WO 2009/130679PCT/IB2009/051668 BENZIMIDAZOLE DERIVATIVES AS CALCIUM CHANNEL
BLOCKERS The present invention relates to novel benzimidazole derivatives and their use as potent
calcium channel blockers in the treatment or prevention of chronic stable angina, 5 hypertension,
ischemia (reW& H¥YS4¢diac), cardiac arrhythmias including atrial fibrillati®& IEBAF#HRtrophy, or
congestive heart failure, to pharmaceutical compositions containing these derivatives and to processes
for their preparation. The benzimidazole derivatives of the present invention may also be used, alone
or in pharmaceutical compositions, for the treatment of renal diseases, diabetes and its complications,

10hyperaldosteronisginepHeRsih: REHERPAIRIG RAIR: OFEARGET IRRNMaps-aRgkether mammals. Many
cardiovascular disorders have been associated with a ‘calcium overload' resulting from an abnormal
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the early GOSoaruwaﬂemoWolfem mended: as’ arfinst Iimw?@rga@mea@&rmt@iccd'raslioﬂﬂdnypertension
and angina peciolis, JsRRe FalePENANNE R AE nggr'an@&f%H%%%Hg%ialsgasn%%%@y and
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peripheral vasculature, sinoatrial node and Purkinje fibres, brain, adrenal glan
This broad distribution suggests a T-type channel blocker to have a putative cardiovascular protection,
to have en effect on sleep disorders, mood disorders, depression, migraine, hyperaldosteroneemia,

preterm lab&taRifiRaiY IHeeHtiretiee d5rainc4giREcor IRsarEdRG efibrative diso RIer 3t creeidinzheimers
disease. fritibefradidfPesieants)pdthelditst intypearanchT -fypelcalciumeehannels blpeker femonstrated

30a superioy eftegt qyes Galfichanget bloksrsy which taraet e shannelAredominandy

Mibefradil was used for the treatment o rﬁ/pertensmn and angina without showing negative

side-effects GHEsE8R BB haRh R ReTCRRETRAIGT S refek tadhpeartfia 2V 46866t ELive
hormoh® retedsenocipsripiesat &denttagédoktinrdlbgichibbefradishovetsa WO

2009/13067\98&'-/%%%)0%(6)?10ggsiﬁed intc 6 main categories: L (Long-lasting), T (Transient),

N {(Neuronal), P {Purkinje celis), Q (after P) and R (Remaining or Resistant}.

L-type calcium channels are responsibie for the inward movement of calcium that initiates
contraction in cardiac and smooth muscie cells suggesting a putative application for
20 blockers of these channels in the cardiovascutar fieid. In this view, L-type caicium channel
blockers have been used in clinic since the sarly 60s and are now recommended as a first

line of tfreatment for systolic-diastolic hypertension and angina pectoris.

T-type calcium channels are found in various tissues such as coronary and peripheral
vasculature, sinoatrial node and Purkinje fibres, brain, adrenal glands and in the kidney.
25 This broad distribution suggests a T-type channel blocker to have a putative
cardiovascular protection, to have en effect on sleep disorders, mood disorders,
depression. migraine, hyperaldosteroneemia, preferm labor, urinary incontinence, brain

aging or neurodegenearative disorders such as Alzheimers disease,

Mibeifradil (Posicor®), the first L-type and T-type calcium channels biocker demonstraied
30 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



-2- potentially cardioprotective effect (Villame, Cardiovascular Drugs and Therapy 15, 41-28, 2001;
Ramires, 3 Mol Cell Cardio! 30, 475-83, 1998), a renal protective effect (Honda, Hypertension 19,
2031-37, 200]{.%, and showed a positive effect in the treatment of heart failurgéglozel, Proceedings
Association Xéearn®Hysicians 111, 429-37, 1999). 5Despite the enorhbUEHEHEMEFr a compound
of this profile, mibefradil was withdrawn from the market in 1998 (one year after its launch), due to
unacceptable GYP 3A4 drug interactions. Moreover, ECG abnormalities (i.e. OT prolongations) and
interaction vagtethielvi DRiiprTdektreeiigoKinleMenCreievare rsgores £0d Seuieh, dindPtRirmacol Ther
67, 2|49-57, mg;gé\flmgeh @au%:@!etaé}dmsl@9,542@6&95%&0%%%@&%@@@%%@(&&(?J@,afnd for ,
novel compounds, which, ac - calcium channel blockers but have an impro safety profile
it respect L AR TR ot tts S L E TR LR ard St e CTSiockers and
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which is unsubstituted, or mono-, di-, or tri-substituted wherein the substituents are independently
selected froffPRe"§rBIEH Eb RSty B8F FOEAT M, FolRYTANAINRY NAIGERTP @G trifflofshstsyl: R2
represents hydregemso«@OvR2 ERZ aepreseiits (Gl &) alkybr(@Hid)Huanoadigriaain(084cyiatoalkyl; m
represents theseaRI@ BigoxinP R GReBts e dNteaer @08 3 aNdARRS JeRseseRts ydrogen, or

(C1.5)alkyl. 2a In another ass)ect there is provided aé)halmaceutlcal composition containing, as active

principle, a CABOUE o otFGla e Mewt Dispos 26, 805, 20001

10 There clearly is a demand for novel compounds, which act as T/L-type calcium channel

biockers but have an improved safety profile with respect to mibefradil,

The compounds of the present invention are potent T/L channel biockers ang tharefore

useful in diseases'where bhoth, T and L channels are involved.

i} A first aspect of the invention consists of benzimidazole derivatives of formula (i)
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whereain

R' represents aryl, which is unsubstituted, or mono-, di-, or tri-substituted wherein the

substituents are indepsndently selected from the group comsisting of (Cialkyl,
20 {Ci.qjalkoxy, halogen, and trifiuoromethyk;

R* represents hydrogen, or -CO-R™,

R? represents (Cqs)alkyl, (Cis)fluoroalkyl, or {Cagloycioalkyl:

m represents the integer 2, or 3;

p represents the integer 2 or 3; and

B2
(8]

R’ represents hydrogen, or (Cusalkyl,



(I) wherein R1 represents aryl, which is unsubstituted, or mono-, di-, or tri-substituted wherein the
substituents are independently selected from the group consisting of (C,..4)alkyl, (C14alkoxy, halogen,
and trifluoromethyl; R2 represents -CO-R21; R21 represents (C15)alkyl, (C1_3)fluoroalkyl, or

(C3_ 6)cyéinaﬂioyhemaﬁ®pceséms thepimaded 2 ph@npeepiese ntsheintegenaorn 8g andaRBve presents
hydrogen; lqréf;}pq g gléf?b&%%a e salt of such a compound, and at least one therapeutically
inert excipient;'w heréin pharmaceutl al composition is for the treatment or prevention of chronic
stable angina, hypertension, renal or cardiac ischemia, cardiac arrhythmias jricluding atrial fibrillation,
cardiac hypertrophy, or congestive heart failure. In yet another aspect, thgye is provided the use of a
compound of formula (1) as defiged above, or of a phgfmaceutically accegtable salt thereof, for the
manufacture of a medicament fort [reatment or pig ventlon of chronlc siable anglna hypertension,

definitions of the various ch
intended to apply uniformly 2 3
out definition provides a hroase %} "(C15) alkyl" means a straight-chain

or branched-chain al@f group with 1 to 5 carbon atoms. Preferped are grqups with 1 to 4 carbon
atoms. The term "(Cx.y)alkyl" (x and y being an integer) refers t0 a straight.or branched chain alkyl
group containing x to y carbon atoms. Examples of (01_5)alkyl groups are m %thyl ethyl, n-propyl,
isopropyl,(l?-butyl, sec.-butyl, tert-butyl, isobutyl, n-pentyl, and isopentyl. Preferred are methyl, ethyl,
10 n-propyl, and isopropyl. Most preferred is methyl. For the substituent R21, isopropyl is most
preferred ¥F§EERrm "(014)fluoroalkyl" means a straight-chain or branched-chain (C3)alkyl group which

is substityted. Witk h 0 A flurinenaiomssub¥MRBIE Pk Erlo-3MUorealkyl grauRs AL tliopmethyl,
2-fluoroethyl, 2,2-difluoroethyl, 2,2,2- trlfluoroethyl and pentafluoroethyl 15 Preferred are

trlfluorom%‘fhﬁﬁ‘?eﬁti f#ffu %ﬂ?}}’ﬁ% p@ﬁ?ﬁ?ﬁ@or@@%ﬁylthﬁlo@%&f@ﬂ%ﬂs@%lflﬁgréﬁi@ﬁwykor the
substituentR3diid:3s Ailaroathyhisinestargferred.

R represents -CO-R*;

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

m represents the integer 2 or 3;

p represents the infeger 2 or 3; and

R’ represents hydrogen;

or a pharmaceutically acceptable salt of such a compound, and at least one therapeutically
inert excipient;

wherein said pharmaceutical composition is for the treatment or prevention of chronic
stable angina, hypertension, renal or cardiac ischemia, cardiac arrhythmias including

atrial fibrillation, cardiac hypertrophy, or congestive heart failure.

in yet another aspect, there is provided the use of a compound of formula (I} as defined
above, or of a pharmaceutically acceptable salt thereof, for the manufacture of a
medicament for the treatment or prevention of chronic stable angina, hypertension, renal
or cardiac ischemia, cardiac arthythmias including atrial fibrillation, cardiac hypertrophy,

or congestive heart failure.



The term "(C34cycloalkyl" means a saturated cyclic alkyl group with 3 to 6 carbon atoms. Examples of
(C3.6)cycloalkyl groups are cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl. For the substituent
R21, cyclopropyl is most preferred.. 20The term "(01_5)alkoxy" means a group of the formula
(C15)alkyl-O¥ thi#iEitate term (C1.5)alkyl has the previously given signiic&RE& e #rm
"(C".y)alkoxy" (x and y being an integer) refers to a3straight or branched chain alkoxy group containing
x to y carbon atoms. Examples of (C1_5)alkoxy groups are methoxy, ethoxy, ni-propoxy, iSoOpropoxy,
nbutoxy, isobwokiosec-tpategieand teetidsutisiniRrefarrddcarameshogracal ethiekys 26T feeterm
"halogen” fINYQcENGFR, BreR RS0 s RSRECIAINA BT S5 aDINGo e tREIbRBX hneans a
phenyl or a naphthyl group. Preferred is a henxl roup. The aryl group may he unsubstituted, or
mono-, i, 5P UALSE AN SRR U S Bs AU ERE S Aoty SEIBLEEA MRS Broup
consisting ofr@¥euyatigirof@rARiRdg; halogen, and trifluoromethyl. In a sub-embodiment the aryl
group is.prefer 5 ituted. )of “aryl” Al enyl t -methylphenyl,
il i DRt R T IR SR e
2,6-dimethy SRy R m%%%ﬁ@r%ﬂ?%vﬂf%fﬁﬁﬁﬁé?ﬂﬂ,aé@fﬂ%tﬁaﬁfﬁfﬁ%Hﬁf@amtﬁwshenw,
4-methoxyphemridg 2;8-dimethoxiphend, Scdalimethmagpbe milai2-fillgrapbenyknidiong x to v

2009(1306795‘?655/%999%%@&'%? {Cys)alkyl groups are methyl, ethyl, n-propyl, isopropyi,

3,4-dich|orophenyl,2-triﬂuoromethylphengl. -trlfluoromethylphenyl,and
n-butyi, sec.-butyl, tert -bltyl, isobuty!, n-pentyl, and’isopeniyl. Preferred are methyl, ethyl,

10 n-propyl, and isopropyl. Most preferred is methy!l. For the substituent R? isopropy! is

maost preferred.

The term “(Cig)fluorcalkyl” means a siraight-chain or branched-chain (Ci.s)altkyl group
which is subsfituted with 1 to 7 fluorine atoms. Exampies of {Cs.a)fluoroalkyl groups are
trifluoromethyl, 2-flugroethyl, 2.2-diflucroethyl, 2.2, 2-trifluoroethyl, and pentafiuoroathyl.
15 Preferred are irifluoromethy!, 2,2, 2-rifluoroethyl, and pentafluoroethyl. Most preferred is

trifluoromethyl. For the substituent R?', 2,2, 2-triflucroethy! is most preferred.

The term “(Cas)cycloatkyl” means a saturated cyciic alkyl group with 3 to 6 carbon atoms.
Examples of (Cas)oycloalkyl groups are cyclopropyl, cyclobutyl, cyciopentyl and
cyclohexyl. For the substituent R*', cyclopropyt is most preferred. .

20  The term “(Cis)atkoxy” means a group of the formuia (Ciglalkyl-O- in which the term
{Cisjalkyl has the previously given significance. The term (G, jalkoxy” (x and y being an
integer) refers to a straight or branched chain alkoxy group <ontaining x o y carbon
atoms. Examples of (Cisjalkoxy groups are methoxy, ethoxy, n-propoxy. iISCpropoxy, n-

~ butoxy, iscbutoxy, sec-butoxy and tert.-butoxy. Preferred are methoxy and ethoxy.
25  Theterm “haiogen” means fluoro, chloro, bromo or iodo, especially fluoro or chioro.

