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COMPOUND. Such advantages may include better flow properties, better solubility, less
hygroscopicity, better reproducibiliy in manufacturing (for example better filtration
20  parameters, better reproducibility of formation, better sedimentation), defined morphology

and/or better long term stability.
Description of the Figures

Fig. 1 shows the X-ray powder diffraction diagram of the di-hydrochloric acid salt of
COMPOUND in a crystalline form as obtained from Reference Example S1. The X-ray

25  diffraction diagram measured with method 1 shows peaks having a relative intensity, as
compared to the most intense peak in the diagram, of the following percentages (relative
peak intensitites given in parenthesis) at the indicated angles of refraction 2theta (26)
(selected peaks from the range 2-40°, 2theta with relative intensity larger then 10% are
reported): 3.02° (100%), 9.19° (88%), 9.77° (81%), 10.81° (16%), 12.50° (19%), 12.94°

30  (21%), 13.15° (30%), 14.30° (26%), 14.62° (24%), 15.36° (66%), 16.14° (37%), 17.08°
(73%), 18.12° (76%), 19.46° (45%), 19.71° (40%), 20.54° (35%), 20.92° (31%), 21.17°
(29%), 21.56° (41%), 22.47° (29%), 22.90° (22%), 23.99° (24%), 25.41° (52%), 26.05°
(31%), 26.90° (32%), 27.28° (24%), and 28.45° (37%).

Fig. 2 shows the X-ray powder diffraction diagram of the di-methylsulfonic acid salt of
35 COMPOUND in a crystalline form as obtained from Example S2. The X-ray diffraction
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Fig. 5 shows the X-ray powder diffraction diagram of the di-maleic acid salt of COMPOUND

25 in a crystalline form as obtained from Example S5. The X-ray diffraction diagram measured
with method 1 shows peaks having a relative intensity, as compared to the most intense
peak in the diagram, of the following percentages (relative peak intensitites given in
parenthesis) at the indicated angles of refraction 2theta (selected peaks from the range 2-40°
2theta with relative intensity larger then 10% are reported): 5.07° (26%), 8.19° (12%), 10.15°

30  (93%), 15.26° (39%), 17.20° (12%), 17.61° (18%), 20.39° (100%), 20.88° (12%), 22.63°
(47%), 23.93° (43%), 24.27° (26%), 24.51° (13%), 24.73° (17%), 25.61° (21%), 29.42°
(25%), and 32.93° (16%),

Fig. 6 shows the X-ray powder diffraction diagram of the sesqui-fumaric acid salt of
COMPOUND in a crystalline form as obtained from Example S6. The X-ray diffraction

35 diagram measured with method 1 shows peaks having a relative intensity, as compared to
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refraction 2theta (selected peaks from the range 8-26.5° 2theta with relative intensity larger

20 then 10% are reported): 9.9° (40%), 10.4° (18%), 12.8° (42%), 14.2° (100%), 15.0° (73%),
18.3° (68%), 19° (54%), 20.1° (39%), 20.6° (48%), 21.3° (83%), 23.8° (13%), 24.9° (14%),

and 26.2° (22%).

Fig. 9 shows the X-ray powder diffraction diagram of the di-benzenesulfonic acid salt of
COMPOUND in a crystalline form as obtained from the general procedure for salt formation.

25 The X-ray diffraction diagram measured with method 2 shows peaks having a relative
intensity, as compared to the most intense peak in the diagram, of the following percentages
(relative peak intensitites given in parenthesis) at the indicated angles of refraction 2theta
(selected peaks from the range 8-26.5° 2theta with relative intensity larger then 10% are
reported): 8.1° (16%), 8.5° (18%), 10.9° (20%), 11.4° (16%), 12.3° (20%), 12.6° (37%), 12.9°

30 (22%), 13.4° (55%), 14.6° (32%), 15.3° (37%), 16.1° (27%), 17.5° (71%), 17.9° (37%), 19.1°
(22%), 19.4° (25%), 20.1° (46%), 21.3° (91%), 21.8° (46%), 22.7° (100%), 23.6° (18%), 24.5°
(20%), and 25.5° (21%).

Fig. 10 shows the X-ray powder diffraction diagram of the di-ethanesulfonic acid salt of
COMPOUND in a crystalline form as obtained from the general procedure for salt formation.

35 The X-ray diffraction diagram measured with method 2 shows peaks having a relative



Fig. 11 shows the X-ray powder diffraction diagram of the
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Detailed Description of the Invention

1) The invention relates to a crystalline salt, especially an essentially pure crystalline salt, of
20 COMPOUND (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); wherein  said
crystalline salt consists of:
¢ 1 equivalent of COMPOUND;
e an acid component consisting of 1 to 2 equivalents of an acid selected from the group
25 consisting of hydrobromic acid, sulfuric acid, maleic acid, fumaric acid,
methanesulfonic acid, para-toluenesulfonic acid, benzenesulfonic acid, naphthalene-
1,5-disulfonic acid, naphthalene-2-sulfonic acid, and ethanesulfonic acid; and

o (0 to 5 equivalents of water.

2) Another embodiment relates to a crystalline salt of COMPOUND according to embodiment

30 1), wherein COMPOUND is enantiomerically enriched 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.

3) Another embodiment relates to a crystalline salt of COMPOUND according to embodiment
1), wherein COMPOUND is enantiomerically enriched isobutyric acid (1S,2S,4S)-2-(2-{[3-



4) Anot her enbodinent relates to a crystalline salt of COVPOUND accordi ng
to enbodi nent 1), wherein COMPOUND is isobutyric acid
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106) Anot her enbodinment relates to a crystalline salt of COVMPOUND accordi ng
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al 1 of - AOVEARED ACCHIRPHAD: & ROSEHE GOk BuPhetts -5 ] IRBPa- i ne
aci d 6orrm@nﬁcmmIdafzolszaquipwpymﬁtrhylamr&ﬁleﬁhw)@msh@rty&b@t/cld[zMZ]act(EeérpeM abﬂeyunZ)
equi val ents of h nts of sulfuric acid, 1 or

S 2% cebRafn e ohy SRR TRS B P BRGT o L° et pec ally 1.5
ca v o et PR od 108 AT T YIRS oy one o

par a-t ol mﬁreﬂlnhémnq taci)dwhérebr s2id(@ggialdnalshly captabgud talEdspeciblly 0.5 to 3,
benzenesul i 1t specially 1.5) equival ents of

napht hal QHLQ%% ﬁt(&ﬁ PI‘VSI‘?I’“ES (ﬁépfage 1 or 2 (espem aI ly 2) equivalents of

napht Ral -2-sul f es e u Ients

06t HineSrTBiEL eBRumef i dereie 8 st o UECINE I ERE T Frpeyof
cryst al | ieneosmhdntp i etoal) alhereicsaki gystaltiie %Impmtanaé @ntgsvaénthptiweter.om ¢ aci d,

1 or 2 equivalents of sulfuric acid, 2 equivalents of maleic acid, 1 to 2
(especi al7l) Andths)y espodivene ralgteoto b wmestall;easaltdf CZDMEI@MNED ecdosding to any one of

h I |, f
caui val et bekesiE s Eio 8 FRHIaEHEch Compatslt LT R B Rl BT
aci d conpespexiallp?) sguidalentssofahydroteomia :Iacuan tefoerzabuivatents iof tsslfafc aCId),r1 2r 2

(eopsg) SR BRSNS oPholl S8 36 Aenflohn R R RS ok R,
crystall ione (s:abecmjlfy @vBiveldbtsacfcoettimesutfoniaragido neordt (e(spbmdliyn%)rmmlvla)erﬁ@oﬁ)

wh th f I I
wher oL b o BRRIANL £l 3T ST AlblPReiE R IR i3 e
salt of @EMEGHIID ’aﬁ):cuqdwa@ntso o nyapbitelevfe- ‘eﬁ%dcsdlfommta;cld,) 1tor 5) (espek)ally 2)

wher ei n th i f cr a ne,s i St :
equi val ent! 8“’%'% % ?f? arp(rgﬁ%ien%czl g&*og'ncd a\ﬁdférlél n SAi g &t %gpéqlfizﬁegé%ﬁ?ler&tgn%i ns
abou®03 @tttmnealhlmmt@amﬁ water. WO 2010/ 046857PCT/ 182009/ 054637 7 9)

Anot her %T% %Lb”@d%ocf'%l ﬁt&?ﬁ% %89%0%\1%)%5?4 J)IJ %‘aﬁd cg)sﬁadl%e WVEQI%TN ?%8%% & 2t 0

any one 0O
cryst al | ieqeivsiahts @‘dlydrabr@mofaclkj dror2 equivalente rof sulﬁfrlcsaﬂld @r equivaabendls of malbl)

Anot her | t o r

any one O{[ff?j ﬁk%ﬁfgﬁfq 55 qu Vgreﬁ%e&eﬂuwg?ﬁg%ﬁnzd onponen?"?e?ﬁ neggl%'
crystal | iace, gaquivelentsi dtpsara}foltﬂeneqwfonaj anid, or @f equiMadents eichahzendslifforin @tide n
errbo me | at.e ne
o enBoa L 15 SbSahert it ik PSR o satinl e AR EREB, s ord
sal t consr t(sspEfcially RpeqQuiyadaie of mklejc agitﬁ)oréqu|2v(a‘s|rmuleetlydf5)felqmaieotsacrf|fldnaﬂ£012)
Anot her H&odi ment relates to a crystalline salt of COVPOUND according to
any one of “énbodinments 1) to 7), wherein the acid conponent of said

tall I i e 3
Cryet ol Bl cFORER R el ANPGRS CTBBUBR LA ALY one of 2
any one embedbogitsrdntis 7)) whereit) thenhed elomaonentaoﬁ shid onystaliéret saf cemdigls of 2

| 5 -t i
1" Rt 1995V 3RBS SRR Rp o, Sl %A B Bl DEREs, s g
to any or@MPO@miﬂl)mcchﬂmg tb) aty onge, ofveerbedimeanitee 1actodd ) onponamerani thaiatid

crystall icgﬁpgﬁér]ﬁ o?gg'iﬁicﬁ;s%all%fe szalt%%Hjsiéll@lo(?ate%uR/faleR?sngf%‘aﬁ)'ﬂHrﬁgiaﬁid?‘gﬁcﬁjwherein

said crystalline salt contains about 3 equivalents of water.



15) Anot her enbodinent relates to a crystalline salt of COMPOUND accordi ng
to any one of 20enbodinents 1) to 7), wherein the acid conponent of said
crystal | iwe 208li46850nsi sts of 1 to 2 (especially 1.5) equCraBm09/e54637

napht hal ene- 1, 5-di sul fonic acid. 16) An]ot her enbodi ment relates to a
crystalline salt of COVPOUND according t'o any one of enbodi rrents 1) to 7),

wherein th i c onet of ald crystall.i SISt
e o ) dndef s SRR h e S6s if 7 spiaie st BTGP Ryb Srtindin Fanpne o
rel ates te®nb®dmﬁefﬁ§ a} td Newsatein e dRAVEShbEAcAC 6Dsk BEstallingryalt @0AsiSE of 1 or 2

enbodi nent s, G ; Q \/\herel n the acid conponent of said crystalline salt
consi sts 681‘“"9 eg A %Vftaé" f ethanesul fonic acid. 18) Anot her enbodi ment

12202, RoSIE b Ae EEDSSMAY B ORI L BT ) B
cryst al | ientbosimhdntSAg ani)stvberin thel agidWondloasit of saiDRE@iMe salt obnsists of 2

enanti oneri cal lé gnrl ched COVPClJND as defined in any one of enbodi ments 2)
to 4): FPHYACIZILNACGA Ml ei c acid: and WO 2010/ 046857PCT/ 1B2009/ 054637

Sart o aAeeBhE SonditiEhe e ARt 58S o Ohel Uk SRadind 1Bl E Pl

presence eafbopizadess i ntot h)ew}(en'e&ytrpcwﬂﬁt:ordpcﬁrfemaot $abd cddswgrnamaatcohkletsfojhl tovd ng

angl es of _refr 39 and 22.63. 520) Anot her enbodi nent
B LsareredRel

rel ates to°PECRTY dPAFRY! }ﬁ%!e%af’ ug}a” OUND according to enmbodi nent 10) or

, h d h f Kk diff
ai ntfim 409 PRBEP g RS ER o P PR AL i oM B sl 1o Shs he et 5"
17. 61, 2@3n3ia)d|n2éht§3) tdS?)Q\’&her%m e, acidbodipobant of s&d )crystailinee sale pbomistsafit2

rel ates towa A %stfal trll ne sa CdCOVPQJND according to 10enbodi nent 10) or
18), whi SHUEESE gﬁyagﬁﬁv%wt%é X-ray powder diffraction pattern as

%&ﬁgfg Co!r)t ePemchﬁPn A\nr aes oarlrg'yglaﬂﬁgé?llfg %Wd%ﬁ ﬁ&% 8t4> arrﬂ(f?r?g 1I of

poi nt of eaﬁmndtmétﬂs?@) S 7deWbemme‘ub bgid ciohfpenenmit ofabaid caystalirg sait oomsms rof 2

usi ng.t he e 4 1523) In another enbodi ment the
presg i ve% R% ngfjaétt% Esuqum gstal line salt according to any one of

EB‘@E&&E’% a5shePmdlirbft Bl Rt Gahs sflor CoMFRON Dl ndy thy 8RB,
mal ei ¢ acmboRxhitg),1) 20 Z)mhereth ﬂhequld diosyohertdofll saidl/EDystd/GR0sat corsigts of 2

equivalents of benzenesulfonic acid.

15) Another embodiment relates to a crystalline salt of COMPOUND according to any one of
20  embodiments 1) to 7), wherein the acid component of said crystalline salt consists of 1 to 2

(especially 1.5) equivalents of naphthalene-1,5-disulfonic acid.

16) Another embodiment relates to a crystalline salt of COMPOUND according to any one of
embodiments 1) to 7), wherein the acid component of said crystalline salt consists of 2

equivalents of naphthalene-2-sulfonic acid.

25 17) Another embodiment relates to a crystalline salt of COMPOUND according to any one of
embodiments 1) to 7), wherein the acid component of said crystalline salt consists of 2

equivalents of ethanesulfonic acid.

18) Another embodiment relates to a crystalline salt, especially an essentially pure crystalline
salt, of COMPOUND according to embodiment 1) or 10), wherein said crystalline salt
30  consists of:
e 1 equivalent of COMPOUND, or of enantiomerically enriched COMPOUND as
defined in any one of embodiments 2) to 4);

e 2 equivalents of maleic acid; and



20vol unes); 3. stirring the resulting m xture under reflux for 15 m nutes
and cooling to 65- 68C within 30 mnutes; 4. optional seeding with 0.04%
w w of sewoizng/@sss3tals; 5. cooling the mxture to 40C RCThBIOB 03468 S;
256.cooling the m xture to 20C within 1 hour; 7. filtering the solid under
0.2 bar of nitrogen and rinsing the sol i% with EtOAc (1500 nmL 2.6 vol unes);
and 8. drying the solid under 1 atnosphere of nitrogen for 24 hours. 24)
Anot her embbdirRANMVASBISRIYE®s a crystalline salt of COMPOUND according to

30enbodi t 8 characterlse the presence of pe I e X-ray powder
G TT T act 15N Afera i ooost | AR oS aRyR NG STkt abMrDhB® goar g
and 17. 3em66@n2&1101(94@r858’)3@ﬁaﬂa32&@860@4@%7 p&es!éha@romme%kstuhethfaO)kJr@)MpE}@der
angl es of refraction 20; 9.4, 20.0, and 22.8.
26) Anot iHiracticp tagramat F@ﬁa‘ﬂ%ng 6n%{e%?fy§ir%¢t!0m?@ %%F% 89 3&@915@18@[9 accor di ng
to enbodi nent 8% 24) or 25), which essentially shows the X-ray

di ffracti?Oh pratbesr sMbedmessi elaes it i ﬁ"ySt?’”'”ez?ﬁlt MfOPPMP%Wleaﬁ%‘?W'”EeF%t es

to a cryshtddiniht SE)t o0fi 8 COMBRAIREAsaE Csy e PrdsenedTp bR tin 1thg . X-ray powder

characteri sed by the presence of peaks in the X-ray powder diffraction
di agr am &liffre¢ient ¢pgrem Ab thenfpllewingf analgs gt refestion 205 5207 8.185, 1, 215251,

28) Anot hergenpsh-nengss ebabes st -afd ysgfl [ ine salt of COMPOUND accor di ng
to 10 enbodlnent 11) or 27), characterised by the presence of peaks in the

X-ray pO\QﬁWAﬁ’dtﬁérr %ﬁ{do@%éﬂﬂ a:%'ieﬁé@ ab Eah@ryféféhllng""bélg &”@UﬂﬁP@UNDEfaE@&HFnQ”tCQO
5.27, 8.05, 12. 1, 21.11 and . 29) Anot her enbodi nent

rel afl@s te@b&)dtﬂﬂ%ﬂé)l)|qrn@),sWF“&SS@GWMDWQC@Br%TWgp@%d@n@ffﬁﬁch%hpatiqm ap7)
or 28), wapghdassRyy.ially shows the X-ray powder diffraction pattern as
15depicted in Fig.” 6. 30) Another enbodinment relates to a crystalline salt

of COVPQQ@E REAREd iR b ol heibRMER D él):?/sféflln87§alf bezabMFV@Uﬂb hagor@ingeld | NY

poi nt of about 180C as determ ned ferential scanning calorinmetry

u3| ng t hémhodiantds) qeder ol WB'PBW@S a meliing PRI O PO TG REEISTBNACRY t o

a cryst algifidéntiapddanfing €A uakg M clnBthot @s2fe8EiediHERak. 12) , characteri sed
by the presence of peaks in the X-ray powder diffraction diagramat the

fol | @i N@3ANRGA R eniRmiéHt tprd8ent nvdhtidNFIdk8s #Da crystalline salt according to any
one of embodiments 10) or 18) to 22), obtainable by:

1. refluxing a solution of COMPOUND (682 g, 84% w/w, 1.05 mol) in EtOAc (6.3
L, 11 volumes);

2. adding maleic acid (256 g, 2.2 mol, 2.1 eq) dissolved in MeOH (630 mL, 1.1
20 volumes);

3. stirring the resulting mixture under reflux for 15 minutes and cooling to 65-
68°C within 30 minutes;
optional seeding with 0.04% w/w of seeding crystals;
cooling the mixture to 40°C within 3 hours;

25 cooling the mixture to 20°C within 1 hour;

N o o A

filtering the solid under 0.2 bar of nitrogen and rinsing the solid with EtOAc
(1500 mL 2.6 volumes); and

8. drying the solid under 1 atmosphere of nitrogen for 24 hours.

