7-
dinfeltaxg S, m&r&ohwdamm Vo rbeyinetblycataino)-aihil)-Btghehyls- en- 2-
blcgllclg[Z%Cﬁ tc5 -en- b ol (compound of example 2).

LC-MS: tg = 0.89 min; [M+H]": 546.19.
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Prepared according to procedure P1 . 1 in Exanple 1
usi ng enantioner B of rac- ( 1R* ,2R* | 4R*
w0 2024 80sd9 oxy- 5- phenyl - bi cycl o[ 2. 2. 2] oct - 5- en- PEHIB20e0051668
tic acid tert.-butyl ester (%Zee KlA 6) LC-MS: tR =
0.91 min; [MHOH +: 241

EX%WB@E ] ) g‘é%cz)?é Qﬁg/l(ng éPgé%#’]}?é%ﬂ§¥'_1Hm%gimidaZO|-2-y|)-propyI]-

meatwadn)mS}-ph@nys -phéreyl Bieyclo[2.229)0ct-5- 2neoRop|19)2S 4S)-2-(2-{[3-(4,7-

. 1S 2S, -2-(2-fr3-(4, (-di h 1 Hb | -

o e e L o B R T o

bicyclneR]dctesne2all Prepared according to procedures P
1.2 to P1.3 in Exanple 1 using the above (2-hydroxy-

3.15- pheRVAR, &R Bpet vifr@x\25-Bhemti-bloy €022 Jbit-Bewivt)-duetid.  acid  or
1%5@1—(2&@5@8&§héﬂvﬂbic[xw 2210826 03:nRRMPL S 2A
Prép%%dzgcétﬁ)jma {02 p{éc’édﬁn‘é PGy Wf?t@@@éﬁléhen ﬂ@gbﬂbﬁ%@r - of rac-

i cycl o] 2

am no}-eth
1%}2& )ergxy %gh@}yl @pyq;lg[gb%ﬂyqatra;e@gry -geetic aC|d tert butyl ester
Segq;q1;a\5545) 2-(2-{[3-(4, 7-di net hoxy-1
H ben20| m dazol - 2-yl) - propyl ] -
LCH®RS hty E-Oagmi mon; {\ithP-H'S52phedy | - bi cycl o[ 2. 2. 2] oct - 5-en- 2
-yl ester Prepared according to procedure P 1.4 in
3.2Ex afti. 2R AR)- ISQQ@ theDla’[Ebh(e(vZH @eerfoBmﬁdon—Z \xﬂ}mrebﬁbmem]zl amino}-

ber&blmlti&dVB vII—mRoslemS@whmmmoF dhi])-b:phed G- d&c%ﬁﬁﬂc&t B-en 2-0l

(1R 2R, 4R 2 (2-{[3 D|rreth>|<5ylH-ben20|mdazI 2-
Pr%qajedpqc&e r] gto procedures If’1 2 to P1.3 in Example 1 using the above (2-hydroxy-

& DIt bgh)- bi cycl o[ 2. 2. 2] oct-5-en-2
5p!’4§|>h)6|cy@46g S]ngs?)é ()gy?c%égiel(éhrd
LCM&H&hcﬁb@'BmH Bénizoi 4vi6deezol - 2- yl ) - propyl ] - et hyl - ami no}

-et hyl)-5-phenyl bicyclo[ 2.2.2]oct-5-en-2-0l 3.1 : ( 1

Ex%:inélg ? I_I@o!)_b{ Flg)@éld’sﬁWﬁ@Mk) 9'(5\{6 &rﬁdgngthg% 18- l:?er?'nzglrmldazol -2-

| C acC
yl)(DIG?ﬂBMM-alwdobﬁWB Pheeryl-bicyclelR@Aoet-Sleoe2-yl5- eresper  or

‘ ' N { d.P ,
sofly RS 8R4 95 TRRRIA FEPUIb 0y} ALAREGE Faoron-
me,thm*amino}-ethyl) -5- phenyl bicyclo[2 2.2]oct-5-en-2-yl ester

Prdrptec ey 13- B At Tt SueTREA!8) Uit s abpre 2547
dinf&iteoky MiHnber Adiid&dd)-- 2y1)-g#6dy11-H6thyBardinof-ethyl)-5-phenyl-

b'C}%?ﬁeTléﬁzﬁ@ﬁf’d%&éo' f_ﬂom&)fuib? gfo% o hq(ﬁ%g)nyl ani no>-

LC-MS: tg = 0.89 min; [M+H]": 546.11.