The term “aryl” means a phenyl or a naphthyi group. Preferred is a phenyi group. The aryl
group may be unsubstituted, or mono-, di-, or tri-substituted wherein the substituents are
indepaendently selected from the group consisting of (Ciaalkyl, (Cig)alkoxy, halogen, and
triffuoromethyi. In a sub-embodiment the aryl group ts preferably unsubstituted. Examples
30 of “aryl” groups are phenyl, naphthyl, 2-methylphenyt, 3-methyiphenyl, 4-methyiphenyl,
3 4-dimethylphenyl, 2 3-dimethylphenyt, 2 4-dimethyiphenyl,  2.6-dimethyiphenyl,
3.4-dimethyiphenyl, 3.5-dimethyipheny!, 2-methoxyphenyl, 3-methoxyphenyl,
4-methoxyphenyl, 2, 3-dimathoxypheanyl, 3.4-dimethoxyphenyl, 2-fluoropheny,
3-fluorophenyl, 4-fluorophenyi, 3.4-diftuorophenyi, 3-chiorophenyl, 2 3-dichlorophenyl,



4-trifluoromethylphenyl. Preferred is phenyl In the following, further embodiments of the invention are
described: H) A further embodiment of the invention relates to compounds of formula (I) according to 5
embodiment i), wherein the configuration of the bridged cyclohexene moiety is such that the 122-0-
substituent 3Yf&3H&/bYEHe -(CH2)E- of the cyclohexene moiety are in cis ‘?Qé{fﬁﬁ’f%f‘éﬁlﬁﬁ% absolute
configuration is as depicted in either formula (Li) orfformula (1E2) below). Hi) A further embodiment of
the invention relates to compounds of formula (I) according to embodiment i), wherein the absolute
configuratio®4sdibidegsiceatl in fornduldfigencareltioferd) iv) AJdrtherensbadirmt of the #Avention
relates to canppRibRsis:t fRHBMIA Eheacrrdingdayembodiment i), wherein the absolute configuration
depicted is as in formula (1E2) 15(1E2) v) A further embodiment of the invention relates to
compounds of formula (I) according to any one of embodiments i) to iv), wherein Fil represents
unsubstituted ltphen}/l. WQ 20 19/130&79PCT/182009/051668 -5- vi) A further embodiment of the
invention refAf88 1RSI SFTPHILEDN () ALEHIARE RS SMLEHIERS i) to v), wherein p represents
the integer 2; ai)-Ahduehesgmbadimenioithpinentonrefaipsiacempadods ottobmiia (4) according
-to embediments i) to V), W in p.re nts the | ; Vé} rither err i he
inventig’n re?g?égi)'om %8%5?1%%%0?}%%%?%{?@&& ir'%g gt&é? %er?jy ﬁ@%%xem%bfgﬂr%gﬁgtgg%%ﬁ%, wherein
R2 represefit§ FEQ-robstisn mfres BAYESdIFent: ot the MEERFSANR MRk G CopEUREGEMBT formula (1)
according tgi anyhenesof esrdandynerits ik tosuikhi vWrerewntiR2 orepre se ntsr(Gied) al ki) oei®8.6)cycloalkyl.

iy A further embodiment of the invention relates to compounds of formula (I} according to

embodiment i), wherein the absolute configuration is as depicted in formuia (Ig,)

10 \ .
{Ie1)

iv) A further embodiment of the invention relates fo compounds of formuia {1} according to

embodiment i}, wherein the absolute configuration depicted is as in formuia (Igp)

/ O
/s </N
L '

15 (le2)
v} A further embadiment of the invention relates to compounds of formuta (1) according to

any one of embodiments i} to iv), wherein R' represents unsubstituted phenyl.



x) A further embodiment of the invention relates to compounds of formula (I) according to 10any one of
embodiments i) to ix), wherein R31 represents (C1.5)alkyl (especially isopropyl). xi) A further
embodiment of the invention relates to compounds of formula (I) according to any one of embodiments

i) to vii), wh&¥EIRWE 8fiesents hydrogen. xii) A further embodiment of the TR IR 1¥fates to

compounds of formula (I) according to any one of &mbodiments i) to xi), wherein m represents the
integer 3. 15xiii) A further embodiment of the invention relates to compounds of formula (I) according
to any one efiénibdeimenibsd)nentinf tivhéredntRS relplesstentsrhyairodien’ ivpuieflirthesoeditisodiment of the

invention relatesdenermpasngdswabiarmuianth-aseortingdg-any one of embodiments i) to xii). wherein
R3 represents (Ci-s aIkyI (especially methyl). The compounds of formula (I) contain stereogenic or

asymmetric¥ée 3?&3, QURRRRS BN S) FBYSE HAY FORER AT B SURWE P TR 8 fSmay thus
be present ampuixiutesof Bieyooisosiessairpsefesabdyirasgpurie stereoisomers. Mixtures of

stereoisomers e se ted |n manner known to erson skilled in the ar Preferred
gt B b A roﬁﬁ% S aoaf‘dsg%fmwa( accorong

(IR,2R 4R)1Q-?(2¥{‘{JBE(4>%IBWW)¥§41H bén\zbﬁfﬁ@éioﬂ@@f?iﬁ}fﬁifoﬁﬂrﬁ?nethyl -amino)-ethyl)-

255- phe”y' Pt BEmEN-5: 0l fion relates 1 ds of formula (1 d
(13,23,45)-2 [ﬁ% 7- Dgime;thox 1H56févnezno'|?ﬁur%% 122y 1)-propyl i’r%e?ﬁrﬁuaan%u%ofcgtrhﬁ?ﬁ

5-phenyl- bl@r@@@@fﬁg@p@uf@ﬁﬂ@ SII%HEI' wherein R¥' represeniS( 1.syalkyl, or {Cs.s)cyCloalKyl

(1trF]<*|)51R’;] 6;513%ﬁ'é&ﬂ&ﬂ%é@?ﬁ@ﬂ@h@%\%ﬁ&%ﬁ%%@d%%@l;r%ﬁ@ﬂd?r&ﬁ}éﬂﬂg@thwa@éﬁkﬂd@}g t]E)f )
etny pne CyClO nonN-o-en-0-0 ona rred conpounds ormuia
bk i b s S e E S e R e

e group ¢ons c’aci
(1R, 2R AR)2r R #{{B 64 Frdivaetaoxyt - beezoomidazet 2 yb)jrpropyl-onéthylaminelceetbyly-S-phenyl-bicy

clol2 2 2)ockeyen 2oy Lasier, MO AINIUTIRCTL2000103168 & sobutyrc acd

(1S,23,4S)-2-(24[3-(4, 7-dimethoxy-1H-benzoimidazol-2-y1)-propylpmethylaminohethyl)-5-phenyl-bicyc
l0[2.2.2]oct-Biph 24 estrpdimgnt of the invention relates to compounds of formuia {I) according to

Isobutyricacid (155 aRe R drbetAs I3 4 Y WipethoxybHPhanzpimidagal2-y1)-propyll-
15 xiii) A further embodiment of the invention relates to compounds of formula (1} according
to any one of embodiments i} to xii}), wherein R’ represenis hydrogen.
xivy A further embodiment of the invention relates to compounds of formula (1) according

to any one of embodiments i) to xii}, wherein R® represents (Cy.s)alkyl (especially methyl).

The compounds of formula (1) coniain stereogenic or asymmetric centers, such as
20 asymmeitric carbon atoms. The compeounds of formula (1) may thus be present as mixtures
of sterecisomers or preferably as pure stereoisomers. Mixiures of stereoisormners may be

separated in a manner known 1o a person skilled in the art.

Preferred compounds of formula (1) are selected from the group consisting of:
(1R, 2R 4R )-2-(2-{{3-(4,7-Dimethoxy-1H-benzoimidazol-Z-yl -propyli-methyl-amino}-ethvl)-
25  B-phenyl-bicyclo[2.2.2)oct-5-en-2-0l;
(15,25,45)-2-(2-{[3-{4,7-Dimethoxy-1H-benzoimidazol-Z-yh-propyi-methyl-aminol-ethyl)-
5-phenyl-hicyclol2 . 2.2loct-5-en-2-al; and
{(1R* 5R* BR™)-6-(2-{[3-{4,7-Dimethoxy-1H-benzoimidazok-2-yl-propyl}-methyi-amino}-
ethy!}-8-phenyl-bicycio[3.2.2]non-8-en-6-0l.
30 Additionally, further preferred compounds of formuia (l) according to embodiment i) are
selected from the group consisting of:
Isobutyric acid (1R,2R 4R )}-2-(2-{[3-(4,7-dimethoxy-tH-benzoimidazol-2-yl)-propyll-methyi-
aminok-ethy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-vi ester;



methyl-aminol-ethyl)-8-phenyl-bicyclo[3.2.2)non-8-en-6-y1 ester. 5The relative configuration of
stereoisorners is denoted as follows: for example, isobutyric acid
(1R",5R*,6R*)-6-(2-{[3-(4,7-dimethoxy-1H-benzoimidazol-2-y1)-propyl]-methyl-amino}-
ethyl)-8-pheW-Ht8/&#§372.21non-8-en-6-y1 ester denominates isobutyrid a&ip2009/051668
(1R,5R,6R)-6-(2-{[3-(4,7-dimethoxy-1H-benzoimid&#ol-2-y1)-propyl]-methylamino}-ethyl)-8-phenyl-bicy
clo[3.2.2)non-8-en-6-y1 ester, 10isobutyric acid

(15,5S,6S)-6¢24f31 A FdiEBIAT»EHDEM zbiMittazbl 2vy1T) -peopyia isrtbiyd-yi)-oropyll-methyi-
aminol-ethyhx8rphemyhbicycal3Zeglngn Ben-6swh esterc - mixdures of these two enantiomers. Where

the plural form is used for compounds, salts, pharmaceutical compositions, diseases and the like, this
is intended t8CRIBYIF alstFd sindle BmpRUr(<hit:(6r tHE R Y sAnYeretereiiaecie ' eerpetind of
formulae (I)m@tl)adndiesttlE2) 80, beidyodes Aapthas raferingsalso to the salts (and especially the
pharmaceutically acceptable salts) of such com%ounds, as aggr{o%riate and eﬁ)ﬁdient. The term

[

"pharmaceutléaly HiEe AL BMHS © SRR VBN S TREIG ARl 5P Srd ShF ARR At PBY B4%e addition
salts. Referenidel Tah e Aridé-16-{Bak. salsrribnxior besiozarmsisiz PGt IroPyhrmel(1986).033, 201-217,

'llj'he co;npogmq?@tF;ggﬁwlggy@(_)gﬁ5;;)@@@(%@6(;@%)@@@ﬁb,?iﬁ@@@rma_ceutifcalIy accelptable salts clan
e used as medicament 0 rmaceutical compositio enteral or, parentera
administration. -Wgcparglgﬁ Jé%%dg? %&%r@%@?ﬁﬁﬂ%ﬁ} éag]? %@ﬁ%aggl 6 Fﬁmé%anz qzzé/#e%%)d ﬁlhmae trgr)'?zlﬁnner which
will 25 be famifliar- &8 pepsyhtaRinesiA. B art-@eb-fbedkample Remington, The Science and

Practiag of Rhaumaeiacid ¢t E8itien (2005 -RartdmethaymacesticahManiiagiuprgyinyblished by
Lippincott Willia %%g’ﬁ{!%ﬂ#%%ﬁ%ig%ﬁ‘%5‘.9%%9-%50“ eq cc%ggpounds of formula (1), or their

amino Einey Ster; . .
pharmaceutlcaﬁy acceptable salts, optionally in combination with other therapeutically valuable
substances Ofritd<& il @hieas e dYRiARRTERDS Form together with 30suitable, non-toxic, inert,

therapeuticaly campatible soligher laid sanier patarials anglsif desiedetsual Rhapmagsitical
adjuvants. WO 2009/130679PCT/L.132009/051668 -7- The compounds of formulg?% ora

1),

pharmaceuftSiRP &t EEP LRI Salt T8I 42 (GLBATNATRE SHAPA TP P PRlaRS é'ﬁ? ‘for the
treatmemt oprenastivRotCArepitsialieangnasbyperiension; tschemiatenalanstasdiag), cardiac
arthythmias inglyding aujal i dlaton, Sadiag RR ORI 0L REANISEEYS ISR LSRR s cn

compounds, as appropriate and expedient.

The term "pharmaceutically acceptable salts” refers 10 non-toxic, inorganic or organic acid

andfor base addition salts. Reference can be made o "Salt seiection for basic drugs”,

20  Int J Pharm. (1988), 33, 201-217.

The compounds of formuiae (1), (ie1), andfor (e} and their pharmaceutically accepiable
salts can be used as medicaments, £.g. in the form of pharmaceutical compositions for

enteral or parenteral administration.

The production of the pharmaceutical compositions can be effected in a manner which will
25  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 & Wilking]) by bringing the described compounds of
formuiza (1), or their pharmaceutically acceptable salts, optionally in combination with other
therapeutically valuable substances, into a gaienical administration form together with
36 suitable, non-toxic, inert, therapeutically compatible solid or liquid carrier materiais and, if

desired, usual pharmaceutical adjuvanis.



The compounds of formula (1), or a pharmaceutically acceptable salt thereof, are further also useful in
the preparation of a medicament for the following disease groups alone or in any combination: for
thetreatment of renal diseases,diabetes andits complications, 10 hyperaldosteronism, epilepsy,
neuropathlc%glﬂwcyrlﬁ%ﬁ?:er in humans and other mammals; for use as aﬁﬁ?%ﬁ%’l’ﬁfg@ent
anti-asthmatic agent, anti-atherosclerotic agent, additive to cardioplegic solutions for pulmonary
bypasses, adjunct to thrombolytic therapy, as antiaggregant agent, or as agent for the treatment of
unstable anfigaorBofgpehe feeathadht or prosHYRSaS SR Y peresiribrsaispetdallyasoreaMypertension,

hypertensiqmesgpe@ﬁd@r(ynt@ftgeagmemwfith erythropoietin and low renin hypertension; for use in

hypoxic or |schfenm: (1|se ses, or as anti |sc emic .a lifor the trgatml{snt of N cardiac rqnal and
eatme revention 0 chronic stab d’ug 383 ension, | hemsa?
cerebral ischeriia an feper u5| h {e.g. occurring after cardibpulmonary bypass surgety), coronary

and cerebral vé@dsﬁﬁé@én@:ﬁtﬁ‘éq|b@éfhﬂb"mé?apﬁ}“féi%eﬁiﬁﬁeﬁ*m‘%%uIﬁ?@ié@&&’é@?@@“ﬂﬂmaud's
disease; interna&eggs@wjﬁg@at'fgﬁu@akayashus disease), sickle cell disease including initiation and/or
evolution of the pain crisis; for the treatment or prophylaxis of disorders related to renal, glomerular

and mesang CaIPRTEES i g a0 ARIBATEIIEFoNAFtaRGRE falbEGEes5 ﬁéﬁof‘rlfcg thy,

hypertensioaisndeekdinéghromsttayioglomerathcanjeny fochal (détowagedisdateditolagelonel@lysis,

nephrosclerggis,epfugtaxicity related to imaging and contrast agent and to cyclosporine, renal

ischemia, primar vesicoureteral reflux, or %Iom rulosclero§% for usel therapcg/ form ocardlal
g 1 B