24) Another embodiment relates to a crystalline salt of COMPOUND according to
30 embodiment 8), characterised by the presence of peaks in the X-ray powder diffraction

diagram at the following angles of refraction 20: 9.3°, 15.6°, and 17.3°.

25) Another embodiment relates to a crystalline salt of COMPOUND according to

embodiment 8) or 24), characterised by the presence of peaks in the X-ray powder diffraction



32) Anot her enbodinment relates to a crystalline salt of COVMPOUND accordi ng
to enbodi nent 12) or 31), characterised by the presence of peaks in the
X-ray powserodvdsbssacti on di agram at the foll ow ng angl eeCofiB200$/034637 on 20:
3.97, 7.21, 10.00, 15.99, 2517.16, and 21.02. 33) Another enbodi nent
relates to a crystalline salt of COVPOUND according to enbodi nent 12), 31)
or 32), which essentially shows the X-r owder diffraction patter

depi ct ed a9 G e Tollowislanales: 4P TasigBaREr: Orol 4285 tova 1BryelSf 1 A sal t
of COVPOJNR2acgeordi ng to 30enbodi ment 13), characterised by the presence of
peaks in the X-ray powder diffraction diagramat the foll ow ng angl es of

refracti o) 28notRer’ 2nddindht Sblate s\ 201 6//QHARS 7 BSRT /&B@W@E)N%Ecé&dmg

diffraction djagramat the follow ng angles of refraction 20:

10. 93, 13"@ediment@®). 2 pr£§) guhich es%eéﬁ'a'lﬂ(nﬁtoﬁ@r he b5 RAYter diiragtien ptage@ as
cryst gl | igagicalih FRf. 7COMPOUND accordi ng to enbodi ment 13), 34) or 35), which
essentially shows the X-ray powder diffraction pattern as 5depicted in Fig.

3. 35_) %?thﬁthﬁg’@ﬁdioﬂﬂ’ﬂHntr@llaﬁéﬁsto:Q _aryggay@taatlsélt ng S@MP@@N?GHE@;NBQ to
accordin 0 i me characterise e presence of pea

oy poBREPIEIT it SRSt Te PiAsSTe) PoRrAS Bk og  boule s tesiomo.
13. 4, 17.dagran@t thb-fdilowing SleBrabhgdtion PoosibreRtos ARt Bpet°0 a crystalline
salt of CC]SPCIJND according to 10 enbodi nent 14) or 37), characterised by

the pr eSQ@?eAerthé}e@Kﬁ)oU%én*ﬂere?été@)&opQV\Gﬁ,‘/%taﬂlhfaf éaﬁtdfo@(ﬂl)lmuﬁm @bcdrbiﬂg to
foIIovvlnga | es of refraction 20; 12. 13.4, 14.7, nd 7.

39) Afot [EIOOSIHMEYI Tener 26 athesaciesisgd c%éhedpr%ﬁecwf tpeé‘f(s c’mxrba%if%@@wﬂaf i ng

t o enmbodigiRadtioh4diagra aprfh@%uowmg &@l@é%ﬁ%mt J>ry 28N@wH° L BR5X- {RY3DOMIRS,
diffracti on pattern as 15depicte . 40) Anot her embodi nent

rel ates t28-6d° 4yt @ndidie27sal t of COVPClJND accor ding to enbodi ment 15),

characterised by the presence of peaks in the X-ray powder diffraction
di agr am 20) tAveothey) leg\Riod e gletdesftor af pretellion @t Cé §OM9@L2NDaﬁQCOZS!'”9 to

41) Anot fé%bo%ﬂ%}ﬁ“ﬁg@?) Bﬁb% %lc’h%s%eﬁtfaW*sﬁJ)\bé e 88y pRidFRPSAAIR ageRY &4 ng

to 20 enbodi nent characterised by the ‘presence of peaks in the
X-ra95p0\ﬁ§§'|0te(§’|“f‘ﬂ9a§t| on diagram at the followi ng angl es of refraction 20:
9.9, 12.9, 14.2, 20.1, 20.6, and 21.3. 42) Anot her _enbodi nent relates to
a cryst alq0) ninafber egroodimnbURIteT dor ai AyStelingndaltli ate ROMRYUNRo poearding) to

whi ch essafHodmhdrt 19 ?%@75 k@z? QARYhRRAE inefling fioRf lof BoRatdloet RisafeterRfRRI Bt ed

in Fig. 8._ 43) Anot her enbodinment relates to a crystalline salt of
COVPOUND éﬁ?é‘%ﬂt'éi $FnPvISalvoaieis Heing §)e Mmehed sstdeprriked Nejeit-he presence of
peaks in the X-ray powder diffraction diagramat the follow ng angl es of

ref racti o) 2dRoterg emppdimens niglaies g0 a cyalllingopdlbrofe kBT AEND Pesitiee {0 a
cryspal | 'éﬂﬂ)oﬂ%éntOﬁZ)MMe@C&pf@ E&s&rﬁbe 30 p &R0 1B M-rahB powderddiifraction

characteri sed a}/ he presence of s in_the X-ray powder diffraction
di agr am &fagrae at Befeldwivg araeeef re aqt@ﬂr2§c¥%nar2b10 )8, 11.2, 15.6, 22.4,

and 23.9.
32) Another embodiment relates to a crystalline salt of COMPOUND according to

embodiment 12) or 31), characterised by the presence of peaks in the X-ray powder
diffraction diagram at the following angles of refraction 20: 3.97°, 7.21°, 10.00°, 15.99°,
25 17.16°, and 21.02°.

33) Another embodiment relates to a crystalline salt of COMPOUND according to
embodiment 12), 31) or 32), which essentially shows the X-ray powder diffraction pattern as

depicted in Fig. 2.

34) Another embodiment relates to a crystalline salt of COMPOUND according to
30 embodiment 13), characterised by the presence of peaks in the X-ray powder diffraction

diagram at the following angles of refraction 26: 5.79° and 19.84°.

35) Another embodiment relates to a crystalline salt of COMPOUND according to

embodiment 13) or 34), characterised by the presence of peaks in the X-ray powder



WO 2010/ 046857PCT/ 1B2009/ 054637 11 45) Anot her enbodi nent relates to a
crystalline salt of COMPOUND according to enbodi nent 16), 43) or 44), which
essent i alwQ 28tvomessthe X-ray powder diffraction pattern asTadBpmogb&d3i n Fig.
11. 46) Anot her enbodi ment rel ates t? a crystalline salt of COVPOUND
according to 5enbodi ment 17), characteri Qed by the presence of peaks in the
X-ray powder diffraction diagramat the follomﬁn es _of refractlon ,20:
11.2, 15.9Traclien dagram ayine iigvingr angisol ﬁ%FﬂCt'?rel At ég’q 094 %r Y&PA1 1138 s al t
of CCNPOUHQ1&@§@HQBQQ to enbodi nent 17) or 46), characterised by the
presence of peaks in the X-ray powder diffraction diagramat the follow ng

angl es 0f3n%eA|ﬁcﬂI6}érl @mbd@imehl . latdst 18, albrydiallihé- Zalt 28. ¢oMAROVND23c8ording8)o

Anot her odi nent relates to a crystallinpe salt of COVPOUND according to
enbodi nefMPPAMENidP). G#) 27$5), W‘?iCEr?Sée%t@HY SAPWS NenbiRy Reyelex dtgcliop aalipm as
di ffrgct |d@p.0@@t.ﬁerg13as depicted in Fig. 10. 49) The invention further
relates to a crystalline salt, especially an essentially pure crystalline

15 salt, 39 mewumtwat@s a@I d crystalllne salt of COMPOUND according to
(1R*, OR* ,AR*)

2- 4, 7- di net
Hoenzoi mi& HHPHImeZ‘(‘ 1f§ EJP&S%%’W—%‘?&MF 1 eﬁ‘é@ﬁ?t RY P§aks- iBnbRy I3y, B%ﬁ’%[‘ﬁﬁ@‘%rbct -
5-en- 2- Yljla%;‘ﬁérﬁrd theWbIRIvBhdaSRe ot adtidh ldones gall seosi sts° of 1 1 equi val ent
of COVPQU an acid conponent consisting of about 1 equival ent

of sul furige AcdtRer @RbodfhedpOrtiatés QGUbvaﬁygﬁillﬁeOEaIerCOMI@QJNBH(%&%mg to

enbodi nent relates to a _cr stal line salt of COVMPOUND accardi ng

embodP nerfmbedimend nk) ot éf ) sE@ragierisae by dereasense (b Heaks intthe )kr@&a)PO]HS%er
diffract Ioﬂﬂaafoﬁ%négmtatttﬂs@fd‘uebvlngvar@@esa&%ﬁ@cteh Jeehpaet{0ap 3Q:7° 147 §8.2118; 69,
and 14.19. 51) Another enbodi nént relates to a crystalline salt of
COVPOUND28E8&8rdi ng to 25 enbodi ment 49) or 50), characterised by the
presence of peaks in the X-ray powder diffraction diagramat the follow ng
angl es of39) e&fﬁcﬁmﬁ &mbediment grplates 4o, agometalling . g3t Q[SC%NPQLQN@Q acegiding4to 9.

52) Anot @%boemb&ﬁnag@t?) Bﬁh@)t %l(ﬁw%s%eﬁtfa‘ﬂ?*s%\bé e 28y pRidFRPSAAIR ReeRr &4 ng

to enbodi nment , Which essentially shows the X-ray powder
dlffﬂéctﬂﬁch@ﬂﬂgﬁh9as 30dep|cted in Flg 4. For avoidance of any doubt,
whenever one of the above enbodi nents, eC|aII one of enbodi nments 19)

20), 24) A0psAnothen empgylimeni ) relajes t03g) cryg I|ne3$§I g COMRIUNR1 pccording 294)

46) , 47) ermiHindd 151) chdr&dtbrisedl Sy iHRCAHSendd bhBeaks! |ﬁYthB%Qé§/" p8lddrr @filakfsh
diagramat the followng W) 2010/046857PCT/ 1B2009/ 054637
diagram at the following angles of refraction 26: 9.9°, 14.2°, and 21.3°.

41) Another embodiment relates to a crystalline salt of COMPOUND according to

20 embodiment 15) or 40), characterised by the presence of peaks in the X-ray powder
diffraction diagram at the following angles of refraction 26: 9.9°, 12.9°, 14.2°, 20.1°, 20.6°,
and 21.3°.

42) Another embodiment relates to a crystalline salt of COMPOUND according to
embodiment 15), 40) or 41), which essentially shows the X-ray powder diffraction pattern as
25  depicted in Fig. 8.

43) Another embodiment relates to a crystalline salt of COMPOUND according to
embodiment 16), characterised by the presence of peaks in the X-ray powder diffraction

diagram at the following angles of refraction 20: 9.8°, 11.2°, and 15.6°.

44) Another embodiment relates to a crystalline salt of COMPOUND according to

30 embodiment 16) or 43), characterised by the presence of peaks in the X-ray powder
diffraction diagram at the following angles of refraction 26: 9.8°, 11.2°, 15.6°, 22.4°, and
23.9°.



12 angles of refraction 20", said X-ray powder diffraction diagramis

obt ai ned by using Cu KO radiation (X = 1.5406 A); and it should be

under st ooslot2hao4685¢ accuracy of the 20 val ues as provi dedThBoe)/ns54637 i n t he
range of +/- 0.1-0.2. Notably, when speeifyi ng an angle of refraction
2theta (20) for a peak in the i nvention enbodi nents and the clains, the 20

Vo sai o Vo eshets egios s 3978 b erabi g ERMIRSING plrulin Fus 2
0.1 to santbodmhdit 1B), Us) Gr 44)( %lch/essQntib)ly shews eoX-gans@vdyr d@fma{ctid)ﬁtﬂétterntdfbe

relative con{ qur at i on of stereoisoners is denoted as follows: isobutyric
aci d depictedn Fig. 1

e A Aot B SR b B

10i sobut ywhibodiedrd 17), characterised by the presence of peaks in the X-ray powder diffraction

(1R 2R4 47d| t hox n -2- - propyl ] - net hyl -
am nol - Fﬂﬂr‘j’% B}[?éeﬂ&ﬂw”?ﬁ e %T’fieéél ‘%’]‘)B% 125102([“% ylar@é(i or isobutyric
acid (1S, 2S, 4 ,

et héxy 41%@?19% RS BIs. $EISHBog1 pmelng! Sl 51 COMRRYNE. BReNgNIbityc
o[ 2. 2. 2] e@iboBintdht 2t 3 0re 86T chafdctdtissl UE sheDprddease cﬁvyseaaﬁaﬁtthenm@y %uwheuas
for example the racemate. 15Enconpassed in the sc the prese

i nvent i ofifpgiopifliagrapsatdne follewing) qngteer%etﬁtct'e@]\%ﬁwﬁé 14. % P doblt- Z/r i20-4aci d
(1R* 418R* . AK2p-62- (2-{[ 3- (4, 7-di et hoxy- 1H benzoi m dazol -
y1) - propyl Fnet hyl - am noyet hyl ) - 5- phenyl - bi cycl o[ 2. 2. 2] oct 5-en-2-yl ester,

descri bedghesitRer \éfﬂﬂfoaintbn@qwa%t\l%nayc@etamﬂergéterafccUMmUND according to
enanti omer i cal |y enriched formof the enantioner of absolute configuration

(1R, 2R, 4RMPodinest At i4Eer f"@al""lhiphé??ls?'&tﬁe)ﬂ Shey $riner X f3vePovuder Siaditiop rAaftersy as
absol ut e gepRiddanFRf. hon (1S, 2S,45); or in formof any mxture of these two
enantioners. Preferred is the enantionerically enriched form having

negative 4©PH'hé7ﬁ4veﬁlﬁHnaﬂJHﬁét raetéietberdﬂzéwﬁlnél%mgsééteuprehma@ieraenyiEe@rdr@ﬁanne
herein. Wiere the plural formis used for co ounds, sal E ar naceut i cal

conpdi tisBls, i sELMROUNR t Hisobytyde 3nid (§R1 REeARetA S Fih A dneBoy-Singl e
conpound befAdifnidalbl-4- Wp}dpwmea@ﬂamrtct}relmyl)ealgmnyomeydqelzl ANocB-érehsd” eter);

understood in the context of the present invention to nmean especially that
at | east V‘Q@re”bﬁ@fj&F@Eﬂ"ﬂf‘ea"‘ta'tl‘:@ﬁ%?ts@é and nost preferably at |east 99 per

cent by wei ghty é}{u,\,ta%tg@@mme present in formof one enantioner of the
COVPOUND. The term "essentially pure” is understood in the context of the
present i nventEn@sid emreagnt osistipeel aiouy 1 eadvalant af suldyricggid; gpeéf er abl y at

| easb95, apd 4 %Wa@érﬁ?bﬁ’w&brlea“ 99 per cent by weight of the

crystals of a are present in a crystalline formaccording to the

present ispyeRtdiRLl: eRbRAREH:! ¥idigs &oS b(étaﬁuhééséét 'df“@dl\mfdi‘uﬂb TaEé‘orHurn@S?d“

invention.” WD 2010/ 046857PCT/ 1B2009/ 054637 13 definition, whe ng

t hat a pé&aodiment #Bechnradieired; by &ie mese@/cep@tmeakswnftheaP&fayonOWe:gcﬂlﬁr@ptlcprt is

understo J a a agramis defined
. gj‘tjaagt%tahth:eg?l%ﬂé%é@le{'@f réfré&%n%w‘?% '1§}3§ Ghi9a @

by havin sej of dreater than x (x being a
nuneri calgqya r n ugl t t ha ci ter
t han 3. IX é@h%o%@% mlivéh ? hreiz%te% 0a hésg{lﬁg ggrllt sc%?apﬁ‘%ﬁl%@?grgmagé@élﬂ ially
showg5an exehodimesdvdfir ord o) rtdttataotﬁtlsgétbxethe @seseem off enbaks iFithe A-rayo ppivder 11,
respecti . J " | [ s of
the di agroteh g B rEISEMME bndfes OFRE3Y, 2hs AN O3, T, A

i ntensi t 3d@0° el 4 188n 10% especially nore than 20% as conpared to the
nost i ntense peak in the diagram have to be present. However, the person
skill ed i52) t Amotert eofoodib@nX- retafepduder cd’stfaﬂinacsaialbme\EDMH’@UN@niazeordihgt to

rel ati ve oL BB 488 300 okt Py RANISE ] LhAR LN ARAIR SRR SBleRl 1O
strong |nten5|ty va I'ons ue to Pre orlen |on e eets . PURI"eSs
used3pegaledictegl it €igpdr at ures, the term "about" pl aced before a nuneri cal
value "X" refers in the current application to an interval extending from X
m nus 10%poofavdidaceXophms doubt, whenever one of the above embodiments, especially one of

embodiments 19), 20), 24), 25), 27), 28), 31), 32), 34), 35), 37), 38), 40), 41), 43), 44), 46),
47), 50) and 51), refers to "peaks in the X-ray powder diffraction diagram at the following