Example 4: rac-(1R*,5R*,6R*)-6-(2-{[3-(4,7-Dimethoxy-1H-benzoimidazol-2-yl)-
propyl]-methyl-amino}-ethyl)-8-phenyl-bicyclo[3.2.2]non-8-en-6-o0l

4.1: rac-(1R*,5R*,6 R*)-(6-Hydroxy-8-phenyl-bicyclo[3.2.2]non-8-en-6-yl)-acetic acid

Prepared according to procedure P1.1 in Example 1 using rac-(1R*,5R*,6R*)-6-hydroxy-8-
phenyl-bicyclo[3.2.2]non-8-en-6-yl)-acetic acid tert.-butyl ester (see K2A.3).

LC-MS: tg = 0.96 min; [M+Na+H]": 296.10.
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et hyl ) - 5- phenyl - bi cvcl or 2. 2. 21oct - 5-en-2-0l or (
1S, 2S, 4S) - 2- (2-fr3-(4, 7-di net hoxy-1 Hbenzoi m dazol -
wQ@2000)3@ropyl | - et hyl - am no} - et hyl ) - 5- phenyl - bPCT/TB20092051668
2.2loct-5-en-2-ol Prepared aggording to procedures P
1.2 to P 1.3 in Exanple 1 using the above (2- hydroxy-
d.

amlr@&btﬂvw&@weanol-tdcvclow 2. 2]non 8-en- 6 ol

(1R 2R 4R)-2-(2-{[ 3-(4, 7-di met hoxy- 1H-benzoi m dazol - 2-
Preplayedaspsding teerrhgaduses *ﬁb?-t@tPHy?l n-Exaptptny lushiocgel 6 2R ,6R")-(6-

d
SR PR g ol ¢

LCHIDaRz®.80 chixg (N1+2} y490.QH. opyl] -
nmet hyl - am no} - et hyl ) - 5- phenyl - bi cycl o[ 2. 2. 2] oct-5-en-2

Exablie Ain (SRR NE Gbones. (REPESEIE L nislpethoxy -
be'h*dmmbﬂﬂwmpﬂliwhéthwr-mnwo}emwlhmphanym}:yabwz Pronps-en-6-

hqnlyl bi cycl o[ 2.2.2]oct-5-en-2-0l (conmpound of exanple
935) LC-Ms: tR = 0.89 mn [ MtH] +: 546.1 1. Exanple 4 :

Prerp%Fed( Ad%*orcﬁ:% 1®BroceBare2eA. B3 Ekafipld MRtRMEYradkh REBROBI G- (2-{[3-

(4. B GR TE Rg ok AEY 2e PPV BB hTnSE- 8ol Srahenyi2] no

bic{/_’%&?)@rﬁ]@o@é -efh-6lol; rac-(1 R, 5R,6R |
Hvdroxy- 8- phenyl - bi cvcl or 3. 2. 21non- 8-en-6-yl ) - acet i

LCeV@idk & OF9epar; Md+iEciA0dditng to procedure P 1 . 1 in

Exanple 1 using rac-(1 R* ,5R* ,6R* )-6-hydroxy- 8-

phenyl - bi cycl o[ 3. 2. 2] non-8-en-6-yl)-acetic acid

tert.-butyl ester (see K2A.3). LC-MsS: tR = 0.96 mn;
B_iC[I_Mimhﬂ& 296.10.4.2: rac-(1 R* ,5R* ,6R*

) 6- (2-fr3-(4, 7- Di net hoxy-1

| - 2- yI) propyll-rrethyl am no]

et h - 8- |cv rep red .
Th%et%% WERpR RS o ST e St B () is
detashingd maaxcbtiaRte wﬁIR’fhe fGMMbng Experimental method

hydr oxy- 8- phenyl - bi cycl o[ 3. 2. 2] non- 8- en-6-yl ) -acetic
Hug@ngem r(gowg kltiqr@y— UE%@%}] gells[ xpssinu o hemapx gayl# channel in