infarction, treat ent'st caFﬁ%@?ﬁFpe?{roﬂﬁ pri %?@S?@ an eé%%daalj} puinsﬁo y %f R&hsion,
therapiOfor congestivedreenriaiuremensdingeinisition offibrosisantsibitiohushdeft astrictkir dilatation,
remodelling ang, gysfyrction, or restenosis following angioplasty or stenting; for the treatment of

endotoxemia or endotoxin sQoig:bzlt rhemorrr agb %ck fortthe t{eqhe{%g(t:lgjsfexual dtysfunctlon in

both men (erecﬁ'fe %ﬁfsfﬁ%c?on €. g {735 diaDe1es me |fu§9§?)maal cord injury, ra Padic ™"

prostatectomy, 3ssistfotfe sy dtiker)y é@idt'%f%@gim%%P@Wﬁ%%@v’ﬂgl%g‘fsﬁ@mﬁﬁcauses)
and women by tifapieviag ﬂ@é{ﬁbf@@dﬂ%@éﬂtQ@r&@ng:QS@ﬁ@i@Hbéﬁ@rﬁthﬁoﬁaﬂmuﬁ@;;infﬁr the prevention
and/orr ductlo of cancer. or er ama S39 lated with cell roI tua erapy of
metabo IC dlsorgerfg orqc rog%?g inf: rpngn{)a ;?X%lggaﬁs S, %ﬁgﬂﬁn deeS éar(fc?eht anc? 2 |ér?r§ulln -dependent

diabetes mellitig Rt RSN %%ﬁ%%&t@ﬁ@%@@“h@ﬁmﬁﬁ@p@mbﬁﬁm RYPET4I§ESEFBRism, bone
remodellings pseriasisinaiibbtis, shetmsalioidiertagiisposienarthriitsnsasceitdsishoneareamatous

dermatitis; for fhe treatment of hepatolexigity, and sHdgledeaib. farhn and adyanced iy isease
cardioputmonary bypass surgery), coronary and cerebral vasospasm and the like,
20 therapy for peripheral vascular diseases (e.g. Raynaud's disease, intermittent
claudication, Takayashus disease), sickle cell disease inciuding initiation and/or
evolution of the pain crisis;
= for the treatment or prophylaxis of disorders related fo renal, glomerular and
mesangial cell function, including acuie and chronic renal failure, diabetic
25 nephropathy, nhyperiension-induced nephropathy, glomerular injury, renal damage
retated to age or dialysis, nephroscierosis, nephrotoxicity reiated to imaging and
contrast agent and o cyclosporine, renal ischemia, primary vesicoureteral reflux, or
glomerulosclerosis;
= for use in therapy for myccardial infarction, freatment of cardiac hypertrophy, primary
30 and secondary puimonary hypertension, therapy for congestive heart failure including
inhibition of fibrosis, inhibition of left ventricular dilatation, remodelling and dysfunction,
or restenosis following angiopiasty or stenting;
= fgr the treatment of endotoxemia or endoioxin shock, ar hemorrrhagic shock;
»  for the treatment of sexual dvsfunction in both men {erectiie dysfunction e.g. due 0

35 diabetes mellitus, spinal cord injury, radical prostatectomy, psychogenic etiology and



10 and injury including attendant complication (e.g. hepatotoxicity, fibrosis, cirrhosis), deleterious
consequences of tumors such as hypertension resulting from hemangiopericytoma, spastic diseases
of the urinary tract and/or bladder, hepatorenal syndrome, immunological diseases involving vasculitis
such as lupYEC &M Sclerosis, mixed cryoglobulinemia, fibrosis asso&atEEHHIEHS dysfunction
and 15hepatotoxicity; for use in gastrointestinal di€eases such as ulcerative colitis, Crohn's disease,
gastric mucosal damage, ulcer inflammatory bowel disease and ischemic bowel disease, gall bladder
or bile duct-basdtetlisrsses BucwaBschbanity saplerstiticw risgiiatienislieetisgrsiatly, tepying prostatic
hypertrophy, organsgiantation, or for use as anti-diarrheal 20agent; for the treatment of disorders
involving brondhoqonsiiction.or diserders gf-chrenic or acie nflammation such a5 obstgtive
pulmonary disease gidaalIrdidiress syndrome, for the alléviation of pam?nc?uamg neuropa hic pain,
peripheral paincah@ 2B associated with cancer such as pain associated with prostate cancer or
bone-cancer,; fas the eatnestebeealsalRes W Us Bysiemyaseuway diserdsrsunh apstinke, transient

ischemic attacks, migraine ar rachnoi r , . e joural
disorders, trealtgrﬁfg?]'[ oﬁﬂgesrlri]@r%g%l%%%oi%{lgﬁﬁgg%dgesrr%ﬁe%%g%gﬁ%ﬁ@rzéﬁﬁrfa é?]%g\%ééular
dementia, epildB&yORF R e PYRRIGIZRS S BrSTOfRONSH (RIBHENN Ge mERA s BrFd andI8r RBALlity as a
result of aboveaitilitigsodibeapresentinyeantanalsoeetatesstosanmethod for the prevention or treatment

of a disease, orisqrdermenianeceisin comprisiogadainisiering e adubiedt paamaceutcally

active amount of a compound of formula (1). Furthermore, the compounds of the formula (I) may
also bdQised fRSLIAHY iR SEEGMBHEMBRMWRTB I N Gre J&&?ﬁgtgé@%eaqﬁﬁﬁ lipidfRifering agents
such as statinsge\aer 200 9/4BR6FHCI/ 1 B2008/05 668:+0- anticoagulaistsrsucksaircouimanns,

antithrombotic agents;such s clopidagreldasblockers. and other crrdionigtective.pgents.Besides,

any preferences indicated for the comPounds of formula (1) (whether for the compounds themselves,
S

salts thereof, cOHIFB on S CSMRARAIRE tHHESEBHRDOUMDL Y sHRC S rddt udds ' i4he BSHPBUNdS or
salts thereof, etcipaysly mixtdtisrpugtamdisstoizofiposindssefdatmitladh( 1B aneilorc{bE23@hd vice
versa. %reparaﬁggagﬁtggg&ppunds of formula (I): A further aspect of the invention is a process for the
preparation of r$om ounds gf formulae %)Eof the I_greseni inv<—;[:ntion .The%com. ounds obtained may also

be converted inf6 T0pRaPATSEALTRAIR) deRRptase LAt tRerbFif A anier Rriowh pe’gd ™

mucosal damage, ulcer nflammatory bowel disease and ischemic bowel disease, gall

bladder or bite duct-based diseases such as cholangitis, pancratitis, regulation of cell

growth, begning prostatic hypertrophy, or transplantation, or for use as anti-diarrheal
20 agent;

= for the treatment of disorders involving bronchoconstriction or disorders of chronic or
acute inflammation such as obstructive puimonary disease and adult disfress
syndrome;

s for the alleviation of pain including neuropathic pain, peripheral pain and pain
25 associated with cancer such as pain associated with prostate cancer or bone-cancer,

» for the treatment of central nervous sysiem 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

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

The present invention also relates 0 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 (1),

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

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



In general, all chemical transformations can be performed according to well-known standard
methodologies as described in the literature or as described in the procedures as summarized in
Schemes 1 to 3 below. If not indicated otherwise, the generic groups or integers R1, R2, R3, p, and m
are as defin¥$8*96A¥dRa (1). Other abbreviations used are 15 defined RtHERY &M Ehtal section. In
some instances the generic groups RI, 1R2, R3 migtht be incompatible with the assembly illustrated in
the schemes below and so will require the use of protecting groups (PG). The use of protecting groups
is well knowaniindip @rtésesfasesxamplens Protdstive Giroapsnin o Byiibwsish-TiodkeGreene,
P.G.M. Wutg, Wiy IalaISSi6RERy- 90 or the purposes of this discussion, it will be assumed 20that
such protecting groups as necessary are in place. Compounds of formula () are prepared following
the proceduBesi¢nstliaey meSvRerie NHerdRr. CoMpotmtRoon fsrefulartiaviereinatteréprdients H can
be preparedhysapesifieationet theestaeidisiaghptrndad dasit peNEi aRspuchd@ Sk iSisor NaOH in
solvents like_25 ethanal, hanol, THE or water at tf, or standard acidic condition ch.as ag. HCI
AN Tt R e R AT ONE e B S ey
This acid is PAERLBAP IR WIH BR fizimfTSLS| edetirative Y 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 NEt3 or
DIPEA and in solvents such as THF, DCM or 30 DMF, preferably at rt. The amide 1.2 is then reduced

to give the gegisgchsonwaitiasiHasvaRhunhgrein R2 represents H using standard reducing agents
like LiAIH4 or Red-Al in adequate solvents such as toluene at temperatures between 0C to rt. WO

2009/1306 7P EIBFRGEI 081 B8 '™ESEn Enfe RFAIEEHER SeRTRFEIRHIES of foRMaRYTHSwWHerein R2
represents Fbeansded!acliatauassingrstanidard reagemtsusdshvizsiasithchiaimes; avidsisoyidindes,
chlorofermates isReyAnAEs . PR banavichleride s, f Nesessary.ih aresence of a Lewis acid such

as MgBr2, or in presence of a base such as NEt3 in inert solvents such as DCM or THF at

temperatures BERFERN FCAGHEBC B giveTEdmBoarrisPe ReTRURE() A0RRTEBNY R repdréBatifs -O0R21,
The key intemediatesii @edquiepacd-acaosdingtte Hicheme 8- Rikelonps?id ardomesguprotected

ketones 2.2 can . ccording t wn edur (Can 1 C ka1 70, 974-980,
Cane 3, Ches G FECE S L SR BRI 8y W SR i
2009/1306 7018621 2609751 6881 £ tEERIT D it AYY s ehQ{Bp e RipRE SIBPAGMIde, in
adequaﬁe_ salyfenis ImmEtaﬂaerimblﬁaa;ts@mer@tw&sd)etwa&ms?taé_: gmbtjityfgﬁdxd@sth@ ate@heh 2.3.
Hydrolyeis gf i ketplahalsaliol deralie A andisuhneg R helinatian Al Al sing ptandard
dehydration reagents and procedures such as TSOH in adequate solvents such 5as acetone preferably
at rt leads t6°HERAGHE2 A ARERAHVERIRIS HeprBfettid Helmiffaiierore i Be Feftormed in
two steps. Tthe ketakoffalcoholderivativei2e3dsohysliolyz ednas Slesiosthed BldoVEresneg Bt conditions
such as TS%%@%%%%%&@@%,%@%&Imé%ws&ée%#sae&ﬁ?gegw,@ #iPnd HeLliination of

water can be performed using standard conditions such as Ms-
20  that such protecting groups as necessary are in place.

Comoounds of formuia (I} are prepared following the procedures outiined in Scheme 1

below.

Compounds of formula (1) wherein R? represenis H can be prepared by saponification of
the ester K using standard basic conditions such as LIOH or NaOH in solvents like
25  ethanol, methanol, THF or water at rt, or standard acidic conditions such as ag. HCl or
TFA in solvents like ethanol, methancl, THF, DCM, or water at rt to vield the acid
derivatives 1.1. This acid is then coupled with benzimidazote derivatives BB to give the
amide derivatives 1.2 using standard coupling reagents such as EDC, HOBIt or PyBOF in
the presence of a base such as NEt; or DIPEA and in solvents such as THF, DCM or
30 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 LiAlH, or Red-Al

in adeqguate solvents such as {oluene at temperatures between 0°C to rt.



10 presence of a base like NEt3 and in adequate solvents like DCM at temperatures between 0C and
rt or using the Burgess reagent in adequate solvents like THF at temperatures between OC and rt to
lead to ketone derivatives 2.4. In another variation the diketone 2.1 can be selectively mono-alkylated
directly to k&YG@Yeifive 2.5 by appropriate nucleophiles like Grignard fedgeME M &téndard
solvents like 15Et20 or THF at temperatures about!@C. The elimination of water can then be performed
applying the same conditions as mentioned above. Ketone derivatives 2.4 are transformed to the
desired keySntemsediates K by addition of nucleophiles such as Grignard reagents or lithiated alkyl
groups such as lithiated ten.-butylacetate (prepared in situ using tert -butyl bromoacetate,

n-butyllithium and DIPA 20at tempgrat of -50C in an adequateﬁmagtu {% olvents such as
toluene-THF or hexane-THF) af¥émipératures between -50C and he g esis of the
benzimidazole derivatives BB\ ($ .
derivative 3.1, which is gynthesizede.g. from 1,4-dimethoxy- X 3-di |tro1-b1enzene (Eur.J.Org.Chem.
2006, 2786-2794) according to standard 25 procedures or following the methods given in the
experimental part below, is coupled to an accordingly protected, commercially available
N-alkylamino-alkanoic acid derivative using standard coupling reagents and conditions such as
EDC/HOBt in presence of a base such as DIPEA, NEt3, DMAP in solvBhis I| ﬁ HR;,DCM at itt to give
the aniline derivatives 3.2, wherein PG refers to an amino protecting gro ic bz or BOC. 30
Heating of 3.2, preferably under microwave conditions to about 150 neat orjin af propriate solvents
such as toluene or acetic acid leads to the protected aminoalkyl be m@gzol@ “defivatives 3.3.
Optionally, in case R3 is alkyl, the substituent can be introduced using standard reactions such as
alkylation with an appropriate alkyl halogenjde in presence of a base like NaH or K2CO3 in a solvent
like acetone, DMF or 35THF at temperatu@es of about OC. Deprgtectign us/lng stand:é,rd deprotection
procedures WO 2009/ | 506799 T/IBQE@M%S -12- (hydroée‘rtau R-far PGy : TFA or HCI for

PG -4 BOO) glves tr] » Sired a\%ﬁéﬁl | b nzmﬁdazde—derl\( BB. $€)ﬁém
N
i

1.2

R
R O
Alcohols of compounds of formula {1) wherein R? represents H can be acylated using

standard reagents such as acid chlorides, acid anhydrides, chloroformates, isocyanates,
5  or carbamoylchiorides, if necessary in presence of a Lewis acid such as MgBr;, or in
presence of a base such as NEi; in inert soivents such as DCM or THF at temperatures

between 0°C and 65°C to give compounds of formula (1} wherein R? represents -COR?',

The kay intermediates K are prepared according to Scheme 2. Diketones 2.1 and mono
protected ketones 2.2 can be prepared according to known procedures (Can. J. Chem.
16 1982, 70, 874-980, Can. J. Chem. 1968, 46, 3713-17, JOC 1978, 43, 4648-4650).