10% of X, and preferably to an interval extending from X mnus 5%of X to X
plus 5% of X In 15 the particular case of tenperatures, the term "about"
pl aced beWVonrelo4tssnperature "Y' refers in the current appliBzd/eF63O an
interval extending fromthe tenperature mnus 10 Cto Y plus 10 C, and
preferably to an interval extending fronfyY m'nus 5 Cto Y plus 5 C Room
terrperature nmeans a tenperature of about 25 C.  Wien in the current

appl i cat i20HeE 19b reTEACHOM 28 §R Fak-Ean pyder Jifffaglipn girgramyis rblained hyuwheg Cuiked s

nmeant angayihddh @ 4 Re486 2B it Sh6uIg %Utﬁ'ﬂbrsto’o@ ARk GRELRBY bk 2 Values as
referring to about the nunber n, preferably nis referring to the exact

nunber n Provideddigein s nithe rangprof +-dshB el ANotgbly Hehesssnesifiing pry apgle ef refraction
crystall 'Z%tégic?t)?or Pphe @Weﬁt%oérql X t%r‘?tsaa'ﬂ)ﬁ tﬁé"glaf?ﬁs &P o6 AR Reh)is 1P

51) can be us I canents, e.g e form of pharnmaceutic
conpoS§i t |benmd{=}mtoceirasemraintewal;ﬁra)nesaiewalljeardnmmﬁ) Bt tataid malu@ pilised. DY @€ uct0.21); of

t he pharma eut,i c it ons can.,b ted r ich will be
fam liar & pé‘?ifﬁragb( f%?mng%'ﬁ |u8(§n Plhsélﬂ % IPBB %g(ﬁppg R m ngt on, The
Phat e edt PLISGE PR PBNr e r%"ﬁhﬁ%%ﬂ&@r'a efi SEPRRUTEIP FpTatag ag follows:

W | ki ns] Jisdoytybit iaeg hgz*mﬁe AR Y3 2 [BHME- d‘umetmsxy)ﬂ Hide@zgimedse ok 2-y eyl emsthyl-
Thto a SR PPy PR PBR T Bt BOet PR sui tabl 6. mon-t oxi c.
i nertQ phsubeie utacidal (1R, 2R;¢RpL-4DY[B-(8 G Hditlethibxy-il Hthetzcimidazek 2-gixpesdynsetiayid,
if desired sual . phar eut i t The crystalline salts,

especi al |asr]1 ?%éeqreye)ég'ﬁﬁ?&?ﬁvyﬁﬁ[%? @Pé}l #8”'? yigstgalqs of COVPOUND accor di ng to
any one odobetykiodiarnt §1S19S,88)-313-{[64Y, 7hrmethery-al- mnzghﬁdazom}ylr}@ﬂipymmeisyl-

m Xt ures Ww. t he [ al I he anor phous form of COVPOUND.

WD 2010/ @%@%7%@9/5@5%&%%%%@%% tﬁgn' M &1 i ne sal ts, especially the
essent i alor ynixiuree of thest alvd emantivaletssuobfasCaNB@NIR: me(redieinaitg to any one of

enbodi ments 1) to 51) are useful in the preparation of a nedi canent and/or
are dait &ncempbhsredt me tHer sadpenf tbe Pesardnihvemioof arehthenicy/skilliabl salafgimsapf

hyperten enm a renal ) rrh m as. i.ncl ugdi ng
o el TGP PYNETE! Babaceeg P A0 Toke GOy A he b R PR m e e e
crystal I iyhepreafijtrsethglsgmeiodjadthyl)- BMeB}d&myblbm 2.9]optaB-en<ry sdstdr| idescribabittsgreiof
COMPOUND ccor on enbodi rent s er also
usefal i R S OREEEnr B W ARG sl B ialF stehtq o ALO%
foI | owi n@ndnmeofgsmsumm ad)rafrgerahlbn|(mRaw4RpM|enamnom1rerlcélﬂ)/ éarichel ot @& thent
di seases i a cati on per al dost er.
epi | Efay REERAES AR Fon Bl oo us R nE RS Wi AR KRRl S b e
as anti - fenbntidnheat OPrgfemgeris theaenantlasemwly iearictgerform aating aédeive oplieal odtation
agent, addi ve t 0 Iutl ons _f.or pul nonary bypasses, adjunct
to thr ON@SI({‘? NS elﬂﬂgjh ﬁ]seﬁg)ﬁjﬁs ré%e erﬁaent or as agent for the
treat men nst angin 15 for the t eaf e h
nypor t endl e HERAR ot 4580 40 sy Blor bbb P Brs g BRGNS oo
treat nentanxdntmdnhler thihils dndendtdi to naeanh disona slegiercohyqoend esalj @rihe lifeor use in

hypoxi c or ischem c diseases, or as anti ischem c agent for the treatnment
of e2§. daedemt;enaetiaherdmatly eenaedals urslerséoridaindimel cordpdrdt tie presérd.igvention to

ft
o h Rl L34, BBy oPURAEG UEAT o LRLBA) £ BetbOber
Raynaud' sedi dgaweight rdf ethei CWROUN@udre:airesﬂmx lm'akmmashwedieemas)e)er ofi thd e
cell diseagephfiding initiation and/or evolution of the pain crisis;

The term “essentially pure” is understood in the context of the present invention to mean
30 especially that at least 90, preferably at least 95, and most preferably at least 99 per cent by
weight of the crystals of a COMPOUND are present in a crystalline form according to the

present invention, especially in a single crystalline form of the present invention.

When defining the presence of peak in e.g. an X-ray powder diffraction diagram, a common

approach is to do this in terms of the S/N ratio (S = signal, N = noise). According to this



for the treatnent or prophylaxis of disorders related to renal, glomerular
and nesangi al cell function, including acute and chronic renal failure,

di abet i c woephroggesshy, 25 hypertensi on-i nduced nephr oparoy/IBylognsecsd ar
injury, renal danmage related to age or g#alysis, nephr oscl erosi s,
nephrotoxicity related to i magi ng and contrast agent and to cycl ospori ne,

renal ischenja, primary vesicoureteral reflux, or_glonerul osclerosjs; for
use in tRERLIS e AR bg BRta PaakTIEs &b PBRTeSeP bR Rt 2o pOMsr GRS Sk a B phy
Pri Irmry atndlus@ér@md_ dagnéatmwhmka_ % ﬁyhehx?a; p@M@e'eriffra_&ttbﬁ_r(l!?yamOé df@m*{w]gg/triamdwart
allure | udi | Ibition o I brost,s, 1nnibition o eft

vant 11 eul S g B sit0n: Nt T et B R 4F bt Pummesal Gy fateg than 1),

f ol | ow n@isasyi Ppedtasthgn O esdeenally O@aterfittdn 3.he treat ment of endot oxemi a or
endot oxi n shock, or henorrrhagi c shock; for the treatnent of sexual

dysf usct ilorihé reobteikh witanstatrice tridt | the dygftalned fom esgpntidiie showvsliadbXirgs powder

ond 350; HEFRURNpeEfrar Ok i 30 BB 13 BEORHYP BT g pas”
especi al ltyatcarigast to@viesjorosesks of Wik 20klo4rd AepldCin 4432 0ig8re8546.3thodd hating 4 he
A L T Lt e et

i nf | ammuatittelysedpsakainete didygarh] havdetpers priseatn tHomelern, e bérson @it @nthedarabet es

mel | i.tus . .and thejr lications (e.qg. . neuropathy,. 5retjnopathy), . ,
yper 81 aoeBs et S aRen, aiyaasat Han d5 AR FishbuieB iR PSP Bodr diraeten
art hriti sljageahe orytersubjest atrond thaisity varati@ng doatoprefetied mribhtation efféag. t he
treatment of hepatotoxicity and sudden death, early and advanced |iver

di sease dintkssnjset yregardingdemgeatures)dhateraptgbout aldced beforg.a mapadcat oxiueiXy,
fibrosis, cirr

. i del et eri t ;

nyper t end?Bis Palictiy Foedetorgrat ARG SR E ek KRl 1R f 3k ve 1 e
uri nary t0&cHf Xaradqrefbtabtderan ihepat extemdihg Symd¢ mirels S%wiiKad Xgiluwsah % dif Xeases
i [, vi liti h t.em ¢, scl i s, mxed
oryodPondid RafUET ¢k druPdals® Tie B1Th B RGP 080 G Brifeae v refers
helpf'i'; ot O dHet gqrrenfjgppllmﬂaori () @?Bﬁémlrﬂmfnggﬂrorditmml rstu.cdl;(aﬁinué ?GF’Gtttt))\)(e I

is, 0 i,sease stri cosal,. damage, ul cer, .infla 4 owe
G sease’ M 1Lch e SR Ak infos ™ s5RAun ORGP Tmith€ §rocuP i i e 2 odf
di seases teupdratise alrahangermperatup@ntatadut 26 SC. Wegulirathe@arroht application dhd term n
ot o P RRRN R YBES WEBR N 1€p AL FRBER! Bt SR aflin R s5e g7 e curren
br oneboc application itteet rols @fesimgler abaft tiedhamber oy preferably n isaeferdng tof thensxratci on

such as olaa{b%trjctive pul nonary di sease and adult distress syndronme; 20 for
the al | eVi"8PPoR of pai n including neuropathic pain, peripheral pain and

pai n assqc¢iated wih ncer such.as pain_associate i th_pros or
Pon- candietbifighinb nedBl SEba " s Bl 32F¢ Sl 1R o8t HiSpPalRe

di sor der sacsardingds asy ok ef, erhb@lrsent! ) isEhean beaistd ek medinagrenisn e.gaindthe form
subarachn?ig e h ner.vous s ehavi.our al di sorders,

treat mon® BrerEREA LT IR B A R 2 A SRR B & 25 ement a and
VaSClé%al‘ T%%%‘?&}dcﬁm glptihg%ﬂg%nacgﬁtiéall ggrﬁpgélt%%rs%gﬁ%e efcted 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 crystalline forms of the present
invention, optionally in combination with other therapeutically valuable substances, into a
30 galenical administration form together with suitable, non-toxic, inert, pharmaceutically

acceptable solid or liquid carrier materials and, if desired, usual pharmaceutical adjuvants.

The crystalline salts, especially the essentially pure crystalline salts, of COMPOUND
according to any one of embodiments 1) to 51) may be used as single component or as

mixtures with other crystalline forms or the amorphous form of COMPOUND.



for reduction of general norbidity and/or nortality as a result of above
utilities. The present invention also relates to a nethod for the

prevent i onOanimessment of a di sease or di sorder nenti orea/TRENZDFI637
conprising adm nistering to a subject a,pharmaceutically active anount of a
crystalline salt, especially of an esseﬁ?ially pure crystalline salt, of

COVPOUND _30accordi ng to any Q f enbodi nts 1) tq.51). Fur t he
Srvoca e SaREline el AYeOAE, He, SORATIRLT TRire Hrstdigie bt 1 b P OONG
COVPOUND agesraingittigny onéblerabadiménte ity eslb mené ssdiil ih thegreparsiombs® mizdicdseelt

favourab%g) n conbiﬁption with one or nore agents selected fromlipid
| over i ng RGhEE YieReas statins, anticoagul ants such as coumarins,

ant i t hr onbofor eher gethiens BE Preventdropi eQehie!stabldabhias keyserterSamdseidnas (faad
2010/ 046857PCT/ 1B20Q9/ 054637 16 Th esen

| oprotective ents. ) { he pr

i nven®i on a?’é‘ﬁ%ﬁ‘@'%&)’eggg@ca%{%%@é ipgiHdipg eatpple P'at'%ncaé@'a@c@peﬂ Y:nor
racem c andcsiyesfivedigRFtifgidréy enriched form and to processes for the
preparation and characterization of crystalline salts of COMPOUND accordi ng

to any onmelot:rygmiagi f@t@l SeSSﬁ\éciélﬁy k) ,es%tigllwf@leéﬁﬁﬁ;ﬁ?lﬁfee_sdﬁgﬂ lQ)i‘]liMPOUNh]E
exper]! nment a art el OW. eri ta ar t e 1011 0W N a €S

1 Post 1 atecorrBOh PBRETS R ROADFENBeDds 1) Serara s o AT e SR A e e es
Cel si us. nhddic¥@iens bAd/efarRtduRENIE $& tREflEWhg dRkRasd §rotiby alnbYr Edrgtdombination:
Abbreyi ations as used herein and in the descrigtion above: 10aq, aguequs

ca. aBBut *caobthfireatienhat GaRLBrAsER dipbgtes age|ts semrlicalions. drperiinsteronism,

DI PAdi i sopr&imgpsyaabirepdiplel FAADF caefer fitmaistardasthdienarhivmalisg’ s base, _
et hyl -di i sopropyl am neDVAP 4-di net hyl am no- pyri di ne DMFdi et hyl f or mam de
DSCdi f f erentor 4F¢ 38 ARGty gorMe BRYagimatic rYeN et atherosclerotic agent, additive

to cardioplegic solutions for pulmonary bypasses, adjunct to thrombolytic therapy, as
antiaggregant agent, or as agent for the treatment of unstable angina;
15 o for the treatment or prophylaxis of hypertension, especially portal hypertension,
hypertension secondary to treatment with erythropoietin and low renin hypertension;
e for use in hypoxic or ischemic diseases, or as anti ischemic agent for the treatment of
e.g. cardiac, renal and cerebral ischemia and reperfusion (e.g. occurring after
cardiopulmonary bypass surgery), coronary and cerebral vasospasm and the like, therapy
20 for peripheral vascular diseases (e.g. Raynaud’'s disease, intermittent claudication,
Takayashus disease), sickle cell disease including initiation and/or evolution of the pain
crisis;
e for the treatment or prophylaxis of disorders related to renal, glomerular and mesangial
cell function, including acute and chronic renal failure, diabetic nephropathy,
25 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;
o for use in therapy for myocardial infarction, treatment of cardiac hypertrophy, primary and
secondary pulmonary hypertension, therapy for congestive heart failure including
30 inhibition of fibrosis, inhibition of left ventricular dilatation, remodelling and dysfunction, or
restenosis following angioplasty or stenting;
o for the treatment of endotoxemia or endotoxin shock, or hemorrrhagic shock;
o 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
35 other causes) and women by improving blood flow to the genitalia, especially corpus

cavernosum;



20Et 20di et hyl et her EtOAcet hyl acetate EtOHet hanol Fig.figure hhour(s)
251H NMRhydr ogen-1 nucl ear magneti c resonance Hept hept ane Hexhexane

HOBt 1- hyowoxytvemesstri azol e MEK2- but anone 30MeCNacet oni t PCiraBMe@bimeshanol
NEt 3tri et hyl am ne Pd/ Cpal | adi um on car b?ﬁ 2- Pr CHi sopr opanol

35Red- Al sodi um bi s( 2- net hoxyet hoxy) al umnumhydri de WO

2010/ 046857PCT/ 1B2009/ 054637 17 RHrel ative hum dity rtroom tenperature

r prr ot at i®on®" P PIRVERIOR AngorJ5EYRiIgh Of CBRLSIE &P E-ORIAN famREgESOstag With cell
tert.terti ayliferation;

o for therapy of metabolic disorders or chronic inflammatory diseases, insulin-dependent

and non insulin-dependent diabetes mellitus and their complications (e.g. neuropathy,
5 retinopathy), hyperaldosteronism, bone remodelling, psoriasis, arthritis, rheumatoid
arthritis, osteoarthritis sarcoidosis, or eczematous dermatitis;

o for the treatment of hepatotoxicity and sudden death, early and advanced liver disease
and injury including attendant complication (e.g. hepatotoxicity, fibrosis, cirrhosis),
deleterious consequences of tumors such as hypertension resulting from

10 hemangiopericytoma, spastic diseases of the urinary tract and/or bladder, hepatorenal
syndrome, immunological diseases involving vasculitis such as lupus, systemic sclerosis,
mixed cryoglobulinemia, fibrosis associated with renal dysfunction and hepatotoxicity;

e for use in gastrointestinal diseases such as ulcerative colitis, Crohn’s disease, gastric
mucosal damage, ulcer inflammatory bowel disease and ischemic bowel disease, gall

15 bladder or bile duct-based diseases such as cholangitis, pancratitis, regulation of cell
growth, begning prostatic hypertrophy, or transplantation, or for use as anti-diarrheal
agent;

o for the treatment of disorders involving bronchoconstriction or disorders of chronic or
acute inflammation such as obstructive pulmonary disease and adult distress syndrome;

20 e for the alleviation of pain including neuropathic pain, peripheral pain and pain associated
with cancer such as pain associated with prostate cancer or bone-cancer;

o 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

25 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 crystalline salt, especially of an essentially pure crystalline salt, of COMPOUND

30  according to any one of embodiments 1) to 51).