I y
coffin (B SRIMEER S oo 4252, R, gouR s agyy Ve

corﬂalyin); m%)ﬂﬂyela] ingretiviaydd- tetal i -serdmy | (FC8), phEh Ymbpeyclio] 800 ug/ml
sy GhgT BB ¥l Bl Al PESBR"5, FERBIT iihenyane cos ae
seeo@R*at)ZOﬁ}O(OZCe{ll[slafell(n#loZ}BdivV@It tsigekyeldar bottom sterile plates (poly-L-lysine-
coar{%qk;egqu %fzn%oﬁg %l s erdggypl)lgtég%trg ¥rlc_u%gt]egogv_e(rer¥ig%l gti§78 in 5%
CO,. The KCI solutlon is prepared as 80 mM stock solution in assay buffer (HBSS
containing 0.1% BSA, 20 mM HEPES, 0.375¢g/I NaHCO3, adjusted to pH 7.4 with NaOH)
for use in the assay at a final concentration of 20 mM. Antagonists are prepared as 10 mM
stock solutions in DMSO, then diluted in 384w plates first in DMSO, then in assay buffer to
obtain 3x stocks. On the day of the assay, 25 ul of staining buffer (HBSS containing 20
mM HEPES, 0.375g/ NaHCO3;, and 3 uM of the fluorescent calcium indicator fluo-4 AM (1
mM stock solution in DMSO, containing 10% pluronic) is added to each well of the seeded
plate. The 384-well cell-plates are incubated for 60 min at 37° C in 5% CO, followed by
washing with 2 x 50ul per well using assay buffer leaving 50 ul/well of this buffer for

equilibration at room temperature (30-60 min). Within the Fluorescent Imaging Plate
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3.2.2]non-8-en-6-0l. LGCMS: tR = 0.91 mn; [MH +:

560.05. Biological tests In vitro assay L channel The
wo.2ebasmed ant agonistic activity (1C50 val ues)P@F/1B20¢9/051668

conpounds of formula (1) is_geterm ned in accordance

with the follow ng experinental nethod. Human

mb i d HEK293 |
Regd 1 DPE MAEDTR Pellaor phiRopnsRIes B0Ged (oifls b i b Qume of 25
uhbelRancundted. 363 in an@ fiAaMARS i ivweul df K@ mﬁlourrb(dwémfor cellular
cont ai ni n% 10% heat -i nacti vated fetal calf seru

depqigrigption; ofueessenseniscmepsyied 1160 eagh rells et @p?‘%ﬁ%‘?@l ptervals for 8
mﬂ@@ﬁﬂﬁﬂkhéﬂéﬂzg unéd&nEé Blingenebeh AntledRRBBHBAK is compared to the area

The cells are seeded at 20,000 cell s/ well

of hﬁ%@%ﬂ@ | peal|induced) by¢0 B Kot erehicle 'ﬁ|pA%C@sof antagonist. For
eadm@{tygdmgtymen@&%u@d theBe6riceAtr&ARKiNSIAN b C(}H@)Lﬁﬁ@&%@ed to inhibit

es are incubated overnight at 37C in 5% CQR2.

50 %OPf tQ%K@ﬂ indHcedlunressaneriresBOEE) MG { QW issdatenined- | n
coBPEBUDY KBRS b Doy o TR0y gges o

exanmplé rwmsags aA, 2Af iBAabnc dAcamt inathe coangd oRA56ND 439 nM with an
egﬂpé%gpﬁ?sw are prepared as 10 mM stock solutions in
diluted in 384w plates first in DVSO then
ff { to obtain 3x stocks. On the day of the
in ‘ﬁ)g%%gs,a@éég}% glu stai ning buffer (HBSS containing 20 niV

ThéBPERanr{ %ﬁﬁﬂjohlsh@mty @OQ) %Itﬁ@é off thBecdrhdptRINGS B Mtbrmula (1) is

cal ci um i ndi cat or M( 1 nMstock solution in
detgfpriesd EbAicerdanag V‘d‘@‘%‘%F%‘PWMQCE)XDP%mSEI@bBPedeé‘é‘é’rfj%Pfe shown in
Tak 1t he seeded plate. The 384-well cell-plates are

i ncubated for 60 mn at 37 Cin 5%CO2 fol |l owed by
Humas reinrigyani¢ kid@ey«( I-ﬂi)fﬁ93p>eellsv@dpkeasm|grtge assay Gl flera,3.2 or Ca,3.3