Scheme 2
O
HO (o
=g
;
‘ * e
0
o D ) o OH -0
e O“‘“"HO’O" —" )
0 o R1 R1 .R‘E P
2.1 2.2 53 2.4 K

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

(prepared from the correspanding bromo compound with e.g. butyllithium using standard



/ H2NH2NPG-NN 10(')C HNPG-1\i'ftiCNm N 1 3 0m 1 R' 3.13.23.3 5Whenever the compounds of
formula (I) are obtained enantiomers, the enantiomers can be separated using methods known to one
skilled in the art: e.g. by formation and separation of diastereomeric salts or by HPLC over a chiral
stationary pHAS¥EUHES a Regis Whelk-01(R,R) (10 pm) column, a Daid& CREREEISD-H (5-10 pm)
column, or a Daicel ChiralPak IA (10 pm) or AD-H (5 pm) column. Typical 10 conditions of chiral HPLC
are an isocratic mixture of eluent A (EtOH, in presence or absence of an amine such as NEt3,
diethylamineseatieh &tiofitiB e, a6 #flow!raen6UBIOTEEG MLAAYEX PERNFEKRT A PART The

following exgmplesMystsaie thesinkentionbudonaéiat alklimbibe scope thereof. 15A1l temperatures
are stated in C. Compounds are characterized by 11-I-NMR (400 MHZz) or 13C-NMR (100 MHz)

(Bruker: ch&ticaly SRiREBI&YRIEH HEPRrhIRIMEUE B T S SHRSCHER L IRNAPTR IBEEE E VEiRGlet, d =
doublet, t =driplei;ddeioudaatett, ppagepentupletduesurchexet;, hetSHaptatsanaternoiitigist sbeh= broad,

coupling copstants are apen in nz).ByLC 1S {Rnigan Navigator with HP 1100 Binary Pump and
DAD, column: 4.6x50 mm, Zorbax 20 SB-AG, 5 pm, 120 A, gradient: 5-95% acetonitrile in water, 1

min, with 0.64eaiftebrohisetierseier Rovemisality faTieR REIPerPRTRIMeHY TG EiERS-piites from
Merck, Silicpsgg! §0%k3R4) danbyaelting polbicempourdsiate pidfiedsypreparatuditdPL C (column:
Xcterra RP18, 30X19.00, Sul RN 1038 2 i i Weleh soniaunag. 3-5.30 of formic acid)
or by column'c roma%ography on silica gel. Igacemates can be 25separated into their enantiomers by
preparative $iPinatigsee maEe oiiditih LRI CHiFEI CEF 09D 203556 P S¥8"p AT, 485 EtHAnol in
hexaneg flowr4Q:R6-mLiminde IWENRARHA 306TARET AB2009/B6 1688 =1 B:iisrevistiorisetas used

herein or i”ét‘S Q%Cr{igyggh%b%veeéwgess reagent in adequate solvents like THF at temperatures

betwsen 0°C and rt io lead o ketone derivatives 2.4.

in another variation the diketone 2.1 can be seiectivelty mono-alkylated directly to ketone
derivative 2.5 by appropriate nucteophiles like Grignard reagents in standard solvents like
15  Et,0 or THF at temperatures about 0°C. The elimination of water can then be performed

applying the same conditions as mentioned above.

Ketone derivatives 2.4 are transformed to the desired key intermediates K by addition of
nucleophiles such as Grignard reagenis or lithiated alky! groups such as lithiated
tert.-butytacetate (prepared in situ using tert.-butyl bromoacetate, n-butyliithium and DIPA
20 at temperatures of —50°C in an adequate mixture of solvents such as toluene-THF or

hexane-THF) at temperatures between -5C°C and rt.

The synthesis of the benzimidazote derivatives BB (Scheme 1) is outlined in Scheme 3. A
suitably substituted dianiiine derivative 3.1, which is synthesized e.g. from 1,4-dimethoxy-
2.3-dinitro-benzene  (EurJ.Org.Chem. 2006, 2786-2794) according o standard
25  procedures or following the methods given in the experimental part below, is coupled to
an accordingly protected, commercially availabie N-alkylamino-alkanoic acid derivative
using standard coupling reagents and conditions such as EDC/HOBU in presence of a
base such as DIPEA, NEt;, DMAP in solvents kke THF, DCM at ri to give the aniline
derivatives 3.2, wherein PG refers to an amino protecting group such as Cbz or BOC.
30 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 subsfituent can be
introduced using standard reactions such as alkylation with an appropriate alky!
hatogenide in presence of a base like NaH or K;COs in a solvent like acetone, DMF or

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



ag.aqueous Acacetyl anh.anhydrous 5BOOtert.-butoxycarbonyl BSAbovine serum albumin Bubutyl
Cbzbenzyloxycarbonyl CCcolumn chromatography on silica gel 10Burgess
reagent(methoxycarbonylsulfamoyhtriethylammon um hydroxide day(s) DCMdichloromethane
dil.diluted DHPAESEA R Iamine 15DIPEAdiisopropyl-ethylamine HOnig'8GEE2009/051668
ethyl-dUsopropylamine DMAPdimethylaminopyridifié DMFdimethylformamide DMSOdimethylsulfoxide
EDCN-(3-dimethylaminopropy1)-N'-ethylcarbodiimide 20eq.equivalent(s) Etethyl EtOAcethyl acetate
EtOHethandhydrogenation for PG = Chz; TFA or HCI for PG = BOC) gives the desired aminoalkyl

benzimidazole derivatives BE.

Scheme 2

ol - - , o’
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3.1 3.2 3.3 BB

5  Whenever the compounds of formula (1) are obtained in the form of mixtures of
enantiomers, the enantiomers can be separated using methods known to one skilled in
the art: e.g. by formation and separation of diastereomeric salis or by HPLC over a chiral
stationary phase such as a Regis Whelk-O1(R,R} (10 umj column, a Daicel ChiralCel OD-
H (5-10 um) column, or a Daicel ChiralPak {A (10 um) or AD-H (5 um) column. Typical

10 conditions of chiral HPLC are an isocratic mixiure of eiuent A (EtOH, in presence or
absence of an amine such as NEt;, diethylamine) and efuent B (Hex), at a fiow rate of 0.8
to 150 mi/min,

EXPERIMENTAL PART

The following exampies illustrate the invention but do not at all limit the scope thereof.

15 All temperatures are stated in °C. Compounds are characterized by "H-NMR (400 MHz) or
BCNMR (100 MHz) (Bruker; chemical shifts are given in ppm relative to the solvent used;
mulliplicities: s = singlet, d = doublet, t = triplet, g = quariett, 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

20 SB-AQ, 5 um, 120 A, gradient: 5-95% acetonitrile in water, 1 min, with 0.04%
trifluoroacetic acid, flow: 4.5 mL/min}, tr is given in min: by TLC (TLC-plates from Merck,
Silica gel 80 Fzsy); or Dy melting point. Compounds are purified by preparative HPLC
{column: X-terra RP18, 50x19 mm, 5 um, gradient: 10-85% acetonitrile in water containing
0.5 % of formic acid) or by column chromatography on silica gel. Racemates can be

25  separated inio their enantiomers by preparative HPLC {(preferred conditions: Daicel,
ChiralCel OD 20x250 mm, 10 um, 4% ethanol in hexane, flow 10-20 mL/min).



Et20diethyl ether 25hhour(s) Heptheptane Hexhexane HOBt1-hydroxybenzotriazole HPLChigh
performance liquid chromatography 30LC-MSliquid chromatography - mass spectrometry Memethyl
MeCNacelonitrile MeOHmethanol minminute(s) 35Msmethanesulfonyl NEt3triethylamine WO
2009/1306 7521 831600/051668 -14- Pd/Cpalladium on carbon prep.prBpafg(e 51668
PyBOPbenzotriazole-1-yl-oxy-tris-pyrrolidino-phospBonium hexafluorophosphate 5sat.saturated
tart.-tertiary (tert.-butyl = t-butyl = tertiary butyl)

Abbreviations: (as used herein or in the description above)

aGg. agqueous
Ac acetyl
anh. anhydrous
5 BOC tert.-butoxycarbony!
BSA bovine serum albumin
Bu butyl
Chz benzyloxycarbonyl
ole column chromatography on sitica gel
10 Burgess reagent (methoxycarbonyisulfamoylitriethytammonium hydroxide
d dayi{s}
CCM dichloromethane
dil. diluted
DiPA diisopropylamine
15 DIPEA diisopropyl-ethylamine, Hinig's base, ethyl-dilsopropyiamine
DMAPRP dimethylaminopyridine
CMF dimethylformamide
DMSO dimethylsulioxide
EDC AN-(3-dimethylaminopropyl)-V-ethylcarbodiimide
20 eq equivalent(s)
Et ethyl
EtOAC ethyl acetate
EtOH ethzanol
Et,O diethyl ether
25 h hour(s)
Hept heptane
Hex nexane
HOBt 1-hydroxybenzotriazoie
HPLC high performance liquid chromatography
30 LC-MS liquid chromatography — mass spectromeiry
Me methyl
MeCN acelonitriie
MeOHM methanol
min minute(s)
35  Ms methaneasulfonyi
NE1; friethylamine



TFAtrifluoroacetic acid THFtetrahydrofuran TLCthin layer chromatography
10Red-Alsodium-bis(2-methoxyethoxy)aluminumhydride rtroom temperature tRretention time
Tspara-toluenesulfonyl TsOHpara-toluenesulfonic acid 15Preparation of intermediates General
procedures YoP #18°Hr¥6 & ation of key intermediates K: Key intermediated KB AN R¥A-Swhich are
bicyclo[2.2.2joct-5-en-2-yl or bicyclo[3.2.2]non- 8-ei¥-6-yl derivatives are obtained as a mixture
between the major racemate having the relative configuration (R",R*,R") (i.e. the bridge -(CH2)2- of
the cyclohek@rie moiety is cis 2@iadthe grotgnb@R2 being hydroxy) and the minor racemate having the
relative configiygration (R*,S* R* L iRk, S"), repectively (i.e. the bridge -(CH2)p- (wherein p
represents %zéé.p repectively) fthetcgclqh“qg ne r:qoigt is|tcrjan§ t}g) thg roup -OR2 being hydroxy).
The major and the minor racemates can be sépg)%téia 8 FestripEd sy eg/ Intermediate KIA in
procedure A1.5. If not stated othexalgererilpsbieaitiajor racemate is isolated and used in 25the
preparation g the examples belw MA: rac-(1R*,212",4R*)-(2-Hydroxy-5-phenyl-b
cyclo[2.2.2]oct-5-en-2-yl)-acetic acid t rt.-%y | ester K1A.1 (Pracedure Al.1): rac-(
1R*AR")-Bi(gz)“i’)/’(%1“6)12.2.210ctane(-%f.rgagﬁ(f?r?efz’f ' g%ﬁo&%@tr%e Ws@%xy)-l,3-cyc|ohexadiene and 13 mL
of cfracetoxy&érylonitrile 30 wefélyarkaerinddféated at 150C in a closed vessel for 22 h. The obtained
dark orangerwviscous oil was disgalyegiiaig@d mL of MeOH. After dropwise addition of a solution of 2.2

g of sodium gthoxide in 150 %ﬂqfarb]@?gmépl%i%ﬁ?&ﬁw mixture was stirred for 3 In at rt, poured into

ice/water and extracted with DCM. The organic phases were concentrated WO
2009/1806 788CH/1 B2009/05 1 664 Lisis(Z-methoxyethoxyjaluminumhydride

rt room temperature

tr retention time

Ts para-toluenesulfonyl
TsOH para-toluenesulifonic acid

15 Preparation of intermediates

General procedures for the preparation of kev intermediates K;
Key intermediates K1A and K2A which are bicyclol2.2.2Joct-5-en-2-y! or bicycle[3.2.2]non-
8-en-6-y! derivatives are obtained as a mixture between the major racemate having the
reiative configuration (R™,R*,R*) (i.e. the bridge -{CH,}.- of the cyclohexene moiety is cis
20 to the group -OR? being hydroxy) and the minor racemate having the relative configuration
(R*S*,R*} or (R*,R",8"), repectively {i.e. the bridge -(CH;).- (wherein p represenis 2 or 3,
repectiv.ely) of the cyciohexene 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 s isolated and used in

25  the preparation of the examples below.

K1A: rac-{1R*2ZR* 4R")-{2-Mydroxy-S-phenyi-bicyciof[2.2.2]oct-5-en-2-yl}-acetic acid
tert.-butyl ester

K1A.1 (Procedure A1. 1) rac-(1R".4R")-Bicvcio[Z.2 Zicctane-2 S-dione

25 mlL of 2-(trimethylsilyloxy)-1,3-cycichexadiene and 13 mbL of c-acetaxyacrylonitrile
30  were mixed and healed at 150°C in a closed vessel for 22 k. The obtained dark orangs
viscous oil was dissolved in 200 mL of MeOH. Afier dropwise addition of a soiution 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



in vacuo and the crude residue was purified by CC with EtOAc-Hept (1:2) to yield 7.9 g of
rac-(1R*AR")-bicyclo[2.2.2]octane-2,5-dione. LC-MS: tR = 0.44 min.  K1A.2 (Procedure Al.2):
rac-(1R*,4R*)-Spirofbicyclo12.2.21octane-2.2'41,31dioxolan1-5- 5 one To 4.0

rac-(1R*, 4RV’5%?@WW¥2 2]octane-2,5-dione (intermediate K1A.1), disso%ﬂ%?&[?@ﬁﬂf%f toluene, 1.7
mL of ethylene glycol and 0.27 g of TsOH were addéd and the solution was heated under vigorous
stirring to reflux for 3.5 h. The reaction mixture was cooled to rt, quenched with saturated aq.
NaHCO3, ertractisdanitihEerodarepitie oreanpitiier shidse wills Eifsorerid ! Bhé ofallle’gtedtict was
purified by G- with HexGpAq 1% 3)deield 2Adng of

rac-(1R" 41R*) |ro[b|cyclo[2 2.2]octane-2,2'-[1,3]dioxolani-5-one as yellow oil. LC-MS: tR = 0.64 min;

[M+H+CH3EXN 44 migA.3 (Procedure A1.3): Mlxture of rac (7Fr 8R*,10R*) and
rac-(7R*, 85% 05 F? . > - 3 _golution of
2.41 g of rac(IR rC% f "K1A.2) in 80

mL Et20, 142@mL phenylmagnesium bromlde solutlon (1M in Et20) was added dropwise over 10 min.
The reactiopdnixiue was siiresforfc Rtz Eﬂﬁ&d@@ marafr@e (YM?e‘irﬁé@Qt%hR@AC@ferﬁhﬂbbWM ice, 8 mL

2N HCI were d he 20 e a 1ase was evapor ed and the
crude proddEt \%ggﬂqp |f|8d'%‘f C wih ﬁ}e\?[@p&% (G? @r)“{o gzlv % of 'o'¢ 230ed B %
7,10-(1,2-etégildioy8vphdagiet, mnd%xeg@mv@[a‘ie]deéaﬁeétm 23 éélérlé%@ GHa¢SBEpRY iGN GRthe

diastereomerp Ry GGtigpessible byt was pesfarmedionty,if statethd WitnMEOtR i QriddomissitM-H20+H]".
243.34. 25K Procedure A rac R*AR* 5-Phenvl-bjcycl loct- -2-0ne. To a solution
of 0. 52%09 of ?Lf)e(élaf et\ﬁaq egl éteny d%%atswﬁ%[ﬁugfgéggyn% oWﬁt%Frm% aﬁ%‘é %% %3 in 20 mL
acetone was@ddet! 200 nig- bﬁ"éﬁ?—’l MQW‘%@@@&M@%%@@HW?H -AtPe T/ FdB¢tion mixture

was quenchgd with sat. ag. NaHCO3. extracted with EtOAC and the organic phase was evaporated.