Furthermore, the crystalline salts, especially the essentially pure crystalline salts, of
COMPOUND according to any one of embodiments 1) to 51) may also be used favourably in
combination with one or more agents selected from lipid lowering agents such as statins,
anticoagulants such as coumarins, antithrombotic agents such as clopidogrel, B-blockers,

35  and other cardioprotective agents.



THFt et r ahydr of uran TsOHpara (p)-toluene sulfonic acid XRPDX-ray powder

diffraction 10X-ray powder diffraction analysis (XRPD): Method 1: X-ray
powder diwbnranri4ess7patterns were coll ected on a Bruker P8TABMame®63¢ r ay
di ffractoneter equipped with a Lyanyeni‘?t ector with 30 wi ndow oper at ed
with Cu Kocradiation in reflection geo ry (Bragg-Brentano). Typically,

the X-ray_ tube s. run. at 40kV/ 40mA. A ste ize of 0.02 (20) te
e of - ShooResByorvalle ain igekangea drossss for s Guerdietsmmat SQuoy OB &7
appl : ed.h rél'(td&nidhatﬁr @mTtiﬁrr@Irib%Maﬁrimea foem,vand afblgﬁo%és%egrfo::\j/% ﬁfiﬁjémi@gnénd)go
sanpl e hol der, dept h. e, powder or, 0.1 mm dept nd. abou

vo For 1 ChAERaIeRE RO Lo s 5F BLROPNDRceOin Bty gt ertiyiceeats 1
sanpl e had gey, satitohoodepdsharefdeBeribednn e ekpemmanndl sanpdies. were rotated in
their own plane during the nmeasurenent. Sel ected sanples were covered with
Kaptoa foil. Diffraction data are reported 20 using Cu Kocl (X = 1.5406
A), after the Koc2 conponent has been stripped using the instrunent

eval uat i @y anfdeddIParEVA) - I n addition, the background signal has been
renoved using the instrunment evaluation software (EVA), for sanples that
ver e covetadoywilGRixampfdr iidrata R RGMioRl hi @Bre d&ISil. &&tredf atehgvedPin

val ues as provided hereinis in the range of +/- 0.1-0.2 as it is generally
t he case deeveee &rpladvf: ifa\hpielpdrallbesnisepercaniages @iwigiveri PY eldt i on 25patterns.
Met hod 2: X-ray powder diffraction patterns were collected on a Bruker D8
HTS X- r aypARbreyiptiersaereed baiginped inihendescartips aho¥ear det ect or oper at ed
with Cu Koc-radiation in reflection geonetry. Typically, the X-ray tube was
run dP 4@/ 40mA. The i PSE®RMPent i s perfornmance checked using a certified
Corundumggt andard (NI ST g35846) . Sanpl es run under 30 anbi ent conditions
were prepared as flat plate speci nens using powler as received.

Appr oxi métlely 3 ng of t KEIUEHIr@MAIRerapEh N yilis? 88'sed on a mi croscopy sli de.
The datapwne col | ect ed gyr®irodBthangul ar range of 7.6 to 26.7 20 in 1 frane
wth an acgui sition time of 180second. Diffraction data are reported

wi t hout KBE2 conponent SHISTPPRWEMHIFA t he background signal has been renmpved
usi ngst heyippAt runent evafiisstrbBedHfadmas, e HIRD -bakBe et diisopropylamineDMAP
2010/ 046857PCT/ 1B2009/ 054637 18 accuracy of the 20 val ues as provided
herein is in the range drdimethygmingpyidiie jt js generally the case for
conventi gna# | y recor ded ginstayifdp@uieie di ffraction patterns. Melting points
wer e nmeasured on a Buchi B-540 apparatus and are not corrected; or were
measur ed,PS9 expl i ci t 1y dtesedig sqpnpCcAOFRgiYal scanning cal ori metrv (DSC):
SDSC dat ggqwer e col | ect e¢qganarnffer ki n El mer DSC7. Typically 2-3 ng of

sanpl e, previously stored open under dry nitrogen for 16 hours, were heated
in a2@l o&&® gol d pan at dRdY! RiN§C 1 from -20C to 200C. Melti ng points are
reported @mgAapeak tenper atniy 8etatePt i cal rotations were neasured on a Jasco
P- 1030 apparatus at roomtenperature using the D-line of sodium (X = 589
nn) . 101EHRNR were rreas&r”@d‘ggn a Bruker Avance 400 (400 MHz); cheni cal
shifts an?_gi ven in ppmigeleative to the solvent used; nultiplicities: s =
si ngl et = doublet, t = triplet, g = quartet, p = pentuplet, hex = hexet,
sept = sdptuplet, m= mH®I et, dm = doublet of nultiplet, br = broad,
coupbgng 'gangRant s are GivMeRdeh dielkear N¥Gh@rSa¥sHanes € measured using

hydr oqui none di net hyl ether as internal standard. 15Hygroscopicity was
assessed 8 ough scanned®BiP8Gi metric vapour sorption nmeasurements on a
SPS11- 10(48x( Pr oj ekt Messkeggteni k, U m Germany) (scan rate was 5% rel ative
hum dity change per hour, cycle started at 50% rel ative humdity foll owed
by a scah®% dryness and'rz%’}l%%rﬂ@ér'asze% to 95%rel ative humdity).

Cl assi fi omtikon was done fagigsdheng to t he European Pharmacopea Techni cal
GQuide (1999 edition) (e.g.. slightly hygroscopic: increase in mass is 20l ess
t han38% affFNqual to or ?té?ﬁttrélg than 0.2% nmass/ mass). The mass change

bet ween 48%mel ati ve humiglhdnoiand 80% rel ative humdity in the upwards scan
was considered. LC-MS were run using the follow ng conditions: Finnigan
Navi gat oMN&f# t h HP 1100 Hi§igylgmine

Pd/C palladium on carbon
2-PrOH isopropanol
35 Red-Al sodium-bis(2-methoxyethoxy)aluminumhydride



Punp and DAD, colum: 4.6x50 mm Zorbax SB-AQ 5 prn, 120 A, gradient:
5-95% acetonitrile in water, 1 mn, with 0.04%trifluoroacetic acid, flow
4.5 mL/ mwQ 20R/(46850i ven in 25m n. Conpounds are purifi e@CioyBmogpi¥cst i ve
HPLC (colum: X-terra RP18, 50x19 mm 5 gradient: 10-95% acetonitrile
in water containing 0.5 %of formc aci al? or by colum chromat ography on
silicag Racemat es canI @/e %ﬁﬁar ated into their enantioners by

prepar at i HPLC (pref elP8d'% ™ ons: Daicel, Chiral Cel OD 20x250 mm 10
pm 4% 3@et hanol in hexaaantémm;fath% 20 mML/mn). WO

2010/ 046857PCT/ 1B2009/ 054637 19 Preparati on and characterization of
COVPOUND™P*he pr epar at i ABeN SCE@(/IB@JNIB i s known from W2008/ 132679:

Pr epar at isaf) of |nterrred|satueae§3eneral procedures for the preparation of key

i nt er pedi 5Key i.n es K1A and K2A which are
bi cycge ] oct ’QE“&E V%E‘%r[ 3.2.2]non-8- en-6-y! derivatives are

obt ai nedt@s a mxture beé n the maj or racemate having the relative

confi gur n (R, R*, R*) %’ (é t he bridge -(CH2)2- of the cycl ohexene

noi ety is“k is to the gr SXHANVYERYUBRI ng hydroxy) and the minor racemate

havi ng t eorel ati ve confpagy(rpautolme(da’lfoﬁﬁaa’a) (i.e. the bridge -(CH2)2- of
the cycl ne noiety is trans t roup -0OR2 bei ng hydroxy). The 10
maj or an m nor rac é’é’Wgﬁ‘h H@‘@%‘gar ated as described for key

i nt ergedl A 2ny e mejor racemate is isolated and used
in tH8 plekdR feacignanglygie. low. K1 A

rac- ( 1R* I\A’&H’iodﬂfﬁ%lx(ray Iplwbdex&ﬁ@cme pytterhs oyeed 0dlIRcRA2roatBroke D@ Adlancacxetayc

acid tert ester 15K1A. 1 (Pr ced
o (1 R SRl cogipsea. ity ielsS Seiscuendh Sy wighow operated with Cu Ko

2-(tri WEter/iétﬁjn' W @éﬂé):tldn %e@M@ir@"(B?@éL@r’@ﬁtaﬂa}j Typidally,Ofhe X-ray tube was run at
oc- acet ox acr%I onitri and heated at_150C in a cl osed vessel

for 22 hAVHWEUBHY A %%%S'H%PRO Q?aﬁ?@é aO‘F' SRRUBP 10T HASCUPYE R 32ANNE "8 PR2 o

MeOHA15Af toer iflr npath S@oRaré | 4pplied. Phes @ivetdede Odlit vad etofo S@HDIEMERL bpmzde in
150 mL of MeOH the reaction m xture was stirred for h at into

20 i ool wileBSNORRE OB SRR 106 YaRTHANE PRVGICE (hotT 45 Bestosd- Bl beoRoured 0t

in vacuo 8@mal trdret ﬁfnﬂd@pth?%g%ﬁ%mspr@é,ﬁe'dflht@% biycdaCsumglé f@rﬁtém@mbepﬁolddr wih to

ield 7. of rac- (1R*, 4R* oct ane- dione, LGMs tR =
)6 44 min. e haobh (1P eﬂrure ampIL,s Were rotated in thelr own plane dllj\ﬁ}g the

rac (I R ,rddshirehint. Cﬂs&etﬁé’@bé}ﬁ&egw%P@%\@P&}QLtI?Képt%&%leraﬂlonwgre% érted 0
rac- (1R*, 4R*) - bi c cl of g} octane-2,5-dione (internediate KI1A 1

o oot otk (= rlosdor) s he r2 SORPrRsR RAS/BBEN Siipped 2isitg die

TsOH wer %ﬁf@ﬂ%ﬂt é\’/’éiuétf&ﬁ SSfivHEd @VARR, d?)%ﬁlbﬁdth!ér!ﬁ% dgr‘eSthcPéu@Héi relsigekh ﬁ‘me\%d
reflux for 3. . The reaction m xture_was cooled to rt, quenched wt

sat ur at ed’skﬁ‘@ thmamwenéﬁvalaetoeosqmarp R, frrrpminies Hiag #ere cpried bWé%aptO”
;:’glpgr gg%‘aﬂngﬂgtacéddQEltBﬁOﬁ%]écd’é@&ypd*rthé b6 Jaki¥s G& pbvided Kerefti@AF the rarde bP
rac- (| R, 418.)- %%n avp[tis ggreraly2the. cise derasenventiorfally sgadrdsdoXdal pewderediiractiast | ow
0i I. 25C Mief® = 0.64 min; [MrHCH3CN]: 224. 35,

Method 2: X-ray powder diffraction patterns were collected on a Bruker D8 HTS X-ray
diffractometer equipped with a GADDS HiStar detector operated with Cu Ko-radiation in
reflection geometry. Typically, the X-ray tube was run at 40kV/40mA. The instrument is
performance checked using a certified Corundum standard (NIST 1976). Samples run under
30 ambient conditions were prepared as flat plate specimens using powder as received.
Approximately 3 mg of the sample was gently pressed on a microscopy slide. The data were
collected over an angular range of 7.6° to 26.7° 26 in 1 frame with an acquisition time of
180second. Diffraction data are reported without Ko2 component stripping and the

background signal has been removed using the instrument evaluation software (EVA). The



WD 2010/ 046857PCT/ 1B2009/ 054637 20 K1A. 3 (Procedure Al.3): M xture of
rac-(7R*, 8R*, 10R*)- and rac-(7R*, 8S*, 10R*)-7, 10-(1, 2-

Et hyl en) -Wophey4dss1, 4- di oxa- spi ro[ 4. 51decan-8-0l To a ®oraBOwOT6372. 41 ¢
of rac-(1R*, 4R*)-spiro[bicyclof2.2.2] ocggme- 2, 2141, 3] di oxol an] - 5- one

(i nternedi ate K1A 2) in 80 nL Et20, 14 nmL phenyl nagnesi um broni de

sol uti on\ﬁ%lM in Et 20} was added dropw se over 10 mn. The reaction

m xt ure RASUrEEY Pk @8 Porlugsipsroyided hergt it iheeree Ph+ids!-Gae AR Hdd 98881 1 y
Wi th icethdcabe f8NdivbntiRERy @@Q@@d%@y%ﬁxd@héﬁﬁ%ﬂd\%ﬁtéﬁ@@ar ated. The organic
phase was evapor ated and t'he crude product was purified by CC with

Hept - Et OMelfl mt%QNé}b\fﬁea%uﬁazj &h afBuchi B-540 apparatus and are not corrected; or were
7,10-(1, en) - n 4- di oxas |ro decan-8-0l as colorless oil.
( Separ at |”6‘??SH¥ edy ﬁ@XHICE é‘i)ll t was not performed
here.} L@S‘@dafaﬂvere%dﬂéct@d dh a[ %Mﬁ@ﬁﬂer II?S@? 3F§/pldéﬂy Aﬂnt@%f%ﬂﬁilﬁ Srévioubly
rac- (1R*, 4R* - Phenvl - bi cycl o; | oct - 5- en- 2- lution of 0.54 g
of 7, 10- F10'ed QP‘FR/P%(?W gy piifeas Tof 1§ rtﬂ’PE?x&’eéepP‘?%?Qt”B? 8'8&%1‘?19@‘1(93”@ kPt Aii at e
KLA. 3) i frod- 20LC @S 2AO T MARMg PBHRIard08psrdas peeRitbapstatuped the mixture 15
was stirred for 2 d at rt. The reaction m xture was quenched with sat. ag.
NaHCO3,  eyticalClotmlions terd=hfoAurda tbnt & §aSdcRAIOG0 RIPRSRILRSt BaPRIPeRure Thng
crude product was purified by CC with Hept-Et OAC (7:3) to give 0.34 g of
rac- (1R, QHQD)“”SOE)F\%W %rc’%@@lr@ﬁ)Z 2.2] oct-5-en-2-one as col orless oil.

LCGM, tR = 93 m n; : 240.11. 20K1 A 5 (Procedure Al.5)

rac- (9R* —QMR”%@(”ZQW&?%W%BW nfYanseARd @8 MH2k shemisalshifis gre) 9'V%R:ét ic
acid ter nbr‘étastlk/e%ft@rsoﬂf@qt used; multiplicities: s = singlet, d doublet, t-tr| let, quartet
rac- (1R*, P - hydr oxy- 5- phenyl - bi cycl o] 2. 2. 2| oct - 5- -yi

acid tert = lﬁ’ﬁt‘&VP eé§teér *T'%X%t SNt It $RAVRISL O 51nuﬁ_plg,tf dp PAOPWebOme 'p*?HFbrf 2
L of n- Iyadad, t:bup'hhg%blﬁé]tar@tgﬂar@glbﬁﬁ% H\%rﬁl\/@%@ygﬁv@%é@slﬁéd ugREhy b @horld

mn, 0.5 nL of tol uene were ad the solution was 25 stirred for 30
min. Thedtﬁ“?(tf‘wﬁ@et}\é%'”é%%'éé?rtdér SOC 0.73 nL of tert.-butyl acet ate were
added _and stirring was continued for 1 h at -50C, Then 0. 32 of

rac- (@R* ’-Wﬁﬁ)ép—élg@W% @ﬁ%%?%[”?ro?g@]s%’t”eg %’ﬁV'Q‘GHWeV%HOHf é?rrﬁ’ﬁﬂn &teé‘sw'fﬂ‘eﬂ'}s

di ssol ve@nlansnsnm@cmeHBJér@Me@&d@rdmmdmt G@rrﬁé}twgé(ﬁﬁ rm@sNa%ts% & gtivat hum§ifityt 0
-20C over 2.5 h. The reaction m_xture was on icel/aq. HCl, the

organi ¢ FHaReE Qﬁ@%éﬁé{?'aﬁ?&ted\ﬁééﬂ% elafye BWEHBY iqllgwed e S&?ua%d%%ﬁ?f@rﬁn 30
product Wpwakisrdchhad 9By, felativé hamideRy. Frhddialich Whs Weny beddildiRg ¥t Rdropéim

maj or racemate,
rac( 1R, FRarmesoped Tiephni6x\Cude, (991 ediiony (-6 DD EPsaEPisHiINsIeRss i FIgss is

aci dzoer tlessbtﬁab( |2°/E%h@re,qualstov‘dsrl Qr@at%ﬁtthaﬂm aneh Q}a@§/nﬂ13§)f Th@&né@@@tan@@%ﬁé&}
rac- (1R*, | bi cycl o enZ%/g% acetic

aci d terﬁO/bt?t%t'P’eQE'?‘té’r\{ty 389%9& '%H“éé@“'@l ity in_ eMBW(a S&P”?"’é@é’ﬁﬁ edt R = 1. 06

TV L e ishrp ish BPRRD [a8oP b S0 Wﬂt% wifd Fiet1 6 Bl
(1S, 28, 4$)tm(p2ahUdIDRDy ORI W bx30 G| 2dmaR- SEORL, - 5- 8N 201 A- gaRldne 805%

tert.-butyl ester and
(1R, 2R, 4Rpeloninly it wijersd prianyith 19 Q4ye trEhioropcotioagid Sy oS yilymige de iscaiuer i
tert psbutyi,, ester