/ | r t

che!rng%rr/h %g élSCQNE"B/ \g@é g&/%dﬂ gulgb% \A?%%IL[% [ZIW’:‘M l??)'r:@ i t1% Yo heat-
mabtlmgidﬂgatél’l @iife%anhe(FC(SF)LH@R U/Mblpeaigiliar, 1lD®V;llgje$)sireptomycin and 1

mofifl GER! Phe cBlscaBererted $t ROl weli, YL WT piickcRear botiom

steHlel plates Ypalph-lysineacistiel, fREctareDickinasn)dEpelsaedethplbes . are incubated

ovTHBl T e " R TeCo iy PRe FBa=drireOC B Bt goluton i

10@an|\&aetl'ae‘tﬂmylmﬂmsmenmalopeaKTE&cnlorm@)r éd mid IHEBEar ed oM CaCl,, 5

] B BV RGP G BRR SRl R e YeA Ty BS, ol Mt in the assay at o

findl hnté&ctatival ofiel O trivk Amagﬁrﬂ:tts adré qurearad ras) 1@ M ostpakusalutions in

Dl\/[égggﬁg%tgfutlﬁ%n{ gé%ﬁj%fq%) ge[] e@eﬂqH‘iSé’ I\l/ll'll‘(EA-a”ﬁgrld% 50 mM

HEPES, 2.5 mM CacCl,, 5 mM KCI, 1 mM MgCl,, adjusted to pH 7.2 with TEA-hydroxide,

to obtain 9x stocks. On the day of the assay, 25 ul of staining buffer (HBSS containing 20
mM HEPES, 0.375g/l NaHCO; and 3 uM of the fluorescent calcium indicator fluo-4 AM (1
mM stock solution in DMSO, containing 10% pluronic) is added to each well of the seeded
plate. The 384-well cell-plates are incubated for 60 min at 37° C in 5% CO, followed by
washing with 2 x 50ul per well using HBSS containing 0.1% BSA, 20 mM HEPES,
0.375g/l NaHCOg3, leaving 50 ul/well of this buffer for equilibration at room temperature
(30-60 min). Within the Fluorescent Imaging Plate Reader (FLIPR, Molecular Devices),
antagonists are added to the plate in a volume of 6.25 ul/well, incubated for 3 min, and
finally 6.25 pl/well of Ca®* solution is added. Fluorescence is measured for each well at 2

second intervals for 8 minutes, and the area under the curve of each fluorescence peak is
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Compounds of exanples 1, 2, 3, 4 have not been tested

in this assay. |C50 values of exanpl e conpounds 1A,
wW@2g09326and 4A are in the range of 156 to 439 PMI/VB69/051668

an average of 305 nM In vityg assay T channel: The T

channel ant agonl stic activity (1C50 val ues) of the

co i s determ n a L
o pRS thd™a Bleru 1T RSt HE A R Yal ML apdh vehicle i
pIaS@lQilmmnia?go?h'Qb|l€br1eacHLwFaﬁgcef§Dr theniics, laaldée(lhe( bﬁl@caﬁﬁétlon (in nM) of

cells expr or v3
CO'E'P]%Mé]eed?i 'QE'?’WQ @Oyﬁ‘ﬁecﬁr &%Hc?q?ﬁl r?%‘i?f‘ée FFéBP‘Pﬁﬁ) up to 10uM
is deldYRMegont ai ni ng 10% heati nactivated fetal calf serum

(FCS), 100 UmM penicillin, 100 ng/ M streptonycin and
Taljerty/ M G418). The cells are seeded at 20.000

cells/well intg 384-well black clear bpttomsterile

Coppgpad (dQFOy LCPgepRst oé@@d BaEPYdD clasns plopmppHRd | 1Cs

seededptgiesare,ncubat gverthght—at Q7S5
Cg. The 24 sol &ti on |sl\wprepare as [100" nmV| st oc4k NA
SQAUTT On 477 100 M| T el [aeryljammayy unchi egi de 707