The crude product was 30purified by CC with He t-EtOAC (7:3) to give 0.34 g of
rac-(1R*,4RB5h &Ry L-Biciiiof y?%]%‘ﬁ%'\gn 2 ﬁé as colorless oil. LC-MS: tR = 0.93 min;

[M+H+CH3GRM: 249,11, WQ 29 .%?r&%%@F’aQT%?%‘%QW@é 668 16 S (Ryesefyre (. 5):

rac-(1R*.2R*] -(Z-Hydroxy-5-0 env, ert.-butvl ester and
rac-(1R¥2SEARIB R hens] 4-0g 5%t-5-en-2-y1)-acetic acid tert.-butyl ester To a
Zolutlon of Orélar@u?ffdal%r\m -8 %rLrJdirE@ amrs@frar@w(}flm@u%]dﬁta@mm Hex)bowase added
ropwise at -20C. After 1 of t ne wer ed and the s utlo was stirred for 30 min.
The mixture“Wa ﬂc%ro e 'Eg/é%?) Dlrg mr?_L% er’t%vétnf % atﬂ "Were At eorleélﬂnde S%Ijﬂ?l \Eg\g continued
for 1 h at -50CETREND. 32@%1(#9@%&@*%@" )@Jﬁﬁ\eﬁ;ﬂeb'%@@r@[m.@qr@&ae aifredotae ‘(lﬁtéhﬁedlate
K1A.4) dissoivad thel inkupé THE wasaddechanditheisolution wasostired atro@dae2@6cover 2.5 h. The
reactian 10 mixture was poure celaq, HCI, the organi t and
evapoor%ted le'Ilﬁe erude reactio |o%émrb%((:3tr§v§§c lTI’IfS &d b 8%'{%%3\5 thEé%g\% 951 tggéﬁ?gl%% 30 g of the

major racenﬁ’étfé',eﬂaéy(ﬁ@,\?i*RH%Pﬁ@’?’\@/dr’o%t% SRy %u&ﬁl&[éoz ?)’o@f“@'eéﬁasz?-%\de‘hc acid
ter-L.-buty| esies,agyhirisalidaod 2 GaigrektheimiBepsacematieshe diastereomers by CC is

rac(11Rr,2S o‘s@é ezbny\%@&yegoprgggglng ﬁ%%%% ; 2)oct-5-en-2-yl)-acetic acid tert.-butyl ester,

LC-MS: tg = 0.84 min; [M-H,O+H]": 243.34.

25 Kt1A.4 (Procedure A1.4): rac-{(1R* 4R*\-5-Phenvi-bicyciol[2.2.2]oci-5-en-Z-gne

To a solution of 0.54 g of 7,10-(1.2-ethvlen}-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 rl. The reaction mixture was guenched with sat. ag. NaHCO;,
extracted with EtOAC and the organic phase was evaporated. The crude product was

30  purified by CC with Hept-EICAC (7:3) to give 0.34 g of rac-(1R*4R*)}-5-phenyl-
bicyctol2.2.2]oct-5-en-2-one as colorless oit.

LC-MS: tg = 0.83 min; [M+HE+CH;CNJ™: 240.141.



15as colorless oil. LC-MS (major racemate): tR = 1.06n; [M-(CH3)3-H20+HTrl; 241.11. LC-MS (minor
racemate): tR = 1 05 min: [M+HI: 315.18. K1A.6:

(1S,2S5,4S9)-(2 roxv -5-ohenyl-bicyclo[2.2.21oct-5-en-2-y1)-acetic aci r and
(1R,2R 4R) 3?8%795 -phenvi-bicyclo[2.2.210ct-5-en-2-v1)-acetic ac%&e{@%ﬁb ? #gster

rac-(1R* 2R* 4R*) (2-Hydroxy-5-phenyl-bicyclo[2:22]oct-5-en-2-yl)-acetic acid tert.-butyl ester was
separated |nto the respectlve enantlom%rs using prep chlral HPLC (column Dalcel ChlraIPak AD-H,
£ Sd P 1256 ErE ; ¥ (il

tR =7.93 ”E;Q; § : i %Bet)c CH){Q&O;% Qagpyl blcyclo[3 2 21non 8-en-611)-acetic a(:ld
v are T Mixture of rac-(1R*.5R*.8R*) and

rac-(1R*. 5F%’b%wmlbydrb&xf%mheh?l&ﬁcydbﬁBﬂZf-Zﬁhﬁfbrﬁ’aﬁJBLoﬁfeﬂ Potdisiigperihdhinfica g of
?c (g%h5%vé%%\gq%£§d2o%mg@%?z@%dm§ (?yﬂmﬁ%drﬁ%ﬂﬁdlﬂ%w@d@@m%@@dﬂmé/

an em In mL of Et20 10.3 306,29 051668
-17- mL of Sﬂ%’fi@ﬂn%agsn@m r%g ojrsnol) £%0 thci"orr? Z_ILLM;3 Waﬁ—ﬁ% th//é)rte a%(zé%d g%cgs%lzv@l%ﬁdzﬁ? g 15 min at
0C and the anftatgengees aditeedefot 2thrias rvahecrdiaeaorehittiréiwal thehe6diettt8 GC fuenched

with ice- Wa%&ﬁ am f@ﬁﬁ@ﬁ&l@&yﬂ@ amgbextraatechitinki20:didte BIganiciphasewas washed with

brine, dried ted tQ,5qht t I il
LC-Mis: (R 16,78 mlng%fﬁ? TEaRITATY A SRS ?P%gc%gl%%e % &QS? P fofecwagsR vellow o

rac-(1 SR8 2hefy| W@%@Z@i%n@bﬁ"@ G BB & BPUBRPBIRIS r %5259 8AY 1-bicyclo[3
2 2]nonan-G-anediniermediatad<aci) wasdlissohsslitiabiy Cofvdtetene F10Ag O T $OMakere added

and the mixture was SUmed At 1L o vate, rac-(1R*,2R" 4R*)-2-hydroxy-5-phenykbicyclof2.2.2Joct-5-
en-2-yl-acetic acid tert.-butyl ester, as white solid and 0.07 g of the minor racemate, rac-
(1R*,28* 4R"}-2-hydroxy-5-phenyl-bicyciol2.2.2Joct-5-en-2-yl-acetic acid tert.-butyl ester,

15  as colorless oil.

LC-MS (major racemate): tr = 1.06 min; [M-{CHa)s-HO+H]": 241.11.

LC-MS (minor racemate): tr = 1.05 min; [M+H]": 315.18.

K1A.6: {15.25.48)-(2-Hydroxy-5-phenyl-bicvcio[2.2.2]oct-5-en-2-yl)-acetic acid_tert.-butyl
ester and (1R.2R 4AR)-{2-Hydroxy-5-phenvi-bicyclo[2.2.2loct-5-en-2-vi}acetic _acid fert.-

20  butlyl ester
rac-(1R*,2R” 4R*)-(2-Hydroxy-5-phenyl-bicyclof2.2.2Joct-5-en-2-yl-acetic acid  tert.-butyl
ester was separated into the respective enantiomers using prep. chiral HPLC (column:
Daicel ChiraiPak AD-H, 20x250 mm, 5 pm; Hex/ EtOH 95:5, flow 16 mL/min)
Chiral analytic HPLC (Daicel ChiralPak AD-H, 4.6x250 mm, 5 ym; Hex/ EtOH 83:5, flow
25 0.8 mL/min}:

Enantiomer A: {p = 6.70 min.

Enantiomer B: tr = 7.83 min.
K24&: rac-{1R*,5R* 6R"}-(6-Hydroxy-8-phenyl-bicyciof3.2.2inon-8-en-6-yl}-acetic acid
tert.-buty! ester

30 K2A 1 (Procedure A1.6) Mixture of rac-(1R*.8R*.8R") and rac-(1R".BR” 85" }-8-hydroxy-8-

phenvl-bigvclo[3.2.2nonan-6-gne

To a suspension of 1.4 g of rac-(1R",5R*)-bicycio[3.2.2]nonane-6,8-dione (synthesized
according to known procedures: Can.J.Chem. 1968, 48, 3713-3717) in 45 mL of Et,O 10.3



10 overnight. Another 3.5 g of TsOH were added and stirring was continued for further 5 h. The
reaction mixture was then diluted with EtOAc, the organic phase was washed with sat. ag. NaHCO3
and evaporated. The crude material was purified by CC with Hept-EtOA %@% X) .9 g of
rac-(lR*.SIQ"'SQ@@S%?]‘W%icyCIO[B.2.21non-8-en-6-one as yellowish oil. L%- : %= .99 min; [M+H] :
213.11. 15K2A.3: rac-(1R".5R*.6R")-(6-Hydroxy-81phenyl-bicyclof3.2.21non 8-en-6-yl)-acetic acid
tert.-butyl ester Prepared from rac-(1R*.5R")-8-pheny b cyclo[3.2.21non-8-en-6-one (intermediate
K2A.2) usirfgtbeesiif @2 &y dhmapstinicdidie) R were1adine Siagssvely duing 10
20BB.[3-(4 /imethexy Hd-bendeimidagioted-yi) 2pnopyll-MethditamimexBB:. Was then cooled
3.6-Dimethgxy- +1.2-diamine -Di digmi 2sized by
dissolving g%\bg%%% |#%ﬁ@? %%%ﬁ%ﬂ%@ﬁ?%?ﬁ %%2%%%@%%/2@% 2??%1%@2‘3;’?9%4% in 220 rril
EtOH, evacOElG PRASERRHRED ehd My diing 60ty 6F Mines PG TeS4ibh R firred 25
under & H2 atiano sphetiel daaltoampdunatiaerydd8vmg of 10wt/o Pd/C were added after 2 days and the

mixture was stjrred for another 24 h. Eiltratior pad of celite and washing with EtOH and EtOAc
yielded aftelrgé“é/rﬂietﬁt?a(%io TV CJE| JZE%S bem%-éed%gethoxy-benzene-l,2-diamine as black solid.

LC-MS: R D48 MR IMtH) 369409430BB28-Phenvi-bicveloi3.2.2Inon-8-en-6-one

[3-(2-Amino-3.6-dimethoxy-phenvicarbamovb-prolovll-methvi-carbamic acid benz‘gl ester To a solution

of 3.1 g of ABekyR Ry EoNAREhPLERINIP S Aeri3n-SrmiLiDemetieie Yatdd 628 mL of
DIPEA, 1.8 g<ebiviaBt,52. 6.0 of IcBrenhand 154mglod DaARIcdHemdM@ mixture was stirred at rt

2009/1306790 ¢ T}1 [ 65 85 S UERIRLH LAY a s continued for further 5 h,
3,6-di%nﬁetho%ﬁrgiegﬁjée%%egﬁ%ﬁ?é%iﬁa%%)sso \%g%g?n 260 rérl1L DC':I\1/I wer% %%Hglcjieang{tﬁjé mixture was

stirred at rt GUEATRHICTABHEACHER W88 GILARHAN TR Sar SO RRIFCRH3RE 1R KANES Wi separated
and the orgasicaphase SGsawhshesbwithi bfinecdie thoteiaMgsS Qdridiad mod Cemtrate i \fsuo to yield

the crude t'tﬂgﬂqmgmﬂgag é%%% QH;SR*}—S-Qheny[-bicycioB.2.2]non—8-en-6—one as yellowish oil.
LC-MS: tg = 0.99 min; IM+H}": 213.11.

15 K2A.3:  rac-(1R*5R* 6R*)-(6-Hydroxy-8-phenyi-bigycloi3.2.2inon-8-en-6-yl)-acetic _acid

tert.-butyl ester
Prepared from rac-(1R* 5R*)-8-phenyl-bicyclo[3.2.2lnon-8-en-6-one (intermediate K2A.2)

using procedure A1.5.

LC-MS (major racemate): tz = 1.11 min; [M-(CHa)s-HzO+H]": 254.02.

20 BB. [3-(4,7-Dimethoxy-1H-benzoimidazol-2-yl}-propyij-methyl-amine

BE.1  36-Dimethoxy-benzene-1.2-diamine

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
25  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 vielded 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]": 168.02.