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%

30 ethanol in hexane, flow 10-20 mL/min).



rac- (1R*, 2R*, 4R*) - ( 2- Hydr oxy- 5- phenyl - bi cycl o[ 2. 2. 2] oct-5-en-2-yl)-aceti cac
idtert.-butyl 5Sester was separated into the respective enantioners using
prep. chiwel2otdri46s¢col um: Dai cel Chiral Pak AD-H, 20x25@CEIB2069/pup3Hex/
EtOH 95:5, flow 16 nL/m n) Chiral anal y(gbbc HPLC (Dai cel Chiral Pak AD H,
4.6x250 nm 5 pm Hex/ Et OH 95: 5, row 8 mL/mn):

(1R 2R4R) (2 -5-en-2-yl)-acetic acid
tert. - butsy 2

e A oAy ) s

BB. [ 3- (4, 1H Qi m dazol 2-yl)-propyl]-nethyl-amne BB. 1
3,6-Di rret'%ﬁ%fnﬁ ?ﬁnetegnﬁ Fegm ne 153, 6- Di net hoxy- benzene- 1, 2-di am ne was
synt hesi 2, 3-di nitro-benzene

(Eur. J. 0-"* vacuat|n93t|rres W th

N £2§he?€e'y”9*sf6rﬁ% %“% s R0 e*{f@w o ?%ﬁ'cxﬁfﬁo? ﬁaft? TR AR

and t he mng-yirderivatves are otﬁdméduas armnxtmee b&tvehn tié mapataoemam/bavurag ibadelefive

vacuo 4. o GPaUsPRRGR B LG VBl i oo (BTG bBYeb

= 0.48 m- @R thbi]hydr‘bﬁQ) ET0 thBIBnnd} rp@erﬁélehlau/lng-thb reﬂ‘ﬁtlde configuration (R*,S*,R*) (i.e.

et b WREBLGISRIR bl L B S FLBER bl 5Rng BPL T o

m. DI \/vema;oraamlbttieﬁnlﬁomglcerma@lsl?ﬁA belseﬂ)agatedl aH@BBcrledﬁorgk&ymeB@edmté KB iy
of DVAP. S r
O ont o FrseBlisEAL B RS RY An B s i€aded oY used i ghe pregagationof e, 2RmPe g

t he m xt bbewnas sti rred at rt overnight. The reacti on was quenched with
sat. ag. NaHCQO3, the phases were separated and the organi c phase was washed
wi th bri r1A:30dad-dR* @RS ARNB @My dnody-Seploayl -bidyetb[2.2. 2lectfen-2-ylj-ateatict hacir ude
title co % pgst%_‘_ck oil. LGMS: tR=0.88 mn; [MH: 402.06. BB.3
13-(4,7- g benzoi m dazol - 2- vl) propvll met hyl - carbam ¢ acid

benzyl, e% 0AP459 )

heat e T NaHCOB8 was added and t he
phases e n d ver
e o e P S T,
Et OAc andnigexhamhhezteddt @ﬁCnm allosketl ivesdal @om 22yh. (]Iﬁe\mbtdmdatc(hﬂcogangb desdous ail g

gfengyl( 4eSZ/\£a%'r %gohO?Xr\}\%bb 5L|b§%%brﬂ %\?tze(rjldfo%Ws]é) SRV B cg:faf?%nc])fcso ghd

the reaction was
mellelp

methoxide in 150 mL of MeOH the reaction mixture was stirred for 3 h at rt, poured into
20 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*,4R*)-

bicyclo[2.2.2]octane-2,5-dione.

LC-MS: tg = 0.44 min.

K1A.2 (Procedure A1.2): rac-(1R*,4R*)-Spiro[bicyclo[2.2.2]octane-2,2'-[1,3]dioxolan]-5-one

25 To 4.0 g of rac-(1R*,4R*)-bicyclo[2.2.2]octane-2,5-dione (intermediate K1A.1), dissolved in
120 mL of toluene, 1.7 mL of ethylene glycol and 0.27 g of TsOH were added and the
solution was heated under vigorous stirring to reflux for 3.5 h. The reaction mixture was
cooled to rt, quenched with saturated ag. NaHCO3;, extracted with Et,O, and the organic
phase was evaporated. The crude product was purified by CC with Hex-EtOAc (7:3) to yield

30 2.41 g of rac-(1R*,4R*)-spiro[bicyclo[2.2.2]octane-2,2'-[1,3]dioxolan]-5-one as yellow oil.
LC-MS: tg = 0.64 min; [M+H+CH3CN]": 224.35.



LCMs: tR=0.85 nmn; [MH: 384.62. BB. 4

[ 3- (4, 7- D nmet hoxv- 1H benzoi m dazol - 2-v1)-propyl | -nmethyl -am ne A sol ution of

2.6 g of 8oQ410M4685met hoxy- 1H benzoi m dazol - 2-y1) - pr opyl Fo@EtiR3009/es6sam c

acid benzyl ester in 60 nL EtOH was evagﬁat ed 3 times wwth N2 before 260 ng
m xture was then stirred under a

of 10 wt % Pd/ C 10were added. The reacti

washi ng W ' ) :

3-(4,7- dlanWIQprHdTWbenmmﬂﬂbmS]Qegah)a.plr opyl Frret hyI ani ne as brown foam
LCMs: tR = 0.57 mn; [MH: 250.13. Preparati on of COVPOUND 15Ref erence
Exanpl e 1A a rsaltibs @lﬁmaylr b of aas-th R*14R)-2Rfo[BiRlcl @2 2214 ¢t3nd-2,2 71 (B diek diarys-drid-

Pg?éﬁ[g‘_ @egrlg% .@%&ﬁ@&%&ﬁféﬂé %nsnol}_ p%tenyn?agnespu rt}ll'omldecg/o(flljtf) 2(1%/] |2rJ oct
r aCd( 52R;‘) B2RY), v&l%l*éddea d‘bf}?iﬂlge(gvér n?mmy Thbireatibo [nAxtdre2ivas ttirbedefor 2-+Hydt)rt. Theal | C
aci 0o a.solution o .

o (1 B e et il iy fooy B g PY S Jvesp aetedserhing Repes wem ¢
aci d ter tseplrateyl Tasteegaric pBésd‘rWaEtth'bdbafeel adidd Gtude grdalﬁcﬂ_\ivé)é-ipbﬂﬂbd By @iC H20

and 22 nL .MeOH. The rea m Xt ur s stlrr nd t.hen
concent r 3{®q. H‘?“ﬁteélﬁ &Eaé © Ve t%l ned bcgtwe %?{A%teg}y e&:\& p@[eﬁg THIOXEy.

| ayer V\IaSpB@{pESHdﬁced-M(is&mlcﬂlbézt eitl (Bepdrafidh biGhe rdesstdreomgrsi by COds posgimé iban of
a whlbe solid, The 8||d was filtrated, washed with 5 nL aq. 25HCI and
dri ed?i n WASLI9hPE o .2 g of rac-(1R*, 2R*, 4R*) - (2- hydr oxy- 5- phenyl -

bi cycl o[ 228} fact 9.54Gnﬁ,2{W|él)G4&qtatZ'4G.3aci d as white solid. LCGMS: tR = 0.86
mn; [MHO+H : 241. 28.

1. 2( Pr oceduv.£Prodyduraasi @Y Rc-2IR* 4ARI-b-Aikeh B-Ifidy.clo{ DR 2iich6en-ZLbhddenzoi m dazol -
- yl) -

propyl | - Zo( Z= hsadirtiory -0b- Pplényl -dbi YOk d[2etByl@d)edphényin42digxa)rspikofve dgtanad-et am
de 30To,a,solutjo 28 of

ac- C1re Bl Ry B 20 TR Bisians ;e 309 0 o JepHeenchthsn the g ¢

aci d1bn anﬁstlﬂfbﬁf(vﬂ@aaﬂldﬁda @abi®nrhixafre IIaE’IﬁAendth with <xt. ddOBtaHOQL, 2kthateyl of
EDC at rt r|n f.or , 10 m.n

a7 it bR S e S8 andts WaleyS0oralFH, She-srite Arodust was RUFESLRUSE and
t he reactwitbhrHeptEtQAE (R tsigiver®8k gtof mac-ONREr4R*BtphedyiicyB[2.2.2]oct-5-en-2-one
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as colorless

LC-MS: tr = 0.93 min; [M+H+CH3;CN]": 240.11.

20 K1A.5 (Procedure A1.5): rac-(1R*,2R*,4R*)-(2-Hydroxy-5-phenvl-bicyclo[2.2.2]oct-5-en-2-yI)-
acetic acid tert.-butyl ester and rac-(1R*,2S*.4R*)-(2-hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-
2-yl)-acetic acid tert.-butyl ester

To a solution of 0.51 mL of DIPA in 0.5 mL THF 2.2 mL of n-butyllithium (1.6M in Hex) were
added dropwise at -20°C. After 10 min, 0.5 mL of toluene were added and the solution was
25  stirred for 30 min. The mixture was cooled to -50°C, 0.73 mL of fert.-butyl acetate were
added and stirring was continued for 1 h at -50°C. Then 0.32 g of rac-(1R*,4R*)-5-phenyl-
bicyclo[2.2.2]oct-5-en-2-one (intermediate K1A.4) dissolved in 1 mL of THF was added and
the solution was stirred at -50 to -20°C over 2.5 h. The reaction mixture was poured on
ice/aq. HCI, the organic phase was separated, washed and evaporated. The crude reaction
30  product was purified by CC with Hept-EtOAc (9:1) to yield 0.30 g of the major racemate, rac-
(1R*,2R*,4R*)-2-hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl)-acetic acid tert.-butyl ester, as
white solid and 0.07 g of the minor racemate, rac-(1R*2S* 4R*)-2-hydroxy-5-phenyl-
bicyclo[2.2.2]oct-5-en-2-yl)-acetic acid tert.-butyl ester, as colorless oil.
LC-MS (major racemate): tr = 1.06 min; [M-(CHj3)s-H,O+H]": 241.11.
35  LC-MS (minor racemate): tg = 1.05 min; [M+H]": 315.18.



reaction m xture was quenched with sat. ag. NaHCO3, the phases were
separated and the organi c phase was washed with water and brine, dried over
MySO4 anawoenuersssat ed i n vacuo. Purification by CC usi RgTHBIWZOMeOH (5: 1
to 2:1) yielded 475 ng of rac(1lR*, 2I'~2*,42 )-N3-(4,7-d

i met hoxy- 1H benzoi m dazol - 2-y1) - propy1] £2- ( 2- hydr oxy- 5- phenyl -

gblg(iy(r:nl (;[%2 15,4 - 2T 1 ol l'- 2 : %90?—5%%-%“)—%8&?00aangid LtCe-rtI.YEUtvF R =
rac- (1R* g2t bRl R AR 4R L (2BH{dtoxy-Bipireh\nokyclbld hejeios-ah dar phcelic \ekid tert.-butyl
oroovl | - net hvl - am nol - et hvl ) - 5- phenvl - bi cycl o[ 2. 2. 2l oct-5-en-2-0l To a

sol uti on&§#€L310 ny of

or opy 1 S50 AR Aty L R B a0l 2P R SR BAAT el niprt B an

de i n58 rdstelr Blay @Bparamdantadike cbspectysiedantibnets iking forep. Bridk| AlPLED{colubmn Dazelo i n
tol uene) at QC e irring for, 1 ! \ C .the cooling bath was
r enoved éﬁwa%ﬁklﬁﬁﬁg%ﬁ%{éomt?H%!ﬁ'ef(@'%takp%gé’tf%ﬂ1.éﬂqﬁ/émp)eacti on nixture was

t hen car ehiral ¥nghaidrieRL ©(Daice ChinatRakeADH, BExRAO Hin,c pan tlest E10Hed550flov 0.811 n.

The aq. phase was extracted wth toluene, the conbined organic phases were
15 washedWH br i ne, dried over MgS4 and concentrated i n vacuo.

Puri fi cat(1 R2RMR)GC-Higirh)g-E=p ey t-bepdtb[2 2. Adctys-el-Bgt-a2adflc ngcidf tert.-butyl ester:
rac- %R*ﬁ* .4R*r) 3 (_%7{0[ 3- (4, 7- di met hoxy- 1Hbenzoi m dazol - 2-y1) - propyl Frret h
yl - at noyEeRlee= dng §A% Biney cl o[ 2. 2. 2] oct - 5-en-2-0l as white foam LG MS:

t R = 0. 791818;49)\e-Hydroky-&-dhdnyl26dycfb[2.22]dcs-6unt 3-yl)-@acetic  acid tert.-butyl ester:

aci d( 1R*,2R* .4R1;1§- ( 2-7{ - 3- (4, 7- di net hoxy- 1H benzoi m dazol - 2-y1) -

or ooyl | - RIS Hor 7PN - 5- ohenyl - bi cycl 012. 2. 21oct -5-en-2-y1 ester To
a sol uti of 0 I .

aos (1R B, 057 Bdhoxy-rbonteimidarsl:s YkpioexIamsihaLamine,

yl)-pr op)gggz'é;n%b a%q' 8>9f¥-bet hél g! %—_ Elhr%%l -bicyclo[2.2.2] oct-5-en-2-0l in 4 nL_
DCM wer e : —+-nL of isobutyrylchloride at 0C. The
reactLon yu [ s 2 i r.red overni ght . al lowi.ng the .tenmper re.t
Feactl> sl o P Folonz et 2:iA it W ity o, B 48R0 g o SR RE AR Bas
wer e sepaxatiedrodreshzeine (Envat D rgfrese 2068, 278662794 piot220 mi. EFOHD@EMacUdtimgSaimesned
organi ¢ ph S [ e ed w i ri over ncentrated in
vacuo. TGS NERERo b 1 Do h PR S Bl Rt et sPE: £ BRGRIBRLE
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i dazol - 2-Séﬂ'() -propyl ] -net hyl -am i noyet hyl ) - 5- phenyl - bicycl o[ 2
.2.2]oct-5-€n-2-yl ester as beige foam LC-MS: tR =0.90 mn; [MH:

546.23. LBOV30tkG! 048857 MIFHI B26909.054637 24 Ref erence Exanpl e 2A:

| sobutyric acid

(1S, 2S, 48B.2 i ifi ( [dacha i o gthylidartmmaipy Heidnebénayl ami
no} - et hyl fep phenyl - bi cycl o[ 2. 2. 2] oct-5-en-2-y1l ester 2.1:

(1S, 2S, 4S5=(2- Hydr oxy- 5- phenyl - bi cycl 012. 2. 21oct - 5-en-2-y1)-acetic acid
2%‘;??;%;@%%@@‘3?@@%91 R SCEWUSyBlychridhy RRERL LR FERIRE Gcityin U RE Dem
(1R*, 2R* weRe pdded leyed mbxgf- BiPEAeyd gbifdy@BL[2X% 2. &f] K€ -ahdetb2my19f- AP éfteci d

tert. - bUtsWrinSSf&eﬁo (f‘rﬁﬁ,eZ.%lgb‘op%,ﬁ-dimethoxy-benzene-1,2-diamine, dissolved in 20 mL DCM,

were added and the mixture was stirred at rt overnight. The reaction was quenched with sat.

2- VOrgXy19-D0e

aqg. NaHCO,, the phases were separated and the organic phase was washed with brine,
30 dried over MgSO, and concentrated in vacuo to yield the crude title compound as black oil.
LC-MS: tz = 0.88 min; [M+H]": 402.06.

BB.3 [3-(4,7-Dimethoxy-1H-benzoimidazol-2-y|)-propyll-methyl-carbamic acid benzyl ester

To a mixture of the above crude 3-(2-amino-3,6-dimethoxy-phenylcarbamoyl)-propyl]-methyl-

carbamic acid benzyl ester in 16 mL toluene were added 4 mL of DMF and 1.9 g of TsOH



LCMS: tR=0.91 mn; [MHO+H : 241.10.

2.2:(1S,2S,4S)-2-(2-{13-(4, 7- D net hoxv- 1H benzoi m dazol - 2-v1) - propvll- net hv
| - am nol -woQetambds75- phenyl - bi cvel 012. 2. 210oct - 5- en- 2- ol PCPABEAY/@H63TCCOr di ng
to procedures P1.2 to P1.3 in Reference gxarrpl e 1A using the above

(2- hydr oxy- 5- phenyl - bi cycl o[ 2. 2. 2] oct - 52 yl)-acetic acid. LCGM: tR =
0.78 mn I c. ac
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15met hyl aati theysiabyd Iwebe &bgémtedblmacd)rgérac aohaéecmasﬁwaﬂwé& wilth etfriner dReepaeed
gcggr ?I[ g%/lg(S?p prc%%ggnt{ra?ef in vacuo |?qtfe(?er rc])Seer gxs (} Ac\)f USSI|Ing gel W|th bﬁ&%\c and

7- di met hexyechitabinaqdimi Baiehtichr ml)ccprv@unyEtbArmy.bmbd ant ROHF Ei(chyld)méthpkyenyi -
26%2? of %Egzng%ﬁpléégiprqugﬂmﬂyyﬁ:—cg%gm|(aac(lq_genzyl estel’ as[ brovl_\}L resm

R 2R, 4R) 12112+ {:[=36.68 min;dMel 08462 H-

benzoi m dazol - 2-y1) - propyl] - et hyl - am no} - et hyl ) - 5- phenyl - bi cycl o[ 2. 2. 2] oct
- 5- en- 2- \BB.£s &4, 3-Olmethoxy-1H-benzoimidazol-2-yl)-propyl]l-methyl-amine

(1R 2R, 4R) - ( 2- Hydr oxy- 5- phenyl - bi cycl 012. 2. 21oct - 5-en-2-y1)-acetic acid
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enant i omer 0

25( 1R, 2 @f—'ﬁte( ﬂ" ﬁ?/H}Lo'ES?%WSF.@H@?U%‘?dc%'F‘c?FiV B % BAPres28 g of 19 e PRE
acid 1t)er tWeré)'add!éd dat esactise enitlmd. viys theCsivied wrfdera®,2tmospherd Mat2ddhlffr:5 h at
241. 16.