(TEA-chloride), 50 nM HEPES, (2.5 nM Cadl 2, 5rr1\/IKCI 1

NAmMhdfphilableathalsdstell t o pH 7.2 wi th TEA- hydr oxi de, for
use in the assay at a final concentration of 10 nmM
Ant agoni sts are prepared as 10 mM stock solutions in

DMVSO, then dlluted in 384W plates first in DMSO, then
Effs Pl aLts aocarding to he LenneqdorfEmethod (badfbaci 2. 5

Th%rﬁﬁ!)u rd(])SxWe %g’f t géﬁ%b%ﬂn%ﬂo Q'éht?caﬁbl%& pr((fssurgfantdhthelr effect
on aBsaJpntrélcsmtyl ofofhesh@arhlmgscleufE‘Ceg v@HBSS)rt:mtammmstmams were

deteﬁ‘? ﬁgca %Q?Oif%l? % HE%S g&ﬁ\}gﬁz‘m ﬁg%ﬂlsoi%?ei pé'r?tfs%fﬂ Cn%gFt accordmg to

La%dprﬁdecﬂrmua-mgwcmt%qnplummncﬁ’hysmolaﬁlmimdnasdpveaem v@l(@) 481-504;

Kli ﬁecl:oh E yér%%?' Bg%c%ﬁ?‘?% Na,t/&éﬁ})gdél ﬁé#g%%ﬁ%fé}@k% sgﬂated perfused

ratwagihi Jngppi. Phyﬁolx1%ﬁunpé@(6m00418$i ng HBSS cont al n| ng
0. 1% BSA, 20 nmM HEPES, 0. 375q/ | | eavin
TherLomepYNcel @RMele, A Nas besn "&?éi’rep BISH; tbﬁ pé‘%ce%r@nqesc“bed above
for HRNMDMgBhYBrE ckd&nbéht With)an BAES BF §inkhe Fl uorescent
| magi ng Pl ate Reader (FLIPR, Mol ecul ar Devices),
antagoni sts are added to the plate in a volune of 6.25
m/well, incubated for 3 mn, and finally 6.25 m/well
of Ca2+ solution is added. Fluorescence is neasured
for each well at 2 second intervals for 8 mnutes, and
the area under the curve of each fluorescence peak
i sconpared to the area of the fluorescence peak
i nduced by 10 nM Ca, 2+ with vehicle in
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pl ace of antagoni st. For each antagonist, the IC50

value (the concentration (in nM of conpound needed to
WO pivoh3t6790 % of the Ca2+-induced fl uor escencePCT/IB2009/051668

response) up to 10mMis detejgrined. Table 1: NA = not

avai l able / not tested Effect on |Isolated Hearts

according to the Langendorff nethod (Lqdff) The

conmpounds were tested for their potential to reduce

bl ood pressure and their effect on the contractility
Claimst he heart nuscle. EC50 val ues on isol ated nouse

heapt n d accordlng to Literature (Doring
'FU.?cﬁﬁﬁBpg%?ﬁ%gdﬂhlﬁ? sed heart according to

Langendorff techni que-function-application, Physjol.

Bohenosl ov. 1990, 39(6), 481-504; Kligfield P, mer

H, Brachfeld N., A nodel of graded ischema inthe

i sol at ed perfuﬁe rat heart,

Jun, 40(6), 1004-8JO0 The conpgfind of e anple

been measured u ng the pfoced re des |o--

t he Langendo XREri meht with 0 of

1. A conpoun formula (I (I) erei
ch is unsubstifut e?

represents a
di-, or tri-s ted wherein the sulpstituenfs are

| ndepenRé tly sefected fromthe group ¢ensisti
(Ci-4)al koxy, hal ogen, and trifluor onBt hyl ; IS
represents hydrogen, or -COR21 ; R21 represents
(C1.5)al kyl, (C1.3)fl uoroal k(¥ or (C3.6)cycloal kyl; m
represents the integer 2, b p represents the

whemeireger 2 or 3; and R3 represents hydrogen, or
,(Cl-5)al kyl; or a salt of such a compound. 2. A