30 BB.2  [3-(2-Aming-3.6-dimethoxy-phenylcarbamovhi-propyli-methyi-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



LC-MS: tR = 0.88 min; [M+1-1] . 402.06. 88.3
f3-(4.7-Dimethoxy-1H-benzoimidazol-2-y1)-propyll-methyl-carbamic acid benzyl ester To a mixture of
the above crude 3-(2-amino-3,6-dimethoxy-phenylcarbamoyl)-propyll- 10 methyl-carbamic acid benzyl
ester in 16 MOHNeH&ere added 4 mL of DMF and 1.9 g of TSOH and W@éﬁ%@?%@s heated to
150C for 2 h in the microwave. Sat. ag. NaHCO3Wés added and the phases were separated. The
organic phase was washed with brine, dried over MgSO4, concentrated in vacuo, filtered over a short
pad of silicastjanwian Fione. 2nticeheeriiambcararPigifcatsmiie CO T EAR Jieldel!2.7 g of
3-(4.7- dime&r&&é—d&c'éaléda&ﬂéomwmmlaa yiby=erapyl bmeethylt carbamictacid/benayhessarvas brown

resin. LC-MS; tR = ‘8{5 in M+1 1]5 4. ? th f h ith
[3(4,7- Dlme?ﬁoxy 1 rE?imml ahz%? y reprgc% y met @fi angurcl}ega,&lccﬂ:iu%%en% : Véas 5

3-(4,7- d.meﬁﬁ@ﬁyqﬁdmmz@vﬂz%ywﬁ eRfAcCRr BRI 8 e B fE§! %@Pw%@m EtOH
was evacuairdidstimes with N2 before 260 mg of 10 wt% 20 Pd/C were added. The reaction mixture
was then stirred under a H2 atmos Eer%éballoon) for 5 h at rt. Filtration over a pad of celite and

washing with"EYOH iel%éd 'élffblﬁ\go f8n in vacuo 1.7 g of
3-(4,7-dimegoxy-1H-benzoimid
[M+HI: 250.13;
Example1:r§8%4 R* 21R1' 4R1-2-(2-{[3-(4,7-Dimethoxy-1H-benzoimidazol-2-y1)-

propyl)-methyl-aminohetbyihs- ab@wwldaﬁwcl@{(a.aralﬁw:@mezh@ky prody(Eeaatyrepiol):
A N EE N P R o X o o R ok P

of rac- rox en 5 Icy clo yl) Tacetic acid tert ?yl ester in 25

mL EtOH werOatided thlfgaéF%OFﬁHQ@atSW ﬁ@fﬁa‘?‘?ﬁ 2D MIMEDHOTHE redétitth Mpkbfeewas stirred
at rt for 3 d aad tagaconcanirateded he kesitueawas partiigned wmaamanm@ﬁtzana he ag. layer

o Separagianrk hadhiTen Wi db T apinsn e TImat PRI I8 i sTgg ol was

filtrated, washed with dil n In vacuo to o taln (% rac- * 4R*)-(2-

hydroxy-5-pHENSPISRERRS 298] ibsRbey aEat idQRMWIREE Hid 9 RS- 7tﬁ’m"‘?9"’86ym|n
[M-H205HI: ﬂ%&aaaoimideﬂzcﬁ—ﬂ%m@ﬁmwerﬁ’éﬁ@) carbamic acid benzyi ester as brown resin

rac-(1R",2R*.4 N-[3-(4.7- DI XV, enzoimidazol-2-vl)-
15prooyfi-2 L(E ﬁ@dl%xy- -?)ﬁg'ﬁ (il%%é_| E 10ct-5-en-2-yl)-N-methvl-acetamide

BB 4 [3-i4.7-Cimethoxy-1H-benzoimidazol-2-yl}-propvil-methyl-amine

= 0.57 min;

A solution of 2.6 g of 3-(4,7-dimethoxy-1H-benzoimidazcol-Z-yi}-propyl]-methyi-carbamic
acid benzyl ester in 80 mL £tOH was evacuated 3 times with N, before 260 mg of 10 wt%
20  Pd/C were added. The reaction mixture was then stirred under a H; atmosphere (balloon)
for 5 h at rt. Filtration over a pad of celite and washing with EiOH vielded after
concentration in vacuo 1.7 g of 3-(4,7-dimethoxy-1H-benzoimidazol-2-yi)-propyli-methyl-

amine as brown foam.

LC-MS: tg = 0.57 min; [M+H]": 25C.13.



To a solution of 280 mg of rac-(1R7,2Rr,4R*)-(2-hydroxy-5-phenyl-bicyclo[2.2.210ct-5-en2-y11-acetic
acid in 7 mL THF were added 0.58 mL of DIPEA, 175 mg of HOBt and 250 mg of EDC at rt. After
stirring for 10 min, 270 mg of 3-(4,7-dimethoxy-1H-benzoimidazol-2-y1) meth l-amine were
added and @ PSSR hixture was stirred at rt overnight. The 20 reactlép 'ﬁﬁéf Ut j%é quenched with
sat. ag. NaHCO3, the phases were separated and'the organic phase was washed with water and
brine, dried over MgSO4 and concentrated in vacuo. Purification by CC using EtOAc-MeOH (5:1 to 2:1)
yielded 475 mg of
rac-(1R*, 2R* 4R*) N43 4,7- dlmethoxy 1H-benzoimidazol-2-y1)-propylj-2-(2-hydroxy-5-phenyl-bicyclo[
2. Sl PhetNBESSamide as white foam. 25LC-MS: tR = 0.91 min; [M+H]t: 490.06. 1.3
(Procedure Pl 3) rac- (1R" 2R* 4R*)-2-(2-{13-(4.7-Dimethoxy-1H-benzoimidazol-2-y11-
propvli-metEyaamminol-ethyl)-SashEiRAA7ERO 122 418 d 5 -Bimmiiono Wideptta g 22rd-#ny fof
rac-(1R", 2R R ndddd 4 insinethayys-b-AgneRiiidaz.ol Ack)-5-en-2-of
propylj-2-(2- hydroxy -5- phenyl blcyclo[2 2. ZJOCt 5 -en- 2 -y1)- N methyl acetamlde in 8 mL 30 toluene
were added!didpuessiy 2 (RBHZR BB b teNgsMeli et L. ARKICSHrEitrg fok 10 min at
0C, the5coogggt,p@%was removed and stirring was contlnued for 3h at rt The reactlon mixture was

then carefully poured onto a mixture of 1M NaOH/ice and WO 2009/130679PCT/1112009/051668 -20-
stirred for 10%arsotHieng’ ARageWas et acted With TN BRE - e EBMBIREPl g HhAEES were
washed witlybaesicdsiet ionen g SO andeconceifirateetsnadaed . Parificatibn-h( COvUshhg

Et0Ac-MeOH (21 yielded 230 ma.atdimathary-Heshenzeimidazel 2y dinieny tiraethyka mino}-ethyl
)-5-phenyl- 5bicyclo[2.2.2]oct-5-en-2-0l as white foam. LC-M 0.79 min; [SM+H511E8§76 3.

ExamplelAT3218Y ﬂ%y‘ﬁ%%&%f&'ﬁ”%‘l%‘ﬂ?ﬁ’? E’??{[%“?f??ﬁnﬁ@?n%y‘iﬁf Was separ
benzoirnidazoidRigdl yjtnopyIHdletbydHaminoketlighdiqhehy | widyciolZ 2 2o epBlerp2 fifbiester 101A.1

E)Proceduae Pélsﬁz}édgﬁﬁﬂ%’*ﬂlhﬂvdiiﬁ ﬁi@'géﬁrﬁd«%@* F’rRxa)cf&s(%llaége(ﬁw %Qi%‘%zih@éygigﬂ# 2ROAR(E:
enzoimidazol-2-v1)-propyll-me ino - yl-bjcv ct-5-en-2-y1 ester To a
solution of TH"HY" gf%%‘(iﬂqyﬁﬁ@gqoﬁié 7£%‘?§ne?ﬁ i\%ﬁgen%)lmldazol 2-
y1)-propylpmeting- @{&l@@eemyl)h&w@&mwamcyde[Z 2.2]oct-5- en -2-o0lin 4 mL DCM were added 0.2 mL

of NEt3 and 0.1 mL of |sobutyrylchlor|de at OC The reactlon mixture was 15 stirred overnlght allowing
the temperahite foree \2it_TH it Riad i achaing! SV AT IRt

were sgpargieghangd mem@r@bmmmewumawmmm :?Eéna\c@ttd@mdeorgamc phases were
washed with brine, dried over MgSO4 and concentrated in vacuo. The residue waé%redlssolved in 3

mL Et0Ac, sliica §eripvof 25 E“ﬁ/l@bﬁ%é% ABGEE A BN PP SO B A dPBLETS Yor 7 d. The
mixture wasz20fiieseédathburoughljHvasheddsith EfBAc:MEDH E2:1) dndeviapoRited! Paitifigation by CO

of EDC at rl. After stirring for 10 min, 270 mg of 3-(4,7-dimethoxy-1H-benzoimidazol-2-yl}-

propyll-methyl-amine were added and the reaction mixture was stirred at rt overnight. The

20 reaction mixture was quenched with sat. ag. NaHCQC;, the phases were separated and the
organic phase was washed with water and brine, dried over MgSC, and concentrated in
vacuo. Purification by CC using EtOAc-MeOH (5:1 to 2:1) vielded 475 mg of rac-
(1R 2R* 4R*}-N-[3-(4.7-dimethoxy-1H-benzoimidazol-2-yl)-propyl}-2-(2-hydroxy-5-pheny!-
bicycio[2.2.2]oct-5-en-2-yl}-N-methyl-acetamide as white foam.

25  LC-MS8:tp = 0.91 min; [M+H]": 480.06.

1.3 {Procedure P1.3): rac-(1R".2R™ 4R™)-2-(2-{[3-{4 7-Dimethoxy-1H-benzoimidazol-Z-vl}-
propyll-methyi-aminol-ethyl)-5-phenvil-bicyclolZ. 2. 2loct-5-en-Z-ol

To a solution of 310 mg of rac-(1R*,2R* 4R }-N-[3-(4,7-dimethoxy-1H-benzoimidazok-2-yl)-
propyi}-2-(2-hydroxy-5-phenyl-bicyclof2.2.2Joct-5-en-2-yl}-N-methyl-acetamide in & mbL
30 toluene were added dropwise 0.77 mlL of a Red-Al sclution (85% 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



using EtOAc-MeOH (5:1 to 3:1 + 0.1% NEt3) yielded 186 mg of rac-isobutyric acid
(11R',2R",4R*)-2-(2-{[3-(4,7-dimethoxy-1H-benzoimidazol-2-y1)-propyl}-methyl-amino}-
ethyl)-5-phenyl-bic cIo%.Z.Zloct-S-en-Z-yl ester as beige foam LC-MS: tR = 0.90 min; [M+HY:
546.23. 2513&%%%19%8% tre P1.5): rac-Isobutyric acid (1LR*.2R".4R")-2-(2 X3P Y &N oxy-1H-
benzoimidazol-2-v1)-procivll-methyl-amino}-ethy0-8iphenyl-bicycloi2.2.210ct-5-en-2-y1 ester
dihydrochloride The above product may be transformed into the corresponding dihydrochloride salt
using the folVEhJProLettiire T BO RS ardEitRioVESf 2BBHES oF FACq8EhatyHiE d@@bined organic

(1R, 2R*, AR5\t d2 viEde(dabithmnatnannd Hiried over MgSC. and concentrated in vacuo. Purification
benzoimidazol-2:y1)-propylpmethyl-aminot-ethvl-5-phenyl-bicy .2]oct-a:en-2-yl ester in 2 mt._
EtOAC wergégdggd]g§§ ??1%408 Mﬂg(é%m%%ﬁgétggcgphgxéeégﬁ%r? ﬁti?}g V%gsﬁeavgzp%g%aﬁﬁfto dryness
without heafimtoogiveH 0o AR Yaae- bRy hee et g E0E7REe/182009/051668 -21-
(1R*,2R", AR}v214 2 2 13e (4 A-whirhethexyriib #eenzoimidazol-2-y1)-propyli-methyl-amino}-

ethyl)-5-phen Ih-;)'c; clo[2.2.2]oct-5-en-2-y1 ester as dihydrochloride.

Example2:(&é", é Qj% pl BMf‘??Dﬁzglth%xy-lH-benzoimidazol-2-y1)-propyl]-
methyl-aminol-ethyl)-5- henyl-bicyclo[Z.2_.2]oct-5-en-2-0*1 or (18,28,4%2-(2-&[3-(4,7-
5dimethoxyEXar ﬁzoiffﬁvdazdﬁ?-‘;‘/?%%p%/|5rﬁeiﬁy| HRiaio ARy Ay B -Phrkhraimethoxy-1H-
bicyclo[2.2. BlaeietraétdaZedi2 -yl -propyil-methyi-amino}-ethyl}-5-phenyi-bicycio]2.2.2Joct-5-en-2-
2.1:(1R.2R,4R):{2-Hydroxy-5-ohenvi-bicyclo12.2.21oct-5-en-2-v1)-aceticacidor
(1S.2S.48)-(2-hvdroxy-5-phenyl-bicyclol12.2.21oct-5-en-2-v11-acetic acid Prepared according to
procedgre P infexerople Pusingrenanfiomer Bagl (1R* 2R* 4R*)-2-(2-{[3-(4.7-dimethoxy-1H-

rac10(1R1 2R’ 4RIy diaxy-Rrpheny-iawelole 24 0ft R p0r¢-Qlracelig agid fert gyl ester (see
K1A.6). LC-MSTIR = mimn;

To a. soiution. of 198 mg of rac~(1R*,éR*‘4.R*)~2~(2~{{3-(4,7—dimeth0xy—1 H-benzoimidazol-2-
yl-propyl]-methyt-aminoj-ethyl)-5-phenyi-bicyclo[2.2.2]oct-5-en-2-0l in £ mL DCM were

added 0.2 mL of NEl: and 0.1 mi of isobutyryichloride at 6°C. The reaction mixture was
15  stirred overnight aflowing the temperature to reach slowly ri. The reaction was guenched
with sat. ag. NaHCO;, the phases were separated and the waler phase was reexiracted
with DCM. The combined organic phases were washed with brine, dried over MgSC, and
concentrated in vacuc. The residue was redissolved in 3 mbL EtOAg, silica gel and 1.5 mL
MeOH were added and the mixture was stirred vigorousty for 7 d. The mixture was
20 filtered, thouroughly washed with EtOAc-MeOH (2:1) and evaporated. Purification by CC
using EtOAc-MeOH {511 to 331 + C.1% NEL3) vielded 186 mg of rac-tschutyric acid
{1R",2R* 4R")-2-(2-{[3-(4,7-dimethoxy-1H-benzoimidazoi-2-yl)-propyll-methyl-amino}-
ethyl)-5-phenyl-bicycio[2.2.2loct-5-en-2-yl ester as beige foam.
LC-MS: {g = 0.90 min: [M+H]": 546.23.