3. 2: (1R, SRAH1D.qvs" 2039 0} Colleyand s Ring MM IR LYIRAGE 26PT SRNPRTURIOB 40 ¥3%Ret hy
| - am nol 1.2 by 84, 3-drhethgxy- bi-beotahRla2 o2t gE-prdpy@medhydlamirdldy epandohra.ccor di ng

to proce  PL. o.P LN rence Exanple 1 using the above (2-
hydr oxy- g‘%@%h@l'@?k%?ﬁ@'@ Eﬁgﬁ? 5-en-2-yl)-acetic acid. LCGM: tR = 0.79
mn; [MH : 476.09. WD 2010/ 046857PCT/ 1B2009/ 054637 25

Preparation of COMPOUND

15 Reference Example 1A: 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

1.1 (Procedure P1.1): rac-(1R*.2R*.4R*)-(2-Hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yI)-

acetic acid

20 To a solution of 4.0 g of rac-(1R*,2R*,4R*)-(2-hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl)-
acetic acid tert.-butyl ester in 25 mL EtOH were added 2.1 g of LiOH.H,O, 8 mL H,O and 22
mL MeOH. The reaction mixture was stirred at rt for 3 d and then concentrated. The residue
was partitioned between water and Et,0. The aq. layer was separated and acidified with 1N
HCI resulting in the formation of a white solid. The solid was filtrated, washed with 5 mL aq.

25 HCl and dried in vacuo to obtain 3.2 g of rac-(1R*2R*4R*)-(2-hydroxy-5-phenyl-
bicyclo[2.2.2]oct-5-en-2-yl)-acetic acid as white solid.
LC-MS: tg = 0.86 min; [M-H,O+H]": 241.28.

1.2  (Procedure P1.2): rac-(1R*,2R*.4R*)-N-[3-(4,7-Dimethoxy-1H-benzoimidazol-2-yI})-
propyl]-2-(2-hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-y|)-N-methyl-acetamide

30  To a solution of 280 mg of rac-(1R*,2R*,4R*)-(2-hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-
yl)-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-yl)-

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



3.3: Isobutyric acid

(1R 2R 4R) - 2-(2-{1-3- (4, 7-di net hoxy- 1H benzoi m dazol - 2-y1) - propyl | net hyl -
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5bi cycl o 2] oct - 5- en- 2- ol 546. 11 i cal
rotati on['e%ﬂ%ﬁﬂémﬁutecwas ﬂHe’hﬁ‘PHLW'E‘tm a°r Naﬁcés t%pfﬁ? r@ﬁepﬁt?ée %)tt

57 39-7. 3>7ga(rm pﬁdré)e Wé's Jfashed wlth=wéted ahid ,bridkl]) dried 3\4er7M§QO£ rand Iddhcer@irdéd (8, 2

(m’ (15H;1 ° Vg(i‘d? zpwﬂce fion (}VHZCP GJ% 352(3:?‘ @%‘ik&%eﬁ s Jfﬁdéﬂ“@% o aes 0

i ég 2. gURmZR’iLHR )- NZ[32(14 7(6|me3r|db<y 13-Béhzoitidazd(- myl)lrhﬁ)pyl]22 (ﬂhﬂdr&&(%ﬁht\a}@lﬂ) "
%98'98?%@99 % 8&1253") ﬁﬁﬁ%'@?eéfgg%awéﬁ%w%m 15The L channel

ant agonl si0-mSatktd .0t ynif;|[(B0'vadues) of Reference Exanples 1A, 2A, and 3Ais
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(1 n1\/| st ERASOIOH ore: i NG 280t Aighiafig rakOUROLRr @R E-(4- gswd@mnemogamh

Il of th d he . 384- wel | d f 60
e o oSO b R OB i AR o
assay buf\/\frﬁeféamw ng 50 Onen of this buffer for equilibration at room

t enper at yre %3{) 86@\'7? %g%\/\h h?%gge Fl uorescent I maging Pl ate Reader

(FLI PR, nists are added to the plate in a volune
of 25.jil/ well

is agg ¢ 2

wel | at brodMDrﬁélﬁﬂldMﬁ@ﬁWﬁ bB@M—%Io@&éWZ]EGt Send_mﬂesnet erval ) for 8

m nutes, and the area under the curve of each fluorescence peak is conpared
to the arT@aa ablutibe of |196rreg cd nee (PEUAR 4RI € 2-{[3y(4 Z0dimsthidgY - 1Wi-thdmzoiefid adob24 n

I f h
G SRSl dhetti PR BRI S SRcHE oy Tult o7 ERAF cteBhce”
r esponse)added 0 Q) 6INER ahelt @ mhed .isdbu@bdchiaideest @TC. ridfeercantiom atidurpl veas
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I'n Vi ro ssa
sat. aq. NaHCO;3, the phases were separated and the water phase was re-extracted with

DCM. The combined organic phases were washed with brine, dried over MgSO, and
concentrated in vacuo. The residue was redissolved in 3 mL EtOAg, silica gel and 1.5 mL
MeOH were added and the mixture was stirred vigorously for 7 d. The mixture was filtered,
30  thouroughly washed with EtOAc-MeOH (2:1) and evaporated. Purification by CC using
EtOAc-MeOH (5:1 to 3:1 + 0.1% NEt3) yielded 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 as beige foam.
LC-MS: tr = 0.90 min; [M+H]": 546.23.



The T channel antagonistic activity (IC50 values) of Reference Exanples 1A,
2A, and 3A is determned in accordance with the foll ow ng experi nental

met hod arwslogdatoz4esse shown in 10 Table 1. Human enbryoniPCTHBZN®YS4631EK293)
cells expressing the human Cav3. 1 Cav3.§ or Cav3.3 channel, respectively,
are grown in culture nedium (DVEM cont a B ng 10% heat-i nactivated fetal
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follq d ROV, W t j RE' wel | using HBSS contal ni ng 0. 1% BSA,
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inhibit 50 % of the Ca2+-induced fluorescence response) up to 10jiMis
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Ref er encdidyrlai®?.gocttden2/l. and 3A were tested for their potential to reduce
bl ood 5.%'8@ yr_eoggdnﬁtmw_' etject on the contractility of the heart

nuscl e. val ués- on ted nouse hearts were determ ned according to

Li t epgt ur, n ds pe S 3.6 QinC AU
Langgﬁdor {é@éhn%@ql?un I%t) Bg pllcl cg%laoﬁdRrF}fhﬁ?é%)o?.%ggﬂ‘e‘hosf’%\}hoﬁyﬁa,
39(6), 48>1an5®lm1daqu@fyl)3bobn?|] rHethyl-amingietb k) Strheny]-bikyetal22. 236 ctehi-an-dey!

i schem a %the i sol ated perfused rat heart, J. Appl. Physiol. 1976 Jun,
40(6), (?8 10The conpound of reference exanple 1A has been neasured

using th%.Pr(?&,9@%@-(@%%@%10henvl-bicvclotz.2.2toct-5-en-2-v|)-acetic acid

Prepared according to procedure P1.1 in Reference Example 1 using enantiomer A of rac-
25 (1R*,2R*,4R*)-(2-hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl)-acetic acid tert.-butyl ester

(see K1A.6).

LC-MS: tr = 0.91 min; [M-H,O+H]": 241.16.

3.2: (1R,2R,4R)-2-(2-{[3-(4,7-Dimethoxy-1H-benzoimidazol-2-y|)-propyl]-methyl-amino}-
ethy)-5-phenyl-bicyclo[2.2.2]oct-5-en-2-0l

30  Prepared according to procedures P1.2 to P1.3 in Reference Example 1 using the above (2-
hydroxy-5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl)-acetic acid.
LC-MS: tg = 0.79 min; [M+H]": 476.09.



above for the Langendorff experinent with an EC50 of 5 nM 1511. Preparation
of salt forns of COMPOUND I1.a) General procedure for salt formation with
COMPOUND: WO 2e19/046857 COVPOUND was di ssol ved in SOLVENT1. Ph@/1Bmi0wdi4e3r was
brought to 50C. 2 Equivalents of acid dégsol ved in SOLVENT2 was added. The
mxture was stirred at 50C for 5 min an@i"the heating source was turned off.
The m xt yr.e
was obse 6 W

that no s@dthg awaﬁo}cdmrh\m @@dewn—bucvwsltzmmomemqpestat ed to dr yness and 6
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was scr at W t S s further cooled to OC. The m xture was
filtered L?E@gtﬁe Qéﬁm"ﬁ)gﬁ{' \‘/'\Esg%géﬁ;r ated to dryness on the rotavapor. The
t er m " volQptes!'rogsiontstshad @ et N0 shmLfHtOH ) £21.67. 1kg of solid naterial.
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hydrochlor glqg%ﬁ 8 vol unmes acetone for: sulfuric acid, and
phosphorlc G = 7 vol umes acetone for: citric acid, succinic
acid, and tartaric acid. SCLVENT2 = 7 volunmes EtOAc for: citric acid,
SOLVENT?2 ?;— I3 voI *Eggs Et OAc for: benzensul fonic acid, benzoic acid,

nmet hanes id, salicylic acid, and saccharin (partially sol uble);
SOLVENT2 = 3 vol unmes MeOH for: para-tol uenesul fonic acid, malonic acid,
napht hal é’h«!’f'zoa%ﬁﬂwloﬁh@%i d, napht hal ene 1,5-di sul fonic acid, malic acid,
gl ycolic _acid, ketoglutarlc aC|d and fumaric acid; SOLVENT2 = 15 vol unes

acet dfe f10F:L ERRTEPhRIAGRNIHC adked] Yenmalues) o Reletiace BROMGDIA Rarang 4 1s

aci d; SOdéiNhihed inat@irddree withytls MIbAMg@xpéiikentavdémedl ori c acid, sulfuric
acid, and phosphoric acid. Results obtained using the general procedure

descri be tHuakEv eémBiyenis idnay | (BEK293) (beﬁﬁre@s@?%&hurhan CRSE2 RAAKA W addition
procedures have been used to prepare crystalline salt forns_of ZOCC]VPCIJND,

such prodedif 8¥xiligns syBats; éa and e brasR oWk s reimediim 1 RMEY srplaings?
to S7 belig¥ heat-inactivated fetal calf serum (FCS), 100 U/ml penicillin, 100 ug/ml streptomycin,

20  100ug/ml G418, 40ug/ml zeocin and 100ug/ml hygromycin). The cells are seeded at 20.000
cells/well into 384-well black clear bottom sterile plates (poly-L-lysine-coated, Becton
Dickinson). The seeded plates are incubated overnight at 37°C in 5% CO,. The KCI solution
is prepared as 80 mM stock solution in assay buffer (HBSS containing 0.1% BSA, 20 mM
HEPES, 0.375g/l| NaHCOs;, adjusted to pH 7.4 with NaOH) for use in the assay at a final

25  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/I 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

30 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 Reader (FLIPR, Molecular Devices), antagonists
are added to the plate in a volume of 25 ul/well, incubated for 3 min and finally 25 ul/well of

KCI solution is added for cellular depolarization. Fluorescence is measured for each well at 2



WO 2010/ 046857PCT/ | B2009/ 054637 29 Tabl e 1: Characterisation data for
crystalline salt forns of COMPOUND gai ned according to the general

pr ocedur ew8abto/i¥essvi ng poi nt/ 1H NVR XRPD di - hydr obr om ecaaBzhogedss3vel ti ng
poi nt at about 93C. Crystalline, crysta%éine 1H NMR consistent with
structure. formidentical The X-ray diffraction diagram neasured with
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5 ICso values of reference example compounds 1A, 2A, and 3A have been measured and are
in the range of 156 to 439 nM.

In vitro assay T channel:

The T channel antagonistic activity (ICso values) of Reference Examples 1A, 2A, and 3A is
determined in accordance with the following experimental method and data are shown in
10 Table 1.

Human embryonic kidney (HEK293) 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/ml penicillin, 100 ug/ml streptomycin and 1 mg/ml G418). The
cells are seeded at 20.000 cells/well into 384-well black clear bottom sterile plates (poly-L-
15  lysine-coated, Becton Dickinson). The seeded plates are incubated overnight at 37°C in 5%
CO,. The Ca* solution is prepared as 100 mM stock solution in 100 mM
tetraethylammoniumchloride (TEA-chloride), 50 mM HEPES, 2.5 mM CaCl,, 5 mM KClI, 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 solutions in DMSO, then
20 diluted in 384w plates first in DMSO, then in 100 mM TEA-chloride, 50 mM HEPES, 2.5 mM
CaClp, 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/
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
25  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 pl/well, incubated for 3 min, and finally 6.25 ul/well of Ca®" solution is added.
30  Fluorescence is measured 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 of the fluorescence peak
induced by 10 mM Ca*" with vehicle in place of antagonist. For each antagonist, the 1Cso
value (the concentration (in nM) of compound needed to inhibit 50 % of the Ca*'-induced

fluorescence response) up to 10uM is determined.



S7 below (100%,19.1(81%,19.6(67%,20.2(52%, 20.6 (44%, 21.1 (54%,
22.5 (35%, 23.6 (16%, 24.5 (48%, 25.0 (42%, 25.4 (28%, and 26.1

(43% . Thwoabowee§seaks correspond to Figure 7 measured Pom/IExanpi4e3’S7

bel ow. A shift of 2theta of 0.2-0.3 be expl ained by the use of nethod
1 for the nmeasurenment of the X-ray difffaction diagramin Exanple S7.

sesqui - [\I R (D6-DVBSO, 400 MHz, only main peaks Crystalli ne,
napht hal df81''5. described) 6 8.88 (d, J = 9.2 Hz, 2.7 H 1.5 see Fig. 8
di sul f oni ¢c—aetd—satt+—rplecpytes—of—naphthalene-—15-disufoenie—agid), 7.94
(d, J = 7,0 Hzompountlofl.5 WD|I%CU| es| of Coapbduial ehe- c
reference example * reference example *
2A 778 3A 793

Effect on Isolated Hearts according to the Langendorff method (Lgdff)

The Reference Examples 1A, 2A, and 3A were tested for their potential to reduce blood

5 pressure and their effect on the contractility of the heart muscle. ECsy values on isolated
mouse hearts were determined according to Literature (Doring HJ., The isolated perfused
heart according to Langendorff technique--function--application, Physiol. Bohemoslov. 1990,
39(6), 481-504; Kligfield P, Hormer H, Brachfeld N., A model of graded ischemia in the
isolated perfused rat heart, J. Appl. Physiol. 1976 Jun, 40(6), 1004-8).

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

above for the Langendorff experiment with an ECsy of 5 nM.

15 1L Preparation of salt forms of COMPOUN

ll.La) General procedure for salt formation with COMPOUND:

1 eq. of COMPOUND was dissolved in SOLVENT1. The solution was brought to 50°C. 2
Equivalents of acid dissolved in SOLVENT2 was added. The mixture was stirred at 50°C for
5 min and the heating source was turned off. The mixture was allowed to cool to rt within 1
20  hour. If a precipitate was observed the mixture was filtered and the solid was isolated. In
case that no solid was obtained the mixture was evaporated to dryness and 6 volumes of
heptane were added. The mixture was heated to reflux, 3 volumes of EtOAc were added until
all dissolved. In case that dissolution was not complete further 3 volumes EtOAc were added.
If dissolution was still not complete, as less as possible MeOH was added until complete
25  dissolution. The mixture was allowed to cool slowly to rt. At rt the vessel was scratched with
a spatula and was further cooled to 0°C. The mixture was filtered and the solution was

evaporated to dryness on the rotavapor.

The term "volumes" as used herein signifies 1L for 1kg of solid material.



1,5-disulfonic acid), 7.47-7.25 (m 8.6 H, 1.5 nol ecul es of

napht hal ene- 1, 5-di sul fonic acid + 5H), 6.99 (s, 2H), 6.54 (dd, J = 8.0 Hz,
1H), 3. 94W0=20100H$8573. 24-3.03 (m 8H), 2.72 (s, 3H), 2.58CTaBMOY/0H637 7.0
Hz, 1H), 1.14-1.06 (m 6H). WD 2010/ 046857PCT/ 1 B2009/ 054637 30

di - benzensul fonic acid salt 1H NVR (MeOE; 400 Miz) 6 7.84-7.80 (m 4H, 2

mol ecul e, of engul fonic acid), 7.45-7.38 (m_8H, 2 nol ecul es. of ,
bonsons i EEE 28 veime BRAL o v distilolilacd Pl 560 Falici poic
ZH)26- :7)) gfaémgg&Hbaragto&%nézﬁiéfoﬁibi) azci(ﬁ- géloﬁl@rza%i%, ﬂnetha‘ﬁeﬁuI%nH%a((:)iiHhapIﬁhé}@r]d-Sw

, 3.32-3. . . (s, . t, J3,= 17, 47, ) .
o -, 5 pulerc t, nan i ho i ons dei, SyteneblftRle adomdle At ‘ongge agid
2H), 1. 4%efogitRar(cBacidlEhd fumaft-deik2 (m 1H), 1.19

5 SOLVENT1 = 1.8 volumes EtOAc for: hydrobromic acid, and hydrochloric acid;
SOLVENT1 = 8 volumes acetone for: sulfuric acid, and phosphoric acid;

SOLVENT1 = 7 volumes acetone for: citric acid, succinic acid, and tartaric acid.