R senrperiiel apf, Woichis ansubstitiéeshradimepa-odic! @i tirsubstiliadevherein the

suﬁsﬂﬁjeﬁfénfa'regulﬁaeéé?ﬂeﬁtfy LR dagd ﬂ:\éCl ﬁﬂj%x%B s@%getdf (S1)alkyl,
such R2- O “substituent an e br

(C1.4(a¢§-q2(y Fhal(agen and trifluoromethyl,

R? represents hydrogen, or -CO-R*";

R?' represents (Cy.s)alkyl, (Cy.3)fluoroalkyl, or (Cs.s)cycloalkyl;

m represents the integer 2, or 3;

p represents the integer 2 or 3; and

R® represents hydrogen, or (C.s)alkyl;

or a salt of such a compound.

2. A compound of formula (I) according to claim 1, wherein the configuration of the

bridged cyclohexene moiety is such that the R?-O- substituent and the bridge -(CHy),- of

the cyclohexene moiety are in cis relation;

or a salt of such a compound.

3. A compound of formula (l) according to claim 1 or 2, wherein

R’ represents unsubstituted phenyl;

or a salt of such a compound.

4. A compound of formula (l) according to any one of claims 1 to 3, wherein

R? represents -CO-R%’;

or a salt of such a compound.

5. A compound of formula (l) according to any one of claims 1 to 4, wherein
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t he cycl ohexene noiety are in cis relation; or a salt
of such a conpound. 3. A conpound of fornmula (1)
wae@onsliony to claiml or 2, wherein Rl represePCBIB2009/051668
unsubstituted phenyl; or a sglt of such a conpound. 4.
A conpound of formula (I) according to any one of
{ {‘j % Iv\,helreln R2 represents -CO-R21 ; or a
§§P?es?)’fs§ 'Y conpound. 5. A conpound of formula (1)

or &68106fdiusl atodnaMn@ne of clains 1 to 4, wherei nR21
represents (Cl-5 )al k;/r;ﬂ; or a salt of such a conpound.
6. 6. A coowpu fomulat hagcarding tosasy aingioh glaines hiyS.omeren

ml%b?és@'ﬁts}é (gherein mrepresents the integer 3; or
a salt o? a conmpound. 7. A conpounds of formula

Ofiﬁé)'t@fcs@@hélwgmpén@ny one of claims 1 to 6, wherein R3
, reppesents or _a salt of suc
B OBRBR Y SRR TPl Ay oS oIy e, Whercih
R3 mir&ehesd\;fdragmt he fol |l owi ng conpounds: |sobutyric acid
_4R) [ 3- (4, 7- di met hoxy- 1
or é—é%g% Pnad%??l?g)u@éyl ) - propyl ] - net hzl am no} -

g. et hyl %orﬁpcmﬁ@nbﬁ4 fobrhﬁbécgg[agc@rdl%b%t C|§In€p1 ?se)’écte%s?rgrn the_following
| sobutyric acid 2-{[3-(4, 7-di met hoxy-1

COPP@EYS i M dazol - 2 yl)-pr opyl ] - met hyl am no}
|soS&tl;)Mé deidT ﬂﬂ?ﬂYzﬂR bz (iz)é?é g{id%n&ih&ghﬁbéﬁko?mwhz&&ﬁ opyll-methy-

| sO utgrlc acid 7-di ne

aminolrethy mwquz )?-Zf]ﬁfé]@;ﬁrfrz M’eQ | ami no} -
o Py i ESzeras b s B @ 8 e g Bl metny-
amHODem&Dﬁnrbmxfbﬂﬂewq{P P-2)sadoydn2- deﬂ@/rl am no} -