25 1A.2 {Progcedure P1.5)% rac-lsobutyric acid (1R” 2R* 4R™)-2-{2-13-(4 7-dimethoxy-1H-
benzoimidazol-2-yl=propyi-methvi-aminot-ethyli-5-phenyi-bicvclo[ 2.2 2loct-5-en-2-yl ester

dihvdrochloride

The above product may be fransformed into the corresponding dihydrochloride salt using
- the foliowing procedure.
30  To a solution of 188 mg of rac-isobutyric acid (1R".2R* 4R"2-{2-{{3-(4,7-dimethoxy-1H-
benzoimidazol-2-vi)-propylj-methyi-amino}k-ethyi)-5-phenyi-bicycio[2.2.2|oct-5-en-2-yi 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 withou! heafing to give 189 mg of rac-isobutyric acid



2.2:(1R.2R.4R)-2-(2-{13-(4,7-Dimethoxy-1H-benzoimidazol-2-vi}-ProPV11-methyl-amino}-
ethyll-5-nhenyl-bicyclo12.2.210ct-5-en-2-0lor(1S.2S.4S)-2-(2-43-(4.7-dimethoxy-1H-
15benzoimidazol-2-y1)-nropv11-methyl-aminol-ethvh-5-ohenvi-bicyclo[2 oct-5-en-2-0l Prepared
according t&" Bra%’é)fé?ég P1.2 to P1.3 in Example 1 using the above 1%%&_8%0?/03?628
(2-hydroxy5-phenyl-bicyclo[2.2.2]oct-5-en-2-y1)-aéétic acid. LC-MS: tR = 0.78 min; [M+H]: 476.09.
Example 24: Isobutyric acid (1R,2R,4R)-2-(2-{[3-(4,7-dimethoxy-1H-benzoimidazol-2- 20
yl)-propylI-ﬁw%ﬂ%ﬁfaﬂﬁiﬂtﬂ:@tﬁ[ﬁb(f%zpﬁmﬁtﬁbé P DTHE RE ey By RIS RGBIYAE acid
(1S,2S,4S) et (B 2k it dimetby Abt ez diridazo 2 gih)docoppiireethyl-amino}-ethyl)-5-phenyl-bicy
clo[2.2.2)oct-5-en-2-y1 ester Prepared according to procedure P1.4 in Example 1A using the above
gé(s_-{[3-l(ﬂf-2%x92iﬂ}ﬁ&50x2?12""(*?ﬁ??@!@ﬂﬂé?{@lﬁ%xl)?miﬂﬁgt%?th}gﬂgmerwmwl]- 5 WO
icyclo[2.2.2]oct-5-en-2-0l (compound of e -MS; tR = AN 546.19.
2009/1306%ﬁéy‘rﬂﬁ‘é’ﬁoﬂ%éﬁ’g'éﬁp‘%%'Cycﬁwﬁ" b B AR BRI
Exampfe3: ([diR@RokyRsbengaoin 7zpinnsthesgry BrpauoipiiRa R BX R st
methyl-amigglyetbyd)5z plremykhigysio[2.2.2)oct-5-en-2-ol or (1S,2S,4S)-2-(2-([3-(4,7-
dimethoxy-1H-benzoimidazol-2-y1)-propyll-methyl-aminoyethyl)-5-phenylbicyclo[2.2.2]oct-5-en-2-0l
53.1:(1R.2R. IBréRV{B-HidneviSiacintbic paielididbdau Tngs-dodtiagRidor a0id  Of
(13.23.4S)- (2 axYbnohenylshigwelalRid.ddoct-Dren-RilmeetesacidcBrepared according to
procedure P1.1 in Example 1 using enant omer A of _ ,
rac(1R*, 2R PR IS -RGAREH) %5 16 BIRAEBGCID 2 12 B deiasnBls- oty H5 Ak e FReR R &t Eo dly ESter (see
K1A.6) 0 10LERM S tRR2 \Q Dt yminky s 20y @4[P. 2&Joct-5-en-2-yl)-acetic acid tert.-butyl ester
3.2:(lR.2R.é§%—%—1@;€{%3-(4.7-Dimethoxv-lH-benzoimidazol-2-v1)-|oropvi1-methvi-amino)-
ethvb-5-bhenvl-bicyclo[2.2.210ct-5-en-2-0lor(1S,2S,4S)-2-(24[344.7-dimethoxv-1H-
benzoimidakz6Kasicr 6 Inimditiyi-amitiol 24thv §)-5-ohenvi-bicyclo[2.2.210ct-5-en-2-cil

22 (1R.2R.4R)-2-{2-{[3-(4 7-Dimethoxy-1H-benzoimidazol-2-y!-propyll-methyl-amino}-
ethyli-5-phenvl-bicycio[2.2.2loct-5-en-2-0t  or  (18.28.48y-2-(2-{{3-(4.7-dimethoxy-1H-
15 penzoimidazol-2-vi-propyl-methyi-aminol-ethyl-8-phenvi-bicyclol2.2. 2]oct-5-en-2-0l

1y

Prepared according to procedures P1.2 to 1.3 in Example 1 using the above (2-hydroxy-
5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl}-acetic acid.
LC-MS: tg = 0.78 min; [M+H] : 476.09,

Exampie 2A: Isobutyric acid (1R,2R,4R}-2-(2-{[3-(4,7 -dimethoxy-1H-benzoimidazoi-2-
20 yl)-propyi}—methyl-amino}-ethyl)-S-phenyi—bicycl0{2.2.2]oct-5~en-2-yl ester or
isobutyric acid (1S,2SAS)-2-(2-{{3-(4,?-dimethexy-‘§H-benzoimidazel-z-y!}-propy[}-
methyl-amino}-ethyl)-5-phenyi-bicyciof2.2.2}oct-5-en-2-yi ester
Prepared according to procedure P1.4 in Example 1A using the above 2-(2-{[3-(4.7-
dimethoxy-1H-benzoimidazol-2-yi}-propyl]-methyi-amino}-ethyl}-5-phenyi-
25 bicycio[2.2.2]oct-5-en-2-0l {compound of example 2).
LC-MS: tg = 0.89 min; [M+H]": 546.19.



Prepared according to procedures P1.2 to P1.3 in Example 1 using the above (2-hydroxy-
155-phenyl-bicyclo[2.2.2)oct-5-en-2-y1)-acetic acid. LC-MS: tR = 0.79 min; [M+1-1]): 476.09. Example
3A: Isobutyric aadéIw ,2R,4R)-2-(2-{[3-(4,7-dimethoxy-1H-benzoimidazol-2-
y1)-propyll-ERNAMAD)-ethyl)-5-phenyi-bicyclo[2.2.2]oct-5-en-2-y1estdrol IE3BIET ¢ Keid
(1S,2S,4S)-2-(2-{[3-(4,7-dimethoxy-11-1-benzoimidazol-2-yl)-propyl]-
20methyl-amino}-ethyl-5-phenyl-bicyclo[2.2.2)oct-5-en-2-y1 ester Prepared according to procedure
P1.4 in Exaffeeria usitig thd RBRARIZA B3¢ 7-Dimethoxy-1H-benzoimidazol-2-yl)-propyil-

?imethoxyd&k%ﬁgnzﬁim&qamw;-y-bheF@pwi@m&pxlzmmeo}r@m%Bdahgw@s;lq[exz{{z]@ws-en-2-o|
compoun e LC ' ) i

R G S %ﬁ%‘?émxejﬂﬂfrﬁ SOMSEE-

propyli- metmm%-%l?ﬁﬂﬁ@ﬁﬁeﬁﬁyl -bicyclo[3.2. 2]non -8- -en- -6-0l 4.1:

rac-(1R*.5R*.6 )-V%CG'[I acid Préepared according

DGt A 4 [ 16 . acelic
to proceduré-Pt: R 0 % 8-

AR). 30LC-MS: tR = 0.96 min;

[M#+Na+H]: ;:?Tg w&@n@gm&%@&%@@wwqqg@ammg @illomer 4 of rac

R',5R*,6R")- 20 (4.7-D -1 H-benzoi midazgl-2-v1)-oro
amino}- eth)ﬂl F)8 ﬁﬁeﬁﬁ bi@ﬁ%f%bf’zfi%w‘é’ Ereelor- l%]roecbz;rsﬁ Y go%?ﬂij i} B&?&&HP\Q ®P¥'2 to P1.3in
Example 1 ysiagitacé{lR*,5R* 6R*)-(6- hydroxy-8-phenyl-bicyclo[3 2 2]non-8-en-6-yl)-acetic acid.

SLC-MS: R 2 0,80 ¥
Examlvll?emljr%c obé?'yrrt?c%ﬁ“ad&@%&@ﬂl 12%(3-(4,7-dimethoxy-11-1-

3.2 {(1R.2R.4R)-2-(2-113-{4 7-Dimethoxy-1H-henzoimidazol-2-y-propvll-methyvi-amino-
ethyli-5-phenyl-bicyalo[2.2.21oct-5-en-2-0l __or  (18.28.48)-2-(2-{[3-(4 7-dimethoxy-1H-
benzoimidazol-2-vi-propyll-methvi-aminol-ethvi-5-phenvi-bicvclo[2.2. 21loct-5-an-2 -0l

Prepared according to procedures P1.2 to P1.3 in Example 1 using the above (2-hydroxy-
18 5-phenyl-bicycio[2.2.2Joct-5-en-2-yl)-acetic acid.
LC-MS: e = 0.78 min; [M+H]": 476.09.

Example 3A: Isobutyric acid (1R,2R,4R}-2-(2-{[3-(4,7 -dimethoxy-1H-benzoimidazol-2-

yi-propyli-methyl-amino}-ethyi}-5-phenyi-bicyclio[2.2.2joct-E-en-2-yl ester or

isobutyric acid {18,28,48)-2-{2-{[3-(4,7-dimethoxy-1H-benzoimidazol-2-yl}-propyi}-
20 methyi-amino}-ethyl}-5-phenyi-bicyciof2.2. 2Joct-5-en-2-yi ester

Prepared according to procedure P1.4 in Example 1A using the above 2-(2-{[3-{4,7-

dimethoxy-1H-benzoimidazol-2-yl}-propyll-methyi-amino}-ethyl)-5-phenyl-

bicyclo[2.2.2}oct-5-en-2-0! (compound of example 3).

LC-MS: tg = G.88 min; [M+M]": 546.11.

25 Example 4: rac-{1R* 5R* 6R"}-6-(2-{[344,7 -Dimethoxy-1H-benzoimidazoi-2-yi}-
propyl}-methyl-amino}-ethyi}-8-phenyl-bicycio{3.2.2jnon-8-en-6-ol

4.1 rac-{(1R* BR* . BR*}-(8-Hydroxy-8-phenvi-bicvclo[3 2. 2Inon-B-en-8-vli-acelic acid

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

30 LC-MB: g = 0.96 min; [M+Na+H]": 286.10.



benzoimidazol-2-y1)-propyl]-methyl-amino}-ethyl)-8-phenyl-bicyclo[3.2.2]Jnon-8-en-6- y1 ester
Prepared according to procedure P1.4 in Example 1A using rac-(1R*,5R",6R*)-6-(2-{[3-
10(4,7-dimethoxy-1H-benzoimidazol-2-y1)-propyl]-methyl-aminol-ethyl)-8-phenyl-
bicyclo[3.2. PR 3HLERTB-0l. LC-MS: tR = 0.91 min; [M+H]': 560.05. Biol&’g‘%&ﬁé&%ﬁfﬁ“éﬁro assay L
channel 15The L channel antagonistic activity (1630 values) of the compounds of formula (1) is
determined in accordance with the following experimental method. Human embryonic kidney
(HEK293) cels sddinyaka : ST aiherin! Adernap moere adndiaronsiineiy!1 3-2a and
u.26-1, are grpvwadmoultureanadivor iRIMEN gogtairing 10% heat-inactivated fetal calf serum (FOS),
100 U/ml penicillin, 100 jig/m1 20 streptomycin, 100ug/m1 3418, 40mg/m1 zeocin and 100ug/m1
hygromycin}raRfEeEeC SN RRIASsE8ED00- e eRdaIN S5 BIE R GIE B BtE M 5tBrile plates
(poly-L-lysimgdaatesBectohidymkihedinotiieeseeged iatesiare incubated overnight at 37C in 5% 002.
The KCJ solution.is pr ed as 80 ml k solution in assay buffer (HBSS containing 0.1% BSA, 20
mM H Eé%%é@ﬂ%&i@éﬁ%ﬁﬁ%w 7.4 with NaOH) 25 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 plate ERPRREDMED), th@s IS R buraF obitin 3R £BckE (& trs BT REEEY, 25 pi of
staining buffengens 8acoheailimy aiy trivie kil PSS n 0} 3315 gli-MNahto08-tend BiGM. 2indre-Fheoréscent
calcium indigafgsfiuo-4 AM (1 mM stock solution in DMSO, containing 10% pluronic) is added to each
well of the seeded 30 plate. The 384-well cell-plates are incubated for 60 min at 37 C in 5% CO2
followed by Rtk WRAFE50pT e welFising F38aipsuirerueadins S0RHfRelP of thisiltfer for
equilibrationat-keemHemperaie (RAHQmin)-MithintbeHluenaspeniy magiagyRlate WO
2009/13067@5%})’ é]éﬂ;ﬁ%/@%}]@@%% Reader (FLI PR, Molecular Devices), antagonists are added to
the plate in a Volamé 6 pI/well, incubated for 3 min and finally 25 p1/well of KCI solution is added
for cellular depularizatioR. Fluordsoencesisheasured for each well at 2 second intervals for 8 minutes,
and the area under the curve of each fluorescence peak is compared to the area 5 of the fluorescence
peak induced by 20 mM KCI with vehicle in place of antagonist. For each antagonist, the IC50 value
(the concengation (in M) of compound needed to inhibit 50 /c, of the KCl-induced fluorescence
response) uT:)'T“@D“Mo pMiSdetermined. Compounds of examples 1, 2, 3, 4 have not been tested in this
assay. 105Qvaluessebexampiagtompounds 1A, 2A, 3A and 4A are in the range of 156 to 439 nM with

10 f 305 nM. In vitro a: T ch l. The T | ant ISt tivity (IC52 val
o the Sompotids ST 18 GG A BMIBSngb WG IAS GibeHmin(al method

ify Experimental method
and data ardstaionireihimadterdance with the following experimental method.