SOLVENT2 = 7 volumes EtOAc for: citric acid;
SOLVENT2 = 3 volumes EtOAc for: benzensulfonic acid, benzoic acid, methanesulfonic
10  acid, salicylic acid, and saccharin (partially soluble);
SOLVENT2 = 3 volumes MeOH for: para-toluenesulfonic acid, malonic acid, naphthalene-2-
sulfonic acid, naphthalene-1,5-disulfonic acid, malic acid, glycolic acid, ketoglutaric acid, and
fumaric acid;
SOLVENT2 = 15 volumes acetone for: succinic acid;
15 SOLVENT2 = 12 volumes EtOH for: tartaric acid;
SOLVENT2 = water for: hydrobromic acid, hydrochloric acid, sulfuric acid, and phosphoric

acid.

Results obtained using the general procedure described above are summarized in Tables 1
and 2. In case particular procedures have been used to prepare crystalline salt forms of

20 COMPOUND, such procedures are described in Reference Example S1 and the Examples
S2 to S7 below.



(d, J =2.9 Hz, 3H), 1.18 (d, J = 2.9 Hz, 3H). di-ethane sulfonic 1H NWR
(MeOD, 400 MHz) 6 7.48-7.46 (m 2H), Crystalline, acid salt 7.35-7.31 (m
2H), 7.2W0.2B80/0468571H), 7.00 (s, 2H), 6.55 (dd, J = 7. OPCI/.ImdeIZ/054m-'f), 4. 01
(s, 6H), 3.22-3.15 see Fig. 10 (m 8H),.2.87 (s, 3H, 2.79 (q, J = 7. 8 Hz,
4 H 2 nolecules of ethane sulfonic aC|a? 2.62 (sept, J =

fj 28‘ (2£ 29@{)[9 ﬁ%harﬁf? Z@nlqﬂgg ﬁﬁﬁaef@ sy's ?'9@ %é]!te(fgum F&f él%l@?efm%l 9%@ dl 0.

1.27 (m attbrdidg ttHedgentral pkofedire 3H), 1.19 (d, J = 2.4 Hz, 3H).
di - napht hal ene-2- 1H NVR (MeOD, 400 MHz) 6 8.34 (br s, 2H, 2

Salt Melting point/ 1H-NMR XRPD
di-hydrobromic Melting point at about 93°C. Crystalline,
acid salt crystalline

1H-NMR consistent with structure. . ,
form identical

The X-ray diffraction diagram measured with method | to Example
2 shows peaks having a relative intensity, as | S7 below

compared to the most intense peak in the diagram,
of the following percentages (relative peak
intensitites given in parenthesis) at the indicated
angles of refraction 2theta (selected peaks from the
range 8-26.5° 2theta with relative intensity larger
then 10% are reported): 9.1° (22%), 9.5° (62%),
12.3° (23%), 12.6° (27%), 14.1° (36%), 14.6° (18%),
15.3° (86%), 15.8° (49%), 17.0° (71%), 17.9°
(100%), 19.1° (81%), 19.6° (67%), 20.2° (52%),
20.6° (44%), 21.1° (54%), 22.5° (35%), 23.6° (16%),
24.5° (48%), 25.0° (42%), 25.4° (28%), and 26.1°
(43%). The above peaks correspond to Figure 7
measured for Example S7 below. A shift of 2theta of
0.2-0.3° may be explained by the use of method 1

for the measurement of the X-ray diffraction diagram

in Example S7.
sesqui- 1H-NMR (D6-DMSO, 400 MHz, only main peaks Crystalline,
naphthalene-1,5- described) 6 8.88 (d,J=9.2Hz, 2.7H,1.5 see Fig. 8

disulfonic acid salt | molecules of naphthalene-1,5-disulfonic acid), 7.94
(d, J =7.0 Hz, 2.7 H, 1.5 molecules of naphthalene-
1,5-disulfonic acid), 7.47-7.25 (m, 8.6 H, 1.5
molecules of naphthalene-1,5-disulfonic acid + 5H),
6.99 (s, 2H), 6.54 (dd, J = 8.0 Hz, 1H), 3.94 (s, 6H),
3.24-3.03 (m, 8H), 2.72 (s, 3H), 2.56 (sept, J = 7.0
Hz, 1H), 1.14-1.06 (m, 6H).




Crystalline, sulfonic acid salt nol ecul es of naphthal ene-2-sul fonic acid),
7.91-7.85 see Fig. 11 (m 8H, 2 nolecule of acid), 7.57-7.51 (m 4H, 2
nol ecul eswof20rzbisnal ene- 2- sul fonic acid), 7.38-7.35 Po/1BP9/0F630- 7. 19

(m 3H), 6.88 (s, 2H), 6.44 (br d, J 7.2 Hz, 1H, 3.95 (s, 6H),
3.31-3.10 (m 8H), 2.87 (s, 3H), 2.58%sept, J = 7.0 Hz, 1H), 2.47-2.25
(m 4H), 2.04-1.04 (m 1Hy 1.03-1.86 (m 1H} 1 74-1 64 (m 2H)

1. 46- 1. 36 dibanzhbifonit. 271A-NMR (Me0DHI00 MHESD 7.8437.80 (. 4H.6 Hz | CHydtallide, 16/ ( d,
) =24 _I'Za(’:id?éat' wo Zor%gfe%ﬁ@g%? t?(mcyehls%ﬁ%g%/a%%d):G?g.Z5-§.]38 (m, 8H, | see Fig. 9
2 molecules of benzensulfonic acid + 2H), 7.34-7.29
(m, 2H), 7.26-7.22 (m, 1H), 6.99 (s, 2H), 6.51 (br d, J
= 6.4 Hz, 1H), 4.00 (s, 6H), 3.32-3.20 (m, 8H), 2.87
(s, 3H), 2.60 (sept, J = 7.0 Hz, 1H), 2.46-2.27 (m,
4H), 2.06-1.97 (m, 1H), 1.95-1.91 (m, 1H), 1.76-1.69
(m, 2H), 1.49-1.40 (m, 1H), 1.29-1.22 (m, 1H), 1.19
(d, J = 2.9 Hz, 3H), 1.18 (d, J = 2.9 Hz, 3H).

di-ethane sulfonic 1H-NMR (MeQOD, 400 MHz) & 7.48-7.46 (m, 2H), Crystalline,
acid salt 7.35-7.31 (m, 2H), 7.27-7.24 (m, 1H), 7.00 (s, 2H), see Fig. 10
6.55 (dd, = 7.0, 1.2 Hz, 1H), 4.01 (s, 6H), 3.22-3.15
(m, 8H), 2.87 (s, 3H), 2.79(q, J=7.8 Hz, 4 H, 2
molecules of ethane sulfonic acid), 2.62 (sept, J =
7.2 Hz, 1H), 2.50-2.29 (m, 4H), 2.07-1.94 (m, 2H),
1.80-1.71 (m, 2H), 1.50-1.41 (m, 1H), 1.29 (t, J =7.8
Hz, 6H, 2 molecules of ethane sulfonic acid), 1.29-
1.27 (m, 1H), 1.22 (d, J = 1.9 Hz, 3H), 1.19 (d, J =

2.4 Hz, 3H).
di-naphthalene-2- 1H-NMR (MeOD, 400 MHz) & 8.34 (br s, 2H, 2 Crystalline,
sulfonic acid salt molecules of naphthalene-2-sulfonic acid), 7.91-7.85 | see Fig. 11

(m, 8H, 2 molecule of acid), 7.57-7.51 (m, 4H, 2
molecules of naphthalene-2-sulfonic acid), 7.38-7.35
(m, 2H), 7.39-7.19 (m, 3H), 6.88 (s, 2H), 6.44 (br d, J
=7.2 Hz, 1H), 3.95 (s, 6H), 3.31-3.10 (m, 8H), 2.87
(s, 3H), 2.58 (sept, J = 7.0 Hz, 1H), 2.47-2.25 (m,
4H), 2.04-1.94 (m, 1H), 1.93-1.86 (m, 1H), 1.74-1.64
(m, 2H), 1.46-1.36 (m, 1H ), 1.27-1.19 (m, 1H), 1.18
(d, J=1.6 Hz, 3H), 1.16 (d, J = 2.4 Hz, 3H).




Tabl e 2: Characterisation data for further salt fornms of COVPOUND gai ned
according to general procedure Salt Techni que di-benzoic acid salt 1H NVR
Consi st erwowntamn4stsruct ure. di-salicylic acid salt 1H NVMRCTOBH®)/8i4e3mt Wit h
structure. di-saccharinate 1H NVR Consj tent vvith structure. di-malonic
acid salt 1H NVMR Consistent with struc -malic acid salt 1H NWR

Consi st e tru ) colic aci sal t nsi st ent th
Sor ot ur dablf 2Ry frabion daid] %JHFM&N&?Q%RE&?P@%’M&%'@% aesqrAing

di - phosphergenert pebcealure Mel ti ng poi nt at about 145C. 1H NVR consistent with
structure. di-citric acid salt 1H NVR Consistent with structure.

di - succi 1'ctacid salt 1H NWVR O?S|stent wth structure. di-tartric acid
salt 1H NWR' Consistent with str

di-benzoic acid salt

1H-NMR: Consistent with structure.

di-salicylic acid salt

1H-NMR: Consistent with structure.

di-saccharinate

1H-NMR: Consistent with structure.

di-malonic acid salt

1H-NMR: Consistent with structure.

di-malic acid salt

1H-NMR: Consistent with structure.

di-glycolic acid salt

1H-NMR: Consistent with structure.

di-ketoglutaric acid salt

1H-NMR: Consistent with structure.

di-phosphoric acid salt

Melting point at about 145°C.

1H-NMR consistent with structure.

di-citric acid salt

1H-NMR: Consistent with structure.

di-succinic acid salt

1H-NMR: Consistent with structure.

di-tartric acid salt

1H-NMR: Consistent with structure.

Reference Example S1: Preparation and characterization of the di-hydrochloric acid

5 salt of COMPOUND

7.598 mL ag. HCI (0.1N) was added to 200.7 mg COMPOUND resulting in a white

suspension. 5 mL 2-PrOH were added and the obtained clear solution was evaporated to

dryness under nitrogen. 4 mL TBME were added to the residue and the suspension was

shaken with a temperature cycle (T1 = 20°C, T2 = 25°C, holding time 1 h, respectively;

10  heating and cooling rate 5°C/h, 500 rpm). After 18 repetitions the suspension was filtered

and the solid was dried in vacuum to vield 265 mg of the di-hydrochloric acid salt of

COMPOUND.



Ref erence Exanple S1 : Preparation and characterization of the

di - hydrochloric acid 5 salt of COMPOUND 7.598 nL aq. HCl (0.1N) was added
to 200. 7 WO 200MRGIND resulting in a white suspension. 5PeI/IB2009/CHeser e
added and the obtained clear solution vvg evaporated to dryness under
nitrogen. 4 nL TBNE were added to the r&Sidue and the suspensi on was shaken

fespect | JaPIE S RarkiRrgatencetader the enafaehinnesss suhsCametiung

repetit|nnc t hn CIICY\DHCI on—\Aas f| | fnrnrl anrl t hn cnl | rl Was rlr| nrl | Ap—vacuum

to yi el d| T6éhmiguef the di | by@rwhinary ¢ aci d salt of COVPOUNDRenY¥eks

2010/ 046857PCT/ | B2009/ 054637 32 Tabl e S1: Characterisation data for t he
di -hydro:% (B’HI-C aci d sal t| OfystafiIBOUND Techni gue Data Summary 53 XRPD
crystal | | A8 Prhe di - hydr oth Ior| de, SEID W&w%dj charactss?u $d by {he
presence|of peaks in the rPea@/' YGRS ”8?16?' qc '\Z%rlsam atl the foll owl ng
angles of refraction 20: 9cfi1a9act@ns?aﬂ bylbe pesedde dpealsinGBe Xand 18. 12

especially characterised e Fig. 1 Meltin
i ne hobul 113G 1r Ve IOk Pbiten it Rotsn Ghorall b B oI Biogent al | anai yars|

Consi stent wi th di-hydrochimyidgier remddtion 26: 9.19°, 9.77°, 15.36°,
16.14°, 17.08°, and 18.12°
(especially characterised by 26: 9.19°, 9.77°,

and 18.12°).
Melting point about 113°C
'H-NMR Consistent with structure.
Elemental analysis Consistent with di-hydrochloride salt
Hygroscopicity Slightly hygroscopic (mass change 0.5%)

Example S2: Preparation and characterization of the di-methanesulfonic acid salt of
COMPOUND

5 0.0476 mL Methanesulfonic acid was added to a clear solution of 199.7 mg of COMPOUND
dissolved in 7 ml EtOAc. The clear solution was evaporated to dryness under nitrogen and
the obtained residue was suspended and shaken in 4 mL of a EtOAc/heptane (1:3) mixture
with a temperature cycle (T1 = 20°C, T2 = 25°C, holding time 1 h, respectively; heating and
cooling rate 5°C/h, 500 rpm). After 18 repetitions the suspension was filtered and the solid

10 was dried in vacuum. The obtained solid was suspended and shaken in 1 mL TBME
(temperature cycle: T1 = 20°C, T2 = 25°C, holding time 1 h, respectively; heating and cooling
rate 5°C/h, 500 rpm). After 18 repetitions the suspension was filtered and the solid was dried

in vacuum to yield the di-methanesulfonic acid salt of COMPOUND.
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El ement al

Elemental analysis

Consistent with di-methanesulfonic acid salt.

5

with a temperature cycle (temperature cycle: T1

10

Example S3: Preparation and characterization of the di-para-toluenesulfonic acid salt

of COMPOUND

199.7 mg of COMPOUND was dissolved in 7 mL EtOAc. 139.2 mg para-toluenesulfonic acid

dissolved in 10 mL EtOAc was added. The clear solution was evaporated to dryness under

nitrogen and the residue was suspended in 4 mL of a EtOAc/Hept (1:3) mixture, and shaken

= 20°C, T2 =

25°C, holding time 1 h,

respectively; heating and cooling rate 5°C/h, 500 rpm). After 18 cycles the solvent was

evaporated under vacuum and the solid residue was suspended in 2 ml EtOAc. After brief

sonication (3 min) the suspension was shaken with a temperature cycle (temperature cycle:
T1 = 20°C, T2 = 25°C, holding time 1 h, respectively; heating and cooling rate 5°C/h, 500
rpm). After 18 repetitions the suspension was filtered and the solid was dried in vacuum to
yield 173.8 mg of the di-para-toluenesulfonic acid salt of COMPOUND.

26

L. 23
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Elemental analysis

Consistent with di-para-toluenesulfonic salt.

Example S4: Preparation and characterization of the sulfuric acid salt of COMPOUND

0.733 mL aqueous sulfuric acid (0.5M) was added to a solution of 200.2 mg COMPQUND in

10 mL MEK resulting in a clear solution. After 2 days the obtained suspension was filtered

and the solid was dried in vacuum for 1h yielding the mono-sulfuric acid salt of COMPOUND

containing about 6 eq

uivalents of water.

Table S4: Characterisation data for the di-sulfuric acid salt of COMPOUND

Technique

Data Summary

Remarks

XRPD

Crystalline

see Fig. 4

Elemental analysis

Consistent with mono-sulfuric acid salt (about
1.1 equivalents H,SO, found). Contains about 6

equivalents of water.

10



Techni que Data Summary Remarks XRPD Crystalline see Fig. 4 El enental

anal ysis Consistent with nono-sulfuric acid salt (about 1.1 equivalents
H2SO4 f oumO)20100a685ai ns about 6 equi val ents of water. YOT/1B2009/054637

2010/ 046857PCT/ 1B2009/ 054637 35 Exanpl e, S5: Preparation and
characterization of the di-maleic acid Salt of COMPOUND Mal ei ¢ acid (256 g,

et | uxi DB PP PRI as 2B I Al p o %@J‘*ﬁ%?ﬁlﬁpn

Et OA 6.3 L T | t t d d f

0% e ot (ARL A Phioh 2SS RSB, Tt P
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e obtained after careful n usi

(Seeding,c ) n
Sane. pr otod3vofmoshelth SRuRad il Gae EBiRLNer tkAoshE NG R PERTE 1
The obt aicoeldd 161 Spe8SC avithiva 30 itutes and @dedbanitih 0.020Cwiw @f sdeding biybtalyr €fdi-
under 0.2 bar of nitr | d with Et0Ac 50 2.6_volupes). The
obt i ned AT @08t pedve DN Iresing avata wers ohiGbgH e Sare! BraRERM SN 24
hour s t o ugingltie gdrbe grdt@dY). Tok rikiarelivasrieaicool@d ifidns68-68 W toQOMPWIND. 3 Raee
S5: Chara at i on dat a r e dj aci CgJVP N chnj que
Dat a Sum?&kf'eﬁ: C&VQt%ﬂOII (fngown Ef‘o C20 8 overal h ?Itere gJ 8 ar 011

nitrogen and rlnsed with EtOAc (1500 mL 2.6 volumes). The obtained white solid was then

10  dried under 1 atmosphere of nitrogen for 24 hours to yield 715 g (88%) of the di-maleic acid
salt of COMPOUND.