et hyl) henyl C 3.2.2] non-8-en-6-yl ester;
IsoBUES Poigt R SR A A hirdintet wycwraew@ﬁz@@r%pr@pyu methy-
aminlo}-e 85 BB SHRGI-iy S @M don-S8h B0 @tef:rpm t he fol | owi ng
Isobutyric acid (1S,5S,6S)-6-(2-{[3-(4,7-dimethoxy-1H-benzoimidazol-2-yl)-propyl]-methyl-
amino}-ethyl)-8-phenyl-bicyclo[3.2.2]non-8-en-6-yl ester;
or a salt of such a compound.
9. A compound of formula (I) according to claim 1, selected from the following
compounds:
(1R,2R ,4R)-2-(2-{[3-(4,7-Dimethoxy-1H-benzoimidazol-2-yl)-propyl]-methyl-amino}-ethyl)-
5-phenyl-bicyclo[2.2.2]oct-5-en-2-0l;
(1S,25,45)-2-(2-{[3-(4,7-Dimethoxy-1H-benzoimidazol-2-yl)-propyl]-methyl-amino}-ethyl)-
5-phenyl-bicyclo[2.2.2]oct-5-en-2-0l;
(1R,5R,6R)-6-(2-{[3-(4,7-Dimethoxy-1H-benzoimidazol-2-yl)-propyl]-methyl-amino}-ethyl)-
8-phenyl-bicyclo[3.2.2]non-8-en-6-0l; and
(15,55,65)-6-(2-{[3-(4,7-Dimethoxy-1H-benzoimidazol-2-yl)-propyl]-methyl-amino}-ethyl)-
8-phenyl-bicyclo[3.2.2]non-8-en-6-ol;
or a salt of such a compound.
10. A compound of formula () according to any one of claims 1 to 9, or a

pharmaceutically acceptable salt thereof, for use as a medicament.
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conpounds: ( 1R 2R 4R)-2-(2-{[3-(4,7-D net hoxy-1

H benzoi m dazol - 2-yl ) - propyl | - net hyl - am no} - et hyl ) -
wWG2@hasnsle bi cycl o[ 2. 2. 2] oct - 5-en- 2- o0l ; PCT/IB2009/051668

(1S, 2S,4S)-2-(2-{[3-(4, 7- D mg{ hoxy-1

H benzoi m dazol - 2-yl ) - propyl - met hyl - am no}-et hyl) -

5- phenyl - bi c clo 2.2.2]oct- en 2-ol; & -
11. 1R éRo%qfémage @a %gmpg{& rDCﬂIé W&?y ap active principle, a compound of
forinu lRemzadcatdiray @ ar%r yhe opblémyd i -t@@t byb @mmgk}etﬁbﬁw dcceptable salt

tnefoch 58 3 isesEde Perasep Bl Beteo e
2 H b Qé Qf 3 %@JI f qyz%rgi&nOQY%icdmﬁé‘Y(% aﬁymoﬂé’}of %{amf%%l'to 9, or of a

en I -'b en- 62
phay(r@ﬁetatm@bm@a@nt@b e19alt thereommoo ahdl pbarrﬁaﬁenmaéccqmposition according to
Claﬁlﬁ:QngP fH rthn Fé’tu%n@f é#ne%{célln@ﬁ fq)ﬂ @eatr?éntaor prevention of chronic

armaceuti ca acceptable salt t ereo for use as a
stagéoartgamaﬁqurlensmnpwahm@e(maéand cerdassi edrdiac arrhythmias including
atri PﬁHnﬁét\’HnnSard?a% hgﬁér‘tr%ShPro'rB A ﬁve Redro@paund of formula

accor di ng one o laims 1 to or a
13phaAnﬁ@ﬁhémﬁﬁbfWoﬁﬂﬂ&p@ﬂbb&w&mbtKibeye@ﬁa(ﬁndm&E He&ast9, or a

one therapeuti ert c' Lent. 12. Use of .
heBtgtlanbroaeans 21 Ffrest &5 B g einerh ) EREn G & chrqpic stavle
an@rp}é m)ﬁb;ertéms@f ischeihad r(rr@aeluma:abr:djecazcm@balahaytﬁahas gcludmg atrial
. thereo or, o armaceu osition according
tvqigfar apiiabin Seubr he rRng s Dt BHEE: ned: camont for

the treatnment or prevention of chronic stable angina,

hypertension, ischem a (renal and cardiac), cardiac

arrhythmas including atrial fibrillation, cardiac

hypertrophy, or congestive heart failure. 13. A

compound of formula (I) according to any one of clains

1to 9, or a pharmaceutically acceptable salt thereof,

for the treatnent or prevention of chronic stable

angi na, hypertension, ischema (renal and cardiac),

cardiac arrhythm as including atrial fibrillation,

cardi ac hypertrophy, or congestive heart failure.