Human embryonic kidney {(HEK283) cells expressing the human Ca,1.2 channel in
addition o the auxiiiary subunits $-2a and ¢28-1, are grown in culture medium {DMEM
containing 10% heat-inactivated fetal calf serum (FCS), 100 U/ml penicillin, 100 ug/mi
20  streptomycin, 100ug/mi G418, 40pg/m! zeocin and 100ug/mi hygromycin). The cells are
seeded at 20.000 celis/iwell into 384-well black clear bottom sterite plates (poly-L-lysine-
coated, Becton Dickinson). The sesded plates are incubated overnight at 37°C in 5%
CO,. The KCi solution is preparad as 80 mM stock solution in assay buffer (HBSS
containing 0.1% BSA, 20 mM HEPES, 0.375g/t NaHCGC;, adjusted to pH 7.4 with NaOH)
25 foruse in the assay at a final conceniration 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/t NaHCO;. and 3 uM of the fluorescent calcium indicator fluc-4 AM (1
mM stock solution in DMSQO, containing 10% pluronic) is added to each well of the seeded
30 plate. The 384-well celi-plaies are incubated for 60 min at 37° C in 5% CO; followed by
washing with 2 x 50ul per well using assay buffer leaving 80 uliwell of this buffer for

equilibration at room temperature (30-6C min). Within the Fluorescent imaging Plate



15Human embryonic kidney (HEK293) cells expressing the human Cav3.1 Cay3.2 or Cav3.3 channel,
respectively, are grown in culture medium (DMEM containing 10% heat-inactivated fetal calf serum
(FCS), 100 U/ml penicillin, 100 pg/ml streptomycin and 1 mg/m1 G418). The cells are seeded at
20.000 cellsHEHE' ¥ -well black clear bottom sterile plates (poly-L-lySnEESHEE BEcton
Dickinson). The seeded plates are incubated 20 e&fernight at 37C in 5% CO2. The Ca' solution is

prepared as 100 mM stock solution in 100 mM tetraethylammoniumchloride (TEA-chloride), 50 mM
HEPES, 2.5%aaveCECIRR5 elda@r, Devines M gaamragiugte cidggsHoriwitieTE A-drsxid&Sfor use in

the assay af @ final cReRRArRHON Qfnl QMR ADIagqNints ate PreRaIah ASs1 8 sbeciepplutions in
DMSO, then diluted in 38?Y§Oplates first in DMSO, t?en ing%oo r]IMa‘PT A-chloride, 50 ml}/l 5 HEPES,
, .2'With

2.5 mM CalPPOBTRRA R { MARRFRIGE 12, St 18 pEF 912 ASHYAPOXIE {BDBAIA ox stocks.
On the day offthiesagsdyh2snpbofrsieiting butfef GaEFSBarentating2d P HEPESO N8 7ZBe# NaHCO3
096 Pleron) ot e el o (1o Sneciee piate. The Jo woll celLontos ara meuopted for 60
o pluronic) is added tg each well of the seede te. The 384-well cell-plates are in ted for

min 2t 37 A GBS RITA By 06 MRS WA GoRY pal el iy HES Botiting 0.196
BSA, 20 mMHEPES:; 0375t dHTCBelwavierpEBpluwed Bitdis hgffesmfoe@quilibration at room
temperature-(30-60 min), Within the Fluoregcent Imaging P ‘ IPR,-Malecular Devices),
antagonistse%%g%%@ea 'f?g the nag?g (ialn’ e%’j \%)r’lu'rﬁjea ot 6 %%&%%W\%ﬁ%ggﬁﬁéeg%oa?s 'rél\igl n ,Vgﬁ%% F{I)E."y 6.25

pl/well of CRESRufiDRRSUd8 et Fidorédciftt és Fredsifedriaredth weliar 3388 ¢dHdahtervals for

8 minutes, andrthe areasunder the curve of each fluorescence peak is WO
2009/130679PCT/IB2009/051668 -25- compared to the area of the fluorescence peak induced by 10

mM Ca21 with/i/sragseid shaseelf antagonist. For each antagonist. the 1C00 value (the concentration

(in niD) of compauegAsedsadnRibit Q.44 ofdhe GaRdnduarel uogespeace respanse) up to L0 is

determined. 5Table 1: Compound IC50 ComPou_nd I C50 ComPound IC50 Compound ICO5 NA 2
determined in accordance with the following experimental method and data are shown in

Table 1.

15  Human embryonic kidney (HEK283) cells expressing the human Ca,3.1 Ca,3.2 or Ca.3.3
channel, respectively, are grown in culture medium (DMEM containing 10% heat-
inactivated fetal calf serum (FCS), 100 U/mi penicillin, 100 ug/mi streptomycin and 1
mgimi 3418). The celis are seeded at 20.000 celis/weli into 384-well biack ciear bottom
sterile plates (poly-L-lysine-coated, Becton Dickinson). The seeded olates are incubated

20 overnight at 37°C in 5% CO,. The Ca” solution is prepared as 100 mM stock solution in
100 mM tetraesthylammaoniumchlioride (TEA-chioride), 50 mM HEPES, 2.5 mM CaCly, 5
mM KCI, 1 mM MgCl;, adjusted to pH 7.2 with TEA-hydroxide, for use in the assay at a
final concentration of 10 mM. Antagonists are prepared as 10 mM stock soluiions in
DMSQO, then dituted in 384w plates first in DMSCO, then in 100 mM TEA-chloride, 50 miv

25 HEPES, 2.5 mM CaCly, 5 mM KCI, 1 mM MgCi,, adjusted io pH 7.2 with TEA-hydroxide,
to obtain 9x stocks. On the day of the assay, 25 nl of staining buffer (HBSS containing 20
mM HEPES, (0.375g/t NaHCG; and 3 uM of the fluorescent calcium indicator fluo-4 AM (1
mM stock soiution in DMSO, containing 10% piuronic) is added to each well of the seedsd
plate. The 384-well gell-plates are incubated for 60 min at 37° C in 5% CO, followed by

30  washing with 2 x 50ul per well using HBSS containing 0.1% BSA, 20 mM HEPES,
0.375g/l NaHCO;, leaving 50 pl/well of this buffer for equilibration at room temperature
{30-60 min}. Within the Fluorescent Imaging Plaie Reader (FLIPR, Molecular Devices),
antagonists are added to the plate in a volume of 6.25 ulwell, incubated for 3 min, and
finally 6.25 uliwell of Ca** solution is added. Fluorescence is measured for each well at 2

35  second intervals for 8 minutes, and the area under the curve of each fluorescence peak is



NA 3 NA 4 NA 14 571 2A 778 3A 793 44 727 NA = not available / not tested Effect on Isolated Hearts
according to the Langendorff method (Lgdff) The compounds were tested for their potential to reduce
blood pressure and their effect 10 on the contractility of the heart muscle. ECK values on isolated
mouse heartsP ¢t mined according to Literature (Doring HJ., The RolABYPAHMED heart
according to Langendorff technique--function--app#gation, Physiol. Bohemoslov. 1990, 39(6), 481-504;
Kligfield P. Homer H. Brachfeld N., A model of graded ischemia in the isolated perfused rat heart. J.
Appl. Physieprierediiintheteia TO0REd) AsSTReceompoiiieieRampleCras iserehidadured using

the procedyspfescribed @have fordhe Langgsdarfiexpeimentwite ankeabeth (MaMb Elaims

10

15

compound needed to inhibit 50 % of the Ca® -induced fluorescence response) up to 10uM

is determined.

Table 1:

Compound ICso Compound 1Cs0 Compound ICss | Compaound 1Cso
1 NA 2 NA 3 NA 4 NA
1A 571 2A 778 34 783 44 727

NA = not available / not tested

Effect on Isolated Hearts according to the Langendorfl method (Ladif)

The compounds were tesied for their potential {o reduce blood pressure and their affect
on the contractility of the heart muscle. £Csy values on isolated mouse hearts were
determined according to Literature (Doring HJ., The isolaied perfused heart according to
Langendorff technigue--function--application, Physiol. Bohemoslov. 1880, 39(5), 481-504;
Kiigfield P, Horner H, Brachfeld N., A model of graded ischemia in the isclated perfused
rat heart, J. Appl. Physicl. 1976 Jun, 40(6), 1004-8).

The compound of example 1A has been measured using the procedure described above

for the Langendorff experiment with an ECs of 5 nM.



1.A pharmaceutical composition containing, as active principle, a compound of formula (1) 5(I) wherein
R1 represents aryl, which is unsubstituted, or mono-, di-, or trksubstituted wherein the substituents are
independently selected from the group consisting of (&14alkyl, (C14alkoxy, halogen, and
trifluoromethyl; 10 R2 represents -CO-R21; R21 represents (Cl4alkyl, (C1_3)fluoroalkyl, or
(C34cycloalkylypypepresents the integer 2 or 3; p represents the integer 2 or 3; and R3 represents
hydrogen; 15 or a pharmaceutically acceptable salt of such a compound, and at least one
therapeuticallynert excipiegts b6k s3I BLAGACRUIGALCAn RARIARIS AL e fresimen o
prevention of chronic stable angina, hypertension, rena 2ardiac iSchermia, cardme arrH {hmias
including atrial flbrlllatlfypm%qﬂ@c hypertrophy, or congestive heart failure. 27 2.A pharmaceutical
composition according to claim 1, wherein the configuration of the bridged cyclohexene moiety is such
that the R2-0- substituent and the bridge -(CH2)p- of the cyclohexene moiety are jn cis relation. 5 3.A
pharmaceutical composition according to claim 1 or 2, wherein R1 represents L)réubstituted phenyl.
4.A pharmaceutical composition accgrdlng to any one of claims 1 to 3, whereth R21 represents

(C15)alkyl. 10
‘f <

R represents aryl, which is unsubstituted, or mono-, di-, or tri-substituted wherein the

wherein

substituents are independently selected from the group consisting of (Ci4)alkyl,
(Cs4jalkoxy, halogen, and trifluoromethyt;

10 R?represents -CO-R?';

? represents (Cis)alkyl, (Cy.s)fluoroalkyl, or (Cag)cycloalkyl:

m represents the integer 2 or 3;
p represents the integer 2 or 3; and
R® represents hydrogen:;

15 or a pharmaceutically acceptable salt of such a compound, and at least one
therapeutically inert excipient;
wherein said pharmaceutical composition is for the treatment or preventioh of chronic
stable angina, hypertension, renal or cardiac ischemia, cardiac arrhythmias including
atrial fibriliation, cardiac hypertrophy, or congestive heart failure.

20



5. A pharmaceutical composition according to any one of claims 1 to 4, wherein m represents the
integer 3. 6. A pharmaceutical composition according to claim 1, wherein the compound is 15 a
compound selected from the following compounds: is@Butyric acid (1
R,2R,4R)-2-(2-{{3-(4,7-dimethoxy-1 H-benzoimidazol-2-y1)-propyll-methyl-amino}-eth

1)-5-phenyl-bigyclo[2.2. 2= = r:.dsobutyric acid 20 (1 , , :
)élzs,43)-23-/(2-%3/-(4,7-§ir%@%%%@g-gﬁéi%ﬁé%ﬁ@zg -@Vi’)‘-%ﬁ%ﬁ%ﬁ“;ﬁ%’eW{%%FHSﬁé’fﬁ&Q“@“O“

1)-5-phenyl-bicygl ; =D=en-2- : r id (1:R,5R -6-(2-([3-(4,7-dimethoxy-1
H-benzoimidagégl-%[?y%?g%%tﬁcfﬁn%%@?ﬁr%%giigﬁ%lﬁg%%h%%yl -igyg%ﬁ% U BNES1 ester:

and 28 1sobuy (0 0 IRES BB ldy e Lol benzom

dazol-2-y1)-propyll-methyl-amino}-ethy I)-8-phenyl-bicyclo[3.2.2)non-8-en-6-yl ester; or a

pharmaceutically acceptable salt of such a compound. 5 7.Use of a compound of formula (1) as
defined in any one of claims 1 to 6, or of a pharmaceutically acceptable salt thereof, for the

manufactuge opa medigaingmhdes tNeresHPENtSH Qg%gpdmgr{b(_g@%qng?Q}@M&Qﬂgina, hypertension,
|

renal or cardiac  ischemia, cardiac arrhythmias including atrial fibrillation, cardiac hypertrophy, or
10congestive Réagrilgifs unsubstituted phenyl.

4, A pharmaceutical composition according to any one of claims 1 to 3, wherein
R* represents (C..s)alkyl.

i0

5. A pharmaceutical composition according to any one of claims 1 to 4, wherein

m represents the integer 3.

6. A pharmaceutical composition according to claim 1, wherein the compound is
15 a compound selected from the foliowing compounds:
Isobutyric acid
(1 R,ZR,4R)~2-(2-{[3~(4,7-dimethoxy-1 H-benzoimidazol~2-yl)»propy!]-methyi-amino}weth
yl)-5-phenyi-bicycio[2.2.2)oct-5-en-2-yl ester:
Isobutyric acid
20 (15,28,48)-2-(2-{[3-(4.7-dimethoxy-1 H~benzoimidazol-2-y{)—propyl}amethyl-amino}-ethy
)-5-phenyl-bicyclof2.2.2]Joct-5-en-2-yl ester:
Isobutyric acid
(1R,5R,6R}-6~(2-{[3-(4,7-dimethoxy-1 H-benzoimidazo!-2-yl)-propyl]-methyl-amino}-eth

yl)—8~pheny§-bicycto[3.2.2}n0n-8—en-6-yl ester: and
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28

Isobutyric acid
(18,58,68)-6-(2-{[3-(4,7-dimethoxy-1 H~benzoimidazof~2—yl)—propyi}—methyi—amino}-ethy
)-8-phenyl-bicyclo[3.2.2Inon-8-en-6-y! ester:

or a pharmaceutically acceptable salt of such a compound.

7. Use of a compound of formuta (i) as defined in any one of claims 110 6, orof a
pharmaceutically acceptable salt thereof, for the manufacture of 3 medicament for the
treatment or prevention of chronic stable angina, hypertension, renal or cardiac
ischemia, cardiac arrhythmias including atrial fibrillation, cardiac hypertrophy, or

congestive heart failure,