Table S5: Characterisation data for the di-maleic acid salt of COMPOUND

Technique Data Summary Remarks
XRPD Crystalline see Fig. 5
DSC Melt endotherm with melting point at about 147°C

'H-NMR 1H NMR (MeQOD, 400 MHz) & 7.31-7.21 (m, 5H),

6.68 (s, 2 H), 6.38 (brd, J = 5.8 Hz, 1H), 6.27 (s,
4H, 2 molecules of maleic acid), 3.88 (s, 6H), 3.32-
3.10 (m, 8H), 2.86 (s, 3H), 2.60 (sept, J = 7.0 Hz,
1H), 2.52-2.45 (m, 2H), 2.29-2.23 (m, 2H), 2.06-
2.02 (m, 1H), 1.96 (dd, J = 14.2, 2.4 Hz, 1H), 1.76-
1.69 (m, 2H), 1.48-1.39 (m, 1H), 1.29-1.21 (m, 1H),
1.19 (d, J = 2.5 Hz, 3H), 1.18 (d, J = 2.5 Hz, 3H).

Elemental analysis | Consistent with di-maleic acid salt.

Hygroscopicity Non hygroscopic (mass change 0.1%)




see Fig. 5 DSC Melt endothermw th nmelting point at about 147C 1H NWR 1H
NVR (MeOD, 400 MHz) 6 7.31-7.21 (m 5H), 6.68 (s, 2 H, 6.38 (br d, J = 5.8
Hz, 1H), wo2610(wee854H, 2 nol ecul es of rral eic aci d) 3. 88 PCT/IBBMR/N5483732- 3. 10
(m 8H), 2.86 (s, 3H), 2.60 (sept, J %6 2.52-2.45 (m 2H),
2.29-2.23 (m 2H), 2.06- 2.02 (m 1H), 96(dd J:142 2.4 Hz, 1H),
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clear solution of 85.4 marjc acid i THF . was 0
Tadee Tisalfe St esten s dling ForeRHe ot ns rig S fesTet 206 1A SR i
ni t r ogen dries id ¥dcogmi Mh@beinet tsalid was thEsquiXtmegc w6l siit bt COMPGUNDL he sol i d
was 5dried in vacuum The obtai ned solid was the sesqui-fumaric acid salt
of COVPOTEble S6itiearStteriChtiomdhtarfos thd susqiifumbie atidesattasf@OMPOUIND ¢ aci d
salt of COVPOUND Techni que Data Sunmary Renarks

Technique Data Summary Remarks
XRPD Crystalline see Fig. 6
DSC Melt endotherm with melting point at about 180°C

'H-NMR 1H NMR (MeOD, 400 MHz) & 7.25-7.20 (m, 5H),

6.73 (s, 3 H, 1.5 molecule of fumaric acid), 6.59 (s,
2H), 6.35 (dd, J = 7.1, 1.6 Hz, 1H), 3.86 (s, 6H),
3.29-3.22 (m, 4H), 3.22-3-18 (m, 1H), 3.15-3.11 (m,
3H), 2.85 (s, 3H), 2.60 (sept, J = 7.0 Hz, 1H), 2.53-
2.46 (m, 2H), 2.28-2.21 (m, 2H), 2.07-1.98 (m, 1H),
1.96 (dd, J = 14.0, 2.8 Hz, 1H), 1.76-1.69 (m, 2H),
1.48-1.39 (m, 1H), 1.29-1.21 (m, 1H), 1.19 (d, J =
2.8 Hz, 3H), 1.18 (d, J = 2.8 Hz, 3H).

Elemental analysis | Consistent with sesqui-fumaric acid salt.

Hygroscopicity Non hygroscopic (mass change 0.1%)
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nol ecul e wb 2b1msdse acid), 6.59 (s, 2H), 6.35 (dd, J = PCI/IBI00%03837 1H),
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Char act eHHsat+on—data—+pr—the—di—hydrobromec—actd—sa-t+—o—COMPOIND
Technique Data Summary Remarks
XRPD Crystalline see Fig. 7
DSC 2 broad endotherms with peaks at about 99 and
117°C

Elemental analysis | Consistent with di-hydrobromic acid salt. Contains

about 3 equivalents of water.

Hygroscopicity Non hygroscopic (mass change 0.1%)




Techni que Data Summary Remarks XRPD Crystalline see Fig. 7 DSC 2 broad
endot herns with peaks at about 99 and 117C Elenental anal ysis Consi stent
wi t h di - hworotwmasssec aci d salt. Contains about 3 equi val @0TABZNI/MBGET .
Hygroscopi city Non hygroscopi c (nmass chggge 0.1% WO

2010/ 046857PCT/ 1B2009/ 054637 38 C ains 17 A crystalline salt of the
conpound isobutyric acid (1R*, 2R*, 4R*)-2-(2-{[3-(4, 7-di net hoxy-

1H benzoidi dazol - 2-y1) - propyl Fret hyl - ami nol - et hyl ) - 5- phenyl - bi cycl o[2.2.2]0
ct-5-en- é%ii"—ester wher ein said crystalline salt consists of:

equi val ent pf but aci d 1R* 2 Sl 4.7 t H-
banzor m daZSrsKITE S FERRPROMLRIIER h ) AR T 26?3(?”@0?%tmu 5
-en-2-yl 1esbmp|m|moa2+ytb) promb]emeuhyl mns} sth/Ing-pbhienyll- tﬂayclb[zeml]masenmsylof an
acid sel ec ed fromthe consi sting of hydrobrom c acid,

Sul furi ¢ St el ol sahgangsisgy,
5 e 1 equivalent 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;
e an acid component consisting of 1 to 2 equivalents of an acid selected from the group
consisting of hydrobromic acid, sulfuric acid, maleic acid, fumaric acid,
10 methanesulfonic acid, para-toluenesulfonic acid, benzenesulfonic acid, naphthalene-
1,5-disulfonic acid, naphthalene-2-sulfonic acid, and ethanesulfonic acid; and

o (0 to 5 equivalents of water.

2. A crystalline salt of the compound 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

15  ester according to claim 1, wherein the compound is enantiomerically enriched 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-y| ester.

3. A crystalline salt of the compound 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

20  ester according to claims 1 or 2, wherein the acid component of said crystalline salt consists
of 1 or 2 equivalents of hydrobromic acid, 1 or 2 equivalents of sulfuric acid, 1 or 2
equivalents of maleic acid, 1 to 2 equivalents of fumaric acid, 1 or 2 equivalents of
methanesulfonic acid, 1 or 2 equivalents of para-toluenesulfonic acid, 1 or 2 equivalents of
benzenesulfonic acid, 1 to 2 equivalents of naphthalene-1,5-disulfonic acid, 1 or 2

25  equivalents of naphthalene-2-sulfonic acid, or 1 or 2 equivalents of ethanesulfonic acid.

4. A crystalline salt of the compound 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 according to any one of claims 1 to 3, wherein the acid component of said crystalline
salt consists of 2 equivalents of hydrobromic acid, 2 equivalents of maleic acid, or 1.5

30  equivalents of fumaric acid.



10net hanesul foni ¢ aci d, para-tol uenesul fonic acid, benzenesul fonic acid,
napht hal ene- 1, 5-di sul foni c aci d, naphthal ene-2-sul fonic acid, and

et hanesulwonon/®essd; and O to 5 equival ents of water. PCTAB2009/034¢31 al | i ne
salt of the corrpound i sobutyric acid

(1R*,2R* 4R*) - 2- (2-{[ 3- (4, 7- di met hoxy1HBenzoi mi dazol - 2-y1) - pr opyl Fret hyl - a

Claim 1, e B RN RAPR R ket AT 2 ¢ Rda Sa o
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| - am nol - enyl -bic (:IoLI 1 es%er.. 3.. A
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of 1 or 2 eqwe\gﬁalrents of hydrobromc acid, 1 or 2 equivalents of sulfuric
acid, 1 or 2 equivalents of maleic acid, 1 to 2 equivalents of fumaric
acid, 1 or 2 ffiWaleattd Bllekaeckarsul fonic acid, 1 or 2 equivalents of

par a-tol uengsy dRfiafentChidvatdr. Or 2 equi val ents of benzenesul fonic acid, 1 to
2 equival ents of naphthal ene-1, 5-disul fonic acid, 1 or 2 25equival ents of
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one of claims 1 to 3, wherein the acid onponent of said crystalline salt
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aci d,

2010/ 046§é§%ﬁgﬁg%@/p§%§38}%§gt@% %\5@?@’33’5’ '?/é;aebys‘éﬁ'”g G Kol gadiation: and the

i sobut yr iacc@acydof(th&20 2BRted R*ih i aRgé pB24 #/; B-2di met hoxy-

1H benzoi m dazol - 2-y1) - propyl Fret hyl - am nol - et hyl ) - 5- phenyl - bi cycl o[ 2. 2. 2] o

ct - 518n- Z- yA ceystadineasationtdhergompouamyisomeyrirf acd & RI2R, 4RF)-2:(2viSeel-dinedticoty-
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wat or 6 O et B ISTaFMeratemBh GHiroRSb ol fi'e adpa” 8T B2,

(léT*H- 2R* 14184), d2@ (3|Q° {22%1({ 423901, lﬁf:!t.i?}ﬁﬁrd 25. 61°,I Wh?rheln said X-ray powder dlffrlactlon 2 2
enzol m dazo ro nme an no e n | CycCl O
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peaks i n 4he gfdbay- powder diffraction diagramat the follow ng angl es of
refraction 20: 10.15, 20.39, and 22.63; wherein said X-ray powder

di ffract IaonA%h%wuﬁ]@ dat FHMALHRFoINY HShUIG .Jﬁgﬂi ZF@‘MF@*UZQZ{[S@@C’? biRRthoxy-
accuracy of the 20 values is in the range of
1H-benzoimidazol-2-yl)-propyl]-methyl- amlno} ethyl)-5- phenyl blcyclo[2 2.2]oct-5-en-2-yl
ester according to claim 5, which essentially shows the X-ray powder diffraction pattern as

25  depicted in Fig.5.
9. A crystalline salt of the compound 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 according to claim 5, which has a melting point of about 147°C as determined by

differential scanning calorimetry using the method as described herein.
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157. A crystalline salt of the conpound isobutyric acid

(1R*, 2R*, 4R*) - 2- (2-{[ 3- (4, 7-di met hoxy-

1H benzoiwDdanal4e7y 1) - pr opyl Fret hyl - ami nol - et hyl) - 5- pheeyhBIogyshs] 2. 2. 2] 0
ct-5-en-2-yl1 ester according to claim5, characterised by the presence of
peaks in the X-ray powder diffraction dlg\gram at the follow ng angl es of

refractiq 0: 1 10. 15, 6, 17 20,39, , 93, 24.27,
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m nol - et hyl }1- Sefixeigyd sauwcbfoc[:@v@cﬂ]mmtw@ 61842 Wiw e $.08 rma@ly ROEtdIARY6130L,c11ai m
5, which essent|all / shows the X-ray powder diffraction pattern as
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(1R*, 2R*, 4R?) «aadmg fhbRid 4cid- @56ehhxy didi,benzeq)mideziodd 2 WdoRT @By mhetihyl - a
m nol - et hyI ) - 5- hen /I -bi cyclo[2.2.2] oct-5-en-2-yl ester according to claim
5, whi ch has d°MBl1%'ng poi nt of about 147C as determined by differenti al

scanni ng cal3orstimgyriye rsuligg hivgurRinyed reflax @esiGhinets ket eodling th@5-68°C within
2010/ 046857PC‘Q 182009/ 054637 40 10. A crystalline salt of the conpound
i sobutyric acig ’2R* 4R*) - 2-(2-{[ 3- (4, 7- di net hoxy-

1H 26020|2m daz;@ho@;ée)dum%wwblémww ofesébdmgcﬁ}st‘arébl) 5bphenyl bi cycl 0[2.2.2]0
ct-5-en-2- ester accor tain

ref | uxi ng ;Jssﬁpﬁlfquc} egﬁxt@@%&é@p t%§§ r@;dur§4%a:/v/3v (13 0% mol) in Et OAc (6.3
L, 110av?lesgrﬁe$bollr%thaddxtn@ tmbmWItﬁ?l'IChdLﬁ56 g, 2.2 nmol, 2.1 eq) dissolved
in Me 1., . 1.1 volunes); stirrin e res

O (63 bt e SRR 0 2T R I o R S 808
opti onal seedimvmmhs)ﬂaw%wlw of seeding crystals; 5. cooling the m xture
to 4 i t hi Cwithin 1 h ;7.
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acid ( 1R*1,|-2l5€‘nzélﬂ’hda22ﬂ Q%){dr&ﬂﬂn@thdlimhbp&ﬁyl) 5-phenyl-bicyclo[2.2.2]oct-5-en-2-yl
1H benzoi nj dazo m nol - n
ot o ene 5o\ 8ot ol PR ST 13de vETElT W add SpBRanen b e PR
conponentsalbtossdtsl ot t. g Syaivhliens o fdrbarivoaesd.sts of 1.5 equival ents of fumaric
aci d.

20 12. A crystalline salt of the compound 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-yI

ester according to claim 11, characterised by the presence of peaks in the X-ray powder
diffraction diagram at the following angles of refraction 26: 5.27°, 8.05°, and 20.61°; wherein
said X-ray powder diffraction diagram is obtained by using Cu Ko1 radiation; and the

25  accuracy of the 20 values is in the range of 26 +/- 0.2°.

13. A crystalline salt of the compound 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 according to any one of claims 1 to 4, wherein the acid component of said crystalline

salt consists of 2 equivalents of hydrobromic acid.

30 14. A crystalline salt of the compound 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 according to claim 13, characterised by the presence of peaks in the X-ray powder
diffraction diagram at the following angles of refraction 26: 9.3°, 15.6°, and 17.3°; wherein
said X-ray powder diffraction diagram is obtained by using Cu Ko radiation; and the

35  accuracy of the 20 values is in the range of 20 +/- 0.2°.



2012. A crystalline salt of the conpound isobutyric acid

(1R*, 2R*, 4R*) - 2- (2-{[ 3- (4, 7-di met hoxy-

1H benzoiwDdawal46857y 1) - pr opyl Frret hyl - am nol - et hyl ) - 5- pheaghBmiogysbs] 2. 2. 2] o
ct-5-en-2-yl ester according to clain11% characterised by the presence of
peaks in the X-ray powder diffraction d| gram at the follow ng angl es of
refractiaq 5, and, 20. 61, mhere|n ald powder Jffractlon
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ct - 5- en- phydnflbcalgacesptibg chieany one of clalns 1 to 4, wherein the acid
conponent of said crystalline salt consists of 2 equivalents of hydrobromc

aci d. 53014, Acrgstyhihalshit oethe abinpotind Rebwtgmpatit ¢ R*SZRVURMN-RA24[3-@, 7-dimethoxy-

(1R*, 2R*, 4 -2-(.2- - (4, 7-di met hoxy- .

L+ benz ol HRIZBIMIS4PH s E HiA Mk oy ) Beehg Py -HioyEio AR PLosl 9812512 2. 2] o
ct-5-en- 2es§et aeedrenhgaccaay@he@ft:murﬁé aiton123or 8 pan@edceuiict dodpoditih prcosEng & of
peaks in |ffrgct|on diagram at the follow ng angl es of

i §_§9§sg ame
refracti & 'ﬁd ’ 3%¢ @1 A7, 3; wherein said X-ray powder diffraction

20" a1 wed Tt <0rh of RecyialjEe St 3 v Somb3M B Dy Pl B AR A B G G 637
41 130 deh@thoncelﬁnbenailmmwe@ylb pmpyl(jp—mqﬂryl-amng)}&tm)ﬁplaédyi-hieydqQ12.2}<f>ct{5he
conpound i

-(2-£[3-(4, 7-d inethoxy-1 .
i+ bonsor AN g1 o5 g e sbi) el AP etigh PR o Ty Epaesica) oo
-5-en- 2- y:ibm@sm&a)n e o tﬂeaﬂglehboamyv@ﬂlen@f chioaicrstatdle tingiitd,, hypedemsion, ischemia
pharnace tic acce tabl.e carrjer sta line s lt of the
conpound 'ieé‘S@ﬁ?‘i//P?@a& FrIRA ﬁhmﬁb" @ k"@-%f%l ftbli' o8 GRY ﬁ&x@ype”mphy or
1H benzoicongkstiod h@aryhjluger opyl Frret hyl - ami nol - et hyl ) - 5- phenyl - bi cycl o[ 2. 2. 2] o
ct-5-en-2-yl ester according to any one of clains 1 to 14, or a
phar rméceuti cal conposition according to claim15, for use as a nedi canent.
17. Use of a crystalline salt of the conpound isobutyric acid 10
di met hoxy- 1H benzoi m dazol - 2-y1) - propyl Frret hyl - am nol - et hyl ) - 5- phenyl - bi cyc
| o[ 2. 2. 2] oct-5- en-2-yl ester according to any one of clainms 1 to 14 for
t he preparation of a pharmaceutical conposition for the treatnment or
prevention of chronic stable angina, hypertension, ischema (renal and
cardiac), cardiac arrhythmas including atrial fibrillation, cardiac
hypertrophy, or congestive heart failure. 15



